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BBE/IEHHE

B 30-x ronax XX B. 3apOAMJIOCE HOBOE HATPABIEHUC B SKO-
HOMHUYECKOV HayKe, BO3HUKLIEE B PE3YIbTaTC B3aUMOAEHCTBUSA U
B3aHMCOOYCIOBIEHHOCTH TPEX OCHOBHBIX KOMIIOHEHTOB: 3KOHO-
MHYECEOH TEOPUM, CTATHCTHKH M MATEMATHHECKMX METO/0B.
MesKIHCLHTIHHAPHBIA MOAX0M K M3y4EHHIO SKOHOMHUKH IIPHBE]
K COZAdHMIO TaKOH y4eOHOH AUCLHUIUIHHBI, KaK 3KOHOMETPHKA.

HenpHelnieMy pa3BHTHIO  3KOHOMETPHKH CrocOOCTBOBANO
CTPEMUTENILHOE PasBUTHE CPEICTB BBLIYMC/IMTETLHOI TexHukH, o0sia-
JAOLEH 3HAYMTEIbHBIM OOBEMOM ONEPATUBHOMH NaMATH H BBICOKHM
ObICTPC AEHCTBHEM, YTO B YaCTHOCTH, MO3BOAWIO € BBLICOKOH CTerie-
HBEO TOYHOCTH ¥ ONIEPATHBHOCTH [IPOBOAHTD CT2TUCTHYECKUI aHanu3
BPEMEHHBIX PS/IOB M NPOBEPKY Kak NapamerpuecKux, Tak n Hema-
PaMETPUUECKHX THTIOTE3, MCCIICAOBATL CIIONHbIC MHOroGhaKTopHbIC
PErPECCHOHHEBIE MOJENH M PEIIaTh APYIHe 3a/@uH, COCTABIAOUNE
NPEAMET UCCISIOBAHHS SKOHOMETPHKH.

B nocaeanue JAECSTHIETHS SJKOHOMETPHKA KaK HaytiHa Anc-
LMIISIHHA CTPEMUTEJIBHO Pa3BMBACTCA M SABJIACTCHA byHIaMEHTOM
COBPENCHHOTO IKOHOMHMYECKOro 00pasosanHs.

[IlpesMeTOM 3KOHOMETPHKM SBJLAKOTCS daktopbl, HOPMHPYHO-
LLKE Pa3BHTHE SIKOHOMHYECKHX SIBJICHUH 1 NPOLECCOB. DKOHOMETPU-
Ka — 10 MCKYCCTBO Pa3paboTKU M MPENBUACHHA SKOHOMUHECKHX
HOPMAT1BOB, TPOTHO30B M runote3. [Ipeanocbuiki, Ha KOTOPbIX oc-
HOBBIBZIOTCS OLGHKH (AaKTOpPOB Pa3BUTHsl IKOHOMHKH, CBA3AHLI ¢
puckon. st ymeHblieHis ouOOK SKOHOMETPHKH JOJDKHBL MOJLY-
MaTh, KK BKJIHOUHTh B 3KOHOMETPHUYECKHE PACHEThi BCC fe3 UCKiHo-
yeHust (AkTOpsl M BbIOpaTh Haubo/ee IPPeKTUBHBIC METOIbL HX
OLEHK N, KOTOpbie o0ecneunn Obl KX JOCTOBEPHOCT.

OGBEKTHBHYIO XaPAKTEPUCTHKY Pa3BHTHA SKOHOMHHECKHX AB-
JIEHHIT 1 IPOLIECCOB B OyaylleM MOTyT odecneHHTh MPABIIBHO TIo-
100paHHbIE CTATHCTHYECKHE 1 MATEMATHHECKIE METObL. HzsecTHO.
YTO 37T METOJBI TIEPECTAIOT ObITh MPEIMETOM BHTEpeca B MpakTHHe-
CHON QeSTEeNHHOCTH B TEX CIVHAsX, KOT/A HET YBEPECHHOCTH B KakoH



MEpPE OHM MOAXOMAT K PEUICHHMH) KOHKDETHBIX 3a1a4. DKOHOMETpPH-
HECKUE pacdeThl BBICTYNAIOT CPEACTEOM YCOBEPIUEHCTBOBAHUS
MCHEIDKMEHTE XO34HCTBEHHOM MEATEJILHOCTH, 0e3 HHUX HEeBO3-
MOZKHO JOCTHIKEHHE BRICOKMX YKOHOMHUECKHX pe3yabTatoB. Ouu
COJCHCTBYIOT [IPABMIILHOM OUEHKE BIIMSHMSA ¢daxropoB Ha co-
OJ0/IeHHE MPUHUHIOE PLIHOYHON IKOHOMMKH W IOCTHIKEHUE
HKOHOMMYECKHX PE3YAbTATOB OT UX BHEIPEHNSI.

OKOHOMETPUKA JOMKHA CHCTEMATHUECKA U s¢dexrusno
obecrieunBaTE HenpepbiBHBI npouecs NPUHATHUA YVIIPaBJICHYE-
CKUX DELICHHH, KOTOpble Obl JaBand BO3MOXHOCTH HOCTHIATH
HAMEUEHHBIX Lenell Hin Kypca nedctsnil. 3jiech Hanboaee Bax-
HOH 3a71a4€ll ABIAETCA BHIABICHUE BO3MOXKHOM LEIH PyKOBOAU-
TE/bE IPEANPUATAS WM OPraHU3allui U onpenesneHue ee GakTu-
ACCKOTO NOCTHIKEHMS! TMPH PABSIMYHEIX. BapHaHTaX OCYIIECTBIIe-
HUA [IPOUECCa XO3AHCTBEHHOH jesTentHoCTH. CrenosatenbHo,

B HOHM 3anavell SKOHOMETPUM SIBJIICTCS OLECHKA HAITPaBJIEHHbBIX
ACHCTBRH CNEUMAITMCTOB HA A0CTIDKEHHE 3KOHOMHYECKOI ah-
HexTHBHOCTH XO3AHCTBE HHOMN JEATENBHOCTH,

B pernounoli sxoHomuke, koTopas usmenser yCAOBHS
pyrKUHOHMPOBAHMS XO33HCTBEHHBIX OOBEKTOB, 3a4aueil 3KOHO-
METDHKH SIBJISIETCA NPOTHO3UPOBAHHME MyTell PA3BUTHA MAaKpo- W
MHKDOIKOHOMHHECKUX (aKTOPOB XO3HCTBEHHO! NEeATENbHOCTH.
[MporuosHas HHGOPMALMS OMKHA HABATD BO3IMONKHOCTb NMpHHH-
MaTh PELICHHC B 3ABHCHMOCTH OT XO351CTBEHHOI KOHBIOHKTYDbI.
Takne peurenus MOryT GbITL BHIPAGOTAHBI TOAHKO HA OCHOBAHUU
HAICKHBIX CTATUCTHHECKHX DAHHBIX, 00padOTAHHBIX U 0606-
WEHHBIX COOTBETCTBY:OUIMMH JIKOHOMETPHUYECKHMMHU METOAAMU.

DKOHOMETPHKA  NO3BOIAET TNPOBOAHTL  KONMYECTBEHH biil
AHA.IH3 PEATLHBIX INOHOMHYECKUX SIBIIEHHUI, OCHOBBLIBASCH HA

COBDCMCHHOM PA3BHTHH TEOPHH M Ha(mr(mem{slx CBA3AHHBIX €
MCTONAMM TIOJIYYEHMS BbIBOIOE.

OcHOBHAS 3213438 IKOHOMETPHKH - HAMOTHMUTH IMITHPHYE-

CKHM COACPKAHHEM ANPHOPHBIE IKOHOMMYECKHE PACCYHACHHUS.



1leib 3KOHOMETPUKH - SMIHPHYECKUH BBIBOA DKOHOMMUE-
CKMX 33KOHOB. DKOHOMETPHKA MOTIOJIHAET TEOPHIO, HCNOJbIYH
peanbHble JaHHbBIE JUIs IPOBEPKH W YTOUHEHNS MOCTYIMPYEMBbIX
OTHOUWICHUM. DKOHOMETPHYECKUE paCyeThl HYXKHO MMPOBOAHTL
NOCTOSHHO, CHCTEMATUYECKU TIOBTOPsiAi BCE WX KPUTEpUM. OT
dopmy.1upoBKH POOIEMBI, OTOOPA LETH, COCTABICHUA AILTEP-
HATHBHbIX AEHCTBHH, cOOpa JAHHBIX, BbIOOPa METOMA MX OLEHKH
¥ TIOCTPOEHUS SKOHOMUYECKHUX MPOTHO30B HIH Mojenen, B3Bse-
LUMBAH)IS 33TPAT MO OTHOIIEHHIO K 3KOHOMMHYCCKUM pe3ynbTa-
TaMm, JOMOJHUTETLHOW IIPOBEPKH IPEANOCHIIOK K HCXOAHBIX
JNAHHBIX, TIEPENPOBEPKH LEGNEH, BbIABJICHUS HOBbIX aJbTEPHATHE
O TOCTPOEHUS YTy ULIEHHbBIX MOTENEN.

"Jta KHHra aapecoBaHa NPEKAE BCEro CTyJEHTaM, BIICPEDBIC
TIPUCTYMAKOLIHM K U3y4EHHIO 9KOHOMETPHKH, H HMCET /IBE LEIH.
Bo-nepBbIx, Mbl XOTHM MOATOTOBUTH YNTATECIL K NPHKIANHBIM
UCCIEAOBAHMAM B 00J1aCTH IKOHOMUKH. BO-BTOPBIX, MBI IyMacM,
yTo ona Oymer moje3Ha CTyAeHTaM, KOTOpbie cobupatorcst B
nanbHeiiueM yriayOneHHO H3y4aTb TEOPUIo HKOHOMETPHKM. Hu-
KaKUX (PeIBAPHTENBHBIX 3HAHNN 00 SKOHOMETPHUKE HE Tpedyet-
csi. OAHAKO NPeanosaraeTcs 3HaKOMCTBO ¢ KypCaMu nuHefiHOK
anreSpbl 1 TEOPHHU BEPOATHOCTEH U MaTeMaTHUeCKOH CTATHCTHKH
B HadanbHOM 0Obeme. Mbl mpeanosaraeM TakoKe, 4TO HuTatTeib
Brazeer MaTeMaTHYECKMM AHAJIHM30M B Mpenenax CraniaprHoro
Kypca JKOHOMM4ECKOTO BY3a.

VuebHUK HANHCAHO aBTOPaMK Ha OCHOBE TPYIOB OTEHCCT-
BEHHBIX U 3apyOEXKHBIX aBTOPOB € PaCLIMPEHHEM MPUKIALHLIX
ACITEKTOB JIUTEPAaTyPHbIX MCTOYHHKOB 3a CHET cOOCTBEHHBIX Ha-
YUHO-TPAKTHHECKAX pa3paboTok. ABTOpbI, TIPH3HATENIbHBI PE-
[LEH3EETAM U BCEM, KTO, O3HAKOMMICS C. COLEPIKAHNCM PyKOTiH-
CH, 3@ P/l UEHHbIX 3AMEUaHHii, KOTOpbIe C 6.71aroNapHOCTBIO Dbl
AU OPVHATB! U yHTEHbI, | S

V1eOHMK pPEeKOMEHA0BaH st CTYAEHTOB IKOHOMHUCCKHX
BY30B 10 BCEM JKOHOMHUYECKHM CIELUHATBHOCTAM.
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OcHoBHBIe cBOMCTBA 3KOHOMHYECKOH CHCTEMBbI, KOTO-
PbI€ YIHTBIBAIOTCH B IKOHOMETPHYECKHX MOIEJISIX

OcHoBHBIE CBOHCTBA 3KOHOMHYECKO CHCTEMBI, KOTOpbIE

MoxHo BBIAEAUTL CReAyIOWME CBOWCTBA SKOHOMHYECKON
CHCTEMBL,  KOTODBIE MOXHO BOCIIPOM3BECTH 3KOHOMETPHYECKOI
MOJIENBI): ,

* Bcee skoHOMHuECKHE NIPOLIeCChl IPOMCXOmIT B 1P OCTpaH-
CTBE M BO BpeMeHH. CBOHCTBA BPEMEHH JBHUIATHCS TONLKO BIie-
PEA MCTIONMB3YETCs BO BCEX MONENSX BPEMEHHbIX PSLOB.

* DKOHOMHYECKAR CHCTEMA — CaMOHaCTpanBaeMasi Cucre-
Md, KOTOpast MOXET HaXOOMTbCH B COCTOSIHMH HMHAMHHYESKOro
PaBHOBECHA. DTO CBOHCTBO 3KOHOMUYECKOH CHCTEMB] HCNOJb3Y-
CTCH B PEIICHHH CHCTEM OITHOBPEMEHHDBIX YPaBHEHHIX,

* ODKOHOMMYECKas cucTema ob6nagaer HHEPLUHOHHBIMH
csolcTeamu. [IBmiyweil cunoil obluecTsa sBISIOTCS 0o rpeOHO-
CTH 4JIEHOB OOLIECTBA, KOTOPBIE HENb3s Oe1cTpO M3Men b, Tak-
K€ HEeNb3s ObICTPO M3MEHHTH (GopMy COBCTBEHHOCTH, CrIOCO6
MPOM3BOACTBA, KyNbTYPY NPOM3BOACTBA, NPOU3BOANTENbHbIE CH-
-ibl M TIPOM3BOACTEEHHbIC OTHOWEHUs. MHepLuHoHHbIE CBONCTRA
IKOHOMHYECKOH CHCTEMBI SIBJSIOTCS METOAONOMHUYECKOT apezn-
MOCBIIKOH NIPOTHO3HPOBAHUSL.

Texyiuee cocTOsHNE 3KOHOMHYECKOI CHCTEMD] MCTTBITHIBAET
BAUIHWA - NPOLIIEIX,  HACTOSAWMX U OyAYWHX  3EaUCHH
JICPEMEHHBIX 3TOH CHCTEMbL. JTO CBOHCTBO UCMONL3YET ST B aB-
TOPErPECCHOHHBIX 1 aBTOKOPPENALMOHHBIX MOIENX, MOIENsIX
ANANTHBHBIX  OKHMAAHMH YACTHUHONH KOPPEKTHPOBKHM, a,1a(THB-
HBIX METOJAX NPOrHO3HPOBAHMSI. 7

Has Beex sBaenuii B npupose Mexay npuuMHON 1 caener-
BHEM CYLICCTBYET BpemeHwoli wal, WM BPeMeHHas 3a,iepicka.
Jlra o&napyKEHUs BPEMEHHON 3a/1epikKn HEOOX01MO, uTosH ee
BEIMYUHA Oblia OONblue BPEMEHHOrO 1iara M3YUYCHUS CBA3H Me-
KIY NPHYHHOH M CieacTsBHeM. JTo CBOHCTBO HCITONIB3yeTCS B
MOACTAX COCPENOTOUCHHOTO U PACTIPEAECIEHHOIO JTara.
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Bce BpemMeHHbIe 3KOHOMHMECKHE NPOUECCEL ITPOHCXOGAST
UKJIMYECKU. DTO CBOMCTBO MCHOMBL3YETCH B MOJEMAX CE30HHRIX
Y IUIMHHOMEPUO/HYSCKIX BOJH, CYIIECTBYIOUIHX BO BPEMEHHBIX
psiax.

[Mocieanie 3HA4Ye€HUs BPEMEHHOIO PANd  OKA3bIBAIOT
fonbinee BAUSHHE HA HPOrHO3HOE 3HAYEHHE, YEM FEPBbIE 3HAHE-
HHMs BPEMEHHOrO psijfa. DTC CBOUCTEO peajn3yercd ¢ MOMOLIBIO
B3BELIICHHOHN PErpecCHu.

IMpouwnbie 3HadeHHs MOKAZaTENs BPEMEHHOTO psiia OKa-
3pIBAFOT BJIMSIHME HA €r0 TEKyHIee 3HAueHHe, HO He 3aBHCHT OT
HEro. JTO CBOMCTEO 3HAYEHHI BPEMEHHOIO pAna UCIOJIb3YETCA B
CHCTEMAaX OJHOBPEMEHHBIX YPABHEHME JIIA TOJYHCHUA DK301€H-
HO# MEPEMEHHOI ¢ NIOMOLL IO JIArOBOH IHAOTEHHONH NEPEMEHHON.

Ha HexoTOpBIX yYacTKaX BPEMEHHBIX PAI0B SKOHOMHUECKO-
ro rnokasaresst MoryT Habr01aTECsl 3AKOHOMEPHOCTH U3MEHEHUS
HX AMCTIEPCHM. [[HMCIIepCHH YHACTKOB BPEMEHHOIO PAaa MOYKHO
paccMaTpuBaTh KaK 3aBUCHMYIO TIEPEMEHHYIO, YHCJIEHHDIC 3HA-
YEeHHH KOTOPON MOYKHO NPOCHO3HPOBATE METOAAMH PErpecCcHOH-
HOTO aHAJM3a. 3HEsl aMIUTATYAY KONeOaHUH U HX JJIUTENbHOCTE,
MOKHO YTOUHHMTE HOBEPUTENLHEIE NPOrHOIHBLIC HHTEPBA/IbI H3Y-
4aeMoro nokasareis. Mcnosb30BaHME HHCNEPCHH BPEMEHHOIO
pAzia KaK 3aBHCHMO MEPEMEHHON SIBIIACTCS HOBbIM HAlpPABICH-
€M B 3KOHOMETPHKE

Kaaccndurxanusa nepeMeHHbIX B IKOHOMETPHUECKHUX
HCCIEAOBAHMSIX

MUKPOIKOHOMHYECKHE AAHHbIC KOJUYECTBEHHO OMUCHIBAIOT
MPOLECCHl HA OTHEJNBHBIX [IPEITTPUATHAX HAPOAHOIO XO3AHCTBA.
MHKPOIKOHOMHUSCKHHA aHa/IU3 OrPAHUYUBACTCA H3YHEHHEM 58-
JAEHUE W UX B3aMMOCBxdell HA 3aBOAAX, NPERIIPUATUAX 1 YUP2uK-
JCHUSIX.

MaKpOdKOHOMHYECKHE PAALI COCTABSIOTCH HA OCHOBE MItK-
POIKOHOMHHECKHX JAHHBIX W Xap: AKTEPHIYIOT HAPOLHOE XO3siki-
CTBO WJIH OTAEJIbHBIE €10 OTPACAH.
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[lepemennasn - nokasarenb KOHOMHUECKOI CHCTEMBI, 1HC-
JICHHbIE 3HAYEHUS KOTOPOIo M3MeHOTCs. IlepeMeHHbIe MOXHO
KNnaccipuuMpoBaTh 10 pPasaHuHLIM npusHakam. 1o NP3HAKY
IPHHAMIICIKHOCTH KO BXOAY WIJIM BBIXOAY DKOHOMHUECKON cHCTe-
Mbl [IEPEMCHHbIE NO;1pa3AENAOTCS HA BXOXHBIE H BEIXOIHbIZ.

Bxodivie nepemennvie sxonomuueckoit cucmemst - o pe-
CYPChI M yCIOBHA CYLIECTBOBAHMS Npeanpuatus. Hanpumep, ko-
NUIECTBO PAOOTHUKOB, OGBEMBI CHIPHS M MATEPHATIOB.

Boixoousie nepemennsie - 31o PE3YNbTUPYIOLIHE OKA%ATE TN
ACATENLHOCTH npennpusitus. Hanpumep, obnem Basnopois Tpo-
NYKUUH, TPUOBLLTL.

lpouseodnsie nepemennvie - 310 NIEPEMEHHbBIE, KOTOPLIE TO-
JAYGar0Tes  BCJCACTBUE ONPENENEHHBIX OTHOWEHUH BbIXOIHBIX
nokasateneit K BxoaHsiM. Hanpumep, npoussonutensuocts Tpy-
na, (GOHA00TARYA.

Kax npasuno, mexay npousBoausimMu NEPEMEHHBIMH M MX
COCTABAIOWHMMH TIEDEMEHHBIMU CYLIECTBYET JIOKHAA KOPPENs-
st [npeona (o THmAX T0KHOI Koppensiumu oM. B rioccapuum).

Kax npasuio, BxoaHble nepeMeHHble SBASIOTCS IIPUYHIHAMM
HAH (pAKTOPAMHM, @ BBIXOHBIE MEPEMEHHblE CHEACTBHAMM MM
32BHCHMBIMU TIEPEMEHHBIMH.

[To npusnaky npunamtexsocTH K NPHYHHE MU CIEACTBUIO
B NPHIMHHO-CIICACTBEHHBIX OTHOLIEHUSX MEPEMEHHBIE M0pas-
ENAIOTCS HA (PAKTOPbI H 3aBHCHMBbIE MIEPEMEHHbIE.

Dakmop - npuuMHa, KOTOpas BJHsET Ha 3aBUCHMYIO TiCpe-
MEHHYIO.

Sasucuyas nepesennas - cieacTeUe, KOTOPO€ HCIbITHIBAET
BJIHSIHHME CO CTOPOHE! (akTopoB. Kak NpaBuio. 3aBMCHMDIMK Me-
PEMCHHbLIME SBJISIOTCA PE3YNIbTATb IEATENbHOCTH 1poLeccon. B
IKOHOMETPHKE HENABHO NOABHIICA €LIE ONMH BIJI 3aBHCHMOM Me-
PEMEHHOIT - THCMEPCHA IKOHOMUUECKOTO NOKA3aTeNA, 3aBHesILAst
OT BPEMEHH. ‘ o )

Ilo xapakrepy BausHus Ha 3aBHCHMVIO NEPEMEHHYIO MOKHO
BRUICINITE 1TABHBIE H BTOPOCTENEHHbIE (haKTOPb!.
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[naenviit haxmop - 370 Takas npuduna, 6e3 K0Topoi He Oy-
JIET CYLLECTBOBATH 3aBHCHMasl NIePEMEHHAS.

Bmopocmenennsiit (hakmop - 3TO Takas NMPHYKHA. KOTOpas
BIMSIET HA 3aBUCHMYIO NEPEMEHBYIO, HO £€3 KOTOPOH 3aBHCMas
nepeMeHHas CMOXET <yLIeCTBOBATD.

Hanpumep, 110 OTHOLUEHHIO K TOBApOOOOPOTY dACCOPTHMEHT TO-
Bapa, CIpOC SBJSTOTCA MIABHLIMM (hakTOpaMH, a peKiiamMa M KyJIsTypa
0BCIYKMBAHUS ABIBIIOTCS BTOPOCTENEHHBIMA (aKTopaMu.

ITpu nocrpoetuy Moaetd 00ObIYHO MOB3YKOTECS CAEAYIOUIM
MPaBUJIOM. B MOJIENTb HYXKHO BKJIFOHHTD BCE ITABHLIC bakTopbl U
HECKOJIBKO BTOPOCTENEHHBIX.

ITo mpusHaky 3Ha4YCHHH MEPEMEHHbIC NOAPA3AEHAIOTCA HA
YHCIOBBIE U KAYECTBEHHbIE.

Yucroeas nepemennas - NepeMeBHasn, KOoTopas UmeeT JHC-
KPETHBIE HITH HEIIPEPLIBHBIE YHCIICHHBIE 3HAUEHHS!.

Kavecmeennasi hepemeHnas - NEPEMEHHaAsA, 3Ha4€HHs KOTO-
PO NPHHAIEKAT K ONPENLNCHHOMY KJIACCy. Hanpumep, npea-
NPHATHE MOXKET ObITb MPUBATHIUPOBAHHBIM HIIH HEMPUBATH3A-
POBAHHBIM, YOBTOUHBIM MM HPHOBIIBHBIM, PaCTIONOKEHHEN
Aafexo vitd ONU3KO OT CTOYHHKOB ChiDbA.

[To npu3Haky npeoCpasoBaHus NEPEeMEHHbIE MOTYT Oblit
MCXO0HbIE M 1TPecOpazOBaHHbIE.

Hcxoonsie nepemennsle MOAPA3JENAOTCA HA 11EPBHYHbLIC H
arperupoBaHHbIE.

Hepsuunbie Hepemennvie - 310 MEePEMEHHBIE. MOTyHEHHbIC B
npoLuecce NeaTeNLHOCTH OKOHOMUYECK Ol CUCTeMBb! B peaibHOM
ppemenu. Harpimep, fanHble DO KKIOH MOKYIIKE, huxcupye-
MbIE B KACCOBOM anmapare.

Aepeauposanisie nepesenisIe - 310 NCPEMErHbIE, MOy eH-
HbIE CYMMHPOBAHHEM « IGPBHUHbIX HAHHBIX 3a OTIPEIleNIEHHbIA
ﬂpOMC)KyTOK BpeEsieHIL. Happumep, zanHsie'e cyMme. TOBAPOOOO+
poTa, 3aUKCHPOBAHHOTO KACCOBBIM imnapamm 34 OOMH JeHb.
TIpH 5TOM [OJHOCTBLIO CIJIAKHMBACTCA BApPbUPOBAHHE TOBAPOOOO-
poTa B TEUCHME ]Ja()O‘!E}[ O AHA
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Ipeodpazosannvie hepexennsie - nepevenHbie, KOTOpBbIE
MONBEPTAOTCS ONpeneseHHbIM npeodpasoBaHusM. Ipeobpazopa-
HUT MOXHO IPOH3BOIMTD C MOMOILBKY MpOCThIX yHKumi (1/X,
InX 1 1.1), oproronanpubix npeoOpasoBauuii, npeodpa3osanuii
PaKTOPHOTO aHanM3a, neneHuenm OTHOM IepemMeHHoN Ha APYTYIO.
Ouenb vacro IpH npeodpasoBaHmsx TCPACTCA 3KOHOMUYECKHI
CMbiC/T HOBOH NEPEMEHHOI].

Ilo orHowenuwo x BO3MOMHOCTH YIONYYEHHS YMCIICHHBIX
3HAYCHUH NEpEeMeHHbI¢ TPYINUPYIOTCA HA HOCTYTHbIE M CKPBIT-
HbIC, WK JIATEHTHbIE

Aocmynnvie nepevennie - IIEPEMEHHDBIC, KOTOPBIE MOXKHO
MOJMY1HTh U3 KaKWX JTHOO UCTOYHIKOB.

Ckprimusie, v aamenmusie nepemennsie - nepemenuble,
THCACHHLIE 3HAYEHUS KOTOPBIX Henp3s noay«urs. Hanpumep,
PCAILHBIE TOXOIBI HACENEHUS SBIAIOTCS CKPBITHOH nepemMeHHoi:.
OBerino, B Monens Bmecto JATEHTHOTO GaKTOPA BKMOYAIOT 10C-
TYNHbIR  GakTop (MHCTPYMeHTaNbHAS [ICPEMEHHASA), KOTOPLI
CHIBHO CBA3AH C NATEHTHOM MepemMenHO. Hanpuwmep, peansurie
ACXGIbl HACeNEHHS (JlaTeHTHas NIEPEMEHHAsA) TECHO CBSI3aHbI ¢
3ATPHTAMHM Ha MPEAMETHI POCKOUIN (mocrynuas HHCTPYMEHTaIb-
Has riepeMeHHxs).

Huempysenmanonas HepexennHan - nepemeHHas, KOTOpas
MOKCET 3aAMCHUTL B MOZENIH HCXOAHYIO NEPEMEHnYIO 1 obnanaer
ABYMSI CEBOHCTBAMU: BO-TIEPBbIX, OHA TECHO CBS3aHa C HCXOIHOMH
NEPEMEHHOH, BO~-BTOPLIX, OHA HE CBA3AHA ¢ OCTaTKAMHU MOJEN].

Durrmucnas nepevennas - MEPEMEHHAs, KOTOPAst KOJIHYeCT-
BEHHBIM 00PAa30M OMHCbIBAET Ka4eCTBEHHbIN NpU3HaK.

llo spemenn neiictpus NEPEMEHNbIC MPYNIHPYIOTCS Ha Te-
KYUIME i JIarOBble. '

Texyupue nepeviennpie - NCPEMCHHEIC, KOTOPbIE H3MEPEHbI B
TEKYUIHH MOMEHT BpeMeru.

Hazossie nepeiemme - NEPEMEHHLIE, YMCACHHDBIE 3HAYEHUS! KO-
TOPBIX U3MEPEHbI'B NPSALIECTBYIOIHE MOMEHTHI BPEMEHH I1C OTHO-
HICHHIO K TEKYUIHM 3HAYCHUSAM 3aBHCHMOI nepementod. Jlaropas
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nepemenHast obsafaer yAMBUTEILHBIM CBOMCTEOM - OHA MOXET BJH-
SITb, HO HE MOKET OBITb 3aBHCHMO¥, TAK KaK [POILIIOe MOKET BIWATE
Ha Oy, Tyiee, HO MPOLLIIOe HE 3aBHCHT OT TEKyLIEro BpeMEeHH.

[lo OTHOMIEHHIO K MECTY HAXOXACHWA B 5KOHOMHUECKOH
cucTeMe TIEPEMEHHBIE Pa3ielaoTes Ha gHympennue (IHAOreH-
HBIE) VI eHeutHe (3K30TEHHBIE).

Pl3MeHeHne OJHOM MEepPEeMEHHOH NPHBOAMT K H3MEHEHHIO
OpYyT¥X KO Tepexona CUCTeMbl B AUHAMMYECKOE PABHOBECHOC
cocTosiHHe. JHAOTEHHbIE TePEMEHHBIE 3aBHCAT OT nepeMeHHbIX
CHCTEMBbI ¥ MOTYT BJIHATH Ha OCTa/IbHBIC epemMeHHbIe. JHIOTEH
HbIC T €PEMEHHDBIE IPUHATO o6o3nauath Oykeo# .

T)K30reHHblE MEPEMEHHBIE HE 3aBUCAT OT AeSITEBHOCTH CHC-
TeMbl, HO MOTYT BAMATH Ha SHIAOTCHHbIC rnepeMetsible. JK30TeH-
Hbi€ T epEMEHHDIC IPUHATO 06o3nauaTL OyKBOi X, DKIOTCHHbIMH
nepeMeHHbIME MOXHO YCIOBHO CYUMTATHL MHBECTULUH B JKOHO-
MUKy, TYMaHATapHyr NOMOIUb. MCTUHEBIMHM 3K30T€HHbIMH 1€~
peMeHHBIMA MOKHO CHUTaTh 7arOBble HAOIEHHbIE EPEMEHHbIC,
TIPUPOAHbBIE, KOCMUYECKHE GbakTopbl.

NHOveeHNbIe HepeMeHiible - BHYTPEHHHE nepeMeHHple, KO-
TOpbIC TIPUHAATIEKAT K SKOHOMIEUECKOH cucreme. Llpi 3TOM 3H-
[OTEHHBIC TIEPEMEHHbIE MOTYT BIMATDL Ha ApyrHe SHAOTEHHbBIC
nepevieHHbIE U MOTYT OT HHX 3aBHCCTD. Hanpumep, €Cjli B Mara-
3UHE UMEETCSl Ouepellb, TO YBENMUeHUe MpoaaBLos npuBeneT K
yBENHYEHUIO toBapoobopoTa, yBEIH1EHNE ‘Topapoobopora npu-
BEJeT K YBEJHYEHHIO NPOAaBLOB. [Iponece yBenMieHHs npoaas-
gos 1 TOBapoodopoTa Oyner MPOIOJHKATLCS 0 TeX TOP, noka
OyneT COXpaHITLCA OUEPelb. ToBapooBOpOT H KOJIHIECTBY 11PO-
[AB10B ABSHOTCS SHAOTCHHbIMI [IEPEMCHH bIMH.

('BOHCTEA IHAOTEHHbIX MEPEMEHHbIX

('goitemeo 1. DHIOTEHHbIE TIEPEMEHHbBIC HMEIOT o0OparHbie
CBA3H. KOTOpbIE NOPOKAAIOT ripoleMy yCTOHUHBOCTH IKOHOM:L-
yeckoR cucTembl. [1pennooxKum, HTo B MCXOAHbIH MOMEHT Bpe-
MEHHM SHIOFEHHBIE TEPEMEHHBIE HAXOAATCA 8 CPEIHE AnHAMMHe-
CKOM DABHOBECHOM COCTOStHUU (SIpKHM TIPHMEPOM CHIyKAT YETO-
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ABILIMECS 3HAYEHHMS CIIPOCA, UEHB! U NPenIoKeHUs, n3yyaembie B
MHUKposkoHoMuke). Tlpu usmenenun SHIOTEHHOU MepeMERHOI
BO3MOMHb! CICAYIOUINE CLIEHAPHH ee H3MeHeHUs:

* OHA NIABHO MOHOTOHHO MIIH LIMKITHYECK ) BEPHETCs K CBO-
EMY HCXOIHOMY 3HAYEHMFO, TaKoe TNOBCACHHE 3HIONEHROMN nepe-
MEHHOH XapakTepHO s YCTOHYHBOH 9KOHOMHY2CKOL CHCTEMbI,

* OHA IIABHO MOHOTOHHO MAM LMKITHYeCKH NPUMET MHHU-
MaJIbHOE MJTM MAKCHMAJIbHOE BO3MOJKHbIE 3Ha4eHws, Takoe nose-
ACHHE SHIOTEHHOHN MepeMeHHO X4PaAKTEPHO AN HEYCTORYMBOI
SKOHOMHUYECKOH CHCTEMBI.

Ok302ennvre nepesennvie — BHCLUHHE MEPEMEHHbIE, KOTO-
PBIC BJIMFAIOT HA NEPEMEHHBIE HKOHOMUUYECKO CHCTEMBI, HO OT
HHAX He 3aBHCAT. Hanpumep, cyrounoe Bpamenue 3eMian Biausier
Ha IoxasaTenu 3KOHOMHueCKokd CHCTEMBI, HO EpallleHHe 3emiuu
HE 3aBHCHT OT ZKOHOMMYECKOH CHCTEMB] v

-laroBast sunorennas NEPEMEHHAasT ABIACTCA HK30IeHHOI].

B 3aBucumoctu or pacnonmienus nepemerHoii o BpEMEHU
MOTYT OBITh CTATHYECKHE H THHAMM 4ECKHE TIEPEMEHHBIE,

CBoiicTBa 3K30renHbIX HepPeMeHHbIX

('soticmeo 1. Hpennonoxum, gro IKOHOMHYECKast CHCTeMa
HaXOANTCA B YCTOHUHBOM COCTOSIHHM 1 SHIOISHHbIE ITepeMeH-
HBIC UMEIOT CpellHHe IMHAMHYecKHe PaBHOBECHbIE 3HaueHus!.
Hsmenenue onmoit wunu HECKOILKUX SK30TEHHBIX MEPEMEHHbIX
MPHBOMMT Hepe3 HECKONbKO LHUKIOB Kk M3MEHEHHIO CPemHMX IH-
HAMWIECKUX 3HAYEHUI HH RO HHBIX NEPEMEHHBIX.

Ceottcmso 2. IIpornosubie 3Hauenus SHAOTCHHBIX MEePEMEHHBIX
MOZHO OMTYUTH TOBKO C IIOMOLBIO JK30MeHHbIX TIePEMEHHBIX.

B3aumocssisb sx30rennpx i HAOTCHHBIX MEPEMEHHBIX OMH-
CIBACTCS CHCTEMOH OIHOBPEMEHHBIX YPaBHEHUH, KOTOpbIE npu-
HIATO HAa3LIBATH SKOHOMETPHUECKOH MOIIE/BIO. :

M3sectHsr npe dopMbI 01HOBpEMEHHDbIX YPABHEHHH: cTpyk-
TYPHasi U NPUBELEHHAS.

Compyrmypuas thopua onnospemernpix YPaBHEHUI conep-
KHT B KayeCTBE OOBACHNIOL[HX NEPEMCHHBIX KaK 3HIOT'eHHbIe,
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TaK M HK3OTEHHDbIC TIEPEMEHHBIE, KOTOPbIE OTPANKAIOT peajibHylo
CTPYKTYPY B3aUMOCBSA3H IEPEMEHHBIX.

I'pucedennan ¢popma ONHOBPEMEHHDLIX ypaBHEHUH C€OAEP-
KT B KaueCTBe OOBSCHAIOIIMX NEPEMEHHbBIX TOJIBKO IK30reHHbIE
nepev.eHHbIE. Hpuseneﬂﬂaﬂ'@opma MCTIONE3YETCS JUls TIOMyHe-
HMSl [IPOTHO3HbBIX 3HAYECHHH SHIOTEHHbLIX nepeMenHbIX 1 Ul 10~
Ny4eHust pacyeTHBIX sHAYEHMI SHIOTE€HHBIX NEPEMEHHbIX, HC-
TONB3yEMBIX 1715t MOJTYICHHA HeCMELICHHbBIX OLIEHOK NapamMerpoB
CTPYKTYPHOH dbop™Mbl OTHOBPEMEHHBIX ypaBHEHMIL.

IlpuBeneM CTPYKTYPHYIO CHCTEMY OJHOBPEMEHHBIX ypaBHe-
HUH A7

Yi=apta) YotasXaten;
Yy=botbiYithoXaten,

Fcnu B repBOM yPaBHEHMHM BMECTO Y, TOACTABUTL BTOPOE
ypasHeHHe, a BO BTOPOM ypaBHEHHH BMECTO Y1 MOJCTaBUTH 11€P-
BOE yJaBHEHHE, TO MOC/E HECAOKHBIX npeoOpasoBaHiil MOKHO
MONy4UTh MPHBEICHHYIO CUCTEMY OJHOBPEMEHHBIX ypaBHEHHUil.

Yi=cotae1XateaXotes,
Yo=dotd XitdaXates,

CaHO3HA4HbIA NEPEXOA OT CTPYKTYpHOH CHCTEMbl K MPUBE-
AEHHCH CHCTEME OJTHOBPEMEHHBIX ypaBHeHuA MOKHO ObL10 TIPO-
M3BECTU MY YCIOBUHM HAEHTHQUUHPYEMOCTH CTPYKTYpPHOH CHC-
TeMbl OJTHOBPEMEHHDBIX YPABHCHHH.

CprK'rypﬁaﬂ cucTemMa OJHOBPEMEHHbBIX ypasHeHuil obnana-
eT TAKUMH CBOMCTBAMH.

- KOJMYECTBO YPaBHEHUH PaBHO KOJIMUECTBY JHQICHHbIX
repeMeHHbIX,

« CTPYKTypHas CHCTEMa ONHOBPEMEHHDBIX ypaBHEHHH MOKET
GbITh. HEHAeHTHOHLHPYEMOH, HAEHTHHIUMPYEMOTH, CBEPXIICH-
tupuumpyemoil. TosicHum Gosee MOAPOOHO 3TH CBOHCTBA CHC-
TeMbl OJHOBPEMEHHbIX YPaBHEHUH. CucreMa OJIHOBPEMEHHBIX
ypaBHEHUH neupeHTUQUMpyema, ecan JUld KaKoTO-HNOY b
ypaBRHEHHs CHCTEMBI BHITIOHACTCH HEPABEHCTRO,

n<(n+d.),
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Lhe 1 - obuiee aucino peex IK30r€HHBIX NMepeMEHHBIX CHCTEMb,

M - YHCTIO 3K30TeHHbIX NEPEMEHHBIX /-0 YpaBHeHUs:

di - qucno OOBSICHSIO X SHIIOTEHHBIX MepeMeHHbIx i-ro
YpaBHEHUs.

Moznens MAEHTHOHLUMpYeMa, eciy A4 K&XAOTO ypaBHeHus
CHCTEMbI BBIIONHAETCS PaBEHCTBO:

TCHHBIX HEPEMEHHBIX NOMKHO PaBHATLCH KOMMuecTBY 3K30reH-
HBIX NepeMeHHbIXx. B kaxaom YPABHECHHH KONMYECTBO 06psic-
HANOWHX TIePEMEHHLIX N0IIKHO PAaBHATECA KOMMYECTBY 3K 10rek-
HBIX niepementibx. Kombunaimmy 00BACHIO W HX NEpEMeHHLIX B
K@XNOM ypaBHEHUH He TOKHL] TTOBTOPATHCS.

Kax nipasuno, 9K30T€HHBIX NEPEMEHHBIX He XBaTaeT 0I5t TO-
10, 4TOORI CHCTeMa crasa HAEHTHULMPYeMOit, IO3TOMY 4acTo B
KaEeCTBE JK30reHHOH nepemerHoiy BbIOHMpArOT JAroByw 3uuo0-
TE€HHYIO TIepeMeHHYto. /

Monens CBEPXHAEHTHOHUMpYemas, ecy XOTst Obl 115 OHO-
[0 YPABHEHHS CHCTEVIBI BBIMONHSIeTCY] HEPaBEeHCTBO

I7>(l7,+d,),

Cmamuyecruye Hepemenrivie - yro IePEMenHbIe, KCTopbie
H3YMAKOTCS B onpeaesieH bl buxcuposanmbif MOMEHT BpeMenny.
Cratuveckumu MCPEMEHHBIMM  MOXHO CynTaTk AaHHblE [Apo-
CTPAHCTBEHHOH BbIGOPKM

Hunamuyecrye hepemennple - 51g fiepemennsle, keropeie
H3YHat0TCa B TeueHme ONpPeneneHHOro Bpemeny. Hunamugecky-
MW TIEPEMEHHBIMH MO XKHO CHHTATb NaHHBIE BpemeHHbrx psnos.
Hunamuueckue NEPEMEHHbIE MOTYT Umers CpenHue nuHamupye-
CKHE paBHOBeCHbie 3HaueHys. B skonoMuyeckoi cucreme Bce
IHIOTrEeHHbIE NEpeMeHHbIe CBA3aHbl Mexay co6oii. Ecin Oz Ha ne-
PEMEHHAs u3menmnaacey, To MO SKOHOMMYeCKO cucTeme noderyr
BOJIHEL 1O yCTaHOB.IEeHUS Cpeare aMHaMHueckux PABHOE €CHBIX
SHAUEHHH repeMenpix, HIPH yCJOBHH uTO CHCTeMa mmeer OTpu-
HATCJILHbBIE 00paTHLIE CBSI3K 1 KonebaHHs B cucreme HOCAT 3aTy-
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xawomuit xapakrepa. OnHako 1pH HONOKUTENLHOHA 0OpaTHO!
cBs3M aMIUTHTYna koneCaHuil B CUCTEME yBENNY HBACTCA, CHCTE-
Ma He MOXeT CaMOHACTPOUTHCA W [IPH OTPEAENeHHbIX YCIOBHAX
MOKeT PaspyLiMThCs, HaNpAMED, HTPH runepuHQIHLINH.

CpenHee AHHAMUMECKOE paBHOBECHOE 3HAUCHNE nepemMeH-
HOli - 3HAueHYe JHIOTEHHOH riepeMeHHOH, KOTOPOe yCTaHaBIH-
paetcs CTaOMIbEBIM B KOHOMHMUYECKOH CHCTEME.

C HHXPOHH3UPYIOLIHI daxrop - NpUUIHA, KOTOpas OKa3bIBa-
eT BRHMSHME Ha 3C€ UM Ha 4acThb akTOpOB, ONHOHANPABJICHHO
BAMAMOLIHX HA 3ABHCHMYIO NEPEMEHHYIO (ripa3aHuKy, KaTacTpo-
w1, cobpanme COTPYAHHKOB nepes BbINOJHEHUCM paboTbi).

"JKOHOMETPAYECKHE HCCIIEA0BAHNA HAKJIAEIBAIOT CICAYIO-
[j1e OTPaHUEeHHs Ha 3HAUCHMA nepeMeHHbIX:

« YUCHEHHbIE 3HAYCHUA nepemMeHHol J0DKHbL U3MEHSTHCS.
Jr0 yeiaosue 00yCIOBIEHO TEM, HTO HeJB35 ONPEeNeNUuTh CTCNEHD
B/IMSHUS TICPEMEHHON, 3HAUCHHSA KOTOPOil He H3MEHAKOTCH. Cre-
fleEb CHHXPOHHOCTH H3MCHEHHS! TepeMeHHbIX BAMACT Ha BEJi-
YPHY KPUTEPHs HX CBI3H MERIY codon, ‘ '

« KOJMUECTRO 3HA4EHHH B TIEpeMEHHON 1N 06beM  BHIDOPKH
JoJTKeH BbITh B 2-3 pasa ojmLue, ieM komuecTBo (GaKkTOPOB B MCICIIH.

« Bce NepeMEHHBIe B MOZENN AOJPKHE! UMeTh H3MEHHOIIHE-
s YKCTIEHHbIE 3Hauenns. Ecau B MONEIH HUCTIONB3YeTCs KaiecT-
BeHHas nepeMeHHas, TO HeoGXOIHMO KaXIOMY Kilaccy parh HHe-
AEHHOE 3HA4EHNE,

« yHC/IeHHbIE 3HAUEHMA EPEMERHBIX [0 BO3MOXHOCTH HE
JIOJKHBL CONEPIKATh OMMOOK H3MEPEHWI,

e B 3HAYEHMAX NEPEMEHHOI HE JOJIKHO ObITb TPONYCKOB.
EciM KaKkue-TO 3HaYeHHs! B HepEeMEHHON OTCYTCTEYIOT, TO CCAY
eT sarojHUTb WX CPGHHMMH 3HAUeHHsIMH HIIH .HHTQpﬂO.ﬂﬂHHOH-
HbIMH 3HAYEHHAMM.

JKOHOMETPUYECKHE  HCCIEN0BAHNA HOMAKHBL  YUHTBIBATH
cevIoLMe CBOICTBA 3HAUEHHH NEPEMEHHEIX.

e CUJIBHO BBIIEIAIOLIEECH 3HAUCHNE 3aBUCHMOR TIEPEMEHHOI
(BLIGPOC) MOXKET DbITb PE3Y/IBTATOM BIIVSIHMS CHITbHO M3MEHHBILIETO-
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Csi OTHOTO BJIHSIOIIErO (HaKTOpa WM pe3yIbTaTOM OJJHOHAMPAB.IEH-
HOI'O BO3LAEHCTBUMS OOJIbLUIMHCTBA OObBSICHSIOIMX nepeMeHHbIX. Be-
POATHOCTL OTHOHANPABJIEHHOTO BO3LEHCTBUS OONBIIMHCTBA OGbSIC-
HAIOLIMX IEPEMEHHBIX O4eHb Masa. [Tosromy npuumnOit 510rC s181e-
HWA MOTIO HOCAYXKHTb M3MEHEHHE TaKOr0 CHHXPOHM3MPYEILIENO
(haxtopa, KOTOPBIIl OIHOBPEMEHHO NOBAMAN HA 5TH obBsICHs I0IIME
NepeMeHHbIe. B 3KOHOMUYECKIMX HCCIeNOBaHMIX TAKUMYU CHHYPOHH-
BUPYIOLUMMU  DAKTOPaMH MOIyT ObITb: TPa3fHUKH, KYJE YPHO-
MACCOBBIC MEPONpPUATHS, CTUXMiiHble OENCTBHSA;, NpenBbLIGOPHDBIE
KaMITaHHH; CE30HHOCTb; COOBITHA, KOTOPbIE BBISBIBAOT OKIJIAHHE
MEPEMEH, U PYTUe SIBICHUS, KOTOPbIE OTHOBPEMEHHO BO3NEHCTBYIOT
Ha BCE HACETIEHHE UITH TOJIbKO HA €€ YacTh,

* €CJH NEPEMEHHbIE H3MEHSIOTCH CHHXPOHHO B TEKyLUHeE
MOMEHTBT BPEMEHH MJIH C BPEMEHHOM 3aNepkKOM, TO 3TH niepe-
MEHHBIE CBA3aHBEI MexAy coboi. Ecnu nepemenHbie uaMensoTes
XAO0THYHO MJIK CITy4alHbIM 0OpPa30OM, TO 3TH NEPeMEeHHbIE He CBsi-
3aHbl MEXAY COOOM;

OcHoBHbIE CBOIICTBA IKOHOMHYECKOr 0 BPEMEHHOIro paja

I. Tekywmue cocrosiHie 3KOHOMMYECKOH CHCTEMbI MCTBIThL-
BAXOT BJIMAHME HPOLUIBIX, HACTOAWMX 1 Oynymux 3HAYEHNIT ne-
PEMEHHBIX 3TOM CHCTEMBI ‘

2. [lnst BCeX sABJCHUI B NpUpOe MEXIY NPUYUHON U crep-
CTBHEM CYUIECTBYET BPEMEHHOIH J1ar (BPEMeHHAs 3a1epKKa).

3. Bce BpeMeHHble YKOHOMHUYECKHE TIPOLECCH! HPOMCXOAST
LUHKJIMHECKH, KOTOPLIE MOTYT COAEPKATh NEPUOAHUECKHE EOJIHBI’
KOPOTKHE U JUTMHHbIE. :

4. «CBexue» 3HAYEHUA BPEMEHHOIO psna okaswiBatot - ObLIee
BHAHHUE Ha €ro NPOrHO3HOE 3HA4EHHE, YeM "cTapble 3HaueHus

5. Hpu nocrpoenun noseputenbHbIx MHTEPBAJIOB [IPOrHO3a 1
YPABHEHHsI PEPECCHI CIEYET CUMTATL GOJEe TOYHbIM. He cpen-
HEE 3HaYCHHE BPEMECHHOIO PANA, a €ro MoCjieHee 3HaYCHUE,

6.Bo3MoxkHbIe peanuzalMy 3KOHOMHYECKOrO npolecca B
(PMKCHPOBAHHBLIH MOMEHT BPEMEHHM /. UMEKOT ONpPENENeHH Ik 3a-
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KOH pacrpesie/leHHs BEPOATHOCTEN M CONTBETCTBYHOIIME CTaTh-
CTHYECKHE XapaKTePUCTUKH: CpejHee apudMeTiuecKoe 3Have-
Hue, IMCIepPCHs, KOBapHALMA U MX MATeMaTHeCKne OXHIAHHA
Ecnu u3y4aTh A3e TPynnbl BO3BMOXHBIX peaniszanif B MOMEHTbI
BpeMeHH { M (+k, TO~MOXHO BbIMMCIUTL ABTOKOBAPUALIMIO st
nap cly4aiHbIx BETHIUH Fy i Y, TIE k=1,2..., 01,

7 B 4dCIEHHBIX 3HAYEHUAX BPEMEHHOIO psiZid HE NOJKHO ObITb
nporyckoB. B/ MMeeTca MPOIyCK, TO OH BOCCTAHABIIMBACTCS cpen-
HUM 3HAYEHHEM, OOBIMHO M3 OMDKARILIMX K HEMY YHCE]L

CTraTHCTHYECKHE XAPAKTEPHCTHKH BPEMEHHOI0 psina

BpemeHHb! Psibl MOTYT HMETE CHIAYIOIIHME CTATUCTHHECKHE
XapaKTEPUCTHKH!

o cpeaHee apuPMETHIECKOE 3HAUEHIE;

* JIUCTICPCHS,

* aBTOKOBapHaLUs,

o ABTOKOpPpENAHOHHAA QYHKUAS ( aBTOKOppEJIorpaMma);

* TIEPHONOTPAMMA.

Cpennee apudMeruyeckoe 3HAUEHHE BPEMEHHOrO piia Y,
BBLIMHCIAETCS 110 cneaytoueit hopmyre

n
Jlucrepcus BPEMEHHOTO pana Iy BbIYUCAETCS 1O hopmyne

DN AN

A —

-1
ABTOKOBapHalysl k-ro NOpsKa BPEMEHHOTO psiia Y, BeIumcC-
asercs o gopmyie

Cont ¥ )= = S (T 7)
n-k o

ABTOKOpPEIALHS k-TO TOPsiAka BPEMEHHOrO pAia Y, - ko-
shuument xoppemauud 1Y, Vi), PACCYHTAHHbBIA MEXIY HMC-
XOIHBIM BPEMEHHBIM PAIOM }; 1 THM KE BPEMEHHBIM PALOM.
TOJIbKO CABHHYTBHIM BMEPEA HA K HaT Yo, ABTOKOppENSUBS M0~
Ka3bIBAET CTENEHb BAMSHIA MPENbULYLLIX 3HAUCHUN BPEMEHHOIO
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Ha WX TIOCAENYIOME 3HAYEHHS C BPEMEHHbIM C,IBHIOM, PaBHBIM
k naram.

Z(Y~Y( T
"(k)::r(yl’)/fil():: Ll

i =
}_,(YJ “Y‘ ( ek )
=1 t-:k

B pacuerax asroxoppensiumn k-ro nopsaka HOMKHB yYACT-
BOBaTb TOJIbKO 3aMOJIHEHHbIE MApbl YHCEN AHAIM3UPYEMbIX ps-
IOB. ITO 3HAYMT, YTO B PACYETAX HE ZOJKHBI Y4ACTBOBAT nep-
BBIE K YUCEN pAIa ¥, 1 k rIoCnenHux duce pana Y.

ABTOKOPpeNsiMOHHAA GYHKUMA (ABTOKOPPENOrpamMma) - 3a-
BUCHMOCTb KOI(QODULHMEHTOB aBTOKOPPEISLIMH OT BEJUYUHBI UX
nopsi/ika k.

ABTOKOPPEISILHST MOXET H3MEHATHLCA OT -1 40 +1.

I'padgux aBTOKOppeISILMOHHON (QYHKLUMH 2aBHCHT OT TeH-
ACHLIHH, [IPUCYTCTBYIOLIEH BO BPEMEHHOM psaay (puc. 1.)

Ananus puc. 1 a, 6 n1okaskIBaeT, YTO €CIU BPEMEHHOI psan
MMCET JITHEHHYIO TEHIEHIHIO, TO aBTOKOPPEsiorpamMMa HMeeT
B yOPH3OHTAIBHOH JIMHUEH C YHCIICHHBIMH 3HAYEHHSMH, PaB-
HBbIMK €IMHHIIE.

AHanns puc. 1 B, T, JI, € NO3BOISAET YTBEPKNATH CERYIOLIEE:
dBTOKOPPEJIOTPAMMA TIOBTOPSET TEHAEHLMIO B HOPMUPOBAHHOM
BH]IE, KOTOPAast HMEETCsI BO BPEMEHHOM Py,

MIMeloTest onpese/ieHHbIE NpaBuia aHajiusa aABTOKOPPENIO-
TpaMM ANs BBISABJIEHMS TCHACHUMM BO BPEMEHHOM psny. bonb-
LIHHCTBO CTATUCTHYECKHUX MAKETOB TMO3BOJLSIKOT [ACCYUTATh ABTO-
koppenorpamMmy. OAHAKO, KaK yKasbiBAeT Pfl aETOPOB, aBTOKOP-
penorpaMma ABaseTcs Bewlbio B cebe, W Tpebyercs Gonbiuoi
OHBIT TI0 €€ aHanu3y, KOTOpkIH Tpyano dopmamsyercs. Busy-
aJibHbI1 AHANH3 BPDEMEHHOIO PANa H H3YUEHHE [1e PHOJOTPAMMBI
NO3BOJSAICT HAaCTO 3aMEHSITh aHaIH3 aBTOKOppeorpaMmel. bosee
NOAPOOHO €O CBOHCTBAMM aBTOKOPPENOIPAMM, YACTHHIX ABTO-
koppenorpamm (¢ ykasannem 95% uHrepsana, B KOTOPOM ko3G-

23



(pHIIMEHTHI HE OTIIMYAIOTCA OT HYJis) JUIA Pas3MYHbIX BHIOB Bpe-

MEHH5HIX TPEHIOB (JIMHEHHbIe, JTMHEHHO-a/UTHTUBHDIH, CE30HHbIC)
MOKHO O3HAKOMMTBCSI B UCTOUYHHKeE [ 1],

}'f A Yt A Y, A
v
/ g
t i !
R4 R* R
1 S 1 — 1
k k k
0 — 0 > 0 < —»
-1
a) 0) B)
v, 4 T4 4
\ AN
VvV
. ! \
r(k) 1 ‘ rk) 4 r(z‘\ﬁ
1 1 1
0 / > 0 M \ K
\ / » 0
-] -1
r) A) ¢)

Puc. 1. Pa3snuunbie BUAbI TEHASHIMN H UX
aBTOKOPpENOrpaMMbl
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Tepuonorpamma. OnHO# M3 BaXHBIX XapaKTEPHCTHK 3KO-
HOMHYECKOTO BPEMEHHOIO Psiia ABNSETCS ero EPUONOrPamMa.

Hanum onpene.ieHHe NEPHOAOTPAMMBI B TOM BMUE, KK OHO
6bi1o mpeutoskeno A. Illycrepom B 1898 1.

[ycre Y: - Bpemennoii psin ¢ HyneBbIM cpemHuM, a apobe-
raet uesbie uucaa ot 1 go ». Ilpencrasum Bpemenuoii pin ¥, b
BHIE CHEAYIOLEH MOodeH:

Y, =acos(2m /T)+bsin(2m /T) +e=ccosmt /T + ®)+e,
rae 1 - HekoTopast HUKCUPOBAHHAS BEIHIHHA, OOBIYHO Ha3blBae-
Mast IEPUOIOM, HITH JTUHOM BOJIHBI,

@ - HavanbHas Qasa xosedaHus;

a, b, ¢ - aMIIUTY Bl IEPHOAMUECKIX KOTEOAHHIT:

a=23Y, cosa I T);
e

b= 237, sin(2m/T),
n e

c= \/07—{- b* ;
(Ty=a (I)+b° (1)

[epuonorpamma - rpaduk sasucumoctu ¢(7) oT mHHBI
BOJIHbI {, KOTOpAs 10Ka3bIBAET 3aBHCHMOCTD KBajlpaTta amIuiury-
bl KOCHHYCOUAANLHOTO KOeDaHHa OT ero MepHojaa Ars Bpe-
MEHHOTO Psiia ¢ HYJEBBIM CPEIHHM 3HAUECHUEM.

B npaxTuueckyx Lessx MOXKHO ynpocTHTh pacuer neprono-
IPaMMBI, €CJTM MOCTPOUTH 3aBUCHMOCTb OLUUOKH MOIEenH

Y. =a,+as+a,sin(2a/T)+a, cos(2m /1) + e,,
oT nepuona 7’ rae /' npuHUMAeT 3HAaUeHHs OT 3 10 YABOECHHCH
ANMHBI BDEMEHHOTO psija.

Koapdunmentor Monenn paccuursiBarotcs Metomov Hau-
MEHBbIIMX KBaapartos [12].

Lenamu ananyisa BpeMeHHbIX PANOB SIBASIOTCS

* BBIABICHHE CTPYKTYPbI BPEMEHHOTO psifa Iutst Gosee riy-
OOKOroO TIOHUMaHHS THHAMUYECKH 3KOHOMUYECKHX MPOLIECCOB;
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e [OJyYEHHE TOUEYHOr0 M HHTEPBANBHOTO MPOFHO3a JMHE-
MHYECKOro SKOHOMHUYECKOTCO NMOKA3aTesNs.

Knaccuduranns moaeneid. Bee MONETM MOXHO Pasneints
M0 CPEACTBAM MOZIETUPOBAHNS HA MATEPHANIBHEIC U abcTpaKTHbIE.

Mamepuansnvie moOeiu BOCIIPOUIBOJAT XAPAKTEPUCTHKH
06BeKTa ¢ MOMOIIbI0 MaTepuanbHbIX cpencTs. Hampumep, uc-
osb3ya 0ObEKT MarasuHa, MOXHO HCKaTh OTTUMAJIbHBIH BapH-
aHT pasMeleHuA oOOpYHOBaBMS, MEPEMEIHCHUA NOKynaTeneii,
nyTel JBHXEHHA TOBAPOB.

AGcmpaxmuste MOOen  BOCHPOM3BOAAT  XapaKTCPUCTHKH
06BbEKTA ¢ TIOMOLLLK YMO3AKIIOYEHUHA, KOTOPBIE ABJSIOTCS MO~
oM denoBedeckoro MpuuneHns. I1o cnoco®y MoaennpoBaHus
abcTpaKTHbIE MOASHHM NOJPA3[ENAOTCH HA rpauvecKue, marte-
MaATH4ECKHE, CIOBECHO-OMMCATENbHBIE.

I paghuveckue vodeau - 5TO TIPECTABIEHAE B3AUMOCBAH TEpe-
MEHHEIX B BUIE rPadvikoB, mHarpavm. BusyasbHbiH aHaius rpaguye-
CKUX MOZeieli SBISETC OHIM 3 CaMBIX MOLUHBIX CPEACTB OOHapy-
JKEHHs BUAA TEHASHIMY 1 NPOFHOZHOM OLEHKH IUHAMMKH SXOHOMM-
YECKOTO MPOLECCA, CTENEHH B3AMMOCBA3H TEPEMCHHEIX. ['paduue-
CK{e MOZENU TO3EOIOT NPOBECTH KAUeCTBEHHBIH aHaNH3 B3an-
MOCBSI31 TEPEMEHHLIX, @ TAKKe BbIABHHYTH IHIOTEY O dopme
3aBHCUMOCTH MEXILY IEPEMEHHBIMH, KOTOPYH He0OX0AMMO Mpo-
BEPHTDH C OMOLILF) MATEMATHIECKUX METOLOB.

MmeMamuveckas Modets - HTO COBOKYTHOCTb YPaBHEHHH,
OTOBPAXKAIONIMX 3ABHCHMOCTH MEKIY SKOHOMHMYECKHMH TOKa3a-
TeAsMH HAM NepeMeHHbIMU. MarevarHyeckie MOCTH MO3BOJIA-
FOT KOJMYECTBEHHO W3MEPWUTh CTEereHb B3AMMOCBs3M MEPEMEH-
HBIX M MOJIYYHTb PACHETHDBIC 3HAYEHUA MPU3HAKOB 00BEKTOB.

( OB CHO-ONLCAME.THHBIC MOOE - 3TO COBOKYNHOCTD yMO-
3aKIIOYEHNH, KOTOPbIE KAyeCTBEHHO XapakTepU3YIOT JIOTHHC-
CKYIO B3aMMO3aBHCHMOCTE IKOHOMMYECKHX nokasareseH 3KOHO-
MHYECKOH CHCTEMBL.

TIKOHOMHUECKHE TIPOLECCH MPOUCXOAIT B MPOCTPAHCTEE H
BO BPEMEHH, B NIPABOBOI i 3aKOHORATENbHOH Cpene o0recTsa B
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COYETAHUU C MOTPeOHOCTIMH UJIEHOB OOIEecTBa MpU codliome-
HUH 3aKOHOB COXPaHEHUsl PECyPCOB. NEHEXHBIX, TPYAOBBIX, Cbl-
Pbg M MaTepHasoB, AYXOBHbBIX, HHTEANEKTYAJIbHBIX, MOPaNbHBIX
1 GoraTcTBa, KOTOPOE MOXKHO B3SITh C JAHHOM TEPPUTOPHH.

IIpuBenenHas C1OBECHO-ONMCATEIbHAS MO TIPEACTABIISA-
€T NPUMEDP CHCTEMHOIO PACCMOTPEHHSI BCEX TPOLIECCOB, MPOMC-
XOMALUX Ha TNPENPHATHH, OPraHH3alMM MIM B TOCYIApCTBE.
Bce Tpu Bupa abCTpakTHBIX MOZEEH B3aHMHO JOMNOJHSIOT APYT
apyra M IWHPOKO MCHOIB3YIOTCA B 3KOHOMETPHYECKOM aHalIH3e.
CrnenoBaTesbHO, YKOHOMETPHUECKHE MOAEIH MOryT OBITH MpO-
CTPAHCTBEHHEIMM H BPEMEHHBLIMH, & TAKXKE MPOCTPAHCTBEHHO-
BPEMEHHbIMH.

IlpocTparcrBeHHEIC MOLIGTIM OMUCHIBAIOT CBA3b MEXAY NepeMeH-
HBIMH OOBEKTOB, B3ATBIX 33 OIPEICIEHHbI MOMEHT BPEMEHH.

Bpemennble Mozenu ONMCHIBAIOT AMHAMMKY NepeMeHHOH
00beKTa 3a onpenesneHHele HUKCUPOBAHHBIE MOMEHTBI BPEMEHHU.

[IpOCTPaHCTBEHHO-BPEMEHHbBIE MOJIEM ONUCHIBAOT JHHa-
MUKY 1TePEeMEHHOM HECKOJIbKHX OOBEKTOB 3a OMNpEAesICHHbIE
(bHKCHPOBAHHBIE MOMEHTbI BPEMEHH.

ITanel IKOHOMETPUUECKOro mopeaupoBanus. [Ipu uzyue-
HHM JIHO0OH Hayki HeOOXOAUMO B Hell BbIZEUTb CTEPHKEHb, Ha KOTO-
pom Oyzer HaxoauTbCs BEChb TeopeTHHeckui marepuan. B ¢usuke
3THM CTEP)KHEM MOTYT ObITh 3aKOHEI COXPAHEHMS! MaCChl, KOIHYECT-
Ba ABWKEHHA, DHEPTHH, HMITYIILCA, B TEOPHUH OTHOCHTENbHOCTH - 3a-
KOH HE3aBUCHMOCTH CKOPOCTH CBETA OT €10 HCTOYHHKA.

B 3>KOHOMETPDHKE TaKHM CTEPXKHEM HaM MpPE/CTaBIMOTCA
STarbl YKOHOMETPHUUECKOTO MOLAENHPOEAHNA. PaccMoTpeHtie aTux
3TAIOB MO3BO.1ET CHCTEMHO OCBETUTH BCE OCHOBHBIE MOJOMKEHUS
3KOHOMETPHKIL.

Oman 1. TloctanoBounblil. POpPMUPOBAHMAE LIEAM HCCIEN0-
BaHWA. BBISBJIECHHE JKOHOMUUYECKHX npoOseM M BblAEdeHHe u3
HMX HauOosiee cyuwecTBeHHOH. [lenb wccnencBaHMs COOTBETCT-
BYET PELIEHHIO TeX NpoOieM, KOTOpbIE BO3BHKKAIOT Y MpeiipH-
STHA, HAXOQSLUEer0Cs Ha OTPe/e/leHHOM 3Tare CBOEero Pa3BHUTHS.
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Sman 2. AnpuopHbIi. AHaH3 CYIHOCTH M3y4aeMoro oOb-
exTa. OnpemensiOT rIJaBHblE W BTOPOCTENEHHbIE (PAKTOPDI,
BIIMAIOIIME Ha podnemMy.

Sman 3. Nudopmaitmonnptii. COOp HaHHBIX W CTATUCTHYE-
ckoii  uudopMauMu N0 BCEM MEPEMEHHbIM  NPHYMHHO-
CJIEJICTBEHHBIX CBsi3eil 3aBUCMMOCTH NpobeMbl OT npeanoarae-
MBIX MpUYIKH. BusyanbHblil aHanu3 rpadukoBs BCEX NEPEMEHHbIX
U NPHAWHHO-CIEICTBEHHBIX CBsI3€l Ui OnpeeseHus TeHISHUUH
U BHJI2 3aBUCHMOCTEH MEXIY NePEMEHHBIMH.

Cman 4. Crneuudukalms MareMarnueckoid moaenn. Onpezene-
HHE Bl4Jla MaTEMaTH4eCKoi (YHKLMY, KOTOpasi ONUCHIBAET BIMSIHHE
OOBACHAEMBIX [IEPEMEHHBIX Ha 3aBUCHMYIO MEPEMEHHYIO.

Sman 5. Unentuduxanms mogemn. CTaTHCTUHECKU aHaNK3
MOJIeJ ¥ 1 OLIEHKA MapaMeTpoB PEerpecCHOHHON MOAEIH.

Sman 6. OnpeneneHne Kayectsa MOJENH MO OOy4aroLleH Bbi-
oopxe. Onpexenerne Kayecrsa CrielupUKaMKy MOJEIH 110 00yyaro-
1edt B,IBOPKE ¢ MCTIONE30BAHHEM CJIEYIOIIUX XaPAKTEPHCTHK:

L - cranpapTHas owkbka Monenu,

I - xpurepuii Puinepa Ui IMPOBEPKH AOCTOBEPHOCTH MOJIESIM.

S - CTaHHapTHOE OTKJIOHEHHE KoddpduLHeHTa a;;

f.; - xpurepuil CTbONEHTa U1 NPOBEPKH JOCTOBEPHOCTH
koahduumenTa a;.

I poBepka MOCTOBEPHOCTH MOAeNM M k03(h(HUMEHTOB per-
PECCHUOHHON MOJIENHU.

I"onyyeHue TOHEYHOrO H MHTEPBAJIBHOIO MPOFHO34.

Zman 7. Bepudukanus moxenu. Onpeaesenue anekBaTHO-
CTH MOJEJIH 110 KOHTPOJIbHOH Bbibopke. [IpunsiTie peienus o0
yily4UuIeHMH KayecTsa crneuudHrKaliug MOoaeu.

Zman 8. BeIBOBI M NPeAJIOdKEHHE. BbIBOABI U NPEMIOKEHUS!
JOJDKHB! COIEPXKATh OLIEHKY KauecTBa MaTEeMAaTHUECKOW MOIEIH
M BO3MOXHbIC BAPHAHTHI PELICHMS YKOHOMHUYECKOH NpoOsieMbl,
Boiboo BapnaHTa perueHus npoOieMbl fIPennoaraetT UCrnob3o-
BaHHE METOIOB ONTHMH3ALHH LeeBoH QyHxuum, nprn codmone-
HHN OCPaHUYEHHH Ha Pecypebl.
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I''TABA 1. BBEAEHUE B AHAJIN3
BPEMEHHBIX PsIJIOB

1.1. onsiTHE BpemeHHoro psiga

Bpemennvim psioom Ha3bIBAIOT YIOPSTOYEHHYIO BO EPEMEHH
MOCHeNOBATEIFHOCTE H3MepeHU. TeopeTuyecku Hamepe1us Mo-
YT PErucTPUPOBATHCS HETIPEPHIBHO, HO OOBIYHO OHM OCVILECTB-
JAKOTCSE 4Yepe3 paBHble MPOMEXKYTKH BPEMEHH U HYMEPYIOTCS
aHanoru4Ho Beibopke (obvema n): Y={Vy, V5, ... ¥}

Bo BpeMeHHBIX psjlax riaaBHbIA HHTEPEC NPEACTaBAseT ONU-
CaHWe WM MOAENHDPOBAHUE UX CTPYKTYPHI.

B kaxnplii MOMEHT BpeMEHH (MM BPEMEHHOW MHTepBa) f
3HAYEHHE MCCIIEAYEMON BEIUYUHBI, ABISIOIENHCS YHCIOBOH Xa-
PaKTEePUCTUKOH SIBJICHHS, MOKET (POPMHUPOBATLCS MO COBOKYII-
HbIM BO3JIEHCTBUEM 0O/BIIOrO Yiciaa GakTopoB kak CAyuaiHoro,
Tak W HeCHy4auHoro xapakrepa. M3meneHue yciosuii pa3suTus
SBJIEHUS BEIET K OCHalJIEHHI0 AeHCTBUS OMHHX (aKTOPO3 H yCu-
JIEHUIO APYTHX U B KOHEYHOM CUETE K BAPbUPOBAHHUIO U3yUaeMO-
ro NpH3HaKa BO BpeMeHH. BpeMeHHOMH psin sBisiercs, TakuMm ob-
pasom, COBOKYNMHOCTBIO HabMOAeHNH cilydaliHOro npouecca.

XapaxTepHbIM juis BpeMeHHoro psga ¥, ¥, . Y, sBpsiercs

TO, YTO NOPSAJOK B MOCJICAOBATENBHOCTH 1y, f3,..., {,, CYINECTBEH
ANA aHAJH3a, T.€. RPEMs BbICTYNAET KAK OJMH U3 ONPEIENAIOLIHX
(axTopoB. DTO OT.IMUAET BPEMEHHOH P OT CIyyaiHOI BI0OD-
kv Xy, X2, .., X, rOe MHIEKCHl CnyKaT JMUIbL s yncbcrsa
HAEHTHUKALHH,

Kak npaBujio. MMEIOT 1eNo C© psiaaMu, ONpeneNeHHEIMH B
PaBHOOTCTOSILIME [PYT OT APYTra MOMEHTbI BpeMenH. Toraa B Ka-
HECTBE CHMHHIlbI BPEMEHH BbiOMPAIOT MHTEPBAN MEXIY 1BYMs
COCEAHUMH MOMEHTAMH H YWIEHB! psina 0003HAYAIOT CHMBOJIAMM
Yo, ¥1. V..., Ecan HeOOXOIMMO pacCMaTpUBATH 3HAUEHMA psana B
MOMCHTBL, MNPEAIISCTBYIOLME HAYATLHOMY, TO® HCTONb3YHOTCS
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obozuaueHusi ..., V3, Y,, V1. OuennHoe TpeOOBaHME K BpEMEH-
HOMY PsIly COCTOWT B TOM, 4T0OBI pe3ynbTarhl HaOmoneHHH Obi-
M4 cpaBHUMBl Mexkay coboil. [na obecrnievueHuss CpaBHHUMOCTH B
Cllydae, KOraa BPEMEHHbIMK MHTEpBAJlaMH SIBNAIOTCS MECSIBl WU
AHH, HEOOXOIMMO JI0 BPROBEACHUSI aHAM3a YCTPAHATL HEKOTOpbIE
Memaromme 3¢gdexrer. Hanpimep, MecsiLibi UMEIOT PasjHYHYIO NPO-
AOJDKHUTECJIBHOCTD, ()6H_leC'I“B€HHbIe IpasaHyuKy BIIASHOT Ha CpapHU-
MOCTb 2KOHOMMMECKHX H COUHOJIOTMHECKHUY. JaHHbIX.

KomnoHeHTbI BpeMeHHOro psijia

MoO>XHO BBIACAUTD TPH OCHOBHBIX 33]a4M HCCAEHOBaHMs
BPEMEHHBIX PSJIOB!

1) Onucanre W3MEHEHUS HCCIEAYEMOro INpU3Haka BO Bpe-
MEHH W BbISIBJIEHME CBOMCTB UCCTIEyEMOTO PAIA.

2) OObacHeHHne MexaHn3Ma U3MEHEHHs YPOBHE# psina.

3) CTaTHCTHYECKOE NIPOrHO3UPOBAHME 3HAUEHIMH H3y4YaeMo-
ro NpHU3HaKa s OyAyIIHX MOMEHTOR BPEMEHHU.

PaccMOTpeHH: peanbHbIX CUTyalMi [OKa3blEAET, YTO TH-
NAYHLIC BPEMEHHBIC PsLbl MOTYT OBITb [MPEICTABIEHbI KaK Jie-
KOMIIOZULHMS U3 YETHIPEX COCTABJISHOUIMX !

o= A8, T Co &),
rae S; — Ce30HHAA COCTABIIARIIAS,

I, — TpeHn, TEHZEHLHS WK CUCTEMATHYECKOE IBHXKEHNC,

(", ~ UMKJIUYECKAst COCTABIALIAS,

& — Cly4anHas (HECACTEMATHYECKas) OCTATOYHAS KOMIIO-
HEHTA.

JIoGol psin MOKHO ONMCATH B BUIE KOMIO3HLIMU ITHX CO-
craBisoninx. Hapo, oanako, moMuuTe, 4T0 onepanus pasnoske-
HUsl BPEMEHHOTO psifia, AOMNYCTHMAs ¢ MATeMaTHUECKOH TOHYKH
3peHUst M 4acCTO IMOJE3Has U MOAEIHPOBAHHS H3YyHAeMOro sB-
nemmr, MOJKET B HCKOTOPLIX CllyvasXx BBECTH B I}ﬁé«ﬂy}l(}l@Hl‘IC, B
YaCTHOCTH, TNPH TAKOM MOAXOHE YPE3MEPHLIM YIIPOUIEHHEM MO-
KET OKA3aThCH MMPEANOJOKECHHE O He3aBUCHMOM BIHMAHUM VKa-
3aHHBIX KOMIIOHEHT.
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Haubonee npoctsiM aiist 0GHAPYKEHHS H BbIJEIEHUsS ABJIS-
ercst apdexr cesonnoctu. [lon cesonHoCcHbI0 TIOHAMAIOT BIUS-
HUE BHCIIHMX (AKTOPOB, NEHCTBYICHMX C 3apaHee WM3BECTHOM
NepUOaMHHOCTLIO. Tak, B psaiy exeMEeCsSuHbIX AaHHbIX ECTeCT-
BEHHO OXM/IATh HANW4IUe Ce30HHbIX dddexToB ¢ nepuogom 12, B
KBapTaibHeIX pspax - ¢ nepuoaom 4. B ceow ouepens, B MH-
dopmaimy, cobupaemoii ¢ uurepsasiom | uac, BroNHE MOTyT
BO3HHKHYTE Ce30HHbIe 3(dexTer ¢ nepuogom 24. Pacmpocrpa-
HEHHBIH MIPHUMED CE30HHOCTH - KkOJIEDAHUS LIEH HA CeNbXO3Mpo-
IYKUMIO B Tedenue rofa. Bcerna uenel Ha oBOWIH, Hanpumep,
MHI{UMAIIbHB] JIETOM H MAKCHMAaJbHbI 3UMOI.

Onpenenuts nowstrie TpeHna tpyasee. 1pencon (Wim mendenyu-
ell) HasbIBAIOT HECIYYailHyI0, MEIVIEHHO MEHSIOMIYIOCS COCTAaBISO-
Ly10 BPEMEHHOTO Psifid, Ha KOTOPYR) MOTYT HaKJajbIBATLCS CIrydaii-
Hble KOJICOAHHH, CE30HHBIE MM LIMKITMYECKHe SPQEKTh. ITO He Bro-
HE CTPOI'OE MOHSITHE JIEKHT B OCHOBE HECKOJILKUX MOIENEH H METOOB
QHA/IM3a BPEMEHHbIX PsIIOB, NPEICTABISIOUINX BPEMEHHOI Psil B BUAE
KOMOMHALHMM HECKOJIbKHX KOMIOHEHT, OHA M3 KOTODBIX SBJSETCA
MOCTaTO4HO rnankod. Cienyer npusHaTh OTHOCHTENBHOCTD TEPMUHA
“MEIEHHO MeHSIoLMiics”. Ero UCIons3oBaHue 3aBUCHT OT NOCTAB-
JeHHbIX uenei. Hanpyuvep, npu MCCIEN0BaHHHY BEJIMUHHbBI OCAIKOB B
TEYCHHUE COTHH JIET, MEUICHHOE YBCIMUCHHE B TEYEHHE BCe JLTHTe b-
HOCTH H3Y4aeMOro nepuoaa MOoXeT OBITh MOHSTO KaK TPEHI, OHAKO
Ha CaAMOM J1eJIe 3TOT POCT OCA/1KOE, XapPAKTePHbIA IJi JAHHOTO CTOJIEe-
THA, MOXXET OKA3aThCsl YACTBIO HEKOTOPOTO MEMICHHOM KoaebaTesib-
HOIO MpoLIecca, HaOMKOIAEMOTO B TIPEIENaxX HECKCIbKHX ThICAYEe-
THi. [lenath BbIBO/I Ha TRICAYEIETHE BNIEPE Ha OCHOBE TPEH4, BbISIB-
JICHHOIO M0 JA-HbIM OIHOMO CTONETHS, OUEBHIHO, HEMPABUIIBHO.

LIMKIRYHOCTD B HEM-TO CXOXKA C CE30HHOCTHIO, HO MPOSBIsi-
eTCs Ha OoJice TPOZIOJUKHTENBHBIX MHTEpBarax BpemeHn Ha-
NPUMEp, aKTHBHO ODCYXKAACTCA BIMAHHE CONHSUHOM aKTUBHOCTH
Ha 110Ka3aTe/u arpapHoOro nNpousBojactea. Ilo MHOrosgerHum Ha-
Gmonenusm aktuBHoeTh CONMHUA UMEET LHKJIMYHOCTD B 10,5 - 11
JET. U MAKCHUMYMbl, TaK XK€ KaK H MHHUMYMbI COJIHEYHON paaua-



LIMM, [0 MHEHHIO MHOTHX MCCIEAOBATEN e, BAMSIOT HA YPOXKai-
HOCTb 3€PHOBBIX KYJABTYpP, PENPOAYKTHBHYIC CIOCOOHOCTL HKH-
BOTHBD: M T.1. Eciu 710 Tak, TO B JIMHAMUKE (10Ka3aTe/1s1 MOXKHO
HANUTH MOBTOPHIOLIUECS XapaKTEepHbIE H3MEHEHHs C MHTEPBAJIOM
B 10,5 - 11 ger (UMKIMYHOCTH), TOrAA KaK BHYTPH KaXJIOrc roja
bukcupoBatTh Ce30HHbIN 3(GEKT ABMXEHHUS LIEH HA CeJIbCKOXO-
3MCTBEHHBIX PbIHKAX.

B¢z 1o, 4TO MBI HE BKJIHOUHMIIY B OMMMCAHUE € TIOMOLLBIO TPEH-
Jla, CE20HHOCTH M UMKJIMYHOCTH, OTHOCHUTCS K CIy4aiiHOH CO-
crapjasuomied & DTO He O3HayaeT, YTO 3Ta COCTaBjadwoulas HE
MOUIENHT JATbHEHIIEMY aHAJTM3Y, TIOCKOJBKY B HEH COIEPIKHTCH
TONBKO Xa0C. AHANMU3 Cy4alHOHW KOMIOHEHTHl — NOXanyH, ca-
Mas MHTEPECHAs 4aCThb UCCEI0BAHNS BPEMEHHBIX PALNOB U 3TOMY
MBI eLIe YAEIHM BHUMAHHKE T03Ke.

CraaxusaHue BpeMEHHbIX PANOB
JOCTaTOUHO MPOCTBHIM METOAOM BLISIBJIEHUS TEHIEHLMHU pa3-
BUTHUS SIBJIETCH CPJI@KMBAHWE BPEMEHHOIO psda, T.€. 3aMcHa
hakTHyeCKUX YPOBHEH PAaCUETHBIMM, HUMEIOILUMH MEHBUIYIO KO-
71e0J12MOCThb, YeM HCXOAHbie AaHHble. COOTBETCTBYIOLIEE MPE0d-
paszoBariie HazbiBaeTCss GUILTPOBAHHEM. PACCMOTPHUM HECKOIBLKO
METONCB CrIAXKUBAHMA.

_ MeToa CKOAb3SILIHX CPEAHMX

JMaHHbii MeTOZN OCHOBAH HA MPEACTABIECHHY PsNa B BHIE CYMMBI
JOCTATCHHO IIAKOIO TPEHIa M CiydaifHOH KOMIMOHEHTh. B ocHose
METO;13 JISKHUT HIAS pacyeTa TEOPETUHECKONO 3HAYeHUst Ha OCHOBE
FOKAJILHOTO TpHOTNivDKeHHst. [t MOCTPOEHHS OLEHKH TPEH/IA B TOUKE
MO 3HAYEHMSIM Psi/ld U3 BPEMEHHOTO HHTEpBana [/-11, ] paccuirrbl-
BAIOT TEOPETHUECKOE 3HaveHue psifa. Hanbonbiee pacnpocTpaHedne
B [PAKTHKE CITKHBAHMS PALOB MOy CllydaH, KOorjia BCe Beca /uis
3NEMEH OB UHTepBana [/~m, (+m] paBHbl Mexkay coboi. To sToi npu-
YUHE JTOT METO; Ha3bIBAIOT METOIOM CKOJIE3ALIMX CPEHUX, TaK KaK
[P BLITOAHEHHY NPOIEAYPbl NPOHCXOINT CKOJIKEHHE OKHOM LUH-
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punoil 2m + 1 no Beemy psay. Hlupuny oknHa oObl4HO OepyT Heuer-
HOH, TaK KaKk TEOPETHYECKOE 3HAYeHWe pPacCUMTBIBAECTCA I LIeH-
TPATHHOIO 3HAYCHMS KOJMHMECTBO Claraembix k = 2m+] ¢ OfvHaKO-
BbIM UHCIIOM YPOBHEH CeBa U Cripasa oT momenTa £ (puc. 1.1.)
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Teopern4eckoe
3HAYCHHC

£ e e e

10

Puc.1.1. TIpumep pacuera S-neTHEH CKOAb3AILEH CPEAHEN LIS
BPEMEHHOTO psiaa

dopmyna A PACYeTa CKOMb3ALIEH CPEAHEHR B OTOM Ciiyyae
MPUHUMAET BUIL

— 1 t+ni

2m+1.57,
Obwas Gopmyna mMerosa “B3BEMIEHHBIX  CKOB3SUMX CPe-
HUX HMEET BHIL

;-

- I+m i+

Yo=a Y, +ovaY . +aY, =Y ay, Ya =1,

! m*t-m nttem
=t iicl-m

rae !, — criaxeHBoe (OTGHALTPOBAHHOE) 3HAYCHHE YPOBHS Ha

MOMEHT /,



a,.— “BeC”, NPUTNIHCHIBAEMBIN YPOBHIO PSIA, HaXOoAsIHEeMyCs
Ha PacCTOAHMH M OT MOMEHTA 7.

Cymmuposanne B dunbtpe pacrnpocrpassercs Ha 1+2m
ypcBre# (m ypoBHEH 10 MOMEHTA { U m ypOBHEit nocie HEro).

Hucnepcus ans ¥, pasua o /k , rue uepes o> oBosHauena

AUCTIEPCHSE UCXOHBIX WIEHOB pAna, a k — uHTepBai (MK OKHO)
CrIaXvBaHUA, TO3TOMY 4eM OOJblIe HHTEPBAJN CrIaKUBAHMS,
TEM CUITbHEE YCPEAHEHHE JaHHBIX ¥ MEeHee U3MEH4YHBA BbIaelsie-
Mas. TeHJieHLs. Yaie Bcero criakuBasie npou3BOIST 110 TPeM,
MATH 1 CEMHU 4neHaM uCxoaHoro psaaa. Ilpu atom cienyer yuu-
TRIBATH CJIEAYIOLIHE OCOOEHHOCTH CKOMB3SUIEN cpenHeil: ecnu
PacCMOTPETE psAA C TMEPHOANMHECKHMH KOJIeOaHUAMH TOCTOSHHOM
AJTMHEL, TO {IpH CIVIDKMBAHHKM HA OCHOBE CKONL3SIUEH CPENHeN ¢ UH-
TCP3A10M CrIAKHUBAHKS, PABHBIM HJIM KPATHBIM EPHOJTY, KOIeOaHH s
TIONHOCTBIO YCTPAHSITCS, HEPEAKO CIUIAXMBAHKE HA OCHOBE CKOJIL3S-
el Cpefseii CToNb CHITbHO PeoBpasyer pAfl, UTO BbLAEIEHHAS TeH-
ACHUVS Pa3BUTHA NPOSIBIIAETCS JIMLIb B CAMbIX OOLIMX YepTax, a 0o-
JIEC MEJIKHE, HO BOXXHBIE JUTS aHATH3a JeTAIH (BOJHBIL, H3rMObl U T.4.)
UCHE3ALOT, 11OCJIE CMIIOKHBAHMA MEJIKUE BOJIHBI MOTYT MHOI/IA MOME-
HATS HANPABICHHE HA NPOTUBONOJIOXKHOE — HA MECTE “TIMKOB™ NOSIB-
IAKOTCSA “AMbI, M HaoOopoT. Bee 310 Tpefyer 0CTOPO:KHOCTH B npH-
MEHEHHH TIPOCTOM CKOMB3AILEH CpeiHel 1 3acTaBlsieT UCKaTh DoJiee
TOHKHE METO/1bI OMTHUCAHHSI.

Kpaesvie sdphermpr. MeTos ckONb3AIMX CPEAHHX HE Aaer
3HAYEHMI TPEHNA AN MEePBbIX M MOCNEAHUX M YIEHOB Psila.
ITOT HEAOCTATOK OCOBEHHO 3aMETHO CKA3bIBAETCA B Clydae, KO-
rAa I.1viHa psifla HeBEJIMKA, WITH JKe €CJIH HEOOXOMMMO IPOBECTH
IKCTPATIOALIMIO Ha Oyayiuee.

ZITOT MeTO (M Apyrue, NonodHbIE emy) MOXKET BbI3bIBATb
ABTOKOPPEIIALHIO OCTATKOB, 1aXe €CJIH OHA OTCYTCTBOBANA B UC-
XOOHEIX JIAHHBLIX. DTO — Tak HasbiBaeMbldl sddext Cayuxoro-
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3KCI]()HCHL(HaJleOC CIUIaKNBaHHe

OJkcnoHeHuManbHas cpennss O, spnsercs NPHMEPOM ACHM-
METPUYHOH B3BELUEHHOH CKOJIB3sILUEH CpenHel, B KOTOPOH y4H-
THIBAETCSA CTENCHD CTAPEHHA JAHHBIX — YEM CTapee MHPOPN AL,
TEM € MEHBLIMM BECOM BXOOMT OHa B (OpMyny ams pacuera
CrUI2)KeHHOTO 3Ha4YeHHs YPOBHS psina O

Qt =y, + (1 - a)Qr—l ’
31€Chb! (J; —~ IKCTIOHEHUMANbHAS CPENHAS, 3AMEHSIOWAs HaGIHO-
AaeMOC 3HaYCHHUE psna ), (B CrIaKMBAHUM YHACTBYIOT BCE NAH-
HBIC, TOJNYHEHHBIC X TEKYIIEMy MOMEHTY ), @ - mapama1p
CrnaXnBaHusi, XapakTePH3YIOLIHA BEC TEKyWero (CaMoro H0Bo-
ro) Habmozenus, 0<qa <1.

MeTox npUMEHSETCS JUIs IPOTHO3MPOBAHUS HECTaLuOHaAp-
HbIX BPEMEHHBbIX PAOOB, HMEKOIIHX CIYYaHHbIC H3MEHEHUS
YpoBHa 1 yria HakioHa. llo mepe ymanenus ot texywero mo-
MEHTa BDEMEHH B MPOLLIOE BEC COOTBETCTBYIOLIErD 1jieHa pAja
OBICTPO (3KCMIOHEHLMANBHO) YMEHbIUAETCA 1 [PaKTUHECKH nepe-
CTA4eT OKa3bIBATh Kakoe-nubOo BIUsIHME Ha 3HaueHue (),

Jlerko nonyyuts, uto Q, =0, | +a(y, =0, ). Hocaznuee
COOTHOLICHHE TO3BOJAET AaTb CHEAYIOUYIO MHTEpPNpeTaLmio
SKCTIOHEHUHANBHOH cpennelt: ecnnt (1 — NPOrHO3 3HAYEHHS ps-
f1a i, TO pasHoOCTh y, —(J), | eCTh NOrPELIHOCTb MPOrHO3a; TAKHM
00pasom, TPorHo3 (J; mwis CAEeAYIOWEr0 MOMeHTa BpEMEHH 7+ ]
YHHTBIBACT CTABLIYIO U3BECTHON B MOMEHT / OLUMOKY NPOrHO3a.

MosxHO nokasats, 4ro

MO, =My, DO, =-% py.
2-a
T.€ MATEMATHYECKHE OXKHAAHHSA HAOIIOMEHUI U 3KCTOHEHIIHAN b-
HBIX CPeAHMX COBMALAIOT, a AMCNEPCHS CIIAXKEHHBIX YPOEHEH
MEHBLIC THCTIEPCHM UCXOMHBbIX Habmonenuil. Ecin o 6miska k
CAMHUNE, TO PA3NHIHE MEKAY AHCHEPCHIAMH HEBETHKO, OHAKO C
YMEHBLICHHEM & KOJIeDaHUA SKCNIOHEHLMAALHON cpenneli Honee
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craakuBaroTcs. BrIOOp mapaMerpa CriiaxuBaHMA MPeICTABIACT
cofoii AOCTATOUHO CAOKHYK npodnemy. Obwue coodparkeHust
TaKOBBI, METOJ XOPOLI s IPOIHO3UPOBAHUA ICCTATOUHO [Najl-
KUX PsIOB. B 3TOM ciiydae MOXKHO BbICpaTh CrIasKUBAIOLLYH) KOH-
CTaHTy NyTeM MHHHMU3ALMHM OMOKK NPOrHO3a Ha OJMH LAl BMe-
pen, OLUEHEHHOH o nocnenHel TpetH paga. Hexkoropele crenuany-
CTBI PEKOMEHAYIOT, €CM BLICOKOUACTOTHAsS! KOMIIOHEHTA Psijia WMe-
€T JOCTaTOYHO OONBUIVI) JAHUCHIEPCHI0, HE CIIENYET MCIOJIb30BAThH
OONbLIME 3HAYECHUA MAPaMeTpa CINAKKBAHHS, HANpUMep OoJiblle
0,2. (Mcnons3oBanne OONBIINAX 3HAYEHHUI CriIaKHBaIOLIEH KOH-
CTaHTbI IPHBEAET K IUIOXMM HporHosam.) Ha camom pesne st kak-
JIOr0 KOHKPETHOIO PsiJia KCCNIEIOBaTeNb BOJNEH BhIOpaTh CBOE 3HA-
YEeHUE ¢ B 3aBUCUMOCTY OT LEIHH CTUIAKHBAHUS.

MeaunanHoe craakuBaHHe

(OCHOBHOE /OCTOHHCTBO MEAMAHHOTO CrIaXUBaHHA — YC-
TOWYMBOCTHL K BbIOpocamM. B OCHOBE METOJA JIEXKHT BbIMUC/ICHHE
CKOABL3AMEH Meradbl. JJis Toro 4rodbl HAaWTH 3HA4YEHHE CKOlb-
3s111e MeJMAHbI B TOYKE {, BEIYMCISETCS MEAMana 3Ha4eHmni pa-
Ja BO BPEMEHHOM WHTeppane [f-q, (+¢]. Menuana psina BO Bpe-
MEHHOM HHTEPBAJIE OMNpeaessercs KakK LEeHTpPajbHbIA UjeH Ba-
PHALMOHHOIO Psifia — MOCHeNOBATeNbHOCTH 3HAYEHHIT psifa, BXO-
OSAUIKX B 3TOT BLEMEHHOH MBTEPBAS, YIOPAACUEHHON 110 BO3pac-
tanmro. COOTBETCTBYIOLIEE 3HAYEHHE HasbiBaeTca (2¢ +1) — To-
yeyHOU ckonp3siledl mepwa”oi. B otmibue or BRIOOPOUHOrO
cpenHero, BeIOOPOYHAs MeQHaHa 3HAYMTEJNLHO Dosee ycToHYuBa
10 OTHOLUIEHHUK) K HAJIHYHIO BHIOPOCOB M APYIHX CIY4aHHBIX HC-
KaxeHud naHHbsix. Hanpumep, npu BeaeHun B 0a3y AaHHbIX 10-
caenoarenbHocTy uucen (24, 27, 23, 31, 29, 27, 26) Obna ao-
nyuieHa owubka: BMecto yucna 23 Obuio BBeneHo 233, Jta
owHOKa B MEHbLLIEH MEPE CKAKETCS Ha pe3vibrarax pacdera mMe-
IOHaHbl 3TOTO PANA, TaK Kax MPH [OCTPOEHHU BAPHALIMOHHOTO psi-
na owxnboyHOoe 3HadeHue OyAeT HAXOAMTLCS B CAMOM KOHILE
PAHXKMPOBAHHOTO MO BO3PACTAHUK PAdd, a 3a TEOPETHYECKOE
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9THX KpaesbIX adekron HCTIOMB3YIOT pasnnynpie METO,1b1. Ha-
pumMep, mis taxpx TOYCK, 32 HCKMOYeHuenm KOHLEBLIX, BLIyyc-
JBIETCS 3HaveHue ckoMb3sIneii MEIIHAHBI MeHbInero, MaKcuMa,-
HO BO3MOXHOIO nopsinka.

Hpumenenne CrIIAKMBAHKS K KpHTepHH KayecTna
B saBucumocry or uened craaxusanus OpuMensercs Tor
HIIM MHOF MeTon, 6o ux KOMOUHaIHs, Cnenyer 3aMETHTL, yto
TIOBTOPHOE CrilaxknBanue YK€ CraxeHHoro psiza naer HECKOJIb-
KO Zpyrue pesyabratsi, yem H3MEHEeHHe nmapameTpos CrJIa;kMBa-
HuA. Ipu ucnonbsosanmy METOAa Ckonb3stiero CPEAHEro u me-

OkHa. OnHUM u3 Pacnpocrpanenubix mMeronop CUIIAXKHUBAHMS sip-
JACTCA mocnenoBaTensHoCTL 13 Tpex dunbTpos 3, S, H, rne 3 -
CTIGKMBaHUE METOIOM CKOJIL3AMX Cpennux ¢ ITMPUHON OKHa 3,
AAIIeE C LUMPHHOM OKHA 5 i 3aTen GuIbTP Xemunra — CrJIa;KHBa-
HUE CKONB3AUM Cpennmm ¢ WWHPHHOM OkHa 3 u Becam [0,25;
0,5;0,25].

Boipasuusanye METOIOM" CKOJB3sIIITIX CPerHuX Haubonee
pacnpocrpaneno kak METOA N1 oueHkwm TeHneHuwnn. Onnako
$unrrpanmo METOA0M npocrtoro CKOIb3ALLErO cpennero MOKHO

44CTOT, T.€. HCknroyaer KonebaHus Bbicokoi Hacrotel. C npyroii
CTOpoHbL, puastp npocroro CKOMb3AIWeEro cpeanero obnanaer
TeM npeumyiuecrsom, yro BBIUHMCICHUS €ro Bechma IPOCTHI
Kpome Toro, 38PAHEE H3BECTHBI Hepuoyp M3BJICKaeMbIX yacToT.
Takum o6pasom. ¢ fIOMOLLEIO npocToro CKOJIB3sILErD Ccpennero
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MOJKHO COBEPUIEHHO HCKJIIOUWTE BKJAA HEKOTOPOH 3a/aHHOM
4acTOTHI TOADOPOM nomxo/sLeH unHbL GUILTPA.

MeTon IKCIOHEHUMaNbLHOro CriIaXNBARNA = 3TO OAWH M3
METO;10B CrIaKHUBaHMs, koTopsiil obiazaer XOpoLnMH IPOTHO-
CTMYECKMMM CTIOCOOHOCTSIMHU. OH npvMeHseTcs s KpaTko-
CPOYHOTO MPOTHO3NPOBAHUA. I[1pu rCnosib30BaHU METONA MeH-
AHHOTO COIKMBAHKA AOCTATOHHO HaCTO FipUMMeHsieTCs Hesas ce-
pus CrIaKMBaHHI C PA3HOM IIMPHHOM OKHA.

Kpurepuem KaueCTsa INPH Pa3HbIX UENAX CTIIeKHBAHIA MO-
I'yT BLICTYTIATh PasHbIC oKasaTed. Bee KpuTepri OCHOBBIBAIOT-
st Ha aHaju3e ocTarkos pazia. Teme aHaiusa ocraTkoB Oyaer no-
cBsiLIleH OTHENbHbIH pasnen. Hayibosnee pacmpoCTPAHEHHbIC KPH-
TepuH — 3TO CPENHsAA BEIHHHA OCTATKOB, MaKCUMAJIbHAS BEJIN-
qyiHa OCTATKOB. CYIIECTBYET €llle HECKOJIbKO KpUTEpHEB.

OcHOBHDBIE 3JEMeHThI BPEMEHHOr0 psijla

MOKHO TOCTPOHTH IKOHOMETPHHECKYIO MOZCIIE, MCIOMb3YS
7iBa TUIIA HCXOHBIX NaHHbIX:

v J@HHBIE, XAPAKTEPH3YHOLLHE COBOKYMHOCTD paznHHHBIX
06BeKTOB B ONPENEsEHHbIT MOMEHT (riepHon) BPEMEHH,

« JaHHBIE, XaPAKTEPU3YKOLILIE OAKH obbeKT 3a psjl nocie-
JAOBaTEIbHBIX MOMEHTOB (TIepHOJ0B) BPEMEHH.

Moens, MOCTPOSHHBIE MO JaHHbIM NEPBOro THNA, Ha3biBa-
JOTCS HPOCHPAHCMEEHHBLAN mooenamu. Mojieny, TOCTPOCHHbIC
HA OCHOBE BTOPOTO THTIA JaHHBIX, HA3bIBAIOTCH MOOISIMU GPe-
MeHHbIX PACOS.

Bpemennoi pid — 310 COBOKYIMHOCTb 3HaUEHUH kakotro-Mbo
[ToKazaTeNs 33 HECKOJIbKO MOC/EA0BATEILHBIX MOMEHTOB WJIH T1€-
PHO0B BPEMEHH. Kask/iblit ypOBEHb BPEMEHHOTO PAlla hopMHpY-
ercs noa BosaedcTsreM OONBUIOrO HHCIIA (axropoB, KOTOPBIC
YCAOBHO MOXHO NOAPA3ACTHTE HA TPH TPYNIIbL

«  ¢axTopbl, HOPMUPYIOLUHE TEHICHLIIO psiaa;

«  dakTopst, GOPMHPYIOLINE LHKIHYecKHE K0.aeDaH sl PAAA,

¢ cayuaiiHbiz HaKTophl.



Ilpy pasnnusbIX coyeTaHusx E M3y4aeMOM SBJIEHMHM HIIM
MPOLECCE 3THX (PAKTOPOB 3aBHCUMOCTD YPOBHE} psiza OT Bpeme-
HU MOMNET MPHHHMATL pasnu4Hbie Gopmbl. Bo-nepBrix, 60jib-
[HHCTBO BPEMEHHBIX PSIIOB 9KOHOMHYECKMX NOKA3ATENeH HMe-
fOT TCHICHLMIO, XapaKTEPU3YIOI(YI0 COBOKYITHOE JONTOBPEMEH-
HO€ BO3/ICHCTBHE MHOXKECTBA (DAKTOPOB Ha JAUHAMHUKY U3y4AEMO-
ro riokasatens. O4eBUIHO, 4TO 3TH DaKTOPHL, B3ATHIE B OTAENb-
HOCTH, MOTYT OKa3bl3aTb PasHOHANPABIEHHOE BO3NEHCTBUE Ha
HCClenyeMblii nokasatenb. OLHAKO B COBOKYMHOCTH OHM dop-

“PYIOT €ro BO3pacTAIOMYIO MM YOBIBAIOIYIO TeHaeHLu0. Ha
puc. 1.2a) noxasaH runoreTHuUecKuii BPEMCHHO psifl, coneprka-
LM BO3PACTAOMLYIO TEEACHLIHED.

Bo-emopeix, usynaempiit noxasatens mMoscer Gbith noasep-
KEH UMKNMHECKUM KoJlebauaM. DTH KoneGaHust MOrYT HOGHTD
CE30HHBIH XapakTep, MOCKOJIBKY IKOHOMHUECKAS AesTelbHOCTD
psiaa OTpacneil 5KOHOMUKH 3aBUCHT OT BPEMEH rojia (ranpumep,
UCHbI HA CENLCKOXC3SIMCTBEHHYIO NPOAYKLMIO B JIETHHIT nepuox
BRIIUC, Y€M B 3UMHHMH; YpOBEeHb Oe3paboTulbl B KYPOPTHBIX TO-
pOAaxX B 3UMBMH NEPHOJl BBILLE 110 CPABHEHMIO C JgetHum). [pu
Hanu4iH OONBIIMX MACCMBOB HAHHbBIX 33 [UTHTEbHbIE fipome-
AYTKH EPEMCHH MOMCHO BBIABHTH LIMKJIMYECKHE KOneGaHUs, CBsi-
3aHHble ¢ 0OLIel AMHAMUKON KOHBIOHKTYpbI PBIHKA, & TAKXKeE C
}hasol CusHec-LHKIA, B KOTOPOH Hax0ANTCH 9KOHOMHMKA CTPAHBI.
Ha puc. 1.20) npencrasnen runorermieckus BpEMEHHO psn,
COAEPKAIIMH TOJILKO CE30HHYH) KOMIIOHEHTY.

Hexotopnle BpemerHble psizbi He CONeP:KAT TEHACHLHH H
UHK/IMYECKOH KOMIOHEHTBI, & KAXIEIH CHEVIOLIMI HX YPOBEHb
oOpasyercs Kak CyMMa CpeaHero VPOBHS psifla B HEKOTOPOH (11o-
NOKHTENLHOH MM OTPHLATENbHON) CIyYaitHOH KOMMOHEHTbI
ITpumep pasa, comepxkallero Toabko CIAY48HHYH) KOMIOHEHTY,
[pUBEAEH Ha puc. | .2B).

O4eBHAHO, YTO peanbHbIE JAHHBIE He CICAYIOT UETHKOM H
[I0JIHOCTBI0 M3 KAKHX-TMOO ONMUCAHHBIX Bblme Mozeneil. ‘Yaime
BCCTO OHH CONepxaT Bee TpU komioHeHTsl. Kakaplii ux yposets
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dopmMupyercs N0 BO3AEHCTBUEM TeHACHLMH, CE30HHbIX Koeda-
HUH H colydalfHOH KOMOOHEHTHI.
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Puc. 1.2. OCHOBHbIE KOMMOHEHTbLI BPEMEHHOTD Psifia; d - BO3PAC-
TAKIAS TEHASHIIAS, O - CE30HHAst KOMIIOHEHTA, 6 - Cydai-
Has KOMIIOHEHTA

B Gonpuinncree cnyvaes pakTHyeckuil ypoOBEHb BPEMEHHO-
ro pstid MOMKHO MPENCTaBUTb KaK CyMMY HJIM TPOU3BENEHHE
TPEHLOBOH, UMKAHUECKOH M ClyuaiHOH KOMIIOHEHT. Moneib. B
KOTOPOI1 B3¢MEHHOH PAN MPEACTABIEH KAK CymMMma fepeyHciie-
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HbIX KOMIIOHEHT, Ha3bIBACTCA AOOUMUSsHON MOJAZIIbIO BPEMEHHO-
ro psna. Mozens, B KOTOPOH BPEMEHHOMN psijl NPEACTaBJIEH Kak
NPOM3BENSHHE NEPEYHCIEHHBIX KOMIICHEHT, HA3BIBACTCS MYJ1b-
MILTHKAMUSHON MOLEIbl0 BpeMeHHoro psaga. OcHoBHas 3ajada
3KOHOMETPHUYECKOTO MCCEA0BAHNA OTAEIBHOIO BPEMEHHOIO psi-
1a — BBIABIEHHE 1 TPUIABHE KOMMUECTBEHHOTO BEIPAKEHUS KaxK-
[0 M3 TCPEUHCAEHHBIX BbILIE KOMIIOHEHT C TeM, 4TOObI HCIONIb-
30BaTh NONYYEHHYIO MHGOPMALMAIO 11 IIPOrBO3UPOBAHMs Oy-
AYL{MX 3HAYEHHH psiga MM NPH MOCTPOEHMH MOJelell B3aHMo-
CBA3M ABYX MK DOJIee BPEMEHHbIX PAOOB.

1.2. ABToKoppessiuMs YPOBHEH BPEMEHHOT 0 Psijia
U BLISIBJICHUE €10 CTPYKTYPbl

ITpu Hanuuuu BO BPEMEHHOM psile TEHACHLMH U LUKIIHe-
CKUX KOJIeOaHUH 3HAYECHHS KAXKIAOrO IOCAENYIOIEr0 YPOBHS ps-
Ja 34BMCAT OT npesiaymux. KoppensiHoHHYI 3aBHCMMOCTH
MEIKIY NOCNEI0BATEIBHbIMU YPOBHSIMH BPEMEHHOIO pAa Ha3bl-
BAIOT AGHIOKOPPEISYUEtt YPOGHEH pAod.

KOJIMYEeCTBEHHO €8 MOXHO M3MEPHTB ¢ TIOMOLIbK) JIHHERHO-
ro xo3(dUuMeHTa KOPPENsALHU MEeXAy YPOBHIMHM HMCXOAHOrO
BPEMEHHOTO Psila U YPOBHAMM 3TOrO PANa, CABMHYTBIMH Ha He-
CKOJILKO LIAroB BO BpeMeHH. PacecMoTpum npumep. ‘

fIpumep 1. Pacuer k03 pHUHEHTOB aBTOKOPPEIIALMH yPOB-
Hejl JUTA BPEMEHHOTO PANA PACXOIOB HA KOHEUHOE TOTPedIeHHE.

[TycTb MMELOTCA CAEAYIOLLME VCIOBHBIC JAHHbIE O CPEHUX pac-
XOmNax Ha KOHeHHoe rotpedietue (y;, 1 e.) 3a 8 jer (tadn. 1.1).

Pa3yMHO 1PEAINONONKHTL, HYTO PAcXOlbl Ha KOHEYHOE M0-
TpedieHe B TCKYIIEM Oy 3aBHCAT OT PACXO,10B Ha KOHEYHOE
notpedieHne NpenbIAyLUIMX JIET.

Onpeaenum x03QPULUHEHT KOPPEISILIME MEeXIY PANAMHU )i, U
Y1 W M3MEPHM TECHOTY CBA3H MEXKIY PacxolléMu Ha KOHEYHOE
norpedjieHHe TEKYIEro W MmpellblIylero rouos. JlobasuM B
tabn. 1.1 BpeMeHHOH psiil Vi1
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Tabmuua 1.1.
Paceer koadduumenTa aBTOKOpPeNsimy Nepsoro nopsaka s
__BPEMEHHOIO psiZia PACXOAOB Ha KOHEYHOE NoTpedaeHue, 1. €.

T e o a | bR s | )
-3

1 7] - - - - - -
|2 8 | 7 | -329 -3 9.87 10,8241 9
3 1 81 8 | 329 2 6.58 10,8241 4

4 10 8 [ -129 -2 2,58 1,6641 4
|5 111 10 | 029 0 0.00 00841 0

6 12 111 [ 071 1 0.71 0,5041 1

711412 [ 271 [ 2 542 7,3441 4

8 16 | 14 | 471 4 18.84 | 22,1841 16
Hroro | 86 | 70 | -0.03 0 44,0 53,4287 38

* ('YMMa He PaBHA HY.THO BBHAY HALHYHS OLUHOOK OKPYICHHSL.

Onna u3 pabouux Gopmya mnst pacuera kosddurmensa kop-
PeNSLUM UMEET BUL;
AR

D)
B xauectBe mepemeHHON x MbI PaccMOTPUM PAd V2, Vi, ...,

Y8, B Ka4ECTEE MEPEMEHHOM y — psj )1, V2, ..., y7. Torza npuse-
AeHHaA Bhie GopMyna npuMeT sua

Z (yt - ¥ ) (}"14 -V, ) . (])
(S n ) S0y

,.l —

rae
Z v, Z Vi
V, = A= Vo= i (2)
n -1 o =1

DTy BEAUYMHY Ha3bIBAIOT KO3(QQHUIMENTOM aBTOKOPPENsiHH
YPOBECH Psiia. NEPBOTO MOPSIAKA, TAK KAK OH H3MEPSIET 3aBUCHMOCTh
METY COCCIHUMU YPOBHAMH psijta f 1 /-1, T. e. npu nare |
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Jltst naHubIX npymepa 1 cooTHOWEHN (2) COCTABST:
— 8+ 8+10+11+12+14+16 79

Yy o= = —=11.29]
' 7 7

v T84+ 48410 + 11412 +14 70 10.0 -

7 A

Hcronesys gopmyay (1), nonyuaem kosdduument apro-
KOPPENALUH NEPBOrO HOPAIKA:

HonyuenHoe 3nauenue CBHII,eTeJ]bCTByeT 00 cYeHb TECHOM
3aBHCHMOCTH MEXIy PacXOAaMH Ha KOHEYHOe IOTpedIieHre Te-
KYLIEro ¥ HENOCPENCTBEHHO NPEAUIECTBYIOErO TOA0B U, Ceno-
BaTE€NbHO, O HAJIHYHMH BO BPEMEHHOM Dsifie PACXOLOB HA KOHeEU-
HOE NOTPEONICHHE CHITLHOM THHENHON TeHIeH LY.

AHAJIOPHYHO MOXKHO ONPENEIHTb KO: > duumenTsr aBTokop-
peasuun BTOporo u Honee BLICOKMX mopaakos. Tak, k03 huum-
CHT aBTOKOPPE/SILME BTOPOTO IMOPSJKA XapaKTePH3yeT TeCHOTY
CESA3H1 MCXKAY YPOBHSIMHU J; 1 ). M OTIpENensiercs no hopMyse

3
Z ()’1 =¥y ) (,V/— I )
3

j,o= - i (3)
oy Sy
1=3 1.3
rmue
77_1 )l’_‘
Zyz Zyr-:
V. = = X ;{’4 = ,ﬁ"_,,_. (4)

- ;1—7 -2
Has nanHbIX U3 pumepa | MTOJYHUM:
8+10+11 +12+14+16 71

5= -—=11,83;
Vs 6 6 ’
5oL 8810411 +12 56
7, = =933,
6 o |

[TocTpoum taba. 1.2,



Tabnunua 1.2.
Pacyer koadduimenTa aBTOKOPPEINALIMK BTOPOIO TIOPAIKA s

EPEMEHHOT0 psia pacXoAOB HA KOHEUHOE TOTpebeHue, J1.e.
S R T B 0 B T T O I (P N O (VRO 0
~ S

1 7 ] - - - - - -

2 8 | - - - - - ' -

3 8 | 7 -3.83 22,33 89239  14.6689]  5.4289

4 10 | 8 | -1.83 -1.33 2,4339 3.3489]  1.7689

3 11 | 8 | -0,83 -1.33 1.1039 0.6889]  1.7689

¢ 12 [10] 017 0,67 0,1139 0,0289!  0.4489

7 14 [11] 2.17 1.67 3.6239 4.7089] 2.7889

R 16 |12 417 2,67 11.1339]  17.3889]  7.1289
Hroro | 86 | 56 [-0.027 0.027 27,3324 40.8334] 19,3334

* CymMa He paBHa HYJFO BBHIY HANMYUA OUIHGOK OKPY [ICHHS.

[Moncrasus noayyensble 3Ha4eHust B popmyay (3), umeem:
. 27,333
*J40,.8334.19.3334

TosydyeHsble pe3ynbTaTs! eile pa3 MOATBEPIKAAT BbIBOI O
TOM, YTO Psil PacXoJ0B Ha KOHEUHOE noTpedsieHHe COmEpIKHUT
JIMHEHHYIO TEHIEHLHIO.

Yucno nepuonos, no KOTOPHIM PACCUMTHIBAETCS KOIDDULIHEHT
ABTOKOPPESIALIMM, HashIBAOT saeon. C YBENMUEHHEM Jlara “MCIIo nap
3HAYMEHUHM, I10 KOTOPbIM PacCHMThIBASTCs KodbduimeHT aBToKoppe-
JHLIH, YMEHbLIaeTest. HexoToprIe aBTOph! CUHTAIOT HENecooOpa3HbiM
g obecneveHts CTaTUCTHYECKON J0CTOBEPHOCTH kooddhULMeHTOR
ABTOKOPPENALIMH UCTIONE30EATE MPABWIO — MAKCHMAJIbLHBIH Jlar 1noJi-
ke ObITh He OoneLue (1/4). [16, 17).

OTMeTHM ABA BAXHBIX CeOIICMBa Kosphgupuenma asmorop-
pe:sigin. Bo-nepeeix, OH CTPOMTCS 110 @HANOTHH C NUHENHBIM KO-
3QGHUHEHTOM KOppensiE M TakuM 00pasoM XapakTepusyeT
TECHOTY TOJILKO JIMHEHHOH CBS3H TEKYILErO H MpPeabLIyIero
yposued pspa. Ilostomy no kosddrumenty asroxkoppensumi

=00973.
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MO3HO CYAHTD O HATHUKH JIMHEHHOH (M OIM3KO# K IMHEHHOT)
TCHACHUMM. U1l HEKOTOPBIX BPEMEHHBIX DSIIOB, HMEROIUX
CHITbHYH) HENWHEHHYIO TeHaeHuno (Hanpumep, napabony BTo-
POTO NOpANKa WM IKCIIOHEHTY), KO3(PPULMEHT aBTOKOPPENILHH
YPOBHEH UCXOAHOIO PAMA MOXKET APUBIIKATHCS K HYJIIO.

Bo-smopbrx, 110 3uaky kosdduimeHTa ABTOKOPPEIVILIY HEJIB3s
ACTIATL BBIBO/L 0 BO3PACTAROLIEH HIIKM YOLIBAIOMIEH TEHAEHLIMH B YPOB-
HAX Psifa. BOLUIMHCTBO BpeMeHHEIX PSiI0B SKOHOMMUYECKMX JaHHBIX
CONEPXKUT TOJIOKHTENBHYIO ABTOKOPPENALIMIO YPOBHEH, OIHAKO TPH
3TOM MOI'YT MMETE YObIBAIOLLYEO TEHIEHLHFO.

[ocnenoparenthocts ko3¢ PULHEHTOB ABTOKOPPENSALMU
YPOBHEH HEPEOro, BTOPOrO W T. J. NMOPALKOB HA3bIBAIOT (GO
KOPpeAAUOHHON Pyuryued epemennozo paca. Tpaduk 3apucu-
MOCTH €€ 3Ha"CHHH OT BENHYUHB! J1ara (nopsaxa kosdduumenta
ABTOKOPPEIALIHN) HA3LIBACTCS KOPPEAOSPAMMOIL.

AHATM3 aBTOKOPPEIAUMOHKEOH GyHKIHA U KOppenorpaMmbl
ITO3BOJIIET ONIPENEIMTE Jial, IPH KOTOPOM aBTOKOPPENSILUs Hau-
Oonee BBICOKaS, & CNENOBATENBHO, W Nar, NpH KOTOPOM CBsi3b
MEXAY TEKYUMM H TIPENbIyIUMMH YPOBHSAMMA pana HauGonee
TeCliad, T. €. NPH NOMOILH aHAMM3a aBTOKOPPE.ISLUHOHHON dyHK-
LMK H KOPPEIOrpaAMMBL MOXKHO BBIABUThL CTPYKTYPY PAJA.

Eciy nanbonee BoicokuM oxasascs KO3QHHLMEHT aBToKOp-
PEJIALHH MIEPBOrO NMOPSNKA, UCCIENYEMbIH PSIA CONEPHKHUT TOJBKO
TenaeHnHo. Ecm nanGonee bricoxum okasanca kosdduument
ABTOKOPPENALMH TOPSAKA 7, )l COJAEPIKUT LIHKINYECKHE KOJIe-
OaHMs ¢ MePHOAMYHOCTBIO B 7 MOMEHTOB Bpemenu. Ecan Hu
ONHH U3 KOIDPULUEHTOB ABTOKOPPESLIUH HE SBISETCS 3HAYH-
MBLIM, MOXHO CHenaTk OAHO M3 JBYX MPENIIONOKEHUH OTHOCH-
TEABHO CTPYKTYPBI HTOTO psifa; MO0 PR HE COAEPHHT TEHIEH-
LUK H UHKIHYSCKHX KONEOAHUE U HMEeT CTPYKTYpY, CXOMHYIO CO
CTPYKTYPOH paja, nzoOpaxeHHoro Ha puc. 1.2B), mubo psi4 co-
ACPIKUT CHABLHYIO HETMHEHHYIC TeHIEHIHIO, U BBISIBICHHS KO-
TOPOH HYKHO NPOBECTH AOTIONHHTENLHbIH aHATH3, Hostomy ko-
dPuLmenT aBTOKOpPpENsM VPOBHeiT U ABTOKOPPENIUHOHHYO
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dyH U0 LesiecO00pa3HO HUCMOIb30BAThL AJis BBISBJIEHUA BO Bpe-
MEHEOM PAJE HAJHYMA WIH OTCYTCTBUS TPEHIOBOH KOMIIOHEHTb)
(7 1 uMKaMUYecKoi (Ce30HHOM) KOMNOHEHTHI (S).

BpemenHoil psa pacxofOB Ha KOHEYHOE MoTpedJeHue, pac-
CMOTPEHHbLIH HaMU B MpuUMepe 1, COAEPKHT TONBKO TEHIEHUHIO,
Tak KaKk xoa(GdHLHMEHTbl aBTOKOPPEIALMH ero YPOBHEH BHICOKHE.

{Ipnamep 2. AprokoppensiuHonsast QyHKIMs U BbIABJICHHE
CTPYXTYPHI psa.

TTycTh MMEIOTCS YCOBHbIE AaHHBIe 00 0Obemax norpebieHus
SMEKTPO3HEPIUM XKHUTENAMH PeruoHa 3a 16 ksapranop (tadn. 1.3).

Tabmua 1.3.
[Morpebnerie SAeKTPOIHEPTHN KUTEISIMU peruota, MiH. kKB1/4

¢

! R Ve Yi2 i3 Via W
1 6,0 - R - - !
2 i4 6.0 - - -
3 50 14 6.0 - -
4 9.0 5.0 44 6.0 -
5 72 9.0 5.0 44 60
6 48 72 9.0 5.0 BT
7 6.0 438 72 9.0 5.0
8 10.0 6.0 48 72 90
9 8.0 10.0 6.0 48 7.2
10 5.6 8.0 10,0 6.0 18
11 6.4 5.6 8.0 10.0 60
12 11.0 6.4 5.6 8.0 0.0 |
13 9.0 11.0 6.4 56 g0 |
4 6.6 9.0 1.0 6.4 56|
E 7.0 6.6 9.0 11.0 Tod
e 0.8 7.0 6.6 9.0 TR

Onpenesmm k03hGULMEHRT aBTOKOPPENsIIMHU MEPBOTO [OPA/Ka
(nobeBuM g B Tabn 1.3 1 Bocnonb3yeMcsi (OPMYJIOi pacyera in-
HeiiHoro kosdguumenta koppessimu). O cocrasur: 710,165, O1-
METH L, YTO PacieT 3Toro koshduimeHTa npoussoanacs 1o 15. a xe
no 1€ napam HaduiroAeHHHA. JTO 3HAYEHHE CBU/ICTENIBCTBYECT O IHETE
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3aBUCUMOCTY TEKYIIMX YPOBHEH psna OT HEMOCPEJACTBEHHO WM
npenecTByrolmx  ypoBHel. OnHako, kak cnemyer w3 rpaduka,
CTPYXTYPa 3TOFO Psifia TAKOBA, YTO KAK/BIA CIIEIYHOUIHH YPOBEHD )
3aBHCHT OT YPOBHS ¥p4 U Vi B TOpasfo OOMbLIEH CTENeHH, yem OT
ypoBHs yr.1. IocTpoum psia y;.,.

12..

10 1

perHoHa
=2}
i

da
I

HOTpCﬁJIeHHe JNEKTPOIHEPT HH AHTECIAM

Q- T i T L e S M 1 i e B E]

0 1 2 3 4 5 6 7 8 9 1011 12 B3 415 10 17
|4~ BKTHECKIE YPOBHA PRA Bpewvey, keapran

Puc. 1.3. TlorpebaeHue 3eKTPOIHEPTUH XKUTEIIMU PErHOHA

Paccuuta ko3(GpyLMEHT aBTOKOPPEIsiUMH BTOPOro nopsa-
Ka 7, MOJIy4YHM KOJIMUECTBEHHYK) XapaKTEPUCTHKY KOPpemsiH-
OHHOM CBSI3W PSANOB Vi, Voo 12=0,567. IIpofomkuB pacuersl zHa-
NOrUYHBIM 00pa3oM. FOJNYUHM aBTOKOPPENSLUOHHYK JyEKLIHIO
sroro psina. Ee 3HayeHHs U koppenorpamma NpuBeneHbt B Ta0s.
1.4

AHajM3 3HaYEHMH ABTOKOPPEJIALIHOHHON (DYHKLMH FO3BOJIAET
c/enath BBIBOA O HWIMYWM B M3Y4a€MOM BDEMEHHOM Dpsle, GO-
Hep6bIxX, NTMHEMHOH TEHAEHLMH, 60-6MOpbIX, CE30HHBIX KOJIeDaHHH
MEPHOAMYHOCTBIO B 4EThIpe KBapTana. JJaHHbIi BHIBOL MOATBEPKAA-
ercsi 1 rpadhMHEeCKMM aHANM30M CTPYKTYPb PAa.

47



Tabnuna 1.4.
Koppenorpamma epemenroro paaa noTpedneHus

NEKTPOYHEPTUH
Jlar Koaddumnenr asrokoppe- Koppenorpamma
TISIL[HH YPOBHEH ]
1 0,165154 ok
2 0,566873 ARk
3 0,115558 *
4 0’983025 ok 3k 34 K sk % ok ck ok ok sk sk
5 0,118711 *
6 0,722046 AR A K
7 0,003367
8 09‘73,848 XK 3k o sk ok ok ok sk ok ko

AHANOTHYHO, €CIM, HANPHMEP, NPH AHATM3E BPEMEHHOTO
psina Hanbosee BHICOKUM OKa3aiCs KOODQHIMEHT aBTOKOPPEs-
LMY YPOBHEH BTOPOTO MOPSIAKA, PSifl COAEPKHUT LMKIHIECKHE KO-
nebaHus B 1BA NEPUONA BPEMEHM, T.€. HMeeT RUTOOOPA3HYIO

CMpyRmypy.
1.3. Moneauposanue TeH eHIUH BPEMEHHOI 0 psiza

OnvuM u3 Hanboslee PacpOCTPaHEeHHbIX CNOCOOOB MOIEIH-
POBAHHA TEHACHUMH BPEMEHHOIO Dsilld SBJACTCS NOCTPOEHHE
AHAMTUYECKOH  (DYHKUAH, XapakTepusyIOHeH 3aBHCHMOCTD
YPOBHEH psafia OT BPEMEHH, WIH TPEH2. JTOT Crocod Ha3bIBAT
QHATUMUYECKUM SLIPACHUBAHUCM GDEMENHO20 PO

TTOCKOAIbKY 3aBUCHMOCTL OT BPEMEHH MOKeT OPUHHMATD
pastbie Gopmbl, 1t €6 QOPMATM3ALIHMH MOXKHO WMCMONb30BATH
pasnudHbie BHIbI GyHKIMiE. [list nocTpoerus TpeHIoB valle Boe-
ro NPUMEHSIOTCS Cenyromue GyHKLUHHU;

- IMHEUHBINA TPEH: ), =a -+ b1

- runepbona ¥, =a+h/t;



mbr,

2

- AKCIIOHEHHA. THHBIH TPEeHI! V
h .

- Tpen B hopme CTENEHHOR ByHKLHH! y=a-1;
- napafona BToporo u 00Jjiee BbICOKHX MOPSAKOB
po=a+b t+b, 1P+ +b -1
[TapaMerpbl K2XKAOTO H3 JIEPEUNCIEHHBIX BbIILE TPEHIOB
MO3HO onpenenuth obbiutpiM MHK, vcnons3ys B kadec1se He-
3aBUCUMOI TiepeMeHHOH Bpems [ =12, .,n, a B KaueCTBC 3aBU-

CUMOM nepeMeHHOM — (pakTuyeCKre YPOBHH BPEMEHHOIO Psilia V.
JIna HenMHEHHBLIX TPEHJOB INPEIBAPHTEIBHO MPOBOAAT CTaH-
JAPTHYIO IpoLenypy ux nnuHeapusaumi. [19, 20, 28].

CyHiecTByeT HECKOJBKO COCOOOB OTpPENeeHust THIa TeH-
nesuyn. K unciy Hanbonee pacnpoCTPaHEHHbIX CIOCOOOE OTHO-
CSATCA KAYeCTBEHHBIH aHAIU3 U3y4aeMoro mpouecca, nocTpocnue
11 BU3yanbHbIA aHasnn3 rpaduka 3aBUCMMOCTH ypOBHEH psja OT
BpPEMEHH, PAcUeT HEKOTOPbIX OCHOBHBIX MOKA3aTENeH AMHAMUKH.
B 5THx ke HeNsSX MOXKHO HCTONb30BaTL H KO3hPHUUHEHTH aBTO-
KOppeJAuMK YPOBHE#H psisa. TUI TEHAEHLMH MOXHO ONpe IeNHTh
nyrem cpaBHeHus k03QOULMEHTOB aBTOKOPPENSILMK M12PBOro
MOpANKA, PACCYMTAHHBIX M0 UCXOAHBIM U MPEOOPasoOBAHHBIM
ypoBHAM psina. Eciu BpeMeHHOH psajl UMeeT JIMHSHHYIO T2HIEH-
LHFO, TO €r0 COCEAHHE YPOBHHU )y W Vi1 TECHO koppeampvict. B
5TOM ciyHdae KoIQQUUHEHT aBTOKOPPESILAH NIePBOroO MOPAnKa
YPOBHEN HCXOAHOTO Psifa MOKEH ObITh BHICOKUM.

Buibop Haumyulero ypaBHeHHs B Cllydae, eciii psan coaep-
KUT HEJIMHEHHYIO TeHIEHLHK), MOXHO OCYIUECTBHThL MyT2M ne-
pebopa OCHOBHBIX (DOPM TPEHIA, PacyeTa MO Kakaomy ypaBtie-
HUIO CKOPPEKTHPOBAHHOTO KO3IpdHLMEHTa AeTepMUHALINHI R w
BbIOOpa ypaBHEHHS TPEHAA ¢ MAKCHMMAjbHbIM 3HAYEHHEM CKOD-
pexTupoBaHHoro kodQduunenTa nerepMuHauMn. Peamsanms
STOrO METONA OTHOCHTEIBbHO NPOCTa MPH KOMIBIOTEPHOH obpa-
OOTKE AAHHbIX.

Ipumep 3. Pacuer napamerpos Tperza Hmeworcs nome-
CAYHBIC JaHHbIE O TEMIIAX, pOCTa HOMHHAIBLHOH 3apabOTHCH nsa-
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Tbl B PY3 32 10 mecsues 2005 r & TIPOLEHTAX K YPOBHIO IeKadpsi
2004 r. (tabn. 1.5). T pedyercs Bribpart HAMTYYILId| THIT TpeHaa -
H OTIPEIIIUTH €10 HapaMeTpsl.
Tabnuua 1.5.
Temnbr pocra HomMuaanbHO MECsYHOH 3apaboTHOI maTsl 33 10
' mecsanes 2005 r. 8 % k yposHio nekabps 2004 r.

Mecsuy Temnsl pocra HOMu- Mecs Teymu pocta HOMu-
HATbHOH MECTYHOI HaTbHOH MeCTuHoi

L 3apadOTHOM MIaTh! 3apa0oTHOK muars1
| SuBaps 82,9 | Hronp 1216
| Despans 873 | Vo, e  ~
| Mapr 99 4 ABrycr 114,1 ]
| Ampems 1048 CeHra6ps 1230 -
. Maii 107.2 Oxrabps 1273

HocTtpoum rpaduk nannoro BPEMEHHOTO psina (puc. 1.4).

150 -
s |
=]
[=3
[t
ﬁ H ’»
= |
<
|
=
SE |
g 5100
s E
=
=
[~
2 |
[=9 i
2
g
& !
a I
\.L-ﬂ +"“"‘~"“""“‘T"“'“”‘“‘"”""I"""h"'""— D T ey
0 2 4 € 8 10 12

Boens, vec,

e daxnriecraii vpoper, PR

=@ POBHA PATEL JRICCUMEAHNE T10 At WY IPeH |
Puc. 1.4. lunamiixa Temnos POCTa HOMUHANLHOH 3apaboTHOI
nnatet 32 10 mecsues 2005 r.
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Ha rpaduike puc. 1.4 HarisaHO BUAHO HaJIM4YME BO3PACTALO-

jeit TeHaeHLHH. BO3MOXHO CyIECTBOBAHNE AUHEHHOrO TPeHAa.

JUt nanpHEHIero aHansa OnpereiM k02 PULIMEHTE aBTO-
KOPPEALIK IO YPOBHSIM HTOTO pJa U X norapudmam (Tabm. 1.6).

Tabnuua 1.6.

ABTOKOPPENAUMOHHAA PYHKIIMA BPEMEHHOTO piia TEMIIOB POCTa

HOMHHATLHOIT MECAHOMN 3apaboTHOW nyiaThl 32 10 mecsues
2005 1., % K ypOBHIO nexabps 2004r.

Tar - ABTOKOppeALHORHAs PyHKIH ]
| mo yposHaM piia | o norapudmam yPOBHEH pasa
U osor oo ]

2 oses [ 0,82

3 1 0805 L 0,896 _

Bricokue 3HaueHns ko>(dduLHeHTOB aBTOKOppENALuU Tep-
BOIO, BTOPOTO M TPETHCTO MOPSAKOB CBUAETELCTBYIOT O TOM,
HTO PsAJl COAEPKUT TEH/IEHIHIO. [Tpubnu3nTeIbHO PaBHbIE 3HA-
qenns k0oQOUUMEHTOB aBTOKOPPENAINY 10 YPOBHIAM 3TOrO psija
y o orapudmam ypoBEEH NO3BOJSIOT CASIATS CenyrolMii Bbl-
BO' ECHH AN CONEPXKUT HEJHHEHHYI0 TeHASHLUIO, TO OHA BbI-
pakeHa B HEsIBHOM dopme. TlosToMy Ans MCASTMPOBAHMA €rO
TeH;IeHLIMH B PaBHOW Mepe 11enecoo0pasHo MCNOIb30BATL M JIU-
HeliHylo, W HEeNMHEHHYIO (yHKIuH, HArpUMED CTENEeHHOH WU
HKCTIOHEHIMALHBIA TPEH.

JIyist BLISBEHUA HAVJIYHIUero ypapHeHUs TPEHIA ONpenenuM
fiapamMeTpbl OCHOBHBIX BUAOB TPEH/ICH Pe3yaeTaThl 3THUX pacve-
TOB INPEe;ICTaB/IEHbI B raGn. 1.7, cOrIacHO AAHEBIM KOTOPOH Hau-
nyuineit ABIsETCH CTENeHHas dhopma TpeHaa, nsisi KOTOPOH 3Ha-
yeHHe CKOPPEKTUPOBAHHOTO koa¢uLHeHTa  AeTEpMHHALHH
HanGonee BHICOKOE. YPaBHEHHE CTENEHHOrO TPEHAA MOXHO MC-
MONH30BaTh KAK B JINHEAPA3OBAHHOM BHMAC, TAK W B dopme uc-
xonHoOl cTeneHHON (yHKUMH nOCie NPOBENSHHS Onepatiih no-
TEHUMPOBAHKA. B UCXONHOM BUAE OTO yPABHEHHE BbICIAUT CJie-
AYKOIUM 00pazom:



~ 4,30 0,193
)))‘:en ‘tk ”
HTH

P, =80,32. "1

Tabnyua 1.7.
YpaBHeHus TpeHnos mis BPEMEHHOTO psina TeMIOB pocTa HOMU-
HaJIbHOH MeCAYHOM 3apaboTHO! ruiaTh 33 10 mecsaues 2005 r., %

K YPOBHIO iekalpsi 2004 r.

Tem Tpenaa YpaBuenuc T R2 o R? ]
uncineiii |5 -8 661472 | 0887 | 0875 |
,,,,, _ IR R
Napa6oaa 72,9+ 9,599¢ —0.444¢% | 0,937 0.920

BTOPOro ok oo
| nopruca ke I
CrencHuoii n 0,939%* | (93| **
Iny, =439+01931n¢
TN A1)/ N N
IKCNOHEH- ' A + 0,872%% | ( 856+
waatene | 10V, =4,4340,045In7
L (006 S S
anep60: P = 122,57 - 47,63/t 0.758 0,728
S N ) S N ]

*B cko3kax ykasamr CTAaHIAPTHBIE OMUOKH K03 PHULHEHTOR perpeccus.
** Koadpmupentsr ACTEPMUHALMH PACCUHTAHBI 110 THHEAPH30BAHHbIM ypas-
HEHMAM PErpeccHH.

Haunbonee npocryro OKOHOMHMECKYI) MHTEPIPETALHIO HMe-
FOT IApaMeTpPhl JIMHEHHOTO 1 3KCIOHEHIHAIBHORO TPEH/IOB.

Ilapamerpu nuneitnoro TPEHIA MOKHO HMHTEPNPETHPOBATH
Tak: d — HaYaNbHbIH yPOBEHb BPeMEHHOro pAjza B MOMEHT Bpe-
MeHH =0, b - cpennuii 3a Neproa adCOMIOTHBIH MPHPOCT ypOB-
Heli pana. Ipumenurensio k AQHHOMY BPEMEHHOMY PSIly MOKHO
CKa3aTh, YTO TEMIIbI POCTA HOMHHANLHON MECSUHOMN 3apaboTHon
Marb: 3a 10 mecsiues 2005 r. usmensmcs ot ypoBHs 82,66% co
CPCIHUM 3a Mecsl abCORKTHbIM TPHPOCTOM, paBHbIM 4,72 npou.
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nyHkta. PacHeTHbIe MO JMHEHHOMY TPEHIY 3HA4eHHUs ypOBHEil
BPEMEHHOTO Psijia ONPENeNIIoTCsA AByMaA crocobamu. Bo-itepssix,
MOKHO TIOCNEI0BATENBHO MOACTABNATL B HAIEHHOE YPaBHEHHE
Tpenna 3HaueHus =1, 2., 1, T.¢.

i =82,66+4,72-1=8738,

yi =8266+4,72-2=92]10.

Bo-emopwix, B COOTBETCTBHH C MHTEPNPETALMEH NapaMET-
pOB JIMHEHHOIO TPEHAA KaXKblH MOCIENYHOUMHA YPOBEHL psna
ecTh CyMMa MpembIIyILero YpPOBHA M CPEIHEro UemHoro adco-
JIFOTHOTO TIPHPOCTA, T. €.

ym =y 4+ b =8738+472=9210;
=y 45 =9210+472=9682

M T.A

I'paduk nuseiiHOro TpeHaa NPUBEACH Ha puc. 1.4.

INapameTpb! 3KCIIOHEHLMATEHOTO TPEHAA UMEHT CIIENYHOLLYEO
uHTepnperalyto. [lapamerp a — 310 Ha‘{aﬂbeII/I YPOBEHb BPEMEHHO-
ro psiza B MOMEHT BpemMeHH ~0. Benuunna ¢’ — 310 Cpennuii 3a enu-
HULY BpeMeHH k0o PUuHEHT pocTa ypoBHe# psija.

st Hallero TmpHMeEpa YPAaBHEHUE JKCIOHEHLHEJIBHOTO

TpCH}la B HC.XOIIHOIui (popMe IMECT BUI.
4 43 0.045¢

}t € 2
HIIN
j, =83,96-1,046 .

Takum 00pa3om, HaYalIbHbLIH YPOBEHD pAAA B COOTBETCTBUU
C YpaBHEHHEM O3KCIIOHEHLMAJbHOrO TpeHnjaa cocrasnser 33,96
(cpaBHHUTE C HauanbHBIM YpOBHEM 82,66 B JIMHEHHOM TpEHIE), a
cpennuil tentoil koddduuueHt pocra — 1,046, CnenosarensHo,
MOXXHO CKa3aTb, YTO TEMITbl POCTAa HOMHHANbHOH MECA410H 3a-
padoTHOH nnathkl 3a 10 mecaues 2005 r. H3MEHANUCH OT YPOBHSA
83,96% CO cpe/HMM 3a MECsIl LEMHbIM TEMIOM POCTA, PABHBIM
104,6%. MubiMu crioBamu, CpeaHU 32 MECsiL LIEMHCOH TEMIT NMpH-
pocTa BPEMEHHOTO psifia cocrasua 4,6%.
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Io anamorun ¢ AMHEHHOM MOMENbIO PacUeTHhIE 3HAUCHUS
YPOBHE# Psfia M0 HKCHIOHEHIHATLHOMY TPEHIY MOMKHO MOJIyYHTh
KaK IyTeM MOACTAHOBKH B YPABHEHHE TPEHIA 3HauYeHuit -1, 2,
71, TAK M B COOTBETCTBHM C HHTEPIIPETALMEN 1apaMETPOB HKCHO-
-HEHLHANIBHOTO TPEHIa~ Ka#JIbli ero IoCJeayrouMi yposeHb
€CTh NPOMU3BEACHUE NIPEbIAYLIErO YPOBHS Ha COOTBETCTBYIOLIMH
K03 dHumeHT pocra:

P = 31,046 = 83,961,046 = 87,82
P = P 1,046 = 87,821,046 = 91,87
HT.A.

Ilpy HanMyun HESBHOH HENMHEHHON TEHHEHIMM ClienyeT
AONOJHATL ONHCEHHBIE BhIIE METOAbI BbLIOOPA HAWNYYILIErO
YPaBHEHHS TPEHI& KaYECTBEHHbIM aHAIM30M JMHAMHKH H3yHac-
MOTO roxKasarelid, ¢ TeM ytoObl n3bexarh ournboK crennduka-
UMK 1pu Bbibope Buaa Tpenna. KadecTseHHblit aHanu3 rpearo-
Naraer u3ydyeHue rpobneM BO3MONKHOrO HalIHYMs B HCCAETYEMOM
BPEMEHHOM DSJIE ITOBOPOTHBIX TOUEK W H3MEHEHHS TEMIIOB IPH-
poCTa, UM YCKOPEHHS TEMITOB NPUPOCTA, HAUMHASL ¢ OTIPEaeseH-
HOTO MOMEHTa (Mepuosia) BPEMEHH 110 BIUAHUEM psiaa (axTo-
poB, 1 T. 1. B cnyuae ecnm ypasneHue Tpera BbIOPAHO HEBEPHO
PH OONBUINX 3HAYEHUAX 1, PE3YNBTATHI AHATM3A H IIPOrHOHPO-
BaHWs JIMHAMHKH B8PEMEHHOTO Psifia ¢ HCMONb30BAaHHEM BbIOpaH-
HOTO YPAaBHEHHst OYIyT HEIOCTOBEPHBIMH BCIEACTBHE OLIMOKH
crnenppuranny. Mnaoctparus BO3MOXKHOrD MOSABIEHUS OIUOKHA
crieuH(pUKaLUK PHBOAUTCS Ha puc. 1.5,

y, A
® * -
. »
"'- ."‘. -‘i: .
e o e o o
e o
e *° :
'
i
0 4 »

r* f
Puc. 1.5, Oumnibka cneundukaumv 1ipn Bbidope ypaBHeHHs TpeHia
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Ecnu Havnyqmeit Gopmoi tperia ssnsercs napabosa BTO-
pOro MOpsiAKa, B TO BPeMs KaK Ha CAMOM JEIe MMEET MECTO JIH-
HeitHas TEHIEHUMS, TO Npd OoabpmnX f mapabona U NuHeMHas
dyHkumst OyjyT MO-pPasHOMY OMMCHIBATH TEHIEHIMIO B YPOBHAX
psiza. Ipu £>1* mapabona BTOPOTO MOPsiKa XapaKTepH3yeT yOblI-
BAIONIYFO TEHJIEHLMIO B YPOBHAX Psina ; a nuaeHHas QyHKums —
BO3PaCTAIO Y10

1.4. MoaenupoBanyue TeHACH N BPEMEHHOI0 psiia
NpH HAJUYHH CTPYKTYPHBIX H3MEHEHUH

Ot Ce30HHbIX U LMKIHYECKHX KoleDaHui crenyer oTau4aTh
eIMHOBPEMEHHbBIE U3VEHEHNUs! XapaKTepa TeHISHLINHA BPEMEHHOIo
psijd, BbI3BaHHbIE CTPYKTYPHBIMM M3MEHEHHAMH B OKOHOMHKE
Wi uHBIMH (pakTopamp. B aTOM ciiyyae, HauMHas ¢ HEKOTOPOTO
MOMEHTA BPEMEHH ¥, TIPOMCXOAMT M3MEHEHHE XAPAKTEPa AMHA-
MHMKHM W3y4YaeMOro I0Ka3aTels, YT0 [MPUBOAMT K U3MEHEHHIO Na-
PAMETPOB TPEH/A, ONUCHIBAIOIIErO Ty AMHaMHKY. CxemarTnuHo
Takras cuTyauus n3otpaxena Ha puc. 1.6.

.VI4‘
(2}
3)
/
~ /
/ A
~ -
/./ re sees PR (])
Rt
o : t
0 r* g

Puc. 1.6. M3meHenue xapakrepa TeHIEHIUH BPEMEHHONO psaaa
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MoMeHT (mepron) BpemeHu £+ CONpOBOIAETCS 3HAUNTETb-
HBIMH M3MEHEHUSIMH pAfa (PaKTOPOB, OKA3LIBAIOLIMX CHIbHOE
BO3JICHCTBHE HA M3y4aeMblil HOKa3aTedb yr. Hawe Bcero stu us-
MEHCHHS BLI3BAHBI U3MEHEHHSIMH B O0IIEIKOHOMUYECKOH CUTYa-
UMK unu paxropamu (CoBbITUAMH) rOBATLHOTO Xapakrepa, npu-
BEAUIMME K M3MEHEHHIO CTPYKTYPbl 3KOHOMHKH (Hampumep, Ha-
1410 KDYIHBIX 3KOHOMUYECKUX pedopM, H3MeHEHHE IKOHOMHYE-
CKOTO Kypca, HeTsHble KpU3KCH U npoune dakropsi). Ecan nc-
CIICAYEMBIii BpEMEHHOMN Psifi BKIIIOUAET B Ce0st COOTBETCTBYIOL ML
MOMEHT (IIEpHOM) BPEMEHH, TO OAHOM M3 3a7ad ero U3y4eHUs
CTAHOBUTCS BLIACHEHHE BOMPOCA O TOM, 3HAYUMO JIM TOBJIMAIN
ob1Me CTPYKTYpHBIE H3MEHEHHS Ha XapakTep 3TOW TEeHAEHLUH.
[30, 35, 24, 25].

Ecnu s10 Bamsnue 3maummo, to s MOZAEIHUPOBAHMS TEH-
ACHIHH NAHHOTO BPEMEHHOTO pAna CHeyeT UCMONb30BaTbh Ki-
COUHO~IUHENNbIE MOOCAU pecpeccul, T.6. PA3IeNHTh HCXOUHYI)

. COBOKYMHOCTH Ha JIBE IOACOBOKYITHOCTH (0 MOMEHTA BPEMEHHU
* u nccie MoMenTa 1*) u MOCTPOUTH OTAESIbHO MO KaXKAOH noj-
COBOKYMTHOCTH YypaBHEHHsl JMHEHHOH perpeccuu (Ha puc. 1.6
3THM YPABHCHHSM COOTBETCTBYIOT MpSIMbIe (1) u (2)). Ecnu
CTPYKTyPHBIS H3MEHEHHS HE3HAYUTENBLHO NOBIMSIIH Ha XapaKTep
TEHACHUHH DAl };, TO €€ MOXKHO OTTHCATh ¢ IIOMOUIBIO €UHOTO,
I BCCH COBOKYITHOCTH JAHHBIX YPaBHEHHS Tpennaa (Ha puc. 1.6
3TOMY YPABHEHHUIO COOTBETCTBYET npsiMas (3)).

Kaxnpi#t 43 OMMCAHHBIX BbIlE TOIXONOB UMEET CBOM TOJONKH-
TEJILERI: W OTPULATENbHbIE CTOPOHBL Ilpy nocrpoenuM KycouHo-
NHHEAHOH MOZIEAN MPOUCKXOIUT CHIKEHHE OCTATOUHOI CYMMbI KBa/i-
PATOE: T10 CPABHECHHIO C €HHBIM /ISt BCEH COBOKYTTHOCTH ypaBHEHHEM
Tpenza. ORHAKO pasfieieHne HCXOMHON COBOKYIHOCTH HA JIBE HacTH
BELET K NoTepe YKCna HaOMIOAEHHI H, CNEIOBATENbHO, K CHIKEHHIO
YUCA CTENEHeH CBODOABI B KKIOM YPaBHEHHH KYCOYHO-TTHHEHHOH
mofe1n TlocTpoenne enuHOro Ui BCeH COBOKYIHOCTH ypAaBHEHHS
TPEHIA, HANPOTUB, TO3BOJBIET COXPAHUTL YHCHIO HAOFOACHUH 1 HC-
XOJIHOH COBOKYTHOCTH, OZHAKO OCTATOMHAA CyMMa KBAZDATOB M0
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3TOMY ypaBHEHHIO OyET BbIUE [0 CPABHEHHIO C KYCOYHO-NHHESHHOMN
moaenbto. O4eBHIHO, YTO BBIOOpP ONHOM U3 IBYX Mojerned (KyCOMHO-
NUHEHON WM €IMHOIO YPaBHEHHA TpeHa) Oyler 3aBHCeTh OT COOT-
HOLIEHHS] MEKTy CHIDKEHHEM OCTATOYHOM MCTIEPCHH U NoTepeit umc-
714 CTerenel cBoOOaBI MPU NMEPEXoie OT eIMHOrO YPABHEHUs perpec-
CHH K KYCOYHO~THHEHHOH MOIEIH.

Tabmana 1.8.
Y cnoBHble 0003HAUEHMS! 1 anroputMa Tecta Yoy

Ne Bug ypasue- Yucno Ocra- Yucao | Yucno creneHeit
vpaB- HHS Habmone- | Tousas | mapamer- | cBOOOARI OCTa-
HEHAS HUll B CO- | CyMMa POBB | TOUHOI JucHep-

BOKYIHO- | KBAJpa- | ypaBHe- cuu
CTH TOB Hlfllfl1
KycouHo-nuHelHas MOJEIb
1 M n 1 k m-k
(1 Y ——(l] +b]f ! ( oct ! e
(2) y:j:) —a,+ b_,zf s ij k» 1=k
YpaBHCHHE TPEHA 110 BCEH COBOKYITHOCTH :
(3) yBW =a,+ b:; / -n C? k; | n- k= tnn)- ks

"B paccMaTpuBacMOd HAMH (DOPMYIHMPOBKE YHMCIO TIAPAMETIOB BCEX
vpaBHeHu# k= k= k=2 B obmeM ciyyac 4MCIO NapaMeTpoB B KAMIOM
VPABHEHAN MOKET PA3THATHCS. y

dopmasibHBIH CTATUCTMYECKMH TECT mm OUEGHKH . ATOTO CO-
OTHOLIEHHs ObL1 fipeiodked I peropu Iloy ITpuMenenre storo
TecTa TIpe/noJaraeT pacdeT napamMeTpoB ypPaBHEHMH TpPEH0B,
rpaguku KoTopbix u3oOpaxeHsl Ha puc.l.6 mpameivu (1), (2) u
(3). Beeem cucremy 0003HauEHHH, NPUBEACHHYIO B Tabn. 1.8

Beiasunem runoresy Hy o cTpykrypHO# cTabuiabHOCTH TeH-
JIGHLMHM H3y4aeMOI'0 BPEMEHHOI0 psaa. ‘

OcTaTouHyI0 CYMMy KBaaparoB 1o KyCOLiHo JIMHEHMHOH MO-

YK

[ ) MOXHO Haiith kak cymmy C' n ('

06T acr o

ACITY (

" Chow Gregory C. Tests of equality between sets of coefficients in two linear
rcgressions. //Econometrica. -Vol. 28. -Ne3. 1960. -C. 591-605.
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Con =Coa +Coy. (1)
CooTsercrrytomee eif uMCIo cTenereit cBOGOIBI COCTABHT:
(m-k) + (m- k) = (n-ky - k). (2)
Torna COKPALGHHE OCTATOMHOH MUCIIEPCHU TIPH TEPEXOfe OT
€IMHOIO ypaBHEHHsI TPEHNA K KYCOMHO-TMHERHOM MOIETH MOKHO Ofl-
PEIENHTh CIEAYOL MM 00pasoMm:

AC,, =2 —C* 3)

ocT ocT “acr
Hiacno creneneil ceobonbl, cootsercreytomee AC | ¢ yye-

TOM COOTHOWEHUS. (2) Byner pasHo:
n- k3 - (jﬂ - kl— kz) = k1 + k;g - k3. (4)

Hanee B cooTBeTCTBHM C npetoxednoin I'. Yoy meronuxoii
Onpenensercs GhakTHuecKoe 3HaueHHe I-KpUTEpHs 1o Clenyo-
MM TUCTIEPCUSAM Ha OIHY CTeNeHb CBOOOIb BAPHALMH:

S A, _ AC,, ((k +k, k) 5)
Y d, CEo(n-k -k ’

Haiinenroe 3uauenue Fipax; CPABHUBAIOT ¢ TaBIHYHbIM, nosny-
HEHHBIM 110 TabHuam pacnipenerienus Guiepa st YPOBHS 3HAUMMO-
CTH & 1 1HCna crenenei cBobonbI (k + ky— ks) v (n-k; - ky).

Ecan Fpue>F raga, TO FHIIOTE33 O CTPYKTYPHOIT cTabu.1bHOCTH
TCHACHUMH OTKJIOHACTCSA, a BIHSAHME CTPYKTYPHBIX H3MEHEHMii
Ha JIMHAMHKY M3y4aeMOT0 NOKa3aTesist NPU3HAIOT 3HAYUMBIM. B
9TOM ClTyae MONEIUPOBAHHE TEH/IEHLHM BPEMEHHOTO Psifia Clie-
AYET OCYIHECTBJIATL C NMOMOIIBIO KYCOYHO-THHEHHON MOmesd.
Eciut [ paer<Frap;, TO HET OCHOBAHMI OTKIIOHATE HOJIb-THTIOTE3Y O
CTPYKTYPHOH CTAaOMIBHOCTH TeHaeHuyu. Ee MOZOENHPOBaHHE
CJIENYET OCYLUECTEIATE C MOMOLIBIO €AHHOIO IS BCeii COBOKyII-
HOCTH ypaBHEHUS TPEHIA.

OrmetumM crenyrowmue ocobeHHOCTH NpuMeHenns recra Hoy:

1. Ecnu uncito napamerpos o Bcex ypasrenusx (1), (2). (3) (cm.
pHC. 1.6) onHaKoBo 1 paBHO 4, To Gopmyna (5 YIPOLLIAETCS!

AC .k

Fooo= o Zree ot 6
LA S(n-2k) (©)

aeT
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2. Tectr Yoy nososisieT ¢enark BHIBO O HAIIMYMH WM OTCYTCT-
BUM CTPYKTYPHOU CTa0MIBHOCTH B H3y4AEMOM BpemeHHOM psazne. Eciu
F e <F g, TO 3TO O3Ha4aeT, uro ypasHetws (1) v (2) onuckBaroT on-
HY H TY ’K€ TeHICHLMI), 8 Pas/IM4us YUCIEHHbIX OLIEHOK MX Mapamer-
POB @y U @y, a TaKke by 1 by COOTBETCTBEHHO CTATHCTHUYECKU HE3HAYUM-
MbL Ecnu e S ey, TO THIIOTE3A O CTPYKTYPHOHR CTabDHIIBHOCTH
OTKJIOHSISTCS!, MTO O3HAYAST CTATHCTUYSCKYIO 3HEUMMOCTh Pa3/IHUHii
OLIEHOK ITapaMeTpoB ypaBHeH H (1) 1 (2).

3. Ilpumenenne Ttecta Yoy rpeanonaraer cobmoaenue
NPEAINIOCHUIOK O HOPManbHOM PACHPElEIEHUH OCTATKOB B ypaB-
Henusix (1) u (2) 1 He3aBUCHMOCTD HX paclpeasneHHil.

Ecnu rumore3a O CTPYKTYPHOH CcTaOMIIBHOCTH TEeHICHLIMU
psiga y, OTKJIOHAETCH, NAIbHEHILINK aHaIN3 MOMXET 3aKIK0YaThCs
B MCCJIEJOBAHUM BONPOCA O NPUUMHAX 3TUX CTPYKTYPHBIX pas3iu-
quit 1 OoJiee NETATbHOM M3YUYEHHH XapakTepa HM3MeHEHMs! TeH-
aeHuH. B npuuAteix Hamu 0CO3HAYEHUSX, 3TH NPUYUHBLI 00Y-
CHaBAMBAIOT PA3TUUMA OLEHOK rapameTpoB ypaBHeHuu (1) u (2).

Bo3MOXHBI CNERYICLIME COYETAHHS M3MEHEHHS YHCJIEHHBIX
OLICHOK NapamMeTpoB 3TUX ypaBHeHHH (puc. 1.7 ):

® [I3MEHEHHE HMUCJIEHHOH OLGHKH CBODOMHOIO 4ieHa ypaBHe-
HHMA TPEH/A (1 110 CPABHEHUIO C &) [IPH YCNOBHH, YTO PA3TAYHST MEX-
ny b v b, crarucrirecky He3HauMMbL [ eoMeTprYeckH 3T0 O3HaYa-
er, 4ro ripsimble (1) # (2) rmapamensast (puc. 1.72). B navnoii curya-
LMK MOXKHO TOBOPUTB O CKAauKOOOpa3HOM M3MEHCHHH YPOBHEH psaa
¥ B MOMEHT BpEMeHH [ TpH HEeM3MEHHOM CpeIHeM abCOKTHOM
NPUPOCTE 33 NEPUOL; ‘

® I3MEHSHME YHCIICHHOH OLCHKU napaMmeTpa b, no cpabHe-
HUIO € by OpH yCIOBHMH, YTO PA3IMYMS MEXKAY d] W d; CTATHCTH-
YECKH HE3HAYMMBL [ @OMEeTpPH4EeCKH HTO O3HAHAET, YTO NpsSMbIE
(1) 1 (2) nepecekardT OCh OPAMHAT B OMHOH Touke (puc. 1.7). B
3TOM CiIydae HM3MEHESHUE TEeHIEHLHH CBI3AHO ¢ HW3MEHEHHEM
cpejipero abcoOTHOTO MPHPOCTAa BPEMEHHOTO Psifia, HauHHas ¢
MOMEHTA BPEMEHH [ , TIPH HEM3MEHHOM HAuajIbHOM YpPOBHE psna
B MOMEHT BpemeHH =0,



hn th}
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el e (1)
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Puc. 1.7. M3meHeHHE TCHACHUMH BPEMEHHOTO P31 MPH Pa3IHUHOM
COYCTUHHM CTATUCTHYECKOH 3HAUHMOCTH U3MCHEHHH NapaMeTpoB ¢, U
ay by u b
@ -~ CTaTACTHYECKH 3HAMHMBIM ABJLICTCS PAs3IHIAE TONLKO MOKAY ) H a1
6 -~ CTATMCTUYECKH 3HAYMMBIM ABIACTCHA PA3THUMC TONLKO MEKTY ) U h1
6 -~ CTATHCTHYECKH 3HAUHMBIM SBIACTCA PA3AMYUE MEXKIY ¢y H a.
a4 TAKKC MEHIY by o bn,

® M3MEHEHHE YMCJICHHbIX OLIGHOK MapaMeTpoB d; H @), a
TaKoke by u by Ieomerpuuecku sta cuTyaums uzoOpaxceHa Ha
puc. 1.7 B. Ona 03Ha4aeT, YTO H3MEHEHHE XepaKTepa TEHICHIIUH
CONPOBOKIALTCA U3MEHEHWEM KAK Ha4alibHOIO YPOBHS psifia, TaK
H CPENHEro 3d NepHoa adCOMIOTHOIO NPUPOCTE.
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Onun u3 crarMcTHyeckux MeTomoB TECTUPOBAHUA TIPH 1PU-
MCHCHUH NEPEUNCICHHbIX BEILIS CHTYAUHil A XapaKTePHCTUKH
TCHACHUHH H3Y4a€MOTO BPEMEHHOTO piga Obll MPEeasiokeH ame-
pukanckum sxonomucrom JlI'ymxapati'. D1or Meron ocHoBan
Ha BRJIOUCHUU B MOZENb PErpeccnd QHUKTUBHOH nepemenoii Z,
KOTOpas NPUHUMAET 3Ha4yeHus 1 1s Beex 1<r*, OpUHALJIEK AL HE
TPOMEXKYTKY BPEMEHU N0 U3MEHEHMs XapakTepa TeHICHLHM, /ia-
fiee - npomexyTky (1), u 0 3sHaueHms nna Beex 1>7%, NpUHa;Ie-
JKallMe NPOMENXYTKY BPEMEHM T0CHE HIMEHEHNA XapakTepa TeH-
ACHIMHM, JajTee - npomexytky (2). J{T'ymkapat npemnaraer on-
PEACIATE MAPAMETPbI CHEYIMIETO yPABHEHUS PEIPECCHH’

Yo=atb-Z vct+d-(Z,-t)+e,. (7)
Taxum obpasom, anst kaxnoro NPOMEXYTKa BPEMEHH IO-
JTYYHUM CIIEIYIOINE YPABHEHHS:
[Mpomexytox (1) Z=1 y, = (a+b)+ (c+d)-t+eg,,

ITpomexytok (2) Z=1 Y, =a+c-t+g,,

ConocTaBus nony4eHHbIE YPABHEHHA C ypasHeHusMu (1) u
(2). HeTpynHO 3ameTHTD, UTO

a, =(a+b), b =(c+d); (8)
a,=a, b, =c

apamerp b ecrb pasimua mexny cBOBOmHBLIMK wWieHaMI ypas-
Herui (1) u (2), a mapamerp d - pasuuua MEKIy napamerpamu by u b,
ypasheruii (1) v (2) OueHka craTucTuyeckoit 3HaYHMOCTH pazanuuit
ay M, a Take by 1 b, SKBUBANCHTHA OLEHKE CTE&THCTHYECKOH 3Ha-
HMMOCTH 11apameTpoB b u d ypasrenws (7). Dty OLIEHKY MO>KHO po-
BECTH [1PH NOMOLWM 7-kpurepust CThrONIeHTa,

Takum obpazom, ecnu B ypasHeHuu (7) b siBnsercs cratu-
CTRYCCKM 3HAYUMBIM, & d - HET, TO M3MEHEHUC TeHAEHIHH Bbi-
3BAHO TOALKO pasaHuMAMU 1aPAMETPOB @) 1 a; (puc. 1.7a). Ecau
B OTOM ypaBHEHWU napameTp d CTATHCTUYECKH 3HAYMM, a b - He-
3HAUNM, TO H3MEHEHHE XapaKTepa TEHASHLHH BbI3BAHO DPa3iTH-

1 Gujarati D.N. Basic Economeltrics. ~McGraw-Hill. Inc. 1995, -¢. 509-313
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yMsIMi apaMeTpos by u by (puc. 1.76). Hakonew, ecin 00a xo-
sddpunmenta b U d ABISAIOTCA CTATHCTHYCCKU 3HAUUMBIMY, TO Ha
W3MEHEeHMEe XapaKTepa TEHACHLNU TIOBITHSTH KaK Pa3iuHis MEK-
Iy 1 ¥ dy, TAK W pasnuuus Mexay by u by (puc. 1.78).

"YTOT METO MOXHO HCIIOJB30BATH HE TOJABKO B IONOJHEHHE
k Tecty Yoy, HO U CAaMOCTOATENBHO LA MPOBEPKU THIIOTE3bI O
CTPYFTypHOU CTaOMIBHOCTH TEHIEHUMH H3Yy4aeMOro BPEMEHHO-
ro psua. OCHOBHOE €ro MpeuMyllecTBO NEPE] TECTOM Yoy co-
CTCUT B TOM, YTO HYKHO MOCTPOMTH TOJILKO OAHO, & He TpH
ypaBHEHUS TPEHAA.

Mgl paccMOTpenu npocTeiimuii caydaid NpyuMEHEeHUs TecTa
Yoy sl MONEJIMPOBAHUS JIMHEHHOW TEHACHLIMM. OaHaxo 3TOT
TecT (@ TaKke Moaenb (7) ¢ GUKTUBHOI NMEPEMEHHOM) MOXKET HC-
MOJIL3OBATHCH (M AEHCTBUTENBHO HCNONB3YSTCS BO MHOIMX IpH-
KJ12IHBIX UCCEIOBAHMSIX) IPH MPOBEPKE TUIOTE3 O CTPYKTYPHOI
CTaOKJIBHOCTH U B 00JIEE CIIOXKHBIX MOAESX B3aUMOCBA3H JIBYX U
00Jie¢ BpEMEHHBIX PS/IOB.

1.5. M3yueHue B3aMMOCBsI3€H 110 BpeMeHHbIM
psiiam

1.5.1. Cnennduxa CTaTHCTHYECKOH OLEHKH B3aUMO-
CBSI3HU JIBYX BpEMECHHBIX PS/I0B

H3yueHHe MPUYMHHO-CIIGACTBEHHBIX 3aBMCUMOCTEH MepemMeH-
HbEX, MPERCTABACHHBIX B POPME BPEMEHHBIX PSAJIOB, ABIAETCA ONHOM
H3 CaMBIX CJIOXHbBIX 3a/a4 3KOHOMETPHYECKOrO MONCIUPOBAHHIA.
[Ip.veHeHne B 3THX LIENIAX TPAIMUHOHHBIX METOIOB KOPPEIALIHOH-
HO-PETPECCHOHHOTO AHATM3A, MOYKET MPUBECTH K Py CEPhE3HBIX
npodiieM, BO3HUKAIOLINX KaK Ha dTarie NOCTPOSHHUS, Tak H Ha STanc
aHank3a SIKOHOMETPUUECKHX MOze/el. B riepryio ouepens 5TH rpo-
BeMBI CBA3aHbl CO CrielHpUKON BPEeMEHHbIX PANOB KaK HCTOYHHKA
JAHHBIX B SKOHOMETPUYECKOM MOAETIHPOBAHUA.
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Hnst Toro 4robsl nostydante k03hPULHEHTDI KOPpeJIALUH,
XapaKTEPH3YIOUME TIPHYHHHO-CIENCTBEHHYIO CBSI3b MEXMIY K3y~
JaeMbIMH  psinaMH, crnenyer U30aBUTBCS OT TakK HA3bIBASMOId
JIOXKHOW KOPPENALMH, BBI3BAHHOM HANMYHEM TEHAEHLIMU B KajkK-
nom psige. OObIMHO 5TO OCYLIECTBISIOT ¢ MOMOLIBI0 OJHOTC U3
METO0B HCKTFOUYEHMSA TEHACHLHH.

LIpennonoxum, 410 1Mo ABYM BpPEMEHHBIM psijam X, u oy

CTPOUTCS ypaBHEHHE NapHOH THHEHHON perpeccun By
Y. =a+b-x, +¢,.
Hamiuue TeHASHUMM B KAXKIOM U3 3TMX BPEMEHHBIX PSIOB 03Ha-
HaeT, “TO Ha 3aBUCHMYIO ¥, U HE3ABHUCHMYK) X, TIEPEMEHHBIE MOAETH

OKa3bIBAET BOZICHCTBIE HaKTOP BPEMEHH, KOTOPHIH HEMOCPEACTEEHHO
B MOnenu He yureH. Brmsiane Qaxropa pemenn Gyner Bbipaxero B
KOPPEJISLIMOHHON 3aBHCUMOCTH MEXY 3HAYEHHSMH OCTATKOB €. 3a

TEKYUIHH U [PEAbITYIIHE MOMEHTBI BDEMEHHM, KOTOpas HOJTyduna Ha-
3BaHHE “aBTOKOPPEIISILUS B OCTATKAX . _

ABTOKODPENSILNA B OCTATKAX €CTh HAPYLIEHHE OJHOMN 13 Oc-
HOBHBIX Tipearnockliok MHK - npennocsutku o ciyuaiiHocTH oc-
TaTKOB, TNOJYYEHHBIX MO ypaBHEHWIO perpeccun. OauMH U3 BO3-
MOXHBIX MYTE€H PEIEHHs 3TOH npoOnEMbl COCTOMT B NpHMEHE-
HHM K OUEHKe napameTpos moxenn obobmennoro MHK. Ilpu
NOCTPOGHHH yPaBHEHHS MHOXECTBEHHOI Perpeccu o BpeMEeH-
HbIM pANAM AaHHBIX, MOMUMO [BYX BbIUIEHA3BAHHBIX MPOGiEM,
BO3HMKAET Takxke NpodieMa MyJIbTHKOTMHEAPHOCTH daxropos,
BXOIAIIMX B ypaBHEEHE PETPECCUH, B CJIy4ae eciu 3Tu hakTopb
COJIEPKAT TEHAEHLHIO.

1.5.2. MeToabl HCKJTIOYeHMS TeHAEHUIMN

CyLIHOCT BCEX METONOB MCKIHOUYEHHS TeHIEHIMH 3AK/TH0NACTCS
B TOM, 4T0Db! YCTPaHib MM 3aMKCHPOBATh BO3AEHCTRIE (exTopa
BpeMeHH Ha (hopmUpoBaHue ypoBHell pana. OCHOBHBIE METONbI UC-
KIIHOUCHHS TEHNGHLIHH MOXKHO Pa3IE/NTh Ha IBE MPYIIIIbI
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*  METOZbl, OCHOBAHHbIE Ha NMpeoOpa30OBaHNWU YPOBHEH, HC-
XOIHOTQ psiia E HOBbIC TEPEMEHHbIE, HE COIEp:Kaulie TeHIeH-
U¥H. DTH METO; 1kl MPEANOJaraloT HEernoCpeICTBEHHOE yCTpaHe-
Hile TPEHIOBOH KOMITOHEHTb! [ 13 KaMmACro YPOBHS BPEMEHHOTO
psina. /IBa OCHOBHBIX_METOMA B NAHHO rpymnne - 370 MeTon No-
CJIE10BATENbHBIX PA3HOCTEH YU METO OTKJIOHEHHH OT TPEHIOB,

*  METOXbl, OCHOBAHHBIC HA U3YYSHHH B3aHMOCBSI3H MCXOM-
HBIX YPOBHEH BPEMEHHBIX PsJIOB NPH 3JIHMHHHPOBAHUH BO3AEH-
cTBus (aKTOpa BPEMEHW HAa 3aBUCUMYK) W HE3ABUCHMBbIC TIEpe-
MeHHble Mozenu. B mepByro ouepeap 310 METO BKJIHOUEHHS B
MOJIeSIb PErpecCHH MO BPEMEHHBbIM psinzam (akTopa BPEMEHH.
PaccmoTtpum 110)1po0HEe METONHKY UX TIPMMEHEHHS.

MeTtoa oTKJIOHEHNH 0T TpeHaa ,

[TycTe MMEROTCS 1BA BPEMEHHbIX Psila X, M V,, KaXKIbli U3 KO-

TOPBLIX COMEPXKMT TPEHAOBYIO KOMIMOHEHTY 7 M CITy4aifHyH KOMIIO-
HeHTy ¢ . IIpopeieHHe aHA.TUTHHECKOTO BBIPABHUBAHKS 1O KOKIOMY
13 3THX PSZIOB IO3BOJBIET HAMTH NapaMeTpbl COOTBETCTBYHOIMX YpaB-
HEHMI1 TPEHZIOB M ONPEMIENUTb PACUETHBIE 10 TPEHITY YPOBHU X, H J,

COOTBETCTBEHHO. ITH PAaCHETHDIC 3HAUEHIS MOXKHO NPHHSTH 38 OLCH-
Ky TPEHAOBOM KoMIIOHeHTs! 7, kaxnoro psga. [lostomy BivsHue TeH-
JEHIIHY MOXHO VCTPAHWTh ITyTEM BbIMMTAHMsI PACYETHBLIX 3HAYECHHIT
ypoBHeii psina 13 (BakTHueCKUX. DTy MPOUEypy NPONENEIBAIOT s
K&KIOr0 BPEMEHHOMO psifia B Momesn. JlansHedinuii aHanis B3aumo-
CBSI3H DSIZIOB TPOBOASIT C MCNOJBL30BAHHEM HE MCXO/IHbIX YPOBHEH, a
OTKJIOHEHHH OT TPEHHA X, -- X, M ¥, — ). [PH YCJOBHH, YTO NOCHEN-

HHE HE CONEPHAT TEHAEHIMH.

[Ipumep 1. M3mepenue B3aUMOCBAZM PACXONOB HA KOHEY-
HOE roTpedIeHHE H COBOKYITHOTO J0X0/a

ITycTb MOMHUMO PACXOAOE Ha KOHEYHOE I'I()Tp@6ﬂ€3HH€' HMe-
FOTCS JaHHble O COBOKYMHOM nioxoqe (4. ) HMexondwvie naHHbie
3a 8 ner npencrasiaens! B Tabn 1.9 Tpebyercs oxapakrtepuso-
BaTh TECHOTY M CUJIY CBA3M MEXKAY BPEMEHHLIMM PslaMH COBO-
KYRHOTO 1I0X0/1a X, H PAaCXOJOB Ha KOHeYHoe notpedienue y,
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, Tabnuua 1.9.
Pacxonp! Ha koHeunoe norpediieHue u COBOKYTTHbIH T0X01
(yei e n).
Tox 1123 a5 61773
Pacxomst Ha xoHeumoe | 7 8 1011121147176

norpebricHue, ),

—_
=
~

CopoxynHsii 10x0;1, X, iz upis| ‘m

KoppensuronHo-perpeccionnbiii aHAM3, TPOBEIEHHbIH 1O HC-
XOMHBIM JAHHBIM PSITOB, NPHBOAKMT K CIEAYIOLIMM DE3YIbTATAM:
Y, =-2,05+0,92-x,; o =0965  r_ =00982.

Ay
Kak 6w110 noxaszauo B npumepe 1, kospduupueHt aprokop-
PEJSIIIMK TIEPBOTO NOPsKKA HO PALY PACXOAOB Ha KOHEUYHOE MO-
tpednenne 1’ =0,976. AHATOIMYHO MOSKHO paccuuTare, 4To
ko3 uumenT asrokoppensiuu [IEPBOTO TOpANKA BPEMEHHOIO
pAda COBOKYNHOro poxoma r" = 0,880 Moxuo TIPEATNOJIOKHUTE,
HTO HOJIYHCHHEIE PE3y/bTaThbl COACPHKAT NOKHYIO KOPPEALHIO
BBHTY HAIMYHA B KaXIOM M3 PSJIOB AHHEHHON MMM 6IM3KOH K
JUHEHHOH TeHueHumu. Ipumennm meton YCTPAHEHUSA TeHIeH-
HUH DO OTKIIOHEHHSIM OT Tpenaa. Pesynbrarsl paciera muneiinbx
TPEHIIOB M0 KaXIOMY M3 PAA0B HUPENCTABNCHbI B Tabn. 1.10.
Tabnuua 1.10.
Pesynbrate! pacuera napamerpos nuHeiiHbix TPEHAOB Pacxo/I0B
Ha KOHEYHOE NIOTPEOIEHHE H COBOKYITHOIO NOXOAa

Tlokasareau Pacxoast Ha xoHeuHoe COBOKYIHEIH |
_ o norpedacHue 0x01
Koucranra I _5.071428 8.035714
| Koypuurent perpeccun 1.261904 1.297619
| Cranaapraas  owmbka xo- 0.101946 0.179889
’L 3 puumerTa perpeccyu 41 A . ]
R-kBagpar 0.962315 0.896611
Hucno HabmoaeHui & 8
_Hueno creneneit ¢so60m1 1— B g_]
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ITo tpengam y, =507 +1,26-1 u x, =8,04+1,3-/ ornpe-

OenuM pacqubee 3HaveHusa ), H Xr U OTKJIQHEHUs OT TpeHJ_iOB
y, =9, ux, ~%, (tabm. 1.11).

Tabnuua 1.11
TpeHnoBas KOMIOHEHTA 1 OLIKOKA [ BPEMEHHBIX PAZIOB pac-
XOOB H& KOHEUHOE MoTpedsieH’e ¥ COBOKYIHOrO 10X0Aa

Bp(;ym’ Y * }A/f )?f Y -571 X, = 'Qz
1 7 10 6.33 9,34 0,67 0,66 |
2 8 12 7,59 10,64 0,41 1.36
3 8 11 8,85 11,94 -0.85 -0.94
4 10 12 10,11 13,24 -0.11 -1.24
5 (] 14| 1137 1454| 037|054
€ 12 13 12,63 15,84 -0,63 -0.84
7 4] 17| 1389 1704 0.1l 0,14 |
g 161 20| 1515 1844 035 1.56 |

JTpoBepuM NONyHEHHbIE OTKJIOHEHWs OT TPEHAOB Ha aBTO-
koppenswie. KoabguimenTs aBTOKOPPESLUMA IEPBOrO NOPsii-
Ka 110 OTKJIOHEHHAM OT TPEHAOB COCTAB/BIIOT:

rt =0254, r® =0129

(Clei0BATENLHO, BPEMEHHBIE PSijlbl OTKNOHEHUH OT TPEHI0B
MOYKHO MCHO/B30BATD LIS TIOMYYEHHsT KOJIMYECTBEHHOH XapaKTepH-
CTHKU TECHOTbI CBS3M WCXOMAHBIX BPEMEHHbBIX PANOB PACXOnoB HA
KkoHeuHoe noTpebnenue u obiero soxona. Kosbduipment koppe:is-
L4 110 OTKJIOHEHWAM OT TPEHZOB Iy, = 0,860 (cpaBHHTE 3TO 3Ha-

ueHH? ¢ KOA(PHUUMEHTOM KOPPEALMHM N0 UCXOAHBIM YPOBHAM D3t~
nos . = 0,982). Cssisb MEXIY PacX0/laMH HA KOHEUHOC norped.ie-

HHE i COBOKYITHBIM JOXOA0M IPsAMas U TECHas.
De3yNbTaThl NOCTPOSHUA MOJIEH PETPECCHH NO OTKIOHEHH-

M OT TPEHIIOB CHEAYIOIIHE!
KcHeTanTa
Keadduument perpeccun
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CranpaprHas owufika kos¢pduupenta perpeccun  0.11794¢

R-xBanpar 0,740116
Uncno HabmoneHuii 8
Yucno creneneil cBoboab! 6

ConeprxarenbHas unTepnperaius MapaMeTpoB 3TOH MOaeTH
3aTpyNHATENbHA, O/BAKO €C MOKHO MCIIONB30BATH ISl IPOTHO-
3uposanus. Jlist 3Toro HeoGXOAMMO onpenenUTs TPEHMI0BOE 3Ha-
HeHUe (aKTOPHOrO MpU3HAKa X, M ¢ MOMOILBIO OTHOIO U3 VETO-

OB OHEHHTDH BENWYHHY NPE/IONaraemMoro OTKIOHeHH s hakriye-
CKOTO 3Ha4eHWs OT TpeHnosoro. [lanee mo ypasHeHHIO Tpenna
A4 PE3yNbTATUBHOIO MPH3HAKA ONPENENSIOT TPEHA0BOE 3HAYe-
HHE X,, & M0 YPABHEHWIO PEIrPECCHHU M0 OTKIOHEHHSAM OT TPEHI0B

HAXOMAT BEIMYUHY OTKIOHEHMSA Y, — V,. 3aTeM HAXOAAT Touey-

HbIH POrHO3 (PAKTUUECKOTO 3HAYEHUS Y, no popmy.e
Ye =V, +(y[ ‘yz)'

Metoa nocnenoBarenbubIx pasnocreii.

B psne cnyuae BmMecto aHanmTHueckoro BbIDABHUBAHM: Bpe-
MEHHOTO PAJid C UEJIBIO YCTPAHEHUS TEHAEHUMH MOXHO MPHMEHHTD
QoJiee IPOCTOH METOI - METON NOCIEA0BATETbHBIX pasHocreii.

Ecnu Bpemennoit pan coneprxur APKO BBIPAXKEHHYIO JIEEIT-
HYIO TCHICHIIIO, €€ MOXHO YCTPAHHTD MyTeM 3aMEHbI HCXCAHbIX
YPOBHEH psifa uenHeIMH abCOMHOTHBIMU npupocTamMy (TiepBEIMH
Pa3sHOCTSIMM).

ITycre
Yy, =y, +e,, (2)
rie g, — cay4daiHas omnoka;
y,=a+b-r. (3)
Torna
A=y =y, =a+h-1+g —»(a+b-(l- 1)+3H):
=b+(s -5 —¢,, (4)
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KosdpduuueHTt b - KOHCTAHTA, KOTOpasi HE 3aBHCHT OT Bpe-
menn. TIpy HanH4MY CUTBHOM JIMHEHHON TeHNEHUMH OCTaTKH £,
JOCTATOYHO MaJibl U B COOTBETCTBHM ¢ mpeanockiikamu MHK
HoOCAT cnydadiierii xapaxrep. [IosToMy riepsbie pa3HOCTH ypOB-
Hel psma A, HE 33BUCAT OT NEPEMEHHOH BPEMEHM, HX MOMKHO
UCMOAB30BATE LIS AABHEHIIIEr0 aHAIH3a,

Eciu BpeMeHHOH psiji COASPIKUT TEHNEHLMIO B QOPME Tapa-
60rb! BTOPOTO NOPSAIKA, TO [Ulsl €€ YCTPAHEHHUST MOKHO 3aMEHHTD
MCXOHBIC YPOBHHU PsZIa HA BTOPbIE Pa3HOCTH.

ITycTs MMEET MECTO COOTHOLIEHHUE (2), O/IHAKO
P, =a+b 1+b, 17 (5)
Torna
A=y -y =atbh-t+b 1" +e -
arb G-t by -1V 45, )=
=b b, +2-b,-t+(c ~&)

Kak moka3blaeT 3TO COOTHOLIEHHE, NepBble pasHocTd Af,
HEMOCPENCTBEHHO 3aBUCAT OT (akTopa BpeMeHH [ H, Ce10Ba-
TeJIbHO, COAEPAKAT TEHUEHIIHIO.

Onpenenum BTOpPbI€ PAa3HOCTH!

T — L. h .14 e —
AN=A~-A  =b-b+2b 1+(c~¢ )
- (bl 0, +2:b, (1 -1+ (5, — ¢, )=

=2:b,+(5,-2-5_, +&_5)

(6)

(7)

OueBH/HO, 4TO BTOPbIE PA3HOCTH A’ He cojepkar TeHaeH-

LUHH, MO3TOMY [IPH HANHYHUM B MCXOIHLIX YPOBHAX TpeHAa B
dopme napaboibl BTOPOro MOPAAKA HX MOXHO HCIONIB30BATE NJIA
HagbHeHLero aHajausa. ECnu TeHeHy BPEMEHHOI0 psiia cooT-
BETCTBYET SKCIOHCHUHANBHDBIH WM CTENEHHOH TPEH, METON TG~
CJICZIOBATENbHBIX PA3HOCTEH CJACIYET MPUMEHATL HE K HCXOAHBIM
YPOBHSM Psifia, @ K UX jjorapudmam. [24]

Mpumep 2. M3ydenue 3aBUCHMOCTH PACXONIOB Ha KOHEUHOE
noTpebAeHUE OT COBOKYTTHOTO A0XO0/A 110 MEPBbIM PASHOCTAM.
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OO6partumcst BHOBb K ZAHHBIM O PACKONAX HA KOHEYHOE MO-
Tpebnenue y,, u coBOKYIHOM noxome x, (tabn. 1.12). Mpoana-
JIMSHPYEM 3aBUCHMOCTL MOKAY STHMH DSAAMH, MCIIONB3YS! JUIs
9TOrO nepBble pasHocTy (Tab. 1.12).

Tabnuua 1.12.
[TepBeIe pasHOCTH BpeMeHHBIX PANOB PACXOIOE Ha KOHEUHOe 1no-
Tp€6JICHI/Ie u COBOK:Y[IHOFO A0X0Oa

?_ ! M Xt Aty Alx
1 7 10 - -
2 8 12 ] 2
F 3 8 11 0 i
4 10 12 2 1

5 11 14 ] 2

6 12 15 1 1

7 14 17 2 2
8 16 20 2 3
Koadduumenr xoppensuun nep- -0,109 -0,156
_BOro nopsiaka ]

Pesynbratel nposepxu Bpemennnix psin03 MEPBBIX pPaA3HO-
CTeH Ha ABTOKOPPENALMIO IPUBEIEHB! B 10CHC/HEN crpoxe rtadn.
1.12. Mockonbky nonyuentmie PAABI HE COAEPIKAT aBTOKOPPEJIA-
uuH, Oy1eM HCMONB30BATE MX BMECTO HUCXOAHLIX AAHHBIX JUIS
H3MCPEHUs 3aBHCUMOCTH MEXIY PacXOAaMi H& KOHEYHOe Mo-
TPECNEHHE U COBOKYMHBIM 10XOI0M. Koo duuuent xoppemauun
9THX PsIOB MO NEPBLIM PA3HOCTAM COCTABJISIET Iya, =0.717.

DTO NOATBEPKAAET BLIBOJ O HAMMUMH TECHOf IIPAMOI CBSI3H Me-
HKAY pacxonaMu Ha KOHEUYHOE ﬂ()Tpe(S.]'leHHe H COBOKynglM HO-
XOLOM, NPUBELEHHbIH B npuMepe 1.
Hocrpoenue ypasHeHus perpeccus 3aBHCHMOCTH pacxonos

Ha KOHEUHOE NoTpeCieHHe OT COBOKYITHOTO J0X0aa [0 NePBLIMU
PasHOCTAM NMPHBEJIO K CAEAYIOLLIUM PE3YIbTATAM:

Koncranra 0676471

Kesdpbuunenr perpeccun 0,426471
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C-ralmapTHas owkOka koadduuuenTa perpeccuH 0,184967

R-xBanpar 0,515219
ucno HabnroaeHun 7
Ypcno creneHel cBOOOb 5

Taxkum oBpa3oM, ypaBHEHHE Perpeccun HMEeT BUAL.

AN
Ay=068+043-Ax; R>=05I15.

B ommune OT ypaBHEHHS PErPECCHH 10 OTKJIOHCHHM OT TPEHE,
MapamMeTpaM NaHHOTO YPaBHEHMs! JIETKO NAThb HHTCPIIPETALMIO. [Ipu
H3MSHSHHM [IPUPOCTa JOXOna Ha 1 11.€. mpupocT norpebneHus H3me-
nsiercst B cpenteM Ha 0,43 e, B Ty xe cropoHy. Hpu BCEH CBOEH Npo-
CTOTE METO;l [TOCIeNOBATENbHBIX Pa3HOCTEN MMEET Ba CYINeCTBCH-
HBIX HENOCTATKA. BO-NEPBbIX, €ro NPUMEHEHHE CBA3AHO C COKpale-
HUEM MKCIIa Tap HaOJIFOIEHHUH, O KOTOPbIM CTPOMTCS YpaBHEeHHE per-
peccMI, M, ClIeIOBATENBHO, C TIOTepeit uicna creneneii ceodonsl. Bo-
BTOPbIX, HCTOJIL30BAHUE BMECTO MCXOMHbBIX VPOBHEH BPEMEHHBIX Psi-
[I0B 1 TIPMPOCTOB WIH YCKOPEHHH NPHBOIMT K TIOTEPS uHdopmanmy,
cofepKalleHca B MCXOIHbIX IAHHBIX.

Bxmouenue B MOIENb perpeccuu Gakropa BpeMeHH.

B KOppPeALMOHHO-PErPECCHOHHOM aHAJIM3€ yCTPaHUTL BOS-
JefcTBUE Kakoro-nubo (axropa MOXKHO, €CIU 3adMKCHPOBAThH
po3aeiicTBue 3Toro (akTopa Ha pe3ynpTar M APYyrue BKJIHOHCH-
Hble B MOJeNb GakTophl. DTOT MPUEM LHPOKO HCTIONBSYETCA B
aHa/nu3e BPEMEHHBIX PANOB, KOrAA TEHACHUMS dukcupyercs ve-
pes BimoueHue (aKTopa BPEMEHH B MOZIEJL B Ka4ECTBE HE3aBH-
CUMOI MEePEMEHHOH.

Mopnens Buaa

y, =a+b x +b,1+g, (8)
OTEOCMTCS K Ipyline Mojenell, BKIOHAuHX (akrop BpeMeHH.
OuYeB AZHO, YTO UMCIO HE3ABUCHMMBIX [IEPEMEHHbIX B TAKOH MO-
fend MOXeT ObITh OoJblue efuHHLBL Kpome Toro, 310 Mory'
BbITh HE TONLKO TEKYLIHE, HO W JIArOBLIE 3HAUCHHS HE3aBHCHMOH

MepeMeHHOH, a TaKKe JIaroBble 3HAYCHUA pe3ynbTaTHBHOH Ie-
peMEHHOH.
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Ipeumyecreo nanwoii MOZEJIH IO CPABHEHHIO ¢ METORAMK
OTKJIOHEHHH OT TPEHNOB U [IOCNeNOBATENbHBIX pa3HOCTEH 3 TOM,
1TO OHA MO3BOJAET YYECTh BCIO uHpopmanmio, CONlepKALYIOCs B
MCXOIHBIX NaHHBIX, TIOCKONBKY 3HAYEHMUs Vi M X, €CTb yI0BHH
HCXOAHBIX BPEMEHHEIX PAJIOB. Kpome Toro, monens CTPOMCst TI0
BCEH COBOKYNHOCTH NaHHBIX 3a paccMaTpUBaeMBbIii NepHon B OT-
JITMME OT METONa MOCACAOBATENbHBIX Pa3HOCTEH, KOTOpBIii 1ipu-
BOJIMT K nOTepe Yucia Habmonenus. Hapamerpsi a u b moyeny ¢
BIJIOYEHNEM (akTopa Bpemenn OnpenessaroTcs oObuabIM MHK
Pacuer u MHTEPIIPETALIMIO NapaMETPOB Tokaskem Ha npumepe.

Ipumep 3. HocTpoenne monenu perpeccuu ¢ BraroucHuem
}axropa Bpemeny.

Bepuemcst x namsbmv tabn 19 Hocrpoum ypasuenne perpec-
CHH, OTHCHIBAIOLIEE 3ABUCHMOCTE PacXoLoB Ha KOHe4HOe norpedne-
HHME ¥, OT COBOKYIHOIO OX0MA X, thaxropa Bpemern. s paciera

[dpaMETPOB  yPABHEHUS perpeccun (8) Bocmoms3yemcs OOEIYHBIM
MHK. Cucrema HOPMAILHBIX ypaBHEHHE HMeeT By

Hna + b]le + /7221 = Zy,
ay’x, +bIZx,:+bzzf-x, =2 x, -y, (9
aZt+b]ZI-x, +b, Y x; =Dty

Paccqm 4B 110 HCXOOHBIM AaHHbBIM HGO6XO,ZII’IMI>IC BCJIMYUE bl, MO-
JIYUHM:
[8-a+111-4, +36-b, =86,
jlll‘a+l6]9-b, +554. b, = 1266,
(36-a+554.b +204.h, - 440,
Pewns sty CHCTEMY OTHOCHMTENbHO a, b i b2, Haxopum:

a=1.15; 5,=0,49; $,=063. Cnenosarenbho, ypaBHeHue perpec-
CHM HMeeT BUI:

Y =LI54049.x1 +0,63.7+¢,

Hnrepnperanus fapaMeTpoB 3TOro ypaBHeHus crenyioLyas.
[lapamerp 4,~0.49 X8PAKTCPHIYET, YTO NP yBeTHuCHMHH COBO-
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KyIHOTO A0Xopa Ha 1 A.€. pacxOabl Ha KOHeyHoe noTpedneHue
BO3pacTyT B CpeIHEM Ha 0,49 ne B yCHOBMAX CYHIECTBOBABIA
sewsmenHoii TennexHumn. [lapameTp b,=0.63 o3HAYaAET, ¥TO BO3-
jeficTBue Bcex (PaKTOpoB, KPOME COBOKYNHOTO JIOXO71a, Ha pacxosibl
Ha KOHe4HOe noTpedngHue MPUBEJIET K €ro CPEAHEro0BOMY abco-
motHOMY Tipupocty Ha 0,63 n.e.

1.5.3 ABTOKOppE.Isis B OCTATKAX. Kpurtepwii
JlapGuna-y 0TCOHA.

PaccMOTpHM ypaBHEHHE perpeccui Buaa

v

y,=a+y.b,x, TE, (10)

=1
rzie k — YHCIIO HE3aBUCHMBIX TIEPEMEHHBIX MOJCIH
J(ns kaxa0oro MOMEHTa (nepriosia) BpeMeHH #=1:1 3HaUEeHUE

KOMITOHEHTHI £, OTNPEAeNseTcH Kak

g =y Y an
WIn

(12)

PaccMaTpuBas NOCEHOBATEILHOCTE OCTATKOB KaK BpEMEH-
HOM psijl, MOKHO NOCTPOHTD rpadMK MX 3aBUCHMOCTH OT BPEME-
. B cOOTBETCTEMU € HPEATOCHLTKAMH MHK ocraTku &,, A0JK-

Hbl OBITb Chy4aifHbIMH (pHC. 1.8). OnHaxko ApH MOACIHPOBAHNN
BPEMEHHBIX PAZIOB HEPENKO BCTpEUaeTcs CUTyaLus, Koraa ocrar-
KH COAEPIKaT TEHACHIIO (puec. |.86) U B)) WITH UNKIHHIECKHIC KO-
nebanus (puc. 1.8 r). DTO CBUAETEIBCTBYET O TOM, HTO KakK10€
creyloliee 3HaUEHHe OCTATKOE 3aBUCITE OT MPEIIECTBYIOWMX.
B 310V cayyae rOBOPAT O HATHY1H ABTOKOPPENALHH OCTATKOB.
ABTOKOPPE/ISALMA OCTATKOB MOKET ObITh BbI3BAHA HECKOJIbRMMHU
NPUYHHAMH, HMEIOLMMH PasiiTHYEO npupony. Bo-nepsbix, HEOTIA
OHa CBS3aHA ¢ MCXOAHBIMY JIaHHLIMU 1 BbI3BAMA HASMUHEM OWIHOOK

72



y3MepeHUs B 3HAUEHNSAX PESYJIBTATHBHOTO npusHaka. Bo-BTOPLIX, B
psine CITydaes MpHIuHY ABTOKOPPENAILIH OCTATKOB CNEReT MIKaTh B
popMyIHPOBKE MOICTH.

&ﬂ‘ & A
.
.
Py »
o _o * o ® ¢ e, l . .. 1
Cl . hd ° ® .. .. R O." O .. . »
*
a) * 6)
Sy1l & 4k.
b °
o .
.
* ¢ ) o [
. ° ) '
01 o0 o _—L 0 . b . '
L4 . .." e ®
ﬂ.. . [}
68) "o 2)

Puc. 1.8. Mopen# 3aBUCUMOCTH OCTATKOB OT BPEMEL 1
Q) - CAYMAHHBIC OCTATKH, 6) - BO3pACTAIOLIAA TCHACHIMA B OCTATKAN. 4} - vOBI-
paromad TeHACHIHA B OCTaTKax: 2) - IHKJIHHECKHE KoneOaHus B OCTATKAX.

Mopeib MOXeT He BKJIIOUaTh (axTop, OKa3BLIBAIOILMH CYyL1ecT-
BeHHOE BO3ICHCTBUC HA PE3YILTAT, BIMAHHE KOTOPOTO OTPaXXaAeTCs
5 OCTATKAX, BCJIEACTBUE HErO MOC/EHUE MOryT OKa3aTht? ABTO-
koppenipoasHbiMy. OueHb 4acTo STHM haxTopom ssaseTca dak-
Top Bpemeny /. Kpome Toro, B Ka4eCTBe TaKix cymecTBeHHEIX (ak-
TOPOB MOTYT BBICTYNATh JIArOBbIC 3HAUEHMS TTEPEMEHHBIX, BKIIHO-
LCHHLIX B MOZeNb. JTHO0 MOJENb HE YUHTBIBAET HECKOIbKO BTOPO-
crenetblx PaKTOPOB, COBMECTHOE BIHAHME KOTOPBIX Ha Pe3yJIbTaT
CymeCTBeHAHO BBMIY COBINAJEHMs TEHACHIMA WX N3MEHEHI WITH
a3 LMKIMYECKHX koJiebaHuH.

7
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Ot ucTunHO 4BTOKOPPEJIALMH OCTATKOB CAENYET OTIHYaTh
CHTYALIHMH, KOTIA NPUYMHA aBTOKOPPEALIH 3aKJOYAETCS B He-
NPABHIIbHON crienudukanuu dyHKIHOHANbHON bopmbl Mopeny.
B stom cnyuae C.ICAYeT HiMEHHTL (OpMy CBS3M bakTopHLIX U
PE3YILTATUBHOTO NMPU3HAKOB, & HE HCTIONL3OBATH CreuHanbHble
METOMLI pacueTa napaMeTpoB ypaBHeHMs perpeccun npu Hajun-
MM dBTOKOPPENALHU OCTATKOB. 29, 30, 33, 37].

CywectBytor nBa HanGonee pacupocrpanenssix MeTona on-
PCACNEHNS aBTOKOPPENSLUN OCTATKOB. Ieppriit MeTox - 310 NO-
CTPOCHHUE rpadHka 3aBHCHMOCTH OCTATKOB OT BPDEMEHH U BU3Y-
ATPHOE ONpENeNCHIE HATHYUS WiTH OTCYTCTBHS aBTOKOPPENSLHH,
Bropoii meron - HCNOMR30Banue kputepns JlapGuua-Yorcona u
pacyeT BeTuYHHbI

Loy (13)

=1

Takum o6pazom, d ecrb oTHoweHMe CYMMBI KBaApaToB pas-
HOCTEH IOCIeN0BATeNbHBIX 3HAYCHIT OCTaTKOB K OCTATOHHOI
CYMME KBAIpaTOB MO MOJENM PErpeccHu, HMpaxruveckn Bo Beex
Crarucrtudeckux T 3uaueupe Kputepust JlapOuna-Yorcona
YKa3bIBaCTCA Hapsimy ¢ koapduumenTOM AETePMHHALIMH, 3Haye-
HUAMHU I- 1 F-kprTepues.

Koadpduument 4BTOKOPPEIAUMH OCTATKOB NEPBOro nopsiaka
OIPENENAETCH KaK

i (Et _'E‘TJ)'(S: 1 “%-3)
B e (14)

rne



Tak KaK &, - OCTaTKHM, TICNYYEHHBIE IO YPABHCHHIO PErpec-
CHM, TApaMeTpbl KOTOPOTO OIPENECHE o6emubiM MHEK, 10 B
coorsercreui ¢ mpeanocbuikamu MHK ux cymma n CpenHec
3Ha4YeHHe paBHbl HYJIHO! '

n
,, 2.
Za, =0, & = : (16)

n

CrieoBaTeNbHo, 063 yMEHbIICHHA OOIHOCTH MOXHO Npen-
MOJOKHUTh, HTO

& =8,=0. a7
[TpearnonoxKHM TaKKe

SUEIR AP

IR ‘ (18)

C yueroM coorHomenuii (17) u u (18) dopmyna ans pacuera
ko3hULMEHTa aBTOKOPPEISALHY OCTATKOB (14) npeobpasyercs
CHEeAYIOIHM 00pasom!

(19)

Hpeo6pa3yeM teneps Gopmyny (13) pacdera Kpurepus
ﬂap6uHa—Yorc0Ha cnegyroLiEM o0pasom:

"
2 2 AR
Z(g gtl) Zf _"ZS/'511+Z,51«1
1=2 =2
L1

C{ "’_—”__>*_ T (2())
~ 2 b Y
}_, &y P
=1 1=1
C yuerom (18) nmeem
~ " /7 n \
. ~
2.3 -2 Y6 e e
- i i il i
i 2 S T I O (2
d = - 2 . !l : 21
AP T
LTt :

.‘
[
Ve
-
£
N~



Cpasuus Beipaxenus (19) u (21), HETPYAHO BbIBECTH CJie-
NYIOI2E COOTHOIIEHHE MeKY KpHTepHEM Jlapbuna-Yorcona u
KO3(PE MUMEHTOM aBTOKOPPENALIMH OCTATKOB HEPBOIO OPAAKE'

d~2-(1-r) (22)

Taxkum odpasom, ecam B ocrarkax CYUIeCTBYET MOJIHAS MO-

JIOKHUTENIBHASA aBTOKOppensuus 1 r,” =1, to ¢=0. Eciu B ocrar-

Kax cJinas oTpuuarenbHas aBToKoppesauus, to r° = ~1 u, cie-
HOBATENBHO, (/=4. EC/H aBTOKOppPENsLMS OCTATKOB OTCYTCTBYET,
T0 7" =0 nd=2 CnenosaresnbHo,

0<d<4.

AJCOPUTM BHIABIICHHS ABTOKOPPEIISLIMH OCTATKOB HA OCHOBE
kpurepusi Japbuna-Yorcona cleay i, Beiasuraerces rumnore-
3a Hy 06 orcyrerBum asrokoppensumu ocraTkos. AJslpTepHATHB-
Hble ranoTessl A, u H, COCTOAT, COOTBETCTBEHHO, B HAMMYNM

MOJO¥UTEIbHOH MJIM OTPULIATEIbHON aBTOKOPPEALHH B OCTaT-
Kax. /lanee no crennanbubv TabnHnam (cm. NPUIOKEHUE) onpe-
ACISHOTCA KPUTHYECKHE 3HAa4eHus kpurtepust Japbuna-Yorcona
di M dy 1J1s 3a1aHHOTO YMCIa HAOIIOEeHHIT A, YHUCTIA HE3aBUCH-
MBIX HepeMBHHbIX MOIIEH k H ypOBHﬂ 3HauuMMoCcTH « . I'lo atum
3HAYCHMAM 4MCNOBOH npomexyTok [0; 4] pasbuBaroT Ha nsThH
OTpe3roB. IIpuHsTHE MM OTKNOHEHHE KAXAOH U3 THIIOTE3 C Be-
posTHOCTBIO (1-or ) paccmatpuBaercs va puc. 1.9.

Ecre nonoxi- 30Ha Her ocHo- 3ona Ecrtb oTpu-
TEAbHAA HEOoII- BAHHH OT- HE- TC.IbHAA
ABTOKOPPE.BILHA peae- KIOHATb 1, | ompe | aBTOKOPpeIsuHA
OCTATKOB. [T, OT- JEHHO- | (ABTOKOppe- | JencH OCTATKOB. F/,,
Knouserces. C Bepo- CTH Jsiunst oc- HOC- | oTRIoHsCTCH, C
STHOCTBIO TATKOB OT- TH BCPOSITHOCTBEO
P={1-a) npu- cyTersyer) P=(-a)
Hunaeres H, . MIPHHUMACTCH
H/
0 dr d, 2 ddr A4 4

Puc. " .9.MexaHu3M npoBepKY THITOTE3bI O HATMYHH aBTOKOppe-
JSLIMH OCTATKOB
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Ecnu daxtuueckoe 3nauenue kpurepus Jlapbuna-Yotcona
1ONaIaeT B 30HY HEOTNPENECNEHHOCTH, TO Ha [PAKTUKE MPENroJa-
ratoT CyUleCTBOBAHUE ABTOKOPPEISLIMH OCTATKOB M OTKJOHSIOT
runoresy Hy.

EcTb HECKONBKO CYLIECTBEHHBIX orpaHquHLm Ha [pAMeHe-
Hue kpurepus Jlapbuna-YorcoHa.

Bo-nepBbiX, OH HENPUMEHUM K MOZEJSAM, BEJIOYAKOOIMM B
Ka4eCTBE HE3aBHCHUMBIX IEPEMEHHBIX JIATOBbIE 3HAYEHUS [IEZyIlb-
TATUBHOIO MPHM3HAKA, T.€. K MOAEJAM aBroperpeccuu. [ig tec-
THPOBAHMS Ha aBTOKOPPENALHIO OCTATKOB MOZEfel aBToperpec-
CHH HCHOJb3yeTcst kpuTepuit 1 {apbuna.

Bo-Bropbix, MeToIMKa pacdera M UCNOAb30OBAHHS KPATEPHs
HapOuHa-Yorcona HanpasjieHa TOJBKO HAa BBIABICHHE aBTCKOP-
peJisiluY OCTaTKOB f1epBoro nopsaxa. Ilpu npoeepke octarkos Ha
ABTOKOPPEIAHIO onJiee BRICOKHUX TMOPAAKOB CIACAYET MPUMCHATDH
ApYrHe METOMbl, PAacCMOTPEHME KOTOPBIX BBIXOIMT 32 PAMKH
MAHHOTO YueOHHKa.

B-tperbux, kpurepuit lapbuna-YorcoHa faer 10cToBepHbIE
Pe3yNBTAaThl TOJBKO ISt OOJBIIHX BHIOOPOK.

1.5.4. OueHuBaHue NapamMeTPoOB YPABHEHUS perpec-
CHH NMPH HAJTHMYHHA aBTOKOPPEJISIIHH B OCTATIKA X

OGpatumcs BHOBL K ypaBreHuio perpeccud (1). Ipumem
HEKOTOpPBIE IONMYLIEHHS! OTHOCUTENIbHO 3TOI0 YPaBHEHUS:

* nycTte Yy, M X, HC COOEPXKAT TEHACHLMH, HanprMep,

t

NPEACTaBIAT COOOH OTKIIOHEHHS BBIPABHEHHBIX 110 TPEHIAM
3Ha4YEeHHH OT HCXOJHbIX YPOBHEH BPEMEHHbIX PALOB;

* TYCTh OUEHKH g W b TNapaMeTpoB YpPaBHEHUA PerpeccHH
Hainexs! 06bdubIM MHK;

« nyctb kpurepuii JlapOuna-Yorcona nokaszan Hanuuue
ABTOKOPPEJISILIMY B OCTATKaX MEPBOro MOPsIKa.

UToObI MOHATE, KAKOBBI MOCAEACTBUS aBTOKOPPESSILIKHH B OC-
TATKax Jid OLLEHOK 11apamMeTpoOB MOZENIH PEerpecCHH, HalieHHbIX
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oObrnbeiM MHK, nocrpoum dopManbHYIO MOMeNb, ONUCHIBAKO-
LYK aBTOKOPPEJALMIO B OCTaTKax. ABTOKOPPESALMS B OCTATKaX
NEPBOTO MOPsiiKa NPEANONAraeT, YTO KaXIbii CIeayIoIuii ypo-
BEHb OCTAaTKOB £, 3aBHUCHT OT HpeibIaywero yposus g, ,. Cne-
JOBATENBHO, CYLIECTBYET MOZENb PErpeccHH BHAA

g =c+d-g,_, +u,, (23)
TAE ¢ 1 d - IapaMeTphbl YPABHEHHS PETPECCHH.

c=¢ ~d- €. ; m (24)
Ei T8

C yuerom cooTHoweHmi (16) u (117) nomyumm:

c=0, d=55r1_ = ~ 1 (25)

rae 4% - Kod(pGULMEHT aBTOKOPPENSLUMH OCTATKOB NEPBOTO M0~

psinKa.
Taxum obpazom, umeem:
— ‘E -~ p
E =1 €., tu,, (26)

rie i, — caydaitnas ourmdka.
3ameTuM, uto 'rf' <1.

YuuteiBas cooTHowenue (26), ypasHenue (1) MoxHO nepe-
NUCATh B BULE
yo=a+b-x. +r"-g  +u, (27)

HafineHHble COOTHOIEHHS MOKA3bIBAIOT, UTO TeKyILHii ypo-
BEHb Psifia y,, 3aBHCHT HE TOJIBKO OT GaKTOPHO} repemMeHHO X,

HO H OT OCTATKOB NPEAILCCTBYHOILEND nepuona €, .

JlornycTHM, Mbl HE IPUHUMAEM BO BHUMaHHe 3Ty HHdOpMa-
LUUIO K OTIPEAENASM OLUCHKH TapameTpoB ¢ u b vpasHenus (1)
obbrubiv. MHK. Torma moxHO nokasars, uro, mosydeHHble
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ouenky Hea(GeKTUBHBI, T.€. OHH HE UMEIOT, MHHHMAIILHYIO [HC-
riepcuto. ITO MPUBORHT K YBENHMHUEHWIO CTAHIAPTHBIX OLIHOOK,
CHIDKERHMIO (PAKTHYECKUX 3HAYEHUH /KPUTEPHA U LIMPOKMM 10~
BEPUTENbHBIM MHTEpEANlaM JUls koaddunmenra perpeccnu. Ha
OCHOBE TaKHX PE3yJIbTaTOB MOXHO CAejlaTh OLOOYHBIH BLIBOI O
HEe3HAUMMOM BJMSHHM MCCIEenyeMoro Gakropa Ha pe3ynbTaT, B
TO BpeMA Kak Ha CAMOM JeI¢ ero BJMSHHE CTaTHCTHHECKH 3Ha-
uumo. [24, 35, 41, 44]

OTMmeTHM, 4TO 0pH COOMOIEHNH TNPOYHUX MPEAnOChHUIOK
MHK aBTOKOppENsLIs OCTATKOB HE BIMACT Ha CBOMCTBA COCTOSA-
TeIbHOCTH M HECMEIEHHOCTH OUEHOK [apaMeTpoB YPABHEHUS
perpeccuu o6brareiM MHK, 33 nCKimto4eHHEM MIOTIENIEH aBTOPET-
pecenn. [pumenenne MHK k MoaessiM aBTOpErpeccHn BEJET K
[OJIYYEHUIO CMEIIEHHDIX, HECOCTOATESBHbIX H nesdPexTUBHBIX
OLICHOK.

PaccMOTPHM OCHOBHOHM MOMXON K OLEHKE NapaMeTpos MO-
esii perpeccHn B Cirydae, KOrna UMeCT MECTO ABTOKOPpEIALHMS
octaTkoB. JIjist 3TOTO BHOBL OOPATHMCS K ucxomHoit moxenu (1).
Jl1st MOMEHTA BPEMEHU -1 312 MOZAENE IPUMET BH!

yo=a+b-x_ +&.,. (28)

VMmHOsKHuM 0be uacTy ypapnenys (28) Ha re

rEey = atr box - rfeg, . (29)

BrluteM MO4eHHO 13 ypasHerus (1) ypaBaenue (29)

Y, —r ey, =a-n athox, <K box,  +g -1 g, (30)

ITpoBens TOXAECTBEHHbDIC npeoGpasoBanua B (30), uMeeM:

=iy =a- Qi) b X ) E 1 g GD)

I
v =a' +box;+u,. (32)
B gopmyne (32):
A R R U (33)
X! =x, -1 X, (34)
W, =&, -k €, (35)



a'=a-(1-r"). (36)

Hockonbxy u, - cnyuaiinas OlHOKA, TO IS OLEHKH mMapa-
METPO3 ypasHEeHHs (32) MOXHO IPUMEHATH 06bI9HbIH MHK

Hrak, ecau ocratku no HCXOZHOMY YDABHEHUIO PErpeccHH
CONCPIKAT aBTOKOPPENALMIO, TO [ OLEHKU napameTpoB ypas-
HEHISE uenonb3yror obobmennsii MHK. s ero peanusanuu
HEOOXOMUMO BBINOJIHATD CIEAYIOLIHE YCIOBUS,

1. TlpeoOpazosaTe ucxommbie NIEPEMEHHBIE V; M X; K BHAY
(33) u (34).

2. llpumenus o6brampii MHK ypaBHeHuto (32), onpene-
JIMTH CUCHKH NapaMeTpos a’ u b .

3. Paccumrare [apamerp a HCXOIHOTO YPaBHEHHA M3 COOT-
Houerus (36) xak

a=al(1-r"). (37)

4. Boinucats ucxoatoe ypaBHenue (1).

O6obiennniii Meton HaUMEHbLIHX KB3APATOB aHANOTHYEH
METOAY MOCNEN0BATENBHBIX pasHOCTeH. OQHAKO MbI BBIYMTACM
U3 y: (AN X;) HE BCe 3HAYEHMe NPEABIAYIIEre YPOBHS yr.y (MK X;.
1), & HeKOTOPYIO ero oMo Wy nt x| Eomn rf =1,
IAHHBIH METO]T €CTh MPOCTO METO/I MEPBbIX PAZHOCTEH, TaK Kak

Y=YV (38)
7
X; =X, =X, (39)

Hostomy B cnyuae, ecnn smauenue kpurepus [{apOuna-
Yorcona 6nmsko k Hymo, MPUMEHEHHE MEeTOAA NepPBbIX Pa3HO-
CTeF BOJiIHe 0O0CHOBAHHO. Fcnu 1 =-1, T.e. B OCTaTKaX Ha-
Omonaercs nonnas OTpHUaTENbHAA aBTOKOPPENAUHUA, TO M3I0-
KEHHEIH BbllIE MeTOx MOIMGHIMPYETCS CReRYIOLHM obpazom:

VRV =Dy =y, (40)
AHanoru4uo

x,':xl~(—])-x,]:x,,+x,7,:, (41)
TIMockonbky
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a=a-(1-r)=2-a. (42)
HMEeeM:

Yoty =2at+h-(x, +x_)+tu. (43)
~ CnenoaresibHO,
b, +y. )2=a+b-(x +x,_)/2+u /2. 49

B cywmHocTH, B Mojiesnu (44) Mbl ONPENENsIeM CPEIHUE 34 OBA
epyoAa YPOBHHU KAXKIOrO Psifa, a 3aTEM M0 NOJIyYEHHBIM YCpen-
HeHHBLIM ypoBHAM 00braHEIM MHK paccunThiBaeM napamesTphbl d
u b. JlaHHast MOJENb HA3bIBAETCS MOMENBIO PETPECCHHU MO CKOJIb-
3SIIUM CPEJIHUM.

OcnoBnas rnpodiema, CBsi3aHHas C NMPUMEHEHHEM NAHHOTO
METO/Ia, 3aKJI0YaEeTCs B TOM, KaK MoJAy4uTh oueHky 7" . Cymect-
BYET MHOXECTBO CIIOCOOOB OLICHHTH YHCIEHHOE 3HAYEHHE KO3(-
dHLHeHTa aBTOKOPPEISIKHKM OCTaTKOB NepBoro nopsiaka. ()nxako
OCHOBHBLIMH CNOCOOAMH SIBIISIFOTCS OlIEHKA 3TOr0 Ko3dduinenta
HENOCPENCTBEHHO T10 OCTaTKaM, MOMYyYEHHbIM [0 HCXCIHOMY
YPABHEHHIO PErpeccHH, M MOJyuyeHHe ero MPHOAMIKEHHOIO 3Ha-
YeHUA M3 COOTHOLIEHHs MEXIY KOIDULIHEHTOM aBTOKOpPpesis-
HUH  OCTATKOB TEPBOrO mnopsnaka M kpurepueM JlapOuHa-
Vorcona: " =1-d /2.

1.5.5. AxanTuBHbIE MO, I MPOTHO3UPOBAHMSI

AnanruBHAasi MOJEJIb NPOTHO3HPOBaHHUsi bpayna.

XapaxkTepHOH 4epTOi afanTUBHBIX METOMOB NPOrHO3ULOBA-
HUS SIBJISIETCA MX CMIOCOOHOCTb HEHPEPBIBHO YUHTLIBATH HBOJIIO-
MK  AMHAMHYECKHX XapPaKTePUCTUK H3Y4aeMbIX [TPOLECCOB,
MPHUCNOCAOIHBAIOIIMXCS O 3TY 3BOJIOLMIO, NPHAaBas OO NbIIHH
BEC TEM 3HAYEHHSM, KOTOpPbIE OJIHXKE K TEKYILLIEMY MOMEHTY Npo-
IHO3MPOBAHMS. o

Bce apganTuBHBIE METOAbI XOPOLIO BOCHPOH3BOIAAT I1JIABHO
H3MEHSIOHNECA 3HAYCHWA BPEMEHHOIO Psila U TUI0X0: annpoKCH-
MHPYIOT PE3KO H3MEHSIIOLLHEC JaHHbie U BbIOpPOCHl. ANIPOKCH-
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MHPOBaHHbIH BPEMEHHOH Pl C MOMOLIBIO ALAIITHBHBIX METOHOB
MOBTOPSAET PE3KO H3MEHSICLIMECS JJAHHBIE, HO CABMHYTBLIMH BO
BPEMEHH HA OJHY [aTy, YTO 3HAYHUTEIHHO YXYAIIAET KAYECTBO
MOJCIN. 10 HETaTUBHOE CBOHCTBO aganTuBHbBIX METOIOB npo-
THO3HMPOBAaHUA CHEAYET YYuThIBATh Tipy noxdope kosdduumes-
TOB CrNaXXHBaHWS.

DKCMIOHEHLHMANIBHO B3BELIEHHOE CPEIHEee 3HAUEHUE BbIUMC-

JsieTest o popmyie

L =AY, +(-1)Z,,,
(obocrosanue Gopmyasl cM. B pasjene - MeTon IKCOHEHIH-
aJIbHOTO CKOJb3:Amero cpearero (Merox Bpayna)).

Ecmu B xadectse "HamBHOrO" nporHosa npuHsSTH CIIeayro-
IMHH anropuT™: "MPOTHO3 CHPOCA HAa HEKOTOPHIiT TOBap B cre-
AYIOUIEM MECALE PaBeH CIIPOCY Ha TOBap B 3TOM Mecsue", To
MOXHO YTBEDPXKAATh CIAENYHIIee. NMPOrHO3 BPEMEHHOrO pana Ha
naty f+1 paBeH SKCHNOHEHLMANBHON B3BEIIEHHOI cpejHel Ha
MOMEHT BpeMeHH {. B COOTBETCTBHH C 9THM U NPH YCIOBHH, UTO

Y.=a, +e,
A€ )y - HEM3BECTHbIM MapaMeTp, He 3aBUCAIUME OT BpeMeHH;

€; - CIy4aiHbIH OCTATOK CO CPEAHHMM, PaBHBLIM HYJK, U KO-
HEYHOH JOUCHEepPCUEH, afallTUBHAS MOJENb MPOIHO3UPOBAHUS
Bpayna umeer crenviowuit sux

O N,=2Z = AV, + (-2, =AY, +(1- DIT,;

IT,,, =TI, + A(Y, - 11,),
rae Iy - Iporto3 BpeMesHoro psiga Ha VOMEHT BpeMeHH /+1

Zi - OKCNOHEHLMOHAJILHO B3BCLIEHHOE CPEAHEE HA MOMEHT
BPEMEHH [,

Yy - TI; - ownfka nparuosa;

II; - mepBOe NporHo3HOE 3HaveHHe onpenenseTes SKCTepT-
HBIM CIIOCODOM, PACCHMTBIBAIOT €10 ¢ MOMOILLK) PErPECCHOHHONO
aHaIN3a WM CYUTAIOT PABHBIM TIEPBOMY 3HAYEHUK) BPEMEHHOI'O
psina;

A - koadduunenT craaxusanus
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AnanTHBHbI MeTon nporHo3upoBanus Bpayna obnagaer
CHEYIOIIUMH CBOACTRAMM: '

e JUIS TIOCTPOEHHUS MPOTHO3a T© IKCIIOHEHIMATBbHC B3BE-
IEHHOMY CpenHeMy Heo0XO0aMMO 3HaTh TCJLKO HadalbHYHo
OLIEHKY MPOTHO3a, [ld;1bHeluiee IPOrHO3UPOBaHHEe BOSMOXKHO MO
MNOCTYIJIEHUM CBEKHMX NAHHBIX, ‘

¢ B AKCMOHEHUMAJIHLHO B3BCINEHHOM CPEAHEM 3HA4YCHMS Be-
coB yOBIBAIOT CO BPEMEHEM, MOITOMY 31€Ch HET TOUKH, HA KOTO-
poii Beca OOPEIBAIOTCS,

« yeMm OoJibUIe A, TEM BBHIIE YUYBCTBHTELBHOCTE CPENHETO;
yeM MeHblie A, TeM yCTOHYHBEE CTAHOBUTCA SKCIOHEHUMAILHO
B3BCLICHHOE CPEHEE,

o u3MeHss x03Q@UUHEHT A, MOKHO HAWTH €ro ONTHMalb-
HOe 3HAMEHHE NO TpU3HaKy omubKH Monend. ECin onTuManbHOe
spauenve 0< A <03, TO BPEMEHHOI1 Pl ABAAETCS CTalHOHAp-
Hbim, eciu 12 A > 03, TO BPEMEHHOU Psii ABJIAETCA HECTAIMO-
HAPHBIM U CJIEYeT NEPEATH K MOIENAM, yIHUTHIBAIOLIMM TCHACH-
1HK- BPEMEHHOTO Psiia,

* TIPOrHO3bl, OCHOBAHHBI¢ Ha IKCIIOHEHLIMANbHO B3BELICH-
HOM CPE/IHEM XOPOIID BOCHPOM3BOAAT I'IaJIKKE BPEMEHHbIE Ps-
Jlbl, HO OYEHB TUIOXO BOCIPOU3BOIAT BHIOPOCHI;

* ecJIM BPEMEHHOH Psill MMEET JIMHEHHYIO TeHACHLIMIO POCTa,
TO DKCMOHEHLMaNbHAadA CPENHSS NPHBOAMT K CMELIEHHBbIM MpO-
rHO3aM.

AJANTUBHAS MOJE/b POrHO3HPOBAHKS NO0IbTA.

JKCHOHEHUUANbHAs CPEIHsis MPUBOIUT K CMELUEHHBIM TpOo-
FHO3aM, T.€. AaeT CHCTEMATHYECKyHO OWHOKY, KOraa BpeMeHHOH
Sl MMEET TEHIEHLUMIO NuHelinoro pocra. [ls 3Toro cAay4ast pas-
paboTaHO HECKC/bKO BaPHAHTOB aAalTUBHBIX MoneneH, Takxe
MCIOAB3YIOLIMX MPOLEAYPY IKCOOHEHIHMANBHOIO CrIXHBAHUA.
B ocuoBe MOzeIeH JIKHUT IHNOTE3a O TOM, HTO NPOrHO3 MOXKET
OBITH TTOJYUEH 110 YPABHEHHIO

I, =a,, + da, ,,



rne a,,, a, - Tekywmme oueHkn ko3hPHULMEHTOB ananTUBHOTO

NOJIMHOMA NEPBOTO MOPSAKA;

d - rny6uHa nporxosa.

Cimoii m3 nepBeIX MOzeNeit 3TOro Tuna Gbuta AByXIApaMeT-
pudeckas moziens H.Xonbra, B KOTOPO# Olletka k03GHHILMEHTOB
TIPOU3BOAHTCA CAEAYIOLNM 00pPa3oM:

Hpk =a,, +al‘[;

a,, =AY, +(1-A Xa,, , + a, )=A4Y, +(1- ) ;
a, = 2‘2 (ao.e —dy, ) + (1 - /13 \al.z—»l )
rae J,, A, - napaMerpsl SKCIIOHEHIMATLHOTO CIIaKHBAHUS
(0<4,, 4, <1). "
O‘nfnwlajnbﬂoe 3HAYCHHE MAPaMerpoB /,, A, MOXHO omnpe-

AENNTb [0 MUHUMATBHO! OLUMbKe MONEH.

ApanTueHbIe  Mogeau nporuosuposanusi  bokca-
HxeHKkuHca.

Ecnu monens Xosbra ycosepuencrsosats MyTEM BKJIKOUE-
HUA PASHOCTH OIMOOK, TO MOJYYUTCS HOJNHAS TPEXTIApaMeTpH-
ueckast mozens JIx. bokca u I'. JhxenkuHca:

HH»I = a(),r + al,t;
dy, = AY, +(1- 4 Na,, , + a, )+ A(e, —e,. ),
a, =4,(a,, - a,, )+ (-4, ay, .

rae 4,,4,,4, - mapamerpel 3KCIOHEHLMAALHOIO CrAKMBARMHS
(0<4,. 4.4, <)

AANTHBHbIE MOETH IIPOrHO3HPOBANUSE YHHTepCa
Monenb XonbTa Obita passuta YuHTEpCOM Tak, 4ToGbl OHa
OXBAThHIBAJA TIOMHMO JIMHEMHOTIO TPEHAA elle M Ce30HHble (-
(exre. [IporHo3, cnenaHHblii B MOMENT 7° Ha k TAKTOB BPEMEHH
BIEPE;], PABEH:
Il,., =(a

f+x

+ka )+w

Ot k-1

rae w,, . , - KO3hPHUUHEHT CE30HHOCTH,

84



I'- 44CNC BPEMEHHBIX TAKTOB, CONEPKATIMXCA B MOTHOM ce-
30HHOM UMKJIE (MU MECHHHBIX JaHHBIX 1=12).
Mogens Yuntepca conepskur rpi flapaMeTpa CriaakKuBaHus

Ay, A, (0<A, 4, 4, < 1),
Kosppuumenrsr momenu Bemuwmcasiores no CIEAYIOIUM
dopmynam:

, Y o
Ay, = /ll ——+ (i A )(an.t~1 +a, | );
=T
¥y
wo=Ad "+ (1-A)w, .
S ay, ‘

al,z = L3 (au,r - aa‘:--—l ) + (I - /13 )al,H .

ARAaNTHBHAA ANTUTHBHASN MO01eb ce3oHHOocTH Telijia-
Beiioka. '

[peanonoxum, 4To HexonHbId BPEeMEHHOH psia Obut rpeotd-
pa3oBaH Tak, yToObl €r0 MOMKHO aANpOKCUMUPOBAThL aAJIUTUBHON
MOJIEJIBIO:

Y, =a,, +w +8;

Aoy =y +aty,,
TAC a,, - yPOBEHb IPOLIECCA MOC/E BLIAEIEHHS CE30HHBIX KOJIe-
OaHuii;

@, - AANMTUBHBLIA KO3 dHuKMeHT pocTa;

Wi~ AIIMUTHBHBIA KO3 ULIMEHT CE30HHOCTHA;

O, - Oenbiii wym.

IIporHos, cnenanubiii Ha MOMEHT 1 Ha k BPDEMEHHBIX TaKTOB
BICPEN, BBIMMCIACTCS MO Cenyrouei Gopmyane;

I, =a, +ka, +w

o Flg vy, + A, -T1));
LTy Ay A ALY =TT
wo=w o +(1=A4)+ A(F, - 11,);

!

trk=-T
rae «

a
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A, Ay, A, (0<A, A,. A, <1). - mapameTpbl alanTalmy,
#=1 - rnyOuHa NMporHo3a;
[" - 9HUCIIO BPEMEHHbIX TAKTOB, COJEPKALINXCA B [IOTHOM CE-

30HHOM LIHKJIC.

DN et

[o%)

9.

KouTpoabHbI€ BONPOCHI.

. Tlepeuncnute OCHOBHBIE JNIEMEHTHI BPEMEHHOTO pAia.
. U0 TaKoe aBTOKOPpENSILIMS YPOBHEH BPEMEHHOTO Psifia U Kak

€€ MOJKHO OLICHHUTDL KOJIMHECTBEHHO?

. JlaiiTe onpe/iesieHue aBTOKOPPEALMOHHOH PYHKIMH BpemeH-

HOro Psiia.
[epeunciure OCHOBHBIE BUIbI TPEHAOB.

. Kaxosa vaTepnperauus napaMeTpoB JIMHEHHOIO W DKCIOHEH-

LHATBHOIO TPEHIOB?

. Bumuuiure o0yl BUj MyanHmmKaTnBHoﬁ 1 ajyIMTUBHOU

MOJIEJIK BPEMEHHOrO Psia.

. Hepeqmﬂme 3Tallbl 1MOCTPOCHMA My.Hle/IHJIHKaTHBHOﬁ H an-

N¥'THBHOW MOJieNiedl BpEMEHHOTO pAna.

. C kaxpuMH UeIsIMu NpOBOIATCA BbISBJIEHHE MU YCTPAHEHHME ce-

sonHoro sthdexra?
Kak CTpyKTypHblE HW3MEHEHUsS BJIHMAIOT Ha TEHACHLMIO Bpe-
MEHHOTO psina’?

10. Kakue TecThl MCNOJIb3YIOT A NPOBEPKH TUIIOTE3b! O CTPYK-

TYPHOM CTAOMILHOCTH BPEMEHHOIO Psiia’?

11. Kakosa kouuernuus tecra Hoy?
12. Vizaoxure cyts Merona I'yuxapatu. B deM ero npeumylle-

creo nepexn tectom Hoy?
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T'JIABA 2. IPUMEHEHUE METO/IA
HANMEHBIIUX KBAJAPATOB
K OBPABOTKE DKOHOMUYECKOM
NMHPOPMAIINUN

2.1. Ooaue 3ameyanus

Cpem MHOXECTBA METOJOB, CO3JAHHBIX CTATMCTUKON il odpa-
OOTKM pasIHUHbIX HKCIEPUMEHTATBbHBIX JIAHHbIX, HAHOONBIIEE PACITPO-
CTpaHeHHE TIOJTYHIT METOJ HAHMEHBIIHX KBAPATOB B CIUTY CPABHUTZITH-
HOU MPOCTOTBI BLIMHCIMTEILHBIX [IPOLIEAYD, PEATM3YEMBIX C MONOLIBIO
OBM. B colmaibHO-3KOHOMMUECKON CTATHCTUKE B OCHOBHOM KIITONh-
3y10TCst O(ULIMANbHbIE JAHHbIE TOCYAPCTBEHHON CTATHUCTHKY, NaHHBIE
MUHMCTEPCTB M BEIOMCTB, XapaKTePH3YIOLIHE PA3BHUTHE HAPOMHCTO XO-
351CTBA, €r0 OTpacnel, KyJsTypbl, 30paBooXpaHenus U 1.0, MHorra cun-
TaIOT, YTO TOJYUEHHBIE CTATUCTHHECKUE IaHHBIE HECYT B cede HETOUHO-
CTH, CBSI3aHHbIE C METOIOJIOTHEN HCUMCIIEHHST CUHTETHYECKHX TIOka3aTe-
Niel, TAKMX, KaK MPOM3BOIMTEIBHOCTD TPy, peHTadensHocts U 1.4, Ho
3TH HETOYHOCTH HUKOMM OOpa3OM HE OTPaKAOTCs Ha PesyJIbTariX, ro-
CKOJIbKY METOOJIOMUST HCHHCIIEHHMS 3THX ToKasaresiel siefstercs ofine-
TIPUHSITOM.

OTH HETOYHOCTH MOKHO Ha3BaTh OWIMOKAMM YIIPOL.EHHS.
BO3HHKAIOT OHYU KaK CREACTBHE TAKHX NPUYHH!

1. MbICIEHHON OCTAHOBKH HEMPEPBIBHOTO NPOLIECCa MPOM3BOJI-
CTBa, ero GOPMAIM3ALHH B TUCKPETHBIE MOMEHTbI BPEMEHH,

2. HenonHoThl 0XBara, MOTOMY YTO MHOIHA 4acTh €IMHML
M3y4uaeMOH COBOKYMHOCTH MO TEM WJIM UHBIM NPUYHHAM HE MO-
keT ObITh BKJIIOYEHA B MccienoBaHde. Hampumep, npu aHanuse
paboThl NMPEANPUATHI 4ACTO HMCKJIKOYAXOTCS MPeANpUSTHS, TPO-
paboTaBLIHE HEMOJIHbIH IO, UCMOIL3YIOUIHE HMIIOPTHOE 0OCPY-
NOBaHNUE U T. 1T,

3. HemnojHoTtel yuera (akropos, BO3AEHCTBYHOIMX 4a TO
1AM HHOE COLMANbHO-3KOHOMHYECKOE siBAeHWe. DTH OLIHOKM
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BO3HHKAIOT MOTOMY, YTO HU B OJHO YPaBHCHHE, HH B OAHY MO-
Aeb Heb3s BKIMIOMUTL OeCKOHEWHOE Yuciio GakTOpHBIX NpH3HAa-
KOB; OOBbI4HO OTGMPAETCS TOJIBKO YaCTh MX, PHHEM PaKTHYECKU
OTOOp HOCHT YHCTO CyOBEKTHBHBIIA XapaKTep.

4. B cuny xapaktepa BbIOPAHHOTO vpaBHenus cBsisu. Kak Obl
XOpOLIO YpaBHEHHE HHU OBIO OOOCHOBAHO, KaK Obl TEOPETHYECKH
AACKBATHO HH ONMCHIBAJIO UCCIISAYEMOE SIBJIEHHE, OHO HE MOXET
OBITh €r0 TOMHEIM AHAJIOTOM.

JIxo0yI0 CTATHCTHYECKYIO COBOKYTIHOCTD, ITOMYHEHHYIO B Pe3y/ib-
TaTe HaOJIOMEHNS, CTIOIIHOTO MM BBIGOPOYHOTO, IPEKIE HEM obpa-
0oTaTh METONOM HAMMEHBLIMX KBAIPATOB, HEOGXOIMMO npenBapy-
TENEHO TEOPETUMECKH NPOAHANTM3HpPOBaTh. IIpenBapyTesbHbIA Teope-
THYECKHH aHAJTM3 TNIPENCTARISIEY MCCIENIOFAHHE HCXOIHBIX JAHHBIX U
AOJDKEH PacKpbITh BHYTPHUCHCTEMHOE CONEPXAHUE COBOKYTIHOCTH.
Taxol BHYTPHCHCTEMHBIH AHAMM3 BKTIOYAST KAYECTBEHHOE U KOJIHYC-
CTBEHHOE OTIHCAHME COBOKYITHOCTH.

JKOHOMMCT MIIH COLMONOT, KOTOPhI MCIOME3YET METOA Hau-
MEHBUIMX KBAAPATOB [T dHAITH34 COLMANIbHO-IKOHOMMYECKUX ABJIe-
HU ¥ IPOLIECCOB, [IOJDKEH YyUHTHIBATh, YTO MPHMEHSET HTOT METON
AN UCCNIENOBAHMA PEANbHBIX CTATHCTUYECKHX HAHHBIX, T.€. peab-
HBIX K29YECTBEHHO OIPENENCHHbIX MOKA3ATeNeH, BbIPAKAIOUIHX pe-
anbEble 00bEMb] NPOM3BOLCTBA, PEATH3AIMM, 3aTPAT U T.A., a CIEI0-
BATE.IbHO, H PEILHO CYLIECTBYFOLUHE NPONOPUMH H CBS3H.

Takum 00pasoM, IPUMEHSA METON HAMMEHBIBHX KBAAPATOB U1
00paloTKH IAHHBIX COLMATEHO-3KOHOMHUMECKOH CTATUCTUKH, BCErd
CJCLYCT NOMHMTD O IBYX CTOPOHAX, BLIPAXKAIOIUHX CYIHOCTb CTATH-
CTHYECKUX TMOKa3aTeNIed: KAUeCTBEHHOM H KOJIHYECTBEHHOM,

2.2. KauecTBeHHOE onMCcaHHe COBOKYNHOCTH
AAHHBIX

Ecnn 00pabotke noeepraeTcs COBOKYMHOCTH CTATHCTHYE-
CKHX IaHHBIX, MOJYYEHHBIX 0€3 yJYacTHs MCCIeNOBaTeNs, TO B
OTACJLHBIX CTY4asX HEOOXOAMMA X KpHTHYECKas oueHka. Kpn-
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THYECKas OUEHKA HAYMHAETCA C BBIACHEHUs, KEM M KOT/Ja HOJy-
4E€HbI HCXOAHBIE JAHHEIE, KAKUE MaTepHasibl MPECTaBIEHbI: 1ep-
BUYHbLIE WIIM BTOPHUHbIE, pacuernbie, obobmatomune? CaMpiMu
HANIe)KHbIMH ABJSIIOTCA [@HHBIE TFOCYHAPCTBEHHOM CTATHCTHKH,
nyOsdKyeMble B CTATHCTHUECKHX COOpPHHKAX, B NEPHOIHYECKOM
neuatd (00 MTOrax BRINOJHEHMS TOCYNAPCTBEHHBIX INNAHOB CO-
LUMAILHOTO K 2KOHOMMHYECKOTO PasBUTHA, MO peE3yNbTaTaM pas-
JIYHBIX ¢IHHOBPEMEHHEIX YIETOB, NePeruceil ¥ ap.).

JlaHble MHOTOYMCIEHHBIX COLHOJIOTHUECKUX UCCIELOBa-
HUHA HEOOXOIMMO MposepsAT: 0COOeHHO TIaTelbHO. Eciu B Hc-
CJIEI0BAHUH HCTIONB3YIOTCS IaHHBIE HE TNPOBEPEHHbIE CTaTHCTH-
KO, TO OHH JIOJDKHBI MOJBEPTATHCS 0OA3aTENBHO KPUTUYECKOH
OUEHKE, ITPH 3TOM HEOOXOIMMO, €C/TH 3TO BO3MOXHO, BBISICHUTH
HOJHOTY OXBaTa, KAYeCTBO, AOCTOBEPHOCTD, NPHUIOAHOCTSL HX IS
uesnet HUCCIIEOOBAHMSA, HCTANIBHO TNPOAHANU3HPOBATh BECE apo-
HECC TMOJyYeHHs NCXOMHbIX JAaHHBIX, T.€. O3HAKOMHUTBLCA C NPO-
rpaMMoOil HaOMIOZEHUs!, OpraHu3auued, BUAOM K cnocodom Ha-
OIIOEHHs, YCTAHOBUTD PEIIPE3EHTATHBHOCTE TaHHBIX, OINpeje-
JUTHE BEJIMYHHY OHII/IORH HTH.

Kpuruueckas OLUeHKA MCXOIHLIX NAHHBIX BKJIHOYAET TAKXKE
OLEHKY KaXIOTO 3JIEMEHTA COBOKYITHOCTH C TOYKH 3PEHHS COOT-
BETCTBUA €0 NOHATHIKY CIIHMHWILLI Ha6ﬂ}0,£leHIdﬂ.

bosapioe 3HaYeHME ;1A NOCHEAyIOen ycreurHoi obpabor-
KH JAHHBIX UMEET YCTAHOBJIEHHE OAHOPOJHOCTH, OXHOTHUNHOCTH
€IMHUL, BXOSIUIMX B HCCIAEHYEMYI0 COBOKYIHOCTb. Cocras uc-
XOJHOH COBOKYIIHOCTH MOXKET OBITh TOMOI€HHBIM, T.€. COAEPKATh
OJIHOTUNHBIE €IMHULL, H TETEPOTEHHbM, T.€. COAEPKATb Pa3HOTHII-
Hble emHULIbL. TIoHsITHE OIHOPCAHOCTb O3HAUYaET ONH30CTH OCHOB-
HOI'O CBONCTBA, KAUECTBA €UHUILL COBOKYITHOCTH, MX THITUYHOCTD.

OnHopoaHOCTb enuHULl GOPMUPYETCS 10X BO3LEHCTBHREM
BHYTPEHHHX MPUYMH W ycnosui. ONIMHAKOBbIE M1 BCEX €IHHULL
COBOKYMHOCTH TMPHYHHBI H YCIOBUA CYILECTBOEAHMS CO3MAKT 10
obutee, 4TO0 00BEIUHACT E€IHHHIBI COBOKYMHOCTH, HO 3TH IXKe



TPUYMHBL M YCIOBHSA QOPMYIHUPYIOT MX CYLIHOCTb, T.€. TO, 4TO
OTJAHUYACT OLHY €UHULY COBOKYMHOCTH OT APYTOi.
O6s3aTenbHBIM YCJIOBMEM CyIIECTBOBAHUS CTATHCTHHECKOL
COBOLYTIHCCTH SIBJISIETCS HAJIUYHE BapHaliiu IpyU3HakKa y €IUHNALL
COBOFYNHOCTH. Bapualus - 3TO KOJMYECTBEHHOE W3MEHEHHE
npu3Haka. Bapuauus nossisiercsi non Bo3AeiiCTBHEM Clly4aiiHbIX,
OpeX/1e BCEro BHEUIHUX MPHYMH. JTO, HAnpumep, KoiaeOaHus
pasmepa U Beca neraneidl npu o6paboTke Ha CTaHKe, KOnedaHus
YPCBHA YPOXKaHHOCTH CEJIbCKOXO3HMCTBEHHBIX KYAbTYP HA OT-
AeNbEBIX y4acTKax (Tabm. 2.1).
Tabnuna 2.1.

Y'poxkalHOCTB puca, 11 ¢ ra Yucno yqacTkon
Ho 20 2
20-30 14
30-35 14
35-40 20
40-45 23
45-50 15
50 4 BbilLE ' 12
L Wroro 100
[puumns, NOPOXKAAOUIHE BapPHaLHIO COLtMaJIbHO~

IKOHCMHYECKHX ABJIEHHH, OYEHb CIIOXKHBI H MHOro00OpasHbl. OHu
N€¥AT B KOPEHHBIX OCOOEHHOCTSIX UCCIENYEMOrO BICHUS, B €r0
CYWHOCTH, B €r0 COUMAIbHO-3KOHOMHUYECKO MPHHAIEKHOCTH.
Ierecoobpastas nesTenbHOCT Moael, 0OLEAHHEHHBIX B KOJI-
JIEKTHUBBL, IO/l BIIMSIHHEM CaMbIX Pa3HOOOPa2HbIX (aKTOPOB CO3-
JactT BapuaLMIO YPOBHs AOXO0JA, peHTadenbHOCTH NMPOU3BOACTRA
NPOAYKLHH H T.I.. B 3TUX KoJulekTuBax. Jlns npumepa npuseiem
TPYTIUPOBKY (PEPMEPCKUX XO3AHCTB MO pasMepy BajOBOTO J0-
xoaa 1a 100 ra naurnuu B 2005 v (TaGn. 2.2) ¥ CPYNNHUPOBKY Ma-
AbIX. TIPOMBIUIIEHHBIX NPEANPUATHII No 00BeMy BaOBOH Npo-
aykuyu 3a 2004 r. (taba. 2.3).
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Tabnura 2.2.

Yucno bepmepckix
XO35HCTB, B MPOLEHTAX
K UTOTY

Bceero gepMepckux x03siicTs 100

M3 Hux depmepoB, uMeOLIMX BaJIO-

BOH joxoa B pacuere Ha 100 ra

MAITHU:

10 1 MaH. cym 1.0

CBbilIe 1 10 5 MJIH. CyMm 4.2

cebimme 5 10 10 MaH. cym 12,9

cebiwie 10 go 15 mnH. cym 135

cebie 15 no 20 MaH. cym 12,0

ceblue 20 o 30 MiH. cym 19,3

cebinie 30 o 40 miH. cym 2,7

cBoine 40 MIIH. cyMm 24.4

CouuanpHO-3KOHOMUYECKHE SIBICHHS, KaK npaBwio, obia-
HarT OONbWOH BapHaler. ITo, HAMPHMEp, YMCIEHHOCTL Pabo-
TAKOUIUX HA MPEANPHATUAX B MPEAeSiaX OTPACIH, NMOTOJI0BbE CKO-
Ta B Mpejesiax COBXO30B OAHOTO HaNpPaBJEHHs.

Ecnu wccnenywotes pesynbrarThl UeNeHanpaBAeHHOH Yeno-
BEUCCKOH JESTENbHOCTH, TO BapHalus OyleT OTpakaTb BMelna-
TEbCTBO MHOTOYMCICHHbBIX HApyWAalmUX (akTopos, MNpapoay
KOTOPBIX B OT/EJIbHBIX CJIyH4asiX HEBO3MOXHO YCTAHOBUTb.

Hanprmep, B pacnpenenesuu ropooB pecrnydnuku no 4uc-
Jy skurTenei va susapb 2004 1. (M. Tabn. 2.4) sapuauys cKnambi-
BACTCS OA BJIHSAHHEM 0OJLIIOrO 4HCHa HaKTOpOB: HCTOpHHUE-
CKMX, reorpa@Huyeckux, IKOHOMHUYECKMX, COUMATbHBIX H MHCIKE-
CTBa APYIHX, CYUIHOCTh KOTOPbIX HE BCEr/ia YIAEeTCsl BLISBUTS.

Onnaxo BO BCEX CoTyyasx BAPHALMIO CJIEAYET HU3YYaTh U H3Me-
PATh, NOCKONBKY NOKA3aTe/H BAPHALMH NAKOT HE MEHEE BaXKHYIO HH-
opmarnro, Hem Apyrue HokasaTenu, B YaCTHOCTH CPEHSISt BEJIMUM-
Ha. Ilokasarenu BapuauMM NMokKasbIBAIOT, KAK IPYNMMPYIOTCS 3HAYE-
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Hust TIPU3HAKA BOKPYT CpeHel. OHH HCTIONL3YIOTCS JUISt XapaKTepy-
CTHKH YIIOPAHOYEHHBIX CTATUCTHYECKUX COBOKYMHOCTEH, Ipynnupo-
BOK, KIAaCCM(HUKALHH, pANOB pacipeaeneHyii,

TatGnmuna 2.3

— UYucno Maabix npen-
NPUATHH, B NPOLEHTAX
K UTOTY
[pennpusATus, cocrosmue Ha ca- 100
MOCTOSATEJIbHOM DantaHce
B TOM 4YuCle ¢ 00BEMOM BAJIOBOU
TIPOAYKLHH, THIC. CYM:
1o 1000 6,0
1001-5000 13,1
5001-10000 12,5
10001-20000 36,8
20001-30000 12,9
30000-50000 14,5
50001-100000 2.3 ,
100001 u 6onee 1,9 |

Tabnuna 2.4

Hwcno xureneit, ThiC. yen Yucno roponos
ac 10 10

10-20 62

20-50 60
50-100 25
100-500 17

500 u bonee 8

Hroro 182

K noxasarensam Bapuaimu orHocsTes pasmax EBapuaumm,
CPEIHCKBANPATHHECKOE OTKJIOHEHHE, KO3(pGhHUHEHT Baphaumi.
OHu ABRSIOTCS OXHOBPEMEHHO M MEPAMKH OJIHOLOTHOCTH COBO-
KynHocTH. OOHEKO COLMATbHO-IKOHOMMMECKHE ABICHUS O6/1a-
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RAr0T GosbLIei KONeb1eMOCTbI), MeM ABJIEHHA (pU3HIecKHE, tuo-
JIOTHYECKME, U TIOITOMY A/s NEPBBIX BEIMYMHA NOKasareneil pa-
PMALMHU HE BCETA MOXKET Xapakrepu3oBaTh CTEMEHb ONHOPOHO-
cri. Tak, MpY MOCTPOEHHH OTPACIEBBIX CTATUCTUYECKHX MOAC-
siei OTHOPOIHBIMH MCTYT CHMTATHCS MPEANPHATHS O TAKUM Ka-
YeCTBEHHBIM TPU3HAKAM, KaK €IMHCTBO MOJIMHEHHOCTH, €AHH-
CTBO TEXHONOTMYECKHX MPOLECCOB, OHOTHITHOCTb BbIITyCKaeMOH
TIPOJYKLMK, XOTsI KOJIMUECTBEHHO BapHalua JAPYTHX MPU3HAKOB
MOKET OKa3aThCsi BECbMa BBICOKOM.

@opMUpOBaHHE OJHOPOLHONW COBOKYMHOCTH COLUA/IbHO-
KOHOMMYECKHX SIBJICHHUI - CNOJKHBIA W TPYAOEMKHH MpoLece.
Wccnenyst Takue siBIEHHMSA, HEOOXOAMMO OMUMPATLCS HA TE OTpac-
NY 3HAHMEA, [PEAMETOM H3YUEHMA KOTOPLIX ABIAKTCA Pa3InHEIC
CTOPOHBI ODUIECTBEHHOM KH3HH: MCTOPHUECKUH MaTepuHanusM,
[1OJIMTHHIECKast 3KOHOMUA, COLIMOJICTHA, IKOHOMHMKa OTpacneﬁ Ha-
POHHOrO XO3SHCTBA U T. (.

3HaHMe KOHKPETHOM OTPacii MCCIe0BaHHs [I03BOMAET ChOpMU-
poBaTe CHCTEMY FOKa34aTe)iel. BLIIBHTb OCHOBHBLIC M3 HUX, BCKPBITbH
B3AMMOCRSA3H Mecly OTACIBHBIMA sBACHHAMH, (akropamu. OCHOBOH
KaueCTBEHHOIO aHaau3a SABIICTCA BBIIBJICHHC TMPpHYUHHO-
CIICACTBEHHbIX CBsisell, OLEeHKa CUbl BO3IEHCTBHS OTAETbHBIX (akTo-
POB Ha PE3yNBTATHI XO3ANCTBEHHOH JICHTENIbHOCTH. Koaddurments
KOPPEJIALIMH, KOTOPbIE XapakTepusyloT Cuity BO3AEiiCTBYS, Haxxe Oymy-
Uy BechMa ONMBKUMH, K €AHHHLIE, eLUe He Jar0T OTBETa O HaJM4MH CBS-
3eil. DTH CBA3M MOIYT OKa3aThCsl JIOXKHBIMH BCJIEACTBHE JIOMYLIEHHbIX
JOrHYECKUX OLHOOK IpH GOPMHPOBAHHK PAZIOB HCXO/IHBIX JAHHbBIX.

Hzyqenrem ripodrembl JIOKHOM KOPPeIsLMH 3aHUMaICh TaKHE
w3sectHble yuenbie, kak b.C SAcrpemciuii, H .C Hersepukos u ap.
XoTsi TEOPHS JJOKHON KOPPESISLUHH elle A0CTATOYHO HE pazpaboTtaHa,
HO OCHOBHbIE MPHUHMHBL CTIOCOOCTBYIOIIHE MOSBIEHHIO JIOKHOH
koppesitu. CBA3H MOIYT OKa3aThes JICHKHBIMU Koraa:

1) oOpabarbiBaeMEle CTATHCTHYECKUE Psfb! TIOCTPOESHBI Ha JaH-
HbIX, B3ATBIX W3 COBOKYTTHOCTE}H C PA3HbIMU 3aKOHAMM PACTIPEETICHHA,



) obpadarbiBaroTcst aUHAMHYECKHE PsiIbl, UMEIOLIHE SIPKO
BBIPAKEHHbIE TEHAECHLIMH,

3) CTaTUCTHYECKHE PAMbI NOCTPOEHBI Hi JAHHBIX, B3STbIX 3
Pa3HCPOIHBIX COBOKYMHOCTEI;

4) 0OpabaTeIBAIOTC PSIABI OTHOCHTEIbHBIX BEJIMYHH, TIpU-
1EM BCE OTHOCHTENIbHBIE BETMYMHBI [ONYIEHBI, KAK OTHOLUEHHS K
OIIHOI U TOM Ke BEeJIUIHHE:

£) oOpabarniBaroTcs CTaTUCTHUCCKME psinbl, coaeprxaliue
owuCku HAGIONEHUs, T.¢. B CJIy4yasiX, KOIlad UCXOJHBbIE NAHHbIE
HE ObiTM KPUTHYECKH OLEHEHbI.

Ilposenenuio neiicTBenHON KadecTBerHOI OUEHKH HCCIle-
AYEMOH COBOKYMHOCTH CIIOCOBCTBYET OBNajeHUe HABBIKAMU al-
CTPAKTHO-JIOIHYECKOIO MBILLICHHSI.

Besikas abetpaxums orpakaer KOHKDETHOE TONbKO B TJIABHOM,
OCHOBHOM, CYIIECTBEHHOM, T.€. TEMH CBOMCTBEMH, KOTOPbIE [OKa3bi-
BAIOT KAQYECTBEHHYIO OMNPENENEHHOCTL ABJIEHHI. MeTos BOCXOKAeHH!sI
OT 40CTPAKTHOIO K KOHKPETHOMY OTKPbIBACT ODIIee HAIPABICHHE HC-
cnefosanus. Jpyrue MeTozbl No3HaHus B TOH WM MHOM CTEHeHH He-
TOAB3YIOT METOONCTHI0 BOCXOXKIEHUs OT aBCTPAKTHOIO K KOHKDET-
HOMY Ha OTIPENEIEeHHBIX CTAAUSIX UCCIIENOBAHMSL. MeTO/ HAMMEHBILIHX
KBaIpaTOB,  NpPUMEHSEMBbIl U1 MCCHENORAHHMA  COLMAJIbHO-
SKOHOMUYECKHX SIBJIEHMH, OIMUpaeTCst Ha Crtocod abCTpakiy yxe Ha
NepBoil CBOEH crajiun -HabmoaeHun. Brmoueuue B nporpaMmy BoO-
TIPOCOB, OTBCTbI HA KOTOPBIE PACKPLIBAIOT CYILECTBEHHBIE CBOMCTBA
CAMHY L HAOMIONEH KIS, YIKE IPHBOINT K abCcTparupoBaHUIO OT MHOTHX
MajIO3HAYAIIHX TIPH3HAKOB C TOUKU 3PEHHS TTOCTABNEHHOM 3a1a4H HC-
ClIe105aHHs. ADCTPaKLMS BOPACTAET HA MOCIEAYVIOLUMX CTATMAX M
OCOOCHHO Ha CTamui o0paboTKH MONesell METONOM HAHMEHBLIHX
kBa,1paToB. Hcrionssosanue Metona aSerpakigi B KOHEUHOM HTOTE
HPUBOAHT K BLISBICHHIO PEAIbHO CYINECTBYIOLUMX CBSA3CH H B3aMO-
3ABUCHMOCTEH MEXTy COLMAILHO-DKOHOMHUECKUMH SIBICHUSMH.

(JCOOERHO MUPOKO ClieslyeT TPHMEHSTE Pa3TUYHbBIC TIPHEMBI
M METOABI, BLIPAOOTAHHbIE 3KOHOMH1ECKOMN HAYKOU C UEJbIO BbI-
ABJICHHA PE3CPBOB 1M1A NMEPeBbINOJIHeHHsA niiaHoB. Tak, npu aHa-
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M3 SKOHOMHYCCKHX TIOKa3aTeNied, XapakTepu3yIOIMX HTOrHd
paboThl ONpeneneHHOH OTpaciM, HeOGXOMMMO CPaBHHBATH 3TH
MOKA3aTENAM € MIAHOBBIMM, I10Ka3aTenu paboTel mepejiosbix
NPEANPHUATAH C MOKA3ATENAMH OTCTAIOLIHX, 00S3aTENBHO T pOBO-
AUTE COMOCTAB/IEHUS C HTOTAMK 32 MPOLLITBIE MEPHOMBI BPEMEHH,
yKa3bIBasi HA BaXXHOCTb TAKWX CPABHEHHUIL.

2.3. KonnuyecrBenHoe onucanue COBOKYNHOCTH
AaHHDBIX

KonunvectsenHoe onucanne couyanbHO-95KOHOMHUECKHX SB-
JICHHH OCHOBAHO Ha LUMPOKOM MCIIOJBb30BAHUM TAKUX CTATHCTH-
H€CKUX METOJOB, KaK METOJ IPYHIIHPOBOK, METOA OTHOCHTEIb-
HbIX U CPEIHUX BEJIUYUH, MHAEKCHBII METO..

Haubonee nefcrBeHHBIM METONOM KOAMYECTBEHHOTC OIIH-
CaHHs COLHANbHO-9KOHOMMYECKHUX SIBIIEHHIT SIBJSIIOTCS CTATHUCTH-
HECKHE TPYMIIMPOBKH, T.€. PACUNICHEHHE SBACHHS [0 KaKCMy-
;OO CYLIECTBEHHOMY MpPU3HAKy. B MCCAENOBAHHM COLMEILHO-
OKOHOMUYECKHMX SIBJICHHH NPUMEHAIOTCS TPU BUZA CTATHCTHUE-
CKHX TPYNIUPOBOK: THIOJOTHYECKHE, CTPYKTYPHBIE Y aHeJIHTH-
ueckue. [22, 27, 36].

C [OMOIWBIO THITONOTHYECKHX TPYIIIHPOBOK BBISIBISIOTCS CO-
HHANLHO-3KOHOMUYECKHE THIIBI U OIHOPOJIHbIE 110 CYLECTBEHHOMY
NPU3HAKY Tpynnbl. HayuHas UEHHOCTb THIONOTHYECKIX IPYIITMpO-
BOK OIIPENENsETCs TeM, HACKONBKO MPABUJILHO BBIGPAH IPyrImipo-
BOUHBIA NpusHak. Ecm rpynnupoBounblil npusHax BRIOpan mpa-
BUJILHO,  TO  IPYMNIUPOBKA  MOXET  BLIPA3HTh  COLIHATHHO-
OKOHOMMUECKYHO CYIHOCTD SBIECHHS.

C NOMOLUBIO CTPYKTYPHBIX IPYAMMPOBOK MOXKET GbITh BbEIBICHA
CTPYKTYpa M3y4aemMoro sipjleHust. Tak, B 3KOHOMHMUYECKHUX HMCCENOBa-
HUAX LIHPOKO TMPHMEHSIOTCS. CTPYKTYPHbIE TDYTITHPOBKH TIPEIITPH-
STUH MO CTEIEHH BBINONHEHHS [UIaHa, 10 Pa3MepPy OCHOBHBIX IPOH3-
BOJICTBEHHBIX (HOHMIOB, YHCTEHHOCTH PAbOTAIOLIHX H T. JI,
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C NOMOINBK) aHAJIMTHYECKUX I'PYNIIMPOBOK BBRIABIIACTCH Xa-
PAKTEPUCTHKA B3aMMOCBSA3EH MENILY ABICHHAMI. AHnanurude-
CKME FPYIIITUPOBKU B COUETAHNH C OTHOCUTENBHBIMU H CPENHUMH
BEIMUMHAMHE TTOMOTAIOT PaCKPBITh CTENEHb BIMAHMUS OIHHX (aK-
TopoB Ha jpyrue. Hegocratkom meroza rpynmupoBOK sBISETCA TO
OOCTOATENECTBO, 4TO  [PM  aHanuse  CJIOKHBIX  COLMATbHO-
SKOHOMHHYECKHX SBJICHHI CTPOSTCS BECHMA COKHbIE KOMOHHHPOBAH-
Hble TAOIHIIBL & 9TO IMPHBOOUT K TOMY, UTO JEHCTBHTENbHBIC 3aKOHO-
MEPHOCTH 3aTyLIEBLIBAIOTCS.

OTHOCHTEILHBIE BETMYMHAL SBISKOTCH MpocTeiimmmu 0600-
IIAIHUMH NOKa3aTeJIIMU, KOTOPHIE XapakTepu3ylT 4HUCIOBYIO
Mepy COOTHOUIEHMH AByX conocrasagembix Benuuud. C nomo-
HIBK) OTHOCHTE/IbLEBIX BEJIHUMH MOXKHO XapaKTepr30BaTh BhINOJI-
HEHHME IUIAHOB, OMNpPENENATb TEMIMbi PA3BUTHUA COUMAIBHO-
3KOHOMHMHYECKUX SBJIEHHIH BO BPEMEHH, CTPYKTYPY ABICHUM U T.A.

Cpensuie BesMYUHbI ABIAIOTCA 0000maromel XapakTepHCTHKOMN
MACCOBBIX, Ka4eCTBEHHO OFHOPOIHBIX COLMAIbHO-IKOHOMHYECKHX
snennit. Haubosiee ynoTpeOUTENbHbIE CPEIHUE BEHYHHBL apHb-
MeTH4ecKasi, FapMOHUYECKas, reomerpuueckas. Cpetue BemHUuHEL
BBIYMCIIEHHBIE 33 Psi/l MEPHONCE BPEMEHH, MOKA3LIBAOT 3aKOHOMED-
HOCTH PasBUTHSI SIBNCHHUH, EBIABISIOT YCTONYMBOCTE H3Y4aEMbIX AB-
nenmi. TIpaBwibHOE TNPUMEHEHHE CPETHWX BEIMHYHH BO3MOXKHO
TOJILKO B COYETAHUH C METOAOM IPYITIIHPOBOK.

HesocTaTok CpeHuX BenMumH Kak 0badIaroumx nokasarened
3aKJIKOYAETCSl B TOM, YTO B HHMX CIJIQXKMBAFOTCA KOJIMUSCTBEHHBIC pas-
NMHHS] H3YYAEMbIX COLMATbHO-IKOHOMMHECKIX ABJICHHH, HA OCHOBA-
HUM CPeJIHEH BE/MMYHHBI HEJIb3H CYMHTh O XapaKTepe pacripencieHus
3HAYEHUH NPH3HAKA B COBOKYITHOCTH.

MIHAEKCh! 1UHMPOKO APUMEHSIIOTCS B NPAKTHKE CTaTHCTHYECKHX -
HCCNIENOBAHUN COLMATbHO-3KOHOMHYECKHX SBJICHWH JUIsl M3Y"EHH:
CTerneHu BIHsIHYsI PAKTOPOB, CTPYKTYPbL M CTPYKTYPHbIX CABHIOB, AN
XapAKTEPUCTHKK COOTHOLUEHHH CPEHMX YPOBHEH H T. 1.

BoiliernepeuicieHHbIe METObI HOCSIT HA3BaHHE OTHCATENbHDBIX
(OMCKPEITTHBHBIX) 1 HAPSDy C KAYECTBEHHBIM aHATH30M MOMOTaKT
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YCTaHABIMBATL U BBIBJIATG NPUYHHHO-CIEACTBEHHbDIE CBSI3Y MEXAY
COLHANILHO-3KOHOMHKYECKUMU  siBNIeHuAMH.  OmHako IPUMEHEHHE
TOJBKO STHX METO/IOB HE MOXKET NOJIHOCTBEO PELUHTH 33124y ucyep-
[BIBAOIUETO NMO3HAHMS CJIOXKHBIX NMPOLIECCOB U SIBJCHUH B CHIy 0CO-
OEHHOCTEM 3TUX SBJICHHMIL.

It 0coOEHHOCTH 3aKITIOYANOTCS B TOM, YTO T€HAEHUHNA B 3aKO-
HOMEPHOCTH COLMAIIBHO-DKOHOMHYECKHX ABJIEHUH U NPOLIECCOB MO-
YT HPOABJIATBLCSA TOJIBKO B MACCOBBIX JaHHbIX. MIM cBOMCTBEHHE He-
KOTOpas HEOTIPEAENEHHOCTD, CITYyYalHOCTb, KOTOpast OOBACHAETCs

TEM, HTO K&KIO€ SBJIEHHE 3aBUCUT OT GOMBLIOTO uncia Gaktopos

KaK NPSAMbIX, TaK 1 KOCBeHHbIX. COLMANIbHO-)KOHOMUYECKY'E SBje-
HHA CBA3AHBI CO MHOTUMH IPYTMMH SBNEHHAMU. KaK COLMANbEBIMI,
TaK ¥ MPHPOAHBIMH, OHONOIHYECKHMI, MEXAHHYECKMMH H T2, C HX
MHOTOTPaHHEIMH TiepenieTeluamu. Bee a1o cosnaer nexotopyio He-
OIIPEAC/IEHHOCTD, CIy49anHOCTh NPOSABICHU COLAaNbHO-
SKOHOMHYECKUX SIBJISHUN. :

Crieunduka cratuctudeckix MeTonon HCCNIENIOBAHMSE, B OCHOBE
KOTOPBIX JIEKNT METOZ HAUMEHBINMX KBaAPaTOB (PerpecCHIHHONO,
AMCIMEPCHOHHOTO, (PAKTOPHOrO), COCTOUT B TOM, YTO OOHapy:keHHble
CBA3H H 3aBHCHMOCTH OOOCHOBBIBAIOTCS HE KAK HKECTKO [IeTePMUHMU-
POBAHHbIE, & YCTOHYUBBIE TOJNBKO HA ONPEACIECHHbIN MOMEHT BYEMe-
HI1 11 TIpH ONIPCACIICHHDIX YCHOBHSX C TOH MJTH MHOH. CTENEHb0 Bepo-
ATHOCTH. AHAJIM3MPYS MHOTOUYHCIIEHHBIE CTATHCTHYECKHE IF HHBIE O
SIBJIEHUAX U NPONECCaX OOIECTBEHHOMN SKH3HH, MOYKHO ODHapyXHTh
CBsI3b MEXIY XapaKTePUCTHUKAMH COLMAILHO-IKOHOMUUECKOH CTATH-
CTHKH M NOHATHAMM BEPOSTHOCTHBIMH.

Komuectsennoe onucanne cratucrinyeckoii COBOKYIHOCTH B
3aBHCHMOCTH OT LENeH W 3a[a4 MCCNEAOBAHNSA MOKET BKIHO'ATh Ofi-
PEENeHne BEPOSTHOCTH COOBITHS MIIH €0 YacTOThL, TPYIITHPOBKY
HEXORHLIX IAHHBIX 1 HA €8 OCHOBAHHM PACYET CTATHCTHHECKUY Xapak-
TCPHCTUK. OTHOCHTEJIBHBIX M CPelHMX BesiuMH. [ pynnupoBka nosso-
JUIET YCTAHOBUTH HAIMMHE CBA3CH, A TAKXKe XapakTep M HaNpas.ieHHe
HX, & pacter CPEAHMX BEMYHMH K TOKa3aTesiell BapHalLMy Jaer BO3-
MOKHOCTb OLEHHTD PENPE3EHTATUBHOCTb AAHHBIX.
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Haubonee CI0xKHON M BOKHOM 337a4el KOJIMYECTBEHHOIO OIH-
CaHMs COBOKYMHOCTH SIBJSETCS TIPOBEPKA 3aKOHA [ACTIPENeNeHHs
npy3HaKa B Hell. B 3aBHCHMOCTH OT 3TOTO B fallbHeliieM jiist 00pa-
BOTKH' PE3yIBTATOB HAGIIONEHNA TIPUMEHSETCS TOT MM MHOM Mate-
MAaTHKO-CTaTUCTUUECKUA-METO.

ITpoBepka 3aoHa pacnpeneneHns AOMKHA 3aK/IH04aThCA B
CaMOM TIIATEIHGHOM AHANH3E YCIOBHIH MONYYEHUs UCXOAHOH HH-
dopmausu. B cOUMATLHO-IKOHOMHUECKOH CTaTHCTHKE COLIYHO
POBEPSIIOT, MOZYMHAIOTCS JIH MCXOLHBIC NaHHBIE HOPMAMbHOMY
3aKOHY pacrmipesienenus (POBEPSIOT OCHOBHYK IHMOTE3Y), MpH-
YyeM HAYMHAIOT ¢ NPOBEPKU 3aKOHA pacrpeeeHist KaxX[oro no-
Kazarens. B Ka4ecTBe OLEHUBAEMBIX MApaMeTPOB HCTIONL3YIOTCA
LIEHTPaibHble MOMEHTBI TPETHETO U YETBEPTOTO MOPAIKOB, NOKA-
3aTed aCUMMETPHH U DKCUECCA.

Ecnu pacripeefeHHe HOpMaIbHO, TO 4, =0, u, = 30%, a

H; - H
nokasarenu acummerpun 4 = —- =0 uosxcuecca £ = -3
o

o
CyskaeHie O HOPMATbHOCTH PAcTipenesieHynst MOXKHO BblHe-
CTM M HAa OCHOBAHWHM IHMCHEPCHI MOKa3aTeleH acHMMETPHN W
skcrecca. Tpn 4] =< 3JD(A) v |E] =< 5{D(E) nopmansrocts
pacrpeeseHns MOATBEPKIAETCS.
ITpu GosiblioM 0OBeMe AaHHBIX OJM3DCTH K HOPMAJIBHOMY
pacupesiesieHHI0 ONPeaeNseTcs ¢ TOMOLIBI0 KPHTEPHEB COTIACHS.

PaccMOTpPHM Ha npuMepe npumenenue kputepus Iupcona 1
(xu-kBanpar). ITOT KPUTEPHH MOXKET NMPHMEHATBCS B CJy4ae,
KOr/id KONMMYeCTBO HaOMOAeHHH B KKAOH BBIICIEHHON rpyuniie
ne mMeHee Ty (f, 25).

Ecnn i MCXOAHOTO PAaCTpeeeHdst HE M3BECTHbI OCHOBHbIE

rapaMeTpel X M O, MX ONPEAEIIIOT 10 pesyiibTatam BbIBOPKH, U B
3TOM Cllydae 4MCIO creneHeil cBoDOAE YMEHbLIAIOT HA KOJIHHECTBO

BBLIMMCIIEHHBIX [apaMeTpoB. Kpurudeckas obnacts juist y~ -KpHTepHs
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ABJBICTCS om{ocmpom—:teﬁ U NpH YpOBHC 3HAYUMOCTH, PABHOM « , OI-
pezlcnﬂercs CJIETYIOIIMM E‘.prEDKE":H[I/ler

A _(—f _ f ’)2

LT
J

3

- 2
- /zu{ 2

rre f - 4acTOThbl IMITMPHYECKONO (MCXOMHOrO) pacnpeneneHus,
f’ - TEOPETHHECKHE HACTOTBL
)M O6C/ISIOBaHYHM 3aHATOCTH JKEH-

GHuT0 TIOAYHEHO Crefyromee pac-

[Mpumep. Tlpu BHIOOPOUHC
[¥H AOMALIHMM XO3AHCTBOM

npeesneHue (Tabun. 2.5).
Tabanua 2.5.

JKCHIIHUH

AOMAIIHUM paia,
XO3SHCT- X;

xSy | x5

UHTEP-

BOM, HACOB

8-10 N T a4l
1012 2 4
2014 T O [ 183
14-16_ s o0

16-18 T

18-20 2 b _
2022 |17 a3 1
22-224 4 _
Hroro [ T S A — 2512

Bbl,IlBPIFae’FCﬂ TUnQTE3a H() O TOM, yTO pacnpenenemie ZlaHHOPO

npM3HaKa MOAMHISETCA HO
[lo naHHbIM PACMPESAENeHHs PaccHuTacM X,
MOJIb3Ys YITPOLUEHHBIS METOND] pacuera)’

DMAILHOMY 3aKOHY PacTipesienerus,
o, o (uc-

12
X = »-»E)*' 2+1 5=x 15,3 ’
1000
. 2512 ¢ 2
ot =4 = ~(0]126) |=9.736,;
1000
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=31,
Bbruncnsem TEOPETHYECKHE YACTOTL] S’ (tabn. 2 6).
Ta6mma 2.6.

gr‘ 3anAarocTs
[ KEHLUHH J0-
| Marumm X0~
f 3MHCTBOM,

43CCB B He-

L_Aemo, a-b

T e——

132 608

l ')2 224
126 | 3510
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-

TaGnuunoe s3Hauenue y. =13.46. Tax xak x° >y

(66,56>13,46) runoresa Hy O HOPMATBHOCTH pACHPENC/IEHUSA
4aCTOT OTBEPraercs.

Crnenyer OTMETHTh, YT0 HCXOIHOE PACTPENENICHNE YACTOT B iaH-
HO¥ 3a71a4ye NO BHELIHEMY BHJy BIIOJIHE COOTBETCTBOBAJIO pacnpene-
JIEHHIO YacTOT APH HOPMAJIBHOM 3aKOHe pacnpenenerus. ONHIKO 13-
BECTHO@ YTBEPHICHUE O TOM, YTO B Pa3fHUHbIX 00/IacTsX 3HaHWi 3a-
KOHBI PaclpesieNieHuii HacTOT MPOSIBISFOTCA TO-Pa3HOMY, B LEHHOM
HCCJIEIOBAHMY TTIOATBEPIHAOCH.

HakoHsel1, 1py NPOBEPKE 3aKOHA PaCTIPENIESICHIsT HCXOMHBIX [aH-
HBIX MOMHO BOCTIONbL30BaThCsA KputepreM N (Karma), KOTOphId Bbl-
YHCIIAETCS Ha OCHOBAHMY MOKA3aTeNEeH aCHMMETPHH B 3KCLIeCCa:

B A7 +3)°
A4E -3A)2E ~34-6)

Ilo BequyuHE XKPHTEPUS N ONPENENSIOT, K KAKOMY TUITY
kpuBbIX [TMpCOHA OTHOCHTCA JlaHHOE pactpernenenue. Kiknpii
U3 CEeMH TUIOB KPHEBIX MOXKET NPy HEMPEPbIBHOM HM3MCHCHHUH
NapaMeTpoB TEPEHTH B HOPMAJIbHYIO KpuBYH. CliefoBaTesbHO,
ecIli pachpene/ieHHe NPH3HAKOB B U3y4aeMOH COBOKYITHOCGTH OT-
HOCHUTCSI K MEPBbIM CCMU THUMNAM KPHBbIX HHpCOHa., TO C HEKOTO~
PLIMH OrOBOPKaMH BO3MOKHBI T€ JK€ TPUEMbI X aHAJIN3a. YTO H
NpH HOPMAJIBHOM PACIIPEAEICHUH.

Wnorna na npakTHKe, TPH NPOBEPKE OCHOBHOH THIIOTE3bl
HCTIOJB3YIOT CBOMCTBA HOPMaNbHOTO pacnpenenenus. M3rectHo,
YTO HOPMAJbHOE PACTIPEAENEHHE SBSIETCS CUMMETPHYHBM. M C
MOMOUIbIO TabnMilel YHKUMA PACNpEneSeHnss MOXHO Oflpe/e-
JUThb, 4TO UHTEPBANY /0 -COOTBETCTBYHOT BEPOSITHOCTH:

P =50% npu 1=0,7,
P =68% npu =1,0,
P =95% npu =20,
P =99 7% npu =3,0.

CrnenoBaTenbHO, BCSIKHNA pa3, KOrAa SMITHPHYECKHE paciipene-

neHist OYAYT OTHOCHTENBHO CHMMETPHIHBIMH H CO/IPHATh B HHTEp-
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Bajie X + /0 nomu HabmoAeHUH, Onu3Kue K TEOPETUUYECKUM, MOKHO
A€NaTh MPEATIONOMEHHE O HOPMATBHOCTH 3aKOHA PACITPEaE/ICHHA,

IIpu mMuHOrOMepHBIX pacnpencnenusx TPOBEPSIETCA M'HITOTE3A
© HOPMAJIbHOCTH 4ACTHBIX pacripenenennii. Eciiu wactubie pac-
IpENENCHNs  HOPMAJIbHEL,  TO ~ MHOrOMeEpHAs  (BYHKUMA
4 X, +aX, +...+a,x, Takke OyNeT pacnpeneneHa Mo HOPMaJb-
HOMY 3aKOHY CO CDEAHWUM 3HAYEHHEM X, +a,X, + ..+ a,x, n
aucnepcuedi a,0, +a,c; + . +a,0; .

Onnako pacnpenenermne nprssakos, XaPAKTEPH3YIOLIUX COLIH-
AILHO-SKOHOMHYECKHE SBJEHMS H NPOLIECCH, He BCErna Obisaer
HOPMATILHBIM, H B 3TOM Cly4ae MOCICAYrOLIee MPHUMEHEHHE CTaTh-
CTHYECKIX TIPHEMOB 00padOTKH, B TOM YMCIE M METONA HAUMEHE-
KX KBANPATOB, CTAHOBHTCH 3aTPY,IHHTEJLHBIM IIH BOOOLIE HEBO3-
MOXHBIM. B psane ciyyaes ncxonmpie pacmpeenesns MOXHO HOp-
Mann3oBaTh. ONHHM U3 CrIOCO0OB HOPMATMIALMH SBISETCH 3aMCHA
UCXOIHBIX BENMUMH MX norapudmami. B stom crivaae pacnpe;iese-
HHe Oyner HasbIBaATHCS JOrapuMHUECKH-HOPMATTBHbIM.

Honoxum, v =Inx (1w x = ¢ ). TOI'la NJIOTHOCTE paciipe-
JIENECHHS

LY.

1 ~ 3T
f(”) e e <0y
0,27
(In x—-y, i
! Taer
f(X) 1 "
xo, 2

Honyuus ¢ nomowsio dopmyn  norapudmimyeckn-
HOPMAJIbLHOTO pacnpeneneHus BCce HeoONOTHMbie Pe3yaLTATHI 114
In x, MoxHO 3aTev BEPHYTBLCS K HCXOAHBIM BEJIHUHHAM.

[Ipensapurenbublit ananus. BISTFOHAKOLUH JIBE CTaIH OTMH-
CaHHA COBOKYIHOCTH, [O/KperuisieT TECPETHYECKYIO 000CHORAH-
HOCTb TIPUMEHEHHA METO/1d HAWMEH bLIHX KBaZpaToOB, MO3BOASET
B AANLHEHILEM NPH HCTIONL30BAHHH METONOJIOMHH KOppeasuuii u
perpeccuii yrayburses B cyiHocTh M3yHaeMbIX CBS3ell 1 BO
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MHOI'MX clydasX [pHBOIHMT K BEIABJISHUIO paHEe HEHU3BCCTHBIX
COOTHOLIEHUA MEKAY HecnenyeMbIMu ABJICHUAM U .

2.4. Meroa HayMeHLIINX KBAApaToB KaK
BBIMUC/IATE/IbHBII IPHEM

(OCHOBHOM VIPHHLIAT! METONIA HAMMEHBLUINX KBA/IPATOB PACCMOTPHM
Ha CIEYIOIUEM TipuMepe: OyZieM CHMTarh, 410 JBE BETMHHHbI (mBa noxa-
3aTesisl) X W ) B3AUMOCBS3aHbI. [1prdem ) HAXOMTCS B HEKOTOPOH 3aBH-
avocTH ot X, CrieoBatebHo, v Byaer 3aBHCHMOR, a X - HE3aBUCIMOH
pesmuuHoi. [lycTs CBsiBE MKy HUMH KPUMBOJIMHEHHAS, OMMCHIBACTCA
ypaBsieHHeM apaboTbl BTOPOrO 10psKa

y=a, +ax+a,x’.
3agaua CBOANTCH K OTBICKAHMK) HEH3BECTHBIX apaMETPOB do, 1 1 dy.
3HaueHUst BETUYYH X Y )Y IpEACTABIERb] ABYMs PsiiaMH IDAHHDbIX:
Y ¥ Vi Vus
XX, X, Xy

e Gbl BCe 3HAUEHMS, NOTYYEHHbIE 110 TAHHBIM HaO/HOIe-
HUS, AEKAIM CTPOrO HA KPUBOI, ONUCHIBAEMOH ypaBHEHHEM fa-
paGosbl, TO AA KaXAOH U3 TOHeK ObLIO Obl ClIpaBEIMBO Clie-
AyHoUlee PpaBeHCTBO!

Yy, —da, —ax; - a,x; =0.
OnHAKO Ha NPaKTHKE HMEET MECTO IPYroe [aBeHCTBO!
y —a, -ax, -ax; = A,

T.e. CyHIecTBYeT Pa3sHOCTb A, Mexay NaHHbIMH HAOJIIOACHHS U
JAHHLIMK. [OMYYEHHBIMH 110 YPABHEHHIO CBsI3H. DTa PasHOCTb H
BO3HIIKAET BCAEACTBHE HAIMYHS OIMOOK yIIPOLISHHS.

Jazaua 3aKIHOYAETCA B TOM, 4TO0b! HAiTTH Taxke KodhpHLUHEHTb
ypasperis (perpeccun), 4Todbi oLLHOKa €bi1a MUHUMATTLHON. MOXKHO
MHBHMIT3HPOBATH CyMMY abCOMOTHBIX OTKJIOHEHHI (omrboK):

S = Z‘\A,‘ —> min
it
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HJIH MHUHUMH3HMPOBATh CyMMYy KyOH4ecknx ommubox (MeToa Hau-
MEHbLIUX KyOOoB):

S= ﬁ:[A,‘ — min
=]

HIIH, HaKOBEL, MUHUMH3HPOBATH HAUOOIBLIYIO a0COMFOTHYHO OLIHOKY:
min max|A, |.
i
OnHako Haubosee ONTUMANBHOI ABJISSTCS OLEHKA OWMGKH
10 METONly HAMMEHBLIHX KBAAPATOB:
N
U 2 .
§=>A - min
i1
MeTon HauMEHBUIMX KBAAPATOB OGNANAET TEM 3aMEHATE N b-
HBIM CBOHCTBOM, YTO YHCJO HOPMAJIBHBIX YyPaBHEHHH PAaBHO 1MC-
7y HCM3BECTHBIX mapamerpoB. Ilpusenexroe Bblue ypasHeHue

napabonbl BTOPOro MOPska UMEET TPH HEH3BECTHDIX napamMerpa
Qo, ) ¥ ). MUHUMH3HPYS CyMMYy

N N
N 2 2 \2 .
D = E Al = E (y, —a, ~a X, ~a,x, ) ~> min,
i=l =1

Mb[ DOJNYYMM TPH YPaBHEHUS.

Myt HaxoXAeHHs 3HAYEHUH HEM3BECTHBIX NapamMeTpoB He-
00XOANUMO NPHPABHATD YACTHBIE NPOUIBOZHbIE YyKa3aHHOH CyM-
Mbl LO 9THM MaPaMETPaM K HyJIK):

08 s
;a—“ = ~—22(y —Qy — a4 X - a:x“): 0:

S 5
= -~22(y -d, -alea:x“)- x=0;
Ca,

as

ca,

= —22 (y —dy X - a_,z,\'2 ) x =0,
Hlponenas npocreiimne npeodpazosanus, HOJIYHYHM CUCTEMY

M3 TPEX YPABHEHHH, KOTOPYIO Ha3bIBAKOT CHCTEMOH HOPMATbHbBIX
VpasHEeHUH:
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(Na, +a, Dxta,y xt = >

1
iat, Doxta Y xt+ a,y xP = yx,

La(,Z:x: ta, ) X ha, Y xt =
Pewins cucremy, Haiinem sHavenus ag, ay ¥ @, u NOIy4um
YPABHEHUE perpeccuu. Bbluucnum no ypaBHenuo perpeccuu
TEOPETHUYECKUE 3HAYEHUS . W CPAaBHHM MX C JAHHBIMH H2OH0-

ZACHUA, PACCUUTAB TAK HA3HIBACMYIO OCTATOMHYIO CYMMY (BAnpa-
ToB (Tabn. 2.8).

Tabmina 2.8.
Homep | 3wavenus v | 3navenus ymo | A — Y, -~y AZ
1 - K =
HabMIO | TO JAHHBIM | JAHHBIM ypaEB- ‘ '
AcHMS | HabmonC- | HCHMI perpec-
HUSA CHM )
1 Vi Vs A, A
2 yZ J? Xy AZ 523
I3 , _ B 7
N N .yx,\r A’\ ZS‘,‘J
hY al
A2
2.5 ]

Ocrarounas cymMma KBaJIpaToB MOMKHA COBMANATH ¢ MMHH-
Ma.IbHOH BO3MOXHOH BENHUYHHON, DPACCUHTAHHON 110 METOaY
HaHMEHbUIUX KBAAPaTOB.

PaccmoTpum crydaii, koraa uccnenyemast sennuuna (11oka-

3aT€NIb) ' 3aBUCHT OT MHOTMX NPYTHX BEJHYHH X, X,,....x . B

n

C1ydae KOT/Ia 3aBUCHMOCTD JIMHEHHAS, CBSI3b MEXIY BeHUHHAMH
OTIMCBIBAETCS YPABHEHUEM:

5

Mo o, = a, +L’l]/\‘} -f-(I:X3 +.‘.+CI”X”

CJIR/IOBATENLHO, TTPY METOAE HAMMEHBILHX KBaZipaToOB MAHHMH-
3HPYETCA BBIpaXKeHHE:
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N
AS = Z(yl.l o a() - alxl - a:.’ x'Z T a»:xn) —» min .
j=1

HoovepeaHo TIPUPaBHMBAKOTES K HY/MIO YaCTHBIE MPOU3BOI-
HBIE [0 MapameTpam dy, Qy, da,..., d,, T. €.

‘ Sy ‘;k ".A ‘
KRN N S

b

ca, oa, oa,
Hanpumep, o napamerpy a;:

|

S

——= _5_ 2(y —a, -ax, ~a,x, -..~ax, K-x )=0.
ca,

Orcrona
-y = 2 - — . o
- 2§Lyx] +200}_‘ X, + 2“12’% + laz}__‘xl‘x: ot 2(1”2)51% =0,
iR %
. N2 N, - - -
zJOZ X, +a, 2. X;+a, ) xx, +. +a, Z‘ XX, --Z VX,
B pesynbrate Takux rpeodpazoBanumii 10 BeeM rapaMeTpam

@i NOJIly4aeM CHUCTEMY M3 /21 HOPMATbHBIX YPaBHEHMH C 77 Hens-
BECTHBIMH (N0 YMC.Ty NapaMeTpoB):

Na, +a, 3 x +a, 3 xy+..4a, > x, =3 b
. a N2 N v v P o ..
a, ) X +a o xi+a,y xx, DX, Y

- 4

..........................................................................

ay X, +a y xx, by xx, + o ra, Y 1 = > yx,.

MeTon HaMMEHBIIMX KBAPATOB HAXKE MPH CPABHHTENHHO
HeOONbIIOM dMCIe HabMOAEHUH TPUROIMT K MOAYUEHHIO JOCTa-
TOYHBIX OUEHOK. QUEHKH MOTYT ObITh TCUEYHbIMY M HHTEPBAJIb-
HbIMH. TOYeHHBIE OLEHKM OBMANAIOT CNEAYIOUMMH CBONCTBAMM
[13, 23]:

1. Hecmewennocru. [Ipu GonbluoM umcne HabmoneHuii ¢
ONMHAKOBEIMH ODBLEMaMM BLIGODKH CPeaHee 3HAYeHHe OLEeHH-
BaEMOro napamerpa JIOJKHO CTPEMHTBCS K CBOEMY WUCTUHHOMY
3HAYEHUIO B MMINIOTETHYECKOI COBOKYITHOCTH!

Pz = Sl xx,) >y
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Ecin sToro He npoucxoaur, 1o onenku OyayT cMmewieHHbI-
mu. CMeLteHe MOXET ObiTh 0OBACHEHO OUIHOKAMH HAOMKONEHUs
M [IPEXIE BCEr0 CUCTEMATHUECKHMH. *

2. OddexruBnoctn. Ilpu ananmse perpeccuii Moxer cjo-
KUTBCA TaKAsd CATYALMs, TPH KOTOPO# OyAyT nOMyYeHs! He oaHa,
a4 HECKOJIbKO HECMELICHHBIX OlleHOK. B aToM ciyuae BbIOHpatoT
OLICHKY, KOTOpas obnajaeT HauMeHbloeil micnepcuei. Takyro
OLCHKY Ha3bIBAKOT 3PHEeKTHBHOT,

3. Cocroarensroctn. Eciyu npu oueHMEBanmuu KaKoro-nauoo
[apamMeTpa TOYHOCThL OLECHKH TIPH YBENHYEHHH 0ObEMa EBIOOpKH
BO3pACTACT, TO CYHTAIOT, YTO 3TA OLEHKA SB.ISETCS COCTOSTENb-
HOi. TlpenennHoit TOUHOCTH HTA OLECHKA TOCTHUraer TOraa, Korna
€C “HCJICHHOR 3HAYEHUE COBHAJAET C OLEHUBAEMBIM NapaMeTpom
(MPaKTHYECKH 3TOrO HUKOI'TA He ObiBaer).

Onnako nrobasi OLEHKE UCTHHHOrO 3HAYCHUS napamerpa o
BEIOOPOYHBIM [IaHHBIM MOKET ObITh TIPOU3BEJEHA TOJBKG C OI-
PE/IENIEHHOH CTenensio 10cToBepHOCcTH. CTensHb JOCTOBEPHOCTH
ONPEACHACTCA NYTEM MOCTPOECHHUS NOBEPHTENEHLIX HHTEPBAJIOB.

MHK moxer 6biTb HCIONB30BAH H B Tex CIydasix, Korzua ume-
0TSt IaHHEIE  TOIBKO KOCBEHHBLIX HAaOMOACHMH, sBIsIOLIHecs
(byHKI_U'[ﬂMH MHOTHX HEH3BECTHLIX. M[GTOJI HaWMMEHbIIHUX KEBa,'[lpaTOB
NOJIYHHIT ITUPOKOE PACTIPOCTPAHEHHE HE TOJILKO KAK BBIYHCIIUTE -
HbIH [IPHEM, € TIOMOLILK) KOTOPOTO OfPeNeSIOTCS napaMeTpsl pas-
JHYHOIO BMJA YPABHEHHM, HO U CTA) MATeMATHYECKOH OCHOBOM
COBPCMEHHOIO PErpeCCHOHHOIO AHANKH3A, ABISHIIEroCs BAKHEE-
UMM METO/AOM  M3YHEHUSl B3aHMOCBS3EH MEXIY COLMANbHO-
SKOHOMHYECKUMH SIBJICHUAMMU.

Perpeccuonnnlii ananns, xak moGoii cTarHCTHYECKH MEeTOo
MCCIRNOBAHNA, MOKET ObITh MPMMEHHM TONBLKO MPH OMpeaesicH-
HbIX YCIIOBUSIX. OTH yCIOBYSA CllEAYIOIL e

¢ BCC BAAMYBHBL (0KA3ATENN) AOMKHBI OAYMHATLCA HOD-
MaILHOMY 38KOHY PACTIDENeNeHHs, HX COBMECTHbIE Pacripeese-
HH5 TAKKE NOJIKHBL ObITh HOPMANBHBIMH, OTAEIbHbIE HAGIIONE-
HHA JOKHBI 6[>ITb HE3aBHCHMBLIMHU, T.€. pPe3yJibTaThl, HOJﬂ}I’qu—
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HbI€ B /-M HAOJIIONEHNHM, HE HOJDKHBI ObITH CBA3AHbI C IPEabIIY-
IIMMH U HE TOJDKHBI CONEpXKATh HUKAKONW MH(pOpMALIHK O MOCe-
AYIOIHX HAOMOAEHUAX W HE BJAMATH Ha HUX, AHCTIEPCHS V ITOJIK-
Ha BcCe BpEMs OCTaBaATHCA HOCTOHHHOﬁ, Opy U3MCHCHHH BEJINY1H-
Hb! Y U TIPH M3MEHEHHMHU 3HAYEeHUH (aKTOPHbBIX MPU3HAKOB,

® YpPaBHEHHUE PErPecCHM, anMpOKCUMHUPYIOIIEEe SMITMpHYE-
CKHE DaHHbIE, HOMKHO ObIThb JNHUHEHHBIM OTHOCHTENLHO CBOMX
1apaMeTpos.

Trvnuuno nuHEHHBIM SIBJIETCS ClenyrOllee YPABHEHHE per-
peccuu:

Vieon =Gy +ax +a,x, +..+a,x,.

DAKTOPHEIE NPHIHAKK (x],xﬂ,xj B ¢ ) MOTyT ObITb Hpen-
CTaBJICHHbI B YDABHEHUH HEJIMHEINHO, Hanpnmep
Via o =0 +ax, +a,x; +a,x; +. . +a,x)

O1(HaKO 3TO ypaBHEHHE OTHOCHTENBHO MapPaAMETPOB JIHHEHHO.

HzpyleHne nepevrcieHHbIX yCAOBUM MOXKET NPUBECTH K
TOMY, YTO YpaBHEHHE perpeccuu He Oyjer aIeKBaTHO OTPaXKarThb
HCCASIYyEMbIH npolecc.

B carytae eciu TeHeHLMs UIMEET BHJL NOKA3aTENbHOM (hyHKLIMM

. '
Y =aq,
norapubmpl napaMeTpoB QYHKLHH OLEHUBAIOTCH C [IOMOLUBK

METONA HAMMEHBIINX KBAPATOB:
{ =~
Nlna, +lna,y 1=>"Iny,
Ina,» t+Ina, > 1’ =>"rny.
KCpHU NpUBEIEHHBIX CHCTEM HOPMAIBHLIX YPABHEHHWH AB-
JAOTCA OLEHKAMH NapaMeTpoB PyHKIINE CriaakuBaHMs!.
HacTo no HayaNbHBIM JAHHLIM HEBO3MOMXHO PELUHTHL BONIPOC
0 TOM, Kakas (QyHKUMs siBjsiercst Haubojiee MOAXOAsUIEH s
NPENCTABNCHHs TeHACHUHH Pa3sBUTHA pAna AMHamMuKd B Takux
Cyqasix MOKHQ MOJB30BATBCHA JIByMsT CrOCO0aMH Qripejeneriis
dopmbl GyHKLHY:



. Boibop dyHKUHM METOZOM MHHHUMYyMa CpelHEKBalpaTH-
4eCKOH OLNOKH.

2. TlpuMerenue TMCIIEPCHOHHOTO AHANU3A.

[lepssiit cnocod 3akmoyaercs B cnenywomem. Ha ocHose no-
rUYECKOT0 aHAIM3a ¥ JIMUHOIO ONbITA HCCAEOEATeN BhIOHPAOT
psia pazyyHbiX QYHKIMHA U OLEHMBAKOT HUX napamerpst. llocie
ITOr0 OIpenenseTcs CpPeaHEeKBalpaTUiecKas owudKa AN Kax-
0¥ PyHKLHHK TO caenywoineit popmyne:

rae Y, - 3HaueHus pAra AMHAMHKM, I, - CrIaXeHHble 3HAYEHUS

psija AMHaMHKI, & - dUcio rapameTrpos QyHKUHM (HE BKIIHOYas
CcBCOOIHBIM YNICH).

(DYHKIMUA, KOTOPOH COOTBETCTBYET MMHUMAJIbHAs CpeTHe-
KBanpaTHyeckas omubka, sBAsieTcst Hauboee NOIXOIAIIEH.

Cienyer OTMETHUTD, YTO OIUCAHHBIH METOI Ia€T CPaBHUMBIE
pe3ybTarbl TUIE IPH PABHOM YHCJIE T1APAMETPOB YPABHEHUH.

BTopo# ¢rocod cocTouT B cpaBHerny aucnepcuit. Oduryio Ba-
PUALIMIO MCCNENyeMOrO psiAa JAMHAMHKM MOXHO pasfieSiuT Ha nse
YACTH: BAPUALIMA BCIIECTBHE TCHICHLUY 1 CITyualHas BapHaLMs WK
V=V, +1}7, Obuwas papuais onpc:genﬂerm no doopMyne

," "_‘ ‘Y Y )
/ I
rae ¥ - cpeanuil ypoBeHE Psiia AHHAMUKH.
Cnyuaiinas BapuaLys (WM BapHatius BOKPYT TeHICHLIUW BI3BAH-
Hast CIIy4aiiHbIMH OOCTOSITENCTBAMHE) CIPENEIAETCst N0 popMyne:
N oy ~ \o
n=Xl -1
fal e
Bapuauns BCIEICTBHE TEHISHIMY MOXeT ObITb opene/ieHa
Kax pasHuua ofued 1 cnydaiiHOM BapHanuii:
V=1 -1,
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Crenenn cBoGombl NPpH  OTIPENENEHHH COOTBETCTBYH)LIEH
AMCTICPCUH ClIeAYIOLIUE:

1. Yucno creneneit csoGomsi st JHUCTIEPCHU  BCIIEACTBHE
TEHACHUMHM Ha €MHHILY MEHbIUE YHC/IA NGPAMETPOB yPABHEHHs
Crlla:KMBAHUS.

2. Yucno creneneii coGomm st C.Iy4aMHON  HCIepeHu
Pa3HO pasHuLe YHCla YPOBHEH psila AMHAMMKM K YMCHa napa-
METPOB YPaBHEHUS CrJIaXKHBaHHUS.

3. Uncao crenexeii cBobonk a5 obuiei IUCTIEPCHH eIHHH-
Uy MCHbLUE 1HCIIa YPOBHEH psAaa AUHAMHKY:

Hnst nuHeinoit dyHkuuu AUCTIEPCUM UCYUCISIOTCS  Cie-
Ay 011MM 06pa3oMm:

§T =l
N-1
St=V;
sietz
N2

[Tocne onpenesnenus AucTiepcHit (HeOOXOAUMO NHULIL Orpe-
ACACHUE NTUCTIEPCHH BCAECACTBUE TEHCHLMH U CIy4alHOH juc-
NIEPCUH) UCHULIIAETCA IMITUPUUECKOE 3HAYEeHHEe [-KpuTepus:

ST
S;

[Tosnyyernyro BEJIHMYHHY CPaBHUBAIOT C TAOMMYHBIM 3HAYCHHEM,
ONPEIEICHHBIM COOTBETCTBEHHO CTENEHSIM CBOOOIBI U BEPOSITHOCTH
o . Ecnn BLIMONHARTCA HepaseHcrBo F - I, TO aHATU3HpyeMoe

YPABHCHHE NOMXOMUT st peAcTasieHus Tennenunn. Ilpu s1om Ha-
Hath aHAM3 CICAYET € CANOTO MPOCTOTO YPaBHEHMS, COOTBETCIBYIO~
LEre JIOTHYCCKUM COO6P3->KWH$1M, NOCTENCHHO Iepexolst Kk Oojies
CIOXHDBIM, [10Ka HEe OTIPEACNIEHO 1 AXOALICE VPABHEHHE,

locne onpenenenns Tpenn. BBIMHTAICT 3HAYCHUA TPelind M3
COOTBETCTBYIOLMX yPOBHEH MEPBUauaILHOrO psiaa AMHAM KL 1
B JasIbHEeH1IIeM aHajguse H()ﬂb3y}OTC$1r)TKJ]OHeHHHMM OT TpeHaa:

F1O



Z( =Y -Y().
Otknonenus Z(1) HMEIOT HYNEBYIO CPENHION0 apudme nie-
CKYIO U IMCTIEPCHIO ¢~ .

Ecnu naHHbie He coneprkar kakyio-HHOY/b SBHYIO, SIPKO BbIpa-
KEHHYIO TEHICHLIHIO, TO HEOOXOIMMO HAYHHATHL ONpEAEsICHHME TeH-

JEHIMH € CaMOTO MPOCTOrO MOJMMHOMA — NpsAMOil iHUK Crienosa-
TEJ1bHO, HEODXOIMMO OMIPENEIHTE [TAPAMETPhI yPaBHEHMT
Y(t)=a,+at wY'(t)=a, +at
Crcrema HOPMAaJIbHBIX ypaBHEHHIT [Tst MPAMOI MMeeT BHL

Na,+a,31=3y
ay tra yr =>1y

Hpumep 1. OnpeaennM TenneHIMH PAAOB TMHAMUKE 3a.10-
BOro cbopa u ypoxaHHocTH nuienuunl B PecnyGnuxu Vabexn-
cran 1987-2004 r.r. (Nunotetnieckue nanmbie) (tabi. 2.9).

Peiuas cucremy, NoslyduM KOPHM YpaBHEHHEH, ABSIOLLHECS
HCKOMBIMH 1apamMeTPaMH:

My ‘
a, M}\_[“_ = 1414_9;1_ = 76,284
vi
a, == Z_‘vﬂ = 1407‘3:2469
Z ¢: 570
V' 330.7
al =A== 2174
Q ]\f 19
3283 oo
al = Z_J:.. - :—_»‘ =(,370
t- 570

Jluneiinas TeHacHUMS pAna JQHHAMMKH
NIUEHULIbI BBIPAXAETCA YPaBHEHHEM

3, = 76,284 + 2,469
i JIHHelHas TEHACHLU K ypO)Kaﬁ,HOCTH TIHIEHHULBI - YPABHCHHEM
3= 17,405 +0,576¢

BAJIOBOTO  ¢OOpa
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Tabamna 2.9,

Ton (Banosoit| Ypo- ! 1 v V't }“,,’ jr'
cbop, JKaH-
MIIH. T. | HOCTS,
Y w'ra !
Yo~
1986 473 1351 -9 81 -425.7 | -121,5 54,06 12,22
1987 674 [16] -8 64 -539.2 -92.8 56,53 12,80
1988 58,1 1471 -7 49 -406,7 1 -102.9 59,60 13,37
1989 76,6 16,2 | -6 36 -159.6 | -97.2 61,47 13,95
1990 69,1 1521 -5 23 -3455 . 76,0 63,94 | 1453
1991 64,3 151 ] -4 16 -2572 1 604 66.41 15,10
1992 66,5 16,91 -3 9 -199.5 1 -50,7 6888 | 1568
1993 70.8 16,81 -2 4 -1416 | -33.6 71.35 | 16,25

1994 49,7 129 ] -1 1 -49.7 1 -12.9 73.82 ] 16,83
1995 74,4 138 0 0 0 0 7628 | 1741
1996 59.7 16,11 1 I 597 16.1 78,75 | 17.98
1997 100.5 204 2 4 2010 | 408 81.22 | 18.56
1998 77,4 1781 3 9 23221 534 83.69 | 1913
1999 93.4 1831 4 16 3736 | 732 86.16 | 19.71

2000 799 189
2001 997 | 22.8

25 13995 945 8863 | 20.29
36 | 5982 13681 9110 | 2086
| 2002 98,8 | 231 49 | 6916 16171 9357 | 2144
2003 86.0 196 64 | 688.0 1568  96.04 | 2201
2004 | 1098 | 270 | 9 81 | 9882 243.0 | 9851 | 2259

Mrorol 14494 | 3307 | 0 | 5700 | 1407.3 | 328.3 | 1449.40] 330.70

= ~R N R e N

lposepsem npuronmocts numelinoii Gynkunu B KayecTse
TPeHAA pAlla AMHAMMKH BATOBOTO ¢6OpPA 03UMOE HILICHH DI, Hns
9TOTO ONpenesuM AUCTIEPCHH
1 5478,73

§P=_ 1 28 304,37
N =1 18
87 =V, =3230.42:
158 22483
S‘ - u_i?;?__ = 13:..,2S
-2 17



AHAJIOTHYHO TIPOBEPSEM NPHIOJHOCTL JHHEHHOMN (byHKLMK
B Ka4eCTBE€ TPCH/A PAAa NMHAMUKH YPOXKANHOCTH HILEHULbI:
3 Vo 274,09

= = =15,23;
N -1 18
S =V, =189,08;
I
‘§; i - §§2_C_’.l = 5’00,
N-2 17

S’ 9.(

F=-1= 189,08 _ 37,816.
S, 5,00

Tax kak £=37,816 u F99=8,40, MOXHO yTEEpKIaTh ¢ 99%-
HOH BEPOSITHOCTDIO, HTO JIMHEHHYIO (YHKIMIO MOXKHO NPUMEHSTH
AJis1 XapaKTEepUCTUKHY TCHACHUMH PasBUTHA Psifa JUHAMUKK ypoO-
xainocTu rnueHunsl. [omydennnlii pesynsrar copnagaer ¢ 06-
LI{MM BbIBOZOM TpUMepa 1.

IMapamerpsr @, ¥ a] XapaxTepu3yrOT CKOPOCTb H3MEHEHHS
ynxuuit. CrenoBaTentHO, MOXHO CKa3aTh, 4TO B TEUYEHHE HC-
CJIEAYEMOTrO NepUo/a BalOBOM COOP INMIEHULUb!I YBENMYHUBAICA B
cpenHem Ha 2,469 MIH. T B rof, a ypoxaiHOCTb ITIICHULbI - HA
0,576 u/ra B roj.

2.5. llpumenensie MeTo,1a HAMMEHBLLINX KBAAPATOB
npu 00padoTke CBA3AHHBIX PAJOB IMHAMHKH

MHOTOMEpHBIE BpEMEHHbIE DSAbL TOKA3bIBAIOLUME 3aBHUCH-
MOCTh PE3YJILTATHBHOIO NMPH3HAKA OT OHOTO MM HECKOJIbKHX dak-
TOPHBIX, HA3LIBAIOT CBA3AHHBLIMM DAZAMH AuHamuku. [IpuMeHenHe
METO/Id HAMMEHbILIMX KBAAPATOB 11t 0OpabOTKY PsiIOB AMHAMHKY He
TpeOyeT BbIABKIKEHMs! HUKAKUX MPEAIONOKEHHEH O 3aKOHaX pacrpese-
JIEHHsT MCXOAHBIX JaHHbIX. ONHAKO NPH HCMONB30BAHHU METOAA HAK-
MEHbLLHX KBAIPATOB K 0OpaboTKE CBS3aHHBIX PSZIOB CJIEMYET YUHTbI-
BaTb OCOOEHHOCTH JHHAMHKH COLMANEHO-DKOHOMMUECKHX SBJIEHHIL,
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11 OCHOEHHOCTH COCTOSIT B TOM, YTO MEKITY MPEABITYLIAMH K NOCHE-
AYIOIF MY YPOBHSIMH PSZIOB JIMHAMMKHM UMEETCS ONIPEAC/ICHHAs CBI3k,
KOTODA: HOCHT Ha3BaHWE aBTOKOPPEIALIMH (amroperpeccun). Tlpu 06-
paboTK: OJIHOMEPHBIX PANOB AMHAMUKH HATMMHUE ABTOKOpPE/LiUMH
UL CnocoBeTByeT Oosiee MOJHOMY M YETKOMY BbISIBJICHHIO TEHACH-
MM Pa3BUTUSL PACCMATPHBACMOIO COLMAIBHO-IKOHOMMHCCKONO ABJIC-
st Bo Bpement. [Tpu 0OpaboTke sxe METOAOM HaMMEHbIIMX KBALpaATOs
CBS3AHHBIX PANOB AMHAMUKH HAJTHUME aBTOKOPPEALMN OTPULIATEILHO
CKa3bIBACTCH Ha HEKOTOPBIX OLEHKAX M TIPEKNE BCETO Ma BEJHIMHC
CPEIHEXBAPATIUYECKIX OLIHOOK KOX(POULIMEHTOB PErPECCHH. AsT0 B
CBOIO OUEpPEab NMPHBONT K UCKAKEHHIO 3HAYEHHIT TOBEPUTELHBIX HH-
TEPBAJIOB Y 3aTPYAHSAET NPOBEPKY MX 3HATUMOCTH.

* CraructyiKa BIpaboTana HECKOJbKO crocoDoB onpeaeienii
HAMHYHS aBTOKOPPENALMH B JAMHAMHYECKHMX psfax. Oaun w3
nau€oliee IPOCTHIX OCHOBAH HA MCIOIb30BAHHY JIMHEHHOIO KO-
aqduuedra koppensiuuy . Benuunha r nokasplBacT TECHOTY
CBSI3M MEXIAY DPAAOM HCXOAHbIX YPOBHEH )i U PAIOM TEX KC
YPOBHEH, CABUHYTBIX Ha OAMH MNEPHOI BPEMEHH, TE. Vi Ona
PaccHUMTBHIBACTCA 110 creaytotelt (hopmye,

Fo= Yoo =Yoo Y

f ! o I

V GA“( ' G.Vlu

2 \) (yn - .}‘)“
o et T
o, = N

[Ipumep 2. Paccunraem k03hGHLHEHT KOppEIiLmit NO AaH-

HBIM O TIPOU3BOACTBE cTaut B pecnybnnke (Tadit. 2.10).
Mo pauubiM 1a0a. 2. 10 1 1o popmynam NOoACHUTACM
ro=0,424.

JJist IPOBEPKH 3HAYHMOCTH ABTOKOPPENAUNH ITDHUMEHAROTCA

kpurepuu JapOuna-Yorcona (D) win Helimana {K)

rae

14



T§6ﬂm; a2.10.

Uox | Mpoussoacreo | v, Vi Vi vy’ y:
CTaJIM, MJIH.T. ! -1
Vi
1989 47 51 2397 2209 2601 |
""" 1990 51 55 2805 2601 3025
1991 55 59 3245 3023 3481
1992 39 62 3658 348] 5844
1993 62 66 4092° 3844 4356 |
1994 66 70 4620 4356 4900
1995 70 75 5250 4900 5625
1996 75 79 5925 5625 6241
1997 79 82 6478 6241 6724
1997 82 86 7052 6724 396 |
1999 86 89 7654 7396 1921
2000 89 92 8188 7921 8464
2001 92 96 8832 8464 9216
t’ 2002 | 96 100 9600 9216 | 10000
2003 100 | 103 10300 10000 | 10609
2004 103 ! 10609 | ]
_Vroro | 1212 | 1165 90096 96612 | 94403 |

Kputeprit apbina-Yorcona Belyucsiercs no gopmMyne
puTep Y pMmy
DW = Z_I_’ )

/.Vll
a kpurepuit Helimana
20Ky
S

rne b, =y -y

Teoperuyeckn npuMeHeHHe 3THX KPUTEPHEB OCHOBZHO Ha
TOM. YTO B AHHAMUYECKHX PAAX Kak CaMH HaOMOJCHHUA. Tak U
OTKJIOHEHHA OT HHX DPacHpPeNesiAloTCs B XPOHOJIOTHYECKOM TO-
psake. [pn uncne nabmoaennit N uucno 3navenuii Fivr Oyner
pasHo N-1.
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[pu ycOBMH, YTO OTKJIOHEHUA YPOBHE# OT TeHAeHUH (OC-
TaTKY) CAy4ailHbl, 3HAYEHW DW. nexamue B unTepsane 0-4,
Beera OyayT HAXOAUThCs Ompie K 2. Ecim aBTOKOppensLis no-
noWUTebHAs, TO <2, ecnd OTPHUATENbHAs!, TO 2 < DW <4,
CreflOBaTeNbHO, OLIEHKH, [ONY4EHHBIE N0 KPUTEPHIO, ABIAIOTCSA
He TOYEYHBIMU, 4 MHTEPBANIbHBIMHY, HX 3HAUCHHA JJIs TPEX YPOB-
Heit 3Hauumoctd o = 0,01; a = 0,025 u o = 0,05 ¢ y4erom 4HC-
na HaGFoAeHUH JaHBl B CrielHalbHbIX Tabnuuax.

Kpurepuii Helimana naeT TOJI5KO TOUEHHYHO OLCHKY. B Tabmu-
tax 3Hadenust K paubl Uit MOJIOKUTENBHOMH (K1) M [UId OTPULIATETb-
Hoit (K;) asrokoppemsiupi. Ecin nonyueHHas B pe3ynbTare odpa-
BOTKH IMHAMMUECKOTO psna BenuunHa K Oyner MMer 3Hau€Hue Hi-
ke TabIMYHOr0, TO aBTOKOPPEALHA NONOKHTENbHAA, €CIIH BbilIC -
oTpunarenbHast. Ecu xe noydeHHOe 3HAUYCHAE KPHTEPUA JIEKHT B
unTepsane K- K, T0 aBTOKOppEslins OTCYTCTBYET.

Ipumep 3. [Iposepum 3HAYMMOCTE TOJIY4EHHOTO ko3h -
LHEHTa KOPPEJALMH F; BbIMUCIIEHHOTO MO JaHHBIM O MPOM3BO/I-
cree cranu (cm. Tabn. 2.11). Paccuutaem Kpurepui Japbuna-
Yorcona. Jas 3TOro COCTaBUM CHCTEMY HOPMAIIbHBIX ypasHe-
HUi, HalineM ap 4 d; ¥ NOCTPOMM ypaBHEHHe perpeccri (Fero-
MOTATENIbHBIE PACUETHBIE JAHHbIE MPHUBEACHBI B taba. 2.11).

[16a, = 1212
11360 @, = 2354 .
a, =758, a, =188,

A

v, =7758+188:.

e}

, .63 ,
Benuuuna wpurepus JapOuna-YorcoHa D = ——- =063,

)
T.e D<2 U1 3TO NOATBEPKINAECT HAIHYME B UCXOJHOM JAHHAMUYE-
CKOM Psifly MOJIOXHTEIbHON aBTOKOPPENALHA.

Beanuuna kpurepust Helimana

07 - 1°

6.78 116

v

h
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Tabmmua 2.11.

T

[lonyuenrass Benuunna kputepust Helimama Ttaxoke nop-
TBEPXKIUACT CAENAHHBIE BBIBORB! O HAIMYHM B HCCTIeIyeMOM psiny
AMHAMHKN TI0JI0KHTENbHOR aBTOKOPpPe LU {8, 39].

Crarncruveckas HayKka BbIpaboTana HeCKOIbKO METOJ0B
HCKJOUCHHS aBTOKOppeasumuu: 1) meton @puua-Boy - Brmoue-
HHUE BPEMEHH B KAYECTBE AOMCIHMTENLHOIO daxTopa; 2) merton
HotJenosarenbHeIX pasHocreii; 3) merton aBTOPETPECCHOHHbBIX
npecopasoBaHiii. PaccmoTpum ux.,
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|. Tlo 3ToMy METOZY BpEMsl BBOIWTCS B CHCTEMy CBASAHMBIX
JMHAMMYECKHX PSTIOB B SIBHOH (OpMe, B KA4ECTBE JOTIOJHUTENBHOIO
daxTopa. YPOBHH HCXOIHBIX JMHAMHUCCKHUX pANOB MOTYT OblTh
MpeCTaBNIeHb! TIOKA3aTesAMU B noboit hopme, B TOM |MCIiE Jiora-
puhMuHECKOdi, @ BpeMs BCET/id BBOJUTCA B nuueiiHoi Gopme. Bse-
mere (hakTopa BPEMEHH CHUMAET OCHOBHYIO TCHACHLMIO pa3BUTHs
BCEX ABJIEHMH, TIPE/ICTABIEHHBIX HCCAEyEMBIMH PAIaMi TUHAMMKL.
JloxasaHo, uTo BBENCHHE BPEMEHH aHAIOTHYHO WCHOB30BAHHUIO OT-
KJIOHEHUI (PAKTHHECKHX IAHHBIX OT TPEHOB.

ITpuMereHne MeTo/a HAMMEHBLIMX KBALPAaTOB K obpaboTtke
MHOFOMEPHBIX BPEMEHHBIX PsyIOB HE OTIM4ACTCHA OT METO0JI0-
ruM ero mpuMeHeHus k 00paboTke OOBMHBIX CTATHCTHHMECKHX
psizon. B paccMaTpupaeMom Cilyqae MMHUMUSHDPYETCA CAEIYO-
e BbIpAKEHUE:

A) :Z[y, ~f(x],x:,...,xwt)]: — min .

1pumep 4. 1lo faHHBIM O peai30BaHHON NPOAYKUMH W Ha-
KNaIFBIX PACXOJAX HA PEANH3ALMIO (CM. Tabn. 2.12) HaifTy TMHeRHOe
ypaBEEHUE CBS3M 1 PACCUMTATh HEH3BECTHbIC IAPaMETPLI
Tabauua 2.12

Peanaso- | Haxman-) xv X vt rooxt
BAHNAA HBIC |
ApPOIYyK- pac- |
1 UR XOJBL.
MIH. TbIC C_VM L
CYM, X v l |
T 9ob a7pa| a3 8 |27
i3 36 2 ‘ 1691 72
— 7T 29 3] 493| 289 | &7 EREED
| 414 a4 | led 8.7 |
e als Tl 270 83
36| 7% 536 | 1296 4261 36 2161 \
44 S0 7] 2200 1936 [ 350 49 3081 70.3
TTUSI] sU[ 8| 4130[ 2601] 648 64 4081 799,
60 98| o 5880 3600 882 81| 340 948
TR 48714518439 ] 11297 [ 2926 285j,.1z91 1471
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Cocrasum crcremy HopMaTBHbBIX YPaBHeHwit (cm. Tabu. 2.12).

Na, +ale+azZr :Zy;
a,y x+ay x’ +a, ) xr=3 yx;

a, Y vay xt a,y =3y

(9a, +281a, +45a, = 487

{281a0+11297a]+1791a3::1843%

(45a, +1791a, +285a, = 2926,
Orcrona

ap = ]5,63, a) = 2,61; a; = -8,60.
CnenosarenbHo,
Yo =1563+261x -8 ,60¢ ‘

2. Tlpn NCKIOYCHNH aBTOKOppeNsLK METOJIOM [OCJIEA0Ba-
TEEHBIX pasHOCTel 00paboTke METOZOM HaMMEeHbLIHX KBajpa-
TOB MOABEPrarOTCst HE CAMH YPOBHH MCXOMIHBIX PSIOB

_)”}a)”:r--a})n; x[axjv-'-yx”ﬂ
a MOCNCAOBATENEHBIE PA3HOCTH MEKAY HUMH-

Ay =y, =y
Ayz =XYoo Vs,
AV =Y 0=y
Ay, =y, Yk
8

Ax) = x, - x,
Ax, = x, | P
AX; =X , T X,

Ax, =x Xk

HpH HCITOJIB30BAHHH 3TOrO METOOa UCXOasT u3 npeanoo-
KEHHSA, 4YTO BCe Pa3HOCTH MEXKIY YPOBHSIMH AHHAMHYECKITX pa-
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0B, HauMHad C TepBOl, OyayT COEpPKaTh TOJLKO CilydaiByio
KOMIIOHEHTY. TIpuueM riepBbie PasHOCTH COAEPIKAT ClyHaiHyto
KOMIIOHEHTY B JIMHEHHOI hopMe, BTOPbIE - CIYHaHHYIO KOMIIO-
HEHTY, ONHCHIBAEMYIO Napabosofi BTOPOTO MOpaAKa, TPETbH -
NoKa3areNpHOH QyHKLIHEH.

YpaBHEHHE PErpecCHy Mex Iy MCCIeayeMbIMH NpU3HaKaMu
Ay m Ax Oyper UMeTb CIEeAyKOWHi BUA!

Ay =a, +a,Ax,
a CHCTeMa HOPMABHBIX yPaBHEHWH:
Na, +a,y Ax =" Ay,
i S A - S A
a,> Ax+a, Y (Ax)" =3 AyAx.

Hpumep 5. ITo narHbIv IPUBEEHHOIC Bbillle IPUMEpa Haliiem
YpaBHEHHE CBS3H, HCIIONIb3ys TIEPEBIE PA3HOCTH (TaK KaK CBS3b MEX-
Ay 06BEMOM Peanu30BAHHON NPOAYKUMM W HAKJIAZHBIMM PACXOAaMH
npeArioNaraeTcs JMHeH o) (tadn. 2.13).

Tabnuna 2.1 3.‘

Ton | Peamuzo- | Hawnaz- | Ax | Ay | (A | Ay | 7. |
BaHHAA HBIC pac- ;
npoAyEK- XO/Abl, |
HHS, MIH. | TbIC. CYM, 3
CYM, X »

1996 9 27 - - - - 1.9

1997 13 36 419 16 | 36 | 165

1998 17 29 41 -7 16 | 28 | 211

1999 22 4 5 {12 25 1 60 | 268

2000 29 S 17 [ 13 49 | 91 | 349

2001 36 71 7 107 ] 49 | 119 | 429

2002 44 S50 7 8 |20 64 | -168 | SL1 |

2003 51 81 7 131 | 49 | 217 | 602

2004 60 9% 9 |17 | 81 | 153 | 705

| Uroro ST 71 | 349 | 480 :

COCTaBHM CHCTEMY HOPMAJIBHBIX YPaBHEHHH!
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8a, +51a, =71,

Sla, +34%, =480,
Orcrona

ag — ],54; ay = 1,15
CnenoBarebHo,

V., =154+115x
3. HlckmoyeHue aBTOKOPPENALUMH METOLOM aBTOpErpeccH-

OHHBIX IIpe0OpazoBaHuii COCTOMT B TOM, YTO OTPENENSIIOT ypas-

HEHHE CBSI3M MEXIY OTKIOHEHHAMH OT TEHAEHIUH JBYX CBS3aH-
HLIX psAnoB auHamuku {18, 19

Yi~=Vn X=Xy,
Yo JVa Xy =Xy,
Vi 7 Vs Xy = X5,

3 vy 2
.yn - .ym xn ‘xfn'

B obomx pAnax AMHAMHKH HCKTIOYAXOT TEHACHLMID, CUMTas, YTO
TEHACHUHH PSIOB M0 X MV ONHUCHIBAIOTCS YPABHEHUSMHE NIPSIMbIX:
X, =a, +af,

V., =a, +ay.
[TostydeHHBIE HA OCHOBE 9THX YPABHEHUH 3HAYeHHs X, 1 Y

BBIMUTAIOTCA 13 (PAKTHYECKHX 3HAYEHHH yPOBHENl psinos X, 11 ;. a
3aT€M HA OCHOBAHUM CJIYHYaHHBIX OCTATKOB OCYLLECTBISETCH pac-
4eT YPABHEHHS PerpeccHH.

B sroMm ciiyuae Takke monyyaroT ypaBHEHMs perpeccHm. He
HCKa)XEHHbIE BIHAHMEM aBTOKOPPENALMH.

lpumep 6. [lna HaxoxAeHUs ypaBHEHHS PErpeccHM EOC-
MOJIE3YEMCS TEMH JKe JaHHBIMH M NMPOBEAEM COOTBETCTBYIOLIHE
pacyeTsl.

Paccunraem 3HaueHust x - X, (tabn.2.14).
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Tabanua 2.14

Ton PeasmsoBannas @ f r xt X, X- ¥,
TPOAYKIMS, MIIH.
CyM X
1995 9 -4 16 -36 5.4 3.6
1997 13 319 ] -39 11,8 1.2
1998 17 -2 4 -34 182 -1.2
1999 22 -1 I -22 24,8 -2.8
2000 29 0 [0 0 312 2.2
2001 36 1 1 36 37,8 -1,8
2002 44 2 4 38 442 -0.2 !
2003 51 3 191 133 50,6 04
2004 60 4 116 | 240 57.0 3,0
Hroro 281 60 386 ]
PaccunTaem sHauenus y -y, (tabm 2.15).
Tabnuua 2.15.
IN'oa | Haxkrtaaueie t r vr ¥, V-5,
pacxoet,
TBHIC. CYM,
1%
1996 27 -4 16 -108 214 5,6
1997 36 -3 9 -108 29.6 6.4
1998 29 -2 4 -58 37.7 -8.7
1999 41 -1 I -] 459 -4.9
2000 34 0 0 0 54.1 0.0
2001 71 1 1 71 62.3 8.7
2002 50 2 4 100 70.5 -20.5
2003 81 3 9 243 ' 78,6 2.4
2004 98 4 16 392 36,8 11.2
Uroro 487 491

CuuTas 3aBUCUMOCTDb JIMHEHHOM, paccyuTaem mapaMerphi
YPaBHEHMA CBA3H MexIy X, U ), (Tadn. 2.16).
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ITposens COOTECTCTBYIOUWME pacyeThl, NOJIYYHM:
ay = 2,03;.

Y. =2,03x.

Hsi Tpex onucanHbix Bpime NPUMEPOB NOICHHTAHBI CyMMBb]
RBAIPATOB OTKNOHEHMiA. Onu cocTaBaIOT-
1) ans mMetoza BBenenus BPEMEHH B Ka4eCTBe ONOAHUTE IbHO-
'O PaxTopa — €82.6:
2) st metona TOCAENOBATEIBHBIX (1TePBLIX) pasnocrei — 2648 7:
3) Ans merona ABTOPETPECCHOHNBIX NIPeoGpazonanmii - 2876.9.
Hanmenbiias cymma KBAIIpaTOB TOITy4eHa MPH HCMONB30BAHMI
fiepBoro metona. CnesosarentHo, BBCACHHE BPEMEHH B KauecTse j10-
TNOJIHUTENILHOH nepeMerHOi siBJmercs Haubonee LieficTBeHHbIM crio-
coboM o6paBoTin camanHbx PA10B miHamuku (BO BCaKOM Cilvyae,
TIPH JIMHEHHOH CBsI3iH MEXIY HCCACIyeMbIMU psinamu).

2.6. O606meH b METOl HAMMEHBLIINX KBAAPaTOR

pu napywenun FOMOCKEAACTHYHOCTH W Haiyuy aBTOKOp-
persiung omnbok PEKOMERIVETCS TpaaHUHOHHbL] METOn Hau-
MEHBIIMX KBA/IPATOB (U3BECTHEI B AHINTHACKOH TePMHUHONOrUY

N

kak meron OLS - Ordinary Least Squared) samensaTb 0606men-
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HeiM MeTonoM, T.e. MerogoM GLS (Generalized Least Squared).
OfGOGIICH B METOA HAMMEHBIIUX KBAAPATOB TIPUMEHAETCSH K
rpeoGpa3OBaHHbIM IaHHbIM 1 TIO3BOJIACT [OMy4aTh OLEHKH, KO-
Toprie 0OnanaT HE TOJNBKO CBOICTBOM HECMEILEHHOCTH, HO 1
AMEOT MEHbLIME BBIOOPOUHBIE IHCHEPCHH. Creunduka 0000-
menHoro MHK nmpuMeHHTENBHO K KOPPEKTHPOBKE IAHHBIX NPH
ABTCKOPPE/IALMU OCTATKOB OyNET paceMOTpeH nanee. 3recb oc-
TAHOBMMCS Ha MCTOJIb30BaHii 0000UEHHOTO MHK i KOppex-
THPOBKH reTepOCKenacTHHHOCTH.

Kaxk u panblue, Oynem npennoiarath, 910 cpenHee 3HaYeHue
OCTE TOUHbIX BEJMUMH PABHO HYJIO. A BOT JHCMEPCH ux He ocC-
TaeIcs HEM3MEHHOHM JUIA PasHbIX 3naueHnit GakTopa, a nponop-
HOHaJbHA BEJIU4HHE K1 e.

oi=0"-K,,
re o ; - jaucnepeun OUIMOKY NPH KOHKPETHOM i-l 3HAUCHIY
dakropa;

o> - TNOCTOsIHHAs IHCTIepCHs omuOKH npu CoONOASHUM
NPE,MOCLUIKA O FOMOCKEAaCTHIHOCTH OCTATKOB,

K, - x03bdUuMeHT NpornopuMoHalbBOCTH, MEHSIOLLUHMCA C
WiMSHEHHEM BeIHdMHbl QaKTopa, 4ro 1 0fBycnoBINBAET HEOHO-
POAHOCTb AHCTEPCHH.

[Tpu 5TOM NpPETIONIAraeTCs, 110 o~ HEW3BeCTHa, a B OTHO-
LUK BeJuuHHbl K BbIABMTAIOTCH ONPEACNCHHbIC UNOTE3bL,
XAPAKTEPUIYIOLIME CTPYKTYPY reTepoCKeIacTHUHOCTH. B o0wem
BHZ2 ISl YPaBHEHHA

y. =a+b-x +¢& npu ol=0"-K,

MOpENb NPHMET BUAL ), = & F poox + \fK, -8,

‘B Heil ocTAaTO4YHbIE BEJIMIHHDBL reTepoCKenacTHHbL [pen-
ofarast B HUX OTCYTCTBME aBTOKOppenalih, MOKHO NEpeHTH K
yPasHEHHIO ¢ TOMOCKEIACTHHIHBIMH OCTaTKxaMM, TIOJEIHB BCE e~

pEMEHHBIE, 3aQHKCUPOBAHHDIC B x0jie i-ro HaOMOIeHHs Ha JK
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Torna nucnepcust ocTaTKOB OyIET BEJMYHMHON MOCTOSHHOM, T €.

o, =0".

UnpiMu cioBamy, OT PErpeccHy y N X MbI NEPEHIEM K per-
PeccHH Ha HOBBIX MEPEMEHHbIX. V/ \/K ux/vK .
YpaBHerue perpeccmi npmvler BUJ!
X,
e = —L=+tg,.
/_ \/z s
Hcxonnbie nanHble st AAHHOTO ypaBHEHUst OyAyT MMeEThb
BU[!

N K
JK, K,
% Y X,

o oTHOWEHUIO K OOBIMHON PErpeccHu ypaBHEHHE ¢ HOBbI-
MM, NpecOpasOBaHHLIMH TEPEMEHHBIMH TPEICTABISET COOOH
B3BELICHHYIO PErPECCHIO, B KOTOPOIl MEPEMEHHBIE ¥ U X B3ATHI C

pecaMiu 1/ \/E }

Ouenka nmapaMeTpoB HOBOIO ypaBHEHUs ¢ NpeobpascBaH-
HBIMH TIEPEMEHHBIMIM NPHBOAUT K B3B€LHeHHOMy MeTOﬂy HaAHN-
MEHBIIHX KBaAPaATOB, AJI1 KOTOPOro HCOGXOL[HMO MUHUMH3HPO-
BaTbk CYMMY KBaaApaToB OTKJIOHEHUH BHAa

s ::Zkl—-(y, —a-b-x,).
,

CoOTBETCTBEHHO MOJYYHUM CAEAYIOHIYIO CHCTEMY HOPMasb-
HbIX YPABHEHUH:



N~ ¥ H ~ X
Y “l=gey ——+ by 4
A . z' I( ;

K “ K.
— V. X X, - x,:
:L LT ::a-}': —Ltby L

K, K K,

Py t

Ecnu npeoGpa3oBaHHble NEPEMEHHBIE X U ) B3STh B OTKJIO-
HEHHMSX OT CPeAHMX ypoBHEH, TO KkoadduLueHT perpeccun b
MOXKHO ONPENesMThb Kak

Ilpu oObluHOM MNpPHUMEHEHME METOAA HAMMEHBIIUX KBajpa-
TOB K YPaBHEHHIO JIMHEHHOW perpeccuu Ais NePeMEHHbIX B OT-
KJIOHEHMAX OT CpPEenHuX ypoBHeH koahduuuesT perpeccuu b on-
penesserca o gopmyne

Kax Buaum, npu ucnoapzosannn otodmernoro MHK ¢ ue-
JIBI0 KOPPEKTHPOBKH I'eTePOCKEIaCTHHHOCTH KOAD(ULIMEHT per-
peccun b npezncraniser coOOH BIBEIIEHHYK) BEIUYUHY MO OTHO-
mennro k o6prauomy MHK ¢ Becamu 1/K

ABaNOrHYHLI NMOAX0;1 BO3MOKEH HE TOJBKO 1151 YPABHEHHS
napHO#, HO M I8 MHOXeCTBeHHOIT perpeccuu. IIpeanonoxum,
YTO pACCMAaTPHUBAETCH MOACHb BUIE

y=a+b x +b -x,+¢,
A KOTOPO# NHCTIEPCHS OCTATOYHBIX BeJIMYUH OKa3anach Mpo-
nopunoHanbua K. K, - npeactaBnser coboil kosguuMeHT
NPONOPLMOHATBHOCTH, NPHHUMAIILKH PA3JIHYHbIC 3HAUCHUS ISl
COOTBETCTBYIOLIMX / 3Ha4deHuil (axkropos ¥y u x;. Beuay Ttoro,
YTO

ocl=0"-K’,

paccmaTpyBaeMan MONEIb IPUMET BH
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v=a+b x,+b,-x,, +K. g,
rIe OUIHOKH reTepOCKeAaCT HUHBL.
Jlnst Tore 4to0Bl TONYYHTh yPABHEHHE, T,1€ OCTATKU &, rO-

MOCKEIACTUYHbI, MEepeiijieM K HOBbIM IIpeoOpasoBaHHLIM Nepe-

MEHHBIM, Pa3leMB BCE WICHbI HCXOHOIO YPABHEHHS Ha KO-

(pHUHEHT MPOINopUHOHANbHOCTH K. YpaBHeHue ¢ npeodpasosaH-

HEIMH [TEPEMEHHBIMH COCTABHT
BN AT S TR
K, K K, K,

DTO ypaBHEHHE HE COACPIKUT CBODOAHOrC wieHa. Bmecte ¢
TeM, Hailis nepeMeHHble B HOBOM NpeoOpa3OBaHHOM BUAE U
npumensisi 00vrunblii MHK Kk HHM, NONYyYMM KHYIO cienuduka-
LIMI0 MOJIEJIH:

—}»} = A+ +b, -—Jf;‘Lerz I%Jrg
i i i

[lapamerpp! Tako#l MOAENH 3aBUCAT OT KOHLEITLMH, IPHHS-
Toi A ko3duuuenta nponcpuronabrocT K. B 3xonomer-
PUYECKUX UCCJICHOBAHUAX A0BOILHO YACTO BBIABUIAETCA TMIIOTE-

33, 4TO OCTarku &, INponopuUHOHaJbHbLI 3Ha1€CHUAM (balcropa.

Tak, ecnu B ypaBHEHHH

y=a+b o ox, tby x4 4+b, x, + E,
NpennoNokuTh, uto E=¢g-x,, T e K=x; u ¢, =0 -x,, TO
0bo0mennbit MHK npeanosnaraer oueHky 11apameTpoB cjie-
AYIOIIEro TPaHCPOPMYPOBAHHOIO YPABHEHUS:

Y

y o X,
—=b +b, == +b,-
X, X, X

+é&.

EC/IH NPEANONOKUTD, YTO OLUMOKH MPONOPLMOHANbHBI X, TO
MO ICIIb ﬂpI/lMeT BWI.
¥y Xy Xy
R bp +bh, =+ + 1"1)'—1 R

X, X, X,
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ITpumenenue B 3ToM cay4dae obobwennoro MHK npusoant
K TOMy, 9T0 HaO/IOfEHHs ¢ MEHBIIMMH 3HAYEHUsIMU TIPeodpaso-
BaHHHLIX NEPEMEHHBIX X/K UMEIT NpH OMpPENEeNeHHH Napamerpos
perpeccHid OTHOCUTEIbHO OONBbINUH BEC, UeéM C MePBOHAYalbHbI-
MU T2peMeHHbIMU. BMecTe ¢ TeM ciiefyeT uMeTh B BULY, 9TO HO-
BbIE 11peoOpa3oBaHHbIE [IEPEMEHHBIE TTOJIYHA0T HOBOE 3KOHOMH-
4ECKOe CONEPKAHME M MX PErpeccHs MMeeT HHOM CMBICIH, 4eM
perpeccust o HCXOAHBIM JaHHbIM.

Mpumep 7. Tlyctb ) - U3NEPXKKU MPOU3BOACTBA, X1 - 00bEM
[IPOJIYKLHM, X2 - OCHOBHBIE IPOM3BONCTBEHHBIE (POH/IBL, X3 - YHC-
J€HHOCTb PAOOTHUKOB, TOrAA ypaBHEHHE

y=a+b x +b,-x,+b, -x,+E
SIBISI2TCSL MOJIEJIBIO M30EPIKEK MPOU3BOACTRA C 0OBEMHBIMH (aK-
Topavii. Ilpeamnonaras, 910 O. NPONOPLHOHAIbHA KBaLpary

YUCJIEHHOCTH pabOTHHKOB X3, Mbl TIOJY4YHM B Kaue€CTBE Pe3y.ibTa-
THBHOTO TIPU3HAKA 3aTPaThl HA ONHOTO paboTHUKa ()/x3), 8 B Ka-
yecT3e (aKTOPOB CIEAYIOHIHE TOKA3aTe M, IIPOU3BOAUTENILHOCTE
Tpyaa (x1/x3) u GoHmoBOOpYkKEHHOCTH TPyAa (x2/x3). CooTseTCT-
BE€HHO TPaHC(HOPMHUPOBAHHAS MOZETb IPUMET BHJ

«y—:bs +h, -iv—‘-+b3 -~x—'“’—+g,
X, X, X,
rae 1apamerpel by, by, b3 YHUCIEHHO HE COBMAJAKT C aHANOTHY-
HBIMH TlapamMeTpamu npezbiayuleii Mmoaesu. Kpome Toro, koag-
(PUITIEHTH PErPECCHH MEHSIOT SKOHOMHUYECKOE CONEPIKAaHHEe: M3
IICKE3aTENE CHUITbI CBSI3H, XapPaKTEPH3YIOLUX cpeaHee abcomoT-
HOE HM3MEHEHHWE W3IEPHEK MPOM3BOACTBA C U3MeHeHHeM albco-
JKOTA0H BEJIMYMHBI COOTBETCTBYIOLIEro (AKTOpa Ha eIHHUUY,
oru pukcHpyroT npu obobwennom MHK cpeanee usmenenue
3arpat Ha pabOTHHKA, C U3MEHEHUEM MPOH3BOAMTENBHOCTH TPY-
Na Ha eIMHUILY MPH HEM3MEHHOM YPOBHE (POHAOBOOPYKEHHOCTH
TpyLa; u ¢ H3MeHeHHeM (GOHIOBOOPYKEHHOCTH TPyNa Ha ¢/IMHH-
Uy NPy HEH3MEHHOM YPOBHE NPOU3BOAHTENBHOCTH TPYAA.
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Ecnu npeanonoxurs, uro B Momenu c NMepPBOHaYa. 1bHBIMH
NEPEMEHHBIMU TUCTEPCHA OCTATKOB NPONOPLUMOHATIbHA Ki3a,1paTy

obbema nponyKunm, O = 0 - X;, MOKHO NepeiiTH K ypasHeHHEO
perpeccuu Buaa
x3

, X,
_-X,:hl +bz ._4+b3 .
X, X, X,

+&.

B HeM HOBbIe nepeMenHbIe: y/X| ~ 3aTpaThl Ha enuHuy (Mau
Ha 1 cyM. MPORYKLMH), X2/X| - DOHIOEMKOCTb MPORYKLHMK, 3/x; -
TPYAOEMKOCTb MPOAYKIMH.

I'unoTesa o MPONOPUUOHANILHOCTH OCTATKOB BEIHYMHE dbak-
TOpa MOXET MMETh PeasbHOE OCHOBAHHE. NPU 06pabOTKE HEL0C-
TATOYHO O/IHOPOIHOHN COBOKYITHOCTH, BKIIOYAKOLUEH Ka< KPyII-
HbIE, TaK M MEJKWE NPEeANnpUSTHs, OONbIUMM 00beMHBIN 3HAYe-
HUsIM BaKTOpa MOXET COOTBETCTBOBATb OOJIbIIAS ancniepcns pe-
3yNbTaTHBHOIO MNpu3Haka M OOJBINAS JUCIEPCHS OCTATCHHBIX
BEJIHUHH.

Hpu Hanuuuw oxHol o6bsICHAIOIIEH NepeMeHHOl THHOTe3a
o, = 0’ - x* TpaHchopMHpPYeT THHEHHOE ypaBHEHHE

y=a+b-x+g-x
B ypaBHEHHE
X:b+ﬁ+a
X b
B KOTODOM I1apaMeTpbl ¢ H b [TOMEHSIMCh MECTAMH, KOHCTAHTA
crana Ko3QOUUHEHTOM HaKIOHA JIHHUM PErPECCHH, a k03 M-
€HT PErpecCHHt - CBOOOAHBIM UJIEHOM.

[Tpumep 8. Paccmarpupas 3aBHCHMOCTD cbepexenitii y or
A0X0na@ X, NO NEPEOHAYANBHBIM JAHHBIM OBUIO TOJNyYEHO ypas-
HEHUE PEerpecCHu

y=-1081+01178 x

Ilpumenss obobumennsiit MHK k nanHo# Mogenu B apenno-
TOKEHHH, YTO OLIMOKH TIPONOPUHOHANBHbI J0XOAY, OBINO MOJIY-
YEHO YpaBHEHHE ISt TPeodPa3OBaAHHBIX NAHHbIX:
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Y 0102608538 .
X X

(o3 duumeHT perpeccuy NEepBOrod ypaBHEHHS CPABHUBAIOT
c0O ¢BOBOAHBIM 4IEHOM BTOPOTO ypaBHeHus, T.¢. 0,1178 n 0,1026
- olleHkH napameTpa br3apucuMocTy coepexenuii oT foxoa.

ITepexon ¥ OTHOCHTEILHBIM BEETUYMHAM CYLLIECTBEHHO CHMKAET
BapHauMio (akTopa M COOTBETCTBEHHO VYMEHBIUAET IHCMEPCHIO
ommbxu. OH npeacTapsier coboi Hanbone: NMPOCTOM Clryyal yuera
reTepOCKEIaCTHYHOCTH B PEIPECCHOHHLIX MOJEISIX € MOMOLIBIO
otobienHoro MHK. IIpcuiece nepexosa K ¢THOCHTEIBHBIM BETHUH-
HaM MOXET 6blTb OCJHOKHCH BBLIABIIKCHHMEM HWHBIX THIIOTEC3 ¢ IPO-
TIOPIMOHATIBHOCTI OHIMOOK OTHOCHTENILHO BIJTFOUEHHBIX B MOJAEIb

daxropos. Hanpumep, Inc =Ilno” +b-Inx+v, Te pacemarpu-
BAETCA XapakTep B3auMocBasH Ing’ ot Inx. Vcnonesosanue Toi

FUIH HOM THIOTE3bl PENTIONaraer CrelHaibHbie HCCAeA0BaH s OC-
TATOUHBIX BEJMYMH JUIS CCOTBETCTBYIOUIMX PErPECCHOHHBIX MOfe-
neft. ITpumenenne 0606imerHoro MHK nossosster moayuurs oHeHkH
MapaMeTPoOB MOAES, 00Ia1ar0LIHe MSHbIIEH TUCTIePCHEH.



T'JIABA 3. KOPPEJISIIIMOHHLOA AHAJTM3

3.1. Odmme 3ameyanus

Koppensuuonnbiii ananu3 spiisiercss HEOOXOXMMBIM yray0-
JEHUEM METO0/1a HAMMEHbLUHMX KB3APaTOB U PErpecCUOHHOTO AHa-
nu3a. B nocTpoeHHoM ¢ MOMOLIbI0 METONA HANMEHBIIHMX KBAIpa-
TOB ypPaBHEHHM PErPEcCHU OTCYTCTBVET yKa3aHWe HA CTeneHb
B3aMMOCBSI3aHHOCTH PE3YJIbTATHBHOIO IPHU3HAKA C (PaAKTOPHEIMH.
Koppensaunonnblii aHamm3 no3BossieT ONpeaesuTh TECHOTY CBA3H
MEXNY MCCAENyeMbIMH NPHU3HAKAMH, OLEHUTH pasdpoc HCXom-
HBIX J@HHBIX OKOJIO JIMHWMM DErpeccud, «KauyecTBO» YPaBHEHMs
perpeccun, NpasUIbHOCTEL BLIOOPa THIIA YPABHEHMS U AP.

Hoz KOppEnAUMOHHABIM aHATH30OM TOHUMAETC COBOKYITHOCTD
METO/{OB, KOTOPBIE MOMKHO MOMPA3/IEHTb HA JBe GOJIbIIHE IPYL;

Ileppas rpynma — mnapamMerpyvyecKkuie HAH COOCTBEHHO-
KOPPENALMOHHLIE METCIbI H3MEPEHUS TECHOTHI CBSI3EH, OHM MOA-
PasyMEeBAtOT BLIYHCIEHHE NHMHEHHOro ko3dduienTa Koppens-
LMH, MHOXECTBEHHOrO KO(QHIMEHTa KOPPEJSLUUH, YaCTHOrO
KO3 dHLMEnTa KOPPEIALUMY, KOPPENSLUMOHHONO OTHOILEHHSL.
[Ipumenenne 3Tux rokasareneii tpeCyer cobmomeHHs HEKOTO-
puIX yCcaoBui: 1) uccneayemble sBaeHus (MOKA3aTeNM) AOKHBI
ObITb pacnipesiesieHbl 110 HOPMAJILHOMY WAH GIM3KOMY K HOD-
MaJlbHOMY 3aKOHY Pacnpene.eHHs; 2) OTHENbHbE HaOMOAEHHS
JOJIKHBI ObITh HE3aBUCHMBI.

Bropas rpynna MeTon0B — HEMApaMeTPUYECKHE, NPUMEHEHHE
KOTOPBIX B HCCNEAOBaHMM He Tpebyer COOMoAcHMs Kakux-aubo
YCNOBUA. DTH METONBI BKIKOUAIOT PACULThl Pa3iM4HbIX KOd(duLin-
EHTOB, NOKA3BIBAIOIMK TECHOTY CBA3H. MXx mpuMeHeHue onpasabi-
BACTCA B TEX CIIYHasiX, KOIJia COOCTBEHHO — KOPPENALHOHHLIE Me-
TOZIbL U3MEPEHHs CBsi3eil SIBISIOTCA HEAOCTATOUHBIMM, HANPUMED
MpH OTPEIENCHUH TECHOTEI CBA3M MEXKIY KAUeCTBEHHBIMU NPH3HA-
KaMH, 11pH 000CILEHHH IKCMIEPTHBIX OLEHOK U T. 1.



HenapaMerpuueckye Metoapl oueHku cBsizp npoiie. Onu
TPeOYICT 118 PacyeTOB HECPAaBHEHHO MEHBIIE BPEMEHH, UeM
COBCTBEHHO-KOPPENALMOHHBE. KpoMme TOro, OHM HE TpedyroT
HUKAKHMX TIPENIIONIOKEHHH O 3aKOHAX PACMpPEIENeHUs UCXOHBIX
CTATHCTHYECKUX JAHHbBIX, TaK KaK MPH HX MCIONb30BAHHM HC-
CJIGNOBATENb ONMEPUPYET HE CAMMMH 3HAUEHHAMH TPH3IHAKOB, a
MX 4aCTOTaMH, 3HaKaMH, PAHraMu U T. A1.

3.2. KoppeasiunoHHbIe METOAbl H3MEPEHUS
TeCHOTb! CBSI3H

ITpu Hanu4uu CBsA3K MEXKAY ABYMS NMPU3HAKAMHU CIIPABEIIH-

BO CJIENYIOLIEE HEPABEHCTRO!

D(x+y)# Dx+ Dy,
T.C. IMCITEPCHSE CYMMBbI NPU3HAKOB [X(x+Y) OTIUYESTCs OT CYMMbI THC-
niepeyiii 3TuX NpusHakoB (Dx + Dy) Ha BEIUHHHY, XapakTepH3yIOLLyO
KOPPEIs IMOHHYIO CBsi3b MEXKIY NPU3HAKAMH X, Y.

HeoGxonuMbIM K OCTaTOYHBIM YCAOBHEM HAMYHs KOppe-
NMAUUOHHOM CBSI3H SABJISIETCA HEPABEHCTBO!

M [(x - AJx)( y - ]v{y)] # 0.

Bennuuna B JieBO# 4YacTH HEpPaBEHCTBA HOCHT Ha3BaHHE
KOPPETALMOHHOTO MOMeHTa. KoppeasuHOHHbIA MOMEHT HMEET
Ty K€ [a3MEPHOCTb, YTO W BEAMYMHBI X, ¥. Ha npakTuke oObIvMHO
ucnoqbdyerca Oe3pasmepHas BEIMYMHA, KOTOpas Has3bIBACTCA
JMHEMHBIM KO3PPULIHEHTOM KOPPEIALHH.

KOTOpPAa: Ha3bIBae1Csl IUHEHHBIM KOIQHHLUHEHTOM KOPPEJLIHH.
JIuselnbli Ko3(QQHUHEHT KOPPENsLMH HMEET OYeHb O0JIb-
[I0€ 3HAYEHHE, KOTa peub UAET O HOPMaAbHOM PacrpeaesiCHHH.
Jlerxo ;10ka3pIBaeTCs, YTO yeiaoBHe r=0 sizasieTcs HEOOXOAUMbIM
M JOCTETOMHBIM JJIs TOTO, 9TOObI BEJMUMUHBI X U ) ObLIY HE3aBU-
cuMbl. ~IpH 3TOM YCnoBHHM W KO3DPUUHEHTHI PETPECCHH .,
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Taxke obpainaroTes B vyb, a IPAMbIE DETPECCHA ) IO X | X 110 y
OKa3bIBAIOTCH  B3aMMHONEPIEHAMKY IAPHBIMH (mapayienbHBIMu
O/tHa OCH abcumce, a BTopast ocu OPIMHAT).

Ecim sxe 7=1, 10 310 031a4aer, uro Bee Touxn (¢, ¥) HaxonsATCH Ha
NPSIMON M 3aBHCHMOCTD MEXIY X H Y SIBISETCH (DYHKUMOHAIILHOIL
Ipamere perpeccun y 1o x 1 x 1o J B OTOM CJlyyae COBNAAAIOT. Yka-
3aHHOE COOOPaXKEHHE PACTIPOCTPAHSETCS TAKKE Ha CJiy4ai HOpMaJib-
HOTO pacripeznesyieHus Tpex 1 6osee Beumy,

Jlunelineiii kos¢duiuent KOppesALMn n3Mensiercst B mpe-
Aenax —1<r <1. B obweM Bune opmyany, no xoTopoii ox or-
PERENACTCS, MOXKHO 3aNHUCATL TAK:

poX Xy

O-.‘; ' O-,v

y

CCIM XY > X ), TO 3HAUEHHE I' NONOKUTENBLHO, eC/In Xy<x-y,
TO OHO OTPHLATENBHO.

CpenuexBanpatuueckas owmuGka JIMHEHHOTO ko3 duunenTa
KOPPEIAUMH BLIMHCAAETCS 1O POPMYITe

roe N - uucno wabmonennii. Ha OCHOB&AHEHMH BE.IMYHUHbBI OHIUOKH
CTPOHTCsl ROBEPHTENbHbIN HHTEPBAN [ 7
r—ioc, sr<r+ito,.
3Ha4uUMOCTDb JHHEHHOrO KOO OULHEHTa KOPPeTILMY MOXKHO
[POBEPUTH MO I-KPHTEPUIO:

DTOT KpuTEpHii IpUMeHsIeTCS AT cayyaes, korga N<S0.

Ipumep 1. [To aanusiv o 3aBUCHMOCTH CTOMMOCTH OCHOB-
HBIX IPOH3BOACTBEHHBIX OHI0B OT 06bEMa BATOBOL TIPOAYKIIHH
paccauraem nHHEHHbI keadhduunenT KOppenaLuu, ero omubky
H OTIPEIEHM €r0 3HAYMMOCTD:

e
‘ad
(V]



o Yom o x 2y

)" == jl:.x ‘_'V = N’ N N f—
o 0. o 2 A 4 2
v > (a2 Z}:}

N N NN
2921 B 55 445
_ 1010 10 —0.97-
[ 385 _[25) [ 445)‘2
\) 10 10 10 10

1-0.95 0.05

c = —-A—:———f-()()U

' 10 - 3

C BEPOSITHOCTBIO P=O,9545 CTPOUM JOBEPUTENbHBIA HHTED-
BaJI AJI5. OLIEHKM 7.
0,95-2-0,017<7<095+2-0,017;
0916 <r <0,984.
ITpoBepum 3HAYUMOCTD r. PacieTHOE 3HACHHE KPUTEPHA

095 5
- 9 (10-2) 0958 oy
1- 095 0,05

TaSnuuuoe 3HadeHue mpu 5%-HOM YPOBHE 3HAUUMOCTH
1,=2,306, cnenoBaTenpHo, f,>f W 3HAYAMOCTH kosddumenTa
KOPPEJLIUMY [TOATBEPXKAAETC.

(DcpMyny I pacueTa JIMHEHOTO koa(p(bnunem"a KOppessiLiHK
MOYEO (TONY4HTh, HCIONB3YS OTKIOHEHHS OT CpeIHel:

Z(v ix)(yr— L)

TecHOTY CBsi3H npu MHOXKECTBEHHOH mppenmmmmou 3a-
BUCHMOCTH, T.€. MPH HATH'MHH B3aUMOCBA3H TPEX H dosee npH-
3HAKOB OJHOBPEMEHHO, XapaKTepusyer MHOMXECTBEHHbIR, HIH
COBOKYITHBIH, KO3(PHHUMEHT KOppensuuH R MHOKeCTBEHHbIH
k0a(dF (MeHT KOPPEeNsAUHY BbIYMCIACTCA NPH HATHUHM JIMHC fi-
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HOM CBSA3K MEXIY Pe3YyIbTATUBHBIM U dbakropHbIMM npu3HaKamy,
& TAKXKE MKy KaX<110H napoi GpakTopHex npuskaxos. ITogcuu-
THIBAETCA OH MO Clienyouel Gopmyie:

0-12.2 d
Rlvl " = T 2
o,
3
rAe O, , - OCTaTOYHAS AMCIePCHS, o, - obuas muCIercus pe-

3YJILTATUBHOIO TIPK3HAKA.

MHuoxecTBeHHbIH KO3hHLUHEHT KOPPENSUHE MOKH0 pac-
CHUTATD, UCIIOJB3YA NapHele KOdp@uuMenHTs Koppessumm u p-
K0P PUIUEHTSI:

Iel.lun = \/l[?lryxE + iBi’rvx: ot ﬂnryx" d

FAe Iy, - NapHeie ko3(pduLmentss; £ - kosbduunenTs B cran-
HApPTU30BAHHOM MaciuTade.

MHO)ecTBeHHbIH KO3 PuLHeHT KOPPEeJSIUHMHY MOXHO TaKkKe

TOJYHUTE HA OCHOEE BBIYUCIICHHS OIpENeNHTeNeH, COCTABRJIeH-
HbIX M3 MAPHLIX KOOPOHUUHMEHTOB KOPPESALHM;

A
A = By Loy e .
Fa Ty i 1
1 F’JS rln
A= o] s

MHOX)ecTBeHHBIN ko duuenT KOppeJNsALUM H3MEHSICTCS B
npenenax o1 0 10 1 v no onpeneneHyio noaoxuTeNeH: -
0<R<I.
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Bouuciennsii ko3dduupeHT R o6s38TenbHO HODKEH KOPPEK-
THpOBATLCS HA YUCHO HAOMOZIEHNH, TaK KaK MPH MajloOM UMCIe Ha-
6IIOKEHHIT 3HaueHHe R roMyuaeTes 3aBbIeHHbM. Ecin Obl uncto
(aKTOpHBIX MPHU3HAKOB ObLIO PABHO MMCITY HaOJFONEHUH, TO THIIEPT-
JIOCKOCTB, TIOCTPOEHHAS TI0 METO/ly HaMMEHBIIMX KBAIPATOB, NPOLLIA
6b1 uepe3 Bee TOuKH N 1 MHOMKECTBEHHbIH KOI(DQULHEHT KOPPEIALIIHT
ObUT ObI paBeH 1, XOTA CBS3b MEXAY Pe3y/IbTaTUBHBIM 1 (baxkTOpHBIMH
TPH3HAKAMH MOrIIA GbITh OUeHb CTabOR.

Benuuudba MHOXKECTBEHHOIO kodduuuenTa KOppeIsuuH
KOPPEKTUPYETCS Ha OCHOBAHUH CIIEYIOLIETO BbIPAXCHHUA:

I

R ] N
R, = 1-(01-R")——.
R = 10RO T

roe R - CKOPPEXTHPOBAHHOE 3HAUCHHUE, /N - UHCHO Ha0JIF01€HHH,;
7 - 9ici0 GaKTOPHBIX NPH3IHAKOB.

Koppekruposka R He MPOUSBOLMTCS IIPH YCIOBHHM, €CITH

Mmoo
n

CpemuexpaipaTiyeckas omnbxa kodpouLHeHTa MHOKECT-

BEHHOI KOppeJisimy onpenensercs no popMyne
|

O, = ===z,
RN

R
Ecny BBIICJHAETCS HEPABEHCTBO —— >3, TO C BEPOATHO-
c

R
crbio P=0,99 MOXHO CHHTATH /X 3HAYUMBIM.

OLieHKa JN0BEPUTENLHBIX FPaHuLl [} MPOU3BOAMTCS CIAEAYHO-
wumM 06pasom: BenMdHHa R NpPHpaBHUBAETCA K rHnepbommye-
CKOMY T@HT'€HCY BEJTHUYHHbL Z, T. €.

R =thz,
rae

7-!11+R

T2 1-R

[LIOTHOCTb PAcTIpEEeHHs Z SBISETCH NOYTH HOPMATBHOI
CO CPEHHUM 3HAHEHHEM
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H tucnepcueti

5 1
O =
N =3
CJ]CZIOB&TCHI;HO,
. P{— tlo, <z-z, <fa':}= O(1).
Orcrona

Z-10, <z, <z+ to,;

5 =z-to;
{zx =z+lo,.
o Tabmanam st stux SHAYEHWH z Haxo LT Ry 1 Ry 1oe.
R <R<R,.

Hpumep 2. Bocronesyemes panmsmm pHMEPa O CBA3H MexK Ty
CPEAHErONOBOM CTOMMOCTBIG OCHOEHbIX MIPOU3BONCTBEHHBIX (JOHAOB
(¥1) B MIH. cyM, OTHOCHTe L HEM YPOBHEM 3aTpaT Ha NPOUIBONCTBO
(x2) B npoueHTax 1 06Bemonm PeaM30BaHHON mpoaykumu (V) B M.
CYM. M DaCCYHTAEM MHOKECTBEHHbBIL KO3(puIMEnT Koppessim, ero
OLUDOKY, YacTHbie kO3 GHLEHTH! KOppeSILI.

Honcanrannbe 3uavenns NapHbIX KO3 uLHeHTOR KOppe-
JSILMK craenyromue:

7, =088, I, = 0,88; T, =0,77.

w
MuoxecTBennp it koapduuneHT KOPPENALHH  BBHIYMCIHM,
HCHONB3YS 3HAYEHNS MapHbIX KOSduIHeHTOR:

- e _—

(07744 205929 2 088-0.77 088
1-0.7744
Iposepum NPaBUNBHOCTL pacuera MHOMECTBEHHOTO K03(-
buumenTa kKoppemaunu. [ocrponm BCriomMoraTenbHyo tadn. 3.1

" npoussenem pacHeTh.
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_ . R Tabmiua 3.1.
‘ o | vV v F(y*?)w « i

Pl 20,29 0,29 00841 | 94
23 20,37 4.63 214369 | 4.4
20 25,71 -5.77 332929 | 94
30 2831 | 1.69 28561 | 06

32 30,61 1,39 19321 |
25 21,75 -2,75 75625 |
20 33,15 415 | 172225 | 04
37 3583 | 1,17 | 13689 | 7.6
36 36,61 0,39 01521 |
40 38,31 1,69 28561 | 106

Viroro e 83,7642‘“1

Ounpenenum R

R- 1387042 o8
43.64

Paccuntaem R

. 9
R = [1_ (1-0,7744) . = = 0,84
\ 7

Onpepeaum o,

o= on

101
Nveem ﬁ- - 9_8_‘1 ~763>3 CrnenoparcibHO, BCIMHMHA R
o, Ol i
3HAYUMA.
O TpesiesiM NOBEPHTEIIbHbIE TPAHMLEL, E KOTOpPBIX C BEPOAT-
HocThE) P=0.95 naxomutes R (r=1,96):
-196-011<z-2, <196-011;
z, = 1,3758 - 1.96-0.11=1,1602;
z, =13758+ 1.96-0,11=15914.
1o TadauiiamM HaxOAuM, uTo R,=0,83, Ry = 0,92,
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CnenosarenbHo, 0,83<R(<0,92.

Ho maprem kosddunuerram KOPPEISIIMU MOXKHO BbIMuCUTYL
4acTHple KO3 PULeHTb! Koppenannn.  Hacrubie  kosdduimierrss
KOPPEISLNH [O3BOSIIOT OLEHUTH BO3AEHCTBHE Ha pe3ynbTaTyBEbIH
MPH3HAK ONIHUX (aKTOPOB TP UCKITIOYEHUH APYIMX W 3axpenJie-
HUM TIOCNEHUX HA TTOCTOSHHOM YPOBHE. Pasnuuaror yacrupie k03¢-
¢uupenTs! niepaoro, BTOPOro u 6osee BbICOKMX TIOPSIIKOB.

[Ipumep 3. Ha ocnopanuu TIPUBENICHHBIX BBIIIE MAHHBIX O 3a-
BUCHMOCTH Tpex noxasareneil paGoTh ORHOTUMHBIX OPEANPHSTHIA
BBIMHC/IMM HacTHbIe KO3(hbULIHEHTHI KOppeIiLiK repsoro nopsika:

(r,) = o T P 0,88-0,88.0,77 0cs
I"V,_\_ Ay )= — = = B e =S A .
. -2 i =ri ) J1-059291-0,7749)
Po, “Ty T, 0,77-0,88-0,88

< (3 :ﬁs;“_:::»:‘ﬁ\\—__zo,OIZ;.
()= N 07705959

Ecan casb mencry HCCTEyeMbIME - akTOpaMu kpuno.u-
HEHHAsA, TO TECHOTa CBN3M OIPCIENACTCS C MOMOLBIC Koppensi-
HMOHHOTO oTHOWeHuA. Koppensunonnoe OTHOLICHHE VIOXKET M-
HOML3OBATLCA I UBMEPEHUS TECHOTHI CBS3H U TIpH TUHEHEO]
CBs3H. Pasnuyaror IMIMPHYECKOE U TEOPETHYECKOE KOppeJisiiu-
PHHOE OTHOWIeHHE. DMnMpuyeckoe KOPPENsIUHOHHOE OTHOI) eFe
BBIGHCIACTCA KaK KOPEeHb KBANPATHBIH K3 OTHOWIEHHS MexIpyrl-

NOBOH NHCITEpCHH K odmmel-
-

(SZ
= \/‘“T; 0< n <1
o’
Owno BBIMHCIISIETCS Ha OCHOBaHWH rpynHHpOBKI/[ HNH pstaa

pacnpeneneHns.
Ipumep 4. o nanupim 3anaqmn Jda paccyMTaem SMIHpHYe-

CKO€ KOPPEmILHOHHOE OTHOIUEHHE, HMes V=612y 5\ =311,
paccuMTaeM 57, e, MEKTPYIIIOBY10 Aucniepcuo. Tocrpoum

BCIIOMOraTenbHyio taby. 3.2
Tadmuya 3.2,



) ' 1.6
3HAYHT, §° = .81’7(’9AL = 1,64 n= 1,64 =0,73.
50 3,11
BenuuuHa 7] TIOKa3bIBAET, YT0 MEXIY pe3yJBTaTHBHBIM 1 dak-

TOPHBIMU prHSHaI‘ZaMI/I CyL1eCT BYCT JOCTATOUHO TECHAs1 CBAA3b.
T‘GOPCTMWECI(OC KOppf:J'ISIL[]/[OHHOe OTHOIIEHME BBIYUCIACTCA

o Gopmynam: 77 = |1 - e TYowmawmn = TSN
5.0-) 1560
Cpenrexpanparuyeckad OLMOKA TEOPETHHECKOrO KOPPEIALIH-

1-n°
OHHOTO OTHOLIEHHS MOJICHN THIBATCH 110 GOPMYNE Oy = N

I
3HAYUMOCTb OTIPEENSETCH U3 YCIOBHA T s3
o

7
Fcnu KOppe/IslMOHHOE OTHOLICHHE paccunTaTh AN JUHER-
HOM 3aBUCHMMOCTH, TO OHO JOJKHO 6bITL MUCJICHHO PaBHO JiU-
HeitHomy ko3diureHTy Koppesaly, T.¢. n= .r[ TO PaBEHCT-
5O MOYKHO MCMIONB30BATh s MPOBEPKH IHIOTE3EL O JIMHENHOCTH
cBsizy. ECnp OTHOUIEHHE BEJIMHHHDBI nuneliHoro koadduienTa
KOppesAlKH K BEIH1HHE TEOPETHHECKOTO KOPPENSALUHOHHOTO OT=
HoweHHs Oyaer OJIM3KHM K €IHHHLE, TO AOATBEPAAETCS runo-
re3a O AMHeHHOCTH CBsi3i. ECi 3T0 OTHOLICHHE Hyner OHM3KIM

K HVJIK0, TO TUNOTe3a JUHEHHOCTH OTBEPraeTcs.
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IIpumep S. [lpoBepuMm ranoTezy NTHHEHHOCTH CBA3M 1S HC-
XOAHbIX OaHHBbIX. BCHOMOraTes/bHbIE pPacyeTbl IMPUBEALHBI B
Tabdn. 3.3. Umeem y =445 )

Tabnuna 3.3.

y Vo ViV | -3) 1 0= | (-3
20 19,4 0,6 0.36 245 600,25
25 25.0 0 0 -19.5 380.25
31 30,6 0,4 0.16 -13,5 182.25
31 36,2 -5.2 27,04 -13,5 182,25
40 41,8 -1.8 5.24 -4.5 20,25
56 47 4 8.6 73,96 11,5 132.25
52 53,0 -1.0 1.0 15,5 240,25
60 38,6 1.4 1,96 - 15,5 240,25
60 64,2 4.2 17,64 75 56,25
76 69,8 0.2 0.04 25,5 650,25
Uroro 445 | 446 125,40 2684.50

CJIGHOBELTGJH)HO, TCOPETHHUECKOC KOPPEILIHHOHHOS OTHOICHHUE
125,40 .,
n = \/ - -0 10,976,

2684 5
KoadduumerT xkoppesstiimn = 0,97, Takum o6pazoM, OTHOLIEHHE
: (0,96
L N
n 0975

OYEeHb OJIM3KO K €NMHHLE, U THIOTE3d O NUHEHHOCTH NMOOTBECP-
AKIACTCSL.

3.3. Henapamerpnyeckue MeToAbl OLIEHKH
TeCHOTHhI CBSI3H

Cpean HenapaMeTpHHeCKHX METO/O0B OLEHKH TECHOThI CBf-
31 HanboJibluee 3HAUEHHE UMEIOT PACUETbl PAHrOBBIX KOd(QduLH-
enToB koppensuum Crinpmena p n Kenpanna 7. Ot x03ddu-
LIMEHTBI MOT'YT ObITh HCTIONBb30BAHLI IS OMPENETIEHHsST TECHOTHI
CBA3EH KaK MEKAY KOJHUECTBEHHBIMH, TAK B MEXJly Ka4eCTBEH-
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HBIMI TIDU3HAKAMM NPHU YCIOBMH, €CJIH 3HEYEHUS 3THX TIPU3HA-
KOE MOTYT ObITh yNOPsAOYEHbI MM TIPOPAHKUPOBAHMI MO CTere-
HM yOBIBAHUS WJTH BO3PACTAHMS TIPU3HAKA.

FKoapdpuument Crimpmena paccuursiaercs no Gopmyiie

rae df — KB3/IpaThl PA3SHOCTH PAHI'OB CBA3aHHbLIX BEJIWYMH X W V,

N — 1ucno nabmonennii (uncno nap paHros).

Ilpumep 6. Ilo naHHBIM CPYNMbLI M3 AECATH OJHOTUIHAIX
OPENPUSITHIT O CEDECTOMMOCTH TOBAPHOM POAYKIIMH, MIIH. CYM.
(X) M HaKNAAHBIX PacCXOaxX MO PEANM3AUKH JTOH MPOMYKIMHM,
TBIC. CyM. (y) paccuutaem kosdduuuent Cnpmena (Taba. 3.4).

Tabmuua 3.4,
x v PawxupoBasue Cpas- | Pas- | ;42|
HSHHE | HOCTh T
PAHTOB | paH-
X Panrx| v Panrv| R, | R, rOB
R, R, d; ]
12.0 462 11,0 i 462 1 2 i -1 I
1&.8 939 12,0 2 506 2 5 6 -1 1
11,0 506 15,4 3 765 3 1 2 -1 I
2.0 1108 17.5 4 304 4 9 9 0 0
17.5 872 18.8 5 872 5 4 5 -1 1
23 4 765 20,7 6 939 6 7 3 4 16
356 1368 | 234 7 998 7 10 10 0 0
15.4 1002 | 26.1 8 1002 8 3 8 3 23
26.1 998 29.0 9 1108 9 8 7 1 |
20.7 804 35.6 10 1368 10 6 4 2 4
| Hrtorc 30
Koadpuuuent Crniupmena
p=1-2% 6300,
10 -99

Pacuer panrosoro koadduunenra Kennanna ocywectsis-
eTCst 00 caenyowei gopmye:
2LS'

T = i
N(N ~1)
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rie N - yucio HaOmonenuit; S - CyMMa NOJIOKUTENIbHLIX | OTPUL ATE -
HbIX OA/LTOB [0 ONHOR M3 CBA3AHHLIX BEJMYHH, paHTH KOTOPOIA pacrio-
JIOKEHBI B COOTBETCTBHH C YTIOPSUA0YEHHbIMU paHramMu fpyroii,

Hnst onpenenenus TecHoTs! casay MEXUTY MPOMU3BOJILHBIM 4uC-
JIOM' PAHXRHPOBAHHBIX NPU3HAKOB NPHUMEHSIETCS MHOXECTBEHHEH KO-
sbuument parrosoii KoppensLmn (kosddunpenr KOHKOpaaigm) W,
KOTOPbIH BBIMHCIIAETCH 110 tbopmyne

12§
W,
m(N° - N)
fag m - xonuuectso GakrTopos; N - yucno HabMo AeHMIt; S - pas-
HOCTE Mexay cymMMoit kBasgpatos CYMM 110 CTpOKaM M cpemHmm
KBaNpaToM CyMMbI CYMM CTPOK.

IIpumep 7. Onpenenurs o KO3 dumuenTy W Tecnory cpa-
3H MEXy OOBEMOM peanu3oBaHHOMN NIPOAYKLMH, CyMMOI Ha-
IJILHBIX PaCXOM0B HA peanusaumio, CEOECTOMMOCThIO €1 HIILY
NPORYKLUMK W cpenHeit 3apaboTHOl miatoit pabounx necaru ox-
HOTHIHBIX nipeanpusthii. Cessn MEXIY UCCHEAYEMBIMU NpPH3Ha-
KaMH rpencrasieHa B tabn. 3.5
[ - Peammsatms

HpOLI}'Kl(HI’L

L MJTH.CYM,

Hamazmbxcm CebectonmocTs Cpenmsia apa-
XOAb! HA peau- SOMHHLBE TIPO- 6OTHaa mnara
3ALUHIO, ThIC. AYKUHH, THHHH, 2 paboums:;, |
CYM. X

462 168
939 1587
506 1717
1108 1889

_ 872 160~
63 7 165.2
I T A 7 % T s 175.0
1002 1704
998 1627
804 163.0

Pacnosaraem nexommbie AGHHBIE 1O paHram (tabn. 3.6).
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Tabnuua 3.6.

1

6
va crpok | Kpanpatel CyMM

R [ R [ R | R |Cyu
2 i 3 6 _LZ_# o B
6 S P A
l 2 [ 7 s | ow | 32
9 9__ 10 10 e _»7_3}___ e
4 5 | 2 12 |1 169
7 3 4 5 19_”_ -
10 10 §__ BN Q_ _3*7
3 8 o 1 71 1 21
h 7 __l 3 ) mﬁlﬂ)ﬁ b
6 4 6 | 4 | 20 | 40
| Wroro 1 22 |

2110)?
S =5590- 229__ 750,
10
CornacHo
w3270 g5,

16- (1000 - 10)
HAYUMOCTb> MHOXECTBEHHOro koohduurerTa PaHroBOH

KOpPESSIUMH TTPOBEPSETCS N0 KPUTEPHIO F 2

Sv
b K,

L)

15t IPMBENEHHOTO NPHMEPA PACUETHOE 3HAHEHHE KPUTEPHs
, 750
/’(; e = P”083
4-10-9

TabnuuHoe 3HaYeHue y~ Uit BEPOSTHOCTH P=0,95 cocraBut
x7 =3,325 Takkak y, < j; 3HAUUMOCTL W noaTBepiKAacTCL.

JList OmpeaeneHits TECHOTbI CBA3H IBYX KaueCTBORHBIX npu-
3HAKOB, KAX/blil W3 KOTOPHIX COCTGMT TOIBKO M3 JIBYX TPy,
IPUMEHSIOTCS KO3(PHULIMEHTDI acconualliy M KOHTHHETCHUMH.
JInst UX BBIYUCIEHNA CTPOUTCS Tabauua (oM. Taba. 3.7), koTopas
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TIOKA3bIBACT CBA3L MEXIY NBYMS SBICHHSAMHU, KAKIOE U% KOTO-
PBIX MOJKHO ObITh AJIbTEPHATUBHBLIM, T.€. COCTOSAIIMM U3 NBYX
Ka4CCTBEHHO OTIMYHBIX NPYr OT [pyra 3Ha4eHMil NpH3Haka (na-
NPUMEP, XOPOIUUH, [I0XOK).

Tabnrua 3.7.

- b ) a + b —————
¢ d ctd
are btd 7 atbtc+d
Kospduuuentn sbrupcnsiores o crenyomuv popmynam:
ad — bc
- accoumanmy 4 = —— 2
ad + be

ad — bc
(@+b)p+dfa+rcerd)
riae a, b v ¢, d - KoM4IecTBEHHbIE XapaKTEPUCTHKN HCCIIEINYEMbIX
rpym.
Koapuumenr konrunrenuun scerna medbime Ko Huu-
eHTa accounanuu. CBs3b cuMTaeTcs NOATBEPXKIECHHOU, ecliu
A=205umk>03.
Ilpumep 8. Hccnenosars csizp MEXKTY BBINOJHEHHEM HOPM Bbl-
PabOTKH MOTOABIMM PabOUHMH M OKOHYAHHEM MU CPENHEH LIKObI.
Pesynerarer obenenosanms XapaKTEPH3YKOTCS TaHHbIMK (tabm. 3.8).

- KOHTE€HreHuun K = -

—

} I'pynosr paBounx Brinossusmmx He Boimonnusumx Bceero "
1 HOPMY __ HOpmy L
- OxoumBmHC cpea- 78 22 100 _%
'L HIOK) LIKOJTY L N
[ Hc OKOHMHUBINHE 32 f 68 100
CPCIHION mkony | o o

Bcero 110 r 90 200

[lo nanupimM Tabnuub
.68 -7 .
A= 8.68-32.22 =0.766: 0,766 > 0.5:
78 - 68 +32 .22



K- 78-68-32-22
JO8+22)22 + 63)(78 + 32)32 + 68)

Mesxay HCCTENYEMbIMHU NPU3HAKAMH MPOCHEKUBACTCS HeT-
Kasi CBA3b, YTO MONTBEPHIAETCA HOCTATOYHO BHICOKMMM 3HAtE-
HUAMH KOIPPUIMEHTOB ACCOUHALIMH B KOHTUHICHLIM.

Korza Kaxelil U3 Xa4ecTBEHHBIX NPM3HAKOB COCTOMT Doiee
yeM M3 BYX IPyr, TO AU OMNpPENENIEHHs| TECHOTbL CBA3H MOXHO
NPHUMEHATH KOIDOHUUMEHT B3aHMHOH COMPSKEHHOCTH [Mupcona.
ITOT KOIDDUIHEHT BLIUMUCIAETCS MO CAHYOMIEH bopmye:

=0.46; 0.46>03.

rae ¢° - ToKa3aTesb B3aUMHOH CONPSKEHHOCTH.
Pacuer ko3 duiHeHTa B3aHMHON COMPKEHHOCTH NIPOH3BO-
aurest o crenylomed cxeme (taba 3.9).
Tabmuua 3.9.

["pynmel TPH3HA- T'pynnes npu3saxa B Hroro
xa .1 B B- B 3
A A f2 L n
A, Ja [ I il
43 £ f Fy "
Hroro " m- n;

Pacuer (»° TPOM3BOIUICSH TaAK:
1o NepBOH CTPOKE

e ,+, o . ”1 ot Z] .

0 BTOPOH CTPOKE
M I
f4 s /c;

R e B IO SR
m, M. Ay . .
- 3/
NO TPETbEN CTPOKE
L
B T H; = ”; N
meomyomy



~

@ =z +z,+z,-1= E:z, -1

Hpumep 9. C nomommeo kos(pguirenTa B3auMHOM COMNpPshxeH-
HOCTH HCCICAOBANACH CBA3b MEXTy Ce0eCTOMMOCTBIO MPOYKLIMH H
HAKJIAAHBIMU PaCcXOAaMM Ha peanusatimio (tabmn. 3.10).
Tabnuua 3.10.

Haxnai CebecTonMocTh Hroro ff
HLIE HHAHASL cpeanss BbICOKas% ) z m
,

e R A A Y A VI R VAR WA

Huox- 19 1361 [12.033 112 {144 | 3.6 9 | 81 1,620 40 17,2531 0,431

HHE

Ze

Cpen- 7 |49 1,633 | 18 1324 8.1 15 1225 4,5 40 |14.233 ' 0,356
HME
Boico- 4 16 | 0,533 {10 | 100 2.5 26 | 576 13,52 40 16,553 | 0.414
KHC
Hiroro | 30 40 30 120 1,21
(m:)

[{o naHHBIM TAONMI[BI
0,204
\’ 1,204
JiocTarouno BuICOKOe 3HaueHue (| yKa3blBaeT Ha Halu4ue
CBSI3KA MEX/Y MCCRENYEeMbIMU PH3HAKAMH.
HemapamMeTpudeckie METOnbl M3MEPEHHUs CBS3H MCTIONB3YIOTCA
JUIs IPOBEPKH YC/IOBUI IPHMEHEH NS METOJ{a HAMMEHbILIMX KBaPaTOB:
HE3aBHCHMOCTH PACTIPENENeHHil MPU3HAKOB, OAHOPOJIHOCTH BBIOOPOK,
HAJTHYHSL TPCHAA B PAAAX AUHAMHKL.

@ =1,204-1=0,204;, C = 0,41

k)

3.4. VIsMepeHne TECHOTHI CBA3H MEXKIY psiiaMu
JHHAMUKH

Cnocobbl MCKIOUYEHHS aBTOKOPPEIALMH, PACCMOTPEHHbIE
BBILLE, AT BO3MOMXHOCTBH paccuurtaTh KoI(p@HUMEHTH KOppe-
ASIHUM, NOKA3bIBAOIHE CTENeHb TECHOTBI CBA3U MEXIY ABYMS
auHaMu4eckuMH pagaMu. KosdguuuenTtsr KOppensiuud MOryT
ObiTh paCC‘{HTﬁHbI HJIH HA OCHOBE METOHOA NOCIHeaoBaATELHBIX
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Pa3HOC™€H, Wil HA OCHOBE METOAA aBTOPErPECCHOHHBIX MPeoh-
pasosanuii (CocobOM HCKIIOUYEHHs TeHICHLUN).
B nepsom crydae pacuer npoussopmtes ro dopmyne

YA
YA TAL

rne A,,A, - mepBele PasHOCTH MEXIY COCEIHHMH YPOBHIMH

CBA3AHHBIX PAOOB AHHAMMKMU.
Bo Bropom ciyuae ucnonbsyercs cuenyromee BbIpaKEHHUE!

z Vx V‘

Z V: -ZV;

rae Ve, V), - OTKIOHEHUE OT TeHAEHLIHH CBS3aHHbIX pANOB OUHA-
MHKH.

Benmuuuna r B 060MX Cry4asx M3MeHsIeTes B npenenax ot -1 1o 1.

Hpumep 10. Pacuer xosdpdunmenros KOppEeSAUMA 1O MpH-
BEICHHLIM BbIIE (HOPMYJIaM HPOMILIOCTPUPYEM HA MPHMEpE
ABYX PANOB NMHAMHKY, MMOKA3bIBAIOIMX B3AHMOCBA3bL MEX/Y
CTOMMOCTBIO PEanU30BAHHOW NMPOAYKIHH H HAKJAAHBIMH PACXo-
aamu (cMm. Tabn. 3.11).

r=

Tabsuma 3.11.
Peanto- |[Hawnan-| Ax | Ay | Ax A A2 Lo e Kol pe I
BaHHAS  [HbIE PacH Ay v roy X v I
IPOAVK- | XOMBI, ’
LS, MITHL|  TRIC.
th'I. X CVYM. v \ ; | .
9 a7 T -l - 136 1296 | 36 3136 |20.16
L3 36 141936 | 16 | 81 121144 | 64 4096 | 768
17 20 14171281 16 149 112 144 [ 87 [ 75.69 | 0
2 AL |5 102060 | 25 | 144 |28 7.84 | 49 [ 2401 | 1372
29 USE [T [ 49 160 (2o [ asd [oa T o0l i
36 TE |7 117 01194 49 | 289 [ 1.8 324 | 8.7 | 75.69 -15.00]
44 S0 1 8 [-21}-168 | 64 | 441 [027] €04 [-20,5[420.25] 4 0]
51 81 | 7 1311217 ] 49 | 961 |04 | C16 | 24 | 576 1196
60) 98 19 1171153 1 81 [ 289 [ 30 90 [ 11212544 236
480 | 349 T 2423 40,96 79917 73,30

148



Tlo dopmyne r = —=———==— = 0,522,

83,30
J40,96-799,77

ITokazaTenu TeCHOTBHI CBSi3H, BBIYMCIIEHHBIE 3THMH Cr:0c00a-
MM, OJIM3KHM 110 3HAUYEHHIO.

M3 teopembl @puina-Boy ciieyer, YTo TECHOTY CBS3M MOXKHO
OLCHHTb U TPETHHM €1I0CO00M, T.€. paccumTarh KoddxpuimenT koppe-
JSILIAK MEXITy CBA3AHHLIMM JMHAMIYECKHAMH PsiiaMH 110 Gopmy.ie

=0,407.

o dopmyne r =

rae 3HaY€HUs] OCTATOYHOW INUCHEPCHU ONPENENAHTCS Kk pas-

HOCTL MEXIYy (PakTHUECKMMU YPOBHSAMH MCXORHOTO AMHaMHUue-

CKOro psiaa v TCOPETHYCCKHUMH, BBITHCIICHHBIMH T10 YPaBHEHHUIO!
Vi,.=a,tax, +ta,x, +. . .++a_.t

n+i”
[Ipumep 11. PaccMoTpuM pacuer R Ha MpuUMepe ¢ TeMH xe

faHHbpIMM (Tada. 3.12)

Tabnuia 3.12.

Peasuzo- | Hak-nan- | ¢ o .y SRR Iy T2

BAHHAS HBIE pac- Ya | V| by }ﬂ) =y | y--3)

MPOAVK- XOdbL

HHSL. MJH. | TBIC. CYM.

CYM. X v
9 27 1 305 35 12.25 27 729
13 36 2 1324 36 12.96 -18 324
17 29 3134210 52 27.04 225 | 625
22 41 4 1387 23 5.29 -13 169
29 54 54831 57 32.49 0 0

36 71 |6 [380] 130 | 16900 [ 17 289

H 50 1717031 203 1 41209 | 4 | %
51 81 8 1799 1.1 1.21 27 729
60 98 9 19481 32 10.24 44 1936

| 281 187 682.57 4817

[Tpu y = 54 noacumroiBaem
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Ro 83T
V4817

ITOT ¢HOCOO OLEHKH TECHOTHI CBA3H ClelyeT CUHTATh MeHee
TOYHBIM, YEM Hepsge ABa, TaK KaK 3H4YUCHHE KOB(b(bI/IHV[eHTa
KOPPEJIALIMY E HTOM CJIydae 3HAUHTENbHO MpeyBejinuHBaeTcs 3a
CUeT BBEACHMUs (DAKTOPA BPEMEHH.

HM3mepeHre TECHOTHI CBA3H J(MHAMUYECKUX PSHJIOB TAKKE JOJDK-
HO 0a3MpOBATECS! HA MPE/BAPHTEILHOM TEOPETUHECKOM aHAIM3E, HA
OCHOBaHHUH KOTOPOro BeimessnoT  akrop-npududy u - daxrop-
CJENCTBME, T. €. (DaKTOPHbIA N pesynbTaTuBHbIA npusHaky. Kosddu-
LMEHTBI, PACCYHATAHHBIE HA OCHOBE MEPBLIX PA3HOCTEH M OTKIIOHEHUH
OT TEHIEHIMY, XapaKTEPU3YIOT JIHUIIb TECHOTY CBS3U PE3yJbLTATHB-
HOrO H (haxTopHOrO NpI3HAKCR. BemiuvHa xoadduimenta koppens-
LIMH, BLIMHCIICHHAA Ha OCHOBE LUCTIEPCHE, MTOKA3bIEALT, KAaKas 4acThb
BapHALMH PE3YJIBTATHBHOTO NMPH3HAKa 0ObsICHAETCH Bapuauued dak-
TOPHOIO.

Mgt Morsn yOeOuTBCs, YTC METOd HauMEHBLIMX KBAAPATOR
NEHCTBUTEIBHO - SABJIACTCS MOLOHBIM CPEICTBOM HCCJIEOBAHHS
COUMAJIBHO-IKOHOMHYECKMX SIBJIEHHUH, HO €ro MpHMEHEHHE
JIOJDKHO OCHOEBIBATBCS HA aHAMM3€ UCXOMHBIX AAHHBIX, HA BBISB-
NIEHWH PEANbHO CYLIECTBYIOUIMX TNPHYHHHO-CIEICTBEHHbIX CBS-
3elf. MeToa HaMMEeHBINX KBAAPATOB IO3BOJSET MOJIYYUTH He-
CMEIEHHbIE OLEHKH, MOCTPOCHHbIC HA €ro OCHOBE YpPAaBHEHHS
JOCTATOYHO a/E€KBATHO OTPaXXKAOT B3aHMOCBI3H. Ecan koaddu-
LIHEHTBI PErPecCHU OKAKYTCS 3HAUYHMBIMH, TO YPaBHEHHst MOTYT
ObITEH UCTIONB3DBAHbI WIS IKCTPAMONSALMY 32 IPEASbl HCcieaye-
MOH COBOKYITHOCTH.

3.5. ABTOoKOppeasinus. ABToperpeccus

Onpenenenue nNOHATHS ABTOKOPPENALIHHE EPEMEHHOTO Psa.
ABTOKOppensiuA = aBTO (rped. anfos - caM) + Koppesisims:
KOppessilusi ¢ camMuM coboH.



ABTOKOppENALHs ABNACTCA XAPaKTePUCTHKOH BPEMEHHOIO
pana. B 9KOHOMETPHKE HCITONb3YIOTCA NBA NOKATHA "aBTOKOppE-
SSILISE BPEMEHHOTO psifa” ¥ "aBTOKOPpENANNa BO3MYLIEHHS "

ABTOKOPPENSILIUA BPEMEHHOTO PARA NOPANKA d paBHa Ko3d-
bHUMEHTY KOPPEJLIUH, PACCHUTAHHOMY MEXY HUCXONHBIM BpE-
MEHHDIM PSIIOM U €ro JaroBoi nepeMeHHON nopsxa d.

Jlaropas nepeMennas ropsika d Hoaydaercs oT HCXOLHOTO
BPEMEHHOTO Pfjla METOLOM NMEPEMEIIEHUs ero no BPEMEHH BIie-
pen na d mar. basza paHHbIX 1JA pacuera kos(puLeHTa aBTO-
KOppENSilUM MPUBETIeHa B tabn. 3.13.

Tabnuua 3.13.
Basa figHHbIX Uil pacuera k03 QULHMEHTa aBTOKOPPE/IALIHH

t Y Y.
1 Y Y1.=1
iﬂ N 2 ¥, ] Y=
- 3 s B Y=,
e Yo Yo=T,
-5 Y=, B

CyLecTBYrOT ABE TPaKTOBKH ko3 uimenTa aBTOKOppeia-
LUy npsAmas 1 obparHas.  ° -

Ipsmast mpaxmoexa - KoIPHUIMEHT aBTOKOPPEIALIH ro-
Ka3bIBAET CTENeHDb BIHAHMS TEKYLIMX 3HAYEHHH BPEMEHHOTO pi-
71a Ha ero Oyayuiee 3HaUeHue.

QObpamnas mpaicmoska. - k03P GHUUEHT ABTOKOPPENALUH
[OKa3bIBAET CTEreHb BrstHua OyayLinX 3HA4YEHHI BPEMEHHOIO
pAna Ha ero TeKyluee 3HaYSHue.

B 5KOHOMETPHKE TNOAPA3YMEBALTCS IPAMad TPAKTOBKA KCap-
drumeHTa aBTOKOPPENISiLIME TIEPBOTO TOPAIKA. Jlnst yuera BIHsSHUS
GyAyuiMx 3HAuEHiil BPEMEHHOIO Psla Ha TEKYLIEC 3HAUCHAC uc-
NONB3YKOTCS. MOJIEITH 8ZIENTHBHBIX OKMIOAKHHA M 4aCTHUHOH KOppeK-
THpOBKH. JIOTHUECKHM (IPONOJDKEHHEM aBTOKOPPSIALHH SIBJISICTCS
ABTOPETPECCHst, KOTOPYIC OyJeM H3yHeaTh B NaJbHCHILEM.

ABTOKOPPENSLUSE OCTATKOB NOPALKA d paBna ko3pPuumren-
Ty KOPPEALMH, PACCHHTAHHOMY MEXI(y HCXOAHbBIMA OCTaTKAMH
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MOLCIH M IArOBBIMH OCTATKAMM MOPSIIKA d. Kosdpuuuent asro-
KOppessILHH pACCYUTBIBAETCS 1O OBBIYHOI] Gopmysie kospdin-
CHTA KODPEJISIUMH, TONILKO B KayecTBe NEePBON NEPEMEHHOH sik-
JBIFOTCHA UCXOIHBIE OCTATKM, a B KAYECTBE ETOPOH MepemMeHHOI
HUCIIOJ,3yI0TCs! TATOBbIE OCTATKH NMOpsika d.

Ipuaurioii nostisenns: B ocrarkax AOCTOBEPHOH aBTOKOppe-
ALY IIEPBOTO MOPS/IKA ABISETCS HAIMYUE B OCTATKAX TEH/EeH-
LMK, BbI3BAHHLIX ILIOXOI crieundukanueii Moeny.

Hocnencreus nammust B ocrarkax aBTOKOPPENALIMH MEPBOTO M0-
psika. Ecnn mozens conepiu ocratkn ¢ IOCTOBEPHOM aBTOKOPPEIA-
LME, TO MOTYT BO3HHKHYTH CIICYIOLIHE TTOCENCTBHS

* MOJCNDL SABIAETCS IUIOXO CHeUUbULHPOBAHHON M NOABJIS-
CTCS BO3MOXKHOCTD €€ YIylueHus:;

* OmKOKA MOAEIH SBJISETCS 3aBBIULICHHOH, @ IOCTOBEPHOCTb
MOJIe/TH 3aHWKEHHO1.

Kpurepun nposepku AOCTOBEPHOCTH ABTOKOPPEJISL{HN
0CTaTKOB MopeaH. Ilposepky AOCTOBEPHOCTH KO3(duLMeHTa
4BTCKOPPEJIALHK OCTaTKOB MEPBOro NOpANKA MOXKHO TMPOM3BO-
AMTE 110 YNPOUIGHHOH Wik 10 60Jiee TOUHOH MeToaMKe.

Yupoiennas Metomuka IpOBEpkH k03 (HLMeHTa aBTOKOP-
pemsiunn  coBrnagaer ¢ meronukol MPOBEPKH JOCTOBEPHOCTH
OOBIMHOTO napHoro ko3(pduumenta xoppessiuuy, KOTOpasi Bbi-
[IOJIHACTCS B TAKOM NOCNEN0BATENLHOCTH

Ilar 1. BrinBuraercs HyJIeBasl runoresa o ToM, 4ro #{d) = 0,
Hy: 1(d) = 0.

Wlar 2. Beruncasiercs rd).

Ilar 3. Briuncnsercs ownGka r(d).

, 1 r(d)-
S rid) = T -
n—d
Ilar 4. Bouucaserca I-xpurepnit Cthiozenra.
r(d)

f ==

;
\ F(d)

Hlar S. TIposepsercs YCJIOBHE:

N

,_..
N
£



ecmm fi| 21, (@=05m=n-d- 2), TO HyJieBas TUIOTE3a OT-

BEPraeTcs C BEPOSITHOCTHIO 1 ~ ¢, raie /-kputepuii CTeIofeHTA.

B nporusHOM ciiyuae HyjleBas runoTesa MpUHUMAETCs!

Jlnst Gostee TOUHOH NMPOBEPKH AOCTOBEPHOCTH KO3 1umeH-
Ta aBTOKOPPEJALMH OCTATKOB MCIOb3yeTcs kpurepuii Jlapbuna-
Yorcoua (DW).

Hlar 1. Berukcnsercs xpurepuit JapOuna-Yorcoua

Z (er TRy i
DW = = 2(1-r(D).

t=1

Hlar 2. Onpegenstorcs no TabmMuam HEKHEE U BEpXHEE
NOPOroBble 3HAYEHUs COOTBETCTBEHHO dy U d,, 3aBUCSINME OT
YHCJIA U3MEPEHMH, YPOBHS 3HAYMMOCTH M YHCiHa OOBACHIEMBIX
thaxTOopoOB B MOOENH.

HIar 3. TlpoBepsoTest Clieayrome yCaoBUS:

a) ecnn d, <DW <4-d_ ., 1o nynesas runoresa o6 orcyT-
CTEHH aBTOKOPPEJBIUMU IPUHUMAETCH,

0) ecn d, <DW <d, unun 4—d, <DW <4-d . 10 uyse-
Basl FHIOTE3a 06 OTCYTCTBUM ABTOKOPPENALHH HE IPURAMAETCS U
He oTBepraercs (06.1aCTh HEONPENENICHHOCTH KPUTEPHS!);

¢) ecnn 0 <DW <d, , To nynepast runoresa o6 oTCyTCTBHH

H?

ABTOKOPPENSIUMH OTBEPraeTCsi U YTBEPKIAETCA, UTO HMEETCA Mo-
JIOKUTENIbHAS aBTOKOPPEIALINS OCTATKOB!

n) ecnn 4-d, < DW <4, 1o Hynesas runotesa o6 OTCYTCT-
BHUM aBTOKOPPEJSILHH OTBEPraeTCs U YTBEPIKAAETCH, UTO I MEeTCs
OTPHLATENLHAST aBTOKOPPEJISILIS OCTATKOB.

Kpurepuit DW paccuuThiBaeTCsi NMpakTHYECKH BO BCEX CTa-
THCTHYECKMX MaKeTaxX NPHKJIAIHBIX NPOrpamMm.

Kospduuuent asroxoppensiunn nepsoro nopsnka ofinanaer
CIEAYIOLIMMH CBOMCTBAMM.

A
L2



Kos¢pduuueHT aBTOKOPPEIALHHE MOKET TPYHUMATb 3HaUe-
Hus ot -1 go +1.

) o A €
[ o o OJO
. — "o e
o r(1)<0
OO
+
Y, & b2y
t - O 1 OO
P H(1)>0
OO
f

L

Puc. 3.1. [TprMeprl OTPHLATENBHOTO 1 MOJIOKUTEILHONO
k03 pHLIHEHTA ABTOKOPPEISALIMH OCTATKOB.

Asamz prc. 3.1 MOKasbIBaeT, YTo, CCI OCTATKH HacTO MCHAKDT
CBOI1 3HaK, KO bmmem ABTOKOPPE/IAUMI MIEPBOTO Topsiika Oyaer
OTPHLEATE/BHBIM, @ ECITH MMEKOTCSH CEPHM MOJOMKUTEIILHBIX W OTpHLIE-
TeAbHBIX 3HAYEHUH OCTATKOB, - TC NOJIOKUTEIbHBIM.

MonesiH, YYHTBIBAIOHIViE ABTCKOPPEJIsiLYI0 OCTATKOB.
Ecin nuneiinas MOaens

Y =a,+a X, te,
COJEPHKHT ABTOKOPPEINAUHI0 OCTATKOB NEPBOro MOpsAnka, T0 A
ee YCTpaHEHHs MOXXHO HCTIOJILIOBATH CIEIYIOLLYH) MOJIEITD:
Y =a,+a X, +e =a,+taX +pe  +Vv,
re g - ko3GGULIHEHT aBTOKOPPEJIALIMH TEPBOro ropAaka,
¢, - J1aroBasl epeMeHHas 0CTaTKOB NepBOro MOPsaKa;
e = Pe + Vi

¥, - OCTaTKH HOBOH MOJETH.



T'JTIABA 4. MOJEJIUPOBAHHUE KAK
METOA UCCIEAOBAHMA CJIOKHbIX
SKOHOMUYECKNX CUCTEM

4.1. OcHOBBI M@1E.ILHOT0 ONMMHCAHUA CJIOKHBIX
IKOHOMHICCKHX CHCTEM

B ycnoBustx COLMAIBHO-OKOHOMITUECKHX pedopM B Y30exucra-
He, CYLUECTBEHHO YCIIOXKHHIIMCh METOIbl MCCJENIOBAHUS IKOHOMMYC-
CKUX cHCTeM M yrpasierust umu. [Ipi BbipaOboTke 3((EKTUBHBIX pe-
LIEHKH, CJIEAYET YUHMTBIBATE, YTO COBPEMEHHAs HKOHOMUUYECKast CUC-
TeMa, KaK MPaBIUiO SBJISETCST CIIOKHOM cHcTeMol €0/IbIIoro MacuITa-
6a. OTMeruM, Y10 ODIHENPUHSTONC ONPEe/esieHUsl CIOXKHON CHCTEMbI
K HACTOsALIEMY BpemMeHu He cyuiectsyver. L1 Beiiesienus nogoOHbIX
OOLEKTOB HA MHOKECTBE APYIHX OOBIMHO MCMOJNE3YHOT MEPEHHCTICHUE
MX OCHOBHBIX CBOHCTB. @ IMEHHO!

e OOJBLICE KOJUHECTBO JJIEMEHTOR,

® CIOXHOCTb (POPMANTH3ALLH,

¢ HEPapXHUHOCTEL NOCTPOEHNMS,

e HAJIMYME B3AMMOACHCTBUSA «HEJIOBEK-MAIHHAY,

o HeoOXOIMMOCTb Y4eTa IMPH WX HCCIENOBAHUU Heonpeae-
JEHHBIX (DAKTOPOB PA3JIHYHOI NPUPOJIBI,

® CJIOKHOCTh HH(OPMALHOHHBLIX MOTOKOB;

® 3MEP/DKEHTHOCTb U AD.

[Tpy aHaIH3e CIOXKHON CHCTEMBI 0CO00E 3HAUCHHE HMEET YUET €¢
SMEPIDKEHTHBIX CBOFCTB, MOA KOTOPbIMM IOHHMAIOT TakHe CBOHCTBA,
KOTOPBIMH: He 00Ia1aeT HH OJIHH 13 COCTABMAIOLINX €€ dJieMeHTOoB. Ta-
KHM CBOWCTBOM, HAIPUMED, SBISIETCA CTPYKTYpa crcTeMbl. Hccrie1oBa-
HHE 1TOJOOHBIX CHCTEM IIPOBOAAT € HCMONE30BAHHEM CUCTEMHOIC MOA-
xora. B HacTosee BpeMsi oA CHCTEMHBIM ITOAX0A0M MOHHMAIOT
HaNpaBiEHUE METONOJIONMH HAYHHOIO MO3HAHKA, B OCHOBE KOTO-
pOTO JIEXHUT MCCNSI0BAHNE OOBEKTOB KAk CHCTEM.

]
o



[Toa cucremoii OyneM NOHUMATb TAKOE MHOXKECTBO THOOBIX
3JIEMEHTOB, MOBEAEHHE KOTOPOTQ ONPEeAeNscTCs HENblo onepa-
IMH, PEAM3yeMOM CUCTEMOM, a TaKKe COCTABOM M Crocobom
CBSI3/ HJIEMEHTOB (CTPYKTYpPOil MHOXECTBA).

Ipu uccnenoBanny IKOHOMHUYECKUX CUCTEM BO3HHMKAET Psifi BO-
IIPOCOB;, PElIeHHE KOTOPBIX HE SIBISAETCA OYEBUIHBIM, T.€. HOCHT
nipobneMHblit xapakrep. OCHOBHOM MpoONEeMOil SIBIAETCS PaCXOkie-
HUE MKy JKE€1aeMbIM U IEHCTBHTEIbHBIM Pe3yIbTaTaMi QyHKIHO-
HUPCBaHUs1 pacCMaTpPUBAEMON CUCTEMBL.

Ji1st peuieHusi JaHHOW MpoOieMbl BbIICISIIOT U 4eTko Qop-
MYJIHPYIOT UEIb AEATEIbHOCTH. 3aTeM Ha OCHOBE aHaJlu3a IMpo-
OeMbl BBLIEIAIOT M OOOCHOBBIBAIOT HEKOTOPYIO LEJOCTHOCTH -
CHCTEMY, MPEIHA3HAYEHHYIO Ui pelleHus 3TOH mnpobiembl, a
TAKKE ONPEAENAIOT BO3MOXHBIE AJNbTEPHATUBHbLIE BapHAHTHI
(TIOAXC B} K €€ PELIEHUIO.

Bienem psa onpeneneHuil.

Hean - uneanbHOE MPENCTABICHUE ONEPUPYIOLIEH CTOPOHDI
0 KeNaeMOM pe3yJibTaTe - onpenenseT cnocodbl U GOPMBI AeiCT-
BUM, KX XapakTep M CHCTEMHYI YIOPsSJI04YEHHOCTb, @ TakiKe
cpelcTBa JOCTHXKEHHUs TpeOyeMoro pe3yibTata.

JL1s OCTUIKEHMST TIOCTABJAEHHOM 1111 BeoOXouma LejieHa-
NIPARJICHHAS JEATENIbHOCTD - ONEPALIHs.

Onepauusi - €CTb COBOKYITHOCTh lI€JICHANPABACHHbIX NEH-
CTBUH, 0ObeAMHEHHBIX OOLIHM 3aMbICJIOM U € JUHOH LIETbIO.

B (opMann3oBaHHOM BHIE L€/b ONEpaLiyy BoIpaXaeTcst Habo-
POM HEKOTOPBIX NapamMeTpoB Lesienosiaranist I'n,. 1Ipu 3ToM peanb-
HbIil pe3ynbTaT ! onepaiuu ((hakTiueckuil HiTH OKMIAEMbIH €€ KO-
HEYHbIT HTOI) MOXKET HE COBIAAATh C KEIaeMbIM.

[lon >¢rpexTuBHOCTLIO ONEPAUMH MOHKMAIOT CTEIIEHbL COOT-
BETCTBIIS €€ PEAILHOTO pesynbTara ! TpedyeMoMy pesybTaTty Iy,

Bo3MOXHbIe anbTepHATHBHbIE NYTH i € {/ ROCTHXKEHWs! LE/H B
obwem cnyvae obnapator pasHo#t sddexrusnocrsto. Tlosromy nipu
IPOBEISHHH UCCIENOBAHUIT HEOOXOIMMO CPABHHBATL 3TH NYTH MCK-
Ay oot 10 23GHEKTHBHOCTH H BLIOMPATD U3 HUX JTyYLLINH.
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B unccnenopanuax 3QQexkTHBHOCTH HKOHOMHYECKHX CHCTEM
OOBIYHO NPUXOIUTCS pelliaTh ClenyoLiHe npod.1eMbl:

1) ouenuBanue 3¢:(PEKTHBHOCTH HEIOIL30BAHMS CUCTEMBI,

2) BLIOOp PALMOHAIILHOIO CIOCOGA MCIOJIb3OBAHHS CHCTEMbI
HJIM BaPHAHTA €€ MOCTPOCHMUS.

Ouenka 3¢ HexTHBHOCTH 3aKI04AETCs B BLIPAOOTKE Tak Ha-
3bIBAEMOI'O OLEZHOYBOIO CYXIEHHsSI OTHOCHTENLHO NMPHIOLHOCTH
cUCTeMb! (1AM cnocoda ee UCTIOJb30BaHUS) K [EIUEHHUIO ONpese-
JIEHHOT'O Kpyra 3anau.

BpiGop pannoHanbHOrO cnoco0a UCIoNb30BaHMs WM BapHAHTA
MIOCTPOEHUsT CUCTEMbI JIPOU3BOAMTCS HA OCHOBE OLIEHHBAHUSA M CO-
NIOCTABJICHUST BO3MOXHbIX aJIbTEPHATHBHBIX CNOCOOOB WM BapUaH-
TOB 110 3dexriiBHOCTH. [1pH 3TOM 3D GEKTHBHOCTE IKOHOMHYECKHUX
CHCTEM OIPELEIAETCSI MHOXKECTBOM Pa3IMuHbIX (GaAKTOPOB.

[Ton paxropom MOHUMAKIT ABUKYILYIO CHIY KaKOro-nuto
rpouecca (SBJACHUA) I YCI0BHE, BIUSIOLIEE HA TOT HIIH HHOM
npoLece (SIBJIEHHE).

YueT BIHAHHA Pa3iUYHbIX [Py GakToOpoB NPU UCCHENOBA-
HUU 3(PPEeKTUEHOCTH OnepaLyy OCYIUECTBISIETEs MTyTEM Olpene-
JEHUA XapakTepa BIMSAHUA 3TUX (PAKTOPOB Ha rokazaTenb 3¢-
dexTuBHOCTH. '

Hokazarens 3ddexTnBHocTn W) onepaunn ects Mepa
CTENICHH COOTBETCTBHA DPEATbHOIO pEe3yAbTaTa OINepaLud Tpe-
Oyemomy.

OcHoBHbIM TpeboBaHHeM TpH Bbibope mokaszatens sipex-
THBHOCTH SIBJAETCS COOTBETCTBHE MOKA3aTeNs IEeNM OIepaLHH,
KoTopasi oToOpaxaercss TpedyeMbiM pesynsratoM Yy, [Tomumo
YKa3aHHOTO TpedoBaHMs, nokazateds 3QGEKTHBHOCTH HOJIKEH
YAOEAETBOPSITH TPeOOBAHMAM COJIEPKATEIbHOCTH H UHTEPNPETH-
DYEMOCTH, H3MEPUMOCTH W COCTBETCTBUA CHCTEME MPEUrnouTe-
HMIT HeesenoBarTens (CnepupyoLeil CTOPOHbI).

Jna conccrapnenus CrpaTervil NpOBENEHHs OrepalHMii, xa-
PAKTEPH3YIOLIMUXCS  PA3NMYHOA  CTENEHbI0 JOCTHKEHUS LA
(3¢ deKTUBHOCTBIO), M OCYLIECTBIIEHHs HANPABJIEHHOrO BhIbOpa
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cTparTeruii U3 MHOXECTBA JOMYCTUMbIX BBOISAT COOTBETCTBYIO-
uiee IpaBuiIo COMocTapyieHys. JlanHoe Mpasuio Ha3biBAIOT KPH-
tepuem sdpdexrusroctu. [4, 7, 10, 19].

 LENbIO YCTAHOBIEHHS! XapaKTepa CBA3Ci Pa3iuyHbIX (ax-
TOPOB, OKA3bIBAKOIMX BIHAHUE Ha 3Q(EKTHBHOCTb ONEpauHy, ¢
nokasareneM 5QQPEeKTUBHOCTH 3TOH Orepauun paspadaTbisaroT
MOJEJIE ONEPaLMH.

TLoa Me/eJIbI0 ONePAIMH IOHUMAIOT HEKOTOPbIH yCIOBHbIH
obpa3 (aHanor) peasbHOH CUCTEMBI, KOTOPbINM CO3AAETCS C LUEIIBIO
riosyueHust uahopmarmu ob 3Tol CUCTEME.

1o CpaBHEHHIO C peanbHOM CHCTeMOl (OPUIHHANIOM) MOZISTb
MOJKET MMETh COBEpPLICHHO HHyko npupoay. Ciemyer umerh B
BUAY, UTO HH OJiHa QopMalibHask MOJENb HEe MOXKET JaTh ucHep-
MBIBAIOIIAX CBENEHMH O Pa3sBUTHM pPEAJbHBIX MPOLECCOB, MNO-
CKOJIbKY MPAKTHUECKH BCErJa NPHCYTCTBYIOT HEKOHTPOIUpYeE-
Mble (HAKTOPBI, HO NOJYHAEMbIE ¢ €€ TIOMOLbIO PelleHNs M03BO-
NAKT OTepupyroieil CTOPOHE OPHEHTHPOBATHLCA B OOCTAHOBKE
NPOBENEHHst ONEPaLH, BHOCUTD NOJIE3HBIC YTOYHEHUS B MOACIID,
aHAIU3UPOBATL PA3NHYHBIE CTPATETHH, BbISBIATL BTOPOCTEIICH-
EbIE 1 CYLIECTBEHHbIE (PAKTOPbI HCCIEAYEMOH OnepaLiH.

Mzyuath CBOWCTBA CUCTEMbBI MOXHO H 3KCIEPUMEHTAILHBIM
niyrem. OIHAKO 1aneKko He BCerna Takoh MyTh M3yHeHHs Npuve-
HUM, OCOOEHHO ISl CIOKHBIX IKOHOMHUYECKHX CHCTEM.

Kak npaBuiIo, IKCTIEPHUMEHT CO CJIOKHOH CHCTEeMOM 3aTpyl-
HEeH Hu3-332 0Oonbloro maciurada CHUCTeMbl M BO3MOXKHBIX HETa-
TUBHBIX TIOCHAENCTBUI Takux uccnenosaruii. 1o NOHATHEIM OpH-
YHHAM HENb3sl, HATIPUMED, SKCTIEPUMEHTUPOBATH C CHCTEMOM Ha-
pOIHOTO Xo3siicTa. OObIYHBIH MyTh H3Y4EHUsI CBOHCTB OOnbLIMX
IKOHOMHUUYECKHX CHCTEM -~ MOAENUPOBAHHE,

K¢ HUENUMs MOENUPOBAHUSA MIPEANoIaract GOpMHUPOBAHHE HE-
KOTOPOI'0 YC/IOBHOTO 00pa3sa peajipHOH CHCTEMBIL,  OTPAXAOLIEro
ML HEKOTOPbIE CYIECTBEHHbIE CTOPOHBI Mpoliecca ee QyHKHO-
HHUPOBaHKSA. DTOT 00pa3 v Ha3bIBAOT MOAEBIO CUCTEMBL



Mozens Takke SIBJISAETCS CUCTEMOIL. Mexny peansHoit cucre-
MO H MOZENbIO AOSIKHO ObITh YCTAHOBIEHO OMPENENEHHOE COUTBET-
creye. C MOZIGNBIO MOMKHO MPOM3BOMMTE PA3HUHbIE IKCHEPUMEHTDI
AU BBISIBJICHHS TE€X WITH MHBIX €€ CBOMCTB. 3aTe€M BbIABJIEHHLIE CBOII-
CTEA PACTIPOCTPAHSKOTCSA HA PEaNIbHYIO CHCTEMY.

B obwem cnyusae x Momensm npembsiBASETCS MHCKECTBO
TpeOOBanuil. B 4aCTHOCTH, Momens He HOMKHA GbITh CJHIIKOM
CIIOKHOMH, YTO MOKET B 3HAUMTENBHON Mepe 3aTpyaHUTD Hosy4e-
HUE CONICPKATENBHBIX BbIBOLOB. ONHAKO HEONPABNAHHOR YIIPO-
HICHHE MOZNCM CHUKAET CTelEeHb COOTBETCTBUS €€ pPealibHOI
CHCTEME U IPUBOIHT K TOMY, 4TO BBIBO/IbI, CAENAHHBIE B PAMKaX
MOIEIH, HE TPUrOAHbI AN Mozaenupyemol cucrembl. Llupoko
M3BECTHO, HAmMpUMEp, NpUNUChIBaeMoe A. DiHIuTelHy BhIpake-
Hue: «Moaesn DomKHb! GbITh HACTONBLKO TPOCTBIMH, HACKOILKO
3TO BO3MOXKHO, HO HE npouiey.

CreneHp COOTBETCTBUS MOAEIH TOMH peanbHO# cucreme, aJist
OITUCAHWA KOTOPOH OHA IOCTPOEHA, HA3BIBAETCS AAEKBATHOCTHIO
MOACAH.

Hcnonp3oBaHue HeanekBaTHOH MOAENH JUILEHO npaKkTHye-
CKOM LIEHHOCTH.

Takum oOpasom, npoluecc mopenupoBanus Ipeanosaraer
HaTHyHe: :

* 0DBEKTA UCCNEe0BAHUS,

* HCCTeNoBaTeNs, 1EPe/l KOTOPLIM [I0CTABJICHa KOHXPETHAS
3a/1a4a; ,

* MOZeH, CO31aBaeMOl uis nonyueHusi uHGopManuu ob
00beKTe 1 HEOOXOIMMOI IS peLueHHs 3a1aun.

Ipriem no otHouleHIo k MozmeNM HccnenoBaTens SIBJIF €TCSL, 110
CyTH n1ena, skcnepumeHTatopoM. Tonbko B maHHoM cirydae Hxcrepy-
MEHT TIPOBOAUTCS HE C peaibHbIM OOBEKTOM, & C ero MOIENLIO. K-
TEPHMEHT B SKOHOMETPHKE €CTh OCHOBHOE CPEICTBO [TO3HAHHS OObek-
Ta ucenenosanust. Ilpu atom cnenyer umers B BHAY, YTO OO0 JKC -
MEPUMCHT MOZKET HMETb CYLLECTBEHHOE 3HAYEHHE B SKOHOMIUECKOL
HayKe TONbKO Noce CrieuHatbHOR 00paboTkH ero pesysTaTes.
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MOZENUPOBAHME CIIOKHBIX IKOHOMHIECKHX CHCTEM B Ha-
CTOsLeE BpeMs HEMBICTHMO O3 HCIONb30BAHH 9BM. Tlpu
3TOM 3HAUMTESbHAS YACTE IKOHOMHUYECKHX 3a71a4, PeilaeMblx ¢
ncrosbzoBanveM JBM, Tak wiM pHavye CBOJIMTCS K 3aaaqe 00oc-
HOBAHHSA PEIICHMI PYROBOAUTENS (menemxepa). [Ipouecc noaro-
TOBKH W TIPUHSTUsS PELICHUHA HA OCHOBE MOJENHPOBAHHA MOXKHO
NPEACTAaBUTh B BUIIE CIEYIOLUHX 3TaloB!

1. Asanus npobaeMHON CUTYaUMy U IIOCTAHOBOK 3a/laH.

2. OmipeniesieHye napaMerpos onepauud 1 BLIOOP 1OKa3aTe-
neit n kpuTEpHeB ee YXPHEeKTUBHOCTH.

3. ITocTpocHHE ONHCATENHHOH (KOHUEITTYANBHOMH) MOoznenu
CHUCTEMBL.

4. TIocTpoeHHe MATeMaTHHYECKOH MOENH dYHKLHOHUPOBA-
HUS CUCTEMBI.

5. ANropMTMH3alHs 1 TPOrPAMMHPOBAHUE.

6. IIpoBeneHue MOACIUPOBAHHs Ha DOBM.

7.06paboTKa pe3ynsTaros MOJENHPOBAHHA.

8. dopMUpPOBAHUE PCLICHHUA.

Mexay yKasaHHBIMH STaraMy HMEKOTCs CYIECTBEHHbIC CBA-
34, KaK npsambie, Tak 1 obpatheie. CieAyeT OTMETHTD, HTO 3TO
JeNeHde TIPUHSITO JHIb AN yioOCTBa PaccMOTpeHKs Mpouecca
MOArOTOBKY M IIPHHSITHs PELIEHUH 1 ABJACTCSA YCIOBHIM.

OpuuM U3 Haubonee MEepCiIeKTUBHBIX METONOB oOyueHus
MOAFOTOBKE U NPUHSTUK) PELIEHWH [0 pe3yIpTaraM SKOHOMUHE-
CKMX MCCJIENOBAHMii ABJSISTCS MPOBENSHHE JENOBbIX (Orepaiu-
OHHbIX) Urp. JIENOBYIO HIPY MOXHO ONPEAETHTH Kak HWMHTALHMIO
YNPaBIeHYECKOH HIH OPraHH3aLHOHHON JIEATENEHOCTH PYKOBO-
JALLEro OpraHa E y4eOHBIX, NPAKTHHECKHX H HCCICN0BATEIBCKAX
LesTX, BHIIOJHAEMYIO Ha MOJient O0bexTa.

[Ipu ycIOBMH AOCTATOMHOIO COOTBETCTBHS PEaNbHbIM yCA0-
BHSIM, CPABHMTEJ(bHO HEOONMbUIMX 3aTPaT BPEMEHN H APYFUX pe-
CYPCOB JI€JIOBBIE HIPbI ABJISICTCSA BECHMA 5 exTHBHBIM METOMH-
YeCKHM CPeICTBOM 00ydeH s MPUHATHIO PelleH i B KOHKPETHCH
YIIPABIEHYECKOH 1 HCCNENOBATENLCKOH MPAKTHKE.
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PazBuTHE BBIMUCIUTENBHCH TEXHHKM, YCJIOKHEHHE KOHOMITUe-
CKHX CHCTEM H CTOALIMX MEPEN HHMM 3a/1a4 [IPUBEJIO K TOMY, YTO Je-
JIOBBIC MIPbl B HAaCTOSIILEC BPEMs SIBSPOTCA HE TOJIBKO XOPOILIHM
cpeacTsom 00y eH s U TPEHUPOBKY PYKOBOJSIIEND COCTABA, HO TaK-
Ke H METONOM oueHnsarust 3(GeKTHBHOCTH ()yHKLMOHHPORAHYS
CJIOXHBIX SIKOHOMHYECKHX cucteM. OO 3TOM, B YaCTHOCTH, CBHIIETE/b-
CTBYCT TO BHUMAHHE, ¢ KOTOPEIM K HUCCHEIOBATELCKAM SKOHOMMYE-
CxkuM urpam otHocsTes B CLIA. B xope Takux urp OCyLIECTBISETCS
KOMIBIOTEPHOE MONENMPOBAHHE 3KOHOMUYECKUX CHUCTEM, MO3BO,ISO-
11Iee peulaTh CJIEIYOLIHE 3a1aui:

l) NpoBOAMTHL aHANM3 CHUTyalMil M OLlEHKY ODCTAHOBKM Ha
BHYTPEHHHUX M BHEIIHHX PBIHKAX,

2) oueHMBaTh CTENEHb NPUOMIKEHMS K KPUSHCHOMY CO-
CTOStHUIO,

3) aHaIM3UPOBATE COCTOAHME (DUPMBL M OCYLUECTBIIATh CTPa-
Ter Hi{eCKOe TUTAHUPOBAHNE €€ PASBHTH U AP.

Hpw mocranoBke ¥ pelleHnH SKOHOMMYECKHX 3304 BbUIEISIOT
TPU PNkl (AKTOPOE. KA4ecTS0 3JNEMEHTOB CHCTEMBI, YCIIOBHS:
(PYHKLHOHHPOBAHHSA CHCTEMbI, CITOCOOB! HCTIONE30BAHMS! (IPHMEHE-
HUsE) MNIH BaPUAHTBI IOCTPOEHMA CHCTEMEL

Mepsast rpynna GaxTopos CBA3LIBAETCA C NONKHTETBHBIMU (10
JIE3HLIMH) CBOHCTBAMH HJIEMEHTOB CHCTEMBI, CIIOCCOCTBYIOLUMY MM
NPENATCTBYIOIMMMH JOCTHMEHHIO 33AaHHOM LIeTH.

Ko sropoit rpyrnne ornocsates (akTophl, OKasbIBaroLie
BJMAHHE HA YCHOBUST (DYHKUHOHMPOBAHUS CUCTEMBI: TIPUPOHbIE
(axTophl, PaKTOPLL, ABISIOUMECSH CHEACTBHEM aKTHUBHBIX JEHCT-
BHH KOHKYPEHTOB HIIM NAPTHEPOB, U Jp.

Tperes rpynna dakropos, onpeessromas crnocodbl npumMe-
HEHHA CHCTEMBI UJIH BAPHAHTHI €& IMOCTPOCHMA, BKIHOYACT nepa-
AOK 1 PHEMBI HCIOJIE30BAHMA KM OPraHu3aLMu (CHHTE34) CHC-
TeMb! Ha Da3e €e 31eMEHTOB.

Kaxcnont ciereme mpucyuiy ¢son 0COGEHHOCTH, KOTOpbIE Xa-
PAKTEPU3YROTCH COBOKYIIHOCTHIO COOTBETCTBYIOLIHX (hakTopos. K
HHM OTHOCATCSA: CrIOCOOBI CBA3H U B3aHMOLEHCTBHSA MEXKIY 2.1EMeH-
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TaMU CUCTEMBI, PEKHUMBI U PEryJIPHOCTh MX UCIIONB30BaHUs, BbllIC-
JIEHHEIE PECYPChI, COCOOBI YIIPaBJICHUS, TIAHUPOBAHHUA H JIP.

Vka3aHHBIE IPYMiibl PaKTOPOB, KPOME TOrO, NOAPA3AEAICT-
CH TIO BO3MOXKHOCTH LIEJIEHAITPABIICHHOTO BO3AECHCTBUS Ha HMX HA
YNpaBTsieMble M HEYNpPaB/sieMble, a M0 OTHOLUEHUIO K BHEUIHEH
cpefe - Ha BHEIIHHE U BHYTPEHHHE.

IIpu rccnenoBanuy >hPEKTUBHOCTH CHCTeM (PaKTopbl 0TOOpa-
XatoT B Buje nepemenubix. C TOUKH 3penus UH(GOPMHUPOBAHHOCTH
uccnencearens 00 3THX NepeMeHHbIX (QaKTopb( ACNAT Ha ONpeie-
NeHHEIE M HeompeeneHnbie. K onpejeneHHpiM (pakropam OTHOCST
TiepeMeHHbIe, 3Ha4YeHHsA KOTOPbIX M3BECTHEI HCCNCNOBATENO C TPe-
6yemoit TounocTeio. K onpeneneHHsM (akTopaM TaioKe OTHOCAT
KOHTPOJIUPYEMble BXOIHbIE BO3JEHCTBMS, B TOM YHMC/IE U yipasJlsie-
MbI€ [€[}éMEHHBIE.

K HeonpeneeHHbIM OTHOCAT NEPEMEHHbIE, O 3HAYCHUSIX KO-
TOPBIX MCCIENOBaTeNh OCBEAOMIIeH He nojiHOCThIO0. Heompene-
NeHHbIE MEPEMEHHbIE NENAT Ha [Be IPYMIbL Cly4aiiHbie nepe-
MEHHbBIC W HEONpEJeeHHble NEPEMEHHbIC HECTOXACTHUECKOT
(HecnyyaiHOH) MPUPOIBL.

HeonpeneieHHOCTh HECTOXaCTHYECKOro Xapakrepa BO3HH-
KaeT OObIYHO B CHIIY CNIEAYIOLHX 0OCTOATENLCTB!

* HAJIUUWA LEJEHANPABIEHHOrO MPOTHBOAEHCTBIS CO CTOPOHBI
KOHKYPHPYIOLUEE CHCTeMBI, CIocoObl NeHCTBHI KOTOPOH HEU3BECTHDI
MCCICIOBATENIO { [IOBENEHUECKAs! HEONPEENEHHOCTD),

* HEZOCTATOYHON WM3BECTHOCTH HEKOTOPBIX SABJIEHHH, CO-
NPOBOKAAIONMX Npolece (QYHKUHOHHPOBAHMS CHCTEMb! (TpH-
POJIHAS HEOIPEEIEHHOCTb),

* HEUYETKOTrO MPEICTABNCHUA LIEIH ONepanuu, NPUBOMISIIETD
K HEONFO3HAYHON TPAKTOBKE COOTBETCTBHA PEAILHOIO Pe3ylibTa-
Ta OMEPALHH KeJaeMoMy (LieNeBast HeONPEEeNEHHOCTb).

B ofueM ciiydae MOAENb HCCIEAYEMOR CHCTEMBL .S MOKHO
MPEeACTABUTL B BUE MHOXKECTBA BEJIMYMH, OFIUCHIBAIOIIMX NPO-
necc QYHKIMOHHPOBAHUsS PEANbHON CHCTEMBI M OOpAsyIOLIMX
CHEAYOUIHE TTOAMHOKECTBA:
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* COBOKYIHOCTL BXOJIHBIX BOSNEHCTBMI Ha CHCTEMY:
x,eX, i=ln;

>

* COBOKYMHOCTb BO3ACHCTBHH BHEIUHEH Cpejibl:
viel, I=1, n;

* COBOKYMHOCTb BHYTPEHHHUX (COOCTBEHHBIX) HapamMeTpoB
CUCTEMBI:

d eD, k =Ln,,

*  COBOKYNHOCTb BBIXOIHbBIX XapaKTEPUCTUK CHCTEMBI:

y,e¥, j=Ln_.

Hpy MonenupoBanuu cucreMsi BxoHbIe BO3IEUCTBUSA, BO3-
NEHCTBUSI BHEUIHEH cpexs! u BHYTPCHHHE TIapameTpsl CHCTEeMbl
OOBIYHO ABISIOTCA HE3aBUCUMEBIMH (3K30TeHHBIMM) MepeMeHHbI-
MH, & BbIXOIHbIE XaPAKTEPHUCTHKH CHCTEMbI - 3aBHCHMbI MM (oH-
NMOTCHHBIMH) TIEPEMEHHbIMH. B 06mem cny4yae npouece yHk-
LHOHNPOBAHNA IKOHOMHYECKOH CHCTeMbl MpeacTasige: co6oii

Hpoiece npeo6pa;:;oBaHM;1 9K30TE€HHBIX TMEPEMEHHbLIX B YHIOreH-
HbIE.

4.2. MeToant ¥ npHHIMNILI MOAeJIHPOBaHKA
IKOHOMHYECKHX CHCTEeM

Ipu uccnenosanuu cnoxHbIX 3KOHOMUYECKHX CHCTEM MO-
ACIHPOBAHKME 4aCTO ABJISETCSH €AUHCTBEHHO BO3MOMKHDIM noaxo-
AOM K Hx n3yuenHio. Konuenums Monenuposauuns ripeanosaraer
dhopmuposatne HexoToporo yC0BHOrO 00pasa (ananora) peass-
HOH CHCTeMbI H M3yuYeHHe ero CBOHCTB ¢ LeJIBbIO TIOYYEHHS HH-
(opmaniu o peanbHoOl cucTeme. OOpas peanbHo# cHCTeMbI Ha-
3bIBAOT MOAENBI0. OQHAKO MO CPABHEHHIO C peanbHOH cucreMoii
(OpHTHHANOM) MOIeNb MOXET uMeTs COBEPUICHHO MHYIO MPHPO-
Ay, MO3TOMY MEXAY peasibHOH CHCTEMON U ee MOAENBIO OCJIKHO
Ob(Tb YCTAHOBIIEHO OmnpeneeHHoe COOTBETCTBHE (anamorus). Or
MOJHOTRI 3TOTO COOTBETCTBUSA 3aBHCHT aEKBATHOCTL MOLEMH
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Knaccudukauus MOIEieH M METONOB MONCIMPOBAHNA. B
HAYYHOU NMTEPAType CYIECTBYET MHOKECTBO TIOJIXOL0B K Knac-
cudrkauny MOIesIeH 1 METOROB MOICTAPOBAH A (puc.4.1).

MoaeanposaHune
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Pa3nuuatoT MaTepuanbHOe (TPEIMETHOE) H HICATBHOE MOICTH-
poBanue. [TpeaMeTHOE MONENMPOBAHKE TPEANONATACT HCNOL30BAHHC
B KAYECTBE MOJIENH HEKOTOPOFO MAaTEPHAaNBHOND 00BCKTA.

UneanbHOE MOJENHPOBAHUE OCHOBBIBAETCS HA MBICICHHOH
aHaIOTHH peaiibHoro obnekTa u ero mozxenn. [lo cniocoly oTpa-
JKEHMs peajibHoro obbekta (WiH 1o rny6une hopmamnzanmi)
HACANbHOE MOISIHPOBAHHE NENMTCS Ha 3HAKOBOE (CEMUOTHYE-
CKO€) H MHTYWTHBHOE.
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Ha MHOXecTBE CEMHOTHYECKHUX MOZEIEH pasiu4aroT Mare-
MaTHUYECKOE, JIOrHYecKoe, rpadpuyeckoe H ApYyrie BUlbl MOIESH-~
poBaHusi. MareMaTH4eCKOE MOJEMPOBAHHE WIpaeT Oorpene-
JAIMYIO POIbL CPeay APYTUX (POPM 3HAKOBOIO MOJEIHPOBAHUL
OIHAKO JIOBOJILHO TPYAHO YETKO OTAEIHTD JOTHYecKoe U rpadu-
4eCKOe MOIE/IFPOBAHNE OT MATEMATUUECKOTO.

[To cnocofy BbIMMCIIEHUS NTOKA3ATE eH, OTHOLUECHUIA U T.A. METO-
IbI MaTeMaTHYECKOrO MOZENMPOBAHMA JSJAT HA aQHATUTUYECKHE H
ANTOPUTMIMECKHE. AHAJIMTHYECKOE MOJCIMPOBAHUE TMpEeAronaracT
HCIIOE30BAHHE MATEMATHYECKOH MOJIENH peasibHero obbexTa 8 Gop-
me agreOparueckux, Mu(pQepeHHMaTbHEIX, HHIETPATbHBIX M JPYTHX
YPABHEHUH, CBS3bIBAIOLIMX BbIXOAHbIE (EPEMEHHbIC C BXOMHBIMU M
JIOTIONHEHHBIX CHCTEMOI OrpaHUyeHHUi (B BUAE PABEHCTB WM HEpa-
peHCTB). Ipy 3TOM Ipej(ionaraeTcsl HamuKue ONHO3HAYHOH BbIMHCIH-
TeJILHOMN IPOLEYPbI [OTYYEHHs] TOUHOTO PELIECHHS Y PaBHEHHHL.

1"Ipn ANrOpUTMHYCCKOM NnoaxXoae mMaremMarvdeckas MOAe€jib
MCIoab3yeT obpatieHte K pa3IiyHbiM PEKYPPEHTHBIM METO/IaM U
HTEPATUBHBIM TMPOLENYPAM roucka pemrenus. Takoi moxxoa
MOENHPOBAHMIO CNOMXHBIX CUCTEM SIBJIAETCH THITHYHBIM.

MHTyUTHBHOE MOTENMPOBAHHE TPOBOIMTCS Ha  BepOanbHOM
(ormcaresbHOM) YpoBHe. TpH 3TOM METO/IE HE YCTraHaBIMBAXOT CTPO-
rve KOJMYECTBCHHBIE COOTHOLUEHHS MEKIY MONETIMPYEMbIMH sBJIC-
HUSIMH, OFPAHHMHBASCH JIMLUb AHANM30M KAYeCTBEHHbIX 00OOLIEHHbIX
TIOHATHH, OTPAKAOIMX ODIME TEHICHUMH pasBATHS ABJIEHHI, Ha-
MpaBJIEH s H3MEHEHHA CBOTACTB H3Y4aeMbIX OOBEKTOB H T.IL

Pazmuuaret cnepyroiue GopmMbl MHTYUTHBHOIO MOACHHPO-
BAHMSI. METOJ{ CLEHAPHUEB, ONEPALMOHHBIC HIPbl, MbICIEHHbIA
IKCMIEPHUMENHT H AP.

OcHoBHOH (OpMOIT CHCTEMHOIO aHajH3a CJAOXHBIX JKOHO-
MHYECKHX CUCTEM SIBJISIETCS WMHTAMOHHOE HCCICAOBAHHE.
O6rvHo uMuTaLMs peanusyercs Ha IBM. Tlpa sTom cTpemsarcs
K HauboJIee MOJTHOMY YUEeTy BCEX CYLIECTBEHHBIX PaKTopoB.

HMMHTAMOHHOE MOJEIMPOBAHHE, SBIAACH CBOEOOPa3HbIM
SKCHEPUMEHTHPOBAHHEM C MOJEJBIO PEAJIBHOA CUCTEMBI, OTKPbI-
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BAET IUKPOKHME BO3MOXHOCTH a€KBATHOIO OTOOpaXKEHUs UCCIie-
AyeMeiX saBjieHMH. OHO CHHTE3MPYET 3HAKOBOE M HHTYHTHBHOE
(vHOra M MarepuanbHOe) MoneiupoBanue. TakuMm oOpasom, B
UMUTELHOHHOM MOJENHUPOBAHUH HUCTIOJIB3YIOTCS MPAKTUYECKH
BCE METONBI MOJEIUPOBaHHUS, IIPEACTaBIICHHbIE Ha puc.4.1.

VIMuTaumoHHoe MOJENHpOBaHue OOBLEAUHSET HMHTALIUIO
HCCJIENYyEeMOr0 ABJIEHUS M TUIAHUPOBAHUE MMHTALIMOHHOTO 3KC-
nepumenTa. Teopus mMIaHUPOBaHMST SKCHEPHMEHTA IO3BOJISET
PaLMCHAIBHO OPraHM30BaTh MMUTALIMOHHBIHN SKCIEPUMEHT.

Tpanmanst MogenupoBaHus. MoaEIMPOBAHHE B SKOHOMHKE -
CJIOKHDIA, TPYZOEMKMI IIPOLIECC, WMEIOIMI SPKO BbIPAKEHHBIN
TEOpUeCKHH xapaktep. TToaToMy maTh HCCNEnOBatesto NPUIOAHBIE BO
BCEX CJIVYAsIX TOTOBBIC PEKOMEHIALMM 10 MOACIMPOBAaHUIO HEBO3-
MOxHO. OHAKO CYILECTBYIOT OMpenesieHHbIe, BLIPaOOTaHHbIE Tipak-
THKOH TMYMHLIMITEL MOAENMPOBAHHS, TPUICPKHBASCH KOTOPBIX OCYILE-
CTBJIIFOT MOCTPOEHUE COOTBETCTBYIOLIMX MOENEH.

Ipunnun napopMANMOHHON 10CTATOWHOCTH CBS3BIBAIOT
¢ KDHUTAYECKMM YyPOBHEM amnpHOPHBIX CBEIAEHHUH O CHCTEmE
(ypoBHEM MH(POPMALHOHHOH OCTATOUHOCTH), [PU JAOCTHIKEHHH
KOTOPOI'0 MOKHO IOJIY4HUTh JIEKBATHYIO MOJEHb CUCTEMBL. JTOT
YPOBEHL omnpenensercs Hajiu4ueM HHPOpPMaluu 00 3nemMeHTax
CHCTEMBI M CYLIECTBEHHBIX CBA3SX MEXIY HHUMH, KOTOpbIe op-
MHUPYIOT 3MEpIXKEHTHbIE CBOHCTBA cucTeMbl. IIpn otcyTeTBuu
JAHHBIX CBENEHHH MOAEIHMPOBAHME HE MPUBCOET K MOJTYHEHHIO
HOBOH ¥ HPOPMALIMM O CHCTEME, T.€ OKakeTCs DEeCIIOARBIM.

Ilpunuun napamerpusauun. HekoTopbie OTHOCHTENBHO H30-
JHMPOBAHHbIE [MOJCHCTEMbI XapPaKTEPU3YHOTCS OINPEAENISHHbIM apa-
METPOM (BO3MOIKHO, BEKTOPHBIM). 3HauyeHHsi 3TOTO [lapaMeTpa MOryT
3dBHCETL OT CUTYAlMH, CKJIAJbIBAIOLIHXCH B HCC/IEIYEMOH CHCTEME.
Takue NONCHCTEMBI B MOJG/IH MOXHO 3aMEHSATE COOTBETCTBYIOUIHM
mapamMerpoM, a He OINChIBaTh Npoilece WX (PYHKLUHOHHPOBAHU.
Ipuubiui nmapamerpusaly Mo3BOJKET HHOMIA B 3HAYMTENBHOI Mepe
COKpaTHTb 00beM M MPOMOJDKHTENLHOCT MOJIETHPOBAHHUA HCCIenye-
MOH crHeTemb!. OHAKO HamoO UMETb B BHIAY, YTO MapamMeTpH3aLis
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CHWKACT anekBaTHOCTE MOZ€M U nomknHg YNOTpeOnaTsest ¢ uspecr-
HO#H OCTOPOKHOCT B,

Hpuuoun arperupoBanus. B OonbumuHcTpe CiIy4aeB cnos-
HYIO cucrtemy Moskno CTPYKTYPHO Ipencrasuts COCTOsUIEH 3 arpe-
raToB (nozzcncreM), AT aneKBaTHOro Maremaruueckoro OITHCaHust

Hpunuun ocymecTeumocTH. Cosnapaemas MOZCIIb AODKHA
obecrieunsath nocTiienme NOCTaBNeHHO ueny HCCIIeOBaH usy.

YUPABIAEMBIX NEpeMeHHbIx (dbakroprom MPOCTpakCTBe) TouKMY,
oTobpaxaronue YCI0BHS SKCIepuMenTOB, clenyer ebiGapars g
COOTBETCTBHY ¢ OIIpENeNEHHLIM (OHTHMaﬂbeIM) TUIAHOM JKcrie-

Pumenta. Ilpu pukcuposanmom “UCJIE ONBITOR Peanusanmii) on-

<aK Obl yCunupaer ACHCTBHE OAHHX dakTopos, ocnabasis peiicr-
BHE pyrux. Ipy MCHONIL30BAHMK Jik0G0 KOHKPeTHOH Mozeny
TO3HAKOTCS Nup HEKOTOpbIe CTOPOHLI PeANbHOCTH,  miist Gojee
HOJIHOTO  OTpaxeH s AeHCTBHTENbHOCTH HEOOX0 1M psin («Be-
€p») Mozeneii, MO3BONAOWHIT ¢ pasHpx CTOPOH H ¢ pasnoii cre-
[ICHLIO neTanusaumy (g 3aBUCHMOCTH OT pneny Hcenenosanms)
OTPaXKATL M3yuaemMoe sBenHme.
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Buabl Mojeeii. Pacurpny cxemy KIacCH(UKaLiH Moje-
neit. Ha neppoe Me€CTO cpenut K1acCU(UEAITHOHHBIX NPU3HAKOB
Mojiejiell MOXHO TaKkKe HOCTABHTb METON (criocol) MoaeTHpoBa-
aust. Ha mpakTuKe 4acTo BCTpEUAOTCS BCEBO3MOKHDIC kombuHa-
LUK PA3NMHHBIX 3HAROBHIX (cemuomqecmux) Mmojeneii B BUAC,
Hanpumep, rpadoaHamITHISCKIE ATM JOTMKO-MATEMATHUECKAX
mopeneit. 1IporpamMmbt 1t JIBM peanusyioT, Kax fIpaBuo, J1o-
FHKO-MATEeMaTHIeCKyI0 MOIEAD. BaskHbIM KJACCHUKALUOHHM
NpU3HAKOM MOJIENIEH ABNAETCH MOLIHOCTD MHO)KECTBA COCTOSTHUH
MOJETHpYyeMOH CHCTEMBEL [lo 3TOMy MpU3HAKY MOAETH aenar Ha
CTATHHECKHUE 1 TAHAMAISCKHE.

Mogenb Ha3bIBaeTCA CTATHYECKOIL, €CIH MHOKECTBO BO3MOMHBIX
COCTOAHHA MOJIENHMPYEMOil CHCTEMD SBASIETCS SIMHATHBIM, T.C. €O
[EpKUT BCEro 0N ynemerT. Takas cucreMa He MEHSIET CBOEIO CO-
CTOSTHMS1 B Te4EHNe paccMaTpUBaeMoro uBTepBaia BpeMEHH.

ECnH COCTOSHYS CHCTEMbI MOTYT MEHSTLCSA BO BpeMEHH, TO
JNAHHYXO MOJIENb HA3BIBAIOT nnuammecxoiﬁii

JIMHaMHUECKHE MOACHH B 3ABHCHMOCTH OT MOLIHOCTH MHOKE-
CTBA COCTOsIHMH 2 NeJiT Ha MOJIENH € JTUCKpPETHBIMH COCTOSIHMAMH
(MHOK€ECTBO COCTOSHUN KOHEYHO WM CHETHO. T.e. He Oomee 4eM
CUETHO) Y MOAEIN € HeTpep biBHbIM MHOXECTEOM COCTOSTHHL.

Ipouecc CMEHBL COCTOAHUN Ha3bIBAXOT JIBMKEHHEM CHCTEMBL

(CMeHa COCTOSIHUI CHCTEMbI MOYKET NPOVICXOINTH B durcupo-
BaHHbIE MOMEHTHI BPEMEHH, MHOKECTBO KOTOPbIX JIMCKPETHO H 3apa-
gee ONpeneneHo. Taxoit Mpouece CMCHEI COCTOSIHMIT Ha3bIBAOT 11O~
CleoBaTEMBHOCTHIO. [TocnenoBATENBHOCTH 3a1aH0T pOBIYHO PA3HOCT-
HbIMM yPaBHEHUS M. Eciti MHOYKECTBO MOMEHTOB CMEHBI COCTOSHAH
CUCTEMbI HETPEPLIBHO B TIPEACTAX HEKOTOPOTo BPEVEHHOTO uHTepBa-
J1a, TO NPOLECC JIBIKCHIA CHCTEMBL OOBIMHO OMHCHLIBAOT nuddepeH-
LMaANbHBIMY  YPaBHEHHAME. Kpome TOPC, pasnHHarot NeTepMHHUPO-
BaHHbIE ¥ BEPOATHOCTHbIE MOLEIH

[Tpu mocTpOEHAH 7eTepMUHUPOBAHHDBIX MoieiieH Heorpeae-
nesHbie QakTOpb! 000 NpupoRbl HE paccMaTpHBatOTCA. [Tpn
yueTe CTOXACTHYECKOH HeonpeAeIeHHOCTH (crryqaHHbIX (paxro-
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POB) MCIIOJB3YIOT BEPOSTHOCTHBbIE MOZeH. TIpenmer uecie;10Ba-
HUS TEOPHHM BEPOATHOCTEH CBA3BIBAKOT C SABJICHUAMH MEHPOLIbI,
TCXHUYECKUMH, SKOHOMHYECKHMH OOBEKTAMH MM TIPOLCCEaM,
00nafaroImUMK CTaTHCTHYECKON YCTOMYHBOCTBIO. IT0n06Hbe SB-
JeHust (PaKTopel) IPHHATO HA3BIBATH CIIYYANHBIMM,

Cutyvaiinbie ($axTopbl B MOJEISIX CHCTEM YUHTHLIBAIOTCS B BHIE
CIIYHaHHBIX COOBITHE, CITyMaiHbIX BENMYMH M CIIyHaifHbiX (yHKLML
Ciryualitble BENMUMHBI M CITydaiiHble QYHKIMM MPH HEOBXO,MOCTH
MOTYT OBITE BLID@KEHBI YEPe3 COOTBETCTBYIOLIME CITy4aiiHbIe COCBITHL.
B kiacce croxacTideckix Mozeneit 0cobo BBIIEISIOT CTATUCTHUECKHe
mozenu. CratucTideckas Mozesb GOPMUPYETCS 110 Cxeme OKCTIEPH-
MEHTa €O ClydaiHeIM ucxomom. TIpu 3ToM cryuaiinoe BosieiicTsue
MOMET NOJABATLCS Ha BXOX MOZIENH JIMOO0 GOPMUMPOBATLCS C MOMOILBIO
A@TYUKOB 3HAYCHUH CIIy4alHbIX IEPEMEHHBIX (MIMUTAaTOPOB).

[TonoOHele naT4MKN MCKTIOYHTETLHO MIMPOKO MCIONB3YIOTCS
TpH MOJETMPOBAHUH BOSTBLINX SKOHOMHMUECKHX CHCTEM, HANIPIMED B
NMHTALHOHHBIX MOIIENIAX NMPH (POPMHUPOBAHHY BPEMEHHBIX HHTEPBa-
JIOB MEXIY PasIHYHbLIMH COCTOSHHAMM OOBEKTa HCCIIESIOBAHMS.

H3 nonobnok pacuMpeHHoi TpakToBky dopmanuza My Bol-
TEKAET 3HAYMTENLHOE paciupeHte GopM npeacrasieHus Moe-
fiei. DTO 1 HabOPbI IKCNEPHMEHTANBHBIX JAHHBIX, H TEKCTbI M-
TEMaTHYECKHX OMUCAHHH, W YKCNEPTHBIE BBICKA3bIBAHHS, M [Pa-
(hudeckne 0Opasbt, H rOTOBbIE POTPAMMBI, U JIP.

HMMuraunoHHas MOIET, CHCTEMBI H COOTBETCTBYHOLIEE 1po-
IPAMMHOE OOECTIEUCHHE I NIPOBEICHHS BbIYUCIUTENbHBIX HKC-
NEPHMEHTOB ¢ Heit Ha OBM cocTaBisier 0CHOBY MMHTAIMOHHOM
CHCTEMBI.

HMUTAUMOHHDBIE CHCTEMbI - OHMH M3 BMIOB npodaemHo-
OPHEHTUPOBAHHBIX HHTEPAKTHBHBIX CUCTEM.

K npo6aemMHO-0pHEHTHPOBAHHBIM HHTEPAKTHBHBIM CHCTE-
MaM OTHOCSTCS TAKXKE ONTHMHM3ALHOHHBIE H IKCTIEPTHbIE CHCTe-
Mbl. [lepeunciennble BUIBL cuCTEM 00Pa3yIOT HEKOTOPOE €HH-
CTBO, 'PAHHLbI MEK/Y HUIMH Pa3MbIThI.

169



3apepiuas PACCMOTPSHHE OCHOBHBIX EHAOB Mojesei, HUCrosib-
3yeMbIX TP HCCIEAOBAHMM CHCTEM, OTMCTHM, 4TO COAEpKaHUE
TpeMeTHOH O0MACTH 1 BEOAMMOTO PE3yJibTard OTIEPALIMN TAKKE 1aeT
OCHOBY VISl COZCPKATEIbHOM KriaccudyKalMK MOZICTIEH CHUCTEM. C
STO TOUKHM 3PEHAS PASIMUAKOT CIEIYIOlIMe YCTAHOBHBIIIHECH BUI(bI
MOZIENIEH: MOJENM TEXHUKO-3KOHOMHHECKOro aHamisa, IXOHOMMKO-
METEMATUYECKHE MOJIEH, MOJEIH CTPOrOro M HECTpOIroro xoH(pHKTa
1.1 TTo TOMY e TIPHHLIAMY BbIEITIOT MoK CHCTEM MaccoOBOIO
OBCTY>KHBAHKS, MOJEIH CICTEM YNPABCHNS 3aracavit 0T 4.

Jlns yueTa npy MOZIEIMPOBABMN CHCTCM HEOIPeIENeHHOCTH He-
CTOXACTHYECKOIO XapaKTepa UCTIONE3YIOTCA TIOI0KEHIA TeOPHH HIP.

4.3. BeuMcauTebHbIe IKCHIEPUMEHTDI €
MOZEISIMH YKOHOMHYECKHX CHCTEM

BeeaeM o0LIyI0 CXEMY IKCHepHMEHTa (PHC. 4.2). Ha oobext
JKCTICPUMEHTAILHONO NCCIICIOBAHMUS B KaUECTBE BXOMHBIX TEpe-
MeHHbIX BO3eHcTByeT rpymra $akropos.X:

Q
A
Vil ~
Wy W . w;
Xy — P
) Xy — O6weKT 5
A | KCTICPHUMEHTATLHOTO » Yen(atax)
ncencyosanus (OOH)
Xi ——P




DKCHIEPUMEHT IPOBOAUTCS lIPH OTpEeNeNeH AKX (PHKCHPORAH-
HBIX 3HAYEHUAX BXOIHBIX MEPEMEHHBIX. CoBoKyriHOCTL 3HAuEHMI]
STUX TIEPEMEHHBIX, HJIH YPOBHeil (haxTopoB, cocTaBnET KOMILTEKC
YCROBHE SKCnepuMeHTa. Pesyanrar IKCIIEPY® (€HTA  ONUCHIBACTCH
CIy4aiiHo#i nepemennoii Y, KOTOpast Ha pMe. 2 nokasaHa Kak BLIXOJ-
Hast nepemenHas. B obwem ciyyae ¥ mosxer ObITb BeKTOPOM:

v

Y2

JKCIEPUMENT 3aKiOuaeTcs B HAOMONEHHN 3a nepemeHHO}
Y, e B onpepenenuu snagenus NEPEMEHHOM Y npu peanmsaumy
ONpPENENeHHOr0 KOMILIEKCA YCIOBHiI.,

Cry4aiiabrii X4pakTep BBIXOUHOH nepeMeHHoil o0ycnosnen
ACHCTBHEM Ha OOGBEKT IKCHEPHMEHTANBHOIO  MCCHENOBAHUS
PYIIBI HEKOHTPOIMPYEMBIX (haKkTOpOE. HedcTre yacTi u3 nux
HOCHT Ciy4alHbId, HeperynspHbiii xapakrep. Ha cxeme sxcre-
pumenTa (cM. puc. 2) cnyuaiinbie hakropb uzobpaxens s BHJE
BEKTOpa nomex () ¢ KOMNOHeHTaMM W ;. Wa, .., w,. Cayuaiinble
nomexu obpasyoT ewe oany TPYNIY BXOAHBIX MEPEMEHHPBIX.
Yacro B pasmnymoro PO/Ia SKCepUMeHTax Hapsily ¢ OCHOBHOI
BBIXOAHOH nepemeHHoH Y NPUXOINTCS CNeANTD 3a rpynmnoii ne-
OCHOBHBIX BbIXOAHBIX NEPEMEHHBIX, 3HAYECHUS KOTOPBIX TaKxe B
obriem cityyae 3aBHCST OT KOMINEKCA YCJIOBUH 3KCIIEPHMEHT].
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BexTop HEOCHOBHBIX BbIXOIHBIX nepeMeHHbIX 0003HaMMM ¥,
ero KCMIOHEHTHI - V1, V2, ..., Vy. Ha 3TOT BEKTOp OOBIYHO HaTAra-
FOTCSl pa3fdHbie OrPAHHYEHNUS, onpenesiomue Hapaty ¢ ApYy-
IMMHU YCHOBHSIMA BUJL 3KCTIEPUMEHTE.

MiHOrCMEpHOE NPOCTPAHCTBO, KOOpIMHATAMM  KOTOPOTO
CIy:KaT KOHTPOJMPYEMbI€ MEPeMEHHRIC (pakTOpbl), HA3HIBACTCH
(axTOpPHBIM NPOCTPAHCTBOM.

Bynem nonaraTb, 4TO pe3ylnbTaT skcriepuMenTa ¥ QyHxumo-
HANLHO CBA3aH C KOMIUIEKCOM YCJIOBHI IKCIEPUMEHTA X u cny-
yaiiseiM BexTopom romex (2. Takum o0pazoM,

Y =n(X,Q).

JleficTBUME NOMEX NPHUBOIMT K TOMY, yro ONHO3HA4YHAA
dynKLHOHATEHAS 3aBUCHMOCTD pe3yNpTaTa JKCIepHMEHTa Y ot
KOMIUIEKCa YCoBuii X, CBOUCTBEHHASA SKCIIEpPUMEHTaM ¢ HACATb=
HOM BOCTIPON3BOAMMOCTBIO, HapyMmaeTcs nobaBIeHAEM CiIy4an-
Hoii nepemenHoit &x). bynem HasblBath (x) omMOKOii onbiTa 1
NpeAnoNararh, YT OHa CyMMHpYETCA C HeKOTOpOii perysispHoi
(Hec Iy YaiHOMN) cocrasnsoneit 7Kx):

Y = n(x)+&(x).

Bripaxenue Y = n(x)+&(x) Ha3BLIBAIOT MOJCIEIO Habnro-
nenus. Pesynbrar OnbiTa Y sBsiercs CilydadHOM nepeMeHHOM,
tax kak ownOKa onpita &X) €CTb ciyuaiiHas nepemMeHHas. Pery-
JISIPHYIO (HecyuaiHyo) 4acTb Y, T.e. 1(x), Ha3blBAIOT dynkuueH
otiknuka. DyHKIMA OTKIIMKA OTpAXKALT CYLIHOCTh HCCHIENYEMOTO
nponecca, MO0 OHA CBA3BIBACT pe3ysIbTaT DKCIEPUMEHTA C 0C
HOBHEIMH (PAKTOPAMH.

[lony4uTh 1O PE3yLTATaM HKCIIEPUMEHTOB MPEACTABACHHC
o GyFKuMH OTKIHKA - OfHA U3 OCHOBHbIX 3aja4 JKCIEepuMenTa.
[Tpoc eifluum NpHMEPOM DyHKUHK OTKINKA SABIACTCH pyHK1ms
noTpedaeHus:

in(C'=B, +B/InY+8,In P,
rae C - norpedneHde HEKOTOPOro [MLIEBOTO NPOAYKTa Ha Ayuly
HAC2ACHMS B PACCMATPHBAEMOM rOjly.
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Y - peanbHbIi IOXON HA OyWY HACENEHUS B paccMarpuBae-
MOM oy, ’

P - unnexc ueH Ha nponykr;

By, By, B, - napamerps! Mozienu.

B cBssu ¢ atuMm npocreitinim, Ha TEPBbIA B3IJAAM, BbIpAXKE-
HHEM Yy CEPLE3HOTO HCCIIEAOBATEIIS, HECOMHEHHO, BO3HHKAET Psifl
BOIIPOCOB!

1. Bce nu nepemenHble, koTopble BAMAIOT Ha pesynbrar 9Kc-
NEPUMEHTA, YYTeHsl B JaHHOM Mozaesu?

2. Bce 1M nepeMeHHble, NIepevHCIIEHHbIE B MOJIENH, SIBIIAOT-
Csl CYLIECTBEHHbIMH? MOXHO JI YyIPOCTHTH MOAED, ybpas Ty
WA MHYIO NIEPEMEHHYIO?

3. Kakoli MeTOn MCMONBL30BaTh WIS OLEHKH k0o punmeHTOR
Bo, By, By?

4. AneksaTHa JiM aHHas MoOjeNb peanbHOMY S5KOHOMHuYE-
CKOMY nipoueccy?

[IpuBenennas Momens sABisETCH CTAaTHYECKOH, T.e. He yuH-
THIBAET BJIMAHHE TAKOrO (akTopa, Kak Bpems. Beenenne (paxTopa
BPEMEHH TPEBPATHT €€ B JMHAMUYECKYIO MOJIEIb.

Haunbosee mwrpoke B skoHomerpuke NpPEeNCTaBsieHrl TakKue
THUITBI MOJEJIEN, KaK;

* MOJCNH BPEMEHHBIX P510B (OLEHMBAIOT TPEH, HANpaBe-
HHE MPOLeCcca, Ce30HHOCTD M T.1.);

* PCrpecCHOKHbIE MONEH (NO3BOJIAIOT ANNPOKCHMIPOBATE
ONBITHBIE NAHHbIE NTOJHHOMAMM);

* MOJE/IN KOPPEJILMOHHOIO aHanu3a (YCTAHABIMBAKT 3a-
BUCHMOCTb MEXZAY MEPEMEHHBIMH, OLUEHUBAIOT HHTEHCBHOCTD
3TOMN 3aBUCHMOCTH),

* MOACM NMCIEPCHOHHOIO aHamu3a (yCTaHaBIMBA-OT 3Ha-
4HMOCTb Ka4eCTBEHHOTO (HaKTOpa Ui 3HAYEHUS HABMKC JAEMO
[IePEMEHHOIH);

* MOZENH (aKTOPHOrO aHaM3a (OLEHHBAIOT 3HAYUMOCTS Tex
MU UHBIX (DAKTOPOB M HX BKIA B HaOJOZIAEMYIO IEPEMEHHYIO; T10-
MOTarOT BbISBHTH JIATEHTHDIE (CKPBITHI e) daxTopsl) u ap.
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K HacToAmeMy BpeMeHH B CBSI3U C MHTEHCUBHBIM Pa3BHTHEM
KOMIMBIOTEPHOH TEXHUKH CYIIECTBYET TOCTATOMHO MHOTO MaKEToB
TIPHICIAZIHBIX IPOTPAMM, KaK FIO NPUKIAHON CTaTHCTUKE, Tak U No
IKOHOMETPHKE, BMecTe ¢ TeM BCe 3TH NPOrpaMMBl SBIISEOTEs Oecro-
TIE3HBIMH, €CJTH UX TOJB30BATE)Ib HE 3HAET OCHOB TEOPHU.

B psze ciyuaeB HCCIENOBAaTeNb B TPOLECCE JKCNEPUMEHTA
MMeEET BO3MOXHOCTb He TOMIbKO KOHTPOJMPCBATh BXONHBIE NEPEMEH~
Hble (KOMITOHEHTb! BEKTOPa X), HO W YNPaBIATE MMH, T.€. 110 CBOEH
BOJIE YCTAHABJIMBATH (AaKTOPBI Ha PasiuyHble ypOBHU. Takoi dKcme-
PUMEHT Ha3bIBAKT AaKTHBHEIM. B nacCHBHOM SKCIEPUMEHTE MCCIe-
JOBATENIb JIMIIEH BO3MOXKHOCTH YPAaBIITh GaKTopamu

BeIYUCIMTE IEHbIA 3KCIIEPUMEHT BCEITIA CBSI3aH C HCIIONB30-
BaHMeM HMHPOPMALMM, KOTOPYIO UPHHHTO II0APAa3AeNsTh Ha
BXO/JHYIO, BHYTPEHHIOK), BBIXO/IHYHO.

TpeGosanusivit Kk HHGOPMALMH SABJISKOTCS. CBOEBPEMEHHOCTD,
JAOCTOBEPHOCTD, LIEHHOCTh, TOJIHOTa, HOCTYNHOCTh, CIIPE/IE/IEHHOCTD,
KPaTKOCThb, JyOHHa, yOeauTeTeHOCTs U Ap. CreneHb BbUTOMHEHHs
5THX TpeOOBaHMil CKasbiBaeTCs Ha H(QPEETHBHOCTH BBIYMCIHTENEHO-
10 3KCIIePUMEHTa

4.4. 3P PeKTHBHOCTH BBIYMCIUTENBHOIO
IKCMEPHMEHTA € IKOHOMETPHUIECKOH MOIEJIBIO

B noneMuke 0 nepebiX rno0anbHbIX MOAEAX aMEPHKAHCKHE
UCCAEAOBATEN OTMEYalH, YTO B PE3y/ibTaTe «BYJILIapHOroy
NOXOAA K MOZETHPOBAHHIO MOXHO NOJY4UTh HE MOIEHDb peailb-
HOTO 0OBEKTa, a MOAeNh COOCTBEHHOIO HeBexecTBa. lIpu 3TOM
TPaAMLMOHHBI KPUTEPHI KauecTBa MOIENEH CNOKHBIX CUCTEM -
HENPOTHBOPEUHB 31PABOMY CMBICJTY - MPH3HAH HEAOCTATOYHBIM.

Monenb CIO¥HOM CUCTEMBI - TAKKE CHCTEME, COCTOALLAA U3
MoJziesiell ee NEMEHTOB K MOJesell B3AUMONSHCTBUA MEXy HH-
MH. B 3TOli CBS3H ONPABIAHHBIM SIBJSIETCS BBEAEHHE TMOHATHH
«KauecTBO MOJean» U «3PHEKTUBHOCTL MOAETHPOBAHUD 3KO-
HOMHYECKOH CHCTEMBL.
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DhdeKTUEHOCTD MOLENVPOBAHUS CBA3AHA CO CIIOCOOHOCTHIO
JIOCTUIaTh LENH HCCASHOBAHHUS, AJL KOTOPOTO MOCTPOEHA MO-
nenb. M3 JBYxX anbTePHATMBHBLIX MOzenei Oonee TPemnoyTH-
TeNbHON ABJAETCA T4, PE3YJBTATH HCHOIB30BAHMA KOTOPOH 1O
MPSMOMY Ha3HAYEHKK) jydine. B 4acTHOCTH, KadecTBO OObsic-
HSFOLUMX MOjiejeil TeM BEILIE, YeM IPaBHIIbHEH OHU OMHUCBLIBAIOT
3aKOHOMEpHOCTH CBsizeit dakTopos M nokasarenei. Kawectso
MIPEACKa3bIBAOINX MOAENEH NpPsMO NPOTNOPUHOHANBHO TOYHO-
CTH TIPENCKA3AHHbIXK 3HAYCHUH QyHKUMHA, TPOLIECCOB U T.A.

OueHka KauecTBa MOJIENH 3aK/K4YaeTcss B BhIpaboTke oue-
HOYHOIO CY>KAEHUS OTHOCHUTEJILHO MPHIOJHOCTH €€ K PeIlieHUI0
ONpPEeNeHHOTO KPyra 3afjad Ha OCHOBE M3MepeHus (OueHnBa-
Hus) 3hPEKTUBHOCTH BBIMHCIHTENBHOTO (MALIMHHONO) 9KCNEPH-
MEHTA Ha HEeH. '

Boifop Bapuanta MOAENH JIPOM3EOIUTCS B PE3ybTaTe OLE-
HUBAHHUS M COIOCTABJIEHKS BO3MMKHBIX AJBTEPHATUB MM Bapu-
aHTOB 10 3PPEeKTHBHOCTH.

[TokazaTers sdpdextusroctu. Iokasatens 3QPEKTHBHOCTH
W(l]y monenu ecTh Mgpa CTEMEHH COOTBETCTBHS pealbHOIC pe-
3ynprata moze imposarms tpedyemomy. [9, 10, 12].

OcnosHbiM TpeboBanueM 1pu BGope nokasarens dddex-
TUBHOCTH SIBJSIETCS COOTBETCTBHE MOKA3ATENI0 LEJH, KOTOPbIA
otoBpaxaercst TpedyembIM pe3ynbTaTom Yp. TToMMMO yka3aHHO-
ro TpeboBaHus nokasarensb 3peKTHBHOCTH HOJDKEH YIOBIETBO-
pSATL TPeOOBAHHAM CO/IEPIKATENBbHOCTH M HHTEPNPETHPYEMOCTH,
M3MEPUMOCTH M COOTBETCTBHS CHCTEME NPEANOUYTEeHUH necneno-
parens (onepupyroiell croponsl). s onucaHuA COOTBETCTBUA
peanbHoro pesviabprara Y(L/) mogemiposanus Tpebyemomy Iy, Ha
MHOXECTBE Pe3yJIbTATOB BBEJEM HHCIOBYHO QYHKIIHIO

p=plr@y. v,) (1.6)
KOTOPYK HazoEeM PyHKLHEH COOTBETCTRHS.

BeeneHne PyHKUHH COOTBETCTBUA MO3BOMSIET NPHUHSTL €€ B

kauecTse nokasarens sbdexrusrocT, ecan Y(U) u ¥, ABAsOT-

c4 HeCHy‘laﬁHb] MH NEPEMEHHBIME
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() =plr)r,). (17) |
Ecmu cpenu nepemennbix umerorcs Cly4alHble, TO B Kaue-
CTBE nokasarens 3GpQekTHBHOCTH ClenyeT NPHHSTL MaTeMaTHe-
CKO€ O:kMAaHHe QYHKLHMH COOTBETCTBHSL, T.€.
wWy=Mlplr@w),r, ). @8
HaCTHBIMM BMIAMH MaTeMaTHYECKOTO OXKHIAHMUS dyHKUMY
COOTBETCTBHUA SABJISIHOTCH:
1) noxkasarens cpezHero pesysbrara, HCTIOAB3YEMBIH B TEX Clly-
HasAX, KIra uejib ONepanii BIPAXKAETCs! CKATAPHOH NIEPEMEHHOI;
2) noKa3areNb BePOSTHOCTHOM TAPAaHTHH, ONpPEACIIOLINN BEPO-
ATHOCTL TIOJTY€HHS PE3YJIBTATA HE MEHbLIE TPEOYEMOr0 YPOBHS,
3) mokasarennb BCPOATHOCTHO-TaPaHTMPOBAHHOTO PE3yJIbTa-
T4, ONpeACAAO WM MHHUMANBHBIA pesyabTat ¥ « » TOJy4aeMblii ¢

3a1aHHOM (KaK MPABHIIO, BBICOKO) BEPOSITHOCTBIO X .
M ciyqasi, KOrzia HMeeT MeCTo Heonpe/IEIeHHOCTb pesyJbTara
7, obycnoiiernnas hakropamu v e I HecTOXACTHUECKOTO xapakrepa
 (HampuMep, noBeneHueCKas HEOTIPENEEHHOCTE). BBOIUTCS, HAIpH-
Mep, NokasaTenb 3GPEKTHBHOCTH CIEYIOLIErO BHAA
W) =min Mlp(r @, vy, ). (19)

CMBICI IAHHOTO NOKA3aTeNs 3aKMOYAETCA B TOM, YTO OH SiB-
JACTCA TAPAHTHPOBAHHBIM YPOBHEM NoKaszaTesns 3QPeKTHBHOCTH
onepauuu (Xy:xe He ObiBaer).

JUIsl CONOCTaBIICHHS BAPUAHTOB OPrAHM3AINIY BHHCIMTEILHOMO
IKCIIEPHMEHTA, XaPAKTEPU3YIOLUMXCS PA3JIMHHON CTENEHBIO JOCTHIKE-
Hust 118,11 (3(XPEKTHBHOCTBIO), M OCYLICCTBIIEHHUS HAIpaBJIEeHHOTO Bbl-
Oopa Mozesi st HETO U3 MHOKeCTBA JOIMYCTHMBIX BBOIST COOTBET-
CTBYIOLICE [PABMSIO  COTIOCTABIIEHHs. [JIaHHOE NPABILIO HA3LIBAIO
Kkpurepiem shbextusrocrn. Kpurepuit sbdexrnsrocty Bomres Ha
OCHOBE KOHIIEMTUMH PALIMOHAILHOTO [OBENEHUS,  *

C/ILeCTBYIOT TPM KOHUEMUHH PALMOHANBLHONO MOBEASHMS
MPUTOAHOCTH, ONTHMU3ALMH H afanTHsu3auru. I1pu BLIGope Mo-
ACIF AA UX MHOXECTBE B OCHOBE PEUICHUS 321a4H, KaK NPaBHJIO,

176



JIEKUT KOHUENuust ontumuzaudd. C y4eToM JaHHOV KOH IeMUHu
Pa3/IMyaIoT:
|. Kpurepuii naudosnpiiero pesyiabrata. ONTUManbHYI) MO-
JeJIb BBIOMPAIOT U3 YCIIOBUA
U™ max Y (U).

well
2. Kpurepuit HanOonblLIero cpepHero pesyiprata. [JlaHHbIiA
KPUTEPHI PEKOMEHTYeT BbIOMpAaTh B KaUeCTBE ONTHUMAJIBHOM MO-
neau /", nns xoTopoit

U max M [rani

3. Kpurepuii HauOosbliell BEPOATHOCTHOM TapaHTHH pe-
synpTata. [lpy ykazaHHOM KpHTEpUM ONTHUMAJIBHON CHMATAETCS

momenb U/ Takas, 4To
U;Tgp&aozmj

4. Kpurepuii HauboapLIero BEPOSTHOCTHO-TAPAHTHPO BAHHOIO
pesybTaTa. BeposiTHOCTHO-rapaHTHPOBAHHEIM PE3YJIBTATOM  Ha3bIBa-
10T ypoBeHb pesynbsrara Y ({/), ne Huxke kotoporo Oyaer nomaydeH

PEATBbHBIH PE3YNIBTAT C 3a/IJaHHON BEPOATHOCTEHIO
a =Py )=y, ()}

CorjacHo }KpHTepHK) Hal/l60JIbIJJeI“O BEPOATHOCTHO-
FapaHTMpOBaHHOFC' pe3yibTara OHTHMaﬂbHy}O MO/JI€JIb Bbl 5Hpa}0'l‘
M3 YyCJIOBMs

.
U max Y ().

He
5. Kputepuii rapantupoBanHoro pesynstara. Ilpa stom
KPUTEPUH, HCTIONb3YEMOM IIPH HAIMHYHHM HEONpeJesieHHRIX (ak-
TOPOB |~ HECTOXACTHYECKOIO XapakTepa, ONTHMATLHYIO MOAE)b
BbIOMPAIOT U3 YCIOBHSA

U" - max miip M [p(v(u, v)2 Y, )]

well v
DTO yCAOBME OTPAKAET NPHHLMI MAKCHMMHA, a Momenb [/
COOTBETCTBYHOULYIO JAHHOMY KPHTEPHIO, Ha3bIBAtOT MAKCUMHHHOH.
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Ouenxka sddexTuBHOCTH Moaenu. ITposepka n 0bocHOBaHME
MOJIE/IH - HEOOXOIUMBIE COCTABHBIE YACTH CUCTEMHOTO HUCCIEI0-
BaHUA 3Q(EKTHEHOCTH BHIYHCIMTENLHOTO IKCIEPUMEHTA.

Hocratouno obmmit GhopManeHelil noaxon k aHaausy 3¢-
(bexTUBHOCTH NTpoLetta MOACTUPOBaHUs OONbBIIOH CUCTEMbI MO-
KET OBITh NOJIY4EH C MCIOIb30BAHMEM MOZIENA NPOBIeMBI NIpH-
HATUst pewtenus B B. ITonmHoBCkOTO, B KOTOPOM:

{J - MHOXECTBO BAPHAHTOB OPraHU3ALMK U TOCTPOSHHS MO-
JeNd BbIYHCIIUTENILHOTO 3KCIEPUMEHTA;

A - MHOXECTBO 3HAYCHMIT ONpPEAENEHHBIX H HEONpENeNeH-
HBIX PaKTOpOB;

G - MHOXECTBO HCXOI0B MOIEHPOBAHHS,

¥ - BexTop xapakrepucrux (NpusHakoB) Hcxoma geG, T.e.
KONM4ECTBEHHOE BRIPAKEHHE PE3YJILTATOR PeaM3aliu IIPOEKTa;

W - OTOOpaxeHue, CTasgiiee B COOTBETCTBHE MHOXKECTBY
monener U u haxTopoB A MHOXKECTBO pe3ybTaToB V:

W - nokasarens 3hexTUBHOCTH,

K, - xpurepuii appexTuBHOCTH;

£~ - Mozaens npeanoyureHnit JIIP Ha saiemenTax MHOXKecTRa:

=, A G Y, WK >

0 - ocraneHas uHbOpVAaLs 0 npodieMHOH CUTyaIUK.

C y4erom npuBeneHHBIX ODO3HAYEHUI AOCTATOUHO OOMmas
MOJIeNlb OUEHMBAHUSA 3Q(EKTHBHOCTH BBIYUCIUTENBHOIO JKCITE-
PUMEHTA MPEACTABIISACTCS B BUJE CHCTEMBI:

<U A G Yy, WK, p 6>
Kak cneayer U3 aHann3a naHHOM cucTeMbl, Hauboaee cyue-
CTBEHHOW YaCThI0 MCCIEAOBAHWMH, CBA32HHBIX ¢ OLIEHWBAHHEM
KayeCTBa MOZENH CHUCTEMbI K 3DEGEKTMBHOCTH MOIENHPOBAHMS,
ABNACTCH BLIOOP M 000CHOBaHNE CHCTEMBI NOKA3ATENEH H KpHTe-
preB 3bGEKTHBHOCTH BHIMUCITHTENLHOIO JKCIIEPHMEHTE

K HacrosuieMy BpeMeHH HOCTATOUHO MONHOM, OTBEYAIOLIErO
COBPEMEHHbIM TPEDOBAHHAM HCCSIOBAHKS TIO OLIEHHBAHHIO YPdek-
TUBHOCTH MOJENMPOBaHKs HE cyLiecTBYeT. OIHAKO MOJOKEHHS, W3-
JIOXEHHDIE BBILIE, O3BONIAIOT CHENATh HEKOTOPHIE BLIBObI:
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1) 4T00BI MONYUHTL KONHUECTBEHHOE OITHCAHUE CUCTEMBI,
HY’KHO HAHTH aNeKBATHOS MATEMATHUYECKOE ONMHCAHME JIMLIL ee
CYLICCTBEHHBIX OCODEHHOCTEH, T.€. COCTABUTH a/ICKBaTHYI Ma-
TEMATHYECKY0 MOJENL CHCTEMBI,

2) Hy)HO BCerna NposBIATH OCTOPOXHOCTB IIPH COIMOCTAaB-
JICHHH PE3YJILTATOB PACHETOB C GUIHYECKUM SBICHHEM, HOO Ma-
TEMATHYCCKAA MOJE]Ib HMKOrOA He GbIBAET TOXIECTBEHHA Ha-
OmonaemomMy sinennto. B 31oii csisn TPYAHO IICPEOLEHUTE POJib
SKCHIEPTHOIO OlLIEHUBAHHUS.

Iposepka cooTsercTBHs Monenu CBOEMY HasHaueHuio. [1o-
CKOJILKY AAPO UMMTALHOHHOM MOZNENIM CBS3bISAIOT C TPHAIOH
(MATCMaTHYECKas: MOJIesib, aATCPHTM, IIPOTPAMMA», TO H OLEHKA
Kau€CTBA MMMTALMOHHON MOJENIH CONPSKEHA C aHANM3OM Kade-
CTBa KaTOH U3 NEPEUMCIEHHBIX COCTABIAFOIUX.

B sroit cemu pacomarpusaror: LEJICBbIE, KCIUTyaTALIHOHHBIE,
MOJTH(HKAUMOHHBIE H APYrHe CBOACTBA MMMTALIMOHHON MOJEIH,

LleneBeiMu HasbiBatoTcs colicTsa MOJIENY, XaPaKTePU3YHILIWE
CTRIICHD €€ COOTBETCTBHA Le/sIM M 3a1a4aM KOHKPETHOTO MCCIIEN0Ba-
Hust. K ueneBbIM CBOMCTBAM Moneneii OTHOCST aJIeKBATHOCTb, YCTOMH-
AMBOCTE, TOUHOCT, MOJIEBHOCTD, PE3YNBTATUBHOCTD U .

IKCNTyaTAUHOHHBIMUA HA3LIBAIOTCS CBONCTBA MoneneH cuc-
TEM, onpeaensioue yrodCTBO SKCIIyaTaluy MOIETH] T10Jb30BA-
TeneM. K HUM OTHOCATCs NPOU3BOAHTENILHOCTh, HANEXHOCTb,
3alHIMEHHOCTE, 3PrOHOMHYHOCTD, 3aBEPLIEHHOCTD | Ip.

MoanpuKauMOHHBIMY HA3BIBAKOTCSE CBOHCTBA MoJeeil, onpe-
AEAAOLIHE YOOOCTBO BHECCHUSA W3MEHEHU B MOJIElIb, T.€. ee MOIH-
(UKAUMK TIPH Pa3BUTHH U COBEPLIEHCTBOBAHUH HCCAEAYEMOI CHC-
Tembl. K Moau@HKaLMOHHBIM CBOlicTBAM OTHOCSTCH MOHATHOCTD,
CTPYKTYPH30BAHHOCTE, PACIIMPAEMOCTD, JIOCTYITHOCTh U Jp.

llepeuncnennsie rpyianb: cBOHCTE 10CTATO9HO TMIOJIHO Oripe-
ACIBHOT BO3MOXKHOCTD UCTIONL30BAHKS MOJIEH [10 HA3HAUYEHHI)

CywecrByer Heckonbko crapuii NIPOBEPKH  COOTBETCTBUS
MOIEH CBOEMY Ha3HAUCHUIO
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1. Bepuikauus - NOATBEPHAAEHHUE TOTO, YTO MONENH BEACT
cebhs Tak, KaK OblIO 3ayMaHO.

TIpoBepKa aneKBATHOCTH - COTIOCTABIIEHME 1IOBEACHUA IBYX 00b-
EKTO! (HCTEMb! i MOJEITH, TAJIOHHON U NPHOIIDKEHHOM MOzieTIEH.

2. TIpoGnemubiil aHanus - GOPMUPOBAHUE HA OCHOBE SKCIIC-
PHMEHTOB C MOZEJbI0 BBIBOJAOB, COAEPXKATENLHO H cTaTMCTHYE-
CKM 3HAUHUMBIX.

3. CuctemMaryueckasi TpOBEpKa COXPAHHOCTH [POrpaMMHOM
peanu3aLmy Mojlenk 1 ee 0a3sbi JaHHbIX Ha DBM, koTopasi BbINOIHs-
€TCS TECTUPOBAHMEM HIIM PELLIEHHEM KOHTPOJIbHBIX 33134,

Ouenb OOWMHA TOAXOH K TIPOBEPKE MOIIENIEH BbITEKAET M3
paeu TbropuHra 00 «Mrpe B UMHTALMION. PesynpTaThl MOACIHU-
POBZHIS PEATbHOM (MMEBLICH MeCTO B MIPONLIOM) CHTYALIMK Npe-
NOCTAEJSIIOTCS  KBATM(PULIAPOBAHHOMY JKCIEPTYy € peabHOM,
urpopmaumenn. Mosens NOCTATOHHO A7eKBaTHA peaybHON CHUC-
TeMe, eC/M 3KCMEPT HE MOXKET PasjIdvuTh, Kakad 1acth undop-
MaI1H MOJIY4€Ha Ha MOJIENH, 3 KaKas - 13 peanbHON CHCTEMBL.

" OlieHKa aleKBaTHOCTH Mozenu - naubosee OTBETCTBEHHbIH
JTarn OLEHKM €€ Ka4eCTBa.

ITof aneKBaTHOCTHIO MOZENH [OHMMAIOT €€ COOTBETCTBHE M3y~
4aeVOMy SBIICHUIO. AZICKBATHOCTb, KAK MPABKIIO, H3MEPACTCA B KauecT-
BEHHOI HIKANe MOZENE MPH3HACTCA b0 ajieKBaTHOM, JIOO HEea eK-
gaTHOY. B HEKOTOPBIX CIydasX MOTYT MCIOJIE30BATHCA H KOJ4e-
CTBEHHbIE TIOKA3aTelH, TO3BOJIAIOIUNE OLEHUTh CTeTeHb COBMNA-
[ICHHSA BEKTOPOB XaPAKTEPHCTUK PeaibHOM CHCTEMBL H MOLCTH.

PacxoskeHUe Mexy BEKTOPAMU BhI3bIBAETCSA, B HACTHOCTH,
CJAeYIOLIMMH TIPUHHHAMH.

 HecTAGHIIBHOCTLIO HEOTIPENECHHbIX (HAaKTOPOB, BJIHAKO-
X Ha 3G PEKTHBHOCTH CUCTEMbL.

* HEKPUTHUHOCTBIO BBIXOIHOIO MoKasareli K IK30TEHHBIM
NepeMeHHbIM,;

« HEICCTOBEPHOCTHIO HCXOAHBIX NAHHDIX,

+ Hepenpe3eHTaTUBHOCTHIO BLIGOPKH, HMCHONB3YEMOi  AUTA
MOCTPOEHHs! MOAEAH 1 AP.
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AZIEKBATHOCTb MOZE/M TECHO CBS3aHA C TEMH JIOJIOXKEHHSIMHU, Ha
OCHOBE KOTOPbIX ObIIO OCYLIECTBEHO ce nocrpoenye. Baxuyro posb
UIPAOT TAIOKe yPOBEHE CTabUIBHOCTH CTPYKTYPhI CBSI3eiR Mexay
(baKTOpaMH, JKZOTEHHBIMH H SHIOrCHHBIMH TIEPEMEHHBIMH MOnENH, a
TAICKE BBIOOP ONMTUMANLHOTO Habopa TIEPEMEHHBIX, YUHTBIBAEMBIX B
mozien. KonmmuectBeHHas OLeHKa anekBaTHOCTH MOZIENM CUCTEMbI B
CONBIINHCTBE PAKTHHECKH BANKHBEX CITy4aeB MOXXET ObITh onpenese-
Ha b kOCBeHHO. B Hacrosiuee Bpems mist soro UCTIONB3YKOTCS
PCTPOCHEKTHBHbBIN AHANHS, JIOTMKO-MATEMATHYECK M aHaM3, 3JKC-
MEPTHOE OUEHHBAHHE K Ip.

PetpocnekrusHeiii ananus saxiouaercs. g CpaBHEHUHU (ak-
TUMECKUX MaHHBIX, MOIYYEHHBIX 38 HEKOTOPBIH nepuon Habmo-
ICHUSL (IKCTUTY 4TALMH, IPHMEHEHMS U T.1.), C PE3YIbTATAMH pac-
HCTOB LIS TOTO K€ NePHONA, MONYYEHHBIMU C NOMOLIBIO OUEHH-
BAEMOH Mozenu. XOTsi, CTPOro IOBOPS, COBNALCHME PE3yJILTATOB
JUIR TPOLLIONO HHKOMM OOpA430M HE rapaHTHPYET NpPaBHAbHOCTH
Npeackasanus (pacieTos) B GynyiieM, Tem He veHee perpocnek-
TUBHbIH aHATH3 NMOJNE3CH 15 TIOATBEPIACHHS TOIO daxra, yro 8
MOACH B UENOM MNPABHILHO y4TeHbl 3aKOHOMEPHOCTH OITHCHI-
BAEMbIX €10 NPOLECCOB. :

Ipn nposenennn perpocnexrvsHoro anarusa AU OLIEHKH
CTCHCHH, COOTBETCTBHMA PE3YNBbTATOB pacdera M perpocnexkTus-
HBIX  IAHHBIX HCNONB3YIOTCH PA3IMYHbIE METOJbL, Hanpumep,
CTaTUCTHYECKUE TIPOLENYPbI. : '

Jloruko-maremarudeckuii ananus MOZEJIM 3aKIHYaeTcsi B
MPOBEPKE MOJIOKEHMH H THIOTE3, NPHHATHIX npu paspadoTke
MOJCITH, a TaKKe. NpaBHIIbHOCTY npeoGpazoBanus nHboOpMaLuu
B MOJIC/IH OT BXOoza K Buixoay. [lposepke nomneskar:

* BBUIOMHSHHE TEX WITH UHBIX TOCTYNATOB PH MATEMATiYe-
CKOM OIMMCaHHH CHCTEM U IPOLIECCOB:

* HETIPOTHBOPEUHBOCTD CMBIC/TY MHTIOTE3 OTHOCUTENBHO MO-
BENCHUA COOTBETCTBYIOLIMX CUCTEM|

* HPaBHJILHOCTL OCHOBHBIX MaTEMaTHYECKHX COOTHOLIEH M
B MOJICHIH;
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* [IQJIHOTA Y4€Ta BHELIHHX (BO3MYLUAIOLIMX) BO3JEHCTBHM U JIP.

JIOrMKO-MATEMaTHIECKHIA aHalu3 B HACTOALIEE BPEMs B
eTCsi OCHOBHBIM METOIOM OLIEHKHM aIeKBATHOCTH TaKHX Moaenek,
AJis1 KCTOPbIX OTCYTCTBYI’OT OaHHbLIC HaTypHO]PO 3KcnepumeHTa H
PETPOCIEKTHBHBIX HaOJIHOACHUH.

ITpoBeneHHe JIOTMKO-MaTeMATHHYECKOrO aHaTH3a nenecoodpasHo
BHINOJISITh TML@AM, He IPHHIMAIOLIHM HEMOCPELCTBEHHOrO yHacTHA B
paspaboTKe MOJIEIH (onmonHeHTam).

JKCnepTHAS OUEHKA a[IeKBATHOCTH MOJIEIH 3AKTIOHACTCA B oue-
HMBAHYM PYTION SKCIEPTOB PE3YJIbTaTOB PactcTOB TaK Ha3bIBAEMBIX
«TECTOBBIX» 3a7a4 (COOTBETCTBYIOLIMX, KaK NPaBuilo, Haubonee TH-
ITUYEDBIV M YKCTPEMAJTbHBIM CUTYALKsIM). |4,29,51,38].

JKenepTHAS OLEHKA aNeKBATHOCTH BBUIOIHUMA LA MOOBIX
MoJeeH U ¢ 3TOM TOUKM 3pEHMs ABISETCH yHUBEPCATLHEM me-
ronem. HemocTaTok SKCMepTHON OUEHKW afIcKBATHOCTH - Majlas
HAMEK 10CTh BHIBOJOB IPH UCCIENOBAHHH MoJeneH, ONMCbIBaK-
wHx QYHKIUOHUPOBAHWE MPUHIMIMATRHO HOBBIX, He UMEIOLIHX
aHANOT0OB YKOHOMHYECKUX CUCTEM. :

[lepeueHt METOJOB, KOTOPbIE MO3BOJIAIOT CPABHUTE MO/ICIH
CHCTEM TI0 AJEKBATHOCTH, MOKET ObITb CYLICCTBEHHO PaCLIMpCEH
3a c4er TPUBJCYEHUS K PEUIEHHUIO [JAHHOM 3a1a4y pasJiMuHbIX
METOIOB CTATHCTHYECKOrO aHalM3a.

OlleHKa NOJIE3HOCTH MOfieNH. ATIeKBaTHas MOJiE/b CHCTEMDI 5B~
NAETCS BAYKHBIM MHCTPYMEHTOM NPOBENEHUs CHCTEMHBIX HCC/IEN0Ba-
i, CUIHAKO CXOJIHbIE TIO aJEKBATHOCTM AJILTEPHATHBHBIC MOICHH
CHCTEMBbl MOI'YT CYLLECTBEHHO OTIIMUaThCH 110 CBOEH NMONE3HOCTH.

[Ton none3HoCcThi0 MOACTH Hynem NOHMMATh LEHHOCTH HH-
(opmaiy, reHepupyemoii B Xone MOJIETUPOBAHUSL,

B obiiieM coyuae LEHHOCTs MHPOPMALHK OfPEARIAIOT Kak CBOI-
CTBO, XapaKTepH3YIOLiee e NPHUrOaHOCTE K WCTOJIL30BAHMIO B COOT-
BeTcTBYIOUIeH obnactu LeNeHaTIPaBIIeHHOM JIESTR/IbHOCTH HEIOBEKA.

SICHO. 4TO 1IeHHOCTh MHGOPMALMH 3aBUCUT OT TOW LeNnH, K
KOTOPOH CTPEMHTCS NPUHAMAIOLIHE HHGOPMALIHIO 00beKT (Wil
cyGrexT). CuuTaeTcs. Y0 Leib CTaBUTCs HIBHE, a undopmauus
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HY>XHa JMWE 1S TOTO, YTOOB NOCTHYL LEMb HAUCKOPEHUIMM I
ONTHMAILHBIM 00pa3oM.

OdeBHaHO, 4TO 1EHHOCTL ME(GOPMALIHL, TONY4aeMOH C UCTOE30-
BaHUEM KOMILIOTEPEBIX MOZENEN CHCTEM, TakKe SIRIAETCS EAMNCHBIM
CBOHICTBOM, XapakTEPH3yIOIIMM HMX KauecTBO U OTPEAEILHOLINM 3(-
(eXTHBHOCTD BHMHCIIMTENBHOO 9KCNEPHMEHTA C HUMH.

3a mepy uennocrn undopmammu A A. XapKeBHY npenoKu
MPHHATE KOJIMHECTBO MH(OPMALIMK, HEOOXOMMMOE /i1 TOCTIDKEHHUs
nocTaBneHHOH uenn. Tak, ecnu o nonyuenus uHpOpMaLMH seposiT-
HOCTb JIOCTHKEHMS LENM paBHslach Py a mocie ee TOJTlyYEeHUs —
P}1,T0 UeHHOCTb HHbOPMaLIK OTIPENENACTCA KaK JIoraprupm OTHOMIEe-
Hus Py/Py. Lennocrs MH(OPMALIMK TIPU 3TOM H3MepsieTcst B Ourax.
3aMeTM, YTO Ha NPAKTHKE BOIMOKHO MOJTy4UTh JULUb BEChMA TIPU-
OAHIKEHHBIE OLIEHKM 3THX BEPOSTHOCTEIH.

Hopxon A.A. Xapxesnua k onenke nonesnocty uabopma-
Uit passut B paborax P.JI. Crparonosuua, B.A. I'pywanvba u
M.K. I'aBypuna, rne nossTue ueHHOCTH uHGopmaumy Gasupyer-
€% Ha CTATHCTHYECKOH TEOPHH MHPOPMALHH U TeOpHH peeHuHH.
CywHocTs MeToaa COCTOMT B TOM, uTo, KPOME BEepPOSITHOCTHBIX
XapaKTEPHCTHK HEOIIPENENEHHOCTH 0OBbEeKTa 10 U HOCHe 110.1y4ye-
HUA MHQOPMALIHY, BBOAATCS (ByHKLMM mTpados MM I0TEPD.
MakcumaneHoli neHHOCTBI0 06nanaer To KOnu4ecTso HHpOpMa-
HHH, KOTOPOE YyMEHBLIAET NOTEPH A0 MUHMMYMa APH JCCTHIXKE-
HHH [OCTABJEHHOM LN,

B tom Bapuante Teopuu uennoctu HHOPMaLMU, KOTOPBIIT
npeanoxun H.M Bonrapr, [PEANONaraeTcs, 4To nojay4aemMoe
KOMM4ECTBO MHOPMALIMH MOXKET He UMETb HUKAKOH LeHHOCTH
HIIH €0 LEHHOCTh MOKET ObITh OTPHLIATENBLHOI. Ipx 3TOM MOX-
HO paccMOTpeTh Cirydai, KOrAa npu MONeTHpOBaHH U reHepHpy-
€TCs1 JIoKHAs MHPOpMauHs (nesundopmaums) u HEONPEaeIeH-
HOCTDb HE COKPAINAETCs, a BO3PACTALT.

Takum obpasom, uudopmanms cumraercs NOJIE3HOH, ecar
OH& YMCHBIIAET HEONPENENICHHOCTb CBENeHUH 06 obbekTe He-
CIISAOBAHMS.



PasiHUHbIE MONXONB! K PellieHnto podieMbl HEHHOCTH uHbpOp-
MALIH UMEIOT TPHHLMIHATBHO 0OLme HepThl: NPEATAracTes H3me-
PHTH TIEHHOCTb HH(OPMALIMU YEPEs3 €€ KOTMHECTBO, CBASHIBACTCH LieH-
HOCTS MH(POPMALIH C IIOCTABJIEHHOI 33718 qeii.

ClielyeT Taloke eTMETHT NOMBITKY [ICCTPOHTE CEMaHTHHECKYIO
TeOPHI0 MHQOPMALMH, COTTIACHO KOTOPOH 715 MOHWMMAHUS, HCCIENO-
BAHMSI ¥ MCHOJIL3CBAHUS NOTYYEHHOH VH(OpMALMI MCCIIENoBaTe/lb
OIDKEH OBJIAETh OTPENEeNeHHbIM 3ar1acoM 3HaHHH.

B Teopun MH(POPMALH CYLIECTBYET CrHeLMaJIbHbIA TEPMUH «Te-
3aypyc». OH 03HauaeT MHPOPMALMIO HIDKHEIO YPOBHS, KOTOpas Heo0-
XOJWMa JUTA perierTud (Wi reHepanyn) HHpopMALIH Ha BEPXHEM.

Fcny Ha3BaTh UMEIOLIMECS Y TIOIydaTeNs 3HaHUsA O npeiMe-
Te HCCIeNOBaHUs «Te3aypycoM» (T.€. HEKUM CBOJOM CJIOB, ITOHS-
Tuii, Ha3BaHU OOBEKTOB, COCAMHEHHbIX CMBIC/IOBBIMH CBSI3SIMU),
TO KOJMYECTBO HHPOPMAUMH, COJEpHalieecd B HEKOTOPOM CO-
OOLIEHHUH, MOYKHO OLEHHT) CTENEHBIO M3MEHEHUS MHAWBHAYaIb-
HOTO «T€3aypyca» IO[ BO3/EHCTBHEM NAHHOIO cooOulenns. B
CBSI3U C THM MOSBHIIOCH TIOHsTHE 0DL1e9e10BEHECKOro Te3aypy-
ca, OTHOCHUTENLHO KOTOPOTO MOWKHO OBIIO Obl W3MEPATb CeMaH-
THYECKYIO LIEHHOCTb HayuHOH MHpOpMaLKA. D10 COENaHo B 1o-
[bITKAX HAWTH TAKVIO Mepy UEHHOCTH UH(pOpMaLMM, KOTOpas He
3aucelia Obl OT COCTOSIHMA KOHKPETHOTO HEN0BEKa.

Taxum obpasom, undopmanns Moker OblThb neHHo (wnu
HELICHHOM ) B 3aBUCHUMOCTH OT pecieiyemMon ue.u. Ilennoi uH-
hopMaiueii CHUTaeTCs Ta, KOTOPas OMOIaeT JOCTIXEHUIO LETH.
M3BECTHBI B4 CCHOBHBIE METONA ONPENENEHHs KOMUIECTBEHHOH
Mepbl LIEHHOCTH HH(OPMALIMH.

[TepBblii COCTOMT B CLEHKE YCJIOBHBIX «itpadosy (UM 3a-
TpAT BPEMEHM, CPEICTB N APYIHX PECYPCOB) M H3MEPAETCH CHU-
KEHMEM 3aTpaT PECypcoB B PE3YIBTATE €€ MOy CHHA.

Mepoii LEHHOCTH BO BTOPOM METOAE ABJACTCH naorapudm
OTHOILEHHS BEPOSTHOCTEH AOCTIKEHHS LI€AW 10 MOJIyHeHns HH-
dopmaunn (Py) 1 nocne nero (P)):

184



G =l0g, —-.
§

B ofoux ciy4asx ueHHOCTb MD)KE_;T ObITE KaK MOJIOKHUTETb-
HOI1, TaK OTPULIATENBHOH.

OneHKa TOYHOCTH MOIENUPOBAHHA. BBIYHCTUTENbHBIN IKC-
MEPUMEHT HEM30EKHO CBA3aH C MOHABIEHHEM IMOrPELIHOCTEH.
[Ipu HTOM NPHUHAT Pa3NU4aTh CIEAYIOLHE HX BUBL

¢ JOrpeUHOCTH METONOB,

® NOTPEINHOCTH OKPYTJIEHHSI (BLIYHC/IHTEIBHBIE [OrPELIHOCTH),

® [OrPELIHOCTH BBIYUCIMTENLHOM TEXHHKH,

¢ [OrPEIHOCTH, BOSHUKAOILHE H3-32 HETOYHOCTH UCXOAHBIX
HAAHHBIX (HEYCTPaHUMbiE TOTPEUIHOCTH) U Ap.

3a MCKIKOYCHHEeM HECKOJIbKKX O4eHb MPOCThIX CIY4YaeB, UC-
cnegopanue norpeutHocreit Tpebyer uHdoOpMaian O MPOMEXY-
TOUHBIX WIH KOHEUHbIX PE3YJabTaTax (TOYHbIX MM NPHOMDKEH-
Hoix). Clef0BaTeAbHO, ANPUOPHOE H3YUEHHE NOrPEIHOCTEH, BO-
obuie rosops, HEBO3MGkHO. Kpome Toro, 4acTe He JenatoT pas-
JHYHA MEXKIY TEPMUHAME TIOTPELHCCTBY U «OmHOka», B aTon
CBSI3U OTMETUM, YTO BCAKHUIl pe3ysIbTarT MOASIMPOBAHUS €CTh TOJBKO
npuOJIIKEHHBIN PE3YNBTAT, COACIIKALIMHA HEKOTOPYHO MOTPEIHOCTD.
OwudKy ke OyLieM CBA3bIBATH MPEKAE BCETO C HEBEPHBIM UCTIONB30-
BAHHEM MAaTEMATHYECKHX METO/IOB, BHIMUCIMTEIEHOH TEXHUKA W T.J.
Hanuuue norpeiHoCcTel B Pe3yabTaraX BbIMHCIMTEBbHOTO 3KCMEepU-
MEHTA YCTaHABJIMBACTCS [TyTE€M COOTBETCTBYIOLLIEH JIPOBEPKH. [Nono6-
HYI0 NpOBEpKY OyIEM Ha3bIBaTh OLEHKOH TOUYHOCTH BbMUCITHTEILHO-
IO 3KCIIEPUMEHTA C MOAE/BIO CHCTEMbL.

OueHHBaH{He TOYHOCTH MOAEJUPOBAHHS NPEICTaBJsiET CO-
60l 3aaHHYI0 COBOKYTHOCTL ONepalMH, NPy NOMOLUH KOTOPBIX
B XO,/l€ BBIYHCIMTENBHOIO 3KCIEPUMEHTa WIH (10 €ro 3asepuie-
HHUH MOYXHO NOJIYUUTh NPEACTABNEHHE O €70 TOYHOCTH.

Boobwie ropops, He CylEeCcTByeT ODIIero MeTona, KOTopbiH
1103BOJIAJ Obl OCYLIECTBHTD PACCMATPHBAEMYIO TIPOBEPKY BO BCEX
NPaKTHYECKHU BAKHBIX CIIYHasX MO/ENbHBbIX HCcnenosanui. He-
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KOTCPEIE CTIOCOOBI NPOBEPKM TOYHOCTH MO,1ENHPOBAHHS npea-
CTaBJIEHBI HA puc. 4.3

L H[]'OBC])K‘(I TOMHOCTH BLIMUC/IHTC/ILHOIQ IKCHEPHMEHTA

l I

Onepaunonnsie Iposepku ¢ yuerom creundu-
NIPOBEPKH KM 32734K
ApumeTnueckue TlpoBepkn BHYTpeHHuX CBA3CH
[IPOBEPKH
f
thOBCpKH (YHKLMOHANBHBIX I'posepxu Pu3uyeckux yero-
[ TOXKAECTB BHH
Jlunetupie DMOHpUyecKue
TIPOBEPKH KOHCTATAIHH
IpoBepru CpasHEHHE C HE3ABHCHMbIMH
3aMBIKAHUEM pe3yIbTaTaMK
Puc. 4.3

Tax, onepaunonHble TPOBEPKH OCHOBAHBI HA U3BECTHBIX Ma-
TEMaTHYECKUX CBOMCTBaX Hccnmenyemoil mcaenu. ITposepku ¢
YHMETOM (H3NYECKUX YCIOBUI NPEANIONAralOT BbISBICHHE HECO-
OTBETCTBUS MEXNY (PU3MYECKUMH CBOHCTBAMM HCCIHELYEMOTO
ABJICHHS U CBOMCTBAMH €r0 MOIENH.

M ananmsa puc. 3 cnenyer, uro 3anaqa BbIOOpa, 0OOCHOBAHMS
MCIIOJIL30BARMS KAYECTBEHHbIX XAPAKTEPHCTHK TOYHOCTH MOGTHPO-
BAHMSA CHCTEM TECHO CBs3aHA C 3alavell OLEHWBAHMSI a1eKBATHOCTH
MozIened. B 3TOH CBsI3M OTMETHM, YTO OTHECeHMe TOH WK MHOI Xa-
PAKTEPMCTHKY K MOKA3ATEJISIM TOUYHOCTH WIIM afeKBATHOCTH B 3HAYH-
Te/bHOH CTENEHH CYOHLEKTUBHO.

PeccMotpum naubosnee obmme nonokerus, oTHOCALIHECS K
OLCHHBAHHIO TOYHOCTH BBIYHCIIHTENLHOTO IKCNEPUMEHTA.
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Morpemnoctsio naper snementon (a,a) nazpiBaercs pas-
HOCTb '
a-a.
OtHocurenbhas norpewnocts napel (@, ) onpenencHa kak
norpemHocTs napsl (Ina, Inar), T.e.
Ina-Ina.
Jnement o ectb NpHGIHKEHUE C HENOCTAaTKOM 3n1eMeHTa a,
CCIH
asa.
ONeMeHT & ecThb npubKEHYE 130bITKOM 3nemeHTa a, eciiu
aza.
IMapa (a,a) wanenena TOYHOCTBIO 7, €CH CHpaBeAIHBO
HEPAaBEHCTBO
{a - a/] <y
B stom cnyuae snement o HasbIBACTCHA NpUOIMI<EHHeM
HNEMEHTA a C TOUHCCTBIO ¥ . M3 HepaBeHcTBa s HOPMBI
a-ysy<a+y,
T.€. HEKOTOPBIA UHTEPBAJ IPUOITHKEHHS
Hnmocrpanmio PACCMOTPEHHBIX NMONOMKEHHTI opoBeaem ¢
HCIOJIb30BAHHEM JIMHEHHBIX MOTEel.
Paccmorpum aement
a= Z k.a,
i

a = Z/(,a,

M3 H3JIOXKEHHOTO BhIlue CJIenyeT, 4yTro

Doka Y kal< 2k, - a,.
/ i i
Taxum o6pasom, napa (a, @ ) HaJieNeHa TOYHOCTbIo

,Zlki,%
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OyeBBAHO, YTO 3Ta XaPAKTEPUCTHKA NIPH COOTBETCTBYIOLIEH
IOCTAHOBKE 3a7a4H WCCIEAOBAHMS MOMEIM MOXET pacCMaTph-
BATHCS U KAK XapaKTEePUCTHKA ©€ afEKBATHOCTH.

TaK, ecnm LE/b KOMIIBHOTEPHOI'O :)Kcnepumem'a B TOM, 4TO-
6bl BO3MOXHO TOUHEE BOCTIPOHM3BECTH MOJEIHPYEMBIH IPOLIECC,
10 06 ANeKBATHOCTH MOJCTUPOBAHHS MOKHO CYANTh [0 MHOMC-
CTBY OLEHOK TOYHOCTH, PACCUHTAHHBIX 4171 BCEX paccMaTpuBae-
MbIX TO4YEK QaKTOPHOTO MPOCTPAHCTBA. (O6pasHo TOBOPS, B NaH-
HOM CJly4ae OLEHKa TOYHOCTH MONIENH €CTD JIokasbHaA OLICHKA €€
AJeKBAaTHOCTH, & OLEHKA a/IeKBaATHOCTH MPEACTABIIACT co0o¥ HH-
TerpabHYI0 CLEHKY TOYHOCTH MO A paccMaTpUBaeMoi
o6nacTi (PaKTOPHOTO NPOCTPAHCTBA. BmecTe ¢ TeMm, HETOYHadA
MOJIeJTb MOYKET DBITb M AJeKBATHON. ITO, Hanpumep, uMeet Me-
CTO B CJIy4ae, KOT/AA LEbio SKCIEPUMEHTA ABIACTCA BbISIBICHHE
TeHAEHIIMHA H3MEHEHHST IHAOTEeHHDBIX (BEIXOHHBIX) TIEPEMEHHBIX
NPy H3MEHEHMU BXOJHBIX 1aPamMeTpoB MOACH, a camMy 3HaueHMst
BBIXO/HBIX XaPaKTEPUCTUK MO/IENH HE BaXHbL.

[TonoGHas CHTYalHst HMEET MECTO TIPH KOMIIBIOTEPHOM SKC
MepUMEHTHPOBAHIH C OO/IbUIHHCTBOM KOHLENTyaIbHBIX MOJe-
fefi CJI0KHBIX SIKOHOMHYECKHX CHCTEM.

[Ipu cpaBHEHMH 3HaYEHHH BBIXOIHBIX fIEPEMEHHBIX JIBYX
mojeneil (MM ucciaenyemMoii Mojenu ¢ M3BECTHHIMH daxTrye-
CKMMM HAHHBIMH) HCHOJIB3YIOT TAKKE M TaKyIo XapaKTepucTHKy
TOMHOCTH Kax cperHee abComMOTHOE 3HAYEHUE NOTPEIHOCTH

"—w
ya

~
'
Y

*
‘I e
o7 1

n
rae v.. J, - 3HAUCHHS BbIXOUHOH rnepemMeHHoON 1 cpaBHUBacMbIX
MOJIEJIEH,

} - YHCAO PACCMATPHBAEMEIX TOYEK (aKTOPHOTO MPOCTpaH-
CTBA.

KOMUECTBEHHOM XaPAKTEPUCTHKON TOHHOCTH SIBJIACTCA TAKKE H
CPEHEKBAIPATUHECKOE OTKJIOHCHHE 3HAUEHHH BLIXOIHOK MEpeMeH-
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HOIT OIHOM MOJENH OTHOCHTENILHO 3HAYEHHI BBIXOIHOMH NMEPEMEHHON
APYTO# MOIETH (MiH (HaKTHIECKHX JAHHBIX):

Memny ABYMs IOKa3aTeJisiMHu _.& U Op CyHICCTByCT CBs3b,
BbIPAXKAEMast npudIU3UTENBHO 3aBUCHMOCTBIO
o, ~125A.
OtMeTHM, 9TO HaAPADY CO CPEIHUM aOCONKCTHBIM 3HA4Y€HUEM

.
[IOrpeIHOCTH NPHMEHAOT T AKKEe CcpeaHee OTHOCHTENIbHOS 3Ha-
YeHHE NMOrpelrHOCTH, KOTOPOE pacCYruThIBAOT MO 3aBUCUMQOCTH

n y -— 5)
1 ?
OTH = z —-M* :
i=l Vi

PazjiyyHbie 3HaYeHuss A COAEPKATENbHO WHTEPNpPETHPY-

FOT CACAYIOWMM 00pa3oM.

InaueHus A Hurepnperauus
OTH
0.1 Bricokast TOIHOCTh
0,1-0,2 Xopowad TO4HOCTb
0,2-0,5 | Y nosnerBopuTea. Hasl TOYHOCTD
0,5 Hey 10BACTBOPUTEIbHAS TOUHOCTD

[Tpu cpasHeHMH DPe3yJbTATOB MOAENHPOBAHMS C daxruye-
CKUMH JaHHBIMH MOKET OKa3aThCsi NMONE3HbIM M KodIddHLUEeHT
HECOOTBETCTBHA

i(yf -5)

K _ 1=l
— j e T,

V S-0)

=1

rae
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Ecimm K Gnusox k 1, To paccmarpuBaemast MORENb MOKET ObITH
HPOCTO 3aMEHEHA CPETHUM 3HAYEHUEM BBIXOHOM NEPEMEHHOI!.

PaccmoTpenHble nenesble CBOMCTBA MOAENH NATEKO HE Uucyep-
TBIBAOT" X MOJHOTO rnepeynsi. Hanpumep, npu paccMoTpenuu mpo-
THO3HBIX MOZIe/ied HENPOTHBOPEYMBOMN SBISETCH TAKAS MOZEb, KO-
TOpast Ha IBYX PasIM4HbIX PENPE3EHTATHBHBIX BRIOOPKAX U3 OHON U
TOH € TeHEPaIbHON COBOKYMHOCTH AAeT CXOIHbIE pe3ynbTaThl Npo-
THO33 MK KAeHTHOUKAKH, BO3SMOXHO paceMOTpeHHe 1 APYIruX Le-
JIEBBIX FaYECTB MMMTALIMOHHBIX MOJIENEH.

Anropurmmsaims Mogenu. Ilocae Toro xak 3anava mocTas-
neHa u popMaN30BaHa, BOSHUKAET HEOGXOMUMOCTD B paspabort-
ke 9QhEKTHRHEIX aNTOPUTMOB €€ PellieHHUs..

lca anropurmom NpUHATO NOHUMATH KOHedH b HAbOP npa-
BUJI, ofecneunsaromuii pemenne mobol 331241 U3 HEKOTOPOrO
3a0aHHOrO Kjacca 3anay. :

Bbibop anropurma 3aBucHT OT xapaxTepa pemaemoil 3anasu

Ofwas cxema onpemeneHus TepMUHA «ANTOPHTM» Oblna
npenioxena axanemukom A.H. KonMoroposwim. Ona no3ponu-
13, B 44CTHOCTH, NOKa3aTh 3KBUBAJNEHTHOCThL paHee JAHHBLIX Ofl-
penenenuii. B pamMkax 3TOH cXeMbl BO3MOXKHE! pasiuyHble yTOY-
HEHHA ONPELeSCHUs TIOHATUA «AJITOPHUTMY C YYETOM OCODEHHO-
CTH PElIaeMEIX KJIACCOB 3aauy.

OnuB M TOT XKe aIropuT™M MOXKET ObITh PeANH30BAH PA3IIHH-
HBIMH criocobamu. KaxzmoMy anropuTMy MOXKHO MOCTABHTL B CO-
OTBETCTBHE €r0 MMHTATOP, KOTODbIH BBLINOJHSAET Te KE Orepa-
LHH, 9TD U NAHHBIH aNrOpUTM.

B ¢Bazu ¢ Tem, uro obuive cpolictsa amroputMoB u tpetio-
BaHMSI K HHM pacCMaTpHBAIOTCS B CHEUUAILHOM pasfeiie mare-
MAaTHKH - TEOPHUH aNrOPHUTMOB, OCTAHOBUMCS JIMUIL HAa TeX U3
HUX, KOTOPbi€ MMEIKOT MPHHUUITHATEHOS 3HAYSHHME 1S fanbHeii-
LICTO URNIOYKEHN.
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Anropurm XAPAKTEPHIYETCH  CAENYIOIMMH  OCHOBHBIMM
CBOHCTBaMu: ACTEPMHHHPOBAHHOCTBLIO, MACCOBOCTHIO, pesynbra-
THUBHOCTBIO, PEAJTHAYEMOCTBI), COKHOCTBIO).

JlerepMuHUpORaHHOCTE O3Ha4aer, uTo npasmna, obpasyiouime
AJITOPHTM, NOJIKHBI ObITE CTPOro OMNPENEICHHBIMH, ONHO3HA® HBIMH 1
HCIIPOTHBOPEYMBBIMU. ITHM 00ECTICUMBACTCS ero HE3aBHCHMOCTD OT
HCTIONHUTENS, OYAb TO YesIoBeK min KOMIIbIOTED.

Pesynbraruerocts - 910 croiicrso IropuT™Ma o0ecneyrBaTs
PCUICHHE 331391 32 KOHEYHOE YMCIIO waros. B TIPOTHBHOM Cj1y-
1ac CUATACTCH, YTO ANTOPUTM HENMPUMEHUM s peuleH s nau-
HOW 3amaud. Pe3yibraTuBHbIi AJITOPUTM  XapaKTePH3yerca Ko-
HCHYHOCTBIO BpEMeHH ero BbinoHeHus. OHO CBS3aHO C YKCIIOM
I1aroB, MPUBOJSAIIMX K PEIIEHHUIO 322U,

Maccosocrs - =10 cBoiicTBO aNropuTMa o0ecneunBaTh peLueue
HE OIIHOH KOHKPETHOI 33124y, a 1enoro MHOXECTBA 3a/1ay.

DusnyecKast peanu3yeMocTs AJITOPHTMA - CBOMCTEQ aIropuT™Ma,
X4PAKTCPU3YEMOE CTICHKAMH MHUHUMANIBHBIX BeTH4MH PasIHYHBIX
PeCYpCoB, HEOOXOMIMBIX s ero peannsawmu,

Croxuocrs  anropurma ONIPEACNACTCS  CNOKHOCTLIO ero
OITUCAHUR H B PAZE CIIYHAEB OLEHHBAETCS MUHHUMAIBHO BO3MOX-
HOH JVIHHOM OTOGpaskatouteii ero [IPOrpaMMBl.

AJITOPUTM BCETNAa OmMchbBaeTCs B TEPMHMHAX BBINOMHEHUS Ka-
KUX-TO MEACTBHH Hall KaKHMH-TO OBBbeKTamL Iostomy B neiicren-
TE/IEHOCTH Pa3pabOTYHK arOPHTMA IBHO MK HESABHO Ipeanosiaraer
CYIIECTBOBAHME HEKOTOPOH PeanbHOH MitH THIIOTETHYECKOH UHCT-
PYMEHTaNLHOH Maiuxge! (asTomara, IBM u T.1L.), HA KOTOPOii MOXer
BBINOJHATLCS MHTEPECYIOLIAS €I NOCIeNOBATEIbHOCT] JEHCTBUIA.

Ecan uncrpymentansuas mawmng OMHUCAHA TIOJIHOCTHIO H
HEMPOTHBOPE'IMBO, TO 3aMUCh ANrOpPUTMa Ha COOTBETCTBYIOLIEM
AAHHOH MallMHEe SI3bIKE JOMKHA BOCNPHHUMATHLCSH NaHHOI Ma-
LWHHOM, BOODLIE rOBOps, ONHO3HAYHO.

Jnst peanuzaunu nro6oro aJTOPUTMA HA KOMMbIOTEpE HEeOb-
XOIMMO €ro MPeACTaBUTh B Kakoi-11u60 Popme. U kak nrs 3ana-
HH BaXcHa ee GopMyIuposka, Tak 1 wis ANTOPUTMA Ype3BiLHIvAliHO
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paxHa Gopma ero 3anucH. OHa JO/DKHA OBITh N0 BO3MOKHOCTH
HATJISIHOM, HO IJIaBHOE - OAHO3HAYHO [OHATHONR MCTIONIHHTETO,
Gyzib TO HENOBEK MM KOMITHIOTED.

JruM TpeOOBaHUAM YAOBICTBOPACT cnoBecHO-(QOpMYyibHAs
(hopMa 3aIUCH aNTOPATMOB.

Jinis rpadMHeckoro npeacTaBneHy CTPYKTYPHI 2NTOPHTMOB
4ACTO MCTIONBIYIOTCS ONOK-CXEMBL. Haanas gopma 3amucH Npea-
craaser coOoil yHn(bmmpmszmeIf/i Habop TeoMETPHUECKHX
650Kk0B  (IPAMCYTOJBHHKOB, pomboe H TIL), COEMHEHHBIX
crpenxamu, HarnsnHocTs MPeACTABNEHHs ANTOPHTMA TAKXKE MO-
JKeT GbITh OTHECSHA K €r0 CBOHCTBAM.

Takum 06pA30M, ANTOPHTM €CTh [OCIEA0OBATENBHOCTD TPEa-
rMcaHuii, TIOCIE BHIONHEHHs KOTOPBIX MOXKHO fiepeiTH 3a KO-
HEe4YHOE 4YMCJIO 1Haros OT yCIOBUH 331344 K €€ pewenuto. Ipu
TOM KaXKIbIH aIrOPUTM XapaKTepu3ycTed orpenesieHHbIM Habo-
pOM TOKa3aTesel, yHeT KOTOPhix [03BOJIAET CPaBHHBATDL ANbTEP-
HaTHBHbIE arOPUTMbI MEKIY coboil.

C10’HOCTb TIOCTAHOBKH M pelIeHns 3ajatn OUCHUBAHUA Kaue-
CrEa MALIMHHOH [porpaMmMbl 0OyCIOBEHa TEM, 10 TEXHUKA TIPO-
rpamMMHpOBaHHs HE pasupyeTcs Ha KAKOH-71MO0 OMpeIeNeHH ol (PyH-
JAMEHTAJIHOH TeOpHM M CKOpEe qesieTea MCkyceTBOM. JleitcTBn-
TENbHO, JUIA PELIEHUS KOHKPETHOH 3a/ati MOXKHO MPEUIOKHUTD HE-
CKOJIBKO MPOrPaMM, pa3paboTaHHbIX pasHLIMH [IPOrpaMMHUCTaMH 1
OTIMUAIOLMXCS APYTr OT Jpyra [IOCEAOBATELHOCTBIO JIOTHHECKHX
onepauyii, BpeMEHEM BBIMUCIICHAI, CTENEHb0 HCTIONB30BaHHA ONe-
PATUBHOM MAMATH KOMIILIOTEPa M T-A.

Yaie BCero NpH OLEHKE KauecTsa NporpamMm paccMaTpuBa-
JOT Cpa3y HECKOJBKO XapaKTepueTHk, KOTOpbIE MOTYT OBITH 11PO-
THBOpEUMBbIMHU. B 9THX YCIOBHIX OpIBACT TPYAHO CHOPMYIHPO-
3aTh OHO3HA4HbIN KPHTEPHH BLIOOPA MPOrpaMMbl Ha MHOKECTBE
a71bTePHATHBHbLIX BAPHAHTOE.

OH4eBUIHO, MOXHO BBECTH LEJbli KOMIUIEKC TpeboBaHNH,
' qpIsIOMMXCs oOuMMy 1Jig IporpaMMm mobBoro Bama. K HUM B
MepBYytO OUepeilb OTHOCHTCA HANEHKHOCTR IPOrpaMMbi, 3aTeM €€
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CTPYKTYPUPOBAHHOCTL M MOAYABHOCTb. BaXKHbIM KaueCTBOM siB-
JIACTC BO3MOXKHOCTb MOAWDUKALMM nPorpamMmbl. Ocobbim cny-
1aeM MOIM(UKALEM IPOrPAMMbI CITy’HT IEPEHOC ee Ha Apyrow
THIT KOMIIbIOTEPa, GoJiee COBEPLICHHDIH, Yem NIPEIbIY I M.

B kavectse Hauboree 4acTo Hcnomb3yembIx XapaKTe PHCTUK
KaueCTBa NpOrpaMM MOXHO TAaKXKe Ha3BaTh NOKYMEHTHDOBAH-
HOCTH, IIPOCTOTY ¥ YNOOCTBO IKCIIYATALMH, MOBHMILHOGTS, CO-
BMECTUMOCTDb, CTOWMOCTD, PENEBAHTHOCTh, PE3YAbTATHBHOCTD U
ApYrue XapakTEPUCTHKH Ka4eCTBA NMPOTPAMMHOI0 OGecHeveHus
BBIYHCIIUTENBHOTO HKCIIEPUMEHTA.

Taxum 00pa3zom, U3 U3NOKEHHOrO clenyer, 4ro B oOuem
Clly4ae MOJenb CHCTEMbI TaKXKe SABJAETCH CHUCTEMOH, M OlleHKa
sbdexTuBHOCTH BHIUMCTHTENBHOTO 9KCHEPHMEHTA € MOZENBIO
SKOHOMHYECKOH CHCTEMBI - 334aCTYIO 3aa4a TOr0 e ropsiaka
CIIOXHOCTH, YTO M OUEHKA 3DPEKTUBHOCTH CaMOI CHCTEM L

4.5. MoneMpoBaHHe Ce30HHBIX H UK IHIECKIUX
KoJ1e0aHuit

CyuecTByeT HECKONbKO OCHOBHBIX METOJOB MOJIEIUPOBa-
HHA Ce30HHBIX U UMKJIMYECKUX Konebanuii. K Hum otHOCHTCS;

* pacyer CE30HHOI KOMNOHEHTH! U MMOCTPOEHHE aAAUTHBHOM
Ml MYABTHTLIMKATHBHOH MOJIENIH BPEMEHHOTO Psija;

* NPHMEHEHUE CE30HHBIX (PHKTHBHBIX EPEMEHHBIX .

* AHAH3 CE30HHOCTH C IIOMOMIBIO aBTOKOPPENSIL MOHHOM
pyHK1HY;

* HCnonp30BaHue panos Oypee.

PaccmoTpum nonpobHee kaxablii U3 yKasaHHBIX METOIOB Ha
[IpUMEPE MOACIMPOBAHUS CE30HHBIX KONEDAHMUM, TaK KaK LiHKIU-

- HECKME KONebaHNs MONEIMPYIOTCS aHATOTHYHO.

Pacuer ce30HHON KOMIOHEHTBI M MOCTPOEHHE MOIETH Bpe-
MEHHOro psza. Ecau aMniMTyaa Ce30HHbIX KONEBaHHI H> MeHs-
€TCsA BO BPEMEHH, TO NPHMEHSIOT aJTIHTHBHYIO MOZENb BPEMEH-
HOTrO-psifia CAEAYIOILEro BHAA:
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e al O
) = -+ - B
) LS, e,

t
rae 1" - TpeHaoBas KOMITOHEHTA, S - Ce30HHAs KOMIIOHEHTA, & -
CIIVYaNHBIN 1IyM.

Ecnu amruidTyaa ce3oHHbIX konedanuil co BpeMereM H3Me-
HSIETCSA, TO MPUMEHSETCS MYILTHIIMKATHBHAS MOJENb BPEMEH-
HOI'0 psfia Clenyoouero Buja; '

y,=1-§, +e¢,

PaccmoTpum BpemenHoit psix Xy, rae / - Homep ce3oHa {ne-
pHOZA BpPEMERM BHYTPH I'0J1a, HAMPUMEP MeECALla WU KBapTana),
3nece 7=1,L (L - 4ucno ce30HOB B TOJY), j - HOMEp roja,

J=1m (m - obwee xomuecTBO ner). Takum obpasoM, kosnge-
CTEO YPOBHEH MCXOIHOTO psila paBHO L-m =h.

Ilpyu nocTpoeHUM MOAETN BPEMEHHOTO PANa Ce30HHAas KOM-
TIOHEHTA BCErHa PacCYUTEIBAETCA TMEPEOH, a 3aTeM OnpeneseTcs
TPEHOOBAs COCTaBAAOAst, Takoi nopsaok odsi3areseH ONs BCex
BPE€MEHHBIX 38BHCHMOCTEI.

B kayecTBe CE30HHON COCTABAAICINEH NS &AAUTHBHOH MO-
neNy BPEMEHHOTO psiga MPUMEHANT abCOMIOTEOE OTKIOHEHUWE
Sa;, a ans MyNBTUNIMKATHBHON - WHIEKC ce3oHHOCTH s, [lan-
HbIE CE30HHBLIE KOMIIOHEHTE! JOJDKHBI Y1OBJIETBOPSATDL CIEAYHO-
UM TpeDOBAHUAM!

1) B cydae a/IMTHEHON MOZIEM CYyMMa BCEX CE30HHBIX KOMITO-
HEHT (aDCOMOTHBIX OTKJIOHEHUHT S, )} mo:vkHa ObITh paBHA HYJTHO;

2) B cayuag MyJBTHIIHKATHBHOW MONENH [POU3BEAEHME
BCEX CE30HHBIX KOMIMOHEHT (MHIEKCOB CE30HHOCTH [§. DOJKHO

OBbITE PABHO €IMHHLIE.

ITepea pacueToM CE30HHOH COCTABNSIOMIEH MCXOMHBIH Bpe-
MEHHOM DA MOABEPrat0T NpoLEeaAype BhipaBHUBaHHs. Yatue Bce-
ro HCMOJIB3YHOTCS METOIbI MEXaHHUYECKOrO BBLIPABHUBAHHS (Me-
TOA CKOJIB3ALIHX CPEAHHUX, IKCITOHCHUHANBHOE, HIIU MEIHAHHOC,
CrnaxKMBaHHe H ap.). B pesysnprare noy4aroT psa BBIPOBHEHHbBIX

3HAYEHUH X, KOTOPBIH HE CONEPIKHT CE30HHOI KOMMOHEHTE
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ADCONMIOTHOE OTKIOHEHHME B i-M Ce30He PacCYMTBIBAETCA Kak
Cpennee apudmMeruueckoe OTKIOHEHHIT (hakTHHUECKOrO M BRIPOB-
HEHHOTO YPOBHE# psina; )

Hunnexke cesonHocTM B £-M CE30HE PACCUMTBHIBACTCS Kak
Cpearce apuGMEeTHYECKOe OTHOMEHHI] (pakTiyeckoro yposHs
psiia K BbIDOBHEHHOMY:

>

Is, = Ly 2

m4 X,

Ilpu naneHeliuem pacuere TPEHIIOBOH COCTABIAIOLIEN BpeMeH-
HOTO psifia MCHIOJIB3YETCA METON AHAJIMTHYECKOrD BBIPDABHHBAHUS C
NOMOLUBIO (PYHKIMIA BpeMeHu uip KPHBBIX POCTa. ITOT METOA IpH-
MEHSCTCS HE K MCXOAHOMY (haKTHecKoMy AHHAMUAYECKOMY DsIfly, a K
PRy, 13 KOTOPOro yhajieHa Ce30HHAs KOMIIOHeHTa, Takum obpazom,
HAUATLHBIC YDOBHW Psiiia KOPPEKTUPYIOTCA Ha BSJIMMHHY CE30HHOI
KOMMNOHEHTBI. B crydae apnutuBHob Monem u3 HCXOIHBIX YPOBHE1
BbIMMTAIOTCS a0COMOTHBIE OTKIIOBeHUS Sa, . Tlpu nanuuum MYJIbTH-~

[UIMKATHBHOH MOZLEM HAYAIbHBIE YPOBHH BOEMEHHOI'O psifia NeJIaTCs
Ha UHJIEKChI Ce30HHOCTH s,

Ecnu npu nocrpoenny anautuenoi MOJZIEJIH CyMMa Bcex ab-
COMOTHBIX OTKJIOHEHUH HE PaBHA HYJIHO, TO PacCHUTBHIBAIOT CKOP-
PEKTHPOBAHHDIC 3HAUEHHS CE30HHBIX KOMIIOHEHT:

)
-

2 Sa,
ot
Q i1

= Nepo- 2l
bautknppem‘ - A"l'l ] ?

rae L - obuee xonmuyecTro CE30HHBIX KOMIOHEHT.

Henonb3oBanue ce30HHbIX (GUKTHBHBIX KOMMNOHEHT 1pH Mo-
ACTHPOBAHUH CE30HHBIX KONEOaHHIT Hpu arom nionxone CTPOUT-
Csl PEIPECCHOHHAS MOJCHE, B KOTOpy1o momMumo Gakropa speme-
HH BK,IKOYAKOTCS CC30HHbIE CI)Iv‘IKTHEHbIe ﬂepeMeHHble.
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D UKTUBHON MEpeMEHHOH Has3pBaeTcs aTpuOyTHUBHBIA, WIH
Ka4ecTBEHHBIH (DAKTOp, MPEACTABAEHHBIH ¢ MOMOWIbIO Onpene-
nenroro tudposoro kozxa. Camblit pacnpocTpaHeHHbIH TIPUMED
npuMeieHust GUKTUBHBIX MEPEMEHHBIX - 3TC ONpEACNeHne pas-
phiBA B 3apabOTHOW TUIaTe Y MYXYHH M KEHIHH. JIONyCTHM, ¥TO
NOCTPOEHa PerpecCHOHHAs 3aBUCHMOCTD 3apabOTHOHN TulaThl pa-
OouMx y OT WX BO3PacTax:

y=4q; + a,x.
' O.1HaKO [aHHAs PErpeCcCHOHHAs 3aBICHMOCTb HE CIOCOOHA B
IOJIHOI Mepe OTPa3HTh BapUALIHIO PE3YIbTATUBHOTO NpHU3HAKA.

[1o3TOMy B MOZENb HEOGXOAMMO BBECTH JOTONHHUTENBHbIH
dakrop, HarpuMep noJ. DTO NPENNONOKEHHE OCHOBLIBACTCA Ma-
TOM, YTO Y MYXYHH B CpefHeM 3apaboThas IuiaTa BbIIE, YeM Y
seHH. Tak Kak roj ABJSeTcsl KaUeCTBEHHBIM NPH3HAKOM, TO
HYKHO MPEICTABUTH AAHHYIO IIEPEMEHHYIO B BU1E GUKTHBHOK:
D= I, MyXu4uHa,

0, >KeHUIMHA.

Toraa perpecCHOHHYIO MOAEb MOXKHO 3aMHCaTh C YHETOM

HOBOTC (haKTOpa:

y=a, +tax+a.D,
rae mapamerp @, Oyner oTpaxaTb B CPEAHEM pasHMly B 3apa-
OOTHOI1 r1aTe y MY>KYHUH H XKEHIUVH.

PerpeccHoHHas MOJEb, BKIIOUAIOMIAs B KauecTse (pakTopa
(dbakTcpoB) GUKTHBHYIO MEPEMEHHYIO, HAa3bIBACTCS PErpecCHOH-
HOH MOJEJNBIO C IEPEMEHHOH CTPYKTYPOH.

UiCAO CE30HHBIX (PUKTMBHBIX [IEPEMEHHbIX B TaKOH MOJENH
BCEr;1a JOJDKHO ObITb HA €JIMHULYY MEHbLIE CE30H0B BHYTPH 1oja, T.€.
AOJDKHO ObITh PaBHO BesiHuuHe L-1. Tak, npu MoneanMpoBaHH rojo-
BbIX JAHHBIX PETPECCHOHHAas MOIesb [OMUMO (aKTopa BpPEMEHM
JOJDKHA conepikath |1 GUKTHBHbIX KoMTOHeHT (12-1). Ilpu Monest-
POBaHIHM NOKBApTAJIbHBIX JAHHBIX PErpecCHOHHaA MO[EIb JOMDKH
coaepHaTh TpH QHKTHBHbIE KOMIOHEHTbI (4-1) M TN
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Kaxnomy u3 cezonos COOTBETCTBYET OmpenesieHHCe coye-
TaHHe PUKTUBHBIX NEpeMeBHpIX. Ceson, nis KOTOPOro 3uaveHus
BCEX (MKTHBHBIX MepemMeHHbIX PaBHEI HYJIIO, NMpuHUMzeTcs: 33
Gasy cpasHenus. [lis ocraibHbx CE30HOB ONHA U3 PUKTHBHBIX
NIEPEMEHHLIX TIPHHUMAET 3HaUYCHH e, pasHoe enutuie. Hanpumep,
€CJIH MMEIOTCS MOKBAPTAJIbHbIE JaHHbIe, TO (MKTHBHDIE nepe-
MeHHbIe L2, D3, Dy Synyr HIPUHUMATL CREAYIOUIHE 3HAYE His 1St
KaK1I0ro U3 KBapTanos:
| Ksapran

O6umﬁ?n}?pe$ CCHOHHO MOReNH ¢ e
TYPOH B TaHHOM clyuae Oyner cnenyromum:
Yo=a, tat+a,D, +a,D, +a,D, +¢g

Hocrpoennas monens perpeccuu siisiercst pasHoBunHOCTLIO
A1OUTHBHOH MOZEIH BPEMEHHOTO psna. Jins uccnenyemori per-
PECCHOHHOI 3aBUCHMOCTH Ba3sHCHBIM Oyner ypashenue TPpeHa
JUIS TEPBOTO KBAPTAIA;!

Ye=a, +tafl+g,

YacrHbiMu CJIyMasiMH  perpeccHOHHO 3aBHCHMOCTH OynyT
YPaBHCHHSA TPEHIOB /I OCTAIbHBIX KBapTanos:
Ye=a, tafl+a, + &, - I BTOpOro KBaprana,
Ye=a,+at+a, + &, - AJIA TpeThero KBapTana:
Ye=a,tat+a, +¢g - nna H€TBEPTOro KBaprala.

Koadpduumenr ¢, B NAaHHOW perpecCHOHHOIi 3aBHCHMOCTH

XAPAKTEPU3YET CpenHee abCoMTHOE U3MEHEHHE YPOBHEd T1Ha-
MHHECKOrO pAga NoA BIMAHUEM OCHOBHO TCHACHLIH. Onenky
CE30HHOH KOMMOHEHTHI IS KaXI0ro C€30Ha MOHO paccyuTaTh
KaK PasHOCTL MEXIY CPEAHHM 3HAaueHUem CBOOOIHBIX ujieHOB
BCEX HMACTHBIX PErpecCHOHHBIX ypaBHEHUI] 1 BETUYHHON 1MOCTO-
AHHOTO WICHA OMHOTO H3 ypaBHEHM.
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Cpennee 3uaueHHE CBODORHbLIX WIEHOB BCEX PerpeccHoiHBIX
ypaBHEeHU# BBIYMCIAETCA 1O bopmyne
_a, +(a, +a, Y+{a, +ay)+(a, +a )
a, = 2 2 :
Torma OLEHKH CE30HHBIX OTKJOHEHMH MPH HANWHHK TOKBap-
TaIbHBIX TAHHBIX MOTYT ObITh PACCHMTAHbI CSNYIOUINM obpazom:

(a, —a,) - A TIEPEOro KBapTana,
(a, +a, —a,) - s BTOPOTO KBapTaia,
(a, +a, —a,) - AU TPETbLTO KBAPTAIa,
(a, +a, —a,) - AJs 4ETBEPTOTO KBApTAIa. '

B paccMOTpEHHOH aJUIMTWBHOH MOLEIH CyMMa CEe30HHbIX
OTKJIOHEHHI TaKKe JOJDKHA PaBHATECH HYJIIO.

AHamN3 CE3OHHOCTH C NOMOLIEO ABTOKOPPEJISIIMOHHON
dynkaun. Ce30HHbIE KOMUOHEHTBI BpEMEHHOTO pslid MOryT ObITh
OIpeiesieHbl ¢ TOMOILbLID rpaduka ABTOKOPPENSLOHHOH (yHK-
LMK - KOpPEenorpammbl. MHTEpeC NPeriCTaBIAT SHATNMBIC BbI-
6POCH! HITH CHIIEHbIE aBTOKOPPETALIH, KOTOPhIE HCTKO npocne-
YUBAXOTCS Ha KOPPEJOrpaMme.

TIps aHanuse KOPPENOTPaMMBI CICIYET YUHUTRIBATD, HTO 4B
TOKOPPESIUHY MOCJIENOBATEIILHBIX 1aros GOpPMAIILHO 3aBUCHMbI
Mexy coboit. B cBsizu ¢ 9TUM NPUMEHEHHE Pa3HOCTHBIX OTiepa-
TOpOE k-TO NOpszKa MO3BONMT BBISABHTH B AMHAMHYECKOM Py
CKPBIThIE MEPHOIUYECKHE 3aBUCHMOCTH. B Hauajle ¢ NOMOILBIO
Pa3HOCTHOTO ONEPATOPa NEPEOre NOpsika yAANACTCA tpenn. Io-
CJ1e TOTO CTPOHTCA KOPPEIOrpaMma JIMHAMHYECKOTo pAna ¢ yia-
SICHHbIM TPEHOM, MO KOTOPOH MOXKHO OyHeT OnpeAeHTb HalH-
uye M MepHOA CE30HHOM KOMIOHEHTDI, NPUCYTCTBYIOWIEH B M3Y-
4aeMOM BPEMEHHOM pAay. _

Ce30HHas U UHKIHYECKas KOMIMOHEHTb! ABJISIOTCA MEPHOH-
YeCKHMH ¢ pasHbiMH nepuonamu. OObIYHO, B IKOHOMHHUCCKHX
BPEMEHHBIX PANAX HA JUTHHHOMSPHOMHMECKYIO LHKIIHIECKYIO CO-
CTARJIAIOUIYIO HAKIAIbIBAETCS CE30HHAA BOJTHA UK BOJIHbI Bonee
BBICOKMX 4acTeT IIpu 3TOM BbIIBMIraeM NPEANONIOKEHHE O TOM,
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HTO 9TH BOJIHBI He BIMSKOT JPVI Ha APYra M MOXHO MCHONB30-
BATH AATHTHBHYIO MO UX COEMECTHOIO CYLIECTBOBaHMUSI,

Hzyuenne sxoHoMuueckux NPUIMH BO3SHHKHOBEHHUS IEPHO-
AUYeCKUX xonebannii Tpebyer crenmaibHbIx Hcciaenosanuii. B
IKOHOMETPHYCCKOH JIMTEPATYPE TaKUX KCCAENOBAHMI SIBHO He-
AOCTaTO4HO. M3BecTHHI rsTuneTHUE [IHKJIbI, CBSI3aHHBIE C riepe-
M30OPAHMEM MPE3U/IEHTOB, NECATIIETHHE IEPUOIBLI CMEHB! yCTa-
peBero obopynoBanus, 50-geTHue KOHBIOHKTYPHBIE LIMKJIbI
Konzparrena.

AHAHTHYECKOE NPeCTaBIeH e 9XOHOMHUYECKOIO NEePUOIHYE-
CKOTO KONIebaHHs B SKOHOMETPUUECKOT, KaK B y4ebHOH, Tak U B Hayu-
HOH JIMTepaType, uauie BCEro CBS3LIBAIOT C Pa3NoKEHKEM €ro B psf
Dypre, KOTOPOE UMECTCS B BONBLIMHCTRE CTaTHCTHYECKUX MAKETOB
NPUKIaAHBIX Hporpamm u B Fxcel (" Auars JaHHBIX").

Paznoxenue B pax Oypre CIIpaBEaTUBO MJIS BOCTIPOM3BEE-
HHA PH3HYECKH CYINECTBYIOLUMX CTOSUMX BOJH, KOTOPbIE€ BO3HHU-
KAIOT B 3aMKHYTBIX CHCTEMaX, Hanpumep, CTpyHa, memOpaHa;
KOJIOKOJL,  3JeKTpHYeckuil  ko:1ebaTenbHbI KOHTYp. CTosuue
BOJIHbL, WIN rapMOHUKH, HMEIOT NEepHOLbI, KpaTHble OCHOBHOMY
nepuony xkonebanus.

Hpumenenue pazioxenus BPEMEHHOIO 3KOHOMHYECKOIO psifia B
Pt Dypre NPHBOIUT K NOABACHHIO CReAyromHX npobnem:

* IKOHOMMYECKHM BPEMEHHOHN psin 3a ONPENEJICHHBIN NEPHON HE
ABJIACTCA 3aMKHYTOH CHCTEMOIl, U TaM He MOIyT BOZHMKHYTL CTOS-
4HC BOJHbL, TaK Kak HeT OTPAKEHHS BOJIHbI OT KOHLIOB Cpenpl ee cy-
LIECTBOBAHMSL ¥ IPOLLJIVE HE 3aBHICHT OT TEKYLIEro BpEMEHH,

* BBIICJICHHBIC FADMOHHMKH HE HMEIOT HKOHOMHMYECKOrO CO-
NEePIKAHUS,

* [P HSMEHCHMH ITMHBI BPEMEHHOTO PANA H3MEHSIOTCSH
AJTHHBI TICPUOJOB BCEX €€ MAPMOHHYECKHX COCTABJIAFOUIHX,

* €CJIH BPEMEHHOI P A0CTATOUHO rnaakmuii, To pasno:keHue
€ro 8 psia @ypoe NpUBOIUT K TOYHOMY €r0 BOCIIPOHM3BENEHHIO C
owndKol, paBHoil Hymo. Torjga [IPOTHO3UPOBAHUE CBENETCH K
TOYHOMY BOCIIPOM3BEAEHHIO HCXGAHOIO psza Ha crenytomuii
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NEpUOIL, UTO sIBAsETCs a0CYPAHBIM JUISt IKOHOMUHECKHX BPEMEH-
HBIX [P5,10B MPY HATMYUHU CIyHaHHOMH COCTABJIAIOLIEH,

* MOJKET C/yUMTBCS, YTO rapMoHuka Oyaer pasHa AeHCTBU-
TENILHO CYIIEeCTBYIOLEH NepHOANIECKOH COCTABISIIOLIEH DKOHO-
MMYECKOTO BPEMEHHOTO psiia, HO HET rapasThH o0OHapyxeHus
BCEX MEPUOAMYECKHK COCTABJIAIOIHX BPEMEHHOIO psla.

OAHMUM HMX METOJOB aHAJMTHYECKOTO NPEACTAaBICHHA NE-
PHOMMYECKUX COCTABSIOUMX BPEMEHHOTO PANA ABACTCA 1O-
CTPOCHHE ©e TepvOfOrpaMmbl H (QuibTpaiys CyIIECTBYIOLIIX
NEPHOAMYECKHX KoJeOaHuH. MOKHO NpeasioknTs METOANKY OTi-
pelerieHns BCEX TIEPHOJMUYECKHX COCTABISIOLIMX BPEMEHHOIO
psna, B TOM 4UCHE CE30HHDBIX W JIHHHOMCPUOAMICCKIX, onpene-
JIUTE UX JOCTOBEPHOCTD U 3aTEM BKJIOYHTH B MOACID.

[Tporiecc MOAENHPOBAHHS CE3OHHOH U [AKIMYECKOH KOMITO-
HEHT BBITIOJHSETCH B TAKOH NOCIEAOBATEAbHOCTH.

[Iar 1. Beifop MOfen ISt BRIABISHHS MEPHOAHHECKIN CO-
CTaBJISIIOLINX.

L1 BBISIBACHUS MEPHONUMECKHX COCTABMIOLMX BPEMEHHO"
o psAJa MCIOIB3YETCA CeAyIOLIas MOACIIL.

i

v =a, +at+a,sin(2a [ T)+a, cos(2 [ TY+e,,

rae do. oy, @, a3 - KO3POUUMEHTDI, ONMPEICIACMbIC METOIOM
HAMMEH bIIMX KBAJPaTOB,

oy -+ ay = A1) - nuneiinas GyHKLs (TpeHz). KOTOpas MPUBOIUT
BPEMEHHOM Psifl K CTALMOHAPHOMY BUAY C HYJIEBSIM Cpe/IHVM 3Havie-
HHeM, 63 HCKAXKEHHS EPHOIHIECKUX COCTAB/IAKILMX OCTATkA,

sin(272/7), cos(2m/1) - TPUrOHOMETPHUCCKIE GYHKUHH 11e-
PHOJIHUECKON COCTABAOLIE N BDEMEHHOTO PAld, CyMMa KOTOPHIX
MO380JI5 €T YUeCTh HAHAbHYI0 basy KonedaHst,

/ - TOPAIKOBBI{i HOMEP BPEMEHH,

/' - MepMOJ WM ATHHA BOJHBI LUKIMIECKOT CcOCTaBAIOLCH
BPEMEHHOTO DAL

JinurensHocTh nepioaa I’ ucenenosaret 3anact b WHTEp-
Basie OT TPeX EFMHHL [0 YIBOEHHOH JUIMHHEI 3PEMEHHOTO Psiiia.
JlasibHeiimee yBeadenne UIMHHEL BOJHbI MPUBOANT X TOMY, 4TO
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HeOONbIIME OTPE3KH 3TOH BOJIHBI HAYMHAIOT OMUCHIBATH HELIMK-
JIMYECKHUE TEHEHUMH BPEMEHHOIO pAla,

(27/T) - aprymMenT TPHrOHOMETpHYECKOH DYHKINH, BE(Pa-
JKEHHSIH B pajiuaHax;

I/T - 4acToTa, YHCIEHHO PaBHAS KOJMYECTBY KosebaHuil B
EIMHHLY BPEMEHH,

a, sin(2at / T)+a, cos(Qat I T) = c xcos(2:at / T + @),

rae ¢ - HadyanbHas gasa kojgebanus;

¢ = arctg(a,/ay);

¢ - ko3 duuueHT, onpeaensieMblit no Gopmyne

Hlar 2. Coznaercs 6asa faHHbIX.

Xy = (- Bpems;

Xo =sin(27t/ 1Y,

X3 = cos(2alT),

Y - 3Hauenns noxasaresi BpEMEHHOIO PAAa;
rae T - nepuos LMKITHHecKoH COCTaBIAIOLIEH, 3HaYeH e Kompo-
rO BBOAUT UCCJIENOBATEND B MIPENENAX OT 3 10 YIBOSHHON ANMHBI
BPEMEHHOTO psiia.

Hlar 3. Beiuncnenue omwudku /£ Mogenu
Y, =a,+a+a,sn(2m /1) +a,cosm/T)=e,,

!

i

C HOMOLUEIO CTaTUCTHUYECKOU dhyHKuuH "JIuHeln".

Iepexon x wary 2 ¢ u3amMeHeHuem nepuona 7.

Iliar 4. [Toctpoesne rpadika 3aBUCUMOCTH OLIMOKH MOE-
M [ BPEMEHHOTO psiia OT nepuona ! LMKIMYECKOro GakTopa,
BK/JIHOYEHHOTO B MOJENh.

Crpoutcs rpaduk nepuonorpamMmer 3aBUCAMOCTH OULIMOKH
moaenu fv ot 1

War 5. Onpenenenue nepHOAMYECKAX COCTABASIOIHX Bpe-
MEHROTO psfa. ONpe1eNsioTCs Takue 3HAYCHUs NepHONOB 7, npH
KOTOpbIX OwwHOka MOAETH /4 umeeT rnobanbHBIl H JOKAJbHbIE
MHHEMYMBL. O‘)HdpyX\LHHbl(. NEPHOALE XAPAKTEPH3YIOT NEPHO-
JHYECKHE COCTABJIAIOLUHME BPEMEHHOIO PANA, CPEAH KOTOPBIX Ha-
A0 HCKITKOYUTL JIOKHBIE 0epHObl. JIoKHAs NMEPHOIMYHOCTD OT-

201



HOCHTCS K NepuosiaM (3Xam), KOTOpPbI€ ABJIAICTCA KPaTHBIMU BE-
aMduHe ocHOEHOro nepuorma. OCHOBHOM 1EPHON WUMEET Hau-
MEHBUIVIO OHIMOKY MOJENH, a KPATHbIE NEPUObl HIIM JIOKHbIC
HepHOIpl UMEIOT yBenuueHHyw omubky monead. Harpumep,

~

KBApTa.ThbHAS TIEPUOIWYECKAs COCTABJAIOIIAs 3 MeC. NopoxaaeT
X0 Ha repHoax: 3x2 = 6 Mec. UJIH TO:IYrONOBO# Meproz, 3x3 =
9 mec., 3x4 = 12 Mec. Uy rogoBOH NEPUOH ¥ T.1.

lar 6. Omnpenenenne NOCTOBEPHLIX NEPUOAHYECKHX CO-
CTaBJSAIOIIMX BPEMEHHOIO psifa.

Tl st onpeneseHusi JOCTOBEPHOCTH NEPUOIMUECKMX COCTABJISHO-
LUMX A€1BTOMATH3UPOBAHHBIM CIIOCOOOM CTPOMTCH MOZIEH BUNA

Y =a,+at+a,sin(2m/T)+a,cos(2m /1)) +
+a,sin(2at / 1,) +a, cos(2at/ 1,) + ...+ e,

rone [} v T; - mepronbl BBIAECNEHHBIX MNEPHOAHYECKHX COCTAB-
JSIFOLUYX.

Ananus xapakrepucTHK MHOrO(QAKTOPHON MOAENH NPOH3BOIHT-
¢ obbluHbiM 0OpazoMm. Koodduumentsl mMozxesv, AOCTOBEPHBIC 110
xpurepriro CTbro/IeHTa, YKaXyT Ha JOCTOBEPHOCTb HANM'Hs COOTBET-
CTRYFOLIEH IEPHOAWUECKOH COCTABIIAIONIEN BPEMEHHOTO psiia.

[ar 7. IlocTpoenue MOJeIH BPEMEHHOTO pslia.

OroH4YaTenbHas MOJEIb BPEMEHHOrO pajia ¢ BKIOYEHHEM
ECEX KOMITOHEHT MOXET UMETh CJICLYIOLMH BHA

Y =a,+at+a,sin(2m /1)) +a,cos2a /1)) +
+a,sin(2m/1,)+ascos(2at/1,)+.. +e,
rae a,+af = f,, - TPeHx;
a,sn(2a /1) +a,cos(2at /1)) = [,, - Ce30FHHAA KOMIIOHEHTA,

T\ - nepu1o;j{ CE30HHOH KOMITOHEHTBI,

a,sin(2a /1) +a,cos(2m /T,) = f,, - LUMKIMYECKAS KOMIO-
HEHTA;

7, - neproL UMKITHYECKOH KOMITOHEHTBL,

€; - DCTATK¥ MOJIENH.
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Kosddpuunenter Momenn paccuutsiBarores METOZIOM Hau-
MEHBILHX KBAIPATOB.

MHoronersuit onpm HPHMCHCHUSA H3JIOKEHHOH METOMHKIA MO-
ACTAPOBAHKSA BPEMCHHBIX DPSZIOB JUISL PA3JIMYHBIX SKOHOMIYCCKHX
TMEPEMEHHBIX TIO3BONAET CYHTD O €€ BhICOKOI 3(dexTuBHOCTI.

Onnako cymectsyior cnenyiourme pobIIeMbl npenciKes-
HOH MOJE/IM BPEMEHHOTO psiga;

* oDHapyXeHHbie TepHOxHYecKUe COCTaBJSIIOINHE KPEMEH-
HOTO pA/la JIOJDKHBI UMETh SKOHOMUYECKOE OGOCHOBAHUE M Me-
XaHH3M MX BO3HHKHOBEHHS,

* ©CJIH BO3HUKAIOT TPYAHOCTH B 3KOHOMHYECKO] UHTEpTIpE-
TaUMKU TEHACHUHWH BPEMEHHOTO psijia (nepuonnueckux cocran-
JSIFOLIMX), TO MOXHO HCIOJIb30OBATh AITOPUTMHUYECKHE METOML.
Ecnu Bpemennoit psay umeer HEKOTOPYIO TEHACHUMIO, TO ITH Me-
TOOb! CHOCOOHEI €¢ BOCTIPOU3BECTH. A BOT NoYeMy CYIISCTBYeT
TaKas TEHNCHUHA BO BPEMEHHOM DSZy, TO BOTIPOC K 3KOHOMH-
CTaM, a HE K MaTeMaTHKaM:

* U HOCTPOCHHS JIOBEPUTE/ILHBIX MHTEPBANOB perpeccun
M TIIPOTHO32 HEOOXCAMMO CYMTaTh GOJee TOUHbIM He cpenHee
3HAYUCHHE BPEMEHHOTO MHTEPBAJA, & €ro NnocienHee Gosiee CBe-
Kee 3Hauenne. K coxanenuio, B GoibLIHHCTBE JKOHOMETpHYE-
CKOH JIMTEpaTyphl He aenaercs pasinvus B pacuerax 10BEpH-
TCJIbHBIX MHTEPBANOB PErPECCHH M TIPOTHO3a s NPOCTPaHCT-
BCHHbIX H BDEMEHHDIX PSJIOB.

Bornpockr ans CaMoOTIpOBEpKU
1. Jlafite noHATHe 3KOHOMUUECKOH CHCTeMbl U epeucauTe
CBOKCTBA CIIOMHbBIX CHCTEM.
2. B uem 3aimovaercs cmbicn MOJETHPOBAHUS SKOHOMHUYSCKIHX
CHCTEM M (PaKTOPOB, BIUSIOMHUX HA HX 3¢ppexruBHOCTH?
[Tepeuncaure mMetonel MOJETHPOBAHHS 3KOHOMHUYECKHX CHC-
TEM.
4. B deM 3akmoveoTes mpuHLMIILI MONETHUPOBAHHS HYKOHOMH-
YECKMX CcHCTeMm?

'S
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11.
12.

[Touemy WMHTALMOHHOE MOIENNPOBAHUE - OCHOBHOR METO/
MCCIIEI0BAHMS YKOHOMHHECKHX CHCTEM?

IIpencraBbTe OOWLYIO CXEMY OKCUGPUMEHTA C IKOHOMHYE-
CKOM CUCTEMOM.

JlaiiTe onpeneNieHHe U MEPEUHCINTE NOKA3ATEIHN addexTns-
HOCTH MOJEIHPOBAHUS.

TTo KakuM KpUTEpHusiM OUCHHBACTCA 3 hHEeKTUBHOCT MOJE-
JIHPOBAHHMA?

Kaxue 1ienessie CBOHCTBA MOJENM BaM M3BECTHBI?

Kak oCylecTBAsSeTCs POBEPKA TOUHOCTH BLIYUCIMTENBHOIO
IKCHIEPHMEHTA?

Ha30BUTE XAPAKTEPUCTUKH TOUHOCTH MOIEIIH.

KakoBbl OCHOBHbIE 3Tanbl aJTOPHTMHUIALMH MMUTALMOHHOH
Mozenu?
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T'JIABA 5. HPI/IMIQHEHI/]'E IIPOU3BO/I-
CTBEHHOI1 OYHKIIUU B
IKOHOMUMECKHUX UCCIIENOBAHMSX

5.1. Meroaosiorus HOCTPOCHHUS KOMMAEeKCHBIX
IKOHOMETPMYECKHX Mojeteii .

Hoctpoenne  kommexcroii OKOHOMETPHYECKOH  Moneny
MPEACTaB/sET coB0H MHOrOCTYMeHuaTLI fpouecc nocnenona-
TCJILHOTO YCOBEPINEHCTBOBAHUS 1 pacuMpenus Moaeny Ha ocho-
BE CTaTUCTHYECKOTO aHanu3a u SKCNIEPUMEHTANBHOH Bepupuka-
UMM pe3yneTaToB. ramnm TOCTPOCHUS  KOMIIEKCHO  Monesy
H300paxkeHb! Ha prC.5. 1.

Odesnnno, uto onpenenenuro HHCIICHHBIX OLCHOK Momenn
AO/UKEH  NpenecToBaTh TEOPETHYECKHiT JKOHOMETpIYSCKHi]
AHANN3, OTOOP MepeMeHHBIX U CBs3el MEXIy HUMH, npensapu-
TeIbHas 0bpaboTka crartueTHueckix PAnoB. YpasHenus u rnepe-

PacCMOTPEHNIO HOBBIX NCPEMEHHBIX, HOBBIX ypaBHEHHI] 1 1I0BOM
HX Bepupuxanuu. Crenyrowmuit 3arem IKCIIEPUMEHTANBHbIIT aua-
JH3 MOIENM B LIEJIOM CHOBAa MOer BHECTH KOPPEKTHBHI 1 By
3BaTh HEOOXOAUMOCTE AOCHOAHHUTENbHBIX NPOBEPOK.

OnbiT pa6otsr ¢ Monensmu MoKasan, 41o nocrpoer 1ii kom-
TIEKCHOH Moneny ayuine Haunmars C aHanu3a npocTeIx Majio-
pasMepHbIx Mogeneii. ITpocroe YKPYDHEHHBIE MOLENH neMoraT
ryOxe noHsTh OKOHOMHYECKHE NpPOLecCh u cuazy Marnopas-
MEpHAast MONENb NOMKHA GbiTh KOMILICKCHOH B CMbICe EbIparke-
U3 B3aHMHBIX CBA3el Beex a3 fiponecca BOCnpousBoc sy,

Kommnexchas IKOHOMETpUUECKas MOaes npencras.iseT co-
0Ooii coBokymHOCTS YPaBHEHUN, ONMUCHLIBAIOIUMX CBSI3H MEXK]1y He-
KOTOPBIMH  MaKPOIKOHOMUYECKH MY nokasarensimu. CootHowe-
HHSA MEXIY nepeMeHHbIMH MOTYT HOCHTb CTOXacTHYECKMT 1 ne-
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TepMHHHpOBaHHmﬁ xapakTep. CTOXaCTHICCKUE CBA3M peannsy-
JOTCSL ¢ HEKOTOPO# CTENEHBIO BEPOATHOCTH ¥ OTACHIBAKOTCH per-

PECCHOHHBIMA ypaBHEHUAMHA.
JleTepMHUHHUPOBAHHBIE COOTHOUIEHNH BBLIPAKAIOTCH TONAC"

CTBAMH U HE COLEPXKaT CAyuaiiHbIX BEHIUH.

Hayuenue JEHCT-
BHTEABHOCTH, M€~
10A0B KOHCTPYH-
poBaHHA H OpH-
MCHCHMS  JKOHO-
MCETPHUECKHX MO~
neieH

In - .
t;TBOpeTII‘KCCKHH aHANN3 3KOH()MWI€CKOH CucC-
I TeMBl B €2 COCTaBHBIX yacTei

R T —

MaremarHaeckasd GopMaTazaii MOXENH.

» ¢ BLICOp THIIA MOJCIH,

e BHIOOP ¥ Pa3AC/ICHHC [ICPEMEHHBIN, CTIC-
pruraIUs YKOHOMETPHHCCKHX CBA3CH B

yPABHSHUAX
UgcieHHBIE OUCHKH MOJICIH:
Y - o cBOp W TPCABAPUTEABHAA oOpaboTka

Monngurarms,
VCOBEPIICHCTBO-

BaHUe W pacuid-
pcHEEC MOIETH

CTATHCTUHECEUN PAJOB.

] ® B]E:I(/)Dp MATEMATHYCCKAX AJIrOPUTMOB U CO-

» CTATHSTHHCCKAA DUEHKD Il':lpaMCTpOB'.

o CTATH.THUCCKAA OLICHEA ])C'B_VJILTHTOB. BBI-
JUCJICHUEC Teope'mqecm.\' 'EHH‘ICHI/Iﬁ N0

L TEHHBIX IlepCMeHKHI»IX

l CTasicHME TPOrpaMs ULl DBM:

e et

DKCHEPHMEHTAbHAS TPOBCPKA MOJCIIH:
o 2HATHTHMCCKAS TPOBCPKA. TIPOTHOSBE

® CTOXACTHUCCKAA W MHOFOBE][)P[HHTH]:I@ HMH-

PeanH3aius MOJCIH Ha NPAKTHKC H oieHKa
pe3ynbTaTOB

Puc.5.1. Ilpouecc rocTpoCHHs, KBaHTHQHKALMA, pepHpka-
1IMM Y TIPUMEHEeHHS KOMILIEKCHOH 3KOHOMETPUHECKOT MOISIH
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Ipumepom ACTEPMUHUPOBAHHON CBA3M MOMET GbiTh COOT-
HOLICHUE MEXXJy BaNOBBIM HALMOHAIbHBIM A0X0/I0M M Ba.ICBEI-
MH IOXO1aMH OTIENBHLIX OTpacael,

Ipw onpegenenuu anredpaHvecko Buma PErpecCUoHHbIX
YPaBHEHME U TOMIECTB wame Bcero TO/IL3YIOTCS. IMHEHHbIMI,
CTENECHHBIMU H IOTapHOMHIYeCKiTME byHxuusaMY,

JList MHOTOPa3sMEPHBIX MOJENEH C HeTHHEHHbIME CBA3IMHU
HOJYMCHHME YMCIEHHBIX OLEHOK IapaMETPOB W H3yuyeHHe ux
CBOHCTB - OBOJBHO CJIOIKHAS 3anaya. [lostomy B KOMMIIEKCHBIX
SKOHOMETPHYECKUX MOIeNsx npeanodrenne obbMHO OTHaeTcs
JHHCHHBIM YPABHEHHSIM. IIpu svom nemuneiinocts HEKOTOPbIX
CBSA3€H alIpoKCuMupyeTCa JIMHEHHBIMHY COOTHOIIEHHSAMMU.

JuHamuka skoHOMUuecKux CBA3CH OOBIYHO YYUTHIBACTCH C
TTOMOWBK) BPEMEHHBIX JIArOB NMOKa3aTeneii WU BE€IEHHEM B MO-
/1€JIb YpaBHEHUI], XAPAKTEPHIYIOUIUX TPEHBI,

JInneitnoe perpeccuonnoe YPaBHERUE UMeeT BuUT:

Vo=b,+bx, +bx + + b,x, +u, (1)
rue ¥, - 3aBucumas nepeveHHas;

K 55X - HE3aBUCHMBle [IEPEMEHHEIE,

i, - Ciy4aiiHOe OTKIOHEeHHe (ocraTox);

byb,...b - MapaMETPE PErPECCHOHHOTO YpaBHEHHs

02" 71>
SaBI/ICl/IMaH HepeMeHHaH X B APYrux YPaBHEHHsIX MQOXeET

BBICTYNAaTh B [OJNH HE3ABUCHMOIX nepemeHHon. C 31oif Toyky
SPCHMA parnesum BCE TIEpPeMeHHbIE MOIeNH Ha SHIOTEHHEBIE U
OK30reHHbie. K oHAOPeHHBIM OTHOCATCS BCE MOkazarenu, Koto-
PBI€ MOTYT ObIThb Onpesenens us CHCTEMBbI ypasHenmit. Uucho
JTHX TIOKa3aTenell He MOXKET NPeBLIIATL YHCHA Beex YyPaBHEHMIH
U TOWRIeCTB MO,1€JIH.

Bee ocranbubie HEPEMEHHDLIE, BXOASIIHE B MOAENb, HA3hI-
BAKOTCH 3K30TE€HHBIMH WU NPEaCTepMUHHpOBaHubIMU. O603Ha-

AHM SHIOTEHHBIE NepeMEnHbIE yepes Y u NPEANONOKUM, YTO
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YUCHO KX PABHO YUCITY BCEX ypaBHEHHUHH H TORNECTB MOALIH. To-
712 MOZENIb MOXKHO 3antucaTh B BUAS '

Voo .
}l,_aHY"+...+alkYk,+b X +..+tbh,x . +u

10770t 1m” m 1t

)/3.’ = a:l‘Y'lt + v + CIZA-YM + bZOxﬂt + o + blm'xlnt + uEI; (2)

.. .o . a e - ve o wa b an e sa e

T
Y. =a,t +..4a,Y, +b.X +..+b x +Uu

k1Tt k Ot fem” it kt>

3mech X, =1. OTnenbHble koohPUUHEHTL G, Uy U

by, s--»12,, MOTYT PaBHATECA HYIIO, eclM COOTBETCTBYylOIaAs 1e-

peMelHas He BXOJUT B YPaBHEHHA. Ocratky U, , = 1k, Takxe

MOTYT PaBHSTBCA HYJIO, €CIM NARHOC ypaBHEHHEe HOCUT AeTep-
MUHAPOBAHHDII XapaKTep 1 OMMCHIBAETCH TOXIIECTBOM.
CucteMy (2) MOXHO nepenucath B MaTPUHOM BHIE:

y=Ay+Bx+u, )

N
N
rac ) = ! - BeKTOp SHIAOTEHHDBIX ﬂepeMeHHbIX paBMepHOCTH
Yia
k,
\}“ ’
V= - BEKTOD 3K30T€HHbBIX ﬂepeMeHHbIX pa3MepHOCTVl
ymr
m,
l-l“
y = - BEKTOP OCTaTKOB Pa3MEPHOCTH k:

u,,

A - kBajpaTHas MaTpuLa ropsaxa k,

BB - npsMOYrosibHas MaTpuila ropsAnKa kxm.

Ecnu marpuua A nmeer TpeyroJibHbli BUIL, TO cucTema Ha-
3bIBACTECS PEKYPCHBHOM.

OCHOBHBIE GNOKH TEPEMEHHBIX M HX CBI3H B KOMILIEKCHOM
3KOHOMETPHHECKOH MOEIH pecTaBlieHb! Ha PHC. 5.2.
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, Hayuno- ' . 1
' TeNHMueCKui | ! Hacemenme |
I mperpecc ! ' t
[ R S U L-___l____..l
(OCHOEHBIC +»!  3andarocts
(o161
] — _*
\ 4 Yy _v._ V¥ r y
HaBecTHmmn TIpoaykuus .| Jloxoast Hacese-
HHS
J r W
v 4 , v v
Oxenopr “T Hmmopr .| Jumnoe morpet-
JACHME
DKCnopr Jlranoe motTped-
JICHHE

Puc. 5.2 OcHoBHBI€ OJIOKH MEPEMEHHBIX M HX CBSI3H B KOM-
IUIEKCHOH 3KOHOMETPHYECKOH MOAETH

5.2. CTaTHCTHYECKHE XAPAKTEPHCTHKH
IKOHOMETPHUYCCKON MOJeIH

KOppeKTHOCTE MOCTPOEHHS IKOHOMETPHYECKOH MOJIEH MPOBE-
PSIETCsl Yallie BCErO C OMOLIBIO CIISAYIOIIHX XapaKTEPHCTHK:

1) cranpapTHeIX OuIOOK 115 KAXKIOTO YPaBHEHHS,

2) xoadpduumeHTa AeTepMUHAUMKM (MM  MHOMKECTBEHHON
KOPPESLHH) JUTS KAXKIOTO YPABHEHUSL,

3) cTaHmapTHBIX OWIHGOK MapaMeTpos:

4) aprokoppensupi ocrarkos. Yem Sonblue apTokoppelis-
L OCTATKOB (/I Pa3Hbix JIarCB), TeM GOJblue YBEPEHHOCTD B
TOM, YTO CYUIECTBYET HEKOTOPLIH HeydTeHHbIH (akrop, obmbsc-
HAOWUH ABIKEHUE IHOTEHHbIX NEPEMEHHBIX, M TeM HHXKe -

(eKTHBHOCTD OUEHHBABHS N0 OBBIYHOMY U JBYXIIATOBOMY Me-
TOAaM HAUMEHBLIUX KBAAPATOB;
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5) nokazarenell MyJNbTUKOJUIMHEAPHOCTH MEXAY MepeMeH-
HbIMH H3 TNpaBoil 4yacth cuctembl. [l0THAs kOppeasiust MEXKLY
JBYMsT KakuMu-1u00 (paxTopamMu K3 NpaBOil 4aCcTH YpaBHEHUA
JejiaeT HEBO3MOXKHBIM BbIYMCICHHE NMapamMeTpoB, HH OJHUM U3
[PHUBE,IEHHBIX Bblile CIOCO00B. YacTHuHAs MyJbTHKOJIHHEAp-
HOCTb BEAET K YBEJIMUYEHHIO CTAHJAPTHEIX OWIMOOK DapaMerpos
U, CJIe;IOBATENIBHO, K CHIDKEHHUIO 3(PPEKTUBHOCTH OLUEHOK;

6) moxasaTesieil KOPPEKTHOCTH BCEH MO B LlejloM. JTH
NOKA3ATENH MPEACTaBsI0T co00M QyHKUMM OT BCEX CTATHCTHYE-
CKUX XapaKTePUCTHK I OTAEIbHBIX YPABHEHUH.

Pe3ynbrarhl TECTOB BMECTE ¢ SKOHOMMWYECKOH HHTEpNpeTanueH
[1aPaMETPOB MOTYT CIIY)KMTh OCHOBOH A7 JANbHEHIUMX SKCIEpH-
MEHTOI C MOAEJIbIO, BEIYLIMX K €€ YCOBEPLIEHCTBOBAHHUIO.

Crannapraas omubka ypashenns. CTaHnapTHas oumbka ypas-
HeHws1, KO3 HUIIMEHTH MHOKECTBEHHON JIETEPMUHALIMM M KOpperis-
UMM SBJBIIOTCS XapaKTePHCTHKAMHM, ¢ TIOMOUIBIO KOTOPBIX [IPOBEpAET-
Csl IIPABHJILHOCTD BbIOOPA HE3ABHCHMbIX NEPEMEHHBIX yPABHCHMS.

CranpaptHas {cpenHekBanpaTuyeckas) omnbKa 3aBUCHMOMH
NEePEMEHHOM Y BBIYMCIAETCS W3 COOTHOLIEHHUSI

- (1)

rae

I
T on

"z 2)

CraHnapTHaﬂ owurbKa C TOMPABKON HA YHUCO CTEMIEHEH CBO-
donw! oueHuBae’rCH no (bopMyne‘

AHanoqubIM 06pa30M BBIYHCIIAIOTCS CTAHAAPTHBIE OLIHO-
KH YpeBHEHMS)!

S5, = ——zu (4)

no

8]
<



- - ] n

(I S (5)

n—{m+1)3

Dopmynbi (4), (5) CTAHOBATCS OYEBMIIHBIMH, €CIH ECHOM-
HUTb, YTO CPENHsA CCTATKOB AOJDKHA PaBHATBHCA O, 4 YHCIO CTe-
MIeHEeH CBOOO/BI NOJDKHO ObITh YMEHBIIEHO HA YHCJO HE3ABMCH-
MbIX MEPEMEHHBIX.

CranpapTHas omKbKa OCTATKOB YPaBHEHHS C NOMNPABKOH Ha YHC-
no crenedel cBoboxs! (5) xapaxkrepusyer abCOMOTHYIO BeJMUKHY
pastpoca City4aiHOMH COCTABIAOLIEH PErPECCHOHHOIO YPABHEHHS!

YacTo B LeNAX CPaBHEHMS OCTATKA CO CPEAHHM 3HAYEHHEM
SH/IOTEHHOH TIEPEMEHHOM BBIMHCISIOT CHEAYIOLIME OTHOCHTE b

s S
HBIE BEJIMYHUHBE, —

yo ¥
Koasdduunenr nerepmunaimn. Kosdduumertn nerepmMu-
HalUMH TAK Ke, KAK W CTAHNAPTHbIE OMIMOKM, BBIYHCISIOTCA ¢ [10-
NMpaBKOW Ha 4HCIO cTeneHed csoGonkl u Ge3 Hee. Koabbuuunent
neTepMUHAaUMK Oe3 yueTa umcaa creneHell cBOGOIBI papen OT-

HOUICHUIO MCMEPCHH 3aBHCHMOM MEPEMEHHOM S, BbIuHCIIeH-

u

HOH IO yPaBHEHMIO, K MCTHHHOM aucnepcuu S . 310 orHowe-

HHEC TOKa3bIBACT, KaKasd YacTh ABMKCHHS 3aBHCHMOIL EePEMEH-
HOH ONHCLIBAETCS HAHHBIM PETPECCHOHHLIM YPAaBHEHHUEM. Hpn—

HHMas BO BHUMaHue, 4to §; =S5, ~ S8, nonyuum ans kosddu-

LHEeHTa neTepMuHauuu (0e3 fonpaBkH Ha YHMCJIO CTeneHeH co-
Oozbl) cneayoLy Gopmyry:

xYA‘s ‘S‘S - LSVHE SN: (6)
SSDsr s

Koopduuuent nerepmunaumn ¢ yuerom wmcna crerniexeii
CBOOOBI BBIYUCIAETCS TaK:

-

.

R—

R =1-21 S (7)
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rie S2 u S° - cTanfapTHhie OWHOKM C MONPABKOH na HHCNO

creneHei cBoOOabL.

Ko3hPHLMSHT ACTEPMUHALAN C Y4eTOM HHCiId creneHemn
cBOGOIBI CBsI3aH ¢ KOAQGUIMEHTOM JETEPMHMHALIMH, HE Nonpas-
JIEHHBIM Ha YMCJI0 crerneneii cBo00/Abl, COOTHOLIEHUEM

R*=1-(1-R)—r. (8)

[Ipy CpaBHEHUM PETPECCHOHHDIX ypaBHEHUIT ¢ Pa3HbIM HHC-

' IOM HE3aBUCUMBIX MEPEMEHHBX PEIAIOIHMH XPUTEPHAMH Clly-

AT CTaHAApTHAs OIUHOKA ypaBHEHHS U k03U UHEeHT AeTepMu-
HALMH, YYUTHIBAIOIIHE YHCIIO CTENCHEH cBOOOAB

KoabhHUMEHTB MHOKECTBEHHOH KOppPemALiH (c yueroM H
Ges yuera 4MCiIa crenesedi cBOOONbI) ONPERENIMOTCA KAk KBall-
paTHbIE KOPIH K3 KO3QOHUUMEHTOB NETEPMUHALMA, T. €.

R=+R', R=+R.

Koa(hbUUMEHT MHOKECTBEHHOW KOPPEJIALMI BLIPAXKACT ME-
py CBSI3M 3aBUCKMOIT TIEPEMEHHOW CO BCEMH HE3aBUCHMbIMK dbax-
Topamu. MakCHMaIbHOE €r¢ 3HAUCHUe paBHO 1. Beanunna
1— R’ xapaxrepusyer CTEIEHb BiIMAHMA HA 3aBUCUMYIO 1EpE-
MEHHYIO CIIyJaiHbIX OCTATKOB.

CrarducTayeckas 3HaYMMOCTh Kod¢duuHEHTa AETEpMUHA-
MM ApOBEPSIETCsl C MOMOLIBI) F-KpHTEPHs CEIyIounM obpa-
30M. BBIYMCASAETCS BETHYHHA

R n=(m+]) ©)
- R m o
riae R - xoodduumeHT neTepMHHALMH C Y4ETOM duciia crerneHei
cBOBOIBL, /1 -~ 4HCA0 HAOAOMEHHMH, A7 - YMCIO HE3aBUCHMEIX NC-
PEMEHHBIX B IIPaBOM HaCTH YPABHEHMS.
Ecau BbluncaeHHoe 1o (9) 3navenne [ Gosbiue TabiniHOIO

3nadenust F, (m,v), rne o - ypoBeHs 3HAYMUMOCTH, 717 - HUCIO

HE3aBHCUMBIX MEPeMEHHBIX H v = i-(m + 1), 10 koopduuuedT ne-
TEPMHHALHUH CUHTAETCA CTATHCTHHECKH 3HAYUMbIV.

[

{2



AHAOTHYHBIH KPHTEPHIT MOKHO IPUMEHUTH K CTAHAAPTHOM
owndke ypasuenns. Ilpu stom SMITHPUYECKOE 3HAYEHHE ' BbI-
HHCaACTCS 110 hopmyie :

o'

LSy =8) n—(m+)

——l. : (10)

A m

CrannapTtheie ommbxu napamerpoB. CTaTHCTHYECKYIO 3HA-
HHMOCTE OLIEHEHHLIX 1ADAMETPOB PErpecCHOHHOTO YPaBHEHUs!
OUCHUBAIOT C MOMOWILIO CTAHAAPTHLIX OMMMEOK apameTpos.
Bxnan xaxnoit HezaBucumoii [IEPEMEHHOM B JINCIIEPCHIO 3aBH-
CHMOTO (pAKTODa ONPENENACTCS ¢ MOMOLIBIO TaK Ha3bIBaeMbIx [3 -
xkosppuuuentos. s onenku B -xo3pdunmenros Heobxoaumo
BBIMHCIUTE CPENHME X, J, M CTaHZapTHble CmubKH ij,Syj.

UL KaX104 HE3aBHCHMOMN MEPEMEHHOM U SHIIOIMeHHOTO ¢axropa.

1< 1< - »
T - X ==N"y i .
? I e— ’.,’ X = — 7 'X'I’ '-—l, Y 11
U RIS N (11)
N T
S, = ~(y7-y,)-—yj; S, = ——-()rjuxj)—xj:, J=lm (12)
Yo nm ' : n
Torua
LS‘xj ]
= (12’)
S,
Kosapuaunonnas matprua napameTpos JS,, onpenensercs
COOTHOLIEHHEM
S = i;u: (X,'—X)“'- : (13)

Marpuua S, umeer paimeprocts (m+1)>< (m+1), Tax xax
OHa COACPKHT [MCIEPCHIO MOCTOAHHOrO wiena. CTaHmapTHas
ourubka rapamerpa b, pasna KBaJIPATHOMY KOPHIO M3 IHaro-

HANBHOTO 31eMeHTa MaTpHLB S, | T. €.

S = VS, j=01 .m (14)

o
<

I



CraTHcTHYEeCKast 3aBUCHUMOCTDb napamMeTpoB NPOBEPSIETCsE C
NOMOIII IO f—leHTepHH. ll.]'lﬂ ATOrQ BBIYUCJIAEM OTHOIUICHMA.

-, j=12.....m (15)
3 J 15)

7
rae b, - ouenka napamerpa; S, - aucnepcus b,
Ilapamerp b, cumTaercs 3HAYUMBIM, €CJIM OTHOLICHHE (15)

Gonbiue, YeM KpUTHYECKoe 3HaueHue /. Hanpumep, it ABYX He-
3aBUCUMBIX [I€PEMEHHBIX IPH 95%-HOM ypOBHE BEPOATHOCTH Ta-
pamerpsl FOMKHBI ObiTh B 2,16 pasa Oosbiue MX CTaHAAPTHbLIX
omnbor. B npakTUYecKOM aHanu3e 4HacTo MOJIL3YHTCH rpy0oit
OLEHKOH NpH TpebOBaHMH, YTOOBI CTAHAAPTHBIE O NOKK COCTAB-
asmm 45—50% 3HadeHHi napaMeTpos.

CrangaprHele OIIMOKH NMOKa3biBatOT CTAaTHCTHHECKYHO 3HA-
upMocTh napamerpoB. C UX MOMOIBK MOXHO NOCTPOMTH J0OBE-
puTesibHble FPAHULIBI IAPAMETPOB.

B <auyecTBe npumepa pacCMOTPHM Pe3yNbTaThl OUCHHBAHHA
flapaMerpoB TPOU3BOACTBEHHOM QYHKLHE i3 CTpOoMTENbCTBE B
ckobKax T10j KaXIbIM TapaMeTpoM yKaszaHbl CTaHAapTHbie
oubxn.  Hipke craHmapTHbix  omMOOK  MOKa3aHbl B-

KOO(QPHLMEHTBL, BBIPAKEHHbIE B NpoueHTax. Beanduna S,

npencrapnser coboit MOMPABJCHHYIO Ha HHCNO cTeneHed cBobo-
Iibl CTaHAAPTHYIO OUOKY ypasHenus (B ckoOKax psiOM TpuBe-
JEHO [)OUEHTHOE OTHOLIEHHE CTAHIAPTHOH O1wMOKH ypaBHERUs

K Cpenteil BeNMYMHE 3aBHCHMOH MEePEMEHHOI), R° - nonpas-
NEHHBHT Ha uHCao crenedeit cBoGoabl KOYPHHUMEHT AeTepMHHA-
umu, AR - xo3gdULHERT aBTOKOPPEIALMH OCTATKOB.
H, =589 +0,7885F, +62,6Z, +0,0822(X, + X ),
(3,82) (1,261) (48,6) (0,04¢)

§ =0528; R* =09693; AR =039,
rne H;, — BanoBoit NPOAYKT, CO3NaHHbIi B CTpOUTENbCTBE, [/ -
00beM VIALIMHHOTO 000PYHOBAHHS, TPHMEHSEMOTO B CTPOUTENb-
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CTBE; Z; - YMCIO 2aHATHIX B CTPOHTENILCTBE, X, - TeMMl pocra
[IPOMBIUIEHHOTO FPOU3BOACTBA. '

OrHowenus napamerpos k nx CTaHOAPTHBLIM OmHOKaM che-
Aytomue: 0,586 - mns MaiwmuHOro obopynosans: 1,383 - nnis
HuCna 3aHATHIX, 2,688 - nns temmnog pocCTa npowvibIw. 1IeHHOrO
npoussoncTsa. CpaBHHUBAS 3T BeTHUYHHD] ¢ TabAMUHBIME KPHTH-
HECKHME 3HAYEHUSMH, KOTOpbIe npu 16 crenensx cBoOn b1 (20
HabmoaeHui Munyc 4) 1 95%-Hom YPOBHE BEPOSATHOCTH COCTaB-
J0T 2,245, npuxoaum k BBIBOJY, YTO CTATHCTHYECKM 3HAYUMBIM
MOMHO CHHTATL JIMUIb BRUSHHE NPOMBILLIEHHOMO NIPOMU3BO,1CTBA.
C napyroii croponsl, 3tOT hakTop mmeer cammii HU3KMH f3 -
kospduument. Hanomumm, uro B -xo3dduument [IOKA3LIBAET,
HACKOJILKO COOTBETCTBYIOILHIT eMy baxrop obwsicuser nvenep-
CHIO 3aBHCUMOH nepemenHol. U3 ypasuenus CHeAYET, YTO TeMmn
POCTa MPOMBINEHHOTO NPOH3BOACTBA obycneBauBaer nume
15,6% nucnepcun sanosoro MpOIyKTa B CTpOUTENLCTBE. Takum
00pasom, XOTs Ba OCTABUINXCS daxropa - o6vem NpUMEATeMOoro
obopynosanus I it 4ucio sansToix 7 - CTaATHCTUYECKH Fe3Hayu-
MBI, OHH 0OBACHAIOT 86,6% H3MeHeHus BaJIOBOIo nponykra, cos-
HlaBaeMoro B crpouresibcTre. Ecnu paccMoTpers perpeccun ma-
JIOBOTO IMPOIAYKTA OTAETHHO Ha daxroput I, u Z,, To Moo ybe-
AHTBCA, YTO OLEHKH KO3dHIEenTOR NpH HUX OyAYT CraTucTy-
HECKH 3HaUMMBIMH. MckakeHne onenok [IapaMeTpoB U yBenuye-
HHE MX CTAHNAPTHBLIX OWHOOK B YPAaBHEHHH, yUMTHIBAIOLIEM TPy
dakropa F,, Z,u X , X, BbI3BaHO HanHuMem MYJIbTHKOJJTHHE-

4pHOCTH MeXNy nepeMenHbiMu I, n 7,

Mt ynydwernus pesyneraros OLCHUBAHUSA TIDUMEHHM yC-
JIOBHBIH METON HAUMEHbIIX KBaaparos. Ha ochose npenBapu-
TEJIBHOTO aHanu3a 3ahHUKCHPYEM COOTHOUIE IS MEXy I apaMer-
PaMI 5TUX NEPEMEHHbIX W MOACTABUM B NPOU3BOACTBEHHYO
QYHKWIIO HOBYIO HEPEMCHHYIO, NPEACTAaBASIOIWYIO CO30H fiy-
HEHHYIO  KOMOHHALHIO axTopos F, u 7, Buna I, 4837,

(27
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(IlpuMeHMB K HOBOH perpeccuu OObI4HBIA METO HaKMEHbIIUX
KBaPAaTOB, MO.Ty4AM CIEAYIOLIHE OLUEHKH:
H, = ~4,59+1,0933(F, +48,3Z,)+02041(X, + X, ));
(0,88) (1,067) (0,038)
§ =0577; R* =09701; AR=0,42.

OTHOMEHUsi APAMETPOB K MX CTAHIapTHBIM OHOkam €o-
crasasior 20,921 - anst F +483Z, u 3,628 - s X, + X, . O6a
OTHOLIEHHsI MHCTO OONbIle KPUTHHYECKOTO 3HAYEHHA [-KpUTEpUs
W, CJICIOBATENbHO O0e TepeMeHHbie B HOBOM YPABHEHHH CTaTH-
CTHMECKH 3HaYUMBL.

Yucno crenexei cBobOIBI HTOT KO3IQPHUUMEHT Wit NAHHOTO
ypaBHEHUsl COCTaBJIANT R? =0,2087 . CraTHCTHYECKYIO 3HAYH-
MocTs 3TOro  Kos(pduuMeHTa [OpOBEPUM C MOMOUBI  f-
CTATUCTHUKH!

R* n-(m+1) 02087 20-3
1-R* m 07913 2

TabnuuHoe 3HaveHHe F-kpurepus rpu 2 1 1S cTeneHsx cBodo-

bl ¥ 95%-HoM ypoBHe BeposTrocTH [ (0,05) = 3,68 . Dmmipu-

yeckoe 3Hauenue 2.418<3.68. Crenosarensso, kodduumueHt ne-
TEPMHHALIAH 3TOTO YPABHEHUS CTATHCTHHECKH HESHAUHM.

F =

=2,2418.

5.3. Beeaenne HCKYCCTBEHHbIX MepeMeHHbIX

Ha nBMIKEHME HEKOTOPBIX TMOKA3aTENed MOryT OKa3hiBaTb
BMsIHNE (AKTOPbI, KOTOPbIE TPYAHO BBIPA3HTH B GopMe CTaTH-
crudeckoro psiaa. Hanpumep, B HalleM pacrnopmKEHWW HHOTAA
uMeeTcst MHPOPMALUHS O HACTYMJIEHHH WM HEHACTYIJICHHW Ka-
KOTO-1M00 COOBITHS B OIPEAEIEHHbIH MOMEHT.

HMHorna M3BECTHO, HYTO XOTHA HEKOTOPbIH (AKTOP M MOXET
OBbITH BLIPAKEH CTATUCTHYECKMM PANOM, OAHAKO BIMSHWE €r0 11
KaKoii-nubO TMpCUecC ONpPeASNAETCs HE HEMOCPEICTBEHHBIM H3-
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MCHEHHEM €r0 YHCICHHBIX 3HAYCHKH, a H3MEHEHHEM €r0 Ka4ecT-
BCHHBIX XapaKTEPUCTHK (HANPUMED, POCT HITH CHHKEHHE).
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Puc. 5.3. Ocratku a8 QyHKLMH 3aHATOCTH B CAAbCKOM () m
AWHaMHKA MCKYCCTBEHHOH (d)

Bo scex atix cayuasx BeopsTCs MCKYCCTBEHHbIE NIEPEMEH-
HbIC, HEKOTOPLIM 00pa3’oM ONHCHIBAIOLIHE BIUAHHE ueceaeaye-
MBIX (aKTOPOB M NPUHUMAIOLLHE OJHO U3 ABYX 3HA4Y€HHUH - HOMb
WIH eanHuLy. MHOrna 571 riepemeHHble Ha3biBaroT TAkKe Kade-
CTBEHHbLIMH WIH (I)HKTHBHI)IMH,

HotpebrocTs BBemeHMSE HCKYCCTBEHHBIX OEPEMEHHbBIX MO-
KET BOSHUKHYTH B POLECCE OLEHKH PErpecCHOHHBIX ypaBHe-
HUI B 9TOM cliiydae sKoHOMIieckas Hx HHTEPTIpETaLHsA MOXKET
ObITh HEOJHOIHAUHOMN. Hanpumep, umeer cMeicn BBenmenue wuc-
KYCCTBCHHDIX TICPEMEHHBIX, €CJIH U1 3aBUCHMOH TepeMeHHO
XaPAKTCPHBI €AHHUHMHBIC CKAYKH, HE OOBACHAEMblE HUKAKHMMU
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hakTopiMU B NPaBOi HacTH PErPECCHOHHOTO ypaBHenus. JlencT-
BUTENBHO, 3TA IIepeMeEHHas NoJaraeTes PaBHOI HYJIIO BHE MHTEP-
Bana, rL.e HAGJIONANCA CKAaUuOK, M, CEIOBATENLHO, OHA HE OKa3bi-
BACT HIKAKOFO BIHSHHS Ha MPOTHO3 MOKA3aTeNs, €€ POk COCTO-
UT B (OUUIICHHA» TIAPAMETPOB OCTAIbHBIX TEPEMEHHBIX OT We-
KAXKEHHH, BLI3BAHHBIX €IMHUYHBIMH CKauKaMH.

[IpuBenem npuMep BBEACHUSA YICKyCCTBEHHOM nepeMeHHOH B
ypaBHEHHUE 3aHATOCTH B CEJILCKOM xossiiicTee PY3.

7, =40,26 + 8,302 AY, + 0988 Z , +u, (4)
(5482)  (5.485) (0,0528)

rje Z, - 3aHATOCTD,

AY, - npupoct foxona B CENbCKOM X035HCTBE.

B ckobOkax yka3ana CTaHAapTHad omubka napamerpa. Oue-
BUIOHO, 9TO KO3PHIMEHT MpU AY, nesnadum. KosdpuumeHr
JHapbuna-YorcoHa, [OKa3bIBAKOLIMI aBTOKOPPEAUHIO OCTATKOB,
paser 0,89, 4TO TOBOPHUT O MPUCYTCTBUH ABTOKOpPENALMH B U .

Psin ¢, u3oGpaskeH Ha puc.3.

Ha puCyHKe BHIHO, YTO OCTATOK M, MOKA3LIBACT BLIOPOC B
1994 r. Eciu BBECTH B ypaBHEeHHE (4) HCKYCCTBEHHYHO rnepeMeH-
HYO 199 gonoskus ee paproii 1 B 2004 1. 1 HYJIEO B OCTaJIbHbBIX
Caydasiy, TO PErpecCUOHHOE YPaBHEHHE MOCAE OlIEHKH NpPHUMET
BUIL
7 =28.55+8452AY, +0,962Z - 122 4817 + 1] (5)
(59,31) (4,33) (0,043) (38.86)

2004 . )

Tocne seenenus TIV7Y kosdduuuent npu AY cran 3Ha-

qam, xeohduurent Japouna-YorcoHa Bo3poc 10 1,55, uTO 1O~
!

KA3bIBACT OTCYTCTBUE ABTOKOppeNAlMH B U, . CranjaapTHoe OT-

KJIOHeH!e ypasHeHHs (5) TaKKe MEHBIIC, 4V CTaHAapTHOE OT-
KJIOHEeH e ypasHeHns (4).



5.4. IIpo6.iempr MYJIb THKOJLIMHEAPHOCTY

Dopmynuposka npobuembl u OCHOBHbIE MeToas!. Perpeccu-
OHHO€ ypaBHEHHE YIOBJIETBOPHTENBHO OMHUCHIBAET ABIKEHUE
3aBUCHMOH mepeMeHHol, korna KOIPQHUMEHT MHOX)eCTBeHHOI
KOPPeJIsLMH JOCTATOYHO BBLICOK, a KOppensuus Mexny He3gpu-
CHMBIMH  (DAKTOPaMM HE3HAUMTENbHA. Mynbmlconnnﬂeapnom*b
HC3aBUCHMBIX MEPEMEHHBIX BENET K CMEIEHHEO OLICHOK napa-
METPOB H, CIEMOBATENBHO, K HEBO3MOKHOCTU KOPPEKTHOMH HH-
TCPTIpETALMK  PE3VIIbTATOB. SIBNCHHS MYJIbTHKOJUTHHEWPHOCTH
noApobHO uccnenoBans Dpuiem, Kneiinom, TunTHEpOM.

CymectBoBanue nonHoli muneiinoi 3aBHCHMOCTH  MeXy
Kakumu-u60 parropamu B npasoit yacry YPaBHEHHS JI€.1a6T He-
BO3MOXHBIM TIPUMEHEHHE IIS] OLeHHBAHMUS METO/Ia HAUMEH bII KX
KBaJpaToB, TAK KaK B 3TOM cly4yae Marpuna XfX BBIpO¥ AcHA.
Ecmn sasucumocts ne nonmas, wo CTATHCTHYECKH 3HAYMMES, TO,
XOTs TEOPETHYECKH OUEHHBAHUE METOIOM HaWMEHBIIMX KEa1pa-
TOB BO3MOXHO, OHO MOXET NPUBECTH K TAKHM UCKAXKEHUAM na-
PaMETPOB, YTO CAMO ypABHEHHE TEPSIET CMBICI

B skonomerprueckunx MOACJISIX, MPEACTABAEHHbIX CHCTEMO
PEIPECCHONHBIX YpaBHEHHIH, HeoBXonnMO MCC/IENOBATh Ha MyJIb-
THKOJLTMHEAPHOCTL KAXA0€ YPaBHEHHE B OTHEIBHOCTH,

W3 pannux pabor, nocesumennbix npodneMam MyJIbTHKO -

JIWHEApHOCTH, HanboNee u3BecTHA pabora ®puma. Tpewioxen-
' HBIH MM KOH(IIIOEHTHBIA METON OCHOBBIBAETCS Ha rpadrueckom
aHANN3€ 4aCTHBIX KOdPDULHEHTOB KOppensiuuu.

AHzIEpcoH 1 TMHTHED HauLm 3aKon pacnpenenenus ju kop-
HEl XapaKTepPHCTHUYECKOTO MHOMOU/Iens, Beruncaenus ocHo 3biBaror-
il T2 NPENMNONIOKEHUH, YTO KAKABLT HEe3aBUCHMDI $axtop npen-
CTAaBJACTCA B BHIE CyMMbl CHCTEMAaTHYECKOH uyacTy p CITy4aiiHOM
oudku. Ipu peweHuu XaPAKTEPHCTHIECKOTO yPABHEHUS Mpeano-
JaraeTCs, 410 BCE CITyHaiHble KOMITOHEHTh] haxTopos pacrpaaenens
HOpmanbHO. Ecmu cuctematiyeckas COCTaBJSIIOLIAA  OIMCHIBAETCS
{ICJIHHOMOM, TO MY.1bTHKOJLTHHEAPHOCTD MOXHO HCKITIOYHTD PasHO-
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CTHBIM TpeoOpasoBaHueM U TIO dopmyre, ananornuHol (20), HadTy
OHEHKH JMCIIePCHiA BCEX CIyUaiiHbIX  COCTAB/AOUIMX axTopos.
[MojicTaBssA NOTyYeHHbIE 3HATCHI AWCIIEPCU B XapaKTepueThHie-
CKOE ypaBHEHHE, Mbl MOXKEM IO €ro KOpHAM YCTAHOEWTh 3HAYHMOCTD
Mynb'mxonnnﬂeapﬂoﬁ'n.

o Tlof MyIbTHKOJUIMHEAPHOCTHIO MOHHMAOT TEeCHY}O JIMHEH-
HYI CBSI3b MEKIY (aKTOPHBIMK [0KA3ATEIAMM ypaBHEHHst per-
peccun. JL.daprap # P I'nobep pa3mensmT MCClieoBaTeNne 1o
JIX OTHOLIEHME) K MyJIbTHKONIMHEAPHOCTH Ha TPL PPYITbL.

QpHA CUHTAOT, YTO HUKAKOI npo0nemMpl MYJIETHKOMIHHE-
apHOCTH He CYIIECTBYET, [OCKOBKY KoXpQULIHeHT! PErpeccHu
[ONy4eHHBIE METONOM HAUMEHBIOVX KBaIpaToB, ABJHIOTCH
«HAMNYHYIIAMY HECMELIEHHBIMH JTH HEHHBIMM OLEHKAMUD.

Jipyrue CHHTAIOT, HTO MYJTBTUKOJLTMHEAPHOCTD TIOPCAHIACT Cy-
LL{eCTBEHHbIE HETOMHOCTH B MATEMATHHCCKOM OIMUCAHUH MONENH H
4TO HENOCTATOYHO TOYHOE MATEMATHHECKOE OMUCAHME 3aTPYIHACT
MOJy4EHHE «HAMLTYHIIHX JIMHENHBIX HECMELIEHHLIX OLEHOK) Ha
MYJIBTUKOJITIAHE2PHBIX MHOXECTBAX He3aBHCUMBIX TIEPEMEHHBIX.

Tperbsi rpynna WCCEAoBATENEH CHMTAET, YTO MHOTAA MYJIE
THKOJUTHHEAPHOCTH UMECT «T1aryOHOE BIMSHHEY, HHOT/A HET.

MOYKHO CUMTATh, YTO MYJbTHKOMIMHEAPHOCTD BCE-TAKY NpPHUH-
HSiET MHOTO TPYIHOCTEH, OCHOBHBIE M3 KOTOPBIX crenyouime:

1) BBISICHEHHE CYUIECTBEHHEIX dakTOpOB 3aTPYNHECHO,

2) IKOHOMMHECKast HHTEpPNpETaLi k03 HULIMEHTOB PErpeccutt
cBs13aHa ¢ OOMBIIMM PUCKOM NPHHATUA HETIPABUIBHBIX PEUICHHI,

3) ompeneneHue k03(HIIMEHTOB PErPeCccHi  METOJIOM  Har
MEHBIIMX KBAZPATOB 3aTPYIHEHO, TaK Kak OnpeJieNTe/lb MaTPHLIb!
CHCTEMBbI HOPMAJILHBIX yPABHEHHH UmeeT sHaueHue, OIM3KOE K HY IO,

Hﬂﬂ orlpezlenemm HaJu4unusg 1 YCTpaHeHHﬂ BAUSIHUA MYJIBTH-
KOJIJIMHEAPHOCT A CYIIECTBYET HECKOJILKO meToaos. CaMbiM NPO-
CTBIM M3 HHX SIBASETCS ylaleHue U3 MOACIH OHOTO (aKTOpa, M3
HMEIOLIUX MEXKTY coboiil CBS3b TECHOTOM Gonpiie dem 0.8 uiy
0.9. BTOpOil METOM 3aKJHOUYaALTCA B CPABHEHHHM TMAPHBIX xkordu-

LMEHTOB Koppessiuyn (akTopos . © MHOKECTB2HRHbIM KO H-
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LIMEHTOM Koppensiin R Ecau ¥, >R, 10 rosopsr, uro

MYIbTUKOJIJIHHEAPHOCTD SIBJIAETCS «marybuoit». Tperuil merox
COCTOMT B BBEICHUH HCKYCCTBEHHON OPTOrOHANbHOCTH.

Bo Bcsakom criyuae npobnemy MYNbTUKOJUIMHEAPHOCTH Clie-
AYET CHUTATH BCE €ule HEPEUICHHOM, u HO3TOMY BCe paloTsi,
NPOBOANMBIC B 5TOH 00aacTH, Crieayer Toapko NPHBETCTBCBATD.

®appap u I'nobep MPCATOKUIM mpyrue cratuctuky. C rio-
MOUIBIO OTHX CTAaTMCTHK MpOBepsieTcs MYJIBTHKOJUINHEAPEOCTh
HE TOJILKO BCEIro HabOpa HE3aBUCUMBIX $akropos, Ho u KaXIoii
3 nap. MyJabTHKOJUIMHEAPHOCTD Beero YPaBHEHHUs yCTaHABIIMBA-

CTCA C MTOMOUBIO BEAMUYMHB] /}’— > BBIYHMCIECHHON Ha OCHOBE oue-

HOK B3aUMHON KOppPEeALMOHHOI MATPULIEI HE3aBHCHUMBIX Tepe-
MEHHbIX. [Ins npoeepku MYJLTHKONTHHEAPHOCTH KAKIOH U3 He-

3ABHCHMBIX MEPEeMEHHBIX BBIYHCIISIOTCS CTaTUCTUKH f’j [lanee
PMBEACH anroput metona Pappapa-I” n00epa.

Anroputm meroaa @appapa-l“.noﬁepa.

1. H()p.11([/]1!3(1:!!1/}7 nepe.n/lem{blx

0O003HaY1M BEKTOPLI HE3aBHCHMBIX NEPEMEHHBIX OTIElIbHO-
[0 PETPECCHOHHOTC YpaBHEHUs HEPE3 X ,. DaeMeHTh HOpMaJIu-
30BaHHBIX BEKTOPOB BLIYUCIHUM MO dopmyne:

R S
X, ==t r=1pn k=1,m, (1)

roe n - Hueno Ha6H[~OI(eHHﬁ Kaxnaoro BEKTOpa,
m - HUCNIO HE3ABHCUMBIX NCPEMEHHBIX

X, - apudmeTnueckas cpenHss BEKTOpa X,

O - CTaHAapTHas ournbka nepemeHHo;; X, .

O6o3HauuM Matpuwy, COCTABIEHHYIO M3 HOPMANH30BAHHbIX
BEKTCPOB, uepes X*.

2. Briumcnienue koppensuuonnoi MaTpPHLbI

B3ZU‘IMH&H KOPPEISILHOHHas Matrpuua OUCHHBAETCH U3 CO0T-
HOWMECHUS
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s=(x"x") (2)
Jta MaTpHLia CHMMETPUYHA H HMEET PasMEPHOCTL 711 X M.
3. BbI4MCIEHUE OTIPEACANTENS KOPPENIUMOHHON MATPHLBI 1

3Ha4YeHus } . .

—~—

Ecnu 0603Ha4UTh ONpenenTelb KOPPeIsiiMOHHON MaTpHULbl

yepes [Sl = iX"X' , TO

ri=-ln-1- v]6~(i2m, + S)] ln;X "'X". (3)

DTa BEIMYMHA CpaBHUBAETCA CO 3HAYCHMAMH Z“ st

| .
—m{m — 1) creneneil cBOOONLI U YPOBHEM 3HAYHMOCTH (X .
e

4. Beruucierne MarpuipL, obpartoi k X ' X
oy * PR
r=(x"x")
S. Beruucnenue F, - CTATHCTHK

Benuaunnl F, BBIMHCAAOTCA 1O opmyie:
Fo= ()i (5)
m-1
roe 7" - OUAaroHaNbHbIE JNEMEHThl MaTpHubl /. 3HadeHus [
CPaBHUBAKTCS C KPUTHUECKHMMU BEJTHUMHAMM [-KPHTEPUS TIPH H-
m u m-1 crenexsix ¢BOOOTbi.
KoadduumuenT retepMUHaLNN TS K&KIOR NMEPEMEHHON X,

BBIMHCIISIETCS KAk
s 1 .
e T (6)

1
P
6. Haxosxnende 9acTHbix K03(QpOHIIHEHTOB KOPPEsLIum,
ITH KOI¢QPUILIHEHTbI BBIYMCISEOTCS ¢ NOMOUBIO BHEAHATO-

HallbHBIX 1IEMEHTOB 0DPaTHON KOPPESILIMOHHON MaTpHUbL /2

P p——— (7)



7. Brruucnenue {~-CTATUCTUKH

1 g S ‘ (8)

lpusenennbie pacdeTsl MOXHO MHTEpHPETHPOBATD Clle-

AYIOLIUM 00pasom.
oy oo

a) 3rauenus ynemenTos matpuusl X X gaior Ham nep-
BYIO MH(MOPMAUMIO O MYJILTHKOJNMHEAPHOCTA HE3aBHCHMDIX
akropos. HenmaroHa:bHele 378MeHTLI paBHbL ko3 dutinesram
KOPPESLMHA 1A KAKIOH M3 TIAp He3aBHCHMEIX (DaKTOPOB, OHH
AOJOKHBL ObITH MEHbIUE KOYPDHLHEHTd MHOKECTBEHHOMH Koppe-
JISIUMH [UIA BCETO YPABHEHMS.

0) Mepoii obmeii MYJIETHKOJUTHHEAPHOCTH CIYXKHUT BEJIHYM-
HAa .. DTOT NOKA34TENE HE AOJDKEH (IpeBLILATh TAOJIHYHOIO

3HAYCHWS ¥, TP  3aJAHHOM YPOBHE 3HAYMMOCTH M
1 .
V= E»m(m —1) crenensix cBoGobL.

B) Benuuunbl /-, nokasbiaiot, Kakwve NEPEMEHHbIE MYJIbTH-
KonmHeapHbl. Ecnn Hexoropeie m3 F, Gonbiue TaGnuuHbx 3HaYe-

HWI {'-CTATHCTUKY [IpH -1 1 -1 CTenensix cBOBO,Tbl, TO COOTBETOT-
BYIOLLIME MM HE3ABMCHMBIE (DAKTOPBI MYJITHKOJLIMHEAPHDI.

r) C IOMOILILIO 3HAYEHHM /,; MOXKHO YTOUHMTE, KAKHE W3 nap
HE3aBUCHMBIX (aKTOPOB MyMbTHKOIMHeAPHB!. Ecnn HEKOTopoe
/;; IPEBLILIAET TAOMMYHOE 3HAUEHHE KpuTepust CTHIONEHTA [IPH 1-
m CTeneHAX CBOOO/bL, TO MYyJbTHKCIUIMHEAPHOCTh HABMIONAETCS
MEXKY MapOH NMEPEMEHHBIX X; H X,

Hantosiee npoctoit ¢nocod uckatoueHus MyIbTHKOMHE-
APHOCTH B H5KOHOMETPUIECKON MOZENN 3aKII0YAeTCs B 0TOPACHI-
BAHMH OjHOH M3 [IEPEMEHHLIX y MYJIbTHKOJIMHEAPHOMN Taphl.
OnHako Ha NPaKTHKE MCKTIOUEHHUE KAKOFO-IHBO thakTopa uacto
[IPOTHBOPEUUT JOTHKE SKOHOMHYECKUX CBsi3eil. B atux crmyuvasx
CJIEAYET 3aMEHHTL OIMH M3 MYJbTHKOMUIMHEAPHBIX NOKa3aTeeil
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APYrAM (HALPHMEP, BMECTO O00bEMa OCHOBHBIX CPEICTB MPOM3-
BOACTEA B CEJBCKOM XO3SMCTBE OepyT paz, XapakTepU3yIOUuil
MOLLHOCTb TPAKTOPHOTO MapKa) Wik npeodpazoBats ero (MCXom-
HBIA PN 3aMEHMIOT abCOMIOTHBIMH MJIM OTHOCHTENLHBIMU 1IPH-
poctamu). ECH HM OAMH M3 YKa3aHHBIX CHOCOBOB HE [IPUBOAVT K
YMEHb IEHUIO MYJIBTUKOJJIMHEAPHOCTH, TO NPU OLEHUBAHHM I1a-
PaMETPOB CAAECAYET NMPUMEHWTb YCAOBHBIH METOA HAWMEHbLINX
KBappaToB. B 9TOM Cniyyae BenmduHAa OZHOrO M3 NMapaMeTpoB
rxcHpyeTcs Ha OCHOBE anpHOPHO HHGOPMALHH.

Ilpu onpenenexHun GhUKCMpOBAHHBIX 3HAYEHHIL rnapaMeTpoB
HacTO MPUMEHSIOT CTPYKTYPHbIC (MPOCTPaHCTBEHHBIE) perpec-
cuu. Ebl9ucnentble ¢ UX MOMOLUBIO [APaMETPhl 3aTeM HCHOJb-
3YHOTC:A B YCJOBHOM METOJE HAMMEHBIHX KBAJIPATOB.

Jlanee npuBoAsTCS NpUMEpDI, WILTIOCTPUPYIOLIHE NPOLEY-
PBI O[OBEPKH MYJIBTUKOJUIMHEAPHOCTH M CE MCKIIIOYEHHE TIpH
OLeHHBaHMH napamerpos. Ilocne ouenuBaHus OOLIMHBIM METO-
7I0M HaUMEHBLIMX KBAAPAaTOB NPOW3BOACTBEHHAS (PYHKLIMS st
CENECKOTO XO3AMCTBA CAEAYFOIUM 06pazoM:

Y* = -1,789+0,0521Z 7" - 0,00235" ~0,00877 +0,201A1 7 +u;
(4,38) (0,0018)  (0,002)  (0,0012) (0,0052)
R=0919, DW =1978, y’=29586 (9)

rre V7" - 06beM HaLUMOHAIbHOrO IOX0Ma, CO3JIaHHbI B CEllb-
CKOM x03siicTBE, Z 7 - YHCHO 3aHATLIX B CEIBCKOM xX03HcTBeE;
§" - HCnoNB30BaHME XHMUYECKHX ynobpennit; 77 - nyowasb na-
XOTHOA 3eMJH, NPUXONAIIAsCS Ha OjMH TpakTop, M’ - mereo-
POJIOTHYECKas NepeMeHHasn.

B ckobkax npuBeseHb! cTanaapTHbiC OWMOKH NapaMeTpos,
R - koddduument MuokecTsennoii koppensuuu, DW - kodddu-
uvent Jlapbuna-Yorcona. 3HadeHue y HeOOXORHMMO HaM As
MPOBEPKU MYJIbTHKOJJIHHEAPHOCTH.

AHaIIHS [IPpEABAPUTECIbLHBIX pPE3yabTaToOB HOKEK}beaeT, YTO
[TO4TH BCE NMOJIy4EHHDBIE OLIGHKH NapamMerpoB CTATHCTHYECKH He-
3HaYUMMblI H He HHTepHpeTMpy}OTCH C TOYKH 3PEHHUS IKOHOMHYC~
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- g Uil -
CKOM TEOpHUH (napameTp npH .S nMeeT OTPULIATENLHBIN 3HAK, UTO
SIBHO IIPOTHBOPEYUT PEATTEHOMY CMBICHTY ).

Ilpy OTCYTCTBMM MYIIBTUKOJUMHEAPHOCTH BEJMYMHA ). HE

2

AOMKHA TIpeBbiatk 12,6 (TabmimiHoe 3Havenue 7~ npu 95%-HoM

I -
YPOBHE BEPOATHOCTH U 5—(4 —1)-4 =6 crenensix csoboap1). B Ha-

LIeM Ciy4ae OHa OOIbILE 4eM B 2 Pa3a NPEBBIIAET Ty MPAHMLLY.

Yy - BEKTOpP NEHCTBUTENLHBIX 3HAYSHUI HBAOTEHHBIX NEpe-
MEHHBIX B MOMEHT BPEMEHH H PA3MEPHOCTH k.

JlMHEMHYECKHE TPOTHO3bI 3HIOFEHHBIX MEPEMEHHbIX, BbI-
YHCJICHHBIE N0 NPUBENCHHON (OpPME MONENH C YYEeTOM IKCTpa-
[OJISILUMU TapaMeTPOE, OITHCHIBAIOTCA CXEMOIA:

~

Y = Ryl )'; + Rx };mz + I/n-»r » (LO)

mti a1
rne
‘), .
LH+/ = 1V>"> ll?" (]{l)
AN l) 7
K., R, - marpuiml, onpenenesssie B 5.4, a I, - Bektop ocrat-

KOB DPHBEIEHHOH QOpMBI B MOMEHT BPEMEHH A

MHHUMaNBHBIA U MAKCHMaJbHBIH BAPUAHTH! BLIYUCISIIOTCS
10 QHAJOTMYHCHU CXEME, TOJLKO BCE 3HAYEHHS IK3ONEHHBIX Ie-
PEMEHHBIX COOTBETCTBYKT MHHHMATLHOMY HJIH MaKCHMAaJIbHOMY
BAPHAHTY Pa3BHTHSL.

Hongons urory, 3aMeTyM, 4T0 3Ha4EHHS OCHOBHBIX BAPHAHTOB
MPOTrHO3a NOJIHOCTLIO ONPENETSAIOTCH CHEYHOIMMI MOMEHTAMM:

a) BHIOM NPUYHHHBIX M AHHAMHYECKHMX CBA3EH MEXy Oc-
HOBHbBIMH 3KOHOMHYECKUMHM MOKAZATENASIMH, VCTAHOBJIEHHBIMH C
[IOMOUWBK) PErPECCHOHHOTO aHaAu3d BPEMEHHbIX HIH CTPYKTYp-
HbIX PAIOB;

0) BHAOM DalaHCOBBLIX H OMNOCPEACTBOBAHHBIX B3aUMOCBSI-
3. OnocpencTBOBaHHEIC B3aHMOCBSI3H BKJIKOYAOT 0OpaTHbIe
CBSA3H MEXKIY NEPEMEHHBIMH H DLEHHBAIOTCH C NOMOLLBIO COBO-
KYITHbIX METOAOB OUEHHBEHUS,
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B) TEHAGHUMAMU DPa3BHUTHA (PAKTOPOB MHTEHCHBHOCTH. K
akTCpaM MHTEHCHBHOCTH OTHOCSTCS, HANpUMep, Takue (aKTo-
Pbl, KaK MPOU3BOAUTENBHOCTb TPYLA, [OKA3aTETH HCIOJIb30BAHMS
OCHOBHBIX (bOHI{OB uT Ao Hx TECHACHIIHH Pa’BHUTHA OUCHUBAKOTCH
C MOMOLLBIO 3KCTPANONALUHH [TAPAMETPOB PErPECCHOHHDBIX YPaB-
HEHUF,

I') TEHJIEHIUAMA PA3BUTHs PErYAsSPHBIX (hakTopoB. JuHamu-
K& 3TEX (PaKTOPOB OMNUCHIBAETCS ¢ MOMOLIBIO JTUHEHHbIX M HEJIH-
HEHHBIX TPEHAOB, a TAKXKE ABTOPErPECCHOHHBIX MMEPEMEHHbBIX.
IKCTPANONIALMS PEryaspHbIX (PAKTOPOB PACCMATPHBACTCS 0OBIU-
HO E TPEX OCHOBHBIX BAPUAHTAX;

Z1) HAYaNbHBIM (TIepe] [IPOrHO30M) COCTOSTHUEM IKOHOMMKH.
ITO C(OCTOAHHE ONUCHIBAETCH JAEHCTBHUTENLHBIMH 3HAUYEHUAMH
SHAOTCHHBIX NEPEMEHHbIX B MOCHENHME Ga30BbIi roq MOAenu u
owuOEaMM NpUBENEHHOU (POPMBI MOJENH 33 3TOT XKE TOL.

5.5. lIpousBoacTBeHHEIE PYHKIUU

[TpousponcTBeHHBIMU (YHKUMAMM HA3LIBAIOTCS TaKue SiB-
Hble ¢yHKLMH, NEBOH 4YacTH KOTOPBIX CTOMT 3aBUCHMas Mepe-
MeHHal, obo3HauaemMasi OObIMHO Yy, a B MPABOM YacTH - CKOJb

YFOZHO MHOTO HE3aBUCUMBIX TEPEMEHHbIX, 0003HaYaeMbIX BeK-
Topem x. O603HaYMB 3aBUCHMOCTD MEXY X M ) Yepes F, cMokeM
3ammucaTh IPOU3BOACTBEHHbIE QYHKIUMH B cheaytoniem obuiem
BUJIE:
y=F(x). ey

@®opmyna (1) BbIABHraeT Ha fEPBbIH NNAH YMCTO TEXHMYE-
CkHe CcODEHHOCTH NPOM3BOACTBEHHBIX (ynxuuii. XKegas noa-
YEPKHYTb HMX COHEPKATE/bHbIE OCOOEHHOCTH, MOKHO CKa3aTb,
HTO FPOU3BOACTBEHHBIE (DYHKIIHH — 3TO TAKHE 3aBUCHMOCTH M-
XY TIPOHU3BOACTBOM, W (PAKTOpaMH, KOTOpbie PE3yabTaThl Jes-
TEIbHOCTH OTACIbHBIX XO3AHCTBEHHbBIX CIHUHHILL OOBACHSIOT npo-
W3BOIC TBEHHbIMU daxTopamu.
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IIpoussoncreentbie GyHKIMU MOryT GbiTh KI1aCCHOULMPOBaHD!
B 34BHCHMMOCTH OT MX TeXHWYECKHUX M CMBICJIOBBIX 0coBeHHOCTed
TEXHHYECKOH TOUKH 3PEHHS YHCIIO HE3ABUCHMbIX MEPEMEHHbIK H Xa-
PAaKTEp 3aBUCHMOCTH ) OT X SIBJIKOTCS. ABYMS OCHOBHBIMH CTJIMUH-
TEJILHBIMU TPH3HAKAMH NPOM3BOJCTBEHHBIX GyHKIwil 1o YHCTY T1e-
PEMEHHBIX OHM AENSTCA Ha QYHKLNH OJHOM NEPEMEHHOI (eCiy 4ncio
HE3ABUCHMbIX NEPEMCHHBIX PABHO EIMHHLE), ABYX TIEPEMEHH >IX. U 77
niepemensbIx. 1o xapakrepy 3aBucumoctu Y OT X IPOM3BOLCTREHHbIE
QYHKIMK NeNsITes Ha IMHEHHbIe, NoKasaTeNnbHbIe, norapudmueckie,
THIEPOOMHECKHE U T. 1,

ConepxarenbHble M TeXHHYECKME OCOBEHHOCTH MIPOH3BO-
CTBEHHBIX (YHKLUMII MOXHO DPasiu4aTh AWIIb B OMpenenerHbIxX
npeznenax. [edcTsurensHo, Bonpoc o TOM, CKOJILKO He3aBHCH-
MBIX MEPEMEHHBIX BXOIAT B Ty HJIM HHYIO NPOH3BOACTBEHHYIO
d)}’l-lKLUle, MOXHQ OTHECTH K TEXHHUUYECCKHUM CBOﬁCTBﬁM 3TOH
GYHKLHH, HO BBIOOP HE3aBHCHMBIX MEPEMEHHBIX YKE UMeer He-
NOCPENCTBEHHOE OTHOMIECHHE K €€ COMEPIKAHUIO. DKOHOMUYECKOE
CONEPWAHNC HE3ABHCUMbIX NEPEMEHHBIX, crennbuKanus bakro-
POE - 9TO yiKe BONPOCHI CODCTBEHHO COAEPKAHUS dakropos.

OcobeHHOCTH He3aBHCHMBIX NEPEMEHHBIX B OOleM Ciyuae
ONPEACAOTCS Ka4eCTBOM 32aBUCUMOIl [E€PEMEHHO. Iocnentee
KE 3aBHCHUT HE TOMBKO OT TOTO, YTO COOCTBEHHO ucenenvercs -
[TPOU3BENEHHbIH HAMOHANBHbIHA OXOJ HITH CO3MAHHbBIE M arepu-
alibHble O/1ara, - HO ¥ OT TOrO, Ha KAKOM YPOBHE TIPOBOIMTCSI
AaHHOE HCCAenoBaHHe. YPOBeHb, HA KOTOPOM NPOBOAUTCH aHa-
JIN3, OHOBPEMEHHC XaPaKTEPU3YET U CTEMNEHD arperanuu. Cne-
AOBATEJILHO, MO MAcLITA0AM PACCMATPHBAEMBIX IKOHOMH 1€KUY
CAHHWU TIPOU3BOACTBEHHbIE QYHKLIMK NeNsITCs Ha MUKDO- H MaK-
podynkimn. MukpodbyHKimH, Kak NPaBHIIO, NPEACTABIAKIT Jesi-
TENBHOCTL OAHOTO MPEANPHATHST WAM 3aBOAa, B TO BpeMsl Kak
MakpOQYHKUMH OMHCHIBAIOT 1ESTENbHOCTE 0ObEeqMHEHHIT ripen-
NMPHATUIH MM 3aBOIOB, NONOTPACHEH M OTpaciell HAUMORANbHOI
IKOHOMHKH M JaX€ HAllHOHAAbHOH 3KOHOMHUKH B LIENIOM. DyHK-
11 MOXKHQ KﬂaCCHCbHL[HpOBaTb H 110 TOMy, B K4aKHX emmnuax
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M3MEPSETCA 34BUCHMAA [EPEMBSHHAs. B CTOUMOCTHOM MITH & Ka-
KOM-HHOYZib HATYPaJbHOM BBIPDKEHHM. 06 u3MEepeHusix B HATY~
paibHbIX AMHKI1aX PeHb MOKET HATH JIHILD It MUKPCQYHKIEH,
OMMChIBAOINHUX OEATECHBLHOCTD HeOONBWUX PKOHOMUISCKHUX  COH-
HMLI, TPOU3BOLMX O/IHOPOIHBIE TIPORYKTHI.

BoJee BaXHOH 0COOEHHOCTHIO MPOUIBOACTBEHHBIX byHxuHi
CleNyeT CYMTATh TO, YTO ONpedelieHHe BUIA GyHKIM MOKET
CYLIECTBEHHO W3MEHHTE 3aBUCUMOCTD MEHIY MPOM3BOACTROM |
ero (haKTOpaMH, BbIPAKACMYHO POU3BOACTBEHHOH QyHKLKEH, U
AaXke MpUAaTh € COBEPIICHHO HOBBIA CMbICA. JEHCTBUTENLHO,
onpeaenenye Buna QyHKUMU 3a4€T XapakTep H BO3MOKHOCTb
CBS3H MEXy 3ABHCUMOM M HE3aBHCHMEIMA NEPEMCHHBIMH. N3
nokasaTeneil, BEIPAKAIOUIMX 9TH CBA3H, HAUOONEE 3HAUHTETbHbI-
MH ¥ TIO3TOMY Hanbonee 4acTo M3y4aeMbIMH ABJISIOTCS T€, KOTO-
pHIE MO3BOJSIKOT CYAUTH 0O DNACTHHHOCTH NIPOUIEO/CTER OT HOCH-
TeJIbHO MPOU3BCACTBEHHDIX 3aTpaT, anddepeHiEanbHoR 1 cpea-
Hell IPOM3BOAUTENBHOCTY MPOU3BOIACTEA H €10 (raxTopoBs, a TaK-
e 0B HIACTHIHOCTH H B3aUMO3aMEHAEMOCTH HarTOPOE.

DACTHYHOCTLHO MPOM3BOACTBA OTHOCHTENIBHO 3aTPaT i-1i
MepEMEHHON Ha3LIBAETCH M3IMEHEHHE ripousBoncTBa (B %oj, BbI-
3panHoe H3MeHeHueM i-ro (axropa Ha 1%, npu yCnOBHH, HTO
ocTanbHbIe GaKTOPsl OCTAOTCS KONHYECTBEHHO HEM3MCHHBIMH.

JubdepedumnanpHbiv  IPUPALIGHUEM, HIH  BBIXOIOM, i-r0
bakTopa HA3BIBAETCA H3MEPEHHOE B NEPEOHATANILHDIX CAMHULAX
[pUpallieHre NPOH3BO/ICTBA, BLHI3BAHHOE YBEIMICHHEM i-ro dax-
TOpa Ha ONHY €MHHILY, TPH YCIOBHH, HTO 3HAUSHMs BCEX oc-
TanbaBIX HAKTOPOB OCTAIMCH HEM3MEHHBIMH.

O61MUM 10X010M (AKTOPOB MPOH3BO/ACTBA HA3BIBACTCA Bbi-
PAKEHHOE B MPOLCHTAY M3MCHEHHE fIPOM3BOACTRA, BLISBAHHOT
OIHOBPEMEHHLIM H3MEHSHHEM BCex (HakTOPOB HA 1%.

JIACTHUHOCTLIO B3aHMO32MEHIEMOCTH Ha3biBAETCS OTHOCH-
TENbHOE H3MEHEHUE KOTHUECTBEHHbIX COOTHOWIEHHA (aKTOpPOB,
obyciioBnenHoe H3MenenneM Ha 1% andpepeHLiHaIbHON [POK3-
BOJIMTEIBHOCTH (PAKTOPOB MPOHUIBOACTBA.
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M3 1mupokoro Habopa NMPOU3BOACTBEHHBIX (YHKUMH, OT/IM-
HAIOLLHXCS T10 YIIOMMHABIIMMCS BbIIIE TEXHUYECKUM H CCHEpkKa-
TEIbHBIM OCOOCHHOCTSIM, PACCMOTPHM JIMLTb TPU TUTA yHKUHH
M KPaTKO CpaBHMM WX cBocTBa. D10 QyHKums KobOa-Llyrnaca
(KID), dynkuust Turna I1OB (3ppoy-Uenepu, Munxaca 1 Conoy)
u dyukuus THTY (BpyHo), siBAsOIAsics B HEKOTOPOM OTHOMIE-
Hui 0600meHHbIM BapHaHTOM QyHxuuH THNa [19B.

®ynknns Koi6a-Ayraaca. B obmem ciysae gynxumio KJT
MOKHO NPELCTABUTD B BUME

Y= ALK, (2)
rjie ¥ - 06beM NpOM3BOACTBA, L — UYHMCIEHHOCTb 3aHATHIX; K -
obbem kanurana (OCHOBHbIX GOHIOB);, @ U [ - napaMeTpEl, Xa-
PAKTEPHM3YIOILME OTHOCHTENBHOE Y4acTHEe XKMBOIO TPYAL M OC-
HOBHBIX (OHJIOB B yBeJIHUYEHHH OObEMa NPOM3BOACTBA; 4 - KO-
3pHHUMEHT NPONOPLMOHANBHOCTH.

B omHoM u3 Gonee aeTansHO pa3paboTaHHBIX BAPHAHTOB (DYHK-
LA KJI COIEPYKUT NAPAMETP HAYYHO-TEXHHYECKOTO PA3BHTHSL

Y = AL*KPe? (3)
rae A - CPEIHEroaeBoii TEMIT IPUPOCTa 00bEMa NPOM3BOACTBA B pe-
3y/sTaTe BO3AEHCTBIs (aKTOpa HAYHHO-TEXHHIECKOTO MPOIPecca.
®ynkuus tana IIIB. Ilo nepsomy OnpeneneHuto. (QyHK-
juto tana [T9B MOHO NpeacTaBuTh B BUE

I
y=dosq-ok, (4)
rae & - napaMeTp, BbIPAXKAIOLIMA COOTHOLUEHWE YYaCTHs ABYX
daxTOpoB - TpyAa M kanurana (OCHOBHBIX (DOHIOB) - B yBEIHYE-
HUM 00beMa TIPOU3BOMCTBA, L - NapameTp B3aHMO3aMEHAEMO-
CTH, 3aBUCAILHMI OT 3JaCTHYHOCTH 3amelieHus; 4 - koo ulnenT
NPONOPLHOHATBHOCTH.

B Gonee obuiyro no CpaBHEHHIO C MPUBEAEHHOT BbiLIe Gop-
my oynkund TIOB Bxoaur napamerp, BbIPAXKAIOUHH Hay4YHO-
TEXHHYECKOE pa35nme B takoii popme B 06001mEHHON PyHKLHH
Tuna [19B oOmnit 10x0a GakTopos NMPOU3BOACTBA, MM CyMMa
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OTHOCHTEJILHOTO y4acTHs (aKTOPOB B YBEJIHYEHUH PU3UIECKOTO
o0bema NPou3BO,ACTBR, He 00A34TEbHO PaBEH EAHHHIIE!

Y =de*[sLr - -5k ], (5)

rIle HEW3BECTHBIH napamerp 77 - odmuil noxon GakTopos Npous-
BOJCTBA.

®ynkuua Tuna Y. B obwem civyae QyHKUMIO TUNA
1Y MoxHO npeacTaBUTh B BUAC

Y = AL*K? ~mlL, (6)

I CMBICH TTapaMETPOB COOTBETCTBYET CMBICIY TTApaMeTPOB DYBKIMH
KJI. EnuncrBenteii He exomuBLumii B GyHxuo K[ napamerp m Ha-
3bIBAETCA NMAPAMETPOM HecCATaHCHPOBAHHOCTH, TTOCKOJIBKY €r0 3Ha-
YEHHE IOKA3BIBAET, KaKOBbI MACIITaObl HECOANAHCHPOBAHHOCTH Ha
«PbIHKE» TPY/Jd H Karnuraa, T.e. B KaKOi Mepe Cripoc Ha TPy U Kark-
Tan (OCHOBHBIC (POHIBI) HE YPABHOBELUBAET UX 1IEHRI C MPEETHHOM
MPOM3BOAUTELHOCTBEO 3THX (PaKTOpOR.

bpyno paspaboran tpu Bapuanta ¢yakumu MY Kaxabiii
BaPHAHT UCXOAMT ¥3 TOIO NMPEANOJOKEHMS, YTO CPERHSIS TPOH3-
BOJMTENbHOCTL TPYAA CBA3aHA C 3apaboTHOMN Miarol JHHEeRHOH
3apucumocthro. (Ilpu nocrpoennu ynkumn 113B npexnonara-
JIOCh, YTO CPENHsIsA TPOUIBOIUTEIIbHOCTD TPYAA JIHHCHHO 3aBUCHT
oT norapudma 3apaboTHoi Miarel) 3aBHCMMOCTh MeXay 3apa-
OoTHOH ruIaTol H CpenHeli NPOU3BOAMTENHLHOCTE) TPYIA MOXKHO
NPENACTABUThL B BUIE

) 4
— = 't’+d. 7
7 cw ()

Kpome Toro, nepsblii Bapuart dysxuuu ITTY npennonaraer,
4To uddepeHLHATEHAS IPOH3BOIHTENBHOCTE TPYIA H POH3BOIH-
TEJIbHOCTb OCHOBHbIX (DOHIOB PaBHbI LIEHaM 3THX (AKTOPOB MPOH3-
BozCTBa. Ipy 3TOM Npearnonoxetit nonyJaetcs (yHKIms

Y= AL*K" ~ml | (8)
rue



Bo sropom sapuarre TIPEIUIONAraercs, YT0 Ha TaK HA3LIBAEMOM
PBIHKE KanuTana HeT COANnaHCHPOBAHHOCTH, T. €. CTaBKa NPOLEHTA He
pasHa 1H(PHEPEHLHATBHON (TIPOM3BOIHTENLHOCTEY OCHOBHBIX (hOH-
no. (karvrana). B stom ciyuae Gvakrs [TTY nveer sug

Y =A*K? —mL, (9)
1 d
&=— m=——
c -1

B tpeTbem, Bapuante pasnosecue ne AOCTHI2eTCA HU Ha Tak
Ha3biBAEMOM PbIHKE TPYZNA, HH Ha PbiHke Kanurtana. Tem He Me-.
HEe npeanoJiaraercs, uro

oY .
= .
al £ {
B pesyastare dyrxuns npusumaer sug
Y= AL°K " —ml, (10)
e a=2. g
C c—-p

[lepeuncnennsie Bbiue THTL Pynxumnit o6aanator MuOrHMY
OOIHMHU U OTAUYHTENLHBIMH CBONRCTBAMM, Bee ux MoxHo pasne-
JTE Ha JaBe rpynnbl. K nepsoii rpynre oTHocsres e us HHX, KO-
TOPBIE ABNAIOTCSA CNENCTBUAMYE HCIONB3YEMOrD BHa byHxum,
T.€. CBOHCTBA, KOTOPBIE MOXKHO CUUTATS OOBEKTHBHBIMY. Bropyto
rpynmy o0pasyroT csoiicTsa, OTHOCALIHECS K B3aUMOCBSI3AM Me-
HKAY LUEHOH U NMPOH3BOMUTENLHOCTBI) thaxtopos npoussoncraa,
KOTOPBIC HE 3aBUCST OT (GOPMB! BIAHMOCBSIZH MEXIY 3aBHCHMBI-
MU 1 HE3aBHCAMbIMH MEPEMEHHBIMH. ITH CBOHMCTBA, MO3aHMCT-
BOBAHHbIE U3 TEOPUH PABHOBECHS, BEPHLI MU HEBEPHbI BHE 3a-
BHCHMOCTH OT NPOM3BOACTBEHHBIX DYHKUMEL. To, uro atu cBoii-
CTBa OKA3AIHCh CBSI3AHHLIMM C NPOM3BOACTBEHHLIMU byHKUMs-
MH, HEOOXOLHMBIMHI TJaBHBIM 0bpasom 1nis oreHxn HEKOTOPBIX
HApaMeTpoB, - CACTEHE CYOBEKTHBHOIO pewetis.

HNepeuncnum cravana obmue OCOOEHHOCTH CBOJICTE, BXO-
AVILIMX B TIEPBYIO IPYNNY, a 3aTeM nepeiimeM k ux OTIIMYUSIM.
Hist XapakTepueTHKH 3K0HOMUIECKOMO passuTis HauboasLiee
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3HaduecHHe MMEHOT CIeNyomue wecTb OOBEKTHBHBIX CBOMCTB Bbl-
OpaHHEIX HAMH [IPOU3BOJICTBEHHLIX dyukunmii. [4, 7.13, 17,291

1 Kaxnast us dynxumit KJT, T19B [IITY 3aBUCUT OT ABYX
niepeMeHHBIX. TPYAa U OCHOBHBIX dongos. CnenopareibHO, BCE
TPH 1POU3BONCTBEHHbIC QyHKUMH TPENNONAratoT, 1To Ha 00beM
BbINYCEA (DpOM3BOACTBA) MNPAKTHUECKH OKA3bIBANT BJIMAHHE
TOMBKO 3aTPAThi TPYJAa B OCHOBHbBIX dOHIOB. HeoOx0nuMMO TaKxe
3aMETUTh, YTO YTOUHEHHbIE BAPUAHTEI dynxunit K 1 TI9B (cm.
dopmy.ibl (3) U (5)) comepxkar eme OAUH napameTp, BbIpaKaro-
[Hil Hey9HO-TEXHA4ECKHH NpOrpect.

2. CymecTByOT TAKME BAapUAHTDI BCEX TpeX QyHKUMH, A5
KOTOPbLIX CyMMa y4acTHs dbakTOpOB B yBEIHHEHHN NPON3BOACTBA
[IOCTOSHHA ¥ paBHa eAuHMILIC. CrieoBaTENbHO, UCIONB3Ys 3TH
dbopMbl TIPOM3BOASTBCHHbIX dyHKIMHA, HEOOXOAMMO npenno.10-
JKHTD, 4TO H3MEHEHHs TPYyJa M OCHOBHBIX GOHLOB, POUCXOAA-
ue 0;JHOBPEMEHHO M OIMHAKOBBIMHU TeMramW, BBI3bIBAIOT W3-
MeHeHHE TIPOM3BOJCTBA TEMH JKE TeMIaMH, T.€. COBMeCTHas OT-
fada GAKTOPOB HE 3aBUCHT OT maciuTaboB MPOH3BOICTBA.

3. CymecTByOT TaKHe BapHaHThl peex Tpex QyHKuui, Wi
KOTOPbIX CyMMa y4acTHs GaKTOpOB B yBEAHICHUH TIPOM3BOACTRA
He paBHA ENVHULE. Tins dynkuuu KL - o910 B COOTBETCTBUM €
dopmy.ioit (2), ans $ynxuuu 198 - B cooTsercTBHU © HOPMY-
sioft (5), anst (pyHKOMH [TTY npu yclioBUH, 4TO &+ f =1

@ + B <1, COOTBETCTBEHHO XaPaKTEPHA! Bo3pacraroinas 1 yObi-

parornas dHPEKTUBHOCTL HCTIONB3OBAHIA daxropos. Ilpu BO3-
pactaiceit 53QPeKTHBHOCTH axTopoB TEMIlbl POCTA NPOU3BOI-
CTBA OIEPEeKAOT OOIKEe TeMIlbl pocTa daxTopos, a NpH CHH-
scarouteiics 2dPexkTUBHOCTH GaKTOPOB TEMIL! pocta HPOU3BOI-
CTBA OTCTAIOT OT OOLIMX TEMIIOB POCTA daxTopos.

4. Jlnst BoeX TpEX dyHKuun B3AMMO3aMEHAEMOCTD HaKTOPOB
MOJKET MMETh MECTO IO TeX 1Op, TIOKa ORHH 3 hakropos He 00-
patutca B Hynb. 110 MPEANONOKEHHIO, KAKIL] it 3 GaxropoB He-
06XoaUM IS [POBEACHHS NPOM3BOACTBEHHONO MPONECEa, HO
JIOMyCTHMbI THOOBIE kombuHauun GakTopos.
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5. Onacruurocts [IPOMBBOCTBA OTHOCHTEMBHO 3aTpar (axkTopo
st Gyrkuum KJT NOCTCAHNa, a juts Gyriumit [TOB 1 THTY - HE Mo-
crosiHa. Crienoarenso, HCnonE3yst Gymiumun KIT, mpr UCXOIUM U3
TIPCATOJIOKEHH S, 4TO ecy TNPOM3BOMTENBLHOCTD TPy A 1 «TIPOU3BO-
AHTENEHOCT? OCHOBHBIX (hOHIOB MEHOTCS Ha 1%, a BCe ocTanbHbe
YCJIOBIA OCTAHYTCSt IPEXKHHME, TO 0Gben HPOM3EO;1CTBA TaloKe H3Me-
HUTC Ha 1%, i dyrxoun [TOR 9NIACTUYHOCTE IPOM3BOACTBA OT
3aTpaT OTAENbHBIX (BAaKTOPOB Moker H3MCHATECS  MO-pasHOMY, Ho
CyMMa mx yuactas (otmava) ocraercs NOCTOsHHOR. JInst yrripy
Y snacruunocrs TIPOM3BOJICTEA OT OBeux HPOK3BOACTBEHHBIX 3a-
TPaT MOXET MeHsTLCs. B HEKOTOpEIX BapuaHTax =105 byHKUME 06-
Last [IPOH3BOMKITEILHOCTS $akTopos apoussoncrea NOCTOsIHHA, a B
APYTHX BAPHAHTAX - HE [IOCTOSHHA,

6. DnacrvunocTe B3anMoOsamenseMoctu as dyHximu K1 smysi-
CTCs NOCTOSIHHOMH M paBHa CauHune, s Gyakumn [19B - TIOCTOsHHA
n (obszatenshol) ne basha exunnue, a wm Gynxuuy ITTY - HE Mo-
Crostitna. Cnenosaresbho, HCnone3ys Gy KT, mu HCXOIMM U3
NPEATIONCIHKEHUs O Tom, yTo TMOCKONIBKY HAa UBMEHCHME KONMYEeCTBer-
HBIX IPOLIOPLIMIA Mexny (axropamn IpousBOACTBa nuddepenriap-
HbIE TIPOM3BONUTEIILHOCTH daxropos “PEArHpPYIOT? TAKUMM ke M3Me-
HEHHAMH NPOTICPLNE, To nacTHaHOCTY, FAMEIIEHIST €TMHHLIBI YKHBOTO
PY/14 OCHOBHBIMM (hoHAaMM (M Hao0OpOoT) He 3aBucHT OT COOTHO-
HICHHUS TPYNa 1 OCHOBHBIX (honTOB,

Hpu ucneawsosanuu yHrumm TI9B taoke creayer npen-
HOJOKUTE, YTO 51aCTHYHOCTE B3aMMO3aMeHsieMocTy NOCTOsIHHa,
T.€. ¢e macwralb! ocTarores Hep SMEHHBIMH Ha NPOTSKEHUU Bee-
'O paccMatprBaeMoro rnepoga BpeMeHH. Otnuune dyuxuuy
1IOB ot dyukimn KJI ceoanrea x TOMY, 4TO mis byHkuun 1138
-JIACTHIHOCTL B3aHMO3aMeHseMocTy MOXKET OTNHYATBCS OT enu-
i Hockonbky otsuynas or CAMHHLBL 9MACTHYHOCTD B33kHMO-
3AMCHSACMOCTH O3Hauder, yro IPOUEHTHOE M3MeHeHUe apornop-
UMHA Mexy obbemamu HaKTOPOB He OGs3aTeNs HO cooTBeTCTBYET
NPOLEHTHOMY H3MeHeH IO HpONOpLKE Mexny npenenamu same-
WEHU 3THX (axTopoB, ToO byHkuus T1OB MO3BONIET M3yyaTh
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B3aMMCCBA3b MEX/y COOTHOLleHWeM In(pdepeHumanbHeX Ipo-
H3BOIUTEAbHOCTEH (HAKTOPOB U H3MEHCHHEM COOTHOLIEHHH 00D~
emoB (pakropos. C TOUKM 3pEHMs 3JACTHHHOCTH B3aHMO3aMe-
nsemoctn Gynkuusa IIIIY seasercs ewe ponee oOLIEH, HeM
dyuxiys OB, dns Gpyskumu [II1Y 3/aCTHYHOCTD B3aHMO3aAME-
HSEMOCTH HE TOJBKO MOXET OTJIMYaThCA OT eAMHMUbL, HO H HC
JOJDKHA ObITh TIOCTOAHHOM, T.€. BEMUMHA €€ MOXCET M3MEHATLCA
Ha MPOTHKEHUH BCErO aHATM3HPYEMOT0 NIEPHONIA BPEMEHH.

Tlepeuncnus wecTh OOBEKTUBHBIX CBOHCTB NPOU3BOACTBER
HBIX (VHKLLEH, YMECTHO YyIOMAHYTH 00 O/IHOM CyObEeKTHBHOM UX
CBOHCTBE, B OCOOEHHOCTH MOTOMY, 4TO HE BCEM TPEM THMNaM
[IPOU3BOACTBEHHBIX GyHKIKH OHO NPHCYLIE B OIMHAKOBOH MepE.

7. Tpumerienvie Gyuxuait KI{ n [I9B, kax npaBuiio, npeariona-
raeT, U0 HA TAK HA3bIBAEMbIX PhIHKAX TPY/A M Kanurana MMCCTCA
PaBHOBECHE, T.€. OILIATd TPYAA COOTBETCTBYET (paBHa 1O pamepam)
rwihepeHIMANBHOM TIPOM3BOAMTENLHOCTH TPY/IA, & CTabka TIpoOLEHTa
34 WCTICUIB3YEMBbIE OCHOBHbIE (OHIBI - mupdepeHIMATBHON «TIPOH3-
BOAMTEJIBHOCTHY OCHOBHBIX (POHIIOB. B omHOM 13 BapuaHioB QyHK-
wwu TIITY (dopmyna (10)), npasaa, NPEANONAractes, 9o Wi b OTHO-
inenvu (aKTopa TPYAOBBIX PECYPCOB, HM B OTHOLICHUM OCHOBHLIX
* ()OHIOB TAKOrO COOTBETCTBHA (cHanaHCUPOBAHHCCTH) HET, OHAKO U B
JTOM CJIyHae NPeMroNaraeTcs,, YTo MeKIy OIUIATOH Tpy/a ! mdde-
PEeHIMATBHOI TPOM3BOIMTENBHOCTHIO TPYAd CyUIeCTBYCT M3BECTHAs
(puTOM JMHeiHast) 3aBMCHMOCTD.

5.6. Pe3yabTathl pacyeroB, NPOH3BEACHHBIX
npu NOMOMIK MPON3BOACTBEHHBIX
dyHKUH#H

Hanbosiee XapaKTepHbie A MPOMBILIIEHHOCTH B LIEJIOM H ee
OCHOBHI>IX OTpAC/Tell pe3y.IsTaTbl PacueToB, MPOH3BE/ICHHbIX C [IOMO-
LIBIO TPOU3BOICTBEHHBIX yHKUMH, TIPENCTABNEHb! B tabm 1,2,3. B
STHX TAOIMUAX MPUBEAEHBI JIHLib T¢ U3 OTHOCAIIHXCH K pa3IHYHbIM
FIEPHOIIAM M [IONYHYEHHbIX MPH PACHETax Ha OCHOBC pa3IUyYHbIX 1pO-
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M3BOLCTBEHHBIX (QyHKIMH PE3y/ILTaTOR, OTHOCHTEbHAs ourbka ko-
TOpeIX HE nocturaer 100%. Te 13 oueHeHHbIX 3HAYCHHH, OTHOCHTE)TL-
Hast oumbKa KoTopeIx Merbite 100, Ho GoMbie 50%, ormeuens! 3pes-
no4koi. Tapamerpe! co 3Be3n0uKoif 13-33 Hx MEHBILEH HAIEXKHOCTH
PEXKE MCTIONB30BATHCE B aHAJTH3E,

Jlst kaxnoro tuna byukumii BbIOpaHa JMuIb OnHa KOMGH-
HALKA 3aTpat, Ans KOTOpodt kosdduumeHT ToTansHoN Kopperisi-
LK uMeeT Hanbosbliee 3HaUYeHNe. ITO GbLTo obycroBnenc Tem,
TO SHAYCHHS NapaMETPOB, NONyyaeMble Mpy PasnuYHbIX pacue-
Tax, KaK MpaBHIO, MAJO Pa3IHYalOTCsL.

B Tabmuuax nas oGozuauenus BAPUAHTOB 3aTPAT IPHUHSTHI
CJICAYIOUME COKPALWEHHS BCE OCHOBHBIE Goumst - so¢h () uc-
MOJIb30BatHEIe OCHOBHBIE QOHAB - ucn , CHHCOYHB COCTaB
SAHATLIX B IPOMBINIICHHOCTH - cc3n1 L, CIMCOMHbBI cocTap pabo-
4UX - cep L. B pacuertax, oTHOCSIIHXCS K nepuony 1990-2004 rr
pesn I osnauaer sarpauennoe paGouee BPEMS 3aHATBIX B Npo-
MBILINEHHOCTH.

Tabmaua 5.1.

Pesynbrater pacyeros, mpomssenennmix NpH NIOMOULH Tpo-
M3BONCTBEHHBIX HyHKIMH, 119 I OMBIIIEHHOCTH B LIEJIO v

i Pac- | Bu Tun $yux-
I cMaTpu-

nyc
BaeMLIi|  x
HePUHO L

Hapamerprr dyrkpm

3arparter
KOPpesilmH

1.02 1057

1990- .
(0.34) (0,20

2004

sog K

pesn L
ucin k

Kax nokaseisaror pesynsrars pacqeros, nposeneunbix ¢
HCTOIE30BAHUEM  NPOUSBONCTBEHHBIX (ByHKLHH U OXBATHBILHX
fiepuoz ¢ 1990 no 2004 ysennuenue CITMCOYHOIrO cocTana 3ams-
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ThIX Ha 1% CONMpPOBOXIANOCH TAKUM K€ YBEIUYEHUEM (1%) Ha-
IHOHANLHOFO JIOXOHA. NACTAYHOCTL IIPOH3IBOACTBA  HUCTOH
NPOYKLMH MPOMbBILIIEHHOCTH 10 CITUCOYHOMY COCTABY 3aHATHIX
MOMHO CYMTaTh BE€CbMa CTAaOHILHOW, BEJIMYHHA €€ H3MEHSICTCH
CKOJILKO-HHMOY b CYUIECTBEHHO HM 1O Mepe 1epexoja OT OJHOTO
tuna GyHKUMH K APYrOMY, HH IO MEPE MEPEXOKa OT ONHOTO THNA
GYHKUKH K APYTOMY, HE 11O Mepe IIepexo;1a OT OHOro BapHaHTa
3aTpaT K APYroMy BapUaHTY.

DNaCTUYHOCTL NMPOM3BOICTEA YHUCTOW MPONYKUHH TIPOMBIIIL-
NEHHOCTHA MO H3MEHEHHMI) CIHCOYHOIO COCTaBa ECEX 3AHATHIX B
MPOMBILIIEHHOCTH HMJIM CITMCOYHOYO COCTaBa pabounx MOMKHO
cuutTaTh onMHaxoBoi. OaHAKO 3a COBNALECHMEM 3JIACTUYHOCTH
HAUMOHAJBLHOD COCTaBa II0 3THM [ByM THIAM 3aTPaT KPOHTCA
PasfMYHbIE TEMIIbI H3MEHCHHA 00BEMOB UIH cpe/Hell mpoU3Bo-
auTensHoCTH haxTopoB. CrnHUCOYHBIA COCTaB 3aHATBIX B TPO-
MBIIIJIEHHOCTH BO3PAcTaeT B CPEIHEM 34 IrOj HECKOJNBKO MEA-
JeHHee, YeM CITUCOYHBIA cocrTas pabodrx, COOTBETCTBEHHO f1a
5,6 u 5,8%. OaHAKO HACKOJIBKO MEAJICHHEE BO3PACTAET “MCLIO
3aHATBIX B [IPOMSIIIIEHHOCTH 110 CPABHEHHIO ¢ YHCIIOM patounx,
HACTOJIbKO OBICTpEE BO3PACTAET MPOU3BO,IMTENBHOCTE MX TPYIA
CpeaHErofoBble TEMIThI POCTA HALMOHANIBHOIO A0X0/a Ha ONHO-
ro 3aHsITOr0 B MPOMBbILLIEHHOCTH cocTapsoTS. 6%, yto Ha 0.2%
Gonbile HHAEKCa NPOH3BOAUTENLHOCTH TPy Ia padouux (4,8%).

B pacuerax. OTHOCAILHXCH K 1990-2004 rr., OB MCHOAB30O-
BaH 60jee MHTSHCHBHDIH 10Ka3aTelb 3aTpar TpyLa, YeM CIHcoU-
Hblil COCTaB 3aBSTbIX, & MMEHHO “HMCI0 OTpadCTaHHBbIX HacoB.
VeennueHue uncna otpaboTaHubix yacos Ha | % mpHBOMT K
yBeandeHHuio Bbirtycka Ha 0,8%. CnenoBatenbHO, 31aCTHHHOCTD
MPOU3BOJICTBA 11O 3aTpadeHHOMY pabouemy BPpeMeHH Ha 4 % MeHb-
1€ 3JIACTHYHOCTH IPOU3EO/CTEA 110 CIIMCOUHOMY COCTaBY 3aHATHIX.
ITOT pe3y/ibTar NOKA3LIBAET, UTO B PacCMAaTPHBASMbIA NEPioil 8
NPOMBIILICHHOCTH YBEJTHIEHHE 3aTPAT TPYy/Id [0 CBOEMY XapakTepy
HOCHJIO SKCTEHCHBHBIH XAPAKTED M MPOMCXOAMIO OHO TJIABHbIM 00-
Pa30M 3@ CHET POCTA CITHCOUHOIO COCTABE 3aHSITHIX.
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OrtuocuTenpHad  muddepeHuyanbaas — «IPOUIBOIMTENL
HoCTBY (OTHA4a) BCEX NPOMBILIIEHHBIX OCHOBHBIX dhoHIOoE B pac-
CMATPUBACMbIH MEPHOJ COCTaBIANA 0,8%, T. e. yBeinH4eHHe 3a-
TpaT OCHOBHOTO (HOHIA HA 1 % TPUBOLMIO K YBENHUUEHU) obbe-
Ma BbITyCKa MpOAYKLHH Ha 0,8%.

Bo Bcex xoMOMHAUMAX 3aTpaT, OTHOCHBLUMXCA K 1960-2004
rr., anbdepeHLnabHas «IPOH3BOMUTENLHOCTEY HCIOJ>30BaH-
HBIX OCHOBHbIX (OHIOB Oblia BbIIE, YEM obuiero obwveMa 0C-
HOBHBIX (DOHNOB. Pasnuuse MOXHO OTHECTH 33 CHET MeHbLIEH
INACTHUHOCTH MPOU3BONACTBA OT HEUCTOJIb30BAHHONW YacTH OC-
HOBHBIX GOHIOB, YeM B CPEIHEM OT BCEX OCHOBHBIX dbonadB.

[Ipu pacuerax, APOU3BOIUMBIX TPH TOMOLIM CreLiaIbHOM
dyuxumy Kobba-/lyriaca, mnddepeHLaTbHyI0 NPOH3BOIUTENBHOCTD
MOKHO CYHTATh PABHOW HY.TO i BCEX OCHOBHBIX dornoB 1 Hma3KoH
K HYJIO — [U151 HCMOJI30BAHHBIX OCHOBHBIX (hOHMIOB.

B 2004 r. ITpoMBIIIIEHHOCTHIO pecityOMKy MPOHIBEIEHO
IPOAYKLHMH B AEHCTBYIOUIMX LICHAX HA CyMMY 8074,8 mapa. cym,
uro coctansier 109.4 % k 2003 ¢

BhinyIyeHoO NOTPeOUTEIbCKUX TOBAPOB Ha 2405,1 MIpa. cyM
win 113.4 no cpasnenmto ¢ 2003 roaom. N3 sux npoacBCiibCT-
BEHHBIX TOBAPOB BbIMYLIEHO Ha 1030,2 mnpa. cym, win 109,9% «
yposHio 2003 r., HENPOAOBOIECTBEHHBIX TOBapOB COOTBETCTBEH-
Ho Ha 1212.2 mupn. cym uu 118,6% K ypoBHIO 2003 1.

YieabHblii BeC NPOAYKUMH [TPOW3BENEHHBIMH THEATPH-
STUSAMM HEroCyJapcTBEHHOTO CEKTOpa COCTABHI 79.3% ot obule-
ro o0beMa.

VpejuueHre NPOU3BOACTBA HOCHIIO HE cyry60 3KCTEHCHBHbIA
XAPAKTeP, HO MMENO MECTO TAKOKE BOBICHEHHE B TIIPOM3BOACTBO H3-
BECTHbIX Pe3epBOB B 00IACTH POCTA MPOM3BOJMTENPHOCTH TPYAa, 1. B
YACTHOCTH, WCIOIL30BAHUE 3THX PE3EPBOB MO3BOIWIO NOCTHIHYTH
BecbMa GOJIBIIOTO NPHPOCTA YHCTOH MPOTYKLMM TIPOMBILIICHHOCTH H
routH Ha 8% YBEJIWUHTH BAJOBYIO TIPOMYKIHIO OTPACTH.

MAMIHHOCTPOCHHE W MeTAN1000paboTKA. Maiuroctpoe-
Hue 1 merannoobpaboTka ofnanaeT HanOONBUTAM BECOM BHYTPH
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BCeH NPOMBIUIICHHOCTH K B PACCMATPHBAEMBIE MEPHO/Ibl HAK/IA-
AbiBaNia Haubosee riaybokuii oTrieyaTok Ha passurue Bceill npo-
MBILUICHHOCTH 110 CPABHEHHIO ¢ APYMMMH OTPACHsIMH. ITC npo-
ABUIOCH B TOM, 94TO (1APAMETPHI NMPOM3BOACTBEHHBIX (YHKIHT
AJISt TSKENOH NMPOMBALUIEHHOCTH TIO C30MM 3HAYSHUSM OIMAKe K
COOTBETCTBYIOMKUM TapamMeTpam BCeil MPOMBUIIEHHOCTH, dyeM
1apamMeTphl, XapaKTepPH3YIOLIHE OTAELHBIC OTPACIIH.

Pesynbrare! pacueros ans MaLIHHOCTPOEHUA M METaLIo00-
paboTku npencrasiens: B Tabn 5.2, ITomumo CHELHATbHOH (C
CYMMOH OTHOCHTEJIBHOTO YYACTHs tbakTopos B ysenmuenun npo-
U3BOJCTBA, paBHOM 1, U ¢ ydeTom NapaMeTpa Tak Ha3bIBAEMOTO
HEPEATH30BAHHOTO TEXHHYECKOID NPOrpecca) u obiyeit bopmbi
bynxuun Kobba-/yrnaca s neprona 1990-2004 rr. Hbuta Tax-
Xe paccumutana $pyuxuus TV,

Tabnuna 5.2
Pesynprare pacueros, MPOM3BEACHHBIX NP MOMOWM HpPO-
U3BO/JCTBEHHBIX (GYHKIMHA s MALIMHOCTPOCHUSE U METajliioos-

pabotke - e
Pac- | Bu Tt dynx- } TErparerpsl pyHKLH f o 1
cMaT- | myc 1K ;I8
pH- K a ! 5 5 5
BaE- '“f_fx = EE %
MBI s = % é&
. e & e
fiepHon a £ a+f 4 | m|E g =
1990~ | YT Jeesn L 1y — ges 005|092 T187 1 = T2 0%
2004 sop K _|” 7T 051)031)
cesn L T=de"Ix | 088 10121 70 (008 ] | 0.98]
g K| g (0.8) 0o
1990- | BBI1 |pesn Y= A°K7 | 076 | 066 r.aiiv']w-‘“ 0983
2004 ucn K ALK (0.26) 1(0.12) { ’
L - —_ — | b

BHaCTH‘{HOCTb IIPOUZBOACTRA MO CHI/ICO‘{HOMY cocTrary 3a-

HATHIX B MAUIMHOCTPOEHHH U Me
XOTA M HECKOJIbKO MEHbLIE, YeM B
NICHHOCTH. YBenuueHue 3aTpar Tpyna Ha |

Ta11000paboTKe Takxe BeiHka,
CPCOHEM BO BCEH NPOMBILL-

% B cpenHeM 1o Bcem

BAPHAHTAM TIPHBOANT K VBETMYEHHIO BbITyCKa HA 0,8%.
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JinddepernnanbHas pON3BOIHTEILHOCTD CIKICOYHONO COCTaBa
3QHATHIX B MALIHHOCTPOSHKM M META1I000paboTke ropasao MeHee
cralu/ibHA, YeM B CPEI[HEM MO BCEH NMPOMBIIIEHHOCTH. Benuuauna ee
koaebnerca or 0,6 10 1,5 B 3aBHCAMOCTH OT THNA QYHKUWHA WM OT
PANOB JIaHHBIX, MCTIOJb3yeMbIX B pacdyere. Pa30poc pesynbTaTtoB
MOKHO OXapakTepu308aTh crieayroraM obpasom: ubdepenumnans-
Hast MPOU3BO/IMTENBHOCTL CITMCOYHONO COCTaBa pabounx Beie aud-
depeHuManbHOR NMPOU3BOLAHTENILHOCTH BCEX 3aHATHIX B TDKENOH
IPOMBILULIEHHOCTH, AHDQepeHLanbHas NPOH3BOIUTENIBHOCTD CIIM-
COYHOrO COCTaBZ 3aHATHIX Bbiltie NU(BPEepeHUMANEHOH NPOU3BOIU-
TENBHOCTH TPYAd MO 3aTpaieHHOMy patodeMy BPEMEHH, 3J1acTHY-
HOCTH IPOH3BOLCTBA TIO 2ATPATAM TPYHA ITPH HCHONBK30BAHMH CIeUH-
anpHol Gynkuun Kobbe-Jlyrnaca Gonblue, 4em rpu NpUMEHEHHH
dyaxumn Kobba-Jlyrnaca obwero suga. M3-3a 6omeiero koaddu-
LIHEHTA TOTALHON KOppessiuy U 6oee HM3KOTO YPOBHS OIHMOOK B
OlIeHKaX riapamerpos crierpanbHai GyHkuusa Koboa-Ilyrnaca 6onee
npurogHa Al onucaHps 3asuchmocted, dem Qyskuus Ko6ba-
Hyraaca obuwero suaa. Ilocnenusis 3aHwkaer B HTONE 91aCTHYHOCTD
TNIPOM3BOACTBA [0 3ATPATAM TPYZLA B THKENOH MPOMEILIIEHHOCTH.

Jlerkast NPOMBILLIEHHOCTb. Pe3ybTaThl PacieToB, NMPOBEIEH-
HbIX [PH TIOMOLIA TPOM3BOACTBEHHBIX (DYHKUMIA 171 JIETKOH Tpo-
MBIULIEHHOCTH, MEHee OOHO3HAYHbBL 4YeM INPHBEACHHbIE BbILIE pe-
3yJIETATHI [JIsi BCEH NPOMBILUIEHHOCTH B LIENIOM M ISt TSDKENION Mpo-
mbliieHHocTd. QHu npeacTasnelbl B Tabn. 3. Jlucnepeusa napamer-
poB QYHKUMIA B 3aBHCUMOCTH OT BpIOOpa THa QYHKLMM, NEPHOLA 1
KOMOMHALME BHIOB 3aTPaT B JIETKOH JIPOMBILIEHHOCTH [OPasao
CHJIbHEE, YEM B TSDKETOH MM BO BCEH MPOMEILIIEHHOCTH.

IAaCTHYHOCTL NPOH3BOICTBA YHUCTOH MPOLYKUMH 1O CIIH-
COYHOMY cocTtapy 3ansTbix 3a 1990-2004 r. cocrapasna B cpen-
Hem 1o BeeM Bapuantam 1 %, B oTanuue ot 1990-2004 rr., xorna
oHa nocrirana 2-4%. HeoGbluaiino Bricokyio auddepeHunans-
HYIO TIPOH3BO/MTEIbHOCTD CIIHCOYHOIO COCTABA 3aHATHIX BO BTO-
poii NOMOBHHE PACCMATPHBAEMOrO NEPHOIA MOXKHO HHTEPIIPETH-
pOBaTh Kak MOKA3aTeslb 3HAYMTEALHOH HexBaTkH pabouel CHIlbl.
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3HaveHys riapamMeTpa MpeTeprneBany J0CTATOUHO 3aMETHbLIE W3-
MEHEHHS W B 3aBHCHMOCTH OT PasHOBMAHOCTEH KOMOWHALMH 3a-
Tpar. OOmas OCOOEHHOCTD STUX H3MEHEHMI COCTOSLIA B TOM, YTO
AuepeHHanbHas POU3BOAHTENBHOCTb 3aHATBIX B JIErKOH
MPOMEILIICHHOCTY BO BCEX Clyyaax Owuia pbimie nuddepeHim-
AJIbHO 1 IPOU3BOAUTENBHOCTH CITMCOYHOIO COCTaBa PabOvMX.

DNIacTHYHOCTD IPOM3BOACTBA N0 CIIMCOYHOMY COCTaBY, Kak
[pasuio, Obula BhILIE, €CNM 3aTPaThl TPYAa KOMOHHUPOBAIKCE C
3aTpatTaMM BCEX OCHOBHBIX (DOH/IOB, M HUWXKE, €CJIM 3aTPaThl TPyAa
KOMOY HUPOBAHCh C MCIOJb30BAHHBIMU OCHOBHBIMH (OHAAMH.
OTO OOBACHAETCS TEM, YTO B JIETKOH MPOMBILIIEHHOCTH, TaK e
KaK H BO BCEH NPOMBILUIEHHOCTH B LEJIOM U B TSIKEJIOH IMpPO-
MBUUJIEHHOCTH, JU(depeHLHanbHas «KNPOU3BOAUTENBHOCTH) HC-
NIO530BaHHBIX OCHOBHBIX (QOHAOB Bhile HpdepeHunanbHoil
«MPOU3BOAUTENILHOCTHY BCEX OCHOBHBIX (POHIOB.

1990-2004 rr. nuddepeHunanbeas MPOU3BOAMTENLHOCT
HCIIOJIb30BAHHBIX OCHOBHBIX GOHIOB OblIa MOJOKUTENIBHOM, a €¢
BeNMUdHA cocTaBisia B cpeaneM Menee 0,5%. Bo sropoii noJo-
BMHE HTOrO nepuoaa (mexay 1990 u 2004 r) auddepeHumasib-
Hasi MDOU3BOAMTENILHOCTD CTajla OTPHLATENbHOH M yBeIHUeHHC
NPOU3BOACTBA YUCTOU NPOAYKUMH Ha 1% COnpoBOXKAANOCH TOr A
yMEHbIEHHEM OCHOBHBIX GoHaos Ha 0,2-0,4%.

K coBeplueHHO MHBIM pe3yjibraTamM Mbl MPHLLIM, aHATH3H-
pysi CaMbIH MpPOJOKUTENbHLIH rnepron - 1990-2004rr. 3amena
MOKA3aTeNIeH YUCTON MPOSYKIMH FIOKA3aTENEM BaJIOBOH MPOYK-
LMK 4 MOKAa3aTessl CIIMCOYHOrO COCTAaBa 3aHsIThiX B NETKOH 11po-
MbILINEHHOCTH [I0Ka3aTejaeM pabovero BpeMeHH 3aHAThIX B 3TOM
OTPAC.TH TIO3BOJIMJIA YCTAHOBHTh, YTO JACTHHHOCTD POW3BOICT-
Ba O Tpyay cocrasnsaia meHee 0,3%, a 3JJaCTHYHOCTb NPOH3BO/I-
CTB4 DO OCHOBHBIM QOHAaM npesbickia 1 %.

OddekTuBHOCTL HAKTOPOB M B JIErKON NPOMBLLICHHOCTH
Oomslue equHHUpL B uMTerb b 1epHOn YBEIMYEHHE CyMMAapHOH
and@epeHHaIbHON TIPOM3BOAMTENBHOCTH ABYX BHIOOB 3aTpal B
cpenteM Ha 1% npuBOAMIO K YBEMMUEHNKO Bbimycka Hi 1,6%, a B
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KOPOTKHIi TIepHon cyMMapHas avudiepeHimanbHas MpoU3BOIUHTENL-
HOCTBb B OOJIbLIMHCTBE CiTyyaes Obuia ropasio BbIlie,
. Tabmuua 5.3.

PesynbTrarsl pacueros, IPOH3BEACHHBIX [PH MOMOLLH MPO-

M3BOACTBEHHBIX (PYHKIMH, AT JIETKOM MPOMBILIIEHHOCTH
Pac- | Bu THn QyHK- apameTpel HyHKIBM i
cMaTpu-1 1ye LHK = é E

BaeMLit| K = 55
. 3 EER
TIEPHOT £ £38
< TE e
N
a | g lacp] 4 [ ml* g
199¢- YIT | coan L Y = Ua[/-[i t,16 | 0,58 | 1,74 - - | 0,988
=Al’K - o
2004 soh K (0.26) 1(C,38)
coan L | Y =de®ex | 0,91 0.2 1,0 10,03 - | 0,882
coh K | e (0,38) (0,02)
1990~ | BBIT| pesn L —_ qpepp| 021 152 1 1,43 - - | 9,981
2004 uen K V=ALK (0.18) ((113)

Jns dynkugu HTTY ¢ napaverpom m=90 ObLM NOJIyHeHb! 3Ha-
genus ¢=0,6 1 p= 3,8, CnenosarenbHO, B JIETKOI MPOMBILIIEHHOCTH
paspbiB MexIy cpeaneil u quddepeHIanbHOH HPOU3BOAHTEIIbHO-
CTBhEO, @ TaKXe pas3pbiB Mexay 3apadoTHOH Mjatoil U MPOHU3BOIU-
TEJABHOCTBLIO OOJIbLUE, YEM B TSDKEJION MPOMBILLICHHOCTH. Takum 00-
Pa3oM, YK€ YNIOMHHABUIAACH OTHOCHTENbHAS HEXEAaTKa paboueii cu-
Jibl NPOSIBJIAETCA HE TOJBKO B BBICOKOH 3J1aCTHYHCCTH TPOM3BOJICTB,
HO M B TOM, 4TO 3apaboTHas riiata BO3PACTAET BAEOE ObICTpEe Cpen-
Hel NMPOW3BOJIMTENBHOCTH TPY/A, W, KpOME TOro, E TOM, 4T0 andde-
peHuHManbHas NPOM3BOIMTENLHOCTh BO3PACTAET BABOE ObICTpee
CpeHeH NMPOU3BOAUTENBLHOCTH TPYa.

Ilo HaiieMy MHEHHIO, pa3jH4ust B €XHHHLAX H3MEepEHUs
(ak1opos B pacuerax ¢ TOMOLBK) MPOU3BOJCTBEHHBIX (PYHKLIHH
HEOOXOAMMO pacCMarTpHBaTh B KauyecTBE TaKKX TMPEATIOCHUIOK,
KOTOpbIE B OOLIMX YEPTax ONPenelisitoT COOTHOLIEHHE 3JaCTHY-
HOCTEH TPOM3ECACTEA MO OTHEIbHBIM (JakTopaM, Ha3blBaeMOE B
AanbHeHIueM CTaHAapTHbIM cooTHoweHeM. CTaHaapTHOE COOT-
HOLIEHHE 3aBUCHT OT TOTO, YeM H3MepsioTCs 3aTtparhl. Eciu 3a-
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TpaThl TpyAa UCUUCIAIOTCH YUCTIEHHOCTBIO 3AHATHIX, & OCHOBHbIE
(GOHNBI OLIEHMBAIOTCS! 10 CTOUMOCTH, TO B OOJIbLIMHCTBE CIy4acs
NPH BHIYUCJEHHSIX [0 METOAY MPOM3BOACTBEHHBIX (DYHKLMH
CTaHJlapPTHOE COOTHOLUEHHE coctamiseT 3:1. D10 O3HA4aer, 4o
YBEJIMMSHUE CTNHMCOYHOIO COCTaBa 3aHATHIX B IIPOU3BOACTBE Ha
1% npiBoauT Kk BTpoe GonblieMmy (B %) pOCTY BBITyCKa, YeM
yBenu4uzHue Ha 1% obbema ocHOBHBIX OHAOE.

Ilgyn ananu3e 3KOHOMHUYECKOTO Pa3BUTLs HAa OCHOBE 3Jd-
CTUYHOCTEH 3aTpat (aKTOPOB TOMHMO CKA33HHOTO CllenyeT
UMETH 13 BUAY, YTO 3TH MapaMeTphl BbIPAXKAIOT CPEIHUE TEHIEH-
UMM «NOBENSHHA» (DAKTOPOB HAa KAKOW-TO TIPEACTBbHONH TOYKe.
IosichyM ¢BOK Mbicib. Ecii xakoi-10 U3 HaxTopoB OKa3bIBAET-
CA OrPaHUYEHHBIM, TO 3Ta OrPaHUMHYEHHOCTh XapaKTEePU3YET BEChH
paccMaTpUBaeMbIi NEPHOJ M, CJEIOBATEIbHO, IO CYUIECTBY Bbi-
PaXkaeT TEHAEHUUIO SKOHOMMYECKOIro PasBUTHS 3a IPOLIEIUIHA
niepuoa. C apyroi CTOpoOHbI, OFPaHUYEHHOCTh CTAHOBUTCS OLLY-
TAMOH Ha MNpPENeNTbHOH TOUKE MM PeaM3yercs JULb IPH Aafib-
Heiflnen pocte 3arpar gaHHoro dakropa O1HAKO BO3MOMKHOCTb
pacnmpoCTpPaHEHHS Ha HAcToslee HaW Oy/viiee 3aMEYEHHbIX
0CODEHHOCTEN PasBHUTHSI 3aBUCHT OT MHOT'MX [PYTUX $aKTOPOE U
obcrosrenscTs. [loaToMy nonyueHHbie pe3yi:TaTel Ooyee uese-
COOOpasHO OTHOCUTH TAKKE K MPOLLJIOMY MEPHOY.

5.7. lipumeHeHe IKOHOMETPHYECKHX MOJeJIeH
 JIS HMUTALHH M IPOrHe3a

Kaix BBITEKAET U3 BCErO NPEAbIAYLIEro aHannu3a, KOMILIEKC-
HbIE YKOHOMETPHUYECKHE MOJENH NPEACTABRIAT COOOH LEeHHBIN
HMHCTPYMEHT IPH HCCJICAOBAHMH HALMOHANLHOH JKOHOMMKH.
CcobeHo XOPOLIHX Pe3yNIBTATOB MOXKHO NOOMTBCS, COBMELLA METO-
Tl MOJICTIMPOBAHHS C JKCMIEPTHBIMH OLieHKaMu BaxHyto HHpopMa-
IO 00 3KOHOMHYECKOM Pa3BMTHH MOKHO TOJY4YHTH TAKOKE C NOMO-
1UBFO METOIOB CTOXACTHYECKHX H BAPUAHTHBIX UMUTALIMH.
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B 0CHOBE CTOXaCTHYECKMX HMMMTALUN JIEKAT YUCIEHHBIE
OLIEHKH 1ApaMETPOB, WX CTaHAAPTHbIE OWMOKY U OMOKH ypas-
HEHUH. DTOT BHI MMHUTALUN NPUMEHSETCs PH BLIYUCIEHUH MU-
HUMAJIbHBIX H MaKCHMAaJbHbIX BAPHUAHTOB, OH NMOKA43bIBEET BO3-
MOKHbBIA pasOpOC FPOrHO3HBIX 3HAYEHHH.

HmuTanus BapHAHTOB JKOHOMMYECKMX DELIEHUU HMCXOONT
U3 TAKMX UMHUTALMOHHBIX ONEPATOPOB, KOTOPBIE BIPAXKArIT LieJU
3KOHOMHYECKOH MOJMTHKYA. JTOT BHJ MMHTALUN MOXKHC pasfe-
JUTH Ha JIBE [PYIIIbL:

a) haxTopHas MMMTALKSA, B OCHOBE KOTOPOH JEXAT pa3jiny-
Hbl€ BAPUAHTBI 3K3OTCHHBIX MEPEMEHHBIX M MCCACAYETCS X
BJIUSIHUE 118 ABMXEHUE IHOOINEHHBIX NMEPEMEHHBIX,

0) nenesas UMMTALIHS, TIPU KOTOPOH HAKJIAABIBAIOTCA HEKOTOPbIE
OrpaHHYEHUs HA BIIKEHUE SHIOTEHHBIX MEPEMEHHBIX ¥ HILYTCS He-
00XOMMBIE U1 3TOI0 KOMOMHALIMH IK30T€HHBIX NEPEMEHHDIX.

HmurauMoHHBIE TPOLEAYPbl B OTHOWIEHHH NPUMEHSIEMON
TEXHHKU MOXKHO Pa3AeNuTh Ha [ABa Kiacca:

a) IPOUENYPBl. MPH KOTOPbIX U3MEHSAIOTCA 3HAUEHUs mepe-
MEHHBIX MPH HEKOTOPBIX NapameTpax;

0) npouenypsl, NP1 KOTOPbIX U3MEHSAIOTCSA CaMH 11apaMETPBI.

CroxacTrueckas umuaTauus Tpedyer 00abIMOro KOJHYeCTBa
pacyeroB H MPH »TOM [AaeT JIMUIbL OPHEHTUPOBOYHBIE OLEHKH
rpaHuil MakCHMajhbHOTO paccesHust BOKpyr Tpenpma. C apyroi
CTOPOHbI, MMHTALIHSI DKOHOMHHYECKMX BAPHAHTOB NPOCTA B HH-
Teprperaly U TMOITOMY OHA MMEET NPAKTHYECKOE 3HAaYeHUe.
Korna pednb uper 00 aHause MpouiIoro, TO UMEKT B BURY dak-
TOPHYIO MMUTALIMKY, NPH [UIAHHPOBAHUM XK€ Halle BCEro 4CMnoJib-
3VIOT LIEJEBYIO0 MMHTALMIO.

O6BbEeKTHBHBIH CTATHCTHUECKUH MPOrHO3 AOJKEH YUUTLIBATD
apexae BCero BO3MOXKHBIH OTX0A OT NPOUNILIX TEHACHUHH pas-
BuTHs. C NMOMOUIBK) UMHTALUMOHHOHN TEXHUKH (M3MEHAS 3HAUCHMS
HEKOTOPBLIX [apaMeTpoOB W TPEHIbl 3K30TE€HHBIX I[EPEMEHHBIX)
MOIKHO MCCIIEZOBaTh BIMSIHME COOTBETCTBYHOLIHX CIBHMIOB Tid
HKOHOMUKY H CPABHHTH COOTBETCTBYIOLIME HM TIPOTHO3HBIC 3HA-

¥}
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YeHHsl DHIOTEHHBIX (PaKTOPOB € OCHOBHBIMM B&PHMAHTAMK IIPO-
rHoza. BoapuM JOCTOMHCTBOM KOMIUIEKCHBIX IKOHCMETpPHYE-
CKHX Mojejiell ABIAerca WX CNocOOHOCTs pearupoBaTh Ha Kax-
JI0€ U3MEHEHUE KOMILIEKCHO. DTO AdeT BOZMOKHOCTD I100asibHO
MCCNENOBaTh PE3YJIBFATHI PA3JIHUHBIX aJbTEPHATHB JKOHOMMYE-
CKOH MOJIMTHKH, YCTRHOBUTh OCHOBHBIE IIPONOPLIMHM MEKIY BaXk-
HEHLIMMHU TOKa3aTenssMu ¥ 00eCneunTh B3AaHUMHYIO UX COIJaco-
BAHHOCTb B Pa3HbIX BAPHAHTAX IUIAHA.
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I'VIABA 6. TMCITEPCUOHHBITI
AHAJIN3

6.1. Teopust qucniepcun u omuGKH

Kommuecrsennoe uccrenosanue s TEPMUHAX TEOPHUH BEPO-
ATHOCTEH  [pencTaBisieT  uHTepec s CTeHHAIHCTa-
2KOHOMETDHKA KaK CPEeACTBO OLEHKH MPENCKA3aTeNbHON [0es-
HOCTH NOJYYEHHBIX JIAHHBIX. YTO MOXKHO OxunaTs B OCIenoBa-
TEJLHOM PAa3sBUTHH HEKOTOPOIO Npollecca H, CIENOBATENb 40, YTO
MOKHO NPEABHIAETEL B 3TOM OTHOLIEHUM - BOT BOIPOCHI, HA KOTO-
PIC CTATHCTHKO-BEPOSITHOCTHBIA aHATH3 LOJKEH naTh OTBeT.
[Ipo6abunucrixa, [(IOTOMY YTO OHa HUYEr0 TOYHO HE 31aeT 06
HCC/IENyeMOM OOBEKTE, a 3HAET AMIID CTaTHCTHKY €ro rosene-
HHA, COREPHUT sntevent omubku. Iostomy npu SIMITUPHYECKUX
HCCICNIOBAHUAX TEOPHA BEPOSTHOCTEH UHTEpecHa IpeXIe Beero
TEM, 4TO OHa PENOCTABIACT UACH M METOABI TEOPUH ¢ IUBOK
H3Mepenus u npensanenns. [9, 10, 11, 12, 16, 37].

Cpeanune u omubrn. NPUMHTHBHOE NPEACKA3aHHEe 3Haye-
HHH, KOTOPbIE MOXKET MPHHSTD NEpEMEHHAs B KaKOM-TO Oy y1em
MOMEHTE MM SKCNEPUMEHTE, MCXOIMT M3 CPeHHX 3HaYEHMH,
KOTOpBIE OHA MPHUHUMANA B NPOLLIOM. B cityyae AUCKPETHOH nie-

Dx

PEMEHHOH X =~ rpe X npencrasnser coBoi 3HAYECHUS,
I

NMPUHHMAEMBIE NMEPEMEHHOI, a #7 - YuCio paccmMoTpenHsIx ciyya-
€B.

B nmoscenneBHON xu3HM, MbI MOCTOSIHHO NOJIb3YEMCS 3THM
MOHATHEM, H 4aCTO, BO3MOXHO, owmubo4HO. Her COMH2HUA B
TOM, YTO IB& NEPEMEHHBIE, UMEOLHe OHY U Ty XK€ CPEAHION,
MOTYT HMETb COBEPUICHHO Pa3siHUYHble psiibl 3HAYEHMI, M, criemo-
BaTEJIbHO. 3TOT MNOKa3aTeib B COCTOSHHU OXapakTepH30BaTh
TOJIBKO ozgm H HE BCerza HaudoJiee BAXKHBIN acHekT ABJICF UL,

Het Comnenus taxxke B TOM, 1TO CJIeyroLIHe aBa psina;
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1=(8; 8,5; 7,25, 7,75; 8; 9,25, 8, 7,25);

z=(3,5; 6,825,975, 11;9: 11,5, 5),

NpeNCTABNIAIOMNE H3MEPEHHE NTPOLIECCOB y 1 T HMEIOLIHE OAHY
M Ty XKe CPEIHIN V=Z= 8 . He ONpaBIbIBAIOT OXKHUIAHHS
AEHTUIHOCTH MX 6§nyumx BENMYMH. JTO BHAHO C TEPBOro
parnsza. Tak, BEPOSTHOCTH TOIO, WTO B OyAyliem 3HAUCHUA Y Oy-
AyT GIM3KH K CPEnHeMy, OHeHb BEIUKL. P=1 ausi WHTEpBANA
y=7,25-y=925 (nm 9.75). Jlas TOrO e MHTepBana 3Ha-
yeHuii BEPOATHOCTH T paBHa BCETO JHILD 0,375.

CriefyeT OTMETHTB, YTO HENOCPEICTBEHHOE pasnuine Mex-
iy STAMH ABYMs PsiAaMu COCTaBJIAET CyIIECTBEHHAs AUCTICPCHA
JX KOMIOHEHTOB. DTOT IOKa3aTenb €CTECTBCHHBIM criocobom
JIOTOSIHSAET Hatue TPENCTaBICHNE 06 »Thx aByx sBieHHAX. Mbl
YBUIEM Janee, HTO HeM Gomplie MUCIEePCHA 3HAUEHHH MepemMeH-
HOil, MMEIoWei OTPEAEeH Yo CPEIHIOK, TEM VeHee BEpOSTHO,
4TO OHA NMPHUMET B Oynyliem 3HAYCHHS, OJIM3KOE K CpelHeMy, U
rem cabee Halll HaIex bl Ha NOABIeHAE B Oy1yeM HeKOTOPO-
ro sHaveHus, bruskoro K cpenred. Jlo cux nop ycjiosnd Ol
OYeHb MPOCTHIMK, OTHOCHTENIBHO TPOCTBI M MCTOARL KOTOPHIE
[PUMEHSFOT B CTATMCTHKE JUIsl M3MEPEHHA OTKACHEHHIT OT cpel-
Heil B pasHbIX acrnekTax. OAHaKO CMBICH ITHX METOJOB NPH 10-
CTPOEHUH IKOHOMETPHUYECKHX MOJeNel HECKOILKO OTIN4aeTCs
OT TOTO, KOTOPbIit UM MPHIAETCA B OOBMHBIX 0OCTOATENBCTBAX.

Ho BHAUANE €Lle 3aACPRUMCS Ha HEKOTOPBIX OTPEC/IeHUAX
u dopmynax.

PaccMOTpMM TEPEMEHHYIO X, 3HAUCHUA KOTOPOH HMEIT
caeayoliee pacipeaeneHue:

X X....x )
X eer o ) ()
Do Pasees D

MOHO [0Ka3aTh, UTO OTKIOHEHUA OT cpenteii apupmeru-

_ N 1 n
yecKkoi X X = '—"Z.X,. HMEIOT TaKOoE XKE pacnpeﬂenemiet
H o J

246



'x_f:(xl =X, X, =X, ~ X @
VR S

YCOBHS TAKOBbL YTO CPEjHEe OTKIOHEHHE OT cperHeit
apUBMETHIECKOH PABHO HYTIO M, TAKHM o0pasom, 3ta cpenHsia
M3 OTKJIOHEHHH HE XapaKTEPH3YeT Pasiinyms ABYX IEPEMEHHLIX C
ORHHAKOBBIMH aPUDMETHEECKUMH CPETHUMY, HeticrBrTennyo,

1 - = oyt ' —
;;(‘Xi “x,’:(xl - 'x}pl + (x'z —'x,)pz +~--+(-r,, *X),U,, =

il i=l

Jlokasarenscreo (3) paer JIOTAYECKOE OCHOBAHUE NI CO-
MHEHUA OTHOCHTENBHO CPENHUX BEJMYMH B 3KOHOMHYECKOL CTa-
THCTHKE, O KOTOPBIX. COsHaHbI MHOT'OYHCJIEHHBIE COBEPILICHHO
HeHayunbie mugbl. Hanbonee mssecrhpr, KOHEYHO, T€, KOTOpbIe
OTHOCATCS K «CPEIHMM OX0AaM» M KOTOpbIE MaCKMPYIOT SIBHOE
HepaseHcTBo. Teopus craTHCTHYECKHX CPYNIUPOBOK HaIpaBJe-
Ha H& NIpCONOeHHE TAKMX 3abNyRNEHHIT, HO caMa OHa He SIBJIs-
CTCA HAUAJIbHLIM 3TalOM JKOHOMETPHYECKOTO AHaNM3a, u ee
MOXHO CHUTATDb MPEAIKOHOMHYECKOIL.

Hpyrue npobnembt BosHukaloT B CBAZH C Pa3HYHBIMH HC-
KYCCTBEHHBIMH CPEAHHMM (reOMeTpHyecKas, FapMOHHYECKas),
TNIPUMCHACMBIMH NPH HCYKCIEHHH CPEIHUX PUTMOB B AMHaMHYe-
CkUX Tipoueccax. O npenckazarenbHoil HEHHOCTH ITHX CpenHHUX
MOXHO CKa3arp He Dosice ueM o kaxnoii apyroii cpenmeit;

1) BeposiTHOoCTL  MX  OCTaeTCH ACHCTBHTENLHOH  TOABKO
caeteris paribus:

2) €CH 3HAYEHUS, TPUHUMAEMblE paccmaTpuBaeMoi nepe-
MEHHOH, 1Mer0T Gonbluoe paccesnue, Bes «HUTPay» B BBIYUCICHUS
CPEAHUX BEMHHH ABJISISTCS JIMLLL UFPOH H 6OJTbITe Hiudem. Y 3TO
B DABHOH Mepe CHpaBeuTHBO Kak s NPEACKA3aHHE, TaK U nisi
CpaBHEHHH.

Tak rax cpepree oTknONEHME OT CpenHedi apudmeTnyeckoii
HE MOXET OBITh HEMOCPEACTBEHHO DpHEMIIEMBIM TIOKa3arenem
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pasiMiniA, OOLIENPUHSTO BbIpaXaTh xonebaeMocTs Jucnepeueti,
rpe,ICraBIsIoIel CPEIHIO U3 KBa/IpaToB OTKJIOHEHUH OT Cpel-
Heit apudmMeTndeckon

2 1 = —\2 .
o :_Z(xl —x) > (4)
l’l i=1
78145

o’ =(x, - %)’ p, +(x, —X)Vp, +.t(x, - X' p, =

= (X7 = 2%x, + X°)p, +(x] —2%x, + Yp, +.+
4 (x2 = 2%x, +X)p, = 20X P, —ZXZx,pi +XY.p =
i=1 =1 i=1
=X 2R AX =X X (5)
CnepnoBaresibHO!

2 2 —2 i
o, =X —X = (cpenusis w3 KBaaparToB) - (KBagpar cpenHei).
Jlucriepcus SBIAETCS OCHOBHbLIM [IOKa3aTeneM BO BCIAKOM
CTATUCTUUECKOM aHajiuze, U psl OTHOLIEHU, KOTOpbi€ HAcC OCOo-
DEeHHO UHTEPECYHOT, MOXKET 6uITh M3 Hee BhizeneH. [lepsas Beau-
yuHa, KOTOpas Hac WHTEpecyer, - 3TO KOpeHb KBaJPaTHbIH U3

aucrepcuu. T. €. cpenHeKBanpaﬂmeCKoe OTKJOHEHUE, Ha3bIBae-
MOE TAKXE CTaHIapTHbhIM OTKJIOHEHHEM.

1, .
g = ~Y(x-%)=Dx). (©®
1N =

CTaHZapTHOE OTKJIOHEHME UTPaeT Pellaroulyio ponb B 3HA-
‘{HT@J'leOI‘;I HJaCTH SKOHOMeTpliquKOFO aHajau3a, 3TO CTAHCT Q4e-
BHAHBIM, Kak TOJNLKO Mbl zalimeMcs HCI’]OC[)GI{CTBGHHHMH npo-
BiieMamu BI(OHOMETplilieCKOFO UCCHEA0BAHMNA.

[lo CylIecTBY, B ONpENENCHHOM CMBICIE BCC aHanu3Hpye-
Mbi¢ paHee TOKA3aATCIIH - HpOCTaﬂ cpem{ﬂ;{ aucnepeus WK CTaH-
nap’rHDe OTKJIOHEHHE (cpeaHeKBanpaTquCKtoe OTKJ’IOHCHHC) - B
TOM WIM HHOM BHIC l'lpelICT'dBﬂﬂ}OT TOT UJIHA IlpyFOi:I BUI CpEi-
Heil. OnHAKO OHM MOKa3blBAKOT HE CPEIHHE 3HaueHMs, NpHHH-
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MaeMble MEPEMEHHOM, a CPETHIOK KONEOAEMOCTh MM pacCesiHue
3THUX 3HA4EHMil, yKa3bIBas, TakiuM oOpa3om, BepoaTHyto Oumubky
npennosaraeMoii cpeaneii. Kpome Toro, B cnyuae m3mepeHuit
HECKOJIbKHX IPYyNIl CPeJHEKBaApaTUYECKOE OTKNOHEHHE CTaHO-
BUTCS CTAHAAPTHOM OIHUOKOH COOTBETCTBYIOMIMX BLIOOPOK:

| R S
O-Xi :\/;Z('xi - ﬂ) : (7)

e Al - CPEeIHsisl BCeH MOMysliy, a X, - cpennsist i-# BHIOOPOUHOH
rpynnsl. Mbl BEpHEMCSI K 3TUM MPOOJieMaM MO3/Hee, 31eCh HYXHO
S CKA3aTh, YTO «Manas) BENHIMHA CTAHAAPTHOIO OTKJIOHSHUSA O3-
HAUAeT, YTO MOXHO «HOBEPSITHY CPEIHEH, KOTOpas BbIUMCIIEHA.
BCNOMHUB PUMEP W3 MPEABIAYIUEH ITIaBbl, MOXHO YTBEPXKI Th, YTO
ECJIM BEJIMYMHA O, - Maia, TO B YPaBHEHHH MOTpebieHns ynst 1o-

MyCTHMO UCTIONB30BAHHE 0e3 OTMCaHHUs BETMYKHbI (‘f‘ ;-

Pasziinuue Mexay CTaHAApTHbIM OTKJIOHEHHEM K CTaHjapT-
HOI OIMOKOH fABJISIETCA BOTNPOCOM MHTEPIPETALUU: TELBOE OT-
HOCHTCSL KO BCEH COBOKYIMHOCTH AAHHBIX, B TO BpEMs Kak BTOpas
- TONIBKO K OTPENEe.IeHHOH BbIOOPKE, «obpasiy» wnn npobe (unu
K pany BbIOOpOK). Tocaeanss OTHOCKTCS, CIEAOBATENBHO, K Clly--
4asM, KOTJla NeaeTcs HEeCKOJBbKO BHIOOPOK M3 OueHb OOnblIOH
nonynsiuyy. TakoBO TMONOXEHHE B OKCIIEPUMEHTANLHBIX HAYKaX,
r7¢ CPaBHHBAKOTCS IPYIIbI MOBTOPHBIX W3MEpPEeHuH. JKCrepu-
MEHTaJIbHbIE CUTYalMM BO3ZHHMKAIOT TAaKXKE B HEKOTOpPbIX objac-
TAX SKOHOMMYECKCH nedTenbHOCTH. Ho skoHOMMYecKHe HaykH
BOOOILIE W JOMONHAIOWAA UX IKOHOMETPHUS B YAaCTHOCTH HUMEKOT
7IeJ10 TJIaBHBIM 00Pa30M C HEIKCIIEPHMEHTAIbHBIMH CHTYALTHSMH,
O KOTOpbIX HHPOPMHPYET CTATHCTHKA.

Jlaxe ecnu CraTHCTHYECKHE AAHHBIE OTHOCSATCH TOJBKO K -
«oOpasity» (HarpuMep, HECKONBbKO THICHY CEMEHHBLIX OHOIXKETOB 11t
M3YUEHHsl CTPYKTYPLI NOTPEONEHHS BCETO HACENEHHs), OHM BCE-TaKH
COCTABNSAOT «LEJOE», KIOJHYHO MNOHyJNsLHIO». B nogobHex cnyyasrx
IKOHOMHCT HE aejaeT pasnmuus mexay (6) u (7).
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Momenrer. TlosThe CTaHaapTHo# owubku (dhopmyna 7)
MMEET 3HaUCHHE ITTaBHBIM 00PA3OM B BBIGOPOYHOM aHAIH3E, KO-
Ila CJeAyeT CPABHHUTb MHOIO IOCHEHOBATENbHbIX CTaHAAPTHBIX
OLIHOOK, OTHOCALIMXCA K rpyIIam NOCNENOBATENbHEIX H3Mepe-
HHH TI0 BBIGOPKaM, BIATEIM M3 TOil ke nonyasuvu. TexHuka u
aoruka mofgoOHBIX M3MEPEeHMii BEIXOTHT, OJIHAKO, 3a mpenesl
HAUIMX UHTEPECOB B TaHHOMH paborTe.

Mui BuzEnH, YTO pasiuuue MEXY CTaHIAPTHHIM OTIJIOHEHHEM
U CTaHNPTHOH OWHMOKOH COCTOMT B 'TOM, 4T0 MOC/ICTHSS HCXOJIMT HE
M3 CPENHEH, BLIEEIEHHOI M3 BCero paccMaTpruBaeMOro MHO>KECTBRA
WK BCE# TIONY/IA LMK, @ U3 CPERHEH OaHON BLIOOPKH, PaCcrpocTpatsis
BBIBOZ Ha BCIO NOMYJALMEO. DO BONPOC HCTONKOBAHMS - U MbI MO-
KM NPHHATH NONOOHYI0 HHTEPNPETALMIO - CHITATS KaXKJyI0 CTaTh-
CTHKY HEKOTOPOI1 MEPEMEHHON X, jaxe «CIUIOLIHYIO», TOJLKO Bbl-
Gopkoli 13 monysLMy, 00pasOBAHHON BCEMH BO3MOKHBIMM 3Haye-
HIMH, KOTOpBIC NEpeMeHHast MOria 06l iMeTb. CKa3aHHOe OTHOCHT-
CH ¥ K H3YYEHWIC 3BOJIOLMH BO BpeMeHu nepeMeHnbIx x(2) (1= 1, 2,
., T}, korzia MbI pacnonaraem naHHbMy1 anst T nepuona. Ycranosus
CPEAHION, AHCIIEPCHIO W TPHIABAs COOTBETCTBYIOLIICE 3HAYCHHE Ka-
KoMy pagy x(f) (= T+1, .., 2D, AOMYCTHM, YTO ITPOBEIEHO M3Me-
PeHME B BLIOODKE M3 MOMyisiuy =T + 1, 27, cocrosueit us
2T snemeHToB (1 = ], 2., 1 T+, T2, -.21). B atux cnyuasx
CpeoHsisi M3 PA3NMYHBIX OTKJIOHEHUH OT HOJIyY4AEMBIX CPEHHUX
Ha3bIBACTCA MOMEHTOM, MIIM, TOUHe, UEHTPaJIbHBIM MOMEHTOM
CIy4YaHHOH NEePEMEHHO .

HavaneHbiM momenToM nepemenoii Oyner cama cpennsis X .

HentpaneHsiM MomenTom MEPBOIO Mopsinka ABISETCS Ccpen-
HEE OTKJIOHEHHE

l —
= (X, = ¥)=0, (8)
no;
Uentpanbariv MomerTom BTOpOro nopsigka Gynet aucnepciis

1 2 2 \ )
Mo == (5 =3 =D'M=0’ (9
a ”
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Mgt B3s7H 3nech crieunanbHoe 0603HAYEHHE IS MOMEHTA
BTOPOro MOpsaka - /M ., YCIOBHO [PHHSITOE B DKOHOMETpUUE-
CKOIf JIuTepaType /Uisi TOro HauBosee PacHIPOCTPAHEHHOrO THIA
LeHTpanbroro Momenta. Obosnauenue D’(x) vaime BCTpe4aercs
B CTATUCTHIECKOH JIMTEpaType (aHasorHyno D'(x) - ans MoMewTa
r-ro TIOps/Ka).

Taxum 06pe3oM, UEHTPANBHBIA MOMEHT 7-10 riopsinka Oyuer
0003HaYaTHCs

ry 1 el 14
D7 (x)==>{x, —x) , (10)
n o
6onee oduee 0bo3HaUCHMe

D'(x)=3(x ~x) p(x).

rae p(x) - BEPOATHOCTL [TOSIBJIEHHsI IEPEMEHHOIT ;. B cllyyae He-
NPepbIBHON PYHKIMU UMEEM

U

D' (x)= [(x, = X)p(x,)dx. (12)

6.2. /lucnepcust Kak ownGKa M3MepeHHsi 4 Bapua-

HUs nepeMeHHou
PaccMoTpuM 1Ba psiia naHHBIX
x=(8,; 8,5; 7,25, 8; 8; 8,25, 8,25. 7,75: 7,75; 8,25):
»=(5,0,5,6;58,7,7, 7,1, 7°4:8 4, 6.9, 11,2; 11,9).
Cpensisas B oboux panax ta xe: X = y =8, Dty naHHble ro-

JIydEeHbl U3 U3MEPEHHH ABYX pasHbiX O0BEKTOB M NOKA3LIBAIOT
pasiwinsa mexay Humd. B cnyuae x uccnenyemblii 00bekT HMeer
O4eHb Mano kosiebnoniecs snavenus. Manas aacniepcus H3me-
PACMbIX BEJIHYHH MO3BOJNAET CYUTATh, YTO peasibHas BeJHYHHA
paccMaTpUBaeMoOro O0beKTa paBHa rpuMepHo 7,75-8.25 unu na-
Ke 8. OTKNOHEHUs! OT TOI BEIHUHHBI MOTYT UMETHh Pa3IHUHbIE
[IPHYHHBI, HO OHH KaXKVYTCsl HECHCTEMATHHECKMMH, «CIydaiiHbl-
MH» H, CIEeJOBATENBHO, MOIYT PACCMATPHBATHLCS KaK OLWMOKH
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nsmepeHust. Takum sxe 0OpasoM MOXHO OLEHHTL KOMIOHEHTbHI
pana y. B aTom ciiyyae , ICHO He TOJNBKO TO, YTO BEJIMYMHBI HE
KOHUEHTPHPYIOTCS BOKPYI' CPEOHEH, HO TaKXKe M TO, YTO OYeHb
Oonbluast Bapuauus repeMeHHou (m,=2,993 1o CpaBHEHMIO C
My=0,3525) 0OBICHSIETCSt TEM, YTO B W3MEPSAEMOM OOBEKTE B 1€~
CSATH TIOCNENOBATENIBHBIX OTCYETAX MMEN MECTO MPOLIeCC BO3pac-
Tanus. CRefoBaTeNbHO, €CTh CEpPbEe3HbIE NPHYMHBI NPEANONa-
raTh, YTO CYLIECTBYET HE CIY4aiiHbiil, & CUCTEMAaTHYECKH NECHCT-
BYIOIIVH BHEIHUH daxTop, 00ycioBarBaromivii Bce H3MEHEHUS.

JdeficTBUTENBHO, CAMIDKOM 00Jblirast BapHalLMs HE Cly4dai-
Hasl, W, CIIEAOBATENbHO, UCTOYHHMK DTOI0 ABAEHHA HAJ0 UCKAThb B
KaKOM-TO CHCTEMATH4YEeCKOM BHELIHEM pakTope.

Ml yBUAMM, YTO rIaBHOE AJst OCTPOEHHUS DKOHOMETpHYE-
CKMX MOJENeH - OTBET Ha BOIPOC. U3MEHACTCS JIM NepeMeHHast
BEJIMUYKHA CAy4alHO (CTOXaCTHYECKH), Harpumep B pe3ylibrare
OIIHOKH U3MEPEHHUS, WK, HAMPOTHB, CHCTEMATHUECKH.

[Ipumep. [1pennonokum, 4To U3 MHXKEHEPHOH NPAKTUKY U3-
BECTHO, YTO LIS IPOU3BOJACTBA €IMHULbBI ITPCAYKLMH B OTPAC/H |
HeoOXOaMMO, 4TOOBI OTpacyb i MOCTaBMJIA KOJMYECTBO A, Npo-
AYKUYH CBOEro MpOu3BOACTBAa. Ha BCIO MpOAYKUMIO ¢; Clenosa-
TenpHO, OyAeT U3PACXOAOBAHO ¢~k (; TPOLYKLUMH OTPACIIH /.

TexoBbI MEpBOHAYANIBHBIE TEXHUYECKUE AaHHbIC. ECau Hy>KHO
IIPOBEPUTH TOYHOCTb 3TUX PACHETOB, TO MOXKHO YCTAHOBUTD, YTO 1L
TOTO K KOJIMYECTBA ¢, B 1 PA3IUUHbIX CIIY4asX PaCXOLOBAIOCH!

ay _ .
q, =k,q, +u;

2y _ .
g, =k,q, +u,;

e ses e as e e ee e

q,"” =k,q, +u

iy

(13)

rae

(i)

u=q,-4,
[Ipennonaras, 4T0 WHXKEHepHble NaHHbIE (K;) MPaBHUIbHBI,
MOME{TAEMCs] YCTAHOBUTDb, MPOU3OLLIN JIH BO BPEMs NPOU3BOJICT-
BEHHOT'O MPOLECCA CUCTEMATHUECKHE U3MEHEHUSA WM, HA0OOPOT,
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MMETH MECTO JIMIIb Clly4aiHble MOTEPH, CyYaiHbIe OMMGKH HC-
HMCIeHUs U T. 1. B sTOM nocnennem ciyuae w, - omubkKa, ¥ oHa
HE MOXET ObITb IMPUITHCAHA KAKHM-JTHOO ONPEIIENEHHbIM CHCTe-
MaTHUYECKH NeHCTBYIOUINM dakTopam.

CywecrByer MHOrO kpurepues MPOBEPKH, MOXET JId NO-
nobHoe OTKNOHEeHUe paccmaTpuBaTbCs kak ouimbka, a He xak
CHUCTEMATHYECKOE M3MEeHEHHE. MBI paccMoTpuM mux HOOYEPERHO
B HACTOSLUEH TIaBe, IIPHYEM ABd U3 HUX B 3TOM pasznene,

Ilpexne Bcero, nepemenHas u; [omkHa UMeTs cpenHee 3Ha-
HCHHE, paBHOE Hymo. [Io CymecTsy, u; cauTaeTCs OTK/IOHEHHEM
OT CPEAHEro. EC/H NPUHATL BENHHUHY gy, JAHHYIO HHIKEHEepOM,
KaK CPEIHIOI0

4, =4,
TOrfa | '
u = (gi’,” -q, l (14)

Ho cpenusist cny4qaiitoit NEPEMEHHON, paBHas HYJIIO, HE MO-
KET HAC yNOBNETBOPHTL 110 YXe M3BECTHbIM NMpUuMHAM. (Je-

AYIOIUMM HEOOXONHUMBIM KPHTEpHEM (HO BCE 3Ke ere HeAoCTa-
TouHEIM) Oyner To, uto pucrepcus

=Sl -g,). s
1 '

AODKHA OBITh KOHCTAHTHOH BO BpeMeni. Ilon «koHcTaHTHOIY R
STOM CMBICTIE IOHUMAIOTCS JOMYCTUMBIE U3MeHedus. Kak wimo-
CTPaUHIO (XOTS M HE OUYEHD VOEMUTEIbHYI0) MOXKHO B3STD npu-
MEp, NPHBEOCHHBIA B Hadajge pasgena, w MPenNOJIOKUTD, YTQ
SHAYCHUA X U y H3MEPSUTHCE B 1Ba 3Tana: [lepsbiii srarn

x=(8.8,5;7,25,8:8) X(1)=7095:

V=(5,0,5.6; 58, 7,7, 7.1), ¥(1) = 6.24.

Bropoii sran '

X=(8,25: 8,25, 7,75, 7,75 8,25); X(2)=28,C5:

Y=(7.4,93,99: 11,2; 11,9): Y (2)=9,94.
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MO3>KHO BBIYHCIHTD CJIEAYIOMIUE BAPUAHTDI I MOMEHTDIL:
m(1) = 0,162; my,(1) =1,0024;
m(2) = 0,060; m,(2) = 2,6616.

Bervyuna UCnepcru O4eHb MEHSIETCA B 3aBUCMMOCTH OT Bbl-
GOpKH AT MEPEMEHHOMN Y B JUCIIEPCUM X Pa3/IyKsi HAMHOTO MEHb-
1I€, XOTSI ¥ 37€Ch OHA HE SIBASIETC KOHCTaHTHOM. OHAKO €€ MOXKHO
MPUHATH KaK JAHHYIO. Y CJIOBHE KOHCTAHTHOCTH [UCIIEPCHH NNOJDKHO
MPHHKEMATBLCS C ONMPEIENEHHOM TONEPAHTHOCTBIO: OHO JEMCTBUTENb-
HO, KOrja HadnioheHHe AOCTaTOMHO MHOTOYHCIIEHHO, W, CIEAOBa-
TEJILHO, OHO HE OTHOCHTCS K JIAHHOMY cliydaio. Ho uHorja ero Mox-
HO JIOITYCTHTh THIOTETHYECKH, «HA rna3». Tak BhIMJANT Hall Npu-
mep. (Mbl YBHAMM [aXe, 4TO €CTh CIIydau, KOrja AOMyLIEHHE TO!
TMTIOTE3bI CTAHET YCJIOBUEM BO3MOXKHOCTH KaX7IOTO M3MEPEHMs.)
Ecnmu cnzmarb U3 3THX ABYX MOJIHBIX PANIOB X W ) TPYIIIb! U3 BCEX
KOMOVHELMIH MO TSITH, TO MOXKHO BHAETb, UTO TOCJE/I0BATEIbHBIE
CEpHH TICPEMEHHOM X, B CBOKO O4epe/b, AAXyT Pl ¢ MAJOH Axcnep-
CHeH, MOATBepKaas runoTe3y 00 ux KoHcraHtHocTH. COBCEM He Ta-
kMM OvIeT pesynsTar Jui ).

6.3. Kopapuauus g Koppesiust

Korpa jaucrepcusi O4€Hb BENUKA, (PHYUHY WILYT B OJHOH
HJIM MHOTHX HE3aBMCUMBIX NEPEMEHHbIX MM B 3K30T€HHbIX Ne-
PEMEHHEIX, KOTOpbIE NOJDKHBL OOBACHUTbL PAaCCMaTPHBAEMOE sB-
JIEHHE. 1'Orja BbUIBUIaeTCsl TMNOTE3a KOBApPHAlMK MEXAy nepe-
MEHHBEIMHU X U Z:

m_=o_= l»Z(x, — 7()(2 - z) (16)

n
10 mEepBbIi War Ha MTyTH K M3MEPEHHIO CBSI3H MEXKILY Ilepemen-
HbiMu. [Ipy H3MepeHHH MONOOHbIX TBA3EH CielyeT NOMHUTE O JABYX -
KONUUYECTBEHHOM M KAau€CTBEHHOM - acliexrax ronodHbrx cpszer. C
KOJIMUECTBEHHOM TOUKH 3pEHHs U3MEPEHNE THIA BapHALIHK WK KOBa-
PHALIMH XOTA W OJIE3HO, HO [AIEKO HEe YIOBNETBOPMTENHHO, HOO B



HEM OMEpUPYIOT TakuMU HETOYHBIMK TIOHATUAMH, Kak «Gonbwoii,
«MaJIBIiY, «OonbImity, CMEHBIIWI» U T. J1.

Hnst u3amepenvist sy NpuHsTa OoJiee ToyHay Mepa - Koppe-
Jauus. Ee 3Hauenue g SKOHOMETPpHYECKHX HCChenoBaur sy Bro-
puuHOe M 0603HauaeTCs

1
- ('xi—x—)(-yi—-}_/)
R(_x,y) = _—Tﬂ_ﬂL“:l‘%“;. (17)
L0 by gy

Anst ynipowenus pacueros MOXKHO TMONBL30BATBLCS 0,1HOMH U3
ABYX SKBUBATCHTHBIX hopmy.:

R(x’y :_f%;i'_:l:';ﬂ“?- (18)
N 2

R(x,y).:s::_.ﬂ_;_‘_;' ! ! : ' ;~‘T_(19)
\/P’fo - Y ”Z)’f - (E.yiT]

Bes nokaszarenncrsa OTMETHUM, YTO BEJIMYMHA R BapbHpyer
MEXKAY -1 u +1, gaBas, Takum obpasoM, kaxyweecs Gouiee Tou-
MBIM H3MEPEHHE CBA3H MeXay IByMs nepemennniMu. Ecan 3ua-
4eHne R 01u3ko -1 uau +1, 10 310 O3HAYaeT, ¥To cymecTByer
TCCHAA CBA3L MEKAY MEPEMEHHBIMH: eCiH OHO npudnmxaercs
0, To cBA3b Cnabas.

TakoBs! BHewHKe kauecTna Kooduumenta Koppenmsiimu. Ero
HCTHHHOE IOCTOMHCTBO COAEPHHTCS, K COXAIEHHIO HE BO EHelHeM
HPOSABIIEHUH, H T103TOMY MbI He Gyaem Ha Hewm OCTaHABJIHBA bCH, no-
CKOJIbKY OHO paccMarpHBaercs B OonbuMHCTBE y4eOHUKOB. TpakTa-
TOB H KypCOB 10 CTaTHCTHKe, MaTematHxe i dKoHoMuKe. Hanpotus,
YUHTbIBAs TPEOOBAHMS IKOHOMETpHYECKHX HCCNIENOBAHUH, MBI Ha-
CTauBaEM Ha OrpaHHYeHHO]. HHTEPIPETALIMK 3TOTO nokasarens, s
ITPOTHBHOM Cly4ae coBepLiIeHHO HEMHTEPECHOTO.

He cnenyer 3a6oisars (3TO Kacaercs Ka4eCTBEHHOro acrniexry
aHAM3a), Y4TO KOTAa KOppensis npudinxkaeres x 1, eme yeor
YECPEHHOCTH B TOM, YTO Mbl UMeenm PeanbHyIO CBA3L Mexy ne-
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PEMEHHDBIMH, B TO Xe BPEMA, Naxe cCliu KOppendLMs paBHa Hy-
JI}0, HET IapaHTHU OTCYTCTBHUS CBA3N.

DaxTaueckn KOIQPHIUMEHT KOPPENSLIUY HE yKa3biBacT Ha
HaJMUMe CTPYKTyPHOMH CBA3M MEKy ABYMS TIePEMEHHBIMHU.

«CBS3b» ¥ CKOPPGLISD - JTO 152 BECEMA PasIHHHbIX [OITHA B
CIaTUCTHKE BOOOLIE U B 3KOHOMETPHH B HaCTHOCTH. Korna HaumHaroT
BLMUCIAT, KOPPETALIIO JBYX PSZIOB JAHHBIX, CIIGMyST 3apance 3HATh
(m4, TI0 KparHeH Mepe, MPEATMONANATE), YTO CYLICCTBYET CBS3b MEKILY
nepeMEHHbIMHU, KOTOPYIO HaBmOIEeMbIE KOMMHECTBA TOJbKO WLHOCTPH-
pyrot. Hanpumep, ecrmi KTO-HMOY b Oy/IeT HBY4aTb CBA3b MENLY ypoXKa-
eM M OCAZKAMH, TO HAMME HPU-BHHONO COOTHOLIGHMA MEXILY ITMH
repeMeHHbIMA DOCCTIOPHO, HAXC eciii Mpy HEI3BECTHON JedopMaliK
PANOB [@HHBIX KOPPEJALLHL 6buta Ob1 Manenbkoit Koppenas, a HE
CBST3b, MO0 CBS3b CyLIECTBYET H Mbl 3HAEM O TOM, 11O OKa CYLIECTBYET.

TouHO TaK e TOT, KTO BEPHT, 4TO CeNall BEIHKOE OTKPLI-
THE, YCTAHOBHB KOPPEIILHIO 0,90 Mekmy OCaIKaMH H ypoXKacu
(ManoBeposiTHAs wadpa), KOHEYHO, CO3MAET HIO3MH. Cas3b
Mexay (akTopavii v fpoueccam MoxKer Cyl1eCTBOBATb JIAXKE B
TOM Cjly4ae, ecii NAHHbIE, B KOTOPBIX OHd OTpakeHa, He CBMAE-
TEAbCTBYIOT O CAMIIKOM Gormpuon xoppessiun, [ToaTomy koria
Mbl H3MEPSIEM KOPPENSALHIO, TO [EJIACM ITO HO JUiA YCTaHOBJIEHUA
CTPYKTYPHOH ¢Bs3H, 2 AJ1A TOTO, y10GBI Y3HATH, AOCTATOYHO JIH
«YMCTBD) OTPAXKAIOLWe €¢ NAHHBIC T fonee TOYHOroO omnpene-
nerus BHIa cBsizH. Takum 00pasom, B OT:IMHHE OT NOAABJIAO1LE-
o GONBLIMHCTBA HAWIMX PaboT MO CTATHCTHKE, 33 KOTOPBIX KOp-
pensLuy TPUAAETCS 3HAUCHHE IBPUCTHHECKOTO METOMA WM CLUE
Goripuiee, Mbl CYMTaeM, |UTO OHA MIPaeT poib BTOPUYHOIO MO~
MOILIHHKKA AJIst Pa3TMUHBIX METONOB.

JTpobrematryka dTOr0 pasfend paccMaTpHBAETCs B PasHbIX
acrexTax B [OCHEAYIOMHN [J1aBax 3TO# KHHIH. Pe3toMupyeMm 310
B HECKONBbKUX CTpOKax. ABJeHHs HMEIOT CBOI MEXaHU3M C ofpe-
neneHHoi cTpykTypoit. Bo MHOTUX criyuasix 3Ta CTPYKTypa MO-
€T GbITb ONpEJE/ieHa He HEenOCPEACTBEHHO, A JMUb IO HMEHO-
L{MMCS B HALIEM PACTIOPSUKEHHH CTATHCTHYECKHM NAHHbIM OTHO-
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CHTENbHO HEKOTOPBIX €¢ BHeIHMX IposiBiaeruit. Koppensuus
MEXy HHMH - 3TO OAMH M3 NOKa3aTe]ed, NpU3BaHHbIX Y/1aBliH-
BaThb CBA3b HE MPOCTO MEKIY 3THMHU NAHHBIMH, & MEX/LY DJIEMEH-
TAMH W JIEHCTBHAMH HEKOTOPOrO0 MeXaHM3Ma, KOTOpble OH B
Gonbwel mnu MeHbled crenenu orpaxaer. Bcau xoppensiuus
«bonpIas», TOrAA AeNaeTCs NPeAnojoxeHde - He Oojee U He
MEHEE 4eM MNPENNONIOKEHHE - YTO SICHO OTPaKeHa CYLIECTBYIO-
11asi CB#A3b, KOTOPas MOXET CYIHECTBOBATH M TOIHA, KOTHa OHA
oTpaxaercsa boJiee cnabo.

6.4. UCTOYHMKH CTATUCTHYECKHX OIIHO0K

OmuOka - 0HO U3 OCHOBHBIX NOHATHI 3KoHOMETPUH. Orn-
penenenye U CBelleHHE €€ K MMHUMYMY B HAallUX HU3MEpPEHHSX
CYUTAETCH NPEABAPUTENHHBIM YCIOBUEM NOCTPOCHHS MOjenei
IUIst TIPEHBULEHUS. '

Jo cux nop Mbi BCE BpeMA MNPEANONAraid, 4YTO OLIHUOKM
NPOMCXOAAT OT HECOBepiencTBa cnocobos uamepenus. Muorga
B CaMOM Jiene 3To Tak. Mel roBopum 3aech He 00 OmubOYHBIX
METOaX HM3MEDPEHHMH, & O NPaBWIbHBIX, XOPOLIO MOJOOpaHHBIX
METOJaX, HO HMEIOLIKX I'PAHULIBI TOUHOCTH, COAEPIKALUECS B UX
npupone. CylecTBYIOT Takke «OmUOKH», COAEpXKallHecs B
NMPHUPOJE CaMOTO H3MEPSEMOTC Ipolecca; 371ech oinnbka He sB-
Asercst OMOKOH, @ OHa YKa3bIBAST HA TOT aKT, 4TO CIAEAYET HC-
KaTh OOBSICHEHHE NPHYHHDBI CTMIKOM OONBIINX Bapuauuii. B Ta-
KHX Clay4asx omudka CyWECTBYET i#1 res, T.€. W3MepsieMbliii npo-
ecc 0OHAPYKMBACT HE3ABHCHMOE BIIMSHHE.

[Ipexne Bcero, DCTAaHOBUMCS HA TeX OWIKMOKAX, HMCTOUYHHK
KOTOPbIX - TEXHHYECKHE MOTPELIHOCTH, BO3HUKAKOUIME B NpOLUec-
ce camoro usmepeHus. OTMeTHM 1Be, Hanboliee BaXXHbIE H3 HHX.
[leppas cBsA3aHa C HENONHON creLUUKALMEH HCCAeayeMOro
00bekTa. BozppaTuMmcs K Halemy IPUMEPY U TPEANONOMKHUM, YTO
MEKIY ¢; U ¢; CYLIECTBYET NMPONOPLHOHAIBPHOE OTHOLIECHHE, Ha
camoM ke zene popma ¢,=f(¢g,) OTAMYHA OT NPOMOPUHMOHANLHOIA.
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B stom cayuae u 4= f{g;) onpeneneHsoR Gopmbl - U UMEHHO JTy
dopMy nomkHa onpenenuTb 3xoHOMeTpusi. Omnbkn H3Meperus
OUYEHb 4aCThLI TOrJA, KOT/Ia BCE AOBEPHE BO3JAratOT HA CTPYKTYP-
Hblé OTHOLUEHHS, BbIBEIEHHbIE U3 €MHUUHBIX H3MEPeHHi, 3a0bi-
Bast, YTO OHH MOTYT CKPBIBATH CTaTHCTHYECKHE OTHOIUEHHUS, KO-
TOPbIE MOXHO BBISIBUTb JIMILb ITyTeM MOBTOPHBIX H3MEPEHHH.

TunuyHbiil ciyyall NpencTaBssiOT U3MEPEHUs THIA «3aTpa-
TBI-BBITYCK», OCHOBAHHBIE HA PETUCTPALMM €AMHUYHBIX aHHbIX
HEKOTCPBIX CTPYKTYPHBIX OTHOLIEHMI. OTH OTHOLIEHMS MOIYT
GBITEL HAMHOTO CIIOXKHEE, YeM T€, KOTOpblE CIENYIOT W3 NPOCTOH
3aBUCHMOCTH

Omnbku arperupopanust Haubosnee BENUKH B OTPACACEOM
MaKpOHKOHOMHUHYECKOH MoznenH. Kak Mbi yike yxa3biBajii, OCHOB-
Hasd Uelb SKOHOMETPHYECKHX HCCIENIOBAHMH - BOCCTAHOBIICHHE
CTPYKTYD, HE NOAAIOLIMXCS HENOCPENCTBEHHOMY HaONIOACHHIO,
KOTOPEIE CBSI3LIBAIOT MEXAY COOOH 3KOHOMUUYECKHE NEPEMEH-
bie. C pyroii CTOPOHbI, Mbl 3HAEM, YTO HapsA;Iy C SKOHOMETPHEH
CYLIECTBYET M IOPYrodl METOI KOJMYECTBEHHOrO HMCCICAOBAHHSA
SKOHOMUYECKHX OTHOLUEHHH, a UMEHHO - TyTEM MPSMOro u3Me-
peHust CTPYKTYPHBIX JaHHbIX. Tak Kak HH OJXMH U3 METOJNIOB HAC
HE MOMET Y/IOBIETBOPHTD MOJHOCTHIO, HAM KAXKETCs, 4TO 3TH J1Ba
METOME JOJDKHBI JOMONHATH APYT APYTa.

6.5. 3aKoHbI CJIy4YalHbIX BapHaLHi B
IKOHOMETPHUH

OcHOBHas rUnoOTe3a, COrJAacHO KOTOPOH nepeMeHHas Cuy-
uyaiiHa (HanpuMep, OIKOKK), MOCTYIUPYET 3aKOH, CBOHCTBEHHEI
3710l nepemenHoi. Koraa He OTKPBIT 33aKOH, CBOUCTBEHHbIA He-
KOTOPO# MEPEMEHHOH, TO MPEANOJaraeTes, 4o €€ ABHXEeHNE On-
peaenseTcs BapHalpeli HeKOTOPLIX BHEWHNX HaKkTOPOB, HEKOTO-
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PBIX JIpYTUX HE3aBHCHMEIX TEpPEeMeHHBIX. Boobme JIONy CKAIOT,
HTO NEPEMEHHAs SIBSETCA Cily4aliHOM, KOrma oHa momuMHaeTcs
HEXOTOPOMY 3aKOHY PACTIPEAENEHUS U PACCESHUS,

H3BectHo, uTO CymecTByer cratHcrHueckoe pacripenenexue,
OZIHAKO, HEM3BECTHO, KAKOBO €0 3HAYEHHE I 9KOHOMETPHYECKUX
uecnenosanui. Bes npobiema cocrout B TOM, HTO KOrAa Orpenes-
IOTCA CBA3H MEX/Ty Pa3NUYHBIMM HEPEMEHHBLIMU M KOTI[a crerupu-
LUpyercs (opma CESI3H ONpeneNeHHbIX NEPEMEHHBIX, TO HeCIELH-
puuMpoBaHHbIMU OCTAHYTCS JTHILD CITy4aiHbIE IEPEMEHHBIE.

CratucTyike M3BECTHBI PA3IMUHbIE 33KOHLI pacnpenencuus,
U OHH HMEIOT Pa3sHOOOPa3HOE MPUMEHEHHE B S5KOHOMHKE, 0CO-
OEHHO B OIEPAUMOHHBIX HCCIETOBAHUSX. Ho B skoxomerpuu
MMECT 3HAYCHUE NPEUMYLUECTBEHHO HOPMAJIbHOE pacnpererenue
Ui pactipenpenenme I'aycca-Jlannaca. Ero ¢op Myna ussectHa u3
y4eOHUKOB CTaTHCTHKHY®

1 I (u—-u)
U)= == XD — — e — 20

I'paduueckn ono onuceisaercs KOJIOKOJI000pa3Hoil KpuBoii
PacnpeAeeHUS HEKOTOPOH CllydyalHOH MepeMeHHOH OKoJI HYy-
NeBOH cpeHei.

[TonsTie HOpManeHOro pacrpenesenus - rnaBHOE B 3KOHO-
METPHU U BIOJIHE NO3BOJISET ONPENEMTH OLUGKY .

Pestomupyem. Kax 6bu10 OTMEYEHO, OWMOKa npexacrasiser
CO0OM Pa3HOCTb MEXAY OKHIAEMOIl BEJIMYUHON MEPEMEHHOR M
€€ peanpHol BenunHoil. Onpenensis ee Takum obpasom, crenyer
HMETL B BHIY, TO HE KaXJas Pa3HOCTb MEXIY OXUAACMON i
PEATbHOH BENHYHHAMM MOXET ObITh OTHECEHA K 3TOj KaTeropumu.
HekoTopeie ournbku sisasroTes NOrPeLIHOCTAMM CHELH(UITHPO-
BaHWI WJIM arperupoBaHHs, U HX CHAEAYyeT OOBACHATDH IPYTUMH
axropamu. Tosnbko owHOKaM-0CTaTKAM NPHUITHCBIBAIOTCS 3aK0-
HbL pacnpenencHus. Jlist Toro 4ToGel HX TPaKTOBaTh Kak OCTA-
TOUHBIC BEMYMHBL, & HE KaK MOTPELIHOCTH, OHU AOJKHEI HMETD
CACAYIOLHE OT/IMYUTENBHBIE YEPThI:

[\
‘h
Nl



1) OCyLIEeCTBMATLCA HEPETYIAPHO H BENMKHHA Kadkaoi ormdKH
JIOJDKHA XapaKTEPH30BaThCs KOOQOUIIMEHTOM BEPOATHOCTH. Hampu-
Mep, ypOBEHb TPOM3BOJICTBA YIIIA HE CITYHaeH; OH 3aBHCHT OT NPOM3-
BOJICTBA 3JEKTPOIHEPIMM, CTaM, OOraTcTsa pecypecos, NPOM3BOIM™
TeNBLHOCTY TPYAA U T.-A. CIIENOBATENBHC, Mbl HE MOKEM TPUITHCDI-
BaTh HEKOTOPbIA KOI(M(ULIMEHT BEPOSTHOCTH PasITIHBIM BEIHHH-
HaM NPOAYKUMH yrisi. HanpoTHe, N3BICHEHHE KpacHOro mim oesnoro
luapa M3 YPHbI, COIEpKaLIEH HEM3BECTHOS BHAYAIIC YUCIIO TEX WIIH
HHBbIX 1IAPOB, OCYIUECTBIIACTCA cayuaiiro. Tlocne ONpeneneHtoro
wpcaa V3BIeUeHu i KpacH»ie ¥ Genbie Wapbl OyAyT UMETh CBOU KO-
3¢ uieHTs! BEPOSTHOCTH,

2) obnanarh HyJNEEO# cpenHeil BENMMHHOM - JIETKO yHOBNE-
TBOpSIEMOE YCHOBHE B CIy4ae OTKIOHCHHMA OT apvMeTHIeCKON
cpenreii. OnHaKo BONPOC HE Tax Mpoct, ubo TpedyeTcs Takxke,
4TOoORI

3) Bapuaius ObLa MOCTONHHON JUIA n1060ro MHOXKeCTBa Oy-
HYLUX BEJTMYHH CItydaiiHOMH nepeMeHHOH 1 JTOOBI

4) pacrpenesneHue OMmUOKH ObII0 HOPMATLHBIM.

Oxunauue u omudbru. Jlas toro y10Obl TIOHATH TOIJIHH-
HbIJ CMBICH YIIOMSIHYTBIX Y€ThIPEX yCNOBHH, HeoOXOOMMO Pasb-
SCHMTb [OHATHE OKMAAHH, KOTOPOE Mbl HCIIOB30BANN TOJILKO B
ero 0coboit dopme cpenHei.

Mbi OTMEYATH, YTO AHCIIEPCHs NEPEMEHHOH M3MEPHETCA 110~
KazarenaeM, KOTOPBIH AaeT CpenHsas u3 CyMMbl KBAJPaTOB OTKJIO-
HeHHi1 NepeMeHHO 0T ¢ cpenHen:

ol = ]—Z(x - x). (21)
n

Ho nouemy TOJBKO 10 OTHOIIEHHIO K cpenteii? [Totomy uTO
10 OnpeneNeHHbIM MOTHBAM Mbl OKHJIANH oIy 4eHns cpeaHed
BeJIMUMHBI KaK pe3ynbrata uimepenus. Takum obpa3om B HalleM
[pHMEPE Mbl HMEJIH OCHOBAHHMA OXKUIATE, HTO BEJIHYMHA X, B 00-
HACTH KaKZOTO M3Mepenus, OyleT paeHa cBoeil cpenueit apud-
veTnueckoii X = 8. Ho Tak paccyxkmarb Hemb3s B ciydae y, rie
nepemerHas 00HAPYKHBAET BO3PACTAIOILYIO OUHAMMKY H TIe HET
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HUKAKOTO CEPLE3HOr0 MOTUBA OXUAAThH MPH KAKIOM Oynyiuem
HM3MEPEHHH BEHYMHY DIIM3KYIO K cpenHell apudMeTHyeckoi,
Paccmotpum Teneps npumep u npencrasum cebe psn Beau-
YHMH, PaCTyllMX B CHPENCICHHOM CPEIHEM PUTME, C OYEeHb He-
GOJIBIIHMH U3MEHEHHSIMH. Hanpumep, psn unnexcos
[ I [11 v Vv
100,0 110,0 121,0 133,1 146,41 HT.A.

NOCTOSIHHO pacrer Ha 10%. Y Hac ectb OCHOBaHuS CUHMTATD, YTO
asiemeHTsl VI u VII 6yayt umersb senmunus: 161,051 u 73,156,
Ecnu Bece-Taky CIyYHMTCS Tak, uTo M3MEPSAEMbIE BEJTHYMHDI COCTA-
BaT 160 u 179, To TOrma ckaxem, uro B psiie Npou3oLIA Eapua-
LMl OKOJIO HEKOTOPOIQ OMNPEAEIEHHOIO OKUIAHMS. Pazymeercs,
B IIOAOOHBIX CIIy4asX BAPHALIMS 10JKHA KXJIbIH a3 U3MEPAThLCS
110 OTHOMICHHIO K OKMAaeMoil Benuuude. Takum obpazon, 8 cay-
HaC PSNOB NAHHBIX, OTPAXAIOUWIHX 3IBOOUHOHHDIE POLIECCHI,
BapHalus HCYUCTSIETCS TaK:

, IR
o, -—-;;Z(x—lz(x)). (22)

rae [(x) - oxumaemas BenHunHa (£ - oxunanue) x. L(x) moxer
OLITh mepemenHOli 1 onpenensercs HHOrzAa Kak QpyHKUMA OHOI
MM HECKOJIbKUX fiepeMenHbiX. Hanpumep, moxio npejicrasars
(Ha TOM MM MHOM OCHOBaHHM) BEJIHYUHY NEPEMEHHOH X Kak
bynkumio z:x = f(2), T e oxunars, uro B KaXI(bIil MOMEHT {
BEJINYHHA X ONPEALIIAETCs 3TOH PyHKUHEN:
x, = f(z).
Ecu 310 crporo aetepmuumposano, To
=/ =x, - /()= =(x, -f(z,) =1

Onnako B cyuae, korna x He BHOJHE ONpeNenser z, rogo-

psiT, 4TO PYHKLKMS CTOXaCTHYECKas H NoJpa3yMesaeT o1 oKy

u, =x, - f(z,)..



Jra omiubKa He ABIBSIETCH NAHHOH, KOTHAa OHA COOTBETCTBYET
YETHIPEM H3I0KEHHBIM BbIILE YCNOBHAM, KOTOPBIM TETEPh MOA-
HO NaTh TOJHOE ODBACHEHHE, HEOOXOAUMOE AN YCTAHOBICHA
3K(1'HOMCTPPI‘-I(:BCKHX (byHiKlII/Ii;I.

Venosre 1. Omuibka JomkHa ObiTh ciyuaiinoil. Ipumep,
NpUBENCHHBbIH B MPeabIIyHeM abzare, MOXHO CHenarb Ternepb
Gonee scHBIM. [IPENNOIOKUY, YTO MPOAYKIMA Yrisd X ONpencst-
eTCs M TIEPEMEHHbIMH Z ,Z,,..., Z, TIOYTH MOJHOCTHI0, HO MME-
FOTCS HEKOTOPBIE KOe6aH st B MOMEHTbI H3MEPEHHH [

=X, = fi(2,,250m05,) %0

(no kpaitHe#d mepe, 1Jist OHOTO 7). ECi 3NEeMERTHL PAAA ¥y, OTHO-
camecst k nepuonam (1)-(7-1), MMEOT CXOAHbIE HACTOTH (B
[PHHIMNE HAEHTHUYHBIE) C IJEMCHTAMM Dsifia AnA MEPHONOB
(T+1)-(27), Torua AUCIIECPCH Uy crydaiHas. MOXHO CKa3aTh, 4TO
M3 YDPHBI, coaep:aiei oTKkAOHEHNS xr-fy (ans t=1+1; T+2,...,21),
M3BJIEKAIOTCS PasjiM4Hble HIAphi, Ha KOTOPBIX HAHECCHBI BEIHHA-
HBI #;, C TOM K€ 4aCTOTOH, YTO 1 B IEPHOLL 1,2,...7

yenopue 2. Omubxa A0MKHA HMETh HYJIEBYIO CPEAHION Be-
nanuudy. TloapasyMeBaeTcs, UTC pedb MICT o anredpandeckoi
CyMMe OTKJIOHEHHH He OT cpenHel, a OT QXKUIaeMON BeNUHHBL.

3nech yMECTHO 0OpaTHTb BHUMAHNE Ha OJIHY U3 naudonee o0bi4-
HBIX HEMPaBUILHOCTEN CTATHUCTEMECKOTO aHAH3a JIMHAMIMECKHX P~
foB. Mcumcisiercs MHMMAs JMCIIEPCHS IO OTHOUWIECHWO K cpenHeit
aprH(METHUECKOH IMHAMHYECKOID PA/IA; 3ATEM HCHHCIACTER ANCTICp-
CHS1 OTPE3KOB TOTO JKe PsJIA MO OTHOLUICHHIO K X coOCTBEHHBIM Cpesi-
HiM apH(METHIECKHM M JIENAeTCst BBIBOJ O TOM, IO JUCMCPCIst 34
«ompenenieHHble, 6onee KOPOTKHE HHTEPBATHD MCHBIIE. OO0bvHBIA
BBIBOI 3AKIFOUAETCA B TOM, HTO ONPEENSHHbIE, Holiee KOPOTKHE HH-
TepBasibl BBITBIAKIT GOMbIIYIO «CTA0MITBHOCTbY.

Mpl HE MOXET aHAIH3MPOBATH 37eCh PA3NIMUHBIE CTYHaH, HacTo
pACCMATPUBAEMbIE B TYOIHKALMSX NOCICIHIX JIET, HO CHHTAEM LIe/1e-
coODpasHbIM  CileJIaTh  HECKOJIBKO YTOYHEHHH OTHOCHTESIBHO OITHX
CpaBHEHUIT MEXTY JIHHAMHYECKHM PATIOM U €70 OTPEsKaMH. Peub naer
O CIIEIYIOLIEM TCJIOKEHUA. B PAAE PACTYUINX JIAHHBLIX HeM JLIMHHCC
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pan, Tem GONbLIE MCIIEPCHSt TIO OTHOLIEHHMIO K Cpemdei apudMeTnye-
CKOH (a He JMCriepcHsl KAk TakoBast). ITO BeChbMa HPOCTO - - KBazpar
Sonbied ur@pal GosblIe KBAIPATA MEHbLIEH,

Ecau 6b1 Hago ObiTo B camMOM Jejte BBIMUCIMTL PasHOCTD
MEKAY AUCTIEPCHAMH ABYX HNOINIEPHONOB TOTO Xe AUHAMHUYECKO-
ro psaa, To 3TO cjefoBano Obl clenatb B COOTBETCTBMM C OXKH-
NAEMbIMHM 3HAYEHUSAMH [TEPEMEHHEIX, T. €. MCUHCJIUTb AUCIIEPCHIO
MO OTHOLUEHHIO K TPEHAY:

S CNT0) B

/1€ X; ~ IAHHbIE PEANLHOTO PAia B MOMEHT f ¥ {f) - TpeHa ans x.

JIerko MOXHO MpeacTaBuTh OuYeHb CTAOWIEHBIN psif, T.e. C
TEMMdMH pOCTA, MOYTH KOHCTAHTHO KOJICONIOIMMHUCS BOKPYT
10%: 9,5-10,5%. Uem nnunnee Gvner HTOT psifl, O4eHb CTabUIIb-
HEIEl BO BCEX CBOMX OTPe3Kax, TeM OONblLIe ero coenHss apupme-
THYecKas, TeM OoJiblle Pa3HOCTA TOFO W APYroro 3Haka 1no oT-
HOLUEHHIO K CpeaHeil 1 TeM OoJblIe KBaapaT OTknoHeHud. M vem
Oonbure OyaeT 3TOT KBaAPAT (FEOMETPHYECKas NPOrpeccHs), TeM
Oonelne cpemnsist apudMerHyeckass (BO3PACTAHUE HA3BIBACTCA
NPONCPUUOHANBHBIM). A JUCIIEPCHs] B PA3/MUHbIE IEPHOIBI MOT-
na Obl ObITH U3MEPeHa KaK OTKJICHEHHE TOA0BOrC TeMna OT Cpefl-
HEro, KOTOPBIA MOT Obl ObITE BBITUCAEH Kak CpelHuil apupmeTu-
yeckuid, ecnu Obl koeOaHust ObUIM HE CHMIIKOM CHJIbHBIMH.
Cpennee OTKIOHEHHE TIOYUIIOCH Obl PABHBIM HVIIO.

Ycenosue 3. Omndka nomkHa UMETh KOHCTAHTHYIO THCIIED-
CHIO (3TO BbiTE€KAET U3 YCIIOBUH | 1 2).

Venosue 4. PacnpeneneHue DOMKHO ObITb HOPMAJIbHBIM.
Iocnennue nBa yC/aOBMS TEOPETHHECKH HOMYCTHMbIL, OAHAKO, K
COKANEHHIO, He Bceraa cobnonarTes.

YNOMsIHYThIE YCIOBUS UHTEPECHBL, HX YACTO TPEIIONATalOT Bbl-
1TOJIHEHHBIMH, XOTS1 (PaKTH4ECKH OHM He cobnronatores. Mnorma pac-
TMOJIArA0T HE0CTATOYHbIM YUCIIOM HaOMIO EHHH WTH H3MEPeHUI, 1
MOCIEIYIOIIHE OWHOKH-OCTATKH HE MOTYT OBbITb YIOBIETBOPUTEIb-
HbIM O0pa30M CrpyIMIHPOBAHbI 110 BEPOSTHOCTHBIM KPUTEPHSM CO-
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IYIACHO ONPEIEIEHHbIM BUJAM CTATHCTHYECKOrO pacripesernedus. B
CaMOM JIeNie, W3BECTHO, YTO CTATHCTUYECKHMM 3aKOH BBIOJIHAECTCS
JMIOL 1P «JOCTATOYHO Gonbliom» uucite Hadmomenuit. OnHaxo
MMEIOTCA CTydad, KOTAA JAXKeE TI0 HeJOCTATOYHOMY 4HCy Habmo/e-
HMI MCYKHO 3aKJIFOYMTh, YTO OLIMOKYA BOZHUKAKT C ONPEICICHHbIMH
CBOMCTBAMM, ¥ TOITIA 3TO NOCTYIMPYIOT IPH OLEHKAX.

[TveTh TIEpEMEHHAs X 3aBHUCHT OT MEPEMEHHOW z. 3aBHCH-
MOCTb MOHO Bbipasuth QyHKIMeH, GopMa KOTOPOH UCXOIHUT H3
FUINOTE3bI, HO BEJIMYHUHBI €€ 1apaMETPOB HEU3BECTHDI.

Hawumu psigamu ABasioTCA:

P %)
1 5 Z a5 ..Z" .
U NpeInoJjiaraercs, YTo OHHM annpOKCUMANKOHHO CBA3AHbLI JIH-
Hefinoii pyukuueit, umeromei napamerpsl ¢ u by, TIockosibKy
CBSI3b CTOXACTHYECKAs, BEPOATHO, JIOJDKEH ObITb OCTATOK HX!

1)

' =x -a —-bz;

1} .
u' =X, —a, bz ,

2 23 (25)
u” =x —a bz

n

D 1 (1
Ecm ", ul”,..,u." He OTBEHAIOT HALINM HETHIPEM YCIO-

BMSM, GCTECTBEHHO ObLI0 Obl HAHTHU €lie OANY IKCIUTMKATHBHY O
NEPEMEHHYIQ MIIH, €CJIM 3TO HEBO3MOXHO, 3aMEHHUTDb d] U b, on-
peneneHHbIMHU dy 1 b;.

[TonyurM HOBBIH Pt OLIHOOK:

: 22 (26)

........................

Tek MOXHO WATH A0 OECKOHEUHOCTH, MOKAa HE HaWaeHb!
OIHMOKH, COOTBETCTBYIOUIME HAUIUM ycaoBusM. O1HAKO NPaKTH-
4eCKH TOCTYMAOT HHA4e CHauaja NMOCTYJUPYIOT TOMHO yCJIOBIA
OLIHAOK U, HCXOAs U3 HUX, ONPEICIISAIOT BETHUUHBL (7 H b
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6.6. OcHOBHbIE NPEANTON0KEHHSI AUCTIC PCHOHHOT O
AHAJIM32

1. CnyuvaiiHble BennumHbl &€, HE3aBHCHMb!I U HOPMAJTBHO
pacrpeienensl ¢ napaMerpamu M[ng:O, [)[gij J:o-’ = const

(Amcnepcun OAHOPOIHEI).
2. lnsa monemnu ¢ GUKCHPOBAHHBIMKU VpOBHﬂMH (T.€. TOsIbKO
K
33J1aHHBIMH 3HAYEHHAMM ) Z o, = 0.
71
3. lns Mozenn o ciyyaiiHbIMU YPOBHAMH BESUHHHB (X | -

HE3ABUCHUMbIE HOpMaJIbHO acnpeaeneHHbIe cnyqaﬁﬂble 3CNIUYH-~
=0, D[g,j J = 0" = const.

HJIH 3TOH MOOCIHU BEIHUYHHA X npmmmae’r 3Ha4YeH M, sIB-
JIARINHECH BbI60pO‘{HblMH H3 HeKOTOpOI/I COBOKYHHO'CTH

U3 MOIEJIH OUCMEPCHOHHOIO aHaIu3a MOKHO NMOJYYHTb OC-
HOBHO€ VDABHEHHE AHUCIIEPCHOHHOI'O aHaM3a;

>0, -7 ) S5, -7 Y (y, - v.J. en

B P j=t =l

Hbl ¢ napamerpamu M la' ]

TAE Y, - CPEmHsIs BEUYHHA ), COOTBETCTBYHOILAS /-MY yPOBHIO
daxTopa x (CHMBON «.» 03HAYAET, 4TO NPOU30LIIO CyMMHPOBA-
HHUE 1O AAHHOMY HHJEKCY ),
Y - obiee cpennee y no Bcem M3MEPEHHSIM (OLIEHKa /ISt )).
Boipaxenne (27) npencrasnser coBoit Pa3NoXKeHHe CyMMbI
KBAZpaTOB OTKJIOHEHHH OT OOLLETO CPENHErO Ha CyMmy KEaAparTos

OTKJIOHEHHI CPEHMX MO YPOBHM (akTopa oT obiero Cpensero u
CYMMY KBA7IpATOB OTKJIOHEHMUIT OT CPETHHX 1O yPOBHAM DaKTOpA,

Hynesas runotesa micriepcrontoro ananusa H, ‘=0 s

BCEX /, T.€. NPEATIONAraeTcsi, yro He CYLUECTBYET BIMsiHUS (BCRX YPOB-
Heit) (akropa x. Toraa Mozenb MPUHIUMAET By Y, = p+ & Ecm
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BbIIBUHYTA HyJieBas TUTIOTE33 M CTPaBE/UIMBLI BCE [PEATIONOKEHHA
JMCTIEPCHOHHOTO aHAN3a, TO MOKHO MPOBEPUTH THNOTESY O CYLIECT-
BEHHOCTH BJIMSTHUSA JAHHOTO aKTopa, paccuntan

>3, -y F iK1

A J=1b =l

(28)

T 4
( —y JIN-K
ZZ y,JIN=-K)

Ecau F<F).;, TO HyA€BYIO THIIOTE3Y CJIEAYET NPUHATD. Ecnun
F>1.4, TO HyJIEBYIO THUIIOTE3Y CIE/lYET OTBEPTHYTh H [10TAPHBIM
CpaBHEHHMEM CPEIHMX BBIICHUTH Hanbojee CyIEeCTBEHHbIC YPOB-
Hu daxTopa x.

ITpu pacuerax ymoOHO HONB30BATHCA TAOJMUEH JMCTIEPCH-
OHHOIO aHa/lK3d, B TMOCAENHEM CTONOLE KOTOPOH NPHBOAATCA
MATeMaTHUECKHe OXUAAHUS BbIOOPOUHBIX NHCIIEPCHH, ABIAKO-
IHAECS XapaKTePHCTHKAMI BJIMSHHS COOTBETCTBYIOUIMX daxTo-
pos. Tak, anst 0nHOGAKTOPHOrO AMCHEPCHOHHOIO aHaIN3a MpH
M= Hy=... = hg = h 37a Tabnuua nMeet Bux Tabn. 6.1

Tafiﬂnua 6.1.

Hcrounuk ns- Yucno Cpemnuit | MareMaTHUeCKOE OKM-
MEHUHBOCTH | CTENCHEH | KBagpaT OrT- | JaHME CPEIHUX KBAIPa-
ceoboAp | KIOHECHHS TOB OTKJOHCHUH
Pasnuuus mexcay| K -1 S o(g)+no(a)
VPOBHAMH o K1
Owwndka &, N-K S o (&)
N -1
ESHATEEN A DAY
' J

Beauuuna F-kpuTepHs HaXOJWTCA KaK OTHOLIEHHE OUCHOK
nucnepcuii (28). Ilpu »>TOM ¥3 mocneanero cToyibua TabnuUb!
BHJIHO, YTO FeHepajibHas IHCTIEPCH Af[S* /(K ~ )= o '(e) +no' (o)
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Ilpu Hynesoii rumorese a, =0 ( j=1,... J{) BETHYHHA o”(a)=0.

Torna orsowenue (28) nonuuHseTCa pacipeneneHuo Duiuepa,

S? ' -
NOCKOJIbKY CTaTHCTUKM S« _ ) S IIpH HYJEBOH runoTese
K-1 N -1

v - ~ 2/
ABJAIOTCA OUEHKOH ORHOH M TO# xe aucnepcud o (€). Ilo-

caenuui cronfen TabaMIbl AMCHIEPCHOHHOTO AHAJH3A MUCIIONb-
3YIOT TakzKe M [y1s Apyrux ueneil. Hanpumep, nucnepeus, xapak-
Tepusyromas Bijlan GpaKTopa x, cornacHo Tabnuie paBHa

A P

o' (a)= [isi— - ~§~—J /n.

JUis MATIOCTpalMu NPUMEHEHUS OAHO(AKTOPHOrO AKCHEp-
CHOHHOIO aHAJU3a PACCMOTPHM NPUMEP.

Ilpumep. Hcenenosanocs simsuue yerbipex pa3IUYHbX pe-
IMOHOB Ha UEHY €QMHHIIL] KOHKPETHOro Tosapa. Mogens muc-
[IEPCHOHHOIO aHANM3a MMEET BU:

Y, rHra +e,, ((=1..5 j=1..4),
[A€ ) - LieHa eMHULB] TOBAPA; ¢, - BUA (HAMMEHOBAHHE) PErHOHA,

ITO MoJeIb ¢ DHKCUPOBAHHBIMH YPOBHAMM, T.€. HCCIACHY-
Y0TCA MMCHHO JaHHBIE YeThipe perucHa. Uucno mapamiensubix’
HaOMOAEHUH 15 KOKAOrO THNA PEervoHa OJMHAKOBO H PABHO
no=n,=._.=n=5.

Pe3ynbTars! HAGNOACHHIT CBeneHb! B Tabs. 6. 2.

Tabnauua 6.2.

Tun peruona
1 11 1T 1A%
56 64 45 42
55 61 46 39
62 5 45 45
59 55 39 43
50 56 43 41
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Pe3ynbTaThl JUCIEPCHOHHOTO aHANu3a OTPAXECHbl B Tabi.
6.3, B nOCAEAHEM CTONOIE KOTOPOH NPUBONSATCSA BHIPKCHU Ui
MATEMaTHIECKHX OKMAAHMI COOTBETCTBYHOUUX BHIOOPOUHBIX

AUCTIEPCHH.

Tabnyua 6.3.
VicTotsmk u3- Yucno Cymma Cpeanunit | MaremMaTH4ECKOC
MEHYMEOCTH | CTCIEHEH | KBQJAPaTOB | KBaApaT | OXKHIAHHE CPCIL-
¢BOOOAH OTKJXOHE- | HHUX KBaJPaToOB
HUsl OTKJIOHECHUH
Mexay Tnma- 3 1135,0 378.3 o’(g)+50° ()
MH
g xkaxaoro 16 203,2 2.7 o’ (€)
THOA (gij )
Cymma 19 1338,2 - - 4{

Dty BIpakeHHsi HEOOXOOMMBI /Ul NPaBHILHOIO COCTABIC:
Hust F-orHowenust. [ pacCMOTPEHHOTO NpUMEPa 3TO OTHOLIEC-
Hue BrIpaXaeTcs Gopmysioii (28).

TakuMm obOpazom, npoBepka nynesoi runotesbt H o =0

anst j=__.

A, T.E FUTIOTE3BL O TOM, 4YTO THN PErHOHA HE BJIHACT

Ha HleHY €AuHHIbl TOBApa4, OCYUIECTBJISICTCA ¢ nomoublo F-

OTHOUICHHA.

F=3783/12,7=29,3
(3,16) =3.24. TO3TOMY CleyeT cAenath BbHIBOA, 4TO LIEHA

0 05

" Jra BenuuuHa Conblie TaOIUUHOH

eIUHHIIE! TOBAPA 3aBHCHUT OT BHZa peruoa.

6.7. MeToanka JIUCIEPCHOHHOT0 AHAU3a

Ipoueaypy OAHO(AKTOPHOTO AMCIIEPCHOBHOTO aHaJin3a
yJOOHO IpEACTaBNATH B BUAC CIEAYIOWEro airopurma.
1. Bce pannbie pacnosnarator 8 Tabn. 4, B & oTopoii uepes ¥ i

0603HAYeHa cymma HaOMIOAEHHH T10 j-MY cronony.

268




__Tabmmua 6.4,

i Howmep na- YpoBeHb rbamopa.; -
OnoacHus, i o az‘ ,;K‘“‘
| A2E —1\731 " Gﬁr

2 Mz B | 1"_1Q

N Yin Van VEn

V. Y, v ija,_-

2 Haxoaat cymMy KBaapaTOB BCeX HAGMIOMEHHI:
X

0,=-3% 52 (29)

J=1 =1
3. HaxomsT cyMMy KBanpaToB MTOFOB MO crosnbuam, aeiaeH-
HBIX Ha YHCO HAONONEHUHT B COOTBETCTBYIOMEM CTONGLE:

2
), =S (30)

4. Haxonar ksazpar ofwero urora, nemensbii Ha YHCJIO
BCEX HaOMOaeHUH:

o - s T G31)

5. Beruncasmot ouenxu nucnepeny daxropa o ¢ u nucnep-
CHM 0> BA3AHHOIL CO CIy4allHOCTbIO, 110 dopmynam:
*3 Ql - Q‘s *2 Qq - ()»
O-(,'L‘) S . G(l’ =
N-K K -1
6. IIposepstor sHa4UMOCTL OTHOWEH!A G /o, MO <pHTe-

puio @uutepa, Hexops us h=K-1 1 hy=N-K creneneii croB0 b
Ecnit 970 oTHOIIEHHE HE3HAYNMO, TO PACCHUTBIBAIOT OUEHKY

- O -0,
FeHEPaNbHOH AUCHEPCHU O~ = :]'Vh‘]:, umeromy N-1 crene-

Hel ¢cBoOOabI.
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Tadnuna 6.5.

1 3 ] s P
€ = 5 & g B ¢ E Eg Sk S K 2=
=E | Zg | Eg | gE g4 | 58| £8 | g8
o n o Z s == H = 2= & = c. =
02‘) =4 % = E = = om % E S = 5 = &M
Q o] < x Lo = g
T e < = S
1 6,5 5,0 2.0 2.1 10,0 6.0 3.0
2 2.1 2,0 3.5 6.0 7.5 10,0 1.8
3 3.0 8,0 4,0 2,0 15,0 12.0 2.0
4 4.1 4.0 3.0 3,0 5.0 5.0 2,0
5 4.0 4,0 1.4 5,0 5,0 6,0 1.6
6 4,0 1,5 £,2 5,0 6,0 5.0 1.5
7 2.0 2.2 4,5 7.0 50 6.5 3.0
8 1.0 1,8 3.0 6,0 6,5 8.0 5,0
9 2.0 1,0 2.0 2.7 3.0 5.0 4.8
10 - 1.0 3.0 7.0 3,0 2.0 1.0
11 - 1.5 2.5 5.5 5,2 3.0 0.83
12 - 1.75 3.0 2.0 13.0 10.0 1.0
13 - 1.2 4.5 5.0 3.0 5.0 3.
14 - 1,0 1.25 5.0 2.9 6.0 20
15 - 1.5 - 2.0 - 4.0 1.0
16 - 1.5 - 1,5 - 80 2,0
17 - 2.5 - 1.5 - 150 -
18 - 2.0 - 1.6 - 60 -
19 - 2.5 - 2.2 - - -
20 - 3.0 - - -7 - -
21 - 2,0 - - - - -
22 - 2,0 - - - S -
23 - 2.5 - - - - -
HUroro | 28.7 5645 | 3883 72.1 90.1 122.5 | 37.53

[Mpumep. [dnsi cemu BunosTos pecriyonuky Tpedyercst oue-
HUTb 3HaYUMOCTH (BIHSHHE) TAKOro (PAKTOPA, KAK THIT PETHOHA.
IJi CPOKOB OKYMAEMOCTH MHBECTHLIHOHHBIX MPOEKTOB (MW XK€
PAacXOXKIOCHUS B CPEOHHX CpPOKAX OKYMAEMOCTH MO PErHOHaM
CUMTATDH CAYYaHHEIM).

McexonHbie 12 HHBIE 3a1a4M NIPEACTaBACHb! B TaON. 6.5.
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PeuieHue.

1. Haxoaum cymmy xeanpatos Beex HabmonenAlt: ) =266117.

2. Haxoaum cymmy KBaJpaTOE HTOTOB 110 cronbuam, AeneHHbIX
Ha 9MCIO HabmomeHMH B COOTBETCTBYIOWEM CTONBLE:
0, =21073.

3. Haxoaum kBanpar ofmero utora, nejqeHHbH Ha YHCIO BCEX
Habmonenuit: O, = 174628,

4. BerumcnseM oueHkn nucnepcuu (akropa M gucnepcun, CBs-
38HHOM CO CIYYaHHOCTBIO, 110 bopmynam:

o 0, -0, 21073-174628

Ty === =6017,
K1 6
ol = O, - Qz _266117--2107,3 _ 553,’3, _sig
N-K 114-7 107

roe K=7, N=114.
5. PaccuureiBaem 3HadeHue F-CTaTHCTHKY (cTatucTrky Pumepa)
KaK OTHOLIEHHE IBYX AMCIEPCHii 10 Gopmyre:;
F= "L =017

o, 518

6. Bxoaum B taBnuuer pacnpenenenus Quuiepa M 1Mo ypos-
HEO 3HAYMHUMOCTH ¢ ¥ COOTBETCTBYIOUIMM YHCIaM CTENEHel CBO-
bonbl onpenensieM Tabnuunoe sHauenue F-CTATHOTHKH: g=0,05;
m=K-1=6; hy=N-K=107.

Tabnuunoe 3Hauenme F-cratucTigm paBHo 2,34 (F,=2,34).

7. IlpumensieM cTaTHCTHYECKHI KPUTEPHH TNOCKOJbKY F <k,
TO HCCNECAYEMbIH QAKTOP CUUTAEM 3HAYKMBIM.

Ctpoum nuarpammy cpemnux 3maueHmii CPOKOB OKYIIaeMo-
CTH 115 BCEX PACCMATPUBAEMbIX PETHOHOB (puce. 1).

M3 nuarpammel caepyer, uro no AaHHOMY IOKa3aTeo NpH-
OPUTETHOH siBisteTcs CaMapKaHICKHI BUIIOST.

Ilepefinem Teneps k paccmoTpermio MHOIO()AaKTOPHOrO THC-
MEPCHOHHOTO aHaNK34.

IMycTh B 3kcniepuMenTe Ha BEJIMYMHY OTKJIMKA BIAUSIOT ABa
daxtopa & u S Ilpu srom daxTop « Bapbupyercs Ha i ypOB-
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HsX, a akrop [ Haj ypoBHaAX. B 5TOM Ciyuae MaTeMaTHIeCKas
MO > QUCTIIEPCHOHHOTO aHANN3a UMEET BHI!
Yu SHY A P,y tE, (33)
roe ¥, - 9hGeKT B3AHMOACHCTBH (aKTopoB B A-M OIbITE, KOTAA
dakTop o HaXOAMICA HA i-M YPOBHE, a akTop f - Ha j-M YPOBHE,
&y, B -dbdextst dakTopos o 1 [ Ka i-M U j-M YPOBHAX
COOTBETCTBEHHO B OMBITE C HOMEPOM K.

8 .
7
6 -
g -
4 -
3
2
1
b b »= = ) pies e
= el = ] — et =
=) 2 2 2 = 5 =
& 9 Q 2 T 3} 3
o] I = = = [ et
[ = < = <3 e o]
- ja % = « L o
o oo} P jo ol ﬁ £
L T = & % = =3
LS b2 = =4 = = &
< é o9 | p=
s % &
) o
Puc. 6.1

Jlas paccMarpuBaeMOil MOZAENM 3HAYMMOCTb COOTBETCT-
BYIOLAX 30(}EKTOB MOXKHO OLEHHTb C MOMOWBIO f~KPHTEpHS.
Jlucnepcuu OLIGHHUBAKOT 10 3aBUCUMOCTSIM!



Y=y =¥V =Y, +Y.) (35)
OcHoBHOE ypaBHEHHe 1BYX(DAKTOPHOTO UCIIEPCHOHHOTO
aHann3a UMeeT BHA

§t=8; +85+ St + 82, (36)

s1-5ah =3A Su=-T¥ri

i

rae

I1pu Hynesoii runotese H, .a, =0, i =11, B, =0, j- =1 J:
0 =0, =0.Torna oTHOUWIEeHU:
ls2 17 - nlsz 117 - )
52 1 =z 117

MORYHHAKOTCA pacnpenesieHnio Duiuepa, MOCKOAbKY MPH HyJle-
BOH I'MIIOTE3€ CpelHHe KBAaApaThl ABISIOTCA OLEHKAMH OJHOIT U

37

TOH e JUCTIEPCUH T ;.

B obiuem ciyyae F-oTHOLIEHHE MOKET ObITh NOJTYYEHO KaK
OTHOLIEHHE OLEHOK COOTBETCTBYHOLIMX AUCHEPCHE K TUCTIEPCHH
OUIMOKH HAOMOIEHHMS:

o =[Sz =S (m-n))
=83 10 -nlsz K -)) (38)

Ey =182, 10 = v - nfsz (e )]
Tarum 06pasom, meToka IBYX(aKTOPHOrO AMCIIEPCHOHHOO
AHATH3a MOXET ObITb CBE/IEHA K BBITIOTHEHHIO CEAYIOLIMX Onepariii:
1} BbIMUCIEHHE CYMMBI KBAAPATOB BCEX HAOIONEHMI:
! J
=XV (39)
i=b j=1
2) BBIMHCIEHHE CYMMbI KBAJIpaTOB HTOTOB MO CTONGLAM, fe-

JEHHOH Ha 4MCcAo HabmoneHui B ctosdue:
1 & s
0. == 3. (40)

)

-
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e
J
}/i o= Z “V'J ‘
=1

3) BBIYHCIICHHE CYyMMBl KB4J[PaTCB MTOTOB 110 CTPOKaM, Jie-

JIEHHOH Ha 4YMCHO HeiGn}oneH Uil B CTPOKE:
A2
Q. = 7‘» , (41)

rac

A I
Vo=
i=1

4) BBIMUCCHHE KBaApara od1Ierc Wrora, IeIeHHOro Ha dKc-
JIO BCEX HaOIH0IeHUI;

N2
J A

D l-ifsh] @
/ Jj=1 .
(n1st pacyeToB PEKOMEHYETCS MCTONIb30BaTh 00e HopMyIIsl, UTO
TNO3BOJBIET TPOBEPUTD NPABHIBLHOCTb BBIYHCIEHHIT);
5) BBIYHCICHHME OLEHOK AUCIEPCHIA:

o,*: - Q1 + .(.)4 Qz _Q3 .

) -1/ -1)
o Q: i 04 .
T
2 Q B Q4 ;
" :—J“_—I'; (43)

6) BbLIOOP YPOBHS 3HAUWMOCTH ¢ ¥ TPOBEPKA I'MIIOTE3bI O
3HAYHUMOCTH akTopoB a ¥ [
Ecnu Bansinne gakropa @ NpU3HAHO HE3HAYMMBIM, TO 00€
£ * .
AMCTIEPCUM O, M O SBJSIOTCA OLEHKAMH Te€HEPabHOI AHC-
MEPCHH, KOTOPAs B 5TOM CJIy4ae OLEHHBACTCS 110 3aBUCHMOCTH:
. Yy . *
w U=-Do,+U-D){J-De,
R NTaC e CE)
‘ -+ -1 =1)
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B cnyuae nesHaummoctu dakropa [ MCNOMB3yeTCs aHalo-
ruuHbii moaxon. Ecin ke He3HauuMbIMK OKa3blEatoTcs oda dak-
TOpa, TO reHepaabHas JUCIepPCHs OLEHHBAETCA ¢ HCTIONb30BaHu-
€M BbIPAKEHUS

o d=-Dol+( Do+ -1)J-Do?
o, = e , : . (45
: (-D+(J-D+{I~1}J-1)
B cimyuae, xorma Gaktopbi ¢z M ABISIOTCS HE3aBHCHMBbIMAY,

PELICHMEC 330841 MONCHO CHMTATh 3AKOHYEHHDIM. Eciam xe MEXy HU-
MH HMEECT MECTO B331’1M0’ICﬁCTB]'1€ TO eMY CCOTBETCTBYCT NUCNICPCHA

B U3NOXKEHHOH METO;MKE PacdeToB JHCIEPCHd 0., KAk CO-

aﬂ
CTABHAS YaCTh BOWIET B IMCMIEPCHIO 0. . BBIIETUTH OLEHKY Aucnep-
CHH O ,; 13 OLEHKH [MCIEPCUH o 6e3 napauensHbIX HaOMONeHHH
HEBO3MOKHO (151 [BYX(hakTOpHOro [HCNEPCHOHHOI0 aHanusa). Ilpu
ananuse Tpex u Gosee axtopos oTaenbHEIE PMEKTH B3AUMOAEHCT-
BHSl yIAETCs OLEHUTD U 03 NapanyiesbEbIX HaOMONeHHH.

JIns otnenenust 3¢ dexra B3aumoaecTsus 0T 3bdexra cay-
YaHHOCTH BBIYHCIISIFOT CYMMY KBAJIPATOB BCEX HAOJIIOAECHUH:

JJ n
= Z Z Z Vi (46)

i=1 j=1 K=1
3naueHus penuuns Oy, 2, (J3, Q4 paccCUMTHIBAIOTCS M0 3a-
BHCHMOCTHM, NpHBEXEHHBIM Bbilue. ONHAKO MpH 3TOM OMepUpy-
0T HE 3HAYEHMSIMU OTKJIHKA )y, & X CPEIHMMM 3HAUYEHHUAMH, 110~
JyYEHHBIMM JUTsl K&KOTO COMETaHusl / M j 1O 4 TapasyielbHbIM
M3MEPEHH:AM, T.¢. B METOMMKE OCYLIECTBIAETCS 3AMEHa J; Ha

Toraa
- HO’ZE -
O = m——" — (47
n
rue
R (, ()
y_Ys-n (48)
Y (n - l)
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Eciu sddexr p3aumoneiicTeua npusHaH HE3HAUMMBIM, IHC-

NIEPCHA BOCMIPOU3BOAMMOCTH OLIEHHBAETCS [10 3aBUCHMOCTH
O_*z . Q4 +Q< ‘Q: _Q3
* n-T-J+1

P23ynbTaTUBHOCTL AUCIIEPCHOHHONO AHAIM3a BO MHOTOM
OMpeAeIseTcss CnocodoM MONYYeHUs IKCIEPHMEHTANLHBIX NaH-
HeX. OIMH U3 Takux CnocoGOB PacCMOTPHM Ha CHEIYIOLICM
TIPUMEPE.

Ilpumep. Ilyctb ncnbiTaHUs TpeX KaHaloB IPOABIDKCHUS
TOBAPA MPOBOIAT TPY MEHEMKEPa IO MAPKETHHIY 1O TPeM pas-
uadbIM peinkam. O6o3HauuM uepes A, B, C kaHalbl NPOABHKE-
HUA, ¢, b, ¢ - MeHemkepos, P, R, S - poinku. Takum obOpazom,
HMeeM TPy (PaKTopa, KaXKIBI U3 KOTOPBIX BAPLUPYETCSI HA TPEX
yposHix. O6o3HauuM ux coorBeTcTBEHHO @, Dy, D3 M ycTaHo-
BUM 3HaYMMOCTb NEPEYHCIEHHBIX (HaKTOPOB.

MoxHO ncnoap3oBaThL cneuuPUUeckuil miaH IUCIEPCHOH-
HOr0 1HAIM3a, MMEHYEMBbIM JATHHCKHM KBAJApPaToM. DTO Takoi
1IJ1aH, B KOTOPOM KaK[bIH BapHAHT UCMBITAHMH MOSBASETCSH OHH
¥ TOJILKO OJIHH Pa3 B K)K10HU CTPOKE U OIMH H TOJILKO OJIMH Pas3 B
Kaxknem cronbue (puc. 6.2).

(49)

D,
A
- ~
A B C
£~ a b c
D, i b c a | O;(snyTpH TA6IMLED)
Ry c a b
Puc. 6.2.

B urore nonyyaem sxcnepuMeHT ¢ 4MCI0M OMBITOB, PaBHLIM
nessitii. lpu sTom mupopmauus o B3aumoieHcTBHUH (HaKTOPOB
Tepsierca. Moaens TUCIIEPCHOHHOIO aHaNM3a UMEET BU

_ (SO D, P,
Vi =U+at + a;c et T & i »
rne © ; @y, @y - 0003HAYEHHS, @ HE CTEMEHD.
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Ipu nepecranoske cton6uos {cTpok) marwHckoro KBajgpara
CHOBA TI0/1y4a€eM JaTHHCKHMIT KBajapar. Hpu drixcuposannoii nep-
BOW CTpOKe 1si a1 dakTopos u m yposHeit umeey mt{m-1)! na-
THHCKMX KBAaAPaTOB. ITO 9HCI0 eme HeobX0quMo YMHOXHTb Ha
KOJIMYECTBO TaK HA3bIBAEMBIX CTAaHAAPTHBIX KBANPATOB, MNONY-
HaEMBIX TIEPECTaHOBKON CTONOLOB, NPUBOASAILEH K IepBOii CTpo-
ke Buma (1, 2, ., m), u NOCHEAYIONMEH NepecTaHOBKOL] CTPOK,
NPUBOIAILEH K MepBOMY cronbuy euna (1, 2, . m), TIPH 3TOM
[EpBas CTPOKa OCTAETCS HEeU3MEHHOM Hns m=3 CTaHIOAPTHBIN
KBaJpaT MMEET BHA:

fe—

2 3
2 31
31 2
Habmonenue y;; sisnserca Habsonennem B uccnenyemoii
COBOKYNMHOCTH YCAOBHIA C i-m YPOBHEM (haxTopa @3, j-M ypoBsHem
D;, k-M yposrem @s. Tpofika (i, j, k) npunumaer TOJIBKO 1}
3HAYCHNI, 32/IAHHBIX YaCTHHIM NATHHCKHM KBa,1paTOM, KOTOpHIi
Obut  BbiOpan s IKenepumenta.  Cnydalinple  BenMunHb
€y (Vi, J,k,1) HE3aBHCHMBI 1 HMerOT pacnpeze.ienne N(0,0°).
Marematiyeckne oxunanus CPeNHMX KBaJpaTOB, NpHBe-
ACHHLIX B TA0N. 6, OLEHHBAIOTCS NG 3aBHCHMOCTSAM:
Ss . Sy ,  Sa,

o, ¥l op A=t 62w 2% (4

» Vo, » Uy .
| om -1 om -1

Ans mpoBepkH  HOAB-rHmoTess| COCTABNAOTCH [~
OTHOLIEHUS !

F= 18, om-0s? o ~3m+2)]
Fy= 83 im=n)fs: s(m? Sme2l (50
K= 82 dom-n)sz - 3m+2)]

Tabmiua nucnepcHoHHoro anamsa HMEET CAEAYIOWNE BH
(taba. 6.6).
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Tabmuua 6.6

" Hcrou- CvyMMa KBAIPATOB CrencHb Maremarruc- |
HHK ¥3- ceobonbi CKOE 07KK1a-
I MCHYH~ HHUC CpﬁilHPlX
BOCTH | KBagparos |
0] 2 5 1 )? - 2 2
: Se =my (¥, ~F.) m-1 o, +mog,
1
@ 2 — — 2 _ _,2 5
2 Se, =mp (V, =¥V ) m-1 ol tmog,
i ]
b ~2 - — \2 - 2 2
3 bn'p) —mz(.}",k -y ) m- O, +m0Oy,
J
Octatok | §* =% (3, ¥, =¥, -9, +20 )" | n +3m+2 2
DA A A A g,
L ik | _ I
Tlonwaa S2 :Z(J—/ __y )3 rnl -
CyMMa S — ok :
KBaznpa- . ‘
TOB - ]

TakiM oOpa3oM, Kak CleayeT U3 NPUBEACHHBIX NOJOXKEHUH,
METOZb AMCHEPCHOHHOTO aHANM3A MCMOMB3YIOTCS MU OLEHKH
3HAYUMOCTH (PAKTOPOB.

Bonpoch! AJisi CAaMONPOBEPKH

1. Mepeauciure OCHOBHBIE NPEANONOKEHHA IMCIIEPCHOHHOTO

aHasusa.

2. Kak OCYyLIECTBIAETCS MPOBEPKA TMIIOTE3bl O CYIECTBEHHOCTH
BAMSIHAST (AKTOpA C TOMOMIBIO F-KpHTEpHs B Clydac OJIHO-
dakTopPHOTO HAMCTIIEPCHOHHOIO ananu3za?

_ Kakosd MeTo;11ka MHOTO(AKTOPHOI0 IMCIIEPCHOHHOTO aHanuza’?

~ KakoBa METOAMKa OfHO(AKTOPHOTO MHCTIEPCHOHHOTO ananusza’?

. Tlepeuuciire OCHOBHbIC ypaBHEHHS AByX}axTOpHOTO AUCTEp-
CHOHHOTO aHanM3a.

6 OGpsicHHTE WMETOAMKY ABYX(AKTOPHOro IHMCHEPCHOHHOTO
aHanuza.

Y70 Taxoe NATHHCKUH KBAZPAT W KaKOBbI €70 csoicTsa’

8. Kak OcyIecTBIsSeTcs NPOBEPKa HOJb-THNOTE3b I-otHoweHus?

(¥S]

e

~J
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TVIABA 7.®AKTOPHBIN AHAJIN3

7.1. IlonsiTue o dbaxkTopHOM anammze

Hasxxe npubmmkennoe onucanue MHorx CIIOXKHBIX CUCTEM 3a-
HACTYXO OKa3bIBAETCS 3aTPYAHUTENBHBIM UK BOOOLIE HEBO3MOKHBIM
M3-38 TaKk Ha3blBaeMOro «0apwepa CAOXKHOCTHY. Do TIPErSITCTBHE
BBI3BAHO TEM, YTO peallbHAs CHCTEMA, KaK MPaBHIO, OIMUCbIBAETCS
OrPOMHBIM KOJIMHECTBOM NEPEMEHHBIX, BCIO COBOKYITHOCTb KOTOpPBIX
HCNIOBCK HE B COCTCAHUM MBICJIEHHO OXBATHTh. MIMEHHO TaxuMy si6-
JROTCH, HaPUMED, MAKPO3KOHOMHYECKHE CHCTEMBI

CHuxeHne pasMepHOCTH B Mono6Hbix 3ajavax OCyILeCTBs~
€TCA IyTeM BBINENEHHS U3 HCXOOHOIO MHOXKECTEA NePEMEHHbBIX
HEMHOTOYHCIEHHEIX, HauboJiee CyIeCTBEHHbIX 1 OTHOCUT2JILHO
HE3aBHCHMBIX MoOKasaTeneii - pakTopos.

Hns ynpotuenus usnoxerms MOCTAHOBKY 321124 (akTOpHO-
O aHajiu3a pacCMOTPUM Ha NPHMEpe, B KOTOPOM B Kauecrpe
00BEKTA HCCAENOBAHHS BO3BMEM Takyro CJI0KHYIO CHCTEMY, Kak
MHBECTHLMOHHBIA apoekT. OUeBUAHO, YTO MOKHO Ha3BaTb DoJsiee
100 pasmuunpIx NApaMETPOB, WJIH NEPEeMEHHbIX, XapaKTepU3yio-
HUIX €T0 1 MpeAnpusTHe-peuunuent. TpebyeTcs U3 3Toro Muo-
KECTBA MEPEMEHHBIX BBIAENNTH HEOOMBLIOE YHMCIO HOBEIX. HAM-
Oosee CymecTBenHbIX U OTHOCHTELHO HE3aBUCHMBIX I12peMeH-
HEIX, KOTOpBIE MO3BOMHIH Obl 1€IKO CPABHHBATD MEXIy co0oi
pasmuuneie npoekTbl. Takas 3amava kpaiine Baxua rpu BLIGOpE
COOTBETCTBYIOLUEI O [IPOEKTA B KaYecTBe 0ObeKTa HHBECTHIIM.
Hcxoaneie nannble Hamero TIpUMEpa MOXHO NPENCTABHT > B BHE
Tabn 7.1

Paborath ¢ Takum maccusom UHOOPMALIMKU OueHb TLY/HO.
Tlostomy n BosHHKkaeT HeoGxoxMMOCTS B €€ CKAaTHH, T.€. B nepe-
XONle OT i NepeMeHHbIX K L (aktopam. [[ns paccmarpu 3azmoro
TPUMeEpa MOXHO, HaNpHMeED, BbIACIUTD 1BA ¢akropa:

* BHYTPDEHHIOIO HOPMY JOXONHOCTH,

* HHIEKC pesTabeNbHOCTH,
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Ou4eBUIOHO, YTO MpENIOKeHHbIe (GaKTopbl BIIMTANM B cedst

NPAKTUYECKH BCK) MCXOIRYIO MHPOPMALHIO, TIPELCTABICHHYO B

Tabn. 7.1.
Tabnuua 7.1.
XapakTepuCTHKY KaUecTBa UHBECTHIIHOHHBIC TPOEKTH
HHBECTHLHMH {nepeMCHHBIE) 1 2 J n
1 | O6bem HHBECTHLMA X1 | X Xy X1y
2 | CpoK OKVIIZEMOCTH Xa1 | X; Xy Xan
3 | I'ogosoit ofiopor npo- | X3 X0 X3 Xin
eKTa
TomoBoil obeM dYHC- | X Xi Xi Xin
TOM MPUObLLIH
100 | YncThIH JACKOHTHPO-
BaHHBIA J10X01
m | BUyTpCHHAT  HOPMA | Xpn | Xu2 Xy X
JOXOAHOCTH
daxtop | 4 |
2 ®
’ )
) ! 3
L
) ’
4 ’
l‘ '/
v 1’
! ’ !
' ! ;
f ! ;
t / + Y - k4
P (Zh b
R '\\ -9
I ! -
i
' ’ ’
A PR 6
)’,’Ill ’,"':,—" _'4
" B
y’ PrEu L
== +»
Paxrop 2
Puc.7.1.



1. Yucio sbinensempix (bakropos COOTBETCTBYET MpocTpaH-
CTBY HaUMEHbLIEH pasMepHOCTH, B KOTOpOM MOXHO B BHze Bek-
TOPOB M300pasHTh T mepemenHsix HCXOAHOU MATPHMLB! AaAHHBIX.
Ipeumymecrsa nepexona or POCTPAHCTBA NePeMEHHbIX K (hak-
TOPHOMY npocTpancTBy nerko poumocTpupoears (pic. 1).

Ha puc. 71 daxropamu  sBamroTCH KOOpJIIMHATHBIE OCH.
Bosbmem wecrs HEpEMEHHDIX. TIpu 3TOM Tpu M3 Hux IyCTh mpe-
UMYIUECTBEHHO CBS3aHbI C axropom 1, a ocranbhbie - ¢ ¢axro-
pom 2. Torpa mas HEHTPHPOBAHHLIX HEpEeMEHHBIX U daxropos
CTIPABELUIMBLI CINENYIOLINE COOTHOW eHIs-

&, - dakropuas Harpyska, npoekums /-ro BEKTOpa-
NEPEMEHHOM HA ocp / (cootsercrByer ko3 duunenty Koppens-
UHHM /-H nepeMennoii ¢ daxropowm /),

COSY, =r, - koabduLment KOPPENALMH MexXAy i-i u k-if
MEPEMEHHbIMH. -

Hpu nepexone « daxropromy NPOCTPAHCTBY OTYET.IMBO
NMPOABMIIMCH OCHOBHbIE 3AKOHOMEPHOCTH BHYTpH HCCIenyeMoro
MHOXeCTBa riepemenHpix. Tak, YO MEXIY NEYMS BEKTOpamu-
MEPEMEHHBIMHU paBeH ko3 drunenty koppensnmu MEXy HUMH.

[Tpoexius BEKTOPA-nIepeMeHHOM Ha och KOOpAMHAT Ha3blBa-
ercsi pakropHoii HAarpyskoi cooTBeTcTByIOLIE] NIEPEMEHHOH
ONPEACNAET Beanuuny kosdduumenra KOppemiumuu Mmexay ne-
PeMEHHOIT M (akTopom. KBanpat anuab kaxaoro i-ro BeKTOpa
COOTBETCTBYET TON 1071 AHCIICPCHH /-# nmepeMeHHOI, KOTOpas
OIPEACAACTCA BbLACNECHH bIMU bakropamu. Takum obpazom, B
dakroprom L~meprom MPOCTPAHCTBE BOIMOKHO MPenCTaBieHHe
BCEX /1 [IEPEMEHHbIX MATPHILbI MCXOIHBIX HNaHHBIX H ONMCAHHe
BCCX OCHOBHbIX CBs13el] Mexny numu. Ipu satom L<<m

Kak Bugno us puc. 1, ceunpuka GakTopHOro aHanmsa co-
CTOUT B TOM, YTO CHIIbHas KOppeJiuns Mexzy nepemeHHbIMu
00BsICHsETCS CYUECTBOBAHHEM HEKOTOPOro daxropa, me nop-
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JIAFOLIErOCs HEMOCPEICTBEHHOMY HM3MEPEHUIO, HO C MOMOMIBIO
KOTOPUTO BO3MOMKHO OOBACHUTH nabmonaemple cpsazy. TakuM
obpazcm, GaKTOP MOXKHO OMPEASTHTH Kak PACHETHYIO MepeMEH-
HyI0, T.e. HOBYIO XapaKTEpPHUCTUKY M3y4aeMOr0 MHOXKECTBA (pak-
TOpHI Ha3bIBAIOT TAKKE JIATCHTHBIMH TIEPEMEHHBIMH).

7.2. Meroauka GaKTOPHOro aHaJIM3a

ITycTh nana COBOKYIHOCTD I OOBEKTOB HCCHENOBAHMA, KaKJ{bIH
o6bekl B KOTODOH OTMCHIBAETCS T MNEPEMCHHBLIMA. IpencraBuM
MMEIoUIyOCsi HHGOPMALIMIO B BUAE IBYXMEPHOH MaTpHlibl AaHHDBIX.
OOBEKTHL

{lepemeHHBIC

Crpokd MaTpHlbl COOTBETCTBYHOT nepeMeHHbIM, & CTONOLbI
- ofmexTam uccnenosaHus. [lpencraBieHHaA MaTpula JaHHbIX
cyMMEpyeT HaOmozneHus ro IByM [IO3MLMAM, DEpPEMEHHbIE -
o6beKTsl. EciM ydecTb M3MEHeHUs MEPeMEHHbIX BO BPEMEHH,
MaTPHLA CTAHOBUTCA TPEXMEPHOIT.

HcxonHoit Touko# GakropHOTo anajinsa SBNAETCS MATpULA
MCXOAAbIX AaHHbIX. J1s ycTpanenus BIHAHKA pa3smMepHOCTH Mart-

pHIly HCXOAHBIX JaHHBIX NPUBOAAT K CTAHAAPTHOY dopme:
X —X

e Z; - dNEMeHT CTaH/IaPTH30BAHHON MATPHLIbL HCXOAHbIX NAHHbIX
X - DNeMEHT MATPHLIbl HCXONIHBIX JIAHHEIX,
£ - MATeMaTHYECKOe OXHAARNE j-Ti TIEpEMEHHOHH,

o - CPEIHEKBANPATHHECKOC OTKJIOHEHHE I-H rnepeMeHHOH;
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X =

I |

n

o
DX o=
7=l

Lene dakrophoro ananusa cocrout s NIPENCTaBIEHUN nepe-
MEHHOH B BHJIE THHEHHOH KOMOMHALMH HECKOIBKIX TUIIOTETH-
HCCKHUX MEPEMEHHBIX-DaKTOPOB:

— ) ]
ZU-%JL+qJL+M+qJQ,Q)
rae P - 3Hauenue (haKTOpa ¢ HOMEPOM 7 U j-ro 0BbeKTa.

y

B matpuunoii popme mna seex Zj; TONY4nM:

Enoo ozt (G Ay e ay |y, e Py P
e
[
Z” ee Zli .- Zln = a'(I e a‘j asL X p“ [’Ij ‘Dhl_
Z o ij T 2, aml e amj o amL IJLI e l!:'[,j e 1!7[‘;/
7-4-P, 3)

rie Z - MaTpHLA CT2HAAPTH30BAHHBIX HCXOMHBIX NAHHbIX pa3me-
pa mxmn,

A - matpuua (hakTopHbIX Harpy3oxk, uad QakropHoe orto-
OpaxeHue; oTpaxaer cBa3n MEXIY NEPEMEHHBIMU 1 (HAKTCPaMH;

P - marpuua snauenuii Bcex [ BLIAEJICHHDBIX (akTOpOB y
BCEX 11 0OBEKTOB (TOXE NOCTPOMHO NPOHOPMHUpPOBaHa).

B 3asucumocti (3) anemento Matpull 4 U P HeH3BeCTHbI
M3eecTHa b Marpuua MexonHbIx AaHHBIX Z. QYeBUAHO, YTO
YPaBHEHHE O€3 BBEACHUSA JONOJHUTEIbHBIX OrpaHUYEHUH Hmeer
OecuncieHHOEe MHOX)eECTBO pewenni. Onpenenetue Xapakrepa
STHX OrpaHUYeHMH MNpencraBaser coboii CaMOCTOATETbHY IO 3a-
Aa1y HaKTOPHOTO aHaTu3a, Ha KOTOPOH MBI OCTAHOBUMCS [1037Ke.

OcHoBHbIM 0fcTOsSTTENECTBOM, BCNtenCTRIE KOTOpOro akropHsIii
AHATH3 ObLT NPHYHCHEH K MHOTOMEPHBIM CTATHCTHYECKHM METONAM,
ABJACTCA HCTIONB30BAHUE B €TO MOJETH TaK HA3BIBAEMOL peryLupo-
BAHHO KOPPENALMOHHON MATPHLIbI, MONY4EHHOH W3 MATPHLbI HCXO-
HBDX IAHHBIX. DfeMeHTaMi TaKoH MaTpuuwi, KpOME [IMarOHzJILHbIX,
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N
sBysioTCA  KO3(hdHUMEHTB! NapHOl koppenaund. [ craniapriso-
BAHHBIX MCXOAHBDE JAHHBIX JIEMEHT KOPPEJISLUOHHON MaTPHLbl pac-
CUMTBIBAETCS M0 3UBUCUMOCTH!

l n
== 2,5l (4)
'L 1 =1
a IMAroHaNbHbIA 3IEMEHT 7, PHPABHHBACTCA K TAK HA3bIBAEMOH
2 ~
obwuocTn A, kotopas npencrasiser coboit kBanpar xodddu-

[IHEHTA MHOXECTBEHHON KOPPENsUMH I-il IepeMeHHol U Beex L
BBIACIEHHBIX (PAKTOPOB:
r=h (3)
3Havenue OGIHOCTH A7 onpeaensercs no Gopmy.e:
h=a +. +a,+..+a,. (6)
TMo cpoei cyTdH ODUIHOCTH ABJSIETCH COCTABNANOIIEH enu-
HUYHOM OMCTIEPCHH /-H NEPEMEHHOR:

pet= LSz enr )
n—-17 '

[OE #° - XapaKTepPHOCTh, T.€. YACTh €/MHMYKOM NMCriepeuy -1 repe-
1

MEHHO, HE CBS3AFHAs C BbIIEIEHHBIMM O0ILMMHU PaKTOpaMH.
Jlist KOppenslIHOHHOH MaTpULbl UMEET MECTO Cleayriuee
COOTHOLIEHHE:

R= b YA (8)
‘ n—1
Tloncrasus BbipaskeHye st Z 13 (3) B (8), nomyunn:
R = b AP(APY = A——l—- PP'A".
n-—1 -~

o
ITo awanoruu ¢ (8) MOXHO cuutarb, yto (= -— PP' Te
n-1
(" ABJAETCA KOPPENALUMOHHOH Mar pnueu oTpakatollel CBA3N
mexnay ¢akropavu. Toraa

R=ACA. (9)
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Ecnu Hanoxute Ha Beipaxkenue (.9) ycnosue HEKOppenHpo-

BaHHOCTH GakTopos, T.e. ('=/, rue [ - eqHUYHAas MaTpHLa, TO
R =A4A4" * (10)

Boipakerusi (9) u (10) npencrasnsior coGoit MaTEeMaTHHECKYIO
Gopmynuposky (yHnaMeHTATbHON Teopembl GaKTOPHOTO aHAITH3A.

Teopema. Koppemsiimontas marpuna moxer Gbimb BOCHPOH3BE-
AeHa C MOMOLIL0 (HAaKTOPHOTO oTOOpaKEHHS U KOppessaumi Mexay
thakTopamu. .

Beoipaxenus (9) u (10) cootBercraenHo TIPEICTABIISIIOT ABA PaB-
HOTIPABHO CYLIECTBYIOILMX HAIlpaBjieHHud B (PaKTCPHOM aHamse, B
AAHHOM CJTyHae NOCTY/MPYETCH OPTOrOHABHOCTL (DaKTOpOB, T.e. B
AANLHEHIINX PACCYX/ICHUAX 32 OCHOBY Bepercst BpIpaKeHue (10),

3apaua GpakTOPHOIO 2HANM3A COCTOMT B OTEICKAHUE baxrop-
HOTO OTOOpaXeHHs MM MATPULE 4. Ee 5AeMedThl HA3LIBAKTCS
axTopnsiMu Harpyzkamu u 06o3HauAIOTCS a, i= 1_1;; I=1L. -
ANt Cirydas OpTOroHaNTbHbIX thaxropor ~1 < a, <1.

ITo cBoeit cytn daxtopnas Harpysxa a; saBasercs kosdu-
LUMEHTOM KOpPessiUAY /-i 1epeMeHHON ¢ GakTopoM nox Home-
pom /. CyluecTso NpHHATON THIOTE3b! O dakxropHoM oTobpae-
HUH, Hanpumep, Ui Tpex GakTopoB NPHHATO H306paXkaTh cie-
ayroowmum obpasom (puc. 7.2).

N

Daxropst ’ ( A ]

4 B | C | ~_ ~— ,

1 + + -

2 4 + TN g 3

3 A < B 4

4 . 4 + ~— 5

5 + + A~ = 6

6 + C — 7

7 + + Q A :\ f'fg

8 4 + 0
9 RS I

Puc. 7.2.
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[Ipoueznypa BBIMOJHEHUS OCHOBHBIX BLIMUCIUTENIBHBIX Ofe-
pauuii B GaKTOPHOM aHaM3e npejacTaBieHa Ha puc.7.3.

[IpsAMOYrOJbHUKH Ha PHC. 7.3 COOTBETCTBYIOT MATPHLAM,
FOPU30HTANbHbIE CTPEJIKH YKa3bIBAIOT TOCJIEAOBATENLHOCTE OT-
HeNbHBIK JTanoB (HAKTOPHOTO aHaju3d, BEPTUKAIbHBIC - CBMAC-
TENBCTBYIOT O HETHIPEX OCHOBHBIX TPOOJIEMaX, BOSHUKAIOWINX B
XOJe peanu3aliy METOA.

JIroboit Bua GakTOPHOrO aHau3a HAuKHAEeTCs ¢ MaTpPULlbl
UCXONFBIX JAHHBIX X.

1 n 1 m 1 m 1 L 1 L 1 H

g n
‘Kii—‘—" Fik Wf ik ._—P‘ S ¥ Vil Vit

m m nt m m I}

X R R, A y P
Tpofinema OiieHKa
Q6HOCTH (paxropos

[Ipodreva [pobinema
(hakTOpOB BPANIECHAA
Puc. 7.3.

Mo MaTpuie X BbIMMCISAETCA KOppensiinOHHas MaTpula R.
[locTaEuB Ha rNaBHON AMArOHANU Marpuibl [ OLEHKH 0OLIHO-

cTeil A, NOMYMAKT PelylUHPOBAHHYIO KOPPESILHORHYIO MaTpi-
uy. [fo.1yueHune oueHOK h* coctasnsier npobnemy OOLIHOCTH. 3

pey MPOBaHHOM KOPPENALUMOHHOH MATPHLLbI Ry, ¢ nomouibo
COOTBETCTBYIOLIMX METOLOB U3BIEKAIOT (Haktopbl. Jlanubifl L1ar
cooTsercTeyer npobieme ¢dakTopos. B pesynsrare moydaror
MaTpHLy HaxTopHOro otobpaxkenus A. Ynucno matpyi A, kaxnas
3 KOTOPBIX BOCIPOM3BOIAMT Matpuuy Rj, MOXKeET ObITh BENMKO.
13 5TOI'0 MHOKECTBA 0 HEKOTOPOMY MPABITY BHIONPAETCs ONHA,
uro cocTasaser npodnemy BpaiieHus. Pemenne npobnembl Bpa-
L1eHHUst COCTONT B MOJYYEHHH MATPHIlbL F.

Iocnennss npobieMa Kacaercsi OLUEHKH SHa4eHHH dakTopos
Ans Kaxmoro oobexta. Ecau MOCMOTPETh HA HA4ano H KOHCL
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CXeéMbl (aKTOPHOrC aHaaM3a, TO CTaHOBUTCH OYEBHIHBIM YHIpo-
LIEHHE, KOTOPOE NOCTUTACTCS ATUM MeTonoM. Marpuua Y pimeer
Pa3MepHOCTL (m1xs1), a Matpuua P - (Lxn). Tlpu s1om m>>[ Te.
M1 EPEMEHHBIX, H3MEPEHHbIE Y 1 00beKTOB, cBONATCH K /, tax-
Topam. Peutenute npoGnempl takropos IF€OMETPHYECKH COOTRET-
CTBYET YMEHBUICHHIO PA3MEPHOCTH.

OcranosBumes rionpodHee Ha 3tanax baxropHoro anammsa (puc.
7.3). Cocrassiem MaTpHlly UCXOAHBIX HaHHLIX. [1o COOTBETCTBYIO-
LIMM 3aBHCHMOCTSIM TIPUBOIMM €€ 3JIEMEHTLI K CTan1apTHOH hopme.
3arem u3 cranmaprizoBaHHOM MAaTpHLBl HCXOIHBIX NAHHBIX rnosy-
Hai0T KOPPENSLUMOHHYI0 MaTpuuty. [9, 10, 21,24].

3aMeHHB enMHULB] Ha TJIABHOM nuarosanu MaTpuubl R o6r-
HOCTSIMH, TNOJIy4arT penyuupoBaHHyio KOPPENAUHOHHYI0 Mmar-
puuy R, CywecrByer Heckombko CrocoboB  Npubu KeHHOH
OLUEHKH 3Ha4eHui obuwnocredl. HanGonee IPOCTOR M3 HUX Cco-
CTOMT B TOM, YTO 3a 3HaYEHME OLEHKH OBIIHOCTH -1 nepemen-
HOH NPHHUMAETCS MaKCMMAibHb Ko3pbHLIHeHT Koppessiunu
AAHHOTO cTonbua Marpuubl R, B3STHIH NOJIOKMTENbHLIM 3Ha-
KOM, T.€.:

ho=(r)max <1, k= 1,m, (11)

IIpobnema daxropos cocrour s nepexone ot u3obpaxenus
1 00BEKTOB B mpoCTpaHCTBE /11 TEPEMEHHBIX K IIpencTaBienmo
TeX Jke /1 00beKTOB B IpocTpaHcTse /, hakTopos, T.e. B cHuKeHMIY
Pa3MepHOCTH MCXOAHOTO MaccuBa uHbopmauun. Jra npobnema
PCLIACTCA, KaK NPABHUIIO, METOAOM IIaBHbIX $hakropos 6o Len-
TporaHbIM Metonom. Kawmomy METOLY NPUCYILLHM CBOM Orpanu-
HCHHUA, BBEACHHE KOTOPBIX [103BOJisET 1nony4aTh OMHOZHAYHbIE
PeLICHHUS 115 BbIpaskeHus:

R, =AA".

Meton raaBubiIx dbaxTopos. B ochope METONA T'NABHBIX
$axropos nexur Chenyrouiee ycnosue: cymma KBaApaToi Harpy-
30K MEPBOro BBIIEIEHHOTO haxTopa nomina cocrassty. MaKCH-
MYM OT NMOJHOH NHCHEPCHM BCex mr NEPEMEHHBIX, T.€. MAKCHMHU-
3UPYET BYHKLMIO:
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S, =| Y. a; (max, (12)
=1

m(m—1) . —
npH -  HE3aBUCUMBIX YCIOBUAX Iy = Ay ik=1m.
Foa,

Makcumm3aius BbIPAKSHUAA (12) c yueroMm OrpasueHn,
ocyiiecTBisieMai ¢ MOMOULBIO merona MuoxuTeneit Jlarpanxa,
MPHBOJMT K cneIyioUlen 3anaqe: HaiiTi coGCTBEHHBIA BEKTOP &,
matpuubl Ry, OTBEUAOILHI €€ MaKCHManbHOMY COOCTBEHHOMY
3HaueHUI0 A4, . Ilpy 9TOM HArpysKA nepeMeHHbIX Ha nepsblit 00-
mui  Gakrop [OIyHarTes M3 KOMIOHEHT JTOro BEKTOPa

(a,.,; i=1, m) HOPMMPOBAHHEM:

a, = -—“Lz—-_z : (13)

=1

Jlanee MOKHO MOKA3ATE, 4TO MAaKCHMyMYy LesieBoi QyHKUHH

S, COOTBETCTBYET coBCTBEHHBIH BEKTOP O, MaTpHLbl Ry, oTBE-

Yall 1l €€ MaKCHMalbHOMY coOCTBERHOMY 3HAUEHUIO A, . Mar-

puna Ry, moay4aercs 13 marpuubl Ry HCKIOHCHHEM nepBoro
dakTopa:

R,=R, -

']

A, o (14)

rae
A= "cvn R IO H

Harpy3kH TepemMeHHbLIX Ha propoit obmuil hakTop onpeacs
NSFOTCS B COOTBETCTBHH C BbIPAKCHHEM (13).

{Jeriouka 3THX 3anad ofpbiBaeTcs Ha TaKOM LIare L, nocne
KOTOPOro ' : ‘
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R._'Hm = 0.

B pesynbrate BbaensioT L ofwmpx dakTopos U marpuuy
(akTopHbIX Harpy3ok A.

IlenTpoHaHbIH MeTo] BbieseHUun GaKTOPOB NPUHUMITH-
aMTBHO CXOIEH C MEeTOJNOM IaBHBIX GaxkTopoB. Jajgaya MeTona Ta
e - ONHO3HAYHO ONPEAETHTh BhIPAXKCHHE

R, =A4".

OpHAaKo ecId B MeTOfie TnaBHbix (PakTOpoB TPebOBANOCH,
4T06bI BAOJb 11€PBOIi ERIIENEHHO OCH CUCTEMEI KOOPAHMHAT (COo-
OTBETCTBYET MEPBOMY GaKTOpY) JIeXKa) MaKCHMYM TOJHOH nuc-
MEPCUH /1 NEPEMEHHLIX, TO B UEHTPOHIHOM METOJE l1epBasi Bbl-
AeleHHas OCh JOJKHA MPOXONMTL Yepes LEHT) THHKECTH CKOTLIe-
HHUs TOYEK, COOTBETCTBYIOLMX /17 IEPEMEeHHbIM (PIHC. 7.4).

Puc. 7.4.

Mpobaema spamenus. PakrTopel, BbIIENCHHIE OJHHM U3
BLIOpAHHBIX METOJIOB, 33/1al0T CHCTEMY KOOPAMHAT, B KOTOPOH
JAOCTATOYHO TCJHO BOCTIPOH3BCAMTCS MAaTpHila HCXOMHBIX NaH-
Hpix. OaHaKo pacnpencneHne noJieH AHCIEPCHH NMEPEMEHHbBIX 110
daxTopamM NPOM3BOILHO ¥ ONMPENEIACTCA HE UCXOAHBIMH JAaHHbI-
MH, a BeiOpaHHbIM MeTonoM. TTonydeHHyro CHCTEMY KOOPAMHAT
3a4acTyl0 HEEO3MOZKHO CONEPXATeNbHO  HHTEPNPETHPOBATS.
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DTUX HENOCTATKOB MOYXKHO u30exaTh, pelns npodsemy Bpaue-
Hust. B anrebpauuecknx repmunax CYyTb €€ COCTOHT B CleAy:O-
uem. Cymecteyer Gecumciennoe KOJIU4eCcTBO Matpul 4, KoTo-
PbI€ 1103BOJIAOT NONYYUTH Marpuity Ry,

B bakropHom ananuze npeabpasosanmue mMarpuiisl A BEIYT
A0 NOCTHKCHHUA TaK HA3bIBAEMOH NPOCTOii CTpykTypbl Llens Bpa-
WEHHA COCTOHT B NepepacnpeneseHuH NaHHbIX HA FPYIIIbI, KO-
TOPBIE MEKAT Kak MOXHO Hasblle Apyr ot Apyra ¥ KaKk MOXKHO
bitnke « ocsam KOOpIMHAT.

Jokazano, uro nonoGHoe pasbuerue JO3AHHBIX HA TPYIIb]
COOTBETCTBYET MAKCHMAIBHOMY 3HAYEHHIO CYMMBbI Jucriepcuii
KBaLpPaTOB (PAKTOPHBIX HArPY3OK:

L
mIaxZD,, (15)
1=]

~ 12

n ] Pom
2

D= Saf - al e

h1

Ecan paspenuts akTopHble Harpysku na COOTBETCTBYO-
LiMe O0UWHOCTH H, Kpome TOTO, yMHOXUTL BbIpakeHue (16) na
M-, TO [Oqy4YuM MOAU(BULMPOBAHHDIT BAPUMAKC-KPHTEPHIT:

n L

miZ(bﬂ)“—Z ibﬁ “7 (17)

I=1 j=1 I=1 | i=1

rae

al !
-

5 .

h

,
Haxoxnenue makcumyma BapUMAaKC-KPUTEPUs TMPUBOAHT K
OAHOZHAYHOMY ONPENENEHHIO MOJIOKEHMS CHCTEMB] KOOPAHHAT B
POCTP&EHCTBE (haKTOPOB, T.€. K pereno POOJIEMBI BpaLLeH Hst.
Ouenka 3nauenuii baxropos. [locnennwii tan dbaxropho-
IO aHAJIM3a - OLIEHKA 3HAYEHMH BbIIEIeHHbIX (axTopoB ans Kax-
noro obsekra. Ecnu B BbIPAXXEHHH
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Z=AP (18)
y3secTHa Marpuua A, TO MOKHO MPUCTYNATh K ONPEACISHUIO
matpuiipl P. B $akToOpHOM aAman3e OLEHKa 3HaueHuil GaxTopoB
[TPOM3BONMTCA C HCTIONb30BAHMEM MHOMKECTBEHHOIO perpeccil-
OHHOTO aHANHM3a Ha OCHOBE METOMd HaMMEHBIEX KBaJpaTOB MO
3aBUCHMOCTH!

pP=RZ, (19)

rae P - marpula OLUCHOK sHaueHuii HakTOpOB PA3MEPHOCTH
(Lxm);

B' - marpuua ko2GQuMeHTOB perpeccuu (axTopos 110 nepe
MEHHBIM Pa3MEPHOCTH (Lxm);,

7 - MaTpuua CTaH[apTU30BaHHBIX fIepEMEHHbIX PazMepHO-
cti (mxn).

Marpuna B' cranIapTH30BAHHBIX rIepeMEHHbBIX OMNPeIeNnaeT-
cst no dopmyiie:

B'=A'R;,
e R, - obparHas pentylipoBaHHas KOppeJsILMOHHas MaTpHLa.

OLeHKO 3HauSHUH BHIIEICHHBIX GaKTOPOB 3AKAHIUBAIOTCA
OCHOBHBIE Tarnbl GAKTOPHOTO aHAJTH3A.

B nacrosiuee Bpems (axTOpHBIH aHATH3 kaK O/IMH 3 MHO-
FOMEPHBIX CTATHCTUMECKHX METONOB WHTEHCHUBHO Da3BHBACTCS.
B oToit CBS3H 3HAYHTENbHbIA TEOPETHUECKUH H paKTHYECKHil
MHTEpeC MpeNcTaByaeT 106as NOTbITKA MPHIIOKCHNA dbaxTopHO-
O AHAIM3A K PELLCHUIO IKOHOMHHECKHX 3ajad.

7 3. KKoMnoHEeHTHbIH aHaJiu3 HH MeTO/1 rJIaBHBIX
KOMITOHEHT

KOMMOHEHTHBIA aHANN3 IpUMeHseTcs Ais TOro, yTolibl CHC-
TeMmy, COCTOALHYIO M3 MCXOIHBIX, UACTHYHO 3aBHCHMBIX fEPE-
MEHHbIX, KaK MOXHO TOUHEE OmHCath MHHUMAaNbHbIM {HCTIOM
He3aBMCHMBIX Py OT Apyra (paxkTopOB. TIpennosioRuM, 4TO Tie-
PEMEHHBIE MOKHO [PENCTABHTD B CIICAYIOHIEM BUIL:
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le = a]]ﬁ/ +a12~f2t Tt a’lp-/‘pr Tt alm./;nr;

231‘ = a31.f;I + a?f_’flr o+ "7? p-fpl ot (73ﬂ]-f;7lf:’

.....................................................

S (1)

Znt = anl.fl‘t + [Ianét o+ ‘Ip'p.fp! T C’nm-]rml s

Toe z; - t-e HawSmcmeHHej-ﬁ HepemMeHHol; Jot - t-2 3Ha4eHHE p-ro
$axtopa; p - GaxTopup Koo duipeny (v Harpyska), otno-
CALUHCS K D-My (bamopy_ J-¥l IepeMennoii

Cywecrsyer muorg €rnocobos, HC3BOMLIOINK  OneHuTy, tax-
TOpHbIe KO3 PurinerTs; Obwas, Baxcuas ¢ TOYKH 3penus UHTEpnpe-
TalkH pe3ynbraTop 0CoBeHHOCTE 311X METOZIOB COCTOHT B Tom, yro
OHH UCXOmsIT M3 MaTpulb Koppemsiuuii, YkasbiBatoweli ya cyLuecT-
BOBaHue 3aBrcumocre; MEXIY HCXOaHbIMY NEPEMEHHBIMY .

Kosddpunmentsr npu daxropax YKA3bIBAOT Ha CBsizp npu
NOMOIH MeTong, KoTopeli Gyrer wanoxey Hwke. Yro ke cobo
NpeacTaBnsior sy koo GuumenT, W, Kak ux euge Ha3bIBAKOT,
Harpysku? Komnonenrupj 4HAJIN3 OTXphiBaeT .15 onpenenexHus
Harpysok nge Becbma TpOCTHIE BosMOMHOCTH: OIlH& H3 HUX OTHO-
CHTCA K MHTepnperaiy CaMux Harpysox, APYrast ocHoBaua Ha
HCIIOB30BaHI 1 KBanparos yryx Harpysox. [21, 22). )

Mosxhno A0Kasare, yro Harpyska p-ro baktopa B - aepe-
MEHHOH COBMajaer KO3} buumentom Koppensunu MeXny Jj-ii
HEPEMEHHOI U p-um baxropom:

a, =r, f} . (2)

Koadduumenry, IPH dakropax YKa3bIBAIOT, HackobKo TeC-
HO CBsi3anp) MEXKy coboli NepeMennble i baxropsr Bosbuioe
3HAYCHHE Harpysky YKa3bisaer Ha CHIIbHYIO CBsi3, ¢ l€pemMeHHo;i,
MaJioe 3Hauenye - yg Cnabyro ceazp Hynesoe mmy dnuskoe Hy-
7O 3HAaYeHHe Harpysky O3Havaer, vro MEXKIY COOTBETCTBYIOI
nepeMeHHokt iy paccMarpusaempiy thaxropom casp, OTCyTCTBYET
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BTOpaﬂ HHTCpHpeTaI_II/I.SI HAarpy3KH cBsizaBa C TIOHATHEM
KBaApaTHUHOIO OTKNOHEHUS (nmcnepenit). JQucnepcus j-A nepe-
MEHHO} M3-3a OTCYTCTBHS MOMAPHON KOPPENsLAH MEKILY daxro-
pami paBHa CyMME KBAApaTOB (paxTOpHBIX KO GULUUEHTOB:

2 2 2 2 2
o; =a; td; +.o.ta, +..ta (3)

jm
roe afl - ucIiepeHs j-ii epeMeHHOH.
B cuiy HOPMMPOBAHHOCTH (cTaHnapTH3alMy) TEePeMEHHbIX
af‘_ -1 CiesoBaTelibHO, KBanpar Kod(duimeHra XOppelalmu dy

HOKA3BIBAET, KAKYEO JIOMO (B %0) p-H (PaKTOp BHOCHT B KBapaTU4HOE
oTKJIOHeHHe j-it nepemenHoi. Hem Oorbine BenuinHa k0obduLmeH-
Ta @, TeM OOnblIee BIMAHME OKA3HIEACT p-it GaxTop Ha M3MEHEHUE
suaueHuil j-if nepemMerHOA. B npenentHoM CIyHae, Korna ko3 du-
LMEHT a;, PABEH SIMHHUE, 3HAHUA ONHONO JHLLIb p-TO ¢akropa nocra-
TOUHO JUISL OTTMCAHHS XOIA H3MEHEHHS j-i TIepEMe HHOM.

B (opmyse (1) riepeMenrbIe NPEACTABICHEL B BUJIE JIMHEH-
bk KoMOMHALmMiT daxTopos. IToaToMy CBA3M MEXY NEPEMEH-
HpiMH 1 (GAKTOPAMH MOAKHO MHTEPIPETHPOBATE C TOUKH 3peHus
nepemeHHpix. OIHAKO MPY HHTEPUPETALHH pe3ynbTaToB (aKTo-
pPU3ALMH B LEHTPE BHUMAHKUA HAXOAATCA HE MCXOHBIE TIEPEMEH-
Hble, a camu daxropsr. C BecbMa MPOCTBIM OTIPEACICHHEM dax-
TOPOB Mbl YK€ BCTPETHIMCH B IPUBCACHHOM Bbillle TIPHMEpE.
Tam cakTopei ObLTH Onpeaenetsl HpH NOMOLLH NepeMEHHBbIX,
CRS3AHHBLIX Mexay COOOH 3aBHCHMCCTHIO. B panpHe#meM Ham
NOHAZ0BUTCA Oonee yTOUHEHHBIH BApPHaHT 3TOTO OTIpencHeHHs .
Io3ToMy paccMOTPHM, KaKUM obHpa3oM B KOMIIOHEHTHOM aHaju-
36 MOJKHO 3aIUCATh 3aBUCHMOCTH MEXY OTACTbHBIMU daxropa-
M ¢ riepeMeHHbIMU. st IPOCTOTHI 3aMHLIeM 3aBHCHMOCTD, NOJ-
HOCTBIO AHAIOTHUHYHO JTHHEHHBIM COOTHOLICHUAM (1) nuws s
p-ro dakropa:

a, ., :
= oy by (4)

rie O':- - quenepcus p-To (HaxkTopa.
p
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Hrak, dakroper moxHo NpEnCTaBUTh B BUAE HAMHENHBIX
KoMOHHaLMiT nepeMeHHBIX. TH KOMOMHALMU MpencTaBieHsl
haxtorHeIMK KO3ddHuLHeHTAMN 1 aucnepcusimu gakropos. Ilo-
CKOJIBKY MbL C CAMOTO Haualla NPeanoIoKHIU, YTO COBOKYITHOCTb
axToros onpenensier 3Hauenns KaXJO¥W NEePeMEHHON B OT/e1b-
HOCTU 1 BCEX NEPEMEHHBIX, B3ATBIX BMECTE (CM. dopmyny (5)),
TO CyvMa KBaZApPaTHYHOIO OTKIIOHEHMS BCEX (axTopoB pasHa
CYMME KBAAPATUIHOIO OTKJIOHEHHS BCEX MEPEMEHHbIX, KOTOpast
B CHJly HOPMHPOBaHHS (CTAaHAAPTH3ALKH) PABHA YHCITY riepeMeH-
HBIX:

ZO-;// - io—: =n (5)

p=l J=1

M3 pasencrsa (5) CIENYET, ¥TO, PasHENHB JHCIIEPCHIO p-To
daxropa Ha uncno MIEPEMEHHBIX, MbI NOMYYBM BENHYMHY OTHO-
CHTENBLHOTO (BhIpaXEHHOrO B %) BKjiaza P-ro daxropa B obuiee
OTKJIOHEHHE (paccerBanue) Bcex NEPEMEHHBIX.

Beruncnenne 3nayenuis aucnepcuii GakTopoB WM UX OTHO-
CHTEJILIOH BENMUUHbI Hapsly ¢ dbaxropubiMK Ko3bDHLHEHTAMIH
NIO3BOJIAET MOJIYYHTD €€ OJUH BajkHbIE pe3ynbrar. Jucnepcus
$axTopoB pasna cymme KBAPaTOB OTJHYHBIX OT HyAs GaxTop-
HbIX KOI(DGOULHEHTOB, CBA3BIBAIOIIMX NAHHbE daxropsr ¢ pas-
JHAHBIMA iepeMeHHbIMU. CienoBatensHo, ancnepens p-ro pak-
TOpa paBHa:

S b

n
o, = Za}‘;. 6)
J=1

DaKTOpBI MONKHO YNOPAIOYUTL B Psifi, PACHONONKUB HX IO
BEJIM'YHHE KBAIPATUYHOIO OTKJIOHeHMs. Ha PAKTUKE MPHHATO
Ha3bI3aTh NEPBbIM (AKTOP ¢ HAMOOMbLIMM KBaAPATHUHBIM OT-
KIOHCHHEM, BTOPBIM - (BaKkTOp CO CREeAyIOLHM MO BenuuuHe
KBaIparTH4YHEIM OTKIOHEHHEM M T. .

SaBHCHMOCTH MEXKAY TIEPEMEHHBbIMH H (JaKTOPaMH NOKAa3a-
Hbl B TN, 7 2.

294



Tabmnua 7.2.
Cxema pacroyIoKEHUs Pe3yJIbTATOB KOMIIOHEHTHOIO aHANN3a B
BUJIE TAOIMLDI 110 BEJTHYUHE JUCTIEPCHH

Iepemennbie DaxTopsi HAucnepcus
{i f.:l cee ﬁn cr?
i
VA 2 2 - 2 1
! a 11 all al m
2 2
Z ady dy Dy 1
i Z 2 2 2 1
? anl n2 am
2 ;2 2 2 n
9, s, 95 9.

Marpuily HCXOMHBIX MEPEMEHHBIX 7 TO3BOJAIOT HPOAHA-
.0

JIM3UPOBATE CACAYFOHIUE HWTOTOBBLIC MOKAa3aTeaH, BXOIsII{HE B
tabm. 1 u popmyiy 1.

1. UYucno ¢akTopoB TMOKa3bIBAET, CKOObKO J¥HEHHO-
3aBHCHMBIX PYUI JIEPEMEHHBIX XapaKTEPHO Uis NOJHOrO Habo-
pd HCXOOHDBIX NEPEMEHHDBIX.

2. KpagpaTHuHble OTKJIOHEHUsT (AKTOPOB MOKA3bIBAIOT,
CKOJb GONBIIOE 3HAYEHHE UMEIOT OTAEeNbHBIE (AKTOPB! [.11 Beeil
CHUCTEMb] [1EPEMEHHBIX.

3. @akTopHbie KOIPPUUUEHTHI MO3BOSIOT CYAHTh O TOM,
HACKOJILKO CHJIbHBI 3aBUCUMOCTH MEX/Iy MEPEMEHHbIMH U (ak-
TOpamH.

4. IocTpounbiid aHaau3 KBaapaToB (HakTopHsix KO3(pGHLH-
€HTOB TI0Ka3blBAET, KakHe (AKTOPbl U C KAKUM BECOM HIparoT
pOJb B GOPMHPOBAHNU OTACAbHBIX IEPEMEHHDIX.

5. AHanu3 ksanpatos GakTOpHbIX KO3(QULMEHTOB 1O
CT0A01AM MOKA3bIBAET, KAKHE MEPEMEHHbIE MIPAIOT PEUIAIOLLYIO
poJib B HOPMHPOBAHHH OT/E/bHBIX (PAKTOPOB.

Tak nazbiBaemasi MaeHTHGHKALMS PAKTOPOB, UM, HHAYE IO-
BOPS, MPHIAHHE OTPENENEHHOTO CMBICIA OTACbHBIM (arkTopam,
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BO3MOXKHA JIMIIb JIJIsi KOHKPETHOH 3amauu. JleiCrBUTENhHO, Kak
CHEAYeT U3 CKA3AHHOIO BBIUE, B (DOPMMPOBAHMH OT/IENLHOIO
daxropa yuacTByIOT CBsI3aHHBIE ¢ HUM nepeMerHrie. Jlo Tex nop
NIOKA TIEPEMEHHBIE He CrIeHUULPOBAHDI, BLISCHHTD KOHKPETHOE
3naueHne PaKTOPOB HE NPEACTABISCTCA BO3SMOKHEIM.

CrenopaTenhbHO, OTHOCHUTEALHC WISHTHOUKALHE (PAKTOPOB
KOMIIOHEHTHbIE @HAJIM3 HE I03BOJISET NPUATH HU K KaKUM 3a-
KJIIOYEHHSM, KPOMe camoro ofuiero yTBEpXKAEHHUS O TOM, YTO
(axkTopbl BbIPAXKAIOT CBOMCTBA, NPHCYLIME BCEM CBA3aHHLIM C
HHM DE€PEMEHHBIM.

Bonpoce! 115t caMonpoBepKH

JlaliTe nOHATHE NATEHTHOM NEPEMEHHOI.

KakoBa cnernduka pakTopHOro aHannsa?

ITpusenure o0uy0 cXxeMy NpoBefesus GakTOPHOrO aHaTHU3a.

KakoBo Ha3HaueHHue GakTOPHONC aHanu3a?

Yro Takoe pakTopHas Harpyska’?

KakoBO Ha3HaueHUE MATPHLbl CTAHAAPTU30BAHHBIX HCXONHBIX

TlaHHbBIX?

7. KakxuM 00pa3oM OCYLIECTBIASTCS NMEPEX0ol OT pealibHbIX Me-
PEMEHHBIX K CTAHAAPTU30BAHHBIM?

8. IIpusenure OCHOBHOE ypaBHeHke GakTOPHOro aHaMs3a.

9. TMosicHure aaroput™ (HaKTOPHOTO aLanu3a.

10. K uemy cBOOMTCA METO I'IaBHBIX (GakTopos?

11. Tlepeuncnure 3Tans! GakTOPHOro aHaMM3A.

12. TlpuBeawre HpoLERypY OLEHKH BblACJEHHbIX (PakTOpoB H
MaTpHULbl (PAKTOPHBIX HATPY3OK.

N

o
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I'/IABA 8. TAPHAS KOPPEJISIIIUA U
PEI'PECCHSL.

8.1. O6uue 3aMeuanme

B sxoHOMeTpHKE WIMPOKO HCHOMLH3YHOTCS METOMB! CTATHCTH-
ku. CTassi UeNlb 1aTh KOJIHYECTBEHHOE OIMCAHUE B3aUMOCBS3EH
MEXIY SKOHOMHYECKHMH TEPEMEHHBIMU, IKOHOMETPUKA TIPEXKIe
BCErO CBA3aHA C METOLAMH KOPPEISILIHH H PETPECCHH.

B 3aBUCHMOCTH OT KO.NMuYeCTBA (PAKTOPOB, BKIOYEHHBIX B
YPaBHEHHE PErpecCKH, MPHHATO PasaMyaTh NPOCTYIO (NAPHYIO) U
MHOKECTBEHHVIO PErpPeccHH.

Hpocras perpeccus npencrasiaser co6oii perpeccuto MEXKIY
ABYMS IEPEMEHHBIMH - U X, T. €. MOJIEJIb BHJIA.

= f(x),
1 ¥ - 3aBHCHUMAs Hﬁ"peMr"HHaH (PesynbTaTHBHbIIA PH3HAK),

# - HE3aBUCHUMAs, Wi OOBACHAIONIas, NepemMeHHas (IPU3HAK-
daxtop).

MHoxecTBeHHas PErpeccHs: COOTBETCTBEHHO NPENCTABISET
cODOM PErpeccHro pe3ynsTaATHBHOTIO MPH3HAKA C ABYMS K 001B-
IIUM YUCJIOM (DAKTOPOB, T. €. MOLENb BH/A

y:_/(xpxz,...,xk).

JIxobo€e 5KOHOMETPHYECKGE HMCCREIOBAHUE HAYMHAETCS CO
crielnbuKauun MozienH, T.e. ¢ GOPMYTUPOBKH BUIA MOJIEMH, HC-
XOAs U3 COOTBETCTBYIOLLEH TEOPHH CBS3H MEXK,Ty NIEPEMEHHbIMH.
WHeMu ciosamu, MecnenoBasie HadMHAETCA C TEOPHH, YCTAHAB-
JMBAIOWEH CBA3b MEKAY ABNCHUSIMH.

lpexae seero ns Beero kpyra $pakTopos, BIMSIOMUX HA pe-
3YABTATHBHBIN TPH3HAK, HEOOXOMMMO BbIAEANTH Haubonee cy-
WECTBEHHO BiusiioLuke (aktopbl. IlapHas perpeccus gocratou-
Ha, €CH UMEETCH NOMUHHUPYIOWHIT GakTop, KOTOPLIH M HCMOb-
3yercs & kauectse oObACHsHOWEH nepemennoii. [Ipenmonoxkum,
“TO BBIIBHTAETCA PUNOTE3R O TOM, YTO BeJHYHHA CIIPOCa ) Ha TO-
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Bap A HaxomuTCA B OOpaTHOH 3aBHCMMOCTM OT LEHBL X, T.€.
§.=a-b-x. B atom cyuae HEOOXONIMMO 3HATD, KAKAE OCTAIlL-

Hble (BAKTOPLI MPEIINONAraTCs HEM3MEHHbIMU, BO3MOXHO, B
fanpHeflemM uX NPUAETCA y4eCTb B MOJCIH U OT [IPOCTOH per-
peccuM MepeiTH K MHOXECTBEHHOIL.

YpaBHEHHE IPOCTOH PErpecchy XapakTepu3yeT CBASL MEK-
Ay HBYMs TIEPEMEHHBIMH, KOTOpas MPOABIAETCS Kak HekOTOpas
3aKOHOMEPHOCTh JIMIIb B CPEIHEM B LENOM MO COBOKYNMHOCTH
nabmonenuii. Tak, ecauM 3aBUCHMOCTb Cpoca y OT LEHBL X Xa-
PaKTEpPH3yeTCsi, HAIPUMED, YPABHEHUEM y=3000 — 2-x, TO ITO 03-
HA4aET, YTO C POCTOM LieHbI Ha 1 A.e. CIPOC B CPENHEM yMCHbLIA-
ercs va 2 . €. B ypaBHEHHU Perpeccuu KOppessuuonHas no cy-
TU CBSSb NMPH3HAKOB IMPEACTABJIAETCA B BUIC $yHKLHOHAJIBLHOH
CBSI3H, BBIPAXKEHHON COOTBETCTBYHOLICH MaTeMaTH4ecKOH (QyHK-
uueii. TIpakTHuecky B KaXIOM OTIAENBHOM Ciy4ae BejHdMHA ¥
CKJIA/IbIBAETCA U3 IBYX CJIaraeMbiX:

Y, =V, TE, (h
rae v, - GaKkTHYECKOe 3HaUCHNE pe3yAbTaTHBHOIO MPpH3HAKA,
)ﬂ’xi - TEOPETHUECKOEC 3HAUCHUE peSYJ’IbTaTHBHOFO npy3HaKa,

HARZIGHHOE HCXOAs M3  COOTBETCTBYHOLUEH MaTeMaTHUYEeCKOH
@YHKIIKM CBSI3H Y K X, T. €. U3 YPABHEHHS PETPECCHH,

£, - ciydaiiHas BENMUHHA, XapaKTepu3yroias OTKJIOHEHHSI

peaNbHOrO 3HAYEHHs Pe3yJBTaTHBHOTO MpU3Haka OT TEOPETHHe-
CKOTO, HAWJEHHOTO IO YPaBHEHHUIO PErpeCCHH.

(Cnyuaiias BEJIHUMHA £ HA3bIBAETCH TAKKE BOSMYUIEHHEM.
Ona 3KIIOYaeT BIHAHUE HE YHTEHHbIX B MOZENH (akTopos, Ciy-
yaiiHbIx OMMOOK 1 ocobeHHOCTEN H3MepeHus Ee MpucyTCTBHe B
MOZAENY HOPOMJAEHO TPEMs MCTOUHMKAMH cneuuduKalted MO-
€1, BbIOOPOUHBIM XapakTepOM HCXOAHBIX IAHHBIX, 0CO0EHHO-
CTSIMM H3MEPEHHUS MEPEMEHHbIX.

[IpupencHHOe paHee YPaBHEHHE 3aBUCHMOCTH CApOCa y OT
HeHbl X TOYHEE ClieyeT 3aMUChiBaTh KaK

y=3000-2-x+¢,
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ubO BCeraa ectb mecro ANA NEACTBUS Chy4aiiHOCTH. ObpaThas
3aBHCHMOCTb CHPOCA OT 1i€HbI He obs3aTenbHO XapakTepiusyercs
JTHHENHHOH GyHKLel

V. =a-bx
Bosmoxnbr u npyrue COOTHOLIEHHUS, HapHMep:
Jo=ax’ §o=a+l pR— .
* o x' 7Y aibox

ITosromy ot npasusho BBIOpaHHOIA CneuupHKaLMU Moneny
SABUCHT BEJIMYMHA CAYYalHbIX OWHGOK: OHM Tew MEHbLIE, YeM B
bosbieit mepe Teopernucckie 3HAYEHUS PE3yNbTATHBHOIO NpH-
3HAKA Y MOAXOIAT K axruyeckum nannbimM Y.

K omubkam cneunukauy 6ynyT oTHOCHTLCs HE TOJBKO
HEMpaBUIIbHbIN BBIOOD TOH MM MHOl MaTemaTuieckoi Qynxiun
UIA P, HO H HeIoyYerT B YPAaBHCHHHU PErpeccuu Kakoro-iaubo

CYWIECTBEHHOrO hakTopa, T. €. HCIOMB30BaHUE NapHOH perpec-
CHH BMECTO MHOXeCTBeHHOH. Tak, CIPOC HA KOHKPETHBIA TOBap
MOMKET OTIPENENATHCH He TONBLKO LEHOMH, HO AOXOIOM Ha ayuly
HaceNeHus.

Hapsny ¢ owu6kamu CHCLU(HUKALIMN MOrYT HMmert, MECTO
OMOKH BHIBOpKH, IOCKONIEKY MCcllenoBaTens yaiie seero HMeer
A€.10 ¢ BBIOOPOYHBIMU NAHHBIMH P11 yCTaHOBjIeHNHK 3aKoHOMEp-
HOH CBS3H MEKAY NPH3HAKAMMY. Ouwubkn BuIGOpKI HMeroT MECTO
H B CHJTY HEOTHOPCIHOCTH NAHHbBIX B HCXOIHOH CTATHCTHYECKOM
COBOKYITHOCTH, 4TO, Kak NPaBuo, ObiBaeT npu H3YYEHUH HKOHO-
MHYECKHX Tmpoueccos. Ecuuy COBOKYNIHOCTD  HEOIHOPO;1HA, TO
YPABHEHUE DErpeccuu He umeer NPAKTIECKOro cMbicia. Ans
MOTYyICHHS XOPOLIErD pe3ynbTata 0ObIYHO MCKAIOUAIOT K3 COBO-
KYMHOCTH €HHHUbI C aHOMAbHBIM] SHAYCHHAMH MCCIle. 1y eMbix
fipusHaxos. M 8 aTom ciyuae Pe3yNbTaTh perpeccuu npencras-
AT 0001t BLIGOPOUHbIE XapaKTEPHUCTHKH.

Hcnonssosanre spemennoi HHpOpMaLHY Takxke npencrap-
nseT coboi BBIGOPKY M3 Beero MHOXECTBA XPOHOIOIHYECKUX
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natT. MiaMenus BpeMEHHOH MHTEpBa, VIOKHO NONYUUTh Apyrue
pe3yJIbTaThl PErpECcCHt. [4,5,6,7. 24, 25].

Haubospwylo ONacHOCTh B MPAKTHHCCKOM HCMOJIb30BAHUHA
METOIOB pEerpeccu MpencTapiiion omuOKK u3Mepenus. Ecnu
omuGKn crieLiAbUKALE MOKHO YMEHBIINTE, wimensist GopMmy
mojenu (BHL MaTeMaTH4eckoit hopmynbl), a omnbKu BLIOOPKH -
yBenuumnBas 00bEM HCXOIHBIX JaHHBIX, TO OMMOKKH HU3MEPEHHA
PAKTMYEeCKH CBOZAAT Ha HET BCC ycunaua 1o KOJIMUECTBEHHOMN
OLIEHKE CBSI3M MEKIY MPU3HAKAMH. OcobeHHO BeuKa pojib OLIM-
Gox M3MEpEeHHs TIPH HCCNeNoBatyuH Ha maxpoyposne. Tak, B HC-
ClleNOBAHMAX CHpOCa M TIOTpeOIeHus B KagecTBe OOBACHSIOLIEH
NepeMEHHON [WHPOKO MCIOMb3YETCA «IOXOA Ha Ayuly Hacene-
wpsiy. BMECTE ¢ TEM CTAaTHCTHHECKOE H3MEPEHHC BEJIMMUHBI J10-
XOZd COMPSAEHO C PAAOM TPYHHOCTEH H HE NMIICHO BO3MOKHBIX
ol MBOK, HATIPUMED B PE3Y.IbTATe HANAHNA COKPBITHIX JOXOOB.

[puBenemM eile OAUH NPUMED. B pHacTosiLee BpeMs Opranbl
rOCYHAPCTBEHHOH CTATHCTHKH NOIY a0t Ganance: IPeAnpUATU,
JIOCTOBEPHOCTD KOTOPBIX HHKTO HE poarsepxknagt. Ilocnenyo-
wee obobenue TakoH HHbopMALT MONKET coaepkaTh oWHOKN
uamepenust. Mccnenys, nanpumep, B KAUECTBE PE3yNbTATUBHOTO
npusHaKa npuObIIb fIpeAnpHATHI, Mbl HOJDKHbI AbITb YBEPEHEL,
YTO TPEANPHATHS MOKAZHBAOT B OTYETHOCTH aNeKBaTHBIE pe-
ATbHOW NeHCTBHTENLHOCTH BEJIIHHUHDL '

[Npeanonaras, 4To OLHOKN M3MEpPESHMS CBEICHDE K MUHHMY-
My, OCHOBHOE BHHMAaHUC B IKOHOMETPHUUECKUX WCCIEI0BAHUAX
yaensiercs omnoKam crnerpdurai MOAETH. '

B napHoii perpeccHu BBLIOOP BHAA maTeMaTnyeckol (yHK-
unu y = f(x) Moxer HbITb OCYLIECTBIIEH TPEMA METONAMH.

. ‘rp_a(bym‘ecmm;

o QHANTUTUYECKHM, T.€. HCXOAf H3 TeOophH H3y4aemon
B3aHMOCBSI3H;

¢ 3KCNEPUMEHTANBHBIM.

Tlpyd M3yueHMM 32BHCHMOCTH MEXKIY ABYMsi MpH3HAKAMH
rpau4ecKuit METON nonbopa BHiIA YPABHEHHs PErpecciii aocta-
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TOYHO HarjaneH. OH OCHOBaH Ha 1nosie KOppensudu. OCHOBHbIe
THTIBl KPUBbIX, UCTIONL3YEMBIE MPU KOJHYECTBEHHON OLIEHKE CBS-

3ei, IpeacTaBieHbl Ha puc. 8.1,

v v4
o
/ - //\ \\
/ X x
) > 5
Vv 4 v 4 /\ /
3 3
8) 2) e
v 4 v A o
T
X X
0) > e) -

Prc. 8.1 OcHoBHbIe THIIBI KPUBBIX, HCTIOJIB3yEMBbIE TIPH KOJIHYe-
CTBEHHOH OUEHKe CBA3eH MEeXy ABYMst NEePEMEHHbIMU

a) i =a+h-x; 0) b, =a+bh-x+e-x:
B) v =a+hl/x, [) ¥, =a+b-x+c-x' +d. x*
) Po=a-x'; N & =a-h"

Kiacc matemarnyecknx QyHkuMi 1S onMCaHUs CBSI3U IBY>
ACPEMEHHBLIX OCTATOYHO wiMpok. Kpome yxe ykasannbrx uc-

TTOMB3VIOTCA H APYTrue THITbI KPHBbIX:
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. 1 . 1 5o .
p= - y=a+b-x+c—. y=a+b-lgx
a+b-x X
1 a
v= '* =T
a+b-x+c-x a+h-e "

lgP=a+h-x+c x’

3HAUUTENbHBIH MHTEPEC NPEICTABISeT AHANUTUUECKAH Me-
To7 BHIOOpA THNA ypaBHeHHs perpeccri. OH OCHOBaH Ha U3yde-
HUM MaTEPHATLHON IPHPOIbI CBA3M HCCNIENYEMBIX NIPU3HAKOB.

ITycTb, HanpAMep, U3yacTCs noTpeGHOCTD NPELNTPUATHA B 3ITCK-
TPOSHEPIHHM Y B 3aBHCHMOCTH OT 00beMa BIMYCKaeMO H TIPOTYKLIMH X

Bee noTpebnetine 3MEKTPOIHEPIHU Y -MOKHO NOAPAINCIHTE
Ha JIBE YaCTH.

e He CBS3aHHOE C NPOU3BOICTBOM MPORYKUHH 4,

«  HEMoCPEACTBEHHO CES3aHHOE C (0BEMOM BBITTYCKAEMOM
MPOAYKLKH, MPONOPUMOHATBHO BO3PACTAKCINEE © yBEIHUEHHEM
oObema Bbiycka. (b-x).

Torna 3aBHCHMOCTL NOTPEOJEHHs BJICKTPOIHECPrHi OT 00b-
eMa NPOAYKLMH MOXHO BLIPA3HTb YPABHEHHEM perpecci Enia

y.=a+b-x

Ecnu 3ateM pasfennTs ofe 4acTy yPaBHEHNs Ha BCJIHHUHY
06beMa BbITyCKa NPOAYKLHE (¥), TO MONY4MM BbIPaXEHHE 3aBH-
CHMOCTH YAEIHHOIO PACcXONa DASKTPOIHEPTHH HA €AKHHMLY NPO-

)

) ~ .
AYKILIMH (Z = :—"j OT O0BEMA BBINYUICHHOH npoay KLMH (X) B BH/JAC
X

ypaBHEHUs! PABHOCTOPOHHEH runepdosib!:

=p+ &

b'e
AHAMOTHYHO 3aTPaThi NPEANPHATHS MOTYT ObITb TIONAPa3ae-
fieHbl HA YCIOBHO-TIEPEMEHHLIE, H3MEHSIOUMECs TPOTNOPLHO-
HATBHO H3IMEHEHHIO o0bema MPOnyKLHK (Pacxo marepHana, of-
nata TPyAd M Ap.) H yCHOBHO-MIOCTOSHHBIC, HE M3MEHAIOIINECH C
u3MeHeHeM 06bemMa TPOM3BOLCTBA (apeHjHas njara, COAcpxa-
HHe aAMHHUCTPALUHH H ap.). COOTBETCTEEHHO 3ABHCUMOCTD 3a-
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TPaT Ha TPOH3BOACTBO (y) OT 00bemMa MPOAYKLIHH (X) XapaKTepu-
3yercs JIMHeHHO GyHKIMe:
y=a+b x,,
a 3aBHCHMOCTb C€0ECTOMMOCTH SIHHHUIEI HPOAYKIHH (2) OT 06b-
€Ma NPOAYKUHMH - PABHOCTOPOHHEH runepbonoii
A a
z, =h+ o

lipu obpabiotke undopmaunyn Ha xoMmnbroTepe BbIOOp BHIA
YPaBHEHHS DETPECCHH OOBIYHO OCYLIECTBISIETCSH IKCEPHMEH-
T&JIbHBIM METO/(OM, T €. NYyTEM CPABHEHHS BEJIHYUHBI OCTATOUHOH
AUCTIEPCHH Docy, PACCUMTAHHOM MPH Pa3HBIX MOJEISX.

Ecnn ypasHenue perpeccuu npoxomut uepes Bce TOUKH
KOPPESIIMOHHOIO NOJs,, 4TO BO3MOXHO TOJIEKO NMPH (PyHKILHO-
HAJILHOH CBA3M, KOINA BCE TOUKH JIEKAT Ha JHHHH PErPecCHu
Y. = f(x), To pakTHyecKie 3HAYEHUS Pe3yNbTATHBHOIO MPU3HA-
Kd COBNANAIOT C TEOPETHYECKAMM Y =y . T. €. OHH IOJHOCTBIO
o0yc1oB/eHb! BEAMsiHHeM (BakTopa x. B 3TOM ciyuae ocratoqHas
ancnepens Do =0. B npaktuieckix HccnenopaHmsx, Kak npasu-
JIO, HIMEET MECTO HEKOTOPOE PACCESHUE TOUYEK OTHOCHTEIBHO JIH-
HUKM perpeccuu OHO 0OYCIIOBIEHO BIMAHHEM MPOYHX HE Y4HTHI-
BAEMbIX B YpaBHEHMH perpeccHd (axtopoB. HubiMu ciosamu,
HMEIOT MECTO OTKJIOHEHHA (AKTHYECKHX NaHHBIX OT TeopeTHUe-
ckux (y -y, ). Beanuuna sTHX OTKJNOHEHHH M JIEKUT B OCHOBE

pacydeTra oCTaTo4 HOM AHUCTIEPCHHA!

1 Y/ ~ 2 N
Dy==3Ay=p) (2)
n

YeM Menblue Be/MYMHA OCTATOYHOMN JHCIEPCHH, TEM B MeHb-
el Mepe HabNMOAaeTCs BIKSIHHE IPOYKX HE YUHTHIBAEMbIX B ypas-
HEHHUH perpeccuu (hakTopoB ydiLie ypaEHEHHE PEIPECCHH [TOXOINT
K HCXOZHbIM AaHHbIM. TIpi 06padoTke CTATHCTHUECKHX JAHHbIX Ha
KOMIILIOTEpE NMePEOUpalOTCs pasHble MaTeMaTHUYECKUe (GYHKUMH B
4BTOMaTHYECKOM PEXNME H U3 HIX BLIOMpaeTcst Ta, JUIst KOTOpPOli oc-
TATOYHAA AUCNIEPCHSA ABJIACTCA HaUMEHbLEEH .



Ecny ocTaTo4Has AMCTEPCHs OKA3bIBAETCH MPUMEPHO OM-
HAKOBOW A% HECKONBKUX (PYHKIMH, TO HA IPAKTHKE TPEATIOoUTe-
Hue OoTnaeTcs Gojee TPOCTLIM Braam Gyakuui, udo oHi B
Gonbweil CTeNeHH [OAAOTC HWHTEPIperalud W TpedyoT
MeHLero oobema HaOmoAeHHH. Pe3yabTaTsl MHOTHMX MCCICIO-
BaHHII MOATBEPKIZIOT, YTO YHUCJIO HabnOMeHUH JOJDKHO B 0-7
pa3 PEeBbINIATh YHUCIO PACCUHTHIBAEMbIX NapaMeTPOB MpPU Mnepe-
MEHHOI x. DTO O03HA4YaeT, YTO MCKATh JIMHEHHYIO PErpeccHto,
ume:n MeHee 7 HabOmomenui, BooOiile HE UMeEeT CMbICHaA. Eciu
BUz QyYHKLMA YCIOXKHAETCA, TO Tpebyercs yBenuueHne odbema
HaOsoieHuni, ubo Kakablli napaMerp npy X A0JDKEH PacCUHThi-
BATHCA XOTs Obl 10 7 HAOMOAEHUAM . 3HAUUT, €CIIM Mbl BHIOMpaCM
rapa0oIy BTOPOH CTENEHU!

$.o=a+b-x+cx’,
to Tpedyercs oObem MHbopMauuu yxe He Menee 14 Habmone-
HUNA. Y UUTBIBAS, YTO IKOHOMETPUYECKHE MOJIEIH 4aCTO CTPOATCAH
10 I@HHBIM PHANOB JHHAMMKH, OFPAaHMYEHHEIM [0 MPOTSKEHHO-
et (10, 20, 30 net), npy BoIbOpe cneuuUKALMH MOZIEAM TTPEA-
MIOYTH 'eJIbHA MOJIEJIb C MEHBIIHUM YHCJIOM MApaMeTpOB 11pH X.

8.2. Onenxa napaMerpoB JHHEHHOH perpeccun
U KOppeJsiuuu

JhiHelHas perpeccus HaXOAMT IMPOKOe INPHUMCHEHHS B
IKOEOMETPHKE B BHJE YETKOH SKOHOMMYECKOH MHTEpIpETaLHH
ee napamerpos. JIuHelHas perpeccusi CBOLHTCS K HAXOKIACHUIO
ypaBHeHHs BMaa

y.o=a+b-xuam y=a+h-x+eg. (3)

Ypapuerue Buaa y, =a+b-x no3sonseT no 3ajaiHbiv 3Ha-
yeHnsiM (hakTopa X MMEThb TEOPETHYECKHE 3HAUEHMs pesyabTa-
TUBHOI'O [PU3HAKA, MOACTABJAS B HETO (PaKTHUCCKHE 3HAUCHMH
dakropa x. Ha rpaduxe TeopeTHIECKUE 3HAUCHHSA TPEACTABIAOT
NMHUHUAKC perpeccuu (puc. 8.2).
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a

v

0 } }

Puc. 8.2. I'paduueckas ouenka [TApaMeTPOB JIMHEHHO I
perpeccuu

INoctpoenne nuneiinoii Perpeccun CBOAMUTCS K OLeHKEe ee
napaMeTpor - a u h. Ouenkn napameTpos JuHEHHO perpeccun
MOT'YT OBITH HaHIEHBI PABHBIMH METONAMH. MosxHo oOpaTaTses k
OO KOPPEJSILUMH |, BBIOPaB Ha rpaduke jaBe ToukH, MPOBECTH
HCPEs HUX NpAMyIo IHMHUIO (cM. puc. 2). Manee no raduky
MOKHO OTPEAEIHT): 3HAYEHHS [1aDaAMETPOB. HapameTp a onpepe-
MM KaK TOUKY NMEPECCUeHHs THHHH PErPeccHH C OChio Oy, a na-
pameTp b oueHuMm, ncxons u3 yIila HakjOHa JMHHH PerieccHH,
Kak dy/dx, rae dy - npupawmenue pesynbTata y, a dx - npupatue-
Hue akTopa x, T.e.

Y.=a+bh-x

Knaceuueckuit nonxon x onennsanmio napamMeTpoB JIHHEHHOH
PEIrpeccHr OCHOBAH HA METOMIE HAUMEHDBLIHIX kBanparos (MFK).

MHK nossonsier nonyunts takue ouetku napameTpos a u b,
TIPH KOTOPLIX CyMMd KBa/IPpaTOB OTKIOHEHMI daxTiueckux 3na-
Y€HHH PEe3YLTATHBHOIO NMpH3HaKa (V) OT pacueTHbIX (Tecpern-
YECKHX) P MHHHMAJIbHA" '

Z: ()"1 B }\ )3 —> min. (4)
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HHBIME CJIOBAMH, H3 BCEIO MHOMECTBA JIMHUHA nuHus per-
peccuu Ha rpaduke BHIOHPASTCs Tax, ytoOBl CyMMa KBaIparop
paccTOSHAA IO BEPTHKAIM MeACTy TOYKaMHu 1 yroit aunueit Obina
6bl MUHHMANBHOM {pUC. 8.3):

- g =Y —j’x’

CHelKOBaTeHbHO R
‘;-\ ?::v L .
Aﬁ‘ &, » min .
i
VA
L~
Ve 4- J/ J/
J/
Vi
. &;
X
0 ——“‘—"-——"“—"—“"‘"—‘———““—"““‘—‘—'————*—’

Puc. 8.3. JIusus perpeccun € MUHHMANBLHOT TRCTIepCHe
OCTaTKOB

YroBbl HaitTH MUHIMYM GYHKLHY (4), HAO BHIYUCIUTH Ha-
CTHbIE TTPOM3BOJIHbIC MO KAXKAOMY U3 rapameTpos d 1 b v npu-
PABHSITb MX K HYJUO.

O603HauMM Z £ uepes S, Tora:
5= Z()/’, - {‘) :"Z‘(y ~a-b- .\‘): ,
ds

A _ SN yr2-na-2-0) x=0
=20 >

ds - L
_.__:_'7 > ). 4 -"'::
i 2 yx+2 ay x+2:b x =0
TlpeoGpasys popmyny (5), NOMyuUM CJIENYHOUYO CUCTEMY
HOpPMAaNIbHBIX ypaBHEHHUH /1717 OLECHEH fapameTpos d 1 b
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na+by x=3"y,
ay x+by X = dyex

Pewas cucremy HopmanbHbIx ypaBueHuii (€) nubo meTonom
MOCIEN0BATENLHOTO UCKIIHOUEHHS [TEPEMEHHbIX, JTHOO METO10M
OTpENEHTENIeH, HaleM MCKOMbIe OLEeHKH napameTpoB a u b.
Mo:xHo Bocnions3oBaTbes CAEAYIOWMM#H FOTOBLIMH GOpMyaaMIt:

a=y-b-x

Dopmyna (7) nonyuena uz [IEPBOrO ypaBHEHHS CUCTEMBI (6),
€CJIM BCE €0 YJISHBI PA3JEIUTD HA M.

b cov(x,y
)=

(6)

¥

rae cov(x, y) - xoBapuaius NPHU3HAKOR;

O, - AMCIIEPCHS [IPH3HAKA X,

Beuny toro, uto cov(x,y) = ypx-j ., a 02 = x’ -5 nosy-
HHM CIIERYIOMYIO OPMYITY pacdeTa oueHku apamMetpa b

b= _}i‘j yox (8)

X —Xx-

Hapamerp b nazeiaercs kod(pduunenTom perpeccun. Ero
BCTM'HHA MOKA3BIBAET CPENHEE M3MEHEHHE Pe3yJibTaTa C H3Me-
HeHueM (akTopa Ha OJHY enmHMy. Tax, ecid B byHkuMH u3-
nepxex y =2000+2x (y - H3ICPKKHU (TBIC. CYM), X -~ KOJIHYECT-

BO CAMHULL MPOAYKUMH), TO, CNENOBATENLHO, C YBENHUEHHEM
obbema nponykimm (x) Ha 1 ep. H3AEPKKH ITPOH3BOACTBA BO3-
pacTaloT & CpenHeM Ha 2 TBIC. CyM, T.€. JONOMHUTEIbHbIH npu-
POCT NpoAyKIMH Ha | en. notpebyer yseanuenus 3aTpar B cpen-
HEM Ha 2 ThIC. CyM.

BO3MOXHOCTs ueTKO 3KOHOMIUECKOl HHTePIpETaU M Koo¢-
hruwenta perpeccun cnenana mmHelinoe YPaBHEHHE pEerpeccHH joc-
TATOYHO PACHPOCTPAHEHHbIM B SKOHOMETPHHECKHX ¥CCACIOBAHMSY,

DopmManbHO @ - 3HAYEHHE Y opu x=0. Ecan npusHak-dakrop
¥ HE HMCET H HE MOXET HMETh HYJEBOTO 3HAUEHMS, TO BBILIEYKa-
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3aHHad TPAKTOBKA CBOOOJHOTO YJICHA (f HE MMEET CMBICTA. [Tapa-
METpP 7 MOKET HE HMETh 3KOHOMHHICCKOrO conepxanus. Tlonbit-
KH 3KOHOMMHMECKH HHTEPIPETUPOBATh TapameTp a MOryT nph-
BecTH K abeypay, ocobenno npu a<0.

VHTepnpeTHpOBaTh MOXHO JIHIIb 3HAK HPH napameTpe d.
Ecnu a>0, To OTHOCHTENIBPHOE M3MEHEHHE PE3YJbTaTa MPOHCXo-
IWUT MeJUIeHHee, YeM K3MeHeHue hakTopa. MHbiMM CJIOBAMM, Ba-
pHALHs pe3ysibTaTa MeHblIe Bapyallii thaxropa - Ko3hPULUEHT
BapMalMn 1o (QaxTopy X Bbliie ko3 uLMeHTa BapHauun s
pesynprara y. Vx>Fy. Jlns mokasaTesnbCcTBa AaHHOTO MOJIOKEHHUS
CpaBHUM OTHOCHTENBHBIC H3MEHCHUA dakTopa X U pe3yspTaTa y:

dy e by bede azhx
y X dx x  dx X

Orkyna 0<a.

[peanionoxxuM MO rpynne TIPEANPHUSTUH, BBIITYCKAIOIIMX
OMIMH ¥ TOT € BHJ MPOAYKLMH, PacCMaTpHBACTCA yHknus 13-
pepxex: y=atbxte. Wudopmauns, neobxopaumasl Ans pactera
OUEHOK NapamMeTpos a U b, mpejIcTaBeHa B Tabn. 8.1

Tabnuiga 8. 1.

cb-x<a+b-x.

Pacueras Tabnuua__

Ne | Bemyck | 3aTrpareiHa | X .
npej- | MpoAyK- | ITPOM3BOA-
npu- | UMM, THIC. | CTBO, MIH.
ATHA exn. (x) cym (v) ]
b 1 30 30
2 2 ) 70 140
T34 150 ] 600 |
T3 o 00 ]
T s | ho o 80 X
74 Tis0 1600 | 16 | 22500 L 14LO
Mioo | 22| 770 | 2820 | 80 | 99700 | 770.0 |

CHCTeMa HOPMAJIbHBIX YPaBHEHHH HyAeT HMETb BUJL
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[7a+226 =770,
|22a+80b = 2820,

Pewas ee, nonyqmm; »
a=-5,79; b= 36,84.
3amuuiem ypasHeHue perpeccuu:
V. =-579+36,84x.

Ioncrasus B ypaBHeHue 3Hayenus X, Hal#eM Teoleruye-
CKHE 3HaYEHUst Y (CM. MOCTIENHION rpady Taby. ).

B naunowm cnyuae Benuunna NapaMeTpa a HE WMEET IKOHO-
MHYECKOI0 CMBICHA.

B paccmMaTpHBaeMOM. IpHMeEpe HMeeM:

X =314, o =125, V. =39,8%:
y=110; o, =46,29; V. =421%.

To, uto a<0, coorsercrayer ONEPEKEHHIO HIMEHEHS pe-
3yJlbTaTa Ha[ M3MeHeHueM akropa: V>,

Ecnu nepemennbie x u y Bhipasurs 4epe3 OTKJIOHGHHUS OT
CPelHMX YPOBHEH, TO JIMHHUS PErPECCHH Ha rpaduke npoiiger ye-
pe3 Ha4yano KOOpAHHAT:

y'=bx
me YV=y-yux'=x-x

Ouenka xoddduunenra perpeccun TIDH 3TOM HE H3MIHUTCSI,

Ouenky kosddunmenta PETPECCHH MOXHO NONYYHUTL Npo-
e, He 00pamasch K METONY HAMMEHbLIUX KBaIparoB. Ajibrep-
HATHBHYIO OLUEHKY napameTpa b MOKHO HaifT Hexoms s conep-
KAHWS  NaHHOTO  KOI(POULMEHTa: H3MeHeHHe pe3ynbraTa
AV=Y, -~} CONOCTABISIOT C U3MEHEHHEM akTopa Ar=x - x .

B nawem npuMepe Takoro pona IbTEPHATHBHAS OLEHKa
napamerpa b cocraBuT

b,:]20~30
5-1

DTa BeJaMuYHHA sBASETCH NpUONMKEHHOH, NGO 6osbinas
1acTh MHQOPMALMK, UMerweiics B ABHHBIX, HE HCIMOJIbIYETCs:
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npu ee pacdere. OHa OCHOBaHA TOJLKO HA MUHM-MAKCHBIX 3HA-
YEHUSIX NEPEMEHHDBIX. "
[MapHasi TUHEHHAsT PErPECCUs UCTIONB3YETCsH B SKOHOMETPH-
K€ HEPEeIKO TPH U3ydeHHH GyHKUNM NOTpedIeHuH:
- C=K-y+L,
rae (! - norpebnenue,
Y - JOXOH,

K u L - napametpst QyHKUMM.

JanHoe ypaBHEHWE JMHEHHOH perpeccH HCIOIB3yeTes
OOBLIUHO B YB3k ¢ 0anaHCOBLIM PABEHCTBOM:!

y=C+I-r,
rae / - pasmMep MHBECTHLM, F - COEpExKeHHS.

Jnd npocTOTH NPEITONOKHM, YTO AOXOI PAacXOayeTcs Ha
noTpebnenue 1 uHBeCcTHLMK. TakuM cOpa3sOM, pACCMaTPHBACTCH
cucTema ypaBHeHHH

J'C =K-y+1L,
Lv = +1.

Hanuuue B 0aHHOHA cucteme 6AMaHCOBOTO PaBEHCTBA HAKIIA-
IbIBAET OTPAHMUEHHE HA BEITHYHHY KOOXPPHUUHEHTA PETPECCHH.
KOTOpas He MOkeT ObiTh Gonbule exuanLEl, T. €. K <1

TTpenmnoncxu, 4To GyHKUINA NOTPECaAeHNs COCTaBUIA!

("=1,9+0,65-y.

KosdduumeHT perpeccHi XapakTepusyer CKIOHHOCTb K 110~
Tpebiaennio. OH MOKA3LIBAET, UTO U3 KAKIOH THICAYM NI0X0/]a Ha
motpebnesne pacxopyercs B cpenrem 650 cym, a 350 cym nnBe-
cTupyroTcsi. Ecii paccuMTaTh perpeccuro pasmepa UHBECTHLHH
oT noxona, T.e. | = a+b-y. TO vpaBHEHHE PErPecCHU COCTaBHT:

~

I =19+035 y. D10 ypaBHEHUE MOXHO M HE ONPEACATD, 1100

OHO BbIBOIMTCA 113 pyBkumH notpednenna. Kosddumenrn: per-
peCCHHM  OTHX  JBYX  YPAaBHEHMH  CBA3aHbI  PABEHCTBOM.
0,65+0,35=1.
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Ecan koagdummernt Perpeccun okasbiBaetcs Bonbure 1, Tg
YACH), te ua norpebieHne Pacxonviores He Tonbko JIOXO/1bl,
HO u cOepexerns '

Koaddpument perpeccun B yakpy NOTpedneHus ucnojp-
3YyeTca ans pacuera MYJIbTHIUIMKATOpA;

m=-——.
I-b
FAC m - MynsTHIAMKaTOp:

b - xospdpunmenr perpeccun B pynkuuy norpedyienus.

B wamem npumepe m=1/( 1-0,65)=2.86. 910 O3Ha4aer, yro
ACTIOIHATENbHbIE BIOXEHUs B pasmepe 1 Teic. cym Ha nmres.
HbII CPOK UpUBEnyT npu npoumnx PABHBIX YCIOEMAX K 10n0OsHY-
TEILEOMY N0X0:1y B 2,85 Tpic. CyMm.

Ypasuenne Perpeccun Bcerna nononusercs NoKasarejem
TECHOTBI cBs3u. [py HCHOTb30BAHUM NHHEHHO perpeccum B ka-
HCCTBE TAKOro nokasarens BBICTYINAeT nuHeiiyp)ij ko3pduunent
Koppesnsuum ry,. Cywecreyior PazHble Moaudpukanuy dopmyser
THHEHHOTO  ko3(dunnenTa KOppensunu. Hekotopbie m3 pux
NPpUBEACHBI Huxce:

r,=bZe L COV(xY) :‘i‘::;}.&iA %)
‘ o, 0.0, o0,

Kak H3BECTHO, nurHeligpri K0ohbuLnenT KOppensiunu Haxo-
AHTCA B rpaHHnax: -1</1\3.<1.

Ecnu Ko3hbunment perpeccun 5>0, 1o 0<ry<1, u, Hao6o-
PoT, npu 5<0, -1<r,,<0.

Ho nannerv Tagn | BEIHYHHA THHENHOg Koo duunenta
KOppeasiu cocrasua 0,09 » 1TO BOCTaTouno Gmusko k | u o3-
HAUaeT HANHYHE OYeHs TecHO 3aBHCHMOCTH 3aTpar Ha MpOH3-
BONCTBO OT Ben4uHb 06bama BLINYLWEHHOR npoaykuuy,

Caenyer nmery g BHAY, 4TO Bemuunua JHMHEHHOrO K03¢hu-
HHCHTA KOppenaunu ouenmpaer TECHOTY CBA3H paccmarpugsae-
MBIX 1IDH3HAKOB B € :1uneiinof; dopme. Hostomy 6ausocts, ab-
COMOTHON Bemuupppy MHHEHHOrO KO3 dunmenTa Koppessiuny k
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HYJK) elie He O3Ha4YaeT OTCYTCTBHC CBSI3M MEXKIY NpH3HAKAMU.
Tlpu uHO# cneuuduKalMi MOIEIHN CBSI3b MEXAY npuU3HAKAMHU
MOIKET OKA3aThCsl JOCTATOYHO TECHOH.

Jliis OUEeHKH KauecTBa nonGopa NHHEHHOI GyHKIMHN paccai-

THIBZETCS KBAApPAT JHHEHHOTO koodHULMEHTA KOPPENALIMH 7y,

Ha3bBaeMblil  K0IQ@UIMEHTOM AETEPMHUHALAN. KosdduuuenT
JieTeDV MHALIMK XapaKTepH3yeT A0JH0 JAMCTIEPCHH PE3YJIbTATHBHO-
ro mpu3HaKa y, OOBACHAEMYIO perpeccuei, B 0OLEH AMCTIEPCHH
pe3y/IbTaTUBHOTO MpH3HaKa:

2

(o
2 VOOBACH ¢
! o 2 ’ t‘l O)
o yob.

CoOTBETCTBEHHO BEIM4MHA 1-r* xapakrepusyer 00 AnC-
IepCHY Y, BbI3BAHHYIO BIMAHUEM OCTAJIbHBIX HE YYTEHHBIX B MO~
nenut GaKropos.

B namem, npuMepe =0,982. CrenoBaTenbHO, ypaBHEHNEM per-
pecci OOBsACHSETCS 98.2% AMCTIEPCHN PE3YIBTATHBHOTO npu3HaKa, a
Ha 0/ npounx (axTopoB NPHXOAHTCA JIMLID 1,8% ee auciiepeHm
(T.e. ocraTouHai aucniepeus). Beninta koshduimenTa AeTepMUHa-
LM CIVIKHT OHMM M3 KPUTEPHEB OLICHKH KaueCTBA JMHEHHONW MOJIe-
. Uent Gonble 1071 OObACHEHHO#H BapHaliiy, TeM COOTBETCTBEHHO
MeHbme Ponb Mpouux HakTopos, H. CJIeOBATENbHO, JTMHEHHAs MO-
JieJib XCPOLIO AINPOKCHMUPYET MCXOIHBIC [@HHEIE ¥ €10 MOXHO BOC-
[HOITbGOBATRCS [Ulst TIPOTHO3a 3HaveHHH pe3yJsTATMBHOINO NpH3HaKa.
Tak, nonaras, 470 00beM MPOAYKUHH MPENPUSTIYs. MOXKET COCTABHMTE
S Tpic. 21, NPOrHO3HOE 3HAYEHHME JUBT M3NCPAKEK MPOM3BOACTBA OKa-
xwerca 178,4 ThIC. CYM.

Tocse TOro Kak HaineHO yPaBHCHHC JMHEHHOH perpeccui,
NPOBONHMTCA OLIEHKA 3HAUHMOCTH Kak ypasHeHHs B UENOM, TaK 1
OTIIe. 1bHBIX €70 11apamMeTpoB.

LieHKa 3HAUNMOCTH YPABHEHHA PErpeccHil B enoM Jaercs ¢
romolsto F-xpurepus Duinepa. [Ipu 3TOM BLIIBHrACTCs HyJeBast
runoTesa, uto Kod(pdHUUUEHT perpeccud paset wymo, T. & h=0. 1,
CrIenoBATENbHO, HAKTOP X HE OKa3biBACT BIHUA HA pe3ynbTar ).
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Henocpencrsennomy pacuery ‘F-Kpmepm TIPeAINeCTRyET
aHamms nucnepcuu. L[eHTpanbHOE MECTO B HEM 3aHMMaeT 74310~
KeHHe o0Ie CyMMBI KBAIPATOB OTKJIOHEHH NEPEMEHHOMH y OT
CPCAHETO 3HAYCHUSA Y HA 1BE 4aCTH - «OOBACHEHHYIO» U «HEOGH-

SICHCHHYIO»:
S-yr 20.-5 o+ X0-3) an

it

Obmas cymma Cymma  ksaaparos Ocrarounas
KBAADATOB OT- OTKJIOHEHHH, 00Bic- T CYMMa KBAaIpaTon
KJIOHCHH I HEHHAS perpeccHei OTKJIOHEHH It

Obwas cymma KBagpaTOB OTKNOHEHUIT HHAMBUYA.1bHBIX
3Ha€HHI PEe3yNbTATHBHOTO NMpH3HAKA ) OT CPeHHero 3HaucHus
Y BbI3BaHA BAWSIHUEM MHOXECTBA NpUYHH. YCI0BHO pasmenum
BCHO COBOKYMHOCTb NMPHYHH HA 1BE IPYIIIbI: M3y4aempbiii (raxTop
X W npouue dakropul. Ecin Qaktop He oxassiaer BJIUAFHA Ha
PE3YyJILTAT, TO JIMHUS PErPECCHH Ha rpaduke mapamiensha ock Ox
u y=y. Torna scs AUCNIEPCHS PEe3YNBTATUBHOIO npu3Haka ody-
C/IOBJICHA BO3NEHCTBHEM NpPOYMX (AKTOPOB M obas cyvMa
KBa/IpaTOB OTKJIOHEHHH COBIANET ¢ OCTATOUHOH. Eciau ke 1po-
4He (aKTOPbl HE BNUSIOT Ha PE3yNbTat, TO y CBA3aH C X (VHK-
LHOHATBHO 1 OCTATOYHAs CyMMa KBaJPaToB paBHa Hyro. B atom
Cllydae CyMMa KBaIpaTOB OTKJOHEHHH, 0ObICHEeHHAs perpeccu-
€H, COoBManaer ¢ obieil CYMMOH KBaipaTos.

Iockoneky He Bee ToukH moas KOPPEJISILIMH JIeKAT HA TMHHUH
PETPECCHH, TO BCETZIA MMEET MeCTO MX pas3bpoc kak o0ycnos.1en-
HblH BIHAHHEM (akTopa X, T.e. PErpeccHent y No x, Tak M BEI3BAH-
HbIH NCHCTBHEM NPOYMX NpHUHH (HeoObsicHeHHas BapHaiius).
Mpuroanocts sMHME perpeccuu mns MPOTHO3a 3aBUCHT OT TOrO,
kakas 4acTb oOuiel Bapuauuu npusHaka Yy MPUXOAUTCA HA 0Ob-
ACHEHHYIO BapHauuio. O4eBHIIHO, YTO eciu Cymma KBaL.paToB
OTKJIOHEHUH, 00yC0BNIeHHas perpeccue, Oyner Gonbiue ocra-
TOYHOH CyMMbl KBAAPATOB, TO ypaBHeHUe perpeccuy crarucTu-
HECKH 3HAYMMO i (aKTOP X OKA3bIBAET CYLIECTBEHHOE BO3.1€HCT-

o
_—_—
j¥3)



BHE Ha PE3y.ILTAT ) y. DTO PaBHOCHJILHO TOMY, HTO KO3(bduuUHeHT
meTepMuHaLiH 1, Oyner npuOInkKaTLCA K eIHHHLIC.

Jrobas cymma KBaJpaToB OTKJIOHEHHH CBsi3aHa C YHCIOM
cTeneHeil cBOOOALL, T.€. ¢ YMCIOM CBCOOLE HE3aBHCHMOTO Bapb-
MpOBaHUs Tpu3HaKa. JuCNo cTenexel CBOOOXbI CBA3EHO C HMC-
JIOM €IMHHL] COBOKYIIHOCTH /2 M C YHCIIOM OTNPeACNAEMbIX N0 Hel
KOHCTAHT. IIpUMEHHTETHO K MCCaemyeMol npolieme 4ucno
creneHell cBOOOJBI JODKHO MOKa3aTh, CKONLKO HE3aBUCHMBIX
OTKJIOHEHUI W3 7 BO3MOKHBIX [(v - V) (v, - y) (0, y)] Tpe-
Gyerca misi obpasoBadus HAHHOW CymMbl kBaaparos. Tak, nns
obieii CyMMEI KBaIpaToB ‘Z(y - y)‘ Tpebyercs (n-1) He3aBu-
CHMBIX OTKJIOHEHHH, HOO MO COBOKYMHOCTH M3 /1 €OUHHUIL MOCNE
pacdeTa CpeInHero ypoBHs CBOOOAHO BApBUPYIOT JHIIDb (n-1)
lm(:n;o oTkjioHenuit. Hanpumep, nMeeM psin 3Hauenmi ). 1, 2, 3,

5. CpenHee M3 HUX PaBHO 3, M TOTHA 1 o*rxnouemiﬁ OT CpelHe-
ro cocrassr: -2; -1; 0; 1; 2. Tak xak "> (V - v =0, 10 cBODOAHO
BAPbUPYIOT JIMLIbL YETHIPE OTKIOHEHHUH, & NATOE OTKIOHEHHE MO~
»eT OBbITb ONPEIIesIeHO, eCJIN NPEAbIAYILNE YEThIPE U3BECTHDL.

IIpu pacuere oObsicHeHHOA MM HAKTOPHOH CyMM bl Keasipa-

~ 2
TOB Z(yx ~ V) MCHOJB3YIOTCS TeopeTudeckue (pacueTHbe)
3HAYEHUS PE3YJLTATHBHOTO MPH3HAKA Y, HAHIEHHDBIE TI0 IMHUK
perpeccuu: v, =a + bx.
~ o w . —\2 |
Dec - = — =

B nwHelHOH perpeccuu ‘Z‘( }) =b*) (x-X)". B sTom
HeTpynHo yGeautsbes, oOparusiumch k GopMyne JHHEHHOTO KO-
addrLMeHTa Koppensuuy:

a0

U3z popmynbl (12) BUAHO, 4TO

b o (13)




rae o’ - obuas AMCIIEPCHA TIPU3HAKA Y,

2 2
b% o - nucnepeus npusHaka Y, 06y<':noane1m ast PaKToOpOM X.

CootsercrsenHo cymma xBazpatos OTKJIOHEHUH, 00yCloB-

JIEHHEIX JIMTHEHHOH perpeccueli, COCTaBHT:
20 =9) =673 (x-%)"

Hockonbky mpu 3ananHOM ofbeme HabOneHHH MO X y
(baxTopHAL CyMMa KBAnpaTOB NpPY TUHEHHON perpeccuu 3aBUCHT
TOJNIBKO OT OMHOW KOHCTaHTHI Koa(duLieHTa perpeccuu b, To
HaHHasA CYMMa KBaAPATOB MMEET OAHY CTeneHb cBoboabl. K 3710-
MY KC BbIBOTY [IPHNIEM, €CJIM PACCMOTPHM COAEPHkATENBHYIO CTOpO-
HY pacteTHoro sHauenus npusHake y, T.e. y,. Bewmuna §_ onpe-
ACJACTCA N0 YPaBHEHUID JHMHEHHOH perpeccuu: V. =a+bx. Ilapa-
METP a MOXHO Oripenenuth kak a:=3y - b-X . [loacrasus Bripa-
KCHHE NapameTpa @ B NUHSHHYIO MOJIEb, TOJIYYHM:

Yo=V-b-X+b-x =y-b-(x-%)

Otciona BUAHO, YTO ItpY 33,1aHHOM HabOpe NepeMEHHBIX ) 1
X pacyeTHOE 3HAYEHME J_ SBAACTCS B JAMHENHOM perpeccuu
GyHKLHEH TONLKO OXHOIO napamerpa - xod¢ppuLueHTa perpec-
cun. CoOTBETCTBEHHO 1 (akTOpHas CYMMa KBa,1paTOB OTKJIOHE-
HHUI HMEeT YHUCI0 CTencHeii cBoOo/bI, paBHOE 1.

Cywecryer pasenucrso MEXAY YHCNOM CTeneHel ¢BoOOabl
obutelt, GakTopHol 1 ocTaTouHOI CcyMmaMu kpanapaToB. Yucno
CTefteHel CBOOOIBI OCTaTO4HON CyMMbI KBaaApaTOB NpPU JIMHEH-
HOH perpeccuii cocrasiaser #-2. Yucno crenenei cBOOOnEI ISt
obwel cymmbl KBanparos ONPEICSICTCST YUCAOM €IMHALL U 110-
CKONEKY MBI HCIIOIB3YEM CPERHION BBIYHCAECHHYIO 10 OaHHbIM
BLIDOPKH, TO TEPAEM OZIHY CTeMeHb CBOGOIbL T. . df o =11,

Hrak, umeem usa paBencrsa:

205 =0 e X5 4
n-1=1+(n-2).

At
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PazperiB Kaxayr0 CyMMy KBagpaTOB HA COOTBETCTBYIOLUEE
el uncyio creneHel cBoOOABL, NOJMYUHUM CPEIHHI KBAAPAT OTKIIO-
HEHUF , WM, HTO TO )€ CaMmoe, IUCMIEePCHIO Ha OHY CTEMNEeHb CBO-

bomet D.
-

(6[11_
’ n-1

>0
bt n-1
-5y
o n-2
OnpeneneHue QUCTIEPCHH HA OfHY CTereHb CBOOOAB! IpH-
BOAWT JuCTIepCHMU K cpaBHMMOMY Buay. Comoctapiss dakrop-
HYI0 M OCTaTO4YHYIO THCIEPCHH B pacyeTe Ha OHY CTEMEHb CBO-
6obl, oYUM BENUUUHY F~0THOEHUA ([ ~-KpUTepuii):

D

D

2

F= Do (15)
=

ocT
rone  F-xkpurepuil  ans TNPOBEPKH  HYNEBOH  CUMOTE3bl
H,:L, =D, .

Ecnu Hynesas rumnoresa CripaBenaHBa, TO (QaKTopHas u oc-
TATOUHAs JUCTIEPCHH HE OTAMHAroTCs Apyr oT apyra. ns Ho He-
obxomiMo onposeprxkeHue, 4ToObl (pakropras aMcrepcHs rpe-
BblllaJla OCTATOUHYIO B HECKOJIbKO pa3. AHIIHACKHM CTaTUCTH-
koM CHenexopom pa3paboTaHbl TabaULIbl KPUTHIECKHX 3HAUEHHI
F-OTHOIIEHMI NPH Pa3HbIX YPOBHsIX CYIIECTBEHHOCTH HYJI€BOH
FMAOTE3bl W PA3MYHOM 4uchie crenedeil csodonpi. TabnuuHoe
3HaueHue [-KpUTepHUsi - 3TO MAKCHMallbHas BEJIMUMHA OTHOLLE-
HUA AUCTIEPCHIL, KOTOPAs MOXKET UMETb MECTO MPH CJIy4alHOM HX
PACXOM/IEHHH 17151 JAaHHOTO YPOBHS BEPOSTHOCTH HAIM4HS HyJle-
BOH I'vNOTE3bl. BblYMCIEHHOE 3HAYCHHE F-OTHOLIEHMS MPHU3HA-
¢TCSl IOCTOBEPHBIM (OTHRHYHBIM OT €IHHHLIBI), €CAH OHO DonbIue
tabauuHoro. B 3ToM cnyuae Hynesas rumnotesa o0 OTCYTCTBHH

haxT
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CBA3H PU3HAKOB OTKJIOHSETCS W JIENAeTCs BBIBOJ O CYLIECTBEH-
HOCTH 3TOM CBA3HU: F gaxr > Fray. Hy OTKNOHSETCS.

Ecnn ke BenMuynHa OKaXercs  MeHblle TabNMHOMN
Fpar<f 1063, TO BEPOSTHOCTD HYJIEBOH FMIOTE3bI BBILIE 3a04HHOIO
ypoBHst (Hanpumep, 0,05) u OHa He MOXeT GbITh OTKIIOHEHA 63
CCPLE3HOr0 PUCKA CENAThb HENPABHIILHBIA BBIBOA O HANHYMK
cBsAsu. B aToM ciyuae ypasHeHue Perpeccum CHUTAETCA CTaTH-
CTHYECKU HE3HAUUMbIM. Hy HE OTKJIOHSAETCS.

B paccmarpusaemom npumepe:

S =) =3y - $=99700-7-110* = 15000 - oGuwas
CyMMa KBaZpaToB;

D0 ~FF =5 (x—x)’ =3684C°-(80~7- (22 7)) =14735
- akTOopHas cyMMa KBaapaToOB;

> (v 7.) =15000-14735=256 - ocratounas CyMMa KBaj-
paros;

D, = 14735,

D, =265:5=53;
Frygos =6,61, F . =1626.

Hockonbky Fyaer > Fhas Xak npu 1%-HoMm, Tak u mpu 5%-
HOM YPOBHE 3HAYUMOCTH, TO MOXKHO CAENATh BBLIBOA O 3HAYMMO-
CTH YPABHEHHS PErPECCHH (CBSI3b A0KA3aHA).

Bennunna 7-xputepust cessana ¢ xosdduumertom netep-
MuHaLuHu 17, DaKTOPHYIO CyMMy KBAaApaTOB OTKIOHEHHMH MCHKHO

MPEACTABHTDL KakK
Z(.i}x _y)z = ,'2 G\z *H,

a OCTaTOYHYH) CyMMY KBaJpaTOB - Kak

Sh-3)=a- ri)-olom

Torna sHauenue F-kpurepus MOXHO BbIPA3UTh Kak

a

-

1;/

= (n-2).
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0,982
0982
(HEeKOTOPOE HECOBIANEHME C [PEABIAYLINM PE3YILTATOM o0bsiC-
HAETCS OIHNUOKAMM OKPYTTISHHSA ).

OlieHKa 3HAYMMOCTH YPABHEHUs PErpeccHi OObIYHO NAeTCs
B BHIE TaGIULIbI JUCIIEPCHOHHOTO aHasnu3a (Tabn. 8.2).
Tabmuua 8.2.

B namem npumepe 7°=0,982. Torma F= (T-2)=273

JlucniepcHOHHBIA aHAIM3 pe3ynbTaToB

Vicrounuku | Ynucno | Cymma |[lucnepcus F-orHomenme B
BapHaLHH crene- |keaaparos| HaoHy | (dakTh- | TabmaHOe
HCll | OTKNOHC- | CTEMEHb | YECKOC npu
¢B0OOIBI HHH ¢cB00OIBI a =005
Obman 6 15000 - - -
OfbacuenHas i 14735 14735 278 6,61
OcrarouyHas 5 265 53 1 -

B nuHeitnoii perpeccun 0ObIMHO OLEHMBAETCSH 3HAYMMOCTD
HE TONbKO YPAaBHEHHs B LIEJIOM, HO H OTHIENBHBIX €r0 mapamer-
poB. C 3TOH LeJbI0 MO KAXIOMY H3 IapaMerpos Ompeaessercs
ero CTaHAapTHas OWMOKA: My U M.

CranpaptHas omOka koshduimenTa perpeccin onpeaens-
ercs no dopmyne

S -3 Hn-2)

. S”‘

S-0)? ,/Z(x -

v2
roe S - OCTaTO4YHAs AMCTIEPCHS HA OJHY CTereHb CBOOOBL.

Jlnst Halero fpUMepa BeIMYHHA CTaHAAPTHOH OLIHOKHN KO-
s duLHenTa perpeccu COCTaBHIA:

(17)

m, =

m, = [««i—"»‘—— =221
} 10.857
BeauuuHa  CTaHaapTHOA  OomMOKM — COBMECTHO ¢ /-
pacnipenenernem CTbROneHTa npH #-2 CTeneHsx cBOOOIB! TIPH-
MEHSETCsi 118 NPOBEPKH CYILECTBEHHOCTH Ko3(bhuLMeHTa per-
PECCHH M IS PacieTa €ro AOBEPHUTENBHBIN HHTEPBANOB.

18
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Hnst ouenkn cyumiecrsensoctH xoddbduurenra perpeccuu
€ro BeJIMYMHA CPAaBHHMBAETCA C €r0 CTaHAAPTHOH OIMOKOM, T.€.
onpenensercs Qaxkrtudeckoe 3HaueHud f-kpurepust CThIONEHTA:

H p = ——, KOTOPOE 3aT€M CPAaBHHBACTCA C TabNnU4HbIM 3Ha4YCHUEM
b

[IPH OTPENENEHHOM YPOBHE 3HAUMMOCTH & M YMCIIE CTeneHed
cBobOAbI (1-2).

B paccmatpuBaeMom npumepe DakTHYECKOE 3HAUYEHUE I-
KPUTEpUA AJis KO3QPHUIIMEHTA PErPeCCHH COCTAEMIO:

DTOT XKe pe3ynbTar noj]ym/:l.M, M3EJIEKasl KBAAPATHBIH KOPEHb
M3 HAUJEHHOTO paHee F-KpUTepus. T. €.

i, =N F =278 =16.67.

[ToxaxeM CrpaBenIHBOCTb PABEHCTBA I, = F

. b , ,Z()'»j/x):' /(n—-12) b’ ~§:(x—f)3

/‘,f - Y = /J‘ -/ = — e ——— s
m; Ta-0T (-5 Hn-2)

:Z(yx “A‘j); — -D¢:1KT =F
20-3) D,

Ipu Za =0,05 (a1 IBYCTOPOHHErO KPUTEPUS) M YUCAE CTe-
neHeit ceoOoub 5 TabnuuHoe 3Hauenue 1,=2,57. Tak xak (axTiye-
CKO€ 3HAYEHHE /-KPUTEPHUA NMPEBLILHAET TADJIMUYHOE, TO, CEA0BATE b
HO, THIIOTE3Y O HECYLIECTBEHHOCTH KOI(hMHLIMEHTA PErpeccHr MOXK-
HO OTVIJIOHHTD. [loBepuresibHbil uHTepean st koabduumenTa per-
peccun onpenensiercst kak bt /-m, . st kooddrimenta perpeccun
b B npumMepe 95 %o-Hble FPAHMLBI COCTABAT'

36,84:2,57-2,21=3684+5,68,
T. €.
3L16<h <4252
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I'lockonbky KO3 PHIHEHT perpeccun & SKOHOMETPUYECKHX
MCCNENOBAHUAX HMEET YETKYI0 3KOHOMHYECKYK) HMHTeprpera-
LMIO, TO ACBEPUTENbHBIC TPAHHLBI HHTEPBAJA JUI KO3hduimeH-
Ta Perpecci He JOJUKHBI COAEPIKATh MPOTHBOPEYMBBIX PE3Yb-
TaroB, Hanpumep, -10<h<40. Taxkoro pona 3amuch yKasbiBaeT,
4TO FICTHHHOE 3HaueHue KO03G@PHLUEHTa PErpeccu OJHOBpe-
MEHHO COACPIKHUT MOJIOKUTENbHBIE H OTPULIATENBHbIE BEIHMYHHDBI
U paxe HONb, YEro He MOXKeET ObITh.

CranpaprHas owmMbKa napaMerpa d ONpesenseTcs 1o gopmy.e:

-5) x? i x?

i XSS NI N D VT )
n—2 )1-Z(x~ff)‘ n~‘2-‘(x—x)'

ITpoueaypa OUEHMBAHUS CYUIECTBEHHOCTH NAHHOrO Mnapa-

METpPa He OTAMYAETCS OT PACCMOTPEHHO Bbile AN KOd(Puum-

- a
€HTA PEerpecCcHuu, BbIMHCIACTCA t--Kpm‘epHn: { =-——-, ero Belu-
m

I
a

YyHA CPABHMBAETCA C TaOJMYHbIM 3HadeHWeM npu df =n-2
crernensix cBodoabl.

3Ha4uMMOCTh JIMHEHHOTO K03(dHLHeHTa KOPPEsiH 1po-
BEPAETCS HA OCHOBE BeJHUHHB! OMMOKH Kod(duimeHTa Koppe-
JSILAH M1, :

1-r°
m, = -
-2
dakTyeckoe 3HaveHue f-kpurepus CTbrofeHTa Onpenens-

€TCsl KaK

[ = L -2, (20)

1—r°
Januan QopMysia CBHACTENBCTBYET, YTO B NAPHOA JIMHEN-

HOH perpeccuu [ =F ., ubo, Kak yke YKa3blBaOCh,

=
1-r°

F= n-2). Kpome toro, ;7 = 1 : CneaosarensHo, 1 =1, .




Takum 0bpa3oM, NpoBepKa TUNOTE3 O 3HAYUMOCTH k03¢ u-
LHEHTOB PErPECCHH ¥ KOPPEJSILIMM PABHOCHIILHA MPOBEPKE IHIIO0-
TE3bI O CYIECTBEHHOCTH JIMHEHHOTO YPaBHEHHS PerpeccHH

B paccmarpuBaeMom mpumepe ¢, He COBRANO C 1, B p23yJib-
Tate OWHMOOK OKpyrneHuid. Benuumna £,=16,73 3HauntesbHO
npesbilaeT Tabnuunoe 3nHavenue 2,57 npu o =0,05. Cnenosa-

TENbHO, KOIDPULUHEHT KOPPENALMY CYLIECTBEHHO OTIMYEH OT
HyJiA M 3aBUCUMOCTD SIBJIIETCS JIOCTOBEPHOM.

PacecmoTpennas ¢popmyna ouenkn kpsddunuenra KOppess-
HHH DEKOMEHAYETCS. K NMPUMEHEHHIO NPH OONBLIOM YMCIE Ha-
Omonennit u ecnn r e Gmusko k +1 wiw -1, Ecnu ke BeTHuMHA
kovppuumenTa koppensiuum 6am3ka k +1, To pacrnipeneneHue ero
OUEHOK OTIHYAETCs OT HOPMAIBLHOIO WM PACTIPENCTEHHS ' ThIO-
JIeHTa, Tak KaK BENMYMHA KO3 ULIMEHTa KOPPEIALMY OrpaHAYe-
Ha 3Ha4YEHHAMH OT -1 no +1. Urobet o6oittu 310 3aTpymHenue,
P.@uuiepom Gbli0 NPEANONKEHO s OUEHKH CYLIECTBEHHICTH F
BBCCTH BCNOMOTATENBHYIO BENHYHMHY Z, CBA3AHHYIO C KO3dhhuLm-
€HTOM KOPPEIALHNH CISAYIOIMM OTHOLIEHHEM:

Hpu nsmenenun r or -1 1o +1 BenMunHA z W3MeHsercs o
% 0 + %, YTO COOTBETCTBYET HOPMATLHOMY PaCcIIPees EHHIO.
MaremarHueckuii aHanu3 N0Ka3bIBAET, YTO pacnpenesenie Be-
JIUYUHBL Z MAJIO OTJIMYAETCS OT HOPMANBHOTO JIa%e [PH 6 M3KHX
K CNHHHIE 3HAYeHHAX KOd(DQHLMEHTa Koppemsiuuy. Craiinapr-
Hast OKMOKa BEJIHYHHBI Z ONPENEISETCS MO bopmyne

m_ = == (22)
rJI€ 7 - YHUCNIO HaOKOMeHMUI.
[Tpu  =0,991, 2=0,5In[(1+0,991):(1-0,991)]=2.659,  a

m_ =1 :\/(7~3) =0,5. BenuuuHy z MOXHO He pacCUUTLIBATDL, a
BOCHONB30BATECA [OTOBBIMM TabaWLAMH z -TIpeobpasoBadns, B

]
[\
—



KOTOPBIX TIPHBEIEHBI 3HAUEHMA BENHUHHLL Z /15 COOTRETCTBYIO-
IMX 3HAYCHUH . )

Jlanee BBIAEMIAEM HYJIEBYHO THIOTe3y Hoy, KOTOpat COCTOMT
B TOM, YTO KOPPEJALKS OTCYTCTBYET, T.e. TEOPETHUECKOE 3HAHE-
HHe KOIPOHLMEHTA ~KOPPEISILUA PABHO HYO. Koaddpuument

z
KOPPENALHH 3HAYMMO OTJHMYEH OT HyMd, eCal -——= I S
‘ m, T

z
T.e. eciv (PaKTHUECKOE 3HAUCHHE /: MPEEbIIACT €r0 Tabnu4HOe
3HaueHue, Ha YPOBHE 3HauMOCTH =0,05 Hiu o=0,01.

MHBIMH CJICBAMM, €CJIH zAn-3> loc g3 TO KOIPOHLHEHT

KOPPENAIMH 3HAYHMO OTJIUMEH OT HyJId, 4TO UMECT MECTO B pac-
CMOTPEHHOM NMpHMepE:

2 =3 =2.6997 3 = 5398 mipH 1, _4s=2,57

Beuay TOro, 4TO ' # 2 CBA3AHbI MEXIY coboii npuBeneHHbIM
BbIllIe COOTHOIIEHHEM, MOKHO BBIMHCAHTH KPUTHYECKUC 3HAHC-
HUS 7. COOTBETCTBYIOLIME KAXIOMY M3 3HAYCHHH Z. TaOnuue!
KPUTHYECKHX 3HAYCHUH 7 paspaboTaHsl ;11 yPOBHEH 3HAYUMO-
cti 0.05 1 0,01 u COOTBETCTBYIOILEro YMcia crerneHei ¢BOOOMbI.
KpuTudecKye 3HaUeHHs /' NPEIIOoNaraloT CipaBeAinBoCTh Hyie:
BOH FUIIOTE3bL, T.€. 7' MAJIO OTHHO OT HyJi. Ecan paxruyeckoe
snaueHue Ko3GPHUUEHTA XOPPEJSILHE 110 abCoICTHON BETHYYHE
npeBkIliaeT TAbIHUHOE, TO JaHHOE 3HAICHHE /' CHHTACTCH cyule-
cTBeHHbIM, ECIM e 7 OKa3bIBA€TCs MEHblIe TaOJIM4HOro, TO
daxTHyeckoe 3HaUEHHE /' HECYLECTBEHHO.

B paccMaTpHBaeMoOM IpUMepe Gpu HUCIE creneHeid cBoOO-
Abl 1-2=5 KPUTHYECKOEC 3HAYEHHE I MpH a=0.05 cocrasiser
0.754, a npu a=0,01 cocrapser 0,874, uto HuKe hakTUHecKoH
BenuMHbI = 0,991, CienoparenbHo, Kak ObIIO yXkKe JOKa3aHO,
[1ONyHEHHOE 3HAMEHHUE /' CYLIECTBEHHO OTIIHYHO OT HyJiH



8.3. HurepBaar nporuosza no JHHeHHOMY
YPaBHEHHIO PerpeccHu

B nporuosneix pacuerax no ypasrermio perpeccum onpeae-
JIACTCA TIPENCKA3bIBACMOE (V) 3HAYCHME KAK TOYEUHBIH NPOrHO3
V¢ TPH X,=X;, T. € NyTeM NOACTAHOBKM B YPaBHEHHE perpeccuu
V.=a+b.x COOTBETCTBYIOIETC 3HayeHus X. ();{HAKO TOYEUHbiii
POTrHO3 ABHO He peasien. Ileatomy OH J0NOIHAETCS pacueToM
CTaHIApTHON OWMOKH ), T.e. m;, A COOTBETCTBEHHO MHTEp-
BAJIbHOH OLEHKOH 1POIHO3HOIO 3HAYEH U (y*)

Vemmy Sy <y 4m,

Yto6b1 noHATH, Kak CTpoMTCH dopmyna nns onpenenenus
BEMMUMH CTAHAAPTHOH OWHOKH J,, 0OPAaTUMCS K yDaBHEHHIO
JUHEHHOH Perpeccuu: j =gq+4.y¢. [logcraBum s 510 YPaBHEHHE
BbIPKEHHE IIapaMeTpa a:

a=y-bx,
TOrJd ypaBHEHUE PEIPECCHHU NTPUMET BHIL;
P,=P—bh-F+bh x= V4+b (x-X).
Orciona BolTexaer, 4TO CTAHAAPTHAS GIMOKa m; 3aBUCHT

OT OWHOKK § 11 omubxu . koddPuLienta perpeccun b, T. e.

m; =m; +m,(x-¥). (23)

2 o’
W3 Teopuu BbiBOpKH M3BECTHO, YTO m; =-—_ Hcnonssys B
" on

Ka4€CTBE OLEHKH O OCTATOUHYI) AMCNEPCHIO Ha OJIHY CTerNeHb
cBoGoanl 7, nonyunm dopmyny pacuera omnbxu cpeatero 3ma-
HYEHUS NEePEMEEHOM y:
N, =-—. (24)
7
Ownbka xosddurmenta perpeccun, xax y&e Opiio nokasa-
HO, onpenensercs pepmylioi
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— | Sz
pACEEI
Cuurasi, 4TO IPOTHO3HOE 3HadeHHe PAKTOPA Xp= X NOYHM
crenyouyro GopMysty pacuera CTaHJapTHOH OUIMOKH TpecKa-
3BLIBAEMOTO 110 JIMHUK PerpecCcuy 3HaYeHus, 1. €. M,

LS ST e L, e D (@25)
T T +}:‘(x—f)z (= x)7 == (/1+_:;_:(x—§)2 '

COOTBETCTBEHHO M, MMEET BhIPAXKEHHE:

m;

=\2
x, — X
m, =5 Le o (26)
PaccMoTpeHHas (opmyia CTaHHapTHOM ommbKku npencka-
3BIEAEMOTO CPEHETO 3HAYEHHS Y TIPH 3aAHHOM 3HAUCHHMM X} Xd-
paKTepU3yeT OWHKOKY TONOXEHHs JHHUA PETPeCCHU. Benuunna
CTaHaapTHOH OmWMOKK M, , KaK BUIHO M3 (hopMyJNIbL, TOCTUIAET

MHWHHUMYyMA TIPH X, = X, u BO3pacTacT no Mepe TOro, KaK «yAajs-

ercay OT X B roboM HampaBjeHuH. MHbIMM CIOBaMH, 4eM 00Ib-
L€ PAa3HOCTb MEXAY Xx M X, Tem Oombie ownbka m, € KOTOPOH

Mpe/CKA3bIBAETCS CPEAHE: 3HaUYeHue Y UlA 3aIaHHOTO SHAYCHIA
¥;. MOXKHO OXMIATh HAMJydIlMe De3y/ibTaThl NPOrHO3a, €Cii
pu3kak-HaKTop x HAXOMUTCHA B LEHTPE o65acTh HabIONEHUH X
Y Helb3s OXKHIATh XOPOIIMX PE3yNbTATOB NPOTHO3a 1Py yaane-
HUH X, oT x. Eciy, e 3HaueHHe X; OKa3blBaeTCs 3a NPENeIaMu
HaO MK IaeMbIX 3HAYEHUIi X, HCMOAb3yEMBIX FIPH OCTPOCHHUH JIH-
HEMHCH PerpeccuM, TO Pe3yNIbTaThl MPOTHO3d YXYAWAIOTCH B 3a-
BHCHUMOCTH OT TO, HACKOJBKO X; OTKIOHSETCA OT O0NacTH Ha-
GrronaeMbix 3Hauenuil paxropa x.

Jlns Haiiero npumepa 77, COCTaBHT:




m =53 7=275.

i

(1 (4-3143)
m. = !53; 1_ - _(_i___'y_i:l_ =334
’ 7 10,857

Cootsercreenno ; ~COCTaBHMT 5Ty XKE€ BENHYMHY W TIpH
X=2,286. lns npornosmpyemoro 3uavenus V. 95%-uble noBe-
PUTEIIbHBIE MHTEPBANILI TIPH 33J4HHOM X} OTIpL/IeNAOTCST BbIpa-
HKEHHEM

.j\)xk i{u g
Te v, +257-334 wan y, 1858,
R Xk i
[pu x;=4, nporuoznoe 3HAYeHHE Y COCTABET:
Y, =-579+3684-4=14157,
KUTOPOE npeacrasasier coOoH TOYeHHbII OPOTrHO3.

Iporuos munum perpeccun » HHTEPBANe CCCTaBUT: .
13299<y, <1505

Ha rpaduke nosepurenphbre TPAHULbBL 1Jis j/xk npeacTas-

JSOT CODOH TunepBobl, Pacnono)eHHbe No o0e CTOpPOHBI OT
JIMHUA perpeccun (puc. 8 4),

Puc. 4 nokaseiBaer, xax usMensoTes Npere/ibl B 3aBHCHMO-
CTH OT UIMEHEHHUS X;. ABE THIEPOOIBI 10 06 CTOPOHBI OT AUHMH
PerpeccHu onpenensicr 95 %-Hble NOBEPUTENbHBIE HHTEPBAJILI
AN CPEIHErO SHAYCHHUA ) TIPU 331aHHOM 3HAYCHUY X

Onrako daxtuyeckue 3uavenms J BapbHPYKOT OKOJIO Cpej-
HEro 3Ha4eHus p. HHausuayansHble 3Hauenus Y MOTYT OTKJIO-
HATBCA OT V. Ha BENHUHHY Cry“aiHoli owndin &, nucrepeus

KOTOPOH OUEHHBAETCSH KaK OCTATOUHAS AUCNEPCHA HA OAHY CTe-
2
neHb cBodoab S° IMorromy oumbka MPEACKasbiBAEMOro HHIH-



BU/yalbHOTO 3HAYCHMs )y NOJDKHA BKIOHATH HE TOILKO CTaH-
JapTHYIO OIHOKY #77; , HO U ciydaitayro omLbKy S

¥4

0 >

Pric.8.4. JloBepHTEIibHBIA HHTEPBAN IMHIH PErPpeCcCui.
4 - BEPXHssl AOBEPUTE/IbHAs IPaHULA,

f - MTUHUAS PErpecChi,

g - ROBEPHTENbHBIH HHTEPBA 15 ¥, TIPH Xz,

2 - HUKHSIE JOBEpHUTCIEHAA rpannua

Cpenusast omubxa MPOrHO3HPYEMOTO WHAUBUAYAIbHOTO

3Ha4enMms y m. COCTABNKT!.
Vi

r s
m :s-\j1+—l-+ (e = %) 27

n _‘szff)z '

[10 IaHHBIM PACCMATPUBAEMOTO MIPUMEPA MOy THM.

\.

[~ (] (113*_'432;(:&01

Vs 3 ] 4 =
e \TT LT 10857 )

J{oBepuTesibHbIE MHTEPBAbl POrHO3Y WHAMBUYAJIbHbIX
snauenuii Yy npu Xg=4 C  BEPOATHOCTHI 0,95 cocTaBaT:
14157+2.57-8,01, wnn 14157 +£20,59, 510 O3Ha4aeT, HTO

12098 < v, <162.16.
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Hurepsan nocratouno mupok NPEXNE BCErO 3a CUET MAJIOro
obbema HabmoneHuil,

Hpy nporroswposanuii Ha ocHose YPAaBHEHUA perpeccHH
C/ICAYET MOMHHTB, “TO BEIMYUHA IPOTHO3A 3aBUCHT HE TONbIO oT
CTAHNAPTHOH OWMOKK HHIMBUAYANBHOTO 3HAYEHMS Y, HO U or
TOYHOCTH MpOrHo3a 3HaveHus dakropa x. Ero Bennuuma MOXET
3a/1aBaTbCsl HA OCHOBE aHAIN3a APYTrUX MOMeei HCXOJs H3 KOH-
KDETHOM CHTyalllK, a TaKKEe W3 aHaM3a JMHAMHKH JAHHOIO
daxropa.

Paccmorpennas dopmyia Cpeaned ommbku uHAMBY yas-
HOTO 3HAYCHHMs NpPH3HAKA y m_,,w)Mox(eT OBITh HCTIONE3OBanA

TAKXKE UL OLCHKH CYIMECTBEHHOCTH Pasiu4us NPEACKA3bIBAEMO-
O 3HAYCHUS UCXONS U3 PErPECCHOHHON MOASIH W BBIABMHYTOMH
TUNOTE3bI PA3BUTHSI COOBITHIA,

Hpenrnonoxum, uro e Hamem npuMepe ¢ Qyukuuei usaep-
KCK BBIIBHIACTCA TPEAIIONOKEHHE, YTO B NPENCTOSsIUEM Toay B
CBA3M CO CTabMnM3auMeil 3KOHOMHKH TIpY BBIYCKE HPONYKLHH B
8 ThIC. en. 3aTpaThl Ha [IPOHU3BOACTBO He MPEBBICAT 250 Min. CYM.
Osnauaer nu 310 geficTBMTEIbHO H3MEHEHHE HaTEeHHOI 3ako-
HOMCPHOCTH HJIH K€ JaHHas BeJIMYMHA 3aTpaTr COOTBETCTBYeT
perpeccuoHHol Moneau?

Yto0el OTBETHTL Ha 3TOT BOMpOC, HalzeM TouedHslit npo-
THO3 [pU x=8, T.€e.

Vs ==5.79+3684-8 = 288,93,

Ipennonaraemoe xe 3nauene 3aTpaT, HCXOAA M3 IKOHOMMU-
YECKOH cuTyaumu, - 250.0. st onenku CYWECTBEHHOCTH pas3in-
HHA ITHX BENUYHH ONPENETHM CPEAHION ombKy nporHosupye-
MOT0 HHAMBHIYAbHOIO 3HAYESHUS

{ Ty [—— Q7 13 2
m,. =g l+~l-~*#~()\k‘%\_)ﬁ?: 53'{(l+1-+wA =13 2¢.
" - X _ L7 10,857

CpaBHum ee ¢ BenuumHoii MPEANOIAraeMOr0 CHUXEHMS H3-
AEPAEK NIPOH3BOACTBA, T.€, 38,93
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[TOCKOMBKY OLEHUBAETCA 3HAYHMOCTE TOJLKO YMEHBLIICHHA
3aTpPaT, TO UCIOJb3YETCA OIHOCTOPOHHUH [-KpUTEPHId Crprojes-
ta. IIpu oummbdxe B 504~¢ AATHIO CTENEHAMH CBOOO;IbI traci=2,013.
C1e10BATENBHO, TIPEANONAraeMoe yMEHbLICHUE 3aTpat JHAUUMO
OT/MUAETCSt OT IPOTHO3MPYEMOTO MO MOICNIH IPH 95 Y%-HOM
yporse nopephs. OHAKO €CIH YBSIHIUTD BEPOSTHOCTH 110 99 %o,
npy owubke B 1 %o GaKkTHHecKoe SHAUCHHIE {-KpUTEpUs OKa3biBa-
ercst Huxke Tadmuunoro 3,365, U paccMaTpHBAEMOC pasnu4ie B
BEJTMUMHE 3aTPAT CTATHCTHYECKU HE 3HATUMO.

8.4. HesmHeiiHas perpeccust

Ecnu MexXay SKOHOMHUYECKHMH ABJICHUAMH CYLIECTBYIOT HE-
AHEHHbIE COOTHOMIEHHS!, TO OHM BBIPOKAIOTCA € MOMOUIBK €O
OTBETCTBYIOLIMX HETHHEHHBIX (ynxumit. Hanpumep, PABHOCTO-
poHHeH runepdoabl  y = a+f’. ve, napabobi BTOPOH CTEreRH

.
y=a+b-x+c-x* AIP.

Pas)iMuaroT [iBa K1acca HeTMHEHHbIX perpeccy i

* perpeccili, HEIMHEHHbIE OTHOCHTCIILHO BKJIIOUEHHbIX B
AHAMH3 OOBACHAIOIIMX TIEPEMEHHbIX, HO JTMHENHbIE 110 OUEHH-
BAEMBIM MapaMeTpaMm,

+  perpeccui, HEIMHEAHBIE 10 OUEHHBACMBIM rapameTpam.

TprmepoM HeMHEITHOH perpeccuy no BKJIHO4YAEMbIM B HEC 00b-
SICHAFOLUKMM TIEPEMEHHBIM MOTYT CTYXUTh CIEOHHe dyHKUHM

. [OJMHOMbI PDAasHbIX CTEreHek - y=a+h-x+ coxl 4,

Pomath-xvexiad X bed

+  PaBHOCTOPOHHSAA runepoosa - y = q+ L
’ Re
K HenMHeliHbIM PerpeccHaM Mo OLEHUEAEMbIM MapaMETan

oTHocaTesl QyHKUMH!
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* CTenmenHas- y=a-x’.g:
" NOKasarenbHas - y=a-b*.g;

* OKCHOHEHUHMaNbHas - y = . g
Henuueiinas perpeccus no BKJINOYCHHBIM [IEPEMEHHBIM He
TaUT KaKMX-JIMdO CIOKHOCTE N B OneHKe ee napamerpos. Oua on-
penensercs, kak u B JIHHeHHOI PETPECCHH, METONOM HauMeHb-
HIMX kBanpatos (MHK), u6o stu bysxunn nureitnb o napa-
metpaM. Tak, B napabone BTOpOH CTeneHu
V=a,tax+a,x +e;
3aMEHSAA NIEPEMEHHBIE X=X, x*=x,, noay4um  aByxdaktopHoe
YPaBHeHHE MHENHOI perpeccun:
' Y=a,tax +a,x, +¢,
AT OLCHKH TIAPAMETPOB KOTOPOro, Kak Oyner nokasano s ra. 3,
Henoae3yercs MHK,
CooTtsercrBenHo 115 Mo MMHOMA TPETbEro ropsaxa
o= a, + ax + (72)(2 +(k.1‘3 + &
NP 3aMeHe =i, x*=x,, x =y, noJy4nm tpexdakropHyro mozens
JIMHEHHON perpeccuu:
V= (IO + (IIX'l + (!2.\’: + (7:‘,‘(‘3 + &,
4 15 TMOJIMHOMA A-TO opsAnka
YEa tax+ax’ + 4 ax e,
NOJNyHUM JIMHEHHYIO MOAENh MHOKECTBEHHO perpeccuu ¢ k
OOBSCHSIIOIHMH HEPEMEHHBIMI
Y=a, tax +a,x, + .+ ax, —&.
Crenosarenbho, noannom M00OTO NOPSZIKA CBOAMTCS K -
HEHHON perpeccuu ¢ ee mertonamu OLCHUBAHKS TTapaMeTpoB H
MPOBEpKIt runotes. Kak nokaswisaer onpmr OONLIIMHCTBA HecTe-
HOBaTeneu, cpeam HeauHeliHoL MOJIMHOMHATLHON  perpeccuu
Hale BCEro uenomb3yercs: napatona ETOPOH CTeIEHH, B OTAE 1b-
HBIX CIIy4asx - MOJHUHOM TPeThero mopsaka. OrpaHHyenus B uc-
MOJIE30BAHUH [I0JIMHOMOB GONEE BbICOKHX CTENIeHEH CBSI3aHbI C
TpeGOoBaHHeM OIHOPOIHOCTH HCCNENYEMOH COBOKYIMHOCTH: Yem
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BbiLile MOPS/I0K MOJMHOMA, TEM Gosbiie u3rndoB UMEET KpuBasi 1
COOTBETCTBEHHO MeHee OJHOPOAHA COBOKYMHOCTBb MO Pe3yJpTa-
TUBHO MY NpPU3HAKY.

[Mapabosia BTOpPOH CTENEHH j1esiecoobpazia K NMpUMEHCHHIO,
ecny IJIs OINpeIeNeHHOro NHTepBalid 3HadeHrN PpaxTopa MEHACT-
s XapaKTep CBA3M PaCCMATpUBAEMbIX IPU3HAKOB. pAMAs CBA3D
MeHsercs Ha 0OpaTHYrO WM 00paTHas Ha npsamyto. B aToM Ciy-
yae OrjpeaenaeTcs 3Ha4CHNE daxropa, npu KOTOPOM NOCTUraeTcs
MaKCcUManbHOE (Min MUHUMATLHOE) 3HadeHHe PesybTaTHBHOTO
TpU3HAKA. NPUPABHMBACM K HYMIO MEPBYIO [POM3BOIHYIO napa-
605151 3TOPOH CTENECHM:

b

j =a+b-x+c-x i TE h+2.cox=0H X="7""".
o 2-¢
Ecny ke MCXOAHbIE JIaHHBIC HE oOHapyKUBAIOT U3MEHEHN
HaMpPaBIEHHOCTH CBA3M, TO napameTpbl napabossl BTOPOTO 110~
psiNKa CTAHOBATCSA TPYAHO MHTEPTIPETHPYEMbIMH, 2 dopma CBsi3H
yacro 3aMeHsieTcs APyruMHu HeJIMHEHHbIMU MOAEIAMH.
Ipumenerrie MHK aus oueHKd napameTpoB napaboibl BTO-
poil cTemenn MPUBOIUT X creqyromen CucTeMe HOPMAaJIbHbIX

ypaBHESHUH.

na+b§2x+c2x2 =3y
aZx'ersz +ey X = yx
ay ¥+ by x* ey X = >

Peluenne ee BO3MOXHO METOOM ,onpeuenmeneﬁ:
Aa Ab Ac
q=—13:  b=—, ¢c=—
A A A

roe A - onpeienureiib CUCTEMDI,
ha, Ab, Ac - JacTHbIC onpenenuTeny s KaXA0ro u3 na-

pameTposB.

[pu b>0 n ¢<0 xpusas CHMMETPHYHA OTHOCHTENIBHO BbIC-
[1eii TOYKH, T.€. TOUKH [I€pesioMa KPHBOH, H3IMEHSIIOIEeH HanpaBs-
JleHHe CBSI3H, @ UMEHHO POCT Ha nazenue. Taxoro pona GYHKIHIO

LIR}
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MOXHO HaOMIO[aTh B SKOHOMUKE TPylia NpH U3YyYEHHH =aEuCH-
MOCTH 3apabOTHOH Muatel paboTHUKOB $usnueckoro tpyna or
BO3pacTa - ¢ yBenMueHueM BO3pacTa NOBbImaeTCs 3apadcTHas
'1aTa BBUIY ONHOBPEMEHHOTO YBETHYEHHS OMbITA X NOBbIUEHHS
KBanudurkauun paboTHuka. OnHako ¢ ONpPERENEeHHOro BO3pacTa
BBHIY CTap€HMS] OPraHH3Ma W CHUOKEHHs TIPOM3BOLIMTENBHOCTH
TPYAa nanbHEHUIee MOBbILIEHHE BO3pacTa MOXeT npuBOIVTL K
CHIKEHHIO 3apaboTHON niatel paborHika Ecnu napa6osmue-
ckas Qopma ces3m ACMOHCTPHPYET CHa4aNa POCT, a 3aTeM CHu-
KCHUE YPOBHS 3HaME€HMH Pe3yabTaTUBHOrO NPU3HAKA, TO Onpe-
AACIICTCA 3HaMeHUE (akTopa, npH KOTOpOM NOCTHIAETCS MaKCH-
myM. Tak, npegnonaras, uro norpebnenue Toeapa A (emvunn) B
3dBHCHMOCTH OT YPOBHS JI0XOIa CeMbH (ThIC. CYM.) Xapakrepusy-
CTCA ypaBHEHHEM BHIA J. = 5+ 6x — x°. Hpupasuusas r uymo
MEPBYIO NPOM3BOAHYIO J =6 2x . Haiizem BEJIMYMHY Jl0x0na,

[IpY KOTOPOH norpebnenue MaKCHUMaJbHO, T.€. npu x=3 Thic, CyM.

ITpu 6<0 u >0 napabona BTOporo Nopsinka CMMMeETpHYHA
OTHOCHTEBHO CBOCH HM3LIEH TOYKM, yro TIO3BOJISIET ONpeRensiTH
MHUHHMYM GbyHKUMM B TOuke, MCHAIOLIEH HanpaBneHue CBSI3H,
T.C. CHIKeHHe Ha poct. Tak, ecjiy B 3aBHCHUMOCTH OT 00beMa B~
fycKa NpORYKUMM 3aTpaThl Ha OPOM3BONCTBO XapaKTepU3yTCs

YPaBHEHHEM . =1200 - 60x + 2x> » TO HauMEHbIUME 3aTpaTh

AOCTHIAIOTCH  TIpH  BBITYCKe  nposykiun  x=15 en., Te.
~060+2.2.x=0..
B 310M MOXKHO yBenuThes, TOICTAB/S B yPABHEHHE 3HAYCHMS! X

R I VI A 15 | 1o :IQ
| 800 | 782 [ 768 | 758" 20 [ 752 [ 758 ]

Beuny cummerpuunocry KpUBOH napabosnia BTOPoii cTeneny
AAJIEKO HE BCerla MPHroaHa B KOHKPETHbIX HCCnenoBanusgx. Ya-
HIE HECIea0BATEN b HMEET A0 I ¢ OTAEbHBIMM CerMeHTamu
11apabosibl, a He ¢ noAHOM napadojMyeckoii dopwmoit. Kpome To-
O, NapameTpsl napaboaudeckol CBI3H He BCerna moryr Obith
AOFHYCCKN ncTonkoBanbl [Tosromy ecm rpapuK 3aBHCUMOCTH

93]
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He IEMOHCTPUPYET YETKO BbIpaKeHHOH Tapabofibi BTOPOTO 1o
paaka (HET CMEHbI HANpaBJICHHOCTH CBSI3M MPHM3HAKOB), TO OHA
MOXKET OBbITh 3aM2HeHa Apyroil HestHeRHO# (QYHKLHMEH, HalpH-
Mep CTereHHOH. B 4aCTHOCTH, B AWTEpaType 4acTo paccMaTpu-
paeTcst mapabona BTORQY CTENeHH i XapakTepPUCTHKH 3aBHCH-
MOCTH yPOXaHHOCTH OT KOJIWHECTBA BHECEHHBIX yaoOpenui.
JlanHast opma CBs3M MOTHBUDYETCA TeM, YTO C yBEIHYCHHUEM
KOJIHUECTBA BHECSHHBIX yAOOpeHHH ypOKAHHOCTD PACTET NUIUEL
10 [IOCTHIXKEHUS ONTUMANBHOW [103bI BHOCHMBIX ynobOpenuit.
JanuHeimui e pocT HX J03bl OKa3bIBACTCH BPEAHBIM fUlsd pac-
TeHMsl, U YPOXKEHHOCTb CHYKACTCA. HecMoTpst Ha HECOMHECHHYIO
CIIpaBeUTMBOCTh JaHHOIO YTBEPHACHHA, CaeAyeT OTMETHTD, YTO
BHECEHME B TOYBY MHUHEPAJNBHBIX ynoOpenui MPOM3BOAUTCA HA
OCHOBE y4eTa NOCTHKEHUH arpoiSmononmecxoﬁ payku. Iloatomy
Ha TIpAaKTHKE YacTO JaHHas 3aBUCHMOCTE fIpejcTasjieHa JHUb
cermenToM napalonel, YTC M MO3BOJACT MCTIONB30BaTE APYyrye
penuueiinble  Qynkuun. B Kxauecrse npuMepa PaccMOTpUM
Tabn.8.3.

. Tabnuua 8.3
3aBUCUMOCTb YPOKAHHOCTA NUICHALEL OT KONIMUECTBa
BHECEHHEIX yO0peHmi

3 3

MR oR

BrecceHo Mu- | Ypoxau- | X X X
HepanbHBIX | HOCTB, U

vaobpenui, 1 | Ha I ra v

Tlo nansbiM Tabs. 8.3 cHCTEMA HOPMANEHBIX ypaBHEHHU} CO-
CTaBHT:

(S
(U]
[N




13a+15b+55¢ = 50,
15a +55b 4 225¢ =167,
55a+225b+979¢ = 649

Pewasi ee wmeromom ONpeaenuTeNed, nonydum: A=700,
Aa=2380, Ab=2090, Ac=-150. Orkyna napaMeTper UCKOMOro
YPaBHeHUsT cocTaBsaT a=3,4; b=2 986; c=-0,214, a ypaBHeHHe
napadoLl BTOPOi cTereny npUMer BUf;

Ve =3442986-x-0214. 57

Ioncrasnsta 8 s1o YPaBHEHHUE 10CNEN0BATENBHO 3HAEH S X,

HaHaeM TeopeTuyeckue 3HAYeHHst P (cMm. Tabj. 3, rp. 8).

Kak Buano uz Tagn. 3, ypaeHenue 1apabonsl BTOporo no-
pslka Xopowo onuceisaer paccmatpuBaemylo  3aBucumocts,
Cymma  kBagparos CTKIOHCHHE  OCTATOYHBIX  Benmyuy
Z(’y -9 =046. Beusty roro, uro namuumie Tabn. 3 AEMOHCTpPU-
PYIOT JIMIIb CermenT napaGo b BTOPOro nopsiaxa, o paccmarpu-
BAaCMAsT 3aBUCHMOCTL MOMKET GhiTe OXapaKTepusoBaHa W apyroii
byukuuei. Hcenonbays, s 1aCTHOCTH, cTemenHyo dyHkuHIo
Ye=a-x", 6bli0 nonyueno YPaBHenue perpeccuu P, =6136 x**
st wero Z()"f’_y): =043, 4To 03Hauaer CLIE JIYYINYIO CXOOH-

MOCTh (aKTHYECKUX § PACHETHBIX 3HAYCHMI] ).

Cpenu knacca nemneiinbix yHKLMiT, TIApAMETPBI KOTOPBIX Ge3
0COOBIX 3aTpyHEHNMi] vtenuBaiorest MHK, crenyer nassars XOpOoLo
H3BECTHYIO B 5KOHOMeTpHKe PaBHOCTOPOHHION runepoony:
Yo=a+b/x.

Ona Moxer Gbrrp HCTIONB30BAHA U1 XapakTepUCTHKH CBA3H -
YACIBHBIX PACXONIOB ChIpbs, MaTepHUaIIOB, TOIUIHBA ¢ 05BEMOM BbITyC-
KaeMOH npozykuum, BPCMEHH 0Opaienna Topapos or BEJHYHHBI TO-
BapoodopeTa, T.€. Ha MHKDOYPOBHE, HO U Ha Makpoyposre. Kiaccrye-
CKHM €€ NPUMEPOM sBJISIeTCs Kpusast Oumnca, XapaKTepu3yrouias
HEJIHHEHHOE COOTHOWEH e MCAIY HOpMOH 6e3patoTHib! X 1 npoLeH-
TOM NPHpOCTa 3apaGoTHOH MyaTe )



b
y:(l-f-—-%-b‘ -
X

Anrauiickuil skoHoMucT A B. @uuiune, aHanusupys nat-
Hpie Gonee uem 3a 100-neTHUNA repHoOA, B KOHUE 50-x rr. XX B.
YeraHoBul OOGpaTHYIO 3aBHCHMOCTbH NpOUEBTa NMPUpocTa 3apa-
HoTHOII MaThl OT ypoBHS 0e3paboTHLE!.

s paBHOC'ropOHHeﬁ runepOonbl BUIA y=a+ 2 +g, 3aMe-
X

l y
HUB -- Ha z, MOJNyYMM JWHeiiHoe ypasHEHME PpErpeccui
K
y=a+p-z+e, OUEHKA NAPAMETPOB KOTOPOTO MoxeT ObITh J1aHa
MHK. CucTema HOPMANbHBIX YPaBHEHITH COCTABUT:

na+bzl:2y,
x
1 1 5y
PRt e

[Tou 5>0 wumeem OOpaTHYyIO 3aBUCUMOCTD, KoTopasi [Tpu
X —> o XapakTepusyercs HukHeil ACHMITOTOM, T.€. MUHUMAa/lb-
HbIM TpeeibHbIM 3HAYSHUEM J, OLIEHKOM KOTOPOTO CRYXKHT Na-
pametp a. Tak, ans kpupoit Punmnca p = (l,()()679+1.18421 BEH-

*

4YMHA Jlapamerpa a paBHasd 0600679, o3Hauaer, 4To ¢ POCTOM
yponH: Ge3paboTulbl TeMN NpUpocTa 3apaboTHOI ruiaTel B npe-
nene crpeMuTcst K Hymo. COOTBETCTBEHHO MOXHO OnpenenuTh
TOT ypoBeHb Ge3paboTuLibl, MPHU KOTOPOM 3apaboTHas TiaTa Oxa-
3pIBAETCS CTAGHILHOM H TEMIT € IPUPOCTa PABEH HYJIO.

[Ipu 5<0 WmMeeM MENICHHO MOBLIUANLYIOCH PYyHKUHIO ©

BEPXHEHl ACHMMTOTOR npu X —> %, T.€. € MAKCUMAaJbHbIM Tipe-
. [
AeNBHLIM YPOBHEM V, OLIGHKY KOTOpPOrO B YPAaBHEHHH { =1+ 2
N

naert napaMmerp d.
ITprMepoM MOXKET CJIY/KHTh B3AUMOCBS3L 7I0JIH PacxOn0B Ha
TOB&pbl JUIMTEJNBHOIO MO/b30BAHNA H OOUMX CYMM pacxonos

(unu noxoaos). MaremaTuyeckoe onucane nomodbHOro pona
34
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B3aMMOCBA3CH MOJIYYMNIO HAa3BaHHE KPMBBIX JHread. B 1857 r.
Hemeukuit cratuctuk D DHrejb Ha OCHOBE MCCIEHOBAHMS cCe-
MEHHBIX PacxomoB CHOPMYNUPOBANT 3aKOHOMEPHOCTD — C poCTOM
AOXO4a [JOJIsi JOXOHOB, pACXOAYeMbIX Ha INPOJOBOJILCTBHE,
ymeHbuiaercs. COOTBETCTBEHHO, € VBEJHYEHHEM Jj10X0jd N0Js
JIOXOM0B, PACXONYEMBIX Ha HENPOAOBOJILCTBEHHBIE TOBApELL, Oy-
Aet Bospactatsh. OnHaKo, 5T0 yBenMYeHHe He OecnpenensHo, HGo
Ha BCE TOBAPbl CYMMa JI0JIEH HE MOKET ObITh OOJIbINE €L HHULEI,
unu 100%, a Ha OTAEAbHBIE HENPOAOBOJILCTBEHHBIE TOBA Dbt 3TOT
TNpeNel MOXKET XapaKTepH30BAThCSA BEJMUHHON Mapamerpa a uis

YPaBHEHUS BHIA
b

bo=a-=
X
rae y — I0JIst PaCXON0B Ha HENPOAOBOILCTBEHHBIE TOBAPD.,
X — 10XOAb! (MU 00lmas CyMMa pacXoI0B Ha MHOMKZTOP 10-
XOJa).
[IpasomepHOCTh HCNONMB3OBAHUS PABHOCTOPOHHEH TMITepBOIbI
Po=a- ﬁ’ JUL KPHBOH JHrESst A0BOJIBHO JIETKO JTOKA3LIBAETCS.
X
COOTBETCTBEHHO MOXKHO ONPENENUTh TPaHHULY BEIHYUHBI JO-
XCna, JanpHeflee YBENMIeHHe KOTOPOro He NPHBOJMT K POCTY AOJH

PaCXoa0B Ha OTACIBLHBLIC HETIPOAOBOJILCTBEHHbIEC TOBAapBI.

>

Bmecre ¢ tem pasHocTOpOHHSIsS runepbosna o= a-L we spns-
R

CTCs €IMHCTBEHHO BO3MOKHOH (yHKUMEH /s ONMCaHHs KPUBOIi
Onrens. B 1943 r. Yopkurr u B 1964 r. Jlusep mast aThx ueneii uc-
NMOJB30BAJIH NOJYNOTapHPMHUECKYIO KPHBYIO V. =a+blnx+¢.
3amMeHuB Inx Ha z, ONATH MOJYYUM JIHHEHHOE ypaBHEHHE:
y=a+blnx+e. Jlannas QyHKUMS, KK M OpejbiaylLasi, TuHelina
O MapamMerpaM W HEJMHENHA 10 OOBACHSIOLEH NIEPEMEHHOH X.
Ouenka napamerpoB a u b moxer ObiTh Halinena MHK. Cucrema
HOPMAJbHBIX YPABHEHHH MTPH 5TOM OKAaXETCs CIIENYyIOLIEit:

[VS]
(98]
A



na+by inx =3y,
az Inx+ b}: (Inx)* = Z y-Inx

IMpuMenuMm 1nonynorapudmMu4eckyto §yHKIKME 3aBUCHMOCTH
IOJIH pacxoZ0s Ha TOBApPbl ANHMTEALHOIO {I0JIB30BAHHS B 00IMUX
pacxomax CeMbM OT J0X042 ceMbH (Tabsi. 8.4).

Tabnuna 8.4.

Jlons pacxoJl0B Ha TOBAPHI ANKUTEILHOTO NMOL30BAHUS B
3aBUCHMOCTH OT 10X0d (EMBU

CpenHeMecsuHbIil  JOXOA 1 2 3 4
cembu, ThIC. noan. CIHA | x
Ipouent pacxonor va to- | 10 | 134 | 154 | 165 | 186 | 19.1
Bappl IUTEIBHOFO I1O/b-
30BAHHUS, Y

N
o)

Pelnasi cucTeEMy HOPMAJIbHBIX YPaBHEHM

[6a+6,57925b = 93,

4 ‘ N

16,57925a +9,40991h = 113.,23881.
Mbl MOJIYYHJIH YPABHEHUE PETPECCUH j‘ =9876+5129 - Inx,
KOTOpPO€ AOCTAaTOYHO XOPOLIG ONMCHIBAET HCXOAHBIE COOTHOILE-
HUS OXOMA CEeMbH H IIOJM PACXOIOB HA TOBAPB! JUTHTENLHOTO
NONL30BAHHsL, YTO BHIHO U3 CPABHEHHS aKTHUECKUX U TEOPETH-
YECKUX 3HAYEHUH V!

> 99 13.4 15.5 17.0 18,1 19.1 cymma
Ve, 0,1 00 | -0l | 05 | 05 | 00 0.0
G-307 | 000 1 0.0 1001 | 025 1925 | 00 | 052

- [1pu Gonee Touron noacuere ¥, 3Ta BCAMMMHA cocTaBuT (1.4864

B03MOXHBI 1 HHblE MOZETH, HETMHEIHBIE NO OOBLICHSAIOLIHM
nepevenHbiM.  Hampumep, y=a+b/x+g  CoorsercTaesno

CHCTCMa HOPMaJIbHbIX ypaBHﬁtHHfi A7 OUCHKW ITapaMeTpoB CO-
CTaBMT!



na + bZJ;:Zy,
aZ\/;erZx:Zy-\/;.

YpaBHEHHS C KBAIPATHBIMU KOPHAMH UCIIOJIB30BANUCE B HC-
CIIETOBAHUAX YPOXKaHHOCTH, TPYAOEMKOCTH CEIbCKOXO3SCTBEH-
woro mpouseonctsa. B pabore H.[lpeiinepa u I'.Cmura’ cripa-
BCIJIMBO OTMEYEHO, YTO €C/M HET KaKUX-THOO TeOpeTHUECKMX
00OCHOBAHUH B MCIOJBL3OBAHHH NAHHOTO BHAA KPHUBBIX, TO OC-
HOBHas Lesb NONOOHBIX NPeoOpa3oBaHuii COCTOUT B TOM, 4TOOLI
Ans npeoOpasoBaHHbIX MEPEMEHHBIX MONYYHTh OoJiee IPOCTYHO
MOZICNIb PErPECCHH, 9EM IS HCXOOHBIX AaHHBIX.

Huaue obcrour neto ¢ perpeccueii, HeNMHHEHHOM NO OLeHU-
BaemMpIM napamerpaM. JlaHHBIH KJIacC HENUHEHHBIX Mozeneit
MOJPA3NEIALTCS Ha ABA TUNA! HENMHEHHbIE MOIENH BHyTPEHHE
JIMHEHHBIE U HEJIMHEHHbIE MOJIENH BHYTPEHHE HeNMHel b2, Ecan
HEJIHHEHHAR MOJeNIb BHYTPEHHE JIMHENHA, TO OHA C MOMCIIBIO
COOTBETCTBYIOUIMX NPeOOPa3soBaHMi MOXeT ObITh NpUBEAECHA K
nuHeiHoMy BHAY. Ecnn e HenuuelHas Momenb BHyTpeHHE He-
JIMHEeHHa, TO OHA HE MOXET ObITh CBEJIEHA K JIMHEIHON byHEDMMY.
Haripumep, B 3KOHOMETPHUYIECKUX HCCIEAOBAHMAX NPU H3yIEeHHH
SJIACTUYHOCTH CIPOCa OT UEH LUMPOKO HCMOJIB3YETCS CTEIeHHAs
byHKUMSA:

v=a-x*.g.
TAC y - CNpaluMBaeMOe KOJNHYECTBO; X - 1€HA, & - CAydaiiHas
omubka.

Jannas Monenb HejHHeliHa OTHOCHTENBHO OLEHH3aCMbIX
napamMeTpoB, HOO BKJIOYAET Mapamerpsl a U b weaanutus 0. Q-
HAKO €€ MOXHO CYHTATh BHYTPEHHE JHHEHHO, HGo norapudmu-
POEaHHE JIAHHOIO YPABHEHHs [0 OCHOBAHHIO ¢ MPHUBOIMT 2ro K
NUHEHHOMY BHAY:

Inv=Ina+b-lnx+lne.

* Apetinep H.. Cyur I'. [pukaanoit perpeccronsbiit anams. ~M.: 1975
337



COOTBETCTREHHO OLEHKH TapaMeTpoB o 1 b MoryT ObiTh
natinenst MHK. B pachannBaeM()ﬁ CTEreHHoN (QyHKUMH
IpeRnonaraeTcs, JI0 ciyalHas owmbka £ MyILTHIIMKATHBHO
CcBsI3aHa ¢ 0OBACHAIOLIEH rxepewmaou x. Ecnu ke Mopesb npen-

CTaBUThL B BHIE :a-x +&,, TO OH&a CTaHOBHTCH BHYTPEHHC

HenuHeHOH, 0o ee HEEO3MOXKHO NPEBPATHTD B JUHEeWHbIA BULL. -
BuyTpentie HenuHeliHOM Oynet v Moesb B

y=a-x°+¢,
HJIH MOAENb

-

|
y= a-(l—— i——_b—%&

ubo ITH ypaBHEHHS He MOTYT ObITh 1peobpasoBaHbl B ypaBHE-
Huisl, IMHEHHBIE 10 x03(duumeHTaMm.

B crneuMaibHbIX MCCAENOBAHUAX MO PErpecCMOHHOMY aHa-
JIM3y YACTO K HENMHEHHBIM OTHOCAT MOZENH TOJIbKO BHYTPEHHE
HeJMHeMHbIe 110 OLEHHBAEMBIM 11apaMETpaMm, a BCe Apyrue Moae-
71, KOTOpbI€ BHEIIHE HEJMHEHHbI, HO IyTeM npeobpasonaHui
[lapaMeTpoB MOTYT ObITh MPUBEIEHBI K NHHEHHOMY BUy, OTHO-
CATCS K KIACCY JMHEHHbIX Mopeneil. B 510M nnaHe K JiMHeiHbM

a+hx

OTHOCST, HAIPUMEpP, JKCIOHEHLUMANbHYK) MOAEIb Yy =€ &,
160 norapudMHUpysi €e 1o HaTYPANbHOMY OCHOBAHHIO. MOJYHHM
AMHEHHYI0 GOPMY MOneH

Inv=a+b-x+Ine.

Ecnu MOIEesb BHYTPEHHE HENHHEHHA N0 MapaMeTpam, To 114
OLEHKH TAPAMETPOB MCHONB3YIOTCA HTCPATHBHEIC MPOLEYPhL,
YCHEIIHOCTh KOTOPbIX 3ABUCHT OT BHAA ypaBHEHHIT 11 0COGEHHO-
CTell MPUMEHSEMOTO MTepaTHBHOTO Moaxo1a. Mosient BHYTpeH-
He HeaMHelHble N0 napaMerpaM MOryT UMETb MECTO B SKOHO-
MeTpHHeckux Hccienopatusix. OnHako ropasno Donapinee pac-
NPOCTPAHEHNE NOJNYYHAH MOJENH, MPUBOAHMbIE K JIMHSTTHOMY
Biy. PelieHne Takoro THIA MOJENeH Peaiin3oBato B CTAHAAPT-
HbIX MaKeTax NpuxiafHsbix nporpamm. Cpean HEX, B HACTHOCTH,
MOCHO Ha3BaTb 1 OOPAaTHVIO MOJIETIb BUAR

]
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1

Y=

G+h-x+g
OGparmas 06e YacTd paBeHCTBA, NONYYUM JIMHEHHYIO hopmy

MOJIENH IS NEPEMEHHOH —
Y

1
—=ag+b-x+g.
AL’
TIpuBOAMMA K IMHEAHOMY BULY W TOTHCTHYSCKAs QYHKIMA

Y= 14h o " wm y, =-———-3-

Ob6pawas 00e 4acTH paBeHCTBA, NONYIHM:
14be =2
Y
ce A
y
[Tponorapuhmuposas obe HacTH 10 HaTypaibHOMY OCHOBa-
HHIO, TIOJYYHUM yPaBHEHUE NTuHeHoH Gopmbl: |

Bbruuras 1, umeem: b-e

(a
nb~-c-x+e=In| ——1
}/}
Wiy
r=pD~Cx+¢&,
rue
,

2=t L1 uB=hb

l\ ),’

Cpenu HenvHeliHbiX QYHKLIKIA, KOTOpblE MOTYT ObITh NpHBe-
J€Hb! K IHHEHHOMY BHUAY, B HIKOHOMETPHHECKHX HCCAEAOBAHUAX
O4EHb WIHPOKO HMCIOJIL3YETCA CTereHHas QYHKUHA yv=a-b' g
Ces13aH0 3TO ¢ reM, uTo napameTp b B Hell UMEST 4ETKOE 3KOHO-
MHUECKOE HMCTOIKOBAHHE, T.€. OM siBsercss xoddduumentom sna-
CTHYHOCTH. DTO 3HAYMT, ¥TO BeyukHHa koddduumenTa b nokasbisa-
€T, HA CKOJbKO NPOLIEHTOB UIMEHHMTCS B CPEIHSM PE3YJIbTAT, €ClH
thaxtop m3menurcst Ha 1% Tak, ecnu 3aBMCHMOCTE CITPOCa OT LEH

3 3()



XapaKTepu3yeTcsl ypaBHEHHEM Buaa v =105.56-x M, TO, ClIeNOBa-
TENBHO, C yBEJIMYEHUEM LIeH Ha 1% crpoc CHUIKAETCs B CpeIHEM Ha
1,12% O npaBomepHOCTH NMOAOOHOrO HUCTONKOBaHUs napamerpa b
Anst CreneHHoil QYHKIMU § =qa-h' MOXKHO CYAMTH, €CJIM PaccMOT-
pett dopmyny pacuera koadduiieHTa 3MaCcTHHHOCTH

2= 10>,
Y

rae f'(x) - nepBas MPOH3BOAHAS, XapaKTePH3yIolias COOTHOLIE-
HHe MPUPOCTOB pe3yjbrara U (akTopa [ COOTBETCTBYIOLLEH
$OpMBI CBSI3M.

Jlist creneHHON (YHKUMM OHA COCTABHT. ['(x)=a-b-x"". . CooT-
BETCTBSHHO KOX(PHULIMEHT 3MaCTHHHOCTH OK&KETCS PABHBIM!

Yeqboxt! ._f,; - ﬁ;b'_fb_ -
a-x a-x

KoadgduuneHT 3nacTUYHOCTH, €CTECTBEHHO, MOXKHO Ollpe-
AesiTh U MPY HaJIMYHK ApYyrux Gopm CBS3H, HO TOJBKO Ul CTe-
neHH0H PyHKUMM OH Mpencrasiser cO0OH NOCTOAHHYIO BEIHIH-
Hy, pasHyro napamerpy b. B npyrux dyHxwsix kosdduiment sna-
CTHYHOCTH 3aBUCHT OT 3HauyeHui axropa x. Tax, ans JMHEHHON per-
peccuit P =a+b-x QyHKUHS H 5aCTHIHOCTD CIIEYIOLIHE:

') =h u D=b-—"—,
a+bx

B cuny Toro 4to kK03hQPUIHUEHT 3I1aCTHYHOCTH LJIs IMHEH-
HOH Q) YHKLMY He SIBJSETCH BENWYMHON MOCTOSHHOM, a 3aBUCHUT OT
COOTBETCTBYIOLLErO 3HAYEHUs: X, TO OOBIYHO PaCcCUHTHIBAECTCA
CpeJIH A 11oKa3aTe b 31aCTUYHOCTH 10 GopmyJe

Jns OueHKM rnapaMeTpoB CTENEeHHOH QYHKUMH v=a-bh' -
npuvensiercs MHK  x  nunHeapu3oBaHHOMY — YPaBHEHHMIO
Inyv=lia+bh-Inx+lne, T.€ PEWACTCH CHCTEMA HOPMAIbHBIX
YPaBHEHUI:
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(nina+ bz Inx= Z,V,
<}\ln ay mx+bhy (nx)y =Sy -Inx.

Iapamerp b onpenensercs HETIOCPEICTBEHHO M3 CHCTEMBL, a
MapamerTp d - KOCBEHHBIM IyTeM MOCJE NOTEHUMPOBAHUS BEJIH-
unnbl Ina. Tak, pemas CUCTEMY HOPMANbHBIX YPaBHEHUH 3aBHU-
CMMOCTH  Ccmpoca OT LeH, ObUI0 NOJy4eHO YPaBHEeHHE
Iny=46593-11214-In x. Eciu NOTEHUUPOBATH €0, MOJYIUM:

~ 593 ~1,1214 -1,1214
};r :(:».4.6,‘3 X 1,121 — 105’56Y ; )

Hockombky Tiapamerp a SKOHOMUYECKH He VHTEPIIPETHPYETCH, TO
HEPE/IKO 3aBMCHMOCTb 3aNMCLIBAETCA B BUIE JOrapuMUuecku muHeis-
HOH, T. €. In v=4,6593-11214-In x. B Buze crenennoii yHxmn wWy-
HaCTCs HE TOMBKO SIaCTHHHOCTL CPOCa, HO M mpeuioxerus. [Ipu yrom
OOBIMHO TACTHYHOCTH CTIPOCa XapaxTepusyercs napamerpom H<C, a 371a-
CTUSHOCTD IPEJIOKeH st 0.

Hockoibiy koaddHuHEeHTL 2MACTHHOCTH IPECTABISIOT FKOHO-
MITHECKHH HHTEPEC, & BHIIbI MOZICNEN HE OTPAHIYHMBAKOTCH TOIbKO Cre-
TICHHOM (yHKLMel, prsenem GopmynsI pacdera K03 PHLHEHTOB 31a-
CTIMHOCTH U1 HaMOCJIee PACTIDOCTPAHEHHbIX THIIOB YPABHEHLI per-
peccun (tabn. 8.5). (Caoiicrea ko3(pdHLIKEHTOB 3NACTHYHOCTH pac-
cmaTpuBaloTest Sosiee noppodHo B 1.8.4.3),

HecmoTps Ha wnpokoe ucnons3opanue B OKOHOMETPHKE KO-
3G EHLUHEHTOB 31aCTHYHOCTH, BO3MOXHbI Clly4au, KOrna ux pac-
HET SKOHOMH1ECKOTO CMbIC/IA HE HMEET. ITO MPOUCKOAMT TOIIA.
KOrla Uil pacCMaTpHBEEMBbIX MPH3HAKOB OECCMBbICIECHHO onpe-
ACICHHC HIMCHEHNS SHAYEHHT B nipouienTax. Hanpumep, Basn nu
KTO OyAer onpenensTh, Ha CKOJbKO [IPOUEHTOB MOKET H3Me-
HUTLCA 3apaboTHas [1aTa C POCTOM CTaxa pabote! Ha 1%. M,
HAMPUMED,  HACKOJLKO TPOUCHTOB M3MEHMTCS  YPOXKAHHOCTE
MCHHUIBL, €CIH KA4ECTBO MOYBbI, H3MEPSEMOE B (Gamiax, uime-
Hutcea Ha 1 %. B rakoii CUTyauMM CTeneHHas QyHKUHA, qaxe ec-
7t OHa OKA3BIBACTCH HAMIYYLIeH MO GOpMaTbHbIM COOBPasKeHH-
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M (HCXOJsl M3 HAMMEHbLUETO 3HAUCHMA OCTaTOYHON BapUALUK),
He MOXKeT ObITh AIKOHOMHYECKH MHTEPIIPETHPOBAHA.

Tabnuua 8.5.
Koadduruedars! 21aCTUMHOCTH JUIA P5iAd MATCMATUHECKIX
~ dyHKUMH 7
Bun pvaKmgm, ¥ Tlepsas npo- | Kosdduuuent snactud-
. § '
M3BOIHASL, Y, HOCTH, 9= y' X
—_ },
Jluneiinas b - b
y=a+bx+e T g+ by
[MapaGoaa sTOpOro I0- hb+2-c-x e b+ 2ex)-x
panKa T ag+bx+ox?
y=a+b-x+c-x'+e
INarrepGona b oo = b
b e T e b
y=a+—+¢ Y b
x —
TMoxasareapHas Inb-a b J=x-Inbd
y=a-b'-e
CrenenHas a-boxt? =h
y=a-x' ¢
Nonynorapugmuueckas b b
y=a+b-Inx+e v a+h-lnx
JlorucTnueckas a-b-c-e Gy Lo
a [N RN
}/':; —rc‘\‘+"~ (l+b() d) "eu\l
l+bh-e™™ b
O6partnas -b —b-x
D= L | (a +b - x) a+b-x ,
a+b-x+¢

Hanpumep, u3yuas COOTHOLIEHHE CTABOK MEKDAHKOBCKOTO
KpenuTa y (B NPOLEHTaX rO0BbIX) U CPOKA €r0 NPEAICTABICHUA

x (B nmHsax), Obuio

~

NOJIyH4eHO
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(0,9895). Koaddumen smacrianoctu 0,352% miuien cMbicia, ubo
CPOK LPENOCTABNICHHs KPEAUTA HE M3MEPAETCS B apoueHTax. 3Hayu-
TejIbHO QOMBIUHI MHTEpEC TSt 3TO 3aBMCHMMOCTH MOXKET NPENCTABHTb
JuHeivast Gyrkums yo= 21,1+ 0,403x , umveromas Gojee HH3KM
Toxasarens koppemim 0,85, Kosbdurwenr perpeccun 0,403 roka-
3bIBACT B MPOUEHTHBIX NYHKTAX U3MEHEHHE CTABOK KpenuTa ¢ yBenm-
HEHHEM CPOKa HX NPENOCTABICHUS HA OIMH EHD.

B Mojensix, HEMMHEHHBIX 0 OLEHUBAEMbIM napaMmeTpam, HO
MPUBOMMMBIX K JHeHHOMy Buxy, MHK npumensercs x rpeob-
PasoBaHHbBIM ypasHeHusM. Ecin B mHeiiHOM Moeny u MOZENsiX,
HEMHEHHBIX MO MEPEMEHHBIM, IPH OLEHKe NapaMeTpoB UCXOOST

M3 kpatepusi » (¥~ J.)° —> min, 10 B MOZIENSIX, HETHHEIHHbIX
O OLeHMBaeMbIM napamerpam, Tpebosanue MHK IPHMEHSETCS

HE K MCXONHbIM NaHHBIM PE3YJbTATHBHOTO NPH3HAKA, a4 K MX
Npeo0OPasoOBaHHBIM BEJIMYHHAM, T.¢. Iny, 1/y. Tak, B crenenuoii

YHKUMHM ) = -x" & MHK 1 AMEHACTCA K Ipeodpa3oBaHuHOM
3 J p y
ypasueHuio Iny =lna+ flnx+Ing .

1o 3HAYHUT, YTO OiICHKA NapaMeTPOB OCHOBBIBAECTCS Ha MM~
HHMH3ALKUH CYMMBbI KBaAPATOB OTIJIOHEHHN B nora'pH(bMax.

™ (1 , l ~ )'_' K .
}_{ ny~Iny ) — min.
CooTBETCTBEHHO €CITH B NUHEH HbIX Mozensix (BKIIOYas He-
JMHeliHbIe 1o nepementbiv) Y (v -5 )=0, 10 5 MOJIENsSIX, He-

JHUHEUHDIX 110 OLIEHHBAECMbIM fnapamerpam,
-
A\
}:Lln y-Iny, ) =0, a Z Y—antiln y, |+ 0.

Benencreme storo onenxa NapaMeTpOB AJist IMHEAPH3YEMbIX
dbynxunii MHK oka3biBarotes Heckobio CMELLUEHHOI.

Bosbvem, rarpumep, TOKA3ATEILHYIO KPUBYKY. § =q.x' M
PAaBHOCHJILHYIO €H 3KCTIOHEHTY | = "' Fponorapudmuposas, 1me-
eM:

Iny=Ina+xy-Inp
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, 2

Ilpumensss MHK, MuUHHMU3HPYCM Z Iny- In yx) . Cue-

~

TeMa HOpMaJibHbBIX ypaBHeHHﬁ COCTABHT.

nina+lnby x= Iny,

2
1na2x+lnb2x => x:Iny.
13 nepBoro ypaBHEHHs BUIHO, 4TO
Iny X Iny
Ina = Zﬂ,_ ~1In b-Z—‘— = _—Z—‘i—— -Inb-X.
n " n
IIpearnoaoxKuM, 4to GakTHIECKHe JaHHbIE CIIOXMIIUCH TaK,

iy -
n

gyre ¥ =0 Torma Ina= Wik a= 67\/"y1 Yy Yy, T.€ Ta-

paMerp @ MpeacTaBiser coBOM CPEeNHIOI TEOMETPUUECKYXD H3
3naueHuil nepemeHHoii y. Mexay TeM B HEHHON 3aBUCHMOCTH
$ =a+h-x TPH ¥ =0 napameTp

2

aq=-—= j‘l’
H

T.€. CpenHeH apudmerndyeckor. 11oCKonbKy CpeaHd reomeTpii-
yeckas BCEIla MEHbLIE CPEeHeH apudMETHIECKOMH, TO 1 OLCHKH

[lapaMeTpoB, TONyYEHHbIE M3 MUHHMHIALHH Z(ln y—In yxj ,

6ynyT HECKOJIBKO CMELICHDI (3aHMIKEHDI).

[TpaxTnueckoe MPUMEHEHHE HKCTIOHEHTD BO3MOKHO, €CiH pe-
3yJITATHBHBII MPU3HAK HE MMECT OTPHLIATEIHbIX 3gaueHui. Tlo-
JTOMY E€CJIM HCCHIEIYyeTes, Halpumep, (hpMHAHCOBbI Pe3ybTaT ,1eA-
TeABHOCTH TPENPHSITHI, Cpear KOTOPbIX HApAly € nprObLibHPIMI
ecT5> H yObITOUHbIE, TO JaHHas! ¢yHKHMsT HE MOXKET ObITb HCIOJIB30-
sana ECIH KCTOHEHTa CTPOHTCH Kak (YHKLHS BbPABHHBAHNA e
AMEAMUYECKOMY PARY JUISt XapaKTEPHCTHKH TeHAEHLIMH C TIOCTOsH-
HBIM TEMIOM, TO y = ¢ - b’ Tae y - ypoBHH JHHAMUHECKOTO psna; /-
XPOHONOrHHECKHE [aThl, MAPAMETP p 03HAUAET CPENHMH 38 NEPHON
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at+bx

koo uuueHT pocta. B ypaBHeHun y =e

Taet BeTM4HHa aHTHorapudma napaverpa b.

IIpn uccnenosanuu B3aMMOCBA3EH cpenu GYHKLUMH, HCTIONb-
3yromux Iny, B 3koBOMETpHKe NpeobiagaioT CTENEHHbIE 34BUCH-
MOCTH - 3TO M KPUBBIE CIIPOCA U MPEIJIOKEHHUS, U KpUBbIe DHre-
Jisi, M IPOM3BONCTBEHHbIC QYHKLHMH, U KPUBbIE OCBOEHHS INIS Xa-
PAKTEPUCTUKH CBH3H MEXAY TPYAOEMKOCTHIO NPOAYKLIMHU 14 Mac-
wTabaMy NPOM3BOACTBA B MEPUOI OCBOEHMS BHITYCKA HOBOTO
BU/JA U3AEJIMH, H 3dBHCHUMOCTb BaJIOBOTO HALIMOHAJILHOIO L0X0Aa
OT YPOBHS! 3aHSTOCTH.

B oTaenbHbIX Clydasx MOXET HCIOJb30BATbCH M HE/MHEN-
Hast MOJIENb BHIA

3TOT CMBbICT Mpidodpe-

B 1
a+bx+g’

TaK Has3biBaemas 00parHas MOJENb, SIBISIIOLIASCS PA3HOBH,IHO-
crer0  runepbonel. Ho ecnu B paBHOCTOpOHHEH runepbone

b
y=a+-—+¢ npeoOpa3oBaHMIO MHOABEPraerca OObACHSKLLAS
X

1 .
nepeMEHHass — =2 H z =g+ bx +¢ , TO AN NONYYECHHS JIMHEH-
X

HOH (hOPMBI 3aBUCHMOCTH B 0DpaTHON Mozenu npecOpasoBLIBa-
eTcst Y, a UMEHHO: 1/y=z u z = a+ bx + & . B pesynerare ofparnas
MOZieNib OKa3blBAETCsl BHYTPEHHE HeEJNHMHEHHOH W TpeboBaHue
MHK' BblIONHS€TCS He A GaKTHYECKMX 3HAYeHUl npu3naxa y,

a i1a Mx 00paTHbIX BeTH4IHH 1/), a UMEHHO z (z - 2_\.)' —> min.

CoOTBETCTBEHHO

N

1 . .
> —~J:Zzi\_, HO D y# Y Ji.

Y

ITpoaHanusnpyem 3aBUCHMOCTb PeHTA0EIIbHOCTH MPOAYKLHH OT
€€ TPYIOEMKOCTH [0 NAHHbIM CEMM NpeanpusiTuii (tabn. 8.6).
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Tabnuua 8.6.
34BUCHMOCTD PEHTAOEILHOCTH MPOLYKLHH ) (%0) OT ee

TPYOOEMKOCTH X (d/en.)
x x” Z, P V. | v-¥,

1
—_— =7 -— x o v
Yy ~V

1.0 32 10,0312 00312 | 1.00 | 0,0285 1 351 | 00027 | -3.1

1,2 28 | 0,0357 | 0,0428 | 1.44 [0,0341 | 293 | 00016 | -1.3

1,5 | 22 [0,0455] 0,0682 | 2.25 | 0,0424 | 23,6 | 0.0051 -1.6

20 | 20 [0.0500| 0,1000 | 4.00 | 00363 | 17,7 - 2.3
0,0063

2.5 16 | 0,0625| 0,1563 | 625 | 0,0703 | 14.2 - 1.8
) 0,0078

2,7 15 | 0.0667 | 0.1800 | 7.29 | 00758} 13.2 - 1.8
0,0091

3,0 10 | 0,1000 | 03000 | 9,00 {00842 | 119 |0,0158 | -19

13.9 | 143 [ 0,3916 | 0.8785 | 31.23 1 0.3936 | 1450 | 0,000 | -2,0

Jns OueHKM napaMeTpoB (QyHKUMM y=-——o — 1o MHK

CHCTEMA HOPMAJTBHBIX YPABHEHHH NPUMET BULL

Jna + bz; X = z: i
}11
lazv X+ b}: x = 2: —x—.
Y

Hcxons u3 AgHHBIX Tabn. 6, umeem:
Ta+13,9h = 03916,
{13,90 +31.23h = 0,8785.

Pewast 3Ty CHCTEMY YpaBHEHUMH, NOJYYMM OLEHKH Mapamer-
poB HckoMoit pynkinu: a= 0,0007; 6= 0,0278. COOTBETCTBEHHO
ypaBHEHHE PErPECCHH COCTABMT!

P = ! |
T 0.0007 40,0278 x
Cpasuum nocnepnue ase rpadel Ta61.8.6. Iomydum

> (y-5,)#0, Torna kak A O6paTHBIX JHAUEHHH 3Ta BenHi-
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Ha paBHa HyJK0. KpOMeE TOTrO, 3aMETHM, YTO NOJICKHUTEIbHBIE OT-
KJOHEHHs] GAKTUYECKHX U TEOPETHUECKMX OBPaTHBIX 3HAYCHHIA
CMEHAOTCA Ha OTPHUATEIbHbIE 3HAYEHHS A AHAJIOTMYHBIX TO-
Kasarenel 1o MCXOOHBIM NAHHBIM. YpaBHEHHE OTpaXaer obpar-
HYIO CBsi3b PACCMATPHBAEMBIX ITPM3HAKOB. YEM BBIIE TPYAOEM-
KOCTh, TeM HuKe peHTabenbHOCThb. Tlockonbky nanHoe ypasHe-
HHE JIMHEHHO OTHOCHTENBHO BelnuuH 1/y, TC ecnm obparHbie
3HauYeHHs 1/y MMEIT SKOHOMHYECKHH CMBICI, k03¢ duient
perpeccun b MHTEPNPETHPYeTCA, TaKKe KaK B JIMHEHHOM ypas-
HEHuU perpeccuu. Ecmn, manpumep, noamompasymeBaioTcs 3a-
TPaTel Ha 1 CyM. MPOAYXUMM, & TOA X - NPOMUIBOMUTENLHOCTD
Tpyna (BLIPAOOTKA MPOIYKIHH HA OIHOFO PabOTHHKA), TO obpart-
Hast BEJIMYUHA XaPAKTEPU3YET 3aTpaTOOTAAYY U napameTp b ume-
€T JKOHOMMHYECKOE COACPKAHME CPEAHHM NPUPOCT MPOXYKLHH B
CTOMMOCTHOM U3MEPEHHH Ha 1 CyM 3aTpaT ¢ poCTOM NMPOH3BO-
AHTEAbHOCTH TPY/A HA EAMHMLY CBOEIO H3MEPEHMHSI.

YpasHeHue BUIA J_ = 1 XapaKkTepU3yeT NPAMYIO 3aBHU-

S oa-bx

CUMOCTb pE3yNbTaTHBHOIO npusHaka ot ¢akropa. OHO ueneco-
00p&3sHO NMpH O4eHb MEIICHHOM MOBLIIEHHH YPOBHEl pesysbra-
THBHOTO MPHU3HAKA C POCTOM 3HaueHUi dakTopa.

B03MOXHO 1 OAHOBDEMEHHOE HCNOMIBb30BAHME JIOrapHOMH-
poBanMsi, U npeodpasosarue B 0OpaTHbIE BENUUHHBL ) = ¢~ ¥'¢

Hposorapupmuposas, nonyunm: Iny=a-h/x+¢g. Janee 3a-

1 .
MEHHM — Ha Z, H TOr4a nJisi OUSHKH napamMerpoB K JIMHEHHOMY
¥

ypaBHeHMIO In y =a-h-z+& wmoxer 6biTb npumenen MHK
[Ipu Bcex noNOKUTENbHEIX 3HAYEHHAX X (yHKLMS BO3pacCTa-
€T, NpH X=b/2 KPHBAT UMEET TOUKY NEPEruda - yCKOPEHHbI poct
npu x<h/2 cmeHseTcs Ha 3amMemneHHbIii pocT mpu x>5/2. Tlono6-
HOro THra QYHKUMH HCIONL3VIOTCS MPH aHalk3e CTaTHCTHYe-
CKMX JlaHHbIX 0 OromkeTax notpeduteneil, rie BbLABUTAETCs TH-
noTesa O CyulECTBOBAHHN ACHMNTOTHYECKOTO YPOBHS PACKOIOB,
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06 M3MEHEHNH NPEAEIbHON CKIOHHOCTH K NOTPEOIEHHIO TOBapa,
0O CYLIECTBOBAHNH (IIOPOTOBOTO YPOBHS JOXOHAY. B sToMm ciyqae
npu x> %, y—>e’ (puc. 8.5).

v ﬂ‘

o

€

\ Ae

0
b2

Puc. 8.5. @yHKLMSA HACHIIEHUSA.

[Ipy MCIIONBL30OBAHUM JIMHEAPH3YEMbIX yHkuUMH, 3arpary-
BAIOILMX NpeobpasoBaHus 3aBMCHMOH NIEPEMEHHON Y, CIENyeT
0co0eHHO TIPOBEPSITH HaJH4YWe NPEAnOChUIOK MHK, ut00b1 OHH
He Hepymanuch mpu npeobpasosatuu. Ipi HENMHEHHBIX COOT-
HOLIEHUSX PACCMATPUBAEMBIX TIPU3HAKOB, MPUBOAMMBIX K. JIM-
HEPHOMY BHy, BO3MOXXHO MHTEPBAJIbHOE OLIEHMBAHHE NMapaMer=
por uenuHeiinod ¢dynkumu. Tax, nns NoKa3aTeJbHOH KPHBOH
y.=a-b* crasana CTPOATCA AOBEPUTENLHbIC HHTEPBAJIBI JUTA
MapaMETPOE HOBOIO NPeo0pa3sOBaHHOIO YPaBHEHHA Iny=Ina+x-nb.
1. e s Ing 1 Inb. Jlanee ¢ OMOMIBIO 0GpaTHOrO NpeodpasoBaHis O1l-
PERIAIOTCS IOBEPHTE/bHBIE MHTEPBAIBI IS NAPAMETPOR B HCXO,IHOM
cooTHoweHnn B crenentoil QyHkimu J = -b" HOBEPHTE/BHBIHA

MHTEpBAJ 15l napamerpa b CTPOHTCA TaK Ke, Kak B auneiiHol QyHK-
wy, T. €. b+ ¢ - m, . OTymyHe COCTOUT JHilib B TOM, HTO TIPH ornpene-
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JICHHH CTAHIAPTHOH OWNCKK napamerpa b, my MCTIOJIB3YIOTCSL HE HC-
XOZ¥IbI€ IAHHDIE, & UX JIOrapH(pMbi.
N 1

2

> (lrn y—In }J

G‘— 2)- Z (lnx-1In f)zv

[N

m, =

Ioxazarenbras, JIOTapHPMHIECKAsl M IKCIIOHEHLMANIbHAS
GyHKUHM HAa3EIBAIOTCS KPUBBIMH HACHILUEHHUS, NIOTOMY YTO JalTh-
HEHILUHA NPUPOCT Pe3yILTATHBHOMN NIEPEMEHHOH 3aBHCHT OT yxKe
AOCTHTHYTOTO ypoBHs (yHkmmuu. Oru HCNOJIL3YIOTCA B OCHOB-
HOM LI OMHCAHHUS IPOLECCOB, KOTOPBIE HMEKT npenen pocra B
M3yHaeMOM nepuone, Harpumep B gemMorpadpuu.

Kpussie "'omnepua u ITepna-Puna otHocsiTes k Tak Hazwi-
BACMbIM S-O0Pa3HBIM KPUBbIM, KOTODbIE SBJSKOTCA KPUBBIMM Ha-
ChIUCHUA C TOUKOH neperuda. OHM ONUCHIBAICOT ABa nocienosa-
TEILHBIX POLECCA: O/IHH € YCKOPEHHEM pPasBHTHS, Ipyroi ¢ 3a-
MEIJICHHEM NOCTUTHYTOrO pasBuTHs. J(aHHbIM Tun KPHBBIX MpH-
MEHACTCA B NeMOTPA(HH, CTPAXOBAHMH, NPH peLIeHUHM 3azaq o
COpOCE Ha HOBBIH TOBAP.

Merox Haumenbuux kBanpaton NPHUMEHUM K JIMHEHHBIM
(oTHOCHTENBHO KO3 (PHUILMEHTOR) aMIHTHBHbIM PerpecCuoHHbIM
YPaBHEHHUAM CNEAYIOLEro BUAa:

Y=a,tax +ax, + . +ax +e,
rae Koo(pPHLMEHTsI perpeccum sBsOTCS JIMHEAHBIMY, MEPEMEHHbIE
MOTYT ObITh B OGON CTeNeHH 1 MOTYT MMeTsh oGhie MareMaruye-
CKME 1IpeoBpasOBaHUs, KPOME OTHOTO OrPaHMYEHHS - B CTENEHU Mie-
PEMCHHOM He NI0JBKHO ObITh OnpeiensiemMbrx xoa¢duLenTos.

Kospduunentsr perpeccuu spasorcs JNMHEHHBIMH, €CITH
BbIIOJTHSIYOTCS [1BA YCIOBHS!

a) k03P PHUMEHTE HaxongTCs B TEPBOI CTeneHH,

0) k03 dHLHEHTE He ABAAIOTCA CTeneHbIO 1o OTHOLUEHHIO K
APYIUM KOdGbGHIHEHTAM MM nepeMeHHOIT.
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ECJIH K PErpeccHOHHOMY YPaBHEHHIO HE IDUMEHIM METOJ Hau-
MeHBLIMX KBAAPaTOB, TO €CTh TPH ITyTH PELUICHHS naHHOM rpodsiemMbr:

1) mpe/UIoAKUTh CrielHanbHO paspaboTarsbie GopMyJIbl pac-
qeTcB KOO(PPULUEHTOB yPaBHEHUs PErpecch,

2) ucrionb30BaTh MPUOIIKEHHbIE WTepPaTUBHbIE METO/B!
pacyeToB KO3PGHLMEHTOB,

3) npeo0pa3oBaThb €ro K AMHEHHOMY aAIMTHBHOMY BUAY.

[lepBbiit nyTs TpeOyeT GONBIIOTO BPEMEHH H nsobperarenb-
gocru. OcoGeHHO MHOrO XJIONnOT JA0CTaBaACT NOrUCTHYECKas
PyHKUUS OTHOCUTENLHO ONEHKH MpPENea, K KOTOPOMY OHa CTpe-
MHUTCH.

Bropoii MyTb MOXHO peanusoBath € MIOMOLLBIO  TIAKETOB
MPUKJIAHBIX T1POTPAMM. Ws3BecTHBI NporpaMma "Lureka", a Tax-
xe 1porpamma "Tlonck pemeHns', BXoAsfas B COCTAB Fxcel,
KOTOpIIE C [OMOLIBIO MTEPATHBHBIX METONOB MOTYT PaccunTaThb
ko3(dMLKEHTbI THOOBIX byHKUMI.

Toernit ryTh peanu3yercs C MOMOIIBYO MCTOJb30BaHNA HE-
CKOJIbIO CTIOCOG0B NpuBeaeHHs GyHKIMH K AUHEHAHOMY BUJLY.

8.4.1. Heimuekinble 3aBHCHMOCTH, NOAYHHALIHECs Heno-
CPEeACTBEHHOMH JIHHEAPH3ALMH.

3BecTHO MHOTO (GYHKLWi, KOTOPbIE MOKHO MPUBECTH K JIMHEH-
HOMYy 8/UTUTHBHOMY BUIY C TIOMOLIBO METO/0B TIHEAPH3ALIHH.

JIuneapuzauus - Opouecc npeobpasosatius QyHKUHH K -
HeitiioMy aiauTHBHYIO BHay. M3BeCTHB 1Ba MeToja JInHeapu3a-
uuu: JlorapudMupoBanue GYHKUHH | 3aMena npeoOpasoBaHHOM
nepemennoi Oba 3T MeTONA [pencTaBaeHbl B Tads. 8.1

[IpOAEMOHCTPHPYEM TEXHHKY PacHeToB k0o(pPULHEHTOB

crerieHHON (YHKLHH Cleayouero suia. ), = a,x™ ¢ NOMOLIBIO

dynxkunu "Jluneiin”.
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Tabnuua 8.1
Crincok dyuxumii u ux TUMHCApH3aIHA
[ Ne Bz prmum T Haspanme [Ipeo6pa- MIm;I;ﬁi{—&"{-
JOBaHMe | byHEUmME

Jlumettiag I M, =dy +ax
SN S e e
Y, =ay +ax+ax’ | [lapaGoia jz=x" Vp =a, Foxta,z
S T
3 v, =a,+a,/x lunepGona 1 ! ;
4] Vv, =a,+a Inx Jlorapudvuveckas 1
5 Y, =1a, +a Inx) | OGpatHas norapugMu- :, =1/y | z =a, +a,z,
yeckas 2 Inx
_____ It S ORI S T ————— 2 ——— e e ————— ]
6 v, =a.a DKCIIOHeH MATTEHas | =y, | 2, =2, +ux
I‘ z,=lna,,
7 Vv, =a,e’ BKLHOHemmzmbHasx 2

KpI/[BaH C)Hrcm
BKCITOHEHLHATBHAY 5
S ofSpasnas
OKCNOHEHIMA LHAY 6

DKCTIOHEHIMAIbHAY 7

OdbparHast sxenonerm-
aapHas §

(7 5 v, =a, +ax’ CreneHuas 2

L=y taz

Z=a,+ax

I'umeptona 2

¥, =xla, +ax)

T‘;mepﬁo na 3

M= au-rl.yﬁxg.




[iar 1. JorapudmupoBanne creneHHO QyHKUHH TTO3BOJIA-
T MOJYYHTh BbIPKEHNE
Iny=Ina, +axlnx
Hiar 2. Ipcussenem 3aMeHy NEpeMEHHBIX W TOJIyHMUM JIH-

HeliHy0 MOZIEb ¢ HOBBIMH TIepEeMEHHBIMU Z; = 2, T3,
rae z, =lny, z,=1nay, ;= xinx.

Ilar 3. Coznanum Oa3y AaHHBIX 4HAUYEHUH X U y, B cpene
Excel BBeneM 3HA4€HMA X, } B Tabauny, no0aBuM K HCXOIHOM
Gase NAHHbIX JBE KOJOHKH Iny u xlnx, B KOTOpPbIC BBEACM npeod-
pa30BaHHbIE 3HAUCHHUS.

[iar 4. Bumonsum (QyHKUIUIO "JliHelH", B KOTOPOW 3aBH-
CUMOIT nepeMerHOH OyIyT 3HaUCHHUs KoToHKH lny, 0OBACHAEMOH
TepeMEeHHOH - 3HAYCHHA konoHkH xinx. QyHKUHA " Innein” 1no-
3BOJIAET NOJAYIUTH KOIGHHUMEHTEI 22, A MOJIENTH

z,=2,+ 4,25,

[llar 5. Brurcnenue K03GGUUMEHTOB do H 1. Koadhduuu-
ent a; yxe nocuurad. OnpenenseM k03 HLMEHT do U3 COCTHO-
mennst z, = Ing, npn yCaoBUH, ¥TO kodpdULHERT Z, WIBECTCH.

”

Torna a,=e

ax

[lar 6. BoiuucieHne XapakTepHCTHK mMofenu Y, = dgX

npu yCNOBMH, HTO KO3(QPHIVEHTB dp U ) U3BECTHDL Oumbxy
moneny, kpurepui @umepa roueuHblii W WHTEPBANIbHbIH MPO-
FHO3, JOBEPUTEIbHbIH HHTEPBAJ perpeccuy MOKHO NOCYHTATH 11O
dopmyJiam, NpenHasHAYCHHBIM s IMHENHOW QyHKLIMH. Onpe-
nenenye oumbok ko>GPHLUEHTOB iy 1 a, TpebyeT HayUHbIX UC-
CRENOBAHUI.

HenuHeiinpie N0 napameTpam perpecCHOHHbIE MOAC/H B
CBOK) O4epelb AEIATCA Ha TMOMISKALHE i Henoje/Kaue Jiu-
HeapH3aLMH MOACIH. IIpumepom MOZE/ICH, KOTOPbIE MOKHO CBE-
CTH K JWHEHHOH (hopMe, ABIASTCH nokazaTtelipHas QyHKuUsA BUAA

y, =a,-a &, re coyuaiinas owndka & MyAbTHIIMKATHBHO

'y
h
[a)



CBA32HA € QAKTOPHBIM MPU3HAKOM X, . JlaHHAs MONENb HeMHHel-

Ha 1o napamerpy ¢ . [lis ee muHeapu3alMyu BHavane OCYIeCT-
BUM ITPOLECC JIOTapHMHPOBAHHA;
logy, =loga, +x, -loga, +logs,.

3aTeM BOCMONB3YEMCS METOLOM  3aMek. Iycte logy, ;
loga, =a:loga, =b: loge, =e.

Torna npeoOpasosannas nokaszaTtenbHas tdbyHKLIHA MMeeT
CIEeAYHOIUN BU;

Y, =a+bx +e, .

Cnenosarensno, nokasarenbaas (GyHKUMs Yi=a,-a" ¢
ABJACTCS BHYTPEHHE JIMHEHHOMU, H OLEHKH ee [apaMeTpoB MOryT
ObITb HalIeHb! C MOMOLIBIO TPANMIMOHHOTO METONA HAMMEHb-
LIUX KBaJpaTos.

Ecin xe B3aTh nokasarenvayro dyHkumeo, BKJTIOYAKO LTV IO

CJIY4aHHYIO OMIHOKY &, afIMTHBHO, T.e.

Yi=a,- a4 g,
TO HAHHYIO MOLEIb YXKE HEBO3MCIKHC NPUBECTH K JIMHEHHOMY
BHIY € NOMOLIbIO JIorapu@mupoBanns. OHa ABISIETCS BHYTPEHHE
HEJIMHEHHOM.

Takum xe 06pasoM MOXKHO PaccMOTpeTsh CTENeHHYIO QyHK-
LHIO, KOTOPast O4€Hb HaCTO NMPHMEHAETCS MPH NPOBEAEHHH KO-
HOMETPpUMECKHX HCcnenoBaHuid. CTENeHHbIME PYHKUHSIMH B-
JIAKOTCA KPHUBEIC DHIENIsl, KPHUBbIE CHPOCA M NPELIOKEHHS, npo-
M3BONCTBEHHbIE (HYHKITHU.

[lycte 3anana crerenHas QyHKLUMA BHra y, = a, x"-g, .
Iponorapupmupyem obe dacTh ypasHenus:

Iny, =hna, +a -Inx +Ing,.
Tenepe  BocmOnb3yemcss  meromom  3amen:  In Y=y

Ina,=A4;Inx =x:Ine =¢

4

(O]
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Torna npeoOpazoBaHHas CTereHHas (QYHKIMs HmeeT Cie-

OYXOUIUH BHAL
y, =a+ax +e,.

CrznedHas QyHRKLUS TAKKe ABJSACTCA BHYTPEHHE JIMHEHHON,
U ee OUEHKH MOXHO HAaliTH C MOMOIIBK) TPATHLUHOHHOIO METCIa
HauMeHbIIMX KBaapaToB. Ho eciy B3ATh CTEMEHHYIO GyHKUMIO B
BHZE YPaBHEHUS Y, =, - X' ‘€, The CilyuaiHas omubKa aanau-
THBHO CBsi3aHa ¢ QAKTOPHOW NEPEMEHHOMN, TO MOZielb CTAHOBHT-
Ccst BHYTPEHHE HEIHHEHHON.

I perpecCMOHHBIM MOJIETISIM, KOTOPbIE SENAOTCH BHYTPEHHE
HeJIUHEHBIMH, OTHOCSTCS MOJENH OUHAPHOTO BHIOOpA (JIOTUT- U
POGUT-perpeccun), a TAKXKE PErpecCMONHbIE MOACNH C TOHKaMH
paspeisa. K nocneqHum OTHOCATCA KyCCUHO-JIHHEHHAst PErpecCcHs
1 cOCCTBEHHO perpeccHs ¢ ToYKamH pa3pbiba.

- CymiecTBOBaHYE KYCOYHO-JIMHEHHOH PErpeccHu  BhISBAHO
TEM, Y70 HEPEAKO BHA 3ABUCHMOCTH MEXAY 3aBUCUMOI nepe-
MEHHOl W HEe3aBUCHMBIMHM (PAKTOPAMH HE OIMHAKOB B PA3HBIX
06yacTaX 3HaueHuil nocnenHux. MOKHO paccMaTpuBaTh, Ha-
npHuMep, PErpecCHOHHYO 3aBUCHMOCTD cebecTOMMOCTU EAMHULBI
KAKOro-7MB0 NPOAYKTa OT 0ObeMa NMPOU3BENEHHOH NPOAYKLMH
3a mecsi, OHa UMeeT JMHEHHbIH Xapaktep, T.€. ¢ YBEJIHYCHUEM
o6beva NpoM3BONCTBa ceOECTOMMOCTD CAMHUIIbE TOBAPA CHIKA-
ercsi. CIHAKO B HEKOTOPBLIX CIIydadx ce0ecTeMMOCTh MOKET Me-
HATBCS Pe3ko, CkadkooOpasno. Tax, ecnn B MPOM3BOACTBE HC-
IOJIL3Y:OTCSL YCTapeBLUKe MOJENM CTAaHKOB, TO C yBEe/UHCHNHEM
06beMa Npou3BOACTBA CE0ECTOMMOCTE MOXKET BO3pACTATS. Ecnu
CTAapbié CTAHKH PHMEHSIOTCS B HPOH3BOACTBE 0 TOFO MOMEHTA,
KOTJA r0 OOBEM AOCTHIHET 3aJAHHOTO 3HaueHus (Hanpumep,
300 e NPOMYKLMH), TO NaHHYHO 3aBUCHMOCTL MOXKHO annpok-
CUMLPOBATh YPaBHEHHEM perpeccHy BHIa

y=a,+ax-(x<300)+ax- (x> 300),
rie y - ce0ecTOMMOCTb EAHHULbI NPOAYKUHY, X - 00beM MPOU3-
BEICHHON 3a Mecsil NpoRyKLUuH; (x<300) u (x>300) - norudeckne

(%}
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BbIPAKCHUA, NPUHMMAIOUINE 3HAYEHHUS, DABHbie eAHHULE, eCiu
OHM HCTHHHBI, MU HYJIKO, €CITH OHU JIOXKHbL.

JlaHHas perpeccHOHHas MOIENb 3aBUCHT O obuero cso-
OonHoro unena a, u yriosoro koodduunenTa, paBHoro a, (ecnu

BbipaxeHue (x<300) UCTHHHO, T.€. paBHO eAUHULE) UK ¢, (ecan

BbipaXceHne (x>300) HCTHHHO, T.€. paBHO enunmue) Ecnu touka
PaspbiBa pErpecCMOHHON KPHBOH (B mpuBeneHHOM NPpHMEpe OHa
pasHa 300 en.) TOYHO He OMpeneneHa, TO MOXKHO OLEHHUTHL 3HAYE-
HWE NaHHO# ToukH. [Ins 91010 B ypaBHeHHe perpeccuu BmecTo
JIOTHHECKHX BBIPAKEHHH HEOOXONNMO BBECTH NOMONHUTENbHBI
NapameTp d; UX BbIPAKEHHIT:

y=a,+ax-(x<a)+ax (x>a,).

HanHoe perpeccrontoe ypasHenne MoxxHO Jerko npeobpa-
30BaTh K COOCTBEHHO PErpeccuu ¢ TOYKAMH paspeiBa, <OTOpast
X4pAKTEPUYCTCA CKAYKOOOPA3HBIMH M3MEHEHMSIMH 3aBHCHMOMN
MIEPEMEHHOH B HEKOTOPBIX TOYKAX KPHBOIl. Taxk, npu ucnoabso-
BAHUN CTApBIX MALIHH B TPOU3BOACTBE HabNroxancs pe3xuii cka-
HOK CeDecCTOMMOCTH emuHMIbI NPOAYKLMH, a 3aTeM OHa CTaja
MEJICHHO CHHXKATHCS IPH YBEIHYEHHH OOBEMOE NIPOHU3BOACTBA
NAHHOM nponykumu. B stom ciydae perpeccHonHas 3aBUCHMOCTD
NPUMET BHI

y=(a, +ax)-(x <300)+ (a; +a,x)- (x > 300).

OIHHM U3 HETPATHITHOHHBIX METONOB JIMHEAPH3AUMH HEsTH-
HEHHbIX PErpecCHOHHBIX MOelNell sBisercs pazbueHuz Bcero
MHOXE€CTBA HAOMONEHHH HA HECKOIbKO HaCTeH, KaxayH U3 KO-
TOPBIX MOXHO annpoKCUMHPOBATH JHHEHHONH 3aBHCHMOCTBIO.
Moxer oka3arbCs Tak, 4TO JHHeliHble perpeccuu s noaneido-
pok okaxyTcs 6oaee sddexTHBHBIMU, yem 0Bias HeNHHeHHas
MOACIL perpeccuu. Tlposepka Takoro yreepxaenus OCY1LIeCTB-
JIACTCA € NOMOLUbKO TECTA MM KpHTepus Yoy.

bynem cumrarth, yto ofwas Henuueiinas perpeccuoHHa:i
MOIEJb - 3TO PErpeccHOHHasi Moaep Oe3 OIrpaHH4eHHIi, KOTO-
pyto obosHaunm uepes (/N (unrestricted model), a oTuesnbhble

h
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NoABLIOOPKY - JTC HACTHbIC (private) cnydan PErpeccHOHHOM
mopenu 6e3 orpaHHueHHi, KOTOPbIE MOXKHO annpoKCUMHUPOBATh
nMHeHO# 3aBucHMOCTbi0. [TpHMEM, HTO PR; u PR, - nepsas #
BTOpas MOABBIOOPKY, ESS(PRy) v ESS(PR;) - cyMMbl KBaApaTOB
OCTATKOB [UIS NELBOW “H BTOPOi noasbibopok; ESS(UN) - cymma

" ot UN o UN
KBAJPATOB OCTAaTKOB Jjisi 0OuieH perpecchy, lzbl»ﬁig‘ u ESS;x

CyMMbI KBajpaToB OCTaTKOB AJiA HabmoAeHnA nepBoii 1 BTOPOH
noBLI00OpOK B obIed PErpecCHOHHON MOTIENH. JInst 4acTHBIX
perpecCHOHHbBIX viofeneii JIO/KHBI BEITIGNHATECA CHEMYIOUHe
yCIAOBHSA.
<SS(PR,) < ESSp o £SS(PR,) < ESSpp,
WIn
(FSS(PR)+ ESS(PR,))< ESS(UN).

Jlist onmperneneHus 3HaUMMOCTH HaCTHBIX perpecCHOHHBIX
Mozeneit ucronbsyercs kpurepuit Puirepa. B sTOM ciy4ae Bbl-
JABMTaeTcsi OCHOBHAs TUTIOTE3d O TOM, YTO KAUeCTBO obuiel per-
PECCHOHHON MOIENTH Ges orpasnyeHUH Jyylue Ka4eCTBa HaCTHBIX
PErpecCHOHHBIX MOMENeH, il noABbLIOOPOK. AJbTepHATHBHAR
CUOOTE3a YTBEPXKOAET, 4YTO PErPECCHOHHBI aHanis3 OTIeAbHEIX
CAMOCTOSTEbHBIX HacTel BEIOOPKH AAET Pe3yibTaT jydiie, HeM
PerpecCHOHHbIH aHAJN3 peICOpKK B Lenom. Habnogaemoe 3Ha-

yeHue F-kpurepus ONPEAeseTea no bopmyne
 (ESS(UN) - ESS(FR )~ ESS (PR, ) (ESS(PR)) - S8 (PR.))

Hacr

m+1 n—2m=-2

rne {ES.S'(L;’N)—E.SiS’(Ii’Rl%E.S'S(PR: y) - BeIM4HHA, XapakTepusyroulas
ylyduIeHHe KauecTBa MOZETH perpeccin nocne pa3feieHus e
Ha NOABLIOOPKH, A1 - KOJIMYECTBO (QaKkTOPHBIX TIEPEMEHHDIX. 7'~
06bem obuIe BoIDOPOUHOM COBOKYTHOCTH.

KpuTtHueckoe 3HauyeHHe F-xpuTepns oripeienseTcs mno Tab-
auue pacnpenesicHus duepa-CHenexopa B 3aBUCHUMOCTH OT
ypOBHSA 3HAYUMOCTH a M IBYX creneneil ceobonbl: Ak =m+1 #
k.=n--2m-2. Ecnu yabonaemoe 3Hadenue J-xoutepus 00k
1€ KPUTUYECKOTO (Fyao. [ ipur ), TO OCHOBHAA FHNOTE3a OTKIIOHA-
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€TCs, W Ka4eCTBO YaCTHBIX PErPECCHOHHBIX MOENEH NMpeBOCXo-
AMT Ka4ecTBO oOweil Mogenu perpeccur. Ecnu Habmopaemoe
3HA4YCHUE [-KPUTEPUS MEHbIUE KPHTMYECKOro (Fra6r<F pur), TO
OCHOBHAsi TUNOTE3a TNPHHUMAETCs, W ANIPOKCHMHPOBATL OT-
nenbHblE NOABBIOOPKH OOLIEH perpeccuud JHHEHHOH 3aBHCHMO-
CTbI0 HE UMEET CMBICA,

YcnoBue (ESS(PR,)+ESS(PR,)) = ESS(UN) BO3MOKHO TOJIBLKO B
TOM Cily4ae, eCu KO3PQULMEHTB! YaCTHBIX PErpecCHONHBIX MO-
nened u obuweil Mogenu 6e3 orpanMueHunit Gy YT OXMHAKOBLL, HO
Ha NPAKTHKE TAKOE COBMANEHHE BCTPEUACTCS OYEHDb PENKO.

K olueHke napameTpoB perpecCHOHHBIX MOJENEH, KOTOpbie
HEJib3s CBECTH K JIMHEHHBIM, NPUMEHSIOTCS] HTEPATHBHbBIE TPOLIS-
Oypbl. KBa3H-HLIOTOHOBCKMH METOHN, CUMILIEKC~-METON, METON
Xyxka-Jxusca, meron PoseHGpoka u ap.

8.4.2. Meroa HanMeHbIIMX KBAAPATOB. MeToAbl HeJHHeH HO-
o OUCHHBAHHS PErPECCHOHHBIX APAMETPOB

MeTon HaMMEHbIINX KBAAPATOB MOMXHO MPUMEHNTb K HEJH-
HEHHbIM PErPECCUOHHLIM MOJENSM TOJNBKO B TOM CIIy4ae, eCH
BO3MOXXHA WX JIMHEAPHU3ALlMs, T.€. OHH HEIMHelHbIMU Nn¢ ¢ak-
TOPHbBIM MTEPEMEHHBIM Ml HEJIMHEHHB] 0 NapaMeTpam, HO BHYT-
PEHHE JIMHENHDI.

Paccmorpum npumenenne MHK nns onpenenenns neus-
BECTHBIX MapaMerpos ypaBHEHHs! napabouvecKod 3aBUCUMOCTH
CAEAYIOLIEro BUIA:

Y =a,+ax +a.x’ +e,

JanHbIH NOJTHHOM BTOPOTrO NOpsiKa (MM BTOPOIl CTerieHn)

SBJIICTCS HEJWHENHBIM TI0 QAKTOPHBIM NEpeMEHHbIM X, . Jlna Ha-

XOXKAEHHS HEH3BECTHRIX MapaMerpoB YPABHEHUs PErPecCHH Ay,
t ¥y HEOOXCAUMO MHUHHMH3HPOEATL ¢ nomobio MHK ¢yhk-
LHOHAN /'



F—Z(yﬂl) Z( ax—u\)‘—>mm

ITpouecc MMHMMH3aUMH (YHKLMOHANA CBOIMTCA K BBIMHC-
JIEHUH YaCTHBIX TIPOM3BOIHBIX 3TOH (QYHKIMH IO KKAOMY M3
oueHusaeMbix napamerpos. CocTaBuM CTalHOHAPHYIO CUCTEMY
ypaBieunit [ HAHHOro (QyHKLMOHAjMA F, He Mofb3ysice NpH
3TOM MEZTOJIOM 3aMEH:

oF

I -
——=-2 ()’i —d, T aX a:x;): 0,
ca, =y
cF
‘—--——22(y - ax)x:O,

[locne :)nemeHTaprlx npeoOpasoBaHuil CTALLMOHAPHOH CuC-
TE€Mbl yPABHEHHH MONYYHM

n aﬂ+azx+a ZX A_w"
n n "
~ - y e 3
Gy 2 X, + Y X, + ay x = le v,
i=1 i=l i=1 i=1
n n n "
~ n e 3~ . I
aozx’ ’mlzx, +6132"\1 = Z‘x’ .)}l'
i=1 i=1 i=1 i=1

JlaHHas cuCTEMA SIBISETCA CMCTEMOH HOPMAbHBIX ypaBHE-
HHUIl OTHOCHUTENBHO MAPaMeTPOB oy, 1 H ay A4 napadoIH4eCcKON

3ABMCHMOCTH ¥ =d, +aX, +a,X +&, ITa CUCTEMA ABAACTCS
KBAAPATHOM, T.€. KONHYECTBO YPaBHEHHH PABHACTCH KOJIMUCCIEY
HeusBecTHbIX nepemenHbix. KoaduuueHThl do, di ¥ s - MOKHO
HaliTH C MOMOLLBIO MeTona Iaycca, €Ciii CBECTH CHCTEMY HODP-
MaJbHBLIX YPaBHEHWH K JAWHEHHOMY BHIY C NOMOLIBIO MCTONA
3aMeH.

B oftuem ciydae noJHHOMA /-0 CTeneHH
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,
yi=a, tax +ax; +..+ax’ +g,
AJIst HAXOXKIEHUS HEeU3BECTHBIX KOXPPULIHEHTOB ypaBHEHUA per-

peccun ¢ nomowbd Meroga MHK HeoOxomumo MUHHMH3MPO-
BaThb QYHKLHOHAJ CIERYIOLEro BUAA:

n 1 -
F= Z(\g -3y = Z(y,. — G, —a,x, —a,x; —,.,~5nxi”) —> rain.
=1 =1
Torna cucteMy HOPMAaJIBHBIX YPaBHEHHMII MOXHO 33aMucarhb
TakuM 0OpazoMm:

n i H I
~ ~ . ~ Al 2 ~ o
n-a, +alzxi +azz.x,. + .4.+a”Zx,. —Zy,,

aZr +alj> X +mz,x +..+d Zv —Zr Vs

i=1 i=1 = i=1

s
" A+l ~ n+2 jod el R N o
a, E x| +a1/ x| +a:§ X, +-~-+‘7,,E xT=) ox .

PemeHHeM AaHHOH cHCTeMBbl OyQyT SIBIATBCS OLEHKH KO-
(HUKMEHTOB PErpecCHOHHON 3aBUCHUMOCTH, BBIPLKEHHOM TNONHU-
HOMOM H-TO TOPsIAKa.

Meron I'aycca npumensiercss B DOJIBIUMHCTBE Cliy4aeB Uisl
PELUEHHS. CUCTEM JMHENHBIX YPABHCHMH, KOTHA YHCIIO HEHM3BECT-
HBIX MapaMeTPOB HE COBMANAeTe KOJUYECTBOM ypaBHeHuii. On-
HAKO €ro HMCHOAb3VIOT W IS PElleHHs KBaAPaTHbIX CHCTEM JiH-
HEHHBIX YPaBHEHUI1,

OcHOBHas unes pelieHHA CUCTEMbl JIMHEHHBIX YPaBHEHUH
meTonoM ['aycca 3ak109aeTcsl B TOM, YTO HCXOAHYIO CHCTEMY M3
m JIMHEHHBIX YPaBHEHUI C #7 HEH3BECTHBIMH MEPEMEHHBLIMHM He-
obxonumo npeoOpa3oBaTh K TpeyroabHoMmy suay. [is storo B
ONHOM M3 YPaBHEHUH CHCTEMBI OCTABJSIOT BCE HEU3BECTHRIE Te-
pemenHble, B 1pyrom cokpamaroT OXHY M3 HEH3BECTHBIX Iepe-
MEHHLIX 1T TOTO, 4ToObl HX YHCi0 crajio (H-1). B cnenyomem
YPaBHEHHU YOUPAtOT /IBE HEH3BECTHBIX MEPEMEHHBIX, 4 00bl HX
Hncno yxe Obino (#-2). B koHue nawuHOro npouecca cucrema
NPUMET TPEYroJibHbIM BHA. NEPBOE YPaBHEHHE COAEPKHT BCe, a
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MOCHeAHEee - TONHLKO (M-7) HEH3BECTHBIX, KOTOPbIE HA3bIBAMOTCA
GasncHbIMH. OCTaIbHbIE IEPEMEHHbBIE HA3LIBAIOTCH CBOOOAH HIMK.
JlankHeiiliee penieHHe CBOAUTCH K BBIPDKEHHKO CBOOOAHBIX He-
M3BECTHBIX TIEPEMEHHDIX 9epe3 0a3HCHBIE U MONYHEHHO 00iero
peIleHHUs CUCTEMbI JTMHEHHBIX ypaBHeRHA. [lns OCylUlecTBICHHS
Ba3sHCHOIO PELISHHS CHCTEMB) JIMHEHBIX VpaBHEHuit cB060,1HbIE
nepeMeHHble MPHPABHUBAIOT K HYJIIO.

PaccMOTPHM TIPUMEHEHHE METONAa HaHMEHBLIMX KBaA['aTOB
JUIS HAXOXKAEHHS OLEHOK KO3()(PUIHEHTOB HEMHHEHHOrO No na-
paMeTpaM (HO BHYTPEHHE JMHEHHOro) ypaBHEHHMs Perpeccur Ha
NpUMEpE MOKA3ATENIbHOA QyHKLUH

J’r,' - a() : alxl ) g'v

i
rae ciyvaidHas omuOKa perpeccuu &, MyJIbTUIUIMKATHBHO CBA-
3aHa ¢ PaKTOPHBIVI TPU3HAKOM X;.

JlaHHas Mopnenb SIBISISTCA HEAMHEHHOHW NO mnapaMeTpy a.
Jns ee NTUHEAPH3ALIMM BHAJale IPHMEHHUM TIPOLECC Jorapupmi-
pPOBaHUs:

logy, =loga, +x -loga +loge,.
3aTeM BOCIICJIB3YEMCSI METO;10M 3aMen: logy = y,: loga, =a:
loga =b: loge, =e¢.
~ Torna npeo€pa3oBaHHyIO 110KA3ATENbHYIO (bymcumo MO>KHO
3aMUCATh B CAEKYIOLIEM BHAE:
y, =a+bx te,.

B manuom ciyyae MHK nipumensiercs HE K ncxonﬂomy He-
JMHEHHOMY YPABHEHMIO,. & K ero. JHHeapn3oBantoi ¢popme. Ta-
KMM 00pa3oM, B CTIMYHE OT JIMHEHHBIX PErPECCHOHHBIX MOL et
MHHHMMH3UPYETC CyMMa KBAAPaTOB OTKMOHEHHWIT norapupmoB
HabrogaeMblx 3HAYEHHH Pe3yJIbTaTUBHOTO MPH3HAKA Y OT TeEO-
PETHYECKHMX 3HAUYCHHH J (3HAYEHMII, PACCUATAHHBIX Ha OCHOBA-
HHH YPaBHEHUs PErpeccun), T.€. MHHUMH3UPYETCS QYHKUHOHA
CJIERYIOLEro BHAA!

= Z(log y—log _F)z - min .
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JU1s HaXOXOCHUS OLEHOK HEH3BECTHBIX NapaMeTpoB JiHHea-
PH30BAHHOTO ypaBHEHHUS! PErpeccHu a M b pemaercs cicrema
HOPMaJIbHBIX yPaBHEHHIA

n ld n
n-a+ bz X, = Z v, = Z log v,.
i=1 1 i=1

i=

Hn L L #
aZx,. +b2x,‘ = Zx,.-y,. :Zx,-log Y.
i=1 i=1 i=1 i=1

JlaHHast CUCTeMa JBJISETCS CHCTEMON HOPMATBHBIX ypéBHe-
HUI OTHOCHTENbHO KOI(PHULMEHTOB @ 1 b mns NuHEHHOI 3aBH-
cumocty y, =a+ bx, +e,, MHK-ouenku napameTpos IJis Heu-

HCHHBIX PErPECCHOHHBIX MOMENEH, CBOAUMBIX K JHUHEHHOMY BU-
AY, He 00NAJAr0T CBOHCTBOM HECMELIEHHOCTI.

n
PynxuuoHan suga F :Z(y,, —)7,)2 HazbiBaeTcs 6o ¢yn-

=1

Kiner ownbok, b0 GyHKUHOHANOM OWwHGOoK, b0 byukuuei
NMOTEPh, Tak Kak JKObIE OTKAOHEHUS HAOMOLAEMbIX BEJIHUHE OT
TEOPETHYECKHX (T.€. PACCHHTAHHBIX C MOMOUIBIO YPaBHEHUs per-
PecCHM) SBIAIOTCA MNOTEPSMH B TOYHOCTH anmnpoKCHMAaLUH HC-
XOAHbIX maHHbIX. [Ipy npumenenvun MHK mosxuO CKasarb, 4TO
HENbIO ABJACTCA MUHMMU3aUMs GYHKLUMH noTeps, KOTOpa:1 orpe-
ACTACTCA KaK CyMMa KBaZpaTtoB OTKJIOHEHMH HabH0aeMbIX 3HA-
YeHMH OT Teopetnieckux. Ecnu ata GyHkIms omubok JAOCTHraer
MHHHUMYyMa, TO HaHIEHHbIE OUEHKH kO3(dHLMeHTOB perpeccum
SBJAIOTCS ONTHMAbHbIMK.

B kauecrse Qpynxunu noteps mis HeauHeiHOH perpeccuoH-
HOH MOJEeny MOXeT ObITh TAKXKE HCMOB30BAHA CymMMa MonyJei
OTKJIOHEHHH HAOMONAeMBIX 3HAYEHUIT PE3YILTATHBHOTO MpH3Ha-
K& ) OT TCOPETHYECKHUX 3HAYEHUH } (T.€. PaCCHMTaHHBIX HA OC-

HOBAHHU PErpecCHOHHON QyHkummu f(x)): J - Z" - (x.b)
[

HIH f - Zl ,.", - ?/! .
-1



Jlns MumaMM3auun QyHKUMOHATA OmMOOK MPUMEHSIOTCA
pa3NUUYHbIE WTEPAUMOHHBIE METOMLI. Onuako ansi 00JILUIHHCTBA
U3 HUX CyUIECTBYET Ciefyomas npodnema: npu He0O 1bLIOM M3~
MEHEHUM OLEeHMBAaeMOro mnapamerpa (yHKLMA TOTEPb MOXET
NPAKTHYECKH HE W3MEHHTBCH, OJHAKO BO3MOXKHA BEPOATHOCTD
TOro, UTO OWHBOUHOE 3HAUEHNE OLEHMBAEMOTO NapaMeTpa ypas-
HeHMs PerpeccHi NACT B Pe3y/IbTaTe 3HAMMTENbHOC yMEHBIICHHE
dynxuun oumbox. IonoOHOe ABJEHHE HA3BIBACTCA JIOKAJLHBIM
muHMMyMOM. Takne MUHUMYMBI TIPUBOAAT K HEMNpPaBAOTOI00HO
33BBIMICHHBIM FUIM 3aHMOKEHHBIM OLEHKAM PErpecCHOHHLIX KO-
>dduumentos. Pemnts 3Ty npobieMy MOXHO MyTeM MOBTOPE-
HHs MpPOIEAYPbl OLEHKH (GYHKIMOHANA omubOK TpPH U3MEHEH-
HBIX HAuajbHBIX YCIOBHAX (MHOM Luare, OrpaHu4eHuM HcCie-
yEMBIX MApaMeTpoB # T.4). ONTHMANbHbIE OLECHKH ko3 duLn-
GHTOB MOJYYAKCTCS TOTAA, Koraa QyHKius owuboK JocTHraer
rnofanbHOro MHHUMYMA.

Jlnst naneHeiimero obwacHenus PyHKUMOHUPOBAHNA HEH-
HelHBIX METOIOB OLEHKH HeoOXO0nMMO BBECTH NOHATHE Ipadu-
enra. IlycTh mana ckamspHas QYHKIMsS Y OT MEPEMCHHBIX X

(i=1,n): y= fi(x). He3aBuCUMbIC NIEPEMCHHBIE [IpeJICTaBlECHb B
BHJI€ BEKTOpa X = [xl,x:,. .,xn]]. Torza 1o onpejaeseHuo MpoMs3-

BOJIHOM

y_yw _[¥m dw ¥
o ox o, | ax,

T.e. nepsas NMPOU3BOAHAS OT ckansproil Gyskuuu y = f(x) Bex-

.

TOPHOMY apryMeHTy X = [xl,xz,...,x,,]' . ABJAETCS BEKTOPOM-
CTPOKO#M YaCTHbIX POU3BOAHbIX. BekTop-cronbeu
i~ . T
LA )
L Of (x)
\VE —
VIi(x)=
X
Ha3bIBAETCA IPAIHEHTOM QYHKIM ) = f(x) BTOUKE X.

93]
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O,HHHM u3 0a3UCHBIX HEJTMHENHBIX METOAO0B MHMHHUMMU3ALHH
$ysxunn ownbox sBasiercs meton Herotoda, OCHOBHOM wmar 1St
onpeneneHus riobanbHOro MumruMyMa meroma HeroroHa pac-
CHHTBIBAETCA 110 (popMyIie
_ -1y
=4a, _]{k &

a/Hl

A€ d, - BEKTCD 3HAYCHMH OLEHMBAEMBIX NAPAMETPOB Ha k-it
urepauun; A - MaTpuina BTOPBIX YACTHBIX MPOH3BOMHBIX $yHK-
LuH NoTeps, unu matpuua I'ecce; g, - BexTop rpaguenra Ha A-ii

UTEPALIMH.

Jist Toro urobbl M3GeKATH TPOMO3NKUX BEIYMCICHUH MaT-
puuer I'ecce, cymecTsyroT pasnuumble Crocobs! ee 3aMeHs rpu-
ONIMIKEHHBIME BLIDAXXKEHUAMH, YTO NErNO B OCHOBY TaK Ha3biBae-
MBIX KBa3HHBIOTOHOBBIX MeTONOB. Mx cyuiHoCTE 3akmouaercs s
TOM, MTO BBIMHCIISIOTCS 3HAYCHUA QYHKLUHH OWUBOK B pasfimu-
HBIX TOUKAX IUIA ONpeneNieHUst NepBoki M BTOPOiH NPOU3BOHOI.
Iepeas npousBoanas GyHKLUMM B 3aMaHHOH Touxe paBHa TaHreH-
Cy yraa Haknona rpaduka dyskuud, a BTopas - CKOPOCTH €ro
M3MEHEHH:A. DTH NaHHBIE 3aTeM HCMOMB3YOTCA AT onpeneneHus
HAMPABICHUs U3IMEHEHHA 1TAPAMETPOB, & COOTBETCTBEHHO, M IJIs
MUHHUMH3AUHKY HYHKLMH OIUO0K.

8.4.3. Koppeasiuns 1151 Heavneiinofi perpeccun.
Kosdpuuuentrr anactnunocry

Kauectso nennueiioi perpeccuonnoi MOJIEIH MOKHO OIl-
PEACIATE C MOMOLUBIO HENMHEIHHOro MoKa3aTeNs KOppeaLHy,
KOTOPBIA Ha3bIEAETCS HHAEKCOM KOPPEJISUMK 1A HEJHHEHHbIX
dopm caszn. [ina ero onpeneienns HEOOXOMMO  BOCTIONbB30-
BATLCA TEOPEMOH O PA3IIOKEHHI JUCTIEPCHH PE3YILTATUBHON [Te-
PEMEHHOI.

Obwast nucnepeust 3aBUCUMOT NIEPEMEHHOH MOXET ObITh
PasJIOKEeHa Ha JIBE COCTaBIAKOUIHE - OOBICHEHHYIO H HE OFbsic-
HEHHYIO [TOCTPOEHHBIM YPABHEHHEM perpeccuu JHCIIEPCHH:
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G (y)=a’(y)+6° ().

rne o (y) == - o5t OOBACHEHHOW € NMOMOUIBIO MO~
n

CTPCEHHOIO ypaBHEHHsi PErpeccvn AMCrepcui nepeMEeHHON Y B

,,
e

obme mucnepcuu G2(y): 8°(y)=+L— - nOMI HEOOBACHEH-
n

HO#A, WM OCTATOYHOH QUCIepCHH nepeMeHHOH B oOwiel aucrep-
cuu G ().

Huaeke KOPPEsSLUM s HEJTMHEHHBIX (opm CBA3U BBHIMHUC-
ASETCS HA OCHOBE TEOPEMbI O Pa3NOXKEHUH JAMCIIEPCHH:

R- \F@ 50

G'(») G*(»)
TIoMUMO 3TOro, R MOXHO BbIYHCIIMTH H HA OCHOBE TECOPEMBI
O P&3JIOKEHHH CyMM KBaJApaToOB. Cymma KBaaparos pasHOCTEH
MeX 1y 3HA4ECHHAMU pe3ybTaTUBHOH EPEMEHHON 1 e¢ CPEAHUM
3HAYEHHEM NO BbIGOPKE MOXKET OBITh NPECTABAEHa CNEAYIOINM
00pa3zOM:

S -3 =205 + 205
it =] i=1

2: /) —}7\) - obmas cymMma KBanparcs 7SS (lotal Sum
i1

-

roe
" 5

Square);, Z(‘yl ~y ) - cyMMa KBAApATOB OCTAaTKOB FSS (Lurror
[

i
Sum Square); Z(}, - f)‘ - CyMMa KBaJIpaToOB OOBSACHEHHOU per-
it

peccun (Regression Sum Square).
Ha ocHoBaHWK NAHHOH TEOPEMbI
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HHpexe Koppenauny 1s HeJHHERHbIX GOopM CBA3H H3MEeHsI-
etcst B npepenax [0;+1] Uem Oike ero 3HaueHue K enMHHLE,
TEM CUJIbHEE B3aHMOCBSI3b MEXKIY H3Y4aeMbIMU HEPEMEHHEIMH.

Ecnu BO3BECTH WHAEKC KOPPENSLMH B KBAZIPAT, TO 110.Ty4€H-
Hasi BEJIMYNHAE OyleT Ha3blBATBCA MHAGKCOM AETePMMHALIM IS
HeJIMHEeHHBIX QOPM CBS3H: '

R = o’(y) RSS
7 (y) TISS

MHnekc neTepMUHAUMM AN HENHUHEHHBIX (OPM CBSIBH MO
XapaKTePHCTHKAM aHAIOTHYEH OOBIMHOMY MHOXKECTBEHHOMY KO-
>bduunenty gerepmunanmn. Mugeke R MoKas3biBaeT, HACLO.TbKO
NPOLIEHTOB NOCTPOEHHAs MOAENL perpeccuu oObsicHAeT pa3bpoc
3HAYCHHUHA 3aBMCHMOW NEPEMEHHON OTHOCHTENbHO CPE/IHEID 3Ha-
YEHHS, T.€. KaKas 100s OOl AMCNePCHH Pe3yIbTATHBHOIO TIPH-
3Haka OOBACHsAETCs BapHallie#l GakTOPHBIX MOMENbHBIX MPH3HA-
k0B. MIHAEKC NeTepMHUHALMM MOXHO HA3BaTh KOMMYECTFEHHOI]
XapPaKTEPUCTHKOH OOBLICHEHHOI MOCTPOEHHBIM yPABHEHHEM per-
pPECCHH AMCTIEPCUH PEe3VIbTaTUBHOTO MNpusHaka. Yem ‘Oonblile
3Ha4Y€HHE JIAHHOTO rOKa3aTelis, TeM Jiyylle YpaBHEHHE [erpec-
CHH OTIMCHIBAET BBIABJIEHHYIO B3aHMOCBS3b.

Kpome paccMoTpeHHBIX nokaszaTenei, s U3yueHWs 3aBH-
CHMOCTH MEXIy PE3yNbTaTHBHOW MEPEMEHHON U (PakTOPHbIMU
NPH3HAKAMH HCOOJIb3YIOTC DPa3aH4Hble KO3(DPULMEHTEl 3ja-
CTHYHOCTH, KOTOPbIC MO3BOJISOT OLUEHUThL TECHOTY CBA3U MEXAY
NEPEMEHHBIMH X H ).

O0wmnii  koohdHUIEHT 57aCTHMYHOCTH  MOKA3LIBAET, HA
CKONIbKO MPOUEHTOB NPHOIM3UTENBHO U3MEHHTCS PE3ybTaTHB-
HblH NOKa3aTeNb ) NPH H3MEHEHHH BEITHYMHBI HaKTOPHOrD MpH-

(78]
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3naka Ha 1%. opmyna pacuera obuero koapduuueHra sna-
CTHYHOCTH MMEET BH/

=y

e,

rie v, - nepBas NPOM3BOAHAS PE3YJILTATMBHOM ITEPEMEHHOH Mo

x ¥ x . FY

y & y & ox

(haxKTOPHOMY NPH3HAKY.

KoapdUuUMEHT 3HaCTUMHOCTH MOXKET ObITh BBIYHCIEH s
cpeasero 3HaueHus GaKTOpPHOrO NpU3Haka X MO MPUBENECHHOH
Boitne hopMyne:

roe v(¥) - sHaueHne QyHKUMM OPH CPEIHEM 3HAUEHHM (aKTop-
HOTO NPHU3HAKA.

Cpennuii k09pGHIMEHT SMACTHYHOCTH XaPAKTEPH3YET NpO-
HEHTHOE H3MEHEHME PEe3YNIbTATUBHOIO NPU3HAKA ) OTHOCHTENBLHO
CBOEro CPEJHErd 3HAYEHMst NPH M3MEHeHUM (PakTOPHOro TpH-
3Haka Ha 1% oreocuTenbHoro X . Taxue xoddduuMeHTs! pac-
CUMTBHIBAIOTCS 1O MHAMBHIYAJIbHBIM GOPMYJIaM [UIst KaXA0M pas-
HosuaHocTu QyHkuun. ast Haubonee NpocToil IMHEHHOW 3aBU-
CHMOCTH BMIa ), =@, +@,X, CPeAHNA K0dPPUUHEHT 31aCTHIHO-
CTH BbIYMCJIAETCH CHEAYIOMHM 00pasoMm:

ax
(%)

st noausoma Broporo nopsaka (napaboruueckoit (hyHK-
UMK) BHEA Y, = @, +a,X, + 4,X] + & cpennnit kospdurment a-
CTUHHOCTH PACCUMTHIBAETCH MO GOpPMYJie

_(2ax+a)x

Ax)y= BTN

Jns nokaszaTenbHOH PyHKUNM BHAQ Y, =4, -4, - €, CPEHHii

K09 OUUHEHT J.TACTHIHOCTH ONPEALAETCH KaK.
AX)=Ina, X
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OCHOBHOE ~ AOCTOMHCTBO  CTENeHHOM (YHKHUMM  BUAA
Y, =a,-x"-g 3aKIOYAETCS B TOM, YTO CpeaRHil KO3(QdHLMEHT
ANACTUYHOCTH paBeH ko3 duLMeHTy perpeccun:

IX)=a,.

Tomeko onHa 3Ta HenuHeWHas GyHkuus obnajgaer Mozxob-
HbIM CBOHCTBOM.

Tlomumo  cpennnx  kO3(QUINEHTOB 3MACTHHHOCTH MOTYT
OBITh TAK:KE PAcCUMTAHBI TOYEYHBIE KOS((UIMEHTB! INACTHUHO-
¢ru. Obwas dopmyna Mx pacyera

x,) = Y. x5

T.€. 2JaCTHYHOCTb 3aBHCHT OT KOHKPETHOTO 3aJaHHOIO 3HAYEHHS
daxropHero npusHaka x, .

Toueunslii  KOIPUIMEHT 37aCTHYHOCTH XapaKTEpU3yeT
MPOLEHTHOE U3MEHEHHE PE3YJIbTATHBHOMN IIEPEMEHHOI Y OTHOCH-
TENbHO ypoBHs (ByHKIMEH y(X,) NPH H3MeHeHWH (aKTOPHOTO
npusHaka Ha 1% OTHOCHTENLHO 32JJAHHOTO YPOBHS X, .

Hnst TMHEHHOH 3aBHCMMOCTH TOYe4HbIH KCAPDULUHMEHT 71a-
CTHYHOCTH OyAeT pacCHUTBIBATLCS 110 PopmyJte

3HameHaTeneM JAHHOTO NOKA3ATeNs ABIAETCA SHAYEHHE JiH-
HEHHOH QyHKUMH B TOHKE X, .

HAnst mapabonuueckoit PyHKLHMM TOYEHHBIA KO>POULMEHT
3MACTHYHOCTH HAXOAHTCS CIEAYIOLIUM 00pasoM:

Ax) = LX) X
a, +ax, +d,x;

3HamMeHaTeneM JAHHOTO MOKA3aTENd ABASETCS 3HAYEHUE Na-
padonniecKkoi GYHKIIHKI B TOUKE X, .

Jis nokazarenpHoi QyBKUHM TOYCHHBIA KO3PPHLMEHT Ha-
CTHYHOCTH Oonpeneasercst no hopmyne:
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Ax,)=Ina, -x,.

E cayuae cTemeHHOM (yHKUMM TOYedHbIH KodhduuueHT
snactaunocTn (x| ) Oymer paseH k03bPUIUEHTY perpeccHi di,.
JoxakeM [anHoe yTepxaeHue. 3amumiem J(x,) Ins CTENeHHOH
byHKIUE BUOA y, =aq,- X" -£, 4epe3 MNEepBYK: NPOU3BOILHYIO pe-
3yJLTATUBHON MEPEMEHHOMH 10 3afaHHOH (aKTOPHOH NepeMeH-
HOH X, .

. a -1 ap -1
L Aax Ay X
a(xl) - a, - ay-1 - al ?
ay X, a,x
X

1
TakiM 00pazom, 3(x,) = q,, 4TO U TPeDOBAIOCH /10Ka3aTh.

Ko3hduIMeHTbl 3JJaCTHYHOCTH UMEIOT O4eHb OOJblIOe 3Ha~
yeHHE NPH aHaIM3€ MPOM3BOACTBEHHbIX (QyHKumi. OaHAKO MX
pacueT He BCEria MMEET CMbICH, MOTOMY HTO B HEKOTOPLIX ClIy-
qasix WHTEpnpeTanu (PaKTOPHLIX NEPEMEHHBIX B MPOLEHTHOM
OTHOIIEHWH HEBO3MOXHA MK OECCMBICIEHHA.

§.4.4. OueHKa CyIeCTBeHHOCTH HEJHHEIHHON perpeccuH

Ecau nenuHerHOe 110 GakTOpPHbIM NEPEMEHHBIM yPAaBHEHHE
PerpecCcHy C IIOMOIBIO METOMA 3aMEH MOXKHO CBECTH K MapHOMY
NUHEAHOMY YPAaBHEHHIO PErPECCHH, TO HA ITO ypaBHeHHe OyayT
PACIPOCTPAHATLCA BCE METOIbI TIPOBEPKH TUIIOTE3 [UIA NAPHOH
JTUHEHHON 3aBUCHMOCTH.

[lpoeepka runore3bl O 3HAYUMOCTH HHIAEKCA KOPPENALHH
JUIs HETUHEWHBIX OPM CBSI3H aHANOTHYHA TIPOBEPKE TMIIOTE3BI O
3HAUMMOCTH MHOXECTBEHHOro KodhduuMeHTa KOppeasuiu Je-
pe3 f-xpurepuil.

[IpoBepka runoTe3sl O 3HAYUMOCTH HEJNHHEHHOH perpecc-
OHHOH MOZENH B HEJIOM TaKKe OCYLIECTBIAETCS 4epes /-
KPHTEPHH,



Boinsuraerca ocHosHas rumoresa H, o HE3HAYMMOCTH KO-
3hduLeHTa AETEPMUHALIMKY AN HETMHEHHBIX dbopM cBsizu, T.e. 0
HE3HAYHMOCTH MOJTY4E€HHOTO YPABHEHHS PETrPECCHH:

H()ﬁRZ::O‘

AJIbTePHATUBHGCH ABIAETCS obpaTHas runoresa H; o 3Hauu-

- MOCTH TIOCTPOEHHOTO YPABHEHUS PEFPECCUH:
H 11R2¢O.
Habmonaemoe 3Hayenue F-xpuTepus BeraucIseTCs 0o cop-
myJie
, R*(n—1)
Frgn = 5,
(I-RY-1)
rae 7 - 06beM BBIGOPOYHOIT COBOKYNHOCTH; / - yMca0 OleHnBae-
MbIX IaPaMETPOB MO BHIGOPOYHON COBOKYITHOCTH.

Kputndeckoe 3nauenue PacCMaTpUBAEMOTO KPUTEPHS - [y
BLIUMCIISIETCS N0 TabJiMue pacripeneneHus Puwepa-Crene <opa B
3aBHCHMOCTH OT YPOBHSA 3HAYUMOCTH & W HHCHA CTeneHeii Ccpo-
Gonel k =1-1 n k,=n—1_ Ecm uabmomaemoe 3dHadenue F-

KPUTEPHA MEHBIIE KPUTHYECKOTO Fyiag,™>F s, TO OCHOBHAS THIIO-
TC3a OTKJIOHSETCS, CEAOBATENLHO, YPABHEHHE HETHHEHHC i per-
PCCCHU ABJISICTCA 3KaYMMBIM. Ecnn Habmogaemoe 3uavenus J-
KPHTEPHS MEHBLIE KPUTHYECKOTO (Flyuagn<Fpur), TO OCHOBHAS I'H-
MI0TE3a NPUHUMAETCA W YPABHEHHE HeNMHENHOH perpeccus 11pH-
3HAETCs HE3HAYUMBIM.

Ecan cymecrsyer BosmoxuocTs BbIOOpa MeXny NHHeNHOI
H HEJIMHEHHOH PerpecCHOHHbIME MOJIENSIMH 11PH M3YYEHU A KOH-
KPETHOH 3aBHCHMOCTH MEXKIY NEPEMEHHBIMH, TO NPERNIOUTEHNHE
BCerna otraaercs Oosee MpocToi nuHeitHol hopme crszm ITpo-
BEPUTL MPEANOJOKEHHE O BEPOATHOH JIMHENHON 3aBUCHMOCTH
MEXIY M3YYAEMBIMH MEPEMEHHBIMH MOXHO C TOMOLLbIO K03G-
buunenta nerepmunaumu ° u unnexca OCTePMUHALHMHU N He-
nuHEHHBIX Gopm cBs3zH K

BoigBuraerca ocuosnast runoresa H, o JIMHENHOH 3aBUCH-
MOCTH MEXIY MEPEMEHHBIMH. ANbTEPHATUBHOMN SIBNFETCH UMO-
Te3a 0 UX Henhnelnoi ceasu. Ilposepka 3THX runores OCYLIEeCT-
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BIsieTCs € TMoMowbio f-kputepust CTbroneHTa. Habnoaaemoe
3Ha4YEHUE [-KpUTEPHA

wasn T s
e R-r

) b}
roe vV, , - BeinYMHa OlnnbOKu pasHocTH (R“ - I’L) BbIYHUCJISIEMAA

no popmyne
3 (Rz - r’z)-— (RZ — rﬂl- (2 - (]22 + rl))

KpuTHueckoe 3HAYEHHE PaccMaTpuBaeMOrc KPUTEPHS fipur
onpenesieTca 1o Tabjiuue pacrpene/ienns Crbi0fIeHTa B 3aBU-
CUMOCTH OT ypoB HSI 3HAYMMOCTH (@ M uMC/a cTeneHel cBoOob
(n—-1-1), rae { - 4HCAO OLEHHBACMbIX TIAPAMETPOB B PETPECCH-
onuoii monemm. Ecnn HaGumoaaeMoe 3HaueHue (-kputeprs 001b-
I€ KPUTAYECKOTO (fyags™Fipur), TO OCHOBHAs TMIOTE3d OTKIOHSAET-
¢l M MEXOY W3Y4AEMBIMH TNEPEMEHHBIMH CYLIeCTBYET HeJUHeH-
Has B3auMOCBA3b. Ecin HabmonaemMoe 3HaueHHE [-KpUTEpHs
MEHbLIE KPUTHUYECKOTO (J‘Ha@_,<if,<,m,rj), TO 3aBUCHMOCTE MEXK/Y e~
peMEHHBIMU MCKET ObITb annpoKCMMHPOBaHA JUHENHBbIM per-
PECCHOHHBIM YPaBHEHUCM.

Ecnu  Benw4yuHa HaOmOI@eMoro 3HadeHMs [-KpuTepus
MEHbLIIE JIBYX, TO pasHHLa Mekay KOIQOHUMCHTOM U HHACKCOM
JeTepMHHALMA I HeJTHHeHHbIX OPM CBA3H HECYLIECTBCHHA. B
[AHHOM Cllyude Naxe TIPA [PEHNON0KEHHH O HEKOTOPOH Heslk-
HEHHOCTH M3yuaeMOil CBA3H Mexiy (aKTOPHOH M HE3ABUCHMOH
MEPEMEHHBIMH VIO)KHO GPUMEHSTE JIMHEHRHYIO QOpMY perpecch-
OHHOTO ypaBHeHHst. Ha npaxTuke, ecliv BEAUHHHA R i) ne
Gosbie 0,1, npeanonoxenye o JUHeHHON Gopme 3aBUCUMOCTH
MEKly H3y4aeMbIMH NEPEMEHHEIMH CUHTAETCS OTIPABAAHHBIM.

Jlpyrum >¢pekTHBELIM METOIOM BEISOpa (yHKLIHOHATBHOT
3aBUCMMOCTH MEXIY NepeMenHbIMH siBiisercs TecT boxca-Kokca

PerpeccHONHbIE MOIENM, HMEIOLHE PasHylo GyHKUHOHAL-
Hyt0 GOpMYy, HE TOANEKAT CPABHEHMIO [0 CTAHIAPTHRIM KPUTE-
pHAM (HANMPUMEP, CPABHEHHE IO MHOKECTBEHHOMY k03pdpuun-
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CHTY ACTEPMMHALMMA MJIM CYMMaM KBaPaTOB OTKJIOHEHHMH), KO-
TOpbIE MO3BOJIUNK Obl BRIOpaTh Hamboee MomXonsLiee ypaBHe-
Hue. [Ipu cpaBHeHuM TUHEHHON u NorapudMuYeckoil perpeccuii
OKa3biBACTCS, 4TO 00INAsA CyMMa KBAAPATOB OTKJIOHEHUH ISt JIO-
rapupMHueckoii MOIENH HAMHOTO MEHbLIE, YeM UIsl JJUHEeNHOH.
Ho srnauenne norapudma pesynsratusHoii nepeMeHHoM logy Ha-
MHOIO MEHBIIE, “€M COOTBETCTEYIOIIEE 3HAUCHHE ), NOITOMY
CPaBHCHUE CyMM KBAAPATOB OTKJIOHEHHH MOjeneii maer Heanek-
BaTHBIE PE3YIBTATSI.

Koadphuumest muoxecTBeHHO NETEPMUHALMH ISl JIMHEH-
HOH PErpecCHM XapaKTepH3YeT oOBLACHEHHYIO perpeccuei 1010
AUCTIEPCHA  PE3Y.IbTATHBHOH  nepeMenHoli  y. Kosdduiupenr
MHOZECTBEHHOW NETEPMUHALIMK Ui JIOTapHPMITIeCKOl MOaeH
XapaKTepU3yeT OOBACHEHHYIO perpeccHeii Iomo AMCTIePCHHU ne-
pemennoil logy. Eciu 3sHauenus KO3(EHLHEHTOB MHOXKECTBEH-
HOI N€TEPMUHALNH [PUMEPHO PABHBL, TO CHENATEH BBIOOD MexKay
MOACJSIMIT HAa OCHOBE JAHHOIO KPHUTEPHA TAKKE HE NMPEACTaBIIs-
€TCH BO3MOKHBIM.

Paccmotprim npouenypy Tecra bokca-Kokca sa npHMepe
BRIOOpA Mexy JMHEHHOH U norapudMudeckoii PETrPECCHOH HbI-
MH MOJENAMH. B €rc ocHOBE JEXMT yTBEPXKISHHE O TOM, YTO
(y—=1) ulogy sBasrorcs vacTHBIMU cryuasMu GyskLuuU

Ecnu napamerp A pasen emunmne, To ¢dyHKUMs paBHa
F=y-1. Ecnm napamerp 4 crpemurcs k HYN0, TO QyHKIMS pas-
Ha ['=logy. Jlnst onpenenenns OnTHMAIBLHOIO 3HAYEHMS napa-
METPA A MPOBOASTCA IKCHEPHMEHTBI C MHOXECTBOM €rO 3Have-
HUH. JTa Npouenypa NO3B0AMUT HAHTH TAKOE 3HAUCHHUE napamert-
pa A, KOTOPOE JRET MUHHMAIBHYIO BETHYMHY CyMMb KBaJpaToB
OTKJOHEHHH. TakoH MeToq NoMCKa ONTUMANBHOIO 3HAYEHMs Ta-
paMeTpa Ha3biEACTCS MOMCKOM HA PELeTKe, WK HA CeTKe, 3Haue-
HHIT. .
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8.5. Koppensiuus 151 HeJiMHeiiHOH perpeccuu

Y paBHEHUE HENMHEIHON perpeccuu, TaK e Kak U B JuHeli-
HOH $aBHCUMOCTH, HOTOJHAETCS I10Ka3areieM KOoppeasiuuu, a
UMEHHO WHAEKCOM KOoppensunu (R):

rae o, - obas nucnepcusi pe3yabTaTHBHOIO MPH3HAKA Y,

5
O, - OCrarouHast AMCIIEPCHs, ompeneasaeMan WUCXons U3

ypasHeHust perpeccun y, = f(x).

TaK KaK O‘i -ZU y) ‘)C’l - "]—Z(y-j}\): 2 TO HH=~

n
AEKC KOPPENsilINK MOXCHO BbIPAa3HTh KakK

R = Il _,Z(‘ -
\ ‘7(\’* 1)

BenpuuHa HaHHOrO TMokasaTefss HAXOAWMTCS B I'DaHHNAX.

0 <R <1, yem Onuxe K €AUHHULE, TEM TECHEE CBsI3b paccMaTpu-

BAEMbIX MNPU3HAKOB, TEM 0oJjiee HANEHHO HEHICHHOE YPABHEHHC
perpeccuu.

[lo nmanpbim  Tabn. 3 s ypaBHEHWs  Perpeccu

3.4+ 2986 - 0.214x7 HHIEKC Koppenﬂum{ COCTaBHJI.

= (.9609. CBUNETENbCTBYA O AOCTATOYHO TECHOM

CBSZH PACCMATPHBAEMBIX [IPH3HAKOB.

[lapa6oaa BTOpoii CTeneHH, KaK i NOAMEOM Doee BoICOKOIo
MopAAKa, NPH AHHEapH3auUWH NpUHUMAET BMA yPpaBHEHHA MHO-
KECTBEHHON perpeccun. Ecim ke HEMMHEHHOE OTHOCHTENBHO
00BACHAEMON NEpPeMEeHHON YpaBHEHHE PErPecCHM NPH JiMHeapu-
3auMH npuEEMaeT GopMy JHHEHHOTO YPaBHEHMs MapHOH per-
PESCHI, TO IV OHEHKH TECHOTHI CBS3H MOXET ObITh HCTONB30-
BaH NHHEHHbI Ko3DduuHeHT Koppensiunu, BEANYKHHA KOTOPOTO
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B 3TOM CJIy4de COBMAIET ¢ HHIACKCOM KOppeIsinaH Rn, =r.,ronez

- TnpeobpasoBaHHas BeNWYHHA NpU3HAKa-(pakTOpa, HanpuMep

Zz=— WIH z=Inx.
X

Obparumcs ana npuMmepa K paBHOCTOPOHHEN runepbone
PV, =a+b/x. 3aMeHuB l/x Ha z, UMeeM nuHeiiHOE YPaBHEHHE

V. =a+bz, nas KoToporo Moxer GbiTh ONpENeneH JMHEHHbIH

: a,
K09 HUMERT Koppemaunu: 1, = b- —: Bo3BOAA naHHOE BbIpa-

CT},
JKEHHE B KBaJapar, mQrydrM:
2
. g
r\-A:«' = ‘bl )
.O'y
roe
-2 Ed(z—_;;:; » : " (.y - },)h
G: - T oo T T
n ’ H

[IpeobpazosrpiBan nanee, ripuaeMm K CIENYIOLIEMY BBIpaXKe-
HHIO IS 17

Kax Geuio noxasano panee 6°-3 (z-2) =D (J. -7) n

D NGRS s
',\': - s
| 2=y

T €. NPUXOANM K GOPMYIE HHAEKCA KOPPEs LM
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1

. D=3
. = Y
203
32MeHUB aanee z Ha 1/x, moay4uM J, = )., COOTBETCTBEHHO

Y. = Rj,x .

AHANOrMYHOE TIONCKEHHE UMEEM | IIJisl 10ayorapupmuye-
ckoit ¥puB0it y, =a+blnx, ubo B Hel, Kak ¥ B MPENbLIYLIEM
chnyvae, mpeoOpasoBanus B JuHeHHBlT Buj (z=Inx) He 3aTparu-
BAIOT  3aBUCHUMYIC  TiepemeHHyto, M Tpebosanne MHK
>y $,)° —> min BHITOTHUMO.

V3eauThesi B 9TOM MOXKHO, OOPaTUBLIKCHL K JaHHBIM Tabn. 4.
S (y-¥) =5824, Y (y-J,) =0,4804.
CooTBeTCTBEHHO HMHACKC KOppensay OKAKETCH PABHBIM.

Hadinem nuHedHbi K03hOUUMEHT KOPPERSIMU MEXAY rie-
PEeMCHHBIMU Y U Inx:

M x

_y-ln);~j/”~}—ﬂ;

O'y O

Tak kak > v-lnx=11323881, ) v="53. D Inx=0657923.
o, =3.11555, > (Inx)" =9,409906. o, =0.604908, TO Iy, COCTA-
BHUT!

. 113,23881:6-93: 6-6,—57925 6 0.99581

o 3.11555-0.604508
Yt0 COBMANAET ¢ HHAEKCOM Koppensuuu. s 1aHHO| 3aBHCHMO-
cTH MmeeM paseHCTBO: & - Y (Inx ~(nx)) =Y (0. - 7).

Mo Hauwum pacueram b =51289: 3 (inx—1Inx)* = 219348 .

CoorsercTeeHHo > (i, ~ 7)° = 37.7336. Torna
Sy =y (-1 - > (F, - ¥)’ = 38.24 - 57.7536 = 0.4864.

YTO CCBIIAAACT C OCTATOHHOI CyMMOW KBaAPATOB, MCTIOJb3YEMOIT
B pactieTe MHAekca koppessuun. Taxum o0pa3om, HECMOTPs Ha
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TO, 4TO KOADOUUHEHT KOPPENILHUU ONPEaesICsS He Uit ¥ U X, a
18 Inx, ero BenuuMHa MO3BOJIAET ONpPEENUTh GakTOpHyO ¥ OC-
TATOYHYIO CYMMbI KBaJpaTOB [ IPHU3HAKA J:

rL Sy ) =b"Y (Inx —inx)’ =57.7536.

COOTBETCTBEHHO AMHENHbIH KO3(pOULMEHT KOPPENLAN 1
HHIIEKC KOPPERSLH COBNANAIOT.

Huaue obcrout neno, Koraa rnpeodpa3soBaHus ypaBEEHHS B
JMHERHYI0 GopMy CBSI3aHBI C 3aBUCHMON MepeMeHHON. B aTom
cydae JTUHEHHBI KO3QPHULUHUEHT KCPPENsUUu fo npeodpasoBan-
HbIM 3HAUEHUSAM IPH3HAKOB NAET JIMIIbL NPUOIMIKEHHYIO OUEHKY
TECHOTBI CBSI3M M YMCIIEHHO HE COBIMAJACT C MHIACKCOM KOpPDENsi-
wan. Tak, ans crenenHod GyBKIMU J_ = a-x° Noche nep2xona K
JgorapuMUHEecKH JIMHEHROMY ypaBHeHuto Iny=lna+blnx moxer
ObITh HaliaeH nuHedHbIH KOYPPUIMEHT KOppensiiuu He nist hak-
THYECKHX 3HAYEHHI MEPEMEHHBIX X Uy, a [ UX JIOTapU(MOB,
T.€. £ .. - COOTBETCTBEHHO KBAApaT €ro 3HaueHus Oynmer xapak-

TEPH30BAThH OTHOINEHHE (PAKTOPHON CyMMBl KBaAPATOB OTKIOHE-
HHU K 00UIel, HO He JUIs ¥, & JUTsl €ro JIOrapi(pMOB:

5

Z[ln y—In y} ZUU y—In y]
rln_\'!n.\' = " 1 - —\2
Z(]n y—In y} Z(ln y—In y)
Mexay Tem Fpu pacyeTe MHOEKCa KOPpessiivH HCOCIb3V-
FOTCS CYMMbI KBAaAPATOB OTKJIOHEHWH NMpHU3HAKa ), a He KX Jiora-

pudmoB. C 3Toil LEJIBIO ONPEaeNIOTCS TEOPETHYECKHE 3HAYEH S
PE3yJbTATUBHOrO TIPU3HAKA, T.€. ', KAK aHTHJIOTApU(M paccut-

(32)

TAHHOH 11O YPaBHCHHIO BEJIHYHHbI In JY H OCTraTo4Hast ¢ymma

KBaJpaTOB Kak }: (v - antilog(in y))* . Mnnexc koppensuu on-

penensiercs no dopmyne

(S ]
~1
‘A



(
R - > (v —antilog(l n )y o
' \/ 2 -y

B 3namenaresnie pacuera R_;_r yuyactByeT o0OLias cymva KBam-

paToB OTKJIOHEHHH (aKTHYECKUX 3HAYEHHIT ¥ OT UX cpenHei se-
. 2 . A _ 2
JM4MHBL, a B pacdere r, .. yyactsyer p (Iny-Iny)” . Coor-

BETCTBEHHO Pa3/IMualOTCs H YHCIATEM PACCMATPHBAEMBIX NOKA-
3aTenei

2

Z(’ y-y.) = Z‘ (v —anti log(]ﬁx_y)) - B MHIEKCe KOPPENsiliH 1

)
D> (lny-Iny) —- B xosdduimenTe KoppesiH.

He conagaror maumbie 1oka3aTen H 1NA yDaBHEHUsS per-
PECCHM B BHIE DKCIIOHEHTEHI, HOO MPU NMPeoOpasoBAHUM B JIHHEN-
Hyto GOpMy paccHHTBIBAETCS THHEIiHbIH KOIDPHUUHEHT Koppens-
UHH MEXIy X U OrapHQMOM V. T.e. onsith Y () —J) 3amenser-

N

ciHa . (Iny-lny)u > (y—antilog(ln y)) 3amensercs Ha

Z(l,n y—Iny) . llpu ucnonp3oBakun B NpeoOPasOBAHHH HEIH-

HEHHbIX COOTHOMIEHHH B NMHEHHYIO QopMy 0OpaTHLIX 3Ha4eHuH
pe3yIbTATHBHOIO TMpu3Haka, T.e. 1/y, mHiaekc xoppemsiunu R
TaKke He Oyaer coBmasath C JHHEAHbIM KO3GPUUHEHTOM KOP-
pensiunu. B 3TOM Ciydae npH onpeaenenuy HHAEKCA KOPPEsILHK
NPaKTUYECKH m:nonbz.ye'rc;[ dopmyaa

Z\y——l/]/})

R,m- = \1 S (34)

2 (=)
T. €. Teopeﬂmecme 3HAvUeHHA y:C C)Hp(:[leﬂil}OTCﬂ He HCHOCPC}I~
CTBEHHO 0 J1aHHbIM ),’ H X, d Ha OCHQOBE ypaBHCHHﬂ
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(1/ y) = a+ bx, KOTOPOE MOKET CBITh JOIOJHEHO JUHERHBIM KO-
3G PULIEHTOM KOPPEILILIMK MEXKAY X 1 1/y.

llpn onpeneneHuu ryi,, HCIOIL3YETCs CyMMa KBajpaToOB
OTKJIOHEHHH zz 1/ y—Ty)z, KOTOpast packiaiblBaercs. Ha (hak-
TOpHYIO M ocrarouHyto. Tak, 0o mawHeiM  Tabn 6
> (y-y) =351714, >y )"{r):»‘.924 CooTBeTCTBEHHO
R, =0957: a =0,9278. |

Benencrsue 6nM30¢TH pe3ynbratoB M mpoCTOTHI pacyeTa ¢
MCTIO/IL30BAHHEM KOMIILKOTEPHBIX TIPOTPAMM [Uist XapaKTePUCTH-
KM TECHOTBI CBA3H MO HENMHEHHLIM (YHKIMAM LIMPOKO MCNONb-
3yerca siuHeHHbl keoduuuent xoppemtuun. HecmoTps Ha
0au30cTs 3HaueHuit R, u Ny WIM R W 1 B HEMHEHHBIX

xllv)

dyskumsix ¢ npeobpasoBaHHeM 3HAYEHMIl MPU3HAKA Y, CleayeT
NIOMHHTE, YTO €CAM MpU JAUHEHHONH 3aBHCUMOCTH TIPU3HAKOB
OIMH M TOT XK€ KOIPOHLHUEHT KOPPEIALMH XapaKTepH3yeT per-
PECCUIO KaK 3 =q+b-x, TAK U £ =4+ 1.y, TAK KaK F,, =7, , TO

xv o
NpH KPUBOJNIMHEHHOW 3aBucuMocT K, st QyHKUMH y=j(X) He
pased R nna perpeccuu x=f{(y).

Ilockonbky B pacyere MHIEKCa KOPPENSUMN MCHOIB3YETCS
COOTHOILIE HHC haxropHoli u obweli cymMbl KBanpPaToB OTKJIOHE-
HitiE, To K2 HMEET TOT e CMBICA, YTO I I\O3¢)(bHUHeHT IeTepMH-
HauMd. B creuunanbHeIX wecneaosanuax semmuray R 4is Heu-
HEHHBIX CBA3eH HA3bIBAIOT MHACKCOM JE€TEPMUHALIHH.

OueHka CyleCTBEHHOCTH MHEKCA KOPPENALMH NPOBOLUT-
CA, TAK € KaK M OLEHKA HAaNeKHOCTH KO3hdHIHeHTa Koppens-
LUHH.

Hunexke netepMUHaUMM UCTIOJB3YETCS 419 TIPOBEPKH CyLie-
CTBEHHOCTH B LIeJIOM YPABHEHHSI HEJTHHEHHOH perpeccuu no K-
KpuTepuio Puiiepa:

R° n-m-1

F = . . 35
1- K- m ' (35)
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roe R - HBIEKC NeTEPMUHALIMH,

11 - 4MCII0 HAOMONIEHUH,

M - 9UCJIO IAPAMETPOB NPH NEPEMEHHBIX X.

BenuuuHa m XapakTepu3yeT YMCiIO CTerieHeid cBolomb! s
haxropHO CyMMbI KBaJpaTOB, a (#-m-1) - 4UCIO CTeneHel cBo-
6o 111 OCTATOUHOH CyMMBbI KBaApaToOB.

Ilnst crenennoit QyHKuMM § =g-x* m=lu dopmyna [-
KPHTEPHUsi IPHMET TOT K€ BUJ, 4TO M MPH JMHEHHOH 3aBUCHMO-
CTH:

2

= -(n-2).
1-R’
J11s1 napabonpl BTOPOit CTENEHH y=a+h - x+c-x' +&, M=2 H
R n-3
1-R° 2

Pacyer F-KkpuTepusi MOXKHO BECTH H B TaO/IMLE AUCIEPCHOH-
HOTO AHANM3a PE3yNbLTATOB PErpeccHi, Kak 3TO ObUIO MOKA3aHO
1St IHHEHHOM (QYHKLIHH.

WHpeke AeTepMHHAIMH R MOXHO CPABHUBATDH C k03bdhu-

HHCHTIOM JLCTCPMHUHALINHU l"2 A 000CHOBAHNS BO3MOXKHOCTH

¥x
npuMeHeHns uteiiHoi gyukuuu. Yem Gosblie KpUBU3HA JHHUA
perpeccun, TeM BeiudHHa kodbuuUMEHTa NETEPMMHALMM [\

MEHDbLI€ MHIACKCAa ACTCPMUHALIMH RS\ BJiM30CTh 3THX NMOKA3aTe-~

eii O3HAYAET, YTO HET HEOOXOMMOCTH YCIMKHATL GopMy ypas-
HEHHs PErPECCHH U MOXKHO MCIIONL30BaTh THHEHHYIO ByHKUHIO.

r>) ne npesbiaer 0,1,

[Mpakrnuecku ecnn BEHYMHA (R o
penr OJIOKEeHHe O NUHEHHOH GopMe CBA3M CHUTACTCA OTIpaBIAH-

HbiM. B IIPOTUBHOM Clly4ae MPOBOAMTCA OLIEHKa CYyWeCTBCHHO-
CTH pd3Iu4ud R~ BbIYUCJIEHHBIX 10 OHHM B TEM K€ HCXOHbIM

R

JaHHEIM, yepe3 f-kputepui CThroneHTa:



"y r\‘“\'
f= (36)
My,

rie my, , - oumbka pasHOCTH Mexay R u r,., onpenensemas
no ¢gopmyne
22N (B2 22N (7 (P2 12
. #2‘\/(13 PR -r) Q-® ) 5

R-r]
R n

Eciu flpacr>trasa, TO Pa3IUHMUS MEXIY PacCMaTpUBaEMbIMU
MOKAa3aTeNIMH KOPPENsILMY CYLECTBEHHbI M 3aMEHa HEJIH HEHHOM’
PErpeccuM ypaBHEHHEM JIMHEHHOH dyHKUHU HeBo3MokHa. [Ipak-

THYECKH €CHIM BENHYMHA /<2, TO pasauuus Mexmy R u rl He-

CYHIECTBEHHBI, H, CIENOBATEIbHO, BO3MOXHO MPUMEHEHHE JH-
HEHHOH PErpecCHH, AaXe €Cilii €CTb HNPEAIIONOKEHHS 0 HEKOTO-
POH HETMHEHHOCTH PACCMATPHUBAEMbIX COOTHOIUEHUI MPH3HAKOB
(haxTopa u pe3ynbrara.

[IpeanonoxuM, 4To 1Mo JaHHBLIM Tabn. 4, rae ObLIO HaFEeHO
ypasHenue perpeccuy 3. = 9,876 +51291n x| Gbuta ucnons3osa-

Ha auHelnas QyHkuua y, =9,28+1,777x, xoadduuueHt koppe-

NSUME A KoTopoH coctaun 0,97416. Benuununa xosdd:nunen-
T KOPPE/ALNM OKa3aNach MEHbLUIE, YEM BEIMUMHA HHAEKCA KOp-
pensiuyn 0,99581. OneHuMm CymeCTBEHHOCTb pasivuus JaHHbIX
nokasaresed KOppensuuu, UCNONb3ys NPUBENEHHYI (opmyny:
REr? =(0,99581)°-(0,97416)*=0,04265, T.c. npuMeHeHHe HejH-
HEHHOH QyHKLHH yBEIHUUBAET OO OOBACHEHHOM BapHALIMK Ha
4.3 npou. nyHkrta. CrnenoBaTenbHO, €CJIM HET YBEPEHHOCTH B
IPaBMIBLHOCTH BBIOOpa NnoayJiorapupmMuyeckoi GpyHKLUMH. TO OHa
MO3KET ObITh 3aMEHEHa JIMHEHHON QYHKIWEH.

IMokaszarenbHas, norapudMuueckas M IKCNOHEHLHAIbHAS
(GYHKLMH HA3bIBAIOTCA KPHBBIMH HACBILLEHHS], TIOTOMY YTO Aaib-
HEHILMI PUPOCT Pe3yJIbTATHBHON NMEPEMEHHOI 3aBUCUT 0T yxke
AOCTHTHYTOrO yposHsi QyHKUMH. OHU HCNOAB3YHOTCS B OCHOB-
HOM Ul OTIMCAHHA NPOUECCOB, KOTOPhIE HMEKOT Npenes pecra B
H3Y4aEMOM I1E€pPHOAE, Hanpumep B AeMorpaduu.
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Kpusbie Tomnepua u [epna-Puna OTHOCATCS K TakK HA3bl-
BA€MBIM S-00pa3HbIM KPHUBBIM, KOTOPBIS SABJISIOTCS KPHBBLIMH Ha-
ChILIEHUA C TOUKOH rieperuba. OHU OMUCHIBAIOT ABA MOCIEAOBA-
TENBHBIX MPOLIECCA: OAMH € YCKOPEHHEM pasBUTHSI, OPYroi C 3a-
MEIICHUEM JOCTUTHYIOro pa3suTHA. JaHHbBII THII KPUBBIX [IPH-
MEHAETCs B IeMOorpadyy, CTPaxOBaHHMM, JIPH PEUIEHHH 3a1ay O
Crpoce Ha HOBBIH TOBAp.

- Meroa HaUMEHBIIMX KBANPaTOB NPUMEHMM K JIMHEHHbLIM
(otHOCcuTENEHO KO3DOHULIMEHTOB) aNIUTHBHBIM PErPECCMOHHBIM
YpaBHEHMAM CIEIyOLIero suja:

y=a,tax +ax,+. . +a.x, +e,
e KOIPPUUMEHTEI PETPECCHM SBISHOTCA JIMHEAHBIMK, IEPEMEHHBIE MO-
ryT ObITb B 000 CTENEHM M MOTYT MMETh JOOBIE MATEMATHUCCKHE
TpeoBpasoBaHks, KPOME OIHOTO OTPAHIHEHHS - B CTETECHH IEPEMEHHON
He JI0JDKHO ObITh OIpeENseMbIX KOXDHOHLMEHTOB.

KoapdunueHTol perpeccu SBIAOTCS JUHEHHBIMM, €CJH
BBIMOIHAIOTCSE BA YCIOBUSI

a) K09 PULIHEHTHI HAXOAATCA B NEPBOIT CTENECHH,

6) k03¢ dHUHEHTDI HE ABJSIOTCS CTEIIEHBIO 10 OTHOLIEHMIO K
ApyruM ko3 PHUHEHTaM WIH NepeMeHHON.

.. Eciu x perpeccHOHHOMY YPaBHEHHIO HE TIPUMEHMM METO Hau-
MEHBUINX KBaAPATOB, TO €CTH TPH ITyTH PELIEHHs! AAHHCH NpOOIEMBL.

-1) IpeAnoXKuTh CrneuuaaLHo pazpaboTaHHble GOpMyJibl pac-
4eTOB KO3 PHLUEHTOB YPAaBHEHHS PErPECCHHU,

* 2)Mcnonbp30BaTh  NMPHOAMMKEHHBIE HTEPATHBHBIE METObI
pacueToB Ko3(pPHUHEHTOB,
* 3) npeobpaszoBaTh €ro K JHHEHHOMY ajyIHTHBHOMY BHITY.

IepsbIii iy TpeOyeTr OOABLIONO BpemMerU H H300PETATeIbHOCTH.
OcofeHHO MHOTO XJIOTMOT JOCTaBJAET JIOTHCTHYECKas (QYHKIMA OTHO-
CHUTEITbHO OLICHKH MPE/ENa, K KOTOPOMY OHA CTPEMHTCS.

Bropoii nyTb MOXHO peanH3cBaTh ¢ NOMCUIBIO MaKETOR
TIPUKJIAAHBIX NporpamM. HMssecTrbl nporpamma "Fureka”, a Tak-
xe nporpamma "Ilouck pewenus", BXonsuias B cocraB fxcel,



KOTOPBIE C MOMOLUbLK) UTCPATUBHBIX METOLNOB MOTFYT PaCCUMTATh
x03hbuLMenTrl 00X QyHKIMA

Tperuit nyTh peajnzyeTcs ¢ IMOMOUIbIO UCHOJIb30BAHNSA HE-
CKOJIbKO CIOCOJ0B MPHBEICHHsS QYHKLMH K JIMHEHHOMY BUILY.

8.6. Cpennsst omubKa anmpoKCHMALHH

QakTHIECKHE 3HAYEHHS PE3YJIbTATHBHOrO NPH3HAKA OTJIH-
YAKOTCS OT TEOPETHYECKUX, PACCUMTAHHBIX MO YPABHEHHIO per-
peccu, T.e. ¥ 1 y,. HeM MeHblie 5TO OTinuKe, TeM OJIHKE Teo-
peTuyecKkre 3HA4YEHUs NOAXOISAT K OSMIMPHUYECKHM JaHHBIM,
Jydlle KayecTso moaenn. BemuunHa oTkioHeHUi QakTHYecKux
M pacyeTHbIX 3HAYEHHMH pe3yJhTaTHBHOTO HpH3Haka (V- ) no
Kax1oMy HabMIoAeHHI0 rnpejacrasBnser cobof ownbKy anmpok-
cumauun. Mx uHcno cooteercrByer oOBEMY COBOKYMHOCTH. B
OTHEIbHBIX CHIy4YasX OMIMOKa annpoKCHMALUK MOXET 0Ka3arhest
paBHoii nymo. OTkioHeHus (- ).) HECPaBHUMBI MeXIy COOOIL,
UCKJIFOYas BENHYMHY, PaBHYK HyJi0. Tak, eciw [yl OJHOIo Ha-
Omoienus y- y =5, a 1Jis 1pyroro oHa pasHa |G, To 3T0 He O3Ha-
Haer, YTC BO BTOPOM Cly4ae MOAIb HAaeT BABOE XyALIMii pe-
3ynprar. g cpaBHEHHSt UCTIOIBb3YIOTCS BEJIMMKHBI OTKIOHEHHIA,
BbIPaXKEHHbIE B MPOLEHTaX k (akrhueckum 3nadenusaMm. Tax, ec-
S s nepsoro Hadmenedus y=20, a ang proporo y=50, ownbdka
anmnpoxcumanmu cocrasur 25% st nepeoro HaOmoneHus u 20%
- 151 BTODOTO.

[Tockonbky (3-¥.) Moxer GbiTh KAK BETHUMHOA TONOXKHTENb-
HOU, TaK 1 OTPHUATENBHOMN, TO OLIMOKI arTPOKCHMAL MM TSl KaXCIOro
HaOJOIEHHS MPHHSTO ONPENENATE B [POLISHTAX M0 VOIYJIO.

Otksaonenust (Y- ) MOKHO paccmaTpuBaTh Kak abCONIOT-

HYIO OWHOKY annpoOKCHMALIMH, A



- KAK OTHOCHTENbHYH OuOKy anmnpoxcuMariu. UtoOer umerh
o011ée Cyx)aeHre O Ka4eCTBE MOJENIH M3 OTHOCUTEIbHBIX OTKJIO-
HEHUI 10 KAXXAOMY HAOJII0IEHHUIO, ONIPENEISIOT CPEHIOK OLIHO-
Ky arrpoOKCHMALWH KaK CPEIHIO apU(METHYECKYIO IPOCTYIO!

I -
A=L51072 400, (38)
7 y
[MpencraBum pacyer cpenHell OWHOKH arTPOKCHMALMH JIs

ypasHeHus j_ =9876+5129Inx B Tabn. 82 4 :%-7,3 =1,2%,

YTO FOBOPUT O XOpOIIEM KayecTBe ypaBHEHHs perpeccu, nbo
omubKa annpoxcuManuy B npeznenax 5-7% CBUAETENbCTBYET O
xopoiaM nogbope MOAe H K HCXOAHBIM JaHHbBIM.

Tadmuua 8.2.
F Y yor P34 00
}.’
10,0 99 0,1 1.0
13.4 13.4 0.0 0.0
15,4 15,5 -0,1 0.6
16,5 17.0 -0.5 3,0
18.6 18.1 0.5 2.7
19.1 19.1 0.0 0.0
Hrorc 93,0 93.0 0.0 7.3

BO3MOXHO M HHOE ONpeseNieHHe CpeiHeii OUHOKH anmnpok-

CUMELIIH:
100 Ty E
4100 >0 vy 39)
y n

lIJISI HAero npuMepa >1a BeJaIHHHHa COCTABHT.

100 0,52 ,
A= == =19%
15,5 6
B craHmapTHBIX MporpamMmMax yaille HCMOJb3yeTcs nepnas

dopmyna niisa pacyera cpeaHei OWHMOKH annpoKCUMALHH.
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Konrpojibnbie BONPOCHI

1. B 4em cocrosT ounbku crieundukaumnu Moaenn?

2 Toscuure cMmbica Koapduumenrta perpeccuu, HazoBuTe crioco-
Obl ero ouenupanus, TIOKAXHTE, KAK OH MCHOJb3yercs ms
PacHeTa MyabTHIUIMKATOPA B QYHKLUUM noTpednenns.

3. Yro Takoe uncao creneneis CBOOOIBI M Kak OHO onpenensiercs
115 paKTOPHOI 1 OCTATOUHO] CYMM KBaaparos?

4. KakoBa koHuenms F-xpurepust Duepa?

- Kax ouennsaercs snaunmocrs T1apAMETPOB YpaBHEHHs perpec-

cuu?

6. B yem otnuuue CTAHAAPTHOH OWHMOKH MONOXEHUS JIME My per-
peccnn ot cpentedt ournbku TPOTHO3HPYEMOro MHAMBUNYATL-
HOro 3na4yeHHs pesynbTaTHBHOrO NpM3HAaKa IpPH 3amaHHOM
3HaYeHHH pakTopa?

7. Kakoil nenuneiinoii byHxLueit MoxeT GbrTh 3aMeHeHa napa-
bona BTOpOIi cTenenu, eciu ne Habmonaercs cmena Hanpas-
JIEHHOCTH CBSI3H NPU3HAKOB?

8. 3anuwere Bce BHmBI MOZIeNeH, HelHHEeHHbIX OTHOCHTEJILHO!
BKJIHOHACMBIX NEDEMEHHBIX; OLEHHUBAEMbIX napamerpos.

9.B vem orinume npumenenus MHK « monensm HEJnHEeAHbIM
OTHOCHTEJIBHO BXIIIOYAEMbIX NIEPEMEHHDIX § OLICHUBAEMBIX Na-
pamerpog?

10. Kak onpenesnsiores KO3 OHIHEHTH SnacTuyHOCTH ne pas-

HbIM BHAAM PerpecCHOHHBbIX Mofieieii?
1. Hazosure noxasarenu KOppessiunHy, ucnonbsyemsie 1pH He-
JIHHEHHbIX COOTHOLUEHHSX paccMaTpuBaeMeix npusHaxos.

12. B yem cmbics CpenHen ownbku AINMNPOKCHMALMK U 3Kk OHa

onpenensiercs?

wn
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T'JIABA 9. MHOKECTBEHHAA PETPEC-
CUAS 1 KOPPEJIALA

9.1,.0O0wme 3aMevaHHe

Tlapuas perpeccust MOXeT A4tk XKOpOLIMI pe3ynbTaT npH
MOJICTTHPOBAHUH, €CIH BIFAHAEM apyrux (axkropos, BO3JIEHCT-
BYIOLIMX Ha OOBEKT MCCIeROBANNA, MOKHO nipenebpeds. Harnpu-
Mep, NpH NOCTPOEGHNH MOZAEIH noTpebaeHH s TOTO WK HHOTO TO-
Bapa OT [OXOZa MCCNefoBaTenb mpeAnonaraer, 4ro B Ka)KoH
rpynme A0Xo/a OJMHaKoBo BWsHUE Ha moTpebnenne Takux dax-
TOpPOB, KaK LIEHa TOBapa, PasMep ceMby, ee cocraB. BmecTte ¢ TeM
{icCenoBaTeNb HUKOT/IA HE MOXCT GbITh YBEPEH B CIIPABEUIHBO-
CTH JAHHOTO TIPEATONOKCHHUS. [l Toro utoOb1 UMETH MPABHIL-
HOE TPENCTaBJCHHUE O BIIMAHHH JI0XOfa Ha noTpedieHue, HeoO-
. XONMMO H3yUHUTb WX KOPPETALMIO TIPH HEH3MEHHOM YPOBHE IPY-
rux (haxTOpOB. [Tpsimolt [yThb PELUCHM TaKo# 3asaun COCTOMT B
oT6Ope EMHUL, COBOKYITHOCTH © OJHMHAKOBbIMH 3HAYEHUSAMMH.
BCeX Apyrnx (aKropos, KPOME poxona. OH NPUBOAMT K [N~
POBaHUIO HKCTIEPHMEHTA - METOLY, KOTOPBIH HCHOTB3YeTCs B Xit-
MUUYECKUX, (U3HUECKHX, BGHOJIOrHUYECKHX UCCHeI0BAHNAX. KO-
HOMHCT B OTJIH'HE OT HKCIIEPUMEHTATOPA-ECTECTBCHHHMKA nuLeH
BO3MOXKHOCTH peryaupoparb Apyrne daxtopei. [losenenue OT-
JeNBHBIX SKOHOMAHECKHX MEPEMEHHRIX KOHTPOJIMPOBATE HEJIB3A,
T.e. He yaaercs ObecnevnThb paBeHCTBO BCEX MPOvMX yCIOBHH
1% OLEHKU BIHAHMA OJHOTO yccnenyemoro daxtopa. B 3ToM
cnyuae Clie/yer fOTbITaThCsH BLIABHTb BIMAHUE IPYTHX (axTo-
pOB, BBEIA MX B MOAEJb, T. €. [OCTPOUTE YPABHEHUE MHOKECT-
BEHHOM perpeccuu

y=a+hx +hx. . +b X, + & (1)

Takoro podé ypaBHEHME MOXET HCTIONDb30BATHCA NPH H3Y-
yenun norpednerys. Torna k0o HULHEHTBI b; - HACTHBIC POH3-
BOIHDbIE MOTPEOAEHUS Y NO COOTBETCTBYIOLIIM (haxTOpam X
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R A 2)
dx,  ~  dx, b,
B MPEANONIOKEHUH, YTO BCE OCTANILHBIE X, [TOCTOSIHHDI,

B 30-e rr. XX 8. Jbx.M. Keiinc chopmymuposai cBoo Tu-
noresy norpeburensckoii GyHkuuu. C Toro BpeMeHu nccieona-
T€JIM HEO/IHOKPATHO OOpalmanvcek k npobieme ee coBepiLeE CTBO-
Banus. CoBpemeHHas NOTpeOHTENbCKas (YHKLMS 4alle BCero
paccMaTpUBaeTCs Kak MOME/b BUIA

C=J,P,M,7), (3)
rae (' - norpebneHne; y - a0xox;, P - LeHa, UHAEKC CTOMMOCTH
KH3HU, M - HANMNYHEBIE NeHbIH; Z - JTUKBHAHDBIE AKTHBBL.

~

ITpu stom 0 < —dc— <1.
dy

MHuosxecTBeHHas perpeccus WHPOKO HCIOIB3YETCS B eLue-
HUH IpOOIeM Cnpoca, TOXOAHOCTH akuui, npu u3ydeHuu hyHK-
UMK H3NEPKEK NPOU3BOACTBA, B MAKPOIKOHOMMUECKHX pacyeTax
H LIeJIOTO psjIa APYIHX BOTIPOCOB 3KOHOMETpHKU. B HacTosee
BPEMsl MHOXECTBEHHAs! PErpeccus - OnMH n3 HanboJiee pacripo-
CTPAHEHHBIX METOMOB B 5KOHOMeTpuke. OCHOBHAs Le/b MHOXKeE-
CTBEHHOIl perpeccHri - HOCTPOMTL MOZENh ¢ GOMBIIHM YHCIOM
(haKTOpOB, ONpEneINB NPH ITOM BAUSHHE KAKIOLO M3 HUX B OT-
ACJIEHOCTH, & TaKXe¢ COBOKYIIHOE MX BO3JCHCTBME HAa MCAENU-
pyemsiii nokasarens. [4, 17, 18, 24, 31, 40].

HocTpoenue ypaBHEHHs MHOKECTBEHHOR perpeccun Hauu-
HA4€TCA C pelueHMs Bompoca o crneuuxauuu mozenu. Cytb
rnpobsemsl cnenudHKaLMy paccMaTPUBANACH PUMEHHTENBHO K
napHo# 3aBucHMocTH. Ona BKIHOYaeT B cebs aBa Kpyra BOTIpO-
cos: 0100p (akTopoB K BHIOOP BMAA ypaBHEHMS perpeccuu. HUx
petieHne npu NOCTPOCHHH MOJIENH MHOXKECTBEHHOH perpeccHu
HMEET HEKOTOPYIO CrielH(HKY.

v
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9.2. O160p paKTOPOB NP NOCTPOCHUN
M'HO)K&CTBCH]HOﬁ perpeccuu

BiJIIOUEHNE B YPaBHEHHE MHOXECTBEHHOI PErpeccHy TOro
wnu uHoro Habopa GakTOPOB CBSA3AHO MPEXIE BCEro ¢ NPeNcTas-
JeHUEM MCCIENOBATENR O NPUPOIE B3aHMOCBA3N MOJETHPYEMOTO
nokKasareas ¢ ApvruMu AIKOHOMMTECKUMHA ABJICHUAMU. (DaK'I"Opr,
BKJIFOYaEMbIE BO MHOXKECTBEHHYIO PErPECCHI0, A0.1KHbI OTBCYATD
CHENYIOLMM TPeOOBaHNIM.

1. Ouy AOJDEHDBL OBITH KOMMUECTBEHHO M3MepHMbL Eciu ne-
06XOIMMO BKIKMHTH B MOJE]b KaueCTEEHHbId (aktop, He
MMEIOLIMH KOTHYECTBEHHOTO U3MEPEHHUS, TO eMy HY)KHO NpHAaTh
KOJIMUECTBEHHYIC ONPENCIeHROCTb (Hanpumep, B MOAEIn ypo-
KAHOCTH Ka4eCTBO MOYBbI 33/aeTCA B BUie 0ariioB, B MOJESH
CTOMMOCTH OOLEXTOB HEEMKUMOCTH YIUTBIBACTCH MECTO HAXO-
KIEHUS HEIBHKHMOCTH. PaHOHbI MOryT OBITH IPOPAHKHPOBA-
Hbl).

2 akTophl He NOTKHBI OBITH HHYEPKOPPEIHPOBAHBL M TCM
6oJiee HAXOMUTHCS B TOMHOH (PyHKLIMORAIHHON CBA3H.

BrottoueHre B Mo s (PAKTOPOB C BLICOKOH HHTEPKOPPEIs-
uueit, korma R, <R, ana 3aBHCHMOCTH Y =a = bx, +b.x, +¢&

MOJKET TIPUBECTH K HEKENATECBHBIM MOCHENCTBHAM - CHCTEMA
HOPMAJIbHBIX YPABHEHWH MOKET OKasaTbidA MIOxO0 00ycioBieH-
HOM ¥ MoBIeYb 3a coboil HeYCTOHYMBOCTE W REHANCKHOCTL OlIe-
HOK K03()PULUHEHTOB PErPECCHH.

FEcau mMexay (GakTopamy CyiIeCTBYET BhICOKAA KOPPEJIALRNA,
TO HE/b35i OTIPEASIUTD X H30AMPOBAHHOE BJIMAHNME HA PE3yJIbTa-
TUBHBII MTOKA3aTENb U NapaMeTPhl yPaBHEHUS PerpecCHi OKasbl-
BAKOTCH He-UHTEePNPETUPYEMbIMH Tak, B  VPaBHEHUHU
y=a+bx, +bx, +& npeanonaraeTcs. 4ro bakTOphl X} H Y7 HE-

3aBucHMbl Apyr ot apyra, T.¢. = 0. Toraa MOKHO TOBOPUTE.

‘.\
4TO Mapamerp H; U3MEpSET CHNY BIHAHUS daxropa X) HA Pe3yb-
TAT y NPY HEH3MEHHOM 3HAUEHHH QAKTOpa X2 Ecnm xe r,, =1,
TO ¢ M3MeHeHHeM QakTopa X (aKkTop X HE MOKET OCTABATHCH

3860



HCH3MEHHbIM. OTC0a by U by Henbss MHTEPIPETHPOBATh Kak
HOKA3aTEeJIN PA3ACTbHOTO BIHAHUS X1 K X; U Ha y

Ipumep. Paccmorpim perpeccHic  cebecTouMOCTH equHULbI
HPOAYKUHH (CyM, ¥) OT 3apabGoTHOMN MmuarTsi pabcrauka (cym, x) u
HPOUIBOAMTENLHOCTH €10 TpyAa (€IUHMI B Yac, z)

y=20600-5x-10z+¢ . (4)

Koadduumenr perpeccun NpH NEPEMEHHOM z NOKa3bIBaeT,
4TO ¢ POCTOM MPOMBBOAMTENBHOCTH Tpyna Ha 1 en. ceBecTom-
MOCTS CAMHMLLI NPOXYKUMKM CHIDKAEeTCs B cpentieM Ha 10 CyM
f1p1 FIOCTOAHHOM ypOBHE OM1aTs! Tpyna Bmecre ¢ Tem napamerp
TP X HEMB3sl HHTEPNPETHPOBATE KAK CHIKEHHS CeBeCTOMMOCTH
CAMHHLbI TIPOAYKUMHK 32 CUET POCTa 3apaboTHOM TUIaTBL. Otpuua-
TEILHOS 3HadYerne koapdunmenTa perpeccun NPH NEPEMEnHOM x
B JaHHOM clyyae OOYCIIOBIEHO BBICOKOL KOppeNALMen Mexay x
i zi(r, =095) Ioztomy pocra 3apadOTHOM 1aThl NpyU Heu3-
MEHHOCTH NPOU3BOIUTENBHOCTH TPy (€CiaM He Opate BO BHH-
Manne npodaembl HHGIALMY) BbiTh He MOXKET.

Bxniouaempie Bo MHOMKCCTBCHHYIO  Perpecchio  (axTopbl
AOMRHBI OOBACHHTD BAPUALHIO HE3ABHCHMOI] nepeMenHon. Ecau
CTPOHTCA MONENs ¢ HabOPOM p GakTOpoOB, TO A1 Hee paccyuThI-
BACTSH H0KasaTesb lerepMudamm R KOTOpbIA QUKCHpPYET [o-
110 oObsacHeHHOM BapHayuu PE3YJILTATHBHOIO NPH3HAKA 33 CYET
pacCMaTpUBaeMbIX B perpeccun p dakTopos. Bimsinue JIPYTHX He
YHTEHHBIX B Mone/u GaKTopoB OueHUBAeTCA kak 1-R2 ¢ cooTBeT-
CTBYROUIEH OCTATOYHOM aucrepcuei 57

Hpu nononnurenshoM skmouenun s perpeccuro p+1 ak-
TOPa KOO(GPHIMEHT feTepMHHALMH 10IHKeH BO3pacTarh, a OcTa-
TOYHAA NTHCIEPCHS YMEHELIATHLCH

R :Rl u R;” < A’;. (5)

Ecnu ke 91010 He nponexoauT 1 aHHbe noKasarenu npax-
THHECKH Mano OTIHHAKOTCA JPYr OT Apyra, TO BKMIOYaeMbii B
aHanu3 HaKTop x,.; HE yAYYLIAET MOACHD K MPaKTHYECKH SIBJISI-
€TCa nniHnM axropom. Tak, ecnu s perpeccuu, BKIOYANO-
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weii nath (axTopos, ko>(GGUUMEHT ACTEPMHHALMIN COCTaBUI
0.857 M1 BKJIIOUEHHE MIECTOrO dakropa a0 ko3hPHULIHEHT Ae-
tepmunaunn 0,858, TO BpsiA JIH 1enecoo0pa3HO AOTIONHUTEIBHO
BKJIFO 1aTh B MOZIENb ITOT $HaxTop.

Hacbilenue MO JIHIHUMA (hakTopamu HE TONBKO HE
CHU“KAeT BEJMMMHY OCTATOYHON AMCTIEPCHH U HE yBENHNINBAET
oKa3aTenb ACTEPMHMHALHMK, HO M NPHBOAMT K CTATUCTHHECKOH
HE3HaUMMOCTH NapaMeTpoB Perpecciu No /-KPUTEPHIO CrbroaeH-
Ta.

Takum 0OpasoM, XOTs TEOPETHHECKHU perpeccHOHHas MOZIEND
[IO3BC AT Y4€CTb 000e YMCIIOo dakTOpoB, NPAKTH4ECKH B 5TOM
et HeobxomuMocTi. OT6Op (HaKTOPOB NPOM3BOAMTCH HA OCHOBE
KAYECTBEHHONO TEOPETHKO-3KOHOMUUECKOTO  aHan3a. Onnaxo
TeOopeTHYEeCKUH aHanM3 4acTO HE TO3BOJACT OIHO3HAYHO OTBE-
TWTb 42 BOTIPOC O KOJIHHECTBEHHOM B3aMMOCBA3H paccMaTpHBae-
MbIX [[PH3HAKOB 1 LIENECO00pasHOCTH BrIOHeHUs PaKkTopa B MO-
nenib. [ostomy oT60p dakTopos 06BIMHO OCYILECTBISIETCA B ABC
cTaqMK. Ha NepBoi noadupaoTes $aKTOpbt HCXOLST M3 CYLIHOCTH
npcobiiembl; Ha BTOPOH - HA OCHOBE MaTpuLibl NoKasaTesiel Kop-
eSS NN OTPEAEINSIOT /-CTATHCTHKH A napamMeTpoB Perpeccri.

K oadduunesTs HHTEPKOPPENALIH (T.€. KOppeasLH MEKIY
OGLACHSIOUMMI TIEPEMEHHBIMU) TO3BOAIOT MCKJIOHATD u3 MO-
senn nydnupyromue akTopsl. CyyTaercs, UTO JBE NEPEMEHHbBIX
SBHO KOJUIMHEApHbI, T.€. HaXOAATCS MEXNY coboil B JHHENHOH
3aBMCUMOCTH, €CJIH I . = 0,7.

[loCKONBKY OJHHUM M3 YCJIOBHH TMOCTPOCHNA ypaBHEHHS
MHOIKECTBEHHON PErpeccH SBISCTCA HE3aBHCHMOCTD JeHcTBUS
dakropos, Te. R, = 0. KoAJAHHeapHOCTb (PakTOpOB Hapyiiact

510 yenosue. Eciu (pakTopbl SBHO KOJLJIMHEAPHbL, TO OHK 1yOnH-
PYIOT IPYT Apyra ¥ OZiH H3 HUX PEKOMEHIYETCS MCKIFO4NTD U3
peirpescud. [lpeanoyTeHue npu STOM ortnaetcs He pakropy. 0o-
Jlee TeCHO CBS3AHHOMY C PE3YJIbTaTOM, a TOMY dakropy, KOTO-
pLiil 1IpH AOCTATOYHO TecHOI CBA3M C PE3y/1bTaTOM HMeeT Hau-
MEEbLUYO TECHOTY CBA3H ¢ ApyrHMil dakronamu. B 5TOM Tpedo-
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BaHWU TIPOABISAETCS CreUnpHKa MHOKECTBEHHOM perpeccrin Kak
METOlA UCCIIEN0OBAHNA KOMIUIEKCHOTO BO3AEHCTBUA (DAKTCPOB B
YCIOBHAX WX HE3aBUCHMOCTH JIPYT OT JIpyTra.

[lycte,  HampuMep, [npU  H3Y4€HHH  3aBUCUMOCTH
y=f(x,z,v)matpuua mnapHbix KO3(QPULMEHTOB KOPpEsIUHU
OKazajach Cleayroleit:

) X z v
Y 1

X 0,8 1

Z 0,7 0,8 1

V 0,6 0,5 0,2 1

OueBuaHo, 4to daktops! x ¥ z aybaupyroT apyr apyra. B
aHaIn3 NenecoobpasHo BKIIOYKTE (AKTOP Z, & HE X, TAK KaK KOp-
pensums z ¢ pesynbTaToM y caadee, yeM Koppenaus aktopa x ¢
Y {r. <r,). Ho 3at0 cnabee MexhakTOpHas KOPpENALHs T <Py

TTosTOMY B JIaHHOM Cllyuae B ypaBHEHHE MHOXECTBEHHOM per-
peccuu BKIHOUAtOTCS GakTops! z, v.

[To BenmnuuHe napueix kK03QGUUMEHTOB KOPPENSLIMM OdHa-
PYKHMBAETCsl JIMIUD SIBHAS KOJUTMHeapHOCTh ¢akropos. Haubors-
LIHE TPYAHOCTH B HCIMOJb30BAHUM AaIllapara MHOMKECTEEHHOH
PerpeccHH BOBHMKAKOT MNPH HATHYHH MYJIBTHKOLITAHEAPHOCTH
(haxTopos, korna Gonee uem nsa GakTopa CBsi3aHbl MeXIY COOOR
JTMHEHHOMH, 3aBHCHMOCTBIO, T.€. HMEET MECTO COBOKYMHOE BO3-
nericreue hakTopoB Apyr; Ha Apyra. Hamuume mynbTHKO.LTHHE-
apHOCTH (PAKTOPOB MOXET O3HAUATh, YTO HEKOTOPbie (aKTopbi
OynyT BCcerna neHcTBOBaTh B yHUCOH. B pesysnbraTe Bapuaumus g
MCXOJIHBIX JIAHHBIX {IEPECTAET ObITh MOJHOCTHIO HE3ABUCHVIGH, M
HEJIb3sl OLUEHUTb BO3AEHCTBHE KaXI0ro BhakTopa B OTAENLHOCTH
Uem cuabHee MynbTHKOIIHHEAPHOCTL (DAKTOPOB, TEM MEHEe Ha-
JACKHA OLCHKA paclpeneneHus CyMMbl OOBSCHEHHOH BapHaLMu
o OTAEALHLIM GakTopaM ¢ NOMOWBIO METONA HAMMEHBLIHX
xBanpator (MHK).
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Ecnu paccMaTpMBaetcs perpeccust ) =a+ bx +yz+dv+te,
TO M)l pacdera napameTpoB, NPUMEHsS MHK, ripegnonaraetcs
pPaBeHCTBO
S, = LSM, +5,. ’ (6)
rae S, - 0bIas cymMMa KBazpaToB OTKIOHeHHH S -y
A Y
wennit  (J, ~ )

S, - OCTAaTOURAS CyMMA KBaPATOB OTKIOHCHHHA S -3)

- paxTopHast. (0OBACHEHHAs) CyMMa KBAIPAaTOB OTKIIO-

2

B CBOIO Ouepenb, NPU HE3ABHCHMMOCTH (akTopoB npyr OT
Apyra BbITIOTHHMO PaBeHCTBO
S =S8 +S5,+S5,,

rne S_,S.,S, - CyMMbl KBaIPaTOB OTKJIOHEHUH, 0OyCAOBICHHEIE

raxr

BIIMAHNEM COOTBETCTBYIOLIMX (PAKTOPOB.

Ecnu ke (pakropbl MHTEPKOPPEIHPOEAHDI, TO NAHHOE paBeH-
CTBO HapylmaeTcA.

Bionrouenne B MOXEJb zvynmm\onnnﬂedpﬂbm dhaxTopos He-
JKEeNATEbHO B CHJIY CREAYIOUUX NGCIenc TBHIL

® 3aTPYAHAETCA WHTEPIPETALHA NapamMeTpeB MHOKECTBCH-
HOM perpeccuM Kak XapaxTepHCTHE neicrBust GakToOpoOB B «HHUC-
Tom» BHAE, MO0 (haKTOpsl KOPPETHPOBaHbL, NapaMeTpbl JYHEH-
HOH perpeccHu TepstoT 3KOHOMHYECKHHA CMBICH,

e OLIEHKH 11apaMeTPOB HEHANEKHDI, 0GHapYKUBAOT OOJIb-
w¥e CTaHAApTHLIC OUOKH M MEHSIOTCSE ¢ M3MEHEeHHeM 0Dbema
paGnrogeHuil (He TOJBKO MO BEMYHHE, HO H TIO 3HAKY), 470 ne-
JIa€T MOZENb HEIPUIOAHOM 1S &HaIN3a W NMPOrHO3HPOBAHHSL.

Jinst OUEHKH MYJABTHKOJUIMHEAPHOCTH ($haKkTOpOB MOKET MC-
MOJIL30BATHCA OTPEAERNTENb MAaTPULbl NAPHDBIX K03 PHLHEHTOR
KOPPEISLHMHT MEKIY dakTOpamu.

Ecnu Gbl (aKTOpbl HE KOPPEJMPOEATH MEKAY COOCH, TO
MaTpulia napHbx k03P P HMIHEHTOR KOPPESIIMH MEXIY daxkTo-
pami Oblia Obl SAVHUYIHON MATPHIEH, NOCKONLKY BCE HEAMAIO-
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HalbHBIE SMeMeNTbl r. (X, # x ) Gbutn Gbl pasHbl Hymo. Tak,

AU BIGTIOHAIOUIETO TPH OOBACHSIOLINK NEPEMEHEBIX YPABHEHHS
y=a+bx +bx, +bx +e, @)

MaTpuua K03GMOUUMEHTOB KOPPeNsLUm Mesxay (pakTopamMu umena

Ob1 ONpENENUTENb, PAaBHBIH €JlUHULIE. )

d ‘»"1551 rxz 3 l"'x X I 0 O
Dez!R} T Ty, w5001 O‘ =1,
Tar, Ty Tow| (00 1 [\
TAKKAK Ly ST "l =lomr = o=r, =0

Ecanu e, naobopor, mexny (axtopamu cyuiecTByer nonHas
JIHEIHAs 3aBHCHMOCTE U Bee Kod(pQUIMeHTbI KOppeJIsIuMY pags-
HBI EAHHHULE, TC ONPENENUTeNb TakoH MaTPUL! paBeH HYIHO'

| 11 |
DetRl=1 1 1=0. |
11

Hem Gimwke x HymO onpeneanTens MaTpuibl MexpaKTop-
HOM KOPPEeJSILIH, TeM CUbHee MYIBTHKOTMHEAPHOCTD (akTo-
POB ¥ HEHaNexHee pesylapTaTbl MHOXECTBEHHOH perpeccun. U,
HaoGopoT, uem Giike K eNMHMIE ONPeaeTUTEN, MATPHLIbI MEX-
(baKTOPHCH KOPPeNsitu, TeM MeHbie MYJILTHKOITHHEAPHOCTD
(bakTopos.

Ouenka 3HaYuMOCTH MYJIbTHKOJLIHHEAPHOCTH  (aKTCOPOB
MOXKET OBITb IPOBENCHA METOAOM HCTILITAHHSA CHIIOTE3bI O Hesa-
BHCHMOCTH DepemMeHnrx H :Def[R[ = 1. JlokazaHo, 4TO BeIU-

!
MHA | 11— (2m +5)lg DetRR | umeer npubIEKeHHOe pacrpe-
6

. I
aenenuve y- = (’:—;--n(n —1) crenenamu coGoarl. Ecau dpaxtiye-

Lo

CKOE 3HAYEHUE ¥ NPeBOCXOHT TabIHUYHOEe (xpuTHHECKOE)
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2 -
K = X y» TO THIIOTES Hy oTknonsiercs. JTO O3HAYACT,

yrto Det

R‘;tl, HeIMaroHaNbHbie HeHyJeble KOIQ(ULHMEHTD!

KOppE.AUMH YKa3blBAIOT Ha KOJIIUHEAPHOCTDH dakropos. Myuib-
THKOJL.TMHEAPHOCTb CYMTACTCS OKA3aHHOM.

Yspes k0abPUUHEHTH MHOXECTBEHHON  JeTepMUuHallu
MOHO HaiiTH NEepeMeHHble, OTBETCTBEHHBIC 38 MYJILTHKONIMHE-
apHOCTH (pakTopoB. Jlas 9TOro B KaueCTBe 3aBUCUMOM TEPEMEH-
HOM PACCMATPUBACTCS KXIbiH U3 (PaKTOpPOB. Yem Onrke 3HavE-
Hue K03(bdUIMEHTa MHOKECTBEHHOH IETEPMUHALINN K CIHHHLE,
Tem CAJIbHEE MpPOSBISETCA MYJIbTHKOIIHHEAPHOCTD ($hakTOpOB.
CpassuBas Mexay coboH KOIpMUMEHTI MHOXECTBEHHOM Jie-
TepMH HaluK akTopoB

(R.31|x2x3...xp ;Rizk.xlx‘3...,tp H TT'I&

MOYKHO BBILENHTh MEPEMEHHbIE, OTBETCTBEHHBIE 32 MYJILTHKOJ-
JIMHEAPHOCTD, CIAEA0BATEbHO, MOXKHO PCHIATDL npobnemy otCopa
daxropos, OCTaBJjisis B yPaBHEHHH $aKTOpbl € MHHHUMANBLHON BE-
NMYHHOH K03 (ULHEHTA MHOXKECTBEHHOH NCTCPMHHALIMH.

CywecTByeT pan MOAXOIOB MPEOAOJCHHA CHIBHOM MEK-
dbakTOpHOH KOppENsLHUH. Cambiii MpoOCTOH MNyThb YCTPAHEHHA
MYJIbTHKOJJIMHEAPHOCTH COCTOUT B MCKJIIOUEHMH U3 MOAGH O/~
HOTO ¥JIHM HECKOJIbKMX (akropos. Jlpyro# rnoaxoa css3aH ¢ npe-
06pa3osanueM (HakTopos, NP KOTOPOM yMEHBLIAETCA KOpPe/IA-
1Mst MEKIY HEMU. Harpumep, Npyu N0CTpOEHHH MOARTIH HA OCHO-
Be PANOB MMHAMHMKH NEPEXOAAT OT MEPBOHAHAILHEIX JAHHEIX K
[EpPEBIM PasHOCTsM yposHed A, =y —¥, , 4yTOObl UCKIIIOYHUTH

BUIMSIHME TEHAEHLHH, WJIH UCHOJb3YIOTCS TakHE METOMbL, KOTO-
pbIE CHONAT K HYJIH0 MEK(PAKTOPHYIO KOPPENSLHIO, T.€. HEPEXO-
ST OT MCXOIHBIX MEPEMEHHBIX K UX JHHEIHBIM KOMOMHALIMAM,
He KOPPETMPOBAHHBIX APYT C APYroM (METOA FaBHBIX KOMIO-
HEHT).

O,1HUM M3 MyTell yyeTa BHYTPEHHEH KOPPETALMH dhakTOpOB
ABJSETCS TIEPEXOIl K COBMELLEHHbIM YPABHEHHAM PErpecchi, T.¢.
K YPAaBHEHHsM, KOTOPbi€ OTPAXKAIOT HE TONEKO BAMAHMC dakro-
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pos, HO W ux B3aumoneiicteue. Tak, ecan y = f(x,,x,,x,), T0
BO3MOXHO MOCTPOEHHE CHEAYHOWEr0 COBMELIEHHOTO YPABHEHHUS
y=a-=bx +byx +bx, ++b,xx, +
Tb,x 3, + by x,x, & (8)
PaccmaTpuBaemoe ypaBHEHHME BKIIOYAeT B34MMOAEHCTBUE
MepBoro nopsaxa (B3aumojaelcTeue aByx dakropos). Bo3moxHo
BKJITOUEHHE B MOME/b U B3aMMOAENUCTBHH OOJiee BLICOKOI O IO-
psaka, ecnu OyJEeT 10Ka3aHa WX CTATUCTHYECKAs 3HAYMMOCTI> MO
I-xkputeputo Duinepa, nanpumep, b, x,x,X, - B3aAHUMOIEIHCTBHE
BTOPOro nopsnka i T. A. Kak npasuno, B3aumMoneiicTaus tperbe-
ro v 0osiee BHICOKHX TMOPSIIKOB OKa3bIBAKOTCS CTATHCTUYECKH He-
3HAYMMBIMH, COBMEILICHHBIE YPABHEHHMS PErpecCHi OrpaHiyUBa-
FOTCS B3AaUMOIEUCTBUAMH IEPBOTO M BTOpOro nopsiakos. Ho u
3TH B3aUMOAEHCTBHSA MOI'YT OKa3aThbCs HECYIHECCTBEHHbIMH, IO~
3TOMY HELENECOOOPa3HO NMOJHOE BKIIKOUEHHE B MOIEb B3aHMO-
AEACTBUI BCeX (aKTOPOB M BCEX MOPAHKOB. Tak, ecnd aHanus
COBMELIEHHOrO YPaBHEHHs [OKA3aJ] 3HAYHMOCTDb TOJIBKO B3aHMO-
NCHCTBUA (AKTOPOB X M X1, TO ypaBHeHUE OYNET HMETh BU,:
y=a+bx +b,x, +bx, ++b xx, +&
Bsaumoneiictaue GaxTopos X # x3 03HAYAET, HTO HA [A3HbIX
YpoBHSX akTopa x3 BiMsiHue dakTopa x| Ha y OyNET HeOquHa-
KOBO, T.€. OHO 3aBHCHT OT 3Ha4YeHuH (akropa x3. Ha puc. | B3au-
MOZIeHCTBHE (AKTOPOB TIPEACTABIAETCS HeNapaielbHbIMH JIH-
HUSIMH CBsA3M C pe3ynbTaToM y. M, HaobopoT, napannenbHsie nu-
HUW BIHAHMS GaKTOpa X HA Y NPH PA3sHBIX yPOBHAX (hakTopa X3
O3HA4al0T OTCYTCTBHE B3aUMOAeHCTBUs HaKTOPOB X H X3.
CoBMeELUEHHbIE YPABHEHHS! PEFPECCHH CTPOSITCS, Hamnpumep,’
MpU UCCNenoBaHuH dpdexTa BIHSHUS HA YPOKAHHOCTb [iaiHbIX
BUNOB ynoOpenui (komOuHaLmit azota u pocdopa).
Pewennio npoliembr ycTpaHeHHs MyJIbTHKOTHHEAPHOCTH
(aKTOPOB MO’KET MMOMOYb H MEPEXO] K YPaBHEHHSM NIPHUBEAEH-
HOH dopmbl. C 3TO Lenbo B ypaBHeHHe perpeccuy npov3Bo-

)
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JAWTCs TIONCTAHOBKA paccmartpuBaemoro Gakropa yepes Bblpaxe-
HHE ero W3 APYroro YpaBHEHHS.
v r 3 v A

/ @Ca:Bl ) /
d
/

(xs=By)

(x5782) /

e
7 TN (=B
yd ~

X3
-
»

X1
B>

0 0

a) 6)

Puc. 1. Tpaduueckas wimoCcTpaLys B3aUMOREHCTBUS PaKTOPOB!

@) X1 BAHSAET Ha Y, OPHUEM 3TO BITHAHHE OIMHAKOBO Kak npy x;=B,
TaK ¥ TpH X3=B, (0AMHAKOBbIH HAKIIOH JIHHUM PETPECCHH), YTO O3HAYa-
€T OTCYTCTBHE B3auMOAEHCTBHA (FAKTOPOB X1 M X3.

) ¢ pOCTOM X} PE3YIbTATUBHBIH [PKH2HAK Y BO3PACTACT MPH X378
C POCTOM X} PE3Y/ITATHBHBII MPUBHAK ¥ CHUMNACTCA NPy X5=Fx. Mear v
X] ¥ X3 CYMIECTBVET B3AUMOIEHCTBHC.

ITyctb, HanpuMep, PacCMAaTPHBAETCA ABYX(MAKTOpHAs per-
peccus Bupa y, = a+b,x, +h,x,, nas koTopoi GakTophl X1 H X2
OBHAPYKUBAIOT BBICOKYIO KOPPEAALM). ECIH HCKMOUATE ONHH
13 DAKTOPOB, TO Mbl MPUAEM K YPABHEHIO NApPHOH PErPECCHH.
BMmecTe ¢ TEM MOXHO OCTABHTH (PaKTOPBl B MOJEIH, HO HCCIENOo-
BaTh JlaHHOE IBYX(PAaKTOPHOE YPABHEHHE PETPECCHI COBMECTHO C
APYrHM ypaBHEHHMEM, B KOTOpOM (akTop (Hampumep, Xz) pac-
CMATpPHBAETCs KAK 3aBUCHMas nepemenHas. llpeanmonoxim, u3-
BecTHO, uTO X, = A+ By + (x,. Tloncrapnsst 5T0 ypaBHeHHE B
HCKOMOE BMECTO X3, MOJIYYHUM!

y,=a+bx +b,(A+By+Cxy)
Wiu
Vo(l=b.B)y=(a+b,Ay+bx +Chx. (10)
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Ecm (1-6.8) 2 0(, To, pasnenus ode yacTu paBeHCTBa Ha
(1-6,B), nonysaem YPaBHEHHE BUAa
.~ (a+h,A) A, Cbh
po= 24 | :

S P Nt e, (1)
(1-06,B) (1-b,R) (1-5,B)
KOTOpoe npencrapiser coboit npusenexnyio dbopmy ypasrenus
VTR OTIPENCNCHUs PE3YIbTATUBHOIO NPH3HAKa y. ITO YpaBHEHHE
MOXKET ObITb NpeNCTaBieHo B BUne

Yo=a' +b/x +bx,.

K Hemy nns ouenxw TI2PaMETPOB MONKET ObIThb NpHMeHEH
METO/1 HAMMEHBIINX KBaAPATOB.

O160p haxropos, BxmoUaeMbIx B PerpeccrIo, ABseTcs of-
HUM 43 BOXHCHILNX 3TANOB MPAKTHYECKOTO HCIIONb30BAHMS Me-
TOROB perpeccun. Tloaxoas k 0T60py BakTOPOB Ha OCHOBE MO-
kasarenel Koppensiuui Moryt Gbith pasHeie. OHM 1IPHBOAST MO-
CTPOCHHME YPABHEHNS] MHOMECTECHHOM PErPecCHM COOTBETCTEEH-
HO K pasHbIM meTomukaM. B saBucumoctyt ot Toro, kakas MeTo-
AHKA TIOCTPOCHHA YPABHEHHMS PErPECCUH NPHUHSTA, MEHACTCS al-
FOpHUTM €€ pelnerus Ha IBM.

Hanbonee mwupokoe npumesnerye TIOJIYYHJIM  CIeAYIoILHe
METOABI OCTPOCHHS YPABHEHUS MHOKECTBEHHOL perpeccuu:

®  MCTOJI UCKJTKOYEHMS

*  METOX BK/THOYEHUH,

* LIAroBbIH PErpecCcHOHHBIN aHaH3,

Kasxapiii w3 stux meronos [0-CBOEMY peuraeT npobiemy oT-
Gopa daxropor, napas B uenom Gauskue pe3YNbTaTBl - OTCEB
$axropos u3 nonnoro ero Habopa (METOA MCKI:O4eHHs), nomo-
HHTEILHOC BBEACHUE (haKkTOPa (METOM BKIOUEHAS), HCKITIOYEHHE
pakec BBCACHHOTO BakTOpa (1UaroBslif perpeccuoH bl aHanus).

Ha nepBoiii B3r1s1; MOMcET 110Ka3arkCs, 4TO MATPHULIA MAPHBIX
KO3QDHUNEHTOB KOppensiuu MI'PAaeT I'maBHY posab B oTope
axropos. Bmecte ¢ Tem Benencrene B3aUMOJCHCTBUA HaKTOPOB
napHeie KO3QEUUMEHTb KOPPENaUH He MOIYT B MOJHOH Mepe
PELIATDL BOMPOC O UEACCOOOPAZHOCTH BENKOYEHHS B MOACL TOIO
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waK MHOro (akTopa. DTy PoJib BHIMOJHAT NOKA3aTENM 4aCTHOM
KOPPE.IALINH, OLEHUBAIOIIME B YHCTOM BUAS TECHOTY CBA3H dax-
Topa ¢ pe3zyasTaroM. Marpuua 4acTHbIX k0> PHLHEHTOB KOPpe-
NSIMM Hauboslee MIMPOKO MCIOJB3YeTcs B MpOUEaype OTcesa
daxropos. Ilpu otbope HhaxTOpoB PEKOMEHLYCTCH NO/AB30BATHCS
CAELYIOUIAM PABUIOM: HHCJIO BKIIOHAEMBIX daxTopoB OOBIUHO
B 6-7 pa3 MeHblIe 06beMa COBOKYTHOCTH, MO KOTOPOi1 CTPOHTCSA
perpeccusi. ECIIM 9TO COOTHOLUEHHE HAPYIIEHO, TO HHCIO cremne-
Heil cro0OAbl OCTATOMHONW Bapualiyy O4eHb Mallo. 3TO NMpUBOAUT
K TOMYy, 4TO [1apameTpbl YPaBHEHWs PErpccChu OKa3bIBAOTCS
CTATHCTHYECKA HE3HAYMMbIMU, a F-KpUTepHil MeHbliie Tal14-
HOTO 3HAYEHUs.

9.3. Beioop popmMbl ypaBHEHHH perpecCHH

Kak W B [apHOH 3aBHUCHMOCTH, BO3MOXHbI pasHble BUAbI
ypaBEHCHUH MHOECTBEHHOH perpeccHy: NHHENHbIC 1 HeIUHEeH-
HbIE. '

Bsumy 4€TKOH MHTEpNpeTauuu napamerpos naubonee urv-
DOKO HCIIOSIB3YHOTCS JIMHEHHAA W CTeNeHHA yukuun. B nunei-

HOW  MHOJKECTBEHHON PErpeccHn ¥ =a+bx, +b.x, + . +h X,

ynapamMerpel TpH X Ha3blBAIOTCA KO3DPULIHEHTAMH  «UHCTOH)
perpecciit. OHu XapakTepu3ytoT CPCAHET U3MEHEeHHWE pe3yabTraTa
o U3VEHEHUEM COOTBETCTBYOLIEro GakTopa Ha eNHHUUY TPH HE-
WIMEH2HHOM 3HAdeHuy APYrux (akTOpOB, 3aKPETLICHHbIX HA
CpelHeM YPOBHE.

[Ipumep. Ilpeanonoxum, H4TO 3aBUCHMOCTDH PacxoioB Ha
PO <Thl ITUTAHMs MO COBOKYMHOCTH ceMell xapakrTepHusyercs
CHELY FOIHUM YPABHEHHEM.

§=05+ 043¢, +0.03x,.
fjle ) - PACXOAbl CEMbH 33 MECALL Ha MPOAYKTEHI MUTABUS, ThiC.
CYM; X - MECSHHbIH JOXO/1 Ha OAHOTO “JeHa CEMBH, THIC. CYM, X2-
pa3mep CEMbH, YEJIOBEK.
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AHAIU3 JaHHOTO YPaBHEHMsH ITO3BOJSIET CENATh BBIBOMBI - C
POCTOM IOX0Nd Ha OJHOrO HYI€Ha CEMbH Ha | ThIC. CYM pacxo/bl
Ha NHTaHHE BO3PACTYT B CPE/HEM Ha 450. CyM pH TOM e cpea-
HeM pasvepe cembu. MubiMu ciioBamu, 45 % 10MOJMHUTENBHBIX
CEMEHHBIX PACXOIOB TPATHUTCS Ha ITUTAHHE. Y BENMYEHHE pa3mepa
CeMbH MPH TEX XK€ ee J0XOJAax NpPeAIloaraeT ;J0M0JHHTE bHbIH
POCT pacxonos Ha nuranue Ha 630 cyM. mapameTrp a He nojje-
KHUT HYKOHOMHYECKON MHTEPNPETAUMH.

[Ipu uzydenun Bonpocos norpebreHust k03GphUIMEHTHI per-
peccum paccMaTpUBAXOTCS KAaK XAPAKTEPUCTHKH [PENESIbHON
CKJIOHHOCTH K notpednenuto. Hanpumep, ecnu dyukius notped-
senus C; umeer BUL

C,=a+b,R +bR  +e&  (12)

TO NOTpedneHne B NepPUoA BPEMEHHU (3aBHCUT OT JI0XO/a TOTO Ke
neprona K u or goxona npeawecrsyrowero nepuona R.;. Coor-
BETCTBEHHO KO3QduUMeHT by xapaxrepusyer dQdexT equHUUHO-
IO BO3PACTaHMA JIOXOHA K NMPH HEU3MEHHOM YPOBHE MpPEabIay-
uero poxona. Koododuunenr by 00bI4HO HA3BLIBAKIT KPATKOCPOU-
HOH 11PEIENbHON CKNOHHOCTEIO K NOTpebaeHito. Obwum sddek-
TOM BO3PACTAHUs KaK TEKYIIEro, Tak W NpPenbayllero aoxonaa
Oyaer poct norpednenust Ha b=bg+b,. Kospduiment b paccmar-
PHBAETCst 31€Ch KaK AONTOCPOUYHAS CKIOHHOCTb K MOTPebiIenuro.
Tax wax ko3dduunentsr by u b >0, TO FONTOCPOUHA CKIOHHOCTD
K NOTpebIeHHIO NOMDKHA PEBOCXOIUTE KPATKOCPOUHYIO by

Dynknug noTpedneHust MOKET PacCMaTPHBATLCA TAKKE B
3aBUCHMMOCTH OT NPOLIJIbIX MPHBbIUEK MOTPEONEHMs. T.€. OT Ipe-
NbIAYLIErO YpOBHa NoTpedaeHud (.

Co=a+b R +hC, +e  (13)

r
B 3rom ypaBHeHuM napameTp by TaKKe XapakTEpU3yeT
KPaTKOCPOUHYE) HPENENbHYI CKAOHHOCTB K MOTPEONIEHHIO, T.€.
BJIHsHHE HA NOTPEOSICHHE €IMHHUYHOIO POCTa HOXOMOB TOTC XKe
nepuona R, Jonrocpodnyio peenbHyo CKIOHHOCTD K noTped-
JIEHRFO 34€Ch W3MepsieT Brrpaxkedue by/( 1-5y).
Tak, ecnu ypaBHEHHE Perpeccuy CoOCTaBIIO
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C =234+0,56R, +0.20C,  +¢

TO KPaTKOCPOYHAs CKJIOHHOCTb K MOTPEONCHMIO PaBHA 0,56, a
nonrocounast - 0,7 (0,56/0,8). '

B crernedHoit QyHKIMKM Y, = a-xp-xb xi’j’ k03P PHULIH-
eHThbl b, SBAAIOTCS KoddPpuIMenTamu dnacTiyHocTH. OHM roKa-
3BIBAIO™, HA CKOJIbKO TPOLIEHTOB M3MEHSETCH B CPEAHEM PE3y.ib-
TAT ¢ M3MEHEHHEM COOTBETCTBYIOLIEro (aktopa Ha | % npu He-
U3MEHHOCTH AeHCTBUst Apyrux (akTopos. DTOT BUI YPaBHEHHS
PErpeccUU ToNY UM HanOoNbilee PacPOCTPAHEHHUE B MPOM3BOI-
CTBEHHBIX DYHKIHAX, B HCCIEAOBAHMSX CNPOCA ¥ NOTPeDIIeHHs.

[pennonoxnM, 4TO OpH MCCIEAOBAHIHN CIIPOCa Ha M3ACO No-
JIYYEHC YpaBHEHHE

1 13
WM )| = - 0,82 e
xl
rJie )’ - KOJMUYECTBO CIIPALIMBAEMOrO MsACa; X1 - UEHA, X3 - I0XOL.

ClieoBaTenbHO, POcT LeH Ha 1 % 1pu TOM Xe I0XOAE Bbi-
JpIBaET CHIDKEHHE Crpoca B cpeHem Ha 2,73 %. Ypennuenue
noxond Ha 1% oOyC/IOBNHBAaET NPH HEH3MEHHBIX LEHAX POCT
crnpoce Ha 1,15%.

B npou3BoaCTBEHHBIX PyHKLMAX BUAA

P=a-FP-Fr. - Fr.e (14)
rae - KONMM4eCcTBO MPOAYKTa, nsromsnnsaemoro C NIOMOLLbIO A1
[POH3BOACTBEHHbBIX daktopos (I1, F2,.. W)

b - napamerp, ABISIOMIUACS 3nacrwmoCTb10 KOJHYECTBA
NPOLYKLMH MO OTHOWIEHHIO K KOJIHYECTBY COOTBETCTBYHOMIMX
OpOH330ACTBEHHBIX GaKTOPOB.

D KOHOMMYECKHET CMbIC:T MMEIOT HE TONbKO KO3 HLICHTDI /
Ka)x10ro (hakTopa, HO M MX CyMMa, T.€. CyMma INACTUIHOCTEH:
B=h,+by+. + b, Dra Benuuupa ¢urcupyet 0OOOLICHHYIO Xa-
PaKTEMCTHKY 3JaCTHYHOCTH MPOH3BOACTBA. [IpouzBoncreenas
(GyHKU S HMEET BUAL

P2 It R

SR -2.73 15
y, =082 x77-x

[



rae £ - BeInyck npomyKiu,

/' - CTOMMOCTB OCHOBHBIX MPOU3BONCTBEHHDIX boHacs;

/2 - oTpaboTano uenoBeko-aHek:

3 - 3aTparthl HA NMPOM3BOACTBO,
S/MACTHIHOCTE BBIMYCKA, 10 OTACILHBIM (akTopam TPOM3EQJICTBA
cocrasisier B cpearem 0,4 % ¢ poctom Fy na 1 % IPH HEU3MEH-
HOM yposHe npyrux ¢axtopos; 0,3 % - ¢ poctom £, na 1 % Tak-
K€ TIPA HEM3MEHHOCTH APYTUX (PaKTOPOB MPOM3BOACTBA K 0,6 %
€ pocToM /3 Ha 1 % npu HEU3MEHHOM ypoBHe GaxTopos /1 u /.
st navHoro ypasuenus B=by+by+by=1. CrnenosarenbHe, 3 ye-
JIOM C pOCTOM Kakaoro GakTopa mpou3BoacTRa Ha 1% Kk03ddu-
LHMEHT 3J1ACTUYHOCTH BBINYCKA NMPOAYKLIMU COCTABJISET 1%, Te.
BBITYCK NPORYKUMU YBEAU4HBaeTCA Ha 1%, 4To B MUKPUIKOHO-
MHKE COOTBETCTBYET TIOCTOAHHOM OTRaue Ha MaciuTab,

nr
[Tpn npaxTnyeckux pacderax He Bceraa Zb] =1 Ona mo-
j=1
KET ObITh Kak GONblIe, Tak U MeHblIe enrHuLbl. B 3ToM cnyvae
BeMunHa B dukcupyer NPUONHIKEHHYIO OLEHKY 31aCTHYHOCTY
BBIMYCKA € pOCTOM Kaxnoro dakropa npoussoncrea ua 1 % g
YC.10BHAX yBEAMYUBatowerics (B>1) wiu yMeHbwatowekcs (B<1)
0T34 Ha MacwTad.
Tak, ecn P = 241" FYCF 10 ¢ poctom sHauenuii
Kax10ro ¢axropa npoussoactsa Ha 1 % BBINTYCK TIPOAYKLIMU B
L€/IOM BO3pacTaeT ripubausuresibho Ha 1,2 %.

BosmoxHbl M apyrue JTMHeApu3yemble QyHKLUM st no-

CTPOCHHA YpaBHEHHS MHOXKECTBEHHOMN perpeccum:
ARG oy b x4

* OKCIIOHEHTA4 - ) = ¢ n

* runepbona- p = —-— ~—~—1 —————_ KOTODad HC-
A+ fx + fx, +. 4 Bx, ‘

[IOB3YeTCS 11pU OOPATHBIX CBA3SAX NPU3HAKOB,
Crannaptaere KOMITLIOTEpHbIE MpOrpamMmbl 00paboTky per-
PECCHOHHOIO  aHAMH3a  MO3BOJSUOT nepedupars  paznuuHble
byHkuMn 1 BLIGPaTH TY M3 HHX, 11 KOTOPOH OcTatoyHas mguc-
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nepcus ¥ OumMOKa annpeKCHMAaLK MHHHMAaTBHbI, a Ko3bduim-
eHT IETEPMHMHALHHU MAaKCHMAJICH.

Ecnu uccre;aoBaTens He yCrpauBact rpe/IaraeMpii CTaH-
JApTHOH MpOrpavmoi pabop (QVHKLEH perpeccud, TO MOKHO
HCHOJIb30BATD JIKObIE IPYTHe PyHKIUHH, NIPHBOAMMBIC ryTeEM CO-
OTBETCTBYIHOLUUX npeobpazoBaHuil K JNHHSHHOMY BHIY, Hanpu-
Mmep:

. =a+bx +b, L + bzx';’/2 +b,Inx,. (15)
X,

O0603Ha41B
z,=x; 2, =1/x,, 2, = x: z,=Inx,,
TIONy4 MM JINHEIHOE YPAaBHEHHE MHOXECTBCHHOH PETPECCUU.
y=a+bz +bz, +bz, + bz, +&. (l16)

Onsako deM croxee QyHKUMA, TEM MeHee MHTEpNpeTH-
pYEMBI e€ NapameTpbl.

ITpy CROXHBIX MOJHHOMHATBHBIX dyHKUMAX C OOJNBIIM
ypcsioM $aKTopos HEOOXOIMMO NOMHUTH, HTO KaXIbid 1apameTp
npeo6pa3zoBaHHOA QYHKIMH ABIACTCH cpenneil BENUUHHOL, KO-
Topas NOJDKHA ObITh MOACYHTAHA 1O NOCTATOUHOMY YHCIY Ha-
Gmoneruid. Ecin 94uCIo HAONIONEeHMH HEBEIHKO, UTO, KaK NMpasH-
JIO, MMEET MECTO B SKOHOMETPHKE, TO yBEIHYEHHC YKcia napa-
MeTpoB QYHKLMY NPHBEAET K MX CTATHCTHYECKONH HE3HA4NMOCTH
M COOTBETCTBEHHO MOTpeSyeT ynpolileHus: BUIa GYHKUAN. Ecnn
OIHH ¥ TOT ke (JaKTOp BBOMHMTCS B PEIPECCHIO B PA3HBIX CTETC-
HAX, TO KaX/as CTeNeHb PacCMaTpPHUBaeTes Kak CAMOCTOSITEIbHbIH
daxrop. Tak, ¢CM MOAENb MMEST BIJL NOJTHHOMA BTOPOTO MO-
pAnKa

y=a+by +hx, tbx + box; +b,xx, +&, (17)
TO HOCHEe 3aMeHbl MEPEMEHHbIX 2 =X, I, =X, I3 =Xz, = x5,
Z, = X,X, TOJIy4MM JMHEFHOE ypaBHEHWe perpeccHy ¢ NATHIo
daxTopamHu: o

y=a+bz +bz. +bhz +bz, +hz, e (13)

400



Mockonbky, Kak OTMEYaNOCh, NOMKHO BbITOMHATLCS COOT-
HOUICHHE MEXTy YMCIIOM NApaMeTpoB H HYHMCIOM HaOMONEHHUH,
AJisi TOJIMHOMA BTOPOH cTeneHu Tpedyercs He vienee 30-35 Ha-
OmoaeHHH.

B 3KOHOMETpHKE PEerpecCHOHHBIE MONENM YACTO CTPOSTCA
Ha OCHOBE MAaKpOYPOBHA JKOHOMWYECKHX TMOKazaTejel, Koraa
CTaBUTCS 3aJa4a OUEHKH BAMIHMA Haubonee YKOHOMHYECKH Cy-
LLLECTBEHHBIX (aKTOPOB Ha MOLENHPYEMBIN MOKa3aTeNb MPH OT-
paHuIeHHOM oObeMe nHPOPMAL UK.

9.4. Ouenka napaMerpos ypaBHeHHs
MHOMKECTBCHHOU perpeccui

Ilapamerpsi ypaBHeHUS MHOXECTBEHHOM PErpecCHM OLICHH-
BAlOTCA, KaKk W B NapHCH perpeccHH, MeTONOM HAHMEHbLIHX
ksanpatos (MHK). Ilpu ero npumesenuu crpourcs cHcTema
HOPMANIbHBIX YPABHEHHH, pelIeHHe KOTOPOi 1 N03BONSET Nony-
YHTh OUEHKH NAPAMETPOB PErpeccH.

lax, nns ypaBuenust j =a+hx, +hx, +..+ b,x, cucTema

HOPMaJIbHBIX YPAaBHEHMH COCTABUT:

na-lrbl‘»'1 X, +b12x,, t..+b, ‘i?'x, - Zy,

apr~ifb‘2x]x})+b321x3;r B> = >y,

Ee pewetue moxer ObiTh ocymec:'aneHo METOJIOM ompene-
nuTee:

(19)

Ada Ab Ab,
a=-—, b == b, = -
A A A
rae A - Crnpeac/nTesib CHCTEMDI,
Aa, Ab ..., Ab - yacTHble ONpenenuTeny.

Ipu 3Tom
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n Sx,o Yx, e DX,
Sx, D Yxx e DX
A=>x, Yxx, oxi e Dxn,

‘ZXP lexp folxp o lez,y

a Ac, Ab...., Ab, nony4ar0TCs MyTeM 3aMEHbI COOTBETCTBYIO-
Iero ¢ronbua MaTpHibl ONPEAESIUTENS CHCTEMbI JaHHbIMU Jie-
BO# 42>TH CUCTEMBL.

Bo3sMoxeH d MHOW MNOAXO/ K ONPEIEIEHHMIO MapaMeTpoB
MHOIKECTBEHHOH perpeccui, KOraa Ha OCHOBE MaTpPUILbE NApHbIX

k03D MLHEHTOB KOPPENALUMH CTPOUTCH YPaBHEHHE perpeccus B
CTaHNapTH30BAHHOM MaciTabde:

=B, +B1, + + ,BPrxp +E. (20)
rae /.t .,...f, - CTaHAapTHU30BAHHbLIC NMEPCMECHHBIC. [ = :L___—___
R 1 Sp 3 h

X, —X,
{ =271 s KOTOPBIX CpEIHee 3HA4YeHHE pPaBHO HYJIO:
f. =7 =0, a cpepHexBagpaTUHECcKOe OTKIOHEHHE PABHO €1HHH-
ue: o, =0, =1

f - cTaHnapTu3oBaHHbIe KOIQGUUHEHTHI PErPeCcCHu.

ITpumenss MHK x ypaBHEHUIO MHOMECTBEHHOH PErpeccuu

B CTAHTAPTH30BaHHOM MacuiTabe, nociie COOTBETCTBYOUIKX TIPE-
00pa3eBaHKil NOTYYHM CHCTEMY HOPMAJIbHBIX YPaBHEHHH BHaa

vﬁ'} + IBZR.\‘:.\’I + ﬂ%je.\'j.\‘l +ot .[)11)1[{\‘1,.\'I = R_\'.\" »
/3'] R.\‘:A\'l + IBI + ﬂ,‘w]{\'_;.\': ot /81) Ie_\‘u.\‘: - 1{\‘.\'2 i

LR +BR PR, P =R

(21)
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Pewas ee meronom onpenenutesneii, Haiiznem napameTpel -
CTAHJAPTH30BAHHbIE  KO3(DUUMEHTH  perpeccun (f -
ko3QPULIeHTHI),

Crangaprusosannbie  kodQdULHEHTSE perpeccaM rokKasbl-
BAlOT, HA CKOJILKO CHI'M M3MEHHTCA B CPEHEM PEe3yNbTa, eciu
COOTBETCTBYIOIIMIT HAKTOP X; UIMEHHUTCS Ha OHY CHIMY I(pH He-
M3MCHHOM CpeIHeM ypoBHE APYrux akTopos. B cuny Toro, uro
BCC MEPEMCHHDBIC 331aHbl KaK LEHTPUPOBAHHbBIE W HOPMUPOBAH-
HBIC, CTAHAPTU3OBAHHbBIE KO3(DULMEHTHI perpeccuu f cpas-

HHMBI MeKty CO00M. CpaBHHBAs MX APYT C APYTOM, MOXKHO paH-
KHPOBaThL (HaKTOPEI MO CHUNE MX BO3AEHCTBUN Ha pesyawtar. B
9TOM OCHOBHOE IOCTOMHCTBO CTAHNAPTH30BAHHBIX KO3(GdULHEH-
TOB PEIPECCHU B OTIMMHE OT KOIDDULHMEHTOB «4HCTONY perpec-
CHU, KOTOPbI€ HECPABHUMBI Me3K1y COOOI.

Hpumep. Hycre dyukims H3EPXKEK INMPOU3BOACTBA J (ThIC.
CYM) XapaKTepH3yeTCst ypaBHEHMEM BHIA

y=200+15x + 1,2x, +¢,
PAC Xi - OCHOBHBLIC MMPOM3BOACTBEHHbIE DOHABI (THIC. CyM). X, -
HHCACHHOCTD 3aHATLIX B IIPOM3BOACTBE (uel.).

AHAM3UPYS €r0, Mbl BUIAWM, YTO NpH TOI e 3aHsATOCTH
AOTIONHHTENLHBIA POCT CTOMMOCTH OCHOBHBIX MPOM3BO;ICTBEH-
HbIX GOHAOB HA | ThIC, CYM BJIEYET 32 COOOH yBesHueHHe 3aTpar
B CPENIHEM HA 1,5 ThIC. CyM, & YBENMUCHHE YHCIEHHOCTH 3AHSThIX
Ha OLHOTO HeJIoBeKa CocoOCTBYET NPH TOI XkKe TEXHHYEC KO 0c-
HALCHHOCTH NPEANPUATHHA POCTY 3aTpaT B cpeaHem Ha 1,2 Thic.
cyM. OHaKo 3TO He 03HAYaer, 4To daxrop x; okaseiBaer Gosee
CHIBHOE BAMAHHE HA M3JEP>KKH MPOH3BOACTBA M0 CPABHEHHIO C
dakropom ;. Takoe cpashenue BO3MOKHO, ecili 00paTHThCH K
YPABHEHHIO DErpecCHM B CTAHAAPTH30BAHHOM MAacliTabe Ilpen-
NOJIOXKUM, OHO BBITISIAUT TakK:

f.=00r, +091 .

7O 03HAUAET, 4TO ¢ PoCTOM GaKTOPa X| Ha OAHY CHUI'MY T11pH
HEH3MEHHOIT YHCIEHHOCTH 3aHSTBLIX 3aTPaThl Ha PO;1Y KUHIO
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yBenuuuBaloTcsi B cpeanem Ha 0,6 curmbl Tak xak f < p-

(0,6<0,9), TO MOYHO 3aK/IOUHTh, ¥TO GOlibIiee BIUSHHE OKalbl-
BaeT Ha MPOM3BOICTBO MPOAYKIHM HaKTOp Xz, @ HE X1, Kak Ka-
KETCA U3 YPABHEHUA PErPECCHH B HATYPAILHOM MaCLITale.

B napHO# 3aBHCHMOCTH CTaHAAPTH30BAHHBIA KOODOHLIMEHT
perpeccHu eCTh He YTO HHOE, KAK JIMHEHHEIN kod¢duuHeHT Kop-
PENALNH 7y [T0NOOHO TOMY, KK B NapHCH 3aBUCUMOCTH k03d-
DULMEHTBI PETPECCHH M KOPPEIAIIHH CBA3AHDI MEXIY COOOH. TaK
M BO MHOMECTBEHHOH perpeccunt KodQOHLHEHThl «9UCTO» per-
peccun b; CBA3aHBI CO CTAHAAPTH30BAHHBIMU KOdbPuUMEHTAMN

perpeccuu [, @ HMEHHO!
b =p—. (22)

310 TO3BOJSIET OT YpPaBHEHUS PErpecCUv B CTaHIAPTH30-
BaHHOM Macturade
1, =P, + Bt +..t ,[f},txp (23)
MEePEeXO/INTh K YPABHEHHID PETPECCHH B HATYPANLHOM MACL Tade
NepeMEHHbIX:
~

Jo=a+bx b, v +hx o (24)

[Tapamerp a ONPEAENETCS KaK
a=7-h% ~b%, —.~b3 . (25)
PaccMOTPEHHbIH CMBICH CTAHAPTH30BAHHBIX KOd(dULIEH-
TOB PErpPeccHH MO3BONIET UX MCIIOJIBL30BATH MPH 0TCEBE HaKTo-
POB - U3 MOJIENH UCKIIOHAIOTCSA (akTOPbl ¢ HAHMEHBUIMM 3HAYE-
Huem f3, .

KoMnbiOTepHbIE MPOrpaMMbl TIOCTPOCHHA YPABHEHNUA MHO-
KECTBEHHOM perpeccHi B 3aBHCHMOCTH OT HCHOJIL30BAHHOTO B
HUX aArOpUTMAa pelleHHs MO3BOMSIOT NOJIYIHTL JHOC TOJBKO
ypaBHEHHE PErpecCHH I HCXOAHBIX NAHHBIX, aubo, xpome To-
ro, ypaBHEHHE PErPECCHH B CTAHAAPTH3OBAHHOM macmrade.

[Ipy HeNMMHEAHOH 3aBHCHMOCTH MPU3HAKOB, NPUBOHMOI K
JMHEHHOMY BHAY, [apaMeTPbl MHOKECTBEHHON PEIPecCHM TEKKE
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onpenenstorea MHK ¢ Toit numb pasuuued, 410 OH HCHONB3yeT-
€3 He K MCXOAHOH nHpopmMaumu, a kK npeobpa3OBAHHBIM JaHHBIM.
Tak, paccmatpupas crenennyio hyskiuio
y=a-x - xh \f’ ‘g, {26)
npeoOpasoBLIBAEM €€ B NUHEHHbIH BUL!
lgy=lga+blgx +blgx, +.. +b,lgx, +lge,
€ MEPEMEHHbIE BbIPAXKEHB! B 10rapr(pmax.

Hanee obpadorka MHK Ta e, uTo 1 ONMCaHA BBILIE: CTpo-
UTCsL CHCTEMa HOPMANBHBIX YPABHEHHH M OIpeIesstorTcs napa-
MeTphel lga, by, by,.. by, TloTeHunpys 3HayeHHe lga, naiinem
MapaMeTp & B COOTBETCTBEHHO OOWMIT BHA ypaBHEHUS CrereH-
HO#M QYyHKLH Y,

ITockonbky napamerpb! cTeneHHoH QYHKIUM NPEACTaBIAIOT
COO0M KO3(PDHLHEHTEI 3TACTHUHOCTH, TO OHU CPaBHHMBI IO pas-
HEIM (hakTopam.

ITpumep. Tlpu uccrenosanun cnpoca Ha Macio MoNy4eHo
CREYIOIIee YPABHEHHE:

lgy =-135-0981-1gx, +1325-lgc, +¢,
FAC YV - KOJIMUECTBO Mac/ja Haldylly Hacenenwd (Kr), x), - LeHa
(Cym); X2 - HOXOJl Ha AyLUy HACENEHHUS (TBIC. CYM),

AHZJIM3HPYS YPABHEHHE, BUIMM, Y4TO C POCTOM LeHb! Ha 1 %
NPH TOM K€ OX0AE CrPOC CHHxAETCst B cpentem Ha 0,981 %, a
POCT noxona Ha 1 % npu HEU3MEHHBIX LE€HAX BhLI3LIBAET VBEIH-
HeHHE Crpoca B cpeaHem Ha 1,325%. B Bune creneHHoit pyHk-
UMH NAHHOE ypaBHEHHE [PHMET BHI;

y=0,058- """ X g

Ipw apyrux HeanHEHHBIX QYHKUHAX METOLHKA OLEHKH Ma-
pamerpos MHK ocymectsasercs tak xe. B otauume oT npensi-
AYLWHX QyHKuui napamerprl €oee CA0KHBIX Mojenel He uMe-
FOT YETKOH SKOHOMHYECKOH MHTEpIpeTauuy: OHH He SBJISHTCS
NOKA3ATEAMM CHIIBI CBSA3M H €€ DIACTHYHOCTH. ITO HEe UCKIoYa-
€T BO3MOXXHOCTH UX [PHMEHEHHUS, HO JIeIaeT HX MEHee MpHBJe-
KaTEIbHLIMH B IPAKTHYECKUX PacHeTax.
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9.5. YacTHbie ypaBHEHHS perpeccHu

Ha 0CHOBE NMHEHHOTrO yPaBHEHMUS! MHOXKECTBEHHOH perpec-
cum
yo=a+bx +hx, +. +hx, +e. (27)
MOTYT ObITh HaflIEHbl HaCTHBIC YPABHEHHS PErpeccui:
yx,-xz.,\5 ...... = f(xl

(28)

)’!.\‘p-xl.xl,. Xpo = f(.xp)v

T.e. ypaBHEHHSl PErpeccuH, KOTOPBIE CBA3LBAKOT pe3yILTaTHB-
HBIH MMPU3HAK C COOTBETCTBYHOIIHMMHU daxTopaMu X Ipu 3aKperi-
JIEHHU JPYTUMX YYUTbIBa€MBIX BO MHOKECTBEHHO! perpeccHu
axTopOB Ha CpPE/IHEM YPOBHE. YacTHbIE ypaBHEHHs! PErpeccui
MMEHOT CHENYIOLLHUH BHI

¥ = q+hx, +b.X, +b X+ +b X, o

g AR PR SRR 39

1% ,, Tt b, +bx, +bF 4. +b X, +e (29)

RIS TN

=a+bF b T, b T+ b, X, b X b

e oXp

Ny W gV

Ilpy MOACTAHOBKE B 3TH YPaBHEHUS CPEAHHMX 3HaUeHHH CO-
OTBETCTBYIOLIUX (AKTOPOB OHW MPHHHMAKT BUA NapHbIX ypas-
HEHUP NTMHEUHOH PerpeccuH, T. €. HMEEM.

y.x,x\':_.\';. X, - Al + blxh
_)",\‘y.\‘l,.\';; Xy = AZ + bl'\‘l’ o
30)
]
Voo o =4, 4bx
XNy X P PP
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A =a+b.X, +b¥ +. +b,%
A =a+ b ¥ +b% +..+5,X,
A, =a+bX +bX, +..+b, %,

B otnuuse ot napwoil perpeccum vacTHble ypaBHeHuS per-
pecCHH XapaKTEPU3YIOT M30JNMPOBAHHOE BAUsHME (akTCps Ha
pesyJbTat, ubo Apyrue (HakTopbl 3aKpPErIeHbl HA HEM3MEHHOM
ypoBHe. DddexTrl Bausiams Apyrux GakToOpoB MPUCOETHEEHD! B
HHX K CBODOJHOMY 4JleHY ypaBHEHMs MHOXECTBEHHOM perpec-
CUH. 3’1‘0 NNO3BOAACT HAa OCHOBE YACTHLIX ypaBHean’[ perpe(:cmi
OIIpeIIeJlﬂTb HaCTHbIE KOBd)(bHLIHeHTbI AJIACTUYHOCTH
D, =b (31)

v )
Fxj

.y.\":v:lx: %X

rie b; - koshduuMeHTL perpeccun 4 GakTopa X, B YPaEHEHUH
MHOKEeCTBEHHOH PErpecCHu;

«, - aCTHOE YPaBHEHHE PErPECCHH.

[pumep. Tlpeanonoskum, 4to no paay obracteil MHIKeCT-
BEHHAs PErpeccust MMIOpTa Ha OTIPENENICHHBIH TOBAP ) OTHOCH-
TEJILHO OTEYECTBEHHOTO €r0 NPOU3BOJACTBA Xi, U3MEHEHU 2ana-
COB X2 M fIOTPEOEHHS HA BHYTPEHHEM PBIHKE X3 OKA3ajiach Clie-
AVIOEH:

¥ =-68,301+0,136x, +0,486x, +0,353x,.

Ilpa 5TOM CpenHue 3HAuEHHs! LISl PACCMATPHBAEMBIX NPH-
3HAKOB COCTABHJIH;
V=385 X =2558 X, =36, ¥, =183,2.
Ha ochoBe mannoil undopmaunn Moryr Gbirb HeiijeHbl
CPEeHHE IO COBOKYMHOCTY NOKA3aTeN M 3MACTHYHOCTH:
~ i

3. =b-- (32)
)"x,

Jl1st NaHHOTO NpUMepa OHHK OKAKYTCS PaBHBIMH!
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- 2558
D, =0136-——==0,903%,
e 38,5
T.e. C POCTOM BEJMYHHBI OTE4ECTBEHHOTO TIPOU3BONCTBA Ha i %
pasMep UMMOPTa E CPEAHEM N0 COBOKYITHOCTH obnacrel Bospac-
ter Ha 0,903% npH HeU3MEHHBIX 3aMacax 1 noTpedieHnH ceMeil.
Jns BTOpOI MEpeMEHHOH xoHPOUOIUEHT 3JIACTHUHOGCTH CO-
CTaBNSET:
- .. 3,6 co/
3, =0436 385 =0,045%,

.0’

T.€. C POCTOM M3MEHEHHs 3aUacoB Ha 1 %o Mpy HEM3MEHHOM I1pO-
M3BOJCTBE M BHYTPEHHEM MOTPEONEHUH BelinuiHA UMIIOPTA yBe-
nuumBaercs B cpezem Ha 0,045%.

Jlnst TpeTbeid nepeMeHHoN k0>hGUIHMEHT 3J1aCTHYHOCTH CO-
CTaBJsIeT

\
3. =0353 1832 ) 679%,
38.5

R

T.€. NPH HEHM3MEHHOM OOBEMEe MPOUIBOLCTBA M BE.IMHHHBL 3aMia-
COB C YBEJIMYEHHEM BHYTPEHHErO MOTpedneHus Ha 1 % uMnopr
TOBapa BO3PACTAET B CPEIHEM IO COBOKYMHOCTH obnacreir Ha
1,679%. Cpennyie NOKa3aTe/IH MIACTHYHOCTH MOKHO CpaBHUBATEH
JPYT C APYTOM H COOTBETCTBEHHO PAHXHPOBATE daxTopsi NoO Cu-
7€ uX BO3AEHCTBUA Ha pe3y.1pTar. B paccmarpHBaeMOM ITpUMEPE
HaubonplLIee BO3NEHCTBUE HZ BEIHYMHY MMIOpPTa OKa3blBacT
pa3Mep BHYTPEHHErO NOTPeOIeHHs TOBAPA X3, & HAUMEHbIIEE -
M3MEeHEeHHe 3anacceB X2,

Hapsiny co CpeHHMH NOKa3aTENIMI 31aCTHHHOCTH B LEIOM
110 COBOKYMHOCTH 00nacTel Ha OCHOBE HaCTHbBIX YpPaBHEHMH per-
peccHy MOryT ObiTb OINpPENEsICHbl YaCTHAIC k02 PHiMeHTbl dna-
CTHYHOCTH JUIS KaXXOAOTe DErHoHa. YacTHbie ypaBHEHHS perpec-
CHM E HaLlIEeM CJTy4ae COCTaBST:

Vi, =0 +bx +b.%, +bX,

T.€ ¥ =-68301+0136x, +0.486-3.7+0353-1832 = -1.979+ (1136~ x,:

NNy
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Vopn, =@+ b +b,x, + b,

T P = 6830140.136-2558+0.486-x, +0.353-1832 = 31156.+ 0,485 ..

z

View, =a+b% +5,%, +b,x,,

& My

TC e, = 08.3014+0.136-2558+0,486-3,6 40,353 x, =-31,763+ 0,353 x,.

[Toncrasnss B naHHble ypaBHeHust (aKTHHECKHE 3HAYEHUS
NO OTHAEJIBHBIM PEr10HaM COOTBETCTBYIOIIHMX (AKTOPOB, MOAY-
9MM 3HAYEHWsT MOJIEJIMPYEMOrO MOKasaTesisi ) MPH 3aJdHHOM
YPOBHE ORHOIrO (pakTopa W CpemHHX 3HAYEHMSX APYTHX (paxTo-
pOB. DTH pacyHeTHbIE 3HAa4YEHHs PE3YJNbTATHBHOTO INPU3HAKA HC-
NONB3YIOTCA [J11 ONpEIENeHus YaCTHBIX Ko3hPHUMEHTOR 3na-
CTHYHOCTH TIO NMpPUEEAEHHOM Bbile dopmyne. Tak, ecny, vanpu-
mep, B peruone x1 = 180,2; x,.=5,0; x3 = 185,5 TO yactubie koadh-
(ULMEHTDI 3IACTHYHOCTH COCTABSIT!

X 180.2

D =b ol WIH D <0136 = 1.087%;
Vi T ~1.979+0.136-180.2
50 :
D, =h YT MM 20486 > - 0.072%:
AL RN 31156 +0.486-5.0
D =h =0 WM ) =(353. 185.5 =1.912%.
e L -31.763 +0.353-185.3

Kak BHIMM, 4acTHbele KO3(QQPHUUHEHTHI 3MACTHUHOCTH s
obnacTeil HECKOIBKO OTJIMYAOTCS OT aHAJIOTHYHBIX CPEAHNX TMO-
KasaTesied 110 COBOKYNHOCTH perdoHoB. OHM MoOryT Oblib MC-
TIOJIb30BAHbl MPH NPUHATHH PELIEHHH OTHOCHTENILHO PaiBHTHS
KOHKPETHBIX PErHOHOB,

9.6. MHoKeCTBEHHAS KO PPeJIsLMs

Hpak’mqecxaﬂ 3HAYUMOCTDb YpPaBHCHHs MHO>eCTBEHHOMH
PETPECCHM OUCHHUBACTCA C NOMOMIBLIO MNMOKA3aTCNAA MHOMXKECTBCH-

HOW KOpPEHSILMK M €ro KBajapara - k03bduUHEeHTa TeTepMHHA-
LHH,
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[Toka3zaren MHOXECTBEHHOH KOPPEJSILMH XapakTepH3yer
TECHOTY CBsI3H paccMmaTpuBaeMoro Habopa, hakTopos ¢ wccie-
AYEMDBIM TPU3HAKOM, WV, HHAYE, OLCHHBAET TECHOTY COBMECT-
HOI'C BAMsIHUS AKTOPOB Ha pe3yJbTar.

HeszasucHmo oT~popMer CBA3H HOKA3aTelb MHOXKECTBEHHOM
KOpPpeJALMY MOXET ObITh HAMJEH Kak MHIEKC MHOMXECTBEHHOM
KOppesLnY;

G
] — I T
Ryxlxz.,.xp - \ ] oo ()3 }

rae o’ - odwas AMCIepCHst Pe3yIbTaTHBHOIO MPU3HAKE,

ol - OCTaTO4Has IMCIEPCHs LI YPABHEHUA y=HX1,X2,. .., Xp).

Mertoanka nOCTPOEHUs MHIEKCAa MHOKECTBEHHOMH KOppens-
UHMH aHAJIOTUYHA MOCTPOEHUIO HHAEKCA KOPPeIsiMH A TapHO’
3apucuMocCTH. I'panulp! ero usmeHeHus te xe: or 0 g0 1. Uem
Omoke ero shadeHue K |, TEM TECHEE CBSA3E PE3YJAbTATHBHOTO
npH3HAKa CO BECeM HAbOpoM uccreayembix pakrtopos. Bennunna
HHJIEKCA MHOKECTBEHHOH KOPPENsilHH A0MKHA ObITh Oouiblie
HJIM paBHa MaKCHMAaJBHOMY TIAPHOMY HHIEKCY KODPCISILIHNI!

[Ipu npasunbHOM BKIHOUEHMH QAKTOPOB B PErpeCCHUCHHDII
aHaJIM3 BEJNIHYHHA WHAEKCA MHOKECTEEHHOH Koppensuud Oyner
CYLIECTBEHHO OTJIMYATBCA OT MHIEKCA KOPPEeSILHM NapHOH 3aBu-
CUMOCTH. ECin ke OONOIHUTENbHO BKITOUEHHEIE B YPABHEHUE
MHOKECTBEHHOH perpeccuy PakTopbl TPETHECTENEHHBI, TO HH-
JEKC MHOXKECTBEHHON KOPPEJSIIIMM MOXKET HPaKTHYECKH COBMA-
Nare ¢ HHAEKCOM MAapHOH KOPPEsAUdAd {paziMuus B TPEThEM,
YETBEPTOM 3HaKax). OTciona sICHO, 4TO, CPABHUBAS MHICKCHI
MHOKECTBEHHOM M MAPHONH KOPPeNsiHY, MOXHO CAENATL BbiBOJ
0 1enecoo0pasHoCTH BKIIOYEHHS B YPABHEHHC PErPEcCHM TOro
uin uHoro daxtopa. Tax, ecnu y paccmarpusaercs Karx QyHKLHMS
X M Z W NOJIy4CH MHAEKC MHOKECTBEHHON KOpPpensunu R =083,

a WHAEKChl MAPHOH KOppensiuiu npu atom Oemin R =082
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R, =075, TO COBEPIIEHHO ACHO, YTO YpaBHEHWE TapHOM perpec-

cum y=+f(x) oxparbiBano 67,2 % kone6IeMOCTH PE3yIBTATHBHOIO
NPHU3HAKA TOJ BAMAHHEM (AKTOPd X, d HOMONHMTENLHOE BKIIO-
yeHue B aHanuz Gakropa z yBesmHuI0 oMo OUbACHEHHOH Ba-
puauui no 72,3 %, T.€. yMEHbLIMIACH A0/ OCTATOYHOH BapHa-
uun Ha 5,1 npou. nyskra (¢ 32,8 no 27,7%).

Pacyer uHpexca MHOMXECTBEHHOH KOPPENSLMY [PEAnoJara-
€T onpeaeIeHre ypaBHEeHH:A MHOKECTBEHHOH PErpeECCHY U Ha ero
OCHOEBE OCTaTOYHOM THCIIEPCHH:

) Z ()} _ ;E“'l""-' e )2 ‘ 34

ocr

Moxno nosae3oBarhes  caepyromei  GopMynol MHAEKCA
MHOXECTBEHHOM KOPPEISILUM:

v

i
R; 15(} LUV (34)

G, Z 2

y=y)
ITpu nuHeRHON 3aEHCUMOCTH NPH3HAKOB (POPMYJIA UHAEKCA
KOPPEISIUMHU MOXKET ObITh NMpeAcTamBleHa CAEAYIOIMM Bbipaxe-
HYEM:

- 5pa .. -
R\‘x,.\:: X, \/ Z, b).!:‘- ’ T‘\rxl 5 (‘)5)
rpe [/, -CTaHaapTU30BaHHbIE KOX(OHLHEHTHI perpeccuii;
I - NapHbie KO3hDHUHEHTH XOPPEsLHY pe3yabTaTa ¢ Ka-
KIBIM (PaKTOPOM.
B cnpasennuBocTi naHHoH Gopmynsl MOxkHO yOGenuthes,
ecau oOpaTUTbCA K JIMHEHHOMY YDAaBHEHUIO MHOMXECTBEHHOM

perpeccuy B CTaHaapTH30BAHHOM mMacuTade u ONPEACTTUTD 115
HErO HHAZKC MHOKECTBSHHOH KOpPpeasailiK Kak:

R = / - _:_;_("*’t)i (36}
>t

HJIW, YTO TO XK€ CaMoe,
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37

B dopmyne (37) 4uciuTenb MNOAKOPEHHOTO BbIPAXKCHMA
npesicrasasier co00i GakTOpHYIO CyMMY KBaIpaTOB OTKJIOHCHUH

Y — v
paash-1 CT':lHﬂapTH3OBaHHle HepeMeHHbIX: tv = :"——}“ .

o,
Mockonbky 7, =0 n Y (1, ~1,) = D 1i =n, HHIEKC MHO-
KECTBEHHOM KOPPENAlMH I IMHEHHOrO ypaBHEHNs B CTAHIAp-

TM3CBEHHOM MaCIHITabe MOKHO 3armucaTh B BUAE

1 PRV
R = [»~ L] (38
\ n Z( ¥ ) N )
[Toacrasus B 3Ty GOPMYY BbIpaxeHHe f‘, yepes

;y = ﬂxltxl + X, t.rz ot /Bxp {,‘:A,, »

TONVYMM:

R=[=>1, ( T B ,B_\_ptxp) =
B 1 . <,
= 'Bx,';Z’xl",\*--*‘ﬂx-p‘; AR

| 1 .
Tak kak — 1 -1, =7,

a
wy

To nonayunMm Gopmysly HHACKCA

h
MHOKECTBEHHOH KOPPECIIsilIHH cleayrouero spaa
Ty Ry pei 9
R - \/ﬂ::l "'\;q +ﬂ.\'z r_\;\'; +oot ﬁ\ ’)‘.\',« - \/’Zﬂ\ r).\. . (3 )

dopMysia HHAEKCA MHOKECTBEHHOI KOppensluH Ut Jik-
HEHRHO/T perpeccry MOJyuuna Ha3BaHHE JIMHEHHOTO k03hdHLm-
eHTAa MHOJKECTBEHHOMN KOPPENsiLMH, WK, YTO TO Ke€ Camoe, COBO-
KynHOTO KO3 dULIHEHTA KOPPEeIALHH.

Bo3MOKHO TakKe NPH JIMHEHHOM 3aBUCUMOCTH Ofpeaese-
HHE CCBOKYMHOTO KO(hdHUMEHTA KOPpeNslHH Hepe3 MaTpHlly
naprbix KO3POUUHEHTOB KOPPENALMN!
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R\'»\VI.‘:‘\ X = 1 - “.AL k4 (40)
T A,

rae Ar - onpenenHTesib MATPUIlbI NAPHBIX KO3hPUUHEHTOB KOp-
penAuuK; Ar, - OnpenenHTesb MaTPHLbLl MEX(QaKTOPHON xoppe-
JSIIHH.

JAns ypasHenus y =a+bx +byx, +. . +b,x, +& onpenenu-

Tesb MaTpULbl KOZPOHUMEHTOB MapHOH KOPPEUMH MPUMET
BUL

] ’j\:xl i\'xq r v,
’,\ Y 1 ;lxz I‘\Lx »
A]’ = r_\'.x‘z rj\‘le 1 o ’iqxp . (4] )
¥, X% 1 X% 1

Onpenesntens 0onee HU3KOTO MOPSIKA 71 OCTAETCA, KOraa
BLIYEPKUBAKOTCSH M3 MATPULIbI KOI(DPHLUEHTOB MapHOH Koppes-
WK TIEPBBIA cTONOSH W TepBas CTPOKA, YTO M COOTBETCTBYET
matpHue k03hHUHMEHTOB NapHOH KOppeMuu Mexay dakropa-
MU

i .l'v.\' T I‘.\'m‘s’
Aryy =1 (42

Kak BHAHMM, BejMYMHA MHOMKECTBEHHOrO KO3(pduLMeHTa
KOppeNsLHY 3aBUCUT HE TONBKO OT KOppeJSIHH pes3ysiprarta
KaXIbiM U3 (aKTOpPOB, HO H OT MEX(AKTOPHOH KOPPEIsiiMH.
PaccmoTtpennas gopmyna MO3BONAET ONPENENSATb COBOKYMHBHA .
k03 dULIHEHT KOppensuuM, He odpauasch NPy 3TOM K ypasHe-
HHIO MHOXECTBEHHOH PerpeccHy, a MCHOb3ys JIMIIb MapHbIE KO-
3P dHUHEHTHI KOPPEASIIHH.
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[Ipu Tpex NEpeMEHHBIX Ul ABYX()AKTOPHOTO YpaBHEHWS
perpeccun JaHnast GopMyna COBOKYMHOro koddduiyeHta kop-
PENAUUM JIErKO IIPUBOIUTCS K CAEIYIOMEMY BHAY!

[
—t
#

- . 1 2 .2 . - -
Ly ,-"1"1 . /’)1l + ’;xrz - 2’v1 ) ’yxl ) ’r,xz (45)
=z P 3 i

WHOEKC MHOXKECTBEHHON KOppesALiid PaBeH COBOKYIIHOMY
k0o>QPHUMEHTY KOPPEISILMU HE TOJNbKO MPH JUHEHHCH 3aBHCH-
MOCTH PacCMaTPHBAEMEIX. [PUIHAKOB. TOXIECTBEHHOCTH 3THX
nokasaTeneil, Kak M B NMapHOH perpeccuu, WMeeT MeCTo W il
KPHBOJIMHEWHOH 3aBHCHMOCTH, HENMHEHHOH Mo nepeMeHHbM.
Tak, ecau ans QUPMbL MOJIENb TPHOBUTH ) HIMEET BH

y=a+bx +bInx, +bnx, +b,Inx, +&,
re X1 - YAIbHEIE PACXObl Ha PEKIIAMY; X7 - KanuTan HupMbL; X3
- 1ofA NPOAYKLMH GHpMbl B 09IeM oDbeMe Npomak JAaHHOM
FPYIIAbI TOBAPOB [0 PErHOHY, X4 - TIPOLEHT YBEIMUEHMs 00beMa
npopax GUPMBI 10 CPABHEHHIO C NPEIbLAYLIHM MOLOM.

Torga HezasUCHMO OT TOTO, 4TO GaKTOp X} 334aH JIMHEHHO, a
(GaKTophl X2, X3, X4 - B jorapudmax, OLEHKa TECHOTbI CBA3H MO-
XeT ObITh MPOM3BENEHA ¢ MOMOLILIO JHHEHHOrO Kod(duuenTa
MHOKECTBEHHOF Koppessitun. Tak, ecnn paccMaTpuBaeMast Mo-
AeNb B CTAHAAPTH30BAHHOM BU/E OKA3AIACh CREAYIOUIEH!

1,041, +05-1, +04-1, +03-1,

a TlapHble Ko3c})qmunem BI Koppemunn np;mbmu C KQXK/IbIM H3 €€
Q)amopos COCTaBHIIH

0,6, Ty, = 0T Fyy = 0,60 7, = 0.4,
TO I(O3(b(bHIIHeH’I MHO’)K‘CCTBGHH()H IIeTeleriHiiU,HH OKAKETCSH
PaBHbIM!
R =—04-(-0,6)+03-07+04-0,6+03-04 =095,

ANy
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“Tor ke pesynbTar gacT H WHAEKC MHOXECTBEHHON JETep-
MHUHal{iY, OMNpeAeNeHHbIH 4Yepe3 COOTHOLIEHHE OCTATOYHOM U
o01weil Iucnepeiy pesyabTaTUBHOrO MPM3HAKa.

WHage obcTouT N1eno ¢ KpUBONMHEIHOH perpeccuei, Helu-
HEeHHOH Mo oLeHMBaeMbIM napamerpam. llpeanoiioxum, 4ro pac-
cMarpuBaetcs npowsBoicTeennan ¢pvaruus Kobba-lyrnaca:

P=a-IM K" ¢, (44)
rae P - obvem nponyknuu, L - 3arparsl Tpyaa; K - BeJIMYMHA Ka-
nutana, b +br,=1. '

Jlorapudmupys ee, nosiyuuMm JuHeiiHOe B Jjorapumax
ypasHeHue

InP=Ina+b-InlL+b,-InK +Ins. (45)

OuenuB napamerps! 3toro ypasHenus no MHK, moxHo

HaiiTu TeopeTuHeckue sHadeHus obbveMa npoaykuuu £ u coor-
BETCTBEHHO OCTATOHMHYIO CYyMMY KBaJpaTOB » (P-P)’, KoTOpas
HCHONB3YETCS B PACYETe HHAEKCA NEeTEPMHUHALMH (KOPPEITALIIM):
\arr ,

Y (P— Py \

R— ::l——— —“:=‘(———————)— (46)

N

2 (P-Py

Onnako npu 3ToM Hesb3s 3a0biBaTh, uto MHE npuMensiercs
HE K UCXOJAHBIM JIaHHBIM POJYKLMH, a kK uX aorapudmam. Ilo-
3TOMY B MHAEKCEe koppemsiuuu ¢ ofiled CyYMMOH KBaapaTroB
Z(lk P)" cpaBHMBAETCsl OCTATOUHAS ;JUCTIEPCHs, KOTOpas Ofl-

pesienieHa TO TEOPETHYECKUM 3HAYEHMSIM JNOrapH(pMOB MPOLYK-
umn: Y (P —awrunorapudm(in P))*, re. korna no InP myrem

NOTEHUHPOBAHHS HALLUIH P

FlHaeke nerepMHHALMK 18 HEMHERHBIX NO OLCHUBAEMbIM
fiapameTpaM QPYHKUMH B HEKOTOPbIX padoTax MO 3KOHOMETPHKE
NPHHSTO HA3BIBATH «KBA3M-R*». [lnst ero onpesenenus no dyHk-
LM, HCHOMB3YIOWMM Norapudvrueckite npeodpasopanus (cre-
NeHHasA, SKCMOHEHTA), HeoDXOAMMO cHadada HaiTH Teopernde-
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ckue 2Hadenns Iny (B Hawem npumepe In P ), 3atem Tpancdop-

MHPOEATh MX uepe3 anTuiorapudmel: aunuiozapudm (Iny )=y,
T.¢. H4liTH TEOPETUYECKHE 3HAYEHNS PE3y/IbTATHBHOIO NpPH3HAKA
M fnanee OnNpenesTh MHACKC NETEPMHHAIIMH Kak «xBazu-R>»,
noJs3ysack GopMynon

~

> ( y- anmzl.qoecq)m[m(lr{ y)j
NS

Benuunna MHOEKCA MHOXKECTBEHHON KODpEJsiLMH, Ornpene-
fennas Kak «xBasu-R>», He yaer coBmajgaTh ¢ COBOKYITHEIM KO-
3bGUIMEHTOM KOPPESLIUK, KOTOPBIii MOXET ObITh paccuuTaH
ANs JIMHEHHOro B jorapudmMax ypaBHEHHs MHOXECTBEHHOH per-
peccri, MO0 B MOCHNENHEM PACKNAAbIBAETCA Ha HAKTOPHYIO U OC-

"gpazu-— R>"=1- 47)

TATOYHYKO CyMMbl KBapaToB He Y (yv—¥)°. a > (In y=Iny).

ABaJIOrHYHOE TIONIOKEHHE, KOTAA MHAEKC 1 KO3Q(ULHEHT MHO-
JKECTBEHHOM KOPPENALIMM HE COBIAAArOT, MMEEM H i 00paTHOH
GbYHKLMH:

)= : , (48)
a+bx +. . +bx, +e
100 TEOPETHYECKOE 3HAYEHHE PE3YJbTATHBKEOrO MpH3HaKa onpe-

AeJAETCs ITyTeM 0OpalueH sl PacUeTHOH BeHUMHBE 1/y.

B paccMOTPEHHBIX MOKA3aTeIsX MHOXKECTBEHHOH KOppesisi-
uiu (Angeke ¥ Ko3GhQPUUHEHT) HMCNoab3yeTcs OCTaTOuHAA AMC-
Mepeus, KOTopas MMeeT CHCTEMATHHECKYH) OMHOKY B CTOPOHY
npeyMeHrblueHus, Tem Oonee 3HAYMTENbHYIO, YeM Oosibiie napa-
METDOB OMpejIeNseTcs B YPAaBHEHHH PErpecCHH IMpH 3alaHHOM
obpamve Habmonenui 1. Ecan 9ucno napaMeTpoB OpH X; PaBHO 77
u npudaMkaercs K 00beMy HaOIHOACHHH, TO OCTATOMHAas QHC-
nepcus Oyner 6an3ka K HY O M KOOQOULHSHT (MHAEKC) KOppe-
ASUAN TPHBITH3UTCA K €AMHUIIE JIaKe NPH Caaboi CBA3y daxro-
poB ¢ pe3ynbTatoM. [l Toro 4To0bi HE AOTYCTHTE BOIMOKHOTO
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NPEYBEAUIEHHSA TECHOTB! CBA3M, UCTIONB3YETCSI CKOPPEKTUPO BAH-

HbIA MHAEKC (KO3(pHUIMEHT) MHOXECTBEHHOI KOppesLy
CKOppEKTUPOBAHHBIN HHIEKC MHOXECTBEHHOI KOppeisLMU

COZEPKHUT MOIPABKY HA YUCIO CTENeHel CBOOOMbI, 4 UMEHHC OC-

TATO4HAs CyMMa KBanpaToB Z(y~ Vass )' ACJIUTCS HA YHCIIO
5%,

cTerieneil CBOOOMBI OCTATOMHON Bapuauu (n-m-1), a obuan cym-

Ma KBAaApaTOB OTKIOHEHMH ) (y-¥) - Ha 4MCHO CTemeHeii

CBOOOMBI B LENIOM 110 COBOKYITHOCTH (#-1).
DopMyna CKOPPEKTHPOBAHHOIO MHAEKCA MHOXKECTEEHHO
JAETEPMHHALMH UMEET BUL;

— D=3 (mn-m-1)
R =1-%= 5 ,
2 (=3 (n-1)
IZie /1 - YUCJIO [apaMeTPOB NPH MEPEMEHHBIX X, # ~ YUCIO Ha-
OmoneHuii.

[Mockomeky Y (y =P (=¥ =1-R* 10 Beanumny
CKOPPEKTHPOBAHHOTO WHZEKCA METEPMHHALIMH MOKHO TNencTa-
BUTDH B BHJ(E

R>=1- (1_[\)3).__(’_’:_1)___
(n—m-1)

Hem Oosnblue BemunHa m, Tem cunbHee pasmuns K- u R

JAnst 1vHEHHOH 3aBUCHMOCTH TIPH3HAKOB CKOPPEKTHPOBAH-
HbIH KOI(PGULHMEHT MHOXKECTBEHHOH KOPPENALHM ONpeneNAeTcs
1o TOH ke Qopmyie, UTO U HHAEKC MHOXECTBEHHOMN KOppens-
MU, T.€ KaK KOPCHb KBaapaTHbii u3 R°. OTnvume cocrour
JMLUb B TOM, YTO B JIMHEHHON 3aBHCHMOCTH O M NOAPA3yMeBa-
€TCS HHCIIO HAKTOPOB, BKIIFOUCHHBIX B PErPECCHOHHYIO MO1€/b, &
B KPUBOJHHEHHOMN 2arz.ucmv]oc:m m - YUCJIO MapaMeTPOB IPH X H
X npeoGpasosanmsx (x°, Inx u AP.), KOTOPOE MOXET ObITE 001b-
le yicsa GaKrTopos Kak IKOHOMHYECKHX NepeMeHHbIX. Tak, ec-
m y=f(x1, x2), TO A1 NHHeiHOI perpeccuu m=2, a s perpec-
CUM BMIA

(49)

(50)

417



y=a+bx, +b,x +bx, +b,X +¢&

YMCIO MApaMeTpoB NpH x pasHo 4, T.e. m=4. Ilpy 3ananHOM 00b-
emMe HaOMIONeHuil Py MPCUKX PABHBIX YCIOBHAX C YBETMUEHHEM
qUCNA HE3ABUCHMBIX TIEPEMEHHBLIX (T1apamMeTpoB) CKOPPEKTHPO-
BaHHBIHA KO3pUIMEHT MHOKECTBEHHOH EeTEPMUHALNH yObiBaET.
Ero BequuMHA MOKET CTaTh M OTPHLATENbHOHN NPy CAabbIX CBsi-
35X pe3yabrara ¢ ¢pakropamMd. B oToMm ciydae OH JOIDKEH Cuy-
Tatbest paBHbIM Hymo. [Ipu HeGompimom dncne Habmoneuuii
CKO])I)CKI‘PIpOBdHHdSI BeaHunHa KOP(ULMEHTa MHOXKECTBEHHOM
HNeTepMUHALIMHE i wMeer TeHIEGHLIMIO MEPEOLEHHBATD JIONI0 Ba-
pUaLMK PE3YNbTATUBHONC MNPU3HAKA, CES3AHHYFO C BIHSHHEM
(aKTopoB, BKIIOYEHHBIX B PErPECCHOHHYy0 Moners. Ilpumep.
[Mpennonoxum, uro npu /7=30 anst JHHEHHOTO ypaBHEHHUA Der-
peccvu C 4eThipbMsi (haKkTopamu R*=0,7, a ¢ y4ETOM KOPPEKTH-
POBKM HA YMCJIO CTeneHeti cB00Ob!

=1-(1- 07)-—9-2——)—»— =0,652.
(30-4-1)

Yem Gosbie 06beM COBOKYITHOCTH, MO KOTOPOH HCUHCIICHA
perpeccHsi, TeM MEHBLIUE PA3ZINHAKTCA MOKA3AT eI R v R
Tak, yxxe npu #=50 NpH TOM e 3HaUeHHH R® um sennuuna -
cocrasut 0,673.

B cTaTHCTHYECKUX MaKeTax MPUKIaHBIX NPOrpaMM B I1po-
Helype MHOXKECTBEHHOH Perpeccun OObIYHO MPUBOAMTCS CKOP-
PEKTHPOBAHHbIN KOIQDULHEHT (MHAEKC) MHOKECTBEHHOH KOp-
pensiu (aerepuuHaimu). Bennunta ko3 duureHra MHOXECT-
BEHHON JETEPMHWHALMH HCIOJB3YETCA ISl OLIGHKH KauecTBa per-
peccronHoit Mozienu. Huskoe 3nadenre koabuunenta (HHIeK-
€a) MHOXECTBCHHOH KOPPENAUHHM O3HAYAET, 4TO B PErpeccHOH-
HYIO MOJIEIb HE BKJIFOUEHbI CYHIECTBEHHBIE GaKTOpBI - C OAHOH
CTOPOHBIL, & C APYTrOfi CTOPOHBI - paccMaTpHBaeMas Gopma Cesisi
HE OTPAKAET PEaNbHBIE COOTHOIUEHHS MEKIY MEPEMEHHBIMH,
BK/IIOUEHHBIMH B Mozenb, TpedyroTca nanbHerlnye UCClienosa-
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HHUS 10 YNYYIIEHHIO Ka4e€CTBA MOJENK M YBEIMYEHHI) ee paK-
THYECKOH 3HAYMMOCTH.

.

9.7. YacTHas koppeasuus

Kak 0b110 mokaszaHo sbiLue, pamkupoBaHue (akTopos, y4a-
CTBYIOLIHX B MHOXXECTBCHHOW JIMHEIHOH pErpeccHu, MOXKeT
OBITb MPOBENEHO Yepe3 CTAHAAPTH30BAHHEIE ko3¢ pULMEeHTHI per-
peccun (3 -xosdhuimentsr). ra xe 1edb MOXKET GbITh JOCTHI-
HyTa C MOMOIIBIO YacTHbIX KOd((pHUIHEHTOB KeppensuuH - mist
nuHEHHbIX cBaseit. [Ipy HenuHeiiHOI B3aUMOCBSI3H HCCJIEYeMBIX
NPU3HAKOB 3TY QYHKIMIO BbiNOJIHAIOT YACTHbIE HHIEKChI nerep-
MuHauuu. Kpome Toro, yacTHble nokazaTeny KOppemsuum LIKpO-
KO HCHOJIBL3YIOTCA Mpu pelieHnu npodnemsl 0160pa (axTopos:
Le1eCO00Pa3sHOCTE BKAKUYEHUS TOTO KJIH HHOIC (baxTOpa B MO-
ACNb NOKA3BIBACTCH BENMIMHON NOKA3aTeNs HaCTHOW KOPpeNs-
1IHH,

Hacrrpie KO3QOUUMEHTHI (MM WHACKCHI) KOPPEIALMH Xa-
PAKTEPU3YIOT TeCHOTY CBA3H MEXY PE3VJILTATOM M COOTBETCT-
BYIOWMM (DAKTOPOM NPU YCTPAHEHHH BIAMSHHUS APYrux ¢gaxro-
POB, BKJIOYEHHbIX B yPABHEHUE PEIPECCHH.

Ilokasarenu 4acTHOM KOPPENALIM NPEACTABIAIOT COBOI OT-
HOLUEHHUE COKPALLEHHUS OCTATOUHOHN THUCTIEPCUH 3a CUET NOMOJIHHU-
TEJILHOTO BKJIKOMEHHS! B aHAIM3 HOBOro (DakTopa K OCTATOYHOI
AMCNIEPCHH, UMEBLIEH MECTO 10 BEEAEHHS €r0 B MOIEb.

Hpumep. Ipennonokum, yto 3aBHCHMOCTL 00BEMa NPOLYK-
UMK ¥ OT 3aTPaT TPYJA X1 XapaKTePU3YETCA YpaBHEHHEM

j{_\.l =275+35x, 1, =058,

IoacraBur B 3TO ypaBnedre (akTHUECKHE 3HAYCHHS X1,
HAHICM TEOPETHYECKHE BENIHYHHbI 0OhEMa MPOLYKLMH )7'1-, " Co-
OTBETCTBYIOULYIO BEJIHUHHY OCTATOUHON ancnepcuu S

o . L
PR § ] -
g o2y (51)

ERY
Bt ] II
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BiUTI044B B YPaBHEHUE PErpeccuu AOMOHUTENbHbIN PaKkTop
X - TEXHHYECKYIO OCHALIEHHOCTb NMPOM3BOACTBA, MOIYHHM ypaB-
HeHe perpeccuy BUIa
Ve, =20,5+3,0%, + 0,3x,.
JI151 3TOTO ypaBHEHUsA OCTATOYHAs JUCTISPCHSI, eCTECTBEHHO,
meHpine. [lpeanonoxuM, HTO S =38, a 5‘ =6,0. Uem

I%)Xy
Gosriuee yucao GakTopoB BKIIOYEHO B MOJETb, TEM MCHBLIE BE-
JMYHHA OCTATO4HOU AMCIIEPCHH.
CokpalileHse OCTaTOUHON HUCIIEPCHH 33 CUET AOTIOJNHUTE b
HOTC BJIrOUeHHs (HaKTopa X2 COCTABUT!

5 -8 =22

IXXy
Yem Gosblile 0NISt 3TOTO COKPalleHHsi B OCTaTO4HOM Bapua-
MM [0 BBEIEHHs JOMOJHMTeNbHOro dakropa, T.€ B S:j\_l. TeM

TeCHEee CBA3b MEXULY ¥ M X2 IPU MOCTORHHOM ACHCTBHH dakropa
x1. Kopenb kBanpaTHbii U3 OTOM BENHUMHBI 1 €CTh MHICKC HacT-
HOW KOPPENsLHM, MMOKA3bIBAIOIMA B «HHCTOMY» BHAE TECHOTY
CBSI3U )’ C X2.

CJielORATENBHO, HUCTOE BiMsiHME GaKTOpa X, Ha pe3ynbTar y
MOKHC OTIPENENIMTD KaK

v

~ _ s ‘ 59
— T (52)

’yx: Xy

AMAOTHYHO ONPEAENAETCS U YHCTOE BIIHAHIE HA PE3yJIbTaT
¢axropa xi:

Ecnu n0pennonoxuTh, 4T0 §:, =5, TO yacTHble MOKA3aTEAH

KOppes AUMK A1 YPABHEHHS }A",\-lxﬂ =20,5+3,0x, +0,3x, cocTapar

Fie, = F‘J =0,03
NpXn \ g
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H

P = /—6;131 =0,707.
Yy \ 6 '

CpaBHHBAs MOJIyYEeHHBIC DE3YNbTAThI, BHAMM, 4TO Oosee
CUJIBLHOE BO3EiiCTBUE Ha 00bEeM NMPOAYKIWH OKa3biBaCT TEXHHYE-
CKast OCHAILEHHOCTD peIPHUSITHI.

Ecny Bbpa3uTh OCTATOYHYH) DHCAEPCHIO Yepe3 MoKas3aTesib

netepmunauu S, =0 (1-r"), 1o dopmyia xodpduunenta

O

4aCTHOH KOpPENsiUY IIPUMET BHIL

A S 1-RZ .

Fow = | = 1 2 ]2 (34)
Syxl ‘Sm‘; l - ‘ry;rz
CoOTBETCTBEHHO
1-R? -
¥ X,
‘vx, X = l D ’W’L‘ (DS)
My l —p

PaccMOTpeHHBbIE TI0KA3aTENN YaCTHOW KOPpessuun NPHHATO
Ha3biBaTh KodGuiMEHTaM) (MHIEKCAMH) YaCTHON KOppessuHu
epRoOro nopsiaxa, ubo oBH QUKECHPYIOT TECHOTY CBSA3M IBYX f1€-
PEMEHHBIX TPH 3aKPEIUIEHUH (3TMMHHUPOBAHHY BIMSHNS) OZHO-
ro ¢akropa.

Ecny paccMaTpHBAETCs PETPECCHS! € YUCIOM (PAKTOPOB p, TO
BO3MOXKHbLI YacTHble K03(P@ULIHEHTBI KOPPEsLMU HE TOJIbKO
FIEPBOTO, HO M BTOPOLO, TPETLETO,..., (p-1) nopsijika, T.€. BAHSIHUE
dakTopa X; MOKHO OLIEHUTDb 1IPH Pa3HbIX YCIOBMSX HE3aBHCHMO-
CTH JIEACTBHA APYruX (PakToOpoOB:

Frx, ~ TIPH MIOCTOAHHOM ACHCTBHH dakTopa x7;
Fiqxu, ~ APV TIOCTOSHHOM aefcTBHM QAKTOPOB X2 U X3,
P x, - (P HCH3MCHHOM REHCTBHU BCEX (haKTOpPOB, BKJIO-

YEHHBIX B YPABHEHHE PETPECCHN.
Conocrasiienne kod>PPHIHEHTOB YaCTHOH KOPPEeNsAHU pas-
HOIO MOPAAKA 110 MEpe YBETMUEHUsT YHCIA BKII0UAEMbIX (akTo-
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POB I0KA3bIBAET MPOLECC KOYHUILEHHUS» 3aBUCUMOCTU pe3y/bTa-
THBHOTIO ITPH3HAKa C UCCEenyeMbIM (PakToOpoM.

Hanpumep, npu u3y4eHUU 3aBUCUMOCTH CeOECTOMMOCTH 710-
Obran yryis OT obbema A00bIYH NapHbiil KO3hIHLHEHT KOppes-
UMK OKasancsa pasHbim -0,75, xapaxTepusys JOBOJBLHO TECHYIO
00paTHyI0 ¢BA3b Npu3HaKkoB. YacTHeiil kosdduimenr xoppens-
1IMM 3TOH 3aBHCHMOCTH TPM NMOCTOSHHOM BJHSHUM YPOBHS NPO-
H3BON¥.TENBHOCTH TPpyda cocraBui -0,58 M N&MOHCTpUPYET XOTs
H AOCTAaTOYHYIO, HO Y€ 3aMETHO MEHee TeCHyH cBs3b cele-
CTOMMOCTH 1 00bema JO0bIuHN. 3aKpenuB Ha OCTOSHHOM YPOBHE
TAKKE U PasMep OCHOBHBIX (POHIOB, TECHOTA CBA3M paccMaTpu-
BaeMbIX IPU3HAKOB OKa3bIBAeTCA euie bonee HU3KOM, T. €. -0,52.

XOTsA 4acTHasi KOPPENsilust PasHbIX DOPALKOB M MOXKET
NPEACTABJIATh aHATMTHYECKHH UHTEpEC, B MPaKTUYECKUX HCClie-
JOBAHUAX NPEANOYTEHHE OTHAIOT I10KAa3aTesaM 4YacTHOH Koppe-
JSILIMH CAMOTO BBICOKOTO MOpsaKa, HOO WMEHHO 3TH MMOKa3aTe/n
ABJIAIOTC AONOJNIHEHUEM K YDABHEHHMIO MHOXECTBEHHOH perpec-
CHM.

B o0uieM Buzae npu HamMuMH p GakTopoB IUist ypaBHEHHS

y=at+bx +bx,+. +bx, +e

KO3 PULMEHT HACTHON KOPPEIALMH, U3MEPTIOLINIA BANIHHE HA }
(axropa Xx; NpU HEH3IMEHHOM YPOBHE JAPYrux (PakTOpOB, MOYKHO
onpeneants no hopmyJe

1-R;
Iy XYy,

reooo = 1- R
3NN Xy Xy \[ 1-R-

: (56)

ARE ISR

rae Rﬁ;:xl.\':. XX,

BCEI'0 KOMIINEKCa /7 QAKTOPOB C Pe3yJibTaTOM;

- MHOXECTBEHHBIH KO3()PHLUMEHT AeTePMHHALMN

R - TOT Ke IoKasaTeslb AeTepMHHALUKU, HO 0Oe3

WYL Nt T,
BBELEHHS B MOAENb (aKkTopa X;.

[Ipu =1 dopmyna xo>pdPHUMEHTA HACTHOH KOppesiuH
TIpPHMET BU
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- RV.\: Xy X
"'_vxl»x: x, \/] - -""_‘—al—:“i ) (57)

Jannpii  k03QPUUMEHT HaCTHOM KOPPENALMH T03BOJISET
H3MEPUTDb TECHOTY CBSI3H MEXKY V M X1 MPH HEM3MEHHOM VDOBHE
BCEX OPYrHX (pakTOPOB, BKIIOYEHHBIX B YPABHEHHE PErpeccun.

Tlopanok 4yacrHoro ko3GuIUEeHTa KOPPENALMH ONfenes-
eTCsl KOIMYECTBOM (aKTOPOB, BIHSHME KOTOPBIX HCKIIFOUACTCS.
Hanpumep, 7, . - k03HOUUKHEHT YaCTHOH KOPPENSALUNH [12pPBOTO

PN
nopsaxa. CooTBETCTBEHHO KO3(QOULHEHTHI NaAPHON KOPPEJSILIM
HasbIBarOTCs Ko3(duurenTamy Hynesoro nopsaka. Koadipuuu-
€HTbl YacTHOM KOppesiuuu Oonee BHICOKMX MOPSIKOB MCHKHO
onpenennTh uepes ko3dpdULUMeHTsl acTHON Kkoppensuuu Gonee
HU3KHX MOPSAIKOB 110 peKyppeHTHOH dopmyne

\ ~YpX .\ ’\\. RRYRY X, ’X.\.' XX
2 -1 1Y § ip 2

e P P

’."-\'i"‘lxz X, N ’ (58)
\/—(] n Ny X, ) (] - r.vc,xp-xlxzv. Xy )

ITpu nByx (bam‘opax v /=1 nanHast popmMyna NpUMET BHIL(

I»)Tz . ]~ XXy (59)

!
\\ Xy "
T
COOTBETCTBGHHO nopH 1:2 v 1ByX (akropax 4acTHbIF. KOd(-
buimeHT Koppessiund y ¢ GakTopoM X2 MOXHO ONpPenennTb no
dopmye

v - Foe, Tl T, A (60)

e - ) =)

Jns ypasHeHus perpeccuu ¢ Tpems hakTopamu HacTHbIe KO-
> PULHEHTB KOPPENALMNA BTOPOro MOpsiAKa ONpenessTes Ha
OCHOBE 4aCTHbIX KO3DGUUHEHTOB KOPPEIALHH NEPBOTO MOPHIKA.
Tax, no ypaBHEHUKO

y=a+bx +b,x, +bx,+¢

BO3MOHO HCYMCIIEHHE TPEX YACTHBIX KOIPHIIMEHTOB KOPPEisi-
LUHH BTOPOIO NOPsJKa:
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.

"_.\'.r, Nyt ; j’j\‘x:-x,x} ) NG, 0
K@@ IbIi U3 KOTODEIX ONPENEISIETCsA M0 PEKYPPEHTHOM opmyJe.
Hanpumep, npu /=1 umeem ¢opmyny nns pacuera Py s @

-

HMEHHO
.

r}’xr": B r.“xs'xz ) l~‘zxz el (61 )

r = =
SRR T N
Ilpumep. Ilpennonoxmm, m3yuaercst 3aBUCHMOCTb THPAXa
rasersl y OT OXKHAEEMOr0 IOXOHa OT PacHpOaaku ra3eTsl X;, KO-
JIMYECTBA MEPCOKANA PEAAKIIMH X, PEHTHHIA ra3eThl CPEAn npy-
TUX ra3er, pacnpOCTPaHAEMbIX B PErHOHE x3. B 3TOM cnydae mar-
pH1Lia TapHBIX KOG PULHEHTOB KOPPENAUMU COCTABHIA;

1
- =(.69 |
Fo =038 £ =046 1
P =035 1 =050 r =041 1

HMcxons uz oTux naHHeixX, HalxeM dacTHble KOAQQHUHEHTDI
KOpPEeAsLHH MEPBOTO U BTOPOTO TIOPSIIKA.
[lpuseneM wacTHbie KO3POULHEHTHI KOPPENSIUUH HEPBOro
NOpsAKa 3aBUCHMOCTH } OT X} H X7
Lo TaTTeha  069-058-046
=R M=) Ja-osga o046
T.€. NPH 3aKPerieHHH (HakTopa x; HA HOCTOSHHOM YPOBHE KOp-
pemsiLvs ) M X1 OKasbiBaerca 6oree Hu3kokH (0,585 nporus 0.69);

P e Ty 58 —-0,69-0.4
o B W 0.>8-0.69.0.46 =0.409,

Py, = —mee = » - -
=) -R) Jasoseha—oae)
T.€. NPH 3aKperyieHin GaKTopa X HA [MOCTOAHHOM YPOBHE BiHsi-
HUe (QaKTOpa X; Ha y OKasblBAETCA Meree cunbHbM (0,409 npo-
tUB 0.58);

=0,585,

Pay, Tl Ty, 0.69-0.55-0,50

_ = =0.574,
' \/(1_,}?‘:).(;-,\;3 J(,khuss:)(l—~0,503) ’

424



T.C. MpH 3aKpenjeHuH PaKTopa X3 Ha NOCTOSHHOM YPOBHE BJIHS-
HUE DaKTopa X, Ha ) HECKONBbKO CHM3HIOCH (10 CPaBHEHHIO C
naprHoi Kkoppensiumer (0,574 mporup 0,69) BBUIIY HEKOTOPOH
CBA3H (PaKTOPOB X, H X3,
o= Pooy ™V, " Py, . 0,58—9,55-0,-41 0,465,
=) 0-2) Jacossha—oar
T.€. 1IpH 3aKkpenenu GakTopa X3 Ha MOCTOSHHOM YPOBHE BiHs-
HHE Ha y (akTopa X, 0Ka3anoch HECKOIBKO MEHEE CHUTBHBIM
(0,465 nporus 0.58);

Do, T P 0.55--0,69-0,50

e = Ja - 2l -r2) ) ':/(1 ~0.692)(1-0,507)

T.€. KOppensuus PaKTopa x3 ¢ ¥ CHU3MIACH NPy ($puKCHpOBaHHOM
BAWSHUH Ha y hakTopa x; (0,55 u 0,327);
foe w T ha _ 055-058.041 0.420

=2 ) -2) Jacosstha—oar
T.€. ipu 3akpemienny GakTopa ¥, Ha NMOCTOSIHHOM YPOBHE BIIHs-
HUEe (haKTopa ¥3 Ha ¥ OKa3a10Ch MEHEE 3HAUMTEIbHBIM (0,420 n
0,55).

lIpuBenem wacTHbIe KO3 DULMEHTE KOpPpeTALHY BTOPOro
ropsaka.

=0327,

ey T Yren, ayen, )-— 5-- )7 ) ‘7 5 z
"L_‘__L’ 2 Foxps, _ (,585-0,420-0,385 =0.505.

-y -7 ) Ji-04a20ha-0385

[pu dpuxcrpoBanHoM Bruanuu (akTOpOB X; W X3 KOppens-
UHA ) C X1, OKa3ajach e MeHblie, UeM NPH YacTHOH Koppels-
UMH TIEpBOro nopsaika (npu sakpersienuu deaxropa x;). 0,69;
0,585 1 0,505.

(RSP N

— Y . 9--0.327-0.23-
oo Do 0409203270234 o

4 N
7 = - TS AL U N, - 2
[RAGEE VRN f a / T 3 N
=2 0= 0) Y0057 0- 0234
Koppensuus dakropa x; ¢ v cHuszunach no 0,409 npu snu-
MHHHPOBaHHH axkTopa x; u Ao 0,362 npy 3JIHMHHHPOBAHUM
ABYX (DAKTOPOB ~ X| M X3,




1327 - 0.409.0,2] _
_0327-04090234 (o0

Ny JO-0,409%)(1-0,2347)
Kcppemsiuus y ¢ X1 CHU3KIAch ¢ 0,55 B napHOi perpeccHH o
0,327 NpH 3aKpeIUIEHUU Ha NOCTOAHHOM YPOBHE ¢paxropa xi 1 Ji0
0,261 npu OQHOBPEMEHHOM 3aKPETIICHHH Ha [IOCTOAHHOM YPOBHE
hakTopoB x; ¥ Xz, YacTHas KOppeJslils BTOPOro nopsiaKa 3aBu-
cUMOCTH y C PaKTOpaMu X1, X2 U X3 OKasajiach sHa4YHTENABHO Dojiee
Hu3Koi# - 0,505; 0,362 u 0,261 mpoTuB 0,69; 0,58 n 0,55 st map-
HOI1 perpeccHu.
PacCYUTAHHBIE IO PEKYPPEHTHOH (QopMysie HacTHBIC K03(-
UIHEHTH! KOPPEJALIM M3MEHSIOTCA B Ipeaenax ot -1 no +1, a
o GOpMysaM uepe3 MHOXKECTBEHHbIE K03 pPULUEHTHI ICTEPMHU-
natuu - ot 0 no 1. CpaBHeHHe uX Ipyr ¢ Apyrom NO3BOJIALT
paHXMPOBATh (PAKTOPBI 110 TECHOTE UX CBA3M C pesyssrarom. Ha-
cTHble KO3(DMHUIUMEHTBl KOPPEJALMH, NOATBEpPKIA PAHXKHPOBKY
}haxTOLOB IO UX BO3IEHCTBHIO HA PE3yIbTaT, Ha OCHOBE CTaH-
[@PTH30BAHHBIX KOOP(HUUMEHTOB Perpeccitt (B - xo3pduuneH-

TOB) B OTJIHMME OT MOCJEIHHX JIQt0T KOHKPETHYIO MEpY TECHOTBI
cBSI3H KAXIOro Gakropa ¢ pesysibTaroM B 4HCTOM BHAC. Ecnu u3
CTAHIAITU3OBAHHOIO YPABHEHMS PErpeccuH f =p.r +f.L, + St
: . N RORE G
cneqyer, 4ro A >p >pf,, T.6. 1O cwie BIIMSIHWS Ha pe3yapTar
nopsiACK (akTopoB TAKOB: X1, X2, X3, TO 3TOT e NIOpPAIOK (haxTo-
pOB OMPENENSETCS ¥ [0 COOTHOLICHAUIO HACTHRIX k035G HULIUEHTOB
Koppenﬂu]’l”’ ,'t\l\'l‘,\‘:.\'_w‘ > I"v\'x:'.\?l.\i‘ > ’.7\‘.\.'5’.\“.\': o
COrIacoBaHHOCTb YaCTHOM KOPPEJALMH i CTaHAAPTH30BaH-
HbIX KC3(h(QHIIMEHTOB Perpeccuu paubosee OTUETIIHBO BHAHA 13
CONOCTABIeHHS MX (OpMYJl MpH ABYX(HAKTOPHOM aHAIH3E Jlns
ypaBHeHUs ~ perpeccHu B CTaHAAPTU30BAHHOM macitade
i,=f1, +B1, B -kordduLienTsl MOrVT ObITh ONPEACICHDI no
dhopMyaM, BHITEKAIOWMM H3 PCLICHHHA CUCTEMbl HOPMAJIbHBIX
ypaBHEHUH'
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(62)

. I
ﬂ _ I}:\'2 o xx
Yy :

CpaBHUBAst UX ¢ PeKyppeHTHbIMH GOpMyiaMu pacuysTa ya-
CTHBIX KO3(PHULUMEHTOB KOPPENAUMHU 7, ur MOXHO BH-

XXy yxyx 0

A€Thb, HTO

X%,
¥ — /} o 142
1% X 2

Hupvu ciioBamy, B ABYX(AKTOPHOM aHANU3E YAaCTEBIS KO-
a(hdUUHEHTH! KOPPEASILMHE - 3TO CTAHAAPTH3OBAHHEIE KOS HITH-
€HTbl PErPeCcCHH, YMHOKEHHBIE HA KOPEHb KBAJAPaTHBIN N3 COOT-
HOLIEHHA [I0JIEM OCTATOUHBIX AMCTIepcHii Gukcupyemoro ¢axro-
pa Ha (akTOp U Ha PE3VJIbTAT.

B skonoMerpuke wuacTHble KO3G(HUMEHTH KOpPpEIAUHHU
OOBbIYHO HE UMEIOT CaMOCTOATENBHOTO 3HaYE€HHA. B OCHOBHOM HX
UCTIOUIL3YIOT HA CTanuM (POPMUPOBAHHS MOJENH, B YACTHOCTH B
npouexnype orcesa akropos. Tak, crpost MHOrOGakTOPHYK Mo-
Iefib, HAPUMeEp, METOJI0M UCKIIKOUEHHs] TEPEMEHHBIX, Ha NEPBOM
ilare OnpenensieTcs ypasHeHHe PErpeccHy C IMOJHBIM HabopoM
(aKTOPOB M PACCUHTBLIBAETCS MATPHULIA YACTHBIX KOIDDUL HEHTOB
xoppessitun. Ha sropom mare otbupaercss Gpakrop ¢ HaMMeHE-
IEH M HECYUIECTBEHHOH MO f-kpuTeputo CTHIOOEHTA BeJAUYHHON
noKasarejist 4acTHOH Koppensunu. Mckmouus ero w3z momenu,
CTPOMTCA HOBOEC ypaBHenHe perpeccuu. Ilpouemypa npcaomxa-
€TCs 0 TeX MOp, [0KA HE OKAXKETCs, YTO BCE YacTHbie Kodhdu-
UMEHTBl KOPPEJSIIMH CYIECTBEHHO OTJIMYAtOTCA OT Hyna. Ecin
MCKJIKOYEH HECYLUECTBEHHBIH (AKTOP, TO MHOKECTBEHHBIS KO3 (-
HUHEHTBI 1ETEPMUHALNH HA ABYX CMEXHbIX UIAraX MOCTPOEHHS
PErPECCHOHHON MOJENH TOYTH HE OTIHYAIOTCS APYr OT Ipyra,

Te R, =R’ raep - uncio haktopos.
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M3 npuBeNeHHBIX paHee GOpMyJl YacTHBIX ko3dPrumnentTos
KOpPE/ALMM BH/HA CBS3E 3THX MOKa3arened ¢ COBOKYMHBIM KO-
3bdHLHEHTOM KOppensLy. 3Has HaCTHBIE k03P GULIHEHTBI KOP-
pensiuiy (rocaenosaTeabHoO NepBOTO, BTOPOro ! 00Jiee BEbICOKOrO
MOPSIIKA), MOXKHO ONPEACTUTH COBOKYITHBIMH ko3P pHuMeHT Kop-
pensiuiu 1o hopmyie

i
R . =l-0-r2)-0-r )0 ) = F - (64)

ITpy momHOV 3aBHCHMOCTH Pe3yNbTaTHBHONC MPU3HAKA OT
uccnenyembix (paktopos KOIQEGUUKEHT COBOKYITHOTO MX BJIHS-
Hus paBeH efuHyLe. M3 eIMHULb! BHIMHTACTCS A0Ms OCTATOYHOH
BApUAIMK PE3YTSTATUBHOIO IIpIH3HAKA (1-r%), obycnosnennas
IOC/EI0BATENBHC BKIFOUEHHbIMM B aHann3 ¢daxkropamu. B pe-
3yJbFaTe NOAKOPEHHOE BHIPAXKCHHE XaPAKTEPH3YET COBOKYMHOE
neificTBHE BCEX MCCIIENYEMBIX (PAKTOPOB,

B paccMOTPEHHOM HpuMepe ¢ Tpems (aKTOPamH BeIWYHHA
k03 PuLIMEHTa MHOKECTBEHHOH KOPPENALMH COCTABUNA!

1
R, =(1-(1-0697)-(1-0.409)-(1-1.261")) =0.770.

BendurMHa MHOXECTBEHHOIO KO3(DOUUMEHTA  KOPPEFLHU
Bceriaa Gojibiue (MM PaBHA) MAKCHMATLHOTO YaCTHOrO Koa(dn-
LKMEHTa KOPPENALHM, YTO UMEET MECTO B HALIEM NpUMEpe: 0,770
no cpaBuenumo ¢ 0,505.

9.8. IlpoBepka HaAEKHOCTH PE3YJ/ILTATOB
KOPPE/ISIIMOHHOr0 U PEIrPpecCuoHHOr0 aHaJIM3a

AHanu3MpyeMbie psijibl JHHAMHKH ABJISKOTCS [TOYTH BCEraa
Bpibopkamu M3 Gosee HEBIX psinos. 1lostomy HeoOxonnma
BCECTOPOHHSAS! TIPOBEPKA HAISHHOCTH PE3YILTATOB KOPPENSIH-
OHHOIO M PErpeccHOHHOTO ananm3a. OCHOBOW NMPOBEPKH ABJIAET-
csl TeOpHs BLIOOPOYHOrO HabmoneH s,

3HaueHde KOIPOHUIMEHTA KOPPENALUMH ©' ABNAETCS Cyvai-
HOIl BeJIMYMHOMH, KoTOpas 3aBUCHT OT oDwveMa BbiOOpkH. Tlpu
yBeNIHYeHUH oOBeMa YMCAOBOH HMHQOpMaLMK  pacipencsieHue
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BBIOOPOUHOrO  ko3ddHLIEeHTa KOppeAunK rpuOaMKaeTcs K
HOpMaJibHOMY. HekoTOphble aBTOPBI CUMTAOT, 4TO paclpeaee-
HUe K03(hduLKEeHTa KOPPEISIMN HE OTIHYAETCA OT HOPMAJIbHO-
ro, eciau 00beM BrIOOpkH N=500. Jlpyrue CYUMTAKOT AONYCTHMBIM
N=200 usnu N=100.

DTO OOCTOATEIBCTBO SIBIAETCA NPUYMHON HEBO3MOXHOCTH
HCNONBL30BaHUs GOPMYJIbI KBAAPATUYECKON OMOKH KO3hPHLH-
€HTa KOPPeJsILHU
= e (65)

r

rae o - K03(Q(UUUEHT KOPPENALUNA B INEHEPANLHOH COBOKYIHO-
CTH.

Bpsia nm ynacTcs MONYYUTh LOCTOBEPHBIE PSUIBI NHHAMMKH,
conepxauue 200 yposHeil, HO B IPOTHBHOM Cllydae pacnpene-
JIEHHE 7" MOXET CYUIECTECHHO COTAHYATBCA OT HOPMAJIbHOIO, H
BEJIM4HHA KBaAPATUYECKOH OLIMOKY OKa3bIBAETCS HEHAAEKHOM.

Apyrum HenpusTHbIM OOCTOATENBCTBOM SBJSETCS TO, YTO
IpY BBICOKMX 3HAYeHUsIX KoadhruuedTa xoppeaauuu (r —» +1)
pacnpenesieHue # jlaxke npu OONELIMX BHIOOPKaX MOXKET CyllecT-
BEHHO OT/IHYATLCA OT HOPMAIBHOTO.

Hakoneu, koodduuienT koppeniuuu p reHepansbHON co-
BOKYTTHOCTH OOBIYHO HEH3BECTEH BMECTO HErc MOXKHO MOJb30-
BATHCS BLIDOPOUYHBIM KOI(OPHIIHEHTOM /.

B mpaxTHke aHanH3a MCNO./b3YyeMble PSibl JUHAMUKM Apes-
cragisor coboit Manbie BuiGOpEH, ClielyeT OTMETHTD, YTO OLIEH-
KM, T0JIy4€HHbIE HA OCHOBE KOPOTKHX PAA0B, HE HMEIOT 0COOEH-
HOTO 3HAYEHHsl B KAYeCTBE XaPAaKTEPUCTHK (axTHUYECKHMX fapa-
MeTpoB. OnHM OLEHKH MOTYT ObITh JIyUIE APYCHX, HO HH OfHA
M3 HUX HE ABISIETCH COBEPIUEHHO HAAEKHOMN.

CkazaHHOE OCOOEHHO OTHOCHTCS K BBLIOOPKAM M3 COBOKYI-
HOCTEH, He MOYHHEHHBIX HOPMAIbHOMY PaCNpeneNeHuIo.

HecmoTps Ha 310, HEOOX0MMA OUEHKA Pe3yNLTaTOB aHAH-
33 Aaxke 1pu Manbix BbiOoprax. TIpn 3TOM KOHEUYHOH LEenbKo AB-
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NISIETCA He OlLeHHBaHHE (PAKTHIECKHMX IAPAMeETPOB (Ko3pduumcH-
TOB KOpPENs{MK U PErpeccuu), a MpoBepka, EAPbUPYIOT JIH Haii-
IEHHbIE TIAPAMETPbl B HEKOTOPOM HHTEpBaNe 3a CHET BAUSHUSA
cydaiiibix (pakTOPOB WK HET.

Hanpumep, eciu HakKoO NPOBEPUTL HANEHKHOCTD k03 uLm-
eHTa KCPPEJALIMH, TO 3TO HE O3HAYAET, YTO Mil JIOJDKHBI ONpeie-
JUTH €ro Be:TMYiHY B FeHepaIbHON COBOKyrnHOCTH. Haina uesb
umeer Honee OBLIAI XapaKTep: MOXEM JIH Mbl TOJTY4MTh TaKoH
K03GbPULMENT KOPPESILME Ha OCHOBE BBIOOPKH M3 COBOKYIHO-
CTH, T2 KOPPENSIUMH HEeT, T. €. MPOBEPKA HAZLEKHOCTH KOppeJid-
LMY B COBOKYTTHOCTH.

ITc nydyerHble pe3yIbTaThl M BbIBO/bI ABJAKOTCA NPABHIbHDI-
MH TOSbKO IPM HOPMAJIbHO PaChpeleleHHBIX COBOKYMHOCTAX.
Ho npaxTuyeckde pe3ynbTaThbl OKa3bIBAKOT, 4TO JAOTYCTHMO HE-
KOTOPOZ yAAJIEHHE OT HOPMAJbHOIrO PaclpencieHus. Ecnu ecrb
OCHOBAHME MPEJNOJAraTh, YT0 PaCnpeeNeHue CyIEeCTECHHO OT-
puuaeTest 0T HopmanbHoro (Hanpumep, U-uam J-obpaznoe), T0
pe3yNbaThl KOPPEALMOHHOrO H PErpecCMOHHOrO amanusa He
[IPOTHBOCTOST KPUTHKE.

BEIIIEH3I0KEHHOE, KOHEUHO, HEe 03Ha4aeT, YTO Npu pacnpe-
JeNEeHnIX, OTIIMYHBIX OT HOPMAJILHOTO, CBA3H MEXIY SIBICHUAMH
wer. JleNo B TOM, YTO IIOKA elie HET METOIMKH HMCCICNOBaHHs
CBsI3€H B TaKMX COBOKYITHOCTSIX.

U eme oano obcrosrenbcTso. [lpu ManeiX BpiOOpKAX Ha-
HIEXKHOCTD OlieHMBaeTcs ¢ 0oJiee HU3KOH BEPOSITHOCTBIO, UCM HpH
Goplnix BbIOOpPKax. O6BMHO OrpaHHunBarTes 95%-Hoil BEPo-
STHOCTHI0 OLEHKH (BEPOATHOCTh OWHOKH - YPOBEHB 3HAYUMOCTH
- 5%), HO B ps/ax AMHAMMKH, XapaKTepH3yOUHX CENbCKOXO3A M-
CTBEHHOE HPOU3BOACTBO, HEPEAKO IPHXOAUTCA OFPAHHYHEBATLCH
BepoATHOCTEID B npenenax 80-90%. B Takux cayvasx uCcaeno-
BaTe1b WAET HA PUCK MPUHSTHs HENPABHJIbHLIX PELICHHH, HO B
GObIIMHCTEE CIydaes JTO OmpasabiBaeT ceda. B manbueiiinem
pacCMCTPUM HEKOTOPbIE KPUTEPHH, HCMONL3VEMbIE MPH MPOBEP-
Ke HaACKHOCTH KOPPEeNsuHOHHOIO H PErpecCHOHHOTO aHaln3a.
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Z-xputepuii Pumepa. Kak Mbl yxe yGeauuce, npumere-
HHE KJIACCHYECKOH CpenHeKBanpaTnyeckoi omndkn koa(hduiu-
€HTa KOPPEIALUMH MPH pAfaX HHHAMHUKH sBJsAETCs Manosddek-
TUBHBIM. AHITIMACKAM cTatucTiHkoM P A @uwepom paspatorau
METOJI, B KOTOPOM Ml IPOBEPKH HANEKHOCTH UCNOIB3yeTCA JIo-
rapudmuieckas GyHkuus #

71 h{ 1{ ’J (66)

Pacripenenenue Z ssnserca OIM3KUM K HOPMANbHOMY TpH
Manoi Beibopke. @. Muiuic npuBOAHT rpaduku pacnpene.IeHus r
uznpu N=12 u p=08.

Paccmarpusast 3Tu rpadukd, BUAMM, YTO, B TO BPEMS Kax
KO3(QQUUMEHT KOPPENSAIMU /' PACTIpEsieneH kpaiiHe HepasBHOMep-
HO, pacTipeenieHue z ABAETCA NPHONM3UTENBHO HOPMAJIbHbIM.

Cpennexsanpatuyeckas omubka z onpenensercs no ¢pop-
myJie

l

-2

Popmyna (67) noxasbiBaeT, HTO CpEHEKBAAPATHIACKAS
OutMdKa O, 3aBUCHT TOJBKO OT 06beMa BEIOOPKH N, T.e. lacnpe-
JICJICHHE Z HE 3aBHCHT OT TECHOTBI CBSI3H.

Ilepexon OT » K z OCYIIECTBIAETCS MO COOTBETCTRYHOLHM
TadaHLAaM M NPOBEPKA HAAEKHOCTH HE SBIAETCS TPYAHOMN.

Z-xputepuii Puuiepa NPUMEHAM U B IPYTHX LIENSX, HAMpH-
Mep:

1) nnst oueHkM CylIeCTBEHHOCTH PA3IMYUA TEHEPANHHOrO M
BBIDOPOUHOTO KOI(hDUUHEHTOB KOpPeNALUH,

2) sl OLEHK W CYIECTBEHHOCTH PasjiHuMs IBYX BbIOOpOU-
HBIX KOD(MOHULIUEHTOB KOPPEISALIHM;

3) A7t ONpeneneHus HamTydmwero KospQHLnenTa Kappes-
LHH, ec/tit BbIOOpKa MPOBEneHa B OHOM 1 TOM e COBOKYIHOCTH.



Hp;/lMep. [IpoBepuM HaIEKHOCTb JIMHEHHOTO ko3¢ duunenTa
KOPPENSIMA MEXIY PAIaMi IHHAMMKH OCTATKOB BaNOEOIO cbo-
pa ¥ yposkaHOCTH MIIEHALI.

KoadduuneHty koppensiuH r=0,67 cooTsercTByeT Tabnuy-
woe s3nauenme z,=0,8107. CpenuexsanpaTuueckas owuOKa
o,=0,25. OTHOLIEHHE Z K cpe;IHexBanpaTHIeckoii omnbke paBHo
0,8107:0,25=3,2428. W3 Tabnniipl WHTETpana BEPOSITHOCTEH 10~
JIJYMM, 4TO BEPOSITHOCTb CYLIECTBOBAHHS JIMHEIHOMN CBS3M paBHA
0,9988. CnenoBarenbHO, MEXy HCCISAyeMbiMM pAfaMu AuHa-
MUKH CYLIECTBYET JIMHEHHAsK CBA3b.

f~kputepuit CTbioaeHTa. bosiboe 3HAYCHNUE TPH OLCHKE
pasyMUHBIX TApaMeTpoB Ha OCHOBE MaIoi BbIOOpKM UMeEET I-
pacnpeneneHue CThIOAEHTE, pa3paboTaHHOE B Hauale ABallaTo-
o CTOJNETHs aHDIHMICKHM MaTemarnkoMm Yuipsamom Ioccetom,
[ICEBAOHHMOM KOTOPOro Bbli CThOICHT.

t-pactipenencine CTHONEHTA NPEAHAZHAYCHO CTEUMAIBHO
s Masiofi BHIOOpKH. f-pacnpeleieHie BCTPeYaeTcs MpH OTHO-
[IEHMH BEJIMYHH, I1e YHCIHTE b HMEET PACTIPEACTIEHHE, ITOXOKEC
Ha pacrpejenesne CpeiHed apudMETHUECKOM, a 3HAMEHATCb-
pacripenieieHye CPENHEKBAIPATHIECKOTO OTKIIOHCHUS B BBIOOP-
Kax M3 HOPMAJIBHO PacrpenesieHHbIX COBOKYHOCTEH, TaK Kak
3paveHus f onpepelsoTes hopmyoit

X—-m —

f= Jv+l, (68)

rae M- TeHepanbHas CPENHAA, V - 4dCjo creneHed CBOOObL
(N-1), x,0,- cpentss apudmeTHyeckas M CpelHeKkBaaparide-
CKOE OTKJIOHEHHE BHIOOPOUHOI COBOKYNHOCTH COOTBETCTBEHHO.

PacCMOTPHM MPUMEHEHHE /-KPUTEPHs JUIA TNPOBEPKH Ha-
AEKHOCTH PE3YJIETATOB KOPPENSILIMOHHOTO aHATH3A.

Jiyist MPOBEPKM CYILECTBEHHOCTH MApHOrO ko duLrenTa
KOPPEJISILIIH OTIPEAEISIETCA BEINYMHA

N -2 |
B (69)

1 ,
) \/]’MI.:
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umeloLuast [-pacrpenenenne ¢ N-2 crenensimu ceoboasi. [ponep-
ka HyNeBOil IHIOTe3bl (OTCYTCTBHE NHHEHHOI KOppeJsiliy B re-
HEPANBHOH COBOKYNHOCTH) COCTOMT B CPABHUBAHHM 3HAYEHUSA 1,
C TabIMYHbIM 3HAYEHUEM [ TIPH JKE1AEMOH BEPOSTHOCTH U YHCIe
crenened ceodonpt N-2. Ecmu £>1, HyneByro rumotesy besbis
NpHHAMATL M, CNETOBATENbHO, B IEHEPANbHOH COBOKYMHOCTH
CYIMECTBYET JUHEHHAS KOPPENSUMA, HAAEKHOH XapaKTepMCTH-
KO KOTOPOH SABNAETCS JIMHEHHDIH Ko3hdumenT KOppeJISLIMH 7.
AHAIOTUYHO MPOBEPSETCA HANEKHOCTb MHEKCA koppensLyu K
NPy HENIMHEHHOM cBA3n. B atom cryuae samensiercst kosdbuiwent
koppesuiLnd B Gopmyne (69) r nuaekcoM koppemsimu K.
Kosbduuuent mroxecTsenHoi Koppensiuun R umeer cpen-
HEKBAAPATUUECKYIO OMIUOKY
2z
O o (70)
N
A€ A - YUCII0 KOIPEHULMEHTOB PErpeccHH.
Taxum obpasom, smnupuHeckoe 3HaueHME I-KpUTEpHUs Olpe-
nessercs no gopmyiie

fo= (71)

rae N —n-1 -ancno creneneit ceoboapl.
IlpoBepra HaneXHOCTH OCYIIECTBISETCS OMSITH Ke nyrem
CPaBHEHUA IMITUPHUECKOTO 3HAYEHHUS fr C TAOJMYHBIM,
Hanexxnocts  xosdpduumentos perpeccun MPOBEPSIETCS C
MOMOUIBIO BEJTHYHHBI

[, =, (72)

HMEIOLIeH /-pacripeIe/ieHHe CO CTeneHsIMH cBOOOab N-2. [pu
HPOCTOH NHHEHHOH KOppesiLMA CpeaHeKBaapaTHyeckas oinHbKa
kodpduumrenta perpeccun a; onpenensiercs no bopmyne
(-0 ,
o, = |- ‘-'(’ ) — (73)
(N Az)Z(,\" - %)
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[Ipy MHOKCTBEHHOI KOPPENALMH CPEIHEKBAPATUYECKAS
omubKa Ko3bhULMEHTA PETPECCHH a; Onpenesercs no popmyse

o o BN )
, ,Nv —n- ] ¥

rae ¢; - AMAroHaNbHbIH DJIEMEHT MATPULEL, oOpaTHOMN MaTpHlie

CHCTEMBI HOPMAJIbHBIX YPaBHEHHH.
Benuuuna f, NPU MHOXECTBEHHON KOPPEIAUMH HMEET /-

pacrpenenenue ¢ N-n-1 CTeneHsvMu cBOOOIBL.
1lestecoobpasHbIM SIBIACTCSt OTIPENENCHNE NOBEPUTENbHBIX
rpaHiIl ko3hQHUIEHTOB PErpeccuy no popmye
0,10, . (79)

rae ¢ - TabnuuHbIe 3HAYEHHA C BEPOATHOCTBIO (X M CTENEHAMH
cBobonsl N-n-1.

Ecnu B nosiydeHHOM MHTEpBane ectb 0, TO COOTBETCTBYIO-
it KO3(GGUUHEHT PErPECCHH SIBJIAETCS HEHaAEKHbIM. B Takom
cydae CefyeT OMPENENUTh HOBOE YPAaBHEHME DErpeccuu, He
cozepKaliee HeHaIeXHOTO NoKa3aTeNs X;, H BCA NMPOUe/ypa npo-
BEPKU HAZEKHOCTH NPHBOLUTCS BHOBb.

't ECJIM HeHaJEeKHbIMUA OKA3bIBAIOTCS Cpa3y ABa MJIM HECKONb-
k0 k03(pIUUMEHTOB PEFPECCHH, TO U3 YPABHEHHs PErpeccHu yaa-
AS€TCA TOT HeHaAEKHbIH PaKkrop, KOTOPOMY COOTBETCTBYET MH-
HUMAJILHOE 3HAYEHHE /, . 3aTeM OnpeniesitoT NapaMeTphl HOBOTO

ypasHenus perpzccun. [lpouenypa npoBepKU HaAEKHCCTH H 1O~
CTPOEHUS HOBOTO yPaBHEHHMS NOBTOPSIETCA 10 TEX NOp, NOKa BCe
k03 PULIHEHTB! PErPECCHH HE OKAKYTCA HAAEKHBIMH.

ITpumep. ITporepHM HANEKHOCTb TMHERHOTO KOIhHIHEHTa
KOppeasiuHHu MECXKIY paaaMn JNHHAMHKM OCTAaTKOB BaNIOBOro cbo-
pa u VpOXKaHHOCTH MIIEHUUb! (2= 06726 N =19, ¥ =04524)

067264192 2770140
T 1-04524 0.74

B Tabnuue TeopeTHUEeCKux 3HaueHnil /~kputepus 17 crere-

HM CBODOBI C BEPOATHOCTBIO 99% COOTBETCTBYET BeiUMHA
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=2,898. CrenoBatennHo, MOKeM CKa3aTh, 4YTO MEXIY Mccaenye-
MBIMH SIBJICHMAMHM: CYIIECTBYET T€CHAs JIMHEHHAS CBA3b.

F-kpurepnii. F-kpurepnii pa3paboTaH aHTIMHACKUM CTaTH-
CTuKoM P. @uuiepom nns ouenku CYIEeCTBEHHOCTH OTHOILESHUS
JHCIEPCUH, HO PUMEHEHME /-KDUTEPHs BO3MONHO U npw, npo-
BEPKC pESyNbTaTOB KOPPEIAUMOHHOIO aHAJM3A, TaK KaK, aHAJH3
KOPPEAALIM TECHO CBASAH C JUCNEPCHOHHDBIM AHANU30M. Tabiu-
Libl f-pacripeneneHus paspaboTansl wis cTeneneit cobomel ki, ks
C BEPOSATHOCTHIO ¢ .

F-kputepuii ucnonesyercs ann PEIUeHHS Pa3JIMYHBIX 38544,
[pasunbrocTs sbibparnoii (opmbi cBA3KM npoBepseTcs ¢ noMo-
UIBK) BETWYHHBI

po 2 VW (76)
(=D (v=5.)

Crenenn cBoGonst ky=n-1 v ky=N-n. Ecru IMIIHPHUYECKOE 3HaYe-
dkie /., onpenencHHoe o dopmy.ie (76), Gonblue TabmmiHoOrO, Te€.
i7Fa, o GOpMY CBA3M MOXHO cumTaTh npaBuibBOi. Bemamna F
ABIVIC{CH OTHOLUICHUEM JUICTIEPCHI, TIepBast U3 KOTOPbIX

o = Zf‘_;_")_ , (77)
n-1
*apakTEpU3YeT CPENHIOI0 BAPHALMIO, GOOTBETCTBYIOLIYIO per-
peccuu, a Bropas '

PR i) (78)

OCTATOUHYI0 QMCHEPCHIO (CPemHMI KBAZpaT OTKIOHEHMiT daxrie-
CKMX 3HAUEHUH OT TEOPETHUYECKHUX, ONPEIENCHHBIX 10 MOJEIH).
[posepka npasuabHoCTH BbIOPaHHOH (OpPMBI CBS3H BO3-
MOKHA TAKOKE ITyTEM BbIYMCICHHS OTHOLUEHMs O0Well W ocTa-
COUHON AHCTIEPCHIT:
_ 2N (79)
(N=DY (v=3 ) '
Econ F>F, 1o moxuo cuurats BbIOpanHyto Gopmy cBs3u
MpaBHIILHOMN.

F

)



MoKeT CIly4uThbCsl, 4T J'-KpuTepuii CHUTAET ONHOBPEMEHHO
npasuALHON pasnuyHble GOPMBI CBS3H, HANPUMED JUHEHHYIO H
napabonuueckyro. Jeno B TOM, 4TO KpUBH3HA napabobl, KOTO-
PYIC XapakTepusyer KOIQMUIMERT @2, MOXKET ObITh HE3HA4H-
TedbHOM HA VMCCTEeLyeMoM oTpeske Bpemenn. B Takom ciyuae
CUMTAIOT MPaBWILHOH Ty GopMy CBA3H, KOTOPOH COOTBETCTBYET
MAKCHMAaJlbHOE 3Ha4YEHHE SMIUPUIECKOIO KPUTEPHA.

Jlns TPOBEpKH HAfEeKHOCTH KOO(HIMEHTa MHOXKECTBCH-
HOM KOPPEJISILMH HCTIONIB3YeTCs BEUIMHA

_ R*(N —n)
(1-R)n-1)

Eciu F>F,, MOXHO cUuTaTh KOIQGHHUHEHT KOPPENAUNHA Ha-
HEeXHEIM CO CTENEHsIMU cBoGonbl k=n-1, k;=N-n 1 ypOBHEM 3Ha-
YHUMOCTH .

Ipumep . [IpoBepuM HAAEKHOCTE ko3 dHLHeHTa TMHERHO
KOPPE/IALHH MEKY OCTATKAMHU BAJIOBOTO cOOpa H yPOKAHHOCTH
muennnpl. Ecu R°=0,4524, N=19, n=2, Torma I paBHO

| 04524-(19-2) 405
(1-0,4524)(2 1)

W3 Tabaiipbl TEOPETHUECKIX 3HAaueHuil [-KpUTepus moy-
aum Ipos = 8,40. CnenosaTensHo, F-kputepuii yKasbiBaer Ha
CyIECTBEHHOE OT/IHYME OT HyJ ko3hduLMeHTa THHEHHOH KOP-
peNAIHE W MOXKEM Mpearnoiararh Hatu4iue JMHEHHOH CBA3M Me-
3Ky COOTBETCTBYIOLIMMH FEHEPabHBIMA COBOKYIHOCTAMH.

(80)

9.9. JloskHast KOppeasiLius

Briepeble paccMaTpuBanach npoGiema JOKHOH KOppessaiiii
anriicknm ctatictukom K [Tipconom B 1907 1. [To ero yrsep-
AICHIEO JIOJKHAS KOPPENsiLMs BO3HHKAaeT "B Ciydae, koraa du-
CIOBbIE JAHHbIE O KOPPEJUPYIOLIMX SIBJICHHAX MPEACTABICHbL B
B2 OTHOCHTENBHBIX BEINYMH, [IPHYeM NOCAEAHHE ONPCICICHDI
B OTHOWEHHMH K OJHOMY M TOMY )K€ TPETbEMY ABICHHIO
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[x - L’J K ITupcon cumran, 4YTO MO TAKUM JAHHBIM OnpEae-

X, X,
nsiemplit KO3PPUIMEHT KOPPENALHN MOXKET HMETh BLICOKHE 3Ha-
YEeHUs! JaXKEe B TOM CJIy4ae, €Cii B JACHCTBUTENBHOCTH MEX)Iy HC-
CIeAYeMbIMU SIBJEHUSIMH CBSI3b IIOJHOCTHIO OTCYTCTBYET.

[IpoTHB NMHUPCOHOBCKOW TEOPUM J0XKHOH KOppeNsilu4d Bbl-
CTYNMUAX Opyroi aHrauiickuit cratuctuk Jx 3. IO n coerckuii
cratuctuk b.C. ScrpeMckuii, KOTOphle Ha OCHOBE psija IpHMe-
pPOB OTYETAMBO [OKA3ajiM, YTO «..ycTaHaBiusaemas IIupcorom
NPOTHBOMOJOKHOCTS MEX/Y «JIOKHON» U «MCTHHHOW» KOPpPE/s-
LHEH - TOJNIBKO KaXKyilasiCsi MPOTHBOTIONOAKHOCTDY.

bonee noapobro paccmarpusaeTca npobiemMa JIOKHOH Kop-
pessitivu B padoTe u3BeCTHOro coBerckoro cratucruka H.C. Her-
BEPHKOBA, 1€ AHAJIM3HPYIOTCS MATb BO3MOXHBIX CIY4aeE JOK-
HOM KOppessLHH.

1. JloxHast koppensuys BCTPEUYaeTest B TAKOM Cliydae, Koraa
«...pacnpenesieHue HHCIEHHOCTeH A 1o 3Ha4eHMsM BTOPOro ne-
PEMEHHOTO 3aBUCHUT OT YCMOTPECHHA HCCICAOBATENA WM OT 06-
CTOSITENBLCTB, COBEPIIEHHO [TOCTOPOHHHX U3y4aeMOil CBA3HU...».

B 3KOHOMHYECKUX HMCCNEROBAHMAX MOXKET BO3ZHHMKATL JIOXK-
Hasi KOppEsilUs NEepPBOro TUIA B Cy4ae, KOrJa MCCIENR0BaTesb
IIpH aHAJTH3E CBSI3U NMPOU3BOJBHO BBHIOMPAET TOT HIM MHOI CTpe-
30K BPEMEHH, B TE4EHHE KOTOPOIO 3HAYECHMS SBIEHHH BadbUPY-
FOT TMapaifelbHO B Pe3yjibTaTe COBMAfeHHs CydaiiHbix 00cTos-
TEJbCTB.

2. Bropoii TMN JOXHOH Koppensiuun 0OyClOBIEH Ha)HIHEM
TEHAEHUHH B UCCNEAYEMBIX PAAAX, a TAKKE HATHYHEM TNEPHOIU-
YECKHX WJIH CE30HHBIX BOJIH. DTOT THIl JIOXKHOH KOppEssLUH B~
JSETCs! ONACHEHLUINM B 9KOHOMHUYECKHX HCCIENOBAHHSAX, TaK KaKk
NOYTH BCE PAABI AMHAMHKH COAEPKAT IBOJIFOTOPHYIO KOMIIQHEH-
TY - TEHASHLHIO.

3. B HekoTOpbIX ciaydasX JOXHAas KOPpENsiliA BO3ZHHKAET
BCJICACTBHE CTPAaTH(UKAUVH - HEOJHOPOAHOCTH HCCJETyEMOTO
marepuana. Ecin B COBOKYMHOCTH MCXOAHBIX JAHHbIX BCTPEUa-
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IOTCSE HEKOTOPbIE aHOMAJIbHBIC TOYKH, 1€ 3HAYSHUA HCcienye-
MbIX SIBJISHWH CYUIECTBEHHC OTJIMYAIOTCA OT OCHOBHOM MacChi
JIAHHBIX, CPEIHEKBAAPATHHECKUE OTKIOHEHHS HE SBISIOTCS 00b-
EKTHBHBIMH XapAKTEPUCTHKaMH BapHALIHH, BCIIEJACTBHE YEro HC-
KaXXaeTcs TECHOTa CBASHU.

4. Cniyqa#i, xOrjja OaHHBIS TPEACTaBJIAIT COOOH OTHOCH-
TEIbHBIE BEJIMYHHBI, OMPEACJCHHbIE B OTHOIIEHHH K OJHOMY M
TOMY K€ sBJeHA0, yxe onucad sbie. H.C. UerBepukos npu
aHaJTi3e 3TOro BUIA JIOXKHOH KOPPEJSIIIHH NPSIMO He BbICKa3bIBa-
ercs npotus ui4 3a Teopuu Ilupcona Ero paccyxaenus ocras-
JSOT BIIEYATICHUE, YTO HAJTWHME OAMHAKOBOH COCTaB/SIOUICH B
3HAUCHMAX HCCIIEYeMbIX SIBJICHHI HMHOIIa MOXeT ObiTh NpPH4H-
HOW JIOXKHOH KOppeasaLuy, a MHOT 1A HeT.

5. HakoHneu, j10xHasi koppensuus oda3aresbHO Habmopaer-
Csl B CAy4YasX, KOIA2 COEOKYITHOCTH J@HHBIX 00 MCC/ENyeMbIX
SBJICHUAX COJAEPKAT OUIMOKH PErHCTPaLIMK.

B 3akmouenue xoporkoro 0030pa npodiaemMbl 10XHOI KoOp-
pensaunu npusenem cnosa H.C. YerBepukosa: pewars 3anady, B
KaKOM CJIy4ae M 9TO UMEHHO CICAVET CUHTATh JOMKHOH KOppeiisi-
LMEH, MOXKHO, TOJIBKO TLIATENBLHO NPO,JyMBIBasi BONPOCHI; KAKOB)
CYLIECTBO 3a/laud, B 4Y€M HUICTCS MpearosaraeMasl TpuYHHHas
CBSI3b; B Kakoi (opme noKHbI OBITh NaHbI EAMHHLBI, NOIEKA-
LIHE HCCIEAOBaHHIO, B KAKOH Mepe BBOJIMMbIE B HCCIIEIOBAHHE
BCMIOMOTATEAbHbIE BEAMYHHbl MOIyT CBOMMM COOCTBEHHBLIMH
ciyqaiHpIMH KONEOaHMsIMH BbI3BATH HCKAMEHHE M3y4aeMOii CBS-
34, YYUTBIBAs, YTO MPUBHOCUMBIE KoneOaHus Ans o0enx conoc-
TaBJAEMbIX NMEPEMEHHbIX OO0 TOXKIECTBEHHO OJMHAKOBBL, NHOO
Mexay codoit Sonee uii MeHee KOppeaHPOBAHHDL.
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I'VTABA 10. CHCTEMBI IKOHOMETPH-
YECKUX YPABHEHUM

10.1. O6uiee moHsiTHE 0 CHCTEMAX ypPABHEHNH, HC-
M0JIb3YEMbIX B JKOHOMETPHIE

OObeKTOM CTaTHCTHYECKOrO M3Y4YEHUs] B COIMANIBHBIX Hay-
Kax SIBNAOTCA CIIOKHbIE CHCTEMBI. M3MepeHHe TeCHOTHI CBsseii
MEXIY NEPEMEHHBIMH, MOCTPOECHHE H30JUPOBAHHBLIX YPaBHEHUIA
PErpecCcUu HEACCTATOYHO ISl OITUCAHHMS TAKMX CHCTEM M OOhsc-
HEHUS MexaHH3Ma uX QyHKUMOHMPOBaHMs. IIpH HCHONBL3OBAHHK
OTHC/IBHBIX YPABHEHMH PErpecCHH, HalPUMED Jiis SKOHOMHYE-
CKUX pacyeToB, B OOJLUIMHCTBE Cy4aeB NpeNIONaraercs, 4o
aprymMeHTbl ((PaKTopbl) MOKHO HIMEHSTh HE3AEMCHMO Apyr ot
Apyra. OIHaKo 3TO NPeANONOXEHHE ABAETCS OYEHD rpyOBIM:
IPAKTUYECKH U3MEHEeHHE ONIHOW NEepPEeMEHHOH, Kax MPABUJIO, He
MOXET MPOHCXOAHTL NPpU aOCOMOTHON HEM3MEHHOCTH APVIHX.
Fe usmeneHHe noBieYeT 3a cOBOI M3MEHEHMs EO BCEH CHCTEME
B3AHMOCBA3AHHRIX NMPHIHAKOB. CNenoBaTeNbHO, OTAENbHO B3STOE
YPaBHEHHEC MHOXECTBEHHOW PErpeccHd He MOXKST XapaKTepH3o-
BaTh HCTHHHbIC BIUSHHUSA OTAENBHBIX MPM3HAKOB HA BAPHALIHIO
pe3yIbTHPYIOLUEH TiepeMeHHoH. MimMeHHO nosTomy B mocienHue
ACCATHNETHS B IKOHOMHUYECKHX, OHOMETPUYECKUX M COLHOJIOTH-
HECKHX MCCENOBAHUAX BAXKHOE MECTO 3aHsna npobjema onuca-
HHS CTPYKTYPBI CBA3EH MEXAY [EPEMEHHBIMH CUCTEMOH TaK Ha-
3bIBACMBIX OJHOBPEMEHHBIX YPABHEHHH, HA3EIBAEMBIX TaKXKe
CTPYRTYPHBIMU ypaBHeHHsMH. Tak, eciu u3vudaercs Mopenb
CMpoLd K2K COOTHOLUECHHUE LiEH M KOJIMHYECTBA NOTPebaseMblx TO-
BapOk, TO OTHOBPEMEHHO NSl MIPOrHO3HPOBAHMS CIIPOCA HEOOXO-
AHMA MOJIe/b NPENIOKEHHS TOBAPOB, B KOTOPOH paccMaTpUBaeT-
Csi TAkKE B3aMMOCBA3L MEXKIY KONHYECTBOM W LIEHOW Npena-
raemeix Osar. 2o Mo3BoNseT NOCTHYL PABHOBECHA MEXIY CIIpPO-
COM M MPE/JIOKEHHEM.
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TlpuBenem ApyroH npumep.

[pu ouenke 3pPexTHBHOCTH NPOU3BOACTBA HEJIB3A PYKOBO-
CTBOBATECS TOJNbKO Mozenbio pentadenbhocTd. OHa A0JKHA
BBITH ;IONOJIHEHA MOJEJIBIO NPOU3BOAMTENLHOCTH TPY/@, a TAKKE
MOZEN b0 CE0ECTOMMOCTH EIHHULIbI IPOKYKLIHH.

B eme Gosblieil CTENEHH BO3PACTAeT MOTPEOHOCTH B MC-
[OJ1630BAHMH CHCTEMbl B3aMMOCBS3aHHBIX YPABHEHUIl, €CH Mbl
MEepPexXOMM OT HCCeNOBaHMKH HA MHUKPOYPOBHE K MakKpOSKOHO-
MMYECKHM pacdeTam. Mogenb HalMOHATbHOH SKOHOMUKH BKJIO-
yaeT E cebst CHCTEMy ypaBHeHuit: PyHKIMM NOTPeOAeHHS, HHBE-
crrimii 3apaboTHOM MnaTel, a TaKXKe TOXKAECTBO AOXOL0B M T.1.
JTO CBS3AHO C TEM, YTO MaKPO2KOHOMHYECKUE MNOKA3aTeIH, AB-
ssich  OOOOLIAYOLIMMHI  NOKa3aTeMAMH  COCTOSIHUSA OKOHOMHUKH,
yaine BCEro B3ammo3aBrCUMBbl. Tak, pacxofibl Ha KOHEHHOE MNO-
Tpelnzane B SKOHOMHKE 3aBHCAT OT BANOEOTO HALHOHAILHOTO
noxona. BMmecre ¢ TeM BENMYMHA BAJOBOrO HAIMOHANLHOIO 10-
XO/a PACcCMaTpPHBAeTCA KaK QyHKUHA WHBECTHLMR.

CucreMa ypaBHEHHI B OKOHOMETPUUECKHMX HCCICNOBAHMIX
MOXET ObITh ITOCTPOEHA [0-PA3HOMY.

BO3MO)KHA CHCTEMA HE3aBUCHMMbIX YPABHEHHH, KOraa Kak-
fas 3aBUCHMAs nepemeHHas ()) paccMaTpuEaeTCst Kak QyHKLMA
ONHOTO U TOrD xe Habopa GaxTopos (x):

Y, =agx +a,X, +oa X, T E),

Im™
Yy = A X HApX, F A, X, T E.

-’ (M)

........................................

Y, =a,X Ha,X, F o+, X, TE,

it
HaGop (akTopoB X; B KaXa0M yPaBHEHHM MOXET Baphbupo-
BaTh. 1ak, MOJIE/b BU1a

y, = f(x, X, XX, X))
) f(xl,xs,xy xi) (2)
¥, = fx,x5,%5)

K
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TAKKE SIBISIETCS. CUCTEMON HE3aBHCUMBIX YPABHEHHH C TEM MHLIDb
OTJIHYMEM. YTO B Hell Habop PaxTOpOB BUAOM3MEHAETCS B ypas-
HEHUsIX, BXOMANMX B cucTemy. OTCyTCTBUE TOTO HIIH HHOTO (hak-
TOpa B YPaBHEHHUM CHCTEMbI MOXKET ObITh CIEACTBHEM KaK 3KO-
HOMUUECKOMN HENeaeco00pa3HOCTH ero BIJIOUEHHS B MOJIEN ), TaK
M HECYLLECTBEHHOCTH €ro BO3AECTBUSA Ha PE3yIbTATHBHBIN MPH-
3HaKk (HE3HAYHMO 3HA4EHWE [-KPUTEpUs WIM 4YacTHoron [~
KpUTEPHs1 JUTS JAHHOTO (aKTopa). '

[TpuMepoM Takcii MOHENH MOXET CJIYXUTb MOJENb 3KOHO-
muueckol 3(QPeKTHBHOCTH CeNnbCKOXO3AHCTBEHHOTO MPOM3BOA-
CTBa, I7le B KaYe€CTBE 3aBUCHMBIX NEPEMEHHBIX BLICTYIAIOT 10Ka-
3aTenn, xapakrepusywomue 3PpHexTHBHOCTD CENbCKOXO3ANCTBEH-
HOrO TIPOM3BO/CTBA, - NPOAYKTHBHOCTL KOPOB, CE0ECTOUMOCTD 1
1. MOJIOKa, a B KauecTBe (akTOpOB - CNELHAIN3aLKs XO35AHCTBA,
Kosu4ecTBO rojios Ha 100 ra mariHu, 3aTpathl TPyAa U T.IL

Kaxaoe ypaBHEHHE CHCTEMbI HE3aBHCHMBIX YPABHEHHT MO-
XKET PacCMaTPUBATBCsI CAMOCTOATENbHO. [l HaxOoxKAeHWi ero
napaMeTpoB MCHOJb3YETCsl METOJ HaMMEHbIIHX KBaapatos. ITo
CYLIECTBY, Ka)/10€ YPABHEHHE DTOM CHCTEMbl SBJISETCS YpaBHe-
Huem perpeccud. ITOCKOJIBKY HHUKOTNAa HET YBEPEHHOCTH, 4TO
(axTOPb! MOTHOCTHI) OOBACHSIOT 3aBMCHMbIE NMEPEMEHHBIE, TO B
yPaEHEHHAX MPUCYTCTBYeT CBOOOMHBII wieH ao. Tak xak daxtu-
4yeCKHE 3HAYEHUsT 3a8HUCHUMOH NMEPEeMEHHOH OTIMYalOTCs 0T T€O-
PETHHECKHX Ha BEJIUYMHY Cly4aiiHOH omubku, TO B Ka¥IOM
YPaBHEHHH NPUCYTCTBYET BEJIHYMHA CTy4aHHON OMWHOKY.

B urore cucremMa He3aBHCHMBIX YPABHEHHH MpH TPEX 3aBH-
CHMBbIX MEPEMEHHBIX K YeThblpeX (akTopax NPUMET BHA!

{}3 =a, +a, X, Fa.X, +a,X, +a,X, + €,
Y Ay A X A Xy Aoy X 05, X, + 6, (3)
Vo = A A X, AL X X A X, T8

O/IHAKO €C/H 3aRUCHMast IEPEMEHHAsH Y OIHOTO YPABHEHHA Bbl-
crynaer B Bu/ie Gakropa x B JPYrOM YPaBHEHHM, TO HCCISAOBATEIb
MOET CTPOMTH MOJIENIb B BUJIE CHCTEMb! PEKYPCHBHBIX YPABHEH 4l
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M= e apx, +  +a, x +g,

Ya=byy v oy +a,x, . 4a, x £,

i

4
Vi=boyy +b,y, + e x +agx 4.+ Gy, X, + &y, (4)

m

Ya=by v+ v+ 4B, v+ Xy H A%+ +0,,%, + &,

B nanuo#i cucreme 3aBucumas NEPEMEHHAs ) BKJIIOYAET B
KQKI0€ MOCHELYIOLIEE YPABHEHHE B KA4eCTBe daxropos sce 3a-
BHCHUMBLIC EPEMEHHbIE TIPENLISCTBYIOILHY YPaEHEH HapsAay ¢
HabopoM cofictBenno hakTopos x. ITpiumMepoM Takoil cucTeMsr
MONET CIYKUTH MOZEIE NPOU3BOAHTENBHOCTH TPY/A W doHno-
OTAAYM BHIA:

" =X X, +anx, e, (5)

Wy =byy + Ay + Xy + Ay xs + €,

TAS Y1 - NPOU3BOAUTENILHOCTb TPYA; Vs - hOHZOOTAAYA, X1 - QoH-
AOBOOPYKEHHOCTE TPY/13; X7 - SHEPrOBOOPYKEHHOCTD TpyAa; X3 -
KBaJIpUKaLvs paboumx.

Kak u B npensinyuteii cucreme, KaXI0€ YPAaBHEHHE MOKET
paccMaTpuBaTBCS CAMOCTOSTENBHO, H €ro napameTpsl Olpe;ie-
JAIOTCA METOAOM HaUMEHbLIMX KBaapaTos (MHK). [24].

HanGontwee pacnpocrpanenne IKOHOMETPHYECKUX HC-
CJICAOBAHHAX MOSYYHIIA CHCTEMA B3aHMO32BHCHMbIX YPaBHEHUIH.
B Heit onnu 1 Te xe 3aBHCHMEBIe EPEMEHHbIE B OHHX ypaBHe-
HHX BXOZAT B JIEBYKO YaCTh, & B IPYTHX YDABHEHHUSX - B NPaBYIo
4aCTh CHCTEMBI:

Y=boyy kv 4 by 4 Gy, +oh x4

oYy

X s (6)

Yy=byy by by dyX o a

ey

R S R I T GuXy+..+a,x +e

CucreMa B3aMMO3aBHCHMBIX YPaBHEHUH f10IyYMNa Ha3BaHHe
CHCTEMbL COBMECTHBIX, OAHOBPEMEHHBIX ypaBHeHui. Tem CaMbIM
NOAYCPKUBACTCA, YTO B CHCTEME OAHH H Te ke nepementbie ())
OBHOBPEMEHHO DACCMATPHMBAKITCA KaK 3aBUCHMbBIE B OAHUX
YPABHEHUAX W KaK HE3dBHCHMbIC B Apyrix. B SKOHOMETpUKE 3Ta
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cHCTEMA YpaBHEHWH Ha3bIBaeTCs TAKXKE CTPYKTVPHOH (opmoit
MOOEH. B otnuuue ot MPpEABIIYINMX CHCTEM KaxX0€ YpaBHEHNE
CUCTEMBI OJHOBPEMEHHBIX YDABHCHMH .HE MOXET pacCMarpH-
BATbCsl CAMOCTOSITENbHO, M AJId HAXOKIEHHsI €ro napamerpoB
TpaauuuorHbiit MHK Henmpumennm. C 3ToH LEnblO HCMOAB3YHOT-
Csl CIeUHaNbHbIC NIPHEMbI OLEHUBAHUSA.
IlpumMepoM CHCTeMBI OAHOBPSMEHHbBIX YPasHEHUH MOXKET

CJTYXHUTb MOJIeNIb TUHAMMKH LEHEI U 3apabOTHOM TIaThi BUIA

J.V; =y, +ayx +e, (N

LVQ =hy ¥+ Apx, + Gy + 6,
TA€ ¥i - TEMIT U3MEKEHMs MeCSIHO 3apal0oTHOM NNatTel, y; - TEMII
M3MEHEHMS LI€H, X; - MPOLeHT 0e3paboTHEIX; X; - TEMIT H3MEHe-
HHA NOCTOAHHOIO Karigrana, X3 - TeéMn HU3IMEHEHU:A LeH Ha HM-
FIOPT CBIPbAL.

10.2. CrpykTypHast 4 npuBeseHHAs (GopMbI
MOKRIH

Cucrema COBMECTHBIX, OJIHOBPEMEHHbIX YPaBHEHHH (Mnu
CTpyKTYypHas ¢dopMa MOIeau) oObIYHO CONEPIKUT IHAOTEHHBIE H
3K30T€HHbIE NMEPEMEHHBIE.

OHICreHHbe nepeMenHble 0003HaueHb! B PUBEAEHHON pa-
Hee CHCTEME OJIMOBPEMEHHBIX YPaBHEHMH KaK y. JTO 3aBHCHMbIE
fiepeMEHHbIE, YHCIO KOTOPBIX PABHC YMCIy YPABHEHUH B cHCTeE-
Me.

DK30reHHbIe TiepeMeHHble 0003HayaroTcsi OOBIMHO Kak ac
DTO mpenonpeneNeHHble NepeMertbie, BAMAIOIHE HA dHAOTEH-
HbIC NEPEMEHHBIE, RO HE 3aBUCALIHE OT HUX.

Tpocreiiiuas cTpykTypHas Gopma MOIENH HMEET BUA!

lel :bu.“’: X e, (8)
1.": =by v, s, +&,.

TAC Y - SOHHOTCHHDBIC NIEPEMEHHBIE, X - SK30ICHHEIC TIEPEMEHHDBIC.
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Knaccudukauus nepemeHHbIX Ha SHACTCHHbIE H SK30TEHHbBIC
3aBMCHT OT TEOPETHUUYECKON KOHLEMLMY MPUHATOH Moaenu. Jxo-
HOMITHCCKHE TIEPEMEHHbIE MOTYT BBICTYNATh B OJHMX MOJEJSX
KaK OJQHOOr€HHbIE, a4 B APYIrHUX KaK 3K30TE€HHbIE NECPEMEHHBIE. Bhe-
SKOHCMHM4€CKHE NEPEMEHHbIE (HANPUMEp, KINMATHYECKHE YCIIO-
BHST) BXOZSIT B CUCTEMY KaK JK30T€HHbIE NepeMeHHble. B kauecT-
BC HK30T€HHBIX MEPEMEHHBIX MOIYT PacCMaTPUBATBLCS 3HAYCHHS
SHAOICHHBIX NMEPEMEHHBIX 33 MPENUIECTBYIOUIMI NEPHO] BpeMe-
Hu (narosble nepemernsie). Tak, morpebiehue TEKYLIEro roja
(V1) MOXKET 3aBUCETb HE TOJBLKO OT PSAA IKOHOMMYECKIX dakro-
POB, HO K OT ypOBHA NOTPEONCHNA B IpeabinyiueM roxy (y..,).

CrpykTypHast hopMa Momenu moseosser YBUAETDH BJIMAHHE
M3MEHEHUH 10O0H 3K30r€HHON NMepPeMEHHO Ha 3HAYEHHUS SHIO0-
TeHHOU ITepemenHoil. [lenecooOpasHO B KauecTBe 3K30TIEHHbIX
NEPEMEHHbIX BBLIOMPATL TaKMe MEPEMEHHbIE, KOTOpPbe MOIYT
ObITe 0OBEKTOM perynupoBaHus. MeHss ux u YIpaBiIsAs UMH,
MOXHO 3apaHee MMETb LIC/IEBbIE 3HAYEHMs SHIOIEHHBIX nepe-
MEEHDLIX.

CrpykrypHas Gpopma MOAEH B IpaBoii 4acTH COLIEPIKUT I1pH
SH/IOTEHHBIX 1 SK30TEHHbIX NEPEMEHHBIX KO>DOHLMEHTb b, U ¢
(bi - roapduMenT npu 3HIOrEHHOM NIEPEMEHHOH, a; - ko3(dbu-
UHEHT MpH SK30r€HHOH NEPEMEHHOM), KOTOpbie HA3bIBAKOTCS
CTPYKTYpHbIMH kO3bbuunentamn mozenn. Bce nepeMeHHbie B
MOZICJIH BbIPAXEHbI B OTKJIIOHEHUAX OT CPELHErO YPOBHS, T.€. 10N
X MOADA3YMEBAETCH X — X , 4 O Y - COOTBETCTBEHHO y—y.Io-
ITOMy CBOOO/IHDIH UJIEH B KAKIOM YPABHEHHH CHCTEMbI OTCYTCT-
BYET.

FlenonesoBanne MHK nns ouexusanus CTPYKTYPHBIX KO-
3pQHiMeHTOB MONENH NAET, KAK MPUHATO CYMTATH B TEOPHH.
CMEILUCHHBIE U HECOCTOATE/bHbIE OUEHKH. [109TOMYy 0ObIuHO Aus
OnpeneieHns CTPYKTYpHbIX KO3QOHUHMEHTOB MOJENH CTPYKTYp-
Has (popma mojenu npeobpasyercs B MPUBEIEHHYIO HOPMY MO-
HACITH.
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v, —ad XA
L’:_-__EL‘_ ot br’y1 + an x1 .
b 2 ¥a
21
Orcroaa
a, b, Qnn
Y2 = L TN
1-babo 1-bybay
wrO COOTBETCTBYET YPABHEHHIO npuBeeHHOH GOpME! MO, 1811’
Y= Oy X+ 0 %s,

5,,1 :~—-1—192L——— A 5.,, = - 9z .
B blzbm B blzbzl
IKOHOMETPUUECKHE MOACIH oOBIUHO BKIHOHAKT B CUCTEN
He TONbKO ypaBHEHMW, OTpaKaloune B3AMMOCBI3U MEXIy O
NENbHBIMH riepeMEeHHEIMH, HO 1 BLIpAKEHU TEHACHIMN pass
THSL SIBJIEHMSA, & TAKKE pa3Horo poAa toxpecTea. TaK, B 1947
ucclenys SIMHEHHYIO 3aBHCMMOCTD foTpeOneHHst (¢) o1 poxoO
(y), T.XapespMO PeIOKUI OHOBPEMEHHO YU THIBATE TOXK)
cTBO goxona. B aTOM CIyHac Monenb uMeeT BUIL.

jc:a+by,
b':c+x,

i X - MHBECTHLHH B OCHOBHOM Kanurat 4 B 3anachl IKCNIOPT
umropTa; a n b - riapameTpbl nUHEHHOT 3aBUCHMOCTH € ot
Hx olleHKH JOJBKHD! y4UTHIBATH TOKAECTBO I0X0AA B OT
yue OT rapaMeTpoB OOBIZHOM JiHEITHO perpeccuy.
B s3TO# MOzes ABE SHIOTEHHbIE NEPEMEHHDIC - cCUYHC
yK30reHHas repementas X Cucrema npuBeNEHHbIX ypaBHE
COCTABUT.

c=A,+4x
y=B,+Bx
Oua Mo3BOJNAET MONYIHTD 3HAYeHHs JHIOTEHHON [EpPE
Holt ¢ uepe3 MEPeMEHHYIO x. PaccunTan xo3hPuuHeHTR! 1]
nenHoit GopMbl vonenu (Ao, Ay, Bo, Bi). MOKHO rnepenTyH

shduuneHTam CTpYKTypHOH monent d u b, noacTasaa B In
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YPaBHeHue [IpUBEAEHHO}} Gopmer BbIpaxkeHye IEPEMenHOI x 3
BTOPOro ypashenys NpuEe 1eHHO T thopmer Mozenu. ITpuseney-
Hast hopma money XOTd U 003BOseT MONYYUTL 3HaYenyy 3Ha0-
FCHHOH nepemennoj Hepe3 3Hayeypy OK30reHHbIx NepeMeHHbIx,
AHaTMTHYeCcKYy ycrynaér CTPYKTYpHOii dopme MOJenu, Tak kax g
Hell OTCYTCTBYIOT onenky B3aHMOCBSsI3Y MEKIY SHROTeHHBbIMY
NepeMeHHbIMY.

10.3. 1 IpoG.iema HICHTHUKa Y

Ipu nepexose or NIpuBenennoil Gopmu MOnemn i crpy-
YPHOIT Hccaenosareny, CTankupBaercy ¢ npobremoii HAeHTH(D -
aUMH. Mnentutbukanys - STO €nUHCTBeHHOCTY COOTBeTCTBUY
XNy npuBenenro; CTPYKTYpHOI} dbopmamy MO1eny.

PaCCMOTpHM npobaemy HICHTHDuKAIIY fyg Clly4as ¢ npy-
1 OH/IOTeHHBIMY lnepeMernnpmy Myery CTPYKTYPHas monens,
1€€T BUp: ‘

{_f/, =byv, +a, x Ty -ty (12)
Vy=byy tanx tanx, v sy "

> Y11 )3 - COBMeCTHD e 3aBHCHMbIe epeMennmie.
Hs Bropor YPaBHeHust Mmoxho BbIDA3HTE crenywieii

s a., y,

J,)] = =

b:l b.’.

Torna g CHCTEME HMmeeym ABA vpaBHenug AN 3HAOreHHO

"MCHHOM ) ¢ OIHHM U Tem e Habopom 3K30Ie€HHbIX nepe-
HbIX, HO C pasuemgy rcoad)dmunemamu NPH Hpx:

j'ﬁ’ by, o+ DXy + a0+ 1y g

AN

B a, a,, a,,.
,V = ezl e i X, — P X
z I /):r b_‘i ] b
Hanuune ABYX BapuawnTop ;5 pacuera CTPYKTYpHBIX KO-
CHTOB omHON 1 1o KE Monenn cesizang ¢ HENOJIHOI ee

HuKanmesy Crpykryprag MOnens B nojponm Biize, co-

1 i



CTOSAIAS B KAX/0M YPABHEHHWH CHUCTEMbI U3 T SHAOTEHHBIX H T
IK301'€HHbIX TEPEMEHHBIX, COAepx#HT 11(71-1+m) napamerpos. Tax,
NpH #=2 ¥ M=3 NONHBIA BUA CTPYKTYPHOH MOJENH COCTABHT:

J’j’z =bpdy + X+, +anx,, (13)

bl/z = by Vb Ay X + A X, + 05X

Kak BHOAMM, MOJEL COHEPIHUT BOCEMb CTPYKTYPHBIX KO-
(GULHEHTOB, YTO COOTBETCTBYET BLIPAXKEHUIO H(H-1+m).

lpusenennas gopmMa Moneny B OTHOM BHIE COAEPXKUT MM
napameTpoB. [l HauIerc mpUMepa 3TO O3HAYAET HAMWYME LISCTH
k03¢PULMEHTOB npHBeneHHON GopMel Moaeny, B 3ToM MOXHO
yoennuTbes, oOpaTHBLIMCH K TpUMBEIEHHOU QOpPME MOJENH, KOTO-
pas Oyzer uMerTb BUL

j)’"x =0 X, 4 O X, +0,,X;, (14)
[y: =0y % + T, X, + 8,

HevcTeuTensHo, OHa BKIOUaer B ceds mects kodpduumen-
TOB O, .

Ha ocHope mectu kozddmunentor npueeneHHOH (GOpPMbI
Monenn Tpedyercs onpeaesuTh BOCEMb CTPYKTYPHBIX K0d(hdu-
UMEHTOB PaccMaTpUBAEMOH CTPYKTYPHOH MOIENH, 4TO, eCTecT-
BEHHO, HE MOXET NPHUBECTU K €IMHCTBEHHOCTH pewenus. B non-
HOM BUJIE CTPYKTYPHAA MOZAEIbL COAELKUT OOMELLEE YUCHO Tiapa-
METpOB, 4eM npuBeaeHHas ¢opma mopenn. CoOOTBETCTBEHHO
n(#—1+m) napamerpoB CTPYKTYPHOU MOZENH HE MOryT ObiTb
OIHO3HAYHO ONpPEAETEHb] U3 Hi TlapaMeTpos NpHBeAeHHOI dop-
Mbl MOZIEJIH.

Yrobbl MONyYUTE €IUHCTBEHHO BO3MOXHOE pPeIleHHE s
CTPYKTYPHOH MOJEJIH, HEOOXOLHMO NPEANOJIONHTh, YTO HEKOTO-
Pble M3 CTPYKTYPHBIX KO3PQUUMEHTOB Moaend BBUAY cnaboit
£3dMMOCBSI3H NPH3HAKOB C 3HIOTCHHOH NEpPeMeHHOW W3 JeBOi
HacT CHCTEMbl PABHbLI HYJIO. TemM caMblM YMEHbIUUTCS YHCIIO
CTPYKTYPHBIX K03ddHuBeHTOB Mopesv. Tak, eciad mpennonio-
KUTb, 4TO B HawWeH Moaenu ap;3=0 u a;=0, TO CTPYKTypHas Mo-
J€1b NPUMET BUA!
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{j’l =byy Yy )X, Xy, (]5)
.{’2 =by, ¥ Ty Xy + Ay X \

B rtakoii Monmenu 4uciO CTPYKTYPHbIX KO3GPHLMEHTOB He
rpeBsiliaeT yucao KodHPUUHEHTOB NpUBENEHHOW MOjIeNiH, KO-
TOpO2 paBHO 6. YMEHBIIEHNE YHCIA CTPYKTYPHbIX K03 dHumeH-
TOB MO/1€JIH BO3MOXKHO W IPYrUM IyTEM: HaTlpuMep, [IyTeM Npu-
PaBHUBaHMs HEKOTOPBIX KO3QPULUEHTOB APYT K APYry, T.€. iiy-
TeM NpEeATOJOXKEHHUH, YTO WX BO3IeHCTBHE Ha (QOPMUPYEMYIO
3HAOrEHHYI0 nepeMeHHyro onuHakoBo. Ha cTpykrypHble K03(-
GULMEHTb MOTYT HAKJIAIbIBATHCS, HAIIPUMED, OrPAHUYEHMS BUA
by +a,=0.

C NO3HUMH WACHTHOHLMPYEMOCTH CTPYKTYPHBbIC MOJENH
MOXHO TIOAPA3AEIUTh HAa TPU BUIA!

»  upeHTHQULHpYEeMbIE,

»  HeuJIeHTUPUIMpPYEMBIC,

»  CBepXUACHTUPHUMPYEMBIE.

Monenb MaeHTUPHIMPYEMA, €CIIN BCE CTPYKTYPHbIE €€ KO-
sdduurenTs ONpeAesATCH OXHOZHAYHO, ©LUHCTBEHHbIM 00pa-
30M 110 k03¢ PHUIMEeHTaM IPHUBEACHHON GOPMEI MOIENH, T.€. €CNu
YUCJIO ApaMETPOB CTPYKTYPHOK MOAETH PaBHO YUCIY Napamer-
pOB ripuBeieHHOH Popmbr MOzeHu. B 3TOM ciyuae CTPYKTYpHBIE
k03¢ D HLUMEHTBI MOAETH OUEHHBAIOTCS Yepe3 MapaMeTphl npHBe-
JeHHoil hopMbl MOZEU Y MOaeNb uneHTuguuupyema. Pacemor-
peHHas BbILIE CTPYKTYfHas MOJNb C ABYMSi SHAOTEHHBIMH H
TpeMs 3K30TE€HHBIMH (ITPENOTIPEICNICHHBIMH) 1EPEMEHHbIMM, CO-
Jepikailasl lecTb CTPYKTYPHbIX KO3(QhHUKHEHTOB, NMPENcTaBiser
co0oit HAeHTHRHLHMPYEMYIO MOZED.

Mopenb HeunedTHhHULIMPYEMA, €CAM YMCAO TMPHUBEIEHHbIX
KO3 HUUMEHTOB MEHBIIE YMCNA CTPYKTVPHBLIX KOIDgHILIHEHTOB,
H B PE3YIbTATEe CTPYKTYPHblE KO3GODHUBEHThl HE MOTYT OblThb
ouerenbl uepe3 kodpduumenTbl npuseneHnoil GopMsl Moae.
CtpyxypHas vOIENb B MOJHOM BHAE, COAEpIKauiast 71 JHAOTEH-
HbIX Y 71 TIPEAOTIPEAETIEHHBIX TEPEMEHHBIX B KAWIOM yPaBHEHUH
CHCTEMbI, BCeTa HEeUeHTH K LMpYyeMa.
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Mogzens CBEPXUNEHTHOHULIMPpYEMa, ecnu wmcio NpUBENEH-
HBIX KO3 PULHENTOB Gonbine HHCNIA CTPYKTYPHBIX K03¢ (rany-
CHTOB. B 3TOM cnyuae Ha ochoge ko3¢bduLmenTOB NpHBEEHNOH
Popmbl MoskHO MOJy4uTh 182 Wi Goltee 3HaYeHM ] OIHOTO
CTPYKTYpHOro kosduimenra. B s1oj MOZIEIH YUCIO CTPYKTYp-
HbIX KOd(dUIMEHTOB MeHbIne wucna ko3¢ duurenToB puse-
AEHHOU (opmel. Tak, ecoy B CTPYKTYPHO¥ MOAemi nofHOro suma
NPEANOIOKUTL HYJIEBbIE 3HAYCHMS He TONLKO KO3hduitenTOB
i3 ¥ ), HO M a3;=0, TO cucrema YPABHEHHIi CTaHET CBepXuen-
THDHLMpYeMOIT:

{.V] =b, tanx +a,x,, (16)
b :bzxyl T ayX;.

B neii nate CTPYKTYPHBIX KO3((ULIHEHTOB He MOTYT ObITh
OZHO3HAYHO OTMpereneHsl us mmecty k03¢ buuMeHToB NpyBesen-
HOM QopMBI Mopeny. CBerLmeHTH(buunpyeMax MOZENb B CTaU-
1HC OT HeMACHTURMLMPYeMON Monesu TIPaKTHYECKH peinzaema,
HO TpedyeT s 3Toro crieumanbibix METOZIOB HCUHCTEHH: Tiapa-
METPOB.

Crpyxryphas monens BCeraa npeacrasnsier coboii cAcremy
COBMECTHBIX ypaBHEHMIA, Kaxnoe u3 KoTopeix Tpebyercs npose-
PAThH Ha upentudmkauno. Mogens CHMTAeTCS MueHTH(HUMpYe-
MOH, €CH KaxI0e ypaBHeHHe CUCTeMbL uaeHTHILMPYeMo. Fc-
U XOTA OBl ONHO 13 ypaBHEHHMi] CHCTEMBI HeuneHTHdULHpyemo,
TO M BCSl MOIENIb CuHTAeT s HEHACHTHOHLMPYeMOT Caepxuien-
THhRLIHpYeMas MOREIb CONePKHUT XOTA 6bI OIHO CBEPXHIEHTH-
duumpyemoe YPaBHEHHE.

Boinonnenne yenosns HIeHTHHIHPYeMOCTH MOzen 1 npo-
BEPACTCS I KaXI0ro ypasHenus cucreMel. Yrobel ypasuenue
ObLIO HIEHTHOHLMpYeMO, HEOOXoAMMO, YTOBBI Ynco npeo-
NPEACCHHBIX NEPEMEHHbIX, OTCYTCTBYIOUHX B IAHHOM YpaBHe-
HHH, HO TIPHCYTCTBYIOMMX B CHCTEME. Bbu0 PaBHO 4HCIY 3HAO-
TCHHbIX [TEPEMEHHDbIX B naHHOM YpaBHexHu 6e3 omnoro,

Ecau obosnauuty uncno SHIOTEHHBIX MEPEMEHHbIx B J-M
YPABHEHHH cucTeMb! Yepes M, a uneno SK30TeHHBIX (npenonpe-
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Jef€HHBIX) MePeMEHHBIX, KOTOPhIC COMepKaTCs B CHCTEME, HO HE
BXOJAT B AAHHOE yPaBHEHHE, - HEPE3 [, To yciorue uneHTA(u-
LUPYEMOCTH MOJCIH MOXKET GBITE 3alIMCAHO B BULE CNEHYHOINErO
CUETHOTO MPaBUJIA!
D+1=H - ypaBHeRue unenTUUUHpyeMo;
D+1<H - ypaBHeHue HeHAeHTUQULHPYEMO;
D+1>H - ypaBHeHue CBEPXUIEHTHOHLUPYEMO.
[IpennooKHM, PaccMaTpHBACTCA cHeayoias cucreMa On-
HOBPEMEHHbIX yPABHEHHI!
vy =hpy, by T A T,
vy =hy Ay X+ A Xy F Ay Xss (17)
vy =hyy ¥+ by Yy G Xa Xy
[lepsoe ypasHEHUE TOYHO pneHTAPHIUpPyEmMO, ubo B HEM
MPUCYTCTBYIOT TPH IHIOTCHHBIC nepemerHsie — Yi, Y2, Y3, T-€
H=3, 1 1Be DK30reHHbIE NCPEMEHHEIE — X) H X7, UMCJIO OTCYTCT-
BYIOLIMX 3K30TCHHbIX NEPEMEHHEIX paBHO ABYM — X3 M Xa, D=2.
Torza uMeeM PaBeHCTBO: D+1=H, T.e. 2+1=3, 4t0 O3HQ4AeT Ha-
Arure HASHTUGHIUPYEMOTO yPABHCHHS.
Bo BTOPOM VPaBHEHMH CHCTEMbI H=2 (v y2) m D=1 ().
Papencrso D+1=H, T.e. 1+1=2. YpapHeHHC UASHTHHUUHPYEMO.
B TpeTbeM YpPaBHEHUH CHCTEMD H=3 (y1, y2, y3), a D=2 (x1 1
x;). Crenosare/ibHO, MO CHETHOMY NPaBUily D+1=H, v 3710 ypas-
nenne uneHTHGULUpyeMo. TaknuM o0pa3om, cucTema (16) B 1€~
a0M uaeHTHUIMpyema.
Tpeanonoxum, 4ro B paccMaTpuBaeMoi MOZIEH a,=0 n
ayy=0. Toraa cucrema NpuMeT BIL.
1(."'1 =b, Vs by + A X T3 X
) V= b by XS X (18)
Yy =by 3y Hhp by A X
[lepsoe ypaBHEHHE +TOit CHCTEMBI He H3MeHmoch, Cucrema
NO-TIPEXKHEMY COJEPIKUT TPH SHAOTCHHLIE 1 yeThipe 3K30TeHHbIe
niepeMeHHbIE, NOXTOMY LS pero D=2 npy HA=3, 1 OHO, Kax 1 B
npenblayen CHCTEME, unentuduumupyemo. Bropoe ypaBHEHHC
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umeer H=2 n D=2(x;. x,), Tak xak 2+1>2. [lannoe ypaBHeHHE
cBepxuaeHTHOuunpyevo.  Taioke  CBEPXMAEHTHHUIUPYEMbIM
OKa3pIBACTCSl H TPETHE YPABHEHME CHCTEMbL, riie H=3 (yy, y,, ¥3)
D=3 (x1, X2, X3), T.€. CHETHOE NPABMJIO COCTABILAET HEpPaBEHCTBO:
3+1>3 pim D+1>H. Monenb B 11e10M ABJISeTCs CBEPXUACHTH(H-
LHPYEMOH.

[Ipeanoncxum, 4To NoCNEnHEE YPABHEHHE CHCTEMBI (18) ¢

TPEMS SHAOIEHHbIMU NEPEMEHHBIMH UMEET BUA

Yy =byy Dy y, +ayx +agx, v agx,

T.€. B OTIMYHE OT NPEAbIAYLIEro YPaBHEHUS B HErO BIJIOYEHbI
CILE IBE SK30rCHHBIC NEPEMEHHbIE, YHACTBYIOIHE B CHCTEME, - X;
u x2. B 3TOM ciiyuae ypasHenue cranosutcs HepgeHTuduLMpye-
MbIM, 10O npu H=3, D=1 (oTcyTCTBYET TONBKO X3) M D+1 < H,
1+1<3. HTak, HECMOTPs Ha TO HYTO NEepPBOE YPABHEHHE HIICHTH-
ripyemo, Bropoe cBepxMiIEHTHOHUKPYEMO, BCK MOAENDL CHH-
TAeTC HeHOCHTHYHIUPYSMOIi M HE HMEET CTATHCTUYECKOIO pe-
LICHIMsT.

Jtst onenku napamerpoB CTPYKTYpHOH Mozead cucTema
A0JKHa ObITh HAEHTUHLHMPYEMa HITH CBEPXHJIEHTHOHLHpYEMA.

PaccMoTpeHHOE cHeTHOE MPABMIIO OTpakasT HEoGXOAMMOE,
HO HeNoCTaTO4HOe ycnosue upentudukaunu. bomee TouHo yc-
n08HA HIACHTU(UKALIMHM ONMPENENAIOTCH, €CIIM HEK1AIbIBATh Orpa-
HUYCHMS HA KOIDOHUIMEHTHI MATPHIl [aPaMeTpoB CTPYKTYPHOI
MOZIETH. YpaBHeHHe MAEHTHOHUMPYEMO, €CIH 0 OTCYTCTBYIO-
LIHM B HEM NEPEMEHHBIM (IHAOICHHBIM U YK30TEHHBIM) MOXKHO
13 KO3HHUUMEHTOB MPH HUX B APYTHX YPABHEHUSIX CHCTEMbI MO-
JYHHTb MATPHILY, ONPEACTUTEN > KOTOPOH HE PaBeH HyJIIO, @ PaHT
MaTpHUbl HE MEHbIUE. 4EM YHCJIO0 SHAOTEHHBIX MEPEMEHHBIX B
cucreme 0e3 OIHOrO.

LlenecoobpasnocTs nposepky yCaoBUs UaeHTUOUKALUKN MO-
At HePes3 OTIPEACIIHTEib MaTPHLBl KOO(QPHUHEHTOB, OTCYTCT-
BYIOWHX B NAHHOM YPABHEHMHM, HO MPUCYTCTBYIOIMX B APYTHX,
OOBACHAETCA TEM, YTO BO3MOXKHA CHTYALMS, KOTJ@ I KaKAOr0
YPABHEHIA CHCTEMBbI BBINOJHEHO CHETHOE NPABUJIO, & OTNPenesu-
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Teb MATPHULBI HA3BAHHBIX KO3(PGOULUHMEHTOB paBeH Hym0. B 5TOM
ciaysae cobmopaercs IHie HEOOXOAMMOE, HO HENOCTAaTOHHOE
yCIIOBHE WIEHTHHHUKALIHK.

QfpaTuMCcs K ClIeAyIomeH CTPYKTYPHOH MOJINH:

W =bpy, H by ayx, +apx,.
Yy = by X+ AXy + 0y X, (19)
o = by by Yy X, + X,

{TpoBepuM KaXI0€ ypaBHEHHE CHCTEMbI Ha HEOOXOAMMOE U
JOCTATOUYHOE yeaosus uaeHTudukanuy. s 1epsoro ypapHeHus
H=3(y1, y2, ¥3) u D=2(x3 1 x4 oTCYTCTBYKOT), T.€. Dt1=H H HeoO-
XOIIUMOE YCIOBHE MACHTU(DUKAIMH BbINEPHKEHO, NOITOMY Yypas-
HEHME TOYHO WaeHTHGuuupyemo. s NPpOBEPKH Ha JI0CTATOMHOEC
yCIOBHE HAGHTUQUKALMM 3arOJHAM CIEAYHOULYIO TabJIMLy KO-
5(bHIIHEHTOB IPU OTCYTCTBYIOWMX B MEPBOM YPABHEHHH nepe-
MEHHBIX, B KOTOPOii onpenesuTens Marpuiibl (detA) koopuiy-
€HTOB PaBeH HYJO!

VY paBHeHuHs Ilepemennnie 1
3 ‘ Xy ‘

2 a3 a4 |

3 0 0 1

CJieI0BATENHHO, AOCTATOUHOE YCIOBHE MIEHTHQUKALUMN HE
BBINOJGASIETCS 1 11EPBOE yPABHEHHE HENb3sl CUMTATh MAEHTH(N-
LUPYEMBIM.

Jins sroporo ypasHenus H=2 (y1 v y2), D=1 (OTCYyTCTBYET
x)). CyeTHOE NPABHJIO AT YTBEPAMTENbHEIT OTBET: YPABHEHHE
nnen vigumpyemo (D+1=H).

JocraTouHoe ycaosue uaeHTH(HKauun BeINOIHAETCS. Ko-
3P $HLHEHTD] ITPH OTCYTCTBYIOLIHX BO BTOPOM YPABHEHHH nepe-
MEHHBIX COCTABAT!

YpaBueuus g [TepemeHHbIC
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B paccmarpupaeMoii 3KOHOMETPUYECKOM MOJIENH IIEPBOE
yPaBHEHHE CHCTEMbI TOYHO HiaeHTHHLHpyeMo, ubo A=3 u D=2,
H  BbINONAHAETCS  HEOOXOAMMOE  ycjloBME — HJIeHTH(DHKALMH
(D+1=H). KpoMme TOrc, BBINMOIHAETCS H JOCTATOYHOE YCIOBME
UICHTU(DUKALMH, T.€. DAHI MATPHLBI PaBEH 3, & ONpENeUTENb €€
He pased 0: det.4 paseH -ay;, 4TO BUIHO B caeayrouel Tabnuue:

YpasHeHust Hepemennnie:
2 X1 X2
2 -1 an 0
3 0 - (3 0
4 1 0 1

Bropoe ypaBHenne CHCTEMBI TaK ke TOYHO MAEHTHPMUH-
pyemo: H=2 u D=1, T.e. c4eTHOE NPaBUIO BuINONHEHO: D+ 1=H,
TAKXKE BBIMOJIHEHO NOCTATOYHOE yCIOBHE WACHTH(DUKALMH, PaHT
MaTpulibl 3 U detd = -Hay.

YpasHenns IepeMennbie
L M Y4 ; X2
1 -1 b ‘ 0
3 0 by 0
4 1 -1 1

AHaJIOrHYHO TPETHE YPABHEHHME CHCTEMbI TAKKe UAeHTuduU-
uupyemo: H=2. D=1, D+1=H u det A # 0, a paur matpuust 4=3
udetd=1:

YpasHeHuA [lepemennnic
Ryl »2 i X2
I -1 0 | 0
L 2 0 -1 0
{ 4 1 I { [

HnentHdrkauus ypaBHEHHI KOCTATOYHO CJOKHA W HE Or-
PaHUYHBAETCS TOJILKO BhILIEM3I0KEHHbIM. Ha CcTpykTypHbIE KO-
PHUMEHTB MOJENH MOTYT HaKNaAbIBATLCS M APYTHE OrPAHH-
YEHHsl, HaMpHMED, B IMPOM3BOACTBEHHOH (PYHKLUMH cyMMma 31a-
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CTMUHOCTEH MOKeT ObITh paBHa no npeanonioxenuto 1. Moryr
HAKNAJ BIBATHCS OrPAaHHYEHHs] Ha IUCIIEPCHH ¥ KOBAPHALIMK OCTa-
TOYHBIX BEJTHYMH.

10.4. OueHBaHUE NAPAMETPOB CTPYKTYPHOM
MoOe/H

K03h(hAUMEHTBI CTPYKTYPHOH MOIENH MOTYT ObITh OLEHEHb
pa3HbIMH CIOCOOAMU B 3aBUCHMOCTH OT BHJia CHCTEMbI OZIHOBPE-
MeHnb'X ypaBHeHud. Haubonbliee pacrnpocTpaneHde B JUTECPA-
Type MOYHHIM CIEAYIOWME METOAbI OlleHHBaHMs KOdGdUUHEH-
TOB CTPYKTYPHOH MOAENH:

e KOCBEHHBIH METOJi HAUMEHBIIHX KBAIPATOB,

e BYXLIArOBBbIA METON HAMMEHBIIHX KBAAPATOR,

e TPEXIIAroBbIH METO/ HAMMEHBLIMUX KBAAPATOB;

e METON MAaKCUMATbHOIO MPaBAONOAOOMs C NOJHOW WH-
dopmaLmei;

e METOJ] MAKCHMaJILHOTO TPaBaononodust mpu OrpaHHu€eH-
HOH nHPOPMALHHK.

KocBeHHBi U IBYX1IAroBblH METONbl HAMMEHbUIHX KBanpa-
TOB NCAPOOHO OINMHUCAHbI B JIUTEPATYPE M PACCMATPUBAIOTCS Kak
TPAaIMIMOHHBIE METOMbI OUEHKH KOI(pPHuuMeHTOB CTPYKTYPHOH
MOAENA. OTH METOAbl MOCTAaTO4HO Jerkopeanusyembl KocseH-
Hbil Meto HaumeHbuiux ksaaparos (KMHK) npumensiercst s
uneHTHOUIMPYEMOH CUCTEMBI OJIHOBPEMEHHbBIX YPaBHEHHH, 2
ABYXIIATOBLIH MeTOA HauMenbuinx ksaapares (AMHK) ucnonb-
3yeTes JUIA OLEHKH KO3(PQHUHEHTOB CBEpPXHAEHTHPHLUPYEMOH
Moemi. IlepeuncieHHble MeTOAbl OLEHHBAHUSA TAKKE HCNOJb-
3YKOTCSL TSl CBEPXHAEHTHOHLHPYEMDIX CHCTEM YPaBHEHHH.

MeTo/l MaKCHMajbHOTO MNpaBaonofodna paccMarpHBaeTCs
xak Haubosee OOMMIA METOA OLECHHUBAHMS, PE3yNbTaThl KOTOPOTO
NpU HOPMAJbHOM PACTpENeNeHny NPH3HAKOB COBMNAAAOT C
MHK: Onnaxo npH OOJIbLIOM YHCE YPABHEHHH CHCTEMbI 3TOT
METO[ TNPHBOMMT K JOCTATOYHO CJIOXHBIM BBIMHUCIHTEIbHBIM
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npouenypam. ITosromy B xauecrse MOIMQUKALNY UCTIONB3YeTCS
METOA MAKCUMANBHOrO MpaBRONOA0GHs mpu OTPaHHYEHHOW HH-
dbopmawmu (MeTon Haumenbuero AHCTIEPCHOHHOTO OTHOLUEHMUS),
paspaboranuelit B 1949 1 T.Annepcorom u H.Py6unrim.

B otmiune or merona MakCUMalIbHOIO mpasnonoactus B
AQHHOM METONe CHATBI OrpaHHYeHust Ha NapaMeTPhl, CBA3IHHbIE
¢ PYHKUMOHHMPOBAHMEM CUCTEMBI B uenoM. DTO Heslaer peineHue
Gonee mpocTbiM, HO TpymoeMKkoCTH BLIMHCIIEHHH OCTaeTCs ,10CTa-
TO4HO BbICOXKOH. HecmoTps Ha ero SHaYUTENBHYIO IOy Isp-
HOCTB, K cepenuHe 60-X romoB OH 6biT NPaKTHYECKH BBITECHEH
ABYXLIArOBBIM METOAOM HAUMEHbIIMX kBagparos (JIMHK) s
CBA3H ¢ ropasno Sombluell mpocToToil nocnexanero. 3tomy cno-
COOCTBOBaANA TaKKe paspabotka B 1961 r. T.Teiinom cemeiicrpa
OLEHOK K03(dunHeHTOR CTPYKTYpHOH Mozenn. st cTpyiryp-
HOW Monenu I'. Teiin OTIpENeSTMN CEMENCTBO OLEHOK Kiacea K u
fT0Ka3a1, 9TO OHO BKJIOYAET TPM BaXKHbIX Oneparopa OLeHUBA-
HUS: 00bIuHbIT MHK nipu K=0, IMHK npu K=1 u meroz orpa-
HUYEHHOH WHpOpMaLmu plimK=1._ B nocnentem ciydae peiue-
HHE CTPYKTYPHOH MOaenu COOTBETCTBYET OUeHKaM no JJMHE

Hanbueliluum passuruem AMHK sBnsercs TPeX1aroBbIi
MHK (TMHK), npegnoxenssii s 1962 r. A3enbhepov n
I Teitiom. Dror meron OLEHHBAHUA NIPUIONEH ISl BCEX BHIOB
YPaBHEHUH CTPYKTYpHOH Mozenu. OxHako NPH HEKOTOPLIX Or-
PaHHYCHUAX Ha mapameTpsl Gosiee 3bPexTUBHBIM OKa3bIBaeTCS
AMHK.

KoceenHerii MeTo1 Haumenbuux kBanparos {(KMHK). Kak
yxe ormedanoch, KMHK npumensiercs s CJy4ae TOYHO H,I1eHTH-
Guunpyemoi CTPYKTYPHOH Mozenu. [lpouenypa upumenenns
KMHK npeanonaraer sbimonnenie CJACAYIOILHX 3TAnoB padoThi.

I Crpykrypras monens npeobpa3oBLiBaercs B npuseneH-
HYI GOpMY Monenn.

2. Ans Kaxa0ro ypaBHeHH s NPUBEAEHHOH (GoOpMbI MO;1€MH
00brunbM MHK  ouennsarorcs NpUBENEHHBIE KO3DdHULHEHTHI

(d,).
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3 KoapuuueHTs! npuBeICHHOH QOpMBI  MOAETH TpaHc-
(opMupyIOTCs B TIapameTphbl CTPYKTYpPHO#H MOZETH.

PaccMOTpUMM TIPUMEHEHHE KMHK s npocreiiien uaeH-
THhUUHEPYEMOit 3KOHOMETPHHECKOH MOZEn# € JIBYMA SHIOTCH-
HBIMM 1 JIByMs 3K30TCHHBIMHU NEPEMEHHDIMH.

{,Vx =b, v, + a5 T Ey (20)
Vv, =byy Hap%, + ;.

[TycTb Ans TIOCTPOCHUA [@HHOW MOZENU Mbl Pacrojaracm

HEKOTOPOH yH(bOpMALMEH N0 MATH PErHoHaM pecryOnuKu:

Permon | N I I R R
! 2 s
3 e e
4 T2
5 ]
5 6 \ 3
“Cpoanme | 4 | 62 T

[IpusenerHast Gopma MOAENH COCTAENT.
{.“"1 =8,,%, +0,X, HHy, 1)
v, =8y, X, + 0y X, F iy,

e i, Uy - CIyUauHbIe ouuOKH npUBEIeHHONH (OPMbI MOIEH.

Jins KaX#oro ypaBHeHUA npupeneHHOH hopMbl MONENH
npUMeHsIeM TPaZULHOHHBIH MHE u onpenensem O -
Koo HULHEHTDI

YroBbl yrpOCTHTb NPOLIEYPY PacHeToB, MCKHO paboTath ¢
OTIUIOHEHHAME OT CPENHUX YPOBHEH, T.€. =Y -~V M X=Xx-X.
Torpa s 0EPBOro ypaBHEHWA npuseneHHOH GOpMbi MOACIH
CHCTEMA HOPMAIbHBIX YPaBHEHKH COCTABUT:

MIZX\: +O, > XX = DIRECE (22)
lﬁnz:xlxz “'5122‘,’522 = E:-VIXZ'

[TpHMEHNTENBHO K PACCMATPHBAEMOMY npUMepy, HCMOsIb3VS
OTKJIOHEHHA OT CPENHHX YPOBHEH, UMEEM:
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5.25, +4.26, = 6.
{4\2(‘;11 +17,28, = 10.
Pewas panHyro cucTemy, HONYHUM CHe/(yIOUIee MepBOE
ypaBHEHHE IPUBEAEHHOH DOPMEI MOTENH:
¥, = 0.852x, +0373x, +u,.
Ananoruuno npumensem MHK ans sroporo ypasHenus
NPUBENEHHON IOPMBI MOJIENIH, NONYUKM:
Vo = Gy Xy Ty
Cucrema HOpMaNBHBIX YPABHEHMI COCTABUT:
8, lez +0, :lexl == Z’V?xl s 23)
b"ulexz "”52125'522 ::: > VX
[IpUMEHUTENEHO K HALLIEMY NPUMEPY UMEEM :
(5,28, -4268, =-0.4,
1428, +17.26, =04,
OTkyna Bropoe NpHBEAEHHOE YPABHEHUE COCTABHT;
v, ==0,072x¢, -0,00557x, +u,.
Takum obpazom, npusenenHas Hopma MOIEIH UMEET BHA:
(¥ =0,852x, +0373x, +u,,
1y, =—0.072x, -0.00557x, +1,.
Hepexomum ot ripuBenesHON (HopMBI MOAENH, K CTPYKTY]-
HOM hopMe MOzIeH, T.¢. K CUCTeME yPaBHEHHIA:
Y=boyy v anx e,
i%zhﬁ+%ﬁﬁﬁy
JLnst 5TOH 1efiu U3 NepBOro ypaBHEHUA IPHEEIEHHOI GOPMBI
MOJEIN Hal0 UCKIXOUHTD X2, BLIPA3HB €0 U3 BTOPOTO ypaBHEHUs
MPHBEAEHHOH (POPMBI 1 NOACTABHE B NEPBOE!
= 0072x -y,

X,
- 0.00357
Torna

) _ T 0.072x, — v
§ = 0.832x, +0373.| —h A



y, =—66966y, -3970x, - nepsoe ypaBHEHHE CTPYKTYPHOH
MOJIEH.

Uro6bl HAITH BTOPOE ypaBHEHUE CTPYKTYPHOH MOAEnH, 00-
paTHM:s BHOBb K NPUBENEHHON dopme monenu. [l oToi Henn
M3 BTCPOrO ypaBHEHHs NpHBeAeHHOH GOpmMbl MoJenu Cileayer
UCKJIIOUMTD Xj, BHIPA3UB €ro Yepe3 nepBoe ypaBHEHUE U NOACTa-
BHB BO BTOPOE!

- »-0373x,
0852

. 20072 $=0373%
. 0.852

v, =-0,085y, +0,026x, - BrOpOe ypaBHeHME CTPYKTYpHOU

}w 0,00557x,;

dhOpMEI MOZIETIH.
Urak, CTpyKTypHasi opMa MOAEIH HMEET BT
v, = 66966y, - 3970x, +¢,.
{y: =-0,085y, +0,026x, + &,

Iry e CHCTEMY MOKHO 3aIHCaTh, BKIIIOUUB B Hee CBOGO/-
HbIH 47€H ypaBHEHUA, T.€. NEPEUTH OT NEPeMEHHBIX B BUIE OT-
KJJOHEHHI OT CPEJHEro YPOBHA K HCXOAHBIM JIEPEMEHHBIM ) H X.

C 3060HBIC YIeHbI yPAaBHEHUIT onpenesnM no hopmynam:

A, =¥ —b,y,—a X =428717,

Ay =3, = by, — X, = 6,451

01

Toraa ¢cTpyKTypHas MOJENb UMEET BHIL ‘
v =428717 669661, ~3970x +5,.
{_\-’z = 64510085y, +0.026x, + ¢,

[Ipu oBpadorke no nporpamme DSTAT cucrema npusencH-
HbIX yJaBHEHHH OTCYTCTBYET, CPa3y e BbLIAETCSH CTPYKTypHas
MOJENb.

OueHKa 3HAYUMOCTH MOJIENH JaeTCs uepes [-KpuTepui u R’
A8 KeKJIOTO ypaBHEHMst B OTAEAbHOCTH. B paccmaTphbaeMom
NPUMEPE XOPOLIHX PE3yNbTaTOB IOCTHYE HE Y1a10Ch. BBUIY Ma-
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n0T0 4McHa HaOMONeHUH 3Havenus F-kpurepus duiepa Hecy-
LEeCTBEHHE (MPpy ypoBHe 3HaunmoctH 0,05 F-tabaMuHoe :Haue-
Hue paBHO 19, a pakTiueckoe /=7 1isi nepBOro ypaBHEHHS )
Ecin x kaxI0oMy ypaBHEHMIO CTPYKTYpPHON dopmbl Momenn

MpUMEHHTH Tpanuumonnslii MHK, 1o pesynbrarsr GyayT pesko
OTJIHYATHCH:

Y ==109+03064y, +1192x, +¢,,

{yz =5,2+0,533y, - 0333x, +¢,.

Kak Bunum, He cosrianaroT naxe 3Haku ko3dHUMEHTCE pu
[IEPEMEHHLIX: B [IEPBOM YPABHEHNWH CTPYKTYPHOH (opMsl Kead-
(PUUHMEHTBI MCHBLIE HYJIS, & B YPAaBHEHHM perpeccuu OoubLIe Hy-
7ist, BO BTOPOM ypasHeHun oOparHoe Bo3ueiicTBUE Y| Hi ), B
CTPYKTYPHOH MONENH CMEHACTCS Ha MPSMOE B YpaBHEHUH per-
peccui, a ¢ GakTopom x; HaoGOPOT.

Pasnnuns mexny xosdduumentamu perpeccnn 1 CTPYKTYp-
HBIMH KO3(bQHUMEHTaMH MOJEIN YHCIIEHHO MOTYT DbiTh U MeHEe
CywmectseHHbiMU.  Tak, Hampumep, I'.TunTHep, paccmarprbas
CTaTHYECKYI0 Moaeiab Keknca ns aBCTpUilCKOM 3KOHOMIKH 3a
1948-1956 rr., nonyunn ¢ysxumio NOTPEOSICHUs KJIACCHYECKUM
MHK B Buge ('=0,782y+71.6, a ncnotibzys KMHK,

C'=0,781y+73,212.

Ipu cpaBHeHWIt pe3ybTATOB, NONYYEHHBIX TPALHLIMC HHBIM
MHK u ¢ nomomsro KMHK, creayer umers B BUIY, 4TO Tpaau-
unonublii MHK, npumensemblii k kaxnoMy ypasHeHHIO CTPYK-
TYPHO! (POPMBI MOJIEIH, B3STOMY B OTACABHOCTH, €T CM2LLEH-
HbIC OLEHKH CTPYKTYPHBIX kO3QduumeHToB. Kak nokazan
T.XaaBenbmo, paccmatpHBas 1Be B3aHMOCBS3aHHbIE perpeccriu:

[y =ax+s,,

lx =by+eg.,
KOOYDPHUHEHT perpeccHu oTan4aeTcs ot CTPYKTYPHOro K03¢bu-
IMEHTA H COBNANAET C HUM TOJIBKO B OHOM HaCTHOM CJlydae, KO-
A NEPEMEHHAs V' HE COREPHKHUT ownbok (1. e. & =0), a olndku
IEPEMEHHON X MMEKIT IIUCIIEPCHIO, PABHYIO €UHHLE,
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Kpome TOro, np¥ HHTEpPIpETaLUH KOdQPHLIUEHTOB MHOXKE-
CTBEHHOI PerpeccH NpenrnosaraeTcs HE3aBuCHMOCTh ¢dbakTopoB
ApyT OT Jpyra, TO CTAHOBHMTCA HEBOIMOMKHBIM IPH PacCMOTPE-
HUM CHCTEMbI COBMECTHBIX ypaeHeHmii. Tak, B Hauem npumepe
ypaBHEHUE per‘peccn'ﬁ ¥, =-109+0,384y, +1,282x, nokasprsa-
€T, YTO C POCTOM X, Ha €OMHHILY Y| BOIPACTAET B CPEIHEM Ha
1,282 en, npyd HEM3MEHHOM YPOBHE 3HAUCHHS )2. Mexay Tem B
COOTBETCTBUH C CHCTEMOH OJHOBPEMEHHBIX YpaBHEHMH nepe-
MEHHAs! ', HE MOXeET ObITh HEH3MEHHOH, n6o oHa 8 CBOK) ouepelb
3aBUCUT OT )1.

HapyeHne NpeanochUIKd HE3aBUCHMOCTH daxkTopos apyr
OT Apyra NpH KCNONb30BAHWH TPAIULIMOHHOIO MHK B cucreme
OJJHOBPEMEHHBIX YPABHEHHH [PHUBOIAUT K HECOCTOATE]LHOCTH
OLEHOK CTPYKTYPHbIX KO3(hPULMEHTOB, B PAAC Cry4aes OHM OKa-
" 3BIBAIOTCH SKOHOMHUECKH DecembiciaeHHBIMU. ONacHOCTh TaKMX
Pe3yNLTATOB BO3PACTAET NP YBETHYEHWH UHCIA SHIOTEHHBIX
TIePEMEHHBIX B NPABON 4acTh CHCTEMBbY, 1o cTaHOBUTCH HEBO3-
MOSKHBIM PACUIENATh COBMECTHOE BIIMAHME 3HJOTEHHBIX Tepe-
MEHHBIX 1 BUIETH M30THPOBaHHbIE MEPbl UX BOZIEHCTBHSA B CO-
OTBETCTBHHM C Npeanochinkamu Tpauiuonnoro MHK.

Komnpiotepras nporpamma npumenenns KMHK npennona-
raeT, 4TO CHCTEMA YPaBHEHHH CONEPHHT B MPABOH YaCTH B KaX-
JOM YpaBHEHHH KaK DHIOTEHHbIE, TAK M 3K30TE€HHbIC MEPEMEH-
Hple. Mexay Tem MOTYT ObITh CMCTEMBI, B KOTOPbIX B OLHOM H3
ypaBHEHUli, HANPUMED, OTCYTCTBYOT K30T€HHEIE NEPECMEHHbIE.
Tak, paccMOTPEHHas BBILIE MONENb YKOHOMHKU CTPaHbl C He-
THIPLMS! IHIOTEHHBIMH H JIBYMSl SK30T@HHBIMH MEPEMEHHBIMHU, B
KOTOpPOii B MEPBOM YPABHEHHM CHCTEMbI HE COJIEPIKANOCH HI O
HOIi SK30T€HHOV nepemMeHHoil. [na Takoi MoueH HEernoCpencT-
BEHHOE MOJY9SEHE CTPYKTYPHBLIX KO3(DOHUHEHTOB HEBO3MOKHO,
B 3TOM Ciyuae CHauana ONpELENsieTCs CUCTEMa NPHBEISHHON
¢opmbl MOJENH, peluaemas oobrudbiM MHK, a 3atem nyrtem as-
rebpanueckiux Mpeodpa3soBaHul NepexosT K x93 dHurenTam
CTPYKTYPHOH MOJIEH.
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JByXIIaroBbiii METON HaMMeHbIUIMX kBazparos (JIMHK).
Ecnn cucrema ceepxumertnduumpyema, to KMHK He ucnons-
3yercs, OO OH He ST OAHO3HAUHBIX OLEHOK IS napameTpos
CTPYKTYPHOH Monenu. B sTom ciiyyae MOTyT HCHONB30BATHCS
pasHple METOALI OLCHHBAHHS, CPEM KOTOPBIX Haubosiee pacrpo-
CTPAHEHHBIM H NPOCTBIM SABNKETCA IBYXMIATOBLIA METON Hau-
MeHBLHX KBajpaTos (JJMHK).

OcHosras nues JIMHK - Ha OCHOBE NpUEEIEHHOI dopmbL
MOJCIH MOJY'UHTL ISl CBEPXUACHTHQULMPYEMOrO ypaBHEHHSA
TCOPECTHHECKME 3HAYEHMS! IHAOTEHHBIX TIEPEMEHHbIX, COAEpKa-
L{UXCS B NPABOH 4aCTH YPaBHEHUS.

Hanee, noncrapue Mx BMECTO (PAKTHHECKMX 3HAYEHUI, MOXK-
HO npumenuTes 00braHblE MHK k cTpykrypHOi opme crepx-
HICHTU(ULUUPYEMOTO ypaBHeHHs. Meron NoAyumi Ha3BaHWe
aByxumarosoro MHK, ubo neaxzier ucnonssyercs MHK: Ha nep-
BOM [1Ar¢ NP ONPENESICHHN MPUBENEHHOM (OpMEI MOAETH U Ha-
XOXKIGCHHHU HA €€ OCHOBE OUEHOK TEOPECTHYECKHX 3HAUYECHUI YHI0-
FEHHOM fepeMeHHoH P, = &, x, +35.,x, +..++8,x, M Ha BTOpPOM
ware NpUMEHHTENbHO K CTPYKTYDHOMY CBepXAAEHTH(HLMpYe-
MOMY YPaBHEHMIO [PH OINpeNeNeHUH CTPYKTYPHBIX KO3(PHIHU-
CHTOB MOJEJIM MO AAHHBIM TEOPETHUYCCKUX (PacyeTHbIX) 3Hade-
HUH YHOOTEHHEIX NEPEMEHHBIX.

Cepxupentuduimpyemas cIpysTypHas MOAEIb MOXET
OBITb IBYX THUIIOB:

*  BCE YPABHEHMS CHCTEMEI CBEPXUACHTHMDULIMPYEMBI,

* CHCTEMA COAEPKHUT Hapsay <O CBepXuzeHTH(UuUpye-
MBIMH TOYHO WIEHTH(PHLIHPYEMbIE YPABHEHUSA.

Ecian Bce ypaBHeHMA CHMCTeMbI CBEPXHAEHTHOULMPYEMbIE,
TO /Ui OLIEHKH CTPYKTYPHBIX KOIPPUUHEHTOB KaXIOr0 ypasHe-
Hus nenoassyercas IMHK, Ecnu B cucteme ecTb TOYHO MaEHTH-
(uuHpyemMble VPaBHEHMS. TO CTPYKTYPHbIE K03 UIHEHTB! T10
HHUM HaXOMSTCsl U3 CHCTEN.bI NPHBENEHHBIX yPaBHEH U,

[Tpumenum JIMHK « npocreiimeii CBEPXMIEHTUDULUPYE-
MO MOJENH:
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4."'1 =b, (v, +x)+5,.
{yz =b, ¥V, + X, + 8.
JanHas mopenp MoxerT ObiThb NOJNydYeHd M3 NpeabIAyLLei
naeHTubupyeMoi Moaenu:
Yy =bpy, ayx 6,
{yz =byy +ayx, + &,
€CJIM HaNIOXKHTh OrPAaHUYEHHUS Ha €€ NMapaMeTpel, 8 UMEHHO!
b, =a,.

B pesynbrare nepsoe ypaBHeHUE CTAIO CBEPXUIEHTH(PHLIH-
pyemsiv: H=1(y1), D=1 (x;) u D+1>H. Bropoe ypaBHEHHE HE
HU3MEHHMJIOCh U SBJSIETCA TOYHO MieHTHdHUuHUpyembiM: H=2 u
D=1, D+1=H.

Ha nepsom 1are Halinem npuseneHHyro GopMy mMozenu, a
UMEHHC !

W = 0% + 0, gy,
{yl =8,X, + 00y X, +1,.

IIpegnonarass MCTIONB30OBAHHE TEX K€ WCXOMHBIX JaHHEIX,
4TO M B MPENbLIyLIEM TIPUMEPE, TIONIYYHM TY JKE€ CUCTEMY NIPHBE-
JAEHHbIX YPaBHEHUH:

v, =0.852x, +0373x, +u,,
{yz =-0,072x, —-0.00557x, +u,.

Ha ocnose BTOpOro ypaeHenust HaHHOIl CHCTEMBbI MOXHO
HAUTH TEOPETUYECKME 3HAUEHMUs AN SHIAOIEHHOH IepeMeHHO
Y2, 1.€. V.. C 370l LeNbio B ypaBHEHHE

Vo =-0,072x, - 0.00557x, +u,
MOACTAEJIAEM 3HAUYEHHS X1 H X; (B HAlLeM MpUMepe 3TO OTKJIOHE-
HUA OT cpeAHHx ypoBHeH) OueHkM Ans 3HIOTEHHOI nepemen-
HOW y; TipuBeneHs! B Tada. 10.1.

[Tocne Toro kak HalneHbl OLEHKH SHAONEHHOH NepeMeHHON
Yz, OOpaTuMcA K CBEPXHACHTHGHUUUPYEMOMY CTPYKTYPHOMY
YPABHEHUIO

Y=y X,
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Tabimra 10.1.

Pacuernble nausble 115 BToporo wara JMHK

X X A o=z )2 nz z 7
L2 3 | 4 5 6 7 7
1.4 | 04 | 0103 -1,297 -2 2594 | 682
04 | 2.4 ] 0,042 -0.358 -1 0358 | 0.128
0.6 -14 | -0035 0,565 0 0 0,319
0,4 1,6 | 0020 | -0.380 1 0,380 | 0,144
1.6 26 | -0.130 1,470 2 2,940 | 2161
Cymma 5512 | 4.434

3amensist akTH4ecKHe 3HAYEHUS Y2 HX OLEHKaMK J,, Haii-
NIEM 3HAYEHHUsA HOBOI NnepemMeHHoH

Yo tx =

Hanee npumersem MHK x YpPaBHEHUIO

T.€.

Otkyna

Zy,z =b,, -223

L
e =

y  —

5512

=270 1043,

4,434

Taxkum obpazom, CBEPXHACHTHDULMPYEMOE  CTPYKTypHOE
YPaBHEHHE COCTABHT;

Yi=1243-(y, +x,).

;BBId,[[y TOrQ, 4TO BTOPO€ YpaBHEHUE HAlLLUEeH CHCTEMB] He H3-

MCHUJIOCh, TO €ro CTPYKTYpHas dopMa, HalineHHasi U3 CUCTEMbI
NMPUBEAEHHbIX ypaBHeHnﬁ, Ta Ke:

~0.085y, +0.026x,.

B uenom pacrwlannBaemaﬂ cucrema OAHOBPEMEHHBIX ypan-
HEHHH COCTABUT:

=1.243- (1

y =
Vs =
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JIMHK sprisiercst HauGosee OOLIMM M LIMPOKO pacrpocTpa-
HEHHBIM METOIOM PELIEHHS CHCTEMbI OIHOBPEMEHHDBIX yPaBHE-
uuit. /s TOUHO MAGHTHDMIPYEMBIX ypasrennii JIMHK naer
toT ke pesysstar, uto u KMHK. TlosTomy B psine KOMITBHOTEDP-
HBIX NpOrpamm, HalpeMep DSTAT, nns pewienus CHCTEMBb! OA-
HOBPEMEHHbIX YPABHEHHMIT PACCMATPHBACTCS JIHILD JMHK.

Penrenue cBepXMASHTHOHIMPYEMOH MORCNTH HA KOMIBIOTE-
pe NOCTPOEHO Ha NPEANOIOKEHHH, UTO HPH KaKAOH [HepeMEHHOM
B MPABOil 9aCTH CHCTEMbl MMELTCHA CBOH CTPYKTYPHbIH K03hdu-
nuent. ECiM ke B MOfeJb BEOISATCS OrpaHMHEHHs Ha Hapamer-
pBl, KaK B PACCMOTPEHHOM IIpHMEPE bi;=a;;, TO nporpamma
DSTAT ne paGoraer. CTpykTypHas MOAENb MOXET HPUHUMATH
moboit Bux, HO Ges orpaHudexuit Ha mapamerpbl. Ilpu 5TOM
NOJ/DKHO  BBIMOJHATBCS  CHETHOE  NPABMJIO uaeHTH(DUKAUMH.
D+1>H. Tak, ecna CTPYKTYpHas MOJe/ib HMEET BUA

o= Ay oLy, Hayx 5,
Vo = A Dy H X Xy 8,

rae TnepBOEC YpPaBHEHHE CBEPXHUEHTHOULMPYEMO, a BTOPOE -
TOYHO HAEGHTH(QUUMPYEMO, TO peajusalud MOAeIu B THT
DSTAT oxa3blBaeTcs CleNVIOIWEH.

[Tocnenosatensio JAMHK mpumeHsieTcst K KaXaA0My ypas-
HeHWIO. DHIOTeHHas TMepeMeHHas, HaxOAAIAscs B JIEBOH 4acTH
CHCTEMBI, PACCMATPUBAETCs KAK 3aBUCHMAA IEPEMEHHAs, a Nepe-
MEHHBIE, COLEPIKALIIMECS B NPABOH 4aCTH CHCTEMEL (SH/IOTEHHBIE
M IK30TeHHbIE), - Kak (GaKTOpbl, KOTOPbIE NOJIKHEL ObITH MPOHY-
mepoBanbl. Tak, npH BBOAE MHPOPMALIMKM O NEPEMEHHBIX B 110-
CIEeNOBATENBHOCTH V1, V2, X1, X2, X3, JUIS TEPBOTO YPABHEHHS HME-
em: 1, - paxrop 2, x1 - paxrop 3. /Jla1ee oTpeyaem Ha CACAYIOLIHE
pornpochk! nporpammbl DSTAT.

Jngorensas nepemennas - o1o gaxrop Ne? Orser: 2.

JK30reHHas NepeMeHHas, BXONALLAs B ypaBHEHHE, - OTO hak-
Top Ne? Otsert: 3.

He Bxopsulas B ypaBHEHHE JK3OTEHHAs NEPEeMEHHas - 3TO
daxrop Ne? Oreet: 4.
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He Bxonsimas B ypaBHeHne sk3oreHHas mepemeHuas - 31o
¢axrop? Otser:S.

Tlo oxoHYaHMH NPOLIEYPbI BBIIAETCS yPABHEHHE

Vi =byy. vax, + A,
H TIPUBOZIMTCS OLIEHKA €ro KaqecTsa yepes /-xputepuii Guuiepa,
OTHOCHTEIbHYIO OIHOKY annmpOKCHMALMK U OLEHKH 3HAYMMOCTH
CTPYKTYPHbLIX K03b@HuUMeHTOB MOnenH Yepes /-kputepuii CToio-
NeHTa.

AHaJIOTMYHO MOCTYITAEM CO BTOPbIM YPABHEHHEM CHCTEMbL.
B Hem coOTBETCTBEHHO 9HIOTEHHAs NepeMeHHas V1 paccmarpu-
BaeTCst Kak (GakTop 1, a 3K30reHHbIE MEPEMEHHBIE X; H X3 - KaK
daxropst 4 u 5. He sXonsmas B ypaBHeHHe 3K30reHHas nepe-
MeHHas X) 00o3Ha4aercs kak daxtop 3. B pesyabrare No.y4uM
HCKOMOE€ YpaBHEHUE

Yy =byy tanx, v ayxg + 4,

HecmoTpst Ha BaxkHOCTD cHCTEMBI 39KOHOMETPHYECKHX Y[iaB-
HEHMH, HA OPAKTHKE Y4CTO HE NPMHUMAKOT BO BHUMAHHE HEKOTO-
PBIE B3AHMOCBA3H, NNPUMEHEHHe Tpaauu1onHoro MHK k ormomy
HJIH HECKOJIBKMM yPABHEHHSIM TakKe IIMPOKO PaCpOCTPAHEHO B
OKOHOMETPHKE. B 4aCTHOCTH, NP MOCTPOEHHH TIPOH3BOACTEEH-
HbIX (DYHKUMH aHAIH3 CIIPOCA MOXHO BECTH, UCIIOJb3Ys O0bI-
HbId MHK.

10.5. [Ipumenenue cucrem 3KoHOMETPHYECKHX
YpaBHeHH

Hon cucremoli sxoHOMETPHUECKHX YpaBHEHNIT OBBIYEO 110~
HUMACTCSl CHCTEMA OIHOBPEMEHHDBIX, COBMECTHbIX VPABHEHHIA.
Ee npuMenenne UMEeT paa CIOKHOCTEH, KOTOPBIE CBS3AHBLI C
owndkamn cnetmpukaunn mozenu. Beumy Gosbinoro wicia
(hakTOPOB, BIMAIOWHX Ha YKOHOMHYECKHE [IEPEMEHHBIE, HCCITe-
AOBATENb, KaK NPAaBMIIO, HE YBEPEH B TOMHOCTH NpeNaraemoli
MOEJTH TS OMHCAHHS DKOHOMHYECKHX rpoueccos. Habop 31 m0-
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FEHHbIX M 9K30TE€HHBIX NEPEMEHHBIX MOAEH COOTBETCTBYET TEO-
PETHYECKOMy IPEICTABIEHHIO HCCACAOBATENS O MOJENIMPYEMOM
06BeKTe, KOTOPOE CIOKHUIOCH Ha JIAHHBIA MOMEHT M MOXKET H3-
MCHATHCA. CoOTBETCTBEHHO MOKET MEHATbCA M BUI MOJNESIH C
TOYKH 3PEHHSA €€ HAESHTUPULUPYEMOCTH.

CrepxuaeHTMGHLUUPYEMYIO MOJENb MOXHO TPeBpaTHTH B
TOYHO MACHTHDULUPYEMYIO TIyTeM A0OaBNEHHs HEKOTOPbIX ne-
PEMEHHBIX UIH OTOPACHIBAHUS HEKOTOPbIX OTPAHUYEHWH Ha na-
pamerpbl. He HCKIIOUEHO, YTO HPH NPaBUIILHOH cneunbuKauu
MOJIEJIH OHA MOSKET OKa3aThbCA HeWASHTU(PULMPYEMOH, 1 TO3TO-
My [EPEeXONST K CBEPXMACHTH(GULMPYEMBIM  HJIM  TOHYHO
MACHTHOUUMPYEMBIM MOEJIAM, HECKOJILKO YNPOUIAIUUM Xa-
paKTep B3aMMOCBsI3eH JKOHOMMHMECKHX siBCHHH. OTMETHM, 4TO
HAJMUHEe MHOMKECTBA NPHUKJIALHBIX MOJEEH i pelueHHst OJHO-
ro M TOro e kjacca 3arau e ciy4aiino. Haudonee spxo 1o
TMpOSBIAETCS TIPH MOCTPOSHUH MAKPOIKOHOMUYECKHX MOJEeNeH,
KOT/I4, HAIPHMep, OAHA K T4 @ QyHKimsA noTpebneHns MOXKeT
BKJTIOUATh B CE0st pasHblil HAOOP IKOHOMHMUYECKHX TEPEMEHHBIX.

PaccMOTpYM OCHOBHBIE HAMPABJCHHS [PAKTHYECKOTO HC-
[OJIb30BAHUS 3KOHOMETPUUECKHX CUCTEM yPaBHEH WM.

Hauboree LIMPOKC CHCTeMb! OJHOBPEMEHHDIX YPABHEHHH HC-
MOJB3YIOTCS  JUTA  TIOCTPOGHHMS  MAKPOIKOHOMHUSCKHX — MOZIeseH
DYHKIMOHMPOBAHKSA SKOHOMMKH TOH HJIM MHOH CTPaHbL bonpyn-
CTBO W3 HHX IPEICTABIAT COCOH MYJIBTUILIMKATOPHBIE MOAENH
KEMHCHAHCKOTO THIIA C TOIl MY HHON mepoit caokHocTH. Craryve-
ckaa monens KefiHca fns ONMUCaHHs HAPOAHOTO XO3SACTBA CTPaHbI B
Hanboee IPOCTOM BAPHAHTE UMEET CAENYHIIHH BUIL

C=a+by+e, ,
(24)
y= C+ A’, '
rae - nuuHoe noTpebACHHE B NOCTOSHHBIX HEHAX) ) - HaUHO-
HaJlbHbI OOXOA B INOCTOSHHBIX LeHax, [ - MHBECTHIMH B TOCTO-
SHHBIX LIEHaX, & - CAyJaiHas COCTaB/stonas.

B cuny Halnuums TOXKAECTBA B MOJACIH (BTOPOE YpaBHEHHE

CUCTEMB1) CTPYKTYPHBbi KoodduunenT b He MoxkeT ObiTh DostbLue
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1. OH XapakTepusyeT TNpEeAeNbHy) CKIOHHOCTE K NOTPeOIeHnHO.
Tak, ecnu b=0,60, TO M3 KKAOH NOMOJHUTENBLHON THICSYM HOXOJa
Ha norpednenue pacxonvercss B cpeaneM 600 cym # 400 cym nHBe-
crupyercs, T. e. (C M y BbIpaKeHsl B TeiC. cyM. Ecim b>1, 10
y<(C+1, Te Ha norpebaeHUE PACXOTyHOTCH HE TOJBKO JIOXO[IBL,
HO u cOepexxenust. [Tapaverp a KeiiHC MCTONKOBBIBAT KaK NPUPOCT
notpebienus 3a cueT apyrux GakTopos. Tax Kak IpHpocT BO BpeMe-
HU MOXeT ObITh HE TO;IbKO TOJIOXHTENbHBIM, HO ¥ OTPULIATEIbHLIM
(CHMIKEHHE), TO TAKOH BLIBOJ BO3MOkeH. (JIHAKO CYKIEHHE O TOM,
4TO MapaMeTp a XapaKTepu3yeT KOHKPETHbIH YPOBEHE noTpedeHus,
OBYCNOBIICHHBIH BITMSHHEM APy i (PaKTOPOB, HENPABUIILHO.

CTpyKTYpHbIH KO3DPHUHEHT & UCIONB3YETCs i pacuera
MYJIbTHILIAKATOPOB. 110 manHol GyHKuMK MOTPEOIeHHs MOXHO
ONPENENHTD ABA MYJIBTUILINKATOPA - HHBECTHUMOHHBI MYJbTH-
naukatop norpebiaeHusi M, “ MHBECTHLUHOHHDIF MYJIBTHIUIHXA-
TOP HALMOHANLHOTO A0Xoza M,. ‘

WHBECTHUMOHHBIN MYJIbTHIUIMKATOP NOTpedJieHus onpe/ie-
Jsiercs 1o popmyne

M=l
(1-b)

JTa BEJIMYMHA O3HAYAET, 4TO AONOJIHHTENbHBIC BAOXKCHHSA B
pasMepe 1 TbiC. CyM NPHUBEAYT Npu NPOYMX PABHBEIX YCJIOBHSX K
HOTIOMHHUTENBHOMY YBEIMUEHHIO noTpedneHus He 1,5 Tbic.cym.

HMHBECTHLHOHHBIH MYJIbTUTINUKATOD HALUMOHAIBHOIO HOXO-
J1a MOXHO OIpeesUTh KaK

B Haiuem ciiy4ae OH COCTABHT:
M= 1/(1-0.60)=25.
T.€. JOTIOJIHUTE IbHbIE HHBECTHIIMH B pasmepe 1 ThiC. CyM Ha AH-
TeJIbHBIM CPOK NMPUBEAYT TNPH NPOUMX PABHBIX YCJIOBUAX K 10-
NOJHHTEIBHOMY IOX0AY B 2,5 THIC. CYM.
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Paccmarpusaemas mozens Keitnca Touno HAeHTUULHpYe-

Ma, W IUIst IOJIY4EHHUS! BEJIHUUHBI CTPYKTYPHOTO Ko3(duinenra b
npuMensietcs KMHK. 370 3Hauut, 4to crpouTes cucrema npu-
BEACHHBIX VPABHEHUH

C=A+B-1+U],

y=A+B-1+U,,
B KOTOpoit 4= A', a mapamerpsl B u B’ ABASIOTCH MyJILTUILIH-
Katopamu, t.e. B=M_.u B’ = M",. Y6enurncs B 3T0M MOXKHO, €cnu

(25)

BbIPA3UTh KO3Gb(GULMEHTbI NPUBENCHHOM (OPMBI MOAETH depes

CTPYKTYpHBIE KO3GdHUMEHTHI. [{JIst 9TOr0 B NEpBoe ypaBHEHUeE
CTPYKTYPHOH MOZJEIH NOACTABUM GaNaHCOBOE PABEHCTRO!
C=a+by+e=a+b-(C+D+e=a+b-C+b-I+¢:

C-(1-b)y=a+b-T+¢;
a_, b I 1

-6 1-5 -5

AHNOTUYHO TIOCTYIHM W CO BTOPHIM YpaBHEHHeM CTPYK-

TYPHOH Moaeau: B ToxAecTBO y=("+/ Bmecto ( MOACTABMM Bbi-

PaXeHHE MEPBOTO CTPYKTYPHOTO YPABHEHMUSL, T.€. v=a+hy+e+1.

-& - NIPUBENCHHOC YPAaBHCHHUE.

Hanee, npeopasosbisas, noayunm:
a b 1
y= + d A+ .
-6 1-b -5

e 4= 4 p-—1 _you :(-i;j-s.
(-5 (I-5) ! T(l=bh)

Takum obpasom, npusenennas dopma momesu CONEPHKUT
MYJI>TATUIMKATOPBI, HHTEPIPETHPYeMble Kak KO3(DPULHEHTD! jH-
HEHHO A Perpeccu, OTBeYalOHE Ha BOTIPOC, HA CKOJIbKO ETHHHIL
U3MEH ATCS 3HAYEHUE SHIONEHHOH 1TEPEMERHOI, €CiiH 3K30TeHHAs
NEPEMiCHHASL M3MCHUTCS Ha | ea. CBOEro M3MepeHHs. DTOT CMbIch
KO3(PULHEHTOB TPUBENEHHON (OPMBI JIENAeT TPHBEACHHYK)
MOA/T5> yIODHON U1 IPOrHO3HPOBAHMS,

B 0osee NO3NHHX HCCAEAOBAHMAX CTaTHYECKas MOJENb
Keit:ca Brmtouana yxe se Tonpko GyHKuMio norpebieHus, Ho 1
pyrkiuno cbepexenuii:
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C=a+bv+e,
r=T+K-(C+I)+e,. (26)
y=C+[-r,
rae ', y 1/ - Te XK€ [0 CMBICHY NEPEMEHHBIE, YTO M B TIPE/IbIAY-
e Mozeny; r - coepexeHus.
JlanHast MoJenb CONEPKUT TPH IHIOTEHHbIC NepeMenHbie - (, 7,
Y ¥ OfHY 9K30TeHHy10 nepemenHyro /. Cucrema upeHtdULMpyeMa:
B NepBOM ypasHeHun /=2 u D=1, Bo sropom H=1 u D=0; C+/ pac-
CMATPUBAETCA KaK NPeNorpenesicHas nepementas (noapodHoe u3-
JIOXKEHWE pELUEHHsl JIaHHOH CHCTeMbl npuBeneHo B paboTte
I' ' TuntHepa). Hapsay co cTaTHYecKHMH LIMPOKOE PacnipoCTPaHEHHE
NOJTYYWIH AMHAMUUYECKHE MOJEIM IKOHOMUKH. B ornuvwe ot craru-
4ECKHX OHH COAEPXKAT B TIPABOI YaCTH JIArOBbIE NEPEMEHHbBIE, @ TaK-
K€ YyYMTBHIBAIOT TenaeHuuio (akrop spemenn). Ipumepom moryr
cyxutb mMonenn J1.Kneina, paspaboTaHHbIE MM st SKOHOMHKH
CHIA B 1950-1960 rr. B ynpoiieHHoM BapuanTe monens Ieiina
PacCMaTpHBAETCs KaX KOHBIOHKTYPHAst MOZIENb
(C,=b-8 +b,-F +h, +g,.
1,=b,-P b P b te,

(S, =b, R +by R +byt+b, +e, (27)
R=S+P+T.
R=C+1+G,

rae (; - dyskuus norpedaenuii B nepuon 7, S - 3apaboTHas mia-
Ta B MEPHOR £, P; -npudbIab B MEpHOA £, Pr.i - NPUOBLIL B 1HEPHOL
-1, T. e. B nmpeablayiuil roa; K, - odbwui noxon B nepuon f; K, -
oOwmit noxoa B NpeabLIyliHii nepuon, / - Bpemst;, 7, - YUCTbie
TpaHchepThl B MOAL3Y aAMHHUCTPaUMu B nepuon f; I, - xarmra-
JIOBJIOKEHUS B NepHon /, (5, - CIPOC aAMHHHUCTPATHBHOTO anmna-
paTa, npaBUTENbCTEEHHBIE PACXO/Ibl B IEPHO BPEMEHH /.
Monenb compepxuT rsiTh SHOOTEHHBIX NEepeMeHHbIX - (7, [,
S, K, (pacnonoxensl B IeBOH 4aCTH CHCTEMbI) U P, (NOCA2RHS -
3aBUCHMas MEPEMEHHAs, OlpeaensiemMast 1o epBOMY TOXIECTBY ),
TPH JK30TE€HHBIX IEpeMeHHbIX - 15, (5, 1 W ABe npenonpeaeeH-
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HblE, JaroBbie nepeMenHbie - P u Ry Kak n 60nbwmHCTBO MO-
Aenedl Takoro TUMa, JaHHask MOIETb CBePXMASHTHQULHpYeMa H
petuaema JIMHK [ nporHo3dsiX Le1eH HCTIOMb3yeTcst np1Be-
JeHHas popma MOaenu:

C =d - T+d,-GFd, t+d,-F,+d, R, +u,

I =d,-T+d, - G+dg-t+d,- P +d, R, +u.,

S =d, -T+d, Gedy-1+dy P +dy R, +uy,  Z8)

R =d-T+d, G+dy-t+d, P, +d, R +u,
Po=dy-T+d, G+d,-t+dy I +d, R +ue

-1
B naHHOM CcHCTEME MYJIbTHIUIMKATOPaMU SBJASIOTCS KO3(-
duuaeHTH NIPY OOBIMHBIX JK30TEHHBIX nepeMeHHbXx. OHu oTpa-
XKAIOT BIUSHHE JK30T€HHOH NEPeMEeHHOH Ha IHIOIEHHYIO Tepe-
MEHHYI0. MynbTUIUIMKATOpaMH B HALIeH CUCTEME BBICTYMNAKOT
koa(pduumentsl npu T n (. Koshduunenrel dy, ds, di1, dis, dar -
MYJIbTHIDIMKATOPB! YHCTHIX TPAHCHEPTOB B MOJIb3Y aJAMHHHCTpPA-
HUM OTHOCUTENLHO JIMYHOTO NoTpebneHus d), WHBECTHUMH dj,
3apaboTHOM ATkl dy, noxona dis u npuObUTH ¢f;. CooTBeTCT-
BeHHO koadmipieHTsl dy, dv, dha, di7, diy SBISIOTCS MY IbTHITAH-
KaTopaMHu TPaBHTENIbCTBEHHBIX PACXOJI0E CTHOCHTENIbHO COOT-
BETCTBYIOLIHX 3HIOMEHHBIX [ICPEMEHHBIX.
JMnaMMyecKas MOJENb MOKET U HE CONEPXKATh VYET TeHCHLUH,
HO JIaroBbI€ NiepeMeHHble B Helt o0s3aresbHbl. JJuHaMuyeckas Moaess
Kefinca npeacrasnena CeyOLUMIA TPeMs YPaBHeHNIMHU:
JC, =a+b Y, +b,Y  +e,
Y, =C +G+1 +1,. (29)
etz
B 3T0ii cucTEME TPH 3HAOTEHHbBIE NepeMeHHbIE!
Y, - UMEIOILMHCS B PACIIOPSHKEHHM JOXO B MEPHOMA BPEMEHH /|
(', - yacTHOe noTpebieH e B NIEPHON BPEMEHH
P, - panosoii HaunoHanbHb npoaykxT (BHII) B nepuon spe-
MEHH 1.

Kpome tOoro, monesib COZEpPXKHT NATb NPEIOTIPENESIEHHBIX
NepeMEHHbIX:
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Y1 - noxon npeabiynero roja;

(y, - obmecrBeHHOE noTpebienue,
/; - BaJIOBBIE KAIMUTANOBIOKEHNS, .
1., -u3MeHeHHe CKIAJCKUX 3aMacos;
Z; - CaJIbAO TWIATEKHOTO HanaHca.

Crny4aliHasl niepeMeHHast e, xapaxTepusyer OIHOKH B 1ep-
BOM YPaBHEHHMH B BMIly €0 CTATHCTHYECKOTrO xapakrepa. [lapa-
METP & OTPAXAET BJHAHME HPYTUX HE VUUTHIBAEMBIX B JAHHOM
ypasdenun ¢akropos norpebsienus (nanpumep, ueH). Ilepsoe
ypaBHEHHE NAHHOW CHUCTEMbI SBIAETCH CBEPXHeHTUDHLHpYe-
MbIM, & BTOPOE U TPETHE - ONPEIENEHUAMI.

Ecnu B Monenn Keiinca noxoj paccmarpuBaercst Kak naro-
Bast NEPEMEHHAA, TO B JPYTUX HCCNEAOBAHUAX (DyHKIMHU TIOTped-
NIeHWs B BUIE .1aroBoii MEepeMEeHHONA HCToIb3yercs noTpednenHue
npesbIAYUIEro roaa, T.€. CHuTaercs, yro norpebieHue Texyuero
roja 3aBUCUT HE TONBLKO OT A0XOAA, HO M OT JOCTHTCHYTOIO B
Npeab Iy HI TIePHOa YPOBHS NOTpedeHus.

IlppvepoM puHaMUYECKOH MOIETH 3KOHOMHUKH, YUMTbI-
BAKONLIEH /Ul KaX<AOH DHIOIEHHOH MEePEMEHHOI JIaroBbie Mepe-
MEHHbIE COOTBETCTBYILIEIO I3KOHOMHYESCKOTO CONEPIKaHMUs, MO-
FHCT CIYXKHUTL MOLEIIb OTKprTC'ﬁ IKOHOMHKH C 3KOHOMHYECKOH
AKTHBHOCTBIO CO CTOPOHB! FOCY/IAPCTBA.

C,=a,+a,-¥, +a, C, +&,

[, = bO +b 'Y‘,+b.‘,‘l>/!_r-‘ + &, (10)
) 2 Pt e
!IM, =ky+k Y, +k,-IM, | +ég,.

3

B 3To# MOnenn HeThIpe IHOreHHBIX EPEeMEHHbBIX:

(", - nnuHOE TIOTpebIIeHHE B NEPHOJ| BPEMEHH /,

/; - 4aCTHblE YUCTBIE UHBECTHIIMH B OTPACIH 3KOHOMMKH B
NEepUOa BPEMEHH 7,

/M, - IMTICPT B TIEPUOI BPEMEHH [,

¥} - HaUMOHAJILHBIH TOXOM 32 NEPHO BPEMEHH /.

Bce nepemeHHbIe TPHBEIEHB! B MOCTOSIHHBIX 11EHAX.
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IpenonpeneneHHbIMH NTEPEMEHHBIMH B MOAEH SBJSIOTCS
CIeAYVIC1IHE TPU NepPEeMEHHbIE! '

("1 - anuHoe noTpedneHHe 3a MPeabIAYIM IEPHOL,

{Jr1 - IOXOZ JIYHBIX JOMOXO3SIHICTB OT PEeANPHUHUMATEILCKOH
ReSTeIEHOCTH 34 MPEbLIYIUWH NEPHOA U JOXOI OT UMYLIECTBA TUIHOC
HepacpenesicHHast MPUObLTb NPENNPHATHI O HAJIOMOOOIOKEHIS,

[M) - UIMOOPT 32 NpeAbINYIUKii epHON BpeMeHH £-1 ..

3 kauecTBe 5K30r€HHOH NMEPEMEHHON B MOJIENHM PACCMATpH-
BaeTCs nepemenHas Gy -o0iecTBeHHOE NOTpeONeH e, IIIC ro-
CYZapCTBEHHBIE YHCTHIE KANHUTAJOBIOXKEHUS B DKOHOMHMKY CTpa-
HbI, TUDOC U3MCHEHME 3aI1aCOB, MUHYC KOCBEHHBIE HAIOTH, ILIHC
LKOTalKH, ILIHOC SKCTIOPT.

[TepBbie TP ypaBHEHMsI CHCTEMbL SIBJISEOTCA CBEPXMACHTH-
duuvpyeMbIMH, a YeTBepTOE NpEACTaBlsieT coboit SanaHcoBoe
TOXIECTBO.

CrcTeMa 0OHOBPEMEHHbBIX ypaBHEHUH Halula NPUMEHEHUE B
MCCIICAOBAHUAX Crpoca U npeyioxenus. JludeiHas monenb
Cnpoca ¥ NPeATOKEHUST UMEET BHI(

O%=a,+a,-P+g,
5 -
Q°=b,+b-P+eg,, (31)
Qd — Q.x‘,
rae O - cnipammBaemoe koMuecTBO Ga1ar (06vem crnpoca);
(0" - npeanaraemoe Ko4ecTBO Onar (06LeM npenoxenus);
P - 1ena.
B 370l cncteme Tpu dHoreHHble nepementsie - O, 07 n
P. Hpu stom ecnn QY u Q" npeacrasasior coGoil 3HAOTEHHbIE
[EPEeMEHHBIE UCXOMs M3 CTPYKTYPbI CAMOI CHCTEMBI (OHM paciio-
NOKEHBL B JIEBOH 4aCTH), TO P ABJSETCS YHAOTEHHOMH M0 YKOHO-
MHUYECKOMY COLEPIXKAHHIO (LI€Ha 3aBHCHUT OT MPEANaraeMoro M
CIPAILNBAEMOIO KONIWYECTBA Bilar), a Taxke & pe3ysbTaTe Halu-

uust Toknectsa Q7 =0 .
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JIpHpaBHSB NEPBOE U BTOPOE YPAaBHEHMS, MOKHO MOKasaTs,
qt0 P - 3aBUCHMAas 1€PEMEHHA.
a +a-P+e=b,+b-P+e,
Orcrona

b, —a,

&, &

P (32)

a-b a- b,

PaCCManYIBaeMaﬂ MOJEeb Cripoca U npeﬂﬂO)KeHHﬂ HE CO-
HEpKHAT IK30reHHOiT NepemenHoH. OniHako 4TOOBI MOAENL nMena
CTATHCTUHECKOE PELIEHNE U MOXKHO ObUTO yOenuThed B ee Cripa-
BEAJUBOCTH, B MOJE2b BBOOATCS DK30rCHHBIC HepeMeHHble.

OHHHM U3 BapHaHTOB MOACIH Crlpoca 51 HpeH.TIO')KeHI/IJI SIBJISA-

€TCsl MOAENb BHAA
Q! =a,+a-P+a, R+e,
QF =b, +b-P+b,-W+e,, (33)
J\Qd =Q",

rae K - A0X0/ Ha Ayilly HaceneHus,

W - KIMMATHYECKHE YCAOBUSA (IPEATNONONKHM, YTO petb HACT
0 CIIPOCE U MPEJIOKEHHH 3€PHA).

[Tepemennsie R 1 W 3K30TEHHbIE. Beens ux B MOEIb, M0O-
AYYAM MIEHTHPHLMPYEMYIO CTPYKTYPHYIO MOZREIb, OLCHIM na-
paMeTpOB KOTOPOH MOTYT 6bITh faHbl ¢ nomousto KMHK.

IInpokuil Ki1acc Mojiened B IKOHOMETPUKE MPEACTABIIOT
NPOM3BOACTBEHHbIE QYHKUAN — P=f(x1, X3,..., Xx), TA€ P - 00BEM
BbiMycka (YPOBEHb NPOU3BOACTBA); X1, X2, ..., Xn - aKTOph! NPOU3-
poscTBa (Tpya, Kanwran 1 Ap.). OnHaxo peanu3aiys Takoro poad
MOJeneil, Kak MPaBuIio, He CBA3aHA C CHCTEMOI OJHOBPEMEHHBIX
ypasrenuii. TlpouzsoacTsenHas (yHKUMA B yNPOMEHHOM BHIE
MOIKET ObITh BKJHOYEHA B CUCTEMY OJHOBPEMEHHBIX YPaEHEHNU.
Tak, B 1962 r. b.XoxenOanken u I TUHTHED MPEANOKUIH Cie-
AYKOIMYK MOJENb 3KOHOMHKM AUt KaKOAOM M3 OAMHE[LAaTH
crpan - unexos 0IC.
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Y
=0 b e
N-P N-P
log X =1, +b, -log D.
dx/dD=W/p,
Y=C+K.
X=Y/P

G4

31eCh SHIOT eHHBIMH I1EPEMEHHbBIMH FBJISIOTCS:

(7—BennqunananON)norpeGneHHﬂB1eKyuuv<ueHax;

Y - BHIT B Tekymiunx nenax:

A - BHIT B HOCTOSIHHBIX 11eHaX;

P - unnexc nex;

1) - obuast 3aHATOCTE.

I3KaquTmeax3oreHancnepemeHHbmtanHsTbn

N - 4HCACHHBOCTD HACEIICHUS:

H’-cpeaﬂﬂﬂrouosaﬂ3apa60TﬂaﬂILHWpraGOTHHK&

K - rocynapcteenroe norpebienue mioc HHBECTULIMH M
BHEIIHETOPTOBOE CAJILJIO.

B cucreme nmerotcs roseke msa CTPYKTYPHBIX yPABHEHUS -
$ynxima norpebnenns (nepsoe YPaBHEHHE) H NPOU3BOACTRBEH-
Hast . pyHKUHMA (BTOpOE ypaBHeHue). OCTajbHble COCTaBJIAIOLIHE
MOZEH NPEACTABIAIOT COOOH ANPHOPHO paspaboTaHHVIO byHk-
LMIO CIPOCa Ha Tpyn (TpeTbe ypaBHEHHE) U 1BA TOXKAECTBA, OT-
Hocsmecs k BHIL

ITapamerpr dynkumn notpetnenns ouenusaroTes ¢ FIOMOLIBIO
KMHK c¢ yuerom toxnecrsa Y=(+K, a TIapaMeETPbl NMPOU3BOACTBEH-
Hoﬁ(byﬂxunu—rmuiK0M6MHauuneQC(byHKuHeﬁcnpocaHanyu

Kak yxe ormeuanoce, He pce OKOHOMETPHYECKHE MO
HMEIOT BUNL CHCTEMbI OLHOBPEMEHHBIX ypasHeuui. Tak, mupo-
Kuif kinace pywkumii cnpoca Ha psin NMOTPEOUTENILCKHX TOBAPOE
HacCTO NPEACTaBsieT cO00 pexypCHBHYKC CHCTEMY, B KOTOPOH ¢
YPaBHEHMAMH MOXHO paboTath NOCHENOBATENBHO H IPOGIEMD]
OMHOBPEMEHHOTO OLEHUBAHHUS HE BOSHUKAIOT
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I'VIABA 11. JMHAMMWYECKHE 3KOHO-
METPHYECKWE MOJIEJIN

11.1. OcHoBHBIE CBOHCTB2 B MO/1€/IH
0/{HOMEPHBIX BPEMEHHBIX PSiI0B

B 3xOHOMETpHKE K HMCJY IHHAMHYECKMX OTHOCSTCA HE BCE
MOZENH, MOCTPOEHHBIE 0 BPEMEHHBIM pAllaM JaHHBIX. TepMmuH
«IMHAMMYECKHH» B JaHHOM CIIyHae XapaKTepHu3yeT KaxuAbIH MO-
MCHT BPEMCHH ! B OTASNBHOCTH, & HE BECh nepuoa, s KOTroporo
CTPOMTCH MOZENb. DKOHOMETPUYECKEA MOJENb IBIAETCS [WHA-
MUYECKOH, €CNY B JaHHbIH MOMEHT BPEMEHH [ OHA YYHTBIBAECT
3HAYCHUs BXOASIIUX B HEE MMEPEMEHHDIX, OTHOCSIIUECS KaK K Te-
KyIIEMY, TaK H K IpenbloyLluM MOMEHTaM BLEMEHH, T.€. eCJIH
9Ta MOJAEJIE OTPAXaeT AHHAMHKY HCCACIYEMbIX MEPEMEHHbLIX B
KaXIblH MOMEHT BPEMEHH.

MoxHO BBLIOCJIUWTL ABAa OCHOBHBIX THIA NUMHAMHYECKHX 3KO-
HOMeTpH4eckux mMozenel. K MonensaM nepBoro Tuma OTHOCATCA
MOJZEJIM aBTOPErpeccHy u MOJAEHH C paclpeaeiiesHbIM JIarom, B
KOTOPBIX 3HAUCHHS TIEPEMEHHON 3a NMPOLIbIE NEPHOABI BPEMEHH
(1aroBble NEpeMEHHbIE) HEMOCPEICTBEHHO BKIIOUCHBI B MOENb.
Mojend BTOPOrO THNA YYMTBHIBAIOT AMHAMHYCCKY0 HHGOpMa-
LHI0 B HEBHOM BHje B 3TH Moaenn BKIIOYEHbLI NEPEMEHHBIE,
XapaKTEepPU3YIOIIHE OXHIACMbIA HJIH JKEJNaeMblii YPOBEHL pe-
3ynbTata, WK OJHOro U3 (PakTopoB B MOMEHT BPEMEHH /. ITOT
YPOBEHb CHHMTAETCS HEU3BECTHALIM W OIPEAENSISTCs IKOHOMHYE-
CKMMH IMHHULAMH C y4eToM UHGOpMalUH, KOTOPOiH OHH pacro-
JIaratoT B MOMEHT (7-1).

B 3aBUCHMOCTH OT crioco0a ornpeJeieHust OKUIaeMbIX 3Ha-
YeHHIl nokazaTeneil pPa3av4alT MOJEIM HEMNOJHOH KOPPEKTH-
POBKH, aAanTHUBHbIX OXUMAHHUH H pPALMOHAJbHBIX OXHUIaHUH.
Ouenka napameTpoB 3THX MOJENEH CBOOUTCS K OLEHKE napa-
METPOB MOJENEH aBTOPErpeCcCHM.

479



JIpu WccnenoBaHMu 3KOHOMMYECKHX IMPOLECCOB HEPEHKO
NPUXODUTCA MOACJIUPOBATL CUTYaLUH, KOI/la 3HAYEHHE Pe3y.ib-
TaTUBHOIO NPU3HAKA B TEKYLIHA MOMEHT BpeMeHH / hopMHpyeT-
CA NOJ BO3LEHCTBHEM psaa (HakTOpOB, AEHCTBOBABLIMX B MPO-
ULTbIE MOMEHTBI BpeMend I-1, 1-2,..., t-/. Hanpumep, Ha BbIPYUKY
OT peasiM3alUK UM NPUOBLLIE KOMOAHHH TEKVLIErO NEpHOad MO-
I'YT OK43bIBaTh BJIMAHHME PACXOIbl HA PEKJIAMY WJIHM NPOBEAEHUE
MapKETHHIOBBIX HUCCIENOBAHHM, C/ieNaHHbIe XOMMAHWEH B Npej-
LIECTBYIOLIHE MOMEHThbI BpeMeHHn. Benmuuny /, xapakrepusyro-
LIYIO 3aMa3fiblBaHME B BO3NEMCTBMH (AKTOPa Ha PE3ybTAT, Ha-
3bIBAt0T B DIKOHOMETPHKE JIarOM, a BPEMEHHbIE Psiibl caMux (ak-
TOPHbIX EPEMEHHbIX, CABUHYTBIE HA OUH WU 00Jiee MOMEHTOB
BPEMEHH, - 1arOBbIMH [IEPEMEHHBIMH.

Pa3paboTia SKOHOMHYECKOM MOJMTHKY Kak Ha MaKpo-, TaK 1
Ha MUKPOYpPOBHE TpeOyeT petieHyss oOpaTHOro Tuma 3anay, T.e.
3a74at, ONpeAeNAKIINX, KAKOE BO3AEHCTBHE OKAXYT 3HAYEHUA
yOpaBIaeMbiX TEPEMEHHBIX TEKyIero nepuojga Ha Oyayume
3HAYCHAs 3IKOHOMHYECKHMX mnokasareneil. Hampumep, kak 1o-
BIIMAOT HHEECTHLMH B NPOMBILLIEHHOCTbL HA BaJoOBYKO a00aB-
JEHHYH) CTOMMOCTb 3TOH OTPACnM 3KOHOMHKM OYIyLUMX NEepHO-
AOB HJI KaK MOMET U3MeHMThCs 00beM BBIL mpousseaenHoro B
nepuoae (1+1), noa BO3AEHCTBUEM YBENHYEHKA NEHEKHON MacChl
B nepuoae 7

DKOHOMETPHHYECKOE MOJENMPOBAHHE OXAPAKTEPH3OBAHHBIX
BBILIE [TPOLECLOB OCYIHECTBIASETCS C MPHMEHEHUEeM MOJENEH,
COAEPKALINX € TOJILKO TEKYLIME, HO M JIArOBbI¢ 3HAUCHHUA (ak-
TODHbIX. MEPEMEHHBIX. JTH MOJENU HA3bIBZIOTCH MOACNIAMH C
pacnpeiesenHbiM 1arom. Moaess Buaa

Yo=a+b x, +b -x_ +b,-x_,+e (1)
ABJISCTCS TIPUMEPOM MOJEIH C pacnpeiesieHHEIM JaroM.

Hapsany ¢ 1aroBbiMu 3HaY€HUsIMM HE3ABUCUMBIX, HJIH (ak-
TOPHbIX, IEPEMEHHBIX HA BEAMYMHY 3aBUCUMOH MepeMeHHOH Te-
KYLIErC NepHOaa MOTIYT OKa3biBaTh BJIMSIHHE €€ 3HAUYEHUsS B MNpo-
LUIBIE MOMEHTBI WK MepHoabl BpeMeHH. Hanpumep, notpedne-
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HY€ B MOMEHT BpeMeHH ! GOopMHUpyeTcst MOL BO3AEHCTBHEM N0-
X0Na TeKyLero U Npeablaymero nepsoaos, a takke odbema no-
TpeGIIeHHsT NPOLUIBIX NEPHOACE, HAnpuMep MoTpebieHus B re-
puox (7-1). D1 npoueccel OOBIYHO OMMCHIBAIOT C MOMOLIbLE) MO-
NieJIER perpeccHy, COJEpKalluX B KadyecTBe iakTOpOB NaroBbie
3Ha4YEHUA 3aBHCUMOH MEPEMEHHOHN, KOTOPbIE Has3bIBAOTCS MOJe-
JAMH aBroperpeccui. Monenp sxaa
Yo=a+b x4y +e, (2)

OTHOCUTCS K MOJIENSAM aBTOPETPECCHY.

ITocTpoerne Monenell ¢ pacipeneseHHbIM JIArOM U Mojienei
aBTOpErpeccuH umeer cBow crneunduky. Bo-nepBoix, oneHka
T1apaMeTPOB MOAENEN aBTOPETPECCHH, a B OOJELIMHCTBE ClIy4aes
1 MOZeJied ¢ pacrpeneneHHbIM JIAaroM He MOXeET ObITh Npou3Be-
neHa ¢ nomouiblo obbrusoro MHK BBy HapvIIeHHs ero npen-
NMOCHLIIOK U Tpe6yeT CIieHHaNlbHBIX CTATHCTHYCCKMX METOLOB. Bo-
BTOPBIX, HCCIEAOBATEIAM MPUXOIUTCS petuaTh npodieMbl BbiOO-
pa ONTHUMAaNbHOH BEIIMUMHBI J1ard U OTIPEJENCHHS €ro CTPYKTYPHL.
HakoHew, B-TPeTbUX, MEXAY MOLEJSIMH C pacipeleseHHbIM Jia-
roM W MOJENSMH aBTOPErpPEeCCHUH CYLIECTBYST ONpe/e/eHHas
B3aWMOCBs3b, H B HEKOTOPBIX CJIydasx HCO6XOZI{I/IMO OCyLIeCTB-
JISITb NEPEXOA OT OAHOIO THIIA MOAENIEH K APYrOMYy.

PaccmoTpum mMozens € pacTipedeneHHbIM J1Iarom B ee odLem
BUIE B NPENNOIONKEHMH, YTO MAKCUMAallbHAsl BEJIMYHHA Jlara Ko-
He4Ha!

Yy =a=b,x +bx_+.+b x_ +&  (3)

3Ta MOAEIb FOBOPUT O TOM, YTO €CJIH B HEKOTOPbIH MOMEHT
BPEMEHH / IPOUCXOAUT HIMEHEHUE HE3ABUCUMOH NEPEMEHHOM X,
TO 3TO H3MeHeHHe OyneT BIHATL Ha 3HAYEHHS MEPEeMEHHON ) B
TeveHue / CIeLyrmHx MOMEHTOB BPEMEHH.

Koadpduunent perpeccun by npu riepeMeHHOIT X, xapakTepH-
3yer cpeaHee abCOJIOTHOE U3MEHEHHE Y, IPY H3MEHEHHH X, Ha |
€. CBOEro M3MEepeHHT B HEKOTOpbIH (PUKCHPOBAHHBIA MOMEHT
BpeMeHH 7, Oe3 yuera BO3ACHCTBHA NAroBbIX 3Ha4eHUH daxrtopa
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x. 2107 KO3hOULMEHT HA3bIBAKT KPATKOCPOYHBIM MYJIbTHILIH-
KaTopoO M.

3 mMomeHT (#+1) cosokynHoe BO3AeHCTBHE (PaxkTOpPHON ie-
PEMEHFOM X, HA pe3yabTaTy, cOCTaBUT (bot+by) yCii. ea., B MOMEHT
(++2) >TO0 BO3mEHCTBME MOXKHO OXapakTEpPU3OBaTh CYMMOH
(b, +b, +b,) n 1. 0. [lonyuenupie TakuM 0OPa3OM CyMMBbl Ha3bLI-

BalOT [IPOMEXYTOUHbIMH MYJIETHTUTHKATOPAMH.

C yueToM KOHEYHOIl BEJHUMHBI jilara MOMHO CKa3aTb, HTO
WM3MEHEHHME IEePEMEHHON X; B MOMEHT f Ha | VCI. ell. IpHBEJeT K
o0ILEeMYy W3MEHEHHUIO pe3yibTaTa uepes / MOMEHTOB BPEMEHH Ha
(botbr1+...+ b)) abCOMOTHBIX EAUHFILL

Beenem cnenyroiee obo3naueHue:

by+b +..+b, =5

Bemuuuny b Ha3BIBAIOT JOJITOCPOUHBIM MYALTHILTHKATOPOM
On noxasbiBaerT abCOMOTHOE U3MEHEHWE B HOJIFOCPOYHOM fie-
puone '+ pesynbraTa y MOA BIUSHHEM M3MeHeHus Ha 1 en. dax-
TOpa X.

[Ipennonoxum

B, =b7b j=0:1 (5)

Hez3oBem nosyyeHHble BENHYMHBI OTHOCHUTENbHBIMH KOBH-
dHUHeHTaMH MOJENH C pachpenesieHHbiM jtaroM. Ecnm Bee Ko-
3¢ duit4eHTH b; UMEIOT OIMHAKOBbBIE 3HAKH, TO JUIS JIFOOOTO /

{
0<p, <l n Z,Bj =1.

j=0
B srom cnyvae ortHocuTenbHble kodpduUMEHTH [, ABRs-
FOTCS BECAMH Ui COOTBETCTBYIOILMX KO3(hduuuenTos h,. Kau-
AbIH U3 HUX U3MEPSIET 00 ODIEro U3MEHEHHS Pe3ybTaTiBHO-

ro fnpysHaKa B MOMEHT BpEMEHH (/1]).
3Has BeMMUMHBL [, C NOMOWBIO CTaHAApPTHBIX (Gopmys
MOKHO OTIPELENHTH eLle [BE BaKHbIE XapaKTePUCTHKH MOAEIH
MHOXECTBEHHOH PErpeccHy: BEJMYHHY CPCIHEro Jjara H MenH-



anuoro jara. CpegHuii jar onpenensercs no bopmyne cpenneii
apudmMeTH4eckoi E3BEIEHHOI!

i
[=2J 8, (6)

j:('l
W NPEACTaBNAET COOOM CpenHMH Mepno, B TeyeHue KITOPOro
OyHeT NMpOuCXOmMTh M3MEHEHHE Pe3yNIbTAaTa MOJ BO3LEICTBHEM
u3MeHeHHs (akTopa B MOMeEHT Bpemenn f. HeGoibluas BeMumna
CPEAHErO Jlara CBHACTENLCTBYET 00 OTHOCHTENLHO BBICTRIOM pea-
FMpOBAHHMM PE3YJIbTATA HA M3MEHEHUE PAKTOPa, TOINA KaK BbICO-
KO€ ero 3Ha4€HHE TOBOPUT O TOM, YTO BO3ZEHCTBUE dakTCpa Ha
pesysnbrar OyneT CKasbiBaTbCA B TEUYEHHE AIUTENBHOIO nepuojaa
BpeMenH. MennanHblii nar — 310 BeMuMHA 1ara, 41 KOTOPOro

lMe
> B, =05
7=0

ITO TOT NEPHOI BPEMEHHU, B TEUEHHE KOTOPOI'0 ¢ MOMEHTA
BpeMeHH 7 OyJeT pean3oBaHa MOJIOBHHA OOILEr0 BO3AEHCTBUS
akropa Ha pesyneTar. [9, 10, 17, 19].

PaccmoTpum yenoHblif npumep.

[Ipumep 1. Unrepnperanus NIapamMeTpoB MOJIENIH C pacrpe-
JACJTIEHHBIM JIaTOM.

[To pesynpratam usydenus 3aBuCHMOCTH 06BLEMOB NPOAAK
FOMIZHIM B CPENHEM 32 MECSLl OT PacXOJOB Ha peknaMy Oblaa
NOMYHEHA CACNYIOWas MOLENb C PACTIPEICSIEHHBIM JIATCM (MITH.
CyM)

¥, =-069+ 55x,4+2,0x,, +1.8x_, + 0.38x, ..

B oToit Monenu kpatkocpounsiii MYJIbTUIIJIMKATOP pPaBEH
5.5, D710 O3Hauaer, YToO yBeAMUEHHE PACXONOB Ha pekiaamy Ha 1
M.IH. CyM BELET B CPEAHEM K POCTYy 0ObeMa MpOAaK KOMMaHMU
Ha 5,5 MIH. CyM B TOM e niepuoge. [Tox BansHuem YBENHYEHUS
PaCXOIOB Ha peknamy 00beM MpOAaX KOMNAHHM BO3PACTET B
MOMCHT BpeMeHH ! Ha 1 MaH. cym, (+1) - Ha 5.5+2,0=7.5 mun,
cy™m, (1+2) - na 7,5+1,8=9.3 man. cym. Hakonen, OJIFOCPOYHBIH
MYTBbTHIUIMKATOP 1T IaHHOL MOJEH COCTABHT:
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h=55+20+18+08=101

B noarocpouHOi meperneKTuse (Hampumep, 4epes 3 mecsinia)
yBeJHYEHUE PACXOI0B Ha pexjamy Ha | MaH. Cym B HACTOS LU
MOMEHT BpPeMeHH puBesieT K ofieMy pocTy 06bema Npoaax Ha
10,1 MyH. cym. ~

OTHOCHTENIbHEIE KO3(DMUIMEHTL PEFPECCUH B 3TOH MOJIENH
PaBHBbL:

B, =5.5/101=0544; B, =2.0/101=0,198;
B, =18/10,1=0.178; B, =08/10,1=0,079.

CnenoBatenbHO, 54.4% oOuiero yBEJIMYEHUS obbeMa 1po-
[, BHI3BAHHONC POCTOM 3aTPAaT Ha peKjiaMy, NPOUCXOAHUT B Te-
KyIleM MOMEHTE BPEMEHH: 19.8% - 8 moment (+-1); 17,8% - B
MOMEHT (£+2); 1 TosbKO 7,9% 5TOro yBenaruCHHs NPHXOIUTCH Ha
MOMEHT BpemeHH (1+3).

CpenHuii jar B 3TOH MOJENH OIPEEIHETCA KaK

I =0-0544+1-0,198 +2-0,178 +3-0.079 = 0,790 mec.

HebGonpiuaa seauynHa nara (MeHee 1 Mecsua) euie pas noa-
TBEpXKAAET, UTO Ooubluas 4acTb SddexTa pocTa 3aTparT Ha PeKk-
NIaMy NPOSIBASAETCs cpasy ke. MeananHblil 1ar B IAHHOM [IpUMe-
pe TaKke COCTaBnAeT 4yTh doNee 1 Mecsua.

M35105KE€HHbIC BBILE NPHUEMbI aHAJM3a [1apaMeTpoB MONENH €
pacnpeeneHHbIM JaroM IeHCTBUTE IbHLl TObKO B MPEANONOKE-
HHH, 4TO BCE KOIDPHUMEHTH IPH TEKYIIEM H ATOBBIX 3HAYCHH-
AX  HccaeayeMord (GakTopa HMMEHOT ONHHAKOBBIE 3HAKH. 210
MPEANONOKEHHE BMOJHE OMNPABAHO C IKOHOMHYECKON TOUKH
3peHns: BO3AeHCTBAE OXHOTO W TOro e (GakTopa Ha pesynbTar
NIOJKHO ObITH ONHOHANPABISHHbIM HE3ABHCUMO OT TOTO, C KAKHM
BPEMEHHbBIM JIATOM H3MEPAETCA CHIIA MM TECHOTE CBA3H MEXKAY
sTuMK npusHakamy. OIHAKO HA MPAKTHKE MOJY4HTH CTATHCTH-
YeCKM 3HAYMMYFO MOJEIb, [TAPAMETEBI KOTOPOH HMENH Obl 0au-
HAKOBbIE 3HAKU, OCODEHHO TIpy GoMbIIOi Bemnuune nara /, ypes-
BbIHAWHO CJIOXKHO.

TMpumenenue obprunoro MHK x rakum monensm B Gonb-
IIMHCTBE CIy4aeB 3aTPYAHUTENBbHO 110 CISJYIOUHMM NpUHrHAM.
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Bo-nepBbIX, TekylMe M JaroBbl€ 3HAYEHHUs] HE3aBHCHMOMN
[ICPEMEHHOM, KaK MPaBHJIO, TECHO CBsi3aHb! APYr ¢ apyrom. Tem
CaMBIM OLIEHKA MapaMeTPOB MOZENH NPOBOIAMTCS B YC/OBHAX BbI-
COKOM MYJIETHKOJIJIHHEAPHOCTH (DaKTOPOB.

Bo-BTopbix, npu 60bLIONH BEMYUHE Nara CHHXKASTCS 'THCIIO
HaOMIONEHHH, IO KOTOPOMY CTPOHMTCS MOZIESb, M YBEIHYHEAETCS
YHCIO ©¢ (paKTOPHBIX MPU3HAKOB. DTO BEAET K NOTepe Ucia
cTerneHen ¢Bo0oabl B MOJESTH.

B-TpeTbux, B MOIEISIX C paclpeieieHHbIM JIArOM 4acTo) BO3-
HUKAeT mpodnemMa aBTOKOPPEALHH OCTATKOB. Bbleykas:Hiuble
O6CT‘OHTeHbCTBa OpuBOaAT K 3HAYHTENBHOH HEOTIPEACICH 10CTH
OTHOCHUTEJIbHO OLIEHOK NMapamerpoB MOIESH, CHUXEHUIO UY TOY-
HOCTH M MONy4eHUIO HEe3PPEKTHBHBLIX OLIEHOK. UKcToe BIisiHHE
(paKkTOpPOB Ha Pe3yJbTAT B TAKMX YCIOBHMSIX BbISIBHTb HEBOIMOX-
Ho. [losTtomy Ha npaxTuke napamerpel Mozenel ¢ pacrpeneneH-
HBIM JIaTOM TIPOBOJAT B MPEATIOIOKEHUH ONPENEICHHBIX Orpa-
HUHYEHUA HA KOOPQHUMEHTHI PErpeccH U B yClIOBUAX BhIGpaH-
HOH CTPYKTYPbi Jara.

OOparumcs Teneps k Moaenw astoperpeccuu. [ycrs nmeer-
Csi CHEAYIOLIAsi MOJEIb! .

yi=a+t boxr TGY T &, (7}

Kak 1 B MOnenu ¢ pacnpenesieHHbiM 1aroM, by B 5TOH voae-
JIH XaPAKTePH3YET KPATKOCPOHYHOE H3MEHEHHE Y, IO BO3LeHCT-
BHEM H3MEHEHHs X; Ha 1 en. OnHaKo NpOMEXYTOUYHBIE M 1ONTro-
CPOYHBIH MYJIbTUILIAKATOPbl B MOZENAX aBTOPErPECCHH  He-
CKOJIbKO HHbIE. K MOMeHTY Bpemenu (/+1) pe3ynbTaTy, H3MeHH -
Csl TOZ BO3ACHCTBHEM M3MEHEHUs H3ydaemMoro (axktopa 3 Mo-
MEHT BPEMEHH / Ha Hy enl., a i, MoA BO3ACHCTBHEM CBOEIO M3-
MEHEHHSA B HETIOCPEACTBEHHO MPEAINECTBYIONHA MOMEHT BpeMe-
HM - Ha ¢; en. Takum oOpasom, oOwee abCONIOTHOE H3MeHenue
pe3yabTara B MOMEHT (/+1) cocTaBuT bycy en. AHANIOrMUYHO B MO-
MEHT BpeMeHH (/+2) abCcomoTHOE H3MEHEHHE pe3yNbTaTa (OCTa-

sut b’ en u T. 1. CnenosatebHo, LOJITOCPOYHBIH MYNBT ATIJIH-
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KaTop B MOJENH aBTOPErPeCcCHI MOXHO PACCHHATATH KaK CyMMY
KPaTKOCPOYHOIO H NMPOMEKYTOYHBIX MYALTUIIHKATOPOB!
b=b,+bc +bc] +bc +.. (8)

VYuuTHIBas, YTO NPAKTHYECKH BO BCE MOJENH aBTOPErPECCHH
BBOIMTCS TaK HA3BIBAEMOE YCIOBHE CTabHILHOCTH, COCTOSIEE B
TOM, 4TO KOI(QPHLHEHT PETPecCHn MPH nepeMeHHol y. no ad-
COJIIOTHOM BEJIMYMHE MEHbIIE €IUHULbI |¢1]<1, cooTHOEeHue (8)
MOKHO NPeodpa3oBaTh CNeayoLiMM 00pazoM:

b=5, ‘(1 e, +el+¢)+ ): 4‘1.__9-_’ (S)

rae jc|<1.

OTMeTHM, YTO Takasi MHTEpIpeTauna ko3pPHuLueHToB MO-
JIENIM aBTOPErPECCHH M pacueT AOIrOCPOUHOTO MYJIbTHUIUIMKATOPA
OCHOBAHbI HA IPENIOCHUIKE O HANWYMKM OECKOHEYHOro jara B
BO3MEMCTBHM TEKYLIEr0 3HAYEHHA 3aBUCHMOIN NEPEMEHHOH Ha ee
OyayHine 3Ha4eHHSL.

IIpumep 2. Murepnperauus napaMeTpoB MOMENTH aBTOper-
peccun. Ilpennosioskum, 10 AaHHBIM O JAHHAMMKE TOKa3aTeneii
norpedieHHs U A0X0Aa B pervoHe Oblna nosyveHa MOnenh aBTo-
perpeccuM, OIMMCHIBAIOLIAA.3aBUCUMOCTD CPEHENYyLIEBOTrO 00be-
Ma notpebienus 3a roa (C, MIH. CyM) OT CPEIHEAYLIEBOrO COBO-
KYITHOro roaosoro noxoaa (¥, miuu. cym) u obbema norpebnenus
MPeLIeCTBYIOLLEro roja:

C =4+097Y, +0,15C,,.

KparkocpouHbiii My 1pTHIIIMKATOp pasen 0,97. B 31oit mo-
JENH OH mpeacTaBaser coOoH npenesnbHyr CKIOHHOCTb K 110~
TpebnieHn0 B KpaTKOCpOuHOM nepuozie. CnenosarenbHo, yBejiu-
yeHHE CPEIHENYILEBOrO COBOKYITHOIO 10x04a Ha 1 MiH. cym
NPUMBOIMT K pocTy o0bema rnorpedsieHus B TOT Xe IoJl B CpejHeM
Ha 970 tbic. cym. Jonrocpounyio npesenbHyro CKIOHHOCTL K M0-
TpeONEHHIO B JAHHOW MOIETH MOXHO ONPENENHTb B COOTBETCT-
BUH ¢ popmynoil (9) xax

b=097/(1-0,15)=1147.
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B [0aroCpoyHOi nepenekTHBe pocT CPEAHEAVUIEBOTO COBO-
KYITHOTO NOXOHA Ha 1 MJIH. CyM MPUB2LET K PeCTy oObema mo-
Tpebaenust B cpenneM Ha 1147 thic. cym. IIpomexkyTounble noka-
3aTesid NpeiesitHOH CKIOHHOCTH K NOTPeONIEHHI0 MOXKHO omnpe-
IEJINTb, PacCUNTaB HEOOXCOHAHMbBIE YACTHBIE CYMMbl 38 COOTBETCT-
BYIOW{HE NEPUOabl BpemeHu. Hanpumep, 11 MOMEHTa BpeMEHU
(r+1) nonyuum:

(0,97 +0,97-0,15) =1,155.

OTO 03HAYAET, YTC YBENMYEHHE CPEOHE HOXOAA B TEKyIIEM
nepuoae na 1 mus. cym obnema morpebienus B cpeaxem Ha 1155
TBIC. CyM B Omkaiilnem cnenyroiuem nepuose.
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I'JIABA 12. METO/1bl AHAJIU3A PE-
IYVIABTATOB 3dKOHOMETPUYECKOI'O
NCCJIEJOBAHUA

12.1. O0wast xapakTepucTHKa MeTo1a
IKCHEPTHBIX OLIEHOK

13 Hacrosiuee BpeMs B SKOHOMHKeE, B 4aCTHOCTH npu oOpa-
O0TK? pe3ybTaTOB HSKOHOMETPUYECKOrO HWCCIIeI0BaHMs, LIHPO-
KO® IIPUMEHEHHE HAHIeNl METO/ DKCIEPTHLIX OLEHOK, NPUMEHSE-
MbIX B TeX 0DJAacTAX HKOHOMHYECKUX 3HAHMH, Iie HEBO3ZMOKHO
IPOBECTH OLEHKY XapaKTepHCTHK 0ObexTa KakKuMHU-IHOo ¢usnu-
4eCKMMU NIPHOOPAMH.

ITon MeTOOOM 3KCMEPTHBIX OLEHOK (OHMMAIT KOMILIEKC
JOIM{ECKUX M MaTeMaTHYeCKUX [POLENyp, HarpaBjIeHHbIX Ha
MOy4eHHe OT CHENMAanUCTOB HHPOpPMALHH, ee aHannu3 U 0000~
IIEHHE C LENbIO MOArOTOBKH M BhIOOPA paLiHOHAbHBIX PELIEHHH.

(CYIIHOCTB 3TOr0 METOJa 3aKJIIOUYAETC B MPOBEJEHUH BbIiCO-
KOKBATH(PULIMPOBAHHBIMU CIeLIMAIUCTAMU HHTYHUTHBHO-
JOrM4EeCKOro aHannsa npodiaeMbpt ¢ KAYECTBEHHOH HIIH KOJIM4CCT-
BEHHOH OLEHKOI cyxneHHil u GopmanbHOH 00paboTkol pesyJib-
tator. KoMruiekcHoe MCMONb30BAHKHE MHTYHLUH, JIOTHYECKOrO
MbilUJEHHA W COOTBETCTBYIOLIEIO MAaTEMATHUECKOro annapara
NO3BOJISIET  1TOJIy4uTh 3(PdexTHBHOE pelleHHe TMNOCTaBIeHHOM
npodiembl. METOA 3KCTIEPTHBIX OLEHOK OTJHHAETCS OT TpaAHuLu-
OHHOM 3KCIMEPTU3bl HANHYMEM HAay4YHOH OpraHM3alHd BCEX 5Ta-
MOB 1 MPUMEHEHHEM MAaTeMaTHUYECKOTO annapara Kak [pu opra-
HH3a11MH JKCNIEPTH3EL, TaK i npu 00padOTKe v aHAM3E NOJy4et-
HOM HHQOPMALMH.

JlpoBeneHre 3KCNEPTH3b! CIAEAYET PACCMATPHBATL KaK Ha-
4aJIbHbIM LUK UCCNEAOBAHUH, KOTOPOMY MPEAIIECTBYET AeTalb-
HbI aHanu3 cymecrBa npodinemsl. CucTemarusauus HOJy4eH-
HbIX 1pH TAKOM aHaflM3e CBEACHMI! MO3BOMAET LUENEHATIPABIEHHO
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Y T71aHOMEPHO OPraHH30BBIBATH IKCIIEPTH3Y, OPHEHTUPOBAHHYIO
Ha MoJy4enue HOBOH HHQOpMauHy B HeoGXxoaMUMOl dopme. Dkc-
MEPTH3Y 4allle BCErO HYXHO PACCMAaTPUBATh KaK TOCICHHMIA,
Hanbosee HOpPMaNbHbI WAr SKOHOMETPHYECKOro aHamm3a, Ilo-
nyueHHas v obpaboTaHHas IKCNEPTHAN UHPOPMALIHS HCITONIB3Y-
eTCsl B NaJIbHEHIIEeM B paMKax BbIOPAHHON MpPoOUEnyphl BhPaGoT-
KH pelIeHuH.

Merozn 9KCrepTHRIX OLEHOK Kak HayuHbIH VHCTPYMEHT aHa-
nu3a Hedopmanusyemsix npobneM B Hawedl crpane M 3a pyOe-
’KOM LIHPOKO NPHMEHSETCS MNPH PEMEHHH CAMBIX Pa3IH4HBIX
npobneM, CBSI3ZHHBIX C IUIAHHPOBAHHEM Da3BHTHS 3KOHOMHKH
CTPaHbI H OTPAC/H, CO3MAHHEM COBPEMEHHBIX HHPOPMALMOHHBIX
TEXHOJIONMH U T. .

[enecoobpasHo B oSwem Buze BBIEAUTL ABA Kiacca npo-
Briem, peiraeMiIx SKCIIEPTHBIM MyTEM.

K nepsomy knaccy otnocates npobiemsl, aist pewmeHus Ko-
TOPBIX MMEETCA A0CTaTO4YHas MHpOpMaunonHas Gasa. Iosromy
OCHOBHAst TPY/(HOCThL MX PELIEHHs 3aKitouaercs B 3ddexTuBHom
HCIOb30BAHKH 3TOH 0asbl, T.€. B MPaBUILHOM noxbope 3KCrnep-
TOB, PAalLMOHANLHOH OPraHN3aluH APOLEAYPbl X ONPOCA U MPH-
MCHEHHH ONTHMAJIbHBLIX MATEMATHIECKUX METONOB 06paGoTKH
pesynbTatos. llpu 3TOM MerTonp! onpoca M 06paboTKH OCHOBbI-
BAIOTCA Ha TOM, 4TO 3KCHepT cO0OLIAeT 3HAUUTENbHBIH 0OBeM
nepepaboTanHOH UM HHGDOpPMaLKK, 4 TpynnoBoe MHEHUE, pac-
CHMTAHHOE KaK MATEMaTHYECKOEe OXHAAHWE MHEHMI OTHENbHBIX
3KCNEPTOB, ONM3KO K MCTHHHOMY 3HAYEHHIO. ITH NOMNyuIeHUs
MO3BOJISIIOT NPUMEHSITS Ul 0OPabOTKH IKCNEPTHBIX OLEHOK ClTe-
LHA/IbHbIE MATEMATHYECKHE METOIbI.

Ko Bropomy xaaccy ortHocsrca npobienni, ans peleHus
KOTOpbIX MH(pOpPMaLMOHHAs 0433 HENOCTaTOYHA. Ilpu ananuse
TaKuX MPOGJEM JKCHEPT YIKE HE MOKET KOIHYCCTBEHHO npea-
CTAB/IATE UTOIH OLEHKH, U MIO3TOMY 3/1€Ch BO3MOXEH B OCHOBHOM
JULIb KAYECTBEHHbIH AHAMH3 PE3YNLTATOB IKCTICPTH3bL.
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INpocreimnM cnocobom nonydeHus 3KCrepTHOH MHpopma-
L4 ABJISETCSl YUET MHEHHs OJIHOTO CHEUMANuCTa - MHAMBHAY=
aibHad SKcrepTusa. MHIMBUAYaibHAs JKCIEPTH3a HCMOJIL3YETCH
JUIS PelLIEHUs YHUKAILHBIX MPOOJeM, OTHOCHLIMXCS KO BTOPOMY
xraccy. OAHAKO NPU peLieHuy npodsieM NMepBOro KIaccea Heseco-
06pa3:10 NMPUBJIEKATH [0 BO3MOXHOCTH HE OJHOTO, 4 HECKOIBKHIX
CTIEMAAMCTOB, T.€. OPraHU30BbIBATL IPYNNOBYIO SKCIEPTU3Y. EA
10, 35, 36].

B mpolecce MPOBENEHWs TIPYNNOBOH JKCIEPTU3BI MOMKHO
BBIAEr UTh ClIemyrolue sranbl (puc. 12.1): '

+ (hopMyJIMPOBAHKE LIETH K 3aia4 UCCICAOBARN,

* [IOCTAHOBKA 3a/1a4H,

+ pa3pafoTka METONOB MOJYyUeHUA skcnepTHON uHdopMa-
umu 4 cnocofos ce oOpaboTky,

+ (GOpMHPOBAHHE SKCTIEPTHOW IPYMIIbI,

* pPOBEIEHHUE IKCIEPTHU3DI,
c6op, 06paboTKa 1 aHANK3 NOJYHEHHOH uHbOpMaLIKH,

+ HHTEpHpeTanus NOoJNyICHHbIX PE3yIbTaTOB 1 dopmuposa-
HHE BADHAHTOB PEKOMEHAALMA.

[lpu pemieHnH BaKHBIX NPAKTHYECKHX 3ahaq OpraHusallisi
JKCHEPTU3LI HAYUHAETCA C MOArOTOBKH U H3NaHWs PYKOBOLALNE-
ro JiOKyMEHTa, B KOTOPOM (OpPMyIHPYETCs Leb paboThl, yKa3bl-
BAKOTCS CPOKH €€ BBITIOTHEHUs, 3a1a4i 1 COCTaB rpyninbl ynpas-
feHdsi, ee TipaBa M OOs3aHHOCTH, YCTAHABIMBAETCA MaTepuUallb-
Hoe 1 duHaHCOBOE Obecneyenue padoT. [Uist OArOTOBKH Takoro
JIOKYMEHTa W PYKOBOZICTBA BCeM PabOTOH HA3HA4aeTes PyKoBO-
JMTENb JKCHepTU3bl. [ pynna ynpasieHHs OPraHu3yer npoBeie-
HHE 3KCTepPTH3bl, npuueM odopmieHHe pe3ynLTaToB ee paboTbi
OCYIIECTBAETCS B BMIE OTYETa, KOTOPbIi nocie o0Cy)aeHH U
0A05peHHs TIPE/ICTABISAETCS HA YTBEPKICHHE B COOTBETCTBYIO-
LiHEe YHCTAHUUH.

Ha HauajbHOM 3Tane Npu NoCTaHOBKE 38]a4H HCCIEA0BAHMA
060CHOBBIBAETCS  LIEJIECOODPA3HOCTL  [TOJIYHEHHA 3KCIIEPTHOH
nHGOpMaLMU M HAMEUAKOTCS MyTH MCMOMbIOBAHHA OAHAACMbBIX
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pesyapTatos. Bonpocs! BHIGOpa MeTOROB NmomyueHus u otipabor-
KH SKCMEPTHOH HH(POPMALIMM PEIIAOTCS B COOTBETCTBHH GO CHe-
LH(UKOA OCTABICHHOM 331aYH H C YYETOM BBLIC/IEHHbIX pecyp-
COB M BPEMEHH.

JITP
PopMEpOBaHKE LCTH U 333U SKCIIEPTHOO
OLCHUBAHMS

v
L IocraHoBKa 3a12uM j
v
I'pynna ynpasnenus
Vscuenue 3azau
HMurepnperauus pesynsratos

v ¥

A
Cocrasnchue anker MoaBop skcrepros Bri6op merona
onpoca :)KCH@pTHBbI

[ Onpoc 3KcnepTOITJ
v v

Cocrasnenue anker CocrasneHue anker
onpoca ornpoca
y

Cocrasnenue anker
onpoca

Puc.12.1. Cxema 0cHOBHBIX 3Tanos JKCIIEPTHOrO OUECHU 3a 415

Ha nauanbuom srane npu nocranoske 3anaun nccneropanms
0OOCHOBHIBAETCS 1enecoobpasHOCTb  MoNyYeHHs IKCTIEPTHOM
MHBOPMALMH M HAMEHYAIOTCS MYTH MCHONB30BAHMS OXHIAEMBbIX
pesyabTatos. Bonpocs! Beibopa Metonos nosnyuenus u 0dpador-
KH SKCNEPTHOH MHMOPMALNK PEIAIOTCSA B COOTBETCTBHH CO CHe-
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uuHioi MOCTABIEHHOMN 331241 1 C yHETOM BBIAEJEHHDbIX PECYP-
COB 1 BPEMEHH.

[Ipu cOCTaBJieHUH IKCIEPTHBIX FPYMN NoMB3YTC coodpa-
JEHUSAMH 3PABOr0 CMBICHA, YUUThIBAS LEM IKCIEPTHIbL, orpa-
HHYEHHOCTb PECYpPCOB~U TpebOBaHHs, o0ycnoBneHHbie BbIOpaH-
HBIMH METONIaMH MonydeHHs 1 05paboTky uHGOpMaLMK OT 3KC-
nepros. BHauale HamewaroTCs KaHAUI@TYDBL 3KCIIEPTOB, KOTO-
pbie MO CBOMM NpO$HeCCHOHANBHEIM KauecrBaM MOryT ObITb IpH-
piiedeHbl kK paboTe B POTH HKCIEPTOB. Tlpu noMCKe TAKUX KaHIH-
natyp OOBIYHO MCTIONB3YHOTCS ofmenprHsThIe TOKYMEHTAIbHbIC
MOKa3aTeNy, OTPaXKAIOIHE npodecCHOHaNbHBIA  YPOBEHE  CTIC-
puanucra (AOMKHOCTb, Y4€Has CTeneHb H 3BAHNC, KOJTMUYECTBO
ony6nUKOBAHHBD HAy4HbIX paoT M Ap.), 8 TAKXKE ero NpekHee
y4acTHE B OKCIIEpTH3aX. JIOKYyMEHTaIbHas XapaKTepPUCTHKA HacTo
JONOJHAETCA B3aUMHOM OLIEHKOH 3KCICPTOB. [Mprr 3TOM B YHCJIO
«ITOTEHIMAbHBIX» FKCTEPTOB BKIOYAIOTCA CHELHATHETS, peKo-
MEHIOBAHHbIE HECKOJbKMME PaHee BbifAB/ISHHLIMU IKCIIEPTAMH,
paHee aKTHBHO MPOBOAMBILMMH KCIEPTHIY.

BaxHo, 4TOObl KAHAMIAT B SKCHEPTHYIO IPYNIy HME uIn-
pOKMil KpPYro3op H 3pyAHLHIO. KCOMITETEHTHOCTh JKCIEPTa €CTh
cTeresdb ero KBanHUKAUMH B ONpEeNeHHOH ofacty 3HAHWHA,
KOTOpas OMpENesseTCs Ha OCHOBE aHajiu3a ero npodeccnoHaIb-
HOM IESTEIBLHOCTH, IMPOTEI KPYTro30pa M0 MEepCreKTHBaM pasBi-
THsi pACCMATPUBAEMOH POOIEMbL.

B 3aBHCUMOCTH OT MpO(eCcCHOHATLHOH MOATOTOBKH 3KCTIEp-
Ta (AO/DKHOCTD, Y4EHOE 3BAHHE, CTerneHb) eMy TpHCBaHBaOT OIl-
penenexHbiii 6ant. B Tabn. 12.1 npusenensi Oaibl OLEHOK NPO-
deccHOHATBHBIX KayecTs JKCNepTa, paboTaromero B Hay4Ho-
HCCNENOBATENBCKON OPraHM3aLid KPYIHOH ¢upmbl. Takas HH-
dopmaryis NO3BOJSAET OPOU3BECTH npensapHTelsHbiH 0TOOp H
PaHKMPOBAHHE KAHANAATOB NO X KOMAETEHTHOCTH.

Ha criefyrouieM 3Tane pewaercs Bompoc o duCICHHOM co-
cTape KCIEPTHOH rpynnbl. KoiudecTBO MPHBICKACMBIX K pado-
Te IKCMEPTOB. KaK MPaBHI0, OOYLIOBISHO HX kpanubukauHed u
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He JOJDKHO TNPEBBINATh MPENENa, AUKTYEMOIo OrpaHMHYeHWAMH
(bMHAHCOBOTO, BPEMEHHOTO K OPraHMU3AlMOHHOTO Xapakrepa.
Kpome TOro, B COCTaB€ PYIIMibl 10 BO3MOXHOCTH ACJDKHO ObITD
00ECIIeUeHO PaBHOE MPEJICTABUTE/BCTBO CIELHANMCTOB Pa3auy-
HbIX HAIPABIEHHH, CYLIECTBYHOLIMX B MCCIAEAYEMO#H obnacty, u
OpraHM3alyii, MMEIUX TPOhECCHOHANbHOE OTHOMIEHHE K pac-
cMaTpHUBaeMOIl 3a1a4e.

Tabnuna 12.1.
3anumaemas Crnicuma- | Kangu- | Jlokrop | AxaacMuk,
JOJDKHOCTD auct 63 | 1ar HayK | Hayk YIICH-

CTENEHU KOPPE IIOH-

JeAT

UrokeHep, CTaplOHH { - - -

WHKEHEP

Miagumii  HaydHBIA 1 1,50 - -

COTPVAHHK

Crapuimii  Hay9IHbIA - 2.25 3.0 .

COTPVIAHHK

3apeaviownit  1abo- 2.0 3.00 4.0 6.0

PaTOPHEH. CEKTOPOM,

PYKOBOIUTEND TPYII-

116l

3aB. OTACAOM, 3aM. 2.0 3,75 5.0 7.5

3aBEAVIOUICTO  OTAC-

JOM

Beaviuuid pyKoBOAH- 3.0 450 6,0 9.0

TCIb KOMILICKCA, |

VTIPAB.ICHHS i

TeHepanbupli  AB- 4.0 6.00 8.0 12.0

PEKTOpP.  3aM. TICH.

| AaupexTopa

Jlanee ocyuecrsasercs GOpMHUPOBAHUE IPYTIITBI MYTEM Bbl-
[eeHHst Tex 3KCMEPTOB, KOTOpble SBIAIOTCH HauOonee xomre-
TEHTHBIMM € TOUKH 3PEHHs KOHKDETHOH peruaeMoi 3amauu. [list
npeBapHTENbHON OLEHKH KOMIETEHTHOCTH KCNEPTOB [acCHU-
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THIBAIOT KOO(DQHUHEHT MX KOMIETEHTHOCTH, MPRACTABIAIOLIMI
cob0i cymMy 6217108, PHITHCHIBAEMBIX JKCIEPTY B 3aBHCHMOCTH
OT €ro NOKYMEHTAaIbHBIX 1OKa3aTejed, H JaHHBIX CAMOOLEHKH
(kacarommxcs NPOU3BOACTBEHHOTO OMbITA, 3HAHMS JKOHOMHYE-
CKOH JINTEpaTYpbl NO~PELIAeMOMY BONIPOCY M Ap.). DTH Oaibl
Gepyrcs u3 cnermanbhbix Tabauu. Tlpu npyrom nopxone koog-
(HULMEHTBI KOMIIETEHTHOCTH BBIYMCIAIOTCA HA OCHOBE MATPHLEL
COCTaBJICHHOM 110 PE3yJILTATAM B3aHMHOMH OLIEHKH 3KCTIEPTOB.

B 9KCnepTHYIO Tpynry BKIFOYAKOTCS TE SKCHEPTHI, s KO-
TOPBIX KO3QQHIUHEHT KOMITIETEHTHOCTH HE HHMXe HEKOTOPOTO To-
pOroBOro 3Had4eHus. DTC 3HAYEHHE YCTAHABIWBAETCH TAKMM,
4TOORI OOECHIeUNTL HAGOP IPYIHLI U3 YHCHA TEX MOTEHLMATbHBIX
3KCIIEPTOB, KOTOPbIE AEHCTBUTENBHO CMOTYT yYaCTBOBAaTh B €€
padore. IIpu npoBefeHNH SKCIIEPTU3 11ENECO0OPA3HO HCMONB30-
BaTH TaKylo 0OOOLIEHHYIO XapakTepUCTHKy IKCHEPTA, KAK JOCTO-
BEPHOCTL €ro Cyx/JaeHuid. KoJH4ecTBEeHHO OOCTOBEPHOCTL JKC-
NEpTa OLEHUBAKCT COOTHOLIEHHEM N, /N, rae N, - 4ncio ciydaes,
KOrja 9KCHepT fajl pelleHue, NPHEMIEMOCTb KOTOPOTro TIOATBEp-
AUNACk NMPAKTHKOMH; N - 00Ilee YHCIO CllydaeB y4acTus sKkcrepTa
B PELICHUM 3a1aqy.

K' coxaneniio, naxe camplii KBalTM(UUMPOBAHHBI 3KCHEPT
MOXET TPOSIBUTH Ce0St HEKOMTIETEHTHBIM B KOHKPETHOM DKCIEpTH3E
KaK B CHJly PHUMH CTOX4CTHYECKOFOD XapakTepa, TAK U M3-3a OTCYT-
CTBHA CTHMYJIOB B paboTe mauHoi rpyrnsl. ITosToMy BO3HMKAeT
1pod:ieMa OUCHKH KOMIIETEHTHOCTH 3KCIIEPTOB HA OCHOBE AHANHM3A
MHQOPMALIHH, ICJTYYEHHOI OT HErO M ZPYrHX YNEHOB SKCIICPTHO
IPYIIIBL, YHACTBYIOUIMX B AHHOW HKCMEPTH3E.

C6op u obpaboTka sxcriepTHOlH RHGOPMALIMKU OCYIHECTBILA-
HOTCsE COTJIACHO paspadoTaHHbiM (BHIOPAHHBIM) A1 3THX Lenel
meronam. Ilpaktudeckn ama cOopa medopManny COCTABISIOTCS
COOTBETCTBYIOILI€ JOKYMEHTDI (HAMPHMED, CrIEUHAIbHBIE aHKe-
Thl), @ npu ee 06paboTke M aHanuse B Cydae HEOOXOMHMOCTH
MOKET HCTIONBL30BATBLCS KOMIIbtoTEp. ComepikaTesbHblil aHaA13 U
WHTEePrpeTalna 00padOTAHHBIX PE3YNLTATOB OCY WECTRISIOTCH ¢
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y4€TOM CriemHGUKH peraeMoi npobiaeMbl B COOTBETCTBHHU C 3a-
HavaMU, KOTOPbIE CTABUIIHCD MEPe IKCIEPTU3OM.

Tunnunpie omWKOKH, TPUBOIALIHME K HEKAYECTBEHHON HKC-
NEePTH3€ M HEraTHUBHOMY NOHMMAHHIO 3KCHEPTHOTO OEHUBAHUS
B OKOHOMETPHKE:

1. TlopeyBenuueHne BO3MOKHOCTEH 3KCHEPTHOTO OLIEHHMBA-
HUA.

2. Heyerkas noctaHOBKa 3amaqu Nepes SKCHEPTaMH.

3 Hsnuinnee CTpeMIEHHE OCTABATLCS B PAMKAX OJHOI IKC-
NEPTHOH MPOUENYPH! H YBJIEUeHHE KOJM4E€CTBEHHbIMU OLIEHKAMH
H CBEPTKAMH, 4 TakxKe HEKOPpeKTHas oOpaboTka W MHTepnpeTa-
LMl PE3YAbTATOB 3KCIEPTU3EL.

4. Hepoctarounas nHbOPMHUPOBAHHOCTL XCHEPTOB O KOH-
KPETHOM OOBEKTE IKCIEPTU3BI W HMCIIOJIb30BAHHE HEKOMIICTEHT-
HBIX 3KCIIEPTOE. ‘

5. TlpoTHBOPEYMBOCTD, HECOrNIACOBAHHOCTb M HETOYHOCTD
3KCIIEPTHBIX OLIEHOK ITPH KOJINEKTUBHOMH 3KCIEPTH3E.

6. Kondopmusm 1 KOHBIOHKTYPHOCTb IKCTIEPTOB.

12.2. Knaccuukaumsi MeTonoB noiy4eHus
IKCHEePTHONA HHpOpMaALTH

KpainpuuuposanHoe npuMeHeHHe MeTOia 3KCHePTHbIX
OLIEHOK B CYLIESCTBEHHON CTEMNEBH 3aBUCHUT OT BLIOPAHHOIrO CIO-
coba cbopa u 06paboTki OTBETOB LeJIEHANPABIIEHHO ChHOPMHpPO-
BaHHOH rpynno# cneunaancroB. CyiiecTByer GONbIIOE KONHYe-
CTBO METOZOB TONyueHHs skcnepTHoH nHdopmaunu. Knaccudu-
KaUKst 3THX METOJIOB IPUBENEHA Ha puc 12.2.

Metonb! KOAIEKTUBHON PabOTBI 3KCTIEPTHOH TPYNIiLI Mpe-
ONararoT nojy4eHne o00OLIEHHOr0 MHEHHS B XO€ COBMECTHO-
ro 0OCYKAEHHA M PeIleHHs MOCTABIEHHON 3aJayH BCEMM 3KC-
nieptam. [lepsbie Tpy MeTOAA - METO bl KOMHCCHI (COBELAHHMST),
«Cyzna» W «MO3roBOM ATaKM» - OCHOBaHbI Ha KOJUIEKTHBHOM O0-
CY>KIEHHH PEUIAEMOH 3a/1a4H, a JIENOBLIC UIPbl - HA COBMECTHOI
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paboTe KONIeKTHBA CIIELMATHUCTOB, 38 KAXKbIM WIEHOM KOTOPOTO
3aKpeUIeHbl ONpeseieHHble 00A3aHHOCTH B COOTBETCTBHHM € 34-
paHee COCTaBIEHHBIMU MPABUJIAMH K NPOrpammoii. Jienosbie ur-
Pbl, I'MPOKO UCTIOB3YEMbIE B SKOHOMHKE, MPENHasHa4eHbl B 0C-
HOBHOM JUISl BbISICHEHHS MOBENECHHs CIEUUAINCTOB B UCCIC1yC-
Moii cOCTaHOBKE, a TaKKe st HX oOyJeHus.

MeToabl TOIYHCHUS IKCIIEPTHHIX

_ OLIEHOK
1
v v L 4
MeToab! KOMJICKTHB- YacTu4yHO KOJIe- MeToapl TOTYYCHHSA HHAH-
HO# PA0OTHI IKCIIEPT- ruanbHag padora BH,1yaJILHOTO MHCHHS Hiie-
HOH IpyNDEI IKCIEPTOB HOB JKCNEPTHOH TPy
1 ; ~
CoBelmanyic AHKETHpPO- | | AHKETHPOBaA- D/Imepsb}o
(METOH KO-  |v¢] BaHHE HHUE C Y4aCTH- I
MHCCHH) CM HMHTCp-
BbEOEPA
MeTo1 «M02 - (B0t 1itas
= = Beceaa
rOBOM aTakK» —
HurepBbro No
M:roa .
e ! THITY «BO-
«cvaan NpOC-OTBETY
Jenossie ur- MeTo «Iie-
Phl H CUEHA- | | L' PEKPECTHOTO
[HH JOIPOCa»

Puc. 12.2. Knaccudukauus METO0B 3KCICPTHOTO OLICHHBAHHA

Merton komuccuii. CambiM IPOCTHIM H TPAAUIHOHHBIM AB-
nsercs MeToa komuccuil. OH npeanojaraeT MpoBEICHUE COBC-
LAHMS HAH ke OBLeil JUCKYCCHU C LENbIO BHIPAOOTKH €IMHOI0
KONIEKTUBHOTO MHeHHs. KOMHYecTBO yu4aCTHHKOB MOKET ObiTh
oT 3 0 10 u Gonee. JJOCTOMHCTBA 3TOrO METOAA COCTOAT B TOM,
YTO KAKIbIA WIEH IPYNNbI MOXET HE TOJbKO BbiCKa3aTh CBOC
MHEHHME, HO ¥ apryMEHTHPOBAHHO €r0 3aLLMTHTD, & TAK/KE KPHTH-
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KOBATb MHEHUA OpYyrux skcnepros. TiiaTensHoe obcyxreHne
YMEHBLIAET BO3MOXKHOCTE 0mubok. OnHako Ha COBELUAHUU MO-
KET NOCeNUTh MHEHUE KAKOTO-THG0 YYaCTHUKA B CHJIY €ro aBTo-
PHTETa, CTy)KeOHOTO MONOXeHUs, BrecTaimx OpaTOPCKHX CIIO-
COOHOCTEH, BLICOKOH AKTHBHOCTH 1 T.A.

Meroa «cyna». Dror Hemocrarox NPUCYLT U METOHy «Cy-
Jia», NpH UCTONBE30BAHUM KOTOPOro paboTa IKCTIEPTHOH rpyImbl
OCYHIECTBIIACTCA NONOOHO BeneHMIO cymeGHOrO npouecca, ruge
ponM - «cyneh» («3acepareneily) HCHOMHSIOT wYieHn I'PYIITBE
YNPAaBICHHSA, 2 B KAYECTBE KNPOKYPOPa» M «3ALHTHUKOBY BbI-
CTYnaior sxkcnepthl. «CRUASTENIMUY SBISHIOTCH paznuunbie pax-
Thl, PE3YIbTAThI IKCIEPHMEHTOB, I0BObI 3kcriepros. Ucrionsso-
BaHUE TAKOTC MeToaa 0CobeHHO ueJsecoodbpasHo npu HanMuuu
HECKOIbKUX TPYTHIMPOBOK SKCHIEPTOB, KaXAas 3 KOTOpPbIX MNpH-
ACPKUBACTCS CBOEH TOMKH 3peHms.

Meron «mo3rooii atakm» («Mo3rosoro WITYpMay, «KoJ-
JNIEKTUBHOM T'€HEpaLHi HAei») OCHOBAH Ha NPEANOIOXKEHHH, YTO
ECJIM BBLIABUIETD OOJLINOE YHCIIO CAMBIX PasHOOOpa3HbIX uaeil u
NPEUTOKEHUH N0 PELIEHHUIO MOCTABIEHHOM npobnemMsl, To cpeau
HIX 00513aTeIbHO OKasKEeTCS ONHA UMK naske HECKOJIBKO LIEHHBIX.
CyuHocTs MeToza coctout B TOM, YTC 33Ha4YH BBIOABMXKEHHS HO-
BBIX WIEH M WX aHAIM3a NOMHOCTHIO pasnenensl, nostoMy o6pa-
3YHOTCS 1B€ IPYIIbI - FeHePaToOpoE Uiel H aHa INTHKOB. B cocTaB
NEPBOH BKIIOUYAKOTCS SPyMHpOBanHbie, ¢ OoraThiM BoobpaskeHH-
€M JIIONH, CNEUHATUCTBI H3 CMEXHBIX 00IacTel. s coszqanus
HCNPHHYXKIEHHOH 00CTaHOBKH ny4ime cobnpare ronei npumep-
HO OAIMHAKOBOTO CnyefHOTO 1 OBILECTBEHHOIO MONOKEHHS. 3a-
CCAAHHEM TPYTIIbl FEHEPATOPOE HAEH PYKOBOIMT BeIyWHii, oc-
HOBHOH 3aja4eil KOTOpOro spasiercs BCEMEPHOE MOOLIpeHHE
AHHLIMATHBBI U TBOPYECTBA, CBOOOAB! BbICKA3bIBAHHS npeaoxe-
HHIt M TIOJIHOR HENONyLLeHHe Kputuxn. Bee BbicTynienus ¢uk-
CHPYKTCA W BIOCNEACTBUH TILATENbHO AHANHM3UPYIOTCS TPYNNOi
aHAJTHTUKOB - CNELIHATMCTOR 10 NPodnIio pewaemMon npodnemsi.
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MeToapl onpoca. DTOT METON 11e71eco00pasHo MCIONb30-
BaThb B KPUTHYECKHX CHTyalWsX AepuuuTa TBOPUECKMX peuie-
nuit, OHAKO peanu3alidsi BCEX METOLOB KO.UIEKTHBHOTO NOJy-
YeHUS 3KCTIePTHOM MHGOPMALHK OOBIMHO CBA3aHA C PAsHIHbIMA
TPYAHCCTAMH OPraHM3alMOHHOTO XapakTepa, Tak Kax cobpartb
BMECTe MHOPMX BEIYLUHX CHEIManucTOB AANEKO HE BCeria BO3-
MoskHO. TTO3TOMY B HACTOsiLUEE BPEMs BCE HAlE MCMOMb3yIOTCA
METCAB OTPOCa, 3aKIHOYAOLIHECS B MOJyIeHHUH KOJLJAEKTHBHOIO
MHEHMA Ha OCHOBE COBMECTHOH 00paboTKy HHAMBHUAYANbHbBIX
MHEHM A YJIEHOB 3KCMEPTHOW IPYIIIbL, ONPaIMBAeMbIX HE3aBH-
cumo ppyr ot npyra. CyulecTBYIOT [iBa OCHOBHBIX BHAA onpoca -
WUHTEPEBIO M AHKETUPOBAHHE. Tperuii ABNAETCA NPOMENYTOH-
HBIM: B HEM COYETalOTCS WAEH MEpPBbIX IBYX. Cneuuduyeckon
0COBEEHOCTH) MHTEPBLIO ABISETCS TC, YTO HMCCICN0BATEIE U
3KCITEpPT HAXOJNTCS B HEMOCPEACTBEHHOM KOWTAKTE. Hccnenosa-
Tenp EejeT Oecemly, CTapasch TMOJy4MTh OTBETH Ha 3apaHee
chopMyITHPOBAHHbIE BOTIPOCHI.

YGAOBHO BBLAENSAIOT TPU HOPMb! OpraHH3aiiu oecen. Tlep-
Bble IBE M3 HMX, OYEBM/HO, XapaKTEPU3YIOTCA CBOMMU Ha3Ba-
ausaMu TPeTbs OCYIIECTBIAETCA C YHACTHEM HECKOJIbKIX vHTEp-
BLIOEPOB M MPOBOJMTCS N0 MIPUHIMITY NEPEKPECTHOTO AOTpOca B
cyaebrom paccienopanuu. MHTEpBbIOEPLL, NOTYHaA Heo0x0 a1~
My0 MHQOPMALIMIO, TIPOBEPAIOT HENMPOTHBOPEHHUBOCTD U NOCIC-
JIOBATEIBbHOCTh PACCYXKAEHHI IKCTIEePTa.

TTpsiMOJi KOHTAKT MHTEPBbIOEPA M DKCMEPTA co3jaer onpene-
JAEHEBI TCHXOJOTHUECKUN KIIHMAT, [O3BOJAKIINA [OJy4aThb
CBEEHMS, MaJOAOCTYIIHbIE AaHKETHOMY ONpocy. Onnako Ipu
YTOV. Ha PE3yJIbTaThl 0OJIbIIOE BIHAHUE MOTYT OKasath AHYHOCTE
MHTEPEDBIOEPA, & TAKXKE CTIOCOBHOCTb IKCIIEPTa K KOHTaKTY, Obi-
CTpOTa ero MbIlLeHUA H Apyrve neuxonorudeckie Gaxropbl.
Kpowme Toro, npu Gecene 3KCnept OOBIYHO HE B COCTOsIHMM pac-
CMaTpHBaTb H aHAJIU3NPOBATD npodaemy B LENIOM.

MeTOJ1 AHKETHOrO ONpOCa 3aKII0UAETCS B TOM, HTO SKCHEPTY
NpepaaraeTes ANs 3arnoNHeHHs CreunanbHas aHKera, comepKa-
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ast 3apaHee COCTaBaeHHbIH HA0Op BOMpPocoB. B sasucuMOCTH OT
cTeneHyd CBOOOBI, NPENOCTABIAEMOl IKCHEPTY MpH BEIOpE Ba-
PHaHTa OTBETa, BOMPOCH! OBbIBAIOT OTKPBITOTO M 3aKPLITO:"0 THUNA.
IIpu BOnpoce OTKPBLITOrO THUNA 3KCHEPT CBOGOIEH B BbIOOpE
$opmynnpoBki orBera. Bonpocs! 3akpeiToro THNa COAZPKAT B
cBOed (HOPMYNHPOBKE BAPUAHTBI BO3MOKHBIX OTBETOB, OIMH M3
KOTOPBIX U I0JbKEH BBIOPaTh 3kcnept. C TOUKH 3peHnst BO3MOXK-
HOCTH II0Jly4EHHA COTOCTABMMBIX PE3YJIBTATOB AHKETU[ OBAaHMS,
HanOOJee MPeNOYTUTEIbHBI BOMPOCHI 3aKPBITOr0O THIIA.

B nipusenennoii knaccugukauuy Boinenesa rpyna mMeTonos
HaCTHYHO KOJIErHAIBHON paboThl akcnepToB. CYIIHOCT> MX CO-
CTOMT B TOM, 4YTO HH(OpMauus cobupaercss MeTomoM ompoca
KOJIEKTHBHBIX 3KCnepToB. Takue MeTonsl nospossioT couerarts
NpPEMMyYIIECTBA KOJUIEKTUBHOM paboThl U OMpoca.

Meroa Jleandrr. B paccmorpennyro knaccupukammio He
BOLLTH KOMIUIEKCHBIE NPOLIENYPbI IKCTIEPTH3bL, OCYIIECTEAEMEIE
B HECKOJBKO TYpOB. OnHHM U3 HauOONEe M3BECTHBIX METONOB
aHKeTMPOBaHUs NOAOOHOro pona ssasercs meron Jlensdsi, pas-
pabotannbiil B Hauane 60-X ro0B MPOMIIOrO CTONETHS amepu-
KaHCKOH kommnanueid POHJI Kopropeiin, kotopsiit npeaycmar-
PHBAET MOJIHBIH OTKA3 OT JIMMHBIX KOHTAKTOB 3KCMEPTOB U 06€C-
neYeHWe uX MH(pOpPMaumei, BKIOYast M OOMeH vHpopmauei
MEXKTy HUIMH NOCHIE KaXIOro Typa ONpoca, PH COXPAHEHH! aHo-
HHMHOCTH OLICHOK, apI'yMEHTALHH H KPHTHKH.

B nepsom Type onpoca 9KCHepTBI 1AKOT CBOK OTBETEL, He ap-
rymestupys ux. Ilonyyentbie 0TBeTh 06pabaTLIBAIOTCA, U Bbijie-
JIFIOTCA CPEAHHE M Kpaitnue Muenus. Bo Bropom Type omnpoca
9KCMEPThI, O3HAKOMIIEHHBIE C STHMH MHEHMAMH, BHOBb OTBEUAIOT
Ha BOMNPOCDL, HO YK€ OOBSCHSS, TOYEMy OHM M3MEHMIN MIIH Ke,
HarpoOTHB, HE M3MEHWJIK CBOMX MHeHuil. HoBbie OTBETS>l BHOBL
00pabaTbIBAKOTCS, MPOBOAHTCS CIEAYIOLLHIT Typ W T.4. [lpaxruxa
MOKA3BIBALT, 1YTO MOC]IE TPEX-YEThIPEX TYPOB OTBETHI IKCIIEPTOB
CTaOHJIM3UPYIOTCS. H 3TO TOBOPHT O HeLeNneco0OpasHOCTH Nasib-
HECHLIEro MPOBEACHHS 3KcnepTusbl. B wrore odpasyercs onHa
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WM ABE IPYIMbl CYIUECTBEHHO pasinuHbiXx mueHud. Hannune
ABYX TI'PYIIl YKasbiBA€T HA CYWIECTBOBAaHME IBYX DPa3JM4HBIX
noaxoaos k npobiieme, 4to MOXeET ObiTb BBI3BAHO, HArpumep,
HAJTMYHMEM JIBYX HayuHbIX wIKOJ. HO gaxke B 3TOM Ciy4ae onpoc
ABJIAETCS TIOJIE3HbIM, TaK KakK 1103BOJIAET OTYETIMBO BbIIBUTH NO-
3ULMU CTOPOH H HX apTyMEHTALIMI, YTO HEOOXOAMMO IS Nallb-
HEMIero yriyOiedHOro HCCIeN0BaHUS NIPODIEMBI.

12.3. Tune! mKaJg ¥ MEeTOAbI Oy YeHHsE
JJIEMEHTAPHBIX CYKACHUH

B rpymnne 3ana4 aHanu3a 3KCIEPTHBIX OLIEHOK MOXKHO BbLE-
JIMTH TPH OCHOBHBIX THIIA 33024, PEIIAEMbIX IKCIIEPTAMU!

1)oueHka umeromuxcs 00bEKTOB (MPHMEPOM CIYHUT OLe-
HUBAHHE BAPUAHTA PELIeHWs MO NPHHATHIO KPUTEPHS);

2) mocrpoerue 0ObEKTOB (K 3aayamM TaKOTO THITA OTHOCATCS
dopMUpOBaHME MHOMXECTBA CTpATEIWil, BbLIABJCHUE HEOHPENe-
neHHbix (aKTOpo3 W yCTaHOBACHHE OONACTEH HUX BO3ZMOMXHBIX
3HAYEHUI),

3)moctpoenue OOBEKTOB H MX OLEHKA (THITMYHOM 3ajavieh
JAHHOI'O BHOA SABJISIETCS COCTaBJAEHHE NMEPEYHA KPUTEPHEB, KOH-
CTPYMpPOBAHME VX LIKAJ M OLCHKa cTpareryi (HCXonos) No TeM
WJIH UHBIM KPUTEPHUAM).

Paccmorpum Haubonee ynorpeCuTeNbHbIE B DPAKTHKE MPU-
HATHS PEIUEHNH THIbI LKA HOMUHANLHYIO (WK KIaccuduHKa-
UMOHHYI0), TIOPAOKOBYKO, WHTEPBANIOB (OTHOLLEHHH, Pa3HOCTEH,
abCONIOTHYIO).

HoMuHaNbHAS WKAJA HCIOJB3YETCS 108 ONMHCAHHA TpH-
HaIUIEXHOCTH 2NEMEHTOB K OrperiesieHHbIM Kitaccam. Beem aie-
MEHTAM OIHOIO H TOTO K€ KJIACcCa MPHCBAWBAETCA OHO M TO XKe
YKCIIO, & 3JIEMEHTAM Pa3HbIX KJIACCOB - pasHbie vHcnaa. JlonycTh-
Ma Jrodas 3aMena uucen st o0O3HAYeHHs KJIACCOB, JHUib Obl
5T0 OBbIIO B3aUMHO-OJHO3HAYHOE MpecOpa3oBaHHe W Kax/IblH
KJIACC MOJyuMsi Ohl CBOE YMC0. JT0 00CTOSTENBCTBO W ONpeie-
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JS€T MHOXECTBO AOIYCTUMBIX [peoOpa3soBaHUN HOMHHAJIEHOMN
[IKAJbl KAK MHOXECTBO BCEX B3aMMHO-OAHO3ZHAYHBIX (PyHKUMA.
ITa lWIKala HAUMEHES COBEpLIEHHAs.

IlopaakoBas wKaaa UCNONL3YETCs A U3MEPEHUS VIIOPS-
JOYEHUS DJIEMEHTOB 10 OJHOMY WJIA HECKOJbKHUM NPHU3HAaKaM.
OHa no3BoJISieT YCTAHOBUTD, YTO OJMH DJIEMEHT JIy4li€e, BiaxKHEE,
NpEeAnoOYTHTENbHEE APYIOro Wi paBHoueHeH emy. llopsizikosast
1IKaJla OTPaXaeT JIMIUb MOPSAOK CHENOBAHUS 3JIEMEHTOE W HE
JlaeT BO3MOXKHOCTH CKa3aTh, HA4 CKOJIbKO WJIM BO CKOJIBKO pa3
OIMH DJIEMEHT TPERNOUTHTENbHEE Apyroro. MHbIMK CioBaMH, B
9TOH WIKaJle HEJb3s ONPEAEIHTb MEpY CTENEHH NPearnouTUTe N b-
HOCTH.

Hikana MHTEPBAIOB NMPUMEHSETCS UL OTOOPAKEHUs Be-
JUYUHBL Pa3JidYMsl MEXIY XapakTepUCTHKaMM 3nemeHTon. OHa
NO3BOJIAET YKa3aTh, Ha CKOJIbKO OAMH 3JIEMEHT OTJHYAETCA OT
APYroro B NPHUHATHIX €AMHMUAX W3MepeHus. MHTepBanbHad luka-
JIa MOXET HMMETb IDPOM3BOJIbHBIE HAdajo OTCHeTa M MacuTal.
MHOXeCTBO HOMYCTHUMBIX NMPeoOpa3zoBaHUil JAHHOH LIKabI CO-
CTaBJIAIOT BCE JIMHEHBbIE Mpeodpa3oBaHua. OCHOBHBIM CBOICT-
BOM HLIKA.JIbl HHTEPBAJIOB ABJACTCA COXPaHEHHUE OTHOWEHUA JJIMH
MHTEPBAIOB. YaCTHBIMHU CAYYasMH LIKaJbl HHTEPBAJIOB SIBJISIOTCS
IUKaJa OTHOLIEHHH (HyJ€BOE€ HA4YalO OTCYETA) M IUKaja Pa3Ho-
CTeH (NPOM3BOJILHOE HAYANO OTCYETa H eMHUYHBIA MaciuTad), a
Taroke abcoNoTHAs wkana (HyJeBoe Havyajio OTCYeTa M erMHHY-
HbIH MaclTad oTcuera).

KosnuecTBeHHbIE U KaYeCTBeHHble mKaabi. Hominans-
Hast M TOPSIKOBast LIKAJIbl OTHOCATCS K KaYeCTBEHHBLIM LIKanam.
[Ixanbl MHTEPBANOB, OTHOWEHMH, Pa3HOCTEH W a0COMOTE a5 OT-
HOCATCS K KOJIHYECTBEHHbIM LIKalaM, KOTOPbIE MO3BOIAKT YCTa-
HOBHUTb KOJH4YECTBEHHbIE COOTHOLIEHUS MEXKILY ITEMEHTAMHU.

Jist KONHYECTBEHHDIX LKA CTIPaBEHBbl AKCHOMBI apH(-
metuku. Ilkana cuyuraercs Tem Oojiee COBEPLIEHHOM, 4YeM yxke
MHOXKECTBO TOMyCTHMBIX peobpaszosanuii. C 9TOH TOUKH 3peHus!
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caMOH COBEpLIEHHOH sIBIeTCS abCOMOTHAs 1UKajka, HaUMEHee
COBEPIICHHOH - HOMHHANbHAs.

B 3aBHCHMOCTH OT CYLLECTEA HIH BaXKHOCTH TOTO HJTH HHOTO
3MEMEHTA B €r0 XapaKTePUCTHK MOTYT ObIThb MCITOIB30BAHNI pas-
Hble mkanbl. Qj1Hake. pr BHOOpe wKanel HeOOXOAUMO YUHTbI-
BaTh, KAKHE IEKCTBUS B JlalbHENLeM NPeAnoiaraercs npor3so-
JUTH C OLIEHKaM% 110 BbIOpaHHoil mkane. OcMbicleRHble apud-
METHYECKHE [eICTBHA MOXHO NMPOU3BOIHTL JIMIIbL HaJ OlieHKa-
MU, UMEKOIIMMH KOJIHYECTBEHHYIO IIKATY.

B nmanbHeiuieM OrpaHMYUMCs: PACCMOTPEHMEM JIHUIL 3a1a4
MIEPEOrO U3 TPEX YKA3aHHBIX THMIIOB, TaK Kak MMEHHO Ha MX pe-
JHE€HHEe OPMEHTHPOBAHBI CYLIECTBYIOIHE MATEMaTHUECKIE METO-
bl aHANTH3a ¥ 0DpabOTKH IKCTIEPTHOH HHPOPMALKH.

DKCrepTHBIE OLEHKN 00ObEKTOB, B COOTBETCTBUH C TUNOM UX
KA, AENATCA Ha KOMMieCTBeHHble, OaibHbIE U Ka4eCTBCHHbIE.

KauecTBeHHbIE OLEHKHU, K KOTOPBIM OTHOCHT OLCHKH, NOJy-
YeHHBIE B TOPSAKOBLIX U HOMMHANbHbLIX HIKANAX, Ha3»iBaroT
TAKKE HTEMEHTAPHBIMH CYKICHUAMM.

K KOJM4YECTBEHHBIM OUEHKAM OTHOCSTCH, HANpUMep, 10CTO-
BEPHBIE IKBHBAJICHTBI K CYOBEKTUBHbBIC BEPOSTHOCTH.

MeToabl MOJIyHEHHsl DIeMeHTApPHBIX cyxaeHuit. Mudop-
Maus B hopMe NEMEHTAPHBIX CY:KJICHHKIH Donee 10CTynHA U Ha-
AeKHA, YeM KONMHYECTEeHHAs M OannpHas 3KCNEpTHbIE OUCHKH,
Tax kaKk oHa HauboJiee NOHATHA ¥ NpHBEYHA dkcniepTam. [TosTo-
My HUMEHHO €€ NPEANOvTHTEIbHEE NOJYy4aTh aHKETHPOBAHHEM.
CyLiecTBYIOT CJEIYIOLUHE METOZbl NOYHYEHHs 3JIE€MEHTapHbIX
CYXKJIEHUI:

® IPYNNHpOBKA (COPTUPOBKA);
o  BanipbHble OLEHKH,

@  PaHXHPOBAHHE,

0  [IOTAPHBbIE CPABHEHUS,

® MHOYECTBEHHBIE CPABHEHUS.

[pynnupoBKa COCTOMT B TOM, HTO DKCHEPT MOCHIENORATE -
HO OTHOCHT IIpeijiaraembie eMy OOBEeKTbI K OAHOMY H3 3uparics
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YCTaHOBJICHHBbIX KnaccoB. MHOrIa u caMM knacchl BO3HHKAIOT B
npouecce copTuposky obsexron. Ionyuaembie npu IpyNIHpOB-
K€ OLIEHKH OOBEKTOB MMEIOT HOMHHKAJIBHYIO IIKajry.

s maremarudeckoro onucanms NPEANOYTEHHH LIMPOKO
UCTIO/Ib3YIOTCS OHHAPHbIE OTHOLICHUS. BUHADHBIMH OTHOLICH M-
M MOXHO HETIOCPEACTBEHHO MPEACTABUTH PE3YIbTATHI OLEHKHU
NPEATIOYTEHMUH, BBINONHEHHBIE 110 JOGOMY U3 Tpex pasobpaHHbIX
Boiie cnocobos. Boobie GunapHsie OTHOmICHUS MOTYT OBbITh
HCTIOJIB30BAHbBL H NPAKTUYECKH TIPUMEHSIOTCS ISt OMTHCAHMUS! CBSi-
3€H CaMOro pasHYHOIO Xapakrepa MEKIY 0ObEKTaMU npous-
BOJILHOH TPUPOIBL.

BHHAPHBIM OTHOIIEHHEM p Ha MHO)eCTBe OGbEKTOB A Ha-
SEIBACTCA MHOMCCTBO YIOPAAOUEHHDBIX nap (a, b) o6bekTon, T.e.
hopmanbHO - NOAMHOKECTBO COBOKYMHOCTH Axd Boex yropsao-
HeHHLIX nap (a, b), roe a, be A (nocneanss 3aNUCh, KaK HM3BECT-
1O, O3HAYAET, uTO U @, U b npuHamnexar A, T.e. IBIAIOTCS He-
MEHTAMH 3TOTO MHOXECTBA).

B nanpuefiieM Mbl orpaHudumcs pPacCMOTpPEHHEM TOJILKO
CuapHpix oTHOWEHHH. Ecim ofbekTo a u b CBsI3aHbl OTHOLIE-
HeeM p, 1o numyt (a, b)=p. Ecau xe a u b orHOUIeHMEeM 4 HE
CBA3AHDI, TO ITOT PAKT 3aNUCHIBAIOT Tak: (a, b) ¢ D

TTockonbky oTHOWEHHE eCTh MHOKECTBO CIEUAJIbHOI'O BH-
A4, TO 1 3a[1aBaTh OTHOWEHHE MOXKHO TEMH XK€ CIOCODAMH, YTO H
MHOZECTBA - NSPEUHCIIEHUEM BCEX €TI0 JJIEMEHTOB MM XKe YKa-
3AHHUEM  XapaKTEePHCTHUYECKOrO CBOMCTBA, BBIACNAOIIENC ero
YIEMEHTD! H3 COBOKYITHOCTH BCEX YIIOPS10UEHHLIX nap.

CyLecTByIoT 1 CrienHanbHble crocobbl 3a1aHHs OTHOUIEHUH
- TabanH bl 1 npy noMown rpados.

Cnocobbi 3a3aHHA OTHOIL eH Ui, Hpu Tabnuurom cnocobe
UTHOIICHHE 3a04€TCS CTICLHAIBLHOH MaTPHLEH - MaTpULE CMex-
HOCTH, Kaxaas CTpoxa M Kaxabli cteadel KoTopoif cooTserct-
BYIOT HEKOTOPOMY OOBEKTY. & Ha fepeceyeHuH CTPOKM a W
crondua b crasurcs 1, eci (a, b)ep, u 0 - s TPOTHBHOM CJlyyae.
Hanpumep, xommepueckas Gupma coctout us TEHEPaNbHOIo Au-
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pextapa (IJ]), ero samecturess (3I'[1)., a TaKKe MEHEKEPOB
(M|, Ma, ..., M), KOTOpbi€ NOATHHEHBI '] u 3T 1 Jnst oTHOLIE-
HUsI [TOAYUHEHHUA D MaTpHuia CMEXXHOCTH BHIINIAIUT CIeAyHINHM
obpasoM:

T 3T M, - M,
rallo 11 1
Irillo o 1
M o 0 0 - 0
Mllo o o « 0

n

()THOLIEHUE P MOXKHO 3a[iaTh ¥ B BUIE rpada, T.e. COBOKYIHO-
cTH ToueK (BEpUIMH), H300paKAIOMMX DJIEMEH bl MHO:kecTBa A 1 Co-
eNMHEHHBIX CTPENKaMH (IyraMH) 10 TAKOMY IDaBUIly. €Cill (a, Bep,
TO MPOBOAMTCS CTpenka u3 a B b. Msoraa Bepuiitbl rpada rpes-
CTABJISIOT HEDONBLIMMH KPYXKKaMH WM NPSMOYTOJIHHKAMH. I'pac
OTHOLIEHHA TIOI4MHEHHS TIPEAICTABIEH Ha puc. 12. 3.

Puc. 12.3. I'pad oTHOW @HK
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[Ipumvepamy GamIbHBIX OLEHOK SBJIIOTCS OUEHKH CTYJICHTOB B
BY3€ B 4eTbIpeXOa/IbHON LIKANE C rPajaliuAMK (ouenkamu) 2, 3, 4 1
5 B GalibHbIX LIKAIAX YaCTO MPOU3BOMATCS DKCNEPTHDLIE OLICHKH!
3KCIIepThl OajinaMK XapaKTepusyroT CBOH CYOBEKTHBHbIC MHEHYIS O
NPeNTNIOYTHTEILHOCTH OOBEKTOB, OLIEHHBAs, HANPHMED, UX TOBAPHBIH
sua Wik ynoberso B obpamenud. OObIMHO 3HAYEHNMSA (rpanavmu)
FaLTLHOM IHKAJTBI IPEICTABIAIOT COO0H psifl UHCesT, OTCTOALIMX JPYT
OT apyra Ha OJMHAKOBOM PacCTOSHMU. Yaie Bcero Oepyr nzpebie
HaTypanbHble uucna: 1, 2, .., n um Onurkaiiiue K HyJO [e)ble
yucna: 0, £1, £2,.., =

ParXHPOBaHHUE HACTO MNPENCTABAAIOT KaK OLEHKY B [aHIO-
BOii IIKAJIe, T.e. PAHIOM OOBEKTa d MOXKHO CUHTATh HOMEP MECTA, -
KOTOPOE OH 32HMMAET B PAHXMPOBAHHHM MpU obpaTHO# Hymepa-
LIMH MecT (MPK HTOM TIOJIAraercs, YTO PABHOLEHHbIE 0OBEKTH! Ha-
XOJISTCS Ha OJTHOM H TOM XK€ MECTE).

PaHKHpOBAHME - ITO MPE/CTaBieHne 0OBEKTOB B BU/IC T10-
CJIeN0BATENLHOCTH B COOTBETCTBUH C yObIBAHHEM HX MPEANO=TH-
TenbHOCTH. I1py 3TOM JIONyCKAETCs yKasaHue Ha PaBHOUEHHOCTh
HEKOTOPBIX TIOCTABJCHHBIX PAiom 00bekToB. Ecan e yKasseaTh
Ha PABHOIEHHOCTH OOBEKTOB HEJb3si, TO PAaHXUPOBAHHE HA3bIBA-
eTCst CTPOTHUM.

Hanpumep, pyKOBOIUTENb MPEANPHATHA WU bupmb! HerBe-
pbIX CBOHX MONYHHEHHBIX [0 HX MCMOJHHTEAPHOCTH MOKET
paHXUpoBaTh Tak: <2, 1-3, 4>. D10 03HAYaeT, YTO CaMBIM HC-
[IOJHUTE/bHBIM SBJIIETCS COTPYAHMK, 3aHMMAKOLIHHA BTOPOE Me-
CTO B CIIUCKE OPraHM3aliHy; 32 HUM HYT OJJMHAKOBBIC 110 HCTIO-
HUTELHOCTH MOAUMHEHHbIE, PaMHIIHM KOTOPBIX CTOAT B CNVCKE
OpraHu3alHK Ha MEPBOM M TPETHEM MECTaX, NOCHEAHNHA HaKMe-
Hee HMCMOJHUTENEH. B STOM NpuMepe CaMblil HCTIOJHWTE bHbIH
COTPYIHHK MOJIy4aeT PaHr 3, Kakmblid U3 ABYX CICNYyIOWIX 33
HIM - PaHr 2, @ NOCNeAHMH - panr 1.

MeToa nonapHoro cpapuenus. IlonapHoe cpasHeHie CO-
CTOUT B yKazaHuu Oosiee npeArnoyTHTEILHOTO 00bEKTA B KAKIOH

h
=
>



nape oowexros. MHOrAa paspemaercs Takxe 3adpisiTh, 9T0 00b-
€KTbI PABHOLEHHEB! WIH HECPABHHMBI.

PesynbraThl rionapHoOro cpaBHeHus yAOOHO MPENCTaBASTH B
BHJE MaTPHIbI, HA NEPECEYEHHH CTPOKM i M cTONOUA j KOTOPOI
craBurcsa 1, ecnn obwexT / npeanourutennHee obvekTa j; 0 - ecnn
00weKT j mpeanoyTHTeabHee 00bexTa i; 1/2 - eci 06BEKThL 01~
HEKOBBI 10 NPEANOYTHTEILHOCTH, MPOUEPK (-) - €cnH OOHLEKTHI
HecpaBHUMBI. IlpeacraBneHHas Hipke MaTpHLia TOKa3hIBAET, Ha-
TIpHUMED, 4TO OOBEKT A NPEAIIOUTHTENLHER, UeM b, 4 OOBEKThI d U
C - HECPABHUMBI.

| a b c
aiy1/2 1 -
bl O 1/2 1
c - 0 1/2

Meton nonapHOro CpaBHEHUS! PUMEHSETCS OOLIYHO, YTOObI
BBISIBUTb MPEArOYTEHUA «B HUKCTOM BHAE». DTO 0ObACHSETCA
TEeM, YTO OH, B OTJIMYHE OT IBYX APYIUX, HE HABH3BIBAET HKCIIEP-
TY HHMKaKWX CHEeUHaNbHbIX ycnosuil. Hanmpumep, ecnn a npen-
nouTuTesbHee b, a b MpennoUTHTENbHEE ¢, TO NIPU OLEHHBAHUH B
OanyipHON KAJNe W PAHKUPOBAHMU GOS3ATENBHO JODKHO GbiTh
BBIMOJIHEHO yCA0BHE: a TpeanouTuresibHee ¢ [lonaproe cpasHe-
HHUE BBINIOJIHEHHS TAKOIO POJa YCIOBHI 3apaHee He Mpenrnosara-
€T, U [O3TOMY CHATAETCS. YTO KAUECTBEHHO CPABHHUTL OOBEKTHI B
napax ropaszuo jerde, 4eM BRIPA3UTh NPEANOUTEHNs B OaIbHOMN
HJI PAHIOBOW LuKaje.

MHoxecTBEeHHbIE CPAaBHEHHS MPEACTABJSAIOT COOOH Jajib-
HeHiuee paspuTHe M 000OIMEHHE MONapHbIX CPaBHEHH, Korna
IKCIIEPTY MOCAEAOBATENLHO NpeanaraloT Habope! M3 HECKOBLKHX
00bEKTOB, a B KaXIOM HAOOpe O0BLEKTHI HANO YIIOPALOUMTD HIHN
KE YKA3aTh JYULIHA CPeau HUX.
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12.4. Metoap! 00paboTKH ¥ aHAIH3A IKCIEPTHLIX
OLIEHOK

OCHOBHBIMY 33la4aMH 00pabOTKKM W aHaju3a SKCMEPTHBIX
OLIEHOK ABJIIIOTCS CNENYHOHUE:

+ OLIEHKA CTEIeHH COrIaCOBAHHOCTH MHEHHI IKCTIEPTOB;

« OsMydeHHE KOJIEKTMBHOTO {06061ImeHHOro) MHEHHS IKC-
[IEPTHOM IPYyIbL,

« BBIIEJICHYE MOATPYNIT IKCNEPTOB € «ORUBKAMM» MHEHHS-
MU,

+ OLEHKA U y4eT KOMIETEHTHOCTH 3KCICPTOB.

yru 3anaud, Kpome nOCHeNHEH, NEPEUUCIICHEI B TOH mocne-
JOBATEILHOCTH, B KOTOPOil OHU AOJDKHbI NPaKTUYeCKH PeLIaThCs.
JleficTBUTENBHO, TIPEXIE YeM J10IyHaTh 006001eHHOE MHEHUE,
cienyeT yOeaMTLCH B JOCTATOHHO BLICOKOH CGOrJIACOBAaHHOCTH
MHeHRni sxenepros. Ecau TaKO}i COrIacOBAHHOCTH HET, TO «OC-
pefHEHHe» BCEX MHEHHH APOTHBOPETUIO OBl HCXOAHOHR NPENTIO-
CBLUIKE O TOM, HTO OTBETHI DKCIIEPTOB JULIb Cty4aifHO U He3aBH-
CHMO OTKJIOHSTCSA OT HEKOTOPOH UCTUHHOMN €JIMHCTBEHHO I1pa-
BAJBHO TOYKH 3PEHMS, KOTOPYIO H HAZLIENHUT BRIABUTD TPH 3KC-
nepruse. Ilpn oTOM 0000MIEHHOE MHEHUE Oyner HEYCTOHUYHBBIM
B TOM CMbicje, yTo HeDoMbUIHE H3MCHEHMH oOpabaTbiBaEMOro
marepHana (Hanpumep, HCKIIOUECHME OUCHOK HECKOJIbKUX 3KC-
nepros UK KE )1068,8.1'181‘1“6 HOBb‘(‘X) MOryT 3HAUUTEJIBHO €ro U3-
MEHUTb.

[103TOMY TIPH HEBBLICOKOH COrNIACOBARHOCTH JKCIEPTOB BHA-
yajie Ce/AyeT BbIAENHTh Haudosiee OPHrHHANBHLIC H3 HUX U pa3-
HUTH SKCIIEPTHYIO IPYIITY HA FCATPYIITbl SKCHEPTOR ¢ OIUIKUMH
Muenusivi, ObLee MHEHHE HEOOXOAKMO MOy aTh 113 KaXJ10H
13 TAKHX MOJTPYINIT «OCPEAHCHHEM? muennit es wienos. Ilocne
3TOrO HEOOXOIMMO [IPOBECTH conepaTeNbHbIA aHaIU3 10.y-
YeHHbIX PE3YJIbTATOB M BBIACHUTH MPHIHHEL HANUYUS HECKOJb-
kix Touek 3perua. OUEHKH ¥ y4eT KOMICTEHTHOCTH IKCTIEPTOB
cjieflyeT IPOBOIHTH JIO HIH B NMPOLECCE BLIPAOOTKY PeLIEeHUA.
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Panrosnie xoppeasiuun. PaccmorpuM metonnl anammsa kc-
MICPTHLIX OUCHOK, MOMY4aeMbIX B Pe3yJIbTaTe PAHKUPOBAHHS 1 3a7(aH-
HbIX OOBEKTOB any, ay, ... a1, Kavknbiii 3KCNEPT pacrionaraer 314 obbek-
Thi 10 YOBIBAHHUIO MPEIOUTEHH WM YMEHBIIEHMIO MHTEHCHBHOCTH
HEKOTOpOro npusHaka u T.1. [lonyuenHbie TakiM myrem YHOpSA/IOU€EH-
Hble 4a00pbl OOLEKTOB HA3LIBAIOT pamkvposkamu. Kaxxnoit pamsku-
POBKC: COOTBETCTBYET BIIOJIHE ONPENEeHHbIi KBA3UNopsnox R Ha
MHOMECTBE O0bEKTOB A ={a,a,, _a,}. IroT KBa3HIIOPAJOK, TaK KKe

KK 1 paHXHAPOBKY, MOXHO 3aiaTh MaTpuueii CMEXXHOCTH, Te
00BeKTaM MOKHO IpuucaTh panru. PaccMoTtpum cayuaii, korna
Ka:KIblH JKCNepT Bce 0OBbEKTHI pamwxupyer crporo. B teopuu u
[PAKTHKE SKCTIEPTHOrO OUEHHUBAHHUS PAHIOM X; obbexTa a; npu-
HATO CYHTATh HOMEP MECTa, KOTOPOE OH 3aHMMAET B CTporou
panxuposke. Hanpumep, nns <a,, a3, d;> UMeeM Xy=1, x3=2,
x1=3. IlonaTHo, uto panur X; TIOKa3bIBAET, YTO BIEPEAM (;, CTOUT
x,~1 obbext. CymMMa Bcex paHros x;+x,+. -+ X, paBHa n(n+1)/2

(ke cymma apudmernueckoii nporpeccuu 1+2+.+rn).

PaHKHPOBKH, YKa3aHHbIE Pa3HBIMH AKCMEPTAMH PEAKO COB-
1a1a.0T, DO3TOMY HEOOXOMHMO OUEHMTH CTENEHb COOTBETCTBHS
MHEEHH 1BYX JKCMEpTOB. B CTATHCTHKE 3aBHCHMOCTD MEXKTY
ABYM3 NIEPEMEHHBIMU XapaKTepH3yeTest koo dHUMEHTOM KOppe-
iy, Ilpumenutensho k paccMaTpUBaer.0oMy CIy4ar0 OLUEHKH
CBA3H IABYX PAHXKHUPOBOK Takoii kodahuumeHT nomkeH obnaars
CIEIYIOWHMH CBOMRCTBAMH®

" €CIM 00e PAHKHUPOBKH MOJHOCTBIO COBMANAOT, T.€. eciy
KK2bIA OOBEKT 3aHHMAET B HUX OIHO M TO KE MECTO, TO KO-
¢uuneHT pasen +1;

" €CIH ONlHA paHKUPOBKA MPOTHBOMONOKHA APYroil, Te
€CHH B ONHOH U3 HHX OOBEKTbI PACTIONOKEHbI B OOPATHOM 110~
PAILKS N0 CPABHEHHIO € IPYro#, To ko3dduuuenT pasey -1

‘" B OCTalpHBIX ClydqasiX 3HadyeHue Kko3pdHUMEHTA JexuT
MEXILY NPEARIILHBIMU 3HAYEHHAMH, [IPHYEM BO3PACTAHHE €10 OT
-1 n¢ +1 B HeKOTOPOM CMBICTE XapaxkTepU3VeT yBeIM4YHUBaKoLIee-
s CCOTBETCTBHE MEXKAY ABYMS PaHKUPOBKAMH.
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Bun xosadduumenra koppensiuum 3aBucur or TOrO, KaKk KOH-
KPETH3MPYETCS TPEThe M3 ykasaHHbIX TpeGomanuil. B npaicrike
{IPOBEACHHST 3KOHOMMYECKHX IKCMEPTH3 Hanbosee pacnpocTpa-
HEHHBIMU  SABJSIOTCS  KOI(D(HUUHEHTH  paHroBOi KOppersiium
Kennanna (7 ) n Cniupmena (p ).

Buisicaum, kak onpenensierca NepBbIA U3 ITHX KOIYPHIIHEH-
TOB.

PaccMoTpum 8 pamxupoBKy:

<a,.1,a,2,.._,a,.,,>, <a].1,aﬂ,.‘.,aﬂ,>. (1)

Bosbmem kakyro-1u60 napy ofmekros a, a,. Ecmu B 06eux
PaH}HMPOBKAX NOPANOK PACIIOIOKEHHS ITHX OOBEKTOR COBNaaeT
(Hanpumep, a; crouT Brepeny a;), To napy a;, a; MOXHO Ha3BaTh
corsiacoBanHOi. Ecnn ke B onHOM 13 PaHXXHPOBOK paHbIlEe UAET

ai, & B IPYroH 4, TO Napa HECOracOBaHHAS.
M3BecTHO, 4TO M3 7 OGBEKTOB MOKHO BbIOpATh BCEro

Cy=n(n-1)/2 pasimunbix nap. Ecin oGosHauurs uepes §°

1HCJIO COrNIaCOBAHHBIX, & 4Yepe3 S - UHCIIO HECOTIACOBAHHDBIX
rap, To Yem Oosbile HuCaA0 S, TeM MeHee COracoBaHHL: pau-
KUPOBKH, H 4em Oonblue S~ (Menbue S ). TeM Gonee oru co-
FNacoBAHHBL  Y0OHEE CTeNeHb COrMACOBAHHOCTH OLEHUBATL
pasHocTbio S, = 8" - S7| Tak kak ee 3Hak YKa3bIBaET, KakMX nap
OosbLIe - CONACOBAKHBIX WM HECOTTIACOBAHHDIX.

B uyactHocTH, eciu PamXupoBku cosmagaior, to S =2

mn-°

§7=0 u S =C’. Ecau xe ogna parxupoBka obpaTHa Apyroi,
1085 =08 =C’u S =-C

n

.
M3 u3n0KeHHOTo cTaHoBHTCS MOHATHBIM, YTO KO3 UIIHEHT
Kennanna
— -_%AS[ _
n(m-1)
YHOBJIETBOPHET BCEM TPEM CHOPMYIHPOBAHHBIM TPEBOBAHHSIM.

(2)
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TTpumep 1. PaccMOTpUM CIIEAYIOHIME 1BE paKUPOBKH CEMU
KOHOMHUYECKHX 0OBEKTOB
<a7,a2,a6,a_],a_ﬁ,as,a4>., <a:,i:l7,aé,¢?13ﬁal,a5.,a4>. 3)
Boimmimem Bce 21=7-6/2 nap 0OBLEKTOB, PACCOPTHPOBAB UX

1O THIAM.
Cornacopansble napsl  HecornacosanHbIe Hapel

ay, o az, y ay, d3
ay, a4 as, e Iy, a7
ay, as as, a7 a3, ds
ay, s ag, ds
ay, ar a4, ds
sz, A3 as,
ap, ds as, ds
ap, ds as, a7
az, s dg, 7

CrenoBaTeNLHO, Ui pamKupoBok (3) S, =18~ 3=15mu

215 5
= — = R Oa'] 1’
7-6 7
T.e. CTeNeHb COIJIaCOBAHHOCTH IKCIIEPTOB JOCTATOHHO BbICOKAA.
[pumep 2. st payupoBOK (3) panra oOBSKTOB MPEACTaB-

nenbl B Tabn. 12.2.

T

Tabnuua 12.2.

a; ay as ; s ay » as s ay
X 4 2 | 6 7 5 3 1
V 5 1 1 4 7 6 3 2

[lousiTHO, 4TO ' PABHO YHCHY TAKHX Map PAHroB )i, y;, THC
y<y,, KOTOpble B MOCIEAHEH CTpOkKe tabn. 3 pacnoioXeHbl B
PAMOM MOPSAAKE.

TlepBbIM B TPETHEH CTPOKE CTOUT 2. IlpaBee HEro UMEETCH
MATH IPEBOCXONAWHUX ero yucen. [Ipasee 1 - Taxke MaATH YHCET,
xaxnoe w3 KoTopsix Honpiue 1. [Ipapee 3 CTOMT YeThIpE YKL, H
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Kaxioe u3 HUX Oonaswe 3. ITpasee S - Bcero apa NPEBOCXOIAMIMX
€ro 4ucia, npasee 6 OAHO M mpasee 4 - TOXe OLHO. Iostomy
ST =5454+442+1+41=18, 8§ =2]1-18= 3, M B UTOre NOJyYa-
€M YK€ M3BECTHBIM pesynbTar: 7 = 0,71

IlepecraBup waanexaimm o6pazoM croibupl, MOaY4MM

Tabn. 12.3.
Tabnuua 12.3.

a; A7 [5) A6 Al as A3 x‘14
X, I 2 3 4 5 6 7
¥ ' 1 3 5 6 4 7

Ecin mHenust nByx skcrepros 6nusky, To YKa3aHHbIE UMM
DAHXUPOBKM OVAYT Majo OT.IMYATHCH OT KHCTHHHOM», U K03¢-
DHLHEHT KOPPEISLIMH OKAXETCS BBICOKMM, ONHAKO OPAaKTHYECKU
paccyxeHus NPUXOIMTCst BECTH B 0OpaTHOM nopsake, o 630-
CTH MHEHHH CYIUTh MO KOPPEIALHU PaH>XXHPOBOK, KOTOPBIE 3TH
MHEHMS BBIPAKAIOT.

Jlis pelieHus nocTaBneHHoro BOMIPOCA HCIICJAB3YETCS NOJ-
XO[l, CBSI3aHHBIA C NPOBEPKON CTATUCTHYECKMX TMIOTES. Hpen-
IOJIOAHM, YTO XOTs OBl ONIUH H3 3KCHEPTOB NOMHOCTHIO HEKOM-
TIETEHTCH 1 HE3aBUCHMO OT APYIrOro CiiyqaiHbiv 06pasoM ¢ oau-
HAKOBOH BEPOSITHOCTBIO 1/m! yKasbiBaeT OmHY U3 1! BO3MOMKHBIX
CTPOTHX PAHXHPOBOK # OOBEKTOB (NPM CIPaBEITUBOCTH TOrO
AOMYIUCHHS, UK HyNeBOH runotessl). Ho kospduiuent ¢ oka-
3BIBAETCA CHIYYAHHOH BeNWUMHOM. Pacnpesenerue oxasbiBaeTcs
CHMMETPDHYHBIM  OTHOCHTENIbHO MATEMATHYECKOTO  OXHIAHMS
M 7 ]=0, npuuem uem Gonbiie Mo aBCOMOTHOI BENUUHHE BO3-
MOKHOE€ 3HAYEHWE T TEM MEHbUIE BEPOATHOCTb MOAYYHTHL 3TO
3HaucHue. Tlockonbky Hac uHTEpECcyeT BeposSTHOCTD NoNy4eHus
00s1bLIMX 3HAUEHHI, TO KPUTHYECKAA 06IacTD, COOTBETCTBYHOLIASA
YPOBHIO 3HAYMMOCTH ¥, 3aN12€TCst HEPABEHCTBCM T > 7, . OnHa-

KO € LE/IbI0 HEKOTOPOrO YHPOLICHAS BbIYHCICHHI HCMONBL3YIOT
PaBHOCHIIbHOE HEPaBeHCTs0 §, > .S

h
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TIposepka CHPaBeNMBOCTH HyNEBOW THIOTE3bl MPOU3BO-
JIATCST OBBIMHBIM MOPS/IKOM TIPH MOMOLIH CTISUHAIBHBIX tabau,
KOTOpbIE AAI0T 3HAUEHHsT BEPOATHOCTH & = Pr(S, 2 S,) npy pas-
quarbix 3Hauenusix # 1 S, TIpn #>10 pacnpesienenne 7 BEChMA

6IANZKO K HOPMATBHOMY C HYJIEBBIM MATEMATHHECKHM OXKULAHH-
eM U AUCTIEPCHEn

1
D =—n(n-1)(2n+5)},
18
1 MCIKHO MCITONB30BaTh Tabmuubt GyHxkimu Jlaruiaca F, crannapTHO-

1O HOPMABHOTO PacTIpEAEACHHS « (0,1), Tax Kak @ =1 - I, Lfﬂ«)
011

ITpumep 3. JLns pamKupOBOK (3) B npumepe 1 ObLIO TONY-

YeHO AOCTATOYHO BBICOKOE 3HAYCHME 7=0,71, npuieM S =15

Tab.1MyHOe 3HAUEHHE BEPOATHOCTH & = Pr(S, 215)=0,015. Ita

BEPOATHOCTb BECbMA HE3HAYUTENBHA, MOITOMY MOXHO CHHTATb,
4TO MHEHH$! SKCIIEPTOB IEACTBUTENbHO XOPOLWO COrNACcoBaNDL
KoahdHUMeHT paHroBoil KOppeaunn o parxuposok (1)

CrinpMen OfIpeaesiJi P NOMOLIA MX PAHIOB (4) no oOBIYHO HC-
nojnL3yeMoil B CTaTHCTUKE dopmyie 1S TOUEUHOM OLEHKH KO-
3¢ypULIMEHTa KOPPEIALIHH.

*

K
Ry
R “
(DD,
. ;
rze K, - OLieHKa KOPPEISLIHOHHOTO MOMEHTA CBA3H PaHIroB X 1 Y,
JD., [ D). - OLeHKH HX CPEHHX KBA[paTHHECKHX OTKJIOHE-

HHIL.

[ )

rie X 1y’ - CpefHUe paHri

'l
[
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Hockonsky panru - sto HaTypalbHbie yucna ot 1 no n, To
x"=y", TaK 4To cpenmuii PaHr mis 060N paHKUPOBKH O11H U
TOT XK€, MIO3TOMY M IHCHEPCHM PAHKMPOBOK TAKAE OMHAKOBD].

Honcrasus & (4) TNOJIyICHHBIE BRIPAXKEHHUA, MOXKHO NPEaCTa-
BUTb 0 crenyromei dopmynoii:

12 4 * Y *
P =—r (r -x hy -y ),
" —n pril ,b]
KOTOPYIO A1 yNIPOINEHHs PACHETOB JIPHBOAAT K 6ojiee ynobHOMy
BUAY. C 3TOH wuenbk: MOMXHC BOCTIO/IB30BATLCS  TOXKIECTBOM

x'=y" Torma

.68, .
et (5
wn' —1)
rae
S, =3l -y ). (6

I
Kax v Besixuil cratucTuueckuii ko3 buumenT KOppessiimm,
P u3mMedsercs or -1 no +1. Pasencrso p =+1, coryacHo (6), Bbi-
NOJIHSAETCA NPH X, = s J=1L2, 0, T MPH TIJIHOM COBMOaae-
~HHH DAHXKHPOBOK. PaBencTBO p =-]1 MMmeer mecto, korma panxu-
POBKH NPOTHBONOIONKHbL IPYT APYTy.
Hposepka 3HaunMOCTH COrTACOBAHHOCTH ABYX PAHXKUPOBOK
C HCNOJIb30BAHHEM KOIDPULMEHTA P OCYILECTBIAETCS B TOM Ke
00LWeM Nopsnke, KOTOpbIl G paree onucan. Ilpu crnipasennu-
BOCTH HYJIEBOM M'MHOTE3b! pacrperneneHue £ CAMMETPUYHO OT-
HOCHTEJIBHO MaTeMaTHYECKOTO OKMIAHUS M 1=0, npukem ¢
POCTOM abCOMIICTHON BEMHUHHDI BO3MOKHOMO 3HaYEHHUs o BEPo-
ATHOCTE €10 mosyuenus nanaet. Iostomy kpuruueckas o6macts
OTPENENACTCS HEPABEHCTBOM 0> . Flpi HEBOMbILnX # (mo 10)

-~ 1"
Din



NOML3VIOTCS TabnuuaMu peposTrocredt Pr(3, > §), yuuTbiBas,

4TO

a=Pr(S,<8,)=1-Pr(§,z8,+2).

Ilpu #>10 MOXHO MCXOAUTH M3 TOTO, HTO pacnpenesneHie

BEJIMYHUHDbI

1=p

BeCbMa OJM3KO K DacnpeAeneHuto

CrbiozenTa ¢ -2 crenensmu ceoboaet. 11pn #>30 pacnpenenese O
MPAKTHYECKH COBMNANAET ¢ HOPMANBHBIM, HMEIOIIMM HyJIeBOE Mare-

MATHU SCKOE OXKMIAHNE Y JUCTIEPCHIO, PaBHYIO 1/(n-1).

Npumep 4. Jins parxupoBOK (3) paszHOCTH (xj - y].) U 4X

KBaJIpAThI IPHBECHDI B tabn. 12.4.

Tabmiua 12.4.

" a | a [a | a | a j:é:}:
X, 4 2 6 7 R
v 5 1 | 4 7 6 |
R 1 ﬁ 2 0 -1
G-y | 1 1| 4 0 1

Caenosarensto, S, =8 1, COIJIacHO (5),

p=1 %8 o6
7-(49-1)

TabnauyHOe 3HAYEHNE BEPOSTHOCTH &, [10JTy4aeMoi KaK Be-
POSATHOCTD BBITIOJIHEHMS HEPABEHCTBA

S/‘,22+8:10,

pasio 0,0062, Tak 4TO rUTOTE3Y O HE3aBUCHMOCTH MHEHHH 3KC-
MepTOB CEeAYyeT OTBEPrHyTh.

Mepoii COrnacoBaHHOCTH JIBYX DAt KHPOBOK MOXKeT CJIy-
JHTb HE TONbKO TOT WM HHOM KOIhhUUMEHT PaHrOBOH KOppe-
JALAK, HO U PacCTOsHHE d MEKIY KBAasHIOPAAKAMM, COOTBETCT-
BYICLIUMH 3THM PaHXKHPOBKaM. Paccrosnue d ¢ pacCMOTPEHHD!-
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My Bbitie kKOd3QPUIHEHTAMH KOPPEALHUA COOTHOCUTCA CIENYIO-
UM oOpa3om:

el P | (7)

CnenoBaTelbHO, €CIH OLEHKY COTJIACOBAHHOCTH PaXHPO-
BOK OCYLUECTBAATH NMPH MOMOLIY PAacCTOSHUS d, TO IN[OBEPKY
3HAYMMOCTH CTEMEHH COTJACOBAHHOCTH MOXHO MPOBOAVTEH NPH
oMoty cratuctuku 7 (7).

Ouenka coraacosanuocTu 3xcnepros. Ilycts nepen kax-
IIbIM 13 F1 YIEHOB HKCNIEPTHOM IPYIinbl MOCTABJIEHA 3a7aya CTpo-
ro paHKUpOBATH M 33[aHHBIX OOBEKTOB Ay, ay,..., dx. B pesynbra-
Te onpoca OyeT MoAyYEHO 11 CTPOTUX PAHXUPOBOK 3THX OOBEK-
ToB. [Tosy4eHHbie PAHXUPOBKU MOXKHO NMPEACTaBUTH COCTRETCT-
BYIOILHMH T0CHEI0BATEIbHOCTSIMU PAHIOB:

<x”,x13,...,x‘,,(),

<xll » x:’.:’""’ x;’n >’

(®)

TJIE X;; - PAHT, PUCBOCHHBIH OOBEKTY a; IO PAHKHPOBKE, yKa3aH-
HOMH /-M 3KCIIEPTOM.

Crernesb COTrJIACOBAHHOCTH BCEX OJKCIIEPTOB MOXHO BbIpa-
3UTh Yepe3 OUEHKM OJM30CTH MHEHMH AJIS OTAENbHBLIX Fap IKC-
NePTOB, T.€. MPH TOMOWH KO3)(ULHEHTOB PAHIOBOH KOppens-
UUH T UIH O

TTOCKONBbKY M2 IKCOEPTHOH IPYMNbl MOXKHO BhIOpaTh BCETO

= 17_7_(’_’7 -1

n

pas3snHYHBIX Nap 3KCNepToB, TO CTEINEHb COIJiaco-

BAHHOCTH TPVYIITTbl MOXKHO OUEHWTb CPEAHHMH 3HAUEHHUSIMH T U
0

= (9)

m(m l) "

N
—
h



2 PRI
b= D, 0
p jﬂ(}’n - 1) f'fp,/\ (1 )

JeMm BEILIE COT J}aCOBa}II{OC'I’b BCCK DKCHECPTOB, TEM Ooblue
3HaHHs BBEAEHHBIX KO(PPULMEHTOB. B 4acTHOCTH, €CiM MHEHHs
SKCIIEPTOB MOJHOCTBIO COBNAIAIOT, T.€. KaxAbii M3 HHMX ykazan
OIHY U TY K€ PAHXKHMPOBKY, TO T ¥ P NPHUHHUMAIOT CBOE HAUOO/b-
iee 3Ha4eHue, pasHoe 1.

Boruucmsate ko3pduunedtsl T 1 O 1o popmyrnam (9) u (10)
BECbMA TPYIOEMKO, MOITOMY LT OLEHKYW COTTACOBAHHOCTH IKC-
NEPTOB TMOJIb3YIOTCA CIIELMANbHBIMY TTOKA3aTEJAMH, Ha3biBae-
MbIMH  KO3((¥LUMEHTaMH  KOHKGPAAUMU  {COIacOBaHHOCTH).
HauGosiee n3BecTHbIM siBisieTcs Xo3(duiuuenT koakoprauny W,
KOTOPBIH BUIKTCS CNEAYIOLINM obpa3oMm.

0603Ha4KM Yepes X’ CyMMY paHroB, «HabpaHHbIX» 0ObeK-
TOM @; M IIyCTb X - CPellHEE 3HAYEHHE CYMMbl DAHIGB ONHOIO
obnekTa.

BbruucauM cyMMy KBamparoB OTKIOHEHUH CYMM paHIoB,
«HaOpaHHBIX» 0DBEKTaMH, OT CPEAHEH CYMMBI X

ol >
S, =3 —xf.
7=t
Ecnu Bce parokUpOBKH COBNARAKT MEXIy COOOMH, TO CyMMbI
PAHFOB X', 3aNUCAHHBIX B MOPSIKE BO3PACTAHHMS, COCTABJISIOT

MOCNIEIOBATENLHOCTD M, 2m, ..., AWM, a WX OTKJIOHEHUS OT
_ _m(n+1)

X =

OKAa3bIBAIOTCA PaBHLIMH

L ‘ X I
_Em(n -1), ~5m(n ~3).... -2—17;(\,, ).

CyMMa KBa,paToB 3THX OTKNOHEHHH

o
\ =~

21 jnm - -B{QZ—QJ :lmzn(n2 -1).
) 2 ) 2

N P
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D10 HaUOOJbLIEE 3HAYEHUE, KOTOPOE MOXKET NMPUHUMATH Sy
[Ipu ymeHbLIEHHH COTJIACOBAHHOCTH JKCMEPTOB S, yMeHblIaer-
cs1. Haumenbliiiee 3Ha4eHNne S, PABHO HYNIO, KOTA /17 YETHO MU 1T
HeueTHO (HJM TO W [IPYroe ONHOBPEMEHHO), # BeChMa ONHIKO K
HYJIIO, KOI'Ja m HeueTHO u #1 uetHo. Koaddumment koHKOpRaumu
W - 510 cyMMa Sy, HOPMHPOBAHHAs €€ HaHOOIbITMM 3HAUEHVEM!

W = 128, 1 (an

mn(n® -1)
rae S, ONpeneseTcs BhIpaXKeHHeM

2
s A m{n+1
.= 5[ 5r, - 22D
j=l \i=i

Ipumep .5. JlecATb 3KCNEPTOB PaHXKUPOBAIM IO 3HAYMMO-

CTH CIEAyIOLIME YeThIPE NoKa3zaTens, Xapakrepusyromue sddex-

TUBHOCTh HHBECTHUIIHOHHKBIX MPOECKTOB. Gy - 0o6beM HHBeCTIfiiI.IHﬁ,

@, - CPOK OKYIIAEMOCTH, 43 - YMCTBIH TUCKOHTUPOBAHHBIHA 10XO01,
a4 - penTabenbHOCTs HHBECTHLM (Tabn. 12.5).

Tabmuua 12.5.

" OO6LeKTHI
DKenepTh
[ef} 2} as Qs
1 3 2 1 4
2 1 2 3 ¢
3 3 1 2 4
4 1 2 3 el
3 3 I 2 ¢
6 3 1 2 <
7 3 2 4 J
8 3 4 i 2
9 2 4 | 3
10 2 | 3 4
X 24 20 22 34
v-25 -1 -3 -3 +9
(¥-235)° 1 23 9 81




Hockombky S, =1+25+9+81=116, To, cormacro (11),
W=0,232. Tak kak 4UCIO IKCNEPTOB JOCTATOYHO BEIHKO (00b-
we ceMu), TO BbiuuciuM x- =m(n -1 =10-3-0,232 = 6,96.
IIpu yposhe 3naummoct o=0,05 no Tabmuue Qynkuuu y° -
pacnpeneneHue mns  p-1=3 creneneidi cBOoOOABI HAXOAUM

v -
Xoos = 7,815, Tax 4ro Zoos =696, CrenosatenbBo, Hyl€BYIO TH-
NnoTe3y OTKJIOHSTH HET OCHOBAHUH, T.€. NOJyd4eHHast CTENEHb CO-
riaCOBaHHOCTH 3KkcnepToB W=0,232 He3nauuma.

J5ist OLIEHKH COrNIAaCOBAHHOCTH PAHXHUPOBOK MOXKHO HUCTOJb-
30BaTh Takke KOaQPHUUEHT KOHKOPIALMH, KOTOPbIA BBIBOIHTCS
CIEeAyOWMM 00pazoM.

Ha ocHoBaHMM TO/y4EHHBIX PAHIKHPOBOK UM HA OCHGBA-

HUM paHroB {8) MOXKHO nocTpouTs Taba.12.6.
Tabauua 12.6.

a (25} .. ay
a - /2 e 2/117
a ¥l - . }/3!1
ay . }’nl ;Vn,’_ I e }/””

B Tabn. 6 ;5 ecTb 4WCA0 IKCNEPTOB, KOTOPHIE CUMTAKOT, UTO
00BEKT @; nydvile, 4eM ay.

IMycrb w22, Torna C ‘ - YHCJIO 1ap JKCNEPTOB, MHEHUS KO-
TOPBIX OTHOCHTENBHO &; B ;. coBnanarnT. ClenoBare/ibHO, CyMma
S, = .,

i

Jok
paBHA OBIIEMY YHCIY C/yuaeB, B KOTOPbIX Mapa KCIEPTOB CO-
rJIacHa MEXAy coDOM.

Koadduuuent v onpenessiercsa Gopmyoii
28 89,
CC? m(m —Dn(n —1)

]
—_
e
oL



[Ipu 5ToM, eciii 0OBEKThI PACIIOJIOKHUTL COr1aCHO CyMMaM
«HAOpaHHBIX» HMH PAHIOB, TO ynoOHee KCroIb30BaTb bopmy.y

S, =S -my G, (3
ok ik

[Ipu cripaBeIMBOCTH PaBeHCTBA W = T MOKHO ONpEneuTh
pacripeiesieHye # npu yCaoBuH CIPaBEIMBOCTH HYJIEBOH IHrIO-
Te3B1 O HE3ABHCMMOCTH M PABHOBEPOSITHOCTH PAHXHUPOBOK.

ITpumep 6. Hns npeablAyUled 3an1aun NOCNCAHAA tabnuna

BBITJISIAT CIEAyoLym 00pasoM (Tabn.12.7).
Tabnuna 12.7.

[ I a3 as
a, - | 4 4 8
a 6 - 7 7
IR N S 3 - 9
ay {2 3 1 -

PacHoNoKN3 ODBEKTbI B MOPsiKe, COOTBETCTBYIOLIEM BO3pacTa-

HHIO CyMM PaHIOB (CTPOKA ¥ BTabn. 12.5), nomyyaem Tabn. 12.8.
Tabnunal2.8.

S IS A Ca | as )
@ - 1 6 7
15 l 3 L o 6 9
N -1 8 ]

S N S N I N IR

Cymmy S, paccuMTLIBAEM 10 dopmyae (13):
S =34+ 4+ 43 +12)-10-3+4+4+2+3+1D)+

4.3 10-9
2 2
TTocre BbIUHMCIEHH MOTyHaeM:
-15
"= ﬂi_]-i- ~1%0,15.
10-9-4-3

OIICHKy COracoBaHAOCTH MHBEHHI IKCIICPTOR MOKHO TAaKXeE
NPOH2BECTH, noacyyras cpeadee paccmsmne d MEXAy napaMH

S



KBasMNOPANKOB K;, COOTBETCTBYIOLIMX [OJTy4EHHBIM PaHXH[OB-
KaMm.

Bolpaxenne (7) nossonser NOJIYyYHUTE CIIERYIOLIEE COOTHO-
WerKne Mexay dnf

_ 2d

T=1-— g

nn-1)

OTO COOTHOLIEHHE U paeencTso (13) mokaseiBaror, uTo MpH

MCTIONB30BaHHU NIPOBEPKY 3HAMUMOCTH ITONYYEHHON OLICHKH
ONU30CTH MHeHUI IKCREPTOB MOXHO OCYLIECTBIBSITH NMPH MOMO-
LM CTATUCTHKH .

ilonyuenne rpynmnosoii pamwxkuposkn. [Ipu apocratouno
BbICOKOH COTJIACOBAHHOCTH MHEHHI WIEHORB 3KCNEPTHOH IPyIiIbI
MOXHO PelINTb 3afa4yy MOCTPOEHUs IPYMIOBO PaHXXHPOBKH,
«OCPC.IHAS» PAHXKHUPOBKH, NOJYYEHHBIE OT OTAEIbHBIX 3KCHep-
TOB. [5].

Onun M3 noLxoz0B K pernenno 31oi 3311844 COCTOMT B TOM,
4TODB. I'PYNMOBOH CuuTaTh parmxupoBsKy, Hanbonee TecHo xop-
peaMpOBaHHyi0 ¢ oOpabaThiBaeMbIMit 177 paHxupoBrkamMu. Beenem
cnenyrowue 0603HAYEH U

R - xpasunopsuox, COOTBETCTBYFOLIMA HEKOTOPO paHKu-
peBKe 06bEKTOB a. a,..., dy,:

X=SX1,.,X,> ~TIOCIEA0BATENLHOCTb PAHIOB OOLEKTOB, COOT-
BETCTBYIOINAS K

X7 =X, LX) > - TIOCHeIOBATENLHOCTE PaHroB, npumu-
CaHHb X OOLEKTAM G PAHIKHPOBKE i-T0 SKCIEpTa;

R; - xBazunopsaok, COOTBETCTBYIOUIMH 3TOH PaHKHPOBKE;

r(x"'”ﬁx) - ko3bduLment 7, paccuntanbii s x ' x

p»(x"’:’, x) - KOOQPUUHEHT o, paccunTanHbit st X x|

B 3asucumoctn or BLICOpA KOHKPETHOro ko3pduuMenTa
PAHI"030M KOPPEISILUMKE MOXHO NORYYHUTh CAHO U3 YCAOBHH, OfI-
PEACILOLIUX IPYNNOBYIO PAHKHPOBKY X

Hpyroii nogxon paccmaTpuBaeMoil 3anaye COCTOUT B TOM,
4TODb. TPYNMOBYIO PaHKHPOBKY HCKATH KK MEANARY UHAMBHIY-
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aneHbIX. B oGuiem crny4ae nt000i M3 NOAXON0B MOXET NPUBECTH
K MOJYYEHHK) HECTporoi rpynnosod pamxupoBku. HauGonee
NPOCTHIM B BLIYHCIHTENBHOM OTHOLIEHUH SBIAETCS METOX
«CYMM PaHI'OB», H MO3TOMY OH 3HAYMTENILHO ILMPE PacIpoCTpa-
HEH Ha NpaKTHKeE.

3ameTHM elle clienyioinee. kak rnokaspipaer ¢gopmysna (13),
NpH HMCIOJNB30BAaHHU METOAa «MEIHaHbl» OUEHUBATh COIJIaco-
BAHHOCTh JKCIIEPTOB 1I€JIECOODPA3IHO ¢ NOMOILLIO CTATUCTHKM H,
a TIPH UCITOJIL30OBAHMH METONA «CYMM PAHIOB» - C IOMOLUbIO CTa-
TicTUKH W.

Y,I[aneﬂue CHECTAHAAPTHBIX» PAHXHPOBOK H BbIICIEHHE
MOArPyNN 3KCNEPTOB ¢ OnusknMy MHeHUsAMU. Ilpu cnaboii cre-
MEHU COMNACOBAHHOCTH MHEHWH IPYNIbI KCIEPTOB LENeco00-
Pa3HO BBIZEJIMTH OTHENbHbIE Hanbosiee OTIHYAIOMHUECT OT BCEX
OCTANbHbIX PAHKUPOBKH ¥ BBIACHHTE BONPOC O TOM, HE pacnasia-
€TCsl JIM DKCIIEPTHAs IPYIIa HA HECKOJIbKO OOIIPYIIN, Kaxjas u3
KOTOPBIX TpUAepXHBaerca cBoeil ToukM 3penus. Ecan a1o Tak,
TO IS KaXIOW U3 MOATPYNI CenyeT MOMYYHTh «CPENHIOIO»
PaH)KUPOBKY, MPHMEHHUB TOT WJIH MHOH METOI, & 3aTEM MPOBECTH
codepkarefbHbIil aHAIH3 TIPHUYUH HATUYMA HECKOJBKHMX TOYEK
3peHUs 1 MOSIBNEHHUSA «OPUIHHAILHBIX) SKCIIEPTOB.

Ctporo nayyHo OOOCHOBZHHEIX METONOB PELIEHHs 3a1a4d O
BBIJEJIEHHH «HECTAHZAPTHBIXY® PAHXKHPOBOK ¥ Pa3AENEHHH JKC-
MEPTHON TPyrifibl HA TIOATPYIIEI [OKa He co3aaHo. IIpakTHiecku
PEKOMEHAYETCS] «HECTAHAAPTHBIMH» CUHUTATh PAHKMPOBKH, KO-
TOpPBIE JOCTATOYHO [ANCKO HAXOAATCA OT OONbIUMHCTBA, & MOA-
rpynibl BBIASATH TaK, YTOOBI COrMacOBAHHOCTb BXOASAIIMX B HHX
3KCIEPTOB ObiNa JOCTATOYHO BBICOKA M PAHXHPOBKH, BbIPAKAIO-
LHE MHEHMS HTHX TIOATPYII, OblId NAEKH APYT OT APYyra.

ITpumep 7. PaccmoTpermie Tabn. 5 HABOIMT Ha MbIC/IL O TOM,
YTO y CEAbMOI0, BOCHMOTO i JIEBATONC 3KCAEPTOB MHEHHA PE3KO
OTAUYALOTCS OT OCTa/bHBIX. [1pH pasieneHuH dKCIEPTHOH rpyn-
Nbl HA ABE OOATPYIIIBI BbIAEAUM BO BTOPYK: HOArPYyNny Tpex
yKa3aHHbIX IKCMEPTOB, & B [IEPBYIO - CeMb OCTabHLIX. Toraa ns
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niepBol nmoxrpynmbl nojyuaeM W=0,697 (410 CyuleCTBEHHO NpU
yposae 3Haunmoctu 0,05), a «ocpeaHeHHast» PaHXKHPOBKA, TOJY-
YEHHAA METOACM «CYMM PaHTOB», BbITJBIAUT TAK: <, (-3, 4 >,
OipadoTka u ananns 6anabHbIX oueHok. llycrs nepen
KaXkJIbIM SKCIIEPTOM OblTa MOCTaBNEHA 3a/1auad. HENOCPEICTBEHHO
OLIEHMTDh 3afaHHbIE OOBEKTHI Ay, Uy, ..., Ay B YKA3aHHOM 0AIBHON
mxaie Torma B pesynbrare onpoca 3KCMNEPTHOMN IPyIIlibl, BKIHO-
HAKOIIEH M HIIEHOB, OyeT NMoJly4eHa COBOKVITHOCTb YHUCE:

<xn,x,2,.‘.,xm>,

(14)

<xml ’ xm?.""’ xmn >3

TZIe X;; - 4Mci0 GaIIOB, NIPUNMCAHHOE IKCIIEPTOM 7 OOBEKTY d;.

Kak p3BecTHO, 4ro OasuibHas mKajld ABASETCA HPOMEKYTO -
HOH MEXIy NOPAAKOBOH W MHTEPBaIbHON. CrielHaNbHbIX METO-
a0 ofipaboTKU OLEHOK, NOJy4EHHBIX B MOJOOHOTO posa npome-
KYTOUHBIX [IKAJNAX, NOKa He cospaHo. [TostoMy mpu obpaborke
DansbHbIX OLEHOK MOCTYMAKT CAenyromum obpasoM. Ecnn ume-
€TCS yBEPEHHOCTb, YTO BCE OKCIEPTHl MOJb3YIOTCS €AHHOH
OamibHOM 1KaNoH (OAHHAKOBO MOHMMAKOT «LeHy 0anna»), Kak
3TO ObIBaeT, HANPUMEP, MPH HAIUYHH CHEUMANBHBIX 3TaJIOHOB,
1O GanibHas wKana npuOIKAETCs K MHTEPBAIBHOMN, 1 DaibHbie
oueHku (4) obpabarbiBalOT KaK KOJUUECTBEHHBIE. B MPOTHBHOM
cnyyae OaNbHbIE OLEHKH CUMTAIOT KAayeCTBEHHBIMM, OOBEKTHI
PAaHKFDPYIOT B COOTBETCTBHH C OLIEHKAMH KXKOOrO JKCrepra
3aTeM 06pabatbiBatOT NONyUeHHbIE M paHXHpoBok. OnHako H B
MepROM Ciiyuae uenecoodpasHo asaxabl obpabdorars OanabHbie
OUEHKH - KaK KOJIMYECTBEHHBbIE M Kak KauecTseHHble. Corsaco-
BAHHOCTL PE3YJbTATOB, NOMYYEHHBbIX NpHU 0DOMX rnopxoaax, Oy-
NET CBUNSTENBCTBOBATH O TOM, YTO ITH Pe3yJIbTaThbl ACHCTBM-
TENLHD OCHOBAHbI Ha MCXOAHBIX JAaHHbLIX, 4 HEe Ha cnocobax Hx
obpaboTiwm.

>
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Ecny cuuTaTh, YTo OUEeHKH (14) KOJMYeCTBEHHbIE, TO B CO-
OTBETCTBUH C UCXOJHBIM JOIYUIEHUEM O TOM, YTO pPasHHL@ B OT-
BETAX HKCMEpTOB OOBACHAETCS CIy4alHbIMU HE3aBUCHMbIMH
GyKTyauusMl OTHOCHTENBHO HEKOTOPBIX «HMCTHHHBIX) BEJH-
ypH, Ui 00paboTKK JAHHBIX (5) MOKHO HCIOJIB30BATH oCbI4HbIE
CTATHCTUYECKWE METOIbl TOueuyHoro oueHusanus. Kexnomy
OBBEKTY @ cefyeT NPUITHCATh CPeaHNHA Oan:

m
X; :—I—in}., j=12,..,n (14)
ms

Ouenku (15) v npunuMaroTcs B Kauectse rpynnostix. Co-
[IACOBAHHOCTD KCIEPTOB MOKHO XapakTepU30BaTh AMCIIEPCHS-
MH Oa/lIbHBIX OLEHOK, NMPUIHCHIBAEMBIX OTAEHbHBIM O0EKTaM.
OueHKH Takux AUCTEpcHil no pesynbratam (16) BeIMMCHAIOTCH
O U3BECTHBIM GOPMYJIaM.

ITps MONOXKUTEIbHBIX OAJUTBHBIX OLEHKAX HaCTO MCITOMNb3Y-
FOT TaK Ha3blBAEMble BapHALlUM W IOJIArarOT, YTO COIrJIACOBAH-
HOCTb JKCTIEPTOB YIOBJETBOpHTENbHAs, ecan Bee v,<0,3, 1 xo-
pouas, eciu see v7<0,2.

BblzieieHHe «OPUTHHANBHBIXY 3KCIEPTOB HA OCHOBE UX (HE-
CTAHAAPTHLIX» 0aJII0B MOXHO MPOM3BOAMTL H3BECTHBIML CTATH-
CTHYECKMMY METOJAMH IMPOBEPKM AHOMAJILHOCTH Pe3y.15TaToB
HaONFOIeHHH,

12.5. Ouenka M y4eT KOMIETEeHTHOCTH
IKCNEPTOB

Kpanndukaius Bcex 3KCIepToB NpuMepHO onnHakosa. On-
HAKO MPAKTHYECKH BBITIONHUTD YCJIOBHE PABHOKOMIETEHTHOCTH
IKCTIEpPTOB yaaeTcst faneko He Beerna. [looTomy B 0OLem ciyuae
rpu 0OpaboTKe M aHANU3€ IKCMEPTHBIX OLICHOK MOXET BO3HMK-
HYTb HEOOXOAMMOCTb OLEHKH H yueTa KOMMETEHTHOCTH Onpa-
1L BAEMBIX 3KCIIEPTOB.

KOMTEeTEHTHOCTb JKCMEPTOB MOXKET OLIEHUBATBCS KaK 10
NPOBEJIEHHs ONpOca, TaK U B Xoze 00paboTkH nosyHeHHbIX pe-
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3YNbTATOB SKCHEPTH3bL. EC/M TeM uin HHBIM CIOCODOM MOJTyHeHb!
KOI(PHLIMENTB! 4, KOMIETEHTHOCTH 3KCIIEPTOB, TO 3TH KOXDPHL-

CHTBI MOXXHO HCMOOJIL30BAThL npu O6])3.6()TK€ KaK OTHOCHTEJIbHLIE
«BECA» MHEHHH COOTBETCTBYIOLLMX 3KCIIepTOB. [IpH TakoM roaxone,
HaNpuMep, NPUMEHSIOT CHEAVIOLIYIO 3aBUCHMOCTD:

n
=D Ax,, j=12,.n
i=1

[Ipu stom npemnonaraercs, uto ko3hdULMEHTHI KOMIe-
TEHTHOCTH HOPMHUPOBAHbI

n

34 =

=1
Onvako, Kak OBUIO BBISCHEHO paHee, NpeNMOYTHTEIbHEE
OLCHUBATE KOMMECTEHTHOCTL IJKCNEPTOB HENOCPEACTBEHHO IO
pesysbTaTaM KOHKDETHOH 3KCHepTH3bl B mpouecce o0paboTku
HOJIY‘{E‘HHbI‘( oueHok. [lns 3anaun obpaboTKM HOPMUPOBAHHBIX
OannbHbIX oLeHok (14), T.e. Y/ACBJIETBOPANOINUX YCIOBHAM:

ng =1, 1=12,.. . m
7=l

BCE X, > 0..

IIpennonoxumM, 4To Kaknmbiil 3 TPex DJKCNEPTOB OLEHHI
3HAYCHHE NABYX MEPONPHSATHH d) W ay JUIS PELIeHUs HEKOTOPOH
npodaembl.  TlosryueHHble HOPMHPOBAHHBIE GanisHblE OLEHKH
NpuUBEsieHs! B Tads. 12.9.

Tabnnua 12.9.

i a, as
1 0,7 0.3
o 2 0.3 0.7
3 0.2 0.8

Cuuras BHAYATE, YTO BCE FKCIIEPThI PABHOKOMIIETEHTHbI'

0 ] [§] 1
il = /1 = = T
3
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BBIYHUCJIHM CPEOHUE OLUCHKU Meponpum“nﬁ'
xV »-—(o 7+03+0,2)=04; x= (03+07+ 0,8)=0,6.

Tenepb nepecumTaeM KOS(beHQHI/leHTbI KOMIIETEHTHOCTH JKC-
MEPTOB € Y4ETOM MOJy4eHHbIX oueHok X' um x{" cymmupys
OLEHKH KaXAOTO 9KCIEPTA H «BIBECHB» HX CPEAHHMHM OLEHKAMH
00BEKTOB:

0,7-x7 +0,3- xV = 0,46,

03 x"+0,7-x" =0,54;

0,2-x"+08 xV = 0,56.
Paznenus nonydeHmble yicna Ha ¥X CyMMy, paBHYKO 1,56,
NOJYYHM YTOUHEHHBIE K0P PHUNEHTH KOMNETEHTHOCTH:
AV =(0,29;0,35;0,36).

CMbICTT 1pOAIeIaHHOTO TIPe0OPa30OBaHHA 32ICTIOUAETCS B TOM,
4TO JUISt 3KCHEPTA, KOTOPbIA Jan OONBIIYIO OLUEHKY MEepPOIpHs-
THIO, NOJIyYUBINEMY OO/BILYIO «B3BEIIEHHYIO» CyMMy 6aiios,
KO3(DPHIMEHT KOMIIETEHTHOCTH YECTUUHBAETCH CHIbHEE.

Hanee ACnacTcs BTOpOi;f mar - BEIYHCISIOTCS. HOBBIE cpenHue

)

OLEHKH X C HCMONL30BaHHEM /”.f”q 4 3aTeM MOoClieHUe BHOBDL

M

TOYHSAKTCA IIPH MTOMOIIH X ° YU T.1.
J

[onyunum neobxonumbie pacuerHbie Goprynsl ais obuiero
cny4ast. [Ipy 3TOM BOCROJNE3yeMCS MAaTPUYHOM 3aMUCHIO, BBEAS
BEKTOP-CTPOKH:

I SRS ml k __( k) (k) (k))
A —(11 A SA =l

v cBeast yhcna (14) B MaTpuily

|
/Y = ”XU h
Tenepb MOXKHO 3a1nHcars pEtKyppeHT‘Hb[e COOTHOLUECHMS:
=ANNX, A s — ™ k=12, (16)
o

1]
t2
I



x(k) :iixgx;k)' (17)

=1 j=1
Ha nepsoM ware (k=1) B ka4eCTBE HA4YAIBHOTO HCHOJL3YCT-

sl BEKTOP'
. ﬂ’(ﬂ) _ _1—_ ~1‘ L
m m m

[Tpy MOMOIK PE3yNLTATOB TEOPHH HEOTPULATENLHBIX MaT-
pHIl [I0KA3aHO, YTO Mpouecc, OCYILECTBJIAEMbIH COINIACHO COOT-
gomermsiM (16), - cxomsmuiics  YCI0BHE CXOAMMOCTH STOMQ
{IpOlE:Ca COCTONT B TOM, YTOOBI MaTpHLA X Obljia HEPA3JIOKUMA,
T.€. NepecTaHOBKaMH CTPOK WIIHA CTONOLOB HENPUBOAMMA K BHAY:

C 0 .
X = . (18)
0 D ’

VCOBUE HEPA3NOAMMOCTH TIPAKTHYECKH BIOJHE ONPaBAaHO.
ecny MaTpuiia X MPEACTABUMA B BHJE (18), TO 3TO O3HAUAET, YTO
IKCIE[ThI M OOBEKTHI KAK Obl PACTIAZAIOTCA Ha 3BE HIKAK HO CBSI3aH-
Hble TIOAFPYNNbL KAX/as NOArpymIa SKCNePTOB OLEH BACT TOJBKO
«CBOHY» 0OBEKTEI. PasyMeeTcs, HET HUKAKOrO CMbIC/a COBMECTHO 00-
pabzTEIBATH ABE HECBA3AHHBIC COBOKYITHOCTH IHHBIX.

[pakTy¥eckn 3HaveHuss X. W ¥ crabumisupyloTes 3a
HBa-TpH LIara. DTO CYKHT CHIHAJOM K OKOHYGHHMIO Mpouecca.
VYeTaHOBHBLIHECA 3HAUCHWA xik) MQOXXHO CYUTATb HTOTOBLIMH

"
ouerxamu o6bexToB, a A' - okonuarenbHbIMH Kod(dHLMEHTa-

MH KOMITETEHTHOCTH IKCIIEPTOB.
J1ns uamocTpalny BEPHEMCS K HalueMy HpUMEDPY. B nem:

0,7 03
vz on x-(11Y)
I JE I

02 08

CornacHo (16) 1 (17) Ha nepBOM LIAre nNojiy4acM.
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1
o :(1’_71) X =(0,4,0,6);
3'373

0,46
" 0,4] .
X=X 6}: 0,54 x"' =156
' o,56)

AV =(0,29;0,35;0,36).
Ha sropom ware nonyuaem A = (0,29, 0,35; 0,36).
CrenoBaresnibHo, KOMITETEHTHOCTb DKCIIEPTOB XapaKTepH3y-
ercst kodduumerramu (0,29; 0,35; 0,36), Tax kak Bextopbl X'

n A" crabunuzupopanice.

12.6. ITpumep ucno1b30BaHHUs IKCIEPTHHI X
OLICHOK B JKOHOMHYECKOH NMpPaKTHKE

PaccMOTpUM KOMIINIEKCHYIO METONMKY OLEHKM 3d(ekTHs-
HOCTH, CPABHHTENbHOTO AHAMH3a U OTOOPA MHBECTMIIMOHHBIX
MPOEKTOB, KOTOPAsi MCTIOJIL3YETCA HA PANE 3TANOB 3KCTIEPTHOM
OLEeHKH.

Ipennaraemas MeTOAHKA BKIIIOYAET CIEAYIOLIHE STALIbL,

1. @opmipoBaHHe MHOXECTBA MOKA3ATENEH, MO KOTOPLIM
OyayT CpaBHMBATHCS HPOEKTbI (MIPH 3TOM, B HACTHOCTH, 1OMUMO
MPUOPHUTETOB HHBECTOPA M MPHBJIEYEHHBIX HM JKCIIEPTOE, MOTYT
MCTIONIB30BATBCA METOAUUYECKHE PEKOMEHIAUMH MUHWCTCPCTB U
BE,1OMCTB, YUHTbIBATLCH HHTEPECHI PETHOHOB).

2.TlocnenosatensHoe NMpUMEHEHHE K OTOOGPAHHBIM TIPOCK-
Tam meronos Ilapero, bopna n BO®a (Ha cranuu npumenenus
KaXJI0ro METOA2 TMPOBOAMTCA [IOCNEA0BATENLHOE CHHIKEHHE
MOLLHOCTH HCXOIHOTO MHOXECTBA MPOEKTOB).

3. IIpMMeHeHre KpHTepHs ONTHMASBHOCTH TIPH dopmuposa-
HHH NopTdens mpoeKTos.



CuyTast TEPBBIT ATan BBIIIOTHEHHBIM, OCTAHOBUMCS Ha aji-

rOpUTME BTOPOrO JTana, BOCMOJE30BABIUMCH I HAT/IANHOCTH
KOJIMYECTBEHHBIM 1TpuMepom (1abdbn. 12.10).

Tabnuua 12.10.

Ne
/i

Hazsanuce
TPOEKTA

Qgpem

HHBC-

CTHIHH,

MJIH.
A0JIN.

Foposoii
obopor
NPOEKTA,
MJIH.
SO,

T'oxoBoit
00BeM
YUCTOI

NPHObLIH,

MIH. J0J11

Cpok Puck
oxynaec- | HOTEpH
MOCTH | HMHBE-
MpYOEKTa, | CTULIKMH

et

W,]

i,

n"_,

i

2

3

W
4

W,
3 6

CTpOHTENBCTEY
3aBoja MO IpO-
HM3BOACTBY OKH-
CH ITHICHA

33

206

7.8

J
5.5 H

TI'pousBoacTeo
3BYKOMETPHYE-
CKOI'0 KOMITIICKCA

1,138

1.3

1.69 B

(8

TTpon3BoacTBo
KOMILICKCA  ¥3-
JeJHi Ha OCHO-
BC  METaJNoKe-
PaMHKH

1,08

275 H

PexoHcTpY KM
cBOpOYHO-
MOHTQKHOTO
POM3BOICTEA

IIpousBoacteo
ABTOMOOHI-
PCAHIMALHH
«CKopast
MOILIBY

no-

0.66

0.39

2.2 OH

6

[Tpou3BoICTEO
ABTOMOOMIIBHBIX
IPHLCTIOB

0.11

0.754

0.13

2.2 OH

TlpoussoacTeo
MATHCTPANbHBIX
[IOJIVIIPHLENIOB H
pedpiprepaTop-
HOM TEXHHKH

9.1

0.4

2.6

6.5 H




1

[}

[TpousBoacso
OI04UHBIN MO-
OWJIBHBIX  CYIIH-
JIOK

0.468

—
(o]
N

0.195

4.4

OH

Beeaenne B vxc-
TUTYATALHEO
ckaaaa Oecrap-
HOTO XPAHECHUSA
MYKH

6.6

14.95

2,53

3.3

2

10

Opranusanus
POH3BOACTBA
CYXHX 3aBTPAKOB

1,54

>

1.8

6,0

11

CTpoUTEIBCTRO
METB3aBOIA.
KPYynio3aBoJia ¥
3IeBaTOPa

33

26

8.8

12

PeKOHCTPYKIHA
KOH(DETHO-ILOKO-
JAHOTO IPOW3-
BOZCTBA

1.2

0,26

OH

13

PekoHCTPYKUHSA
¢abpuxu Mo
TIPOH3BOACTBY
Maprapuna

1%}
=
tn

4.602

0.66

14

PekoHCTpY KuHA
Lexa ACTCKOro
MHTAHUA

1.729

0.11

N
n

15

Co3xanuc uexa
MOpO)KGHO ro

0,77

2.52

0.77

Lh
h

16

PekoHCTpY KUHS
UeXa NPOU3BOIL-
CTBA HPOIYKTOB
HA OCHOBE CO-
eBpix 00008

0.495

1.82

0.136

th
n

17

Cosaanue npea-
nprATHS NO 0e-
pepadoTKe 0TNO-
JI0B BHHOAECAN

1.152

0.26

2.6

OH

n

2

o
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18 |TexHmueckoe 1.
TICPEBOOPY S HHE
TPEINPUSTHA
«Monspuas =pes-
San

3.3 0,325 4.4 B

19 |Ilpomssoactso 1.8 4.55 0.66 2.75 H
IHLICBBIX H TEX~
HEYECKUN KappH-
TMHAHOB

20 |{ITpomssogcTao 1,32 4.5 0,975 2,2 H
€€32IKOT OB HOM
LPODYKIIHH

21 (Pexoncrpyrums 1.1
[ POM3BOACTEA
MapO4HbIX H
JJIMTHBIX BHH

o
3]

0.585 2,75 B

22 |Pazseaenme pui- | 0,156 0.3 0,065 3.25 B
€l 8 mpyHax u
DPOH3BOACTEO
phitionocamoyno-
I'0 MaTEpHANA

Pewenme 3apaum ¢ ucnonb30BaHHEM MeT0AA IMapero. Ec-
M 3 TI0PThENs NPOeKToB HeOOXOAUMO BBIGPATE JIyHIiHe, OCTa-
BUB B PE3YyNILTATE B IM0JIyYEHHOM MHOXKECTBE a1bTEPHATHB JIMLb
HECPABHHMbIE MEXIY COOOH BapUAHTbl, NPUMEHAETCH TPABHIIO
Bb1OOpa 1o [lapeto. Cornacro npaswny Iapero Jy4IIUM SABJISIET-
Cs TOT BAPHAHT, NI KOTOPOIO HET APYroro BAPHAHTA MO BCEM
TIOKA3aTENAM HE XYXE €ro, a XoTs Obl N0 OLHOMY MOKA3aTEINO
Jqyduie

Ja¥40€ NpaBUIIO Peann3yloT ¢ HCMOMb30BEHUEM TaBIHLL 1O-
MapHoro cpasHeHus anbrepHatus. [Ipumenenue meroaa [apero
NO3BOJACT BBIAEIUTDb B PAMKaX pacCMaTPHUBAEMOH 3a/1a4H 4E€TbI-
pe npogkra, ontuManenbix no [lapero: [1(, ITs, [To u I1;3.

Pemenne 3anaqu no merony Bopaa. Coracho sromy npa-
BHITy BALMAHTbl PAHXXHUPYIOTCA 110 KAXKAOMY MOKA3aTeNio B MO-
psnKe yObIBaHMS: C MPUCBOCHMEM MM COOTBETCTBYIOLIMX 3Haue-
HHMH DAHIA, 3aTeM MOACHMTBIBAETCS CYMMApPHBIii PaHr no Kaxnao-
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‘my u3 nipoextos. [lobepurensmu npoueaype!l BbIOOpPA CTAHOBATCH
MPOEKTHI ¢ MAKCHMANbHBIM 3HAYEHHEM CYMMAapHOI'O PaHra.

Jlns peanuzauun npaswia bopna B Tabnuue paHXUpPOBaHus
IPOEKTOB BBOAUTCSH CHELHANIbHbIH ctobell, 3Ha4eHHs B KOTOPOM
COOTBETCTBYIOT CYMMapHOMy paHry npoekra. Taxum obpasom,
TPOEKT, MMerowuii HauOosbllee 3HAYEHHE CYMMApHOrO paHra
SBIISIETCS ONTUMANHHBIM, 4 HAUMEHbIIAsg CYMMa PAHIOB COOTBET-
CTBYET XyALIEMY ITPOCKTY.

McxonHbIMH JaHHbIMH Ui MeTona bopna sBisioTCs pe-
3yT5TATh PelIeHHs 3a1auk no merony Ilapero, koTOphIe: CBEAC-
au1 B Tabn. (12.11).

TaGmuua 12.11.

Tlokasarenb Tlpoexr
I, 17 s 114
W, 33 0,66 6,6 2.4
- w 26 3 15 275
78 7.8 0,39 2,33 4602 |
W, 55 2.2 3.3 0.66
W, H OH 0o H

Pe3ynbTarbl PaHXMPOBAHUS [10 Bopaa mpencras.iedbl B
Tadn. 12.12.
Tabmuua 12.12.

[Nokasarciab TIpoext
11 115

W, 4
W, 3
4
I

Wy

W,
Iz _.
Cymma paHroB 13,5

oo | e | = | e
2lwlalnl=

FS IR

e
wn
Wl

O
o
)
~
.
"IN

Jlns BLIGOpA NyYUIErO MPOEKTA MCHOJb3yeM KpUTepui Hau-
GOJbIIEro Pe3yabTara; TOT NPOEKT JIyylle, KOTOPOMY COOTBETCT-

(1]
LI
o,



Byer bosbuiee yucno Ganios (cymma panros). Takum oGpazom -
3TO 171 3.

AN BBIABNEHMS OCTAJBHEIX TIPOEKTOB, KOTOPbIE MOKHO
BKJIIOYUTE B WHBECTHLMOHHLIA NOpTdhenb, MOCTPOUM CTONOHKO-
BYIO uarpammy (puc. 12.4). Ipu srom kaxkmomy npoekrty Oynet
COOTBETCTBOBATL CTOJOKK, BHICOTa KOTOPOrO COOTBETCTBYET
CYMME€ PaHroB.

%

14 |

12 +
10 +

I1i 115 119 13

Puc. 12.4

Brune cpernero snauerus oxasanucs 15, Ilo v IT15. B cBsi3u
C 9THM JaHHbIE TPOEKTbL HCcneayem 1o merony BOda.
Pemenne 3apaum no meroay BO®a. {ns ananusa no nan-
HOMy METOY OCTanoch Tpu npoexra (1aba. 12.13).
Tabnuua 12.13.

Hokaserems | IMpockr i
I 17] 17 9 B H 13
W, 33 6,6 2.4
w. 26 1495 | 275
w. 78 | 2353 4602
W, 53 3. 0,66 ﬂ
W. : .0  1TH

Anropurm verona:

‘I
(95
[\]



1. C Mcnonib30BaHUEM 3KCTIEPTHOIO OLEHHUBAHUS PaHXKUPY-
€M TOKa3aTeNHu no BaxHocTH (tabn. 12.14).
Tabmuna 12.14.

W,

W\

W,

Wi

W

i¥s

R,

3

5

4

1

2

[Tpumeuanne. YeM MEHBINE PAHT, TEM BAKHEE TOKA3ATCb.

2. PaccuurbiBacM BecOBbIe k03 uLMeHTH noKazaTeneit mo
bopmyne

C,=1-(R,-1)/M

u cocrapysgem tads. 12.15. .

Tabnuua 12.15.

VV/ Wl VVz W3 W4 ]’Vs

R, 0,6 0,2 0,4 1 0.8

b)

C =1-3-1)/5=1-04=06;
C,=1-5-1)/5=1-08=02;
Co=1-(4-1)/5=1-06=04:
Co=1-(1-1)/5=1
Co=1-Q2-1)/5=1-02=08.
3. PaccuuTbiBaEM HOPMHPOBAHHBIE 3HAYEHUS BECOBLIX KO-
s¢dunmenTos nokasareneii ; (rabn. 16).

Tabmuna 16.

W, Wi W, W Wy Ws
c 0,2 0,07 0,13 0,33 027
(7=06/3=02 C,;=02/3=007, (;=04/3=0]3;

C,=1/3=033, C.=08/3=0,27. ,

ITposepka: 0,2+0,07+0,13+0,33+0,27 = 1, 3nauur, onepauus
HOPMHPOBAHUS BbITOJIHEHA NPABHUIILHO.

4. PaccuutpiBaeM BeCOBble KOI(PGPHUHMEHTHI IPOEKTOB [0

Kaaomy nokazaremo (7, (tabn 12.17).

333



Tabmmua 12.17.

TMoxaszarens [Tpcexr
1, 1E 11
W, 33 6,6 2.4
w, . 26 14,95 275
W, 7.8 2,53 4,602
W, 5,5 3,3 0,66
W H O H

Cayuait 1. bonpliue 3Ha4eHUs MOKA3aTeNsl NPEATIOUTHTEIb-
HEE MEHBLINX, TOTJIA HCIIObL3yeM (hopMyIy:
_ Al . _‘ . e}
C,=W,/3 W, j=15 i=19.15

Cnyuyait 2. MeHbiiMe 3Ha4eHHs TI0Ka3arens MOPeanoOYTH-
TesbHee OONBLIAX:
C, =W 20,

Cayuait 3. 3HayeHust Mokasarens B METPUYECKOU HIKaNe He
BbIPAXKAIOTCS:
a) paH)XXMpYeM NPOEKThI 110 nokaszareso Ws (tabn. 12.18).
Tabumuua 12.18.
a3 Wss Wsis
Rs; 2.5 1 2,5
Tipumedanue. [poekrs: 1 1 13 pazaeany 2-¢ 1 3-e mecra: (2 + 3)/2=2.5.

) paccUMTEIBAEM BECOBBIC KO3(DPUIIMEHTHI TPOEKTOB 1o Ws:
B) MPOHOPMHPYEM BECOBbIC KO3D@HUHEHTH! 10 nokazareao Ws
H 3aHeceM MoJy4eHHbIe 3Ha4YeHHs B Tabu. 12.19 (ctpoxa nnst W),
Tabnuua 12.19.

Toxazarens . Hpoexr
1 | I, 11;
W, 0.73 0.16 0.06
w- 0,33 0,22 0.40
W; 0,52 0,17 031 |
w, 0.09 0,13 0.76 |
2 0.25 0.50 025 |

i
LI
L



B tabn. 19 crpoku 1, 2, 3 COOTBETCTBYIOT Ciy4ato 1 (noxa-
sarenu W,. Wa, W3), a cTpoka 4 - ciy4aro 2 (nokasare.ib Ws).

5 PaccuMTaem 3HaHerust 0000MEBHOrO nokasarens AJ Ka-
JA0MO NTPOEKTa!

W, = :Za((j;’(jﬁ /l
J

W, =0,2-0,78+0,07-038+ 0.13-0,52+033-0,09+0,27-0,25=
=016+0,03+0,07+0.,03+0,07=036;
W, =0,2-0,16+0,07-0,22+0,1 3.0,17+0,33-015+0,27-0,5=
=0,03+0,02+0,02+0,05+0,14=0,26;
W, =0,2-0,06+0,07-0,4+013:031+033-0,76+0,27-025 =
=0,01+0,03+0,04+0,25+0.07 = 0.338.
[{posepka: Z Wi=1.
Cpentee 3nauenve W, = (036+0,26+0,38)/3 =033
(' HCMOJB3OBAHUEM KpHTEPHs HAaUOONbIIErO Pe3yJibTaTa Bhl-
GupaeM Jy4UIHit TPOEKT. DTO NPOEKT 13 «PexoncTpykums ¢ad-
PHKH 110 [IPOM3BOACTBY Maprapunar.

CTpoum nHarpaMMy M BbIOMpaeM MPOEKTEL HAXOMAUECH
BhilLE cpeaHeit nuHun (puc.12.5)

%
0,4 -
035 +
0.3 4-
025 4
0.2 -
0.15 4
0.1 4—
0.05

{

m 19 1113

Puc. 12.5.

BoiBoa. B rnoprhenb nNpoexkTOB BKJXUAEM  MPOCKT 1
«CTpPOUTENLCTBO 33BOJ@ MO NPOU3BOACTBY OKMCH STHACHA) H
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npoekr 13 «PekoncTpykuus $padpuku Mo NpoM3BOACTBY Mapra-
pHHAay.

Bonpocer s camonposepku

. KaxoBa cyniHoCTb 3KCMepTHOrO OLEHUBAHUS?

2. Ilepeuncnure OCHOBHBIE 3Tallbl BKCINEPTHOIO OLEHHBAHMUSL
ITosicHute ux copepxaHue.

3. Naiite oburyio XapakTepPHCTHUKY METOIOB (IOJIyHEHHs IKCIIEpT-
HO¥: nHOpMaLMK.

4. I'puBenure KNaCCH(HKALUIO METONOB NOJIYYEHUsI IKCIIEPTHOM
UH(OpMALIU. .

5. OxapakTepusyiiTe METOIBI MOJIYYEHUsI 3AEMEHTAPHBIX CYXJle-
HHUFL.

6. Kaxue Tvnbl mkan 3neMeHTapHbIX CYXKIEHUH BaM W3BECTHLI?

[w—



[JIABA 13. [IPOBE/IEHIE PACUETOR
XAPAKTEPUCTHRK DKOHOMETPHYE-
CKHUX MOJAFRJIET C HOMOIIBIO
KOMITHIOTEPA

13.1. [IpeanochIIKM KOPpesisILiOHHO-
PErpecCUOHHOTG aHaMu3a

DKOHOMHYECKHE JaHHble MOYTH BCErna IIPENCTaBICHBI B BH-
ae Tabnuu. UMcnoBble JaHHBE, CONEpKAIIMEcs B Tabnauuax,
ODBIMHO HMeEIOT MeXKy COOOIt BHbIC {M3BECTHBIE) MM HESBHDIE
(cxpprThie) cBasn. SBHO CBs3aHbLI MOKA3ATENH, KOTOpPbIE MNOJIVYe-
Hbl METOJAMH (IPAMOrQ CUeTa, T.€. BLIMMCNICHb! MO 3apaHee u3-
BECTHBIM (hopmyam. Halpumep, LpoueHTs BoIIONHEeHNS U12Ha,
YPOBHHM, YICJIbHBIC EECA, OTKNOHCHHUS B CyMME, OTKJIOHCHHS B
[TPOLEHTAX, TEMITbI POCTA, TEMIThi MPHPOCTA, MAJEKCHI H T. 1.

CBsA3u Xe BTOPOro THNA 3apaHee HeU3BECTHbL OqHAKO MO
AOJUKHBL YMETh OOBACHITH M TPEJICKA3bIBATH (MPOTHO3HPOBATD)
CIOKHBIC SIBJICHHA IJisL TOTO. YTOOB yNpaBisith MU [losTomy
CNELHAIMCTE C MOMODIBIO HafMIKOGEHHA CTPEMSITCS BBIIBHTH
CKPBITBIE 3aBMCHMOCTH M BEIPaskTh X B BuAE ()OPMyS, T. €. Ma-
TEMATHYCCKH CMOACIMPOBATE SIBNEHUA MM nponeccul. Oany u3
TaKUX  BOIMOXKHOCTEH  MpPElOCTaBiseT  KOPPEIsUMOHHO-
perpecCHOHHbI aHanus.

IKOHOMHCTEI CTPOSIT M HCTIOJE3YIOT MATEMATHUECKHE MOIE-
4 1t Tpex 0OODILEHHbIX UeNel: J1a odwbachenuss, Ous npeocka-
Csamst; Qs ynpoeaeniis. TIpercraBiiediue IXOHOMHYECKUX I apy-
PHX JIaHHBIX B 3NIKTPOHHBIX TAONMUAX B HAll¥ JIHH CTANC Mpo-
CTbIM M ecTecTBeHHbIM. OCHALLEHHE e DIEeKTPOHHBbIX Tabuil
CpencTBaMu KOppCIIi[HMOHH()-pitl“peCCl-lC)H‘HOI‘O AHAIM3E Cnocod-
CTBYET TOMY, 4TO U3 I'PYDNIIbl CIOKHBIX, ITy0OKD HAYUHBIX H O-
TOMY PEIIKO HCO/IB3YEMBIX, FIORTH IK30THYECKIX METOOB, KOp-
PEASUMOHHO-DErPECCHOHHBIN  aHANU3 NpeBpallaeTcs I Cre-
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LUATICTa B NOBCENAHEBHbIN, SQPEKTUBHBIA M ONMEPaTHBHbIA aHa-
JUTHY2CKHUH HHCTPYMEHT. OZHAKO, B CHJly €r0 CJIOXKHOCTH, OC-
BOEHH?2 €ro TpedyeT 3HAYMTENLHO OOMbUIMX 3HAHUH M yCHIIMH,
4YeM OCBOCHHE IIPOCTHIX 3JICKTPOHHBIX TaGIIHL],.

[Tonbaysicb MeroAaMu  KOPPENALMOHHO-PErpeCCHOHHOrO
aHa/M3a, AHAIWTHKH M3MEPSIOT TECHOTY CBA3eil mokasarened ¢
nomMouibio koadduLrenta koppensiuuu. [Ipy a3Tom obHapyxmBa-
FOTCA CBSI3H, pa3siM4Hble 1O CHje (CHIIbHbIE, Ciabbie, yMEPEHHBIC
W p.) ¥ passiMyHbIE IO HATIPaBJieHHIO (NpsiMEIe, 00paTHbIe). Eciu
CBSI3M OKAXXYTCs CYLIECTBEHHBIMH, TO Liesiecoo0pa3Ho Dyner Hai-
TH HX MAaTeMaTHYECKOE BBIPAXKEHUE B BHMIE PETPECCHOHHON MO-
J€NH M OLEHHTb CTATHCTHYECKYH 3HAUMMOCTh mojaend. B sko-
HOMHKE 3HaYHMOE€ ypaBHEHHE HCIOJb3YeTCs, KaK NpaBuilo, s
NPOrHO3MPOBAHUS M3YYaEMOTO sIBJIEHUA HJIH 1TOKa3aTens.

[MosToMy perpeccHOHHBIH aHalKM3 Ha3bIBatOT OCHOBHBLIM Me-
TOJOM COBPEMEHHOI MAaTeMaTH4eCKOH CTaTHCTHKH NS BbIABJIC-
HUSI HeSIBHBIX M 3aBYaJIMPOBAHHBIX CBA3EH MeXkKIy JAHHBIMH Ha-
OmoneHunit. JnekTpoHHbie ke Tabiuibl JenaroT TakoH aHamus
JIETKO AOCTYNHbIM. M3 MHOXECTBa BMIOB 3TOIO aHaJIM3a Mbl pac-
CMOTpPUM T€, KOTOPBIE UCIIONB3YIOTCS Hanboree 4acTo B Ka4eCTRE
YHHUBEPCAJILHBIX WHCTPYMEHTOB TMNO3HAHMS JNEHCTBUTEIHHOCTH.
[pu 3TOM HPeonorazaemes, Mo CRyoeHm sHAKOM ¢ meopeni-
YEeCKUMU OCHOBAMU KOPPEASAYHOHHO-PEZPECCUHONHOL0 QHAIU3A 13
HPEOUeCmeyongux. YueOHbIX OUCHUNIUH.

K oppensiiuOHHO-PErPECCHOHHDIA aHAIN3 CBA3eH MEXAy ne-
PEMEHHBIMH TIOKA3bIBAET, KAK OJUH HabOp MepeMEHHbIX (¥)
"MOET BJIMsiTh Ha Apyroii nabop (Y) PerpeccHoHHbIE BbIMHCIIE-
Hug M noadop XOPOWMX YypaBHEHHE - 3TO LeHHbIH, YHHUBEpCalb-
HbIIf HCCIEA0BATENbCKHN UHCTPYMEHT B CaMbiX Pa3sHOOOPa3HbIX
OTpaciisX AeNCBOH M HayuHOW AEATeAbHOCTH (MapKeTHHI, TOp-
rOBJisl, MEAMLHA W T. J1.). MIMes Taxoi MHCTPyMEHT Ha CBOEM
KOMIbIOTEPE ¥ YCBOHB TEXHOJIONHIO UCMOJIb3OBAHUS 3TOTO MHCT-
DYMCHTA, Bbi CMOXKETE NPUMEHSTD €ro 110 Mepe HEOOXOAMMOCTH.
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nonyyas 3HaHHE O CKPBITbIX CBA3SAX, YJIyullas aHAJMTHUECKYIO
MOOAEPXKY NPUHATHS PEIIEHHH U NOBbILAST UX 000CHOBAHHOCTD

B MapkeTuHre w1poko NPUMEHSIIOTCS Kak OOHOPAKTOPHBIE,
TaK M MHOXECTBEHHBIC pPEerpecCHOHHblE MoAenu. Koppeminuon-
HO-PErpeCCHOHHBIH aHANIN3 CYMTAETCS OIHUM M3 IJIABHBIX METo-
OOB B MapKCTHUHIC, Hapsay C ONTHMHU3aLUOHHBIMU PACUETAMH, a
TaKXKe MATEMATHYECKMM M TIpa@UYecKuM MOAENNPOBAHUEM
TPEHIOB (TEHAEHLIHIA).

13.2. Jranel KoppeSIHHOHHO-PEr PeCCHOHHOT0
aHaJIM3a |

Ha puc.13.1 npuBeneHa TexHonoruyeckas cxema IcCreno-
BaTEIbHOCTH 3TANOB KOPPEIILHOHHO-PErPECCHOHHOIO aHWLIN3a B
ycaoBusix nipumenenus Excel.

Hyaepoii 3Tan - 310 cbop nanubix. Hynesoit uuka coecre-
UHMBAET KAY€CTBO CTPOSILLEHCS MOENH, TaK B KOPpeNsiLHOHHO-
PerpecCMOHHOM aHajlu3e pEUIAIoNIYI0 POJib MIPAET KA4eCTBO
nauHbIx. MMeercst psan TpeOoBaHuii H PaBWI, KOTOPhIE CleAyeT
COONIORATH MpH cOOpe NaHHBIX.

JlaHuble TOKHbBI OBITb HAOWOAEMbIMUY, T. €. TIONYYE HHBIMU
B pe3ysnbrare 3amepa, a He pacuera. Habmonenust cnenyer crna-
HHPOBaTb. CKOJIBKO HEOOXOAMMO AAHHBIX IJISI NOJYYEHHS! XOPO-
wero ypasnenus? [1o MHEHHIO OJTHMX CTATHCTHKOB JAHHBIX He-
00x0aHMO B 4-6 paz Gonbiue, UeM 4ucio GaKTOPOB, BIHAHKS KO-
TOPBIX XOTAT BbIPA3HUTh MATEMATHUYECKH, IO MHEHMIO NPYrHX - B
7-8 pa3 Oonbuie yucia daxktopos. Ecth u apyrue MHeHus B cTo-
pOHY YBEIMYEHMS KONMYECTBA MAAHHLIX. "YHCIO HabmoAcHHI
AOJIKHO ObITh HE MEHEe 4eM B 5- 6, a ayulie - He MeHee 4eM B 10
pa3 Oosnblue yucia (PaKTOpOB, TOrAa 3aKOH OOJIBUINX YHCEN, Nefi-
CTBYSl B NOJIHYKO cHily, oOecnieuuBaet 3ddexruBHoe noraiexue
CNYYaHHbIX OTKIOHEHHH OT 3aKOHOMEPHOTO Xapakrepa CBS3M
MPH3HAKOB".



Hyvaeeoit sman.
Chop naaubIx

-

_|crparcree.

JAHHBIN.  FOIDKEH ObIThb
JOCTATOMHbIM,  OJHOPOI-
HbiM. HAOMOZACMbIM BO BPEMEHH W/H B IPO-
Jaumsix  seodxo/mmo B 4-6 pas
bonsme wumcia haxropor B Moxean. Hucrpy-
MEHTApHE INCKTPOHHBIX TaOMHI COPTHPOBKA.
B&0OPKA 00 KPHTEDHAM, IPOCTAA CTATHCTHKA.

TpeGonanna. Habop
HOPCOACTARUTCIIBHLIM,

1-5 sman. a) Pacer koppe/smuroHHoH Marpunsl (KM).
v - . t
Koppeasmuon- Viscrpymentapuii: (CepBuc| AHATH3 JAHHBIX
Hbill ABATH3 CBA- | Koppemamgs).
el 6) Anasms KM. Onpeacncune xapakrepa (nps-
] Masn, 00pATHAL) U CHIIK CBA3H.
HBcrpyMenTapuil JJOrH4eCKOH OLEHKH Xapak-
TEPA M CHIBE CBABCH.
= Haxemjenne vto4Hoi Mephl  CYIMECTBCHHOH
2-a yman. } .
cesnu.  Maucrpyvearaomit:  (Ceperc| Anamms
TocTpoerne S B ) Pac
PerpecCHOHHbIX JaHHeIX | Perpeccus). Pacyet mapaMeTpos mMoacim.
Moe.Teil T.C. KOHCTAHTH ¢, H Ko3(pdrunieHToB bn (k-
l prAuneHTOB PErpeccun). ¥ = g, +h\, +. b\,
3-it sman. IpoBepica XPHroAHOCTH MOCTY.IMPYEMOH Moae-
Briscrenue cra- JH TR ApercKalanma. Pacuer TeopeTHuecKHN
THCTHHECKOH | — syovenmyit i HAOTIONEHHBIN 3HAYCHMI 3ABHCHMOI
JHATHMOCTH semunuel (V). Bakreifmyo porb Hrpaor kodiu-
MOJCJIN ¢
IHCHTHI TCTCPMHHALHH ( Rz) u Prumepa (7).
HucTpymentapuii:  crmyOMHKOBAHHBIE TAGIHIBLI
Ouuepa i 7-CTaTHCTHIH.
d-it yman. ECAH HCCT2 I0BAHKAN MO/ICb CTATHCTHYECKH 3HA-
Tipumenenne | “HM. €C IPMMCHSAIOT 119 MIPOrHO3HPOBAHMS,
MOACTH VIOPABIEHHA HaH 00bacHeHHA. Ecnu Her - mocTv-

JMPYIOT MOZCAL APYTOH (OPABL HAPHMEP, HETH-
HEHHOR. nitn COOUPAIOT HOBBIC JAHHMIC.

Puc.13.1. Tans KOPPEAAUHCHHO-PErPECCHOHHOTO aHAIN3A.
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UYem Gombliie HEOAHHAKOBLIX (HE MOBTODAICLIMXCS ) JAIHBIX,
1 YeM OHH ONHOPOJHEE, TEM Jy4LIe MOJYYHTCs ypaBHeHV e, €C11
CBSI3U CYUIECTBEHHbI 110M03PHTENLHBIE IRHHBIE MOTYT OLITS Bbi-
3BaHbl OIMOKAMH HADIIOINEHUH U IKCTIEPHMCHTCE.

Hanpumep, naHHsle 0 pasmepax 3apaboTka pabounx 2asosa
BBIPAXKEHD! TPEX3HAYHBIMH YUCIAMM, HO OOHAPYXEHbI OJHO Tsi-
TU3HAYHOE M OJIHO OJHO3HAYHOE YUCIZ - JUI8 YOPOLICHHs aHaJIY-
33 710 Hayaja PelIeHHs Takue [AHHHIE PEKOMEHIyeTCs 010pachi-
BaTh (MCKJIIOYATH U3 MACCHBA).

ITocrne MOArOTOBKH JAHHBIX HAUUHEETCA HX 0OpaboTka.

Tleperiii 3Tan - KOPPEeNAHOHHbLIA aAHANM3, Ero uwm -
ONpeneNuTh Xapakmep c6a3u (ipamas, oOpaTHas) ¥ cuny C6a3u
(cBA3b OTCYTCTBYET, CBS3t cnalas, yMepedHas, 3aMETHAs, CHITb-
Hasi, BECbMa CHJIbHAsl, TIOJIHAS CBs3b). Koppe/siuunoutblh aHanus
coznaeT MH(POPMANMIO O XapakTepe U CTENCHW BbIPAKEHHOCTH
cBsi3H (koa(PULMEHT KOPPENsHHHM), KOTOPast UCNOIL3YeTCsl s
otbopa cyiiecTBeHAbIX QAKTOPOB, & TaKkKe I TUIAHHL OBaHHSA
3(hdheKTUBHON 1OCIEA0BATENBHOCTH pACyeTa MapaMeTpos per-
peccHoHHbIX ypasHeuuil. [Ipyn 0HOM (QakTope BBIMHCIAIOT KO-
S HHIMEHT KOPPENSLUH, @ TP HATHYMY HECKOJBKHK (eKTOPOB
CTPOST KOPPENALMOHHYIO MATPHILy, M3 KOTOPOH BBIACHSIOT ABA
Buj1a cBszeit: (1) CBsI3W 3aBHCHMOM MEPEMEHHON ¢ HE3aB ACHMbI-
MH, (2) cBA3M MEXIY CAMHMH HE3dBHCHUMbIMH.

PaccMoTpeHHe MaTpHllb! [IC3BOJNISIET, BO MEPBLIX, GuIAGUNTb
(paxmopsl, NEACTBUTENBHO BIHSIOILME HA HCCAENYEMYIG 3aBHCH-
MYIO MEPEMEHHYIO, H BBICTPOUTD {PaHXKUPOBaTh) MX 110 yObIBa-
HUXO CBSI3M, BO-BTODBIX, MUHUMUUPOGANE HUCIO haknopos B
MONIEIM, WCKIHYMB 4YacTh (PAKTOPOB, KOTOPBIE CHIBHO MM
hYHKLMOHAJBHO CBSI3aHBl C APYIMMH (akTopamu (peub njier o
CBSI3SIX HE3aBHCHMbIX TIEPEMEHHbBIX MEXy cO00#).

M3BecTHO, 4To Hanboee HANEKHBIMU Ha NPaKTHKE OblBAIOT
OJIHO- M ABYX(AKTOPHbIE MOJENH. ' "

Ecnu 6yner obHapyxexo, uTo 1Ba Gakropa HMEKT CHIIbHYIO
MJIM MOJTHVIO CBSI3E MeXIy cOOOH, TO B PErPEeCCHOHHOE YpABHE-

541



HHE NOCTATOYHO OYIEeT BKIKYHTL OMMH W3 HHX. Houemy? TIpu-
BEAEM NPUOIH3KTENbHYIO H HEHAYYHYIO AHANOTHMIO. BbI OIHO-
BPEMEHHO BBICIVLIHBAETE ABYX PA3JIMYHBIX M ONHHAKOBO MH-
hopMUpOBaHHEIX HHQOPMATOPOB, roeopsimux o6 OAHOM M TOM
xe. Cxopeii Bcero, 4To Bl ckakere um: "I OBOPHTE T10 OZIHOMY".

TIIpumep 13 HYKOHOMMYECKOH MPAKTHKU: B OQHO perpeccHoH-
HO€ YpaBHEHME HEJIb3S OJHOBPEMEHHO BKIIOYATH MEpeMEHHbIE
"Konnyecrso paboraromux" u "[Ipoussoaurensuocrs Tpyna"
KaK HE3aBUCHMbIE (IOCKONBKY NOKA3ATEMb MPOH3BOAMTETLHOCTH
TPYNa NOJIyHAK0T NeIeHHEM BbIpabOTKH PaBOTHMKOB HA KOJIMYe-
CTBO pabOTAIOLIKX) - 31€Ch HMEET MECTO HOJIHAS CBA3b. AHANO-
TUYHO OYNyT CBSI3aHBI TAKXE NOKA3ATENN OpUOBINM U H3AEpPKEK,
HOCKOJIbKY NPHObLLIL BHIYHMCISIOT BoIYHTAHHEM H3AEPKEK U3 J0-
XonoB. Mckmovenue oHoM M3 Kaknoi Ilapbl HAa3BaHHBIX TEpe-
MEHHDLIX MOBBICHT 3HAYHMOCTL YPEABHEHHS B LEIOM: Npu 31OM
HCKITOYATE CENYET MOKA3ATENDb, NOJAYYEHHbIT He HaOMOIeHHEM
(3amepom uan cuerom), a BhIYMCIEHUHEM. I'pamotHbIe cenmanu-
CTbl, XOPOWIO 3HAKOIIME CBAZH roKasateniei, npoGreMsl Takoro
POAa yCTpaHSIOT ewle Ha srane c¢Hopa M NOAroToBkH nanubx. Fe-
JH Ke IaHHBle coDpaHel GecnopanouHo, Hes NPENBAPUTENLHOTO
TL1aHa, MOZE/b OKA3BIBACTCS OrPAHHYEHHOH M IPAKTHYECKH Mao
HAICKHOMA.

Bropoii stan - pacuer NapamMerpoB H NOCTPOEHHE per-
PECCHOHMBIX Mopesed. 31eck CTPeMATCS OThICKATb HaHGONee
Mo4Hyio Mepy BbIABICHHON CBA3H, IS TOMO 9T065I MOKHO BBIIO
MPOTHO3HPOBATE, NMPEACKA3bIBATL 3HAYEHHS 3aBHCHMOI BENMUU-
Hbl V', ecnu GymyT H3BECTHRI 3HaueHis HE3aBHCHMBIX BEJIMYHH
XX, X

O1y Mepy 0606imenHo BbIPAXKAKOT MaTEMATHYECKOH MOje-
JIbKO IMHEHHOH MHOXKECTBEHHO]] PErpecCUNHHOI 3aBUCHMOCTH!
Y=a,+bX +b,X,+. + +b X .

7

OBM Bblunucaser MapameTpel MOAEIN: CBOOCAHBIN uteH «,

(KOHCTaHTa, MM nepecederve) U kodOHLHEHTHI b, (xoappu-
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LMEeHTbl perpeccud). BeauuuHy ) HasbiBalOT OTKIMKOM, a
X, X,,..,X, - bakropamMy UM PEAUKTOPAMH

OcyiuecTBiieHrHe BTOPOrO 3Tana CHIILHO 3aBHCHUT OT BbIBO-
NIOB, KOTOPbIE MOAYYEHbl IPH aHANU3E KOPPEISI{MOHHOW MaTpH-
Opl. MOKHO 3HAYHTENbHO YCKOPHTD IIPOBENEHHE PErPECCHOHHO-
ro aHaNH3a U CHU3UTH 3aTPaThl HA MCCHENOBAHME, €CIIU NPHHATD
MPaBHJIbHYIO CTPATETMIO MOYCKA HAWIy4llero ypasHeHus. Jls
3TOro HeOOXONHUMO 3HATH OCHOBHBIE U Haubonee 3ddexTUBHbIE
METOMbl MOMCKA HAWTYULIErO ypaBHeH!s, (pPacCMaTpHBatOTCs aa-
jiee OTHEIbHBIM MyHKTOM). ,

[Tocae mnonydeHus KaJaoro BapHaHTa ypaBHeHus oO#A3a-
TEJbHOH NMPOUEAYPON ABSSAETCS OLEHKA €ro CTaTHCTHYECKOH 3Ha-
YUMOCTH, HOCKOJbKY IJIaBHAsl 1ielib - MOJYYHTE VPaBHEHHE Hau-
BhICLIEH 3HAYHMMOCTH, MO3TOMY BTOPOH 3Tam KOPPETALMOHHO-
PErpecCUOHHOIO aHalM3a HEPAspBIBHO CBs3aH ¢ TpeTbuM. OnHa-
KO B CBS3H C TEM, YTO pacyers! BbimonHser 2BM, a peleHve Ha
OCHOBE OLIEHKM 3HAYHUMOCTH YPABHEHUs NMPUHHMAET HUCCJEI0Ba-
Teab (NPUHATH WM OTOPOCHTH ypaBHEHHE), YCIOBHO MOXHO BbI-
NENHTb TPETUH JTAl ITOMH 4€IOBEKO-MALIMHHOMH TEXHONIOrMH KaK
MHTEJUIEKTYANIBHBIA HEMAIUMHHBIA 3Tan, A0t KOTOPOro Houmu
Ace JJaHHBIE N0 OLEHKES 3HAYMMOCTH YPaBHEHUs! NOATrOTaBIHBAET
SOBM.

Ha rtpernem 3Tame BBIACHSIOT CHIQMUCIIYECKYIO IHAYM-
_.MOCHIb, T. €. MPUTOAHOCTD NOCTYJHPYESMOH MOJENH ISl HCIIOJIb-
30BaHUS €€ B LieJIAX npeackasanus 3HadeHui orkuka. Ilpu sTom
nporpamMua yke paccHuTa’ga Io MOAEH TEOPETHUYECKHE 3Haue-
HHS 711 paHee HaOr0JeHHBIX 3HAYCHHIT 3aBUCHMON BEJIHYKHBI U
BBIYMCIHAA OTKJOHEHHS TEOPETHYECKMX 3HaYeHHi oT Habo-
naemblx 3HadeHuil. Ha ocHoBe 3TOro nporpamMMa nocTpomna
Takxke psig rpaduxos, B T. 4. rpapuk noadopku (OH WILTIOCTPH-
PYET, HACKOJLKO XOPOWO MOAcOpaHa JIMHMA PErpecCHH K Ha-
OnmroneHEbIM AaHubiM) U rpaduk octatkoB. MccrnenoBarens aon-
)KeH paccMmoTperh 3TH rpaduku. B ocratkax He A0MKHO HadIo-
JAaTbCA 3AKOHOMEPHOCTH, T. €. KOppeIsuud ¢ KakuMH-IHC0 3Ha-

J
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YEHHUSIMHK (€C/IH ¢Ha eCTh, TO, B MOJENb HE BKIFOUYEH KaKOH-TO
3aKOHOMEPHO NEUCTBYIOIUN, HO He MIBECTHbIH, CKPbITHII (ak-
TOP, O XOTOPOM HET AaHHBIX). [ins OLEHKU Ka4eCTBa Noy4eHHOH
MOZEJH POrpaMMa BbiYHCAWIA TAKXKE LeNbli psan Koa(phuimeH-
TOB, KOTOpEIE 00s3aH PacCMOTPETbh MCCIENOBATENb, CPABHHBAs
HX C #3BECTHBIMA CTATHCTHUYCCKMMH KPUTEDMSMH M OLEHHBAs
MOZEJIb € TOYKY 2PEHMS 3PABOTO CMbiC/a.

Ha 5TOM 3Tarne MCKJIOUUTENBHO BRXKHYIO POJib MIPAIOT KO-
sbduureHT neTepMUHALMM U /-KPUTEPKl 3HAYHMOCTH perpec-
CUH.

& Squared (RZ) - Koappunuenm oOemepmunayuu - 3TO
KBa/ipatT MHOXKECTBEHHOTO KOdpPULIMEHTA KOPPETSILHA MEX 1y
HaO/MI0,14eMbIM 3HAUCHHEM Y U er0 TEOPETUYECKHM 3HaUCHHUEM,
BBIYHCJICHHBIM Ha OCHOBE MOIENH C OUPENSNIECHHBIM Habopom
dakTopos. Koadduuwent nerepMuHaumu M3Mepser ReicTBH-
TENbHOCTL MOJAENN. OH MOXET npuHUMaTh 3HadeHusi ot 0 no 1.
DTa BEMHYHHA OCOOCHHO TCJE3HA Il CPABHEHMS PAla pasivd-
HBIX MOJENeli 1 Bbidopa Hauny4inel Moaeny.

R° ecms doust sapuayisi HPOZHOZHOU (MeOPemuieckolt) ce-
auyumst Y OMHOCUmMEAbHO HAOA00eH b1 3Havenuit Y, obwvsc-
HEHHAA 3A CHeM BKAIOHCHHBIX 6 MOCeAs akmopos. OYeHb XOpo-
wo, ect R° > 80% . OcTanbHas 40N TEOPETHHECKNX 3HAUEHHIT
V' 3aBHCHT OT APYrMX, HE YYaCTBOBABILMX B MOAENH (AKTOPOB.
3aja+4a UCCIENOBATENs - HAXCHHTH (AKTOPBI, yBENMYUBAKOLIHE
R’ w naeats OOBACHEHME BAPHALLTT IPOTHO3A, UTOOBI IOJYUHUTh

uaeansHoe ypasnenue. Cunaxo, kosdouumert R° camoe 607b-
HIee MMKET SOCTUrHYTh BenuyuHe! | (uau 100%), korma sce
3HaueHus PaxTOpoB passikuHbL A €CJl B JA3HHBIX €CTh MOBTO-
PAIOLUHECS OTIBIThI, TO BEAHUHHA R° HE MOXKET AOCTHIHYTb 1
Kak Obl Xopoma Hu Obina Monens. [losromy ayGaukaThi JaHHBIX
Clemyer yramaTs M3 HCXOAHCH Tabimibl A0 Havana pacyera per-
peccrid. HeroTopsie nporpamMmHble NMakeThbl aBTOMATHYECKH yaa-
ASOT AyOHIIKAT, OCTABJIsAS ML YHUKAJIbHbIE JaHHbie. TlosTope-

344



HUe OJMHAKOBBIX JaHHbIX CHHXKAET Ha1€KHOCTh OLUEHOK MOJENH.
R’ =1 mimb 1Hpu NOJHOM COMNIACHMH 3KCIEPUMEHTAJIBHBIX (Ha-
DNIONIEHHBIX) M TEOPETHYECKHX {PACHETHBIX) NAHHBIX, T. €. KOTAA
TEOPETHYECKHE 3HAYEHHS] TOMHO COBIANANT C HAOMOMAEMBIMH.
OnHaKo 3TO CYUTAETCS BECbMA MAJIOBEPOSTHBIM CIIyYaEM.
CpeacrBamu perpeccuonHoro aHanusa, B T. 4. EXCEL, Bbi-
YUCNAETCA F-Kpumepuii 3HauumMocnu pezpeccut: 0/Ia ypasHeHus
6 Weslom. D10 PACCUMTAHHOE N0 HaONIOJEHHBIM JAHHBIM 3Have-
nue [, (F pacuernblil, HAGMIOREHHDBIA) CIELYST CPABHHBATDH C

COOTBETCTBYIOUIMM KPUTHUYECKMM 3HaueHueMm [, (F kputuue-

ckuil, Tabauunkii). £, uccnenosatenb BbolOMpaer u3 nybnuxye-

MBIX CTATHCTHYECKMX TaOJML HA 3aJaHHOM YPOBHE BEPOSITHOCTH
(Ha TOM, Ha KQKOM BBIYHCJISJIUCH NapaMeTphbl MOJENH, HANPHMED,
95%).

Ecnu naGroonennoe 3HaueHue F, OKaxe1Cs MEHbLle KPHU-

THYECKOTO 3HaueHust /7, , TO ypaBHEHHE HENb3sl CYMTATH 3HAYM-

MbIM. B HHOH TEPMHHONOTHM 0D 3TOM XK€ MOXKET ObITh CKA3AHO:
HE OTBEPrHYTa HYJb-TMIIOTE3a OTHOCUTENBHO IHAYMMOCTH BCeEX
k03(DHULIMEHTOB PErpeccHH B NOCTYJIHMPYEMOH MOIENH, T. €. KO-
3¢ PHIHEHTb! TPAKTHYECKH PABHBI HYJIHO.

DAEKTPOHHAS TEXHOJOTUA KOPPEISLIMOHHO-PErPECCUOHHOIO
aHajHM3a CTAHOBUTCS adCOMIOTHO OECTONE3HOM, €Ciin PaCyETHbIE
naHubie OYAYT TOAKOBATHLCA HE BIOJIHE MPaBHIbHO. B cessu ¢
ITUM MPOLIATHPYEM 3[€Ch OJHO MHEHHe: "... YTODbl ypaBHEHHE
MOXHO ObII0 CYMTATh YIOBJETBOPUTENIBHBIM Il LENeH npen-
CKa3aHus (B TOM CMBICIIE, YTO pa3Max TpPeICKasbiBaeMbIX 3HaYe-
Huii OoTkAuKa OyaeT 3HaumTenpHO Oonblie, 4YeM CraHjapTHas
ournOKa oTkAMKa), HabmoaaeMoe 3HaueHue F... JO/DKHO He Mpo-
CTC  npeBblliaTh  BLIOPAHHYIO — NPOLEHTHYIC  TOYKy [~
pacnpefieNienus, a mpeBoCXoIuTh e¢ npuMepHo B 4 pa3a. Hanpu-
mep, nycrs .. F{10: 20; 0,95)=2,35. Torna nab:ronaemoe 3naqe-
HHE F-OTHOIIEHHS JIOIDKHO NpPEBOCcXonuTs 9.4 ans Toro, 4To0b!
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MOKHO ObIJIC PaCLUEHMBATH MOJYyYEHHOE ypasHEeHUEe KaK yOOBJie-
TBOPHTEJILHYIO MOZENb A5 NIPENCKa3aHus".

MEI IPHBOAMM 3TO BbICKa3bIBAHHE [JIA TOTO, 4TOOBI MCCIie-
70BaTel b, €CIIH MOKENAET, MO UCIIONB30BATE €ro UIf YeThIPEX-
KPaTHOI'O YCHIISHHWS KPHUTEPHs 3HaUMMOCTH YPaBHEHUS B Ciydae
0c000 BAXKHBIX TIPOTHO30B.

Ha uyerBepTOM JTane KOPpeJSIHOHHO-PErpecCHORHOr0
HCCJICAOBAHMS, €CITM MOJY4YEHHasi MOJENb CTATHCTHYECKH 3Ha-
YiMa, e NPUMEHSIOT Ul MPOTHO3MpOBaHKs (NPEACKasaHus),
YIIPaBJIEHUSE MDY OOBSICHEHHS.

Ecan xe oOHapykeHa HE3HAYUMOCTb, TO MOJZIENIb OTBEPratoT,
MpeIoNaras, 4To UCTMHHOM OK&XeTcs Kakas-To apyras gopma
CBSi3M, KOTOPYI0 Hano nouckaTe. Hampumep, ¢ camoro Hauana
paGorhl (kax Obl MO YMOIYAaHUIO) CTPOMIIACH H NPOBEPSUIACH JIH-
HeiHAs perpecCHOHHas Mozenb. He3HaunMocTs ee ClyKUT OCHO-
BAHHWEM IUISl TOTO, YTOOBbI OTBEPrHYTb TOJBKO [uHeHyio HopMy
mozeiy. BoaMoxkHO, uTo Gosiee moaxopsieid OyAeT HeJMHeHHas
dopma mMonernH.

13.3. OcHoBHBIE METOABI NOUCKA HAWUJYYILIECTO
ypaBHEHHUSA

Mpl paccMaTrpuBaeM 3JeCh JIMIIb T€ H3 METOAOB NOHCKA
HaW/ly4yiero PerpecCHOHHOr0 ypaBHEHHs, KOTOPbIE IPHU3HAHb!
HAUAVHHUMY B YCAO0BUSAX Hptmenentia DBM B ciydae MHOXECT-
BEHHOID PErPeCCHOHHOTO aHaJM3a (3TOT BU AHATU3A CUUTAETCS
B OCHOBHBIM MHCTPYMEHTOM 3KOHOMMCTA). Ecnu Gaxropos He-
CKOJIbKO, MOKET OBbITh MOJY4EHO HECKOJBKO DA3JIMYHBIX ypaBHe-
HUl. 3a7aya MCCnenoBarens - OThICKaTh Hausy4yllee YPaBHEHHE.
Tpotie;typbl MOKUCKA Haniy4UIed MOMENH BeChMa pazHooOpasHbl.
CBA3AHLI ¢ OOJBIIMM KOJIHYECTBOM BBIMHUCIEHHH M CHIILHO 3aBH-
CAT OT 4ncja (HaKTOPOB, BIHSHHE KOTOPBIX HA OTKIUK XOTHAT KC-
ciaenoBaTh. JII0OOH MeTOA BbIDASAUT Kak JIPOBEAEHUE Cepui
cpaBHeHMit Ul BbIOOPA NoMe3HbIX PaKToOpoB.
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CymecrByeT HECKONbKO CIOCOOOB ¥ aNrOpUTMOB BHIOOPa
HAWJIYYLIEro YPABHEHUS PETPECCHHU!

1. Meton Bcex BO3MOXHBIX PErpecCHii.

2. Metoa BbIOOpa «HAUIYHLIErO NOAMHOXKECTBA» PEAUK-
TOPOB,

. Meron uckioueHust.

. II1aroBslii perpecCHOHHBINH METO.

. I'pebreBas {pumx) perpeccus.

. IMPECC.

. Perpeccus Ha riaBHBIX KOMIIOHEHTAX.

. Perpeccust Ha cCOOCTBEHHbBIX 3HAUEHHSIX.

9. CryneHnyarhlil perpeccHOHHbIH METO.

10. Pobacrhas (ycroituuBas) perpeccusi.

11. Npyrue, Oonee paHHUE METOMAbI (METOMA ACIEHE'S TOMO-
JiaM, METOJ CKJIaZHOTO HOXa).

MeTos HCKIOYEHHS HCCeNyeT HE BCE, & TOJbKO Hauilyd-
LIMe PEerpecCHOHHbIE YPABHEHMS, B YEM M COCTOHT €ro 3KOHO-
MU4YHOCTb. Ha mepsom 3Tainle paccyuThiBaeTCs ypaBHEHHE,
BKJIIOUAIOLIEE BCE HE3aBUCHMBIE MEepPEeMEHHbIE. 3aTeM, pac-
CMaTPHBAast KOPPEIALHOHHYIO MATPHLY, HAXOMAT B HEll He3aBH-
CHMYIO NIEPEMEHHBYIO, UMEIINYI0 caMylo cnabyio (110 Moxymo)
CBA3b C 3aBHCUMOM, (T. €. C HAUMeHbUIIIM TIO MOy IO 3HAYEHHEM
KO9(pPHUMERTA KOPPENALNM), U HCKIIOHAKOT €€ M3 YPABHEHHUSI.
34HOBO NMEPECHUMTHLIBAIOT YPaBHEHUE C MEHBLIMM YHCIOM HE3aBH-
CHMBIX TNEepeMeHHbIX. EC/M N0 CPaBHEHMIO C MPEeNbIAYII(HM pac-

HETOM 3HaYMMOCTh YpaBHeHHs B uenom (F,) n xosddrnuent

0~ O\ W W

netepMUHAUHK (K7 ) NOBBICHANCD, TO HCKTIOUEHHE CAENIHO npa-
BUALHO. [lajiee OThICKUBAIOT B KOPPENSLMOHHON MaTpA4ule clie-
YUY HE3aBHCUMYIO MEPEMEHHYI0 C HAMMEHBLIUM 3HAYEHH-
eM ko3pPHUUHEHTa KOPPeNSUMH U NOCTYNAOT aHANOTHYHLIM 06-
pasom. Mckmouetins HE3aBHCHUMBIX TIEPEMEHHBIX (110 0AHOM) H
repecyeThl ypaBHeHUH MPOOIKAIOT 10 TEX MOop, NOKa He OOHa-
PY>KaT CHWKEHHE 3HAYHMMOCTH YPaBHEHHsS! H JOJH O0ObSCHEHHON

Bapuaumu (R”) N0 CPABHEHHIO ¢ NOCHEIHMM NPEeaLLECTBYIOUIUM
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pacyeToM. DTO CIYXKUT CUTHATIOM HELENecoodpasHOCTH HOCIE0-
HE20 MCKIIOYEHU.

HlaroBslit MeTOA - 3TO MONBITKA MPHHTH K TEM Xe pe3y/lb-
TaTam, NEHCTBYSA B MPOTHEOMOJOKHOM HANpas/IeHHH, HAUUHAs C
oanogpakropuoit monenu. [Ipu 3TOM, kKaK U B NpeabiayluemM Mme-
Tone, 06s3aTebHO OPUEHTUPYIOTCS HA NAHHbIE KOPPEJSLIMOHHOH
maTpuLbl T. €. npy maroBoM METONE Ha NePBOM 11are pacuera B
ypaBHEHHE BKJIOYAIOT HE BCE, a TONBKO OAuMH (bakrop ¢ mau-
GoavutumM MO MCAyNK 3HaveHueM kodduuuenta Koppensuuu
MEXIy HEe3aBHCHMOW M 3aBMCMMOH nepemenHoH. Ha kaxiom
CENYIOLEM HAre U3 OCTaBUIMXCS HE BKIOYEHHLIMH B ypaBHE-
HUE HE3aBMCHMBIX MEPEMEHHBIX B NPEUbIAYIIYI0 MOfeb 100aB-
JSIOT TOJNBKO OJHY HE3aBHCHMYIO TIEPEMEHHYIO, Hanbojee CBsi-
3aHHYIO C 3aBHCHMOMH, H 3aHOBO NEPECUYHUTHIBAIOT BCE NAPAMETPbI
perpeccun. [locre nepecyera CPABHMUBAIOT MONYICHHBIS OLCHKH
HOBOTO YPaBHEHAs C OLEHKAMM MpeRuiecTsylolero wara. Tak
MPONOJKAKOT IO TEX TOpP, MOKa HE NONYy4YaT HAHTy4llee ypaBHe-
HHE ¢ HAUOOBLIHMHI PACUYETHBIMH 3HAYCHHAMH ' 1 R*.

JloGaBnenus MM UCKIIOHEHNS HAKTOPOB HO OOHOMY B KaX-
OM M3 Ha3BaHHLIX METOIOB MO3BOJAKT 3aMETHTh M BbIAC/IUTH
POTb KAXMIOTO OTHENbHOrO (HhakTopa B PETPECCHOHHOH MOZENH.
Eciti 5TOT NpMHLHUN He coOmoaaeTcs, 1.e. (PakTopsl HCKIIHOHAOT-
cs1 (Mpu MeTofe MCKIYeHns) i JoGasnsioTcs (IIpH 1IaroBoM
MeTone) mo aABa WM Oonee, TO HAMIYYLIYFO MOjENb OTHICKATDH
BCE-TAKH MOSKHO, HO TOrAa TPYIHO MOHATE, KAKOW K€ WMEHHO
dakrop Haubonce CyeCTBEHHO u3MeHseT (yaydqliaer HiH
YXYZALLIAET) CTATHCTHYECKVIO 3HAYUMOCTDb YPABHEHHS. A 31O MC-
KJIIOYHMTENBHO BA;KHO B MADPKETHHIOBBIX H PUHAHCOBBIX MOJENSX,
KOTOPbIE OTHICKHBAIOT HMEHHO [ TOr0, 4TOOb! YIIPaBIATh 3aBH-
CHMbIM TIOKA3aTENEM, 4Yepe3 BJMSHHE Camoro CyIEeCTBEHHOTO
MM CaMblX CYIIECTBEHHbIX (AKTOPOB, T.€. lEfieHaNpPaBiaeHHO
u3MeHsis 3HaUeHs PaKTopa s [ONYYEHH KETaeMOTO OTKIHKA.

O6paruTe BHUMaHHE HA TO, YTO B OMMCAHHBIX BbILIE MPABH-
JaX BbIMOJHEHHS DPErPEeCCHOHHbLIX BBIUMCIEHHIT UCCIeNOBaTENb
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TOJDKEH NE€HCTBOBATD, NPEaBapUTENbHO U30pas KOHKPETH)LIE Me-
Ton. HecMotpst Ha xommbioTephyro NOJICPHKKY BBIYHCACHMIT
KOPPENALUMOHHOH MATPHLIEL, & TAK)Xe [apaMeTpoB perpecci1oHHo-
'O YPaBHEHUS, HA LOJIO UCCIECAOBATEINS IPUXOMUTCS 3HAY HTEh-
Hax HacTh MHTEJUIEKTYalbHOrO TPYAA - OH HANPABISET KAXIbli
CJACQYIOLIMA War PacyerToB, CTPEMSICh [pU 3TOM HaWTH KaYecT-
BEHHYIO MOJENb NMPY HAUMEHbLUMX 3aTPATaX BPeMeHH. 3uas ai-
FOPUTM, CBOHCTBEHHBIH BHIOpaHHOMY METONY, HCCHIeA0BATEND
AOJDKEH KAK-TO (BPYYHYIO MJIH C NMOMOIUIBIO BCIIOMOIATENbHBIX
3JICKTPOHHBIX TaOJMIY) HATIISAHO OPraHU30BATH BAXHE e pac-
HETHBIC NaHHbIE, HEOOXOAMMBIE NN MPHHSTHS peuwrenna (o
BRJIOUCHHM MM MCKITIOYeHHH (akTtopa). ITo obCToaTenbeTRo
UTPACT BAXHYIO POMIb NIPH CPABHEHMM PA3HBIX IPOTPAMMHbIX HH-
CTPYMEHTOB KOPPEJISILMOHHO-PErPECCHOHHOIO aHATH3a.

Cuuraercs, 4ro uem Gonbiue MHTEJUICKTYANbHEIX (yHKLHI
MEPeNato NMporpamme, TeMm oua sy4iue. HekoTopste nporpammbr
MOTYT CTPOUTD MOJTHBIH MATEMATHYECKHIT BHI yPABHEHHS HA Ka-
KOOM ware. [Ipyrie nporpaMMi, NOC/e YKa3aHHsd QaHHbIX i Me-
TOha, acmosaniecky BHIMONHAIOT BECh KACKad HEOOXODHMBbIX
LIArOB (BKJIHOYEHHS MM HCKJIFOUESHHS NPEAUKTOPOB), U BBIAIOT
OTHETbI O NPOAENAHHBIX BBIMHCIEHHSX, PETHCTPHPYS HOMepa
LLAros, pesylbTaThi KaXJOro wara, oGOCHOBBIBAS BKJIH)YSHHS
HIIH HCKIOYEHHSA. EC/M Je Ha KOMIILIOTEpe HMeeTes b =iek-
TPOHHAs TaliMLa, TO UCCnenoBarens Bceraa BBIDYYMUT 3HAHUE
npasan Meroza. Ilpu nommepxke MHOKeECTBEHHOIO PerpeccHoH-
HOI'O aHaNMM3a CpencTBamMM [xcel MOXKHO OTCHEKUBATH cuepen-
HOCTb HCCICNOBATE.ILCKHUX WIATOB, 3AMUCBIBAS IS KAKAOrO LUa-
ra: HOMEp wiara, HabOp HE3ABHCHMbIX TIePEMEHHbBIX, BHI ypaBHe-
B, TJaBHbIE OLUEHOUHbIE NaHHble: KODPULMeHTb DLy epa (F
pacueTHbIH U /' kpuTHuecKuit) i AeTepMUHALUMH K-,

Ilpusenem opny M3 BO3MOMHBIX (opm BecromorarensHoi
TabJIH b,
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Pe3ynsnansi MHOXCECHBEHHO20 PeZPECCHCHNO20 UCCAe00-

BAHUS MEMOOOM (11aeo6uIM, HUCKAIOYEHUS)
Ne Kom-| VYw4acr- Buna F, Fi R BbiBOABL O
miara | 4ecTBoO| BYET He- nony- POTH BKJLO-
(axro-| saBfcM- | YEHHOH YEHHOTO WM
poB | MBIC IC- | MOICHH HCKJTHOYCH-
peMeH- | Horo (axro-
HBIE pa.
1 2 3 4 5 6 7 8

Jlns mPOCTOi PETPEcCHy, T. €. MPU OTHOH HE3aBHCHMOH Tie-
peMeHHOI, Takas TabJKLA NPAKTHYECKH HE Hy)KHA. 30HY rpad 5-
7 MOXHO PaCUIMPHTb, YBENHUYUBAS KOJMYECTBO KPUTEPHEB MPO-
BEPKH 3HAYUMCCTH (PAaKTOPOB (HAMPHMEp, 3@ CHET [-KpUTepHs).
Ecsu obmuit F-kpuTepuii 1aeT BO3MOKHOCTE OLICHUBAThL 3HA1H-
MOCTb YPAaBHEHMS B LIEJIOM, TO /-KPUTEpHH (/-CTaTHCTHKA) 103BO-
JISeT OLEHHTb HHAMBUIYAIbHEI BKJAZA OTAENbHOIO Mapamerpa B
3HAYMMOCTD YPABHEHUS.

006 HCNOoNL3OBAHHHM [-CTATHCTHKH. YMEHHE HCIIOIb30BAThH
{~CTATUCTHKY CJIyXHT JOITOJHUTENIbHBIM PE3CPBOM AN NOBbBIIE-
Hust S3PPEKTUBHOCTH MONCKA HAUNYYLIETO YPABHEHHMA 1 KOHTPO-
7Sl MIPEATNONOKEHUN 06 UCKNOYeHUN HE3aBUCUMOH NepeMEHHOM
U3 ypaBHEHHMsl. B HEKOTODBIX PErpeCCHOHHBIX MPOrpammax, ba-
3UPYIOLIMXCA Ha METOIE HCKMOYEHHMS, MOXET HCIO/Ib30BATHCA
HE [-KPUTEPWH, a wacmublil F-kpumepuii. -KpuTepHi NpencTas-
nsier coBGoi KOpeHb KBALPaTHbIH M3 BEJIMUMHBL HACTHOrO F-
KpHUTEpHs, ’__(F = f:). Takum o0Opa3oM, BO3BEAd B KBaapar /-
KpUTEpHil, MOHO MOJYYMTh CEPHIO YACTHBIX 3HAYEHHH [ nins
OT/ENIbHBIX MAPaMeTPOB YPABHEHHs M INPOBEPHTH pernenHe o0
MCKJIFOYEHNH DECTIONE3HOH NePEMEHHOH, IPHHATOE APYTHM CriO-
coboM.

JUis KOPPEKTHOIO HMCMOIb30BAHHS /-CTATHCTHKM HEOOXOMIH-
MO UMETb NpH cebe NyDIMKYeMYH CTATHCTHYECKYH) Tadsuuy
3HaueHu# f-kpurepust CroronenTa. KputHueckoe 3Ha4eHHE 7 Bbi-
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Oupaercs u3 Tabumupl /-pacnpeniejieHust ¥ CPaBHUBAETCS C pac-
YETHBIM.

[-cTaTuCTHKa pa3paboraHa st Maibix BBIDOPOK, T. €. BbIGO-
POK, COCTOALMX W3 CPABHHTENLHO HEBOMBIIOrO uMCiIa HAGHO-
JEHUH - OIOHOTO-ABYX necsitkoB. Pacnpenenenue Crteionenra ue
OHEHD 3HAYUTESILHO OTJMHYAETCA OT HOPMAJBHOTD. DTO OTIHYHE
TEM MeHblue, yeMm Oonbuie #, U mpu 1n:-30 NIPaKTUYECKH OBICTPO
HCYE3aeT.

Pe3ome

M3 muoxecrsa metomor noucka HaWJIy4lero ypaBHEHHS
PETpECCHH IS MPAKTUYECKOTO TIPUMEHEHUS C noMoupro IBM
MBI BEIICTIMIIH 1BA. METOX HCKJIOYEHHS M [HArOBbIii perpeccuon-
HBIH METOJI.

Meton ucknrouennn - "Bronne YAOBJIETBOPUTENIBHAS TIPO-
Uenypa, 0COBEHHO ISt CTATHCTHKOB, KOTOpbIE JIHOOIT BUAETH BCe
[ICPEMEHHDBIE B YPABHEHUH, YTOOBI "4ero-1o He YOYCTUTL". ITOT
METOZ! 3HAHTENLHO GOJIee SKOHOMHUEH [0 3aTPATAM MAILHHHOTO
BPCMEHH ¥ TPYZia, 4eM METON BCEX perpeccHii. ... MeTon Hekiio-
HCeHIA HAYMHACTCS ¢ HanGollee TIONHOIO YpaBHEHMSA, BKIOYALO-
IHEro 8Ce NEPEMEHHBIE, B COCTOUT B MOCAEAOBATENLHOM YM€Hb-
IEHMN 1HCa MEPEMEHHBIX IO TEX TMOp, MOKa He NPUHUMAETCS
pellierite 00 UCIIONB30OBAHMM YPABHEHHS C OCTABIIHMUCS 4JIeHa-
MH.

Laroseiii meToa npencrasnser coBoii NOTIbITKY OPUITH K
TEM JKE pesyJibTaTam, NEHCTBYS B 0OPaTHOM HAarpaBieHuH, T. e,
BK/IF0Yas NICPEMEHHBIC I10 OYEPEH B yPABHEHHE 10 Tex nop, mo-
Ka YPaBHEHME HE CTAHET yAOBIETBOPUTEIbHBIM. Hopsanok sr.1to-
HEHUs OMpENeNnseTcs ¢ NOMOLUBK) YaCTHOrO ko3 uuuenTa kop-
PEBILIHH . KaK MEPbl BaXKHOCTH. [IEPEMEHHBIX, ELIE HE BKIOUCH-
HBIX B ypaBHEHNE. Mbl CYHMTaeM 9TOT METOA ONHHM M3 JYyHLIMX
cpenyt 00CYXNABWHXCA Bbille I PEeKOMEHAYEM €ro mpumeHsThb.
On Hanbosee 3xoHOMMuEH npu obpadoTke nanHbIX Ha IBM.
ONHaKo 10aroBeili METOL MOKET Jerko CraTh 00y30H mis npo-
deccHonanbHOrO cTaTHCTHKA, Hcnonbiosauue 31oro Merona s
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ABTOMATHYECKOrO BbIGOPA HAMYHIIEro ypapHEHus ¢ MOMOMBIO
SBM Oyner CIUIIKOM 3aTPYIHHTEIbHBIM. Jlyuwe Bcero pado-
TaTb ¢ KAKUM-TO OJAHHM METOIAOM U OBJIALETH €T0 cneumb}me—
CKUMH OCODEHHOCTAMU",

Branes nBymsi METOAaMy MpH HaJIMHHH Fxcel, BbI MOXETE
MPUMEHSATH KaXbIA U3 HUX 110 CBOGMY yemotpenuio. [Tpu 31oM
BBl COXPAHAETE MOJHBIA KOHTPOb 33 BBINONHEHNEM pacueTros M
OpraHH3yeTe HX MO BALIEMY 3aMbICHY, TIIATEILHO olieHuBas pe-
3yALTATHI M0 (POPMAIIBHBIM KPUTEPUAM (kax 2TO AENAT MaTeMa-
THKM), & TAXOKe C TOYKU 3PEHHs 31paBoro cMbicia (xak 3TO no-
CTOSHHO AENAal0T CIEUMAIUCTBl B CBOMX MPEAMETHBIX obnacTax
3HAaEMs - B MapkeTuHre, GunaHcax u Ap.). DTOT CTHIIb MPHMEHE-
HUS CJIOMKHBIX METOZIOB ¥ MX KOMIBIOTEPHBIX MHCTPYMEHTOB CO-

OTBETCTBYET COBPEMEHHOMY YPOBHIO TEXHOJNOIHH KOHEUHOTO
NOJIL3OBATEJIS.

13.4. Uncrpymentapuit EXCEL u npumep petueHns
MHO’KeCTBEHHOMpEr pecCHOHHOH 3a1a4u

B Bepcusix Excel 95, 97, 2000, 2002, XP nnst KOppessiuuoH-
HO-PEIPECCHOHHOTO aHANN3a HCTOJIB3YHOTCS CpencTBa crienyanb-
HOFO CTATUCTHUECKOTO MOIyis. Monynb BKIOHACT B cebs OBa
BMIA CPEACTB MATEMATMKO-CTATHCTHYECKOTO aHATH3A. Pynkyuil
W HHCHIPYMEHNTbL.

Cratuctrueckue ¢yukunu (80 dyHxLuil), BbI3BIBAIOTCA He-
pes okHo Macmep hynruit. ®ynxuua KOPPEJT (pacuet koppe-
AALMA MEXay 06yMs MHOXECTBaMH N@aHHbIX) 3ITpalIUBAET [BA
HCXOMHbIX MHOXKECTBA (MAcCHBa) MaHHBIX 11 BbIIACT xkorPPuuu-
EHT KCPpE/SiLMK B Ty KJIETKY, Kyla EbIT YCTAHOBAEH KypCop rie-
pen ofPpauieHHeM K dynkunu. Ha puc. 13.2 mokazaH BUJ OKHA
Macrepa hyHKLMI 1 BbI30B BYyHKUHH KOPPEJL. Ha okxo Mac-
tepa (yHKUHH HaNOXEHO OKHO camoit pynkunn KOPPEJL, xoTs
A CAaMOM Hejie OHOBPEMEHHbIH 0030p ATHX [BYX OKOH HCKIIO-
qeH. AHanorHuHO (BHH3Y) TMOKa3aHbl HHANIOTOBBIE OKHA AJbTEP-
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HAaTUBHOTO MOIMHOIO MHCTpyMeHTa Koppeisyus, BXONAILETO B
nakeT npunoxenui (Hancrpoex) Awamusz damneix, (puc. 13.3) u
[O3BOJISIOLIETO CTPOHTb KOPPENSUMOHHBIE MATPHLbI ¢ razMep-
HOCTBIO, OTPaHUYMBAEMOI JHilIb Pa3MepoM paboyero nucta.
MHOKECTBEHHbIH KOPPEIALMOHHO-PETPECCHOHHBIN  aHaNN?3
B OCHOBHOM OPHEHTHPOBAH Ha CPENCTBA AOIMOJHUTENIHLHOID TIAKe-
Ta Ananus Oannvix. Axtususaums komauas Cepeuc| Ananis dan-
HbIX OTKPBIBAET OKHO HHcmp}MeHmbz anaiuza, TpenocTagnso-
iee 19 CTaTUCTHYECKUX MH

i Paﬁum  BHSO% ABHREH
Yexoroenis
ﬂ»} gEIR

Puc 132, Cpeactsa koppensunoHHoro ananusa B Lxcel: npocras
v HKLUMSA KOPPEH‘
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ROV DpEMERG
(oot R34S S0 TOBTUDEMIA

G RaTemnag (Y ATHSTIRG
ROnEvEATaNOY D RERIEBEA

Hewerboponott Freot 3o e
Saii Pypes

K T RIS

Puc. 13.3. Cpeactsa KoppeisSIMOHHOrO aHanu3a B £xcel: WHCT-
PYMEHT U3 COCTaBa MaKeTa «AHAIM3 JAHHBIX.

Cpenu Hux - Koppeaayus v Peepeccist, HEIIOCPEACTBEHHO H
>GbeKTHBHO NOLAEPKUBAIOUINE TPOCTON W MHOKECTBEHHbIH
KOPPESSILLHOHHO-PETPECCHOHHbBIH aHAJN3.

ITH CHOKHBIE MHCTPYMEHTbI JOCTYMHb! B TOM Ciy4ae, ecii
OHH MpENBAPMTENBHO 3arpyeHbl uepes komaway (ep-
suc| Haocmpoixu. B OTkpriBmemMes OKHe NONONHEHHA cinenyeT
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noMeTuTh praxox ciesa o1 nosuunu Analisys Tool-Pack VEA,
U 3aTeM IEeJKHYTh N0 KHonke OK.

ITocne nosropHoro obpaiuerus k komanne Cepeuc, NO3HLHA
Awnamz Oannerx nosBUTCS B KOHUE MeHO. Ecrm ke komanna
AHanus Oannsix N B 3TOM Cliydae OTCYTCTBYeT B MeHIo Cepsuc, To
HEeoOXOAUMO 3anyCTUTDb NporpamMmy ycraHosku Microsoft Excel.
ITocne yCTAHOBKH MaKeTa aHaM3a ero HeoOXOAUMO AKTUBH3UPO-
BaTh C MIOMOIbIO KOMaH bl Haocmpotixu.

MOXHO YCTaHOBUTH IIAKET aHAjJW3a AaHHbLIX N0 CTaHIapT-
Holi noackaszke: "B wmenw Cepsuc Bwibepute xomaHumy Hao-
CIPOLKU.

Ecny B CriMCcKe HAACTPOEK HET IAKEeTa aHANH3a NaHHbIX, Ha-
KMHUTEe KHONIKY O030p U yKakuTe IUCK, Nanky U uma daina s
HAZCTPOMKKM TMaKeTa aHaau3a, (KaKk [PaBuUNIO, 3TO Manka
Library| Analisys). Vinu 3anycTute nporpammy Sefup, 9tobr yc-
TaHOBWTL HAACTPoKy. Hazcrpoliky, ycranosnennbie B Microsoft
Fxcel, ocTarOTCa AOCTYNHBEIMH, TIOKa HE OyayT ynaneHsl.

C nomowplo uHCTpyMeHTa Kopperayisa, MOMXHO MOJyHHTb
KOPPENALHOHHY0 MATPULY TapHbix ko3buurenToB 3a 00uH
npueam, uro Obno Npob1eMON B 3AEKTPOHHBIX TAONMLAX IPYTHX
THIIOB.

Jlns  storo, mocne Buibopa  Cepeuc|Awanuz  oan-
nbix | Koppeasyus, cnemyer onpeaenuTh B KauecTRe BXOAHOTO BCE
NoJie UMEIOUUXCA HCXOAHbIX JAHHBLIX, KOPPEISLHOHHBIE CBsI3M
KOTOPBIX H3Y4aroT. 3aTeM ClIeyeT YTOUHHTh C NOMOILbIO (uax-
KOB, NoO cTojduaM WM N0 CTPOKaM Pa3MELLEHbl NEPEMEHHbIE.
Ecnu rosie coaep»uT 3arofioBOYHY0 CTPOKY (M croabdew), To B
JHANOre akTHBH3NPYWT rpaduueckuil dnaxox Memxu (Labels).
Ilocne seidopa rpaduueckoit kHonku eeinonnenus (OK), koppe-
ASUHOHHAA MAaTPHLIA ABTOMATHYECKH BbIBOAWTCA HAa HOBbIH JUCT
TOM e 3MeKTpOHHOH Tabnuupl, HauuHaa ¢ knetkn A1. Ecnn mat-
pUILly KEeNAT BbIBECTH HA KAaKOH-TMOO KOHKPETHBIH JIMCT M Ha-
YMHAS C KJIETKH, ONpEeneieMoil noabp3oBaTesieM, TO AeNaT Co-
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OTBETCTBYIOLIME YCTGHOBKM B OKHE «BbIX0AHON WHTEpBAI» [Ha-
JIOrOBOTO OKHA MHCTPYMeHTa Koppeasiyus.,

Ha puc. 13.4 npuseneHo yciioBue 3ana4uu ¥ MHAIOrOBOE OK-
HO HaITPOKKHW pacuera U BbIBOJA KOPPENSLMOHHONW MaTPHLB! C
METKavHd HNAHHBIX. [lasee MpuUBeNEHb! pa3sikiHbie MPUMEPH] Bbl-
BOJIA OTHOM M TOM K€ MaTPUIBI ISt OTON 3a0a4Mu.
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| Bun xoppessiiHOHHOH MaTpHULIbl, 1IOJIy4EHHOH B pe3yib-
Tare CAPEAeeHNs BXOAHOTO noss ¢ merkamy (B2:F15), dnaxok
Memxu nomeuen.

X X X; X, X:
I, VO
G| 022837947 I
X, | 08264074 | -0.12745 1
X, | 02434451 [ 097295 | 0.01903 I
Xs | 07307173 | 081625 | -0.32538 | -0.8213050] |




2. Bup KOppensuMOHHON MaTpHLbl, HOJY1E€HHOH B PE3yiib-
TaTe OMpPEAENEHHS BXOIHOTO MO 6e3 Mmetok (B2:P15), dnaxoxk
Memku cHAT.

Croaben | Cronben | Croabeu| Cronden| Cronden
1 2 3 4 5
Croabeu 1 1
Croaben 2 | 0,22857 1
Crondeu 3 | -0,8264 | -0,1274 1
Croabeun 4 | -0.2454 | -0,9729 | 0,01903 1
CronGen 5 | 0,7307 08162 | -0,5253 | -0,8213 1

3. Tlpeobpa3oBaHue KOPPENALIMOHHOH MAaTPULLI | KONMMPOBaHMEM

B HCC (POPMYNBl JUISt JHATHOCTHKHE CB3€H N0 MOAYMIO Ko3(dHIHEHTA
KOPPEJISILHH.

X X; X3 X, X
Xi 1
X, |Cnabas 1
X; [Cunbnas| Cnabas 1
X, |Cnabas | Becoma cuabnan | Her cBsizu 1
Xs |Cunbnasi| Cuabnas 3amernan | CuabHan I

Benomoeamenvran duacHocmupyiowas gopmyna:
=ECJIA(ABS(B3)<0,1."Her cazu".ECJIM(4BS(B3)<0,3;"Cnabas";
ECIIM(ABS(B3)<0,5;"Y mepennas” . ECJIM(ABS(B3)<0,7;"3amernas";
ECJIM(ABS(B3)<0.9;"Cunpaasn" . ECJTI(ABS(B3)<=0,99;

"Becbma cunmsras”;"Tloanas"))))))

Ota dopmyna (Ui OQHOR KNeTKH) mpeobpasyer YUCIOBbIE
3HAYEHMsl KO3(POHLHEHTOB KOPpeNsiLivH, MOJYy4EHHbIE B KOppe-
JIIUHOHHOH MaTpPHUE, B HX TEKCTOBbIE CMbICJIOBbIE 3KBHBAIEHTbI.
[TpeobpasoBanne ocyiecTsiserca no Moaynw koddduumeHra
Koppessauun. 1lpu pyynom xonupoBannd Gopmysibl clienyer co-
0J101aTh CJIENYIOUHE TPEOOBAHHS

1. Marpuiia n1oyoKkHa ObITh aBTOMaTHYECKHM 3aNHCAHA HA HO-
BblH pabOUHil JIHCT IO YMOJIMAHMIO, T. €. HAuWHas ¢ KNeTku A 1.

2. Matpuua nomkHa ObITh CKOMHPOBAHA HA TOT K€ JIMCT,
HHKE OpPHIHHAJIA Ha OHY-BE CTPOKH, Oe3 CMelleHHs CTO.I0LOB.
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Opurpnan MaTpuubl repeMelars Henb3s. OpUruHal M KOnws
CYULIECTRYIOT OJHCBPEMEHHO.

3. OTKpbITh pabGUYKd KHHIY, B W3BECTHOH KJIETKE KOTOPOH
COIEP;KUTCS OPUrHHAN JHATHOCTUPY:OLLEH (BopMyssl ¢ OAHHM
npobenom rnepen 3HaKOM paBeHcTBa. 3anectn dopmyny B Oydep
ISt KCTTMPOBaHMS.

4. IlepeiiTH B OKHO TOM KHUI'M M Ha3 TOT €€ JUCT, 1€ CO31aHa
U CKOIIHPOBAaHA OPUIMHAABHAS KOPPENALHOHHAT MATPHLIA.

5. YcTaHOBUTH KypCop B Ty KIETKY MaTPHUIbl-KOIMH, Kyna
CKOITMPOBAHO 3HaveHHe KieTku B3 M3 opurnHana marpuubl, (B
HaleM MPUMEpe 3TO KJIETKAa MaTPHLbI-KOMHH, BbIAEIEHHas ce-
phIM IBeTOM, rae Obut pasmeines kosdhduuneHT xoppensauun X,
X7=0,22857947). Brmonuuts BcTaBky M3 Oydepa (IEAKHYTH NO
MIUKTOMPaMME BCTABKH).

6. B pexxrime penakTupoBaHus yOpaTh npodes nepes 3HaKoM
paseHcTBa B hopMyne, Haxarh Lnter. BoibpaTh KiieTky popMyel
u ckomuposats ee ("MpoTAHyTH") NO BEPTHKAIH A0 MOCIEAHEH
CTPOKM MATPHLBL, @ 3aTE€M KAXKJIYI0 KIETKY - 110 TOPU30HTAH, HE
KONUpPYs Ha NUaroHalbHble KJIETKH C eAHHHIIAMH. MOXHO KOIH-
pOBaTh> U HHAYE.

Bes mpouenypa BbINOJHSETCA 38 HECKOJIBKO CEKYHJ B 3aBH-
CHMOCTH OT pa3mMepa MaTpPULbl U JIHYHOTO HaBbika. PesynbTaToM
sBjAercss peodpa3oBaHHAas MaTpULIA-KOMHs, COAep)Kailast B
KNeTKiX TeKCTOBblE IKBUBANEHTHI 3HAYEHUH KO3()PHLMEHTOB
KOpDEMALM, KaK 3TO MOKA3aHO Ha MNpenblaylled CTpaHule B
npumepe 3. Ilpouenypa 3dbdekruBHa TMUIBE HA KOPPENSLHOHHBIX
Marpuuax Ocnpluoi pazmeproctd. (Jlyuuie Bcero opraHu3osarb
KOIH[ OBAHHAE C IOMOLIBIO MaKpOCa.)

YuCA0BaA M TEKCTOBAA MaTpuUbl COAEPkKaT HHOOPMALIHIO
AJts IpUHATHA peluenuid 06 orbope (akTOpOB M NIAHUPOBAHUSA
AansHERKEX BHIYMCNIEHHH (CM. MPUBEICHHbIC BBILE MaTpHub! |
u 3). YuCnoByIo KOPPEMLMOHHYIO MATpHily cnexyeTr Gopmatu-
pOBaTH N0 2-3 NECATHUYHbBIX 3HAKOB, T. K. [ NPHUHATHA PELUEHHH
He Tpebyercst Oonbluero KoauuecTsa 3Hakos. B cooTeTcTBin €
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TexHOJNOrHeil, MPeNCcTaBleHHON Ha PUCYHKE 1.1, a Taxxe Ha OC-
HOBE PAacCMOTPEHMA NONYHEHHBIX MAaTpull, chopmynupyem BbI-
BOJIbI O CBSI3SIX MEKIY HE3aBUCHMbIMM TIEPEMEHHBIMU H O PAHTC
UX CBSI3ell C 3aBHCKMOM, U CIUIAHUPYEM BO3MOXHbIF XOI HCCJIE-
NOBAHMUA

+ Cpeari HE3aBUCUMBIX MEPEMEHHBIX nmMeeTcs napa ;. X3 €
cuTbHoil OOPATHOH CBS3BIO (¢ KOIQEHUIIEHTOM KOPPENALHH X,
X3) = -0,8264074). CaeqoBateiibHO, OJIHOBPEMEHHOE YHacTHE X
u X3 B yPaBHEHUH HEUENECO00PasHO.

» fiMeeTcs ele O/iHa 11apa HE3aBUCHMBIX NEPEMEHHDBIX Xa, Xa
c gecoma clnvrcii obpatroit cesizbto (X2, Xa) = -0,9729549).
CrenoBaTenbHO, OTHOBPEMEHHOE Y4aCTHE X, 1 X4 B ypasHeHUH
eme Gosee HeLenecoodpasHo.

« 3apucuMble niepeMenHbie X;, X2, Xa UMEIOT € HE3aBMCUMOH
X5 CBSA3b OJAHOTO TMNA (cunvnas). TlooTomy Xi, Xa, X4 SBAAOTCA
KaHIMIATAMM Ha ydacTHe B YPaBHEHHH, HO X, u X, smece ObITh
HE TOJKHBL

« 3aBucuMasi riepeMeHHass X3 UMeeT C HEe3aBUCUMOHN X5 me-
Hee BHIPAKEHHYIO (3aMentiyie) CBA3b, HAMMEHBLIYIC 1O MO0
43 BCex He3aBuCHMbIX. ITooromy X3 - SBHBIH KaHJMAAT Ha MC-
K/IFOUEHME M3 deThpex(hakTOPHOH MOIEIH. JIpyroii apryMeHT K
HCKJTFO4YeHHIO X3 - €€ CHJTbHast CBA3E C X;.

« Tlouck Haunyylnero ypasHeHus OyJaeM BRIMOIHATH METO-
JIOM HCKITFOUEHHS, TUIAHMPYs TIOJNYUHTb W HCCIEN0BaTh ypaBHE-
HUSL:

(1) c daxTopamu X1, X2, X3, X4,

(2) ¢ daxropamu X1, X, Xy win X, Xz, XG;
(3) ¢ daxropamit X1. Xz

(4) ¢ daxropamu X, Xa.

« JlBa MOCHEAHHX MOMCKOBBIX BBIMHCICHHS 0OycnoBieHbl
HATMYMEM CBsI3eH OMHAKOBOH KaTe€ropun Mexny Xo, Xs v Mexay
X.. Xs. HeobxoauMo BBIACHUTD AHAYMMOCTDb 3THX ypapHeHui. B
yTOM npUMepe TPeX(pakTopHble yPaBHEHHS - "paHe" NEHHLHIY
HCKTHOUATb (haKTOPBI O OJHOMY. 31€Ch MOXHO YTBEPXK/ATH, HTO
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U3-3a HAJIMHUA 6ecbMa CuibHOl CBA3M Mexay Xz u Xy Tpexdax-
TOPHOE€ ypaBHEHME HE MOKET ObIThb HauilydmiuM. Brojine Bo3-
MOXHO, HTO IMEPBBIM KAHIMIATOM Ha HCKIIKOYEHHE OKaKeTcs Xy
HIH X3 - MCTHHY MONCKAXET HAUMEHBIUAS /-CTATUCTHKA MOCie
MEPBOTO ke (HeThIPeXaKkTOPHOro) pacuera perpeccun.

* Ilocne ananusa xosddumerron Duuiepa, neTEPMUHALIUH
u CTbIoneHTa, a TaKkXke PacCMOTPEHHs rpaduxoB, npumem perue-
HUE O BhIOOpE Hamnyuineri (3naunmoit) momenn. OnHako npex-
TOJIAraeM, HTO HAWTY4llas MOJENb MOXKET OKA3AThCA CPEdu
ABYX(AKTOPHBIX MOZNENEH, T. K KaXIas W3 HUX OHY W36aBJieHa
OT ONHOBPEMEHHOTO NPHCYTCTBUS CBA3AHHBIX HE3ABHCHMbIX [1e-
PEMCHHBIX.

* Ilpucrynast x pacuery, npenronaraem Hatuuue JIHHEHHOM
CBA3H MEXIY MUCCIEAYeMOH Xs U HE3aBHCHMBIMH [TEPEMEHHbLIMH.
Ioatomy Bocnosibsyemcs HHCTpYMeHTOM Pezpeccus u3 nakera
Ananusz oannex.

XapaKTepHCTHKA 3,1eMEHTOB IHATOF0BOI0 OKHA
Pezpeccun

Paboras nenocpencraenno ¢ Excel 95 , 97, 2000 unum xe XP,
BBl MOXCTE MOJY4aTe HHYOPMALHMIO O Mapamerpax 3TOr0 OKHa
(puc. 13.5) uz cmandapmnuoii cnpasku. 3nech CripaBka aianTupo-
BaHa 1Jisl CAaMONOATOTOBKYK C MCHO/Nb30BAHHEM TEKCTa JIEKLHH 1
AONOJIHEHA MOACHEHUSAMH KOHKPETHBIX YCTAHOBCK K 3agaye 9.
DopmMyTHPOBKY 3a1a4H cM. Ha puc. 2.3 Tosichenus k 3agaue na-
HbI pKGTOM 3TCr0 ab3aua (He KVPCHBOM).

Bxoduoit_uumepear ¥ — soecs mpedyencs 3acame co-
CMOAMUTL U3 0ORO20 cmoabya Onanaszon AHATUZUPYEMBIX UG-
CHUMBIX OCHHbIX.

B Haweii 3anaue a1o cronben snavennii Xs. T.e F2:415.
Takas ycranoska oanHakosa st Boex YeThIpex YPaBHEHMIT.



PFiyone
CTIrQAAR
SLKTRRAY (paIrRe
T eppaust OSSR AR

SPHR AN 1TRAT B SRR
Dojeobonmee 11607 £ GYI0er Qs QINNEpCIOSE:

Puc. 13.5. DnemenTnl HHCTpYMeHTa Pecpeccus w3 nakera Anains
OUHHBIX.
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Bxoouoti_ unmepean X- 30ecy mpebyemcs onpedeaums oua-
HA301  NOOAEHCAUIUX  AHQANZY CMEHCHBIX PAO0E  HE3AGUCUMbBIX
Oanuvix (ne bBonee 16 nesaeucumvix). Ipocpamma pasvecmun
HE3ACUCUMBIE NEPEMEHHLIE 3AOAHHO20 OUANAZOHA C1e8d HANPABO.

B Hamei 3ajaue~yCTaHOBKH 3TOrO mapamerpa OyneMm H3Me-
HATH B KQXKIOM Pacyere, T.€. YeTbipe pasa, 1o YHCIY YpaBHEHHUH.
Ha nepBom 1mare pacuyera HeOOXOIMMO 3aaTh NHANA30H CMEX-
HbIX CTONOLOB CO 3HAYEHMAMH X, Xo, X3, X4, T. €. BeCb BXOIHOM
OHANa3oH 3Ha4€HMH HE3aBUCHMbIX nepemeHHbx (B2 F15), Ha
BTOPOM LIare - AMana3oH 3HaueHui X, X3, X4, Ha TpeTbeMm 1iare -
Xi, Xa, Ha uerBepToM - X, Xy s obecrieueruis CMEXHOCTH
AMarna3OHOB Hd BTOPOM M YETBEPTOM Llarax MpUIeTcs fpeaBapH-
TEJBHO MOATOTOBUTH COKpaUIEHHBbIE "BBITUCKU"' M3 Tabmuub
JAaHHBIX, KOMHUPYsl B CBOOOIHYIC 30HY pabodero jucra HEOOXO-
ouMbIA Habop cronbuos. Hanpumep, mepen yeTBepTHIM 1LAroM
(ana obecriedyeHitss CMEXHOCTH BXOAHOI0 MHTEpBana X) ckonu-
pyiite 6nox B2:E15 Ha cBoboaHOE MECTO, a 3aTeM YIANMTE U3
9TOH KOMMHU cTONOLBI ¢ X; u X3 co cosuzom sueex éreso. J{nana-
30HBI X, X4 CTAHYT CMEXHBIMH.

Memuku - 3cece mpebyemcs ycmaiio6ka (Paaxckq, eciu nep-
845 CMPOKA AU NEPEbIll CMOA0el 6XOOHO20 UHMEPBAIA Codep-
Jeum  3a20a06ku.  Fenu 3020108k08 Hem, mo  ghaaoicok  Haoo
CHAM®.

CoseryeM Bceraa BKNIOYATE METKH BO BXOIHOMN MHTEPBAJ, U
Mo3TOMy He 3a0bIBaTh UesKaTh 10 ¢uiaxky "MeTku". Ecnu mbl
3a0yeM BKJIFOYHTS 3TOT (JIaXKOK [P HAIMYHE METOK, TO BMECTO
pacdera mony4YuM npepblBanue u cooduienne "BxopHol untep-
BaJl CONEPIKHT HEYHUCIIOBbIE AaHHbIE".

Ypoeens HAOCHCHOCHIL - HC YNOIUARIIO HPUMEHSICMCS Y PO-
sens 95%. Vemanwosume ¢haasxcok, ecau xomume eximounme 8
BbIXOOHON OHARNA30H CONOIHUMCILHBIN YDOGCHb, A 8 HOI¢ (PSi-
00M) 86e0UMEe YDOBEHb HANEIKHOCHI, KOMOPLIT OVOen! HCHO1b-
3081 OONOTHUNIEALHO K HPUMEHSAEMOMY.




Mbr petnaem 3anady Ha ypoBHe, NPEATOKEEHOM TIO YMOJIYA-
H0. OnHaKO #moz06oe ypaBHEHHE MOXHO NCBTOPHO MPOCHH-
TaTh Ha ypoBHE 99%, uTOObI M0 3HAUEHMIO F BBLIICHHTD, He By er
JIH OHO 3HAYMMbIM U Ha OoJiee HaJIeXKHOM YPOBHE.

Koncmanma-nons - smom hraxcox Heobxodumo nomemume
MOABKO 6 MOM CIyyae, eciu vl XOMume HOAYYUMb YPAGHEHUE
0e3 c60000H020 unena a,, 4modol TUHUA pepeccuu npowna ye-

pe3 navano koopounam. Xenaem nosydaTb BO BCEX YeThIpex
City4asiX TIONHbI BUI YPaBHEHUH C BKIIIOYEHHEM IapameTpa d,.

Hosromy mannbiit G1axok aKTHBM3HPOBATH He GyjeM.

Beixoonoi Quanason - 30ece mpeGyemcea onpedenums €6y
BEPXHIOI0 AYENKY 8bIXO0HO20 Ouanazona. Heobxooumo munumym
cemb Cmonoyos Oa UMO208020 OUARAZ0NHA, xomopsiit  6yoem
BRANYAMD 8 CeOs. pe3ynemamst OUCHEPCUOHHO2O AHAAU3A, KO-
apPunuenmvr pespecciu, cmandapmuyIo NOPEWHOCMS EbIYUC-
NeHUA Y, CPeOHeK6aopanynbie OMKNONEHUS, YUCIO HABAIOOe I,
cmanoapmusle NoZpewnocn Aist kodpguyue umos.

CoBeTyeM BOCTIONB30BATHCS ITOH BOIMOKHOCTBIO, €CHIH 3a-
na4a HeGOonbuIas, HarpuMep, 0AHOMAKTOPHAS, H Bbl XOTHTE BH-
AETL Ha OOHOM paboyeM JUCTE M JaHHbIE, W KOPPENALMOHHYIO
Marpudy, v perpeccuio. Ilpu pewmenmn 3amaum, rme tpebyercs
MOJIy4NThb YETHIPE PE3YJIbTATa MCCAEAOBAHMS YPaBHEHHH, Nyulie
BOCNOJIb30BATHCA BO3MOXKHOCTEK) pasMELIeHHst KaXAOro H3 ue-
THIPEX PE3YJBLTATOB HAa HOBOM paboueM JIHCTe.

Hosoiit_aucm - 30ecs mpedyemcs yemanoeume Hepexoua-
mes 015l OMKPLIMUA HOGO2O HUCHIA 8 KHUSC NOO De3yTsmambl
anaiisa, vavunas ¢ sauenky Al. Moxcno eeecmu ums kosoeo
SCTA 6 HOXE HANPONIEG HEPE KNIOHAMEA.

YcraHosum 310oT nepekmodarens (Puc. 13.6.). Ha kaxaom
H3 YCTBIPEX IIArOB MCCACAOBAHMA B Ka4ECTBE MMEHM JHMCTa Oy-
A€M BBO/IMTB [1€PEYEHb yHACTBYIOUMX B YPaBHEHHH (aKTOPOB
(10 NOPAAKY CIUIAHHPOBAHHOTO HAMH HCCIEAOBAHHS 3TO Bynyt
HMEHaA: )(], Xz, X? .)(4; Xl, Xz., ){"4; ,X], )('2; X], X4)
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Puc. 13.6. HacTpoiika napamMeTpos AMaioroBoro okua Pespeccust s
TIONY4EHHUS YEeTHIPEX(PAKTOPHOTO YPABHEHHUS.

Hosas kuuea - >mom nepexnoyamens HeoOX00UM0O aKmuGH-
3UPOCAM MOTBKO 6 CAYYae, eCal HeOOXOOUMO OMKPbINTL HOBYHO
KHUZY U 6CIABUMYL HA €e HEPBOM JICMe Pe3yTbmantvl anaiiisa,
Hauwiian ¢ auetikn Al

Clemamg — yCmanoskoil dno20 (HAaicka 3aKa3b616aemcs
BRI 1EHUE OCMAMKOS 8 BLIXOOHOT OUANAZOMN.

CoBeryeM axkTUBU3UPOBATbL JTOT M BCE ONHMCAHHBIC HMXKE
(A KU AMANOroBOTO OKHA JUTS MOJYY€HHs MakcuMyMma uHop-
MalH B XOA€ CJI0XKHOIo ucciaenosaHus. KOHEYHO, B 5TOM Ciiy-
4a€ Mbl 32HSTH NO3ULUIO 'MEepPecTPaxoBIIHKOB" H TEX CTAaTHCTH-
KOB, KOTOpbIE JHOOAT BUAETH BCE, UTOOBI "4Ero-TO HE YIyCTHTL".
BbInoaHsisi Cepbe3HOe MAPKETHHTOBOE UCCNEI0BAHHE, H FOTOBS K
pacnevarke OOCTOATENbHMI OTYET NO HEMY, BB, cmpee BCErO,
OyzieT MoCTYNaTh TakK Xe.
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Cmandapmusupoeansle OCHIQAMKY -~ YCMAHOGUME PYraHnCoK
0451 GKTICHEHUS CMAHOAPMU3UPOBAHHBIX OCMAMKOG 8 6bIXOOHOU
onanason. .

[pagux_ocmamros — ymobdsl ROCMPOUMs JUAZPAMMY OC-
mamkoe Ol KaxiCOOl He3a6UCUMON HEPEMEHHOT, YCMAaHosume
IMOM (PAAHCOK.

I[papux noobopa - smo eaxcrenuii epagux, a movnee ce-
pusl 2paguxos, NOKA3BIEAIUUX HACKOIKO XOPOULO meopemiutie-
CKAs IUHUA Pecpeccuu (m.e. RPeOCKa3anus) nooobpana Kk Habmwo-
Oaemvim Oaunsim. CMpOUMCa Onst KAuCOOU He3a8UCUMOU Om-
0eNbHO.

I'paduk HOPMajNbHONM BEPOATHOCTH - YCTAHOBUTE (PIaxoK
IJIs TIOCTPOEHKA (HArpaMMbl HOPMAJIBHOM BEPOSITHOCTH.

13.5. Apaju3 ¥ IPOrHo3UpPoOBaHHE HA OCHOBE

TPEH/10B

MeTonbl KOPPETALHOHHOIO, PErpecCMOHHOrO aHanusa u
aHaN3a JUHAMHYECKMX PSUIOB SBIAIOTCA BaKHbIM TOBCENHEB-
HbIM MHCTPYMEHTAPUEM COBPEMCHHOTO MEHeDKePa-aHaJIMTHKA,
¥MeIoIero Ha paboveM CToje JeNoByr) OQUCHYH CHCTEMY H B
ee cocrase - TabnuuHbli npoueccop Lxcel. B HOBOM Kijacce 3a-
[au, PACCMATPHBAEMbIX B 3TOH TeMe, M3BECTEH JMHAMHYECKNH
PAI, COCTOALIKH TONBKO M3 [BYX 2/IEMEHTOB NAHHBIX (BpEMEHH H
M3MEHSIOIIErocst YPOBHS 0OKA3aTens), W HET HMKAKUX APVIHUX
JaHHBIX O KOHKpeTHbix (akropax. Koraa xenawT BbACHUTE 00-
LIYIO TEHIEHLAI0 W3MEHEHUs, He HMes BPEMEHH HA MOHCK HaH-
HbIX 00 YPOBHSAX BJHAHKS OTACABHBIX (AKTOPOB, TO BO3HHKAET
HeoOXONHMOCTb TIPOTHO3HPOBATL HA OCHOBE psijda NUHAMHKH,
HCKYCCHIGEHHO NPUHIMASL HA POTb €OUHCMBEHHOZ0 (HAKMOPA Yit-
croebie sHaverns epesent. Takoil METON MHPOKD HCMOJIL3YETCA
IpM aHAIM3e W TPOrHOZMPOBAHMM MAKPOIKOHOMMYECKMX TEH-
JNEHLMI, @ TAK)KE B MEHEIDKMEHTE M MAPKETHHTE, TOCKOJIbKY HTO-
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rOBbIA PE3yNbTaT AEHCTBHA IIaBHBIX PAKTOPOB Pa3BHTHS KaK Obl
000D11IeH BpeMeHeM.

Ha puc. 13.7. BbI BUOHTE BbIPRXKEHHE TEHIACHLMH H3MEHEHUS
MaKpO3KOHOMHYECKOrO MOKa3aTesst B YUCIOBOM, IrpapuueckoM H
MaTeMaTHYECKOM TIPEACTaBICHHUSAX.

Hanoru na nuusbifi noxon B PY3 3a 1995-2004 rr.

1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004
65,2 | 74,9 | 824 | 97,7 | 116,3]| 116,8] 117,3] 142 | 152 | 1718
Puc. 13.7. TIpumep Tperna

I-Idnom HA THYHBIN zx0\0n B PY% 33 1995 2()04 r.r.
2 o L A
150 - /
100 -
50 - Tpewa v = 11.251x- 22383
0- ;
1994 1996 1998 2000 2002 2004 2006

Ilns Toro, 4ToOBl BBISIBUTH OOLIYIO TEHAEHLHIO PA3BUTHS M
Ha €€ OCHOBE ONpEAeSUTb NPOrHO3, aHaiK3 PAAOB AHHAMHKH
Brionite pocraroded. Ho nns ynpasienus wzvenenusivu (ycxope-
HHMS KJIH 3aMEUIEHUS Pa3BUTHS) HEOOXOAMM NETaNbHbIH aHAIH3
MHOTHX Pa3iH4HbIX (PAaKTOPOB, OKa3bIBAKIIMX HEMOCPENCTBEH-
HOe BJIMSHWE HAa MU3MEHEHMs nokasartens. B Takux ciyuasx Bam
NIOMO'YT HHCTPYMEHTBI KOPPESIALIHOHHO-PErPECCHOHHOTO aHaANU-
3a ¥ ananu3a "uto, eciu". M3BECTHO, YTO K AHHAMHYECKHM psi-
AaMm KOPPENsLMOHHbBIH aHaI3 HE NPUMEHHM, NIOCKOJIbKY HE3ABH-
CHMasi TIepEMEHHAs, T. €. BPEMs, U3MEHSETCS He CTy4aiiHo.

- CrarucTiyeckasi CBA3b MEXAy ABYMs NpH3HAKaMK (nepe-
MEHH>IMH BEJIHYMHAMM) TNPEANONAraeT, 4YTO KaXKAbIH H3 HMX
UMEEeT Clly4ailHyI0 BapHalui0 HHIAMBMAyA/IbHBIX 3HAYEHHI OTHO-
CHTENbHO CpeaHel BenudHHbl. Lciu ke Takyio Bapuatio umeer
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JIMITb ONMH M3 MPU3HAKOB, a 3HAYEHUS IPYroro SBJISIOTCS SHECT-
KO JETEPMHHHMPOBAHHBIMH, TO FOBOPAT JIMiIb O PETPECCHH, HO HE
O CTaTHCTHYECKOH (TeM Oonee KOppeasunoHHo#) ceazu. Hanpu-
MEp, TPU aHaH3e JAUHAMHUYECKUX PSIOB MOXKHO M3MEpAThH per-
PECCUI0 YPOBHEH psifia yPOKaNHOCTH (MMEIOLIMX CAYy4alHYK) KO-
sebieMocTh) Ha HoMepa seT. Ho Henb3si roBopuTth 0 KOppEaALMH
MEXIY HUMH M NPHMEHATb NOKAa3aTenu KOpPPeSsiiMH C COOTBET-
CTBYIOLIEH UM MUHTEPIIPETALIHEH.

13.6. CyurHocTh ¥ 0CHOBHbIE POPMBI TPEHI0E

Tpendom Ha3bIBaETCs BbIPAXKEHUE TEHIACHUMH B DOpME m0C-
TaTOYHO NPOCTOrO ¥ yAOOHOTO YPAaBHEHUS, HAMTYYIIHUM 00pa3oM
arTPOKCUMHPYIOIIEro (NpubMMKaWEero) MCTHHHYI TEHIEH-
LIMIO TUHAMHUYECKOr0 psja.

[To dopme Tpenabl Moryr ObiTh JHHEHHBbIMH, mapalonude-
CKUMM, 3KCMOHEHLHUANbHBIMHY, JIOTapU(PMHUECKUMH, CTEMEHHbI-
MH, TUIepOOIMUYECKHMH, NMOJHHOMMANBHBIMH, JIOTHCTHYECKUMH
u npyrumu. Excel 5, 7, 97, 2000, XP npenoctasisioT MHCTPY-
MEHTbI MOCTPOEHHS JMHEHHOr0, 3KCIIOHEHUMANBHOr0, Jorapud-
MHYECKOr0, CTEMEHHOIO U MOMHMHOMHUANBHOrO (IO TIOJIMHOM.A 6-if
CTENeHM) TPEHMOB, & TAKXKE CKOJIB3ALIYIG CPEAHION0.

Junetinas popma mpenoa: ¥ =a+b-1, roe:

Y - ypoBHHM nokaszarest, 0CBOOOXKAEHHbIE OT KojehaHuil u
BbIPOBHEHHBIE 110 [PSAMOI;

@ - Ha4ajbHbIH YPOBEHb TPEHAA B MOMEHT MJIM 3a MEPHOL,
NPUHATBIA 33 HAYa10 OTCUETa BPEMEHH 1,

b - cpenHee U3MEHEHHE 33 ENHHMILY BPEMEHH, T. €. KOHCTaH-
Ta TPEHJA, CKOPOCTb W3MEHEHHS. DTO MOXKET ObITh, HaATpHUMEP,
CPCAHEIHEBHOH, CPENHEMECAUHDIN MIIH CPEAHErONOBOM IPAPOCT
Kakoro-iaubo nokasaress.

Hepes CKOPOCTh M3MEHEHUs NHHEHHbIH TPeHa XOpolo OT-
paXkaeT pe3yibTHPYKOUIEE BIHSAHME MHOTHMX APYTHX (aKTOpOB,
O/IHOBPEMEHHO 1EHCTBOBABIIHUX B €AMHHLLY BPEMEHU (1EHb, Me-
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cau, rop, v T. ;1.). TpeHa MOXHO paccMaTpuBaTh B KayecTBe
0606IEHHOT0 BEIpAXKEHHs NeHCTBHA KOMIulekca (hakTopos, T. €.
ux pasHoneicTeyrouieH. Ilpu >tom, B OTIMYME OT YPaBHEHHS
MHOKECTBEHHOH perpeccus, camu GakTopbl 371€Ch HE IMOKa3blBa-
IOTCA W BJAMSIHHME KAXJOTO M3 HEX He sbuensiercd. "OT umenn"
Bcex (DAKTOPOE B TPEHE BLICTYNAET €NUHBINA PE3YNBTHPYIOUIHH
¢akrop - Bpems. Hanpumep, Tak B KOHEUHOM CYETE B MAKPOIKO-
HOMMKE BBIPAXAIOTCS TEHIEHLIMH U3MEHEHUS BRXHEHIIUX [OKa-
3aTeNieil. HAUUOHATLHOIO H0X0Ma, 3apaboTHOM ru1aTel, ypokKai-
HOCTH U Ap.

[Tapabonuveckas hopma mpenoa vimeer BUJL

Y=a+b-t+c-1*,

roe Y, a, b, t onpeneneHbl IPY OTIMCAHKHU JIKHEHHOTO TPEHA,
€ - 3TO KOHCTaHTa napaboJIH4ecKoro TpeHJa, ero Kpagparuye-
CKHI1 MapameTp, paBHblii MOJIOBHHE YCKOPEHNS.

ITapaboaunyeckas ¢popma TpeHza AOCTATOHHO XOPOLIO OTpa-
JKAeT YCKOPEHHE HIIM 3aMeJIeHUe PazBUTHA NPY HAJIHYHHM HO-
CMOANHOZO YCKOpeHus, KOTopoe 00ecneduBaercs BIHAHHEM
BaXKHbIX (aKTOPOB (CHATUEM OrPAHHYEHHEH B PACHPEENEeHHH 110~
XO/Ja, YMEHBIIEHHEM HAaJOroB, MPOrpecCHPYIOIIMM BHEAPEHUEM
HoBoro obopynosanus u T. 11.). Ilpy ¢ <0, T e npu oTpuia-
TEJBHOM YCKOPEHHUH, TPEHI OTPaXKaeT 3ameJIeHHe pocTa CO BCe
D0onbLUEH CKOPOCTHIO, YTO XAPAKTEPHC, HANpUMEpP, ANS NPOU3-
BOJCTBA yCTAPEBILEro TOBapa WIH 000PYACOBAHHA.

Oxcnonenyuanenas hopma mpenoa wmeer sua ¥ =a-k', roe
KOHCTAHTA TPEH/Ia A BBIPAXKAET TEMIT MI3MEHEHHS B KOJIMUECTBE Pas.

ITpu 4 >1 skcroHeHIMANbHBIA TPEH MOKa3bIBAET TEHACHIHIO
Bce DoJiee YCKOPS-OUIErocs: pa3BUTHs (POCT HACENIEHHs B 3MOXY "ne-
Morpadudeckoro s3poia” B XX cronerun). Takoi pocT MoxeT npo-
DOJDKATBCA JMLb HA HEOOJILLHOM HCTOPHYECKOM OTPE3KE BPEMEHH,
NOCKOJIbKY OH HEN30€XKHO NPHUXOAUT B MPOTHBOPEUHE C MMEHOLIIMMHCS
pecypcamu. Ilpn & <1 3KCriOHEHUMaJTLHEI TPEHA MOKa3bIBAET TeH-
JEHLHIO BCe Dosier 3amelLrstioLLIerocs mpoLecca (TPyI0eMKOCTb 11Po-
IOYKLIMH, VIEJbHbIE 3aTPaTh! TOTLUTHBA).
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Joeapugpmuvecxas popua mpenoa Y =a+b-Int npwromua
AU OTPAKEHNS TEHNCHLMHM 3aMEUIAIOUIErocs pocra TPH OTCYT-
CTBHH TMPENCIbHOTO BO3SMOXHOTO 3HAYCHHS. lpn nocratouno
OoubioM 7 orapudvinueckas KpUBask CTAHOBHTCS Masio OTIIHYH-
MO# OT npsiMoit nuruu. Takas dopma XapaxKTepHa Ui pa3BHTHA
NMOKa3aTeNnel, KOTophle BCe TpyaHee YIyHWHTE (CHIOPTHBHbBIE pe-
KOPAIbI, POCT NMPOU3BOAMTENBHOCTH TMpoLEcca IpPH OTCYTCTBHU
KaUECTBEHHOTO €ro YIyqIIeHus).

Cmenennas gpopma mpenoa: ¥ =a-t*° rpe

b - 310 KOHCTAHTA TpeHna. Ilpu b=1 crenennoii TPEH)1 1pe-
BPAINACTCs B JIMHEHHBIH, a Ipu H=2 MbI uMeem napabonuueckuii
Tpenn. Crenennoii Tpenn xopouro NOOXOAUT nns otobpaskeHus
MPOUECCOE € pasHON MEPOIT NPONOPUMOHANLHOCTH H3MEHEHMI] BO

BPEMCHH. JIHHHSA CTeneHHOro TpeHaa ofssarensio JOJXHA 1po-
XOMMThb Yepe3 Ha4aI0 KOOPIHHAT.

- , b
LunepGoauveckan gopma mpenoa: ¥ =a+— npu b0 o
t

PKACT TCHNCHLMIO 3aMENIAFOLIETOCS CHUMCEHIS YPOBHS, CTpeMmsiiie-
Ioca K npeneny a, oaHaxo npu b+ 0 Tpeny BBIPAKAET TEHIEHLIAK) 3a-
MEIVIFOLLCIOCS POCHIE YPOBHEH, CTPEMALIIXGS B npenernie Kk a. B ueniom
K€, THIEPOOMHUECKHIT TPEH NOIXOIUT ISt OTOOpaKEeHHMS! TeH eH LM
TPOLIECCOB, OTPaHIHEHHbIX TPEENBHbIM 3HAYCHHEM YPOBHs (IpamoT-
HOCT Hacenenust, KT nsuratens v . ).

HHocucmiyeckasn Popma mpenda nopxomur ANt oToQpaske-
FHA PasBUTHA BO BCEX ero (asax B TeeHHE MIMTebHOrO r.epuo-
na (BHayaje MeneHHOE HAChILEHUe norpebureneit Topapemuy,
3aTEM yCKOPEHWE, PaBHOMEPHOCTD, 3amennenue). Joructuye-
CkHIt TpeHa nmeer hopmy:

Y

— _ max 7 4 min
Y_‘ ea»bl +] min > . B
1A€ € - OCHOBAHWE HATYPANBHOIO Norapupma;. V.- ¥~ Maken-

K
max

MAILHOC 1 MUHMMANbHOE 3HAYEHHS YPOBHS: a7, b - napamerpbi TheHna.
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13.7. UACTpYMEHTaIbHbIe CPEICTBA EXCEL past
paGoThl ¢ TPeHIaMH

B paboTe ¢ PANAMHK AMHAMHKH MCTIOMB3yETCH AOCTAaTOYHO
WHPOKHii KPYT CPencTs 35ieKTPOHHOM TabmunbL. [l obserucHus
U3ydEeHMs 3TH CPEJICTBA MOXHO PasfeuTh [0 poin B TEXHONO-
IUYECKOM HPOLIECCE HA 6CHOMO2AMENBHBIE, npoMedcymodnsle U
OCHOBHbIE.

1. BenomozamensHste MHCTPYMEHTDBL yCKOPSIOT MOCTPOCHHE
YUCIOBLIX PSICE TMEPHOIOB BPEMEHH. OnHakCe M0oJb30BaTeNb
MOXKET PEINTb 3afady W He 3aJeHCTBY: ITH CpPeACTsa. Crona
sxomar (1) onwau Edit, Fill, Series (Ilpaska, 3anonuums, IIpo-
zpeccus) U JHaJIOrOBOE OKHO . eries, a TaKke (2) HEAMANOroBas
opraHu3anus "pacTaAruBaHus" ABYyXKIETOYHOro pana no Heo0xo0-
JMOro muanasona. TToceHsA BO3MOXKHOCTb YAaHO Oprainso-
BaHa JUIlbL B BEPCHIAX Fxcel, vauuHas ¢ CelbMOH. Bepcuu xe
Excel 97, 2000, XP eure Gosee addexrnsHa, NOCKONBKY NO3BO-
JSIET PAacTATHEATh B PSJL I@KE ONHOKNETOHHOE 3Ha4YeHHe, HMEIO-
mee Gopmat aarhl.

2. Ilpomesrcymounvie WHCTPYMEETDI [Fxcel-TexHONOrHH 32-
HeiiCTBYOTCSL 0DS3aTEIBHO H CTPOAT XY-rpaduru 3aBUCHMOCTH
mokasaTeist oT Bpemenu. XY-rpaduk - 3TO CaMOCTOSITENbHbIN
YHPOPMALHOHHbBIA NPOIYKT H B TO XE BPEMA (¢ TOUYKH 3pEHMA
aHANIATHKA TpeEnos) -nonydadpHkar, HEe0HXOAUMBIH IS IOCTY-
fa K MHCTPYMEHTaM MOZREIHPOBAHUS TPEHIOB. B FExcel unctpy-
MeHTapHil pacueTa ¥ MOJENMPOBAHMS TPEHAOB A0 101y YeHUsk
takux rpadrKos 3a6J0KHPOBAH.

3 Ocnosisie Excel-WHCTPYMEHTbI 114 padoThi ¢ IHHAMUHE-
CKUMH p#/1aMH OXBaTbIBAIOT IBE IPyNMbL

1) cpencTsa NOCTPOEHUA 2paUIECKO20 It MAMEMAMUYECKO-
20 BHIPANCEHUA MPeHOd, KyNa OTHOCATCA OTILHA Insert Trendline
(JJodaeump minik0 Mpenoa) v TPH €6 NMATIOTOBBEC OKHA.

« okno Type {Tun) - sbIOGOP OPMBI TPEHAA,

« oxuo Trendiine Formatting (Popyan mmui mpenod),
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* okHo Options (llapamempur) - nobasnenve Ha rpaduk
METKH TPeH/Ia (C MATEMaTHYECKUM BHIOM yPaBHEHUs U k03(hdH-
LMEHTOM ACTEPMHHAUKM), & TakXKe 3aZaHHe KOAHYECTBA MEPHO-
N0B U1 rpa(HuecKkero Nporuosa no TpeHAy (BIEPER UM Ha3an),

2) CPEncTBa HORY4eRUS HPOSHO3A 8 HUCACEOM 6UOE U €20
OleHKU

* Ay pacyeTra NporHO33 B OAHOHM TOYKE HA CCHOBE JIMHEMHOro
TpCHAa npenHasHavena Qyuxums FORECAST ([IPEJJCKA3 - B Fxcel
97) w3 rpynnst craTeeTAYECKUX QYHKIYA,

* A4 OXHOBPCMCHHOTO CPNIDKMBAHMA MCXOAHBIX YPOBHEH M pac-
HETa IIPOrHO3a B HECKOMLKMX TOUKAX 1O PAZHBIM TPCHIAM aBTOP NPCA-
araéT MCHOJIb30BaTh OAHODAKTOPHYIO What-if MOJENb M e¢ onmimio
Data, Table (Tabauya noocmanosxu - B Excel 97);

* ATt pacyeTa JOBEPHTEILHOIO MHTEPBANA HIPOIHO32 HCTIOML3YeT-
C HHCTPYMEHT W3 TPYIIIEl CPEACTB aHaTH3a oanwbix Descriptive statis-
tics (Onucameavuvie cma'mucmuku), CCIIN pacCMaTPHMBACTCA TEHEPAb-
Has COBOKYITHOCTb, B APYTHX CJIyyasX NPUMEHACTCA CCPHS CTAHZAPT-
HBIX CTATHCTHYECKUX (DYHKIL[HI;

* STDEV (CTAHAOTKIIOH) u STDEVP (CTAHJOTKJIOHIT) -
COOTBCTCTBCHHO CTaHZAPTHOC OTKIOHCHHE 1O BRIGOPKE M MO reme-
PajibHOH COBOKYITHOCTH;

* COUNT (CYET) - x0IM4eCcTBO YHcen (Habmojenuit) unu pas-
MEP COBOKYITHOCTH;

» CONFIDENCE (JJOBEPUT) - noBepurensubiil HHTECPBAL

BcnomoraTenbabie MHCTpYMeHTHI HU1st HOCTPOCHHUS PSI/IOB

JIroObie HCXOMHBIE IAHHDBIE MOTYT OBITH BB2IEHBI B HEOGXO-
AUMbIE KJIETKH BPY4YHYIO. ECiM B Cepil BBOJUMBIX YHCEN €CTh
3aKOHOMEPHOCTD, TO YIOOHEE BBOIMTL MX C MOMOUIBIO BCIIOMO-
FaTeJIbHOr0 HHCTPYMEHTR, YCKOPSIOMErD paboTy - 3anonHHTENs.
Onunst Fill (3anoanums) 8 menro Edit. (Ilpaska) noctosHHo ro-
ToBa K padore OHa OTKPbIBAET NMANOTOBOE OKHO, MPENOCTAB-
gstrotitee H0abLIOH BEIOOD BOZMMKHOCTEH [UTs 3810 IHEHHs! cepuii
AaHHBIX 110 cTonduam um no crpokam. Ha puc. 13.8 nokasausi
BO3MOXHOCTH 3ITOr0 UHCTPYMEHTA B Lxcel.
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W peciug

Puc. 13.8. MHcTpymenTapuil 1 NOCTPOEHHs PANOB B [oX-
cel. Beepxy nokasaHo MeHio koMaHzabl IlpaBka, B KOTOPOM Bbi-
Opane, onuus 3amnoJiHUTL, OTKPbIBAIOWAS AHATIONOBOE OKHO
Nporpeccusi. MMeeTcst BO3MOKHOCTL 3arONHATE pAa padoumx
OHel, Mecsues H T.1.

C NOMOLLBIO TAKOrO 3ANOJHHTEN JIErKO CO37aBaTh Pslibl
nepronoB. Ho nocne aBroMaTHyeckoro cosjgarus psaaa HEO0X0-
AMMO MPOCJIEAMTh 3@ T2M, 4TOOBI MEPHO/IbI, 32 KOTOPBIE HE ObLI10
HaBF)EHHbBIX HCXOMHbIX JAHHBIX, ObIIN yiaiieHbl u3 psaa. Ha-
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npumep, eciu Ol B pazy sier ¢ 1995 no 1999 e 6b110 nanHbIX 3a
2001 rox, To uucyo 2001 cienosaio Obl ynanuTe. 3atem pAnoOM ¢
NEPHOAMH BBOIATCS BPYYHYIO HIIH KOMPYIOTCA U3 APYTHX KJie-
TOK COOTBETCTEYIONE 3HAYEHMS (YPOBHH) MOKA3ATENEH, HANPH-
MeEp, NaHHbIE O pa3Mepax HaNOrOB.

Hocrpoenne XY-guarpammer nanuniy 8 Excel

Hauano smozo napazpapa evi moxceme nponycmums, ecau
XOpOULO 3NAKOMbE C MEXHON0ZUEN NOCMPOEHUs! MOYeuHoli Oua-
cpammsl (XY). B konye napazpaga daromes cneyuansusie peko-
MEHOayul O NOCMPOeHUID MpeHos.

HcxomHbiM NyHKTOM MOAENHMpOBaHHs TpennoB B Excel sB-
JRETCA TOCTpOCcHHE anarpamust. PaccMoTpum sToT npouece ans
Excel 97,2000, XP (cum. puc. 13.9).

* Onpenenum 610K MCXONHOIO AMHAMHMYECKOrO paza, T. e.
AuanasoH knetok 41:B12. BaxHo, 4Tobb B 610K BOILIA H CHe-
QuannHas CTpoka MeTok nanublX. IllenkHem neBoii xHOMKOLM
meiini (JIKM) no nukrorpamme Macmep ouazpamm. Buibepem
loueunas ouaepamma (t.e. Tan XY) B CTaHJAPTHOM CIMCKE M1i/-
noe {caesa). B npasoii 4acTH okHa BbIOEpem 6ud (noaTuin) To-
HEYHOH Auarpammel. B Hainem npumepe BbIOpaH rsTelii BU; "70-
YeYNHAaR OUAZPAMMA CO 3HAYCHUSIMY, COCOUHEHIbIMU ompesxamu
Oe3 mapkepos”. Onucanuble NeiiCTBUS MOKA3aHL HA puc. 13.9
BBEPXY. B cepennne Toro ke pucyHka nokasaHa BOMOXKHOCTE
[IPEABAPHTEABHOrO NPOCMOTPA BHAA AmarpaMMel. ECiiu B 1eBOM
HIDKHEM yIuly [MAnorosoro okHa Macmep onazpamm Haxartb u
YACPKUBATL KHOTIKY "[Ipocyomp pesyrsmama’’ to CIIpaBa BMe-
CTO Tanepen BUAOB Bbl yBUAUTE Teneph 0Opaseu Gyayieii nua-
rpammbl. Ecnu oH Bac He yerpausaer, Moxho noxobpars Apyroii
BH/ (HanpuMep, CraaXeHHbil, T.e. TPETUH BH,1 TOYEYHOM nHa-
rpamMMbl).
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ECin AePyKATh AKTHBHON | [ et iy
kuonky «IIpocmoTp pe-
3YIbTATa». TO Hil NICPBOM
KE LIAre MOMHO BHICTD
BHIOUPECY BIH THIL IPa-
(puKa 4 xapakrep €ro
OCHOBHON THHHH.

Ha BTOPOM LIAre MOXHO ONpeiac-
JAUTH UIH TICPEONPENCTHTD HCTOM-
HMK TAHHBIX U1 IHArpamMMbl, YKa-
3aB JHATIA30K KIETOK TAOIHLbL

Prc. 13.9. [TocTPOCHHE HEXOIHOH AHArPaMMbl THHAMHHUCCKOTO Pilid.
war | u 2.
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+ Hlenyok no kHonke [Janee akTHBM3MpyeT BTOPOl wuar
Macmepa ouaczpayy (8 mmxnedi yactu puc. 13.9), rae npenoc-
TaBJISETCS. BO3MOKHOCTb YTOUHHTD MM 3a4aTh UCXONHBI nHana-
30H. 3[1€Ch K€ YTOUHSETCA, KaK CIIEAYET BOCHPUHUMATD JAHHEIE
(no cronbuam unu no crpokam). IToce 3TOro menuKkoM 1o KHoM-
xe Jlanee akTuBU3MpYyeTCS TPETHH utaz Macmepa duazparm.,

* Ha tpetvem wmare Macmepa ouazpamm ycranaBnisaorcs
BCE CrELUaIbHbIE TapaMeTphbl AUarpaMMbl (3aro0BKH, OCH, Jiu-
HUU CETKH, JIereH ia, MOANKCH AaHHbIX). Buibepem Braanicy 3aco-
J06KU M yOEPEM YCTAHOBJICHHBIH B Hell M0 YMOJIaHUIO 34roJo-
BoK "Yposuu". B okne "Oce X (kamezopuit)” Beesem "T'cnpl”, a B
okHe "Ocs Y (3mquenuii)” BBenem "3HaueHus yposHei". Pe3ysb-
TaT OTpaxkeH Ha puc. 13.10 Beepxy. Ha Tom ke ware yc-aHoBuM
H.TH M3MEHHM elle HEKOTOpble mapameTphl (o xenanuro). s
TOro, 4To6bl OCBOGOMUTL GOMblie Mecta misi OCHOBHON HacTH
AMarpamMMel, MOXHO NEPEMECTUTb JETeH]y M3 HPaBOH uyacTu
BHu3. LlenkHem no skaanke JlezernOa v B ee KOHTYpe Pazvewye-
Hite AKTHBU3HPYEM Tiepexmouatens Buusy. PesynbTar a1oro neii-
CTBHs NMOKA3aH B CpeaHer yactu puc. 13.10. IenkueM no xuon-
ke Jlanee 1 aKTUBM3UPYEM YETBEPThIIT Liar Macmepa ouaepamm.

* Ha yersepTom ware Macmepa cuazpamm (puc. 13.10 sHu-
3y) OIpenessieTcs, rae PasMECTUTh THATPAMMY. Ha OTAETBHOM
MK Ha NMEIOLIEMCsl JICTE 371eKTPOHHOI Tabnuusl. {uarpamma
MO YMOJYAHHIO PA3MEIAETCA HAa HMEIOLIEMCS UCTE, €CIH Mbi
LUENIKHEM 10 KHONKe [ 0onoso. B pesynbrate nonyuaem [marpam-
MY, BUZ KOTOPO#H 1OKa3aH Ha puc. 13.11.

Jlns npaBHIBHOCTH NOCAENYIOLIMX BbIYMCIEHKIT B Joxcel He-
OOXO0OUMO, YMOGbI 3HAYCHIUS NePUOdOE Dbl Hpedemaecaensr ux
HOMEPAMU, NAYUNAsa ¢ e(')IIHlIZ{bI, ¢ yuemou paccmoanst .-‘IIL’.)!('()_).’
coceonum nepuodaru. ABTo3aMeHa 3HaUEHMH MEPHOACE MX Y-
CIIOBBIMM KOJIAMH [PUCYTCTBYET B CHEUUANIbHBLIX CTATHCTHYE-
CKHMX MNAKeTaX W sBJSETCS YCIOBHEM MPABHUILHOCTH BbIYMCICHH
MpH MOACNHPOBAHUH CTENEHHOTO, JKCMIOHEHUMAILHOTO H psina
APYTHX TPEHIOB.
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Puc. 13.11. Hmarpammva  mexoanoro AUHAMMICCKOTO psaja
(BBEPXY) M auarpamma npeodpazoBaHHOro (nmke). Qia HOPMa L HOM
PadOThl BBIMHCIHTCABHBIX MPOrpamMM MOJACIMPOBAHHMS TPEHAOR B Eyrce/
VHOTOSHAYHBIC MEPHOABI CHEAVET 3AMCHHTD HYX HOMEpaMu, (¢ vaeTom
PACCTOSHUS MEKAY MO3HUMSIMY).




» Onpenenum GOK MCXONHOTO AMHAMUMECKOrO pana, T. €.
nuanaszon knerok A1:812. Baxho, ytoOBl B OJIOK BOMIJIA W CIIe-
[HanpHasi cTpoka MeTOK JaHHbix. Llenkuem JIEBOM KHOIIKOH
mbimi (JIKM) 1o nuktorpamme Macmep ouazpamm. Boibepem
Toweunan ouazpamme (r.e. Tun XT) B CTAHAAPTHOM CIHCKE Ari-
nos (cnesa). B npasoil 4acTH OKHa BbIOEpeM 6ud (MOATHIT) TO-
yeuHOM AMarpaMmel. B Hamem npumepe BbIOpaH nsThid BUN To-
YeyHAst QUAZPAMMA CO 3HAYSHUAMY, COCOUHEHHBIMU OMPEIKAMU
ez mapkepos”. OnucaHHBIS NSACTBUA TOKasaHel Ha pHC. 33
BBEpXy. B CepemiHe TOTO K€ PUCYHKa 1OKa3aHa BO3MOMNHOCTDH
[IPEIBAPUTENLHONO POCMOTPA BHIA LUArpammbl. Ecnu B neBoM
HIDKHEM Yy Auanorosoro okwa Macmep OuAPaMM HaXaTb U
yaepxuBarh kHonky "lIpocmomp pesyaemama’, TO CripaBa BMe-
CTO rajieped BHI0OB Bbl YBHIHTE TEMEPhH oOpasen Oynyuien iua-
rpammel. Eciii OH Bac He yCTPAMBAET, MOXHO noaodpark Apyrou
Brz (HampUMeEp, CriaKeHHbI, T.€. TpeTuH BUA TOYEYHOH Jua-
rPamMbl).

» Ilenuox 1o KHOMKe Jlaree akTMBU3UPYET BTOPOW LIAr
Macmepa ouazpayv (B HIKHEH 4acTd PHC. 13.9.), roe npenoc-
TABIIAETCS BO3MOKHOCTH YTOYHHTh M 3348Th UCXOHbIH Auana-
308 {ecny OH He ObIN 3a7aH elle 1O LIEJYKa MO MHKTOTrpaMMe
Macmepa ouazpamm). 31ech e yTOUHACTCH, KeX CIenyeT BOC-
NPUHMMATD AaHHbIe (110 CTOAGHAM Wl [0 crpokam). Ilocne aro-
ro WeTYKOM MO KHOHke JlGiee aKTBU3UPYETCS TPETHR wutae
Macmepa ouazpayim.

» Ha tperbem ware Macniepa ouazpams yCTaHABIMBAIOTCA
BCE CTEelUAbHbBIC MAPaMETPhl AHArpaMMbi (3aronoBKH, OCH, JH-
HMM CETKIL, JIereH/a, MOANHCH AanHbix). BoiGepem srnaxy 3aco-
106K 1 yOepeM YCTAHOBJIEHHbIA B HEH 10 YMOJNYAHHIO 3arono-
Bok "Vposuu" B okHe "Ocs X (xamezopuiy)" seegem "Tonbl", a B
okne "Oce Y (3navenuir)” Benem "3HadeHus yposHer". Pesyib-
tar orpaken Ha puc. 13.10 Beepxy. Ha ToM xe Liare ycTaHOBHM
WIH W3MEHHM ellie HeKOTOphlE mapameTpbi (no xkenanuio). Jlnd
Toro, yToObl OCBODOANTL DOJbUIE MECTA st OCHOBHOH 4acTH
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JHarpaMMbl, MOXKHO II€PEMECTHUTL JICFEHAY W3 MPaBOH 4acTH
BHu3. [lenkHem no sxnanke Jlezenda v B ee kourype Pasmeuye-
Hlle aKTHBU3UPYEM NepeKinoyarenb Buwsy. Pesy.iwrar aToro jeii-
CTBHs MTOKa3aH B cpenHed yactu puc. 13.10. Xopouwo BUAHO, 4TO
OCHOBHAst 30Ha JWarpaMMbl aBTOMATHYECKH YBEJIHYHIACH.
Ulenknem no kHonke /[lazee ¥ akTHBU3MPYEM YeTBEPTHIN lHar
Macmepa ouazpamm.

* Ha uerBeprom mare Macmepa ouazpamm (puc. 13.10 sau-
3y) onpepensercs, rie pa3MeCTHTb AMArPaMMy. Ha OTHEIbHOM
MM HA UMEIOLEMCS JIMCTe SNEKTPOHHON Tabiuupl, {uarpamma
N0 yMONYaHHMIO Pa3sMEILAETCs HAa HMEIOLIEMCS JIMCTE, €CJU Mbl
LeIKHEM 1o Kronke [ omoso. B pesyabrarte rnojiyyaem guarpam-
My, BHJI KOTOPO# NOKa3aH Ha puc. 13.11.

s NpagUNbHOCTH MOCHEHYIOWMX BbIYMCIEHUH B fxcel
HeoOxo0uUMO, YMoOObl 3HAYEHUS né‘puo()oe 6s1111 npeocmasnenvl
UX HOMEPAMU, HAYUHAS C COUHUIBL, C YHEMOM PUCCIOAHUSL MEXHC~
Ay coceOHumu nepuodamy. ABTO3aMEHa 3HAYEHHH NEPUONOB HUX
YMCJIOBBIMH KO/aMH NMPHCYTCTBYET B ClELHANbHBIX CTATHCTHYE-
CKHX IaKeTax W SIBJISIETCS YCHOBUEM NPABHWILHOCTH BhIYMCIIEHUI
[PU MOAENHPOBAHUM CTENEHHOIO, 3KCIIOHEHLMAILHOTO U psina
APYTHUX TPEHIOB.

B Excel npunercs caenats 3TO BPYYHYKO, HHAYE B CIIyuasx
CTEMEHHOH, 3KCIOHEHLHANBHON M psiia APYrHX PErpeccHii Mbl
MOJAYy4MM HEOOBSICHUMbIE pe3ysbrarhl. BeraBuM Brepen oauH
cronbel, CKOMUPYeM B HETr0 HCXOAHbIA psja nepuonos (1982-
1992), a 3atem B CTONOLE-OpUrHHaNE, HA KOTOPLIH OPHEHTHPO-
BaHa aAuarpamma, Bmecto 1982 nabepem 1, BMecro 1983 nabGepem
2, BBIIENUM AHANa3oH kjaerok 51:B2 w pacrsiHeM €ro BHM3 10
nosuuuy 1992 rona, raoe [OMKHO Ternepes OTpaznuTes 3HaYeHue 11,
HuarpaMma COOTBETCTBYIOINMM OOpa3oM AOKHA HU3MEHHTHCS
(puc. 13.12 BHu3y). I'padix AaHHBIX NMOCTPOEH, H B HETO MOMKHO
BCTPAKBATh PA3/THYHbIE TPEHADI, & 33TeM BLIOUPATL TPEHA.
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Puc. 13.12. Caega;
HHAILAATH3ALMA 10-
OaBneHus TMHUN
TPEHI@Q HA JHATPAMMY
(BO3MOK-HA TGIBKO
TIOCTIC BBLICICHMS
JIMHKA BAHHEBIX HA
muarpamme). Crpasa:
JHATIOTOBOE OKHO Bhi-
6opa runa TpeHna.

13.8. Texnosiorus nocrpoenust rpengon B Excel

Yr00Bl MOCTPOUTH TPEHI OAHOIO THNA, HEOOXOHAMMO Bbi-
MIOJIHATB TAKME ACUCTBUS: ,

1) Hoctpours XY-puarpamMmy HCXOIHOTO JHHAMMYECKOTO PAMa.

2) Co3narte KOMHMIO AMarpamMMbl HCXOAHOTO psina (He obOs3a-
TEJbED).

3) Boiaeauts menukoM nesoid KHonku Mbitiu (JIKM) aunuio
noKazaressi, Ui KOTOPOrO CAeHyeT MOCTPOMTh TPEHA (JHUHHA
NOJ2KHA TPOMAPKHPOBATLCA ).

4) leakHyTb npapoii kHomxoi My (ITKM) no Mapkupo-
BAHHOH JIMHHY I8 OTKPBITHST KOHTEKCTHO-3ABHCHMOTO MEHF).

5, Bribpati onumto Jodacinye muno mpenda (lnsert Trendline).

6) B OTKpBbIBLIEMCsi AHATIOrOBOM OKHE THIOB TPEHIA Bbi-
OpaTh OMMH THIIL.

7, B ToM e okHe BuiOpaTh BKAanKy [Hupavempel.
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8) B oTkpbIBLIEMCS DHAaNOrOBOM OKHe NlapamerpoB Tpenga
YCTaHOBUTL (aaxox [lokazwvieame Ypasueniue na ouazpcvme n
bnaxox Homecmums na ouazpamary BETUYUHY doCmOsepHOCHTY
annpoxcumayuu R*).

9) (o enanu) yeTaHOBUTS HeoOXonHuMoOe uHCHo TepHo-
NOB [7is U300PAKEHUS BO3MOKHOIO TIPOTHO3a BNIEpes MM He3aj,

10) (Tlo >xenanmro) BBecTH H43BaAHNE MOLENHPYEMOro
TPeHIA, KOTOpoe OyneT rnomelieHo B METKYy nmarpammel. Hassa-
HUSl JAKOTCA 1 1O YMOMHaHHIO, HO Oe3 yKka3aHus CTENEHH MOIHU-
HOMHanBbHOrO Tpenaa. Ilostomy B cnyvae MOZIeTUPOBAHHS He-
CKOJILKHX TOJIMHOMHA/IbHBIX TPEHAOB CTOMT BOCIOJIb30BATLCS
3TOH BO3MOXHOCTBIO.

11) Ecnu He Hy>xeH cBOGOMHBI ien YPaBHEHMS, ClIenyeT ak-
THBH3HPOBATh Qnaxok [epecevernue Kpueoii ¢ ocero Y & moyxe 0.

12) AxtuBusuposars kHonky OK.

13) Jnst nomysenns kaxmoro Homoro TPEHAA NMOBTOPHTH
TEXHOJIOTHIO OT 1. 2 1o .12,

Ipexne Bcero menukom nesoii knomk MBIIM HA A PamMMe
CIIEIYCT BBIICAUTD JIHHIO UCXOAHOTO Psifa, s KOTOPOro cipeures
TpeHA. JIunus nomksa nomeTuTses Mapkepamu. Eciu va muarpamme
Oostee oHOrO nokasatens u muHUK HaxonsATCA OM3ko, TO Myume ko-
HHPOBATL TMArpaMMy JUIS MOJEITMPOBAHHS KAKIOTO HOBOIO “peHna.
3arem wemox TIKM 1o BBIIEICHHON NHHHU OTKPBIBAET MEHIO 10-
NOJIHUTENBHBIX ONLUIA, NOKa3aHHOE Ha puc. 3.6 crieBa BBEPXY. 3mech ¢
nomouieto JIKM BuiCupaercs onis Jodasume aururo mpenca. On-
L HENOCTYNHA, €CITH HE BBbIAENEHA JINHHUS NAHHBIX - NPUAETCS Bep-
HYTRCS K mpenpbiayieMy wary, Eci xe Bce B TNOpsiZIKe, TO OTKPCETCs)
OCHOBHOE auaitorosoe okHo /Jiuua mpenda, nokazsantoe Ha TOM xe
PHMCYHKE BHH3y.

Oxuo JTunus mpenoa (Zrendline) npenocrapnsier BC3MOX-
HOCTE MONCIMPOBATL TPEHN,) HCTIOMBL3YS NATh OCHOBHbIX THIOB
perpeccuu:

1) Linear - nuneiinyo, 2) Logarithmic - norapupmuueckyio,
3) Polynomial - MOMHHOMHANBHYIO (CTENEHH OT ABYX 10 mecTH
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3a7ar0TC B POKYpUHMBAEMOM CTHCKC Cmenens (Order), 4)
Power - creniediyto, 5) Exponential - 5KCTIOHEHUHATBHYIO.

Jlnsi 5THX EMAOB PETrPecCHi YCTAHOBKOH COOTBETCTBYROMIMX
DAWKKOB MOBIOBATENE MOXET 3aKasaTh BbIBOJ METKH TpeHaa
(puc. 13.13), kyna dBTOMATHYECKH MOMCLIACTCA BUJl YPaBHEHUS
(Equation) u 3Ha4€HHE koa(puierTa neTepMUHAIIMH (R2). [To-
CGAHMI MOKa3biBAET, Kakas g0/ BapuHalMH HabJIIOAEHHOTO
npusHaka (¥) ofpsicHena 3a cHeT daxtopa BpemenH (X) npu naH-
Hoii Gopme TpeHIA.
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Puc. 13.12. Beepxy: HacTpOHKA 1apaMeTpoB TPCHAA. Hacrpoen BHIBOL
YPABHEHHS HA IMarpaMMy M BbIBOL E°. BHu3y: pe3yiIbTaT HACTPOHKH.
MOVIEHHDIH TOCTE AKTHBH3AUMHM KHOTIKH OK.



JIOCCAPUN

ABTOKOpPpeNsiIHS — HATHYHME 3ABHCUMOCTH MEXJY NOCIEAYIOMMUMHU H
OPEAIECTBYIONMMHA YPOBHAMH JHHAMHHYECKOTO PsJa; KOppens-
IMOHHAS 3ABHCHMOCTh MEKAY ITOCIEAOBATEIbHBIMU 3HAYCHIAMM
YPOBHE#H BPEMEHHOTO PSAA.

ABTOHOMHbIE KANIHTANCBJIOXKEHHSA  — yacTh obwmMx xanuma-
106R0NHCEHH, KOTOPAS OMPEJETACTCH HE BHYTPHIKOHOMHYECKH-
Mu (axropaMu (TAKHMM, HaIlPUMEP, Kak NPHOBIILHOCTL BIIOKE-
HHH WM TOTPEOHOCTH COATAHCHPOBAHHUS OTPACICH MPOH3BOACTBA
JUTS [IPOTIOPIIMOHATBHOIO H YCKOPEHHOrO Pa3BHTHUA ).

ABTOHOMHBIH TeXHHYECKHH nporpect - MOHSITHE  TEO-
PHMH NpOU3B00CMSEHHBIX yuKkyuli. B OTIMUME OT MaTepHANH30-
BAHHOTO TEXHONOTHYECKOrO TPOTPECCA BBHIPAXKACT TCHICHIHIO,
3ABHCALLYIO OT COBMECTHOTO AEiiCTBHs Takux. (akTOpOB pOCTa,
KaK COBEPUICHCTEOBAHHE OPTaHH3alMM M YNIPABJICHHS NPOUIBOI-
CTBOM, HAKONNEHWE HAYYHBIX 3HAHHH, MOBBIINEHHE KYIbTYPHO-
TCXHHYECKOrO YPORHS PAaBDOTHHKOB. ABTOHOMHBIH TEXHHYECKHH
MIPOrpeCcC HE 3aBUCHT OT HAKOIJICHWS KalMTAla WIH 3arpaT Apy-
FAX PECYPCOB, VINUTBIBAEMbIX B MPOMIBOACTBEKHOH QYHKLHK, €r0
CUYHTAIOT KaK Obl «IapOBBIMY,

ArperupoBaHue — 00bEIMHEHHE, YKPYIIHEHUE HOKQ3ameneit N0 Kaxko-
my-1u00 mpusHaky. C MaTeMATHIECKOH TOUKH 3PEHUS azpecupo-
8aHuE PACCMATPHBACTCS KAK NpeoOpazoBaHHe Meoeit B MOAEb C
MEHBILHAM YHCIO HEPEMEHHbLIX W OCPAHUYEHUl — ATPETHPO -
BAHHVIO MOJA€.1b. JAONIYIO NPHOIMKEHHOE OMHCAHHE H3Y-
4aeMoro npoyecca uimu oowverxma. Ero cymsocts — B COEIHHEHHH
OAHOPOAHHIX HIIH [PHHUMACMBIX 33 OJTHOPOIHRIE 2IEMEHMOC B
Dornee KpVIHbIE.,

AZANTAUHA — CIIOCOOHOCTE LCACHANPAB.ICHHOTO MPHCIIOCOOHTEIbHO-
rO NOBCACHHUS CHCTCMBI B CICOKHBIX CPEIAN. a TAKKE CaM MPOLCCC
TAKOrO IPHUCIIOCOONCHHS.

AJANTHBHOCTH — 3AKOHOMEPHOCTE, CBA3AHHAA C MPHUCTIOCOONICHHEM
CHCTEMBI K M3MCHMIOLIMMCS BHEUIHHM M BHVTPEHHHM NapameT-
paM €€ CYIIECTBORAHMA.

AJEKBATHAS MOJENb — MOICTb, 11l KOTOPOM Psii BCOMVIICHHH & Ovaer
¥, 10B7ICTBO[STh OCHOBHbIM TTPEIOCHUIKAM PCIPECCHOHHONO aHANM3A.
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AneKBAaTHOCTL MOAEAH - COOTBETCTBHC MOOCIU MOJEIUPYCMOMY
ofwvexmy Wi npoyeccy.

AxTHBUBI (YC/OBHDBIH) CTATHCTHYECKHA NPOrHO3 — HPOZHO3, TIPH-
MEHSACMbIH TOrAa, KOTJa HPeIyCMaTPUBAETCH, YTO NPABUTCILCTBO
(0DMECTBC) MOXKET NPHHSATD PA3THUHBIC MEPBI, KOTOPBIE COCO0-
HEI BO3ACHCTBOBATh Ha IIPOrHOZHPYEMBIC MOKAIAMEN.

AJbTepHATHBA — [OHATHE LCCACO0BAHUA ONepayul, meopuu u2p,
meopun pelenuil, — BOIMOXKHBIN BAPHAHT pelienii 3a0aqi.

AHanus — HCCASA0BATEABCKUH METO/, COCTOSLINI B TOM, YTO OOBCKT
HCCIICI0BAHMS, PACCMATPHBAEMBIH KaK CuCmemd, MBICICHHO HIH
HPAKTHYCCKH PACUICHICTCS HA COCTABHBIC 31EMEHTHI (ITPU3HAKH,
CBOMCTBA, OTHOIUCHHUS M T.I1.) 4718 M3YYCHHSA KQKIAOTO U3 HUX B
OTAENBHOCTH M BBIABACHHMA UX POIH ¥ MECTA B cUCTeMe, oOHapy-
HKCHHS TAKHM 00pasoM cmpykmypsl CHCMEMb.

Ananus  cnpoca W norpefaenmst -~ 00macTh  3KOHOMMKO-
MOTEMATHIECKHX MCCNCAOBAHHH, OCHOBHOH 3ajavyed KOTOPBIX
ABJIAETCS HAYUHOE NPEIBUACHHE MATEPUAIBHBIX MOTPEOHOCTCH
YreHOB OOLIECTBA M MOMCK ONTUMANBHBIX, T.€. HAWIYUILHX, TMYy-
TEH UX VAOBJICTBOPCHHI.

Ananwmrugeckas Moesib — GopMyia, NpeacTaBisIoWas MaTCMaTHIC-
CKHE 3aBUCHMOCTH B 3KOHOMMKC M IOKA3BIBAIOWIAA, YTO PE3Y.ib-
TaThl (BBINOABI) HAXOMITCH B (DYHKUMOHAIBHOH 3aBUCHMOCTH OT
3ampam (6x0006). B camMoM obureM BUE €€ MOXKHO 3aIkcaTh Tak:
Y=A(x). 3.1eCh X — COBOKYIIHOCTL (8exmop) BXOAOB, Y — COBOKYII-
HOCTB (GCRMOP) BRIXOAOB, [ — (IyHKYIs, KOTOPad B CIy4ae, ¢C
OHa H3BGCTHA, MOXKET ObITh PACKPBITA B ABHOH (opme.

AHATHTHYECKHE METOAB! PelIeHHsT MOAeNIeH — B OTVIHUMC OT imaifi-
O HBIX (HUCAEHHBIX) AMeMOO08, COCTOST B TTOCIEA0BATCILHOM MIPOBE-
JEHMH MATCMATHYECKHX NMPCoOpasoBaHMil HCXOAHOM MOAC/H, MPHBO-
ASUMX K 33JAHHOMY PE3VIBTATY. HanpuMep K (POPMYJIC, BRIPOKAO-
IEH 3aBHCUMOCTb SKCIIPDEANV A (DVHRHIL OT €€ APTYMCHTA.

AHAJIHTHYCCKHE MOJE/IH CMpoca H MOTPefSIeHHss — JRONHOMLKO-
MAMEAMAMUYCCKUE MO0, KOTOPBIE CTPOATCA B BHAC VPAaBHE-
HOE, XAPAKTCPH3VIOWMN 3aBUCUMOCTb nompedienud Oaae (1 C.
TCBAPOB ¥ VCIAVT) OT TEX WM MHBIX (armopoe: €Ciin OT OAHOTO —
HMEEM DIHOMAKTOPHVIO MOACIb, €CJIH OT HECKOAbKMN — MHOI'O-
thikropHy 1O,



AHAIOroBast MOJENL — OJMH M3 TPEX MCXOAHBIN THIIOB MOOCAZH MO-
A€b, CBOWCTBA KOTOPOH OMPEAEHSAIOTCS 3aKOHAMH, AHANOTHIHbI-
MU 3aKOHaM H3VYACMOM CHCTEMBI,

ANDPOKCHMAUHS — «3aMCHA OIHUX MATEMATUUYCCKHX OBBEKTOR Apy-
THMH, B TOM HIH HHOM CMBICE OIH3KHMH K HCXOAHBIMY: B 4ACT-
HOCTH — NPHO/IHKXCHHOE BBIPAKECHUC CIOKHON QVHKYUU C TIOMO-
we10 601ee NPOCTHIX.

banancosas mongean - cucmena ypasnerui (GanaHcoBBIX coorHOMIE-
HUi{, DANAHCOBBIX YPABHEHHIA), KOTOPBIE YAOBICTBOPAIOT TEebo-
BAHUIO COOTBCTCTBHS ABYX BJICMCHTOB. HATUMHA DECYPCC W €TO
UCHOJIb30BAHHS (HANPHMED, IPOK3BOACTBA KAKIOTO APOCVRING 1
HOMpeOHOCMU B HCM, HANUYHAS paboYeit CHIb U KOJHuecTBa pa-
Boumx MecT, maTexecnocobHOro chpoca HaceeHNs npegso-
KCHHS MOBAPOG U VCIIYT).

banancoBeIi METOX — METOA B3AMMHOTO COMOCTABCHHMS pecypcoe - vare-
PHATBHBIX, TPYAOBbIX. (PHHAHCOBBIX — H NOTPEOHOCTEH B HUX,

bosibmiasi cucremMa — cucmema, cocTosmas U3 MHOMCECHE 4acTeH u
JNEMEHINOG, BBITIOTHAIOIUHX HEKOTOPHIC (DYHKLIHM M CBSAHHBIX
MeX Ay COOOH.

broaskernas nuHus — TMHBA BO3MOKHOCTEH NOTPEONCHUS, MM AUHHS
UCH.

Bannnauus monenn - nposepka cooTBeTCTBHS OQHHBIX, MOV aeMBIX
B TPOUCCCC MAiUHHON uMUmMAylu, PeanbHOMY XOAY SBJICHHIL,
AJIs1 OTTMCAHUS KOTOPBIX CO3JaHa Mo0e.ib.

Banosas npoayxumsi - cratucruueckuii ROKA3amenb, XapeKTCpH-
3VIOLWHE 00beM 1POOVKY U HAPOIHOIO XO3sHCTBa, chep u orpac-
JICH 3KOHOMHKH. 00bCIUHCHHIH 1 NPEIIPHATHI B ACHEKHOM Bbl-
PaKEHHU.

Banopoii HauMoHANLHLI NPOAYKT — >KOHOMHUUYECKHUI] 10K 327T¢,1h,
BHIPKAIOLUHA COBOKNTIHVIO CTOMMOCTb KOHEUHBIX mosapos u
VCANT B PBIHOUHBIN f¢HAX! BKIIOYAET CTOMMOCTb MOTPEO! CHHRIX
HACCJICHUCM TOBEApPOB M YCAVT, TOCYJIAaPCTBCHHBIX 3aKYNOK, a
TAKKE HHBECTHLIMH H Ca.1b0 MIATEKHOrO Gananca.

Basiosbie unBecTHUMH — 06wHe UHBECTHIMN. NPOU3BOIAUMBIC B 3KO-
HOMMKC B TCUCHHC OMNPEIGICHHOrO mepuoja spemeHn. Oum
BRIIOYAIOT MHBCCTHUME HA BO3MCUICHME BBINOASLMN H3 CTPOs
OCHOBIBIN (ho1dC6 (PCHOBALMIO) U Yitcmpie nneecHulLiL.
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BapuaHTHbIE IPCTHO3BI — HPOZHOIBL, OCHOBAHHBIC HA COMOCTABICHUN
Pa3IMYHBIX BAPHUAHTOE BO3MOXHOPO PasBUTHA KOHOMUYCCKUX
06beKmos TIDH PA3HBIX NPCATOTIOKCHHAX OTHOCUTEABHOTO TOTO.
xak Oy eT pa3BHBATLCS TEXHHKA, KAKHC OyAyT NPHHMMATBCA IKO-
HOMUHYECKHE MEPLL M T 1.

BapHauHOHHBIE PR — TPYIIoBasd Tabnuia, HOCTPOCHHAS 10 KOIHYC-
CTBEHHOMY [PHM3HAKY, CKasyeMoC KOTOPOH TOKa3bIBACT HHMC/I0
eNVHHUL B KOKA0H TPynIe.

Bapuauuu pasmax — PasHOCTh MEXKLY MAKCAMAIBEHBIM H MMHPMATbHBIM
3HAYCHUIMY TIPU3HAKA PANA PACITPEACTICHRS CIIy4aHHOM BCTAIHHbL.

BexTop «3aTpaT-BbINYCKA» — BEKIMOP. COAEPHAITHH  KOMITOHCHTBI
JABYX BHJOB. BBITyCKAEMBbI npodykmol (DOBIMHO STH KOMITOHCHTHI
TONOKHTETLHbIE) W NMPOIYKTHL. 3aTPauMBACMBIC B NPOU3BO/ACTEC
(OTpHIIATE/ B HBIE).

Bepudukauus M0AeIH — NPOBEPKA €€ HCTHHHOCTH, Q0CKBAMHOCHUY.

BeposiTHOCTHAsE MOAEAb MoOenb, KOTOpask HaXOAUTCst B OTHOMICHHN
BEPOATHOCTHOTO NOOCGUA K MOJETAPYEMOMY oombexty. CooTRET-
CTBEHHO. B OTTHYHE OT OeMePMUHUPOBAHHON Modent OHa COACP-
KUT CIYYAHHBIC SICMCHTEI.

BeposaTHOCTHASI CHCTEMA — cucmend. BhIXOAB KOTOPOH CVIANHBIM
06pa3oM, a HE OIHOBHAYHO 3aBUCHT OT EX0006.

BeposiTHOCTL — «(MATEMATHYECKAA, “HCIOBAT XapaKTecpPUCTHKA CTErIe-
HHY BO3MOMKHOCTH TOSBIGHHS KAKOrO-nHOO0 COOBITHS B TCX HIH
MHBIX OTPEICACHHBIX, MOTVIUUX TIOBTOPATHCA HEOrPaHHYEHHOC
YUCIO pa3 YIIOBHAXY.

BHewHHil NPOrHo3 — B TCOPUH ynpasieris sandacai, MIAHUPOBAHUL
NpOM3BOJCTBA — MPGEHO3, OCHOBAHHBIH Ha BHCIIHUX PAKMopax.

BuyTpesHHIi NPOrHO3 —~ B TEOPHH VAPAGICHUA 3anacaiilt, AAAHUPOBAN L
NPOU3BOACTEL — NPOHO3, OCHOBAHHBII HA BHYTPCHHHN (Jarmopax

BpemeHHOe npeinodTeHHe — NPeonoumente Tpu BriGOpe Brar ¢ vic-
TOM BPEMCHHOTO (akTopa.

BpemenHoii (1HHAMMYECKHA) PAA, WA P AHHAMHKA — paa no-
CIeA0BATCIHHBIN 3HAUCHHE, XapaKTCPU3YIOIIMN HIMCHEHUE 110-
razameis BO BpeMeHd. B IKOHOMHUKE 10 Gperie/itiviy PACOA
MOAPA3VMCEACTCA TIOCICIOBATEILHOCTD HaOIIOICHUI HEKOTOPO-
O NMPH3HAKA B MOCHE/I0BATENbHEIC MOMCHTR EPCMCHHU. Orieab-
HbIE HABMHOICHHS HABKLIBAIOTCS YPOGHANIL PAOC.
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Bxoapi ¥ BBIXOABI CHCTEMEI — COBOKYITHOCTb 6030CUCMBUTL GHEUIHET
Cpedil Ha CHCMEMy H BO3ACHCTBHI CHCTCMBI HA CPEAY.

BoipasHuBanne BpeMEHHBIX PSII0B - BbISBJICHHE OCHOBHOM TEHACHIMH
pasBuTHs (BPEMEHHOTO TPEHAR) IVTEM «OHHCTKHD) GPEMEHHOO PAAA
OT HCKUKAOIIMX 1Y TEHACHLMIO CTYUaHBIX OTKJIOHCHUH,

IeTepockesacTHUHOCTD — TIOHSTHC MATCMATHYECKON CTATHCTHKH M KO-
HOMETPHKH, 03HA4aeT C.TyYaH, KOrja JUCIIECPCHS OLIMOKU B ypaBHe-
HUH PETPECCHH H3MEHSIETCA 0T HaOMIOACHUS K HAOMIOACHHIO.

I'nnoTesa — npeanonokcHue, TpeGyrouee HAYIHOrO A0KA3aTENLCTBA.
Oxonomuro-mamemamuyeckue modean CTPOITCS HA OCHOBAHHH
THIIOTE3 O CTPYKTYPE H B3AMMOOTHOINCHUH IKOHOMHYESCKHY, (CTa-
THCTHYCCKHX) TIOKA3ATCIICH .

Il'omockenacTHYHOCTL — CBOHCTBO NOCTOAHCTBA JMCTIEPCHH OLIHOOK
PErpecCcHu £ A KaXAOro 3HAYSHMA Xj; PABEHCTBO JUCTICPCHH
BO3MYIICHHH (OHUOOK) perpeccud: » & =o'c, .

T'opH30HT NPOrHO3ZHPOBAHHS — KPAHHUIA CPOK, 1Sl KOTOPOTO NPOrHO3
ACHCTBHUTC/ICH ¢ 3aAaHHOH TOYHOCTBIO.

I'pynnupoBka - pacwiIcHEHUE, IPH KOTOPOM TPYNIB 00pasyrorcs U3
ITEMEHTOB, KAYECTBEHHO OJHOPOLHBLIX B OMNPEICICHHOM OTHO-
LICHHH.

AapGuHa-YoTcoHa KpHTepHH — VCIOBHBIH HOKG30Melb, KOTOPBIM
NPUMEHSCTCS NPH HPOSHOIUPOBAHLUL 111 BBISIBACHUSA A8MOKODPE-
AAYU BO BPEMEHHBIX PROAX.

Jdenbtuiicknit veroa, nin meroa «leispu» — Meroy IKCnepTrHOM
OLIEHKH OVAVLIEro. T.€. 3KCMEPTHOTO MpocHO3uposanus. CVThb
ITOrO METOAA 3aKIIUAeTC] B OPraHH3alHH CHCTeMATHUCCKOro
cOopa MHEHHMH CHEUHATIBHO JTOXOOPAHHBIX FKCIEPTOB (IKCHCPM-
HbBIX OYeHOK). KX MaTEMATHKO-CTaTHCTHUYECKOH 00paboTKH. Kop-
PEKTUPOBKH 3KCOCPTAMH CBOUX CLUCHOK HA OCHOBE KAMKJIOrO LUHK-
na obpaboTku.

Jemorpadudeckne Moend - MATCMATHICCKHE MOJECT1, OMUCHIBAKO-
LW{HE NPOeccs! BOCAPOH3BOACTEA U MUTPALIHY HACCICHHUS.

AdemorpaduuecicHii mporuoes - npocnos GVAVINETO POCTa HACEICHUS
CTPAHBI B LEJIOM H €O OTIACIBHBIX COBOKYIFHOCTCH. HMMERIIMX
3HAUCHHC /T8l KOMIUIEKCHOI'C MPOTHOZMPOBAHYS H MUTAHUPOBAHMS
COLHATBHC-3KOHOMHUCCKHX MPOLIECCOB B ODINECTBE,
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HepeBo uedieil — B APOCPAMMHO-YEIEEbIX MEMOOAX NAAHUPOSAHUA 1
ynpasienus — epagh, CxeMa, ToKaspBarouad ICHCHHC o0
(reHepanbHBIX) LENEH HAPOAHOXO3MHCTBEHHOrO MIaHa U npo-
eparMbl HA TIOAUETH, MOCTEAHHX — HA TIOAUCTH CICAYIOMCTO
YPOBHA K T.4.

JleckpUNTHBHAS MOJE/b — M00e1b, NPCAHAHAUCHHA 1] OIUCAHHs
1 OGbACHEHMS HABTIOAACMBIX (DAKTOB KM NPOZHO3A NO6COZHIA
06bexmos, B OTINYHE OT HOPMAMUGHBIX MOO€rel, TPCAHAsHA-
UCHHBIX IS HAXOMNICHHMS HKENATEIBHOTO (HAPUMep, ONMUMib-
1020) cocmosHus 00bEKTa.

JlerepMHHHPOBAHHAR MOAE/b — AHATMTHYCCKOS NPCACTABACHHUC 3a-
HOHOMEPHOCTH, ONCPALMH M T.II, NIPH KOTOPhIX AN JAHHOH CO-
EOKYITHOCTH BXOJHBIX 3HAYCHHH HA 8bIX00e CUCHIEMbBl MOKET
6bITh TIOJIVIEH COMHCTBECHHBIA PE3YIIbTAT.

Jlerep VHHHPOBAHHASI CHCTEMA — CUCMENM, @bix00bl KOTOPOH (pe3virnta-
b1 JEHCTBHS, KOHEUHBIC COCHIOSHUA ¥ TI1.) OAHO3HAYHO ONpeic-
FOTCS OKA3AHHBIME HA HCE YPUEIIOUUMU GO30ETICIGUANMIL.

JluHaMuuecKkasi CHCTEMA — BCSKad CHCHIEMA, KOTOPAs H3MCHACTCH BO
€PeMEeHIL.

JuramugecKHe MOJEAH 3KOHOMHKH — MOOeT!, OMUCHIBAIOIIHNE DKO-
HOMMKY B PasBMTHHM (B OTJHMME OT CTarMUECKHX, XapaKkieph-
SVIOIMX €€ COCMOANIE B OTIPCACICHHBIH MOMEHT).

JAucnepCHOHHbIA aHANIU3 — Pa3acn MAMEMAMUYECKOT CIMAMUCTINRIL,
I[OCBS[I]lCHHbIﬁ METOaM BBISBJICHHS BAMYIHHUA OTAC/IBHBIX rf[)(ll\'—
MOPO6 HA PE3YAbMAN IKCICPUMEHTA.

Jucnepenst — XapakTEPUCTHKA PACCCHBAHU SHAUCHMEH CAVYainOilL 6e-
SUYUNbI, U3MEPACMAi KBAAPATOM HX OTKIOHCHHH OT cpecHeo
SHAYEHUS .

JlosirocpoyHOe TPOrHO3MPOBAHHE — OLCHKH OVAVLICTO pa3sBUTHI
KOHOMHKH. HAYUHO-TEXHHUCCKOTO MPOrpecca. COUMATbHBIN H3-
MEHCHUWH B OOLLECTBC.

JaBHcHMAas NepeMeHHAst — B PErPECCHOHHON AMOACAM HCKOTOPAs e
peMennas Y, ABAAIOWAACS GVHKUMCH PErPeCCHi ¢ TOUHOCTRIO 10
CIVHAHHOTO BO3MYILCHHS.

VMHTALMOHHAS MOJENb - IKONOMUKO-MAMCMAMUYECKAT  AM00C.1h
H3vyaeMoil CHCTEMBI, MPEIHA3HAYCHHAS 118 WCHIOAbIOBAHWA B
npoueccc MGUUUHHOT UAIMAan .
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HuteHCHBHBIA THII JKOHOMHYECKOr0 pocTa — TaKOH pOCT 3KOHOMH-
KM, KOTOPBIH COMPOBOXKIAETCH NOBBILUCHUEM dhexmucnocmu
IKOHOMUYECKOU CUCMEAMbi, T.€. TIPOHCXOJAHUT 32 CHET YBEIHUEHHSA
APOU3EOOUMETHOCHIL MPYOQ, OTIAYH OCHOBHBIX POHOO0S, YNyd-
LWICHHWS MCITONb3OBAHHUS CHIPbS M MATCPHATIOB.

HuTepBa/ibHBIA NIPOIHO3 — NPOZHO3, KOTOPHIM YKa3HIBAETCA HE CMH-
CTBEHHOE 3HAYMEHME NPOrHOZHPYEMOro MOKA3aTe/s (MIH BEKTOP
3HAUCHHMIA), 3 HEKOTOPBIH MHTEPBATL.

HHTepnonsinmst — HaAXKACHHE TI0 HMEIOIIUMCS JaHHBIM 33 ONpeic-
NEHHBIM NEPHOJ BPEMCHH HEKOTOPBIX HEJOCTAIOMIMX 3HAUCHUH
MPHU3HAKA BHYTPH JaHHOTO MEPHOAA.

KoG6a-Jlyrnaca QyHKUHS — HPOU3EOOCMBEHHAA QIYHKYUA, OTpaKaro-
mas 3aBUCMMOCTh 00beMa Bbiltycka oT dakTopa pabouui cuisl U
Kamnurania.

Kopapuauus (Koppe/siiHOHHBIH MOMEHT) cov(x,p) cay4alHbix Be-
auunn X ¥ Y - MateMaTHyeckoe OKHIAHHE IIPOU3BEICHHS OT-
KJOHEHHH YTHX BEJIMYHMH OT CBOHX MATCMATHUYSCKHAX O)KH,ZIH.HH?L

Komiuexce mopeneil — COBOKYITHOCTb MOOZA€l, TIPSAHASHAMEHHbLIN UIg
PCUICHHST OTHOH CJIXKHOH 3aatH, KKIAa U3 KOTOPBIX OMHCHIBACT Ty
UITH UHYEO CTOPOHY MOICIHPYSMOT0 0OHeKmd Ui HPOyeccd.

KomnJiexcHoe nNporsoinpoBanue — paspaboTKa CHCTEMBL POHO308
Pa3BMTHS HAUMOHATBHOH SIKOHOMHKH, PACCMATPHBAIONIMX Pa3HbIE
ACMEKTHl HTOIO PasBUTHS.

Koppenorpamma - rpadux BsIGOPOUHON aBTOKOPPEAAUHOHHOH (PYHKIIHH.

KoppeastunoHHbiii  aHANH3 — BETBbL MATEMAaTHYSCKOM CTaTHCTHKH,
M3Y4AOLAS B3AHMOCBSI3H MEKIY HAMEHSIOIHUMMHCA BETHIHHAMH.

Koppeasiunst — BCIMUHHA, XapaKTePU3YIONas B3aHMHYIO 3aBHCHMOCTh
ABVX cavuanneix ¢eaudud X M Y — Oe3pasnuyHo, onpeaenseTcs 4
OHa HEKOTOPOH NPUUHHHON CBA3BIO HIM NPOCTO CAYYaHHbIM COB-
NaJCHAEM.

KordhdpuuneHTs1 2aCTHYHOCTH NIPOH3BOACTBA — NOKA3AMEil APO-
U3GOOCMBCHHON  (DYHKYUM, NAPAKTCPH3VIOMIME OTHOCHTE/IBHOC
M3MEHCHHE PE3VILTATOB IIPCH3BOACTBA HA €AMHHLY OTHOCHTC/Tb-
HOTO H3MCHEHHS 3ATPaT /-I0 pecyped.

Kpuast npeaioxenHs: - rpajpuueckoe OpeACTaBICHHE COOTHOLLCHHS
MEKIN TIPEAT0KEHUCM MOGCPA U ET0 YCHOTL.

Kpusasi cnipoca — KpHBas. NOKa3bIBAKOIIAS 3aBUCHUMOCTE CHPOCH HA
mogap OT Cro HCHOI.
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Jlar — SKOHOMUYECKHEE NOKA3GME.ib, OTPAKAIOLUMH OTCTABAHHC HIM
OIIEPEKECHHE BO BPEMEHH OJHOTO IKOHOMMHECKOTO SIBJIECHHS T10
C[/aBHEHHIC C APYTHM. CBA3AHHBIM C HHM ABJICHHCM.

JInpeiinas mogeab — 1100etb, OTODPAKAIOLIAS COCOANUE WK (PYHK-
YHOHUPOBAHUE CUCMeMbl TAKUM 00pa3oM. YTO BCE B3aMMO3aBH-
CHMOCTH B HEH MMPUHHUMAIOTCS THHEHHBIMH.

JInHeiiHoe YpaBHEHHS — VPABHEHHS, B KOTOPBIE HEM3BCCTHHIC BXOLAT
B 1-if crenenu (MIMHCIHHO) M HET WICHOB, COAECPKALIKMX MPOU3BE-
IEHHAST HEM3BECTHBIX UJTH SKCIIOHCHTHI.

Jlorncruyeckast GyHKUHS — (PVHKyus. KPHBAS KOTOPOH CHauyana pac-
TET MEAICHHO, TOTOM OBICTPO, a 3aTeéM CHOBA 3aMEITAET CBOH
POCT, CTPCMSACh K KAKOMY-TO TIpeAcy.

MaxkpeiKoHOMHYECKAS MOJCb — YKOHOMUKO-MAMEMATNUHECKAS MO-
Oeab, orpaxaromas (VHKIMOHHPOBAHUEC HAPOJHOrO XO3AUCTBA
KK €HHOTO 1EJI0TO.

MaTepuanu3oBaHHBIH TEXHHYCCKHH NPOrpece — MOHITHE Meopul
HPOU3BOOCHBEHHBIX PVHKYUT  HAVYHO-MEXHUYCCKUL HPOSpecc.
KOTOPbIH BOIUIOLICH B HOBOH TEXHHKE, B OOHOBIEHHH MPOH3BO/I-
CTBEHHBIX PeCcypcoe, YIUThIBAEMbIX B MOOC/H.

MaTpyuHbIe MOXEAH — IKOHOMUKO-MAMEMAMNUECKUC Modei. no-
crpocHHEbIe B BUAE Tabnuil (vampuy). OHW 0TOOpaxarT COO0T-
HOINEHUS MEXIY 3aMpamaMi Ha IPOU3BOACTBO H CTO pesvibma-
aAL, OPMAmMUEs! 3aTPaT, MPOU3BOACTBEHHYID H 3KOHOMHME-
CKYIO CIPVKTYPY XO3IHCTBA.

Meroa HAaUMEHBLUIMX KBAAPATOB — MAaTeMaTH4eCKHH (MAaTeMaTHKO-
CTaTUCTUYECKHUIA) TIPHUEM. CIV)KAWWE 1751 BHIDaBHUBAHHS OuHd-
MUHECKUX P00, BuISBIACHHUS (OPMBbI KOPPETALHOHHON CBS3H
MEXKY CIVYAIHBIMU GCAUYUHGA U AP,

MeTo1 CKOJIL3AIMMX CPEAHMX — MCTO/| BBIPABHVBAHUA (CTNAXKUBAHMS)
BIEMEHHOMO PAJa, T.€. BbLACACHHA HECAYUaHHON COCTABINIOLICH.
CiCHOBAH HA MEPEXOIe OT HAYAIBHBIN 3HAMEHHH YJICHOB [MLIA K
HUX CPEIHUM 3HAUCHHSMM HA MHTCPBA/E BPEMEHM. JANMHA KOTOPOro
onpeaecnena sapanee. Ilpu stom cav BeIOpaHHbIN MHTECPBAT BpEC-
MEHM («CKOTB3HTE» BAOE Psiaa.

MuKPOIKOHOMMUECKASE MOAENb — SKOHOMUKO-MAMCMAMUYCCKAS MO-
0216, oTpaxawuwas JVHKIHOHHPOBAHHE W CTPYKTYPY 3BCHA XO-
3AHCTBEHHOM CHCTEMBI, B3AUMOICHCTBUAE CrO COCTABHBIN HACTEH.
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MozaenHpOBaHHE — HCCICAOBAHHE OOBEKMOE TIO3HAHUA HA MOOEISX:
NOCTPOCHHE W H3VUCHHE MOAEIEH PCAIbHO CYHIECTBYIOUWMNX
NpPEAMETOB M SBICHHH. a TAIOKE TIPEANONaracMeiX (KOHCTPVH-
PYEMBIX) 00beKmos.

Mopaeb — JOrHYECKOC WM MAaTEMATHUYECKOE OMMCAHHE KOMIMOHEHTOB
W QyHKOMH, 0TOOpaXkarouMX CYIECTBCHHBIE CBOMCTBA MOACIH-
PYEMOro 06bexma Ui npoyeccd. ,

My/IbTHKOJLIEHEAPHOCTh — TCCHAd KOPPENALMOHHASL B3AMMOCBS3b
MEKAY OTOMPACMBIMH [UTS AHATN3A PaKMOPAMIL, COBMECTHO BO3-
ACHCTBYIOLMMH Ha 0OIIUH pesyrvman.

HabnrogeHust — COBGKYIHOCMb PE3YIBTATOB CTATHCTHYECKOrO Habmome-
Hus, 0OpabaTsBacMas METOAAMH MATEMATHUYECKOHN CTATHCTH KU
HeonpeaeneHHoCTp — CHTYAlMs, KOTAa HOTHOCTBIO MITA Y4aCTHYHO OT-
CYTCTBYCT UHQPOPMAYUA O BOIMOXKHBIX COCHOSHUSX CUCMEMbI U

gHeulHetl cpeobl.

HopmaTHBHBIH MPOrHO3 — NPOCHO3, KOTOPBIH B OTAUYHE OT HOUCKO-
6020 TIOKa3bIBACT BO3MOXKHBIC ITYTH M CPOKHM JOCTHXKEHMS 3aJaH-
HOT'O, XKEMAEMOI0 KOHEYHO20 COCMOSHUSA TIPOTHOZHPYEMOTO 00b-
exma (1.€. yei).

OcHoBHble GOHABI — «COBOKYITHOCTh MATEPHANBLHO-ECHIECTBEHHBIX
LUEHHOCTEH, ACHCTBYIOIUMX B TEUEHHE [UIHTCIBHOTO EPEMEHM!
31AHUS, COOPYKEHHs, MauMHbL, 0DOpYI0BAaHHC, TPAHCIOPTHRIE
CpeAcTBa KU T.0L»

O1wuOKH B NPOrHO3HPOBAHHH — PACXOKACHUSA MEXTY OGHHBIMN NPO-
CHO3G M ACACTEHTEIbHBIMY ((PAKTHIECKHMU) JAHHBIMH.

[MaccuBubii (0e3yCN0BHBIN) CTATHCTHYECKHI NPOIHO3 — NPOCHO3 PA3BU-
THS, OCHOBAHHB H HA M3YUEHUH CTATMCTHUECKUX JAHHBIX 3a [IPOLLIbIH
NEPHO1 M MEPEHOCE BbIABIICHHBIX 3AKOHOMEPHOCTEH B Gy IvIHE.

TMoHCKOBBIH MPOrHO3 — TO XKC, UTO CCHCMUYECKIUIL NPOCHO3, H3bICKa-
TEABHBIA [POTHO3 — APOSHO3. TIOKA3bIBAIOMIMH. K KAKHM COCHION-
HUAM TPHAET IPOTHOZHPYCMBIH 00bLEKM B 331aHHOE BRICMS NPH
OMNPEACICHHBIX HAYAIbHBIX VCIOBHAX.

Tlokasarens - BBIPAKCHHAS UMCIOM XapakTePHCTHKA KaKOro-nubo
CBOWCTBA YKOHOMUHECKOO OOBEKING, MPOYCCCH WIH PCULZHIS.

ITporsos — HayuHO 0OOCHOBAHHOE CYXKICHHE O BOSMOXHBIX COCHONHUSIX
ofbexnia B OVAYIIEM WK 00 anbTEPHATHBHBIN MYTAX H CPIKAX J0C-
TIDKCHHS 3THX COCTOSHHUM {1MO0 KaK O TOM. TaK ¥ O JPVTOM).
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ITporuosupoBanue — CUCTEMA HAVUHBIX HCCICAOBAHHH KA4ECTBEHHOIO U
KOJMYECTBCHEOIO XapaKTepa, HAIMPABICHHLIX Ha BBIICHCHHE TEH-
JCHIINI PA3BUTHS HALKOHAABHOM 3KOHOMHKH HITH €10 9acTeH.

IponisoacreeHHas PyHKLHS — IKOHOMAKO-MATEMATHUECKOE }pas-
Henue, CBA3BLIBAIOIUCE TCPSMEHHBIC BEIHMYUHBI sampam (pecyp-
c08) ¢ BETHIHHAMH | NPOAYKLME (BBIITVCKA).

PerpeccHoHnast MOJEND — YKOHOMUKO-CHIGMUCTMUYECKAS MOORIL, OC-
HOBAHHAS HA YPABHCHUH PETPESCCHH, UM CHCTEME PCrPECCHOH-
HBIX YPaBHEHHI, CBS3BIBAKUINX BENWUHMHBI 3K30PEHHBIX H 2HI0-
TCHHBIX ME['CMEHHBIX.

PerpecCHOHHBIH aHATH3 - PA30EN MAMEMAMULECKOT CMANUCHIUKIL,
OOBEAMHAIOMHNIT MTPAKTHIECKHE METOAbI MCCIEAOBAHMS  perpec-
CHOHHOM 32BHCHMOCTH MEHKAY BEJHMYHHA TI0 JAHHBIM CTaTKCTH-
YeCKHX HaOAIOAEHHU .

Perpeccust — 3aBUCHMOCTD Cpeiezo 3HaHer s Kakoi-mbo ¢.1y4aiinon
BEIHYMHBI OT HCKOTOPOM APYTOW BETMUMHBL HIH HECKOIbKHX BE-
auuvH X (B OTJIHYHE OT PYyHKLIMOHATBHOIT).

PeTpocneKTHBHBIIT MPOrHO3 ~ UMHTALHOHHEIN IKCTICPHMENT, 103BO~
AU APOSHOZUPOEQiND JAHHBIC YXKE [IPOMIEAINEr0O NEPHOIL N
COMOCTABNATE TONYUCHHBIC 3HAUCHHUS NEPCMEHHDIN UAMMAYUOH-
HOTL MOOEAU C HCU3BECTHBIMH ((DAKTHUYCCKHMM) OGHHbIANI.

Cunres — UCCICIOBATCILCKHI MCTO,1, B U3BECTHOM CMBICHE OOpaTHLIN
aHAnu3y, T.2. UMEIOIMH LEeJb0 0OBCAKHUTD OTJACHBHEIC HaCTH
U3yYaeMOH CHCTEMBL, ¢ 2ACMEHMb!, B CAHHYED CHSTEMY.

CucreMa — MHOMCECMEO 2iIeMeNNoe, HAXOMKIIMAXCY B OTHOLICHUSX U
CBAZAX APYT € APYrOM, KOTopoe oOpasyeT OMpEleIeHHYIO Lefio-
CTHOCTb, €AMHCTBO.

Caiyuaiinasi BeJTHUHHA — BEIMYHHA, TPHHUMAIOIIAA B 3aBHCHMOCTH OT
CNyYast TE WK HHBIE 3HAYSHMS C ONPEACTICHHBIMY BEPOSITHOCTAMM.

Crneundpukauns MOaeaH — OJAHH M3 ITANOB MOCTPOEHH:A DKOHOMHKO-
MaTeMaTHICCKOH MOJCIH. HA KOTOPOM Ha OCHOBAHWH MPEIBAPH-
TEABHOTO (HA T3¢ PACCMATPHBACMOIC IKOHOMUHCCRO0 00bermId
UM Apoyecca B MAaTEMATHICCKOH QopMme BhIpakaioTes oOHapy-
JKCHHBIC CBS3H H COOTHOLICHWS, A TAKKE NAPAMCIAPsl W FHEPEAICH-
Hble, KOTOPBHIE Ha JAHHOM ITANe NPEACTABISIOTCS CVILCCTBEHHBI-
MH 115 HETH HCCNEAOBAHHSI.
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CraTucTHyeckoe MOAEIMPOBAHME — CIIOCOD HCCTEA0BAHMS npouec-
COB OGEOCHUA 6EPOSIMHOCTINBIX CUCMEM B VCIOBHAX, KOTId He-
H3BECTHBI BHYTPCHHHE B3aUMOICHCTBHS B 3THX CHCTEMAX.

CraTuueckas MOAENb — SKOHOMUKO-MAMEMAMUYECKAS MO0, B KO-
TOPO# BCE 3ABUCHMOCTH OTHECCHM K OJHOMY MOMCHTY 8DeMeH .

Cratnueckas cucTema — Takas cucmema, KOopUHATH KOTOPOH Ha H3yuae-
MOM OTPE3KE BPEMCHHM MOT'YT PACCMATPHBATBLCH KAK NOCTOSHHBIE,

Crenenu cB00OAbI — B AHAIHMIE CUCHIEM TUHETIHIX YpasHenuti — pasHocTh
MEXIY YHCTIOM HE3ABHCHMBIX YPEABHCHMI H YHCICM HEM3BECTHBIX.

CroxacTHUeCKan MOJENb — TaKast SKOHOMUKO-MAMEMAUHECKAs MOO€h,

‘ B KOTOPOH HAPAMEMPbi, YCIOBHS (VHKIMOHMPOEAHHUS 1 XapakTepu-
CTUKH COCMOAHUS MOAETTHPYEMOTO 06beKma NPEACTABIACHDI CTy Y-
HbLMI GERUNUHAMY. VI CES3AHBI CTOXACTHYCCKAMA (T.€. CIYHAHHBIMH,
HCPCI'Y/SIPHBIME)  3ABUCHMOCTAMM, 1HOO MCXO,1Has unopmatms
TAKKE TIPCACTABICHA C'JI_})'-lallel.MZl CENUHUHAMU

Texnonoruyeckoe NPorHoIHPOBAHME — BUI NPOLHOZUPOSAHUS HayKH
1 TCXHHKH, OPHEHTHMPOBAHHBIA HA CO3IAHHME IHHAMMUYECKOH Kap-
THHBI «TICDEMELUCHMS)! TEXHONOTHH, IO KOTOPHIM TTOHHMASTCA
npoucce €e pasBuTHi (0T YPOBHA H300PETEHMH, OTKDPBLITHS A0
YPOBHS HHIKEHCPHOH paspaboTku) U S€ «PaCIpOCTPAHEHHS», T.€.
VIPAKTHYECKOT0 IIPHMCHEHHS, KOMMEPHECKOM PeainialiHu.

Toueunblii NPOrHo3 — 1pocHo3, KOTOPHIM VKA3BIBAETCH €IMHCTBCHHOE
3HAUCHHE NPOTHOZHPYEMOTO HOKAZAMETA.

Tpena - mmrenpHas TeHACHLMS HIMEHSHIS SKOHOMHHUECKIX FOKASAMENeil

Tpenposas mopens — dunamuyeckas MoOeTb, B KOTOPOU pas3BUTHE
MOACTHPYEMOH  IKOHOMUMECKON  CLCIMeAbl  OTPaKaeTces uepes
TPEH €€ OCHOBHBIX MOKA3aTE1¢H

YerotiunBocTs Moaest — CBOHCTBO 100, XAPaKTEPH3Y FOLICE €€ CHoCo0-
HOCTb OOECIICUMTD PE3VIBTATHI PACUCTOB (BLIXOAHBIE J@HHBIE), OTKIO-
HAFOIIHCCS! CT MACATBHBIX OcliHbIX HA JOMYCTHMO MNVIO BE/THUHHY.

DaKkTop — MCTOMHHK BO3ICHCTBHS Ha cucme. Ul OTPAXAIOLIETOCH HA
SHAUCHHM ACPeMEHNbIX MOOCTH HTON CHCTCMBI .

PaxTopHbI AHANH3 - OPEICTABASCT COBOH MOCTENCHH b nepexoa
OT MCXOIHCH CHCTCMBL (PAKTOPOB (PE3y.IbTATHBHBIH NOKA3ATED)
K KOHCYHOH (WM HaoOOPOT) M PACKPLITHE MOIHORO nabopa ko-
AMUCCTBCHEO M3MEPHMBIX (DAKTOPOB, OKA3BIBAIOLIMX BIMSAHHE HA
M3MCHCHHUC PE3YALTATHBHOTO MOKA3ATETA.
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®axTopHble MOAEJIH IKOHOMHUECKOr0 pocTa — Mmo0ea, BBISIBISIO-
e KOJTHYECTBCHHBIE CBA3M MEX1y 00beMOM H JAWHAMHKOU
npPOMU3BOACTBA (80108020 HAYILOHATLHOCO APOOYKMC. HAYUOHATb-
4020 O0X0OU, KOHEYHO20 NPOOVKMA) ¥ OOBEMOM H AMHAMHKOH
MPOM3BOACTBEHHBIX PeCypCos.

MaxTopbl MPOM3BOACTBA — YCIOBHA TIPOM3BOACTBEHHOM ACATEILHO-
CTH, TIPOH3BOACTBEHHBIC PECYpPChl, CTAHOBAMCCA 31eMEHMOM
npouecca Mpou3BOACTBA.

JKOHOMETPHUECKAS MOIENIb — CHCTEMA PEZPeCCUONHbIX VpaeHeHuil, B
KOTOPBIX OTPAXKAETCS 3aBUCMMOCTD HJ02eHHBIX geauduH (NCKO-
MBIX) OT BHCUIHHX 6030eHcmeuil (TeKYIHX IK302CHHbIX geauduN)
B YCIOBMIX, OMHCHIBAEMBIX OIICHHBASMBIMH napamMeTpamMu MOJE-
ST, @ TAKKE JTaroBbIMM NEPEMEHHBIMH.

IKOHO MHKO-MATEMATHUECKAS MOJEJIb — MATCMATHYCCKOE OIMUCAHMC
5KOHOMEUCCKOrO Mpoyecca nn OOBEKTa, TPOU3BEICHHOC B LC-
79X WX HCCEIOBAHMS M YIPABICHHUS MU MATCMaTHUCCKAs 33
[TACH PELIAEMON IKOHOMUUECKOH 3a0a4u.

KOO MHIKO-MATEMATHYECKOE MOASIHPOBAHHE — ONHCAHHC IKOHO-
MUYECKUX — Npoyeccog W SBICHMH B BHIC IKOHOMUKO-
MAMEMAMUHECKUX MOOETET.

IKCIIEPTHBLIE OUEHKH — KOTHYECTBEHHLIC WM MOPSLAKOBBIE OLGHKH
TIPOLIECCOB WITH ABTEHAH, HE MOLIAIOMIHMXCA HEMOCPEICTBEHHOMY
HU3MEPEHHIO.

JKCTPANOIANHA BPEMEHHOT0 psiaa — pacnpoCTpaHEHHE TEHACHLIUH,
YCTAHOBJICHHBIX B IPOULIOM. Ha OyAyHi neproa.

Spdext macwuraba — COOTHOLICHHE MEKAY H3IMCHCHHEM ODBEMOB
MCTIONB0BAHMA PECYPCOE M M3MEHEHHEM COOTBOTCTBYIOMMY npo-
W3BOICTBEHHBIX Pe3Y16mamos.
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Ipuioxenue 1.
CraTucTUKO-MaTeMaTHYeCKHE Ta0MHLbI

1. Tabauua 3HavyeHuil F-xpureprs Ouniepa npu YPOBHE 3HAYMMOCTH 0==0 05
3 6 8

i ] 3 ; 4 3 12 24 -
ks
1 [ 16145 | 1995 | 215,72 | 22457 | 23017 | 233.97 | 238.80 | 243.9° | 249 34 | 354.33
2 18,51 | 1900 | 1616 | 1925 | 1930 | 1933 | 1937 | 1941 | 1945 | 19.50
3 1015 ] 955 328 912 9.01 .94 8,84 %74 5,64 $.53
3 7.71 6.04 5.59 6,39 6,26 6.16 6,04 5,01 577 5,63
5 6,61 5,79 541 510 505 403 432 468 433 436
é 5,99 514 4,76 4,53 3,39 47238 415 4,00 3,84 367
7 5,59 4,74 135 412 397 3,87 3,73 3.57 3,41 323
8 5,32 .45 107 384 3.69 |- 3.8 3,44 328 312 2,93
9 512 436 3.85 3,63 3,48 337 3.23 307 2.9) 2,71
W | 496 110 37 3,48 333 3.22 3.07 2.0 2,73 2,54
1 1.84 3,98 3,55 3,36 3.20 3.09 2,95 279 2.61 2,40
12 | 475 3,88 3,49 326 311 3,00 2,85 369 2,50 2,30
13 | 467 3,80 3,41 3,18 3,02 292 2,77 3,60 242 231
14 | 460 374 3,34 3,11 2,96 385 2,70 353 335 2,13
15 | 454 368 3,29 3,06 390 2,85 2,70 7,53 2.35 213
16| 449 3.63 324 3,01 285 2.74 2,59 142 2.04 2,01
17 | 445 3,59 R .96 281 2,70 2,55 338 3.19 1,96
15 | 441 3,55 N .93 377 3.66 351 534 2,15 1.92
9 | 438 ERE i3 2,90 274 363 2,48 331 311 188
20 | 438 3.49 10 2.87 271 2.60 245 108 208 1,84
21 | 432 347 .84 268 257 242 128 505 181
327 430 344 252 266 2,55 240 273 263 1.78
73 338 342 280 264 353 338 320 200 1.76
210|436 340 278 262 231 236 318 158 173
25 | 424 33 276 .60 349 234 216 156 171
35 742 337 274 3549 237 2,32 315 13 1,69
27 | 43l 338 273 257 246 330 213 153 167
25 130 3.34 a7 2,56 244 2,29 212 151 165
29 | 118 333 270 353 243 7,28 200 150 164
30 4,17 3.32 2.69 253 2,42 2,27 209 1.59 1,62
351 312 336 5.64 538 237 272 2,04 153 157
w0 | 308 323 361 235 234 28 200 1.9 151
a5 106 351 353 ENE] 331 PR 97 1.6 1.8
B0 REGE 308 236 240 2.9 213 155 ! 1.44
6o | 400 303 532 337 323 310 102 170 139
70 3.98 3.03 3350 339 333 307 1.8% 107 133
80 | 3.96 301 249 733 371 206 1.88 165 K
op | 395 310 ERY; RN 220 204 186 164 108
T Y 300 236 T30 z19 203 183 103 126
[ENEEE 307 14 330 317 201 183 Lo0 121
150 | 300 306 343 227 .16 300 152 150 1%
00 | 389 304 242 226 214 198 iso | 147 114
30 | 387 305 R} 208 213 1.07 179 | 1-a 1.10
o0 | 386 5.0z 230 R 212 196 178 14 107 ]
S0 ] 386 301 339 103 211 1.96 177 1.4 106
i | 388 300 138 222 210 193 1.76 1,33 103
384 300 537 Ry 209 191 L7 132 100
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2. Kpurnueckne 3HaveHns t-xpurepus CThI0ACHTA NPH YPOBHE 3HAMHMO-
ctr 0,10; 0,05; 0,01 {(aByxcroponsmii)

Yucno o Yucio 23
creneHed 0,10 0.05 0.01 STellcHeH 0.10 0.05 0,01
caoGoant d.f. C¢BODOILE
d.f.
1 6,3138 12,706~ 63,657 18 1,7341 2,1009 2.8784
2 2,9200 4.3027 9.924R% 19 1,7291 2.0930 2.8609
3 2,3534 3,1825 5,8409 20 1.7247 2,0860 2.8453
4 2,1318 2,7764 4,6041 21 1.7207 2,0796 2,8314
5 2,0150 2,5706 4,0321 22 1,7171 2,0739 2.8188
6 1,9432 2,4469 3,7074 23 1,7139 2,0687 2.8073
7 1,8946 2,3646 3,4993 24 1,7109 2,0639 2,7969
8 1,8595 2,3060 3,3554 25 1,7081 2,0595 2.7874
9 1,8331 2.2622 3,249% 26 1,7056 2.0555 2,7787
10 1,8125 2,2281 3,1693 27 1,7033 2,0518 2,7707
11 1,7959 2.2010 3,1059 28 1,7011 2,0484 2.7633
12 1,7823 2,1788 3,0543 29 1.6991 2,0452 2,7564
13 1.7709 2,1604 3,0123 30 1,6973 2,0423 2,7500
14 1,7613 2,1448 2.9768 40 1,6839 2,0211 2,7045
15 1,7530 2,1315 2.9467 60 1.6707 2.0003 2.6603
16 1,7459 2,1199 2.9208 120 1,6577 1.9799 2,6174
17 1,7396 2,1098 2.8982 % 1.6449 1.9600 2.5758

3. Kpurnueckue 3HAYCHAS KOPPEUHM ATH YPOBHEH 3HAMHMOCTH

0,05 u 0,01 o
d.£ =005 a=0,01 d.f. a=0,05 r-0,01
1 0,996917 0.9958766 17 0.4553 05757 ]
2 0.95000 0.95600 g 0.4438 55614
3 0.8783 0.95873 9 0,4329 0.5487
3 0.8114 09172 20 0.4227 0.5368
5 0.7545 0.8745 75 " 0.3809 0.4%69
5 0.7067 0.8343 30 0.3494 0.4487
7 0.6664 07977 35 0.3246 0.4182
8 0.6319 0.7546 40 0.3044 0.3932
9 0.6021 0.734% is 0.2875 03721
10 0.5760 07979 50 03732 03541
1 0.5529 0.6835 60 0.2500 01,3248
12 0.5324 0.6614 70 0.2319 03017
13 035139 06411 ) 02172 0.2831)
14 0.4973 06226 90 02050 02673
[E 0.4821 0.6055 100 0.1946 02540 |
16 0.4683 0.5897 1

Hns npocroit koppemsunn d.f. Ha 2 MeHsINE. YEM UMCIO NMAP BapHAH-
TOB. B CIIVYa€ “ACTHOH KOPPETALMH HCOONOIUMD TAKKE BBIMCCTh YHMCIO HC-
KIHOYACMBIX NEPCMCHHbIX.
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4. 3Havenme cTaTHCTRE HNapGuna-Yorcona dpdy apu 5%-uom

YPOBHE 3HAYNMOCTH

K=2

K'=3

k=4 k=3

l{r_; (1[7 d(; d]‘ ({(; d[_ d[: (iL (l’]v -

1,40 - - - -

1,36 | 047 T 1,90 _ -

1,33 1 0,56 | 1,78 1 0,37 ] 229

132 1 0631 1,70 [ 046 | 2.13

132 1 0,70 | 1,64 [ 0,53 ] 2,02

1,32 1 0,76 | 1,60 | 0,60 | 1,03

1,33 ] 0,81 | 158 | 0,66 | 1.86

134 | 086 | 156 [ 0,72 | 1.82

135 1 091 ] 1551077 1 1,78

,37 1 0,98 | 1,54 | 086 | 1,73 | 0,74 163 | 0,62 | 215 |

1,38 | 102 | 1,54 1 0,90 | 1,71 | 078 1,90 | 0.67 | 2 L0

139 | 1,05 | 1,53 | 093 | 1,69 | 0,82 | 1,87 | 0,71 | 2.06

1,40 | 1,08 | 1,53 | 097 | 1,68 | 0,86 | 1.85 | 0,75 | .02

LAl | 110 | 1,54 | 1,00 | 1.68 | 0,90 | 1.83 [ 0,79 | 1.99

142 | 1,13 ) 154 | 1.03 11,67 [ 093 | 181 | 0.83 | 1.96

143 | LIS | 154 1 1,05 | 166 | 0,96 | 1.80 | 0.86 | 1.94

144 | 117 | 1,54 | 108 | 1,66 | 0.99 | 1,79 | 0,00 | 1.92

1AS | L19 | 1,55 | 110 | 166 | 1,01 | 1,78 | 003 | 1.90

145 1121 1155 1112 11,66 | 1.04 1,77 1 095 | 1.89

46 | 122 | 155 | 104 [ 1,65 | 1,06 | 1,76 | 0.98 | 1.88
147 [ 1024 156 | 1.6 1,65 | 1,08 | 1,76 | 1.01 | 1,86 |

LA | 126 | 1,56 | 118 | 165 | 110 | 1.75 | 1.03 1.835

148 | 127 | 156 1 120 [ 165 | 1.12 | 1.74 | 1,05 | 1.83

149 [ 128 1,57j7 121 ] 165 ] 114 | 1,74 | 107 | 183
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[ puaoxedue 2.
HporHo3upoBaHne IKOHOMHUYECKHX NMOKA3ATEICH
€ NOMOUbLI0 MHOTOQAKTOPHbLIX PErPeCCHOHHDBIX H
KOPPpeJIsSI{HOHHBIX MoaeJied

HaHHpIH  MeTox  MO3BOJASET  BCKPLITh  MPOTHO3HO-
CJIEJICTBEHHbIC OTHOLUEHHUS MEXAY SBJICHUSAMH, YCTAHOBUTH 3a-
BHUCHMOCTb MEXIY COCTOSTHHEM O0OBEKTa B MPOLLJIOM, HACTOSIIEM
1 Oyavinem. OTIHYUTENIBHONR OCOOEHHOCTBIO ITOM IPYNIbI METO-
NIOB SIBISETCA NOCTPOEHUE aHANMTHYECKUX BbIpakeHUH, oTolpa-
KAKIUX CTATUCTMYECKYIO CBA3b HCCIENYEMOrO IOKasaTens ¢
COBOKYITHOCTHIO HE3aBUCHMBIX NPU3HAKOB.

B0O3MOXHOCTh MPUMEHEHHsI B IIPOTHO3HPOBAHMU PErPECCH-
OHHOH U KOPPENALMOHHOM MOAE/HM, B OCHOBHOM, ONpeae/sercs
XapaKTepoM IeHepaibHOH COBOKYITHOCTH, U3 KOTOPOi MPOU3BO-
JUTCST BHIOOpKA. '

[IpornosnpoBaHue c NOMOLIBHO KOPpeaALMOHHO-
perpecCHOHHbIX MoJesel HUMEeT psil NPEHMYLECTB MO CpaBHe-
HHK C TPEHAOBBIMU MOZJEJAMH, OCHOBHBIE K3 KOTOPbIX CIeyI0-
He:

1. Monenu TECHO CBsi3aHHblE C KOHKPETHOH 3KOHOMHKOH.
AHaM3a MOJEEH, PacCUMTAHHbIX Ha Oa3e pasnHyHbIX NEepPHO-
JOB, MO3BOJIAET MPOCICAUTL XAPAKTep H3MEHEHHs BHYTPEHHHX
CBA3SH B 9KOHOMHUKE.

2. OTHOCHTEIbHAST aBTOHOMHOCTH (YHKLUMOHHPOBAHHUS MO-
aeaeu.

3. Moaenus no3BOJIIIOT OUEHUTb BIMAHHE OTHEAbHBIX 3KO-
HOMHYZCKUX HAaKTOPOB Ha MPOTHO3UPYEMBbIIH ITPOLECC.

[MpornosupoBanue ¢ MOMOUIEID PErPECCHOHHBIX MO/ENEi
npeabs BASET ONpeleeHHbie TPeOOBaHHA K HCXOAHOH HH(pOpMa-
IHH, KOTOPbI€ 3aKNI0HAIOTCS B CAEAYHOUIEM!

a) BO BCEX TOUKAX BPEMEHHOTO Psiid JAOJKHO OblTh OJHO-
3HAYHCE ONpelIe/IEHHE MTOKA3ATENCH,
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6) BpeMeNHbIE Pl IOJHKHBI ObITh KA4ECTECHHO OMHOPOA-
HbI,

8) TMEPHOJ OXBAThHIBASMbIH BpeMeH'HbIM pAAOM, TODKEH ObITh
rIpeneibHO OONbIINM,

r) DOCKOJIBKY BO BPEMEHHbBIX PAIAX enMHuLER HaOIONEHHs
SBIISETCS YPOBEHb KaXJIOr0 OTAENLHOrO roja, HeOOXOMUMO Y4H-
THIBATH BPEMEHHYIO MOC.IENOBATENPHOCTD W E[IMHOE HAYANO OT-
cueTa BpeMEHHM.

I[Ipu MPOrHO3UPOBAHHU C OMOLIBID PETPECCHOHHBIX Moze-
7eii BO3HMKAET Of(HA U3 CENYIOMIHX CHTYaLHH!

1. dakTOpHBIE TPH3HAKH DPETPECCHOHHOH MOJETH ONPEACIEHM
3apaHee U3 COOTBCTCTBYIOMMX TCOPHH KN APYTHX HCTOUHHKOB.

2. akTopHBIE NPH3HAKM 3APAHEC HE ONPCICIEHDI, OAHAKO YPO-
BCHb ArpEraiiy TPOTHOBHPYEMBIX NMPOLCCCOB M HATIMYUC NPUIHHHO-
CICACTBEHHBIX CB3eH MEKAY HHMMHU MPEATONAraloT HCMOMb30BAHNC
annapaTa perpecCHOHHBIX MOACICH.

JIOCTOMHCTBOM METOJA CJCAYST CYMTaTh €ro yHHBEPCATLHOCTD.
mppokue Habopbl (QYHKUHOHAIBHBIX 3aBUCHMOCTCH, MCIIOIbSYECMbIX
A8 ONHCAHHA XAPAKTEPa B3aUMOICHCTBUS MPU3HZKOB. BO3MOKHOCTD
BICGHOUCHHS B CTATHCTHUECKYIO MOJETb B KAUCCTBE CAMOCTOSTCIbHOH
ricpeMeHHON (aKTOp BPEMCHH M JP.

PaccMOTpUM [10C.IEA0BATE.IBHOCTD PACUCTOB 11O MHOrodaxkTopHen
PErPECCHOHHOMA MOJEH NPOrHO3NPOBAHMA (puc.1) yeUTHIBAtOLUNX J1BA
BO3MOXHDIX BAPHAHTA!

1. NpuusaTre padoyed runotespl. [IpH MOCTPOCHUH MHOrohaK-
TOPHO# PETPECCHOHHOM MO,1¢TH B TICPBYIO O4CPCAb ADJIDKCH ObITH 1PO-
BC/CH QHATM3 KAUCCTBEHHOM CTOPOHbI M3YYAEMBIX BIAHMOCBSA3CH. AlA
yero Mbl AO/DKHBL HMETh ONMPCICACHHYI) TCOPHIO, E COOTBCTCTEMH C
KOTOPOH OOBACHAKOTCA U MHTCPIPETHUPYIOTCA MONVUCHHBIC PE3NIbTA-
Thl.

Ha ocHOB: paboucH MMIIOTE3bI PEILASTCS BOMPOC, CKOMBKO U Ka-
kue (DAKTOPBL CJICIVET BKNIOYATH B MO/CNb, KAKOB BO3MOXHBIH BHI
(GYHKLMOHATBHOI CBSI3K. KaKoBa MOXCTh! AHHAMMUCCKAsS WM CTATH-
CTHHCCKA.

2. YeaoBHblLE 60K OCVLIISCTBISST yCIOBHBIH NEPEXOA B IPOLEC-
CC MPOrHO3MPOBAHUS B JABHCHMOCTH OT TOFO, ONPEIC.ICHBI daxrop-
HBIC TTPH3HAKK B VPABHEHHUH PErPCCCHI WM HCT.
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J._®opvuposanve nepeuyns daxrtopos. B cayuae, ecnu
(GaKTOpHbIE NMPH3HAKU TOYHO HE OMNpEAEJNICHbI, MPOLECC COCTaB-
neHusi Habopa (PakTOPOB HOCHUT XapakTep I10CJIeA0BATENBHOIO
YTOYHEHHs rHnoTe3bl. YToObl aHanu3upyemas npodnema Hawija
HaMOOJIee afiekBaTHOE OTPAKEHUE B HCXOMHOI UHPOpMALIUY, He-
0OXOA¥MO MAaKCHMAJIbHO V4YeCTh BaKHEHIIME XapaKTEPHCTHKH
NPOLECCA, CBA3AHHBIE C MOAEIUPYEMbIM MOKA3ATENEM.

Qb6nerunre 0TOOp CyiEeCTBEHHBIX (PAKTOPOB HA MOC/e-
HYIOIHX STarax, LeiecooOpasHoO yKe Ha 3TO# ctaguu oToOparh
TOJILKO Te aKTOPBI, KOTOpPBIE NPH JIOTHYECKOM aHAIH3e OKa3bl-
BarOTCs. Haubonee BaxubimMu. st otGopa dakropos Haubonee
>¢pdeK MBHEIMA ABISIOTCS MeTOibl (PAKTOPHOrO aHajM3a Wi
Oau3kye K HUM Metoabl. Hanpumep, METON [1aBHBIX KOMIIOHEH-
TOB.

4. Jorwueckuii anauus gaxropoes. Ha sTom 31ane 4ucio u
nepeyueHb PakTopoB ONPENENsIOTCS JIOTHYECKUM [TYTEeM, HCXO[s
H3 MMCIOILMXCA 3HAHMHM O KauyeCTBEHHOH CTOPOHE H3y4YaeMbIX
B3aUMOCBs3EN.

Ha ocnose noruyeckoro ananusza ¢GakropoB MPOH3BOAATCS
TpeOymiHe yTOUHEHHsT padoyeil IumoTesbl W OTOMPAKOTCS T
(bakTOpPBI, KOTOPbIE CYLIECTBEHHO BJIMSIOT Ha N0Ka3aTeNH.

S. Ouenky dakropos. Ha ganHOM 3Tane ¢ noMousto cra-
THCTUUECKHX XapPaKTEPHCTUK IMPOBEPSIeTCs, JOCTaTOYHA JIM HC-
xoaHas UHQOPMaLIUs IS HAIEXKHOTO H3MEHEH U B3aHMOCBS3EH.

JI1s naHHOM LienH pacCYHTBHIBAOTCS CAENYIOLIUE XapaKTepu-
CTHKH BPEMEHHBIX PANOB!

Cpennsas apudmernyeckas -

HMicnepcus -

Koadduusent Bapuaimn -

Oiundka cpenneapudmernueckoii —

HocToBEpHOCTD cpenneapuhMeTHYECKOo ~

[oxazaTens acHMMETPHH —

Iokazarens 3xcuecca —
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KoadduumerT BapHalmu N0ZBOJIAET CYAUTH 0O OIHOPOIHO-
CTH ¥ yCTOMYHBOCTH psifa. Ecny OH BBLICOKHH, TO CIEaYyeT K 3TO-
My (PaKTOpPy OTHECTHCE C OCTOPOKHOCTBI0 HIIH BOOOIE er0o Bbl-
Opocuth U3 ypaBHEeHHs perpeccuH. [Tokasarens acuMMmerpun xa-
PaKTepU3yeT CKOIIEHHOCTb KPHEQH YMITUPHHECKOTO paciipenesie-
HUSL. -

A 5KOHOMHYECKHX PANOB XapakTepHa NPaBOCTOPOHHSS
CKOLLEHHOCTb. JMIUPHIECKOE PACTIPENECIEHNE MOKET OTJIHYATh-
€A OT HOPMaJbHOIO TaKXE OCTPOBEPULIMHHOCTBI) HIIM HJIOCKO-
BEPUIMHHOCTBI) KPHBOH PacnpesesieHus, T.€. JKCLECCOM.

[t HOpMaIEHOrO pacripeneneHust

Ecnu , TO kprBas Ha3bIBAETCS OCTPOBEPLINHHOH.

Ecnu , TO nnockoBepurMHAOR

[Ipy cunbHOM OTKJIOHEHMM OKA3aTeNd JKCUEcca OT 3, B No-
CIEAYIOLHX 3Tanax CIEAYET OCTOPOXKHO OTHOCUTBCS K HCIIOJIb-
30BaHMI0  [-KpuTepust Wik 3107 PakTop OTOPOCHTD.

6. Pamxxuponka gakTopos, BKjIgUaeMbIx B Moaeab. Kak
M3BECTHO NPHU MOCTPOEHMH MOZECIM IO NOJHOMY fepedHIo (ak-
TOPOB BO3HUKAKT CHEAYKOIIME HEXKENATEEHBIE TOCIEACTBUS

AOBEPUTENbHAsT 00N4CTh CTaTUCTUYECKUX XaPaKTePHLTHK
O4YeHb IIMPOKA NPH UCINOJL30BAHHHU AUHAMKYECKKX PSIJOB C Or-
PaHUYCHHOMN NPELbICTOpHEN,

- PErPECCHOHHASA CBSA3b BHIPAXAELTCH B (DYHKIUHOHATBHYIO

- HaJIMYME JKSCTKOM CBS3M MEXIY HEKOTOPbIMH (pakTopamu
BbI3LIBAET SIBJIEHHE MYJIETUKOJUIMHEAPHOCTH M CMELIEHHE Olle-
HOK.

BrI60p HEODJIBIIOrO KOAHUECTBA CYIIECTBEHHBIX A JAaHHO-
ro 2KOHOMHYECKOTO npouecca GakTopos sBISeTCs OAHUM H3 My~
TEH yCTPaHEHMsi HaCTH YHOMSHYTBIX BBILUC HEKENATENbHBIX NO-
cneacTBuil. Kpome TOro, riockonbky B PerpecCUOHHYI MOJeb
creayeT BKIOYHUTL PaKTOPbl MEXAY KOTOPBIMH HET MYJIBTHKOI-
NMHHEAPHOCTH, NMPENATCTBYIOIIEH ONpPENeNeHMIO BAHAHUA (BakTo-
pPOB Ha pe3yNbTATHBHBIN NOKa3aTeNb, TO HA JAHHOM 3Tamne 11po-
M3BOJNTCA TAKKE PAHKHPOBKA (PAKTOPOB B LETIOUKY TIPHUYHHA —
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CACACTBUEY C y4e€TOM MYJBTHKOJLIMHEApHOCTH. Mckmoeune,
(pakTopbI NPOBOAATCA TAKXKE U MO BETUUHHE I-KpUTEpUs.

7. O160p haxTopos, BK.IOYEHHDIX B Mogeas Ha OCHOBA-
HHI LENOYKU «MpUHHHA - CHENCTBHE» BLIGMPAIOTCH (BarTopb,
BKIIHO4aE€MbIE B PETPECCHOHHYIO MOJEb.

8. YciaoBHbINH 610K, B KOTOPOM peraercs BOIIPOC, Clieilyer
JI4 CTPOUTE IINHAMM1ECKYH0 UJTH CTATHCTHYECKYIO MOJEJb.

9. Beibop u_oGocroBanue dopmer_cBazu. Baxueiinum
OTAHOM MOCTPOCHUS PErpecCMOHHON MOIENM SBISIETCS sbIbOp
s Hee (pOpMbI CBASH, XapakTepH3YIOLIEH 3aBHCHMOCT npouec-
¢a oT (aKTOPOB, BIMAIOUIMX HA Er0 YPOBEHbD.

Muorue sxoHOMHCTBI, Hanpumep Baiiny .5 -®., cyutator
BCJIMYHHY CPENHETO KBAAPATHYECKOIO OTKIOHEHHSI OCTATKOB OC-
HOBHbIM KPUTEPUEM NpU BbIOOpPE BuJA TPEHAOBOH MOZENH muis
BbIDABHMBAHMS TMHAMUYECKOTO psza.

lpennoyrenue otaaercs Toit gyrkuumy, KOTOPO¥ cOOTBETCT-
BYCT MHHUMANIbHOC 3HAYEHNE YKA3AHHOH BEJIMYHHDL.

Onnako nanHoO# CratncTHyecKoil XapaKkTePUCTHKOHN HEeL3s1 Or-
PaHUYHTECA TIpH BbIOOPE BUa Monenn. Bo-nepebix, B peabH 51X Cu-
TYUHsTX HEPEIKO BCTPEYAETCs OJAHOBPEMEHHO HECKOJTBKO (hyHKIIMiL,
TIpY MCIIONB30BAHHH KOTOPBIX BEJIMYUHA ¢ CYLIECTBEHHO HE OTIIH-
yaercs. Bo-Brophix, Makcumanbhoe npubmmkenue pacyeTHbIX 3Ha-
HEeHHH NoKasatena K (haKTHYECKHUM HE BCErna MOMKeT CIYKUTE KpH-
TEPHEM JUIA OLICHKH KAYeCTBA TPEHIOBOH MOAEH.

B nobom w3 cnyuaes, korma kpusas IIPOXOJUT Yepe3 Bee
TOYKH, CyMMa KBAZAPAaTOB OTKJIOHEHHiT OyneT, ecTecTBeHHO, pas-
HO HYJIIO.

Taxkum obpasom. popmanbHo 310 Oyner «Haunyuwas» kpu-
Bast H OHa AEHCTBUTENBHO, HAMDOJICE TOYHO OMUCHIBAET darrHye-
CKYH THHAMMKY Pa3sBHTHS sIBJCHHS B MPOLILIOM.

Onwnako Bpsin v npaBoMepHO TOBOPHTbL B 3TOM Cily4ae O
BbIICJICHMH TEHAEHLMI 1 TeM DoJiee O NPUMEHEHHU ee g 1po-
FHO3HPOBAHMUSI.
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IIpu BuiGope BURa QyHKUMH Lenecoodpa3HO TaKKe y4UHThI-
BaTh HEOIHOKPATHYIO MHDOPMATHUBHYHO UEHHOCTH "ICHOB AUHa-
MMYECKOrO psiia B 3aBMCHMOCTH OT MX BPEMEHHOH TOC/Ien0Ba-
TeIbHOCTY. 3HAYEHUs UCCIIEAYeMOro ABJICHNA (npouecca) 3a ro-
cenHMe rofibl AHAIKM3UPYEMOTQ OTPE3Ka BPEMEHH, KOTOpbiE He-
[IOCPENCTBEHHO MPERLIECTBYIOT POTHO3UPYEMOMY  TEpUONY
PEICTaBIsIOT 0TbLION HHTEPEC AN Pa3pabOTKH NPOrHosa, HeM
nauHble 3a 0016€ paHHKE robl. A

ITpu NpovEX PABHBIX YCIOBHAX MPENOHUTEHM)A 3aCNy)KHUBAET
Ta QyHKUMS, OPH HCMONB3OBAHMA KOTOpoil  ofecrieunBaeTes
HaMMeHbIlee OCTATOYHBIE OTKIOHEHMA BbIPABHCHHBIX 3HaUEHUH
HccrelyeMoro npomecca ot dakTUYECKUX 33 IOCNENHNE OBl
0a3uUCHOTO NepHOaa.

VKa3aHHbIi KpuTepuil ripuobperaeT 0coByl0 3HAYHMOCTD,
eclM MPUHATH BO BHUMAHUS crenudrieckne 0cODEHHOCTH per-
PECCHOHHOTO aHAU3d. PerpeccroHHbIE MOACNH, Kak MPaBHIO,
Jy4iie ONUCHIBAIOT YPOBHH, PacrosOKEHHbIE B CePENHHE ANHA-
MHUYECKOTO PsiIa, 4YeM Ha KOHLAX 3TO paja.

OpHUM W3 TPU3HAKOB HEIOCTOBEPHOCTH NPOrHO3a SBJISET-
cs €ro CujbHasi “IyBCTBHTCJIbH(.)CTb K He3HAUYWMTSNbHBIM U3IMEeHC~
HUSAM TIepBUYHBIX AaHHBIX. Tak, CymecTBEHHbIC KonebaHus npo-
FHO3MPYEMOli BEJANYHMHBI B POMBILIIEHHOCTH TIPH COKpAIleHHH
MM YBEAMYEHUH [UIMHEL HCXOAHBIX AMHAMUYSCKUX PAJIOB Ha
OJIMH-/1BA YIEHA CBUAETEIBCTBYET O HEBRICOKOM KayecTBe TPeH-
NOBO M MHCTOGAKTOPHOH PErpeccHMOHHOM MOIENH.

[TpoBepka AOCTOBEPHOCTH MPOrHO3a OCYIIECTBAETCS TAKKE
MyTeM COMOCT4BJEHUS €r0 PasIHHHbLIX papyianToB. KpurepHem
HaZIEeKHOCTH MPOrHO3a C.IYKUT B W3BECTHON Mepe BEaHyHuHa pac-
XOMJIEHUS. PE3YJILTATOB PACYETOB, BHIMOIHCHHLIX PA3HBIMH Me-
TOJAMM H Ha OCHOBE Pa3Jiu+HO# HUCXOAHOK HHPOPMALHH.

Ha npakrteke BbIOOp DYHKLHOHANMLHOR CBSI3H HacTO OCylue-
cTBASETCsL MyTeM 11epedopa PasiiMuHbIX aHATHTHHECIHX hyHK-
upii. [IpuyeM B Ka4eCTBE KPHTEPHA nepeGopa NPHHUMAETCs HaH-
Gonpiuee 3Ha4eHHE KO3PPHIHEHTA MHOKECTBEHHOH KOpPesiiiti
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fIp¥ yNOBJICTBOPHTENILHOH IKOHOMHYECKOH MHTEPIpPETALMH Ca-
MOi rioy4enHol Gopmynst. pu MPOrHO3UPOBAHMH BUL (YHK-
UHOHAMBHOH CBA3M ONPEEISeTC] IMIHPHYECKH, nyrem nepebo-
pa pasaUYHbIX GYHKUUH H OLUEHKH MX 81SKBATHOCTH C MOMOUIBIO
KO3 dULHEHTa MHOXECTBEHHO] Koppensuun M F-xpurepus
®uwepa. [lanee, nocne cpaBHers nof:TpoeHHbl:x (byHKUMi BBI-
Oupaercs Haubonee agexBaTHAS U3 HUX,

10. Quenka papamerpos mogean. B o6uiem ciay4dae Mo-
Aenb cBazbiBaromas ¥ ¢ Xy, X;,. ., X, moxer 6p1th HEJIMHEHHOIH,
MO3TOMY 1IpH OLIEHKE NAPAMETPOB MOMKHO MOCTYIHTD JBOSIKO:

I JInseapuzuposars Monen.

2. J1ns OLEHKM MOMEIH HCIHONb30BATH METOI HENHHEHHOIO
OLEHHBAHUS.

11. ¥Ycnosupiii 6s10k. B 31oM Grioke anexksarsocrs MOZeIH
nposepsierest no /- kpurepyio. Ecin moaens HeagexsatHa, TO Tie-
pexonum x Onoky 12; ecau aa, To k 6noxy 13,

12. Koppextuposxa mogean. Yrounsercs [€PBOHAYANILHO
BrIOpaHHas Gopma cBs3H WM noxbupaetcs apyrast popma cBsizy.

13. CraTtucTuveckan ouenka viogenn. OXHHM 13 METOIOB
CTATHCTUYECKOI NMPOBEPKU TIOJIYYEHHOTO YPaBHEHMS perpeccuu
ABJIACTCSA UCCJIENO0BAHUE OCTATOYHBIX BEJTUYMH.

Kak u3pectno, onsnm u3 cylectBeHHbIX YCIOBHIT npumeHe-
HHA PErpeCCHOHHOIO aHa/U3a e€CTh Tpe(OBaHMe HE3aBUCHMOCTH
HaOAOAEHMI U HOPMANBHOCTH pacnpenenenus sesinuun (). Ipu
9TOM, €Ci NOC/IeHee TPeOOBAHHE BbITIONHAETCS, TO ypaBHEHHe
PEIPECCHI MOXHO UCTIOJIB30BAThL HE3ABHCHMO OT TOTO, CObona-
€TCs JIH ePBOE YCI0BHE. METO HAUMEHbILHX KBaIpPaToOB B TOM
C/YHae NaeT HECMCUICHHBIE OLIEHKH, OLHAKO IHCIEPCHS! OLEHOK B
JToM crydae He OyneT MuHHManbHOH. B pesynbrate sTOro s
KOOPDHLIHEHTOB perpeccuu Henbss OCYIHECTBUTH [POBEPKY CTa-
THCTHYECKUMX TUIIOTE3, TAK KaK HANHYME aBTOKOPPENALMH TpH-
BOMMT K MCKaXEHHIO BEJIMYMH CPEIHEKBANPATHYECKHX OLIHOOK
K03 GULMEHTOB perpecciin, uTo 3aTPYAHAET MOCTPOEHHE WX 1O-
BEPHTE/IbHBIX HHTEPBAJIOB, & TAKKE NPOBEPKY UX 3HAUHMOCTH.
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OauuM M3 METOZIOB TMPOBEPKU HANHIHA aBTOKOPpENALH B
psily BEJMUMH SIBISETCA MCOONB3OBAHME ko3¢ dumeHTa aBTo-
KOppEsLInu.

UeM CIIbHEE CBA3b MEKTY MOCIENOBATEbHbIM HIICHAMH PA-
Aa, TEM Bbllle BEJIMYHHA ko3 duLMenTa aBTOKOPPENALHH. Hau-
Gonee CUIbHbIE HCKAXKEHUs BO3HMKAIOT B CIIydae, KOraa ocra-
TOYHEIE BEINHYUHBI COOTBETCTBYIOT ABTOPErPECCHOHHOM CXeMe
NepBOrO NOpAAKa u HaOMIONACTCs CYLICCTECHHAS aBTOKOPpPENsi-
[sl MEXIy MEepBOHAYANbHBIM PAIOM M PAIOM CABUHYTBIM Ha
enunuy Bpemenu. Jnsi MpOBEPKU HANAAUA aBTOKOPPEJIALNOH-
HbIX OTK/IOHGHMIl MONB3YIOTCS METONOM, (PEANOKEHHBIM AH-
mepccHoM. Tlocne ycTpaHeHHs aBTOKOPPE/ISLUM AHAU3UPYLETCH
KO3((HIMEHT BIACTUYHOCTH, CTaHAAPTHAN owmnbKa, CpeaHss
o Ka OLEEHKH M0 PErPECCHOHHON MOMIEIH.

14. Ilporno3 $axrTopos. C nOMOLIBK arnapara TPeHIOBbIX
MOJIC. 16l CHCTEMBl TPOrHO3MPOBAHMsA OCYUECTBIACTCA NPOrHO3
($aKTOPHBIX MPU3HAKOB.

15. BapuaHT nporuo3os. IlyTem MOCTaHOBKH OKHIAEMbIX
3HaueHUit (PAKTOPOB, MOJYHYEHHBIX C MOMOUIBO TPEHIOBBIX MO-
Aesiel, MosyuaeTcs BapHAHT TMPOrHo3a. OnpenensoTess TAKKE
[OBEpUTEbHBIE UHTEPBATIbI POTHO3A.

16. B vcaosHoM Oyoke penraercs BOHPOC O MPUrOIHOCTH
moe: M. Eciin BapuaHT nporsosa HeynosneTsopm\eanbm, fpo-
M3BOLMTCS KOPPEKTHPOBKA MOJENH, Juid Hero OCYILECTBJIAETCH
nepexox Kk 610Ky 9.

17, OxoHYATENLHDbIH BADHAHT NPOrHO3A. Ha gaHBoM 2Ta-
f1€ 13 MOJIyUEHHBIX BADUAHTOB TIPOTHO3A BLIOMPAETCS JTyILHI.

18. Brifop u_obocHoBaHKHE AMHAMHYCCKOH _(hopMbI. Ocy-
LLECTBISETCS AHANOTHUHO OI0KY 9.

19. Onpenejenne NapaMeTpos AMHAMHYECKOH MOCIH.
OcCyLecTBAAETCA  aHAJIOTHHHO Gnoky 10 u mnpoBepsieTCs I
KPUTEPHIO a€KBATHOCTH MOZACTIH.

20. Mepeaapecauusi. [IsTrerHiii nepHoa CABUracTCA Ha ONHH
TOJL B PE3YJSILTATE YEro NOJy4acTCs HOBBII BPEMEHHbIH OTPE3OK.
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21. Ilposepka ycrokiunocTn napamerpos. [lpu nocrpoe-
HUM TUHAMHYECKOH MOAENH I Kaxa0To (akTopa MMeeTcs Ko-
5(QPHLMEHTOB PErpeccuu, KOTOPbIE MOTYT ObITb MPEACTABIEHbI B
BHI€E HEKOTOPOI (yHKLIMH OT BPEMEHH, & ee NapamMeTphl Halinem
C NMOMOUIbIO METOJa HAMMEHbILHX KBaJAPaTOB.

Onnako nepen 3THM HEOOXONHMO MPOBEPHUTL YCTOHUHBOCTD
napamMeTpoB, TAK KaK OHA 00ecnevuBaeT Ha/EXHOCTh MPOIHO3A,
NOJy4YEHHOTO Ha OCHOBE JMHamuueckol mope.iu. Ilposepsiercs
F-xpuTepuii 1 CpaBHUBAETCA C TAONMYHBIMH 3HAYCHUSIMH.

22. Ycnopublii §00K. Ecin napaMerpsl CUCTEMbl perpeccu-
OHHBIX YPaBHEHUH yCTOMYHBBL, TO OCYIUECTBJIAETCS MNEPEXOA K
Gnoxy 24, B IPpOTHBHOM cayyae k GJoky 23.

23. Venopubii 610Kk, Ecny napamerpsl He ycTOHYMBEL TO B
33BHCHMOCTH OT TOTO, MOXHO JIM BhIOpaTh Apyryio ¢opmy cpsasu
WUIM HET, OCYLeCTBIIAETCst nepexon K 6moky 18 nau 9 (oTkas ot
NHHAMHUYECKOHN MOJENH).

24, CrarncrHYecKas OUEHKA JHHAMHYECKOH MOIETH.
Ouenka MOZIE/IN OCYINECTBIISICTCS aHANOrMYHO 60Ky 13.

~ 25. Tlporno3 mapamerpos. C HOMOMHIbIO TPEHIOBBIX MOgei
OCYLUECTBIISCTCSI [TPOrHC3 NAPAMETPOB YPABHEHHS PEIPECCHH.
26, [1pornos dakropos. Beinonssercs aHaioruuso 6noky 14.
27. Bapumanr mnporHosa ITyTeM nocTaHOBKM B MOJENb
NPOTHO3HbIX 3HAYEHHH MapameTpos H GakTopos noay4aercs Ba-
PHAHT CPEIHECPOHHOTrO nporHosa. Onpenensiercst AOBEPUTENb-
HBIH HHTEpBAJL.

28. Ycnopubii Haok. Ecni nporHos npusraéres neynosse-
TBOPHUTEJIBHBIM, TO IyTeM nepexofa k 0:10ky 18 ocyuectsasercs
KOPPEKTHPOBKA POPMbI CBA3M YPABHEHHs PErPECCHH.

29. OxoHuaTebHBIA _BAPHAHT MPOrHO3a. AHAJIOMHYHO
Onoxy 17

Metoa anantusnoro npornosupesanusn. B kauecrse ma-
TEMATHYECKOH OCHOBB! a/@MTHEHOIO MPOTHO3HPOBAHUS MCMONb-
3yE€TCs KOMIUICKC CTATUCTHYECKHX [POUENYpP, MNO3BOJSAOUIKI
AHAJIM3HPOBATH AHHAMUKY U3MEHESHHS HCCIICAYEMOTO NOKA3ATENA
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Bo BpemeHH. Crieuudura aJanTUBHBIX ANrOPHTMOB COCTOUT B
TOM, 4TO KO3 (HIMEHTE B PACHETHBIX (POPMAX HE OCTAIOTCA Io-
CTOSIHHBIMH, @ PSryJIAPHO NEPECMATPUBAIOTCS MO Mepe MOCTy-
nenusi HoBoH mHbopMauuu. B pesynbpraTe NpOMCXOOMT ajanTa-
1M MOAENH K M3MEHUBLUMMCS VCJIOBHUAM CYUIECTEOBaHHA 00beK-
Ta. JIOCTOMHCTBOM afarTHBHOTO MOAX0AA HApsAxy ¢ rHOKuM ma-
TEMATHYECKHMM AITIAPaTOM SBIHIETCSI €ro MPOCTOTa, BO3MOXHOCTh
MCIMONB30BaHMST OTPAHHYEHHOTO MAacCMBd UCXOJIHBIX, CPaBHH-
TeJILHO BBICOKAS TOUHOCTE KOHEUHOIO Pe3yabTaTa. AJanTHBHBIE
METO/Ibl PEKOMEHYETCHA IPHMEHATH sl pa3paboTKu MporHo3a ¢
HeGONBIIMM CPOKOM YIPEXKIEHHS, NOCKOJILKY KOHCTPYKTHBHbBIE
0COOEHHOCTH PacyeTHOro anNrOopHTMa HE MO3BONANOT B MOJHOH
MEpPE BBISBUTb U YYHUTBIBATh CJIOXKHBIE CTPYKTYPHbIE M3MEHEHUs
B UCC/IEyeMOIi IKOHOMHUUYECCKOH CHCTEME.
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ABTMIAEB AJTHMIT/KAH MHP3AUKAHOBH,
NOAHEB BAXO/IHP 1QHYCOBUY,
HIHHABAPOB AKPOM HOMOILTOBIHY
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