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AJIFBI O3

TexHUKaNbIK >KOFapbhl OKY OPBIHIAPBIHBIH OakanxaBpuaT ACHICHIH-
JleTi oKy OarmapiiaMaiiapblHa COWKeC JXa3bUIFaH YII OeJIMHEH TYpPaThIH
OKYJBIKTapBIMBI3BIH OipiHII O6eJiMiHAe CHI3BIKTHIK aireOpa, BEKTOPIBIK
anreOpa, aHAIUTUKAIBIK TEOMETPUS  DJIEMEHTTEpl JKOHE  IKOFaphbl
anreOpaHbIH KaXeTTI MarepHangapbl KamTeUrFaH. Kitantel xasyna, 0613
opuHe, OimiM Oepy camachlHAa KOJIAHBUIBII JKYPreH, KIaCCHUKAaJBIK
YJITiIeTi OKYJBIKTap MEH OKY KYpajJapblHbIH MaTepUallapblH KECHIHCH
naiiianannelK. bipak omapapl cypbeIniTan Tanjuamn, ChIH Ke30eH Kapaii
OTBIPBIN, KEHOIp TEOPHSIIBIK Moceleepre o3iMi3aiH KO3KapachIMbI3Fa caid
e3repicTep eHri3mik. MbIcaibl, TEOMETPHUSITBIK TeOpeManapabl JoNeney/ie,
TCOMETPHSIIBIK €CENTEP/Ii KOHE T.C.C. CYpaKTap/bl HICIIyAe TUIMII POJIb
aTKapaTblH BEKTOP YFBIMBI MEH BEKTOPIIBIK alNreOpaHbIH KaXXETTi ammaparhsl
KOPDHEKTI  T€OMETPUSUIBIK  OOBEeKT apkpuibl ga  ( R", n=123
KEHICTIKTEPiHJIE), aKCHOMATHKAJIBIK KYPBUIBIM apKbUIBI JIa KaPaCcThIPhLIA/IbI.

Kitam, OKBITYABIH OYPBIHFBI TPAAUIUSIBIK 9MICI MEH KpPEIUTTIK
TEXHOJIOTHSUTBIK OKBITY 9JIiCiH YIITACTHIPa OTHIPHII XKa3bltFaH. OKYyIIbl MeH
OKBITYIIIBIHBIH KOJIZIAHYbIHA BIHFAMIBI OOJYBI YIIH, OKYJIBIKTA JCKIUSIIBIK
KypC, TPaKTUKAJBIK €CEeNTep, CTYACHTTECPAIH ©3 OCTiHIE OpbIHAaybIHA
apranrad 30 BapuaHTTaH TypartbiH Yii tarceipmanapsl (YT), YT merapy
yirinepi, apanblk OakpUiayra apHallFaH CypakrTap OepiireH >KoHEe OCHI,
ANTHIHIIBI OachUIbIMAA OakbUlay JKYMBICBIHA apHAJFaH ecenTep e
Koceu1ibl. KitanteiH Teopusubik Oemimi 2003 k. Oacrmagan mibikkaH, KP
OFM okyneik periage OexitkeH, E.K. Alimoc «Korapel maremaTnka
(KpICKalla Kypc)» aTThl OKYJBIKTaH allblHFaH. AJI CTyIEHTTEepAiH Vi
tanceipmanapsl yiiH, A.ILPsOymiko xone 1.0. aBropiapisiH «COOpHHUK
WHIMBHUTyaJIbHBIX 33JJaHUI 110 BBICIIEH MaTEMaTHKE» aTThl YII O6JiMHEH
TYpaThIH OKY KypajigapbiHIa OepuireH ecenrepiai Oacka KaXKETTi
MaTepHuaslapMeH TOJBIKTBIPHIN, OJIapAbl OpBIHAAY YATiIepiHe Keoip
oJicTeMeNiK erepicTep €Hrize OTBIPBIN MalAaNaHAbIK. TeopeManapabiy
Kenuiuiri gonenaeHred. CoHbIMEH Oipre MaTepHablH MaTeMaTHKAJbIK
KaTaHBIFBIH CaKTall OTBIPBIN, OHBI OKYIIBIFA TYCIHIKTI, JKEHIT TIIMEH
JKETKI3yT€ THIPBICTHIK,

Opbip Tapay maparpaptapra Oeminren. Keiibip mnaparpadrap
nyHKTTepre OemiHeni. Teopema nonesneyiHiH HeMece MbICAJIAPIbI



HIBIFApYIBIH OacTallybl MEH asKTalyblH colikec Y JKoHe “ OenrinepimMeH
KOPCETIN OThIpaMbI3. Y# TalchpMallapbIHIAFel HOMIpJEPIiH OipiHIIi
nudpbl TapayFa colikec, al eKiHmi [udpbl OChl TapayFa apHaIFaH
TaricelpMa HeMipiH kepcereni, mbicansl 1.2 — YT  Oenrineyi, Oipinmni
Tapay OOWBIHINIA CTyAEHTTepre OepijieTiH eKiHMI TalChIPMaHbI KepceTeai
(op6ip Tanceipmana OipHemie ecern 00Iysl MYMKIH).

Kazipri ke3me Ka3zakmia MaTeMaTHKaJblK TEPMUHAEP  TOJBIK
KAJIBIIITACHIIT  OOJIMaraH/IbIKTaH, KiTaOBIMBI3[Ia OKYIIBIHBIH KOHIJTIHCH
IIBIKMAN KaTKaH TepMuHzmep Oap Oosca, omapiasl Oipirim TanKpLIIayFa
JMaibHOBI3. Bi3 Konmmanran marteMarukaiblk TepMuHaep 1999 k. xapbik
kepreH [11] co3MIKTEH alIbIHIBI.

Aemop



1. CBI3BIKTBIK AJITEBPA 3JIEMEHTTEPI
§ 1.1. AHBIKTaybIIITAP JKOHE MaTpULATIAP

1.1.1. AHBIKTAYbIII jK9HE MATPHUIA YFhIMIapbl. ChI3BIKTHIK anredpa
OipiHII Jopexeri TEeHIEYJep XYWeciH 3epTredni. n oOenzicizi 6ap m
CbI3bIKMbIK A/12e0paiblK meHoeynep xcyileci Keeci mypoe Hca3vliaosl:

QX X ot Ay X, =hy,
Ay X + 8%, + .t 8y X, =Dy,

1)

Ay Xy F A Xy o+ A X, =D

MyHIarsl: X;, X, ,..., X, — KyHezeri oenricizaep;

q;, 1=12,..,m; j=12,..,n - Genriciznepain ko>pduumentrepi;

b.

., 1=12,...,m —6oc my1enep aen aTanajibl.
Kytie xosddunmeHTTepiHeH TIKOYPHIITH KecTe KypayFa Oomajpl.

Kecreni 6enrineyre kemeci CHMBOIIAPIBIH Oipi KONJaHBLIA B

Ay Q... A, Ay ... &,

ady; Ay ... A ay,; Ay ... A
A= 21 %22 2n — 21 %22 2n =||aij||=(aij). (2)

Ay Ap-ee A | \ @y Az--- @

byn xecmeni m ocon men n OazannHan Kypaizan MXN eauwemoi
Mmampuya den amaiiovl KOHE YIIKeH naTteiH opintepniH: A,B,C,...X)Y,...
OipimMen Oesnrineiai. MyHIarbl a,,, i=1,...,m; j=1,..n Marpuia 3JeMeHTI
Jiert atanasl (OJ1 i-IMi KOJI MEH j-1i1i GaraHHBIH KUBLIBICYBIH/IA TYPAIbI).
Erep n = m Gosca, ona (2) kecte Keneci Typre ue 0oJiaibl:

8y Gyp... By
dyy dyy... &

A — 21 Y22 2n ’ (2,)
anl anZ ann



JKOHE ON N-wi pemmi keadpam mampuya nAen arainanbl (N - xkeadpam

MaTpULAHBIH pemi Jen artanaapl). MyHIarel a, i=12,..n - 6ac
Ouazomanb, an ., Ay gy, &y — OYUp OUA2OHATL DIEMEHTTEPI Jen
aTanaJpl.
HepbOec xarmaiina, N =m =2 6oica, (1) xkyiie
{allxl +apX, =b, 3)

A% +8,X, =b,

TYpiHAe *Ka3butanbl. by sxyiieHin koad pummentrepi
a
A — (a’ll 12 ] (4)
8y 8p

TYPIHZETI eKiHII PeTTi KBaIpaT MaTPULIAHbI Kypanpl.
Erep a,,a,, —a,,a, #0 Goiuca, onza (3) xyleHiH memimi

X

_ by, —aph, . = ayb, —bay, . (5)
= . Xy =
8185 — 84585 81185 — 81585

Bynapapiy oprak Oemimi, (4) MaTpuia 3IEeMEHTTEpi apKBUIBI
OPHEKTEIIN TYP: 8,8y, — 84,8y Cambl — 6ac OUAoHANb NeMeHmmepiniy
Kebetumindici MuHyc OyUip ouazoHans nemenmmepiniy kobeumindici. byn
caH, (4) MATPMIAHBIH AHBIKTAYBIIIbI (HEMECEe JeTePMHHAHTHI (arbll.
aHBIKTAYBINT)) Jen aranaapl. (4) marpuia eKiHI peTTi OOJIFaHIBIKTaH,
a8y, —8,8, CaHbl Ja EKIHII DPEeTTi aHBIKTayblll Jen aTanaasl. (4)
MaTpULAHBIH  AHBIKTAYBIUIBIH ~ Oendriney yIniH MaTpuuaiarbl  Kal
MAKIIAHBIH OPHBIHA TIK TasKMIATapAbl KOJAAHAIbI >KOHE AHBIKTAYBIIITHI
detA Hemece A apKpLIBI Oenrineiii:

a; A

=818y — 858y . (6)
Q; Ay




1-2
2 =1-4—(-2)-3=10.
) 3 4 (-2)
Enni (5) TermikTepi Kemeci Typae jkas3a ajlaMbl3;
by, ap, ay by
b, a b
x, =2 a2l X, = 8y B (7)

8y &y 8y @
8y 8y 8y 8

(3) xyiteni (7) dbopmynamap apkeutel menty Kpamep epexeci men
aTamnapl.
Y Genricisi Gap yir TeHaey Kyhecin KapacThipaibik (N=m=3):
8y X, + 8%, +aygXs =By,
81X + 85X, + 855X = by, €))
8g1 X + gy Xp + 83Xy =D,
By xyitenin xoaddunmentepinen keieci yuinwi pemmi (N = m = 3)

Keaopam Mampuyarvl Kypayra 0osajpl:

a3y A3
A=|ay ay ay |- (9)
Ay Az Agg
(8) xyiieHiH, MbIcalbl, X, -1 OeJTrici3iH Taby YIiH, OChI YIII TEHAEYAIH
€Kl JKaFBIH COUKEC 8,855 —8y385), 438y —8yp8as, yp8y3 — 438y, CaHIA-

phiHa KOOEHTIMN, MIBIKKAH HOTIIKEIEPAl MYIIENEN KOCcakK, Kejaeci TeHIIKTI
aJIaMBblI3;

(8118585 + 815853831 + 1385183) — Q4388 — Byp8p;8g3 — 188z, ) %y =
=ya,,84; + a8, + 830,85, —8138,,0; —a;,b,85; —ba,58,,. (10)

MyHnnarsl X; aiHpIManAblH ko3hduunentin (9) mampuyanviy (yuiin-

wi pemmi) anvikmayviuwl 1en ataigsl. COHBIMEH



&y 8yp a3
A=detA=la, a,, ay,| =
851 83 8g3
= 84185y 833 + 8185383 + 838,83y — By38p83; — 81851833 — 818383 (11)
(11) TenmikTeri KOCBUIFBIITApPIBI KeJIECi cXema apKbUIBl KypayFa
Oomaze! (oHBI YIIOYpBII HeMece Capploc epeskeci e aTaiab):

HEeMece
+ + + - = =
all a'12 a'13 a’11 a'12
Ay Ay
331 332 a33 a'31 a32
Mbpbicaibl,
1 2 3
4 5 6/=1-5-9+2-6-7+3-4-8-3-5-7-2-4-9-1-6-8=0.
7 89

(11) Tenmikreri opOip KOCBUIFBII (TaHOACBIMEH KOCA) AHBIKTAYbIII
Mylueci en aranazapl. OpOip Mymene apoip ko MeH apOip OaraHHbBIH Oip-
OipaeH aneMeHTTepi O0ap. by aneMeHTTEepai ON1ap IbIH OiIpiHIIN WHACKCIHIH
(d7eMeHT JKaTKaH >KOJI HOMIpiHiH) ecy peTiMeH OpHAIACThIpyFa OOoJajbl.
(11) Tenmik 1o OCHLIAM Ka3bLIFaH.

AHBIKTaAMA. A MaAMpUuyacvlHuly HCONOAPbIH CIUKec 6azandap emin

T
opvln  armacmulpyoan anvihean A mampuyacel MpaHcROHUpIieHzen
HEMECE Ay0apblizan Mampuya oen amaiaob.



A men AT keadpam MaTpuIATAPBIHBIH SIEMEHTTEpi 6ac JHArOHATbFA
CaJIBICTBIPFaH/Ia CHMMETPHSUIBL.

XKonnapasl OaraHmapMeH anMacTBIpy amalibl TPAHCIIOHUPJIEY Hemece
ayJaapy Jen atanajbl.

A aHBIKTayBIIIBIHAH TPAHCIIOHUPIICY apKbUIbI AJBbIHFAH aHBIKTAYBIIITHI

AT apkbibl Genrieiimis.

Enni aHpIKTayBIITAPABIH KACHETTEPiH KapaCTHIPaAMBI3.

1.1.2. AdbIKTayBIIUTAPABIH KacueTTepi. OKYIIBIHBIH TYCiHYyiHE
JKeHUTAey OONyBI YIIIiH, alFallKbl KaCHETTEP/Al eKiHII PeTTi aHBIKTAYbIIII-
Tap YUIH KapacTelpaMbl3. Onap YIIiHII, >Kalmbl, N-IIi PeTTi aHBIKTAYBIII-
Tap YUIH A€ OpbIHAATAIbI.

1°. AHBIKTAYBIII [IEH OHBI ay1apy apKbLIbl allbIHFaH aHBIKTAYHII ©3apa

tex: A=A". Mbicaisl,

a a C
A= %1 2| % 1 = AT (ke3 xerTki3iHi3);

A Ay a, ayp

Bynan opi bIHFAMNIBUIBIK YIIIH O3 MEH OaraHnbl Oip ce30eH Kamap
JIeT aTalThIH O0IaMBbI3.

2°. AHBIKTAYBIIITHIH MapajuIeib KaTapjapblH ©3apa OpbIH aJIMacThIpca
AHBIKTAYBIII TAHOACHI ©3TepPe]li, MBICAIBI,

a a, a .
i 8| %2 An (k03 XKeTKi3iHi3).

Ay  ay Ap Ay

3°. AHBIKTAYBIIITHIH KaH/Iai 1a 0ip KaTapbIHbIH OapIIbIK eMeHTTepi K
caHbIHa KeOelTiice, aHbIKTaybIl MOHI K ece apramsl. backaia aidTkanza,
Ke3 KEJIFeH KaTapJblH OpTaK KOOCHUTKIIIIH aHBIKTAYBIII aJJIbIHA IIbIFapyFa
0omajel. MbICabl,

G 8, K & A L
=k- (xe3 KeTKI3iHi3).
k-a, k-ay, 8y Ay
Hazap ayoapoiypi3. 3° KacWETTeH, aHBIKTAYBIIITHI CaHFa KOOCUTY
YIIiH OHBIH KaHAal Ja Oip KaTap 2JIeMEHTTEpPiH OChl CaHFa KeOeHTy Kepek
€KEHIH KepeMi3.



4°, AHBIKTaybBIIITHIH KaHIal 1a Oip KaTapblHBIH OapJIbIK dJIEMEHTTEpPI
Henre TeH (Hel KaTap) 0oJica, aHBIKTAYHIII HOJITE TEH, MBICAIEI,

0
=0-a,—-0-a, =0.
8y Ay
5°. AHBIKTAyBIMITaFbl MMapajuleNlb KaTapiapAblH COWKeC IIeMEHTTepi
TeH 00Jica, aHBIKTAYBIII HOJITE TCH;

a'11 a'12

— -a —a . =0_
a, a, CTRCEY 1278,

3° skoHe 5° KacHeTTep/ICH KeJleCi KAaCHET IIBIFaIbL.

6°. AHBIKTAYBIIITAFbl Mapajieslb KaTapiapAblH COMKec 3JIeMEHTTepi
MIPOTIOPIIOHAN 00JICa, AaHBIKTAYBII HOJT'e TE€H, MBICAITBI,

8y G 8y 8
=k- =k-0=0.
k-ay k-ap ;A

Keneci kacuemmepoi ywinwi Hemece N-wii pemmi aubiKmayviumap
ywin (12 6. kapanvlz) mysrcopbimMOativli.

AnpIMeH KeJlieci YFBIMAAp/Ibl SHri3eHiK.

AHBIKTaMa. AHBIKTAYBIIITBIH &;j 2/1eMEHMIHI MUHOPbL Oen, OCbl
DIIEMEHT TYpFaH »>KOJ MeH OaFaHIpl aibIll TacTal, OHBIH KaJFaH
KaTapllapblHaH KYPaJFaH aHbIKTAYBINITHI aifTajabl *oHE OHbI Mjj apKbLIbI
oenrineimi.

&y QA3
Meicansl, A=|a, a, 8,; | MarpUIACHIHBIH aHBIKTAybIIbI-
85 85 A
HBIH &,, DJIEMEHTIHIH MHHOPBI:

8; 83
My, = = 84833 —A3dy -
83  dg
AHBIKTAMA.  AHLIKMAYbIWMbY Qi  3JIeMEHMIHIY — a12eOpabik,

monvikmaywtiust nevece aovionkmi den A; =(=1)"' My canvin aiimao.

10



Mynpa (-1)"*/ =+1 eckepcex, A :{Mij’ P I+J yn Gonca,
—Mj;, erep i+ ] Tak Goica.
123
Mbpican. A=|4 5 6| Oomca, oHga
789

2+2 1 3
Py = ()" Mgy =M = (1=1-9-3-7=-12.

1 2
Ao =(—1)2+3M23 =My =_‘7 8‘=_(1'8_2'7) =6.
Haszapoinpizea! Ay mMen Mj; —  aHbIKTayblITapbiHAa  OacTamKel

AHBIKTAYBIIITBIH i-14i )KOJIbI MEH j-wii GaraHbl aJBIHEI TaCTATaIbL.

Keneci xacuem pemi Ke3 KeleeH aHbLIKMAYbIUMbL AHLIKMAYEA
MYMKIHOIK Oepeoi.

7°. AHBIKTAyBIIITHIH KaHAAi ga Oip KaTapblHBIH JJEMEHTTEpl MeH
OJIAPJIbIH aJreOpaNbIK TOJBIKTAYBIIITAPBIHBIH KOOSHTIHAICPIHIH KOCHIH-
JIBICHI OCBI aHBIKTAYBIIII IIIAMAChIHA TCH;

3
A:gaikAk =ay Ay ta,A, taA; =123 (12)

3
A=Y A =y A +ay Ay +ag Ay, k=123 (13)
i-1
Y  byn kacwerTi 3-mIi peTTi aHBIKTAYBIITHIH, MbICAJBI, 3-i KO
AIIEMEHTTEP1 YIIiH oIeIeHiK.

8583
8,83

ay,83
81853

a,8;,
8,185,

32

851 Agy + 83 Agy + 835 A5 = 8y - +a3-

= A1 (31,83 — Q138y) — gy (133 — B3y ) + g3 (8413 — 33y ) = A #

11



Mpeicansl, (12) ¢opmymnanbl | = 1-Hom oy YIIH KOJJAHBII, KeJeci
AHBIKTAYBIIITH €CENTEHIK

1 23

56 4 6 4 5
4 5 6|=1- _11+l_ +2. _11+2' +3. _134_1' _
7809 ()89‘ A e

=1(5-9-6-8)—2(4-9-6-7)+3(4-8-5.7) =—3+12-9=0.

(12) KOCBIHIBI — AaHBIKTAYBIIITHIH i-1Ii K0JI 3JIeMeHTTepi 0oiibIHIIA
sKiKkTeyi, ain (13) KOCBIH/IBI — AHBIKTAYBIIITHIH K-11i 6araH 3jieMeHTTepi
OoiibIHIIA KiKTeJYi Jien aTanajpl.

1-canmap. AHBIKTAYBIITHIH KaHAal na Oip KaTapbhIHBIH Oip 3IeMeH-
TiHeH Oacka dIeMeHTTepi Hel 00Jica, aHBIKTAYBIIITHIH JKIKTENIMI YKAIFBI3
KOCBUIFBIIITaH Typajbl. Mblcalbl, &, =a, =0 Ooiuca, onga A = a A ;.

2-canpgap. Erep aHBIKTaybIIITBIH 6ac OuazoHaniniy ACTBIHIAFBI
HEMece YCTiHJeri OapiblK »IeMEHTTep Heure TeH, sFHu a, =0, k>l
nemece @, =0, k<| Oonca, onma aHbIKTayplll — 0ac JUaroHalb
JNIEMEHTTEePiHIH KeOeHTIHAICIHE TeH: A=a, -8y, 8y;. AN erep Oyiip
OuazoHaniniy YCTIHIET1 HeMece acThIHIAFEl OAPIBIK dIIEMEHTTEP HOJTe TeH
Oonca, onna A=—a; -a,, -a,, .

2-candapowt 1-candapoan anyza 601amvIHbIHG KO3 HCEMKIZIHI3.

Eeep N—1-nwi pemmi mampuyanviy aHblKMaybllblH ecenmey maciii

&y Gy . A

Ay Ay ...y,

beneini bonca, onoa N-wii pemmi A — MAMPUYACLIHBIY

anl a'n2 ann

0 o .
AHbIKmMaysbluibl J1CI1, 7 Kacuem botiviHUa ecenmeliemin

n -
A= kZ_laikAk =gy A, +a,A, +...+a,A,, 1=12,..n, (14)
HEMECEC

Azaikﬁk +a2kA2k +...+ankA]k :ZlalkAk’ k =1,2,...,n, (14‘)

12



CAHbIH AlMAaobl JHCIHE 0Jl CaH Keleci CUMBOJIMEH bezineneoi.

8y 8y - By
A = |81 82 - 8pp

Hazap ayoapuinwiz! 2-canoap N-peTTi aHBIKTAYBIITHIH 0ac JHMOTOHAJb
SIIEMEHTTEP] YIIH A =& 8y ... 8,,, al OYHip AMOrOHAJIL SJIEMEHTTEPI
n(n-1)
ywin A=(-1) 2 a8y -y — TYPIHIE Ka3bLIABL

6 9 87 81
7 959 20
Mepican. |2 7 4 3 0 O 6(6-1)
=(—1) 2 1-2-3-4-5-6=-720.
87 4000
8 50000
6 000O0O0

8°. AHBIKTayBIIITHIH KaHmaih na Oip Kartap SJIEMEHTTepi MEH OCHI
Karapra napajieiib 0acka KaTapJblH COHKEC 3JIEMEHTTEPIHIH alreOpasibik
TOJIBIKTAY I TAPBIHBIH KOOSHTIH TIIepiHIH KOCHIH/IBICHI HOJITE TEH.

V¥V  Mblicaisl,
A3 AL +auA, ot A, (15)

OpHETIHIH MoHI (AQHBIKTAYBIIITHIH EKiHII JKOI AJIEMEHTTepi MeH OipiHIi
JKOJIIBIH COMKEC DIEMEHTTEPIHIH anreOpaiblK TONBIKTAYBIIITAPHIHBIH
KOOCHUTIHIIePiHIH KOCHIH/BICHI) HOJTe TEH OONATBHIHBIH Kepyre OoJaibl.
IeabEAa A2, (15) epHEKTI Keleci aHBIKTAYBIII PETiHAE kKa3a alaMbl3

Ay Ay . Ay,
a Ay ... A
21 Gy on
Ay Ay tay A+t A= :
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Byn aHBIKTAyBIITEIH OIpiHIIN JKOHE CKIiHINI JKOJIAPBIHBIH COolKec
JJIEMEHTTEPI ©3apa TEH, COHJBIKTAH OJ AHBIKTAYhIl HOJTe TEH, OJiai
oonca, ayA; +ayA, +...+a, A, =0. A

9°. Erep aHBIKTAYBIIITHIH OenTiii Oip KaTapbIHBIH opOip 3JEMEHTI eKi
KOCBUIFBIIITBIH ~ KOCBIHABICHL €Tilm  Oepijice, OHOAa aHBIKTAYBII €Ki
AHBIKTAYBIIITEIH KOCBHIHIBICBIHA TEH. bBipiHIII aHBIKTAyBIIITHIH COHKeC
KaTapbl OIpiHII KOCBHUIFBILTApPAAH, aj CKiHIIi aHBIKTAYBIIITHIH ColKec
KaTapbl €KiHIII KOCBUIFBIIITApAaH TYpaabl Ja, Oyl €Ki aHBIKTayBIIITHIH
KaJFaH KaTapJIapbIHBIH >JIEMEHTTEepl OacTamKbl aHBIKTAYBIIITHIH COHKeC
3JIEMEHTTEPiHE TCH OOJaIbl.

Mpeicanbl, ((7) KacueTTi KapaHbI3):

Ay - 8y + by Ay,

ay ... &, +b,.... a n n n
ST = ey by ) A =;aij%+§bij% =

=1

j

10°. AHBIKTayBIIITHIH KaHAai Ja Oip Karap 3JIEMEHTTEPiH Ke3 KeJIreH
K canbiHa K@OEUTII, OCHI KaTapra mapajuielib Ke3 KeJreH KaTap/IblH ColKec
3JIEMEHTTEPIHE KOCCAK aHBIKTAYBILITHIH MOHI ©3repMeHIi.

Y By KacueTTiH AYpBICTHIFBIH 9°, 5° xoHe 3° KacweTTepi KoijgaHa

OTBIPBIN KO3 KETKI3yre 00aapl.
12 34
5678 . )
Mbicansl, A= 3458 aHBIKTAYBIIIBIH OIpiHII OaraH 3JIeMeHTepI
2348

OOMBIHIIIA JKIKTEIT eCeNTey KepeK OO0JICHIH.
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¥ Onja anablH ana a,;,a,,,8,, dJIEMEHTTEPIHIH OpBIHJAPHIHAA HOI
anraH xeH. O yuriH 7° kacueT OoWbrHIIA -1l xkomabl —5, —3 xoHEe —2

caHJapblHA KOOEHUTIN, HOTHXKENepiH colkec, 2-mii, 3-mIi koHE 4-mi
JKOJIZIApFa KOCCaK

1 2 3 4
A= 0 -4 -8-12 Oomazmel. Enmi 7°, 5° xoHe 6° KacuerTepai
0 -2 -4 -4
0 -1 -2 0
KOJIIaHaAMBI3:
4 -8 -12 1 2 3
A=1.(-D)"'.|-2 -4 —4|=-4.2.1 2 2/=0. =
-1 -2 0 120
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TakpIpbInKa apHAJFaH CYPaKTap MeH TancbipMajap:

1. AHBIKTaybIll YFBIMBIH Ke3 KeJTeH

MaTpulla YIIiH KOJJaHyFa

Oonanel Ma? KBagpat MaTpuIlaHbIH aHBIKTAYBIIIBIH Kalai ecenTeii?
2. AHBIKTaybIIITHIH a;; JJIEMEHTIHIH MHUHOPBHI JKOHE alreOpabIK

TOJIBIKTAYHIIIBI JICTEHIMI3 He?

3. AHBIKTayBIITAPBIH KaHAal HETi3ri KacueTTepi 0ap?
4. YmriHmi peTTi aHBIKTAYBIIITH Kajlail ecenTeyre 6omambl?
5. PeTi yIITEH YJIKEH aHBIKTAYBINITAPIBI €CENTEy SJicTepi KaHIai?

Meicangap KenTipiHi3.

TakbIpbINKA aPHAJIFAH ecenTep:

1. Ecenrey kepek:

-b -1

a) b? ("Kayaow1: 0); 9) ]
2sinx 0 .

0) . (Kaya6wr: SIin2X);
1 COSX
COSX SinX

B) | . . ("Kaya6b1: COS2X);
SINX COSX
1 sinx 5

r) | . (?Kaya6wbI: COS” X);
sinx 1
1 cosx .,

F) . (Kaya6bI: SIN“ X).
COSX 1

_ x 1
2. Tenpeyi mienry Kepek: a) L o

16

. 2.
,|- (Kayadwr: —2a%);

‘ =0.  ZKaya6wr: 0,5);



3. Ecentey kepek:

0)

2x 1
=0.

1 0

X 1
=0.

0 O

321
2 5 3.
342

1 -4 6 7
3 71729
1 -4 6 7
23-879 97

n)

oo &

N

o o o =
O O &~
OI—‘CDw
ol

2315
25638
56 79
-6 9 315

(MayadbI: menrimi k0K);

(Kayaodbr: (—oo, +oo)).

(K: -3);

. (OK: 0).

. (K: 20);

. (K: 0);

2 1 2
—4 3 1|. (K: 10).
2 35

?)

B)

F)

-335 5
25-6 8
15 5 2025

3144
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§ 1.2. Martpunanapra aMmajgap KoJgaHy

Marpunanapra kacajaThlH KeJleci aManjgapAbl  KapacThIpambl3:
MATPUIAHBI CAHFA KOOEWTy, MaTpUUAJapIbl KOCY, MATPUIAIAPAbI
Ke0eiTy JkoHe OepiiireH MaTpHIaFa Kepi MaTpuia Tady.

AnapIMeH KeJieci TYCIHIKTepIi eHri3eHiK.

KBagpar wmarpunmanslqy ©Oac JuaroHalb dJIEMEHTTepiHEeH Oacka
3JIEMEHTTEPIIH OapibIFEl HOJTe TeH 00jca, OHBI AMATOHAJb MaTpPHIA
JOeini.  N-mi perTi IuaroHanb — MaTpHUIaHBl Kejeci Typae »Ka3yra

d 0.. 0
. d, ... 0 -
Gonasl: 2 . Mynna d, =d, =...=d, =16o0nca, oHbl OipJik
0 0 ...d,
10..0
MaTpHIA [T aTaiijpl E = 1.0 . Bapibik anementrepi Heure TeH
0 0..1
00..0
) 00..0
MaTpyLa HOJI MATPUIA JIeTl aTanajbl: () = _
00 ..0

Haszap ayoapuinsiz! Hon mampuya myciniei ke3 Keneen mix Oypoliumol
(keadpam emec) mampuyaiap yuin oe eneizineoi.

Onmemaepi OipJeit skoHe colikec IEMEHTTEpI 63apa TeH MaTpullaiap
TeH MaTpuuajap aem atajgagel: A =B .

AHBIKTAMAa. A= (aij), i=12,....m; j=12,...,n mampuyacel men \
canvinvly Kobeuminoici (MA) Oen, apbip onemenmi C;=h-a; meny

C= (Cij), i=12,....m; j=12,....,n mampuyacvli aimaovil.

123 5 10 15
1-mpIcan. 5- = .
4 5 6 20 25 30

Byt aman yiiH keneci KacueTTep OpbIHIANA b
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1) AWA=AA) (canovix rebeiumxiwmepee Kamvicmvl acco-
yuamuemi),;

2) (A+w)A=AA+pA (canoapowr Kocyza Kameicmul  OUCmpu-
oymuemi).

Conbimen Gipre 1- A=A, (-1)-A=-A, 0-A=0 Ttenuikrepi opbHaa-
JaJIbl.

AHBIKTaMa. Onuemoepi  6Oipdei A ocone B mampuyanapvinoiy
KOCbIHObICHL Oen, apobip onemenmi C; = &; +b; men, onwemi A (nemece B)

onuwenminoet, C=(c;) = A+ B mampuyacein aiimaosL.

D MEICALL (1 2 3}{0 1 2)2[1 3 sj.
456 345 7911

Marpunanapzel KOCy aMaibl YIIiH KeJleci KACUETTep OpbIHAANIAMIbL:

1) A+B=B+A (xommymamusmix),

2) (A+B)+C=A+(B+C) (accoyuamusmir),

3) M(A+B)=AA+AB (mampuyarapovr Kocyea kameicmei Oucm-
pubymusmix).

Hazap ayoapvinwiz! Mampuyanapza owcacansan Oyn  exi  aman

AHMbIKMaybluumap yulin mex mawoaizau Oip xamap djemeHmmepine 2ana
KAmvlCmul OPbIHOANIAMbIH €01

Aupikrama. A, =(8;) ocone B =(b;) mampuyanapvinviy

Kobeumindici den, apoip Cy onemenmi

Cij Zzaikbkj, i=1,2,...,m; j=1,2,...p, (1)
k=1

mey, Oackawa aiumkanoa, Cy onemenmi A Mampuyaceliwly i-wi JHconbl

Mmen B mampuyacvinvly j-uli 0A2aHLIHGLIY CIUKeC dNeMeHmmepiniy Koc-
Kocman xebeumindinepiniy Kocoimovicoina mey C. = AB mampuyacon
auimaoet.

Haszap ayoapuinsiz! Anvikmamadan Oipinwi mampuyansly dazanoap

CaHbl eKiMWi MAMpUYaHsvly MHCoa0ap CaAHbiHa MmeH OONAMbIH JHCoHe MeK
COHOQU MamMpuyaniapobl 2aHa Kebelmyae 601AMbIHbIH KOPEMI3.
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12 01
3-MbIca. Az(3 4), B=£2 3) MaTpHIaIapsl Oepinrex.

Omnapneiy AB xone BA xebeliTinaiiepin TaOy Kepek.
v AB- 12)0 1) (1-0+2-2 11+23 ) (4 7
3 4)(2 3) (30442 31+4.3) (8 15)°

BA= 0 1)1 2) (0-1+1-3 0-2+1-4 | (3 4\
(2 33 4) (21433 2.2+3.4 ) (11 16)
byn wbicanman  AB = BA, safHu  mampuuanapoel  KobOeiimy
KomMMmymamuemi emec €KeHi KopiHel.

Martpunanapapl Ke0OeHTy amallbl KelleCi KacCHeTTepre ue:

1) (AB)C = A(BC) (accoyuamuemi);

2) (A+B)C=AC +BC (marpumanapabl KOCyFa KaTbICTBI IHCTPHUOY-
THBTI);

3) Ksaopam mampuyanap vyumin det(AB)=detA-detB Tenuiri
OpBIHIANAIBI, SFHA KOOCUTIHAIHIH aHBIKTAYBIIIBl KOOCUTKIMITEPAiH
AHBIKTAYBIIITAPBIHBIH KobewTinmicine TeH. (COMK: Tendixmi N=2 yuin
Oanenoey Kepek).

ConbIMeH 0ipre, Ke3 KelreH keadpam A mampuya Yl

AE=EA=A A.0=0-A=0,
arHu Oipnik £ matpuna Oip caHbl CHSKTBI, all HOJ MaTpullda HeJ CaHBbI
CHSIKTBI POJl aTKapajbl.

§ 1.3. Kepi maTpuna

AunbikTama. Ezep AB=BA=E, (E — 6iprix mampuya) menoikmepi
opviHOanamuinoal B mampuyacel 6ap éonca, onda on A mampuuaceina
Kepi mampuya den amanadvl scane onvl A cumsonvimen beneinetioi.

AHBIKTaMA. AHbIKMAayblulbl HOJ2E Mel eMec Keaopam Mampuya

HYKCAHObL eMec HeMmece O3zeule emec, dl AHbIKMAYblubl Helee MeH
K68aopam mampuya HyYKCanobl Hemece o32euie 0en amaiaobi.
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Hazapeinbizra! “Hykcanner” Hemece “‘HyKcaHIbl emec” TYCiHIKTepi
TEK KBaJpaT MaTpHULaiap YIIiH FaHa KOJAaHbLIa Ibl;

Eckepmy! det A-det Al=detA-Al=detE =1 Tennirinen HYKCaH/IbI
MAaTpHIIA VIIiH Kepi MaTpuia GomMaiThiHb! mbramst (0-det A~ =1).

Aubikrama. bepinren A, =(@;) KBagpaT MaTPULIACBHIHBIH &;j
SIEMEHTTEPIHIH OPbIHAAPbIHA ONAP/bIH A; anreOpanbiK — TOJIBIKTAYbIII-

TapblH KOWBIT JKa3bIll, MIBIKKAH MATPHUIAHBI TPAHCIIOHUPJEY apKBLIBI
aJBIHFAaH MaTPHUIAHBl KOCAAKbI MAmMpuua 1T aTaiabl >KoHE OHBI A

Ay A e Ay
Az An - Ay

ApKBUIBI Oemrineimi: A" = (@))

An Ay Ay
Kocankpl MaTpuuanbig Ajj 21eMeHTiHIH 1-111 nHAeKcl OaraH, an 2-mii
MHJIEKC JKOJI HOMIPIH KepceTeni, sFHU Ajj 2JIeMeHTi i-mi GaraH MeH J-imi
JKOJIZIBIH, KUBLIBICYBIHIA TY.

12
1- Mbicain. A= [3 4] Ooinca, oHna A, = (-)*.4=4,
A, = (_1)“2 3=-3, A= (_1)2+1 2=-2, A,= (—1)2+2 1=1, oumaii

. 4 -2
OoJica, KoCaJIKpl MaTpuIia A :( 3 J.

Hyckay. 1-Mpbicanparsl A Men A’ MaTpuanapblH — CaabiCThIpa
OTBIPBIN, OEpUIreH eKiHIN PeTTi MaTpUIaHblH Kocaukbl mMaTpunachiH ((1)
(opMynaHbI ali1aIaHbII )KaTIIACTaH) Taba anackl3.

Kepi maTpuuna typaisl

Teopema. HykcaHCHI3 MaTpHLIapiblH, TEK KaHa COJapIbIH Kepi
MaTpHUIaIapsl 0ap jkoHE Kepi MaTpuia keneci (hopMyiia apKbUIBI Ta0bLIa k]

AL Ao e Ay

Al 1 A 1 ‘A12 Ao, Ahz ©)
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¥  Korapeima 0i3 HyxcanOvr Mmampuya Yyulin Kepi mampuya
boamaimuinbIH A9NENACTeHO13.
Marpuna nykcanasl emec 6oncein: det A= 0. Onpa

a. .
afl.l 12 a’lrl 'A&l"' Ajl"' A]l
l N 1 A&Z A12 A12
(det A j i1 i2 n det Al .o, ( IJ)
......................... LA L
ay 8y 8 Ain i Am

i=12,...,n; j=12,...,n
ManHuanapz[LI Ke0elTy epexxkeci OOHBIHIIIA

Cij Zm (a,l Ajl+ai2'Aj2 +...+4q, 'Ajn)

(A nemenmmepi A KOCANKbl Mampuuyaunvly, j-uti 0a2aubvlHOQ
opuanackan!). Byn tenmikreH, erep i = j 0Ooinca, oHaa

1
Gi :m (@ Art+a, A+ ta, A= A -detA=1,
anmerep | # | 6osca, onma 2.1.1m. 8° kacuer GOMbIHIIIA,
! A A =0, i#]
Cij detA (a11 Jl+al2 12+ +a jn)_ ’ Iij)

anambi3 (Aj — Oepinzen A mampuyacoinsty, j-uii scon (1#])
J1eMeHmmepiniy anceopanvlK moasikmaysiumapot!).

1 0...0

1 ...
CoHbIMEH, C:A-(L-A*jz 0 0 =E.
detA ) | ...l

1 . ..
OCBI CHAKTHI (ﬁ A j A=E Tennirin ne anyra 6omnazpl. Onait
€
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A=A =

0oJica, aHbIKTaMa OOMBIHIIIA
det A

12
2-Mbican. A= (3 4} MaTpHIIAChIHA K€Pi MaTPHUIIaHbI TA0y KEpeK.

1 2
v detAz‘ ‘=—2¢0, onmaii Oomca OepinreH MaTpulara Kepi

4 -2
matpuna 0ap. A Marpumachkl YIIiH KOCalKbl MaTpuia A" :[ 3 1JT@H

Oonranapiktad  (1-mpicanmasl  KapaHpiz)  (2)  dopmyma  GoifbiHIIA

4 1 ., 1(4 -2 -2 1
A= AT =— = aJaMBbI3.
det A -2\-3 1 15 -0,5

1 2)\-2 +1
Texcepy: AA™ = =
3 4)\15 -0,5

1-(-2)+2:15  1.1+2:(-0,5)) (1 0
3-(-2)+4-1,5 3-1+4-(-0,5) _[o 1

AAL -2 1 1 2) (-2-1+1-3 -2-2+1-4 3
“l15 -05)\3 4) (151+(-0,5)-3 1,5-2+(-0,5)-4)
10 4 a4 L (-2 1
= = E.Conbimen, AA™ = AA=E. llemex: A~ = .o~
01 15 -0,5
Kepi mampuyanwiy keneci kacuemmepi 6ap:

(AY'=A  (A-B)'=At.B™

§ 1.4. Marpuua pasxri

TikOypeIIITEl ~ MAaTPUIAHBIH  CAHABIK  CHUIATBIH  KapacCThIpabIK.
Martpuna panri 6asuctik xoJgap (06asucTik 0aFaHaap) Jem aTajaThIH
sosiap (OaraHmap) CaHbIH aHBIKTAW b, all KaJiFraH »xoiijap (OaraHmap) ochl
OasucTik xonmapnablH (0asucTik  OaraHAAapABIH) CBI3BIKTHI  KOMOU-
Harusuaps! 6omans (§2.9. KapaHs3).
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AHbIKTAMA. A mampuyacvinbly k-wii pemmi munopwi Oen, A
MAMpUYAcvinbly Ke3 Keaeen k dwconvl MmeHn Ke3 Keieen k bazanoapulHuly
KUBLIbICYLIHOA — TMYPEAH  dAeMEHmMMmepOeH  KYpalean  aHbIKIMAYblumbl
anumaowl.

ay; ; a3

Meicanbl, A=| a, a,, 8,3 | MaTPULACHIHBIH;

83 Az Ag;

0ip 3-mi peTti MUHOPHI ( A MaTPUIIACKIHBIH aHBIKTAYBIIIb);
A8 | (g a3

TOFBI3 2-1Ii PETTI MUHOPHI — ) y oo
8185|8213 83,853

TOFBI3 1-11i PeTTi MUHOPBI — |a11|, |a12|, v |a33| Oap.

Haszapuinizza! Munopowviy k pemi ywin x < min{m,n} mexcizoiei
OpbIHOANAObL (M — MAMPUYAHBIH HCOJL, Al N — 0A2aH CaHblH Kepcemeoi).

AHBIKTaMa. A MampuyacviHbly panzi oen, ocvbl Mampuyanvly Heojaee
mey emec MUHODAAPHIHLIY eH YAKeH Ppemin aumaovl dcoHe oubl r(A)
Hemece rpn Hemece rangA cumeonoapvinviy bipeyimer beneinetio.

Hen maTpumianslH paHTi HONTE TEH JIEM ecerTeNe]Ii.

Erep A matpumacsr:

HYKCAHCBI3, N-1IIl PETTi KBaApaT MaTpuia 6osca, onaa r(A) = n;

nykcanpl (det A=0), Hen emec Marpuiia 6oica, onma 1<r(A)<n.

Kanmer xarmaiima, mMXn emmemai Henm eMec A Marpulla YIIiH
r(A) <min{m,n} Tencizairi opeiaanaas. Matpuua paHria Taly yiis,
OHBIH 1-111i PETTI HOJIre TCH EMEC MHUHOPBIHAH OacTarl, 0apJiblK HOJIre TeH

eMec MUHOPJIapbIH KapacThIpajbl.

Kemxkepymi muHopaap aaici OyJ1 mporienypaHsl enayip KeHUIeTe .
OcsI 9fiCTi TYCIHIIpEHiK.

Ke3 kenren 1-mi perTi Heiare TeH eMec MHUHOP (A MaTpHIACBIHBIH
HOJITe TeH eMeC OJJIeMEHTi) aiblHajgbl, OHbl A, nem Oenrineitik. Enni

A, -ni xemkepymi (iminge A, 0onaTbiH) OapiblK 2-IMi PeTTi MHHOpIIAp
KapacThIpbuiasl. Erep oHbIH OapnbiFbl HeJre TeH Oosica, oHma r(A) =1,

a erep ojaii Ooimaca, SIFHM HeJre TeH eMec eKiHII peTTi eH OoJMaraHia
6ip MuHOp Gap Goiica, oHIa OHBI A, apKbLIbI Oenrineiimis.
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Keneci nukimep OChl CHSKTBI Kajaracaabl. A MaTpHIACHIHBIH K-1mi
pPeTTI HeJre TEH eMeC MUHOPBI Ay, all OHbI KOMKEPETIH OAPIIBIK MHHOPIIAP

HYKcaH[bl Ooica, onna r(A)=K, an erep omait Gonmaca, A, ,, Heire Teq
e€MeC MUHOPBIH aJTBIII, MPOIECC OJ[aH dPi JKAIFacasbl.

100
1-Mbican. A=| 0 O O |marpuacslHbIH paHTiH Ta0y KEpeK.
001
v A1=|aﬂ|:1¢0. OHbl KeMKepymi 2-m1i peTTi MUHOpJiap immiHAe
HOIre TEH €MeC MHHOP A, = % =‘1 ?J:l;& 0. Ax-Hi KeMKepymri 3-mi
83 8
PETTi )KaJIFbI3 MUHOD, A MaTPHIIACHIHBIH aHBIKTAYBIIIIBL.
100
bipak detA=[0 0 0|=0 OonranmblKTaH, r(A)=2. “*
001

Mampuya panein mabyoviy — daeMeHTap TYpJeHaipyJjaep daici (OHBI
T"aycc auici en Te ataiibr).

A MaTpHUIaChIHA JKACAIATHIH JJIeMEHTAP TYPJIEHaipyJep:

1. Ilapannens KaTtapaapabl ©3apa OPHBIH aIMacThIPY.

2. Karappsl Hexn emec canra KeOeuTy.

3. Karapra oran mapaiiens Katap/sl KaHaai qa o6ip K
caHbIHA KOOEHTIM KOCY.

4. Hen xaTappl anbli Tacray.

Mampuyaza ncacanzan 31emMenmap mypaeHoipynep OHbIH, PAH2IH
032epmneiioi.

B matpumacel A mMaTpuUIachIHaH 3JIE€MEHTap TYPICHAIPYJIEep apKbUIbI
aJbIHCA, OJIapAbl IKBUBAJEHT MaTpuuanap Aen ataiasl na A~B apkbeuisl
Oenrineii.

A MaTpunacelHBIH paHTiH TaOy YIIiH, OHBI paHTICIH OHail Tabyra
OomaTelH, OfaH SKBHBalIEHTTI B wMmarpuuaceiHa aysicThlpaabl: A ~ B.
MyHnnaii marpunanapra, Mblcaibl, Tpamemusi TIpizAec MaTpuuaiap
KaTajpl:
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- TR T

B - P , aiiio’ i=12,..r.

a

™m

Byn mampuuyaneiy panei scondap canvina men: r(A)=r(B)=r,
ONTKEHI MYHIIA HoJlce mel emec r-uii pemmi MUHOpIApILIH OipiH COM Kak
OYPBIIITAFBI I'XI eImeMAlI MaTPULIAAaH aTyFa 00Ja b

8y 8y By
0 a,..a
27T —gy -y .- a, #0.
0 0..a,
012
2-Mbican. A=| 3 4 5 |mMaTpuLacBIHBIH paHTiH Ta0y Kepek.
357

¥ 1-m1i skoHe 2-11i GaraHIApB ©3apa OPHBIH AIIMACTHIPHIT, COAAH COH
1-mi sxonabl —4 JkoHE —5 caHmapblHa KeOCHTim, coiikec 2-m1i jkoHe 3-1ii
JKOJIIapFa KOCaMblI3:

102 10 2
A~ 4 3 5|~|0 3 -3|~/2-tm xommsl (—1)-re kobeiTim, 3-uri
537 03 -3

10 2
xoura Kocambiz/ ~ A ~| 0 3 -3 |. By tpanenus Topizaec marpuia ((1)
00 O

-

KapaHpI3) )koHe r=2. Oaii 6oca r(A)=2.

AHbIKTaMa. Pemi A mampuyaceinvly paneicine mer Hol emec MUHOP
0Cbl MAMPUYAHBIY OA3UCHIK MUHODPBL Oen amaniaobi.

Bazucrik MUHOp/BIH KonJaphiHa (OaraHIapbiHA) COMKEC OpHAJaCKaH
A MarpuuaceHBIH Kojgapel (OaraHAapbl) OHBIH 0a3MCTIK KOJAapbl
(6a3mcTik GaraHmapbl) eI ATANAIbI.
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012

3-Mbican. 2-meicanmarsl A=| 3 4 5| marpunaceiaaa r(A) =2 xoHe
357

34 #0 — exiHmi peTTi MUHOp HOJTEe TEH eMec OOoFaHIBIKTaH, OJI-

basucrik muHOp. Omait 6oca, 4 MaTpUIACKIHBIH, 1-1T1 *KoHE 2-T1Ti KOJIAaphI
skoHe 1-11i skoHe 2-1ri GaraHmapsl 0a3UCTIK KaTapiap 00ambl.

‘01
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TakpIpbINKa apHAJFaH CYPAKTAP MeH TancbipMaJiap

1. Marpuna peren He? Matpunanapra KOJJaHBUIATHIH
aMagap Kajgail aHbIKTaJdaabl JKOHE OJIapAbIH KaHOal KacueTTepi
6ap?

2. Kepi marpuma neren He? Kepi marpunanelH 0ap 0oy
mapThl KaHal KOHE Kepi MaTpUIaHbl KaHAal (opMyrna apKbLIbl
Tabyra Oonaapl? Mpeicai KenTipiHi3.

3. Marpuna panri JereH He KkoHe OHbI KaHal 9/licTep apKbLIbI
Tabyra Oomaapl? MpIcamaap KenTipiHis.

TakbIpBINKA APHAJIFAH ecenTep:

1 2 4
Nel. A=( 1 3}, B=(3j MarpuianapeiHei a) AB; 3) BA

KOOCHUTIHIIepiH Ta0y Kepek.

10
("Kayaowbr: a) AB = (5 j ;. 9) BA — xebeiiTyre 6ommaiiel.)

No2. Marpunanblq panrid Taby Kepek:

a) A= . 2}. (K:2); d) A:(1234j. (K:2);
13 13-12
1234 1234-2

0) A=|1 3-1 2|. (K:3); B)A={1 3-1 2 3|. ()K:3),
1984 19847
90 0O 90 0O
78 00 78 00

r) A= L (OK:4):; 1A= . OK: 4);
913 8 0 913 8 0
6 -7 37 6 -7 37
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§ 1.5. ChI3BIKTHIK aJredpajbiK TeHaeyJaep Kyiiecin MaTpuuaIbIK
Jic apkbLIbI :koHe Kpamep epexkeci apKbLIbI 1€y

N Genricizi 0ap M CBHI3BIKTHIK ANTeOpaNbIK TEHACYJIEP JKyHeci Kemeci
Typae *xa3putateia emi (1.1.1 m):

Ay X +apXy +o 3y X, =y,

Ay Xy + 8y Xy + ot 8yy X, =Dy,

1)
A X + A, X+ a X, =b.
MyHparsr:
X, Xy, X, — aliHpIMal mamanap (Oenriciszep);
a;, i=12,..m; j=12,..,n —xyiie ko3ppunnenTrepi;
an b, 1=12,..,m — 6oc MyuieJjep Jem aTaJaTbIH €.
JXKyieneri ke3 KenareH TEHACYII KaHAFraTTAHABIPATBIH Xi, X2, ..., Xp

alfHBIMANIAPIBIH MOHMEPIHIH PETTENreH JKUBIHTHIFBI sKyleHiH meurimi
IIETI aTajiabl.

Memrimi Gap xyiie — yiaecimai, an 1memimi KoK xyhe — yisecimcis
JIETI aTaiajbl.

(1) xy#eneri Oenricizaepaid Ko3(hdUIMEHTTEpIHEH KypalFaH MXN
oJIImIeM/li MaTpUIaHbl (3Kyiie MaTpumachiH) A apKbUIbl, 0OC Mylenep
OaraHbIH B apkbutel, Oenricizaep OaraHbH X apKbUIBI OeNTriIeHik:

a; 4y .. &, b, X
a a a b X
A= 21 22 2n : B=| 2 : X =| 2
a‘ml a‘m2 a‘mn bm Xn

Enni (1) xxylieni MaTpuuajibIK TYpAe jka3zyFa 00jaasl (TeKCepiHi3):

" Kpamep T'abpuens (1704-1752) — IlIseiinapus MaTemMaTyri
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1858, X by
Ay18p... 8y, || X, b,

amlamZ "'amn Xn bm

HeMmece KbICKamia
AX =B. (2

Annpived (1) xyiieHiH menry afictepid M = N yuriH, SSFHA TEHACYIep
MeH Oenricizep caHbl e3apa TeH OOJIFaH Karjaia KapacTeipambl3 (OyI1
JKarmaiaa, A — KBaapaT MaTpuiia 00Ias).

Teopema. Erep CBIBBIKTHIK aireOpanblK TeHISYNIEp KYHeCiHIH
marpunacel Hykcancei3s ( A=det A=0 ) Oosca, OHIA OHBIH MHcan2vl3
uiewtimi 6ap xxoHe OHbI

X =A"B (3)
(hopMynacer apKpUIBl TaOyFa OONaIbI.

¥ (2) TeRJTKTIH eKi )aFbIH COJ KaKTapbIHAH Kepi A '-MaTpuIara
Kkebeiitemis (A ' 6ap, oiitkeni det A=0) ATAX =A"B =
= EX=A'B = X =A"B. Tabbumran MaTpuIansI (2) TeHaeyiep
xKyiiecine Koibin Texcepeiiik: AX = A(A™B)=(AA™)B =EB =B, nemek
A'B - (2) renneynep xyitecinin mermimi. XKylieHin uremmiMi xanrbi3
OosaThIHBIHA TOMEH/IE KO3 XkeTKizemis (8 1.6. epexe).

ChI3BIKTBIK TeHZACyNep kykeciH (3) ¢opmysa apKbuIbl IIEHIy IPO-
1eci — MAaTPHUAJBIK Iic JIeT aTasabl.

X+2y =5,

JKYHECIH MaTPUIAJIBIK 9/IICTICH IIEIICHIK.
3x+4y=11

1-mbIcau. {

¥ JKyiieHiH MaTpHUIACBIHBIH JeTepMuHaHTel det A= ‘3 4‘ =-2=0.

: -1 (v -1 _ 1 * 1 4 = 2
Eami A tabaitbik  (1.3.m.5—mprcanm) A" =—— A =— .
det A -2\-3 1
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12 5 X
1-mpIcamma A:{s 4], B:(llj, X :[yJ, coHneikTaH (3) dopmyna

OoMbIHIIIA,
4 -2\(5 4.5+(-2)-11
y -2{-3 1 ){11) -2{-3-5+1-(-1)

= —1( 2} = [1), onaii 6onca, X =1,y = 2. XKayaOsI: (ZL' 2). -~
2 |4 2

AnbiKkTama OoiibiHIIa, (3) TEHJIKTEri MaTpumaiapiblH COHKec
JJIEMEHTTEPIH TEHECTipe OTHIPHII, KyiieHi menryain Kpamep epeskeci nen
aTaJaThlH SJICiH KOPCETETiH TYXKBIPHIM alyFa 0oiaisl (07 - >KOFapbloarbl
TeopeMara 0amamMa TYKBIPBIM).

Kpamep epe:xeci. Erep CBI3BIKTHIK anreOpaiblK TEHACYIEp KYHeciHIH
marpunacel Hykcancis (A = det A#0) 6Gosca, onma OHBIH Jicanzols
uiewtimi 6ap xxoHe OHbI

A
Xj :X, J=1,2,...,n (4)

TEHJIIKTEpl apKpUIbl TaOyra Oosanael. MyHma A apkbulbl A aHBIK-

i
TAyBIIBIHBIH |- Oazawbln 0OC Mymienaep OaFaHBIMEH —aybICTBIPBII
ABIHFaH aHBIKTAYBIII OeNTiIeHTeH:

Ay g By g Ay
(A b, @, .1-a
j - ’

b

j=12,...,n.

anl'"an,j—l n an,j+1"'ann

¥V X =A"'B dopMyIachiH aIbi Ka3aibik:

X AP Ay b,

] . L | b,
X; :X:AlB:ﬁ'A -B:X- AA A =
I I N "
Xn AlnAZn"'Am
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AL+ Ayb, +.+ Ay,

Ainbl + A2an +..+ 'Ahnbn
Enni maTpumanapabiH TCHIITIHIH aHBIKTaMachIH TaigaaHaMbl3:

1 1
X :Z(Anbl + Ay, +.+ Ahlbn):ZAlv

1 1
Xn :X(Ainbl + AanZ +o.+ Ahnbn):XAn

(TeHIIKTEePIIIH OH >KaFbIHIAFbl KOCBHIH/IBI A aHBIKTAYBIITHIH j-uri  Oaran
JNIeMEHTTepi OOWBIHIIA JKIKTENYi:
a8y b2y jg.a,

A8y g By 8y -8, .

b Aj+by - Ay b A = =A;, j=12,.,n).

anl"'an,j—l bn an,j+1"'ann
A

5 X+2y=5, secin K
-MbICaJI. TCHACYJIC KYHUCCIH aM¢e
x+dy=11 b pavep

KOJIJIAHBIII IEHTy KepexK.

epexeciH

¥ KaxeTTi aHbIKTaybIIITap/Ibl €CENTEN ajbll, (4) Termikrepai N =2

YIIiH KOJJJaHAMBI3: A = 34

2
‘:—2¢Q

11 4

5 2 15
A=l =54-2al=2 A=

‘:1-11—5-3:—4,
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A_=2_, A 4

A 2 7 TTAT 2T

8§ 1.6. ChI3BIKTBIK aJIredpa’jiblK TeHIeyJiep
sKyiieciHin yiuecimai 6oy maprrapsl. I'aycc aaici

Martpunansik onic meH Kpamep epexkeciH, N = M XoHE TEHIEYIep
JKYHECiIHIH Heri3ri MaTpuuIackl HYKCaHChI3 0oJica FaHa KoJJaHyFa O0najibl.
Byn exi mapt opblHIaNFaH JKarmaiina nga, aTanFaH ONicTep Kypaeli
ecenTeyiepre okemyi MyMKiH. OfTKeHi, o1 oxicTep N’ ecere KybIK ecerTey
aMaJJIapbIH Kacaynbl Kaxer eredi., Au erep n > 10 Oosca, oHma Oy
omictepai KOMAAaHy MYMKIiHAIri TinTi azaiagpl. TeMeHme KepceTileTiH
T'ayce amici (aimemenTap TypiaeHmipy amici), N Genricisi 6ap M Texaeyaep
KYHECIH 3epmmeyze oHE wiewimin madyea MYMKIHIIK Oepeni (KyHeHiH
ImIemiMaep caHbl aKbpIPCHI3 OONATHIH XKardaima ma). TeHmeymep kyieciH
3epTTey — OHBIH YiJeciMii (Hemece yillecimMci3) exeHiH, al erep yuiiaeciMIi
0oJica, OHJIa XKY#e MIeIiMIHIH KaHIIa O0aThIHBIH aHBIKTAY JACTCH CO3.

Keneci n 6enricizi 6ap m Terneynep xyieci Oepinciu:

A% +3,Xy +o 3y X, =Dy,
Ay Xy + 8y X, + .t Ay X, =Dy,

1)

A Xg + 8o Xp e+ 8 X, =Dy

AnbiKkTama. ChI3BIKTBIK  TEHJAEYJIEp JKYHWECIHIH KeHeilminzen
mampuyacsl Oen JKxcylieHiy A MampuyacvlHbly Oy XHCALIHAH OOC Myulenep
bazanvin mipken Jcasy apKblibl aibiHean Keneci A -mampuyanvl atmaovl

Ay Ay, |y

— | a8y 8.8y, (b, ) )
A= (Tipkenren  60oc  Mymenep TiK  CBI3BIKIICH

Ay Q-8 [

XKBIPATHUTBINT KOUBLIAIB).
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(1) xy¥ienin martpumacel A, , emmemai OOJFaHIBIKTaH, KEHEHTUIreH
MaTpULACAHbIH OIIeM] Rm(n 11y OONATBIHBI TYCIHIKTI.

(1) xy¥eHiH MaTpuImackl MEH KCHEWTUINEH MaTpPHIIAHBIH paHrTepi
yuwin exi karmait: r(A)=r(A) memece r(A)>r(A) Gomyb MymMKiH.

Teopema (Kpounekep-Kanewm). Coi3oi5moik aneebpanvis meyoeyiep
JHCYUECIHIH MAmpUuyacsl MeH KeHeumineeH MampuydcbliHbly panemepi mey
Gonca: r(A)=r(A), mex conda eana scyiie yinecimoi 601adel.

(J.LKponekep — mHemic, A.Kamemmu — Uranus maremaTwktepi. by
TeopeMaHbl oniap Oip-OipiHe Tayesnci3 anFaH).

Tenoeynep xncyitecin I'aycc cxemacwt OouibiHwa 3epmmey JHcoHe
wiewly CypaKmapuviH MbICAIIap apKbpUIbl TYCIHIIpeMi3. bipak OKyIlibira
KeJleci epekeriepii eCKe ycTay bl eCKepTeMis3.

A ocone A mampuyanrapeinely  panemepin  Laycc  20icimen
anvikmazan ocoH. On  ywin snemenmap mypreHoipyiepdi Koadaua
omuipbin A Kkenetimineen mampuyansl mpaneyus mapizoec mMampuydaed

xeamipeoi. Mynoa eckepemin gicazoau, 2-4 snemenmap mypaeHOipyiepin
MeK Hconoap yuiin Koa0anaowl (anvinzan menoeyiep ieyieci bacmankpt
menoeynep xcyilecimen napa nap 0oayvl ywiin)! Onemenmap mypnen-
Jdipynep bapuicblnOa bazandap OpHbl 632epeen Ooaca, ocvl Oazanoap
ycminen 63 bencicizoepin dicasvin, beneiien omuipaosl.

Convimen, r(A) ocone r(A) panemepi madwvLI0bl Oenik (Tpamnenus

Topi3zec MaTpulla paHTiH Taby Typajbl )KOFaphiJa KapacThIpFaHObI3 (§1.4,
2-MbIcannbl KapaHe)). Keneci scazoaiinap 60ayst MymKin:

1) r(A)=r(A) =r. Bya orcazdaiida Kpowexep-Kanennu meopemacy

botiviHwa menoeynep xncyieci yunecimoi,coHblMeH bipee
a) r=n (mampuyanapoviy panemepi bencicizoep canvina mem)

boaca, acylie wewimi KHeangolz 60aa0bl;

0) r<n 6orca, meyoeynep Jcylieciniy wewiMOepiniy caHvl
akvipcwlz  oucane on wewimoep (C,,C,,...,C,_,) napamempiepine
e R).

2) r(A)>r(A). Byn orcazoaiioa Kponexep-Kaneu meopemacy

mayenoi ( MyHoaewl C;,C,,...,C

n-r

botbiHua menoeynep JHcyiect yinecimcis.
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Hazap ayoapwvinerz! Erep xyile MaTpUUACBIHBIH AHBIKTAYHIIIBI HOJ
emec Oonca: det A= 0 (TeHumeysep caHbl Oenriciziep caHblHa TeH: M =N
JKarmanaa), ouaa 1) @) epexeci OOMbIHINA, )KYHEHIH KaaFbI3 HICITiMi 6ap
(§1.5 Teopemansbl kapanbi3). An erep M=N, det A=0 Goica, oHna xyiie
yiteciMci3 HeMece OHBIH IIEHIIMIEP] aKbIPChI3 OOIa b

1-mbican. TeHaeynep xKyHeciH 3epTTey Kepek:

y+22=3,
X+y+2=3,
X+2y+3z=7

¥ KeHe#TiIreH MaTpUIlaHbl JKa3blll allblll, )KOFAPbIIAFbl TaaanTapIbl
CaxTail OTBIPBIT OHBI TPATEIH TOPi3Jec MaTpHUIIaFa KeITipeMis.
Xy 2 y X 2
0 1 23 1 0 23
A=[1 1 1|3| 7|1 1 13
1 2 3|7 2 1 3|7
(—2)-re xebeiirim, colikec 2-11i oHE 3-11i XKOoIapra KocamMbI3 /|  ~

~ [ 1-mmi xonmpl (—1)-re xoHe

y X 2
10 23
~lo 1 —1lo ~ [ 2-mi sxommel (—1)-re kebeiitim, 3-11i xoFa
01 -11
y X z
1 0 23

KocambIz/ ~ 0 1 -1l By courbl Matpunanan r(A)=2, r(A)=3

0 0 01
exenin kepemis: r(A) # r(A). Ouaii Goica Gepiiren xyiie yiinecimcis.
2-mbican. Terneynep kykeciH 3epTren, yiiaeciMi OOiFaH Karmaiiaa
OHBIH IIEIIMIiH Ta0y KepeK:

-~

y+2z=3
X+y+z=3,
X+2y+4z=7
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Xy z y X z y X z y X z

01 2|3 1023 10 23 10 23
A=[1 113 “|111213] T |o1-1o0| ~ |0 1-10]|
1 247 2 14(7 01 0t 00 1f1

Mymnma r(A)=r(A)=3. byi — 1), a) xxarmaiira colikec 6OIFaHIBIKTAH,
meHOeynep dHcylieciniy Hcanzolz wiewimi o6ap. OHbl mady YwiH anviHeaH
mampuyaea caiikec meHoeynep diCyuecin dcaswin, Oencicizoepoi mabyovi
coyavl  menoeyoen bacmatimviz.  Tabwiizan 6eneicizdepdi  andbiyebl
menoeyaepee Ko omwipbin  (0yn npoyecc, laycc 20iciniy kepi scypy
HCOJIBL Oen amanaovl) KHcyie weuimMin madbamols:

y+2z=3, y+2=3, X=1,
X—2=0, & {Xx-1=0, < Jy=1  JKaya6sr (1,1,1). =

Hazapuinwizza! 2-mpicangarsl TEHACYJEp JKYHeciH miemryre Kepi
MaTpuIa aaicin Hemece Kpamep epexecin Konganyra 6onampr!

3-mbIcana. Texaeynep )KyWeciH 3epTTell, OHBI HIeTTy Kepek:

y+2z=3,
X+y+2z2=3,
X+2y+32=6
Xy z y X z y X 2
01 23 1 0 23 1 0 23
T OA=|111)3] T{1 1 13| 7o 1 -1o
1 23|6 2 1 36 0 1 -10
y X z
y X z
10 2|3
~01_10~(102‘3J'
00 ol 01 -0



Mysza r(A)=r(A)=2<3=n. By — 1) 6) xarqaiibiHa COlKeC GOIFaH-
IOBIKTaH, JKYHEHIH ImemiMaepi akbIpChI3 KoHe o mmemrimmep 3—2 =1
napameTpre Toyelnai. AJNbIHFaH MaTpHUllara Kapan OipHele 6a3uCTiKk MHHOD
100 12 |02

TaOBLIATHIHBIH KOPEMi3:
o1 |0 1-1

, , . OnapnbeiH OipeyiH, MBICAIIBI

10 L
01 anpi, OyJ1 MUHOPFa colikec Y TIeH X Oenriciznepin 6a3ucTik Oenricis-

aep nen ataimbi3, an Z=C epkiH aifHbIMAJ Jien aTajiajbl, OUTKEHI OJ
Ke3 KenreH MoHre ne 6ona amansl: Z =C e (—o0,+0) (MyHIa Oacka Oa3smc-

Tik Oenricizaepai ae amyra 6omaznsl). COHFBI MaTpuIia OOMBIHIIIA TEHACYIIEP
JKYHECIH KYPBIII, aJIbIHFaH KYHEH] mIenemis:

z=C, x=C,

y+2z=3,
S y+2C=3,<y=3-2C,

Xx—2=0
x—C=0 z=C.

Kayaonr: (C, 3-2C, C), C &(—o0,+0). ~

§ 1.7. BipTexTi skoHe OipTeKTi eMeC ChI3BIKTHIK
anre0panbIK TeHaeyJiep Kyieci

AHbIKTaMa. bBoc myuwenepi nonce meH dcyueni dipmexkmi, an 60c
Mywenepiniy ey boamazanoa dipeyi Hou emec dcyileni oipmekmi emec Oen
amatiovl.

Biprekri xkylieHi keneci Type ka3yra 60onaabl:

A X FapX +...+3,X, =0,

Ay X 8y X, +.+ Ay X, =0,

n

A Xy + A Xy +.+ 3, X, =0,

onblH MaTpunaibik Typi AX =0, (0 — Hex Garan).
BiprekTi :xyiie — yiinecimai, elitkeni X =0, x, =0, ..., X, =0 —
xyheHiH nrenriMi! by mpueuan wewim nen aranaspl.
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Marpunanslk oxicti Hemece Kpamep epexkecin OepinreH OipTeKTi
JKYHWeHl 1mrenryre OipAeH KONIaHyABIH peTi JKOK. OWTKeHi erep

m=n, detA=0 6Gomca, ouma A ~ A Gomrammeikran, r(A)=r(A)=n
Oomanpl ma, aNABIHFBI TAKBIPBINTAFel 1), @) Karjaiira coWkec XYHEHiH
JKaJIFBI3 IIemimi 6ap, o (O, O,...,O)— TpuBHai mremim; an erep det A=0
Oonca, onma Oyy omicTepal Tikenel KoijmaHa anMaiMbi3. COHJIIBIKTaH
OiprekTi )XyHenepai memnrye ['aycc cxeMachlH YCTaHFaH KOH.
1-mbicai. bipTekTi TeHAEYIep JKYHECIH MIeNTy Kepek:

X+y+2z=0,

X+2y+2z2=0,

2x+3y+4z=0

Y A MaTpHIIaCBIHBIH YKOJ 3JIEMEHTTEPiH TYPICHAIpeMis:

111 111 111
A=1122|~1011|~|011 | Mynnarsl r(A)=3 cansl
234 012 001
Oenrici3gep caHbplHA TeH OOJNFaHIBIKTAH, )KYHEHIH JKaJFbI3 mIenrimi 6ap, o,

OpMHE, TPHBUAJ IIELIIM: (0, 0, 0).

2-mbIcan. biprekTi TeHIeynep KyHeciH menry Kepek:

X+y+z=0,
X+2y+2z=0,
2x+3y+3z=0.
¥ XKylieni napamap KyleMeH anMacThIpy YIIiH TYPIACHIIpYIepai TeK
111 111 111
JKOJI 3JIeMeHTTepine KommaHamezs A=[122 | ~|011|~ |011 | ~
233 011 000

111
[O 1 :J. bynan r(A)=2<3 ekeHiH KepeMmi3, COHJBIKTaH TEHJIEYIep
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JKYHECIHIH MeImiMAep caHbl aKbIPChI3 JKoHE oylap Oip mapameTpre Toyenmi.
MyHza, Mbicaniel, X meH Y Oa3ucTik aliHpIMangap Oofna ajanel, ©HWTKEHi

=1#0. XKylieni mememis:
01

z=C, X =0,
X+y+2z2=0,
= x+y+C=0, & <y=-C,
y+z=0
y+C=0 z=C

JKayaowi: (0, -C, C), Ce(—0,40), C—Ke3 KeJIreH CaH.
Hasapuviyvizza!  Erep r(A)=2<3 ekeni Oexnrini Gonca, oHma Oepii-

reH TeHJaeyJiep XkyheciHe, ko3dduumenTTepi 0a3UCTIK KOIAap KYpPanThIH
OHBIH Ke3 KeJreH eKi TeHJeYiHiH Kyieci mapa map. 4
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TakpIpbInKa apHAJFaH CYpaKTap MeH TancsIpMaaap

1. n OGeunricizi 6ap M CHI3BIKTHIK aNTeOpabIK TCHICYJICP XKYHECiHIH
JKaIMbl TYpiH *a3blHBI3. OCBI JKyHe MaTpULAIBIK TypAe Kajai
JKa3bLUIaIbI?
2.  Kanpaii mapt opbIHIQIFaHa, CHI3BIKTHIK alreOpalbiK TeHISYIIep
JKYHECIH mIenryre MaTpHUalbIK omICTi Konmanyra Oonagpl? Ocel
MaTpPULIANBIK 9iC KaHmai (opMmylna apKbUIbI JKY3ere achIpbLIaIbl?
MpEican KenTipiHi3.
3. ChBBIKTHIK anreOpablK TEHACYJEP KYHECIH IICNyre apHalFaH
Kpamep dhopMynanapsiH Ka3bIHbI3 KOHE OJapbl MAaTPUIIAIIBIK 9JIICKE
KOJITAaHATHIH (OpMYyJIa apKbUIBI AJEN IeHI3. MpIcall KenTipiHi3.
4. ChBBIKTBHIK alreOpaliblK TEHICYJICD MCYHEeCiHiH Mampuuacsl
MEH KeHelimiizen Mampuyacel IeTeH He KOHE OJIapblH PaHITEePiHiH
apacblH/a KaHAail KaTeicTap 0OIybl MYMKiH?
5. Kponekep-Kamemnmmu TeopemachlH maiiiajgafHbpIl, CHI3BIKTHIK
anreOpa-blK TEHACYJIEP XYWECIHIH MaTpUIAChl MEH KEHEHTUIreH
MaTpHIIa-CHIHBIH PaHI'TEePl apKbUIbI XKYHEHI YilIeCiMIiTIKKe 3ePTTEHI3.
6. ChBBIKTHIK anreOpalblK TEHIEyJlep JKYHEeCiH YHIeciMIimiKKe
JEpT-TeYAIH JKOHE OHBI IIemy[iH [aycc omiciH TYCIHIIpiHI3.
Meicanaap KenTipiHi3.

7. Matpunanelk  omicieH Hemece Kpamep epexeciMeH — CalbICTBIP-

ranna ["aycc oficiHiH KaH/ail apTHIKIIBLUIBIKTAPHI 0ap?
8. ChBBIKTBIK anreOpajblK TEHIACYJICp JKYHeCiHIH 0a3uCTiK
Oeiricizaepi MeH epKiH alHBIMAIAPbIH Kajlail TaHaayra 00Jiassl?
9. HenikTeH OIpTEKTI CHI3BIKTBIK aareOpaliblk TEHIEYJIep JKyieci —
yitnecimui?
10. biprekTi CBI3BIKTHIK alTreOpaiblK TEHIACYJep JXKYHeciH Iiemryre
MaTpULANBIK omicTi Hemece Kpamep epexeciH Tikemed KommanOay
ce0eb1 Hene?
11. Kampmaéi maprt opslHAanFaHia, Oiprekti N Oenricizi Gap N
CBI3BIKTHIK ~ aJreOpaliblK TEHJICYJIep JKYHECiHIH TpHBHAl eMec
memrimMzaepi 6omaasr?
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2. AHAJIMTUKAJIBIK TEOMETPUSA DJEMEHTTEPI
8§ 2.1. TikOYpBHIIITHI IEKAPTTHIK KOOPAMHATTAP KYlieci

AHaTUTHUKAJIBIK T€OMETPHUSI KONTEreH I€OMETPHSUIBIK €CENTEePAl ChI3y
YKYMBICTapBIHCHI3-aK alreOpablK 9IiCTEPMEH HIbIFapyFa MYMKiHAIK Oepei.
OnblH Herizi — xoopauHatTap >Kyieci. KoopnuHarrap kyieci — HYKTe
OpPHBIH CaHAAp JKUBIHTBHIFBIMEH, a1 ChI3BIKTAp MEH OeTTephi TeHAeyJsep
KOMETIMCH aHBIKTayFa MYMKIHJIIK Oepei.

AunbIkTama. Ezep X my3syinin 6azermot, O nykmeci (canay oacor)
Jlcone OIpaiK Kecinoi (macuma6b) kepcemince, onoa onvl OX Koopounam
oci (Hemece canoap eci) oen amaiiovl. O HyKmeci KoOpOunam obacwvl Oen
amanaowl.

Ty3yneri op6ip A HYKTeciHe X caHBl — OHBIH KOOPIWHATHI CoHKec-
TeHipinesni ae, ousl A(X) men 6enrineii (1-cyperti KapaHbi3).

Ty3yniH HYKTenep KUbIHBI MEH HAKThl CaHIAp >KUBIHBIHBIH apachbiHIa
e3apa OipMoH/II COMKECTIK OpHATyFa OONATBIHBI OENTiIi.

Ty3ynen O men 1 HykTenepiH >koHe Ty3y OarbITBIH K€3 KEITeH eTil
TaHzayra 0OJaThIHABIKTaH, OEPUIreH Ty3ye CaHbl aKbIPChI3 KOOPAWHATTAp
OCiH aiyra 0oJabl.

\4

0 1 A(x) X
1-cyper

AnbIKTaMa. JKazvikmoikmazor OXY — mikoypsluimel O0ekapmmolk
Koopounammap cyiieci Oen, KoopOouwam bacmapvl opmak, OipaiK
KeciHOinepi mey, 63apa NepneHOUKyIAp OPHALACKAH KOOPOUHAM 6CMepiHiH
OX,0Y — orcybwin aiimaowst. by ecrepaiy Gipinmricin adeuucca oci (OX),
au exinmricin opauHata oci (OY) gen aTaiijbl.

Bbip xaspikThIKTa XaTKaH A HykTreci MeH L Tty3yi Oepincin. A4
HYKTeciHiH L Ty3yiHe mpoekmmsicel nem, A HYKTeCi apKbUIbl ©TeTiH, L
TY3yiHe NMEepHeHANKYIAp TY3y MeH ochl L Ty3yiHiH A’ KHBUIBICY HYKTECiH
aiftagpl.
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Xa3pIKTBIKTaFrbl A HYKTECiHIH KOOPAMHAT ©CTEpPiHAET1 IMPOEKIHS-
JapbIHbIH KoopAuHAaTTapbl A HyKTeciHiH OXY TikOYpbIIITHI JeKAPTTHIK
KOOPIMHATTAP Kyiiecinaeri koopauHarTapbl nen aranajasl aa, A(X; Y)
apKbUIEl Oenrineneni (2-cypet). MyHnarbl X — HYKTEHIH abcuuccacsl, ai 'y —
OHBIH OpAMHATACHI JICTI aTaJla/Ibl.

A
I Y 1
A(xy)
y - ——————— -T
|
|
i |
|
1 A: A -
0 1 x X
I v
2-cyper

JKa3bIKTBIKTaFbl HYKTEJIEP JKHBIHBI MEH OapiblK (X; Y) HaKThI caHIap
JKYNITapBIHBIH JKUBIHBI apachblHIa e3apa OIpMoHlI COWKEeCTIK OpHaTyFa
00JIaThIHBI OCTLI.

O nyxkrecinig xoopauHatTapsl (0;0). OX eciHne xaTKaH HYKTeIepIiH
koopauHatTapel (X;0) typiagme, an OY eciHae jXaTkaH HYKTeIepIiH
koopauHattapsl (0; ) Typinae 6onareiabikTad, OX eciniH TeHueyi y = 0,
an OY eciHiH TeHIeyi X =0 apKblUIbl aHBIKTAJIAJIbI.

KoopauHarrap ecrepi Ka3bIKTHIKTHI TOPT HIMPeKKe (KBaJAPaHTKA)
Oemeni. OpOip MmHPEK, OHBIH HYKTEJEPiHIH KOOPIWHATTAPBIHBIH
TaHOATapHIMEH aHBIKTAIAIIBI;

| mmpexk — (X >0, y>0);

Il mmpex— (X <0, y>0);

I mmpex — (X <0, y<0);

IV mmpex — (X >0, y<0).

Erep opaunata eci abcuucca ecinen O HyYKTeciH aifHaja carar TijliHe
Kapchl 90° OyphIKa OYpHUTY apKbUIbl ajblHCA, OHAA JEKAPTTHIK KOOPIU-
HatTap xKyHheci om (3a-cyper), an carar TirimeH OarbiTrac 90° Oypblinka
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OypbUTy apKbUIBI allbIHCA, OHJIA KOOpAMHATTAp Xyieci Tepic (30-cyper)

JEeT caHaJlaIbl.
AY AX

I A Y,

\ 4

3a-cyper 36-cyper

AnbikTama. Kenicmikmeei OXYZ mikoypoiuimasl 0ekapmmalK, KOOp-
ounammap xcylieci oen, Koopounam bacmapuvl opmax, Oipnix Kecinoinepi
meH, 03apa NEPREHOUKYIAP OPHALACKAH pemmenzeH KOOPOUHAmM 6Cmepitiy
ywmiein: OX, OY, OZ aiimaowL.

AHBbIKTaMajiaH, OipiHIm kKoopauHaT eci — OX, ekiHIli KOOpAMHAT eci
— OY, yuinmn koopauHAT eci (oHbI anmimkaTa eci xeiiai) — OZ apkpub!
OeINTiIeHTeHIH KopeMis.

Kenicrikte 4 HYKTEci MeH L Ty3yi 6epinciH A HYKTeciHiH L ty3yine
NPOCKIMACHI e, A HykTeci apKBUIBI oTeTiH koHe L TY3y1He nepnenu-
OUKYAD HCA3LIKMBIK, TICH OChI L Ty3yiHiH A’ KHBLTBICY HYKTGCIH aiirajpl.

KeHicTikTeri A HYKTECiHIH OCHI YII KOOPJHMHAT ©OCTEpiHE MPOCK-
nusiapel A HykTeciHin OXYZ TikOypBIIITH JEKapTTHIK KOOPIWHATTAP
KyHeciHmeri KOOpAMHATTApbI Jen aramagsl  jaa, A(X(Y;Z) apKbuUibl
oenriieneni (4-cyper).
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KenicrikTeri HykTeaep »KUbIHBI MeH OapIibIK (X;Y;Z) YII HaKTBI caHIap
JKUBIHBIHBIH apacblHia e3apa OipMoHII COHWKecTiK OpHaTyFa OOJaThIHBI
oenrii.

O nykTecinig koopaunarrapsl — 0(0,0,0),

OX eciuzeri HykTenep koopaunarraps — (X,0,0),

OY ecinzmeri aykrenep koopaunarTaps: — (0,y,0),

OZ ecinperi nykrenep koopaunartaps — (0,0,2),

Typinge Oomamgel. Omaii Gosca, OX, OY sxome OZ xoopauHAaTTap
ecTepiH Kelleci TeHeyep )KyHeCciMeH aHBIKTayFa O0JIa Ib:

y=0, x=0, x=0,
OoX: , OY: , 0OZ: .
z=0 z=0 y=0

Exi xoopamHAT eci apKbUIBI OTETiH JKa3BIKTHIK — KOOPAHHATTHIK
JKa3bIKTBIK Jien aTtanabl. KoOpAHHATTHIK XKa3bIKTHIK YIIEY:

OXY >Ka3bIKTHIFBIHAAFBI HYKTEICP KoopauHaTTaps! — (X,Y,0),

OYZ ®a3bIKThIFBIHIAFBI HYKTEIEp KoopauHartapsl — (0,Y,2),

OXZ ®a3bIKThIFBIHIAFBI HYKTEIEP KoopauHaTTapsl — (X,0,2)

’KOHE OJIap/ibl COMKeC KeJleci TeHIeyIepMEH aHbIKTayFa 00JIa bl

OXY : z=0, OYZ: x=0, OXZ:y=0.

KoopanHatThIK Ka3bIKTHIKTAD KEHICTIKTI OKTAHTTAp (KapThl IIH-
pekTep) nen aranaTelH § Oesikke Oemenmi. ©OpOip OKTAaHT OHIAFBI
HYKTeJep/iiH KOOpAWHATTAPBIHBIH TaHOaapbIMEH aHBIKTa abl. Mblcasbl,

1-mi okTant X >0,y >0, Z>0 TeHCI3AIKTEpIMEH aHBIKTAIAIbI.
z

y
Xy
On J1.K.K. Tepic J1.K.2K.
5-cyper

44



3-11i KOOpAWHAT ©CiHIH OH TaHOAJIbl HYKTECIHEH KaparaHpa, l-mmi
©CTeH 2-T1i ecKe Kapail )KaKbIH TYCIIeH aifHaTy caraT TUTiHE Kapchl OaFpITTa
opeiHnanica OXYZ koopmuHat *kylieci OH, onaii OonMaca on Tepic kylie
Jien caHanansl (5-cyper).

§ 2.2. BekTopJap :koHe 0J1apFa KOJNIAHBLIATHIH
CBI3BIKTBIK amMayap

BexTopnap yreiMbl Oenrim Oip OarpIThl Gap mamanapsl CHIATTayFa
naiigananeutagel. Onmapra MbICAIap PETiHIE KYII, JKBUIIAMJBIK, OpPBIH
ayBICTBIPYIBI aTayFa 00JIaIbl.

AHBIKTaMa. Bexmop Oen, o3ine-03in napaiienb OpuiH AyblCMbIPYEa

boramuln, bazeimmanzan AB xecindicin atimaowvl dcone onvl AB  apkbiib

beneineiidi. Mynoaewt A men B nyxmenepi — 6eKmopobIH catikec dacol Men
yuLbl Oen amanaowl.

AB BEKTOPBIHBIH MoOIyni (Y3BIHABIFBI) xern, AB keciHamiciHiH
Y3BIHJIBIFBIH alTaIbl )KOHE OJT ‘E‘ = |AB| CUMBOJIBIMEH OeNriieHel.

Erep A xoHe B wHykrenepi Oerrecce, OHAa O AA=0 APKBLIBI
OenriyieHel e HOJI BEKTOP Jen atanansl. Hem BeKTOPABIH MOAYII HOITe
TEH (‘6‘ = 0) , aJI OareITEI OONMAaiILI, AaHBIKTAIMAFaH.

BarbIThl MEH MOJYJIi apKbUIbl BEKTOP TOJIBIK aHBIKTAIaabl. AJl ©3iHE
©3iH Mapajuiejb OPbIH aybICTHIPFAHHAH BEKTODJIBIH OarbIThl MEH MOy
e3repmeiini. COHIBIKTaH J1a MOIYyJAEpl TEeH jKoHE OarbITTaphl OETTECEeTiH

ke3 kenreH AB sxkone A B, BekTOpnmapel — TeH BEKTOPJAp eIl arajajbl

KOHE ONlap KAIFBI3 4 BEKTOPbIH aHbIKTaimel: a=AB=AB,

(@ BekTOpBIH KOO a opmiMeH Je Oenriieiini) (6-cyper).
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BekTopab! e3iHe ©3iH mapaiuiels OpbIH aybICTHIpYFa OOJIATHIH]IBIKTAH,
BEKTOp 0ackl eTiI Ke3 KeNTeH HYKTEHI aimyFa 00oabl.
Bip Ty3yme HeMmece mnapaienb TY3yJeple JKaTaTblH BEKTOPJAp

KOJUIMHeap JIeN arajagsl. @ ||a, cuMBousbl 8, MeH 8, BEKTOPIAPBIHBIH
KOJUIMHEAp €KEHIH KepceTedi. Hen BekTop Ke3 KelreH BEKTOpFa
KOJUTMHEAp eIl eCeNTENeI].

Bip ’Ka3bIKTHIKTA HEMECE MapajuieNib Ka3bIKTBIKTApAa JKaTKaH
BEKTOpJIAp KOMIJIAHAP JICTT aTanajpl.

d BEKTOpBIHA KOJUTMHEap, MOAYII |é| T€H, OaFrbIThl d BEKTOPBHIHBIH
OarbITBIHA Kapchl BEKTOp & BEKTOPbIHA KapaMa-Kapchl BEKTOP Jen
aTajmazpl JKoHe —a apKeUIbl Oenrimenedi (6-cyperti Kapaowiz). Erep
a=AB 6oJca, oua —a =BA.

AHBIKmMama. 8 6eKmMopbl MeH 0, CAHbIHBIY KObeumindici den, Keleci

YIII IIAPTThl KAHAFATTAHIBIPATHIH D =0-8 BEKTOPHIH alTAJIbI:

D |ol=ledld;

2) blla;

3) b=ad Bekropsl o >0 Ooinca, & BEeKTOPbIMEH OarbITTac, ai
a <0 6osca, d BEKTOPHIHA KapaMa-Kapchl OarbITTaFaH.

Erep aa=0 0Ooiica, onza aa=0.

AHbIKTaMagaH, d BEKTOpel MeH —1-d8 Kapama Kapchl BEKTOpJIAp
00JIaThIHBIH KOpeMi3 (Ko3 JKeTKi3iHi3), conapikran, —1-d = —a.

Ha3zap aynapeinbI3! AHBIKTAMaHBIH ©KIHIII IIApThl OOMBIHIIIA,
d BEKTOPBI MEH ¢, CAHBIHBIH KOOeHTIHmicI b=a-a — ocwl @ BEKTOPBIHA
KOJIJTMHEAp BEKTOP.

Kepi TyxKbIpbiM 1a aypbic: Erep d Men b eexmopnapur xoimneap

0osica, oHma b =o -3 TeHmiri opbIHAATATHIHAAN KAJFBI3 o CaHbIH
mabyea 6onadvl. 1llbIHBIHAAZ da, KOJUIMHEap, HOJI eMec da MeH Db
BEKTOpPJIAphI YIIiH ‘b‘ =|a|-|§| TEHJIITi OPBIHAATIATHIH O )KOHE —O. CaHJIaphl

O6ap exeni Tycinikti. Erep d MeH b kosumiHeap BekTOpiapbl OarbITTac
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6onca o >0 canbiH, a1 @ MeH b KoJUMHEap BEKTOPJIAPBIHBIH OarbITTaphl
e3apa KapaMa Kapchl 0oyica <0 caHBIH ancak, oHAa @ BEKTOPHI MEH o

CaHbIH KOOCUTYy epeKeciHiH VI ImapThl Ja OpbIHAamaabl ga b =o-a
anambi3. COHbIMEH, KeJleci TeopeMa JoJeNaeH I :

Teopema. d men b BekTopiapbl KoyutMHeap Oonysl yimiH, d=o b

Hemece b = S TenairiHiy OpHIHAANYBI KQKETTI JKOHE JKETKLIIKTI.

Anvikmama. 8 eexmopvinvly Yl MmeH b eekmopuinbly  Oacel
bemmecmipineen dcazoaioa, a swcane b eexmopnapvinvly KOCbIHObBICH
a+b oden, 6ace a@ gexmopuinbiy Gacel, an yuvl b eexmopuinbly yuibl

oramein € =a+b BEKMOPbIH aumadbl (7—cypem)

Y S

7-cyper

d MeH b BeKTOpPJApBIHBIH KOCBHIHABICBIH Taly YIIH «yubypoiu
epedicecin» Tahaamanyra Oojamel: ke3 keiareH A Hykrere AB=48

BEKTOPBIH  caielll, comaH coH BC=b  BexkTOopblH  TyprFBI3Ca,

a+b=AB+BC=AC mbiragel; HEMeCe «NAPALICAOSDAMM EPENCECIHY

naiiananyra Oonanpl: 8 MeH D BeKTOpiapblHBIH OactapblH opTak A
HYKTECiHJIe Ty#icTipeai e (Ezé, Ezﬁ), onapzpl KaObIpranap eTir,
napajuiesiorpaMM TYpFbI3aabl. Ocbulail anblHFAH MapajuiesuIOrpaMHBIH A

HYKTeciHeH mibiFaThiH AC  juoranami a+b Oonambl. AHBIKTaManaH,

Kapama-Kapcol 8eKMOpapobly KOCIHObICbL HOJl 6eKmOp OOJaThIHBIH
KOpeMi3, ajl KOLIUHedAp GeKMOPAapObly KOCBIHOBICHL OCbl 6CKMODIAPA
KoLtuneap eekmop 6onanbl (Ke3 KeTKi3iHi3).

bipueme &, i1=12,..,n BexkTopiaapabl KoCy YILIiH, apOip Keneci g
BEKTOPBIHBIH OaChIH aJIBIHFBI &;_; BEKTOPBIHBIH YIIBIMEH TYHICTipeni xe,
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OipiHII &8, BEKTOPBIHBIH 0achl MEH COHFbl &, BEKTOPBHIHBIH YIIBIH KOCBII
n
a=).d BEKTODHIH TypFbI3abI (8-CyperT).
i=1
Keneci kacuerTepmiH OpbIHIANATBIHBL OpTa MEKTEN KypChIHIA
JIOTIETIICHT eH:

1°. a+b=b+a — (xomuymamusmi);

2°, (é + 5) +C=4a +(5 + 6) — ((accoyuamuemi);

3°. (on B) a= oc(B ﬁ) —  (canowix  Kebeimkiuimepee Kamvlcmol
accoyuamuemi);

4°, ((x + B) d=a a+pa — (canoapowt Kocysa Kamovicmol Ouc-

mpubymuemi);

8-cyper

5°. oc(é + 5) =a d+ o b — (6exmopnapov Kocyza kamvicmer oucmpu-

6ymuemi);

6°. a+0=a — ke3 KenreH BEKTOPFa HOJ BEKTOPIbI KOCKAHMEH, OII
e3repMmeiii;

7°. a+(-Da=0 - ke3 xenren a Bekropsl ymin (—1)a BexTOpHI
Kapama-Kapchl BEKTOD;

8°. 1.a =a — Bexrop/pl Oipre KeOEHTKEHMEH, O ©3repMeiii.
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AHbIKTamMa. 3 men b eexmopnapvinwiy aiivipblmbl JIeN, & BEKTOPHI

MeH D BekTopelHA KapaMa-Kapchl BEKTOPIBIH KOCBIHIBICHIHA TCH

d—b =a+(-b) BexropsIH aiiTampL.

bip HykTemeH IIbIFaThiH @ MEH D  BEKTOPBIHBIH AaWBIPHIMBIH:

X=8-b camy yunH, D BEKTOPBIHBIH VIIBIH 8 BEKTOPBIHBIH YIIBIMEH
KOCaTBlH BEKTOp Typrbi3ca OosFambl  (9-cyper), Hemece da—b=

- - - . . g
=0OA-OB=BA (mynma a—-b=a+(-b)= BA TteHnirinin  opbiHIa-
JIATBIHBIH TEKCEPiHi3).

O a A
9-cyper

AHBIKTaMa. &,,8,,...,8, 6EKMOpPIapbIHbIY, CbI3bIKIMbL KOMOUHA-
n

yuacel oen, Ca +Cya, +...+C,d, = C;& 6exmopbin amads. MyHoazvl
i=1

¢, 1=12,..,n candapvl cuizbikmol KOMOUHAUUAHLIY KOIPDuyuuenm-
mepi den amanaob.

BekTopaapabiH ChI3BIKTBI KOMOMHALMSACHIHBIH KacHeTTepi:

Erep &,d,,...,d, BeKTOpiapsl KOJIMHEap Ooica, OHAA ONApAbIH Ke3
KEJITeH ChI3BIKTHIK KOMOMHAIMSICHI J]a OCBI BEKTOpJIapFa KOJUTHHeap 00Jajbl;

erep &;,d,,...,8, BEKTOpJApbl KOMIUIaHap 0ojca, OHAA OJapAbIH Ke3
KEJITeH CBHI3BIKTHl KOMOMHAIIMSCHI J1a OChI BEKTOPJIApFa KOMIUIAHAP 0Oa IbI
(k63 KEeTKi3iHi3).

n
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§ 2.3. Ty3yaiH, :Ka3bIKTHIKTHIH #KJHe KeHICTiKTIH 0a3ucrepi.
BekTopJapra :kacajaTelH aMaJAapabl apu(pMeTHKANBIK aMaJiaap
apKbLIbI OPBIHAAY

(Aman aiimviimaca, momende xapacmvipviiamon € ,€,,8; eexmopiapoin

HOJ eMec geKmopaap 0en Kabwvlioay Kepek.)
AnbIKTaMa. Ty3yoeci ke3 KeleeH HONL emec € @ekmopul my3y Oazuci

oen amanaovl; Kes xeneen xoniuneap emec (€,€,) eekmopuapoviy pem-
meneen JHcyowl HeazblKmulK 0azuci oen amanaovl, Kes xeneen komnianap
emec (€,€,,6;) sexmopnapoviy pemmencen yuimici KeHicmik éasuci oen

amanaowi.
ba3uc typaabl Teopema. Keyicmixmezi Ke3 KEIreH & BEKTOPHI,

€,,€,,6; 06a3MCTIK BEKTOPIAPABIH ChI3BIKTHI KOMOMHALUACH! 0OTabl jKOHE
0J1 KOMOMHAIIMS JKaJIFbI3:

d=X€ + Y€, + 2€;; (D)

(MyHzarsl X, Y, Z cannapsiH a eekmopuvinviy € ,€,,€; 6asucindezi Koop-
ounammapel J1eWnl 1€, OHBI é:(x, y,Z) apkeuibl Oenrineiini. By
Kargaiina, 8 eexmopul €,€,,6;, Oazucinde Gepindi Hemece 8 GeKMOpb
€,,€,,6; basucine ncikmenoi nenni;

Con CHSKTBI, J#Ca3bIKMbIKMagsl Ke3 KENreH a BEeKTOpel, €6,

0a3uCTIK BEKTOPJAP/BIH CBI3BIKTBI KOMOWHAIMACH OOJIaJbl KOHE O
KOMOMHAINS KAJIFBI3:

a=Xe +Ye&,; 2
(MyHImarsr X, Yy caHAapblH & BEKTOpPBIHBIH 6,6, Oa3ucinmeri
KOOpauHATTapsl Aetimi). (2) TenmikTi é:(X; y) TYPIHIE /e Ka3aIbl.

Ty3yoOeei Ke3 KelreH @ BeKTOphl, € (Hemece € ) 6a3uCTIK BEKTOP/BIH
CBI3BIKTHI KOMOMHAITUSICHI 0OJIa bl )KOHE OJ1 KOMOMHAIIHS KAaJFbI3:

d=Xx€ Hemece a=Xe€ 3)
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(MyHIaFbI X cCaHBIH 8@ BEKTOPBIHBIH € Oa3uCiHIeri KOOPIUHATHI ICH/I ).
(3) TermikTi 8 = (X) TYPiHZE A€ Ka3aJIbl.
V (3) TeHOIKTIH OYPBICTHIFBIH KOpPY KHBIH eMec. OWTKeHi 8 MeH

€ BeKTOpJIaphl KojutuHeap Oosranabiktan § 2.2 Teopema OoiibiHiia, (3)
TEHIK OpPBIHAANATHIHAAN X caHbl Ta0bLIa b (10-cyper).

A (x)

o

Y —
]y
Xy

10-cyper
(3) TennmikTiH Oacka TYpi OONMMaNHTHIHABIFBIH KOPCETY YLIIH

d=Xx 6 X#X (3)

TEHJIrl OpbIHIAJATBIH X CaHbIHAaH Oacka X, caHbl ga Oap OOJCHIH Jem
xopublK. OHzpa (3) TenmikreH (3') TEHAIKTI MYIIEJEI IIerepcek Kapama-
KaMbuIbIkKa Kenemis: 0= (X— )(1)61, arHE X—X =0, X=X.

Byn TeopemanaH, BEKTOpIbI caHFa KOOEWUTy epexeciHe CyleHe OTBIPHIT
KeJIeCl epeXeHI TYXKBIPhIMIAN alaMbl3.
1-Epesxe. Hon emec exi 6ekmopoviH en 601mazanoa oipeyi eKiHuwliciniy
CHI3LIKMbL KOMOUHAUUACHL 007iCA, MEK COHOA 2aHA 01ap KOJLIUHeap

0onaovl.
A, A

1la-cyper

Enpi (2) TenuixTi ponenjeiiik. € MeH €, BekTopiapsiH oprak O 0ac
HYKTeCiHe KeNTipeMi3 /e, 8 BEeKTOPBIHBIH YIIBIHAH € BEKTOPHIHA Iapai-

Jdedb TY3y oKyprizemis. A, HYKTeci OCbl Ty3y MeH €, BEKTOp OCIHIH
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KUBUIBICY HYKTeci OonceiH (1la-cyper). Onpa é:O—Al+ATA Ooazpl.

Byman OA =x§ wone AA=OA, = Y&, Gonraupikran, &= Xg + Y&,
aJaMbl3.

Enni (2) koMOMHAIMSAHBIH JKalFbI3 €KEHiH KepceTeiik. (2) TeHmiKTeri
KOMOMHANUsAAaH Oacka Tarbl Ja Oip KkoMmOuHarwst 0ap OOJCHIH Jem
yiirapaiiblk, sFHM 8 = X& + Y,6, &KoHe X# X, Y#Y, Ooncein. Ownpa (2)
TCHJIKTEH OCBI TeHNIKTI MylIesen merepeek 0 =(X—X, )& +(y—y;)&,, an
Oynan Xx—x =0, y—y, =0 1mbirags! (WIBIHBIHIA 1a, MBICANBI, X — X #0
Yi—y
X —

Oonca, oHma € = €,, ArHH, € | €, ). AJBHFAH X=X, Y=Y,
TeHAIKTepi (2) KOMOMHAIMSHBIH KAIFbI3 €KeHIH KOpCeTe .

byn TeopemamaH koHEe €Ki BEKTOPABI KOCYABIH YIIOYPHIII
epexeciHe cyieHin, Keneci epeskeHi TYKbIPBIMIAl anaMbl3.

Epexe. Yw eexmopoviny en 60a1mazanoa oipeyi Kanizan Koaiuneap
emec eKi 6eKmopOblH, Cbl3bIKMbl KOMOUHAUUACHL 001CA, MeK COHOA 2aHa
onap Komnaauap 601aobsl.

Enpni (1) TeHaikTi gonenaeuix.

V¥ Meina cyperteri A HYKTe€EH €, BEeKTOpPbIHA Mapajlienb Kypri3iaren

Ty3y MeH €, €, BEKTOpJIapbl apKbLIbl OTETIH Ka3bIKTHIKTHIH

€ 11ao-cyper
KUbLIBICY HYKTeci B 6oscein (11a-cyper). OHma (2) TeH ik OOMbIHIIA
OB =X€ + Y€, opblHmanaTelHAail X,y caHIapsl TaObUIaAbl >KOHE

€, BA Oonrannbikran, BA = z€, opeinnanareiniaii Z caHbl TaObUIA/IBL.
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Omnait Gonca, d=0A=0B+BA=X€g + VY€, +26,, aruu, (1) TeHmik
OpBIHAANABI €KeH. Bysl JKIKTeIymiH J>KaJFbl3 TypJe OOJIATHIHBIH
KapChl J)KOPY 9/liciMeH Kepcereiik. AiTanbik (1) TeHmikTiH O6acka aa
XKIKTEITy TYpi Oap OOJICBIH: a=xg€ +VE +78,
X#X,Y#Y,, Z#Z. Erep (1) TeHaikTeH Oy1 TEHAIKTI MyIlenemn
werepcex, ouga 0=(X—x)&+(y—y,)& +(z-2)6, anambs.
Conrel  Tenmik Tek X—X =0, y-y,=0, z—7, =0, sruu,
X=X, Y=Y, Z=12 Oonca rana opbiHganaasl. llIsiHpiHAa 12, erep

onmaii Oonmaca, aWTanblk X—X #0 Oosca, oHIAa COHFBI TEHIIKTCH

= Vi 277 =~ = =
€ = y— % g - L€,, arHH, € BEKTOpHl €, , €, BEKTOPJIAPBIHBIH

X, — X X, — X

CBI3BIKTBI KOMOMHAIMACHI O0JbIN, 2-epexke OoibiHma € , €,, €

BEKTOpJIapbl KOMIUIaHAp OoJylap el Jie, Teopema MiapThiHA Kapama-
KaWIIBUIBIKKA KeJIep eiK. A

Enpmi BekTopiapra jkacajJaThlH aMajIapabl OJIApJbIH KOOPIUHATTApPhI
apKbLIbI OpbIHAayFa (apudMeTrkagayra) OONaThIHBIH KOPCETEHIK.

1-teopema. Bektopnapasl KOCKaHIA ONApIbIH COWKEC KOOpPIH-
HATTaphl KOCBUIJbI, BEKTOPJbl CaHFa KOOCHTKEeHIE, OHBIH OapJIbIK
KOOPJMHATTApBI OCHI CaHFa KOOCHTIIE .

V  TeopemaHbl yII emmeMJli KEHICTIK VIIiH manennedik. Erep

€,6,,6 OGasucinge 8=X,6 +Y,6 +2,6, b=x8 +VY,E +2,8 Bekrop-
napel Oepijsice, OHIa BEKTOpJapfra jKacajifaH amaliapra KaThICTel § 2.2,
1°-8° KaCHETTEeP/IiH KaKETTUICPiH MakiaaaaHbIn

A+b=X08 +Y,6 +2,6 +X8& +V,& +2,6 =

=(Xa + %) + (Ya + Y)€ + (2, +2,)€;, sifHm,

A+D =(Xy + X, Yo + Vpr Zy +2,) ATaMbI3.
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Ke3 xenren A cansl ymin § 2.2, 1° —8° xacmerrepmin KakerTinepi
naiinananeim A 8=A(X,E +VY,6, +2,6;)= A X, 6 +AY,E, +A 2,6 any-fa
Gomazpl, srHE A @ = (AX,,AY,,AZ, ). A

2-Teopema. a=(X,,Y,,2,) %oHe b=(X,,Yp,2,) BEKTOpINApH TeH
0OyB! YILIIH ONApABIH COMKEC KOOPAMHATTAPBIHBIH TEH OOIybl KaKETTi
KOHE KETKITIKT: d=h < (Xa =X Ya=VYor Zy=12)

V a=b, nemece X,& +Y,6, +2,6;=X6 +V,6 +2,6  Gonceim.
ATnIpIMEH TeHTIKTIH €Ki jkarblHa —X,& — Y,€, —Z,€; BEKTOPBIH KOCHII, §
2.2, 1° —8° xacuerrepai maiifamaHaMbI3, COHBIMEH Gipre BEKTODIAPIBIH
Tenaik Oenrici MeH €,€,,€; BEeKTOpIAapbIHBIH 0a3uc (SFHH, KOMILIAHAP
eMeC) eKEHJITIH eCKepeMis:

a=b o XB+VY,6 +2,8 X6 — Y6 —26=0 <

S (G X)E+(Ya— V)& +(2,-2)6 =0 <
< X —%=0v.,-%=02,-7,=0 <

= Xa=Xpr Ya = Yo L3 = 4.

Kepicinme, erep X, =X,, Y, =V, Z, =Z, TeHIIKTepi Oepiice,

OHJIa KOPCETUITeH TYPJICHAIPYJIep Ti30€riH Kepi Kapail OpbIHAAl OTHIPHII

d=b amamps. A
3-Teopema. (Koopounammapwr 6Oepineen  6ekmopaapoviy — KoJau-
neapnolk  Oenzici)  @=(X,, Y, Z,) KOHE b= (X1 Yo:25) (@a=0)

BEKTOPJIaphl KOJUTMHEAp OOJIYBI YIIIH OJIAp/AbIH COliKec KOOPINHATTAPBIHBIH
MIPOTIOPITMOHANT OOyl KAJKETTI JKOHE JKETKIIKTI:

- X, Y, Z

blla < 2=22=-"b_),

¥ Erep b|ld 6onca, onna

b=rd < (% V2)=(AX, LY, A2,).
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CoHFBl TEHIIKTEH 2-TeopeMa OoibIHIIA X, =A X, Yo =AY,
Z, =\ Z, Hemece

X Z
_bzﬁz_b:x (4)
Xa ya Za
anambi3. Kepicinme, (4) Tergikrep opsiHzanca, ouga b || ekewin
~

Kepy KUBIH eMec.

JKa3BIKTBIKTaFEI BEKTOpJAp YIIIH KEATIPUITEH TYKBIPBIMIAPIaFhI
YLIHIN KOOpIuHATTap ka3puimaiael (Z = 0). Meicaisl, 5=(2,—4) MeH
~ . : —4
a=(-12) BexTOpIaphl KOJUIMHEAP, OUTKEHI I =7 =-2.

Kenicrikreri OXYZ TikOyphIIITH JeKapT KOOPAMHATTAp KYHECIHIH

OX,0Y,0Z KOoOpIuHAaT ecTepiHiH Oipyiik BEKTOpIaphl: i,].k
(|T|=|T|=‘l€‘=1) KeHiCcTiK OasuciH Kypaimel. Onapasl, opmonopma-

nanzan  6azuc xoHe OX,0Y,0Z ecTepiHiH OPTTApbl Iem aTaibl
(12-cyperTi KapaHbI3).

ZA
AZ R
D 'Y, 2)
:T Y »>
P ' Y
O '
12-cyper
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KeHicTikTiH kKe3 kelareH A HYKTeCiH anaiblk. bacel koopawHat Oac
HYKTeciHme, yimbel A HykTeciHme OomatelH OA BEKTOpPHI A HYKTECIHIH
paamyc-BeKTOpbl nen aramagsl. An OA  paduyc-eéexmopwinviy i, J,K

bazucinoezi koopounammapvl OHblH, A  YWbIHbIH ~ (HYKmMeCiHiH)
Koopounammapuwinoait 6onanel. lllerHeIHDA 72, erep A=(X,Y,z) Oomca,

OHJIa J)KOFaphIJia KOPCETKCHIMI3IeH KeJleci TEHMIKTEeP/l xKa3a allaMbI3:
OA=a=0A" + AA = OD'+OB’+0C =Xi + yj + zk = (X, Y, 2).
Ocbl sKaFjaiiFa OailnaHbicTsl, 1,),K Oasucinme Oepiaren OA
BekTOopAbl A HykTeci (BEKTOPJABIH VIIbI) JeM, JXOHEe Kepicinme, A

HYKTECiH OA BEKTOPBHI JIeN aTaii Oepei.
Tikoypoiwumer Koopounammap icytiecinde oepincen A=(X,,Y,,Z,)

acone B=(X,,Y,,2,) Hykmenepi apxvinel Kypanzan AB eexmopvinviy

i,k 6asucinoezi Koopounammapel B scone A nyxmenepiniy caiikec
KOOpOUHAMMAapbiHblH QUbIPLIMOADBIHG MeEH:
AB:(Xb_Xa!yb_ya!zb_Za)' (5)

IeiabiHaa g8, AB  BekTOpBIH €Ki pajnyCc-BEKTOPIBIH aWbIPHIMbI
apKBUIBI ODHEKTEYTE 0O0JIaIbI

AB =0B —0A=(X,i +Y,] +2,K)— (X0 +Y,]+2,K)=
= (% = X)T + (% = Ya) T + (2, — Z)k.
Mpicanb, erep AL-L 1), B(2, 3 4 Oepiice, OHJa
AB=(2-1, 3-(-1), 4-1)=(14,3) =1 +4] +3k.
Mpeican. bepinren A(—5,1,6), B(1,4,3), C(6,3,9) HYKTEJEPiHiH

- -

KOOpAuHATTaphl OoiibIHIIA d =4 AB+ BC BEKTOpHIH Taly Kepek.

Hlewyi: Ng JKOHE E BEKTOPJIapbIH T, i, k 0asuciHe KIKTENMI3:
AB =0B -O0A=(14;3)(-516)=(6;3,-3),

BC =OC —OB = (5,6,-2) —(—4:2;3) = (9;~8,5).

BeKTopnapf a JKaCaJIaTbIH CBI3BIKTBIK aMaJlJapAbl OprH,Z[afIMLB:
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a=4AB+BC =4-(6;3-3) +(%-8;5) = (24:12,~12) + (%;—8;~5) =
=(33;4;,-17). JKayabor: =337 +4] -17k.

TakpIpbINIKa ApPHAJIFaH CYpPaKTap

1. Ty3yneri, ®a3bIKTBIKTAFbl KOHE KCHICTIKTET1 TiKOYPBIIITHI
JEKapTTHIK KOOpAMHATTAp KYHeci Kanaid aHpIKTanansl? HyKkTeHiH ochl
JKy#enepaeri KoOopIUnHATTAPBIH Kajlail aHBIKTaiIb1?

2. BekTop, BEKTOPIBIH MOy, HOJ BEKTOP YFBIMAAPBIHBIH
aHBIKTaMa-JIAPbIH KEITIPiHi3.

3. Konnmuneap, koMruanap BEKTOPJApAbIH aHBIKTaMaapblH
KeNTIpiHi3.

4, TeH BeKTOpJIApIbIH aHBIKTAMACHIH KEATIPiHI3?

5. Bekropmapra  kacalaThlH  CBI3BIKTBIK  aMaJap/bl
aHBIKTaHbI3. ONMappIH KaHAal KacueTTepi 6ap?

6. Ty3yneri, ka3bIKTHIKTaFbl, KEHICTIKTer1 0a3uc nereH He?

Ke3 kenreH BeKkTopAbl 0a3MCTIK BEKTOpJAp apKbUIbl JKIKTEY TYypasibl
TEOpEMaHbI TY3Y, )Ka3bIKTHIK JKOHE KEHICTIK YIIiH TYKbIPBIMJIAHBI3.

7. Bekropmapra  jkacanatbH CBI3BIKTBIK amanIapsI
apudMeTHKanay JAereH He )KOHE 0J1 Kalai OpbhIHIAIa bI?

8. BexropmapneiH kanmaih ga Oip OasucTeri KOpIWHATTAPHI
apKBUIBI €Ki BEKTOP/IBIH TEHIITIH aHBIKTaHbI3.

9. Exi BEKTOPIBIH KOJUIMHEAPJBIFBIH, OChI BEKTOPJIAPBIH
KaHJai na 0ip 0a3ucTeri KOpIUHATTAPBI APKbUIBI AHBIKTaHbI3.

10. Kanpmaii 6a3uc oproHOpMalbIaHFaH Jen arananbl? Pamuyc-
BEKTOp JIETEH HE IKOHE OHBIH OPTOHOpPMANbJaHFaH Oa3uCTeri
KOOPJIMHATTApPbI KaJlall aHBIKTAJIa Ibl?
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§ 2.4. Kecingini 6epinren kareiHacTa 6671y

Bekropnap TeMeHe KO0 opinTepMeH OeNrieHTeH.
Ecen. Tix OypeliTeIl JEKapT KOOpPJAWHATTAp IKyHeciHe

X= (Xl, Xy, Xy ), y= (yl, Y,, y3) HYKTeJepi OepisiciH. [X, y] KeCiHJiCiH
p:q (p>0,q>0)kaTeiHackiHAal eTin OeneTiH Z = (Zl, Z,, 23) HYKTECiH
Taly Kepek.
% - y
p q

v 1-macin. Keneci 6ipnik eexmopnapOviy TEHIITIHE KO3

. 1 1
KETKI3y KHUBIH eMec: B (Z - X) = a (y — Z). byran BexTOpmapra

JKaCaJlaTbIH  CBI3BIKTBIK aMajiaap[bl KOJIJJaHa OTbIPHIIL, i3II€JIiH

- ., O9X+py .
OTBIPFaH Z HYKTeHITabaMbI3: Z = ————. Aun Oy TeHIiKTeH X ,Y, Z
P+q
BCKTOPJIAPbIHBIH X=(X,%,%), Y= YY) 2=(2,2,,2,)
ax; + py; .

KOOpJMHATTAPbIHA OTCEK, Z; = W, 1=12,3 anamms.

Hepbec >xarmaiima, p=(Q=1 Oosnca, oHIa KeCiHOIHiK opmacsl

X: +Y;

LWIBIFA/IBL Z; :’Tyj, j=12,3. -~

2-macin. [X, y] KECIHJIICIHIH Ke3 KeJlreH Z HYKTeCiH (pamuyc
BEKTOpbIH) Z=X+pu(y—X), 0<pu<1l memece z=(1—-p)x+py, 0<pu<l
TeHJIriMeH aHbIKTail anambl3. COHFBI TEHIIKTE A =1—p jen ajicak, [X, y]

KECIH/ICIH Keneci TeHIIKTI KaHaFraTTaHABIPATbIH Z HYKTEJEPiHiH >KUBIHBI
peTinae KapacTelpyFa O0Jaibl:

Z=2X+py, A,u>0, A+pu=1. (1)
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Mynga, p=0,A=1 Oomca z=X, anm A=0, uy=1 Oonca,
Z =Y HIBIFa bl Erep A+p=1 texuiri cakramareiagaid A >0, pu>0
caHaapsl Oepiice, OHIa Z HYKTECI [X, y] KECIHJIICIHIH MIiHIE XKaTa b,
Teopema. z=Ax+py, A,n=>0, A+p=1HyKTecl [X, y] KECIHIICIH,
Y3BIHABIKTApbl  [L:A  KaThIHACBIHAAH OOJATHIH [X, Z] JKOHE [z, y]
kecinainepine 6eneni (13-cyper).
X

13-cyper

Y  Korapeima aiiThurraHmai, (1) TEHAIKTI Kejlecli TEHIIKTEpre
aybICTBIpyFa OONamb:

Z=X+wy—X), 0<u<l xone z=y+A(X-y), 0<A<1. Bbyn eki
TEHIKTEH KeJIeCl COUKEC TEHIIKTEP IIbIFaIbl

[2 =X = uly —x. @
[2=y|=2x-yl. ©)
Enmi (2) tenmikti (3) TeHIIKKe Myleien O6JCeK TeopeMaHbIH
=X _p .
PaCTBIFBIH KOPEMi3: =—.
lz-y| A
Ere 4 _ A P__
P =2, =p gem  aicak, oHma A, u=0,
pP+q pP+q
A+pn=1 Teopema mapTTapsl OpbIHIAIATHIHBIH KepeMis. Omnaii 6oca,
Z=AX+puy= 9 x+P yqu+py. (4)

P+q  p+q pP+q

59



Byn  TeHmikTi  ym  emmemai  KEHICTIKTEri  HYKTEJIEpHiH
X=(X,%,%), Y=(Y,Y,:Y3), Z2=(2,,2,,2;) koopauHaTTapsl OOBIH-
111 JKa3CaK:

X. + .
ZJ_:M, j=12,3 (5)
P+q

. 1 .
anambi3. JlepOec xarnmaiina, p=q=1 Oonca (A=pn= 2 JKaraanel), oHIA
KeciHOIHiH opmacsl IbIFaJIbI

Xi+y: .
| J _ '
Zj_T' j=123 (5
Mpeican. A 1, 2) xone B(4, 7, 8) HykrTenepiH KocaTbIH KeCiHAiHI
2:1 xartweiHaceiHOaM etin Oenetin C(X, Y, Z) HYKTeciH Tal0y Kepek.
Y p=2, q=1 nmen amsim (5) TEHOIKTEP/II Ta1aTaHAMBI3:
X:l-l+2-4:3 =l-1+2-7=5 Z:1-2+2-8=6.

142 Y= ' 142
XKayabpr: C(3; 5, 6). =

§ 2.5. BekTopJjiapabIH Ty3yre nNpoeKuuschl.
BekTopaapabin ckajgap kedeiTinaici :koHe OHbIH KacueTTepi
a eexmopuvl men 6agvimmanean L my3yiniy apacvindazel oypuiul o

men 6oacoin (14-cyper) .
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1-AnbikTama. a= AB eexmopoinviy oOazeimmanzan L my3yine

(6éexmopnnik) npoexyuscot (Ilp d) oen, A'B’ gexmopwin aiitansl:
le_ﬁ —A'B, MyHJarbl A', B' Hykrenepi colikec A meH B HykTenepinin L
TY3YiHJET1 MPOeKIHSIIapHI.

Erep @ Bekrtopsl MeH L Ty3yiHiH apacelHAarbl Oypeln cyiip Ooinca
(0<o=/(a,L)<90° ), onma A'B’ BEeKTOPHIHBIH (IIPOCKIMSHBIH) GAFBITHI
L Ty3yiHiH OarbiTiMeH OeTTecemi, ain on  Oypeln jgoran  ©oica
(90° <w=~-(a,L)<180° ), omma AB’ BEKTOPBIHBIH (IPOCKIIMSHbIH)

OarbITHI L Ty3yiHIH OarbIThIHA KapaMa Kapchl 0omaapl. OcCHI JKOWUTTI eckepe
OTHIPBINT 8 BEKTOPBIHBIH OarbITTanFaH L Ty3yiHe MpOEKIHACHIH KeJeci

TYpZE Jie aHbIKTayFa OoJasl.
2-AnbikTama. a=AB eexmopuvinviy L oOazeimmanzan my3yze
(ckanap) npoexuyusacol Oen, & GeKMOPbIHbIY MOOYI MeH =< (é, L)

OYPbIUBIHBIY KOCUHYCBIHBIY KOOeUmindicin atimadvl.
Ip, a =|a|cosw =|d|cos £(d,L), O0<w<m. 1
a,b BEKTOPJAPBIHBIH, MPOSKIMSIIApBl  YIIIH KeJlleci KachueTTep
OpBIHIAJIA IBI:
1°. Tp, (@ +b) =TIp d +IIp,b; (2)
2°. Ilp, (ad) =o I1p, & (3)
¥ 1° nypeICTBIFBIH C =d + b nem ambm, 15-cyperren aHrapyra
oonanpl. 2° danendeitix. Erep o >0 Oonca, onna Z(ad,L)=~2(a,L)=w
Gomamel na, [lp ad=|o-d|-cosZ(ad,L)= |o|-|d]-cosZ(d,L)=ollp a
aJlamMbI3.
Erep o <0 0ouca, onna Z(od, L) =mn—(d,L) Tenuirin eckepemis:

Ilp, ad =|a.-d|-cos Z(od, L) = |o| -|a|cos[n— £(&, L) ] =

=—o-|a]-[-cos£(a,L)]=a- IIp d.
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An oo=0 ymriH 2° QypHICTHIFB AWKBIH KOPIHIN TYp. “

B

(o4 B
15-cyper

BipiHi, KacHeTTeH, G =(G—b)+5 TCHIIriH naiifanancax

Ip a=TIIp [(a- b)+b]= Ip, (@8- b)+ HpLB, ay OyJ1aH KeJeci TeHIIK
UIBIFAIBL:

Ip, (@—b)=IIp a—TIIp b. 4
AHbIKTaMa. 3 Men b 6EKMOPIIAPBIHBIY, CKaANAp Kobeuminoici Oen,
0Cbl 8eKMOPAAPObIY Y3bIHOLIKMAPbL MeH 0Japobll apacblHOaebl @ OYpbl-

WblHbLY  KOCUHYCbIHbIY Kobetimindicine mey (8,b) nemece @b apxwibl
Oenzinernemin canovl aumaowl:

ab = (d,b) =|a|-\6\cos4(a,6) . (5)
(1) TenuikTi eckepin Oy aHBIKTaMaHbI KeJIeCi Typjie Jie aiiTyra 6oJiaibl:

€Ki 6eKmopobly cKanap Kebeiuminoici oen, onapoviy Oipeyiniy MoOOYIi MeH
eKIHWICIHIY OIpiHUT 8eKmMOopaa NPOeKYUACHIHLIY KOOeUMIHOICIH atmadbl:

ab = || [p,b =‘5‘Hpﬁé, (6)
Cxansip KoOeliTiHIiHiH MbIHA/AH KacHeTTepi Gap:
(a,b) = (b,a), (7)
(a,b +¢)=(a,b)+(a,c), (8)
(a,0b) = a(a,b). (9)
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(7) Tenmik Tikenel ckaisp KOOCUTIHII aHBIKTAMACHIHAH IIBIFAIbI.
(8) menoikmin oanenoeyi:

(9) menoixmin 0anenoeyi.

¥ (4,ab)=d|-Ip,(ab) =|a|-a-TIp;b = - (a,b). =

Meicansr, (24 -30,4€ +d ) =84c + 2ad —12b¢ —3bd.
Hen emec d,b BEKTOPJIApPbI YIIIH KeJieCl KaThICTap OPbIHAAJIAIbI:

1)(a,b)=0 < (ab)= g , sFHH (8,b BEKTOpIApbl OPTOrOHANB);
2) (@,b)>0 < 0<4(a,6)<g;

3) (@,b)<0 < g< /(@b <.
Kes kenred @& BEKTOPHI YIIIIH KeJieCi THIIKTI jka3yFa 00Ja b
o =2
@a)=[a". (10)
TikOypbIITEl JACKAPTTHIK KOOPAMHATTAp IKYHECiHIH KOOpJHHATA
©CTepiHiH OpTTaphI 1, J,K YIIiH MbIHA TEHIIKTEp OPBIH/IANA/IbI:

(rvr):(]i I)Z(E,E)Zl, (11)

(i, ) =3G.k)=(,k)=0. (12)

Enmi  BekTopiapipl CKaslp KeOeHTyl apupMETHKANBIK amaliiap
apKbUIBI OPBIH/IAYFa OOJIATHIHBIH KOPCETEHIK.

Erep {i,],k} Gasuciuge a= (X, Y1, 27), b=(x,,¥,,Z,) BexTOpmApHI
Oepisice, oHa:

(a, 6) =X X + V1Yo + 225, (13)
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¥ Ulsmega aa, (7), (8), (9), (11), (12) renuikTepin naiaanaHcak
ab = O +y,j+ lez)(xzr +Y,0 + Zzlz) =
= X611 + X Y,1] + X, 250K + Y1 JT + V1Y, [ +Y,2, K +
+2, %Ki +2,Y,K| +2,2,KK = XX, + Y, Y, + 2,2,. -
Erep d=Xi+y]+z k Gonca, oHma (10) xone (13) TeHmikTEepACH
aa=[a =x*+y?*+2%, an Gymam a=(X,y,z)= Xi +yj+2K BekTOpEI-

HBIH MOJIYJIiH aJaMbl3:
|a|= X" +y® +2°. (14)

Erep a=(x,vY,2), , b=(x,y, 2z Oepince, onma (14) TeHmikreH a

Men b nykmenepiniy ( @ b pammyc BEKTOPNAPBIHBIH YIITAPBIHBIH)
apaKauibIKMul2bIHbIH, (POPMYIACHL NIBIFAIbL:

|AB|=‘5—§‘=\/(X'—X)2+(y’—y)2+(z’—z)2. (15)

An  (13), (14) TemmikTepin maiimanaHa OTHIpHII, &b = |é”5‘ Cos ¢
TeHJiriHeH d=(X,Y;,Z) oHe b= (X5,Y5,2Z,) BEKTOPIAPBIHBIH apaChIH-
JIaFbl (0 OYPHIIIBIH Ta0y GOPMYIIACHIH Ka3a ajJaMbl3:

ab _ XX + V1Yo + 417 ' (16)
allo] ez Py

cosQ =

Mercanbt, a=(123), b=(4,56) BekropiapsHbIH AapachIHIAFbI
OYPBILITHIH KOCUHYCHI

1.4+2.5+3-6 32 32

22243 (o252 167 1477 722

(16) Tenmixren d=(X;,Y;,Z;) XoHE b= (X,,Y,,2,) BEKTOpIAPBIHBIH

cos Z(a,b) =cos¢ =

OPTOTOHAIIBIBIK (g J_E) OeJricin anyra 0oJaibl:
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XX, +Y1Y, +2,2, =0. (17)

AHBIKTaMa. Hen emec @ 6eKmMOpulHbIY 0azblmmayutbl KOCUHYC-
mapuot den d eexmopwl men OX,QY,0Z oecmepiniy oy 6asbimmapviibly
apacwviHoassl calikec o,y OYpbluumapbinbly KOCUHYCMAPbIH AUmMaobl.

a=(X,Y,Z) BEeKTOPBHIHbIH OAaFBITTAYIIBI KOCUHYCTAPHI:

X
coso = T (18)
a «fx +y?+7°
cosP % (19)
a «fx +y*+7°
z
cosy T (20)
3 a/x +y? 472
OiitkeHi ((16) kapaHs3), COSOL = ,
|a|| | JX2+ y2 +7°
ak z
cosB— y , COSy=—== .
|a|| | V& +yaz? |a|‘k‘ ey + 22
bazveimmaywivt Kocunycmap ywin
cos® o+ cos®B+cos’y =1 (21)
TEHJIIT1HIH OPBIHIAJIATBIHBIH TEKCEPY KUBIH €MEC.
Hasap ayaapeiubiz! Erep @ Bexropsr 1, J, Kk Gasucinge Oepiice,

OHJIa OJ1 TOJBIK aHBIKTAJIFaH, OMTKEeHI OHbIH Momyii (14), am OaFbIThI
(18),(19),(20) TenmikTepiMeH ecenTene/i.

Kes keiaren Hen emec a=(X,Y,zZ)=Xi +Yj+zK  BeKTOpBIHBIH

OPTHIHBIN 1, |, k Gasucinneri koopauHarTapbia Tabaieik ((18), (19), (20)
TEHIIKTEP/Ii KapaHbI3):
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?zizw:éf Y54+ 2 K=cosa-T +cosp- j +cosy-K.
&l &l &l lal” fal

Omait Gonca, @ BEKTOPIBIH OAFBITTAYIIBl KOCHHYCTAPhl, OCBI

0 - - . .
BEKTOP/BIH @ OPTHIHBIH I, |,K Gasucinmeri KoopaAMHATTAphI EKEH:

a® = (cosa, cosP,cosy). (22)

2)

MpeIcaiibl, d=(1,2,2) BEKTOPBIHBIH OPThI
o1 g2 j. 2 K- (
NP2 +22 422 12422427 1P +22 422

wIlN
w|N

1
3 1

anm monyi | = 1> +2°+2° =3 Ten.
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TakpIpbINKa apHAJFaH CYPAKTAP MeH TancbipMaJiap

1. Kecingini Oepinren KaTbiHacTa O0edy (GOpPMYIachlH KOPBITHII
HIBIFAPBIHBI3.
2. BekTopnplH OarbITTaNFaH TY3yre NpOeKIuschl nereH He? OHBIH
KaHmaii kacuertepi 6ap? OChl KaCHETTEPIl TJIEIICHI3.
3. Exi BekropapiH ckansap keOewtinmici nereH He? OHBIH KaHZai
KacueTTepi 6ap? OChl KacCHETTEP/Il JAIICTIACHI3.
4. BekTOopnapIbIH CKaIAp KOOCHTIHMICIH apru(METHKAIBIK aMmalaapra
KaJaii kemripyre 0oiaubi?.
5.  TixOypwIITHl IEKapTTHIK KOOpAMHATTap >KYHeciHae BEKTOPAbIH
MONYIiHIH, €Ki BEKTOp apachblHIarbl OYpBHINTBIH, €Ki HYKTe
apaKalIbIKTHIFBIHBIH (YOPMYNatapblH KOPBITHI MIBIFAPEIHBI3.
6. BekTopiapIblH OpPTOrOHAIBABIK OENTiCIH OCHl  BEKTOPJIAPbIH
OPTOHOpPMAJIbJaHFaH 0a3MCTET] KOOPIHMHATTAPH! APKBLUTBI )Ka3bIHBI3.
7. BexTopmelH OarbITTaymibl KOCHHYCTapblH Taly GopMynanapeia
KOPBITHIIT IIBIFAPBIHBI3 JKOHE BEKTOP OPTHIHBIH KOOPAWHATTAPHIH
JKA3BIHBI3.
TakbIpbINKA aPHAJIFAH ecenTep:

Nel. &, b, ¢ Bexropnaps! 6epinren:

a=2i-4j-2k, b=-9 +2k, €=3i+5]-7k.
a) 3b, -8C BexrTopmapapIH ckansp KeOeHTIHAICIH Ta0y KEPEK;
6) d, C BekTOpIaphl OPTOrOHAL 60J1a Ma? 7Kayaobi: a) 984.

T

Ne2.  Bepinresi: a|=2, 5‘23, Z(Fl,l;)=g'

ab CKaJsAp KoOCHTIH IIHI Taby Kepek. Kayaonbr: 33
Ne3.  Bepinreni: a=1 — ] + k, b= i+ 2k.
. 7KayaoObI: 1

Taby kepek: C0S | &, b
( Ji5

S~—"

Ned. BepinreHi. ‘6‘ =4, («4a,b)=90".
TaGy kepek: (23 +b)b. Kayaowbi:16.
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§ 2.6. BekTOpJbIK KOOEHTIiH/I skoHEe OHBIH KacueTTepi

AHbIKTaMa. Bacmapul opmax 0ip Hykmeze myuicmipiieen, Komn-
nauap emec, pemmenzer (@ — OipiHwii, b — exinwi, € — Yulinwi) ab,c
sexmopaap ywimiei oOepincin. Eeep ywinwi C 6exmopovly YiUbiHAH
Kapaganoa, Oipinui 6eKmMopobll eKiHW 8eKIoped Kapaill JHcaKbiH MYCcneH
OYpuLIybl cazam miliHe Kapama-Kapcel 0aelmma  OpulHOANCA, OHOA

a,b,C — on ymumik eekmopnap, an cazam miniven 6a2blmmac opvliHOAICA,
onoa a,b,C —mepic yuumix eexkmopaap oen amanaowi.

AHbIKTaMa. 8 orcone b eexmopnapvinvly 6eKMOpAbIK Kobel-
mindici  Oden, momeHOe2i ywi wapmmsl — KAHASAMMAHOBLIPAMbIH
C=[8,b]=8xb BexkTOpBIH aiimadwi:

1) € BeKTOpBIHBIH MOAYyJi @ XoHE D BeKkTOpIapbIHBIH MOIYJb-
Jepi MeH OChl €Ki BEKTOp apachlHAarbl OYPBIIITHIH CHHYCHIHBIH
KeOeHTIHICIHE TEH!

c] =[4] - [p|sin(a,b) = a][bsine;

2) € eexmopet @ koHe b BekTOpIapbIHBIH  opOipeyine

OpTOrOHallb, SFHM O & MeH D  apKpUIbl OTeTiH >Ka3bIKTBHIKKA
NEePIEHIUKYJIISP;
3) &, b,c BEKTOPJIAapbl — peTTeJIreH OH YIITIK BeKTOpJaap.
Mbuicane, (16-cyper):
ixj=k, j

xk =1, kxi=j. (1)

16-cyper
¥ BipiHui TeHIIKTi KepCceTeHiK.

‘IZ‘=|T|=|]|=1>K9H6 iLj, kL7, kLj, Gomraumpikran:
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1) ‘IZ‘ = |f| ~|T|Sin /(i,]) TeHziri opeiHAaNaILI;
2)  mIapT KepiHim Typ;
3) 7, ],k — OH ymTiK BEKTOpIAp CKEHiH TeKCepy KHBIH eMeC.

Hemexk, i x ] =k TeHAiri aypeic. Ocbutaiila KaiFaH €Ki TCHIIKTI e

-~

TeKcepyre 00abl.
Bexmopnvlk kobeiimindi yuin nezizei keneci yut Kacuem:

1°. [4,b]=-[b,4] (anmuxkommymamuemix);

2°. [a,b+c]=[d,b]+[4,C] (sexmoprapovi Kocyea Kamovlcmol
oucmpuoymuemix );

3°. [od, BB] =ap[a, 6] (canoapza  kebeiumyze  Kamvicmol
accoyuamuemix)

OpPbIHOAAObL.
ConbiMeH 0ipre MbIHA KACHETTEP 1€ OPBIHAAIIA/IbL:

A) d||lb < dxb=0, srum, & men b Bexropmapel KomTHHEAp
0OMybl YIOIIH ONApABIH BEKTOPIBIK KOOEUTIHAICI HON BEKTOpP OOIyBI
KaXCETT] JKOHE XKETKITIKTI.

(Bys1 TYKBIPBIMHBIH JIYPBICTBIFBIHA KO3 JKETKI3y YIIiH, BEKTOPIBIK
KoOEHTY aHBIKTaMaChIH Maiiiananyra 0oiajbl. )

b) & wmen b BEKTOpJapblHA CAJIBIHFAH [AapajuIeIorpamMM ayJaHbl
S =‘§><5‘ TeH (BEKTOpJIap KOOCHUTIHIICI aHBIKTAMACBIHBIH OipiHII
HIAPTHIHAH MIBIFA]IBI).

B) Erep (i,].k) Gasucimme a=(xX,Y.,2), b=(x,Y,.2,),
BEKTOpIIaphl OepiJice, OHIa

K, 2

Y12y - XY
Y22, XY,

HeMece Keleci CHUMBOJIJABIK aHBIKTAYBIII apKbLJIbI JXa3blJ1aAbI

X2y
XZZZ

axb=
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axb=|x y, 7| (2"
X Yy 2y
Ennmi a = (Xv Yis Zl), b= (Xl, Vi, 21) BEKTOPJIAPHI YIIiH KeJleCi TeHJIIK

OpBIHAAJIATEIHBIHA KO3 JKETKi3eHiK:
ij ok
axb=|x y, z| (2"

X, Y, 7,

¥ Xorapeimars! 1°-3° kacueTTepi MaiaaHaMBbI3:
axh = (i + Y, ] +2K)x (%0 +Y,] +2,K) =
= X Xl XT + XYl X ] + X208 XK+ Y X ] X0 +Y,Y,] % ] +Y,2,] xk +
+2,%,K xT +2,y,K x ] + 2,2,k xK.
Enpi (1) Termikrep MeH (A) TYKBIPBIMBIHAH TiKeJICH IIBIFATHIH

ixi=jxj=kxk=0 (3)

TEHIIKTepiH XoHe 1° (aHTUKOMMYTATHBTIK) KAaCHETTi IaiaalaHbII
ecenreiimiz: @xb =X Y,K —X2Z,] = Y;XK + Y, 2,0 +2,X,] —2,Y,i =

i ]k
=(V12, - Zlyz)r - (%2, - lez)l? +(X Y, — leZ)IZ =% Y Z;| *
X, Yy 7,

1-mprcan. a=(12,3), b= (4,5,6) BEKTOPJIAPBLIHBIH ~ BEKTOPJIBLIK
KOOCUTIHICIH Ta0y Kepek:
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i J ok
v axb=Q 2 3=i(2-6-3-5-j1-6-3-4)+k(1-5-2-4)=
4 5 6
=3 +6j-3k=(-3, 6 -3. =
2-mbican. TeGenepi A(LL1), B(@23), C(3,21) nykrenepinme
00JaThIH YIIOYPHIII ayAaHbIH Ta0y KEpeK.

Y AABC aynansl AB xome AC BEKTOpJIapblHA CaJIBIHFAH
napajiesorpaMM ayJaHbIHbIH XKapThIchiHA TeH (17-cyper).
B

17-cyper

11— —
b) TYKBIPBIMBIH HalilaNIAHCAK, Spgc = E‘ AB x AC‘. MyH7arbl

AB=(1-1, 2-1 3-1)=(0,12), AC=(3-1 2-1 1-1)=(2,1,0).

]
Onaif Goca, SABC=%\EXE\=%IO 1
2 1

:%|(1-0—2-1)T—(o-o—2-2)]+(o-1—1-2)|Z|=

=%‘—2T+4T—2E‘=%.|_2|.‘i”—zj+|2‘:m=\/a

KayaOnr: \/g . -
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Erep d=(X,Yy) b=(x,,y,) Bextopmapsr OXY KoOpAHHAT

Ka3bIKTBIFBIHIA KaTca, oHxa a = (X, Y;,0), b =(X,,Y,,0) men ambm, ocsl
BEKTOpJIApFa CAbIHFaH HAPALIeN02pAMM ayOanbii TabyFa 00 b

i j ok
Lo X Vil -
=|axb|=l[x y, 0 |=|‘X y K 1= |00y, = Y)K] =[xy, = %y
2
2 Y2 SAFHU,
X
s =i ). (4)
X2yZ

§ 2.7. BexTopaapasiH apaJjac ke0elTinaici

AubikTama. a, b, C eexmopnapvinviy apanac Kebeiumindici oen
a, b B8EKMOPAAPLIHBIH axb BeKMOPAbIK ~ Kobeumindici men C
BEKMOPBIHBIY CKATAP KOOeUMIHOICIH atimadbl: (8 x 5,6) =(ax 5)6.

Erep i,],k Gasuciune d=(a,a,.3,), b=(b,b,b), ¢=(c,c,.cs)
BEKTOpJIaphI Oepiyice, OHIa

- a, 33* aSa:L* a a
(@xb)c (b b, blb j(cl|+czj+c3k)
&4 G &
a, a a, a a
b 519ty bl [ B b
? ? G G G

Comnbiven, erep d=(a,,8,,8,), b=(b,b,,b;), €=(c,c,,c;) Gounca,

OHJa

a a 4,
(@xb)c=lb b, bl )
G G G
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Ckamsip keOeUTIHIIHIH aHBIKTaMacklHa cydeHimn, (§2.5, (6) KapaHbBI3)

(1) TenuikTi Keneci Typuepae xa3yra 00maabl
(axb)c =[axb|I1p, ;¢ = (al-[b[sinw)-TTp_ ;. (1)
MyHparb! |é”6‘sinm mamacel 8, D BekropuapbiHa CalBIHFAH

ABCD mnapaJuieJilorpaMbIHbIH ayJAaHbl, ajl |Han56| mamacel a,b, €
sextopnapeia canbinkan ABCDA'B'C'D’ mapannenenunenrin  ABCD
TabanbIHa Tycipinren omikTik (18-cyper) exenmin eckepcek, omma (axb)¢
apanac keOeWTiHzici d, b, ¢ BEKTOpJIapblHA CaJIbIHFAH TapauICIICIIHITe]]
KeJIeMiH «+» TaHOacbiMeH (erep a, b, € on ylITiKk Oosica), HemMece «—»

tanOaceiMeH (erep a,b ,C Tepic ymurik 0oJica) abIHATBIHBIH KOPEMI3.

a

18-cyper

Conviven @, b, T eexmopnapvina canvinean napainenenuned renemi

0Cbl Yl 6eKMOPObIH Apanac Kobeumindiciniy Mooynine mer 601a0bl eKeH.
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a a8 &
Vigp-o =|@xD)c| [, b, byl )
G G G
(1) TEeHIIKTEH aHBIKTAYBII KACHETIH KOJIJJaHa OTHIPHII, MbIHA
KaTbICTapbl aJIaMbI3:

o
X
O
~
jsb)
Il
—~

(@xb)E = ( cxa)b, (3)

(@xb)c=—-(bxa)c=—(axc)b =—(cxb)a. (4)
Ckamsip  KOOCWTIHIIHIH  KOMMYTaTHBTIK  KacweTi  OOWBIHIIA
(bxc)a= a(bxC) GomaTbiHbIH eckepcek, oHma (3) TeHmIKTepAiH
Gipinmicin (Axb)¢ = a(bxC) Typinme xasyra Gomaisl. An Gy TEHZIIK
BEKTOPJIAP/IbIH apajiac KeOeHTiHaICiH abc cumBonbIMen Oenrineyre
MYMKIiHJiK Oepei:
abc = (dxb)c = a(b xc). (5)
Teopema. &, b, ¢ BEKTOpJIapbl KOMIUTaHAP OOJYBI VIIiH, OJapIbIH
apayac KeOeHTiHaici Honre TeH 0O0Nybl, SFHU

abc =0 (6)
TEHITiHIH OPBIHAATYBI KQKETTI )KOHE )KEeTKUTIKTI.

v @, b, C Bekropmnapsl komiutanap Gosica, oHzia @ xb BEKTOpPBI MEH

C BEKTOpPbI OPTOTOHAJIb, IEMEK, (6) TeHaik opbsiHAanansl. KepiciHie, erep

(6) TeHmik opeiHmanca, oHAa C BEKTOPHI axb BEKTOPHIHA TIEPIICH-

IUKYJSIp, coil cebenmi o @& MeEH D BeKTOPIApBIHBIH Ka3BIKTHIFBIH/IA

HEMECE OCHI JKa3bIKTBIKKA Tapalliellb )Ka3bIKThIKTa jKaTajbl, sfau d, b, €

V'S

KOMILJIaHap BEKTOpJIap.
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TakpIpbInKa apHaJFaH CYpaKTap MeH TancbipMajap

8. OH YIITiK BEKTOPJIapAbIH aHBIKTaMAChIH KEJITIPiHi3.

9. BekTopiapabiH BEKTOPIIBIK KOOCUTIHAICIHIH aHBIKTaMaChlH
KEITi-piHi3.

10. BexkrtopmapablH BEKTOPIBIK KOOCHTIHIICIHIH  KaHmal
KacuetrTepi 6ap? Onapsl Ao ICHI3.

11.  BexkTopmapmabig KOJUTHHEAPJTBIK OenriciH OCBI
BEKTOPJIAPIBIH BEKTOPJIBIK KOOSHUTIHIICI apKBUIBI TY)KBIPHIMIAHBI3.
Komnuueap emec eki BEKTOpFa CajibIHFaH Hapajuiel]orpaMMHBIH
ayJaHblH OCBl BEKTOp-JIAPABIH BEKTOPJBIK KOOEHTiHZICI apKbUIbI
OPHEKTEHI3 KOHE OHBI JTJET/ICHI3.

12.  Bekropnapabig BEKTOPJIBIK KeOenTiHaiCl OCBI
BEKTOPJIapIbIH T, ],k OasuciHmeri KOOpJAMHATTAPhl apKbLIbI Kaian
epHeKTenei?

13. BexropmapabplH apanac KeOEHWTiHIICI AereH He JKOHE Ol
OCHI BEKTOpMApAbIH 1, J,K Gasucimmeri KOOPAMHATTApHI APKBUIEI
Kamnait epHeK-Tenei?

14. Ym Hen eMec BEKTOpJapFa CaNbIHFaH MapalieNeue/ITiH
KOJIEMiH OCbl BEKTOPJIap/IbIH apajiac keOeHTIHIICI apKbLIbl OPHEKTCHI3
JKOHE OHBI JJIEIIEHI3.

15.  Bexropmapabig KOMILUTaHAPITBIK Oenricin OCBI
BEKTOPJIAP/IBIH apajac KOOSUTIHICI apKBLTBI TYKBIPHIM/IAHBI3.

TakbIpBINKA aPHAIFAH ecenTep:

Nel. =71 -5]+ Jok, b=-7i+ 5] — V2K BEKTOpJIaphl Oepii-

red. TaOy kepek: axb . Kayaonr: 0.

Ne2. Bepinreni: & MeH b BekTOpJapbl OPTOTOHAJIB JKOHE

|a| =3, ‘5‘ = 2. Ta0y kepek: ‘éxﬁ.‘ Kayaoor: 6.

Ne3. a= (2; -2 O), b= (:L'l;l), C= (—1; 3 O) BEKTOpJAphIHA Ca-

JIBIHFaH MapaJuIeIIeUIIEATIH KOJIeMiH Ta0y Kepek.
Kayaowb1: 4.
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§2.8. n-eamemi apupMeTHKAIBIK BEKTOPJIAP KeHicTiri

2.8.1. Heri3ri yFeiMaap

Anvikmama. Apugmemuxanvix 8eKmop Jier, perTenrex
&, 8,, ..., &, CaHJApBIHBIH Ti30€riH alTanpl xoHE OHBI (&, 8,, ..., &,)
CHMBOJIBIMEH Oenrineini. Mynnarel @, @,, ..., &, CaHIAPbIH BEKTOPIBLIH

KOOPAMHATTAPHI JIETI aTaiIbl.

Mpuicanoap. 1) Ty3yneri, »a3bIKTBIKTaFbl, KEHICTIKTET1 0i3re Oeinrinmi
TEOMETPHUSIIBIK BEKTOPABI (OarbITTaldFaH KECiHIIHI) coiikec Oip, eki, yII
KOOPIMHATTHI apU(PMETHUKAIBIK BEKTOP ACM KapacThlpyFa Oomabl;

2) N-mi perTi aHBIKTAYBIITBIH OpOip  Karapsl  N-KOOPAWHATTHI
apu(METHKAIIBIK BEKTOD;

3) a, X, +a,%, +...+a,X, =0 CBI3BIKTHIK TeHIEyiHer Oenriciznepain
KOA(PGUIHMEHTTEP] N-KOOPAUHATTHI apU(PMETHKAIBIK BEKTOP:

(&, ay, ..., a,).

Bynan keifiH «apuMETUKANBIK BEKTOPABI» TEK «BEKTOP» Jem

aTaiMBbI3 JKOHE OJapAbl KOKO opimTepmen: 4a, b, ... memece &, b, ...
apKbUIBI OCITiICIMI3.

Anvikmama. a=(a, a,, ..., a,) xoue b=(b, b,, ..., b,) Bexrop-
JApBIHBIH, KOOPAWHATTAPBIHBIH caHAapbl Oipmed (N = M) jxoHe colikec
KOOpAMHATTapbl e3apa TeH Oonca ( & =b, 1=12,..,n ), omap men

éeKmopaiap 1ien atanajipl 1a a = b cuMBOJIBIMEH OenrieHe].

Anvikmama. KoopnuHaTTapblHBIH CaHbl e3apa TeH 4a =
=(a, a,, ..., a,) xone b = (b, b,, ..., b,) BexTOpPIAPHIHBIH KOCHIHABICHI
JIeTI, Kejleci TEHMIKIEeH aHbIKTajaraH a+b BekTophiH aditamger: @ + b =
= (a+b, a,+b,, ..., a,+b,).

Anvikmama. a = (a,, a,, ..., &) BEKTOpbl MeH K CaHBIHBIH KOOCHTIH-

mici  gem, Keyeci TEHMIIKIEH AaHBIKTatFaH K-a BEKTOpPBIH aNTajbl:
ka = (ka,, ka,, ..., ka, ).

Bapnpik KoopauHATTApBI HOJITE TEH BEKTOP HOJI BEKTOP JIEN aTallafbl
xone 0 apkpuisl 6enrineneni: 0= (0,0,...,0).
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(-1)a BexkTOpBEIH @ BEKTOpPHIHA KapaMa-Kapchl BEKTOP e aTaiijibl
JKOHE OHBI —a apKbUIBI Oenrineiimi: —a = (—1)a.

JKorapbiga KepceTUIreH €Ki amaiFa KaTbICThl KelleCli TEeHIIKTepIiH
OPBIH/IAIATHIHBIH TEKCEPY KUBIH eMeC:

Da+b=b+ag; 2)(a+b)+c=a+(b+c);
3) (k+Da=ka+la; 4) k(a + b) = ka + kb;
5) k(la)=(kl)a; 6)a+0=a;

7)1-a=a;, 0-a=0; 8)a+(-a)=0.

AHbIKTamMa. BexToprmapasl KOCy MEH BEKTOpJIapAbl CaHFa KeOelTy
amanaapbl KOFapblla KOPCETUINeH TACIIMEH aHBIKTaJIFaH, KOOpIUHATTap
canbl N TeH apuMETHKAJBIK BEKTOpJap SKUBIHBIH  N-eJmeMii
apu(MeTHKAIBIK BEeKTOpJap KeHicTiri genm araiigel sxoHe oHbl R
apKBUTBI OENTUIEHTI.

Bynan keifiH aranfaH KEHICTIKTI N-eJmieMAi BeKTOpJap KeHicTiri
nemece R" kemicriri mem araiitein Gomame. RY, R% R® KEHICTIKTEPiHIH
FEOMETPHSUIBIK MarblHANApl: R' — Ty3ymeri BEKTOpimap JKHbIHBI, R° —
KA3BIKTBIKTAFBI BEKTOPJIAP KUBIHEL, R® — KeHiCTIKTeri BEeKTOPIap JKHBIHBL.

2.8.2. ChI3BIKTHI TOYeJ/Ii 2KdHE ChI3BIKTHI TIyeJici3
BeKTOpJIap xyieci

Keneci m BekTOpiapaH KypaJirad )yHeHi KapacThlpamMbI3

a, ay, ..., a. (1)

AHbIKTaMAa. Eeep
0,8, + 0,8, +...+ 0, d =0 2
menoiei mek o, =0, =..=0a, =0 6oxca, dcone mex conoa eaua
opvinoanca, onoa (1) eexmopnap sacyiieci — Cbl3bIKMbL MIyeaciz oen

amanaowl.
Ad, erep (2) TeHIIK OpBIHAANATHIHAAN, OapIBIFEI Oipel Oip Mesrinae

Hon emec (srHu o + 0o, +..+ 0’ #0 TeHci3miri OpbIHIANATHIHAIN)

04,0,,...,0,,, CaHIapbl TabbuIica, oHna (1) sexmopaap scyiieci — col3bIKMbL
mayenoi nen atanajpl.
Teopema  (gexmopaap  dcylieciniy — CbI3bIKmMbl  MIYeNOLNIiHIH

kpumeputii) JKamrb3 BEeKTOpIAaH TYPaThIH JKyie OCBI BEKTOP HOI BEKTOD
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Oojca, KoHE TEK COHJAa FaHA CbI3bIKMbL mayendi 6onadvi. bipHeme
BEKTOpIAaH TYpaThIH XYHe OCHI JKykemeri eH OonmaraHma Oip BEKTOp
KaJIFaH BEKTOPJIapbIH ChI3BIKTHI KOMOMHAIUSACHI 0OJIAThIH 00JIca, XKOHE TCK
COHJIA FaHA CbI3bIKMbL MAYea0i OONATbI.

V &, BEKTOpHI cbi3blKmbl mayendi xyie OoncbiH. OHIa aHBIKTaMa

Oottbiamma, o, = 0 xoHe o8, = O TeHziri OpsIHIATATHHABIKTAH & =0
amambr3.  Kepicinme, erep 8 =0 Gomca, omma o, -0=0, o, =0
OpBIHAAJIBI, &, =0 BEKTOPBI ChI3bIKHIbBL mayenoi xyiie 60mambl.
Teopemansin exinm Oemirin gonenneitik. Erep &,,4,,...,a, (m>1) —
CHI3bIKMbL Mayendi BEKTOpIap Kyieci 0oyica, OHlIa aHBIKTaMa OOMBIHINIA,
0,8, + 0,8, +...+ 0,8, =0 (*) TeHmiri opbIHIaNaTEIHIAN Gap/IbIFsl Gipeit

0ip Mesringe Hel eMecC O.,Cl,,...,0, CaHIapbl TaOblIanbl. AHBIKTBUIBIK

m
yuris, Oyn TeHaik o, # 0 OonaThiH O, 0ly,...; Oy, ..., O, CAHJIAPBI YIIIH

opbIHIanaasl Aen anaiblk. OHpja, (*) TEHAIrIHIH €Ki JKarblHa —oty 8,

BEKTOPBIH  KOCHIN,  HOTHXKEHI e caHblHa  KOOEHTCeEK,
Oly
- oy . Oy Oy = ..
a, =—a— a —OL—a2 —...—Ot—arn anambi3. SIFHU erep éekmopaap cyiieci
k k k

CHI3bIKMbL M3yenodi 60.1ca, oHOa oaapovl OIpi Kan2an 6eKmopaapovly
CcoI3bIKmbl Komounayuacel 6onanel exes. Kepicinme, &,4,,...,8, (m>1)

BEKTOpJIap JKyHeciHiH Oipi KajafaH BEKTOPJIAPIBIH CHI3BIKTHI KOMOWHA-
muAckl  OONCBIH: &, =C &8, +C,a, +...+C,d,, (MyHmarel C, C,,...,Cp,
CaH/JApBIHBIH KeWOipeynepi Hemece OaplbIFbl Ja HONre TeH OOIyBI
MYMKiH). Byl TeHIIKTIH eKi JKaFblHA —d, BEKTOPBIH KOCCAK,
(-1)a, +cd +Cd, +..+C,d, =0 Tewnirin amambiz. MyHgarel &,
BeKTOpBIHBIH Kod(dumumenti —1=0. Onaii Gojca aHbIKTama OOWBIHINA,
a,,d,,..., , BEKTOPJIApHI — CbI3bIKMbL MIYenoi xyiie. A

Mbuican. a4=(21104), a=01 -2, 3 2), a=(-1 -8,9,-2)
BEKTOpPJIAphI CHI3BIKTHI Toyenai xyie Oona ma? Erep Ooinca, oHOa onapasl
0aliJIaHBICTBIPATHIH KaTHICTHI Ta0y KEepek.
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V AHpIKTamara COHMKeC, X, + X,d, + X33, =0 Temuiri opsHmaa-
ThIHZAH, €H OoiMaraHza, Oipeyl HeNre TEH €MeC X, X,,X; CaHaapbl Oap
Gosica, OGepinreH BeKTOpyap *Kyieci — ChI3BIKTBI TAyenai. BekTopnapabiy
KOOPJIMHATTAPbIH TEHJIKKe KOHbII, aManaap/bl OpbIHAANMBI3.

(2x), X, 0, 4X%) + (X5, —2X,, 3X,,2X%,) + (—X3,—8X%3, 9%3,— 2X3) =
=(0,0,0,0),
(2% 4+ X, — X, X, —2X, —8X%3, 3X, +9X;, 4X + 2X, —2X;) =(0,0,0,0) .

CoHFBI  TCHJIKKE  BEKTOPJAPABIH  TCHHITIHIH  aHBIKTaMachIH

KOJIJIAHAMBI3 JKOHE aJIbIHFAH CBI3BIKTBHIK TEHAEYJIep JKyiecin Iaycc
QIiCIMEH LIEHIEMI3:

2% + Xy — X3 =0, 2% —8x. =0
X, —2X, —8%; =0, T T = X, —2X, —8%; =0,
2% + X, — X3 =0,
3X, +9%; =0, X, +3X%; =0.
X, +3X%; =0,

4, + 2X, —2%; =0,

Comnrbl xylene 6asucTik Oenricizfep YIIIH X, X,, ajl epKiH aiHbIMA
YUIH X; amyra Oonansl (Here?). Mbicambl, erep X; =1 nem ancak, oHza
X, =2, X, =—3 anambi3. Enzeme, d,d,,d, BEKTOPIAPHI CHI3BIKTBI TYyeIi

JKOHE 0J1ap Keleci Toyeninikre Gaiinanpickan 28, —38, +d,=0. A
2.8.3. ChI3BIKTHI Toye /i BEeKTOPJIapJIapAbIH KacHeTTepi

R" kewicririuge d,,4a,,...,d, BEKTOpIAp KyHeci OepiiciH.

1°. Erep Bekropnap >KyHeciHiH apacklHIa HeNl BekTop Oap Ooica:
a,....a8 4, 0, 8,1, &y, OHJIA KYHE CHI3BIKTHI TOYEIIi OOMAIbI.

v Bepinren BEKTOpIap Kyheci YILIiH
0a, +..+0a, ,+C-0+ 08, +..08, =0 TeHmiri OpbIHAATATEIH GAPIBIFHI

Oipaeit non emec 0,..., (k:, ..,0, ¢#0 canpapel Gap. A
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2°. Erep BekTopiap yHeciHiH KaHaai Ja Oip O6iri ChI3bIKTHI TOYeIIi
0oJca, oHZIa OapIIBIK JKYHE J€ CBI3BIKTHI TOYEIII.
V  llembiHpa 1a, &,48,,...,8, XyHeciHiH, alTanmblK, anramksl K

BEKTOPHI (K <M ) CBHI3BIKTHI TAyen i OOJCHIH, SFHU

0,8, + 0,8, + ...+ o, 8, =0 (1)
TCHIIT1 OpBIHAAIATHEIHAAM OapieIFel OipAei Oip Me3riime Hel emec
Olys Oy ey O CaH1aphl TaOBUICHIH. Onpa (D) TEHIIKTEH,
0,8, + Oy, + ...+ 01, 8y +0-8,,, +...+0-8, =0 Tenuiri opsIHIATATHIHIAI
OapnbiFel  Oipaeil Henm emec oy, 0y,...,d,,0,...,0 caHmapsl 0Oap
OosFaHIBIKTaH &y, d,,...,d8, KYHECI CBI3BIKTHI TOyelal Oonaasl. A

Canpap. Ezep eexmopnap xcyiieci coi3vlKmol mayesiciz bonca, onoa
JHcylleHiH Ke3 KezeH 00.1ici 0e Cbl3blKmbl mayenciz 601a0vl.

3°. Erep &,,4d,,...,8, XKYHeCl coi3b1Kmbl mayencis, O1paK >KyWeHl Tarbl
O6ip @ BEKTOPbIMEH  TOJBIKTBIPHIN aJbIHFAH 4&,d,,...,a,, a JKyHecl
CbI3bIKMbL Mayenoi ponca, oHgA & BEKTOPHI d;,d,,...,d,, BEKTOPIAPbIHBIH
CBI3BIKTHI KOMOWHAIIUACKHI OOJIaIbL.

V IlleiHbIHAA 1@, &;,d,,..., 8,,, 8 KYHECiHIH ChI3BIKTHI TOyei 00Tybl,
0,8, + 0,8, +...+ 0 8 +C-ad=0 (2)

TEHJIr OpBIHAANATHIHAAN OapibiFel Oipmel Oip Me3riime Hen emec
04,0,,...,0y, C caHgapsl TaObl1anbl gereH ce3. Erep myHparel C = 0

Gosica, OHIA O, 0y, ..., 0., CAHAAPBIHBIH OapibIFsl Oipaeil Oip Mesringe Hen
eMec JKOHE 08, + 0,8, +..+ 0,8, =0 TeHmiri opsHzamap emi ne,
a,,d,,...,d, — col3biKmbl mayenoi xxyiie 6onap eni (Kapama KaMIlBUIBIK).
Enpeme ¢ #0, an OynaH >koHe (2) TEHHIKTEH, & BEKTOPBIH &;,d,,...,dy,
BEKTOPJIAphl aPKbIIbI OPHEKTEYTe OOJIAaTHIHBI MIbIFaAbl. A

80



2.8.4. R" kenicririnmeri 6azucrep

Anvikmama. R" KeHicTiriHZeri Ke3 KelIreH 6eKmopobl ChI3BIKTEI
KOMOWHANUsl TYpiHIE OPHEKTCHTIH KEHICTIKTIH CbI3bIKMbL MIYeci3
sexmopnap rcyiieci R" kenicririnin 6asuci nen aranap..

AHBIKTaMaJ]aH Kelleci CypakTap TYbIHIAHIbI:

R" kemicriringe 6Gazuc 0oja amaThIH CBHI3BIKTHI TOYEJCi3 BEKTOpPJIAp
Kyieci Tabbutanel Ma? R" kenicTiringeri 6asucTiH KypaMblHAA KaHILIA
BekTop Gonanel? R" keHicTirinme kanma 6asuc 6ap?

Enpi ocel cypakTapra xayarn i37eimis.

1-TysbipbiM.R" KeHiCTITiHAE N BEKTOPaH TypaThiH Oasuc 6ap.
¥ R" keHicririnig 6asuci peTiHzme, MBICAIBI, HipiiK eKmopiaap Iem
aTaNaThIH, KeJIeCi BEKTOpIIap *KyHeciH ayra Oomasl

£=(40 ..,0), §&=(0,1,..,0), .., £,=(0,0, ..., 1). (1)
Ismbiaaa ma, KE +K&, +...+K & =0 terneyin k, i=12...n

Oenrici3aepine KaThICThI IMICIICEK:

k(1 0, .., 0)+k,(0, 1 ..., 0)+..+k (0, 0, ..., 1)=(0,0,...,0)

Hemece (k,k,, ..., k,)=(0,0,...,0), an Oynan k, =k,=..=k, =0 anamsis.
Hemex (1) — ChI3BIKTHI ToyeICi3 BEKTOpIAp KYHeECi.
Euni R" kenicririnmeri ke3 kenren a=(a,a,, ... ,a,) Bektopsl (1)

JKYHEHIH CBI3BIKThI KOMOMHAIUSCHI €KEHIH KOPCETCEK OOJIFaHBI:
a=(a,a,, ...,a,)= (8,0, ... ,00+(0,a,, ... 0)+...+(0,0, ... ,a,) =
=,(10, ... 0)+a,(0,1 ... 0)+...+a,(0,0, ... 1) =

=a &+, & +...+4a, €,. A
CoHBIMEH JKOFapbIJarbl CYpaKTap/IbIH aIFAIIKbICIHA OH Kayal aJijIbIK.
2-TyxbIpbIM. Erep R" KkeHictiringe 6azuc Kypaiimoin BEKTOPIAP-JIbIH
caHbl [ OoJsica, OHIA caHbl i+] BEKTOpHAaH TYpaThlH Ke3 Kel2eH KXyiie
CbI3bIKMbl MaYe10i OONabl.
V  TyxeipeiMabl | = 2 ymriH ponengeitik (i = 3,4, ... YIIH ae OChI
CHAKTHI MaiibiMzayiap Konpanbuiansl). ConbiMeH, R" kewmicriringe a, b
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BEKTOpJIaphl 0asuc 6onca, ouaa R" keHicTirineri ke3 KenreH Cp, Cy, C3 yII
BEKTOD CBI3BIKTHI TOYEJ i OOJIATHIHBIH, SIFHU

X,C, + X,C, + X,C; =0 2

TEHJIr OpBIHAANATHIHAANA OapibIFbl Oipaed Hem emec X, X,, X

caHmapsl TaOBIIATHIHBIH Kopcereifik. ON VIMiH OChl YII BEKTOpAHI @, b
0a3uci OOMBIHINA JKIKTEHIK:

C1:(11‘3.+B1'b, C2=oc2-a+B2-b, ngag‘a"'ﬁg'b. (3)

EHpi ocel yIII TEHIIKTIH OH JKaFbIHAAFRI ©pHEKTepAl (2) TEHmIKTETI Cy,
C,, C3 BEKTOPIAPAbIH OpHBIHA KOMBIT Kelleci aMaliap/ibl OPbIHIANMBI3

XC, +X,C, +X,C5 =

X1(oua + B1b) + Xo(cza + Bob) + Xs(aza + Ps b) =

(X101 + Xo012 + Xz0i3)a + (X1P1 + XoP2 + X3B3)b = 0. (4)

bynan, a, b — cbI3bIKTBI Toyenci3 BekTopiaap OOSFaHIBIKTaH, Kejeci
TeHIeyJIep )KYHeCiH ajaaMbI3

o X + 0, X, + 03Xy =0,
BiX +B2X, +B3% =0.
o o B
B, B, a, B,

apKbUIbl (3) TeHIIKTEp/iH anFaKel ekeyineH C, =t{C,, sFHHU Cy, C; BEKTOP-

(5)

Erep wmynma =0 Ooimca, oHma KaThICTaphl

JIAPBIHBIH CHI3BIKTHI Toyeaai, naemek 2.8.3. m. 2° GoiibiHINa Cq, Cp, C3 YII
a,

B B,

6ouca, onma r(A)=r(A)=2<3 GomraHIbIKTaH KyHeHiH Oip mapamerpre

BEKTODPJIBIH J1a CHI3BIKTHI TOYEJNIUIITiH ajmap emik. Al erep =0

TOyeNal aKpIpCchi3 Imermimaepi Oap Oomamer (§1.6 kapaHbz), srHU (5)
KyHeHiH X, X,, X, OenricizzepiHe KaThICTbl TPUBHAIl eMec IuemiMi Oap.

Enmeme  (5), (4), (2) tenaikrepaeH Oyi skarmaiiga ga Cqp, Cp, C3 YII
BEKTOP CBHI3BIKTHI TOYEI1 OONAThIHBIH KopeMis. A
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3-TykbIpbiM. R" KeHicTiriHIH 0a3uCiHIH KypaMbIHIaFbl BEKTOPIIAp
CaHbI N-Te TEH.
V¥V  Canwbl n-men aptek C,GC,,...,C,,...,C

 BekToprmap kyheci R"
KeHiCTirinig 6asuci 6ona anmaiinel. OWTkeHi, 1-TyXbIpbiMFa colikec, R"

KEHICTITIHAE caHbl N BEKTOPAAH TYPaTelH §&,&,,..,E, Oasuci Oap

OoNFaHABIKTAaH, 2-TYKBIPBIM OOibIHIIA, n+] BEKTOpIAaH TYPATHIH Ke3

kenzen xyie, nemex, C,C,,...,C ,C ,, XKyiecl € - CBI3BIKTBI TJYeJi.
C

n+1?"*"* ¥m

Omait Gomca, 2.8.3. m. 2° kacuer OoitpiHmia, C;,C,,...,C,,C
BEKTOPJIAphI — ChI3bIKMbL mayendi xyie, srau R” KeHicTiringe BekTopmap
CcaHbl N-HEH apTBIK OOJIATHIH 0a3WC YKOK.

Euni R" kenicriringe Bektopiap caubl N-HeH kem Gonatsin C;,C,,...,C;
(i<n) Oasuci Oap men yiirapaiiblk. Onzma, 2 TYKBIPHIM OOWBIHIIA, CAHEI
i+1 BEKTOp/aH TYPATBIH Ke3 KelzeH KyHe, IeMeK, &,&,,...,&,,, 1+1<n
Kyheci 1€ covi3vlkmbl mayendi Oonap eni ne, 2.8.3 m. 2° OoiipiHIIa,
E,Eyyeuy&;yey €, CHIBBIKTBI TAyENAI OOJbIN, Oy kyie R" KeHicTiridig
Oasuci Gommac eni. bipak Oy 1-TyxbIpeiMra Kaiimel. Omaii 6onca, R"
KEHICTITiHIe KYpaMbIHIaFbl BEKTOpJIAp CaHbl N-HEH Kimri 0a3uc Te XKOK. 3-
TY)KBIPBIM JIOJICIICH 1. A

Haszap ayoapuinpiz! R" xeHicTiringe caHbl N-HEH apTHIK BEKTOpPJIAp
JKYHecCi CBI3BIKTBHI TOYeJICi3 00jla alMaWlTHIHBIH KOpIiK, Oipak caHbl N-HEH
apThIK €MeC BEKTOpJapJaH KYpajiFaH CBI3BIKTHI TOYeJNCi3 KyHenep
TabObIIaAel. MEICATIEI, R* kemicririnae a4=(210,4),48=(0, -2 3, 2),
d; =(0, 0, 9,—2) BexTOpyapsl CBHI3BIKTBI TIYENCI3 KYHEHI Kypaiiasl (ke3
KETKI3IHI3).

Herisri Teopema. R" KeHicTirinzeri N BeKTOpAaH KypajFraH Ke3
Kenzen €,,€,,...,€, col3blkmol mayenciz scyiie - R" KeHicririnin 6azuci,
srau R" KeHicTiriHiH opOip & BEKTOPHI YIIiH

a= klel + k262 + ...+ knen (6)

TEHJIrl OpbIHOaNaAbl, >KOHE O TEHJIIK JKaJFbl3 FaHa Typle
OpBIHAATABI.

V¥ R" KeHiCTiriHiH Ke3 KenreH 8 BEKTOPHI OEPiICiH. 3-TYXKBIPBIM
OoiibiHima, R" KeHicTirinig 6a3uci 1o N-BEKTOpAaH TypaThIHIBIKTaH, 2-
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TYKBIPBIM OOiibIHING, caHbl N+1 BeKTOpIaH KypairaH Ke3 KeIreH Kyie —
CBI3BIKTHI Toyenai. Omaii 6oiica, ChI3BIKTHI TOYeNICi3 €, ,€,,...,€, BEKTOpIap
JKYHECIH & BEKTOPBHIMEH TOJBIKTHIPBIN albIHFaH 7+1 BEKTOpAAH TYpaThiH
€,,€,,...,€,, @ XKyHeci Ae - ChI3BIKTHI Toyenai Oomaxsl ma, 2.8.3. m. 3°

KacueT OOMbIHIIA, a BEKTOpBI €,,€,,...,€, BEKTOPJIAPBIHBIH CBI3BIKTEI

n
KoMOUHaImsACH Oomazsl: a = Kiey + Ko, + ... + Kee, . emek, €,€,,...,€e,
BekTopinap kyieci - R" kemicririnig 6asuci. TeopeMaHBIH eKiHIIi
JKAPTHICHIH JIQNENJIEY YIIIH Kapchl )KOPHBIK: & BEKTOPBIHBIH €1, €, ..., &,
0a3uci apkbuIbl (6) XKIKTEIyJeH 0acka Keneci Typi e 6ap OOJICHIH:

a=ke +kje,+..+k e, . (7)
(6) TernikTeH (7) TEHAIKTI MYIIIEJET IIETEPEeMi3:
(k, -k e, +(k, -k))e, +..+(k,-k.)e, =0.

MyHarsl €, €, ..., €, BEKTOpJaphbl CBHI3BIKTHI TOYENCi3 Kyie
0O0JFaH/IbIKTaH, COHFBI TEHMIK TeK k -k =0, K,-k; =0,..., k,-k! =0, aruu
k =k{, k,=kj, ..., k,= k] Gonca rana opeinzanagsl. Omnaii Gouca, a
BEKTOPBIHBIH €1, €7, ..., &, 0a3uCi apKbUIHI (6) KIKTENyAeH O0acKa Typi JKOK.
A

R" KkeHicTirinin 6a3uCiHiH KypaMbIHIAarbl BEKTOPIAP CaHbl OCHI
KeHicmikmin onuiemi JICTI aTaiajbl.

Hazap aynapbiHbI3! R" KeHIiCTiriHiH ©JIIeMi OChl KEHiCTiKTeri
CBI3BIKTHI TOYEJICi3 BEKTOPJIAP/IbIH CH YJIKEH CaHbIHA TeH!

8§ 2.9. Marpuiua paHrici MeH CBhI3BIKTHI TAyeJICi3
BEKTOPJIAP/ABIH 0aii1aHbIChI
OnmeMi mx N 6onaTeiH A MaTpHIiacs! OEpiICiH:

8 &, .. &,
8y 8 - By .

A= . Ochl A MaTpuLaCBIHBIH 9pOip >KOJIBIH
aml am2 " amn
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N KOOPAMHATTHI apU(METHKAIBIK BeKTOp (3rHH, R" KeHiCTIriHiH BEKTOPHI),

an opbip GaraHbIH M KOOPAMHATTHI apH(pMeTHKalbK BekTop (srHu, R™
KEHICTITIHIH BEKTOpPHI) pETiHAe KapacTelpyFa Oodagel. MaTpHiaHbH

)onmapeiH Ay, A,, ..., Ayn BEKTOPIaphl apKbUIbI O ICHIK:
Ar=(ay, 8, o arp),
Ar=(ay, ay, .., Ayy),

An= (8, 8nps -oee s 8pp)-

llanenoeyciz keneci meopemanul Kenmipemis.

Teopema. A wmatpunacelablH Ag, Ay, ..., Ay Xoamap xy#eciHeri
CBI3BIKTHI TOYEIICi3 BEKTOPIIAPIBIH €H YIIKSH CaHbl MAaTPHUIlA PAHTiHE TEH.

Omnaii 6onca, erep MaTpulana I' cul3biKMbl MIYeciz Kol TaObLIbI, Ke3
keared (r+1) xom ceizvikmoel moayenoi 0oiica, OHIa MaTpHUIla paHrici I
CaHBIHA TEH.

Teopemanarbl MaTpUIAHBIH >KOJIAAPBIHBIH OPHBIHA OHBIH OaraHAapbIH
amyra OONaTHIHBIH Keneci |-TYKBIpRIMHAH KOpEMi3.

1-Ty:kbIpbIiM. MaTpUTIAHBIH CbI3bIKMIbL MIYEACI3 HCOI0APLIHbIY €H
YJIKEH CaHbl MEH CbI3bIKmibl mMayeaciz 0a2anoapviHbly €H YJIKEH CaHb
e3apa TeH.

V A MaTpHIACHIH TPAHCIIOHHPICY/ICH aNbIHFAH A MAaTPHIIACHIH

8y 8y 8y
dy ... A
Kapacteipambiz. Al = %2 % m . 1-Ty>KBIpBIMHBIH
ain a2|’l amn

JIYPBICTBIFbIHA

ko3 ketkisy ymrin F(A)=r(A") TeHmiriHiH IypBICTBIFBIH TEKCepce
Oosrranbl. 11IpIHBIHAA 1A, MaTpUIAHBI TPAHCIIOHHPIICY, OHBIH HOJTe TEH
eMec MUHOPIApBIHBIH €H JKOFaphl PETiH e3repTe ajMailibl, ONTKeHi
OepiireH aHbIKTAYBIII TIEH OHbI TPAHCIIOHHUPIIET aJIbIHFAH aHBIKTAYBIIITHIH
MoHziepi e3apa TeH (1.1.2 m.). An anbikTama OoiipiHma (§ 1.4 KapaHbI3)
MaTpHIla PaHTici JEereHIMi3 — OHBIH HOITe TeH eMeC MHHOPJIAPBIHBIH €H
oraprsl peti. Onait Gonca r(A)=r(A") Teriri qypeic. Byaan xKorapbiiars!
TeopeMara CYHeHir, 1-TyXbIPBIMHBIH IYPBIC €KeHIH KopeMi3. A

Ocpbl alThUIFaHIAPAH KeJIeci aHbIKTaMara KeJIeMis3.
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AnbIKTaMa. Mampuyansly panzici 0en, oHblH CbI3bIKHbL MIYECi3
HCONOApPLIHBIY, (0a2aHOAPLIHGIY) eH YKeH CAHbIH allmaobl.

Canoap. Tpameuust Topi3ec MaTpHLAAarbl >KOIAAp JKyieci —
CBI3BIKTHI TOYEJICi3.

V IlpmEbeHAA A3, Tpallellds Topi3fec MATPHUIIAHBIH paHTi JKOJmap
canbiHa TeH ( § 1.4 xapaHpz). A

2-Ty:KbIpbIM. AHbBIKMaybli HONZEe MeH, emec 00Jica, meK COHOA 2aHa
OHBIH, JHC0N10apbl (0a2andapsl) CoI3bIKMbL MIYeENICI3 H01a0bL.

V  Erep xanpmaii qa 6ip N-mIi peTTi MaTpUIAHBIH aHBIKTAYHIIIB HOT
eMmec OoJca, OHIA OHBIH paHTi, AEMEK, MATPHLAHBIH CBI3BIKTHI TOYEJCi3
JKOJIIAPBIHBIH €H YJIKEeH caHbl Aa, N-re TeH Oonansl. Kepicinme, erep N-mri
PETTiI MATPHUIIAHBIH OAp/ibiK HKOIAAPHI CHI3BIKTHI TOYEIICI3, SFHHU paHTici N-re
TeH 0oJica, OH/Ia MaTPHULIAHBIH aHBIKTAYBIIIBI HOJI eMec. A

Erep a=(a;,a,,a;), b=(b,b,,b;), €=(c,,C,,C;) — CHI3BIKTHI

Toyenci3 BEKTOpIap xKyheci Oozca, OHJIa 2-TYKBIpBIM
Q a &

OoibiHma, (b, b, b,|#0.byn TEHCI3MIKTIH CO XarbIHAAFbl AHBIKTAYBIII
G C G

a=(aj,a,,ay), b=(b,,b,, b;), C€=(c;,C,,C;) BEKTOPIAPBIHBIH apayac

KeOeHTiHiCi OoNFaHABIKTaH, OyJI BEKTOpJIAp KOMILIAaHAp €MecC JIeTeH Co3.

JXone kepiciHIIe, erep ymI BEKTOp KOMIUIaHap emec Ooiica, OHIa O
YIIEYiHiH CBI3BIKTBI TOYeNCi3 BEKTOpJiap JKyHeci OONaTBIHBIH KepeMis.

ConbiMeH, R” KeHICTITHICTT «yut 6eKMOPObIH CHI3bIKIMbL MAYecizoizin
MEH «Jui 6eKMOPObIH KOMNIAHAD emecmizi» - napa nap yeimoap. by,

R® KEHICTITiHIH 0a3UCiH OChI €Ki TYCIHIKTIH Ke3 KeJIreHIH mNaimaaaaHbIi
aHbIKTayra Oomanel geren ce3 (2.8.4. m. Herisri Teopema mMen § 2.3
AHBIKTAMaHbI KapaHbI3).

Ocbl cuskrhl, erep a=(a;,a,), b=(b,b,) — cbBBIKTEI Toyenci3

a,

) . a
BEKTOpJIAp *Kykeci 6oca, oHna 2-TyKbIpbIM OOMBIHIIA, =0, Hemece

1 0z
a b ~ =

121 an Oyn a=(a;,a,), b=(b;,b,) BexTOpmapbHBIH KoMIHHEAD
a Dy
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eMec ekeHiH kepceremi. Kepicinme, erep a=(a;,a,), b=(b;,b,)
BEKTOpJIApbl KOJUIMHEAp eMec 00Jica, OHIa OJlap ChI3BIKTHI TIYEICi3

o . . 2 . . .
BEKTOpJIap Kyheci 6omaThiHbIH Kopemis. ConbiMeH, R keHicTirinmeri «exi
6EKMOPObIH CbI3bIKMbL MaYeaci3oizhy» MEH «eKi 6eKmopOblH KOJIUHeap

emecmizin — napa nap yewimoap. Byn, R? kenicririniy 6asuciH ocs exi
TYCIHIKTIH Ke3 KeJreHIH MMai1aaHblll aHbIKTayFa Oonasl nereH ce3 (2.8.4.
1. HeTi3ri TeopemMa MeH § 2.3 aHBIKTaMaHbl KapaHbI3).

OcCBl  CHMSIKTHI, R! kemicririnme «Oip  6eKMOpPOBIH  CbI3bIKHIbL
mayencizdizi» MeH «Hon emec gekmop» — napa nap yevimoap. Sran R
KCHICTITiHIH 0a3MCiH OCBl €Ki TYCIHIKTIH Ke3 KeJIIeHIH NaiaiaHbII
aHbIKTayra Oomagel geren ce3 (2.8.4. m. Herisri Teopema mMen § 2.3
aHBIKTAMaHbI KapaHbI3).

Caapap. Eecep anvikmayviu nonce mey 60.ca, mexk cOHOA 2aHA OHbIH
gicondapwl (bazanoapul) coizbikmuvl mayendi 601aovl.

AnpIKTamMa. Marpunansly A, A,,...,A, KaTapblHBIH CBI3BIKTBI
komOunammsicel  gen  C A +C,A, +...+C A KOCBIHABICBIH  alTajbl
(G, 1=12,...,k — kaunaii na 6ip canzmap).

Haszap ayoapuinbiz! Erep aHBIKTaYBIIITHIH KaHal 1a 6ip KaTapbl OFaH
napaijienb KarapjapAblH ChI3BIKTHI KOMOWHAIMSACBIHAH KypanraH Oolca,
OHJIa aHBIKTAYHIII HOJITE TCH.

bazucmix munop Typanbl

Teopema. MarpunianblH Ke3 KeJNr'eH jKOJbl (0araHbl) — OHBIH 0a3UCTiK
JKOJIZIAPBIHBIH (OaFaHIapbIHBIH) CHI3BIKTHI KOMOWHAITUSCHI.

V bazucrik xonmap caHbl MaTpHIla paHTiHE (CBI3BIKTHI TOYEICi3
JKOJIIAPbIH €H YJIKCH CaHbIHA) TeH OOJFaHIbIKTaH, 0A3UCTIK Koygapra
TipkenreH (KOCBHUIFaH) Ke3 KenreH ko 2.8.3. m. 3°-TyKbeIppIM OOMBIHIIIA,
0CBI Ga3HCTIK JKOJIAAPIBIH ChI3BIKTHI KOMOMHAIMACH O0OTaIbl. A

Muicansi, R xenicririnzeri a;= (1,4,1,1), a,= (2,3-1,1), a;= (1,9,4,2),
as = (1,— 6,-5,—1) Bekropmapsl OepinciH. Ocbl BEKTOPIAp/bI KOJIIAp ETill

1 4 1 1

. 2 3 -1 1 ..

MaTpHuua Kypaubik: A = 1 9 4 . ATIBIHFaH MaTpULAHBIH paHrici
1 6 5 -1

87



2-re TeH (Ke3 *eTKi3iHi3). basuctik MUHOPABIH OipeyiH anaibIK, MBICAJIBI,
14

2 3

MaTPHUIIACBIHBIH OipiHII KoHE eKiHI >KOJImaphl — 0a3uCTiK )oimap (g
JKOHE 8, — CBI3BIKTHI Toyenci3 BekTopiap). Omaii Oonca, a; THeH ay
BEKTOPJIAphI 8; KOHE 8; BEKTOPJIAPBIHBIH CBI3BIKTHI KOMOMHAIUSCH O0Ia b,
Enpi ocel koMOMHammsmapasl amy XOJbIH Kepceredik. Om ymriH kemneci
TEHIIKTI JKa3aMbI3

A= #0. bBynl aHBIKTAyBIIITBIH  3JEMEHTTEpPI  opHamackaH A

Q=X Aty a *)
MyHzars! X, Y Tady YIIiH ajlbIHFaH TEHAIKTI KOOPIUHATTAPBl apKbLTbI
JKa3bIll ANbII, BEKTOpJIApFa jKacalaThlH aMaJlIapbl KOJNJAHbIN ecenTeiMis:
@9 4 2)=x@ 41LD)+y(2 3-11),
@ 9 4 2)=(x+2y, 4x+ 3y, X—-Yy, X+VY).

Bynan, BekTOpiapplH TEHJIITIHIH aHBIKTaMaChlH MakalaHbII, Keleci
eki Oemricizi Oap TepT TeHAeylep IKYHeciH amambl3: X+2y =1,
4x+ 3y=9, X—y=4, Xx+y=2 . MyHIarbl ajfalikpl €Ki TCHICYIiH
14
23

aHBIKTAYBIIIBIHAH TPAHCTIOHUPIICY apKBUIbI aIbIHFAH/IBIKTAH, OJ €Ki TCHICY
KYHeciHiH Kanrp3 memimi O6ap. On kyieHi Imeme OThIpHII, X= 3,

ko pumenTepinen KypajiFaH AHBIKTAYBIII, A= =0

y =-1 anamsiz. Enpi (*) Teruirine TaObIFaH €Ki MOHIII KOSMBI3: d3=3a1—
a,. Ocbinpaii TociiMeH a,= —3a;+2a, anyra O6omnanbl. CoHbIMEH Oipre,
a,=1a+0-a,, a,=0-a,+1-a,.
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§ 2.10. ChI3BIKTBIK KeHicTiK
bi3 (al, a, ..., an) TYpiHZeTi apu(METHKANBIK BEKTOpap KUBIHBIH (RN KeHiCTiriH)
KapacThIpABIK. byJ1 >KUBIHIA 6eKmopaaposl Kocy, 6eKmopovl canza Kebdeimy amanoapol
AHBIKTAJIBIT, OCHI eKi amaira KaTbicThl 2.10.1. . KepceTiren ceris TeHAIK OPbIHAANATHIH e
ATtanFaH ceri3 TEHJIK OPBIHIANATEIHIAN 6eKMOPAAPObl KOCY, 8eKMOPObl Canza Koodeiimy

amandapel AaHBIKTAJIATHIH 0acka Jla KeNTeTeH >KUbIHAAp Kezaeceni. MpIcaisl, eKi emem i
; 8y,
TypiHZeri OapiblK MaTpUIaNap SKUBIHBH anaiiblk. MaTpunmamapael Kocy,
4y 8y
MaTpHLAHBI CaHFa KeOelTy amanmapbiH § 1.2 KepceTiNreHael eTinm aHBIKTacak, OCHI €Ki
amasra KatbicThl 2.10.1. . KepceTinreH ceri3 TEHTIKTIH OPBIHAANATHIHBIH TEKCEPY KHUBIH
emec. OcpUali eTim  ajblHFAH €Ki OJIIeMII MaTpullajap JKUBIHBI 2X2  enuiemoi
Mmampuyanap Kenicmizi Ien artananel. OpuHe emmemuaepi 3x3, 4xX4 T.c.c. HeMmece
MXN, M+#N GonarelH MaTpUnanap KEHICTIKTEPiH HeMece KYpBUIBICH OacKa (MBICANEI,
(yHKUMsUIap  OKUBIHBIHAH — TYpAaTBIH) KEHICTIKTepAi aHbIKTayFa Oomanpl.  MyHnai
KEHICTIKTEPIiH OAPIIBIFBI ChI3bIKMbIK, KeHICMIKKe ®aTabl. EH/I OCBI CHI3BIKTHIK
KEHICTITiHIH aHaKTaMAaChIH KeNTipeiik.

Anvikmama. Erep X, Y, Z, ... oneMeHTTepiHeH KypanraH L KUBIHBI YIIIiH:

1) L xubiHBIHBIH Ke3 kenreH X, Y sIeMeHTTepiHe OnapiblH KOCLIHOBICHL JIET
aranatelH L KUBIHBIHBIH Z 37eMeHTiH (oHBI X+ Y apKpuibl Oenrinedai) coiikec KOATHIH
epexe Oap Goca;

2) L KUBIHBIHBIH Ke3 KelreH X 3JEeMEHTI MEH Ke3 KeJreH A CaHbIHA OJapbIH
Kebeiimindici nen aTanatelH L KUBIHBIHBIH AX JIEMEHTIH Coiikec KOSTHIH epesxe Oap Oonca;

3)  ochI eki epeKeHiH eKeyi Je Keleci ceri3 akCHOMaHbI KaHaFaTTaHIbIpca:

I. L >KMBIHBIHBIH Ke3 KedreH X, Y onementrepi ymin X+ Y =Y+ X (opsH
aybICTBIPBIM/BLUIBIK KACHET);

1. L YKUBIHBIHBIH Ke3 KEJreH X, Y,z JJIeMEeHTTepi YLIiH

(X+Y)+Z2=x+(y+2) (repimuinik kacuer);

89



1. L OKMBIHBIHBIH Ke€3 KEJIreH X OJJeMeHTi ymiH X+ O=X renniri
OpBIHAANATHIHIAN O He aneMeHTi 6ap Ooca;

V. L OKMBIHBIHBIH Ke3 KelIreH X JleMeHTi ymiH X+ X =0 rtenuirin
KaHaFaTTaHABIPATHIHAAN KapaMa-Kapchl 2JeMeHT X Oap Gouca;

V. L >KUBIHBIHBIH Ke3 KEJIT'eH X 3JIEMEHTI YIIIiH 1-x=x (1 xebeHT-KilmiHIH epeKIe
KAaCHeTi);

VI. L JKMBIHBIHBIH Ke3 KENTeH X SEMEHTI XKoHe Ke3 KelreH A, Ll caHgapbl yIIiH
A(uX) = (A) X (canabik KeGeHTKIMTepre KATHICTE TEPIMLTIK KACHET);

VIL. Ke3 KereH A, [l caHzapsl xoHe L sKUBIHBIHBIH Ke3 KeJreH X 3JIeMeHTi

YIIiH (7\, + M)X =AX+ WX (caHmplK KOOEHTKIIITEpiH KOCBIHABICHIHA KATBICTBI
YJIECTipy KacueTi);

VIII. Ke3 KelreH A CaHbl oHe L KMBIHBIHBIH ke3 KenreH X, Y anemeHTTepi
YILIiH 7\,(X+ y) =AX+AY (3neMeHTTepiH KOCHIHABICHIHA KATBHICTHI YIECTIpY KACHETI)

OpbIHJaNCa, OH/A L )KUBIHBI ChI3bIKMbIK (HEMECE 6eKmMOpIIbIK) KeHICHIK STl aTaTajbl.

CBI3BIKTHIK KEHICTIKTEpAl 3E€pTTCUTIH MaTeMaTUKAHBIH OOIIIMIH CbI3bIKIMbIK anzeopa
JIeTT aTanpl.

L CBI3BIKTHIK KEHICTiriHAe M¢ RN KeHICTiriHae KepceTuireHae, OipkaTap TyCiHIKTep/i
eHrizyre Oonansl. bipak MbIHamail epekmiemikTi aTan eTeMi3: RN KeHiCTIiriHiH aKpIPChI3 KOTl
0a3uci 0ONaThIHBIH 03 YKOFApbIAa KOPIK, &l ChI3BIKTHIK KCHICTIKTEPIiH Ke3 KEeNTeHi YIIiH,
Oaszuc TalObuTa OepMmeiini: Oipde-6ip 6bazuci Gonmaiimovin CHI3BIKMBIK KeHicmikmep oap.
OcbIHAal KeHICTIKTepAi albll TacTay YIIiH, CBI3BIKTHIK KEHICTIK aHbIKTaMachiHAars! I, 11, 111
IIapTKa TaFbl Oip Keeci MapTThl KOCabl:

IX. L xeHicriringe eH 6onmaranna 6ip 6azuc Gap.

TakbIpPBINKA aPHAIFAH CYPAKTap MeH TancbipMajiap

1.Keseci TeHAIKTepAl JaNIeIACHI3AED:

1) k(a +b) =ka+ kb; 2)k(la)=(kha; 3)a+0=a; 4) 0-a=0;
5)a+(-a)=0.
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2. CBI3BIKTBI TOYENJi JKOHE CHI3BIKTBHI TOYEINICI3 BEKTOpJIap
JKYHECIHIH aHBIKTaMaChIH KENTipiHi3.

3. ChIBBIKTHI TOyEN/1i BEKTOPIApABIH KaCHETTEI.

4. Erep OepinreH BeKTOpiap >Kykeci CBI3BIKTHI Tayenci3 Oorca,
OHJIa OJI KYHEHIH Ke3 KeNTeH Oeiri e ChI3BIKTHI ToyeJCi3 O0IaThIHBIH
KOPCETIHI3.

5. R" kenicririnin 6a3uci jeren He?

6. R" kenicTiringeri 6a3uCTiH KypaMbIHAaFbl BEKTOPJIAP CaHbl i
TeH ©Oosca, OoHAa caHbl i+1 BEKTOpJaH TYPATHIH CBI3BIKTHI TAYENCi3
BEKTOpJIap Xy#eci TaObUIa eI Ma?

7. MaTpumianslH paHTiCiHIH aHBIKTAaMAChIH OHBIH CHI3BIKTHI TOYEICi3
KaTaplapbl apKbLUTBI OEpiHi3.

8. Tpamerus Topi3zgec MaTPUIAAAFbl JKOJJIAP CHI3BIKTHI TAYEJCI3
BEKTOpJIap OONATHIHBIHA KO3 JKETKi3iHi3.

9. MarpuiasblH Ke3 KeNreH ojblH (0araHblH) OHBIH 0a3HMCTIK
JKONMIAPBIHBIH  (0a3ucTik OaFaHNApBIHBIH) CHI3BIKTHl KOMOWHAITHSICHI
TYpiHIE 6pHEKTEyre OONAaTHIHBIH ONICIICHI3.

TakbIpBINKA APHAJIFAH ecenTep:

Nel. Erep a =2b -3¢ Oonca, oHzaa i,b,c,d BEKTOPJIAPHI CHI3BIKTHI

Toyenci3 xyie 6onaasl Ma? JKayaObIHBI3IbI HETi3ICHI3.

Ne2. a)Keneci BekTopnap »KyHeciHiH CBI3BIKTBI TAyeJai Hemece

CBI3BIKTBI TOYEJICi3 €KeHiH aHbIKTaHbI3. d) CBI3BIKTHI TAYENi BEKTOpIIAp
apachIHIaFbl OAHITaHBICTHI TAOBIHBI3.

1) =110 2), 4= -2 3 2), §=(3 -8 9,-2);
2)&=(-10 -2, &=(2-232), &=(0, 7 9,-2);
3)&4=(L10), 4= -23), =03 -2 1), &=(4-1).

. o . 4 e .
Ne3. Kerneci Bexropiap kyiieci R™ kericririnin 6a3uci 60a anaas mMa?

JKayaObIHBI3 bl HETI3/ICHI3.

a) a=01102), =01 -2, 3, 2), a=(3, -8, 9,-2),
a,=(4, -5, 3,-2);
9) 4=0102), =0 -2 3 2), 4=(0, 0, 9,-2),
a,=(2, -4, 6,-2).

91



§ 2.11. 7Ka3bIKTBIKTAFbI TY3y

Ty3y — reoMeTpusiiarbl ajqFamiKbl YFRIMAAPILIH (TYCIHIKTEPIiH)
Oipi. bisre: eki HYKTe apKbUIbl JKAJIFBI3 TY3Yy JKYprizyre OOJaTbIHbI;
TY3y OOMbIH/A JKaTKaH HYKTE apKbUIbl OCHI TY3yre MEepHeHAUKYISp
KAIIFBI3 TY3Y JKYprizyre OOJaTBIHBI )KOHE T.C.C. aKCHOMajap MEKTeIl
Oarmapnamacel OoifpiHIna Taubic. Keneci ecenTepie KOWbUIATHIH
HIapTTap Ja KaJIFbI3 TY3Yl aHBIKTAUTHIHBIHA 3€p CAJIBIHBI3.

l-ecen. OX ociniH OH OarbITBIMEH O OYPBIII JKACAUTHIH HKOHE
M (X, Y,) HYKTE apKbLIBI OTETIH TY3y TEHAECYIH jKa3y KepeK

v P(X, y) — TY3yJiH Ke3 KeireH Hykreci 6onceiH. Onaa (19-cyperti

KapaHpI3) tgo = PK_ ﬁ, Hemece Y—Y, = tga(x— XO), an OynaH
KM x-x,
k =tgo. mem Genrinien L Ty3yiHiH TeHAEYiH aJaMbl3

Y= Yo =k (Xx=X). 1)

Mynparsl K =tgo Ty3yain 0ypblIThIK KO3GQUIMEHTI e atanabl.

2/

»
»

0 x, X X
19-cyper
Conpnsikran, (1) - Oppuiumublk Kodppuyuenmi k men xncone (X,,Y,)
HyKmeci apKpliibl omemin my3y menoeyi oen amaiiovl.  *

Hazap ayoapuinuiz! Erep (1) temmeyme X, =0 Oonca, ouzma
Y—Y, =kx nemece Y =KX+ Y, renzneyi- opaunara eciu Y,
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HYKTECIHJIe KHATBIH, OYphIITHIK Kodddummenti K TeH Ty3ymi 6epei.

Bepinren Ty3yne jkaTaThlH (HeMece OFaH Mapajuieib) BEKTOPIBI
TY3Yy/iH 0aFbITTAYIIbI BEKTOPBI JIET aTalMBI3.

2-ecell. I\/IO(XO, yo) HyKmeci  apKplibl  OMemiH  JicoHe
bazeimmayuibl 6eKmopul é(al,az)meﬂ my3y0iH, meHOeyin xazy Kepek

(TeMeHIeTi CypeTTi KapaHbI3).
v P( X )’— TY3yIiH Ke3 KeNreH HyKTeci OoychiH. [3meminreH

reneyai  xommmeap  MoP=(X—X, y—Y,) oxome d(a,a,)
BEKTOPJIAPbIH [AiJaIaHbII jKa3y¥Fa Goabl:
X=% _ Y=Y

=120 )
3, a,
a |-
Mo (% Yo) P(x,y)

Canoap. M, (x,Y;) xaoHe M,(X,,Y,) - exi Hykme apKvlisl omemin
my3y meHoeyi MbIHA TYPJC Ka3blIabl:
X-X% _ Y-V )
X,=% Yo=Y

¥ lsmbmEga ga, Ty3y M,(X,Yy;) HYKTeCI apKbUIbl ©Teli >KoHe

®)

Wz = (X2 =X, Y, - yl) - OHBIH OarbITTayIIbl BEKTOPBI OOJFaH/IBIKTaH
(2) TenmixTi maiinangancax (3) TEHIIKTI ajgaMBbI3.
Erep X, =X, 6osnca, onzna
X=X — Y=Y
0 Yo=Y .
TY3YiHiH OaFbITTayLIbI 3(0, Y, — yl) BekTopsl MeH OY eciHiH T(O,l)

(4)
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OpTHl KoOJUTMHeap OonraHapikTad, Ty3y OY eciHe mapaiienb eKeHiH

kepemis. JXKone (4) TenuikteH X—X, =0- I=h HeMece X = X ajaMbl3.
Yo=Y
X— - ,
Ochl cusikThl, erep Y, =Y, Oonca, oHzaa X _Y 0y1 TY3yi
X, —X
2 1

V'S

OX eciHe mapaienb JKoHE OHbIH Teraeyi Y =Y, Oonajsl.
3-ecem. Y=k X+, xoHe y=K,X+|, Ty3ynepiHiH apacbiHaaFrbl ©
OypbIbIH Taly Kepek (20-cyper).

YA
()
o, a, -
o \ X
20-cyper

04,0, — eKi Ty3yziH OX eciHiH OH OarbITBIMEH >KaCalThIH OYpBIIITAPHI,
arHu, K =tga,, Kk, =tgo, — OypsImThIK KO3(duIeHTTep OOICHIH.
CyperTeH, i13[elmiHreH  Oypblllbl =0, —0, TEH OO0JaTbIHBIH
kepemi3. Omaii 6oica,
tgoy —tga, _ k -k,

tgo =t - = = .
go=tga; ~o) 1+tga, -tga, 1+kK,

©)

-

By — exi Ty3y apachIHAaFbI OYpHIITHI Ta0y (popMyJiachl.

(7) TteHmikTeH, eKki TY3yHiH TePHEHAUKYJISAPJBIK OeiriciH
1+kk, =0 nHemece

kk, =-1 (6)
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TYpiHZE, al eki Ty3ydiH nmapamienablik (tgo=0) OGemricin k —k, =0
HeMece KeJleci TypJe JKa3zyra O0NaThIHIBIFBIH KOpeMi3

K, =k,. @)

Enni (2) Temmeynmeri mapamerpiepai coiikec A=a,, B=-a,
C=-ax,+ay, apKbUIBI oeinriney apPKbLIBI IIBIKKAH,
HCAZBIKMBIKMAZbL MY3YO0iH Hcannsvl meHoeyi 1T aTaaaThiH

Ax+By+C=0 (8)

TEeHAEYAl KapacTelpailblk. MyHnarsl 4, B, C — OepinreH cangap >oHe A
MeH B — 06ip mesringe menare TeH emec (4, B, C canmapsl TY3yIiH
OpHAJIaCybIH aHBIKTANAbI) . EHII OChI XaFaaiiap bl KapacThIPalibIK.

Erep C=0 Gonca, ouna AX+By=0 Ty3yi koopmunarrap Oac
uykrecinen eotemi, eitkeni O(0,0) HykTeciHiH KOOpOMHATTaphl TY3y
TEHJCYIH KaHaFaTTaH bIPaJIbI.

. A .
Erep B =0 Gonca, onnma (10) Tenueyni Y= B X —% TYpiHAE, Al

A .
myHaa k = g’ | = B et ancak, oHbl Y =KX+ | Typinze xa3a anamei3.

C
Erep B=0, A#0 Oonca, onma Ax+C=0 mHemece a= A Jien
Oenriyen Keneci TeHIEY/li alaMbI3
X=a. (9)
By Ty3y - »xorapbiaa aditeuiran QY eciHe napajuieib, adciuccanapbl
a TeH OOJaThIH HYKTEJEPIiH reOMETPHSIIBIK OpHBI (21-CypeTTi KapaHbI3).

Erep 4=0, (B#0) 6oxca, ovga y = —E HeMmece b= —% JIerr Oelruien

KeJieci TeHeY/Il ajJaMbl3

y=Dh. (10)

byn Ty3y ne, »Korapelga aWTBUIFaH OX eciHe mnapauiens,

OpIUHAaTajIaphl D caHbIHA TEH OOJIATBIH HYKTEJIEPIiH T€OMETPHSIIBIK OPHBI
(22-cyper).
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Erep (9) Terneyne a = 0 6osca, onga OY eciHiH TeHaeyiH: X = 0, an
(10) terneyne b = 0 6onca, onma OX eciniy TeHaeyin: Y = 0 anambI3.

bluraiinsuisik yiuin OX, OY - ectepin caiikec OX,, OX, apkpuisl, X,

y alfHBIMaIapbIH colikec X, X, apKbuipl, A, B ko3¢ duuuenrrepin

colikec A, A, apKbUIBI aybICTHIPHIN Oeurinern, (8) Tenaeyai keneci Typae
’KazaMbl3

Ax +AXx,+C=0 (8%)
v : "
=Db b
X =a /
0 X
o a) X
21-cyper 22-cyper

Erep A #0, A, #0, C=0 06oica, onna (8%) TenaeyiH MbIHa Typre
Kenripyre 6onansl (a= ﬁ b= =< ):

A

X% g (11)
a b

(11) — Ty3ymin kecinmizik Temmeyi men aramamsl. By tysy, OX,

eciH (a,0), amn OX, eciH (0,b) Hykrecinae kusiabI.
Mgicanel, 2X+3Y —6=0 Ty3yiHiH KECIHIUIIK TeHILY1 % X+ g y=1

y

X . . .
HEMeEcCe §+E:1 typinze xaspuiagsl. On OX, ecin (3;0) Hykrecinze,

OX, eciu (0;2) HyKTeCiH/IE KUSAIBIL.
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Erep (8*) Temneyimen Oepinren ty3sy X (Xf , Xg) HYKTEC1 apKbLIbI
oTeTiH Ooiica, oHaa
AxY+AX)+C=0 (12)
TeHIr1 opeIHAANAnEL. (8*) TeraikTed (12) TEHAIKTI MYIIIEIEH MerepceK
A=)+ Ay(x, = X3) =0. (13)
by, )?(Xf, Xg ) HYKTeci apKbLIbI 6TETiH TY3y TeH/eyi.

Erep A=(A,A), X=(X,X), X°=(x,x%) pamxuyc-BekTopnap exeHi
eckepcek, onma (13) TeHmeymiH con sKaFblHEaFbl Immama A= (ALA)
BEKTOPBl MeH X—X'= (xl — X, Xy — X3 ) BEKTOPBIHBIH CKalsAp KoOek-
TIHZICI eKeHi KepiHeTi:

A(x-x%) =0. (139

Mynpmarsl X —X° Bextopsl L Tysyimme xatwip (23-cyper). Omaii

6onca, (13') teraikren, A=(A,A,) — Gepincen mysyze nepnenduxynap
6EKMOp 00NambIHbIH KOPEMI3.

b1
||

(A A)

T = S0 00
R=(x) 2 =[x 1
23-cyper
Ty3yre nepneHAMKYISAp BEKTOp OCHI TY3yIiH HOpMaJi (HopMaJb
BEKTOPBI) €N aTaja]bl )KoHE o1 KeOiHece 1 Hemece N KOK opIiMeH

Oenrieneni. Omait  Gonca, Ty3ymiH skamnbl TeHaeyinmeri A, A,

k03¢ puLmeHTTEPi — OCHI TY3yAiH HOpMaJliHIH KOOpAWHATTapHI eKeH!

byn— A, A, ko3pduyuenmmepinin zeomempusanvix mazviHacol.
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ConbiMeH, A(Ai,Az) BEKTOPBIHA NepreHmuKyIsp xkore M (x),xJ)

HYKTECi apKbUIbl ©TeTiH TY3y, (13) Tenneymen Hemece (13') BEKTODPIBIK
TEHJIEyMEH aHBIKTAIAMIbI.
Mpuicanwl, Yy =2x+3 Ty3yiHIH HOpMaiiH Taly VIIiH, OHBIH >KaJIIIbI

TeHJeYiH ka3zambI3. Y —2X—3=0. byman i =(-2;1) anamsIs.
Enni
L: Ax+AX +C, =0, (14)
L,: Bx+Bx,+C,=0 (15)
my3ynepiniy apacvlinoazol ¢ OypuluiblH TAOANPIK.
A=(A,A) L L xome B=(B,B,) L L, GomraHmsIKTaH,
¢ = £AB. Onaii 6onca,

____AB +AB,
A8 JAz+pZ.[B2+BE o

(16) Tenmikten L; koHe L, Ty3ysepiHiH mnepneHAUKYIAPIBIK
OeJriciH anamsI3:

cos@=

AB;, +A,B, =0. (17)

Erep exi t1y3y mnapamiens Oosca (L ||L,), oHnzma A wmen B
BEKTOPJIaphbl KOJUTHHEAp 0OIaThIHIBIKTAH KEJIECI TEHIIKTI jKa3a alaMbI3
4 _ 4, (18)

B, B

1 2

By — Ty3ysepain mapaniennsaik Oedrici.
Mbpican. L : X+2y—3=0 xone L,: —2X+Yy+5=0 ty3yne-pinin
apaceiHmarsl  OypeiuTel  Tabaibik. (M, =(1, 2), n,=(-2, 1)) Ooxaran-
1-(-2)+2-1
(-2)+ =0, meMexk, (p:E.
VI 422 [(-2)2 + 22 2

JIBIKTaH, COSQ =
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4-Ecen: TikOypeimtel OX, X, KOOpIAUHATTAp KYHECIHAEe d paauyc-

BEKTOPHI OEpuIreH: |§| =p, an v=(Cosa,,COSal,) — OHBIH OpThL. OcCBbI
d BCEKTOPBIHBIH VIIBI APKBUIBI OTETIH JKOHE OFaH MepHeHIUKyasp L
TY3YIiHIH TEHJIEYiH a3y Kepek (24-cyper).

V L ty3yiHiH ke3 kenreH X(X;, X,) HYKTECiHiH (paguyc-BEeKTOPABIH) V
opTeIHa npoexuusicel [1p,X =|X|cos < (X,V)=p Ten (mynzall (Y, v )

OYPBIIIBIHBIH MOHIEP1 [0; %J apaibIFbIHAa OonaTeIHABIKTaH, [1p,X >0 ).

)(gﬂ

0‘2_" #(Xl!xz)
o

»

0 N

24-cyper
Bynau |[V|TIp,X=p Hemece Ty3yaiH BEKTOPJBIK TeHmeyi nen
aTaJIaThIH TCHJIEY/II aJIaMbI3
(X,v)=p. (19)
Kepicinmre, (19) Tenmeyni kKaHaratTaHAbIpaThiH opOip X HYKTe L

TY3YiH/IE JKaTaJlbl.
Erep (19) Teraeyai BekTopimapAblH KOOPAUHATTAPHI OOMBIHINA XKa3Ccak,
OHJIA

X, COSQ, + X, C0sa, =p (p=0), (20)

HeMece COSaL, =C0S(90° —a,) =sina, TeHmiKTepiH eckepcek

X, Cosa, +X,Sina, =p (p=0) . (21)
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Bynr - Ty3yamiH Hopmaab TeHAeyi Jenm  aranajibl (MyHza
cos’ a, +co0s” a, =1).

Haszap ayoapwinsiz! byn tenneynepaeri P caHbl — KOOPJIUHATTHIH Oac
HYKTECIHEH  Ty3yre  JediHri  KambIKTBIK, aj  Oeunrici3gepaid
KO3 GUITUSHTTEP] — OCHI TY3YI'€ MEPICHINKYJIISP BEKTOPBIH OaFbITTAYIIIbI
KOCUHYCTaphl (BEKTOP OPTHIHBIH KOOPAMHATTAPHI).

Erep L Ty3yi AX + AX, +C =0 »xannsl TeHaeyimeH Oepince, oHIa
_tr
A +A
caHbIHa KeOEHTy apKbpUIBl HOpMalb TEHAEYre oTyre 0onaabl (MyHHAFbI
taHba, p=—M-C>0 Oomys!l ymiH, C-HbIH TaHOacklHAa Kapama-Kapcel

OHBl HOpManbOaywibl Kefeumkiwt nen artamatelH M ==

OoJaThIHIAN eTill TaH aJas):

A A C
X + Xy =— : (22)
AT +A7 T £ (A% A2 A%+ A

A N A
i«/Aiz +A? iafpf +A?

JaIaTBIHABIKTAaH, O<a,<2n OYPBIIITBIHBIH M- A =cosa,,

Byn xarmaiina =1 TeHxiri opbIH-

M - A, =sina, TeHmiKTepi OpbIHAATATHIH XKaIFbI3 MAHI 6ap. Omnait Gosca,
C

Mpeican. 3Xx+4y+10=0 TexaeyiHeH HOpMallb TECHICYI'€ OTY KepeK

(22) — Ty3yaiH HOpMaJTb TEHICY1 KOHE MYHIa P =—

xoHe O(0,0) HYKTeCiHEH OCHI TY3yre AEHiHT] KalIbIKTHIKTHI Ta0y Kepek.

¥ C=10>0 Gosrarmsikra, (A =3, A, =4) TeHueyaiH eKi >karblH

M= _r = 1 CaHbIHA KeOeWTCeK, 3 X— 4 y—2=0 Hnemece
V3 + 42 5 3

3 4 3 . 4
——X——=—Vy=2.MyHga:coso,, =——, Sino, =——, p=2.And=p=2 “
¢ T Y T 1= M =7g P=aATa=p
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5-ecem.  X° =(x],X) HykTeciHeH AX, + AX, +C =0
TeHJICYiIMEH aHBIKTAJFaH Ty3yre Jeiinri d KallbIKThIKTI Ta0y Kepek.

V Ty3yniH >kanmnsl TeHIeyiHeH (22) HopMallb TeHJIEyTe, O1aH COH
—-C

_ A A, -
V = ) ] X = 1 X H =
+ AT+ A £ AT+ A2 Guxe). v + [N+ A
BEKTOPJIBIK TeHAeyre ortemis: (X,V)=p Hemece

Jen Oenrijern aiblil,
(X,v)—p=0 (25-cyper). Cyperte a=0A L L, ‘sz, an v
Erep L Ty3yiHiH Ke3 KejireH

OALL BEKTOPBIHBIH OpPTHI.

BEKTOPHI,
)?()(1, Xz) HYKTECIH ajncak, onaa d = ‘Hpv (X— XO)‘: ‘w |
A '
X4 - |
! _’
7 -
/ \
// \\‘ /.
/ \
I, ......... X.O
L
|
B\[, Xl
or |
25_CyPeT

BexTopnapnbig ckansp keOeUTiHAICiHIH KacHeTTepi OOMbIHIIIA

d =[Tp, (X = X°)| = 9] T, (X = X°)| =|(X = X°,9)| = |(%,9) - (X°, ¥)| =

S0 0,0
aJaMbI3. ConbsIMeH X" =(X,X%y)

S0 — S0 —
=|p—(%°,9)|=|(x°,9)-p
HykTeciHeH (X,V)— p=0 Ty3yiHe neHiHri KalIbIKTBIKTBIH (OPMYIachIH

AJIBIK;
d =|(x°,¥)-p| (23)

Erep (23)-1i BekTOpsapapIH KOOPAMHATTAPHI apKBUIHI JKa3cak, OHIa
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B ‘Alxl0 +AX) +C‘
T

Conpiven, X°=(x’,X3) Hykrecinen AX, +AX, +C=0 Tysyine

(24)

JeHiHri KaHILIKTLIKTBI Taly YIIiH, TEHAEYAEri X;,X, alHbIMangapiblH
opubiHa X° = (X, X)) HyKTeciHiH coifkec KOOPIMHATTAPHIH KOFBIII, ATbIH-
FaH ©PHEKTIH a0COJIOT IIaMAaChIH ,,[A& + A2 caHbiHa 06y Kepek. Mbicaisbl,
M, (1, —5) nykrecinen L:3Xx+4y+7=0 Ty3yiHe AeHiHr1 KalBIKTHIK ((24)
3:1+4-(-5)+7 10

N3+ 42

Eckepry: AX +AX, +C=0, A°+B*#0 Tysyi ®a3bIKTBIKTH €Ki
JKapThl Ka3bIKThIKKAa Oememi. OHBIH OipeyiHIe >XKaTKaH HYKTelep YIUIiH

KapaHs3) d = =2 TeH. A

AX + AX, +C >0 Tenci3airi opplHIaNCca, EKIHIIICIHAC XKaTKaH HYKTEJIep
ywin A X + AX, +C <0 Tercizairi opeinaanagsl. Meicansl, M (1,3),
N(—2,4) HykTenepiHiH koopauHatrapblH —X+2y+3=0 Tenaeyinaeri
alHBIMANIapABIH OpPBIHIAPBIHA KOMBIN colikec —1-1+2-3+3=8>0 xoHe
—1-(-2)+2-4+3=13>0 anamei3. Enne-mmie M (1,3), N(—2,4) nHykrenepin
kocatelH MN kecingici —X+ 2y +3=0 Ty3yiMeH KUBUIBICTIAN/IBI.

Mboican.  @(—3;4) BeKTOPBIHBIH YIIbI apKbUILI OTETIH KOHE OFaH
NEPIICHIUKYISP TY3yIiH TEHICYiH )Ka3y Kepek.

V BekTopabH MOAYIIiH JKoHE OaFbITTayIlbl KOCHHYCTAphIH TabaMbl3:
/ -3 4 .
|a( 3, 4)| = ( ) +4% =5, cosa —?, cos :E' Enmi (20) termey

OoiibIHIIA —g X+ g y =5 nemece —3X+4y—25=0 anamb3. A
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TakpIpbInKa apHaJFaH CYPaKTap MeH KaTThIFyJap

1. Ka3pIKTBIKTarbl TY3YAiH OYpBIITHIK KO3(PPHUIMEHT apKpUIBI
OeplireH TeHACYIH Ka3bIHBI3 JKOHE OHAAFBI MapaMeTpiepaiH (TYPaKThl
[IaManapblH) FeOMETPHSIIBIK CUITATHIH TYCIHAIPiHI3.

2. JKa3pIKTBIKTaFB! TY3YAIH JKaJIbl TEHACYIH JKa3bIHBI3 JKOHE OHJIAFbI
ko3 purmenTepre 6alimaHbICTHI IepOec Karnaiap/sl KapacThIPBIHBI3.
3. bepinren Oypeiuthik ko3¢ ¢uumeHTi OoiibIHIIA, (Xg, Vo) HYKTECi
apKBUIBI OTETIH TY3Y TEHICYiH KOPHITHIN MIBIFapbIHBI3. MBICall KeNTipiHi3.
4. Exi HYKTE apKbUIbl OTETIH TY3y TEHJEYiH KOPBITHIN HIBIFAPHIHBI3.
OHBIH KOOPAMHATTBIK ©CTepre mnapauielb OOy KarnaiiapblH
KapacThIPBIHBI3. MBICA KeNTipiHi3.
5. BypbimTeIK KO3 QuUInMeHTTepi apKBLIBI OEpPUITeH €Ki TY3y apachlH-
Jarel OYpHIITHI Tady (OPMYNIAChIH KOPBITHIN IIBIFAPBIHBI3. EXi TY3yaAiH
MIEPIICHIUKYIISPIIBIK, TapaJUIeNbAiK OenTiaepiH )Ka3bIHbI3.

6. Ty3ymiH KeCIHAUTIK TEHIEYIH XKa3blHbI3. JKa3bIKTHIKTAFbI
TY3YAiH OepiireH »aimnbl TEHJCYIHEH KEeCIHIUTK TEeHIAEYre >KoHe
KepiCiHIIIe Ty JKaFIaiIapblH MBICAT apKBLIBI TYCIHIIPIHI3.

7. bepinreH HYKTe apKbUIbl OTETiH JKa3bIKTBIKTaFbl TY3YIiH
YKl TEHJCYIH Ka3bIHbI3 XKOHE OHBIH KO3(DPUIIMEHTTEPIHIH reoMeT-
PUSUTBIK MaFbIHACKIH TYCIHIIPiHI3.

8. Xammbl TeHaeynepMeH OepiireH €Ki TY3y apachbIHIAFbI
OypeIThl Tady (QOpPMYyIachlH KOPBITHIN MIBIFAPBIHBI3. EXi TY3yamiH
MIEPIICHINKYJIISPIIBIK, TMapauieNbIiKk OeNTuUIepiH >Ka3blHbI3. MpIca
KEJTIPiHI3.

9. Ka3bIKTBIKTarbl TY3y[iH BEKTODPJBIK TEHIACYIH KOPBITHII
HIBIFAPbIHGI3. TY3yAiH HOpMallb TCHICYIH XKa3bIHBbI3.

10. Hopmanbuayiisl KeOSUTKIIl JIETeH HE JKOHE JKa3bIKTHIKTAFbI
TY3yiH OepilireH >Kalmbl TeHICYiHEeH HOpMallbh TeHJIEyre Kallail eTyre
Oomnanpl? Meican KeNnTipiHi3.

11. BepinreH HYKTeIeH Ty3yre JEHiHT1 KalbIKTHIK (opMyrachiH
JKa3bIHBI3. MBICall KETipiHi3.

103



§ 2.12. JKa3bIKTBIK TeHaeYi

Ecen. Tix Oypeiutst OX;X,X, nekapT  KOOpAUHATTap XKyieci
aupIKTamFaH R® KeHicTirinme & pamuyc-BEKTOPHI GepinreH: |é|= p JKoHE
d BEKTODPBIHBIH V =(COSO¢_L,COS a,,COS 0:3) - OpTHL d BEKTOpBIHA

TEPIICHIUKYJISAP YKOHE OHBIH VIITBI apKBUTBI OTCTIH Ka3bIKTHIKTHIH TCHICYiH
a3y Kepek.

Y @ BEKTOPBIHBIH YIIbl apKbUIbI, OFAH MEPICHAUKYIsAp Oip FaHa
JKA3bIKTBIK JKYpri3yre OonaTeiHbl Oenrimi. JKa3bIKTBHIKTBIH Ke3 KenreH
X(X;, X, X3) HYKTECiHIH (pafnyC-BEKTOPJbIH) V BEKTOPBIHA IPOEKIHACHI

p cambiHa TeH: | 6§X'=|)7|-COSL(17,)7)=p (26-cyper).  Bypsbim

0< 4(17, )?) < % Gonranapikran (X,v) =|v|[Ip,X=p, p >0 nHemece

X,v)=p, p=0. (1)

26-cyper

(1) TeHneyal Ka3bIKTBIKTBIH BEKTOPJIBIK T€HAEYi Jer aTaiiibl.
Erep oHBI BEKTOpIApIBIH KOOPAMHATTAPHI APKBUIHI JKa3CcakK, OH/Ia

X -COSal, + X, -COSQL, + X5 -COSa; =P, pP=0. 1"
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By — ’Ka3BIKTHIKTHIH HOPMAJb TE€HAEYI JeT aTanajpl (MyH/Ia
V'S

cos® o, +C0s? o, +Cos% oty =1) .
AnbIKTaMAa. JKazbixkmoixma scamkan Ke3 KejleeH KoJuHeap emec a
Mmen b eexkmopnapovl ocbl HcA3LIKMBIKMBIY OA2bIMMAYULbl 86eKMOPAAPbL

den amatiobsi.
Ecen. Bazeimmaywvl gekmopnapot a=(a,,a,,a;), b= (b,,b,,b;)

<0 0,0 ,0 ,
Oonamoin scane X =(X;,Xy,X3) HyKme apkvlivl 6MemiH Hca3blKMbIK,

menoeyin Kazy Kepek.
Y X =(%,X,,X;) Ka3bIKTBIKTBIH Ke€3 KeJlreH HykTeci 60ichiH. OHa

—X° BeKTOpHI i3MCHIHIN OTHIPFAH JKA3BIKTHIKTA > KATATHIHIBIK-TAH,
X—X"=(x — X, %, — X3, X, —xJ), d(a,a,,8;), b(b,b,,b;) BexTopmaps:
KoMmIutaHap Oomanel. Omaii Ooiica, omapnblH apaiac KeOEWTiHIICI Henre
TEH;

xi

(x-x")ab =0 )
HeMece
X =X X=Xy Xg—Xg
& a, a; |=0. (2"
by b, b,
(2) - sKa3sBIKTBIKTBIH OarbITTayIIbl BEKTOpJap OOWBIHINIA

JKa3plIIFaH TeHaeyi nen arananasl. Byn TeHzeyne, a3bIKTHIKTA JKaTKaH
HYKTE MCH OHBIH OaFbITTAyIIbl BEKTOPIAPHI aWKbIH KOPIHIN Typ.  “
Msican. M, (1,2,3) nykreci apksuisl etetin 8(0,1,2) xone b(1,0,1)
BEKTOPJIapbIHA MapaJlIeNb jKa3bIKTHIK TEHICYIH kKa3y Kepek.
Y (2') Tenaeyine OepijreH KOOPAUHATTAPAB KOSIMBI3:
x=1 y—-2 z-3
0 1 2 |=0.
1 0 1
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AHBIKTAYBIIITHI 1-1111 5K0J1 21eMeHTTepi OOMBIHIIA KIKTeHMIi3:

1.(x-)+2-(y-2)—(z—3)=0 nemece x+2y—-z-2=0. =
a, 8 0\, |3 & 0, [ & 0
- X — X Xy — X Xg—X3 )=0
(2') -renpeynen b, b3(1 1)+b3b1(2 2)+blb2(3 3)
a, a3 a3 & & & .
Hemece A = , A= , Agz‘ nen Oenriner,
b2 b3 b3bl ble
A (% =3+ A (% =5 )+ A% —x5) =0 3)

TypiHjeri Teraey azambi3. By, Ka3bIKTBIKTBIH X° = (xf,xg,xg ) HYKTe
apKbLIBl OTeTiH TeHaeyi. Erep MyHmarpl KakmiajmapAsl amibil, 0oc
MYIIIEeHI B apKbLIbl OCNTUICCEK, OH/IA OJ1 MbIHA TYPre KeJie i

A X +AX, + AX,+B =0. (3")
ByJi, #Ka3bIKTBIKTBIH KAJINbI TEH/IEYi JeT aTanabl.

JKa3BIKTBIKTBIH JKalImbl TEHIACYIHEH HOpMallb TEHJIEYre OTy YIIiH,
JKANMBl  TEHIEYNl  HOpMaapboayuibl  Kebeimkiwi  JIeNl  aTalaThIH

1 ..
M =+————— canpIHa keOeiiTeni (MyHIarbl TaHOa, B CaHBIHBIH
A+ A+ A

TaHOachIHA KapaMa-Kapchl €Till alibiHa/Ibl (Here?):

Ai 'X1+ AQ - X, + A3 X, =
N [y N [

-B

_J_r,fAf+A22+A32 .
Byn tenneyne X(X,%,,%;), p:+\/ﬁz+p\§,
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5= A , A ’ A
i\/Af+A22+A32 J_r\/Af+A22+A32 i\/Af+A22+A32

JKa3BIKTBIKTBIH BEKTOPJIBIK TeHieyine kenemis: (X,V) = p

el ajblll

Mbicanvi, erep MKa3bIKTBIKTBIH JKAIMbl TeHIEyl 2X+Yy—-3z2+1=0
TYpiHze 6epince OHJAa OHBl HOPMaJbJAYHIBl  KOOCHTKIII

M = caHblHa  KeOeiTe OTBIPHIIT

,f 22 +17 + 2 \/1_4

et

HOpMaJTh TCHICYI.
Kazvikmuikmuoin scannvl menoeyinoezi A, A, A,

TeHACyiHe  Kememi3.  MyHzaa

KoIhpuyuenmmepi >cazviKmuvlKKa nepneHOUKyap Aeekmopbmbm
Koopounammapuin kepcemeoi. sinpinaa na, (3') Tenneyre napanap (3)

TEHJIEYIiH con JKAFbI A= (AL ALA) MEH
X—X"=(x, =X, X, = X3, X; —XJ) BEKTOPIAPBIHBIH CKaIsAp KeOeiTiHmici:
(A, X —X° ) =0. An x-x° - JKa3BIKTBIKTA KATKAaH Ke3 KEJITeH BEKTOp.

Omait  Gomca, A= (A;,A,,A;) BEKTOpBI ~ OCBI  JKa3bIKTHIKKA
HEePIEeHIUKYIIP.

blkmamapuisik yorin (3') skanmsl Tenaey i
Ax+By+Cz+D=0 (*)
TYpiHze ’ka3bim anbi, ocbl o: AX+ By+Cz+ D=0 a3bIKTHIFbIHBIH

KOOpJIMHAT ©CTEepPi MEH KOOPAWHAT >Ka3bIKTHIKTApPbIHA CaJIbICTHIPFaHIaFbl
opHanacy okarmainapein Tangaibik (A, B,C canmapeinbiH 6opi  6ip
ME3TIJIE HOJITe TeH eMecC).
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1) Erep D=0 ten Goaca: AX+By+Cz=0, oHma Xa3bIKThIK
KoopmuHaT Oac HykTeci apkputel etemi (eiitkeni, (0,0,0) HykTeciHiH
KOOPJMHATTApPhI TCHACYl KaHaFaTTaH IbIPAIbI);

2) Erep C=0 Goca, oHma

a: Ax+By+D=0 4)

xa3pIKTeIFbl Oz ecine mapamtens Oomansl. [lembiHga mga, fi(A,B,0) -
JKA3BIKTHIKTBIH ~ HOpMati skoHe OXY KOOpJMHAT Ka3bIKTHIFBIHIA JKaTKaH
Ke3 KeJIreH BEKTOpP.
3) Ocpl cusikThl, erep B =0 6osca, onna
Ax+Cz+D=0 (4"
xa3bIKThIFBI OY eciHe mapamiens 0omabl.
4) Erep A=0 6osnca, oHna
a: By+Cz+D=0 4"

*a3bIKTHIFBI OX ©CiHe mapauienb 00abl.
CoHFHl YIII JXaFmaniga I—EI——I 0oJ1ca, JKa3bIKTHIK, Colikec Z, Y, X ecrepi
ApKBUIBI OTE]II.
5) Erep C=B =0 6oica, onga

AX+D=0 nemece X=a, a:—%, (5)
Ka3eIKTeIFBl OyZ KOOpAWHAT >KAa3BIKTHIFBIHA Mapajuiesib (SFHH X OcCiHe
nepreHauKyisp), eiitkeni n(A 0,0) sxome 1(1,0,0) —  komtuHeap
BEKTOpJIAP.
6) Ocnl cusiktbl, erep C=A=0 GoJica, oH/Ia
D
By+D=0 mnemece y=b ( :_Ej 5"

Xa3bIKTBIFBI OXZ KOOPAWHAT JKa3bIKTHIFBIHA HAPALIEND;
7) Erep A=B=0 0oxca, onna

Cz + D =0 nemece zZ=c, ( =—gj (5"

JKa3bIKThIFBI OXY KOOPJMHAT 7Ka3bIKTHIKThIFbIHA RAPA/LIEb OO0Nabl.
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Ka3bIKTBIKTBIH KeciHailik TeHaeyi. Erep xorapbinarsl (3' )-

mi AX +AX, + AjX; +B=0 termeyne A =0, 1=12,3; B=0 Oonca,
OHJIa TEHJCYIH €Ki )KaFbIH -B caHbiHa 06N OHBI
X, X B .
5%, 8 1 a2 =123 6)
a a & A

TYpiHe Kentipyre 6onansl. (6) - Ka3bIKTHIKTBIH KeCiHIIiK Tenaeyi nen
aranaznpl. Byn kaseikThIK X, eciH (a,0,0) HykTecinze, x, eciu (0,a,,0)

Hykrecinae, X, ocin (0,0,a;) HykTecinae KUsAMIbL.

Ecen. bBip rty3ymin OGoiibinma okarmaiitein:  My(X,, Yo, Z),
M (%, Y1,Z), My(%,,Y,,2,) ym Hykme apKvlivl omemin ca3vlk-
MblKMbIH meHoeyin Xa3y Kepek.

¥ Bisre, My(Xy,Y,,2Zy) HYKTECI apKbLIBI OTETIH JKOHE
OarbITTayIIBl BeKTOpHapsl d =M M, = (X — Xy, ¥, — Yo, Z3 — Zp),

b=MM;, =(X; =X, Y2 = Yor 2, —2) (7)

00aThIH ’Ka3bIKTHIKTHIH TEHJIEYiH jka3cak Oonransl ((2') KapaHbI3):

X=X Y=Y Z-1
X=X Y1—Yo Z—1Z [=0. (8)
X=X Yo=Yo Z— 1

(8) - Gepimren My (Xo,Yo.20), My(X1,Y1,21), Mp(X,,Y5.2,) yme

HYKMme apKbliibl ONMemin Hea3pblKmuvlK, meHOoeyi.

Muicaner, M;(1L,11), M;(1,2,3), M,(321) Hykrenepi apKbLIbI
OTETIH Ka3bIKTHIK TEHJIEYiH (8) hopMyIIaHbl MaligaaHbII Ka3albIK;

x-1 y-1 z- x-1 y-1 z-
1-1 2-1 3-1=0, 0 1 2 |=0,
3-1 2-11-1 2 1 0

2x-D+4y-1D)—-2(z-1) =0, x—2y+z=0.
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M,(111), M;(1,2,3), M,(3,2,1) HyKTenepiHiH KOOPAUHATTAPbI AJIBIHFAH
TEHJICY/li KaHAFATTaHABIPATHIHBIH TEKCEPY KHbIH eMecC.

Ecen. bepinren exi srcazvikmolk
ol AX +HAX +AX +C=0,
B, X, + B,X, + By, + D=0,
apacwvlnoazel Oypoiuimsl  Taby Kepek.
v A(Ai, AL A), B(B,.B,, B;) BekTOpmapsl coiikec oy JXKOHE Ol
JKa3bIKTHIKTaphlHA TEPIEeHANKYISP OONFaHABIKTAaH, OCHI €Ki BEKTOp
apacheIHIarsl OYPHIT OEpiAreH €Ki JKa3bIKTHIK apachIHAaFrbl OYPHIINTKA TCH.

Onait 6oica, A-Ez‘;&‘~‘l§‘005(p, (p=ZAA,), 6ynan
AB, +AB, + AB,
\AHB\ JA + A+ AZ\[B? + B + B2

Cosp =

9)

aJjaMpI3. “

(9) dopmynagan ¢ = % Oonca, COSQ= Cosg =0 OonaTbIHBIH

€CKEPIll, eKi Hca3blKMbIKMbLH REPREHOUKYAPALIK 0ea2iCiH alaMbl3;

AB=AB, +A,B, + AB, =0. (10)

Ol XKOHE O HCA3bIKMBIKMAapsl napaniens 60oaywl yiiiH, A meH B
BEKTOPJIaphl KOJUTHMHEAp OO0TYhI KAKETTI )KOHE JKETKITIKTI:

olla, < %:%:%, (11)
Erep Gyran KocbIMIIIa
A_A_AC W)
B B, B D

OpBIHAAJICA, OHAA KOFAPBLAAFHI (L1 )KOHE Olp HCAZBIKMBIKMApbl Oemmeceoi,
SIFHU €K1 TeHJeYy Olip FaHa )Ka3bIKTHIKTHI aHBIKTAMIbI.
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Mpbicanbl, X+2z2—-3=0 >xoHe 2X—Y+5=0 Xa3bIKTBIKTAPbIHbIH

apacblHIArsl  OYpBINTBIH  KocwHychiH, omapaei  1,(1,0,2)  xome

n,(2,-1,0) Hopmanbaepi apkeuabl (9) GopMymaHbl KOJJaHBIT TaOyFa
GONAISI: COSp = qnlnzq _ 1-2+0-(-1)+2-0 :3.
W[ || 12407 +22 22+ (-1)? +02 5

Ecen. bBepinren X°(X,%9,X5)  mykTecimen o AX + AX, +
+A;X; + B =0 Ka3bIKTBIFbIHA JIeHiHri KAaMIBIKTBIKTBI Taly Kepek (27-
Cyper).

27-cyper

JKa3bIKTHIKTBIH JKallbl TEHJICYiH BEKTOPJBIK (HOpMallb) TEHICYre
kenripemis: (X,v) = p, p=0, myHna

(A A A)

B
X5 = .
*=o) \/Al +AZ AT i»\/A12+A22+A32

I3geninin orbipran d KambikTHIK X° HykTecinen (X° paguyc-BEeKTOPBIHBIH

YIIIBIHAH) O )Ka3bIKTHIFbIHA TYCIPUIreH NEPIeHANYJISP Y3bIHIbIFbIHA TEH, aJl
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OJ1 O JKa3bIKTHIFBIHBIH Ke3 KenreH X =(X;,X,,X;) HykTeci MeH OepiiareH
X0 =(x, %3, Xg ) HYKTECiHIH  aifbIpbiMbl X —X°  BEKTOPBIHBIH  V
BEKTOpbIHA  TIPOCKIMACHIHBIH ~ a0COMIOT  IIaMachlH  KepceTeni:
d =|TTp, (%= X°)| = [¥] TTp, (x = x%)| = |(x— %°,9)| =

=|(%, %)= (x°,9)| =|p— (x°,9)| =|(x°,¥) - p]. (13)
Byn  TenmixTi BCKTOPJApJbIH ~ KOOPJAMHATTAPBI  ApKBLIBI  JKa3bIll
X% =(x,x3,x9) HYKTecinen o AX +AX, +AX, +B=0

Ka3bIKTBIFbIHA AeiiHri KalIbIKTBIK ()OPMYJIACHIH A1aMbI3
0 0 0

|A1xl + A%, + AXg + B|
VAL A A

Cyperren, erep X° men 0(0,0,0) HyKTenepi oL %a3bIKTHIFBIHBIH €Ki

(14) =

JKarblHaa okarca, oHma /£ (X— )"(O,V) JIofayl  Oypeill  Oojaabl JKOHE
(X°,v)>p memece (X°,V)—p>0 amame;3, an X° sxome 0(0,0,0)
HYKTeJNepi 0. XKa3bIKTHIFBIHBIH Oip XaFbIHa xkatca, onaa (X —X°,V) —

cyitip Gypsim Gomaxst 1a (X°,v) < p Hemece (X°,v)— p<0 amambis.

Mbicai. X° (1,1,1) mykrecinen o: X+2y+z-9=0
. q |1+2-1+1—9| 5
JKa3bIKTBIFbIHA IEUIHT] KAIBIKTBIK 0 = ———=— Te€H.
Ji22i2 6

§ 2.13. Kenicrikreri Ty3y
Ecemn. )?O(Xf,xg ,Xg) HYKTECI apKbUIBI OTETiH JKoHe OepinreH
d(a,,a,,8;) BEeKTOpBIHA MapajUieNnb TY3yAiH TeHACYiH ka3y Kepek (28-
cyper).
V¥ X(X,X,,X;) — Ty3ymiH Ke3 KenreH Hykreci Ooncein. Onpma, Ty3yme

JKATKaH )?—)?Oz(xl—xf,xz—xg,xs—xg) BEKTOpBI MeH a(ay, a,,38;)
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BEKTOPHI KOJUIMHEAP OOJFaHIBIKTaH

X—X°=ta, —o<t<+wo 1)
TEHJIriH anambi3. MyHarel mapameTp t-HiH opOip MoHi Ty3yamiH opOip X
HYKTeciHe coifkec ambiHampl. by - X° (X, X9, XJ) nykmeci apvinst ememin,
a eexmopvina napaiieiv Kenicmikme2i my3yOiy BeKTOPJBIK TeHIeyi
JeTI aTajasl.

Ax ,
L P 3
X
0 X2
1
28-cyper

(1) Terneyneri BeKTOpIApABIH KOOPAWHATTAPHI OOMBIHINA, Kejeci
YII TEHEY XKYHECiH aryFa 00Jabl:

Xl_xlo =ta,
X, —XJ =ta,, (1"
X;—Xg =ta,, —oo<t<+o.

(1') Tenaeyai - xewicmixmeei my3yoiy MapaMeTPJiK TeHIeyi e
aTauabl.

g g0 0 0 0 =
An X—X =(x1—x1,x2—x2,x3—x3) MeH d(a;,a,,a,)
BEKTOpJIapbIHbIH 0acka Oip KOoJUIMHEapJIbIK OCJTiCiH Hai1alaHbli, TY3YaiH
KAaHOH/BIK (XaFABLIBI) TEH/IEYI Jell aTalaThlH TeHICYl alryFa 00asl
0 0 0
— X5 — X X3 — X
X=X _XK=X% X 3 a?+al+al=#0, (1"
& 8, 8
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Mynnars! 8(&;,a,,8;) BeKTOpbIH L Ty3yiHiH OaFbITTaylIbl BEKTOPSBI JCI
aTainbl.
Canpap. A(a,a,,a;), B(b,b,,b;) Hykrenepi apkpuibl eTeTiH
TY3Y/iH TeHJEYi KeJeci Typ/e >Ka3bUIaThIHBIH TEKCEPiHi3Aep:
o _Xmd  XTa
b-a b-a b-a
Mboicanvi, A(2,—-3,6) xone B(—4,3,7) HYkTenepi apKpUIbl OTeTiH
X-2 y+3 72-6
4-2 3+3 7-6

*)

TY3yOiH  KaHOHABIK  TEHAEYl HeMece

X—2 y+3 z2-6
-6 6 1

Hazap ayoapwinwiz! (1) Hemece (1") TeHOeynepiHeH €Ki MOIIMET
aiyra 6omansl. Ty3y:

1) X°(x2,x9,%J) HyKTeci apKbLIBI 6TEIi;
2) d(a;,a,,8;) BEKTOpBIHA IAPAIICIb.

Eckepry: @,,8,,8; caHOapbIHBIH Oipeyl HEMece €Keyl Helre TeH
00ITyBl MYMKiH.
X 1=y 2=z 3 @)
1 0 2
teraeynepi, (1,2,3) HykTeci apKpUIBl OTETIH, OaFbITTAyIIbl BEKTOPHI
d(,0,2) OomaterH TY3ymi aHBIKTaiiAbl. byn  TeHmeymepai  onapra

1-mpIcai.

SKBUBAJICHTTI KeJleci eKi TeH ey KyheciMeH aybICThIpyFa Ooabl:

y—2=0-(x-1), y=2, 5
=
2(x-1)=2z-3 z=2x+1 (2)
(2) Tys3yi — y=2 xoHe z=2X+1 Ka3bIKTBIKTAPBIHBIH

KUBUIBICYBbIHAH IIBIFaThIH TY3Y.
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x-1 y-2 z-3
0

2-MbIcaJI. Ty3ynig KaHOHJBIK TEHJCYiH

- 2 = 01 .
{y 3-0 TCHALYJICP )I(YﬁeCIMeH AYBICTBIpYFa 60ﬂaﬂBI.
Z—o=

Erep Keneci eKi JKA3bIKTHIK KUBLJIBICCA:
AX+Ay+Az+C=0, 3
Bx+B,y+B;z+D =0, (@)

OHJIa OYJT TeHIeYNep KYHWECIH Keyicmikmezi my3y0iy AaJNbl TeHaeyi ren
aTaubl.

byn Ttenmeynepneri Oenricizmepnin coiikec  koaduIMEeHTTEpI

MIPOTIOPITHOHAIT ﬁ:i:ﬁ oonca - (3) men (4) Ka3bIKTHIKTAp ©3apa
Bl BZ BS
napauienb (Here?), an KodpQuUIMEHTTepiHE Koca 0oc MyIlmenepi e
C
MPONOPLIMOHAI ﬁzi:ﬁz_ 0osca, onaa (3) meH (4) Ka3bIKTHIKTAP

B, B, B D
Oerrecerini (Here?) Oenrii.
Conppikrad, (3) men (4) Ka3pIKTHIKTap TYy3y OOHBIMEH
KHBLUIBICYBI VIIIiH, TEHAEYJIepAeri Oenrici3nepain colikec Ko uImeHTTepi
nponopyuonan emec OONybl KaxeT. by karjgail OpbIHAANYBI YIIH

AR IAA AA

aHBIKTAYBIITAPLIHBIH €H OonMaraHaa Oipeyi
B, B, [B B [B, B, yRiTap pey

HelTe TeH eMec 0oiica 60FaHbl. AHBIKTBUIBIK YIITiH #0 nen ansin

B, B,
(3),(4) Tenneynepai X men y-ke (6a3ucTik Oenrici3maep) KaTBICTHI IIEIICEK,

X=0Z+p
{y =Bz+v

TEHACYJEPAl Z -K€ KaThICThI IS,

(o,B, 1, v — xanmaii ma Oip canmap) anambi3. AJBIHFaH
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—_— = — 5

" 51 ()

TYPIHIETI my3y0iy KAHOHOBIK meHOeyin anaMbl3. bi3 MyHAa KeHIiCTIKTeri

my3y0in dcannvt meHOeyiHeH KAHOHOLIK meHoeyze omyoin Oip TICUIiH
FaHa KOPCETTIK.

x=0 . , .
3-MBIcaJl. { 0 TCHACYJICPIMCH 0Oz eci AaHBIKTaJIaTbIHIBIFbI Oenrim.

byran keneci xoaMeH Jie Keryre 601a b
x=0-2 z
y=0-z 1

byn — 0(0,0,0) nHykTeci apKpUIbl OTETiH, OarbITTAyIIBl BEKTOPHI

Y
0

o x

k (0,0,1) 6onateia TY3y, sirau Oz oci.

4-mbican. M;(-10,3) Hykreci apKbulbl ©TeTIH o 2X—Yy+6=0
JKa3BbIKTHIFbIHA MIEPIICHIUKYIISP TY3Y/IiH TEHACYiH jKa3y Kepek.

¥ o Ka3pIKTHIFBIHBIH HopMmaini N(2,—1,0) — i3menmiHin OTBIpFaH
Ty3yaiH OarbiTraynibl BekTopsl: a =M. Cougbikran (1”) Qopmynansi
naijanaHeil, TY3y[IiH KaHOHIBIK TEHACYIH KeJeci TypJe Ka3a ajaMbl3:
x+1 y-0 z-3

. AJT OHBIH IapaMEeTPIIiK TEHACY1 OChl TEHACYIEPAIH

2 -1
X=2t-1,
op6ip mymreciH t-Fa TeHecTipy apKbLIbI alblHAABL: < Y = —t,
z=3.

Ty3yaiy GarbitTayist a (2, -1, 0) BEKTOPBI Z ©CiHE TEPIICHAUKYIISP
eKEHIH KOpeMi3, OiTKeH] (é.', IZ) =0. =
Keneci teHaeynepMmen Oepiiarex
X=X _Y=-WN_2-4
& 8 8

: (6)
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X=% _Y=Y _2I-7 )
by b, b
TY3yJ1epAiH apackbIHAaFbl ¢ OypBINIbI, Oap/bIH colikec d(a,,a,,a;)
KOHE B(bl, b,,b;) GarpITTaymIBI BEKTOPIAPBIHBIH APACHIHAAFbI
oypeimka ¢ = (£a, b) TeH GoNATHIHABIKTAH

ab, +a,b, +a5b, (8)
|a”b‘ \/ai +al+al- \/bl +b? +b3
(8) TeHIiKTEH eKi my3ydiH, nepnenOuUKyIApIbIK (enzicin:

ajb +a,b, +a5h, =0, 9)

CosQ =

xoHe  d(ay,a,,ay), B(bl, b,,b;)  OarpITTaymiBl  BEeKTOPIAPBIHBIH
KOJUITMHEAPJIBIFBI APKBUILI €Ki my3y0iH Rapanienvoik 0ea2icin.

a__a (10)
b b, b
’Ka3a amaMbl3.
X=1+2t,
S5-mpican. L qy=-1+t xome L, x-2_y+3_z-4
z=3t. b= 3

my3ynepiniy apacvinoazol OYypolimovlH, KOCUHYCbIH Ta0y KEPeK.

Y L; Tty3yiHiH OarbITTaymbl BekTopbl a(2,1,3), am L, Ty3yiHiH
OarbpITTayIIBl BEKTOPBI b(1,-2,3) GonrauabIKTaH, (8) bopmyma GolibiHIIA,
2:1+1-(-2)+3-3 B 9 9

2% 412 4+ 32 -\/12+(—2)2+32 S J1a.\a 14

-

cosQ =

Keneci o: AX+By+Cz+ D =0 3a3bIKTbIFbl MEH
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L- X=X _ Y=Y _2-1%
I m n
yuriH, & xa3pKTebIHEIH N(A,B,C) Hopmami men L ty3syinin a(l,m,n)

TY3YiHIH apacelHAarbl ¢ OyphIIBIH Taby

GarbITTayIIbl BEKTOPBI apacbinaarsl £y =[] (1,8) GypbIUTHIH KOCHHYCHIH

tabyra O6omansl (29-cyper). OliTkeni, Sin@=cosl) (i, d) =Ccosy, maemex
Al+Bm+Cn

JA2 1B24+C% 12+ m? +n? .

sing=cosy = (11)

>

29-cyper

(11) bopmynanan:
a) Ty3y MEH >Ka3bIKTBIKTBIH REPNEHOUKYIAPILIK Denzicin:

A B C,
T m n
0) Ty3y MEH JKa3bIKTHIKTBIH HApaii1enboiK 0enzicin:
A:-1+B-m+C-n=0 (13)
TYpPJIEpiHJE Ka3yFa OOJIATHIHBIH KOpeMis.
Erep (13) waprmen Oipre AX,+By,+Cz,+D=0 rennuiri
opbIHIANICa, OHAA L Ty3yi & ’Ka3bIKTHIFBIHJA JKATaJlbI.

(12)
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X=2+2t,

6-mbican. L: Jy=-1-t,
z=3+t

TY3yi MeH a:X+3y-z+6=0

YKa3bIKTBIFBIHBIH: Q) APACLIHOAZbL OYPLIULMbLY, CUHYCBIH;
0) Kuvibicy nykmecin M (X, Yy, Zg)

Taly Kepek.

¥ a) L rtysyimin OarpiTraymsl BekTopel d=(2,-11), an

JKA3BIKTHIFBIHBIH HOpMauTi i = (1;3;

sing=cosy =

—1). Conppikran (11) OoiibiHiIa

1.2+43-(-)+(-D-1 -2

J +32 4+ (-1)?

JZi (s L6 f

(00

0) L Ty3yiMeH & >Ka3bIKTHIFBIHBIH KHBUIBICY HYKTECI ONapJIbIH
TEHJCYJIEpP KYHECIHIH IIenIiMi peTiHae i3aenei

X=2+2t,
=-1-t,

y R

=3+t

X+3y-z+6=0
t=1,
X=2+2-1,

R
y=-1-1,
z=3+1

X=2+2t,

=-1-t,

y R
z2=3+t

2+2t-3-3t-3-3t+6=0

Kayabsr: Mo(4; -2; 4) ~

119



16.
17.
18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

TakpIpbIKa apHAJIFAH CYPAKTAP MEH TanchbipMajap
ZKa3vlKkmblKmuly 6eKmopblK meHoeyiH KOPBITHII IIbIFa-PhIHbI3.
KazvlkmuiKmuly HOpManbs meHoeyin Ka3bIHbI3.

Kazvikmoitkmotyy scannvl meHoeyin xa3plHbl3.  Hopmanbaaymibt
KOOCHUTKIII JIETeH HE IKOHE JKa3BIKTHIKTHIH OCPUITeH  KaJIlbl
TEHJCyiHeH HopMalb TeHjeyre Kajald eTyre Oonaapl? Meican
KEJNTIipiHi3.

JKa3BIKTBIKTBIH JKaJIIIbI TEeHACYIHIH ko3 pumeHTTEpine
OaitmaHbpICTHI AepOec KarmaimapbiH KapacTHIPHIHEI3.

Bepinren HykTe apKbLIbl OTETIH Ka3bIKTHIKTBIH JKAIIMBl TEHACYIH
Ka3blHBI3 JKOHE OHBIH  KO3()(UIHMEHTTEPIHIH TEeOMETPHUSUIBIK
MarbIHACBIH TYCIHAIPIHI3.

Kazvikmoikmotyy Kecinoinik menoeyin xa3blHbl3. JKa3bIK-THIKTBIH
OepiireH >Xalmbl TEHACYIHEH KECIHAUTIK TeHIEYyTre >KOHE KepiCiHIme
OTY JKaFIaiIapbIH MBICANT apPKBUIBI TYCIHAIPIHI3.

Bip Ty3yamin OoiiblHIa >KaTMAWTBIH yut HyKMe apKblLabl OMemiH
HCA3LIKMBIK, MeHOeyiH Ka3bIHBI3. MbIcall KEeNTipiHi3.

JKanmer TeHIeyJaepMeH OEpuIreH €Ki Ka3bIKTHIKTBIH apaChIHIAFbl
OypbiuTel  Taly  QoOpMynachlH  KOPBITHI — HIBIFAphIHBI3.  EKi
JKA3bIKTHIKTBIH ~ TApaJUICNbIIK, TMEePHCHIUKYISAPIBIK  Oelriiepin
TYKBIPBIMJIAHBI3.

Bepinren  HykTemeH  Ka3bIKTBIKKA  JEHIHTI  KaIIBIKTHIKTHIH
(hopMyIachIH ka3bIHBI3. MBICAJ KENTipiHi3.

Kenicmikmezi  my3y0iH ~ 6eKmMOpNbIK  JcoHEe  naApAMempiiK
menoeynepin KOPBITHII IIBIFAPbIHBI3.

Kenicmixkmezi my3yoin KaHOHObIK meHOeyiH Xa3bIHBI3 JKOHE OCHI
TEHICYiH napaMeTpIepiHiH TeOMETPHUSIIBIK MarbIHACHIH
TYCIHIIPiHi3.

Kenicmixkmeei 0Oepincen exki HyKme apKvlibl OmMemin my3y
menoeyiH KOPBITHII IBIFAPBIHEI3.

Kenicmixmezi my3ydin acannvl mernoeyin xa3biHbi3. KeHicTikreri
TY3yliH OepiIreH >Kaimbl TEHACYIHCH KaHOHIBIK TEHJEYre >KOHE
KepiciHile Kanai etyre 6onaapl? Mbicall KENTIpiHi3.

KanonzapIK TeHeYyIepMeH OepiireH eKi Ty3y apachIHIaFbl OYPHIIITHI
Ta0y (QOpMyNachlH KOPBITHIN MIbIFAapbIHEI3. KeHicTikTeri exi Ty3yaiH
MEePIEHTUKYISIPIBIK, MapauIeNIbIiK OeNTiepiH TYKbIPhIMIAaHBbI3.
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§ 2.14. JKa3bIKTBIKTAFbI eKiHIII PeTTi KHCBIKTAP

TikoypeimTel OXY KOOpaMHAT Ky#eciHae Keieci eKiHIm Topeskeni
TeHJICYMEH

AX? +2Bxy + Cy? + 2Dx+2Ey + F =0 (1)
(AB,C,D,E,F — nakrtel canmap xoHe A?+B?+C?#0) aHBIKTaJIFaH

KHCBIKTHl eKiHIIi peTTi KUCBIK JCT aTaiIbl.
(1) Terneyniy nepOec xarmaimapbiH KapacThIPaMBbI3:

1) XKapTsl ecTepiHiH Y3bIHABIKTAPHI & sKoHE b TeH e TeHaeyi:
2 2
X—2+blz =1 a=b>0.
a
Jlepbec »xarmaiina, a=Db Goica, oHma IEHTPi KOOPAMHATTHIH 0Oac
HYKTeCiHIe OoyaThlH, paauyci a TeH WIeHOep TEHACYiH ajambl3:
XZ + y2 — a2

2) XKapTb! ectepi @ MeH b TeH rumep6osia TeHaeyi:
2 2

X_Z_lz -1, a=b>0.

a® b

3) Mapa6oaa tereyi: y> =2px, p>0.
4) KubLIbICATBIH TY3YJ1ep KYObIHBIH TCHICYI:

a’x* -b%y? =0, a,b>0.
5) MapaJienn HeMece GeTTeceTiH TY3yJ1ep KYObIHBIH TeH/eyi:
x*-a*=0, ax=0.

Enni ochl atanFaH KUCHIKTApFa KhICKAIA TOKTAIAMBI3.

1-AHbIKTaMa. DIAJIMIC - KOOPAUHATTAPHI
—+=—=1 a=b>0 2

TeH,I[eyiH KaHaraTTaHAbIPpATbIH HYKTGJ’ICpI{iH TrCOMCTPUATIBIK OPHBI.
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Erep a>b 6osca, onma ¢ = Va2 —=b? pmen anbin, OX ecinneri
annuncmin poxycmaper nen aranatein F(—C,0) xoune F,(c,0)

HYKTellepi OOUBIHINA 3JUTUIICKE KeJIeCi aHbIKTaMaHbl Oepyre 001a b,
2-AnbIKTama. Fi; owcone F, poxycmapvina oOetiinei KaubiKmolk-
MApbIHLIY  KOCLIHObICHL mYpaxmul, 2a-2a meH Ooramvly HyKmenepoiy
2eOMEMPUSTIBLIK, OPHBL IJTUNC 0en amanaoul.
MIemena ga, M(X,y) HYkTeci MF + MF, =2a mapTelH KaHarart-
TaHABIPATHIH Ke3 KeJreH HykTe 0oica (30-cyperTTi KapaHbI3)

MF, = W , MF, = m OOJIFaHIbIKTaH,
2a:\/(x+c)2+y2+\i’(x—c)2+y2 =
= 2a-\(x+c)+y? =(x-c)?+y? =
:4a2—4am +(x+0)’+y?=(x—-c)’+y* =

= 4a’ +4cx= da(x+c)2+y? =

= a’+2a%cx+cix? =a?(xX? +2cx+c*+y%) =

30-cyper

Kepicinme, (X,y) HYKTeCiHIH KOOpIuHATTaphl (2) TEHICY/Ai KaHarat-
TaHJBIPCa, OHJA OCHl aMaiiapAbl Kepi OarbITTa skacail OoThIpbIm, (X,Y)
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HykTecineH F; xoHe F, HykTenepiHe NEHIHTI KaIIBIKTBIKTApABIH KOCHIH-
IIBICHI 2@-Fa TCH OOJIATBIHBIH KOPEMI3.

(2) Terneyai IMNCTIH KAHOHABIK (IAFABLIBI) TeHAeYi Aeii, an a
MeH b 2IIHIICTIH ColikeC YJIKeH JKoHe Killli 3KapThl 0CTePi I aTamaibl.

Erep y = 0 Gosnca, onga |X| =a, SFHU 3JUIMIC ChI3bIFI OX eciH X = a,
X=—a Hykrenepinge Kusimel; X=0 Oouca, oHma |y|=b, sFHu smmanc
rpaguri OY ecin y=-b, y=Db HykTenepinme kusapl. byn Hykrenepai
JUIMIICTIH Te0esIepi Aemn aTaiibl.

Erep Xx-ti (—X)-ke, Y-Ti (-Y)-Ke aybICThIpcak, oHma (2) TeHICY
esrepmeiini. Jlemek, ammmurnc cotikec OY sxone OX ecTepiHe CalbICThIPFaH/a
CUMMETPUSUIBL, COHABIKTAaH OX sxoHe OY - 3JUIMICTIH CHMMeTPHA ocTepi
Jen aTananusl (UTUICTIH (QOKycTepi apKpUIbl ©TETiH ocTi (GoKaIbIiK 6c
JIETT aTanmpl).

c +ai-b?

An e=—=——— cannl IKCHEHTPUCUTET €I aTajlalbl. Onnunce
a a

akcueHTpucuTeTi yiniH 0<e <1 TeHCI3miKTepl OpbIHaaIa b,
a a2
|X| =—=— TeHJeyJepiMeH aHBIKTANATHIH ((hOKANBIIIK ©CKEe TepIieH-
€ c

TUKYJIISIP) TY3yJIep JJIMICTIH AUPEKTPUcATaPhI JICTT aTaia bl

MbicaJ. 4x2+9y2 =36 OJUINICIHIH KaHOHIBIK TEHJIEYIH MKa3blIl,

(hOKyCTaphIH, KapThl OCTEPiH, SIKCIICHTPUCUTETIH JKOHE TUPEKTPUCA-TIapbIH
Taly Kepek.

2 2
Y Tennmeyni 36-ra Oelcex, %+yZ:1. Mynna a?=9, b%=
nemek a=3, b=2 . Byman c=4a? J9-4=.5. Connbikran
F (—\/g , 0), F, («/g , 0), e= c_ £ Jupektpuca TeHIEYJEpI:
a
a 9 9 9
X|=—=—= HeMece x=——, x=——p, =
i c 5 5 J5
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X2
a2

2
1-eckepry: +y—2=1, b>a smuncinig dokycraper OY  ecinme

Q
O

KaTabI: Fl(O;— b2 — a2 ) Fz(O; b2 —az) :

2 2

. ¢ «b°-a . .
SKCLEHTPUCUTETIL e:E:T TeH; mupekTpucamapel — OY eciHe

b b .
NePIEHANKYISP KoHe |y|=—=— TeHgeynepiMen anbikranamsr (31-
e C
Cyper).
2 2
. (x=%)"  (Y=¥%) '
2-eCKepTy: o+ =1 (2
a b
TeHACYl — KAHOHIBIK TCHICYMCH aHBIKTAJIFaH OJUIMIICTI Mapajielb

KBUDKBITY apKbUIbl anbiHFaH, LeHTpi O'(Xy,Y,) HyKTeciHae OoiaThIH
SIUTUTICTI aHBIKTAWIbI.

Mbicai. x°+2x+4y? —4y—-2=0 TeHjeyiMeH aHBIKTAIFaH JJUIAIICTIH
[EHTPIH, JKapThl 6CTePiH, POKYCTEPiH KOHE NUPEKTPU-CAIAPHIH Ta0ANbIK.

b? Y
I :
b
F,1¢
£
- O a
Ft-c
~b D1
b2
c
31-cyper



¥ On yIIiH aJabIMEH X TIeH Y-Ke KaTBICTBI TOJIBIK KBaIpaTTap 0eemis:

X2 +2x+1-1+4 yz—2-!1-y+i—1 -2=0,
2 4 4

2 2
(x+1)2+4(y—%j =4, %+(y—%j =1

Byt snmunc yimia O’(—l;%), a=2 b=1 c=+a’-b? =\/3_;

Fl(—l—\/fo,S); Fz(—1+J§; 0,5); Dl:x=—1—%; D2:x=—1+%
(32-cyper). -~

D) D,
— 9 :L5
il E A
\F R/ x
3 ]

()
-
V.

32-cyper

3-eckepry: Jepbec xarmaiima a=b (c=0), 6omnca onmga (2') — TeH-
JeyiHeH, UeHTpi (X,,Y,) HyYKTeciHue, paguyci R=a TeH meHOep
TEHJICYIH aJlaMbI3:

2 2 2 "
(x=%) +(y=¥o) =2~ (2)
4-eckepTy. DIUIHIICTIH MapaMeTpJiik Tenaeyi
X=2acos0,
: 3)
y=Dbsing, 0<6<2m.
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. 2 y> a’cos’0 b?sin?6
TYPIHAC Ka3blUIalbI. H_[BIHBIHHQ. Ja, — + b—z = > + b2 =
a

=c0s?0+sin?0=1, an Gyn O-mpaMerpiHiH Ke3 KeiareH MoHiHze (X, Y)
HYKTecl (2) 3JUIMICTE )KaTaabl JETCH CO3.

by D,

——315

1 0 1

V.
x

32-cyper

Ommurnicrep (meHOepiep) TabwraTTa XKOHE KYHACTIKTI eMipae Kem
Ke3zmecedi. Mplcanpl, IIaHeTanap KYHAI DJJUHIIC OOWBIMEH aifHaja
KO3FaJIajibl, all OJ1 SJUMTICTEPAiH (pokycTepiHiH OipiHIe KYH TYpajbl.

1-AnbikTama. I'mnep6oJia - KoopAMHATTapHI
2

2
X—Z—Z—zl, ab>0 (4)

o]

TEHJICYiH KaHaFaTTaH/AbIPaTbIH HYKTEJIEeP/IiH T€OMETPHUSIIBIK OPHEI.

Erep c=+a’+b® nmen amcak, omma OX ecimmeri rumepOONTaHBIH

¢dokycrepi nen aramatein F(—C,0), F,(c,0) nykrenepi GoiibHma (33-
CypeT) rurepOOoIaHbIH SKIHII aHBIKTaMachlH Oepyre 0oJIabl.

2-AnbIKTamMa. Fi owone F, @oxycmapea Oeiiinei KaublKmovik-

MAaPLIHGIY  AlbIPLIMbGL MYpaKmul, 2a mey HyKmenepoiy 2eoMempusiblk
OpHbl cunepoona den amaiaobi.
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Ieiabiaga ma, erep A(X,Yy) — rumepOonaHbIH Ke3 KeNreH HYKTeci

Gonca, oHzIa AR, — AF, = [(x+C)2 + Y2 —/(x—C)? +y? =2a,
JX+)2 +y* =2a+4(x—c)* +Vy?,
(X+C)* +y* =(x—C)* +y? +4a-\/(x—c)2 +y? +4a?,

dox—4a® =day(x—c)? +y®, ¢x® —2a%cx+a’ =a’(x® —2cx+c?) +a’y?,

2 2
(@% +b?)x? =ax? +a’h? +a?y?, b*x?—a’y?=a%p?, X _Y _q

a’> b’

YA
A(xy)
X
F(-c0) [ 0 “\ Fic0)
-1
33-cyper

bi3 runepOoaHbiH OH KaK TapMarbiH ajablk. Coi )Kak TapMarblH ainy
yurin AF, — AR, =2a Tenairinen 0Oacrar, >KOFapbLIAFrbl TYPJICHIIpYJepi
xKacay Kepek.

Erep ockl amanaapasl kepi OarbITTa Kacacak, oHza (4) TeHaeyai
KaHaraTTaHaplpatei (X, Y) HykTenepaeH F; sxone F, dbokycrapra neiinri
KAIIBIKTBIKTap albIpbIMBI 28-Fa TCH OOJIATHIHBI ILIBIFa IbL.

(4) — runep6oJaHBIH KAHOHABIK (IaFAbLIBLI) TEHAEYI JeI aTanabl.

(4) Terneynen runepbonansiH OX xoHe OY ecrepiHe callbICTBIpFaHIa
CHMMETpPHsUIBI  OONaThIHBIH OaiikaiimMbi. Mynma OX ecinneri [—a;a]
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kecinzici sxoHe OY ecinmeri [-b;b] xecinmici — rumepOonanbIH coiikec
HAKTBI JKOHE 7KOPaMaJl ecTepi Jer aTanasl.
Erep y=0 Oonca, ouma X=4a, X=-—a . fruu runepbosa OX ecin

(—a;0) xome (a,0) HykTenmepinme Kusiasl. OcCbl HYKTEJEpHAi THIEp-

OoJaHbIH TeOesepi meii.
2

Erep x=0 0oica, onna _Z_Zz 1. byn tenneyniH HakThl TYOIpi KOK,
srad runep6ona OY  eciMeH KHBUIBICHAWIbI. DJUIMICTEri CHAKTBL, O
HYKTECI TUIIEpOOJIaHBIH EeHTPI eI aTalabl.

lunepOoNMaHbIH AKCIEHTPUCUTETI MEH JUPEKTPUCATIAPBI  AJUUIHIICTIH
Colikec OKCIEHTPHCHUTETI MEH JUpPEKTpUcAlapbl CHSAKTHI  aHBIKTA-

¢ a?+b? a a’
MABL @ =— =—~———— — JIKCHEHTPHUCHTET, || =— =— — JUPEKTpHUcaiap.
a a e ¢

. Lo b
l'umepbona ymin e>1 TeHci3miri opeiHzamagsl. Cyperre Yy =+—X
a
TEHACYIMEH aHBIKTAJIFAaH €Ki Ty3y caublHFad. Omnap runepOoIaHbIH
acUMNTOTAJAPbI Jen aTajansl (aCUMOTOTa YFBIMBI MaTEMaTHUKAaJbIK
aHaJIN3 KyPChIHa KapacThIPbUIAbI).

2 2
Mbicai. X?_yj =1 runepbonaceinma a=3 b=2, c= JaZ+b? =

=32 427 = 13 F( J_o) 2(x/_,O); e=§=§; D1:X=—%;

9 . 2
D, :x= E AcumnToranapslHbIH TCHACYIEPi: Y = ig X.
1-eckepTy. XY (5)
tenzaeyi, [—b;b] HakTel eci y ecinne, [—a;a] xopamai eci x eciHze,

. C
(hoxycTapsr Fl(o,—\faz +b? ) F, (0, a? +b? ) 9KCIEHTPHUCHUTETI € = b ai
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2
IupeKTpucanapbl D:y=+— OonarbiH runepOoNaHbl aHBIKTAHbI (34-
C

Cyper).
2-ecKepry.
2 2
(x ;(o) y 3’0) -1 (4"
a b
TeHzeyi (4) runepOosanbl Hapasieb KbUDKBITY apKbUIbI aJIbIHFaH
runepOonanel  aHbIKTalapl. bynm rumepGomansiy  neHtpi  O'(Xy, Y,)

HYKTECiHIE.

YA
A
Fz “Q/QI
V4
b )
0 a *
2
N
F, G\j
34-cyper

Mseican. X° +2X—4y? +4y—4=0 runepOonachiHbIH >IEMEHTTEPIH
AHBIKTAUBIK.
Y X-Ke JKOHE y-K€ KaTBICTHI TOJIBIK KBaJpaT OesaeMis:

(x? +2x+1)—1—4[y2 —2-%y+%j+1—4=0,

) 1Y _ (x+* (1)
(x+1) —4(y—2j =4, 2 (y 2) =1
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By — nenTpi: O'(—l,lj nykrecinge, a=2, b=1 c=+a?+b? =/5,

4 4
—, D,ix=-1+—4
i 5

F(-1-5; 0,5), F(-1+v5; 0,5), Dix=-1- F
OomateiH runepbona. [mmep6ona acummnrortamapel: Y —0,5= i% (x+2)

(35-cyper).
Kyn orcyiieci apkpinbl yuwvin omemin KOCMOCMbIK 0eHe — (hOKYCbIHOA

KYH MYpamvlH 2unepooia mpaekxmopusicbimMet K03edaaobl.

3-eckepTy. (4) runepOoONaHBIH OH OYTaFbIHBIH MapaMeTpPIiK TEHACYiH

KeJieci Typ/ie Jka3yra 0oaibl:
e’ +e

x=a-chu=a- ,
- ®)

e —e
—o0 < U+ o,

y=b-shu=b-

Isabiaaa ga, ch’u—sh?u =1 ekenin eckepcek, ouna (5) TeHaeyneH

OH TapMarbIHbIH

2 2
X
- g_z =ch®u—sh?u=1 amame3. ['unepboIaHbIH
JKOFapFhl JKapThichl U mapameTpiHiH U €[0,+00) MoHJe-piHe, all TOMEHTi

KaPTHICH! U TTapameTpiHiH U € [—o0;0) MoHzepiHe coiikec Keiei.

o]
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1-Anbikrama. IMapa6osna — koopauHATTapHI
y*=2px, p>0 (6)
TEH/ICyiH KaHaFraTTaHAbIPaTbIH HYKTEJIEePAiH T€OMETPHUSIIBIK OPHEI.

Erep OX ecinne mapa6osa ¢okyci nemn aTanateiH F(g,oj HYKTECiH

P

Oenrinern, nmapadoJaHbIH JMPEKTPUCACHI JIeN aTalaTbhiH X:_E TY3YiH

KYprizcek, oHa MapabonaHaH eKiHII aHBIKTaMacklH Oepyre Oomansl (36-
Cyper):

Y
B A
_g Ol x F (E’ 0J X
2
36-cyper

2-AnbIKTaMa. Dokyc nem Oupexmpucadar 0OIpoell KaulblKmulKmd
opnanackan (X,Y) nykmenepoiy 2eomempusivlk OpHbl napaéona oen
amanaobwi.

2 2
[bHbIHA 13, |AF|2:(X—§j +y?, |AB|Z:(X+§j .
2 2
CoHIBIKTaH [X_gj +y2:(x+§j C—px+y?=px, y>=2px

Kepicinmre, kopauHaTTapel (6) TeHAEyAl KaHaraTTaHIbIPAThIH
HYKTeJep QOKYyC IeH AUPEKTpUcaaan Oip/ei KallbIKTHIKTa KaTabl.
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(6) Tenaeyni mapaGoIaHBIH KAaHOHABIK (TaFAbLIBI) TeHAEYi Ieimi,
an p>0 caHblH OHBIH mapamerpi aen araiinel. O HyKTeciH mapabona

Tebeci neiini. OX — mapaboJiaHbIH CHMMETPHSI OCi 1en aTanajibl.
[Napabona akcrentpucureri Oipre TeH (e=1) pen ecenrtenemni.

[TapaGonaHbIH KOFapFHI )KapTHI OOIITiHIH TeHAeY1
y=42px, 0<x<o0, @)
sarHH napabonanbiy (X, Y) HYKTECIHIH OpAWHATACH — 2) MEH X —

IIaMaJlapbIHBIH TeOMETPUSUIBIK OpTachkl. OChbl KAacHeTTI MaijanaHblIl,
napa0oJiaHbl ITUPKYJIb MEH JIMHEHKA KOMETIMEH Caly TOCUTIH KOPCETEHiK.

YA

K K 2p i X M(x%

2p O X

37-cyper

X=—2pP TY3yiH XKYprisinm (CyperTi KapaHbI3), OJ TY3yJI€H Ke3 KellreH
K(-2p,y), y>0 wnykrecin anaitbik. K HykTeciH O HYKTECIMEH Ty3y
apkputbl  xkanrarm, O HykTecineH OK Ty3yiHe MNepHeHIuKyIsp TY3y
xyprizediik. Onman con, K HykTeci apkpuiel OX eciHe mapamiens Ty3y
KYPpri3cek, o1 alabiHFbl Ty3yMeH M(X,Y) Hykrecinae Kubuibicansl. M(X,y) —
napaboJia HyKTeci.

Ilapabonaoa acumnmoma 601maiiovl.

1-eckepTy. Y2 =-2px, X2=2py, X?=-2py TeHieyiepi, CoiKec,
38 a, 6, 6 cyperTepe KOPCETUIreH napabosianap bl aHbIKTAMH/IbI.

Maican. y = X° napa6oachIH/a: p :%, F (0%) JIMPEKTpHca Yy = _%.
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2-eckepTy. MbIHA TEHICY:

(Y=Yo)> =2p(X—X,), p>0 (8)

tebeci O'(X,,Y,) HYKTeciHae OonaThiH napabonaHbl aHbIKTalAbI. O —

y> =2px, p>0 mapabonacklH Mapaienb KbULKBITY apKbLIbl ATbIHALIBL.

a) YA g)

Ya YA
X D x2=2p}/ D
b »X F -
0 — 1 x 0 X

(SRS

2
=2
Y =-2px _ L27 D xX=-2py
38-cyper

Mpbican. y+2x*—4x+3=0 napabONaCHIHBIH HETI3r1 3JIEMEHTTEpPiH
aHBIKTaWbIK. OJ1 YIIIIH X-K€ KaThICThI TOJIBIK KBaJApaT 06JeMis:

y+2(x*—2-x+1)-2+3=0, y+2(x-1)*+1=0, (x—1)? :—%(y+1).

Mynna mapabona tebeci  O'(1,-1); p:%; napaboyia TapMaKTapsl

teMeH OarbrTtanran; F(L, —1,125); D:y=-0,875 (39-cyper).
YA

0 1

X

—0,875

11
-1,125¢ Fd

39-cyper
Mplcanbl, TOPU30HTKA OYpBIN JKacail JIAKTBIPBUIFaH JeHe (aya
KeJieprici KoK 0oJica), TapMaKTaphbl

ToOMEH OarpITTasFaH mapaboia
TPAeKTOPHICH! OOMBIHIIIA KO3FalaIbl.
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Onnunc, eunepbona, napadoia OUpeKmpucaiapsl, QOKycmapul JHcoHe
o1apoa dcamamvli HyKmeaepee KamvlCibl MbIHAOAU mamauia Kacuem oap:
KucslkmulH Ke3 Kencen M HykmecineHn poKycka 0eilinzi KauiblKmuslKnolH
ocbl HyYKmeoOeH, alblHZAH (POKYCcKe CcallKkec Kenemin oupekmpucaza
Ocllinzi  KAuWbIKMbIKKA KAMbBIHACLL MYPAKMbL  JHCoHe  KUCHIKIbLH
IKCUeHmpucumemine mem,.

§ 2.15. Exi alinpIMajaabl KBAAPATTHIK TYJIFa

1. Koopaunarrapasl Ttypuenaipy. Kanmaii nma Oip ecenrti
AHAJTUTUKAJIBIK TEOMETPHSI OIICTEpiIMEH IIeNly YIIiH 3epPTTEeNiHINl OThIpFaH
00BEKT HYKTEJNIEPiHiH KOOPIUHATTAPH! KapanaibiM TYpAe 6pHEKTEIeTiHIeH
JKaHa KOOPIMHAT ©CTEepiH TaHIal ajly ©T¢ MaHbBI3IbL. Bysl, HYKTCHIH ecKi

(X; y) KOOpAMHATTapbhl MEH JKaHa (X1;y1) KOOpJMHATTaphIH  Oafina-
HBICTHIPATHIH — @MY (hopmynanapsl ApKbIIHI iCKE acajbl.

Ocmepoi napannenv kKeowiipy. AJIbIMEH, Jicand O, X,, OY,
ocmepoiy 6azeimmapel ecki OX, OY ocmepoiy 6asvimmapvinoail, senu
ecki ocmepee napainenv 6Gonamein, an owcana O, Koopoumam 6acwi

oypuinevt O KoopOouHam 6acviHaH e32euie OONMATBHIH, o6cmepdi Napaiiens
JHCHLIICHIMY JETl aTallaThlH TYPICHIIPYAl KapacThIpalbIK.
Xana ©Oac HyKTe MeH KaHjgai Jnga Oip M HyKTeciHIH ecki

KOOpAMHATTaphbl ceﬁKec(a;b) JKOHE (X; y) OOJICHIH: Ol(a;b), M (X; y).

40-cyperre kopcerinren OO,M  Ti36ex BekTOpIIap MEH

yﬁl
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omapas! TyiibikTaiitein OM  Bekropbnbil ecki OX ocine npoekiusiapbi
KapacThIpaMbl3. BeKTOpABIH  OaFbITTAIFaH  Ty3yre IPOEKIHSACHIHBIH
KacuerTepi (82.5, ) TEHJIIK) OOMBIHIIA

HpOX OM = HpOX Ool + HpOX OlM y al HpOX OM = Xl 1 Hpox Ool =a,
Ilpoy OM =TIlp,, OM =X, Oomrauipikran X =a+ X TeHirin
anamsi3.

Jlon ocebutail, xorapbina aranrad Bekropiaapaei ecki OY ecine
NIPOEKLHSUIAPbIH KApacThIpa OTBIPIT Y =D + Y, TeHmiriH anamsiz.

ConbIMeH, ocTepi Mapauieds Kemripy GopMyiaaapsl:
X=a+X, y=b+y,. Q)
Mueicaa. YmOypoimrtsiy To6enaepi OXY Tik OypblTel KOOpAMHATTAD
KyHeciHe Oepinren: A(1+\/§; 2—\/5), B(2+\/§; 3—\/5),
C (3+ J3; V2 ) Koopnunar Oacel A4 HyKTeciHE OTETIHACH, SFHH
O,(a;b)=0, (1+ J3:2-42 ) eTill ecTep/Ii Mapaieb KbUDKbITalHbIK. OH/Ia

(1) dopmynanap GoiibiHia X =1++/3 + X, Y= 2—\/§+ y,, an OynaH xaHa
(X1; yl) KOOPJIMHATTApAbIH ecKi (X; y) KOOPJMHATTAp apKbUILI OpHETiH
anambi3: X :x—l—\/§, y, = y—2+\/§. Erep mMyHzaarel X meH Y OpHBIHA
YIIOYPBIII TOOEEPiHIH eCKi KOOPIMHATTAPBIH KOMCAK A(X1; yl) = A(O; 0),
B(X:L; yl): B(]_;l), C(xl; yl)=C(2; —2) anambi3. YIIOYPBIIITHIH KaHA
KOOpAMHATTaphl ©Te KapamaibiM, an Oyiap, YmOypbIniKa OaillaHBICTHI
ecenTepl Mey i KeHUIACTE 1.

Ocmepoi oypy. Euni owcana O X, O, ecmepoiy koopounam 6acel
ecki O opuvinoa, an 6azeimmaper  ecki  OX, OY  ecmepmen
canvicmuvlpeanoa Oeneini 6ip Q Oypviuuka OYpvliamulH TYPIACHIIPYIL
KapacThIPaMbI3.

CoHbIMEH, JXaHa ©CTEpIiH KaJIIbIH aHBIKTAWTBIH, OYpul1y OYpblulbl
nen aranatein /XOY =« Oypeisl  Gepincin  (41-cyper). OKM
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BeKTOpJap Tizberi MeH oubl TyibikTaiThin OM  BextopbiHbH ecki OX
OCiHE  MPOCKIMSIAPBIHBIH 8 25 (2) KkacWeTiH  KOJJIaHCAaK

[Ipo,OM = IIp,, OK + IIp,, KM, a1 6ynan  [Ip, OM =x
IIp KM = X, -cosa, I[Ip,, KM =y, -cos(x +90°) = —y, -sinq TeHaiK
TEPIH €CKepill X =X, -COSa — Y, -Sine anambi3. Jlonm ocklnaid, sKorapelna

aramran  Bekropaapasin ecki OY ecine mpoekuusiapslH  KapacTbipa
OTBIPBIT Yy =X -Sin—Y,-Cosa anambi3. CoHbIMEH, ecTepai Oypy

(hopmymanapsr:
X=X -CosSa—Y,-Sina, Yy=X Sina+y, cosa. (2)

gf;h’_ H

2
41-cyper

Mpuican. Tew Oy#ipni (a=b) rtunepOONaHBIH Kelecli TeHIEYiH
X—Z—y—z—l ecrepmi O (hopMynanapsl apKbUIbl BIKIIAMIARBIK
L pAa1 0ypy popMmy. pbI ap .

V  ag=b OosranablKTaH Oy rHIEpOOIAHBIH ACUMITOTATIAPBI Y = X

KOHE Y =—X TeHJiKTepiMeH aHbIKTananbl (42-cyper). Ocbl TY3ynepai
aHa ecTep peTinje aHbIKTaitbIK. OH/Ia XaHa ecTep ecki ectepai o = —45°

Oyphillika Oypy apKbUIbl ajlaHAThIHBIH Kepewmi3. Omaii Oosca, (2) ety
(hopmynanapel OOHBIHIIA

_ 0 : 0y _ 0 : 0 _ 1 1
X =X, -C0S(—45") -y, -sin(—45") = X, - cos 45" +y, -sin45 _:EXNLﬁyl
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KOHE y = X, -sin(—45°) + y, -cos(—45°) = ——=x, + 1 y, anambi3. byn

T

2 2
TEHJIIKTEPIi OepiireH TeHIeyre Kocak (4 + Y1) Z_Z(yl —%)” _ 1, an Oyzman
a

2 2
a a .
XY, =— Hemece — =k jen Oenrinen Y, = — angambis.
2 2 9
By mekTen maTemMaTuKackIHIAFEI OenTimi rumnepbona TeHaeyi. A

JKannvt orcazoai. YKanmel xarmaiiga aHa ecTepAiH Oac HYKTeci e
OarpIThl Ja kaHa. JKaHa Oac HYKTEHIH €CKi ecTepieri KOOpIMHATTaphl

Ol(a; b) xkoHe Oypbury Oypblmbl ¢ OonceiH (4-cyper). bac Hykreci

Ol(a; b) aHa, an 6arbrrrapsl ecki O, X', O)Y' kemekuii ectep
Ay hy |

42-cypet

KyHecin enrizeiiik. Kemekimi ecrepieri KoopauHaTTapbl (X'; y') GOMaThIH
K nykrecin anaiibik. O, X', O)Y' ecrepi OX, OY ecrepinen 6ac HykTeHi
O (a; b) HYKTEre MapajlIellb )KbUDKBITY aPKbLIBI AJIbIHATHIHIBIKTAH
X=a+X, y=b+y,. (3)
Onan con O, X, OY, xana ecrep xemexmi O, X', OY' ecrepuen
Q OypBIKa OYphLTY aPKBUIBI AJTbIHATHIHBIKTAH

X'=x-cosa—y, -sina, Yy =Xx-sina+y,-cosa. )
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Enni (4)-1i (3)-xe KOHBIN, ecKi KOOPAUHATTAPABI XKaHA KOOPAHUHATTAP
apKbLIbl OPHEKTEN ajgaMbl3

X=a+X -Cosa—Y,-Sina, y=b+x-sina+y,-cosa. (5)

2. Keaopammuix mynzanapovt KAHOHOBIK Mypze KeJimipy.
Exinmm peTTi CBI3BIKTapIbIH

Ax? +2Bxy +Cy® = H (6)

TYpiHzeri TeHaeyMeH OepiireH >karAalblH KapacTeipaMbi3. Erep MyHOarsl
X, Y - Tepai -X, -y -TieH aybICTBIpCcaK, oHna (6) TEHAEYMiH COJ >KaFbIHIaFbl
epHek esrepmeiini. backama aiitkanga, erep M (X;Y) nykreci (6)-iubt
cb3bIKTa Karca, ouga N (—X;—Y) Hykreci Jie OChI ChI3BIKTA KaTaabl. By
(6)-mbl  CBI3BIKTBIH ~ KOOpAMHAT 0ac  HYKTECiHE  CalBICThIPFaHIa
CUMMETPHSUITBI OpHANacaThIHBIH KepceTeli. COHBIMEH, erep CHI3BIK (6)-IIIbl
TYpIEri TeHACyMeH Oepijice, OHJa OHBIH (CHMMETpHS) LICHTPi Oap jkoHe
KOOPAWHATTAPIBIH 0aC HYKTECI OCHI IIEHTP/IE OpHAIACaIbl.

Enpi exi X, y altHBIMaJNIbl K6aOpammulK myjza Aer aTanateH, (6)-

IIBI TEHACYIIH COJl JKaFbIHJaFbl

AX® + 2Bxy + Cy? (7

OpHEKTI KAHOHOBIK mypze KeNTipy ecediMeH aiiHanbicambl3. OHBIH MoHicl
— KOoOpAMHAT ecTepiH Oypa oTwipbim (7)-11i  TyIFamarel  kKaHa
KOOpAMHATTAp/bIH KeOeHTIHAICIH X, Y, ko010, s¥HM (7)-1I1 TYJIFaHbl KeJeci
TYpre KenTipy

AX? +2Bxy +Cy* = 4, X2+ 4,/ (8)

Byn TeHAIKTIH OH KaFbl KBaJIPATTHIK TYJIFAHBIH KAHOHOBIK mMypi 1en
aTanajpl.
Byt ecenTi memnny yuriH )KoFapblIaFbl

X=X -CoSa—Y,-Sina, Yy=Xx-Sina+y,-Cose, (2)

ocmepoi Oypy dopmynanapelH mnaiganaHamed. by gopmynanapast
KOJIIAaHY/IbI KCHUIACTY YIIIH
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cosa=1l, sina=m, -sina=I, cosa=m, (9)
Oenrineynepin eHrizin (2) hopMynanapasl Kereci Typ/e jka3aMbl3
{lelx1+lzy1, (10)
y=mX +m,y,.

byn TeHmikTepre KaThICTHI KEJIeCi YIII CYPaKTHI aIllbIll KOPCETEHIK.

Bipinwi, xynramrad |, m xome |,,m, koddduumentrepinin
reOMETPHSUIBIK MaFbiHAch! Typansl. Erep xxana OX, eciHe KOOpAHHATTBIH

0ac HYKTECIHEH OCHI ©CTiH OarbIThIMEH OIpIliK BEKTOp cajicak, OHIa Oy
BEKTOP/IBIH €CKi KOOpAWHATTapFa MPOCKIHsIIAPHI

l, =cosa, m =cos(90° —a) =sina Gomanger (§ 2.5, (1)-kapausi3).

Onaii Gonca, K, = {l,;m,} ={cosa;sina} - xana OX, abcyucca ocinin

O0azvimuin aHbIKmaiimvlH 0ipaik eéekmop. OCbl CUSKTHI,

k, ={l,;m,} ={-sina;cosa} ={cos(a+%); Sin(oﬁgj}

— arcana OY, opounam ocinin G6azeimvin anvlKmaimoln GipAiK 6eKmop
(43-cyper).

s |

3
L_“-_u.-__, )

¥

0\‘ Z

43-cypet
Exinwi, sorapbiaarsl (2)-111 TEHIIKTEP €CKi KOOIUHATTAP/bI JKaHa
KOOpJWHATTap apKbUIBI epHEKTen Typ. JKaHa ectep xyiieciHe ecki ecTep
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KyheciH o Oypblmika Oypy apKbpUIbl KOIICEK, KepiciHile, ecKi ecTep
JKYHeciHe KaHa ecTep KyHeciH, Kepi Kapail, -« OypblmKa Oypy apKbUIBI
kemryre Oomamel.  Omait  Oonca, oJwcana  KOOpOUHAMMApOwl — ecKi
KOOpouHammap apKbulivl opHekmey yiniH, (2)-1m TeHmiktepaeri o -Hel -
O -Fa, COHBIMEH Oipre, €CKi MeH >XaHa KOOpIWHATTApIbsl e3apa OpbIH
ayBICTBIpca OOJFaHBI

- - !
X, =X-COSa+Yy-sina, Y,=—X-Sina+Yy-cosa. (2)
By Tenaixtepre (9) Oenrineynepai eHrizcek
{Xl = le+ mly, (10,)
Yy =Lx+m,y

aJlambI3.

Ywinwi (maywizovr) cypax. Erep (10)-mbl TeHIIKTEp — TIKOYPBIIITHI
KOOpAWHATTap JKYHeciH KaHmail ma Oip Oypblmka OypaThiH, TYPIECHAIPY
dhopmynanapel 0osca, (srHu, (2)-m1i, ecmepoi 6ypy (GopmyrnanapbiHBIH
KbI3MeTiH atkapca), onma |, my,l,,m, xospduumentrepi ymin keneci

maptTap opbiHaanansl ((9) TeHaIKTep apKbUIbl TEKCEPiHi3 JKOHE TOMEHIET1
€CKepTYAi KapaHbI3):

IZ+m? =1 1Z2+m’=1 (11)
LI, +mm, =0, (12)

[, m
Pt =1 (13)

|2 m2

Kepicinmre, erep (11)-(13) maprrap opsiHganca, oxma (10)-mms
TEHJIIKTED — ©ecTep XYHeciH OypaThiH, TIKOYPBIITH KOOPAMHATTAPIIBI
TYpPACHIIpY (QopMyranapbl OoNaThIHBIHA, SFHU (2)-mi popmymanapasiH
KbI3METIH arkaparbiHbiHa Keo3 ketkiseitik. OX, OY ecrepi wmeH
TIKOYPBIITEl KOOPIAMHATTAP IKyiieci »xome Kammai ma 6ip |, m;,l,,m,

ko durmentrepi 6ap (10)-mbr TeraikTep Oepincin. Onpa, (11) maprrap
Goitbinma, k, ={l;;m}={cose;sina}, k,={l,;m,}=/{cosp;sinpg}
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TEHJIKTEpi OPbIHAATATHIH ¢ XKoHE [ OypwluTapbl TaObutaabl. bynan (12)
IAPTTHI Maii1aIaHbII
k, -k, =cosa-cos f+sina-sin f=cos(f—a)=0, AFHN

k,={l;;m} men k,={l,;m,} BexropnapeiubH oproroHams GonaThHbIH

) ) V4
kopemi3. COHFbI TEHIIKTE COS( p— a) =0 OGomraumsikran, f=a+ E

3z o
- aJIaMBbI3. By MOHJIED OOMBIHIIIA

HeMece L=a+
K, ={l,;m,} ={-sina;cosa} memece k,={l,;m,}={sinc;—cosc}
anamprs. Bipak (13) maprrer Tex amramksi k, = {l,;m,} = {~sine;cosa}
BEKTOPHI FaHa KaHaraTTaHAbIpaasl. An 6y (10)-mmsl hopmynamapabiy (2)-
mi popmynanapra kenreHiH kepcereni. Enperne, (11) - (13) mapTtrapasig
OpBIHAANYBI, IIBIHBIHAA J1a, OH  0OaBIMmMAnNAH  MiKOYpbluimbl

KoopOouHammap Jicyiliecine 9KENENl eKeH, SIFHU €Ki OCTiH ekeyi ne Oip
OarbITTa, Oip OYpHIIIKa OYPHUTA Bl EKEH.

Eckepry. (11) - (13) Tenumikrep IZi = {Il;ml}, IZZ = {Iz;mz}
BEKTOpJIapbIHA KATHICTHI COHKeC KeJleci amanaap eKeHiH KopeMis:

k[ =12+m2=1 |k =12 +mZ=1 (11)
Izl'EZ :|1|2+mlm2 =0 (12,)
ijk |
k(1 m; 0)xK, (i mi; 0)=ll m, 0= :\‘1 K=K (13)
2 2
l,m, 0

MyHiarbl (11') TEeHJIKTepi |21={|1;ml}, Ezz{lz;mz} - Oipiik
Bextopiap ekenin kepcerce, (12') Teriri k, ={l;m}, Kk, ={l,;m,}

BEKTOPJIAPbIHBIH CKalAp KOOCWTiHAICI Hesre TeH, SFHU OJNaplblH
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OpPTOTOHANIb €KEeHIH KepceTemdi. A (13') teruiri K, K,, K - oy yumix

eéekmopnap, SFHA Oy BEKTOpJIap KYHECiHiH OarbIThl (OpHUCHTAITHSCHI)
e3repMereHiH KOpPCEeTe i,
Enni TakpIpbIOBIMBI3IBIH OacThI CyparbiHa KOIIeHiK.

Xorapbiga Ax*+2Bxy+Cy? (7)  KBagpaTTBIK  TYJIFAHEI
AX? +2Bxy +Cy® = 4, x>+ A,¥/ (8) KaHOHIBIK Typre KenTipy yuIiH,
I, m,l,,m, koasddurmentrepi (11)-(13) maprrapapl KaHaFraTTaHIBIPATHIH
{X =l + Ly, (10) dopmymnanapabl Taby Kepek ekeHaIriH Kepaik. Ockl

y=mX +m,y,
€CeNTi IICNIyAiH BIHFAMIBI TOCUIIH KoJJaHAWBIK. AUTanbK, (10)-11et

thopmynanapapH K03 punreHTTepi TaObUIAB KoHE (8) TeHIIK OPBIHIAIIBI
nenik. OHBI KeJeci Typ/e *a3blll ajJaMbi3

(AX+By)x+(Bx+Cy)y = 4% + 4L Y;. (14)

Kakma imingeri epuekrepai (10)-mbr  ¢dopmynamap OoibrHIIA
TYpIACHIIpEMi3

{AX+ By = (Al, +Bm,)x, +(Al, +Bm,)y,, )

Bx+Cy =(Bl,+Cm,)x +(Bl,+Cm,)y,.

X =lx+my,
Y, =l x+myy

(14)-mi TEeHmIKTIH OH JKarbIHA { Kepl TypJeHmdipy

bopmynanape ((10') KapaHbl3) KOJIIaHaMbI3
{Xlxl = (le + mly)xl' (16)
Yi¥1 = (sz + mzy) Y-

Ocsrl (15), (16) typnenaipynep (14) Tere-TeHairiH Keleci Typre aibl
Keaenl

(AL +Bm,)xx + (Bl +Cm,) yx, +(Al, + Bm, ) xy, + an
+(B|2 +Cm2) Yy, = j1'1)0(1 +A1m1yxl +22|2Xy1 +ﬂ2m2yy1'
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MyHnarsl  yKcac MyLIEIEpIiH, SFHU XX, YX;, XY;, VY, -TepT MyIIeHiH

kod(urmmmentrepin e3ap TeHecTipcek (17) »xoHe (8) Teme-TeHmIKTEp
caxTajabl

Al +Bm = A4l,, Al,+Bm, = 4l,, 18)
Bl,+Cm, =Am, Bl, +Cm, = A,m,.
Bizniyg ecen
Al +Bm=Al,
(19)
Bl +Cm=Am

Typinzeri xxyieniy (11)-(13) mapTrapasl KaHaraTTaHABIPATHIH KaHAaH aa
oip, l,,m, A4 men |,,m,, A, — exi wemimin Tabyra ansm kenmi. By

JKYHEHI KeJleci TypAe Ka3blll aTaibIK
{(A—A)I +Bm=0,

(20)
Bl +(C—A)m=0.

BipTekTi CHI3BIKTHIK TEHIEYIEp KYHECiHIH TPUBHAJ eMec MIeniMi 60y
YIIiH KeJieci mapT opbIHAanybl Kepek (§ 1.7. kapaHbi3)

A-1 B
=0 (21)
B C-4
B¥J‘I AHBIKTAYBIIITHI allIbIIT Ka3bIII Keleci TeH/:[eyz[i aJlaMbI3
A —(A-C)A+(AC-B?)=0. (22)

Byn kBampar TtewmeyneH Oisre kaxerti A=A, A=A, eki HaKkThl

MOHII Tab0aMBbI3:

A+C+./(A+C) —4(AC —B?
hy = |l +2) (Ac-8") (23)

oiitkeni (A+C)’ —4(AC-B?)=(A-C) +4B*>0.
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(21) Tenney (7) xeadpammuly myneansvl CURAMMAYULbL MEHOey JIeTl
aramanpel, an ol A=A, A=A, 1y0ipaepi — xeaopammuix mynearsi

cunammaywsl canoap Jen atanaabl. byn cangap - KBagpaTThIK TYJIFaHBIH
(8) kaHOHIBIK TYPiHIH KO3DUIHEHTTEPI.

Enmiri moceme — JkaHa oCTepli aHBIKTAHTHIH |Z1 :{Il;ml},
IZZ :{Iz;mz} BeKTOpNapbiH Taly ymIiH, KeJeci €Ki JKaFmgaijsl
KapacThIPaMbi3.

Bipinui ocazoaii. (A+C)° —4(AC—B?)=(A-C) +4B*>0. Byn
Karmaiina A, # A, exi cunmarraymsl can Gap. bipinmi A = A, cumarrayiusl
canzsl (20) TeHueynep Kyiecine Ko#bil OHbIH Hoa emec |, M mremimin
anamb3. byn memriMHeH {I,m} BEKTOPBIH KYpPalMBbI3 - OHBIH OarbIThI
Oepinren myneanviy A, CUNATTaylIbl CaHFa COWiKec Oac Oazelm e
aramajgpl. OpHHe, Iziz{ll;ml}z{,ul; um} (g -caH) BEKTOPBIHBIH Ja

+1

ﬁ JCII aJICaK, OoHJa
+m

2 _
k| =12+m?=1 opumpanans;, sruu k ={I; — cunarraymsl A
1 1 1 p 1 y 1

OarbITHl — Oac OarwiT Oonazapl. Erep mynna p =

caHbIHA ColiKec Oac Oazvimmuty Oipiik éexmopwvt 6onanbl. OChl CHSKTHI,
(20) Ttenmeymep kyileciH A=A, cumarTaymsl caHbIHAa COMKeC IIeIIe

otbIpsin K, = {Iz; mz} OipJlik BEKTOpIbI ajaMbl3. ByJl BEKTOP KBaIpaTTBIK

TYIFaHblH A, CHIAarTaymisl CaHbIHAa COMKec eKiHmi 0ac  GaFbITBIH
aHBIKTaNbI. OCBI €Ki OaFBITTHIH ©3apa NepIeHANKYJIsp, srHu (12) (Hemece
(12')) IIAPTHIHBIH OPBIHIATATEIHBIH KOPCETCHIK.

Bi3 amran |,m;, A4 sxome |,,m,, A, cannmaper (18) Temmikrepai

KaHaFraTTaHAbIpaabl, elTkeHi Oy canmap (20) —meiH menrimuepi. (18)
TEHIIKTEP/IIH COJI KaKTarbl TOOBIHIAFBI OIpIHIII KOHE SKIHII TeHIIKTeP/i
coiikec |,, M, cammapeiHa KeGEHTIN aibIm ONAPIBI MYIIETEN KOCAMBI3.
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Coman coH, |, M, canmapel naiifanaHbill OH KAKTAaFbl TONKA Aa I
ochIIal skacaiiMbpIz. HoTmkene kemeci TEHIIKTEPl alaMbI3
(AL +Bm,)l, +(Bl,+Cm,)m, = 4 (LI, +mm,),
(Al,+Bm,)l, +(Bl,+Cm,)m, = 4, (LI, + mm,).

JKakmanapael ama OTHIPBINT, Oyl €Ki TEHJIKTIH COJI KaKTapbIHJA
Oipmeti mramamap TypraHblH kepeMi3. CoHABIKTaH, OV TEHIIKTEPIi

mymenen merepcex 0= (4 —4,)(Ll,+mm,) anambiz. Mynna 4, # 4,
comranapikran, L1, +mm, =0, sruu (12) (Hemece (12') ) IIApPTHIHBIH
OpBIHIAIATHIHBIH Kopemi3. Al (13) MapTThIH OPBIHAAIYBIH CaKTay KHUBIH

emec, oI YIIiH Kaxer Gonca K, = {ll; ml} HeMece

k, = {|2; mz} BEKTOPBIH -1 caHbIHA KOOEHTCEK GOIFAHbL.
o . 2 2
Exinwi ocazoail. (A+C) —4(AC-B*)=(A-C) +4B =0.
. 2 .

Byn xarmaiina A, = A, = A4 Gonansl (A—C) +4B? =0 renuirinen
A=C, B=0 anameiz. Onma KBaipar TeHjeyaiH TyOipiepiHin (23)
dopmynaceinan A = A= C wbiransl. Erep A -ubig 6y monin (20) xyiiere
KOWCaK, OHJAa OHBIH (I,m) memimMepl Ke3 KeJreH caHuap Oona anaipl,
SFHU Ke3 KelTeH OaFrbpIT KBAAPATTHIK TYIFa YIIH 0ac OarbiT Oomampl. AJ
A=C, B=0 Gomranasikran, tyarausii Typi AX® + Ay’ srum Gipaen
KaHOH/IBIK TYpJe 0oJaibl, OFaH elIKaHIall TYpJIEHIIpy KaxeT emec. bipak,
ecTep/i Ke3 KejireH Oypbliika Oypyra Oonajbl, TYJIFa KaHOHIBIK TYPIH
CaKTalIbl.

Mbuican. Bepinren 17x°+12xy +8y> =20 TeHmeymi: a) KaHOHIBIK

TYpre KenTipy Kepek; d) TeHIACYAl KaHOHABIK Typre KenTipyuii,
KOOPJMHATTAPBI TYPJICHAIPY popMyanapbiH Taby Kepek.
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v TenmeyniH  conm KarbIHOAFbl  KBagpaTThIK  TYIFaaa
A=17, B=6, C =8. Cunarraymsl TeHAeyAi >xa3zambi3 ((21) KapaHbI3):
17-1 6
6 8-1
TeHJCYIIH TYOipepin (cunarrayuist caHzap/pl) TabaMBbI3:
A% -251+100=0, A, =20, A4, =5. KanoHapIK TeHzmeyni ska3amel3 ((8)

‘:O_ AHI)IKTayI)IIHTI)I AlllbIIl JKa3aMbI3 JKOHC MIBIKKAH KBaJpaT

2 2
kapansz) 20X +5y7 = 20, memece %Jr%l: 1. Byn — xaptel ecrepi

a=2, b=1 Gonars smmmnc. Exmi ocel kanonowlx mypze kenmipywii

mypaendipy gpopmynanapein tabaiivik. On ymnin (20) xyleHi xazambl3:
@7-A)N+6m=0,

{GI +(8-2)m=0.
(-31+6m=0,

{GI -12m=0

keneci Terueyre aybicteipambis: | —2m = 0. Byn Tenneynin kannaii xa 6ip

wenmiMin, meicansl, | =2, M=1 anpln, OHBI BEKTOP TYPIHIAE Ka3aMbI3

Anneiven myHma A=A =20 pmen arcak,

amamb3. JKyliene Oipaeit eki TeHIey TYpPFaHABIKTAH OHBI

{2;1} . Byn Bexropmer Gipnmik Bektopra kentipin 4 =20 cumarrayrust

caHra ColKkec 0ac OarbITTHI alaMbI3: |zl :{i; i} Eumi A = /12 =5 nen
NN
. , . |121+6m =0, .
aJicaK, KOFaphIJIaFbl XKYyle Keyecli Typre Keyei: Byn xyiie
6l +3m=0.

keneci temmeyre napamap: 2l +M=0. Oupiy 6ip memiMiH, MbIcabl,
I =1, m=-2 anbim, omaH Kejeci BEKTOPJABI KypalMbi3: {ZL' —2}. by

.2
NGNS
IIapTThl KAHAFATTAaHJBIPYBI YIIiH OHBI -1-Te KeOeiitim, A, = 5 cunaTraymst

CaHfa colikec fac Oazvimmbl TadaMBbI3: k, ={__1 i}.COHHMeH, JKaHa

NN

BEKTOPIBI OIpIIiK BEKTOpPFa KeNTipemis: { } byn Bektop (13)
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NN

:i +i . Hemek, xaHa ectep cosg =| :i sina=m :i

y Jg X \/g Y1 1 Jg’ 1 \/g

TEHIIKTEpIMEH, SFHU tga = % :% TEHIITIMEH aHBIKTAJIATHIH (¢ OYPHIIIKA
1

ecTepre oTy ¢dbopmynanapst MBIHaHJAM:

OypbUTY apKBUIBI abIHABI eKeH (44 — cyper).
A

44-cyper
3. Keaopammulx mynzanviyy uneapuanmmapul. bepinzen scannwi
menoey OoulbiHWa eKiHWi pemmi KucolKmoly, mypin anvikmay. Kes

KeJIreH KBaJpaTThIK TyiFa D = Ax® + 2Bxy + Cy2 OepiyciH xoHe ecTepIi
oenrii oip OypbhIIIKa oypy YIIiH KOOPJMHATTaP IBIH
{X =X +1,Y;,
y=mXx+m,y,
KBaJpaTThIK TYJIFara KOMbII OHBI )KaHa KOOPJAHHATTApFa KeNTipeMis:

TYPACHIIPLTYl JKacaJChIH. X,Y-TiH OYJ1 epHeKTepiH

AX? +2Bxy +Cy? = Ax”+2Bx,y, +C,y,’.

OpOip TyrFa VIIH CHMATTAylIBl TeHJEYNepal kazaiblk (2m. (22)-
kaparbis): A° —(A+C)A+(AC-B?)=0,

A?~(A+C,)A+(AC,—B?)=0.
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Exi kBagpaTThiKk TyiIFa OipiHe-0ipi TypJieHeTiHAIKTEeH oJap Oip
KaHOHABIK Typre kenenmi. Jlemek, eki Tyirra Oipaedl cumarTaymisl
A, A, cannapra uwe Oonaipl, SFHH €Ki TeHACYAiH TyOipiepi Oipuei.
Comuppikran, A +C,=A+C, AC, -B’=AC-B? 6ipax A,B,,C,
caumapel A B,C canmapeiven Oipaeit Gomysl mmapt emec. bymgan 6i3,
TYJIFaHBI K€3 KeIreH TYPJIACHIIPYMEH jKaHa KOOPIUHATTAPFa KENTipreHMeH
A+C men AC—B? mamanapsl e3repicke YIIBIPAMAiTHIHBIH KOPEMis3.
ConppIKTan Oy mamManap/sl TIKOYPBIIITE KOOPAMHATTAP Bl TYPICHIIpYTe

. 2
KATBICTEl Mmyneanvly unsapuanmmapel nen araiigel. An AC—B
WUHBApHAHTBl KEAOPAMMbIK MYAAHbIY OUCKDUMUHAHMbL JIET aTalaasl Ja

) ) A N
O apKbuIbl Oenrineneni: § = AC — B2 :‘ . Buer Teopemack! OolibiHINa,

§=A, = AC—B2

Anvikmama. Erep cunarrayust A, A, caniapasie TanOanapsr: 6ipei,
memex, O =AA,=AC—B?>0 6onca, oHma KBampaTTbIK TyIFa
omuncmix Aen atananpl, ai A, A, TaHOamapel Kapama-Kapchbl, JeMeK,
8=2A,=AC—B?*<0 Gonca, oHma o1 cunepbonanblk Keadpammoix
mynea nen atanangel. Erep A, A, canmapnapie Gipeyi Hedre TeH, JeMeK,

8=2A,=AC—B?=0 Gonca, OHIa KBAIAPATTHIK TYIFA NapaGonabiK

JIEIl aTajajbl.
ExiHIII peTTi ChI3BIKTHIH JKaJIbl TCHILY1 OCPIICiH:

Ax® +2Bxy +Cy® + 2Dx+2Ey + F =0. (24)

Erep Oy TeHIey/i KAaHOH/BIK TYPre KENTIPCeK, OHJA ChI3BIKTHIH TYPIH
aHbpIKTayFa OoJyiaabl. bi3, yakKbITTHIH INEKTEYJIriHe OalIaHbICTBI, MYHIA
OHBl KaHOHJABIK TYpre TYPACHIIPIN 3epTTeN JKaTmacTaH, TeK KeJeci
KOPBITHIHBICHIH FaHa OepeMis.

Exinmn  nmopeskenmi (24)-mi TeHJey Keneci YII KUCBIKTBIH OipiH:
omunemi (8 = AC—B? >0 6onca), eunepbonanst (6 =AC—B? <0

6ouca), napabonans: (5 = AC —B* =0 Goca) aHbIKTailIbL.
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Ecxepmy. By KOPBITBIHABIIA ~ JIUTHIIC ~ —  JiCOopamal
(AX*+ A4,y =H, H<0, 4 >0, 4, >0 Tenneyimen Gepinres) Hemece

oscewe (A, X°+A,y° =0 temneyiven Gepinren) Gomys Mymkin. Con
CHAKTHI, THIepboma — ezeewe (Mbicansl, 4X° —9y> =0 Termeyimen

epinren), mapaGoma — eseewe ( AX*+K =0, A>0 Ttengeyimen
Oepinren) 0OIybI MYMKIH.
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§ 2.16. Exinmui perri 0eTTep

Exinmi perti Oer mem x, y mekapT KOOpAWHATTApHl Kelleci eKiHIIi
JIOpexeti anreOpaibiK TCHACY/Ii:

A X% + By Y2 + 8gaZ” + 28, XY + 28y, X2 + 28,57 + 1)
+2a,X+2a,y + 2852+ a8, =0

KaHAFaTTaHABIPATHIH HYKTENEp >KUBIHBIH aWTanpl. MyHzAarsl & Kod3(]-
(utmenTTepiHiy eH 6onMaranaa 6ipeyi Helre TeH eMec.
(1) Tenneyain MaHBI3ABI AepOec KaFJaiIapblH aTal eTeMis3:
2 2 2
X° oy oz
1) Damuncou: St t—= 1 ab,c>0.
a~ b° c
2 2o g2
2)  Bip KybICTBI TUIIEPOOIIOH/T; =z + e =1 ab,c>0.

3)  Koc KybICTBI THIICPOOIONT: X—2 — b_z - = 1, ab,c>0.
a C
X2 y2
4)  DnaMrcTik mapaboIou: ? +—=22, p,q>0.

22
5) TunepGonanbik mapaboIoHI;: X ¥y 2z, p,q>0.
P q
X2 y: 72
6) Exinui perti kKoHyc: — + Peia 0, a,b,c>0.
c

a
7) Hykre: x*+y®+2%=0.
8)  ExiHIui peTTi nuimHIpiep:

2 2
a) DJUMICTIK IMIMHAP: —5 + F =1 ab>0.
a
X2y

0) runepOONANbIK IHIMHAD: —5 — b—z =1 a,b>0.
B) mapalojanblk UIuHAp: Y° =2pX, p>0.

o D

I') KUBUIBICATBIH YKa3bIKTHIKTAP JKYOBI: a’x? —b? y2 =0, a,b>0.
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1) Iapaiuiens HeMece GeTTeceTiH Kas3bIKThIKTap: X —a2 =0, a>0.

x) Ty3y: X2 +y?=0.

byn Temmeynep xkepcerinreH OeTTepAiH KaHOHIBIK (JIaFIbLIBI)
Texaeynepi nen atanaipl. KaHoHAbIK TeHaeynepai (1) xkaimsl TeHIeyIeH
KOOpJMHATTAp JKYHECIH TypaeHaipy (KOOpJMHAT ©CTepiH mapauieib
KBUDKBITY JKoHE Oypy) apKbUIbl aimyra Oomaasl. JKanmsl sxarmaiioa MyHIan
TYpPJICHAIPY KYpIesdi mMpouenypaHbl Talam eTeni, anaiima Xy, Xz, Yz
mymenepi (1) tenneyzne xok 6onca (8, =8,; =a,, =0), OHIa KaHOHJBIK
TEHACYAl TONBIK KBaapaT Oy >KOHE KOOpAWHAT OCTepiH Mapairielb
KBUDKBITY O/IiCTEpIMEH airyFa 0oJabl.

1)-8) ekiHmi perti OeTTepAiH Typiepi MEH KacHETTEepiH mapaJ-
Jeapdik KuMa JficiMeH 3eprreyre Oonambl: OETTep KOOPIUHATTHIK
JKa3bIKTBIKTApFa TMapajlieNb JKA3bIKTHIKTAD apKbUIbI KUBUIBICAABI 14,
KMMaJia aJIbIHFaH CBhI3BIKTHIKTApJIbIH TYpl MEH KacHUeTTepiHe Kapail OeTTiH
TYP1 MEH KacHETTePi Typalibl KOPBHITHIHIBI JKacanabl.

JKorapbifa aTayFaH eKiHI peTTi OETTepre TOKTAIANBIK,
2 2 2
1. Danuncoun (45-cyper): X Z— + 2_2 =1 a,b,c>0. 1)
c

45-cypet

Erep a=b=c=R 06omnca, ouga (1) smimconm — MEHTPi KOOPAWHAT
OaceiHga, paguyci R TeH cdepara aiiHanabl:
x? +y?+22 =R% )
MyHnnarsl @,b,C — 2JIMIICOMITHIH KapThl ©CTEPI SN aTaxabl.
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(1) temmeymen smmmncountbin X=0, y=0, z=0 KOOPAHMHATTHIK
JKa3bIKTBIKTAD MEH  CalbICTBIPFaHAa JKOHE  KOOPAMHAT  OachIMEH
CaBICTBIPFaH/Ia CHMMETPHSIBI OOJIATBIHBIH KOPEMI3.

Omuncountbi Z=h, —Cc<h<C Xa3bIKTBIKTapPbIMCH KUMAChI-

2 2 2

x_2+y_ :1_h_2 HeMmece X + y2 _
a~ b c 2 2

hZ b 1 hZ

al-— -

\l c? \j c?
. . . h?2 h?2

TYPIHAETI DJUTATICTEP. DJLTUTICTIH a,l-—, b,[1- —  — TEH JKapThl
C c

ectepi z=0, (B O Oonca, eH ylKeH MOHTe M€ OONATBIHABIKTAaH, Oy
MOHTE COMKEC JIIIHUIC TE CH YIKEH 00a bl

Ochl CHSKTBI XKardaimap IUIMICOMATTRIH X=h, —a<h<a xoHe
y=h, —b<h<b ka3bIKTBIKTapbIMEH KUMAChIH/Ia Ja OOJIaIbl.

OQmmuncounteiy (@, 0, 0), (0, £b, 0),(0, 0, ) HyKTenEepi, OHBIH
Tebeepi 1em aTanaibl.

Erep smnumconareiH Kanmaiina Oip kapThl ecTepi e3apa TeH Oosca,

OHJIa DJUTHATICOU] DJUTUTICTIH COMKEC KOOPAMHAT ©Ci apKbUIbI aifHATybIHAH
IIBIFA B 14, OHBI AHAJTY JUIUIICOUABI JCTI aTaiIbl.

2. BipkybicTbl runepooaua (46-cyper):

2 2 2
X z
XX _Z _1 abc>0, ©)

b

(2) Ttemmey TypiHEH OIpKYyBICTHI THIEPOONONA KOOPAHHATTHIK
Ka3bIKTBIKTApFa JKOHE KOOpPIMHAT 0ac HYKTECIMEH CalbICThIpFaH/ia

CUMMETPHSIBI OeT €KeHIH kepeMmi3. @,b,C caHmapbl OIpKYBICTBI THIEP-
OOJIOMITHIH KAPTHI 6CTEPi Je atanajsl. BipKybICThI THITEPOOIOUTHIH

QD
()

(+a,0,0), (0,+5h,0) HYKTenepi OHbIH TOOeJIepi Jel aTanasl.

Erep (2) 6etti Z=h Xa3bIKTHIFBIMEH KHUCAK, OHJa KHMaJia
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2 2 2 2
2

2
X—2+y—=1+—2 = + y =1

a- b C 7\ 7\?
La 1+hzl {b 1+hzj
\l c c

TYPIHACTI SJUTATIC TITBIFAIb;
Erep (2) oerTl X=nh Ka3BIKTEIFBIMEH KHCAK, OHAA KHMajaa

y? 2
——-==l-— = =1  rumepOomackl
b ¢ a
IIBIFAIEL;
46-cyper
anr (2) Oerri y=h IKka3pIKTBIFBIMEH KHCAK, OHAAa KHUMaja
2 2 2 2 2
X°  z h
S -==1-— = X - Z =1 runepOoIace
a’ ¢ b 7\2 7\
h h
al-— Cl-—
b b
LIBIFAIbIL.
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Erep h=+a Oonca, onga OipiHmi rumepOonia Keneci eki Ty3yre
. b
aHajmanpl: Y =+—27.
Erep |h| <a Oosnca, oHAa TUNEepOOIaHbIH HAKThl CUMMETpUsUIE oci OY

ecine mapaiens, an |h|>a Gonca, OZ ecine napamiens Ty3y Gonasl.

Erep a=b ©Oomnca, onma (2) 6er meH zZ=h Ka3bIKTBIKTAPHIHBIH

. ’ h?
KuMackl, pamvyci a,[l+— Ten menGep, an Oyn sxarmaiina (2) Oer
C

x*  z? .
— —— =1 runepbonaceibiy OZ eciH alHaybIHAH aJIbIHAIBL.

QD
o

3. Koc KysicThI runep6osaoun (47-cyper):

a,b,c>0. (3)

47-cyper
Byn TeHmeyne alHbIMANIapiblH TEK KBaJpaTTapbl FaHa KaThbICa-
THIHJIBIKTaH, OepuireH OeT KOOpAWHAT Ka3bIKTHIKTApPhIHA JKOHE KOOp-
JHAaTa 60ac HYKTECIMEH CaJbICThIPFaH/a CUMMETpHsUTBL. (3) TeHaey i
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2 2 2
zZ X ,
y—+—2=—1+¥ (3)

O
(@}

2
TYpiBe kas3aibik. by remneynen -1+ —2>0 = |X| >a ajambi3.
a

yz 72
5= 0 tenueyinen y = 0, z = 0 anambI3:

Erep |X| = a Gonca, onnma o7 +—
c
(-a,0,0) xome (a,0,0) HyKTemepi KOCKYBICTBI THIIEPOOIIOMATHIH TobeIepi
nen ataimanel (3) OerriH [X| = h > & >Ka3bIKTBHIKTapPbIMEH KHBLIBICY
y2 72
CBI3BIKTaPHI >+ > =1 TypiHzgeri smmmncrep, ain
h2 2
by[-1+— C,|-1+—
oHbIH Z = h xoHe ¥ = h jka3bIKTHIKTapBIMEH KHUBUIBICY CHI3BIKTAPhI, COMKEC
X y'_ X 2, .n .
— Tz = +—2 JKOHE — 5= +—2 TYPJICPIHICT1 rI/Inep6onanap
a~ b c a® ¢
= 0 xome ¥y = 0

eKeHIH Kepy KublH emec (42-cyperre OerTTiH Z
JKa3bIKTBIKTAPhIMEH KUBLIBICYBIHAH HIBIKKAH TUIepOoIaiap KOPCeTireH).

4. dnnauncrik mapadonounn (48-cyper):

(4)

N

2
X—2+y—2=22, p.q>0.
p- q

Z

X 48-cyper
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Tenneynen 6ertiH Z > 0 >kapThUIali KEHICTITIHIAE OpHATACKAHBIH JKOHE
x=0, z=0 koopAMHAT Ka3bIKTHIKTAPHIMEH CAJBICTHIPFAH/Ia CHM-METPHUSIIBI

OOJIaTHIHBIH  KOpPEeMi3. Berrtig Z = h Ka3bIKTBIFBIMEH KHBUIBICY
2 2 2 2
. y _ y . . _
CBI3BIFBI: — +—=2h = ——+-—=—=1 Typingeri smmmnc, a1 X = h,

P q 2hp  2hq

y = h (h > 0) >ka3BIKTHIKTAPHIMEH KHUBUIBICY CBI3BIKTAPhI COMKEC
2 2

y2=2q| z —h— , X2 =2p| z —h— TYpiHJeT1 napabomanap
2p 2q

h2 h2
(mapabonanapaeiH Tebenepi coiikec Z =2— JKOHE Z:2— HYKTEJIepiHe
BIFBICKAH).

Erep p = q 6ouca, ouna (4) 6er x* =2pz mapaGonacsiasie OZ ecin

aifHaITybIHAH IIBIFa Ibl, COHIBIKTAH OJ1 AiHAY NAPAd0I0Uudbl JICTI ATaNIA]IbL.
Ax (0,0,0) HyKTEC] SIUTATICTIK TapaOOJIOUITHIH moebeci NeT aTanabl.

5. Tunep6osaabik napadosoua (49-cyper):

2 2
X——y—:ZZ, p,q>0. (5)
P qQ

z

49-cyper

(5) tenpmeynen Oepinren 6er X=0, y=0  Xa3bIKTBIKTapbIMEH
CANIBICTBIPFaHJIa CHUMMETPHSUIBI eKeHiH kepewmi3. (5) Oerri z=h
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2 2
JKa3bIKTHIFBIMEH KuMachl — —— = 2N Typingeri rumep0ona KoHE erep

h>0 6onca, onga rumepOonanelH HakTHl cummeTpus eci OX ecine
napamiens, an h<0 6onca, onma OY eciHe nmapamiens Gonagsl. h=0
Ooica KMMana, KUBbUIBICATBIH €Ki Ty3y WibIFafbl. (5) Oerti X=h Hemece
y =h Ka3bIKTBIKTappIMEH  KHUMAachl, TAPMAKTaphl, COMKEC TOMEH KOHE

2 h2 XZ h2
JKOFaphl OarbITTAIFaH mapadoa: Y g — —=2I+—.
q p p q
6. Exinmi perti koryc (50-cyper) :
X Y T 4 apcs0 6)
4+ -==0, ab,c>0.
a> b® c?
AN

50-cyper

Exinmi perri xonyc, X=0, y=0, z=0 >Ka3bIKTbIKTapblHa >KoHE
0(0,0,0) xoopauHaT OachIMEH CaJbICTHIPFaHIAa CHMMETPHUSJIBI EKEHI
TYCIiHIKTI. (6)-0eTTiH Z=h ’Ka3bIKTHIFBIMEH KUMACHI, JJUTUIICTED:
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yZ h2 2 2

2
X _ X y
— + =— HEMECC + —

=1.
a® b* ¢ (ah}z (bh]z
C C
Erep (6) 6erti X=h Hemece Yy =h a3bIKTBIKTApPLIMEH KHCAaK, OHJa

2 2 2 2 2
N z° 0y z“ x* h
KHMaja COHKeC — —-——=— HeMece ———= o rurnepooanapel

2
¢ b* a ¢t a’
anbiHazpl. Erep (6) 6eTTi Y =hX >Ka3bIKTBIKTAPHIMEH KHCAK, OHJa KMMaja

1 h?
KUBUIBICATHIH TY3YJIEp KYObIH anaMbl3: z = +CX, [ + —-.
a? b?

7. Hykre:
X2 +y?+22=0. (7

(7) Tenneyni Tex kaHa X =Y =2z =0 HyKTeci KaHaFaTTaHAbIPAJbI.

8. Exinmi perti unaunapiep
Anauncmik yununop (51-cyper):

X2 2
¥+;’—2:1, a,b>0, ©)
Z N
,f—""'J:“';‘i\
el b
l Y
a

51-cyper

(8) renmey OXY »a3bIKTHIFBIH/IA, KAPTH ©cTepi & MeH b Tew amumeTi
aHpIKTalael. (8) TeHmeyne Z aliHBIMan ImaMma KaTeicriaraH.  Expgerre
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. . X2 y? .
SJUIHTICTIK muauHAp Oeti, OXY Xa3bIKTHIFBIHIAFHI _2+b_2:1 SJUTHIICI
a

apkbutbl oTeTiH, OZ eciHe mapamiens TY3yJAepAiH KHUbIHBIL.

AnbIKTama. Ty3ynin OepinreH L CBI3BIFBIH KW OTHIPHIN, OepiiareH
OarpITKa Kapail mapajuienb KBUDKYBIHAH KYphUTFaH OeT HWJIMHAPJIIK Oer
JIeTI aTajabl.

(8) smmumic — GeTTiH GAFBITTAYLIbI CHI3BIFBI, AT OCHI AIUIUIC APKBLITHI
oteTiH OZ-Kke mapaiensb ChI3bIK OCTTIH sKacayIIbICHI JICT ATalIaJIbI.

9. N'unepoaibIK KIHe mapadonaiabik muannapiep (52-cyper):
2 2

%—g—zzl, a,b>0. 9)
y>=2px, p>0. (10)

B U i

52-cyper

By skarmaiina OerrepiiiH OaFbBITTaylIbl ChI3BIKTApPbI — THIep0OoJia
MeH mapaboina, an »kacaymbuiapbl, ockl OXY >Ka3bIKTHIFBIHAAFBI THIIEP-
0osa MeH napabosanan etetid, OZ eciHe napasuienb Ty3yJep.

Kuvinvicamuln srcazvixmuikmap scyool:

a’x’* —b?y?=0, a,b>0 (11)
Hapamzeﬂb cha3bll§l’l’lbll§map2
x*—a?=0, a>0, (12)
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3. ZKOF'APBI AJITEBPA DJIEMEHTTEPI

§ 3.1. Komnuieke cangap

Kommieke caH nemn, TCHIIK YFBIMBI MEH apu()METUKAJIBIK amalijiap
toMeHaeri 1)-4) epexenepmeH — aHbIKTanrad, X+ Yi (Hemece X-+iy )
TYpiHAETI OpHEKTI aiTampl. BIKMamMABLIBIK YIIiH, KOMIUIEKC CaHABI Oip
opimmen Oenrineiini: Z =X+ Yi, MyHIaFbl X,y — HaKThl CaHIapbl Z

CaHBIHBIH COWKEC HAKTBI JKOHE KopaMaJl 0eJiKTepi aen artanajbl KoHE
onap corikec X=Rez, y=Imz apkpuibl Oenrineneni (Re — nar. realis — HaKTHI,
Jm — nar. imaginaries — jxopamai), ajg | — KopamaJ OipJik caH e
aramanpl. Kommiekc caHmapAplH TEHIINT MEH oOJapra jKacalaThlH
apru(METHKAJIBIK amaiap KeJleci epeskesiep apKbLUIbl SHTi31reH:

1) a) z, =X +iy, CaHBIHBIH HaKTbl Oejiri MeH >xopamay Oeiri

Z, =X, +1y, CaHBIHBIH COMKeC HaKThI Oeiiri MeH xopamal OelliriHe TeH
60ﬂca, oJap e3apa TCEH JeNn aTanaabl JKOHC Z;, =Z, CHMBOJBIMCH
X =Xa,
Y1 =Y,
0) x+0i=x, O+yi=yi, li=i;
2) (¥t )£ (X +iY, ) =04 %) +i(Y £ Y,);
3) (X iy (X +iyy) = 06X = YiYa) +104Y, + X Ys);
4 XY XX+ Yo Y% — %Yo

_ 2, .2
NV~ R R X5 +Y; #0.
> T1Y, 2t Y X5 +Y,

Oenrineneni: (z;, =2,) < {

AHBIKTaMA, Z = X+ 1Y KOMIUIEKC CaHBIHBIH N peT KoOeHTiHici, OChl

. . - n
CaHHBIH N-IIi J0peXeci Jen aTanaibl sKoHe Z" :(x+|y) CHUMBOJIBIMEH
. . - n
oenriteneni: 2" =2z-2-...-2=(x+1iy) .
1 22 .. z=(x+iy)
n per

Ocpbl aHBIKTaMaHBI JkoHE 1-0) MeH 3) maprTapabpl NaiganaHa OTHIPHIT
i2 . .
I” mopexecid TabalbIK
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i2=i-i=1i-1i=(0+1)-(0+1i)=(0-0-1-1)+(0-1+1-0)i = —1+0i = -1,

streu 12 = —1. CoHBIMEH, KOpaMal Giplik caH - KBampaThl MuHyC Oipre
TEH KOMIUIEKC CaH EKEH.

Hazap ayoapwuinpiz!  Haxtel can - >xopaman Oexiri Heire TeH
koMmIuieke caH ( 1- ©) TeHuikTepiHiH OipiHIIICIH KapaHbI3), ojail Oouica,
HAKThl CaHIAp JKUBIHBIMCH CaJBICTHIPFAHAa KOMIUICKC CaHAap KEHipeK
KUBIHIBI Kypainel. HakTbl canmap KUBIHBIHIA JTUCKPUMHHAHTBI Tepic
KBaJgpar TeHAEyHiH TyOipi OOMMalTBIHBI Oenriii, aJ KOMIUIEKC CaHap

JKUBIHBIHAA onaii emec, mpicansl X° +9 =0, sram X2 =—9 TEHJICYiHIH
TyGipnepi X, = 3i, X, =—3i; an X*+2X+5=0 renneyinin TYGipiepi:
X, =—14+2i, X,=-1-2i (xoMIUIeKC CaHHBIH TYOipi Typajbl TeMeHJEe
KapacThIPbLIA/IBI).

2) MeH 3) TEHIIKTEpJEH, HAaKThl CaHIApAbl KOCY JKOHE KeOeHTy

aMaJJIapbIHBIH  OapiiblK KAaCHUETTepi KOMIUICKC CaHJapFa Ja KAaThICTHI
OpBIHJIANATHIHBIH, COHBIMEH Oipre KOMIUIEKC CaHmapra jKacalaTblH

amanmap ( i°=-1 TeHJiriH eckepe OTHIPHIN) anrebpanbIK OpHEKTepre
JKacaJaThlH aMajap CHAKThI OpPbIHAATIATHIHBIH Kepyre 0omabl.
Mbicanst, (2-3i)(-5+2i)=2-(-5)+2-2i+(-3)i-(-5) +(-3)i-2i=
=-10+19i —6i* =—4+19i.
Z =X—Iy caHbl Z=X+Iiy CaHbIHAa myHiHOec Jien aTajabl.
z-7=x*+ y2 TEHJITHIH OPBIHAJIATHIHBIH KOPY KUBIH €MEC.
Enoi muina 6ip ocotimke nasap ayoapwinsiz! Komrieke canmapisl

Oeny yiriH 4) epexeHi KOJAAaHBII KATIACTaH, OOJIIIEKTIH albIMbl MEH
OeimiH OenrimTiy TyHiHAeciHe koOehTce O0FaHbl. MbICabI,

2+5i_(2+5i)-(4+3i)_8—15+20i+6i_—7+26i_—_7+§i
4-3i (4-3i)-(4+3i) 16+9 25 25 25°

Opbip z=x+iy kommekc canbiHa OXY Ka3bIKTHIFBIHBIH (MYHBI
KOMREKC canoap jca3vlKmol2vl 1eT Te ataiiapl) M (X,Y) HYKTEeCiH jKoHe
kepicinmre, OXY >ka3bIKTBHIFBIHBIH opOip (X, Y) HYKTECiHE X +iy KOMIUIEKC
CaHBIH colikec Korora Oonanbl. COHOBIKTAH Z =X+iy KOMILUIEKC CaHbIHBIH
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OXY xa3bIKTBIFBIHAAFBl ~ TEOMETPHSUTBIK OeiiHeci — M(X,y) HykTeci

nemece OM paamyc-BeKTopsI (59-cyper).

Muicanwt, |Z—ZO| <R mapTelH KaHAaFaTTaHIABIPATHIH Z HYKTEIEP.IiH
KUBIHBI — LEHTpI Z,, paguyci R -Te TeH neHresnexk (MYHIArbl Z — Z,-
0acsl Z,, aj yIIIbl Z HYKTeci OOJIaTBIH BEKTOD).

AdaredpasiblK TYpAe Xa3bUIFaH KOMIUIEKC CaH MM, X+Iiy ©epHeriH

alTabl. Kommneke caHapabl MPUZOHOMEMPUSATBIK, HEMeCe
Kepcemkiwmik mypde ne xa3zyra Oojamel. On  ymIiH — angsIMeH
JKA3BIKTHIKTAFBl HYKTCHIH OPHBIH MOJSAP KOOPIWHATTApHI JICM aTalaThiH
0, (0 CaHIApbIMEH aHBIKTayFa OOJNaTBHIHBIH KepceTelik. JKa3bIKThIKTa
noaroc nen aranatelH O HYKTECIH JKOHE OChI HYKTECH IIBIFATBIH COYJICHI
(oHBI nonap eci nen araiipl) TaHIAIl ajcak, >Ka3bIKTBHIKTHIH 9pOip M
nykrecine exi canapl: OM KeciHmiCiHIH Y3BIHIBIFBIHA TEH [ CaHbIH

(nonapnavik, paduyc) xone nonsp eci men OM coyneciniy apacwhiHIarbl
OYpBHIIIKA TEH (0 CaHbIH (nOApAbIK Oypblut) COUKec KOOFa Ooabl

(TemMeneri cyper).

p
I R

»

byn eki mama 0< p<+400; —00<@<+00 MoHIEpiHe He Oona

anmajpl.
Erep ka3bIKTHIKTA TiK OYpPBIIITHI IEKapT KOOPAWHATTAp XKYHeciHiH Oac
HykTeciH O momociMeH, OX eciHiH OH OarbITBIH TONSAP ©ciMeH

. . . .. T .
Oerrecerinzel etim, an OY eciHiH OH OarbITBIH @ = E OYpBINIbIHA ColiKec

KEJETIHIEH eTim ajcak, OHJa OyJl eKi >XYHeHIH KOOPJAMHATTAPBIHBIH
apacblH/Iarbl OaiiaHbIC KeJeci TeHIIKTepMeH epHekTenei (59-cyper):

X=pCosp, Y=psing,

PEN N (1)

An OyJiapiaH Kejeci TeH/IIK MIbIFaIbl
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Z=X+1y =p(cose+ising). (2
Ay

59-cyper

(2) TeHmikTIH OH JKarblHAAFHl OpPHEK — KOMHIEKC CAHHbIH
TPUTOHOMETPHSUIBIK TYPi JICH aTanajbl.

p=4/X2+y2 CaHbIH Z=X+Iiy KOMIUIEKC CaHBIHBIH MOOYIi [el

aTaiIbl JKOHE OHBI |Z| apKbUIbI Oenrineiini: 2| =/X* +y?;

¢@ OypbIbl (pajguaH eJIIeMiH/e) Z KOMIUIEKC CAaHBIHBIH apryMeHTi
nen aramanel okoHe Argz  apkpuiel OenrieHemi. OHBIH — MOHIEPI

(-7+2kz, 7m+2kz], k=0, £1, £2, ... apaibIKTapblHAa KaTajbl, Al
MyHAaFrbl k=0 MoHiHe CcolikeC aJIbIHFaH (—ﬂ, 7;] apaibIFbIHIATbI

apryMeHT argZ apKbUIbl OeiriieHeli )KoHe OJ1 apryMEHTTIH #ac MaHi Jen
aranagel: —w<argz <.

. T
Muvicanwi, arg ( Z— I) < Z IIApThIH  KaHaraTTaH/IbIPATbIH  Z

HYKTEJep/IiH JKUBbIHBI — Tebeci | Hykreci OojareiH OypbImn (CyperTe,
JKa3bIKTBIKTBIH ITPUXTAIFaH 06JIiri).
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Aranran xubiHFa OypbelITeIH OX eciHe mapauiellb KaObIPFaChIHBIH
HYKTEJIPH aTHnaiapl 1a, ajl eKiHII KaOBIPFachIHBIH HYKTEIIEPi KaTaIbl.

Erepz=0 Goca, onna |0| =0, an arg0 epHeriHiH MarbIHACHI JKOK.

Eckepmy! Aprymenrtin Oac MoHI argz — Oipmonai QyHKmmA, ai,
¢=Argz=argz+2kn, k=0, 1, +2,... — xenmonai ¢ynkumsa. Onaii
Ooinca, Z-miH apoOip MoHiHe NOAAPABIK PAOUYC P — HbIH HCAN2bI3 MIHI
MeH nonapavlK Oypoiui @ = ArgZ -min camvl aKbPCbI3 MIHOEPi CaliKec

KeJesi.
ApryMeHTTiH Oac MOHIH KeJjeci KaThICTapAbl MaijanaHblll TaOyra
Oomazpr:

arctgl, x>0,
X

y

argz=<m+arctg=—, x<0, y>0,
X

-+ arctgl, x<0, y<0.
X

An x=0,y>0; x=0,y<0 nemece y=0, x>0; y=0, x<0
)Kafaaﬁnapbmaa, KomMnjiekc CAaHHblH apeyMeHmiH OHbIH 2EOMEMPUATBIK

N .
Oetineci apxviibl  mabyza 6onadvl. Mseicanbl, arg4i :E , MyHZAa

x=0, y>0; arg(-2)=x, myama y=0, x=-2<0, T.C.C.

Mpican. bepinreH KOMIUIEKC CaHbl TPUTOHOMETPHSIIBIK TYPJC XkKa3y
KepeK: ~1+43i.

Y Mysma Xx=-1<0, y= \/§ >0 OoJIFaHIBIKTAaH,

arg(—1+\/§ i)=n+arctg£i=n—arctg\/§:n—g=2—;,

an ‘—1+ \J3 i‘:«\¢1+3 = 2. Ouraii 6oirca,
27
—1++/3i=2 cos— isin— -~
’ ( 3 3)

JXorapeigars! eckepTyre caiikec, Keaeci aHbIKTaMaHbl Oepyre 0omabl.
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Anvikmama. Mooynvoepi meH, an apeymeHmmepiHiy — aublpbiMbl
27k, k =0,£1,£2, ... mey komniexc canoap esapa mey:

2,=12, & |z|=|z,|, Argz =Argz, +2kn, k=0, £1, ..
(z,=2, © p=p,, ¢,=0,+2kr, k=0, +1, £2, ....).
=177 —177rj

T .. 7T ..
Mpeicansl, 21=2(cos§+|sm§j, zzzz(cos +isin

. . T -17n
CaHIapbl TeH, OliTKeHi |2| =|z,| =2, an Argz, = 3 Argz, = — JKoHe

n -17xn

Argz, — Argz, = 3 =6n=3-2m.

Anvikmama 6oiisinua,
e =cos+ising, —oo< @<+, (3)

Byn 2n mepuontsl dyHkmms: e =e'® (ko3 keTKi3iHi3) KoHe
KeJleci TEHIIKTEP OPBIHAIABI

el1) — gingle: eio = L 4
) ei(p il
) ip
(TexcepiHi3), an OYII eKi TeHIIKTeH e'(““”Z) == TEHMIr IBIFaIbL.
e
An (3), (4) renaikrepacH Myaep popmynacoin anyra 0onajbl:
(cosg-+ising)" =cosng+isinne. (Myasp §.)

Haszap ayoapuiibi3! Kes KEJreH ¢ <[0;2n) yLIiH
‘e“’" = «ICOSZ @+sin®g =1 TeHmiri OpBIHIATATHIHIBIKTAH, @ OypbILIbI

[0;27) apansiFbiHIa e3reprenae Z=e'¢ mykreci — pammyci 1 Ter, ueHTpi
z =0 HykTeme 60JIATHIH MICHOEPA] CHI3ABL..
(2), (3) TeHuiKTEpACH KeJeCi TEHIK IIBIFaIbI

z=pe?, p>0. ()

Mynparst p=|z|; an = Argz=argz+2kn, k=0,£1%2,....
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(5) TeHmIKTIH OH KAaFBIHIAFBl  OPHEK, KOMMWIEKC  CAHHbIH

KOPCeTKIITIK TYpi Iem aTamassl.
CoHbIMeH, KOMIUIEKC CaHbl YII TYPJIC Ka3yFa 00a bl eKeH:

z=x+iy=p(cosp+ising) = pe'.

Mbican. KoMiuieke caHapl KOPCETKIMITIK TYP/E Ka3y Kepek:
a)l+i; o)i; 0)1; B)-1.

v a)p=[l+i|=v2, p=argl+i)= actg% = % OOJIFAHIBIKTaH,

LT

1+i=+/2-6%:
R

?) p=li|=1, (pzargizg OONFAH/IBIKTAH, |i=¢€ 2;

6) p=1=1 @=argl=0, nemex, 1=¢";
B) p=|-1=1 p=arg(-)=n = -1=e". -

Eckepry. Kamnul orcazoaiioa, Ke3 KeleeH KOMNWIEKC AUHbIMATL
Z=X+iy ywin € @yukyuicein Keneci meHOIKNeH aHbIKMAUObL:

e’ =e*-e¥, z=0. Byoan (3) menoixmi eckepin, keeci meyoikmi anamvi3

e’ =e*(cosy +isiny) (6)
Convimen Oipee, Ke3 KelceH Z KOMNWIEKC Cauvl yuiin Jinep
dopmynanapel oen amanamul Keneci meyoikmep opbiHOANAObL!
e”? =cosz+isinz, e ?=cosz—isinz. (3)
O3 kezecinde Oyn exi menodikmen Keneci opmyraniap uvl2aobvi:

eiz + e—iz eiz _ e—iz
c0sz=——, Sinz=——+—.
2 21

()

Kes kenren z, =p,e'™ xoHe Z, = p,e'" KOMIUICKC caHapbl YIIiH
KeJeci TeHAIKTEP/IiH OpPbIHAAJIATBIHBIH TEKCEPY KHBIH eMec:

_ i ip, _ i( ).
2,7, = e - P, = pypT
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i

4 _PE P itee)
i9, !

Z, p£ P2

byn TemmikrepmeH keieci epeke IMIBIFamsl. Komniekc canoapovl
Kebelimy yuiiH, o1apoviy MOOYIbOepin Kebelmin, apeyMeHmmepin Kocy
KepeKk, KOMHJeKC caHoapovl 067y yuiin, o0aapovly MOO0YIbOepiH
(6oninciwmiy MoOyniH 6oneiwmiy MoOyiiHe) 6eonin, apzymeHmmepin
(boninciumiy apeymeHminen Oenciumiy apeyMenmitn) uiezepy Kepex.

Ocphl epexeHi malanaHbIll, KOMILICKC CAHHBIH HATYypall JOPEXKECiHiH
(hopMyJIachiH ka3a alaMbI3;

z
z, #0.

Zn — (pei(p )n — pnein(p. (8)
Mbicain. (—1++/3i)% Taby Kepek.

Y BepiireH KOMIUIEKC CaHIbl KOPCETKIMITIK TYpAE Ka3bii, (8)
dbopmynansl naiigananamei3. by caHHBIH MOJyJi MEH apryMEHTIHIH

6ac MoHi: p = ‘—1+ \/§|‘ =J1+3=2; p=arg(-1++/3i) =
3

T+ arctgy L —g = 2—; TeH GOJIFaHIBIKTaH, (—1++/3i)? =

12
28 EuXP)

I— R
ze 3 :212.e 3 :212el8ﬂ::

=212.e0 =2 (cosO+isin0) =2 =«

Keneci TeHmikTep/iH OpBIHAATATHIHBIH TEKCEPY KEpPEK:

- — 7, z
1,t2,=2,+12,; 2,-2,=2-2,, [Z—lJ:Zé z, #0. )
2 2

v Mpeicasl, ;E =p(cosp+ising) = p(cosp—ising) =pe ™
) =

TEHJTiH ecKepcek,  Z,Z, =p,e'® -p,e% =p,p,e' @ %) = p e

=p,e "p,e " = pe™-p,e® =2z -z, anampr3. beningi ywin e monenueyi
OCBIH/Ial, )l KOCBIH/IbIFa KATHICTI TEHJIKTI KOMILUIEKC CAHHBIH alreOpasbiK
TYp1 apKbIJIbl TEKCEPY/Ii OKYIIIbIFA YCHIHAMBI3. A
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Anvikmama. 7 =pe'® KOMIUIEKC CaHBIHBIH N-IIi Kopeskedti TYoipi mer,

n-nni gopexkeci Z-ke TeH W =/Z KOMIUIEKC CaHIbl alTabl.
Ocbl z=pe'® KOMIUIEKC CaHbIHBIH N-mIi Jopexeni Tybipin Taby

dopmynacein msFapaitbik. Erep Yz =w=re'® Gouca, onga anpikramara
coiikec, W' = (re'®)" =z =pe'® Ten. byman

re® =pe® < r"=p, On =@+ 2kr, k=0,%1,...

= I‘:Q/_, 6=L2kn, k=0,%1,....
n

¢+2kn
Omaii Gouca, \/_—a/pewD —\/95 e " , k=0,%1,... Dbyn epHek
k=0,1 .., n—=1 vymin oprypami N wmoHre wue Oomagsl 1a, ai

k==n, +(n+1),... kone k=-1,-2,...,-(n—1) ymin (€ QyHKIUICHHBIH
nepuoasi 277K, K =+1,42,... mamaceina TeH 0OJybIHA OalIaHBICTBI) OyJI
MoHJEp Kaitananagsl. COHABIKTAH, Yz TYOIpiHIH opTYpJi N MOHIH ajncak

JKETKUTIKTI
L o+2km

\/_—«/pe""—\/ge " k=01..,n-1 (10)
Mynpaarbt Q/B IraMachkl p=|2| HAKThl CaHBIHBIH N-II1 JI9pexKei

apudmeTrkanbIK TYOipi (Kemeci MpIcalpl KapaHbI3).
j0+2km

1-Mprcan. A=41¢°=41.¢ * . k=0123.

k=0, w, =€'® =cos0+isin0=1

i2n ir T .. T .
k=1 w,=e 4 =e2=cos—+isin==i;
2 2

i .
k=2, w,=e 4 =e"=cosn+isint=-1;

ier 3n 3n .. 3n .
k=3, w,=e 4 =e 2 =c0S— +isin—=—i.
2 2
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0+2kn

Hazap ayoapoinoi3! OcCbl  MBICATIAFEI fﬁzw =f/ioei 4
TEHITIHIH COJT YaFbIHIAFbl /1 OpHETi — TOPT MOHI, ajl OH JKaFbIH/IaFrbl
h epHeri — 0ip MoHII (apudMeTHKAIBIK TYOIp)!

Ty 2kn
2-MbIcaJl. Wz%}\ﬁ-ei% =M-ei4T, k=0,12.
k=0, w, _82.612:
Y 9 1
k=1, w=%2-¢ 3 =§2.¢12=2.¢4.

A7n

k=2, szﬁ/f'e'f.

8§ 3.2. N-ui dpexesTi KenMyIIesiK

3.2.1. Ko3popunuentrepi KoMmjaekc caHaap OoaaTblH N-ui
Oapedicesii Konmyuienikmep. N-wii 0apediceni Konmyulenix e,

n
Q(@)=a,+az+..+a,2"=>az" a =0,
k=0

Typingeri QyHkuusHel aiftangsl. Mynnarel a,, K=0,12,... ko3hdu-
[IUCHTTEPl — HAKTHI HEMECE KOMIUIEKC CaHaap; Z — KOMIUIEKC aifHbIMal
(z=x+1y).

Erep z,=X, +1y, cansl ymin Q,(z,) =0 Tenuiri opelHaaica, oH1a OI
CaH KeNMYIIETKTiH Ty0ipi HeMece HOJII Jem aTanaipl.

Kangait maprrap opblHAAIFaHIa Zy= X, +1y, canbl Q,(z) kemmyiue-
miriniH TYOipi 6omaxp1? Ockl cypakka Jkayarl i37eHik.

Q,(z) xenmymrenirinzeri aiiubivan Z — i Z=(Z—Z,)+ 2, Aemn ancax

n
k
Q.(2)=> & [(Z —Z,)+ Zo] , al MYHAAFbl KBaIpaT JKakIIajapibl
k=0
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JI9pEKeNieNl, COlaH COH Z —Z, albIpbIMbl OOMBIHIIA YKCAac MYILIEIEPiH
KEITipceK

Q,(2)=by+b(z—2zy)+...+b,(z-2,)" = Zn:bk(z—zo)k *)
k=0

anaMbl3  (Iopekeney — HOTIDKECiHAE — anblHFaH — Kod(QdUIHMeHTTepai
b, k=0,12,... apKbuIbl Oenriieik, onap TYpaKThl KOMILUIEKC canaap). byn

TeHMIKTEH, Z,= X, +1y,— canbl Q,(z) kenmymenirinig TyOipi 60mys! yiIiH
by=0 TeHairiHiH OpBIHIATYbI KQKETTI )KOHE JKETKITIKTI €KeH1 KOPIHIN Typ.

CoHbIMeH, Zy=X,+1y, canbl Q,(z) kemmymemnirioig TYyOipi 60mybI
YUIH KONMYIIENIKTIH Z—Z, adbIpbIMbl OOWBIHIIA >KIKTeNiMiHIeri O6oc

MYIIEHIH HONTe TeH OOMYBI KAXKETTi XKOHE HKETKLTIKTI.

(Kenmywenixkmi X—a aivipvivul OotibiHwa dicikmey ywin Tetinop
dopmynacein Kondawyea 601adsl, 01 MAMEMAMUKANLIK AHAIU3 KYPCLIHOA
Kapanaowl).

By TyKpIppIM MeH Kelleci TEHAIKTIH OpBIHAATYbl Mapanap eKeHiH
Kepemi3

Qu(2) = (2—20)[ by +b, (2= 2g) +...+b, (2= 7)™ |= (2= 2))R, 4 (2).

Besy Tteopemacnhr (besy Otehen, 31.3.1730-27.9.1783, dpaniy3
MaTeMaTHri). Z, CaHbl KONMYIIENIKTiH TyOipi OONybl  YIIiH,

KOIIMYIIENIKTIH Z — Z, aiibIpbIMbIHA OOJTiHYl KA/KeTTi sKJHe KeTKIiTIKTi:

Q(2) =(2-2)R,1(2). M)
Erep (1) Tenmikte RH(ZO) #0 opbiHpanca, oHma Z, caHsl Q,
KONMYIIENIriHiH kail TyOipi (meni) nen aramanwl. An erep R, ,;(z,)=0
6onca, ouma (1) Temmik Q,(z) =(z—12,)* P, ,(z) Typine kemeni. Erep
myHna P, ,(z,)#0 Gosnca, onna z, cansl Q, KeIMYyLIENiriHiH eki ecei
TYOipi (HeJti) nen aTanaapl. XKanmel sxarnaiia, erep Keieci mapt
opemaanca: Q,(z)=(z-2))¢ M, ,(z), M, (z,)#0, onma z, caubl
Q, kenmymwemirinin K ecexi Ty0ipi (mesi) nmenm aramamel. Ochbl
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alTBUIFAaHAAPAAH XKoHEe be3y TeopeMachlHAaH MBIHAJAW TY)KBIPEIM allaMbI3:
z, canbl Q,(z) xenmyweniciniy k eceni myoipi (noni) 60TyBI YILIH Keneci
IIAPTTHIH OPBIHAATYBl KAKETTI )KOHE KETKITIKTI

Q@) =(2-2)" My, (2), M, (2)#0. (**)

Heri3ri Teopema. N-mr mopekeni KONMMYIICTIKTIH €H OojMaraHma
0ip TYyOipi OomaseI.

Byn TeopemanaH keneci MaHbI3IBI Calaap MILIFAIbL.

Canpap. n-mi gopexeni Q, KONMYIIENITiHIH, €CENIKTEpIMEH Koca
ecenterenze, N Tyoipi Gomaael. backama aiitkanna, 6ac mymeci a, #0
00JaThIH N-1I1i A9PEKEITT KOIMYIISTIKTI

Q,(2)=a,(z-27) -(z—zz)"z...(z—zj)kj, K +k, +..+k;=n (2

Typinge »kasyra Oonanbl. MyHOarel Z;,Z,,..Z; —  €CENIKTepi CoMKec

ki, Ky, ..., k; Oonaren, e3apa TeH emec TyOipiep.

3.2.2. N-mxi gopekesti HAKTHI KONMMYIIETiKTEP
Erep

Q@)=Yaz, a =0, 3
k=0

KOIMYUIENIriHiH &, Ko3()(GULUEHTTepI HaKThl caHaap Ooica, oHIA
OHBI N-IIi JIpekei HAKTHI KONMMYIIENiK Jien aTaipl. OHUTKeHI Oy
karmaina, erep (3) TEHAIKTErI Z=X — HAKThl MOHJII aifHbIMaJl 00JICa, OHJIA
KOIMMYIIENIKTe HAKTHl MOHAEPAl KaObU1Iaiiapl (KOMIUIEKC alHBIMAN Z YIIiH
KOIMYIIEIIK KOMIUIEKC MOHEP KaObUIIaiIbI ).

Teopema. Erep z,=o+i xommiaekc caHbl Q, HaKThl KeIMYy-
IIEeNIKTIH TYO1pi Oosica, OHZa OFaH TYHiHIEC Z, = o — i3 KOMILIEKC CaHBbl Ja
OCBI KOIIMYILIETIKTiH TYOipi OoJabl.

¥ Teopema maptbis xaHe § 3.1. (9)—Tenuikrepui, COHbIMEH Oipre a
HAKThI CaHbI YIIIIH @ = a 0OJIaThIHBIH Iaki1alaHaMbI3
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Q.(z) = Zak(zo) Zak _g:|ak=§k|zzn:_k'zg

=}

Z ZO _Qn(ZO) -

k=0

Mpican. 7°—4z° +9z-10=0 Tenzeyinin Ty6ipnepin TabaiibIK.
2°~47°+92-10=(2-2)(z* -2z+5) =0, 6yman 7, =2, 7, =1+2i,
z,=1-2i anamsIs.

Erep z, =o+if canpl Q, HaKTHI KOIIMYLIETIKTiH TYOipi 6oinca, oHna
TeopeMa OOWBIHINA, OFaH TYHIHIEC Z =a—if canpl na Q, HaKThl
KOMMYIIENITiHIH TyOipi OOMaThIHABIKTAH

Q. (D) =[(z—(a+iB][z— (o —iB)]-Ry_»(2) = (2° =20z + 0* + P?) - R,_,(2),

MyHza P =—20, § = o + B [l albim, Keseci TeHIIKTI ka3yra Goasl

2
Q.(2)=(22+pz+Q) R, ,(2), D:%_M (@)

An erep z, =o+if caHbl Q, HaKThl KONMYILIETIKTIH S eceni TyOipi

Oonca, oHma oFaH TyHiHmec Zy=o—if caHel ga Q. HAKTBI
KOIMYIICIITIHIH S ecelli TyOipi 0oJaThIHABIKTaH

Q@) =[@— (o +iB] [z (@ ~IB)] - R,_»(2)-

MyHzia 1a ajnablHAarbIIail TYpJICHIIpyJIep MeH Oenriieyiepai jkacai
OTBIPBIN KeJleci TeHIIKTI jka3yFa 0omabl

2 p?
Qn(Z)Z(Z + pz+q)S'Rn—25(Z)' D= _q<0 (5)
Erep c,....c, canmaper Q, KenMYLuenirimH coiikec l;,...,l, ecemni
nakmol  TYOipnepi, am oy +ify,..,o; +if; caHmmapel OHBIH  colikec
ky,..., K; eceni xomnnexc TyGipnepi Gonca, onna Gac kodpduumenti a,

TeH (a,#0 ) n-mi gopexeni Q, HAaKThl KOIMYIICNITIH CBI3BIKTBHIK >KOHE
KBaJ[paT KoOCUTKIIITEpiHE Kelleci TYp/Ie KIKTeyre Oomabl:
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Q.(2)=a,(z—¢c)"..(z—c)" (P + pz+q)"..(2% + pjz+qj)kJ . (6)
b+ 41 +2(k +..+K;)=n.
MyHzaarsl KBaapat KeOeHTKimTepain apoipeyi yiriHn
22+ p,z+0, =[(z— (og +iB,)]-[2 - (o1 —iBs)]
opsmpanans ( D = pZ —4q, <0).

3.2.3. PanuoHan ¢pyHKIMS KIHE OHBI €H KapanaiibiM 06J1-
HIeKTeP KOCHIHIBLICHIHA JKIKTEY.

Exi anrebpanbIk KenMyIIeTiKTep/IiH KaThIHACHI
P.(x
JORE )
Q\(x)
P.(x)=b, +bx+...+b,x", b, #0, m>0,
Q. (x)=a, +ax+...+a,x", a,#0, n>1
— pauMoHaa (PyHKUMS HEMECE palMOHAJI 0eJIIIeK JICT aTanaibl.
P, koHe Q, — HaKTbl KOIIMYLIENIKTEp, X — HaKThl aiiHbIMal Oem

amambI3. Keneci Typaeri OemmexTep:
A Ax+B

(x—a)*" (< +px+q)*’
eH KapanaiibIM 0eJileKTep Jem ataiaasl (MyHIarsl, a, p,d, A,B — HakTH

keN, 2)

canmap; D= p?-49<0).
Erep m>n oGosca, onma (1) — Oypeic Oesiek jgen ataigaibl. by
xaraaiaa oypeimran 6eny apkeiibl f (X) (yHKIMACHIH OHBIH OYTiH Oeiri

Py (X)
MeH AypbIC 06JIIIeK JeT aTalaThlH m , M, <N TypiHzaeri OeIeKTIH
Q. (X)
. . P, (X)
KOCBIHJIBICBI TYpiHAE >kaza amambiz: f(X)= kemmymenik -+ 0.0
X
n

m, <n.
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Enni (1) 6emmexTi aypeic (M < N) Aem ansiil, OHB eH Kapanaibim (8)
OeJimeKTepAiH KOCHIHIBICHIHA KiKTey MOCeIeCiH Kapac-ThIpanbIK.
P (¥)

x)’ m<n, Gemnmieridin Oenimi Keneci Typae >KiKTeICiH
X

Teopema.
n

((6) TeHmIKTI KapaHBbI3):
Qn(x):an(x—a)"-...-(x2+px+q)|, p? —4q<0. (3)

Onpma on OeNIIeKTI KalNFbl3 TYpPAE Keleci KOCBIHABIFA JKIKTEyre
Gonasl:

M) __A + A ot A
Q,(x) x-a (x-a)’ (x—a)*

- 2I31x+C1 . B,x+C, - B, x+C, y
X"+ px+q (x2+px+q) (x2+px+q)

(4)

Mynnarsr A, B;,C; — Typaxrsl cannap.
ByJ1 TeopemaHbl Keseci MbIcaiapMeH TYCiHAipeik.
Mpeican. Keneci nypeic OemmexkTepAi €H KapamaiibiM OeImexkTep

X-3 ) X2 +x-1
8 x(x? +1)%°

KOCBIH/IBICBIHA XKIKTEY KepeK: a) ;
X" =X
¥ a) GemmekTiH OemiMin (3) Typae kasambz: X° —X=X(X* —1)=

= X(X=1D(x+1) sxone on OemmekTi (4) Typmeri OeiIIeKKe >KIKTEHMI3:
);_3 = X=3 =é+i+i. Mynpaarst  A,B,C  xo3ddu-
X*—=x x(x-D(x+1) x x-1 x+1

MUEeHTTepiH Taly yuriH, Oy TEHIIKTIH OH JKaFblH  Oip OeJIeKke
X—3 _AX=1)(x+1)+Bx(x+1) +Cx(x—1)

Xox X(X—1)(x +1) '

KeJITipeMis: byn

TEHIKTEH:
X—3=A(X* —1) + Bx(x +1) + Cx(x —1), (5)

174



Hemece: 0-X*+X—3=(A+B+C)x*+(B-C)x—A aname3. bynan ym
A+B+C =0,
Oenrici 6ap ym TeHaey XKyiHeciH B-—C=1  amambI3 13, OHBI
-A=-3
memin A, B,C canmapsiH Tabameis: 4 = -3, B = -1, C = 2. by agic,
AHBIKMAIMAZAH KOIPPuyuenmmep 20ici 1en atanajbl.

Hemece A,B,C candapoin maby ywin 6viiaii emyee 6onaoel. (5)
menoiKk X-miy Ke3 KelceH MaHIHOe OYpulic OONAMBIHObIKMAH —X-Ke
«bIHEalIbLY MoHOep bepemis. Muicanvl, A-Hvl maby yulin X-Ke eKiHuli dHcone
YWinwi Kocvlievlumap Hoaee mey oOoramwvinoau man: X=0 Oepemis.
Onoa, —3=A-(-1), A=3. Ocer cuakmor B men C canoapvin da mabyza
obonaowr: X=1, 2=2B, B=-1, x=-1 4=2C, C=-2.

Byn anicTi depbec manoep adici nen Te aTaiinbl.

x-3 3 1 2

CoHBIMEH, I,
X*=x X x-1 x+1

9) Mynnaa GemmektiH Oesimi (3) Typaeri keOeHTKimTepre *ikTe-JIin
Typ. bemuekri (4) Typae xa3aiibIk
x¥*+x-1 A Bx+C Dx+E

=T + .
x(xX2+1)?%  x  x*+1  (xX*+1)?

TermikTiH OH >KarblH Oip OOJIIICKKe KeATipeMi3, CoJlaH COH TCHJIKTIH
€Ki YKaFbIHIaFbl OOJIIICKTEPIIH aJIbIMIAPbIH TEHECTIpEMI3:

X2 +X—1= A(x* +1)? + (Bx+ C)x(x* +1) + (Dx + E) - x.

Mysnna Xx=0 nen anein A-HbI Tabambz: x =0, —1=4.

Kanran Oenricizgepai Taly VIIiH, TSHIIKTIH OH JKOHE COJI KAk
OemikTepiHaeri x-TiH Oipaeil mopexernepiHiH Kod(pQUIMEHTTEPIH TEeHec-
tipemiz: A+B=0, C=0, 2A+B+D=1 C+E=1 A=-1. byaan
A=-1 B=1 C=0, D=2, E=1 tabpianel. Omaii  Gouica,

x> +x-1 1 X 2x+1

SAELEA . + .
x(x2+1)%  x x*+1 (X*+1)?

-~

175



TakpIpbInKa apHAJFaH CYpaKTap MeH TancsIpMaaap

1. Kommekc caHjmapra KOJIaHbUIATBIH KaHnan
apu(MeTUKAIBIK aMaapel Oiecis? i? =—1 TeHmiriu AoMeIIeHis.

2. Komruiekc caHHBIH apryMeHTi >KoHe MOAynmi jJereH He?
Mopnyne MeH apryMeHTTiH 6ac MoHIH Kanail Tabampl?
3. Komrutekc canaapApIiH TCHIITIHIH aHBIKTAMACHIH KEITIPiHi3.

' (ynKumsCHHBIH KaHmail KacuerTepi Gap?

4, Komrtekc caHHBIH TPUTOHOMETPHSUIBIK, KOPCETKIIITIK
TYpJEpiH Ka3bIHBI3 )KOHE OJIApbl Kaail aiyFra OOJaTHIHBIH KOPCETIHI3.
MpIcai KenTipiHi3.

5. DOiinep QopMmyianapblH Ka3blHbI3 JKOHE OJIap apKbLIBI
COS z, sinz q)yHKuI/IﬂnapLIH aHBIKTaHbBI3AAP.
6. MyaBp QopMmyrnacelH Ka3bIHBI3 XOHE OHBI Kalai aimyFra

OonaTeIHBIH KepceTiHi3. KoMruieke canmapasr keOeiTkeH e, OenreHme
OJIapJIbIH apTryMEHTTepI MEH MOIYyJbACpl VIIH KaHdal amai

OpbIHAANAbI?

7. Komrutekc caHHBIH #-Ti Jopexeni TYOipiHiH (GopMyTackiH
KOPBITHII IIBIFAPBIHGI3. MBICa KeNTipiHi3.

8. Koaddunuentrepi KoMmIuiekc caHumap OOJIATBIH -1l

JOpeXeni KONMYIISNIKTIH TYpiH JKa3blHbI3. bely TeopemachiH
JIAJIEAEHI3.

9. KenmymenikTtiH eceni TyOipiHIH aHBIKTAMAChIH KENTIPiHi3.
Kenmymeniktin TyOipi Typajiel HETi3Ti TeOpeMaHBl KOHE OHBIH
caJIapbIH TYXKBIPBIMIAHBI3.

10.  KoadduueHTrepi HAKTHI A-II1 JIPEKETT KOIMYIICTIKTIH
KOMILIEKC TYOIpi Typaibl TeopeMaHbl JIdJIeIeHi3.
11. Panmonan Gexmek nen HeHi aitansr? Jlypeic OemmekTi eH

KapanaibiM OeJIIIeKTEP/IH KOCBIH/IBIChIHA JKIKTEY OHICTEepiH TYCIiH-
JpiHi3. MbIcanaap KenTipiHi3.
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1.

AHBIKTAYBIIITHI ecenTey. MaTpuuajapra apHajJIFaH ecenrep

a) bepimren A

1.1-YT

AHBIKTAYBIIIBIHBIH ~ djp,

asj JIEMEHTTEPIHIH

MHHOPJIApbI MEH AJITeOPAITBIK TOJIBIKTAYBIIITAPEIH Ta0y KEpeK;
0) Bepinren aHbIKTayBIIITHI KEJIEC YIII TOCITIMEH €CENTEY KEPEK:
1) i-mmi kot aneMeHTTepi OOMBIHIIA KIKTEY aPKBLIBL;
2) j-1i GaraH 3yeMeHTTepi OOMBIHIIA )KIKTEY apKbLIBI;
3) anapiH ana i-1ii 5KoJ1/1a HeJIIEp aly apKbUIbL.
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1.1-YT Opsinaay yarici

-3 2 1 O

Ne 1. bepinren A — 2 214 AHBIKTaybIIIbIHBIH;
4 0 -1 2
31 -1 4

a) a,, a;, ODJIEMEHTTEPiHIH MHHOpPIapbl MEH aureOpajiblK TOJbIK-
TayBIIITAPBIH TA0y Kepek;

0) bepinreH aHBIKTAyBIIITH KEJECi YIII TOCIIMEH ecenTey Kepek:

1) 1-wi >x071 SEeMEHTTepi OOMBIHIIA KIKTEY apKBLIBL;

2) 2-11i OaraH 2JIEMEHTTEpi OOWBIHINA KIKTEY apKbLIbI,

3) angpiH ana 1-1mi sxoJ1a HesIaep aimy apKbUIbL.

V a) a, KOHE &,, JNEeMEHTTEPiHIH MMHOpJIApbl MEH anreOpasbIK
TOJBIKTAYBIIITAPEIH TA0AMBI3:

2 1 4
M,=[4 -1 2/=-8-16+6+12+4-16=-18,
3 -1 4
31 0
My,=[2 1 4=-12+12-12-8=-20.
3 -1 4

142 2:2
A, = (—1) " M, = —(—18) =18, A, :(—1) * M., = _(20) =20.
0) 1) AHbIKTaybIITHl GIipiHIINI K0T 3JI€MEHTTEpi OOWBIHINA KIKTEI

0 . . . .
(7”7 kacwer), aJpIHFaH YIIHII PETTi aHBIKTAyBIIITApasl Capproc epexeci
OoiibIHIIa ecenTerMis:

A=a, A +a A, +aAy+ay Ay =
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-2 1 4 2 1 4 12 -2 4
=-3]0 -1 2-2|4 -1 2|+14 0 2=
1 -1 4 3 -1 4 3 1 4

=-3(8+2+4-4)-2(-8-16+6+12+4-16)+(16-12—4+32)=38.

2) AHBIKTAaybIINTHl EKIHIN OaraH »JJIEMEHTTepi OOWBIHINA IKIKTEN

0 . . . .
(7° xacumer), anmpIHFAaH YIIHIN PeTTi aHbIKTaybImTapabl Capproc epexeci
OOMBIHIIA €CENTENMI3:

2 1 4 -3 1 0 |-3 1 0
A=-214 -1 2[-2{4 -1 2/+1|2 1 4|=
3 -1 4 3 -1 4 4 -1 2
=—2(-8+6-16+12+4-16)-2(12+6-6—-16)+(—6+16-12—4)=38.

3) AHBIKTAYBIIITHIH OipiHII KOJBIHAA HONAEP any yuriH 10°- KacuerTi
naiinananambi3. OHbI OpbIHIAYIBIH OipHenie Hyckacsl 6ap. ConmapabiH Oip
HYCKACBIH KOpCeTeHiK. AHBIKTaybIIITHIH 3-m1i OaraHbIH Ke3eriMeH 3-ke
KOHE -2-Te KOOCWTIlN, HOTIKENepiH coiikec |- »xoHe 2-m1i OaraHra
kKocambi3. CoHma OipiHmI xonaplH Oip anMeMeHTiHeH Oacka 3JIeMeHTTepi
Helnre TeH OoNaapl. AJBIHFAH aHBIKTAYBIIITH OIPIiHII JKOJI 3IIEMEHTTEpi
OoiibiHIIA JKikTenm (7° KacweT), ajblHFaH YIIIHINI PEeTTi aHBIKTAYBIIITHI
ecenreimis:

3 2 1010 0o 1 0
2 2 1 4 5 4 1 4 > 4 4
A= = =1.-A,=1 2 2==/10°
4 0 -12 1 2 12
0 3 4

3 1 -1 4 0 3 14

— KacveT OOMBIHINA, CKIHII YOJIbI -5-ke KeOeHTIN OIpiHII *KOJFa
KOCaMbI3 Jla IIBIKKAH AHBIKTAYBIIITHI 1-111 OaraH 3JIeMEHTTepi OOMbIHIIA

0 -14 -6
Kikrenmiz/ =|1 2 2= —(—56 +18) =38. A
0 3 4
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Haszapuinoizea! §1.1 TakbIpbIOBIHBIH COHFBI MBICAIIBIH Ja KapaHbI3.

Ne2. A xone B marpurianapbl 6epiiareH:

-4 0 1 1 2 3
3 2 2 -2 1 3

Taby kepek: a) AB; 6) BA: B) A", r) AA™; 1) A'A

V a) A marpunacelHblH OaraHmap caHbl MEH B MaTpHIACBIHBIH
KOIAap caHbl TeH OonFaHIbIKTaH 4 MeH B MmarpuianapbiH KeOeHTyre
6omamer  (§1.2 eckepry). C=AB MarpuiachiHBIH 3JEMEHTTEPiH
Cj =auby; +ab,; + ... +a,b; dopmynacer GolibiHma TabambI3:

~4 0 1] [1 2 -3] [cycp G
AB=| 2 -1 3 2 0 1|=cyCy Cpy |=
3 2 2 -2 1 3 Cy Cyp Cog
-4 +0 -2 -8 +0 +1 12 +0 +3 -6 -7 15
=2 -2 6 4 +0 +3 -6 -1 49(=|-6 7 2
3 +4 4 6 +0 +2 -9 +2 +6 3 8 -1

0) B MaTpuIachiHbIH OaraHIap CaHbl MEH A MaTPUIACBIHBIH KOJAAP
caHbl TeH OoiFaHIBIKTaH B MeH 4 MaTpuuanapblH KeOelTyre Oomans
(§1.2 eckepry). a)-ma kepcerinren TtocinMeH C =BA wMaTpunaceiH

TabaMbI3:
2 3] |4 0 1) |¢; Gy Gy
2 -1 3|=|CcycCy Cy |=
-2 1 3 3 2 2 Cy Cyp Cog
-4 +4 9 0 2 6 1 +6 -6 -9 8 1
=-8 40 +3 0 +0 +2 2 +0 +2|=|-5 2
8 +2 9 0 -1 +6 -2 +3 +6 19 5

Il
-

BA
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a) MeH 0)-71a msikKan HotmwxkenepacH AB 7z BA OonaTeiHbIH Kepemis;

B) A MaTPUIACHIHBIH aHBIKTAYBIIIBIH TA0ANbBIK;

-4 0 1
detA=|2 -1 3= 8+4+3+24=39+#0. A MaTtpuracel HYKCaH-
3 2 2

chI3, omait Gonca A™' kepi Marpuuacsr 6ap (§1.3-Fb1 Teopema). Kepi A~
Matpunaubl §1.3-ve1 (2) hopmymna OOMBIHIIIA ecenTerMI3:

L A A Ay
AL :m A12 A22 A32 . MyHaarel aireOpalibIK TOJIBIKTAYHhIII-
e
Az Ay Ay
TapIbl ecenTeMi3
_ -1 3 _ g 3 0 1 B 3 0 1 3
S PR e N I R
3 2 3_5 _—4 1_11 3 —4 1_14
A12—32—aA22—32— ,A32—23—,

R A
As= =7, Ajy=- =8, Ap= =4,

3 2 3 2 2 -1
CoHbBIMEH,
8 2 1]
32019 W
At=—|5 -11 14|= 39 39 39|
7 8 4 7 8 4
| 39 39 39|

r) Marpunanapasl Ke0elTy epexecin KoJaaaHaMbl3:
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AA—1=i2—13 5—1114:3—190 39 0 |=
3 2 2 7 8 4 0 0 39

—401{—821 39 0 0
1
0
0

00
1 0|=E;
01

) Martpunanapabl KeOeHTy epeXeciH KoJJaHaMBbI3;
1 -8 2 1 -4 0 1 1 00
A'A=—| 5 -11 14 2 -1 3| =0 1 0|=E.
7 8 4 3 2 2 0 01

CoHFBI T) MEH J) MyHKTTepiHEH AAl=AA=E TEHIIIKTEPiHIH
OpBIHAATIFAHBIH KOPEMI3, IEMEK Kepi MaTpuIa IypeiC TaObUTFaH. A

No3. Bepinren A sxoHe B mMarpunanapeiHby panrTepin Tady Kepek:

3 1 2 -1 10 2
A=[2 0 4 -4|, B=|2 3 2
1 -1 2 -3 3 71

V  Komxepywi munopiaap a0ici. A Marpuiiaa eKiHili peTTi HOJl eMecC
3 .
‘ =—2%#0 ©Oap OonFaHABIKTaH, MAaTPHUIlA PaHTI

MUHOp, MbICAJIbI,

eKiZieH Kimni emec. byl MUHOP/IBI KOMKEpYIIi YIIIHII PEeTTi MHHOPJIAP/IBI

3 1 2
eCeNTeNIK: 2 0 4=-4-4-4+12=0.,
-1 -1 2
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3 1 -1
2 0 -4=0+4+2-0+6-12=0.
-1 -1 -3
AmnbIKTamMa OolbiHIIA, F'(A) = 2.

Onemenmap myprendipynep a0ici.  bepiireH wmaTpunaHbl OFaH
9KBUBAJICHTTI, Tpameuusi Topizaec marpuuara kenaripedik. On ymin A
MaTpHIIaFa JIEMEHTap TYPIACHIAIpyep KOIAaHAMBI3

31241 11-23 11-23
2 044 ~/204-4~|0-28-10|~
-1-12 -3 312-1 0-28-10

11-23 L1 3
~10-28-10 {0 2'8 10}.
0000 I

MyHza, GipiHIi MaTpULAHBIH YIIIHIII KOJBIH MUHYC Oipre KeOeHTin
OHBI OipiHIII )KOJMEH anMacTHIPABIK. EXiHIN MaTpuUaHbIH OipiHIII JKOJIBIH
MHUHYC €Ki MEH MHHYC YIIKE KOOCWTIN ColiKec eKiHINI JKoHe YIIiHII
JKOJIZIApFa KOCTBIK. YIIHIN MAaTPHIIAHBIH CKIHIII JKOJIBIH MHUHYC Oipre
KOOCWTII VIIHII OJFa KOCTHIK. Tpamerus Topi3gaec MaTpHUIIAaHBIH HOI

eMeC JKONJApbIHBIH caHbl (eKi) OacTamkel A MaTPHIACHIHBIH paHTiH
kepcereni: r(A)=2.

B MarpuiaHblH HOJl eMeC eKiHIi peTTi = -3 # 0 MUHOpBIH

KOMKEPYIIi YIIiHII PETTi MUHOP OChI MATPHUIIAHBIH aHBIKTAYBIIIIbL:

-1 0 2
2 3 2[=-3+0+28-18-0+14=21=0.
3 71

Amnbikrama OolibiHIIa, r(B)=3. A
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ChI3BIKTBIK aJre0pajibIK TeHAeYJIep KyieciH 3epTTeyre :KoHe
HIenryre apHaJIfaH ecenrep

1.2-YT

1. ChI3BIKTBIK OIpPTEKTI eMec anreOpaiblk TEHACYJIep KYHECIH Kemeci
YIII IICTICH IIeNTy KepeK:
a) Kpamep epexeci 00oibIHIIA,;
0) Kepi matpuria kemeriMeH (MaTpHUIAIBIK 9JTICIICH);
B) ['aycc omicimen.

2X + X, +3%, =7, 2X — X, +2X%3 =3,
11 2% +3X%, + X =1, 12, § X +X, +2%; =4,

3%, +2X, + X3 =6. 4% + X, +4X; ==3.

3% =X, + % =12, 2% — X, + 3% =4,
1.3. 0% +2X, +4X%; =6, 14 § X +3%, —%; =11,

SX + X, +2X3 =3. X, —2X, +2X%3 =—T.

3%, — 2, + 4x, =12, 8X, +3X, —6X; =4,
1.5. < 3x, +4x, —2X; =6, 16. (X +X,—X; =2,

2% — X, — X3 =—9. AX, + X, — 3%, = 5.

4% + X, —3%; =9, 2% +3X, +4%; =33,
170 X +X, =X =-2, 1.8. 7%, —5x, =24,

8x, +3X, —6X%; =12. 4%, +11x, = 39.

2% +3X%, +4%; =12, X, +4X, — X3 =6,
1.9. {7x —5X%, + X3 =-33, 1.10. 5X, +4x; =-20,

A% + X3 =—T. 3% — 2X, +5%; =—22.
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1.11.

1.13.

1.15.

1.17.

1.19.

1.21.

1.23.

3% —2X, +4X; =21,
3% +4X, —2X; =9,
2% — X, — %5 =10.

4% + X, +4X; =19,
2% — X, +2%; =11,
X, + X, +2X%; =8.

2%, — X, +2X5 =8,
X+ X, +2%; =11,
4% + X, +4X; =22,

2X; — X, —3X%3 =3,
3% —4X, —2X; =3,
X, —5X, — X3 =-8.

3% + X, + Xy =4,
—3X% + 5X, +6X%; =36,
X, —4X, —2%; =-19.

3% — X, + X3 =9,
S5X, + X, +2X; =11,
X, +2X, +4X; =19.

2% +3X, + X3 =12,
2% + X, + 3%, =16,
3% +2X, + X3 =8.
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1.12.

1.14.

1.16.

1.18.

1.20.

1.22.

1.24.

3% —2X, —5%; =5,
2%, +3X, —4X; =12,
X, —2X, + 3% =—1.

2% — X, +2X%; =0,
4%, + X, +4X; =6,
X, + X, +2%X; = 4.

2% — X, —3X3 =9,
X, +5X, + X5 = 20,
3%, +4X, +2X; =15.

—3X, +5X, +6%; =8,
3% + X, + X3 =4,
X, —4X, —2%; =-9.

3% — X, + X =11,
SX + X, +2X; =8,
X, +2X, +4X%; =16.

2% +3X, + %X, =4,
2%, + X, +3X%3 =0,
3% +2X, + X3 =1.

X, —2X, +3X; =14,
2%, + 3%, —4%; =-16,
3%, —2X, —5%X; =—8.



1.25.

1.27.

1.29.

2. ChI3BIKTBHIK OIpTEKTI eMec ajareOpaiblK TeHACYNIep XKykeci OepiireH.
Bepinren xyiieni yineciMaimikke 3epTTey Kepek. Erep on yitnecimai 6onca,

3%, —4x, —2%; =11,
2% — X, — Xg =4, 1.26.
3% —2X, +4X; =11.
4%, — X, =6,
3% +2X, +5%; =14, 1.28.
X, —3X, +4X; =-19.
X +4X, — X3 =-9,
4%, — X, +5%; =2, 1.30.
3X, — TX5 =—b.

X, +5X, —6X; =—15,
3%, + X, +4X%; =13,
2% —3X, + X3 =9.

5x + 2%, —4x; =16,
X, +3X; =—6,
2%, —3X, + %3 =9.

X +4X, — X3 =13,
3% + 2%, +3%; =3,
2%, —3X, + %3 =-10.

OHJIa OHBI 1-MBICAJIIa aTaJIFaH YII TOCIIMEH eIy KePeK.

2.1.

2.3.

2.5.

2.7.

3% +2X, —4X; =8,

2%, +4X, —5X; =11, 2.2.
X, —2X, + %5 =1.
2% — X, +4x%; =15,
3% — X, + X3 =8, 2.4.
5%, —2X, +5%; =0.
3% +2X, —4X; =8,
2% + 4%, —5%; =1, 2.6.
5% +6X, —9x%; =2.
4%, —TX, — 2%, =0,
2%, —3X, —4X; =6, 2.8.

2% —4X, +2X; = 2.
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X+ X, + X3 =1,
X, — X, +2X; =5,
2%, +3%; =—2.

3% —3X, +2X%; =2,
4%, —5X%, +2%; =1,
X, —2X, =5.

3%, + X, +2X3 =3,
2%, +2X, +5X; =5,
Sx +3X, +7%; =1.

5%, — 9%, —4x%; =6,
X, — X, —5%; =1,
4%, — 2%, + X5 = 2.



X, — 5%, + X3 =3,
2.9. 93X + X, =X =7,
X —3X, =1.

X —2X, — X3 =2,
2.11. 16X —4X, —5%; =3,
X, +2X, +4X; =5.

3% + X, +2X%; =1,
2.13. 42X +2X, —3%; =9,
X, — X, +5X; =2.

8% — X, +3%; =2,
2.15. 34X + X, +6X; =1,
4% —2X, —=%X3 =1.

2%, —3X, —4%; =1,
2.17. 4 7% — 9%, — %3 =3,
5%, —6X, +3%X; =7.

3%, + X, —2X%; =6,
2.19. ¢ 5x, —3X, +2X; =4,

X, —2X, —3%; =3,
2.21. < % +3x%, =5%; =0,
2% + X, —8X; =4.

—2% +4X, —4x; =0.
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2.10.

2.12.

2.14.

2.16.

2.18.

2.20.

2.22.

5% —5X, — 4%y =-3,
X, — X, +5%; =1,
4%, —4x, —9x%; =0.

4% —3X%, + X3 =3,
X + X, — X3 =4,
3% —4X, +2X; = 2.

6%, +3X, —5X%; =0,
9% +4X, —4X%; =3,
3%, + X, —2X; =5.

2%, +3X, +4X; =5,
X, + X, +5X; =6,
3%, +4X, +9X%; =0.

5x +6x, —2%X; =2,
2% 43X, — X3 =9,
3% +3X, —X; =1.

2X + X, + X3 =2,
SX 4+ X, +3X%; =4,
X +2X, +4%; =1.

X, —4X, —2X%; =0,
3%, —5X, —6X; =2,
4%, —9x, —8x%; =1.



2.23.

2.25.

2.27.

2.29.

3. BipTeKTi CBI3BIKTHIK aNreOpabIK TeHISYIep KYHEeCiH MeniHi3

3.1.

3.3.

3.5.

4% + X, —3%; =1,

3% + X, — X3 =2, 2.24.
X, —2X5 =5.

X, —2X, +3X; =6,

2% +3X, —4%; =2, 2.26.
3% + X, — X3 =5.

2% +8X, —7X; =0,

2% —5X, +6X%; =1, 2.28.
4% +3X, =X =1T.

2% —3X, +2%3 =5,

3% +4X, —TX; =2, 2.30.

5% + X, —=5X%; =9.

X, + X, +X%; =0,

2% —3X, +4x%; =0, 3.2.
4x, —11x, +10x; =0.

X +3X, +2X%; =0,

2% — X, +3X%; =0, 3.4.
4%, —5X, +4X; =0.

2% + 5%, + %3 =0,
4%, +6X, +3%; =0, 3.6.

X, — X, —2X3 =0.
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3% —5X, +3X; =4,
X, +2X, + X3 =8,
2% —TX, +2%; =1.

5% — X, —2%; =1,
3% =A%, + %X, =7,

2% +3X, —3%; =4.

3% +4X, + X3 =2,
X, +5X, —3%; =4,
2% — X, +4%; =5.

4%, —9X, +5%; =1,
7% —4X, + X3 =11,
3% +5X, —4X%; =5.

3% — X, + 2% =0,
X + X, +X; =0,
X, 43X, +3X%; =0.

4%, — X, +10x%; =0,
X +2X, — X3 =0,
2% —3X, +4%; =0.
3% — X, —3%; =0,
2% +3X, + X3 =0,
X, + X, +3%; =0.



3.7.

3.9.

3.11.

3.13.

3.15.

3.17.

3.19.

X — X, +2X; =0,
2% + X, —=3%; =0,
3%, +2X%; =0.

5% —5X, +4x%; =0,
3% + X, +3%X; =0,
X, +7X, =X =0.

2% + X, + 3%, =0,
3%, — X, +2%; =0,
X, +3X, +4X; =0.

2% + X, — %3 =0,
3% —2X%, +4%; =0,
X, —5X, +3%; =0.

X, +4%, —3%; =0,
2% +5X, + %3 =0,
X, — X, +2%; =0.

X, +2X, +3X%; =0,
2% — X, — X3 =0,
3%, +3X, +2X%; =0.

2% — X, +3X%; =0,
X, +2X, —5X; =0,

3% + X, + X% =0.
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3.8.

3.10.

3.12.

3.14.

3.16.

3.18.

3.20.

2% — X, —5%; =0,
X, +2X, —3%; =0,
SX + X, +4%; =0.

X +3X, —X; =0,
2%, +5X, —2%; =0,
X, + X, +5X%; =0.

X, —2X, — %3 =0,
2%, +3X, +2X; =0,
3% —2X, +5%; =0.

4% + X, +3%; =0,
8% — X, +7%; =0,
2%, +4x, —5%; =0.

X, — 2%, + X3 =0,
3% + X, +2%; =0,
2% —3X, +5%; =0.

3% +2X, =0,
X, — X, +2X%; =0,
4%, —2X, +5%; =0.

3%, +2X, — %3 =0,
2%, — X, +3%; =0,

4%, +3X, +4%; =0.



3.21.

3.23.

3.25.

3.27.

3.29.

X, —3X%, —4%; =0,
5%, —8X, —2X; =0,
2% + X, — %3 =0.

3% —2X, + X3 =0,
2% —3X, +2X%; =0,
4% + X, —4%; =0.

X, +2X, —4x%; =0,
2% —X, —=3%; =0,
X +3X, +X; =0.

S5x —4X, +2X%; =0,

3%, —2%; =0,
4%, + X, —3%; =0.
8%, +X, —3%; =0,

X, +5X, +X; =0,
4% —TX, + 2%, =0.

3.22.

3.24.

3.26.

3.28.

3.30.

3%, +5X, — X3 =0,
2%, +4x, —3%; =0,
X —3X, + X3 =0.

7% + X, —3X%; =0,
3% —2X, +3X%; =0,
X, — X, +2X%; =0.

7% —6X, + %3 =0,
4%, +5x, =0,
X, —2X, +3X; =0.

6%, +5x%, —4%; =0,
X, + X, — X5 =0,
3%, +4X, +3%; =0.
X, +7X, —=3%; =0,
3%, —5X, + X3 =0,
3%, +4X, —2X; =0.

4. BipTeKTi CHI3BIKTHIK aTreOpasIblK TEHACYISP KYHECIH IIeIIHI3

4.1.

4.3.

5%, —3x, +4x%; =0,
3% +2X, —X; =0,
8% — X, +3X%; =0.

X, +2X, —=5X; =0,
2% —4X, + X3 =0,
3% —2X%, —4%; =0.

4.2.

4.4,
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5% —6X, +4X; =0,
3%, —3X, + X3 =0,
2%, —3X, +3%; =0.

X, + X, + X5 =0,
2% —3X, +4%; =0,
3% —2X, +5%; =0.



4.5.

4.7.

4.9.
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4.13.

4.15.

4.17.

X, +2X%, +4%; =0,
S5X +X, +2X%; =0,
4% — X, —2%; =0.

X —2X%, + X3 =0,
3% —3X, +5X; =0,
4%, + X, +6x%; =0.

2% — X, +2%; =0,
4% + X, +5%; =0,
2% + 2%, +3%; =0.

3% —2X%, + %3 =0,
2%, +3X, =5%; =0,
SX + X, —4x%; =0.

X, +2X, —=5X%; =0,

X, —2X, —4X; =0,
2% — 9%, =0.
2% — X, +2X%; =0,

3% +2X, —3X%; =0,
SX + X, =X =0.
X, —3X, —2%; =0,
3% — X, +4%; =0,

2%, +2X, +6X; =0.
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4.6.

4.8.

4.10.

4.12.

4.14.

4.16.

4.18.

3% — X, + %3 =0,
2%, +3X, —4x%; =0,
5% +2X, —3%; =0.

2% + X, —=3%; =0,
X, +2X, —4X%; =0,
X, — X, + X3 =0.

4x, + X, +4%; =0,
3% —2X, —X; =0,
7% — X, +3%; =0.

SX, + X, +2X; =0,
3%, + 2%, —3X%; =0,
2% — X, +5X%; =0.

X, —3X, +5%; =0,
X +2X, —=3%; =0,
2%, — X, +2%; =0.

2%, — X, +3X%; =0,
2%, —3X, +2%; =0,
X, +2X%, + X3 =0.

5% + X, —2%; =0,
3% — X, + X3 =0,

2%, +2X, —3%; =0.



4.19.

4.21.

4.23.

4.25.

4.27.

4.29.

3%, +2X, —3X%; =0,
2%, —3X, + X3 =0,
SX — X, —2X%; =0.

X, +5X%, +X; =0,
2% —3X, —7X; =0,
3%, +2X, —6x%; =0.

2% +4X, —3X%; =0,
X, —3X, +2%; =0,
3% + X, =X =0.

5% —3X, +2X%; =0,
2% + 4%, —3%; =0,
3% —7X, +5X%; =0.

5%, +8X%, —5%; =0,
7% +5X%, — %3 =0,
2% —3X, +4X; =0.

2% — X, +4%; =0,
7%, —5X, +3X%; =0,
S5x —4X, — X3 =0.

4.20.

4.22.

4.24.

4.26.

4.28.

4.30.
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4%, — X, +5%; =0,
2%, —3X, +2X; =0,
2% + 2%, +3%; =0.

3% +4X, — %3 =0,
X, —5X, +2X; =0,
4% —X, + X3 =0.

X —6X, —%; =0,
3% —3X, +4x%;, =0,
4%, —3X, —5%; =0.

X, —8X%, +7%; =0,
3%, +5X, —4x%; =0,
4%, —3X, +3X%; =0.

5% + X, —6%; =0,
4%, +3%, = 7%; =0,
X, —2X, + X5 =0.

2% + 2%, — %3 =0,
5%, +4x, —6%; =0,
3%, +2X, —5X%; =0.



1.2-YT opsinaay yarici

Nel. BepinreH CHI3BIKTBHIK OIPTEKTI eMec anreOpayiblK TeHACYJIEp
X, +5X%, —X; =3,
KYHECIH § 2% +4X, —3%; =2,
3% — X, —3X; =—7.
a) Kpamep epexxeci OoifbIHIIa;
0) Kepi marpua keMeriMeH (MaTpHLANBIK 9/IiCTICH);
B) ['aycc omiciMen
HIenry Kepek.

» Kponekep—Kamennmu TeopemachlH KYHEHIH — YHIECIMALUTITIH
3epTTeyre KOJNJaHy YIIIH 3JIEMEHTap TYpJEHIIpyJep apKbUibl OepiireH

1 5 -1 1 5 13
A=|2 4 —3| wMaTpumacel MEH KCHECWTIIreH A=|2 4 -3|2
3 -1 -3 3 -1 3|7

MaTpUIACBIHBIH paHrTepin Tabambi3. O yuriH A MaTpUIIaChIHBIH OipiHIIi
JKOJIBIH -2-T'¢ KOOCUTIIT eKIHIII KOJFa KOCaMbI3, COJaH COH OIpiHIII KOJIIbI
-3-ke KeOCHTIN VIIHINI J>KOJFa KOCaMbl3 Jia, CKIHIII JKOHE YIIiHII
OaraHIapbIH OPBIHAAPHIH 63apa aTMaCThIPAMBI3:

1 5 -13 1 5 -13 1 -1 53
B=|2 4 -32|~|0 6 -1-4|~|0 -1 -6|-4

3 -1 37 0 -16 0|16 0 0 -16/-16
AnblHFaH  Tpamenus — Topisjec  Matpumamapaan  F, =r; =3

(benricizzep caHblHAa TeH) ekeHiH kepemi3. Omait Oonca Kponekep-
Kamennu teopemacsl OOMbIHINA JKyile YiIeciMIl, OHBIH JKaJIFBI3 HICHIiMi
6ap.

. A
a) Kpamep epexeci Ooibmma (§ 1.5. (4)-bopmyma): X =X1,
AZ AS LAt
X, = A X = A MyHaFbl aHBIKTAYBIIITAPAbI ECENTENMI3:
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1 5 -1 3 5 -

A=|2 4 -3=-16, A={2 4 -3=064,
3 -1 -3 -7 -1 -3
1 3 -1 1 5 3
A,=2 2 =3 =-16, A,=2 4 2|=32
3 -7 -3 3 -1 7
Ouaii 6oJica, Xlzﬁ:— , XZ:_—l6:l, X3=£=—2.
-16 -16 -16

Kayaowr: (—4;1;-2).
Haszapoiybizea: 81.5, 2-MpIcanpl KapaHsi3.

0) JKylieHniH MaTpuUaNBIK Typheri memnimin X =A'B  rtenuirin

naiimananein  Tabamb. A7 - kepi Matpumanel  §1.3, (2)-bopmyma
OoiibiHIIa TabaMbI3 (Kepi MaTpuia Oap, eiiTkeHi A=det A=—16=0):
4 3 -1 5 -1
N R I
2 -3 1 -1 1 -1
AiZ__‘?’ _3‘ -3, A22:‘3 _3‘:01 %2:_‘2 3‘:11
2 4 1 5 15
O i T i S
-15 16 -11
A=t 3 0 1
014 16 6
Kytienin memrimi:
X, -15 16 -11 3 —45+32+77
X=X, =i -3 0 1 2 =i —-9-7 =
X, 014 16 6| |-7| M| -a2432442
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1 64 -4
=——|-16|=| 1| Xx=-4 X =1 X=-2
-16
32 -2
Kayaowr: (—4; 1; -2)
Hazapwiyvizea! 81.5, 1-mbicanabl KapaHbI3.

B) XKyiieni Taycc omiciMen miemeitik. On yurH keHeuTiaren A
MaTPUIACBIH 3JIEMEHTap TYPJCHIIpYJIep apKbUIBI Tpamemus Topi3uec
MaTpHIara Kenripemis. byn amanmap skorapeinma opbiHAanFraH. biz MyHma
TeK OaraHIapBIHBIH YCTiHE COHKec Oenrici3ep/i KopeeTil Ka3aMbl3:

XX X%
_ N AJIBIHFaH Tpamnenus Topi3aec MaTpulagaH
A~0 -1 -6(-4|

0 0 -16/-16

r(A)=r(A)=3, srHu XyiieHiH XanFbi3 memiMi Gap eKeHiH Kepemis
(§1.6 xapanpi3). Enai [Naycc amicinaeri kepi ®ypy KOJIbIH OPbIHIaiMBI3:

X, — X5 +5X%, =3, % — X +5-1=3, x —(-2)=-2,
— X3 —6X, =4, — X —6-1=-4, Xy =2,
—-16x, =16, X, =1, X, =1.

Kayaowbr: (—4; 1; -2)
Hazapeiyvizea! §1.6, 1 xoHE 2-MbIcaigapIsl KapaHbI3.

Ne2. BepinreH ChI3BIKTBIK OIPTEKTI eMec aireOpaliblk TEHICYJIEP
JKYHECIH yieciMIilikke 3epTTey Kepek. Erep on yiinecimai Oosica, oHza
oHbI Nel-ecenTe aTanFaH yiI TOCIIMEH HICHTY Kepek:

2% —3X, + X3 =2,
3% + X, —3%; =1,
5% —2X, —2X; =4.
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» Kponekep-Kanennu TeopeMachlH KYHEHIH YHIECIMIUITIH 3epT-
Teyre KOJAaHy YVIIIH D3JeMEHTap TYpJCHIIpyJlep apKbpUIbl OepinreH
MaTpHIaHbI TPAICIHs TOpi3aec MaTpuIlaIapra Kenripemis. O yirix

2 3 1|2

1) xeneiirinres A=|3 1 —3|1| MaTPUIACHIHBIH YIIiHII >KOHE

5 -2 2|4
OipiHmT GaraHmapBIHBIH OPBIHIAPBIH 63apa aIMacThIPaMEbI3;
2) OipiHIIi )XONBIH 3-Ke KOOCUTIIT eKiHIII KOJIFa KOCaMBbI3;
3) GipiHiIi XKOJbIH 2-Te KOOSHTIN YIIIHIII KOJFa KOCaMBbI3;
4) eKiHIIIi >KOJIAAH YIIIHII KOJIBI IIerepeMis:
2 -3 1|2 1 -3 2|2 1 -3 2|2
A -3/1{~|-3 1 3[1|~|0 -8 97|~

A=(3 1
5 -2 24 -2 -2 5|4 0 -8 9|8
1 -3 2||12
0-8 9|7 .
~ 00 ohl ATNBIHFaH Tpameuus Topi3iec MaTpHIajiapaaH

r,=2, I; =3 Kepemis, arHu I, #I;. Kponexep—Kanemmn Tteopemacs

OolibIHINA, OepinreH XKyiie yinecimai emec.
Hazapwviyvizea! §1.6, 1 xoHe 2-MbIcaIapabl KapaHbI3.

No3. BipTekTi CBI3BIKTBIK anreOpajblK TeHJIEYIep >KyHeciH uienry

KEepeK:
2%, —4X, +5%; =0,

X, +2X, —3X%; =0,

3%, — X, +2X%; =0.
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2 4 5
» Kyitenin ampikTaybimbel A=|1 2 -3 =11+#0 Henre TeH emec
3 -1 2
OONFaHIBIKTaH, OHBIH JKAIFbI3 TPUBHAN INEHiMi Oap: X, =X, =X; =0,
(81.7, 1-mpicanpl KapaHsi3). <«

Ne4.  BipTekTi CBI3BIKTBIK anreOpajblK TEHIACYJIep JKYWeciH Ienry
KepeK:
3% +4x, —%; =0,
X, —3X, +5%; =0,
4%, + X, +4X%; =0.

» Taycc omiciH KOJIJaHAMBI3:

) ) 1 3 5
A 343;~;43i~013 16~1'3 >
B ) 013 -16|
4 14| |4 14| |013-16

Mynnar, =2, n=3 OonFaHAbIKTaH, XYHeHIH 3-2=1 IapameTpre
TAYEJl aKbIPChI3 HICIIIMICD KHUbIHBI Oap. basucrik eki Oenrici3 periHie
X, MeH X, amyra Oomanpl, OWTKeHI oJapAblH Ko3(h(HUIUEHTTEpiHEH

KypaJlFaH €KIHIII pPeTTi MUHOp HOJITe TEH eMeC:

3~ 13#0 (spune,

Oasucrik Oenriciz perinae, K0dQOUIMEHTTEpIHEH KypalfaH eKiHII peTTi
MUHOPBI HOJITe TeH eMec 0acka Ke3 KeJreH eKi Oenricizai amyra 6onap eni).
byn sxarmaiina Xs — epkiH aifHbiMan Gonansl: X, =C, Ce(—oo, +). Enai
laycc omicinzeri kepi )Kypy KOJIABI OPbIHIANBIK;

16C
X —3X; +5%; =0, x -3x,+5C=0, |35 *5C=0
13x, —16x, =0, 13x, —16C =0, 16C
ERNTE
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17C

Ty
16C
X, = —0,
13
X; =C, Ce(-o, +om).

Kayaowr | =<, 1€ cj, C e (o, +0).
13 13

Eckepmy: XKayanter pikmam jxasy yuia C =13k, kK e (-0, +x)
allHBIMan aybICTBIPYBIH >KacayFa Oonanel. OHpa, OepinreH TeHaeylep
Ky#eciHiH Imemrimi  kemeci  Typme okasbutabl:  (-17K;  16k;  13K),

kKe(—wo +0). <«
Haszapwinvizea! 81.7, 2-MbIcanasl KapaHbi3

BekTopaapabin ckajusip kedeiiTinaici

21-YT
1. Bepinreni: a=o M+BA; b=y M+ f; M| =k; |ﬁ| =1
L(rﬁ ﬁ) 0.
TaGy repex: a) (a-+ub)(va+1b); 6) 11P; (v a+th);
B) COS/ é,rb).
5n Y

11 a=-5 B=-4, y=3,06=6, k=3, 1=5, ¢= 3
Kayaon1: a) 2834.

u:%,v:l, T=2.
12. a=-2, B=3, y=4, 6=-1, x=1,1=3, ¢o=n, A=3, p=2

v=-2, 1=4. Kayao6nr: a) —950.
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13. a=5, p=-2, y=-3, 5=-1, k=4, 1=5, = 4—;‘, A=2, u=3,

v=-1, t=5. Kayaobr: a) —1165.

14. =5, B=2, y=-6, =4, k=3, 1=2, (;):5—37E , A=-1, u:%,
v=2,1=3. Kaya6wbr: a) 410.

15. a=3, p=-2, y=-4, 5=5, k=2, 1=3, o= g =2, p=-3,
v=5 =1 Kayao6nr: a) 750.

16. =2, B=-5, y=-3, 86=4, k=2, 1=4, = 2—; A=3, u=-4,
v=2, 1=3. Kayaowbr: a) —2116.

17. =3, =2, y=—4, 6=-2, k=2, 1=5, o= 4—; A=1, n=-3,
v=0, r:—%. Kayaowbi: a) 165.

18. a=5, =2, y=1, 6=-4, «x=3, 1=2, ¢o=7n, A=1, n=-2,
v=3, 1=-4. Kayaowr: a) 121.

19. a=-3, B=-2, y=1, 6=5, k=3, 1=6, 9= 4—;, A=-1, u=2,
v=1 1t=1 Kaya6wbi: a) 1287.

1.10. a=5, B=-3, y=4,6=2, k=4,1=1, o= 2—; , A=2, p:—%,
v=3, t=0. Kaya6wbi: a) 2337.

111. a=-2, =3, y=3, 8=-6, k=6, 1=3, 9= 5?75 A=3, u:—%,
v=1, 1=2. Kayaon1: a) —936.

112. a=-2, p=—4, y=3, 8=1, k=3, 1=2, @:7—;, kz%, n=3,
v=1 t=2 Kayaosr1: a) 320.

113. =4, =3, y=-1, 6=2, k=4, 1=5, ¢= 3?75 A=2, u=-3,
v=1, 1=2. 7Kayao6nl: a) 352.
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114, a=-2, =3, y=5,6=1, k=2, 1=5, =27, A=-3, u=4,

v=2, 1=3. Kaya6nr: a) 1809.

1.15. a=4, B=-3, y=5, §=2, k=4, 1=7, = 4_;, A=-3, n=2,
v=2, t=-1. Kayaoni: a) —5962.

1.16. a=-5, B=3, y=2, 5=4, k=5, 1=4, o= 1, L=—3, u=%,
v=-1, t=1 Kaya6ni: a) 3348.

117. =5, p=-2, y=3, 6=4, k=2, 1=5, ¢= g A=2, u=3,
v=1, 1=-2. Kaya6wbr: a) —2076.

118. a=7, B=-3, y=2, =6, k=3, 1=4, (p:%t, A=3, p:—%,
v=2,1t=1 Kaya6n1: a) 1728.

1.19. =4, B=-5, y=-1, 6=3, k=6, 1=3, ¢= 2—3“ A=2, u=-5,
v=1, 1=2. Kayaoni: a) 1044,

1.20. =3, =4, y=-2, 6=3, k=1, 1=6, ¢= 3?75 A=4, u=5,
v=1, 1=-2. Kayaon1: a) 1994,

1.21. a=-5 B=-6, y=2, 8=7, k=2, 1=7, p=n, A=-2, u=5,
v=1, t=3. Kayaonr: a) 29767.

122. o=-7, B=2, y=4, 6=6, k=2, 1=9, o= g A=1, u=2,

v=-1, t=3. Kayaowbr: a) 20758.

1.23. =5, =4, y=-6, 6=2, k=2, 1=9, (p:z—:;t, A=3, u=2,
v=1, t=-1/2. Kayaowbr: a)2751.

124, a=-5, B=—-7, y=-3, 6=2, k=2, 1=11, (p::%n, r=-3,
p=4, v=-1, t=2. Kayaowr: a) 38587.
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1.25. 0. =5, p=-8, y=-2, =3, k=4, 1=3, (p=4—;, =2, p=—
3, v=1, t=2. Kayaowr: a) 1048.
1.26. 0=-3, p=5, y=1, 5=7, k=4, 1=6, o= 5?“ A=-2, u=3,

v=3, t=-2. Kayaowi: a) 2532.

1.27. a=-3, B=4, y=5, 6=-6, k=4, 1=5, o=1, A=2, u=3,
v=-3, t=-1. Kaya6wbi: a) 3956.

128. =6, p=-7, y=-1, 8=-3 k=2 1=6, @:4—3“, =3,
p=-2, v=1 =4, Kayaobr: a) 12880.

1.29. =5, p=3, y=-4, 8=-2, k=6, 1=3, (p=5—3n, A=-2,
pn=-1/2, v=3, t=2. Kayaowbr: a) —2916.

130. a=4, p=-3, y=-2, =6, k=4, 1=7, ¢= % A= 2,
n=-1/2, v=3, t=2. Kayaowbr: a) —801.

2. A, B, C uykTenepiHiH OepuireH KoopauHaTTapbiOepiiareH. Taly
KepeK:
a) & BEKTOPBIHBIH MOJYJIH;

0) d mMen D BekTOpNAPBIHBIH CKaJIAP KOOESHTIHIICIH;

B) C BekTOpbIHBIH O BEKTOPBIHAAFHI IPOEKIUACHIH;
T) | keciumicin o .3 KaTbIHACBIHJAM eTin OeyieTiH M HYKTECiHiH
KOOPMHATTAPbIH.

2.1. A(4,6,3), B(-52,6), C(4-4,-3), a=4CB - AC , b = AB ,
¢=CB, d=AC,I=AB,0=5, f=4.

Kayaonl: a) V4216 ; 6)314; r) (1,%, %)

2.2. A4,3-2), B(-3-14), C(2,2,1), a=5AC +2CB , b = AB ,
¢=AC, d=CB,I=BC, a=2, p=3.
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Kayaowr: 2)/82 : 6)~50; 1) (-1, = 14)
2.3. A(-2,-24), B(1,3,-2), C(1,42), a _2 'AC 3BA, b =BC ,
¢=BC,d=AC,I=B4, a =2, B=1.

Kayaowbi: a) V1432 ; 6) —61; r) (-1,— % 2).

2.4. A(2,4,3), B(3,1,-4), C(-1,2,2), a=2BA+4AC , b =BA, c=b,
d=AC,I=BA a=1, p=4.

Kayabbr: a) Y300 : 6)78: 1) ( - %‘_)

—

2.5. A(2,4,5), B(1,-2,6), C(—l,—2,4), d=3AB-4AC,b=BC,c=b,
d=AB,|=4B, 0.=2, p=3.

8 8 21
Kayaonr. a)ll; 0)-20; 2 Z &
y )11; 6) 1) ( c 5—5) B )
2.6. A(-1,-2,4), B(-1,35), C(14.2), =3 AC-7BC , b = AB, =b
d=AC,1=4C, a=1, B=T.
Kayabwi: a)v/410 ; 6) 70; )(__ _ E E)

2.7. A(1,3,2), B(-2,4,-1), C(1,3,-2), =2 AB+5CB , b = AC, c=b,
d="AB,1=4B, a=2, p=4.

Kayaowr: a)v491; 6)4; 1)(0, % ,1).

2.8. A(2,-4,3), B(-3,-2,4), C(0,0,-2), a=3 AC 4CB, c=b =AB,
d=CB,I=AC, a.=2, B=1.

Kayaowr: a)v1957 ; 6) —29; 1) ( % %,—% )
2.9. A(B4,-4), B(-2,1,2), C(2-3,1), a=5CB +4 AC , C = b=BA,

d=AC,I=B4, o =2, B=5.
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Kayaobr: a) V1265 ; 06) —294;1) (— i E g)

2.10. A(0,2,5), B(2,-3,4), C(3,2,-5), a=-3 AB +4CB ,c=b=AC,
d=AB,I=AC, a =3, B=2.  IK: a) /646; 6)-420;T)( %,2,—1).

2.11. A(-2,-3,-4), B(2,-4,0), C(1,4,5), =4 AC-8BC , C=b = AB,
d=BC, 1=4B, a=4, p=2.

Kayaobr: a)v1712 ;6) 100; 1) ( % %, %)
2.12. A(-2,-3-2), B(1,4,2), C(1,-33), =2 AC-4BC, C= b =AB,

d=AC,I=BC, a.=3, B=1.

Kayaobi: a)+856 ; 06)238; )(l—i 141).

2.13. A(5,6,1), B(-2,4,-1), C(3,-3,3), a=3 AB-4BC , c=b =AC,
d=AB,|=BC, a.=3, B=2.
Kayaowi: a)+/2649 ; 6)-160; r)(1,— %)

” U‘Ill—‘

2.14. A(10,6,3), B(-2,4,5), C(3,-4,-6), =5 AC-2CB , C=b =BA,
d=AC,I=CB, a =1, B=5.

Kayaowbi: a) V9470 ; 6)-298; r)( E —g —§)

2.15. A(3,2.4), B(-2,13), C(2-2,-1), & =4 BC -3 AC , b =BA,
¢=AC, d=BC,I=4C, a.=2, p=4.

Kaya6n1: a)+/362 ; 0) 94; r)(g %%)
2.16. A(-2,3,-4), B(3,-1,2), C(4,2,4), =7 AC+4CB , C=b = AB,

d=CB, I=AB, =2, B=5.
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Kaya6nr: a)+/4109 ; 6) 554; 1) (,f g 7E)

2.17. A(4,5,3), B(-4,2,3), C(5,-6,-2), =9 AB-4BC , C=b =AC,
=AB, |I=BC, a =5, p=1.

[oN]

Kayabn1: a)~12089 ; 6)-263; r)( - _% -1y

2.18. A(2,4,6), B(-3,5,1), C(4,-5,4), =6 BC +2BA, C _b =CA,

d=BA,I=BC, a.=1, p=3.
Kayaobr: a)+/5988 ; 6) 986; 1) (—i 2 -=).

2.19. A(-4-2-5), B(3,7,2), C(4,6-3), a=9BA+3BC , C=b =AC,
=BC, |=B4, a. =4, B=3.

-l>|—‘

[oN]

HKaya6r: 3)~16740 : 6) —1308; r) (-1, ? -2

2.20. A(44), B(-523), C(@42-5), a =11 AC -6 AB |,
b=BC,6=AB,d=AC,I=BC, a =3, p=1.

Kaya6nr: a)v11150 ; 6) 1185; 1) ( % 2,-3).

2.21. A(3,4,6), B(-4,6,4), C(5-2,3), a=7BC +4CA, b =BA,
=CA, d=BC,I=B4, 0.=5, p=3.

Kayaobi: a) 18666 ; 6)—487; r)(

ol

2.22. A(-5-2,-6), B(3,4,5), C(2,-5,4), =8 AC-5BC ,
d=BC,1=4C, a.=3, B=4.

Kayaobr: a)v11387 ; 6) 1549; 1) (-2,— -7 )

2.23. A(3,4,1), B(5,-2,6), C(4,2,-7), a=-7 AC+5AB, b =¢=BC ,
d=AC,1=AB, a.=2, p=3.
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Kaya6nb1: a)+/6826 ; 6) —1120; r)(g § ,3).

2.24. A(4,3.2), B(-4,-35), C(6,4-3), =8 AC -5BC , b =C=B
=AC,|=BC, a.=2, B=5.

>

[oN]

Kayaonr: a)+/1885 ; 6) 434;1) (— % —1, g ).
2.25. A(-5,4,3), B(4,5,2), C(2,7,-4), a=3 BC +2AB, b=¢c=C

d=AB,I=BC, a.=3, B=4.

>

Kayaon1: a)+/608 ; 6) —248; r)( 22 4—1 _ﬂ)

2.26. A(6,45), B(-7,18), C2-2-7), a _5 CB 2 AC ,
b=AB,c=CB, d=AC,I=4B, =3, B=2.

Kayaobr: a)+/11899 ; 6) 697, )(—g 1—51,3—54)

2.27. A(6,5-4), B(-5-22), ((3,3,2), =6 AB3CB, b =¢=AC,
d=CB,I=BC, a.=1, B=5.

Kayaowi: a)+3789 ; 6) 396; 1) (—E—Z 2).

—

2.28. A(-3-56), B(3,5-4), C(264), a=4 AC -5BA, b = @ ,
C=BA, d=AC,I=B4, a=4, B=2.

Wayabbr: a)~/14700 ; 6) —508; ) (-1, g g).

2.29. A(3,5,4), B(4,2,-3), C(-2,4,7), a=3 BA-4AC, b =AB,
¢=BA d=AC,I=B4, a.=2, p=5.

Wayabbr: a)~/539 ; 6) -85; r)(E @ ~1).
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2.30. A(4,6,7), B(2,-4,1), C(-3,-4,2), =5 AB—2AC , b =¢=BC ,
d=AB,|=AB, 0.=3, p=4.

Kayaobi: a)v1316 ; 6) 40;r) ( % : 172 : 371 ).

2.1-YT. Nel, Ne2 ecentepai opbIHaay yJrici

Nel. Bepinreni: @=-m+6f; b=3m+4f; |m=2; |i|=5;
Lo\ 2m
(m,n)= .

TaGy kepek: a) a-b ; 6) 11P; (451—55); B) 0054(25—5, 45).
¥V a) §25,(5), (7)-(9) xacuerrepre cyiieHin ecenteimiz
d-b = (—mm+6f)- (3 + 4 ) = ~3m’ + 14|||i| cos < (M, ) + 24* =

=-3.22 +14-2.5(—%]+24.52 =518;

6) Erep ¢ =4a—5b =—

19mM+4i  nmem Oenrinecek, oHma § 2.5, (6) —

(!

TEHIIKTEPJICH HPEE = ‘5‘ anambi3. MyHaa

C-b =(—19m +4f)-(3M + 471 ) =— 57M* — 64|rf||Ai| cos (M, i) + 167 = 492.
6] = Vb7 = (3 + 4ri)’ =
\JOm? + 24| m||fi[cos £(m, ) + 167 = /316
. Cb Ly 492
OonraunupikTan [1P;c :W: 11P; (4a—5b)zm aJlaMbl3.
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B) Erep d=2b-a=7m+ 2, €= 4b =12m + 160 nen Oelrijiecex,
=~y d
onna § 2.5, 16-¢popmyna GolipHma, COS[] (d : E) = m Mynza

@D |

d-&=(7m+2f)-(12mM+160) =

= 84m? +136|m||fi|cos < (m, i) +321i° = 456,
‘6‘24,(7m+2ﬁ)2 2\/49I'_ﬁ2 +28|rﬁ||ﬁ|cos<(rﬁ,ﬁ)+4ﬁ2 :ﬁ,
= (12 + 1611)” ~ J144m* + 384|m]cos < (m, i) + 256n° 5056

OosrFaHabIKTaH COS £ (25 —a, 45) = ﬂ aJTaMbI3. A

\/ 788736

Ne2. Bepinmren A(-5,1,6) , B(1,4,3), C(6,3,9) nykrenepaix
KoopAWHATTaphl OepinreH. Taly kepek:
a) d= 4AB +BC BEKTOPBIHBIH MOJTYJIiH;
6) d men b = BC BEKTOPJIAPBIHBIH CKAJIAP KOOCHTIHIICIH;
B) C=b =BC Bexropbinbe 0 = AB BEKTOPBIHIAFbI IPOCKIIHSACKIH;
r) |=AB kecinmicin 1:3 karbiHacbiHmai OejyieTiH M HyKTeCiHIH
KOOPAMHATTAPBIH.

V a) § 2.3, (5) bopmynansl )xoHe 1-TeopeMaHbl MaiiataHaMbI3
AB=(1-(-5),4-1,3-6)=(6, 3,-3), BC=(5,-1 6),

4AB +BC =(29,11,-6), [4AB + BC|=29° +11° + (-6)° = /098 ;
6) d=(29,11,-6), b=(5-16) BekTopmapbin ckamsip KebeiiTe-Mi3
(82.5, (13)-dopmyma) &-b=29-5+11-(~1)+(-6)-6=98;
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B) 825, (6) TeHumiktep OoiibIHIIA HPaEz‘—, MyHIa

d=(63-3), c-d=30-3-18=9,  |d[=\/36+9+9=154

OoFaHIbIKTaH, IIP;¢ = % :

r) Ecen mapreman (§ 2.4, (5) xapaus3) p=1, q=3 gen anbim,

eV Ve . 7 LY YR —
p+q p+q p+q
. 3-(-5)+1:(-1) 7 3-1+1-4 7
nanpgallaHaMbpI3: Xy =————=——, Yy =——7T—"=—,
3+1 2 3+1 4
Zy, =M=£‘. Kayabwr: M (—Z,Z, éj A
3+1 4 2'4" 4

BekTopaapabiH BeKTOPJIBIK #KJHe apajac KedeilTinaiiepi

2.2-YT
1. a,b,¢c BEKTOpJIAphI OepiireH.
a) YII BEKTOPbIH apanac KeOCUTIHAICIH Ta0y KepekK.
0) BEKTOpIapABIH BEKTOPJIbI KOOCHTIH IICIHIH MOAYIIIH Ta0y Kepek;
B) BEKTOPJIAPABIH CKAIAP KOOSHTIHIIICIH Ta0y Kepek;
I') BEKTOpJIap KOJUTMHEAap HEMece OPTOroHalb 00JaIbl Ma?
1) BEKTOpJIap KoMIutaHap 6omaabl ma?

1.1, a=2i 3j+k,b=]+4k, c=57+2]-3k;
a)d, 3b, €; 6)34,2¢; B) b,—4¢; r)4,c; n) &,2b,3c.
Kayaonr: a)-261; 6)+/19116; B)40.
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Kayaowr: a) 0; 0) 0; B) 6.
13. a=2i—4] -2k, b=77 +3], ¢ =3i +5] - 7k.
a) 4,2b,3c; 6)34,~7b; B)-24,C; r)a,c; x)2a,-3b,c.
Kaya6br: a) —1740; 6) m; B) 0.
14.8=7i +2k, b=27 —-6] +4k, ¢ =i —3] +2k.
a) a,—-2b,—7¢; 6)4b,3¢; B)2d,—7¢; r)b,¢; n)24,4b,3c.
Kayaowl: a) 0; 0) 0; B) 42.
15. a=-4i +2] -k, b =3 +5] -2k, ¢ = j +5k.
a) 4,6b,3¢; 6)a,2b; B)d,—4c; r)a,b; m)a,6b,3c.
Kayaobl: a) —2538; 6)+/3192 ; B) 12.
16.a=3 —-2]+k, b =27 -3k, ¢ =3i +2j —k.
a) 4,-3b,2¢; 6)5a,3C; B)—24,4b; r)a,c; m)5a,4b,3c.
Kayaoni: a) 0; 6) 0; B) 56.
17. =41 +2] -3k, b =2 +3] -5k, ¢ =71 +2j + 4k.
a) 7d,-4b,2¢; 6)3a,5¢C; B)2b,4<; r)b,¢; n)74,2b,5¢.
Kaya6br: a) —4480; 6)\/% ;B) 0.
=4i +2] -3k, b =27 +k, ¢ =12 -6] +9k.

jsul

18.
a) 24,3b,c; 6)44d,3b; B)b,—4C; r)a,c; m)24a,3b,—4c.
Kayaobwl: a) 0; 0) V17280 ; B) 60.
1.9. =1 +5k, b =31 +2] + 2k, ¢ = -2 -4j +K.
a) 3a,-4b,2¢; 6)74a,-3¢; B)34,b; r)b,¢; x)7&,2b,-3c.
Kayabbr: a) ~1680; 6)v/219177 ; B) 78.
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1.10. =61 —4] +6k, b =97 —6] + 9k, ¢ =i —8k.
a) 24,-4b,3¢; 6)3b,—9¢; B)34d,-5¢C; r)a,b; m)3a,-4b,—9¢.
Kayaowl: a) 0; 6) 6488829 ; B) 630.
1.11. a=5i —3]+4k, b=2i —4j -2k, € =3i +5] - 7k.
a) 4,-4b,2¢; 6)—2b,4¢; B)-34,6C; r)b,¢; m)a,—2b,6¢.
Kayabbi: a) —2032; 6) /127488 ; 5) 504.
1.12. a=-4i +3] -7k, b =4i + J -2k, € =6i +9] —3k.
a) -2a,b,—2C; 6)4b,7¢; B)53,-3b; r)b,C; a)—24,4b,7¢.
Kayao6wbl: a) 0; 6) 0; B) —240 .)
1.13. a=-5i +2] -2k, b =71 -k, ¢ =20 +3] - 2k.
a) 2a,4b,-5¢; 6)—3b,11¢; B)84,—6C; r)a,c; )8a,-3b,11c.
Kayabbi: a) 4360; 6) 33/682 ; ) 0.
1.14. a=-4i -6]+2k, b=2i +3] —k, € =—i +5] —3k.
a) 54,7b,2¢; 6)114,—4b; B)3d,-7C; r)a,b; m)34,7b,-2C.
Kayao6wr: a) 0; 0) O; B) 672.
1.15. a=-4i +2] -3k, b=3]+5k, =61 +6] —4k.
a) 5a,-b,3c; 6)—7a,4c; 8)34,9b; r)a,c; x)3a,-9b,4c.
7Kayao6nr: a) —1170; 6) 56/638 ; B) —567.
1.16. a=-3( +8], b=2i +3] -2k, ¢ =8 +12] —8k.
a) 4a,-6b,5¢; 6)—74,9¢; B)3b,—8C; r)b,C; x)4a,—6b,9C.
Kayabbi: a) 0; 6) 252/917 ; 5) -1632.
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117.a=2i —-4] -2k, b=-97 + 2k, € =3i +5] - 7k.
a) 74,5b,—-c; 6) —54,4b; B)3b,-8¢; r)a,c; a)74,5b,—C.
HKayabbi: a) —10430; 6) 40+/389 ; B) 984.
1.18. =91 -3 +k, b =37 -15] + 21k, € =i —5] + 7k.
a) 2a,—7b,3¢; 6) —6a,4¢; B)74,5b; r)b,¢; 1)2a,—7b,4c.
Kayaowi: a) 0; 6)48\/@ ; B) 3255.
1.19. a=-2i +47-3k, b =51 + -2k, c =71 +4] k.
a) d,-6b,2¢; 6)—8b,5¢; B)—94,7¢C; r)a,b; m)a,—6b,5¢.
Kayadur: a) 1068; 6)+/478400 ; B) —315.
1.20. a=-9i +4] -5k, b =7 —2] + 4k, ¢ =-5i +10] — 20k.
a) -2a,7b,5¢; 6) —6b,7¢; B)94,4C; r)b,c; a)-24,7b,4c.
Kayaosbl: a) 0; 6) 0; B) 6660.
121. a=21 —-7]+5k, b=—i +2] -6k, ¢ =37 +2] —4k.
a) -34,6b,-¢; 6)5b,3¢; B)7d,-4b; r)b,c; a)7a,-4b,3c.
Kayadbl: 2)2196; 6)+/126900 ; B)1288.
1.22.a=71 -4] -5k, b =7 -11] +3k, ¢ =5i +5] + 3k.
a) 33,-7b,2¢; 6)2b,6¢; B)—44a,-5C; r)a,c; n)—44a,2b,6¢.
Kayabur: 2)28728; 6)+/870912 ; B)0.
1.23. a=4i -6] -2k, b=-2i +3] +k, ¢ =37 —5] + 7k.
a) 63,3D,8¢; 6)64,—-7b; B)—54,4¢; r)a,b; x)—54,3b,4c.
Kayaowbl: a)0; 6)0; B)-560.
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1.24. a=31 - j+2k, b =—i +5] -4k, ¢ =6i —2] + 4k.
a) 4a,-7b,-2¢; 6)6a,—4C; B)—24,5b; r)a,c; m)6a,—7b,—2C.
KayaosbI: a) 0; 6) 0; B) 160.
1.25.a=-31 — -5k, b=2i —4]+8k, c=3i +7] — K.
a) 2d,-b,3c; 6) -94,4c; B)Sb,—6C; r)b,c; x)2a,5b,—6C.
Kayabl: a) 0; 6)~/2519424 ; B) 900.
1.26. a=-3 +2]+7k, b=i -5k, =61 +4] —k.
a) -2d,b,7¢; 6)5a,-2¢; B)3b,C; r)a,c; x)—24a,3b,7c.
Kayabur: a) 1260; 6) 10+/2997 ; B) 33.
1.27. a=31 —j+5k, b =27 —4] +6k, c =T —2] +3Kk.
a) -34,4b,-5¢; 6)6b,3c; B)a,4c; r)b,¢; a)—3a,4b,-5¢.
Kayaowl: a) 0; 0) 0; B) 80.
1.28. =41 -5j -4k, b =51 —j, ¢ =27 +4] - 3k.

MKayabur: a) 2114; 6) 20/857 ; B) 0.
1.29. a=-9 +4k, b=2i —4]+6k, € =31 —6] +9Kk.
a) 3a,-5b,—4¢; 6)6b,2¢; B)—24,8¢; r)b,¢; x)34,6b,—4c.
Kayao6nr: a) 0; 0) 0; B) —144.
1.30. a=5i —6] —4k, b =4i +8] -7k, ¢ =3] —4k.
a) 53,3b,—4c; 6)d,4b; B)74,-2C; r)a,b; x)5d,4b,—2¢.
Kayadbr: a)11940; 6) 4+/9933 ; B) 28.
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2. Tebenepi 4,B,C xone D HykTenepi 6onaTelH mupamuga OepijireH.
Taby xepek:

a) MUpaMHUIAHBIH KOPCETIITeH KaFbIHBIH ay/TaHbIH,
0) nupamMuIaHbIH | KBIPBIHBIH OPTACHI JKOHE KOPCETIAreH eKi
TeOeCi apKbUIbI OTETIH KUMa ay/IaHbIH;
B) THpaMHIAHBIH KOJIEMIiH.
2.1. A(3,4,5), B(1,2,1), C(-2,-3,6), D(3,-6,-3); a) ACD;

\6174

0)I= AB, Cixone D.  JKaya6bl: a)+/2114 ; 6) T B) 42.

2.2. A(-7,-5,6), B(~2,5,-3), C(3,-2,4), D(1,2,2); 2)BCD;

6)I=CD, A xome B. Kaya6br: a)V/62 ; 6) Yoo “880 )—
2.3. A(1,3,1), B(-1,4,6), C(-2,-3,4), D(3,4,-4); a)ACD
6)I=BC, A xome D. Kayaobl: a) 89 ; 0) i B) 3.

2.4.A(2,4,1), B(-3,-2,4), C(3,5,-2), D(4,2,—3), a)ABD;

6)I=AC, Bone D.  JKayaGsr: a) /395 ; 6) "5;‘30 - B) ?

2.5. A(-5,-3,-4), B(1,4,6), C(3,2,-2), D(8,-2,4); a)ACD;

0)I=BC, A xone D. 7KayaoObl: a) /6137 ;0) 47589 )%.
2.6. A(3,4,2), B(-2,3,-5), C(4,-3,6), D(6,-5,3); a)ABD;
0) I=BD, A xone C. Kayaowbl: a) 8/26 ; 0) 1042 ; B) 40.

2.7. A(-4,6,3), B(3,-5,1), C(2,6,-4), D(2,4,-5); a)ACD;
6) I=AD, B sxane C. WKaya6bi: a) /94 ; 6) \/566 ; B) 7—;
2.8. A(7,5,8), B(-4,-5,3), C(2,-3,5); D(5,1,-4); a)BCD;
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6) I=DC, A xome D. Kayaobi: a) /1150 ; 6) /2661 ; B) 202.
2.9. A(3,-2,6), B(-6,-2,3), C(4,6,-7); D(1,2;5); @a)ABD;

0) I=BD; A xone C. Kayaowi: a) /5040 ; 6) 24/33 ; B) 52.
2.10. A(-5,-4,-3), B(7,3,-1), C(6,-2,0), D(3,2,-7); a) BCD;

“1‘2‘22 : 6) \/504 ; B) 44.

2.11. A(3,-5,-2), B(-4,2,3), C(1,5,7), D(-2,-4,5); a) ACD;, 6) I=BD,

\/698 . 6)/1261 : 5 222.

0)I=AD, B xome C. Kayaobl: a)

A xone C. Kayaowl: a)

2.12. A(7,4,9), B(1,-2,-3), C(-5,-3,0), D(l,—3,4), a)ABD; 06)I=AB,
C xome D. Kayaowbi: a) \/1179 ; 6) 17; B) 50.
2.13. A(-4.-7.-3), B(-4.-5.7), C(2.-3.3), D(3.2.1); a)BCD; 6)I=BC,

A xome D. Kayadbi: a) \/276 ; 0) /1393 ; B) % .

2.14. A(-4,-5,-3), B(3,1,2), C(5,7,-6), D(6,-1,5); a)ACD; 6)I=BC,

A xone D. Kayaobi: a) \/7281 ; 6) /2726 ; B) 46.

2.15. A(5,2,4), B(-3,5,-7), C(1,-5,8), D(9,-3,5); a)ABD; 6)I=BD,

A xome C. Kayaowr: a)2+/299 ; 6) 2405 ;B) 2§6 .

2.16. A(-6,4,5), B(5,-7,3), C(4,2,-8), D(2,8,—3) a)ACD; 0)I=AD,
38

B xone C. Kayaonl: a)2+/521 ; 6)257 B) 150.
2.17. A(5,3,6), B(-3,—4,4), C(5,-6,8), D(4,0,-3); a)BCD;
0)I=BC, Au D. Kayaonl: a)~2342 ; 6) 2~+/406 ; B) ﬁ

2.17. A(5,3,6), B(-3,-4,4), C(5,-6,8), D(4,0,-3); 2)BCD; 6)I—BC,
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332

A xone D. 7Kayaowl: a)\/ﬁ 0) 2\/H B) —
2.18. A(54,4), B(-4,-6,5), C(3,2,-7), D(6,2,-9); a)ABD,; 6)I—BD,
A xone C. Kayao6br: a)m; 6)@; B) %
2.19. A(-7,-6,-5), B(5,1,-3), C(8,4,0), D(3,4,-7); a)BCD' 0)I=AD,
B xone C. /KayaonI: a) \/1? ; 0) \/ﬁ

2.20. A(7,-1,-2), B(1,7,8), C(3,7,9), D(73,75,2), a)ACD; 0)I=BD,
Axone C. Kayaonl: a) 5957 ; 6) /1973 ; B) % .

2.21. A(5,2,7), B(7,-6,-9), C(~7,-6,3), D(1,-5,2); a)ABD; 6)I=AB,

C xone D. Kayao6wl: a) /3194 ; 6)3 1290 B) 76.
2.22. A(-2,-5,-1), B(-6,-7,9), C(4,-5,1), D(2,1,4); a)BCD; 6)I=BC,
Axone D. Kayaowbi: a) /1802 ; 6) 2;4 B) &

2.23. A(-6,-3,-5), B(5,1,7), C(3,5,-1), D(4,-2,9); a)ACD; 6)I—BC,

“24100 - 6)~/2969 ; B)

A xone D. Kayaopl: a) ————

2.24. A(7,4,2), B(-5,3,-9), C(1,-5,3), D(7,—9,1) a)ABD; 6)I—BD,
F xone C. KayaosbI: a) \/HTG 0) @ B)186.
2.25. A(-8,2,7), B(3,-5,9), C(2,4,-6), D(4,6,-5); a)ACD; 6)I=AD,
B sxone C. 7Kayaowl: a) x/@ 0) \/92? B) 226 .

2.26. A(4,3,1), B(2,7,5), C(-4,-2,4), D(2,-3,-5); a)ACD: 6)I=AB,
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«/974 80

C xomne D. Kayaowr: a) \/1666 ; 6) ——— ; B) 3
2.27. A(-9,-7,4), B(-4,3,-1), C(54,2), D(3,4,4); a)BCD, 6)I—CD,
A xome B. JKaya6wl: a) \/1346 ; 6) /13250 ; B) 120.
2.28. A(3,5,3), B(-3,2,8), C(-3,-2,6), D(7,8,-2); a)ACD; 6)I=BD
A xone C. Kayaowbl: a) 5 Vi1; 0) — J_ ) —
2.29. A(4,2,3), B(-5,4,2), C(5,7,-4), D(6,4,-7); a)ABD 6)I—AD,
B xxone C. Kaya6nr1: a) 3086 ; 6) /501 ; B) @
2.30. A(-4,-2,-3), B(2,5,7), C(6,3,-1), D(6,-4,1); a)ACD, 0)I=BC,
A xome D. Kaya6wl: a) v1469 ; 6)v1964 ; B)116.)

3.

Ne 3.1-3.12 ecenrrepne, F xymii A HykTeciHe TycipinreH.

a) Kymrin Tycy HYKTeci Ty3y CHI3BIKIEH KO3Faja OTBIPHII, B(1,4,0)

5
HYKTECiHE OpPBIH ayBICTBIPFaHIaFbl F KYIIiHIH dKYMBICHIH;

N
0) F kyminig B HykTere caibICTBIpFaHIarbl MOMEHTIHIH MOJYJIiH
ecenTey Kepek.

3.1. F =(5,-3,9), A=(3,4,-6), B=(2,6,5).
Kayaobr: a) 88; 6) V6746 .

3.2. F =(-3,1,-9), A=(6,-3,5), B=(9,5,-7).
Kayaéwi: a) 107; 6) 8298 .

33. F =(2,19-4), 4=(5,3.4) B=(6.-4,1).
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Kayaowbi: a) 111; 0) V16254 .
3.4. E =(-4,5,-7), A=(4,-2,3), B=(7,0,-3).
Kayaowr: a) 40; 6) /2810 .
3.5. E =(4,11,-6), A=(3,5,1), B=(4,-2,-3).
(Kayaowi: a) 49; 6) 9017 .
3.6. E =(3,-5,7), A=(2,3,-5), B=(0,4,3).
Kayaowi: a) 45; 6)v3702 .
3.7.F=(5,4,11), A=(6,1,-5), B=(4,2,-6). 7KayaéwlI: a) 17;6) V683 .
3.8. E =(-9,5,7), A=(1,6,-3), B=(4,-3,5).
Kayaowl: a) 16; 6)+/23614 .
3.9. E =(6,5,-7), A=(7,-6,4), B=(4,9,-6).
Kayaowi: a) 127; 6) /20611 .
3.10. F =(-5,4,4), A=(3,7,-5), B=(2,-4,1).
Kayaowi: a) 15; 6)/8781 .
3.11. F =(47,-3), A=(5-4,2), B=(8,5,-4).
Kayaosbr: a) 93;0) 15 V3.

3.12. F =(2,2,9), A=(4,2,-3), B=(2,4,0).  KayabuI: a) 27; 6) 28.

Ne3.13-3.30 ecenrepie 4 HYKTECiHE TYCipiireH P, Q, R KyIITepi

OepinreH.
a) A HYKTeCiHiH TY3Y ChI3bIK OOMBIMEH KO3Falla OTHIPBII, B HYKTeciHe
OPBIH ayBICTBIPFAHAAFBI )KYMBICTBI €CENTeY KEpeK.;
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0) oCbl KyIITepre TEH ocepili KYIUTIH B HYKTECIMEH CajbICThIpFaH-
JIaFbl MOMEHTIH €CernTey Kepek.

3.13. P=(9,-3,4), 0 =(5,6-2), R =(-4,-2,7), A=(-5,4,-2), B=(4,6,-5).
Kayaosr: a) 65; 6) V12883 .

3.14. P=(5-2,3), Q =(4,5,-3), R =(-1,3,6), A=(7,1,-5),

B=(2,-3,-6). Kayaoni: a) 46; 0) 2 /521 .

3.15. P =(3,-5,4), Q=(5,6,-3), R =(-7,-1,8), A=(-3,5,9),
B=(5,6,-3). JKayadbr: a) 100; 6)+/7138 .

3.16. P =(-10,6,5), Q =(4,-9,7), R =(5,3,-3), A=(4,-5,9),
B=(4,7,-5). MKayaber: 2)126; 6) 2+/3001 .

3.17. P=(5-3,1), Q =(4,2-6), R =(-5-3,7), A=(-5,3,7),

B=(3,8,-5). KayaowbI: a)—12;0) 2 /2061 .

3.18. P =(-5,8,4), Q =(6,-7.3), R =(3,1,-5), A=(2,-4,7), B=(0,7,4).

Kayaosbr: a) 8; 0) 4197 .

3.19. P =(7,-5,2), Q=(3,4,-8), R =(-2,-4,3), A=(-3,2,0),

B=(6,4,-3). /Kayaonr: a) 71; 6)@.

3.20. P =(3,-4,2), Q =(2,3,-5), R =(-3,-2,4), A=(5,3,-7),

B=(4,-1,-4). Kayaber: a) 13; 6) 195 .

3.21. P =(4,-2,-5), Q =(5,1,-3), R =(-6,2,5), A=(-3,2,-6), B=(4,5,-3).
Kayaosl: a) 15; 0) 2/262 .

3.22. P =(7,3-4), Q=(9,-4,2), R =(-6,1,4), A=(-7,2,5),

B=(4,-2,11). Kayao6nr: a) 122; 6)@ :

3.23. P =(9,-4,4), Q =(-4,6,-3), R =(3,4,2), A=(5,-4,3), B=(4,-5,9).
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Kayao6nr: a) 4; 6)\/@ :

3.24. P =(6,-4,5), Q =(-4,7,8), R =(5,1,-3), A=(-5,-4,2),

B=(7,-3,6). Kayabr: a) 128; 6)+/10181 .

3.25. P =(5,5-6), Q =(7,-6.6), R =(-4,3,4), A=(-9,4,7), B=(8,-1,7).
Kaya6er: a) 126; 6) 10~/105 .

3.26. P =(7,-6,2), Q =(-6,2,-1), R =(1,6,4), A=(3,-6,1), B=(6,-2,7).
Kayaowri: a) 44; 0) J77.

3.27. P=(4,-2,3), Q=(-2,5,6), R =(7,3,-1), A=(-3,-2,5),

B=(9,-5,4). Kayabbi: a) 82; 6)+/2110 .

3.28. P =(7,3,-4), Q=(3-2,2), R =(-5,4,3), A=(-5,0,4), B=(4,-3,5).
Kayaosbr: a) 31; 6)4@ .

3.29. P =(3,-2,4), Q =(-4,4-3), R=(3,4,2), A=(1,-4,3), B=(4,0,-2).
Kayabbi: a) 15; 6) 5+/89 .

3.30. P=(2,-1-3), Q=(3,2-1), R=(-4,1,3), A=(-1,4,-2), B=(2,3,-1).

Kaya6nr: a) 0; 0) /66 .
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2.2-YT opsinaay yarici

Nel. a=4i +4k, b=—i+3]+2k, ¢=3( +5] BexTOpmapsl
OepinreH.
a) d, b xoHe 5C BEeKTOPIAPBIHBIH apanac KeGeHTiHiCiH TaGy Kepek.
6) 3C meH b BEKTOPJIAPBIHBIH BEKTOPIBIK KOOCUTIHIICIHIH MOAYIiH
Taly Kepek;
B) d MeH 3b BEKTOPJIAPBIHBIH CKAIISAP KOOEHTIHIICIH Ta0y Kepek;
r) & MeH b BEKTOpIAPBIHBIH KOJIHHEAP HEMECE OPTOTOHAIb Goma Ma?

n) &, b, ¢ BEKTOpJIapbl KOMIIaHap 0oja Ma?

V a) Bekropiapapl apanac KeOeWTyre KaThICTBl KACHETTEepIi KoHE
8 2.7, (1)-dbopmynaHbinaiganaHbIll ecenTeimiz

4 0 4 1 01
([axﬁ],5e)=5-aﬁe=5-—1 3 2/=20-]-1 3 2=
3 50 3 50

= 20-(—5—9—10) =—-480;

0) BekTopnappiH BEKTOPIBIK KOOSHUTIHAICIHIH KacueTTepi OoibIHIIA,

3Exb=3-Cxb=3

w -

K
0|=3(10i —6] +14k), an 6ynan
2

W O =

-1

‘36x5‘:3-‘6x5‘:3\/102+(—6)2+142 =3332  anamis.

B) Bexkropinapnael ckansp keOeWTyniH kacuerrtepin (§2.5 kapaHbI3)
xoHe § 2.6, (2") dpopmynace! GoiibiHIa ecenTeimis:

a-3b =3(a,b) =341 +4k,—i +3] +2k) =12(i +k,—i +3] +2k) =
=12(1-(-1)+0-3+1-2)=12;
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r)d= (4,0,4), b= (—1,3, 2) BEKTOPJIAPbIHBIH COHKEC KOOpAUHATTApPhI

4 =
IPONOPLUUOHAN EMEC! —7&5;&5 OonFaHIbIKTaH, & MeH D BekTopmapsl

KOJUTMHEap eMec. byJl TY)KBIPBIMIBI a) I1. HOTHXKEC] JIe KOPCETIIT TYpP: erep
d meH b BexTopmapel kommuHeap Gosca, onga axb =0 ten Gomanwel na

(é X 6, 56) =0 meIFap emi;

a MEH b BEKTOPJIapbIHBIH CKaJIsip KeOeHTiHmiCi:

d-b=4-(-1)+0-3+4-2#0 Gomrammpiktam, & MeH b BekTOpmapHl
OpPTOrOHAIb EMEC;

) &a,b,C BexTOpIAPBIHBIH apanac KOOEHTIHIICIH TabaMBbI3:

4 0 4
abc=|-1 3 2/=-20-36-40=0,
3 50

omaii Goica, a,b,¢— BEKTOPJIAPbI KOMILIAaHAP eMecC.
Byn cypakTeiH >kayaObIH a) 1. HOTH)KECIHEH e aiyFa OoJaibl:
(éxﬁ, 56)7&0 oonranapikran  8,0,5C  Bekropmape, nemek, d,b,C

BEKTOpPJIApbl KOMILIaHAp eMec. A

Ne2.  IlmpamupnanelH  TeOenepiHiH  KOOpAMHATTapel  OepiyireH:
A(2,3,4), B(4,7,3), C(1,2,2) JKOHE D(—2,0,—1). Taby kepex:

a) ABC >xarbIHBIH ay/JJaHbIH;

0) AB, AC, AD KpIpyiapblHbIH OpTajapbl apKbUIbI OTETIH KuMa
ayJaHbIH;

B) ABCD nmpamuia kenemiH.

Y a) Spc =% ABx AC

ekeHi oenrini (§2.6, 2-Mbican), MyH/IA

- —

AB=(2,4,-1), AC=(-1-1-2),
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i j k
ABxAC=|2 4 -1=-9 + 5]7 +2k OOJIFaHBIKTaH
-1 -1 -2

S nsc =%\/92 +57 42 =%«/110;

0) AB, AC sxone AD KbIpiapblHbIH opTanapbin Tabambis (§ 2.4, (5')
TeHirin kapane): K (3; 5; 3,5), M (1,5; 2,5; 3), N(0;1,5;1,5). Ocpr ym
HYKTE apKBLTBI KYpaJFaH KMN YIIOYPHITITBEIHBIH ayJlaHbl
KM =(—ZL 5. -2,5 -0, 5) wore KN =(—3; -3,5; —2) BEKTOpJIAphIHA

CaJIbIHFaH TnapajuieJuIorpaMMHBIH ayJaHBIHBIH JKapTbICbIHA TCH:

S =% KMxKN|. Mynna
i j k
KMxKN =|-1,5 -2,5 -0,5=3,25i —1,ST -2, 25K GONFAH/BIKTAH
-3 35 -2

Sewa = %\/3, 25° +1,5% +2,25% = %«/17,875;

B) 82.7, (2) dopmymnanbl (2—MbIcalibl 1a KapaHbI3) MaiiaaJaHaMbl3:
1 - —> —>
[ABX ACJ -AD

== . MyHna PT)D =(-4,-3,-5),

nup

2 4 -1
(/:Bx A_)Cj _>D =|-1 -1 -2|=11 OoarauapikTaH, V :% . A
-4 -3 -5
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Ne3. F(2,3,-5) kymi A(L -2, 2) nykrecine Tycesi. Taby kepek.

a) F KkymiHiH ocepiHeH A HYKTEHIH TY3Y CBHI3BIKIICH KO3Faja OTBIPBII
B(1,4,0) HykTeciHe OpbIH aybICTBIPFAHIAFbI KYMbICIH;

0) F xyminig B HykTemMeH canpICTRIpFaHAarbl MOMEHTIHIH MOJYIIiH.

V a) XKymoic A=F-S Ten, an §:KB:(0, 6,-2) , omaii Gomca
F-AB=2.0+3-6+(-5)-(-2)=28. A=28;

Lo .
0) Ky momenti M =BAxF ten, an BA=(0, -6, 2), onaii Gozca

i kK
BAXF=[0 —6 2|=24i +4]+12k.
2 3 -5

M| =242 +42 +12° =426, A
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N — eJmeMIi apuMeTHKAIBIK BEeKTOPJIap
2.3-YT

1. a) bepiren da=(a,a,,a,), b= (b,b,,b;), €=(c,c,,C,)
BekTOpapsl R’ KeHicTirinae 6asuc KypaiTHIHBIH ToNMEN/CY Kepek;

9) J BEKTOPBIH OCHI 0a3UCTiH CBI3BIKTHI KOMOWHAIMACHI TYPiHJC
OPHEKTEY KepeK.

1.1. a=(541), b =(-3,5,2), C =(2,-1,3), CT=(7,23,4).

Kayaowbr: (3,2,-1).
1.2. a=(2,-1,4), b =(-3,0,-2), C =(4,5,-3), d =(0,11,-14).
Kayaowbr: (-1,2,2).

1.3. 4=(-1,1,2), b =(2,-3,-5),¢ =(-6,3,-1), d =(28,-19,-7).
Kayaonr: (2,3,-4).

1.4. =(1,3,4), b =(-2,5,0), € =(3,-2,-4), d =(13,-5,-4).
Kayaonr: (2,-1,3).

15. d=(1,-1,1), b =(-5,-3,1), € =(2,-1,0), d =(-15,-10,5).
Kayaowbr: 2,3,-1).

1.6. 4=(3,1,2), b =(-7,-2,-4),¢ =(-4,0,3), d =(16,6,15).

Kayaowbr: (2,-2,1).

1.7. 4=(-3,0,1), b =(2,7,-3), € =(-4,3,5), d =(-16,33,13).
Kayaonr: (2,3,4).

1.8. 4=(5,1,2), b =(-2,1,-3), € =(4,-3,5),d =(-45,15,-66).
Kayaownr: (-1,28,4).

1.9. 4=(0,2,-3), b =(4,-3,-2), € =(-5,-4,0), d =(-19,-5,-4).

Kayaonr: (2,-1,3).

1.10. a=(3,-1,2), b =(-2,3,1), € =(4,-5,-3), d =(-3,2,-3).
Kayaowr: (-1,2,1).

1.11. 4=(5,3,1), b =(-1,2,-3), € =(3,-4,2), d =(-9,34,-20).
(Kayaowr: (2,4,-5).)

235



1.12

1.13

1.14

1.15

1.16

1.17

1.18

1.19

1.20

121

1.22

1.23

1.24

1.25

1.26

La=(-2,1,3),
. d=(1,36),
L d=(7,2,1),

. d=(3,5,4),

. d=(3,1-3), b =(-2,4,1), € =(1,-2,5), d =(1,12,-20).

Kayaowr: (2,1,-3).

. d=(6,1,-3),b =(-3,2,1), € =(-1,-3,4), d =(15,6,-17).

Kayaowbr: (1,-2,-3).

. d=(4,2,3), b =(-3,1,-8), ¢ =(2,-4,5), d =(-12,14,-31).

Kayaowr: (0,2,-3).

b =(3,-6,2), € =(-5,-3,-1), d =(31,-6,22).

Kayaowr: (3,4,-5).

h =(-3,4,-5), € =(1,-7,2), d =(8,47,65).

Kayaowr: (12,1,-1).

b =(5,1,-2), € =(-3,4,5), d =(26,11,1).

Kayaowr: (2,3,1).

b =(-2,7,-5), € =(6,-2,1), d =(6,-9,22).

Kayaonr: (2,-3,-1).

. d=(53.2), b =(2,-5,1), € =(-7,4,-3), d =(36,1,15).

Kayaonr: (5,2,-1).

. d=(11,1,2), b =(-3,3,4), € =(-4,-2,7), d =(-5,11,-15).

Kayaowbr: (-1,2,-3).

. d=(9,5,3),b =(-3,2,1), € =(4,-7,4), d =(-10,-13,8).

Kayaonr: (-1,3,2).

. d=(7,2,1), b =(3,-5,6), € =(-4,3,-4), d =(-1,18,-16).

Kayaonr: (2,-1,3).

.d=(1,2,3), b =(-5,3,-1), ¢ =(-6,4,5), d =(-4,11,20).

Kayaowbr: (3,-1,2).

. d=(-25,1), b =(3,2,-7), €=(4,-3,2), d =(-4,22,-13).

Kayaowr: (3,2,-1).

. d=(3,1,2), b =(-4,3-1), € =(2,3,4), d =(14,14,20).

Kayao6nr: (2,0,4).

.d=(3,-1,2), b =(-2,4,1), € =(4,-5,-1), d =(-5,11,1).

Kaya6w1 (—1,5,2).
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1.27. a=(4,5,1), b =(1,3,1), ¢
1.28. d=(1,-3,1), b=(-2,-4,3),
1.29. 4=(5,7,-2), b =(-3,1,3), €

1.30. 3=(-1,4,3), b =(3,2,-4), €

2. Bepinren d =(a,,a,,a,,a,),

=(-3,-6,7), d =(19,33,0).

Kayaowr: (3,4,-1).
¢ =(0,-2,3), d =(-8,-10,13).
Kayaowr: (-2,3,2).
=(1,-4,6), d =(14,9,-1).
Kayaowr: (2,-1,1).

=(-2,-7,1), d =(6,20,-3).
Kayaonr: (1,1,-2).

b =(b,b,,b,,b,),

=(c,¢,,C5,Cy),

d =(d,, d,,d;,d,) BexTOpnapsI R* kenicririnin Gasucin Kypaiizel Ma?

JKayaObIHBI3 bl HETI3/ICHI3.

2.1. =(213,0), b=(2130), ¢=(1,4,3-1), d=(530,1).
22. @=(1110), b=(313,0), ¢=(12,3,-1), d =(4,3,0,1).
23. a=(4,110), b=(6,130), ¢=(2,2,3,-1), d=(7,3,0,1).
24. 8=(1,-110), b=(-31,3,0), ¢=(1,2,3,-1), d =(4,3,0,1).
25. d=(5210), b=(1130), ¢=(12,3,-1), d=(1,3,0,1).
26. a=(2,110), b=(8130), c=(7,2,3,-1), d=(4,3,0,1).
27. @=(3,2,1,0), b=(2130), ¢=(-4,2,3,-1), d=(1,3,0,1).
28. @=(0,21,0), b=(10,3,0), ¢=(113,-1), d =(1,3,0,1).
29. d=(-2,2,1,0), b=(113,0), ¢=(14,3,-1), d=(33,0,1).
2.10. @=(8,2,1,0), b=(113,0), €=(12,3,-1), d =(13,0,1).
211. @=(5,-2,11), b=(113,0), ¢=(1,2,3,-1), d=(13,0,1).
2.12. @=(0,2,1,0), b=(0,4,3,0), ¢=(1,2,3,-1), d=(1,3,0,1).
2.13. 4=(5,2,1,0), 6:(91,3,0), ¢=(0,2,3,-1), d=(1,0,0,1).
2.14. @=(5,2,1,0), b=(133,0), ¢=(15,3,-1), d=(4,3,0,1).
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2.15.
2.16. a

2.17.
2.18.
2.19.
2.20.
2.21.
2.22.
2.23.
2.24.
2.25.
2.26.
2.27.

2.128

a=(2,2,10), b=(17,3,0), c=(1,23,-1), d=(18,0,1).
d=(-5-210), b=(1130), ¢=(12,3,-1), d=(13,0,1).
a=(3,0,10), 6 (31,3,0), ¢=(8,2,3-1), d=(13,0,1).
a=(1111), b=(113,0), ¢=(1,2,3-1), d=(15,0,1).
a=(3110), b=(513,0), c=(123-1), d=(130,1).
a=(1210), b=(1130), ¢=(113-1), d=(110,1).
a=(0,2,1,0), b=(1,4,3,0), ¢=(10,3,-1), d =(5,3,0,1).
a=(3,310), b=(-2130), ¢=(1,23-1), d=(10,0,1).
a=(3111), 6:&230) ¢=(12,6,-1), d=(15,0,1).
a=(0,-2,10), b=(15,3,0), c=(123, n d=(17,0,2).
d(9,0,1,0), b=(113,0), ¢=(12,3,-1), d =(10,0,1).
a=(7,210), b=(112,0), ¢=(123,-1), d=(13,0,9).
a=(7,011), b=(14,30), ¢=(129,-1), d=(110,).
=m01m b=(8130), ¢=(9,2,3-1), d=(130,1).
a=a11n =(-113,0), ¢=(1,2,0,-1), d =(1,0,0,1).
d=(1,2,30), b=(-2110), ¢=(1,4,3-1), d=(110,1).
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2.3-YT opbinaay yJarici
1. a) Bepinren a=(3,-1,0), b=(2,31), ¢=(-14,3) BekTopmapsi
R®kemicririszae 6a3uc KypalTHIHBIH IoME/ICY KEPEK;
9) d= (2, 3, 7) BEKTOPBIH OCHI Oa3WCTIH CHI3BIKTHI KOMOWHAITHSCHI

TYPiHZIE ©pPHEKTEMN Ka3y Kepek.

v ab,c BEKTOPJIAPBIHBIH apaniac keOeWTiHaiciH Tabamb13 (§ 2.7,

3 -10
(1)-kapanp3): a-b-C=[2 3 1/=22#0. Byn TeHcisaik, a,b,c
-1 4 3

BEKTOPJIAPBIHBIH KOMIUIAHAp €Mec eKeHiH Kepceredi, sikHH d, b, C
Bektopiapsl R°kenictirinme Gasuc kypaiinst (§ 2.3. Kapaup3). Oumait Gosca
d BEKTOpBIH OCBHI GA3MCTIK BEKTOPIAPIBIH CHI3HIKTHI KOMOMHAIHSCEI
TYpiHzE jka3yFa 0oJaibl; d=oad+ BB +yC. MyHnnarbl a, 5, y Oenricizaepin

Taly YIIIH BEKTOpJapFa KATBICTHl aMaliZiapjbl OPBIHIAM >KOHE BEKTOP-
JIapJIbIH TCHJIIK OCJITICiH MakiaanaHcak, Keliecl )Xy HeHl aiambl3

3a+2B-y=2,
—o.+3B3+4y =3, Aunbiaran xylieHi Kpamep epekecin maimaaaHbii
B+3y="7.
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2. Bepimren @=(1-10,0), b=(2130), <=(-14,31),
d= (2,3, 0,1) BEKTOPJIaphI R* KEHICTIriHae 0a3uc Kypai bl Ma?

V Bepinren BekTopaappl )KOIIAP €TIll MaTPUIla ajlaMbl3 KOHE OHBIH
paHrin Ta0y VIIIH SJeMEHTap TYPJICHIIPYIep AapKbUIBI OHBI TpAaremus
TOpi3I MaTpHIlaFra KeJITipeMis:

1100 1100 1-1 00) (1-100
2130 0330 0110| |[0110
1431 |0331| |0001| |[00-51]
2301 0501 00-51) (0001

Marpuna pauri r = 4 teq OonraHbpIKTaH § 2.9 aHbIKTaMara Cokec,
Oepinrex ab,c.d - BEKTOPJIAPHl CBI3BIKTHI TOYENCi3 JKYHEeHI Kypaimbl.
Heri3ri Teopema OolibIHINIA, Ke3 KEINEH CHI3BIKTBI TOYEJCI3 TOPT BEKTOP
R* kemicririniy Gasucin Kypaiisl Kayabwr: Kypaiinel. A

7Ka3bIKTBIKTAFbI TY3y
24-YT

1. ABC ymbypsbinibiablH TebOenepi 6epinren: A(x;y1), B(xzy2), C(xzys).
Taby kepek:

a) AB Ty3yiHiH TeHJIEYIH;

0) CH OWIKTITiHIH TeHJIEYiH;

B) AM MennaHaCBIHBIH TEHJICYiH;

r) AM menuana men CH OuikTikTiH N KUBUIBICY HYKTECIH;

a) C Ttebeci apkpUIBI ©TETiH AB KaObIpracklHA Hapajuielb TY3YIiH
TEHJCYiH;

e) C HyKTeCiHeH AB Ty3yiHe AeHiHI KAIlbIKTHIKThI.

1.1. A(-2,4),  B(31), C(10,7).
1.2. A(-3,-2), B(144),  C(68).
1.3. A(L7), B(-3-1), C(11,-3).
1.4, A(L,0), B(-1,4),  C(9,5).
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1.5. A(l-2),  B(7.1), C(3.7).

1.6. A(-2,-3),  B(1,6), C(6,1).
1.7. A(-42),  B(-66),  C(62).
1.8. A(4-3),  B(7.3), C(1,10).
1.9. A(4-4),  B(82), C(3,9).
1.10. A(-3-3), BGB~7),  C(17).
1.11. A(1-6),  B(3.4), C(-3,3).
1.12. A(-4,2),  B(8-6),  C(256).
1.13. A(-52), B(0-4), C(57).
1.14. A(4-4),  B(6,2), C(-1,8).
1.15. A(-38), B(-62),  C(0-5).
1.16. A(6-9),  B(10-1), C(-41).
1.17. A(4,1), B(-3-1), C(7.-3).
1.18. A(-42),  B(6-4),  C(4,10).
1.19. A(3-1),  B(113),  C(-62).
1.20. A(-7-2), B(74),  C(5-5).
1.21. A(-1-4),  B(9,6), C(-5,4).
1.22. A(10,-2), B(4-5),  C(-3,1).
1.23. A(-3-1), B(4,-5), C(81).
1.24. A(-2-6), B(-35),  C(4,0).
1.25. A(-7-2), B(3-8),  C(-4,6).
1.26. A(0,2), B(-7,4), C(3,2).
1.27. A(7,0), B(1,4), C(-8,-4).
1.28. A(1-3),  B(0,7), C(-2,4).
1.29. A(-51),  B(B-2),  C(14).
1.30. A(2,5), B(-3,1),  C(0,4).
2

21 3x—2y—-7=0 xoHe X+3y—6=0 TY3yJIepiHiH KHBUIbICY
HYKTECI apKbUIbl ©TETiH, a0cuucca ociHae 3-Ke TeH KECIHII KUAThIH TY3y
TEHJICYiH ’Ka3y Kepek. Kayaopr: x=3.

2.2. A(—8,12) HYKTECiHIH B(2, —3) MEH C(—5,1) HYKTelepi apKbUIbI
OTETIH Ty3y/eri NPoeKUHsIChIH Taby Kepek. JKayadbr: A (—12, 5) .
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2.3. ABC ymOyphIIIbIHBIH €Ki Tebect: A(—4,4), B(4, —12) JKOHE
OMIKTIKTEpiHIH KHBUIBICY HYKTeci: M (4,2) oepiren. C  Tebecin Taly
kepek.  JKaya6wi: C(8,4).

2.4. OpmuHata eciH Y =2 HYKTECiHIEC KHATBHIH >KoHE 2y —X=3

TY3yiHE Tapajuienb OOJaThIH TY3YiH TeHACYIH Ta0y Kepek.
Kayaobr: x—2y+4=0.

2.5. A(2,-3) HykreciHeH oTeTiH xoHe 2X—Yy=5 men X+y=1

TY3YyJIEpiHiH KUBUIBICY HYKTECI apKbpUIBl OTETIH TY3yHiH TEHAEyiH Taly
Kepex. Kayaobl: x=2.

2.6. TeGenepi A(3,6), B(5,2), C(-1-3), D(-5,5) nykrenepi
6omareiH ABCD TepTOyphIIIBI, Tpamnenys OONaThIHBIH JAJIENey Kepek.

2.7. B(2,5), C(l, O) HYKTeIlepi apKpUIBl OTETiH Ty3yre IepIrieH-
JuKyIsip xkoHe A(3,1) HyKTeciHeH OTeTiH Ty3y TeHICYiH Ka3y Kepek.

Kayaobr: X +5y—-8=0.

2.8. M (-3,-2), N(1,6) mykrenepi HyKTexepi apKbUIbl OTCTiH Ty3yre
napajJiesib >KOHE A(—2,1) HYKTECIHEH OTETiH TYy3y TEHICYiH jka3y KEpek.
Kayaopr: 2x—y+5=0.

29. x—-2y+3=0 Tty3yiMeH canbIcThlpFanza M (2,—1) HYKTECiHe
CHMMETpPHSUIBI HYKTEHI Ta0y kepek. Kayaobl: M{—g,?j .

2.10. Tebenepi A(—l, —3), B(3,5), C(5,2), D(3, —5) GoxarsH
ABCD TepTOyYphIITHIH JuaroHaibaapbiHbiH O KHUBUIBICY HYKTECIH TaOy

kepek.  Kayaowi: O (3, %j .

2.11. 6x—4y+5=0, 2x+5y+8=0 Ty3ynepiHiH KUBUIBICY HYKTeECi
apKbUIBI OTETIH, abCIUCCa OCiHE Mapaulenhb TY3Y/IiH TEHACYiH kKa3y Kepek.
Kayaobr: y=—1.
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2.12. ABC ymOypbimsiaeiH, AB kaObipracsiHBIH TeHACY: 4X+ Y =12,
OHBIH OWIKTIKTEpI (BH ): 5x—-4y =12 xomne (AM ) ‘X+y=6. Ocbl ymoOy-
PHIIITHIH 0acKa €Ki KaOBIPFaChIHBIH TCHACYIH Ta0y KepeK.

Kayaobl: 7x—7y—-16=0, 4x+5y—-28=0.

2.13. ABC ywbypemmbmsg eki ToGeci: A(—6,2), B(2,-2) xome

OHBIH OWIKTIKTEpiHiH KUBUIBICY HyKTeci H (1,2) oepinren. AC kaObipra

MeH BH OuikTiriHig Kubuibicy M HYKTeciH Taly Kepek.

Kayaobr: M Eg .
17 17

2.14. A(—4,2), B(3,—5), C(5,0) HykTenepi Oepinmren. ABC

ymOypeimisiHEIH A koHe B TeOemepi apkputel ©TeTiH OWIKTIKTEpiHIH
TeHJCYNepiH Ta0y kepek. Kayadobr: 2Xx+5y—2=0, 9x—2y—-37=0.

2.15. Tebenepi A(2,3), B(O,—3), C(6,—3) 00JaThIH YIIOYPHITI

KaOBIpFaNapblHBIH ~ OpTachlHa  TYPFBI3BUIFAH  MEPICHIUKYISIPIAPIBIH
KUBLIBICY HYKTECIH Taly Kepek.

Kaya6br: M (3, —%J .

2.16. ABC yuOypbiusisble Kabbipranaper  (AB): 2x—y—3=0,
(AC) : X+5y-7=0, (BC) :3x—-2y+13=0. OnwsiH A TebeciHeH
JKYPri3iireH OWIKTITiHIH TEHAEYiH )Ka3y Kepek.

Kayaobr: 2x+3y—7=0.

2.17. YmOypeimThlH ToOenepi A(3,1), B (—3, —1), C (5, —12). OHBIH
C TebeciHeH IKYpri3uUIreH MeIWaHACHIHBIH TEHIEYiH JKOHE OCHI
MeJIMaHaHbIH Y3bIHBIFBIH Ta0y Kepek. Kayaobi: 12X +5y =0, d =13.

2.18. Koopaunar OacbiHaH eTeTiH XoHEe 2X+5y—-8=0 wMeH
2X+3y+4=0 Ty3ynepiHiH KHUBUIBICY HYKTECIHEH OTETiH TY3YHiH
TeHzeyiH Ta0y kepek. 2Kayaobl: 6X+11y=0.
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2.19. 3x+5y—-15=0 Ty3yiHiH KOOpPAWHAT OCTEPIMEH KHUBUIBICY
HYKTeNlepl apKbUIBI OTETiH JKOHE OCHI TY3YyTe IMEepPHeHIUKYISIp OONaThIH
TY3YJEp/IiH TCHICYIepiH Ta0y Kepek.

Kayaobi: 5x—-3y—25=0, 5x—-3y+9=0.

2.20. TeptOYpeINITEIH  KaObIpFramapbl Oepinrex: X—y=0;
x+3y=0; X—y—4=0; 3Xx+y—-12=0. OHbIH AHATOHAIBIAPBIHBIH
TeHzeysepid Taby kepek. Kayadbl: y=0, x=3.

2.21. TebGenepi  A(4,6), B(-4,0), C(-1,—4) Gomateiz ABC
yoypbimsiaelH, CM mennanacel Mmen CK OWIKTIriHIH TeHIEYyNepiH Taly
kepek. JKaya6pi:(CM): 7x—y+3=0; (CK): 4x+3y+16=0.

2.22. P(5,2) HykTeciHeH OTeTiH: a) KOOPAMHAT OCTEPiHCH TCH

KeciHaiep kuatbiH; 0) OX eciHe mnapamwienb, B) Oy eciHe mnapamienb
00JaThIH TY3YiH TCHJICYIH ka3y Kepek.

Kayaobl: x+y—-7=0; y=2;, x=5.

2.23. A(-2,3) nykrecineH ererin xone OX ocimen: a) 45° 6) 90  B)

0° OypBIII >KacalThIH TY3Y/IiH TEHJCYiH jKa3y Kepek.
Kayaodbl: Xx—y+5=0; x+2=0; y—-3=0.

2.24. A(—6, —6) , B (—3, —1) xone C (3, y) HYKTenepi Oip Ty3y
OolibiHAa KaThIp. Y-Ti TaOy kepek. Kayadbi: y=9.
2.25. 2x-5y—-1=0 wmen X+4y—7=0 Ty3yJepiHiH KHUBUIBICY

HyKTeci apkpuibl orerin xome A(4,-3) wmen B(-12) mnykrenepinin

o 2 . . .
apacblHAarbl KCECIHA1H1 7\,25 KaTblHACbIHAAW  CTI1II OeleTiH TY3YA1H

TeHzeyiH Ta0y kepek. Kayaodbl: 2X—y—-5=0.
2.26. PoMOBIHBIH €Kl KaOBIpFacCH: 2x-5y-1=0 MEH
2X—5y—34=0. OubIH quaroHanbIapbiHbiH Oipi: X+ 3y —6 = 0. Ekinmi

MMaroHAJIHIH TEHACYIH Ta0y Kepek.
Kayao6pr: 3x—y—-23=0.
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2.27. Tebenepi A(—3,1), B (7, 5), C (5, —3) 00NaThIH YIIOYPHIII-THIH
MenaHaJapbIHBIH KUBUIBICY E HyKTeciH Taly Kepexk.
JKayabbr: E(31).
2.28. A(—l, 1) HYKTeciHeH 2X+3y=6 Ty3yine 45° OypslmmneH
JKYPTi31ITreH TY3yNIepIiH TeHIEYiH Ka3y Kepek.
Kayaobl: Xx—5y+6=0, 5x+y+4=0.

2.29. ABC YIIOYPBIIIBIHBIH OMIKTIKTEpiHiH TeHeymepi:
2x—3y+1=0, X+2y+1=0 xone onsi A(2,3) Tebeci Gepinren. Oubin

AB men AC xalGbipranapbiHbiH TEHIEYIIEPiH Taby Kepek.
JKayabbr: (AB): 2x—y—1=0; (AC):3x+2y—12=0.

2.30. IlapamrenorpaMMHBIH eKi KaOBbIpFachl: Xx—2y=0,
X—Y—1=0 xoHe OHBIH JWAroHaNbJAPBIHBIH KUBUIBICY HYKTeCi M (3,—1)

Oepinren. bBacka eki KaObIpralapblHBIH TeHACYJepiH Taly Kepek.
Kayaopr: x—y—-7=0, x—-2y-10=0.

2.4-YT opsinaay yarici

Nel. ABC  ymOypeimbiHBIH — TeOenepi: A(4,3), B(—3,—3),

C(2,7) Gepinren (48-cyper). Taby kepek:
a) AB KaObIpFachIHbIH TEHJICYiH;
0) CH OwuixTiriniH TeHACYiH;
B) AM MenuaHacChIHBIH TCHICYIH;
r) AM mennana men CH OuikTirinid N-KUbUIBICY HYKTECIH;
1) C tebeci apkpuisl eTeTiH AB KaObipracsiHa napamiens Ty3y
TEeHCYIH;
¢) C tebOecinen AB kaObIprachiHa JICHIHT KAIIBIKTHIKTHI.
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P a) Exi HyKTe apKbUIBI ©TETIH TY3Y TE€HAEYi OOHBIHIIA

48-cyper

(§ 2.11, (6) xapans3) AB KaOBIpFachIHBIH TEHACYIH alaMbI3:

(AB): _)(3__44 = _)/3—_3;’, Hemece 6(x—4)=7(y-3)

Hemece 6X—7y—3=0;
0) AB Ty3yiHiH OypsIITHIK KO3 dunuenti K, = g apr GoiibiHIIa

AB men CH e3apa mepnenaukynsp, aemek, Koy -Kpag =—1 Koy :—Z.

6
Enni C(2,7) Hykreci apkpuibl OTeTiH KoHE Koy = —% OYPBIITHIK
k03¢ dunment 6oiipiaina CH OuikTiriniy Teaeyin xasamoiz (8 2.11, (3)-
thopmya).
(CH): y-7 :—%(X—Z) Hemece 7X+6Yy—56=0.

B) BC kecinzicinig opracsl M Hykrecinin xoopaunaTtapsi (§ 2.4, (5')

KapaHbI3) X—_?H_Z——1 y—_3+7—2
P 2 2’ 2 '
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Exi A xoHe M HykTenepi apKbUIbl ©TETiH TY3y TEHIEYiH *Ka3aMbl3:

(AM ), X4 _Y=3 5 9y+19-0.
2
r) AM xone CH Tty3ynepiHiH KUBLIBICY HYKTECiH TaOy YIIiH, Keleci
L. . IXx+6y-56=0, .
TEHJACYJNEpP JKYHECIH IIenemis: . OHbIH 1IEmHIMI
2x-9y+19=0

N (26 49) Oorambl.

515

1) AB kaObIpracblHa Tapajuienb TY3YAiH OYpBIITHIK KO3(PQHU-IIUCHTI
6 : L
Kag :7 TEH JKOHE Ol TY3Y C(2,7) HYKTEC1 apKbpUIbl OTETIH-TIKTECH

(CD): y—7:g(x—2) Hemece 6X—7y+37=0.

e) C mykrecin AB Ty3yiHe peiinri KambIkTeik 8 2.11, (24)-
(hopMyIackIMeH ecenTenei:
|6 2-7-7-3

v— \/_
Ne2. OACD mapasienorpaMbIHBIH O(0,0) MEH A(—Z,O) Tebenepi

YKOHE OHBIH JIHarOHAJIB/IAPbIHBIH KUBLIBICY HYKTeCi B (2, —2) Oepinren (49-

~4,4. <

cypet). [lapasienorpaMMHbIH KaObIpFaJIapbIHBIH TCHJICYJICPIH Ka3y Kepek.

» OA xaOpipraceiabiH TeHaeyl Y =0, elitkeHi O meH A HYKTenepiHig
KOOpJIWHATTAphI TeH xoHe Y =0;

B nykreci AD nuaronaiiHiH Kak opTachl OOJIFaHIbIKTaH,

(8 24, (5 ) xapaumn) D(X, y) HYKTECIHIH KOOPIHHATTApPhI

—2+X 0+x

y 2 =
2

Enpi kanran OapibIK KaObIpranapablH TeHACYJIepiH ka3a anambiz. OA
MeH CD mnapamnens Oonranabiktad, CD KaObIpFachIHBIH TEeHIACYI: Y =—4.

2=

Hemece X=6, y=-4.
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An OD kaObIpFachIHBIH TEHJCYIH OeNTiIl eKi HyKTe OoiibiHIIa TabambI3 (8

x-0 y-0
2.11, (6)- = , Hemece 2X+3y=0.
(6)hopyma) <= = —. mex y
yA
A 0 -~
\ X
C D

49-cyper

AC kaObIprachlHaH TEHJEYiH, OHBIH A(—Z,O) HYKTe apkbutel OD

TY3YiHe Mapaielb OTeTIHAIrH Nai1anaHbl TadaMbl3:

y—O:—é(x+@ Hemece 2X+3y+4=0. <
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7Ka3bIKTBIK KoHe KeHicTIKTeri Ty3y
25-YT

1. TepT HYKTE 6epinreH: /-\1(X1,Y1,21), Az(Xg,yg,Zg), Ag(X3,y3,Zg),
As(X4,Y4,24).

a) A A, A, Xa3bIKTHIFBIHBIH;

3) A A, ty3yiHin;

0) A A, A, Xa3bIKTBIFbIHA IEepIEeHIUKYIAp A,M Ty3yiHiH;

B) A A, Ty3yiHe napamiaens A;N Ty3yiHiH;

r) A, Hykreci apkpuUibl oreTiH, A A, Ty3yiHE NEpICHIUKYISIP
Ka3BIKTHIKTBIH

menoeynepin xHcazy Kepek;

n) AA, T1ysyi mMen A A A, Ka3bIKTHIFBIHBIH apachIHIAFbl
OYpBILITHIH CHUHYCBHIH;

e) OXy KoopamHAT Xa3bIKTHIFBI MeH A A, A; Ka3bIKTBIFBIHBIH
apachIHAaFbl OYPBIIITEIH KOCHHYCBIH

maoy Kepex.

1.1, Ai(31,4), Ax(-1,6,1), As(-1,1,6), Ay(0,4,-1).

1.2, Ai(3-1,2), Ax(-1,0,1), A3(1,7,3), Ay(8,5,8).

1.3, Ai(3,54), Ax5,8,3), As(1,2,-2), Ay(-1,0,2).

14, Ai(2,4,3), Ax(1,1,5), As(4,9,3), A4(3,6,7).

15,  Ai9,55), Ax(-3,7,1), A3(5,7,8), A4(6,9,2).

1.6.  A)0,7,1), Ax(2,-1,5), As(1,6,3), A4(3,-9,8).

1.7. Ai554), A(1,-1,4), As(3,5,1), As5,8,-1).

1.8.  A6,1,1), Ax(4,6,6), A3(4,2,0), Ay(1,2,6).

1.9. A(7,53), Ax9,4,4), As(4,5,7), Ay(7,9,6).

1.10.  A4(6,8,2), Ax(5,4,7), As(2,4,7), Ay(7,3,7).

111, Ai(4,2,5), Ax(0,7,1), A3(0,2,7), A4(1,5,0).

1.12.  Ai(4,4,10), Ax(7,10,2), A3(2,8,4), A4(9,6,9).

1.13.  As(4,6,5), Ax(6,9,4), A3(2,10,10), Ay(7,5,9).

1.14.  Ai(3,5,4), Ax8,7,4), As(5,10,4), Ay(4,7,8).

1.15. Ay (10,9,6), Ax(2,8,2), A3(9,8,9), Ay(7,10,3).
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1.16.  Ay(1,8,.2), Ax(5.2,6), As(5,7,4), A(4,10,9).
1.17.  Au6,6,5), Ax(4,9,5), As(4,6,11), Ay(6,9,3).
1.18.  Au7,2,.2), As(-5,7,-7), As(5,-3,1), Au(2,3,7).
1.19. Ay (8,-6,4), Ay(10,5,-5), Ay(5,6,-8), As(8,10,7).
1.20.  Ay(1-1,3), Ax(6,5,8), Ay(3,5,8), Au(8,4,1).
121, A(1-2,7), Ax(4,2,10), Ay(2,3,5), Au(5,3,7).
122, A(4,2,10), Ax(1,2,0), Ay(3,5,7), Au(2,-3,7).
1.23.  Au2,35), As(53,-7), As(1,2,7), As(4,2,0).
124, A5,3,7), Ax(-2,3,5), As(4,2,10), Ay(1,2,7).
1.25.  Ai(4,35), Ax(1,9,7), As(0,2,0), Au(5,3,10).
1.26.  Au(3,2,5), Ax(4,0,6), As(2,6,5), Au(6,4,-1).
127 Ai2,1,6), Ax(1,4,9), As(2,-5,8), Au(5,4,2).
128 Ai(2,1,7), Ax3,3,6), As(2,-3,9), Au(1,2,5).
129.  Ai(2-1,7), Ax(6,3,1), Ay(3,2,8), Au(2,-3,7).
1.30.  Ai(0,4,5), Ax(3,-2.1), Ay(4,5,6), Au(3,3,2).

2

2.1. M(=2,7,3) Hykreci apKbuUIBl OTeTiH *dHe X—4y+5z2-1=0
JKA3bIKThIFbIHA IapaJlyICyib JKa3bIKThIFbIHAH KOOpJAUHATTap eCTepiHILe

KUBUTFaH KeCIHIIep i mamManapbia Tady kepek. XK: (15, E -3)
4

2.2. M;M, KeciHAiCiHIH KaK OpTachkl apKbLIbl OTETIH OCBHI KECiHJire
NEPICHANKYJIAP  JKA3bIKTHIKTBIH ~ TEHICYIH Jka3y Kepek. MyHja
M,(15,6), M,(-17,10).  IKayabbr: x—y—2z+22=0.

23. M (2,0, —0,5) HYKTeCIHEH 4X—4y+2Z+17=0 xXa3bIKThIFbIHA
JIeHiHT1 KalIbIKTEIKTE Ta0y Kepek.  2KayaOblI: d=4.

2.4. A(Z,—3,5) HykTeci apkpuibl oTeTiH OXY  Ka3bIKThIFbIHA
napaJuiesb Ka3bIKTHIKTHIH TEHIEYiH a3y kepek. AKayabbi: Z—5=0.

2.5. OX eci xoHe A(2,5,—1) HYKTEC1 apKbUIBl OTETiH >Ka3bIKTHIK-

THIH TeHJICYiH Ka3y kepek. Kayaobr: Y +52 =0.
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2.6. A(2, 5, —1), B(—3,1, 3) HYKTenepi apkputbl etetiH OY eciHe
TapaJuiesb )Ka3bIKTHIKTBIH TeHIeYiH xka3y kepek. K: 4X+52—-3=0).
Xx-2 y-3 z+1

2 2

2.7. A(3,4,0) HYKTECI apKbLIbl JKOHE TY3yl

apKBUIBI OTETIH XKa3bIKTHIKTHIH TCHICYIH kKa3y Kepek.
Kayaobr: Yy—2z—-4=0.
X—-3 Xx+1 y-1 z

2.8. Tlapamnens _Y_Z71 xoHe L exi Ty3y
2 1 2 2 1 2

apKBUIBI OTETiH JKa3bIKTHIKTHIH TCHICYIH jKa3y Kepek.
Kayaobr: x+2y—-2z-1=0.
2.9. OX eci xoue A(3,2,—-5) HykTeci apKbUIBI OTETIH Ka3bIKTBIK
neH 3X—Y—7Z+9=0 ’xa3bIKTbIFbIHBIH KUBUIBICYbIHAH KYpaJFaH TY3YAiH
XKaJIIbl TEHACYIH Ka3y kepek. 2K: 3x—y—7z+9=0, 5y+2z=0.

2.10. M (6,-10,1) uykrecinen ererin, OX ecinge a=-3 kecinziciy,
an Oz ecinie C=2 KeCIHIICIH KUSTBIH 5Ka3bIKTHIKTBIH KECIHILIIK TCHICYiH

Kazy kepek. 2Kayaobl: X + Y + z

=1.
3 —4 2
2.11. A(2,3,—4) HYKTECIHEH OTETIH, a= (4,1, -1) skoHe b= (2,-1,2)
BEKTOpJIaphIHA NApajllellb  JKa3bIKTBIKTHIH ~TEHIEYiH Kazy Kepek.
Kayaopr: X—10y—-6z2+4=0.
2.12. A(L1,0),B(2,-1,-1) nykrenepinen ererin 5X+2y+3z—-7=0

’Ka3bIKTHIFbIHA TIEPICHANKYIISP KA3BIKTBHIKTBIH TCHACYIH %Ka3y Kepek.
Kayabbr: x+2y—-3z-3=0.

2.13. KoopauHat OachlHaH ©TETiH, Keileci €Ki Ka3bIKTBIKKA:
2Xx—-3y+z-1=0, X—Y+52+3=0 nepneHauKyIsp Ka3bIKTHIKTHIH
TeHJeYiH ka3y kepek. Kayadbr: 14x+9y—-z=0.

2.14. A(3,-12), B(2,1,4) wuykrenepinen ererin a =(5-2-1)

BEKTOPBIHA MApaJIesh )Ka3bIKTHIKTBIH TCHICYIH a3y KepeK.
Kayaobr: 2x+9y—8z+19=0.
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2.15. Koopaunarrap OaceiHan eTeTiH AB BekropeiHa (MyHOa
A(5,-2,3 ), B(l,-3,5 ) ) TEePHCHIUKYJSIP Ka3BIKTHIKTBIH TCHIACYIH JKa3zy
kepek.  KayaObl: 4x+Yy—-2z=0.

2.16. 3x+Yy—3z=0 >xa3bIKTbIFbIHA Napamiens xone M (2,-3,3)
HYKTECIHEH OTeTiH JKa3bIKTHIKTBIH KOOPIMHAT ©CTepiMEH KHUBLIBICY
HYKTenepin Ta0y kepek.  Kayaowr: (—2,-6,2).

2.17. M,(2,3,) M,(-12-3) Hykrenepin KkocatbiH M;M,
KECiHJICiHE TepHeHuKyIsp koHe M (1, -1, 2) HYKTECIHEH ©TeTiH
JKa3BbIKTBIKTBIH TEHAEYIH ka3y kepek. Kayadbl: 3Xx+y—-z=0.

X -3 z-1 .

2.18. 5 = y_8 = — Ty3yl X+3y—2z+1=0 xa3bIKTbIFbIHA
napauieiab ekeHiH, an X=t+7, y=t—-2, z=2t+1 Ty3yi oOcCH
JKa3BbIKTHIKTA JKATATHIHBIH JQJIET/ICY KepeK.

2.19. A(3,—4,1) HYKTeciHeH oTeTiH OXZ KoOpAMHAT yKa3bIK-ThIFbIHA

napajuieib Ka3bIKTBIKTBIH TEHACYIH jka3y kepek. K: y+4=0.

2.20. OY eociueH xoHe M (3,—5,2) HYKTECIHCH OTETIH JKa3bIKTHIK-
THIH TEHJICYiH )ka3y kepek. Kayaobr: 2x—3z=0.
221. M (1,2,3) JKOHE N(— 3,4,—5) nykrenepinen orerin OZ ocine

napasuielib )Ka3bIKTHIKTBIH TEHJICYiH kKa3y Kepek.
Kayaobr: x+2y—-5=0.

2.22. M (2,3, —1) HyKTeci xoHe X=t-3, y=2t+5 z=-3t+1

TY3Yl apKbUIBI OTETIH )Ka3bIKTHIKTHIH TCHICYIH )Ka3y Kepek.
Kayaobr: 10x+13y+127 -47=0.
2.23. M (4, —3,1) HYKTeCiHIH X—2Y —Z—15=0 Xa3bIKThI-FbIH]AFbI

NPOCKIMACHIH Ta0y Kepek. Kayadbi: M, (5, -5, 0) .
2.24. B-HbBIH Kanman MOHIHJIE X—4y+z-1=0 JKOHE
2X + By +10z —3 =0 a3bIKTHIKTaphl ©3apa MePICHIUKYIIIP 001ab1?

Kayao6sr: B =3.
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225. M (2,—3,—4) HYKTECIHEH OTeTiH JXoHEe op0ip KOOpAMHAT
OCIHEeH maManapsl OipJel KeCiHIUIep KHUATHIH Ka3bIKTBHIK TEHICYIH XKa3y
kepek. KayaObl: X+Yy+2+5=0.

2.26. N MeH A-HBIH KaHAal MOHICPIHIC gzy_—522_+5 Ty3yil

AX+2y —27—7 =0 >a3bIKTHIFbIHA IEPIICHAUKYJISIP O0a 1617
Kayaopr: A=-1, n=-6.
2.27. A(2,3,-1), B(11,4) HYKTenepi APKBUTEI oTeTiH
X—4y+3z+2=0 Xa3pIKTHIFbIHA TMEPIECHINKYIAP Ka3bIKTHIK TEHIACYiH
xa3y kepek. Kayadbi: 7x+4y+3z—-23=0.
2.28. Koopaunatrap Gachl apKpUIbl ©TETiH, X+5Y—2Z+7=0 xoHe
3X—y+2z-3=0 JKa3bIKTBIKTAPbIHA ~ MEPHEHAUKYIIAP JKA3BIKTBIK
TeHJCYiH xka3y kepek. Kayadbr: 9x—5y—-16z2=0.
2.29. M(2,3-5) wxome N(-1,1, —6) HyKTenepiHeH oTeTiH
a = (4,4,3) BexTOpbIHA NAPAILIEID JKAa3bIKTHIKTHIH TEHIEYiH JKa3y Kepek.
Kayaobr: 2x—-5y+4z+31=0.
2.30. C-mpiH kanmaii wmoHiHme 3X—-5y+Cz—-3=0 wMen
X—3Y+2z+5=0 Xa3bIKTBIKTaphl ©3apa NeprneHIuKysp 6onanbr?
Kayaowr: C =-9.

3.
X—-2y+2z-8=0,
X—6z-6=0

-1 y+2 z .

3.1 X2 _Yte_ 2 qysyi menm

6 2 1 7 {
TapaJuIeIIbIiriH TSJIeIIey KepeK.

x+1 y+1 z-3

TY3YiHIH

3.2 1 3 TY3yiHIH 2X+Y—Z=0 Xa3bIKTHIFbIHA
X-=2 y -4 L
napanienb OOJaThIHBIH, al T TY3YiHIH OCBI a3bIKTBIKTa

JKaTaTbIHBIH JIQJIENJIEY KEPEK.

253



33. M (1, —3,3) HYKTECIHEH OTETiH >KOHE KOOpAHMHAT ©CTepiMeH
coiikec 60°, 45° >xone 120° OypeimTap >KacalTBIH TY3y TEHIEYIH Ka3y

Kepex. KayaobI1: x-1_y+3_z-3
1 2
3.4. x—l:y+2:z—1 Ty3yi 2Xx+y-4z1+2=0, Ty3yiHe
2 3 —6 4x—-y—-52+4=0

HEPIICHINKYIIAP OONATHIHBIH JAJIENACY KEpeK.

3.5. Tebenepi A(3,6,—7), B(—5,1,—4), C(0,2,3) OONaTBIH  YII-
Oyperutei C TebeciHeH >KYpri3uireH MeAuWaHAaChIHBIH TEHJCYiH XKaszy
kepek. AKayaObl: x=2t, y=-3t+2, z=17t+3.

3.6. N-Hig KaHai MOHIH/IE B :% Ty3yi
X+y—-2 =0,
X—y-52-8=0

XT_l = y_;l = é Ty3yi MeH 2X+3y+2Z—-1=0 Xa3bIKThIFbIHBIH

KMBUIBICY HYKTECIH Taby Kepek. Kayaber: M (2,-3,6).

Ty3yiHe mapasiens Oonanei?  Kayadbl: n=-2.

3.7.

38. P (3,1, —1) HYKTeCiHIH X+2Y+32—-30=0 Xa3bIKTHIFbIHIaFbI
NPOCKIHsCHIH Ta0y kepek.  Kayadwr: P, (5,5,5).

3.9. C-upIH KaHman MOHIHJIE 3x-5y+Cz-3=0 MEH
X+3y+22+5=0 >xa3pIKTBIKTaphl ©3apa MEePHCHIUKYIIAP 00Iab1?

Kayaobr: C=6.

3.10. A-mpiH xanmaii wmoHiHmHE AX+3y—5z+1=0 XKa3bIKTHIFBI

XT_l = y%Z =§ Ty3yiHe napajuiens Oomanpl?  Kayadsr: A=-1.

x-2 y+1 z-5

4 -3

3X—2y+Cz+1=0 >xa3bIKTbIFbIHA MIEPIICHANKYIISP OOMaIbI?

Kayaopr: m=-6, C=15.

3.11. m men C-HBIH KaHAal MOHIEpiHIE TYy3yl

3.12. KoopauHaT OachlHaH ©TETiH )oHe X =2t +5, y=-3t+1],
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Z =—T7t —4 Ty3yiHe napajuiens Ty3yIiH TeHACYiH jKa3y Kepek.
KayaObI1: g Y _Z

3 7
3.13. A(0,0,2), B(4,2,5), C(12,6,11) nykrenepi Gip Ty3yxe xara

Mma? KayaObI: xaTabl.
2X-y+3z-1=0,

3.14. M (2,-5,3) HYKTeciHEH OTETiH )KoHE Ty3yiHe
( ) Y {5x+4y—z—7:0 vy
napajuieb TY3yIiH TeHIEYiH Ka3y Kepek.
KayaobI: X-2_y+5_z-3
-11 17 13

3.15. M(2,-3,4) HyKTeciHGH OTCTiH XOHe XI 2_ y—13 = ZIl MeEH

X+4 y z-4 : : ;
——===—— TY3YyJCPIHC MNCPHCHAMKYJIIp TY3yJAlH TCHACYIH Ka3y

2 1 3
KepeK. Kayaowbi: X=2_ y;3=z;4_

3.16. A wmen B-wplH kanzmaii moHzepinme Ax+By+6z-7=0

X—2 y+5 z+1 .
JKa3bIKTBIFBI > = y = TY3yiHE TIEPIECHINKYISP OoNMamb?

Kayaobsr: A=4, B=-8.

X y-3 z-1 Ty3syi X+3y—2Z+1=0 >Ka3bIKTBHIFBIHA

317, ==L -~ <
6 -8 -9

napaienb OONaThIHBIH, anm X=t+7, y=t—2,

z=2t+1 Ty3yli oOCHI

JKA3BIKTHIKTA )KATATHIHBIH KOPCETY KEpeK.
3.18. Oz eci xoue K (—3,1, —2) HYKTEC1 apKBUIBI ©TETIH >Ka3bIKTHIK
Kayaopr: x+3y=0.
_ 3X+y-5z+1=0,
3.19. X_Y 1.2 TY3yl MeH y
1 3 2x+3y—-8z+3=0

-2

TEHJICYIH JKa3y KepeK.
TY3yl e3apa

NEPIICHAUKYIIAD 0OJIaTHIHBIH KOpCCTy KCPCK.
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3X—-y+2z-6=0,

ty3yi Oz ecin
X+4y-z+D=0 vy

3.20. D-uplH KaHpmali MoHIHIE {

KASbI? Kayaobr: D=3.
X=2t+5,
3.21. p-HBIH  KaHmal  MOHIHIE y=—t+2, Ty3yi  MeH
z=pt-7
X+3y+ z+2=0, . .p=
Ty3yl e3apa mapasuiens Oonmaapl? Kayadbr: p = 1.
X—y-3z2-2=0
x-7 y-1 z-5 . _
3.22. =T = TYy3yli MeH 3X—Yy+2z-8=0 xa3blk-

TBHIFBIHBIH KUBUIBICY HYKTECIH Ta0y kepek. Kayadwr: M (2, 0,1).

3.23. K(2,-5,3) mnykreciHeH oterin skoHe OXY IKa3bIKTHIFBIHA
napaiesb Xa3blKThIKTBIH TeHICYiH a3y Kepek. Kayaodbl: y+5=0.

3.24. Oy eci xone M (5,3,2) HyKTeci apKbUIBI OTCTIH Ka3bIKTHIKTbIH
X+2y—2+5=0 >a3pIKTBIFEIMEH KHBUIBICY TY3YiHIH JXalImbl TEHIEYiH
xa3y kepek. Kayaobr: X+2y—z+5=0, 2x-5z=0.

3.25. B wmen D-HbiH Kanmaih MoHAepiHae X-—2Y+2z-—9=0,
3X+By+2z+ D=0 Ty3yi OXYy >Ka3bIKTBIFBIHAA KATABI?

Kayaobr: B=-6, D=-27.

3.26. M, (2, 3, 3) HYKTECIHEH OTeTiH XoHe a = (—1, —3,1) MEH
b=(4,1,6) BexTOpaapbIHa NapaLIeNb Ka3bIKTHIKTHIH TEHACYIH XKa3y KEPeK.
Kayaobr: 19x-10y -11z2+25=0.

3.27. E(3,4,5) uykrecinen otetiH xoHe OX ociHe mapamiens Ty3yin
X-3 y-4 7-5

=5 "o

3.28. M(2,3,1) HYKTECIHEH OTETiH J>KoHE XTH:%:Z;BZ Ty3yiHe

TEHJIYiH jka3y Kepek. Kayadbl:

MEPIEHANKYJIISAP TY3YAiH TEHIEYIH Ka3y Kepek.

Xx-2 y-3 1z-1
3 -1

3.29. M (1,-5,3) HyKTeciHEeH OTeTiH XKoHE gzyT_z =Z_+11 MeH

KayaObI1:
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Xx=3t+1, y=—t-5 z=2t+3 Ty3ynepiHe MNEPUCHAUKYJSP TY3YyIiH
x-1 y+5 z-3
5 —7 -11

3.30. XT—lzyT—Z :%3 Ty3yiMen caneicteipranga M (4,3,10)

HYKTECiHE CHMMETPHSUIBI 00aThIH HYKTEHI Ta0y Kepek.
Kayabor: M,(2,9,6).

KaHOHJBIK TCHACYIH ka3y Kepek. KayaObl:

2.5-YT opwinaay yarici

Nel. Tepr nykre Gepinren: A (4,7, 8), A,(-113,0),
A(2,4,9), A(18,9).

a) A A, A, Ka3bIKTBIFbIHBIH TEHJEYIH,;

9) A A, Ty3yiHiH TeHICYIH,;

0) A A, A, XKa3bIKTBIFbIHA NIEpPHEHAMKYIAp A,M Ty3yiHIH TEHIEYiH;

B) A A, TysyiHe mapamuienb A;N Ty3yiHiH TeHIEYIH;

r) A, Hykreci apkpuibl etTeriH, A A, Ty3yiHe MNEpICHIUKYJISP
JKA3BIKTHIKTBIH TEHICYIH

&Ka3y Kepek;

n) AA,  Tysyi medH A A A, Ka3bIKTBIFBIHBIH  apachIHAAFbl
OYPBILITHIH CUHYCHIH Ta0y Kepek;

e) OXy KoopauHAT >Xa3bIKTBIFBI MeH A A, A, Ka3bIKTBIFBIHBIH

apachlHAaFbl OYPBHIIITHIH KOCHHYCBHIH Tal0y Kepek.

V¥ a) § 2.12, (8)—dopmynans! naiiganana oTeIpsin, A A, A
x—-4 y-7 z-8
Ka3bIKTBIFBIHBIH TCHICYIH KypambI3: | -5 6 8 (=0, Oynan
-2 -3 1
(AAA): 6x=7y—92+97=0 anamsI3.
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9) Exi HykTe apKbUIBI ©TETIH TY3y TeHueyiH § 2.13, (1”)—mainanaHsi,
AA, Ty3yiHIH TeHAeylH Kejeci Typae kaza amambiz: (AA):
Xx—4 y-7 17-8.

5 6 8
0) Ecen mapteiHan AJM Ty3yiHiH OarbITTaylIbl S BEKTOPBI PETiHIE

A A, A, Ka3bIKTBIFbIHBIH HOpPMalb M1(6;—7;—9) BeKTOpbIH anyFa GONa/BL.

Ouna A,M  T1y3yinin Tenmeyi keneci Typae kaseuiamsl (AM):

x-1_y-8_2z-9 ; (8 2.13, 4-mpIcanabl KapaHbI3).

6 -7 -9

B) AJN T1y3yi A A, TysyiHe mapauienb OOJIFaHIBIKTAaH, ONApAbIH S

JKOHE 5, OarpITTaylIbl  BEKTOPJIAPbI KOJUTHHEap Oonazpr:
§,=5,=(5-6;8) . Jlemex AN Ty3yiniH TeHzeyi Kemeci Typae
X-2 y-4 7-9,

5 6 8
r) A A, Ty3yiHIH OaFbITTaylIbl BEKTOPEI (5;— 6; 8) , 137ealHeTIH

xazpinaael: (A;N):

JKa3BIKTHIKTBIH HOPMaJlb BEKTOPBI OOMaThIHABIKTaH § 2.12. (2') Tenmeymi
naiiganaHambI3: 5(x—1)—6(y—8)+8(z —9) =0 Hemece
5x—-6y+8z—-29=0

m) A A, Ty3yiHIH OarbITTayIbl BEKTOPBL s, = AA, =(-311). A1 AA,
TY3yi MeH A A, A, Ka3bIKTBIFbIHBIH apaChIHIAFbl (@ OYPBIMIBIHBIH CHHYCHI
ocbl S; BeKTOpbl MeH AA,A; Ka3bIKTBIFBIHBIH HOpMasi N (6,—7,—9)

apachIHAaFbl ¥ OYPBIIIBIHBIH KOCHHYCBIHA TeH. (§ 2.13, 11-hopmymna).
- >

S5
Oumaii 6oica, Sing = |COS\|/| = =

| |-

S,/-[n
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|-3:6+1-(=7)+1-(-9)| 34

JCor T T o7y +(0y LA

€) OXY kaspikToiFbiablH  K(0,0,1) Hopmani  MeH AAA,

N
JKa3BIKTHIFBIHBIH n(6,—7,—9) HOpMaJTi apachbIHAAFbl OYPBIIITBIH KOCH-

HYCBbIH Ta0aMbI3: COS @ = k-1 _ 0.6+0'(_7)+1.(_9) = -9 ~-0,7.

Kl E e+ (77« (o 168

|
2. M(4,3,1) JKOHE N(—2,0,—1) HYKTelnepi apKbUIbl  OTETiH,

A(11,-1) men B(-310) mHykremepi apKbuUIbl OKYprisiireH Tysyre
TIapaJLIENb JKa3bIKTHIKTBIH TEHIEYiH XKa3y KEPEK.

» AB Ty3yiHiH OGaFbITTayIIbl BEKTODPBI AB =(-3-11-1, 0—(—1)):
=(—4,0,1); P(X, Y, Z) JKA3bIKTHIKTBIH Ke3 KeJreH HykTeci OosickiH. OHza
ecemn mapThl OOWBIHIIA
MP=(x—4,y—-3,2-1), MN=(-6,-3,-2) mome AB=(—4,01) -

KOMIUTaHAp BeKTOpiiap OoJajgbel, COHABIKTAH Kelleci TEeHIIKTI >Ka3yFa

Xx-4 y-3 z-
Oomansl: —6 -3 -2|=0. AHBIKTaybIIITHl  OIpiHOI  JKOJ
—4 0 1

oiemeHTTepi  GoiibiHma kikreimis: —3(x—4)+14(y—-3)-12(z-1)=0
Hemece 3Xx—-14y+12z+18=0. «

3. X+Y+z—-3=0 Ka3bIKTBIFBIMEH CalbICTBIpFanna M, (6, —4, —2)

HYKTeciHe cummerpusuisl M, (Xz, Yo, Zz) HYKTECiHIH KOOpAWHATTAPhIH
Taby Kepek.
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» M;M, T1y3yi OepuireH »Kas3bIKTBIKKA HNEPIEHAUKYIAp OOJIFaH-
JIBIKTaH, OCHI Ka3bIKTBIKTHIH ﬁ(l,l,l) HOpMaii TYy3y[iH OaFbITTayIIbI
BEKTOPBIHBIH poIiH arkapaael. Onaii 0onca, M;M, Ty3yiHIH KaHOHIBIK
X—-6 y+4 z+2

1 1
y+4=t, z+2=t 6onansl (§ 2.13, (1) sxone (1”) KapanpI3). Enni M;M,

TY3yi MeH X+ Y+ Z—3=0 Xa3bIKTBIFBIHBIH KUBUIBICY HYKTECIH Ta0y YIIiH
anpiHFaH X, Y,Z,t — Tept Oenrici3i Oap TOPT TeHAEyNep KYHECiH IIenemis.

TeHAeY1 , Al OHBIH MapaMeTpiik TeHuaeyl X—6=t,

Osn ywiH anaplHFBI YII TEHAEYIEH X,Y,Z Oenrici3aepiH XKa3bIKTHIKTBIH
TeHzeyiHe KoubIn t-Hi Tabamb3: t+6+t—4+t—-2-3=0, 3t=3, t=1.

Enmi t=1 MoHIH TYy3yIiH MapaMeTpiiK TEHJICYiHe KOWcak, OHJa

KHMBUIBICY HYKTECIHIH KOOPIWHATTAPBIH anambi3: X=7,yY=-3,z=-1. byn
6+ X,

HYKTe M;M, KeciHmiCiHIH Kak oprackl OONFaHIbBIKTaH, [ = >

, an Oynan M, HYKTECiHIH KOOpIMHATTapbIH

—4+y, 2+,

3= 1

tabambI3: X, =8, y,—-2, z=0. <«
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Exinmi perTti KHCBIKTap
2.6-YT

1. a) smmmmnctid; ©0) runepOoOTaHBIH; B) MapadOJaHBIH KaHOHIIBIK
TeHJIeYJIepiH jKa3y KepeK. MyHnarbl: A, B — KHCBHIKTA aTKaH HYKTENIep;
F — ¢okyc; a — ynkeH (HaKTeI) ©C; 6 — Kimm (HaKTBI) ©C; €& — JKC-
HEHTpUCUTET; Y ==2KkX — rumepboiia acUMMITOTANAPBIHBIH TEHACYJIEPI;
D- xuchIk mupekTpucachl; 2¢ — (POKYCTapIbIH apaKaIlbIKTHIFbI.

1.1. a)b=15, F(-10,0); 6) a=13, szig- B) D: x=—4.

/85

1.2.  a)b=2, F(42,0);6) a=7, ¢ = B) D: X=5.

13. a) A(3,0),B(2,“/3§); 6) k:%, &= %; B) D: y=-2.
14. a)e= */52_1,A(—5,0); 6) A(+/80 ,3), B(4/6 ,3+/2); B) D: y=L1.

15. a) 2a=22, ¢ = V517 . 6) k= % 2¢=10+/13 ; B) OX cummerpus

oci xxone A(27,9).
16. a) b=+15, ¢ _ V1o : 6) k= %, 2a=16; B) OX cummerpus oci

25
xone A(4,-8).
1.7. a)a=4, F(3,0); 0) b=24/10, F(-11,0); B) D: x=-2.
1.8. a) b=4, F(9,0); 6) a=5, ¢ =7/5; B) D: x=6.

1.9. a)A(0,+/3), B( E,l); 0) k= f, € =% ;) Dry=—4.

1.10. a) € =7/8, A(8,0); 6) A(3,— \/g ), B(E ,6); B) D: y=4.
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1.11. a) 2a=24, ¢ =‘§2 ;0) k= \/g, 2¢=10; B) OX cumMmeTpus oci
woHe A(—7,-7).
1.12. a) b=2, ¢=5 \/229_9 0) k—% 2a=26; B) OX cummeTpusi eci

xone A(-5,15).
1.13. a) a=6, F(-4,0); 6) b=3, F(7,0); B) D: x=-7.

1.14. a)b=7, F(5,0); 6) a=11, ¢ =1—2; B) D: x=10.

1.15. )A(—\/7 ), B(ﬂ 1) 6) k= J_ :B) Dr y=—1.

1.16. a) & =3/5, A0,3); 6)A(J_ ,0),3(—2f 2,1); B) D: y=9.

1.17. a) 2a=22, ¢ =%; 0) k=g, 2c=12; B) OX cummerpus eci
xoHe A(—7,5).
12 1 .
1.18. a) b=5, ¢ :g; 0) k=§, 2a=6; B)OY cuUMMeTpHUs ©Ci >KoHE
A(-9,6).
1

1.19. a)a=9, F(7,0); 6) b=6, F(12,0); B) D: X__Z

1.20. a) b=5, F(-10,0); 6) a=9, ¢ =f ; B) D: x=12.

1.21. a)A(0,-2), B(J_ 1); 6) k= 2@, s—l : ) D: y=5.
1.22. a) a=— , A(=6,0); 6) A(V/8 ,0), B(J_ 2); B) D: y=L.
3 _J29

1.23. a) 2a=50, ¢ =§; 0) k_ﬁ’ 2¢=30; B) OY cummeTpus eci
wone A(4,1).
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1.24. a) b=215, ¢ :g ; 0) k:g , 2a=12; B) OY cumMMeTpHs oci )KoHEe
A(-2,3+2).

1.25. a) a=13, F(-5,0); 6) b=4, F(-7,0); B) D: x=—§.

1.26. a) b=7, F(13,0); 6) b=4, F(-11,0); B) D: x=13.

1.27. a) A(-3,0), B(1, J::TO); 0) k= \/g g= J;,_s ; B) D:y=4.

128, a) ¢ =g | A(0—~11); 6) A( \/% 1), B(+/8.0): 5) D: y=3.

1.29. a) 2a=30, ¢ =%; 0) k=g, 2c=18; B) OY cummeTpus oci

xone 4(4,-10).

1.30.

N

a) b=2+2 , ¢ 25; 0) k=7, 2a=12; B) OY cummerpus eci

xone A(—45,15).

2. Ientpi A(Xy,Y,) HYKTeci GOJIATBIH KIHe KOPCETireH HYKTexep

apKbLIbI OTETiH HIeH0epIiH TeHIeyiH Ka3y Kepek.

2.1.
2.2.
2.3.
24.
2.5.
2.6.

12x? —13y2 =156 runepOoackIHBIH TOOECH, A(O,—Z).
4x? —9y2 =36 runepOoNIachHIHBIH TOOECI, A(0,4).

24y? — 25x* =600 runepGomachHBIH QOKYCHI, A(O,—8).
0(0,0), 4 nykreci y* =3(x—4) napabonacsiHbIH TeGeCH.
9x? +25y? =1 smruncinin GokycTaps, A(O,G).

3x% - 4y2 =12 TUIEepO0ITaCHIHBIH coJl J)KaKTarbl

doxycsr A(0,-3).

2.7.
Tobeci.

3x% +4y? =12 sumncinin pokycrapsl, 4 — OHBIH OFapFbI
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2.8.
2.9.

2.10.

2.11.
2.12.

A(0,6).

2.13.

Tebeci.

2.14.
2.15.

2.16.

2.17.
2.18.
A(0,-6).
2.19.

x*—16 y2 =64 runepOOIaCkHBIH TOOEC, A(O,—Z).
4x? -5y% =80 runep6onacsibn pokycs, A(0,—4).

—(x+5)

0(0,0), 4 nykreci y? =———/ napa6onachIHbIH TebeCi.

33x® +49y? =1617 smiunciniH OH *KaK (OKyChHI, A(l, 7)'

3x* —5y* =30 runepGONACHIHEIH COI JKAKTarbl (HOKYCHI,

16x” + 41y® =656 smnIciHin GoKycTapsl, 4 — OHBIH TOMEHTI

2x% — 9y2 =18 runepOonackIHbIH TOOECH, A(O, 4) .

5x? —11y® =55 runepGonackHBIH (POKyCTapHI, A(O,S).

B(1,4), 4 mykreci — y :XT napaboIachIHbIH TOOEC.

3x? + 7y® =21 »>mmmncinin coun xaK GOKyCHI, A(-1-3).

5x? —9y2 =45 runepOONachIHBIH COJ KaKTaFrbl Tebec,

24x* —25y? =600 smmmncinig  ¢pokycraps, A — OHBIH

JKOFapFhl TOOECH.

2.20.
2.21.
A(-1,-2).
2.22.
2.23.

2.24,
A(-2,5).

3x? —16Yy” = 48 runep6OTACHIHBIH OH XaK Tebeci, A(1,3).

7x* —9y? =63  rumep6ONACHIHEIH ~ COT  KaK  (POKYCHI,
B(2,-5), 4 nykreci X* =-2(y+1) napaGonachHblH Te6eci.

x? +4y? =12 sumnciHiH oH XaK QOKyCHI, A(2,-7).

4OX2—81y2=3240 runepOoNacelHBIH, ~ OH JKaK  Tedeci,
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2.25.  x?+10y®* =90 smmmcinig ¢oxycTapsl, 4 — OHBIH TOMEHTI
Tebeci.
2.26. 3x’-25 y2 =75 runepOoIachIHBIH OH KaK Tebecl, A(—5,—2).

2.27.  4x*—5y* =20 runep6onackHbIH (OKyCTapHI, A(O, —6).

2.28.  B(3,4), Anykreci y’= x+7 11apaboIIachIHbIH TOOEC.

2.29.  13x® +49y? =837 ommmncinin con xkax dokycsl, A(L8).

2.30. 57x*—64y? =3648 rumep6ONACHIHEIN OH JKaK (OKYCHI,
A(2,8).

3. OpOip M nykTreci OepiireH IWAPTTAPAbI KAHAFATTAHbI-PATHIH
CBI3BIKTBIH TeHJeyiH Taly Kepek.
3.1. X=-6 Ty3yiHEH KAIlbIKTHIFbI A(l, 3) HYKTECIMEH CallbiC-

THIPFaHJA €Ki ece YIKEH.
3.2. X=—-2 TYy3yiHEH KAIlbIKTHIFbI A(4,0) HYKTECIMEH callbIC-

TBIPFaH/Ia €Ki ece YIIKEH.
3.3. y=-2 TYy3yiHEH KAIIBIKTHIFBI A(5,0) HYKTECIMEH CallbIC-

TBIPFaH/Ia YIII €ce YIIKEH.
3.4. M mnykrecinen A(2,3) xone B(-1,2) Hykrenepine aeHinri

3
KAITBIKTBIKTAPBIHBIH KATHIHACHI Z -K€ TEH.

35. M mnykrecinen A(4,0) xome B(-2,2) Hykrenepine aeidinri
KAITBIKTBIKTAPBIHBIH KBaJPATTaPbIHBIH KOCBIHJIBICH 28-T¢ TCH.

3.6. A(l,O) HYKTEJIeH KAIIBIKTBIFBI X =8 Ty3yiMeH cabICThIpFaHa
Oec ece Kii.

3.7. A(4,1) HYKTEJIEH  KAIIBIKTHIFBI B(—Z, —1) HYKTECIMEH
CaJIBICTBIP-FaHJIa TOPT €CE YIJIKCH.

3.8. X=-5 Ty3yiHEH KAIIBIKTHIFbI A(G,l) HYKTECIMEH calbic-

TBIPFaH/A YIII €ce YIIKEH.
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39. y=7 Tysyinen KambiKteiFbl A(4,—3) HyKTeciMeH cabic-
THIpFaHaa 0ec ece YIKeH.
3.10. M nykrecinen A(-3,5) xoHe B(4,2) HYKTeJIepiHe JeHiHTi

1
KallbIKTBIKTAPBIHBIH KaThIHAChI g -K€ TCH.

3.11. M wuykrecinen A(-5,-1) sxome B(3,2) nykrenepine newinri
KaIlIBIKTBIKTAPBIHBIH KBAIPATTAPBIHBIH KOCHIHBICH 40,5-Ke TeH.
3.12. A(2,1) HYKTeZleH KAILIBIKTBIFbI X=-5 TY3YiMeH

CaJIBICTBIPFaH/IA YIII €Ce YIIKEH.

3.13. A(-3,3) nuykremen kamblkThiFbl B(5,1) HykTeciMeH cabic-
TBIPFaH/Ia YII ece YJIKEH.

3.14. x=8 ty3yiHeH KambIKTBIFbI A(—1,7) HYKTECIMEH CaJIBICTBIPFaH/Ia
€Ki ece YIJIKeH.

3.15. x=9 Ty3yiHeH KambIKTbIFbl A(—1,2) HYKTECIMEH CalIBICTBIPFaHIa
TOPT ece Kili.

3.16. M mnykrecinen A(2,—4) sxone B(3,5) wuykrenepine mewinri

KallbIKTBIKTAPBIHBIH KATBIHACKI E -K€ TCH.

3.17. M mwnykrecinen A(-3,3) xome B(4,1) Hykremepine meiiiHri
KaIIBIKTBIKTAPBIHBIH KBaIPAaTTaPbIHBIH KOCBIHIBICH! 31-Te TeH.

3.18. A(0,—5) HyKTeieH KAIIBIKTBIFBI X=3 TY3yiMEH CaJIbICThIpFaHIa
€Ki ece Killi.

3.19. A(4,-2) wuykrenen kamblkThirbl B(1,6) HykTeciMeH canbic-
TBIPFaHJIa €Ki ece KiIi.

3.20. x=—7 ty3yineH KambIKTbIFbl A(1,4) HYKTECIMEH CalIBICTBIPFaHIA
YIII ece KiIi.

3.21. x=14 ty3yineH KambIKThIFbl A(2,3) HYKTECIMEH CalIBICTBIPFAH A
eKi ece KilIi.

3.22. M mnykrecinen A(3,-2) xone B(4,6) HykTenepiHe aeHiHri

KalllbIKTBIKTAPBIHBIH KAThIHACBI g -K€ TCH.

3.23. M mnykrecinen A(-5,3) xone B(2,—4) nykrtenepiHe eifinri
KaIIBIKTBIKTAPBIHBIH KBAIPATTaPbIHBIH KOCBIHBICH 65-Ke TEH.
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3.24. A(3, —4) HYKTE/ICH KAIIBIKTBIFBI X =05 Ty3yiMeH caibic-
TBIPFAHJIA YII eCe YIIKEH.

3.25. A(5,7) HYKTE/IEH KaIlbIKTBIFBI B(—2,1) HYKTECIMEH CaJbICTHIp-
FaHJa TOPT ece YJIKEH.

3.26. x=2 TY3yiHEH KALIBIKTHIFbI A(4, —3) HYKTECIMEH
calbICTBIpFaHia Oec ece YIJIKEH.

3.27. X=—7 Ty3yiHEH KAalIBIKTBIFbI A(3,1) HYKTECIMEH CaJlBICTBIpP-
FaH7a YIII ece Killi.

3.28. M mykrecinen A(3,-5) xome B(4,1) uHykrenepine neitinri
KAaIIBIKTHIKTAPBIHBIH KATHIHACHI % -K€ TEH.

3.29. M nykrecinen A(-1,2) xone B(3,—1) Hykrenepine neifinri
KaIIBIKTHIKTAPBIHBIH KBAIPATTAPBIHBIH KOCBIHIBICH 18,5-Kke TeH.
3.30. A(1,5) HyKTeseH KalBIKTBIFl X =—1 Ty3yiMeH CalbICThIpFaH/a

TOPT ece Kili.

4. Tenaeyi noasIpJbIK KOOPAMHATTAP APKbLIbI OeplireH
KHCBIKTHI CaJly Kepek.

4.1. p=2sind . 4.2. p=2(1-sin2 ).
4.3. p=2sin2¢. 4.4, p=3sin6¢.

4.5. p=2/(1+cos ). 4.6. p=3(1+sine).
4.7. p=2(1-cos o). 4.8. p=3(1-cos2¢).
49. p=4sin3¢. 4.10. p=4sind¢.
4.11. p=3(cose+1). 4.12. p=1/(2-sin@).
4.13. p=5(1-sin2 ). 4.14. p=3(2-cosq).
4.15. p=6sind . 4.16. p=2c0s6¢.
4.17. p=3/(1-cos2¢). 4.18. p=2(1-cos3¢).
4.19. p=3(1-cosd ). 4.20. p=5(2-sing).
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4.21. p=3sind¢.

4.23. p=4(1+cos2 o).

4.25. p=4(1-sing).
4.27. p=3c0S2¢.
4.29. p=2/(2—cos ).

5. IlapameTpaik TenaeyJaepMeH OepiireH KHCHIKTHI CAJTy

kepek (0 <t <2n).
x =4cos’t,
5.1. _
y =4sin’t.
X =4c0s2t,
y = 3sin 2t.

-4
- { 09st,
y =5sint.

X = 4cost,
y =5sint.

5.

\l

X =C0S2t,
y =3sin 2t.

5.90.

5.13.

X =3c0s 2t,
y = 2sin 2t.

5.15.

i)
{x 2cost,
{

4.22. p=2cosd .
4.24. p=1/(2—cos2 ).
4.26. p=3(1+cos2 o).
4.28. p=2sin3¢.

4.30. p=2-C0s2¢.

X =2c0s°t,
5.2.

y = 2sin’t.
X = 2sint,
y = 3(1—cost).
X = C0s°t,
5.6.
y = 4sin’t.
X =5c0s°t,
5.8.
=5sin’t.
= 3cost,
5 10, { X co_s
y =1-sint.
X = 4cos’t,
5.12.
y =5sin’t.
X = 2c0s°t,
5.14. )
y =2sin’t.
= 2cost,
5 16, X cos_
y =2(1l-sint).
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2.6-YT opsiaaay yarici

a) YnkeH xapTel eci 3-ke TeH, al (OKYCHI F(\/g,O) HYKTeci
0O0JaTHIH DJIJIUIICTIH;
0) >kopamal XapThl 6ci 2-Te TeH XoHe (HOKYCHI F(—\/E,O) 0o1aThIH

TUNepOOIaHbIH;
B) JUPEKTpUCAChl X =—3 OOJIaThIH MMapaboJaHbIH TEeHEYIepiH
xKazy Kepek.
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2 2
» a) DUMICTIH KaHOHJBIK TCHICYI —2+b—2:1. [lapT OotibiHIIA:
a

a=3 c= «/g Omurc  yuriH b?=a®?-c® Tewuiri OpBIHAANIATBL:
2 2

2
b2=32—(5) =4. i XY g
(\/_ ) JUTHTIC TEHJIEYI S + 2

2 2
. X
0) [umepOosaHBIH KaHOHMABIK TEHJACYI —2—§:1. Ecen mapter
a
i — _ . 2 2 .2 ..
Ooipiama b =2, c=+/13. lunepbona ymin b =c”—-a° rtenairi

2
opbiHmamags:  a’=c’ —h’ = (a\j’lB) ~2°=9. TumepGoma  Temaeyi:
2 2
LN Y
9 4
B) Byt xkaraiiarsl napabona Tenaeyi: y2 = 2pX, ajl OHbIH

TUPEKTPUCACH] X = —B. Ecen mapte! 60iibIHIIA X =—3, COHIBIKTAH

p

=-3, p=6. [lapabona terneyi: y* =12x. <«

2. X* +4y® =4 sumncidin QOKYCHl apKbUIbI OTETiH KOHE OHBIH

JKOFapFrbI TOOECI LIEHTP 0O0JIaThIH IIEHOEP TCHICYIH a3y KepeK.
2 2
» bBepinren T + Y =1 OSJIMICIHIH >KOFaprbl Tebeci A(O,l),

a=2, b=1. Couugbikran Cc= m =\4-1=1/3 xome dokycraps
F (—\/§,0), F, (\/5 O). [lenGepain R pamuyciH eki HYKTEHIH apakallbIK-
TBHIFBIHBIH (OpMYJIackl OOWBIHIIA TAOAMBI3:

R=|AF| =|AR| =\/(rr 3-0) +(0-1) =3+1=2

[enbep tenneyin (§2.14, sanauncke KaTHICTBI 3-€CKEPTYyNi Kapa-HbI3)
KazambIs: (X —O)2 +(y —1)2 =2° nemece X +(y —1)2 =4, <
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3. CuBpIKTEIH opOip M HykTeciHeH A(3,2) HYKTECiHe JeHiHTi
KAIIBIKTHIK OCBl M HYKTeneH B(—l,O) HYKTECIHE ACHIHTI KaIIBIKTBIKTaH 3
ece yikeH. ChI3BIKTBIH TCHIICYiH Ta0y Kepek.

» CbBBBIKTHIH Ke3 KeireH Hykreci M (X,y) 0oiceiH. OHpa mapt

GoiibIHIIA |AM|=3[BM]|. Myna |AM| = \J(x=3)* +(y-2)°,

|BM | = (X +1)2 + y2 OoIFaHIbIKTaH,

\/(x —3)2 +(y- 2)2 = 3\/(x +1)2 +y? anmambi3. Byn TEHAIKTIH €Ki KarblH
KBaJIpaTTan TypIeHAipeMis:
X? —6x+9+y* —4y+4=9x" +18x+9+9y?,

8x2 + 24x +8y2 +4y—-4=0. byn Terneyneri X neH Y-Ke KaTBICTBI TOJBIK
KBaJIparTap Oenemis:

g x2+2.3x+ 248 y2+2-ly+i —18—1—4:0,
274 47 16 2

2 2 2 2 2
8 X+§ +8(y+l :E HEMECCC X+§ + y+£ — ﬁ .
2 4 2 2 4 4
35

Byn - menTpi C(—g,—%) KOHE pajuyci R:T TeH menbep (53-

cyper). (§2.14, sannHricke KaThICTHI 3-€CKepPTY/Ii KapaHbI3). <

My

s

53-cyper
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4. Tengeyl mTONApABIK  KOOPAMHATTAp  apKbUIBl  OepiiireH
KapJIMOHIaHsl cany kepek: p=4(1-sing) .

> o (i =LT6) MOJISIPIABIK  OYpBIII MOHJEpi JKOHE oOyapra ColkKec

HOJISPIBIK PaJUyC p; MOHIEpPl apKbUIbI KECTE KypalMbI3:

0 Pi 0 Pi 0 Pi 0; Pi
0 4 mt/ 0 i 4 3/ 8
T 2 2n ~ 7T 6 5t/ ~
T ~1 3 ~] om zE T/ ~
1~ 5 2 4ef  ® 11 6

TaGbutran M, (p;,®;) HYKTEIEPiH KaTBIK TeTiC ChI3BIKTAPMEH KAIFail

OTBIPBIN, KApAMOWIAHBIH MIIIMIH anambI3 (54-cyper).

54-cyper

5. Tlapamerpiik TeHaeyJepMeH OepiIreH KUCHIKTHI Cally

x =1+ 3cost, 0<t<2
KEepeK: . <t<2m
P y =2-2sint,
P> t, mapamMeTpiHiH MOHJEp CaHbIH JKETKUIIKTI €Till ajblll, oJapra

coliKec X;,Y; MOHJEpIH ecenTeiMi3 3KoHE JeKapT KOOpAMHATTapbIHIA
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anpiaFan - M; (xi,yi) HYKTenepai camambi3. Omnapapl  KaTbIK — Teric
CBI3BIKIICH KOCaMbI3. AIBIHFaH KHCHIK KapThl ecTepi a=3, b=2 ren,
HEHTPI C(1,2) HYKTECiHJIe OOJIATBIH JJIIUIC CKCeHiH Oalikayra OoJiajbl.
IembiHIa na, erep OepiireH TeHueyJepAeH t mapaMeTpiH IIbIFaphIIn
X— — . . .
TacTacax: Tzcost, y—Z:SInt (TerneynepdiH eKi JKaFbplH KBaJpaT-Tail,
2 2
x—1 -2
(-1, (y-2)
4

oJlapJibl MyLICJIeTI KOC&MLIS) :1, J9JI  COJI  JJUIMIIC

[IBIFAJIBI. |
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Exi alinpIManibl KBaApaTTHIK TYJIFa

2.7-YT

1.

Bepiiren TeHIeymi: a) KaHOHIBIK TYpre KeJTipy Kepek; d) TeHIACYIi
KaHOHJIBIK TYPre KENTipyIili, KOOPAUHATTAPI TYPIACHIIPY GopMynanapbiH

Taly Kepek.
1.1. 3x* +4xy +4y* =3.

1.3. 10x% +42xy + 3y? =6.
1.5. 10x* +8xy + 4y* =9,
1.7. 3x* —4xy + 4y* = 7.

1.9. 10x% —6/3xy + 4y? =1.
1.11.3x* +12xy — 2y* =3.

1.13. 3x2 —10+/2xy — 2y? =3.
1.15.3x% + 2./66xy — 2y? = 3.
1.17.3x% + 44/21xy — 2y? =5,

2x* +6xy +4y® =5,
x? + 2/6xy +5y? =5.
2x% + 2/Txy +8y? =3.
3x? + 4/3xy + 7y? =5.
5x* +8xy + 5y* = 3.

1.19.
1.21.
1.23.
1.25.
1.27.

1.29. x> +8xy + 7y*> =5.

1.2. 10x? + 6+/2xy +3y? =8.
1.4. 10x% +6+/3xy + 4y =1T.
1.6.10x* —8xy +4y* =3.

1.8. 10x? — 6+/2xy + 3y? =5.
1.10. 10x? — 4/2xy + 3y? = 3.
1.12. 3x* —12xy —2y* =T.
1.14.3x? +10+/2xy — 2y? =7.
1.16.3x% — 2/66xy — 2y? = 9.
1.18. 3x? — 44/21xy — 2y? = 0.
1.20. 2x* —6xy +4y* =3,
1.22. x? = 24[6xy + 5y =1.
1.24. 2x2 —2/Txy +8y? =0.
1.26. 3x% —43xy + 7y? =7.
1.28. 5x* —8xy + 5y’ =7.
1.30. x* —8xy +7y® =5.

2.

Bepinren texaey OoiibIHIIA KHCBIKTBIH TYPiH aHBIKTay KEpEK KOHE
TEHJIEY i KAHOHJIBIK TYPre KEeNTipy Kepek.

2.1.

3> +4xy +4y* +2x—4=0.
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2.2. 10x%+6+2xy +3y? -3y —4=0.

23. 10x2+4/2xy +3y? —4x—6=0.

2.4. 10X2 +6+/3xy +4y? —2x+y—7=0.
25. 10x* +8xy+4y’ —4x—-y-9=0.
2.6. 10x* —8xy+4y’ +6x—-2y—-3=0.

2.7. 3x*—4xy+4y*—6x—-4y-7=0.

2.8. 10x* —62xy +3y? +4x+4y -5=0.

2.9. 10x*—63xy +4y? —x—y—7=0.

2.10. 10x* —4/2xy +3y? —8x—8y —5=0.

2.11. 3x*+12xy —2y* +x+y-3=0.

2.12. 3x*—12xy —2y* +4x+2y-2=0.

2.13. 3x2—10+/2xy —2y? + 2x+ 2y —3=0.

2.14. 3x2 +10y2xy —2y? —8x—-y-9=0.

2.15. 3x% +2/66xy —2y? + x—y—3=0.

2.16. 3x2—266xy —2y? —6x—6y —9 =0.

2.17. 3x2+421xy —2y? +8x—2y —5=0.

2.18. 3x% —421xy —2y? —3x -3y -7 =0.

2.19. 2x*+6xy+4y* —x+8y—-9=0.

2.20. 2x* —6xy+4y*—6x—-4y—-9=0.

2.21. x*+2J6xy +5y? +4x+2y-7=0.

2.22. x> —26xy+5y? —3x—6y—9=0.

2.23. 2x2+2JTxy +8y? —9x -3y —8=0.

2.24. 2x% —2J7xy +8y? +3x+5y —7=0.

2.25. 3x% +43xy + 7y? —5x—3y -8 =0.
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2.26. 3x>—4J3xy +7y? +2x+4y—-7=0.
2.27. 5x* +8xy+5y* +4x+6y—-1=0.
2.28. 5x* —8xy +5y* +8x+6y—-5=0.
2.29. X*+8xy+7y*—3x—-2y—-6=0.
2.30. X*—8xy+7y*—4x-2y-9=0.

2.7-YT opbinaay yJarici

1. Bepinren TeHaeyAi a) KAHOHIBIK TYPre KENTIpy Kepek;

9) TEHICY i KAaHOHBIK TYpre KeATipyIil, KOOpAMHATTAPAbI TYPIACHIIPY
dopmymanapsin Taby kepex: 10X* + Zﬁxy +4y? =33,

V a) TenmeymiH conm OKarbIHOAFbl  KBQJAPATTBIK  TYJIFaaa
A=10, B=+7,C=4 (§2.15, 2m. kapanpiz). Cunarraymibl TEHICYI

10-4 7

4-A
allbIll  >Ka3aMbl3 JKOHE IIBIKKaH KBaapaT TeHJEYAIH TyOipiepin
(cumarraymsl canmapnbi) tabambiz: A° —144+33=0. A, =11, 4, =3.
Ksanpatthik TYJIFa, 8 2.15. ®) dbopmyna OolipIHIIA,

10x2 + 247 Xy +4y° =11x> +3y’  TypiHe KeneTiHIKTEH, KAHOHIBIK
2 2
TEHIEY 11X12 +3yl2 =33 Hemece % + Yi =1. bByx - xaprel

2 2
(V3) (V1)
ectepi a = \/§ , b= \/ﬁ 0O0JIATBIH SJLIHUIIC.
9) EHOi kanonovixk mypze xeamipywi mypiendipy gopmynanapuin

10— )l +/Tm =0,
J71+(4-2)m=0.

xazamb3 (8 2.15 (21) kapaHsI3): =0. AHBIKTayBIIITHI

tabaipik. On yui 8§2.15 (20)-kyiieHi jka3ambI3: {
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(10-11)1 ++/7m =0,
J1+(4-11)m=0

Kyitene Oipmeit eki TeHAey TYPFAaHABIKTAaH OHBI KelleCi TeHIEeyre

Annmpiven myana A =4 =11 pen ancaxk, { aJIaMBbI3.

aysicTeipambis: | —+/7M=0. Byn temugeynin kanmail na Gip menrimin,
1 : 1

MBICAJbI, | =] m=—— aJblll, OHbl BEKTOP TYPIHJIE Ka3aMbl3 Lﬁ .
J7

byn Bekropael Oipimik Bektopra kentipin 4 =11 cumarraymsr canra

coiikec 6ac GarbITTI alaMbI3: k, = ﬁ; 1 . Enni A =4, =3 nen ancak,
NG
. . . {YI +7Tm =0, . .
JKOFapbIIaFbl JKYie Keneci Typre Kenei: G By xkyite keneci
71+m=0.

TeHgaeyre  mapamap: /| +ﬁ M=0. Ouply Oip IENMiH, MBbICAJbI,

7 _ . 7
=1 m :—ﬁ aNbIl, ONlaH KelleCi BEKTOPABl Kypaumbi: <1 ——— .

N
1,7

—: —— ' AunbHraH Oipiik
&

BekTop 8 2.15 (13) mapTThl KaHAaFaTTaHABIPMANTHIHABIKTAH (TEKCEPiHi3)

Byn1 BekTop bl Oipiik BEKTOpFa KenTipemis: {

oubl -l-re kebGeiitin, A, =5 cunarraymsl canra Ccoiikec Oazbimmnbl

NG
7 yo L V7
\/—X1 \/_yl’ _ﬁxfi‘ﬁlﬁ

2. bepinren tenaey OOWBIHIIA KUCBHIKTHIH TYPiH aHBIKTay KEPEK >KOHE
TeHaey Il KaHOHBIK TYpre KeNTipy KEpek:

10x2 + 24/Txy + 4y? —4x + 2y —12 = 0.

Tabambl3; IZZ { 1 \/_} ConbIMEH, XaHa ectepre ety (opmyanapbl

MBIHaHJaM: X =
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Y Mymra A=10,B=+7,C=4 Goiipmma &=AC—B?
OpHEriHiH TaHOAaChIH aHBIKTaMMbI3: & = AC —B2=10-4— (\ﬁ )2 =33>0.

Hemek, Oepinren teHmey, 8§2.15(24) Temmeyre KaThICTbI KOPBITBHIH/IBI
OOMBIHINA, SJIJIUICTI AaHBIKTAMIBI.
By Tenneyneri kBaapaTThIK TyiIFa l-ecemTeri TeHmeyMiH KBaAPATTHIK

TyrackiMen Gipreit: 10X% + 27 xy +4y? =11x7 + 3y
ConsiMeH Oipre, Oyy1 Typre KenTipymii TypAeHIipy (opmylaiapsl:

7 17
\/_Xl \/—y1’ y_ﬁ)ﬁ"'ﬁyl
71 17
—4x+2y:—4{%&—£le+2($&+£%}=
C2-47 +4+2«/7
RN

TYpIE >Ka3ambl3 11)(12 + 3y1-’- +

OoitbiHmma (1l-ecenti KapaHbI3),

y, TEHIIrIH ecKkepinm OepuIreH TEHACYAl Kelneci

2-44’? 4+2J'
8 8

TeHIEYIeH X;, Y, allHpIManaapblHa KaTbICTbl TOJBIK KBaJApaTKa JeHiH

( 27 - 1}2 ( 247 jz
TOJITBIPAa OTBIPHIII 1148 38 -1 TYPIHIETI BIITUIIC
1673 - 47 167347

1452 396

—12=0. Enmi Oyn

TEHJCYIH ajlaMbI3. A
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Exinmi perri 6eTTep

2.8-YT

1. BeTTi cany Kepek :KoHe OHBIH TYPiH aHBIKTAy Kepek

1.1
1.2.
1.3.
1.4.
1.5.
1.6.
1.7.
1.8.
1.9

1.10.
1.11.
1.12.
1.13.
1.14.
1.15.
1.16.
1.17.
1.18.
1.19.
1.20.
1.21.
1.22.
1.23.
1.24.
1.25.
1.26.
1.27.
1.28.
1.29.

1.30

a) 4x*-y*~16 7* +16=0;
a) 3x* +y? +97%-9=0;

a) -5 x* +10y?—z% +20=0;

a) 4x° -8y’ +7° +24=0;
a) X*—6y* +2° =0;

a) z=8-x*—4y*;

a) 4x° +6y*—247° =96;
a) 4x*-5y*-57° +40=0;
a) X2 =8(y*+2%);

a) 52° +2y*=10x;

a) X*—Ty* —147* —21=0;
a) 6x°—y* +37° —12=0;
a) —16x° +y° +4z* —32=0
a) 5x*—y?—157% +15=0;
a) 6x% +y? +67% —18=0;
a) —7x° +14y* 7% +21=0
a) —3x° +6y° —z* —18=0;
a) 4x2—6¥ +37% =0;

a) z=4-x"—y*;

a) 4x* +5y*—10z° =0;

a) 9x°—6y*—67° +1=0;
a) X’ =5(y* +z% )=0;

a) 4x° +32y2 =12x;

a) 8x°—y* —27* -32=0;
a) X*—6y” +z° —12=0;

a) 2x°—3y* -5z +30=0;
a) X2 +2y* +67° —42=0;

a) —4x° +12y* —37° +24=0;

a) 32 —9y? +72 +27=0;

a) 27x*—63y* +217° =0;
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6) x*+4z=0.

6) X% +2y*—2z =0.

6) y* +47% =5x°.

6) X°—y =—97°.

6) 7x*—3y?—7*=21.

6) 4x* +9y* +367° =72.
6) y* +8z° =20x%

6) y=5x" +32°.

6) 2x*+3y*—7°=18.
6) 42> —3y*-5x* +60=0.
6) 2y=x’+47°.

6) 8y*+27° =x.

6) 6x° +y*—3z°=0.

6) x*+3z =0.

6) 3x* +y*—3z =0.

6) y* +22% =6x°.

6) X —2y=—7°.

6) 4x>—y*—37°=12.

6) 3x> +12y* +47° =48.
6) 7y* +2° =14x°.

6) 15y=10x"+6y°.

6) 2x°+3y*—z°=36.
6) 3x*—4y*—27°+12 =0.
6) y—4z°=3x".

6) x—3z°=9y*.

6) 2x*+3z=0.

6) 2x* +4y*—52 =0.

6) 2y* +62° =3x.

6) 2°—2y=—4x%.

6) 32 —Ty*—27° =42,



2. BepiireH CbI3BIKTHIH KOPCETIITeH 6CTeH alfHATYBIHAH IMIBIKKAH
OeTTiH TYpiH aHBIKTAN, OHBIH TeHJEYiH a3y KepeK xkdHe OeTTiH
CYPeTiH caly Kepek.

2.1.
2.2.
2.3.
24,
2.5.
2.6.
2.7.
2.8.
2.9

2.10.
2.11.
2.12.
2.13.
2.14.
2.15.
2.16.
2.17.
2.18.
2.19.
2.20.
2.22.
2.23.
2.24.
2.25.
2.26.
2.27.
2.28.
2.29.
2.30.

a) y’=2z, Oz;

a) 4x*— 3y?=12, Ox;
a) x*= -3z, Oz;

a) 3y’ —47° =12, Oz;
a) x“=3y, Oy;

a) 2x°—6y* =12, Ox;
a) x*+3z° =9, Oz;
a) 3x*-572 =15, Oz;
a) y=3z, Oz;

a) y*-5x? =5, Oy;
a) X=—4z, 0z;

a) 5x*—6z° =30, Ox;
a) 22=2y, Oy;

a) y’= -4z, Oz;

a) 7x*-5y*=35, Ox;
a) 2x’=z, Oz;

a) 23/2 -5z =10, Oz;
a) Xx“=-5y, Oy;

a) X*—9y“=9, Ox;

a) X +2z =4, Oz;

a) y* =5z, Oz;

a) 15y°—x*=6, Oy;
a) 5z= x4, Oz;

a) 3x*-8y’=288, Ox;
a) 2y’=72, Oz;

a) 5x°—7y* =35, Ox;
a) 3x*= -2z, Oz;

a) 5y>-87° =40, Oz;
a) 3x*=—4y, Oz;

6) 9y*+4z°=36, Oy.
0) x=1, y=2, Oz.

6) 3x°+5z° =15, Ox.
0) y=4, z=2, Ox.

6) 3x*+4z°=24, Oz.
6) y* =4z, Oz.

0) x=4, 2=6, Oy.

0) y=3, z=-1, Ox.
6) 2x° +3z2=6, Ox.
6) y=3, z=1, Ox.

6) y* +42°=4, Oy.
0) x=3, z= -2, Oy.
6) 2x°+37°=6, Oz.
6) 3y*+z°=6, Oy.
0) x=—1, y=-3, Oz.
6) X* +42° =4, Ox.
0) y=2, =6, Ox.

6) 2x°+32=6, Oz.
6) 3y*=z, Oz.

0) x=3, z=-1, Oy.
6) 3x*+7y*=21, Ox.
0) y=5, z=2, Oy.
6) 3y*+187° =1, Oy.
0) x=5, z=-3, Oy.
6) 6y>+5z° =30, Oy.
0) x=2, y=-4, Oz.
6) 8x*+117°=88, Ox.
0) y=3, z=1, Ox.

6) 4x*+3z°=12, Oz.

3. Kepcerinren 0eTrepMeH LieHe/reH JeHeHi caly Kepek.
a) z=x°+y?, z=0, x=1, y=2, x=0, y=0;

3.1.

3.2.

6) X2 +y?=2x, z=0, z=x.

a) X2 +y2 :22, z=0, y=2x, y=4x, x=3, (Z>O);
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3.3.

3.4.

3.5.

3.6.

3.7.

3.8.

3.9.

3.10.

3.11.

3.12

3.13.

3.14.

3.15.

3.16.

3.17.

3.18.

3.19.

6) X° +y’=4y, z=0, y+z=5.

a) y*+32° =6, 3x*-25y*=75, z>0;

0) x=4, y=2, x+2y+3z=12, x=0, y=0, z>0.
a) z=5y, x*+y*=16, 7=0;

0) x+y+z =5, 3x+y=5, 2x+y=5, y=0, z=0.
a) y=3x, y=0, x=2, z=xy, z=0;

6) 8(x* +y*)=2%, x°+y’*=1,y>0, 2> 0.

a) y=x, y=0, x=1, z=x*+5y?, 7=0;

6) X* +y° +2° =9, x*+y*< 1, x> 0.

a) y=x, y=0, x=1, z= \/W z=0;

6) X2 +y* +2° =4, X*+y*=7", x> 0, > 0.

a) y=2x, y=0, x=2, z=xy, z=0;

6) X2 +y?*=2%, x*+y*=1,y> 0, 2> 0.

a) z=x° +3y?, 2=0, y=x, y=0, x=1;

6) z=8(x* +y*)+3, z=16x+3.

a) y=4x, y=0, x=1, z= \/W , 2=0;

6) 2=3x +y?, 222Xy~

a) y=x, y=0, x=1, z=3x* +2y?, z=0;
6) z=10(2 +y?)+1, z=1-20y.

. ) y=x, y=0, x=1, 2= \[xy, 2=0;

6) y=16 12X , y=~/2X, z=0, x+2=2.

a) y=x, y=0, z=2, z=0;

0) x+y=2, x=\/§, 7=2x, z=0.

a) 2z=x*+y?, 2=0, x=2, y=3, x=0, y=0;

6) x> +y’=4x, 7=0, z=x.

a) X2 +y?=47%, 7=0, y=x, y=8x, x=2, z>0;
6) X* +y*=8y, z=0, y+z=6.

a) y* +4z% =8, 16x*-49y*=784, 2> 0;

0) x=1, y=3, x+5y+10z=20, x=0, y=0, z>0.
a) z=3y*, X’ +y*=4, 7=0;

0) X+2y+3z =6, 2x=y, 2x+3y=6, y=0, z=0.
a) y=4x, y=0, x=1, z=xy, z=0;

6) 4(x* +y*)=2%, x*+y*=4, y>0, z>0.

a) y=2x, y=0, x=2, z=2x°+y?, z=0;
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6) X2 +y* +2° =16, x*+y*< 4, x> 0.

3.20. a) y=4x, y=0, x=4, zzﬁ , 2=0;

3.21.

3.22.

3.23.

3.24.

3.25.

3.26

3.27.

3.28.

3.29.

3.30.

6) X2 +y* +22=9, x*+z%=y? x> 0,y> 0, 2> 0.
a) y=3x, y=0, x=3, z=xy, z=0;

6) 4(x°+y*)=2%, 4(x*+y*)=1,y>0, 2> 0.

a) 2°=16x* +y?, z=0, y=2x, y=0, x=1;

6) 7-4=6(x* +y?), z=4x+1.

a) y=3x, y=0, x=3, z= \/W , 2=0;

6) =4 /X% + y*, 7=5-X —y".

a) y=3x, y=0, x=2, z=x> +y*, z=0;
6) 2-2=6(x*+y*), z=1-4y.

a) y=2x, y=0, x=4, z= \/W , 2=0;
6) x+y=2, y=~/x , 2=12y, x=0, z=0.

.a) z=2x2 +3y?, 2=0, x=2, y=1, x=0, y=0;

6) X +y*=6x, 2=0, z=2x.

a) 4(x° +y?)=2%, z=0, y=x, y=4x, x=2, (>0);
6) X° +y*=4y, 7=0, y+7=6.

a) 2y*+7° =4, 3x*-8y’=48,7>0;

0) x=1, y=3, x+2y+4z=24, x=0, y=0, 2> 0.
a) z=3y?, X’ +y*=9, z=0;

0) x+y+z =8, x+2y=4, x+4y=4, y=0, z=0.

a) y=5x, y=0, x=3, z=0;

6) 4(<* +y*)=2%, X°+y’=4,y>0, 2> 0.
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2.8-YT opsinaay yarici
1. bepinren 0eTTi cairy Kepek oHe OHBIH TYPIH aHBIKTAy KepekK:
2 2 2

o Xl oo gaesl-Z o
6 2 2 4
oy 7
P a) Terneyzi KaHOHIBIK TYPTe KENTipeMis: T + T + 7 =1
2

55-cyperTe KepceTiIreH runepooIona TEHACYIH abIK.
z

55-cyper

0) Tenueyi KaHOH/IBIK TYpre KeJITipeMis:

56-cypeTTe KepCceTUIreH eKiHIi peTTi KOHyC TeHAeyiH anabK. OHbIH
Z =const ’Ka3bIKTBIKTAPMEH KUMaJlapbl — JIUIICTEP.

3. Bepiiren GeTrepMeH HIeHeJIreH IeHEHi cally Kepek:
a) y=X, X=1 z=0, z=xy,

0) Xx+y=4, x=\m, 3x=2z, z=0.

> a) 57-cyperte cally KYMBICBI KOPCETUIN€H: MYHJIAFbI
OC- runepbonanblk mnapabonmons Z=Xy 0NeH X=Y >Ka3bIKTbIFbIHBIH

KUBLIBICYbIHAH MIBIKKaH mapabona noracel; AC apkeuisl Z =Xy OeTiHiH
x=1 KA3BIKTHIFBIMEH KHBLIBICY CBI3BIFBI OeJriJeHIeH;

A(l,0,0), B(l,l,O), C(l,l,l) — JICHEHIH HET13ri CUIaTTayIbl HYKTeJepi;
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58-cyper

0) Camy xymbIcel 58-cyperte KepcerumreH: MyHaarsl OC—
napaboJIaIbIK X=~f2y UWIHHAPIAIH, 2Z =3X JKa3bIKTBIFBIMEH KHBLIbI-

CybIHaH WIBIKKaH Mapabolia JIOFachI; A(2,2,0), B(0,4,0), C(2,2,3) —

JICHEHIH Heri3ri HykTenepi. <«
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1-ecen. Amanmapapl OpbIHAAY KEpeK:

11 a ) 2+&

13, )2+&

9+2

1+3i
9+7|

1.5. a)

L7.2)~

19.a ) 2+|.

111.a

5+&

1+2i
)_

5i_
4-3i’
21

-3i

1.13.a

1.15. a)

1.17. a)

1.19.a)

1.21. a)

—2+5i
—4+5i°
-1+5i
1+7i

Kommuiek canpapra amajanap

0) -1

0) .

3 4.

5) Y1

2) V/-16 .

'9)\/_

5) 416 .
9)?{/—_8

Q) 4——.

1.
?) 3=1I.

9) 4

1
16

8
L

16

3.1-YT

1.14. a)

1.18.2)—

1.22.2)
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12, a2,
4+i

L4¢931—ﬂ

15407fm;

18.a )————-

1.10. a)

6-5i

9) {

d)

9) 4

1+iJ§

2

3.

)J_
1+i+/3 .

32

9) 1

112a)—_; o) ¥V8i.
+
13

2+5|

9) {

9+|

1.16.2)—

2+|

1.20. a) —
4+

1+&

32

o) V-8i.

)V—8+B

I.; 0) 3271,

8i
)\L—8+|8



1 2+|

_2i
123.0)—2: o) 3=, 1.24. 3——
Vs Vs REFERI
1.25. a) _7+_'; o) 4-128+128\3-i.  1.26. a) )\/
1
1.27. 4=
a) T Y 2
1.28. )ﬂ 5) 4-128-1283-i.
129, 2) 4+3. )3— 1.30. 2) 2. ) 4/256 .
4+3 1+3i

2-ecen. TeHci3mikIeH Oepinred allMaKThI caTy KepeK:

2.1. |2-1[<1, [z+1)>2. 2.2. z+i>1, |z|<2.
2.3. |z-i[]<2, Rez>1. 2.4, z+1]21, |z+i|<1.
2.5. [z+1|<1, |z—i|<1. 2.6. |z+i|<2, |z-i]>2.

2.7. [z-1-i|<1, Im z>1, Rez>1. 2.8. |z—1+i|>1, Re z<1, Im z<-1.
2.9. |z-2-i|<2, Re z>3, Im z<1.

2.10. [z-1-i]>1, 0<Rez<2, 0<Imz<2.

2.11. |z+i|<2, O0<Rez<l.

2.12. |z-i|<1, O<argz<n/4.
2.13.|z-i|<2, O0<Imz<2.
2.14.|z+i|>1, -n/4<argz<O0.
2.15. |z-1-i|<1, [argz|<m/4.

2.16. |z|]<2, -m/4<arg(z-1)<n/4.
2.17. |7|<1, arg(z+i)>n/4.

2.18. 1<|z—i|<2, Imz>0, Rez<l.
2.19. 1<|z-i|<2, Rez<0, Imz>1.
2.20.|z|<2, Rezx1, argz<n/4.
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2.21. |z|>1, —1<Imz<1 O<Rez<2.
2.22.|z-1>1, -1<Imz<0, 0<Rez<3.
2.23.|z+i|<1, -3n/4<argz<-n/4.
2.24.|z-i|<1, -m/2<arg(z—i)<mn/4.
2.25. 77<2, Rez<1, Imz>-1.

2.26. 77<2, Rez<l Imz>-1.
2.27.1<77<2, Rez>0, 0<Imz<1.

2.28. |z-1<1, argz<n/4, arg(z—1)>n/4.
2.29. |z-i|<1, argz=n/4, arg(z+1-i)<n/4.
2.30. [z-2-i|>1, 1<Rez<3 0<Imz<3,

3.1-YT opsinaay yarici

+2i
Ilemyi. a) bemmiekTiH anbiMbl MEH OeyliMiH 5+2i CaHBIHBIH

Ty#HiHIeciHe KkeOeiTeMi3 Je, HOTIKEHI anreOpaliblK Typae IKa3aMbi3
) 7-i  (7-i)(5-2i) 35-14i-5i+2i® 33-19i 33 19
a _ _ _ _

5+2i (5+2i)(5-2i)  25-4i* 29 29 29

9) z=-27i KOMIUIEKC CaHBIHBIH MOAYIi |z| =27, aprymenrinin Gac

1-ecen. AmManmapabpl OpbIHAAY KEPeK: a) 57 ! ; 3) 3-27i.

) T )
MOHI @ = —E. Byn moHzepai xone n=3 caHbH

Q/E:Q/ﬂ(cosw+isin(p+2nk), k=01-,n—1
n n

(opmyIackiHa Koicak
3271 = %”/ﬁ(cos—_n/2 + 2k +i sin—_ﬁ/2 * an)’ k=0,12
3 3

anamsi3. byan:
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. A 3.1, 33 .3
k=0 , @y =3(cos(—=) +isin(—=)) =3(—-iz)=—-i—,
yiiH, o =3( (6) (6)) (2 2) > 15

k=1 yurin, mlzs(cosgﬂsing)=3(0+i)=3i,
k=2 yuriH, 032:3(cosﬁ+isinﬁ):3(—£—il):—%—iE
6 6 2 2 2 2

aJlaMBbI3.

Kayadbr: I-27i = {?—ig; 3i; —?—ig

2-ecen. TeHCI3miKTepMEH OeplIreH aiMaKThl caly Kepek:
a) |Rez|<1, [Imz|<2; o) |z—(L+i)<L gsarg(z_i)<g.

Memyi. a)Rez =X, Imz=y ekeHin eckepcek, oHxa OepiiarexH
TEHCI3IKTEep Kemeci Typae xka3zpuaapl: —1<x <1, —-2<y<2.

»

iy

\ 4

60 — cypem

Byt TeHci3AiKTep KOMITIEKC Ka3bIKTHIKTA TiK TOPTOYPHIIITHI
aHbIKTalp! (60-cyper). MyH1a aiiMakKa >KaTaThIH IIeKapa ChI3BIKTaphl TYTAC,
aJT J)KaTHAWTHIH HIeKapa ChI3BIKTAPBI MYHKTUP ChI3BIKTAPMEH KOPCETIJIereH.
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9) BipiHmIi TeHCi3AiKTiH TeOMETPHUSUIBIK MaFbIHACHI OOMBIHINA, Z
’oHe 1+ i BEKTOPIAPBIHBIH aibIPBIMBIHBIH, SIFHH, 0ackl 1+ 1, a yiibl
HYKTeJepi 00JaThlH BEKTOPIBIH MOAYII 1-/IeH yiIKeH emec, Oackaia
aliTKaHJa, )Ka3bIKTBIKTaFbl 1+ i HYKTECiHEH KAIIBIKTHIFBI 1-eH YIKeH
eMec Z HYKTeJEP/IiH sKubIHbl. MyHaii skubid, entpi 1+ 1, an paguyci 1-
re TeH MOHTeNeKTIKYpaiapl. EXiHII KOC TEHCI3MIKTIH T€OMETPHSITBIK
Oeitneci GoMbIHIIA, OACHI | HYKTECI, YIIBI Z HYKTECI GOJAaTHIH BEKTOP MEH

. T
OX eciHiH 0OH OaFbITH apachbIHAAFEl OYPHIII Z,E apaJbIFBIHAAFBI

MoHJIepre ue 00JIAThIH HYKTEJIED KUBIHBI (61-cypeT). Al OCBI €Ki IIapTThI
Jla KaHaFaTTaHbIPAThIH HYKTEJIEP JKUbIHBI — )KOFaphia aTalFaH eKi
YKUBIHHBIH KUBLUTBICKAaH (OpTaK) Oediri, sFHu cerMeHT ( 62-cyper).

s &
2i

O 1
61— cypem 62 — cypem
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Panmonau OesimeKkTepai eH KapanaibiM 0eJieKkTepre xKiKTey

3.2-YT

1. Keneci nypsic OemiekTepIi eH KapanaibsiM OeImeKTep

KOCBHIHIBICHIHA KIKTEY KEepeK:

11 3x% +20x+9 |
(x2+4x+3)(x+5)
13, 43x +67 .
(x—l)(x2 —x—12)
15. 8 .
(x2 +6x+5)(x+3)
17 45x - 61 .
(x—l)(x2 +5x+6)
1o 6x” +6x—6 |
(x+1)(x2 +x—2)
111 3x% +3x—24 |
(¥ —x-2)(x-3)
1.13. x°-15
(x—l)(x2+5x+6)
6X
1.15. m
117 2x% +41x—91 .
(x* +2x-3)(x~4)
110, 40x? +37x+36 .
(x+1)(x* +8x+15)

12
(x=2)(x* -2x-3)
x> -7
(x*+x-2)(x+3)
7x% —8x
(x2 —5x+6)(x +1) '
32x2 —7x
(x2 +4x+3)(x+5) '
37x—-85
(x2 +2x—3)(x—4) '
3x+30
(x—2)(x2 —2x—3) '
x? —19x+6
(x—l)(x2 +5x+6) '
4x? +32x+52
(x2 +6x+5)(x+3) '
-17x-5
(x2 +2x—3)(x+2) '
6x°
(x—l)(x2 +3x+2)

1.2.

1.4.

1.6.

1.8.

1.10.

1.12.

1.14.

1.16.

1.18.

1.20.
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101, X 1.22 2x° - 26

o (xz—l)(x+2)' o (x2+4x+3)(x+5)'

123 2x% +12x -6 104 —15%? + 40x - 70

O (x+1)(X* +8x+15) (¥ 2x=3)(x-4)
2x% +13 3x+24

1.25. (x2 - . 1.26. — .
- +6)(x+1) (x +x—2)(x+1)

197 —21x> - 26 128 7x% —17x

(X -5x+4)(x+3) O (x=2)(x*-2x-3)

129 -30%2 +30 130 3x%2 —17x+2

o (xz—l)(x+2)' o (x—l)(x2+5x+6)'

2

Bypric GemnmekTi KOmMYyIIeNiK MeH Aypbic OOJIIeKTiH KOCHIHIBICHIHA
KeNTIpiHI3 JKOHE allbIHFaH YPHIC OOJIIEeKTI eH KapamaibiM OeIIeKTepAiH

KOCBIH/BICBIHA KIKTEHI3

3 3 5y2 2
21, XFL o gp XZ2C oL,y 34l
X3 — X X3 — X (x—l)(xz—l)
X+2 4x* +8x3-3x-3 X+2
2.4. . 2.5. . 2.6. .
X3 — x? X3 +2x% + X X3 + X2
2 2 2
27— . opg P AL g 2 oSXAL
(x —2x+1)(x+1) XS —X X3 —2x% +x

4x4 +8x3 —x-2

2x* —Ax® +2x% —4x +1

2.10 d 2.11. .
X(x+1) x(x—-1)
2 3 3_
210, X2 gy BXEL gy X8
x(x+1) X*(x+1) (x-1)(x*-1)
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X2 —3x+2 X+2 4x* +8x3 -1

215, = —212 21622 217 .
x° +2x% + X x° —2x% +Xx (% +x)(x+1)
218, — X 219, —+ .
(xz—l)(x+1) x° + X
3 _ 2 _ _ 2
220 X T A2 g DXL
X =X X?—2X° +X
3 2 3
20p, ZXAEXTAXES g5 X ZAXES
x* +X (x*-1)(x-1)
2
224, X *2 - gp5 _XAS
x(x+1) X' =X —X+1
2 2
226, DX IXHZ o7 XAX*Z o 08 1
(xz—x)(x—l) x> + X X —x
2 3 2
220 XL 50 2N L
X®—2X° +X X+ X
3

Keneci nypwic Oemnmextepi eH KapanaiibiM OeeKTep
KOCBIHJIBICBIHA JKIKTEY KepeK

31 3x+13 3. x> —6Xx+8

o (x—l)(x2+2x+5)' X348

33 12 —6x 34 2x% +2x+20

- (x+1)(x2—4x+13)' o (x—l)(x2+2x+5)'
35 x> +3x—6 36 X% +3X+2

o (x+1)(x2+6x+13)' o1
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36
(x+2)(x2 —2X +10) '

7x-10
XX +8

3.7.

3.9.

341, 42
X* +4X
4x— x> -12
X3 +8
3-9x
-1
4x-10

3.13

3.15.

3.17.

(x+2)(x2 —2x+10) '

2x2 +7x+7
(x—l)(x2 +2x+5)'
4x° +38

3.19.

3.21.

(x+2)(x* —2x+10)

2
303, 2X° +4x+20

(x +1)(x2 —4x+13) '

2

3.5 & +x+10
X’ +8

3x% +2x+1
-1
5x2 +17x+36

3.27.

3.29.

(x+1)(x* +6x+13)

3.8.

3.10.

3.12.

3.

3.16.

3.18.
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9x -9
(x+1)(x2 —4x+13) '
4x% +3x+17
(x—l)(x2 +2x+5) '
X% —5x+40
(x+2)(x* —2x+10)
x% —13x + 40
(x+1)(x* —4x+13)
6 —9x
X3 +8

14.

X2 +23
(x+1)(x2+6x+13)'
19x—x*-34
(x+1)(x* —4x+13)
8
(x+1)(x2+6x+13)'
5x+13
(x+1)(x2+6x+13)'
4x% +7x+5
(x—l)(x2+2x+5)'

6X
X —1

3.20.

3.22.

3.24.

3.26.

3.28.

2X+22

3.30. .
(x+2)(x2 —2x+10)




3.2-YT opeinaay yJirici

1. Kemeci aypeic OemieKkTi eH KapanaibiM OOImIeKTep KOCHIHIBICHIHA
TX+2

JKIKTEY KEepeK: .
yEEP (x—l)(x2—5x+6)

¥ bemmexrtiy 6emimin (10) Typzae jxa3ambI3: (x —1)(X2 —5x+ 6) =
=(X=1)(x—2)(x—3) xone Gemmekti (11) Typaeri Gemnmiekke KiKTeHMI3:
TX+2 A B C
= + +
(X—l)(x2 —5x+6) x-1 x-2 x-3
OeJIIeKKe KeNTipeMi3, COlaH COH IIBIKKAaH OeJIIEKTEpIiH albIMIapbIH
TEHECTIpeMi3:
A N B N C  A(X-2)(x=3)+B(x-1)(x-3)+C(x-1)(x-2)
x—1 x-2 x-3 (x=1)(x-2)(x-3) '
AX=2)(x=3)+B(x-D)(x—3) +C(x-D(x—2) =7x+1.
Mynnarel A, B,C OGenricisaepai depbec mandep adicimen TalOyra
oomanel: X=1 Oosnca 2A=8, A=4;, x=2 06omca —-B=15 B= -15;
x=3 0omca 2C =22, C=11.

. by TenaikTiH 0OH XaFbiH Oip

7xX+1 4 15 11

Kayaobr: = - + .
Y (x—l)(x2—5x+6) x—-1 x-2 x-3

2. bypeic OemmiexTi KeNMyIIeTiK TeH JYpbIc  OeINIIeKTiH
KOCBIHJIBICBIHA KENTIPiHI3 KOHE albIHFaH TYPHIC OOJIIEKTi eH KaparmaibiM
x* —5x -1

X3 —x?
Y bypsimran 6ey amaiblH OphIHIANBIK;

OeIIeKkTepIiH KOCHIHABICHIHA JKIKTEHI3!
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X =X x+1
x3 —5x -1
X2 — x?
x> —5x -1
x* —5x -1 x? —5x—1
CoHbMeH, ———— =X+1+—————— anuelk. MyHIarsl IypbIC

X3 — x? X3 — x?

OemnmIekTi €H KapamailbiM  OenmeKkTep KOCHIHIBICHIHA  JKIKTEHiK:
x*-5x-1 x*-5x-1 A B . C _ AX(x—1) + B(x —1) + Cx?

Coxt x2(x=1) x x* x-1 x2(x —1) '
Byman X —5x-1=Ax(x—1)+B(x-1)+Cx*  amampi3.  benrici3
KO3 GUIMEHTTEP I TaOyFa alJIbLIMEH depbec MaHOep 20iCiH KOJTaHaMbI3!
X=006onca, —-B=-1, B=1 Xx=1 6oaca, C=-5.

Benrici3 A-Hbl Talyra aubliKmanimazan Kodgguyuenmmep a0icin

A+C =] At
KOJIZaHaMBbI3. = 0.
C=-5
4— J—
)I(ayaﬁbl:xa—S)(z:l-:X+l+§_i2_ 5 A
X" =X X x° x-1

3. bepinren aypeic OemmeKkTi €H KapamaidbiM — OeJmeKTep
X+9

(x—l)(x2—4x+13)
Y  DbBemiminzeri KBagpaT YIIMYLICTIKTIH JAWCKPUMHHAHTBI Tepic

OonFaHIBIKTAaH, OepiareH OeINIIeK €Ki eH KapamaibiM OeJIIeKTepTiH
X+9 A Bx+C

= + =
(x-1)(x*-4x+13) x-1 X’ -4x+13

KOCBIHJIBICBIHA JKIKTEY KepeK:

KOCBIHBICHIHA JKIKTEJEI]:
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A(x2—4x+13)+(Bx+C)(x—1)
- (x——l)(xz——4x—+13) - byuan

A(X2 —4x +13) +(Bx+C)(x-1)=x+9 amames. Mynnarsr A B,C
kodddurmenTrepin Tabamez: X =16o0nca, 10A =10, A=1;

An B wmen C KOOQQULMECHTTEPIH  AHBIKMAIMAZAH
A+B=0,
KoIghpuyuenmmep adicimen izneiimiz: <13A-C =2, C=11; B=-1,
A=1
HKayabbi: X+9 1 —x+11

= + .
(x—1)(x2 —4x+13) x-1 x?-4x+13
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Bakbuiay »KyMbICHIHA APHAJIFAH ecenTep

Co1361KmbIK anzedpa Inemenmmepi

I. Bepinren A men B marpumanapsl Goitsiama (2AT —3B)-(A+2BT)

MaTpPHUIIACHIH Ta0y KepeK.

3. A=|2

-1
-7

O K
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2 -1 -2
B=|3 -5 4
1 2 1
2 8 -5
B=|-3 -1 0
4 5 -3
36 0
B=|2 4 -6
12 -3
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-1

2
1 4 4

1

2 1
-2 4|,

1

B=|5 3

-5 3

3

25. A=|1

-3 4 -3
=l 12 3
50 -1

28. A
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Il. Y Genricizi 6ap yiil ChI3BIKTBIK TEHCY JKYiieci OepiireH.
1) Kpamep ¢opmynacel OoibIHINIA OHBIH IIemnMiH Taly Kepek; 2) KyiieHi
MAaTPHIAIBIK eCeNTeyJIep apKbUIbI MIeNTy Kepek; 3) xkyiieHl [ayce amiciMeH mienry

KEpeK.

3% +2X, + X3 =5, 3% —5Xy +6X3 =5,
2%+ Xp +3%3 =11 X +4X%, — X3 =1
X; —2X, +3X5 =6, 3% — 9%, +8x5 =5,
3. 2% +3%, —4x3 = 20, 4. 42% —5x, +5x%;3 =4,
4%, —3X, +2X%3 =9, X +3Xy —2X3 =5,
5% +6X, —2X3 =18 2%, —6X, +3%3 =—6.
X+ Xp +2%3 =1, 2% +3X%, + X3 =4,
2% — Xo— X3=4, 2% — X +3X3 =4,
3% —2X, +4%3 =11 X —8X, +5%; =1
X +9%;, + X3 =0. 2% —5X, +5X3 =4.
X+ Xy — X3 =1, 2% + X; +3X%3 =7,
13. 8% +3x, —6%3 =2, 14, {2% +3%X, + X3 =1,
4% + X5 —3X3 =3. 3% +2X, + X3 =6.
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15.

17.

19.

21.

23.

25.

27.

29.

X —4Xy —2%X5 =3,

7%, —5X%, =31,
4% +11x; =43,
2% + 3%, + 4xXg =-20.

X +2X, +4Xg =31,
SX + X, +2X%3 = 20,
3 — X+ X3=9.

4%, + 7%, —3%x3 =-10,

2% +4Xy + X3 =6,
3% —3X, +7X3 =13

2%, +4X, —3%3 =10,
X; —5X, +2Xg =5,
3% — 2%, +4%3 =3.

2X1 —5X2 + 6X3 = 8,
X, +7X, —5X3 =9,
4% +2Xy — X3 =-12.

4%, — X, =—6,
3%, +2X, +5%; =14,
X, —3X, +4X; =-19.

16.

18.

20.

22.

24.

26.

28.

30.
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2% — Xy +2%X3 =3,
X+ Xp+2X3 =—4,
4% + X, +4X3 =-3.
33X — X =12,
X, +2Xy +4X5 =6,
SX + X +2X%3 =3
2% — Xp +3Xy =4,
X +3%, — X3 =11,
Xy —2Xy +2Xg =—T1.

3% —2Xy +4Xg =12,

4%, + X, —3X3 =-5.

4% + Xo —3X%3 =9,

2% +3X, +4x%3 =33,

SX, +2X, —4X; =-16,
X, +3X; =—6,
2% —3X, + X3 =9.



BekTopabIk aaredpa dinemMeHTTEpi

dmen b Bexropnapei Goibinuia Kiktenren C, MeH C, BEKTOpIAphbI

KOJUTHHEap Ma?
a men b BexTopnapsl oproronan mMa?
3. 4a,b,C Bexropaapel kommaanap mMa?

4, o -HBIH KaHIal MOHIHIE AB men AC BEKTOpPJIaphl OPTOTOHAT
6oaaer?

5. A B,C. uykrenepiniy koopaunarrapsl Oepinaren. Ecenrey kepek:
1)1 5,5 (2AC +3CB)
2) ‘AE + 485‘ :
3) Z((AB-CB), Aé) :
4) AB BeKTOPBIHBIH OPTBIH;
5) ((AB+4BC),(BA- AC));
6) [(AE§+2B(§),(CE§— Aé)};
7) AB-BC-AC:

6. ABCD nupamuiaceiubiH To0esepiHi KOOpJUHATTaPBI OEpiIreH.
1) mmpammma KeieMiH;
2) AB Ka0OBIprachIHBIH Y3BIH/IBIFBIH;
3) ABC xarbIHbIH ayqaHbIH

ecernTey Kepek.
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1

11 d={L+2;3}, b={-3,0;-1}, ¢ =2a-4b, ¢,=3a+b.
21d={13-1, b={3-2,3}.
318={-23+l}, b={L+1-3}, c={L-9;1}.

41 A(a;-23), B(0;-1;2), C(3,—4;5).
51 A(-121), B(-L3-4), C(0;1,-2).
6.1 A(L-11), B(-12-4), C(20;—6), D(-251).

2

12 a={10;1}, ={ 2,35}, G, =a+20, C,=3d-2b.
2.2 d={2,1,4}, b={413]}.
32d={3-21, b={211}, c={3-1-2}.

42 A(0;-3@), B(-12-3-3), C(-9,-3,-6).
52 A01:2), B(31:2), C(-125)
6.2 A(0;50), B(2,3-4), C(0;0;6), D(-3L-1).

3
13 d={-2,-41}, b={1,2,-7}, ¢ =5a-3b, C, =2a+bh.
23d={01,2}, b={1,3-2}.

33d={2-12}, b={1,2-3}, c={34,7}.

43 A(3-1), B(55-2), C(41L1).

53 A(0;2;3), B(312), C(L51).

6.3 A(0;0;6), B(4;,0,-4), C(L3-1), D(4,-%-3).
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4
14 d=1{1,2,-3}, b={2,-1,-1}, ¢, =5a+3b, C,=8a-h.
24 a={1,21}, :{31,2}
34 da={1,24}, b={2,1,-5}, c={L,-1-1}.
4.4 A(-L2 ), B(3,4,-6), C(L1-1).
54 A(10;3), B(L41), C(0;2;3).
6.4 A(-5;6;,-1), B(6;-5;2), C(6;5;1), D(0;0;2).
5
15 d={3,-5,4},b={-59,-7},¢, =-2d+3b,C, =3d - 2b.
25 a={21,7},b={2,4,-3}.
35 a={2-11}, b= {1,2;3},c ={,-3,-2}.
45 A(—4,-2;0),B(;—2;4),C(3,-2:1).
55 A(310),B(4,12),C(123).
6.5 A(2,-5;3),B(3,2,-5),C(5,-3,-2), D(-5,3,-2).

6
6 a=1{14,-2},b={11-1},¢,=a+b,c,=4a+2b.
a={-415},b={1;31}.
36 a={3-12}, b= {2,-1-1},c ={4;,-2,-2}.
46 A(-53-1),B(a;—2;0),C(6;4:1).
56 A(-14;2),B(52;3),C(0;12).
6.6 A(6;0;4),B(0;6;4),C(4;6;0),D(0;,—6;4).
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;
1.7 d={1,-2;5},b ={3,-1,6},¢, =4a-2b,c, =b - 24
2.7 d={3-12},b={23-1.
37 a={11-1,b={7;3-6},c={-119}.
4.7 A(-3-7,-5),B(0;—;-2),C(2;3,0).
57 A(3-21),B(132),C(2:41).
6.7 A(3,2;,4),B(2;,4,3),C(4,3-2),D(—4,-2,-3).
8
1.8 d={3,5-1},b ={2,-1,1},¢, =6a—3b,C, =b - 24.
2.8 d={-4-15},b={1-31}.
38 a=1{2,-4,9},b={2,0,-3},c ={7;9,-3}.
4.8 A(2,—4;6),B(0,-2;r),C(2;3,0).
58 A(-13-1),B(-3,2;3),C(-130).
6.8 A(6;3;5),B(5-6;3),C(3,5,6), D(-6;-12).
9

—

1.9 d={2,-3,-4},b={1,0,-5},¢, =38 -9b,¢, =a - 3.
29 d={91,2},b={-114}.

39 a={111},b={11-1},c ={6,0;5.

49 A(0;1,-2),B(312),C(e;11).

59 A(L-16),B(4,5-2),C(-130).

6.9 A(5—-2;-1),B(4;0,0),C(2;51),D(L2;5).
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10

O
(2]

1.10 &={-14;2},b{3,2;-6},¢, =2d-5b,C, =3b +6a

2.10 4=1{8,2,3},b ={-2,8,0},

310 d={7;2;3},b ={5,-3,2},¢ = {10,-11,5}.
4.10 A(3;31),B(15-2),C(4 a1).

5.10 A(7;1,2),B(-5,3,-2),C(3,2;5).

6.10 A(4;2;5),B(3,0;4),C(0;2;3), D(5,-2;4).

11

111 &=1{5,0,-1},b ={7;2;3},¢, =24 -b,C, =3b +6a.

211 d={7;34},b={-1-11}.

311 d={1,21},b={3-53},c={271.
411 A(2;1-1),B(6;,-15),C(4;2;).
511 A(-2;3-2),B(2,-3,2),C(-13,0).

6.11 A(42;5),B(-3,0;4),C(0;2;3),D(5,2;,—4).

12
112 8={0;3,-2},b ={1,-2;1},¢, =58 - 2b,,
212 d={6;—4;2},b ={1,2,7}.

312 4={2,1,-1},b={3,-5;3},c = {2,-1,3}.
412 A(-e;-21),B(—4;,-2,5),C(-5,-2;2).
512 A(4;2,-1),B(3,0,4),C(L2;1).

=33+ 2b.

6.12 A(4;4;10),B(7;10;2),C(2;8;4),D(9;6;9).
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13
113 ={-2,7;1},b ={-3,5;2},5, =2d +3h,C, =3a + 2b.
213 d={1;,-2,3},b —{3-2-—1}
313 d={1-1-1},b={14;2},c ={37;3.
413 A(6;¢:3),B(6;3-2),C(7;3,-3).
5.13 A(12;3),B(-12,-3),C(-2,31).
6.13 A(4:6;5),B(6;9;4),C(210;10), D(7;5,9).

14
1.14 8={3,7;0},b ={1,-3,4},¢,=4a-2b,C, =b -2a
2.14 d={-2,4,1},b ={2;1,0}.
314 d={-7;2,-3},b ={-5,3,2},c ={-10;11,-5}.
414 A(0,0,4),B(e;-6;1),C(-5,-10;-1).
514 A(4,-52),B(1-34),C(52-4).
6.14 A(3,5,4),B(8;7;4),C(5,10;3),D(4;7;8).

15
115 d={-1,2,-1},b ={2,-7;1},¢, =6a-2b,c, =b - 24.

2.15 a={3,4,1},b ={11,7}.

315 a={L-2;1},b={-531},c={-7;21}.
415 A(2,-8,-1),B(4,;0),C(-2,-5-1).
5.15 A(4,4;9),B(7;10;2),C(2;8,4).

6.15 A(10;6;5),B(—2;8,4),C(6;8;9), D(7;10;3).
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16
1.16 =1{7;9,-2},b ={5,4;3},¢, =4d—-b,c, =4b -a.
2.16 d={-1,4;2},b={2,2,3}.

3.16 d={-2,4,-9},b ={-7;3,6},c = {L,1,1}.

4.16 A(3,-6;9),B(0;-3,¢),C(9;-12;15).

5.16 A(4;6;5),B(6;9;4),C(7;5,9).

6.16 A(1,8;2),B(5;2;6),C(5,7;4),D(4;10;9).

17
1.17 & =1{5,0;,-2},b ={6;4;3},¢, =58 — 3b,, =6b —104.
217 d={-513},b={2,1,3].
317 d={3,4;5},b ={2;1,3},c ={-1,4;3}.
417 A(0;2,-4),B(8;2;2),C(;2;4).
5.17 A(354),B(8,7;4),C(4;7;8).
6.17 A(6;6;5),B(4;9;5),C(4;6;11), D(5;9;3).

18
118 8={8;3-1},b ={4;,1,3},¢, =24 -b,C, =2b - 4a.
2.18 d={437},b={-413.

318 d={-56;,-2},b={-2,-31},c ={2,1,-1}.

418 A(3;3-1),B(51-2),C(4x1).

5.18 A(10;6;5),B(-2;8,4),C(7;10;3).

6.18 A(-3,2,1),B(3,,-6),C(1—4;3),D(5-13).
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19
1.19 &=1{3,-1,6},b ={57;10},G, =4a-2b,C, = 2b +44.
219 d={-4,2;,1},b ={1,-2;1}.

319 d=1{5,6;1},b = {4;11},c ={2,-1,2}.

4.19 A(—4;3-5),B(0;1,-3),C(2,4;—).

5.19 A(6;3,5),B(8;7;3),C(510;4).

6.19 A(8;6;4),B(10;5,5),C(5;6;8),D(8;10; 7).

20
1.20 8={1;-2;4},b ={7;3,5},5 =6d-3b,C, =b - 24.
2.20 4={-6;7;1},b ={3,2;4},

320 d=1{2;-14},b ={4-1L1},c ={341}.

420 A(e;-10),B(-2-14),C(8,-1-1).

5.20 A(1;8;2),B(5;2;6),C(6;9;3).

6.20 A(7;7;3),B(6;5,8),C(3,6;7),D(8;4:1).

21
1.21 8=1{3,-7,0},b ={4,-6;1},¢, =34 —2b,C, =5a + 7h.
2.21 d={6;~7;-1},b ={2;1,5}.

321 d={-2-14},b={-41-1},c={L12.}

421 A(7;c;2)B(8;13),C(6,-12).

521 A(7;2;2),B(57;6),C(2;3,7).

6.21 A(4;0;0),B(-21,2),C(13;2),D(3,27).
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22
1.22 8=1{2,-6;4},b ={-3,-7;6},¢, =24 +3b,C, =33 -5h.
2.22 4=1{3,-3,4},b ={2,1,-1}.

322 d={2;1,3},b={3-21},c ={4,-2,3].

422 A(2;3c),B(-13-2),C(3-7;-3).

5.22 A(-5;6;-1),B(2;4;3),C(5,2,—4).

6.22 A(-2;12),B(4;0;1),C(3,2,7),D(13,2).

23
1.23 =1{5-1,2},b ={6;1,~7},¢, =33 - 9b,C, =4b +64.
2.23 d={-4-51},b={2,37].

323 d={-31-4},b={4,31},c={12,2}.

423 A(2,2;,7),B(;-16),C(-257).

523 A(3,2,4),B(-31-2),C(5-2,3).
6.23 A(1,3,2),B(3,2,7),C(4;0;,1),D(-2,1-2).
24
1.24 §=1{-3,5-3}, 6:{6 1,-2},G, =2d+b,c, =3a-5b.
2.24 a={-54;2},b={2;-1;1}.
324 = {4;3;—2},b ={-1,2;2},c={2;2;1}.
4.24 A(-12,-3),B(0;;—2),C(-3,4;-5).
5.24 A(5,-2;1),B(4;2;5),C(-12;4).
6.24 A(3,2,7),B(L32),C(-213),D(4-2,3).

312



25
1.25 d=1{4;2;9},b ={0;,-1,3},¢, =4b - 34,5, =44 - 3.
2.25 d={5-4;2},b ={35,2}.
325 d={314},b={2,1,1},c = {543}
425 A(0;3,-6),B(9;3,),C(12;3-3).
5.25 A(7;5,6),B(-2,-5;2),C(-310).
6.25 A(31-2),B(L-2,1),C(-2,1,0),D(2;25).

26
1.26 8=1{2;-16},b={-1,3,8},¢, =54 -2b,C, =2d - 5b.
2.26 d=1{54,-2},b ={4,4;3}.
326 d=1{-121},b={32-1},c ={-56;1}.
426 A(33-1),B(5%-2),C(xL-3).
L

526 A(-2;1;2),B(~L-2;2),C(3,-14).
6.26 A(1,-2;1),B(31-2),C(22;5),D(-210).

27
1.27 8=1{5,0;8},b ={-31,7},6, =33 -4b,c =12b - 94,
2.27 a={7,-31},b ={1,1,-4}.
327 d={-1,2;-2},b={4,54},c ={6,51},
427 A(-21,1),B(2;3,2),C(0;¢;3).
5.27 A(1;32),B(-2;3,2),C(-5;6;8).
6.27 A(-3,2,1),B(-2;10),C(L-2;1), D(3,12).
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28
128 a={-1,34 {2,-1,0},6, =34 +2b,C, =30 -5a.

bb=
2.28 4={9;-5,6},b ={-1,3-2}.
328 d=1{2,-1,2},b {3 33},c={4,51}.
4.28 A(6;4,-1),B(2,-3,-5),C(4;3a).
5.28 A(51-2),B(—4;2; 7) C(21-2).
6.28 A(-3-2;9),B(3-6;-2),C(2;3,5),D(2,-5,6).

29
1.29 & ={-5,-2;~7},b ={4;0,-8},¢, =34 +4b,c, =6b - 7a.
2.29 d={-2,2,-7},b ={2;-2;3}.
329 d={2;1,3},b={2,-2,8},c = {-1,1-2}.
429 A(0;e;-9),B(0;-2;1),C(-L2;,-5).
529 A(L-6;1),B(2-3-2),C(-L3+2).
6.29 A(3,6,-2),B(2,1,-1),C(4,-2;5),D(-3,2,-1).
30
1.30 &={-2;0;5},b ={-1,3,4},¢, = 2a - 6b,C, =5d +6b.
2.30 d={3,-4;-6},b ={1,-2,-1}.
330 d={-2,1,-4},b={1-2},c={-1-2,3].
4.30 A(4;2,-5),B(-La;—7),C(-3,10;-4).
530 A(2-13),B(L-7;1),C(-6;4,7).
6.30 A(2+1-5),B(—2;9;-5),C(-34;1),D(3;+2;-1).
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AHAITHTHKAJIBIK reomMeTpus

1-ecen. bepinreni OoiipraIIa
a) M, nykreci apkpuibl OX eciMeH ¢ OyphbILI XKacart;
6) M;Men M, HyKTenepi apKBUIBL,

B) M; HYKTeCi apKbUIbl S BEKTOpBIHA MApalieb,;

r) M, HYKTeci apKbUIbl /1 BEKTOPBIHA MEPICHANKYJISP;
a) M; HykTeci apKbuibl Ly Ty3yiHe mapaiesb
€) M, HykTeci apkpUIbl Ly Ty3yiHE MepreHIuKyIIsp;

OTETIH TY3YJIEP/IiH KaJIbl TEHCYIH XKa3y Kepek.

%) M; HYKTeciHeH L, Ty3yiHe IeifiHri KallbIKTHIKThI Ta0y Kepek.
3) 5) meH 6) Ty3yJlepiHiH KHBUIBICY HYKTECIH OHE OJapIblH
apachIHIaFel OYpHIITH Ta0y Kepek.

2-ecen. [lonsp xoopauHATTapBIMEH OEpIIreH ChI3BIKTHI h ajbIMbIHA
colikec HyKTenep OOMBIHIIA calry Kepek:

3-ecen. ABCJ] TeTtpasapinin TebenepiHiH KOOpIUHATTaphl OEpiITeH.

1)
2)

3)
4)

5)
6)
7)
8)
9)

(ABC) a3bIKTHIFBIHBIH TEHACYIH jKa3y KepeK.

(ABC) mapamrens [l apKbUTbl ©TETIH JKa3bIKTHIK TEHICYIH
kKazy Kepek.

AJl  KaObIpracblHBIH KAaHOHJBIK JKOHE IapaMeTpIIiK
TEHJIeYJIepiH XKa3y Kepek.

Terpasapain JE OuWikTiri apkpuibl OTETiH TY3YAIH
KaHOHJIBIK TCHJICYIH a3y Kepek.

AJl men JIE apackiHnare! OYpHIIITH Ta0y Kepek.

ABC ymOypbIIIbIHBIH ayAaHbIH Ta0y Kepek.

TeTpasapaiH KeneMin Tady Kepek.

JE OWiKTIiTiHIH Y3BIHIBIFBIH Ta0y KEepeK.

E HyKTECiHiH KOOpAWHATTApBIH Ta0y KepekK.
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1
1-ecen. Bepinreni: My(4: -2); Ma(5; 5); 9=30°: S =(3; 7);
n=(41); Li: 2x—y+3=0; Lz x-3y+1=0.

2-ecen. I = 2C0S@, h=%.

3-ecen. A(3;-1;0), B(5; -1; 2), C(4; 1; 0), A(2; 2; 7).

2
1-ecen. Bepinreni: Mi(-2; 2); My(2; 6); ¢=45°;: S = (5; -3);
n=(7;2); Li: x—3y—-7=0; Ly x+3y+5=0.

2-ecen. I =C0S2¢p, h=%.

3-ecen. A(l;3;2),B(-5; 0; 10), C(4; 9; -2), A(7; -1, 4).

3
1-ecen. Bepinreni: Mi(-2; -2); Ma(4; 2); 9=60°; S=(3;7); n=(2;
-5); Lt x—4y+6=0; Ly 2x+3y+1=0.

2-ecen. I =2+ C0S@, h=% .

3-ecen. A(1;2;-4),B(-3;0;5), C(0; 2; -1), A(4; 1; 1).

4
1-ecem. bepinreni: M(-1; 0); My(-4; -1); ¢=120°; S= (2; -7);
n=(3;4); Li: 3x—y-5=0; Ly x—y+7=0.

/4
2-ecem. I =1+ C0S2¢), h=§ .

3-ecen. A(5; 3;3),B(7; 3;5), C(4; 1; 3), A(-2; 0; 6).
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5
1-ecen. Bepinreni: My(3; 1); My(L; 5): ¢=145°; S = (8; 5);
n=(7;-1);Li: x—3y—-7=0; Ly 2x+3y+4=0.

2-ecen.  =1—2cC0Sg, h=% .

3-ecem. A(2; 4; 8), B(-1; -2; 12), C(8; 7; 0), [1(4; 3; 1).

6

1-ecen. Bepinreni: Mi(0; -1); Ma(4; -3); @=150°; S = (3; -4); n=
(2;5);Li: x—y+7=0; Lz x—5y+2=0.

2-ecen. ' =4sing, h=% .

3-ecen. A(-3;7;0),B(-2; 7; -3), C(1; 9; -9), 1(0; 1; 1).

7
1-ecen. Bepinreni: My(3; 2); My(-2; 4); 9=30°; S = (5; 3);
n=(6;7); Li: 4x—y+3=0; L 2x-3y—-4=0.

T
2-ecen. I =Sin3p, h=—.
12

3-ecen. A(-1;3;2), B(0; 3; 3), C(1; 7; 2), A(-5; 4, -2).

8
1-ecen. Bepinreni: My(2; 1); My(-4; 2); o= 45° S= (7; 5);
n=2;-7);L: x+y+6=0; Ly 3x+2y—-2=0.

2-ecen. r =3+Sing, h=% :

3-ecem. A(-6; -6; 6), B(-3; 0; 2), C(0; -3; -2), A(3; 3; 3).
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9
1-ecemn. Bepinreni: My(-2; 6); M»(2; -2); ¢= 60° § =(8;7); ,_1= (-3;
4); Ly x+2y+3=0; Ly 2x+5y—-4=0.

T
2-ecen. F =1+5sin3p,h=—.
12

3-ecen. A(1;2;-1),B(5;4;-10), C(0; 2; 2), (7; 1; -1).

10
1-ecen. Bepinreni: My(6; -1); My(-2; 2); @=120°: S=(3: -7); n=
(3;5); L1 3x+2y+1=0; Ly 4x+3y—2=0.

2-ecen. I =1+3sing, h=% .

3-ecen. A(-3;1;-1), B(-1; 1; 1), C(-1; 5; -1), 7I(4; 3; 6).

11
1-ecen. Bepinreni: Mi(L; -3); Ma(2; 4); ¢=30°; S = (2; 5);
n=(3;1); L: 6—26+3=0; Ly 20—0+1=0.
2-ecem. I =COS @, h=%.

3-ecen. A(2;1;0),B(3;-1; 1), C(3; 1; 0), A(1; 2; 7).

12
1-ecen. Bepinreni: Mi(-1; 2); My(3; 6); o= 45° S= (3; -3);
n=(5;2); L x—3y—7=0; Ly x+3y+5=0.

2-ecen. I =2C0S2¢, h=%.

3-ecem. A(-1;2; 2), B(-3; 0; 10), C(1; 9; -2), JI(6; -1; 4).

318



13

1-ecemn. Bepinreni: My(-3; -1); Mx(4; 2); o= 60° S= 3;7); n= 1,
-5); Li: 8—36+6=0; L, 2x+3y+1=0.

2-ecen. I =1+C0S @, h=% .

3-ecen. A(2; 1;-4), B(-3; 0; 5), C(0; 2; -1), 1(4; 1; 1).

14
1-ecen. Bepinreni: My(-2; 0); My(-1; -1); @=120°; S = @: -7):
n=(2;4); Li: 8—36-5=0; L; x—y+7=0.

V4
2-ecenm. I =1+ CO0S2¢), h=§ .

3-ecen. A(2;3;3),B(7;5;5),C(3; 1; 3), A(-2; 0; 6).

15
1-ecen. Bepinreni: My(2; 1); My(1; 5); @=145°; S= (8; 5);
n=(4;-1);Ly: 6-6-7=0; Ly 2x+3y+4=0.

2-ecen. ' =1—-CoS @, h=% .

3-ecen. A(2; 4; 8), B(-1; -2; 12), C(8; 7; 0), A(4; 3; 1).

16

1-ecen. Bepinreni: Mi(L; -1); Mo(2; -3); o= 150°; S = (3; -4); n=
(3;5); Li: 26— 0+7=0; Ly x—5y+2=0.

2-ecen. ' =2sing, h=% )

3-ecen. A(-1;7;0),B(-4; 7; -3), C(2; 9; -9), 4(0; 1; 1).
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17
1-ecen. Bepinreni: Mi(5; 2); My(-1; 4); ¢=30°; S= (5; 3);
n=(57); Ly 6-26+3=0; Ly 2x—3y—4=0.
2 2sin g, h=—
ecen. I =2sing, BTS

3-ecen. A(-2; 3;2), B(0; 1; 3), C(1; 5; 2), I(-5; 2; -2).

18
1-ecen. Bepinreni: My(3; 1); My(-3: 2); 0=45°: S =(7; 5);
n=(3;-7);Ly: 0+26+6=0; Ly 3x+2y—-2=0.
2-ecen. I =1+sing, h=% .

3-ecemn. A(-5; -5; 6), B(-4; 0; 2), C(0; -3; -2), 4(3; 3; 3).

19
1-ecemn. Bepinreni: My(-3; 6); My(1; -2); ¢=60°; S= (8; 7); n= (-2;
4); Ly: 20+ 0+3=0; Ly 2x+5y—-4=0.

Vs
2-ecem.  =Sin3p , h=—.
v 12

3-ecen. A(-1;2; -1), B(3; 4; -10), C(0; 2; 2), I(7; 1; -1).

20
1-ecen. Bepinreni: Mi(4; -1); Ma(-3; 2); @=120°; S=(3; -7); n=
(1;5); Ly: 6+20+1=0; L, 4x+3y—-2=0.

2-ecen. r =1+2sing, h=% .

3-ecenm. A(-4: 1;-1), B(-1; 3; 1), C(-1; 5; -1), J(4; 3; 6).
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21
1-ecen. Bepinreni: M;(4; -3); M(5; 4); ¢=30°; S = (3; 7);
n=(4;2); Ly 6—46+3=0; Ly x—3y+1=0.
2-ecen. ' =5C0S @, h=%.

3-ecen. A(7;-1;0),B(5; -1; 2), C(2; 1; 0), A(2; 1; 7).

22
1-ecen. Bepinreni: Mi(-3; 2); Ma(2; 4); ¢=45°; S = (5; -3);

n=(4;2); Li: x—3y—-7=0; L, 26+06+5=0.
2-ecen. I =2C0S2¢), h=%.

3-ecen. A(5; 3;2), B(-5; 0; 10), C(4; 7; -2), A(7; -1, 4).

23
1-ecen. Bepinreni: Mi(-4; -2); Ma(4; 2); 9=60°: S=(1;7); n=(-2;
5); Li: 0—0+6=0; L 2x+3y+1=0.

2-ecen. I =1+C0S @, h=% .

3-ecen. A(-1; 2; -4), B(-3; 0; -5), C(0; 2; -1), [1(-4; 1; 1).

24
1-ecem. bepinreni: M;(-4; 0); My(-4; -2); ¢=120°; S= (2; -7);
n=(4;4); Li: 30—20-5=0; Ly x—y+7=0.

/4
2-ecem. I =1+ C0S2¢), h=§ .

3-ecen. A(5; 3;3),B(7; 3;5), C(4; 1; 3), A(-2; 0; 6).
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25
1-ecen. Bepinreni: My(3; 6); My(1; 4); 0= 145°; S = (8; 5);
n=(5;-1);L: 6-26-7=0; Ly 2x+3y+4=0.

2-ecen. r=1-2c0s@, h=% .

3-ecem. A(2; 4; 8), B(-1; -2; 12), C(8; 7; 0), [1(4; 3; 1).

26

1-ecen. Bepimreni: Mi(L; -1); Ma(1; -3); @=150°; S = (3; -4); n=
(2;3); Li: 6—20+7=0; Ly x—5y+2=0.

2-ecen. ' =2sing, h=% .

3-ecen. A(-3;5;0),B(-2; 7; -1), C(1; 3; -9), 4(0; 1; 1).

27
1-ecen. Bepinreni: My(1; 2); My(-2; 1); ¢=30°; S = (5; 3);
n=(6;5); Li: 26— 6+3=0; Ly 2x—-3y—-4=0.

) T
2-ecen. I =Sin2¢, h=1—.

3-ecen. A(-1;4;2),B(0; 3; 4), C(1; 5; 2), A(-5; 4, -2).

28
1-ecen. Bepinreni: M;(-2; 1); My(-4; 1); ¢= 45° S= (7; 5);
n=2;-7);L: x+y+6=0; Ly 3x+2y—-2=0.

2-ecen. r=2+Sing, h=% .

3-ecem. A(-6; -4; 6), B(-1; 0; 2), C(0; -3; -2), 1(4; 3; 3).
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29
1-ecen. Bepinreni: My(-2; 4); My(3; -2); ¢=60°; S= 8;7); n= (-3;
2); Ly x+2y+3=0; Ly 2x+5y—-4=0.

T
2-ecen. I =1+2sin3p,h=—.
12

3-ecen. A(1;-2;-1),B(3;4;-10), C(0;2; 1), A(7; 1; -1).

30
1-ecen. Bepinreni: My(4; -1); My(-2; 3); @=120°: S=(3: -7); n=
(1;5); Ly: 30+ 0+1=0; L, 46+6-2=0.

2-ecen. F =1+4sing, h=% .

3-ecen. A(-4;1;-1), B(-1; 1; 2), C(-1; 3; -1), [A(1; 3; 6).
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