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NPEQUCNOBUE

IIpensiaraeMplit BameMy BHUMAHHUIO COODHHMK 33424 OXBaThIBAE€T TPAIHU-
IIMOHHBIK KypC BhICHIel MaTeMaTHKu B 00beMe epBOro Kypca TEXHHYECKOro
By3a. KHura noarorossieHa npenomaBaTesIsIMH HECKOJIbKMX MOCKOBCKHX BY-
30B, MMEIONIMMH MHOTOJIETHHH ONBIT JIEKIIMOHHOK M CeMUHApCKO# paboThl co
crynentamu. OnupasiCh Ha 3TOT OIIBIT, & TAKXKE YYUTHIBAA JOCTOMHCTBA U HE-
JOCTATKH CYIIECTBYIOMMX NOCOOKUH, aBTOPHI IONBITAJIUCH CO3AaTh B KAKOM-TO
CMBICJIE YHUBEPCAJIbHBINA 33a4HNUK, IPUTOAHbIA KakK Aj1a camoobpasoBaHusd,
TaK ¥ IJI aKTUBHO! pabOTHI C IpENofaBaTesIeM Ha IPAKTUYECKHUX 3aHATUAX.
91uUM 00bsACHAETCA crienuduyecKas CTPYKTypa KHUTH.

Kaxnpiit pa3nen cOopHMKa HAYMHAETCA C HEOOXOOMMOIO TEOPETHYECKO-
ro MUHAMYMa, BKJIIOYAIOUIEro BaXKHeline onpenesienusi, TeopemMsl u dopmy-
abl. 3areM uaer GJIOK 3ada4y Ha 3Ty Te€My, PAcCPEIOTOYEHHBIH CJIeIyIomuM
obpasom. CHayasa nonpobHO pasbupaioTcsa 1-3 TUNOBBIE 330a4M, IIOCJIE YEro
OPEeAJIaraeTCs O4Jjis CaMOCTOSATEJIbHOIO PeleHns (IoMa WM Ha ceMuHape) 6
10 anastormuHbIX 3a1a4. ajiee cCHOBa pa3bupalorca 1-3 craHmapTHBIE 3a0a-
YU Ha OIpENEJIEHHYIO Y3KYI0 TEMY, [T0CJIe KOTOPBIX ONATh MAYT aHAJIOTMYHbIE
3aa4yd [j1d 3aKpensieHns npuodpereHHoro Hasbika. VI tax masiee. ImMeHHO
TaK IPOMCXOOUT OOy4YeHNe Ha NPaKTUYECKUX 3aHATUAX B By3aX, [I03TOMY MBI
HaJeeMCs, YTO TaKOe pacrnpenesieHne 3aia4 OymeT 0cO6eHHO yIOoGHO mpemno-
[1aBaTeJIAM, BELYIIMM CEMUHAPhI 110 BhICUIEH MaTeMaTHKe.

B koHune Kaxxaoro pasmesia HaXOOWTCsI, COCTABJAIOUME Hanbosiee cyme-
CTBEHHYIO €ro 4aCTh, BECbMa OOIIMPHBIK MacCHB 33,0a4 OJ11 CAMOCTOATEJIbHON
(6e3 npenomaBaresisa) paboTel CTYyAeHTOB. Ilpennosiaraercs, YT0 UMEHHO U3
aToff YacTu paspesia mpernomaBaresib OyneT Yyepnarh 33aa4M )i TOMAUIHUX
3aJaHull CTyneHTaM.

Mps! yaenuu ocoboe BHUMaHME CTAaHOAPTHHIM 331a4aM, IOCTATOYHOTrO KO-
JINYECTBa KOTOPBIX TaK HE XBATaeT KaK NPEeNofaBaTesIsAM, TaK U CTyAEHTaM
IJ1s1 yCITENIHOTO X013 y4ebHoro npouecca. Tem He MeHee B COOPHUKE JOBOJIBHO
MHOro 60Jiee CJIOXKHBIX 33JaHU# ¥ YCTHBIX BOIPOCOB [JIs IPOOBUHYTHIX CTY-
JI€HTOB; BCE OHM BbIIEJIEHBI B OCOOBIM IMYHKT, 3aBEPIIAIOMMY TOYTH KaXKOBIH
pasmest kuurn. Cpeny yCTHBIX 3a0aHM# — M B 3TOM OfHA M3 0COGEHHOCTeH
KHUTM — HEMAaJIO Ka4YeCTBEHHBIX BOIPOCOB, OOBIYHO NPENJIaraeMbIX Ha 9K3a-
MeHaX IO BhICHIEH MaTeMaTUKe. ITa 4acTh 33JavHMKa OyIer moJiesHa CTy-
JeHTaM IJ1A MOATOTOBKM K 3K3aMEHaM M INPErofgaBaTesIsAM AJIA MOMOJHeHUS
CBO€ero 3anaca nomoOHBIX 3aJaHui.

Haxonen eme onHa 0COGEHHOCTH 3TON KHUTMM — HAJIMYME KOHTPOJIBHBIX
paboT B KOHIE Kax a0k raBbl. OnsATh-TakKd UX MOTYT HCIIOJIb30BATh KaK CTY-
IEHTHI IPU [OATOTOBKE K 33a4eTaM WJIM KOHTDOJIbHBIM, TAaK U NPENOAABATE N
IIpN IPOBEIEHUH ITOCJIETHUX.

K nogaBnsiomemy 60IbIIMHCTBY 330349 COOPHUKA — & UX B KHHUIE OKOJIO
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3500 — npuBeneHs! OTBETHI, & K HaubosIee TPYAHBIM U3 HUX — PEINEHUsA NJIN
nogpobHbie yKa3aHMUs.

ITpu pabore Ham KHUTOH TPy aBTOPOB pACIPENESINIICA CIIEAYIOIHUM 0Opa-
30M: ry1aBa 11, a Taxxe § 5 u3 ruasel 5 Hanucansl Jlyury K. H., riaser 3-5,
9, 10 — ITucemennsim . T., rnaset 6-8 — ®enunnim C.H., a rnaser 1, 2 —
ITeBuenko IO. A.

ABTOpBI 6yayT IPU3HATESIBHBI 33 JIIOObIE OT3BIBbI, NIOXEJIAHUSA U KPUTH-
4yeCKHue 3aMedyaHusi, KOTOphIe MOXXHO IIPUCHLIATH o agpecy: 141103, Mockos-
ckas o6u1., r. IllesnkoBo-3, a/sa 140, ®enuny C. H.

NPEAUCNIOBUE K TPETLEMY U3OAHUIO

B tperbem u3manum 6b11n gob6assens TeMbl «uddepennnans: BhICIIEX
nopankoB» u «Popmyia Teltstopa muis dyukmit 1Byx nepeMenHbix». Kpome
TOro GBI KUCHIPABJIEHB! ONEYATKM M HETOYHOCTH, HaliIeHHbIE HANIMMH YH-
TaTessiMU. BceM MM aBTOpHI BHIPaXKalOT MCKPEHHIO GiiaromapHocTs. Ocobo
X04yeTcss OTMETHTH K.d.-M.H. Kynaununa E. II. u npenonaBaTesa MaTeMaTUKA
n3 r. [Irenponerposcka (Ykpauna) Iatikosy JI. U., npopemasmyio npaxTu-
4YEeCKH BECh 33JaYHMK ¥ CIEJIABIIYIO HEMAJIO LIEHHBIX 3aMe4YaHnit, cnocob6cTBo-
BaBIINX YJIy4IIEHNIO KHUTH.

ABTOpHI MPU3HATEJIbHBI PEIIEH3eHTaM — 3aB. Kadenpol MareMaTnyecko-
ro anayiuza MTI'ITY, npodeccopy Mopaxosuuy A.T., 3aB. kadenpoit Beicimeit
maremaruxku PYIIH, npodeccopy MuxeeBy B. I1., a Takxe moueHTy kadenps
obweit maremaruku ¢axyasrera BMuK MI'Y Bynaky A.B., Boicka3aBmum
PO HOJIe3HBIX 3aMevyaHuil, 6osibIIas YacTh U3 KOTOPBIX yYTEHa MPH IOArO-
TOBK€ HACTOSAIIErO U3IaHUSA KHUTH.

MpuHaTsie 0603Ha4YeHUn

onpenesieHue

Ha4YaJI0 pelIeHUs 3a0a4d

KOHEII pEeNIeHUs 33034l

MHOX€ECTBO HATYPAJIbHBIX YUCEJ
MHOX€ECTBO LEJIBIX YUCEJT

MHOX€ECTBO IeCTBUTE/IbHBIX YUCEJT
JeicTBUTEIbHASA NJIOCKOCTDH
ne#CTBUTEILHOE TPEXMEPHOE NPOCTPAHCTBO
MHOXX€CTBO KOMILJIEKCHBIX YHCEJl
oObeIyHeHe MHOXECTB

NepeceYyeHne MHOXKECTB

ACB A — noonMHOXecTBO MHOXecTBa B (A # B)
ACB A — nomMHOXeCTBO MHOXeCTBa, B

v Ji000#, nJ1s sroboro

3 Halinercs, cymecTByer

ScagEENZOQU



Masa 1. MATPULUbI U ONPEAEJTIUTEJIN

a

= Mampuuett A pasmepa m Xn Ha3bIBAETCSA IPAMOYTOJIbHAA TabINIA
U3 M CTPOK M N CTOJIOLIOB, COCTOSAIIASA U3 YUCEJI NJIM UHbIX MaTeMa-
THYECKUX BbIpaxKeHuH a;; (Ha3bIBAEMBIX JAEMEHMAMU MATNPUYDL),
1=1,2,...,m,j=1,2,...,n.

Marpuua A c ssiementamn a;; obo3HavaeTcsa Takxke (ai;).

all a2 . e ayj ... Q1n
a1 a22 e az; ... a2n
A=
a;1 a;2 e aij e Qin
aAmi Qm2 ... Qnj --- Qmn
1 z 3
Hanpuwmep, A = 2% 5 o) — Marpuua 2 x 3, ee 3jeMmeHTH a1; = 1,

a2 =T, a13 =3, az1 = -2y, ...

Keadpamnoti marpuueil n-ro nopsnka Ha3bIBAETCS MAaTPULA pa3Mepa
n X n. JuazonasvHoll Ha3bIBAETCA KBAAPATHAS MATPHUIA, Y KOTOPOR BCe aJie-
MEHTHI BHE I[JIaBHOM OuaroHasu (T.e. C MHOEKCaMM i # j) paBHbI Hys10. Edu-
HunHol (0603Hauaercs F) HA3BIBAETCA AMArOHAJIbHAS MATPULA C €AMHUUIAMH
Ha ryiaBHOI nuaroHasm. Hy.eeoli Ha3bIBaeTCA MATPUIIA, BCE 3JIEMEHTBI KOTO-
poil paBHBI HYJIIO.

IIpumepsr MaTtpuu; a) KBagpaTHasi; 6) OMArOHAJIbHAs; B) €IMHUYHAS;

1 0 7 100
O mesana) (32 -1)i0) (5 0)iw [0 1 0)in(§ ) 0):
0 22 O Y 0 0 1

§1. ONEPALUN HAQ MATPULAMU

> Cymmoti mampuy A = (a;;) 1 B = (b;j) omumakoBoro pasme-
pa HasbiBaeTca Mmarpunma C = (c;j) TOro e pasMmepa, IpuueM
Cij = ajj + bij, v l,]
Csoticmea onepayuu caoccenus mampuy. dnsa nwobbix matpun A, B u C
OIHOrO pa3Mepa BBINOJIHAIOTCS PABEHCTBA:
1) A+ B = B+ A (KOMMyTaTUBHOCTb);
2)(A+B)+C=A+(B+C)= A+ B+ C (accougaTuBHOCTb).

= IIpouseedenuem MaTpuubl A = (a;;) Ha YUCJIO A HA3BIBAETCA Ma-
Tpuna B = (b;;) Toro xke pasmepa, 4ro M MaTpuua A, npuyem
b,‘j = )\aij, v Z,]



Ceotlicmea onepayuL YMHONCEHUR MATNPUYDL HA HUCAO:

1) A-(p-A)=(\-p)- A (accoumaTuBHOCTS);

2) A-(A+B) = A\- A+ )\ B (qucTpuGyTUBHOCTH OTHOCHTEJIHHO CJIOXKEHHUS
MaTpun);

3) A+u)-A=X-A+pu-A (aucTpubyTUBHOCTH OTHOCUTEJIBHO CJIOKEHUS
YHCeI).

> JIunetinott xombunayuett mampuy A m B OOMHAKOBOIO pasMepa
Ha3bIBaeTCA BbipaxkeHue Buma o - A + - B, rne a u 3 — npous-
BOJIbHBIE YHUCJIA.

> Ipouseedernuem A - B mampuy A u B (pasmMepoB m X n U n X 1
COOTBETCTBEHHO) Ha3biBaeTca Marpuua C pa3Mepa m X T, Takas,
4yTO

n
Cij = Qi1 -byj+ai-bej+ -+ @ik brj+ -+ Gin bnj = Zaik'bkj-
k=1

TakuM 06pa30M, Kaxablit 971EMEHT ¢;;, Haxonamuitcsa B i-it cTpoke u j-M
crosbue marpunsi C', paBeH CyMMe IPOM3BENEHNH COOTBETCTBYIOIIUX 3JIEMEH-
TOB i-# cTpoku Marpunbi A u j-ro crosbua marpuns! B. (F'oBops nonyspHbIM
A3BIKOM, YTOObI HATH 3JIEMEHT C;j, HyXKHO «IPHJIOKHUTD» -10 CTPOKY MaTpHU-
el A X j-My crosibuy Marpuisl B, nepeMHOXUTh COOTBETCTBYIOIIHE 3JIEMEH-
THI M NIOJIyYEHHbIE NPOU3BeneHus CJI0kKUTh). IIpousBenenne A- B cymecTByerT,
TOJILKO €CJIM 9KMCJIO CTOJIOOB MATpHIibi A paBHO YUCJIY CTPOK Marpuus! B.

Ceoticmea onepayuy ymMHOHCERUS MAMPUY;:

1)(A-B)-C=A-(B-C)=A-B-C (accouuarnBHOCTb);

2) (A+B)-C=A-C+ B-C (aucTpubyTUBHOCTb);

3) A-(B+C)=A-C+ B-C (uucTpubyTUBHOCTb);

4) Boo6e rosopsi, A- B # B - A — OTCyTCTBYyeT KOMMYTATHBHOCTbD.

> Kommymupyrowumyu (M1 1epeCTaHOBOYHBIMM) HA3BIBAIOTCS Ma-
Tpunbl A u B, nna xotopeix AB = BA.

Ecsu 3anan MHorowres f(z) = a,z™ +ap_12" 1 +---+a;z+ag, TO Mam-
PuNHBIM MHO20%AEHOM f(A) HA3BIBAETCSA BBIDAXKEHHUE dn A" +apn_1- A" 1+. ..

...4a;-A+ag-E,rne A" =A-A-...- A nna moboro HaTypaJIbHOro n. 3Ha-
N i
n pa3

yeHMeM MaTpUYHOro MHorousieHa f(A) mpu 3ananHod marpuue A sBjAeTcs
MaTpHIA.

= Tparncnonuposannoti x mMatpuue A = (a;;) Ha3bIBAETCA MATPHLA
AT = (af) Taxas, uro af; = aji, ¥ 4,j (T.e. Bce cTPOKU KOTOpOH

PaBHBI COOTBETCTBYIOMMM CTON6IAM MaTpULb! A).
DJIEMEHT CTPOKH MATPHIIL HA30BeM KpatinuM, €CJTH OH OTJIMYeH OT HyJld,
a BCe DJIEMEHTHI 3TO# CTPOKH, HAXONAMMECS JIeBee HEro, paBHbI Hysuo. Ma-
TpUI]a Ha3bIBaeTCA cmynewwamotl, eciu Kpaltuuit sJ1eMeHT Kaxaolt CTpOKH
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HaXOOMTCs IIpaBee KpaitHero ssemeHTa npenpiaymeit crpoku. B marpunax A
n B orMeueHb! KpaitHue 3s1eMeHTHI KaxIolt cTpoku:

12 4 7 1 2 4 7

A=[0 o 1 o], B=|0o -1 -1 -3
0 -1 -1 3 00 0 O
He CTylneH4YaTasa CTyneH4aras

Inemenmaprvimu npeobpasoeanusmy MATPULIBGI HA3BIBAIOTCSA CJICAYIONIUE
oneparuu:

1. Ilepemena MectaMu AByX CTPOK (CTOJIGLOB).

2. YMHOXeHNe cTPOoKH (CTosIbIa) HA YKCII0, OTJIMYHOE OT HYJIS.

3. IIpubassienue x 3j1eMeHTaM OOHOM CTPOKHM (CTOJIOIA) COOTBETCTBYIO-
X 3JIEMEHTOB APYro#l cTpokH (cTosibua).

Marpuna B, nosy4yeHHas U3 MaTpuibl A ¢ IOMOIIBIO 3JIEMEHTAPHBIX Npe-
oGpa3oBaHuii, HA3bIBAETCA IKBUBaLeHMHOlT MaTpuLe A (0Go3Ha4aercss B~ A).
B nasnpHettmem 6yneM paccMaTpuBaTh 3JI€MEHTapHBIE IPEOOPA30BAHUA TOJIb-
KO HaJl CTPOKaMH.

1.1.1. Hafttu nunelinyio kombunanuio marpun 2A + 3B, roe

1 2 3 -2 3 0
A_<O 1 —1)’3‘(2 1 1)'
B 1 2 3 -2 3 0\ _(2 4 6
Q 2A+33_2-<0 i _1)+3-(2 1 1)‘(0 9 _2>+
" -6 9 0\ _ (2-6 449 6+0) (-4 13 6 PY
6 3 3/ \0+6 2+3 -2+3) \6 5 1)

Hadimu aunetinvie KoMOUHAYUY 340AHHOIT MAMPUY:

2 -1 2
11.2. A-XE,A=|5 -3 3
-1 0 -2
2 -1 0 3 1 2
1.13. 4A-5B,A=|3 4 -2|,B=[-21 3
-3 1 5 0 2 -4
7 -2 3 -4 2 -1 -3 1
1.14. 3A+4+4B,A=|0 2 1 -1}),B=|7 -1 0 4
-5 3 2 0 8 -2 1 5
192 3 3 4 5
1.1.5. Ilycrs A = ,B=16 0 -2].Haitrn nponssene-
1o -1 71 8

Husi AB u BA (ecsiu 9T0 BO3MOXHO).



-
1378 2 :3: 4 5
Q AB= (;3_341) et -2 =
17518
1-s1 cTpoka MaTpuupl A NPUKJIAABIBAETCSA
K IEPBOMY CTOJIOIy MaTpuubl B,

COOTBETCTBYIOIIME 3JIEMEHThI N€EPEMHOXKAIOTCH,
a NpOon3BeOeHMsA CKJIaIbIBAIOTCs

i1.372:6+3-7)  1-442:043-1  1.5+2-(-2)+3-8 \ _
1-350-6+(=1)-7 1-440-0+(=1)-1 1.540-(=2)+(-1)-8

(36 7 25
“\-4 3 -3)

ITIponssenenne BA He cymecTByeT, TaK KaK YHCJIO CTOJIOIOB
Matpuusl B He coBnanaer ¢ uucsioMm ctpok marpunsi A (3 #2). @

Hatimu npouseedenus mampuy AB u BA (ecau onu cywecmeyrom):

1.1.6.

1.1.7.

1.1.8.

1.1.9.

1.1.10.

1.1.11.

10

(D)

13
A:G Z),B: —2 2.
10

Hatitu 3Hauenme marpmynoro mHorousneHa f(A), ecmm f(z) =
=—2x2+5x+9,A=(; g)
Q@ ar=a-4=(30)-(30) = (51103 5:2100) = 6)
f(A)= —242 + 5A+9E = —2. <7 )+5 ( ) <(1) ):
-(5 )+ (5 0)+ (0 0) -6 5)

-6 -12 15 0 0 -3)°

w



Hatimu 3navenue mampuunozo muozonaena f(A):

1.1.12. f(g) =323 +a2+2 A= ((1) _53)

1.1.13. f(z)=22®-322+5,A= (_12 g)

1 2 0
1.1.14. f(z)=322-5z+2,A=[ 0 2 -1].
-2 1 4

10 0
1.1.15. f(z)=23—-622+9x+4, A= (O 2 —1).
01 4

Iposepumv, xommymupyrom au mampuysn A u B:

1 2 2 -3
wae a=(L 2)o=(% 7).
1 3 1 -1
war a=(1 =1 3)
1 0 O -3
1.1.18. A=|0 -3 0|uB=| 0
0 0 2 0

1 2 1 2
0 1 3|luB=|-1
1 -2 4 4

1.1.20. Tpancnonuposarb MaTpuuy A = (_03 ?)

(Q 3amuceiBas mepByI0 M BTOPYIO CTPOKM Marpuubl A Kax mep-
BBt B, COOTBETCTBEHHO, BTOpO# cTos16en MaTpumbl AT, momydnm

marpuny AT = (g —13) [

1.1.19. A

—_NO OO
NN OO
SN————

4 5 6
Q Tax xak y marpunsl A IBe CTPOKH M TpH CTOJIONA, TO y Ma-

1.1.21. Tpancnouuposarb MaTpuiy A = (1 2 3).

1 4
tpunpt AT Gynmer Tpu cTpokn u msa crosbua: AT = (2 5) . @
3 6

Tpancnonuposams caedyrousue mampuyvi:

3 0 1 0
1.1.22. A=(2 5). 1.1.23. A=(-3 2 ).
B 5 -1

11



Buwucaumo npouseedenus AAT u AT A npu 3adannott mampuye A:

; 1 2
1.1.24. A= 3 1.1.25. A=(-3 0
0 -2 4

1 2 1 3
1.1.26. A_(4 s _1).

1.1.27. IIpuBecTH K CTyHmEHYaToMy BUIY MATpHULy A C IOMOIIBIO 3JIEMEH-
TapHBIX Ipeo0pa30oBaHnit HA CTPOKAMHU:

1 0 -1 -1
A=13 -2 -1 O
-5 3 2 -1

(Q IMepsriit aran. CuenaeM HyJIEBBIMH BCE 3JIEMEHThI MATPHIIBI
non, KpaHuUM 3j1eMeHTOM mepBoit cTpoku. [Ij1s 3TOro BhIYTEM U3
BTOPO#l CTPOKM NEPBYI0, YMHOXEHHYIO Ha 3, ¥ 3aIUIlIEM pE3yJIbTAT
BO BTOpYIO cTPOKY. Ilocsie aToro k Tperbelt crpoke npubaBuM mep-
BYI0, YMHOXEHHYIO Ha D, M 3alMIIEM PE3yJIbTAT B TPETBIO CTPOKY.
IMonyunm marpumy A;.

Bropoit aran. Tenepp coeslaeM paBHbIMH HYJIIO BCE 3JIEMEH-
Thl MATPHLBI IO, KpatHUM 3J1eMEHTOM BTOpPO# cTpoku. j1a aToro
YMHOXHM BTOPYIO CTPOKY Ha 3, TPETHIO CTPOKY — Ha 2, IOJIy4MB-
IMeCs CTPOKH CJIOXKHKM M DE3yJIbTAT 3alMIIEM B TPETbIO CTPOKY.
IMosyuyum crynenvaryio marpuny As.

1 0 -1 -1
A=|3 -2 -1 0 |II-31I~
-5 3 2 -1/II+5-1

1 0 -1 -1
~A =10 -2 2 3 ~
0 3 -3 -6/2-1II1+3-1I
1 0 -1 -1
~Ay=|0 -2 2 3 | — crynenuaras Mmarpunma. @
0 0 0 -3

1.1.28. IIpuBecTd K CTyneH4aTOMY BHIY MATPHUIy A C IOMOMBIO 3JIEMEH-
TapHbIX npeoObpa3oBaHuit HaJ CTPOKAMH:

0 -1 -1 -3
A=|1 2 4 7
5 0 10 5
12



5 0 10 5

1 2 4 7
~{0 -1 -1 =3|III-5-IT~
5 0 10 5

1 2 4 7
~10 -1 -1 =3 |II-10-II~

0 -10 -10 -30

0 -1 -1 -3
Q A=[1 2 4 7 ]|Iell~

1 2 4 7
~B=|0 -1 -1 -3] — crynenyaras MaTpuua. ]
0 O 0 0

1.1.29. IlpuBecTH K CTYneHYaTOMY BHAY MATDPHILY
3 4 -5 7
2 3 3 -2

4 11 -13 16
7 -2 1 3

A=

4 -5 7

7 =2 3-IV-7-1 -34 38 —-40/ IV+2-1II

4 -5 7

1 19 =20

0 -342 360
00 O 0

~

—5 7 3
Q 213-11-2-1 [0 1 19 -20 N
4 11 —13 16 3-1I1-4-1 0 17 -19 20 |III-17-II
0
3
0
0

— CTyHeHYaTasi MaTPUIA. o

IIpusecmu x cmynensamomy eudy mampuyo:

2 3 -2 2 3 -2 3

11.30. (3 1 1| 1181 (31 1 2]
15 -5 15 -5 4
(1 -3 1 13 1 -2 1 1

D e 3 -1 2 5

1.1.32. 1.33.

1.32 2 o -1 M3 12 1 3 _1s
\2 1 -5 5 \5 0 -1 -13
/1111 1 7 1 -2 1 1 -1
3211 -3 -2 2 1 -1 -1 1

184 1o 122 6 23| 113 |1 7 5 5 3
\ 4 3 3 -1 12 \3 -1 -2 1 -1

13



DononuutensHbie sagaun

Hatlimu aunetinoe xombunayuu mampuy:

1.1.36. 3A—2B,A=(1 2),3:((1) _12)

_ (0 2 4\ ,_(0 10
1.1.37. 2B—5A,A-( )’B—(_m 10 0)'

3 4
-6 4 0

2 3
1.1.38. A—AE,A_(3 _2).

1 -2 5

3
1.1.39. 4A-7B,A=]2 0 -3 1],
5 -1 0 4

1
1.1.40. 5A—-3B+2C, A= (3

-1
-5 3 1
cC=12 0 5].
6 4 2

-2 0

5
2

1
4

B =

|

5

2 7

-8 1 3

:

2 -2

5 1
-3 2
4 0

-5
0].
5

-2
7
-1

Haiimu npouseedenus mampuy AB u BA (ecau amo 603mootcho):

1 2 0 -1
1.1.41. A_<3 4>,B_(1 5 )

1.1.42. A=(1 -2 3 0),B=(

—4
2 0 3
Las - (20 )B()
3 5 -1\ ,_
vian 4= (2 )(

-2 3 1
1.145. A=|5 4 0],B=

2 -1 -5

2 4
-3 0].
51)
1 -2
0 -3 1
(4—45

)

Hattmu npousseedenus mampuy (AB)-C u A- (BC):

1 -1 2
1.1.46. A_(_l 1),3_(_3

14

o=

3
2

3

3

)



3 0
1149, A= |2 1 7' B=[-2 1],c=(72).
2 -3 2 L3 3

Hattmu mampuyy A™:

11 111
1.1.50. A=(0 1). 1.1.51. A=|0 0 0].

010
1.1.52. A=1|0 0 1}.
00O

Hatimu 3navenue mampuunozo muozouaena f(A):

1.1.53. f(r)=22>-3z+1, A= ((1) _01)

1.1.54. f(z)=3a:2+2z+5,A=((2) '43>.

1.1.55. f(zr)=223-22+3, A= (::15 )

2
1)
3 2 -2 3
1.1.56. f(r) =4x°-22°+3z-2, A= 1 o)

1 -3 0
1.1.57. f(z)=2>-3z+2,A=|0 2 1}.
3 -3 2

2 3 -3
1.1.58. f(r)=3z>+5x-2,A=(0 1 4 ].
5 -2 1

1 0 1
1.1.59. f(z)=2-22+5,4A=|3 -1 0}.
0 0 2

2 -3 4
1.1.60. f(x)=203-22+3z-2,A=(0 5 -1].
-2 -1 3
15



IIposepums, xommymupyrom au mampuys A u B:

4
1.1.61. A=(1 2 3),B=(5).

QU O OO

1 2 -5 3
1.1.62. A= <3 5), B= ( 9 _1>.
2 -3 0 -2
1.1.63. A—(4 0),3—(_4 3>
2 -1 0 -2 1 0
1.1.64. A=(3 2 5},B=|-3 -2 5
4 -2 7 -4 2 -7
a 0 0 O a 0 O
_ |0 B 0 O _ |10 b O
1.1.65. A= 00 v 0 ,B= 00 ¢
0 0 0 ¢ 0 0O
1 2 3 -1 2 -3
1.1.66. A=|4 5 6|,B=|—-4 5 -
7 8 9 -7 8 -—
1 2 -3 4 —6
5 -6 7 8 2
1.1.67. A= 9 0 1 9 ,B= 8
3 4 5 -6 4
2 7 3 7 -6 1
1.1.68. A=|3 9 4|,B=|-5 3 11].
1 5 3 6 -3 -3

Hatimu mampuyy AT :

1 2
1.1.69. A—<3 4). 1.1.70.

1171, A=(1 2 3 4).

Hatimu npouseedenus mampuy AAT u ATA:

_(1 2 1.1.73.
wam 4= (3 2)
1 -2 0
1.1.74. A=(3 5 -7]. 1.1.75.
-4 1 2

-3
0. 1.1.77.
0

4 3
0 -9
-6 5
2 1

A=(1 2 3 4).

A

<
|

2 0
0 -3
0 O
1 23
4 5 6
789

)
).



ITpusecmu mampuyy A x cmynenvamomy eudy:

2 -1 5
1.1.78. A:(}1 2 2) 1.1.79. A={1 1 3
1 -5 1
12 3 -1 8
1 -2 31 2-1 -4 3 1
11.80. A=(3 2 -4 2| 1181 A=|j; . 5 .
572 2 4 31 -1 2 9
(1-15 -3 4 (11—104
12 -70 7 -1-7-47
1182, 4=, %70 7| raes a3 T0 T
10 1-25) \1-1-3 -2 5
1 5 3 -10
(3 -1 1 10 11 -
1184, A=|5 5 o |18 a=[s 3 -6
\7 10 6 -10) —4 -1 3
(1 2 -10 10 2 -13
3 -1 2 2 |3 -20 -47
1186 A=|5 % o 118 oa=[5 77 774
\1 -1 0 2 1-2-45 2

KontponsHbie Bonpock! u 6onee cnoxdoie sagaqv

1.1.88. Ecun marpunsl A u B MOXHO yMHOXaTh, CJIEAYET JIM U3 3TOrO,
4TO UX MOXKHO CKJIAIbIBATh”

1.1.89. Ecyu Marpuust A 1 B MOXHO CKJIaIbIBaTh, CJIEOYET JI U3 3TOTO,
YTO UX MOXKHO yMHOXAaTb?

1.1.90. MoxHO Jin yYMHOXKHUTH KBaJIPATHYI0O MATPUILy HA HEKBAAPATHYIO?

1.1.91. MoxeT Jin IpPON3BENEHNE HEKBAIPATHBIX MATPHUI] ObITh KBaIpaT-
HOM MaTpuueh?

1.1.92. MoxeT JI PN yMHOXEHUN HEHYJIEBBIX MATPHL MOJIYYUTHCA HY-
JeBasi marpuua?

1.1.93. Moryt s coBnagaTs MaTpuusl A u AT?

1.1.94. Kaxk suirsant marpuna (AT)T?

1.1.95. Bepno s pasencrso (A + B)T = AT + BT?

1.1.96. Bepno s pasenctso (A + E)(A — E) = A2 — E?

1.1.97. Bepno s pasenctso (A + E)? = A% + 2A + E?

1.1.98. Bepno s pasenctso (A + B)(A — B) = A% — B??

1.1.99. Bepno ym pasenctso (A + B)? = A? + 2AB + B??

1.1.100. MoryT sin ObITh 9KBUBAJIEHTHBIMM MATDHIILI C PA3JIMYHBIM KOJIH-
4€CTBOM CTPOK? cToJI610B?

1.1.101. O6s3aresbHo Jin cymecTByeT npousseneuune BA, ecou AB = E?

17
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1.1.102. MoxeT Jiu HyJieBasi MAaTPHUUQA ObITh 9KBUBAJICHTHON HEHyJIEBO# Ma-
Tpune?

1.1.103. Moxer Jin IpOU3BENEeHNEe MATPUL ObITh YUCTIOM?

1.1.104. Kaxk usMmenutcs npoussenenue marpuil A u B, ecsin mepecraBuTh
-10 ¥ j-10 CTpOKM MaTpuubt A7

1.1.105. Kak wsMmenurTcsa npomssenenune Marpun A u B, ecim x i-# cTpoke
MaTpuubl A mpubaBUTh j-I0 CTPOKY, YMHOXKEHHYIO Ha 9HUCJIO €7

1.1.106. Kaxk usMmenurtcsi npousBenenue marpun, A u B, ecqin mepecTaBuTh
i-# u j-# cronbupl marpunsr B?

1.1.107. Kak usmeHnTcs npoussenenue Marpull A u B, eciu K i-My cToJ0Iy
Marpuubl B npubasuts j-i# crosben, yMHOXKEHHBI] Ha Yucyo c?

1.1.108*. Haittu Bce kBanpaTHBIe MaTpuibl A pasmepa 2 X 2, ecmu A% = E.

1.1.109*. Halitu Bce KBanpaTHbie mMaTpuubl A pasmepa 2 x 2, ecu A2 —
HYyJiIeBadA MaTpHUIA.

1.1.110*. Hafttu marpuny A™"!, eciu A — KBanpaTHas MaTpHIA N-TO IIO-

A0Ka
P 1100 0 0
0110..00
a-loo 11 00
0000 ... 01

. n
1.1.111*. Hafitu marpuy (cosa —sma) .

sina cosa
1 2
1.1.112*, HafiTu Bce MaTpuIsl, KOMMYTHPYIOIIME C MaTpuueh A = (3 4>.
1.1.113*, [Toxasarb, 4To eciiu A 1 B — KBaJpaTHbIE MATPHIIBI N1-IO IOPSAIKA,
TO CyMMBbI BCEX 3JIEMEHTOB IJIaBHOH auaronanu y marpun AB u BA
DPaBHBI.
1.1.114* , MaTpuna Ha3bIBAE€TCA CTOXACTHUYECKOH, €CJIM CyMMa 3JIEMEHTOB
J1060it ee crpoku paBHa 1. JIokasaTh, 4TO IPON3BENEHUE CTOXACTH-
YECKMX MATPHI] — TOXE CTOXaCTUYECKasT MaTPUIA.

§ 2. ONPEQENVUTENN

ali ai2 e QA1n

4 a2 ... (45
JIwoGolt kBampaTHOM MaTpuLe n-ro nopsanka A = 2 "

Qin Qa2 ... Ann

MOXHO I[OCTaBUThb B COOTBETCTBHME BhIpAXKEHHE, KOTOPO€ HAa3bIBAETCA
onpedesumenem (demepmunanmom) marpuupl A, um obo3sHagaercs Tak:

aip a2 ... Qin
a2i1 ag2 e (42

A= 27| yom |A| nom det A.
ain Q2n ... GQnn

18



= Onpenenurtesp 2-ro NOpsAIKa 33qa€TCA PABEHCTBOM:

ai;  ai2

= anaz2 + (—aiza21).
a1 Qa22

Takum 06pa3oM, onpenesuTesb 2-ro NopsAaKa ecTb cyMma 2 = 2! ciarae-
MBIX, KQXI0€ U3 KOTOPbIX NPENCTaBAET co0olt mpousBeneHne 2-x COMHOXU-
Tesiell — 3JIEeMEHTOB MaTPHIbLI A, M0 OOHOMY M3 KaXXOOH CTPOKHM M KaXKA0ro
crosibua. OgHo U3 ciiaraeMbiX O€peTCcsa CoO 3HAKOM «+», APYroe — CO 3HAKOM
«—=D.

= Onpenesutens 3-ro NOpsAaKa 330a€TCA PABEHCTBOM:!

a1 a2 a3
a21 Q22 Q23| = @11Q22a33 + 12023031 + A13Q21a32+
asz1 as2 ass

+ (—a13022a31) + (—a12a21033) + (—a11023a32). (2.1)

Takxum obpasom, onpenesuresib 3-ro nopsagka ects cyMma 6 = 3! ciarae-
MBIX, KaXXJ0€ U3 KOTOPbIX IPEICTaBJIsAeT coOO# mpousBeneHue 3-X COMHOXKU-
TeJsiell — 3JIeMEHTOB MaTpuibl A, M0 OMHOMY M3 KaXXAOK CTPOKM M KaXKIIOro
crosibua. OnHA MOJIOBUHA CJIAraeMbIX GEPETCs CO 3HAKOM «-+», Apyras — o
3HAaKOM «—». IIpaBusio, Mo KOTOpOMY BBIOMPAIOTCA 3TH 3HAKH, 33AETCH C
noMompio ¢opmystsl (2.1) UM IPyrMMU METOAAMH, IPUBEIEHHBIMA HIDKE.

Onpenenuresib N-ro NOpsaaKa 330a€TCA PABEHCTBOM:

ayj; a2 ... Qin
a1 Qa2 ... Q2

= E (:tal,-l * Q249 et am").
anl1 Qn2 ... GQnpn

VYka3aHHas CyMMa COCTOMT 3 N! cjiaraeMbIxX, KaxI0€e U3 KOTOPbIX MpeQ-
craBJisieT co0Ol MPOU3BENEHUE I COMHOXUTEJIEH — 3JIEMEHTOB MaTpuubl A,
II0 ONHOMY U3 KaXXIOH CTpOKM M Kaxmoro crosibua. OmHa moJioBHHA CJla-
raemoIx Gepercsi CO 3HAKOM «-+», Apyras — cO 3HakKoM «—». IIpaBuo, mo
KOTOPOMY BBIOMPAIOTCA 3T 3HAKH, B HACTOAINEM W3IAHNM HE MCIIOJIb3YETCA
¥ 30eCh He IPUBOOUTCA. MeToabl BLIYUCIIEHNA ONpPENeIUTeeH n-ro nopanka
IIpUBEOEHBbI HIDKE.

Mertogsi BbiuuCNeHUs onpepenutenei

1. IIpasuso «mpeyzoavruxoe» (npasusio Capproca) BHIYUCIIEHHUS ONPENE-
JuTesielt 3-ro NopsAAKa: MEPBOE U3 TPEX CJIAraeMbIX, BXOAAMUX B cymmy (2.1)
CO 3HAKOM «+», €CTb NPOU3BENEHNE 3JIEMEHTOB IJIAaBHOH IMaroHaJu, BTO-
PoOe n Tperbe — NPOM3BEIEHNA 3JIEMEHTOB, HAXONAMMXCA B BEPUIMHAX ABYX
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TPEYTOJIbHUKOB C OCHOBAHMAMH, NIAPAJIIE/IbHBIMU [JIaBHOR nuaronasm. Tpu
CJ1araeMbIX, BXOJAIIMX B CymMMy (2.1) CO 3HAKOM «—», ONPENESIAITCSA AHAJIO-
THYHO, HO OTHOCUTEJILHO BTOpoi (moGouHOR) muaronasm:

«+>»

«—>»

2. Pasaodcenue onpedeaumens 3-20 nopsadxa no nepeott cmpoxe:

a2 @23
aszz2 as3

a1 Q23
a31 ass

a1 Q22
az1 asz

det A =aq; - — a2 + a3 . (2.2)

IIpu TakoM crnocoGe BBIYUCIIEHUs ONPEE/INTEN KK U3 TPEX 3JIEMEHTOB
a1, TIEPBOi CTPOKN yMHOXKAETCS Ha ONPENeJINTeb 2-T0 [OPsANKa, COCTABJIEH-
HbI# U3 37IEMEHTOB MaTpuubl A, OCTABIIMXCS NIOCJIE BbIYepKUBaHusA 1-# cTpo-
KU ¥ j-ro crosibua. IIpu 3T0M ci1araeMoe ¢ MHOXKHTEJIEM a1 YMHOXAETCs Ha
aucsio (—1)1+9:

141 142
det A= (—1)"t1-a1;-|do1 a2 aos|+ (=1)'*%-a12-|az1 422 ao3|+
31 G32 033 a3 432 033

143
+ (=13 a13-lasn a2 @os|.
a3z1 as2 33

Takum 00pa30M, BLIYMCJIEHHE ONPENEJIUTENA 3-T0 NOPAOKA CBOOUTCH K BbI-
yucsieHuo 3-x omnpenesiutesielt 2-ro nopsanka. B obmeMm ciyyae MOXHO BBI-
YHUCJIATDH ONPEHEJIMTEb N-TO NOPANKa KBagpaTHO! MaTpuup! A, CBOAs €ro
BBIYMCJIEHHIO N onpenesuresiedt (n — 1)-ro nopsnaka.

3. Pasaooicenue onpedeaumens n-20 nopadxa no nepeolt cmpoxe. Auajio-
CMYHO mocsieqHel popMysie, nmeeM




+ (=) a3 -

T.€
az2 a3 N (1570
' azps a3z ... aszn
detA=ay | . . . A
Qpn2 Gp3 ... Qnn
a21 Q23 ... Q2qn az1 Q22 Q24
asy asz ... Qasn asy asz2 asq
—ai2-| . . . . | tas-

Gn1 Qp3 ... Qnn Gn1 Qn2 QAng
a21 a2
asy as2

14+n
oot (—1) Q1n
Gnl Qn2

A2n
a3n

Qnn
a2n-1

a3n—1

(2.3)

Gnn-1

AHasiorn4so 331a10TCA OpyTHe CIOCOObI BLIYMCIICHHS OMPEAESIUTEIA N-T0 Mo-
pPAOKa — «pPa3jIoKEHWe» N0 HPOM3BOJIbHO#I CTpOKE HJIM HPOM3BOJILHOMY

crosbuy — (2.4), (2.5).

Onpedesumenem (demepmunanmonm) 1-20 nopsadxe KBaIPATHOH MATPULIBI

A = (a1;) HasbIBaeTCA 3HaYeHHe a11: det A = aq;.

Lonoanumenvrnom murnopom M;; k 31eMeHTy a;; KBaIpaTHOR MaTpHIEI
A Ha3BIBAETCA MUHOP, COCTABJIEHHBIR M3 3/1€MEHTOB A, OCTABIIMXCs TOCJIE

BblYepKMBaHMA i-# CTPOKH U j-ro crosbua.
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Aunzebpauveckum donoanenuem Aij K 3J1EMEHTY a;; KBAIPATHOH MaTPHLbI
A = (a;;) HasbiBaeTca npoussenenue A;; = (—1)7 - M;;.

1 2 3
Hanpumep, B matpune {4 5 6| munopom My fIBJAETCA ONpenesid-
7 8°0
TeJIb, COCTABJIEHHBI! U3 3JIEMEHTOB MATPHIIbI, OCTABIIUXCH IIOCJI€ BHIYEPKH-
2 3
BaHusA 2-# cTpoku U 1-ro crosibua:
8 0
2 3
Taxum obpasom, Ma; = 8 ol = 2-0— 3-8 = —24; cCOOTBETCTBEHHO,

anre6pamdeckuM jgonosiHennem Ag; 6Gymer umcio Agy = (=1)2F!1 . My =
= (-1)3-(—24) = 24. B HOBbIX 0603HaYEHUsAX, aHAJIOTHYHO (opmyJe (2.2),
3anMceIBaeTCA GPOPMYJIa «pa3jioKeHHe ONpenesuTesa 3-ro NopAAKa 1o Hep-
BO#l cTpoke»:

3
det A =ay; - A1y +a12- A1z +a13- A1z = E ayj 'Alj-
j=1
Anasoruuso ¢opmyiie (2.3) 3anucbiBaercs HoOpMyJIa «pa3jiokKeHUe Onpene-
JIUTEJIA T-TO NOPANKa N0 NepBoit CTpoke»:

n
det A=ay - A +a12-Aa+ -+ a1n-1-Ain—1 + a1n - A1n = Zau - Agj.
j=1

4. Pasaooicenue onpedeaumens n-20 nopadxa no i-t cmpoxe:

n
detA=ay - A +aip-Aiz+-+ain—1- Ain—1 + @in - Ain = Zaij - Aij,
i=1
Vi=Tm. (2.4)

5. Pa3aooicerue onpedeaumens n-20 nopadxa no j-my cmoabyy:
n

det A = ayj - Ay +ag; - Agj + -+ ano1j - Ancj +anj - Anj = Y aij - Ay
=1

Vi=Tn. (2.5)

6. Memod npusedenus ¥ mpeyzoabromy eudy 3aKJOYaETCA B IIpUBEIE-
HUH OIpeneJsiuTesis (C MOMOLIBIO 3JIEMEHTAPHBIX Npeobpa3oBaHuil) K TAKOMY
BHIy, KOT/Ia BCE 3JIEMEHTDI, PACIOJIOXKEHHBIE 110 OOHY CTOPOHY OnHOM W3 mua-
roHaJieil, paBHbI HYJIIO.

7. Memod pexyppenmusiz coomnowsenutl COCTOUT B TOM, 4TO OIpENeJIu-
TeJIb N-To MOPANKA BHIPAXKAIOT Yepe3 ONpeNeIMTes N TOro XKe Biaa, Ho boJiee
HH3KOI'O MOPAAKA, UCIOJIb3YA 3JIEMEHTapHbIe TPE0OPA30BAHUA U PA3JIOKEHUE
[0 CTPOKE UJIM CTOoJIbLy. '
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CeoiicTea onpepenurtenei

1. Ecniu y onpeneniuresia kakas-subo cTpoka (CTosiben) COCTOUT TOJIbKO
u3 HyJielt, To onpenenurens paseH 0.

2. Ecsin kaxue-su6o e cTpoku (aBa CTOsI0UA) ONpENesuTessi Iporop-
UMOHAJIbHBI, TO ONpenesuTe b paseH 0.

3. Ecnu kaxyo0-1160 cTpoky (cTosibel) onpenesiMTesis yMHOXHUTD Ha IPO-
M3BOJIbHOE YHCJIO, TO ¥ BECh ONPENEJINTE b YMHOXKHUTCA HA 3TO YHUCJIO.

4. Ecsin aBe cTpoku (oBa cTONIOLA) ONpenesMTe s IOMEHATh MECTaMH, TO
onpenesiuTesIb U3MEHUT 3HAK.

5. Ecou x kakoit-mubo cTpoke (cTosibuy) ompenesuresiss NpuOABUTH Ka-
KyH0-1u60 APYyTryio CTPOKy (CTosIbel), YMHOXKEHHYIO Ha IIPOU3BOJIBHOE YHCJIO,
TO ONpENEUTEIb HE U3MEHUTCH.

6. OmpenenuTesib NPOU3BENEHUS MATPUIl PaBEH IIPOM3BEIEHHUIO UX OIpe-
nesinreJiet.

Marpuua, onpenesmtesib KoTopo# paBeH 0, Ha3bIBaeTCHA 6biPOIHCIEHHOT;
MaTpHLA, OIPENe/IMTe/ b KOTOPo# He paBeH (), HA3bIBAETCA HEBHPONHCTEHHOT.

1.2.1. BoruncsiuTh onpenesiuTesib BTOPOro mopsiaKa 3 4‘.
1 2
Q|3 4/=1-4-2-3=-2 °
Buwucaums onpedeaumenu emopozo nopadxa:
1 2 -3 5
1.2.2. _3 _4|' 1.2.3. 0 0’.
T zy a b
1.2.4. 1yl 1.2.5. c d"
1.2.6. | 8¢ sine) 127, (8¢ 1 ’
—singp cosy -1 tgy
Pewumd ypaenenus:
2zr+1 3| _ z+3 z-1| _
1.2.8. 45 2‘ =0. 1.2.9. 7_ g z—l’ =0.
2z—-1 z+1 z—2 y+3
1.2.10. = —6. .2.11. .
10 42 :1:—1‘ 6 1.2.11 —y—3 x—Z‘ 0
1.2.12. |50 2z sinz —o0.
cosT Cos2z

3 21
1.2.13. Boruuciurs onpenesmmTesb 3-ro nopamka: (2 5 3.
3 4 2
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Q Bbruucsias onpenesuTesTb Pa3JIOKEHNEM 10 IEPBOH CTPOKe, TO-
JIy UM

3"5 3’_2_’2 3 2 5‘

4 2 3 2 3 4
=3.(5-2-3-4)-2-(2-2-3-3)+1-(2-4-5-3) =
=3.(-2)—2-(-5)+1-(-7)=-3. @

]

Buwvucaumos onpedeaumenu 3-20 nopadxa:

1.2.14.

1.2.16.

1.2.18.

1.2.20.

1.2.21.

1.2.23.

1 2 3 213

4 5 6. 1.2.15. |5 3 2|.

7 89 1 4 3

3 2 -1 111

-2 2 3| 1.2.17. |1 2 3|.

4 2 -3 1 3 6

1 1 1 1 1 1
4 5 9| 1.2.19. 5 7 8.
16 25 81 25 49 64

BeruucsinTs onpenesiuTesb C HIOMOMIBIO «IPABUJIA TPEYTOJIbHUKOB»

100
020
0 0 3
(Q U3 mecTtu ciaraeMbix He PaBHBIM HyJIKO 6yIeT TOJILKO OIHO:
+1-2-3=6. L J
Buinucaumsd onpedesument ¢ NoMOwbBI0 «NPAEUAL MPEY2ONLHUKOES:
0 01 0z O
0 2 0f 1.2.22. |y 0 O0f
3 00 0 0 2
010
2 3 4.
0 50

1.2.24.

24

BbruncsnTs onpenesiuTesb pa3JiokKeHneM 0 Kakoik-Huby b cTpoke
WM CTOJIb1y:

5 6 3
0 2 0.
7 —4 5

Q VYnobuee Bcero BBLIYMCIATL ONpPENEIMTENb PA3JIOKEHHEM IO
CTPOKe ujiM CToJbIy, comep:amuM HaubosibImee KOJIMYECTBO HY-



1.2.25.

sei. Pa3zsoxum onpenesuresisb mo 2-ii crpoke:

6 3 53 5 6
—1)2+1 .. —1)2+2.9. —1)2+3.0. —
(-1) 0‘_45+( 1) 2’75l+( 1) 0*7_4’_
=2-(25-21)=8. @
3 0 2
Boruucsaunth onpegesuresb [—5 3 —1f.
6 0 3

Q [Tlpu passioxennu onpenesuTess 3-T0 MOPAIKA 10 CTPOKE HJIH
cTosibLLy, 3HAKHU («+» MJIM «—») Iepel CJIATaeMbIM a;j - M mpome
BCEr0 3aIlIOMHUTD B CJIEAYIOIIEM BHUIE:

+ - +
— + —.
+ - +
Pasjioxxum omnpenesuresis no 2-My CTOJIOLY:
3 2
—0+3-6 3—0—3-(9—12)——9. L J

Buivucaums onpedeaumenu 3-20 nopadxa pasaodicenuem no xaxoli-nubydv
cmpoxe uau cmoabyy:

2 0 3 0 a O
1.2.26. |7 1 6|. 1.2.27. (b ¢ d|.
6 0 5 0 e O
1 2 3 2 1 -3
1.2.28. |0 0 1f. 1.2.29. (0 1 -1
4 5 6 3 -2 1
sina cosa 1
1.2.30. |sin3 cosf 1j.
siny cosvy 1
Pewumdb ypashenus u Hepasencmeo:
2 0 3 -1 3 -2
1.2.31. |-1 7 z-3|=0. 1.232. (2-3z 0 5|=>0.
5 -3 6 3 2 1
-1 0 2z+4+3 6 3 -1
1.2.33. 3—z 1 1 =0. 1.2.34. |2z 1 0 |=0.
2r+1 -1 2 4 z+2 2
1.2.35. [okasaTb paBEeHCTBO, HCIOJIb3Ysl CBOMCTBA ONpenesuTesIel:

a; b ca+axz+by a b a
as by co+axx+bey|l=|az by cof.
as by c3+asz+ b3y a3 b3 c3
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Q Taxk xax Tpetuii cTos16ell JIEBOrO ONpeesINTe A MOXKHO Tpes-
CTaBHUTh B BUIE CYMMbI TPEX CTOJIOHOB, 3TOT ONpPENE/IMTEb MOXKHO
NPENCTaBUTh B BUIE CyMMBbI TPEX ONpenesuTeeit:

a) b1 C1 al b1 a1xr al b1 b1y
ag by cyl+|ag by asx|+ |ag by b y|.
as b3 C3 as b3 a3z as b3 b3 Yy

Tpetu#t crosiben BO BTOPOM OnpenesuTesie IpOonopUMOHaJIeH nep-
BOMy CTOJIOILy, & B TPETbEM OIpEIeJInTe/ie — BTOPOMY CTOJIOLLY,
CJIeIOBATESIbHO, 062 9TUX ONpene/MTe sl paBHbl Hy 0. UTo n 3a-
BepUIaeT J0Ka3aTeJIbCTBO. {

Hoxazamv pasencmea:

1.2.36.

1.2.37.

ay—zby a1 +zby ap b ¢

as —zby as+zby co| =2x|as by cl.

a3 —zbs az+zbs c3 a3 bz c3
a;+zby az+b ag b
az+ by axx+by co|=(1—-2z%)|az bs ¢l
az+xbs azr+b3 c3 az b3 c3

Buiwucaums, ucnoavdys ceoticmea onpedeaumenetl:

1.2.38.

1.2.40.

1.2.41.

26

sinfa cos?a 1 sinfa cos?a cos2a
sin?3 cos?f3 1. 1.2.39. |[sin?B cos?f cos2B|.
siny cos?y 1 siny cos?y cos2y
1 a b+c
1 b c+al
1 ¢ a+bd
BuIumcyINTh onmpenesuTe b 4-ro MOPAIKa Pa3siokKeHHeM I10 CTPOKe
WM CTOJIOIy:
-2 -3 0 2
1 -1 2 2
A= 3 -1 5 =2/
0 -2 4 1

Q VYnobuee nosb30BaTLCS PA3JIOKEHUEM 110 CTPOKE MJTH CTOJIOLY,
cogepxamuM Haubosibee KosmdecTBo HyJtelt. Pasnoxum onpene-
JINTEJIb 10 NEePBO CTpOKe:

-1 2 2 12 2 1 -1 2
A=(=2)-|-1 5 —2/—(-3)-|3 5 —2[+0-]3 -1 —2/—
—2 4 1 0 4 1 0 -2 1
1 -1 2
—2.03 -1 5/=-2-9+3-31+0—2-6=63.
0 -2 4



1.2.42.

ITpu BbuKC/IEHNH onpenesuTesielt 4-ro NOpAAKa Pa3jIoKeHUeM 10
CTpOKe WJIM CTOJIOLY, 3HAKM («+» WIM «—») [epel CJIaraeMbIM
a;j - Mi;j npoie Bcero 3alOMHATH B CJICLYIOWEM BUIE:

+

I+ 1 +
+ 1+ 1
I+ 1

+
-+

AHa.JIOI‘PI'{HO, OJIA BBIYUCJIEHUA ONpenesinTesid n-ro nopdAikKka 3Ha-
KM PaCIIOJIOKEHbI CJIeMY0mUM 06pa30oM (B «IIaXMATHOM» MOPSIIKE,
CJIEBA BBEPXY 3HAK «+»):

+

4+
N
[

+

o+

Brruucsuth onpenesuTesnb 4-ro nopAaaka

a 0 3 5
00 b 2
A= 1 ¢ 2 3
0 0 0 d
(Q Pazsioxum onpenesntesis no 4-0ff CTpoKe:

0 2 _ |pasnoxum onpenesuresn|
9 - 1o 2-oit cTpoke -

a 0

=d-(-b)-|] |=-d-bac ®

Borwucaums onpedeaumenu, UCROAb3YA PA3A0HCEHUE NO CTPOKE UAU CTOAD-

uy:

1.2.43.

1.2.45.

1.2.47.

1 0 2 a 0 —a -b —d
2 0b 0 a 0 —c -—e
2 12.44. [} <
d 00 0 d e 0 0
113 4 2 -3 4 1
200 8 4 -2 3 2
AP 1246, |2 202
4475 3 -1 4 3

1 2 3 4 5
22T 2 3 7 10 13

. 1.248. |3 5 11 16 21,

5 7 -7 5
s s 5 s 2 -7 7 7 2

1 4 5 3 10
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1.2.49. BpiuucsuTh ONpene/MTe b NIPUBEAEHUEM K TPEYTOJIbHOMY BULY:

1 1 1 1 ... 1
-1 1 1 1 1
-1 -1 2 2 2
Dp=|_1. -1 -1 3 3
-1 -1 -1 -1 ... n-1
Q IIpubasnsas x Kaxno#t cTpoke onpenesMTess NEPBYIO CTPOKY,
TIOJTY 9UM:
1 111 1
0 2 2 2 2
D = 0033 3| [ pasmoxmmmo | _
n=10 00 4 4| = |nepsomy cronbuy| —
0 000 ... n
2 2 2 2
0 3 3 3
_1.10 0 4 4| _ [ moBropsiem pasnoxenne no | _
- L. ~ |mepBomy cronbuy n — 2 pasa|
0 00 n
n:I

=1-2-3-...-(n—-1)-n=n! @

1.2.50. BbiuucauTh onpenesMTesNb 1-ro NopanKa:

0 0o ... 0 -1
0 o ... -1 0
Dp=|: '+ -~ 1
0o -1 ... 0 0
-1 0 ... 0 0
Q PasnoxuM onpenesMTesb N0 MEPBO# CTPOKeE:
0 0o ... 0 -1
0 0O ... =1 0
Dp=(-)"*.(=1-|: = - ¢ |=(=1)""?-Dp.
0o -1 0 0
-1 0 .. 0 0
'ntl

Ananoruuno D,—; = (—=1)®*! - D,_5 u 1. a. Takum obpasom,
D, = (-1)"*2.(-)~*1. . (-1)**2.D,.
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YuutbiBas, 4TO
()™= (-1 D™ =) L (FD)P = (-0
Dy =-1,
MOJTy4HMM BbipaxkeHue 0y Dy:
Dp=(-1)"- (=)t (-1 (=)' =
(_1)1+2+...+(n—1)+n — (_1)n-ﬂ2’—1. ®

Buiyucaums onpedesumenu n-20 nopadka:

n n n ... nmn n
n n—1 n ... mn n
n n n—-2 ... n nn
1.2.51.
n n n 3 non
n n n n 2 n
n n n n n 1
1 2 3 n
-1 0 3 ... n
1.2.52. |71 -2 0 ... m
-1 -2 -3 0
1 2 3 n—2 n—-1 n
2 3 4 ... n-1 n n
3 4 5 n n n
1.2.53. . . .
n—1 n n n n n
n n n n n n
3 2 2 2 n 1 1 1
2 3 2 2 1 n 1 1
1.2.54. [2 23 2. 1.2.55. |11 1
2 2 2 ... 3 1 11 ... n
1.2.56. BbryuCJIUTH ONpENESNTEb NN-TO NOPANKA METOIOM PEeKyDPPEHTHBIX
COOTHOIIEHHH:
21 00 0 0
1 210 0 0
D, = 0121 00
0 0 0O 1 2
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Q Paszyioxum onpenesuTe b 0 NEPBOMY CTOJIOIY

210..090 (100..00
121 ... 00
121 ... 00
Dn:2'..._ ..—1'012 0 0=
\0 0 Ov' 12 0 0 0 . 1 2
n:I
PAa3JIONKMM BTOPOH |
onpenesIMTesIb 0 | =
nepBoﬁ CTpOKE |
2 1 0 0
1 2 1 ... 00
=2-Dpy—-1-1-f{ . . | . .|=2:Dp-1—Dp-s.
000 ... 12
n—2
Boruuciium Dy, D3 u Dy:
2 1
D2—‘1 2‘—31
210
D=1 2 1=2~ﬁ ;‘—1‘(1) ;‘=2-3—1-2=4;
01 2

Dy=2D3-Dy;=2-4-3=5.
Urax, D = 3, D3 = 4, Dy = 5. JokaxeM (M0 UHOYKLMHM), 4TO
D, = n + 1. Ilo npennosiokesnio MHAYKuMKH, D, 2 = n — 1,
D,_y, = n. YuurmBag, yro D, = 2D,_; — Dp_3, nosyuum
D, =2n—-(n—1) =n+1, yro u TpebOBAIIOC. o

Buiuucaums onpedesumeny mMemodom Pexyppenmuss coomuouerudl:

320 ..00 01 1 ... 1
13 2 ... 00 1 a4z 0 ... O
1.257. (01 3 ... 00%, 1258 |1 O a ... Of
000 13 1 0 0 an

OononxurensHsle sapaun

Bunucaums onpedeaumenu 2-20 nopadxa:

2 -3 a p
i 1.2.60. |5 |-

1.2.59. ’5 b
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2 a 3a
1.2.61. . 1.2.62. .

zy® y° B 38

cosy sing T z-1
1.2.63. sing cosq|’ 1.2.64. 2zl
Pewumv ypasHeHnus:
1.2.65. |2~3 41_o, 1.2.66. [2t3 =+l

-z -3 z-1 z-2

3—z T+2| _ z—2 y+3|_ _
1.2.67. c41 z— 1' = 6. 1.2.68. 1—y z-2" 4.

z—-2 y+3|_ sin2rx —sin3r| _
1.2.69. T—y z +4| =-34. 1.2.70. cos2z cos3z | = 0.

Buinucaumd onpedeaumenu 3-20 nopadxa pasaodfceruem no nepeoti cmpoxe:

111 110
1.2.71. |2 3 3. 1.2.72. |2 3 1|
4 6 7 0 2 3
-2 3 5 a b c
1.2.73. 4 1 -=2|. 1.2.74. |b ¢ al.
1 -3 2 c a b

Bunucaumd onpedeaument ¢ NOMOUDBIO «NPABUAG MPEY20ALHUKOES:

a 0 0 011

1.2.75. |0 B 0. 1.2.76. |1 0 1|
0 0 v 110

cosa cosf O 0 =z O

1.2.77. |cosa 0 cosy|. 1.2.78. |z 1 =z|.
0 cosf cosy 0 =z O

Bovucaums onpedeaumenu pasaodicenuem no xaxot-nHubydo cmpoxe uau
cmoabyy:

2 3 5 1 20
1.2.79. [0 -1 Of. 1.2.80. |3 4 0.
6 7 8 5 6 7
1 2 3 T Yy =z
1.2.81. |4 5 6. 1.2.82. [0 y =z|.
7 8 0 z 0 2
cosa cosfB cosvy
1.2.83. 1 1 0
1 0 1
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Pewumv YDPaABHEHUR U HepaseHcmea:

-3 2 1 2 0 -1
1.2.84. |z-1 0 71=0. 1.2.85. (1 z+5 2—z|<4.
2 -1 3 3 -1 2
r+2 4 -1 -3 z-11
1.2.86. -2 2 z-1|=0. 1.2.87. |z +2 2 3| =6.
1 3 0 0 1 T
3 2 -1
1.2.88. |r+2 0 1|<0.
-2 3-z 1

He svnucassa onpedeaumeneti, nposepums, umo oxu deasmes Ha a—b, b—c,
c—a:

1 a a 1 a bc
1.2.89. 1 b b2 1.2.90. 1 b cal.
1 ¢ ¢ 1 ¢ ab
1 1 1
1.2.91. a b cl.
ad ¥

Buwucaums, ucnoav3dys ceoticmea onpedeaumeaneti:

sina cosa sin(a+ 6) a a’+1 (a+1)?
1.2.92. |[sinf cosB sin(B+46)|. 1.2.93. |b b +1 (b+1)3|.

siny cosy sin(y+4) c 2+1 (c+1)?
Buwucaumov onpedeaument pasnoxcenuem no Cmpoxe Uiy cmoabyy:

z a b 0 ¢

0
1.294. |0 e 2z 0 f 1.2.95. .

7 2 41

0 0 0 0 v 0410

g h k u I

5 a 2 -1 3 2 2 2

4 b 4 -3 9 -8 5 10
1.2.96. 2 ¢ 3 -3 1.2.97. 5 8 5 8

4 d 5 -4 6 -5 4 7

7 3 2 6 3 6 5 6 4

e ot 59 7 86
1.2.98. 1.2.99. |6 12 13 9 7

7 -2 7 3

5 -3 3 4 4 6 6 5 4

2 5 4 5 3
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BuivucAaums onpedeaument npueedenuem ¥ mpeyzoabHomy eudy:

0
.. 0
.0

0

===

1 1 1 ... 1 1
1 -1 2 2 2
1 1 -1 3 3
1.2.100. . .
1 1 1 -1 n-1
1 1 1 -1
-n l—-n 2-n -2 -1
1-n 2-n 3-n -1 0
2-n 3-n 4-n 0 0
1.2.101. . . . . .|
-2 -1 0 0 0
-1 0 0 0 0
T a; a an-1 1
a T a an—1 1
a a <« an—1 1
1.2.102. | . .
a, az asg T 1
a; a2 ag a, 1
1-n 1 1 ... 1
1 1-n 1 ... 1
1.2.103. . . .. . n.
1 1 1 1-n
a a1 a2 ap—1 Qp
-z z 0 0 0
1.2.104. [0 -z = 0 0]
0 0 O -z T
Buinyucaums onpedesumenu memodom pexyppenmumns coommousenuti:
1000..01 56000...
45200.
la; 0 0 ...0 O
01320..
11 a 0 ...00 00132
1.2.105. 10 1as...00]| 1.2.106. -
00000 ..
10 0 0 ...1a, 00000 ..

3-2361
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KoHTponbHbie Bonpocsi v 6onee cnoxHuie sapaqu

1.2.107.

1.2.108.

1.2.109.

1.2.110.

1.2.111.

1.2.112.

1.2.113.

1.2.114.

1.2.115.

1.2.116.

1.2.117.

1.2.118.
1.2.119.
1.2.120.

1.2.121.

1.2.122.
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Bcerna nin onpenenuTesib CyMMBI MATPHILL PABEH CyMMeE UX ONpene-
nuresei?
IIpuBecTn npumep OBYX TaKHX MATPHULL, YTO OHPEAEJIUTEb UX CyM-
Mbl PaBEH CyMMe HX omnpenesuTesiet.
ITpuBecTr npuMep OBYX TAKUX MATPHULL, YTO ONPENESIUTENb UX CyM-
Mbl DABE€H CyMMeE HMX ONpEIEeJIMTeJsied, mpudeM HU OOUH U3 TPeX
onpenesiuTesielt He paBeH HYJIIO.
MoryT 51 Bce asirebpanvecKue IONOJIHEHUS HEKOTOPON MaTpHILb
A = (ai;) 6bITh paBHBI coOTBeTCTBYIOMUM MuHOpaM (A;; = M;;)?
MoryT 51 Bce ajirebpandecKue IOMNOJIHEHNA HEKOTOPOR MaTpHUILbI
A = (ai;) 6bITb paBHBI COOTBETCTBYIOIIUM 3y1eMeHTaM (A;; = a;j)?
MoxeTr sm ompenenuTesb 2-r0 MOPSAAKAa NPUHAMATH 3HAYEHUE
6osibIuee, YeM ONpeneuTe b 5-ro nopAaKa’
MoxeTr ¥ OnpenesuTesib U3MEHUTh 3HAK HA NPOTUBOIOJIOXKHBIH
[Ip¥ TPAHCIIOHUPOBAHUU MATPHLIBI?
Hana xBagpaTHas mMarpuua n-ro nopsiaka A = (a;;). Yemy paBHa
n

CyMMa Z Qa;j * A,;j ?

i,j=1
MoOXXHO /i1 BBIYMCJIATH MUHODBI, JONOJIHUTEJIbHbIE K 3JIEMEHTaM
HEeKBaAPAaTHOK MaTPUIbI?
Kak usMeHuTCA onpenenuresib 3-ro NOpsAaKa, €CJIU ero CTPOKHU Iie-
PECTaBUThH CJICAYIOIUM 00pa30M: MEPBYIO — HA MECTO BTOPOH, BTO-
PYI0O — Ha MeCTO TpeTbeli, TPeThbI0 — Ha MECTO NepBoii?
Kak usMeHuTCs OnpenesinTesb n-ro NOpsaKa, €CJIi €ro CTPOKH Ie-
PECTaBUThH CJICAYIOINM 00pa30M: IEPBYIO — Ha MECTO BTOPOH’, BTO-
PYI0O — Ha MeCTO TpeTbed, ..., (n — 1)-10 — Ha MecTO n-i, n-10 —
Ha MeCTO 1nepBo#?
CKONIbKO BCEr0O MMHOPOB y KBAJIPATHON MATPHLbI 71-I0 NOPAOKA?
CKOJIbKO BCEro MUHOPOB Yy MaTpPHIbI pa3smMepa m X n?
MoryTt niu Bce ajirebpauyecKue OOMOJIHEHUSI HEKOTODPOH HeHyJie-
Boit MaTpuubl A = (a;;) 6bITH PaBHBI COOTBETCTBYIOWIMM MHHOPAM
(Aij = My5)?
MoryT 5 Bce anrebpandeckue JOMOJIHEHU HEKOTOPOH HeHyJ1eBO
marpunsl A = (a;j) GBITH PaBHBI COOTBETCTBYIONIMM 3JIEMEHTaM
(Aij = ai)?
Boruncsiuth onpenesinTesib NpUBEJEHUEM K TPEYTOJIBHOMY BUAY:

1 x z2 z"
an 1 =z 22 ... zn}
a2 Q23 1 T ... 2
Anl Qp2 Gp3 Qp4  --- 1



1.2.123*, [lana xBajpaTHas MaTpuua n-ro nopsuka A = (ai;). Yemy pasHa
cymMa ayq - Ag1 + a1z - A2 + -+ @in—1 - A2n—1 + G1n - A2n?
1.2.124*. [Ioka3aTb, 4TO €CJIM BCE 3JIEMEHThI ONpENesiuTess 3-ro NOpAOKa
paBHbI 1, TO 3HAYEHHE ONPENEJIUTEJIsT — YETHOe YHUCJIO.
1.2.125*, Jlokasarb, 4TO €CJIM 4YUCTA a, b,c — nefcTBUTE IbHBbIE, TO YpaBHE-
a—zx b
b c—z
1.2.126*.Yucaa 255, 391, 578 nenarcsa Ha 17. He Bbruncnsasa 3HaveHne onpe-
2 5 5
nematens |3 9 1, mokasarb, 4TO OH TOXe neauTca Ha 17.
5 7 8
1.2.127*.Kak u3MeHUTCS CyMMa Bcex anrebpamdyecKux OONOJHEeHu# K aJie-
MEHTaM MATPHIEI, €CJIM KO BCEM 3JIEMEHTaM MAaTPHUIbl NpubaBUTH
OIHO U TO K€ 4UC0?
1.2.128* . BLIYHCAUTD ONPENEeSIUTENb Ni-I0 NOPANKA METONOM PEeKypPPEHTHBIX

HHe = 0 umeeT AeHCTBUTENILHBIE KOPHH.

COOTHOIIEHMH:
1 2 0 0O 0 0
343 00 00
0 25 30 0 0
00 2 5 3 00 .
0 0 5 3
0 0 0 0O 2 5

§3. PAHI MATPULDbI

> Munopom k-20 nopsadxa npousBosibHOH Marpullbl A Ha3bIBAeTCHA
ONpenesiuTe b, COCTABJIEHHbIH U3 3JIEMEHTOB MAaTpPHIIbI, PACIOJIO-
JKEHHBIX Ha NepeceyeHun Kakux-subo k cTpok u k cTonbuos.

1 23 1
Bmarpume A= {4 5 6 4 | MoxHO yka3aTb, HanpUMep, TaKue MH-
HODBI: 789 -7
— 2-ro nopsuKa
1 a;il; a2 4 4 a1 Q24
.4 5 (MHHOp 421 Gno ) , ‘7 _7 (MHHOp a3 a3 ) ,
2 a2 a3\ .
8 9 (Mnﬂop as2 as3 ) ’
— 3-ro nopsanka
1 2 1 2 3 1
4 5 4|, |5 6 4]|;
7T 8 -7 8 9 -7
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— 1-ro mopsimka

|2| (Muop |as2]), |3| (Munop |a1s|), |~7| (MuHOp |asa).

> Panzom mampuybnt A Ha3bIBaeTCs HambOJbIIME M3 MOPAIKOB €€
MHMHODOB, HE PABHBIX HYJIIO.

O6osnauenns: 7(A), rang(A).

=3 BasuchvimM MUHOPOM HA3HIBACTCSA JTIOGOH U3 OTMYHBIX OT HyJis MU-
HODPOB MAaTpuubl A, NOPAI0K KOTOpOro paseH 7(A).

st cnenyromeit maTpunbl A ee panr paseH 1:

A=<g s g) r(4) = 1.

JI1060# 13 MUHOPOB 2-r0 MOPsAIKA MATPUILI A PABEH HYJIIO, i CYIIECTBYET
x0Ts Gbl OuH MUHOP 1-ro moOpsigKa, He paBHBIA HyJI0, HanpuMep, |3| = 3.
BasucHbiM MuHOpOM MaTpHLbl A sIBJISIETCA KaXKbl U3 HEHYJIeBLIX MHUHODOB
1-ro nopanxa: |3|(= 3), | — 2|(= -2), |2|(= 2).

s cnenyromeit MaTpuupl A ee paHr paBeH 2:

A=<g g) r(4) =2,

TaK KaK CYIIECTBYeT MHUHOD 2-TO MOPAOKA = —6, He paBHbI#l HyJI0, &

2
3 0
MuHOpPOB 3-ro nopsnka y marpuusl A Her. EnuncTBenHb#t 6a3ucHbIf MUHOD

0 2
Matpuipl A — MUHOD 3 ol

Teopema 1.1. [lpn anemeHTapHbix NpeobpasoBaHNAX paHr MaTpuLbl He U3-
MEHAETCA.

Teopema 1.2. PaHr cTyneH4aToi MaTpuubl paBEH KOJINYECTBY €€ HeHyJne-
BbIX CTPOK.

Memod saemernmaproix npeobpasosaruil HAXOXOEHUST PAHTa MATPHIBI 3a-
KJIIOYAETCA B TOM, YTO MaTpuLy A NPUBOOAT K CTYNEHYATOMY BULY C IIOMO-
IbIO 3JIEMEHTAPHBIX Mpeobpa3oBaHuil; KOJIMIECTBO HEHYJIEBBIX CTPOK MHOJIY-
YEeHHOU CTYIeHYaTOH MATPHUIlBl €CTh MUCKOMBIH paHr MaTpuusl A.

Memod oxatimarowur MuHOpPo8 HAXOXKIEHUA PAHra MATPHULbI A COCTOUT
B caenyomeMm. Heobxomumo:
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1) Haittu kaxolf-unbynp musOp M) nepsoro nopsnxa (T.e. 3JeMeHT Ma-
TpHlbl), OTJIN4HBIH OT HyJsd. Eciu Takoro MuHOpa HeT, To MaTpuna A Hyse-
paau r(A) =0.

2) Bbl4MCAATL MUHOPHI 2-T0O NOpsinKa, comepxaumme M; (oxadmasmowjue
M) oo Tex mop, moka He Hafimercs MuHOP M, oTymyHbli oT Hyasa. Ecim
TaKOrO MUHOpA Het, 10 7(A) = 1, ecsiu ectb, To r(A4) 2 2. 1 1. 1.

k) Boruucnsath (eciu OHM CyLIECTBYIOT) MUHOPB! k-TO MOPANKA, OKakMIIsA-
roe MuHOp Mj_1 # 0. Eciin Takux MUHOPOB HeT, UJIM OHM BCE PABHBI HYJIIO,
to r(A) = k — 1; ecsiu ectb x0T 6Bl OnuH Tako# munop My # 0, To r(A) > k,
1 TIPOLECC IPOINOJDKAETCH.

Ilpn HaxOXJeHMH PAHra MATPHUUbLI TAKUM CIOCOOOM OOCTATOYHO Ha Ka-
JKJIOM lIare HaWTH 6ce20 0dun HEHYJIEBOK MHHOD Kk-rO MODPAIKA, IPUYEM HUC-
KaTb €ro TOJIbKO Cpeayd MUHOPOB, coaepxamux MuHop My_; # 0.

1.3.1. HaiiTu padr MaTpHuIbl METOOOM 3JIEMEHTAPHBIX TPeoOpa3oBaHuit:
2 -1 5 6
1 1 3 5
1 -5 1 -3

(Q Ipusenem MaTpully K CTyNEHYATOMY BUAY C IOMOUILIO 3JIEMEH-
TapHBIX npeobpa3oBaHuit:

2-156 2-15 6
113 5 ]2II-T~{03 1 4 ~
1-51-3/2-III-1 0 -9 -3 -12) III+3-1I
2 -1 5 6
~10 3 1 4
0 0 0O

IMonnyyenHasi CTymeHYaTas MAaTpUIA CONEPXUT IBE HEHYJIEBble
CTPOKHM, 3HAYMUT ee paHr paseH 2. CienoBaTesIbHO, PAHT UCXOMHOM
MATPHIIbI TAKXe PaBeH 2. {

Hattmu pane mampuyvn memodom snemenmapnu npeobpasoeanuts:

1 230 1 2 -1 1 -3
1.3.2. 011 1]. 1.3.3. 3 -1 1 6 11
13 41 1 -1 -1 4 -3

11 3 -7 1
2 -11 6 -4
-1 2 -1 -10 5
2 -1 2 5 -4

1 1 3 -7 1
1.3.4. 2 -1 1 6 -4}. 1.3.5.
-1 2 -1-10 5
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1001 4 2 111
1311
0102 5 R
1.36. |001 3 6 137, |11 1 :
12314 32 s s
4563277 L 23

1.3.8.  HaiiTu panr MaTpuiusl METOIOM OKARMIIAIOMUX MUHOPOB M YKa3aTh

onuH u3 6a3uCHBIX MUHOPOB:

13 3 4
A=10 0 1 2].
2 6 1 -2

Q Tax kak y MaTpunsl A eCTh HeHyJIeBbIE 3JieMeHThI, TO T(A) > 1.
Ha#inem xako#i-nu60 HeHy1eBOH MUHOD 2-r0 nopsAnka (eciid OH Cy-
3 3
01

mectByeT). TakuM MUHODOM fBJISIETCH, HanpuMep, My =

= 3 # 0. 3uauut, r(4) > 2.
BbluucsiuM MHHOpPHI 3-TO MOpsAIKa, okakmMisaomue Ms:

M®=lo o 1|= [paBJTO)KeHHe] -1 ‘1 3} —0;
2 6 1 mo 2-# cTpoke 2 6
3 3 4
M® g 1 2|=| Ppasuoxemne | _
6 1 -2 no 1-my crosnoiy
=3 i _22}+6~? ; =3-(-2-2)+6-(6—4) = -12+12 = 0;

Bce mMuHOpH 3-ro nopsanka, okatiMiasaomme Ma, paBHbI HyJ10, CJie-
IoBaTesbHO, r(A) < 3. Utaxk, r(A) = 2.

OnHuM u3 6a3uCHBIX MUHOPOB sBJisgeTcA My = 0 1

i

Hatimu pane mampuys Memodom oKadMARIOUUT MUHOPOS U YKa3amb Kaxoti-
aubo b6asucHuli MuHop:

1 2 3 1 2 3
1.3.9. 2 4 5]. 1.3.10. 2 4 5.
7 89 4 8 11

1 -2 3 1 1 -2 3 1
1.3.11. 3 2 -4 2]). 1.3.12. 3 2 -4 3).
5 -2 2 4 5 -2 2 4

2 -1 3 -2 4 ;_31_53‘41
1.3.13. [4 -2 5 1 7). 1.3.14.

2 -11 8 2 5 1 -1 7

77 9 1
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Hatimu panz Mampuyst NPU PASAUNHLT 3HAYEHUAT NAPAMEMPA \:

2
-1

-1 0

A -1 2
1.3.15. -1 X 5].
10 -6 1

Hatimu pane mampuybt Memodom snemenmaephur npeobpasosaruil:

1 -3 1 -14 22 1 2 4 -3
1.3.17. -21 3 3 -9]. 1.3.18. 3 5 6 -4].
-19

— N QO =

1
-2 2
s 1ol 1.3.16. (i
-1 0 A

JononHutensHbie 3aga4un

—4 -3 11 =19 17 3 8 2
(3 -1 3 2 5 /24 19 36 72 —38
5 -3 2 3 4 49 40 73 147 —80

1819 17 3 5 0 -7| 1320 17359 98 219 —118
\7 -5 1 4 1 \47 36 71 141 —72
(43 -5 2 3 (17 -28 45 11 39
8 6 —7 4 2 24 —37 61 13 50

1.321. |4 3 -8 2 7| 1822 [25 -7 32 -18 -11
43 1 2 =5 31 12 19 —43 —55
\8 6 -1 4 -6 42 13 29 -55 —68

Hatimu pane mampuydst memodom oxalimMasitoujus MuHopos u yxasamo odun
U3 6A3UCHBIT MUHOPOB:

3 -1 2 3 -1 2
1.3.23. (4 -3 3). 1.324. |4 -3 3.
1 3 0 \1 3 2
1 -2 3 —4 4
2 -15 6 0 1 -1 1 -3
1325, (1 1 3 5 ). 326 | o oL
1 =51 =3 \0 -7 3 1 -3
1 -2 1 -1 1 2 1 -1 -1 1)
2 1 -1 2 -3 1 -1 1 1 -2
327 13 9 1 1 —pf 182 |3 3 3 3 4
2 -5 1 -2 2 \& 5 -5 -5 7)

Halimu panz Mampuys. npu PasAUNHHIT SHEYEHUAT NAPAMEMPA \:

1 -3 2 0 31 1 4
1.3.29. g :2 :i ?\ 1.3.30. ’1\ ‘; }3 ;
1 -2 0 1 2 2 4 3

39



1.3.31.

A1 1 1
1 A1 A
1 1 X A

KouTponsHbie sonpocsi u 6onee cnoxHuie sapaqn

1.3.32.

1.3.33.

1.3.34.
1.3.35.

1.3.36.

1.3.37.

1.3.38.

1.3.39.

1.3.40.

1.3.41.

1.3.42.

1.3.43*.

1.3.44*.
1.3.45*.
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Moxer s paHr MaTpUibl ObITb PABHBIM HYJIO? MEHbIUE HyJsA?
paBHbIM 2,57

Panr matpuust A pasen r. Yto MoxHO ckazath o 7(24)? r(—A)?
r(0- A)?

Kak MOXeT u3MEeHUTBbCS PAHr MATPUILI IPX TPAHCIIOHUPOBAHUU?
Kak MoXkeT M3MEHMTBbCHA PAHr MaTpuubl npu nobaBjieHud K Hel
OMHOH POM3BOJILHOH CTpOoku? OIMHOro MPOU3BOJILHOIO CTOJIOLA?
Kak MOXeT U3MeHUThCA PAHT MATPUIBI IIPA BHIYEPKUBAHUM OIHON
cTpoku? omHOro cronbua?

HokasaTb, 4T0 y MaTpuipl panra 1 Bce crpoku (1 CTOJIOIBI) IPO-
[OPUXOHAJIbHBI.

Panr marpuisl A paBeH 71, paHr MaTpuus!l B paseH ry. UTo MOXHO
ckasatb o (A + B)? r(A — B)?

Kak MOXeT M3MEHUTBbCS PAHr MATPULbI pu O06aByieHMH K Hel
onHo# (TakoH e Kak mepsast) CTPOKH?

Jokazarb, 4TO Kaxnas Marpuua paHra 1 moxer ObITh IpencTa-

b,
bo
BresasBume | . |-(c1 ez ... ¢n).
bn 1 n n n
n 2 n n
Hafitu panr marpumer [ 7 3 n
nonon n
011 ... 1
1 01 ... 1
Haittu panr matpuusi pasmepan xn |1 1 0 1
111 ... 0

Hoxkazatb, 410 eciu C' — KBaJpaTHAs HEBLIPOXKIEHHAS MATPHULA,
u cymecTtByet npoussenenue marpun C - A, o r(C - A) = r(A).
Hoxasarb, uto (AT A) = r(AAT) = r(A).

HokasaTb, 9TO €CjM PaHr MaTpulpl A He U3MEHSETCH OT IPHUIIK-
CbIBaHUSA K Helt KaX10# CTPOKH HEKOTOpOo#H Marpuusl B (¢ 4ucsiom
CTOJIGNOB, KaK y MATPULLI A), TO 9TOT PAHI HE U3MEHUTCS OT IPH-
NUCHIBAHUSA K MATpUue A BCEX CTPOK marpuinl B.



1.3.46*. [lokasarb, 4TO JIIOOYH0 MATPHUIYy PAHTa T MOXKHO IPEICTABUTH B
BHAE CYMMBI I MaTPHIl PaHra 1, HO HeJIb3s IPEICTABUTb B BHIE
CYMMBI MeHee, YeM T TaKHX MaTpHII.

1.3.47*. HaiiTu panr MaTpunpl pa3mepa n X n

1-n 1 1 1
1 1-n 1 1
1 1 1-n 1
1 1 1 1-n

§4. OBPATHAA MATPULIA. MATPUYHbLIE YPABHEHUA

> Obpamnoti mampuyeti K KBaapaTHO! Marpune A Ha3LIBAETCHA Ta-
xasa mMarpuna (obosnagaerca A7), uro A7l A=A - A" =

" 3amenanue. Ecmm maTpuna A~ cymecTByer, To OHA eIMHCTBEHHA.
= ITpucoedunenroti mampuyell k kBagpaTHOR MaTpuue A = (a;;) Ha-
sbiBaetcsa Marpuua A = (A4;;)7, nosyyennas TpaHCIOHMPOBAHMEM

M3 MaTPHIBI, COCTaBJIEHHOM M3 asrebpanyecknx gonosHenuit A;; k
3JIEMEHTaM a;;.

Teopema 1.3. Ecnn kBapgpatHas matpuua A — HesbipoxaeHHan (T.e.
det A #0), To 1

g —— 4.1

4 det A (4.1)

Memod npucoedunernoli mampuyb: BHIYMCJIEHUS OOPATHOH MATPHULBI K
HeBBbIPOXKIEHHO! MaTpuie A cocTouT B mpuMeHeHnn ¢opmyssr (4.1).

Memod saemenmapnux npeobpasosaruti (Meron I'aycca) BIYMCIIEHHS
obpaTHOlt MaTpHIbl K HEBBIPOXKIEHHOI MaTpuue A COCTOMT B CJIEHYIOLIEM.
[IpunuceiBas cupaBa k MaTpune A pasMepa 1 X 1 €IAHUYHYIO0 MATPHUILY pPas-
Mepa n X n, NOJy4YuM NpsaMoyrosibHyio Marpuny I' = (A|E) pa3smepa n x 2n.
C noMompio 3J1IEMEHTaPHBIX Ipeobpa3oBaHuit HAL CTPOKaMu MaTpuupb! I' cHa-
YaJjia IpHUBEEM ee K cTyneHdaromy Buny I't = (A;|B), roe Marpuua A; —
TpeyroJibHasA, a 3areM K Buny I's = (E|A71).

Mampuunsie ypasnernus npocteiimero Buga ¢ Heu3BecTHOM Marpuueit X
3aMMCHIBAIOTCA CJIEAYIOIMUM 06pa3soM

AX = B, (4.2)
XA =B, (4.3)
AXC =B. (4.4)
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B s1ux ypasuenusix A, B, C, X — MaTpuupl TakuX pa3MepoB, YTO BCE HC-
[0JIb3y€eMble OINEPAIMY YMHOXKEHUA BOSMOXKHDI, ¥ ¢ 06EMX CTOPOH OT 3HAKOB
PaBEHCTBA, HAXOAATCHA MATPHLBI OMUHAKOBLIX Pa3MEpPOB.

Ecau B ypaBuenusx (4.2), (4.3) marpuua A HeBLIPOXKAEHHAs, TO UX pe-
IIeHHsA 3aIMCBIBAIOTCA CJICAYIOMUM 00pa3oM:

X =A"!B,
X =BA™L

Ecsiu B ypaBuennu (4.4) marpuunt A u C' HEBBIPOXKIEHB!, TO €TI0 PEIIEHHE
3aIMCHIBAETCS TaK:

X =A"1BC™.
1.4.1. Haittu (MeTonom mpucoeauHEeHHOR MaTpHibl) MaTpULy, OOPaTHYIO
K JaHHOM: 1 2 3
A=1|4 5 6].
7 8 0
Q 1) Haitnem det A:
5 6 4 6 4 5
detA_l-‘8 0‘—2-‘7 Ol+3-‘7 8‘_

=—48-2-(—42)+3-(32—35) = —48+ 84 — 9 = 27 #£ 0.

Tax xak det A # 0, To marpuna A~! cymecrtsyer.
2) Haitnem asreGpamyeckue JONOJIHEHHA KO BCEM 3JIEMEHTaM

MaTpuubl A:
5 6
Au:(_l)1+1,8 O‘=5.0_6.8:_48;
Ap =+ 2 8- 4 0-6.7) =42
7 0
4 5
A13=(—1)1+3'7 8\:48—57=—3,
2 3 1 3
A21=_l8 0‘=24; Az = |, | = 2L
1 2 2 3
A23=_‘7 8|=6; A31: 5 6 :_3;
1 3 1 2
A32=—‘4 6’:6; A33=4 5| =3
5 —48 24 -3
3) anmmewm marpuny A = (4;;)T = | 42 -21 6
-3 6 -3
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4) Haitnem maTpuny A~ !:
1

1 ~
-1 _ A= — -
= Jet 4 A 7 42 21 6

N
-

|
S
Qo
[\
S
|
w
SN————
I
©|x. l
Pols,
I oo
ol
ool
o=
SNS————

=l
©|

CrenaeM npoBepky:
16

8 -1 1 2 3 1 00

9 9
atoa=(d 1 ) (45 6)=01 0];
-1z 1/ \7 8 0 00 1

N ©|00
oI

1 2 3 —}—6
A-AT=14 5 6|-| ¥ -
780 -3

-3 1 00
Z2l=(010| @
-3 0 01

©|

Hatimu obpamnyro mampuyy memodom npucoedurerrolt Mampuyo.:

1.4.2.

1.4.4.

1.4.6.

1.4.8.

1.4.9.

100 1/3 2/3 2/3
010]). 1.4.3. 2/3 1/3 -2/3].
00 1 2/3 -2/3 1/3
1 2 -3 2 -3 1

3 2 -4]). 1.4.5. 4 -5 2.

2 -1 0 5 -7 3

3 21 123

2 3 1]). 1.4.7. 45 6].

2 1 3 7 89

- Ot

3 1
-3 -2].
-5 2 1
HaitTu Marpuny, obparHyio x Marpuie A = (au a12)'
a1 @22

a1 Q12
a1 Q22
A~ cymectsyer, Tonbko ecim det A # 0.

2) Haiinem anreGpandeckue JOMOJIHEHHUS K 3JIEMEHTAM MaTpH-
bl A:

Q 1) Haitnem det A = = @102 — G1202;. Marpuna

Al =ag2, Aip=-—a, An =-a2; A2 =ay.
3) 3anumem NpNCOEANHEHHYIO MATPHUILY:
A= (Aij)T — ( a22 —012) )
—a21 011
Nrak, oA marpuupl 2-ro MOpANKa IPUCOeOUHEHHAs MATPHUIA HA-
XOOUTCS OY€Hb MPOCTO — 3JIEMEHTHI IJIABHOR AMATOHAJIN MEHAIT-
Csi MECTaMH, 8 DJIEMEHTbI [MOOOYHOI AMArOHAJIM YMHOXAIOTCA Ha

(‘1): a a ~ a —-a
A=(11 12)=>A=( 22 12>‘
a1 Qaz2 —a21 aii
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4) Hafinem o6paTHyI0 MaTpHUILy
A1 1 A= 1 ( az2 —012> . Y

det A a11G22 — G12G9; \—A21 Q411

Hatimu obpamuyto mampuyy, ucnoss3ys pezyavmamo. 3adavu 1.4.9:

1.4.10.

1.4.12.
1.4.14.
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1 2 1 2
(1 3). 1.4.11. (3 4).
("’ z ) 1.4.13. ( @ 'b>.
y -z —a b

Haitti (MeTromoMm aJieMeHTapHBIX IPeoOpa3oBaHMi) Marpuiy, 00-

i
PATHYIO K JaHHO 111
A=1]1 2 -1].
2 2 4

Q 3BamucwiBaa marpuny I' = (A|E) pasmepa (3 x 6), ¢ momo-
b0 3JIEMEHTAPHBIX PEOOPA30BAHMM HA CTPOKAMH IIPUBENEM €€

cHavyasa K crymeHyaromy Bumy I't = (A4;|B), a 3areM x BHIY
[y, = (E|A7Y):
11 1)1 00
'r=4y{1 2 -1|0 1 0JII-1I ~
2 2 4|0 0 1/II-2-1

-2 0 1

1 00
-3 11 ~
~2 0 1) 1I:2
1 0 0\I-I-II
-3 1 1 ~
-1 0 1/2

0

0

1

5 -1 —3/2
-3 1 1 |=r.

-1 0 1/2

1 00
-1 1 0|II+III~

5 -1 -3/2
Urax, A~1=|-3 1 1 |.
-1 0 1/2

CuoenaeM mpoBepky:

11 1 5 -1 =3/2 1 00
At A=11 2 -1]-|-3 1 1 =0 1 0};
0 01

2 2 4 -1 0 1/2



5 -1 -3/2 11 1 0
A-A1=|-3 1 1 11 2 -1 = 0]. @
-1 0 1/2 2 2 4 1

Hatimu obpamuyo mampuyy mMemodom 3AeMeRMapHHLT npeobpa3osanud:

111 1 1 1
1.4.15. 1 2 1]. 1.4.16. -2 -1 -2].
11 2 2 3 3

1 2 3 [1 2 3
1.4.17. 2 6 4. 1.4.18. 2 6 4 1.
3 10 8 -4 -14 -6
1 2 -3 4 (1 23 -24
5 6 7 -9 2 6 2 1 O
1.4.19. 1.4.20. 3 0 -1 1 2
-1 0 1 2
3 4 5 6 -1 4 0 5 -4
5 —4 -1 -1 8
1.4.21. MeronoM 3JieMEHTAPHBIX IPEOOpa30BaHMit HaiiTH MaTpuily, obpar-
HYIO K JaHHOU Marpuiue pasMepa n X n:
111 ... 1
101 ... 1
A=11 10 1
111 0
111 111 0 0 0
1 01 110 1 O 0]JII-1I
Q I'=(A|E) = 110 110 0 1 O|II-1
1 11 0({0 0 O 1/ (n)-1
11 1 111 00 ... 0\ I+II+...4+(n)
0-1 0 0|-110...0
~1“1=00‘1 0|-101...0 ~
0 0 O -1(-100 ... 1
1 0 O 0 |2-n 1 1 1
0 -1 0 0 -1 10 0]II-(-1)
~10 0 -1 0 -1 01 O HI-(-1)
0 0 O -1{ -1 0 O 1/ (n)-(-1)



100...0]2-n 1 1 1
010...0/ 1 =-10 0
~l001...0 1 0 -1 0 1=r,=(E|A™).

000 1l 1 0 0 -1

2-n 1 1 1

1 -1 0 ... 0

Urax, A™! = 1 0 -1 ... 01 o

1 0 0 -1

Hatimu mampuyy, obpamnyro k¥ dannoti mampuye pasmepa n X n, Ucnoib3ys
Memod 3nemMeHMaPHuT npeobpasosarudi:

1.4.22.

1.4.24.

1.4.26.

1.4.27.
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100 ...00 (110 ... 0\
110 ..00 011 0
0011 ...00| 14923 001 of
\0 0 0 11 \0 0 0 1)
10 0 0 111 1
110 0 011 1
111 0 1495 |0 01 1
\1 1 1 1 \0 0 0 1)
(1 -1 0 0 0

-1 2 -1 0 0

0 -1 2 0 0

0 0 0 .. 2 -1
\o 0 o .. -1 2

Pewnts MaTpuyHOe ypaBHeHHE:

(%) x=(3 %)

(QQ Bammmem nannoe MaTpuuHoe ypasrenue B Buge AX = B. Ero
pemenuem sBiserca marpuna X = A~'B (ecqm cymecTByer Ma-
tpuna A1),

1) Haitnem onpenesntesnb MaTpuibl A:

-1 2

det A = 9 _3

=-1#£0.



3nauuT, obparHas MaTpuua A~ cymecTByerT, ¥ HCXOOHOE ypaBHe-
HHUe uMeeT (€IMHCTBEHHOE) PEIIEHHE.
2) Haitnem o6paTHyro Marpuiy

AT = deltA'Zz(_l)' (:g ﬁ) = (‘;’ %)

3) Haitnem marpuiy

x=ap=(31)-(T 3)=(5 1) @

1.4.28. Haitti Mmarpuny X, yOoBJIETBOPAIOULYIO YPABHEHMIO:

o) (G 3)=-G 3

QQ 3ammmem manHOe MaTpuuHOe ypasHenue B Buge AXC = B.
Ero pemennem siBnserca marpuna X = A“'BC™! (ecnu MATPHUI
A~! u C7! cymecrsyiot).

1) Hatnem onpenesnresn marpun A u C:

10 -1
1 2

detA:‘ =240, detC = ‘32:1;&0.

Marpuubt A 1 C HEBBIPOXKOEHbI, 3HAYUT, CYLIIECTBYIOT OOpaTHBIE
marpuubl A1 u C~1, u ucxonoHoe ypapHeHue umeeT (€QMHCTBEH-
HOE) pelleHHe.

2) Haitnem obparnbie Marpunbt A~ u C71:

gl (2 o\_(1 o),
detd T2 \—1 1) T \~172 1/2)°

a1 = (3 2\ _(3 2
¢ —detC'C—l' -2 -1/ \-2 -1)°

3) Haitnem marpuiy

X =A7BCT = (—11/2 192) (g :421) (—32 —21) =
- G’ j) (—32 —21> - (153 ?,) ¢
Pewums mampuunsie ypasrenus:
1.4.29. (‘01 i) X = (_21 g)
1.4.30. X- (_01 i) = <_21 g)
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1 -1 2 -1
vas (4 ) x=(2 7).
-1 1 -1 1/2\ (1 2
vaan (30 (3 1)< (4 )
1 2 -3 1 -3 0
14.33. X-|3 2 —-4)=|2 2 -1}).
2 -1 0 -1 -2 14
1 -2 3 7
1.4.34. 2 3 -1]-X=1(0].
0 -2 1 7

1.4.35.

1 -2 -1 1 0
1.4.36. -3 2 2].X=|2 -2].
3 -1 -2 -3 1

AononHurensHoblie 3apaqu

Hatimu (memodom npucoedunennoti mampuys,) mampuyy, obpamnyro x dan-
noti:

-1 0 0 1 1 -1
1437. [0 0 2. 1438 (8 3 -6].
(0 0,5 0) (—4 -1 3)
1 3 4 2
1.4.39. : 1.4.40. -4 -3].
o )

-1 2
1
3 -1 5 8 -1
1.4.41. 4 -3 3. 1.4.42. 2 -3 2.
1 3 0 1 2 3

1
Hatimu (memodom snemenmapnuiz npeobpasosanuti) mampuyy, obpamnyro k
dannoti:

1 -1 -1 2 7 3
1.4.43. -1 2 1]. 1.4.44. 3 9 4.

BN =
N NN

-1 1 2 1 5 3
1 2 -2 4
2 6 1 O
1.4.45. 3 0 1 2
-1 4 5 -4
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1.4.46.

1.4.47.

1.4.48.

1.4.49.

~
OO O OO 8

~
O ..

OO =

OHN O '+ OFQ O« O8 RO

—_O - OO -

11

00 00

00 00

10 00

a 1 0 ol (pasmepn xmn).
00 a 1

a® ad a"

a (12 an-—l

1 a a"* | (pasmep (n+1) x (n + 1)).
0 O 1

3 4 n—-1 n

2 3 n—2 n-1

1 2 n—-3 n-2

00 1 2

00 0 1

1 1

1 1

0 1 (pasmep n X n).

1 0

Pewums mampuuroe ypasrenue:

x-(32)-

1.4.50.

1.4.51.

1.4.52.

1.4.53.

1.4.54.

1.4.55.

1.4.56.

4 - 2361

(

o)
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1.4.57.

1.4.58.

1 -2 3 2
2 3 -1]-X=1]-1).
0 -2 1 3

-2 3 1 2 3 1 2 3
-X-14 5 6)]=|4 5 6.
-2 1 7 80 7 80

O N =
w
|
—

KonTponsHbie Bonpock! u Gonee cnoxxeie sagaun

1.4.59.

1.4.60.

1.4.61.

1.4.62.

1.4.63.

1.4.64.

1.4.65.

1.4.66.
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Ecnu marpuna A He xBagpaTHas, MOXET JIM CyIIECTBOBATH TaKas
Marpuna B, 4ro:
a) BA=E?
6) AB=E?
HokaszaTb, 94TO ecym AJis KBagpaTHOW Marpunbl A HalmyTcs nose
takue marpuubl B u C, uro BA= AC = E, o B=_C.
Bepso Jn, uto:
1

a) (24)"1=0,5-4"! (ana.nor YHCIIOBOTO PABEHCTBA 5~ = %-%)?
6)(A+B) = A1+ B1?
_ P -

B) (-E)71 = E(a,Ha.nor. 1= = )
r) (AB)"! = A"1B! (aHa.no lb =% )?
m) (AT)"t= (AT

) l)?
a

e) (A%)~1 =(A71)? (aHa.]'lor: o=

c-'h—n

[y
ISH

Bepso Jsn, uto:

a) ecu|A| =0, To |[A71| =07

6) ecn |[A| =2, 10 |[A7Y| = -27

B) ecim |A| =2, 10 |A™} =057

r) |A]-|A7H =17

Bepno i1, uTo Marpuna A~! umeer Te e pa3Mepbl, YTO U MATPH-
ma A?

Cutenyer i1 BTOpOe yTBEpKAEHHE U3 mepBoro (ecsm Marpunpst A u
B npon3sBOJIbHBIE):

a) AB=FE; BA=E?

6) AB =2E; BA=2E?

B)A-A=E;A=Ewm A=-E?

Cutenyer jin BTOpOe yTBED:KAEHHE U3 IepBoro (ecsiy MaTpunpt A u
B xBagpartsuble):

a) AB=FE; BA=E?

6) AB=2E; BA=2E?

Moxer sin maTpu4Hoe ypaBHenne AX = B uMeTh:

a) onHO perenue?

6) nBa pemeHus?



1.4.67.

1.4.68.

1.4.69.

1.4.70.

1.4.71.

1.4.72.

1.4.73.

1.4.74.

1.4.75.

1.4.76*.

B) 17 pemenuit?

r') HU OJHOTO peleHNus?

PaBHOCHJIbHBI JIM yPaBHEHHUA:

a) AX=BuX=A"1B?

6) AX=BuX=BA'?

B) AX=BuX=AB"1?

r) AX=BuX=B1A4?

Kax usmenutca marpuna A~!, ecoiu B MaTpune A:

a) NOMEHSATh MECTAMH i-10 U j-10 CTPOKH (i-# u j-# crosbupr)?

6) i-10 CTpOKy (cTOJsI6El) YMHOXHTD Ha 9UCiI0 A # 07

B) K i-# cTpoke (cTosO1y) npubaBUTh j-10 CTPOKY (CTOJOELL), yMHO-
JKEHHYIO Ha YuCJIo A?

Hoka3atb, 4T0 MaTpuuHOoe ypaBHenue A - X = 0 (marpuuma A —
KBaJIpaTHas) MMeeT HEHyJIeBOe pelleHHe TOrHa M TOJIbKO TOraa,
korga |A| = 0.

Ksanpatnaa matpuua A = (a;;) HasbBaeTcs cummempuyrod,
ecim a;; = aji (Vi,7). Jokasars, 4To MaTpuua, o6paTHas K CHM-
MeTpu4HOH, 6yeT cCUMMeTPUYHOMR.

Pemuth MaTpu4HOE ypaBHEHHE

111 .1 123 ... n
01 1 1 012 ... n—1
00 1 1|.x=|001 ... n-2
000 ... 1 000 .. 1

Jloka3aTb, YTO €CJI IJis1 KBaaApaTHOU MaTpuupbl A PN HEKOTOPOM
HaTypaJibHOM k BhINOJIHEHO paBeHcTBO AF = 0, TO

(E-A)'=E+A+... + AL,

E, A
Haittu marpumy, obpaTtHylo k MaTpHue 0o E | Pasvepa
1

(k+1) x (k+1), rme Ey u E; — equHu4YHbIE MATPHUIBI PA3MEPOB
kx k u |l xl coorBercTBeHHO, A — IPOM3BOJIbHAA MATPHUIIA PA3MeEPa,
kxl.

Ilycrs pasmepst Matpun A, B, C TakKoBbl, YTO MOXHO COCTaBUTh

MaTpHILY 3 g), u cymectByior MaTpuusl A~ u C~!. Iloka-

3aTh, 4TO 1
A B _(A7! —-A"lBC™?
0 C “\0 c! ’

Jlokasarb, 4TO ecyid MaTpuLa A; NOIy4YaeTCsa U3 MATpULbl A MOBO-
poToMm Ha 90°, To oOpaTHaA MaTPHUIA Ai‘l MOJIy9aeTCs U3 MATPULIbI
A~! nosopoTom Ha 90° B 06pATHOM HAIpABJIEHHH.

Hoka3zatb, 4r0 /0b6asa (m X n)-marpuna A paHra r MoXeT ObITh
mpencTaBJieHa B Buae npoussenenusa A = A, - E, - A, rie MaTpuIb
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A; u A; (pa3sMepoB m X M U N X N COOTBETCTBEHHO) HEBBIPOXK AEHBI,
a marpuna E, CONEpXHUT 3JIEMEHTBI a1] = Q22 = ... = @pp = 1, ®
BCE OCTaJIbHbIE €e 3JIeMEeHThI paBHbI (.

1.4.77*. okasarb, 4ToO 1J1s1 J11060H (BO3MOXKHO, HE KBaJAPATHOR) MATPHIIBI
A ypaBHenune AX A = A uMmeer pemenue.

KOHTPOJIbHAA PABOTA
Bapuant 1

1. Halitu 3Ha4eHHe MaTpu4yHOro MHorodsteHa f(A):

434922 _ _ (10
fl)=-2°4+2z* -z +3, A—(3 9]

2. Hality paHr mMaTpuipl NIpUBEOIEHNEM K CTYNEHYATOMY BHAY. YKa3aTh
6a3uCHBbIN MUHOD.
-2 0 8 1 =5 \
3 -1 7 2 4
-8 2 -6 -3 -13
11 -3 13 5 17)

-2 3 5
3. Boruucsuth ompenesurens | 7 —1 4 |.
9 -8 -6
-2 3 5
4. Haiitu marpuuy, obpartHyio k Mmartpuue | 7 -1 4
9 -8 -6

1 -2 -2 3 5
5. Pemnts MaTpu4HOE ypaBHEHUE (_3 4 ) X = ( 3 -1 0)'

Bapuanr 2

1. Haiitn 3Ha4yeHne MaTpu4yHOro MHOro4sieHa f(A):

flz)=23-322+22-2, A= ((2) _31)

2. HaiitTn paHr maTpuipl NpUBEOEHNEM K CTYNEHYaTOMY BHOY. YKa3aTb
6a3uCHBI! MUHOD.
0 -1 -4 4 -21
3 -1 7 2 4
8§ -3 2 7 -8
-2 0 8 1 -5
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3 5 4
3. Boruuciuth onpepenurens |—7 —1 8.
2 6 9

3 5 4
4. Haittn maTpuily, o6paTHyIO K MaTpHIE (—7 -1 8) .
2 6 9

5. Pemuts Marpu4Hoe ypaBHEHHE (3 _41) X = ( 1 _2).

Bapwuant 3

1. Haiitu 3HaYeHHe MATPUIHOrO MHOro4jeHa f(A):

flz)=-23+322+zx-2, A= (_?3 _01)

2. Haiitn panr MaTpuipl npuBEIEHNEM K CTYNEHYATOMY BHUAY. YKa3aThb
6a3UCHBI MHHOP.
-2 3 -1 1 6
3 -1 7 2 4
8§ -3 2 7 -8
0 2 -13 4 -10

-1
3. Boruuciurh onpenenuress |—4
3

~N O ©
00 b Ot

-1 9 5
4. Haittu matpuiy, 06paTHyIO K MaTpHIE (—4 6 2) .
3 7 8

9 _3 -1 2
5. Pemuts MaTpuunoe ypaBueHune X - (1 4 ) =10 5 ].
3 -1

Bapuaur 4

1. Halitu 3Ha4eHne MAaTpUYHOro MHOro4wIeHa f(A):

f(z)=2*+322+2z-1, A= (_01 _32)
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2. Haiit paHr mMarpuupbl NpuBEJEHWEM K CTYNMEHYATOMY BUAY. YKa3aTh
0a3UCHBIA MUHOD.
2 -1 4 7 1
-6 2 0 -13 -7
-2 0 8 1 -5
8 -3 4 20 8

-3 79
3. Beruucsiuth onpepesnntesis |2 6 4
5 8 1
-3 79
4. Haittu maTpuny, obparHyio k MmaTpune | 2 6 4.
5 8 1

L)

2)

5. Pemnts MaTpuuHOe ypaBHeHue X - (g —12) = (

|



Masa 2. CACTEMbI TMHEWHbIX YPABHEHWUN

Q

§1. UCCNNEAOBAHUE CUCTEM NNHENHbIX
YPABHEHUWN. TEOPEMA KPOHEKEPA-KANMENN.
METOA rAYCCA

HyCTL 3a3J1aHa CUCTEMA U3 M JIMHEHHBIX ypaBHe}mﬁ C N HEU3BECT-
HBIMH T1,T2,...,Tp:

111 + a1222 + ... + a1,x, = by,
2121 + 2222 + ... + a2p Ty, = bo,

(1.1)

Am1Z1 + AmeTe + ... + ApnTy = by,
roe uncna a;; (i = 1,2,...,m; j = 1,2,...,n) Ha3bIBaIOTCA K03 (H-
Puyuenmamu cucmemsi, a 9UCaa by, ..., b, — ceobodnvimu ae-

HAMU.

Pewenuem cucmemn, (1.1) HasbiBaeTCs Takoih HaGOp uHCes
(c1,¢2,...,Cn), YTO TPH €rO MOACTAHOBKE B CHUCTEMY BMECTO CO-
OTBETCTBYIOIIMX HEW3BECTHHIX (€; BMECTO Zj, ..., C, BMECTO Tn)
KaXJ0€ U3 ypaBHEHUH CHCTEeMbl 0OpALIaeTCs B TOXKIECTBO.

Ecnu cucrema, (1.1) umeer xoTs Gbl OOHO pelIeHUe, OHA, HAa3bIBAET-
¢ coemecmuoli; CACTEMA, HE UMEIOIAsA HA OOHOIO PELIeHUsI, HA3bl-
BaeTcCs HecosmecmHol. CucteMa HasbIBaeTCA onpedesernot, ecun
OH3 MMeeT €OUHCTBEHHOE pelleHue, U Heonpedeaennotl, €Cm OHa,
umeeT 6oJsiee OMHOrO peleHus.

JIBe cucTeMbl JIMHEHHBIX YpaBHEHMH C ONMHAKOBBIM YUCJIOM He-
HM3BECTHBIX HA3BbIBAIOTCA IK6UBANEHMHBIMU, ECJI MHOXKECTBA BCEX
pemenuit 3TUX CUCTEM COBNAOAIOT.

Ecmu by = by = ... = b, = 0, T0 cucTema Ha3bIBaeTCA 00HOPOIHOT,
B IPOTHBHOM CJIy4ae OHa Ha3bIBAETCA HEOOHOPOIHOT.

Cucremy (1.1) MoxHO 3amucaTh B MaTpU4YHOH hopme:

FneA:

AX = B,

an a2 ... Qin T

a1 (157 e (1570 To
— MAMPUYA CUCTMEMDL, X = . —

Aml1 Am2 ... QOQmn Tn
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bs
cmoabey, (Wu BeKTOp-CTONIOEL) Heudeecmunxr, B = | . | — cmoabey ceo-
600HHLT “AEHO8. bm
al o e QAln bl
a21 ... Q9n bz
> Marpuna (A|B) = . . . . Ha3bIBAETCA PACWLU-
Amli --- Gmn | bm

pennoli mampuuyedl cucmemot.

Teopema 2.1 (Kpotiexepa-Kanennu). Cuctema nuHeiiHbix ypaBHeHWi
(1.1) coBmecTHa TOraa 1 TONLKO TOrAa, KOrAA PaHr MaTPULI CUCTEMbI paBeH
PaHry paclWMNpeHHOW MaTpuubl CUCTEMbI:

r(A) = r(A|B).

NccnenoBath cucreMy JIMHEHHBIX ypaBHEHMI 03HAYAET ONMPENEJINTh, CO-
BMECTHA OHA WJIM HET, & J1J11 COBMECTHOHU CHCTEMbl — BBISICHUTD, ONIPEIEJICHHA
OHa wJik Het. IIpu 9TOM BO3MOXHBI TPU BapUAHTA:

1) Econ r(A) < r(A|B), To cucTeMa HECOBMECTHA.

2) Ecnu r(A) = r(A|B) = n (rme n — 4YHCIJIO HEM3BECTHBIX), TO CHCTEMA
COBMECTHA, ¥ OIPEEJIEHHA.

3) Ecin r(A) = r(A|B) < n, T0 cucTemMa COBMECTHA U HEONpeneJsIeHHa.

s uccienoBaHus CUCTEM JIMHEUHBIX YPABHEHUM M HAXOXKIOEHUA UX De-
LIeHUH MOXHO KCIOJIb30BaTh, Hanpumep, memod Iaycca:

C nomMompI0 3JIeMEeHTapHBIX NPeoOpPa30BaHUi HAL CTPOKAMM NPUBENEM
pacuupenHyio Marpuny cuctems! (A|B) k crynenuaromy suny (A’|B'):

! ! ' /
ay ... Qg --- Qg .. Q1 | B \

! ! ! /

0 ... ap, .- Gy ... Gy, | by

A''BhY=1 0 0 ... ay, ... a,| b |,
/

0 0 o ... 0 Y
/

\ o ... 0 ... 0 ... O b,

rae B i-o#t ctpoke (i = 1,2,...,7) camblil JieBbl HeHyJIeBO# 9/1eMeHT 0603Ha-

4YeH 4epes aig,-

IMonyuenso#t pacupennoit marpuue (A'|B’) coorBeTcTBYeT CCTEMA JIH-
HelfHBIX ypaBHeHull, skBuBasienTHas cucreme (1.1). Ilpu atom r(A’) = r(A),
r(A'|B') = r(A|B), n yTBEpXIeHHA O TOM, YTO MOJIyYEHHAs CHCTEMa CO-
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pMeCTHa (HECOBMECTHA) W OmpenesieHHa (HeonpenesieHHA) BEPHBI M IJIs CH-
cremsl (1.1).

Ecmu xora Gbl omHO m3 umces b..,,...,b,, He paBHO HyJO, TO
r(A'|B") > r(A'), n cucrema HecoBMecTHa; nHaye (ecm by, = ... = b}, =0)
cUCTEMa COBMeCTHA. B ciiyyae, xorma cucrema coBmecTHa, Oymer r(A') =
=r(A'|B') = r, toe r — 4ucso HeHyaesbix crpok MaTpuy A’ u (A'|B’'). Ecin
r = n (rOe n — 4YUCJI0 HEM3BECTHBIX ), TO CUCTEMA ONPENEsIEHHA, B IPOTUBHOM
ciydae (ecyu r < 1) CUCTEMa HEONpeNeseHHA.

BasucubiM munopom marpun A’ u (A'|B') asasercs, HanpuMep, MUHOD,
COCTABJIEHHbI U3 9JIEMEHTOB 3TUX MATPHI, PACIOJIOKEHHBIX B HEPBHIX T
cTpoKax u crosnbuax c Homepamu 1, ko, ks, .. ., k.. Hazosem 6asucnoimu (wiu
2/Q6HBIMU) T TIEDEMEHHBIX L1, Zky, Tkgs - - - Lk, , & OCTAJIBHBIE L — T IEPEMEH-
HBIX Ha30BeM €60600Humu. Be3 orpanudeHnsi OGIIHOCTH MOXHO NPENIOJIO-
AUTb, YTO [JIABHHIMU [IEDEMEHHBIMU SIBJISAIOTCA L1, L2, L3, - - - , Ty, & CBOOOMHBI-
MA — Ty41,. .., Ln. Torga marpuna (A’'|B') (B ciyuae korna r(A’)=r(A'|B’'))
3allUIIeTCA B BUIOE:

(alll a’12 tee a'llr a‘llr+1 t a’lln bll\
0 a’22 o a’2, azr4+1 ... a’2n b'2
A''BY=|10 0 ... a, amt1 ... a,,|b.
0 0o ... 0 0 ... 010

\o o ... 0 o .. 0|0/

3anumeM cucTeMy ypaBHEHMH, COOTBETCTBYIOLLYI0 PACUIMPEHHOU MaTpHIe
(A'|B") B cnenyiomem BMoe — MHEpPEHECEM BCE CJIaraemble CO CBOBOIHBIMU

IIEPEMEHHBIMHA Tyy1,...,Tn B IPABYIO 4acThb:
a7y +alpra + ... +alz, =by —al, 1 Try1—...—al T
1141 1242 T ... 1rr — 01 1r41br+1 = - 1n¥tn,
] — W ! ]
a0%2 + ...+ 05, Tr = by — A3 1Try1 — ... — 5, Ty,
................................................... (1.2)
! ! — K ] !
Ap_ 17 1Tr—1 + Qp_1,Tr = br—l —Cr_1r41Tr+1 — -0 T Q1 T,
! — K ! !
UppTr = b, — @y 1 Trg1 — .. — A Ty,
! ! !
rae ko3 dbunmeHTs! a1, a5, . . . , 4L, He PAaBHBI HYJIIO.

IIycte cBOGOOHBIE NEPEMEHHBIE Tyii,--..,T, [PUHAMAIOT 3HAYEHUS
t1,...,tn—r. Toroa us nocsensero ypaBHenus cuctemsl (1.2) nepemensas
ONHO3HAYHO BBIPAXKAETCA 4epes ty,...,Ln_p:

1 / ! !
T =2r(t1, ... tnr) = (b —arppit1 — ... —arptn_s).

TT
Honcrapnas 910 3Ha4eHUe T, B TpeanocseqHee ypapHenue cucrembl (1.2),
TIOJIyYuM BbIpaKeHMe, ONHO3HAYHO 33Jalomee T.—1 4epe3 t1,...,0nh_p:
Tr—1 = wr—l(tla ceey tn—r)-
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ITpomospkas MONCTAB/IATH MOJIy4YEHHBIE 3HAYEHUSA Ty, Tr—1,... B YPABHEHHS
cuctems! (1.2), nosyynM BHIpAXKEHUA, OTHO3HAYHO 3aJAIOUWMeE T1,T2, ..., Ty
yepes t1,...,tn—r. TakuM 06pa3oM, KaxkIOMy PUKCHPOBAHHOMY HAbOPY 3HA-
4YeHn# CBOOONHBIX NMEPEMEHHbIX Ty41 = l1,...,Ln = tp—r COOTBETCTIBYET
eIuMHCTBEeHHOe pemeHue cucrems! (1.2) u cucremsr (1.1):

2.1.1.
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(.’1:1 (tl, .. -atn—r)\

$r(t1, (R tn—r)
X = t . (1.3)
123

WL

Obuyum pewenuem cucremsl (1.1) Ha3BIBAETCA MHOXECTBO BCEX €€
pelenuii, 3anucansbix B Bune dopmyist (1.3), Boipaxkaromelt npo-
W3BOJIbHOE PELIeHUE CUCTEMBI B Bue GYHKUMA OT . — 7 CBOOOHHBIX
NIEPEMEHHBIX.

WccnenoBars cucteMy iMHERHBIX YpaBHEHUHU; €CJIM OHA COBMECTHA,
TO Ha#iTH ee obIee ¥ OOHO YACTHOE PEIIEHHE:

Tl — Ty = —1,

221+ 22 =1T7.

(Q Banumem pacmupeHHY0 MATPHIy CHCTEMbI M TIPUBEIEM ee K
CTyNeH4YaTOMy BHIY C MOMOIIBIO SJIEMEHTAPHBIX Npeobpa3oBanuit:

1 -1]-1 1 -1]-1
2o 1|7 )u-2.1"\0 3]|9)
Panr MaTpuipl CUCTEMBI paBEH PAHry PacCIIMPEHHON MATPHUbI CH-
CTEMBI:
r(A) = r(A|B) = 2,
3HAYNUT, CUCMEMA COBMECMHA. KOJII/I'-IeCTBO HEN3BECTHBIX TaKXe
aBHO 2: .
P n = r(A) = r(A|B) = 2,
3HAYUT, cucmema onpedesenna, T.e. UMEET EQUHCTBEHHOE pelle-

Hue. 3anuiieM CHCTEMY ypaBHEHHM, COOTBETCTBYIOMIYIO MOJIyYEeH-
HOU pacIIMpeHHOI MaTpule:

T — 22 = —1,
3.’132 =0.

13 BTOpOrO ypaBHeHus o = 3; MOOCTABJISAA 3TO 3HAYEHUE B IIEPBOE
YPaBHEHHE, MOJIy4YuM I = 2.



2.1.2.

Nrax, o6mee pemenne (OHO XXe eqUHCTBEHHOE YacTHOE): (2; 3).
Omeem. cucTeMa COBMECTHA ¥ ONPENEJIEHHA,; obmee pemenue (2; 3);
4yacTHoe pemenue (2;3). o
WUccnenosaTh cucreMy JIMHEHHBIX YPaBHEHUM; €CJIN OHA COBMECTHA,
TO HaiiTH ee 0bmee u ONHO YACTHOE PELICHHE:

1+ T2 — T3 =—4,
1+ 2x2 — 323 = 0,
—2.’1:1 - 21:3 = 16.

QQ IlpusemeMm K CTyneHYaTOMy BHIY PACHIMPEHHYIO MATPHUILY CH-
CTEMBI:

1 1 -1(-4 11 -1|-4
1 2 -3{0 |II-T ~|0 1 -2| 4 ~
-2 0 -2|16/1I11+2-1 0 2 —4| 8/)III-2-11
11 -1|-4
~|10 1 -2| 4
0 0 O 0
Tak xak

r(A) =r(A|B) =2<3=n,
TO cucmema coemecmua u weonpedeaenna (T. e uMeeT GECKOHEYHO
MHOTO peueHuit).
KosnyecTBo ryiaBHBIX nmepeMeHHbIX paBHO T(A) = 2, Kosnde-
CTBO CBODOIHBIX MepeMeHHbIX paBHO 1L — 1(A) = 3 — 2 = 1. Bribe-
peM KaKOi-HUOyIb HE PaBHBIN HYJII0 MUHOD 2-T0 MOPAOKA OJIYy YeH-

HOU MaTpuubl A, HAIpPUMEpP, MUHOP ' (1) i . Ero cronbupr — 1-it u

2-# cTosbubl MATpuIbLI A — COOTBETCTBYIOT MEPEMEHHBLIM Tj U
Ty — 9TO OyOyT 2.aeHble mepemeHHbie, a T3 — c60600Has mepe-
MeHHas. 3amuieM CUCTEMY ypPaBHEHHMH, COOTBETCTBYIOILYIO MOJIY-
4YeHHOI pacmupeHHOU MaTpule:

T, + x5 —x3 = —4,
$2—2:1:3=4.

Tenepb A HAIJIAAHOCTH 3AIUIIEM 3Ty CUCTEMY B IPYroM BHUIE
(c1eBa OCTAIOTCS TOJIBKO IJIABHBIE TIEPEMEHHBIE):

T+ T2 =3 — 4,
To = 223 + 4.

IloncraBnsis BhIpaXKEHHWE AJIA Ty B MEPBOE YPABHEHHE, MOJIyYMM
2y = —x3 — 8. O6o3Hayas CBOGOAHYIO MEPEMEHHYIO I3 4epes t,
nosiyunMm obujee pewsenue cucmemovr: (—t — 8;2t + 4;t). Yacmnoe
peweHue cucmems: TIOJIyduM, Hanpumep, npu t = 0: (—8;4;0).
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Omeem. cuctema COBMECTHa M HeONpeJeJIeHHa; obllee pemeHue
(—t — 8;2t + 4;t); yacTHoe pemenue (—8;4;0). o

2.1.3. HccnenoBark cucreMy sinHeHbIX ypaBHeHuit; ecyiu OHa COBMECTHA,
TO HaliTu ee obuIee ¥ OOHO JACTHOE pelleHue:

1+ 229+ 2x3+ 34 = 1,
6.’171 - 3272 - 31:3 — Ty = —9,
—Tx1+ 2o+ 23— 214 = 8§,
—3z1 + 922 + 923 + 1024 = 12.

(QQ IlpusemeM pacHIMpeHHYI0 MATDHIy CHCTEMBI K CTYHEHYATOMY
BULY:

1 2 2 3|1
6 -3 -3 -1|-9}1I-6-T
-7 1 1 -2| 8 JIII+7-1

-3 9 9 10(112/IV+3-1
1 2 2 3 1
- 0 -15 -15 -19| -15 N
0 15 15 19 15 J I+ 11
0 15 15 19 15 J IV+1I
1 2 2 3 1
N 0 -15 -15 -19| -15 II-(—l)N
0 O 0 0 0
0 0 0 0 0
1 27 2 3|1
N 0 15} 15 19|15
0 0 0 010
0 0 0 01O
Tak kax

r(A) =r(A|B) =2< 4 =n,
TO CUCMEME COBMECTIHA U HEONPEJENEHHA.
Kosn4yecTBo r1aBHBIX EpeMEHHBIX paBHO T(A) = 2, Kosmue-
CTBO CBOOOIHBIX MEPEMEHHBIX paBHO . —7(A) = 4—2 = 2. Bribepem
Kakoi-HuOyIb HEe PAaBHbBIX HYJII0O MUHOD 2-TO MOPANKA MOJIYYeHHOM

Marpuubl A, HapUMEp, MUHOP ‘(1) 125 . Ero crosn6upr (1-# u 2-i

CTOJIOUB! MATPULBL A) COOTBETCTBYIOT IEPEMEHHBIM 1 U T2 — 3TO
OyoyT 2saeHbie nmepemenHbie, & T3 U T4 — C€60000HbIe TEpeMeH-
Hoie. 3aMEeTHM, YTO B Ka4YeCTBE IVIABHBIX NEDEMEHHBIX B IaHHOM
IpUMepe HeJjib3s BBHIOpATh mapy Tz U T3, TAK Kak J106oi COOT-

2‘:0,’2 2!=0’

2
BETCTBYIOIMI UM MUHOD DaBEH HYJIIO: 15 15 00
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2.1.4.

15 15
0 0
MOJIy4YeHHOI pacmupeHHOl MaTpuIe:

= 0. 3anumeM cucTeMy ypaBHEHHH, COOTBETCTBYIOILYIO

T +2x9 + 223+ 324 =1,
15z + 1523 + 1924 = 15.

Tenepn 3anmumeM 3Ty CHCTEMY B APYroM Buae (CjieBa OCTAIOTCs
TOJIbKO [JIABHBIE IIEPEMEHHBIE):

1+ 2z2 =1 — 223 — 324,
1529 = 15 — 1523 — 19z4.

3 BTOpOro ypaBHEHHsI BHIDA3UM Ty, Yepe3 T3 U T4: Ty = 1 — x3—
— 15%4 IloncraBnsisi BhlpakeHuwe OJjiA Tz B IEPBOE YpPaBHEHHE,

moytyynM ; = —1 — 1—75:v4. 0O603Ha4YUM CBOGOOHBIE ITEpEMEHHbIE:

T3 depes ty, 4 depes 15t;. BanuumeM obuee peuwserue Cucmemb:
(=1 = Tta;1 -ty — 19ts;t1; 15t5). Jacmmnoe pewenue cucmemo, o-
Jiy4nM, HanpuMmep, npu ¢ = 1, t2 = 0: (—1;0;1;0).

Omeem. cucreMa COBMECTHa W HEOIpeneseHHa; obiee peueHue
(—=1—"Tty;1 —t; — 19¢5; t1; 15t,); gacrHoe pemenue (—1;0;1;0). @
HWccnenoBark cucreMy JIMHEHHBIX ypaBHEHHM

Ty + T2 — T3 = —4,
T 4+ 2x2 — 3z3 = 0,
—21‘1 - 2.’E3 = 3.

(QQ IlpuseneM K CTyHmeHYaTOMy BHIY PACHIHPEHHYIO MATDHILY CH-
CTEMBI:

1 1 -1|-4 11 -1}-4
1 2 -3{0|II-T ~|0 1 -2{ 4 ~
-2 0 =23 /I1+2-1 0 2 —4|-5/III-2-11
11 -1| -4
~10 1 =-2| 4
0 0 0 |-13
Tak xak

r(A) =2 #3 =r(A|B),

TO cucmema Hecoemecmua (He mmeer pemenuit). B camom mese,
nocJjienHet CTpoke NnoJiy4eHHO! pacHIMpeHHOI MaTpHIbI COOTBET-

crByet ypaBHeHue 0-z; +0-z2 + 0-z3 = —13, He uMeromee peme-
Hul.
Omeem. cucTeMa HECOBMECTHA. [
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Hccnedosamsv cucmemovr aunelHuz ypashenull, 0as COBMECTIHLIT CUCTEM
HalUmu obujee U 00HO YACTIHOE PEULEHUR:

2.1.5. {zl to = 3

2.1.11.

2.1.13.

2.1.15.

2.1.16.

2.1.17.

2.1.18.
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\

ry — T2 =

T, — Ty =1,
2:1)1 2.’1?2 =2.

T, + 42 + 223 = 5.

Ty + x93 —x3 =0,
8(1?1 + 3.’1?2 - 6.’1)3 = 0 2.1.12.
4z, — 2 + 323 =0.

{ 2.1.8.
1+ 22+ 3 =3,
2T, — X9 + T3 = 2, 2.1.10.

(22 — 3y = —

T+ 2y =25,

-2 — 4y = -5,
\2\/?;:1: - 3\/§y = —2/3.

r2(L'1 —xo+3x3 —5x4 =1,

2.1.14.

ry — T2 — 5.'1?3 = 2,
31‘1 - 21‘2 - 21’3 - 5.’1)4 = 3,
\7z1 — 5z3 — 9z3 + 10z4 = 8.

(2, + 222 + 323 — T4 = 8,

2r) — x93 —4x3+ 314 =1,

4z — Tze — 18z3 + 114 = —13,
\3Z1 + 22 —z3 + 224 = 9.

(20, — T3 + T3 + 274 + 325 = 2,
6z, — 3z3 + 223 + 44 + S5 = 3,

\4z1 — 222 + T3 + T4 + 225 = 4.

(8:1:1 + 62 + 5x3 + 224 = 21,
3z, + 3x2 + 223 + 4 = 10,
4z1 + 225 + 323 + 24 = 8,
3z + 5z + 3 + x4 = 15,
\7:51 + 4z + 53 + 224 = 18.

6x; — 3z + 423 + 824 + 1325 = 9,

T +x2 =3,

2z, + 2z2 = 0.

Ty + 29+ 23 =3,
2z, + 229 + 223 = 6.

3z —y+22=0,
4z -3y +32=0,
z+3y=0.

4z — 3y +22=09,
2z + by — 3z = 4,
5z + 6y — 2z = 18.
3z —y+22=2,
4z — 3y + 32 =3,
z+3y=0,

5T + 3z = 3.



2.1.19.

2.1.20.

2.1.21.

p —2T9 + 23 — T4 + 3T5 = 2,
2z, — 4z + 3x3 — 224 + 625 = 5,
3zy — 623 + 423 — 324+ 925 =T7.
9y — 3z + 53 + 64 = 4,

6x) — 2x2 + 323 + 424 = 5,

3z, — 3 + 323 + 1424 = 8.

WccnenoBarh CUCTEMY U3 1 JIMHEHHBIX YpaBHEHHUH, HaliTu obmee u

OIOHO YaCTHOE€ pemlieHue.

1+ T+ ...+xp=n—2,
1+z3+...+x,=n-3,
T+ o+ T4+...4+Tn=n-—3,

1 +x2+...+Tp—1 =n-—3.

(QQ IlpuseneM K CTymeH4aTOMy BUAY DACIIMPEHHYIO MATDUILY CH-

CTEMBI:
111 1|n-2
101 1|n-3|1I-1
110 1|n-3|mI-1_
111 0[{n-3/ (n)-1I
1 1 1 1 |n-2
0 -1 0 0| -1 |II-(-1)
~lo 0o -1 0| -1 |m-(-1) -
0 0 0 -1| -1/ (@)-(-1)
111 ... Lin—=2\1_qI-1-...- (n)
010 0 1
~ 001 0] 1 ~
000 1| 1
(n—1) pas
e e,
100 0|ln-2"1-1-...—-T=-1
010 ... 0|1
~|l0 01 01
000 1|1
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3anumem cuCTEMY ypaBHEHHMH, COOTBETCTBYIOWIYIO IOJIY4EHHOH
pacHmMpeHHo# MaTpuiie:

.’171—_—-1,
:L‘2=1,
.’L‘3=1,
T, =1

OueBHIHO, 9Ta CHCTEMA COBMECTHA W ONPEIEsIEHHA, EMMHCTBEHHOE
pemenne (—1;1;1;...;1).

Omeem. cucremMa COBMECTHA U ONpefesieHHa; obiee pemenue (OHO
ke JacrHoe pemenne) (—1,1,1,...,1). o

Hccaedosamv cucmemy u3 n aunetinux ypashenud, natimu obwee u o0Ho
YaCMHOE PeUweHUe:

(2 +22+...+2, =,
2.1.22. 2z, + 2x2 + ...+ 2z, = 2n,
\nz1 +nT2 + ...+ nz, = n
le +z2+...4+, =n,
2z + 2z2 + ... + 2z, = 2n,
2.1.23. ¢ i
m=-Dz;+(n—-Dz2+...+ (n+ 1)z, = (n—1)n,
(nz1 +nz2 + ... +nzp, =0.
r:1:1 +To+T3+T4+...+Tp-1+Tp =n,
T +x3+T4+...+Tpn_1 +Tp=n-—1,
2.1.24. T + T +T4+...+Tp1+Tp=n-—2,
T+ T2+ 23 +Tq+ ... +z, =2,
L:L‘1+(L'2+ZL‘3+(L‘4+...+:L‘n_1 =1
z1+2z2+3z3+4z4+ ...+ (n— 1)zp_1 + nxp =N,
- +3z3+4z4+ ...+ (n— Dzp_1 +nz, = —n,
2.1.25. ¢ —z1 — 222 +4zs+...+(n—-1)zp_1 +nxp = —n,
—z; — 222 — 323 —4z4 — ... — (n — 2)Tp_2 + NT, = -,
{—T1 — 229 — 33 — 414 —...-—(’I‘L— l)zn_l = —-n.
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2.1.26. MHcciienoBaTh cucTeMy JIMHEHHBIX YpaBHEHU B 3aBUCUMOCTH OT IIa-
pamerpa A. B ciyyae, korma cucreMa COBMECTHa, HaliTu obuiee u

OOHO YaCTHOE penIeHune:
21‘1 — T9 = 8,
4(171 - 2.’L‘2 = A

(Q IlpuBemeM K CTymeHYaTOMY BHIY PACHIMPEHHYIO MATDHUIY CH-

CTeMBbI:
2 118 (2 -1 8
4 -2{AJ1I-2-1 0 0 |Ax-16/"

3anumeM NOJIy4YEHHYI0 MATPHLY CHCTEMbl A = ((2) 0 ), ee paHr
r(A) pasen 1.

a) Ilpu A # 16 mosiy4uM pacmIMPEHHYI0 MATPHUIy CHCTEMbI
(A|B) = (2) _01 I\ —816)’ ee panr r(A|B) pasen 2. Takum 06pa-
3oM, 7(A) =1 # 2 =r(A|B), cucmema necosmecmua.

6) IlIpu A = 16 nosyymM paCIIMPEHHYI0 MATPHUIy CHCTEMbI
(A|B) = ((2) —61 ) g), ee panr 7(A|B) pasen 1. 3uauur, r(A4) =
= r(A|B) = 1 < 2 = n, cucmema coemecmHa u Heonpedeser-
Ha. IlosryyeHHO! pacmMpeHHOM MaTpHUE CHCTEMBI COOTBETCTBYET
ypaBHeHUe 2z, — £2 = 8. B kadecTBe ryiaBHOI mepeMeHHOU MOX-
HO B3:ATh, HAIpUMep, T3 = 2z; — 8. OO03Ha4ass CBOOOIHYIO mepe-
MEHHYIO T 4Yepes t, HoJIy4uM obmee pemenne cuctemst: (t; 2t — 8).
YacTHOe penieHne CHCTEMBI IOy YuM, Hanpumep, npu ¢t = 0: (0; —8).
Omeem. Ilpu A # 16 cucrema HecoBMecTHa; pu A = 16 cucrema
COBMECTHA M HEONpeleJieHHa, obuee pemenue (t; 2t — 8), yacTHoe
pemenne (0; —8). L

Hccaedosamsd cucmemst AunetHBT ypasrenutl, 3a6UCAUUT O NAPAMEMPA .
s coemecmunr cucmem natimu obuee u 00HO “acmroe pewenue:

2.1.27. (&1 ®=8 9.1.28. {2 tAe=6
21 + T2 = A Az, + 8z = 12.
1 + 42 + 223 = -1,
— = 2 g
2.1.29, (1T T2+22 =5, 2.1.30. (2o t3e2—23=3,
Az, — 229 + 43 = 10. T, — T3 — 3x3 = 4,

T, —6z9 — Az3 = 9.
(1+/\).'L‘1 +xz2 + 23 =1,
2.1.31. 1+ (1+ /\)(L‘z + 3= A,
T + 22 + (1 + /\)(L‘g =\2
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HOHOHHVITeﬂbeIe 3apayn

Hcenedosamv cucmemvr aurelnnr ypasnenud, 04t COBMECTIHBIT Cucmem
Hatimu obwee u 00HO 4acTHOE PeuLeHue:

2.1.32. { &~ 2=l 2.1.33. {ZHW= 5
2z, — 2z = 5. 6z + 4y = 10.
1 + 229 = 3, Z—\/§y= 1,
2.1.34. { —2z; + 3z, =0, 2.1.35. V3z— 3y= V3
—2z; —4z9 = 1. —?Z’-i— y=—3§.
3z — y=-5,
2w+ = 4, 3r+4y+2z= 8§,
2.1.36. 1. _ 5 2.1.37. 2r —4y — 3z = -1,
T+ 3Yy= 3,
z+5y+ z= 0.
z+16y= 2
—z+y—3z=35, 2t - y— z=0,
2.1.38. 3z—y— z2=2, 2.1.39. 3z +4y — 22 =0,
2z +y—-92=0. 3z —2y+42=0.
(3z+ y—52=0, 3z, + 22+ z3= 5,
2.1.40. { 2~ #=0, 2.1.41. (& T3t = 1
2c+ 3y —4z =0, 2z, + x2+ 3z3 = 11,
L z+5y—32=0. 3z, + 4z — 3 = 5.

'2\/3.?1 - $2+\/5(L‘3 =
10z — V522 + 523 =
-2z + %1;2 -

2.1.42.

A

Ir3 = —
\

&JH&H

3z, + 4z5+ T3+ 24 = 3,
2.1.43. 6z + 8ry+2x3+ dxr4= 7,
9z, + 1225 + 3z3 + 1024 = 13.

2z + z2 +3z4 =

T + o — 2x3

2.1.44. 3z, + x3— T4 =
2z, + T3+ T4

T1 + To +4x3 — 34 = —

Il

|
W W N O R
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2.1.45.

2.1.46.

2.1.47.

(457, — 28z, + 34z3 — 52z4 = 9,
36z, — 23x5 + 2923 — 4324 = 3,
35z — 21z + 2823 — 4524 = 16,
471, — 32z9 + 3613 — 4824 = —17,

\271:1 — 1929 + 2223 — 3524 = 6.

(6x, + 422 + 523 + 224 + 325 = 1,
3ry 4+ 2z +4x3 + T4+ 225 = 3,
3z, + 212 — 223+ T4
91 + 622 + T3 + 374 + 225 =

I
I
Ladial)

4

1+ o+ 3x3 — 224+ 325 =1,
2c1 + 229 + 423 — T4+ 35 = 2,
3zy + 3x2 + 523 — 214 + 325 =1,
\2z1 + 222 + 8z3 — 3z4 + 925 = 2.

Cucmemvi 2.1.48-2.1.50 codepacam no n ypasnenud.

2.1.48.

2.1.49.

2.1.50.

2.1.51.

<

9

<

<

(2, + 222+ 323+ ...+ nz, =1,
2zy + 425 + 623 + ... + 2nz, = 2,

\nz, + 2nz2 + 3nz3 + ...+ nir, =n.

(2 —Zo+ T3 —Tg+ ...+ (-1)"1z, =1,
2r) — 229 + 213 — 224 + ...+ 2- (-1 lz, =2,

(n-Dz1—(n-1z2+...+(n-1)- (-1)" 1z, =n-1,
(nz1 —nT2 +nT3 —nTg+ ... 40 (-1 1z, =0.

(L1 +To+ . coviiieiiiiiiin, +Tp—1 = 1,

L o 2 T +z,_2 +z,= 2,

1+ To+........ +z5-3 +Tp1+Th= 3,

I B 7 Tou ol +z,=n-—1,
L1+ Tod T4, +zp,= 0.

( T — I = 1,

-z +2r— T3 =-1,

— T2+2T3— 14

I
o

_zn—2+2zn—l— Tn = 07

\ - Tp_1+2z,= 1.
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2.1.52.

(T)+ o =0,
1 + 32 + 223 =4,
To+ 3x3 + 214 =6,

< T3+ 34 + 225 =6,
Tp-3+3Tp_2+2Tn_1 =6,

Tno+3T,_1+2z,=28§,

\ Tpn—1+ 3$n =T7.

Hccaedosamo cucmemovs AUHETUHDT YpaBHEHUT, 306 UCAULUT O NAPAMEMPA A.
Jas cosmecmunx cucmem Hatimu obwee u 00HO “wacmHoe peuterue:

2.1.53.

2.1.55.

2.1.57.

2r) — T = A, 2.1.54. Az, — 4z = 2,

ATy + 20 = 2. T1 — Ay = —1.

Axy — 4z = 2, 2.1.56. 1 + 222 + 323 = 6,
T — Azo = 1. 2z, + 59 — 323 = A

ATy + T2+ 3+ 24 =4,
T + Ax2 + x3 + x4 =4,
T + T2 + Az3 + x4 = 4,
T, + 2o+ 23+ Ay = 4.

AT, +x2 + 3 =3,
T+ Aze + 3 =3, 2.1.58.
T, + 22+ Az3 = 3.

KoHTponsHbie Bonpockl n 6onee cnoxHsie 3apayn

Omeemwt % 3adanam 2.1.59~ 2.1.68, 2.1.71- 2.1.78 npousmocmpupyiime npu-

MEPAMU.

2.1.59.

2.1.60.

2.1.61.

2.1.62.

2.1.63.

2.1.64.
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K cucreme suHeftHbIX ypaBHEHH# C T HEHM3BECTHBIMH IOIHMCAJIA
MPOU3BOJILHOE yDaBHEHHe C 1 Heu3BeCTHbIMHM. Kak mpu 3TOM u3-
MEHUTCA MHOXECTBO DelIeHult CHCTEMBI?

W3 HecoBMecTHO#! cucTeMBb] JIMHERHBIX YpaBHEHUH] yIaJ TN KaKOe-
TO OOHO ypaBHeHHe. Byner Jiu nosiy4eHHas cHCTeMa COBMECTHOH?
MHoxecTBa peuleHH# OBYX CHCTEM JIMHEHHBIX ypaBHEHHUI coBma-
IaroT. PaBHbI s pacmupeHHble MaTPHLBLI 9THX cucTeM? PaBHBI
PAHTH 3THX MATpUI!

MoryT s ObITh 3KBUBAJICHTHBIMHU JBE CHCTEMbI JIMHEHHBIX ypaB-
HeHuil C OMMHAKOBBIM YUCJIOM HEU3BECTHBIX, HO C PA3HBIM YHCJIOM
ypaBHeHuit?

CymecTByer JiM Takas CHCTeMa JIMHEHHBIX ypaBHEHHH, YTO
(1;2;3) — ee pewenne, a (—1; —2; —3) — ner? Ecsu cymecrsyer,
YTO MOXHO CKa3aTh O BCEX TAKMX CHCTEMAX !

YT0 MOXHO CKa3aTh O MHOXECTBE pelmeHu# CHCTeMbl JIMHEHHBbIX
ypaBHeHuit, ecyiu pasr r(A) MaTpuip 9To# cucreMsl u pasr r(A|B)
pacOIMpeHHON MaTpHIlbl PABHBI HYJTIO?



2.1.65.

2.1.66.

2.1.67.

2.1.68.

2.1.69.

2.1.70.

2.1.71.

2.1.72.

2.1.73.

2.1.74.

YTo MOXKHO CKa3aTh O MHOXECTBE DEIleHHH CHCTeMbl JIMHEHHBIX
ypaBHeHu# ¢ MaTpuuel A u pacmupenHo# marpuueit (A|B), eciu
r(A) > r(A|B)?

MoxeT JId 4aCTHOE pelleHHe CHCTEMbl JIMHEHHBbIX ypaBHeHuit co-
BNIAIATh C €e OOImUM penieHueM?

BosmoxHO i, 4TOOBI CHCTEMa JIMHEHHBIX ypaBHEHH ¢ MaTpuueit
A vMeJia TO Xe MHOXECTBO peIleHHH, 4TO U cUCTeMa C MaTpuiei
AT ecom:

a) A #0;

6) A # AT;

B) A # AT, cucrema onHOponHas;

r) A # AT, cucrema He omHOpOmHAsA, COBMECTHAs?

Moxer 11 MHOXECTBO pemieHH#l cHCTeMbl JIMHEHHbIX ypaBHeHU
COCTOSATb POBHO M3 OIHOrO pemeHusi? u3 AByX pemeHui? u3 17-tu
pemennit?

Pemuts cucremy nuneiiHbIx ypaBHeHuil ¢ 4eTbIpbMA IapaMeTPaMHU
a,b,cud:

—-z+y+z+t=a,

r—y+z+t=>b,

r+y—z+t=c,

z+y+z—-t=d

Hoxasarh, 4TO CHCTEMa, N JIMHEHHbIX ypaBHEeHHi ¢ n — 1 HensBecT-
HBIMH COBMECTHA TOTIa U TOJILKO TOTM2, KOTIA PaBeH HYJIIO OIpe-
JIeJIUTEJIb PACIIUPEHHO! MaTPHIIBI.

Kak BhIIAOAT peleHuss COBMECTHOM CHCTEMBI JIMHEHHBIX YpaBHe-
Hu#t, ecsim Bce CTOJIONB! PACHIMPEHHON MaTpHIbl, KpPOME HEPBOTO,
MIPONOPIHAOHAJILHBI?

YTo MOXHO CKa3aTh O MATPHUIE COBMECTHO! CHCTEeMbl JIMHEHHBIX
ypaBHeHuU#, ecji B JII0O0M ee pelneH HEU3BECTHOE Ij, IPUHUMAET
OIHO U TO e 3HadeHue?

YTo MOXKHO CKa3aTh O MATPHUIE COBMECTHO! CHCTEMb! JIMHEHHBIX
ypaBHeHU#, ecsiu B JII0O0M ee pemeHn HEN3BECTHOE Ty NIPUHIMAET
3Ha4yeHue 07

Pemuts cucremy u3 2n smHelHbIX ypaBHeHui

T2+ T3+ ...+ T2y =a,

—I +x3+ ...+ T2, = ag,
—Z — Ty — T3 — ... Tap—2 + Tan = A2n—1,
—T1 — T2 —T3 — ... Tap-1 = Q2p.
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2.1.75. Pemuth cucreMy ypaBHeHuM

r1z32d = 2,

2zizd =4,

?zoz3 = 2.
2.1.76. Cucrtema

ay+bz=c,

cx +az=0b,

bz +cy =a.

UMeeT eIUHCTBEeHHOe pemeHue. IIokasarsk, 4yTo abc # 0, u pemnThb
cucremy.

2.1.77. Cucrema JuHe#HBIX ypaBHEHHMM 3amMcaHa B MaTpU4HOM ¢opme:
AX = B. VI3BecTHBI OBa 4aCTHBLIX pelleHHs 3TOH cucrembl X; ©
X5. Kak BBIMIAOUT CHCTEMa, HMEIOIAsI OOHUM U3 pelieHuit:
a) X5+ Xo;
6) AX; (A — Hekoropoe 4ucyo)?

Hccenedosamsv cucmemy ypasrenuti u Hatimu obwee pewenue 6 3a8UCUMOCTIU
om napamempos a, b, ¢, d:

c+y+z=1, ar+y+z=a,
2.1.78*. (az +by+cz=d, 2.1.79*%. {z+by+2z=0,
a’z + b’y + 2z = d. z+y+cz=c

§2. PELLUEHNE CUCTEM J'IMHUEVIHbIX YPABHEHWA
C NOMOLLbKO OBPATHOU MATPULbI.
®OPMVYNbl KPAMEPA

ITycts cucreMa u3 n siMHelHbIX ypaBHEHHH C T HEM3BECTHHIMH 32MHCAHA
B MaTpu4HO# opme:

AX = B,
rie A = (a;;) — Marpuna ko3 UIMEHTOB CHCTEMBl pa3Mepa T X 7,
T b1
T2 b2
X = X — crosiben, HeM3BeCTHIX, B = . — crosbern; cBOOOIHBIX
Tn bn

YJIEHOB.
Ecnn D — onpenesuresis MaTpuupl A — He paBeH HYJIIO, TO CHCTEMA,
COBMECTHA, U ONPENEJIEHHA, €€ PEIIEHKe 33,02eTCA POPMYJIIOH:

X=A"1B
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Ipyryio ¢opMy 3anucy 3TOr0 yTBEPKIEHUA AT dopmyav, Kpamepa:

k=12,...,n,

roe Dy — omnpenenurtens, mosydamomwmuiicss u3 D 3amenolt k-ro crosibua Ha
croJiber; CBOGOIHBIX YJIEHOB.

2.2.1.

Pemutsb cucremy ypaBuenuit mo ¢popmysiam Kpamepa u ¢ nomotipio
T, — Ty = —1,
2, + 22 =1T7.

Q a) Pemmum cucremy no dpopmynam Kpamepa. s aToro Haitnem
OIIpeesTATE b MATPHIIbI CUCTEMBI:

1 -1
2 1

obpaTHOlt MaTpUIBL:

D= =1-1-(-1)-2=3.

Taxk xax D # 0, TO pelieHre CUCTEMBI CyLIECTBYET ¥ €IUHCTBEHHO.
Hatinem onpepenutens D;, momcraBiss B onpenesauresb D

1 -1
BMECTO IIEPBOrO CTOJIONA 2 crouiber; CBOOOIHBIX YJIEHOB 7 )

-1 -1
Dl—‘7 1 =(-1)-1-(-1)-7=6.
Onpenenurens Dy nosydaercst u3 D moaCTaHOBKOH cTosbLa CBO-
OOOHBIX 4JIEHOB _7 BMECTO BTOPOTO CTOJIONA (_11>:
1 -1
D2-—’2 7 =1-7T—-(-1)-2=09.
Orcrona nosiy4nM pemeHue CUCTeMbl ypaBHEHUi:
D, 6 _ Dy 9
$1—3—3—2, Ig—D—3—3.
Omeem. (2;3).

6) Pemum cuctemy ¢ nomompio obparso#t marpuusl. Halfinem

—1 1 -1
Marpuuy A~", o6paTHyIO K MaTpuue cucTeMbl A = 9 1 ) Me
TOIOM MPUCOEOUHEHHON MATPHLBL.
Tax xax det A = 3 # 0, To maTpuna A~! cymecTByer, nosTOMy
pelIeHre CHCTEMbI CYIECTBYET ¥ €JUHCTBEHHO.

Hafinem anrebpanveckue OOMOJIHEHUS K 3JIEMEHTAM MAaTPHILbI

A:

A11 = 1, A12 = —2, Agl = —(—1) = 1; Azg = 1.
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2.2.2.

72

CocraBum maTpuuy (A;j) u3 ayirebpandecKux JOMOJIHEHHIA:
1 -2
(Aij ) = (1 1 ) .

3anuiemM MaTpuiy A= (Aij )T = (_12 i)

Haiinem marpuuy

1 - 1 (1 1 3
-1 _ A= 2. —| 3
A=A 173 (—2 1) <_§

Haiinem pemenune cucteMbl ypaBHEHUM:

()=x=arn (4 1) ()
- (LT00T) - 6)
Omeem. (2;3).

CpasHnute pemenne npumepa 2.2.1 cmocobamu a) u 6) ¢ pemre-
HueM mpumepa 2.1.1.
Pemnts cuctemy ypaBHeHnuit o ¢popmysiam Kpamepa u ¢ nomorpio
x) + 2x2 + 323 = 6,
obpaTHO#l MaTpuupbl: | 4T, + 5z + 623 = 9,
Tz, + 8z, = —6.
Q a) Pemuwm cuctemy no popmysiam Kpamepa. [ljist sToro Haitnem
OIIpEeNeJINTE b MATPHLIBI CUCTEMBI:

Wi W=
N———

W= W=

1 2 3
D=|4 5 6/=27 (cm.npumep 1.4.1).
7 8 0

Tak xax D # 0, TO pellleHre CUCTEMBI CYyIECTBYeT U €IUHCTBEHHO.
Haiinem onpenesurenu Dy, Ds u D3 noactaBiasis cTonbew cBoboa-

6
HbIX WieHOB | 9 | BMecTo mepBOro, BTOpOro u TPEThEro CTOJIOLOB
-6
onpenesuTesisi A COOTBETCTBEHHO:
6 2 3
5 6 9 6 9 5
6 8 0 8 0 -6 0 6 8
=6-(—48)—2-36+3-(72+30) =

— 288 — 72 4+ 306 = —360 4+ 306 = —54,



1 6 3
9 6 4 6 4 9
D=4 9 6=1-’_ ‘—6-’ ’+3-‘ _’:
7 6 0 6 0 70 7 -6
=1-36—6-(-42)+3-(—24— 63) = 36+ 252 + 3 - (—87) =
= 288 — 261 = 27,
12 6
5 9 4 9 4 5
Di=4 5 9 =1-‘ _}—2-‘ _’+6-] ‘:
- 8 _6 8 —6 7 -6 7 8

=1-(-30-72)—2-(-24-63)+6-(32—35) =
=-102—-2-(—-87)+6-(-3) =—-102+ 174 — 18 = 54.
OTcrona nosiy4uM pellleHde CUCTEMbl YPABHEHMM:

1'12&:_—542—2
D 27 ’
;32:&:2:1,
D 27
_ D3 54
xg—F_ﬁ_ .

Omeem. (—2;1;2).
6) Pemum cucremy ¢ nomompio obparHoit marpuust. Halinem

1 2 3
marpuny A~!, obpaTHyo Xk Marpuue cucteMbl A = (4 5 6).

7 80
Ita maTpuua HaloeHa B mpumepe 1.4.1:

_16 8 _1
9 9 9
-1 _ 14 7 2
A" =5 -5 &
12 _1
9 9 9

Haiinem pemienne cucteMbl ypaBHEHUH:

T -5
o =X=A"1.-B= L
I3 -

(-16-6+8-9—1-(=6))/9 (=96 + 72 + 6)/9
= (14-6-7-9+2-(-6))/9 | = | 84-63-12)/9 | =
((—1-6+2-9—1-(—6))/9) ((—6+18+6)/9)

(=2

©|—= elh qpl

o | ©|
©|=

| oo |

= Ol

|

o Nelien

SN———
I

-3 )
_ 9 _
= 5 =|11].
18 2
9
Urak, x; = —2, x; = 1, 3 = 2 (kax u npu peuieHuu no GopMysam
Kpamepa). [
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2.2.3. Pewnts cucremy ypasaenuit o ¢popmysiam Kpamepa u ¢ momoupia
T, + 222 + 323 = 6,
obpaTHO#t MaTpuupl: { 4x; + 5Ty + 63 = 15,
Tz1 + 82 + 93 = 24.
Q Haitnem onpenesntesib MaTpUIbl CUCTEMBI:

1 2 3
D=4 5 6 :1-‘2 g’—z-“; g’+3-1‘; g‘=
7 8 9

=1-(45—-48)—2-(36-42)+3-(32-35) =

=-3-2-(-6)+3-(-3)=-3+12-9=0.

Tax kak D = 0, To cucreMa He MOXeT ObITh pelleHa HU 10 dop-
Mysam Kpamepa Hu ¢ nomompio obpaTHoit Marpuipl. IIpn sTom
CHCTeMa, sIBJISIeTCsI COBMeCTHOH (Hampumep, ecTb pemenue (1;1;1))
U HeollpeneJieHHOH.
Omeem. o dopmynam Kpamepa u ¢ nomomuso 06paTHOM MaTpHLEL
CHCTEMY DELIUTh HeJb3sl. o

Hatimu pewenus aunelinoti cucmemot ypasnenutl, ucnosvays obpamuyro ma-
mpuyy u Popmyav. Kpamepa. Yxazamv me 3navenus napamempos (a u b),
NPU KOMOPHT YKA3AGHHOMU MEMOGAMU CUCTIEMY DEULUMD HEBOIMONCHO:

2.2.4. { n-e= _4’ 2.2.5. {‘/5”’1 + 25, =1l

2z + 22 = 4, 3.’132 = 0.
2.2.6. {20e~3y=0, 227, (YW= 1,
3azx — 6by = ab. cx +dy = fo.
r+2y+3z2=3, 2, —3x2+ 23 = -7,
2.2.8. 4x + by + 62 = 8§, 2.2.9. T, + 222 — 33 = 14,
Tz + 8y =2. —x; — T9 + 5x3 = —18.
1+ 2294323 = 3,
2z + 6x9 +4x3 = 6,
T+ T2 = 5. 3z, + 10z + 8x3 = 21.

ar; + T2+ T3 =
Ty +axres + T3 =
T + T2+ axrz =

2.2.12.

_wq@ -

3x) — 529 + 223 —4z4 = O,
-3z + 422 — 523 + 34 = —2,
-5z + Txg — Tx3 + Sx4 = —2,

8z, — 825 + 5x3 — 64 = —5.

2.2.13.

21+ o — x3= 3,
2.2.10. T + 320 + 223 = -1, 2.2.11.
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(62, — 52 + 425 + Trs = 28,
5z, — 822 + 5x3 + 84 = 36,
9z, — 8x2 + bx3 + 10x4 = 42,

\3T1 + 2T2 + 223 + 274 = 2.

2.2.14. ¢

'29:1 + 622 + x3 =0,

T, + 219 — 223 + 424 = 0,
-1 +4x2 + 5x3 —4x4 =0,
\ 311 + x3+4+2x4 =0.

2.2.15. ¢

JononuurensHole 3apaun

2.2.16. Haiitu HemspecTHble Koapdunmentsr MHorowiena f(z) = az?+
+bz + ¢, yIOBJIETBOPSAIOMIETO YCJIOBUSM:

f-2)=-8, f)=4  f@)=-4

2.2.17. Haiitu neuspecTHble x03dduuuentsl dynknun f(z) = a - 3+
+bz? + ¢, ynossieTBopsiomeR ycaoBUAM:

foO=2  f)=-1, f2)=4

Pewums cucmemvs ypasnenut no gopmysam Kpamepa u ¢ nomouypro obpam-
HOU MAMPUYDL:

2.2.18 21 =@ =3, 2.2.19 z—Vim= 0,
2z, + x40 = 1. T 12V - 5z = —10.

ar +3by =1,
br + 3ay = 1.

2.2.20. 2.2.21
r+2y+3z= 8§,

4z + 5y + 6z =19, 2.2.23

Tz + 8y = 1

1+ 22+ 3z3 = 4,
2r1 + 6z + 43 =
3z; + 10xo + 8x3 = —8.

2.2.22.

|
l
Nl

9x+8y+ 72 = 3. 2c+ y+3z=-1.

2z, + T9+4x3+8x4=0,

T1+ 329 — 623+ 224 =0,
3z, — 229+ 223 — 214 =0,
2r1 — T2+ 223 =0.

ar+ by+ z=1,
z+aby+ z2=0, 2.2.27
z+ by+az=1

2.2.26.

3c+2y+ z= 1, 3r+2y+ z=-8,
2.2.24, 6z + 5y + 42 = -2, 2.2.25. 20+ 3y+ z=-3,
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T + 2x2 — 33 + 44 = —13,

2.2.28. { ™ + T3t2ze= -l
3y + 4z + 53 = 11,

\ 5z1 + 62 + Tz3 — 224 = 19.

(—21 + 472 + 53 — 474 = —-15,

2.2.29. Ty + 2z —2r3 + 424 = 3,
2z, + 62 + 3 = -6,

\ 32,'1 + x3+ 2x4 = 11.

2.2.30. Haiitu neusBecTHble K03(bunMenTs MHOTOWIeHa f(z) = azd+
+bx? + ¢, yAOBJIETBODPSIONIETO yCIIOBUAM:

f-1)=3, f1)=1,  f(2)=-15.
2.2.31. Haiitu nemsBectHble koaddunmentsl bynkunu f(z) = alogz z+
+bz + ¢, ynoBsieTBoOpsiolER yCIOBUIM:

fM=s5 f8)=8  f(9)=19.
KoHnTponsHbie Bonpockl n 6onee cnoxHoie 3apaqm

Omeemw k& 3adavam 2.2.82-2.2.835 npoussocmpupytime npumepamu.

2.2.32. MoryT sz pa3jiu4yHble METOOBI PELIEHNsT CUCTEMBI JIMHEHHBIX ypaB-
nenutt (meron Kpamepa u meron oOpaTHOH MaTpuupbl) AaTh pas-
JINYHBIE OTBETHI?

2.2.33. Bo3MoxHO s, 4T06BI CUCTEMA JIMHEHHBIX yPaBHEHUH UMeJ1a perie-
HHe ¢ moMowbio MeToaa ['aycca, HO He nMesia pemeHus: Mo GhopMy-
aam Kpamepa?

2.2.34. CoBmecTHas CACTeMa N JIMHEWHBIX YPABHEHMH C 1 HEM3BECTHBHIMHU
3anncana B MarpuuHo#t popme: AX = B. Bynyt sin pemennsamu
cuctemsl 062 Habopa u3 n uncen: A~'B u BTA-1?

2.2.35. B cucreme n smHe#HBIX ypaBHEHU C N HEU3BECTHBIMU IOMEHSJIN
MEeCTaMH OBa ypaBHeHUs. VI3MeHsATCs 1 POPMBI 3aIUACH PEIIEHUA
¢ moMo1ubio obpaTHO# MaTpuns! 1 o ¢popmynam Kpamepa? Nsme-
HUTCs Ji1 obuee pemienue?

2.2.36. okasarb, uto ¢dopmysnsl Kpamepa sBasiorcsa apyro#t ¢dpopmoit
samucu pemenus X = A™!B cucrembl JMHeHHBIX ypaBHeHumi

AX = B.
2.2.37. Pemnth cucTeMy JIMHEHRHBIX ypaBHEHUH]:
T+ o+ ...+ T, = 1,
AT+ T +...+ apr,= b,
-1 n—1 -1, _ pn—1
al T +ay 4. tay T, =0
(Bce uncina ap,ag, .. .,a, PA3JINYHBL).
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2.2.38. [Ilycts (21,...,%,) 4 (Y1,...,Yn) — EOMHCTBEHHbIE DELICHUSA CH-
CcTeM JIMHEHHBIX ypaBHeHHUk:

@111 + ... + a1pZy = by, a11Y1 + ...+ a1aYn = C1,

an1Z1 + ...+ Gpny = by. 0n1Y1 + ...+ GrpyYn = Cp.

Jlokasath, 4T0 €11 + ...+ Cpyn = biy1 +. . . + byy,. 3anucars 310
YKCJIO B BUIE ONPENesTUTEIA.

§3. OQHOPOLHbLIE N HEOQHOPOLHbLIE CUCTEMbI
NUHEWHbIX YPABHEHWI

[IycTth maHa omHOpOOHAsS CUCTEMAa JIMHEHHBIX ypaBHEHUIl:

01171 + 01272 + ... + a1,Tn =0,
................................ (3.1)
Am1T1 + @22 + ... + QppZn, =0,

Wi B MaTpuuHoit popme AX = 0.

OmHOponHas CHCTeMa BCErla COBMECTHA, TAK KaK CyIECTBYET Mpueuasb-
noe pelleHne Ty = Tz = ... = T, = 0. OnHOpPOOHAsI CHCTEMa HEONpeNesIeHHA
TOrJa M TOJIBKO TOrAa, Korga r(A) < n.

[Monoxum r = r(A). Ilycts obwee pemenne cucrems! (3.1) 3anucaso B

BHIE
z1(t1,. - ytn—r)
X = Tr(t1y .- tn—r)
t !
tn—r
Tie xy,...,%, — I[JIABHbIE TIEPEMEHHBIE, L1, . . ., tp_p, — 3HAUEHNA CBOOOTHBIX
NEPEMEHHBIX Tpy1,- - -, Ln. BoiOepeM n — r pemennit cucrems! (3.1), mosyyeH-

HbIX 13 OOLIETO pelIeHNs CJIEMY UMM 00pa30oM: OOHO U3 3HAYEHHH CBOOOIHBIX
epeMeHHBIX I0JIAraeTCsl paBHbIM 1, & ocTaJibHble — paBHbIMU (:

:1:1(1,0,...,0)\ z1(0,1,...,0) z1(0,0,...,1)
z,(1,0,...,0) z,(0,1,...,0) z.(0,0,...,1)
X, = 1 , Xo= 0 s ey Xy = 0
0 1 0
\ o o ) 1
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91u pemeHns 06pasyIoT HOPMaabHY0 GYHIGMEHMaIbHYI0 cucmemy peuerut
onuoponuo# cuctems! (3.1). Ouu 06/1a0aI0T CJIEAYIOMUM CBOKCTBOM:
JIro60e pemenne X cucremsl (3.1) MoxkeT GBITH €IMHCTBEHHBIM 00pPa3oM
HPEeICTABJIEHO B BUAE:
X=a1 X1 +...4van-rXpn—r,
rae aq,...,0p—p — HEKOTODbIE YHUCIIA.

> JIro6oit Habop u3 n —r pemennit cucrems! (3.1), obanamomux yKa-
3aHHBIM CBOCTBOM, Ha3bIBaeTCs Ppyndamernmasvrol cucmemod pe-
wenutl cucremsl (3.1).

Ha6op u3 n — r npousBosibHBIX pemennit cuctemsl (3.1) —

1 2 _
mg ) .'1:(1 ) zﬁ" )
X1= ,X2= a---,Xn—r=
1 2 _
ot 2 "
obpasyeT pyHIAMEHTAJBHYIO CUCTEMY pelleHHit TOrga M TOJBKO TOLAA, KO-
:L'(l) x("")
o 3
T2 MaTPALA, COCTABJICHHAS U3 MX KOMIOHEHTOB | @  *.. : nmeer
1 p—
x; O G
paHr n —r.
IlycTh JaHA HEKOTOpAs HEONHOPOIHASA CHCTEMa JIMHEHHBIX ypaBHeHui
AX = B, (3.2)

a AX = 0 (cucrema (3.1)) — cooTBeTcTByIOIWAsA €lf OXHOPOAHAs CHACTEMA.
Obuee peuenue cucrems! (3.2) MoxeT ObITh MPENCTABJIEHO B BUIE CYyMMBI
obwero pemennsi cuctembl (3.1) M KakOro-to OOHOrO (YacCTHOrO) pemeHHus
cucremsl (3.2).

2.3.1. Haiitu obmee pemenne n pyHIaAMEHTAJIBHYIO CUCTEMY PpeIIeHMH
OOHOPOOHON cuCTeMBbI JIMHEHHBbIX YypaBHEHUN:

{ I —2172 = 0,
2z + 3x2 = 0.

\
(Q 3anumeM pacmMpeHHYI0 MATPUILy CUCTEMbl U NIpUBEIEM ee K
CTyNEeH4YaTOMy BHAY C IOMOLIBIO 3JIEMEHTAPHBIX Npeobpas3oBanuii:

1 -21|0 ~1—2O
2 3 |0/II-2-T \0O 7 |0/

Taxk kax cTos6en; CBOOOIHBIX YJIEHOB NPU BCEX 3JIEMEHTAPHBIX ITpe-
00pa30BaHNAX HE M3MEHSIETCs, €r0 MOXHO HEe IHUCATh U OrPaHHU-
YUTHCH MATpUUEH cucTembl A:

1 -2 ~1_2
2 3)II-2-1 0o 7))
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2.3.2.

QnHoponHas cucTeMa COBMECTHA BCErna, T.e€. paHr 7(A) MaTpuib
A onrOpOIHOHU cucTeMbl Bcerna paseH paHry r(A|B) pacumnpenHott
marpuusl (A|B), B nannom npumepe r(A) = r(A|B) = 2. Konanve-
CTBO IIEPEMEHHBIX 7 TAKXK€ PABHO 2:
n=r(A) =r(AlB) =2,
3HAYUT, CUCTEMA ONPENEJIEHHA, T.e. UMEeT eAUHCTBEHHOEe (OYeBH-
HO, TPMBHAJIbHOE — HYJIEBOE) PelLIeHHe.
ITonpoGHee, 3anuineM cuCTEMY, COOTBETCTBYIOIIYIO IOJIyYE€H-
HOI Marpuue:
T, — 22?2 = 0,
72?2 =0.
3 Broporo ypaBHenus: mosiyyuM o = 0. Iloacrassiss aTo 3uage-
HHE B IIePBOE ypaBHEHHUe, noytydum ; = 0.
Omeem. obwee pemenne (0;0). L
Haiitu obwee pemenne u pyHIAMEHTAJIbHYIO CUCTEMY pelleHuH
OIHOPOOHOHR cuCTeMbl JIMHENHBIX ypaBHEHMI:

T — T2 +x3=0,
2z, +x2 —x3 = 0.

(Q 3amumem maTpuiy CHCTEMBI M NDHUBENEM €€ K CTYIEHYaTOMY
BHUY C IIOMOUIBIO 3JIEMEHTAPHBIX Npeobpa3oBaHuii:

1-11 f1-11 1 111
2 1 -1)um-2-1"\o 3 -3/uw:37\lo 11i-1/"

Tak kak

r(A) =r(A|B) =2< 3 =n,
TO cUCTeMa HeonpenesieHHa. KoM4ecTBO IJIaBHBIX NMEPEMEHHBIX
paBao T(A) = 2, KOJNYECTBO CBOOOOHBIX IIEPEMEHHBIX DPAaBHO
n —r(A) = 3 —2 = 1. Ina onpenesieHus: IJIaBHBIX NEPEMEHHBIX
BbIOepeM Kakol-Hnbynb He paBHbI! HYJII0 MMHOP BTOPOTO MOPSIKA

1 -1
MoJIy4eHHO! MaTpuup! A, HanpuMep, MUHOD ‘ 0 1 ’ Ero crosn6-

upl — 1-# 1 2-# cTobubl MaTpULBI A — COOTBETCTBYET MEPEMEH-
HbIM Z] U T2 — 3TO OyIOyT 24a68Hble NepemenHbie, 8 T3 — €80000-
HAA Nepemennasi. 3aMeTHM, YTO B Ka4eCTBE [JIABHBIX IEPEMEHHBIX

B JAaHHOM IIDUMeEpE HeJib3sl BHIOpATh Mapy T U T3, TAK KaK COOT-

-1 1
BETCTBYIOIIM{ UM MMHODP PaBEH HYJIIO: T 0.

3anumeM cuCTEMY, COOTBETCTBYIOLLYIO [IOJIyY€HHON MaTpuIe:
zy —x2+x3 =0,
To — T3 = 0.
W3 BTOpOrO ypaBHeHUs, BbIpaXas Ty 4epes I3, MOJIYy4YuM Io = I3;
MOACTABJIASA 9TO BhIPAXKEHUE B IIEpBOe ypaBHeHUe, mostydum 1 = 0.
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2.3.3.

80

0603HauMB CBOGOOHYIO MEPEMEHHYIO 4Yepes t, MOJIy4uM obujee pe-
wenue cucmemni: (0;t;t) =t-(0;1;1). Pyndamenmaavryro cucme-
My pewenull obpasyeTt, Hanpumep, pemenue {(0;1;1)}.

Omeem. obwee pemenne cuctems! (0;t;t); bynnamentanpHas cu-
crema pemennit (0;1;1). o
Haiitu obmee pemenne u ¢GhyHIAMEHTAJILHYIO CUCTEMY peLIeHHH
OIHOPOOHOW CHUCTeMBbI JIMHEHHBIX ypaBHeHuit: (cM. 3amaqy 2.1.3)

T, + 2x2 + 223 + 324 = 0,
6(131 - 3.1'2 — 3.'173 — T4 = 0,
—7x1 + T2 + 23 — 224 = 0,
-3z + 922 + 923 + 1024 = 0.

(Q TlpuBemem MaTpHIly CHCTeMbI K CTYIIEHYATOMY BHIY:

1 2 2 3 1 27 2 3
6 -3 -3 -1 ~ 0 15} 15 19
-7 1 1 -2 (cm.2.1.3) 0 0 0 O
-3 9 9 10 0 0 0 O
Tak xak

r(A) =r(A|B) =2<4=n,
TO CHCTEMa HEONpeNesIeHHA. B kauecTBe IVIABHBIX MEPEMEHHBIX

MOXKHO BbIOpATh T U T, COOTBETCTBYIOLIME CTOJIOIAM HEHYJIEBOTO

1 2
MHHOpa BTOPOTO MOPANKA: |) |5 B KaYecrse cBOOOIHBIX Hepe-

MEHHBIX — T3 U T4.
3anumeM CHUCTEMY, COOTBETCTBYIOIILYO NOJIyYEHHO! MaTpuIe:

T + 222 + 223 + 324 =0,
1529 + 1523 + 1924 = 0.

W3 BTOpOrO ypaBHEHMs, BhIpaXKas Ty 4Yepe3 T3 U T4, MOJIYIUM
T2 = —T3 — 1£%. Iloncrasiisist 3TO BhIpaXKEHHE B MEPBOE YPaB-

HEHUe, MOJIyYuM T) = —115—:1:4. O6o3Ha4yasi cBOOOOHBIE TIEpEMEH-

Hble — T3 4epes ty, T4 Yepe3 15t; 3anumeM obujee pewerue cucme-
Mo (—Ttg; —t1 —19t2; t1; 15¢2) = t1(0; —1;1;0) +t2(—7; —19; 0; 15).
Oyndamernmanvryro cucmemy pewenuti obpasyer, HaIIpuMep, Napa
pemennit (0; —1;1;0) u (—7;-19;0; 15).

Omeem. Obwee pemenue cucreMsl (—Tte; —t; —19t2; t1; 15t2); dyn-
IHameHTajbHasA cucrema pemenn#t {(0;—1;1;0), (—7;-19;0;15)}.



Haidmu obwee pewenue u dgyndamernmarvryro cucmemy pewenuti das odmo-
podHol cucmemvl AUHETUHBT anrzebpaunecKus ypasnernudl:

2.3.4. {""'1 +z2 =0, 2.3.5. { otz =0,
I — Ty = 0.

2.3.6. {2x—3y 0, {xl +x9 —xz3 =0,
4z — 6y = 0. T — 22 +x3 =0.
- V3zy =0,
3w1— \/;xz=0, 221 = 22 =0,
2.3.8. 2w1 . \/f_m o, 2.3.9. —V8z1 +v2z3 =0,
325 = 0. 4, — 2z9 =0.
1 + 2x9 + 323 =0,
2.3.10. { 2+ 2 =23 =0, 2.3.11. {49:1 + 525 + 623 = 0,
-7 — 23 +x3 =0.
7z + 8x2 + 923 = 0.
(1, — z3 =0,
To — x4 =0, T1 — 2z + 323 =0,
2312, | atT-T=0, 2.3.13. { —T1+22; = 373 =0,
—Io+ x4 —x6 =0, 2z — 4z + 623 =0,
—z3+ 125 =0, -3z, + 622 — 923 = 0.
| —T4 + 36 =0.
2z — x2+ z3 =0, Ty + 229 + 323 =0,
2.3.14. 4z, — 2z9 + 223 = 0, 2.3.15. {4z1 + 5z9 + 623 =0,
6x; — 3z5 + 33 = 0. 7z + 8z + 10z3 = 0.

(T, +2x0+ 4x3— 314=0,
3z; + 523 + 623 — 4x4 =0,
4z, + 525 — 2z3+ 374 =0,
321 + 822 + 2423 — 19z4 = 0.

2.3.16.

() — To—213+4+ 3z4 =0,
T + 222 - 4x4 =0,
214+ T2+ 223 - 14 =0,
\ 71 —4z2 + z3+ 1024 = 0.

2.3.17.

(321 + 4x9+ z3+ 214+ 325 =0,
51 + Txe+ x3+ 3x4 +4x5 =0,
4y + 5x2 + 223+ T4+ 525 =0,
\7z1 + 1022 + =23 + 624 + 525 = 0.

2.3.18.
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Haiimu obwee pewenue u pyrndamernmarvruyro cucmemy pewenutt o0nopodHot
cucmemovt AUHEUHBT YpasreHul 6 346UCUMOCTIU OM NAPAMEMPA \:

1 + 9 — 3z3 =0, 8z, + x3 + 423 =0,
2.3.19. T —2x9 — 3 =0, 2.3.20. Az —x9 + 23 =0,
2z + 1122 — 2Xz3 = 0. A2z + 3z0 + 223 = 0.

B 3adavax 2.3.21-2.3.25 sexmopom D 6ydem Ha3vieamsv ynopadouernnwuill xo-
Hewnoill Habop wucea D = (P1;P2;---;Pn); 8 IMOM CAYHAE YUCAR D1,D2, - - -, Pn
bydem na3vieams Komnonenmamu eéexmopa p (nodpobnee — cm. I'nasy 3).
Hanw:

1) neodnopodnas cucmema ypasrenud;

2) nabop u3 mpex eexmopos a1, Gz, G3;

3) necxoavxo cucmem eexmopos — B;.

Tpebyemces:

a) ITposepumv, xaxue u3 mpex eexkmopos — @y, Gz, G3 — RAGARIOMCA pewse-
HUAMU JaHHOTl HeodHopodHol cucmemvs ypasnerud.

6) Bwibpamv me cucmemw. 8exkmopos B;, xomopwe obpasyrom gyndamen-
maavhyo cucmemy pewenut coomeemcmeyweld 00HOpodHOU cucmemv
ypasrnenull.

8) Hcnoav3ys omeemus k nynxkmam a) u 6), 3anucams obujue pewenus 9an-
Holl Heodnopodroll cucmemst u coomeememeyrouetl ell 00nopodHoti cucmemov
ypasrenull.

2321, (T TtT=2
2.’171 — 2.’L'2 + 2.’173 =4.

1=(1,-2;3), @2 = (1;0;1), @3 = (5;2; —1);
1={(-4-22),(%1;,-1)}, B2 = {(2;1;-1),(1;1;0)}.

a) IloncTaByiAs B CUCTEMY ypaBHEHUH KOMIOHEHTHI BEKTODA
1 = (1;—2;3), mosiyunM IBa HEBEPHBIX PABEHCTBA:

ow@l

5l

1+2+3=2,
2.1+2-2+2-3=4.

3uauut, HaOop 3Ha4yenuit (1; —2;3) He ABNAETCA pelIeHNeM TAHHOR
CHCTEMBI.

Teneps ybenumcsi, YT0 KOMIIOHEHTHI BeKTOpa Gz = (1;0;1) na-
10T PellleHUE CUCTEMBI:

1+40+1=2,
2:1+2-0+2-1=4.

AHaJIOrMYHO, KOMIIOHEHTHI BeKTopa a3 = (5;2;—1) Takxke
NpEeNCTaBAlOT COOOH pelleHne NaHHOK HEONHOPOAHOM CHCTEMBI
ypaBHeHHu# (IpOBEPHTE CAMOCTOSTENIBHO!).
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6) CHavaJia BBIACHHM, U3 CKOJIKMX peueHuit cocrout dyHna-
MEHTaJIbHAs CHCTEeMa, PelIeHU# ONHOPOOHOM CHCTEMBI ypaBHEHHIA,
COOTBETCTBYIOLIEH 3a0aHHOK HEONHOPOMHOM cucTeme:

Ty — T+ 23 =0,
2z, — 225 + 223 = 0.

Haiinem paur marpuisl A 3TOH cUCTEMBI, [Jis 4YEro MPUBEIEM ee K
CTyII€HYaTOMY BHIY:

1 -1 1 (1 -1 1
2 -2 2)II-2-1 0o 0 0/°

3uaunt, r(A) = 1, u n — r(A) — 3 — 1 = 2, oTkyna cjaenyer, 4T0
s106as GyHIaMEeHTaIbHASL CHCTeMa COCTOMT U3 IBYX PeIIeHuH.

HerpynHo yBumerb, 4TO pelIEHUsIMU YKA3aHHOU OOHODPOOHON
CHCTEMBI yDAaBHEHUH ABJISIOTCS BCE YE€THIPE BEKTOPA U3 CUCTEM B
u B, (nposepbTe camocTosATEIBHO!).

JBa pemenns yxasaHHO! 0qHOPOOHON cucteMbl OyayT 06paso-
BHIBAaTh €e (GPYyHIAMEHTAJIbHYIO CUCTEMY PEIIEHUH TOrna M TOJIBKO
TOr[a, KOIa OHY JIMHEHHO HE3aBMCHMBI, T.€. MATPHUIIA, COCTABJICH-
Has U3 UX KOMIIOHEHT, UMEeT PaHr 2.

CocTaBuM MaTpully M3 KOMIOHEHT BEKTOPOB CHUCTEMBI B; m
IPUBENEM €€ K CTYNEHYATOMY BULY:

-4 -2 2 -4 -2 2

2 1 -1/2.1T+1 0 0 0/°
Panr sTo#t marpuus!l paBeH 1, 3Hauut cucrema B; He sABjiserca
¢dyHIaMEeHTaJILHO! CHCTEMOH peleHuit OMHOPOIHOM CHCTEMBI ypaB-
HeHui.

Hccnenyem cuctemy BektopoB By. CocTaBuM MaTpUIy U3 KOM-
IIOHEHTOB BEKTOPOB U3 32 U IDUBEOEM €€ K CTYIIeHYaTOMy BULY:

21 -1 (21 -1
11 0/)2-II-1T \0 1 1)°

Panr atoit MaTpub! paBeH 2, 3Ha4UT BEKTOPHI U3 By nuHelHO He-
3aBUCHMBI ¥ 00pa3yoT (PyHIAMEHTAJIbHYIO CUCTEMY pelneHuit on-
HOPOIHOM CHCTEeMBI ypaBHEHMIA.

B) Obwee pelieHne ONHOPONHON CHCTEMBbI MOXeT ObITh 3amu-
CaHO B BUIE JIMHEAHOH KOMOMHAIMN BEKTODPOB 51 = (21;-1) u
by = (1;1;0), T.e. cymmBI BumA

ty-by+ta-bo =t -(2;1;-1)+1t5-(1;1;0) =
= (2t1;t1; —tl) + (t2;t2;0) = (2t1 + to; 8 + to; —tl),

roe t) U o — Npou3BOJIbHBIE NEHCTBUTEILHBIE YUCIIA.

83



2.3.22.

2.3.23.

2.3.24.

2.3.25.

84

Obmee peuieHue HEOMHOPOIOHOM CHCTEMBbI ypaBHEHUII MoXeT
ObITH 3aIIMCAHO B BUAE CYyMMbl OJHOrO (YaCTHOrO) PELIeHHUs 3TOH
CHCTEMBI 1 00ILEro pelleHns COOTBETCTBYIONEH OqHOPOAHOH cucTe-
MbI ypaBHeHu#. Tak Kak U BEKTOD Gz U BEKTOP 3 ABJIAIOTCS Pelie-
HUSIMM HEONHOPOJOHOM CHCTEMBI, TO ee obmiee pelleHue Mbl MOXKEM
3anucaTb OIByMs CHOCO6aMﬂZ

as + t151 +t252 - (1;0; 1)+ (2t1 + 9511 + to; —tl) =
= (1 + 2t + to; 11 + 551 —tl)

NJIN

as + tll;l + t252 = (5;2; —1) + (281 + to5t1 + to; —tl) =
= (5+2t1 +t0;2+ 1 +19;—1 —tl).

Omeem. a) Gy u a3; 6) By; B) obmee pellleHne OTHOPOOHOR cucTe-
MbI (2t1 + a5t + 1o; —tl) obiee pelreHne HEOMHOPOOHON CUCTEMBbI
(1+2t1 +to5t +1o;1 —tl) ujiu (5+2t1 +t9;2+4t +1o;—1— tl) ]

T, + 2z9 =4,
-2, — 429 = -8,
a1 = (0;2), @ = (—2;3), a3 = (2; -1);

By = {(21), & -1}, Br = {2 -1}, Bs = {& D).

2x, + 29 — 423 =0,
3z, + 520 — Tx3 = 8,
4:1:1 59 — 63 = 1.
= (-3;2;-1), @ = (0;0;0), as = (1;2;
31 ={(0;0;0)}, B2 = {(1;2;1)}, Bs = {(13;2;7)}.

-1 — T2+ 23 = -1,
T1+xT3—2x3=1,
2z, + 2z — 2x3 = 2.
a = (L1;1), @ = (001)'=( ;0);
Bl_{(1,12 ), (0;1;1),(2,-1;0)}, B ={(1;0;1),(0;1;1)},
={(2;-1;1), (- 121)}

4z — 29 — 33 + 224 = —1,
8z, — dxy — 623 + 34 = 2,
121!1 - 7.’172 - 9.’L'3 + 5(E4 =3.

a = (-1,-2;1;2), a2 = (2, -2;5;2), az = (—4;—2; —3;2);

B; ={(3;0;4;0),(1;-2;4; -3)}, B, = {(-1; - 1 3)}
B3 = {(3;0;4;0)}.



JononHurtensHsie 3apaiv

Hatimu obuee pewerue u yndamenmanrvryro cucmemy peuteruti 0dnopodroti
cucmemst AUNHETNDT Ypasrerul:

2.3.26.

2.3.28.

2.3.30.

2.3.32.

2.3.34.

2.3.36.

2.3.37.

2.3.38.

2.3.39.

20 = 22 =0, 2.3.27. z=V3y=0,
—4z) + 225 = 0. V3z - 3y=0.

T + 2z9 =0,
-\/51:1 - \/1_21.2 = Oa
2z, + 4z = 0.

2.3.29.

2.3.31.

2x) + 53 + 323 =0, 2.3.33. 2z) +3x2 + 3 =0,

3z + 422 + 23 = 0. 5z, — 3z — 823 = 0.

2 - =0

1 — 225 + 333 = 0, I

-1 + 2z — 323 =0, 2.3.35.
2z, — 4x9 + 623 = 0.

1'1—2.’1,'24- z3=0a
Ty + 3x9 — 223 = 0,
z1 + 8z — 5x3 = 0.

{ |
BRI e [0
| |

Ty —z3+ 75 =0,
To — T4 +26 =0,
Qz1—Z2+T5 — 26 =0,
To — 23+ 26 =0,
\111—.’154+.’L‘5=0.

(T, 4+ T3 — T3+ 224 =0,
T, + 3z — 323 + 424 = 0,
31 + 229 + 23 =0,
\ T1 + 3z, —9xq = 0.

2z, —4x9 + Sx3+ 334 =0,
3z — 622 + 43+ 224 =0,
4, — 89 + 1723 + 1124 = 0.

5z, + 622 — 223 + Tx4 + 425 =0,
2z, + 322 — x3 +4x4 + 225 =0,
51 +9z9 — 323+ x4+ 625 =0,
Tr, + 922 — 3z3 + 54 + 625 = 0.
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Haiimu obwee pewenue u pyrndamernmanvhyro cucmemy pewenult odnopodnot
cUCMeEMbl AUHEUHBT YPABHEHUT 8 3a46UCUMOCTNU O NAPAMEMPA:

2.3.40.

T, — 3z T3 —2x4=0,
2z + x93+ 33 =0, ! 2+ T3 4

3 21y 3z4=0,

gy — Tp+Tms =0, 2.3.41, (°mtem 49T
o1 4+ gy + 223 = 0 5z, + 619 —4x3— T4=0,
! 2 3= 3z1+ 510 — Ax3 =0.

KonTponsHbie Bonpocsl n 6onee cnoxtoie 3apga4n

Omeemuw x 3adavam 2.3.42-2.3.56 npouasocmpupytime npumepamu.

2.3.42.

2.3.43.

2.3.44.

2.3.45.

2.3.46.

2.3.47.

2.3.48.

2.3.49.

2.3.50.

2.3.51.
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MoxeT Ji KOJIMYECTBO pelIeHu#, COCTAaBIAIomUX GyHIaMeHTab-
HYIO CUCTEMY pelreHui, 6bITh GOJIbIIE YUCIa HEM3BECTHBIX? MEHb-
me? paBHO?

Mozker Jin YaCTHOE pelleHue OOHOPONHON (HEONHOPOHOM) cucTe-
MBI JIMHEHHBIX ypaBHEHUH ObITH ee OOIIMM pemeHneM?

Moxert s OIHOPOAHAA CUCTEMA JIMHEHHBIX YPABHEHNH NMETh POB-
HO OIHO pelleHune? poBHO ABa? poBHO 177

®yHoaMeHTaJIbHBIE CHCTEMBI PELIeHUH ABYX OMHOPOIHBLIX CHCTEM
JIMHEAHBIX ypaBHEHMH COBMaAaioT. PaBHBI JIM MATPHILI OTHOPOLI-
HbIX cuctem? PaBHBI JIM PaHTM 9TUX MATPUIL!

Y OByX HEOOHOPOOHBIX CHCTEM JIMHEHHBIX ypaBHEHH# ecTh obuiee
YaCTHOE PelIeHNe U y COOTBETCTBYIOIIUX MM ONHOPOAHBIX CHCTEM
coBnaaamT GyHIaMeHTaIbHbIE CUCTEMBI peueHuit. PaBubl sin pac-
IIMPEHHbIE MATPUIBI HeomHOpoAHbIX cucreM? CoOBHAmAIOT JIM MX
obmue pemeHus?

Canenyer jin, 4TO CHUCTEMa JIMHEAHBIX ypaBHEHUH sABJIAETCS OTHO-
POOHOIA, U3 TOr0, YTO CyMMa, JIIOOBIX ABYX PEIIEHUH CUCTEMBI TAKXKe
SIBJISIETCA €€ pelleHneM?

BepHo Jin, 4TO CyMMa (Pa3sHOCTB) OBYX JIIOOBIX PEILIEHUH CHUCTEMbI
JIMHEHHBIX ypaBHEHUH TaKXKe sIBJISAETCA ee PElIeHUEeM, eCjii CUCTe-
Ma:

a) OOHOPOOHA;

6) HeomHoponua?

Moxer Jin Yy HEODHOPOOHOM cUCTeMbI JIMHEHHBIX ypaBHeHu# OBITH
dyHsnameHTaIbHAA CUCTEMA PEINeHU?

MoxeT Jii y OIHOPOAHOM CUCTEMBI JIMHEAHBIX ypaBHEHUR He ObITh
byHIaMeHTaIbHOM CUCTEMBI pelneHuit?

BepHo 511, 4TO Mpou3BeNEHUE PEIIEHNUsT CHCTEMBI JIMHEHHBIX ypaB-
HeHU# Ha J1I000€ YHCJIO TaKXKe ABJIAEICS €€ pelIeHHEeM, eCJId CH-
creMma:

a) ONHOPOIHA;

6) neomsoponsa?



2.3.52.

2.3.53.

2.3.54.

2.3.55.

2.3.56.

2.3.57.

MoryT jiu cCOBIagaTh MHOXKECTBA PelleHUH Y NBYX Pa3jIM4HbIX CHU-
CTeM JIMHEHHBIX ypaBHEHUH — OINHOPOMHOM M HEOOHOPOTHOH?
Cucrema nunelinbix ypasHenuii (I) oqaoponsa, cucrema (II) neon-
HopoaHa. O6mee pemenne cucrems! (II) moxer GbITH IpencTaBIeHO
B BUJIE CyMMBbI YaCTHOrO pemenusi cucrems! (II) u obumero pemenus
cuctemsl (I). CoBnagatot sin Matpup! cucteM (I) u (I1)? Cosnana-
IOT JIM PAHTH 3TUX MATPUIL?

YT0 MOXKHO CKa3aTh O MHOXKECTBE DEIIEHU# ONHOPOMHOM CHUCTEMBbI
JIMHEWHBbIX ypaBHEHMI, eC/I OHO He U3MEHAETCA NPHU BblYepKUBa-
HUM OIHOrO Ji1060ro U3 ypaBHeHuit cucreMoi?

ITycTh naHb! nBE ONHOPOOHBIE CUCTEMBI JIMHEHRHBIX ypaBHeHuit. Y10
MOXHO CKa3aTh O MHOXECTBAX MX peleHui, ecyiu npu nodaBIeHUU
KO BTOPO# cucTeMe OQHOro Jilo00ro U3 ypaBHeHUH nepBoit cucTeMsl
MHOXECTBO peIIeHUH BTOPO’ CHCTEMBbI HE N3MEHAETC?

Ilpu xakux ycJIOBUAX Ha 4YMCJIA Q,Qs2,..., 0, IJs1 JIIOOLIX pele-
it X, Xo, ..., X, HEOOHOPOOHON! CUCTEMBI JIMHEHHBIX YpaBHEHU]
cymma a1 X1 + a2 X2 + ... + a, X, Takxke Oyner pelieHueMm 3TOi
CUCTEMBI?

IIpu kakux ycsioBusiX B 0OIIEM pElIeHUM OJHOPOTHONU CHCTEMBI

o +azs + bxy =0,

—-I + cx3 +dry =0,
ar; + cxs —exy =0,
bz, + dzrs + exs =0

B Ka4yeCTBe CBOOOMHBIX MEPEMEHHBIX MOXKHO B3fATb T3 U T47

KOHTPOJIbHAA PABOTA
Bapuant 1

1. HUccnenosats cucreMy ypaBHEHHI Ha COBMECTHOCTD M OINPENEJIEHHOCTD,
He pemas ee. YKa3aTh ryiaBHble (6a3ucHble) U CBOGOOHbIE TIEPEMEHHBIE.

3r; — z3+2z3+ x4= -9
—2r1 4+ x2— T3+ 4dx4 = -2
—I + T2 + 9z4 = —13;

-9z, + 429 — 523 + 1114 3;
—152y + 622 — 923 + 9z4 = 21.

2. Pemuts cuctemy ypaBHeHuit meronom I'aycca. Ykaszarh obuiee U OqHO
YACTHOE PEIICHHUS.

Ty — 22 — T3+ 3x4 = 5
41 + To+ z3'+ 214 = 13;
Tz + 420 + 323+ x4 = 21;
2z, + 529 + 313 — 44 = 3.

87



3. Pewnth cucTemy ¢ moMombio obpaTHoit MaTpuisl 1 o dpopmynam Kpa-i
Mepa.
=3z, +4z2 + x3 = 17,

2z + 22— 23 = 0
-2z + 3x3 + 523 = 8§;
4. PemnTh OOHOPOOHYIO CUCTEMY ypaBHeHui. YKa3aTh oOllee pelieHue u
dyHIamMeHTaNbHYIO CHCTEMY pelIeHHH.
T + 529 — 323 — 224 = 0;
-2 + x3+414 =0;
T, — 319 + 523 + 224 = 0;
521 — x9 + 623 — 214 = 0.

BapuaHnrt 2

1. HccnenoBath cucreMy ypaBHEHU! Ha COBMECTHOCTD U ONPENEJIEHHOCTb,
He pemas ee. YKa3aTh [JiaBHble (6a3UCHBIE) ¥ CBOOOMHBIE IEPEMEHHBIE.

2x) — x9+ 3z3+ Sy = -3
-2z + 319 — Iy = 8;
Try — 3z + 2x3+ 44 = O
-1 — 2z + 43+ Txy4 = —14;
—211 — 229 + 11235 + 1824 = —23.

2. Peumth cucremy ypaBHeHmit MeronoMm I'aycca. Ykasarh obuiee u onHO
YaCTHOE pelIeHu .

3z, + 229 — x3+ 2T4 = —3;
—x1 — 312 +2z4 = -3;
T —4z3+ x4 = 0
Ty — To2+3x3+3x4 = 6.

3. Pemnts cucremy ¢ momombio o6parHoit MaTpuim! 1 no dopmysiam Kpa-

Mepa.
Ty + 229 — 313 = —3;

-2z + 625 + 913 = —11;
—4x) — 322 + 83 = 2.
4. PemnTh ONHOPOOHYIO CHCTEMY ypaBHEHmit. YKa3aThb obllee peleHue u
byHIaMEHTAJIbHYIO CUCTEMY pelIeHu.
2z + 619 — 223 — 44 = 0;
—5x1 — 219 — 3+ S5x4 =0;
—4x; + 1429 — 823 — 224 = 0;

—x7 + 1029 — 523 — 314 = 0.
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BapuaHTt 3

1. UccrenoBath cucTeMy ypaBHEHUlt Ha COBMECTHOCTD U ONPENEJIEHHOCTb,
He pemas ee. YKasarh riasHble (6a3sucHble) U CBOOOOHBIE IEpEMEHHEIE.

T, +2x9 — 323 — 224 = 5
—-21 + z3+4x4 = O
-3z, + 225 + 423 + 324 = —11;

31— T2+2x3+ 4= T,
13z, — T3 -9z4 = 35.

2. Pemnth cucremy ypaBHeHmit Metonom I'aycca. Yka3aTh obiiee u OmHO
YaCTHOE pelIeHHU .

—3z1 + 222 + S5x3 — 224 = -1,
-4z, + 1323+ x4 = —10;
—2x1 + 323 — 3z3 —4x24 = 6

2r; —4x9 + 3z3 + 514 = -8.

3. Pemuts cucteMy ¢ nomompio 00paTHOR MaTpuis! U o ¢popmysiam Kpa-

Mepa.
3z + x2 — z3 = 10;

—-3z; + 32 + 223 = 8§;
517 + 229 + 823 = —1.

4. PemuTh ODHOPOOHYIO CHCTEMY ypaBHeHuil. Yka3aTh o0llee penieHue u
byHIaMeHTANIbHYIO CUCTEMY PELIeHUA.

3z + 222 + 223 + 14 = 0;
—-3z1+ x2— x3+4z4 =0;
9z1 + 322 + 53 — 224 = 0;
-9z, —4x3 + Tzy = 0.

Bapuanr 4

1. UccnenoBaTe cucreMy ypaBHeHuit Ha COBMECTHOCTD U ONPENEJIEHHOCTb,
He pemias ee. YKas3aThb ryiaBHble (6a3uCHBIE) U CBOGOAHbIE IEPEMEHHBIE.

21+ x2— z3+3T4= 3
2z + 222+ 43+ T4 = 5
r — 2(172 - 4.’L'3 + 3(174 = —12;
—5x1 — 5x9 — 10x3 + 424 = —19;
—5z1 + 10z2 + 5z3 — 274 = 47.

89



2. Pemuts cucteMy ypaBHeHuit MeronoMm 'aycca. Yka3aTh obmee u 0qHO
YaCTHOE PeIleHUsT.

Ty — 29 + 223 — 44 = -2;
—5x1 + 822 — 4x3 + 1224 = —4;

4z, — Txe + 513 — 1224 = —1;
-2z + 329 — T3+ 414 = -3.

3. Pemuts cucreMy ¢ noMompbio 06paTHoi MaTpumbl u 10 ¢popmysiam Kpa-
Mepa.
3z + x93 — x3 = 10;

-3z + 322+ 223 = 8§;
5z1 + 222 + 8x3 = —1.

4. PemuTh OOHOPOAHYIO CHCTEMY ypaBHeHu#l. YKasaTh oOlee pelieHue u
byHIaMEHTAJIbHYIO CUCTEMY pelIeHuit.

-1+ 3x2+3x3— 14 =0;
2y — 219+ 3+ 3z4 =0;
—5x; + 119 + 8x3 — 624 = 0;
31 — T2 + 513+ 514 =0.
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rmasa 3. BEKTOPHAS AJITEBPA

a

§ 1. BEKTOPbL. JINHEWHbIE ONEPALUWN HAJ, HUMMW.
PA3NTO>XXEHUE BEKTOPOB

= Bexmopom Ha3bIBae€TCA HaNpaBJIEHHBIH 0Tpe3ok. BekTop ¢ Haua-
JIOM B Touke A ¥ KOHIIOM B Touke B 0Go3nauaercs cumsosiom AB
(um ommoft Gykso#, @, b, ...). Idyuna oTpeska AB HasbBaeTcs
daunotl, umu modyaem sextopa AB u o6osnauaercs |AB|, |a|. Bek-
TOp, OJIMHA KOTOPOTO PAaBHA HYJIIO, HA3BIBAETCA HYAEELIM 6EKTNO-
pom u obosnauaercss 0 umu mpocto 0. Ilo onpenenenuio HyneBoH
BEKTOP HEe MMEET HAIPABJICHUS U KOJIJIMHEApEeH JII0OOMY BEKTODY.
BexTop, 1/1MHA KOTOPOro PaBHA, OUHUIIE, HA3BIBACTCA eJUHUYHBIM
eexmopom u 0003HAYAETCA Yepes €.

EnunnyHbifl BEKTOP, HApaBJieHNe KOTOPOT'O COBIAAAET C HAIIPABJIEHUEM
BEKTOPAa @, HA3bIBAETCA OpPMOM BEKTOpa @ u obo3Hauaerca a’. JIBa HeHy-
JIEBBIX BEKTOPA HA3BIBAIOTCA NPOMUEONONOHCHBIMY, €CJI OHU UMEIOT OOUHA-
KOBYIO IJIMHY ¥ TPOTUBOIIOJIOXKHBIE HANpaBJeHuA. BEeKTOp, MPOTUBONOJIOXK-

ubill BeKTOpY @, 0603HAuaeTCA —a; BekTop AB npotusononoxen ekropy BA
(B4 = - AB).

= BeKTOpHI @ U b HA3BIBAIOTCH KOAAUHEAPHOLMU, €CITH OHY JIEXKAT HA
ONHOM NMPAMOMR MM HA, TIAPAJITIEIHBIX TIPAMBIX; 33IIUCHIBAIOT & || b.
Tpu (u GoJiee) BEKTOPA HA3BIBAIOTCA KOMNAGHAPHOLMU, €CJI OHU
JIEXAaT B OJHOM MJIOCKOCTH WJIM B NAPAJLIENBHBIX IJIOCKOCTSAX.

=4 JIBa KOJIMHEAPHBIX BEKTOPA @ U b Ha3bIBalOTCA pasHumu (a = b),
€CJI¥ OHU COHAIIPABJIEHBI U UMEIOT PABHbIE IJIVHBL.

CoBMecTUM mapaJsiiesIbHBIM IIEPEHOCOM Ha4aJ1a, HEKOJLJIMHEAPHBIX BEKTO-
poB a u b. Hayano u xOHuB! BEKTOPOB 0Opa3yl0T BEPLUIMHBI TPEYrOJIbHUKA.
Yenom mexny BekTopamu @ u b Ha3BIBAETCA YroJ MpY BEpIINHE 3TOTO Tpe-
YTOJIbHUKA, COOTBETCTBYIOIMH Havasly BEKTOPOB. EcCm BEeKTOpHI COHaIpa-
BJIEHBI, TO YTOJI MEX/1Yy HUMH PaBeH HYJIIO; €CJIM MPOTUBOIIOJIONKHO HaIIpaBJIe-
Hbl — yroJ1 Mexay HuMu paseH 180°.

> Cymmotli IByX BEKTOPOB @ U b HA3BIBAETCA BEKTOP C, COETMHAIOMMIH
HaYyaJI0 BEKTOPA & C KOHLIOM BEKTOPa b, OTJIOXKEHHOTrO OT KOHIA
BEKTODa a.

O6o3nauenue: ¢ = @ + b.

Ij1si reoMeTpUYECKOro IPENCTABJIEHUS CYMMbI BEKTOPOB HCIOJIb3YIOT
NpaBuUJIa «TPEYTOJIbHUKA®» U «ApaJIeJIOrPaMMa», MPOUJLIIOCTPUPOBaHHbIE
Ha puc. 1 1 2 COOTBETCTBEHHO.
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Ilon pasnocmoio BekTOpPOB @ U b nonumaercs BEKTOp € Takoii, 4To b+é=
= @. Obo3nauenue: ¢ = a — b. CupaBennuBo paBeHcTBo @ — b = @ + (-b).

Puc. 2

> IIpoussedernuem sexmopa @ # 0 Ha wucao A # 0 Ha3bIBAETCA BEK-
TOp, KOTOPbI# uMmeer nuHy |A| - |@|, ero Hanpasienue eciu A > 0
¥ TPOTHBOIOJIOXKHOE HampasJjeHue, ecau A < 0.

O6o3Hnauenue: A - a.

Otmernm, uTo @ = |@| - @°, T. €. KaXKIBI# BEKTOP PaBeH IPOU3BENEHHIO €r0
MOZYJIA Ha OpT.

JIpa HeHyJIEBBIX BEKTOPA G ¥ b KOJIJIMHEAPHBI TOTIA ¥ TOJILKO TOIa, KOLIA
OIMH W3 HUX €CTb MPOU3BeMieHHe IPYroro Ha HEKOTOPOe YHCJIO, T.€e. b= \ - @,
A — 4uCs0 (NPUSHAK KOAAUREAPHOCTIY 6EKTMOPOE).

Tpu HeHyNeBBIX BEKTOpa @, 5, C KOMILJIAaHAPHbI TOrZa M TOJIbKO TOrOa,
KOIZIa OOWH W3 HUX fABJIAETCA JiMHeiHOM KomOwHamume#t npyrux, Hampumep,
€= MA@+ X2 -b (A1, A2 — 4uCIa He paBHBIE HYJIIO ONHOBPEMEHHO) (npusnax
KOMNAGHAPHOCTU 6EKMOPOE).

3.1.1. B rpeyronbuuke ABC nano: AB =
=a, AC = b, Touka M — cepenu-
Ha cropossl BC. BripasuTh BeKTOp
AM uepe3 BeKTODHI @ u b.

(Q Yepes Touky M nposemeM mps-
Mble, NapaJiyiesibHble CTOpoHaM AB
u AC. Tlony4um mapaJinesorpamm
AB1MC; (puc. 3), B xoropom AM
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3.1.2.

3.1.3.

3.1.4.
3.1.5.
3.1.6.
3.1.7.

3.1.8.
3.1.9.

3.1.10.

3.1.11.

3.1.12.

sABssieTca Auaronasbio. Cnemosaresnso, AM = AB; + AC,. Ho
AB; = 1 -d, AC, = -1— b (BiM u CiM — cpemme JIMHWH, IO3TOMY

AB; = BlB AC, = C,0). Tlonyyaem AM = = -a+ ; b, T.e.

AM=1.@+). °

Kakomy ycnoBHIO OO/DKHBI yHO-
BJIETBOPATH HEHYJIEBbIE BEKTOPEI
@ u b, 4TOGBI MIMEJIO MECTO COOT-
Howenue |@ + b = |a — b|?

(QQ TMocTpouM Ha BeKTOpax @ u
b, oTsioxkenHbIx oT Toukn O, ma-
pasnenorpamm OADB (puc. 4) 0 b B
Torma OD =a+b, BA=a—b

Sl

Pasenctso |@ + b| = |a — b| ozHa- Puc. 4

4aeT, 4YTO IJIMHBI OuarosaJeit

napaJutesiorpaMma pasabl, T.e. |AB| = |OD|. Orciona cienyer,
4TO JAHHBLIH mIapaJlylesiorpaMM ecTh npsmoyrosibHuk. Cienopa-
TeJIbHO, BEKTOPHI @ ¥ b IepIeHIuKy/IAPHBL. o

ITo II.a.HHbIM BEKTOpaM @ U b mocTpouTh BEKTOPHI:
1) 3 —2b; 2) 4a + b;

3)2 @ - b);
4) (a+2b)—l(a—2b)—a—b

HaHbl BEKTOpHI @ U b. KosimHeapHb! J1i BEKTOPBI & = @ — 2/3 - b
ud=—-vV3-a+6-b?

[Ipu xaxux 3HaveHusx A BexTopbl 2\ -a@ u (A3 —1)-a, (@ # 0)
HUMEIOT OOVHAKOBOE HAIpaBJieHue?

[Ipu Kaxux 3HAYEHUAX T BEKTODLI T° - @ u (T
MPOTHUBOIIOJIOXKHO HAPABJIEHBI?

Hano: |a| = 13, |b| = 19, |@ + b| = 24. Hatitu |a — b|.

Hano: @ L b, |a| = 5, |b| = 12. Haittu |@ + b| u |a — b|.

B tpeyrosibnuke ABC: M — TOYKa mepeceyeHus MeOUAH Tpe-
yroneuuka, AM = @, AC = b. Paznoxurs AB u BC no BexTopam
aub.

B napannenorpamme ABCD: K u M — cepenunsl cropon BC
u CD, AK = a, AM = b. Beipasuts Bexktopsl BD u AD uyepes
aub.

Touka O ABNAETCA UEHTPOM TsDKECTH (TOYKA IE€PECedeHusi Memu-
an) tpeyronbuuka ABC. okasars, uto OA + OB + OC = 0.

B uetsipexyronsauke ABCD nuaronasu, nepecekasiCh, OeATCA
nonoJiaM. JI0Ka3aTh, YTO TOT YETHIPEXYTOJIbHUK — IMapaJLIesio-
rpaMM.

2_z-2)-a,a#0,
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> Ipoexyueti eexmopa AB wna ocv | Ha3BIBaeTCA YHCJIO, PABHOE TN~
He BekTOpa A; B; (puc. 5), B3ATOH CO 3HAKOM <ILIIOC», €CJIH Ha-,
npaBjieHne BekTOpa A;B; COBNANAeT C HAIPABJIEHHEM.OCH ¥ CO
3HAKOM «MHMHYC» B IIPOTUBHOM cJjyuae. Touku A;, By — 310 TO4-
KM TepecevyeHus ocu | C NepneHIuKyIAPHbIMU € TJIOCKOCTAMH,
npoxonAmmMy 4epes Touku A, B.

Puc. 5

O6o3nauenue np; AB.

OcHoBHbIe CBOICTBA MPOEKLIUN:

1. np;(@ + b) = np, @ + np; b;

2. nmp;(A- @) = A - np; a.

Ecmu ¢, j, K — OpTh KOOPIMHATHBIX OCelf MPAMOYTOJIbHOH CHCTEMBI KO-
opaunar Ozyz, TO N11000H BEKTOpP @ €IMHCTBEHHBIM 00PA30M MOXKHO IIPECTa-
BUTb B BUJIE X CyMMBb! (JIMHe#HON KOMOuHaIMM) C K09PUIMEHTAMH O, Ay U
a,:a=ag- z+ay j+a,-k. Koadbduuuentsi a,, ay ¥ a JuHelHOH! KOMOUHAIH
HA3BIBAIOT Koopduramamu eexmopa @ B Gasuce i, j u k. Koopouuars! az, ay,
@, BEKTOPa @ — 3TO ero MPOEKIMY Ha COOTBETCTBYIOMME KOOPOUHATHBIE OCH.
BexTOp @ C KOODOMHATAMH Gz, Gy, G, 3AMUCHIBAIOT B BUAE & = (Gg;0ay;0;).
JlnvHa BeKTOpa @ onpenessAercs no gpopmyse

|a] = 4/aZ + a2 + a2. (1.1)
BekTop @ obpasyer ¢ xoopaunaTHbiMu ocsiMu Oz, Oy u Oz yrsl a, B u y
cooTBercTBeHHO. HanpaBieHue BeKTOpa @ ONMpenesisiercs C NOMOMBIO HANpa-

BARNOUUT KOCUHYCO8: COS, COS 3, COSY AJIA KOTOPHIX CIIPABENJIMBbLI PABEH-
CTBa a a
cosa =2 cosf=L, cosy= . (1.2)
] fal’ ]
Hanpasnsromue KOCUHYCbl CBA3aHbI COOTHOLIEHUEM COS a+cos? B+cos? v=1.
ITycmov danw dsa_sexmopa @ = (az;ay;a;) u b= (bz;by;b.). Tozda:
1) sexmopu @ u b pasnw moeda u moavko moada, xo2da pasHv uxT coom-
eemcmeyouue Koopdunamo:, m. e.

az = by,
b ay = by,
a; = bz;
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2) eexmopoi @ u b xosruneaprn mozda u Moavko mozda, Kozda uT coom-

6eMCMEYIUWue K0oPIUHAMB NPONOPYUOHAALHBL, M. €.
alb = 22 _3 (1.3)
b b, b,

ITpu caoorcenuu 6exmopos ux odHouMeNHbIE K0OPIUHATY, CKAGTDIEaAMNCS,
npU 6HHUMAHUYU — EBHUMAIOMCA, NPU YMHONCEHUU 6EKMOPE HA YUCAO —
YMHOHCAIOMECR HA IO YUCAO:

a+b=(a; +bsay £by;a, £b,),
A-@=(A-azg; A -ay;A-a;).

BekTop 7 = OM, coemuusomuit HAYAIO KOOPIMHAT C IIPOM3BOJILHON TOY-
kot M (z; y; z) npocTpaHCTBa Ha3biBaeTCs paduyc-eexmopom touku M. Ko-
OpIOMHATHI TOYKM — 3TO KOOPAMHATHI €e PafuyC-BeKTOpa T = (z;y;2z) uam
F=x-i+y-j+2z- k. Ecou extop @ = AB 3anan Toukamu A (z1; y1; 21)
u B (Z2; y2; 22), TO €r0 KOOPAUHATHI Gz, Ay, G, BHIYMCIAIOTICA N0 PoOpmyJIam
ay =22 —T1,0y = Y2 — Y1, 0z =22 — 21:

6=AB=(2:2—.’1]1;y2—y1;22—21). (1.4)

3.1.13. [auw gse Touku A;(3;—4;1) u Az(4;6; —3). Halttu xoopaunats!
BekTOpa @ = A; A,.

Q Koopaunars! a;, ay, a, BexTOpa HaxoaaTcs no dpopmysne (1.4).

B nanHoMm ciiyyae umeem: 1 = 3,y; = —4,2; = luzy =4, y; = 6,

29 = -3, 1.e.a= A A, = (1;10; —4). o

3.1.14. [lavel Tpu NOC/JEOOBAaTEJIbHbIE BEPUIMHBI APAJIJIeJIOrpaMMa:

A(1;-2;3), B(3;2;1), C(6;4;4). HaiiTu ero 4yerBepTyio BepuIu-

ny D.
(Q O6o3nauum koopmuHaThl BepmuHbl D uepes , y, z, T.e.
D(z;y;z). Tak xak ABCD — mnapajuiesiorpamMm, TO HMeeMm:

BC = AD. Haxomum KOOPAVHATBI BEKTOPOB BC u AD: BC =
=(6-3;4—2;4—1),T.e. BC = = (3;2;3); AD = (z—-1;y+2;2-3).
W3 papencrsa BekTopoB BC u AD cnenyer, utoz—1 = 3, y+2 = 2,
z —3 = 3. Orcroma Haxomum: ¢ =4, y =0, z = 6. Utak, D(4;0;6).
[
3.1.15. Haiitu KOOpOUHATHI BEKTOPA @, €CJIM U3BECTHO, YTO OH HAIPABJIEH
B IPOTUBOIOJIOKHYIO CTOPOHY K BEKTOPY b=5-1 —4-] + 22k,
U €ro MOLYJIb PaBeH J.

(Q Moxno 3amucaTb, 4T0 @ = 5 - a°. Tak Kak BEKTOp @ Hanpa-
BJIEH B IIpOTPIBOIIOJIO)KHyIO CTOpOHY K BeKTopy b, T0 @ = -5
Haiinem opt 5. Us paBenctsa b = |b| - 5’ maxomam b = I—%I Ho
Bl = /5% + (~4)? + (2v2)? = 7. 3naum, 8 = 37— 47+ 2Y2 %
CnepoBarenbHo, a® = —%~5+%-]T—2A7Q-End =5.-a =
—5.(_5 i =_ _25:, 207 10V2%

=5 ( 7z+ k) Te a= -1+ 5] i k. o



3.1.16.

3.1.17.

3.1.18.

3.1.19.
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BexTop @ cocraBnser ¢ ocamu Oz u Oy yrasl a = 60° u § = 120°.
Haittu ero xoopounartsl, ecomu |a| = 2.

Q Ilycts z, y, 2 — KOODOWHATHI BEKTODa @, T.€. @ = (T;Y;2).
KoopnuHaThl BeKTOpa @ HalimeM U3 COOTHOWEHuft coOsa = %,

cosfB = l—%l, cosy = ]%[. IIpensapurenbHo Haiimem cosy. Tak kak
cos? a+cos? B+cos?y = 1, 1o cos? ¥ = 1 —cos? 60° — cos? 120°, T.e.

cos?y = %— O1cioma Hax0OUM, YTO COSY = 32Q UM COS7Y = —ﬁ.

2

YcnoBuio 33034y yOOBJIETBOPSAIOT ABA BEKTOPA @1 U @2: @1 C HA-
MPABJIAIIIMMA KOCUHYCAMH COS @ = %, cosf = —%, cosy = 4
U G C HANPaBJIAIOUWMMU KOCHHYCAMH COSQ = %— cosf = —%—,

V2 oz _1_wm V2_zn,1_2
cosy = 2.I/ImeeM.2—2, g = 9y g = F Uy =3,
—%— = %, —3§ = 521 Orcroga Haxomum: 7, = 1, y; = —1,
21 =V2uzy =1,y = =1, 20 = =2, re. @ = (1;-1;V/2)
uad = (1;-1;—v/2). [
Ilpu Kakux 3Ha4YeHUsAX a u 3 BeKTOphl @ = —2i + 3j + ak u

b = Bi — 67 + 2k xonnuHeapHbI?

Q Takxak a || b, To —% = —iﬁ = % (cm. ycnosue (1.3)). Orcroma
HaxomuM, 4To a = —1, 3 = 4. ) o
Paznioxuts BekTop ¢ = (9;4) no BekTopam @ = (1;2) u b = (2; —3).
Q Tpebyercs npencTaBuTh BeKTOp & B Bume & = @ + Aob, Tme
A1 ¥ Ay — yucia. Halinem ux, ucnosib3ys onpenesieHue paBeHCTBa
BekTOpoB. Mimeem: & = 97 + 47, @ =1 + 2j, b = 21 — 3] u paBeHCTBO
97 4+ 47 = M@+ 27) + XA2(21 — 3j), Te. 95 +45 = (A + 2X\2)i+
+(2\1 — 3)2)j. Orciona cnenyer

9= A1 + 2\,
4 =2)\; — 3\,
T.e. \; = 5, Ao = 2. CrenoBarenbHoO, & = 5@ + 2b. [ )

Iana cuna F = (4;4;—4v/2). Hafitu BesmuuHy ¥ HampasjieHue
cunst F.

Q Besmunny cusbt F HaxoquM, KCII0sb3yst GOPMYJTy MOy ISl BEK-
Topa (1.1). Mmeem

|Fl = /2 + 42 + (~4v/2)2 = 8.

Hanpassisromue Kocunychl BekTopa F onpenensem o ¢popmy-

nam (1.2): cosa = % = %, cosfB = %—, cosy = —JC_48 2 = —3§.



3.1.20.

3.1.21.
3.1.22.
3.1.23.

3.1.24.

3.1.25.
3.1.26.
3.1.27.

3.1.28.

7 - 2361

Nrak, cuna F' = 8 nelictByeT B HampaBJieHUUW BeKTOpa, obpa-
3YIOLIEr0 C KOOPOUMHATHLIMM OCAMM YIJibl @ = 60°, 8 = 60° u
v =135°. o
JlokasaTh, 4TO B JII060M TPeyroJbHUKE OJIMHBI €10 CTOPOH IPOIIOp-
[VMOHAJIbHBI CUHYCaM IPOTHBOJIEXANIUX YIJIOB (TEOpEMa CHHYCOB).
Q Paccmorpum Tpeyrossuuk ABC. Ilycts BA = ¢, BC = a
AC = b. B nnockoctu tpeyrosnbanka ABC BO3bMeM BCIOMOIaTelIb-
HYIO OCb [, IepIeHOUKY/IAPHYIO, HAIPUMEpP, BEKTOPY b M CIIpOeK-
THpyeM Ha 3Ty OCh BEKTOpHI @, b u ¢ (puc. 6). Tak xak b = @ — ¢,
10 n1p; b = 1p;(@ — &), T.e. np,(@ — &) = 0, (np,b—O k. b L1).
IloaTomy np;@ —np; ¢ =0, T.e. np; @ = p; C

Ho mp,a = |a| - cos(90° — C) = |a| - sinC, a np; ¢ = |¢|x
x c0s(90° — A) = |¢| - sin A. Iloaromy |a| - sin C = |¢| - sin A wsu

@ _ I \
sinA sinC L~~~ B
BribpaB OChb NepreHAuKYJIAPHYIO, c a
HanpuMmep, BEKTOPY &, aHAJIOTHIHO
HOJIY YUM: A b C
@ _ B l
sinA sinB

Puc. 6
W3 gByx mocsiemHux paBeHCTB CJie-

IlyeT, 4To _ _ )
a _ B _ i
sinA sinB sinC’

HaiiTu xoopauHaThl BEKTOpA @, eciu |@| = 3 u yruibl MeXAy Bek-
TOPOM ¥ KOODAVHATHBIMM OCAMY PaBHBL: . = 3 = 7.

JIyu obpa3syer c aByms ocsamu koopauHaT yribl B 60°. IToo kakum
YIJIOM HAaKJIOHEH OH K Tperbelt ocu?

Hanbt BekTopbl @ = (2;3), b(1; —3), &(—1;3). Ilpu KakoM 3HaYeHUN
k03 duImenTa o BeKTOphl f = @+ ab u § = @ + 2C KoJLMHeapHbI?
Haner Touku A(—1;5;—10), B(5;—7;8), C(2;2;-7), D(5;—4;2).
IIposeputs, uto BexkTophl AB u CD KOJ/IMHEADHBI; YCTAHOBUTS,
KaKO} U3 HUX JJIMHHEEe U BO CKOJIbKO Pa3; HAIIPABJICHbI OHU B OLHY
CTOPOHY WJIA B pa3HbIe?

Ipencrasuts BekTop d = (4;12; —3) Kak JuHeliHY0 KOMOHHALMIO
BexTOpoB @ = (2;3;1), b= (5;7;0) u & = (3; —2;4).

Ha ocu Oy naiitu Touky M, paBHOynaJieHHy0 oT To4ek A(1; —4;7)
u B(5;6; —5).

Ha ocu Oz Hailttu Touky M, paccrosiHue KOTOPOH OT TOYKH
A(3;—3) pasHo 5.

Hane! Bepnnsl Tpeyronsauka A(3; —1; 5), B(4; 2; —5), C(—4;0; 3).
Halitu njvHy mMenuaHbl, IPOBEIEHHOM U3 BEpLIMHBI A.
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OononnutensHoie 3agayn

3.1.29.

3.1.30.

3.1.31.

3.1.32.

3.1.33.

3.1.34.

3.1.35.

3.1.36.

3.1.37.

3.1.38.

3.1.39.

3.1.40.

3.1.41.

3.1.42.

98

[aHo pasJioxkeHne BEKTOpa & 110 6a3ucy 1, j, k: ¢ = 16— 155 + 12k.
Hatitu pasjioxenue no sTomy xe 6a3ucy BeKTOpa d, napaJiiesib-
HOTO BEKTOPY C U NPOTUBOIIOJIOXKHOIO C HUM HANpaBJIEHUsI, [IPH
ycaosuu, uro |d| = 75.

Iyctb BeKTOPHI @ U b HekoMHeapHs u AB=% 50, BC=4(Ba-b),

CD = —4pb, DA =a+ ib' Haiitu a u f » D0Ka3aTh KOJIJIMHEAD-
HocTh BekTopoB BC u DA.

Iaubl yerbipe Touku A, B, C, D. Touku M u N — cepenuHbl
orpeskoB AC u BD. ITokasarb, uto MN = l(A_D_+ CB).

ABCDEF — npasusibHbI#f MIECTHYTOJIbHUK, AB = - D, BC = 3.
Beipasuts uepes p u § Bextopst CD, DE, EF, FA, AC, AD, AE.
JokasaTb, 4TO CpenHsAs JIMHUA TPEYTOJIbHMKA MapajlIesIbHA €ro
OCHOBAaHHMIO ¥ [IJINHA €€ PaBHA MOJIOBHHE JJIMHbI OCHOBAHMUS.
BekTops! @ u b 06pasyior yroa ¢ = 60°, mpu stom |a| = 5, |b| = 8.
Hatttu |+ b| u |a — b|.

B pasnobenpenno#t Tpanenun OACB Benuuuna yraa BOA = 60°,
|OB| = |BC| = |CA| = 2, Touxu M u N — cepenunbt cropor BC
u AC. Boipasurs Bektopsr AC, OM, ON, MN uepe3s i u 1 —
enuHUYHBIE BeKTOpbI Hanpasyenuit OA u OB

Iano: AB =a+2b, BC = -4a—-b,CD = —5a — 3b. Iokasarb,
yro ABCD — Ttpaneuus.

Halitu cymMMy BEKTOpOB, COGOMHAIOMMX LEHTP NPaBUJILHOIO Tpe-
YTOJIbHUKA C €r0 BEePIIMHAMH.

Ha nnockocrn Ozy nocrpouts BekTopsl OA =a@ = 2i, OB =b =
=31+ 3j, OC = ¢ = 2i + 65. Pa3i0xuTh BEKTOp C 110 BEKTOPaM @
u b.

Ian BexTOp & = 41+ 7] —4k. Haliu BexTOp d, napasinesibHbli BeK-
TOpY € M IPOTMBOMOJIONKHOrO C HUM HalpaBJjeHus, ecau |d| = 27.
HaiiTu BeKTOp Z, KOJIMHEAPHbIH BEKTOPY @ = 1 — 2j — 2k, 06pasy-
fommit ¢ OpTOM j OCTpHIR yros u uMeromuit nuny |Z| = 15.
BanaHs! BeKTOpHI @ = 2i + 37, b= —3j — 2k, ¢ =1+ j — k. HafiTm:

1) xoopaouHATEI OpTa @°;
2) KOOpIOMHATHI BEKTOpA & — %—5 +&
3) pasJioxeHue BeKTOpa, @ + b — 2¢ no 6asucy 1, j, k;

4) np;(a — b).

3Has paauyC-BEeKTOPHI 71, T2, T3 TPEX MOCJIENOBATE/IbHBIX BEPIIUH
napaJisiesiorpaMMa, HaliTu paauyc-BEKTOp €ro 4eTBepTOil Bepliu-
HBI.



3.1.43.

3.1.44.

3.1.45.

3.1.46.

3.1.47.

3.1.48.

JaHbI paayyc-BeKTOphI Bepuiuy Tpeyronbauka ABC: 74 = i+2j+
+3k, Fg = 3i+2j+k, Fc = i +4j + k. [loka3aTs, 4TO TPeyroJbHIK
ABC paBHOCTOPOHHHMH.

Pamuyc-BekTop Touku M cocrasisier ¢ ockio Oy yroa 60°, a c
oceio Oz yron 45°; ero nmuHa || = 8. Halltu koopanHaThl TOUKM
M, ecniu ee abCUMCCa OTPUIATEIHHA.

Tpu BEeKTOPa @, b ¥ ¢ MOMAPHO MEPNEHAMKY/IADHbI, 8 OJUHBI X
COOTBETCTBEHHO paBHbl 2, 3 u 6. Halttu nnuny cymMmbl S aTux Bek-
TOPOB ¥ HANPABJIAIONIYE KOCKHYChI BEKTOPa, S.

Tpu cunsl Fy, Fy, F3 npuoxens! K OMHON TOYKe, UMEIOT B3AUMHO
nepreHIuKyJspHble Hanpasenus. Haittu Beswuuny ux pasHoneit-
creyomelt F, ecnu usBecTHbl Bestmuunbl it |Fp| = 2, |[Fy| = 10,
|Fa] = 11.

Haittu pasHOzeficTByIOmyo cuty Rcun Fy n Fg, a Tak¥XKe YIJIbI
a u B3, cocraBnsemble cuiioft R ¢ cunamu Fy u Fy, ecrm |Fy| = 15,
|F2| = 10; yron mexny cujamu FiuF, paBeH 45°.

Haiitu HanmpaBJjieHue ¥ CKOPOCTb BETPA, SBJIAIOMIEroCA pe3yJibTa-
TOM B3aUMHOrO IeHCTBUA MOPCKOro Opu3a, AYIOIEro CO CKOPO-
cThi0 14 M/c Ha Geper u Berpa, oyioumero ¢ Gepera Ha MOpe CO
ckopocTbio 9 M/c u nox yryiom B 60° k GeperoBoit siuHuY.

KOHTpOI‘IbeIe BOMNpPoOCHLI N 6onee cnoxteoie 3agayn

3.1.49.

3.1.50.

3.1.51.

3.1.52.

K nBym Tpocam momsewen rpy3 macco#t 30 T Tak, KaK 3TO MOKa-

3aHO Ha puc. 7. OnpenesnTh CUiibl, BOBHAKAIOMME B TPOCAX, €CJIU
ZACB = 120°.

Lz

Puc. 7

Touka M, nexamas Ha orpe3ke AB, menuT ero B OTHOILIEHUM
m:n, .e. AM : MB = m : n; O — npou3BoJibHasi TOYKa IPO-
crpancrpa. Bripasuts BekTop OM uepes Bektopbi OA u OB.

M — Touka mnepeceuenusi memuaH Tpeyrosbhuka ABC, O —
OPOM3BOJIbHASI TO4YKA NPOCTPAHCTBA. JloOKa3aTb paBEHCTBO
(W:%-(O_A'+O_B+O_C).

JlokasaTh, 4TO 1JiA JIIOOBIX 33JaHHLIX BEKTOPOB @, b, ¢ BEKTOPHI
a+b, b+ ¢, ¢ — @ xoMIUIAHAPHEI.
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3.1.53.

3.1.54.

3.1.55.

3.1.56.

3.1.57.

3.1.58.

3.1.59.

3.1.60.

3.1.61.
3.1.62.
3.1.63.
3.1.64.
3.1.65.
3.1.66.

3.1.67.

3.1.68.
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Jlanbl TPU HEKOMILJIAHAPHBIX BEKTOPA @, b u ¢. Tlpu kakom 3Haue-
HUM \ BEKTOPHI A@ + b+ ¢, @ + \b + ¢, @ + b + \G KOMIIaHADHBI?
Pasnoxuts BexTOp S=a+b+cmno TPeM HEKOMILJIAHAPHBIM BEK-
TopaMm M =a+b—2¢, a=a—b, p=2b+ 3c.

B tpeyrosnbuuke ABC npsivas AM siBisiercs GuCCeKTpUCOi yriia
BAC, npuyem Touka M nexur Ha cropore BC. Hatitu AM, ecm
AB=b,AC=¢ b =2 |c=1.

Haittu BeKTOp T, HanpaBJIeHHbIR 110 GUCCEKTPUCE YIUIa MEXIY BEK-
Topamu @ = 7i — 4] — 4k u b = —2i — j + 2k, ecqmu |Z| = 5v/6.
Yxasanue. T= X - (I;0 +a%).

Kakomy ycJ0BUIO yIOBJIETBOPSAIOT BEKTOPHI & U b, ecomm:

1) |a+b| > |a—b|,

2) |a+b| < |a—b|

3) [a+5| = lal + [0}

4) |a +b| = |a| — |b]?

WsmenuTcsa iu cymMa KOMILJIAHAPHBIX BEKTOPOB, €CJIM BCE CJ1arae-
MbI€ BEKTOPHI OyIyT MOBEPHYTHI B OJHOM M TOM XK€ HAIPABJICHUU
HA OOMH U TOT XK€ yroJI?

JlaTh reoMeTpUYECKOe MOCTPOEHUE PA3JIOKEHUSI BEKTOPa @ HA B3
KOMILJIAHAPHBIX C HAM CJIATAE€MbIX, €CJIM U3BECTHBL: &) IJIMHA U Ha-
IpaBJIeHue OLHOrO CJIaraeMoro; 6) HanpaByieHNe 060X CJIaraeMbIX;
B) HampaBJjieHWe ONHOTO M IJjMHA apyroro ciaraemoro. (Mccie-
JI0BATh, KOIIA Pa3JIOKEHUEe BO3MOXKHO, CKOJIbKO MMEET pelleHui,
€CJIM HU OIHO W3 CJIAraeMbIX He NapaJljiesibHO G.)

B pas/ioxeHnn BEKTOPa ¢ = A; -@+ A2 +b 110 IByM HEKOJLIMHEADHBIM
BeKTOpaM @ u b MoryT jiu 06a K03bbUIMeHTa A\; ¥ A2 WM OOUH U3
HUX PABHATHCA HYJIO?7

MoryT s BekTopel @ = (—2;1;—2), b = (—=2; —4;4), ¢ = (4;3; —2)
ObITH CTOPOHAMY, TPEYTOJIbHUKA?

KousiuneapHb! Jiu BEKTOPbI @ U b, eciu KOJLTMHEAPHbI BEKTOPHI d+b
ua—b?

MoxeT Jin BEKTOP COCTaBJIATh C KOOPOUHATHBIMU OCSAMU yIJibl 30°,
120°, 60°7

Cnenyer s u3 pasencrsa AB = DC pasencrso AD = BC?
MoxeT 11 yroJ1 Mex 1y BeKTopamu paBHaThcs: 0°; 45°; 180°; 270°7
Kak cjemyeT HAaNpaBUTh BEKTOPHI @ M b, 4TOOBI IJIMHA BEKTOpA
@ + b 6bL1a HANGOBIIEH? HaNMeHbIIEH?

KaxoBo B3aumuoe pacnosioxenue touek A, B, C, ecom:

1) Bextopsl AC u AB KOJLITMHEADHE;

2) AC = CT

3) AC = ——CA?

Kaxomy ycyi0BUIO JOJ/DKHBI yIOBJIETBOPATH BEKTODHI @, buc npo-
CTPAHCTBa, YTOOBI U3 HUX MOXKHO ObLIO 06Pa30BaTh TPEYTOJIbHUK !



§ 2. CKAJIAPHOE NPON3BEAEHUNE BEKTOPOB

= Cxaaspnoim npoussedenuem IBYX HEHYJIEBBIX BEKTODOB @ ¥ b Ha-
3BIBAETCA YACJIO, PABHOE IPOU3BEINECHUIO IJIUH 3TUX BEKTOPOB HA
KOCHHYC yIJ1a ¢ Mexnay Humu (cM. puc. 8). O603HayeHue: d - b.
Takum obpasom,

a-b=al-|b|-cose. (2.1)
Tlo onpenesnennio @ - 0=0-a=0.
b b
7
et -
a o a
Puc. 8

®opmyuty (2.1) MOXKHO 3amucarh B BULE
a-b=lal-np;b wm a-b=|bl-mp;a. (2.2)

Csoticmea cxkaaapHoz0 npouseederus:
1.a@-b=b- @ (mepecTaHOBOYHOCTS);
2 a-(b + ) a-b+ a- ¢ (pacmpenesMTeIbHOCTD);

3. (xa) - A(@ - b) (coueraTeNLHOCTb MO OTHOIIEHMIO K CKAJIADPHOMY

MHO)KPITeJIIO)

4. @ = |a|® (ckassApHBIA KBaIpaT BEKTOpA @ PABEH KBAIPATY €I0 MOMIY-

b=0 <= alb(mwma=0 wmbd = 0). B yacrHocru:

> BekTops! @ ¥ b, CkasspHOE MPOM3BEIEHNE KOTOPbIX PABHO HYJIIO,
Ha3bIBAIOTCHA OPMO20HAALHHMU.

Ecimn BeKTOpr amn b 3aJaHbl CBOUMHM KOOpOWHaTaMH a = (az,ay,az)
(bm by’ b )

a-b=azby +ayby +ab,. (2.3)
3.2.1.  BekTophl @ u b 06pa3yoT yroa ¢ = %77. 3uas, yto |a| = 10 u

|b] = 2, Beruncouts (@ + 2b) - (3@ — b).
Q CoracHo CBOKCTBAM CKAJIPHOTO NPOU3BENEHNs

(@ +2b) - (3a — b) = 3a2 + 5ab— 2b° =

—3|a| + 5|a - |b| cos(a, )—2|b|
=3~100+5~10-2C0s§7r—2-4=300—50—8=242. ®
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3.2.2.

3.2.3.

3.2.4.

3.2.5.
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Hano: |a| = 2, b = 1, ¢ = (a,b) =
¢ =2a— 3b. .
Hano: |@| = 3, |b| = 4, ¢ = (@,b) = 120°. Haiitu Monys1H BEKTOpPA
¢ =3a+2b.

BeipasuTh O/IMHBI MeOMaH TPOU3BOJIBHOTO TPEYTOJIbHUKA 4YEpe3
IIJIAHBI €70 CTOPOH.

(Q PaccMOTpUM  TpeyTroJIbHUK
ABC. Ilyctb AD — onHa u3 Me-
IuaH TpeyrosibHuka (puc. 9). Bee-
IeM B PacCMOTpeHHe BeK'ropr
AB = ¢ AC = bwu AD =
Torna m §(b + ). BoaneneM

%. Haittu momysis BekTOpa'

obe qac"m PaBEHCTBA B KBaJparT:

m?2 4(b +2b-c+2%), 1.e. |M|% = Puc. 9
= Z(IEIZ +|e2 +2b-¢). A rak kak @ = BC = b—¢, 1o |a)°* = |b|2—

—2b- ¢+ |¢|*. 3uauut 2b¢ = |b|? + |¢|*> — |a|*>. B urore nomyyaem
imi2 = LB + el + (B + [of? - |al?) = (2Bl + 2/ - |a]?) u

nanee || = 11/2[52 + 2|22 — |al2. °
2

TIpoBepuTh, MOTYT JIX BEKTOPHI @ = Ti + 6] — 6k, b = 61 + 27 + 9k
ObiTh pebpamu ky6a. Hafitu Tperne pe6po xyba.
(Q BexTops! @ 1 b MOXHO IPHHATH 33 pebpa Ky6a, €CJIl OHI Op-
TOTOHAJIbHBI ¥ MMEIOT PaBHbIe IUINHbL. IIpoBepum aT0: @-b=7-6 +
+6-2—6-9=42+12—-54 =0, 3naunr a L b; |a| = /49 + 36 + 36 =
=11, |b| = /36 + 4 + 81 = 11, 3nauwut |a| = |b).

Haitnem Tperbe pebpo ¢ = (z;y;z) kyba. Tak xak @ L ¢, To
G-¢=0,Te. T +6y—62=0;Takkak b L ¢, 710 b-2 =0, T.e.
6z + 2y + 9z = 0; u3 pasencts |¢| = |a| = |b| = 11 BriTekaer,

4yto \/1? + Y2 + 22 = 11. 112 HaxXOXKIEHUsI KOOPAMHAT BEKTOpA €
peuuM CUCTeMY ypaBHEHUMH

Tc+6y—62=0
6z +2y+9z2=0,
z? +y? + 22 = 121.

W3 nepsbIX OBYX ypaBHEeHUit BHIDAXKaeM T U y Yepes z (z = -3z,
y = %z) M TOJCTaBJIAEM MX 3HAYEHHs B TPEThe ypaBHEHWe CH-
cremsr: 922 + 841 22 + 22 = 121. Orcioma HaxoouM, 4TO z; = —2,

29 = 2. ’_I‘omz_x T = 6,z = —-6uy =-9,y; =9. Takum obpa3om,
¢ = £(6¢ — 95 — 2k). [



3.2.6.
3.2.7.

3.2.8.

3.2.9.

3.2.10.

3.2.11.

3.2.12.

HafiTu yrost mMexny AMaroHassiMy NapaJijiesiorpaMMa, MOCTPOEH-

HOTO Ha BeKTOpax @ =21+ j u b= —j + 2k.

Haittn BexTOp Z, 3HasA, uto T L @, a=(1;0;1), Z L b, b=(0;2;

IpOEKUMs BeKTOpa T Ha BeKTop ¢ = (1;2;2) paBHa 1.

_1)7

Ianb! BepuinHbl Tpeyronbuuka A(2; 3; —1), B(4;1; —2) u C(1;0;2).

Haittu:
a) BHYTpPEHHU# yTOJI IDK BepUIMHE C;

Q _a) Yroxn ¢ npu Bepumne C ecTs yron mexay sexropamu CB

u C A. OnpenenM KOOPIUHATHI 3TUX BEKTOPOB:
CB=(4-1;1-0;-2-2) =(3;1;-4),
CA=(2-1;3-0;-1-2) = (1;3;-3).

Haiinem ux momysu:

ICB|=v9+1+16=v26, |CAl=v1I+9+9=+19.

Coruacuo ¢opmydte (2.1)
CB-CA _3-1+1-3+(-4)-(-3) 18

cosp =

|ICB|-|CA| ~ V26 - /19 V494’
18
= arccos .
P Vi
6) CorsiacHo dopmyute (2.2)
— CB-CA 18
np5zCB = —— = .
Poa ICA| V19

Hanbr BekTopht @ = (3;—6;—1), b = (1;4;-5), ¢ = (3;—4;12).

Haitti np,(a@ + b). B B
JaHbl HeKOMILJIaHapHbIE BEKTOPHI &, b 1 €, npuueM |a| = |}
lel=4,aLb, (¢,a) = (¢,b) = 60°. Haiitn

a) (@—2b)-(¢c—a);

6) (@+b+2).

Jaubi BEKTOpBI a=(1;-3;4), b= (3;-4;2), ¢ = (~1;1;4). Hatttu

npb+c

B tpeyrombunke ABC: AB = b,
AC = ¢. Boipasutb BekTop h, Hanpa-
BJIEHHBIH 110 BbicoTe AH , uepe3 Bek-
TOPBI buc.

Q Wwmeewm (puc. 10): h = b+ BH.
Ho BH || BC, rne BC = ¢ — b. Io-
atomy BH=X(¢—b) u h=b+\(c-b).

S

&omm_enb A HallneM U3 ycJIoBuA B H
AH 1 BC. 3nauur AH - BC = 0,



3.2.13.

3.2.14.

3.2.15.

.. (b+A(€—b))-(€—b) = 0. Tlosyuaem b- (E—b)+ - (¢ — B’ =0,
OTKYHAa HaXOmUM A = —Mc—:-gl. Haiinennoe 3nauenne A noncra-

[l
BJISIEM B BBIDAXKEHUE IOJIdA BEKTOpa }_LI
E=E+M-(E—E). [
|e— b

EnvHuyHble BEKTOPbl €;, €2, €3 YIOBJIETBOPSAIOT YCJIOBUIO
51+éz+€3=0.HaﬁTH€1-52+§2'é3+éa €.
Hano: |@| = 3, |b| = 2, || = 5, (@,b) = (b,8) = 3, BEKTOPHI @, b 1

¢ — kommiaHapHsl. Haftti Monysis Bektopa d = @+ b — .

Haiitu BekTOp Z, 3HasA, YTO OH NEpPNEHAUKYJIsApeH K ocu Oz u yno-
BJIETBOpSET YCIOBUAM T @ = 9, T-b = —4, tme @ = (3;-1;5),
b=(1;2;-3).

OononHutensHbie 3agayn

3.2.16.

3.2.17.

3.2.18.

3.2.19.

3.2.20.

3.2.21.

3.2.22.

3.2.23.

3.2.24.
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ITokazaTh, 4TO 4YeTHIPpEXyroJibHUK ¢ BepummHamu A(—5;3;4),
B(-1;-17;5), C(6; —5; —3) u D(2;5;—4) ecTb KBaapar.
IokasaTk, 4To BekTOop d = ¢ - (b- @) — @ - (b - €) mepneHOUKyJIApen
BexTOpY b.

Haiitu BexTOp b, KOJUIMHEApHbI BeKTODY @ = © + 2j — 3k u ymo-
BJIeTBOpsAOMHE ycaoBmo b - @ = 28.

IHano: @ = 4i — j — 2k, b= (2;1;2). Haittu:

a) a- b

6) (a,b);

B) 1Ip; b;

r) 1p;a. B

Kaxyio paGory npoussoaut cusa F = (2; —1; —4), xorga To4ka ee
[PUJIOKEHUS, JBUTAsICh MPSIMOJIMHEHHO, IEPEMELIAETCS U3 TOYKH
A(1;-2;3) B Touxy B(5;—6;1).

Haititn pabory paBzOne#cTBYyome#t cu Fi=i—-j+ku Fy=
= 2{+ j + 3k npu mepeMeleHUN ee TOYKHN MPUJIOKEHHS U3 HAYAIIA,
KoopauHaT B ToukKy M (2;—1;—1).

[Ipy KaKOM 3HAYEHUH A BEKTOpBI b= Ai — 5] + 3k u ¢ =1 +27 — \k
B3aMMHO NEPIEHIUKYJISIPHbI?

B Tpeyrosbuuke ABC BepmuHbl umeroT koopaueatsl A(1;1;—1),
B(2;3;1), C(3;2;1). Haittu:

a) IJIMHBI CTODOH;

6) BHYTDEHHHUE yIJIbI;

B) ocTpsl#t yros mMexny MenuaHo#t BD u croponoit AC.

Haiitu yryisr Mexay OCsMU KOODOMHAT U PAINyC-BEKTOPOM TOYKH
M(-2;3;1).



3.2.25.

3.2.26.

3.2.27.

3.2.28.

3.2.29.

3.2.30.

3.2.31.

3.2.32.

3.2.33.

3.2.34.

3.2.35.

Iloka3aTh, YTO IJIMHBI BEKTOPOB @ U b PaBHBI, €CJIM BEKTOPHI @ + b
na—b NepneHIuKYJIADHBI.

Haiiti mpoekumio Bektopa @ = (v/2; —3; —5) Ha 0Cb, COCTaBJISAIO-
my10 ¢ KoopauHaTtHeIME ocsimu Oz u Oz yrsl a = 45° u v = 60°,
a ¢ ocero Oy — octpoilt yrou 3.

Hanbt Touku A(3;4;—2) u B(2;5; —2). Haitu npoekuuio BeKTOpa
AB Ha ock, coctapasomyo ¢ ocamu Oz u Oy yrisl o = 60° un
B = 120°, a c ocsio Oz — Tymo# yrou 7.

Bexropst AB = 2a — 6b, BC = @+ 7b, CA = —3a — b obpa3syior
tpeyrosbank ABC'; BEKTODHI @ ¥ b — B3aNMHO IepIEHINKY ISPHbIE
oprel. Halitu yroiel Tpeyrosibuuka ABC.

Buas, wro a+ b+ ¢ =0, |a = 3, |b| = 1, |&| = 4, sbruncauTs
a-b+b-c+é-a

Haiitu yron mexny 6uccekrpucamu yriios Ozy u Oyz.

Kaxoit yros1 06pa3yioT eIMHIYHbIE BEKTODHI & ¥ b, €CJIM U3BECTHO,
4TO BEKTODHI i = G+2b 1 71 = 58— 4b B3aMMHO IIepIeHIUKY IAPHBL.
BekTopt! @, 5, C UMEIOT PaBHbIE IJIMHBI U MONAPHO OOPa3yIOT pPaB-
Hele yruiel. Hafitm koopmunatsl BekTOopa &, ecomm @ = (1;1;0),
b=(0;1;-1).

Hokasarb, yro Touku A(—3;—7;—5), B(0; —1; —2) u C(2;3;0) se-
JKaT Ha ONHOH nMpsAMOoit, npuyeM TouYka B pacrnosiokeHa Mex 1y TO4-
kamu A u C.

IlaHbl paguyc-BEKTOPHI TPEX MOCJIENOBATEJILHBIX BEPIIMH IapaJi-
nenorpamma ABCD: 7o =2i+2j+k, Ffg =1+ 3]+ 5k, 7o =
= 7i + 97 + 11k. OnpenesuTh paauMyc-BEKTOp YeTBEPTOHR BepuIH-
Hbl D.

K Bepuinne kyba npuiioKeHbI TPU CHUJIbI, PABHBIE [0 BeJIU4YMHE 1,
2, 3 m HanpaBJIeHHBbIE [0 IMArOHaJIM rpaHe#t kyOa, MPOXOMAMIUM
yepe3 3Ty BepuuHy. Haiitu BesmuuHy paBHomeHcTByrome# sTux
TpPexX CHJIL.

KoHtponbHbie Bonpocsl n 6onee cnoxdbie 3agayv

3.2.36.

3.2.37.

3.2.38.

3.2.39.

Ioka3aTh, 4T0 1J1s1 JI06bIX yeThipex Touek A, B, C' u D npoctpan-
ctBa umeet mecto pasenctso AB-CD + AC-DB + BC - AD = 0.
OnpenenuTh reOMETPUYECKOE MECTO KOHIIOB [IEDEMEHHOIO BEKTOPA
T, eCJIM €ero HaYaJI0 HAXOOUTCSI B TOYKE A ¥ BEKTOp T yIOBJIETBO-
pfAeT yCJIOBUIO T - @ = @, TIe @ — NAHHBI BEKTOD ¥ @ — JIaHHOE
YUCJIIO.

Haiitu yros mexny 6MCCEKTPUCAMU ABYX MJIOCKUX YTJIOB PABHJIb-
HOT'O TETPa’Ipa, NPOBENEHHbIMU U3 OJHOH €ro BEPIINHHI.

B TpeyrosnbHoit nupamune ABCS: AB L CS, AC L BS. Hoka-
3aThb, 4TO pebpa AS u BC Takxe NEpNeHOUKYJIsIPHBI.
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3.2.40.

3.2.41.

3.2.42.

3.2.43.

3.2.44.

3.2.45.

3.2.46.

3.2.47.

3.2.48.

3.2.49.
3.2.50.
3.2.51.

Hcnosnb3ysi enuHUYHbIE BEKTODSLI €], €2, €3, JOKA3aTh, YTO IJI BCA-
Koro Tpeyrosibhuka ABC crpaBenjiMBO HEpABEHCTBO

cos A+ cos B+ cosC < g

Cnenyer i N3 paBeHCTBaA G- € = b- €, Ile € — eOUHUYHbIH BEeKTOp,
PaBEHCTBO BEKTOPOB @ 1 b?

KakosB reomerpuyeckumit cMbICJI paBeHCTBa (@ + 5)2 +(@-
=2@+5)?

IokasaTh, 4o —ab < @ - b < ab; B KAKUX CJIy4asAX 31€Ch MMeeT
MECTO 3HaK paBeHCTBa?

Ilycts a, buc— HEHyJieBble BeKTOpPHI. [Ipn KakoM UX B3aMMHOM
DPACIIOJIOXKEHNH CIIPABEJIMBO PaBeHCTBo: (G- b)-c¢=a- (b-¢&)?
MO3XHO J11 TOBOPUTD O CKAJISIPHOM NPOU3BEIEHUN TPEX BEKTOPOB?
O ckasisipEOM Kybe BekTOpa?

MsMeHUTCA JIM CKaJIsipHOE MPOM3BEIEHUE IBYX BEKTOPOB, €CJIM K
OMHOMY M3 HHUX JOOABUTh BEKTOP, IEPNEHAUKYJISIPHBIA K IPYLOMY
COMHOXHUTEJTIO?

KosutnHeapHs! J1i BeKTOpbI & = 2d+4b u & = 3b—a@, mocTpoeHHse
no Bektopam @ = (1;-2;3), b = (3;0; —1)?

PaBHOCH/IbHBI JIM CJieQyIOWIME ABa PABEHCTBA:

a)da=bwuaa=ab

6)a=bua-c=b-g

B)a=bua+c=b+¢e?

Kakosa nymna orpeska M N, ecou MN > =167

Kaxkoit yrost o6pasyer BekTop @ = (C0s @; sin @) ¢ BeKTOpOM 77
Kak pacnonoxens: nmpsambie AB u AC, ecu (AB + AC)? =
— (AB - AC)*?

N2

B’ =

§ 3. BEKTOPHOE NPON3BEAQEHUE BEKTOPOB

>

106

Tpu HexkOMIJTAaHADHBIX BEKTOPA @, bu C, B3TbI€ B yKa3aHHOM IIO-
psnxe, 00pasyoT npasyro (Ae6yro) mpotixy, €CK C KOHLA BEKTOPA
¢ Kpatyaiiumit mMOBOPOT OT NEPBOr'0 BEKTOPA @ KO BTOPOMY BEKTO-
py b BUIEH COBepIIAIOMUMCS TPOTHB YacOBO# CTPesKH, (COOTB. 1O
yacoBo# crpesike) (cM. puc. 11).

nmpasasi Tpoiika, JieBasi TpOHKa

Puc. 11



> Bexmophsim npouseederuem HEKOJIJIMHEADHBIX BEKTOPOB @ 1 b na-
3bIBAE€TCAA BEKTOD C, ONpeleIaeMblil yCIOBUAMU:
1) BEKTOp ¢ MEpPHEeHOVKYJIAPEH BEKTOpaM & U 5, T.e. ¢ L a,
cL 5;
2) njvHa BEKTOpa ¢ PaBHA IJIOIAIM [apaJliesiorpaMMa, Ho-
CTPOEHHOI'O Ha BEKTOpax a U b xax Ha CTOpPOHAaXx, T.€.

lel =lal - [b] - sing, ¢ =(a,b); 3.1)
3) BekTOpHI @, b u ¢ 06pasyroT NpaByio TPOHKY.

BekTopHoe npon3BeneHne 0603HAYAETCA @ X b win [6, 5].

Ec/ii BeKTODBI @ 1 b KOJITMHEapHBI (B YACTHOCTH, OIMH U3 STHX BEKTOPOB
HyJIEBO#), TO MO ompenestenuo @ x b = 0.

Ceoticmea eexmophozo npoussedenus:

1. @ x b= —(b x @) (aHTUNEPECTAHOBOYHOCTD);

2. A-(@xb) = Aaxb=ax A\b (coueTaTesILHOCTb 1O OTHOMIEHHIO K
CKaJIIPHOMY MHOXHTEJIIO);

3.ax (b+¢) =axb+ax ¢ (pacnpenesMTesILHOCTD);

4.axb=0ecmmua | b (mmma=0ummb=0). BuactHocTr: i Xi = jXj =
=kxk=0.
_ Ecsm BexTOps @ 1 b 33aHbl CBOMMYM KOODIMHATAMU & = (Gg;ay;as;),
b= (be; by; b.), To

I K ]
axb=la; ay a,|, wm axb= 9 9z, |92 O ; Ge Gy|) (3.2)
by, b, by by|'|bs by
b b, b,
Jns BHIMMCTIEHUA NA0Wadu Napaaea02pamma, TOCTPOEHHOTO Ha BEKTOPaX &
u b npumeHnsiercs dpopmysia -
S =axb|. (3.3)
BekTopHoe npoussenenre MoxeT ObITh BbIpAXKEHO GOpMyJIoi
axb=S-¢g, (3.4)

Tlle € — OpT HanpaBJIeHUs @ X b.

3.3.1.  Tauw npa BekTOpa @ 1 b, M1 KOTOPRIX || = 2, |b] = 6, = (@,b) =

= %ﬂ'. Haiitu

a)axb )

6) |(2a + 3b) x (a — 4b)|.

Q a) Ilo dopmyne (3.1) HaxomUM MOMIYJIb BEKTOPHOTO HPOU3BE-
newus: |@ x b| = |a| - || - sin(@,b) = 2-6 - % = 6. ITo popmy.ie (3.4)
nosty4aeMm @ x b=6- €, roe € — eOVHUYHBIH# BEKTOD HalpaBJIEHUA
a x b;
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3.3.2.

3.3.3.

3.3.4.
3.3.5.

3.3.6.

3.3.7.

3.3.8.

3.3.9.
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6) CorsiacHO CBOHCTBaM BEKTOPHOIO MPOM3BENEHUSA fI0JTy9aeM:
(2a+3b) x (@—4b) =2(@x @) —8(@xb)+3(bxa)—12(bx b) =
—8(a x b) —3(a x b) = —11(a x b).
CrenoBartesibHO,
|(2a +3b) x (@—4b)| = |- 11(@ax b)| = 11-|ax b =11-6 = 66. @
Halitu xoopmunaTer BekTopa @ X (2@ + b), ecnu @ = (3;—1;-2),
b= (1;2;-1). o _
Haner BekTophl @ =1+ 2j — 3k, b= -2+ j+ k. Halitm: ¢ =
= (@-b) x (2b); |e|.
Hawuo: |a|=1, |b|=2, (a, 5):%%. Haiiru: |@x b|; |(@+2b) x (—a+3b)|.
HatiTu muiomans Tpeyrosibuuka ¢ sepuunamu A(1;2;0), B(3;2;1),
C(-2;1;2).
Q Iomans S Tpeyrosbunka ABC paBHa MOJIOBUHE IJIOMIAIM
napa.nnenorpaMMa nocTpoenHoro Ha BekTopax AB u AC, T.e.

= L\ AB x AC|. Umeem: 4B = 2:0;1), AC = (-3;—1;2). Torga
-2
(CM. (3.2))

weae= (5|5 oS 2).

-1 2 -3 2/'|-3 -1
T.e. AB x AC = (1;-7; —2). Cnenopatesbno, S = %\/1 +49 + 4,
s =3¢6, °

Hafitn nsomaap TpeyrosbHUKA, MOCTPOEHHOTO HA BEKTOPAx @ =
=i—2j+5kub=5j—Tk.

Hailitn miowans napaJuiesorpamMma, HOCTPOEHHOIO Ha BEKTOPAX
a=(84;1) mb=(2;-2;1).

BexTops! @ u b o6pasyror yros 45°. HaliTu niomanp TpeyroybHU-
Ka, TIOCTPOEHHOTO Ha, BeKTopax @ — 2b u 3@ + 2b, ecn |a| = |b| = 5.
Cuna F = (2;—4;5) npmoxena x touke O(0;2;1). Onpenesuts
MOMEHT 3To# CuJIbl OTHOCHTENbHO Toukn A(—1;2; 3).

Q Mowmenr cunbt F oTHOCHTENbHO TOukM A ecth BekTOp M =

= OAx F. Haxonum koopaunars Bektopa O A 11 HCKOMOTO BEKTODa,

M: 04 = (-1;0;2),

2 -4
K 0 2 —.—1 2 _]. 0 T - 1
=1|_y 5'—J|2 5’+k{2 _4‘—81+9]+4k,
T.e. M = (8;9;4). o



3.3.10.

3.3.11.

Iana cuna F = (3;4;—2) u Touka ee mpwioxenus A(2;—1;3).
Haiitu MomeHT cuiibl oTHOCHTEILHO Touku O(0;0;0) u Hanpasse-
HUE MOMEHTa CHJIBI.

Tpu cunst Fy = (2;4;6), Fo = (1;-2;3) u F3 = (1;1;-7) npu-
JoXkeHbl K Touke A(3; —4;8). HallTu BesIMYMHy M HaNpaBJIAIOIME

KOCHHYChHI MOMEHTa DaBHOAEHCTBYIOIEH STUX CHJI OTHOCHTEJILHO
touku B(4;—-2;6).

ppnom-wn'en bHbI€ 3afja4n

3.3.12.

3.3.13.
3.3.14.
3.3.15.
3.3.16.
3.3.17.
3.3.18.

3.3.19.

3.3.20.

3.3.21.

3.3.22.

3.3.23.

3.3.24.
3.3.25.

3.3.26.

YOpocTuTh BHIpAXKEHUS:

a) 2i(j x k) +3j(i x k) + 4k(i x j);

6) (@+b+e)xc+(@+b+e)xb+(b—2) x a;

B) (37 — 47 — 5k) x (21 + 67 — k).

Tokasatk, 4o (@ — b) X (@ + b) = 2(@ x b); BLIACHUTL reoMeTpUYE-
CKM# CMBICJI 9TOr0 PABEHCTBA.

Mokasats, uto (@b)? + (a x b)? = |a|?|b|.

Hano: |a| = 3, |b| = 20, @b = 30. Haittu |a x b).

Hano: |a| = 3, |b| = 26, |@ x b| = 72. Haittu @b.

Haiitu enuHn4HbI BEKTOp C, NMEPNEHIUKYJIADHBbIM KaXIOMy U3
BekTOpOB @ = (3;—1;2) m b= (—1;3; —1).

Haiitu enuHu4HbIN BEKTOp €, MEPHEHOVKYJIAPHBIA BEKTOPY @ =
= (1;4;3) u ocu abcuucc.

Haifitu niomans napaJuiesiorpamMma, TIOCTPOEHHOIO Ha BEKTOpax
G=3p+20ub=2p—g,rne|p| =4,1a =3, (5,0) = 37 .

Hatitu mnsomans tpeyrosibHuka ¢ BepmmHamu  A(1;—2;3),
B(0;-1;2), C(3;4;5).

Iausr BekTophl @ = (—4;—8;8), b = (4;3;2). Haittu BexTOpHOE
MpOM3BeAEHNe, CUHYC yIVIa MEXAY HHUMH, IUIOWAAb INapaJslyiesio-
rpaMMa, HOCTPOEHHOI'O Ha 9THX BEKTOPAX.

INaub BekTopbl G =31 + j + 2k, b=2i +Tj+4kuc=1+2j + k.
Hatitu @ x (b x &) u (@ x b) x &.

HaitTu KoOpavHATHI BEKTOPA, T, IEPIEHIUKYISIPHOTO OCH ANNJIMKAT
u BeKTOpy @ = (8; —15;3). BekTOp T 06pa3yeT oCTpbI# yIoJI C OChbI0
abcuuce; |Z| = 51.

Haittu nunbl nuaronasieit ¥ omaas napasuiesiorpamMma, ocTpo-
€HHOTO Ha BeKTOpax a =k —j, b=1+j + k.

Boraucsuthb cuHyC yriia, 06pa3soBaHHOrO BeKTOpamu @ = (2; —2;1)
ub=(2;3;6).

Ianb! BepiuHsl Tpeyrosishuka A(1; —1;2), B(5; —6;2), C(1;3; —1).
HaiiTu ayimHy €ro BbICOTHI, ONYIIEHHOM N3 BepIIMHbI B Ha CTOPOHY

AC.
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3.3.27.

3.3.28.

3.3.29.
3.3.30.

HaiiTu BekTOp 7, nepneHAuKyJIspHLIi K BeKTOpaM @ = (2;—3;1) u
b = (1;-2;3) u ynossieTsopsomuit ycsiosuo Z - (i + 2j — 7k) = 10.
BexTops! a, b ¥ € yI0BJIETBOPSIOT yCJIOBHIO G+ b+ = 0. Iokasars,
yroaxb=bxé=¢xa.

Hauo: @ = (1;—4;0), b= (6;3; —2), ¢ = (1; —2;2). Hatru np; (bx &).
BexTops! @ , b, ¢ u d cBs3aHBI COOTHOMEHMAME @ X b = € X d,
axc=bx d Moxazats, uto BexTopsl (@ — d) u (b — &) xosmH-
HEapHBI.

KoHTponbHbie Bonpockl n 6onee cnoxHoie 3apaym

3.3.31.

3.3.32.

3.3.33*.

3.3.34.

3.3.35.

3.3.36.

3.3.37.

3.3.38.

3.3.39.
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Ioka3arb, uro Touku A, B u C jiexar Ha omgHo# mpsmMoit Torma u
TOJIbKO TOrHa, Korma AB x AC = 0.

Jloka3aTh, 4YTO BEKTOPHOE [IPOU3BEIEHNE HE U3MEHUTCs, €CJIU K Of-
HOMY M3 COMHOXUTeJIefl npnbaBUTh BEKTOP, KOJIMHEAPHBIH Ipy-
TOMY COMHOXUTEJIIO.

Hoxazars Toxxnectso Jlarpamxka:

2 2 2
a; b N by al _
as; by az C2 by co
| at+bi+c a a2 + bibs + c1cz
aas + bibs + cico a§ +b§ +C§

Haittu mmomans Tpeyrosmbuuka ABC ¢ BepumiMHAMH B TOYKaX
A(z1;91521), B(Z25y2; 22), C(3; Y35 23)-

Ha BexTopax @ = (2;—1;7) u b = (1;0; —4) mocTpoen mapaJiieso-
rpamm. HafiTi BBICOTY, ONMymIeHHY!O M3 KOHLA BEKTOpa b, M IO
madb TPEYyroJbHUKA, 06pa30BaHHOIO 3TOI BBLICOTOI M CTOpPOHAMH
IapaJjijiesiorpaMma.

Jloka3aTh, 94TO AJ1s1 JII0OBIX BEKTOPOB @, P, {, 7 BEKTOPbI @ X P, @ X {,
G X T KOMILJIAHAPHBI.

Tpu HeHyseBBIX BEKTOpa @, 5 C CBsI33Hbl COOTHOLIEHUSMH
a=bx c, b=¢x ac=ax b. H ﬁ"m IJIMHBI 9TUX BEKTOPOB H
YIJIbl MEXOY HUMH.

oxasaTh, uto @ X (bx &) =b-(@-¢) —¢- (a-b).

Yxasanue. opr i COHAIIPABUTh C BEKTOPOM b, OPT j — B IJIOCKOCTH
BexTOpoB b 1 ¢. HaliT xoopamuaTsr obenx wactelt u yGemuThCs,
YTO OHU PABHBI.

Buisectu dpopmysty miis sin(a — 3).

Vxasanue. paccmorpers B iiockocTu Oy 1Ba €OUHUYHBIX BEKTOPa
€] U €3, COCTABJIAIOIINX C OCSIMH YIJIbl & ¥ 5 COOTBETCTBEHHO; HAfTH
€1 X €é3.



3.3.40. KakoMy yCJIOBHIO JOJDKHBI YIOBJIETBOPATH BEKTOPHI & U b, 4TOOBI
BEKTOpBI 3G + b u @ — 3b 6buTH KosLIMHEAPHBI?

3.3.41. Tlpu KaKkux 3Ha4YeHHUsAX a U 3 BEKTOpH @ = ai+ 7] + 3k u b = i+
+87 + 2k xonnuneapHb1?

3.3.42. Jlano:ax ¢ = bx ¢ &# 0. MOXHO /I OTCIOA 33KJIOYHTh, YTO
a=>b?

3.3.43. Yemy paBHO BEKTOPHOE IIPOU3BENEHHE NPOTUBOIOJIOXKHBIX BEKTO-
pos?

3.3.44. Yemy paBHO:
a) j X i
6) 7 x (G+F);
B) 2t x (k — 55)7

3.3.45. PaBHOCHJIbHBI I PaBEHCTBA G =bu G X = b x &7

3.3.46*. lanw! npa BekTopa @ # 0, b # 0. MoxHO Jin nono6paTh BEKTOp T
TaK, 4To6bl @ = b X T7?

3.3.47. Yemy paBHO BEKTOpPHOE€ IPOU3BEIEHUE KOJIJIMHEAPHBIX BEKTOPOB?
BEKTOpOB @ u (—a)?

3.3.48. Haiitu:
1) j x1;
2) 2i x 57;
3)ix(i+k).

3.3.49. Bepno s cooTHOmenue |a@ x b| < |a] - |b|?

3.3.50. CymecTByIOT JIi TaKie BEKTODHI @ U b, 40 @ X b= b x a@?

§4. CMELLUAHHOE NPOU3BEAEHUE BEKTOPOB

> Cumewannom npoussedenuem TpeX BEKTOPOB @, b u ¢ Ha3bIBaeT-
CSl YMCJI0, PABHOE CKAJIAPHOMY NPOM3BENEHMIO BEKTOpa @ X b Ha
BEKTOp C.
O6o3nauenne: abc.
Takum obpazom: _ _
abc=(axb)-¢c
T'eomempusecku CMeIIaHHOE NPOM3BENEHUE UHTEPHNPETUPYETCS KaK YH-
CJ10, paBHOE 06zeMy NapaJliesienunena, NOCTPOEHHOrO Ha BEKTOpax a, buc
Kak Ha pebpax. CMeIaHHOe pou3BeNeHre BEKTOPOB &, b U & IIOJIOKUTEITLHO,
€CJIM JaHHBIE BEKTOPHI 00PA3yIOT MPaByiO0 TPOHKY, X OTPULATESILHO — €CJIH
JIEBYIO.
Ceoticmea cmewanHnozo npoudeedenus:
l.(@xb)-¢=(bx&-a=(¢xa)-b, T.e. cMemaHHOe POU3BENEHNE He
MeHsieTCH NPU UMKJINYEeCKOH IepecTaHOBKE BEKTOPOB,;
2. (@xb)-¢=a-(bxCc), T.e. cMemaHHOE IPOU3BEEHNE HE MEHAETCS TIPHU
llepecTaHOBKE 3HAKOB BEKTOPHOIO ¥ CKAJIAPHOIO YMHOXEHHS,
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3. abc = —acb = —bac = cba T.e. cMemaHHOE NPOM3BENEHHE MEHs-
€T 3HaK Ha NPOTUBOIOJIOKHBIA MpY NepeMeHe MeCT JIOObIX IBYX BEKTOPOB-
COMHOXKUTEJIEH;

4. @abc = 0, ecom @, b U ¢ KOMIJIAHAPHBI (B wacTHOCTH, ecyu JiIOObIE B3,
U3 NEePEMHOXKAEMbIX BEKTOPA KOJIJINHEAPHB).

_ Ecnu sexTops @, b u C 3a1aHBI CBOMMU KOODIMHATAMHA @ = (ag; ay;a;),
b= (bz; by; b.), € = (cqjcy5¢;) TO
a; ay a,
abc=|b, b, b,|. (4.1)
Cz Cy C,
Ecau abé > 0, To @, b, ¢ — npasas Tpoiika; abc < 0 — JsieBasi.

O6bem Vi napaJsutesienumnena, NOCTPOEHHOIO Ha BEKTOpax &, b 1 &, 1 06beM

V5, OCTPOEHHOM Ha HUX TPEYTOJIbHOM NUpaMUIbI, HAXOOATCA O hopMyJiam
Vi = |abe|, (4.2)

Vo = é|65(':|. (4.3)

3.4.1.  oxasars, 4yto uersipe Touku A;(3;5;1), A2(2;4;7), As(1;5;3),
A4(4;4;5) nexar B OIHOM NJIOCKOCTH.
Q ocrarodHo nokasaTb, 4TO TpH BeKTOpa A; Ay, A1 As, A Ay,
HMEIOIIe HA4Yajo B ONHOH M3 JAHHBIX TOYEK, JIEXKAT B ONHOM

NJIOCKOCTH (T e. KOMHJIaHaprI). Haxom«uv[ KOOpPIMHATHI BEKTOPOB
A1A27 A1A37 A 4:

AjAy=(2-3;4-5,7-1) = (-1;-1;6);
AlA 1-3;5-5;3—1) =(-2;0;2);
AjA,=(4-3;4-55-1) = (1;,-1;4).

:u

>|

IIposepsieM ycJioBUE KOMILJIAHAPHOCTH BEKTOPOB (CBOHCTBO 4 cMe-
IIAHHOTO MTPOU3BENIEHUsI BEKTOPOB):

-1 -1 6
A1Ag - A1A3-A1A4=[-2 0 2/=0-2+4+12-0-2-8=0.
1 -1 4
Wrak, BekTopsl A Ag, A1 A3 u Ay A4 KOJLIMHEAPHBI, CJIEN0BATEIb-
HO Touku A;, Az, Az, A4 neXaT B OMHOM MJIOCKOCTH. @
3.4.2. IIpoBepuTh KOMIJIAaHAPHB! JI TAHHBIE BEKTODBI:

a) a = (1;2;-2), E_(_ -21),¢=(5-2;-1);
6)a=j+kb=j—kc=i. o

3.4.3. Ilpu KakoM 3Ha4yeHMH A\ BEKTOpH & = 1 + j + Ak, b = (0;1;0) u
¢ = (3;0; 1) komniaHapHbI?
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3.4.4.

3.4.5.

3.4.6.

3.4.7.

8 - 2361

Hane Bepmmnnsl nupamuast A(5;1; —4), B(1;2;-1), C(3;3;-4),
S(2;2;2). HaliTu AiMHy BBICOTHI, ONMYIIEHHOK W3 BEpIIMHBI S Ha
rpaub ABC.

Q Tak xax o6bem V nupamunpt ects V = lS'h, T0 h = ﬂ/r,
3

S
rne h = |SO| — Boicota nupamumsl, S’ — mWIOmMAns OCHOBAHUA
(puc. 12).

S
A B
C
Puc. 12

Haxomum V: AS = (=3;1;6), AB = (—4;1;3), AC = (-2;2;0).
U cornacuo dopmyne (4.3):

-3 1 6
1 1
= - —4 = =
v 6 det ( 1 3) 6

_3‘1 3‘ ’~4 3

2 0|

-2 20
1 1
=—-[18—6— = = - =
=118 -6 - 36| = =] — 24

Haxomum S’ = Sy 4pc:

_l 5y iC i j k
-2 20
| P |
= 7| - 6i—6j -6k = 5 - 6V/3=3V3.
_ 3.4 _4/3
CneposaresibHO, h = 3./ 8 ()

Hafitu ob6beM napaJjuiesienunena, INOCTPOEHHOIO Ha BEKTOpAx
a=(1-21),b=(3;21),c=(1;0;-1).
Haifitu BricOTy napaJjuiesienumnena, IOCTPOEHHOIO Ha BEKTOpAxX
a=(2;1;-3),b=i+2j+k, &= (1;-3;1), onymenHnyio Ha rpaHs,
IIOCTPOEHHYIO Ha BEKTOpax b u €.
Haifitu o6beM TpeyrosibHO# Npu3Mbl, MOCTPOEHHOH Ha BEKTOpax
a=(1;2;3),b=(2;4;1), 2= (2;-1;0).
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3.4.8.

3.4.9.

3.4.10.
3.4.11.

3.4.12.

3.4.13.

Berancauts (@ + b+ &)(@—b—&)(a—b+¢).
(Q HUcnonesys csolicTBa CMEIAHHOTO MPOU3BENEHHA BEKTOPOB,
noJiy4aeM:

a
—2(0—0+c‘zba+0+6bé+0) —2-2abc = —4abc. @

Berancsmts nponssenenue (@ — b)(b - ) (€ — a).

Beruncsiuts npoussenenue a(b — ¢)(@ + b + 2¢).

Kaxkyio Tpoiiky o6pa3yioT BeKTOphI &, b u &
a)a=i+j,b=1—3,¢=k;

6) a=(1;-4;0), b= (6;3;-2), ¢ = (1;-2;2)?

BexTopb! @, b ¥ € B3aMMHO TIepIEHIUKYJIAPHB; 06Pa3yIOT MPaBYIo
tpotiky. Haiitu abé, 3mas uro |a| = 4, |b| = 2, |¢| = 3.

Hanbl BexTope! @ = (3; 5; —1), b= (0;-2;1) uc = (—2;2;3). Haittu
(@ x b) x ¢.

ﬂOHOHHMTeﬂbeIe 3apayun

3.4.14.
3.4.15.

3.4.16.

3.4.17.

3.4.18.

3.4.19.

3.4.20.
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Beruncsuth npoussenenue b(¢ + @) (b + 2¢), ecou @be = 5.

BekTop ¢ nepneHnuKynspeH Bektopam @ u b; (@,b) = %, |al = 6,
|b| = 3, |¢| = 3. Haittu abe.

Hafitn o6bem nupamumpt ¢ BepumHamu A;(0;0;1), A2(2;3;5),
A3(6;2;3), A4(3;7;2).

ITokasarp, uyro Toukm A(5;7;-2), B(3;1;-1), C(9;4;—4) u
D(1;5;0) nexxat B OOHOM MJIOCKOCTH.

Haner Bepmunsl nupamunpt A(—5; —4;8), B(2;3;1), C(4;1;-2),
D(6;3; 7). Hatitu nnuny BeICOTHI, OnmyuieHHOH Ha rpads BCD.
O6beM TeTpasapa paBeH 5, TPU €ro BEPIIMHBI HAXOAATCS B TOYKAX
A(2;1;-1), B(3;0;1), C(2; —1;+3). Hatitu xoOpOuHaTHl 4eTBEP-
TOI BepmMHbl D, €CJI¥ U3BECTHO, YTO OHA, JIEXKWUT HA OCH OpOAMHAT.
Han napannenenunen, ABC D A; B;CyD;, noCTpoeHHbI# Ha BEKTO-
pax AB = (4;3;0), AD = (2;1;2) u AA; = (-3;—2;5). HaitTu:

a) obbeM napaJiiesienunena;

6) mnomans rpanu ABCD;



3.4.21.

B) IJIMHY BBICOTHI, IPOBENEHHON U3 BepmnHbl Aj;

r) yros mexnay pebpom AB u muaronasisio BD;.

Hana nupamuna ¢ BepmuHamu B Toukax Aj(1;2;3), A2(-2;4;1),
As(7;6;3), As(4; —3; —1). Haitru:

a) numHy pebep A; Aa, A Az, A1Ayg;

6) mwiomanp rpanu A; AzAgs;

B) yros Mexny pebpamu A; Ay u A; As;

r) o6beM MUpaMULILL;

J) IJIMHY BBICOTHI, ONYIIEHHOH Ha rpaHb A; A2 Aj.

KoHTponbHble BONpoCbl u Bonee CnoxHble 3apaqun

3.4.22.

3.4.23.

3.4.24.

3.4.25.

3.4.26.

3.4.27.

3.4.28.
3.4.29.
3.4.30.

3.4.31.
3.4.32.

BekTops! G, buée YOOBJIETBOPAIOT YCJIOBUIO G X b+bxé+exa=0.
Jloka3aTh, YTO 3TH BEKTOPH! KOMIIJIAHAPHBI.

IToxasars, yTo 06beM napaJiiesienunena, MOCTPOEHHOrO Ha NHa-
rOHAJIAX rpaHeil JAHHOrO MapaJiiesienunena, paBeH yIBOEHHOMY
00beMy HaHHOrO MapaJijiesienunena.

Hatitu @ x (bx &) — (€ x f) x g, ecm @ = (1;2; -2), b= (-2;3;1),
t=(2,-22),e=(-1;3;5), f =(1;0;-2), 3 = (3; -2;2).

Haitti 06bem V nupamunst ¢ Bepmunamu B To9kax A; (z1;y1;21),
Az(x2;y2; 22), As(z3;y3;23), A4(Ta;y4;24). Ilpu xaxom ycsioBum
Touku A;, A2, A3z, A4 IpUHAIJIEXKAT ONHOM MJIOCKOCTH?

JlaHbl eOUHUYHBIE BEKTOPbI &), €3, €3. 3HadA, 4YTO (61,/32) =

L e O
= (€3,€1 X €) = a, I0Ka3aTh PaBEHCTBO (€1 X &) - €3 = 5 sin 2a.

Bmas, 9T0 & = \1@ + A2b HallTH cooTHOmeEHMe MeXIy BeKTOpaMmu
@, b u ¢, He copgepxaiee K03 ULHUEHTOB A U Az.

Vxa3zanue. UCKIIOYUTH A\; MOXKHO YMHOXXEHUEM PABEHCTBA BEKTOP-
HO Ha a.

Hoxazars, uto |abe| < |a] - |b| - |¢]; B xaxom ciydae umeer mecto
3HaK paBeHCTBa?

Yemy paBHO @b(E+ A1+ A2b), rme A\; u Ay — NPOU3BOSIBHBIE YUCTA?
Hoka3arp (re_onge'rpnqecxn), 4TO mpH JOGBIX BEKTOpax @, b u ¢
BEKTOPHI @ — b, b — ¢, € — @ KomnianapHbsl. KakoB reomerpuyeckuii
CcMBICJI 3TOro pakTa?

Yemy paBHO @ba?

M3BecTHO, 4T0 & = A& + A2b, A\; 1 Ay — umcia. Yemy paBHO @bC?
IlosicuuTh anredpanyecku.
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KOHTPOJIbHAAl PABOTA
Bapuant 1

1.

2.

3.

4.

5.

B napasutesiorpamme ABCD: O — TOYKa mepecedeHUs AUaroHaJel.
Haiitu z, ecoin

1) AB =z CD;
2) AC =z - AC;
3) OB =z BD;
4) OC =z-CD.

Pasnioxutb BekTOp ¢ = (9;4) 1m0 BexTOopam @ u b, ecn @ = (1;2) u
b=2i-3j.

Haittu BexTOp d, 3Hazm, 4TO dla dlb roe a=(2;3;-1),
b=(1;-2;3)ud-(2i —j+ k) = —6.

Hafttu mnuiomans napasinesiorpamMma, MOCTPOEHHOIO Ha BEKTOPAxX
a=3p+qub=p-2Grmelp| =417 =1, (59 =§

Hana nupamuna c sepumsHamu A;(7;2;4), A2(7;—-1;-2), A3(3;3;1),
A4(—4;2;1). Habhru:

a) yron mexnay pebpamu A;A; u Ay Ay;

6) o6beM nupamMumsr;

B) IJIMHY BBICOTHI, OMyIIEHHO! Ha rpaHb A; Az As.

Bapuant 2
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1.

2.

5.

Han napasienorpamm ABCD. Jlokasats, yto OA+ OC = OB + 0D,
roe O — npou3BOJIbHASA TOYKA MPOCTPAHCTBA.

Panuyc-BexTop Toukn M cocrasisier ¢ ocbio Oz yroa 45°, ¢ oceio Oy —
60°. Ero nnuna |7| = 6. Haittu koopausaTe! Touku M, 3Has1, YTO TpEThst
KOODIOMHATA OTPULATEIbHAS.

. HaliTu enuHNYHEBI} BEKTOD, NEPIEH UK YJIAPHBIH BEKTOpaM @ = 2 +]_'+E

ub=(1;1;2).

Haiitu nnomans tpeyrossruka ABC, B xotopom A(2;1;0), B(—2;4;1),
C(-3;-8;4).

Hana nupamunma c BepummHamu A;(1;3;6), A2(2;2;1), As(-1;0;1),
A4(—4;6; —3). Haitrn:

a) KoCuHyC yryia Mexay pebpamu A; A; u A; Ay;

6) o6beM nupaMusr;

B) JJIMHY BBICOTHI, OIYIIEHHOR Ha rpanp A; As Aj.



Bapuant 3

1.

JlaHBI BEKTOPHI @ U b 1 yros Mexmy HUMH paBHbif 120°. [ocrpouTts
BEKTOp ¢ = 2@ — 1,5b u onpenesuTs ero AsuHy, ecau |al = 3, |b| = 4.

. IIpoBeputs, uro uernipe Touku A(3; —1;2), B(1;2;-1), C(-1;1;-3) n

D(3;—5;3) cayxar BepuIdHAMY TPAIEUUH.

. Maup! BexTOpHI @ = 2i — j + 3k, b = i — 35 + 2k, € = 3i + 2j — 4k. HaitTu

BEKTOp I, ecniu Ta = —5H, Tb = —11, ¢ = 20.

. B tpeyrosibauke ¢ BepmvHamu A(4; —14;8), B(2; —18;12), C(12; -8;12)

HalTH IJIMHY BBICOTHI, ONMyIIEHHOH u3 BepmuHbl C Ha cTopony AB.

. Hana mupamuna ¢ sepmmHamu B Toukax A;(—2;0;—4), A2(-1;7;1),

As(4; —8; —4), A4(1;—4;6). Haitru:
a) myuHy peGpa Az As;
6) kocunyc yriia Mmexay pebpamu Ay As u A; Ay;

B) 00beM NUPaMUIBI.

Bapuanrt 4

1.

B pombe ABCD nmaronaym A_C_ =am @ = b. Pa3jioxuTh Mo 3TUM
nByM BekTopaMm Bektopsl AB, BC, CD, DA.

. 3Has ogHy w3 BepuivH Tpeyronbuuka A(1; —6;3) u BEKTOpHI, COBIAIO-

mue ¢ asyms croponamu AB = 3j + 5k u BC = 4i + 2j — k, naittu
oCTaJibHbIE BepmuHbl 1 BeKTOp C A.

. Hatitu BexTOp M, 3Has, uTo M L ¢, Ma = 4, mb = 35, rne @ = (3; —2;4),

b= (5;1;6), ¢ = (-3;0;2).

. 3uas nse cropousl AB = (—3;—2;6), BC = (—2;4;4) TpeyrosbHuka

ABC, BBIYUCIATD AJIMHY BBICOTH AD.

. Hana nmpammma c BepmumHamu B Toukax A;(1;2;0), A2(3;0;—3),

A3(5;2;6), As(8;4;—9). Haittu:
a) nnuHy pebpa AsAs;
6) yron mexnay pebpamu A; A; u A; Ag;

B) 00beM MUPaMUIBIL.

W]



nasa 4. AHAJTIUTUHECKASA TEEOMETPUA
HA NJIOCKOCTMH
m

§1. METOA KOOPOAWUHAT HA NJIOCKOCTHU
MpamoyronbHas cucrema KOOpRUHAT

Memod xoopdunam 3axJiI04aeTCa B yCTAHOBJIEHMM COOTBETCTBUS MEXIY
TOYKaMH NpsMOH (IJIOCKOCTH, NPOCTPAHCTBA) U UX KOOpAMHATAMH — Iel-
CTBUTEJIbHBIMU YUCJIAMHU MPU IOMOIIM CUCTEMBI KOOPIUHAT.

> IIpamoyzoavras cucmema xoopdunam OTy Ha naoCKOCMU 3303€T-
sl IBYMs1 B3aMMHO NEPIEeHINKY/ISPHBIMY IPAMBIME, HA KX I0H U3
KOTOPBIX BHIOPAHO MOJIOKUTEIILHOE HANIPABJIEHKE U 331aH €UHAY-
HBII OTPE30K. DTU NpAMBIE HA3BIBAIOT 0camu Koopduram. OnHy U3
ocelt HA3BIBAIOT 0Cb10 abcyuce U 0603HauaT O, OPYTYIO — 0CLIO
opdunam (Oy).

Edunuunvie sexmopwi ocett Oz u Oy 0603HAYAIOT COOTBETCTBEHHO 1 U J
Ecnin M — npousBosibHAsi TOYKa MJIOCKOCTH, TO BeKTOp OM Ha3blBaeTCA
paduycom-eexmopom Touku M.

> Koopdurnamamu Touku M B cucreme koopauHaT Oy Ha3bIBAIOTCA
KOOPAMHATHI paauyc-BekTopa OM.

Eciu OM = (z;vy), To XoopauuaThl Toukn M 3amuceBator Tak: M (z;y);
IIPH STOM YMCJIO T Ha3bIBaeTCA — abcyuccoli Touku M, a uuciyio y — opduna-
mott Toukn M. KOOpIMHATBI TOYKM IIOJHOCTHIO ONPENEJIAIOT e NOJIOXKEHNE
HA, TJIOCKOCTH: KaX IO} Tape YiCes T U Y COOTBETCTBYET eAMHCTBEHHAA TOUYKA
M mniockocTH, 1 HAOOOPOT.

Paccmosmue meancdy deyma mowkamu M (z1;y1) u Ma(x2;y2) Ha mioc-
KOCTH BBIYUCJIAETCA 10 (HOpMyJie

d=/(z2 — 1) + (y2 — 1) (1.1)
Koopounars! (z;y) mouku M, deasweti 6 3adarnnom omnoweruu A om-
AM

pesox AB, rne A(z1;y1) u B(z2;y2) (A= W)’ HaxoasaTCsA no ¢opMyJsiam

_ntAry oyt A

1+x > YT 1A (1.2)

B uacraocTn, npu A = 1 (Touka M nenut orpesok AB mnomnosiam), noiy4a-

10TCA POpPMYyJIbI KOOPAUHAT CEPEOUHBI OTPE3KA
T+ Y1ty

=75 =5 (1.3)
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ITrowads ‘mpeyzoavrura ¢ eepwunamu A(z1;y1), B(z2;y2), C(zs;ys) BbI-
yucJifeTca mo ¢popmyJie

AJIM, 9TO TO XK€ camoe: S = %|A|, roe A =

4.1.1.

4.1.2.

4.1.3.

4.1.4.

S= %l(mz —21)(ys —y1) — (23 — 71) (32 — 1) (1.4)

T2 —T1 Y2— WY
T3 —T1 Ys— W1

HaiiTu TOuKy, CHMMETPUYHYIO TOYKE
A(—2;4) oTHOCUTENIBHO GHCCEKTPH-
Chbl IEPBOTO KOOPAMHATHOIO YIJIa.
(Q Tlposenem uepes Touky A mps-
Myl [, mepneHOuKyJsipHY©O Ouc-
cekTpuce | mepBoro KOOPAMHATHOIO
yraa (puc. 13). Ilycts I, Nl = C. Ha
npamol I, oryoxum orpesok CA;,
paBHbiit oTpesky AC. IIpamoyrosb-
Hele Tpeyrosibhukun ACO n A;CO
paBHBI MeX1y coboi (o OByM KaTe- Puc. 13

tam). Orcioga cienyer, uro |OA| =

= |OA;|. Tpeyronbuuku ADO u OEA; Taxxke paBHBI MEXIY CO-
6ot (mo rumorenyse u ocTpomy yriy). 3akJiodaem, uto |AD| =
=|OE| =4, |OD| = |EA;| =2, 1.e. Touka A; NMeeT KOOPOMHATHI
z=4,y=-2Te Ai(4;-2).

OtMeTHM, YTO MMEET MECTO oblee yTBEpXKIEHWE: TOYKa Aj,
cuMmeTpu4Has Touke A(a;b) OTHOCHTENILHO GUCCEKTPUCHI IEPBOTO
M TPEThEro KOOPOMHATHHIX YIJIOB, UMeEeT KoopauHate! (b;a), T.e.
Ai(b;a).

Hana touka A(3; —2). HaliTu KoopauHaTHI TOYEK, CAMMETPUYIHBIX
Touke A otHOocuTesbHO ocu Oz, ocu Oy, Hayasia KOOPAUHAT.
Haiitu xoopauHaTs! TOYKU A, CAMMETpU4HOR Touke A(2;4) OTHO-
CUTEJIbHO OMCCEKTPHUCHI:

1) BTOpOro 1 YeTBEPTOro KOOPAMHATHBIX yIJIOB; 4 B
2) nepBoro ¥ TPETHEro KOOPAMHATHBIX YIJIOB.

B tpeyrosnauke ¢ Bepuvnamu A(2;3), B(6;3),

C(6; —5) naiitu nuHy 6uccexktpucst BM.

(Q Ilo cBoitcTBy 6UCCEKTPUCHI BHYTPEHHETO M

IJ1a TPeyrosibHAKa oM _ |BC (puc. 14)
y pey MAl = B4 \PYc .

HaxonuMm, ucnosnssya dopmyny (1.1), nmm-
el ctopod BC u BA tpeyrosbuuka ABC:
|IBC| = 1/(6—6)2+(—5—23)2 = 8, |BA| = C
= /(2 -6)2 + (3 — 3)2 = 4. CsienoBaresbHO,

Puc. 14
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4.1.5.

4.1.6.

4.1.7.

4.1.8.

4.1.9.

4.1.10.

4.1.11.

A= ]C\:Jﬂﬁ = %, T.e. A = 2. Haxonum KoopouHaThl Tps ¥ yas TO‘IKK!

M, ucnonbsysa dopmyny (1.2): zp = 61+_Eé2, yMm = %,’

T.€. Tp = %, yM = %, T. €. M(%, %) Haxomum njuHy 6uccexk-
2 2

Tpucsl BM: BM=\/(%—6) + (%—3) =\ /%+%=%\/§, T.€.

BM =$v2. ®

Hoka3ars, yto TpeyrosibHuk ¢ BepmuHamu A(—2;—1), B(6;1),
C(3;4) — npAMOYyTOJIBHBIH.

Touku A(2;4), B(—3;7) u C(—6;6) — Tpu BepIIMHbI IAPAJLIIESIO-
rpamma, npudeM A 1 C — npoTUBONOJIOXKHBIE BepmuHbl. Haiitu
9YEeTBEPTYIO BEPIIMHY.

Han tpeyronbuuk ¢ Bepumnamu A(—2;4), B(-6;8), C(5;—6).
Haiitu niomans 3T0ro TpeyrosbHUKA.

Haiitu Touky, B KOTOpO# npsiMas, npoxonsmas yepes touku A(5; 5)
u B(1;3), nepeceyer ocw Ot.

Q Koopnunars! uckomo#t Touku C ectb (;0). A Tak kak Touku A,
B u C nexar Ha ogHOM NpAMOii, TO JO/DKHO BBIIOJIHATHCA YCIOBUE
(z2—21)(y3—y1) — (T3 —21)(y2—y1) = 0 (dbopmyza (1.4), nromans
Tpeyrosibiuka ABC paBHa Hysmo!), tae (T1;y1) — KOOPOMHATHI
Touku A, (T2;y2) — Touku B, (z3;y3) — Touku C. Ilonyuaem
(1-5)(0—5)—(z—5)(3—5) =0, T.e. 20+2(z—5) =0, z—5 = —10,
r = —5. CinenoBaresbHo, Touka C' MMeeT KOOpAMHATBHI £ = —5,
y =0, .e. C(-5;0). o
Hoxkasarb, uto Tpu Touku (2;3), (5;7), (11;15) sexar Ha omHOM
npamMoi.

Pasnenuts orpesok mexay toukamu (0;2) u (8;0) B Takom xe oT-

- HOLI€HWH, B KAKOM HaXO0OATCA PACCTOAHMUA 3TUX TOYEK OT HaAYaJIa

KOOpIUHAT.
Ha ocu opmunat HaliTu TOuKy, oTcTOAmYI0 OT To4kd A(3; —8) Ha
PaCCTOAHMM & €IUHUII.

OononnutensHbie 3apayn

4.1.12.

4.1.13.

4.1.14.
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Hatitu nyuny Bextopa AB, coenumsiomero Touxku A(—4;5) u
B(—6;7), 1 yroJ Mexay 3THM BEKTOPOM U IOJIOKUTEJILHBIM Ha-
npaByenueM ocu Oz.

Ortpesok ¢ xounamu A(l; —5) u B(4;3) pa3nesieH Ha TpU pPaBHbIE
yacTu. HaltTu KOOpOMHATH TOYEK IeJIeHUs.

HaiiTu KoOpaMHATHI HEHTPA, TSLKECTH OTHOPOIHOM IIACTUHKHU, UMe-
ome#t ¢GopMy TpeyrosbHMKa C BepmMHaMd B Toukax A(Ti;y1),



4.1.15.

4.1.16.
4.1.17,
4.1.18.

4.1.19.

4.1.20.
4.1.21.

4.1.22.

4.1.23.

4.1.24.

4.1.25.
4.1.26.

4.1.27.

4.1.28.
4.1.29.
4.1.30.

4.1.31.

B(zs;y2), C(z3;ys) (UEHTD TSDKECTH TPEYrOJIbHUKA HAXOOUTCH B
TOYKE TepPecedeHusi ero MEQUaH).

IenTp Tskectu TpeyrosbHuka ABC jexut Ha ocu Oz. Haiitu
KoopaouHaThl BepmuHbl C, 3Hass KoopauHaTsl BepmuH A(3;1) u
B(1; —3); wiomans TpeyroJabHAKA paBHA 3.

Ha ocu abcuuce Haititu Touky M, paccTossHUE OT KOTOPO# 10 TOYKH
A(1;4) pasHo 5.

Haiitu xoopauHaTHI TOYKM, OOUHAKOBO YIIAJIEHHON OT ocelt Koop-
IMHAT U OT KoopauHaThl Touku A(1;8).

OnpenenuTh, €CTh JIM CpeO¥ BHYTPEHHHMX YIJIOB TPEYrOJIbHUKA C
sepunnamu A(1;1), B(0;2) u C(2; —1) Tynoit yroJ.

Iansl BepmuHb! Tpeyrossuuka: A(7;2), B(1;9), C(—8; —11). Hait-
TH paccTosinue oT Touku O mepecevyeHusi METUaH TPEYrOJIbHUKA IO
BepmuHLI B.

JBe npOTHBONOJIOXKHBIE BEPIIMHBI KB3APATa HAXOAATCA B TOYKAX
A(3;5) n C(1;—3). Haittu ero mwiomans.

Hailtu myomans deTwipexyrosibHuka ¢ BepmmHamu A(—3;2),
B(3;4), C(6;1), D(5; -2).

Haust Bepmuubl TpeyrosibHuka A(—3;6), B(9;—10), C(-5;4).
HaiiTu K0OpauHATHI HEHTPA M PAIUYC OIMCAHHOIO OKOJIO HETO KPY-
ra.

Haunwt Bepmnnst A(2;1), B(—2; —2), C(—8;6) tpeyrosibuuka ABC.
Haiiti nimHy BBICOTHI, OIyIMIEHHON M3 BeplInHbl B.

Iausl 1Be CMexHbIe BepIKHbI napajuiesiorpaMma A(—2;6), B(2;8)
M TOYKa [epecevenus ero auaronasei M (2;2). Hailtu xoopausaTs
IBYX IPYTUX BEPIIUH.

Haubl cepenunbl cTopoH TpeyrosibHuka M(—1;5), N(1;1), P(4;3).
Haiitn KoopauMHATHI €ro BEpUIMH.

B tpeyrossauke ¢ Bepmunamu O(0;0), A(8;0), B(0;6) onpenenuts
muny Menuanbsl OC u 6uccexktpucet OD.

Orpesok ¢ konnamu A(—8; —8) u B(—2; —4) pasnesen Ha 4eThIpe
paBuble yacty. HallTu koopauHaTs! Toyex nenenus. 1o kakoi To4-
KH{ H3,I0 NPOAOJIKUTH OTPE30K A B, 4T00hI €ro OJjIMHA yBEJIMIUIIACh
B 3 pasa’

Hanbr Touku A(1;2) u B(4;4). Ha ocu Oz na#itu touky C Tak,
4T06bI IIOME@OL Tpeyrosbuuka ABC 6bu1a paBHa 5.

IlaHbl OBe NPOTUBONOJIOXKHBIE BepmuHbl kBanpara A(3;0) u
C(—4;1). HaiiTu KOOpAMHATHI JBYX €r0 APYIUX BEPUIUH.

Han tpeyrombuuk ¢ Bepmmnamu A(—v/3;1), B(0;2), C(—2v3;2).
Haiitu ero BHemHmit yros npy Bepumse A.

Ipsimas npoxomut 4epe3 Touku A(2; —3) u B(—6;5). Ha sToit nps-
Mot HailTu abCIycCy TOYKM, OPAMHATA KOTOPOi# paBHa —9.
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4.1.32.

4.1.33.

OnpenesuTh UEHTP TsDKECTH ONHOPONHOM IUIACTUHKHU, N300paXKeH-
1
HOI Ha pucyHke 15.

6
12 — o
! 6
112
Puc. 15

OnpenesuTsh MI0Manh NapajijlesiorpaMMa, TPY BEPIIMHBEI KOTOPO-
ro — touku A(—2;3), B(4;-5), C(-3;1).

KoHTtponsHbie Bonpockl u Bonee cnoxHoie 3sagauu

4.1.34.

4.1.35.

4.1.36.

4.1.37.

4.1.38.

4.1.39.

4.1.40.
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B roukax M, (z1;y1), Ma(z2;y2), M3(z3; y3) noMemens: maccht my,
m2, M3 cooTBeTCTBeHHO. HallTu UeHTp TshKecTH CuCTEMBI.
Yxasanue. UEHTD TSDKECTH CUCTEMBI IBYX MAcC JEJIAT OTPE30K Ha
4aCTH, 06PATHO NPONOPIMOHAJIBHBIE MACCAM, COCPEIOTOYEHHBIM Ha
KOHIIAX OTPe3Ka.

HaiiTu nostoxxeHue 1e€HTpa THKECTH IPOBOJIOYHOIO TPEYTOJIbHUKA,
BEpIIKXHBI KOTOPOro pacnosioxkens! B Toukax (0;0), (0;3) u (4;0).
Jansl BepmInMHBI OMHOPOOHOM TpeyroJsibHOM muiacTuHku A(Z1;y1),
B(z2;y2), C(z3;y3). Ecaiu coenuHuThL CepequHbl ee CTOPOH, TO 00-
pasyercsi HOBasi TPEYTOJIbHASA IUIACTUHKA. JJ0Ka3aTh, YTO LEHTPHI
TSDKECTH OBENX IJIATUHOK COBIAIAIOT.

Janb! ne cMexHble BepuuHbl kBaapara A(2; —1) u B(—1;3). Hait-
TH KOOPIMHATHI ABYX €r0 APYTUX BEPIIKH.

HaiiTn xoopouHaThI UEHTPA NPABUJILHOIO WECTUYTOJIbHAKA, 3HAS
nBe ero cMexubie Bepmunsr: A(2;0) u B(5;3V/3).

Ilokazatk, yro Touku A(—3;8), B(1;5) u C(4;1) MoryT ciayuth
TpeMsi BepUIMHAMY POMGa, BEIYUC/IUTD IUIOMAAL 9TOr0 poMba.
Ipsimas simHusA orcexaer Ha ocu Oz orpe3ok OA = 4 u Ha ocu Oy
orpe3ok OB = 7. HaliTn KOOpAMHATHI OCHOBAHHUSI MIEPIIEHINKYJIsI-

pa, ONMYyIIEHHOTO U3 HAa4Yajia KOODAWHAT Ha JAaHHYIO NPAMYIO.
16

Vxaszanue. A = 19°



4.1.41.

4.1.42.

4.1.43.

4.1.44.

4.1.45.

B kaxux 4erBepTsx MOryT OBITH pacmnosiokeHnl Touku M (z;y),
ecyn

1) zy > 0;

2) zy < 0;

)z—-y=0;

4)z -y >0

5) r+y =07

Ilposenen otpesok ot touku A(1l;—1) mo Touku (—4;5). Haiiru
KOODAMHATHI TOYKHM, A0 KOTOPOH HY»KHO NPOIJIMTH €r0 B TOM XK€
HaNpaBJIeHNH, YTOObI JIMHA €r0 YABOWJIACH?

Jokasarb, 4TO BO BCSAKOM NPSIMOYTOJIbHOM TPEYTOJIbHUKE IJINHA
MeIMaHbl, COEIUHSAIOMEN! BEPUINHY NPIMOr0 YIJia C CEPEeIMHOH ru-
[OTEHY3bI, PABHA MOJIOBMHE TUIOTEHY3bI.

Touku A(z1;y:1) 1 B(z2;y2) CiIyKaT CMEXHBIMM BEPIIKHAMHU POM-
6a, IMaroHaJId KOTOPOro NapajlyiejibHbl 0CsAM KoopauHat. Kak Bol-
Pa3suTh KOOPOMHATHI OCTAJIbHBIX BEPIIMH 4epe3 KOOPIMHATHI JaH-
HBIX TOYeK?

Kaxk pacnosioxeHbl TOYKH, MMEIONME OOHY ¥ Ty e IPOEKIMIO Ha
ocb Oz? Ha ock Oy?

MonspHan cucrema kooppguHart

>

Honaspuas cucmema xoopdunam 3amaercs Toukoi O, Ha3bIBaeMOH
noMocom, iydom Op, HA3bIBAEMBIM TOARPHOTE 0CH10, I eFUHUNHBM
6€KMOPOM € TOTO XKe HaIpaBJIeHus1, 4To u Jy4d Op.

ITostoxxenue Touku M Ha IJIOCKOCTH ONPENESISieTCs IBYMsl YUCJIAMH: ee
paccrosinueM 1 oT noJiroca O u yriioM ¢, obpasoBanHbiM oTpe3koM OM ¢ mo-
JISIpHOM OCbI0 (pHC. 16) ¥ OTCYUTHIBAEMBIM B MOJIOXKUTEIHHOM HANPABJICHUH.

M(r; ¢)

Puc. 16

Yucsia r ¥ ¢ Ha3BIBAIOTCA NOAAPHHMU Koopdunamamy TOUKd M:
T Ha3bIBAIOT NOAADHHM DPAJUYCOM, 0 — TOAAPHOLIM Y2A0M.

Ecsin paccmarpuBaTh 3HaueHus r B mpoMexyTke [0; +00), 8 3HaY€HUs
B (—m; x| (mnm B [0;27)), To kaxkmo#t Touke miockoctu (kpome O) cooTBer-
CTByeT €OUHCTBEHHAA [1apa YUCeJI T U , ¥ HA0BOPOT.
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Puc. 17

Ecnu coBmectuts nositoc O ¢ HavasioM KoopauHAT cuctembl Ory, a mo-
JIIPHYIO OCb — C MOJIOXUTEIbHOM mosiyockio Ozy (puc. 17), To cBA3b Me-
XAy IOJISIPHBIMU U NPSIMOYTOJILHBIMU KOODIMHATAMHU TOYKH (KpOME TOYKH
O) ycranaBiuBaercs popMysIaMu:

T =TCosy, (1.5)
y=rsingp )
u
r = /12 + 92,
(1.6)

inp= ——4 -z
sin @ \/m, CoS \/m

OTkyna, B 4aCTHOCTH, tgp = %, roe ¢ # 0.

4.1.46. Halityn npAMOyroyibHblIE KOOPOUHATHEI TOYKU M C HOJIAPHBIMHU KO-
opOuHAaTaMH (2; —%7{).

Q HNmeemr =2, p = —%n. Ilo dopmynam (1.5) Haxomum T =
- 2229 (21) = 21 y = 2sin(—27) = 2. (- ¥3) =
—2cos( 37r) =2 ( 2)— 1,y-2sm( 37r) =2 ( 5 ) =
= —/3. Urax, M(~1;-/3). L
4.1.47. Haiitu npsmoyroJibHble KoopauHaThl Touek A, B, C, D, E nnsa
KOTODBIX M3BECTHBI MOJIsipHbIe KoopauHathl: A(3;0), B(2;—E),

3
c(s:3). p(0-1).5(1 ).

4.1.48. Haiitu nosisipHbie KOOPOUHATH TOYKN M C npsAMOYro/ibHbIMH KO-
opmuHaTamu (—v/3; -1).
Q Umeem z = —/3, y = —1. Ilo dopmynam (1.6) Haxomum
r=1/(—V3)2+(-1)2=2,¢ =-—=l__ 1 Touka M nexur
Vv + (-2 =2 t0p = =L =

B III yeTBepTH, CIIENOBATENBLHO, C YY€TOM TOrO, 4YTO —7 < ¢ K T,

noJiy4aem @ = % - = —%w. Urax, M(Z; —%w). L
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4.1.49.

4.1.50.

4.1.51.

4.1.52.

Haittu nonsipasie koopauHaTel T04ek A, B, C, D, E njs Koto-
PbIX M3BECTHBI NPAMOYroJibHbIe KoopauHare:: A(—3;3), B(0; —5),
C(-2;-2), D(-4;0), E(2V3;2).

B nosapHo#t cucreme KoopauMHAT 3amaHbl TOYKM M, (ry; 1),
Ms(r2; p2). Haittn:

a) paccrosiHue Mexay ToukaMu M; u My;

6) momanb Tpeyronbauka OM; M, (O — moutioc).

Q a) Bocnosbayemcs dbopmyaamu (1.1) u (1.5):

d=V(z2 —21)2+ (y2 —91)% =

= y/(ro cos s — T1 COS ;)2 + (T2 siny — 1y sin ;)2 =

= 4/1? + 12 — 2r172(C08 1 COS P2 + Sin g sin o) =

=4/} + 75— 2r1r2 cos(p2 — 1),

T.e. d = /r? + 12 — 2r;7r3 cos(p2 — 1);
6) noJsb3ysch GOPMYJIOH 171 MJIOMAIM TPEYTOIbHIKA CO CTO-

POHaMM @ U b ¥ yrJioM o MeXIOy HUMH (S = %ab sin a), HaXoOouM

wIomanb Tpeyrossauka OM; M:
1 .
S = §r1r2 sin(ps — ¢1). { J

CTOpOHa NpaBUJILHOIO IIECTUYIrOJIbHUKA paBHa 1. IIpuHsaB 3a mo-
JIIOC ONHY U3 €ro BEepIINH, a 33 HOJIAPHYIO OCb — CTOPOHY, Yepe3
Hee NPOXOOANLYI0, HAMTU MOJIIPHbIE KOOPAMHATHI OCTAJILHBIX HMATH
BEpIIKH.

B nmosisipHO#t cucTeMe KOOpOMHAT TOYKA IEpPEcevYeHus nuaroHaJjiei
napaJuiesiorpaMmMa ABC D coBnanaer ¢ moJiocoM. 3Hasi BEPIIUHBI
A(3; - %w) uB (5; %w), HallTu Ipyrue BepUINHBI IapaJljIeJIorpaM-
Ma.

ﬂ,OI'lOnHVITeﬂbele 3apayn

4.1.53.

4.1.54.

4.1.55.

B nosisipHO# cucTeMe KOOPAMHAT IAHbI IBE IPOTUBOIOJIOXKHBIE BEp-
IIKXHBI KB3IPATa, A(2; —%) ucC (2; %ﬂ') HaliTu ero niomans.

OnHa 3 BEpIIMH TPEYrOJIbHUKA JIEXKWUT B IIOJIIOCE MOJIIPHOH CH-
CTeMbl KOOPOMHAT, a Apyrue B Toukax A(2;0) u B(4; E). Haiitu

3
paauyC BIMCAHHOM B TPEYTOJIbBHUK OKPYXKHOCTH.

B nonsipHO#t cucTeme KOODOMHAT [OAaHBI TOYKHU A(8; —%ﬂ') u
B(G; 135) Haiitu mossipHbie KOOpOAMHATHI CEPEOUHBI OTPE3Ka, CO-
€OVHSIOMIErO 3TH TOYKH.
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4.1.56.

4.1.57.

4.1.58.

4.1.59.

4.1.60.

Tpeyrosbuuk ABC 3a0aH MOJIAPHBIMM KOODAMHATAMHU BEPILIHH:

A(5; %), B (8; %7!’), C (3; %ﬂ') Hoxasare, 4T0 OH paBHOGEIPEH-
HBIN.
Haitn nossipHble KOOpOMHATHI TOYEK, CHUMMETPUYHBIX TOYKAM

(2; %), (1; —%), (3;0) oTHOCUTE/ILHO

a) moJnoca,
6) noJsisipHO# ocH.
B nosnsipHO# cucTeMe KOOpAMHAT OaHbI IBe CMEXHbie BEPIIMHBI

KB3JIpaTa A(2; —%) uB (3; %ﬂ’) Haiitu ero miomanp.

B nmosisipHO#t cucTeMe KOOPAMHAT JAHHI JBE BEPIUINHBI IPABUJILHOIO
TPeyTOJIbHUKA! A(5; %), B (8; _T%) HaiiTu ero myomans.
Haiitn miomanps TpeyrosibHHKa, BEPIIMHBI KOTOPOIO A(3; 18[) s
B (8; 2—7471'), C (6; %7‘!‘) 33IaHbI B MOJIAPHLIX KOOPAMHATAX.

KoHTponsHbie Bonpockl n 6onee cnoxHoie 3agaqu

4.1.61.

4.1.62.

4.1.63*.

Kak pacnoJiokeHbl TOYKH, HOJISAPHbIE KOOPAMHATHI KOTOPBIX YIO-
BJIETBOPSAIOT YPAaBHEHUIO:

a)r =2
— _T.

6)(10_ 9’

B) ¢ =07

KakoBbI KOOPIMHATHI TOYKH B n0s1sipHO# OCH, OTCTOsAMIEH OT TOYKM
A(7\/§; %) Ha 7 emuHun?

ITocTpOUTH MHOXKECTBO TOYEK IJIOCKOCTH, NOJISPHbIE KOOPIMHATHI
KOTOPBIX yIOBJIETBOPSIIOT yPABHEHHUIO:

a) r = 2¢;

6) r = 2siny;

B) T = 2 ;
oS

r) rsinp =1;
n) tgp = —1.

YpasHenue nurHum (kpusoii) Ha nnockocTu

>
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Vpaenenuem aunuu (xpusoti) Ha mnockoctn Ozy Ha3bIBAETCA
ypaBuenue F(z;y) = 0, KoTOpOoMy yIOOBJIETBOPSIIOT KOOPOUHATEHI T
U Y KaXKOOU TOYKY 3TOH JIMHUM U TOJIbKO OHU. IlepeMeHHbIe T U Y B
yPaBHEHUH JINHUU HA3BbIBAIOTCA MeKYUUMU KOOPIUHAMAMU TOYEK
JIMHUH.



3aaa4a 0 HAXOXIEHUH TOYEK TepecedeHusi IBYX JIMHUM, 33JaHHbIX YPaB-
penuamu Fi(z,y) = 0 u Fp(z,y) = 0, CBOIMTCSA K peIIEHUIO CHCTEMbI OBYX
ypaBHEHHI! C ByMs HEM3BECTHBIMU

Fl(x,y) = 0)
Fy(z;y) = 0.

AHAJIOTHYHO BBOOWTCS IOHATHE YPABHEHHUs JIMHUM B MOJIAPHOH CHCTEMe KO-
opmunart: F(r;¢) = 0.

JIMHMIO Ha MJIOCKOCTH MOXHO DAacCMaTPUBATh KaK TPAEKTOPHIO IyTH,
npoiiIeHHOro TO4Ko#, IBIKymeiica o kakoMy-HuOy b 3akony. Ecsm abcnuc-
ca Touku M (z;y) usMeHsieTCs 1o 3aKoHy T = z(t), @ OpOMHaTa — IO 3aKOHY
y = y(t), roe t — mepeMeHHas, Ha3bIBAEMas NAPLMEMPOM, TO yDaBHEHUE
JINHAM 3aIACHIBAETCS B BUIE

z = z(t), )
{y — (), t € [t1;t2].

9TU yPaBHEHUSA HA3bIBAIOTCA NAPAMEMPUNECKUMU YPABHEHUAMU AUHUY.

JIMHUIO HA IJIOCKOCTH MOXHO 33[aTh 8EKMOPHLIM Ypashenuem T = 7(t),
roe ¢ — CKaJIApHbIA apaMeTp: Ipu M3MEHEeHuH ¢ KOHel BeKTopa 7 = 7(t)
ONKCBHIBAET HEKOTOPYIO JINHUIO, HA3bIBaeMyIo 20dozpagom (cM. puc. 18). Ila-
paMeTpuYecKue ypaBHeHus rogorpada: z = z(t), y = y(t).

(1.7)

Y

Puc. 18 Puc. 19

4.1.64. Onucatb ypaBHEHMEM MHOXECTBO BCEX TOYEK IJIOCKOCTH, PaBHO-
yIAJIeHHbIX OT HAa4YaJia KOOPOMHAT M OT Touku A(—2;4).
Q Iycts M(z;y) — nMpoM3BOJIbHAA TOYKA MCKOMOTO MHOXECTBA,
TO4eK 1I0cKOCcTH. Torma CoryiacHo ycJioBuio 3ana4n, | M A|=|MO|,
rme O(0;0) — nHavano koopmunar (puc. 19). ITo ¢opmyse (1.1)
Haxomum |[MA| u |MO|: |MA| = /(z +2)2+ (y —4)?, |[MO| =
= r2+y2. Umeem +/(z+2)2+(y—4)2 = /22 +12, Te
22 +4x +4+y%* — 8y + 16 = 2% + y?, orkyna 4z — 8y + 20 = 0.
OxoHYaTeNbHO nostyyuM z — 2y + 5 = 0. 10 ypaBHeHUe npAMOH,
neprneHauKyJIapHoi orpesky OA ¥ nensmei 3TOT OTPE3OK MONOo-
J1aM. [
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4.1.65.

4.1.66.

4.1.67.

4.1.68.

4.1.69.

4.1.70.

128

CocTaBuTh ypaBHEHHE JIMHHM, TOYKM KOTOPOH DaBHOOTCTOST OT
IByX 3amaHHbIX Touek A(—2;0) u B(4;2).

Haittu reomerpnieckoe MeCTO TOYEK, OOMHAKOBO YOAJIEHHBIX OT
npsmMoit z = 2 u Touku F(4;0).

Crepxxelb AB CKOJIb3UT CBOMME KOHIIAMH 110 KOOPIMUHATHBIM OCSIM.
Touka M pesut crepKeHb Ha nBe 4acTu AM = au BM = b. Haii-
TH HapaMeTpHYecKie ypaBHEHUS TPAEKTOPUU TOYKU M, IpUHSAB B
KaJecTBe napamerpa yroua t = ZOBA.

Q Paccmorpum tpeyronsuuk M CB (puc. 20): B nem |CB|=bcost,
|CM| = bsint. OueBunso, |OB| = (a + b) cost. Ctano 6biTh, T =
=|OB|-|CB| = (a+b)cost —bcost = acost, y = |[MC| = bsint.
Takum obpa3oM, mosry4aeM ypaBHEHHs HCKOMOH JIMHUU

T = acost, [0_ 7r]
y = bsint, ’

YpaBHeHue TpaeKTOpUM TOUYKHA M MOXK-
Ho 3anucars B Bune F(z;y) = 0. s aroro
nepenuieM HalIeHHbIe YPABHEHUS JIMHUU B
BUIIE % = cost, % = sint. Bo3Bons B KBa-
IIpaT MOJIyYeHHbIE PABEHCTBA U CKJIAIbIBAS
UX TI0YJIEHHO, HOJIy9aeM

b2 ' Puc. 20

JIunus, onpenesisieMasi 9TUM ypaBHEHHEM,
Ha3bIBAETCA IAAUTCOM.  J

CocraBuTh ypaBHEHHE JIMHUM, OJIA KaKIOX TOYKM KOTOPOH pac-
crosiune 10 ocu Oz B TP pa3a MeHblue, yeM mo ocu Oy.

Haiitu ypaBHeHHe TpaeKTOpHMH NepeMemieHuss TOYKu M, KoTopas
IBIDKETCs TaK, YTO PACCTOsIHUE OT Hee OO0 ToYKU My (2; —3) Bcerma
PaBHO 5.

B nosisipHO#t cucTeMe KOOpOMHAT CO-
CTaBUTh YPAaBHEHHE OKPYXKHOCTH

OUaMeTpa @, €CJIM IOJIIOC CUCTEMBI M(r;p)
KOODIMHAT JIEXKUT Ha OKPY>KHOCTH,

a MoJIApPHAsA OCh IPOXOIOUT Yepes3 ee i A
LIEHTP. (0] a p

Q Hycts M(r;p) — npOM3BOJIB-
Hasd TOYKa [AHHOM OKPYXHOCTH.
Paccmorpum AOM A (cM. puc. 21). Puc. 21



4.1.71.

4.1.72.

4.1.73.

4.1.74.

4.1.75.

4.1.76.

4.1.77.
4.1.78.

B uem |OM| = r, ZMOA = ¢, ZOMA = % (BmucannbI#t yrou,

onupatomuiicss Ha nuamerp). Ilostomy cos = L. Orcioma Haxo-
y a

UM T = @ COSp — MCKOMOE YPaBHEHHE OKDYXKHOCTH. L
CocTaBuTb MapaMeTpUvecKue ypaBHEHUs OKPYKHOCTHU. B kavyecTe
napaMeTpa. t HCIIOJIb30BaTh yroJl Mexxay ockio O u BexTopom OM.
CocTaBuTh ypaBHEHHE OKPYKHOCTH panuyca R, ueHTp KoTopo# Jie-
JXKUT Ha IPsAMOH, NepneHIuKyJIAPHOH! MOJIAPHONM ocH, a MOJIIOC CH-
CTeMbI KOOPIUHAT JIEXKUT Ha OKPYKHOCTH.
JIy4 BBIXOOUT U3 MOJIIOCA ¥ HAKJIOHEH K IOJISPHOM OCH IO, YIJIOM
%. CocTaBUTh ypaBHEHHE 9TOrO JIy4a B IOJISPHBIX KOOPAWHATAX.
Iana okpyxHoctb 2 +y2=9. Jlexar s Ha Helt Touku M, (2v/2;1),
M(2; 3)? IlepecekaeTcst s 3Ta OKPYKHOCTb ¢ NpsiMol y = 37
(QQ Toncrapnsiem KOOPAMHATHEI TOUKM M) B ypaBHEHHE OKDYXKHO-
cru. Tonygaem Toxmectso (2v/2)2 + 1 = 9. 3uaunr Touka M,
JIEXUT Ha OKpyx)HOCTH. Touka M, He JIEKUT HA OKPYKHOCTH, T.K.
224+ 32 £09. ‘

Ilsis1 oTBeTa Ha BTOPOH BOMPOC PElIMM CHUCTEMY

2 +y? =9,
y=3,

otkyna nosiydaeM £ = 0, y = 3. Takum o6pa3oM, OKpy>KHOCTb
U IpsiMas UMET omHy obmyio Touky (0;3) — mpsmasa Kacaercs
OKPYXHOCTH. [
Ykazarh Kakue u3 OaHHbix Todek A;(1;1), A2(2;2), A3(v/3;-1),

Ay (—%; %) JIexaT Ha KpuBoh y = 2 — z2.

HaiiTu Touku nepecedenus xpupo#t y = 6 + 5z — 22 ¢ ocssMu KOOp-
JIMHAT.

Haiitu Touku nepecedenus junuit T + 7y = 25 u 2 + y? = 25.
Ha oxpyxnoctu z2 + y? = 25 nattu TouKuU:

a) c abcuuccoh ¢ = 3;

6) c opauHaTO# Yy = Yo.

DononnurensHoble sapaqn

4.1.79.

9 - 2361

B npsaMoyrosbHBIX KOOpAMHATAX JaHbI IapaMeTpUYecKHe ypaBHe-
HUs KPUBBIX:

=2t

a) e ’ teR
y=t+1,
=2

6){z cost 4 ¢ [0;2m).
y = 3sint,
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4.1.80.

4.1.81.

B) teR

Haittu ypaBHeHus 3aaHHbIX KPUBBIX B Buge F(z;y) = 0.
Hanucares ypaBHeHue KpuBOH#, CyMMa, pacCTOsAHUH OT KXol To4-
k¥ KoTopo# 1o Touex Fy(—2;0) u F3(2;0) pasna 21/5.

BriBecTn ypaBHEHHE F€OMETPUIECKOrO MECTA, TOYEK, IJI KOTOPBIX
MOIYJIb Pas3HOCTH pacrosHu#t mo touek Fj(—4;0) u Fy(4;0) pa-
BeH 4.

KoHnTponsHsie Bonpocsl u 6onee cnoxHele 3agaqv

4.1.82.

4.1.83.

4.1.84.

4.1.85.

4.1.86.

4.1.87.

4.1.88.
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Haiitu ypaBHeHMe MHOXeCTBa TOYEK, IPOU3BENEHUE PACCTOSHMM
OT KOTOPBIX IO ABYX AaHHbIX Touek Fj(a;0) u Fy(—a;0) ects Be-
JINYMHA OCTOsIHHAA, paBHas a?. [loslyueHHOe ypaBHEHHUE 3aN1CaTh
B IOJISIPHBIX KOOPOMHATAX.

OKpyKHOCTb PAINyCa @ KATUTCsA 63 CKOJIbKEHUS 110 OCH aDCLHUCC
u3 HayaJia KoopauHat. Halitu nmapamerpuyeckue ypaBHEHUs! KpU-
BOM, OMMCaHHOM TOYKOM OKPYKHOCTH, KOTOpas IPY HA4aJIbHOM IIO-
JIOXKEHUM COBNANAJIa C HadajioM kKoopauHar. (3a napamerp t B3Tb
YTOJI IOBOPOTa PAANyCa OKPYKHOCTH. )

Otpesok AB njnHBI 2a CKOJIB3UT CBOMMM KOHI[AMH II0 CTOPOHaM
npsAMOro yria. /13 BepmuHbl 3TOro yrijia Ha 3TOT OTPE30K OIYIIEH
neprnennukyisp OC. Halitu ypaBHeHne KPHBOH, OMCAHHON OCHO-
BaHMEM TakuX nepreHaukyJispos. (ITomectuts nostoc O B Bepmu-
Hy IPSIMOrO YIVIa, HOJISPHYIO0 OCh HAIIPABUTH 110 CTOPOHE YIJIA.)
CocTaBUThH ypaBHEHHE F€OMETPUYIECKOIO MECTa LEHTPOB OKPYKHO-
creit, kacaromuxcs ocu Oz ¥ npoxoasAwmx yepe3 Touky A(2;3).
IIpsimas nepememaeTcs Tak, YTO TPEYroJIbHUK, 0Opa30BaHHbI] €10
C OCAMHU KOODOUHAT, MEHSAETCH, HO COXPAHsET MOCTOSHHYIO ILJIO-
mans S. Halfitn TpaekToOpHUIO OBIDKEHUsI CEPENUHBI OTPE3Ka, OTCe-
KaeMOro OCAMM KOODIOMHAT Ha 3TON mpsaMOi.
M306pasnuTh MHOXKECTBO TOYEK IJIOCKOCTH,
PaBHOYHAJIEHHBIX OT naHHOH Touku A (do-
Kyca) X HaHHOH mpsiMo# (ZMpPEKTPHCHI).
CocTaBuUThH ypaBHEHHNE KPUBOH#, 0603HAYNB
4yepe3 p paccTosiHue OT (HPOKyCa O AUPEK-
TPHUCHI (CHCTEMY KOODOMHAT BHIOPATh Tak
KaK yKa3aHO Ha puc. 22). i
Kakue reomerpuyeckue o6pasbl COOTBET- -
CTBYIOT ypaBHEHHUsIM:

a) 2zy = 0; Puc. 22
6) > + zy = 0;

B) 22 +y? =07

AL 44
L L




4.1.89. IlpoxomuT jin MHKMA, 3aJaHHAA YPABHEHNEM
z? +4zy+6y> —22+2y=0

Yyepe3 HA4aJI0 KOOPIUHAT?
4.1.90. MN3obpasnts purypy, 3a1aHHyI0 ypaBHEHHEM:

1)z+y=1;

2) |z + 1yl =1

3) 22 +y2=0;

4) 1o =1in
T

5) z+|z| =y + |yl

4.1.91. Cummerpuuna qu urypa, 3anannas ypapuenuem (2 +y? +y)? =
= z? + y? oTHoCcuTeBLHO OCcH Oy? ocu Oz?

4.1.92. Kakas JuHUMA ONpelesAeTCa TapaMeTPUYeCKUMH yPABHEHUAMM:

=12,
o[t
y_t’

r=3—-1t
2 )
){y=t—4?

§2. NPAMASA HA NJIOCKOCTH
PasnuuyHbie Bugbl ypasBHeHUs NpsaMoi

Kaxnas npamaes Ha miockoctu Oxy ONpenessiercsi JIMHEHHBbIM ypaeHe-
Huem nepeoll cmenenu ¢ deyms Heuszeecmuvmu. OGPATHO: KaxKa0e JIMHEHHOe
YPaBHEHMe [IEPBOro NOPAAKA C IBYMs HEU3BECTHBIMH OINIpeesIAeT HEKOTOPYIO
IPAMYIO Ha MJIOCKOCTH.

1. Ypasnenue npamotii ¢ yeaoswm xosdduyuernmom nmeer BuI

y=kz+b, (2.1)

rae k — yruyioBoit koadbduuneHT npsamo#t (T. e. TAHreHC Yriia ¢, KOTOPBI# psi-
Maa obpasyeT ¢ MOJIOKUTEIbHBIM HamnpassenueMm ocu Oz, k = tga), b —
OpOMHATA TOYKM IepecedeHus npsamMoi ¢ ocbio Oy.

2. Obwee ypasHnerue npamois:

Az +By+C =0, (2.2)

roe A, B n C — nocrosiHHble K09 dHUIMEHT, npudeM A 1 B OIHOBPEMEHHO
He obpamaiorcs B Hysb (A2 + B? #0).

3ametuMm, yto 7 = (A; B) — HOpMaJIbHBIA BEKTOP NPsAMOit (7 meprneHan-
KyJsipeH npsiMmo#t). YacTHble Ci1y4an 5TOro ypaBHEHHS:

Az + By = 0 (C = 0) — npsiMasi IPOXOAMT Yepe3 HA4ajI0 KOOPINHAT;

Az + C =0 (B = 0) — npsmasa napaJuienbHa ocu Oy;

By + C =0 (A = 0) — npamas napassiesibHa ocu Oz;
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Az =0 (B = C = 0) — npsmas coBnanaet ¢ ocbio Oy;
By =0 (A = C = 0) — npsamas coBnagaaer ¢ ocbio Or.
3. VYpasnenue npamoti 6 ompesxax:

Ty _
~+3=1 (2.3)

rae a 1 b — [yMHBI OTPE3KOB (C y4eTOM 3HAKOB), OTCEKAEMBbIX NPAMOU Ha
ocax Oz u Oy cooTBeTCTBEHHO (puc. 23).

Yy
M:(0;b)
b Mi(a;0)
0' a \ T
Puc. 23

4. Ypasnenue npamot, nporodsuets wepes daHHy0 mouxy 6 danHoMm Ha-

NPAEAEHUU: Y=o = k(z — 70), (2.4)
roe k = tga (o — yroui, o6pasyemsbiit npsamoit ¢ ocbio Ox); (zo;yo) — KO-
OpAMHATHI JaHHOU TOYKH. YpaBHeHue (2.4) HA3BIBAIOT TAKKE YpPAGHEHUEM
NYUKEG NPAMBT € Yyenmpom 6 mouxe (To;Yo); YPABHEHUE NY¥KA NPAMBLT, TLPO-
TOOAWUT “epe3 MoKy nepeceneHus 06yr npamuir Ai1x + By +Cy =0 n
Aoz + Bay + Co = 0 umeet Bux

A12}+B1y+01 +/\(A21'+B2y+02) =0, (25)
rme A — 4uCJIOBOM MHOXKHUTEJIb.

5. Ypasnenue npamoti, nporodawets wepes dee dannvie mowxu My (z1;y1)
u Ma(Z2;y2), Ta€ Y1 # Y2, T1 # T2 MMEET BUL,
Yy-4h _ -0 (2.6)
Y2— T2 —I1
Yrnosoit kosddpunpenT npsamoi, mpoxonsmed yepes IBe JaHHbIE TOYKH,
omnpenesisieTcs no ¢popmyJie

p=Y2"Y 2.7)
Io — I

Ecnu z; = x5, To ypaBHeHune npsamolt (2.6) mMeer BUA T = T1; €CJH Yy = Y2,
TO: Yy = U3.
6. Hopmaavroe ypasrenue npamoti:
zcosa+ysina—p=0, (2.8)

rae p — AJIMHA NEPIEeHIUKYIIAPa, Oy UIEHHOTO N3 HavaJsIa KOOPIMHAT Ha Mpsi-
MYIO, @ — YTOJI, KOTOPbIii 3TOT NepPNeHaANKYJIAp 06pas3yeT C MOJIOKUTETbHBIM
HampasJiennem ocu Oz (puc. 24).
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OGmee ypasHeHue npsamoi (2.2) MOXXHO NpeoOpa3oBaThb B HOPMAJIbHOE
ypaBHeHue (2.8) myTeM yMHOXEHHS Ha HOPMUPYOWul MHONCUMENRD

= — = 3HaK Iepen apobbi0 GepeTcss MPOTUBOIOJIOKHBIM 3HAK
+ VA2 + B2 P P y

cBoGomuoro usieHa C (B obmem ypaBHEHHM MPAMOH).

AN

Puc. 24 Puc. 25

7. Ypasnenue npamotli B NOJIAPHBIX KOOPAMHATAX UMEET BHI,
rcos(p — @) = p, (2.9)
T, ¢, @, p — U300paXKeHbI HA PUCYHKe 25 (IOJIApHAsA CUCTEMA KOOPOMHAT).

4.2.1. ITocTpouth npsamMyio, 3ananuyo ypaBHeHueM 2z —y — 4 = 0.
Q 1. [Ina mocTpoeHus MpAMOM IOCTATOYHO 3HATH KOOPIMHATHI
IIByX ee IPOM3BOJIbHBIX Touek. ITosiaras B ypaBHeHHUM npamolt, Ha-

npumep, = = 0, monyunm y = —4. lImeem omny touky A(0; —4).
Ionaras ¢ = 1, mosyunm y = —2. Orcioga Bropas Touka B(1; —2).
OcTaJ1och IOCTPOUTh TOYKU A ¥ B M MPOBECTH Yepe3 HUX MPSMYIO
(puc. 26).

Y

/
Puc. 26 Puc. 27

2. 3apgady MOXHO PEIINTb WHAaYe, UCTOJb3ysl yPaBHEHHE Ips-
Mol B oTpeskax. Ilpusenem ypasuenme k Bumy (2.3). Hsa sToro
nepeHeceM CBOGOmHbIM 4jieH (—4) B MpaBylo 4acTb YyPaBHEHHA M

obe ero yactu pasgesum Ha 4. [Tonyqaem 2c — y = 4, %T": - % =1,
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4.2.2.

4.2.3.

4.2.4.

4.2.5.

4.2.6.

4.2.7.
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T.€. —‘723— + —_L4 = 1 — ypaBHeHue npsmMo# B oTpe3kax Ha ocsax. Ha,

ocu Oz 0T/I0XKUM 2 eIMHUUBI BOPaBo (OT Hava/ia KOOPAMHAT); Ha
ocu Oy otnoxkum 4 enuauup! BHU3. Ilosiyyaem nBe TOYKM Ha OCAX,
Yepe3 KOTOpbIE IPOBOAUM NpsMyto (puc. 27). {
3anmncarh ypaBHEHME NPsMO# Yy = 2 — 3 B OTPE3KaxX U IOCTPOUTh
ee.

OnpenenuTh NpM KaKOM 3Ha4eHuu o npamas (a? —a)z+(2+a)y —
—3a+1=0

a) mapaJjuiesibHa ocu Ot;

6) mpoxomuT yepe3 HAYAJIO KOOPAMHAT.

Haiitu k u3 ycnoBus, 4to npsamMasa y = kx + 2 yoajieHa OT HadaJsia
KOODAMHAT HA PACCTOsSHHE /3.

Hanucars ypaBaenne npsmoit, npoxonsimeit yepes Touky A (—2; %)
u obpasymomei ¢ ocbto Ox yroJi, paBHbllt arctg 3.

Ypasuenune npamoit 4 — 3y + 12 = 0 npencTaBUTh B PA3JIMIHBIX
Buaax (¢ yryioBbiM K0ab@HUNEHTOM, B OTPE3KaxX, B BUIEe HOPMAJIb-
HOIO YPABHEHUH).

Q Ina nosyyeHns: ypaBHEHHs OPAMOH C YIJIOBBIM K03 dUIIMeH-
TOM pa3pelrM 33JaHHOE yPaBHEHHE OTHOCHTEJIbHO y. Ilosydum
3y =4x+12 u nanee y = %m +4 — ypaBHeHNe NPAMO# ¢ YIJIOBbIM

k03(pPHUIMEHTOM; 311eCh k = %, b=4.

I monydyeHHWs YpaBHEHHs NpPAMOH B OTpe3Kax IepeHeceM
cBoGonubitt wien C = 12 BnpaBo M pasmennmm obe 4acTu ypas-
HeHHUdA Ha —12. B pesysibTare mosiyynm __m_§ + % = 1 — ypaBHeHune
B OTpPEe3Kax Ha OCsX; 30ech a = —3, b = 4.

IlpuBenemM MCXOOHOE ypaBHEHME K HOpMajibHOMY By (2.8).
s aToro yMHoxkum 06e 4actu ypaBHenus 4z —3y+12 = 0 Ha HOp-

1
MUDYIOIAH MHOXKUTENb A = ———=——u_ T.e. A = —=. [lepen
Py —E T3 =- Tlep
KODHEM B35T 3HaK «MHHYC», T. K. cBoGonHbii e (C = 12) umeer

3HaK «mwnocy. [Tomyunm —%(4z—3y+12)=0, T.€. —%m+%y—%=
-0 - -4 gGina=3 2 '2:E£_)
= 0; 3mech cosa = 5. sina = ¢ (cos a+sin® a 25+25 =1},
p= %, T. e. paccrosinue ot 0(0;0) mo npsimo#t paBHO 2,4. o

3amucarb ypaBHEHHE C YIJIOBbIM K03(D(PHUNEHTOM, B OTPE3KaX U
HOPMAJIbHOE [IJIs1 33JaHHBIX NPAMbIX U ONPENEIUTh HA KAKOM pac-
CTOSIHHM OT Ha4aJjIa KOOPIMHAT OHM HAXOLATCH:

a) 2z — 3y + 6 = 0;

6) z + 2,5 =0;
B)y=z-1
r) z+5y=0.



4.2.8.

4.2.9.

4.2.10.

4.2.11.

4.2.12.

4.2.13.

4.2.14.

Hamnucars ypaBHeHue npamoil, npoxonsmeil yepe3 TOYKH:
a) A(0;2), B(—3;7);

6) A(2;1), B(4;1). Yy

Q a) Ucnomwayem ypasuenme (2.6). 1T A B y=1
Ilonarasa B vem z1=0, y1=2, T2 = -3, I B
Y2 = 7, MOJIy4YHUM g:% = _”33__0‘0, ol 2 4 z
WK y_ 3, T.e. =3y +6 = 5z Puc. 28

WK 5.7: +3y—6=0.

6) Pemaem anasiornyso: yITI = 4 2
3aKJo4aeM, uto y — 1 = 0, y = 1 ecTh ypaBHeHHe NpsAMOH, IPOXO-
nsmett yepes Toukn A u B. (11 HarasAqHOCTH OCTPOUM TOYKH U
npamyio B cucreme Oy — cM. puc. 28.) {

Haifitu yriosoit ko3pduuMeHT K nMpsAMOH# U OPOMHATY TOYKM €€
nepecedeHnsi ¢ ocbio Oy, 3Has1, YTO NPAMAA NPOXOAUT Yepe3 TOUKH
A(1;1) n B(—2;3).

IIpsimas npoxomut yepes Touku A(2;3) m B(—4;—1), nepecekaer
ock Oy B Touke C. Haiitn Koopaunarh! Touku C.

Kakyio abcumccy umeer Touka M, jiexxamas Ha OpAMOM, mpoxo-
nsimedt yepes Toukn A(—2; —2) u B(—1;6), n nmeomas opauHary,
paBHyio 227

N3 nyuka npsMbIx, ONpeaesisieMbIX ypaBHenueMm y + 3 = k(z — 2)
BBIIEJINTH Ty, KOTOPasi MPOXOAMT depe3 TOUKy A(—2;5).

Q TMoncraBuM xoopmuHATBI TOYKM A B ypaBHEHME NPAMOiL:
5+3 = k(-2 - 2), nonyunm k = 8 : (—4) = —2. CnenoBarenn-

HO, MCKOMOe ypaBHeHue npsiMoit ectb y + 3 = —2(z — 2), T.e
2zx+y—-1=0. L
Hailitu npamyo, npuHaajexayo

nyuky —4z+2y+1+A(z—-3y+2) =0 M

M IpoxonsAmyio yepe3 Touky A(1;0)
M HAIIMCATb €e ypaBHEHHE.

CocTaBuTh ypaBHEHHE IPAMOH B 1O~

JISIPHBIX KOOPAMHATAX, €CJIM H3BECT- - 2
HO, YTO OHA, MPOXOOAUT Yepe3 TOYKY
o \ P

M (2, 3) M HaKJIOHEHA K IOJIAPHOH
OCH TIOfI, YTJIOM %w. Puc. 29
(Q Bocnoabsyemcsa YPaBHEHMEM (2.9). OueBunno (cM. puc. 29)

=T _(g-27)=F_T _T = T_T) =
=g T 3T 77”3 6" Torma p 2cos(3 6)
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4.2.15.

= 2cos—7é = 23§ = /3, T.e. p = V3. CiienoBaresIbHO, ypaBHEHHE

uckKomolt mpsAMoit ecThb T cos ((p - %) = /3. ®

Haiitin ypaBHenmne npsmoi:

a) obpasytomeli ¢ ocbio Or yro % n nepecekaiome# oce Oy B
touke (0; —6);

6) napasnnesnsuo#i ocu Oz u orcekaromelt Ha ocu Oy OTPE3OK, paB-
HbI# 2;

B) OTCEKAIOLIEH Ha OCSX KOOPIAMHAT OTPE3KH, paBHbie 3 u 4.

HononHurensHobie 3aga4n

4.2.16.

4.2.17.

4.2.18.

4.2.19.

4.2.20.

4.2.21.

4.2.22.

4.2.23.

4.2.24.

4.2.25.

4.2.26.
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CocraBuTh ypaBHeHME NPsAMOH, ecsm Touka M (4;2) sBnsieTcs ce-
penuHolt ee OTpe3Ka, 3aKJIIOYEHHOTO MEXKAY OCSAMHM KOODIMUHAT.
CocraBuTh ypaBHEHHME MPsIMOM, OTCEKAOMEN HA MOJIOKUTEJIbHBIX
[OJIYOCSIX KOOPAMHAT PaBHbIE OTPE3KH, €CJIM IJIMHA OTPE3Ka, 3a-
KJTIOYEHHOTO MEeX/y OCAMM KOOPAMHAT, paBHAa 7v/2.

Jlyu cBera, npo#ins yepe3 Touky A(2;3) moxm yrmiom a k ocu Oz,
OTpa3uJICs OT Hee U mpoues Yepes Touky B(—>5;4). Haiitu yroa a.
Jlyu cBeta HanpasiieH mo npsmo#t ¢ — y — 1 = 0. Onpenennts
TOYKY BCTPEYH Jiy4a ¢ ocbio O M ypaBHEHHE NPsIMOY, IO KOTOPO#
HAIIPABJIEH OTPAXKEHHBIN JIyd.

Ipu xakux 3Havenusx ¢ 4 § npamada (a— B)z+ 2a+PBy—-1=0

otcekaer Ha oc OT OTPE30K, PaBHbIM %, a Ha ocu Oy — OTpe3oK,

paBHbIi % (emmunn Macwtaba).

CocraBuTh ypaBHEeHHe NpsMOM, npoxonsamell yepes Touky A(4;4)
M OTCeKammel 0T KOOPIMHATHOIO YIJia TPEYTOJIbHHUK ILIOMAIbIO
S =4.

CocTaButh ypaBHEHME OUCCEKTpPUCHI BHyTpeHHero yriia A Tpe-
yrosuuka ABC ¢ sepumuamu A(1; —2), B(5;4), C(—2;0).
CocraBuTh ypaBHEHHE IPAMOH, npoxonsmeit yepes Touky A(3; —4),
SIBJIAIOULYIOCA OCHOBAHHEM IIEepIEeHINKYJIAPA, OIYIMIEHHOro U3 Ha-
4aJ1a KOOPAMHAT Ha MPAMYIO.

Iau Tpeyrosibauk ¢ BepmuHamu A(3; 2), B(3;8), C(6;2). Hanncars
YPaBHEHMs CTOPOH TPEYrOJIbHUKA.

CocraBuTh ypaBHEHHe NPAMOH, 3HAsI, YTO PACCTOSIHME OT Hee IO
Ha4aJI1a KOOPAMHAT PABHO V/2, a YroJI MeXIy MepreHInKy/IApOM,
OMYIIHHBIM W3 HAYAJIa KOODAMHAT HA NpsMyi0, u ocbio O, pa-

BE€H %ﬂ'.

Haiitu miiomans TpeyrojbHUKa, 3aK/II0YEHHOTO MEXY OCSIMH KO-
opamHat u npamoit 2z — 5y + 10 = 0.



4.2.27.

4.2.28.

4.2.29.

4.2.30.

4.2.31.

4.2.32.

4.2.33.

4.2.34.

4.2.35.

4.2.36.

CoctaBuTh (B MOJIAPHBIX KOOPAWHATAX) YPABHEHHE MPSIMOH, MpO-
xonsimeit yepes Touku M, (4; 172—) u M2(4;0).

PaBnobGenpennas tpaneuusi ¢ ocHoBauusamu 10 m 4 umeeT ocTpbiit

yros % Hanucars ypaBHeHHe CTODPOH Tpallelyi¥, IPUHSB 33 OCb

Oz GoJsibliee OCHOBaHME, 33 0Cb Oy — OCb CHIMMETPHUM TPAIEIMH.
Yepes cepennny orpeska AB, roe A(4;0), B(0;6), npoBectu nps-
MyI0, OTCeKamuylo Ha ocu OT OTpe3oK BaBoe 6osbmii, yeM Ha
ocu Oy ¥ HANHCATb €€ YPABHEHHME.

Hanucarh ypaBHeHHe npsMOi, mapaJsiiesibHOU OuccekTpuce BTOPO-
ro KOOPOMHATHOIO yIJia M OoTcekaromelt Ha ocu Oy OTpE30K, paB-
HbIl 3.

Ilpn xakom 3Hauennn C npsimas 2z — 3y + C = 0 mepecekaer och
Oy B TOYKaX c opauHaTamm by = 2; by = —37

Hanmcarb ypaBHeHue npsimoii, mpoxonsmeit yepe3 Touky A(2; —1)
¥ TIapaJLIeIbHOR GUCCeKTpUCe BTOPOro KOOPAMHATHOIO yIJIa.
Haiitu npsimyio, NpoXoasiLyio 4Yepe3 TOUKY MEPEeCEeYeHsT NPAMbIX
z—2y+3=0u2z+y+5=0 1 napajIeJIbHYI0 OCH OPIUHAT U
HAINCATh €€ ypaBHEHHE.

Yepes Touky nepecedenus npameix £+y—6=0un2zx+y—13 =0
[IPOBECTH NMPsMYIO (HE COBHNATAONLYI0 C IAHHBIMM), OTCEKAIOILYI0
HA OCSIX PABHbIE OTPE3KU U HANNCAThb €€ ypaBHEHHE.

CocTaBUTh ypaBHEHME HPAMOM, KOTOpas MPOXOOUT 4epe3 TOYKY
M (2; —6) u orcekaer Ha ocsix Oz 1 Oy OTPe3KH OMMHAKOBOU AJTHHBI
(cumras KaxabI# OTPE30K HAINPABJIEHHBIM OT HA4YaJj1a KOOPAUHAT).
Yepes Touky M (4; 3) npoBeneHa npsiMasi, OTCEKAOLIAsA OT KOOPIH-
HATHOIO YIJIa TPEYrOJIbHUK, IJIOMAnb KOTOporo pasHa 3. Haiitu
TOYKM NepecedeHus 3TOU NpaAMOll C OCAMU KOOPOUHAT.

KoHTponsHbie Bonpocbl un Bonee cnoxHbie 3agayn

4.2.37.

4.2.38.

4.2.39.

Haubr nBe Toukn M;(—3;8) nu M2(2;2). Ha ocn abcuucc HaifiTu
TaKkyw TO4ky M, ytobbl joManas My M M, nmena HaMMEHbUIYIO
IJIAHY.
N3 touku A(—5;6) BixomuT Jiyy cBeTa nox yriiom arctg(—2) x ocu
Oz n orpaxaercs ot ocu Oz, 3atem ot ocu Oy. Halttn ypaBuenus
IPSIMBIX, 10 KOTOPbIM HAIIPABJIEHbI BCE TPH JIy4a.
Joxas3arb, 4TO yCJIOBHE NPUHAIJIEKHOCTH Tpex Touek M (Z1;y1),
Ms(z2;y2), Ms(z3;ys) omHOM mpsiMOM MOXHO 3amucaTh B BHAE
z1 y 1
T2 Y2 11 =0.
z3 ys3 1
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4.2.40. Haiitu ypaBHenue mpsiMoii, mpoxopsimiell yepes TOYKy mepecede-
HuA npamMeiXx £ +y — 1 = 0mw z + 2y + 1 = 0 u orcekaromeit Ha
oTpHuaTesbHOMK YacTu ocu Oy OTpe3oK, paBHbIiH 2.

4.2.41. KaxkoBa no/pKHa ObITH 3aBUCHMOCTb MEX Y Koadduuuentamu A u
B, 4t06n1 npamasa Az + By + C = 0 6bw1a HaksioHeHa K ocu Ox

oz, yIJioM %w?

4.2.42. Haiitu ypaBHeHue npsMOH, comepxkameil GuccekTpucy OCTpPOro
yria, o6pa3oBaHHOro NpsAMBIME ¥ = 3z + 4 n y = 4.

4.2.43. Ilpu kaxoM 3HadeHun o npamasa = +y +a? — 2a + 1 = 0 mpoxoguT
Yepe3 Ha4aJI0 KOOPOUHAT?

4.2.44. SBnserca ym ypasrenue |z| + |y| = 0 ypaBHeHnem npsMoit?

4.2.45. dsnsaerca yn ypapHenue > — y? = () ypaBHeHMeM npsaMoil, comep-
)ameh 6UCCEeKTPUCY BTOPOro KOOPOMHATHOrO yriia?

4.2.46. Ilom xakuM yrJIOM K IOJIOXHTEIbHOMY HampasJiennio ocn Ox Ha-
KJIOHeHB! nIpaMble ¥ = 1,5z n y = —/3z?

4.2.47. Kakasa n3 npameix 2z — 4y + 3 = 0 u £ + y = 0 orcekaer Ha ocmn
OpPOMHAT OTPE30K GOJIbIIEH NJTHHBIT

4.2.48. Ilpsimasa y = 3z + b nepecekaet ocb Oz B TOYKe C abcuuccoii a = 4.
Yemy pasen napamerp b?

4.2.49. {snsercsa v ypaBHeHUe % - % = 1 ypaBHeHHeM NpsaMoil B OTpe3-

kax? Kakne oTpe3kn 0TCEKaeT OHA Ha OCAX KOOPIUHAT?

4.2.50. IlIpm kakunx 3Havenusx C MOLAb, OTPAHNYEHHAS KOOPIUHATHbI-
Mu ocamu u npamo#t 3z + 10y + C = 0 pasna 135 kB.en.”?

4.2.51. KaxkoBo ypaBHeHue cemeiiCcTBa NPAMBIX, yTJI0BOH K03 DUIMEHT KO-
TOpBIX PaBEH —%?

Yron mexpgy AByMs NpsAMbIMU, YCNIOBUA NapannenbHOCTH
1 NepneHpuKyNApHOCTU ABYX NPAMbIX, NepecevyeHue
NPAMbIX, PACCTOAHUE OT AAHHOW TOYKWU [0 AAHHOW NpAMOA

IMon yenom MmedcOy NPAMBIMU 6 MAOCKOCTMIY TOHMMAIOT HAaWMEHbHIHH
(ocTpnlit) #3 IBYX CMEXKHBIX YIJIOB, 00PA30BAHHBIMU STHMHM NIPAMBIMA.

Ecnu npsimbie [ u [y 3a1aHbl ypaBHEHUSAMH C YIJIOBbIME KO3 dunmenTa-
MaA Yy = ki + by u y = kox + by, TO yros ¢ MeXAy HEUMH BBIYUCIIAETCA 1O

dopmy.te ks — Ky
tgp = Tk (2.10)
Ycaosue napassesvrocmu npamwuz l; u lo umeer Bug
ki = k2, (2.11)
a ycaosue uT nepnerduURYAAPHOCTIU
k= _klg (2.12)
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(I/IJIM kiks = —1).
Ecnu npsimbie 1y u l; 3anansl o6mumu ypasuenusmu A1z + Biy+Cp =0
u Asxz + Boy + Co = 0, TO BeJIMUMHA (p YIJIa, MEXAY HUMH BBIYHMCJIAETCS IO

dopmye o ALBy — AyBy o9
89 = A A, + BB | .
yC.IIOBPIe nx napa.)meanOCTn
A, B
Zi = B_; (wmu Ay By — AyBy = 0), (2.14)
ycnoane nx nepnewmxynﬂpnomn
A1Ay + BB, =0. (215)

Hna nazoorcdenus obwur mouex npamwux l; u lo HeOOXOOUMO pemINTb
CHUCTEMY ypaBHEHUH

{A1z+Bly+Cl =0, {y=k1m+b1,
NnJIn

2.16
Az + By 4+ Cy =0, y = kax + bs. (2.16)

ITpu sTOM:
ecJsimn %l # %1 0 UMeETCs eJUHCNBEHHAS TOYKG NEPECEUEHUR NPAMBLT;

ecu él %l # %l — npamsie l; u l; He uMeroT 0Ome# To4kwM, T. €.
napa/menbuu,

ecJm %1 BL %l — npsMble UMEIOT GECKOHEYHOE MHOXKECTBO OOIMX
2 2

TOYEK, T. €. coenat?mom

> Paccmosnuem d ot Toukn Mo (zo; yo) no npsmoit Az + By+C =0
HA3bIBAETCA [JIMHA, IEPIIEHINKYJISAPA, ONYIEHHOTO U3 9TOH TOYKU
Ha, IPAMYIO.

Paccrosinue d onpenensierca no ¢popmyJie

Azxzo + Byo + C
VA? + B?

Paccrosnue ot Toukn Mo (Zo; yo) 10 npsamoit zcosa + ysina — p = 0 BbIuM-
Cnsercs no ¢popmyJie

d= (2.17)

d = |zocosa + yosina — p|. (2.18)

4.2.52. HaiiTi yron Mexmay OpsAMbIMH:

1)y:2z—3ny=%z+5;

2)2z—3y+10=0u 5z —y+4=0;
3)y=%m—2n8z+6y+5:0;
) y=5c+1ny=>5z-2
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4.2.53.

4.2.54.

4.2.55.

4.2.56.
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Q 1) Bocnonssyemcs dopmyaoit (2.10). Ioncrasnas p Hee 3HA-
-3
2

2 7

yeHuss ky =2 u ky = HaXoIuM tgy =

1
2’
p= arctg% (¢ = 37°);

B dopmyay (2.13): tgp =

2 (—1)—5'(—33 - ‘—2+

2:5+(-3) (-1 10+3
o=1
3) Bmecw k; = %, HalineMm kp. s sToro nepeiinem ot 6y =
= —8T — 5 K 9KBHUBAJIECHTHOMY PaBEHCTBY y = —%z - % 3nech
ko = —%. Tak kak k; - k = —1, To nanueie npsamere (cMm. (2.12))
MEePIeHONKYJISPHBI. ( o ¢dopmyne (2.10) monyuaem: tgyp =
4 _ 3 25
31 V) i
= 1 = =00, p=75.
[l e )
4) ky =5, ky=5,tgp =0, =0. o

HaiiTu yros Mexmy AByMs IPsIMBbIMM:
1)3z+2y—1=0udz—y+4=0;
2)y=35z—3nuTr—2y+2=0;
3)z+4y+10=0u 5y — 3 =0;

4) 32 -2 +0,1=0u2z+3y—5=0.

Haiitu yros Mexmy npsMbIMHU:

a)z—2=0uz—-y+1=0;

6) 2z — 3y = 0 u npsimoii, npoxonsme# yepes Toukn (5;0) u (0; 3).
NccnenoBarh B3auMHOE PACNIOJIOKEHUE CJIEAYIONIMX AP MPAMBIX:
1)3z+5y—9=0u 10z — 6y +4 = 0;
2)2z+5y—-2=0uz+y+4=0;
)2y=z—-1ndy—2z+2=0;

4):1:+8 Oun2z-3=0;

5) -2 +ﬂ—lny—%m+2

6)z+y—0nw—y—0,
Ny+3=0u2c+y—1=0;
8)y=3—-6zul2zc+2y—5=0;
9)2z+3y=8uz+y—3=0;

10) 2s-3y-1=0ude+Zy+2=0
Ilpu Kakux 3HAYEHUAX @ CJENyIOIUe NMapbl MPAMBIX: a) Hapaji-
JieJibHBL; 6) MepIeHIuKYIAPHbIT
1)2z-3y+4=0nazx—6y+7=0;

2)oar—4y+1=0un -2z+y+2=0;



4.2.57.

4.2.58.

4.2.59.

4.2.60.

4.2.61.

4.2.62.

3)4r+y—-6=0u3z+ay—2=0;
4)z—-ay+5=0u2c+3y+3=0.

Yepes Touky nepecedenus npameix 3¢ —2y+5=0,z+2y—9=0
[IPOBENeHa NpsAMasi, NapaJjuiesbHasn npamoit 2z +y + 6 = 0. Cocra-
BHUTH €€ YpaBHEHUE.

(Q Haitnem caagana Touxy M nepecedenus JaHHLIX NpAMbIX. s
9TOro pEeIIuM CHUCTEMY ypaBHEHUi

3z —2y+5=0,
r+2y—9=0.

Orcioga 4z = 4. U nanee, ¢ = 1, y = 4, T.e. M(1;4). Yrnosoit
k03 duuuent npsamoit 2z +y — 6 = 0 ects k; = —2. Cnenosa-
TEJIbHO, yIJI0BOH K03dduuuent k npsaMoit napasisesibHON naHHOMH’,
ectb k = —2 (cm. (2.11)). Ilo nanpassienuto npsmoit (k = —2) u
Touke M (1;4), elt npunagiexamell, 3anumemM ypaBHeH!E UCKOMOI
npsamoit: y —4=—-2(z— 1), ne. 2c +y — 6 =0. o
Haiitu ypaBHenue npsiMoii, mpoxonsmeit depes touky A(—1;2):
a) mapaJijiesibHO npaMolt y = 2z — T;

6) mepnenauKyJIsipHO NpsaMod z + 3y — 2 = 0.

Haitru ypaBHeHue npsiMoit, mpoxonsmieit dyepes touky B(2;—3):
a) napaJjuiesibHO mpsAMol, coemuHsiomed#t Touku M;(—4;0) u
M2(2;2);

6) nepnennuxysispHo npsMoit z —y = 0.

Iloka3aTb, 4TO ypaBHEHHE NpAMOM, mnpoxomsAmeil depes TOUYKY
(z0; yo), 1 mapasutenpHo#t npsamoit Az + By + C = 0, umeer Bun
A(z — z0) + B(y — y0) = 0.

IToxasarp, 4TO ypaBHeHHMe OpsAMOH, mpoxonsameil 4yepe3 TOYKY
(z0; yo), n nepnenmukyspHO# K npsamoit Az + By + C = 0, umeer
Bug A(z — z9) — B(y — y0) = 0.

Haittu xoopaunarel Touku Ms, cumme-

Tpu4HO#t Touke M;(—3;4) oTHOCHUTE -

HO npamMoit 4z —y — 1 =0.

Q Touku “M; u M, nexar Ha mps- M,
Mol My M,, nepneHaukyJisipHO# nps-

Mmoit 4z —y—1 = 0, u oguHAKOBO yHaJie-

ool ot (cM. puc. 30, npsimas 1). Haltnem
ypaBHeHue npamo#t M;M,. Tak kax

yryoBoit koagpduuueHT k; naHHOM npd-

Mol paBeH 4, To yrJyioBoit ko3dduuu-

et k npsamo#t M;M, onpenmenser-

csl paBeHCTBaMu k = —kil = -3 Ilo-

3TOMy ypaBHeHue npsamo#t M; M, ectb Puc. 30

M
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4.2.63.

4.2.64.

4.2.65.

4.2.66.

4.2.67.

4.2.68.

4.2.69.
4.2.70.
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y—4 = —i—(m+ 3), r.e. z+4y—13 = 0. HallmeM KOOpIMAATHI TOYKH]

M — Touka nepeceyenus npsmo#t M; My u manHo# npsaMoi:

z+4y—13=0,
4z —y-1=0.

Orciona z = 1, y = 3, .e. M(1;3). Touka M(1;3) menur orpe-

30k M; M, nononam. VI3 cooTnomennit 1 = i;i u3= 4—_;}1

HaXOOUM KOODOMHATHI T U Y UCKOMOM TOukM Ms: £ =5,y =2 1
M 2 (5, 2) . .‘
Touka A(2;—5) sBiAAeTCA BEpIIMHOK KBaIpaTa, ONHA M3 CTOPOH
KOTOPOro JIeXUT Ha npamo#t x — 2y — 7 = 0. Ha#itu nutomanes 3Toro
KBaOpaTa.

JlBe CTOpOHBI KBaOpaTa JIeXaT Ha OpAMbIX 5 — 12y — 65 = 0 un
5z — 12y + 26 = 0. Haditi nmomanps xBagpara.

Haittu ypaBHenue npsiMmoit, mpoxonsime#t uepes Touky A(1;2) rtak,
9TO6BI pAacCTOSIHUE OT 3TOH npsMoit 0o Touek M (2;3) u Mo (4; —5)
61711 Ob1 PABHBI.

Haiitn reomeTpruyeckoe MECTO TOYEK, PACCTOSHUE OT KOTOPHIX IO
npamMoit bz — 12y — 13 = 0 paBHo 3.

Hanucars ypaBrenne npsimoit Iy, npoxonsameit yepes rouky A(0;2)
TIOJI, yIJIOM % x npamoit l;: x — 2y + 3 = 0.

Q VYrsoBoit koaddunuenT npamoit I; pasen l, T.€. ky = 1 06o-
2

3Ha4YMM 4epe3 k yriioBoit koagpduuueHT npsamoii ly. Torma, mo ¢pop-
1

k-3

1+ 3k

xomuM ky = 3u ks = —%. 3anada umeer OBa pemenus. s kaxmo-

myJe (2.10), umeem tg% =1= . W3 3toro ypaBHenus Ha-

ro CJIy4asi HaluIeM ypaBHEHHE IPAMOl, npoxoasiuelt yepe3 TouKy
A B 3ananHoM HanpasieHun: y —2 =3(x—-0)uy—2 = —§(x —-0),

re.3r—y+2=0uz+3y—6=0. [
Haiitu paccrosHne Mexay napaJlyieJIbHBIMU NpAMBIMU 32 + 4y —
—20=0n6zx+8y+5=0.

(Q Bosbmem Ha nepsoit npamoit npousBosbHyio Touky A. IlycTb,
nHanpumep, ¢ = 0, Torna y = 5, T.e. A(0;5). ITo dopmyne (2.17)
HaxoauM paccrosinue d OT To4ku A 0o BTOpO# npsiMoit:

d= 6-0+8-5+5 :§=4’5-
V62 + 82 10

[
Haittu paccrosuue mexay npsambimu 22 —3y+8 = 0 u 4z—6y = 10.
Haittu nyuny Beicotsl BD B Tpeyrosibauke ¢ pepmuaamu A(4; —3),
B(-2;6) u C(5;4).



JononHurencHele 3apayv

4.2.71.
4.2.72.
4.2.73.

4.2.74.

4.2.75.
4.2.76.

4.2.77.

Hanbl ypaBHeHus: ocHoBaHu# Tpaneuunu: 3z —4y —15 = 0, 3z —4y —
— 35 = 0. Haittu nyiuny ee BBICOTHI.

Hanucars ypapHenue npsaMmoit, npoxonsameit depes Touky A(1;5)
HA PACCTOAHUM MATH €OUHUL OT HAYAJIa KOOPIUHAT.

Haiitu koopouHaTHI TOYKH, PABHOYIAJIEHHOM OT ABYX Toyek (5;4)
u (—3;2) u sexameit Ha npsmoit x — 3y + 8 =0.

Hansl gse Bepmunbl Tpeyrosbauka A(2;—2), B(—6;2) u Touka
0O(1;2) nepeceuenus ero sricot. Haitn xoopnunare! Tperbeit Bep-
munbl C.

CocraBuTh ypaBHEHHE NMpsAMOH, comepxameil Boicory BD B Tpe-
yrosibHuKe ¢ BepumHamu A(—3;2), B(5; —2), C(0;4).

Haiéltu xoopmunarel mnpoekuuu To4dku A(l;—3) Ha mnpsamyio
2z-y+5=0.

HaiiTu KoOpaMHATEI TOUKH, CAMMETPUYHOR TOuKe A(—2; —2) OTHO-
cuTesbHO npsamolt ¢ +y — 4 = 0.

KoHTponbHble Bonpocsl n Gonee cnoxHbie 3apaqv

4.2.78.

4.2.79.

4.2.80.

4.2.81.

4.2.82.

4.2.83.

4.2.84.

4.2.85.

4.2.86.

4.2.87.

CocTaBuTh ypaBHEHHE TIPSAMOU, CHMMETPUYHON npsaMoi = + 2y —
— 6 = 0 orHOCHTENBHO TOYKY A(4;2).
Jloka3aTh, 4TO €CJIM ABE NPAMbBIE NAPAJIIEJIbHBL, TO UX YPABHEHUA
MOXHO NpPEICTAaBUTh B TaKOM BUIE, YTO OHM OYyAyT OT/IMYATHLCA
TOJILKO CBOOOIHBIMM YJICHAMH.
Haiitn ypaBHeHMsI OpPAMBIX, HAa KOTODBIX JI€XKAT OUCCEKTPHUCHI
yIJIOB Mexay npaMbiMia 3z — 4y +12=0u 5z + 12y — 2 = 0.
Hanucars ypaBHenune mnpsiMoit, mpoxonsieit depes Touky A(2;5)
Ha paccTosiHuy 2 enusun oT Touku B(0; —1).
Hanucars ypasaenue npsimoit, npoxonsmeit yepes touxy A(1; —1)
TaK, 4TO CEPEIMHA €€ OTpe3Ka Mexay npaMbiMa 22 —3y —6 =0 u
2z — 3y + 6 = 0 nexaua 6u1 Ha mpamoit 2z + 15y — 42 = 0.
IBe cMexHble BepIIMHBI KBaapaTa uMeT KoopauHarthl (1;4) u
(4;5). Halttu x0OpOuHATHL IBYX OPYIUX BEPIIVH.
Han tpeyronbuux ¢ sepmuaamu A(4;6), B(—3;0), C(2; —3). Hait-
TH ypaBHEHHMs MPSAMBIX, HA KOTOPBIX Jexar Ouccektpuca AD un
BbicoTa C'E, N BeJINYMHY OCTPOrO yrjia MeXIy HUMH.
MoxxHo i1 monobpaTh K03Gh UIUEHTHI A1 U Ay TaK, YTOOBI IPSAMBIE
52 —3y+1=0u Az + A2y — 2 =0 coBnayu?

z

Kaxkoit yron obpasyer npsmas % - % = 1 c MOJIOXKUTEJILHBIM

nanpassenueM ocu Oy? ocu Oz?
Kakasi 1o/DKHA OBITH 3aBUCUMOCTDH MEXIy KO3(MQPUUUEHTAMU a U
b, 4T06bI IpsAMas %-{-% = 1 o6pasoBauia ¢ oceio Oy yros 30°7 60°?

143



4.2.88.

4.2.89.

4.2.90.

4.2.91.

4.2.92,

4.2.93.

4.2.94.

4.2.95.

KaKne u3 ypaBHeHnﬂ'
a) z - 3y +1=0,

6)gz+3-y—2=0
B) x——-y 3=0,

r)z—32=0,

n)y+1=0

SIBJIAIOTCS YPABHEHUSMHU MPAMBIX B HOPMAJILHOM BUIE?

IIpn xakoM 3Ha4YeHuM o npsMas T + Yy — a = 0 KacaeTca OKpyx-
Hocru z2 +y2 =17

IMon xaxum yrsiom x ocu O HaI0 HANPABUT J1y4 U3 To4kHu A(2;4),
9T00BI OTPaXKEHHBIH Jiy4 npowes yepe3 Touky B(—5;3)?

KaxoMy ycjioBHIO JOJDKHBI YOOBJIETBOPATH KO3 DUUMEHTHI a 1 b,
410bbl IpsAMbIe aZ + by +1 =0,z —y + 5 =0 n y = 1 npoxogusn
4yepe3 OOHY TOYKY?

ITpu xaxom 3Hadennu o npsameie (a + )z + (3 —a)y—8=0wu
(@ — 3)z + (2a — 3)y = 0 B3aUMHO NEPIEHIUKYJIAPHBI?

Ha npsawmoit 2z — y + 4 = 0 HallTu TOYKY, KOOpOUHATHI KOTOpOMH
CBA3aHBI COOTHOIIEHUEM & +y — 7 = 0.

KakoBo B3auMHOE NOJIOXX€EHHE ABYX NPSAMBIX, YIJIOBbie K03 duuu-
€HTBI KOTOPBIX paBHbl —2,5 u —0,47

Kak ycranoBuTh, npuHaaiexuT u To4Ka (r3;ys) OpsMoii, ypas-
HeHnue Koropo#t Az + By +C =07

CmewaHHble 3afad4v Ha Npamyio

4.2.96.

4.2.97.

4.2.98.

4.2.99.
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Hafitu mnnomaas TpeyrosibHUKa, OOPA30BAHHOTO MPAMBIMU:
2r+y+4=0,2+7Ty—11=0u3z—-5y—7=0.

CocTaBuTbh ypaBHEHUE IPAMOM’, Tpoxonsauiel yepes Touxky A(—2;1):
a) napaJuiesibHo ocu Oy;

B) NEPIEHINKYJIAPHO BEKTODPY @ = (4;2);

T') NapaJiiesIbHO GHCCEeKTpHCE EPBOr0 KOOPOUHATHOLO yIJIa;

J1) IepHeHIuKyJIApHO npsamoit 6z —y + 2 = 0;

e) orcekaromelt Ha ocu Oy OTPE30K IJIMHOM 5.

Yepes Touky nepecedenus npamoix 3r+2y—4=0uz—-5y+8 =0
[pOBEIEHbI NPSMBIE, OIHA U3 KOTOPHIX MPOXONUT Yepe3 Ha4yaJlo Ko-
OpIMHAT, a Apyras napasuiesibHa ocu Oz. CocTaBUTh MX ypaBHe-
HUSL.

Kaxkoit yros obpasyet c ocbio Oz npsaMasi, IpOXOOAMIAsA Yepe3 TO4-
Ky D(1;3) u Touky mepecedeHHs1 MEIUAH TPEYrOJbHUKA C BepIIH-

namu A(—1;4), B(2;3), C(5;8)?

6) obpasyioweit ¢ oceio Oz yron



4.2.100.

4.2.101.

4.2.102.

4.2.103.

4.2.104.

4.2.105.

4.2.106.

4.2.107.

4.2.108.

4.2.109.

4.2.110.

4.2.111.

4.2.112.

10 - 2361

Han 4gernipexyrosbiuk ABCD c Bepumnamu A(3;5), B(6;6),
C(5;3), D(1;1). Haiitn:

a) KOOPIOMHATHI TOYKHU NepecedeHus: AuaroHaJeit;

6) yros1 MeXIy NHArOHAJISIMH.

Jlyud cBera, npoiins yepes Touku A(4;6) u B(5;8), ynas Ha npaMyio
z — 2y +2 = 0 u orpasuiica ot Hee. CocTaBUTh ypaBHEHHE TIPSAMOH,
10 KOTOpOIl HaIpaBJIeH OTPAKEHHBIN JIyd.

WNsBectHn! Bepmmubl Tpeyrosbuuka A(—4;—2), B(0;1), C(2;-1).
Haiitu paccTosiHue OT Haya/la KOOPOUHAT [0 TOYKM MEPECEYeHHsI
MeIMaHbl, IPOBENEHHON U3 BepIIUHBI A, C BBHICOTOH, NMpoBemeHHOM
u3 BepliuHbl B.

Hanucarh ypaBHEHUs NPAMBIX, HA KOTOPBHIX JIEXKAT CTOPOHBLI Tpe-
yrossuuka ABC, ecnu 3anana ero Bepmuna A(1;3) u ypaBHeHus
Memman z —2y+1=0uny—-1=0.

Haiditu KxoOpauHATHI OCHOBAHUA MEPNEHIUKYJIAPA, OMYIIEHHOTO U3
touku A(—1;2) Ha npamywo 3z — 5y — 21 = 0.

Han tpeyronbuuk ¢ BepmmHamu B Toukax A(2;5), B(5;—1),
C(8; 3). CocTaBuTh ypaBHEHHUE NPAMOM, MPOXOAAIIEH Yepe3 TOUKY
nepecedyeHnsl MEIUaH TPEYTrOJIbHUKA NEPIEeHIUKYJIAPHO K PAMOM
z+y+4=0.

N3BecTHB! ypaBHEHUS NPAMBIX, HA KOTOPBIX JIEXKAT JBE CTOPOHBI
pomba: z +2y —4 =0, z + 2y — 10 = 0 u ypaBHeHue onHoit u3 ero
nuaronasie#t ¢ — y + 2 = 0. Haiitu koopauHate! BepiuH pomba.
Han tpeyronbHuk c BepuumHamu B Toukax A(1;—2), B(0;5),
C(—6;5). HailTn KoOOpOUHATHI UEHTPA OMMCAHHOM OKOJIO TPEYTrOJIb-
HVYKa OKPYXHOCTH.

Jlanpl OBe BepIIMHBI PABHOCTOPOHHEro tpeyroJibHuka ABC':
A(—6;0), B(0;0). Haittn KoopauHATHI

a) tperbelt Bepmunb C;

6) UeHTpa BIHMCAHHOM B TPEYTOJIbHUK OKPYXXHOCTH.

Haiitu ypaBHEHHs IPSIMBIX, HA, KOTOPBIX JIEXAT TPY CTOPOHBI KBa-
OpaTa, 3HadA, YTO 4eTBEpTOil CTOPOHOI ABJIAETCA OTPE30K NpAMON
4z + 3y — 12 = 0, XOHIBI KOTOPOTO JIEXKAT HA OCAX KOOPOWHAT.
Hanucars ypasHenune TpaekTopuu nmwxenus touku M (z;y), nsu-
XKyueHcs TaK, YT0 CyMMa, PaCCTOAHMM OT Hee 0 NpAMbIX 22—y = 0
u = + 2y = 0 ocTaercs nocTosHHOH u pasHO# V/5.

Hanucarh ypaBHEHUs TpPSAMBIX, Ha KOTOPBIX JIEXAT CTOPOHBI
TPEYroJIbHUKA, 3Has# YpaBHEHUS OBYX BBICOT: 7x—2y—1=0 n
2z — Ty — 6 = 0 u Bepuuny A(3; —4).

Hanel Bepmunbl Tpeyronsuuka A(2; —2), B(3;5); C(6;1). Halru:
1) gnuun cropon AC u BC,

2) ypaBHEHUs NPAMBIX, HA KOTOPbIX JiexaT cropousl BC u AC,
3) ypaBHeHue npsMoii, Ha KOTOPOif JIEXUT BBICOTA, NPOBENEHHAA
U3 TOYKH B;
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4) IJIMHY 3TOH BBICOTHI;

5) ypaBHeHue NpsAMOii, Ha KOTOPO#H JIEXUT MeIUaHa, MPOBEICHHAs
U3 TOYKM A;

6) nJMHY 3TOH MEeIUaHBI;

7) ypaBHeHMeE NpPAMOI, HA KOTOPOR JIEXHUT 6ncceKTpncca yraa C,
8) LEHTp TSHKECTH TPEYTOJIbHUKA;

9) nulomans TPEYrOJIbHUKA;

10) yroxn C.

Bonee cnoxHble 3agayn

4.2.113.

4.2.114.

4.2.115.

4.2.116.

4.2.117.

4.2.118.

4.2.119.

4.2.120.

4.2.121.

JaHbl ypaBHeHHs: GOKOBBIX CTOPOH PaBHOGEIPEHHOIO TPEYTOJIbHH-
kaz+y—2=0u 7z —y+4 =0 uTouka (3;5) HA ero OCHOBAHHH.
Haiitu ypaBHeHue npsmMoil, Ha KOTOPOH JIEXXUT OCHOBAHUE.

IaHel KOoOpAMHATHI cepequH CTOPOH TpeyroibHuka: A(1;2),
B(7;4), C(3; —4). Haiitn ypaBHEHUs NPAMBIX, Ha KOTOPBIX JIEXKAT
CTOPOHBI TPEYTOJIbHUKA.

Hannt ypaBuenus 4z — 3y — 17 = 0 u 4z — 3y + 3 = 0 noByx cTo-
POH KBanpara u onHa u3 ero Bepuud A(2; —3). Hatitu ypaBHeHnus
MPAMBIX, H3, KOTOPBIX JIEXAT JIBE JPYrue CTOPOHBI KBagpaTa.
YpaBHeHue omHOIt U3 cTOpoH yria ecth 4 — 3y + 9 = 0, ypaBHe-
Hue ero buccekTpuce ects £ — 7y + 21 = 0. Hanucars ypaBaeHue
psIMOii, HA KOTOPOIt JIEXXUT Npyras CTOPOHA yIJia.

Hanbl Bepmunbl Tpeyrosibhuka A(—1;—1), B(1;3), C(4;-1). U3
BepiuHbl B onymeHa Boicota. K xakoi#t u3 cropon 6Gupke pacmo-
JIOXKEHa, CEePEIMHA, 3TOM BBICOTHI?

Haittu ypaBHenue npsamoit, napasuiensHoit npamoit 3xr—4y—10=0
U OTCTOsIIEl OT HEee HA PACCTOSHUMN 3 €IUHHIIBI.

IToxasarb, 4TO OUCCEKTPHCHI YIJIOB, OOpPA30BAHHBIX MPAMBIMH
3z+4y—9=0mwu 12249y — 8 = 0, nepneHIUKYJIAPHBI APYT OPYTY.
Yepes Touky A(T1; 1) NpOBeneHa npamas, 06pasyouas ¢ moJsap-
HOM ockio yrou §. CocTaBuTh ypaBHEHUE 3TOH mpAMOH.

Hanucars ypaBHeHUsI MPAMBIX, HA KOTOPBIX JIEXKAT CTOPOHBI Tpe-
YTOJIbHUKA, 3Has OOHY ero Bepumuny A(2; —7), a Takxe ypaBHEHUE
NpAMBIX, HA KOTOpOii jexar BricoTa 3z + y + 11 = 0 u MenuaHna
z + 2y + 7 = 0, npoBeneHHbIE U3 PA3JIMYHBIX BEPIIUH.

§3. KPUBbIE BTOPOro norPagakKA

=1
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Jlunuu, ompenensiemMble ajrebpanvyecKUMM ypaBHEHHAMH BTOpPO#
CTENEHN OTHOCUTEJILHO MIEPEMEHHBIX T U ¥, T. €. YPABHEHUSAM BUIA

Az? +2Bxy+Cy? + 2Dz +2Ey+ F =0 (A24+ B2+ C? #0)

(3.1)
HA3bIBAIOTCA KPUBHIMU 8MOPO20 NOPAJTKa.



OKpY>XXHOCTb

> OxpyotcHocmvo HaA3BIBAETCSI MHOXECTBO BCEX TOYEK MJIOCKOCTH,
VOAJIEHHBIX OT 33JaHHOK TO4YKM A 3TOH XK€ IJIOCKOCTH HA OTHO
u Toxxe paccrosnue R > 0. Touka A Ha3biBaeTca yewmpom, a R —
paduycom OKPYKHOCTH.

B mpsiMoyrosnbHOl cuCTEME KOODAMHAT ypABHEHHE OKPY>KHOCTH HMEET
B
(z—a)?+ (y-b)?=R? (3.2)
roe (a;b) — xoopmunaThl ee uentpa, (puc. 31). Ypasuenue (3.2) Ha3biBa-
eTCA KAHOHUMECKUM Ypasrenuem oxpydrcrocmu. B gactHocTH, ecin a = 0,
b =0 (T.e. UEHTP OKPYKHOCTH COBIAJAET C HAYAJIOM KOODIUHAT), TO ypaB-
nenue (3.2) umeer Bun

z? +y% = R% (3.3)
)
b _____
1o} a z
Puc. 31

Obuiee ypaBHenue Bropoit crenenu (3.1) onpenesisier OKPyXHOCTb, €CJIU
A=C#0uB=0.

4.3.1. Haiitu xoopnuHaTh LEHTPA U PAJgNYC OKPYKHOCTH:
1) 22 + y? — 42 + 8y — 16 = 0;
2) 922 + 9y? + 42z — 54y — 95 = 0;
QQ 1) Boinenss nosmble KBaApaThl B JIEBOH 4acTH JAHHOTO ypaB-
HeHUsl, IpUBENEM ero K Buny (3.2):

2 —4dz+4-4+y°+8y+16—16—16=0,

T.e. (z —2)% + (y + 4)2 = 62. LleHTp OKPYXKHOCTM HAXOIUTCH B
Touke (2; —4), a paguyc paseH 6.
2) IlpeoGpasyem ypapHenue K Bumy (3.2): pasmenms obe 4da-

CTH ypaBHeHMs Ha 9, HAXOIUM w2+y2+%w—6y—9§5 =0.1
2, 14 7V 42 - 49 _9_9 _
najee, T° + 3z+(3) +y*—-6y+9 9 9 9 =0, te.
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4.3.2.

4.3.3.

4.3.4.

4.3.5.

4.3.6.

4.3.7.

148

2

(:z: + %) + (y — 3)? = 25. Utak, R = 5, UEHTpP OKPYXHOCTH —
TOYKa, (—%;3). o
HaitTi XOOpAMHATHI IEHTPA U PAIUYC OKPYKHOCTH:

a) 22 +y? — 4z + 6y — 3 = 0;

6) 3z2 +3y? +6x—4y—2=0.

HamnucaTb ypaBHeHHs KacaTeJIbHBIX K OKPYXHOCTH T2 + y? — 6z +
+4y — 12 = 0, nposenennbix u3 Touku M (0; 3).

(Q Ypasnenus kacaTenbHBIX GyJeM HMCKaTh B BHIE ypaBHEHHH
MPSAMBIX C YIJIOBBIMHU KO3 duumentamu: y = kz + 3. YpaBHenue
OKPYXHOCTH NIPMBENEM K KaHOHM4Yeckomy Bumy (3.2): (z — 3)? +
+(y+2?2-9-4-12=0,1e (z—3)2+ (y+2)? = 25. Ona
HAXO0XKIEHUA OOIMX TOYEK MPAMOM ¥ OKPYKHOCTH PEIIM CUCTEMY

ypaBHEHUH
y =kz + 3,
(x—3)% + (y+2)2 =25.

Umeem: (z — 3)% + (kz + 3+ 2)? = 25, .e. 2 — 62 + 9 + k222 +
+10kz + 25 = 25, noatomy (k% + 1)z2 + (10k — 6)z + 9 = 0.
Tak Kak npsAMas KacaeTcs OKPYXHOCTH, TO 3TO YPABHEHHE HMeeT
enuHCcTBeHHOE pemenue. CJieNoBaTeIbHO, ero JUCKPUMUHAHT DABeH
Hymo, T.e. (5k — 3)2 —9(k? + 1) = 0, wm 16:{652 — 30k = 0, oTkyma

ki =0, ky = % SHauynt, y = 3 uy = X + 3 — uckomMnle

yPaBHEHHUs. o
Haiitu ypaBHenue okpyxHOCTH, Kacaomelica ocelt KoopguHaT U
npoxopsmelt yepes Touky (4; —2).

Haiitu ypaBHenus KacaTesbHbIX K OKpyx)HocTH (T—4)%2+(y—2)2 =
= 4, NpOBEIEHHBIX U3 HAYAJIA KOODIUHAT.

Haifitu ueHTp ¥ paguyC OKpYKHOCTH, BIMCAHHOK B TPEYyroJIbHUK
co cropoHamu 3z +4y —12=0,4x -3y +12=0,y = 0.
Yxa3anue. IleHTp OKPYKHOCTH PABHOYIAJIEH OT CTOPOH TPEYroJIb-
HUKA.

Hanucars ypaBHeHME OKpPYKHOCTHM, MpOXOOslIled dYepe3 TOYKH:
(=1;3), (0;2), (1;-1).

(Q YpaBHeHHe OKPYXHOCTH MIIEM B BUIE (3.2):

(z —a)® + (y — b)? = R2.

IloncraBinsisi B 9TO ypaBHEHHE KOOPAMHATHI JAHHBIX TOYEK, MOJIY-
YUM TPH yPaBHEHUs [JIs ONpeneseHus a, b u R:

(-1-a)® +(3-b)* =R,
a® +(2-b)% = R?,
(1-a)®+(-1-1b)* = R



4.3.8.

4.3.9.

U3 nepBrix 1Byx ypasHenuit notyyaem (—1 —a)?+ (3 —b)? = a? +
+(2-b)% r.e. 1+2a+a%+9— 6b+b% = a® +4 — 4b + b?, nostomy
a —b = —3; U3 BTOPOrO M TPETHETO yPABHEHHUH CHCTEMBI MOJTyIaeM
a’+(2-0)2=(1-a)?+(-1-1b)?, orciona a — 3b = —1. Pemas
CUCTEMY ypaBHEHU

a—-b=-3,
a—3b=-1,
HaxomuM @ = —4, b = —1. [loncraBnisAs 94 3Ha4YeHus a U b BO BTO-

poe ypaBHeHNe IepBOHAYAJIbHOM cUCTeMbl, HaxoouM: 16 + 9 = R2,
T.e. R? = 25. Uckomoe ypasnenue ectsb (z +4)% + (y +1)2 = 25.

3aMeTuM, 4TO ypaBHEHHME OKPYXHOCTH MOXHO MCKATh B BUIE
22 +y%?+2Dz+2Ey + F = 0. Tak Kax JaHHbIE TPU TOYKHU IPUHAT-
JIEXAT OKPYXKHOCTH, TO TOACTABUB UX KOOPIMHATHI B 3AIMCAHHOE
ypaBHEHHe, TIOJIyYMM CHCTEMY TPeX ypaBHEHHUH:

10-2D +6E + F =0,

4+4E+F =0,

2+4+2D—-2E+ F =0.
Pemus cucremy, naitnem D =4, E =1, F = —8 u uckomoe ypas-
HeHue okpyxHoctu z2 +y2 + 8z + 2y — 8 = 0. [

Hanucarb ypaBHeHME OKPYKHOCTH, €CJIH:

a) uentp Haxomurcsa B Touke C(—2;0), a pamuyc R = 2;

6) uentp Jexut B Touke C(—4;5) 1 OKPYKHOCTb NPOXOAUT YEPE3
Touky M (—1;1);

B) KOHIBI OIHOTO U3 IuameTpoB uMerot koopauuarsi (0;4) u (6;0).
CocTaBuTh ypaBHEHME OKDPYXHOCTH, NpOXoasiiell depes TOYKH
A(3;5), B(5;—1), ecsiu ee UeHTp JIEXUT HA npssMol £ —y — 2 = 0.

HononHurensHoie 3agaum

4.3.10.

4.3.11.

4.3.12.

4.3.13.

4.3.14.

4.3.15.

4.3.16.

HaiiTu paccrosinue Mexmay neHTpamu okpyxHocreit 2 +y? =9 u
22 +9y2 -8z +12=0.

Haiitu ypasuenue npsimMoil, npoxonsuieit yepe3 HEHTPbI OKPYKHO-
creft 22 +y2 —6x —8y + 16 =0 u 22 + y% + 10z + 4y + 13 = 0.
Haittu Touxu nepeceuenus oxkpyxuoctu (z —2)%2 + (y+3)2 =20 u
npamoit y = — 3.

Haittu ypasnenue obmeit xopmap1 okpyxuocreit: (x—1)2+(y—3)% =
=4, 2% +y% -6z — 10y + 30 = 0.

HailTu ueHTp ¥ paguyc OKpy»XKHOCTH, OMCAHHOMK OKOJIO TPEYTrOJib-
uuka ¢ sepmunamu A(0;2), B(1;1), C(2;-2).

CocTaBUTh ypaBHEHHE OKPYKHOCTH, Kacaioulefics npsAMbIX 2T +y —
—5=0wu2z+y+15 = 0, npudyeM onHolt u3 HUX — B Touke A(2;1).
Haiitu yron mexmy pamuycamu okpyxuoctu (z — 4)2 + (y +3)% —
— 25 = 0, IpOBEOEHHBIMU B TOYKaX €e mepecedeHus ¢ ocbio Ox.
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4.3.17. Halitu npu Kakux 3Ha4YeHUsAX k NpsAMas y = kT nepecekaeTr OKpyX-
HocTh 2 + y? — 8z — 2y + 16 = 0; KacaeTcs 3TOH OKPYXKHOCTH.

4.3.18. Haiitu ypaBHeHus KacaTeJbHbIX K OKpyxHocTH =2 + y2 = 5, na-
paJLTesIbHBIX npaMoit y = 2z + 1.

KoHTponbHbie Bonpocskl n 6onee cnoxdole 3agaquv

4.3.19*. Haiitu ypaBHeHMe KacaTejbHOH kK OKpyxHOcTH 2 + y2 = R? B
To4Ke (Zo;Yo)-

4.3.20*. HaiiTu OJMHBI OTPE3KOB KacCaTEJIbHBIX, MPOBEIEHHLIX M3 TOYKH
A(6;3) x oxpyxnoctu (z — 1)2 + (y +2)% = 1 or sroit ToukHu 1m0
TOYEK KACAHUA.

4.3.21*. HailTu ypaBHEHWE OKPYXHOCTH, CHMMETPUYHOH OKPYKHOCTHU
z? — 2z + y? + 4y + 4 = 0 oTHOCHTENILHO TIpsAIMOlt T +y — 5 = 0.

4.3.22. MoOXHO Jin NPOBECTU OKPYXKHOCTb 4epe3 derbipe Touku: (1;—2),
(5;2), (5;-6), (7;1)?

4.3.23. [IIpoiiner siu OKPYKHOCThb C UEHTPOM B Touke (—3;4) u paguycom
R = 5 4epe3 Ha4aJI0 KOOPOUHAT?

4.3.24. Kaxkue u3 Touek A(—2;7), B(1;5), C(2;3,9) nexar BHyTpH KpyTa,
OTpaHMYEHHOro OKpYXHOCThIO (T + 2)% + (y — 1)% = 257

4.3.25*. Hanucarr ypaBHeHMe MHOXECTBA OKpPYKHOCTelf, 06pa3oBaHHOro
napaJlyieJIbHbIM IEpeHOCOM OKpyxHocTH T2 +y2? +10z — 6y +25 = 0
BOoJib ocu Oz.

4.3.26. JIaHO MHOXECTBO KOHIEHTPUYECKHMX OKpyx)HocTel 22 + y% + 12y +
+C = 0. Haittu ypaBHeHHE TOI OKPYKHOCTH, PaAUyC KOTOpOH
pasen 10.

Annunc

> dasuncom Ha3LIBAETCA MHOXKECTBO BCEX TOYEK ILJIOCKOCTH, CyMMa
paccTosHu#l 0T KaxkI0o#t U3 KOTOPHIX IO JBYX HAHHBIX TOYEK STOH
XKe IJIOCKOCTH, HA3bIBAEMBIX (POKYCAMU, €CTh BEJHMIMHA, TIOCTOSH-
Has, 6osbIIas, YeM paccToAHue Mexay GOoKycamH.

Kanonuuecxoe YpasHeHUE 3AAUNCA:
2 2

a b
rme a — 60avwas noayocs, b — manan noayocwy snmunca. Koopaunarsr ¢o-
KycoB: Fi(—c;0), F2(c;0), roe ¢ — nosioBUHa PAcCTOAHUA MeXIy GOKycaMu
(puc. 32). Yucna a, b u ¢ cBsI3aHBI COOTHOIIEHEM

¢t =a® - b (3.5)
Touku A, B, C, D Ha3bIBAIOTCA 8epusuhamy 3JUIUICa, Touka O — yenwmpom
3JIJIMIICA, PACCTOSAHHUA T} U T2 OT IPOM3BOJIbHOM TOYkM M 3suMnca oo ero
GOKyCOB HA3BIBAIOTCA HOKAALHIMYU Paduycamy STOX TOUKH.
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L y l2 )

F,

F
Puc. 32 Puc. 33

> IKkcyenmpucumemom € IJLIANCA HA3BIBAETCS OTHOLIEHUE (POKYC-
HOro paccrosinus 2¢ (paccrosanusa Mexnay okycamu) K GOJbIION

ocu 2a: c
€= (e <1, k. c<a). (3.6)

PoxaJibHbIE PATNYCHI ONPENEIAITCA HPOPMYIaMU:

rn=a+ex, ro=a—cex (r;+re=2a). (3.7
> Hupexmpucamu 3asunca Ha3bLIBAIOTCA NpsiMbIE [ u [y mapaneb-

HbIe MaJIOlf OCH 3JIJIUIICA U OTCTOSAIINE OT Hee HA PACCTOAHUM, PaB-
HOM g; YPaBHEHUs OUPEKTPUC:

a a

3amenanus. 1) Eciiu a = b,ro ypaBHenue (3.4) ompenesisieT OKpyXHOCTb
22 442 = a2

2) ecoim okychl 3JLHIICA JIeXKAT Ha ock Oy, TO 3JLJIUIC UMEET BU, U30-
OpaxeHHblt Ha pucynke 33: B atom cayyae:

b>a, c=0b-ad? (3.9)

¢ (3.10)

€=g,

YpaBHEHUA OUPEKTPUC Y = :tg;

3) ypaBHEHuUE 3JUIAICA C OCAMHU, NAPAJJIESIbHBIMI KOODAUHATHBIM, UMEET
BHI
2

(z — zo) +
2 2

a b

rae (Zo;Yo) — KOOPOMHATHI LEHTPa asummica (puc. 34);

4) ypaBHeHUs
= t,
{m acos t € [0;21]

-w) _ 1, (3.11)

y = bsint,
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O o T

Puc. 34

ABJIAIOTCA NAPAMEMPUNECKUMU YPABHEHUAMU IAAUTICA.

4.3.27.

4.3.28.

152

Tlokasatb, uro ypasuenue 42 +3y? —8z+ 12y —32 = 0 onpenenser
3JIJIMIIC, HAMTHU €ro OCH, KOOPAMHATHI LEHTPA M SKCLEHTPUCUTET.

(QQ TIIpeo6pasyem nannoe ypaBHenue kpusoi. Tax xak

4% +3y% — 8z + 12y — 32 = 4(% — 2x) + 3(y% + 4y) — 32 =
=4(z* -2z +1-1)+3@x* +4y+4-4)-32=
=4(z - 1)> -4+ 3(y +2)% — 12 - 32,

TO ypaBHEHHe MOXHO nepenucars B Bune 4(z —1)2+3(y +2)% = 48,
-1 @+2)°
12 16
€ro UEHTP CUMMeTpuu umeer koopauHatsl (1; —2). U3 ypaBHeHus
Haxomum: a® = 12, a = 2/3u b? = 16, b = 4 (b > a). Ilo-
atoMy ¢ = Vb2 —a? = /16 — 12 = 2. IKCUEHTPUCUTET SJLIIUIICA

—c_1
€= =73 o

Iano ypasuenue aunca 24x? + 49y? = 1176. Haiiru:

1) nusb ero nostyoceit;

2) xoopauHaThl POKYCOB;

3) 2KCLEHTPUCHTET BJIJINICA,;

4) ypaBHEHWs JUPEKTPUC V. PACCTOSHUE MEXY HUMM;

5) ToukM BsUIMIICA, PACCTOSIHUE OT KOTOPBIX OO JieBOoro ¢okyca F
paBHoO 12.

(Q Banumem ypasnenue snunca B Bume (3.4), pasmesus obe ero
yactu Ha 1176:

T.€. = 1. Ilonyuyunu ypasHenue Buga (3.11);

1) Orciona a® = 49, b =24, r.e. a =7, b = 2V/6.
2) Mcnonbays coornomenue (3.5), naxomum c2=7%2—(2/6)%=
= 25, ¢ = 5. CnenoBaresnibHo, F1(—5;0) u F5(5;0).



4.3.29.

4.3.30.

4.3.31.

4.3.32.

3) o dopmyse (3.6) Haxomum: € = %

4) Ypasuenus mupexktpuc (3.8) umeroT Bug a:=:i:§, T.€. x:‘%g
7
—_49. —49 _(_49\_98 _
M T=—; PaCCTOAHUE MEXY HUMU d= H ( 5 )— 5 =19,6.

5) ITo dopmysie r; = a + ex HaxooUM abOCLUCCY TOYEK, PACCTO-
sIHWE OT KOTOpbIX A0 Touku F} paBHo 12: 12 =7+ —?—x, Te. T =1T.

TloncraBisas 3HaYeHye T B ypaBHEHHUE JLTUICA, HAlioeM OpIUHATHI
aTuX Touek: 24 - 49 + 49y? = 1176, 49y> = 0, y = 0. YcjoBuo
3ama4u yaoBJierBopser touka A(7;0).  J
Haittu nosyocu, koopauHaThl POKYCOB, SKCUEHTPUCUTET U yDPaB-
HeHus mupekTpuc sjutunca 16z2 + 25y% — 400 = 0.

CocraBuTh ypaBHEHUE 3JIJIMICA, 3HAsA, 9TO:

1) ero Gosipmasi mostyock pasHa 10 u dokycel cyts Fj(—6;0),
F3(10;0);

2) a =5, F1(-3;5), F2(3;5).

CocraBuThb ypaBHEHHE 3JUIMICA, HPOXONAIIEr0 4Yepe3 TOYKH
My (2 -4v/3) n My(—1;2v/T5).

Q VYpasuenue snunca umem B Buge (3.4)

Tax kak 3JuMIC mpoxomuT 4epe3 Toyku M; u My, TO UX KOOp-
JUHATHl yIIOBJIETBOPSIOT YPAaBHEHUIO 3JIIUICA: —45 + 4—?— =1mu
a

b
—7 + 20 = 1. YMHOXas1 BTOpOe PaBEHCTBO Ha (—4) U CKJIaAbIBas

C TIepPBBIM, HAXOOUM —1—922 = -3, T.e. b = 64. [loncrapnss Hait-

b
JieHHOe 3Ha4eHue b’ B mepBOe ypaBHEHHUe, NOJIydaeM —47 + ‘éi =1,

orkyma a? = 16. Takum 06pa3oM, UCKOMOE ypaBHEHHE DJLITHIICA
2 2
T LY
ects 16 + &7 1. ]

CocTaBUTh KAHOHUYECKOE yPABHEHUE 3JUIMICA, (HPOKYChI KOTOPOro
pacnosioxeHsl Ha ocu O, CAMMETPHYHO OTHOCHTEJILHO Ha4aJ1a KO-
OPIMHAT, €CJIH:

1) samana Touxa M;(2v/3; 1) ssutunca u ero MaJias noJIyoCh PaBHA
2;

2) 3amansl nse Touky ssuinca Mq(0;7) u M2(8;0);

3) paccrosinue mexny dbokycamu paBHO 24 u GoJbLIASA OCh PaBHA
26;

4) 9KCIEHTPUCUTET PABEH € =

e

55 M 3aIaHbl doxkycot (£7;0).
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4.3.33.

4.3.34.

4.3.35.

4.3.36.

4.3.37.

154

CocraButh ypaBHenue 3Jummnca, GOKYChl KOTOPOTO PACIIOJIOKEHBI
Ha ocu O, CHMMETPUYHO OTHOCUTEJILHO Ha4yaJla KOOPAMHAT, 3HAs,
4T0:

1) M; (2\/5;0,4\/@ u M, (—%; 3@) — TOYKM 3JLJIMIICA;

2) Touka M (3; —2v/3) NpHHALIEXUT S/LIMICY, £ = 3?;
3) 2a=20,£:%;
4) pacctosiHue Mexay hoKycamu PaBHO 4, pACCTOSHUE MEXIY IU-
PeKTpUCaMHU PaBHO J.

2 2
HaiiTu ypaBHEHME KacATEJILHON K SJIAIICY :5—0 + y5_ = 1, nepnen-

IUKYJIApHO# npamoit ¢ —y + 50 = 0.
Q VYpaBuenue kacarenbHOM Oymem uckarth B Buge ¥y = kz + c. Ee

yrioBo#t koadduiuenT k Hakinem u3 ycioBus k - k; = —1 nepnen-
IUKYJIIPHOCTH TIPSAMBIX, Tae k1 — yrjioBolt koapduiueHT npsamoit
x—y+50=0. Tak xak k; = 1, To k = —1, ypaBHEeHuEe KacCaTEJIb-
HOM K 3Juuncy umeer Bua y = —z + ¢. Obmue ToYKU npsMo# u
3JIJIMIICA HaXOOUM, Delas CUCTEMY ypaBHEHUN
A
20 5
y=-—-r+ec.

2 2 2
Mosmyuaem 52% + ‘7"—_—2—?’—‘*'—0— =1, T.e. 5z% — 8cx + 4c®> — 20 = 0.

YpaBHeHUe UMeeT eIUHCTBEHHOE peleHue (NpsMas KacaeTCs 3JI-
JIMICA, T.€. MMeeT C HUM E€OUHCTBEHHYIO OOILIyI0 TOYKY) JIAUIb B
cJ1y4ae, KOTJa ero JUCKPUMMHAHT PABEH HYJIO, T.e€.

64c? — 4 - 5(4c® —20) =0

wm 4c? — 5(c? — 5) = 0. 3nauut, ecTb ABa pemeHus: ¢; = 5
U Co = —9. YCJIOBHIO 33[1a4M YOOBJIETBOPAIOT IBE KACATEJIbHBIE:
y=-cr+5uy=-z—5. o

IIpu Kakux 3HAYEHUSX Q NpAMAsA Y = T — ( [EPECEKAELT JIUIIC
z2 + 2y? — 4 = 0? Kacaercs ero?

Auumunc kacaercs ocu Oy B Touke A(0;2) u nepecekaer ocs Oz B
toukax B(4;0) u C(10;0). CocTtaBuTh ypaBHEHHE 3JIJIMICA, €CJIH
OCH €r0 NapaJlyIesIbHbI OCAM KOODIUHAT.

CocraBuTh ypaBHEHHE SJLIUICA, (POKYCHl KOTOPOTO JIEXKAT Ha OCH
Oy, a MaJsas ock paBHa 2v/3. Kaxnpiit us ¢hokycoB paBHOyIaJIeH
OT IIEHTPA 3JIINICA U OT OJmKaiimero KoHa ¢GpoKaJIbHO! ocH.

2 2
(Q VYpaBuenme sjumnca uMeer BuUI %2— + %2- =1,b > a. Ilo

b

ycsioBuio 3anaum 2¢ = 2v/3, e.a = V3, uc = 7 Tax xak



4.3.38.

2
2 = b? - a? (3.9), To nosmydaem: % =b -3, re b = 4. Ta-

2 2
KuM 06pa3oM, ypaBHEHHE 3JIJIAIICA €CTh %— + yI =1.  J

CocTaBuTh ypaBHEHHE 3JIIUICA, POKYChl KOTOPOrO PaCIOJIOKEHbI
Ha ocu Oy, CHMMETPHYHO OTHOCHTEJIbHO HAYaJ1a KOOPOUHAT, €CJIH:
1) ero nosyocu paBHbl 5 u 8;

= — 12
2) 2c=24,¢ = 15,

Odononnurenstble 3aga4un

4.3.39.

4.3.40.

4.3.41.

4.3.42.

4.3.43.

4.3.44.

4.3.45.

4.3.46.

4.3.47.

4.3.48.

4.3.49.

4.3.50.

Haitu nymny nuamerpa (Xopaa, NPOXOOsIAsi Yepes LEHTP) 9JI-
sunca 3z% + 8y? = 22, meAmMEro yroy Mexay OCAMHM KOOPIHHAT
TIOTI0JIaM.

Haiitu koopmunaThl Todek 3smnca 16z + 25y% — 400 = 0, naa
KOTOPBIX PaccTosiHue OT JjieBoro ¢okyca B aBa pa3a Gosibiue pac-
CTOAHMS OT NPABOro (POKyCa.

Haittu nymuny xopapl asmnca z2 + 10y?2 — 10 = 0, npoxonsmeit

yepes ero HOKyC MapaljieIbHO MAJIOH OCH.
2

2
Haitu nyivHy XOpOpl 2J1I4IICA 1%.0 + gz = 1, HanpasJyieHHO# 11O

AJUaroHaJiu IMIPpAMOYTOJIbHUKA, IIOCTPOEHHOI'O Ha OCAX 3JIJIMIICA.
2 2
HaiiTu xOOpOuHATHI TOYEK BJLJIMIICA %6 + y4— = 1, B xoTopsIx ¢o-

KaJIbHbIE PAIUYChI NIEPIEHIUKYISPHbI.

Onpenenurbh TPaeKTOPUIO NepeMelleHuss TOYku M, KoTropas mpu
CBOEM [IBIXXEHUM OCTAETCsl OMMHAKOBO yHaJsieHHOH oT Touku A(2;0)
u OT OKpyxHocTH T2 + y? = 16.

OnpeneyiuTh TPAGKTOPHUIO HEpeMeleHus TOYKH M, KoTopas mpu
CBOEM [BIDKEHHM OCTaercs Bapoe Gimke x touke A(—1;0), yem
npamoit ¢ — 8 = 0.

2
B sanunc z? + yz = 1 BIMCaH NPaBUJIbHBII TPEYTOJILHUK, OOHA U3

BEpIIUH KOTOPOro COBIANAET C IpaBo# BepuuHoh 3smmnca. Hajitu
KOOPIMHATBI ABYX OPYrUX BEPUIUH TPEYrOJIbHUKA.

2 2
B snmunc Ly + %2- = 1 BnuCaH KBaJpaT TakK, YTO CTOPOHBI €ro
a

napaJjiiesibHbl ocsaM aJjutunca. Halitu nnomans kBagpara.

HaliTu ypaBHeHHs: KacaTesbHBIX K 3jumncy T2 + 2y? = 3, mapan-
JIeNbHBIX npaMoit £ — 2y + 1 = 0. .

HaliTu xoopauHaThl ToukHu sunca 4z? + 9y? — 72 = 0, naubosee
yoaJieHHo# ot npsamoit 2z — 3y — 1 = 0, BEIYUCIIUTH PACCTOAHUE OT
3TOI TOYKU OO NAHHOHN NmpsMOil.

HaiiTu xoopmunaTs! Touku aunca 9z2 + 25y? = 450, paccrosnue
OT KOTOpO# 10 mpaBoro ¢okyca B 4 pasa 6GoJiblile PACCTOSIHUS IO
JieBoro okyca.
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KoHTponsHbie sonpock! u 6onee cnoxudbie sapaqv

4.3.51. BeiBectu ycsoBue, npu koropom npsimas Az+By+C = 0 xacaerca
2 2
3JIJTMIICA %7 + %2- =1

4.3.52. [oka3aTh ONTHYECKOE CBOMCTBO 3JIIUICA: JIyd CBETA, BHIXOOAIIUH
13 0nHOro (hOKyCa 3JUIMICA, OTPA3UBIIKUCH OT HETO, IPOXOIUT Yepes
BTOpO#t pokyc.

Yxasanue. noka3aTs, 4TO KacaTesibHAA K 3JUMMICY 00pa3yeT paB-
HbIE YIJIbI ¢ (DOKAJILHBIMU PAAUYyCAMU TOYKU KACAHMS.

4.3.53. Dsuunc, CMMMETPUYHBIA OTHOCUTEJILHO OCel NpsIMOYTOJIbHOH CH-
CTeMbl KOOPIMHAT, KACaeTCs ABYX HPAMBIX T + 2y — 39 = 0 u
x — 3y + 7 = 0. Halitu ero ypaBuenue.

4.3.54. OTpe3oK MOCTOAHHOHU IJIUHBI CKOJIb3UT CBOUMH KOHIIAMM II0 CTOPO-
HaM npsiMoro yriia. Halitu ypaBHenue Kpusol, onucsiBaeMoit puk-
CUpOBaHHO# Toukoit M 3TOro OoTpesKa.

4.3.55. [doxa3aTh, YTO OTHOIIEHME PACCTOSHUER OT Ji0OOM TOYKM 3BJIHMIICA
10 GOKyCa U COOTBETCTBYIOIIEH NUPEKTPUCHI €CTh BEJIMYMHA I10-
CTOsIHHAsA, PABHAA €.

4.3.56. Yemy paBeH 3KCUEHTPUCUTET 3€MHOI'O MEPUINAHA, UMEIOLIEro (op-
MYy 3JUIMIICA, OTHOIIEHHE ocelf KOTOpOoro paBHO W?

4.3.57. CKOJIbKO KacaTeJIbHBIX MOXKHO IIpPOBeCTH K ajumuncy 4z? + 5y —
— 80 = 0 u3 Touku M;(0;4), M2(1;2), M5(5;3)?

4.3.58. UYeMy paBeH 3KCUEHTPUCUTET 3JIJIUIICA, Y KOTOPOro MaJiasi OCb PaB-
Ha PACCTOSIHUIO MeXIy POKycamu?

4.3.59. YeMy paBeH mepUMETP YETHIPEXYTOJIbHUKA, BEPIIMHBI KOTOPOr'O CO-

2 2
BHAJAIOT C BEPIIMHAMM 3JIJIUIICA :lt_6 + ,'/g_ =17

Fvnepbona

> TI'unepboaoli Ha3BIBAETCA MHOXKECTBO BCEX TOYEK IJIOCKOCTH, MO-
OyJib PA3HOCTH PAaCCTOsAHU OT KaXIOOU U3 KOTOPBHIX OO OBYX 3a-
JIaHHBIX TOYEK ITOR 3Ke MJIOCKOCTH, HA3bIBAEMBIX HoKycamu, eCTb
BEJIMYUHA NOCTOSIHHAs, MEHbLIAs, YEM PacCTOosiHue MeXAy (oky-
caMH.

Kamnonuueckoe ypasHeHue eunep6o./m:

2 2
z y
- -5 =1 (3.12)
a? b ’
rme a — deficmeumenvhan, b — muuman noayocv runepbossl. Hucna 2a n
2b Ha3BIBAIOTCH COOTBETCTBEHHO JelticmeumeadbHoti U MHUMOT OCAMU TUIIED-

60s1b1. Koopaunarst pokycos: Fi(—c; 0), F2(c;0), ¢ — nosioBuHA pacCTOSTHUSA
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™|

Puc. 35

mexnay ¢okycamu (puc. 35). Hucsa a, b u ¢ CBA3aHBI COOTHOLIEHEM
¢ =a® +b%. (3.13)
Touku A m B Ha3bIBAWOTCA 6epwunamu runepbosibl, Touka O — yeHmpom

runep6osIbl, PACCTOSHUS T U T9 OT IPOU3BOJIbHOM TOuku M runepbosibl oo
ee POKYCOB HA3LIBAIOTCA POKAADHUMU Paduycamy 3TOH TOYKH.

= c
Yucsio € = " (e>1, m.x.c>a). (3.14)

Ha3bIBAETCHA IKCYEHMPUCUMEMOM IUIepOOJIBI.

PoxaJibHBIE PAIUYChI ONpPeNeNAaoTcsa GOpMyIaMu: IJid TOYEK IPABOH Be-
TBHU runepoboJibl:

rL=a+ex, ro=—a+exz; (3.15)
IJI TOYEK JIEBOY BeTBU:

L =—Q—€r, Ty =a—E¢€xT. (3.16)
> IIpsiMOyroJIbHMK, EHTP KOTOPOro coBmanaer ¢ Todko# O, a cTo-

POHBI PABHbI U NAPAJIJIEJIbHBI OCAM TUIEPOOJIbI HA3BIBAETCS OCHOG-
HOLM NPAMOY204bHUKOM 2unepboast. [TuaroHasid OCHOBHOTO Nps-
MOYTOJIbHMK, TUIEPOOJIbI JIEXKAT Ha IBYX NPSAMBIX, Ha3bIBAEMbIX
acuMnmMomamu 2unepboavt; OHU OIPENEIAIOTCHA YPABHEHUAMU

y= :}:Sw. (3.17)

= HBe npsimbie l; u lp, mapaJuiesibHble MHUMOM Oocu runepboJibl U

OTCTOSAIIME OT HeE HAa PACCTOSHUU, DABHOM %, Ha3bIBAIOTCA Jupex-

mpucamu 2unepboav. VIx ypaBHeHUs
z=2 u g=-2. (3.18)
£ £
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3amevanus. 1) Ecau a = b, To runepbosia (3.12) naseiBaercs pagnocmo-
ponnett (pasnobounoii). Ee ypaBHeHMe IpUHUMAET BUL,

z? —y? =a’. (3.19)

2) ecsiu pokychl runepbosnl Jexar Ha ocu Oy, TO ypaBHeHHe TUIEep6OJIbI

UMeeT BMT, 5
T

y

2
b2
OKCUEHTPUCUTET 3TOM runepbosIbl paBeH € = %, ACHUMIITOTHI ONPENEeJIAIOTCA

YPaBHEHUSIMH Y = :tg T, & ypPABHEHUS JUPEKTPUC Y = :i:g. Il'unep6osia (3.20)

Ha3bIBAETCA conpaxcennol runepbodie (3.12); oHa uMeer BUI, 300PaKEHHBIN
Ha pucyHke 36;

/-

Q

(S - yo __________________
F

8
o
8

A
0

Puc. 36 Puc. 37

3) ypaBHeHue runepboJibl C OCAMHU, IAPAJIJIETIbHBIME KOOPIMHATHBIM, HMe-

€T BU],
(€ —20)®  (y—1y0)®
- =1, (3.21)

rae (Zo;Yo) — KOOPOMHATHI eHTpa runepbosst (puc. 37).

4.3.60. [ano ypapuenue runep6osnt 5r2 — 4y? = 20. Haiitu:
1) mnuHb! ero nosyocet;
2) koopauHaThl GHOKYCOB;
3) aKCUeHTpUCHTET runep6oJIbE;
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4.3.61.

4.3.62.

4.3.63.

4.3.64.

4) ypaBHEHUs] ACUMIITOT ¥ JUPEKTPHUC;

5) doxasbuble paguycel Touku M (3;2,5).

Q Paspmenus obe yacTu ypaBHenus Ha 20, IpuBeNeM ypaBHEHHE
runepboJibl K KaHOHWYeckoMy Buny (3.12):

2 2

t_yv
4

=1
5

Orcrona:

Da?=4,0=51e.a=2b=+5

2) ucnonbsysa coornomenue (3.13), naxomum c?> = 4 + 5, T.e.
¢ = 3. Otciona Haxonum ¢okycel runepbosis: Fi (—3;0) u F5(3;0);

3) no dopmyae (3.14) HaxomnuM € = %;
4) ypaBHeHHs aCUMOTOT ¥ AUPEKTDHC HalmeM mo dopmysiam
(317) u (3.18): y = iﬁéx U= :t%;

5) Touka M gnexwur Ha npaBoi BeTsu runepbosisl (z = 3 > 0),
Bocnosib3yemca ¢opmynamu (3.15): r; =2+ % -3=6,5, ry =

=-2+3.3=25 ®

CocraBuTh ypaBHeHue runepbosIbl, ecym ee POKYyChl JIeXKaT Ha OCH
Oy u paccrosinue Mexay HuMu paBHo 10, a 1yinHa, DelCTBUTEIbHOR
ocu paBHa 8.

(QQ Hckomoe ypasuenue runepbosisr umeer sum (3.20). Coracho
ycosuio 2¢ = 10, ¢ = 5; 2b = 8, b = 4. U3 coorHomenus (3.13)
HaliieM MHUMYIO OJIyoch a: 25 = a?+16,a? = 9, a = 3. Ilomyyaem

2 2
’11% - % = 1 — ypaBHeHue runepboJIbl. L

CocTaBUTh KAaHOHMYECKOE ypaBHEHME TUNep6OsIbl, €CM:
1) 2¢=10,a = 3;
2)c=3,e=15;

3) b = 6, ypaBHeHHs aCUMITOT Y = +9 .

3

HanucaTre kaHOHMYECKOe ypaBHEHUE runepboJibl, eCJIn:
1) ¢ = 10 u ypaBHEHHUs aCUMITOT Y = ﬂ:% z;

2) e = % U PACCTOSTHME MEXAY IMPEKTPUCAMHU PABHO §;

3e= V2 u Touka M(\/g, \/5) JIEXXUT Ha runepbose.

Haittu ypaBHuenue runep60Jibi, GOKyChl KOTOPOI HAXOOATCS B TOY-
kax F1(—2;4) u F5(12;4), a nomuna MauMoit ocu pasHa 6.

Q llenTp runep60oJIb JIEXKUT Ha IpAMOi y = 4, TapaJsiesbHOM ocu
Oz. YpasHenue runep6osibl umeer sun (3.21). Ilo yciosuio 2b = 6,
b = 3. Paccrosinue mexay ¢pokycamu pasHo 14, 1.e. 2c = 14,¢=T.
Hcnonp3sys cootHomenue ¢ = a? + b%, naxomum a: 49 = a® + 9,
a = 2v/10. IlenTp runep6osIBI JEUT paccTosHMe MeX Iy hoKycamu
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4.3.65.

4.3.66.

4.3.67.

4.3.68.

4.3.69.

160

nomosiaM. IToatomy x¢ = # =395,y = 42L4 = 4. 3anucel-
_r\2 Y
BaeM ypaBHEHHE ruIepOoIIbl: (= 405) _ 94) =1. o

Ha#itu kaHoHuYeckoe ypaBHeHue runepboJibl ¢ POKycaMu Ha OCH
Oz, npoxonsameit yepe3 Touku M (6; —1) u Ma(—8; —2v/2).

Haiitu ypaBHenue runep60Jibl, CHMMETPUYHOMK OTHOCUTEJILHO Oceit
KOODIUHAT, 3HasA, YTO €6 MHUMAas NOJIyoCh paBHAa 2 U rumepbosia
s

IPOXOOUT Yepes Touky M (4; . Halitu paccTosinue OT TOYKHU

M no npasoro ¢okyca.
Haiitu yros Mexay acuMnToTaMu runepOoJIbl, €CJIM €€ SKCIEHTPH-
CUTET paBeH 2.

(Q VYpasuenus acumnTOT runepb0JIbl UMEIOT BUI Y = :l:g z. Hais-

b

JieM OTHOMIEHUE ., BOCTIO/IB30BABIIMCH dopmynamu (3.13), (3.14)

2 1 p2
u yciioBueM € = 2: ¢ = £ M \/ OTcrona
2
(-ll) =2 -1, e % = V€2 — 1. Nmeem: E =vi-1= 3.

a
CraJio GbiTh, yPaBHEHUS ACUMITOT rUIepGoJbl ecTh §y = /3 u
y = —V3z. Yron ¢ Mexay acuMnToTaMu HaimeMm mo dopmyJie

tgy = 1+k1k2‘—|‘/_+‘/_‘ V3, ¢ = 60°. °

2 )2
CocTaBUTh ypaBHEHUsS] ACUMIITOT rUnepOoJIbl Q_—?L—i%:l,

IOCTPOUTD €€.

Han snmunc 5z% + 8y? = 40. HaliTu ypaBHeHue runep6oJibl, Bep-
MIMHBI KOTOPO# HAXOOATCA B (pOKycax, a pOKyChl — B BepIIMHAX
JIAHHOTO 3JLJIMIICA.

Puc. 38

Q Haitnem xoopounarst Bepmun A u B u doxycos ssumnca, 3a-
2

2
[IMCAB ero ypaBHEHUe B KAHOHUYECKOU dhopMe 3:8— + y5— = 1. Nmeem



4.3.70.

a? =8, a=2V2; b =5, b=1+/5 U3 coornomenuns ¢ = a? — b?
Haxomum ¢: ¢ = 8 — 5, ¢ = /3. Moxno 3amucars: A(2v2;0),
B(-2v/2;0), Fi(-V3;0), F2(v/3;0) (puc. 38). Obosnauum uepes
ar, by, ;. — COOTBETCTBEHHO MOJIYOCH THIIeP6OJIHI U TIOJIOBUHY pac-
crosnus Mexnay ee dpokycamu. Torma, COrlacHO yCJIOBUSAM 3a1a-
Yd, MOXHO 3amucarh: a, = OF,, 1.e. ar = V3une = OA, t.e.
¢ = 2v/2. U3 cootHomenus c2 = a? + b? naxomum 8 = 3 + b2, mo-

3TOMY bf =5, b. = V5. loncrassasa HalIeHHbIe 3HAYCHUA G U Dy
2

2

B ypasuenue (3.12), Haxomum % - y5— = 1 — ucKoMOe ypaBHEHHE

runepboJIbl. L
2 2

Iana runep6osia % - % = 1. Haiitu codokycHbIit 3j7umC, IpOo-

XomAumi yepes Touky M (4; ——g—)

OdononnutensHslie 3aga4u

4.3.71.

4.3.72.

4.3.73.

4.3.74.

4.3.75.

4.3.76.

4.3.77.

4.3.78.

4.3.79.

4.3.80.

11 - 2361

HaiiTu sKcueHTpuCHTET runepboJibl, 3Hast, YTO PACCTOAHNE MEXIY
dokycamu B 4 pasa 6oJblIe PACCTOAHUA MEXIy €e TUPEKTPUCAMH.
Ha runep6one 922 — 16y?> = 144 HaiiTu Touky, I/ KOTOpO# pac-
cTostHUe OT JieBoro ¢oKyca B 3 pasa 6oJiblle, 4eM OT IIPaBOro.
HaliTu ypaBHeHus KacaTesbHBIX K runep6ose 9z — 8y? = 72, npo-
BeneHHbix u3 Touku C(2;0).

2 2
Haiitu ypaBHeHns kacaTesbHBIX K runepbosie % - y4— = 1, napaJ-

JlesIbHBIX npsaiMoit £ +y — 4 = 0.
IlocTpouts JMHUIO:
a) 922 — 16y — 36z — 32y — 124 = 0;

T = l(et +e7),
6) X
y= §(et —e ).
Joka3aTh,4To NJIMHA NEePIeHINKYJIAPa, ONYIIEeHHOro u3 Gokyca Ha
OIHY M3 aCHMOTOT rumep60JIbl, PABHA MHUMO# MOJIyOCH.
JIoKa3aTh, 4TO NPOU3BEeHNe PACCTOAHUH OT J11060# TOUYKM rumep-
6ol £2 —y? = 4 10 ABYX ee aCUMIITOT €CTh BeJTMYUHA TOCTOAHHAA,
paBHasA 2.
HaiiTi nyomans TpeyroJbHUKa, 06pa30BaHHOTO ACHMIITOTAMH TH-
nep6osnb 922 — 4y? = 36 u npamoit 9z + 2y — 12 = 0.
Bepmmunbl KBagpara Jexar Ha runep6ose 9r2 — 4y? = 125. Haittu
€ro NJomaib.
Haiiti sKcieHTpucHTeT runepboJIbl, aCUMITOTa KOTOPO# COCTaB-
JsfieT ¢ neficTBUTEbHON OChIO Yo a.
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4.3.81.

4.3.82.

4.3.83.

4.3.84.

4.3.85.

4.3.86.

4.3.87.

4.3.88.

4.3.89.

4.3.90.

4.3.91.

4.3.92.

Haiitu paccrosiHue MeXxay TOYKaMH IEPECEYEHNsT aCUMIITOT TUIEp-
60161 972 — 16y? = 144 Cc OKPYXHOCTbIO, UMEIONIeH eHTP B MPABOM
dokyce runep6oibl ¥ MPOXOOAMEH Yepe3 HAYaJI0 KOODAUHAT.
Haiitin TpaekTopuio nytu To4kd M, KOTOpasi IPA CBOEM OBUXKe-
HUUM OCTaeTcs Basoe Oimke k mpamoit £ — 2 = 0, 4eM K To4ke
A(8;0).
Ha runep6one z? — y?> = 1 Halité TOuKy, POKAJbLHBIE PAIUYCHI
KOTOPOH MepIeHauKyJIsIPHBI. )

z

Haiitun paccrosnue mexny JieBbiM ¢okycom Fj runepbosibt 5~
2

- % =1 u npasbM ¢okycom F, conpsokeHHO# ¢ Helt runep6osbL.

Haiiti dboxanpusle paguycs Touku M (10;3+/6), nexamett ua ru-

2 2
nepbouie f—o - 96— = 1. Halitu paccTosinusa ot Touku M 1o mupex-
TpHC.

2
Ha runep6osie % —y? = 1 naittu Touky M, 6/mpkaiimyo x mpsaMoit

2z +y—2 = 0, ¥ BBIYUCJINTH PACCTOSIHUE OT TOYKH IO 3TOI NpAMOit.
Yepes sesbiit pokyc runepbonsl z2 — y? = 8 mposeneM mepIeH-
IUKYJIAp K ee ocd, conepxaieit Bepmuusl. Halitu paccrosnus ot
¢OKyCOB 10 TOYEK mepecedeHrsl ITOr0 MEePNEeHINKYJIAPa C TUIep-
60J1011.

IIpu KaKuX 3HAYEHUAX ( IPAMAA Y = 22+ mepecekaer runepdbosy
2 2
2 _ ¥ 17K ?
L — 2= =17 Kacaercs ee’
7 18
CocraBuTb ypaBHEHHE runepboJIbl, 3Hasl €€ SKCUEHTPUCUTET € =
dokyc F5(5;0).
CocraBuTh ypaBHeHue runepbosiel, 3Hasi ee ¢okycel F)(—8;2),
F5(12;2) u paccrosHue Mexny BepoiMHaMu, pasHoe 16.

K

ot

2 2

Han snnunc L + Y = 1. Haittu ypaBHeHHe COpOKyCHOU paBHO-
14 " 5

604HOl renepOOoJIbL.

®oxycs runep6oIIB! COBIAIAIOT ¢ hoKycamu syumnca 9z2 +25y% =
= 225. Halitu ypaBHeHue runepboJibl, €CJIN ee SKCIEHTPUCUTET Pa-
BeH 2.

KoHnTponsHbie Bonpockl u 6onee cnoxusie 3agaqun

4.3.93.

4.3.94.

162

BuiBecTu ycnosue, npu koropom npsaimaa Az+ By+C = 0 kacaerca
2 2
runepbosbl Ly — %2- =1
a

Haiitn ypaBHeHune runep6oJibl, CHMMETDHYHOM OTHOCHUTEJIHLHO Oceit
KOODIOMHAT U Kacawomeiicsa npamoit  —y — 2 = 0 B Touke M (4; 2).



4.3.95.

4.3.96.

4.3.97.

4.3.98.

4.3.99.

4.3.100.

4.3.101.

4.3.102.
4.3.103.

4.3.104.

Hanbr Toukn A(—1;0) u B(2;0). Touka M(z;y) oBmxkercs Tax,
yto B Tpeyrosibiuke AM B yros B ocraercst BuBoe 6GoJibiue yria
A. Haiitn ypaBHeHNe TPAaeKTOPHU IBMKEHUS TOYKH M.
Jlokasarh, YTO OTHOLIEHHE PACCTOSHMM OT Ji000# Touku rumepbo-
J1bI 10 POKYCa U 10 COOTBETCTBYIONIEH TUPEKTPHUCH! €CTh BEJINYUHA
NOCTOAIHHAS, PABHAA €.

9kcuentpucurer runepbosibl paseH 3, poKaIbHBIA paguyc ee TOY-
ku M, npoBeneHHbI! n3 HeKOTOporo ¢Gokyca, pasen 12. Hatitu pac-
CTOsIHNE OT TOYKHM M [0 OmMHOCTOpPOHHeH ¢ 3TuM POKyCOM OUpPEK-
TPHCHI.

Jloka3arh, 4TO KacaTesibHas K runepboJie B ee MIPOU3BOJILHOR TOY-
ke M cocraBiisieT paBHble YIJIbl C (POKAJIbHBIMA PaAUyCaMH 3TOM
TOYKH.

Jokasars onTuyeckoe CBOKCTBO rumepboOJIBL: JIyd CBETa, UCXOHA-
mu#t u3 ogHoro ¢okKyca runep6oJsIbl, OTPA3UBIIKCH OT Hee, UIOET O
MPAMOH, coenuHAIONIEH TOYKY OTPAXKEHUS C OPYTUM (POKYCOM.

2 2
MoxHo i k runepbose Ly — %2- = 1 npoBecTH KacaTeJIbHbIE JIIO-
a

6oro HampassieHusa? Kakoe orpaHuyeHune HaJIOXKEHO Ha YIJIOBBIE
K09 PULMEHTH KacaTe/IbHBIX K 9TOU runepbosie?

Kakue siuHuM onpenesisiloTcs CeqyOMMUMA yPaBHEHUAMU:

1) y=-2vVz2 + 1;

2) = —/y?+47

YeMy paBeH yros1 Mexay acuMnToTamu runep6osist y? = 100 + z2?
YeMy paBHa IJIOIIAOb TPEYrOJIbHUKA, OOPAa30BaAHHOIO ACUMIITOTA~

mu runep6onsb z2 — y? = 1 u npamoit ¢ = 27
2

[Ipoxoour Jsim runepbona Z= — | gyepes touku O(2;0),

20 2
A(-2V10;2), B(6; 2v/10)?

Mapa6ona

>

.

ITapaboaoli Ha3BIBAETCA MHOXKECTBO BCEX TOYEK IJIOCKOCTH, Ka-
KOasd U3 KOTOPBIX DaBHOYIAJIEHa OT 3aJaHHON TOYKM 3TO#i ke
IIJIOCKOCTH, Ha3bIBAeMO# doxycom, N 3amaHHON NpsAMOH, Ha3bIBa-
eMoit dupexmpucoti.

Kanonuueckoe ypasnenue napaboss. uMeeT BUII

y? = 2pz, (3.22)

rae yucsio p > 0, paBHOe pacCTOAHUIO OT GoKyca F' 0o mupekTpuce! [, Ha3pIBa-
eTca napamempom napabossl. Koopounare ¢pokyca F (g, O). Touka O(0;0)

Ha3bIBAIOTCS 6epwuroll napabosl, IjuHa T oTpe3ka FM — doxarvnuii pa-
duyc Touku M, oce Oz — ocb cummempuu napabobL.
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Y
)
M
2 TAM
2 2
F
O\ F z
T
_P
2
Puc. 39 Puc. 40
YpasHeHnue nupekTpuch! | napabosibl UMeeT BUL
z= —g; (3.23)
doxaJIbHBIA paguyC BBIYUCIIAETCA O (POpMyJIe
r=z+2. (3.24)

2

B nmpsmoyrosibHO# cucTeMe KOOpAOMHAT mapaboJsia, 3aJaHHas KaHOHWYe-
ckuM ypaBHeHueM (3.22), pacmosioxkeHa Tak, KaK yKa3aHO Ha pUcyHke 39.

3ameuanus. 1) Ilapabosna, cumMeTpuyuHas oTHOCHTENbHO ock Oy U mpo-
XOIAaA Yepe3 Hadayio koopauHaT (puc. 40), umeeT ypaBHEHUE

z? = 2py. (3.25)

®okycom napabouisl (3.25) sBisieTCs TOUKa

F(o; g) (3.26)

YpaBHEeHUE TUPEKTPHUCHI 9TON mapabosisl

B
y=-3 (3.27)

®okanbHbll paguyc Toukun M napabosibt
r=y+ P (3.28)

2

2) Ha pucynkax 41 u 42 usobpaxens! rpacbuku napabon y2 = —2pz u
z? = —2py COOTBETCTBEHHO.
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2
Y 0
A
F
F
ol =
2
Puc. 41 Puc. 42

3) Ha pucynxax 43-46 npuseneHbl ypaBHeHus U rpaduku napabosi ¢ ocs-
MM CUMMETPHH, NapaJlJIeJIbHBIMA KOODIUHATHBIM OCAM.

Y y
\
Yo t---- Yo
| —
(0] Zo T (0] z
Puc. 43. (y — yo0)? = 2p(z — o) Puc. 44. (y — yo0)? = —2p(x — x0)
Y Y
o : /O : \ ’
(0] Zo x
Puc. 45. (z — z0)> =2p(y — ¥o) Puc. 46. (z — z0)*> = —2p(y — yo)
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4.3.105.

4.3.106.

4.3.107.

4.3.108.

166

Hana napa6ona x? = 4y. Halitu xoopnuHaTs! ee (poKyca, ypaBHe-
HU€ OUPEKTPUCH], IJIuHY POKaJIbHOrO panuyca Touku M (4;4).

Q Tapabosia 3amana kaHOHWYecKuM ypasHenueM (3.25). Ciemo-
BaTesibHO, 2p = 4, p = 2. Ucnosssysa dbopmyasr (3.26), (3.27),
(3.28) naxomum, uro ¢okyc umeer koopaunartsl (0;1), T.e. F(0;1);

ypaBHEHHE NUPEKTPHUCH eCThb Yy = —1; PoKaJIbHbIM paguyc TOYKH
M(4;4) papea r =4+ 1=25. o
Hailitn Bepmmny, ¢oKyc ¥ OUpeKTpuUCy mapabonbl y = —2z%+

+ 8z — 5, OCTPOUTH 3CKU3 rpaduka.
(Q Ipeobpasyem ypapHenue y = —2x2+8x—5, BbLIEJIUB B TPaBOit
YaCcTH MOJIHBIM KBagpar:

5 5
—_— 2 _ -} = - 2 _ — - =
y= 2(:5 4z+2) 2(9: 4z + 4 4+2)
3
= — _ 2_ Y = — _ 2
= 2((z 2) 2) 2(z—-2)*+3,
e y=—-2(z-2)2+3wm (z-2)? = —%(y—3). Ypasnenue napa-

60J1b1 MMeeT BHI, Kak Ha puc. 46. Bepmuna napaboJibl uMeeT KOOp-
ouHath (2;3); 2p = %, p= % IIpsimasi £ = 2 sAAB/IAETCA OCHIO CUM-

MeTrpuu napabosisl. Koopaunars! pokyca € = 2,y = 3 — -g = 2;,

T.€. F(2; 2;) VYpaBHeHHe OUPEKTPUCH ¥ = 3 + 2 =3+ 8’

y= 3%. I'paduk usobpakeH Ha puc. 47.  J
)

decmcccccc e -9

ol 11 Nz

Puc. 47

ITapa6osia cumMmmerpuyHa OTHOCUTENILHO ocu O, ee BepIINHA Ha-
XOoOuTCs B HayaJie koopauHar. CocTaBuTh ypaBHeHHe napaboJibl,
3Hasi, YTO OHA MPOXOHUT Yepe3 Touky A(—3; —3).

Haiitu BhICOTY apku MocTa ajuHO# 24M, umeromeit dopmy napa-
60J1b!, ypaBHeHHe KOTOpoit 2 = —48y.



4.3.109.

4.3.110.

4.3.111.

Haijitu ypasHeHue kacaresbHol K napabosie y2 = 4z, nposeneHHoM
u3 Toukn A(—2;-1).
Q Ypasuenne npsmoit 6ymeM uCKaTh B BUIE

y=kz+b. (3.29)

Tak xak TOYka A NPUHAAJIEXHUT UCKOMOH KacaTesbHOMH, moacra-
BJIsisl € KOOPIMHATHI B ypaBHeHue (3.29), mosiyuynM TOXKIECTBO

—1=-2k+b. (3.30)

Iamnee, npamas (3.29) u napabosa y?> = 4T UMEIOT eIUHCTBEHHYIO
oburyo Touky (kacarorcs). CenoBaTesibHO, CHCTEM3 ypaBHEHUI

y=kx+b,
y? =4z

HMeeT eNVHCTBEHHOe pelleHue. PelaeM ee OTHOCHTEJIBHO T U Y.
9T0 MOXHO CHEJIATh PA3JINYHBIMYU CIIOCO0aMHU, HAIIPUMED, BO3BECTH
MpaByIO U JIEBYIO YACTH MEPBOr0 ypPaBHEHUs B KBAIPAT U MOICTA-
BUTbH B JIEBYIO YaCTh IIOJIy4EHHOrO PABEHCTBA BMECTO Y2 ero BhIpa-
XeHue U3 Broporo ypasrenus. Ilonywunm k2x? + 2kbz + b? = 4z.
9T0 — KBaIpaTHOE ypaBHEHWE, UMEIOIEe eqUHCTBEHHOE DEIIeHHe
B CJlydae, KOra JUCKPUMHUHAHT paBeH HyJo. Takum o6pa3oM,

D
7 = (kb - 22—k’ =0 wm 4kb=4, b=-. (3.31)
Tenepsb nJ1s1 napametpos k u b npsimoit (3.29) umeem nBa yCJIOBUs:
(3.30) u (3.31). CnemoBaTesibHO, HCKOMBIE 3HAYEHUS MaPAMETPOB
HAXOOATCH KaK PELIeHUs CUCTEMbI U3 3TUX YCJIOBHIA:

—2k+b=-1,

=1
b_k'

IToncraHoBKO# BMecTO b B niepBoe YpaBHEHHE €r0 BbIDAXKEHUS U3
BTOpOro, mostyuum —2k? + k+ 1 = 0, oTKyna Haxomum, uyto k; = 1,
ko = —-5 Cucrema uMeeT IBa pelieHU:

k1=1, - k2=—1/2,
bl =1 b2:—2.

CrienoBaresibHO, ABE NPSIMbIE YOOBJIETBOPAIOT YCJIOBUSAM 33a4H.
I/IxypaBHeHm{:y=:1;+1ny=_%_2, P

K mapa6osie y?> = 4r npoBeneHa KacaTesbHAsA NApaJIIeIbHO Nps-
Mot 2z — y + 7 = 0. Halitu ypaBHeHue 3Tol KacaTeabHON.

Ilpu kaxux 3Ha4YeHusx k npsimas y = kz — 1 nepecekaet napabosy
y? = —5z? Kacaercs ee?
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[RononuurensHobie 3agaun

4.3.112.

4.3.113.

4.3.114.

4.3.115.

4.3.116.

4.3.117.

4.3.118.

4.3.119.

4.3.120.

4.3.121.

4.3.122.

4.3.123.

4.3.124.

168

CocraBurh ypaBHeHHe mnapabosibl, CAUMMETPHYHOM OTHOCHTEILHO
ocu Oy, uMmeromel BepuMHYy B HadaJjle KOOPIOMHAT, €CJIA OHA IIPOo-
XomuT 4yepes To4Ky A(—2;4).

Haiitu koopauHaTs! Tako#t Touku napabosisl y° = 6z, KOTOpas Ha-
XOOUTCA OT AUPEKTPUCH! HA PACCTOAHUH 3,5.

Yepes ¢okyc napabosst y? = 12z npoBeneHa Xopaa, NepneHIuKy-
JApHasA K ee ocu. Halitu njiuHy Xopapl.

B napabouty y? = 2pz BnucaH paBHOCTOPOHHUIK TPEYTOILHUK, OHA,
M3 BEPIIMH KOTOPOIrO COBHAJAET C BepuHOH mapabosibl. Halitu
[JIMHY CTOPOHBI TPEYTOJIbHUKA.

Halitu njimHy XOpibl, COENUHSIONMEH TOYKH IepecedyeHnsi ABYyX Ia-
paboJ1, uMeeroImuX OOLIYI0 BEPIINHY B HayaJle KOOPAMHAT, a QOKY-
cel B Toukax (2;0) u (0;2).

Tpoc, nogBemenHbI# 32 OB KOHIIA HA ONMHAKOBON BHICOTE, HUMEET
¢opmy nyru napabossl. Paccrosinne Mexxny TOYKaMy KpelJieHHs
24 M. ['ny6buna nporuba Tpoca Ha paCCTOAHUU 3 M OT TOYKH KPeILie-
Hus pasHa 70 cM. Onpenesnuts r1ybuny nporunba Tpoca nocepenuHe
MeXIy KpelJeHUsIMU.

Kamenp, 6poliueHHsbI# 101 YIJIOM K TOPU30HTY, JOCTUT HanboJibieit
BbIcOTHI 16 M. OmucaB mapabosIM4ecKy0 TPAeKTOPHIO, OH ymaJl B
48 M ot Touku 6pocanusi. Ha kakoil BbICOTE HAXOOMJICS KAMEHb Ha
paccTosiHuM 6 M IO TOPU30HTAJIM OT TOYKHU OpocaHusA?

Ha napa6ouie y? = —42 Ha#iTH KOODAUHATHI TOYKH, PACCTOSHHE OT
KOTOpO#t mo mpsimoit y = 1 + 3v/2 — & pasHo 3.

Iapa6osa y? =  orcekaer oT npsMolt, npoxonsAmeit yepe3 HA4AJIO
KOODAMHAT, XOPLY, AJNHA KOTOpoi paBHa v/2. CocraButh ypaBHe-
HHe 3TOl npsamMoit.

CocraBuTh ypaBHeHue mapabosibl C BEepIIMHOA B HaYaJjle KOOPOH-
HaT, POKYC KOTOpPOH HAXOOUTCA B TOYKE IEepecedeHHsi MpAMOi
5z — 3y + 12 = 0 ¢ ocpi0 opouHAT; OChIO abCIHUCC.

CocraButh ypaBHeHHe Napabo/ibl, CAMMETPUYHONA OTHOCHTEJILHO
ocu Oy u mpoxonsAue# yepes TOYKY nepecedeHus npamoit y—z = 0
u okpyxHoctH T2 + y? — 4y = 0.

Iana napabosa 2 = 8y. Halitn nimHy ee Xopapl, mpoxomsmeit
yepe3 Touky A(1l;1) nepnennukysspHo npsmoit 2z —y + 3 = 0.
YpaBHEHHE JIMHUU TNPUBECTH K KAaHOHMYECKOMY BHIY, NOCTPOHUTH
ee:

a)y=422+8c+7T;

6) z = 5y° — 10y + 6;

B) y = 2% — 4z + 5;

r) z=1y%+3y.



4.3.125.
4.3.126.
4.3.127.
4.3.128.

4.3.129.

HaiiTu ypaBHEHHE JIMHUH, BCE TOYKU KOTOPOR OOMHAKOBO YIOAJIEHbI
ot touku O(0;0) u or npsimoit = + 4 = 0.

Hafitn ypaBHeHue NpsiMOii, KOTOPasA NPOXONUT Y€pe3 BEPIINHY Ma-
pabonsl y = —2z% — 6z — 4 napasenabHo npamoit 2z — y + 3 = 0.
Hana napabosa y?> = 12z. Haiitu nuHy ee xopasl, mpoxomamei
yepe3 Touky A(8;0) n HakoHeHHOU K ocu Oz nox yrjiom 60°.
CocTaBuTh ypaBHeHHe KacaTesbHOlt Kk mapabosie y?> = 36z, mpose-
nenso#t u3 touku A(1;10).

K napabouie y?> = 36z nposenens! us Touku A(1;10) npe kacaresb-
Hble. COCTaBUTh yPABHEHNE XOPObI, COENUHAIOMEN TOYKU KACAHUS.

KoHTponbHble Bonpocsl u Bonee cnoxHuie 3agaqun

4.3.130.

4.3.131.

4.3.132.

4.3.133.

4.3.134.

4.3.135.

4.3.136.

4.3.137.

4.3.138.

Jloka3aTh onTryecKoe CBOACTBO apaboJibl: Jiyd CBETA, UCXOMSIINHA
u3 $okyca napabosibl, OTPA3UBIIKCH OT Hee, UAET MO NPSIMOH, ma-
paJLiesibHOM ocu 3To# napaboJibl.

JlokasaTb, 4TO KacaTesbHas K mapaboJie B ee IPOU3BOJILHOM TOYKe
M cocraBisier paBHblE YIJIbI C (POKAJIBHBIM PAIUYCOM TOYKH M
U C JIyYOM, MCXOASIIMM U3 TOYKM M M COHANPAaBJIEHHBIM C OCBHIO
napaboJibl.

W3 doxkyca napabossl y?> = 12r mom ocTpeiM yryioMm o K ocu Oz
HampasJieH Jiy4d csera. W3BecTHO, 4TO tga = % Hotins no napa-

6oJibl, Jiy4 OT Hee orpasuiica. CocTaBUTh ypaBHEHHME NMPAMOH, Ha
KOTOpPOH JIeXKUT OTpaKeHHbIH J1yd.

Hana napabona y?> = 4z. Yepes Touky (%;1) MPOBECTH TAKYIO

Xopay, KoTopasi gesnjiach Oul B 3Tol TOuke momnosiam. CocTaBuTh
ypaBHEHHE 3TOi XOpObI.

Ilokasars, 4T0 poKyc napabosibl ¥ TOUKH KACAHUA ABYX KACATEJIb-
HBIX K mapaboJie, NpOBENEHHBIX U3 JII000H TOYKH OUPEKTPHCHI, Jie-
KaT Ha OOHOH mpaAMOoii.

Kakoso 6yner ypasHenue napabosbl y? = 4z, ecyin ee 0Cb CHMMe-
Tpuu NoBepHyTh Ha 90°7 Ha 180°7 Ha —90°?7

KakoBo ypaBHenue mapabosibl ¢ BepmuHoii B Touke (0;0), ecsin
ypaBHeHHe ee OupeKTpucs 2y + 7 = 07

Haiitu ¢okyc u qupekTpucy KpuBoi, 3aIaHHOM apaMeTpu4ecKu

T = 5

et

Y

Pemuts rpaquecxn CUCTEMY ypaBHeHnﬁ
o +y =4,
T+y*=9.
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4.3.139. Yemy paBHa O/IMHA XOpIbl, IpoxXonsmel depes okyc napaboJibi

z? = 8y ¥ NepIEeHOUKYIAPHOR K ee OCH CHMMeTpUu?

KOHTPOJIbHAAl PABOTA
Bapuant 1

1.

Ha 6uccekTpuce nmepBoro KOOPAMHATHOIO yriia Jjiexar Toukd A(3;3) u
B(z;y), paccTosiHue MexIy KOTOPhIME paBHO /2. HaliTi KoopauHaThI
Touku B.

. Hailtu ypaBHeHue npsaMoil, mpoxonsmiel yepe3 TOUKY NepecedyeHust nps-

Mbix 22—y—1 = 0 u 3z—y+4 = 0 napasutesibHO npsamoii 4x+2y—13 = 0.

Haiitu yron mexny Beicoto#t AD u menuaHoit AE B TpeyroyibHHUKE C
BepumHamu B Toukax A(1;3), B(4;-1), C(-1;1).
HaliTin KkaHOHUYECKOe ypaBHEHNE 3JIJIMICA, €CIIH

a) pacCTOsHUE MEXK Ay KOHIAaMK 60/1b1I0N U MaJIol OCH PaBHO 5, & CymMMa
IJINH noJiyoceit paBHa 7;

6) paccrosuus ot ero ¢okyca 10 KOHIOB 6osibIoi ocu pasHsl 2 u 14.

Yepes dbokyc napabossl y?> = —z npopeneHa mpaMas nop, yriom 135°
K ocu Oz. Halitu njiuny obpa3oBaBuueiicss Xopapl.

BapuanTt 2
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1.

Han tpeyronbunk ABC ¢ sepuunamu A(1;5), B(4;1), C(13;10). Hait-
TH TOYKY NepecedeHusi GUCCEKTPUCHI BHYTPEHHEro yriia A co CTOpOHOH’
BC.

. IIlpamass y = kz + 4 ymajeHa oT Hayajla KOODOWHAT HA PAaCCTOSAHME

d = /3. Haitu 31a4enue k.

Hanbl mnocsenoBaTesibHble BepMHB napasuienorpamma ABCD:
A(-2;5), B(2;7), C(—4; —3). HaiiTn KoOpAUHATHI YeTBEPTON BEPUINHBI
D u Hanucars ypaBHeHUe quaroHaju BD.

Haiitu ypaBHeHuwe mpAMo#l, comepxamell OUaMeTp OKPYXKHOCTH
z2 +9? — 6z + 4y + 8 = 0, nepneHAUKyIAPHLIH OpaMoit z — 3y + 2 = 0.

Haiitu ypaBHenue rumepbosibl, 3Hasi, YTO €€ HKCLUEHTPUCHUTET £ = 2,

2
¢oxycsl runepboJibl COBIAAANT ¢ (HOKYCOM 3JITUICA f—o +y2=1.



BapuanT 3

1.

HaiiTi KOOpIMHATHI HEHTPA U PalNyC OKPYKHOCTH, NPOXOonsiell yepes
touky A(—10;4) u kacaromeiicst ocu Oz B Touke B(—6;0).

. HamucaTe ypaBHeHue nmpsAMol, npoxoasmel yepes Touky (—2; 1) Ha pac-

crosiHUM 1 OT Hayas1a KOOPAMHAT.

ITpn xakux 3Hauyennsx A u C npamaa Az + 3y + C =0:

a) napaJuiesibHa npsMoit 3z — y + 8 = 0;

6) mepneHOuKyJIApHa OpAMOl y = 5z;

B) IpOXomut 4yepe3 Touky (2;2) u (—1;4);

r) mepecekaercs ¢ npsaMoh 4z — 2y + 7 = 0.

HaiiTu nyiomanp 4eTHIPEXyTrOJIbHUKA, IBE BEPIIMHBI KOTOPOTO JIEXAT B

dokycax smmnca 5z% + 9y? — 180 = 0, a aBe Ipyrue COBNAAAIOT C
KOHIIAMH €ro MaJio#t ocu.

. Haiitu nyiuny nuamerpa sJuianca (Xopasl, IPOXOasinelt yepes HeHTp 3J1I-

smunca) 9z2 4 27y? = 225, nepnenIuKyJIAPHOro K ACHMITOTE THIIepOOJIbI
z? — y? = 4, npoxonamell Yepe3 NEPBYIO U TPETHIO YETBEPTH.

Bapwmanr 4

1.

Inomane Tpeyrosvuuka ABC ¢ sepumnamu A(—2;1), B(2;2), C(4;y)
paBHa 15. Haiitu opnunary sepuunst C.

. Uepe3 Touky nepeceuenns npameix 2c—y = 0 u £+3y—1 = 0 mpoBeneHa

npsMasi, TepHeHauKyJapHasa npsamoit y = 3 — z. Haittu ee ypaBHeHue.

Haner ne cmexsbie Bepuiunbl A(—2;4), B(2;2) napasuiesorpamma
ABCD n touka M(1; —1) nepeceuenus ero nuaronasieit. Haittu ypas-
HeHusa cropod BC u CD napaJsuiesiorpaMma.

OxpyxHOCTH mpoxonut yepe3 Touku M;(1;5) u My(5;3), a ueHtp ee

JIEXHUT Ha NpAMOH -‘;'15 + % = 1. Halitu ypaBHEHHNe OKDYXHOCTH.

z?
15
KOTOpo# HaxomaTcsas B oKycax, a POKycbl — B BEPUIMHAX IAHHOTO

3JIJIUIICA.

2
Han ssunc + % = 1. Halltu ypaBHeHue runepOoJibl, BEpIIHHBI

Q



nasa 5. AHAJTUTUHECKAA NTEEOMETPUA

B NMPOCTPAHCTBE
Q

§1. METOQ4 KOOPOWUHAT B NPOCTPAHCTBE
MpamoyronsbHas cuctema koopauHat. OcHoBHbIe 3agayun

ITosioxkenue 1060# TOYKM B MPOCTPAHCTBE MOXKHO OJHO3HAYHO OIpene-
JIUTH C MOMOIIBIO NPAMOYTOJIbHOA CUCTEMBI KOOPAMHAT. ITa CUCTEMA BKJIIO-
YaeT TPU B3aMMHO NEPIEHIUKYJIAPHBIE OCH, IEPECEKAIOMHUecs: B OHOM TOYKe
O — mnavaae xoopdunam. OnHy U3 ocell Ha3BIBAIOT ocvio abeyuce (och Ox),
IpyTy10 — ocvro opdunam (Oy), Tperbio — ocvio annauxam (Oz). Ha xkax ol
u3 oceit BLIOPAHBI eJuHUYHBIE 8EKMOPDL, KOTOPBIE 0O03HAYAIOT COOTBETCTBEH-
HO i, j, k. Ecoit M — npousBosibHAsA TOYKA MPOCTPAHCTBA, TO BekTop OM
Ha3bIBAETCA paduycom-eexmopom Touku M (cm. puc. 48).
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=> Koopdunamamu mowxku M B cucreme koopausHar Ozyz HA3bIBa-

J0TCAA KOOpIMHATH pamuyc-BekTopa OM. Ecou OM = (z;y;2)
(puc. 48), To xoopmuHaTHI TOUKH M 3amuceiBaioT Tak: M (z;y;2);
3II€Ch 9HCJI0 T — abcyucca, Yy — opdunama, z — anNNAUKAMAE TOYKA
M. Kaxno#t Tpoitke yuces (z;y; 2) COOTBETCTBYET OIHA U TOJIbKO
OIIHA TOYKA MPOCTPAHCTBA, U HAOGOPOT.

Paccmosnue mexcdy deyms mowkamu My (z1;y1; 21) 1 Ma(z2; y2; 22) BbI-
4YUCJIAeTCsI o popMmysie

d=/(z2 — 21)% + (y2 — 11)? + (22 — 21)2. (1.1)

Koopnunarst (z;y;2) mowxu M, deaswed e 3adannom ommoweHuu A

(/\ = ffé ) ompesox AB, (A(z1;y1;21), B(z2;y2; 22)), onpenensiorcsa no
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dopMyTam
T+ Az Y1+ Ay a1+ Az
DTS N AR ™ UL A D W
B wactHocTH, npu A = 1 (Touka M mesuT oTpe3ok AB momosiam), HOJTyda-
1oTcs GOPMyYJIbl IJIsI OTNPENe/IEHAsI KOOPOUHAT CEPENMHbI OTPE3Ka

(1.2)

T + T2 Y1 + Y2 2 + 22
=T, sz’ z:T. (13)
5.1.1.  Ha ocu Oy HaliTu TOUKY, paBHOYJAJIEHHYIO OT aAByX To4yek A(2;3;1)

u B(-1;5;-2).
Q Touka M, nexamas Ha ocu Oy, umeer koopauratst M (0;y;0).
ITo ycnoBuro 3amauu |AM| = |BM|. Haitnem paccrosinus |AM| n
|BM|, ucnonssys dopmysty (1.1):

|AM| = /(0-2)2+ (y — 3)2 + (0 - 1)? = V/y2 — by + 14;

|IBM|=+/(0+1)2+ (y—5)2+(0+2)2=+/y2— 10y +30.
ITonyuyum ypaBHEHME

Vy? —6y+14=1/y2 — 10y + 30.

Orciopa HaxomuM, yTo 4y = 16, T.e. y = 4. Vckomas TOYKa eCTb

M(0;4;0). o

5.1.2. Haittu xoopauHaThl TOYkHM Ha m1ockocTd OTy, paBHOYIAJIEHHOM
or Tpex touek: A(4;0;2), B(-1;2;4), C(1;1;-3).

5.1.3. ITokasaTs, 4TO TPeyroJibHUK C BeplumHamu B Toukax A(—3;2;4),
B(0; —2; —1), C(1;5;9) paBHOGEOpEHHBDIA.

5.1.4. Orpesok AB paspesied Ha 3 paBHble yacTu. Halitn KoopauHATHI

TOYeK AeJIeHUs, ecyiu u3BecTHbl To9ku A(—2;4;1) u B(2;—4;-3).
Q O603n3unM TOUKH HeJieHns oTpe3ka AB B ciemyomeM nopsa-
ke: C u D. Ilo ycnosuio 3anaun |AC| = |CD| = |DB|. Iloatomy

Touka C nesut oTpe3ok AB B oTHOMEHHH A = 1 ITons3ysice pop-

Mmynamu (1.2), HaxonuM KOODIMHATHI TOYKH C:2
zc=—2+§2=_g yc=4+§-—®_§
1+3 3’ 1+3 3’
1+3-(-3) 1
T+l TTW
Nmeem, C (— %; %; — %) ITo popmyaiam (1.3) HaxOOUM KOOPAMHATHI
Touku D — cepenunsl orpeska C B:
-2+2 2 1-4 4 -3-3 5
=g T3 Wiy =Ty wSTg =g
T.e. Touka D nMeeT KOOPIMHATHI (%, —%; —%) o



5.1.5.

5.1.6.

5.1.7.

5.1.8.

5.1.9.

5.1.10.
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Hana Touka A(3;—4;2). HaliTu KOOpOUHATEI TOYKHM, CHMMETPUY-
HOI maHHO! OTHOCHTEJIbHO KOOPAMHATHBIX MJIOCKOCTE, ocelt Koop-
[IMHAT, HAYaJ1a KOOPAUHAT.

Han TpeyrosbHuk ¢ BepmvHamu B Toukax A(5;2;4), B(-3;6;0),
C(3;2; —4). Haitu nqiMHy ero MenuaHbl, MPOBEIEHHON U3 BEPIIMHEI

B roukax A; (15415 21), A2(Z2; y2; 22), A3(x3;y3; 23), Aa(T4;ys; 24)
COCPEIOTOYEHBI COOTBETCTBEHHO MAacChl M, Mg, M3, My. HallTu
KOODIOMHATHI IEHTPA TAXKECTH CHCTEMbI 9THX MacC.

Q Kaxk usBecTHO u3 Kypca (U3MKH LEHTDP TSXKECTH MacC m; U
Mg, IOMEIIEHHbIX B Toukax A u B, nenut orpe3ok AB Ha wacTu,
06paTHO NMPONOPUMOHAJbLHBIE MACCaM, COCPENOTOYEHHBIM Ha KOH-
nax orpeska (A = %) Hcxons u3 sToro, HalineM cHavyasia UEHTP

wsoxect My (z';y'; 2') cucremsl aAByx Macc mj ¥ Mg, HOMEIIEHHBIX
B Toukax A1 u As:

mg
o = T1+ T2 _ Tym + Tams

mz T ?
1+ ™ mp + ma
¢ _ Y1my + yamo , = Aam + 22my
my+my mi + mg

IleHTp TsDKECTH CHCTEMBI TPEX MacC My, Mg U 73 HAXOOUM aHa-

sormuno (A = — 8 __);
my + mg

" _ ' + m1+m2x3 _ T1my + Tamg + T3ms

1+m1+m2 my + mg + m3
n _ YA + yama + y3ms o= Z1my + 22mg + 23M3
mi+me+mg my + ma +m3

HaxonuM, HakoHel, u,eHTp TSDKECTH CHCTEMBI TPEX Macc mp, Ma,
m3 U m. A= _m4
3 4 ( my + mg +mg )

"
o= T+ —‘*——m1+m2+m3 T4 T1M) + T2M2 + T3M3 + Tymy
PR /L7 S— -
1+ s m1 + ma +m3 +my

_ yimy + yamag + Y3ms3 + Y4y
my +mo +m3+my
21my + 2oma + 23M3 + 24My

z= . o

my + mo +mg + my

TTokasaTrs, 4TO TpeyrojbHUK C BepwmHamu B Toukax A(8;0;6),
B(2; —4;2), C(6; —6; —2) npaAMOYTrOIbHBIHA.

HaitTi K0OpAMHATHI HEHTPA, TFKECTH TPEYTOJIbHUKA C BEPIIMHAMEA
B Toukax A(2;5;0), B(11;3;8), C(5;1;12).

IleHTp TSDKECTH OOHOPOOHOIO CTEPXKHs HAXONUTCA B TOYKE
M (1;-1;5), onun u3 ero kounos ectb A(—2;—1;7). Haittu koop-
IUHATHI APYTOTO KOHIA CTEPXKHA.



ﬂOI'IOI'IHMTerIbeIe 3apayivm

5.1.11.

5.1.12.

5.1.13.

5.1.14.

5.1.15.

5.1.16.

5.1.17.

Haiitu xoopounaTel Touku Ha ocu Oz, ymajieHHON OT TOYKH
M(—2;—-1;4) Ha 3 equHMLEL.

Haner Bepmmunl  Tpeyrossuuka A(1;-1;3), B(—5;2;—6),
C(2;1; —2). Hailtu nyinHy GHCCEKTPUCHL €0 BHYTPEHHETO YIJ1a IPH
BepiiuHe A.

Jlexar s Ha omHoM mpsamo#t Toukm A(2;-3;1), B(0;—11;3) u
C(4;5;-1)?

B kaxux OKTaHTaX MOTYT GBITbH PACIIOJIOKEHBI TOYKH, KOOPAMHATHI
KOTOPBIX YIOBJIETBOPSAIOT ONHOMY U3 CJIEAYIONIMX YCJIOBHU:

1)z—-y=0;
2)z+2=0;
3) zy > 0;

4) zyz < 07

Haiiti nestp u pamuyc chepsl, KOTOpas NPOXOAUT 4Yepe3 TOYKY
A(4; —1; —1) u KacaeTCs BCEX TPeX KOOPIMHATHBIX IJIOCKOCTEH.
Haittu paccrosinue ot Touku A(3; —4;5) 0o Hayayia KOOPOUHAT U
OO0 oceif KOOpIMHAT.

Hanbl npe BepuHbl mnapasuiesiorpamma ABCD: A(1;1;-1),
B(—2;3;0) u Touka nepecedenus ero nuaronaneit M (4;0;3). Hait-
T KoopauHaTel Bepuwind C u D.

KoHTponsHbie Bonpock! 1 Gonee cnoxtoie 3agaqv

5.1.18.
5.1.19.
5.1.20.
5.1.21.
5.1.22,
5.1.23.

5.1.24.

5.1.25.

Haittu pamuyc cdepsl, npoxonsmeit yepes touku (0; 0; 0), (2;0;0),
(0;3;0), (0;0;6).

ITpoBeputh, uro Tpu nanusie touyku A(1l;-5;3), B(5;—1;7) u
C(6;0; 8) nexxaT Ha omHON HMpsAMOH.

Ioka3aTe, 9TO NpsMbIe, COEOUHSAIOMIAE CEPEIUHbI TPOTUBOMOJIOXK-
HBIX pebep TeTpasapa, IEPeCceKalTCsA B ONHOM TOYKe U JeJIATCs B
Hell nonoJsiaMm.

Tne pacnonoxenst Touku A(0;0; z), B(z;0;2), C(0;y;2)?

Yemy paBHO paccTosinue oT Touku A(—12;—3;4) no ocu Oz?
Pebpo kyba pasno 1. HaliTu njiuHy oTpeska, COEIUHSAIONIETO cepe-
IHHBI ABYX CKPEIMBAIOWUXCA pebep.

Iymuaa panuyc-BekTopa Touku M pasna 1. Moxer sin abcuucca
Touku M paBHsATbCA 17 27

Kak pacmosioxkeHa TOYka B IMPSMOYTOJIbHOH CHCTEME KOODOMHAT,
€CJIM OfIHA €€ KOOPIMHATA PABHA HYJIIO? [BE €6 KOOPIMHATHI PABHbI
HYJ1107?
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YpaBHeHne NOBEpXHOCTU U KPUBOA B NPOCTpaHCTBE

> Ypaenenuem noseprrocmu 6 npocmpancmee Oxyz HaA3BIBAETCH
ypaBrenue F(z;y; 2) = 0, KoTOpOMY yHOBJIETBOPAIOT KOOPOMHATHI
KaXIIOff TOYKY MOBEPXHOCTH M TOJIBKO OHH.

IToBepxHOCTH MOOICEM bB¥Mmb 300aHG YPABHEHUEM

F(z;y;2) =0, (1.4)
WM, Hanpumep, ypaBHerneM z = f(z;y) (y = ¢(z;2), T = ¥(y; 2)).
YpaBHeHUe BUIa
F(z;y) =0 (1.5)

OmpernessieT B MPOCTPAHCTBE YUAUHIPUNECKYI0 MO6ePTHOCTNL C 0OPa3yolu-
MM napaJjuiesibHbiME oc Oz M HanpasJsAomel, jexame#t B miockoctu Oy
u 331aHHOR B Helt ypaBuenueMm F(z;y) = 0. YpaBHeHue NOBEPXHOCTH COCTa-
BJISAETCA IO CXeM€ COCTaBJIEHUsI YDABHEHHUsI JIMHUHU Ha IIJIOCKOCTH.

Kpueywo (aunurw) 6 npocmpancmee MOXKHO PACCMATPUBATL KaK JINHUIO
nepecedyeHusi AByX NOBEPXHOCTEH; TOrIa OHA 33/1a€TCSA CHCTEMOM IBYX ypaB-
HeHuit

Fi(z;9;2) =0,
(1.6)
{Fz(z';y; 2)=0
Ecnu KpuBYy10 pacCMaTpUBaTh KaK TPAGKTOPHIO IBIDKEHMS TOYKH, TO OHA, 3a-
IAETCS NAPAMEMPUNECKUMU YPABHEHUAMU

z=a(t), y=yt), z=2(t), telab] (L.7)

5.1.26. Haiitu ypasuenue cdeps! paguyca R ¢ uearpom B rouke O (a; b; ¢).
(Q B npsamoyrosbHOl cucreme koopmunar Ozyz Touka Op —
1eHTp chepbl — UMeeT KOOPOMHATH a, b u c. llycts M (z;y;2) —
npou3BoJibHas To4dka chepsl. Torna O1 M = R, wm (cm. (1.1))

VE—-a)?+(@y—->02+(2-c)2=R.
OxKoOHYATEJILHO MOJIyYaeM ypaBHeHue chepsl

(z—a)?+(y—-b)2+(2—c)? =R?. [

5.1.27. Haiit KOOpOUHATHI HEHTPA U PAIUYC CHepUUECKOil MOBEPXHOCTH,
3amanHOl ypasHenuem 2 + y? + 22 — 2z + 62 — 6 = 0.

5.1.28. Kaxk pacnosoxenst Touku A(0;5;7), B(—3;4;0), C(0;0;6) orHocu-
tenbHO cepsl T2 + y% + 22 + 22 — 4y — 62 — 11 =07

5.1.29. KakyIo HoBepXHOCTb OnpeneJiseT ypasHenve T2 + y? + 4z — 10y +
+28 =07
Q VYpasuenue umeer un (1.5), onpenesiseT MUINHIPHIECKYIO [10-
BEXHOCTb C 00pa3yomumMu, napaJsuiesibHbIMA ocd Oz; HalpaBJIfAio-
melt cayxur xpubaa 2 + y? + 4z — 10y + 28 = 0, jexamas B
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5.1.30.

5.1.31.

5.1.32.

12-2361

mwiockocty Ozy. BeioesuM B jieBOM YacT 3TOro ypaBHEHHs IOJI-
Hbie KBaPaThl:

(z®+4z+4)—4+(y*>—10y+25)-25+28 = 0, (z+2)*+(y—5)2 = 1.

Hanpasayisomeh ciyXuT OKpyKHOCTb paauyca 1 ¢ HeHTPOM B TOY-
ke (—2;5) (puc. 49). Takum o6pa3oM, 3a1aHHOE yDaBHEHHE Ompe-
JeJisieT NpsAMOi KpyroBo# UJIMHID. o

Puc. 49

Kakue reomerpmyeckue o00pa3pl ONPENeAIOTCS CJICAYIOMMUMHU
yPaBHEHUSIMU:

1) y* =4

2) y? =z

3) 22 + 9% + 2% = 0;

4) 22 +yz =07

Onpenesiuth, KAKNE reoMeTpUYeCKre 00pa3bl 330aHbI ypPaBHEHUS-
MHU:

1) zyz = 0;

2) y* —2? =0;

3) 2 +y?+4=0;

4) r? +y?-22-3=0.

CoctaBuTh ypaBHEHHEe BUHTOBOM JIMHUM Paauyca a W wmara h.

(Q BUHTOBYIO JIMHMIO ONHMCHIBAET TOYKA, KOTOpPAsd PAaBHOMEPHO
BpalaeTcs BOKPYT HEMONBIDKHOM ocu (Ha puc. 50 Bokpyr ocu O2) u
PaBHOMEPHO nepeMemaercs B ee Hanpassienun. [lycts M (z;y; 2) —
NPOU3BOJIbHAS TOYKA JIuHUY, 8 Mo (z; y; 0) — ee npoexuus Ha 1Jioc-
kocth Ozy. Touka M nexut Ha obpasyommell IpsiMoro KpyroBoro
WJIMHOPA, HANPaBJIAIOMEN! KOTOPOTO CJIyXKUT OKPYKHOCTb paauy-
ca a, onuceiBaemasi Toukoit My. Obo3Hauum yros noBopora MyOzx
yepe3 t, 1.e. t = LMpOz. B cuity paBHOMEPHOCTHU OBIKEHUA TOYKH
M wmoxno 3amucars |M My| = bt. Umeem: £ = acost, y = asint,
z = |MMy| = bt. Ona Haxoxnenus xoadduuueHTa b mosoxum
B HOC/IeAHeM paBeHCTBe t = 27w, z = h (B 9TOM cCJjiy4ae TOYKa
My coBepiuT nosiHbIA 060pOT; TOUKa M OnUuIeT OAMH BUTOK, IOMI-

h
27’
177

HABWIKMCh Ha war h BunTa). CienosaresibHo, h = 2mh, b =



~4

-
-

Mo(z;y;0)

Puc. 50

YpaBHeHUAMY BHHTOBOH JIMHUK OynyT

T =acost,

y=asint, tecR ®
- h

z= o t,

5.1.33. Hailtu ypaBHeHHe NMOBEPXHOCTH, KaXOasd TOYKA KOTOpPOH# BIBOE
Gsimxe x Touke A(2;3;0), yem k Touke B(—2;0;0).

AdononHutensHobie 3apa4yn

5.1.34. Kaxkasa KpuBas onpenesisiercsi ypaBHEHUAMH

2+y2+22-62=0,
y—2=07

5.1.35. Kakue KpuBble onpenesisiioTCa ypaBHEHUAMM:
1) {x =0,
y=0;
2) Y- 3= Oa
z+2=0;
3) {w2 + 3% + 22 = 36,

T =47
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5.1.36.
5.1.37.

5.1.38.

Haiitu ypaBHeHue c¢epuyeckoit MOBEPXHOCTH C LEHTPOM B TOYKE
C(2;1; —4), npoxonsameit yepe3 Touky A(5;3;2).

HaiiTu ypaBHeHMe JTuHMH nepecedeHus niockoctu Oz u cdepsl ¢
nenTpoM B Touke O(2;2;2) u paguycoM, paBHBIM 3.

HaiiTu reomeTpmyeckoe MeCTO TOYEK, PABHOYIAJIEHHBIX OT ABYX
nauubix Touex A(1;0;0) u B(0;1;0).

KoHTponbHbie Bonpockl U Bonee cnoxubie 3apaqn

5.1.39.

5.1.40.

5.1.41.

5.1.42.

5.1.43.

5.1.44.
5.1.45.

N3 Touku M (2;6; —5) npoBeneHs! BCEBO3MOXHBIE JIy4H 10 Iepece-
4YeHus ¢ MI0CKOCThi0 Oz 2. CocTaBUTh YpaBHEHHE T€OMETPUYECKOTO
MEeCTa, CepeIiH OTPE3KOB Jiy4el oT Touku M 10 TOYKH nepecedeHust
¢ mockocteio Ozxz.

Ha#iTu reomeTpuyecKkoe MECTO TOYEK, PABHOYIAJIEHHBIX OT JaHHON
TOYKH U JAHHOU MJIOCKOCTH.

YVxasanue. TTomecTuTh HAYAIO KOOPAUHAT B CEPEOMHE MEPIIEHIHU-
KyJisipa, OMyHEHHOTO U3 TOYKM Ha MJIOCKOCTb.

BoiBecT ypaBHEHHE NOBEPXHOCTH, CyMMa KBAIPATOB PACCTOSHUN
oT Kax10# Touku KoTopo# 10 Touek F)(—a;0;0) u F>(a; 0;0) paBHa
NIOCTOAHHOMY 4MCJTy 4a?.

BoiBecT ypaBHEHHE NMOBEPXHOCTH, MOLYJIb PA3HOCTH PaCCTOSHUM
oT Kaxaoit Touku xoTopo# mo touek F(0;—5;0) u F5(0;5;0) pa-
BeH 6.

Kaxkyio nunuio onpenesnsier cucremMa ypaBHeHHN

2 2
T
=1
| arE=t
/ z=c?

Kaxyio noBepXxHOCTb onpenesiseT ypapaenue z2 + y? — 2y = 07
Jlexxar s Touku A;(0;—4;8), A2(—1;2;2) Ha noBepxHOCTH Zz =

2
:.1:2+y2—?

§2. NJIOCKOCTb B NPOCTPAHCTBE
PasnuuHblie BUALI ypaBHeHUs NNOCKOCTH

Kaxnas naockocmo B npocrpanctse Oxyz Onpenessercs JIMHeHHbIM aJl-
rebpanyecKuM ypasreruem nepeotl cmenenu ¢ mpems Heudsecmuvimu. U Ha-
060pOT: KaXx[I0€e JIMHEHHOE ypaBHEHHE NEPBOrO MOPSAKA C TPEMs HEHM3BECT-
HBIMH OIpeNeJisieT HEKOTOPYIO MJIOCKOCTh B IMIPOCTPAHCTBE.

1. Vpasnenue naocxocmu, npoxodsuet wepes mouxy Mo(zo;yo; 20) nep-
nenduxyaspro eexmopy 7t = (A4; B; C):

A(z — zo) + B(y — yo) + C(z — 20) = 0. (2.1)
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YpaBHeHue (2.1) HA3BIBAIOT TAKXKe YPasHeHUEM NYUKE (C6A3KY) naockocmed.
YpaBHeHHE Ny4Ka [JIOCKOCTEH, MPOXOAAMNX Yepe3 NpAMYI0, 0OOpa30BaHHYIO
nepecevyenneM miockocred Ajx + Byy + C1z + D; = 0 u Az + Boy +
+ Coz + Dy = 0 umeer Buz,

Az + By + Ciz+ Dy +A(A2$+B2y+02|Z+D2) =0, (22)

Ie A — YHUCJIOBO# MHOXHUTEJIb.
2. Obwee ypasHerue NAOCKOCTNU:

Az +By+Cz+D=0 (A24+ B2+ C?#0). (2.3)

Besakuit HeHysieBOM BEKTOpP, NEPNEHAMKYJIAPHBIR ODAHHOM mJIOCKOCTH, Ha-
3BIBAETCA HOPMAALHOIM GEKMOPOM ITOM MJIOCKOCTH. B 4acTHOCTH, BEKTOD
n=(A; B; C') — HOpMaJIbHBI! BEKTOD ILJIOCKOCTH, 33JaHHON ypaBHenuem (2.3)

YacTHble cityyan ypasHeHus (2.3):

Az + By + Cz =0 (D = 0) — nj10cKOCTb IPOXOOUT Yepe3 Hadyayio Koop-
[IMHAT;

Az + By+ D = 0 (C = 0) — miockocTs napajuiesibia ocu Oz (aHasio-
rUYHbIK cMbic umetoT ypaBuenus Az + Cz+ D =0, By + Cz + D = 0);

Az + By = 0 (D = C = 0) — nmiockocTh mpoxoauT 4depe3 och Oz
(Az+Cz+D =0, By+Cz+D = 0 — uepes ocb Oy u OT COOTBETCTBEHHO);

Az + D = 0 (B = C = 0) — mwiockocTh napaJsuiesbia miockoctu Oyz
(Cz+ D =0, By + D = 0 — napauesbno miockocty Ozy u Oz COOTBET-
CTBEHHO);

Az = 0, tre.z = 0 (B = C = D = 0) — miocKOCTb COBIAIAET C
miockoctbio Oyz (y = 0, 2 = 0 — ypaBHenus miockocre#t Ozz u Oy coot-
BETCTBEHHO).

3. Ypasnenue naocxocmu 6 ompesxax:

T Yy =z
—_ + = + _ = 1 24
Sty o=l (2.4)
roe a, b, ¢ — abcuucca, OpUAMHATA M ANMJIMKATA TOYEK [EPECEeYeHNs IJI0C-
KOCTbIO0 KoopauHATHBIX ocelt Oz, Oy u Oz COOTBETCTBEHHO.
4. Ypasnenue naocxkocmu, nporodawell wepe3 mpu OaHHbIE MOYKU

My(z1591521), Ma(x2;y2; 22) u M3(x3;ys; 23):

rT—Tr Y—-4% z—2
T2—2%1 Y2—y z2—z2|=0. (2.5)
T3 — 21 Y3— Y% 23— 21

Ypasuenue (2.5) 6 eexmopHoli opme umeeT BuL
(F—7F1) - (F2—71) - (F3 —71) =0, (2.6)

toe T, 71, T2, 3 — paauyc-BeKTOpHI Touek M (z;y;z), M1, My u M3 coot-
BETCTBEHHO.
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5. Hopmaavroe ypaenenue naockocmu:
zcosa+ycosfB+ zcosy—p=0, (2.7

rae p — OjimHa nepnenaukyssipa OK, olyleHHoro n3 HauyaJia KOOPOUHAT HA
JIOCKOCTb; @, 3, ¥ — yIJibl, 06pa30BaHHbIE EINHUYHLIM BEKTOPOM €, HMEIO-
nero HampasJieHue nepnenaukyssipa OK (puc. 51), ¢ ocamu Oz, Oy u Oz
(cos? a + cos? B+ cos?y = 1).

z

Puc. 51 Puc. 52

YpasBuenne (2.7) 6 aexmoproti fopme umeer BUL
r-e—p=0. (2.8)
Obwee ypaBHeHme mIOCKOCTH (2.3) NPMBOOMTCA K HOPMAJILHOMY BHIY
(2.7) myTeM yMHOXEHHA HA HOPMUPYIOUUT MHONCUMEAD
1
A== ;
+ VA2 + B2 +C?

3HaK mepeq, Ipo6bio GepeTcs IPOTHBONOJIOKHBIM 3HaKy CBOBOIHOrO YsieHa D
(B Ob6mIEM ypaBHEHHM IIJIOCKOCTH).

(2.9)

5.2.1. IlocTponTh IJIOCKOCTH, 33aHHBIE YPABHEHNAMH:
1)2y-5=0;
2)z+2-1=0;3) 3z +4y+62—-12=0.
Q 1) Ilimockoery 2y — 5 = 0 mnapasutenbHa miockocTn Oz
(cm. (2.3), yacTHble cityvam); oHa orcekaer Ha ocn QY OTDE3OK,

paBHbI} % ¥ MMeeT BHI, M300park€eHHbI HA PUCYHKe H2.

2) Ilnockocts = + 2z — 1 = 0 mapasuiesbHa ocu Oy (cm (2.3));
OHa IepecekaeT Iiockoctb Oz 2 1o npsamoit ¢ + z = 1, orcexas Ha
ocax Oz u Oz orpesku, pasubie 1 (puc. 53).
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5.2.2.

5.2.3.

5.2.4.

182

Puc. 53 Puc. 54

3) Obwee ypaBHeHue miockoctu 3z + 4y + 6z — 12 = 0 nepe-

numem B Bune (2.4): 3z + 4y + 62 = 12, T.e. % + % + % =1.9ta

IIJIOCKOCTB OTceKaeT Ha ocsax Oz, Oy, Oz oTpe3kn, paBHbie 4, 3, 2
COOTBETCTBEHHO (pHC. 54).

CocTaBuTh ypaBHEHHE IJIOCKOCTH, IIpOXOnALIel yepes:

1) Touky M(—2;3;1) napassensHo miockoct Ozy;

2) Touky M n ocs Oy.

IlocTponTh 3TH NJIOCKOCTH.

CocTaBuUTh ypaBHEHHE ILIOCKOCTH, IIPOXOAMmEN yepes:

1) touky A(5; —4;6) nepnenaukyssapuo ocu Oz;

2) TOYKy A M OTCeKalolueil paBHbIE OTPE3KM Ha INOJIOKHMTEJILHBIX
KOODIMHATHBIX IIOJIYOCHX.

ITocTponTs 3TH MIIOCKOCTH.

YpasHenune miockoctu 2z — 6y + 3z — 14 = 0 npuBecT K HOpMaJIb-
HOMY BHLY.

Q VYwmuoxmm obe 4acTH ypaBHEHHs: Ha HODMHUpPYHOIH#t MHOXH-
Tesb (2.9):

1
V(-6 43 -
Hepe,u KOPHEM B3AT 3HAK «ILIIOC», T.K. CBOOOIHbIH e C = —14
3aJ]aHHOTO ypaBHeHus orpuuaresieH. meem:

1 1 2
?(2.7:—6y+3z—14)=0~7, T.€. 7z—gy+g -2=0.
3neck p = 2, 1.e. paccrosuue ot touku 0(0;0;0) mo mockocTn

peamo % cosa = 2 cosff = 6 cosy = 3
-7 Ty =g
4 36 9
2 2 2, =2 .0 2 ).
(cos a + cos® B + cos 7_4g+49+49 1) [



5.2.5.

5.2.6.

5.2.7.

OnpenenuTh HAIPABJIAIOIIME KOCHHYCHI PAINyC-BEKTOPA, NEPIEH-
JIMKYJIIPHOTO K muiockocTu 3z — 4y + 5z — 10 = 0.

Hanucarb ypaBHeHHE NJI0CKOCTH:

1) napasutesuibHo# ocu Oz u npoxonsmeit yepes Touku M (3; —1;2)
u M>(-1;2;5);

2) npoxopsmeii depe3 TO4YKYy M) NEPIEHOMKYJIAPHO BEKTOPY
M M,.

Q 1) YpasHenne ny10cKoCTH, NapajlsiesibHo# ocu Oz, UMEET BUA
Az + By+ D = 0 (cm (2.3), yactHsie ciaydan). Tax Kak m/I0CKOCTh
NpoXoauT 4epe3 TOYKKM M; u Ms, TO KOOPAMHATHI 9TUX TOYEK yOO-
BJIETBOPSIOT YPABHEHHUIO INIOCKOCTH. IloncTaBnM mx B ypaBHEHHE
Az + By + D = 0. Ilosiy4aem OBa ypaBHEHHA

3A-B+D=0,
-A+2B+D=0

¢ Tpemsa Hen3BecTHoIMU A, B, D. Boipasnm Hen3BecTHbie K03 dn-
uueHThl A u B yepe3 D: yMHOXMB IIEpBOE YPABHEHHE Ha, 2 U CJIO-

JXWB II04JIEHHO ypaBHeHns, HaxomuM SA+3D =0, 1.e. A = —%D;
Torma B =3- (—gD) + D, e B= —%D. IloncraBnsas naitnes-

Hble 3HaueHnsi A n B B ypaBuenne Az + By + D = 0, nonyyaem
—gDz + (—%D)y + D = 0. ITocse cokpameHns Ha (—%D) ypas-
HEHMe NCKOMOH ItockocTn npuobperaer Bug 3z + 4y — 5 = 0.

2) Ucnonnsyem ypasnenme (2.3) msockoctu. Bextop MM,
umeet koopamHatel My My = (=1-3;2—(-1);5-2) nomm M1 M, =
= (—4;3; 3). Tax xax UCKOMas NJIOCKOCTb NEPIEHAMKYJIIPHA BEK-
TOpY M1 M4, OH ABJIAETCA €e HOPMAJIbIO U, CJIENOBATEJILHO, 3HAYE-
HusA napamerpos A, B, n C B (2.3) paBubt —4, 3 u 3 cooTBeTCTBEH-
HO. YpaBHEHME IJIOCKOCTH, TAKUM 00pa3oM, HMEET BHJ

-4 +3y+32z+D =0.

Touka M;(3; —1;2) no ycsioBuio 3anaun jiexut B miockocty. Cite-
JOBaTEJIbHO, HNOACTAHOBKON KOOpOMHAT TOYKM M; B ypaBHEHHe
ILJIOCKOCTH TIOJIYyYMM TOXIECTBO:

—4-34+3-(-1)+3-2+D=0.
Orcioga HaxoouM, uro D = 9. YpaBHEeHHE UCKOMOM IJIOCKOCTH:
—4r+3y+32+9=0. o

CocTaBUTh ypaBHEHHE IUIOCKOCTH, NPOXOAAIMEH dYepe3 TOYKy
My(2;3; —4) n mapasiesnbuolt Bektopam @ = (—3;2;—1) u b =
= (0;3;1).

Q Bocnosnbsyemcsa ypabuenuem (2.1) miockoctu. Vmeem

Alz-2)+B(y—-3)+C(z+4)=0.
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5.2.8.

5.2.9.

5.2.10.

184

Haitnem A, B u C. Tak Kax ILIOCKOCTb NapaJijieibHa BEKTOPaM

a u b, To B xauecTBe ee HOpMasbHOrO BekTOpa 7 = (4;B;C)
MOXHO B3ATb BEKTOp 7 = @ X b. Haxonum BexTOp 7 mo dopmy-
i 7 Ok
neaxb=\|a; ay a,
b by b,
iioR
n=|-3 2 -1{=20—-9+3i+3j =5t+3j — 9;
0 3 1
3Hauut, A = 5, B = 3, C = —-9. lickoMoe ypaBHEHHME IIJIOCKOCTH

ectb 5(z—2)+3(y—3)—-9(2+4) =0, 1.e. 52+ 3y — 92— 55 =0.

3amevarue. IlpuBemem BTOpOe pemenuwe 3agayn. Ilyctb
M (z; y; ) — npomnsBosibHAsI TOUKA KCKOMO# m1ockocTH. COCTaBMM
BexTop MoM = (z —2;y — 3; 2+ 4). Tak kak pekTopet MoM,@u b
KOMILJIAaHAapHbI, TO UX CMEIIaAHHOE ITPON3BEOEHNE PABHO HYJIIO, T. €.

z—2 y—-3 z+4
-3 2 -1{=0.
0 3 1

PackpbiBas onpenesuresib, nojiydaeM 5z +3y — 92 —55=0. @
Hanncars ypaBHEHHME NJIOCKOCTH, IIPOXOOAIIEH dYepe3 TOYKH
M;(2;0; -1), Ms(—3;1; 3) napasutensro Bextopy § = (1;2; —1).
Hanucarb ypaBHeHHE ILIOCKOCTH, NPOXONSAIEH dYepes TOYKY
M (1; —1;0), napamtensro BekTopaMm @ = (0;2;3) u b = (—1;4;2).
Hanucars ypaBHeHHe IJIOCKOCTH, IPOXOAALIEH Yepe3 TpH 3aJaH-
Hele Touku M;(1;0; —1), M2(2;2;3), M3(0; —3;1).

(Q Tpu Toukwm, He JIEXAIIME HA ONHOM IPAMOM, ONIPeNeJIAIOT B IIPO-
CTPaAHCTBE €IMHCTBEHHYIO IJIOCKOCTh. Ee ypaBHeHue GyneM HCKATh
B Buge (2.3). Tak xak Touku M;, M, n M3 nexar B ogHo#t mitoc-
KocTH, BeKTOpbl M1 M, u My M5 Taxxe jtexar B Helt (cm. puc. 55)

n

Puc. 55

BekTopHoe npousBenenue BekTopoB My M, u M; M3 nepnen-
IUKYJIAPHO IVIOCKOCTH ¢, B KOTOpo# oHmM Jexar. CienoBaresib-
HO, B Ka4eCTBe HOPMAaJIA 7I K IJIOCKOCTH & MOXHO B3AITb BEKTOD



5.2.11.

5.2.12.

T = MM, x M;M3. HaxoguM xoopamHaTel BeKTOpoB MM,
MiMj; un:
MiM;=(2-12-03-(-1) =(1;2;4);
MiM3=(0-1-3-0;1-(-1)) =(-1;-3;2);

i J k
n=MMyxMiM3z=|1 2 4|=
-1 -3 2

i(4—(-3)-4)—j1-2-(-1)-9)+k(1-(-3)-2-(-1) =
16 — 65 — k; @ = (16;—6;—1).

Taxum o6pasom, napamerpsl A, B n C niockocTH, 3a1aHHOR ypaB-
HenueM (2.3) paBHbl 16, —6 u —1 COOTBETCTBEHHO. Y paBHEHHE HUC-
KOMO# IIJTOCKOCTH, CJIENOBATEILHO, MIMEET BHL

16z -6y —2+D =0.

Touka M;(1;0;—1) no ycsoBuwo jsexur B miockoctu. Crienosa-
TEJIbHO, TIOAICTAHOBKA KOOPAMHAT TOYKH M) B ypaBHEHME ILJIOCKO-
cti o6paTuT ero B ToXaecTso. Vimeem:

16-1-6-0—(-1)+ D =0.

Orkyna HaxomuM, 4yTo D = —17. YpaBHEHME IJIOCKOCTH, IIPOXO/Isi-
melt yepes 3ananubie Touku My, M2 n M3, nmeer Bug 16z —6y—z —
-17=0.

3amewarue. [IpuBeneHHoe pemeHre 3a0a4M N0 CYTH ABJIAETCA
oGocroBanmneM ¢opmyJisi (2.5). o
CocraBuTh ypaBHEHHE ILJIOCKOCTH, IPOXONAIEH dYepe3 TOYKH
M1(-2;0;0), M2(0;4;0), M3(0;0;5).

CocTaBuThb ypaBHEHHE IIJIOCKOCTH, IIPOXOAIEH depe3 TOYKY
M (1; —2; 3) n siuHMO nEepeceyeHns mIoCKocTed 2 —y+22—6 =0
ndz+2y—2+3=0.

(Q Jlunus nepecedenns niockocrelt — npamas. Buibepem Ha Heit
[IB€ TIPOM3BOJIbHbIE (HECOBNAIAIOMIME) TOYKHM M CBEOEM 33034y K
npenbioyniel — onpenesieHre ypaBHEHNS IJIOCKOCTH, IPOXOHsALIeH
4yepe3 TPH 33JaHHBIE TOYKH.

Koopaonnats! Touek npsimott, 3aJaHHOH NEpPECEeYEHNEM IIJIOCKO-
ctn 2z —y+2z2—-6=0mu 3z +2y — 2+ 3 = 0, — 370 pemenus
CHCTEMBI

2z —y+22-6=0,

{3m+2y—z+3=0.
BuibpaTh nBa peleHHsi 3TOH CHCTEMbI MOXHO Pa3J/IMYHBIMHU CIIO-
cobamu. IlocTynum Tax: NpUCBOMM OTHOH M3 NEpEeMEHHBIX bUKCH-
pPOBaHHOE 3Ha4YeHne (YTO-HUOYAb IIPOCTOE, HANPMMED, PABHOE HY-
JII0 WM €IUHHUIIE), & 3HAYEHNs OCTAJIbHBIX IIEPEMEHHBIX HaliieM n3
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5.2.13.

5.2.14.

obpasyromeiica cucremsl. IlycTs, Hanpumep, £ = 0. Torma cucrema
ypaBHeHHl npuMeT BUI

-y +2z=6,
2y —z = -3,

pemenne kotopo#t y = 0, z = 3. Utak, ogHa Touka HaineHa. O6o-
3HauyuM ee M,. Koopaunats! atoit Touku M»(0;0; 3).

J1s HaX0XIEHNA BTOPOH TOYKM MOCTYNHMM aHAJIOTHYHBIM 00-
pasom. Ilycts Teneps ¢ = 3 (noncraska z = 0 npuBOAMT K OpOG-
HBIM DELIEHHsIM, 4TO CJIErKa yCJIOXKHSAET apudMETHYECKHEe Mpole-
nypsl). McxonHas cucrema ypaBHEHHU IPUMET BHIL

6-y+22-6=0,
9+2y—2+3=0,

pelieHne Kotopoit y = —8; z = —4. HaiineHa BTopas TO4Yka Ha
npsimvolt (0603HaunM ee M3), KOOpAMHATHL KOTOpO# M3(3; —8; —4).
Teneps ects Tpu Toukn Mi(1;—2;3), M2(0;0;3) u M3(3; —8; —4),
onpenesiAionue B IPOCTPAHCTBE IVIOCKOCTh. Ee ypaBHeHue Haxo-
IUTCs CIocoBOM, MOKa3aHHBIM B PEIIEHNH 330a4H 5.2.7. Y paBHeHue
uckomolt mitockoctu: 14z + 7y — 22 + 6 = 0. [
HaitTu ypaBHEeHNE m10cKOCTH, npoxoasielt yepes Trouky M (1;1;1)
NEPIEHOVKYJIADHO K JIMHMM II€peCeYeHUusd IOBYX IJIOCKOCTei
z—-y+22-3=0u2cx-2+4=0.

HaiiTu ypaBHEHNE IJIOCKOCTH, IPOXONAIIEH Yepe3 JIMHUIO mepece-
4yeHns1 AByX Mmiockocted £ —2y+32—4=0uzc+y—-52+9=0
¥ napaJuiesibHoO# ocu Oz.

ﬂOHORHMTeﬂbeIe 3agayiv

5.2.15.

5.2.16.

5.2.17.

5.2.18.

5.2.19.
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Haifitu 06beM nupaMuabl, OrpaHUYEHHOR NJIOCKOCTBIO T+ 3y — 52 —
— 15 = 0 1 KOOPANHATHBIMHU NJIOCKOCTAMH.

Hafitn njuHy nepneHOuKyJispa, OMyIEHHOTO M3 HAYaJia KOOPOM-
HaT Ha miockocThb 20z — 5y + 4z — 210 = 0 u yros, o6pa3oBaHHbI}
3THUM NEPIEHAMKYJISIPOM C ocbio Oz.

Ha#itu nytockocts, 3Has1, uro Touka M (2; —4;4) cayxuT oCHOBa-
HHMEM IIE€PIIEHIUKYJIADPA, ONYMIEHHOIO U3 Ha4yaJla KOOPAWHAT HA 3TY
IJIOCKOCTb.

Haiitn reomeTrpuueckoe MeCTO TOYEK, PABHOYAAJIEHHBIX OT TOYEK
M1(2;1; -2) u M3(-2;3;4).

Haiitn ypaBHeHHe NJIOCKOCTH, OTCEKAIOIEH HA OTPHUUATE/IHLHOR

nostyocn Oy OTPE30OK, PaBHBIH 4, M NEPIEHIUKYJIIPHOK BEKTOPY
1= (3;-2;4).



5.2.20.

5.2.21.

5.2.22,

5.2.23.

5.2.24.

5.2.25.

5.2.26.

5.2.27.

CocTaBUTb ypaBHEHHE ILJIOCKOCTH, NpPOXOOAUIEdl 4Yepe3 TOYKH
Mi1(4;2;3) u M»(2;0;1) ¥ nepneHOUKYJIAPHOM K IIJIOCKOCTH
z+2y+324+4=0.

CocTaBUTh ypaBHEHHE IUIOCKOCTH, MPOXONSLIEH dYepe3 TOUKY
M (1;0; 3) n nepnieHAUKYIAPHON K TUIOCKOCTAM £+ Y +2—8=0n
2r —y+4z+5=0.

CocTaBuTb ypaBHEHHE IUIOCKOCTH, NpPOXOAAWIEH dYepe3 TOYKH
M;(1;2;3) u M2(—2; —3;4) u nepecekatomett ocu Oz u Oz B TOUKax
C PaBHBIMM M TIOJIOXUTEIbHBIMA KOOPANHATAMH.

HaiiTn paccrosiHue OT Ha4aJia KOOPAMHAT OO IJIOCKOCTH, KOTOpAas
nepecekaer ocu Oz, Oy, Oz B TOYKax C KOOpAMHATaMu @ = —6,
b=3,c=3.

HaifiTu ypaBHEHNe IJIOCKOCTH, IPOXOoAAie# yepe3 OCHOBAHHSA NEp-
NEHAMKYJISIPOB, OMYMIEHHBIX U3 TOuku M (2;2;2) Ha KOOpAMHATHbIE
ILJIOCKOCTH.

CocTaBuTh ypaBHEHHE IJIOCKOCTH, MpOXOonsmielf dYepes TOUKY
M (2;—2;5) u orcekawomeit Ha ocsix Oz u Oy BTpOE GosbLINE OT-
pe3ku, uem Ha ocu Oz.

CocTaBUTh ypaBHEHME IJIOCKOCTH, MpoXonsAmelt yepes Touky M;
NepHeHauKy/IapHO BeKTOpy MiM,; = i — j — 3k, 3Hasa TOuKy
M>(2; -8; -1).

Haittnn Touky nepeceveHus CjeqyOUUX NJI0CKOCTEH:
1)z-3y+22-11=0,z-2y+2-7=0,2z+y—2+4+2=0;
2)3x+y+2—-5=0,z—4y—224+3=0,3z-12y—62+7=0.

KoHTponsHuie Bonpocsl n 6onee crnoxtHoie 3aga4u

5.2.28.

5.2.29.

5.2.30.

5.2.31.

Hoka3arb, 4TO ypaBHEHHE IJIOCKOCTH, IPOXOIsAilel depes TOYKY
Mo (zo;y0; 20) mapasniesbHO ABYyM BeKTOpaM a = (mi;ni;p1)
u b = (mg;n2;p2), MOXeT OHITH IPEACTABJIEHHBIM B BUAE

T—Z0 Y—Y z2—20
my ni Y4 =0.
ma n2 D2

CocraBuTh ypaBHEHME IUIOCKOCTH, NDOBEIEHHOH Yepe3 TO4KYy
Mo (zo; Yo; 20) mapaJLyIesIbHO BEKTOPY @ = (Ag; Qy; A;) ¥ MEPIEHAN-
KyssapHo miockocte Az + By +Cz+ D = 0.

CocTaBuTb ypaBHEHME IIJIOCKOCTH, IPOXOAANIEH Yepe3 HAYAJIO KO-
opamHat, Touky Mp(—1;2;1) m TOuKy mnepeceyeHus: MIIOCKOCTEl
2z —4y+52=21,z-32+18=0,6c+y+2—-30=0.
ITnockoctuz =0,y =0, 2 = 0 u 3z+y—22—18 = 0 o6pasyioT Tpe-
yrosbayio nupamuny. Halitin 06beM kyba, BIMCAHHOTO B TIUPAMULY
TaK, YTO TPH €r0 IPaHM JIEXAT Ha KOOPOMUHATHBIX IJIOCKOCTSIX, OLHA
U3 €ro BEpIIMH — Ha nocisienHnedt niockocru (3z +y — 22 — 18 = 0).
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5.2.32. Haiiti TOuKy, CHMMETPHYHYIO HA4aJly KOOPOMHAT OTHOCHTEJIbHO
miockocty 10z + 2y — 112 + 450 = 0.

5.2.33. Yemy paBHa IJIOWIAOb TPEYTOJbHMKA, OTCEYEHHOIO MJIOCKOCThIO
2z — 9y + 6z — 12 = 0 ot xoopaunarHoro yriia Ozz?

5.2.34. KaxkoBo ypaBHEHHE IIIOCKOCTH, mpoxonsamel yepes Touky (1;2;3)
NepIeHIVKYJIAPHO BeKTOpY @ = (3;2;1)?

5.2.35. Kaxoe u3 caenyomux ypaBHeHHH MJIOCKOCTH SIBJIAETCSH HOPMaJlb-

HbIM 1) %z—%z—6=0; 2)z+y—2=0;3)y+1=0;4)z—1=0;

5) 3o+ 8y-2:42=0

5.2.36. IIpoxomut yit nutockocth 2z — 4y + 2 — 3 = 0 yepe3s omHy U3 cite-
oywomux Touek: A(2;1;3), B(0;2;10), C(—3;-3;-3)7

5.2.37. Haiitn TOuKM nepeceveHns MIIOCKOCTH T + 2y — 32+ 6 = 0 ¢ ocamu
KOODIMHAT.

Yron mexpay ABYMA NNOCKOCTAMU, YCNOBUA NapannienbHOCTU
M NepneHpuKYNApHOCTU ABYX NNOCKOCTel; paccTosHue oT
AAHHOW TOYKM A0 AAHHONA NNOCKOCTU

VYryioM Mexay MJIOCKOCTSIMM B IPOCTPAHCTBE HA3BLIBAETCSA YIOJI MEXIY
HOPMAaJIbHBIMM BEKTOpaMM 3THX Iuiockocreil. Ecam npe miockoctu Q1 n Q2
sananbl ypaBHeHuaMu A1z + B1y+Ci1z+ D1 = 0u Ayx+ Boy+Coz+ Dy = 0,
TO BEJIMYMHA YIJIa (0 MEXY HUMHU BBIYUCJIAETCA 1O (hopmyie

AiA; + B1By + C1Cs
VA2 + B+ CF\[43+ B} + C

cosp = (2.10)

BesinunHa Haumenbwez0 U3 ABYX CMEXHBIX YIVIOB, OGDa3sOBAHHBIX STHMHI
IJIOCKOCTSIMH, HaX0OuTCs 1o opmyuie:

A1As + B1By + C1C,

cosp = (2.11)
VA2 +B2+C\[43+ B} + 2
Yenosue napassesvrocmu deyr naockocmett Q1 n Q2 UMeer BUA,
Al Bl Cl
a_ A 2.12
LB -G (2.12)
ycao6ue nepneriuKyaIpHOCmU
A1As + BB, +C1C3 =0, (213)
NAOCKOCTU cO6Nadarom, KOraa
A B D
1 1 _ 1 1 (2.14)

4 B, C Dy
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Paccmosnue d om mowxu My(zo;yo; 20) do naockocmu Az+ By+Cz+D = 0
HaxoaurTcsa no ¢popmyJie

d= |A:L‘0 + Byo + C20 + D)|
VAZ+Br+C?

EcJiM IJIOCKOCTDb 33[1aHa, ypaBHEHHEM T cOsa + ycos 8 + zcosy —p = 0, TO
paccTosinne oT Touku Mo (Zo; Yo; 20) AO MJIOCKOCTH MOXKeT ObITh HalleHO 1o

dopmye

(2.15)

d = |zgcosa + yocosB + zpcosy —p]|. (2.16)

5.2.38. CocraBuTh ypaBHEHME IIJIOCKOCTH, NPOXONsie#l duepe3 TOUKY
M(1; —3; —2) napassenbHo miockocTe 3z — 2y + 4z — 3 = 0.
(Q Umewm ypapnenne miockoctu B uge Az + By +Cz+ D =0
(370 BHL 2.3). [IBE napaJsiyiesIbHbIE IJTOCKOCTH UMEIOT 00LLyI0 HOP-
MaJib. KoopauHaTsl HOpMaud 3amaHHOR ItockocTH 7t = (3; —2;4).
CnemoBaTesibHO, ypaBHEHME HKCKOMOH IJIOCKOCTH HMEET BHI
3z —2y+42+ D =0.
Touka M (1; —3; —2) 10 yCJIOBHIO JIEXXHUT B HICKOMO# IIJIOCKOCTH.
CisienoBaTesibHO, IOACTAHOBKOM KoopauHaT M B ypaBHEHHE IJIOC-
KOCTH IOJIyYMM TOxIecTBO: 3-(1) —2-(-3)+4-(-2)+ D = 0.
Orcoma HaxomuMm, uto D = —1. YpaBHeHre MCKOMO# IIJIOCKOCTH
nmeet Bug 3z — 2y +4z2—1=0. [
5.2.39. CocraBuTh ypaBHEHME IJIOCKOCTH, IPOXOIsieft uepe3 TOUKY
M (-4; -3; —2), napayienpHo miockocTy T + 2y — 3z — 6 = 0.
5.2.40. CocraBuTh ypaBHEHHE IJIOCKOCTH, MpPOXOofime#l uepe3 TOUKY
M (0; —3; 2) napaJiie/IbHO IJIOCKOCTH, IPOXOAAIIEH Yepe3 TpU TOY-
ku M;(0; —2; —1), M>(1;-3;4), Ms5(1;1;-1).
5.2.41. HaiiTn BeJIMUMHY OCTPOrO yIJIa MEXIY IJIOCKOCTSAMM:
1) 11z -8y —72-15=0undzc - 10y + 2 -2 =0;
2)2x+3y—42+4=0ndz—-2y+2-3=0.
Q 1) Bocnosbzopasmmucs dhopmyJiolt (2.11), nomydaem

[11-4-8-(-10)-7-1
V121 +64+49-v/16+100+1

. ur . vmr V2
V234117 V2-v1r 27
™

80=Z-

cosp =

2) MoXHO 3aMETHTb, YTO BBINOJIHAETCA ycioBue (2.13) mep-
NEeHANKYJIAPHOCTH IUIocKoCTel, T.X. 2-5+3-(—2) —4-1 = 0. Cue-
IOBATEJILHO, IIJIOCKOCTH B3aMMHO NEPIEHOUKYJIAPHBL; ( = % [
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5.2.42.

5.2.43.

5.2.44.

5.2.45.

5.2.46.

5.2.47.

190

Haiitn BesimurHy OCTPOro yrjia MEXAy ILJIOCKOCTSIMU:
1)z+y—-22+5=0u2zc+3y+2-2=0;
2)2z-2y+2=0u2=0.
Hanncare ypaBHeHHMEe mNJIOCKOCTH, IApaJIIeJIbHOM IJIOCKOCTH
T — 2y + 22+ 5 = 0 u ynanenso#t or Touku M (3;4; —2) na paccro-
sAxue d = 5.
(Q YpaBHenme MCKOMO# IJIOCKOCTH MIeM B BHAe T — 2y + 22 +
+ D = 0. Haitnem 3nauenpe D. Tak xak Touka M ymajieHa OT
HCKOMOH IIJIOCKOCTH Ha paccrosinne d = 5, 1o 1o dopmyute (2.15)
3alnuCbhiBa€M
[3—-2-4+2-(-2)+ D| |D —9|
WA 5= ——,
Vi+d+4 3

Te. 15 = £(D - 9), orkyna D = 24 n D = —6. Yciosuwo 3a-
a4 YIOBJIETBOPAIOT ABE IJIOCKOCTH T — 2y + 22+ 24 = 0 u
T—2y+2:-6=0. o
Haiitu paccrosinne Mexay NapasijieJIbHbIMM ILTOCKOCTSMM:
1)z+y—2-2=0u2zx+2y—2z+5=0;
2)2r—-3y+62—-14=0n2zx—-3y+62+42=0.

Hatitu paccrosuue ot Touku Mp(5;4; —1) 10 mirockocTH, mpoxomns-
meit yepes Toukn M (0;4;0), M2(0;4;—3), M3(3;0;3).

CocraBuTh ypaBHEHME IJIOCKOCTH, NPOXOAAmEd 4Yepe3 TOUYKH
Mi1(-1;3;0) m M;(2;4;—1), nepHnEHOUKYJIIPHO IJIOCKOCTH
z—2y+32—-10=0.

(Q Wmem ypapnenme miaockoctu B Bume Az+By+Cz+D =0.
Toukn M; n My nexar B HCKOMOM IJIOCKOCTH, CJIEOOBATEJIBLHO,
BekTop MM, takxe jexur B Hel. Ero koopounare:: My M, =
=(2-(-1);4-3;,-1-0) =(3;1;-1).

Tax xax 3amaHHAsi ¥ NCKOMAsl IJIOCKOCTH MEPIEHAMKYJISPHEL,
BEKTOP-HOPMAaJIb 33IJaHHOH IIJIOCKOCTH JIEXHUT B HICKOMOI. Koopau-
HaTbl BEKTOPa-HOpPMaJIM 3aJaHHol miockoctu: 7 = (1; —2;3).

Hopmaub 7I; K MCKOMOH IJIOCKOCTH HAXOAMM KakK BEKTOPHOE
[POU3BENEHHUE JIEXKAIUX B HEll HEKOJUIMHEADHBIX BEKTOPOB:

5=

i ]k _
m=MMxn={3 1 -1=i3-2)-j09+1)+k(-6-1);
1 -2 3

71 = (1;—10; —7). YpaBHeHHe HCKOMOH IJIOCKOCTH HMEET BHI
z— 10y — 72 + D = 0. IloncraBisis KOOpPAMHATHI TOYKM M; =
= (-1;3;0) (nm M), nexamelt B IJIOCKOCTH, B 3TO ypaBHEHHE,
HaxomuM, yTo D = 31. YpaBHeHue UCKOMOM IJIOCKOCTH MMEET BUJ,
z—-10y—72+31=0. o
CocTaBNTh ypaBHEHME IJIOCKOCTH, NPOXONAmEH dYepe3 HaAYaJIo
KOOpOMHAT M TOYKy M (2;1;—1) nepneHAMKYJISPHO IJIOCKOCTH
2z —32=0.



[ononuutensHoie 3apaqn

5.2.48.

5.2.49.

5.2.50.

5.2.51.

5.2.52.

5.2.53.

5.2.54.

5.2.55.

5.2.56.

5.2.57.

YcraHOBUTD, KaKye U3 CJIEAYIOUMX Hap MIJIOCKOCTeH SIBJIAIOTCS Na-
PaJuIeJIbHBIMU, KaK¥e — IepIeHIUKYJITPHbIMHU:
1)3z+4y—2+8=0ubzx+8y—22—-3=0;
2)3z—-6y+32-12=0u—-z+2y—2+4=0;
3)r+2y—52+1=0u2r+4y+22—-7=0.

CocTaBuThb ypaBHEHHE IIJIOCKOCTH, HpOXoAsiled uepe3 TOYKY
M(4;0;2) u nmepneHOMKYJISPHOR IJIOCKOCTAM T + Yy + 2z = 0 u
y—z=0.

Haiitu xoopaunaTsl Touku Ha ocu Oy, PaBHOYJAJIEHHOU OT ABYX
mwiockoctel t + 2y —22+6=0u2x+y+22—-9=0.

Iana nupamuna c sepmunamu A(2;2 — 3), B(3;1;1), C(-1;0; -5),
D(4;—2;—3). Haiitu gyiuHy BBICOTHI, OIyIIEHHOR U3 BepmuHbl D
Ha rpaub ABC.

CocTaBuTh ypaBHEHUE NJIOCKOCTH, PACIOJIOKEHHO! HA PACCTOAHUA
YeThIPeX eqUHMII OT MJIOCKOCTH 3T — 6y — 22+ 8 = 0 u mapasiiesbHO
ei.

Jloka3aTh, 4TO napaJiiesienuien, rpaHi KOTOPOro JIEXAT B MJIOCKO-
crax 8x—4y+5z—7=0,3r+y—4z+13 =0, 112 +47y+202+2 = 0,
SIBJISIETCS IPSIMOYTOJIbHBIM.

Haiitu o6beM kKyba, OBe rpaHd KOTOPOTO JIEXKAT HA IJIOCKOCTSAX
132+ 5y +v22—5=0u 13z + 5y + V22 + 23 = 0.

IaHbl ypaBHeHWsi Tpex rpaHeit mnapasulesienunena z + 4 = 0,
y+22—5=0,z—3y+4z—12 = 0 u onHa u3 ero BepuuH (4; —3; 2).
Halitu ypaBHeHus Tpex Ipyrux rpaHeil napaJsuiesienunena.
CocTaBuTh ypaBHEHNE IIJIOCKOCTH, IPOXOLsLIEH Yepe3 JIMHUIO Ie-
pecevenus miockoctet 2 —y — 122 -3 =0udz+y—72—-2=0
TIepIEeHaUKYJIAPHO myiockocTyu 4 — 2y + 25 = 0.

Onpenenuth ypaBHEHHE IIJIOCKOCTH, mpoxopsueh yepes ocb Oy u
COCTaBJISIIOIIEH C MJIOCKOCTBIO T + \/f_iy —2z—3 =0 yrosa 60°.

KontponbHbie Bonpocst u 6onee cnoxxelie sagaum

5.2.58.

5.2.59.

5.2.60.

CocTaBuTb ypaBHEHHsI IIJIOCKOCTEH, HesIsmux IONOJiaM ABYTPaH-
Hble YIJibl, 0O6pa3oBaHHbIe IJIOCKOCTAMHU 2 — 2y + 2+ 5 = 0 n
r+2y—22—-3=0.

Hanucars ypaBHeHUe IIJIOCKOCTH, PACIIOJIOXKEHHON Ha PaBHOM pac-
CTOSIHMM OT IOBYX AAHHBIX NapaJuIeJIbHBIX IJIockocTel 4x — 3y +
+2-2=0udr-3y+2+8=0.

Hanucars ypaBHEHHe MJIOCKOCTH, NPOXOOAIIEH dyepe3 HBe TOYKHU
M;(0;0;2) u M5(0;1;0) u obpasyromeit yron 45° ¢ MJIOCKOCTbIO
Oy=.
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5.2.61. CocraBuTh ypaBHeHHUEe IJIOCKOCTH, MPOXOASIMEH yepes JIMHUIO Tie-
pecedenuns niockoctel Ajx + Biy+ Ciz+ Dy = 0u Asx + Boy +
+ C2z + Dy = 0 u Ha4aJI0 KOOPIAUHAT.

5.2.62. Haiitu ypaBHeHHNe MJIOCKOCTH, NapaJsuiesibHOR ocu Oy u mpoxons-
el yepes Touku M (ay;bi;c1) u Ma(az;be;ca).

5.2.63. Ilpm kakux 3Ha4yeHUsXx a ¥ [ ypaBHEHWs OydyT ONpENeJsATh Ha-
paJuIeJibHbIE IIJIOCKOCTH:
1)2z+ay+32—-8=0upBr—6y—62+4=0;
2)ar+2y—32+11=0u3x—-5y—pBz—-2=07

5.2.64. OrmnpenenuTh, OIpY KaKUX 3HAYEHHUSX Y CJEOYIOIIUE Mapbl YpaBHe-
Huit 6yoyT onpenessaTs NEPNEHIUKYJIIPHbIE IIJIOCKOCTH:
1)4z—-Ty+22—-3=0u -3z+2y+vz2+5=0;
2)z—yy+2=0u2zx+3y+vyz—12=0.

5.2.65. Ilepecekarorcsa ymm myockocty 2z —y + 2z — 140 = 0, z — z = 0,
r+5y—22+1=07

§3. NPAMAA B NPOCTPAHCTBE
Pasnu4nbie BuAbl ypaBHeHUA NPAMOA B NPOCTpaHCTBE

1. Kanonuuecxue ypaenenus npamot, Ipoxonsiel yepes JaHHYIO TOUKY
(o0, Yo, 20) MAPAILIENILHO BEKTOPY @ = (M, N, p), UMEIOT BUL,
T—%o _Y—Y _ 22— 20
m n P

; (3.1)

Bcesikuit HeHyJ1eBO# BEKTOD, apaJlIeibHbI] JaHHOM NPsAMON, Ha3bIBAETCA Ha-
NPABAAOUUM 6eKTOPOM 3ot npamoti. B yacTHOCTH, BekTOp @ = (M, N, p) —
HanpasJsAOmuil a1 npsaMol, 3ananHoi ypaBHenusimu (3.1). OGpaiieHue B
HyJIb OJHOTO U3 3HaMeHaTesiel ypaBHeHus (3.1) o3HavyaeT obpamieHue B HyJib
COOTBETCTBYIOIIETO YUCTUTEIA.

2. Ilapamempuuecrue ypasrenus npamot:

T =z +mt,
z = zp + pt,

rae t — nepeMenHbl# mapamerp, t € R. B sexmoproti gopme ypasuenue (3.2)
UMeeT BUI
T = To + 8t, (3.3)
rae 7o = (Zo;Yo; 20), 3 = (M;n; p).
3. Vpaenenue npamoti, npoxodawed wepes dee mowku Mi(r1;y1;21) ©
M3 (z2;y2; 22), THE Ty # T2, Y1 # Y2, 21 # 22, UMEET BUI
T—T1 _ Y—un !

= . (3.4)
T2 —T1 Y2— 22— 2
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4. Obwee ypasnerue npamots:

(3.5)

A1z+Bly+Clz+D1 =0,
Asx + Boy +C22+ Dy =0

(k09 uLKeHTs! NPY epeMeHHBIX He NMponopuyoHasbHbl). Hampasnsompuit
pekTOp npsamo#t (3.5) Haxomurcs o ¢opmysie

i ] k
S=11 X 7o WIn s=1A4, B, (i}, (36)
Ay By (O,
e 5= B, G|, A1 G| |[A1 B
“\|By C,|’ Ay Cs|’|A2 Bsl) '

5.3.1. Obwiee ypaBHeHUEe IpsIMOU

r+2y—32+2=0,
2z -2y+2-5=0

peo6pa30BaTh K KAHOHNYECKOMY BHUIY U ONPENEJINTH BEJTMYMHBI
YIJIOB, 0Opa30BaHHbIE 3TOM MPSIMON C KOOPIUHATHHIMU OCSIMH.

Q lna pemrenus »To#t 3amaym HANO 3HATH KAKYIO-JIMOO TOUKY
npsAMo#i U ee HampaJiAmuil BekTop 5. BoibepeM TOYKy Ha mps-
Mo# ciienyromuM oOpa3oM: MOJIOKKM, HanpuMep, z = 0; Toraa nJis
onpenesieHUs1 abCUUCCHl £ W OPOWHATHI Y y 9TOR TOYKYM IOJIYy4HM
CUCTeMY ypaBHeHHuit

z+2y+2=0,
2r —2y—-5=0,
#3 KoTopo# HaxomuMm = = 1, y = ~%. Nrak, Ha npsiMolt m3BecTHA

TOYKa (1; —%;O). Hanpasnsaomuih BeKTOp npsiMoit HaxomuM IO

dopmye (3.6):
P 2

(|2 -3 (g
s—(‘_z 1 9 _2‘) T.e. §=(-4;-7;,-6).

Torna, corsiacuo dopmyse (3.1),

)

1 -3
121

r—1 y+% z—0 r—1 y-l-% z
= = UJIn = = —
-4 -7 -6 4 7 6

— KCKOMOEe ypaBHEHHe IPSIMOM.
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5.3.2.

5.3.3.

5.3.4.
5.3.5.

194

3amevwanue. KaHoHnueckoe ypaBHeHUe NPAMOA MOXKHO MOJIy-)
9KThb, 3HAA JBE TOYKM 3TOi mpamoli. B kayecTBe KoopouHAT 3THX !
TOYEK MOXKHO B34ITh [IBa JIIOOBIX pEIleHHUsI JAHHOR CHCTEMbI ypaB-'

Henun#. Hanpumep, (g;—%;l) u (0;—-14—3;—%). Torna uckomoe

ypaBHEHHe HailimeM, ucnosib3ysi popmydisl (3.4):

z—%_ y+3 _z—1
R
T.e
T-3 _yt+z_z-1 Imﬂ:z:—§=y+§=z—1
_% _% _g’ 4 7 6

Hanpassienne npsimoii 3amaer Bektop § = (4;7;6). On obpa3sy-
er ¢ koopauHatHeiME ocsimu Oz, Oy, Oz yrisl a, § u 7 — COOT-
BercTBeHHO. Haxonum 3Ty yriibl 1o n3BeCTHBIM (bOpMyJiaM

cosa = = cosﬂ—a—” cos'y—gz—
lal ’ lal ’ lal -
IMonyuaem
4 7
cosq = —————, c0sf} = ————,
V42 + 72 + 62 V42 + 72 + 62
6
oSy = ——————x
V4% + 7% + 62
4 7 6
wm cosa=—, Cosf=—, COSY=——=.

Vviol’ V101

3aMeTHM, 1,151 KOHTPOJIsA, 9TO PABEHCTBO Cos? a+cos® f+cos? v = 1
BBINOJTHAETCA. o
Haittu Hanpasinsomuit BeKTOp npsAMoi

T =2,
z =4.

IIpuBecTy K KAHOHUYECKOMY BULY MPAMYIO

T+2y+4z—-8=0,
6z + 3y + 2z — 18 = 0.

HaliTn HanpapJisiomye KOCUHYChI TpsaMoit & §3 = y—02,5 = z_—41 .

CocTaBuTh MapaMeTpUYeCKUe YDPABHEHUsI NPSAMBIX, IPOBEIEHHBIX
yepe3 Touky Mp(2; —1; —3) B kaXKIOM U3 CIIELYIOMWUX CIIy4aeB:

r=-1+2t,
1) npsiMasa napaJsuiesibHa npAMo# < y = 2 — 4t,
z=1t;



5.3.6.

5.3.7.

2) npamas napasutensna ocu Oy;

3) mpsiMas epreHIUKyJIApHA MJIockocTH 3T +y — 2z — 8 = 0.

Q 1) Tak xax mpAMble NapaJuIeSbHBI, TO OHH UMEIOT OOUH U
TOT e HanpasJjsomuid Bektop § = (2; —4;1). CortacHo dopmy-
jaM (3.2) uMeeM MCKOMOe ypaBHEHUE HPsIMOi

T=2+2t,
y=-1-—4t,
z=-=-3+1t.

2) B kayecTBe HanpaBJIAIOMIEro BEKTOPa ocu Oy MOXKHO B3SITh
BekTop § = (0;1;0), coBnamaromuit c oprom j. ickoMoe ypaBHeHue
npamoit ectp

r=2+0-t, y=-1+1-¢, z2=-3+0-¢,
T =2,
T.€. y=-1+t¢,
z=-3.

3) Bektop 77 = (3;1; —1) nepneHauKyIsSpeH MIOCKOCTH 3T +
+ y—2—8 = 0. CienoBaTe IbHO, B Ka4€CTBE BEKTOPA § MOXKHO B3ITh
BeKTOD 71, T.€. § = (3;1; —1). Torna napaMeTpuvyecKkue ypaBHEHUS
pAMO#, TepreHauKYyIapHo# miockocTy 3z +y — 2 — 8 = 0, mpuMyT
BUII,

x =2+ 3t,
y=-1+t, o
z=-3-1.

HaiiTu napamerpuyeckvie ypaBHEHUsI IPSMOH:

1) npoxonset yepes Touky (1;0; —1) u mapasiesibHOR BEeKTODY
a=(2;3;0);

2) npoxonsime#t yepes Touku (2;2;2) u (6;2;1).

CocraBuUTh KAHOHUYECKUE YPAaBHEHWs NPsSIMOH, mpoxonsmel yepes
Touky My (4;3; —2) napaJsuiessHo

1) BekTopy @ = (3; —6;5);

z+3y+2-6=0,

2r—y—4z+1=0.

Q 1) B kauecTBe HaNpaBJIAIOUIETO BEKTOPA NPAMOH, IPOXOAs-
meit yepes Touky My BO3bMEM BEKTOp § pPaBHbIl BEKTODY @, T.e€.
5 = (3; —6;5). Torua, no ¢popmyute (3.1), kaHOHUYECKUE YPABHEHUSA
NpsAMO# IPUMYT BHL,

2) npsmo#t

r—4 y—-3 z2+2

3 -6 5
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5.3.8.

2) Hampasssowu#i BeKTOp 3; JaHHOW mnpsmMoit H§XOIUM Mo
dopmysam (3.6):

ik

s51=1]1 3 1

2 -1 -4

=1

-1 -4 2 -4 2 -1

3 1|—5‘|1 1l Er 3‘=

=-11i+ 65 — Tk,

T.e. 5§ = (—11;6; —7). Tak Kax HaHHAsA NPsSIMas U UCKOMAS NAPaJ-
JIeJIbHBI MEXY CO0OM, TO B Ka4eCcTBe HAIPABJIAIONIEr0 BEKTOpa §
HCKOMO#i IIPAMO# MOXKHO B3ATb BEKTOp 31, T.€. § = §;. [TosiyuaeM
KAQHOHMYECKUE yPABHEHUs

r—4 y—-3 z+2

-1 6 @ -7
Haiitu ypaBHenue npsiMo#l, npoxoasmeit yepes Touky (3; —2;5):
1) napasuiesibro ocu Oz;

r—y+z—1=0,

2) napaJjuIesibHO npAMOH
2r+y—42+3=0.

OononuutensHobie 3agaun

5.3.9.

5.3.10.

5.3.11.

5.3.12.

5.3.13.

5.3.14.

5.3.15.
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ITpoBepuTn, Aexut jiu Touka M (1; —3;2) Ha npamoi
3r—2y+2—-11=0,
2r+5y+62+1=0.

IIpoBeputhb, J1eXKaT JIM HA OOHOU NpsAMON TpM NAHHBIE TOYKYU
(—3;5;4), (2;4;6), (2;14;6).
IIpuBecTn K KAHOHUYECKOMY BHIY YPaBHEHUE MPSIMOKR
r—y+224+1=0,
r+y—2—-1=0.

Haliti Toukn nepeceuyenus: npsamoit L _13 =14 ; 2_z g S ¢ ko-
OPOMHATHBIMY IIJIOCKOCTSIMH.

Haliti Touku mepeceyenus: npssMoit

r+y+2-4=0,

2r —3y—4z+2=0
C KOOPAWHATHBIMU IIJIOCKOCTSIMH.
Hatitu ypaBHenue npsiMolt, npoxonsimelt dyepes Touky M (—4;2;2)
u nepecexkamomet ocb Oz Moz MpsIMbIM YIJIOM. )
CocTaBuTh ypaBHEHME INpPSAMOU, NPOXOOAEH Yepe3 TOUKY
M (1;-1;2) u nepnenouKyJsApHO# BekTOpam @ = (2;2;3) u b =
= (—2;5;0).



5.3.16.

5.3.17.

5.3.18.

5.3.19.

CocTaBUTh KAaHOHHYECKHE yPaBHEHNs NPsSIMO, Ipoxonsmedt yepes
touky M (1;3; —2) u obpasyiomeii ¢ ocsimu Oz, Oy, Oz yrasr 120°,
60°, 45° COOTBETCTBEHHO.

ITpu xakux 3Havenusx D npamasn

4z -6y + 72+ D =0,
2r+5y—32—10=0

nepecekaer ocs Oz?

Haner Bepmunbl Tpeyrosisauka A(—3;2;8), B(—7;0;3), C(3;4;5).
CocTaBuThb napaMeTpuyecKue YPaBHEHHs €r0 MEAMaHbl, IPOBEIEH-
HOI u3 BepumHbI A.

Haubl nBe Bepmuubl mnapasuiesiorpamma ABCD: A(8;1;5) u
D(-3;0;4) u Touka nepeceyenus nuaronajieit O(2;4; —2). Haiitu
ypaBHeHue ctoponsl BC.

KoHTponbHble BONpockl U Bonee cnoxHoie 3agauun

5.3.20.

5.3.21.

5.3.22.

5.3.23.
5.3.24.

Hauet  Bepmmubl TpeyrosibHuka A(3;—1;-1), B(1;2;-7),
C(—5;14; —3). CocTaBuTh KAHOHUYECKUE YPABHEHUST OUCCEKTPUCHI
€ro BHYTPEHHEro yIJia npu Bepuuue B.

Haiitu cooTHOmEHNS, KOTOPHIM JOJDKHBI yIOBJIETBOPATH K03 du-
LIMEHTHI IpAMOit

Az + Biy+ Ciz+ D; =0,
Asx + Boy+ Coz+ D, =0

IJIsT TOTO, YTOOBI MPAMAsi:

1) mpoxomusia yepes Ha4asI0 KOOPAMHAT;

2) GbL1a napaJsutesnsbHa ocu Qy;

3) nepecexaina ocb Oz;

4) coBnanaina ¢ ocsio Oz.

HaiiTu ypaBHeHUs IJIOCKOCTEH, IPOEKTUPYIOMMX NIPSIMYIO

r—6y+2z—-4=0,
2r+y—2246=0

Ha KOOPIOMHATHLIE IJIOCKOCTH.
KaxkoBo ypasuenne ocu Oz?
Hanucars napaMeTpuyeckue ypaBHEeHUs PsAMOH

r+y+z=0,
T—y+22=0.
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Yron mexpay ABYMA NPAMbIMW; YCNIOBUA NapannenbHocTm
1 NepneHgUKYNAPHOCTU NPAMbIX; YCNOBUE KOMIMJIaHAPHOCTH
ABYX NPAMbIX

ITIycts npsameie Ly u Lo 3amaHbl ypaBHEHUSIMHA

T—T1 _Y-yn _2—-2n T—T2 Y—Y2 _2—22

my n D1 ma n2 D2

ITon, yrisioM Mexny NpsIMBIME NOHMMAIOT YroJl MEXY HAIPABJISIOIINMY BEK-
Topamu @ = (my;ny;p1) 4 dz = (mo;ne;p2). Besinuuna yrya Mexny nps-
MbiMu Ly u Lo onpenensiercst us ¢hopMyJibl

mima + ning + p1pP2
\/mf +n? +p?- \/m§+n§+p§

151 HaxXOXK JeHUsT BEJIMYMHBI OCTPOrO YIJIa MEX Ay NpAMbIMA Ly u Lo yucim-
TesIb npaBoit yacTu popMmydisl (3.7) ciienyer B3sTh O MOLYJIIO:

cosp =

(3.7)

|mima + ning + p1p2|

cosp = . (3.8)
\/m3 +nd +p} -/ + 3 + p}
Yeaosue nepnenduxyasprocmu npamuxr Ly u Lo nMeer BUI
mimg + ning + p1p2 = 0. (3.9)
Yeaosue napasseavrocmu (Miiu COBNaIeHus) MPsAMbIX —
Bk (3.10)

m2 N2 D2

YcsioBueM, npu KoTopoM dee npamvie Ly u Ly saexwcam 8 odnoti naockocmu,
sIBJISIETCS PABEHCTBO

To—T1 Y2—Y1 22— 21
my n nm |=0, (3.11)
ma ] D2

DY 9TOM, ecJiu @ ) @2, To npsimbie L u Lo mepecekarorcs.

5.3.25. Hailitu BesIMYNHY OCTPOrO yIyia MEXIy NPSAMBIMU

r—4 y+1 2-5 u T—y+22—-8=0,
-3 1 -2

B 2r+y—2+3=0.

(Q Hanpasnsawomuit BekTop nepsoit npsamoit ectb 5; = (—3;1; —2).
HaxonuM HanpasJsisiomu#i BEKTOp S BTOPO# nmpsiMoii:

__{]Fr 2| o2 p -1
2=111 —1P7 |2 -1’2 1

) , T.e B8 =(-1;5;3).
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5.3.26.

5.3.27.

-dlo dopmyJie (3.8) Haxomum

|-3-(-1)+1-5-2-3] V10

cosp = = ,
YT Verit4-Vit2s+9 3
HIO3TOMY (p = arccos 3@ (= 85°). [ J

HailTu BesTM4UHY OCTPOrO yIJia MEXAY MPAMBIMHE:
1)%:y+1_z—1 g T=4_ Y _z+1,

8 7 7 -2 8
2) r—y+2=0, " z+y+2-1=0,
2r+y—2—-6=0 z—y+32+1=0.
YcTaHOBUTH B3AUMHOE PACIIOJIOKEHHE IPAMBIX:
z=>5-8t,
-2 _Yy_z+1 —4_
1) =3 5 Wy =4-6t,
z =3+ 4t
z_y—-1_242 z+4_y+3 _2-1
Ny="mm=trnty = =

Q 1) BeinuuieM HampaBJISOLIMe BEKTOPHI IEPBO# ¥ BTOPO# mpsi-
Mbix: 51 = (4;3;-2), 52 = (—8;—6;4). Kak BunHO, KOOpIAUHATEHI
3TUX BEKTOPOB IIPONOPUUOHAJIbHBI:

4 3 -2

-8 -6 4
CsienoBaTesibHO, TaHHBIE MPSMBIE MAPAJIJIESIBHBI MJIM COBIAAAIOT.
BosbMmem Ha nepBoit npsaMo#t Kakyio-HUOYOb TOUKY, HAIPUMED TOY-

Ky (2; 0; —1). IloncraBuM ee KOOPAUHATHI B ypaBHEHUE BTOPOY Npsi-
Moli:

2=75-8t,
0=4-6t,
-1=3+4t.
ITosiyuaem t = %— U3 IePBOTO ypPaBHEHHsI, t = % — ¥3 BTOPOrO,
t = —1 — u3 Tperbero. ITo o03Ha4aeT, 4T0 To4ka (2;0;—1) He

NPUHAJIEKUT BTOPOH NPAMOif; IpAMbIE HE COBNAAAIOT, 3HAYUT OHH
napaJijlesibHbI.

2) KoopauHaThl HampaBJIsSIONMX BEKTOPOB 31 = (2;—3;1) u
32 = (3;2;4) maHHbIX NpAMBIX He nponopimoHasbHbl. Ciemosa-
TeJIbHO, IpAMbIe JIUO0 NMepeceKamuecs, JIM60 CKPEeIuBAIOIIUECs.
IIposepum BbimosiHeHue ycnosusi (3.11) mpuHAIJIEXKHOCTH IBYX
[PAMBIX OOHOH IJIOCKOCTH, NPEIBAPUTE/ILHO BHINUCAB KOOPIMHA-
Thl To4eK M) u M,, 4epes KOTOpblE NPOXONAT NAHHBIE MPSMBIE:
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5.3.28.

5.3.29.
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M1(0;1; -2), My(—4;—3;1). Nmeem

-4-0 -3-1 1-(-2)| |-4 -4 3
2 -3 1 =2 -3 1=
3 2 4 3 2 4
-3 1 2 1 2 -3
==l R R Y
=—4-(-14)+4-5+3-13 =115 #£0.
CrienoBaTesibHO, JaHHBIE NPSIMbIE — CKPENMBAIOIINECS. [ )
BbIﬂCHHTI) B3aMMHO€ PAaCIIOJIOKEHHUE MNPAMBIX:
= 18¢,
2r —3y—32-9=0, v
Dyc—ay+z43=0 mogv =10
y - z=-3+2t.

2)_z_=y+30=z—2,5 a T+l _y—7_2+44
-1 5 4 6 2 -1
Haiitu ypaBaenue npsiMmo#t, mpoxoznsmeit yepes Touky M;(—2;3;4)
¥ TEePHEeHIUKYJIPHOU IPAMBIM
r—2 y+1 =2 r y+2 z-1

1 -1 32 "3 1 3

(Q VYpasuenue uckomoit mpsaMoit umeer BUI
r+2 y—-3 z-4
m n  p

Haifinem m, n 1 p — KOOpAMHATHI HAIIPABJIAIOLIETO BEKTOPA § 9TOM
npsamoit. Ucnosnw3sys ycnosue (3.9) nepneHayKyIspHOCTH NPSAMBIX,
MOXKHO 3aIIMCaTh:
m-1+n-(-1)+p-2=0,
m-2+n-14+p-3=0.

ITo mpaBuJy pelleHus CUCTEMBI ABYX JIMHEHHBIX ONHOPOIHBIX YpaB-
HEHUH C TpeMs HEeU3BECTHBIMM HAXOIOVMM:

-1 2 1 2
1 3 2 3

t=t, p=‘; _lllt:m.

m= t=-5t, n=-

YpaBHeHus1 uCKkoMo#t npsiMo#t ecTh
r+2 y-3 2-4 i
-5 t 3t -5 1 3

3amenanus: 1) Cucremy ypaBHeHuit

m-n+2p=0,
2m+n+3p=0



5.3.30.

5.3.31.

MO2KHO IIepenncaTrb B BUIOe

m_1n,42=0,
p p

2%+%+3=0.

Orcrooma =—%,%=%T.e.m:n:pz—5:1:3,n03T0My
m = —5t, n =t, p= 3t, rme t — 4ucJo.

2) B xayecTBe BEKTOpa § MOXKHO HCIIOJIb30BaTh BEKTOP §1 X S2,
T.K. ICKOMasl NIpsAMas NeplIeHauKyIsapHa JaHHbIM npambiM. Toraa

i k
5=1 -1 2|=-5i+j+3k Te m=-5 n=1, p=3.
2 3

CocTaBuTh KQHOHHYECKHE YPABHEHUs NMPsMOH, Jiexxame#l B 1ioc-

koctu Ozy, npoxonsAmel Yepe3 HA4aJI0 KOOPAMHAT U NePIEHOUKY-
-1_y+2_2-4
1 -2 3
CocraBuTb ypaBHeHHe NpAMOH, INpoxoasmedl 4vepes TOUKY

nspHo#t x npsmoit L

M;(1;—-2;3) u nepneHOUKYJIAPHOU K IIPAMBIM z_§5 = y—4 _

1
_2—=3 z+2_y+4_z-1
= 5, L34 = =4

HdononHutensHoie 3agaun

5.3.32.

5.3.33.

5.3.34.

5.3.35.

Haiitu paccrosimme or Toukm M(—5;4;3) mo npsamoit z__12 =
_y—-3_2-1
3 2 -
z—2

Haiitu paccTosiHue Mexnay napasljiesibHbIMHM NPAMbBIME 3 =

y+l_z z-7_y—-1_2-3
£ —2"°3 4 2 -

Yxasanue. Bocosib3oBaTbes popMysioh Sa = %|E x b.

IIpoBepurs, j1eXaT J1M NIpAMbIE

z—2y+8=0, . 3z +22-3=0,
y+2—-6=0 z—-5y+9=0

B OOHOH IIJIOCKOCTH.
B ypasHenun npsamoit I—II = y;{l—_Z = % HaliTi mapameTp n, opH

KOTOPOM 3Ta NpsIMas [IePECEKAETCs C IPAMOH % = y;_4 = %l,

HaiiTu KOOpANHATHI TOYKHN UX IepeCeYeHUsd.
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5.3.36.

5.3.37.

5.3.38.

5.3.39.

Ilokasatp, 4TO npsimasa

T = 2t,
y=3t,
z=1

NePNeHONKYJIsIpHA K IPAMOH

y+z—-8=0,
z—z+4=0.

Hamncarh ypaBHeHMe NepNEHANKYJIAPA, OIYLIEHHOTO M3 TOYKH
M(-3;2;7) na:

1) oce Ox;

2) mutockocts Oyz.

OnpenenuTh BEJTMYMHBI YIJIOB MEXY OCAMM KOODOMHAT UM MPAMOR
z—2_y+t4_2-1
-1~ T

Haittn BestMymHy TYHOro yryia Mexmay HPsIMbIME

T =3, T=-2,
y=-3+3t, u y=1+2t,
z2=4—-t z =1.

KoHTponbHbie Bonpocsl n 6onee cnoxHuie 3apa4n

5.3.40.

5.3.41.

5.3.42.

5.3.43.

5.3.44.

5.3.45.
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- 2
Haiitu KOOpOHATHI TOYKH I1€peCe4YeHUus NPAMbIX .’L'_l = u =

1 2
_z—-3 - 42 _ y+1 —2z+2
4 3 -2 4 -
Haiitn paccTosiHne Mexay CKpeluBaOIINMHUCS IPAMbIMHI L __ 25 =

—Yy=8_2-2 z-3_y-T7_2-1

0 3 2 -2 3 -
HaitTi ypaBHeHuMe NepleHANKYJIApa, OGLIEro K ABYyM CKPEIMBAI0-
LMMCST IPAMBIMA

=-2+1
t+4 y z-4 . a:_3 _:’
2 ~1 3 y=o=5h
z=-1+t.

Hatitn kpartuaiiimee paccTosiHe MeXIy OMAroHaJIbi0 Kyba c pe-
OpoM, paBHbIM 1, U Henepecekaromell ee MUArOHAJIbIO TPAHH.
Haiitu ypaBHeHue nepneHONKYJIsipa, OMYIMEHHOTO M3 TOYKHU

M (2;—1; -3) Ha npamy:o IT_I = ;% =%.
r—6_y+1

g—1_y-T_
3 -2

2 1

IMepecekaloTCs i1 NpAMbIE = % u

—2—3959
T



5.3.46. Haiitn ypaBHeHHs NPAMBIX, IPOXOAAMMX Yepe3 Touky (1;1;1)
a) napaJessHo ocu Oz;
6) nepreHauKyJspHO ocu Oz.

5.3.47. Hamucars ypaBHeHHe npsaMoit, 10 KOTOPO#H m1ockocTh £—2y+1 =0
nepecekaeT KOOOPAMHATHYIO IJI0CKOCTh Ozz.

§4. NPAMAA N NNOCKOCTbL B NPOCTPAHCTBE

Besinunna yzaa meorcdy npamoti (L) :1:_;#’31 =¥"Yo g_TZQ U nAoc-

n
xocmoro (Q) Az + By + Cz + D = 0 onpenenserca no ¢popmyJe
A B
singp = |Am + Bn + Cp| . (4.1)
V/m? +n2 +p?- /A2 + B2 + C?
Yenosue napasnesvrocmu npamott (L) u naockocmu (Q) umeer Bun
Am+Bn+Cp=0; (4.2)
ycaoeue uT nepnenduKyAAPHOCU:
A B
A_B_C (4.3)

m n p

Hnsa nazoorcdenus mouxu nepecenenus npamoti u naockocmu ymoOHO BOC-
N0JIb30BaThCA MaPAMETPUYECKUMH YPABHEHUSIMH MIPAMOHR

T = xg + mt,
Yy =yo +nt,
z =29+ pt;

noopﬁuuamu movKu nepeceverus HaXOOATCA U3 CUCTEMDBL ypaeuenuﬁ

T =9+ mt, y=1yo+nt, z= 2+ pt, (4.4)
Az +By+Cz+D=0. )
Yeaoeue, npu xomopom npamas (L) aexcum 6 naocxocmu Q:
Am + Bn + Cp =0, (4.5)
Azo + Byo+Cz+ D = 0. )

(Ecnmu Am + Bn + Cp # 0, T0 npsMas nepecekaeT IIOCKOCTb; ecyn Am +
+Bn+Cp = 0 u Azg + Byo + Cz0 + D # 0 — npsmMas mapaJijiesbHa
IJIOCKOCTH. )

5.4.1. Haittu koopauHaTh! TOYKH, CHMMETpHYHOH Touke M (3;4;5) oTHO-
CHTEJIbHO IJIOCKOCTH T — 2y + 2 — 6 = 0.
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5.4.2.

5.4.3.

204

Q Touka M;, cummeTpuyHas TouKe M; OTHOCHTEIBHO IIJIOCKO-
CTH, HAXOOWUTCS HA MEPIEHINKYJISAPE K [IJIOCKOCTH U IBJISE€TCS KOH-
oM oTpeska M; Ms, njyis KoToporo cepenuHoi 6ymer Touka N me-
pecedenns npsamoit M; M n nmockoctu. Hanpasasomu#t BeKTOp
[EepIeHaNKYJIsApa K MJIOCKOCTHA — 3TO BEKTOP-HOPMAJIb 3TOH ILJI0C-
koctu T = (1;—2;1). YpaBHeHne nepneHAUKYJApa K IJIOCKOCTH,
[IPOBEIEHHOrO Yyepe3 TOuKy M;, umeeT BUI

r=3+1t,
-3 -4 -5
zl =y_2:=zl(=0 17813 y=4-2t
z=5+1t.

Koopouuatsr Toukn N mepecedyeHnsi NEpHEHONKYIApa C IIJIOCKO-
CThIO HAXOOUM, pemras cucremy (cum. (4.4))

z=3+t,y=4-2t, z=5+1t,
T-2y+2-6=0.

W3 pasenctsa (3+t) —2(4—2t)+(5+t) —6 = 0 BeITeKaeT paBEHCTBO
6t—6 =0, T.e.t =1. CnemoBatenpio, t = 3+1=4,y=4-2=2,
z2=5+1=6, e N(4;,2;6) — TOuKka nepeceyeHus NPsAMOH U
nJiockocTu. A Tak kKak N — cepenuHa orpe3ka M; M, 10

_ T + TM, _Im + YM, _AM, + ZM,
Iy = ——F—>, ==, an=—"1—".
2 2 2
Nmeem
3+ 4+ yur. 5+ zm.
2 ’ 2 ’ 2
Orcioma HaxomuM Ty, = 9, ym, = 0, z2m, = 7, T.e. Touka M
nmeer koopmuHatsi (5;0; 7). o

HaiiTu KOOpAUHATHI TOYKHM, CAMMETPUYHOM Touke M (2;8;0) oTHO-
CHTesIbHO IIpsAMOit a:_—31 =¥ -{ 3 _ Z__13
CocTaBuTh ypaBHEHHE ILIOCKOCTH, NPOXOLALIEH dYepe3 TOUYKY
M (2; —3;0) n npamyio
2r+y—62+3=0,
{z—y+22—6=0.

(Q Omun u3 cnoco60B pemenus 3TOR 3a0a49M Mbl YK€ TPUBOLUIIA
(cm. 3amagy 5.2.12). PaccMoTpuM Opyroit MOAXO K PELIEHHUIO.

CocraBuM ypaBHEHHME IydYKa IIJIOCKOCTEH, NPOXOMAMMX depe3
JOaHHY0 pamyo: 22 +y —6z+3+ Az —y+22—6) =0 (cMm. (2.2)).
BoigesinM cpeny HHMX [JIOCKOCTb, MPOXONSAILYI0 dYepe3 TOYKY
M (2; —3;0), nogcTaBuB €e KOOPAMHATHI B ypaBHEHME NydKa:

2:.2-3-6:-0+3+A2+3+2-0-6)=0.



5.4.4.

5.4.5.

5.4.6.

5.4.7.

5.4.8.

. Orcioma 4 + A - (-1) = 0, T.e. A = 4. I3 ypaBHeHns my4ka IpH
A = 4 HaxOAUM ypaBHEHHE UCKOMOR IJIOCKOCTH

2r+y—62+3+4(x—y+22-6)=0,

T.e. 6z —3y+2z-21=0. o
CocTaBuTh ypaBHEHHE IJIOCKOCTH, IPOXONAMEH Yepes3 MpAMYIo
z—3y+5=0,
2z+y+2—-2=0

n touky M (0;1;2).
CocTaBuTb ypaBHEHHE ILJIOCKOCTH, NpOXoismeli uepe3 TOUKY
M (4; —3;6) nepnenmukynsapHo npamoit L > 3_y-1_ zj—25'

1
Haliti BesmuuHy yryia mexmay npamoit £ T 3 = y; 6 _ Zj'27 u
IJIOCKOCTBIO 42 — 2y — 22 — 3 = 0.
Q Ipumensas dpopmysny (4.1), Haxomum
dnpo J41=21-2.(2 6 1
Vi+1+4-V16+4+4 V6-v24 2
3Haunrt, ¢ = % {

Haiitn BesmmunHy OCTPOro yriia Mexmay npsiMo#
r—y+2z=0,
2c+y—2-3=0

U IJIOCKOCTBIO 2T + Y + 22 — 5 = 0.
YCTaHOBUTH B3aMMHOE PACIIOJIOKEHHE NIPAMOR U IIJIOCKOCTH:

T =2-—4t,
1) Cy=t, u 5 — 6y +2z—10=0;
z=-3+2t
z+1 _y—2_z+4 A 15 —
2) 3 =7 =55 n3r+y—-42-15=0.

Q 1) Umeem 5 = (—4;1;2), @ = (5;—6;2). Kak Buano xoop-
OUHATHI HAIIPABJIAIOIIEr0 BEKTOpa § NIPAMOI M HOPMAJIbHOI'O BEK-
TOpa I IJTOCKOCTH He NPONOPIMOHAJIBHBL: NPAMAasi He NepIeHan-
KynapHa mwiockocTu (cM. (4.3)). Hallmem 3HaueHMe BbIpaXKeHUs
Am + Bn + Cp:

Am+Bn+Cp=5-(-4)—6-1+2-2=-20—-6+4=—22#£0.

YcsoBue (4.2) napassieibHOCTH NPSMOM U IJIOCKOCTH He BBINOJI-
HsAeTCsA. 3HAYNT, IPsAMasA nepecexaem MI0CKOCTb.
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2) Bmecy § = (3;-1;2), @ = (3;1;-4), My(-1;2;-4),
Am+Bn+Cp=3-3+1-(-1)-4-2=9-1-8=0. Cye-
IOBAaTEJIbHO, NAHHAA NPsIMAs NapaJslyIeSIbHA IIJIOCKOCTH UJIA JIEXHUT
Ha Heii. IIpoBepuM ycsioBus (4.5) NPUHANJIEXKHOCTH IPAMOH 11J10C-
KOCTH:

A$0+Byo+CZo+D=3-(—1)+1-2—4-(—4)—15=0.
YcsoBus (4.5) BBIIOIHAIOTCS, I03TOMY IIPAMASL AEHCUM 6 NAOCKO-
cmu. o
5.4.9. YcraHOBUTH B3aMMHOE pacojioXkeHne npsaMol L u nstockoctu Q:
1) {z—y+4z—6=0,
2r+y—2+3=0

1
2)%:3-'{;7—§=2J13—7(L)H5z—z=4(Q).

(L)n3z—y+62—-12=0(Q);

ﬂonom—wn‘en bHbIE€ 3aga4n

5.4.10. Hamnncars ypaBHEHHE ILJIOCKOCTH, MpOXOnsAmielt 4yepe3 NpAMYIO

z :3’5 =¥ T 3 _z +32’5 ¥ TIepreHIuKyJIAPHOR K IJIOCKOCTH

3z+4y—-52—-6=0.
5.4.11. Hanucarb ypaBHeHHe IJIOCKOCTH, NPOXOAAmEe#l yepe3 napaJijiesib-
Hble TIPAMbIE x_+21 —y=-1_2+42 ,z-2_y+3_ =

3 -1 -2 - 3 -1
5.4.12. HaiiTu KOOpOMHATHI TOYKM TepeceyeHns npamolt L 5 1 _ y—-i_z =

= % C TJIOCKOCTBIO 3T — Yy + 22 + 5 = 0.

5.4.13. Haittu xoopauHaThl mpoekuuu TOYKM M (2;2; —2) Ha HJIOCKOCTH
3r—y+2-13=0.
5.4.14. Haiitu xoopauHaTh! npoexunu T09ku M (—3;0;2) Ha npamyio

T=05-1,
y=2t,
z=3t.

5.4.15. Ilpu xakoM 3HadYeHHH m npaAMas L ';110 =Y 5 (g zj62 napaJi-
JieJIbHA, IJI0CKOCTH 5T — 3y + 42 — 1 =07

5.4.16. IIpu kakux 3uavennsx C u D npamas L 5 3 = _L33 = % JIEXKHT

B mwiockoctu 2z —y + Cz + D = 07
5.4.17. Hanwcatp ypaBHeHHE NEPIEHOUKYJISAPA, OMYIEHHOTO M3 TOYKH
M (1;1;6) Ha npamyo

= -1+ 3t,
y =2t
z=1.
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5.4.18. CocraBuTh ypaBHEHHUE IIJIOCKOCTH, IPOXOAsAMIell Yepe3 MpsiMyio
T+2y—2+2=0,
3r—y+2z2-5=0
[apaJ1jieIbHO IPAMOR
z=1-1t,
y= -2+ 2,
z=1+2t.
5.4.19. Hatitn paccroaume ot Touku M (3;5;5) mo npamoi "’__21 = % = %
5.4.20. IIpsimas L mpoxomut 4yepes Touky M (3; —4;0) u Touky mepeceye-
HHS TIPAMOi % = _L:,)l = % C MIOCKOCTBIO T + Y — 2 + 2 = 0.
Haiitn BesmmumHy yriia, o6pa3oBaHHOrO npamoit L C IJIOCKOCTHIO
2r+y+22-5=0.
5.4.21. Haiitu ypaBHeHue miockocTy, npoxonsameit yepe3s ocb Oz u obpa-
3yomei ¢ II0CKOCThIO V2T + y — 2 + 2 = 0 yros, paBHbIH -Zl-':
5.4.22. HaiiTn ypaBHeHNe IJIOCKOCTH, IPOXOAAIIEH Yepe3 NPAMYIO
2z -y+2-3=0,
z+y—32—-1=0
u oTcekawoueit Ha ocu Oy OTpe30K, paBHLIR 3.
5.4.23. Haiitn paccrosnue d Mexaoy napaJsijie/ibHbIMU IPSAMbIMHU:
t+z=1, z+2z=1,
1) u
y+22=0 y+2z=1;
T _Y—9_2z—-1_z-2_y+3 _ 241
Ni="4mZ =" 1 ="3F=Tm
5.4.24. IlmockocTh @ npoxoauT yepes Touku Mi(—6;1; —5), Ma(7; —2; —1),
M;5(10; —7; 1). Hailtu TOouKy, cuMMeTpuuHy1o Touke (3; —4; —6) o1-
HOCHUTEJILHO IIJIOCKOCTH Q.
5.4.25. HaiiTm paccTosHME MeXOy INPAMBIMH a:_—69 = % = z—I2 n
z+5_Yy+o _2-1
3 2 -2
KoHTponsHbuie Bonpocsl n 6onee cnoxHele sagaun
5.4.26. HaiiTn ypaBHeHne pOEKHUN IPAMOi 5= _&21 = % Ha IJIOC-
KOCTb, 33JJaHHYI0 ypaBHeHueMm 2z — 3y + 2 —4 =0.
5.4.27. 3anucaTb ypaBHeHHe ILJIOCKOCTH, IPOXoaAmelt depes NaHHy0 TOY-
Ky [ApaJUIeJIbHO ABYM JAHHBIM NPSIMbIM.
5.4.28. Ha mockoctn z — 2y + 4z — 28 = 0 Halitn Touky My, cymma

paccTosiHuit oT KOTOpo# mo Touek M (4;2;1) u Ma(—1;1;1) 6bu1a
6Bl HauMeHbIIEH.
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5.4.29. HaiiTn ypaBHEeHHsI IIJIOCKOCTH, POXONALIEH dyepe3 JIMHUIO Iepece-,
YeHUs IJIOCKOCTel
z+5y+2=0,
y—2+4=0

u obpasyroue yroa ¢ = % € MIoCKOCThIO T — 4y — 82 + 12 = 0.

5.4.30*. [lokasarb, 4TO KpaTyailliee pACCTOSIHME MEXAY NPAMBIMH 7 =
=71 + 81t u ¥ = 72 + 3t MOXKeT ObITH BHIYHUCJIEHO 110 GHOPMyJIe

de |(F2 — 71)3132]
|51 x 82|

5.4.31. MoxHO sl Yepe3 NPAMYI0 z ':i" 2_Y ; 6 =2 j'31 IIPOBECTH I1JIOC~
KOCTb NapaJijiesibHo mjiockoctu 12z —y + 102 — 3 = 07

5.4.32. KaxoBo ypaBHeHue mpsamolt, npoxonsmei depes Touky O(0;0;0)
NEPHeHIUKYJISPHO K IJIOCKOCTU T + y + 2 + 1 = 07

5.4.33. Jlexwr sin mpaMas % = g = —:2—7 B 110cKOCTH 3T + 2y + z = 07

A B niockoctu 3z + 2y + 2 — 1 =07

5.4.34. Ilpu xaxkux 3HadeHnsx p u B npamaa & g 1 _ yj—42 = £ ;3
nepreHanKyJAapHa, IaockocT 6z + By — 3z + 1 = 07

5.4.35. Ilpu kakom 3Hayennu A mjockocts Az — 2y + 4z + 5 = 0 napas-

JieJIbHa NpsiMoit
y—z= 07
z+y=07

§5. MOBEPXHOCTW BTOPOIo nNorPaaKA

Ecin B npocrpanctse R® BBECTM NMpAMOYrOJIbHYIO CHCTEMY KOODOMHAT
Ozyz, TO KaXdasd NO6EPTHOCL OIPENEJSeTCs HEKOTOPHIM YpasHeHUueM
F(z,y,z) = 0, (z,y,z) — xoopamHaTs! y1060H TOukmM noeepxHocTu. Ecom
F(z,y,2) — MHo20%1eHbL He 6bluLe 6MOPOTE CTENEHN OTHOCUTEJIBHO COBOKYII
HOCTH TIEPEMeHHBIX T, Y, 2z, TO ypaBHenue F(z,y,z) = 0 nasveaemcs ypae-
HEHUEeM 6MOopPo20 NOpadka, a MOBEPXHOCTH, H300paXKaeMasi 3TUM ypaBHEHHEM
HA3bIBAETCA NOBEPTHOCTNHIO 6MOPO20 NOPATKA.

Ecan nmoBepxHOCTh MMeeT crienuduyecKoe pacrosiokeHne OTHOCUTEILHO
CUCTeMbI KOOPOMHAT (HAIpUMep, CUMMETPHYHA, OTHOCHTEJIbHO HEKOTOPBIX KO-
OPIOMHATHBLIX IJIOCKOCTe}, MJIN NMeeT BEPIIMHY B Hadajle KOODIOWHAT M MP.),
TO ee ypaBHEHHE MMeeT JOCTATOYHO IPOCTOH B, KOTOPBIA HA3LIBAETCA KG-
HOHUNECKUM.

208



KaHOHUYeckuiA Bup, ypaBHeHUiA NOBepXHOCTe BTOPOro
nopapka. leomerpuyeckoe nsobpaxenune

1) Cdepa paanyca R ¢ ueHTpoM B Hayajie KOOpauHaT (puc. 56)

z® +y* +2* = R%.

Puc. 56

Ypasuenue (z — 20)% + (y — y0)? + (2 — 20)?> = R? usobpaxaer cdepy
panuyca R ¢ uentpom B Touke My(Zo, Yo, 20)-
2) Saauncoud ¢ nonyocamu a, b, ¢ ¥ UEHTPOM B Hayajle KOOPIMHAT

(puc. 57)
z_2+y_2+£_1
a? ¥

IIpu a = b = ¢ = R saauncoud npeBpamaercsa B cepy paauyca R.

z

Puc. 57 Puc. 58
209
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3) Odronoaocmuniii 2unepboroud ¢ nosyocamu a, b, ¢ u oceiorOz (puc. 58)

72 N yz 22 .
a? v 2 ’
Ceuenns runep60J10Maa FOPH3OHTAJILHBIMY IIJIOCKOCTAMH 2 = h ABJIAIOT-
Csl BJIIANICAMHU
.’L‘2 y2 h2
3 + 'Vl = 1 + 3 -
a b c

CeyeHuns runep60s10u4a BEPTUKAJILHBIMHA IIJIOCKOCTAMUA £ = h nim y = h
ABJIAIOTCA runepbosiamu.

i—izl—h—2 iR 0 £—z—2=l—h—2-.
b2 P a? a? b?
4) Heynoasocmnoiil 2unepboroud ¢ MoJIyocsaMmu a, b, ¢ u oceio Oz (puc. 59)
2yt 2 .
a2 7
Ceuenns runep6osIONIa TOPU30OHTAJIBHBIMY IJIOCKOCTAMHA z = h, |h| > ¢
ABJIAIOTCS SJJIANICAME EE
Zrte=a

CeyeHus runep60JIONA2 BEPTUKAJILHBIMHA IIJIOCKOCTAMUA £ = h unm y = h
SBJIAIOTCS runepbosiamu.
y: 2 2 . 72 2 h2
—3=-7%-1 mm —

z
¥ ¢ a a c? b?

X

8

Puc. 59 Puc. 60

5) Hapaboaoud snnunTUvecKuil ¢ napaMeTpamu a, b, p U BepUIMHOH B
HadaJsle koopausar (puc. 60)
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Ceuenun napabos0Maa TOPU3OHTAIBLHBIME TUIOCKOCTsMA 2 = h (h > 0
npu p > 0, h < 0 mpu p < 0) ecTb 3JIHIICH

2 2
+ 12—2 = 2ph.

le 8

Ceuennsi napabosIonIa BEPTUKAJILHBIME IVIOCKOCTAME & = h wm y = h
ABJIAIOTCA MapabosiaMu.

2 2 2 2

y h T

S=2p2—— WM — =2p7— —.
P a? a? P b

6) Iapaboaoud e2unepbosuveckutt ¢ napamerpamu a, b, p u BepmuHO# B
Hadasie koopausat (puc. 61)

[
[

T

a

= 2pz.

TS

Puc. 61 Puc. 62

Ceuennsi napabosIONIa rOPH30HTAJILHBIMY IIJIOCKOCTAMM 2 = h IpencTa-
BJIAIOT COOOH rumep6oJIbI

(L‘2 y2

- _ < 1
2a’ph  2b%ph

CeueHnsi BEpTUKAJILHBIMU IIJIOCKOCTAMHA £ = h U y = h aBasaooTCca napa-
6os1amu y? 2 2 2
b—2=—2p2+? n a—2=2pz+b—2.

7) Konyc aasunmuyeckud ¢ BepmuHOM B Hayasie KOOpAMHAT U ocbio 02
(puc. 62)

[

2

I
e

z? +
a2

SIE
QMI N
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Ecnn a = b, To koHyCc kpyminlit uam kpyrosoit. Ilepeceuenne xonyca
rOPU30HTAJIBHBIME IIJIOCKOCTAMM SIBJIAIOTCA 3JIJIUIICAMHU
zZ +'y2-_ h2
a® v
(npu h = 0 35171MKIC BHIPOXKIAETCA B TOUKY).
CeyeHnsi KOHYCa BEPTUKAJIbHBIMMU IJIOCKOCTAMM £ = h u y = h aBasaw0TCa
runepbosiaMu

[V
[
[
[

z—z—z—2=0 u %—%:0 npu h=0.

K moBepxHOCTSIM BTOPOrO MOPSAAKA OTHOCSITCS LUJIMHADHI, HAIPABJISIO-
1€ KOTOPbIX — JIMHMK BTOPOrO MOPsAAKa. Mbl OrPAaHMYMMCS HEpPEeYnCIIeHH-
€M IUJIMHIPOB, HAIIPABJISIONME KOTOPHIX PACHOJIokKeHbl B miockocta Oy, a
obpasyomue — HpsMble, Tapaliesibabe ocu Oz.

8) umHopsr:

(1) Sanunmuueckutt (puc. 63)

combon,
g ] .

Y
_/

Puc. 63 Puc. 64

Ecau a = b= R, To unnunaap — kpyroso#t x2 + y? = R.
(2) T'unepboauneckuti (puc. 64)
2,2
T
-5 =1
a b
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(3) IIap‘a‘6o./muecxuﬁ (puc. 65)
y? = 2pz.

ITpumevwanue. Eciu B KaXIOM M3 NIpHBe-
[EeHHbIX KAHOHMYECKUX YpPaBHEHMI 3aMeHUTDb
=21 —%o, Y=Y —Y, 2 =21 — 2, rOoe
(70, Y0, 20) — PUKCHPOBAHHBIE YUCJIA, TO HOBBIE
ypaBHEHUs NPEICTABJIAIOT Te Xe [I0BEPXHOCTH U
OHM 3aHHMAIOT B cucreMe koopauHaTr O;T1y121
TAKO€ K€ I0JIOKEHNE OTHOCUTEJILHO IIJIOCKOCTeH Puc. 65
r1 = To, Y1 = Yo, 21 = 20 KaK NOBEPXHOCTH,
3a0aHHble KAHOHUYECKH OTHOCHUTEJIbHO KOODIH-

HaTHBIX njockocre#t ¢ = 0, y = 0, 2 = 0. Ipyrumu cioBamu, npuBedeH-
Hble (OPMYJIbI IPEICTABIIAIOT [1aPaJIJie/IbHbI} CABUT IOBEPXHOCTH HA BEKTOP

OM = (xo, Yo, 20)-

MeTopg napannenbHbix ceveHnit

Ecnu 3agaHo ypaBHeHUe TOH MM MHOH NOBEPXHOCTH, TO BO3HHUKAET 3a-
[1a4a UCCJIENOBaHUA €€ (GOpMBI U PACIOJIONKEHHS OTHOCUTEJILHO KOODAMHAT-
HbIX oceff. [lnsi pemieHus 3TO# 33ma4um OOBIYHO HNPHMEHSIIOT METOH, NMapaJi-
JIEJIbHBIX CE€YEHHH: IMOBEPXHOCTh IEPECEKAETCH HECKOJIbKUMHU INJIOCKOCTAMH,
napaJljieJIbHBIMHA [IJIOCKOCTAM KoopanHaT. PopMa u pa3Mep MOJIyUYeHHBIX Ce-
yeHU M03BOJIAIOT BBIACHUTH F€OMETPUYECKYI0 (OPMY CaMO# MOBEPXHOCTH.

I'lepeceqemae NnoBEepxXHOCTU C NNOCKOCTLIO

Jluauio B mpocTpaHcTBe R® MOXHO ompenesMTh Kak NepecevyeHue OByX
nosepxHocTe#t. Takum 06pa3oM ypaBHEHHE JIMHMM MOXHO 3aIllUCAaTh B BHIE
CHCTEMBI

Fl(zay’z) = 0,
F2($) Y, Z) =0.

s uccnenoBanus 9Tolt JMHME yHOGHO BOCIOJb30BATHCA IUJIMHIPOM, IPO-
€KTUPYIOIIEM €€ Ha Ty WJIM MHYI0 KOODAMHATHYIO IJIOCKOCThb. Ecju, Hampn-
Mep, NPOEKTUPYEM JIMHUIO Ha IJIOCKOCTh Oy, TO UCKJIIOYUM 2 M3 CHCTEMBI
¥ nosty4um ypaBHeHue ¢(z,y) = 0. OHO n306paxxaeT HANPABJIAIOILY IO IPOEK-
TPYIOIEro NMJIMHAPA Ha 1iockocTs Ozy. B 3aBucumoctu oT TOro, Gymer jim
©(z,y) = 0 snnuncom, runepbosiot, napabosiolt, napoit npsMeIX — U3ydae-
Mas JINHUsI COXPAHUT COOTBETCTBYIOIEE HA3BAHUE.

5.5.1.  CoctaButbh ypaBHeHME Chephl C HEHTpOM B Touke Mo(—5;3;2) u
Kacaomeiicsa njockocty 2z — 2y +z —4=0.
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5.5.2.

5.5.3.

5.5.4.

214

Q Ilns cocraBnenus ypaBHeHus cephl HyxeH ee pamuyc. B nan-
HOM cayyae R — paccrosaue or My o0 NJI0CKOCTH:

R l=8)-2-23+2-4

V2242241

Uckomoe ypasnenue: (z + 5)% + (y — 3)% + (z — 2)% = 36. [
CocraButh ypaBHeHue cdepsi ¢ neHTpoM B Touke Mo (0;4;0), ecom
OHA KaCaeTCs IJIOCKOCTH 2 + 6y — 32 —3 = 0.

CocTaBuTh ypaBHeHue cdepsl, Kacaomehca OByX NapasiiesIbHbIX
miiockoctelt 6 — 3y — 22 — 35 =0 u 6z — 3y — 22 + 63 = 0, ecomn
11 _y+4_2+3

6 -3 -2

Q 1) Onpenenum Touku M; u M, nepeceyenus mnpamoit ¢ mioc-
KOCTSAIMH (3aMETHM, YTO NPSAMasi NEePHEeHIUKYJISAPHA IJIOCKOCTAM).
Hna sroro mapamerpuieckue ypaBHeHus1 npsamoit ¢ = 11 + 6¢,
y = —4 — 3t, 2 = —3 — 2t noncrasyifgeM B ypaBHEHHA IJIOCKOCTEH,
HAXOOUM ¢ ¥ BO3BPAILAEMCA K 9TUM YPABHEHHSM.

6.

€e [EeHTp PacIoJIoxKeH Ha npaMoit L

6(11 + 6t) — 3(—4 — 3t) — 2(~3 — 2t) — 35 =0,
t=-1, M5 —1,-1).

Anasornuso Haxomum Mz (—7,5,3).

2) Lentp cdhepnt My — cepenuna orpeska My Ma: Mo(—1,2,1).
Panuyc chepst R = MoM; = /36 +9+4=T.

3) Ypasuenne cohepnt (z +1)2 + (y—2)2+(2-1)2=49. @
CocraBuM ypaBHeHHe Cepbl, TPOXonsAlell yepe3 YeTbipe TOYKH
0(0;0;0), A(2;0;0), B(1;1;0), C(1;0; -1).

Q VYpasuenne cdeps! umeM B BUIE

(x—a)?+(@y—-b)?%+(z—-c)? =R?,

rae (a,b,c) — koopmuHaTHI HEHTPA 1 R — panuyc HewsBeCTHbIE.
KoopauuaThl 1aHHBIX TOYEK NPEBPAIIAIOT ypaBHEeHHE Chephl B BEp-
Hbl€ DAaBEHCTBa, T. €.

a? +b% +c? = R?,
(2-a)? + b+ = R?,
(1-a)?+(1-b)2+c®=R?
(1-a)?+b+(1+c)?=R%

ITocnie Bo3BeneHHs1 B KBaApaT, IPUBEIEHNS MTOJO0HBIX CJIArae€MbIX

TI0JTy4aeTcs cucTeMa, u3 kotopoit a =1, b=0,c =0, R? = 1.
Omeem. (z —1)2 +y2 +22 = 1. [



5.5.5.

5.5.6.

5.5.7.

5.5.8.

5.5.9.

5.5.10.

CocraBuTh ypaBHeHHe Chepbl ecoiu:

1) toukn A(3;—2;6) u B(5;2; —2) aBAAOTCA KOHUAMA OJHOTO U3
ee IMaMeTpoB;

2) umeer ueHtp B Touke Mp(5;0;3) ¥ mpoxomur dUepe3 TOYKY
A4 1;-1);

3) umeer uentp B Touke My(2;1;3) n kacaercs miockocTu z = 6;
4) umeer ueHTp B Touke Mp(5;2; —1) n Kacaercs IJIOCKOCTU 2T —
—-y+32+23=0;

5) ona cummerpuuna coepe (z — 1)2 + (y — 3)% + (2 + 4)% = 46
OTHOCHMTEJIbHO IJIOCKOCTH 3T + y — 22 = 0;

6) ona npoxonuT yepes touku A(l,—6,—2), B(4;-3;2),
C(-3;-3;9) u D(4;1;6).

2
HaitTn TOuKM nepecedeHus TOBEPXHOCTH g(_i + %— % =1 u npa-

Moﬁ _l_ _'L

Q HapaMeTpnquKne ypaBHeHus npsaMoit ¢ =4t, y = -3¢, z =
= —2+4t noncTaBuM B ypaBHEHHNE OJHONOJIOCTHOrO runepbosionaa

2 2 _ 92
# OIlpenesiuM 3HadeHue i: 1% + 95 £4t—42L =1,(t- 1)2 =0,

t1,2 = 1. CnenoBaresnbHo, T = 4, y = —3, z = 2. [Ipamas umeer c
runepboJIONAOM ABE COBNAIAIOIIME TOYKH IEPECEYEHHUsI, T. €. Ipsi-
Masl KacaeTCs IOBEPXHOCTH rumepbosionna B Touke M;(4;—3;2).

Ilpu Kakux 3HAYEHHAX MApPaMETpa P IJIOCKOCTb 2T — 2y — 2z = P

kacaercs chepsl T2 + y2 + 22 = 817

Q Ecsm mnockocTs KacaeTcs cdepsl, TO paCCTOSHUE OT ee IIeHTPa.

2:0-2-0-0-p| _
Vi+4+1

[0 IJIOCKOCTH PaBHO panuycy cdepsi, T. €.

Orciona |p| = 27, T. e. p = £27. o
YCTaHOBUTDH IPH KAKUX M ILIOCKOCT Y 4 +mz = 1 nepecexkaeT aBy-
nosocTHeI runepbosonn z2 + y? — 22 = —1:

a) o 3JLINICY,

6) no runep6boue.

YcTaHOBUTH NIPH KAKUX M MJIOCKOCTb MYy + 2 = 2 NepeceKaeT 3Ji-
2

JIMnTHYecKu# mapabosonn y = %— + %z

a) 1o 3JuUIMICY,

6) no napa6ousne.

MeTomoM napaJiiesibHbIX CEYeHM UCC/IeN0BaTh IOBEPXHOCTD, OI-

2 2
T LYz __
peziessieMyio ypaBHEHMeM J& + 9 4 1.

QQ 1) Iepenumem ypaBHeHHE B BUIE 16 + yg— = —21— — 1 u nepece-

KaeM [OBEPXHOCTh IIOCKOCTAMM z = h mapasijie/lbHbIMU KOOpIH-
HaTHO# mutockoctn Ozy.
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[

2
B ceyeHusax nosiyyaroTCs JIMHUM C YpPABHEHUSIMH + yg— =

_ R
=% -

o—lls
(=21

Ilpu |h| < 2 3Tu ypaBHeHus He MMeOT W300pakeHust (MHH-
Mbl€ 3JUMICH]) npu h = +2 oHm n306pa9xaroT TO'-IKPI (O 0; 2)

(0;0; —2), a nipu |h|? > 2 nonyvatorcs BJIJIPII'ICH + —Lg

2
roe ¢ = %— —1.

C yBesnuenueM |h| yBeIMYUBAIOTCS M TIOJIyOCH 3JLIMICOB 4¢ 1
3¢, 1. e. snnuncel pacmmpsiorcs (puc. 66). IloBepxHOCTH CUMMe-
TPUYHA OTHOCHUTEJIBHO myiockocTu Oxy.

Puc. 66

22 2
2) Tepennmem ypaBHEHHe IOBEDXHOCTH B Buae 2. — 2_ =

16 9
= —L —1mn nepece4yeM e€e BEPTHUKAJIbBHBIMH IIJIOCKOCTAMHU Y = l.

Ilpu Kaaxnom I € (—00; +00) COOTBETCTBYIOIME YPABHEHUS OTIUCHI-

BatoT runepbosibl. B yactHocTH, ipn | = 0 nostygaem runepboJty,

2 _ 22

6~ 7= —1, pacnosioxkennyo B nockoctn Ozz.
3) CeueHns: nOBEPXHOCTH IJIOCKOCTSAMM T = T TakXke runepbo-
JIbl 2 2 2
y: oz 1T
9 4 16

Ho u3 nn. 1) u 2) yxe MOXHO CHEJIaTh BHIBOL O CTPOEHHH IIOBEDX-

HOCTH: OHA COCTOUT M3 3JLIUIICOB, HAHM3AHHBIX» HA THUrepbosy
2 2
% - ZT = -1 (I = 0). IlockonbKy ABa CeYeHUs, NapaJljiesb-

ublX Ozz u Oyz — runepboJibl, a OOHO — mapaJiienbHoe Ozy —



5.5.11.

5.5.12.

3JIJIMIIC, TO MIOBEPXHOCTh HA3bIBAETCA THIEPOOJIONIOM JIJIHIITHYE-
CKHUM; OJIs1 YTOYHEHUS — ABYTOJIOCTHbI#, NOO COCTOUT U3 ABYX OT-
OeJIbHBIX YacTel (Hax u mom nyockocTeio OTy). [
YcranoButh ’I‘PIII 33JaHHBIX NTOBEPXHOCTEH U MOCTPOMTH HX.

2y
)G+t 81 =1

2) 2’ +y? -4 =

3) 322 + y? = 2a(z — 2);
22

4) 2y =2? —T’

5) y% = 15z;

6) 2 =5— 122 —y?

7) % — 9y? = 422

8) z2 =5y —1;

9) 222 — 4z + y? — 6y — 22 = 0;

10) 222 — 7y? + 1122 = 0;

11) 2+ 2 = 3% — 3y + 322 + 6z;

12) 2% = yz.

OnpenesuTh JUHUIO TIepecedeHnst IOBEPXHOCTeR

(-4 +@w-72+(2+1)%=36 u 3x+y—2-9=0.

(QQ Ilepsas moBepxHOCTb — 3TO Cepa, BTopas — II0cKocTb. OHK
TIEepeCeKaroTCs UJIH TI0 OKPYKHOCTH, UJIM B OIHOU TOYKe, MJIM BOBCE
He [IepeceKaloTCsl.

Hatinem paccrosinue d ot uentpa cdepst Mp(4;7; —1) mo niioc-
Koctu 3z +y—2—-9=0.

3.4+7+1-9] 11
| + | - VIl
V3+i1+1 VI

IMockosnbky d < R (R = 6 — paauyc cdepsi), TO IJI0CKOCTH nepe-
cexaeT cdhepy 1o OKpYKHOCTH.

Ientp O(z1;y1; 21) 9TOH OKPYKHOCTHU PACIOJIOKEH Ha, TIEPIEH-
aukysasipe MpO, onymeHHoM u3 neHtpa cdepbl My Ha 3aaHHYIO
IJIOCKOCTD (pHc. 67).

Ypasuenue nepnenaukysisipa MO B napamerpnyueckoi popme
UMEET BU,

d=

z=4+4+3t, y=T7+t, z2=-1-y

ToncraBuM 9TH PaBEHCTBA B yPaBHEHHUE MIJIOCKOCTU M HAXOMUM
t.34+3t)+(7T+t)—(-1—-¢t)—-9=0,t=-1.

ToncraBum ¢t = —1 B napaMeTpUYECKNE YPABHEHUS NIEPIEHIN-
Kynapa MyO. Haxomum: z = 1, y = 6, z = 0, . e. O(1;6;0) —
HEHTP OKPY>KHOCTH IepeceveHusi Chepsl U MJIOCKOCTH.
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5.5.13.

218

U3 AOMj A (puc. 67) naxomum 2 = R?2—d?,r? = 36—11 = 25,
r=>.

Puc. 67

Takum 06pa3oM moJIy4eHO, YTO KpUBaAs

(x—4)2+(@y-72+(z+1) =36,
3c+y—2-9=0

IpenCcTaBsisieT coOO# OKPYKHOCTh paadyca 5 C LIEHTPOM B TOYKE
0(1;6;0). [
CocraBuTh YypaBHEHHsI KaCaTeJIbHbIX IUIOCKOCTEA K cdepe
(x —2)2+ (1,{ +1)2 + (2 - 31)2 = 6 B TOYKAX ee IepeceveHus: C
z—1 _ _Z—=

npsimMoit 1 = —_y—l =S5

(QQ Touxku nepeceuenus npsamoit co chepoit MOTy4aIOTCA TOACTa-
HOBKOH paBeHcTB £ = 1+t,y = —t, 2 = 1+ 2t B ypaBHeHue cdepsl,
onpenesieHMEM t U TONCTAHOBKOHW OOpPATHO B ypaBHEHHs NPSAMOH.
Mmeem (14t —2)2 + (-t +1)>+ (1+2t — 3)2 =6, 6(t — 1)? = 6,
(31 =O,t2=2.,H,a.nee:c1 =1,y1 :0,21 =1,a:2=3,y2=—2,
29 = 5. Utak, M;(1;0;1), M2(3; —2;5) — TO4YKH mepeceyeHns1 npsi-
Mol u chepbl.

CocraBuM ypaBHEHUE NEPBOH KacaTeJIbHOH MJIOCKOCTH, IpPO-
xonsmei yepes M;(1;0;1). Ee Hopmasbueiit BekTop MoM,, roe
Mo(2; —-1;3) uentp chepsr: MoM,; = (-1;+1;—2), a ypaBuenne
mnockocti: —(z — 1) +y—2(2—1)=0mmz —y+2z—-3=0.

YpaBHeHHE BTOPO# IIJIOCKOCTH, IO aHAJIOTHM: £—Y+22—15 = 0.

ITonyuennbie MIOCKOCTH MapaJiyiesibHbl IOTOMY, YTO NAHHAA
npsiMas npoxomut 4yepe3 ueHTp chepbl Mp(2; —1;3) (nosyvaercs
npu t = 1). ]




5.5.14.

5.5.15.

chnonms, 4YTO IUIOCKOCTh ¥ — 2 = 0 mpeceKkaeT 3JIIMICOUI
:fﬁ + ys— + Z 9 = 1 mo sanuncy. Haiitu ero mosryocu m BEpIIMHBI.

(QQ Tlepeceuenne nByx moBepXHOCTelt B MPOCTPAHCTBE IPECTABJIA-
eT HEKOTOPYIO JIMHUIO, TPUHAIJIEXAIIYI0 KaK OJHON TaKk M ApYyroh
IIOBEPXHOCTH. Ypaauenne 9TOM JIMHUM B HaIIeM CJIydae MMeeT BUJ

y__ 2 _
16 + + ) =1,
y—2=0.
72
Toncrasum y = 2 B mepBOe ypaBHEHNE U HOJIy4aeM E + 4 9 %

910 ypaBHEHME JIJIMIICA, PACIIOJIOXKEHHOrO B Iy10cKocTH y — 2 = 0.
ITockosibKy KaHOHMYECKOE YPAaBHEHHUE I0J1yY€HHOrO 3JIJIUICA UMe-

2 2
€T BUI % + Z—s =1, T0 ero moJiyocu paBHbl @ = V8 u b = /4,5
)

(2 = a® — b%, ¢ = /3,5), a BepImMHBI 3JUIMICA PACHOJIOXKEHbI
B Toukax A;(—v/8;2;0) u A5(8;2;0) — Ha GosbmeM muaMeTpe,

B;1(0;2; —/4,5) u B3(0;2;/4,5) — Ha meHbIeM ,uname"rpe [

2

VccnenopaTh JIMHKIO epeceyeHus runepbosonna L T + y— =1

¢ maockocThio 4 — 3y — 122 — 6 = 0, nosp3ysAch ee npoexunﬂmn
Ha KOOPIOMHATHBIE TIJIOCKOCTH.
(Q JIunus mepeceuenns runep60J0Maa C MJIOCKOCTBIO ONpeesis-
€TCs1 CUCTEMOM’ 2 2
o V2o
9 4 ’
4r — 3y — 122 -6 = 0.
BripaxkaeMm 13 BTOPOro ypaBHEHUS
_4z-3y-6 5 _ 1622 + 9y2 + 36 — 24zy — 48z + 36y
12 144
U NOACTaBJIsfIEM B nepBoe ypaBHeHue. Ilosyyaem
9y? + 8xy + 16z — 12y — 60 = 0.
9710 ypaBHEHNe NPOEKIMM Ha MJIOCKOCTh Oy JIMHUM Iepecede-
HUA runepbosonna C IJI0CKOCThIO. BMecTe ¢ TeM 9TO ypaBHeHHE
IAJIMHOPUYECKOR OBEPXHOCTH C oOpasyiomiell, napaJisiesibHo# ocu
Oz, HanpaBAKIIAA KOTOPO# e€CTh UCC/IenyeMas JIMHUA. Y paBHe-
HHe 9TO} JIMHUM CJIEAYET IPUBECTH K KAHOHNYECKOMY BHAY M3BECT-
HbiMH opMysiaMu peoOpa30BaHusA KOOpAOUHAT (MOBOPOT Ocelt u
cuBur). B nanHOM ciiyvae METOOOM pPa3JioXeHHUs Ha MHOXHTEJH
MoxHO mosnyunth (y + 2)(9%y + 8z — 30) = 0, =. e. Hama JMHAA
npencrasiisfer napy npsaMeix y+2 = 0 u 8z + 9y — 30 = 0, koropsie
IIEpPECEKAIOTCS B' TOYKe

y+2=0,
8z + 9y —30=0,
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T. . M;(6; -2).
Tlo aHasi0rUM C 9THM, IPOEKTHPYEM UCKOMYIO JINHMIO HA, TIJIOC-
koctb Ozz. Ilony4aem napy npambix £—3z = 0u 52 —-92—12 =0,
KOTOpbIE [IepeceKkaloTcs B Touke M(6;2).
Haxonen, Ha niiockocts Oyz UCKOMas JIMHUSA [POEKTHUPYETCs
B mpsimbie Y + 2 = 0 u 5y + 82 — 6 = 0, KOTOpBIE [IEPECEKAIOTCS B
Touke M3(—2;2).
Ecnu npoekumu Ha KOOpOMHATHBIE IJIOCKOCTH JAHHOM JIMHUM
SABJIAIOTCS [I€PECEKAIOUMMUCH NPSAMBIMH, TO CaMa 3Ta JIMHUSA [IPe-
CTaBJIsET APy nepecekarommxcs B Touke M (6; —2; 2) npambix. Ko-
opauHathl M moJiy4yaloTcs M3 KOOpOMHAT ee mpoekumi My, Ms,
M;. [
5.5.16. YcTaHOBHTDH KaKue JIMHUHU ONpPENEsIAIOTCA CUCTEMaMK ypaBHEHMIA:
27 = (z-1)° + (y+1)°
3 6

1)
3z —y+ 62— 18 = 0;
_(-1? (y+1)?
2) { %=1 3
z—2y—1=0;
(z-1)?% @+1)? 22 _
3l a4 T 9 3L

9z — 6y + 2z — 43 = 0.
2

5.5.17. an runepbosmnueckuit mapabosiony z? — % = 2z U OOHAa U3 €ro

KacaTeJibHbIX mtockocrelt: 10z — 2y — 2 — 21 = 0. Haiitu ypaBHeHus
KaxJao# u3 Tex ABYX NPAMBIX, 10 KOTOPOH NJIOCKOCTb KacaeTcs C
apabosIonIoM.
(Q YpaBHeHHs HCKOMBIX IPAMBIX 33JAI0TCA CUCTEMOH ypaBHeHHuif,
KOTOPYIO IOCJIEA0BATEJILHO IIPeobpasyeM.
10z —2y—2—21=0, z=10z — 2y — 21,
2

PN 2
1:2—% =z :L'z—y4—=10z—2y—21

{z:lOz—?y—21, -

2z—y-6)2z+y—14)=0

— Oy — 2z —2] =
10z — 2y —2—-2 0, (5.1)
2c—y—-6=0

—2y—2z-21=
10z — 2y — 2 0, (5.2)
2z +y—14=0.

Ypasuernns npsameix (5.1) u (5.2) nosydens: B obmeM Buze.
IIpuBenem (5.1) k kaHoHHYeckomy Buny. Iljis 9TOrO Hailnem nBe
TOYKH Ha npsimo# (5.1):
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10z — 2y =21
2=0: Oz -2y ’ =>M1(§;—3;0);
2r —y=6 2

10z — 2z =21
=0: T = M,(3;0;9).
y {2:6—6:0 2(3;0;9)

CocraBuM ypaBHEHHE NpPsIMOM, mpoxonsme#t dyepe3 Touku M)

u My. MM, = (%;3;9) = %(1;2;6). Ipamas (5.1) umeer Bug
zT_?’ = 321 = % WM TIapaMeTpHYecKu: £ = 3 + t, y = 2t,

z = 9 + 6t. (YpaBHeHHE NpPAMOY ONIpeNesseTcss HEOLHO3HAYHO:
HanpuMmep, npu ¢t = 2 HAXOOMM Ha 3TOH NMpsAMOR TOYKYy Ty = 9,

Yo = 4, 20 = 21, a mMOTOMY €ee ypaBHEHHE MOXKHO 3aIMCaTh U TaK
r—35 - Y- 4 — Z2—= 21)
1 2 6

. Ilo anasorun, npsamyio (5.2) MoxHO

5 _y—4_2z-21
- -2 7 14 - o

TNIPUBECTH K BHAY < I

JononuurtensHuie sapa4n

5.5.18.

5.5.19.

5.5.20.

5.5.21.

5.5.22.

5.5.23.

5.5.24.

CoctaButh ypaBHeHue chepsbl paauyca R = 9, npoxonsiei yepes
touku A(—5;10; 1), B(1;-2;-1), C(-8;—2;2).

Cdepa npoxomur uepes tpu Touku A(—2;4;1), B(-5;0;0),
C(3;1;—-3), a ee ueHTp JIeXKNUT HA IUIOCKOCTH 22 +y — 2+ 3 = 0.
CocTaBUTb €€ ypaBHEHMUE.

CocraBuTh ypaBHenue cdepbl, MPOXONAIEH yepes3 YeTbipe TOUKH:
A(1;-2;-1), B(4;1;11), C(-8;—-2;2) u D(—5;10;—1).
YcraHoBuTh Kak pacnosioxena touka A(2;—1;3) orHOocHTEsNIBHO
Kax 1ot cheprl — Ha cdepe, BHyTPH Hee UM BHE:

1) (z-3)2+@w+1)2+(2-1)%=4

2) (z +14)2 + (y — 11)2 + (2 + 12)% = 625;

3) (z-6)2+(y—1)2+(z—2)2=25.

Omnpenenntb ueHTp Mo(To;Yo; 20) U PAIUYC OKPYHKHOCTH:

{(z —3)2+ (y+2)2 + (2 — 1)2 = 100,
2z -2y—2+9=0.
CocraBuTh ypaBHEHHUE ILJIOCKOCTH, MMPOXOAsAIel yepe3 JIMHHUIO ITe-
pecedeHus aByx coep.

22 +2y° + 222 +3z-2y+2-5=0

Pyl +22-z+3y—22+1=0.

CoctaBuTb ypaBHeHue chepbl, Ipoxonsaileit yepe3 Ha4asI0 KOOpAU-
HaT ¥ OKPYkKHOCTb:

72 +y? + 22 = 25,
2t -3y +52z2—-5=0.
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5.5.25.

MeronoM mapaJiyiesibHBIX CEYE€HHH MCCIIENOBATh F€OMETPUYECKYIQ
¢dopMy NMOBEpXHOCTEH 33 JaHHBIX yPABHEHUSIMHU:

2 Y2,
Dg+is—25=b
2 2 2
G +h+5=1
2 ¥ 2.
)T t-FT="
2 2
4)z=‘%+y§;
2 2
5)z=2 -4
2 2
6)‘%+yg—=1;
N 4=t
8) 2 = 2y.

Bonee cnoxHsbie 3agaqn

5.5.26.

5.5.27.

5.5.28.

5.5.29.

5.5.30.

5.5.31.

222

OnpenenuTh, KaK pacloJIOKeHa NpsAMas OTHOCUTENILHO cepbl —
nepeceKkaeT Ji, KacaeTcs UM npoxomut BHe ee. Ilpsmasn u cdepa
3aJIaHbI CJIELYIONMMH yYPABHEHUAMU:

1)2=2 - y+3 _ 242
-2 3 1

2)z =5+3t,y = 2t, 2z = —25-2t, r> +y?+2%—4x—6y+22—67 = 0;

3) {2x—y+2z—12=0,
2x —4y—2+6=0,

Haittu kparuaitiee paccrosinue ot T09ku A 10 cepsl ¢ 331aHHBIM

yDaBHEHHEM:

1) A(-2;6;3), 22 + 32 + 22 =4

2) A(1;-1;3), 22 + y* + 22 — 6z + 4y — 102 — 62 = 0.

CocTaBuTh ypaBHEHHeE IJIOCKOCTH, KacaTebHol k chepe 2 +y% +

+ 2% = 49 B Touke M;(6;—-3;-2).

Jokazars, 94To miockocTs 2z — 6y + 3z — 49 = 0 xacaerca chepsl

22 + y? + 2 = 49 ¥ BLIYUCIUTH KOOPIWHATHI TOYKM KACAHHS.

CocTaBUTh ypaBHEHHs ILJIOCKOCTeH, KacaTeslbHbIX K chepe 2+

+ 9% 4 22 = 9 u napaeNBHBIX MIOCKOCTH T + 2y — 2z + 15 = 0.

JloKa3aTh, 9TO B KAXIOM M3 YKA3aHHBIX HIDKE CJIyYaeB 3aJaHHbIE

MOBEPXHOCTb M IJIOCKOCTh MMEIOT OOHY OOIIyI0 TOYKY ¥ HalTH ee

KOODIWHATHI:

2 2
)G+ =220-2-2-10=0,

,x2+y2+z2—4y—3z+%=0;

2 +y2+22-22+2y+42-43=0.



2
2) T+ -5 =-1,50+2:45=0,

25—
22

3)%“9 51

z2
3
=1,3r - 12y — 42+ 54 =0.

5.5.32. loka3aTb, YTO IJIOCKOCTH 4:c — 5y - 102 — 20 = 0 nepecekaer on-

HOIIOJIOCTHBIH rnnep6onom1 T3 + % - —4— = 1 no npsiMoIMHEHHbIM

obpasyomum. CocTaBuTh ypaBHeHnﬂ 3THX 00pa3yoNux.

5.5.33. oxasarb, 4TO MIOCKOCTHb 2 — 12y — 2 + 16 = 0 nepecekaer ru-

nepbonmyeckutt napabononn 2z = 2 — 4y? 1m0 MPAMOSMHEHHBIM
obpasyiomuM. COCTaBUTh yPABHEHUS 3TUX MPSIMBIX.

KOHTPOJTIbHAA PABOTA
Bapuant 1

1.

Hauasno otpeska AB naxomutca B Touke A(2; —3;4). Touka M (—1;2;5)
OTCeKaeT OT Hero 4derBeptyio 4actb (AM : AB =1 : 4). Haiitu koop-
OUHAThl TOYKU B.

Kaxue noBepxHOCTH ONpenesisiloTCs YPABHEHUSIMHU:
)22 +y?+22-10z+8y—-8=0;
2) y = 4227

. CocTaBuTh ypaBHEHHSA IJIOCKOCTH, IPOXondAIeil yepes:

1) oce Oz u Touky A(2;—3;4);
2) Touky A mapasinesibHoO miockoctd Ozy.

. Tpeyrosbuuk ABC 06pa3oBaH IlepecedyeHHeM IIOCKOCTH 2T + 3y +

+4z — 12 = 0 ¢ koopanuHatHbIMU ocaMu. HaliTu ypaBHeHus cpenHeit
JIMHAM TPEYTrOJIbHUKA, NapaJuiesibHol mitockoctu Ozy.

Haiitu ypaBHeHus nmepneHauKyasapa K MJI0CKOCTH T —2y+2z—9 = 0, npo-
xomsuero yepes Touky A(—2;0; —1), 1 onpenesinTe KOOPAUHATHI OCHO-
BaHUs 3TOTO MEPIEHAMKYJIAPA.

Bapuanr 2

1.

Ha ocu Oz HaiiTu TOuYKy, paBHOyAaJjieHHYIO OT AByX Touek A(3;—1;2)
u B(4;1;-1).

o +y? +2° = 64,

72 +y? 4+ 22 -2z =58
1) abcuucca xoTopo# paBHa 4;

2) anmsmkara KOTOpo# pasHa 2.

Ha nunuun { Ha#TH TOUKY:

. CocTaBuTh ypaBHeHHME KacaTeJbHOM muiockoctu K cdepe (z — 1)2+

+(y +2)? + (2 — 2)? = 27 B Touke Mp(2; —1;-3).
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Haub! Tpu mocienoBaTebHbIE BEPIIMHBI NapaJuiesiorpamma; A(2;4;3),
B(-3;0;6), C(—4;2;1). Haittn ypaBnenusi croponsl AD u nuaronaiu
BD.

Haittu paccrosnue ocu Touku A(0; 2; 5) no npsamoit "”__21 = 311 =2 ‘é‘ 3

BapwanTt 3

1.

Haiitn nentp mapa paguyca R = 5, KOTOpbI# PaCIOJIOKEH B HATOM
OKTaHTEe U Kacaercs BCeX TPeX KOODOMHATHBIX MJIOCKOCTEH.

. Hailtn ypaBHeHNe reoMeTpu4eCcKOro MeCTa TO4Y€K, PABHOYIAJIEHHBIX OT

nByx Todexk A;(3;2;1) u A2(—4;-2;1).

. Ha#itn yros mexay nsiockoctbio T +y = 0 ¥ mJI0CKOCThIO, mpoxonsAuieh

4yepe3 Touky M (3; —1; —1) u comepxamyio ocb Oz.

. Yepes touky M (2;1; —4) npoBecTd npsMyo, NapajiejbHyi0 OUCCeK-

TpHUce KoopauHaTHOro yria Oyz.

. Haiitu npoexumio Touku A(2; —1; 3) Ha mnockocts 5z — 2y + z+ 15 = 0.

Bapuanr 4

1.

Otpesok AB pasnenen Ha 5 paBHbix yacte# Toukamu C, D, E, F
(AC = CD = DE = EF = FB). Haiitu xoopausars! To4exk D u
C, ecnu usBecTHb! Touku A(2;2;5) u B(-3;1;0).

. CoctaBuTb ypaBHEHHE JIMHUM IepecedeHus: miockoctu Oyz u chepsl,

LEeHTP KOTOpoi HaxomuTcs B Touke C(4; —3;2) u paguyc pasen 10.

Ha ocu Oz HaiiTi TO4Ky, paBHOyHaseHHyo ot Touku A(1;2v/2;0) u or
miockoctTu £ +y — 5 = 0.

CocTaBuTh KAHOHHYECKHE YPABHEHUs IPAMOH, poxoasmel yepes T04-
Ky M(5; —7;9) napannenpHO nmpsMoH

r—3y+22—-6=0,
2r —y+4z+17=0.

r—3 _y+3 _ 246

Haiitu paccrosinne Mexay NIpsMbIMH 5 = 3

r+5_y+3_2+6
8 —4 2 -

u




fmasa 6. PYHKUUUN U NPEOENDI

[

§1. ®DYHKUUN N UX TPAOUKU
Onpepenenne pyHkUMn

Besne masiee B 3ToM maparpade 1o MHOXECTBaMHM OyIyT MOHMMAThCS
4UCJIOBblE MHOXECTBA, T.€. MHOXECTBA, COCTOALINE U3 IeHCTBUTEIbHBIX Y-
ceJl.

MHOX)eCTBO BCeX AeACTBUTESIbHBIX Ynces Oymer o6o3HadaThcsa 6yksoi R.

= ITycTs KaxmOMy 9MCJIYy T U3 HEKOTOPOrO MHOXKECTBA X MOCTABJIEHO
B COOTBETCTBME OOHO U TOJILKO OmHO uucho y. Torma rosopst, 9To
Ha MHOXecTBe X 3aaHa PyHKyusA.
Croco6 (npaBusio), ¢ IOMOIIBI0 KOTOPOTrO YCTAHABJIUBAETCS CO-
OTBETCTBHE, ONpenessAriee JaHHYI0 (QYHKIUIO, 0003HAYAI0T TOR
uyi uHoi GykBol: f, g, h, ¢, ... Ecion, Hanpumep, BriGpana GykBa

f, TO mumyT v = f(2).

IlepemenHas x npu 3TOM Ha3bIBAETCH HE3A8UCUMOT TIEpEMEH-
HOH (MM apeymenmonm), a MepEeMEHHAs ¥ — 3a6UCUMOT.

MmuoxecTtBo X Ha3bIBaeTCA 064acmblo onpedesenus TAHHOU
dyukuuu n obosnagaercss D(f), a MHOXeCTBO BCEX 4HCeJ Y, COOT-
BETCTBYIOUIMX PAa3JINYHbIM YUCJIaM T € X, — obaacmvio 3navenud
aTo#l dbyHkuuu u obosnavaerca E(f).

> Ecan gyucny xo u3 obsactu onpenesnennss dbyHkuun f(z) coorBer-
CTByeT HEKOTOpOe 4YHCJIO Yo M3 OBJIACTH 3HAYEHHH, TO Yo HA3bIBA-
ercsa 3naveHuem PYHKYUL B TOUKe To (MJIM IPH T = Tp).

Mpacdhmk byHkyun

> ITycTs 3amansl npsAMoyrosbHas cucreMa koopauHat Ozy U GyHK-
s y = f(z). I'paguxom dynxyuu f(x) Ha3pIBAETCA MHOXKECTBO
BCEX TOYeK MJIOCKOCTH ¢ koopauHartamu (z; f(z)), rtme = € D(f).

MHOX€eCTBO TO4YEK Ha KOODAWHATHOH MJIOCKOCTH ABJAETCA rpaduKoM He-
KOTOpO# (DYyHKUUK B TOM U TOJILKO B TOM CJIy4ae, KOra Kaxaas BEPTHKAJIb-
Has (T.e. mapasuiesbHas ocu Oy) mpsAMasi mepecekaer ero He Gosiee yeM B
OIHOHI TOYKe.

Ipaduk byukuum y = f(r) 3a4acTyi0 MOKHO MOCTPOMTH C HOMOIIBIO
npeoGpasoBanuii (CoBur, pacTspkeHne) rpaduka HEKOTOPOH yxke M3BeCTHON
byuxnyn.
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B wacTHOCTH:
1. 'padux bynkuuu y = f(z) + a nonydaercs us rpaduxa GbyHKIMR
y = f(x) caurom Booss ocu Oy Ha |a| enunun (BBepx, eciu a > 0, ¥ BHUS,
ecnu a < 0);
2. I'paduk dbynkuum y = f(z — b) nonyvaercs us rpaduka OyHKIUHR
y = f(z) cosurom Brosis ocu Oz Ha |b| ennrun (Bupaso, ecn b > 0, u BJieso,
ecau b < 0);
3. I'padux byukumu y = kf(z) nonydaercs u3 rpaduka GyHKUHn
y = f(z) pacrmxenuem (cxartuem) Bmosib ocu Oy B k pas (1/k pas), ecsm
k>1(ke(0,1));
4. I'paduk byskuun y = f(mz) nosyyaerca u3 rpacduka GyHKIMH
(x) cxarueM (pactsxenuem) no ocu Oz 8 m pas (1/m pas), ecmum > 1

. P'padux obyskumn y = —f(z) nony4aercs wms rpaduka byHKIMEI

y = f(z) cUMMeTpUYHBIM OTPAXKEHHEM OTHOCUTEJILHO ocu O;
6. 'paduk byukuuun y = f(—z) nonydaercs us rpaduka GyHKUMH

y = f(z) cuMMeTpUYHBIM OTpaXKeHueM OTHOCUTeNbHO ocu Oy.

YeTHOCTb, HEYETHOCTb U NEPUORUYHOCTL (PyHKLUMN

> OyHKIMA HA3BIBAETCA wemnoli, eCJiu:
1) muoxectBo D(f) cCMMMETPMYHO OTHOCHTEJILHO Hys (T.€. VI €
€ D(f) = -z € D(f));
2) nns moboro z € D(f) cupasennuBo paseHctso f(—z) = f(z).

I'paduk geTHOH dyHKUMHM cCHMMeTpUYeH OTHOCHTENbHO ocu Oy.

= Dyukuysa f(r) Ha3bIBAETCA Heuemnotll, eciiu:
1) muoxectBo D(f) CHMMETPUYHO OTHOCHTEJILHO HYJIST;
2) psis moboro z € D(f) cupasennuso pasencTso f(—z) = — f(z).

I'pacduk HeyeTHOU DyHKUMH CHMMETPHYEH OTHOCHTEJILHO Ha4aJia KOOp-
JMHAT.

OyHKIMA, HE FABJIAIOMIAACA HA Y€THOU, HU HEYETHOHU, HA3bIBAETCA PYHK-
yueti 0bwezo euda.

> Oynkuus f(z) HasbBaeTca nepuoduveckol, €CIA CYyMECTBYET YU-
cio T # 0, uro nuia soboro z € D(f) cnpaBeniuBbl yCIOBUA:
)z+T € D(f), z—T € D(f);
2) f(z+T) = f().

Yucsio T naseiBaercs nepuodom byukuun f(x). Ecom T — nepuon dyHk-
wnu f(x), To uncna 7T, £2T, +£3T,... TakxKe sIBJISAIOTCSA MMEPUOSAMHU STOH
dyukuuu. Kak npasuno, nog nepuogoM ¢byHKIMA MOHUMAIOT HAUMEHbIIUH U3
€€ TMOJIOKUTEJIbHBIX IEPUOIOB (0cHo6HOt Nepuod), €CIi TAKOBOM CymIeCTBYeT.

Ecnu dyukuus f(zr) neproguyeckas ¢ nepuomom 1', To ee rpacduk nepe-
xomuT caM B cebs npu casure Baosib ocd Oz Ha T eAuHML BJIEBO MJIM BIIPABO.
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CnoxHaa yHkyua. InemeHTapHble pyHKUMN

= ITycts obnacts 3Hauennit pynkunu y = f(x) comepxurca B oba-
ctu onpenesienns Gyukuun g(y). Torga byskuus

z=g(f(2)), = € D(f)

Ha3bIBAETCA CA0dCHOU Pynryueld uiu xomnosuyuet GyHkuui f u
g 1 obosHavaercs go f.

Ocroenomu (WA npocmetuwumu) d4emMenmapHumMu PYHKYUAMY HA3bI-
BAIOTCA: NOCMOAHHAA PYHKYUR Y = C; cmenennas Pynxyua y = %, a € R;
noxasameavhaa pynryus y = a®, a > 0; sozapuPpmuneckan Pynxyus y =
= log, z, a > 0, a # 1; mpuzornomempunecrue gynxyuu y = sinc, y = CoS T,

y = tgz, y = ctgx, y = secw (rne secr = cols:z:)’ Yy = cosecT (me
cosecT = ; obpamnvie mpuzonHomempuveckue gywxyuu y = arcsing,

sinz
y = arccosz, y = arctgr, y = arcctgz.

Ha pucynkax 68,a u 68,6 npuBeneHs! COOTBETCTBEHHO rpadhuky byHKIHiA
y = arcsinz u y = arctgz.

y Y
BN
N AN
1 N
] A%
] 1 Y  ceaceececsccccccceccccc e e e ———
VT s
1 .
i 1Y = arcsin 2
' ' y=arctgz
—1 11
I L
. O T 0] T
1 ] T
] ] ——
[ ] 2
' eeeecee—e————- P T
T2
n ]
AN
PN
H :
a 6
Puc. 68
> Inemenmaproimu PYHKYUAMU HA3BIBAIOTCA (DYHKUMH, KOTOpbIE
MOJIYYAIOTCA M3 OCHOBHBIX 3JIEMEHTAPHBIX (PYHKUMH C MOMOLIbIO
KOHEYHOro 4Mcia apudmerndeckux omepauuit (+, —, -, :) ¥ KOM-

no3uiui (1. e. 06pa3oBaHus CIOKHBIX GyHKuMH).

MoHoToHHan, obpaTHas u orpaHn4veHHas (PyHKUMA

> Oyukuus f(r) HasbiBaeTCa Heybuearouet (neso3pacmarouets) HA
muoxectBe X C D(f), ecnu mnsa sobbix 3HadeHu#t T1,T2 € X
TaKUX, 4T0 T < T2, CHpaBemsMBO HepaseHCTBO f(z1) < f(x2)
(coorBerctBenno, f(z1) 2 f(z2)).

227



=1 Pyukuus f(x) HA3BIBAETCA MOHOMONHOT, €CTIM OHA, HEBO3PACTAIO-
asi Wi HeyObIBaIOmAas.

=3 Pyukuus f(r) HasbiBaeTCs 6o3pacmarwets (ybuearouelt) Ha MHO-
xecrBe X C D(f), ecniu gns no6bix 3Ha4eHnd Tp, 12 € X TaKux,
4910 T; < T2, CIpaBeuBO HepaBeHCTBO f(z1) < f(z2) (coorser-
cTBeHHo, f(z1) > f(z2)).

= Dyukuus f(r) HA3BIBAETCA CMP0O20 MOHOMOHHOY, €CJIN OHA, BO3pa-
CTAIOUIAsT UJIM yObIBAIOIIASA.

> Mycre gns iobbix pasnu4HbIX 3HA4YEHMR 1,T2 € D(f) cupasen-
auBo, 4t0 f(z1) # f(x2). Torma mns mwoboro y € E(f) Haitmerca
TOJILKO onHO 3HadeHne ¢ = ¢(y) € D(f), Takoe, uto y = f(z).
Pyukuus z = g(y), onpenenennas ua E(f), nasbiBaercs obpam-
notl gna yukuun f(x).
Ormerum, uro E(g) = D(f).
Ecnu dbyuxuusa f(r) umeer o6paTHy0 GYHKIHMIO, TO KaXK[Ias TOPU30OH-
TaJibHAs NPAMas Y = ¢ nepecekaer ee rpaduk He Oosiee 4eM B OOHOH TOYKe.
Mycts dynkuus ¢ = g(y) (uHorma ee obosnagator £ = f~!(y)) — obpar-
Hast s oyskuud y = f(z). Econu oGosHauuts apryment stoit dyHKuum
Yepes T, TO ee MOXHO 3anucaTh B Buge y = g(z). Torna
9(f(z)) = = nnsa scex z € D(f),

f(g(z)) = = nna scex ¢ € E(f).

Nubivu cnosamu, ecoin dyukuus g(x) — obparnas niia byukuun f(x),
10 dyukuus f(r) — obparHas ansa byHkuuu g(z); nos3TOMYy 06€ 3TH hyHKUUH
Ha3bIBAIOT €IIE 63GUMO0GPAMHLLMU.

IIycre dyukuus y = f(z) sbipacraer (yObiBaer) Ha orpeske [a;b]. Torma
Ha orpeske [f(a); f(b)] (coorBercTBenno, [f(b); f(a)]) onpenenena Bospacta-
fomas (y6biBaromwas) GyHkuus g(x), obparnas nnsa dyukuun f(z).

I'padux dyukuun g(x), obparHoh s dyHkmy f(r), CHMMETpPUYEH rpa-
duxy f(x) OTHOCHTENILHO NPAMOR y = I.

> Oynkuus y = f(z) HasbIBaeTCA O2panuuennotl ceepry (cru3y) na
muoocecmee X C D(f), ecnu cymwectByer Takoe unucyio M, 941o
flx)<M (f(z) > M) gnascex ¢ € X.
> Dyukuysa y = f(z) Ha3bIBAETCA oOzpanuvenHol Ha MHOdCecEe
X C D(f), ecau cymecrByer Takoe uncjio M > 0, 4to

|f(z)| < M pna Becex z € X.

F'vunepbonuyeckue pyHkymn
T'unepboauveckumu Gyrxyuimu Ha3bIBAIOTCA CJIELYIONIME YeThipe DYHK-

1130784

1) eunepboauuecxuti cunyc y = shz, rue shz = % (rpaduk aTOMH

HedeTHOU Bospacrarolei pyHkuun nzobpaxen Ha puc. 69,a);
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_€e+e’"

2) eunepboauveckut xocunyc y = chz, roe chz = 5 — (rpadux
»TOl 4eTHOM byHKUUM CM. Ha puc. 69,6);

_ _ shx _ e —e”"

3) eunepboaunecxuii manzenc y = thz, roe the = hs = F 12

(rpacdux 370l HeueTHOl BozpacTaomell pyHkuun cM. Ha puc. 69,8);
chz _ e +e’”
shz et —e %

(rpacduk 3T0# HedeTHOl ybpIBaromelt dyHKIME cM. Ha puc. 69,2).

4) zunepboauveckult xomaneenc y = cthe, roe cthr =

y Y
y=shz
: y=chz
(0] x
(0] T
a 6
Y
S § B
y=thz
(0] z z
___________ ot S -1
] 2

Puc. 69

Jns runepbosinyecknx GYyHKIME UMEIOT MeCTO (hOPMYJIbl, AaHAJIOTUYHbBIE
(C TOYHOCTBIO 10 3HAKA) COOTBETCTBYIOIMM (POPMYJIaM JAJisi OGbIYHBIX TPUTO-
HOMETPHUYECKUX PYHKIMH:
ch®z —sh’z =1, ch2z=ch’z+sh’z,
ch(z £y) =chzchy +shzshy,
sh(z £ y) =shzchy+chzshy wurng.

HessHble n napamerpuyeckun 3agaHHble pyHKYUMN

®opmysna y = f(z) onpenensier siBHbIH criocob 3ananua Gynkuun. Ongxa-
KO BO MHOTHX CJIy4asX MPUXOAUTCS UCIIOJIb30BATh HESIBHBIA CIOCO0 3a,0aHUs

bynkuun.
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IIycry pammas ¢dymknua ompenmenena Ha MHoxecrse D. Torma,
ecyy Kaxkjaoe 3HadeHHe T € D u COOTBETCTByIOIEE €My 3HAYe-
HYe GYHKINH § yIOBJIETBOPAIOT HEKOTOPOMY (OOHOMY M TOMY XKe)
ypasrennio F(z;y) = 0, T0 roBopsaT, 40 318 dynxyus 3adana He-
aero ypasnenuem F(z;y) = 0. Cama dyHKuus B 3TOM Cilydae Ha-
3bIBAETCA HeA8HOT Pynryued.

I'pagurom ypasnenus F(z;y) = 0 HA3BIBAETCA MHOXKECTBO BCEX
TOYEK KOOPOMHATHOM 110cKocTH OTY, KOOPOMNHATHI KOTOPHIX YI0B-
JIETBOPSIIOT 3TOMY yDPABHEHHIO.

IIycts Ha HexoTopoM MHOxkecTBe X C R 3anansl ase GyHkuyu T = z(t)
n y = y(t). Torma MHOXeCTBO Bcex TO4eK Ha miockoctd Oy C KOOpAUHA-
tamu (z(t),y(t)), rme t € X, HaspiBaercs xpueoti (unu juHuelr), sadarnotl
NAPAMEMPULECKU.

Ecnu xpuBasi, 33JaHHAsI IAPAMETPUYECKH, ABJIAETCHA rpadhUKOM HEKOTO-
poit dyukuuu y = f(z), TO 3Ta PyHKUMsA TakxKe HasbIBaeTCsA Pynxyuet, 3a-
dannoti napamempuyecku (MM NapaMeTPUIECKH 33aHHOM).

6.1.1.

6.1.2.
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Haiitu obsactu onpenesienus ¢yHKImii:

1) f(z) = B

2) f(z) = V5 — 3a;
3) f(z) =In(z + 2).

Q 1) Opobs %‘L% OIIpEeieJIEHa, €CJIM €e 3HAMEHATe/b He pa-
m —

BeH Hyso. IloaToMy obsiacTh omnpenesieHus: JAHHOH (DYHKUMHU Ha-
xomutcs u3 yeaousa 2 — 1 # 0, .e.  # 1. Takum obpazom,
D(f) = (=00; —1) U (-1;1) U (1; +00).

2) ®yukuusa f(z) = +/5 — 3z onpenesieHa, eciu MOOKOPEHHOE
BbIpaXK€HNe HEOTPUUATENbHO, T.€. 5 — 3z > 0. Orcioga = <

snauut, D(f) = (——oo; %]

3) Bripaxenue, CcTosmiee MOL 3HAKOM JIOrapudma, HOJDKHO
ObITh [OJIOKUTENIbHBIM, I03TOMY yHKIMA In(T + 2) onpenesieHa B
TOM ¥ TOJIBKO B TOM cJjiy4dae, korna £+2 > 0, .e. £ > —2. 3Hayur,

D(f) = (—2; +00). [

u,

b}
3)

Haiitu obsactu onpenenienus GyHKuumii:
1) f(z) = 2% + arcsin "’;2;

2) f(z) = %$5=_7 — Tcos2z.




6.1.3.

6.1.5.

6.1.7.

Q 1) ®yrxuusa a®, a > 0 onpenesieHa Mpy BceX AHCTBHTEbHBIX
3HAYEHHUAX T, MO3TOMY (DYHKIMS 23 OmpeeseHa B TOYHOCTH MPH
TeX 3HAYEHMsIX T, P KOTOPBIX MMEET CMBICJI BhIDAXKEHHE %, T.€.
npu x # 0.

Hasee, 0bs1acTh onpenesieHUsi BTOPOro CJIAraeMOro HaXOOuM U3
nBoltHoro HepasencTa —1 < %2 < 1. Orcioma -3<z+2<3,
Te. -5z <L

O6nactb onpenesiesus Gpyskuun f(z) ectb nepecedenue obia-
cTelt onpenesienns o6oux cyaraeMsix, orkyna D(f)=[-5;0)U(0; 1].

2) ®yukums 7cos2z omnpenesieHa NpH BCeX OeHCTBUTENIbHBIX

3HAYEHHUAX T, 8 PyHKIUS —ﬁ/% — JIMIIb PH TEX 3HAYEHH-
T -z

AX T, IpH KOTOphIX 2 — 2 # 0, T.e. mpu = # 0, T # 2.

Takum o6pasom, D(f) = (—o0;0) U (0;2) U (2; +00). ®
Hatimu obaacmu onpedeaenus dynxyuii:
2
—z-+4 = si 1
f(a;) = %3? 6.1.4. f((l?) = Sin EI—_2
f(z) = logz(—z). 6.1.6. f(z)= VzZ— 7z + 10.
f(z) =2* +tgz. 6.1.8. f(z)=vVz-7++/10-=z.

6.1.9.

6.1.11.
6.1.12.
6.1.13.

f(z) = lnﬁw 6.1.10. f(z)=Vz+2+ ﬁ

|22 — 2|
f(z) = eV® -log, (2 — 3z).
f(z) = arccos(z — 2) — In(z — 2).

Haiitu MHOXecTBa 3HaYeHu#t GpyHKuMiL:
1) f(z) =22 +4z + 1;
2) f(z) = 2°;
3) f(z) =3 —5cosz.
Q 1) Tak kak 22 +4z+1=(z+2)>-3,a (z+2)? > 0 ona
BCex 3HayeHuit z, T0 f(x) > —3 musa Bcex z. Ilockosbky x TOMY
xe dynkmua (z + 2)? npunumaer Bce 3Hayenus or 0 10 oo, TO
E(f) = [-3;+0).

2) E(z®) = [0; +00), n03TOMy MHOXECTBO 3HaueHnit byHKIUHI
2s” COBIAIaeT C MHOXeCTBOM 3HaudeHu#t dpysxkumu 2% npu = > 0.
Otcioma E(f) = [1;+00).

3) E(cosz) = [-1;1], orkyma E(—5cosz) = [—5;5]. Tak kak
f(z) = —5cosz + 3, To E(f) = [-2;8]. L

231



Hatimu muoocecmeo 3navenuti pynxyuti:

6.1.14. f(z) = 22 — 8z + 20. 6.1.15. f(z)=3"".
6.1.16. f(z) =2sinz — 7. 6.1.17. f(z)= 1 + 4.
6.1.18. f(z) = Larctgas. 6.1.19. f(z) = \/‘-‘— z+2.
6.1.20. nsa byskmuu f(z) = —%i% HaliTn:
1) £(0); 2) f(-2);
3) F(V2); 4) f(-=);
1
5 1(3): 6) fla+1);
7) fla) +1; 8) f(2z).
Q 1)-3). lNoncrasnas 3snayenue T = 0 B aHATIMTHIECKOE BbIpaXKe-
Hue 1A naHHo# dysxkiun, nosmyqum: f(0) = 602-'-—_31 = —3. Ana-
JIOrM4HO HaxomuM f(—2) = ﬁzi % f(V/?2) = (J\/%:B_l =
=v2+3.
4)-6). IIna Toro, 4Tobs! HaiiTu f(—z), HamO popMasILHO 3aMe-
HuTh T B dopmysie qis f(z) Ha —z. Torma f(—z) = (_——;)2'% =
= 3 2
= 3=2 Touno Tax xe maitnem f(1) = to _3a’+g

¢ -1 T _(%)2_1_ 1-z*’
_(e+1)+3 _ a+4
f(a+1)_(a+1)T—1_Ef+2a'

_a+3 _a’+a+2
7)f(a)+1_a2_1+1_ Zo1

8) f(2z) = (22“3+31 =243 °

6.1.21. IIna dyuxuuu f(z) = z3 - 2% naitu:
1) f(1); 2) f(=3);
3) f(=V5); 4) f(-z);
5) f(32); 6) /(1);
) T 8) f(b-2).
6.1.22. na byuxkuum p(t) = @ HaliTu:
1) p(=1);
2) ¢(=5);
3) v(3);
4) ¢(z + 3);
5) p(2t — 1).
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6.1.23.

6.1.24.

6.1.25.

Kakue u3 cienyomunx dyHKuuit 4eTHble, KaKMe HEYETHbIE, a Ka-
KHne — o6mero BHIA:

1) f(a) = ;2—1,
2) f(z) = z* - 5|z|;

3) f(z) = e* — 2¢77;

1) f(@) =In ;2.

Q 1) D(f) = (—o0;+00), H, CTANO 6BITH, 06JIACTH ONpPENEIIeHHs

(byHKLum cnmmeTpana OTHOCHTEJIbHO HayaJla KoopauHat. Kpome

3
Toro, f(—z) = = ( )‘T)+ 1=~ +1 = —f(x), T. e. nanHas PpyHK-
IMA HEYETHAA.

2) D(f) = (—o0; +00) 1 f(-z) = (—z)* - 5| —z| = 2* - 5|z| =
= f(z). CnenoBaresibHO, GYHKUUSA YETHAS.
3) D(f) = (—o05+00)  f(—z) = =% — 2% # +f(a), T.e
IaHHast (PYHKLHMs OOIIEro BHIA.
4) D(f) = (-1;1), T.é. obsacTb onpenesieHus cnmmeTpnqua
1 :c 1-z\™
oTHOCcHTENbHO HyJsA. K Tomy xe f(—z)= ln + ln(1 +:c) =

=—In i_’—_—z —f(z), T.e. bynkuua neyerHas. o
Kakue u3 crenyromux dyHkuuit 4eTHbIe, KaKne HEYETHHIE, 3 Ka-

Kue — obuiero Buga:

1) f(.’l:) Sln:l:

2) f(z) = 2° +3a: —x;
3) f(z) = V=;

4) f(z) = arcsinz;

5) f(z) =sinz + cos:c,
6) f(z) = |z| -

7) f(z) = —2—1,

8) f(z) ==z - €.

Onpenesiutb, sIBJISETCA JIM NJaHHAA (DYHKIMS NEPHOOUUYECKOH, M
HaliT ee HaMMEHbIINI IOJIOXKMTEJIbHBIN NEpHoN, €CJIM OH Cylie-
CTBYeT:

1) f(=z
2) f(z) = cos® 5z;

)=
)
3) f(z) =tg 3;
)=
) =

= sin 4:1:,

4) f(z) = sm 2z + cos 3z;

5) f(z

Q1 Hanmem;umM NOJIOXKUTEJILHBIM TIepHonoM (YHKIMH Sin T
aApJigeTca yucio 27. [TokaxeM, 4TO HaMMEHbIINH NOJIOKUTEIIbHBIM

nepuox, sin 4¢ — 4ucJIo %T” = %
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6.1.26.

234

HeficTBuTesbHO, sin4(:c + %) = sin(4z + 27) = sindz, T.e.
T = % — nepuox nauHoi dyskuuu. C mpyroit cTopoHsl, ecsm

T, > 0 — kakoit-siub6o npyroit mnepmon 3Toi yHKIMH, TO
sin4(z + T1) = sin4z mna Bcex z, T.e. sin(4z + 4T;) = sindz,
z € R Orcioga caenyer, uro 477 — nepuon dyHkuuu sint, roe
t = 4z, u, 3HaunT, 4Ty > 27, 1.e. Ty > -725

Takum obpazom, T = % — HaMMEHbIHH NOJIOKHUTEJIbHBIH Te-

puon dyHKuuu sin4z.

Anajiorn4Ho MOXKHO NOKa3aTh (CM. Takxe 3aaa4y 6.1.123), yto
HaMMeHbIIMA MOJIOXUTENbHbIM mnepuon ¢byukumit sin(kz +b) u

cos(kz + b) (k # 0) — 3ro uncso 2777
2) Iockonbky cos? 5 = Li—cgs_l():c’ TO nepuon AanHoH byHK-

oMM coBnamaer ¢ mepuonoM ¢ynkuum cos 10z. Paccyxnas xax u
B MyHKTE 1), JIETKO MOKa3aTh, YTO HAMMEHbUINH MOJIOKUTEbHbIH

nepuon, ¢yukuuu cos 10z pasen %—76 = 75_r Taxum obpa3oMm, Hau-
MeHbIIH TOJIOXHUTENbHBIH nepuon bynkuun f(z) paBen T

5
3) HauMenbmuit nos10xxuTebHbIH N€pHOL tg T paBeH T, IO3TO-
My HaMMEHbIIUH NOJIOXUTEIbHBIH nepuon GyHKUUN tg Oyner pa-

BeH (CM. paccyXaeHus B MyHKTe 1)) m = 3.

4) HauMmeHbIuKe NOJIOKUTEJIbHBIE NepUonbl GyHKuumit sin 2z u

COS 3T COOTBETCTBEHHO PaBHbI (CM. MyHKTH 1) u 2)) 21 re. m,

2 )

n 2?77 Herpynso nokasats (cM. Takxke 3amaqy 6.1.124), yto Ham-
MEHBIINH TOJIOKUTEIbHBIA nepuon cyMmbl 3Tux GyHKuui Gymer
paBeH HaMMeHbIIEMY ODOIIeMy KPaTHOMY MX IEPHOMOB, T.€. YUCJILY
2m.

5) Ilpu £ > 0 ¢pyHKUMs OnpenesieHa U BO3PACcTaeT, IO3TOMY He
MOXeT GbITh ePHOANYeCcKOl. 3HAUNT, M Ha UHTEpBaJIe (—00; +00)
byHKuMs He ABJISIETCS NEPHOIMIECKON. o

Kaxue u3 cienyomux ¢yHkumii nepuonudeckue, a Kakue — HeT?
Tam, roe 3T0 BO3MOXKHO, HaliTH HANMEHbIINH TOJIOXKNTEJILHbIH me-
puox (byHKunn'

1) f(z) = cos §;

2) f(z) = |=;

3) f(z) = tg(% - 1);

4) f(z) =sin —— —ctgx;
5) f(z) = n3z cos 3z.



Haub6osburee nesioe uncsio, He npesocxonsuiee ¢ (1. e. Gimkaiimee ciesa
Ha 4UCJIOBOM OCH), Ha3bIBAETCHA Yeaol wacmovio T u obo3Havaercs [z] (wam
E(z)). Hanpumep, [r] =3, [-4,5] = -5 u 1. I.

Yucsio z — [z] Has3biBaeTCa dpobroll wacmoro ¢ u obosHavaerca {z}. Tax
{1,8} =08, {-2,7} =03 u . .

6.1.27. Iloctponts rpaduk QyHKIUH:
1) y = [z];
2) y = {z}.
Q 1) ®ynkuus [z] paBHa n Ha KaXIOM NoTynHTEpBAsE [N; N+ 1),
mo3ToMy ee rpaduMK HMMEEeT CJEOYIOWMH «CTyNEeH4YaThii» BHI,
(puc. 70).
1 v=kl
1 y y={z}
1+ .'_¢ 1
s At N S
b1 10 1 2 3 ¢ L/ L/ /
E 5 —o -1 ] } } ' } } L
R S S R -3 -2 -10 1 2 3 47
L s
Puc. 70 Puc. 71
2) Ha xaxnom nostyunrepsase [n; n+1) umeem: [z] = n, noato-
My dyskuns {z} npuauMaer onHu ¥ Te xKe 3HadeHus. Takum obpa-
30M, IOCTATOYHO IOCTPOUTH ee rpaduk Ha [0;1) (smecs {z} = z), a
3aTeM NapaJlIeIbHO IEPEHECTH 9Ty YacTh HA BCE OCTAJIbHBIE IPO-
MeXyTKH. B urTore mony4yum rpaduk, u3oOpaxkeHHbI# Ha PHCYH-
ke 71. ®
6.1.28. IlocTpouts rpaduk GpyHKUUH:

1)y=22+4z+3;
2) y = —2sin3x;
)v=|(=}-4|
QQ 1) Boimensas nonHblit KBAPAT B JAHHOM KBAJIPATHOM TPeXwJle-
He, npeobpasyem bynkuuio x uny y = (z + 2)? — 1. Teneps scHo,
YTO [IJ1s1 HOCTPOEHM S Irpadpnka PpyHKUHMH, JOCTATOYHO CHAYAIIA CMe-
ctuTh napabosty y = 2 BJieBo Ha 2 emuHMIBI (TIOTy4aeTca rpadux
bynxuun y = (z + 2)2), a 3aTem Ha 1 enununy Buus (puc. 72).

2) CxaB CTaHOAPTHYIO CHHYCOHAY § = SinZ B TP Pa3a K OCH
Oy, nonyuyum rpacduk ysknun y = sin3z (puc. 73). Pacranys
noJsiy4eHHbl# rpaduk B ABa pasa BIOJb ocd Oy, noty4nm rpadux
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Puc. 72

byukunn y = 2sin3z (puc. 74 a)). Ocrajioch OTpasUTh MOCJEN-
Huit rpaduk orHOCcUTEIbHO ocu O, pe3yabTAaTOM OyIeT MCKOMbIK
rpacduxk (puc. 74 6)).

Puc. 73
2sin 3z 5| _-y=2sin3z
”n, N I\
F {0\ A
[ R} [ (Y
\ ) ] \ ! \
77 N \ ] \ ] \ ' [}
SN \ H ' \ ] \ H \
\ \ ! 1 g Y ] \
T
] \ \
\ LA O AT Y A A W A
o vk v \
\ ,' \ l’ Il ' \
—al 3 ‘l ! ‘| ,' \ I’
Y=s1noxr \J \/ W/
\

Puc. 74
3) Onycrus Ha 1

2

BHU3 rpacduk apobuo#t yactu z (puc. 71),
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nosiyyuM rpacuxk bynkmun y = {z} — % (puc. 75 a)). Teneps Te



6.1.29.

6.1.31.

6.1.33.

6.1.35.

Puc. 75

4aCTH 9TOro rpaduka, KOTOpble PaciojoXKeHbl Himke ocu Oz, oTpa-
’KaeM OTHOCHTEJIbHO 3TOM OCH — B UTOre UMEEeM MCKOMbI# rpadux

(puc. 75 6)). [
Iocmpoums 2paduru dynxyud:
y=|z -3 6.1.30. y=22-6z+11.
y = 3cos2z. 6.1.32. y= —% +1.
y=2°"143. 6.1.34. y = logs(—=z).
=t . _z+4
y = tglz| 6.1.36. y=2t5.

6.1.37.

6.1.38.

6.1.39.

Haiitu c.noxcm;re cbyHKmm fogugo f, e

1) f(z) = Vz, g(=

2) He) = 2 oy = 2w 1.

Q 1) Io onpenesienuIo KOMIO3UIAK (bym(unﬁ nmeeM (fog)(z) =

—f(()) Va2 =z, (go f)(z) = 9(f(2)) = (Va)* =, 2 > 0.
2) Ananoruuno, (fog)(z) = (2z—-1)3, (gof)(z) =22°-1. @

Haiitu cnoxubie pyukuuu fogu go f, roe

1) f(z) = €%, g(z) = In;

2) f(z) =3z +1, g(z) = 2z — 5;

3) f(z) = |zl, g(z) = cosz.

Haiitu o6paTHy1o GyHKIMIO 0J1a JaHHON:

)y==z 5 1;

2) y= l'—+3’

3)y=vz.

Q 1) ®ynkuusa y = z — 1 Bo3pacTaer Ha NpoMexyTKe (—00; +00),

a SHAuYUT, IJIA JIOObIX T, # T2 uMeeMm: f(z1) # f(z2). Orcionma

caenyer, 410 Ha (—00;+00) 9Ta yHKIHMA UMeeT obparHyio. s

TOro, 4T06BI HafiTH 3Ty 00paTHY (YHKIMIO, Pa3peuIMM ypaBHe-

HHe y = T — 1 oTHOCHTENbHO T, OTKyIna £ = y + 1. 3amuceiBas

HOJTy4eHHy0 POpMyJTy B TPAAMLMOHHOM BUje (T.€. MEHssA T U Y

MeCTaMH), HaliieM OKOH4YATeJIbHO: y = T+ 1 — obparHasa dpyHkIua

K MCXOOHOI.
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2
z+3
U(-3; +00), aBnisomeiica obiacThio onpenesienns. IloaToMy y Hee
ecTb OOpaTHaA, KOTOPYIO HalineM, pa3pemas ypaBHEHHE Y =
OTHOCHTEJIbHO Z.

Orcrona nosiyyuM, uTo GyHKUUA y = % — 3 — obpatHasa k
HCXOIHOMH.

3) Oynkumus y = /T Bo3pacTtaer Ha npomexytke [0; +00) u,
ctaJ10 6bITh, mMeeT obpatHyio. Paccyxkmasn, kak B myHkTax 1) u 2),
naiinem obpatnyio dysknmio y = z2, T € [0;+00). ObsacTb ompe-
[IeJIEHUs 3TOM yHKUMHM COBMAOaeT ¢ 00JIACThIO 3HAYEHHH MCXon-

2) OyHkuus y = yObiBaeT Ha MHOxkecTBe (—00; —3)U

2
T+3

HOlt byHKUMHK Yy = /Z, T.e. ¢ npoMexyTKOM [0; +00). o
6.1.40. oxa3aTh, uTo GYHKIMA Yy = T> He UMeeT oOpaTHOH HA MHTepBaJIe

(—00; +00).

Q nsa moboro yo > 0 ypaBHeHHe yo = T°> MMeeT OBA peleHns

T = /yo U T2 = —,/Yo (T.e. KaXOaa rOPH3OHTAIbHASA NPAMAA

y = yo mepecexaer rpabux GyHKmMM y = T? B ABYX TOYKaX).
Ho ¢yukuus nmeer oOpaTHyIO TOJIBKO B TOM CJIy4ae, €CJIM TaKoe
peleHne eIMHCTBEHHO. 3HAYUT, NaHHAsA (YHKIMA OefiCTBUTEIPHO
He uMeeT oGpaTHOHU Ha uHTEpBaJe (—00; +00). o

Kaxue u3 caedyrouwuxr dyrnxyutt umerom obpamnwne? Jasn maxux dyrwxyud
Hatimu obpamnsie PYHKYUU.

6.1.41. y=3z+5. 6.1.42. y=2z%-2.

6.1.43. y=|z|. 6.1.44. y=2=2

Buscnums, xaxue u3 caedyrowur Gynxyul A6AA10MCA MOHOMOHHLIMU, KG-
KUEe — CMPO20 MOHOMOHHLIMU, 0 KAKUE — 0ZPAHUMEHHBIMU:

6.1.45. f(z)=c 6.1.46. f(z) =sin’z.

6.1.47. f(z) = arctgz. 6.1.48. f(z) = —z%+2r.

6.1.49. f(z)= gig

6.1.50. f(z) = [z] (cm. 3amauy 6.1.27).

6.1.51. BpruncouTh 3HaueHus runepbosmuecKux GyHKIui:
sh0, chO0, th0, sh1, ch(ln2).

6.1.52. okxa3aTh TOXOECTBA:

1) ch2z = ch®z + sh® z; 2) sh2z = 2shzchz;
3)ch2z=ch2zj;1. 4)Sh2x=ch232:—1.
2 7 1

5) chz-chy = %[ch(x +y) + ch(z — y)];
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6.1.53.

6.1.54.

6.1.55.

6.1.56.

6) shz -shy = %[ch(:c +y) — ch(z — y)];

7) shz - chy = %[sh(z +y) + sh(z — y)].
DyHKuusa y 3a7aHa HeABHO. BbIpa3uTh ee B IBHOM BHIE.
)zy="T;

2) 2 4+y2=1,y<0.

Q 1) Ilpu = # 0 u3 JaHHOrO ypaBHEHHUS TOJIYUHM Y =

8~

2) Bolpaxkasi y U3 JAHHOIO ypaBHeHHs, nMeeM y = —V/1 — z2.
o
Oysxuus y 3amaHa HesABHO. TaM, rie 3T0 BO3MOXHO, BLIPA3UTh €e
B HBI;OM BHLe!
D=y
2)z+y=1
3) e¥ —siny = z2.
Kakne u3 cienyomux TOYEK NPUHANJIEKAT rpaduKy ypaBHEHHS
y+cosy—z=0:
T T
A®;0), B©;0), C(3:%), Dm—-1Lm?

KpuBas 3anaHa napaMeTpu4eckKu

z=t—-1;

y=1t>+1.
1) Haittu Toukn Ha rpaduke npu t =0, ¢t =1, t = —/2.
2) Kaxkne u3 ciienyiommux TOYEK JIEXAT HA 3TOH KPUBOH:
113
27

Aw5), B(zi7), C@8), DO;1)?

nonOHHIﬂTeanble 3apayin

Hattmu obaacmu onpedeaenus dynxyud:

6.1.57.
6.1.59.
6.1.61.
6.1.63.
6.1.65.

6.1.67.

f(z) = ctgz. 6.1.58. f(z)= %
f(z) = arccos 3z. 6.1.60. f(z)= ?11_

f@) = VEF5-V=8-5. 6.1.62. f(2) = ELE.

f(z) = €=, 6.1.64. f(z) = arcsin(logs z).

f@&) = VI=2 -arctg g, 6.1.66. f(@)= /327 - o[22,
fz) = cos% +In(z+1)+ VY7 —z.
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Hattmu muoorcecmea snavenut gynxyui:

6.1.68.

6.1.70.

6.1.72.
6.1.74.

6.1.76.

flz)=4-22 6.1.69. f(z)=|o| - 3.
f(z) = 2%. 6.1.71. f(z) =In(z? +1).
f(z) = e=" 273, 6.1.73. f(z)= i[

f(z) =sinz - cosz. 6.1.75. f(z) =z +4.

f(z) =z% —4z + 3, z € [0;5].

Hatimu y(0), y(2), y(%), y(), 3y(52) dan fymwyuu y(a):

6.1.77.

6.1.79.
6.1.80.

6.1.81.

6.1.82.
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—1 mpuz <2,
y(z) =v2 +7. 6.1.78. y(z)=¢ 0 mpuz=2,
1 mpmz>2.

Pemuts ypasnenne f(z) = f(1), roe f(z) = 42° — 4z + 1.
BoisicHuTh, Kakue u3 cienyomux QYHKIME ABJIAIOTCA YETHBIMA,
KaKie — HEYETHbIMH, a Kakne — (pyHKIUAMHA o0Iero Buaa:

1) y(a) = 2,
2) y(@) = o +1| - |z - 1]

3) ¢(t) = |t - 2;
4) z(y) = Iny®;

_[a® mpuz >0,

5) f(z) = {:z npu z < 0;
t2 mput>0,

6) f(t) = {—t2 ngntso;

7) h(a) = EUEQ,
8) f(z) =

Hana dyukuus f(z) = z, z € [0; +00). HJoonpenennuts ee HA MH-
Tepsasie (—00;0) Tak, 4To6bl HOBaA GYHKIMA ¢(T), ONpEneeHHAA

* Ha MHTEpBaJe (—00; +00), GbLa:

1) uetHoli;

2) HeuyeTHOI;

3) dynkumeit obuero Buna.

BoisicHUTD, KakHue U3 cienylomux GpyHKiui nepuonnyeckue, u om-
PeNeIuTh UX HAMMEHbIINH TOJIOKUTE IbHbIH IePUOL;

1) y =In|z|;
2) y = |cosz;
3) y = 10;
_ __sindz
Yy= cosdz — 2°



ITocmpoums 2paduxu dynryud:

6.1.83. y=Inz? 6.1.84. y=|z-2-3|
—z=2 6.1.86. y=—z+2.
6.1.85. y=T—%. y=—-vz
6.1.87. y = cosecz. 6.1.88. y=1-3Inz.
6.1.89. y =1z sinz. 6.1.90. y=2=.
6.1.91. y=|z+1|+|z—-2| 6.1.92. y = arcsin|z|.
6.1.93. y=132+5 6.1.94. y=2%—3z2+3z— 1.
2z —1°
1 opuz >0,
6.1.95. y =signz (uuTaerca cuznym T), TOe signzx = 0 mpuz =0,
-1 mpuz<O.

6.1.96. Hailtu coxuble dyukuuu fo f, fogu go f, ecom:
1) f(z) =2° g(z) =z +2
2) f(z) = signz (cM. 3amauy 6.1.95), g(z) = —2;

3) f(z) = =15, g(a) = 2=,

1) f(@) =[a], 9(a) = 1.

Kaxue u3 caedyrowuz pynxyut umerom obpamnwe? Jan maxuzr Gynryud
natimu obpamusie GyHEYUU.

6.1.97. y=3 L = 6.1.98. y =23,

_ 2z mpuz 20,
6.1.99. y= {—w2 npu = < 0.

6.1.100. y = signz (cM. 3amauy 6.1.95).

Bosichums, xaxue u3 caedyrowur Gyrnxyull MoHOMOHHBIE, KaAKUE — CTMPO20
MOHOMOHHBIE, G KAKUE — 02PAHUNEHHbIE:

6.1.101. y=2"2" 6.1.102. y=+z 2.
6.1.103. y = 12l 6.1.104. y=2° 1.
z
6.1.105. y = 3T+ _[-3 mpuz <O,
y =24 6.1.106. y r mpno >0
6.1.107. IlokasaTh TOXIECTBA:
l)l—thzw:—hlr; 2) cth®’z — 1= hl ;
3) sh(lnz) = z’ ;1, 4) ch(lnz) = z’ + 1,
5) shz + chz = €7 6)ch:c—shx=ez.
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ITocmpoumv epaguxu ypasnenui:

6.1.108.

6.1.110.

zy = 0. 6.1.109. |z|+|y| =1.

zy = y5. 6.1.111. 22 —y2 =0.

Bonee cnoxHble 3aga4n

6.1.112.

6.1.113.

6.1.114.

6.1.115.

6.1.116.

6.1.117.

6.1.118.

6.1.119.
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Iycts D(f1) = X1, D(f2) = X2. Hokasats, uro D(f) = X1 N X,
B JII00OM U3 CJIEAYIOUIMX CJIY4YaeB:

1) f(z) = fi(z) £ fa(z);

2) f(z) = fi(2) - f2(2).

3anucars ogHoit dopmysioit DyHKIHMIO, 06/IACTh ONpEnesieHus: KO-
TOpPO#t COCTOUT U3:

1) onmHoit Toukwy;

2) OByX TOUEK;

3) MHOXECTBa BCEX LIEJIBIX YHCEJL.

ITpuBectn npumep byuxuun f(x), Oas KOTOPOH:

1) D(f) = E(f);

2) D(f) > E(f);

3) D(f) C E(f).

Haiitu MHOXecTBO 3Ha4YeHMH DYyHKIUU:

1) f(z) = £ £L;

2
2) f(z) = arcsin £ 21: 1.

3) £(0) = AT

3anucarb ogHoit popmyIioit pyHkIMIO, 061aCTH 3HAYEHHM KOTOPO#
COCTOHT W3:

1) onsott Toukwy;

2) OByX TOYEK;

3) MHOXeCTBa BCEX LEJIBIX YHUCEJI.

Ilycts E(f1) = X1, E(f2) = X2. Bepno i, yto:

1) E(f1 + f2) = E(f1) N E(f2);

2) E(f1 + f2) = E(f1i) U E(f2)?

MoryT Jsiu cymecTBOBaTh Takue Gynkmuu fi(z) u fo(x), 410
E(f1) = E(f2) =R, no:

1) E(fi + f2) = {1}

2) E(fr- f2) = {2}7

OtBer 06bACHUTD.

Joka3aTp, 4To:

1) cymma, pa3sHOCTb M IPOM3BENEHHE IBYX YeTHBIX (PYHKLHMit eCTh
4YeTHas QYHKIUS;

2) nmpousBenenue BYX HedeTHBIX (pyHKIMIA eCTh YeTHas PYHKIHSA;



6.1.120.

6.1.121.

6.1.122.

6.1.123.

6.1.124.

6.1.125.

6.1.126.

6.1.127.

6.1.128.

3) cymma nByx HedeTHbIX (yHKIHUH eCTh HeYeTHAs! DYHKINS;

4) npousBeneHNe YETHOM M HedeTHOH (YHKUUM €CTh HeYeTHasd
yHKIHA.

BepHo J1, 4TO cymMMa 4eTHOM W He4eTHOU (PYHKIMH €CTh YeTHAsH
dyukuua? neyernass ¢pyukuusa? OTBer MOACHATD.

Kakas dyukuus, onpenesnentnas Ha Bcelt neficTBuTesbHOM ocH, AB-
JIf€TCs ¥ YeTHOU u HeueTHOH omHoBpeMmenHo? ITokasars, 4T0O Takas
GYHKIUA €NUMHCTBEHHA.

ITycts f(z) — mpousBosibHAA (DYHKUMSA C CHMMETPUYHOK OTHOCH-
TEJILHO HyJis 00J1acThiO onpenesienus. Jlokasars, 4To:

1) dyskuua f(z) + f(—) — vernas;

2) byukumsa f(z) — f(—z) — HedyerHas.

ITycts dbyukumsa f(xr) nepuomuyeckas u umeer nepuon T'. oka-
3arb, uto dyHnkiua f(kx + b), roe k # 0, Takxe nepuonUYeCcKas C

[EepUOIOM %:—

ITycts dynkuun fi(z) u fo(x) nepuoguyeckue ¢ nepuomamu 1) u
T, coorBercTBeHHO. [J0Ka3aTh, 4TO J1I000€ MOJIOKUTEIHHOE YHCIIO,
kpatHoe 11 u T, aiBnserca nepuonoM byuxumit f; £ fo, f1 - fo.
O6o3nauum yepes D(z) dynwyuro Jupuzae:

D) = 1 1npu panuOHAJIBHBIX T,
" |0 mnpu uppaIMOHAJIBHBIX T.

Hoka3zars, 4ro:

1) nepuomom 3Toit DyHKIMH ABIAETCA JIIOGOE PAIUMOHATILHOE H-
¢J10, 6os1bIEE HYJ1s (II09TOMY y DTOH MepHOAMYECKOH PYHKIMM HET
HaMMEHBIIEro MOJIOKHUTEJILHOTO IEPUOIA);

2) HHKaKOe MPPAaIMOHAJIbHOE YUCJIO He ABJIAETCA MEPUONOM 3TOM
dyHKIHH.

Jloka3aTk, 4TO cirenyomue pyHKINHN HE ABJIAIOTCA IEPUOTNIECKH-
MH:

1) f(z) = cosx?;

2) f(z) = sin |ol;

3) f(z) ==z -sinz;

4) f(z) =Incosz.

Haiitu Hanmenbimnit nosoxuresHbi# nepuon GyHKmii:

1) y = cos? x —sin® z;

2) y = |sin2z|;

4z

3) y =sin" Z + cos?

Z

5

Hoka3zaTs, 4To:

1) rpaduk dyukunn y = |f(x)| momyuaerca us rpaduxa GyHKIHHN
y = f(z) rak: yacTb rpacduka, pacnojoxenHaa He Hike ocu Oz,
ocTaercs 6e3 U3SMEHEHHH, 8 KHIXKHAA» 4aCTh rpaduKa CHMMETPUY-
HO OTPaXKaeTcsi OTHOCUTEJIbHO ocu Ot;
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2) rpaduk dyskuun y = f(|z|) nony4aercs u3 rpaduka byHkuun
y = f(x) Tak: npaBas yacTtb rpaduka (npu z > 0) ocraercs 6e3 us-
MEHEHHit, a BMECTO «JIEBOH» CTPOUTCA CUMMETPHYHOE OTPAXKEHHe
«mpaBoit» orHocuTensHO ocu Oy.

ITocmpoumv epaguru pynryui:

6.1.129.
6.1.131.
6.1.133.

6.1.135.

6.1.137.

6.1.138.

6.1.139.

6.1.140.

6.1.141.

6.1.142.
6.1.143.

6.1.144.
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y = cos? . 6.1.130. y =sinz + cos*z.
y = arcsin(sin z). 6.1.132. y =z +sinz.
= sign(cos T). 6.1.134. y=|z|+|z+ 1|+ |z +2]
. 241
y = logs(sinz). 6.1.136. y=(1) .
Pemnts rpacduyieckn ypaBHeHUs:

1) |z-3|-z—-1=0;

2) 23 +22-4=0;

) nz+zx=1.

Pemnts rpaduyueckn HepaBeHCTBA:
1) 23 > z;

2)2°+z >0

3) sinz < %
Haiitu f(z), ecim usBecTHO, 4TO

1) fz+2)= 553

2) f(z®) =2 + 4;

3) f(2=2) =o+1.

HokasaTh, 4TO CymeCTBYeT TOJIbKO onHa dyHKImsA f(x), onpene-
JIEHHAs1 Ha BCell 4MCIIOBOH ocH, Takasi, 4TO mJiA JI0boit dyHkumn
g(x), Taxxke onpenesieHHOH Ha Bceit OCH, CIpaBEIJINBO PABEHCTBO

fog=gof.

Haiitu sty dynkumio.

CymecrByor m dyHkuuu, obparasie camu cebe? OTBeT 060CHO-
BaTh.

Y10 MOXKHO CKa3aTh 0 rpaduke pyHkuuu, obpaTHoO# camoit cebe?
HoxazaTb, 4TO YyeTHas QYHKUUA HE MOXKET OBITH CTPOr0 MOHOTOH-
HOM.

Hoxa3zars, 4T0:

1) cymma aByx Bospacraromux (yOsiBaromux) GyHkKumit — Takxke
BO3pACTanmas (COOTBETCTBEHHO, yObiBaoomasn) GpyHKIu;

2) cyMMa, pa3HOCTb U IIPOM3BENEHUE OBYX OrPAHUYEHHBIX (PYyHK-
uuit — TakKe orpaHuyYeHHas pYHKIHA.



6.1.145.

6.1.146.

6.1.147.

6.1.148.

“
Ilokasats, uToO:

1) yacTHOe AByX OrpaHM4YeHHbIX (YHKUMIH MOXKeT He ObITH Oorpa-
HU4eHHOH yHKImel;

2) npousBenenue ABYX Bo3pacraomux ¢GyHKImM MOXET HEe ObITh
Bo3pacTaiomei pyHKiueh.

IToxasars, 4To cienyiomue QYHKIMHA OTPAHUYEHBI:

1) f(=) =~ "il;
2) f(=) = 2Si—n<§i)sa:'

Ioka3ars, 4To

1) dyukuua y = shz, £ € R umeer o6paTHy0 QyHKINIO, PaBHYIO
In(z + V22 + 1). O1a obpaTHast QYHKUMA HASHIBAETCA GPEACUNYC
2unepboauyeckutt u obosna4daercs arsh x. Takum obpasom,

arshz = In(z + V22 + 1);

2) byukuua y = thz, z € R umeer o6paTHyI0, paBHYIO %ln %i’—g

9t1a QyHKUUA HA3LIBAETCS apeamahnzenc 2unepboauneckuti u 0bo-
3Havaerca arth z. Takum obpaszom,

1 142
the = =1 .
arthz = 7 ln -— o
WckiiounB napamerp t, IBHO BbIPA3UTh (PYHKIHUIO Y:
1) T=1t+3,
y = t2 + 6t + 10;
z = 3cos?t,
2) {y = 2sin®t.

§2. NOCNEQOBATENILHOCTN U UX CBONCTBA
OnpepgeneHve nocnegosaTenbHOCTH

>

Ilycts xaxmomy HarypajbHoMmy umciay n (T.e. n = 1,2,3,...)
[0 HEKOTOPOMY 3aKOHY HNOCTaBJIEHO B COOTBETCTBHUE €IUHCTBEHHOE
nelCTBUTESIBHOE YHCJIO T,. B TOM ciy4ae roBopAT, 4TO 3aJaHa
n0caedosamesbHOCMb: T1, T2, ..., T, - -

ITocsienoBaTeIbHOCTD T1, T2, . - . , Tn, - - . OymeM 0603Ha4YATH {Zn }.

>

Yucna z1, Ta,..., Tn,-.. B HOCIENOBATENLHOCTH {Zn} HA3HIBAIOT-
CAl 4AEHaMU TIOCJIEIOBATEJbHOCTH; £1 — 1-M 4YJIEHOM IOCJIeHNOBa-
TEJIbHOCTH, To — 2-M 4JIEHOM MOCJIEHOBATEILHOCTH, . . . , T, — N-M
(oHHBIM) WM 06UUM YAEHOM TIOCIIENOBATETHHOCTH.

®opMyJibl, TO3BOJIAIONIE BHIPA3UTh M-I 4JIeH MOCJIeNOBATEJIbHO-
CTH 4Yepe3 Npenblaylye 4JIeHbl, HA3bIBAIOTCA PEKYDPPEHMHBIMU.
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CeoiicTBa nocneposarenbHOCTEN

= ITocienoBaTesIbHOCTD, BCE YjIEHBI KOTOPOU PABHBI OMHOMY U TOMY
K€ 4YHCJIy, Ha3bIBAETCA NOCMOAHHOU.

TakuMm 06pa3oM, Ijisi [OCTOAHHOM IIOCJIENOBATENBHOCTH {I,} HMeem:
T]=Tp=:""=Tp=....

> IMocnenoBarensHocTs {r,} HasbiBaercs HeyObiBalome# (HEBO3-
pacraromett), ecnu Vn: T, < Tpt1, T.€. T3 < T2 < -+ £ Tp
< Tpt1 < ... (coorBercTBEHHO, VN: Ty = Tpt1, T.€. T3 2 T2 2> ...
ST STyl =)

HeBospacTaromue 1 HeyObIBaromue N0CaeI0BATEIbHOCTH 00bENUHSIOT 00-
XM TEPMHHOM — MOHOMOHHbIE TIOCTIENOBATEILHOCTH.

= IocnenoBaresbroCT {5} Ha3biBaeTCA B03pacmaroweti (ybviearo-
wett), ecoiu Vn: Ty < Tpy1, T.€. T3 < To-+- < Tp < Tptq - .- (COOT-
BETCTBEHHO, VN: Tp > Tpt1, T-€. L1 > Ty >+ > T > Tyl > --.)

Bospacratomue u ybbiBaiomue moc/ieI0BaTeIbHOCTH OO0 bEIUHAIOT 00mUM
Ha3BaHUEM — CMPO20 MOHOMONKbIE TIOCIIENOBATEILHOCTH.

> ITocnienoBarenbHocTs {r,} Ha3biBaeTca ozpaHuvennol ceepry
(oepanunennotli cnudy), ecm CyuecTByeT Takoe 4ucyio M, 4ro Bce
YJIeHB! MOCJIEIOBATEIbHOCTH MEHbIe (COOTBETCTBEHHO, 6OJIbile),
yem M.

IMocnenoBaresbHOCTH, OTPAHUYEHHAS CBEPXY U CHU3Y ONHOBPEMEHHO, Ha-
3bIBAETCA 02PAHUYEHHOU.

9710 onpenesienne PaBHOCKIIBHO CIIEAYIOMEMY: IOCIIeN0BATEIbHOCTD {Zp }
OTpaHNY€EHa, €CJIM CYNIeCTBYeT Takoe 4ucyao M > 0, 4To mJis BCeX n CripaBen-
JINBO HEPABEHCTBO |Tn| < M.

> IocnenoBaresnbHOCTD {2, } HA3bIBaETCA HeozpanusenHotll, €CITH 11
qro6oro M > 0 HalimeTcs Tako# ee WiIeH T, 4TO |z,| > M.

HeiictBun Hap, nocnepoBaTeNbHOCTAMU

> Ilycts {zn} n {yn} — HBe mPOM3BOJIBHBIE [OCJIENOBATEILHOCTH.
Cymmotli (pa3rnocmeio) mocsenosarenbrocrelt {z,} u {yn} Ha3bI-
BaeTCsA [OCJIeN0BATEIbHOCT, KAXK bl 4JIeH KOTOPOl eCTb CyMMa
(coOoTBETCTBEHHO, PA3HOCTH) COOTBETCTBYIOMMUX YJIEHOB MOCJIENO-
BatesibHOCTeH {Zn} 1 {yn}-

Taxum 06pa3oM, {Zn} + {yn} = {Zn + yn}
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AHAJIOTHYHO ONpemesifeTCs MPOU3BEAEHHEe U YACTHOE OBYX MOCJ/IEIOBa-
resipHOCTed {zn} 1 {yn}, IpuyeM B ciydyae 4acTHOro, pasyMeeTcs, Mpearo-
Jjlaraercs, 4ro y, # 0, Vn.

Jpyrumu Cl0BaMH, OJ1s1 TOTO, YTOOBI CJIOXKHUTH, BLIYECTh, YMHOXHUTD MJIA
Pa3NesIUTh OBe JaHHbIE IOC/IEN0BATEIbHOCTH, HAIO CJIOXKHUTD, BBIYECTb, YMHO-
JKUTb UJIM Pa3le/IUTh X COOTBETCTBYIOMHUE YJICHBI.

YacTHBIM CJIyyaeM ONepalydi YMHOXKEHHs [OCJIeIOBaTeIbHOCTEH (eciu
OZIHA U3 MOCJIENOBATEJIbHOCTEM OCTOSHHA,) ABJIAETCS ONepalusa YMHOXKEHUS
10CJIEIOBATEJIbHOCTH Ha, YHCJIO: IJIS TOrO, YTOObI YMHOXHUTD HOCJIEH0BATE b~
HOCTB {Zn, } Ha 4KCIIO T, HEOOXOOMMO KAXK OB YJIEeH 3TOH MOCIen0BATEIbHOCTH
YMHOXHWTb Ha @, T.€. & - {Tp} = {a - z,}.

6.2.1.  Hanucars nepsble YeThIpe WIEHA NOCJIENOBATEILHOCTH { Ty, }, ecomm:
— 1 n
1) z, = ( n) >

2) =, — n-#l 3HaK B IECATHYHON 3aMUCH YKCIIA €;
3) T =1,2, =Tp_1 +2.
Q 1) Honcrasnas noouepenso n = 1,2,3,4 B dbopmysty nys 06-
IIET0 YJIEHA HOCJIENOBATEJIbHOCTH, HaMmem: £, = —1, xo = %,
go=—1 oy = 1.

3 3’ 4 4

2) IMockosbky € = 2,71828..., T0 1 = 2,22 = 7, 23 = 1,

" 3)8.B COOTBETCTBUH C DOopMyJIoOf Tp, = Tp—1 + 2 mosydum:
To=21+2=3,23=x2+2=5,14=23+2=171. o
Hanucamo nepevie vemwmpe waena nocaedosameavrocmu {z,}, ecau:
6.2.2. 1, =2". 6.23. =z,=n’+2n+3.
6.2.4. z,=(-1)"+1 6.2.5. z,= "_:rl
6.2.6. 1, =sin —772ﬂ 6.2.7. z1=-1l,z,=-n-Tp_3.

3Has HeckoavKo nepenT waenos nocaedosamenvhocmu {T,}, nanucamv dop-
MYay ee 0bwe20 wAeHa:

111 111 1
628 1,311 . 6.29. 1,111 L.
6.2.10. 2,1%,1%,1}1-,... 6.2.11. -1,2,-3,4,-5,...

6.2.12. Kaxkwue u3 cleqyOmux MoCaeI0BaTeIbHOCTE! OrpaHu4YeHE! CBepXy?

OIrpaHHUY€HBbI CHH3y? OI‘pa,HPI‘{eHbI?

1) 2,4,6,8,...;

2) —1,-4,-9,-16,...;

11 1
3) = R
) 3, '3:2'1 gja
4) —2,4,-8,16,...
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Kaxue us
6.2.13.

6.2.15.

6.2.17.

6.2.19.
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Q 1) Jannas moc/enoBaTe/IbHOCTD, COCTOAMAS M3 BCEX YETHBIX
MOJIOXKHUTEJIBbHBIX 4HCEJI, OrPAaHMYEHa CHU3Y, HO HE OrpAHHYEHa
CBepXy.

2) IlocnenoBarenbHOCTD OrpaHudeHa cBepxy (z, = —n? < 0,
n=1,2,3,...), HO He OrpaHNYEHA CHHU3Y.

3) IocnenoBaTeIbHOCTL OrpaHUYEHA, TAK KaK OHA OrpaHHYeHa

cHu3y u cBepxy: 0 < z, = :—}ﬁ <1

4) ITocnenoBaresibroCTh {(—2)"} He orpaHMyYeHa, TaK KaK [Jist

soboro yucsia M > 0 MOxHO HaliTu TakO# HOMeED T, 4TO |Tn| =
=2"> M.

caedyrouux nocaedosameavrocmeli {T,} ozpanusens, ecau:
T, = (=1)". 6.2.14. =z, =n%+2n.
Tn = —lnn. 6.2.16. g, =01
zp = (-1)"-n. _J 1 npun=2k,
n 6.2-18- xn {\/ﬁ I'[p]/[ ’n,:2k+1.

Kakue u3 ciienymoomux 1oCcJieqoBaTeJIbHOCTEN MOHOTOHHbBIE, & Ka~
KH€ — CTpOro MOHOTOHHBIE:

1)z, =2n+1;
(=n"

3) z, = ;12-;

4) z, = [V/n];

5) -1,-1,-2,-2,-3,-3,...7
Q 1) Jaunmas mOC/IENOBATEILHOCTb CTPOTO BO3pACTaeT, T. K.
Tny1 =2(n+1)+1=2n+3 > 2n+1 = z, 014 BCEX HATYPAJILHBIX
YHCEI M.

(=" 1

2) IlocnenoBaTesIbBHOCTD {T} = {—1, 5 —%, ... } HE fAB-

JII€TCA HA MOHOTOHHOH, HM CTPOr0 MOHOTOHHOM, TaK KakK, HAlpH-
Mep, 1 < Ty, HO Ty > T3.

3) {Elg}: {1, %, %, . } — yO6bIBaomas noCjaeI0BaTEIbHOCTD,
TaK KaK Tp = ;12- > Tpt1 = (n-:l) ,nm=123 ....

4) IlocnenoBaresnsuocts {[v/n]} = {1,1,1,2,2,...} — HeyObI-
BAOWAs, TaK KaK Tnt1 = [VR+1] 2 [/n] =2z,,n=1,2,3,... n
K TOMY XK€, HAaI[pUMep, T = 2.

5) HaHHasi NOCJIENOBATEIBHOCTh HEBO3PACTAIOMAs, TaK KakK
ZTn < Tnt1, n = 1,2,... u HeKOTOpBIE (HATpUMED, NEPBbIM U BTO-
poit) 4sieHBI 3TOM MOC/IEIOBATEILHOCTH PABHBI Mexay cobolt. @



Kaxue u3 caedyrowuz nocaedosamesvrocmeti moHomornvie? cmpozo Mono-
monnvie? ozpanuyerHvie?

6.2.20. T,=n-— % 6.2.21. =z, =cos %
2
6.2.22. =z, = _n_n:g_l_ 6.2.23. z,=—n.

6.2.24. zx,=m7,T,m,...
6.2.25. [Ilycrs {z.} =, {n}, {yn} = {%} — IBE MOCJIeI0BATEJILHOCTH.

Haiitu nocsienosarensHoctd {Zn+Yn}, {Tn—Yn}, {Tn-yn} u { %ﬂ }
n

(Q Tlo onpenesnenuo onepamuit HaM I0CIEIOBATEILHOCTAMI HMe-
eM:
1,1
fon+ya}={n+1l={221 3l .}

= (-1} -0 423, )
{zn-yn}={1}={1,1,1,... };
{%:} ={n:i}={n} =149} °

Hatimu nocaedosamesvrocmu {Trn £ yn}, {Tn-yn} u {%ﬂ}, ecau:
n
6.2.26. z,=(-1)",y,=(-2)". 6.2.27. z,=n?+1,y, =n.

Hatimu nocaedosameavrocmu ax, + ﬂyn, ecau:

6.2.28. z,=n,y=3n,a=2,8=—
6.2.29. z,=(V2)", yo =1, a—\/_ﬁ—

AononuurensHole 3apaqn

Haiimu nepevie vemwipe wiena nocaedosameavrocmu {T,}, ecau:

6.2.30. =z, = %’; ‘ 6.2.31. z,=1.
6.2.32. =z, =[/n](cm. 6.1.27). 6.2.33. 1, =2 z,=|z,1 —2|.

6.2.34. =z, = n! (uuraerca sn-daxmopuan), tne n! =1-2-...-n.
6.2.35. =z, — n-fi 3HaK B JECATUYHOM 3aIMCH YHUCJIA %
3HaR HECKOALEO NePEnT “wieno8 nocaedosamesvnocmu {T,}, nanucamo gop-
Myay ee obwezo waena:

6.2.36. 2,5,10,17,26,.... 6.2.37. -1,1,-1,1,-1,....
1111 \ 111 1
6.2.38. 5,%,5 1] 6.2.39. 1,3,% 57 1350
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Kaxue u3 caedyrowuz nocaedosamenvrocmeti {z,} vepanunens, ecau:

6.2.40. z, =sinn. 6.2.41. gz, = _nzni 1
6.2.42. z, = (—V/3)™. 6.2.43. 1z, =(-1)"*'/m.

Cpedu caedyrowuzr nocaedosamenvrocmet yxas3amv MOHOMOKHBIE; CMPO2o
MOHOMOKNKBIE; 02DAHUYEHHBIE TLOCAEJOBAMEADHOCTIU:

— __n

6.2.44. <z, =sinn. 6.2.45. =z, = 3 -9

6.2.46. =z, = P,, (n > 2), roe P, — nepuMeTnp NPaBUIbHOLO 27-YTOJIb-
HHKa, BIUCAHHOIQ B €IUHUYHBIH KPYT.

6.2.47. =z, = 1, Tn =

Tn—1 + 1
Hatimu nocaedosameavrocmu {2} u {2_:1:17,—_1}’ ecau:
3yn +2
6.2.48. Tp =N, Yp = 1. 6.2.49. T, = nz, Yn =N.

Bonee cnoxHbie 3agaqn

6.2.50. Hailitu nepBbie ceMb 4jIeHOB nocaedosamesvbhocmy Dubonavwwu,
onpenensieMolt pekyppeHTHOl# dopMynolt T, = Tp—1 + Tp_2 OPH
n>2x =22 =1. '

6.2.51. Haiitu mepBole yerbipe uieHa mocsenoBaresnbHocTd {Pp}, n =
=3,4,5,..., roe P, — nepumeTp NpaBUIJILHOTO N-yrOJIbHUKA, BIIM-
CAHHOTO B KPYT €IMHUYHOIO PAJNyCa.

6.2.52. Hanucars dpopmysty obiero dieHa 110C/Ie0BaTEILHOCTH, KX AbI#
4eTHBI# 4JIeH KOTOPOi — panuOHaJbHOE YUCJIO, & KaX bl HeueT-
HbI!l — MppalOHAJILHOE.

6.2.53. Haiitu 0Omuit 4ieH mOCI€I0BaTEIbHOCTH, 3HasA HECKOJIBKO €€ Iep-
BBIX YJIEHOB:

1)z =8,ze=1,z3=4,24=1,25 =5,...
2) 7,9,13,21,37,...

6.2.54. Haiitu dpopmysty obmiero dsieHa NOCJIEOOBATEILHOCTH, 33 IaHHOM C
[IOMOINBI0 PEKYPPEHTHOTO COOTHONIEHUSA

1 _ 1

2 T ey

6.2.55. IIycts nocsienoBaresbHocTH {Tn} 4 {yn} orpanuyenst. JokasaTb,
YTO MOCJIENOBATEIbHOCTHI
1) {zn +yn}; 2) {zn —yn};

3) {zn - yn}
TaKKe OrPAHUYEHBI.

6.2.56. IlpuBecTu npumep OBYX OrpaHMYEHHBIX NOCJIENOBATEILHOCTEM, Ta-
KHX, YTO MX YaCTHOE sIBJIAE€TCS HEOIDAHNYEHHOM MOC/Iem0BaTEb-
HOCTBIO.

I =
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Joxa3amy, 4mo caedyrouyue nocaedosamesbHOCTU 02PAHULEHDL:

6.2.57. z,=vn?2+1-n. 6.2.58. z,=In(n+1)—Inn.
_3m?r-1

6.2.59. Tpn = ;2_-{-—1—

6.2.60. T, = W €1 =2, T5 = 5.

Kaxue u3 caedyrouur nocaedosamesvbHocmet monomonnse? cmpozo moHo-
monnvie? ozpanuyervie?

6.2.61. =z, = .3nﬁ 6.2.62. z,=Inn—n.

6.2.63.  =1,z,= ﬁ

6.2.64. <z, —n-i 3HaK751_elcs{Tn'{H0ﬁ 3aIllUCH HEKOTOPOI'0 UPPALMOHAJIBHOI'O
4ucIIa q.

6.2.65. Moxker i npousBeleHNEe OIBYX HEMOHOTOHHBIX IOCJIEIOBATEIBHO-
creit ObITh:

1) MOHOTOHHOI, HO HE CTPOrO MOHOTOHHOH NOCJIENOBATENILHOCTHIO;

2) CTPOro MOHOTOHHO MOCJIENOBATEILHOCTHIO?
6.2.66. Ilokasarb Ha nmpuMepe, YTO MPOU3BEINEHME ABYX BO3PACTAIOMUX 10~

cnenoBaTesibHOCTEH {Zy } ¥ {yn} MOXKeT He GbITH Nacke MOHOTOHHOH
II0CJIENOBATEJIBHOCTBIO.

§3. NPEAEN NOCNEAQOBATEJIbHOCTHN
BeckoHe4HO manble NocnepoBaTenbHOCTU, Npepen
nocnepoBaTeNbHOCTU

> [TocsienoBaresibHOCTD {a,} HA3BIBAETCA fecKonewHO Maaoll, ecom
1151 JII060T0 CKOJIb YTOAHO MAJIOTO OJIOKHUTESIBHOTO YHCIIA € MOXK-
HO 1oHo6paTh Takoit Homep N, 4TO, HAYMHAS C HTOTO HOMepa (T.e.
17151 Bcex n > N), GyIer BbIIOJIHEHO HEPABEHCTBO |a,| < €.

B naspreitieM 10T (hakT, 4YTO NOCIETOBATEIBHOCTD {Qlp } — GECKOHEUHO
Mauiasi, Mbl OyJeM CokpameHHo 0603Ha4aTh Tak: 6. M. {a,}.

> Yucsio a HasbiBaeTCsA npedeaom nocaedosamenvrocmu {Ty}, eciu
nocsenoBaTesibHOCTh {an} = {Z, — a} aABAsIeTCs GeckoHEUHO Ma-
JI0M.

Ha ocnose onpenesjieHusd 6ecKOHeYHO MaJToi 110CJ1e10BaTEJIbHOCTHU MOXKHO
IaTh Opyroe, 3KBUBAJIEHTHOE, OIIpeaeJIeHne Ipenesia rnocjaeaoBaTeIbHOCTH.

> Yucsi0 @ Ha3BIBAETCA IPENEsIOM IOCJIENOBATENILHOCTH {2, }, econ
IJIA JIIO0Or0 MOJIOXKUTEJIbHOTO YMCJIa € MOXKHO MOIoOpaTh Taxoh
Homep N (xak mpaBusio, 3aBUCAWMH OT €), YTO, HAYMHAS C ITOTO
HoMepa (T.e. njis Bcex n > N), Oymer BHINOJIHEHO HEPABEHCTBO

|zn —a| < e.
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B cory4ae, ecin ocs1enoBaTeIbHOCTD {Z, } UMEeT CBOMM NpemesioM YHCJIg
a, TOBOPAT TaKXKe, YTO MOC/IeI0BATENIBHOCTE {Zn } cxodumcs (1 CTpeMHuTCS)
K YHCJY @, ¥ 0003HAYAIOT 3TOT (PAKT TaK:

lim z, =a wm =z, — a (npun — 00).
n—oo

> Ecnn nmocsienoBaresibHOCTb HE MIMEET IPEIeJIa, TO TOBOPST, YTO OHa
pacxodumcs.

I/Inoma y,II,O6HO HCIOJIb30BAaTb 2E0MeEMPUECKOE OIlpeneseHue Ipenesia
IOCJI€O0BAaTE/IbHOCTH, 9KBUBAJIEHTHOE OIBYM NpENblOayIHMM:

= Yucs10 a Ha3pIBAETCS NPENeJIOM MOCJIEI0BATEIbHOCTH {Zy }, eciu B
J1:060M HHTEpBaJIe C LIEHTPOM B TOYKe a HaXOOATCs MOYTH Bee (T.e.
BCe, KpOMe KOHEYHOTO YHCJIa) YJIeHbl 3TO M0C/IeN0BATEIbHOCTH.

Csa3sb mexay CXOAUMOCTHIO U OFPaHNYEHHOCTbIO
NnocnepoBaTenbLHOCTH

Besikas cxomsimasicsi mocJenoBaTe/IbHOCTD SABJISIETCS OTPAHMYEHHOM.
Bcskas MOHOTOHHAsA U OTPaHUYEHHAsA MOCJIENOBATE/IbHOCTh CXOMUTCS.
Bcesikas nmocTosiHHAs MOC/IEI0BATE/IbHOCTD, YJIEHBI KOTOPO#l paBHBI @, CXO-

OUTCA K 3TOMY 4HMCJY, T.e. lim a = a.
n—oo0

CsoiicTBa 6eckoHe4HO Manbix NOCNe[oBaTesibHOCTEN

Cymma (pa3HOCTb) ABYX GECKOHEYHO MAJIBIX MOCJIENOBATEJILHOCTEH TaK-
xKe sIBJIsAeTCH OECKOHEYHO MaJIOH MMOC/1eI0BATEIBHOCTHIO.

Taxum obpasoM, {an} u {Bn} —6.M. = {an, B} —6.Mm.

IIpoussenenue GECKOHEYHO MAJIOH IOC/IENOBATEILHOCTH HA OTPAHMYEH-
HYI0 NOCJIEIOBATEJIbHOCTD SIBJIAETCA GECKOHEYHO MAJIOH MOCIIeI0BATEsIbHO-
CTBIO, T.€.

{an} — 6.M., {zp} — orpanuy. noci-re => {a, -T,} — 6. M.

IIpousBenenue AByx GECKOHEYHO MaJIbIX IMOCJIENOBATEIbHOCTEH ABIsIeTCA

GeCKOHEYHO MaJIOl MOCIIeNOBATEIbHOCTHIO:
{an},{Bn} — 6.M., = {an-Bn} — 6.M.

IIponssenenue GECKOHEYHO MAJIOH IMOC/IENOBATEIHOCTH HA MOCTOSIHHOE

YUCJIIO ABJIsAETCS GECKOHEYHO MaJIOl MOCIIeI0OBATEIbHOCTHIO:

{an} —6.M,c€e R = {c:-an} —6.Mm.

Onepauyun Hap npepenamn nocnepoBsaTenbHOCTER

1. IIpenes cymMmsl (pa3sHOCTH) ABYX CXOOSIIMXCS HOCJeNOBaTesbHOCTEH
paBeH cyMMe (COOTBETCTBEHHO, PA3HOCTH) MX IPENEJIOB:

lim z, =@, lim y,=b = lim (¢, +y,) =azb.
n—o00 n—o00 n—o00
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2. IIpenesn npousBemeHusi OBYX CXOOAMMXCSA MOCJIEIOBATEIbHOCTEH DaBeH
[POU3BEIIEHHIO UX MPEIEesIOB:

le T, =a, hm Y =b = hm(:z:n yn) =a-b.

B yacTtHOCTH:
— HOCTOSTHHBI# MHOXHTEJIb MOXHO BBIHOCHUTD 3a 3HAK IpeNeJia:
lim z, =a, c€R = lim (cz,) =c-q;
n—o00 n—o00
— mpenesl HATypaJibHOM CTENeHH OT CXomsimeHcs I0CJ/Ien0BaTeIbHOCTH
paBeH STOI CTENeHH OT ee Npemesia:
lim 2, =a = 11m (zn) =(lim z,)*=d*, k=1,2,3,...
n—oo

n—o0
3. IIpemes1 4aCTHOTO JBYX CXONAMIMXCS MOC/IEIOBATEILHOCTEH pABEeH 4acT-
HOMY HX NIPEZIeJIOB:
. ZTp a
lim z, =aq, lim y, =b, (b#0, y, #0Vn) = lim — = —.

n—00 n—00 Yp b
4. Ilpenen xopHs k-1 cTenenu oT cxonAmeRcs MOC/IEIOBATETLHOCTY DABEH
KODHIO 3TO e CTelmeHy OT MpefeJia MOCIeI0BATEIbHOCTH:
lim £, =a, k=2,3,4,... = lim ¥z, = ¥a.
n—o0

n—oo

MNpepensl u HepaBeHCTBa

ITycTp Bce usieHbl maHHOH cxopsmeics: M0C/IEN0BATEILHOCTH HEOTPHLIA-
tenbHbl. Toroa ee mpemes TakXke HeOTPHIIATEJIEH:
lim z,=a, ,>20Vn = a>0.

n—o00

Ilycte xaxknmplit 4jieH ogHOR cxopsmeicsa Mmoc/iemoBaTesIbHOCTH GOJIbile
UM paBeH COOTBETCTBYIOMIEMY uJieHy OpYyroi#t cxomsmeiicss mocsenoBaTesib-
Hoctu. Torma u npemest nepBo# MOCJIEOOBATEILHOCTH OOJIbIIIE MJIH PABEH IIpe-
ZieJ1y BTOPOI MOCJI€I0BaTEIbHOCTH:

lim z, = a, hm Yn="b Tpn>2y,Vn = a2>b.

n—o00

Teopema 6.1 (0 npomexyTouHol nepemerHoir). Myctb coorsercTsyto-
lWue YneHbl Tpex AaHHbIX nocneposatensHocTed {T,}, {yn} u {25} ynosne-
TBOPAIOT YCNOBUIO T, < Ypn K 2n.

Torpa ecnn nocneposatensHocT {z,} u {2,} cxopATCA K OAHOMY U TOMY
Xe npegeny, TO NOCNEAOBATENBHOCTL {Y, } TaKXKe CXOAUTCA K 3TOMY npefe-
ny:

Ty <UYn < 2n, V0, limz, =limz, =a = nli_}rr;oyn =a.
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BeckoHe4Ho Gonbwue nocneposaTensHOCTU

= IocnenoBaresibHOCTL {Tp} HA3BIBAETCA noOAOKHCUMEALHOU becko-
HeYHO boavwiol, ecyi IJ1s JII0OOTO CKOJIb YTOOHO OOJIBIIOTO YHCTIa
M mnaiinerca taxo# Homep NN, 4TO OJisi BCeX T, HAYHUHAA C 3TOrQ
HOMEpA, BBIMOJIHAETCSI HEPABEHCTBO T, > M.

IIpo mosoXuTebHYI0 GECKOHEYHO GOJIBIIYIO MOC/IENOBATEILHOCTD {Zns}
TOBOPAT TAKXe, YTO OHA CMPEMUMCA K NMANOC OeCKOHEeYHOCTU, W MHUIIYT

lim z,, = +o0.
n—00

3amerumM, 4TO 3Ta 3aIMCh, TAK XK€, KAK M CJIOBA O CTPEMJIEHHH K IUJTIOC
6ECKOHEYHOCTH, HOCHT YCJIOBHBI# XapakTep M He O3HA4YaeT CYHIeCTBOBAHHE
mpenesia B TOM CMBICJIE, KaK 3TO OBLJIO ONpENesIeHO B HadaJle 3TOr0 naparpa-
da. To ke OTHOCHTCS K OTpHLIATESIbHOK GeCKOHeYHO 6oJIbIIol 1 GeCKOHEYHO
60/1bIION MMOCJIENOBATEILHOCTAM, ONPENEesIEHHBIM HIKeE.

> IlocnenoBaressHOCTL {Z,} HasbIBaeTCss ompuyameavnol becko-
HewHo 60avwotll, ecyu aJ1s JIIoO0ro CKOJIb YroaHO 60JIBIIOro 1o Mo-
OyJII0 OTpHUATEJIbHOrO uncyaa M Halimerca takoit Homep N, yto
IJIs BCEX 7T, HauyMHasA C 3TOr0 HOMEpA, BBINOJIHAA HEPABEHCTBO
T, < M.

IIpo oTpunaresbHyI0 6€CKOHEYHO GOJIBIIYIO MOCIENOBATEJILHOCTD {Tn}
TOBOPAT TaKXKe, YTO OHA CMPEMUMCR K MUHYC beckonewnocmu, M MHUIIYT

lim z, = —oo0.
n—o00
> ITocsienoBaTesibHOCTD {Zy, } Ha3bIBaeTCs beckoneuno 60Abwot, ecyin

HOCJIEAOBATENILHOCTD {|Z,|} ABJIseTCA MOMTOKHUTEIbHOK GECKOHEY-
HO GoJIbmIOii.

Ecsn nocnenosaressHocTs {2, } — Geckoneuno Gospumas (6.6.), To roBo-
PSAT TakXke, YTO OHA CMpemumca ¥ beckonewwocmu, u nuuyt lim z, = oo.
n—o00

IMocnenoBaresibHOCT {Z,}, BCe 4Yi€HBl KOTOPOH OTJIMYHBI OT HyJif, —
0EeCKOHEYHO MaJjlasd TOrIa M TOJIbKO TOrZa, KOrhga I0CJIeNOBaTEeJIbHOCTh

{;1—} — OecKOHEe4YHO 0O0JIbIIAA:
n

1
Tn #0 (vn); {2} —6.m. = {—} —6.5.

n

Kpome Toro, nosie3aHo uMeTh B BULY CJIEAyIOLIEe:

1. Ilycts hm T, =a, hm Yn = *00. Torga lim £z =0.
n—oo Yn

2. Ilycts 11m T, = a, (B TOM yucjie @ = +00), a > 0 (COOTBETCTBEHHO,
n—oo

a < 0, B TOM 4HCIIE @ = —00), hm yn =0, y, > 0 Vn. Torna lim In = 400
n—oo Yn

(coorBercTBEHHO, = —00). -
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4ucno e

ITocnemoBaTeIbHOCTD { (1 +

1

n
ﬁ) } — BO3pAaCTaeT ¥ OrpaHMyYEHa CBEPXY, a

no3TOMy cxomuTcsi. Ee mpenesioM sBiisieTCs 3aMedaTesIbHOe HPPAMOHAILHOE
queso e = 2,71828182845. .., cayxalee OCHOBaHHMEM HATYpPAaJIbHBIX JIOTa-

prdMOB.

Taxum obpasom,

6.3.1.

lim (1+ %)" —e.

n—oo

I/ICHOJIb3in ornpenesyieHue, OoKa3aTb, 4YTO II0CJI€O0BATEJIbBHOCTDH

{a,} = {%} — BeckOHeYHO MaJIasi.

Puc. 76

Q IlycTs € — mpousBosbHOE TMOJIOXKHUTENbHOE uucJio. Torma u3
HEPaBEeHCTBA |a,| < €, T.e. % < g, MOJIy4uM N > % IMockosb-

1

Ky 4HCJIO - MOXeT He ObITH LIEJIBIM, TO, MOJIOXKHMB N = [%] +1
(puc. 76), mbl HailmeM uckoMoe HarypaJsibHoe N. IleficTBHTEIIBHO,

onis Bcex n > N Oymem umeThb % < g, 1.€. |ay| < . Ho 310 1

03HAYAeT, YTO MOCJIENOBATENBHOCTD {Qn} = {%} — GeckoHeYHO

MaJias. o

Hcenoavsys onpedenenue, doxazams, wmo caedyrowue nocaedoamesbHOCTIU
{an} — Geckoneuno maavie:

6.3.2.

6.3.3.

6.3.4.

a, =

a"=\/7_z'
1

Ioka3aTh, 4TO MOCIENOBATEIBHOCTD {Qn } = {%} — GECKOHEYHO

MaJjias, ¥ 1)1 KaXXOOTO JAHHOro € HalTi Takoit Homep N, 4TO On1A
Bcex n > N cnpaBenjiMBO HEPABEHCTBO |ay,| < €, rOe

De=1;
2) e =0,1;
3) € = 0,015.
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6.3.5.

MCHOJ’IBByH ornpeneJsieHue npenesia, J0Ka3aTh, YTO MOCJIEOd0BATE/ Ib=

HOCT 2, 5,3, %, -+ 2 7)--- Cxomarcs K wmeay 1.

Q O6o3nauus z, = m, BbIGEpeM MPOM3BOJIbHOE YHCIIO € > 0,

Tornoa

l‘zln—(n—l) 1

|2 -
[on | n—1 n—1

n—1

1 HEPABEHCTBO |T, — 1| < € GyaeT BHINOJIHEHO B TOYHOCTH TOIIA,
KOTHa ——— <gTen-—-1> S» OTKyZma n > %+ 1. ITonoxus

N = [% + 2] , IOJIy4MM, 4YTO OJisi Bcex n > N cnpaBenjiuBo Hepa-

BEHCTBO |z, — 1| < €. B cooTBeTcTBHH C OmpemesieHNEM Mpenesa
3TO M O3HadyaerT, yTo lim z, = 1. [
n—o0

Hcnoavsys onpedeaenue npedena, dokasams, ¥mo:

6.3.6.

6.3.7.

6.3.8.
6.3.9.

6.3.10.
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n+2 _
nlggo n+1 =3.
lim n=1_4

n—oo ON + 2 5’
N
J 2 =2

Joka3aTh, UCNOJIB3Y sl ONpenesieH)e Mpeaesa, YTo M0CJIeq0BaTe b=
HOCTh {Zp} = {35?/—-_:——1} CXOIMTCA K 4YMCJy 1, M OJiAg KaXKIoro
OAHHOTO € HaiTm Takoi Homep N, 4ro mjst Bcex n > N BEepHO
HEPaBEeHCTRO |T, — 1| < ¢, roe

1) e= %;

2) e =0,1;
3) € =0,07.

Haittu npenenbl [I0CJIEA0BATE/IbHOCTEMH:

3n? n+2
1) nll)Igo 5n +2

2) lim ( Vﬁi‘—v%:T%

3) lim X1
n—o0o \/_ n + 1
Q 1) Ilpeo6pasyem BbipaxkeHue, CTOsiIee MO 3HAKOM Ipelesia,
OZeJIB YHCJIATENb M 3HAMEHATE b Ha CTApIIYIO CTEleHb N, T.e.
Ha n?: .
32-n+2 3- =
5n? + 2 5+




17 - 2361

Orcrona, UCronb3ys TeopeMy O OefCTBUAX HAJI MpenesiaMH, MOJIy-
YUM:

. _1 2
3nf-n4+2 . 3-14+2% ,}EEO(?’ n+ )
lim ————— = lim 5 = - 3 =
n—oo  Hn® + 2 n—oo 5+ = lim (5 + 1?)
n—o0
. . 1 . 2 . 1 . 1
lim 3— lim 4+ lim %5 3- lim =42 lim =5
_ n—oo nsoo "  nooo ™ _ n—oo n—oo "
lim 5+ lim % 542 lim 2
n—00 n—00 n—oo M
_ 3—-0+0 . 3
5+0 5
B IIOCJIeIHUX PAaBEHCTBAX Mbl BOCIIOJIb3OBAJIUCh TEM, 4YTO IIpe-
JeJ1 KOHCTaHTbl — KOHCTaHTa, & TaKXe TeM, 4YTO IT0CJIedOBAaTEJIb-

nocru { 11 u —12 — GeCKOHEeYHO MaJible.
n n
3> —n+2 _3
7,99 —F-
5n° + 2 5
2) JOMHOXHMM U Pa3IesiMM BbIpaXXeHHe IOI 3HAKOM IpeneJia

Ha CONMpsDKEHHOE K HEeMY, IOCJIe 4Yero BOCIOJIb3yeMcsl (bopMyJioi
Pa3HOCTH KB3IPATOB:

B — _ (Wn+1- n—l)(\/n+1+\/n—1)
YT Vntl+va-1

_ (Wn+1)?-(Vn-1° (n+1)—(n-1)
T Va+l+4vn-1  Va+il4+vn-1
2

:\/n+1+\/n-—1'

OxoHuaTesbHO, hm

ITosToMmy

hm (Vn+1—-+vn-— )—ﬂlgl;o\/TT_?_\/TLT

1
=2 lim
n—o00 \/n + + A /n p—
ITockosbKy mocsiemoBaTesibHOCTL vV + 1 + \/n -1 — 6eCKo—
He4HO 00JIbIIasA, TO MOCJIEI0BATEIBHOCTD — fec-

Vvn+1 + Vvn -1
kKoHeyHO Mastasa. Orcioma lim 1 = 0, a 3HAuHUT, U
e Vntit+va-1 ’
lim (vVn+1—-+vn-1)=0.
n—o0
3) IMomenuM YHUCIINTENH M 3HAMEHATENb APOOH HA CTApPIIyIO

crenenp n (BbIGMpaeM M3 IByX BapuaHToB Vnd u /n), T.e. Ha
vn3 =n%/2. Torna
vn? 1 1

1
Jn+l a1 1 1,1
wtTE Ve tum atum
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O6a ciiaraemMbIx B 3HaMeHaTeJIe mocjeaHeit npobu, T. e. 1y —1—, -
n /n3

6eCKOHEYHO MaJible MOCJIeI0BATEIbHOCTH, CIEI0BATEIBHO, BCA 3T,

Ipobb — GecKOHEeYHO 6oJIblIas MOC/IenoBaTe/IbHOCTD. OTCI0na

vn3 . 1

Hatimu npedeawvi:

6.3.11.

6.3.13.

6.3.15.

6.3.17.

6.3.19.

S H Ry G s ¢

im 2n—9 4 —n?
nll)ngo n . 6.3.12. nll)ngo ﬁ

lim Rofgon’—1 3.14. i Tn’ — 1
00 1003 — 3n + 2 6.3 noo 5n3 + dnf —2n 4+ 1°
i 4n3 — 5n? +10n 3.16. 1 (n+1)3 —(n—l).
0o 21n°+ T — 8 6.3.16 nll)ngo n?+1

lim VP2 +3n 6.3.18. lim 2o+l
n—oo N+ 2 n—00 ;;n2+n+4

i 2 —n). . n2+n—v/9n2+2n
Jim (V2 +n—n) 6.3.20. lim ¥ v

n—oo 3/p3+1—/8n3+2 "

AononHutensHouie 3agaun

Hcnoavsys onpedeaenue, doxazamov, wmo danuwvie nocaedosamesvrHocmu —
beckoneuHo maavie:

6.3.21.
6.3.22.
6.3.23.

6.3.24.

1101
’4a9,'-v;2'a
111 1
248"
111
26 Rl

Hoxkazars, 4T0 MOC/IENOBATENIBHOCTD {an } = {—gl_i_—é} — becko-
n

HEYHO MaJiaf, ¥ OJIA KaXKIOro NAHHOrO € HalTm Tako#t Homep N,
410 1151 BCeX 1 > N BepHO HEPAaBEHCTBO |a,| < &, rme

1) e =0,1;
2) € = 0,01;
3) € = 0,001.

Hcnoavsys onpedeaenue npedeaa, doxazamo, wmo:

6.3.25.

6.3.27.
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3—n _ 5n’
et = 1 6-3.26. M nigr=?
. n+1 _ 1
lim &—7—= =
n—o00 3



6.3.28.

—ntcosmn
n
Hailtu Homep N, HauuHasi C KOTOPOrO BeJIMYMHA |T, — a| OymeT

MEHbIIIE €, eCJIH

Haittu npenen a mocsienosarensHoCcTH {Z, }, TO€ Tp

)e=1%

2) e =0,1;

3)e= 3
502

Hatimu npedeave:

6.3.29.

6.3.31.

6.3.33.

6.3.35.

6.3.37.

6.3.38.

L (m+2)? : 3 __ 5
nll,néo 513 6.3.30. nll{%o(n+2 2n+1)'

lim (247;:15 - g:lj:g) 6.3.32. lim (3n3 —an? —n).

v} Tim.
Jﬂﬂogz;% 6.3.34. nll“;ol”ﬁé”jl'“*"
Am 11__—qq_’ g#1. 6.3.36.  lim ;:E:jiii

it =
Az, ;3—‘ ecmn lim z, = -1.

3 2 _
lim vVnl+n

n—00 {/n5 4+ 2n + \/n6+3n4+2

Bonee cnoxHbie 3agauun

6.3.39.

6.3.40.

6.3.41.

6.3.42.

6.3.43.

Hoka3aTp, 4TO y OOHOR MOCJIENOBATEIBHOCTH HE MOXKET ObITh ABYX
Pa3HBIX MIPEIEJIOB.

Hoxaaa"rb, YTO 4YaCTHOE OBYX OECKOHEYHO MAaJIbIX ImocJieg10BaTeJIb-
HocTelt MOXeT He ObITh GECKOHEYHO MAJIOH 1M0CJIeI0BATEIbHOCTBIO.

ITpuBecTn mpumep Takoit GeCKOHEYHO MaJIOH MOCJIENOBATEIHHOCTH
{zp}, uro:

1) nepssle cTo ee 4aeHoB Gostbire 1000;

2) cymecTByeT 6ECKOHEYHO MHOTO KaK MOJIOXKHUTEJIbHBIX, TAK U OT-
PHIATEJIbHBIX €€ YJIEHOB.

Jokasarb, 4TO CJIELYyIOUME MOCIENOBATENILHOCTH {Z,} HE UMEIT
npenesna:

1)z, =(-1)% 2)z, =1+ (-1)%
3) Tn =sm% 4) Tp = (_5)71;
5) zn = n%; 6) Tn=1+2+--+n

IIpuBecTH nMpuMep MOCJIENOBATEIBHOCTH {Zy }, KOTOPAsA PACXOTHUT-
Cs1, HO [1JIs KOTOPO# MOCIIenoBaTesbHOCT {|Z,|} cxomuTces.
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6.3.44.

6.3.45.

6.3.46.

6.3.47.

6.3.48.

6.3.49.

Iloka3zars, 4TO:

1) xaxpgas 6ecKoHeYHO G0JIbIIAA MOCIIEIOBATENILHOCTD ABJISIETCS
HEOTpaHNYEHHOH’;

2) He KaxOas HEOTPAHMYEHHAs MOCJICNOBATEJILHOCTD SIBJISETCS
6eCKOHEYHO O0JIbIIOH.

Hatitu mpenmesnbl (B myHkTax 2) U 3) mpenBapuTesIbHO JOKA3aTh,
YTO MpeneJi CymecTByer):

2
. Tr—3x 2 .
1) lim —ﬂ—"+, ecmu lim z, = 2;
n—o00 Tp — 2 n—o00
2) lim z,, ecmn z, = 6+ Tp_1, T1 = V6;
n—00
2
. Tz, _1—9
3) lim z,,ecmu z, = 21— 1, =1T.
n—o0 8

Haiitu npenessr:

1) nIL"éo(l-2 to 3t  Tam+n)

im (L +-L 4+ 1 ... 1 )
2) lim (55 + 75t 58+ o+ 2))
IMycts {z,} — 6Geckoneuno masnas, a {yn} u {2,} — GeckoHeuyHO
6oJIbIIKe MOCJIENOBAaTEIbHOCTH. BepHo Ju, 4TO Beerma:
1) {zn - yn} — GeckoHeyHO GOJIbIIAA MOCIIENOBATEIHLHOCTS;
2) {zn - yn} — GeCKOHEUHO MaJIas MOCJIENOBATEIBHOCTS;
3) {zn - Yo} — cxomaAmEAsCH MOC/IENOBATEILHOCTD;
4) {yn - 2n} — GeckoHe4HO GOMbIIAs OCIENOBATEBHOCTD;
5) {yn + 2n} — pacxomsAUIaACs MOC/IENOBATEILHOCTD?
ITpuBecTu NpuMep TaKUX CXOOAWMXCA MocsenoBaresbHocTedt {z,, }
u {yn}, uro:
1) z, > yp Vn, omHako lim z, = lim y,;

n—o0 n—o0o
2) z, > 100y, > 0 Vn, omHako lim z, = lim y,.
n—o0 n—o00

Haiitu npenessr:

1) nango(l + ;ll—)n-’-k, roe k € N;
2) lim (l—g—)"

n—o0o n

§ 4. NPEQEN ®YHKLUN
Onpepenenve npepena

>

Oxpecmnocmuv1o TOUYKH To HA3bIBAETCS JIIOO0N MHTEPBAJI C IEHTPOM
B TOYKE Zg.

ITycts dynkums f(z) onpenesieHa B HEKOTOPOH OKPECTHOCTH TOYKH Io
KpoMme, ObITb MOXKeT, caMoif Touku . [JaguM mepBoe onpenesieHne npenesa
dynkuuu (o Ceitne):
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= Yucno A HasbiBaercs npedesom dynxyuu f(z) B TOuke To, eciu
s 6ot nocsienoBaTesbHOCTH {T, }, cxonsmelics k o (T, # To
Vn), nocienoBaresibHOCTh {f(Z,)} cooTBeTCTByIOWMX 3HAYEHUIH
dyHKIUYN cxonuTcA K A.

O6o3navaercs 310 Tak: lim f(z) = A wm f(z) > A (npu z - zop).
T—To
ITepBoe onpenesieHue npenesia GyHKIME IKBUBAJIEHTHO BTOPOMY OTIpene-

sieruio (o Komm):

= Yucso A HasbiBaeTcs npedeaom dynxyuu f(x) B TOUKE To, €CiM
117151 711006010 CKOJIb YTOOHO MaJIoro yucja € > 0 Halfinercs Takoe yu-
cji0 § > 0 (BooO1ue roBOps1, 3aBUCHIIEE OT € ), YTO [JIs BCEX T TAKUX,
410 |z — 29| < 4, T # Xo, BHIMONHAETCS HEPABEHCTBO |f (1) — A| < €.

ITepBoe ompenesienue HA3BIBAETCS TaKXKe ONpenesieHHeM Ipenesia QyHK-
MM «HA A3BIKE [TOCJIENOBATEJILHOCTENR», 8 BTOPOE — OIPEAEJIEHUEM MIPEIesia
«Ha, A3bIKe £—0» (INMCUIIOH—TENbTA).

Onepayuun Hag npegenamun chyHkyuiA

IIycrs dynkuuu f(x) u g(z) onpenesieHsl B HEKOTOPOH OKPECTHOCTH TOY-
KM Zo ¥, KpoMe Toro, lim f(z) = A, lim g(z) = B. Torma:
T—To T—T9
1. Ilpenesn cymmsl (pasHocTu) 3THX (byHKuMi paBeH cymme (COOTBeT-
CTBEHHO, Pa3HOCTH) MX IIPELEJIOB, T. €.

Jim [(z) & g(a)] = A% B.
2. Hpene.n NIPpOU3BEOECHUA (byHKUMﬁ PaBE€H NIPOM3BEOECHUIO UX IIPpENEJIOB,
T. €.
lim [f(2) - g(a)] = A - B.
T—To

3. IIpenen yacTHOro PyHKUM PAaBEH YACTHOMY UX NpenesioB (Ipd ycCJio-
BuM B #0), T.e.

A ow) "B

Otciona, B YaCTHOCTH, BBITEKAET, YTO IOCTOSIHHbIH MHOXHMTEJb MOXHO
BBIHOCUTH 33 3HAK Npenesia QyHKUuH, T.€.

lim f(z)=A = Va€R: lim af(z) =a lim f(z)=aA.

T—To TT T—To

st yHKuMit cripaBenJIMBbl AaHAJIOTH COOTBETCTBYIOUIMX TEOPEM MJIs 10-
CJIeOOBATEJIbHOCTEM O Npenesiax KOPHA U CTEIEHU.

Mpepensl hyHkunii n HepaBeHCTBa

Iycts byukuuu fi(z) u f2(x) ompemesieHbl B HEKOTOPOX OKPECTHOCTH
TO4YKH Zo (Kpome, GbITh MOXeT, camolt aTo#t Touku) U f1(z) < fo(x) mna Bcex

261



3HayeHu#t T u3 3Toit okpectHocTu. [lycTh, Kpome TOTO,
lim fi(x) = A;, lim fo(x) = As.
T T—=To

Torma A; < As.

Teopema 6.2 (o npomexytouHoii nepemerHoit). Mycts bynkumnn fi(z),
f(z), f2(z) onpepenenbi B HekoTopoii okpecTHocTu U(zo) ToukM o (kpome,
ObiTb MOXeET, caMoOii 3Tol Touku) u ans scex z € U(xg), = # zo BEpPHO
HepaseHcTBo fi1(z) < f(z) < f2(z). Myctb, kpome TorO, zli’nzlo filz) =

= lim fo(x) = A. Torpa lim f(z) Takxe cyuecrsyer n paseH A.
T—To T—ZTo

Teopema 6.3 (o coxparenuun 3Haxa). Ecnu npepgen dyHkuum B paHHow
TOYKE Ty NONOXKWUTENEH, TO U BCE 3HAYEHWUA (DYHKLIMN B HEKOTOPOI OKpEeCT-
HOCTM 3TOl TouKU (Kpome, BbITb MOXKET, CAMOi TOUKMN Tp) NONOXKNTENbHbI.

Teopema 6.4 (06 orpaHuueHHocTu dyHkumKn, umelowieii npepen).
MycTb yHKUMA UMeeT npepen B AaHHOM To4Yke. TOraa OHa OorpaHWYeHa B
HEKOTOPO OKPECTHOCTN 3TOW TOYKMW.

Mpepen ¢dyHkymmn Ha 6eckoHevHOCTHU

ITycts byukuusa f(z) onpenesnena Ha GeckoHEYHOM IpoMexyTKe (a; +00).

> Yucuio A HasbiBaeTCs npedeaom dyrxyuu f(x) npu x — 400, ecou
1151 JII060# MOJI0XKUTEsIbHOM 6ecKOHEYHO 6OJIBIIOH NOCITIET0BATE b
HoctH {Z,} (T.€. £, = +00, n = 00) nocsenoBaTesbHOCTD { f(z5)}
COOTBETCTBYIOIIMX 3HAYEHUH (PYHKIUU CXOOUTCHA K A.

OGoznauenue: lim f(z) = A.
T—+00

PaBrHocusiibHOE onpenesieHne npenesia GyHKUMA IpU T — +00 Ha sA3bIKE
€-6 Oymer BHINJIAOETDH TaK:

=3 Yucno A HasbiBaeTcs npedeaom dynxyuu f(z) npu £ = +00, ecoiu
oy joboro yncsa € > 0 Haftoercsa Takoe yucio M > 0, 4yro gns
BCeX 3HadYeHu#t r > M BbInoJiHsAeTCs HepaBeHCTBO |f(z) — A| < e.

AnasioruyHo onpenesnisiercs npenes dbyHkuuu f(Z) Opu £ — —00.
O6o3navenue: lim f(z) = A.
T——00
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OpHOCTOpOHHME npepens

= ITycts dyskuus f(z) onpenesieHa B IpaBo OJIyOKPECTHOCTH TOY-
KM To, T. €. Ha HEKOTOPOM UHTepBaJie (g, To + d), rme § > 0. Torma
FOBOPSAT, YTO YHCJIO A HasbiBaeTcs npedeaom Pynxyuu f(z) cnpa-
6a B TOUKe T (MJI NPagocmoporHum npedesom), €Ciu aJis oot
HOC/IEOBATENILHOCTH {Zy, }, CXomamedics kK To ¥ TAKOH, YTO BCe ee
YyjieHbl OOJIbIIE, YEM Tg, COOTBETCTBYIOWIAS MOCJIENOBATEILHOCTD
3Hadenuil byukuun {f(z,)} cxomurcsa x yucay A.

O6Go3HaueHus: z—llg)l-rof(z) = A wmm f(zo +0) = A.

Ananoru4Ho onpenesnsercs npedea Gynxyuu caesa (MK Ae60cMOPOHHUTY
npedea) B TOUKe To, 0603HaYaeMbit  lim o f(z) nmm f(zo — 0).
T—To—

OueBuaHO, yTo lim f(z) cymecTByeT B TOM U TOJIBKO B TOM CJIyyae,
T—To

KOTIa CYIIECTBYIOT M ONHOCTODOHHME mpemesibl  lim  f(z) m  lim f(z),
rz—z0+0 z—zo—0
npudeM BCE TPH YHMCJIA PABHBI, T. €.

211’121 f(x)= lim f(z)= lim f(z).

z—zo+0 z—z9—0

3ameuarensHsie npegensbl

Ilepewiti 3amenamenvuoili npedea
sinz
lim — =1.
z—=0 I
Bmopotli 3amevamesvroti npedea
1\2z
lim (1 + —) =e.
z

T—00

YacTo UCIOJIb3YIOTCA CIIeNyIompe CJAEACTBUS U3 000MX 3aMedaTesIbHbIX
TIIPEIeJIOB:

sin azx

lim =a, a€lR
z—0 T
In(1 -1
lim(l+z)* =e, limn(—+—zl =1, lim € =1.
z—0 z—0 x z—0 T

BeckoHe4yHo manbie u 6eckoHevHo 6onbume pyHKUMK

> DyHKIUA ¢(T) HA3BIBAETCH beckoHewHo maaol Ipu £ — To (WM B
OKDECTHOCTH TOYKH Zo), eca lim ¢(z) = 0.
Tr—rTo

Takum obpasom,
A= lim f(z) < f(z) = A+ a(z),

r—xo

rae a(z) — 6ecKOHEYHO MaJias NpU T — o.
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> IIycts a(x) u f(z) — Geckoneyno mMasibie GYHKIUM NIPH T — To
Torna:
a(z) _

1) Ecsn hm , BlD) = A # 0, o dyskuun a(z) u B(x) HA-

3bIBAIOTCA 666160118"(.%0 MAABMU 00HO20 nop.aana 8 OKpecmHocmu

MoNKY To.
B yactHOCTH, ecii lim 34 = 1, To a(z) u B(z) HasbiBaOTCA
T—T0
IKBUBANEHMHDLMY 6ecnone«mo MaJIbIMHE (B OKPECTHOCTH TOYKH To ),
410 0603HadaeTcsa Tak: a(x) ~ B(z), T = Zo.

2) Ecnu hm %—% = 0, To ¢yHkuusa o(r) HaswiBaeTcs Gec-

KOHEYHO Ma.noﬁ 6onee BBICOKOIO mopsnxa, yeM B(z). d1or dakr
3amuchiBaercs Tak: a(z) = o(8(z)), ¢ — To ¥ roBopAT, YTO (T) —
0 manoe ot B(z) upu * - xo. B wacTHOCTH, ecoin a(r) — Gecko-
HEYHO MaJiasi [IpU T — Zo, T0 a(x) = o(1), x — xo.

IIpu peineHuMu MHOTMX 3aJa4 KUCIOJIb3YIOTCH CJIELYIOLINE SKBHUBAJIEHTHO~
CTH, BepHbIe ipu & — 0:
72
sing ~x, 1-—cosx~ > tgx ~z, arcsinz~z, arctgr~z,
In(l1+2z)~2, a® -1~ zlna (B yactHOCTH, €* — 1 ~ I),

\"/1+1:—1~%.

Kpowme Toro, umeer mecto caemyromuit (baKT' ecim 8 (:1:) ~ Bi(z), T = xo
U CyIIECTBYIOT NPEIEJIbI hm a(:v) B(z) n hm 5 (
lim a(z)-B(z) = lim a(z) -1 (),
T—To T—To
fim 2®) _ i 2@
T—To B(:z;) z—zo [y (:1;)
TaxkuM 00pa3oM, npenes NPOU3BENeHUs UJIM YACTHOrO OBYX GECKOHEYHO

MaJIbIX HEe MEHsETCsA NPH 3aMeHe J000# U3 HUX HA SKBUBAJIEHTHYIO 6ecko-
HEYHO MAJIyIo.

6.4.1.  Ilokasatb, 4TO lim2 (2z + 1) = 5, ucosp3ys
T

1) nepBoe onpenesierne npegesia GyHKIMY;

2) BTOpOE ompenesieHue npenesia GyHKIUM.

Q 1) Iycts {T,} — NpOU3BOIbHAS NIOCIENOBATEIBHOCTD, CXOIA-

mascsa K 2, T.e. Takas, 4ro lim x, = 2. Torma B cooTBeTrcTBUH
n—o0

CO CBOMCTBAMH mNpeNeJioB INocJjenoBaresbHOCTed lim f(z,) =
n—oo
= lim (2z,+1)=2 lim 2z, + lim 1=2-2+1=35.
n—00 n—o0 n—oo
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6.4.2.

6.4.4.

Tak xak lim f(z,)=5 nnsa mobo# nocsenoBaresbHOCTH {25, },
n—oo

cxonsAmelics K To4Ke Ty = 2, TO [0 IEPBOMY OIIPENEJIEHHUIO IIpenesia
GbyHKIMHM 3TO KaK pa3 M 03HAYAET, YTO lim2 (2z +1) =5.
T

2) 3adukcupyem npoussosibaoe € > 0. Tpebyerca no sTomy €
HaliTu Takoe § > 0, 4TOGBI U3 yCJIOBHUA T # Ty, |Z — To| < J, T.e.
u3 0 < |z — 2| < § BhITEKaNIO GBI HEPABEHCTBO

|f(z) — Al <e, Te. |(2z+1)-5< ¢

ITocniennee HepaBeHCTBO mpuBOOWTCA K BULy |2(z — 2)| < €, T.e.
lz—2| < % OTcIona CJIenyeT, 4TO €CJIM B3ATh 6 = %, TO HepaBeH-

CTBO | —2| < § Gyer aBTOMaTHYECKH BJIeYb 33 COGOH HEPaBEHCTBO
|f(z) — 5] < € (310 3HAuUMT, YTO HJIA BCEX T, AJiA KOTOPHIX BEp-
HO IIEpPBOE HEPABEHCTBO, OyneT BepHO M BTOpoe). B coorsercTBuM
CO BTOPBIM ONpeNeJieHueM npenesia (pyHKUMM 3TO O3HAYAET, YTO

lim (2z + 1) = 5. ()
r—2
Hcnoav3ys nepsoe onpedeaenue npedeaa dynxyuu, natimu npedeave:
lim (4z + 3). 6.4.3. lim(2? — 4z + 8).
r——1 r—2
2
lim v1 - 22 4.5, lim Z 9
T3 6 z—lbn\1/§ z° -1

Henoavays emopoe onpedenenue npedeaa pyrxyuu, doxazams, wmo:

6.4.6.
6.4.8.

6.4.10.

lim (3z — 2) = —-2. 6.4.7. lim(—z +4) = 3.
z—0 z—1

lim 22 = 9. 6.49. lmi=1

z—3 5T O

Joka3arb, 4TO0 pyHKUMS Yy = Signx He MMeeT IpeaeJia B TOYKE
To = 0.
(Q HeitcTBuTenbHo, ecu BHIGPATh MOCAENOBATENILHOCTD {T),} =

= {%}, CXOOAULYIOCA K HYJIIO, TO

1
i 'y = }i i — ) =1 =
Ilgrgo f(z,) = 11520 (31gn n) zll’.‘éo 1=1,

T. e. mocjenoBaresabHocTh {f(z))} coorBercTByMIOWMX 3HAdYEHUi
$byHKIMM CXOOMTCA K eNUHULE.
Ecun xe BrIGpaTh MOC/IEN0BATENBHOCTS {T)) } = {— % }, TaKXe
CXOSALLYIOCA K HYJIIO, TO
lim f(z) = lim sign(—l) = lim (-1) = -1.
n—oo n n—o0 n n—oo

Takum 06pa3oM, Mbl HAILJIM OBE Pa3JIM4YHbIEe MOCJIENOBATENb-
woctu {z,} u {z,}, cxopAmwmecs Kk Touke Ty = 0, OJIA KOTOPBIX
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cooTBeTCTBYy!IOImKeE nocsenoBaresibHocTy { f ()} u {f(2))} 3Haqe-
Hult pyHkuuy f(z) = sign T CXOOATCA K Pa3/IMYHbIM YHUCJIAM. DTO
IPOTHBOPEYMT [IEPBOMY ONpPENEJIEHHMIO Npenesia GpyHKLUUH, U, 3Ha-
4uT, y GyHKUMHM Sign T HeT npenesia B Touke Zo = 0. ®

Hoxazamv, wmo gﬁymcuux f(z) ne umeem npedeaa 8 mouxe o, ecau:

6.4.11.

6.4.12.
6.4.13.

6.4.14.
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(.’l}) 5-170 =0.
f(z) = {z2 npu T > 2,

r nmpuzr<2 x9=2
Joka3aTh Mo BTOpOMY OINpEeNesIeHMIO npenesa, yro lim f(z) = 1,
Tr—To

2(x —1)2
roe f(z) = e i 1, zo = 1. Haittu coorBercTByMOmEE § 110
IAHHOMY €, €CJIM:
1) e= %,
2) e = 0,01.

HNcnosnb3ys cBoiicTBa npenesioB ¢pyHKuu, HalTH cienyomue npe-
IeJIbL:

1) 11 3.’1,' —1 .
14m2+5:v+2

-4
2) ki 1-»29: —5x+6

3) lim LIB+8—3,

z—1 T — !

14—
4) Ill,n;o 2r° + 3:v
QQ 1) IIpumenss Teopemy 0 neHCcTBUAX HaL Npenesamu GyHKIui,
MIOJTY YMM:
. 2 _
eoo1 42 + 52 +2 lim1(4.7:2 + 5z +2)
——

lim 3z% - lim 1

_ z——1 z——1
lim 4z% + hm 5z + hm 2
z——1
3 lim z- hm m—l
r——1 r——1

4 lim z- lim 245 Tim_ z+2
z——1 z——1
3 (-1)(-1) - _
4(—D)(-1) +5(-1) +2

2) Tak Kak npeneJsibl YUCJIUTEIA M 3HAMEHATeJNs NpH T — 2

PaBHBI HYJII0, TO Mbl MIMEEM HEOIPENEJIEHHOCTh BHOA g «Pacxkpo-

€M» 3Ty HeOlpeNesIeHHOCTb (T.e. u3baBUMCA OT Hee), Pa3JIoXKuB



YHCJIATEJIb U 3HaMeHaTeJIb Ha MHOXWTEJIM M COKPATHB UX HaJiee
Ha OOIIMH MHOXHTEJIb T — 2:

2 —4 (z-2)(x+2) . z+2
lim —————— = lim =" % = Jim — =
e=272 —524+6 =z-2(x—2)(z—3) «o22-3

B nonyuennoit apobu 3HaMeHaTeNb yXe He CTPEMHUTCH K Hy-
JIIO TIpH T — 2, IO3TOMY MOXHO IPMMEHATb TeopeMy O Ipenee
YaCTHOTrO:

c+2 ImE+2 9,9

I = = 4.
a2z —3 lim(z—3) 2-3

OxoHnuaresbHO lim —Qu —4.
z>21° — 5z + 6
3) 3mech MBI TaKkKe MMEEM HEOIPEIEeJIEHHOCTh Bnna . Homuo-

KM 4YUCJIMTEJIb U 3HAMEHATEJIb ,IIpOGI(I Ha BbIpa>K€HHUE, COl'IpiDKeH—
HOE K 4uC/IuTes 0 (u36aBJifAeMCa OT MPPALMOHAJILHOCTU B YUCJIH-
TEJIe):

vVr+8-3 . (Vr+8-3)(vVz+8+3)

I — 7 = lm @-1)(Vz+8+3)
- lim (Vz +8)%-32 — lim (x +8) —

e1 (z — 1)(Vz + 8+ 3) 1—'1(z—1)\/:_c_+_+3
= lim z—1 lim -1
2 (z—1)(Vo18+3) o \/F+3 \/F+3 6

4) Yucnuresns v 3HaMeHaTe b Opo6u — GECKOHEYHO 6om>ume
byHKIMH, TOITOMY 371€Ch IMEET MECTO HEOTIPENEIEHHOCTh 22 o Pac-
KPbIBas 3Ty HEONPENEJIEHHOCTb, IONEJIUM YMCIIUTEIb ¥ 3HAMEHa-
Tesb OpOo6M Ha CTAapIIyIO CTENeHb T, T.e. Ha T2:

l+z-22 H+i-1
22° +3z 2432

T

OcTaJioch BOCHOJIb30BATHCA CBOMCTBAMMU IIPENEJIOB, a TaK¥XKe TeM,
410 hyHKIMHU -i.— u —15 — OGeCKOHEYHO MaJible Ipu T — O0:
T

1
Clte—2? . L4lo1 lm(G+g-1)
lim — 2% i L _
z—o0 2x° + 3z z00 2+ 3 lim (2+ ;)
r—00
mdemiom oo 1,
lim 2+ 3 lim L 2+0 2"
T—00 T—00
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Hatdmu npedeawi:

6.4.15.

6.4.17.

6.4.19.

6.4.21.

6.4.23.

6.4.25.

6.4.27.

6.4.29.

6.4.31.

6.4.33.

6.4.35.

6.4.37.
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lim (522 + 2z — 1). 6.4.16. lim —22+1
T2 z=12° —2r+ 3

lim —Z— 6.4.18. lim 2,—=8
z—0 ° — .'17' o : zl—Ig 2+ 8°

2 3 2

im & —6z+5 im 42" =3z +z

;I_’Ins —xz_—25—— 6.4.20. ;I_I'I}) o .
3 2

lim & fe+2 6.4.22. lim —2&,—2-1
o 3 +1 z_l,ril% —6z°+ 5z +4
lim L= +3-3  g424, lim L 47w+6

e—=122° — 22 +x—1" -6 T° + 62° + 3z + 18’

z% — 2z

; z+25-5 ;

;l—lﬁ) % 6.4.26. :ll—)rn2 xr2 + 6 — 4
i V2r+3—3 o V2—z—1

Vo1 6.4.28. I 5s—o—2

. 8—x—2 . z2 — 16
il_r)r}) o ] 6.4.30. ix_rﬁ —-————\3/5__:”_ e

2 3 2
lim LF52 —2 6.4.32. lim — =32

z—00 22° —z° + Tz’ z—00 T° + T — 2
3 5
lim & +Z 6.4.34. i L’ —2r
:cl»nc}o:v -3z +1 zllvngo2z +z°+1
3
li 24+4-—1). i °
Jim (V2% +4-2) 6.4.36. lim (£ -2).
Haiitu npenesbr:
. sinazx . ;. sinbx .
1) a!-l—% T e ER; 2) alcl—% sin 3z’
3) lim 2% . i Arcsine
) B 2w 4) lim 85702,
Q 1) Caenaem 3aMeHy y = a&; Torma y — Ompu z —» O u
lim Sinaz _ pp, SOY o esiny _ oy SINY B oo
z—0 T y—0 }i) y—=0 Y y—0 Y

a
CJIENHEM paBEHCTBE Mbl BOCIIOJIb30BaJIUCh IIEPBBIM 3aMe4YaTeJIbHbIM
IpeneJjioM.

sin ax

Takum obpasom, lim =a.
z—0

2) IomesuM yucHTENb ¥ 3HAMEHATEJb IPO6H 1011 3HAKOM IIpe-
[IeJ1a, Ha, T, TI0CJIe Yero BOCIOJIb3yEeMCs NPEAbIAYIIUM TyHKTOM:

lim sin5z _ i (s"‘:’z) _ ii_%(sfn:sz) _5
z—0 sin3z z—0 (3";3’5) ;,l;i_lﬂ)(s";:sm) 3



3) CBosi mpeiest K IEPBOMY 3aMeYaTesIbHOMY, CIETIaeM 3aMeHy
y=m—-72£.Tor11ay—->Onpnz—) %,aw=y+%,orxy,ua

.o cosw . - cCoS (y + )
lim = =
,H% 2z —m y—>0 2(y+ )
_ —siny 1 smy 1
Ty0 2y 2 30 y 2

Bo BTOpOM paBeHCTBE B 3TOU LIENOYKE MBI HCIIOJIb30BAJIN (HOPMYITY
NIPUBENEHHMs], & B IOCJIEOHEM — IEPBbIfl 3aMevaTesIbHBIR IIpenest.

4) Cmenaem 3ameHy t = arcsin, T.e. £ = sint. flcHo, ytot — 0
npu £ — 0, mosTOMy

Hatimu npedeawi:

6.4.38.

6.4.40.

6.4.42.

6.4.44.

6.4.46.

. arcsinz t 1 1
ix_r’% r %—+0 sint }l—lyl(l) (M) lim 82t . ®
t t0 t
sin’ 3z . tg2x
25 sin 20" 6.4.39. % Sinsa’
i —COSZT 6.4.41. limz-ctgz.
Jim L=pee. 0"
lim 2rctg2z 6.4.43. lim $089Z — cos3x
a0 T z—0 z° )
;o sin 6wz 6.4.45. lim Si02Z
I Snwe =T tgdz
Haiitu npenestbl:
T
1) lim (1+E) ,keR
T—00 T
2) lim V1 + 5z;
T+ 3) ‘.
) J:H;o(z )
-1
4) 3-1—% 79: ’
Q 1) B panHOM ciiyyae Mbl MMeEM HEONPENEJIEHHOCTh Buaa 1%°.

Jisl €e PaCKpBbITHA COEJIaeM 3aMEH = L Torma y — oo npu
Yy k y p

T — 00 ¥ UCXOMIHBIY Mpenes CBOOUTCA KO BTOPOMY 3aMedaTesIbHO-
My Npenesy:

i (42 = i (1 ) = m (43)" -

= yl'gtgo(1+ %)y]k = ek,
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2) Mockombky /1 + bz = (145) <, TO 31ECh MBI TAKIKE HMeeM
JIEJIO C HEOTIPEIEJIEHHOCTHIO 1°°, Nj1s paCKpLITUA KOTOPOY HAM CHO-
Ba NMOHAA006MTCS ONHA U3 (POPM BTOPOro 3aMEYaTEJIbHOIO IIPenesia,
Crnenaem 3ameny y = 52. Tormay > Onpuz — 0 n

lim /T + 5z = lim (1 + 5z)% 5 =

z—0 z—0
o 15 _ [y 115 _ s
= lim(1+y) —[!1’1_%(1+y) | =

3) IlonesmB yucIUTENb M 3HAMEHATEJb OpPOOUM HA T, CBEAEM
IaHHBIA Tpenes K YaCTHOMY NPENeJioB U3 MyHKTa 1):

z 3\7® 3)\7%
tim (252) = 1im (Hg) =i UF2)
T—0\T — z—00 ]—; z—00 (1_%)

lim (1+3)" s

__ z—00 _i__es
- . T — -2 = .
lim (1-2) e?

—00 x

4) CnenaB 3aMeHy y = 2% U NPUMEHsiA OLHO M3 CJIENCTBUH U3
BTOPOTO 3aMe€YaTeJIbHOrO Ipenesia, MOJIyduM:
e —1 ev—-1 2 e'-1

lim = lim —
z—0 T y=0 Sy Ty=0 y

6.4.47. [oka3sarb, 4TO:

1) lim log,(1+x) _ 1
x

0 ~ Ina’

2) lim a® =1 _ g
z—0 z

3) lim (1 + m)m = e™";
z—0 T

4) limml‘:—azl:a

z—0

Hatimu npedeawi:

6.4.48. lim %¥/1+ 3z. 6.4.49. lim (m - 5)’”.
z—0 z—oo\T + 4
L 2
i (3 +5T)* et —e
6.4.50. lim(3£52)". 6.4.51. lim & =C
. (5—xz\""? . Inz-—1
6.452. lim (3=2)"" 6.4.53. lm =1

6.4.54. lim(1 —sinz)wn=. 6.4.55. lim z[ln(z + 3) —Inz].
z—0 T—00

6.4.56. Haiitu npenesibl cupaBa U cyieBa GyHkuuu f(x) = signz B TOYKE
o = 0.
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Q Tax xak f(z) =1mpuz >0, T0
f(O + 0) = zl}g}i-o f((l?) = zgg-li-o 1=1

AHaJIOTMYHO HAXOOMM:

f(0-0)= zEBIl—of(z) = lim (-1)=-1. {

z—0-0
Hatimu odnocmoponnue npedean dynxyut f(x) 6 mouxe xo:

6.4.57. f(z) = [z], o = 2.

-2 mpuz <1,
6.4.58. f(z) = _::1);; npu z > 1;
a) o = 1;

6.4.59. 3amenssa 6eCKOHEYHO MAJIble SKBUBAJICHTHLIMA, HA{TH Ipemebl:

1) lim Sindz

z—0 sin 3z

T
. x(e® —1

2) lim ) .

z—0 1 —cosx
Q 1) B cuity ciiencTBus M3 MEpBOrO 3aMeyaTesIbHOTO Iperesia
sin az~azx, £—0. Orciona (npu £—0) sin 4z ~4z, a sin 3z~ 3z, no-

oroMy m sin 4 " 4z 4
i = lim — = —.
z—0 sindz z—-03z 3
2
2) Hpna;—)Onmeeme"'—lfva:n1—cos~%,o'rxy11a
T
(e —1 )
limm—)=limu:2. [

z—0 1 —cosz z—0 (”2_2)

Hatimu npeﬂe./zu, UCNOAD3YA IK6UBANAEHTMHDLE beckonewHo manbie:

6.4.60. lim ‘85T 6.4.61. lim 21 +20)
z—0 2T z—0 arcsin3zx
2z T
. et —1 Y e |
6.4.62. 11_1’1}) i —62)" 6.4.63. :113}) 3T 1"

6.4.64. lim Y1+72=1 6.4.65. lim gz =2

z—0 52 T -2

HononuutensHiie sapaun

Hcnoavsys nepeoe onpedenenue npedeaa dynxyuu, natimu npedesi:

6.4.66. i 2 _z). ; 5z
66 zgrgz(m ) 6.4.67. z1_1)11_1l 743
6.4.68. lim v/z2 + 27. 6.4.69. lim(z + 2a)°.
z—0 T—a
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Hcnoavsys emopoe onpedenerue npedeaa gynxyuu, doxazamo, 4mo:

6.4.70. limsinz = 0. 6.4.71. lim |z| =0.
z—0 z—0

6.4.72. lim2%=1. 6.4.73. lim —4_ =2
z—31 3T — 1

Hoxasamv, wmo dynxyus f(z) ne umeem npedeaa 6 mouxe T, eCau:
6.4.74. f(z) =sin ;};, zo =0.

6.4.75. f(z)= 1, ecnu T — pauuOHAJIbHOE
B T 10, ecsn T — MpPAIMOHAJBLHOE

(byukuua Oupuxse), xo = %

Hatimu npedeawi:

o 3r—1 ; —
6.4.76. ll_)mz 25 T 5 6.4.77. z]_lgls Vidz — 1.
im Yzi2+1 6.4.79. lim (22+ L -3
6.4.78. zl_l)rr_ll Joas 4. I_1)11\1/5(1: + P )
. 3z°+5x—2 oz —2z+1
6.4.80. zll_r’n% ——'31: —1 . 6.4.81. ;l_)l'n1 _Q;ST.
. 1 4 . g — 373 4 22
o4z lm(ly-gly)  edss pEsinae
3 3_ .3
6.4.84. lim Y T =5 6.4.85. lim T2 =2
y=1y° +2y° —y — 2 a—0 a
2
: z° — 8z V99— —2
6.4.86. }lﬂ; ——-—m— 3 6.4.87. ;1_)1115 3 Vord

6.4.88. lim —MZ”‘” 6.4.80. lim YZF+1-2
h—0 ovi/z2 +6—3

6.4.90. lim Y1+t=1 6.4.91. lim =1
t—0 t y—1 Yy—1

. 5zt -2z 43 Tt — 2?4+ 3z—1

6.4.92. zli}n;o m— 6.4.93. a:li)ngo 10:1;2 +z .

6.4.94. lim @ =3(22+9)  6.4.95. lim_ (V&7 74 - 100).

100 (2 +z+1)(32°—4)

6.4.96. lim (Vz?+1-va’-1).  6.4.97. lim( i 2’

T—00
6.4.98. lim (83 6.4.99. lim SiD3Z
z—0 T T—oT sin 2z
. tgx—sinz . h—sinh
6.4.100. lim —g—xs— 6.4.101. lim 250,
i - . 1—cosdzx
6.4.102. ;1312(:1: 2) ctg wx. 6.4.103. ;‘3}] PTRTUIE
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6.4.104. lim Acsin7e 6.4.105. lim xsin(%).

z—0 sindzx T—00

: -1 H ctgz
6.4.106. ;I_I)I}) 71 6.4.107. 31:1_1)1})(1+tga:) .

2 z? 3z

(x4 2 im € —1
6.4.108. lim (;,_—2) . 6.4.109. lim =1,

. (8+z \¥ In(1+ z)
6.4.110. zll»n;o(lO+:v) ) 6.4.111. o506 sin2z

1)f 6.4.113. lim (cos2z) 7=

i 4. . lim (cos sin?z ,
6.4.112. til?oo(uiz) . lim (cos 20
6.4.114. lim (V22 +2z+2— Va2 -2z -3).

Hatimu odnocmoponnue npedeavt dyrxyuu () 6 mouke xg:

6.4.115. f(z) = e, zo =0.

6.4.116. f(z) = T;T’ rue {z} = x — [x] — mpobHasa 4acTh T; o = 1.
6.4.117. [oka3aTb 9KBUBAJIEHTHOCTb cJienywomux GyHkuuit npu z — 0:

1) eF* — 1 ~ ka;
2) arcsinaz ~ ax;
3) tgz —sinz ~ %13;
2
4) Incosz ~ —‘%.
Hatimu npedeavt, 3aMeHAst BECKOHEXHO MAABIE IKEUBLACHIIHOLMU:
. In 1+:l:2 . 2sina:_1
-d. . . 6.4.119. lim &¥————=.
6.4.118. lim JT_ltg - tim 277
i -1
6.4.120. lim i%ﬁl,‘;@ 6.4.121. lim & =1
z—0 arctg®/ 2z z—-1 Jx—1
3 .
6.4.122. lim @'—1. 6.4.123. lim 3;1 +zsing —1
z—0 1—cosz z—0 x

Bonee cnoxtbie 3agaun

6.4.124. Bepno sm, 4TO:
1) ecnin dynkuua f(z) nMeeT npenest B TOUKe To, a yHKuuA g(I)
He uMeeT npenesia B 3Tolt Touke, To dynkuua f(z) + g(r) umeer
npenes B TOYKe To;
2) ecsin dyskunn f(z) u g(z) He UMEIOT mpenmesia B TOYKE Zg, TO
dyukusa f(z) + g(r) Takxe He uMeeT npenesia B 3TOMH TOUKE?

6.4.125. [okasarb, uro lim sinz He cymecTByerT.
z—+00
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6.4.126.

6.4.127.

6.4.128.

6.4.129.

IIpnBecTu npumep GyHKIUN, KOTOPAS ONPEIESICHA ¥ HE MMEET Ipe~
[lesia BO BCEX IEJIBIX TOYKax (T € Z), HO MMeeT Npenesi BO BCEX
OCTaJIbHBIX TOYKaX.

Hokasarsb, 4T0:

1) cymma (pa3sHOCTb) GECKOHEYHO MaJibIX OpH T — To GyHKIm
TakXe OECKOHEYHO MaJiasi Ipu T — To DYHKIMS;

2) npousBeneHne GECKOHEYHO MaJsiol GYHKIMM HA OrPAHMYEHHYIO
dyHKIMIO (B 4aCTHOCTH, IPOU3BENEHUE ABYX OECKOHEYHO MAJIBIX)
ecTbh 6ECKOHEYHO MaJiasi PYHKIMA.

ITokasarh Ha npumepax, 4To:

1) yacTHOe AByX GECKOHEYHO MAJIBIX NIPH T — To PyHKuME MOXeT
He ObITh GeCKOHEYHO MaJsiol pyHKImeH;

2) ecom a(x) — GECKOHEYHO MaJias NpH T — o, a f(x) — Gecko-
HEYHO MaJias NPy T — T1, TO cyMMa a(z) + B(z) MoxeT HUTOEe He
ObITh GecKkoHEeYHO MaJsiof dyHKumel;

3) cymma 6eckoneyHo Gosbux GyHKIuMi IPU T — o MOXKET GBITH
naxe 6eCKOHEYHO MaJiol pu T — To.

IpuBectu npumep dbyHkuun, 6eckoHeyHo majiok mpu ¢ — 1, x — 2
H T — 3, HO He sABjsAIekca 6eCKOHEYHO MaJIOi B OKPECTHOCTAX
OpPYTUX TOYEK.

Hatimu npedeawi:

6.4.130.

6.4.132.

6.4.134.

6.4.136.

lim SIDLT 4.131. lim & =1,
a:glc}o 64131 al:l—!»Hll.’L‘ —].
2
lim (cos ) ™7 . 6.4.133. lim & —gos2z
z—0 z—0 T
5, 5

lim L= YZ 6.4.135. limp Y1tz—1
e>11— Iz z—0 T

lim Vi+z—+V1+z

z—0 T )

§5. HENPEPbIBHOCTb ®YHKLUN
HenpepbiBHOCTL (hyHKLUU B TOUKE

>

Oyukuusa f() Ha3bIBaETCA HENPEPHIBHOU 8 MowKe Ty, €CJIM OHA
onpenesieHa B HEKOTOPO# okpecTHocTH 3To# Touku u lim f(z) =
T—T0

= f(@o)-

Ecsin 0603Ha4uTh T — 9 = Az (npupamenue aprymenta), f(z) — f(zo) =
= Ay (npupamenne ¢GpyHKIMH, COOTBETCTBYIONICE NMPUPANICHUIO aPryMEHTa
Az), TO 9TO ONpenesIeHNe MOXHO 3aIUCATh B SKBUBAJIEHTHOH dopme.
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> Dyukuys f(T) HA3BIBAETCA HeNpepuieHOll 8 Mmouke To, €CJIM OHA
onpenesieHa B HEKOTOPOl OKPEeCTHOCTHU 3TO! TOYKHU M

Ay B =0

Takum o6pa3om, ecin dyHkuua f(r) HenpephIBHA B TOYKE Zg, TO GeCko-
HE4YHO MAJIOMy MPHMPAIIEHUIO apCYMEHTa, B 9TOH TOYKEe COOTBETCTBYET GecKo-
HEYHO MAaJioe MpupaineHue QpyHKIuM.

OQHOCTOPOHHARA HENPEepPbIBHOCTb

> DOyukums f(r) Ha3bIBaeTCA Henpepwuieroll cie6a 6 TouKe T, €CIIH
OHa OmpefesieHa Ha HEKOTOPOM IOJIyUHTEDBaJe (a; To] u

lim_ £(z) = f(z0).

= Dynkius f(x) HA3LIBAETCA HENPEPLEHOT CNPasa 6 mowke Ty, €CIIA
OHa OMpeesIeHa HA HEKOTOPOM NOJIyUHTEpBaJle [Zo; b) u

lim f(z) = f(zo).

z—z0+0
®yukuua f(r) HenpepblBHA B TOYKE To TOTHA M TOJIBKO TOIHA, KOTIA OHa,
HeNpepBIBHA CJIEBA M CIIPABa B 9TOR TOUKE, T.€. KOTIa

Jm f(z) = lim  f(z) = f(zo)-

HenpepbiBHOCTb (hyHKUUM HA NpomexyTke

> Dyukuus f(x) HA3BIBAETCA Henpepuierol Ha JAHHOM IPOMEXYTKE
(unTEpBaJie, MOJyUHTEPBAJe, OTPE3KE), €CJIM OHA HENpephIBHA B
KaXIol TOYKe 3TOro NpoOMeXyTKa.

IIpu aT0oM ecoiu yHKIMA ONpeneseHAa B KOHLE MPOMEXYTKA, TO TOH, HE-
IPEPHIBHOCTBIO B 9TOH TOUKE NMOHNMAETCA HENPEPLIBHOCThL CIPaBa UM CJie-
Ba. B yactHOoCTH, byHKIMA f(z) Ha3bIBaeTCA Henpepbienotl Ha ompesxe [a; b],
ecyu oHa:

1) HenpepsiBHa B Kaxno# Touke uHTEpBaja (a;b);

2) HempepbIBHA CIIPABA B TOYKE @;

3) HenpepbIBHA CJIEBA B TOYKeE b.

Touku paspbiBa hyHKLUUN

> Ilycts Touka To NMpUHALJIEXUT OGJaCTH ompemesieHuss QYHKIMU
f(z) nom aBnserca rpanndHOM TOuKOM 3TOM O6GnacTu. Touka xo
HasbIBaeTca mouxotl paspmea gynxyuu f(x), ecom f(x) He aBns-
€TCA HENPEPBIBHOM B 9TOH TO4YKe.
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Touxku paspbiBa NONPA3IESISAIOTCA HA TOYKM Pas3pbiBa 1-ro poma u 2-ro
poza.

=4 Ecnu B TO4ke T¢ CymecTBYIOT KOHEYHbIE OJHOCTOPOHHHUE NPEHEIIb

lim f(z)m lim f(z), Ho OHM He paBHBI MEeX Iy COOOM, MM XKe
z—xo—0 rz—z0+0

OIHOCTOPOHHME Npeaesibl PaBHbI MEXAY CO0OH, a 3HaYeHue PyHK-
LMY B 3TOM TOYKE HE COBNATAET C OOHOCTOPOHHMMY HPEIeIaMu, TO
Zo Ha3bIBAETCA MOwKol paspmea 1-ro pona.

Ecnn B Touke z( cymecrByer koHeunwit mpemen lim f(zo), a f(zo)
T—rTo

He ompenesieHo win lim f(z) # f(zo), To 3Ta TOYKA HA3BIBAETCA MOYKOM
YCMPARUMOZ0 paspugtf o

Touku paspbiBa 1-ro poma dbysxkuum f(r), He ABJIAIOMMECT TOYKAMH
YCTPAHUMOI'O Pa3pbiBa, HA3HIBAIOTCS MOYKAMU CKA¥Ka ITOH dyHKIUM.

Eciu 1o — rouka ckauka ¢yHkmuu f(z), To pasHoctb Af(zg) =

= lim f(z)— lim f(z)He paBHa HyJIIO ¥ HA3BIBAETCA CKANKOM PYHKYUY
z—zo+0 z—z0—0

f(z) B TOuKE T0.

> Ecnu B TOuke T¢ He cymecTByeT XOTA Obl OMUH U3 OOHOCTOPOHHUX
npegesioB  lim  f(z) mnu lim  f(z), To p Ha3bIBaeTCA Mouxoii
z—T0—0 z—z0+0

pa3pwea 2-20 poda.

CeoiicTBa pyHKUUA, HENpepbIBHbLIX B TO4YKE

Teopema 6.5. Myctb dyHkuuu f(x) n g(z) HenpepbiBHbI B TOUKe . Toraa

dynkunn f(z) + g(z); f(2) - g(z) n f(z)/g(x) (ecnn g(xo) # 0) Takxke
HenpepbIBHbI B TOYKE Ig.

B uacrHocTH, ecoin dyHKuuA f(T) HENpephIBHA B TOYKE To, TO DYHKIUA
a- f(z), roe a € R, Takxe HenpepbIBHA B TOYKE Io.

Teopema 6.6 (o HenpepbiBHOCTU cnoxHoMi yHkumu). MNycTb byHKuUA
u(z) HenpepbiBHAa B TOYKE To, a dyHKuna f(u) HenpepbiBHA B TOYKE Uy =
= u(zo). Toraa cnoxHan dyHkums f(u(z)) HenpepbiBHa B TOUKe Tp.

HenpepbiBHOCTL 3nemeHTapHbIX pyHKUUA

Teopema 6.7. Bce npocreiilwme anemeHTapHble byHkuum (c, %, o, log, z,
sinz, cosz, arcsin, arccosx) HenpepbIBHbI B KaXKAOW TO4ke CBOMX obna--
cTel onpeaeneHus.
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M3 sToft TeopeMbl, a TakXke U3 OBYX NPEObIOyMIMX CJIELyeT, YTO TaK¥kKe
HeTpPEPBIBHBL B KaXIOH TOYKe cBOMX obsiacTeit onpenesieHns Bce pyHKIuM,
10J1y Y€HHbIE U3 NPOCTEHIINX C IOMOIIBLIO KOHEYHOTO YHCJIa, apU(DMETHIECKUX
onepamuil u onepanuy KOMIO3ULNNA.

CsoiicTBa hyHKLMIA, HeNpepbIBHbLIX HA OTpe3ke

Teopema 6.8 (Bonbuyaro—Kowu). Myctb dyHkuma f(z) onpepeneHa u
HernpepbiBHa Ha OoTpe3ke [a;b] W NpUHMMaeT Ha ero KOHUaAxX pa3Hble 3HAKMW.
Torpa Haiigerca xoTa Bbl ogHa Takas Touka Zo € (a;b), 4ro f(zg) = 0.

Teopema 6.9 (0 npomexyTouHbIX 3HadeHunx). Myctb dyHkuna f(z)
onpepeneHa n HernpepbiBHa Ha oTpeske [a;b]. Toraa ana noboro umucna
C, 3akntoueHHoro mexpy dncnamu f(a) w f(b), Halpgerca Takas Touka
zg € [a;b], yto f(zo) =C.

Teopema 6.10 (1-n teopema Betiepwitpacca). Myctb dyHkuna f(z) on-
pepeneHa u HenpepbiBHa Ha oTpeske [a;b]. Toraa 3T1a dyHKUUA OrpaHnyeHa
Ha 3TOM OTpe3ke.

Teopema 6.11 (2-a Teopema Beliepwirpacca). Mycrb dyHkuna f(z) on-
peneneHa n HenpepbiBHa Ha oTpeske [a;b]. Toraa ata dyHkuna npuHumaer
Ha oTpeske [a;b] cBom Hanbosbwmne U HauMeHbWwME 3HAYEHWA, T.e. Cylie-
CTBYIOT Takue TOYKU T, T2 € [a;b], 4To ana noboi Toukmn = € [a;b] cnpa-
BEA/IMBbI HEPABEHCTBA

f(z1) < f(z) < f(22).

6.5.1.

Sanonuuts Tabiuuy ass byskuuu f(z), HaloA OIS KaXOOro
npupamenus AT B TOYKE To = 2 COOTBETCTBYIOIIEE NPHUPALICHUE
Ay = f(z) — f(z0)-

Az |{-1|-02|-01{-0,01|1]0,2{0,1]0,01

Ay
a) f(z) = 3z +

_Jz—-2 mpuz <O,
6)f(a:)_{ 1 mpmz >0.
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6.5.2.

6.5.3.

278

Ha ocHoBaHMM 3amnoJiHEeHHOH TaOJIUIBI COEJIATh MPEIIOJIONKe-
HHUe O noBeleHuH PYHKIUHN B TOYKE Ty = 2.
Q a) Ilpu Az = —1 umeeM = = 75+ Az = 2 — 1 = 1, oTKyna
Ay = f(2) - f(zo) = £(1) — f(2) =4—T= -3,

Anajytornyno HaxoauM u Apyrue 3HadeHus Ay. B pesysbrare
nosiy4aem Tabsimiy

Az |-1|-02}-01|-001{1}0,2|{0,1]0,01
Ay|-3|-06|-03|-003[3|06]0,3]|0,03

Kak BugHo n3 310l Tabsinibl, MAJIBIM 3HAYEHUAM NPUPAIIEHUS ap-
YMEHTa COOTBETCTBYIOT MaJible 3HAYEHUs NpUpAIIeHus GyHKINH,
TlosTOMy MOXHO cesiaTh NPEIOJIOKEHNE O HEIPEPHIBHOCTH JaH~
HOMt dyHKIMM B TOuKe To = 2. Pazymeercs, momobHble HECTpOrUe
PacCyXII€HUsI He MOTYT CJIyXHTb IOKa3aTeJIbCTBOM HENPEPHIBHO-
ctu GyHKIUU B JAHHOM TOYKe.

6) IIpou3Bons BHIYMC/ICHNA KaK U B IYHKTE &), IOJIy4aeM Tab~
JIMILY

Az |-1|-02|-01|-001|1{0,2]0,1(0,01
Ay|-1}1-02|-01|-001|1| 1 |1 1

N3 Tabauupl BUOHO, YTO MaJible NMPUPAIIEHAs PYHKIMH COOTBET-
CTBYIOT MaJlblM NPHMPAMIEHHSIM apryMEHTa JIMIIb CJIE€BA OT TOYKH
Ty = 2; cipaBa xe OT 3To# Touky (T.e. npu Az > 0) Ay He yMeHb-
maercs npu yMenbmennn Az. OTciona MOXHO NPEINOJIOKHUTh, YTO
Zo = 2 — TOYKa pa3pbiBa AaHHOK byHKUMM; pu 3TOM f(T) Henpe-
PpbIBHA CJIEBA B 3TOI TOYKeE.

Haiinsn mna xaxnoro npupamenuss Az dbyskumu f(z) B TOuke
o = —1 cooTBeTcTBYIOIIEE NpUpamenne Ay, 3aNI0JHUTh TaOIMILY

Az | -0,5]-0,1]-0,01 (0,5]0,1]0,01
Ay

Ha ocHoBaHum 3ano/iHEHHOR TabyMIIbI COEJIATH NMPEMIIOJIOKEHHE O
MOBEIECHUH ¢)y2HKumm B TO4YKe Tg = —1.
zi—1

a) f(z) = {:1;_-!-1 npu @ # -1,

1 npu ¢ = —1;
6) f(zx) = z2.
Banosunth Tabmuuy 1A Gyskuuu f (), Halas oA KaxJoro npu-
pameHusi AT apryMeHTa B TO4Ke To = 1,5 COOTBETCTBYIONIEE NPH-
pamenue Ay.

Az | -06]-03]-0,1]-0,01[06]0,3[0,1]0,01
Ay

3anosiHUB Tab/MILy, CAEIaTh MPEIIOJIOKEHNE O TIOBeaeHnH YHK-
uuu B nanHHoM Touke. ITocTponth rpaduk GyHKIME M yKa3aTh HE




6.5.4.

6.5.5.

6.5.6.

HeM ToukH, cooTBercTBytomme Az = 0,6, Az = 0,3, Az = 0,1 un
Az = 0,01.
a) f(il?) = |$ - 175|;

1
6 =<K T 1,5
) 1) { 2r—3 npuz >1,5.
ITonb3ysach onpenesieHNeM HENPEPHIBHOCTH (DYHKLIMM JOKAa3aTh,
4TO QYHKIMA y = T2 HenpephIBHA B IPOM3BOJIbHOM Touke T € R.
Q Iycrs Az — npupaimenne apryMeHTa B TOuke To. Haitoem co-
OTBETCTBYyIOMIEEe Npupamenne HyHKIUN:

npu z < 1,5,

Ay = f(zo + Az) — f(x0) = (x0 + Az)® — 2§ =
= (22 + 2z - Az + (Az)?) — 72 = 220 - Az + (Ax)?.

Tenepb, NpUMEHsAsT TEOPEMBI O MpPEHEJe CYMMbl U IPOU3BEICHUS
byHKMiA, noy4Ynm:

Al;go Ay = hm [22:0 Az + (Az)?] =

2
= hm 2a:0 ‘Az + hm (Aa;)2 = 2z lim Az+( lim Aw) =0.
Az Az—0 A

Az—0 z—0
Taxum ob6pazom, Alim0 Ay = 0, yTo n 03Ha4aeT (MO ONPENETICHUIO)
z—

HeNnpepbIBHOCTb JaHHOH yHKIMM B TOYKE Tp € R. ]
Ionb3ysick ompenesieHneM, OKa3aTb HENPEPHIBHOCTH (byHKIMK
f(z) B xaxno#t Touke g € R.

a) f(z) = ¢
6) f(z) = =;
B) f(fv) =z’

r) f(z) = 42? — 5z + 2.
Jloxasarb 4To PYHKUMSA

1 mpuz >0,
) =

f(=) {0 mpu z < 0
He SBJISeTCs HelPepBIBHOH! B Touke To = 0, HO HeMpepbIBHA CIpaBa
B 9roit Touke. Ilocrpouts rpaduk bynkuun f(zx).
Q Haitnem omHocTOpOHHME Hpenesibl B Touke o = 0. CsieBa oT
TO4YKH To umeeM f(z) = 0, nosromy

lim = lim 0=0.

f( ) z—0—-0

z—0—-0
Amnanoruuso,

wgg}l-of( ) = zl}g}l-ol =1

Kpowme Toro, f(zo) = f(0) = 1, orkyna cienyer, 4to
limf(@) £ 7(0) = _lim_f(2).
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6.5.7.

6.5.8.

6.5.9.

6.5.10.

6.5.11.

280

[9) [ T
Puc. 77

9T0 03Hauaer, 4T0 B TouKe () He BBIIOJIHEHBI BCE YCJIOBUs Hempe-
poiBHOCTH (DYHKUMH, HO PyHKIUsA f(Z) HENPEPBLIBHA CIPaBa B 3TOMH
TOYKE.

Tpadux dbynkuun f(z) nsobpaxken Ha puc. 77. o
Ioka3arb, 4T0 QyHKLIMA

z mpuz <1
f (.’B) =312 Hp NN
puz >1
He SIBJIIETCA HENpPepHIBHO! B TO4ke Ty = 1, HO HENPEPHIBHA CJIEBA
B oTo# Touke. [locrponts rpadpuk bynkuum f(z).
Hoxa3ars, 40 GyHKUUA

f(@) = -z—3 mpuzc < -2,
"1 22-4 mpuz>-2
HE SIBJISIETCA HENPEPHIBHOM B TOUKE To = —2, HO HEMPEPHIBHA, CIIPa-

Ba B 3TO# Touke. [locTpouts rpadux dbysxuun f(x).

Hokasarb, uyro dynkmua y = [z] (cMm. sagady 6.1.27) HenpepriBHa
BO BCeX TOYKaX Tg # N € Z, a BO BCEX TOYKaX To = N € Z —
HeNpephLIBHA CIIPaBa.

Hokasarb, uro bynkuusa y = {z} (cM. 3amauy 6.1.27) HenpeprisHa
BO BCEX TOYKAX Ty 7 N € Z, a BO BCEX TOYKAX To = N € Z —
HENpEephIBHA, CIIPABA.

HccnenoBars Ha HENPEPHIBHOCTD M MOCTPOUTD rpaduk dyHKIMN

r npuz< —m,
i - ™
f(z)= SInr 1pu T<zT< R

1 npuz>T.
2
Haiitu ckadok dyHKIMH B TOYKAX CKAYKa.
Q Oyskumm y = z, y = sinT n y = 1 HenpepBIBHLI Ha BCelt 4n-
CJIOBOH nIpsiMOH, MO9TOMY HaHHAsI MYHKLM MOXET MMETh pa3pbl-
BbI TOJIbKO B TOYKAX, IIe MEHAETCS ee AaHAJIUTHYECKOE BhIDAXKEHUE,
T.e. B TOYKaX T, = —T U Ty = %
Nccnenyem byHKIMO HA HENPEPHIBHOCTb B 3THX TOYKAX, [IJIA
4Yero HaltleM COOTBETCTBYIOININE ONHOCTOPOHHNE NIPEIEIbl U 3HAUe-
Husd QYHKIMH.



6.5.12.

B Touke r; = —7 uMmeem:

llm f(:l:) llm z = —m, z_)lugrx_’_of( T) = zgrgn sinz =0,
f(=m) = —m.

Taxum obpasom, B aTo# TOUKeE

lim _f(z) = f(-m) # lim _f(),

z—

T.e. PYHKLMS UMEET Pa3pbiB 1-ro pona u HenpepbiBHA cJieBa. Cka-
4ok pyHkiuu f(z) B TOYKe T3 = —T paBeH

Af(em) = Jm, f@) ~ _lm_f@) =

AHaJioru4Ho, /1A TOYKH To = 12[ MOJTY YHM:

. . . . T
lim f(z)= lim sinz =sin- =1,
T — z—%5-0 2
lim T) = hm 1=1,
z—>§+of (@) SZ40
a 3HaueHue f (%) e onpenesieno. OTCIOA CIIENyeT, YTO Ty = % —
TOYKa yCTPAHMUMOrO pa3pbiBa nJis Gyukmu f(zx).
Y
1 _____
: 0] E.d z
] 2
' .11
! y=sinz
e mmeee -
Yy=z
Puc. 78
I'paduk pyuxkuun usobpaxen Ha puc. 78. o

HNccrenoBaTh Ha HENPEPBIBHOCTH U NMOCTPOMTH rpaduk GyHKImMU
f(z). Halttu ckadok yHKIUM B TOYKAX Pa3phIBA.
2, ecmmz < —2,
a) flx)=<¢vV4—-22, ectu —2< <2,
T—2, ecmmzx > 2
22 +1, ecmz <1,
6) f(z) = 2, ecml<z<g2,
3z, ecimz > 2.
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6.5.13.

N
|

HUcnospays Tosbko rpaduk ¢yukuuu f(z) (puc. 79), ykasarh ee
TOYKM Pa3pbiBa U ONPENEUTh UX PO..

\

\Q

6.5.14.

6.5.15.

6.5.16.

6.5.17.
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[ PR
wheeeaa
8

Puc. 79

YcraHOBUTH XapakTep pa3pbiBa GyHkimu f(z) = %cx_;t% B TOYKe

Tg = 2.
Q Haxonum:
. 2z +1 ) 2z+1
lim = —o00, lim —00,
z—2—-0 T — 2 r—240 T — 2

TO ecTh MYHKIMSA B TOYKE To = 2 HE HMEET HM OIHOIO M3 OMHOCTO-
pounux npenesioB. OTciona cienyer, 4To Ty = 2 — TOYKa Pa3phiBa

2-ro pona. ]
VYcranoBuTh XapaKTep pa3pbiBa GYHKIUM B TOUKE To:

—16 — _4.
2) f(&) = 716 45 = g

6) f(:v) sm:v Zo = 0.

HNccnenosath Ha HenpepbIBHOCTH GyHKIMIO f(T) B TOYKE To:
a) f(z) = arctg —=+ —2_ %=1

6) f(z) = ——3_1:5"'0—3

Ucnonb3ys ceolicTBa HenpepbIBHBIX YHKuui, IOKA3aTh, YTO
bynxkmua f(z) = 23 — 522 + 7 HenpepbiBHA HA IPOMEXYTKE
(—00; +00).

Q Q@yukuum y = 22, y = 23 U y = C HeNpepLIBHBLI HA MPOMEXYTKE
(—00; +00). CrienoBaresibHO, naHHaA GyHKumMsA f() Takxke Hempe-
PbIBHA B Kax10# Touke To € R Kax cCymMmMa HenpepbIBHBIX (byHKIMH

y = 2%, y = —5z? (3ra DYHKIMA HeNnpephIBHA, TAK KAK ABJIAET-
Csl IPOM3BEJICHNEM HeNpepBIBHBIX GyHKIm# y = ~5 u y = 22) u
y="1. [



6.5.18.

6.5.19.

6.5.20.

6.5.21.

Ncnonb3ys cBolicTBa HempepbIBHBIX (YHKIUM, IOKA3aTb, YTO
dyuxuus f(z) venpepbiBHa Ha MPOMEXYTKe (—00;+00).

a) f(a) = 4a® — T2 +

6) f(z) = 5z + “‘;%

B) f(a:)-sin5a:—e3’ 1
r) f(z) = ¥z — 2 + cos? 4z

Haiitu npenesi, ucnosb3ysi CBOKCTBA HENMpepLIBHLIX DYyHKIMM:
. T +8z—1
lim ——.
z—3 x° —4
Q Hannaa GyHKIMA 3/1eMEHTApHAA, NOITOMY OHA HelpephIBHA
Ha 00J1aCTH oIpenesieHus, T.e. mpu Bcex T # +2. CenosaresbHo,
f(z) BempepbiBHA ¥ B TOYKE T = 3, OTKYAa
. z?+8z-1 3%+48-3-1 32
lim 5 = 5 = —
=3  °—4 3 -4 5

= 6,4. [

Halitu npenesibl, MCIOJIb3ys CBOKCTBA HENPEPHIBHBIX (pyHKIMM:

3 2
a) lim ——2—"'—1' — Az 5;

z—1 T+

6) lim 2247

-2z° + 3z
B) 11m2\/:1:2 +z—2;
z—
r) il_)ml In(1 + cos(z — 1)).
HUccnenosars GyHknuo y = ) 1(:1: —3y Ha HENpEPLIBHOCTh Ha
orpeske [a; b], econ

a) [a;8] = [-1;2];
6) [a;b] = [-5;0];
B) [a;] = [-3;4].

Q annas ¢byHKIUA 3J1€MEHTApHAsA, II09TOMY OHA HeNpepbIBHA
Ha obJ1acTH onpenesieHus, T.e. IPU BCEX T, He paBHbIX —2 u 3. B

TOYKe T; = —2 (PYHKUHUA TEPIUT Pa3pbIB 2-T0 POAa, TAK Kak
lim __ = 400 lim ; = —00.
e-+-2-0 (z + 2)(z — 3) © 29240 (z + 2)(z — 3)
B Touke 2 = 3 Takke pa3psiB 2-ro poaa, IOTOMY YTO
1 oo 1 - oo

A T D@ 3) A T D@ =)

Orcioma cienyer, 4To JaHHAA (DYHKIUA HENpEepbIBHA Ha OTPE3Ke
[-1;2] (rax kak z;,z2 & [—1;2]); Ha oTpe3ke [—5;0] dyHKUMA He-
HpephIBHA BCIOY, KPOME TOYKM —2, B KOTOPO# TEPIUT PA3PhIB 2-T0
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6.5.22.

pona (z1 € [-5;0], z2 & [-5;0]); Ha orpe3ke [—3;4] byukuusa ume-
€T IBe TOYKM pa3pbiBa 2-T0 pola T3 = —2, To = 3, a B OCTAJIbHbIX
TOYKaX HempepbiBHA (T1; T2 € [—3;4]). [
Hccnenosats dyskimio f(z) Ha HenpepsIBHOCTD Ha oTpe3kax [0; 2];
[—3;1]; [4; 5], ecom

1) f(&) = 3

2) fa) = z +;z 3’
3) f(z) = x+;
4) f(z) = Vz2 —z — 20.

AononuurensHbie 3apaqvn

6.5.23.

6.5.24.

Ioka3zarb, 4To cienyomue GpyHKIMHA HEIPEPHIBHBI B KAXIOU TOY-
Ke cBoeit 0bs1acTu onpenesieHuns:

a) f(z) = tg;
6) f(z) = ctgz;
B) f(2) = -3

r) f(@) = fjg

HUccnenosarb Ha HenpepblBHOCTH dyHkumio y = |sign z|. ITocrpo-
uTh rpaduk 3To# GyHKIUH.

Bonee cnoxhbie 3sapayvn

6.5.25.

6.5.26.

6.5.27.

6.5.28.

284

Ucnonb3ys onpenesenue, 10Ka3aTh HENPEPBIBHOCTD HA (—00; +00)
crenyommx QyHKmii:

a) f(z) =sinz;

6) f(z) = cosz;

B) f(z) =

Iokazarb, uro dynkuusa dupuxse (cM. 3amady 6.1.125) paspeiBHa
B KaxK1ol Touke £ € R

IpuBecTu mpuMep ABYX Pa3pbIBHBIX B TO4Ke To yHKkum# f(z)
u g(z), nnsa xkoropeix dbyskuusa h(r) 6ymer HempepbiBHa B 3TOl
TOYKe:

a) h(z) = £(z) + 9(2);

6) h(x) = f(z) - 9(a)-

Ipusectu npumep nByx dyukumit f(z) u g(x), pa3pbIBHBIX B Ka-
x0# Touke z € R, nna xoropbix dbyukuusa h(zr) HenpepriBHA Ha
Bceit nelicrBuTesibHOMN ocu:

a) h(z) = f(z) + g(z);

6) h(z) = f(z) - g(x).



6.5.29.

6.5.30.

6.5.31.

6.5.32.
6.5.33.

6.5.34.

6.5.35.

6.5.36.

6.5.37.

6.5.38.

6.5.39.

6.5.40.

6.5.41.

Hoka3zarb, 4T0 GyHKIMA

flz) =
0, ecmuz=0.
UMeeT pa3pbiB 2-ro pona B Touke 0.
Ioka3arb, 4T0 QyHKIMA

flz) =

HENpEPBIBHA Ha (—00; +00).

IMycts dysxuun f(z) u g(z) HenpepsiBHBI CipaBa (COOTBETCTBEH-
HO, CJIeBa) B TOYKE Zo. LoKa3aThb, 4T0 PpyHKIUM

a) f(z) + 9(a);

6) £(2) - 9(2);

B) f(z)/9(x) (9(z0) # 0)

TaK¥Ke HEelPEPLIBHBI CNPaBa (COOTBETCTBEHHO, CJIEBA) B TOYKE To.
ITpuBecTn npumep GyHKUMH, HENPEPHIBHOK ¥ HEOrPAHUYEHHOH Ha
[IaHHOM UHTEPBAJIE.

Ipusectu npuMep dyukmy, 3anauHol Ha orpeske [a; b] ¥ Heorpa-
HUYEHHOU Ha HeM.

ITpuBecTu npuMep HempepbIBHON Ha HEKOTOPOM MHOXECTBE DYHK-
LIMH, KOTOpasd NpUHUMAaeT 3HadyeHusA 0 ¥ 2, HO He IPUHUMAET 3Ha-
yeHusa 1.

IIpuBectu npumep byHKUMH, HENPEPHIBHOK HA KaXKIOM W3 IPO-
mexyTkoB [0;1) u [1;2], HO He ABNAIOMEHCA HENPEpPbIBHOX Ha X
obbenuuenuy, T.e. Ha orpeske [0; 2].

IIpusectn mpumep yukimu f(z), HenpepoIBHON Ha HHTEpBaJIE
(a; b), MHOXeECTBO 3HaYeHUH KOTOPOH:

a) WHTEpBaJ;

6) oTpesok;

B) [IOJIyHHTEPBAJI.

ITpuBectu mpumep yHKIMM, KOTOPAs JOCTUraeT HA JAAHHOM OT-
peske HauOOJIbLIErO M HAMMEHBIIErO 3HAYEHMH M NMPUHUMAET BCE
[IPOMEXYTOYHbIE 3HAYEHUA MEXAY HUMH, HO HE SIBJIAETCSA Helpe-
PBIBHOH Ha 9TOM OTpe3Ke.

IIycts dyukuusa f(r) HenpepbiBHA B TOYKE To. [JOKa3arb, 94TO TO-
roa byskuusa f(z) orpaHMYeHa B HEKOTOPOU OKPECTHOCTH 3ITOH
TOYKH.

Ioka3zarh, 4TO BCAKMII MHOrO4J€H TpETbel CTENeHH HMeeT II0
Kpaitne#t Mmepe onuH nedCTBUTE/ILHBI KOPEHD.

Ioka3arb, uro eciu GyHKIMsA f(Z) HENPepHIBHA HA JAHHOM HPO-
MexyTke, TO U yHKIWMA |f(z)| Taxke HenpepbiBHA HA 3TOM IIPO-
MeXxyTKe.

[pusectu npumep dyukuuu f(z), paspbiBHO# Ha orpeske [a;b],
1A xoropoi ¢yskiusa | f(z)| HenpepbiBHA Ha 9TOM OTpE3KE.

sin %, ecia x # 0,

z~sin%, ecsin x # 0,

0, ecimz =0.
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KOHTPOJIbHAA PABOTA
Bapwmanrt 1

Hadimu npedeaw:

A —3a:+1
1. lim -1 2. -1

1 5z
3 |jm (BT —sinz . ( T+ 2)
z—0 r-sin‘zc 4. zll)ngo -3/ °
5. IIns nauHo#t dynkuuu f(z) tpebyercs:
a) HallTH TOYKM Pa3pHIBA;
6) HaliTd cka4oK byHKIMYU B KaxKIOH TOUKe paspbiBa;

B) CHeJIaTh YEPTEX.

0, T< —T
f(z) =4¢sinz, —-1<z<0
m, z20.
Bapuwant 2
Hatimu npedeasi:
.’l,' +8 2. 1 IL‘+7—3.
. zl—lymza;a—a: —-8z -4 zl—>m21—\/3—z'
3. lim BZ=sinT 4 1m(——51“"’2)“2
z—0 T ’ zl)oo 3+z '

5. IIna nauso#t ¢yukunu f(z) tpebyercs:
a) HaliTH TOYKM PA3PbIBA;
6) HaliTu cka4oK DYHKIMM B KaxKIO TOUKe pasphIBa;

B) CHEJIATH YepTex.
z+1, <0

flz)y=<(z+1)? 0<z<g2
—z+4, z>2.

Bapwmanr 3

Hatmu npedeawi:

20 2% +x -1 2. lim (z—-vVz?2—-z+1).

1. lim 2 —z* +3z-3"° z—+00
. tgz+sing 22 —5\%
5 lip SEE ¢ Jim (3253)

286



5. Ins nanHoit ¢pyukuuu f(z) Tpebyercs:
a) HalTH TOYKM Pa3pPbLIBA;
6) HaliTu CKa4oK (PYHKUMM B KaxKIOH TOYKe pPa3pbiBa;
B) CHEJIaTh YEPTEK.

-z, <0
flz)=<2% 0<z<?2
3, T > 2.

Bapuaxr 4

Hattmu npedeawi:

2 3 2
Rt 3z‘+x __2 . 2. i Sz’ — 4
1. lim [(z—2)(w2+z+1) x—2] im —3——+—

z—52 g0 —Tr°+x

. 2

3. lim —=Si3z (322 41\
z—0 V(L‘+2—\/-2- 4. :tl—l—)nolo(&’l: —2) '

5. Ina nauxoit dyukuuu f(z) tpebyercs:
a) HallTW TOYKHU Pa3phLIBA;
6) HaliTH cKa4oK PYHKIMH B KaxI0# TOYKe pa3pbiBa;
B) COEJIaTh YEPTEX.

-2, T < —%

: T

f(z) = { 2sinz, —%<z< 3
1, z> 12"-



nasa 7. NPON3BOAHAA U EE NPUMEHEHUE

Q

§1. NPON3BOOHAA ®YHKLUN
MonaTne nponssopHoii

> Mycrs dyskuusa y = f(z) onpenesnena B HEKOTOPOR OKPECTHOCTH
TouKM To. I[Ipenen orHomenusa npupainennsa Ay OYHKIMHA B 9TOM
TOYKe (€CJIu OH CYIECTBYET) K NPUPAIIEHUIO AZ apryMeHTa, KOraa
Az — 0, HaspiBaeTCa npousBonHol dyHKuuu f(T) B TOUKE Zg.

O6osnauenus: f'(zo) wmm y'(zo) win %%2 ik f'|p=z,.

Takum obpasom,

' Ay _ . f(zo + Az) — f(z0)
f(o) = 11mo A_w AI::IEO Az '

> Boeruncsienne mnpousBomHOU HasbiBaeTca dJugpdepenyuposaruem
dyHsKIMH.

Tabnuuya nponssogHbix

1. (¢)) =0, ¢ = const;

2. (%) = a-z°~! (rne o € R); B wactHocty, (1/7)' = ﬁ;

3. (a®) = a® -Ina, a > 0; B yacTHOCTH, (€)' = €%;
4. (log, z)' = m, a >0, a # 1; B yactHocry, (Inz) = %;
5. (sinz)’ = cosz; 6. (cosz)' = —sinx;
' 1 ' 1
(et ;
7. (tg2) = 7 8. (ctgz)' = “snlz’
9. (arcsinz)’ = —1—; 10. (arccos z)’ = ———L ;
( ) T ( ) i
1 _ 1 . r— _ .
11. (‘arctgz) =132 12. (arcctg z) 13
13. (shz)' = chw; 14. (chz)' = shz;
1
"= 16. (cthz)' = — .
15. (th (L‘) h H 6 (Ct 17) g}?—x
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OcHoBHble npasuna gudpdepeHymposaHns

IIyctb ¢ — KoHcTanTa, a () ¥ v(T) UMEIT NPOU3BOIAHBIE B HEKOTOPOH
rouxke z. Torna dyukunn u(z) +v(z), c-u(z), u(z)-v(z) u %g% (rme v(z) # 0)
TaKXe MMEeIOT MPOM3BOMHbIE B ITOH TOUKe, MpHYEM

1. (uxv) =u £

2. (u-v)' =u'v + wv', B yactHocTH, (cu) =c-u';

! [ ' ! !
u) _ uv—uwv c) _ _o
3. (v) T B YaCTHOCTH, (v) o
Iycts Teneps yHKuMA u = @(T) UMeeT NMPOM3BOOHYIO B TOYKE Ig, 2
byukmua y = f(u) — B TOuke ug = p(ro). Torma cnoxuaa yHKIMA

y = f(p(z)) Taxxke nMeeT NPOM3BOAHYIO B TOYKE Tg, IPHIEM

y'(z0) = ¥'(uo) - u'(0)-

FeomeTpu4eckuii CMbICN NPOV3BOZHON

IMycts byukuus y = f(z) umeer npousBoAHYIO B TOYKE To. Torma cyme-
CTBYET KacareJsibHad K rpaduky stolt dbyukuuu B Touke Mo(Zo; Yo), ypaBHe-
HUE KOTOpPOil umMeeT BUL,

¥ —yo = f'(zo0)(z — o).

Ilpu srom f'(zy) = tg o, roe @ — yros HakjOHA 9TOH KacarenbHOU kK ocu Oz
(puc. 80).

Yy y=f(z)

HOPMAAL xacameavHaa

L

Puc. 80

= IIpsimas, npoxonsamas 4epe3 TOYKY KacaHUs, NEPNEHOUKYJIAPHO
KacaTeJIbHOM, Ha3bIBAETCA HOPMAAbI0 K KDUBOH M NMeeT ypaBHEHUe

— (@~ 20)
Y=y =——F— (¢~ 20).
f'(zo)
Ecnu f'(zo) = 0 (T. . xacaTenbHas rOPU30HTAJIBHA), TO HOPMaJIb BEPTH-
KaJIbHA ¥ UMeeT yPABHEHUE T = To.
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> ITycte mambl mBe mepecekaromuecsa B Touke Mo(zo,Ytf) KpHUBbie
y = f1(z) u y = fo(z), npnyeM o6e GbyHKIMM UMEIOT IPOU3BOIHBIE
B TO4YKe Zo. Torma yzaom medcdy 3TUMU KPUEBIMU HA3BIBAETCA
YroJI MEXIy KacaTeJIbHbIMM K HHM, IPOBEIEHHBIMM B TO4Ke M.

DTOT yros1 ¢ MOXHO HalTH U3 HOPMYJIbI

 fi(zo) — fi(wo)
%Y= T3 Fiz0) - fa(mo)

JNorapudpmuyeckan npounssogHasn

IIpu naxoXpeHuH MPOM3BOAHBIX OT IOKA3aTEJIbHO-CTENEHHOH GyHKImI
u(z)¥(®), a TakxKe IPYrUX rPOMO3NKMX BBIPAXKEHMH, JOMYCKAIOUMX JIOrapud-
MHpOBaHue (IPOM3BENEHHE, YaCTHOE M M3BJICYCHME KOPHs), YIOOOHO IpuMe-
HATb JIOrapUPMUYECKYIO IPOU3BOAHYIO.

> Jozapugpmunecxoti npouzeodnott or dyukiun y = f(z) HasbIBAET-
CA NPOU3BOAHAsA OT JiorapudMa 3Tol pyHKIMH:
!

In '=y—.
(Iny) ”

Hcnosnp3ys siorapudMU4ecKyo NPOU3BOAHYIO, HETPYIHO BbIBECTH (op-
MyJ1y [J1A IPOM3BOMHOM MOKA3aTesIbHO-CTenenHol byukuun u(z)v(®):

(W) =u’-v' -Inu+u’!-u 0.

MpounssopgHan HeaBHOW byHKLMM

Iycrs dyukuusa y = y(z), obsanaomas NpousBOLHON B TOUKE T, 3a0aHA
HESIBHO YDaBHEHHEM
F(z,y) =0. (1.1)

Torna npoussonuyio y'(z) 3Toit pyHKIMH MOXHO Haiitu, nponuddepeHn-
poBaB ypasuenue (1.1) (npu 3ToM y cuuraercsa GpyHkume oT ) u paspemas
3aTeM I0JIyYEHHOE yPaBHEHME OTHOCUTEJILHO ¥’ .

MpounssogHbie BbICLLINX NOPARKOB

= Ipoussonsasn f'(z) or dbyukuuu f(r) Ha3bIBaeTCA TaKKe NPoOu3-
600n0l nepsozo nopsadxa. B cBoo ouepens npousBomHas OT GYHK-
wun f'(z) HasbIBaeTCsa npoudeodnoli 6mopozo nopadka or pyHKIMY
f(z) (unm BTOpPO# MpOM3BOnHOR) M 0603HavaeTcs f'' ().

AHaJIOrMYHO ONpPENesAIOTCA NPou3eodras mpemoezo nopsadxa (Wi mpe-
mos npoudeodnas), obosnadaemasn f"'(z) u T. 1.
MpousponHas n-ro nopsAmka obosnavaerca f(™(z).
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Mpou3sopHan (pyHKUWA, 3afaHHbIX NapameTpu4ecku

IIycts bynkuusa y = f(z) onpenesiena mapameTpudecku GyHKUUAMU
r = x(t) u y = y(t). Torna ecoim dysxuun z(t) u y(t) UMeOT IPOU3BOAHBIE
B TouKe to, npudeM z’(to) # 0, a ¢pynkuus y = f(z) uMeeT NPOU3BOAHYIO B
touke g = z(lp), TO 3Ta NPOM3BOAHAA HAXOOUTCH MO PopMyJie
! t !
yl(xo)__ yt( 0) ! =ﬂ

= n oy .
4 (to) o

Bropas npoussonnas y" (z) Haxomurcs no ¢opmysie

n / n !
Y Ty T Yy

n
A
7.1.1. Iosp3ysich onpenesnienneM, HaltTu mpou3BoAHY0 PyHKIMHU Y= f():
1) y = 3z%;
2) y =sinz.

Q 1) punanum aprymenty z npupamenue Az. Torma coorser-
cTBylomee npupaienue Ay pyHKuuu Oyaer uMeTh BUL

Ay = f(z + Az) — f(z) = 3(z + Az)? - 32% =
=3(z? 4+ 2zAz + (Az)? — %) = 3Az(2z + Ax).

Orcioga HaxoOuM Mpenes OTHOMICHUS Ay B Touke T npu Az — 0:

Az
lim 2Y = qim 38%CZ+AT) 4 (204 A) = 3-22 = 62
Az—0 Az Az—0 Az Az—0

Taxum obpazoM, y' = (3z2)" = 6z.
2) Haitnem npupamenne Ay pyHKUMH, COOTBETCTBYIOIIEE IPH-
pameHuio Az apryMeHTa, UCIoJIb3ys (pOPMYJLy Pa3sHOCTH CHHYCOB:

Ay = sin(z + Az) — sinz = 2sin% -cos(z+ %)

Orcrona
, y 2sin 42 - cos(z + 42)
lim — = lim =
Az—0 Az Az—0 Az

. sin —A2—"‘ . Az
= lim ——%-- lim cos(z+ —-) = coszT.
Az—0 (—z) Az—0 2
2

B mocnenueM paBeHCTBe Mbl BOCHOJIb30BAJIMCh MEPBBIM 3aMeda-
TEJIbHBIM TIPENEJIOM M HENpepbIBHOCTHIO cosz. Taxum obGpa3oM,
y' = (sinz)’ = cosz. L J
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THoavsysco onpedeaeruem, Halimu npouseodnvie Gyrxyud:

7.1.2. y=5z—-2. 7.1.3. y=15

71.4. y=7. 7.1.5. y= %

7.1.6.  Tlosb3ysCch OCHOBHBLIMH TIpaBHIaMH JU(bEPEHUUPOBAHNSA, HANTH
f'(z), ecan: o
1) f(z) = 7y

2) f(z) = (z* —z) - (3tgz — 1).
Q 1) IIpeo6pasyem pyHKIMIO K BULY

fl)=9-272/3 5.5,
Orcrona, ucnosb3ys Tabuuy IpOM3BONHBIX, TOJIY YUM
f’(:l)) — (9 . .’E_2/3 —5. 5:)! — (9 . :17—2/3)' _ (5 . 51:)/ —
2 2
—09. —2/31__zl:____———1__z —
9. (z=2/3) -5 (5%) 9(3)z3 5-5%In5
= —6z7%/3 - 5*T11n5.

2) Bocnonb3yemcs ¢opmysiol s MPOM3BOAHON mpou3Bene-
HUS:

f'(@) = [(* ~2)(Btgz - 1)) =
=(z* —z)(Btgr — 1) + (z* —z)(3tgz — 1)’ =

3

4% - 1)(3tgz — 1 - . @

= (42° - 1)(3tgz — 1) + (z* - x) - P
Hatlimu npouseodnvie yxasannus dynxyui:
7.1.7. y=23- %12-{-21’—4_ 718. y=ar®+br+ec
7.1.9. y=6z" + 423 — %z. 7.1.10. y= Iz V3.

— 3.9
T1IL y=Vi-3+ 5 7.1.12. \/__ —g +V7-z.
7.1.13. y=zyz +3sinl. 7.1.14. y=5-2% 4 %ctgz.
7.1.15. y=tgz —ctgz. 7.1.16. y= —10arctgz + 7-€°.
7.1.17. y=2z%log, . 7.1.18. y=(z+z+1)(z®-z+1).
7.1.19.  f(t) = ii;_ 7.1.20. z= (/y+1)arcsiny.
—e

7.1.21. u= 21%—1:_1 7.1.22. f(z) = {’/Earccosz—l%%gﬁ.
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Hatdimu npouseodnyto dannoll dynxyuu 6 mouxe To:

7.1.23.

7.1.25.
7.1.27.

y = -arctgz, o = 0. 7.1.24. y=z*+23-175 20 =1.
Inz — Y/ =
==L 19 =e. .1.26. = =0.
] T 0 7.1.26. vy \/5 l,zo 9

Ipumenss npasuwio Aud@epeHUUpPOBAHUA CJIOKHOK yHKUUH,
HaHTH MPOU3BOAHYI0 PYHKIMHU Y:

1) y =sin’z;

2) y = In(arctg 3z).

Q 1) JanHaa QpyHKUMSA ABIAECTCA KOMIO3NLUEH ABYX MMEIOMINX
npousBoaHble byHkuuit u = sinz u f(u) = u?. Tak kak u' = cos,
a f'(u) = 2u, 10 ¢ yyeToM npaBusia qudpdepeHUNPOBAHMS CIIOKHOM
QYHKIUM Oy YUM:

y'(z) = (u?), = 2u-u' = 2sinz - cosz = sin2z.

2) ®yukuus In(arctg 3r) — xomnosuuusa byHkuut u=arctg 3z
1 f(u) = Inu, orkyna
1 1
! ] ! i
z)=(nu), = —-u = ——— - (arctg 3z)’.

V(@) = (nu), = 5w = - arctg30)
®dyukuusa arctg 3z, B CBOIO OYepenb, ABJIAETCA KOMIO3ULUEH AByX
dbyuxmult v = 3z u g(v) = arctgv, NO3TOMY AJI HAXOXK[IEHUS €e
MPOM3BOHON HAM NPUOETCH ele pa3 IPUMEHUTh NpaBuiIo qudde-
PEHUMPOBAHUS CJIOXKHOU pyHKIMM:

1 3
arctg 3z)' = (arctgv),, = = .3 =
(arctg3a)' = (arctgv)s = 12 Y = T ey 2T TH o2
Ortcrona OKOHYATEJILHO
3
!'= ————— - (arctg3z)' = . [
y arctg 3z (arctg 3z) (1 + 9z%) arctg 3z
Hattmu npouseodnse dynxyud:
7.1.28. y = cos5z. 7.1.29. y="T7%"1
7.1.30. y=cos’z. 7.1.31. y=(z+ 1)1
7.1.32. y=./igz. 7.1.33. y = arcsin/T.
7.1.34. y=-L. 7.1.35. y=Insinz.
Inz
7.1.36. 1y =et8Z, 7.1.37. y = arccos(e®).
_ 21 a9z
7.1.38. y =arctg e 7.1.39. y=sin (2)
7.1.40. y=/(1-3z)2. 7.1.41. y=arcsin,[1=Z.

1+z
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7.1.42.
7.1.44.
7.1.46.

7.1.48.

7.1.50.

7.1.52.

7.1.54.

7.1.56.
7.1.58.
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y=In,/1ti8Z 7.1.43. y=(1+tg?3z)-e”

1-tga”
=In(z + Va? = 1). 7.1.45. y=tg4x+§tg3 4:1:+%tg5 4z,
y = 22 - sin(cos ). 7.1.47. y=23% .23 - 5z.
y = logg sin4z. .1.49. — cos L= Vz
6 7.1.49. 1y = cos 17V
(z +3)° - z—3
&+ D@43 7181 y=arctg(z-2)+ ,
V= 2+ 9) E A
Yy :sin“% + cos* % 7.1.53. y=eh’5e
3z
—Tte_ 7.1.55. = arccos /= + vV — z2.
v=2tem = axcos Vo
- z+1 sin? z cos’ z
Y arctgz_l. 7.1.57. y= ctg T + 1 + ez + 1

Ucnonb3ys sorapudMudecky o npou3BOAHY 0, HAHTH IPOU3BOAHBIE
dyHKIwMi:
1) y= _,L.sinz;
2)y= (z—1f~\/:v+2.

V(z+1)?
Q 1) IIponorapudmupyem obe gacTu papeHcTBa y = 5 2. Torma
Iny =Inz%"%, r.e. Iny = sinz-1n z. Teneps npomuddepenmpyem
[OCJ/IE[IHEE PABEHCTBO, IPU 3TOM B JIEBOM 4aCTU MCIOJIb3yEM IIPO-
U3BOMHYIO CJIOXKHOM PyHKIUH, & B npaBoﬁ — [DPOU3BONHYIO IIPOM3-

Benemm (Iny) = (sinz - Inz)’, T.e. y— = (sinz)'Inz + sinz(Inz)’
U - =cosz-Ilnz + sn;a:

Ozcioma y' = y(cosa: Inz +

sin .7:)
T
— msm T

WJIM, YYUTHIBAsA, YTO Y =

: sinx
y' = zs'“’.(cos:v ‘Inz + )

2) HenocpencrBennoe auddepeHnMpoBaHKe AAHHOK apobH
IpUBEJIO Obl K TPOMO3IKHMM BHIYMCJICHUSAM, 33TO IPUMEHEHHE JIOTa-
pudMuyYecKoi Mpou3BoaHON MO3BOJIAET HAalTH OTBET 6e3 Tpyna:

(z-1)3@z+2)"?
(z+ 1)2/3

Oz1ciopa, ucnosnb3dysi OpMyJibl i JIOrapudMa INpOU3BENCHNS,
YaCTHOTO M CTENEHH, HOJIY4dUM:

Iny = In(z — 1)% + In(z + 2)*/2 — In(z + 1)*/3,

Iny=1In

Iny=3In(z—-1)+ 5 1 ln(:z: +2) - ln(:c +1).



Ocrasiocs npoauddepeHipoBaTs 00€ YaCTH HOJIyIEHHOIO PAaBEH-
CTBa:

(Iny) = [3 In(z - 1) + %ln(z +2) - %ln(z + 1)]’

o v_3 1 2
y z-1 2x+2) 3@x+1)
OTKyna
Y. y’zy-( 3 + 1 _ 2 )
z—-1 2(z+2) 3x+1)/’
T.€

,_ (@-1°%z+2/ 3 1 2
v= v(z+1)2 ($—1+2(z+2)—3(:v+1))'

Hatimu npouseodnvie:

7.1.59.

7.1.61.

7.1.63.

7.1.65.

y=2z°. 7.1.60. y=z"=
=5 M_;'_Q 7.1.62. y= (z®~2)- ¥ (‘T—l)'
(z-3)° (z +5)*
= (tg z)cos 2. _(1-2%) -cosz
(tgz) 7.1.64. y= s .

HaiiTu npousBoAHyI0 HESIBHO 3aaHHOR (yHKUMH Y:
23 +y® = sin(z — 2y).

Q Ouddepennupys o6e 4aCTH ypaBHEHUS U YIUTHIBAA, 9TO § —
ectb pynkuusa ot r (moaromy, nanpumep, (y3), = 3y? - y'), nomy-

quM: )
322 + 3y? - y' = cos(z — 2y)(1 — 2¢')

WM
322 4+ 3y? - y' = cos(z — 2y) — 2y - cos(z — 2y).

Otcrona HaxomuM y':
3y%y' + 2y’ - cos(x — 2y) = cos(z — 2y) — 3z
81" ) R
y'(3y° + 2 cos(z — 2y)) = cos(z — 2y) — 3z7,

e , _ cos(z — 2y) — 3z°

v= 3y 4+ 2cos(x — 2y)

Hatimu npouseodnyro gynxyuu y, 3adarnotl Heasho:

7.1.66.

7.1.68.

2
e’V —cos(z? +1°) =0.  7.1.67. %ﬁ +iy =1
z2+y2=ln%+7. 7.1.69. =zsiny+ ysinz = 0.
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7.1.70.
7.1.71.
7.1.72.

ot — yt = g2,
e¥ = e — zy. Haiitu y' B Touke (0;1).
Haiitu npoussoanyio y'(z) ot cnenyomelt dyHxkuum, 3amaHHoM na-

paMeTPHYEeCKH: .
T =2cost, y=3sint.

Q Ipoussonnas dynxkuuu y(r) Haxomurca no opmyJe y'(r) =
!

_ t
= ;,%, OTKy[ia B HAIIEM CJIydae

(3sint)’ _ 3cost _
(2cost)’ ~  2sint

y'(z) = ~1,5ctgt. °

Hat@tmu y'(z) das 3adannwuiz napamempunecku dgynxyud y = y(z):

7.1.73.
7.1.75.

7.1.77.
7.1.78.
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c=t3+t,y=t2+t+1. 7.1.74. z=t—sint,y=1— cost.
r =elsint,y =etcost.  7.1.76. x =sin’t, y = cos?t.

z =5cht, y = 4sht.

1) Hamucatb ypaBHeHUs KacaTesIbHOH 1 HopMastu K napabodie y2 =
= 4z B Touke M(1;2).

2) Ha#itu ToukH, B KOTOPBIX KacaTesbHas K rpa¢puky runepbosist

y= % rapaJuiesibHa npAMol y = —%z +3.

3) Haiitu yroJui, non KOTOPHIM IIEPECEKAIOTCHA KPUBBIE

y=% u z?-y? =12

Q 1) Hattnem y'(x) kak npousBoaHyo HesiBHOH bynkuuu: (y2)' =
= (4:1:) T.e. 2yy' =4, otkyma y' = % Bnauur, y'(z0) = y'(1) = 1.
O1crona nosty4aeM ypaBHEHHE KacaTeJIbHOM B Touke M:
y—2=z-1, 1.e. y=z+1
Teneps HalineM ypaBHEHHe HOPMAJIK:
y—2=—(z—-1), Te. y=-z+3.

2) YrsoBoit koadbduuuenT naHHOM npaAMOR paBeH —%, [O9TOMY

NPOM3BOAHAS K KPUBOM B HCKOMOM TOYKE o TaKXkKe paBHA —%:
1 1
y'(z0) = -y Te -~ 3= —%,

orkyna z2 = 4, unu ¢ = £2.
3) Cuauasa HalineM TOYKYy nepecedeHMs KDHMBBIX, IJIA HYero

2
noacCTaBuM Y = % BO BTOpPOE ypaBHEHHE: z2 _ (%) — 12, IR
t- %4' = 12, roe t = z?. Pemas nociyienHee ypaBHEHHUe, Halnem



t = 16, otkyna ¢ = +4, y = +2. Takum o6pa3oM, uMeeM 2 TOUKH
nepecedenns M (4;2) u Ma(—4;-2).

Haiinem yros ¢, nepeceyeHusi KpBbIX B TOYKe M, npensapu-
TeJIbHO BblaucuB Y| (4) u y5(4) us ypaBuenuit y; = e r?—y2=12:

8
16
(> —y3) =12 = 22— 2y -y5 =0 =

8
=0 = Y= -1 =05

4
= yé=y% = p@)=;=2

2
Tenepb OKOHYATEILHO HalimeM

oy = O U@ 2+
_ 1+y3(4)y.(4) 1-1
IlockonbKy 3HaMeHaTe b ApoOU OOpaTUJICH B HOJIb, TO 3TO O3HA-
4aeT, 4To P, = %

AHaJIOrMYHO HAXOOUM YIOJI Py = % BO BTODO# TOUKe mepece-

YEeHUsdA NaHHbIX KPHBBIX. o

Hailimu ypasrenus xacameavholi u Hopmaau x dannoll xpueoti 8 movxe To:

7.1.79.
7.1.80.

7.1.81.

7.1.82.

7.1.83.

y=¢€% z9g=0.
y=sinz, o = %
B kaxoit Touke KacaTesibHasA K KpuBo# y = In x napaJsiyiesibHa nps-
Moit:
a) y=2z+5;
6) y==z+37
HaltTu yryiel, mon KOTODBIMH II€PECEeKaloTCs KpHBble Y2 = 2T u
2 4,2
z°+y°=8.
Haitru:
1) f"'(z), rme f(z) = sin 3z;
2) y. nas dyukuuu y = y(z), 3anaHHoM napamerpudecku T = t2,
y =t
Q 1) Haxomum nepsyio MpOM3BOOHYIO:
f'(z) = (sin3z)’ = 3 cos 3z.
Orcioa nosIy4uM BTOPYIO IPOU3BOAHYIO —
f"(z) = (3cos3z) = —9sin 3z,
a 3aTeM M UCKOMYIO TPETbIO:
f"(z) = (—9sin3z)’ = —27 cos 3z.
2) Bocnoseayemca dopmyJtoit
"no_ z;yﬁ:"yiz;’t
=TT
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OTKyHa,

@) - ()" - (@) - (2)" _2-6t—32-2 62 3

o = (@7 =@ “wou®
Haidimu npou3eodusie yxazannux nopadkos das caedyprowur dynkyud:
7.1.84. y=1tg3z, y" =7 7.1.85. y=-—r-cosz,y" =7
7.1.86. y=In’z,y" =? 7.1.87. y=z-lng, y" =7
7.1.88. y=¢e%* yV) =? 7.1.89. y=In(1+zx),y™ =?
7.1.90. =t y=¢ y! =7 7.1.91. z =cost,y=sint, y’, =?

DononHutensHble 3agaqn

Ioav3syscy onpedeaenuem, natimu npoussodnue caedyrowur Gynryud:
7.1.92. y=-4. 7.1.93. y=¢€".

7.1.94. y=5t2-2t47. 7.1.95. f(h) = FQ%

Hattmu f'(xo) no onpedeaenuro npouseodnoii:

7.1.96. f(r) =42%-37+8,29=1.7.1.97. f(z) = cos2z, z¢9 = 0.

Ha@mu npouseodnvie dynxyud:

_ 13 _ 2 —1025 — 4 1 35
7.1.100. y =2ctgz — 3sinz. 7.1.101. y = arctgz + 7 - €°.
7.1.102. y = 19° — 8arcsinz. 7.1.103. y = (z% — 1)(2® + z).

7.1.104. ¢(a) = 3arcsina — 4arccosa + 147/a.

7.1.105. f(t) = l—t—t, 7.1.106. y = 3sin’z —lgz + 3cos® z.
_(1\°_ 1 _€e+Inz
7.1.107. y = (5) — &+ 42, 7.1.108. y= &tz
7.1.109. y=(z+1)(z+2)(z+3). 7.1.110. y = (z%—1)(z%-3)(z% - 5).
—zl-z+2 7.1.112. y= —3
7.1.111. f(il)) = —;3_‘_—4- «d. . Y m

2
7.1.113. y = /z(z® + vz - 2). 7.1.114. y = %2; — ¥z -Inzd.
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Hatimu npouseoduyro dannoti gynxyuu 6 movwxe xo:

2
.1.115. = & =1
7.1.115. f(z) Zo1 %o
7.1.116. f(z) =4z + 6 Yz, zo = 8.
7.1.117. f(z) = 2® + 3sinz — 7z, 1o = %
7.1.118. f(z) =e**!. (42 —5), o = In2.
Hatimu npouseodnue dynrwyut:
7.1.119. y = 10="+1, 7.1.120. y = tg4z.
7.1.121. y=ch*Z. 7.1.122. y = In(52® — z).
7.1.123. y = cos*z — sin* z. 7.1.124. y =+/4 — 722,
7.1.125. y = {1+ ctg10z. 7.1.126. y = (sin 3z — cos 3x)2.
7.1.127. z = In*sin3t. 7.1.128. f(h) = arctg vh.
— 1 _ _sinzx
71129, y= _——. 7.1.130. y = SR
7.1.131. y = % 7.1.132. y = sh(In(tg 2z)).
7.1.133. y =zarcsinz + V1 —z2. 7.1.134. y = 3sin’ 2e+4sin2z
7.1.185. y=e "5 =3 7.1.136. y = arcsinv/I - 22.
7.1.137. y=z-2VZ. 7.1.138. y = 5(1/logs 2),
=lpz=3 .1.140. y = In(e** - e,
7.1.139. y 6 In Tr3 7 0. y =In(e** +1) — 2arctge
2 2
7.1.141. y= —~2 . 7.1.142. y = tg 3z + Incos” 3z
2y/1—z4 3
=In,/l=cosz 7.1.144. = uatezr  __z
7.1.143. y=In, /g +cosz’ f(@) 2 2(1+4z%)
_ V22 -1 1
7.1.145. f(z) = o tarctg .
- —_ — 72
7.1.146. y = ldarcsin Z31 — (82 — 19) V3-2eo2
In(z? + 2) 2_g 1 T
7.1.147. y = + - arctg ——.
y 2 4a7+2) 282
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Haiimu npouseodnvie pynryull, ucnoavays sozapudmuneckyro npoudsodnyro;

7.1.148. y = garetez, 7.1.149. y = (z® +1)V=.
¢ (z+4)" 'Vz=To
7.1.150. y = %_—Jle 2+2) 7.1.151. y= —Z VI
y 5z — 1 v= (z® +4) - Vz -
7.1.152. y=3%-25 V2l + z. 7.1.153. f(t) = tme.

Haidimu npousseodnyro pynxyuu y, 3adannott HeasHo:

7.1.154. T+, =5 7.1.155. 22 + 3y? — 4zy + 10 =0.
7.1.156. arcsin—Z— =ylnz. 7.1.157. arctgy = z2y.
7.1.158. z¥.-y* =1.

7.1.159. z? + y? = 4. Halit y' B Touke (—v/2;v2).

Hattmu y'(z) das 3adennwz napamempunecku dynxyud y = y(z):

7.1.160. z =13, y = 3t. 7.1.161. = =cos®t, y =sin®t.

— 3
71162 g =141 y=t=1 7.1163. z=t-arctgt,y=4 + 1.

Hatimu ypasnenus xacameavrotl u vopmaau K dannot xpusoll 8 dannoll moy-
Ke:

7.1.164. y =13, 29 = -2.

7.1.165. z2 +y% =4, My = (1;V3).

7.1.166. y = 2z — 22 B Toukax nepeceuenus ¢ ocbio OI.
7.1.167. z =12, y=13t, =2.

7.1.168. B xakoift Touke kKacaTeJbHaA K mapadosie —z2 + 4 — 6 HaKJIOHEHa,
K ocu abCuyce 1o yrijioM

a) 0°;
6) 45°7

Hatimu yzon medncdy xpusvimu:

7.1.169. y=2%+322+2ruy = -5z —5.

7.1.170. y=sinzuy=cosz,0 <z

Hadimu npou3eodnvie yxa3ahnux nopadxos das caedyrowur dynxyull:

7.1.171. y =Incosz, y" =7 7.1.172. y =sin’z, y" =7

7.1.173. y =5%,y" =7 =1 9
y=5y 71174, y= g, Y =T
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7.1.175. f(z) = ze®, f"'(z) =7 7.1.176. r(p) = cosp, rIV)(p) =7
7.1.177. y=Ingz, y(™ =7 7.1.178. z=cos’t, y=sin’t, y//, =7

7.1.179. z=¢% y=¢%, ¢! =?

Bonee cnoxHouie 3agayv

7.1.180. oxa3arb, 4TO:
1) npousBonHas 4eTHON DYHKUUM — HeYeTHAs (PYyHKIWS;
2) npou3BOAHAs HEYETHOH PYHKIMU — YeTHasA (yHKUHI.

7.1.181. Ilycts byukuusa f(r) — nepunomuyeckas ¢ nepuogom T'. IJoka3ars,
410 f'(x) (ecsin OHa cymecTByeT) Takxke nepuogudeckas pyHKUUS
c nepnogom T'.

7.1.182. [Iokasarb, 9T0 QyHKIMS Yy = |Z| He UMeeT MPOW3BOOHOU B TOYKE
Tog = 0.

7.1.183*. ITocTpouTsb npumep MYHKIMM, HEPEPLIBHON Ha Beell nefcTBUTE N b-
HOM nIpsiMOit M MMeIoLIel TPOU3BOAHYIO BCIONY, KpoMe Todek 1 u 2.

Y gy

—~ -’vll/
\/ 2 @3 %4

Puc. 81

8
o
8

7.1.184. Ucxons us rpaduka dbyskuuu (puc. 81), ykasaTb TOYKH, B KOTO-
poix GYHKIUA HE MMeeT MPOU3BOMHONM WM Pa3pbiBHA.

7.1.185. [IuddepeHunpys JaHHbIE TPUTOHOMETPUYECKNE TOXKIECTBA MOJIY-
YUTb COOTBETCTBEHHO (bOPMYJIbI AJisi €OS 2Z, cos 3z u cos(z + a),
a = const:
1) sin2z = 2sinz cos z;
2) sin 3z = 3 cos? zsinx — sin® z;
3) sin(z + a) = sinzcosa + coszsina.

7.1.186. [loxaszaTtb, 4TO:
1) (a*)™ = a® In" q;
2) (sinz)™ = sin(z + 123),
3) (cosz)(™ = cos(z + Ezﬂ)
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7.1.187. [oxasarp yacTHbil ciry4dalt (mpu n = 2) dopmyssl Jleibunua nus
BTOPO# MpOM3BOAHOU nponsBeneHus: ecyu u(x) u v(T) UMET BToO-
pbi€ IPOU3BOIHbIE, TO

(uwv)" = u"v + 2u'v' + wo".

7.1.188. BepHo Jin, uT0 ecoin pyHkuusa f(r) MMeeT MPOM3BOAHYI0 B TOYKe
To, a dyskuusa g(r) — He umeer, 10 ¢pyukuua f(z)g(zr) Takxke He
MMeeT MPOU3BOIHON B TOYKE T 7

§2. QUODEPEHUWNAN
Mousatue pudpcpeperymnana

> IMycrs dynxkuus y = f(r) onpenesieHa B HEKOTOPOH OKPECTHOCTH
TOYKHM To. TOra ecim CymecTByeT TakKoe YUCJIO A, YTO NpPUpaIe-
Hue Ay 9710 PYHKIMHI B TOUKE To, COOTBETCTBYIOIIEE IPUPALICHAIO
Az aprymeHTa, MpeICTaBUMO B BHUIE:

Ay = A Az + a(Az) - Az, (2.1)

rae Alimoa(A:I:) =0, o byukuus f(z) HasbiBaercs duddepenyu-
T—>
pyemoti 6 mouxe zo. [lpu 5TOM ry1aBHAA, JIMHEHHAST OTHOCUTEJIHLHO

Az, 4acTb 3TOro Npupamenusd, T. e. A- Az, HasbiBaercs dupdepen-
yuasom GYHKYUYU B TOUKe To U obosHadaercs dy umm df (zg).

Herpyaso nokasars (mosioxus y = = B ¢popmyte (2.1)), uto dz = Ax.

®yukuua f(z) muddepeHumpyemMa B TOYKE To TOIIA M TOJILKO TOIIA,
KOIZla B 9TOM TOYKEe CyMIECTBYeT KOHeuHasi mpousBomHas f'(zg); mpu sToM
A = f'(xo). Hosromy df (zo) = f'(zo)dz, nnu, ecim f'(z) cymecrByer Ha
JaHHOM mHTepBajie (a;b), To

dy = f'(z)dz, =z € (a;b).

Orcroma f'(z) = %, T. €. IpOM3BOaHAaA PYHKIMK ¥ = f(T) B TOUYKe T paBHaA
oTHomeHuio auddepeHimaa 3Tod GyHkuun B JaHHOH TOuke K auddepen-
1aJly He3aBHCHMOIl nepeMeHHOM.

Ecnu npupamenne Az aprymenTa z 61u3K0 K HYJIIO (T. €. JOCTATOYHO Ma-

J10), TO npupamenue Ay dbyHKIMK NpubIkeHHO PaBHO ee auddepeHInaty,
T.e. Ay =~ dy, oTkyna

f(zo + Az) = f(z0) + f'(z0)Az.
df (zo)

Iocnenusis popmyna ymobHa Ijisi NPUOIMKEHHOIO BBIYMCJIEHHS 3HAYEHUA
dyukuun f(z) B Touke To + AT M0 U3BECTHOMY 3HAYEHHUIO 3TOH PyHKUNM H
ee NMPON3BOIHON B TOYKeE Tg.
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feomeTpuyeckuii cMmbicn u cBoiictea guddeperHymana

T'eomerpuuecku (puc. 82) npupamenne Ay dynkuun f(z) B TOuke T —
eCTh TIPUPAIIEHNe OPIMHATHI TOYKU Ha kpuBoit (Ay = AC), a nuddepenp-
aJ1 dy GYHKIMU B 3TOH TOYKEe — IpHpAIleHNe OPONHATHI COOTBETCTBYIOMIEH
TOYKH Ha KacartessHO# (dy = AB).

0} T r+Azx T

Puc. 82

IMycts u(z) u v(z) — HekoTOpBIe DyHKUMH, AuddEpEeHIpyeMbIe B TOY-
ke z. Torma:

1. dC = 0, roe C — KOHCTaHTa.

2. d(au) = a - du, Toe o — KOHCTAHTAa.

3. d(u £ v) = du £ dv.

4. d(u - v) = udv + vdu.

5. d(%) = Lu;—zu_dv, roe v(z) # 0.

6. Hueapuanmmuocmv dopmw dupdepenyuaaa. Ecm y = f(u(z)) —
CNOXHasA PYHKIHUS, TO
df(u) = f'(u)du, wm dy=y, - du,
T.e. popma muddepenHnnasa He MeHseTcs: (HHBADUAHTHA,) HE3ABHCHMO OT TO-
ro, paCCMaTPUBAETCA Y KaK (PYHKUH HE3aBUCHMOl IepeMEHHON T MM 33BU-
CUMOI IepeMeHHO u.

Ouddeperymnans! BoiClINX NOpsgKOB

IMycts dyukuus y = f(z) muddepenuupyema Ha unrepsasne (a,b). To-
IIa, KaK U3BECTHO, B KaXKJIO# TOYKE 3TOr0 MHTEPBAJIa onpenesieH auddepen-
wnan dy = f'(z)dr dysxumm f(z), HasbiBaeMmbli Takxe duddeperyuasom
nepeozo nopadra (win nepsbiM auddepeHImaIom).

> Hudpepenyuanom emopozo nopsadxa (wim BropsiM auddepenuma-
siom) ot ¢yHkuun y = f(z) B Touke z € (a,b) Ha3bIBaeTCsa oud-
depennuan or quddepenunana nepsoro nopsaaka Gyukuun f(z)
B 3TOI1 TOUKe.
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Huddepennnasn Broporo nopsaxa obosnadaercs d>y wm d? f(z). Takmy
obpasom, d?y = d(dy). YuutsiBas, uto dy = f'(z) dz, roe dr — He 3aBUCAmag
OT £ KOHCTaHTa, IOJIyYuM

d?y = f"(z)(dz)?, wnm, Gonee kpatko, d’y = f"(zx)dz>.

AmnasiornyHo onpenesisiorca auddepeHmabi TpeThero u 6oJiee BLICOKMX T0-
pankos: d*y = d(d?y), d*y = d(d3y),... B obmem ciyqae, duddepenyuaionm
n-20 nopadkae or dysxkuun f(r) B Touke T HaspiBaercs auddepeHumran or
muddepenunana (n — 1)-ro nopsaaka dyuxumu f(r) B 3TOH TOUKE:

dy = d(d"y),
r.e. d*y = f(™(z)(dr)", nmm, 6onee kparko, d"y = f(™(x)dz". Orcioma

CJIeyeT, YTO

m 2
™ (z) = g:r—z’ B wactHocTH f'' (1) = Z—z—g

3ameTuM, 4To M1a OudepeHInaIoB BLICIINX IOPSAAKOB CBOKCTBO UHBA-
puaHTHOCTH (Kax Iuis1 auddepeHunasioB NEpBOro nopsaKa) He KMEEeT MeCTa.

7.2.1. Haiitu muddepenunan pyHkumun

3

y=¢€".
Q Tax xak dy = y'dz, To B maHHOM ciiydae dy = (e“s)'dz =
=322 e dg. [
Hattmu dupdepenyuan gynxyuu:
7.2.2. y=arctg/T. 7.2.3. y=(z}-1)tgz.
7.2.4. y==z%Inz. 7.25. y=2%= 2

©+1
7.2.6. Haittu npupamenue n nuddepenunan Gyskunn y = 22 -3z + 18
TOYKe To = 2, ecoiu Az = 0,1.
(Q Cuauana walinem npupamenue Ay B obuieM Buze:
Ay =y(z + Ar) —y(z) =
=[(z+Az)? -3z +Az) +1] — (x> -3z + 1) =
=124 2rAz+ (Az)? -3z -3Az+1-22+3z-1=
=2zAz — 3Az + (Az)? = (27 — 3)Az + (Az)?.
W3 nosiy4eHHOro BhIpaXKeHNsI [J1s1 MPUpaleHuss Ay BUIHO, 9TO €ro
JIMHe#HAs 4aCTb B MPOM3BOJIHOH TOUKe Ty paBHa (2z¢ — 3)Axz.
Torna no onpenenenuo auddepeHimas JaHHOR GyHKIMKu OyneT

paBeH dy = (2z — 3)Az, unu, B Gosiee NpuBbIYHON 3amucy, dy =
= (2z — 3)dz.
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Bropoe cyiaraemoe B nostydenHoit sanucu mis Ay, T.e. (Az)?,
ecTb 6eCKOHEYHO MaJias 60Jiee BHICOKOrO NMOPAIKa, YeM II€PBOE CJI1a-
raemoe.

3ameTnM, 9TO MOXKHO HaiTu dy u cpasy (6e3 Beruncsenuss Ay)
no dopmysie dy = y'dz, orkyna dy=(z%—3z+1)'dz=(2z—3)dz.

Teneps Haitnem Ay u dy B Touke Tg = 2, ecoiu Az = 0,1:

Ay=(2-2-3)-0,1+(0,1)2=0,140,01=0,11, dy=0,1. @

Hatimu npupawenue u duddepenyuan dynwyuu y = y(r) 6 obwem eude, a
maKAHce 8 MoyKe Lo, €CAU U3BECTIHO AL:

7.2.7.
7.2.8.
7.2.9.

y=1z342z, 29 =1, Az = 0,01.
y=224+z2-5,19=0, Az =0,5.
Brruncianth npubsinKeHHO:

1) In1,02;

2) V24

Q 1) Bocnonbayemcs npubmmkento#t dbopmyJioi
f(zo + Az) = f(z0) + f'(z0)Az.

Torna, noacrasass f(r) = Inz, noxydnm

1
In(zo + Az) = Inzo + o Az.
0

IMonaras 3nech zg = 1, Az = 0,02, Haltnem
In1,02~Inl+ % -0,02 = 0,02.

Takum o6pasom, In 1,02 = 0,02.
2) YuutsiBas, uto f(z) = /T, o = 25, Az = —1, nonyuum

1
\/$0+Az~\/ﬂf—o+m'Am, T. €.

1
V2UR V22 +—=-(-1)=49.
2v25 1)

OxonuaresnbHo V24 ~ 4,9. o

Bomucaums npubaudrcenno:

7.2.10.

7.2.12.
7.2.13.

20 - 2361

/26. 7.2.11.  tg4d°.

(1,02)5.
Haittu dy, d*y u d®y nna yuxumm y = /7.
Q IHockonbky

1
dy = y'de = (Yz)'de = Z272Pdr = =,
y=yda=(Vorde =3 3 Va2
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TO

&y = d(dy) = d dz )=( 1 )'(dac)2 _

32 3?2
1 2dz?
= —(2:_2/3)'da: = —Z3753dg? = — .
3 9z W
Orcrona,
2 dz? 2. _
&y = d(d?y) = d(-gﬁ) = -5 (@Y do® =

10 _g/5, 3 10dz®
= —z dz’ = ————.
27 2722 Y72

To xe camoe MOXKHO 6bLy10 HATH HHAYE, IPEIBAPUTEJIHLHO OTHICKAB

npoussomHeie ', ¥’ u y'"', a 3arem Bocmosib30BaTHCA GOPMYTAMH:
d2y — y”d:vz, d3y — y’”dw3.

Hatimu dy u d?y:
7.2.14. y=(z2+1)%. 7.2.15. y=sin’z.

JJ,ononereanble 3apayun

Hattmu dupdepenyuanvt pynxyud:

7.2.16. y = 20057, 7.2.17. y=In’sinz.
7.2.18. f(z) = V25— L 7219, S(t) = ;Y.

Haiimu npupawenue u duddepenyuas pyrnxyuu y 8 obwem sude, a maxice
6 mouke Tg, ecau udeecmuo Ax:

7.2.20. y=422+1,129=1, Az =0,02.
7.2.21. y=|z|, zo =10, Az = —0,1.

Buivucaums npubaudicernto:

7.2.22. sin29°. 7.2.23. arctgl,05.
7.2.24. (0,99)%.

Hatimu dy u d?y:

7.2.25. y= i—;} 7.2.26. y=z(nz—1).

7.2.27. Haiitu dy, d*y u d®y, rne y = z".
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ponee CNOXHbIE 3afa4n

7.2.28. Hcnonbsys nuddepeHimal, I10Ka3aTb NPUOIMKEHHYI0 GOpMYTy

l+a)"=~1+n-a.

7.2.29. Ucnosib3ys onpenesienue, 10Ka3aTb, 4T0 QyHKIMA Y = |T| He sABJIA-

ercs guddepeHuupyemoit B Touke o = 0.
7.2.30. Bbltmc.nnTb npUOJIIKEHHO:

1) npnx—104
1,98
2) & fi_0—2

7.2.31. Ilokasats, uto ecm y = f(u(z)), To d’y # yl'du?, T.e. cBoitcTBO

MHBapUAHTHOCTH AJ1s1 AudPepeHinaoB BTOPOro Mopsika He Bbl-

IIOJIHAETCHA.

§3. TEOPEMbIl O CPEQHEM. NPABUJIA NNTONUTANS.
®OPMVYIbl TEUWJIOPA

Teopembl 0 cpegHem

Teopema 7.1 (Ponnsa). Nyctb cdyHkuua f(z) HenpepbiBHa Ha OTpeske
[a; b], audcbeperunpyema Ha uHTepBane (a;b) n NPMHUMAET Ha KOHUAX OT-
pe3ska paBHble 3HauyeHus (T.e. f(a) = f(b)). Torpa cywecrsyer no kpaiiHei
Mepe OfiHa To4Ka ¢ Ha uHTepsane (a;b), ana kotopont f'(c) = 0.

Teopema 7.2 (NMarpanxa). Mycrs yHkumsa f(z) HenpepbiBHa Ha OTpeske
(a; b] n anddeperunpyema Ha untepsane (a;b). Torpa Ha untepsane (a;b)
Hal[eTCA Takas TOYKA C, 4TO

f(6) = f(a) = f'(c)(b — a).

Teopema 7.3 (Kowm). Mycte dyHkunu f(z) u g(z) HenpepbiBHbI Ha OT-
peske [a;b] n auddeperunpyemsbl Ha uHTepsane (a;b), npuuem g'(z) # 0
ans Bcex T € (a;b). Toraa HakpeTCa Takas TOYKA ¢ Ha 3TOM WHTepBane,
e f0) - @ _ '

9(b) —g(a)  ¢'(c)
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MNpasuna Jlonurtans

Ilepeoe npasuao Jlonumaas. Iycrs dyukumn f(z) u g(r) muddepen-
uupyeMmbl B HeKOTOpO# oxpectHocTn U(zg) TOUKM o, KpOMe, ObITH MOXer,
camoit ato#t Touku, u g'(z) # 0 ons Becex ¢ € U(xg), T # To. Torma ecom
lim f(z) = hm g(z) = 0 (B 9TOM Ci1y4ae rOBOPAT, 9TO B TOYKE To MMEET

T—T0
!

MECTO HEONPENEJIEHHOCTb BUIA, Q) U cymecTByeT lim [(=) L , TO CyIIeCTByeT
0 z—z0 § (.’E)
. f(z)
" zll;nzlo Ok npuyem

!
lim 1@ j L@
zoz0 g(z)  z—z0 g'(x)

Bmopoe npasuao Jlonumans. Ilycts dyuxumn f(z) n g(z) auddepen-
upyeMbi B HeKOTOpO# okpectHocTH U(Zg) TOYkM To, KpoMe, OBITH MOXKeET,
camoit aroit Toukm, u ¢'(z) # 0 g Vz € U(zo), = # zo. Torma ecsm

le f(z) = lim g(z) = 00 (T.e. B TOYKE Ty MUMEET MECTO HEeONpeNesIeHHOCTh
T T

BHIA —) U CyIIeCTByeT 11m _’§_2 TO CylIecTByeT 1 lim f—@l, pu4eM
g'(z)’ z—zo 9(T)
!
lim f(2) = lim f,(z).
a=z0 g(z) =20 g'(2)

f'(z)

Ecan oTHOmenue 7@ B CBOIO o4epenp MPeNCTaBJisAeT coboit Heonpene-

JIEHHOCTb BU3, % WK %, 70 npaBwIo JlonuTass (Npu yCJIOBMM BBINIOJIHEHUS

COOTBETCTBYIOIMX OrpaHndennit Ha dyukuun f'(z) u ¢'(r)) MoxHO npume-
HATb BTOPOIt pag M T. 1.

®opmyna Teiinopa

> IIycts dynkuus f(r) nMeer B HEKOTOPOH OKPECTHOCTH TOYKH Tg
npoussonusie f', ..., f(™. Torna mns moGo#k TOYKM T U3 TOR
OKPECTHOCTH MMEET MECTO PABEHCTBO

f(o)

£@) = flao) + L0 @ _ag) 4 LT @ g

f (") (1170)

oy ———=(z — z0)" + o((z — z0)") npu = — 0.

9ta ¢opmysa HasbiBaerca gopmyaott Tetiaopa ¢ ocmamovwrvim
yaenom 6 dopme Ileano.
IMocsiennee cnaraemoe (T. e. ocraTo4Hbill 4ieH) B dpopmyse Teitsiopa uxo-
13 3alUCHIBAIOT B BUAE Y%)-CTZ (z—x0)"*! (B 3TOM CiTy9yae HAIO NOMOJTHH-
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TesIbHO TIpemosaraTs cymecrsopanue f("+1) () B nauHOM OKpecTHOCTH TOY-
ki To). CoorBercTByomas opmyJia Toraa HasbiBaeTcs gopmyaot Tetinopa
¢ 0CMAMOYHHM wAeHOM 6 Popme Jlazpanorca.

B cayuae zo = 0 popmyia Teitsiopa npunuMaer Bua

f( )+ £10) 2 f(")( 0) »

TR

f(z) = f(0) + —= —z" +o(z"), -0
1 HasbiBaeTCsA gopmyaoti Maxaopena.
ITonesHo NMOMHUTL passokeHns mo ¢opmyse MaxjIOpeHa HEKOTODBIX

BAXKHEWIIMX BJIEMEHTAPHBIX (DyHKIIMIA:

2 zn
€ =1+z+ = +- +—n—'+o(x"),

21
Sin.’l?:.’l:—z—j+§—j+...+%+o(2’2n+2),
cosr =1-— ;—? + Z_T 4o+ % + o(z?"+1),
In(1 + z) =z—f;+§+---+—(_1)n: i +o(z™),
(1+z)a_1+az+% 24,
- ala=1)--- .T.l!(a —(n—- 1))x" + o(z™.
7.3.1. ITpoBepuTts, cnpaBensnBa s TeopeMa Posuis qys pynkunn f(z) =

= % — 2z na orpeske [—1; 3], HaliTu cOOTBeTCTBYyIOIIEE 3HAUECHHE C
(ecsm oHO cymecTByer).

(Q Q@yuxkuus HempepbiBHa Ha orpeske [—1;3] u mudbdepenuupye-
ma Ha nnrepBaJe (—1; 3). Kpome Toro, f(—1) = f(3) = 3, nostomy
Teopema, Posuisi Ha TAHHOM OTpe3ke 1A JaHHOU (yHKIME Crpa-
BemymBa. Halinem snagenne ¢ € (—1;3), na koroporo f'(c) = 0,
u3 pasenctBa (22 — 2z)' = 0, Te. 2z — 2 = 0, orkyma = = 1.
Iockosbky 1 € (~1;3), T0o ¢ = 1 — nckoMOe 3HAYEHME. o

IIposepumsv cnpasedausocmv meopemv. Poaas das dpynxyuu f(z) na darnnom
ompesxe, natimu coomeememeyoujee 3nanenue ¢ (€CAU OHO Cywecmeyem):

7.3.2. f(z)=|z| -2, [-2;2). 7.3.3. f(z) = —z% +4z -3, [0;4].
7.3.4. f(z) = cosz, [%37” . 7.35.  f(z) =V, [-1;1).
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ITposepumv cnpaeedausocmov meopemvs Jlaepanoica 0as dynxyuu f(z) na
dannom ompesxe, nHalimu coomeemcmeytouee 3Haverue ¢ (eCAu OHO Cywe-
cmeyem):
7.3.6. flz) = e , [0;1].

1.1
7.3.7.  f(z) = [3 2]
7.3.8. f(z)= |x -1}, [0;3].

Hatimu mouxy, e xomopoti xacameavhas x xpusott y = f(r) napassreavna
zopde, coedunsrowet mouwku A u B na amoti xpueotii:

7.3.9. y = z? — 4z, A(1; -3); B(5;5). Coenarb NOACHAIOMuUM! PUCYHOK.
7.3.10. y=Inz, A(1;0); B(e;1).
7.3.11. Haiitu npemesisl, ucrosb3ys npasuso Jlonurass:

1) lim In sin 3:1:;
z—0 Inz

3
2) lim —&—.

c—0 T —SinT’
Q 1) Hockonbky Insin3z u In z crpeMsaTCs X 6€CKOHEYHOCTH NIPH
z — 0, TO B JAHHOM CJIy4Yae MMeeM HeOIpele/IeHHOCTb BHIA %

IIpumenss npasuio Jlonurans, nosyynm

. Insin3z . (Insin3z)’ . 3z-cos3r
lim —— = lim ~—~ = lim —————— =
¢=0 Inz z—0 (Inz) z—0 sin3z
1 1
—3;13%)cos3:1: llII}] (5232) =3 Y 1.
z z—0

B nocnensem paBeHCTBE MbI BOCIOJIb30BAJIMCH IIEPBLIM 3aMeda-
TeJIbHBIM MPEIeJIOM.

2) lim z® = lim (z — sinz) = 0, no3TOMy UMeeM HeONpeesieH-
z—0 z—0

HOCTb BHIIA % Bocnosnssyemcs: npasusiom Jlomnrasis:

3 3y/ 2
im —— = lim _ @) =1imL=[9]=
250T —SInT 20 (z —sing) <»01—cosz L0
2/
1
—th—-lim 6:1: =6-———=6
¢—0 (1 —cosz)’ z-0 sinz lim #22
z—0 T

B aTom npumepe npaBusio JlonuTasis npuMeHsaioch ABaxapi. @

Hatimu npedeawi:

2+ -10 Inz

[ e 733 M1
7.3.14. lim &—=1, 7.3.15. lim I
z—0 sSing z—+oo T
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. e:c . Inz
7316, lim & 7.3.17. lm o

7.3.18. Halitn npenesbr:
1) hm a:ln:c,

1 1 )
2) i‘i“l( Inz z-1/°
Q 1) 3aecw umeer MecTo HeonpeneaeHHOCTh Buaa 0 - 00, KOTOPYIO

MBI PaCKpO€eM, IPEIBAPUTEJILHO CBEMIA €€ K HEONPENeIeHHOCTH %;

a aJiee BOCIOJIb3yeMCsl IIPaBUJIOM Jlonurans:

. Inz
lim z:-Inz = lim ——[ ]—
z—0+40 z—0+40

1
S6%o (l(nlz? =, im, Ezl) == lim z=0
T ;) z—0+ ( ;,) z—0+

2) VImeeM neomnpenesieHHOCTs 00 — 0o. CBeneM ee k Heompeze-

JIEHHOCTH (, IPUBENA Ipobu K 00eMy 3HaMEeHATeJIIo:
. 1 1 .. z—1-Inz 0
ll—»ml(m - 1:—1) _ll—>ml (x—1)Inz [6] -

(z-1-Inz)" 1-1L [%]:

= lim —————5 = =z
l—ﬂ ((x—-1)Inz) ] Inz+ 21

IIpasusio JlonuTasiss B 3TOM mpUMepe NPUMEHsJIoCh ABaxabl. @

Haitmu npedeani:

7.3.19. lim z2-e°. 7.3.20. lim (l __1 )
T—+00 z—0\T sSinxr

7.3.21.  lim z(e¥ —1). 7.3.22. lim(—L5- 1)
Z—00 P T N T 1-z%)°

7.3.23. Haiitu npenesibi:
1) lim z°;
z—0 .
2) lim(cosz)=.
z—0
Q 1) B atom ciyuae umeeM HeonpemesienHocTs Buaa 0°. Heom-
PeIesIeHHOCTH 9TOro, BUIA, TaKXKe KaK ¥ HeONpedesIeHHOCTH BHIA
-
1%, 00®, MOXHO HaitTH, TPEIBAPUTE/ILHO BLIYHCJIMB TPeIeJI OT JIo-
rapudMa QyHKUMH.
Nrak, oboswaunm y = z*. Torma
lim Iny = lim In(z®) = limzlnz =0
z—0 z—0 z—0
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(3amaga 7.3.18). Takum obGpasom,

Inlim y = limIny =0,
z—0 z—0
3 —_— 3 T —
OTKyIa il_%y =1, 1e. ll_r)r})z =1.
2) 3neck HeonpenesenHOCTs Bua 1%°. O6o3nauns y = (cos ),
Halinem lin}) Iny:
T

. . 1 .. In(cosz) 071 _

Jim Iny = Jim n(cosa)* = fim =22 =[] =
_ . (In(cosz)) . _
=T e =0

Orciomalnlimy = limIny =0, .e. limy = lim(cosz) =1. @
z—0 z—0 z—0 z—0

Haumu npedeast, ucnoavdys npasuao Jlonumaas:

7.3.24.

7.3.26.

7.3.28.

lim zt82. 7.3.25. lim(cos 2:6):17.
z—0 z—0
2
im (1)° 7.3.27. lim zT=,
;l—%(z) ‘ z—0

Paznoxuts Muorowien P(z) = z! — 23 + 522 — 4z + 1 no crenensm
z — 1, ucnonbzys dpopmyay Teltsiopa.

Q Tak xak PM(z) = 0 npu n > 5, TO B PA3JIOKEHUH JAHHOTO
MHOrowieHa 1o ¢popmyJie Tetnopa GyayT TOBKO CJlaraeMble BUIA

(k)
uk'w_o)(z — Zo), rae k < 4. IToatomy

P”(l)
2!

P'(1)

T (z - 1)+

P(z) = P(1) +

(z-1)+

P"(1) e, PEOQ)

+ —"3'—(.’1,' - 1) + T

YuursBas, uro P(1) =2, P'(1) =7, P"(1) =16, P"'(1) = 18,
PUV)(1) = 24, nosy4uM OKOHYATEJTHHO

P1)=2+7z-1)+8z-1)%+3z-13+(z-1* @

(z - 1)*

Pasaorcumsd muozouaen P(T) no cmenenam T — o, ecau

7.3.29.
7.3.30.

7.3.31.
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P(z) = z° + 42% — 6z — 8, 1o = —1.

P(z) =% -3z + Tz + 2, z9 = 2.

1) Paznoxuts o ¢popmydie Tetinopa byukuumo f(z) = —;— B TOYKE
To = 1;

2) Pazsioxuts mo dopmysie Maksiopena dbyukuumio f(z) = arctgz
1o o(z®).



Q 1) Cnavana naitmem GopMysy IJis n-ro 4jieHa Pa3JIOKEHHS.
Taxk kak

F)=-1, ") =2, f"1)=-3, M) =4, ..,
M) = (=)™ -nl,

TO %(z -1 =(-1)": (z — 1)". Orcrona

1
;=1—(1:—1)+(z—1)2—(z—1)3+...
e+ (=D (z-1)"+o((z -1D"), T — zo0-
2) HeobxommMo npencTaBuTh AaHHYIO QYHKLHUIO B BUIE

arctg’(0) arctg’ (0)
TR

ﬂg'"ﬂza +o(z?), z-0.

arctg z = arctg(0) + i+

3!

Y4uThIBasi, YTO

arctg(0) =0, arctg'(0) = =1,

rotg(0) =0, arctg/(0) = ——|

-2z 2(3z%2-1)
arctg’(0)= ——==| =0, arctg”(0)=—"—"—=%" ,
e'(0) (1+z2)?lz=0 g"(0) (1422)3 le=o0
NOJIy9uM TpebyeMoe pa3sioxkKeHue:
73
arctgz = = — — + o(z?). [

3

Pasaoocums no gopmyae Tetinopa gynryuro f(z) 6 mouxe To:
7.3.32. f@)=2,20=l0g3.  7.3.33. f(z)=2 e 51

Pasaoocumsd no gopmyae Maxaopena dynxyuro f(z) do o(z*), 2de

7.3.34. f(z)=e>" k=4. 7.3.35. f(z) = arcsinz, k = 3.

D,ononumenbl-lble 3agayiv

IIposepumv, suinoansemes au meopema Poass das dynxyuu f(z) na darrnom
ompesxe, natimu coomeemcmeyloujee 3naueHue ¢ (ecau oo Cyu ecmeyem):

7.3.36. f(z) =22, [1;3]. 7.3.37. f(z) =z% — 16z, [-4;4].
7.3.38. f(z)=sinl, [_%; %]. 7.3.39. f(z) =z -], [-3;-1].
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IIposepumsv cnpasedausocmov meopems: Jlazpanica dasn dynxyuu f(z) na
dannom ompesxe, nalimu coomeemcmeyloujee 3Haverue ¢ (eCAu OHO Cywe-
cmeyem):

7.3.40. f(z) =23, [-3;0]. 7.341. f(z) = Iz, [-21].
7.3.42. f(z) =Inz, [e;€?].

Hatimu mouxy M, 6 xomopoti xacameavrnas x xpusott y = f(z) napassesvra
xopde AB, ecau:

7.3.43. y=/z, A(1;1); B(4;2). Coenarb nosicHAIOmMAH 9epTex.
7.3.44. y=—z%+z, A(0;0); B(2;-2).

Haiimu npedeaw, ucnoavays npasuso Jlonumaas:

. le -2z +1 7.3.46 li sin 5z
T3S ez y AR RV r Sy
. T —e % . arctgr —
7.3.47. lim €L 7.3.48. lim —%3—
7.3.49. lim € 1. 7.3.50. lim B2 _
2 M sin’ R z1—>mzln(:c—2)'
log 3 _
_2_ I I
7.3.51.  lim == 7.3.52.  lim L= L.
i .sin 1 7.3.54. lim (t—T)tgt.
7.3.53. Ill)nt}ogz: sin . :-»I( 2) g
. : 11
7.3.55. llg})zln ctgz. 7.3.56. zll’n;r ( cosT Ao 22:)-
: 2 _ 1 1
7.3.57. lim (ctg a Ef) 7.3.58. lim (z arctgx)
. 1
7.3.59. iﬂ(agz)smz' 7.3.60. hm (2 arccos:c)z
7.3.61. lim (1 +2%)= sinz
Jim (1+27)%. 7.3.62. lim (SiDZ )
7.3.63. lim(1—z)"®. 7.3.64.  lim (7 — 2z)°°°.
z—0 z—5—0

Pasaoscumo muozouaen P(Z) no cmenenam T — o, ecau

7.3.65. P(a:) =zt -322 4+ 21— 1, - = 2.

7.3.66. P(z) =23 +4z% + 8z + %, T = %

Pasaoorcums no gopmyae Tetinopa dynxyuro f(z) 6 mouxe xo:

7.3.67. f(z) =ze®, o = —1.
7.3.68. f(zr)=In(2z—-1),z0=1.
314



Pasaoorcumv ' no dopmyae Maxaopena dynxyuro f(z) do o(z*), 20e

7.3.69. f(z) =sin’z, k=4.

7.3.70. f(z)=chz, k=25.

7.3.71. Paznoxuts pyukmuio f(z) = tgz mo dbopmysne Maksopesa o
o(z*), k = 1,2,3 u mocTPOUTH Pa3HBIMH IBETAMHU B OIHON cucTeMe

KoopauHat rpaduky f(r) 4 COOTBETCTBYIOmMMX MHOrO4YsIeHOB Teli-
nopa P (z), P(z) n Ps(z).

Bonee cnoxHele 3agayn

7.3.72. Ilycrs byukuus f(z) HenpepbiBHa Ha orpeske [a;b] u f(a) = f(b).
Caienyer nu u3 toro, 4o f(z) nuddepernupyemMa He BO BCEX TOY-
kax unrepsana (a;b) (T.e. ycioBusa Teopembl Posuis He BbinosiHe-
HBI), YTO He CyLIeCTByeT Takol Touku ¢ € (a;b), uro f'(c) = 0?

7.3.73. HUcnonb3ysa Teopemy Jlarpamka, 10Ka3aThb, 410 eciiu byHkuus f(z)
HENPEepBIBHA HA OTPe3Ke [a; b] 1 UMeeT MoJIXKUTENIbHYIO (COOTBeT-
CTBEHHO OTPHMIIATEJIbHYI0) MPOU3BOAHYI0 HA MHTepBajie (a;b), To
OHa, BO3pacTaeT (COOTBETCTBEHHO yObIBA€T) HA ITOM OTPE3Ke.

Hcnoavzys meopemy Jlazpanorca, doxasams nepasencmea:

7.3.74. e€>1+zupuzeR
7.3.75. n(a—-b)a" ' <b"—a"<n(b-a)b" 'npu0<a<bn=23,...

7.3.76. Ilyctb x; u T2 — KopHu muHOrowieHa P(z). Iloka3ars, 94T0 y MHO-
rowriena P'(z) Hallnercss KopeHsb, Jiexamult MeXIy T; U .

7.3.77. oxkasarb, 4o ecim f'(z) =0 (Vz € R), 1o f(z) = const.

7.3.78. [okasars, uro npoussonHasa byukuuu f(z) = (22 - 1) -z- (22 —4)
nMeeT YeThipe AefiCTBUTE/IbHBIX KOPHS, X HATH UHTEPBAJIbI, B KO-
TOPBIX OHM HAXOOATCA.

ZLoxasamv moorcdecmea:
7.3.79. arcsinz + arccosz = %, T € [0;1].

7.3.80. arctgz +arcctgr = 2T,z > 0.

1

2
7.3.81. arctgz +arctg - = —725, z>0.

7.3.82. Ilokasars, uto mpegen lim £—=COSL yo yoxer 6LITH BHIYHCIIEH
T

—o0 T + COST
no npasuity Jlonuransa. Halitu aToT npenest apyruM crocobom.

Hcnoavays gopmyay Maxaopena, doxazams nepasencmea:
7.3.83. In(l+z)<zmpuz>0.

3
7.3.84. tgz>z+L mpul<z< %

3
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7.3.85. C roynocreio go 0,0001 BbrumcimTh sin 1°, ucnosp3dys dopmysty
MakJiopeHa.

7.3.86. C Tounoctsi0 1o 0,001 BeruncanTs In 1,3, ucnosnssys ¢popmysty Ma-
KJIOpEHA.

Hcenoavsys gopmyay Maxaopena, evvucaums npeden:

~

. tgx —sinz —22
7.3.87. 1 —5—3——— i€ 2 —COSZT
oy S 7.3.88. lim e TSz,
. z—In(l+x) 7.3.90. lim foarctgz
7.3.89.  lm = e zﬂ‘hmi‘

§ 4. UICCNIEMOBAHWUE ®YHKLWNIA U NOCTPOEHUE
rPA®UKOB

Ycnosus MOHOTOHHOCTU (DyHKUUM

Eciu dbynkuus f(z) muddepennupyema na uareppane (a;b)! u mus so-
6oro z u3 untepsana (a; b) sbmosneno nepasenctso f'(z) > 0 (f'(z) < 0) To
f(z) Bo3pacTtaer (COOTBETCTBEHHO yObIBa€T) HA 9TOM MHTEPBAJIE.

YciioBue ke Vz € (a;b): f'(z) = 0 (f'(z) < 0) paBHOCHJIBHO TOMY, YTO
dbysxusa f(z) e yObiBaeT (COOTBETCTBEHHO, HE BO3PACTAET) HA MHTEPBAJIE
(a;b), T.e. V1,2 € (a;b) w3 z; < z2 coenyer f(z1) < f(z2) (coorBercTsen-

Ho, f(z1) > f(z2))-

kcrpemymbl hpyHKUUN

=1 Touka To Ha3BIBACTCA MOKOU A0KAADHO20 MaKCuUMYMa (NOKAADHO-
20 MUHUMYMA), €CJIH CYIIECTBYeT TaKas OKpecTHOCTb U(zo) aTOh
OKPECTHOCTH, YTO

f(z) < f(zo) Vz €U(zo), T # o
(cootBercTBenHO, f(z) > f(zo), VI € U(zo), T # Zo).

=1 Touku JIOKaJILHOrO MAKCUMyMa U MUHMMYMa Ha3bIBAIOTCHA MOYKaA-
MU NOKAABHOZ0 IKCTPEMYMA, & 3HAUYEHUS DYHKUMA B ITUX TOY-
Kax — Ixcmpemymamy QyHKIMH.

Teopema 7.4 (Pepma — Heobxogumoe ycnosue akcrpemyma). Ecam
T — TOYKA NIOKANILHOIO 3KCTpeMyMa Ansa GyHkuum f(z), TO B 3TOR TOUKe
npovwssogHan dyHkunu nubo pasHa Hynio (f'(zo) = 0), nubo He cywecTsy-
er.

1B TOoM yHCJIE BO3BMOXHEI CJIy4au @ = —00, b = +00.
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= Touku obsiacTy onpenesieHus HenpepsiBHOM byukuuu f(z), B KO-
TOPBIX €e MPOU3BOJHAA HE CYLIECTBYET WJIM PABHA HYJIIO, HA3bIBA-
I0TCA KPUMUYECKUMU MoyKaMu GYHKLIUH.

B cusy Teopemsr @epma 3xcTpeMyMbl DYHKIMH HAXOAATCA CPEIy ee KPH-
THYECKUX TOYEK.

ITepsoe docmamounoe ycaosue sxcmpemyma. Ilycts bynkuusa f(z) we-
npepbiBHA B TOYKe To u OuddepeHunpyemMa B HEKOTOPOH ee OKPECTHOCTH
(xpoMe, 6bITH MOXKET, caMolt ToukH Zo). Torna, ecyin f'(r) MeHsieT 3HaK mpH
nepexolie 4epe3 TOUKY Lo, TO To — TOYKA JIOKAJILHOTO 3KCTpeMyMa, (eciiu C
«+» Ha «—» — JIOKAJIbHBI# MAaKCUMYM, €CJIA XK€ C «—» Ha «+» — JIOKaJIbHbIH
MAHHMYM).

Bmopoe docmamounoe ycaosue sxcmpemyma. Ilycrte dynkums f(z)
IMeeT B TOYKE To POM3BOMHBIE IIEPBOrO U BTOPOro mopsaaxoB. Torma, ecsu
f'(xo) =0, f"(x0) # 0, TO Tp — TOYKA JIOKAJILHOTO IKCTPeMyMa. B gacTHO-
cru, ecom f'(zo) =0, f"(z0) < 0, TO o — TOYKA JIOKATILHOTO MAKCUMYMa, &
ecin f'(zo) =0, f"(xo) > 0, TO Top — TOYKA JIOKAJILHOrO MEHUMYMA..

Ecnu z;, z3,..., T, — KpUTHYECKHE TOYKM HENPEPBHIBHOK HA OTpe3Ke
[a;b] bynkuuu f(z), To HaubosibIIee ¥ HaMMEHbIIee 3HAYEHUS ITOH pyHK-
LMK €CTh COOTBETCTBEHHO HauboJIbIIee U HauMeHbInee u3 uucen f(a), f(r1),

f(z2)a (RRX) f(zn)’ f(b)

Buinyknocrb u BorHytocts cpyHkuyuun. Toukn nepermnba

> ®yukuus f(z), onpenesieHHas Ha uHTepBaje (a;b), HasbIBaeTcs
ennyxaoli eeepr (6wnyKaoli 6nu3) HA ITOM HHTEPBaJIe, €CJIH TOY-
KH J11000# nyru rpaduka QyHKIMM PACIOJIOXKEHbI BhIlle (COOTBeT-
CTBEHHO, HIDKE) XOpIbl, cTaruBaomel sty nyry (puc. 83,a u 6).

y=f(z)

]
]
(]
]
]
(]
]
'
]
]
1
)
]
a

[<)) PP,

z o

[~} TP

Puc. 83

NHoraa BIMYKJIOCTH BBEPX (COOTBETCTBEHHO, BBINMYKJIOCTh BHU3) HA3bI-
BAIOT MPOCTO 6BNYKAOCTLI0 (COOTBETCTBEHHO, 602HYMOCMYIO0).

I'pacdux BeimyxJI0# BBEpX (BhINyKJIOH BHU3) Ha nHTepBae (a; b) dyHkunn
TaK)Ke Ha3bIBAIOT BBIYKJIBIM BBEPX (COOTBETCTBEHHO, BHIYKJILIM BHH3).
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MoxHO JaTh Opyroe, 3KBUBAJIEHTHOE, ONPENEJIEHHE BBIMYKJIOCTH BBEpXx
(bimykstocTd BHU3): byHkuus f(T) HA3BIBAETCA BHIMYKJIOH BBEPX (BBIMYKJIOH
BHU3) Ha uHTepBaJie (a;b), ecsu rpacdux arolt dbyukuuu npu z € (a;b) pacmo-
JIOXEH HuKe (COOTBETCTBEHHO, BbINIE) KACATEJILHOM, MPOBENEHHOM B JI0Go#
ero Touke (puc. 84,a u 0).

y y y=f(z)

y=f(z)

Qt fmmm e =

Puc. 84

Hocmamounoe ycaosue swnykrocmu eeepx (6nus). Illycts byukuus f(z)
UMeeT BTOPYH NMPOU3BOAHYI0 Ha uHTepsasne (a;b). Torma, ecom f'(z) < 0
(coorBercrBenHo, f'(z) > 0) Ha 3ToM uHTEpBaJIe, TO byHkuusa f () BhiykJIa
BBepX (COOTBETCTBEHHO, BBINYKJ1a BHA3) HA HEM.

=3 ITycts byukuua f(z) muddepenunpyema B HEKOTOPO# OKPECTHO-
CTH TOYKH Zo. TOrma ecjiu IpH nepexone 4epe3 TOYKy Lo pyHKuus
MeHsieT HallpaBJIeHKe BbINYKJIOCTH, TO 3T TOYKA HA3bIBAETCS Moy~
xoti nepeeuba gynxyuu f(z). Touka (zg, f(zo)) npu 3TOM Ha3bIBa-
erca moukol nepezuba zpaguxa pynxyuu f(z) (puc. 85,a u 6).

Yy y=f(z)

:

Puc. 85

Heobxodumoe ycaosue mouxu nepeeuba. Ecim x¢o — Touka meperuda
dbyuxmuu f(z), T0 B 3TOH TOUKE BTOpas NMpou3BogHAs DYHKIMA JTMO0 pABHA
uwymo (f"(z¢) = 0), 6o He cymecTByeT.

= ToukH, B KOTOPBIX BTOPas NPOU3BOAHAsA (DYHKIMU PABHA HYJIIO HJIH
HE CymEeCTBYET, HA3bIBAIOTCHA KPUMUNECKUMU TNOYKaMu 2-20 poda.

Touku neperuba cjenyer UCKaTh Cpeoy KPUTHYECKUX TOYEK 2-TO pona.
Ilepsoe docmamounoe ycaoeue mouxu nepezuba. Ilycts bynkmua f(r)
HENPEPHIBHA B TOYKE o ¥ UMEET BTOPYIO MPOU3BOIHYI0 B HEKOTOPO! OKpeCT-
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gocTH 9ToH Toukm (Kpome, 6bITH MOXeET, caMolt Touku Zo). Torma ecsu npu
1epexoie Yepe3 TOUYKY Zo BTOpas IPOM3BONHAA MEHAET 3HaK, TO To — TOYKa
neperu6a.

Bmopoe docmamounoe ycaosue mouwxku nepezuba. Ilycts B Touke o QyHK-
nusi f(T) MMeeT NpOU3BOAHBIE IO TPETHETO INOPAAKA BKJIIOUMTEIbHO. Torma
ecma f"(zo) =0, a f"(zo) # 0, T0 £7 — TOuKa meperuba srolt byHKIMA.

ACUMNTOTLI

Ilpamasa nuHUA M Ha3LIBaeTCA acumnmomol rpacduxka GyHKUMH Yy =
= f(z), ecnu paccrosirue d or Touku M, sexame#t Ha sToMm rpaduke, O
NpAMOU ™M CTPEMUTCA K HYJIIO NPHM HEOTPAHUYEHHOM YIAJICHMH 9TOM TOYKM
1o rpacbyKy OT Hauasa KoOpaMHAT B GeckoHeyHoCTh (puc. 86 a), 6), B))2.

y
Yy y
¥
~ m
d
v d
ot d.’l:o P m
(0 a ml £ O 6 T (0 6 z

Puc. 86

AcuMnToThI OBIBAIOT Tpex BUOOB: BEpTUKAJIbHbIE, HAKJIOHHBIE U TOPU30H-
TaJIbHbIE.

> [IpsiMasi T = T HA3LIBACTCA 6ePMUKAALHOY acumnmomoti rpadu-
ka byskuun f(z), ecsiu XoTs Ol OIUH U3 OMHOCTOPOHHUX IIPENETIOB
lim f(z)m lim o f(z) pasen Geckoneunoctu (puc. 86 a)).
T—To—

z—z0+0
> Ilpamas y = kz+b HasbiBaeTCa HaxaonHoll acumnmomoti rpaduka
dbyukuuu f(z) mpu £ = +oo (upu £ — —00), eciu liril (f(z)—
T—+00
— (kz + b)) = 0 (coorsercrenro, lim (f(z) — (kz + b)) = 0)
T——00
(puc. 86 6)).

IIpamas y = kz+b ABAeTCA HAKJIOHHOM acMMIITOTOH rpacduka GyHKIMH
f(z) mpu £ — +o0o (1pu £ — —00) TOTAA U TOJIHKO TOIMA, KOTAA CyECTBYIOT
npenesibl

lim ___f(a:)

z—+00 I

=kmu I11’141’100[f(:1:) —kz]=b

21'Ipnaenenﬂoe 30eCb HAIJIAOHOE ONMHCaHW€ ACHUMIITOTHI HE sBJIAETCA, Boobie roBsops,
CTPOruM MaTeMaTUYECKHUM OINpeneJIeHUueM.
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(cooTBeTcTBEHHO,

. f(z) :
zl}riloo —~ = k u ngzlw[f(z) — kz] = b).
YacTHBIM Ciy4aeM HakJIOHHOH acuMnTorhl (npu k = 0) sABAAETCA 20pu-
3onmanvhar acumnmoma (puc. 86 B)).
IIpsimas y = b ABisETCA rOPU3OHTAJIbHOM acuMnToTOR rpaduka yHK-
unn f(z) upu £ — 400 (mpu £ — —00) TOLHA U TOJILKO TOTAA, KOTIa

lim f(z)="b

T—+00
(coorBercTBenHo, lim f(z) =b).
T—>—00

Moctpoerue rpacmkos pyHkywid

ITpn mocTpoenun rpaduka gaHHOM GyHKIMH 11€51€C006Pa3HO MOJIb30BATh-
ca caenyomnieit cxemoli:

1) naiitu obsacTb onpenesenus: pyHKUMY;

2) uccsrenoBaTh GYHKIMIO HA YETHOCTb, HEYETHOCTD U NEPUON