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KEPELI CY3

«fOrapel matematuka. [ Oynek»  Hcemie  YKbITY-METOAUK KOMIUIEKT
MaTeMaTUKaHbl UK€ TEA9 (TaTapya-pycua) eipaHyde CTyACHTIIap ©YEH TO3EIIE.

ToxkbAMM UTENroH YKy MaTepUaliblH  Y3JIQIUTEProHHOH COH, OyreHre
CTYIEHTIAp — KWJOUOKTOr€  YKBITyUbLIap MOKTON hoM  T'MMHAa3usIopIad
MaTeMaTuKaHbl TaTtap hoM pyc TeISpeHId YKBITHIPra CoNoTie OyibIpiap Ul
pilIaHa0b13. By nco uke tenas O6eneM anydbUIapHbIH MHTEIIEKTYalb YCEIICH SIpJIaM
UTOYIK.

OJiere yKbITYy-METOJUK KOMIUIEKT MWIIM YKy HopTiapblHIa MaTeMaTHKalaH
TyraH Tejijad OeneM OUpy TPaAUIUSIIOPEH YHBIIUIBI 19BaM UTJ. AHBIH HuUre3eH Jlomo
Ncxak kbi3pl ['anueBa, Mancyp 3biaTauH ynbl XecHetnuHoB, Mnpnap ['anoBernuH
yibl ['anoBernunoB, Haun Kanptiip ynel Tykrameimos, Muxann MBanoBuu Kunnep
hom Oamka mnemaror-ralMMHOp Te3elne. YKBITY-METOJUK KOMIUIEKT II9XECHE
YCTEPYTa IOHANTENTOH YKBITY KOHIIETIUSACEHS HUIe3JIoHeN 3MuIoHae. by — Teopetux
OesnleMHopHEH MehumiiereH hoM yKy mpoliecchiH aHjiay, hop yKy4YbIHBIH (DOHHU
MOI'bJIyMaTHBI KaOyJl UTY COJIOTEHS TYypbl KUTEPEIl, NHTEIEKTYalb YCEIIeH TOAMUH
UTYHE Oenepa.

YKy sipnomiiere nypt OysiekToH Topa. bepenue Oynekrs anredpa, reomeTpus
hom Mmarematuk aHanuM3 KypciapblHAa KyJUIAHBUITAH KYIUIEKJISp Teopusice hom
JIOTHKA 3JIEMEHTIaphl OUPOHEIND.

HNkenue Oynekto OuHap OoiroHEeNUIOp Teopusce hom mrynm Teopus OyeHua
MOCBOJIQJIOP TOKBIUM  UTEND. OKBUBAJEHTIBIK, TOPTUN hoMm  (yHKIHOHATH
0olJIOHEIUTOPHEH Y3JIEKIIope, IIyJail YK ajJapHbl TOKBIUM UTY BICYJUIApbl OHPOHEIND,
Kyl KEHO MOChoJIJIop yHIenenuiope Oemon  Oupend. by Oynekro Ileano
aKcuoMasapblHa HUTE3JIOHETI, HATypallb CAHHAP CUCTEMACHIHBIH OWIITEIOMAIdpE, TOI
y371ekiope hom MaTeMaTuK HHIYKIIUS METOIbI KHTEPETIo.

Ouenue OyIeKkTo «ApUBMETUK BEKTOpJAp MPOCTPAHCTBOCHDY TEOpHsICE
TOKBIUM UTeNd. by Teopus anredpa hom reoMeTpusi KypciaapblHbIH HUTE€3EH TOIIKUI
uto. Kuranra apudmetruk BekTopiiap OeioH ramMoiiop hoM ajmapHBIH Y3JIEKIope
kapana. CebI3bikua Ooiineniek hom Ooiicesnek, 0a3uc, paHT TOUICHYAIIPEHS 3Yyp
urpTHOap Oupend, anap O6enoH O9iliie MUcaIap KUTEPEID.

JypreHdue OYJIEKTd KOMIUIEKC CAHHAPHBIH HUTE3JOpE TOKBAUM HTENO.
Komnnekc canHapHblH anrebpauk hoMm TpuroHomeTpuk Qopmana s3bUTYBL, anap
OenmoH raMausp hoMm raMoIopHEH Y3JeK/Iope, KOMIUIEKC CaHHAPHBIH I'€OMETPUK
uHTeprperauusice, MyaBp Gopmyiacsl Kapana.

YKy sdApaomiere TEKCTTa O4YpbIi TOpPraH MaTeMaTUKaTePMUHHAPBIHBIH
TaTapya-pycya cysJjere a0 Oupeno.

FOrapsl maremaTnka OyeHuYa TEKCTIApHbBI PelaKIMISYNS Ooston Oerepreces
eJiell KepTye oueH, ¢uionorus (oHHOpe AOKTOpbl AnbOuHa [a3usymna KbI3bl
XolipynnuHa-BonueBara uxiac KyHENIOH poxMaTeOe3ne Oenaepades.

[lynail yK KUTAHBI 93€PIIAYAQ 3yp SAPJASOM KYPCOTKOH CTYJAEHTIAphIObI3ra OJIbl
POXMOTIIOpeOe3He dilTacede3 KMIID.

Aemopnap-mesyuenap.



1 nue bynex
KYIUIEKJIOP TEOPUSICE

§ 1.1. Kyniexiap
1. Ten Temen4adp. Mucasinap

Kynnexk— yn OunrenoHMu TopraH OalliaHTbld TelIeHYd. By TerneHuoHEH
CUHOHUMHAPbI — KBIEIMay, «KJIaccy», «cuctema» h. 6. hop xymnex HuHIM 10 Oynca
Y3JI€K SIKM Karbliiio OyeHua OCpIIoIIKOH dIIEMEHTIApAaH Topa JUM UCIIUTOHS. Mucan
©UEH, KeIIeNop KYIUIETeHEH dJIeMEeHTIaphl — KeIleIop, CaHHap KYIIereHeKke — CaH-
Hap, OYNMoYMaKiap KyIUIeTeHeKe — OUYMouYMaKiIap.

Kymuteknopae — Oamr slatuH xopediope, alapHbIH 3JIEMEHTIAphIH 1071 JaTHH
xopednope Oenon omrenunsp. Macanan, 4, B, C h. 6.

a >IeMeHTHIHBIH M KyrulereHo kepye «a € M» aun s3wiia. By s3euty «a
aeMeHThl M KYIUIereHa Kepa» siku «M KyIuiere a 3J€MEHTBHIH Y3 DUEHd ajay JIMII
YKbLIIA.

Orop a o2yeMeHTl M KyIJIereHd KepMmaco, «a & M» (a 31aeMeHTbl
Mxyrnerens kepmu siki M KyTIiere @ 3JeMEeHTBIH Y3 U€Hd alMblid) UM s3bLIa.

Orop TEIdCO HUHAM 00BEKT TYPBIH/Ia aHbIH 0y KYIUIEKKO KEPYEH KU KEPMOBEH
oliten Oysca, KYIUIEK OupeneoH NUI WCIMIISHENS. YMKIe caHaarbl >JeMeHTIap/aH
TO3ENTOH KYIUICKHE OJJIEMEHTJIApblH CaHall KYPCOTY IOJIbI OelloH Oupepro Oyrna.
Maocoion, M xymiere a, b, ¢, d anementnapeiaaan Topca, M = ={a,b,c,d} num s3anap.

[amotTo, KYIJIEKHE AaHBIH DSJIEMEHTIAPBIHBIH XapaKTePHUCTUK Y3Jere aria
ouponop. by y3nex OupenroH KYIJIEKHEH OapiibIK AJIEMEHTIIAPhl OUEH 19 YTOJIEPra
hom Gamika aneMenTnap 6y y3/leKko us OyaMacka Tven. MoconoH, B kymere x2 —
—3x + 2 = 0 TuresnoMoceHeH OapibIK TaMbIpnaphl Kymiere Oymnca, A = {x|x? —
—3x + 2 =0} mun s3suta. ['omymu oupakra, oarop B kyrutere P(y) ysjiereHs us
OyniraH y 3JieMeHTIapblHHAH Topca, B = num s3amap.

bunrenama.ozaop uke xyniex 6ep YK I1eMeHMIAPOAH 2blHA Mopcd, anap
muze3 Kyniekaiap oun amand.

Maconon, arop A = {x|x? = 3x + 2 = 0} hom C = 1;2 6ynca, A = C, 4oHKH
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A hom C kymekiope Oep Yk aneMeHTiaapaan Topa (anap 1 hom 2 cannaper).
buaresoma.Ocaop Kynnexney snemenmaapuvl yukie camoa Oyiaca, Oy Kyniex
yuxie Kyniek oun amana. Yukie 6yimaean Kyniexk yuxces Kynjiex oun amaid.

Macanon, 6apablK HaTypaldb Tak CAaHHAP YMKCE3 KYIUIEKHE TOILKHWI TSP, o 5
CaHbIHHAH KEYepoK OyiraH HaTypajlb CaHHap Kyrulere yukie kyrmiek {1; 2; 3; 4}
Oyna.

Kaiibep BakbITTa OUpPENTroH KYIUJIEKHE OWITeNid TOPraH XapaKTePUCTUK Y3IEKK
usi OynraH »jeMeHTiap OynMacka na MeMKMH. Mocomon, D kymiere x2 + +1 =0
TUTE3JIOMAICEHEH peallb TaMbIpiapbl Kymiere Oyica, Oy KYIJIEKHEH Oep 3JIEMEHTHI Ja
Oynmblil. MoHIpId KyruiekHe Oymn Kyrmiek aun atblidiap hom 0 Tamracel OenoH
OMIITeTUITdP. ymnaii uTerl,
D=1{x|x*+1=0, x€ R} =0.

bunaresama.Ocop A kynneceney Oapavik 21emenmiaapvl B kynnecenen
anemenmuapsl 6ynein mopca, A Kyniece B xynnecenen xyniekuace® oun amana ham
A C B oun aszvina.

bunrenoMonoH KypeHroHud, hopbep A Kymuiere y3eHeH KyIUieKdace OyJiblm
Topa,SrpHUA C A. Bym kymiek @ Tenoco HMHIW KYIUIEKHEH KYIUIEKYoce OYJIbII
ucorurond. Illynait urten, A kyrsereHeH hopBakbIT MKe KyIuiekdoce Oap: ajapHbBIH
O0epce — A KyIuiere yse, 9 HKeH4Iece — OyIr Kyriek @.

Bapnbik kymieknop a9 HuHaunaep U KyIJiereHeH KYIUIEKYdJIape AWMl CaHaja.
by U xymuieren yrugepcans Kynjiex  THI aTbIAnap.

Orapeina oiitenronnopnon A € B hom B C A OGynranna reiHa, A = B ukoHe
kwien ybira. [llynai uten, A xyruiereHeH B KyIuiereHo TuresfiereH ucbariay uKe
aJbIMHHAH TOpA.

bepenue anpim — A C B uxoHeH ucbarnay. MoHbIH A KyrmuiereHeH Oapiibik
AJIEMEHTIIapHI Jja B Kyruiere aneMeHTIapbl OyNbIN TOPYBIH KYPCOTEPIa KHPIK.

HNkenue anpiMm — B € A ukoHeH ucOatinay. MOHBIH e4YeH B KyIUICTeHEH

OapJIbIK PEMEHTIaphl 1a A KyIuiereHeke OyayblH ucOatiapra KupoK.

*VIKkeHd4e Tepiie aTaMaiapbl a OUpbIil; keve Kyniek, acmkyniex (pel. uck.)
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2. CanHap KymjiekJdpe

MaremaTukaia e KblHa CaHHap KyIulere OesoH 311 UTOpra Typhl Kuid. MK em
oupblii Topran kymiekndp N,Z,Q,R hom C xymnexinope. By kymieknop «CannHap
CUCTEMaJIapbl» KypChIHJA TUPOHTEH oipoHend. Xo3zep Oe3 Owmnrene OyiaraH kaidep
(akTIapHbI caHaIl YbIT'y O€JIoH YUKIIQHEpOes.

Hartypanb canHap KymJere

Harypans cannap kymeres N = 1; 2; 3; ... qun tamranslinap.

AnbIH 1H ohoMusTIE Y31eKIOpeH OMreaon yTuk:

1. Harypanb caHHapHbIH cymMMmachl hoM TanKbIpYBITHIIIBI HATYpajdb CaHHAP
Oyna.

By y3nekHe HaTypanb caHHap KyIUIeT€HEH Kylly hoM Tamkbipiayra kapara
LUOMBIKIbIK y37e2e TATI aThIap.

2. Hatypanb caHHap KYIUJIET€HI9 UH KEUKEeHd 3JIeMeHT O0ap. Y1 — 1 caHsbl.

3. Harypanb canHap KyruiereHao aimy ramasie hopBakbITTa Ja YTOIMHU.

bereH canHap KyIuiere

Beren cannap kymiered Z = {1;2; 3; ... }iun tamransiiinap.

AwnbIH uH chomusTie y3nexnope:

1. beren canHap kyriere Z HaTypajb CaHHAp KYIUIET€H Y3 DUYEHO aja, sIrbHU
N c Z.

2. beren cannap kxymiere Z — o4 apudMETUK TaMall: Kylly, aiy,
TamKbIpJiayra KapaTta HOMBIK KYIUICK.

3. beren cannap kymierenao Oyiny hopBakeITTa 1a YTOIMHU.

buaresama.Kywy, any, manxkeipaay apu@memux eamaidpeHa Kapama UoMblK
Oy12aH caHHap KyniezeH CaHHap 00X4Cpacsvl Oun amvliliap.

Hlymaii uremn, 6eTeH caHHap Kyruiere Z caHHap Ookpackl Oyma. beten xem

CaHHap KyIUIere IIyJiail yk caHHap 00xpacsl Oya.

PaIlI/IOHa.]]b CaHHap KYILIEre



Panyonans cannap kyruieres Q = {a|a = E,p €Z,qE€ N}zu/m TaMTaJIbIAIIAP.

AHBIH Y3JIEKIIopE:

1. PanimoHans canHap kyrmiere @ O6TeH caHHAp KYIUIETCH Y3 QUEHO aya, SrbHU
Qc Z

2. Panimonans canHap Kyruiere — ZKyIny, aiy, Tankeipiayra, o Z\{0} kymiere
OyJTy TamMosIeHo KapaTa HOMBIK KYTUICK.

3. Temoco HMHIW palMOHAIL CAHHBI YHKIIC SIKM YHMKCE3 YHApPJbl MEPHOIUK
BaKJIaHMa POBEIICHd KYpcaTepra Oya.

4, PaL[I/IOHaJIB CaHHAP KYIUICTCHAS TaMbIp ally TaMaJICH h@pBaKBITTa Ja

GamkapbIn 6yaMbIi. MocanoH, v2caHsl palMoHalb CaH TyTedl.

Peann cannap kymiere

Peans cannap kymiere natun xopede R OenoH TamranaHa.

By kymnexHe Oapiblk yHapibl (YUKIE, YMKCE3 TEPHUOIUK, YUKCE3 TEPHOIUK
OynaMaraH) BakjJIaHMajap KyIulere Qum Omireaopro Oya.

AHBIH TeI y3JIeKIope:

1. Peasip cannap kyruiere R panuoHaib CaHHAp KYIUIETEH Y3 DUEH aja, STbHU
Z c R, R xymiereHno (Q KyIIereHo KEPMOToH) IMEPUOIUK OyJIMaraH YuKce3 YHAPJIbI
BakJIaHMazap oap.

2. Peanp canHap kymiere R — kymy, aidy, Tankelpiayra Kapata HOMBIK
KYTUICK.

3. Hynbro tures Oynmmaran peanb canHap kymiere R\{0} Oymyro kapara

HOMBIK KYTUIEK Oyra.

buaresama.bupeda rkumepencon 2 Hue hom 3 Hue y3nekiapea us Oyieaw
CaHHAap Kynieze CaHHap Kvlpbl OUn amaid.

By y3nekinop panmonanb canHap Kyruiere edeH 19 ytand. lllynait uren, hom K
KYTUICKJIOpE CaHHAp KBIPHI OyIa.

4. Tuckope peanb CaHHapAaH KO KYPCOTKEUWIE TaMbIp ally TaMojie YTOIMHU.
bamka oupakiapaa peans caHHAp KYIUIETSHIO TAMBIP Iy MOMKHH.

5. CanHap Typbicbl homM peanb caHHap KyIUiere apacblHAa Yy3apa



OEepKBIMMMOTIIE TUHJSLUIEK Oap. SrbHU caHHAp TypbIChIHAArel hopOep HOKTa HUHIU
oo Oynca peanb caHra THHAQMI hom, kupeceH4d, hopOep peanb caH caHHap
TYypbICBIHAATBl OeploHOep HOKTara TUHISM Oyna. By y3mek peanb caHHap
KYIUIETEHEH ©3JIeKCe3TIeTe UM aTaja.

Matematukana peayib CaHHAp KYIUIETCHEH KYIUICKYQNIope 119 el oupbiil. by
KYILIEKUQIIOpHEH aepyda ohomusatienape Oyusin [a,b] = {x|a < 1 < b}— iioMbIK
uHTepBan (kucemtd),(a,b) = {x|a < x < b} — aubIk unTepBan (apanvik), [a,b) =
={xla<x<b} hom (ab]={x|la<1<b} speiMaublik (IPHIMIAOMBIK)
MHTEpBaJUIap Topa.

Kommnuiekce cannap kymiere

Komrmutekc canHap KyriereH tatuH xopede € 6enoH Tamraisliinap.

By xymek anreOpa KypchlHIA THUPOHTEH OHpOHENd. AHBIH TYOQHJOre ToIl
y3Jnekinope 0ap:

1. Kommneke cannap € xyruiere R kyruiereH y3 s4eHs ana, sirbhu. R € C.

2. Kommnekce cannap kyruiere € — caHHap KbIpbI.

3. Kommiekc caHHap KYIUIET€HAD TENOCO HUHAM JIOPIKSAIre TaMbIP aJIblIl
Oyna.

4. Kommuekc canHap € Kyruiere O€JIOH SCCHUIBIKTArbl HOKTajap apachiHaa
y3apa 0epKbpIHMMOTIIC THHJIQIILISK Oap.

[ynait uren, 6e3 ohoMusATIe TOm CaHHApP KYIUICKIOPEH allapHBIH YCo Oapy
TOpTUOEH® caHan YbIKTHIK, ArbHU N C Z € Q € R c C ukoHEH Kypiek, hopoOep
KHUHOUTY Oy caHHap OeJoH HUHIM 19 Oylica ssHa raMaj Oalrkapy MOMKHHIIETEH OUpa.

Mucanuap
1. bupenroH KyIUIEKJIIOpHEH KailCchUlapbl YMKJE, KalicChbUIapbl YHUKCE3,

KaiChUIaphIOYIIl KYTLIEK?

1.1 {x|x2-x+4=0, x €R}; 1.6. {x|4x2-1=0,x € Z};
1.2. {x|x2<1, x ER}; 1.7. {x|x<7,x €N}
1.3. {X|x2-5x+4=0,x € N} 1.8. {x|x>5,x €N}
1.4. {x|12:x, X € Z}; 1.9. {x|x2=2,x € N}
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15 {x|x2-4=0,x € Z}; 1.10. {x |2<x<5,x € Z}.

2. bupenroH KyImiekaopHeH OapiblK KYIIEKYJI9pEH TaObIThI3.

2.1. {1}; 2.4. {{1, 2}, {3}, 1};
2.2. {1, 2}; 2.5. {{1,2},{3,4,5},6, 7};
2.3.{1, 2, 3}; 2.6. {{1, 2}, {3, 4}, {5, 6}}.
3. TyOGoHore KYIICKIOpPHEH T€OMETPUK CYpaTeH TaObIrbi3 (7-20 Mucamnapaa
X,y € R):
3.1. {x]|-2<x<5,x €ER}; 3.2. {X|x<4,x€eN};
3.3.{x|5<x<10,x€Z}; 34, {x|(x-1)(x-2)=0,x €N},
35. {x|x?-4=0,x€ N}, 3.6. {x|x2>2, x €ER};
37.{(x,y) |y =2x}; 38.{(x, ) |y>x}
3.9.{(x,y) |y =2x}; 3.10. {(x,y) | X2+ y* < 1};
311 {(x,y) | x>+ y2>4}; 3.12. {(x,y) | (x-2)>+y*<9};
3.13. {(x,y) | x2+ (y +2)*>4}; 3.14. {(x,y) | y<2x + 5};
3.15. {(x, y) | x <-y?}; 3.16. {(x, y) [ x¥*=y};
317. {(x,y) |1 <x<4,1<y<3}; 318 {(x,y)|x=>-3,y<-1}
3.19. {(x, y) [ x+ 2=y}, 3.20. {(x, y) [ x+y<3}.

§ 1.2. KyniekiopHeHn kucemmace hom Oepiammace
bupenron kymiexnop OeloH HUHAMIEP TaMoJUISp OallIKaphlil, SHA KYIUIEKISP
Te3epra Oyna.
buarenama.A hom B Kynneknopewen ukecena 02 Kep2oH 21eMeHmIaApOaH
me3enean Kyniek A hom B xynnexnopeuwey Kucewimace oun amana hom ANB oun
mameanaua.
Jumok,A N B = {x|x € Aham x € B},

orop A N B = @ 6ynca, A hom B kymiekiiope kucemmu um oUTaIap.

Mucasniap
1. Orop A={1,2,3,4,5}, B={2,4,6, 8} oynca, AN B ={2, 4}.
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2. 9rop A= (3,5], B=[-1,4] 6ynca, AN B = (3, 4].

3. C — xen OeTeH caHHap Kymuere, B kymiere 3 ko Oynenyye O6TeH caHHAp
kymiere Oynca, C N D xucemmace Oep YK BakKbITTa 3 K9 119, 2 T9 19 OyJlieHyde, ArbHU
6 ra OyJIeHy4Ye CaHHapKyIuiere oyra.

Ky3 angpiHa kuTepy KHHETIPIK OYJCHIH ©4eH, KaOep BaKbITTa KYIUICKIOpHE
Oiinep—BeHH auarpammacsl SpIdMEHAS KypcoTanap. by oupakra OuMpenroH KyIUIek
HOMBIK (puTypa UeHd ypHAIIKaH SICCHIIBIK HOKTaJaphl UTEM anbiHa. Mucan eyes, 1.1
HYE poceMId A KyIiere ropu3OHTalb ChI3BIKIAp OenoH, 9B Kyruiere BepTHKalb
ChI3BIKIIAp OCNIOH MTpUXJIaHraH. BepTukamb hoM TOpH30HTaNb CHI3BIKIAP OENoH
HITpUXJIaHraH eyiem A N B kucenimace Oyna.

Orop yHuBepcanb U Kyruiere a9 Kapaica, sicaraH QurypajiapHbl HUHIUAIED
Oamka ¢urypa OenmoH kaman ananap. ['agorro, Oy Qurypa TypbITOYMAaKIBIK

POBENIEH/I9 aliblHA. 1.2 HUE paceMHe Kapa.

p. Hin
EA —iAmE @
\ 1
U

Poac. 1.1

B

Iy
|
N
>
QJ""

Pac. 1.2

KymeknopHeH KrcemmMaceH Tady raMoajie TYOOHIare Y3ISKIOPIa Usl:

1. ANB=BNA.

by Turesnek KUCEHIMOHEH KOMMYMAamueablK Y3J€re Wl aTajna. AHBIH
MCOATIaHBIINIBl OWITEIOMOIOH Kujen 4bira. JlepecTtoH a9, A N B KyIJiereHmore

TENIOCY HUHAM 3eMeHT B N A kymnereHs 19 kepo hom, kupecenus, BN A
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KYIUIETEHOTE TENIOCO HHMHAM 3JeMeHT A N BKYIUIEreHeH 19 dJIEMEHTIaphl OYIIbII
TOpA.

2. ANnB)NnC=An(BnNnC).

By HOTHXKO — KHCEIIMOHEH ACCOYUAMUBTBIK Y3IIETE.

Anbl ucbatnan kypcotuk,x € (A N B) N C 6ynceid. By,x € (AN B)hom x € C
ukonuercH amata. Jlokun x € (A N B) Oynynan x € A hom x € B uKkoHIIere KUel
ypira. Jlumok, x € Bhom x € C, MoHHaH x € B N C wuKoHEH Kypabe3. Xazep x € A
hom x € B N C ukoHEH UCAMKD ancak, X € (A N B) N CHotwKaceHd Kuindbes. [llynaii
uren, (A N B) N Cxymierengore upekine x siaeMeHTHIA N (B N C)KyIulereHer 1o
3IIEMEHTHI Oyibin Topa, sarean (ANB) NC = =A N (B N C).MoHna kupe
ofiteMm (ANB)NC =AN(BNC)uoks rorapelgarbiua Kypcoreind. MOoHHaH
rcOaTiaaHacel Y3JE€KHEH Jepeciere KWiaen 4Ybra. KucelmMoHEH acCOLUATHBIIBIK

y3JiereH Dinep—BeHnanarpaMmachiHga KYPCOTUK.

c'lll

Pac. 1.3. A N B copuzonmans wimpuxianean,
C sepmuxans WmMpuxianeaH,
(A N B) N C uxe mankolp wmpuxiaH2an.

~.-
N
i
eSS

Pac. 1.4. A copuzonmans wimpuxiauea,
B N C éepmukane wumpuxnanean,
A N (B N C)uxe mankvip wimpuxianaan.
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1 Hue hoMm 2 Hue Y3JIEKIOPro HUTE3JIOHEN YHWKIE CaHJarbl KYIJICKJISPHEH
KHCEIIMACEH TallKaH/Aa, HOTHXKOHEH TaMaJUIop SOy TOPTHUOEHD, SITbHU KISIOPHE
Kasi Kyrora Ooiine Oynmarannbirel ubira. lllyna xypo A4, Ay, ..., A, KYILUICKIOpEHEH
KHCemMaceH Kbickaua UTL; A; poBenieHo s3aap.

Kucemma OuirenoMoceHHOH KWJIeN YbIKKAaH Oalllka Y3JEKJIdpHE N9 KYpCoTel

KUTUK:
3.AU A = A.
4 AvU=U.
5. Aup =4

buiresnamMa.A kyniaecena sku B KynieceHa (AKu uKeceHa 03) KepeoH
nemeHmiapoar mesencaon kKyniek A hom B Kyniexnapenen beprauimace oun amana.

bupeno «sgkm» Tepkorede OYJIGHMH TOpPraH MOIBHOAQ KyJIaHbLIA, STBHU
oepnommMoneH hopbep x aneMeHThl A, B KyIUIeKIopeHeH O6epceHs Oyrca aa Kepepro
tuen (sku A ra, sku B ra, sk Oy KYIUICKJIOPHEH HKECEHO 19). by Omnremomone
KbICKaya 0oJail s13a0b13:

AUB = {x|x € Aaxu x € B}.

Mucauaap

1.A={1; 2; 3; 4,5}, B={2; 4; 6; 8} 6ynca, AU B= {1, 2; 3, 4; 5; 6; 8} Oyia.
2.A=(3; 5], B =[-1;4] o6ynca, AU B =[-1; 5] Oyuna.
3.90rop C — OeTeH xen caHHap Kyruiere, B 6eTeH Tak caHHap kyrere Oynca, C U
D Gapnwik 66TEH caHHAp KyIuiere Oyna.
bepnommMa ramonen Ditnep—BeHH auarpammachkl SipAOMEHIS KYpCoTuK. 1.5-
HUYe pacemad A xyrmiere — ropusoHTtanb, B — Beptukanp, 9 A u B uke tepiue

MTpUXJIaHTaH ©JIK9.

ﬂ-\
C
§m{'
oy




BepmomMo ramonme Imrymail yK - KomMmymamuéivik hoM  accoyuamuénvik
Y3JIEKIOPEHD Hsl, ATbHU TYOSHIore TUTE3IIEKIdp aepec Oyia:

1. AUB=BUA

2.(AUB)UC =AU (BUUC).

Bepenue TUTre3NeKHEH AOpECIere TYPhIIaH-Typhl OUITeIoMOIOH YbIra.

Hkenue turesnekne wucbamiay euen, (AUB)UC c AU(BUC) homMA U
(BUC) c (AU B) UC uxoHEH KypcoTepro KHMpIK. By IapTiapHbIH UKEHUECEHEH
nepecaereH KYpCoTuK.

x € AU (B UC) Oyncein. by x € A sixu x € B U C uKoHEH aHjiaTa. Orapx € A
Oynca, x EAUB Oyma, myHa kyps X €E (AUB)UC, sream AU (BUC) cc
(AUB)UC. Xasep x € BU C ouparblH TUKIIEPUK. YII BakeITTa X € B sixux € C.
Orop x € B Gynca, x € AUB, numak, x € (AU B) U C 6yna. Orop x € C 0Oyica,
x € (AUB)UC. Illynait uren, (AU B) U C xymierengore hopbep X 3J€MEHTHI
(A U B) U C kymuierenes 19 3aeMeHTsI Oyibin Topa. by AU (BUC) cc (AUB) U
C vkoHeH aHyiaTa. MOHa KHpe pacjiay HOKb IIyIIbl POBEHITd mcOariaanbuia. [lymait
UTEIl, MKEHYE Y3JIeK HCOATIaH bl

BepiomimMoHeH accoluaTUBIBIK Y3jereH Oiiep—BeHH auarpammachbiHaa

TacBUPJBINK (1.6 HUBI hom 1.7 HUe paceMHaD).

2z
’ 4 X
g - 4 .
v 4 X
5 .
'
'

' | 1

Pac. 1.6. AU B — copuzonmans umen wimpuxianean,
C — sepmukans umen wWmpuxiaH2am,
(A U B) U C — bapavik wimpuxianean oiKa.
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Pac. 1.7. A — copuzonmans umen wmpuxiaHean,
B U C — sepmuxkans umen wmpuxianeaH,
AU (B U C) — bapavlk wumpuxnaneam eiKa.

1 Hye hoM 2 HYe Y3IEKIOPIOH KYPEHTOHYO, YHMKJIE CAaHAArbl KYMJICKISPHEH
OepIIoIIMACEH TalKaH/Aa, HOTHXKS TaMAJUISPHEH YTy TOPTUOEHO, SITbHU KSUIOpHE
kast kytora Ooitnie tyren. IllyHa xypo Aq,A4,,..., A, KYIUIEKIOpEHEH OepIonIiMoCceH
kbickaua U7, A; poBemen 1o s3anap.

BepngmMa OMJIT€IIOMOCEHHOH KHWJIEN YbIKKaH Oallrka Y3JICKIIOPHEC 2 KYPCITCII

KHTHK:
3.AUA = A.
4AVU=U.
S AU =4

bepnomMo hoMm kucemMo ramoiiopeH Oeplomrepyde Y3Iekiaop a0 O6ap. Anap
oucmpubymueivlk 3aKOHHApsbl AT ataja hom Ooaii si3puia:

6.AN(BUC)=(ANB)U(AnC?C).

6’ Au(BNnC)=(AuUB)Nn(4AuCC).

6 HYbl Y3IekHe HcOaTibliik. AHbBIH oueH Oamra AN (BUC) cc (ANB)U
(A N C)uxonen kypcotuk, x € A N (B U C)6yncen. Kucemmo Ouirenomoce OyeHuya,
X €A hom x € BUC 06yna. MonHan (x EA hom x € B) sixu (x € A hom x € C)
oupakiiapel Oynysl MOMKHUH. bepenue oupakra x € A N B, o ukeH4e oupakra X € A N
C. ke oupakra 1a x € (ANB)U (AN C) 6yna. Iumoxk, AN(BUC)c (ANB)U
(AnC).

Xazep (AnB)u(ANC) cAn (BU C)uxonnerex, ATBHU anja
ucbaTiIaraHHblH KUpeceH wucOamibiik, Yy € (A N B) U (A N C)6ynceiH. MoHHaH

OepiomMo Ourenamace OyeHua, y € AN B saxku y € AN COyna. Orop y €EANB
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Oynca, y € A hom y € B 6yna. Yn Bakbitta y € A hom y € B U C, hom 1ryHa Kyp9 19
y€EAN(BUC).Oropy € ANCO6yinca, y € A hom y € C Oyna. Y BakbITTa IIyJIail
yk YEA hom y € BUC hom myHa kyps y € AN (B U C) Oyna. Ilynaii uren,
Oapislk oupakinapga ga y € AN (B U C) ukonnere kuinen yeira. by (AN B) U
(ANC) c An (B UC) ukounered anjara. MoOHHaH 6 HYBI Y3JIEKHEH IOpeCiere
YbIra.

6' HUBI Y3JI€K HOKD LIYIIIBI PIBEIITS HcOaTIaHa.

6 hom 6' y3nexiopen Diiep—BeHH nuarpaMMachiHIa MOCTOKBIAIL POBEIIT
KYPCOTEPra TOKHIUM UTI0E3.

§ 1.3. Kymiek ectomace. Kyruiekiap aepmacsl

buaremama.Axynnecena  kepmoyue — 6apavik  dnemeHmaap — KynieeeHA
Kynnezeney ecmamace oun amwiiinap ham A oun mameanviinap.

Ilynait uten, A = {x|x & A}. By 6unrenomo GyeHua, A Kymjere HUHIAMUAEP
yHuBepcasib U KyriereHeH Oep elielie, ArbHU aHbIH KYIUIEKYdCe JUM MCIIUIoOHD. A

KYIUIET€HEH ecTomace Diiep—BeHH nuarpammackinaa 1.8 Hue pacem19 KypcoTeNlraH

|IH]

Pac. 1.8.A— copuszonmansy umen wimpuxianea,
A— sepmukans umen WmMpUXiaHeaH.

Mucannap

1) Yuuepcanb kymiek U=N,o A Tak HaTypaidb CaHHAp Kyruiere OYJICHIH.
V11 BakbITTa A X011 HaTypalb CaHHAp KyILlere Oyia.

2)  Orop yHuepcanb kytmiek U = [0;0), A = [3;6] Oynca, A = [0; 3) U(6;0)
Oymna.

BI/IJIFGJIQMQI[QH KYPCHI'OHY9, KYIINICK ©CTOMICCHCH ©CTIMACC Oarrarsl KYIIICK

OesoH ToHra Kuina: A = A.
Nke kymiexk OepiomMaceHeH hoM — KHCEIIMOCEHEH  ©CTOMaceH Oy

KYIUICKJIOPHEH Y3JIOPEHEH 6CTOMAIdPE allla KypcoTen Oya:
17



7.ANB=AUB;

7'"AUB=ANB.

By turesnexnop oe Mopean 3axonnapur nun artana (Asryctyc ae Mopran
(1806—1871) — mrotmang MaTeMaTUIBl hoM JTOTHTEI).

7 H4e TMresldeKHe Hcbharian KypcoTuk, X€ A N Boyncen. Kymnek ectomoce
ownrenoMmace OyeHua, 0y X€ANB ukoHeH anjyara. Jlumok, X¢€A sxu x&B. MoHHaH
XEA sxu XEB, arbuu x€ AU B. 1llynait uten, ANB c AUB. Xozep ye AUB
OynceiH. Mke KymiekHeH GepioliMoce Ouirenomoce OyeHda, MOHHAH yE A sku yE€
BuxoneH Kypobes, ArbHM y&A sxku y€B. By BakbpITTa KyIUIEKHEH KHCEHIMACE
ounrenomace O6yeHua yEANB, arbau y€ AN B. Illynait uten, AUB € ANB.
Jlumok, A U B =A N B. 7’Turesiere HoKb IIyILIbl PIBEIIT UCOATIAHBLIA.

Jle Mopran 3akoHHapeIH Diiiep—BeHH auarpamMmachiHIa MOCTOKBIMIb
POBEIIT CYPITIION Kapapra TOKbINM HTEND.

Kymnek ecromoceneH kucemmo hom Oepriommo ramoiuiope OeimoH 0oiiie
OynraH TYOoHIOTE Y3JIeKIope Ourere:

8.AN A=0;

8.4AnA=U.

buiarenama.A kynneceney B kynnecena repmayue 3nemeHmMiapblHHAH

me3senean Kyniexk A ham Brynneknapenen aepmacel oun amana.

&0 (B

a) A\B—uwmpuxnanzan o1xa 0) B\A — wmpuxnanzan o1xa
Poac. 1.9

\

By kymex A\Baun tamranana. Illynait utern, A\B = {x| x € Ahom x & B}
(pac. 1.9, a), B\A = {x|x € Bhom x & A} (pac. 1.9, 6).

Mucasniap
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1)A ={1; 2; 3; 4,5, 6}, B={3;5} oyncemn. Y Bakeirra A\B ={1; 2; 4; 6},
B\A = 9.

2)Orop A = [-1; 4], B = [2; 6] 6ynca, A\B = [-1; 2), B\A = (4; 6].

Octomo hom kucemmd Gunrenomanopenon A\B = {x| x € Aham x ¢ B} ==

{x|] x € Aham x € E} = AN B WKOHIEre KWIeN YbIra. [lynatt wren,A\B = AN

B6yma. JIAMOK, HKe KYIUICKHEH aepMachiH hopBaksIT kucemmo hoM KYILIEK 6CTOMACE
amra Kypcaren Oyna.

Hke kymiiekHeH aepMachl ©4eH TYOSHIare Y3JIEKIdp YTaIo:

1. (A\B)UB = AUB;

2. A\B = A\(ANB).

By TturesnexknopHeH OepeHueceHEH jaepeciere Kucemma hom Oepromma
Y3/IeKIOpeHHoH Kuien ybira. Jlepecton 19, A\B = A N BUKOHJEreH HCOMKY aycak,
IMCTPUOYTUBIIBIK  3aKOHBI  HHre3eHnd,(A\B) U B = (A N E) UB=(AUB)NN
(B U B) 6yna. Monnas, BUB = U hom AN U = A 6ynranbikras, (A\B) UB = =
A U B uKoHJereH Kypaoes.

HNkenue turesnek T NIyHIbI POBEIITd HcOaTiaHa. by TUreslekHEH YH STBIH
ysropro  Gamueiiik. MonnanA\(ANB)=AN(ANB)=An(AUuB)==(4AnNn
AHU(ANB)=0U(ANB)=A\B.

be3 Oupeno aepmaHbl KHCEIIMO aiia KYpPCOTTEK, aHHaH COH Je MopraH,
TUCTPUOYTHBIIBIK, KUCEIIMS hoM GepIionimMo 3aKOHHAPHIH KYJIaHABIK.

Kurepenron ys3neknopHe wucOariarania KyJ/UIaHBUITAaH BICYJTHBI  KaiOep
BaKBITTA 9KBUBAJICHIN PIGEULY322PMYIdp BICYIIBI IUI aThIIIAP.

Hcbatnanran 6epeHye y3JIEeKTOH TYOOHIOTE HOTHIKY KHUJIEH YbIra. Orop Oarra
A\B aepmacweiH TaObIll (ArbHU A KYIUJIETEHHOH B KyIUiereH ajicak), © aHHaH COH
(A\B) U B GepioimaceH Tarcak, (ArbHH OapIibIKKa KWJITOH aepma OeoHB Kyruiere
OepIroImMace Te3eCaK), yiI BakbiTTa A U B Kyruiere 0apibIKKa KHIOYOK.

A\B aepmacel Owunremomocendo Ahom A Kymnekimope  CHMMETPUK

OyJBIIKepMIIIOP, TUMIK, A\B#B\A, oMMa cummempux aepma TEUICUICCHID Oy

(GKUTCHICC3JICK» IOK.
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bunzenama.(A\B) U (B\A)xynieceA hom A Kyniekiapeney cummempux
aepmacwl oun amaia.

By xymnekne A ABaun tamransiiinap. Illynait uten, A AB =(A\B) U (B\A).
Cummerpuk  aepma  Oiniep—BenH  aumarpammacbigaa — TyOoHmorews  1.10

POCEMEH/IOreYd CYPITIIOHD.

~J e

Pac. 1.10. A AB xynneze wumpuxnanzan enxa.

Ditnep-Bennguarpammacst A AB = (AU B)\(A N B) turesnere yTonepro
THeleren Kypcara. depecton 19, AAB = (A\B) U (B\A) = (A\B)U(BNA) ==
(A\BUB)N(A\BUA))=(AUB)N ((AnB) UA) =(AuB)n ((AuAd)n
NBUA) =(AuB)N(UNBNA) =(AUB)NBNA = (A UB)\ (BU A) =
=(AUB)(ANB).

be3 Oupeno wke Tankelp AUCTPUOYTUBIIBIK 3aKOHBIH, aHHAH COH OEpJIolIMo,
Kucemmd, aepmMa hom ge Mopran 3akOHHapbelH KyJJaHAbiK. McOaTnaHbuiran
TUTE3JICKHE CUMMETPUK aepMaHbIH UKeHYE Omireiromoce Ium eptandp. CuMMETpHUK
aepMa eueH TYOOH/Iare TUTe3JIeKIdp YTIQ:

1. AAB = BAA,

2. AA(BAC) = (AAB)AC.

CuMMmeTpuK aepMaHbIH OunrenoMace hom OepiomMoHEH KOMMYTATHBIIBIK
y3Jere HUre3eH 19 0y THUresnekiIopHeH OepeHueceH ucbarian KypCoTHK:

AA B = (A\B) U (B\A) = (B\A) U (A\B) =B AA

Hkende TuTe31eKHE MOCTIKBIIIIH POBEIITS NCOATIIATHI3.

§ 1.4. Kyniiex/1op 0es1oH 0alIKapblITaH raMIJUIdPHEH Y3JIeKJIdPeH dapJiay

Kymneknop OenoH Oamikapbuiran OapiblK TaMOJUIOPHEH Y3JIEKIOpEeH Oepra

KbINCAK, TYOOHIoTe TUTE3JIEKIOPHEH JOPEC NKOHJIETEH Kypooes.
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1.AuU=U 1"ANnQ =0

2.Aup =A 2°.A NU =4

3AUA=A JVANA=A

4, AUA=U 4 ANA =0

5. AUB=BUA 55 AnNnB=BNA
6.AU(BUC)=(AUB)UC 6.ANBNC)=ANB)NC
7.AU(BNC)=(AU B)n(AuC) | T"AnBUC)=(AnNB)U(ANC)
8.AUB=ANB 8.ANB=A U B

9.A=A

Kurepenron 17 y3nek kucemmo, epiommo hom ectoMa Taly ramMosuiopeHo
Ooitie. by TuresneknopHe wucbarnaranga, 0e3 ajapHbIH OWITEIOMANIOPEH T'eHO
KyJUTaHIbIK. AepMma hoM cuMMmeTpuk aepma TaOy TaMmollIope MOCTOKBIAIL Tyred,
YOHKH aJlap KUcenmo, oepiommo hoM ectomo Tady raMosuiope aia KypcoTendiiop.

Hepecton 19, AA\B=ANB, AAB=(ANB)U (A nB). lllyna xyps acpmMa
hoM cuMMeTpUK aepma TaMoIlIope KEProH THUTE3JIeKIOpHE aija KurepenroH 17
Y37IEKKS HUTE3JIoHEe nchatiapra Oyna. OUTENToHHOPHE MUCANIa aHTIATHII YTHK.

Aepma ramone e4eH TyOOH1ore TUTE3JICKIOPHEH qepeciere Oumnrene:

1. AA(BNnC)=(A\B)U A\ 0),

2. A\(BU C)=(A\B)n (A\ C).

By turesnexnop aepma ramaiie eueH Ae Mopran 3aKOHHapbI JUII atajaiap.

lynapubig OepeHvyecer ucbatian KypCcoTUK.

A\ (BUO=An(BUuC = AnBuC)=AnB)uAncC)=
=(A\ B)U (A\O).

bupens 0e3 aepma OmirenoMaceHHaH Thill, Je Mopran hom nucTpuOyTHUBIBIK
3aKOHHAPBIH KyJUTaHAbIK. Hokb mrynaii utern, 2 HUe TUre3nneK ncOaTiaaHbLIa.

1—8 hom 1'—8' TuresnekyopeHeH Oep y3jiereHos UrbTHOAp UTUK. OT9p Oy
TUTE3EKIOPId N hom U, mrynait yk U hom @ Tamranapsia 6ep-0epceHs allbIIThIPCaK,

# hom £' (£ = 1; 2; ... ; 8) HOMEpJBI TUre3JIEKIdp Oep-OepceHs Kyud. by HOTHKD
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Y3IEKIIOp SPASMEH19 UCOATIaHbUIraH OepIIdlIMa, KHCEIIM, 6CTOMS TaMTaJlapblH Y3
AUEHO aliraH TEJOCo HUHAM TUTe3JIEKHEH N TaMrachblH U TamrachiHa, mrynaail yk U

TaMIraCbIH @ TaMracbiHa aJIBIIITBIPraHaa JopeC TUI'C3JICKKY KYUYCH aHJiaTa.

Kynerymnap

1. Orop A = [1:4], B=[—2; 2] 6ysnca, AUB, AN B, A\B, B\A4,

AUB, ANB KymnekiaopeH TaObIrbl3s hoM anapHbl TEOMETPHK POBELITY
CypoTJIares.

Yuwy. Ny 6amta A hom B KyIIeKIopeH reoMeTpUK PoBEIITd CypaTanoes:

S Il SN0 g
-2 -1 0 1 2 3 4
V11 BaKbITTA KYIUIEKJIOp O€IoH OaIIKapbhuIraH TaMoJlIdp OHIITeIOMICCHHIH:
AUB=[-2;4], AnB =1[1; 2], A\B = (2; 4], B\A = [-2;1), A= (—; 1)U
(4;+0), B = (—0; =2)U (2; +0), AU B = (—00; =2)U [1; +), AN B=(—o0; 1)U
(2; +0) uxoHeH Taba0OkI3.
2. Orop A={(x,N|(x—-1)?>+y*><4),B={(x,y)|x*<1-y} 6yca,
AUB, AN B, A\B, B\A, A KyIIJIeKJIopeH reOMETPUK PIBEIITI CypITIIores.
Quwy. x0y sccembmreiaga (x — 1)% + y? = 4 Turesnomoce paamycsl 2,
y3ore (1;0) HokTachiHma OynaraH oiiIoHO HOKTajapblHHAH ThIOapoT. llyHa xypo 4
KYILICTE IIYIIbI OMJIOHO YUKJIOTOH TYTOPIK HOKTaIaphl OyJia.

y=1-—x?

turesnomace tyoace (0; 1) HOKTackIHAA, O SIMBJIOPE acka IOHAITOH
napabomnanan reiibapot. [llapt Gyenua,

y <1 —x?, yn BakeITTa B Kymiere mapa6ona 6eloH YHKIOHIOH KYIUIEKHEH
7YKe HOKTaJaphl Oyna. by KyIiekinopHe chi3piMaa CypaTiauk (pac. 1.11).

A xymiere — BepTUKaJb UTeI, B Kymuiere — ropu3oHTanb UTEM MITPUXIAHTAH
KYIUIEKJI9p. Y1 BakbITTa A U B — WH KUMEHA9 Oep TamKblp IITPUXJIAHTAH KYIUIEK,
AN B— wWKe Tankelp MTPUXJIAHTaH KYIUIeK, A | B— TyropokHeH 0apbl THK BEpTHKAIb
mTpuxianran oep eneme, B\A — napaboa 6e1oH YNKIIOHTOH KYIIEKHEH O0aphl THK

IFOPHU30OHTAJIb HITPHUXJIAHTaH OJYKC HOKTAJAapPHhI. A — SCCBUIBIKHBIH TYI'9PIK

HOKTaJIaphl KEPMOTroH 6JIeIlIe.
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3. @rop A= {(xy)x* +y* >4}, B={(x,y)x* +y* <9}, C=
{(x,y)|x* < —y}6ynca, AU(B\C), A\(BNC) KyIEKIOpEH TI'COMETPHK

POBEILIT CypaTIIores.

A

N

/= A
A
N

| —

A"
N
N
N

N
~
N
.
o

Poc. 1.11

YA

Poc. 1.12

HQuwy. (1.12 Hue pocemHe Kapa). A KyIUlere — y39re KoopAuHaTaiap
OalIaHTBIYBIHA, PAIUYChl 2 OyiaraH TYTOPOKHEH THIMIKBI ejele. B Kyrmiuere —

paanychl 3 OyJiTraH TYTOpPOK HOKTanapsl (y3ore KoopawHATanap OanutaHrbrapiHaa), C

2

KYyIlere — y = — x° mapaboJyiachkl YMKJIOTOH KYIUIEKHEH 34ke HokTamapsl. [llyHa

kypo B\C xymere — B tyroporenen C kyruiere HOKTaldapbl KepMoroH enerie,AU
(B\C)KyIuiereHs sicChIBIKHBIH TOPU30HTAJb IITPUXJIAHTAH OJIEIIe TEHd KEPMH.

Xazep A\ (BN C) xymneren ta0briik. B N € kymere — paauycel 3 Oynrad
2

TYropakHeH hoM y = —x° mapa0osachl YMKIOIOH KYIUIEKHEH 3YKE HOKTaJapHBIH
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yprak einemie. A\(B N €) KYIJIETeHd KEYKEHO TYTOPIKHEH THIIIKBI HOKTaJapbIHBIH
BEPTHUKAJIb MITPUXJIAHTAH OJICIIE TeHd KEPMHU.

4. KymiexknopHeH Tures3iereH ucOaTiarei3:

a) A\B = (AUB)\(;

6) A\B = B\A4;

B) AN (B\C) = (A\B) n (B\0).

Huwy. X hom Y xymiekinopeHeH TUresyereH ucbatiay edeH, X KyIUIETEHEH
TEJISCO KaMChl dJIEeMEHTHl Y KYIIETeHEH 3JeMEHThI hoM, KupeceHuo, Y KyIulereHeH
hop smemeHnTsl X KyIUIETE€HEH OJJIEMEHTHl HMKOHEH KypCcoTepra KHpIK. JIMMOoK,
6e3 X C Y hom Y C XOynranbiH Kypcarepra tuein 0ynaosi3.

a) X€ A\B OynceiH. by x€ A hom x € B ukoneHn annata. MonHan x€ A U
Bhom x¢& B, sreuu x€ (AU B)\B. lllyna xyps A\B € (AU B)\B.Xa3epy € (AU
B)\BOyncoiH. lumok, y €A UB hom y € B. Monnan y €A hom y € B, arpHH Y€
A\B. lllyna xypo (AU B)\B c A\B. lllynaii utren, A\B = (AU B)\B wuKkoHe
ncOaTIIaHIbI.

0) X€ A\B OynceH. Kymeknop aepmachl ounrenomace OyeHda, x€ A hom
x € B. By BakbiTTa x € 4 hom x €B. Jlumok, x€ B\A. Ilynaii uten, A\B C
B\A. Xo3ep y € B\A OynceiH. MonHan y€ B hom y& A ukoHeH KypooOe3. by
BakbITTa y € A hom y € B, arenu y€ A\B . Jlumok, B\A c A \B . lllynaii uten,
A \B =B\A Turesnere ucoatiaspl.

B) x€ AN (B\C)byaceH. Kucemmo Omarenomace Oyenua, x € Ahom x € B\
C. Aepma Ownrenomoce OyeHua, x€ B hom x& C. bupeno x€A hom x&C
Oymramnbikrad, x€ A\COyma.x€ A\C hom x€ B\COyny cobomrex€ (A\C)NN
(B\C). Humok, AN(B\C) < (A\C) N(B\C). Xazep y€ (A\C) n (B\C) OyichIH.
Monnan y€ A\C hom y € B\C. Jlumok, y €A, y €C . y € A hoMm 1m1yn yk BakbITTa
y€ B\C Oymramneiktad, y€ AN (B\C).dumox, (A\C)N(B\C)c An (B\C).
Monnan AN(B\C) = (A\C)N(B\C) ukoHe UbITa.
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§ 1.5. Kymiiek;19pHeH Typbl TANKBIPYBITbIIIBI

Yukiie KYIUIEK OMPENToHAd, aHbIH DJIEMEHTIAPBIH TENOCS HUHAM TOPTHUIT
s3apra Oyina. Macomon, A = {1; 3; 6} Oynca, ausl A= {6; 3; 1} hom A= {3; 1; 6}
POBEIICH]IO KYPCOTS allalbI3.

JIoknH Kaiibep oupakiapaa dJIEMEHTJIap ThIHA TYTeN, o aJapHBIH YpHAIly
TOPTUIUIOpE 10 MehuMm. MoHa Mucaigap MOKTOI MpaKTHKAchlHIA Ja OYPbIH.
MaoconoH, SICCHUTBIK HOKTAChIH aHBIH UKE KOOPAMHATACHI SIPJIOMEH/Id, & TPOCTPAHCTBO
HOKTAaChIH aHBIH 64 KOOPJWHATACHI APAOMEHId KypcoTepra Oyma. by mucamnapna
HOKTajap KOOpAWHATAJApbIHBIH HUHIMA CaHHApP HMKOHJIETe TeHO TYTel, o allapHBIH
ypHaImy TopTHOE 10 pOoJib yHHAraHbl a4yblk KypeHo. Macomon, (2; 1) hom (1; 2)
KOOp/AMHATANIAPHI OCIOH OUPENTOH HOKTANAP SICCHUIBIKHBIH TOPJIE HOKTAIapHhI.

buiresnama. Onemenmaapvl  Ouncene 0Oep mapmunma YpPHAWKAH —UKe
I/IeMEeHMIbL KYNJIeK MapMUuniaumepeneon nap oun amaid.

bepenue ypblHIa ypHaIIKaH 5SJEMEHTHBI — TApHBIH OEpeHYe 3JIEMEHTHI
(koopAMHATAChl), © MKEHYE YpBIHJA YpHAIIKaH D3JIEMEHTHb HWKEHYE DJIEMEHTHI
(xoopAMHATAChl) AWM aTblidiap. TOPTUILISIITEPENTSH Mapiiap TYTOPIK KsIIOp
ApaoMeH1d  Oupeno. bepeHue 3JeMeHTBI a, WKEHYEe dyeMeHThl  bOynran
TOPTUILIAMITEPEIraH nap (a, b) poBemrenao s3b11a.

buarenama. (a, b) hom(c, d) napraper a = ¢, b = d 6yrean oupaxma 6ep-
bepcena muee3 napaap oun amand.

by BakeiTTa (@, b) = (¢, d)qun s3b01a.

[Tymsr POBELIT TOPTUILIAIITEPEIITOH CaHHap euiere(ab,c),
TOPTUILISIITEPENTOH CaHHap aypTiere (a, b, c, d) hoMm Oamika TOPTUILISIITEPEITOH
KYILIEKJIop Oupepro Oya.

buirenama.bepenue snemenmevr A Kynnecena, 2 ukewyece B kynnecena
Kep2aH OapaviK MapmMunidumepencon napiapoan mesen2an Kyniek A hom B
Kynjiekniopeney mypwvl (Oexapmua) mankvipuvievluibl oun amana hom AX B oun
mameanaua.

Humok, AX B = {(a, b)la €A hom be B}. Orop A=B Oyica, AX B Typbl

TATIKBIPUBITBIIBEl A2 poBemennd a3eina. lllynait uten, R Kymiere caHHap TypPBICHIH
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6UPToHTa KYpd, R2KyIiere ScChUTBIKTATE GapIbIK HOKTATap KyILIere 6yia.

Mucan 1.4 = {1; 2; 4}, B = {a, b} Oynca, Ax B={(1, a), (1, b),(2, a), (2,
b),(4,a), (4, b)} Oyna.

Mucaa 2. A ={1;4;5},B = 2;3euen AXB =
{(1;2),(1;3),(4;2),(4;3),(5;2),5;3)},Bx A =
(2;1),(2;4),(2;5),(3;1),(3;4),(3;5). Monnan 6e3 AX B # B X A WuKoHIIereH
Kypobes.

Orop A hom B KyIUlekjope peajib caHHap KYIUIET€HEH Kede KYIUIEKYaIope
Oynca, A X B Typbl TankbIpybITbIIIBIH Tpad@uK pIBElIeHd KypcuiTepra Oymna. by
oupakTa OepeHue “‘TankbIpjaydbl”’ A KyIUIEr€H — Topu3oHTaidb OX Ky4opeHId,
WKEHYE “Tankblpiaydbl” B KyIuiereH BepTukaib Oy Ky4opeH 9 ananap.

Mucan 3. A=[1;3],B=[-1;2] Oyncein. ¥Yn BakeiTra A X B Typsl
TalKbIPYBITBIIBl — 1.13 HuUe poceMas KypCOTENraH TYpBINOYMAKIBIK, 9 B X A

kyruiere 1.14 Hue pacemMIo KypCoTeNTraH TyphIITOUMAaKIIBIK Oyia.

\
Y

o

-17T ==
Poc. 1.13
YA
7/?/,////
7
i
iy
t —t—t>>
=201,.1 2 8 x
Poc. 1.14

Mucan 4. . A={1;2;3},B =[—1;2]6yacein. A X B xymiere 1.15 Hue
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POCEeMI0 4 BEPTHUKAIb KMCEMTY PIBEIICHId KYpCaTeno, 8 B X A xymuere 1.16 Hubl

paceMore ©4 rOpU30HTANIb KUCEMTS OyIa.

2
1
L -
JRE D B
Pac. 1.15
YA
3
2
1
1 1 23
v O T T T )x
Poc. 1.16

[Mynait yxk e4, naypT hom KyOpok caHJarbl KYIUICKIOPHEH O TYypbl
TaIKBIPYBITBIIIUTAPBIH OMIIrenopro Oyna. MaocbornoH, AXBXC =

{(a;b;c)|lae A beB,ceC},R? = {(a,b,c)|acR, beR, ceR}h. 6.

Kyneryap

1A = [1; 4], B= [-2; 2], C = Royuaca, AX(BUC) hom C X (A\B)
KYIUIEKJIOPEH TaObIThI3.

uwy. bamra BUC = [—2;2] UR = R xymiered ta6abes. IllyHa xypo
AX (BUC) xymiere sikiaapsl Oy KydopeHs mapajuiens Oyiarad hom (1;0), (4;0)
HOKTaJIaphl allla y3y4bl YMKCE3 TacMa HOKTanapsl Oyna (pac. 1.17).

A\B = (2; 4] 6ynranra xyps, C X (A\B) xymiere skiapbl Ox KY4opeHd
napamtenb hom (0; 2), (0; 4) HOKTamapsl ama y3ydbl YdKce3 TacMa Oyia hom aHbIH

(0; 2) HOKTaCHI aima yTyde sArel 0y KYIUIEKKS kepmu (pac. 1.18).
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Poac. 1.17

4
g
B
>
O X

Poc. 1.18

2.(A\B) X C = (A X C) n (B X C) turesnered ucOaTnarss.

Yuw y buirene OyiraHda, KYIUICKJIOPHEH THUTe3JiereH ucOariay eueH, Cyil
SIKTarbl KYIUICKHEH YH SIKTarbl KYIUICKHCH KyIUIeK4ace hoMm, KUpeceHud, YH SKTarbl
KYIUIEKHEH CyJI SIKTarbICBIHBIH KYIUIEKYdCEe MKOHCH KypcoTepra Kupak.(x,y) €
(A\B) X CoynceiH. Typsl TanKbeIPUYLITBIIIHEIH Ouiareaomaoce Oyenua,x,y € A\B hom
y€C, arpau x € A hom x € B, oy € C. lllynaii uren, x € A,y € C hom x € B,y €
C. By votuxo (x,y) €A X C hom (x,y) € B X C ukonen annara.Jlumok, (x,y) €
AXCN(BxC). Ilynait wuren, (A\B) X C c (A xC) N (B X C)6yarannsirsl
ucOaTIIaHIbI.

Xazep (x,y) E(AXC)N(BXC). OynceiH, srbHu  (x,y) € A X C hom
(x,y) EBxC..Monnan x € A,y €C, hom x € B uxomen kypabe3. JIuMOK,
x €A\B,y€C. by mnwotmks (x,y) € (A\B) X Cuxkonen Oups. JIUMOK,

(AxC)n (B xC)c (A\B) X C. be3ro HOKb IIIyHbI HcOATIApra KUPIK UIE J9.
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2 Hye Oynex
BUHAP BOMJIOHEILIOP

§ 2.1. bunap 0disIoHe UIdIP hom asapHbI OMpYBICY/LIAPbI

1.bunap 6oiisione 6miresamace hom mucasapsl

MaremMaTuka oNIOHO-TUpSJAre OOBEKTIApHbl TblHA Tyren, Oanku Oy
oOBEeKTIap apachlHAarbl OJMIOHENUIOpHE 119 oipoHs. MacanoH, ¢urypanapHbig
MoMaHHAPBIH UCOIUIAraH9, 0e3 hopbep durypara TUHIQIUIE WTEN HUHAUAEP CaH
KysIOBI3; TUTE€3TIOMAJIOp YMIIKOH/9, hopOep TUre3oMara aHbIH YHILETeIIe OyabIPIIbIK
CaHHap TUHJAII Oyra; KeIIeHEH SIIeH OWJIreJoraH BakbITTa, hopOep Kelera THHISII
UTETI, yJ SIIIOTOH eJUIap CaHBbIH, SATbHU HUHAHMAEP caH Kys0b13. Lllymaii yk hopOep
kemers (amunusiceHeH OepeHue XopedeH THHIOII HUTEN KysSpra MOMKHH. OJere
MHUCaNIapAa Cy3 HMKEe KYIUIEK 3JIEMEHTJIapbl apachlHAArbl OOMIOHENLIOp TYpbIHIA
Oapa. MoHbIi OoMIOHEIITIOpHE OUPOHY ©YeH, MaTeMaTukaga OMHap OOMIOHEILIOp
Teopusice OyJbIPbUITaH.

A hoMm B xymuiexiope 3JeMEHTIaphl apachlHIArbl TENOCS HUHIU OSUIIOHEIIHE
IIYHIbl KYIUICKJIOP DJIEMEHTJIApblHHAH TO3EJIToH TOPTHUI- JISIITEPENToH Mapiap
KYIUIET€ HUTEN Kapapra MOMKHH. TOpPTHUIIIONI- TEPENTraH Map TYpPbl TANKbIPYBITHIII
AJIEMEHTHI OYJIBII TOPTaHJIBIKTAH TYOOHJoTe OMIreIoMoHe Oupepra Oyia.

buaresama.A hom B kynnexnopeney mypovl mankvlpubleblUlblHbIY MeENICd
HUHOU Keue Kyniece A hom B xynnexnapenda bupencon bumap 6atlnoHewr Oun
amaa.

["amotTo, OuHap Ooitmonem R xopede Oenon Tamranana. J[umok, R € A X B.

orop A =B, arsauR C A X A Gynca, R Gunap Ooitoneme A KyIUIeTe€HId

OMpENToH TUJIIAP.

Mucaniap

1. A Kymnmere MolJaHHApHl THHJQMIIE poBemTo 2,3,4 cM20ynraH ou
reoMeTpuKk gurypangan topran kyriek OyiceiH: A = Fq, F,, F5. Y1 BakbiTTa hopoep

¢durypara y3eHeH MoWJIaHbIH THUHJQII UTEN Kyroubl R OuHap OoiiioHele TyOoHAare
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poBeIITS Oyliayvak:

R = {(Fy; 2),(Fy; 3), (F5;4)}. orep B = {2; 3; 4} 6ysnca, Rc AX B ==
{(F1;2), (Fy; 3), (F; 4), (Fy; 2), (Fy; 3), (Fy; 4), (F3; 2), (F3; 3), (F5;4)}

2. A=f1:54+x=4, fr;x*—5x+6=0— fihamf,Turesnomanape
KplenMackl, B = 1,2,30y1ceid. hopGep TUre31oMora aHblH YMIIENelIeH THHAJII UTEl

Kylousl R Gunap GoiinoHemieHeH sneMenTiapbl Oynsin (f,; 2) hom (f,; 3)mapmapsl

TOpAa, ATBHA R=(f3;2), (f3;3). by mucangad X B =
(fi; 1), (f1;2), (f1; 3), (fo; 1), (f; 2), (f3; 3). MonnanR € A X B ukoHIere KypeHa.
3. A rpymmaaarsl CTyAeHTIap Kymiere OyiaceiH,B = N.

by mucanma A X B xyIuiereHeH JJIEMEHTIApbl YMKce3 Kym Oynauyak. hopoOep
CTYJICHTKAa aHbIH OOTEH CaHTa KaJdp TYTOPOKJIOHTOH SIICH THHJOMI UTEH KYHOYBIR
OuHap OoilitoHeIIe TYOOHIoreYd KypcoTenep:

R = {(a,b)|b caHbl— @ CTyZIeHTBIHBIH sAllle} C A X B.

R OoliyoHelIeHeH »JIEMEHTIAp CaHbl OUpENTroH Trpynnajarsl CTyACHTIAp
CaHbIHA TUTE3 Oyavak.

4, A = {UnwsacoB, l'ammeB, CanuxoB, ['ab0acoB} — KYypCOTEIToH
dbamMuusuIopra usi OynraH 4 KeleaoH TOpraH KyIuiek, o B amdaButrarsr xopeduop
Kyriere OyJIChIH. A KYIUIETEeHHOH OyiraH hop kemrers aHblH aMmiIMsiCEHEH OepeHue
xopedeH THHIOII HUTeNn Kyroubl ROWHap OolIoHEIIEHEH JJIEMEHTIAPBIH S3bII
YBITBIUK:

R = {(Unbsicos, N), (Tanues, I'), (Canuxos, C), (Fa66acos, )} € A X B.

A = B ouparbiHa Mucasuiap KapbliK.

5. A=1;2;3 OYJICBIH. Vi BaKbITTa AXA=
={(1; 1,(1; 2),(1; 3),(2; 1),(2; 2),(2; 3),(3; 1),(3; 2),(3; 3)}. OnereA
KYIUIETCHZIO «TUTe3 Oyny» OoWIoHENmIeH Kapblik. by Ooimonemks a = b Oynrad
Oapneik  (a,b) mapmaper  kepo. Ilymait wren, R = (1;1),(2;2),(3;3) c
c A X A.

6. A =1;2;3 xymiereHas «kKedepok Oymy» OolnoHemeH Kapwliik. by

oupakta R = {(1;2),(1;3),(2;3)} c A X A.
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7. Orop A=1{1;2;3} xkymereno OupenroH R— «3yp Tyrem»
OoilsioHele Oysca, yi BakbITTa

R ={(1;1),(1;2),(1;3),(2;2),(2;3),(3;3)} c AX A.

8. A= B = N xymierenno R«OyleHy4oHiek» OoiinoHeme OyJChIH,
aread R = {(a,b)|a i b}. R xymulere 4ukce3 KyIl DJIEMEHTIapAaH Topayak. by
AIIEMEHTIIAPHBIH KailOepIopeH A3bII YbITbINK:

R =1{(1;1),(2;1),(2;2),(4;2),(6;2),(6;3),..} c N XN.

9.  A— scchIIBIKTarsl TypbuIap KyIuiere, o R TypbUIapHBIH Mapaiienb Oymy
Ooiinmoneme OynceiH. AreHu R = {(a, b)|a Typwichl bTypbhIChIHA Tapauiens}C A X
A.

10. A — scchUIBIKTarsl eYmno4yMakiap Kyruere (4mkce3 KyIwiek), o R
OXINANUIBIK OoinoHente OynceiH. Y1 BakeITTaR = {(a, b)|Aa~Ab} c A X A.

Orop a dJeMeHThl b 3neMeHThl OelloH Oupenron R OolioHeleH 0 Topca, 0y
dakTHBl aRb poBemieHIo A0 s3bIm Oyna. Orop R :=,>,<,>,< h. 0. Ounap
OoititoHenuIop Oynca, aRb ypeiHbiHA @ = b,a > b,a < b,a = b, a < bh. 6. mun
s3anap.

Buarenama.R oOunap 6atinonewe sd1emeHmMIapulHbly  OAPIAbIK OepeHue
KoopouHamanapwsl Kynieze 0y OaiioHeuwnely OUi2eldHy 61Kace Oun amaid.

R 6ounanewnen 6uncenaony onxkoce Dom R(unenrusuo Domain — esnxa) oun
mameanana. Illynaii umen, Dom R = {a|aRb}.

buaresama.R  6Ounap 0atinonewe 31eMeHMAAPLIHLIY  OAPIbIK  UKEHYe
KoopouHamanapwsl Kynieze 0y 0atlioHeuHel KblUMMIMIdP 61Kace Oun amand.

R OGolinoHeneHeH KbIMMMOTIIope okace Im R(unenuzua Image — cypor) aum
tamranatna. /lumok, Im R = {b| aRb}.

FOrapeina kypcorenraH wmucamiapaa Oupenroan R 09iIoHENUIOpeHEeH
OmIreony hoM KeIMMMOTIIOpE OJIKAIOPEH aUbIKIIBIIK.

1, 3,4,5, 7,8, 9, 10 vuel mucaimtapna — Dom R = A, 2 Hue mucanga —
DomR ={f,} € A, 6 uusl mucanma — DomR = {1;2} c A.1, 5,7, 8, 9, 10 Hus
mucamiapaa — Im R = B, 2 aue mucanga —ImR = {2;3} c B, 3 "Hue mMucanga —
ImR={n|n €N,16 < n< 20} c B, 4 nue mucanga — ImR = {U;T;C} c B,
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6-#aubl Mucanga — ImR = {2; 3} c B.

2. bunap 09iiJIoHeIHe OMPY BICYJLUIAPBI

1.  bunap OolinoHemHe OUPTOHID, AHBIH JJIEMEHMIAPLIH CAHAN 4Ybleaped
MeMKkuH. IOrapeiga xypcorenran 1, 2, 4, 5, 6, 7 HUe Mucaninapaa oJere bICYI
KYJUTaHBLIJTBI.

2. bunap OolitoHenIHE aHBIH DSJEMEHTIIAPBIHBIH OepeHue hoMm uKeHue
KOOpJIMHATAJIAPBIH O9IIIoyUe Xapakmepucmuk ysiex apoamenoa oupen Oyna. 3, 8§, 9,
10 Hubl Mucaymapaa Oy bICYJ KYJUIAHBUIABL. S5, 6, 7 HYEe MHcaIapJa KYpPCOTEIToH
Ounap OolloHelmIHEe M9, Iymbl bicynl spaomennd, R = {(a,b)|a = b},R =
{(a,b)|a < b},R = {(a,b)|a < b}poBemennd s3a anadbi3. buHap GoiIoHEN YUK-
ce3 Ky dJIeMEeHTIIap/laH TO3EIT9H oupakTa Oy bICYJ aepyda yHAIbI Oya.

3.  bunap OoilnoHenne epaguk 1on Oenau, SITbHU SCCHUIBIKTArbl HOKTAaJap
apaoMeHo oupepro Oyna. By vicynnan ¢aiigananrania ke yzapa MepreHIuKyIsp
KY4op caiinan ananap. ['opu3oHTanb Kyuopao A Kyruiere 3JieMeHTIapblH OUIreauiop
hom hop nsnemeHT ama BepTHKaldb TypbUIap YTKOpanop. Beprukanbp kyuopas B
KYIUIeTe 3JIeMEeHTNIaphlH Ownrenuwinop hom amapubiH hopOepce aimia ropu3oHTab
TypbUIap YTKOpaNop. By TypwsulapHbIH Kucelry HoOKTajapel A X B KyriereHeH
ANEMEHTIApPhIH  CypoTiu. R C A X A  OydarannbplkTaH, TaObUITaH  KUCEUTY
HOKTJIapBIHBIH Oep enernie B OolIoHENmIeH KypcoTouoK. AJapHBI 3yp HOKTanap
Oenon Ounrenuinop. bupenron A hom B kymiekiope pealib CaHHAp KYIUICKIOPE SIKU
peasb CaHHAp KYIUIETEHEH Kede KYIUICKIope OyJraH OupakTa dJieTe BICYT OUTPIK T
yVHaiibl. 5, 6, 7 HUe Mucauiapja Oupenron OuHap O9ioHenuIoOpHe rpaduK 01 OeIoH

CYPOTIIUK:
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S Hue mucan pac.

4.  Yuxkie canaarsl dJIeMEHTIApAaH TOPraH KYIJICKIOpAo OMpenraH OuHap
OolIoHENIUIOpHE epagnap ApOamen0d CypITIIoy YHaubl. ['pad — yi sSCCHUIBIKTATBI
HOKTajap hoM ykjap KyIUIeTeHHOH Te3enroH ¢urypa. bunap Ooiinonemntne rpad
SPIOMEHID CYpPOTIdY OYCH, CyJ SKTa BEPTUKAIb TYypblJa ypHAIIKaH HOKTajap
poBenieHAd — AKYIUIeTe 3JIEMEHTIIApBIH, VH SKTa — B KyIuiere a3ieMEHTIApbIH

cypaTimiaop. AuHapsl hop6ep (a, b) € R napsl oueH a HOKTaChIHHAH b HOKTachlHA YK

YTKSPaJIap.

1 nHue mucan pac.

FOrapsina kypcoTenron kaiidbep OuHap OoIOHENUTOPHEH IrpadiapbiH KapbliK:

A = B ouparbigaa 6amika tepie rpaduiap KyulaHbuia. by BakbITTa sICCHUTBIKTA
HOKTaJIap paBemieHa0 A KyIiere sJeMeHTIapbiH CypaTmmidp hom 6apisik (a,b) € R
mapyiapbl ©4eH a HOKTAChIHHAH b HOKTAChIHA YK YTKapanap. Orap (a,a) € R Oyica,

A HOKTAaCchl THUPACEHNId AJAMIK schlilmap. 5, 6, 7 Hue wMucamiapaarbl OWHap

@)

—

AL SRR,
L

=

)
S =
=

6 HubL Mucan pac.

2 Hue mucan pac.

OQMIIOHETIUTOPHE ITYIITBI POBEIIT CYPOTIIHK:
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S Hue mucan pac. 6 Hubl Mucan pac. 7 H4e mucan pac.

bupenron A Kymiere J3JIEMEHTIApblH CYpPOTIIOyde HOKTajgap TpadHbBIH
myb6anape, d TpadHbIH TYOSJOpPEH TOTAIITHIPYUBl YKJIAp aHbIH Kabwvlpeanapvl AUT
atana. lOrapeiga kypcorenran rpaduapHslH o4 TyOace, bepende hom mkeHue rpadra

euap KabbIpra, o eueHye rpadra anTsl Kabbipra 6ap.

Kyneryap

1.A =1{7;20;16;35},B = {16;21;28}, o B Ounap Ooiuoneme A hom B
KYTUICKJIOPEH/I9 OMPENToH «KeUepaK KU TUTe3 Oyiny» OoiionHelie OyIchiH.

a) A X B kymereH, R OolioHelnieHeH OWNTeNoHY hoM  KBIMMMOTIOP
OJIKQJIOPEH TaOBITHI3.

0) 16 caHbl HUHIM JIEMEHTIIap OeoH R OoiyioHenmeH 10 Topa’?

B)  Hwunaum snementnap 28 canbl 6e510H R GolinoHemeH 10 Topa?

Huwy.

a) AxB ={(7;16), (7; 21), (7; 28), (20; 16), (20; 21), (20; 28),
(16; 16), (16; 21), (16; 28), (35; 16), (35; 21), (35; 28)}

R = {(a,b)|a < b} = {(7; 16),(7; 21),(7; 28),(20; 21),(20; 28),
(16; 16),(16;21), (16; 28)}.

Humox, Dom R = {7;20;16} c A, Im R = {16; 21;28} c B.

6) bBesro (16;b) € R mapThiH KaHoraThIoHAEpyYe b camHapweiH Tabapra
KUpaK. MoHuablil canHap Oynbin 16, 21, 28 Topa.

B) (a;28) € R mapThiH KaHOTATHISHAEPYYE @ canHapsl 7, 16, 20 Gyia.

2.A =1{2; 3; 11}, B = {4;2;10; 9}, o H; — «keuepak Oyny» Ooitnoneme, H,
«Oynyue Oyny» Ooinoneme OyiceiH. A X B kymerened, H; hom H,

OolToHeNUIOpeHeH, OapiiblK 3yieMeHTIapblH s13birbl3, Hihom H, OolinoHeuuiopeH
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rpaduap SpAOMEHAD CYPATIIare3, ajJapHbIH OWIresoHy hoM KbIMMMOTISP ©JIKJISpEeH
TaObIThHI3.
Huwy.
A X B= {(2;4),(2;2),(2:10), (2;9), (3: 4), (3; 2), (3; 10), (3;9), (11; 4),
(11;2), (115 10), (115 9}, H1={(a, b) /a<b}={(2:4),(2;10),(2;9).(3;4).,(3;10),(3;9)}, H,={(a, b) |

By GolinonennopHe rpaduiap spIoMEeHAD CYPITIHK:

4

2 ° * 2 e
2

3 ® ° 3 o
10 0 o 10

11

® 9 9

Hib6otinenewe Hobotinenewe

DomH, ={2;3}c A,Dom H, = {2;3} c A, Im H; = {4;10;9} c B,
Im H, = {4;2;10;9} = B.

I'padta Dom R — ykiiap 4bIKKaH HOKTaJIap Kyruiere, Im R — yKiap KeproH
HOKTaJIap KYTUIETe.

1. A ={4;6;8;10} kymiereHao a) «keuepok Oymy», 0) «ture3 Oymay», B)
«KEUKEHO SIKM TUTe3 Oyny» OolnoHenuiope oupenroHn. by OoinoHenuiopHeH O6apibik
AIIEMEHTIIAPBIH A3BITHI3 hoM anapHbl rpaduiap SpAoMEHd CypaTiiore3, Ounrenony hom
KBIHTMMOTIIOP OJIKOIOPEH TaOBITHI3.

Huwy.

a) H; = {(4;6), (4;8), (4;10), (6;8),(6;10),(8;10)},

DomH, = {4;6;8} c A, Im H, = {6;8;10} c A.

0) H, = {(4;4), (6;6),(8;8),(10;10)}, DomH, = ImH, = A.

B)H; =
{(4;4),(4;6),(4;8),(4;10), (6;6), (6;8), (6;10), (8; 8), (8;10), (10; 10)},
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@m it .&mw

Hib6otinenewe Ha6o1ti1enewe Hsbotinenewe

DomH; = {4;6;8} c A, Im H; = {4;6;8;10} = A.

4. A ={1;3;5; 7}xymierenad Hy ={(a,b)lb=a+1} hom H,=
{(a,b)|b = a — 2} Oolinonenuope OupenroH. By OolnoHemIopHer, rpadiapbit
Te3ere3, OUITENIoHy hoM KbIHMMOTIIOP ©JIKAJIOPEH TaObIIbI3.

Huwy.

H; ={(1;3),(1;5),(1;7),(3;5),(3;7), (5 7)},

Dom H, = {1;3;5} c A, ImH, = {3;5;7} c A.

H, ={(3;1),(5;3),(7;5)}, DomH, = {3;5; 7} c A,ImH, = {1; 3; 5} c A.

3 5 3 5
5
1 1 Rxy
7 7 Tier
Hibaunenewe Hebatinenewe CHIID
oupe
mronfy = {(x,y)12x —y = 1, Hy = {(x; y)|2x —y 2 1}, H3 =
{Go)2x —y <1}, Hy = {(, )y = x*} Hs =
= {0,y = —x?}, Hg =
{(x,y)|x? = y?}ounap6oiinonemnopHeHrpapuKIaphIHTO3ETES,
AMapHBIHOMITEIIOHY hOMKBITMMOTIOPOIKAIIOPEHTAOBITHI3.
Huwy. H,OunapOoitnioHenieHeHrpa@ursiOynpny = 2x —
1turesnomoceOenonOupenrantypeitopa. ['papuxkranDom H; = R, Im H; =

ROynybIKYpEHD.
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H, 6olinoHeneHeHrpaurbIHTO3YOUEH, 2x—y =
1turescesnereHyys3rapenuieceHoKapaTauni0es: y < 2x —

1.reuuH, 00linonenieHeHrpagursiHay = 2x —

1TypbICBIHBIHHOKTANIApblhoMOy Ty pblIaHACTAPAKATYUbIIPIMbSICCBUTBIKHOKTATAPbIKEP

-

/ 0O

//

1

7

\%1:[
.

Hiepaguevt H> epaghuco Hs epaghucer
9. DomHz = R, ImHz = R

y > 2x — lmapTeIiHHaH KYpeHroHYo, H3 OoioHenieHeH rpaduresl Oynbin y =
2x — 1 TYypBICBIHHAH OCTOPOK STY4Ybl SAPBIMBICCHUIBIK TOpa, JOKUH Oy TYyphl

HOKTanapsl y3nape rpadpuxka kepmu. Dom H; = R, Im H; = R

>
x

Hiepaguevt Haepaguev Hsepaguewvt

Dom H, = R, DomHs = R, DomHgs = R,
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Im H, = [0; ), Im Hg = (—o0; 0], Im Hy = R.
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§ 2.2. bunap 09ilyIoHEeIUIOPHEH TOM Y3JIeKJIdpe
buareaama.Ozopmenaconunoua € Aouen(a,a) € Royica,
Axynnecenoabupencon Rounapoatinoneuepeghiexcusbaviioneuounamana.

A = {1; 2; 3} xymierengs oupenran R ={(a, b)|a < b} Goitnonente, mrynai yk
SICCBUIBIKTArbl TYpBLIAp KYIUICTCHIIO OWPENToH «mapaijiensb Oymy» OoloHere
pediiekcuB OolioHeNIIOPTd MuUcai Oyibin Topa. Yenku 6epenue oupakra (1; 1), (2;
2), (3; 3) € R, ukeHYe OYpaKTa TEIICO HUHIM @ TYPBICHI Y3-Y3€HO Mapajiesib JUIl
caHaja, IrbHU TeJI9CO HUHIU a€ A eveH (a, a)€ R.

Orop 6uHap Ooionen pedyiekcuB Oyiica, aHbIH TpadursiHa A X AKyIUiereHeH
OcepeHue hoM eueHYe KoOpAMHATAJIAp MOYMAKIAPHI OMCCEKTpUCACHIHAA (ATBHH Y =
XTYPBICBIH/IA) ATYYbI OApPJIBIK HOKTAIAPhI KEPI.

I'padra pednekcuniabik hopbep TYOo sHBIHIA IIMOK Oyiy O€NoH CYpOTIIOHD,
AarpHu 6ep TY09 119 anmmokce3 Oyinbipra tuem tyred. (§ 2.1. no kurepenran 5 Hue hom
7 HUe MUCaJUIapHBIH rpadaapblH Kaparbi3.)

Buarenama. Ocaop menaco nunou a€ A euen (a, a¢ R Oynca, A kyniecenoa
oupenean R ounap 6atinonewe anmupeghiexcus b6auraHew oun amaa.

A = {1; 2; 3} xymrerengs oupenron R = {(a,b)|a < b} OGunap OGoiinoHemIe
aHTUPE(DICKCUBIIBIK OOMIIOHEIICHO MHUCA OYJBII TOpa, YOHKH TEIdCO HUHIU a€ A
o4eH a < aumaptel yToiamu, arbHu (a,a) € R. AHTHPe(ICKCHUBIIBIK OoMIoHEIICHEH
MKEHYE MHCcallbl  OyJbIll  SCCBUIBIKTArbl  TypbUIap  KYIUIETEHI®  OupenroH
MEePIECHAUKYIAPIBIK OoMJIoOHEeNe Topa, YOHKH Oep TeHd Typbl Ja Y3-Y3€HO
MEPHeHANKYJIISAP Oyiia aJMbIi.

Orop R Ounap OoitnoHeme aHTHpe]IeKCHB MKOH, aHBIH TrpadurbiHa A X A
KYIUIETEHJIOTE Y = X TYPBICBIHBIH O€p HOKTACHI J1a Kepepra tuem Tyrein. ['padra nco
Oy odpakTa Oep JIMOK Td OyJIMacKa THETIL.

buirexama. Ozap(a,b) € R wapmuinnan(b,a) € R 6ynywer kunen uvikca, A
Kyniecen0a oupencaon R ounap b6avinonewe cummempux 6auioHew Oun amad.

Hartypanb canHap KymuiereHao OupenraH «ture3 Oyiny» hoM sICCBUIBIKTArsbl
TypblIap KYIUIEEHAD OWUPEIroH «mapajjieiab Oyny» OoHIIOHENUIope CUMMETPUK

OollToHe MUcasIapbl OyJIbII TOpaap.
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Orop OuHap OOWIOHEII CMMMETPHK MKOH, aHblH rpadurbiHa (a, b) HOKTACHI
Oemmon GeppatToH (b, @)HOKTACH! 1a KEPEPra THEII, STbHHU TPaduK y = X TyphIChIHA
KapaTa CAMMETPHK OyJIbIpra THETIL.

CummeTpuk OuHap O9ilsioHenHeH rpadbiHaa OapiblK YKIAp Ja UKE OWwibl OyJa.
JuMmok, rpadTa, 2IMOKIOpAOH Oaiika, Oep owibl ykiap OyiaMacka Tuernl. MocanoH,
HaTypajb CaHHAp KYIUIET€HJd OUPENToH «TUre3 Oyiry» OoMIOHEIICH19 AJIMIKISPASH
Oamka ykiap rok. MOHHaH Oep OWIbl YKJApHBIH Ja OyJIMaraHjabIrbl KHUJIEH YbIra.
lyHa Kypa «THure3 Oymy» O9iioHene — CUMMETPUK OoHIIoHEII.

buirenoma.Ozop a # b hom (a,b) € R 6yneanoa, (b,a) € R uxonneze xunen
yvikca, A kyniecenda oupencon R oOunap 6atinonewe anmu-cummempux 0O2u1oHew
oun amaa.

KaiiBakbiTTa Oy OwmirenomMoHeH Oaiika Tepiie S3bUIBIIIBI  YHAWIBIPAK:
AHTHCUMMETPHK Ooiionemr euyeH (a,b) € R hom (b,a) € R Oymranma, a =b
MKOHJIETE KUJICTI Yblrapra THell.

Moconon, R xymerengo Oupenron R = {(a,b)|a < b} Gunap OoiinoHere
aHTHCUMMETpHK Oyna, 4eHKM a < b hoMm b < a mapmiapelHHAH a = b WKOHIETe
9pITa.

AHTHCHMMETpUK OolIoHEmHEH TpadurelHIA Yy = X TYpPBICEIHA CUMMETPUK
HOKTanap Oyiamacka tuenr, o (X, x) poBemeHaare mapiap oyica aa speiid. 'padra nco
Oappl THK Oep OwIbl ThIHA YKJIAp OYyJBIPra THEI, STBHU JIMOKIOPAOH Oarlka, uKe
OwIbl yKJIap OyJIMacKa THETIL.

Buiareasama. Ozop a #b hom (a,b) € R 6yreanoa (a,c) € R o6yrca, A
Kynieeenda bupencon R ounap b6aiinonewe mpanzumue 6aiiaHews Oun amand.

Macomon, R  kymnerenms Oupenron R = {(a,b)|a < b} Goitnonenre
TPaH3UTUB, YoHKN a < b hom b < ¢ Oynranaa, a < c Oyna.

Orop R OuHap OolinoHenIe TpaH3UTUB OyJica, aHbIH TpadurbiHA TEJIICO HUHIU
(a,b) hom (b, c)HokTamapsl Gemon GepparToH (@, c) HOKTAchl ja Kepd. By mryHsr
anyara: arap tyoanape (a,b), (a,b), (b, b)Oyiran TypeIIIOUMAaKIBIK TO3ECIK (OHpEID
OepeHue uKe TY0o Trpadukra stapra THENI), yJI BakKbITTa TYPHIIOUYMAKIBIKHBIH
nyprenye (a,c)ryboce mo mrynaii yk rpadukra Oyiasipra Theml. TpaH3UTHBIBIKHBI
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onere bICYyn O€NoH aublkiay OMK YK YHaWiabl TYTeld, IIyHa Kypd YJ IMpakTUKaja
KYJUTAaHBUIMBIN AUSPIICK.

I'padpra TpaH3UTUBIBIK TYOSOHIOreHE aHJiaTa: orop A HOKTAaChIHHaH b
HOKTachlHa hoM b HOKTachlHHaH C HOKTachblHAa IOHAJITOH Yykiap Oyica, a
HOKTACHIHHAH C HOKTAChIHA IOHOITOH YK Ta Oynblpra Teml. by odpakra rpadHbIH
(a, b) hom (b, c) mapnapsid CypaTIoyde KaObIpraiap 4bLIObIp TOLMIKKI UTd, 9 (a,c)
HNapblH CYypaTiayde Kabbipra Oy 4blIOBIPHBIH HOMYYBICH Oyia.

['padTta TpaH3UTUBIBIKHBI AYBIKIIAy ©YEH, O€p YK BaKbITTa yKJIap KeproH hom
yKJIap 9bIKKaH Oapibik TyOomop Ounrenono. [lyn popenrds, nke KaObIpragaH TOPYUbl
OapJybIk YbLIOBIpJIap TaObula. Orop Oy YbUIOBIPIApHBIH OepceHeH reHo Oyiica Ja
HoMyubl KaObIpracel Oynmaca, OUpenraH OolIoHEeI TPAH3UTUB OyIMasuak.

Orop rpadra uke KadbIprajian Topydbl Oep YbLIOBIp Ja OysiMaca, yJ BakbITTa
«OMy4bl KaObIprachl OyJaMarad Uke KaObIprajian Topydbsl Oep TeHd YbLIOBIP J1a F0K»
aun oitepro MeMkuH. lllyHa kypo «uke kaObipragan Topydbl hopOep 4bUIOBIPHBIH
Homyubl KaObIpracel 0ap» JIUroH paciay jaepec Oyna. © Oy OupenroH OolIoHEeNTHEeH
TPAH3UTUB UKOHJIETEH aHJIaTa.

Moacanon, «ture3 Oymy» OoiiyioHerneHeH TpadblH Kapacak, aHbIH Oapbl THK
AIIMOKIIOPIIOH TE€HO TOPYBIH KypoOe3, ArbHU HWKE KaObIprajgaH TOpy4Ybl Oep TI'eHd
9ypUIOBIp Aa oK. FOrapbiga OWTENTOHHOPAOH UBITHIN, «TUTE3 Oyiny» OdiloHeme
TPAH3UTHUB JUTOH HOTHUXKS SICHII aia0bI3.

Bep (a, b) napsiaHan TOpy4sl OMHApP OSMIIOHEITHEH Ipadbl OUpPEIICEH:

a b
@ —>»@

bupeno mrymait yk mke kabwipraman TtopraH Oep 4pUIOBIp 1a fok. Jlumok, Oy
OoilIIoHeT TPAaH3UTHUB OyIa.

Buarenoma.Ozop A kyniecendace menaca nunou a, b snemenmiapel euen a *
b wapmeinnan (a,b) € R axu (b,a) € R 6ynyul kunen wuwvikca, A Kynne2eno
bupencon R bunap batiioneue O6aiiie O62il12Hew oun amaid.

Macomon, R kymnerenns 6upenron R = {(a, b)|a < b}6oiinonemnie — 0Ooiiie
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OoltoHenn, yoHKH Oep-OepceHs Ture3 OyiMaraH TeNdCo HUHAU pealib a hom a
CaHHapbl ©4eH KU a < b, aku b < a Oyna.

Boitne Ounap Ooitmonem rpadureiHa AZkymiereneH Temoco HuHmu (a,b)
HOKTAachl y3¢ KM aHa cUMMeTpHK Oynrad (b,a) HOKTacel, o OQJKH HKECE 19
OepbIOJIbI KEPEPT THEIL.

R xymuerenmo Oupenron R = {(a,b)|a < b} OGoitnonemener rpapursd
CYpPOTIUK. Y Y = X TYpPBICBIHHAH OCTOPIK SATY4Ybl SIPBIMBICCHUIBIK Oyadak (pac.
2.1).

Tenoco nunau a,b € R (a # b) euen (a, b) Hokracsl (arop a < b Gyica) aku

Poac. 2.1 Poc. 2.2

(b, a) HokTackl (arop b < a Gyica) Oy IPBIMBSICCHUILIKKA KEPIUOK.

R xymnerenao oupenron Ooiie OoiitoHenHeH rpadursl (2.2) pacemMaareus 1o
OyJybl MOMKHH.

By rpadukTan KypeHroHud, Teixoco HuHAM a,b € R (a # b) eucn sxu (a, b)
HOKTachlL, iku (b, @) HOKTACKI, IKM Oy HOKTajap MKece 10 rpad)uKKa Kepalap.

boitne GoltnonentHeH rpadblHIa TEIOCO HUHIW MKE TY0O MH KHUMEHAD Oep YK
O€JIOH TOTANITHIPBUITAH OYyJIBIPTra THETIL.

Macomon, A = {1;2;3} kymnereuns Oupearon R = {(a,b)|a < b)} Ounap
OolinoHemme — Ooie Oo0iIoHell, YOHKHM aHbIH Tpadbl TYOOHAOredo KypCoTemd

(pac .2.3).
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By rpadubig tenaco Hunau uke tyoace (1 ham 2; 1 ham 3; 2 hom 3 tyb6anape)
yKJIap O€JIOH TOTAIITHIPHIITaH.

Tarbin uke rpad xapan ytuk (pac. 2.4, 2.5).

By rpadnapubiy OepeHueceH19 ykiaap O6enoH ToramTeipbuiMarad (1 hom 2, 1
hom 4) tyGomope Gap. By xypenem (1; 2) € R (2; 1) € R, (1; 4) ¢ R, (4; 1) ¢ R
JIUT9HHE aHjara, srbHU Oodiyie Oyny maptel yTonMmu. HkeHue rpadra Oapiibik
TYOQJIOp apachiHIa Ja WH KUMEHJId Oep yk Oap. Jumok, omere rpad Ooitne

OoltoHenTHeH rpadbl OybIITOpPA.

2 2 2
1 . 1 3 1 3
© \
4
Hiepaguevt Hoepaguevt Haepaguevt
Kynerymaop
1. A={1;2;3;4} KYIUIEEHID Oupenron R =

={(1;1),(2;2),(3;3),(4,4),(1;2),(2;1),(3;4)} Ounap OoiinoHenren rpadiap
SPIOMEH/IO CypaTiore3. by OsimdHenHeH y3nekaopeH aubikiaarei3. Dom R hom Im R

KYIUIEKJIOPEH TaObIThI3.

Q,

Poac. 2.6

Yuwy. bupenron Ounap OoilnionemHeH rpadbl TyOsHIare (pac.2.6.) poBemTd
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Oyna.

By OGolinonem — peduexcuB, yoHku rpadHbiH hopOep TyOaceHad 3IMaK Oap.
I'padpra uke ounbl yk OynraHra, anere OoiIoHENI CUMMETPUK Tyren. I'padra nke
owlbl yK OyJraHra, yJl aHTUCUMMETpPUK Ta Oyna anmbld. ['padta mke kxaObipranan
TOPYYbl TEJIPCH HUHAM YbUIOBIp ©YEHHOMYy4Ybl KaOblpra OapJbITBIHHAH OHpENITroH
OQllJIoHEIIHEH TPaH3UTHB MKOHJIEre Kujen ubira. TyOoHae Oy 4bUIOBIpIapHbI
KYPCOTHK:

2-1-2 1-2-1

bepenue ubuObIp eueH 2 — 2 Homyubl KaOblpra Oyna, sSrbHM 2 TyOace
SIHBIHIa DTIMOK Oap. © nkeHue yblIObIp eueH 1 — 1 fiomyusl kabbipra Oyina, srpHU |
TyOoce sSTHBIH/a 3TIMOK Oap.

bupenran R Ooitnionemnie Oone OolyoHemnn Tyrels, yoHKH rpadra ykiap OenoH
TOTAIITHIpBUIMAral HokTtajap Oap (mocomoH, 1 hom 4, 1 hom 3 h.6.). DomR =
= Im R = A Oyna.

Hckapma. bunap 6oitnoneniner rpadsina kapan A X A KyIuiereHeH HUHAUAEP
eMEeHTIapblH R OolyloHemeHs ocToroHA® sAkM R OQMJIOHEIIEHHOH — ajIbll
Talnuiaragaa, Oamka y3JaeKIopro us OyiraH sHa OoioHern Tabapra Oyna. MoaconoH,
forapbiia kapaiaran mucanga (4;3) mapelH ©CTICOK, siHA OOWMIOHEINI CHMMETPHK
Oynavak. Orap (1;2) mapsiH ajbll Tanuiacak, TabblIraH OOMIIOHEIT aHTHCHMMETPHK
OynayJax.

2. R kymnerenno Oupenron R Ouuap OoinoHemieHeH TpadUIblH TO3ETe3.

AHBIH y3IIeKIopeH aublkiarei3. Dom R, Im RKYIUIEKISpeH TaObIThI3.
a) R = {(x,y)|y = |x|},
1
6)R = {(x,y)y=x axu y=-}

B) R = {(x,y)| x* + y* < 1}
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y*

(a, b) = (a, c)

(b, b) = (b, ¢)

>
0 X

Pac. 2.7
Yuwy. a) bupenron Ounap OoiyioHemHeH Tpadursl TyOoHmore (poc. 2.7)

poBemTd Oyna.

By Goiinonenn pedieKCuB Tyrell, YoHKH Y = XTYPBICHIHBIH 0apiIblK HOKTaIaphl
na rpadukka KepMmu. Y I[iynail yK aHTHpe(IEKCHB Ta Tyrell, YOHKH Y =
= X TYpBICBIHBIH Oep eojeme rpadukka kepd. I'paduk y = X TyphICHIHA Kapara
CUMMETpPHK OyjMaraHra, Oupenaran OoiimoHem cummerpuk tyrei. I'padukra (x, x)
paoBellIeHIore HOKTaJapaaH Oalika y = X TYPbIChIHA KapaTa CHMMETPUK HOKTayap
Oynmay cobomie, R — aHTUCHMMETpHK OoiyoHem. bupenron OolIoHEIIHEH
TPAH3WTHUB HWKOHJICTE€H THUKIICPUK. MOHBIH edueH rpadukra sTydsl upekie (a,b)
HOKTachlH amabbi3 hom aHblH spaomennd (b,b) HokrtaceiH Ta6ades ((b, b)
HOKTaCBIHBIH rpadukra 0yinysl MOXOypH Tyren). AHHaH coH rpadukra 6ynaran (b, c)
HOKTachlH TaObi, Ty6amope (a,b),(b,b),(b,c) Oynran TyphITOUYMAKIBIK TO3HOE3
hom (a, ¢) TyOGocen TababbI3. besHen Mucaiga uke oupak OyIysl MOMKHH.

Orop (a,b) HOKTacel y = x TypeickiHa srca, a = b = c,(a,b) = (b,b) =
= (b,c) = (a, c) Oymna, hom TypEIIOYMAKIBIK HOKTara oBepeid. (a, b) HOKTachl y =
= —X TypbICBIHIA sATKaH oupakra a # b(a = —b). IllyHa Kypo Te3eIraH
TypbinoumMakibik  owriapsl  (a,b) = (a,c) ham (b,b) = (b,c) Oynran KHCEMTIrd
oiiond (pacemue kaparbiz). Mke oupakra ga (a,c) tyb6ace rpadukra Oyma. JIMMOK,
Oy OollToHeIl — TPaH3UTHUB.

I'padukran KypeHroHuo, OupenroH OoimoHem — OQiyie Tyren, YOHKH
ACCBUIBIKTAa Tpadukka Kepmoran (a,b),(b,a) Hokramapbl umkce3 Kyi. ['padux
oyenua Dom R = R,Im R = [0, ©0)0ynybIH aubIKJIbIi aaa0bIs.

0) bupenron Ounap GolinonenHeH rpadurel 0oxai (pac. 2.8) Oynayak:

45



Y

(a, b)
(b, b)
(b, ¢)
a, C
—>
5. 527 o p
(a, b
(a, c
(b, ¢
Poc. 2.8 Pac. 2.9

I'paduxran Oupenron OoiloHenIHEH pediaekcuB, CUMMETPUK HKOHIere hom
Ooitte OynMaBbl KypeHo. TpaH3WUTHBIBIKHBI UcOaTibiik. ['padukran upexie (a,b)
HOKTachl albliik hom y = x Typbiceigaa stydsl (b, b) HOKTaCHIH TO3MK (FOMYMH
oupakrta (b,b) HOKTAaCHIHBIH TpapHKTa ATyl MOKOYPH Tyrea). AHHApHI TpapuKKa
kepron  (b,c) HokraceiH Tabweim, TyOomope (a,b),(b,b),(b,c) Oymrau
TYpPBITOYMAKIIBIK ~ Te3u0e3. By  TyphIMOYMAKIBIKHBIH  JIypTeHYe TyOoceHeH
koopauHaranapsl (a,c) Oynauak. TpansuruB OuHap Ooitmonem eueH (a,c) tyboce
rpaduKTa sTapra THEI. OJiere mapT rpaduKTa STKaH Teaocd HUHIU (a, b) HOKTachl
oueH THKIepend. besnen pacemud (a,b) ham (b, c) TybGomope — runepbonana, 9
(a,c) TYy0oCE Yy =X TypBICHIHIA, SATHHU TpaduKTa ATKAH IIYHIBIA WKe
TYPBIMOYMAKIIBIK TO3eIToH. Orap (a, b) HOKTaChIH Y = X TyphICBIHAA ancak, (a,b) =

(b, b)hom (b, c) = (a, c) Oyna, ArEHU TYPHIIOYMAKIBIKHEIH HKE TY0JCE TOHIAII KHJID.
. 1
[Iymait uremn, 6y oupakra (a,c) Tybace y = - runepOoaceiHaa, ArbHU TpauKTa

stadak. Dom R = R,Im R = R.

B) Omere OuHap OoWmoHENIHEH Tpagurbl — y30re KOOpJIHWHATajIap
OaluTaHTBIYBIH/IA SITKAH, PAIUyChl Oepra TUTe3 OyJraH TYTopak (pac. 2.9).

Y = X TYPBICHIHBIH OapJIbIK HOKTajapbl rpadukTa sitmMay cobormie, OMpenTroH
Ooltonen pediekcuB Tyrenl. Yo mryjgail yK aHTUpeIeKCUB Ta TYTeJ, YOHKH Y = X
TYpPBICBIHBIH Kailoep HOKTasapel rpadukka kepa. ['paduk y = x TypbiChiHA KapaTa
CHUMMETpPUK Oynranra Kypo, Oy OuHap OoiloHeIl — CUMMETPHUK. PocemMHOH
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KYPEHIoHYd, 0e3 Te3eran TyphimouMakibikabiH  (a, b), (b, c), (b, b) TyGomope
rpadukra sta, 9 (a,c) Tyboce rpadukka kepmu. JJUMOK, GHpENTroH OuHApP GoiIoHEN
TPaH3UTHUB TYTEL.

3. A kymiereHnd OupenroH R OuHap OoQMJIOHEIICHEH  Y3JICKIOPEH
AYbIKJIATbI3:

)R ={(,)|(x—-y)i3}, A=Z

O R={(xWIx-y)*=x-y}, A=R;

B)R={(x,»|x—-y)€Z} A=Q.

YQuwy. By Mucamuapga Tem  Y3JIEKIOPHEH YTAIYeH —alapHbiH — OWI-
TeJIOMAJIOPEHHOH YBITHIN THKIIEPEPOEs.

a)Vx € Z eued x —x = 0, 9 0 canbl 3 caHbIiHa OyJIeHO. MOHHAH TEJIOCO HUHAU
x € Z oueH (x,x) € R, srbau R Gunap OoiiioHenie — peiekCus.

Orop x —y aepMacel 3 caHblHa OyieHco, y —x = —(x —y) mymaii yk 3
caHbIHa OyneHs. MonHnaH, arop (x,y) € R 6yica, (y,x) € R, areim R — cuMMETPHK
OoilstoHeI.

(x —y), (y — z)aepmanapsl 3 caHbiHa OYJICHCEHHOpP. YJI BakbITTa X — Z =
= (x —y) + (y — z) aepmacsl na 3 canbia Oyiend. umak, (x,y) € R hom (y,z) €
R Oynynan (x,z) € R MKoHIIETE KUJIEI YbIra, SrbHU R — TpaH3UTHUB OOMIIOHENI.

oJere OoitoHe 09iisie OyIMbIN, YOHKU TEIOCO HUHAM OOTEH Y # X CaHHAPHI
oueH sku(x — y) i 3, axu (y — x) } 3 QIMroH paciay Aepec TYrel.

Moconon, x = 4, y = 5 OyncelH. Y BakbITTa X — Y =4 —5=—1 hom y —
—x =5 — 4 =1 cannapbIHbIH Oepce A9 3 caHbIHA OYJICHMH.

6) Temoco muHIM X € R euen (x,x) € R, yeHKH y = x Oynranma,0® = 0 —
nepec turesnek. Jumok, R — pedmekcus 6oitnonent. (x,y) € R, srpau (x — y)? =
= x —y Oyncei. Yn Bakbitta y —x = —(x — y)2 = —(y — x)? aremn (y — x)? =
= y — x mapTel yroiaMu. MonHas (y,x) € R, arbHE R cuMMeTpUK O9MIIOHENT TyTell.

AHTHCUMMETPUKIBIKHEL THKIIEPUK. (x,y) € Rhom (y,x) € R, sream (x —
y)2=x—yhom (y—x)2 =y—x Oynmcern. ¥Yn BakeiTta (x —y)? =x —

—y=—(@—x)=—(y—x)>=—(x—y)?. Monnaa T1abaden: 2(x —y)?=0,
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ArBHU X = Y. By HOTIKO R OoiiloHeIeHeH aHTHCUMMETPUK UKOHIIETSH KYPCOTS.

TpausutuBnbikHbl  TUKIIEpUK, (x,y) € R,(y,z) ER  OyICBIH, ArbHH
(x—y)i2=x—-y, —2?%=y—z Tababes: (x—2)°>=x-y+y—2z)>=
==y +2 -G -+ G- =x-y+2 - -2+
- —2z)=x—-2)+2(x—y)(y—z). Mounan (x—2z)*# (x—z), sareHu
(x,z) &
& R Oynysl kypeHa. JJumak, R Oolinonernie TpaH3UTUB TYTElL.

B) Tenoco HuHau x € Q eueH x —x = 0 € Z. MOHHaH TeJIOCO HUHIU X € Q
ouen (x,x) € R. lumok, R — peduekcus Goinonent. (x,y) € R, arbuu x —y € Z
Oyncein. Y Bakbitta (y —x) = —(x —y) € Z, sareuu (y,x) € R. Jlumok, R —
cummeTpuk Ooionent. (x,y) € R,(y,z) € R OyiceiH, ssrbhu X —y € Z,y —z € Z.
VinBakbitra x —z = (x —y) + (y — z) € Z, sarbnu (X, z) € R. By — TpaH3UTHBIBIK
IIaPTHI.

R — Ooilste OoliyioHeI TyTeJ, YOHKU aepMajiapbl O6TEH caH OyJMaraH 4yMKces
KYIl pallMoHalib caHHap Oap. Moconon, 1/2-1/3 =1/6 € Z, 1/3-1/2=-1/6 €€
Z.

§ 2.3. DKBHBAJIEHTJIBIK 0MIOHEIIE

DKBHUBAJICHTJIBIK OoiioHeme OwHap OoioHENUIoOpHEH MehuMm Tepe OyJbin
TOpAa.

buarenama.ocop A xynaecenda oupencon R bumap Oaiinoneuie pegnexcus,

cummempux ham mpaunzumug 6yica, Y 9KGUBAEHMIbIK OdUIdHeue Oun amand.

Mucanuap

1. A — KypcTarsl CTyIeHTIap Kymere, R — «0ep rpymnmaaa yky»
Ooioneme, sreuu R = {(a, b)|a 6esnoH b 6ep rpynnajia ykeid } . a Gemon a oep
rpylmaga yKbIraHra Kypo, Teiaocd Huuanm a € A euen (a,a) €ER, srpuu R —
peduiekcuB OoiytoHen. Orop a OenoH b Oep rpymmaga ykeica, b Gemon a Oep
rpynmnaga ykeiid, sreau (a,b) € R ukoH, (b,a) € R. Jlumok, R — CHMMETpHK

Ooitmonenr. Orap a 6enon b, b 6enon ¢ Oep rpynmnana ykeica, @ 6eoH ¢ 6ep rpymnmnaaa
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ykbiii. By HoTIXNKO «orap (a,b) € R hom (b,c) € R GOyinca, (a,c) € R» nuron cys.
SArean R — TpaH3uTuB O9iinionem. J[MMoK, R — SKBUBaJIEHTIIBIK OolIoHeIE.

2. R — scchuIbIKTarsl Typbulap KYIUIET€HA9 OUPENraH «napajienb Oymy»
Ooitmoneie OysachiH. Tenoco HUHAM a TYPBICHI Y3-Y3€HD Tapajuieib, sreuu (a,a) €
€ R. OcToBeHO, orop a TyphICBI D TypbIChIHA Tapaiens Oyica, D Typeickl a
TYpBICBIHA TIapaiienb, srbuu (a, b) € R mapteiHHan (b, a) € R Gyiybl KWIEI YbIra.
Orop a Typhichl b TypbickiHa mapaiiens, b TypbICh ¢ TypbichiHA Mapasuiens Oyica, a
TYpBICBI ¢ TypbIChiHA mapamienb. Mkenue tepne ourcok, (a,b) € R, (b,c) €ER
mapmiapbiHiad (a,c) € R ukoHjiere xuien 4era. JluMok, R Gunap OoiioHeme —
pednexcuB, cuiMMeTpuK hoM TpaH3uTuB. MoHHaH R — 3KBUBAJIEHTIIBIK OQiiIoHeIIe.

3. R = {(a,b)|(a — b) : 3} Goiinoneme Z KyIereuad oupencen. Anga 0y
OoilsloHeIHEeH pPeQIIEKCUB, CUMMETPUK hoMm TpaH3UTHUB Oyilybl KYpPCOTEITdH HJE
uHje. JImMok, R —3KBUBaJICHTIIBIK OolIoHeIIIe.

4, R = {(x,y)|x? = y?} Ooitmoneme R xymnerenmo Oupencen. Temoco
HUHAM X € R euen x? = x? Oymranra, Oy Ooiimomemn — pedmexcuB. Yin —

CUMMCTPHUK, YOHKHN Xz = yZ IapTbIHHAH y2 = x2 TUT'€3JIere 4bira. OCTOBEHO dJIeTe

OoiilloHeIl — TpaH3WTUB, ueHKH x2 = y? y? = z?maprnapeiHHan x2 = z2
TUTe3JIeTe KIIeH Yblra. J{umMok, R — SKBUBaJICHTIIBIK OoMIIoHEIIE.
OKBUBAJCHTIIBIK OOMIOHENIIOpeHEH CUMMETpUK OyinysiHHaH Dom R = Im R

MKOHJIETE KYPEHD.

Yukie KYIUICKTO OMPENTroH 3KBUBAJICHTIBIK OoimoHemeHeH rpadsiHaa hop
TYOS SHBIHIA Na 3IMOK Oyrna, GapibIk yKIap Ja WKe OWibl hoMm mke KaObIpragad
TOPYYbI OAPIBIK YbLIOBIPIAPHBIH J1a HOMYYbI KaObIpracsl Oyna.

Moconon, A = {1;2; 3; 4} Oyncein hom TyGoHTE Tpadap OGupeceH:

6

1 Hue epagh 2 Hue epag
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4 nue epagh

3 nue epagh

By rpadrnapHbiH KalchUIapbl OKBUBAJCHTIBIK OOIIOHENICHEKE WKOHEH
TUKIIEPUK.

Bepenue rpadusiy 6ep owrsl (4,3) KabGbIprace! 6ap, UMK, Y1 SKBUBAJICHTIIBIK
Ooilonemiene rpadbl Oyna anmbiil. Wkende, euenue hom pgypreHue rpaduap
OKBUBAJICHTIIBIK OoWJIoOHEIIEHEH OapiIbIK MIAPTIIAPBIH J1a KAHOTAThIOHACPAISP (MOHBI

y3eres tukiieperes!).

Kyneryap

1. TyGongore rpadinapHbIH KalcbUIapbl SKBUBAJICHTIIBIK OoIoHeIeHs Oyna?
C}E 1 2 1 2
3
1 3 U?O
a) 0) 6)
1 2 1 2 2
2) 9) e
XKagam: a), 0), €) rpadrapsl IKBUBAICHTIBIK OoiyIoHENTHEKEe. MOHBIH ITyJIai
MKOHJIET€H MOCTOKBINIb POBELITS TUKILIEPETE3.
2. A xymereHgo OupenroH R OwHap O0MIOHENUIOPEHEH KaWChUIAPHI
SKBUBAJICHTJIBIK OoiiIoHelIe Oybin Topa?

a) R — «rure3 3ypabikTa Oyny» OoinoHene, A — sCCBUIBIKTAarbl (hurypaiap
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KYILIEre;

6) R ={Cx,y)ly =x*},A=R,

B)R ={(a,b)la—b €Z},A=Q;

r) R — «ahoMbcaHHAPBIHBIHA3BUIBIIIBIHAATBIIUPPIAPCAHBIOCPYKOYITY »
Oottonenie, A = N;

nR={(xyx<yLA=R;

e) R — «(0, 0) HOKTachIHHAHTHIe3epPaKIBIKTAATy» OolaoHeme, A —
XOYsICCBUTBITBIH 1A BIHOKTAJIAPKYTIICTE.

XKapamn: SKBUBAJICHTIIBIK OoiIoHENUIOpe — a), B), T), €). bunremomonmore
OapJIbIK MIAPTIAPHBIH J1a YTOITYECH TUKIIIEPETes.

§ 2.4. DKBHUBAJIEHTJIBIK Kjaccaapbl hom dakTopKymiex

R Goitnionenie A KyriereHao OMpesiroH SKBUBAJICHTIIBIK OolIoHeIe OYyJICHIH.

Bunzenama. (a, b) ER Oyawipoau baprvik DEA snemenmaapel Kynieee a€A
9/IeMEeHmMbl XACUTL UMKIH IKEUBAIEHMIbIK KIACCbl OUn amaia.

I"agoTTo, MoHABIN KiTacc R, aun Tamranana. [lymait uten, omirenoMo OyeHda
R, = {b|(a,b) E R} C A.

bunzenama. Bapnvik 5K8UBANEHMAbIK KIACCIAPBI HCIEAMACHl (PAKMOPKYNIEK
oun amana ham AIR oun mameanana

§ 2.3 TO KHUTEpeNroH Mucauiap e4eH OHKBUBAJCHTIBIK KiacciapblH hom
(haKTOPKYIUICKIOPEH TaOBINK.

1. Kypcrars! cTyaeHTIIap KYIUIETEH 9 «Oep Tpymma /1a yKy» OolIoHelIe o4eH
R, —a Genon Oep rpynma aa ykydsl Oapiblk cryaeHtinap kyrwiere. Illymai wrem,
CTyIEHTJIAap TpPYIIAachiHbIH hopOepce Oep HSKBUBAJICHTIBIK KJIACChl OYIBIN TOpAa.
DOKBUBAJCHTIIBIK KJIACCIApbl CaHbl KypCTarbl Tpymnmanap CaHblHA TUH Oymadak. by
MUCaIIaH KypeHToHuo, hopOep rpymma ma ctyneHtinap Oynaranna, 6ep kmacc ta Oymy
Oyna anMblii. bep YK CTyneHT OepbhlOJIbI MKE TPYIIA /1a YKbI alMbld, JUMOK, dJeTe
KJIaccjaap KUCEMIMIUISP. bapibik KiacciaapHbBIH OEpIioNIMoce KypcTarbl CTyJAEHTIap
Kymieren, srpHM A Kymuered Oupo. Illyn posemute, A\R = {4;|A; — cTynent
rpynmanapsl}.

2. OTOp R SICCBUTBIKTATBI TyphIIAp KYIUIETCHIIO OMPENToH «Imapajuieisb Oyiry»

o1



Oolmonemnie Oysca, y3apa mapaielib OyJiraH Typbulap KYIUIEKIope (Mapasuiellb
Typblap OSHIOHEIIE) SKBUBAJICHTIIBIK KIIACCIaphIH TOMIKUI UTd. hopOep kiaccka uy
KUMEHZIO Oep Typhl Kepo, SITbHU SKBUBAICHTIBIK KIACCHI OYII TYred;, Tepie HKe
KJIACCHBIH YpTaK AJIEMEHTJIAPHI IOK, STbHU allap KHUCEUIMH; OapiblK KIIACCIapHBIH
OepJIslIMace SACCBUIBIKTArbl TypbUlap KyruiereH Oupo. umok, A\R = {mapamienb
TypblIap 09isIoHEMap .

3. Z xymnereumore R =(a,b)| (a — b) : 3}6oitnoHenie o4eH SKBUBAIECHTIIBIK
KJIacClapbiH TaOBINK.

a =0 GynceiH. Y Bakeitta Ro = {b|(0 — b) : 3} = {3k| k € Z}.

Oropa = 1 6ynca, Ri= {b|(1—b) : 3} = {3k + 1| k € Z}.

Oropa = 2 Oyica, R.= {b|(2 —b) : 3} = {3k + 2| k € Z}.

orop a = 3 Oynca, R3= Ro; orop a = 4 O6ynca, R4 = R1 h. 6. lllynaii urer, arop

aENOynca, siHa Kiaccnap TaObuIMbIA. @ = —1 nun aneiik. Y Bakeitta R_;={D|
(—1-0b):3={3k—1|k € Z} ={3m+2| me Z }= R>.
Orop a = — 2 oOynca, R_,={b| (-2-b):i3={3k—-2|k€eZ} =

{3m +1| meZ} =R..Illyn paBemts, a = —3 Oyaranga, R3 = Roh.0. Ta0a0bI3. JIMMOK,
TEJIOCO HUHIM AEZ e4eH R, SKBUBAJIEHTIBIK Kiacchl Ro, R1, R» KiacciapblHbIH
Oepopce OCIIOH TOHTaN KHIIQUOK, STBHU OHMpENToH MHcanaa Oapbl THK Tepiie ed
OKBUBAJICHTIIBIK KJIACCHI T'bIHA OyJlauak, 6CTOBEHO anap Oy Kyruiek Tyrein,RiN Rk=0,
ik, RoU R1U R2=Z.Z\R= {Ro, R1, R2}.

4.R xymnerennd oupenron R = {(x,y)|x? = y?} OGoiinoneme dueH
R.={b | a? = b?}={b | b=%a}. lllynaii uren, R,= {a, - a}

Ro= {0}, Ruz={ b | b=t 3= {2, ==} Ro={b| b = + 2} ={2;-2}, R ={+7;

—%} = Rip, Ro= {2; - 2} = R, OynyblH TabaObI3. OJere Kiacclapbl YHKCE3 KTl

Oynadak. by knaccmapubsiH 6epce a9 OyIn TyTel, Tepiie UKe KJIacC KUCEIMHU, OapIibIK
KJ1accJIapHbIH Oepiommoace R kyruteren oupa. A\R={{a, - a} | a€R} .

O xa3ep 2 Hue, 3 Hue, 4 Hue rpadnap OenoH OUPENroH SKBUBAJICHTIIBIK
OolMIOHENIIOPEHEH, YKBUBAJICHTIBIK KilaccaapblH hom (DakTOpKYIUIEKIOpEH TaOBIHK.

MoHbIH euyeH OepeHue KOOpAMHA- TajJapbl a OylraH OapiiblK MapJjapHbl caumar
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anplpra KUPOK. YJ BakbITTa ajJapHbIH HMKEHYE KOOpAMHATAJapbhIHHAH TO3EIToH
KyIuiek Ra Oynavak.

5. 2 Hue rpad OenoH Oupenron ouHap Ooionem eueH R1= {1;2;3},

R>={1;2;3}, Ra= {1;2;3}, Ra= {4}

[ynaii wuten, Oy o4pakTa OEpPCEHO TOHrAN KWIMAIoH Oapbl HMKE T'eHO
OKBUBAJICHTIIBIK KJIacchl Oynadak. Onere kiacciap Oyml Tyren, ajJapHbIH YpTak
AJIEMEHTIIAPHI F0K, aJapHBIH OepIomMace A KyIuiereH Oupa.

A\R = {{1; 2; 3}; {41}

6. FOrapeina olitenronHap Oyenua, 3 Hue rpad ouparsinaa: R1= {1}, Ro= {2},
Rz = {3}, R4 = {4} srpHM JAYPT SKBHUBAJCHTJIBIK KJIACChl Ta0bLIA, OCTOBEHI
Ri#®,RiNRk=0, ik, RIUR2UR3UR4=A.

A\R={{1}; {2}; {3}, {4}}.

7. 4 Hue rpad ouparsiiga R1= R,= R3= Ra= {1, 2; 3; 4} ukonnereH kypaoes.
Jlumok, Oy odpakTta Oapbl Oep I'eHO SKBHUBAJICHT- JIBIK Kjacchl Oyna. Yi kiacc A

KyIuiere OeIoH TOHra Kuiod, ssrbHu A\R= {A}.

JKBUBAJEHTJIBIK KJIACCIAAPBIHBIH Y3JEeKJIpe

1) DKBUBAJIEHTIIBIK KJIACCHI OYIIT KYIUJIEK TYTeJ.

Hcbamnay. DxBUBaNEHTIBIK OoloHenIe pediekcuB Oyny caboruie, hopoep Ra
KJIACCBhIHA a JIEMEHTHI Kepa.

2) Ra= Rat@=>Ra =Ry

Hcbamnay.
NkesKBUBaNICHTIBIKKIACCHIHBIHYPTAKAIIEMEHTIAPHIO yIMaBBIHIKHUATAPHBIHTYIBICBIHY
ATOHTAJIKUITY CHUCOATIIBINK.
MoHbIHOUEHO 3T OMKEIKBUBATICHTIIBIKKIIACCHIHBIHOCPT€HOYPTAKAJIEMEHTHIO yIITaH a1
a, anapy3apaTUre3nKoOHIETeHKYPCOTEProKUPIK.

JluMok, CER, CERpOynca, Ra = RpukoHeHucOaTmanOyna. bamraR,C
RpOyTyBIHKYPCOTHK. MoHBIHEOYEHXE R 371EMEHTHIHAIBINK. Ra KJIACCBIHBIH
OomrenoMoceHHoH (@, X)ER ukoHiere Omnrene. R cuMMeTpuKk OoiyioHemn OysraHra,

(X, a)ER , CER, Oymy coborie, (@, C)ER. lynait uremn, (x,a)€ER hom (a, C)ER. R
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TpaH3UTHUB OoioHem Oyny cobormuie, (X, C)ER mkonnere kuien ubira. ®apasz OyeHua,
CERp. By BakwITTa R}, KiIacChIHBIH Omirenomace Oyenda, (b, C)ER, o R cummerpuk
Ooiimonemr Oyiny coborie, (c,b)ER. Jumok, (X, C)ER, (c,b)ER. MonHnan, R
OoiioHeIIeHeH, TPaH3UTHBIBITBIHHAH (X, D)ER, o aHBIH CHMMETPUKIBITBIHHAH
(b, X)ER OynybiH Taba0ObI3. By XER}, vkoHiIereH anjiara. JJumok, 6e3 RaERp OynyblH
ucbar UTTeK. OT9p XER} Oynca, HOKB Orapblia KUTEPENToH (UKEpIopHE Kabatiar,
XERa ukonneren kypcorobes. llynait uren, R,ER.@ ukonnere ucbatnana. MonHan

R =RpTHUresnere KuJier 4bira.
3) U a R, =A
Hcoamnay. hop Ri€EA OynranibiKTaH, UaR{a} € A. lllyn yk BakbITTa TeJaCd

HUHIU aeA OUYCH a€Ra. [yHneikTan,4 € UaR{a}-

Jnmok, A = Ua R{a}.

OJiere  YJICKIOPJAOH  KYPEHTOHYd, orop HUHAuAEp A KYIUIETeHId
AKBUBAJICHTIBIK OoioHeme Oupencod, Oy KYIIIeK y3apa KHUCEIIMAayye Kiacciapra
OyJieHo.

MoHna 6ofiie poBenITo MOHBIN OMIIreIoMoHe OHUpo anadbI3.

bunzenama.A nunouoep xynnex, Ai, Az As, ... aHvly Kyniekuanape OYICHIH.
9d2ap

1)14;‘75@, [ =1, 2, 3, e sy

2)AiﬂAj:g, |7EJ,

3) A1 UA: UAs U... = A 6yaca, A kynaeee Ai, | = 1, 2, ... knaccaapvina oOynena
ounap. by eaxeimma A; kyniexuace Oyneny Kuaccol Oun amaid.

By Ounrenomoore mapTiapHbl SKBUBAJICHTIIBIK KIACCIaphl Y3JIEKIope OeloH
YarbIIITHIPCAK, ATAPHBIH TOHTAJI KUITYEH KYpaoes.

JluMok, A KYIUIETEHIO SKBHBAJCHTIBIK OolioHeme Oupenco, Oy KyIUIeK
KJlacciapbeiHa OyneHo. byleHy kimaccmapbl OyibIl SKBHBAICHTIIBIK KJIACCIaphl TOpa.

Kupe pacnay na nepec, srpHU orop A KyIUlere HUHIUIEP Kiacciapra OyiIeHco,
A KYIUIET€HII9 SKBUBAJICHTIBIK OolioHeme Oap.lllynaii urtemn, TyOoHmore Teopema

nepec Oyiadax.
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Teopema2.1

A KyILUIereHJd JKBHMBAJICHTJIBIK OMHApP 0diyIdHem Oupesicd, A Kymiere
Kiaccjaapra OyjgeHd. A kymiere Kjaccaapra OyJeHcd, A KyIulereHad
JKBHUBAJICHTJIBIK OMHAP 0diluIoHewe Oap.

Hcbamnay. by Tteopemamarbl OepeHYE >KOMIIOHE JIOPECIIEreH loraphblia
Kypcoten KuTTeK. JlepecToH 10, A KyIUlereHao R SKBHUBAJCHTIBIK OoHIIOHEIe
OoupenraH Oyiica, A Kyruiere SKBUBAJICHTIIBIK KJlaccaapbiHa OyJIeHo.

TeopeMaHbIHUKCHUYCOICIIICHUCOATIAYTaKYYHK. A KYIUIETCHEH  WPEKJIe
KjaccnapeiHa OysneHye OupenceH. by kymiekro R Ounap OoisioHemieH TyOoHIore
Kareiiao Oyenua keptuk: R = {(a, b) | @ hom b 6ep yk Oyneny kimacceiHa kepa}, a hom
a O0ep Yk OyJieHy KJIacChlHA KEProHId, Telacd HUHAU a€AeucH (4, a) ER srpHu R—
peduiekcuB Ooitnonerre, @ hom b anementaapsr 6ep yk OyieHy KiacchiHaa Oyscaap,
b hom a saementnapel ga Oep yk OylieHy kiaccelHga Oyina, sreHH (8, b) E€R
mapteinHad (b, @)ER kwien upira. Jlumok, R cummeTpuk OodaoHem. a hom b
aJIeMeHTIIaphl Oep OyieHy kiacceiHa, b hom ¢ aneMenTiapsl Oep OyjeHY KiacchiHA
Kepcandp, a hom C snemeHTNIapel Aa O6ep Yk OyleHy KiacchlHa KepouoK. MOHHaH
(@, b)ER hom (b, C)ER wmaprmapeinHan (@, C)ER WKoHE KuWJjeNm dYbira, SrbHH R -
TpaH3uTUB Ootnonemt. Illynait uren, A KymereHao keprearon R Ounap OoiiyoHeme
HKBUBAJICHTIBIK OoilioHeme Oyna. by HOTHKO TeopeMaHBIH HWKEHUYE OJICHICHEH
ucOatinanyel Oyna, ArpHU AKymereHeH OyieHye Oupenco, Oy  KYIJIEKTd
SKBUBAJICHTIIBIK OoliIoHee Oya.

[lynait utemn, TeopemMa TyJIbICbIHYA UCOATIAHIbI.

onere TeopemMazaH (HaKTOPKYIUIEKHEH OyJIeHYy Kilaccliapbl KbleJIMAChl UKOHEH
Kypabes.

DOKBUBAJECHTIIBIK OQiisIoHeme hopBakbpITTa 1a KYIUIEKHEH HUHAUICP Kiacciaapra
OynenyeHn Oupo, mryHa Kypd Oy OoiioHem 3yp poiib yWHBIA. MOHBIH mIynai
WKOHJIETeH KalOep Mucaiiap eCTEeHA adbIKIbIiK. HuHIUIEp 31meMeHTIap KyIiereH
OUpOHY ©YCeH, MATEeMATHK TEOPHS TO3ETOHNIO WKE DJIEMEHTHBIH y3apa THre3 Oyiy

TOIIEHYOICEH KEePTEePro KUpoK. Ture3 Oyny OoMIIoOHEIIE SKBHUBAJICHTIIBIK OoMIoHEIe
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Oynein Topa. lllyHa kypo, ucbatianran Teopema OyeHYa, TUre3 Oyny OolioHelIe
KYIUIEKHEH Kiacciapra OyneHyeH Oupd. Y3apa ture3 OyiaraH Oapiiblk dJeMEHTIAp
0ep Kiaccka KepovoK, STbHH, djiere OOMIoHENT Ky3JIereHHOH YBITHIN KaparaHaa, axap
O0ep-OepCeHHOH aepbUITBICHI3  Oyladak. AepbIM 3JIEMEHTIIAPHBIH  Y3JIEKISpEH
OUPOHTOH/I9, IIYIIIBI AJIEMEHT KEPTOH KBUBAJICHTIIBIK KJIACChIHHAH TEJIOCO HUHIU Oep
DIIEMEHT ajy JKUTOUOK. MoconoH, orop A edmodmakiap Kyrwiere Oyiica, THUTe3JeK
OoiinmoHeeHeH, Oep SKBHBAJCHTIIBIK KIIACChIHA Oepce ©CTEeHO MKEHYECEH cajraHia
TOHIAJI KWJIO TOPraH OapiibIK ed4louMakiap Kepouok, hop Kiaccka KeproH
©UTIOYMAaKJIaPHBIH Y3JIEKIOPEH OHPoHY 0UeH, Oy KilaccTaH Oep edlouMak caiiamn aity
KUTI.

Kymieknop TteopusiceHno OupenroH THre3 Oyiny OoiyoHemie mryjal yk
OKBUBAJICHTIBIK Ooinoneme Oyma, wyenku A hom A kymneknope Oep YK
aJIeMeHTIIapaan Topa; orop A hom B kyruiekmope Oep YK dJeMeHTIapAaH Topca, B
hom A kymiekmope 1o Oep YK sneMeHTiIapaaH Topa; orop A hom B, Bhom C
KyIuiekinope Oep yk sineMeHTiapiaan Topca, A hom C xymieknope 19 Oep YK
aneMmeHTnapaan Topa. lllyHa Kypo Oapiblk KYIUIEKIOp >KbIEJIMAChl y3apa THUTE3
KYIUICKJIOpJIOH TopraH kiacciapra Oynend. KymiekiopHe e#poHroHmo, 06e3
AJIIEMEHTIIAPHBIH YPHAIIY TOPTUOEHD, aapHBIH SI3bUTY BICYJIBIHA UTBTHOAD UTMHOE3.

Mocamon, arop A = {2; 3}, B={3; 2}, C={x | (x-2) (x-3) =0}, D ={n, m | n,
meN, n+ m= 5, nm = 6} Oynca, yn BakeiTta A = B= C= D. by xymiekinop 6ep
SKBUBAJICHTIIBIK KJIacchiHa Kepasnop. [llyHa Kypo KYIUIEKIoOpHE OWPOHTOHID, allapHBIH
OepceH amy KuTa.

Q kymereHnd OupenroH Ture3 Oyiy (PKBUBAJICHTIBIK) OoWJIOHENIE aHbI Oep-
OepceHs Ture3 OyiTraH CaHHapJaH TOPYYHl Kiacciapra Oymd. MocomoH, Oep Kiaccka
Error!, Error!, Error!, Errorh. 6. mryHasIii caHHAp KepouoK, o HKeHYeceHd 2, Errorl, Error!
, Errorh. 6. Illyna xypo pamuoHanb CaHHApHBIH Y3JEKIOpPEH OWpoHY edeH, hopOep
KJIAaCCTaH Oepop JIEMEHT Caiijiam ajabIpra KHPIK, o KJIACCTarbl KaliraH 3JeMeHTiIap Oy
KJIACCTaH aJBIHTaH 3JIEMEHTHBIH Oallika TepJie TaMTaJIaHbIIIBI OYJIBIT CaHaavyaK.

MaremaTukara sHa OWITEIOMONIOP KEPTKOHIO KYIUIEKHE OYIy YHBIIUTBI

KyJulaHblla. MOCOIIoH, SCCBUIBIKTArbl TYpbUIAp KYIUIETEHAQ OUPENTroH «Iapajlielib
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Oyny» OoloHellIe SKBUBATIEHTIBIK OdiliioHele Oynbin Topa. hopOep SKBUBAJIIEHTIIBIK
KJIacChl Mapajuiesib Typhliap OdiyioMeHHOH Topa hom toHoneniHe Ounrenu. MoHHaH,
hop kmacctan Oep Typsl anbil, Oy TyphUIap >KbleJIMAachblH O€p HOKTa aiia yTyde
TypbIIap KYIUIETe, SITbHU KUCENIyYe Typhuiap 0oiIoMe UTen Kapapra MOMKHUH.
OurnoumMakiap KYIUIETEHAO OWMPENToH «OXIIANUIBIK» OdioHeme mynal yk
DKBUBAJICHTIIBIK OoiiyoHeme OymbIn Topa, hom onere OoiIoOHEMIKS KYIJICKHE y3apa
OXINIall e4YIOYMAKJIApAaH TOpraH kiaccmapra Oymy typel kwmd. Illymait wrem,
OUIMOUYMAKHBIH (opMackl — yJI «OXIIANUIBIK» OdiiyioHenie OenoH  Ooilne

OKBHUBAJICHTJIBIK KJIACChI, IHII aﬁTepre MOMKMHH.

Kyneryap

1. Uke osmeMeHTTaH hoM €4 3JeMEHTTAaH TOPYYbl KYIUICKIOPHEH OapiibIK
OyneHyJmopeH TaObIrbi3. Te3enroH OYJEHYTd Typhl KHIYYE JKBHBAJICHTIIBIK
OoiiToHeIIIeHEH AJIEMEHTIIAPBIH 3BT YBITHITHI3 hoM rpadbiH Te3eres.

a) A= {l;2} 6ynceiH. MoHa uke Topie OyJeHy MOMKUH. bepeHueceH o
Oyneny kmacciapbl Oynsin A Kyrmiere y3e topa, sreHu 4 = A. UkeHdyeceHno Oyieny
kiaaccmapel A1 = {1}, A>= {2} Oyma, 0y oupakra A =A 1UA . Teopema 2.1 1o
KypcoTeny OyeHda OYJIeHYId THHJIQII 3KBUBAJICHTIBIK Odimoneme R = {(a, b) |a, b
aJeMeHTIapsl 0ep YK OyJlieHy kiacchiHa kKepo} Oyna. IllyHa xypo OepeHue OyieHy
OUYCH IKBHUBAJICHTIBIK Ooimoneme — Hi = {(1; 1), (1; 2), (2; 1), (2; 2)}, o ukeHue

oyneny euen — Ho = {(1; 1), (2; 2)}. Anapubiq rpadiaapsl TYOOHIOTEU KYPCOTEND:

- G O

H, GeityroHeme H, Geiinonere
0) A= {l;2;3} oyncein. A=A hom A = A1UAUA;, oupeno A1= {1}, A=
{2}, As= {3}. OctoBeno A={1} U {2, 3}, A={2} U {1, 3}, 4= {3} U {1,2}. lllynaii
utern, Oy oupakta Ouin OyjaeHy Kuiien ubira. bepeHue OyleHy e4eH SKBUBAJICHTIIBIK
oaiimonemne: Hi = {(1; 1), (2; 2), (3; 3), (1; 2), (2; 1), (3; 3), (3; 1), (2; 3), (3; 2)},
ukenuece euen — Hr = {(1; 1), (2; 2), (3; 3)},
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euenuece oucH — Hz = {(2; 2), (1; 1), (3; 3), (2; 3), (3; 2)},

ayprenuece euen — Ha = {(1; 1), (2; 2), (3; 3), (1; 3), (3; 1)},

oumenvece eueH — Hs = {(3; 3), (1; 1), (2; 2), (1; 2), (2; 1)}. AnapHbIH
rpaduapsl TyO9HI9TEYS Oyia:

By rpadnapaan kypeHroHu9, y3apa ykiap O€loH TOTAIITHIPBIITaH dJIeMEHTIIap

Oep OyJeHy KiacchlHA KepaJop.

3 S0 OFC

H, obeiineneme H, 6oilyoHerne H, Goitnonerme

%b Q‘S@

H, 6oiinoneme H, Geitnoneme

2. A xeue kymiexnopeHeH N KyIUlereHeH OYJIeHY Kiacclapbl OYIbIT TOPYBIH
TUKIIepere3 hoM OUpeNroH OYJICHYTd TYphl KUIYUe SKBUBAJICHTIIBIK OONIOHEIILIOPEH
TaOBITHI3.

a) A1 — Tak HaTypallb CaHHap Kymiere. A» — Kol HaTypajib CaHHap
KYIUIeTe.

06) Ao — 3 canbiHa OyJieHydYe HATypaslb caHHap Kyruiere, A1 — 3 caHbIHA
OYNToHIO KaAbIKIaphl 1 ro THre3 Oyiran HaTypaib caHHap Kyruiere, A» — 3 caHbIHA
OYATOHIO KAJIIBIKIAPHI 2 T TUre3 OyJiraH HaTypaib CAHHApP KYTUIETe.

B)  An— N-ypBIHIIBI HATYpaJlb CaHHAp Kytuiere, N = 1; 2; 3; ... .

Yuwy. a) N = A1UA2, A1 N A2 = . MonHaH KypeHran4o, A1 hom A4, Oyneny
Kiacciapbl Oyneim  Topanmap. N Kkymerenmore Oy OyJieHyro TuUHAOMm OynraH
OKBUBAJICHTIIBIK OdiiIoHeIIe TyOoHaoreyd Kypcarenoudk: R = {(a, b) | a, b cannaps
Oep Oyneny kiacceiHa kepa} = {(a, b) | a, b cannaps! Tak siku @, b canHaps! Ker}.

6) N =AqUA1UA, AiN Ax=0, i#k R ={(a, b) |a hom b carnaps! 3 ko
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OYJIEHToH/I19 Oep YK KaJIJIbIKKa Usl}.

B) N =A1UAUA3U ..., I1#k oynmranaa, AiN Ax=3.R={(a, b) |[aham b
CaHHAPBIHBIH S3bUIBIIIBIHAA UG PIap caHbl Oep YK} .

3.4 xymnerengo R OoiinoHenie OupenroH. by OoloHENIHEH >KBUBAJICHTIIBIK
OoiinmoHere Oy IybIH TUKIIEpere3 hoM SKBHBAJICHTIIBIK KJIACCIAPBIH TaOBITHI3.

a) A — mohopnore kemenap kyrere, R — «Oeprepne pamunusirs us
Oymy» OolioHele.

0) A — rpymmajgarel CTyIeHTIap Kymiere, R — «0ep yk emma Tyy»
OoilnioHee.

B) A=R.R={(xy)x=yskuy = Errorl}.

Yuwy, a) Tenoco Hunau a€A eudeH a hom a Geprepie pamMunusiIrs us, sIrbHUA
TENOCO HUHAU a €A eueH (a, a) ER. a hom b 6ep yk damunusiie Oyncanap, b hom a
oep Yk hamunusie Oyina, sreHu (@, b) ER mapteiaHan (b, a) ER xunen ybira. Orap a
hom b — 6ep yk damumusra, b hom ¢ 6ep yk hamunusrs us Oyica, a hom ¢ Oep yk
bamunusie oymnanap, sreau (@, b) €R hom (b, ¢) €R maptnapeiaHan (g, €) ER kunen
ypira. [ymait uten, 6e3 R GoinoHemeHeH pediekcuB, CUMMETPUK hoM TpaH3UTHB
OyJyBIH, ASTHPHU aHBIH SKBH-BAJICHTIIBIK OQMIIOHEIIIe HKOHJIETEH KYPCOTTEK.

DKBHUBAJICHT/IBIK KIacclapblH TaObIK. bunremomo Oyenua, Ry = {b| a hom b
oep Yk pamunusars us}. lllyna xypo hopbep 3KBHBaICHTIBIK KJIacChl (haMIIIHSIIOPE
O0ep yk Oynran kemenopaoH Topa. lllymaii wren, mohopmore kememop Oep YK
bamMunuars ust OyiraH Kemeaop KeproH Kiacciapra OyaeHs.

0) R — okBUBaJeHIBIK OdlinmoHemnie (MoHBI Tukiiepere3!). by mucanga Ra
= {b| @ hom b Gep yk ennma tyranHap}. MonHaH hopOep SKBHUBAJICHTIBIK KIacChIHA
Oep enma TyraH CTYIAEHTJIAp KEepouoK. by oupakTta cTyaeHTIap rpymmacekl Oep
AMIBTOTE CTYJACHTIIApAAaH TO3EITOH Kacciapra OyaeHo.

B)  DJEK KypCoTel KUTKOHYY, Oy Ooimonent — pedIieKcuB, CMMMETpUK hom
TpaH3uTHUB. JI[MMOK, R — SKBUBaJICHTNIBIK Ooionemre. Ra={(b| b = a ssku b=Error!

}.0ynranra, hop sKBUBaJIEHTIIBIK KJIACChl y3apa KUpe OyJiraH MKe CaHHaH Topadak. 0

hom 1 sapnoMenns xacun Oyiran Kiacciiapjia I'blHa Oepap caH Oynadak. MacanoH, Ro
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={0}, Ri={1} Ro ={2, %}, R1 :{%, 2}, R2 2{—2, — %} h. 0. [llynait uren, Oy oupakTa
2

9KBHBAJICHTJIBIK KJIaCCJIap CaHbI YMKCE3 KYII 6ynaqa1<.

§ 2.5. TopTun 0disIoHeIIE

buarenama.0cop A kynnecenda oupencon R ounap Oaiinonewe mpaumzumus
ham anmucummempux 6yaca, 06y 6atiioHew mapmun O2uI2Hewe Oun amad.

Buarenama.0cop mapmun o6unap 6atinonewe peghaexkcus Oyica, yi Kamewli
byimazan mapmun 6atiloHewe Oun amand.

ynaii wren, Karreld OyiaMaraH TOpPTUIl OolloHENIe — TPAH3UTUB,
aHTUCUMMETpUK hom pediiekcuB Oyiran OuHap O9iloHen!.

buaresama.0Ocop mopmun 6Oatinonewe anmupegnexcug Oyaca, yi Kamewli
mapmun O2iiaHeue Oun amaid.

MoHHaH KaTrblii TOpTUIl OOMIOHENIe — TPAH3UTHUB, AHTHUCUMMETPUK hoMm
anTupedIeKkcuB Oyyran OuHap OoIoHe!.

Buarenama.0Ocop mapmun 6aiinonewe 6aiine Oaunonews Oyica, Y1 Cul3vbiKua
mapmun O2iiaHeue Oun amaid.

[Iynait uten, ChI3BIKYA TOPTUIl OOWJIOHEINIE — TPAH3UTHB, AHTUCUMMETPUK
hom Goiine OuHap OoMIIoHeTII.

PednexcuBnpik hoM aHTHpe(dIEKCHUBIBIK MAPTIAPBIHBIH YTOIY- YTOJIMOBEHO
Kaparl, ChI3bIKYa TOPTHI OQWMIIOHEIIe WKEe TOPrd — ChI3bIKYA KATrbld Oynmaran hom
CBI3bIKYa KATTHIH TOPTHUIT OOHUIOHEIIIIOPEHS aephlia.

Macanon, Rkymierenns owpenron R = {(x, y) | x<y} Ounap OoiinoHerie
AHTUCUMMETPHK, YOHKH X < ) IMAPThIHHAH )y < X KWIEN Ybra aIMbld. YT —
TPaH3UTHUB, YOHKU X < ), y <Z WIapTIapblHHaH X <Z Oynysl Kwien ubira. R —
aHTUPE(IICKCUB, YOHKU TEIIOCO HUHAM X ERoYEH X < X. OCTOBEH?, arap X # y OyJca,
x <y skua y < X, arbHU OUpenToH OuHap Ooiinmonerm R — Ooiine Goimonem. [lynai
uten, R xymierenno oupenron R = {(x, y) | x < y} OolioHeme ChI3bIKYAa KATTbINA
TOpTUM O9IoHeIIe Oy Topa.

R xymaerenms Oupenroan R = {(x, y) | x < y}Ounap OoiutoHeme —
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AHTUCUMMETPHUK, TpaH3uTuUB hom pedrnexcuB. MonHan R — kartreii Oynmaran
TopTun Ooionemie. Tenoco HUHIU X, ¥ EReueH x < y siku y <x Oynranra, R — 6aiine
ooitmonent. Iumak, R = {(x, y) | x <y} Ounap OoioHeme R KYIUIETCHIO CHI3bIKYA
KaTThl OyJlMaraHn TopTum OsisoHelie OyJibI Topa.

N xymierenas oupenran R = {(x, y) | xiy} Ounap GoioHenieH kapbiiik. Temaco
HUHIKM X € N eucH xix, arbHH R — peduiekcuB. xiy (x # y) MIApThIHHAH )iX UKOHJIETE
KWJICTT YBIKMBIN, STbHU R — anTucuMMmeTpuk. JIokuH xiy hom yiz mapTiapblHHAH X:Z
Oynybl kwien ueira, srbHU R — tpansutuB. dumok, R = {(x,y)xiy) Ounap
Ooiimoneme N KYIUIETeHNI® KaTrblii OyiamaraH TopTun OoiioHemie. Y ChI3bIKYa
TOpTUN OolToHeNe OynMasiuak, YOHKH, MOCAIOH, 3 # 2, 3 caHbl 2 19 OyineHmu, 2
caHbl 3 K9 OyJIeHMH, SATbHU 0disie OyiTy MIapThl YTOIMH.

orop A xymere yukie Oyica hom Oy kymiekts R Gunap OoiinioHeiie 6upenco,
aHBIH TOPTUIl OoloHeme Oynambl, IOKMBI HKOHIEreH Trpaduiap sSpAoOMEHId
TUKIIepepra MoMkuH. Macanon, A= {1; 2; 3}, R={(1; 2), (1; 1), (2; 3), (1; 3), (2; 2),
(3; 3)}. by Ooiinonemninex rpadsl TyOoHAOTE poBemITd Oyia (pac. 2.10).

Pac. 2.10

bapnpik ykmap ma Oep ownsl Oynranra, R — aHTUCUMMETpHK OoQiIoHEI.
1 — 2 hom 2 — 3 yxknapsl O6emoH OeppattoH 1| — 3 yrel ga 6ap. by kypenemn
TPAH3UTUBJIBIKHBI aHjaTa. hop Ty0o sHBIHIA 7a 3IMoK Oap, TMMIK, R — pednekcus
Ooititonemn. Tenoco HUHIW WKE HOKTAHBIH y3apa YKIap OeJoH TOTAIITHIPHUTYBIHHAH
OupenroH OoinmoHenTHeH Ooine Oymybsl kuien ubira. [lymait urenm, R — chi3bikya
KaTTbIi OyJIMarad TopTui O9iIoHele.

buarenoma.0cop A Kynnecenda mapmun Oalinonewe Oupenzon Oyica,

A mapmunnowmepeneon Kyniex oun amaa.
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Mucan euen, N, Z, Q, R KYIUIEKIOPEHAD «<» (SAUCI «X», «>», «>») OolIoHele

Oupernca, anap TOPTUILISIITEPENTOH KYTIIEKKS dBEPEIIIIOP.
Kynerymiap

1. 4 = {1;2;3;4} xymiereHno OupenroH OuWHAp OOMIOHEIUIOPHEH TOPTHUII
OolmoHenuiope  Oyny-OyiMaBbiH — Tpaduiap SApAOMEHIO TUKiiepere3. Toprum
OoifyIoHeIIIe ©UEH aHbIH TOPCH aubIKJIarbl3.

a)H: = {(1,2),(1;4),(2;4).(1;3),(3;4)};

6)H: = {(1;1),(1,2).(2;2),(4:2).(4:3),(3:3).(4;4)};

B)Hs = {(1;2),(2;3),(2;4),(3;4)};

r)Hs = {(1;2),(2;3),(2;4),(4;2),(4;3)};

mHs = {(2;1),(2;3),(3:1),(4:1),(4,2),(4:3)}.

Huwy.

a) Hi G6otinonemnenex rpadsl TyO0oHOTE poBemiTd Oyna (pac. 2.11).

Monpa Gapibik ykiaap ga 6ep owibl, TMMaK, Hi - aHTUCUMMETpUK OoiioHel.
TpaH3UTUBIBIKHBI TUKIIEPY ©YEH, YKIap KeproH hom ykiiap 4YbIKKaH TYOoJIopHE
TababkI3. OJiere MUcalaa MyHAbIH nke Ty0o 6ap: 2 hom 3. Mke xaOwiprajgan TOpydbl
YBUIOBIpJIApHBI Kapblik: 1 — 2 — 4, 1 — 3 — 4. I'padran kypeHToHYd, Oy
YpUIOBIpIIApHBIH hopkaticel 1 — 4 Homydsl kaObiprara us. MonHan Hi - TpaH3utus
OolToHEI MKOHEH KYpabes.

[ynait uren, H: TopTun OoitmoHemne Oyia. AHBIH TOpeH audbIKIbIiK. ['padra
6ep >MMak To oK. by Hi 6oiinonermener antupedeKCUBIbITbIH annaTa. JJumok, Hi -
KaTThId TopTHN OoloHeme. H: - Oolnme OoimoHem Tyrenl (46HKH YKIap OCIIoH
TOTaIThIpbUIMaran Tyoanop 6ap). lllyHa xkypo H: cei3bikda TopTum Ooitnoneme Oyna
aJIMBI.

0) H: Goiinmonermener rpadbl 2.12 poceMeHId KypCOTENToH.

By Ooiinonem — anTrcuMmeTpuk (O6apibiK ykiaap Oep OwWibl), TPAaH3UTHUB (MKE
KaObIprajiaH Te3eJ]ToH YbLIObIpIap 10K), peduexcuB (hop Ty0o sHBIHAA IMOK 0ap),
Ooitie Tyren (ykinap OeloH TOTalThIpbUIMaran TyOanmop Oap). JAumok, H: - kaTrsiif
OyJaMaraH TOpPTHUIl OoMJIOHEIIE, YT ChI3bIKYA TYTEll.

B) Hs GolinonemnieH rpadbiH To3UK (pac. 2.13).
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4 a 4

Poc. 2.11 Paoc. 2.12 Pac. 2.13
2 2
1 3 1 3
4 4
Poc. 2.14 Poc. 2.15

By OoitnioHemr — aHTUCUMMETPUK, YOHKU Oapiblk ykimap ma O0ep owisl. Hke
KaOBIPTa aH TO3EITOH YbUIOBIP KaphIUK:

1-2—541—>52—>53,2—>53—>4

CoHrbl YbLIOBIPHBIH 2 — 4 HloMydbl KaObIpracel 0ap, o ajgarsl HKece e4YeH
aHJbI KaObIpramap K. by kypeHem OupenroH OuHap OOWIOHEIIHEH TPaH3UTHUB
TyresuiereH agyara. J{umok, Hs Toptumn 6oionenie Oya aaMblid.

r) H4 Ooiinonereney rpadsol 2.14 poceMeHI9 KYpCOTENraH.

AHnma wke owibl yk Oap. Jlumok, Hi anTHCHMMETpHMK OOMIOHEII TYTENl.
MoHnHaH, yi TopTUT O09iIoHeIe OYIMBIH.

1) Hs 6otinonemenex rpadsiHHaH (poc. 2.15) aHbIH aHTUCUMMETPUK OOMITOHETI
WKOHEH KypoOe3. TpaH3WTUBIBIKHEI TUKIIEPUK. Mke KaObIprajgaH Te3eITroH OapibiK

YBITOBIPIIAPHBI TAOBINK:

4 -2-51,4-2-532-3->1,4—-3->1.

I'padran xypeHron4s, 6apabik Oy YbLIOBIpIAp 64YeH HOMYUBI KaObIpraiap 6ap:
4 —>1,4—3,2—>1,4— 1. lumok, Hs - Tpanzutu 6oiinonem. MonHnad Hs TopTum
Oolmonemie Oyna. Hs antupediiexcuB (0ep 3amMok To 10k) hom Ooitne Ooitnonen

(OGapnbIKk HOKTAJIap Jia y3apa TOTAIITHIPbUIraH) OyJIraHra, yi CbI3bIK4a KaTrblid TOPTHUIL
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OolltoHeIIe OYJIBIN TOpA.

2. A xymuerenno OupenroH R OuHap OolioHenUIepeHeH KalchbUlapbl TOPTHII
Oolttonenie Oywin Topa? TopTun OolIoHEIIe OUeH aHbIH TOPEH aUbIKJIarbl3.

a)R={(@,b)|b: askua<b}, A=N;

0)R={(a,b)|a:b}, A=1Z2;

BIR = {(@ b)|a Hokracel b HoOkTacelHa KaparaHja KoOOpJIUHaTaIap
OaluIaHrbIUbIHA SKBIHPAaK ypHaKaH}, A — XOY sSCChUIBITBIHAArbl HOKTAIap KYILIETE;

rR={(a,b)| (@a-b) 2 a=>b}, A=N;

Yumry. a) AHTHCUMMETPHUKIIBIKHBI THKIIEpY oueH, (@, b) ER ham (b, @) ER nun
ykbIdK. Jlumok, {b : a sxu a<b} hom {a ; b sxu b<a} qun dapas urabdes.

MeoMkurH OyIIraH oupaKIapHbl KApBIHK:

1) b 7 ahom a:b. Y BakeiTTa HaTypaiab caHHap edeH a = b Oyia.

2) b a ham b<a. Onere maptiap ukece OCPHIOJIbI YT aIMBbIH.

3) a<b hom a : b. By maptiap mrynai yK yTojo aaMbIi.

4) a<b hom b<a. Onere uke mapt 6ep-0epceHs Kapibl Kuiad. JJumok, 0y oupak
Ta OyJia aJMBbIi.

Ilynaii uren, 6e3HeH Gapaszgan a = b JUroH HOTMXKArS Kuiao0e3. SArbHH, arap
(a, b)ER hom (b, a)ER Oyica, a = b 6yna. lumok, R — anTHCHMMETpUK OOMIIOHEIII.

Tpausutusiasikael TukIIepuk. (@, b) €R hom (b, ¢) ER gun dapas uTHK.
{b : a sxu a<b} hom {c : b sxu b< ¢} Oyny coboamie, bupeas TYOSHIAre OUpaKIaAPHBI
Kapapra KupaK:

1) ¢ 7 b, b:a YnBakeiTTa C : a.

2) b a, b<c. by BakbitTa a < b hom b< ¢. Monnan a< ¢ Oyiysl KypeHa.

3) a<b, ¢ /' b. By a<b, b < ¢ ukomnneren annata. MoHHaH a< ¢ UKOHJICTCH
Kypabes.

4) a<b, b< ¢. MonHnan a< ¢ Oyybl KHJICH YbITa.

lynait uremn, (a, b)ER hom (b, ¢)ER Oyinca, {c ; a sxu a< ¢}, srpuu (8, c)ER
mapThl yTand. Jumok, R — Tpan3utus Ooiinonent.

Temoco HUHIN

aEN euen a : a. by HOTHXKO OupenroH OdioHemIHEH pedeKCUB OYyIybIH
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aHJaTa.

OCToBEHO TeIOCO HUHAM HaTypaib @, b (a # b) cannapel euen a<b, sxu b<a.
Mounnan (a, b)ERskm (b, a)ER, sarpum R— Ooiine Ooitonem. HOrapeima
OUTENITOHHOPHE MCKY aJblll, HOTHXKS sIChI ayialbi3: R — ChI3pIKYa KaTrelid Oyiamara
TOpTHUIl OoMToHEIIIE.

0) bupenron OoHIOHENIHEH AaHTUCUMMETPUKIBITBIH THKIIEpUK. (8, D)ER,
(b, @)€R, sarpuu a 7 b, b a OynceiH. Monnan a = bg, b = at. ¥ BakeiTTa a = atq
turesnereHHoH tq = 1 ukonsieren Ta6abn3. by turesnek t =q=1homt =q = -1
Oynran oypakta reiHa MeMkuH. lllynait urern, a = b ssxku @ = -b guron HoTmKAOrS
Kn100e3, SrbHU aHTHCUMMETPHUKIIBIK MIApThl YTIMHU. JIMMoK, R TopTun OoiimoHere
OYJIBITT TOPMBIH.

B) Orop a HOKTachl b HOKTachiHAa KaparaHja KOOpAHWHATanap OallljaHrbIYbIHA
SKbIHPaK ypHamica, D HOKTachl @ HOKTAachlHA KaparaHja KOOpIHHATajaap
OaluTaHTbIYBIHA SIKBIHPAK ypHama anmbiid. Areau (a, b)ER Oyica, (b, a) €R. Jlumok,
R — aHTHCUMMETpUK OolToHeII.

Orop a HokTachl D HOKTachlHa KaparaHaa, 9 D HOKTackl ¢ HOKTAachIHA
KaparaHja KoopJauHaTajap OalllaHThIYbIHA SKBIHPAK ypHAIIca, & HOKTAChl C
HOKTachlHA KaparaHja KoopauHaTajgap OaluTaHrblYblHA SKBIHPAK ypHalia. Srpuu, (a,
b)eR hom (b, ¢)€ER Oyica, (a, ¢)ER, mornan R — tpansutus Ooiiaonem. Jumok, R —
TOPTUN OoloHemne. AHBIH TOPEH AaYbIKIBIMK. TeIoco HHUHAM @ HOKTAChl
KOOpAWHATAIap OalUIaHTHIYbIHA ¢ HOKTAChIHA KaparaHja sSKbIHPAK ypHAIIa aIMbIi,
arpar - (8, @)€R.  umox, R— anTuUpeduekcuB Ooitonem. KoopauHaranap
OalUTaHTBIYBIHHAH THUTE3 epakibIKTa ATy4bl @, b (& # b) HokTamaper euen (a, b)€R
hom (b, @)¢R, sarpuu R Ooitte Ooitmonem Ttyren. Jlumok, R — Karrelid TopTHI
OoiioHeIIe, yi ChI3bIKYa TYTEI.

r) Orap (a, b)ER, (b, a)€R Oyinca, a >b hom b > a. Monnan a = boyna. by
HOTIKO R OoiiytoHerIeHeH aHTUCUMMETPUK HWKoHiereH aHyata. (a, b)ER, (b, ¢)€R
oyncon, sireau (@—b) 72, a>b, (b—c) 2, b>c. by BakeiTTaa—Cc = (a—b) + (b -
C) canbl 2 19 OyJIeHd, 6CTOBEHD & > C. JIluMoak, (a, C)ER. llynai uten, R — Tpan3uTuB

Ooitonemt. Tenaco nunau a € N euen (2 —a) = 0. 2, a> a, sreuu (4, a) €ER. Jumok,
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R Ooitonemie — pedaekcuB. bupenron OoiioHem Ooitsie Oyna aiaMblil, YOHKH,
MmacanaH, (5;4)€R hom (4;5)¢R. MonHan R — kaTrelii Oynmaran TopTHI OdiyIoHeIIe,

YJI CBI3BIKYA TYTEI.
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3 Hue Oynex
APUD®METUK BEKTOPJIAP IPOCTPAHCTBOCHI

8§ 3.1.n-yauamJie apudmeruk BekTopaap hom anap 6ejoH raMmaLIop

bunrenoma. a4, @y, ..., &, CAHHAPLIHHAH — MO3€I2OH  MIPMUNIIUINEDENCIH
KynjieK n-yauamie apupmemux eekmop oun amana ham, 2cadamma,

i a== (a0, ..., Ay) P26EUEHO A3bLId.

bupens a4, as, ..., @, CAaHHApBl G BEKTOPBIHBIH KOOPOUHAMALAPbI, N CAHBI
aHBIH y/IY2aMe AT aTaja.

be3 elipoHoUoK TEOpHUSAAd A1, A3, ..., XnyCAaHHAPHI peallb CaHHApP OYJbIp, STHHU
n-y-rgomiie peains apudMeTuK BeKTopiap 0emoH o1 uTopoe3. bamkanapslH THKIIEpen

TOPMBINOBI3, IIIyHA KYP peasb hom n-yadyomiie BEKTopiap TOIIepern Kal bIpbLUIIbI.

Mucaanap
a, = (2; 5),a; = (—4; 3),a3 = (a1; @) — wuKe ylIyomie apuPpMeETUK
BEeKTOpJap. 2,5 caHHapel @;  BEKTOPBIHBIH  KOOpIWHaTajapel, —4,3

CaHHapbl A, BEKTOPBIHBIH ~KOOpJAWHATANApbl, (1, X2 CAHHAPBI (3 BEKTOPBIHBIH
KOOpJMHATAIAPHI.

b, = (2; 8, =3),b; = (—2; 3; 1),bs = (B1,B2,B3) — 64 yruomie
apudMETHK BEKTOpJIap.

2,—2, B1— b1, by, bz BexTOpmapeiHBIH — Oepenue, 8,3,B, — wuKeHue,
—3, 1, B3 eueHYe KOOpIUHATAJIAPHI.

c1 = (=5 -2;1;,0),c; = (4, 0; —2; 3) — naypT ymuomse apupMeTUK
BekTopiap hom anapusig hopbepcenao AypTop KOOpAHHATA.

1.7. maparpadbiHna -KYIJIEKHEH Typbl TAKBIPUYBITHIIIBIH OMUITEIdPTod MOMKUH
OyITybl OUTENToH UJe.

MocomoH, Typbl TAaKBIPUYBITHIITHBIH OUITETOMOCEHHOH

R° =R XRXR=R?>xR = {(ab,c)abc €R} 6yna, sreauR3
KYTUIETEHEH DJIEMEHTIIaphl Oynbi o4 yruomie apudmMeTuk Bektopiap topa. [lymrsr
VK POBEMITY IYPT YIT4oMIIe apru(PMETHK BEKTOPHBI

R* == R x R X R X R xyIuiereHes 3/eMeHTHl HTeN Kapapra Oya.

Annma OWTENTOHHOPHE TOMYMMJIOIITEPEI, HWPEKIe N-yiauoMie apu(MeTHK
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BEKTOPHBIR"KYIUIETEHEH DJIEMEHTHI TUT dUTepra Oyia.

MonHaH n-yi1yomiie apuMETHK BEKTOpra UKeH4e OuirenaMa oupen Oyia.

Buireaama. R"xynieceney menaco HuHOU s1emenmovl N-yauamie apuhmemux
gexmop oun amaid.

bunrenoma. Uxe  n-yruomne  apugpmemux — 6eKMOpHbIY — MUHOULLE
KoopouHamaapsvl muze3 0yjica, aiaphsvl bep-bepcena muee3 eKmopap oun amaid.

ArpaM, orop a = (aq, az, ..., ay), b = (B1, B2, ---, Bn) hom a = b Oynca, a; =
Bioyna. bupeno i = 1,2, ..., n.

Uke apudmerux ahom b BekTopiapblH Kyliapra MOMKHH.

buiarenoma. a + b = (a1 + B4, az + B2, ..., ay + Bn)sexkmopol

a= (g, 0z, ..,a,) hom b = (B4, B2 -.-,Bn) 6exkmoprapueviy cymmacor oun
amana.

Mucan

a=(1;21),b=(-1; 3; 4),

a+b=(1;21)+(-1;,34) =0+ (-1 2+3;,1+4)=(0;5; 5).

Temoco HuHAM n-ymuomsie apudMeTHK BEKTOpPHBI A pealb CaHBIHA
TaNKBIPJIApTa MOMKHH.

Buarenama. Aa = (Aaq, 1y, ..., Aay,) BEKMOPbL a =
(aq, az, ..., ay)B8eKMOPLIHBIY A peanb CAHbIHA MANKLIPYBLSHIUbLL OUN AMAA.

bunrenoma. Bekmopaapnvl  kywy hom  8ekmopHvl  canea  MAanKulpaay
eamannape  oOupencon  R"kynnece  n-ynuomne — apugmemux  eekmoprap
NPOCMPAHCMBOCHL OUN AMand.

buaresama. bapavix koopounamanapsl 0a Hy1vbea muee3 Oyiean 6eKmop Hylb-
sekmop oun amana ham, cademma, 0 xopeghe benran mameanrana.

Humok, 6 = (0; 0; ...; 0). Can Oenon OyTay KypKBIHBIYBI OyJIMaraH BaKbITTa
0 ypeiabiHa 0 qun si3apra Ja spbli.

buareaama. (—aq, —ay, ..., —a,) 6exmopwvr a = (a1, Az, ..., Ay) 6EKMOPbIHA
Kanma-xkapuivl gekmop oun amaia haom (—a) oun mameanaua.

Humok, —a = (—aq; —az; ...; —ay).

buareaama. a + (—b) eexmopst a hom b eexmoprapvinbly aepmacvl Oun
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amana ham a — b oun mameanaua.

Humok,a — b = a + (—=b).

Tenoco wunana = (a1, Az, ...,a,),b = (B, B2 -.,Bn) € R" euen a —
b = (t;y — By, a, — Bn) € R". Ilynma kypo,R"  mpocCTpaHCTBOCHIHIA
BEKTOPJIAPHBI KyITy hoM BEKTOPHBI CaHTa TamKbIpJayJlaH ThIII, BEKTOPJIAPHBI aly
ramoJie 10 OMITCIOHENIT9H.

buareaamd. a = Aiaq + Aza, + ... +
An @, 8eKMOpobLAL, Ay, ... , Ay BEKMOPIAPHIHBIY CHI3bIKYUA KOMOUHAYUACE OUn amaid.

bupeno a4, ay, ...,a, € R", @ A4,43,...,1, peanrb caHHapel Oy CBI3BIKYA
KOMOUHAIMsIHEH K03 duiieHTiaps! Oyna.

Macanon, aropa; = (1; 2; 0; —1),a, = (2; —1; 1; 2)6ynca,

a;=2a, +a, = 2(1;2;0, -1) + (2, -1; 1;2) = (4 3; 1, 0)
BEKTOPBIA; hoMa, BEKTOPJIAPBIHBIH ChI3bIKYa KOMOWHAIUsACE OyJIa.

Buarenama. a4, ay, ..., a, 8eKmopaap CUCTEMACLIHbIH bapavik
BEKMOPJIAPLIHBIY CbI3bIKYA KOMOUHAYUANIpEe Kyniece 0Oy CUCMEMAHbIH Cbl3blKYd
mulwyacel oun amana hom L(aq, a, ..., a,) oun mameaiaua.

Mlynait wren, L(aq,as,,..,a,) ={A1a; + a0, + ... + ,a,|41, 45, ..., 4, €
R}.

1. Apu(pMeTHK BeKTOPJIAP 0€eJI9H raMIJIJIdPHEH Y3JIeKIdpe

ApudMeTHK BEKTOPIAPHBI KYIITy TaMaJie TYOOHIoTe Y3JICKIOPTa Hsl:

1. BexTopnapHsl Kyly KOMMyTaTuB Oyna, itbkhu a + b = b + a. [lepecton
e, orop a = (a4, Az, ..., a,),b = (B1,B2, ., By) Oyiica,a + b =
= (a1 + Bray+ By sy + Bp),b + a=B1 +ay, B + ay, ..., By + @) Oyina.
Peanb canap euen oy + B; = Bi + i, Ompenoi = 1,2, ...,n.
Humok,a + b,b + aBEKTOPIAPBIHBIHTUHISILICKOOPANHATAIAPHIOED-
oepcenoture3. MoHHaHa + b = b + aIUTOHHOTHIKOTOKHIIOOE3.

2. BexTopmapHbIKyITyacconuaTuBOya, SrbHU

(a+b)+c=a+ (b + o).
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By y3nex peasb caHHapHBI KYIITy aCCOIMATHBIIBITBIHHAH YbITA!
(@ +b)+ c = ((ar,az .., an) + (Br Bz s Bu)) + V1, Y20 s Yn) =
= (1 + Braz + B2,y + Bn) + (Y Y20 Yn) =
= (a1 + B+ v, (az+ B2) + vo, s (@n + Br) + Yu) =
=(a1+ Bt v az+ Bo+ ¥2) @ + Ba + o)) =
= (ayay, ..,ap) + ((,31 + v, (B2 + v2)y s (Bn + Yn)) =
=a+ (b + 0.
bupens (o5 + Biy) +vi = o5+ (Bi + vi),i = 1,2,..,n THre3neKnope
WCKO aJIbIH/IbI.

3. a +6= a.

Hepecton 19, a + 6= (ay; ay; ...; @) + (0; 0; ...; 0) =

=(a1+0;0a,+0; ...; a, +0) = (ay; ay; ...; a,) = a.

4. Tenoco HUHAM A BEKTOPHI eueH @ + b = 0 turesnere yronepmoii b BekTops
oap.

a = (ay; ay; ...; o), b = (By; By -3 Bp)OYICHIH.
By Bakeitta a + b = (a; + By; az + Bo; s an + Bn).
a + b = 00yny coborea; + £; =0,i = 1,2,...,n.

Monnan ff; = —a;, arpHu b = (— ay; — ay; ...; — @) = —a OyIysl YbITa.
3.Apu(MeTHK BEKTOPHBI CAHTa TANKBIPJAy Y3JIeKIdIpe

1.Tenoco HuHM aprudMeTUK BEKTOp a eueH 1 -a = a.
By y3nexneH gopecinere BEKTOPHBI CaHTa TANKbIPJIAy OMITeIOMOCEHHOH YbITa.
2.Tenoco HMHAM @ BEKTOPHI hoM Tenoco HUHIM A, 4 CaHHAPBI 6YCH
(Awa = A(ua).
Awa = W) (ay, @z, .., an) = (Away, A ay, ..., Apay,) =
= (A a), Mg az), ..., Mpay)) = AMpay,pay, .. pay) = Aua).
bupeno(An) a; = A(ua;),i = 1,2, ..., NTUTE3NEKITOPE UCITKA ATTBIH]IBI.

3.Tenoco HuHAMA, b BeKkTOpIaphl hoMm Temoco HUHIU A caHbl 64eH
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Ala + b) = Ada + Ab.

By y3nmek BekTopmap cymMmackl hoM BEKTOPHBIH CaHTa TaNKbBIPYBITHIIIEI
OMIITEIOMOCEHHAH Ybira. Orap a = (0, ay, ..., &y), b = (B4, By, ..., Bp)AMI alcax,
AMa + b) = Moy + By, 0, + By ey 0+ By) = (7\(0(1 + B1), Ao, +
+ B2), -, Aoy + Bn)) = Qag + ABp Aoy + ABg, o, Aay + ABL) =
= (Aay, Ay, ..., Aay) + (AB1,ABs, oo, AB) = Ay, 0y, ..oy 0p) +
+A(B1, B2, .., Bn) = A2 + Ab.

Anbl ucOatnaranga, A(o;+ i) = Aoy + AP, § = 1,2,..,n, TUrE3NEKIape

daiiianaHbUIIbL.

4. Tenoco HUHAM a BEKTOpbl hoM Tenmoco HuHAM A hom u canHapsl eueH(A +
+uwa = Aa + pua.

Hepecton 19, orop a = (aq; ay; ...; &) Oyica,

A+ wa = (A +Way; A + pag; ..; A + Way) =
= AMay; ay; ..;ap) +u(ag; ay; ...;ay) = Aa + pa Gyna.

Kynerymaop

l.a;, =(1;2;1;2), a, =(—2;0;1;3), a3 =(—1;-2;3;2)
BEKTOPJIAPBIHBIH KYPCOTENITOH ChI3bIKYa KOMOWHAIMACEH TaOBITHI3.

a) a; — 2a, + 2as;

0) 2a, — ay — 3as.

Yuwy. a) BekTopaapHbl Kymry, any hoM BEKTOpPHBI CaHra TalKbIpiay KarbliIoIopeH UCIKD
anmeln, a; — 2a, + 2a; = (1;2;1;2) — (—4;0; 2;6) + + (—2; —4; 6; 4) = (3; —2;5; 0) Gyna.

0) Hox®b mrymmsr pogemtd 2a; — a, — 3a; = (2;4;2;4) — (—2;0;1;3) —
—(—3;-6;9;6) = (7;10; —8; —5) GymysIiH Ta0A0bI3.

2.a;, =(1;2;1;2), a, =(-2;0;1;3), a; =(—1;-2;3;2) hom

a)b =a, —a,+as, by,=2a,—a,—az, by=a;+a,—a;, by=
= —2a, —a, + 2a;.

06) by = 2a; +a, —3a;, b,=a,+a,—as, b;=-—a;+ 2a, —
—3a;, by =3a, —a, + 2a; Oynran oupakrta, 3b; — 2b, + 3b; — b, ChI3BIKYA

KOMOHWHAUACEH TAOBITHI3.
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Yuwy. MoHABINA KYHETYIOpPHE UKE bICYJ OCJIOH YUILISPTd MOMKHH.

bepenue wicyn: anpaunb,,b,,bs, byBeKTOpNIAphIH, aHHAH COH, OepeHUe
KYHETy/Aore KeOeK, allapHbIH ChI3bIKYa KOMOWHAIUSCEH Ta0bI OyIa.

Nkenue bICyJ: by, by, b3, byBEeKTOpIApHIHHAH TO3EJIToH ChI3bIKYa
KOMOWHALIUAHE Q4,d,,d3 BEKTOPIAPbIHHAH TO3ENTOH CHI3bIKYa KOMOWHAIUS
poBelIeHd KuTepabe3 hoM canaynapHsl a4, a,, A3 BEKTOpJapsl OesioH Oaikapalbl3.

a) by wMucannbel Oepende bicyn Oenmon uyumuk. lllyHa kyps aq,ap, as
BEKTOPJIAPBIHBIH ChI3bIKYa KOMOWHanusiiope Oynran by, by, bz, by BeKTOpIapbIH
TaOBINK:

by=a;—a,+a3=(1,2,12)-(-20,1;3)+(-1,-2;3;2) =
=(2;0;3; 1),
b, =2a; —a, —a3; =2(1;2;1;2) = (=2;0;1;3) = (=1, -2;3;2) =
= (56, —2;-1),
by = —a, +ay —a; = —(1;2;1;2) + (=2;0;1;3) — (=1; —2;3;2) =
=(=2;0;-3;-1),

b, = —-2a; —a, +2a; = —2(1;2;1;2) —(—2;0;1;3) +
+2(—1;-2;3;2) = (—2;-8;3;—3).

VYn  Bakeitta  3by — 2b, + 3b3 — b, = 3(2;0;3;1) — 2(5;6;, —2; 1) +
+3(=2;0;-3;-1) — (—2;—8;3; —3) = (—8; —4; 1, 5) Oyuna.

0) by mucamubl mkeHde bicyn OemoH ummobe3. Illyna kypo by, by, b3, by
BEKTOpJIAphl alra OWPENToH ChI3bIKYa KOMOWHAIIUSHE (4, Ay, A3 BEKTOPJApHI aIa
KYpcoTabes:

3by —2b, +3b; — b,
=3(2a; + a, —3a3) —2(a; + a, —az) + + 3(—ay + 2a, — 3a3)
— (3ay; —a, + 2a3) = 6a; + 3a, —9a3; — 2a; — 2a, +
+ 2a3 — 3a4 + 6a, —9a3 — 3a, + a, — 2a3 = —2a, + 8a, — 18a;.
Humox,3by — 2b, + 3b; — b, = — 2a; + 8a, — 18a; = —2(1;2;1;2) +
+8(—2;0;1;3) —18(—1;—-2;3;2) = (0; 32; —48; —16).
3.a = (2;0; 8) BekrTopnl a; = (2;—1;3) hom a, = (4; —3; 1) BeKTOpIAPBIHBIH

ChI3bIKua KOMOMHaIusice Oynambi?
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Yuwy. be3ro nunauaep kq, k, € R caHHapbl 64eH a BEKTOPBIH a = kqa; +
k,a, poBemeHa0 KypCcoTepro MOMKHHME UKOHJIETCH aubIKiapra KUPOK.
bupewm 6yenua, k;a, + k,a, = k,(2;—1;3) + k,(4; —3;1) = 2k, + 4k,; —k, —
3k,; 3k, + + k,) = (2;0; 8) Oynsipra tuem. MonHau k, k, y3ropenuiopess Kkapara
TYOOHIOTE TUTE3JIOMAJIOP CUCTEMAChIHA KIITO0E3:

2k1 + 4‘k2 = 2,
{_kl - 3k2 = 0,
3k1 + k2 = 8.

HNkenue TuresnoMoioH Tadbuirad ky; = —3k, KeliiMMoTeH Oepenue hom

OUEHYE TUTE€3JIOMArd KyHCaK,

3(_3k2) + kz = 8,

_2k2 = 2,
cUcTEMACHIH Ta0A0bI3.

ACBHU {—Skz _ g
Mounnan k, = —1, k; = 3 Oyna.
JIMMOK, a BEKTOPBI A, hoM @, BEKTOPJIAPHIHBIH ChI3bIKYa KOMOHMHALIUACE POBEIIEHID
Kypcotens hom a = 3a, — a, Oyna.
4. BuperoH TUTe3/IEKIIOPHE KaHOraThIdHAEPYYe X BEKTOPHIH TaObITbI3.
a)a, —2a, —3a; +2x =0,a, = (5;-8;—-1;2),a, = (2;—1;4;-3),a3 =
(=3;2;-5;4);
0) 3(a; —x) —2(a, + x) = 6(az + x),a, = (2;5;1;3),
a, = (10;1;5;0),a; = (4;1; —1;1).
Huwy.
a)2x = —ay + 2a, + 3a; = —(5; -8; -1;2) + 2(2; —1;4;-3) +
+ 3(—3;2;—5;4) = (—10;12; —6; 4). Monnau x = (—5; 6; —3; 2) Oyua.
0) XKosumopne aubin hom oxmant OybIHHAPHBI KBIETI,
11x = 3a; — 2a, — 6a5 O6ynyb Tababb3. Monnaun 11x = 3(2;5;1;3) —
—-2(10;1;5;0) — 6(4;1;-1;1) = (—38;7; —1;3).
Jumok, x = (—%;%;—1—11;%) Oyna.
5a, =(1;2;3),a, = (—1;1;-2),a3 = (1;0; 2),a, = (—2; 1; 2) BexTOpIap
CHCTEMACHIHBIH ChI3bIKYA THIIIYACHIH TaOBITHI3.

Yuwy. Upexne A4, A5, A3, 44 € R xodddunmerTnaps! spaoMeHao Oupenron
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aq, ay, az, Q4 BEKTOPJIAP CUCTEMACHIHBIH ChI3bIK4a KOMOMHAIUsACEH Taba0bI3:
Aay +day, +dag +Aay, = (A — Ay + A3 — 244,24, + A, + 44,34 — 24, +
+225 + 21,).

Vi Bakeitra L(ay, a,, a3, a,) = {A1ay + 1,a, + 13a5 +
+ A4a4)| A1, A0, 43,44 € R} = {(A1 — Ay + A3 — 244,241+ A5 + 14,34, — 224, +
+ 225 + 244) |24, A5, A3, A4 € R}

bupenos 14, A5, A3, 1, caHHapBI YUKCE3 KYT TOPJIE KBIMMMOTIIOp aliraHra Kypa,
Oy KYIUIEKTo BEKTOpJIap CaHbl YhKce3 Kyn Oyna. A4, 4,, 43,1, € R ypbeiHbIHA
HuHIUaep canHap kyen L(aq, a,, as, a,) KyIulereHaore acpsiM BEKTOPJIAPHBI Tabapra
Oyna.

Moaconon, 44 = 1,4, = 0,43 = —1,4, = 2 Gynranja,
(—4;4;5) € L(ay, a,,a3,a,), AM=11,=11; =1,1, = 16ynraunza,
(=1;4;5) € L(aq,a,,as,a,).

§ 3.2. BekTopJiap cucTteMachbIHbIH ChI3bIK4YA OdiiJiesiere hom 0dlicessere
1. Ten OmaresdoMadp hom mucamnap

a,,a,,as, ...,ay € R", 14,15, 3, ..., 44 € R OyJCHIH.

buareaama.ocop A1aq + A,a, + Aza3 + ...+ Aa, = 0 mucesneze
AM=0 A=0 2=0,.., ;=0 oupazvlHoa  2blHA ~ MOMKUH oyca,
ai,as, Az, ..., Ay BEKMOPIAP CUCNEMACHI CbI3bIKYA Oalice3 Oun amaid.

buaremama.ocop Aaq + A,a, + Azaz + ...+ Aga, = 0 mueesnece 6apuicwi
oa Oepvionbl HyMwed muee3 Oyamazan Ay, Ay, A3, ..., Ax Koda@uyuenmaapvr ouen
ymanca, aq, Ay, Az, ..., A BEKMOPIAP CUCMEMACHL CI3LIKYA OIULIe OUn amaid.

Mmucaa.a, = (1;0),a, = (0;1),a; = (1;1).

bupeno 1-a, + 1-a, + (—1)a; = 0, areau KOXPPUIUEHTIAPHI HYJIBID TUTE3
OynmMaranma Jia aq,d,,ds; BEKTOPJIAPBIHBIH ChI3bIKUYa KOMOWHAIMACE HYJIBID THTE3.
bunrenoma OyeHva, MOHIIBIN a4, Ay, A3 BEKTOpPJAP CUCTEMACHI ChI3bIKua 0oiie OyIa.
lyn yx BakeITTa, orop A.aq4 + A,a, = 66ynca, A, =0,4, =0. Jlumok, a4,

a,CHUCTEMAacChI ChI3bIKUa Oolices.
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2. Kaii0ep cbI3bIK4a 0diice3 BEKTOpJAp cUCTeMAIaphl

1. R™npocrpanctBoceiga e; = (1;0; ...;0),e, = (0;1; ...;0), ...,
en = (0;0;...; 1) 6epomiek BekTopiap cucteMachiH anbiiik. LIyHasiii Teopema 6ap.

Teopema 3.1

bepamnek eekmopnap cucmemacel colzvikua 0aiices oyna.

Hcoamnay. Ajeq + Aye, + Azez+ ...+ A, e, = 0 OynceiH. MoHHaH
(AL, Ay A3, ..., Ay) = O ukoHeH kypabes. Jumok, Ay = 0,4, =0,...,A, = 0. by
BaKbITTa, OUIITEIOMS OyeHua, €4, €5, ..., €, ChI3bIKua 0diice3 cuctema Oyna. be3ra
IIYHBI UcOaTIapra KupoK Uiae Jo.

bepomuitek BekTopiap cucreMachl R™ipoCcTpaHCTBOCHIHIA aepbIM YPbIH aJIbIIl
TOpa: TeJIACO HUHIU a € R™BekTOpbIHE,, €5, ... , €, BEKTOPJIAPBIHBIH ChI3bIKYA
KOMOUHAIHMSICE POBEIICH 19 KypcaTen Oya.

Jlepectan a9, arap a = (04, 0y, ...,0,) € R™0Oynca, a = aye; + aye,+ ... +a, e,
Oyna. by Hotwko a € L(eq, ey,..., €, ) UKOHEH aHJIaTa.

Buunresama.bepamnex éekmopaap cucmemacwyt R™ npocmpancmeocowiiviy
cmanoapm 6a3ucsvl Oun amaind.

AHBIH TOIl UKe y3JiereHd 0achIM sicar KUTHK.

bepenuenon,eq, e,, ..., €, — ChI3bIKYA O0lice3 cUcTeMa, UKCHUYEIOH,
R™IpocTpaHCTBOCBHIHIATHI TEJIOCO HUHIM BEKTOPE, €y, .. ., €, CHCTEMACHI allia
CBI3BIKYAa KOMOMHAIINS POBEIICHI KYPCITEIO.

2. R™upocTpaHCTBOCHIH/Ia MaXCyC BEKTOPJIAP CHCTEMAChIH KaphIHK:

a; = (0; 0; .5 g5 )

az = (0; 0; ...5 0z +..)

oupeno 1 <i; <ip <...<ip <n.
By BekTopiap cucremachinna oy, # 0,t = 1;2; ...; k, hopbep BeKTOpHBIH
ITYITBI KOOPJAMHATACHIHA KaIopre 0apIibIk KOOpIMHATAIAPHI 1a HYJIBId TUTE3, OY

KOOpAnHaTaJaH COHI'bl KOOpAWHATAJIAP — TCJI9CC HUHAU PCalib CaHHApP.
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[Tynaei cucremanapra myucauiap Kapar yTUK:

Da, =(1; 2; 3;-1),a, =(0; 2; 1; 0),a3 = (0; 0; 3; 1).

bupens a1 =1 # 0,05, =2 # 0,033 = 3 # 0, uryn yk BakbITTa 0y
KOOpAMHATANapHBIH HKeHYEe MHIAEKcnapbl 1 < 2 < 3 mapThlH KaHITaThISHIAEPD.

2)a, =(1;2; 3;-1;2), a, =(0; 0; 5; 3; 1), az = (0; 0; 0; 0; 2).
bupeno a;; =1 # 0,a,3 =5 # 0,035 = 2 # 0. by koopanHaTanapHbIH UKEHYE
uHjekcnapbl 1 < 3 < 5 mapThiH KaHOTaTRJIOHAEP.

3)a, =(0; 1; 2;,—-1;3),a, = (0; 0; 3; 2; 0),a; = (0; 0; 0; 2; 1),

a, =(0; 0; 0; 0;—=2). by mucanga a1, =1 # 0, ay3 =3 #0, az, =2 # 0,45 =
—2 # 0. yn yx BakpITTa HKeHYE MHAEKcHap edeH 2 < 3 < 4 < 5Sturescesnexnape
yTauo.

Urptubap 6enoH kapacak, KapajiraH cucTeMajiapaarbl BEKTOpJIapHbIH HYJIb
OynMmaraH OepeHde KoopJIMHATaJIapbl OaCKbIY sicar Topanap. by 6ackbid acThIHAATBI
OapIbIK KOOpAUHATAIAP HYJIBrd TUTE3.

TyGon0 11y OacKbIWIAPHBI sicall KYPCOTHUK.

a = 2 3-Day =1 2 3,1 2)a; = (01 2; —1; 3)

az = (0;]2; 1; 0)a; = (0; 0; [5; 3; Da, = (0; 0; |3; 2; 0)

as = (0; 0;[3; Daz = (0; 0; 0; 0;]2)as = (0; 0; 0; [2; 1)
a, = (0; 0; 0; 0; [=2)

MOHI{I)Iﬁ BCKTOpJIap CUCTCMACKHI backvlycbiMan eekmopaap cucmemacsl JUIl

aTasa.
Teopema 3.2
backvluceiman eekmopaap cucmemacwl — covi3piKua 6atices cucmema.
Hcoamnay. a4, a,,as, ..., a, 03 THKIIEPd TOPraH BEKTOPJIAP CUCTEMACHI
OYJICBIH.

Mag + Aa, +Aza3+ ...+ Ay a, = 0 nun dapas urobes. Yi BakbITTa Oy
TUTE3JICKHEH CYJI ATHIHIArbl BEKTOPHBIH OallITarsl KOOpAWHATATIAPHI HYJIb, [ HUE

KOOPJIMHATACHI Ay (X1;, TS TUTE3, i, HUE KOOPIAUHATACHIA  &y;, + Ay Qpiy, .-+, [y HYBI

KoopauHaTacel Ay, (¢ = 1; 2; ...; k) paBemienaare k KymbLUTyYbIHbIH CyMMaChIHA
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Tures Oyna. Ay ay;, = 0 THUre3JereHHaH, oy; # 0 OysybIH UCANKS anbii, A; = 0
MKOHEH KYpa0e3. Ay aq;, + A, @y, = 0 mapteiHan A, = 0 HOTHIKICEHS KMiobe3
(wonkm Ay = 0, ay;, # 0).

[yl paBemys, i, HYbI KoopauHaTara xxurern, A; = 0,A, = 0,41 =0
homay;, # 00ymybIH HCATKS asibil, Ay = OukoHEH TabadbI3.

Mymnaii uren, A;aq + Aya, + Azaz + ... + Aya, = 0 Oynca, Ay =0,
A, =0, ..., Ay = 0 Oynauak. by HOTUXD a4,a; , ..., Q) CUCTEMACHIHBIH ChI3bIKYA

Oolice3 OyybIH KYPCOTD.

3. ChbI3bIKua 0diiy1esIeKk OUIIresape

1. Cucremanarsl HHHIUJAEP O€p BEKTOp  KaJTaHHAPBIHBIH  ChI3bIKYA
KoMOwuanusice OynraHaa rblHa CUCTEMa ChI3bIKYa Ooiiiie Oyra.

Hcbamnay.aq,a, ,as, ..., a; BEKTOpJIApP CHUCTEMAChl ChI3bIKYa Oolie OYJICHIH.
Vin BakbiTTa A1aq + A0, + Aza3 + ... + Apa, = 0 TuUresnere 6aprbIChl Ja OEpPhIOIBI
HYJBId TUre3 Oyiamarad Aq, A, , ..., Ax KoddduimeHTnapel eueH yrane. Ax # 0 aun

aJIBIUK.

A A Aje—
Vi BakeITTa @i = (—A—l) a; + (—A—z) a,+...+ (— ; 1) A—1, SATBHH Qy
k k Kk

BEKTOPHBI A4,y , ..., A)_1 BEKTOPJIAPBIHBIH ChI3bIKYa KOMOMHAITMSICE OYJIBII TOPA.

Kupecenuo,a; Bektopsl (1 < s < k) Oamka BEKTOPJIAPHBIH ChI3bIKYA
KoMOuHarusice  aun  ¢gapa3  UTUK, STBHH Qg = A+ ...+ Ug_105_1 +
+UsAgp1t oo+ WOy OyJICHIH. Vn BaKbITTa Hi1aq + ppar+ ...+
+(—1)as+...+ upa; = 6 hom 1ryn yk BakbITTa CyJI SAKTarsl KO3 QUIIHEHTIAPBIHBIH
OappiChl n1a Hymbro Ture3d Ttyren. Jumok,aq,a,,...,aRBEKTOpIap CHCTEMACHI
ChI3bIKUa OoliJIE.

by Ounre BeKTOpIApHBIH ChI3bIKYa OOWJIENEK OWITEIOMOCEH sSHada Oupepr
MOMKHUHIIEK OHpo9.

bunrenama.bupencon cucmemanviy uy KumMeHOd Oep 6eKmopul OawiKka
BEKMOPJIAPHBIY CbI3bIKYA KOMOUHAyUsce pageuieH0d Kypcomenca, 0y 6eKmopaap

CUCMEMACHL CbI3bIKYA DIliIe oun amad.
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HcbOatnanran y3/leKk »dyeKk OUpenroH OWITreloMOHEH sHA OWJIresoMara
AKBUBAJICHT OYIIyBIH KYpcaTd. [IpakTrkana COHrbl OMITEIOMS enIpak KyJulaHbLIa.

2. Hynb-BeKTOp KEproH BEKTOPJIAp CHCTEMACHI ChI3bIKYa Ooiiie Oyna.

Hcbamnay. aq,a,,...,0s,..., A BEKTOpJAp CHCTEMACBIHBIH O€p BEKTOPHI
HyJlb-BEKTOp  OyJChIH,  oWTMK, a;=0. by Bakeirta 0Oa; + Oa, +
+...+ lag + ...+ 0a, = 0 6yna. bupens ag; = 6 BekTOpHI AHBIHAATBI KOYPPULUEHT
HYJIBId TUTE3 Tyren. JJumMok, Oy cuctema chi3bikua Ooiire.

3. Orop BEKTOpiap CHUCTEMAChIHbIH Oep ejerie (KYMIeKdace) ChI3blkya Oofiie
CUCTEMaHbl TOLIKUI UTCY, OapJIbIK CUCTEMA ChI3bIKya 09iisie Oyna.

Hcbamnay.aq, a,, ..., A, ..., A, BEKTOpJAp CHCTEMACBIH KapbIHK.dq, Ay, ..., Ag

eJiellle ChI3bikua Ooiiie OyncwhiH. By BakwiTra, Omnrenomo Oyenua, A aq; + A,a, +
..+ Asas =0 Oynbipibik, Oapbichl J1a Oepblobl  HYJIbro THUTE3 Oynamaras
A, A, ., Ay canHapbl Oynadak. MouHaH Oapiblk KO3 (UIMEHTIAphl /1a HYJbrd
ture3 Oynmaran Aqaq + A,a, + ...+ Asas ++ 0agyq + ... + 0a, =0 THresnere
YTONroHEe KypeHa. by Hotuxo a4, a,, .., ds, ..., AxBEKTOpIap CUCTEMACHIHBIH Ja
ChI3bIKYa OQMJIeNIereH KypcaTa.

By Ounrenon cui3bikya 0slice3 cucteMaHblH Oep y3JIereH ublrapbipra Oyia:

o2op Qq,0Qy, ..., A BEKMOPIAP CUCMEMACHL Cbi3blK4a 02lice3 Oyiaca, amviy
menaca HUHOU KynueieKuace 02 Cbl3blKua Oalices 0yia.

Hcbamnay. NcbatnayHbl KUPEAoH YbITHIN Te3uOe3. CUCTEMaHBIH HUHIUICD
eJIelIe ChI3bIKYa 0oilsie num dapa3 utode3. Y BaKbITTa, OUYECHYE Y3JICK HOTHIKICEHID,
0apbIK a4, Ay, ..., A CUCTEMACHI Ja ChI3bIKYBI Ooilie Oyina. by 6e3HeH (apaspiObi3ra
Kapiibl Kuiad. JIuMok, chI3blkdya 09iice3 CHUCTEMaHbIH TEI9Cd HUHAMU KYIUIEKYdce
ChI3bIKua Oolice3 OyIa.

4. bep-OepceHa Tures sKu NPOMOPLHMOHANb MKE BEKTOPHBI Y3 JUEHJ airaH
BEKTOpJIap CHCTEMAcChl ChI3bIKUa 09iine Oya.

Hcoamnay.i # j,1 < i,j < k,A € R Oynranna, nuaaunep a; hom a; even a; =
Aa; yTtomncs, ukeHde Oumnrenomd OyeHda, @; hom a; BekTopmapbl ChI3bIKYa Ooriie
cucrema Te3mwindp. by BakeiTTa, eyenue Owire OyeHda, aq,ds, ..., A CHUCTEMACHl Ja
ChI3bIKUa Ooliie Oya.
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5.9rop a4, ay, ..., Ay, Ag41 € L(bq, by, ..., by )0Oyica,aq, ay, ..., A, A 4+1
BEKTOpPJIAp CUCTEMACHI ChI3bIKUa Ooilse Oyia.
Hcobamnay. VcbaTnayHbl MaTeMaTUK WHIYKIUS BICYJbI O€NoH OarikapaObi3.
k = 1 6yncein. Y BakeiTTa a4 € L(b;) hom a, € L(b), arbHU a4 = A1b; hom a, =
A,by Oyna. Orop A, = 0 Oynca, a; = 00yna hom aq,a, cucremachl, 8 BEKTOPHBI
9YEHO alllfaH CUCTeMa OyJnapak, chI3blkua Ooine Oyma. A, = 0 aun ancak Ta MIYIIbI
HOTHXKOTd KUJobes.
orop A4 # 0 hom A, # 0 Oynca, A,a; — Aya, = 1,4,y — A{A,b; = OarvHu
A,a; + (—1;)a, = 00yna. By HOTUKD a;, A,CUCTEMACBHIHBIH ChI3bIKYA 0diiIe OyIybIH
amprara. lllymait urer, k = 1 ouparsl e4eH TeopeMa UcOATIIaH b,
Teopema k =m — 1> 1euen nepec aun ¢apaz utobe3 hom k = m euen
aHBIH JOpECIIEreH UCOATIBIMOBI3. A1, Ay, ..., Aypyq € L(bq, by, ..., by,) OyNraHabIKTaH,
a, = A1b1 + A2by + o+ Aimbim
a, = Ay1by + Ay0by + o+ Ay
................................... (3.2)
Am = Aniby + Apabs + oo+ Apmbim

Am+1 = Ams11b1 + Ams12by + o+ Apiimbm

Orop (3.1) TuresnexkiopeHeH YyH SrbiHAAa b, BEKTOPHI STBIHIATBI OapJIbIK
k0o(QpHIIMEHTIap HYIBId TUTE3 Oyica, aq,dsy, ..., Ay € L(by, by, ..., by_q1) hom,
WHAYKTUB ¢apa3 OyeHya, aq,d,, ..., Ay, ChI3bIKYa Ooline cuctema Oyna. by BakbITTa
eueHye Ounre OyeHYa aq, Ay, ..., Q41 CUCTEMACHI J1a ChI3bIKYA Ooiisie Oyna.

Oorop b,, sHbIHAATBl KOA(DPUIMEHTIAPHBIH WH KHUMEHAQ Oepce, MOCOIOH,

Am+1m HYJIBrd Ture3 OynMmaca, (3.1) more (m + 1) HYe TUre3NeKHe I3JICKIIE PIBEIIT

A .
ki = 7 —"— caHbIHA TAamNKbIpjam, OepeHYe m THUIEe3JeKTOH analbi3, Oupens i =
m+1im
1; 2;...; m. Y BakpITTa TYOOHOTE TUTE3JICKIOP TaObLIA:

a; —kiamyr = A1ab1 + o+ A1 bip
az — ky@mi1 = Ao1by + o+ Ao-1bimq

.........................................
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A — km@mi1 = Anibr + o+ Apm—1bm-1

Mounax a; — kiamiq, oy @y — k@i q € L(by, by, by 1) UKOHEH
Kypobe3. MunyktuB dapaz OyeHua, m BEKTOpJAH TO3EITOH A — k1A 41, Ay —
—kya,i1, o O — Km@Qmy1 BEKTOpJIAp CHUCTEMAChl ChI3bIkua Ooitnie. J[MMOK,
May — k@) + A2(az — koamer) + o4 Aplam — kmamer) = 6 hom
A, Ay, .o, AycaHHAPBI OEPBIOJIBI HYJIBID TUTE3 TYTEI.

Ams1 = —(Aikqy + A2k + .+ A k) aun Tamranacak, Oy  ChI3bIKYA
KOMOUHAIMSL ~ TYOOHJOre  POBEIIKD k. Aaq + Aa, + .+ Ana, + 0+
Am+1Qms1 = 0, Oupens A4, 4,, ..., 4 1K0d3pdunieHTIIapbl OEPHIOILI HYJIBIS TUTE3
Oynmbrid. JluMok a4, Ay, ..., Gy, 41 BEKTOPJIAP CUCTEMAChl ChI3bIKYA Ooliyie. Y3JeK
ucOaTIIaHIbI.

6.9Orop aq,a,, ..., a4y, € L(by, by, ...,b,) hom m >k Oyinca, aq,a,,..,an,
BEKTOPJIap CUCTEMACHI ChI3bIKUa Ooilsie Oya.

Hcobamnay. Orop m = k + 1 Gynca, 6y 5 Hue y3iek Oyna.

Orop m > k + 1 Oyica, 5 Hue y3nek OyeHua, ChI3bIK4a 09iisie Oynarad aq, s, ..., Agyq
KeJe CHCTeMachl Ta0dbla. Y1 BaKbITTa, 3 HYE Y3JIeK OyeH4a, a4, Ay, ..., Ay, CHCTEMACHI
ryJjai yK cbI3blka Ooiisie Oyia.

7. Orop BEKTOpJap CHUCTEMAChIHAA BEKTOpJIAp CaHbl AJAPHBIH YITYOMEHHOH
3yppak OyJica, aHablld CHCTeMa ChI3bIKua 0olisie Oyia.

Hcbamnay.aq, a,, ..., ax , k >n Bexkropnap cuctemMachl OuperCceH. IIerpoK
KYPCOTEITOHYd,  dq,Qy,...,ax € L(eq, ey, ...,e,). Illlapr  Oyenua, k>n
OyJraHibIKTaH, 6 HYBI Y3JIEKHE KYJJIAHBIMN, A4, dy, ..., A CUCTEMACHI ChI3bIKYA 0ilne

Oyra MUToH HOTHKATS KHIIS0e3.
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Kynerysap

1.a4,a,,a3 BeEKTOpJap CHUCTEMACBHIHBIH ChI3bIK4Ya OoWne sku 0olice3 yIybIH
QUbIKJIaTrbI3.

a)a, = (1;2;3),a, = (2;1;3),a3 = (2;4;6).

6)a; = (1;2;3),a, = (0;0;0),a; = (1;5;3).

¢)a; = (1;,-1;1),a, = (2;,-1;0),a3 = (1, -1, 1).

2a, = (1;2),a, = (3;4),a; = (—1; 1).

oa, = (1;1;1),a, = (0;1;1),a; = (1;0; 1).

e)a, = (1;1;1),a, = (1;0; 1),a; = (0;1;0).

ac)a, = (1;,—-1;2),a, = (—2;1;1),a3 = (—4;1;6).

Yuwy. Cei3bikua OolsieniekHeH Ounrenape OyeHua, a), 0), B), I') MUCAJUIapbIHAA
KUTEPENTOH CHUCTeMallap ChI3bIK4a Oofiiie Oyna, YOHKHM a) MHUCAIbIHAA HKe
NPOTIOPIIOHATh BEKTOp, 0) MHcCaiblHAA HYJIb BEKTOP, B) OUparbiHIa y3apa THUTE3
BEeKTOpJap ©0ap, o T) MHUCAJbIHIA CHUCTEMaJarbl BEKTOpJap CaHbl aJapHbIH
YJIYUOMEHHOH 3yppak. 1), €), ’K) MHUCAJUIAphIH ChI3bIKua Ooienek hom Oaiicesnek
OMIITEIIOMAIIOPEHS TasHBIN YuIeoes.

n) Aaq + A,a, + A3a; =0, saream 14(1;1;1) + 4,(0; 1; 1) + 15(1;0; 1) ==
(A + 43,4, + 15,41 + A, + A3) = 0 qun anabe3. by 44 + 13=0, 41 + 4, =
= 0,14, + A, + A3 = 0 OynysIH aHjaTa. OUeHYE TUTE3TOMOJIOH, OCPEHUYECEH HMCOMKD
ansi, A, = 0, HKEHYECeH MCONKd ajbin, A3 = 0 OynyblH Tab6abb3. MonHnan A; = 0
Oynysl kypeno. lymait uten, 4, =0, 1, =0, A3 = 0. lumok, OupenroH cucrema
ChI3bIKYa Oalices.

e) 4,(1;1;1) + A,(1;0; 1) + A5(0; 1; 0) = 0, sarbHE (A;+4,, 11+A5, A, ++1,) =

00ynceiH. A4, A,, A3 KOdbunHEHTIAPHIH Ta0y 64€H, TYOOHIOTe CUCTEMA KUTO0e3:

A+ A3 =0, axu L4+ l=0
/11 + /12 = O, 1 3 '
Hkende turesnmomonoH A; = —A3 hom OepenHde THUTE3IoMONoH A, = —A; = A5

Oymys! ubira. Vpekie peanb cCaHbl ©Y€H A3= C UTEM aJCaK, OUPENIToH CUCTEMAaHbl 0
yruamiie (— C; C;C) BEKTOPBIHBIH KOOpPJAMHATAIAPbl KAHOTATHISHJIEPETd JUTOH
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HOTHIKArS Kuiiobe3. Orap ¢ # 0 Oysca, Oy BEeKTOp Iyjaid YK HYJb-BEKTOP OYIMBIi.
Jlumok, Oy oupakTa OapbiChl Ja HYNIbrod THre3 Oynamaran A;= —C, A, =c¢, A3 =c¢
caHHapsl 0ap. By HOTHXKS crcTeMaHBIH ChI3BIKYA 0oiisie OYyTybIH aHJaTa.

K)A a tA,a,+A3a3=00un  aneiiik, sreEn A, (1; —1;2) + 1,(—2;1;1) +
+ A3(—4;1;6) = (A4, — 24, — 443, —A; + A, + A5; 24, + A, + 643) = O0yicHIH.

MomnHaH A4, 4,, A3 y3ropenuienspeHs kapara OEpHUIll TUTE3TIOMAIIOP CUCTEMAChI YbITa:

_2.1 +2.2 +A3 :0,

{Al - 2).2 - 4‘).3 = 0,
2).1 +)'2 + 6).3 = 0

CuctemaHnbiq OepeHuye hoM MKEHUE THTe3JoMOJIopeH Kymibiln, —A, — 343 == 0
OynyelH hom MoHHaH A,= —3A; uKoHeH TabaObI3. A, ypbIHBIHA TaOBLITaH

KbIIMMOTHE Kyen TYOOHIore CUCTeMaHbl To31u0e3:

/’1,1+6/13_4/'1,3=0, Al+213:0' _
—A; — 343+ A3 =0, arpHm {—Al — 2A3 = 0, areHH {2/1/11 12;/13 __0(;
21, — 213 + 613 = 0, 21, + 313 =0, 1 3T

bepenue TuresnoMonoH A;= —2A; OynyblH Ta0aObI3. By KbIIMMOTHE WKEHYE
TUTE3TIOMOATrd Kyirad A; = 0 hom Mmonnan A; = 0, A, = 0 Oynys! usira. [llynai uremn,
orop AyaitA,a,+A3a3 =0 Oynca, A4 =0, 4, =0,4;3 =0. Jumok, a,, a,,as
CHCTEMAcChI ChI3bIKYa Oolices.

2. Orop a4, Ay, ... , Qi BEKTOpJap CHCTEMachl ChI3bIKYa Odiice3, o aq,
a,, ..., Qi,bcucreMacesl ChI3pIKYa OoMyie Oyica, b BEKTOPBIHBIH @4, g, ..., A
BEKTOPJIAPBIHBIH ChI3bIKUA KOMOUHAIMsICE OyIybIH UCOATIATHI3.

Hcoamnay. bupenem OyeHua, AMaq + ...+ Agap + Ab = BmapTeiH
KaHOTaThIOHIEPEPIICK OAphICHI 1a OEPHIONBI HYJIBID THre3 OynmMmaranldq, Ay, ..., A, 4
caHHapbl Oap. Orop A = 0 gun ancak, Aa; + ...+ A,aq;,= O0ymauak, hom Hynb
Oynmaran kodddummentnap A4, A,, ..., A apaceiHma Oynsipra tuem Oyma. © Oy a4,

a,, ..., Ay BEKTOPIAP CHCTEMACHIHBIH ChI3bIKYA 0olice3 OyirybIHA Kapiibl KW, JIUMoK,

-1
A # 0. Yn BakbITTa b = (Tl) a, + ..+ (Tk) Qy, STBHUA b BEKTOPHI a4, Ay, ... , Qi

BEKTOPJIAPBIHBIH ChI3bIKYa KOMOUHaIMsice Oya.
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3. 9Orop a4, a,, ..., A, BEKTOpJAp CUCTEMACHI ChI3bIKua 0olice3, o
b= Aaq + ..+ AgagpoBemienas s3buica, Oy SA3bUIBIIIHBIH OepaoHOep OyimyblH
ucOaTiIarei3.

Hcbamnay. b euen ukenye b = piaq + ...+ [, a; S3bUIBIIILL Aa 6ap num ¢apas
uto6e3. Cyn siktarel OybIHHApJAH CYJ SIK OybIHHAPHBI, YH SKTarbl OybIHHAp/aH YH K
OybIHHApHBI anbin, (A; — py)a;t (A, — uy)a, + ... +(Ax — Ur)ax= 6 THUresnereHs
knnobe3. aq, ap,...,q; BEKTOpJIAp CHCTEMAachl ChI3bIKYa O9lice3 OynraHra Kypo,
MOHHaH A; — y; = 0, areHu A; = y; Oyma, oupens (= 1;2;...; k. by HOTHXKD b
BEKTOPBIHBIH @4, dy, ..., A BEKTOpJApbI alia KypcoTelielieHeH OepaoHOep MKOHEH
aHJaTa.

4. 9rop Aa = 0 Oynca, A = 0 axu a = O OynysH ucbarnarei3. by HOTHKOHE
KYJUIAHBIM, HYJb OyJMaran Oep BEeKTOPJaH TOPYYbl CUCTEMaHBIH ChI3bIKYA OQMIIe SIKU
Oolice3 OyIybIH aubIKJIarbI3.

HUcoamnay. a = (ai, ay, ... ,ay) Oyiaca, da = (lay, Aay, ... Aa,) = 6
mapteiiHad Aa;= 0, Aa,= 0, ..., Aa,,= 0 6ynysl ubira. by A =0 sxu 1= 0, a, =
=0,..,a, =0, arpaM a = O OynybiH aHnarta. Jlumok, a # 0 aun anein, Aa = 0 qun
dapasznacak, A = 0 Oyna. JlumMok, a # O BEKTOpHI ChI3bIKYA 09IiCE3 CUCTEMA TOIIKHII
UTD.

5. Ce3pikua Ooiice3 a, b, ¢ BeKTopiap cucremachl ompenroH. a + b, b + c,
a + CBEKTOpJIap CUCTEMAaChl ChI3bIK4Ya 09iice3 OYIbIpMBbI?

Yuwy. Ai1(a +b) + A,(b + ¢) + A3(a + ¢) = 6 gun ana6e1z. be3ro A4, 1,, 13
KOd(hPUIMEHTIAPBIHBIH, MOMKHUH OyJraH KbIMMMOTIOpEH aublkiapra Kupok. Cyn
SIKTarbl JKOsJIOpHE aublll hom oxmiam OysIHHApHBI Oepra xpliicak, (A + + Az)a +
(A1 + A2)b + (A,+ A3)c= O Turesnere Tabbuta. a, b, ¢ ch3bIKUa Oolice3 cucTemMa

Oynranra xypo, A4+ A3 =0, 44 + 1, =0, 1, + A3 = 0 Gyneipra Tuem. MoHHaH 6apsl

Al + Ag = 0,
THK Oep rens uuirenenie A= 0, 1,= 0,4;= 0 Oynran {4; + A, = 0, cucremacs! ubira.
AZ + A3 =0

Kunen uplkkan HOTHKD a + b, b + ¢, a + ¢ cuCTeMacChIHBIH ChI3bIKYa 0olice3 OyITybIH

agJara.
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6. a) 9Orop a4, a,,..,q, CbI3bIKYa Oolice3 cucrema hom p; # 0,0 =
1;2; ...; kOynca, pia;,pay, ..., PxA, CHUCTEMACHl J1a CbI3bIKYA Oolce3 HUKOHEH
ucOaTiIarei3.

0) a;,a,BEKTOpPJIAphl y3apa NPONOPIMOHATL OylraH oupakTa TblHa Oy HKe
BEKTOP/IaH TO3EJITOH CUCTEMaHbIH ChI3bIKua 0oiiie OyaybIH ucOaTiIarsl3.

Hcbamnay. a) Ucbdatnay eden aun A;(p1a,) + A,(pay) + ...+ Ax(pray) = 6
dapaznan, 4,= 0, 1,= 0, ..., 4,= 0 OynybIH KypcoTepra kupak (oupens p; # 0, p, #
0, ..., pr # 0 OyJybIH HCOMKS aNbITbI3). Y3JIEKTOH UMILEI OeTeperes.

0)a;, a,— cbi3blkua O9ilie cuctema nun ¢apa3 uTuk. by BakbITTa, OUITEIOMd
OyeHua, Oep YK BakbITTa HYJbrd Ture3 Oynmarad hom A,a; + A,a, = O Turesneren

KaHOTaThJIOHIEPToH A4, A, caHHaphl 6ap. A; # 0 num ancak, a; =

A
= — (/1—2) a, Oyna, sirbHU A, ham a, MpomnopIroHaIb BeKTopiaap Oynanap.
1

Kupecenuo, a,, a, y3apa nponopiroHaib BEKTOpiIap OYICHIH, STHHA (1=
= ka,. Yn Bakeitta a;+ (—k)a,= 0, Oupeno umxe koeddumment (1 hom —k)

OepbIoJIBI HYJIb OynMay coborie, a,, A, CUCTeMAachl ChI3bIKYa Ooiie OyIa.

83.3. BekTopJaap cucreMachbIiHbIH 0a3uchl haM paHTrbI

buareaama. a;, a,, ..., ay — bupenzan 6eKMopaap cucmemacwl, €4, €y ... , e,
amnvly Kyniexkuace oyiacein, sevhu {eq, e, ... ,e.} € {as, a,, ... ,a,}. Ocap

1) ey, €, ...,e, colzbikua 6atice3 cucmema Oyica;

2) menaca kaicwr a;(i = 1;2;...; k) sexmop eq, e, ... ,e, eexkmopnapuvliibiy
ChI3bIKYA KOMOUHayusce Oyavln mopcd, €1, € ... ,€, cucmemacvl Qaq, Ay, ... , Ay
BEKMOPIAP CUCEMACHIHbIY 6A3UCLL OUn amaa.

Moconon, a; = (1;0),a, = (0;1),a; = (1; 2), cucremacsl e4eH a,hom a,
Kyruiekdoce Oasuc Oymbim Topa. YeHkw, OepeHUYenoH, a4, A, ChI3bIKYa Oolices
cucteMa (y3ere3 THUKIIEpere3), HUKEHYEIoH, a4, dp,d3 BEKTOpJapsl a,, d,
BEKTOPJIAPBIHBIH ChI3bIKYa KOMOUHAIUsICE OYIIbIN TOpA:

a; = la; +0a,, a, =0a; +1a,, az = la; + 2a,.

Bekropnap cucremacbiHblH OepHHYd Oa3uchl Oyiblpra MOMKUH. bupenroH
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BEKTOPJIAp CHCTEMACHl ©Y€H aq,d3 KA d,,d; KYIUICKYdJIOpE IIylai yk Gasuc
Oynbin Topa (MOHBIH ITyJ1all UKQHEH Y3€re3 THUKILIEperes.)

Teopema 3.3

EBep yk cucmemanviyy mopne 0a3uciapblHa KepeoH 6eKmopaap Camvl y3apa
muzes.

Ucbamaay. a4, Ay, .., Q; ~ OUPENroH  BEKTOpJap  CHCTEMACHL.  a'q,
a,, .., a',—0y cucremanwiy Oep 6Gasuce, a'’y, a'’,, .., a'’; ukeHue 6GaszuChH
Oynceid. SrpHu Oep 6Gasucra | BEKTOp, MKEHYECEHID T BEKTOp AMI (apa3 UTHK.
Besro r =1 Oynyeln wucbarmapra xupdk. a'’'y, a'’,, .., a'';Bexropnapel a,
ay, ... , Ay CHCTEMACHIHBIH 0a3MChl OYJITaHIBIKTAH, (A, Ay, ..., O CHCTEMACHIHBIH
OapiIbIK  BEKTOpJIAPHI, JOUMOK, a'y, d'5,.., @', BEKTOpiapel ga, Oasmc
BEKTOPJIAPHBIH ChI3bIK4a KOMOMHaIMsce Oynbin topa. Jumok, a'y, a's, ..., a', €
L(a''y, a",, ..., a";). MonHan ceI3bIK4a OoiIe/ieKHEH 6 HYBI OMIreceHHOH T < [
Oynysl 4bira. a'q, a',,.., @', 0asuc Oyiaradnra, OHpENIroH CHCTEMAaHbLIH OapibIK
BEKTOpJIaphl, IUMAK, a''y, a'’,, .., a'';Bekropmapsl na 0a3uc BEKTOPIAPHBIH

CBI3bIKYAa  KOMOWHAIMSACE POBEINEHId  KYpCOTENepra THEH, STbHH — a''q,

a’y,..,a’; €Ly, a'y .., a,). Mounau | < r HOTHKACCHD KHIo0Oe3. JIMMOK,
r = l. Teopema ucbaraanbl.

By Teopema HureseHo OMpENToH CHCTEMAaHBIH OapJibIK Oa3uciapblHa KEProH
BEKTOpJIap CaHbl HUHAWAEP Oep HaTypaib caH Oyma. basucnap ysropco mo, Oy can
Y3TopMH.

buaresama. Bexkmopnap cucmemacvinvly 6A3UCbIHA KEP2oH 8eKMOPAP CAHbl
BEKMOPIAP CUCMEMACHIHbIY PaAHebl OUNn amad.

BexTopnapcuctemMachlHbIH paHThl 77 Oylica, OMPENTroH CUCTEMaja I ChI3BIKYA
Ooiice3 BekTop Oyna hom aHbIH r AaH KYOpOK BEKTOP/IAaH TOpPraH TEIOCE KaNCHI
KYTUUIEKYOCE ChI3BIKYA OOMJIE CUCTeMa TOIIKKII UTO.

JlopecToH 119, CHCTEMAaChIHBIH PAHTHI T TEJIOCE KAWChl 0a3MCHBIH BEKTOpIAp
CaHBIHA TUTE3, 9 0a3UC Y3 YMpaATHIH/IA ChI3bIKYA 0olice3 BeKTopiapaaH Topa. JIuMoxk,
T BEKTOpJAH Te3eJraH ChI3blkua O0diice3 cuctema hopBakbIT TaObuia. MkeHue

Yy3€JIeKHE THKIIEPY ©YeH, CUCTEeMaHbIH OapiblK aq, Ay, ... , A BEKTOPJApbIHBIH Ja
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€1, €y ... ,6,0a3uC BEKTOpJApbIHBIH ChI3bIKYa KOMOWHAIUsACE OYJIYbIH MCOIMK
aNpIpra KUPOK.

MonHan a4, a,, ..., a; € L(e4, €, ... ,€,) UKOHEH Kypabe3. aq, dy, ..., Gy
Oy CUCTEeMacChIHBIH HUHIUACP Keue cUcTeMachl OynchiH. JlMMok, aq, dy, ..., Gy €
L(eq, €5 ... ,€,). Orop m > r Oyjca, ChI3bIKUa OQiyIeNIeKHEH 6 HYBl OMJITECEHHOH
a,, a,, ..., A, ChI3bIKYa Ooilyle cucTemMa OyibIN Ybira. be3ro MmIyHBI KYpcoTepra
KAPOK UIE J9.

MoHHaH BEKTOpJap CUCTEMACHIHBIH PAaHTbl — CHCTEMaJarbl ChI3bIKYa Ooiice3

BEKTOPJIAPHBIH MH 3yp CaHbI IUI ST analbl3.

orap €4, €, ... ,e, CUCTeMachl a;, dy, ... , A CHUCTEMAaCHIHBIH 0a3UChI OyIica,
L(a, ay, ..., a;) = L(eq, €, ... ,e,) uKoHeH ucbarian Oyma. JlepecToH 19, a4,
a,, ... , A CUCTEMACBIHBIH CBI3bIKYA THINIYACHl OWJITEIOMICEHHOH, TEIOCO HHHJIH
be L(ay, a,,..., a;) BEKTOpel b = A,;a; + ...+ A, a; poBeleHad A3bLIA.
1 Az k 141 kQk
€1,€y ... ,e,CUCTeMachl a4, Ay, .., A} CUCTEMACBIHBIH Oa3uchl Oynrasnra, Oy

cucreMaHblH  hopOep  BEKTOpHI €4, €3 ... ,€,  BEKTOPJAPBIHBIH  CHI3BIKYA
KoMOuHamusice Oynblill  Topa. by KoMmOuHanussiopae b BEKTOPBIHIArB a4,
a,, ... , Qi BEKTOPIApbl YPBIHBIHA Kyen hoMm J>KOsIopHE adblll OXIIAl OybIHHApPHIH
Kpliirad, b = pqeq + Uyey + -+ + U, e, turesnereHs kunobe3. by notuxo b € L(eq,
€y ... ,e,) Oynybin ammarta. Illymaii wren, L(aq, a,,.., ag) € L(es, €, ... ,e;,)
MUKOHEH KYPCOTTEK.

Y3 wuyupareiHAga eq,€ ... ,e, BEKTOpJapbIiHBIH hopOepcen aq, Ay, ... , Ay
BEKTOPJIAPBIHBIH ChI3bIKYa KOMOWHAIIMSACE PIBEIICH I KypcaTen Oyna. MoHBIH eueH

a; = e; OynraHjaa, a; BEKTOPHI SHIHAATH KO3 duiineHTHsI 1, o kanranHapbiH 0 qumn

anmplpra KMpok. Y dareiiga b € L(eq, e, ... ,e,) Oyinca, b € L(aq, a,,..., ai).
Humok, L(eq, e, ... ,e,) € L(ay, a,, ..., a;). Ucbatnanran nke HOTHXImoH L(eg,
ey ... ,er) = L(ay, a,, ..., a;) TATE3IETE YbITa.

Kyneryap

1. a4, a;,a3,a, BekTOpIap CcHUCTEMAChl OUPENTroH. a4, Ay, A3  Keye

CUCTEMACBIHBIH Oy cHucTeMaHbIH 0a3uckl OyiyblH ucOaTiarbi3. ke BEKTOp KeproH
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aq, A, 64 BEKTOPJbl a4, Ay, a3 hoM JypT BEKTOpIaH TO3EIraH aq, dp,ds3, Ay
CUCTEMAaJIapbIHBIH PAHTHIH TaOBITHI3.

a) a; = (1;1;1), a; =(1;2;3), az =(1;3;3),a3 = (1;0; 1);

0)a, = (1;2;3), a, =(0;1;2), az = (0;0;1),a; = (3;4;6).

Yuwy. a) AngaH a4, a,,a; BEKTOPJApbIHBIH ChI3bIKYa 0okice3 OylybiH
KYpCOTUK. Aqa; + A,a, + Az3a3 = 6 pun aneiiik. Monman (A; + A, + 15,4, +
+221, + 323, 4; + 34, + 343) = (0; 0; 0) THre3JIereH hom A1, Ay, A
kod(dpuimeHTnapeiH Taly ©4YeH, Oepull ChI3bIKYa THUTE3JIOMIJIOP CHUCTEMAaChIH

2.1 + AZ + 2,3 = 0,
to3ube3: § 44 + 24, + 313 =0,
/11 + 3/12 + 313 = 0

Bepenue hom eueHue turesmomomopaoH 2(A, + A13) = 0, sareau A, = —A3
Oynysl Yblra. YJI BakbITTa OCpEeHUE TUTE3TOMONIOH A; = 0, MKEHUE THUTE3JIOMOJIOH
A3 = 0 Oynysl kypeHno. MonHan A, = —A3 = 0. Jlumok, a4, a,, a; BEeKTOPJIapbIHBIH
ChI3bIKUa KOMOWHALMSICEH O aJIbIHTaH A4, A5, A3 kKoapdunmreHTIapel 6ep YK BakbITTa
HyJbId Ture3. by HOTHKO aq, dy, a3 CUCTEMAaChIHBIH ChI3bIKYa Ookice3 OYIybIH,
ArbHU 0a3ucC OWIIreIoMICeHEH OepeHue MapThl YTOIYEeH KypcoTd. Xa3ep OupenroH
cuctemMazarsl hop BEKTOPHBIH 4, A5, A3 BEKTOPJIAPHI allla ChI3bIKYA KOMOMHAITUS

POBEIIEH KYPCOTEITOHEH TUKIIIEPHUK.

a, = la; + 0a, + Oas,
a, = 0a; + 1a, + Oag,
az = 0aq +0a, + 1aj
Oyny cobome, Oe3ro Huumunep kq, k,, kzcannapeieuen a, = kia; + kpa, +
+ kzazTHressere yToiayeH KypcoTepra KHpPoK. by THre3nekko OUpenroH CHCTEMaHbIH
BEeKTOpIapbiH Kyenm hoM kypcotenroH ramomnopue Oamkapsin, (1; 0; 1) = (kg +
ky + ks, ki + 2k, + 3k3, kq + 3k, + 3k3) Turesnerens kwnobe3. bupemore ki,
k,, k3 canHapbl TYOOHIOTE CHI3BIKYA THUTE3JIOMAJIOP CUCTEMAChIH KaHOTAThIOHIEPI:

k1+k2+k3=1,
k1+2k2+3k3=0,
k1+3k2+3k3=1
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bepenue TuresnmomonoH k, + ks =1 —k; xblliMMOTEeH TaObIl eYeHYE

TUre3nomara kyirau, k; + 3(1 —k;) =1, areuu —2k; = —2 OynyslH TabaObI3.
Humok, k; = 1. By kbiliMMoTHe OepeHue THUTe3oMd Kyirau, k, = —ks HKoHE
KypeHo. MoHHaH ukeH4e Ture3iomMonoH 1 — 2ks + 3k3; = 0 hom k3 = —1 OynysiH

Tababw13. by Bakwitra ky, =1 Oyna. umok, a, = a; + a, — az. by TuresnekHey
nepecierexn THKILEPUK: a;+ a,—a; =(1;1;1)+(1;2;3) —(1;3;3) =
(1;0; 1) = a,. llynaii uren, a,,a,,ds,d, CUCTEMACHLIHLIH hop BEKTODHI @4, d,, ds3
KEUYe CHCTEMACBIHBIH ChI3bIKUYa KOMOMHAIUsACE OYIybIH KYpCoTTeK. JIMMaK, a4, a,, ds
Keue CHUCTeMachl 0a3uc OWITeIoMOCEHEH WKCHYE IIapThIH Ja KaHOTaThJIOHJIEPD.
[lymaii urer, a,, ,, A3 CACTEMACBIHBIH 0a3uC OyJIybIH HCOATIaIbIK.

Mounnan panr {a;,a,,as,a,} =3 Oyaysl ubra. a;,d, hom a,,a,,as
BEKTOpJIAp CHCTEMaaphl ChI3bIK4Ya Ooiice3 Oyny cobomie, panr {a;,a,} = 2, panr
{a1; az, a3} = 3.

0) aq,a,,a; BEKTOpJAp CHUCTEMACHIHBIH ChI3bIK4a Ooiice3 OymyblH Y3eres
ucoarnare. bes a, = kja, + kpa, + kza; cei3pikya komOuHanusicennare kq, k,, k3

K03 UIMEeHTIapbIHA KapaTa TUT€3JIOMAJIdP CUCTEMACKHIH T'bIHA KYPCATEI y3a0bi3:

k1:3
2k1+k2:4‘
3k1+2k2+k3:6

by cucremanbiy uwumeneme k; = 3,k, = —2,k; =1 Oynauak. bapisik
caHayJapHbI OalIKaphil, MUCAJTHBI axpIprava yuiien oereperes.

2.a4,Q,,03,a, BEKTOpJap cucTeMachl OupenroH. By cucreMaHbIH Tenaco
HUHJM WKE BEKTOPHI aHBIH 0a3uChl MKOHEH Kypcotere3. bupenroH cuctemMaHbiH
PaHTbIH TaOBITHI3.

a)a; = (1;,2;3;-2),a; = (2, -3; 1, -4),

as = (1;,9;8,-2),a, = (1, -12; -7, -2);

0)a = (2;1;3;-1),a; = (3, -1;2;0),

as; = (1;3;4;-2),a, = (4;-3;1;1).
Yuwy. Vke BEeKTOp NpONOpIUOHAIL Oysca T'blHA anap ChI3blkua O9ilne Oyna.

(§3.2 more 6 Hubl kyHeryHe kapa). lllyHa kype HKeWIsp BEKTOpIAaH TOPYYbl
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aq,ay; Aq,03;4q1,0a4; Ay, A3; Ay, Ay; A3, A, KEUE CHCTEMANIAPBIH Kapam yTo0e3. by
Keue CcHcTeMajapra Kepyde BEKTOpiap MPOMOpIHOHANL Tyred. Jlumok, kede
cucteManapHbiH hopOepce cbI3bik4a 09iice3,arbHU 0a3UCHBIH O€peHuYe IapThIH
KaHOTaThIOHAEPAIop. VKeHUe MIapTHBI TUKIIEPY ©YeH, OMPENroH CHCTeMaHbIH hop
BEKTOpPhI KEUYe CHCTEMa BEKTOPJIAPBIHBIH ChI3bIKYa KOMOWHANUsAcEe OYJIybIH
KYPCOTEepra KUpaK. by mapTHeI a4, a, Kede CHUCTeMachl ©YCH TUKIIEPEN KYPCOTHK.
a4, d, BEKTOpJaphl Y3JIope Iy YK BEKTOPJIAp alla ChI3bIK4a KOMOWHAIIHS POBEIICHId
KYPCOTENTroHoH 6e3 0enobes: a; = lay, + 0a,,a, = 0a; + la,. lllyHa kypo 6e3ro
as; = Aqaq + A,a5,a4 = kjay + kya,  ChI3BIKYA  KOMOMHAIIUSUIOPEHY  KEProH

kod(dpuimeHTIapHbl Tabapra KUpoK Oynavyak. MOHBIH eueH

Al + ZAZ = 1, kl + Zkz = 1,
211 - 3&2 = 9, Zkl - 3k2 = —12,
311 + AZ = 8, 3k1 + k2 = _7,

_2),1 - 4‘).2 = _2, _Zkl - 4k2 = _2,

TUTE3IOMANIdp CcUcTeManapbiH Te3ube3. bepenue cucremaman A =3, 4, = —1,
UKeHYeCeHHOH k; = —3, k, = 2 ukoHeH TababbI3.
I[I/IMQK, as = 3(11 —dy, 04 = _3a1 + 2a2.

lynaii urer, a,, a, Ke4e CUCTEMAChl ©UeH OA3UCHBIH MKEHYE MAPTHI 1a YTIJIO.
MoHHaH aq,a, Kede CHCTeMachl OWPENToH CHCTEMaHBIH 0a3WChl JTUTOH HOTHIKD
saceliiOb13. Kanran Owmmn kede cucTtemMa edeH Oy IIapTIapHBIH YTOIyeH Y3eres
THKIIIEpETe3.
0) By MucanHBI ) MyHKTHI OSJIOH YarbIIITHIPHII, Y3JICKTOH YHIIETe3.
3. bepeHue kyHery1ore BEKTOpIIap CUCTEMAChl OUYCH
L(aq,a5,a3) = L(aq, ay,as,a,) Oynybin tukmeperes hom L(aq,a,,as) chi3bikya
TBHINTYACHIHBIH HUHIA BEKTOPJIAPIaH TOPYBIH TaObIThI3.
Yuwy. bunrenomo OyeHua,
L(ay,ay,a3,a,) = {b|b = A1a; + 1,a, + A3a3 + A,a4, A1, 15, A3, A4 € R}.

a, = a; + a, — az O6ynranra, b BEKTOPBIH TYOOHIOTeUd si3a anabbI3:
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b = Aay + ,a, + Aza; + A(a; +a, —az) =
= 4+ A)ay + (A + A)a; + (A3 — A)as = pyay + paay + pzas.
Monna A4, 4,, A3, 4, xodddunmenTnapsl Upekyie KbIMMMOTIIOp ajiraHra Kypo,
Ui =A + Ay, Uy =Ay+ Ay, U3 = A3 — A,  kodbduimeHtnapel  ga  UpEKIe
KbIMMMOTIIOp ana. JIokuH
{may + paa; + pzaslps, vz, us € R} = L(ay, ay, as).
Humoak, L(aq, ay, as,a,) = L(aq,a,,a3) =

= {uy + py + pg, uy + 205 + 3p3, py + 3up + 3ps|p, o s € R}

83.4 DKBUBAJIEHT BEKTOPJAP cUcTeMaJiapbihoM 3jieMeHTap paBelry3rapTyJadp

JKBHUBAJIEHT BEKTOPJIAP CHCTEMACHI

buireoms. Ozop bGep 6eKkmopiap CUCMEMACLIHbIY MeNdCd HUHOU BEKMOpbl
UKeH4e cucmema 6eKmopiapbibll CbI3bIKYd KOMOUHAYUACE PIGEULCHOd KYPCIMENCD
hom, Kupecenus, ukemue CUCMEMAHbIH MeNdcd HUHOU 6eKMOpbl bepenue cucmema
BEKMOPIAPBIHbIY CHI3bIKYA KOMOUHAYUSCE Paseuiends Kypcamenca, by uke cucmema
OKBUBANIEHM CUCMeEMAap Oun amaid.

By OMJIreIOMOIOH KYPEHIOHYD, (a) ={aq,a,, ..., a; thom (b)
={by, b, ..., bs}cucremanapsr (a) € L(b) hom (b) < L(a)06ynranma reiHa SKBUBAJICHT
Oynanap. ['agoTTo, SKBMBAJE€HT CUCTEMAlApHBI ~ TaMrachl O€JIOH TOTAINTHIpaiap,
areun (a) ~ (b)aum s3amap.

Teopema 3.4

DKEUGAIEHM 6EKMOP/LAP CUCMEMAIAPBIHIN PAH2IIAPLL Muze3 Oyia.

Hcbamnay.(a') = {ay, a,, ...,a,} Bekropmapbl (a)cucTeMachiHBIH 0a3uCHI,
(b") = {b1, by, ..., b,} BexTOpHaps! (b)cucreMacsiHbiH 6a3ucel OyichH. besra r = |
OynyblH Kypcarepro kupak. Illapr Gyenua, (a)hom (b)cucremanapsl SKBHBAJEHT,
arean (a) € L(b) hom (b) cL(a). (a’) cucremacsr (a)cucremacwinsiy, (b')
cucremacel (b) cucremacwlHblH Oazuciapel Oyny cobomie, L(a)= L(a'),L(b)=
L(b"). (§3.3 ToH COH KUTEpENraH 3 HUE KYHEr'yHe Kaparbi3.) bupenem Oyenua (a) C

L(b),(a") € (a). Monnan (a') c L(b") uxonen kypabes. Orap r > [ Gysca, ChI3bIKYA

90



Ooitnenekaey 6 HubI y3iere Oyenua (a') cbi3pikua Ooiie cuctema Oyibipra Tuent. by
HOTHKD 0a3uC OMIITeIOMICEHD Kapiibl KiId. JIuMak, » < [. Ananoruk pasemtd (b') C
(b) c L(a) = L(a") maprtnapeianan /< r Oynysl ubira. Jumok, | = r. Teopema
nucOaTIIaH Ibl.
JyieMeHTap PIBely3rdapTyJadp

bunrenama. Bekmopaap cucmemacwvinoa:
1 UKe 86eKMOPHBIH YPbIHbIH ANbIUMBIDY,
2 Katicvlovblp sekmopuvl A #+ 0 canea mankwvipnay,
3. HUuHOudep camea MankulpiaHeaH 8eKMOPHbI UKEHYe BeKmopaad KyuLy,
4 HYJIb-8eKMOPHbL MOuepen Kaiovlpy (22ap aHowlil ekmop oyica)
NEMEHMAP PIGEULY32IPMYNIP OUn ama.d.

Macomon, (a)={ay,a,,a3} Bekropmap cucremachl OupesnceH. by =
a,, b, = a;,b; =a; Oyiacein. By Bakeitta (b) = {by,b,, b3} cucreMacs
(a)cucremachiHHAaH OepeHUYe TOp DIIEMEHTAp POBEIIY3TdPTY KYJUIAHBIT TO3EIroH
(aq,a, BEKTOPJIapbIHBIH ypPBIHHAPBI QUTBIIIIBIHTaH ). Oraop (b) =
{bi1, b,, b3}cucremaceinna b; = a4, b, = ay, b3 = 2a; Oynca, Oy wuKeHYE TOP
AIEMEHTAp PIBEIIY3rdPTY HOTUKICE (3 BEKTOPHI 2 CaHbIHA TaIKbIpJaHTaH). Orap
by =a;,b, =a, +3ay,b3 =a; gun  ancak, (b) = {by, by, b3}cucremacs
(a)cucTeMachIHHAH ©UYCHYE TOP DIIEMEHTApP POBEHIY3TAPTYHE KYJUIAHBII YblrapblraH
Oyna (MKeHYe BeKTOpra OepeHue BEKTOp 3 KO TalKbIpJIaHbIl Kymisuirad). (a)=
{a,,a,,0},(b) = {a;,a,} Oyicein. By oupakra (b) cucremachl (a)cHcTeMachbIHHAH
AYPTCHUYE TOP ICMECHTAP POBEUTY3TOpPTYHE KYJUIaHBI TaObUITaH.

Teopema 3.5

dnemenmap paGeuLy3capmyndp HIMUNCICEHOD BEKMOpAAp CUCHIEMACH
IKGUGAIEHM cUCmeMaza Kyya.

Hcoamnay. TeopemaHsl dleMEHTAp POBEIIY3TropTYIopHEeH hopbep Tepe edeH
aepbIM UCOATIBINOBIZ.

(b) = {by, by, ..., by Jecucremacei(a) = {ay,a,, ...,a;} CcUCTEMACHIHHAH WKE
BEKTOPHBIH  YPBIHBIH  QIBIITHIPY  HOTMKICEHA® TaObUICKIH. By  oupakra

(a)cucremachibiH  hopbGep BekTopsl (b) cHCTEMAchl BEKTOPJIAPHIHBIH CHI3bIKYA
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KOMOHWHaIusce poBemeHad hom, kupeceHds, (b) cucTteMachiHBIH hopOep BEKTOPHI
(a)cucTeMachl BEKTOPJIAPBIHBIH ChI3BIKYa KOMOWHAIIMSICE POBEIICHId KYpPCITENye,
srean (@) ~ (b) Oyaysl auslk KypeHo (Bapibik chI3bIkd4a KOMOMHAIMSIIOPAS Oep
ko3 puieHT Oepra, KanraHHap HyJIbId TUre3 OyIyblH UCKopTen kutd0e3). Llynai
uTern, OEpeHYe Tep FIEMEHTAP POBEIIY3TIPTYIIOp ©USH TeopeMa Aepec OyIIbII Ybira.

(b) = {by, by, ..., by Jeucremacu (a)cucremacweiHan b; = aq, b, = Aa,,..., by = a;

OYJIBIPJIBIK MTETI TO3CITOH UMl (papa3 UTHK.
by BakbiTTa A # 0, a = G) b, ©ynranra kypa, (a) € L(b) hom myn yk BakeITTa

(b) c L(a). dumak, (a) ~ (b), arpuu Oy oypakra Ja TEOpeMa TeopeMa HOpec
OyJIBI.

(b) cucremacel (@)cHcTeMachlHAH ©YEHYE TOP DIEMEHTAp POBEIIY3rdPTY
HOTHXKOCEHI® Oapiblkka KwiceH. MoconoH, by, = aq,b, = a, + Aaq, b; = as,...,
by, = a; Oyncen. Iumak, (b) < L(a), a; = by,a, = b, — Aby, a3 = bs,...,a;, = by
mapteinHad (a) € L(b) HoTmkoceHo kuinobes. [lynait uren, Oy BakeiTTa 1a (a) ~
(b) OynysIH KYpabes3.

(a) ={ay,a,,...,a,_1,0}, 0 (b) ={ay,a,,...,a,_1} poBemennd Oyiuceid. (a)
cucTeMachIHBIH hop BekTophl (b) cucTeMachl aira ChI3bIKua KOMOWHAIMS POBEIICHIO
Kypcoreno, oupens 6 = 0aq + 0ay+...+0a,_; UKOHEH HCKOpTen KUTHUK. J[IuMoK,
(a) € L(b). yn yx BakbiTTa (b) C L(a). UMK, IypTeHYE TOP POBEIITY3TdPTYIoH
1o (a) ~ (b) autmwxkace ybira. [lynaii uter, TEIOCO HUHAM dJIEMEHTApP POBEITY3TdPTY
BaKbITBIHAA BEKTOpJIAp CHUCTEMAachl SKBUBAJCHT CHUCTEMara Kydo. be3ro mryHsl

ucoOaTiiapra KupoK uie J1o.

Teopema 3.6
dnemenmap paeeuiy3copmyndp HIMUNCICEHOD BeKMOPAAP CUCHIEMACHIHBIH,

PaHzul y329pMU.

Hcoamnay. (b) cucremacsl (@) cucTeMachlHHAH dJIEMEHTApP POBEIIY3TIPTYIIOP
ApAOMEHS Te3encd, 3.5 teopemacbiHHan (a) ~ (b), o 3.2 TeopemachlHHAH paHT

(a) = panr (b) Oymysl ubira. Teopema ucOaTIaHIBI.
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Anpga wucOarinaHraH TeOpeMaHbl KYJJIAHBIN, BEKTOPJap CHUCTEMAaCBIHBIH
0asucbiH hoM paHreiH TaOyHBIH NPAKTHK BICYJIBIH Kapblik. By bicyn OupenrsH
BEKTOpJIap CUCTEMACHIHBIH ChI3bIKUa OaiinenereH hom OoiicesnereH ausikiapra, 6azuc
OyaMaraH BEKTOpPJIapHBI 0a31MC BEKTOPJIAp allla KypcoTY MOMKHUHIIEre OUpa.

(a) ={ay,a,,...,a;} Oupenron BekTOpiIap CUCTEMACH OYICBHIH. DIIeMEHTap
POBEIIY3TpTYJIop Oamikapsein, 0e3 6acKblUChIMAaH BEKTOpJap CUCTEMAachl TO3HK hom
aubl (b) = {by, by, ..., b,} nui TaMraneiik, GUpend r < kK UKOHEH UCKOPTEI KUTHUK.

backpruceiMaH BEKTOpJap CHUCTEMAachl ChI3bIKUa Ooiice3 OynraHra Kypd, paHr
(b) = r. 3.6 Teopemacsl Oyenua, panr(a) =panr(b). MoHHaH paHr(a) = r UKOHEH
Kypa06e3. by HOTIHXS (@) CUCTeMAacChIHBIH TENOCO HUHU T° ChI3bIKYa 09iice3 BEKTOPHI
aHbIH Oa3uchl OyJbIN TOPYBIH aHyata. ['agorTo, OasuciapHbiH Oepce wurten, (a)
CHUCTEMACBIHBIH POBEITY3ropTYJIopAoH coH (b) cucTemMachlH OMProH 7T BEKTOPBIH
ananap.

Orop r =k Oyica (SIrbHM CHUCTEMaHBIH paHTBl OHPENTOH CHUCTEMaHbBIH
BEeKTOpJIap caHblHA Ture3 Oynca), (a) cHCTeMachiHbIH Oa3WChIHA aHBIH OapiibIK
BEKTOpJIaphI J1a Kepad. By BakbITTa (@) cucTemMachl chi3bikua 0aiice3 Oya.

orop r < k Oynca (0y oupak dJeMEHTap POBEHIY3TOPTYJISP HOTHIKICECHIID
OapibIKKa KWJITOH HYJIb-BEKTOPJApHBI  Tellepen Kajaaslpranga Oyna), (a)
CUCTEMAaCBIHBIH 0a3uChl OYIIBIIT aHBIH 7 ChI3bIKUA 00IiCE3 BEKTOPhIHHAH TO3EJITOH Keue
CUCTEMAaChI TOpA.

ChI3pikua 0olice3 BEeKTOPIIApHBIH WH 3yp caHbl I' Oynranra, K(K > r) Bekropaan
Toprad (a)cucTeMacsl ChI3bIkda 0oiie Oyra.

DneMeHTap POBENIY3TOPTYJIdp BaKbITBIHAA hud [OTBI  Oep HYIIb-BEKTOP
OapipikKa Kty Oy BeKTOpra TUHAQINI Oynran(a)cucTeMachlHAarbl BEKTOPHBIH IITYIITbI
CUCTEMaHBIH Oalika BEKTOPJAPBIHBIH  CHI3bIKYa KOMOWHAIUSACE  POBEIICH/Id
KypcoTenToHeH aHyiata. MoHHaH (a)CHUCTEMAaChIHBIH ChI3bIKYa 0oiiie OyiIybl YbITa.

IOrapeiga oMTeroHHOPHE MUCA O6CTEHID Kapan yTuk. a; = (1; —1;—3;3),

a, =(-1;2;3;-3),a3 =(—1;1;-9;2),a, = (—1;-1; -9; 2) BEKTOPJIAp

CUCTEMACBIHBIH 0a3uChiH hoM paHrbiH TaObIMK. By cucTeMaHbIH ChI3blKua OoiieMe
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aKi Oolice3Me HWKOHJIETeH aubIKJIBIMK, AaHbIH Oapiblk BEKTOpJApbIH 0asuc
BEKTOPJIAPHBIH ChI3bIKYa KOMOMHAIIUSICE POBEIICH 19 KYPCITHUK.

Bapnblk Kyenran copaynapra »asarn OMpy ©4eH, 3JIEMEHTAp PIBELIy3rapTyIop
Oamkapei,{a,, a,, as, a,, }cUCTeMachlHHAH OaCKbIYCHIMAH CHCTEMA TO3EPId KHPIK.

VHalIBUIBIK  ©4eH OMpEeNroH CHCTEMaHbl TYOOHAOre TaOiula pOBELICH]d

YpHAIITHIPaObI3:

1 -1 -3 3\d1
-1 2 3 -3 \a
-1 1 -9 2]/a3
-1 -1 -9 2/ 44

hop ronbl GupenroH cucTeMaHbIH BEKTOPHI OyNbIIl TOpraH MOHJBIA TabauIa
Mampuya JUn arana.

bupenron cucremara kapara 3JeMEHTap POBELIY3rapTYJIop OamikapraHia, Oy
MaTpPULAHBIH IOJUIAPBIH Y3rOpPTYrd KUTEPA.

bepenue anpiMaa a,, BEKTOPBIH Y3ropelice3 KaIbIphIN, Oalika BEKTOpiapra

(1, BEKTOPBIH KyIIaObi3. YiI BaKeITTa{d,, a, + aq,as + a4, a, + a; jcucremMacsl Kujen

gypira. AHa TUHJIQIILIE MaTpHUIIa

1 -1 -3 3 a

0 1 0 0 |:2tay
0 0 -12 5|az+a
0 -2 —-12 5/as+a

POBEIIIEH aa.

by BakpiTTa OepeHue OaraHaHbIH OepeHUYE SIEMEHTHl acThIHAA OapbhICHl aa
HYJIBJIOp OapibIKKa KHIIJIE.

WxeHnue anpiMza, MaTpuIlaHbIH OepeHYe OaraHachl Y3ropemice3 KaiabIpiblik hom
WKEeHYe OaraHaHbIH WKEHYE DJIEMEHTHI aCThIHIAa OAPBICHI /1a HYIBJIOP OYIIBIPIBIK UTETI,
sSHa BEKTOpJIap CUCTeMAachiH Te3epra kupaok. llymbl Makcar O6enoH aq,a, + aq, az +
@1, BEKTOPJIAPBIH Y3TOpENICe3 KAIIBIPHIN, a4 + a; BeKTOpbIiHA 2(A, + A1) BEKTOPHIH

KymaOei3. by  BakbiTTa  Talbuiran = aq,a, + + aq,az + aq, a4 + 3a4 + 2a,

CHUCTEMAaChIHA THHIQIII
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3 ay
1 0 O a, +aq
0 —-12 5 az +a,
0 —12 5/ a4+ 3a; + 2a,

oo

MaTpUILIACHIH Ta0a0bI3.

OdeHue ajnpIMAa TaOBUITAH CUCTEMAaHbl @4eHYE OaraHaHbIH ©YEHYE DJIEMEHTHI
ACTBIHJIA HYJIBJISP OYJBIPIBIK UTEN Y3rapTepra KUPOK.

by wmmucannma, a4 + 3a, + 2a,BexktopbiHa  —(a3 + @;) BEKTOPHIH KYIIBIII,

a, a, + aq,as + a;,a, — as + Zaz + ZachCTeMaCBIH hom

1 -1 -3 3 aq
0O 1 0 o0 a +a;
0 0 —-12 5 as +a;
0 0 0 0 a4_a3+2a2+2a1
MaTpULIaChIiH Taba0bI3.
orap b, = aq, by = a, + a4, b3 = az + a,;un OMIITENIaCIK,

by, b,, b; —06acKbIUCHIMaH CHCTEMA.

Humok, panr {b,, b,, b3} = 3. By Baknitra (a) = {ay, ay,as, as, } ~ {by, b,, b3}
OynraHra Kyp9, pasr (a) = 3 Oynadaxk.

bupenron cucremana 4 BEKTOp, aHbIH paHrbl 3 ko ture3, 3 < 4. MoHHaH
CHUCTEMaHBIH ChI3bIKUa 0ol OYIIyhI UbITa.

Popemry3roprynop OamikapraHHaH CcOH TaObUIraH OacKbIUCBIMAH by, by, b3
BEKTOpJIapblHA (4, A, A3ChI3bIKUA Oolice3 BeKTOpiapbl THHASM Oynbin Topa. [llyHa
KYpd OMpENroH CUCTEMaHbIH 0a3UChl UTET A4, A, A3 KY€ CUCTEMAChIH ajbipra Oyia.

Xo3ep OupenroH cHUCTeMaHbIH OapibIK BEKTOpJapblH IIYIIBl Oa3uc armma
ChI3bIKYA KOMOWHAIMS POBEIICHIO KYPCOTHK. basuc Bekropnapsl edeH Oy A1 OWK
YKUHET Oarkaphlia.

Hepecton no, a;=1a; + Oa, + 0as, a,=0a,; + 1la, + 0a3, az;=0a, + O0a, +
las. bazucka KEPMOI'dH ay BEKTOPBIH ay, —az + 2a, +2a, =

0 TuresnerenHoHTa0a0bI3: a, = —2a4 + (—2)a, + laz. Ulynaii wrten, Oupenrsx
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cucteManblHhopOep BeKTOpbl 0a3uc BEKTOPJAPHBIH ChI3bIKYA KOMOHMHAIUsICE
POBELIEHAD KYPCITENIE.

Mucannan KYpeHToHYd, Tell HYIBIOPJoH TeHO TOpraH ojulapra Typbl KHIyde
ChI3bIK4a KOMOUHAIMsIop Ouirene Oyiaranga, 6a3zuc OyliMmarad BEKTOPJIAapHBI Oa3uc
BEKTOpJap ama KypcoTy Ouk skuHen Oyma. IllyHa kypo mo 6e3 kaiichl 1oira HUHIU
BEKTOP Typbl KuiTyeH hap aabpiMaa Kypcaten OapabIkK.

buaresama.backviucvivan  6exmopnap — cucmemacvlHa — MuHOdW  0VI2aH
mampuya 6acKbluCbIMaH Mampuya oun amaia.

Kapanran mucania 6ackblucbiIMaH MaTpuila TYOQHIOre paBeTs Oyna:

1 -1 -3 3
01 0 O
0 0 -12 5

bupenron cucremanbiH paHrbiH TaOy eueH, Oamra Te3eiaran hom hop ageimaa
TaOBUITAaH  MaTpULAJIApHBIH  IOJJIapbl  O€JIEH  2JIEMEHTap  POBELIY3ropTYiIop
OamkapsIpra Typbl Kuijae. By y3ropTynopHe mampuyanvl 6acKblUCHIMAH PIGEUIKD

Kumepy IHI aTbIijap.
Kyneryaop

1.a4, a,, az, a,BEKTOpIIAP CHCTEMACHIHBIH ChI3BIKYA OOiJIeIeTeH aubIKIIarhbl3.
a)a; = (1;3;1;,-3),a, =(2;1;1;1), a3 = (3; —11; -1;19), a, =
= (1;12;2; —-16)
0)a;=(1;1;11),a,=(1;-1;1;-1),a3 = (2;3;1;4),a, = (2;1;1;3)
Yuwy. Kyenran copayra skaBam OMpy e4eH, 0€3ro CHCTeMaHbIH PaHTBHIH Taly
KUTD. OTOp PAaHT BEKTOpJIAp CaHbIHA TUTE3 Oylca, CUCTEMa ChI3bIKYa Oolice3. Orap
paHT BEKTOpJIap CAHBIHHAH KUMPOK Oylica, cucTeMa ChI3bikda 0oiine Oyra.
a) bupenron BekTopiap cucTeMachiHa THHJIQII MaTPHIlA TYOOHAITEYd Oyra:
1 3 1 =3
2 1 1 1

3 -11 -1 19
1 12 2 -16
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By Marpumansl OacKbIUCBIMAH PIBEIIKd KHUTEPY ©uYeH, OepeHde aabiMia
OepeHYe FONHBI Y3ropelnice3 KaJAbIPhIN, HWKEHYe Ionra OepeHde IomHbl (—2)To
TamnKbIpJIall, euyeHYe foiara OepeHue IOMHBI (—3)KS TamKbIpiam, AYpTeHUYE Ioira
Oepenue tomHbl (—1)ro Tamkeipmanm KymaObl3. Y BakbITTa MaTpuia TyOoHIore
POBELIKY KHIIQ:

1 3 1 -3
O -5 -1 7
0 —-20 -4 28
0 9 1 -13

Wkenue aapiMaa OepeHue hoMm HMKeHUYE IOJJIAPHBIH Y3JIOpEH KasJbIpalbl3, o
eueHuYe hom aypreHue roimapHbl (—5)acTeiHga HYABIOP OYJBIPIBIK UTEI Y3TopTo0es.
MoHbIH e4eH HMKEeHYe IOJIHBI (—4)Ko TamKbIpJjiall @©YeHYers, a aHHaH COH, JypTeHUe
IONHBI 5KO TamkbIpjamn, aHa 9ra TamnkeIlpilaraH MKeH4Ye IOJHBI KymiaOwi3. Marpuia

TYOOHIOTE€UD POBEIITS Oyiia:

1 3 1 -3
0 -5 -1 7
0O 0 0 O
0 0 —4 -2

Hynb-BeKTOpHBI TOlIEpen Kalaabiprad, 0acCKbIYChIMaH MaTpHIla OapiIbIKKa KUIQ:

1 3 1 -3
0 -5 -1 7
0 0 -4 -2

b, = (1;3;1;-3), b, = (0; =5;—1;7), b; = (0; 0; —4; —2) rysI
Marpulara THHIASUI BEKTopIap.

By cucremaHbIH paHrsl edka Tures. JJumMok, 1ypT BEKTOpJaH TOpraH OMpenroH
CUCTEMAaHBIH Ja PaHThl OUYKd THTe3. by HOTHKO CHCTEMaHbIH ChI3bIK4a 09ilie OyTybIH
Kypcotd. CaHaynap BaKbITBIHAA HYJIb-BEKTOpP TaObUITaHTa UTHTHOAP UTETE3.

0) Bekropnap cucTteMachblHlla POBELIY3TSPTYIOPAOH COH OapiiblKKa KHIITOH

Marpuuasap 33JeKIeNIere 13a0ni3:
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1 1 1 11 1 1 11 1
1—11) 20—2~0101~
2 3 1 4 -1 2 01 -1 2
2 1 1 3 -1 1 0 -1 -1 1
11 1 1 11 1 1
fo 1 0 1} [o1 0 1
0 0 -1 1 00 -1 1
0 0 -1 2 00 0 1

MonHaH 6acKbIUChIMAH BEKTOPJIAP CUCTEMACHIHBIH PAHThl TYPTKS TUre3 OYIybI
KypeHa. J{uMoK, OUpEeNraH CUCTEMaHbIH PaHrbl BEKTOpJIAap CaHbIHA TUTE3, ATBHU Oy
CUCTeMa ChI3bIKYa Oalices.

CanaynapHbl y3ere3 THUKIIEpPENl YbITBITbI3, YHAWIbIpak OYJChIH e4eH hop
aZbIMJIa SICaJITaH POBELTY3T9pPTYJISPHE aTam KUTI0e3.

Bepenue anpiM: ukeHde rosira 6epenye oHbl (—1)ra Tankeipiarn, edeHue hom

aypreHue rojuiapra 6epende aHbl (—2)ro TauKbIpIIal KYIITHIK.
1 .
VkeH4e abIM: HKEHYE IOIHBI { — > )ra TaNKbIPJIBIAOBI3.

OueHue aabIM: O@YEHYE IoJra WKeHdYe foaHbl (—1)ro TamkeIpiam, TypTeHYe
10JIT'a UKEHY€ FOJIHBIH Y3€H KYIIa0bI3.

JlypTeHde aabIM: JypTEHYE [0ra edende 1oHbl (—1)ra Tankeipiamn Kyiraosl3.

Mucasiap YMIIKOHIO POBEUTY3TdPTYJIOp ATTAH TbIHA OallIKaphliia, o HOTHKAISP
hop agpiMma GapiibIkka KWJTOH MaTpuliajap 33JICKIeNere paBeleH1d KypcaTend. by

MHUCAJI HOKD ITYHIBI TOPTUIITS SHIJIQHCIIAC.

2. bepeHue KYHETYIO KUTEPENIToH BEKTOPJIAp CHUCTEMACHIHBIH Oep Oa3uChIH
TaOBITHI3.

Yuwy. a) bepende kyHeryaore ke0eKk YK MaTpUIlaHbl OACKBIYCHIMAH POBEIIKQ
KuTEpahe3.

by, by, b; GackbluCEIMaH BEKTOpJAp CHCTEMAchlHA @4, Ay, A4 BEKTOPJIAPHI
TUHAQMI Oyna (az BEKTOPHl POBEIIY3TOPTYJIOP HOTHKICEHAD HYIIb-BEKTOPra
ovinmonne). Illyna xypeo a4, a,, a, Kede CHUCTeMachl OWMPEITroH CHCTEMaHbIH

OazuciapbIHbIH Oepce OyIbIIl TOpa.
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06) by cucremMama poBEUIY3TOpTYIOPJSH COH JOYPT BEKTOpPJAH TO3€IroH
0acKbIUCBIMAH cUcTeMa OapJiblKKa KUjo. JIuMok, OUpeNraH cucTeMaHblH 0a3UChIH A4,
a,, 4z, A, BEKTOPJAphI TAIIKWI UTI. by Mucanga 6a3ucka KEpMaroH BEKTOpap K.

3. a4, a,, a3, a4 BEKTOpJIAp CHUCTEMAChIHBIH Oep O0a3ucChbiH TaOBITBI3 hom
0a3ncKa KePMOToH BEKTOPJIApHBI 0a3UC BEKTOPJIApHI allla KypcoTeres:

a)a; =(1;,-2;1;5;3), a, =(2;—4;3;3;,-5), az =(1;—-2;4;—16;—-30),
a, = (3;-6;4;8;,-2);

6)a; = (L, -11,-1),a, = (1, -2;0;-3), a3 = (1,1, -2; 3),

a, = (2;2;—4;6).

Yuwy. by mucanga 0a3ucka KEPMOroH BEKTOpJIApHBI 0a3uc BEKTOpJaphl alia
KYpCOTEpro KHUPOK, IIyHa Kypo hop aasiMaa HHHAM  POBEIIY3TOPTYIIOP
OanIKapbUIraHbIH S3bIT 0ApBIPOBI3.

a) bupenroH BekTopyiapJaH MaTpuila Te3el, aHbl O0aCKbIUCHIMAH POBEIIKD

KATEPa0e3:
1 -2 1 5 3\& /1 -2 1 5 3 ay
2 -4 3 3 =512 [0 0 1 -7 -—11\|az—2a;
1 -2 4 —-16 -30Ja3 |0 0 3 —-21 -33|az—a
3 -6 4 8 -—-2/a \0o 0 1 -7 -11/a3—31

1 -2 1 5 3 a,
0o 0 1 -7 -11 a, — 2a4
0 0 0 O 0 |5a;,—3a;+a;
0 0 0 O 0 as —a; — a

Jlumok, OMpEeNToH CUCTEMaHBIH PAHTbl MKETd THUTEe3, CUCTEMa ChI3bIK4Ya Ooiiie

~

hom a4, a, — 6a3uc BekTopnapsl. by 0a3ucka KepMoroH a;, a, BEKTOPJIAPBIH Oa3uc
BEKTOpJIApHI aia KypcoTuk. as + 5a; — 3a, = 0, ay — a; — a, = 6 OynranibikTaH,
as; = —5a; + 3a,, a, = a; + a, 6yna. llynaii uren, az, a, BEKTOpIapblH Oa3ucKa
KEproH a4, d, BEKTOPJAPHI allla KYpPCoTd alAblK. by Mucanga WKemop BEKTOPAaH
TO3EITdH A4, A3; A1, Ay4,05, A3;Ay, 04,03, Ay KEUE CUCTEMATIAPHI /12 ChI3BIKYA Oolices,
IIyHa Kypo anap ma 6aszuc Oynbin Topa. basuc uten a,, a; BEKTOpIapbIH alicak, d,,
a, 0a3ucka KepMoroH BekTopiiap Oynanap. AnapHbl 0a3uc BEKTOPJIAPHBIH ChI3bIKUA

KOMOHWHAITMSACE alla KypcoTy edeH anjaH Tadsuirad 5a; — 3a, + az; = 6 hom a4 +
5 1
a, — a, = 0 TUTre3NEeKIOPEeH KyJUIaHbpra MeOMKHUH. JlepecToH 19, a, = M t2as
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KOMOMHAIUSICEH a4 = 4 + A, aHJaTMachblHa Kyilcak, a, = a; + a, = a; + §a1 +
%ag = §a1 + §a3 Oyna.
HIymrer poBernryo 0a3ucka KEPMATOH BEKTOPJIAPHBIH ChI3bIKYa KOMOWHAIIUSCCH
Oamika 6azuciap amia tTabapra Oyna.
0) Yuiry TyGoHg0reus Oamkaphbia:
1 -1 1 -1\a& 1 -1 1 -1 aq
-2 0 =3|a 0 -1 -1 -2)G—0

~ ~

1
1 1 -2 3 J|as 0 2 -3 4 |az—a
2 2 —4 6/ a4 0 4 —-6 8/a,—2mq4

1 -1 1 -1 a,
0 1 1 2 ap —a;
"o 0o -5 o0 |az—a;+2(a;—ay) "~
0 0 —-10 0/ as—2a;+4(a;—ay)
1 -1 1 -1 a,
10 1 1 2 a; —da;
0 0 -5 0 as — 3a, + 2a,
0 0 0 0/ a, —6a, +4a, — 2(az — 3a, + 2a,)

MoHHaH OWpeNnToH CUCTeMaHbIH Oep Oa3ucel {a,, a,, a3}, aHBIH PaHTHI OUYKD
ture3 hoM cHcTeMaHBIH ChI3bIKYA O9ilyie OyiIybl KypeHo. a, — 2a; = 0 Oynraxra,
a, = 0a; + O0a, + 2a; Oyna.

4. b BEKTOpHI 44, A5, A3 BEKTOPJIAPHIHBIH ChI3bIKYa KOMOWHAIUSACE PIBEIICH D
KYpCOTeIepIIeK UTEI A TapaMeTPBIHBIH 0apIbIK KBIHMMOTIOPEH TaOBIThI3:

a)a, = (2;3;5),a, =(3;7;8),a; = (1;—6;1),b = (7; =2; 1);

6)a; = (3;2;6),a, =(7;3;9),a; = (5;1;3), b = (4; 2;5).

Yuwy . bupenroHBeKTOpaapAaHMaTPULATO3El,

aHBIOACKBIYCHIMAHPIBEIIKOKUTEPIOE3.

2 3 5\a 2 3 5 ay
o3 7 8|2 _ (0 5 1 |2a2—3a; _
1 -6 1]as 0 -15 -3 2a3 —ay
7 —2 A/ b 0 —-26 21-—35/ 2b—7a
2 3 5 a
[0 5 1 2a; —3aq
0 0 0 2az — a; + 3(2a; — 3a,)
0 0 21-30/2b-"7a;+5(2a; —3ay)
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Monnan kypeHranud, 24 — 30 = 0, srpuu A = 15 Oynran oupakrta b BEKTOPHI
a4, a3, A3 BEKTOPJIAPHI allla ChI3bIKYa KOMOMHALIMS PIBEIICH IS KYPCITEIQUIK.
0) by mucanna TyGoHIoTe MaTpuULianap 33JEKIIeNereH KapbliObI3.

2 3 6\@ 5 1 3 as

7 3 9\az_ [ -8 0 0 |%2—3as_
5 1 3]as -7 0 0 |a;—2a;3
A 2 5/ a \1—10 0 -1/ b—2a;4

_8 0 0 a, — 3a3
[ o 8 24 Sa; —7az
0 0 0 8a1 - 7a2 + 5a3
0 0 -8 (1-10)a, — (14 —31)a; + 8b.

Mounan {a,, a,, b} cucremachHbIH ChI3bIKYa 0dlice3 MKoHEH Kypaoes. Illyna
Kype b = (4;2;5) BekTopbl A canbl HUHAM Oylica 1a a, hoM az BeKTOpJIApBIHBIH
CBI3bIKYAa KOMOWMHAIIMSCE PAOBEIIEHId KypcoTenmasudk. L(a,, as) = L(aq, a,,as)
OyJNraHNbIKTaH, b BEKTOPHI a4, d,, A3 BEKTOpIAphl ama na Kypcoreiamu. Jumok, b
BEKTOPBl 4, 4y, A3BEKTOPJApPHI  amla  ChI3bIK4Ya  KOMOWHAIMA  POBEIICH[

KypcoTenepiiek A caHbl 10K.
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4 nye oOynex
KOMIUIEKC CAHHAP TEOPUSICE
§ 4.1. MaTeMaTHKa/Ia CAHHAP TOLIEHYICE

MaTemMaTUKaHbIH Y3 HXTBIDKIAPEI hoM TOPMBIII MOCHOIANIdpPE Tepiie caHHAp
KYIUICKIIOPEH To3Yyro KuteproH. CaHHapHBIH MH ohoMmusiTiece —Hamypaib CamHap
kymiere N = {1, 2, 3, ... }. By cannap spaoMen 1o cansliiap hoM KYIJIEKIOPId TOPTHII
TOLIEHYSCE KepTanop. Mke HaTypanb CaHHBIH CyMMAachl hoM TamKbIPUYbITHIIIBI
HaTypainb caH Oyna. Jlokun N kymiereHzge a + x = bTUre3noMaceHeH Kanoep
oupakiiapja yuiieneme Oynambiid. Moconon, 5 + x = 3 Oynca, x = —2 — Harypalib
can Tyrei. [lumok, MKe HaTypajdb CaHHBIH aepMachl hopBakbIT HaTypaidb caH Oyna
anMmbiid. IllyHa xypo N KyIulereH KMHOWTEN, ssHA CaHHAp KYIUIETE€ TO3Y MAChAJIdCE
kunen Tya. By —6emen camnap xymnere Z = {0,+1, +2,43,...}.Z xymierenao
CaHHApHBI Kymiapra, ajasipra hom tamkbeipiapra MeMKUH. JIokuH Oy KymuiekTo Oyny
ramojie  OMpenMoroH, SI'bHM Kaiibep a,b ©OeTeH caHHapel ©YeH ax =

bruresnomoceHeH Z KyIUIETEHIQ uuiesnenie OynMbrid. MoconoH, 2x = 30ynca, x =
3
- 0OTeH caH Tyred.

Orop Z KyIUIeTeH KUHOWTeI, Oyny ramose 10 OUpenroH KYIUIEK TO3€COK, YII

payuonans cannap kymiaere @ Oyna: Q = {tl t = S, p.q€EZq+ O}. MacoanaH,

3 5
0eQ,5€Q —-2¢€ Q,; € Q’E € Q.Panmonanb caHHap KyIUIeTeHo OOTEeH caHHap hom
OapiIbIK TaaW BakIaHMaiap Kepd. Telmoco HUHAM palMOHAlb CAaHHBI YHKIIEC SHCO

YUKCe3 IMEpPUOAMK YyHApJbl BakjJaHMa poBelIeHAd Kypcoten Oyna. Jlokun

MaTeMaTuKaia MepruoauK OyIMaraH YMKce3 yHapJibl BakiiaHMmanap na 6ap. MoconoH,

V2,43 ++/5, m,e. Mongprii CaHHAp UPPAYUOHATbL CaHHap IWI artana. PanuvoHanb
CaHHapra MppalroHalb CAHHAPHBI 1a ©CTIray, siHa KYIUIEK — pealb CaHHap KYIUIere
RO6apnpikka kwmd. Jlumok, Oy Kymek Oapiblk (YuKIe, 4YUKce3, Mepuoauk hom
MepPUOIUK OyJIMaraH) yHapiIbl BaKJIaHMaJIapJiaH Topa JUIl olTepra Oyra.

IOrapspina oliten KUTKOH CaHHAP KYIUIEKJIOPEHEH TO3EJICIIEHHOH

N c Z c Q C R ukoHeH Kypabes.
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8§ 4.2. KoopauHataap Typbichbl hoM caHHAPHBIH FTeOMETPHK CypaTe
SccpubikTa HUHAKAEP | TyphICHl YTKIpen, aHaa aepeiM 0ep HokTa —0 HOKTAacHhl,
o6epomiiek kucemtaceH [0,1] ambriik, hoMm TypbIHEIH f0HANIEIICH Ounrenuk (pac.1):
e O -
0 i /

Poc. 1

By Typsl K00pounamaap mypueicel nun atana.

Tenoco HUHAM HAaTypaslb, O6TEH, PAllMOHANb CaHTa KOOPJIMWHATIAP TYPHICHIH/IA
O0ep HOKTa TUHASUI OynbIn Topa. MacanoH, HaTtypanb caH 4 OupenraH OyJCHIH JH.
Koopnunatnap TyphichIHIAa aHa THUHISII HOKTaHbl Ta0y eueH, (0 HOKTachIHHAH

Oarwnan, 6epoMIIeK KUCEMTOHE OUPENTaH Typhira 4 Tankelp yiayon canadbi3. [ymaii
1
uTen Ta0buIraH A HOKTachl 4Kd THHIOII HOKTa Oyna. 3 , CaHbIHA THHJIOMI Oynemn B
HOKTachl Topa. AHBI Taby e4eH OepomileK KHCEMTOHE KOOpAWHATIAp TyphIChIHA 3
1
TanKbIp CaJbIl, TarblH OEPOMIIEK KHCEMTOHEH , ©JelIeH ectnbe3. € HOKTachl —2
CaHbIHA THUHJSUI HOKTa Oyna. Y OepomiieK KUCEMTOHE MKE TAlKbIp HYIBASH CYI
1
sSIKKa (aJIBIHTaH IOHAJIENIKa KarMa-Kapiibl) cansin Tadbuia. Hokb rorapsiaareiya, —25

caHbIHA TUHIQII OyaraH D HOKTackH Tab6abbI3 (pac.2).

D C B 4
'—O‘O—@_O——Q-—()——Ho——o“
3 2 0

Poac.2

ynaii wuten, OapiablK palUMOHAIb CAaHHApPra TUHISUI  HOKTaJlapHbI
KOOpJIMHATIAp TYpBICHIHAA Owirenon Oyna. by BakeITTa KOOpAMHATIAP TYpPHICHIHIA
paIMoHallb CaHHAPTa THHJSII OYJIBI TOpMarad «Oyln» HOKTaJIap Jla Kajadak. Orap
Oy Typeima OapiblK peajilb CaHHAPHBI OWITEIOCOK, TaOBUITaH HOKTANap TYPBIHBI
TYJIBICBIHYA TyThlpauak. Peanb caHHapHbIH Oy y3Jere ajapHbIH ©3JIEKCEe3JIere JIUII
atana. by y3nek Oyenua hop peanb caHra KOOpAMHATIAP TYPHICBIHIATBI OEp HOKTA
hom, kupecenus, hop HokTara 6ep peasb caH TUHAII Oyia.

§ 4.3. CanHap KyIUIereHIdre raMdyJUIOPHEH TOll Y3JeKJape
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N,Z,Q,R «xymiexknopeHao CaHHapHbl Kylry hoMm Tamkeipiay ramosuiope
TYOQHAATE Y3IICKIOPTa Usl:
1. a+b=b+a, a-b=>b-a.
By y3nmek kyury hom manxwipraynvly kKomMmymamuénvlk Y3Je€re IHIl aTala.
MOKTAIITS YII ypbiH anblumovlpy 3aKOHb TUTL UOPTEIND.
2. (a+b)+c=a+(b+c), (a-b) c =a- (b-c).
By y3nex xywy hom manxeiparaynely accoyuamuenvik y3Iere W aTala.
MOoKToNTS Y1 0ewmulpy 3aKoHbl Oynapak Oumirene.
3. ar(b+c)=a-b+a-c, (a+ b):'c=a-c+b-c.
By y3nek TankeIpiaayHbIH KyIIyra Kapata oucmpuoymueisik y3Jaere AU aTaa.
MOoKTaIl yKyYbLJIaphl aHbl Mapanty 3aKoHbl AT 0SIaIap.
Z KyIIereH 10 aiy ramane 6ap, @ Q hom R KYIUIEKIOPEHI9 TarbkiH OYJ1y raMmajie
1o ecTano. JluMok, Tenoco HUHAM 0eTeH a, b caHHapwl edeH a + b, a- b GereH can
Oyna.
orop, a,b € Q(R)6ynca, azxb,a-b, % € Q(R). (acampiH b caHbIHA

OynroHao, b # 0 IUI HUCOTUTOHD).

Kymy, amy, Tankeipiay ramosuiope OUpeNroH CcaHHap KyIUIeTe CauHap
boxcpacel nun atana. Jlumok, Z— canHap OOKpachlH TO3U. OTop CaHHAP KYILIETCHIID
HYJIBrd TUTE3 OynaMmaraH caH Oysca hom aypt apudmMeTrk ramon Oupenco, 0y KyIuiek
caHHap KbIpbI 1uI atana. JJumok, Q, R— cannap xvipul Oynanap.

8§ 4.4. Komniieke caHHAp KYIJIEreH TO3Y

Peans canHap Kyriere HHYEK KEHO YHMKCE3 KYPEHMOCEH, Kailbep mMaTeMaTHK
MOCBOTIOJIOpHE Oy KYIUIEKTd uumien OyiMbiid. OWTHK; x?+ 1 = 0 THre3noMoceHeH
peanb caHHap KyruiereHAo ywimenemnie fok. [llyHa Kypo peanb cCaHHApHBI KHHOUTY
Mochanoce Kuien tya. KoopawmHaTinap TyphICHIHAA peaidh CaHHApAaH THINI Oarika
caHHapra ypbeIH OyiMay coOorute, 0e3ro KUpIKJe sSTHa CAaHHAPHBIH T€OMETPHUK CypaTe
SACCBUIBIK ~ HOKTajapbl  Oynpipra THeml.  SICCBUIBIK ~ HOKTaJapblH  ajJapHBIH
TYPBITTOYMAKITBI KOOpIMHATIIAP CHUCTEMACHIH/IaT bl UKe KOOPIMHATHI
(TOpTUILISLITEPENTOH (a; b) naphbl) OeJloH oupen Oyna. [lyna

kypaf{(a; b | a,b € R }— siccbuibIKTarsl 0apiiblKk HOKTAIAP KYIUIEre€H TOIIKKI UTD.
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Hlymbl  KYIUIEKKS THHISMI Oyibll TopraH caHHap KkymwiereH C  gun
Tamrainsliinap hom xomniexc cannapkyniezce AWI aThIATap.

HOumok, C = {z|z = (a;b),a,b € R}. by xymiekneH hop sieMeHTHI
komniexc can man artana. Kommiekc canz = (a; b)eueH xOY SCCHUIBITBIHIATHI
tugaom Hokta M (a; b) Oyna.(a; 0)canbsiHa THHISIT HOKTA OX KYYOPEH/IO YPHAIIIKAH.
By a peans canbiHa THHAOI OynraH HokTa Oynawak. lllyHa xypa(a;0) = a agun
kunemenrad. Jumok, R © C. Kyn oupaknapna z = (a; b) xommiekccanslH OM
BEKTOpHI OeloH TUHIMISP. by BektopHbIH Oanuianrera Hoktackl —0(0; 0), oyl —
M(a; b).

lysmaii 6yaranmga 3 = (a; b)hom u = (¢; d) KOMIUIEKC CaHHAPBIHBIH CYMMAChI
ypBbIHBIHA anapra THHJIOIIT BEKTOPJIAPHBIH CyMMAachIH

aneipra O0yna (pac.3).

Pac.3
MoHHaH  KOMIUIEKC  CaHHapHbl  KyIIy  Karbldjgace  KWwiell  9YbIra:

(a; b) + (¢;d) = (a + ¢c; b + 4d).

Moconon, 3z, = (5;—-3), 3, = (—2;4)6ynca,z; + 3, = (3,1)0yna. 3z, =
(=2;—-1),z, = (0; 1) Oyinca, 3, + 3, = (—2,0).

C KymiereHmo Kymry ramone euyeH RkymiereHmo  yromo  TopraH
KOMMYTATHBIIBIK hom aCCOITMATHBIIBIK 3aKOHHAPBI cakJiaHa, ATBHA
z+tu=u+3 (3+u)+v=3+ (u+ v)oyna,z€CuecC, veC.

Komruteke caHHapHBI TamKbIpiiay TraMolIeH 19,R KYyIUIETeHIo YTolo TOpraH
OapJIBIK Y3JICKJIOP /19 CAKIAHBIPIIBIK UTEIT OUITEIIOPTd KUPIK.

ScchulbIKTarel  BEKTOpPJApHBI  peallb  CaHra  TamkpIpiay — ramojie
Oowmnrene OynaraHra Kype KOMIUICKC CAaHHApHBI peallb CAaHHAapra TalKbIpiay TraMaje /19
OUpeINraH ausaprs Oyna.

Humok, z = (a; b) € C,k € RGynca, kz = zk = (ak; bk).
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Kommekc cannap xymierenao(0; 1) cansl aepsiM ypbIH ajbintopa. by can
yinauma bepamnex aun atana homi tamracel 6emoH Tamranana. Jumox, (0;1) =
iMounan ik = (0; 1)-k = (0;k),ki = (k; 0) -1i.

C KyIJIereH19 KOMMYTATUBIIBIK 3aKOHBI YTAJITOHJIET€H UCANKS alcak, ik = ki
OyJbpIpra TUenl.

Humaxk, (k; 0) - i = (0; k)(pac.4).

o A

(0.k) &

L .

C——
(k,0) X

Poc.4

[llynai uren, peans CaHHBI [CAHBIHA TAIIKBIPJIAY — QJIETE€ peallb CaHra TUHJIDIII
Oynran OxKyuopeHJore BEKTOpHbl yHai poHonemTd 90°ka Oopy yia. Orop
(k; 0) BexTopbl ypeinbina (0; 1) BekTOphlH ajcak, Oe3 yilmanMa OepoMIICKHEH
KBaJIpaThiH Taba amabei3: i = i-i = (0;1) i =(-1;0) = —1.

MoHHaH WIYHABIA HOTWXKY SCHINOBI3: Cryniecenda Katibep caHHapHLIY
Keaopamwl muckape can 6yna. R xynnerenao 6omnai 0ysay MOMKHH TYrea Uie.

by BakbITTa
(;b) i=(a;0)- i+ ;b)) i=(0;a)+ b(0;1)i=(0;a)+b(—-1;0)= =
(0;a) + (—b;0) = (—b; a) (pac.5).

Pac.5

JIUMOK, Teoco HUHAM KOMILUIEKC CaHHBI yHJIaHMa OEepoOMIICKKY TamlKbIpiay —

aHa TUHIOII BEKTOPHBI yHail roHomemTd 90° ka Oomy Oyna. MoHHaH KOMILIEKC
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CaHHAPHBI TAMKBIPJIAY KAarbII9Ce KUIICT YbIra:
z-u =(ab) (d) =(a;b)((0)+ (0;d)) =(a;b)-c+ (a;b) - di =
= (ac; bc) + (ad; bd)i = (ac;bc) + (— bd; ad) =
= (ac — bd; ad + bc).

Mucanap.
1)z, = (5;-3), Z, = (—=2;4)
1'% = (5:(=2)=(-3)-45-4+(=3) - (=2)) = (2 26).
2) 3, =(—2;-1), 2z, = (0:1).
3172 = (=2 0-(-D"1; (=2)- 1+ (=1 0) = (1;-2)

C KYIUICTCHIOTe TaIKbIpJIay R KYIUICTCHI9Y TJIO TOpraH
KOMMYTATHUBIIBIK, aCCOILMATHUBIABIK hoM IHUCTpUOYTHUBIBIK 3aKOHHAPBIHA WS, STHHU
TEJIOCO HUHJIM KOMILIEKC Z, U, U CAaHHAPbI OYeH

zu=u-zG@wv=z-wWv),z-wWt+tv)=zut+z-v
Oyna.

orop, z = (a;b) 6ysca,a — ZKOMILIEKC CaHBIHBIHpeaib oJjeme, b aHbIH
yiiaumaeneuie Tdm aTtania.

z = (a; b) cannbiHa peans eieciieH Rez, o yiljanMa eielneH Imz = baumn
ownrenunop. Jumok, Rez = a, Imz = b.

KypHuonebeszuo, orop Imz = 0 Oyinca, komimnekc cadn 2z = (a;0) peans
acaHbIHA TOHTJI OyJIa.

orap, Rez = 0 Oyica, kommieke z = (0; b) caHbl yiunanma can JWII aTaia.
AHIBINA CaHHBIH TeOMETpHK cypare Oy KydopeHnore HokTa Oyma. JIluMok, KOMILIEKC
caHHaAp KyIuiere — peaib hoMm yiilaHMa caHHAp SPAOMEHID TO3EITIdH KYILICK YII.
[IlyHa Kypa A9 yJ KOMIUIEKC CaHHAp KyIUlere (ArbHU KaTJIayJjibl, raad OyJaMaraH) JIHII
aTasa.

oropma(a; 0) = a, hom  (0;1) = i, (0; b) = ib UKOHIIETEH  HCOIKD
ancak,komiuiekc z = (a; b)canbin 3 = (a;0) + (0;b) = a + ib poBenIeHAd A3bII

Oyna. Komnnexc z canvinbiy OONAW S3BUIBINIBIH aHBIH aneeOpauk paseuie AT
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aTbIAJIAP.

Mucan euen, 31 = (1;3), 3, = (3; —=2), 33 = (—1; -2), 3, = (—2; 3)0yrca,
aJapHbIH anredpanik poBelle TyOoHaorews Oynaizg; = 1+ 3i, 3, =3 — 20, 33 =
—1-2i,2, =-2+ 3i.

8§ 4.5.KanmMa-kapuibl KOMIUIEKC CAHHAP

z = (a;b)6ynca (-a; —b)canbl Z caHbIHA Kanma — Kapuibl CaH JHII aTaja
hom (- z) aun Tamranana. Jlumok, - 3 = (- a; —b).

Kanma — kapmsl canHapubly, ten yaiere: 3z + (—z) = (0;0) = 0. Anapra
o Oynran HokTanap (0; 0) ra kapara CHMMETpPUK Oysaap.

Moconon, 3, = (2;1) 6ynca, —z; = (—2;—1) 6yna, 3, = (1;—1) Gyica,
-2z, = (—1;1) (pac.6).

Poc.6

z, = (a; b), 3, = (c;d)bynca, 3, + (—2z,) = (a;b) + (—¢; —d ) =
= (a —c¢; b — d). by can z,hom 3z, caHHapBIHBIHaEpMACHL TUIT aTajga hom
Zq — Z, I TaMTaJaHa.
JIMMOoK, KOMIUTEKC CaHHAp KYIJICTEH/Id ajly ramaje 19 0ap ukoH. Y1 TyOoHIore
Kareliimo0yeHda yToo:
(a;b) —(c;d) =(a—c;b—d).
MaconoH, 3, = (5; —3), 3, = (—2; 1)0yuca,
21— 322 = (7, —4), 32— 21 =(=7;4).
8§ 4.6. Y3apa usipenuie KOMILUIEKC CAHHAP

orop z = (a; b) Oyinca, (a; —b) caHbl Z Kauspellie KOMIUIEKC CaH JUIl aTala
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hom Z gun tamramana. Jlumok, Z = (a; —b).3 hom Zyszapa uspewne xomniexc
cannap JIMN  arajga. Ys3apa UApelule KOMIUIEKC CaHHAPHBIH CyMMachl hom
TAaNKBIPYBITEIIIE hopBaKbIT peans caH Oyoa:

z+%2=2a0)=2a€R

z-3=(a®*+b%0)=a’+ b’>€R

Y3apa uspenuie KOMIUIEKC CaHHApra THHASMI OyiaraH Hokrazap OX Ky4opeHo

CUMMETPUK ypHamanap. Mucai (pac.7):

3 3 3\ 3
5= (1) a=G1)a=(-2-3)5= (23

Poc.7

8 4.7. Y3apa kupe KOMILIEKC CAHHAP
u=(a;b) EC,v=(x;y) EC. Oropuv =1 0Oyica, u,v— yzapa Kupe
KOMNJIeKC CAHHAp AT aTala.
u-v=_(ab)- (x;v) = (ax — by;ay + bx) = (1;0).

ax — by =1,
Jlnmoak, by Turesnomasnope cucTeMachlHHAH
bx + ay = 0.

a B b
a? + b2’ Y= a? + b2

uKoHeH  Tababeis.  Orop  u = (a;b) # (0;0) Oynaca, u- v = lmapren

X =

KAHOTATBJIOHJACPTOH U KOMIUIEKC CaHbl hopBakbIT TaObuTadak. AHBI u” Laun

TaMraJblIap.

Jumok, u~! = ( ¢ . __Db )u- v =2 6y can u Hbl Ura GYIroHAD
’ a?+b2’  aZ+b? v

109



TaOBUITaH oew JUII aTajaa.

oropu = (a; b),v = (c,d) Oyica,

u (@ b) ( c d ) (ac+bd bc—ad)ec
—=(@an)- ; — = ; :

v c?+d?’  c?+d? c?+d?’ c?+d?

[lynait wrTen, KOMIUIEKC CaHHAp KYIUIETeHAQ Oyily ramoie a9 Kepreno.

Mocoanoan, z; = (1; —2),z, = (2; 3)0yica,
zl_<1-2+(—2)3 (—2)2—1-3)_( 4 7)

Zy 13 ’ 13

B 5 ’ 5

Zy (2-1+3(—2)_3-1—2(—2)> _( 4 7)
Z
8§ 4.8. Kommjieke caHHap KbIPbI

C KyIiereHo AypT apupMETHK TaMaJ — KyIIly, ajly, TankeIpiay hom Oymy
owirenonae. Ania olTkoHe6e34d, Kylry hoM Tanksipyiay raMmoiiope KOMMYTATHB,
accormatB hoMm TamkeIpiay Kyuiyra Kapara TucTpuOyTUB Oyanap.

Jumak, C xyrere canHap kKeipsl Oyina hom Qc Rc C.
8 4.9. Airedpank poBelITITe KOMIUIEKC CAHHAPHBI KYIIY, a1y, TanKbipiay hom

oyay

Z4 = a + bi, z, = ¢ + dibynceiH. by BakbITTa

zi+2z,=(a+c)+ (b+ d)i, zy— 2z, =(a—c)+ (b —d)i,

z, -2, = (a+ bi)(c +di) = ac + adi + bci — bd = (ac — bd) +

+(ad + bc)i,

zyz a+bi (a+bi)(c—di) ac+bd bc—ad.

Z, c+di (cHd)c—d) S+ aZraz”

Mocoanon, z; = 3 — 2i,z, = 1 + 3i0ynca,

Zl+ZZ=4‘+i, Zl_Z2=2_5i, ZZ_Z1=_2+5i,
Zl'ZZ=9+7i, —_—=————1

8§ 4.10. Kommuiekc caHHAPHBIH TPUTOHOMETPHUK pPIBellle

Oiitkone6e3ud, z = (a, b) cansina OM BexTOphI TUHAAM Oyna (pac. 8).
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Pac. 8

|OM| =71 — OYBEKTOPHBIHO3BIHIIBITHI, op —
Oxxyuopedenon0M BeKTOpbIAPACHIHAATBINOYMAKOYIICHIH,

r— TUCKOpeOyIMaranpeanbCcaH,
yaTypbinouMakiibl OAMeUYnoUMarbIHBIHTUITOTCHY3aChIO3BIHIIBITEL, UMK, 1 =
va? + b2,

By can zcawnvinoiy moodyne nun arana hom |z| uren tamranana. Jumok, r =
|z|.hop xommnekcz = (a;b)cansl ouen |z| = Va? + b? Oepuon-6ep TUCKIpE
OyynMaraH peaib KBIHMMOT aja.

(¢ TIOUMAarbel Z CaHBIHBIH apeyMeHmul UM atana hom Arg z wren Tamranasa.
Arg z yHa#, TUCKOpE, HyJIb KbIMMMOTIIOpE albIpra MOMKHUH. hop komrmieke z edeH
Arg z HBIH KBIMMMOTJIOpE YHKCe3 KYII, anap Oep-OepceHHoH 2Tn paauanra (360 n
rpajycka) aepblUIbII TOpajap.

0 OenoH 21 apachIHAATBl TIOYUMAK ApeyMeHMHbIY MOn KvitiMmame Oyna hom
arg z nun ounrenons. Jlumok, Argz = argz + 2mn,n € Z.

orp z # (0; 0) Oynca, aHbIH apryMeHTHIH hopBakbIT TaObII OyIa.

z = (0; 0) caHBIHBIH T'bIHA APTYMEHTHI OYIIMBIH.

Kommnekc caHHBIH apryMeHTHIH Tal0y edeH TyOoHmore Qopmynanap

KyJUIaHbLIIA:

_ b
cosp = —, sing = —.

MoHHaH apryMeHTHBIH TOI KbIHMMOTeH TaObm Oyna. Kym BakeITTa
apryMeHTHbI Tabapra OMpPEeNroH CAHHBIH TEOMETPUK CYPITE SIPAIM UTD.

Mucau uten TyO9HASTEe CAaHHAPHBIH MOAYJIeH hoM apryMeHTbIH Ta0apObI3:

1) z=(1,—V3) (poc.9,a)
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P NTF3=VE=2, L v3

cosQp = > sing = 5
Humok, Argz = 5?71 + 2k, argz = 5?”
2) z=(—1;—1)(pac.9, 6)
V2 V2
r=vi+1=+2, CosQ = ——-, sin<p=—7.

Argz = 2 + 27k -
rgz = mk,  argz =

3) z=(0;1)(pac. 9, 6

r=v0+1=1, cosp =0, sinp = 1.

/[ /[
Argz = ) + 2mk, argz = .

8)
Poc. 9

a = rcosg, b = rsing 6yny cobamre, z = (a; b) = a + bi = r(cosep +
+ ising). z = r(cose + ising) — z caHBIHBIH TPUTOHOMETPHK paBelie Oyia.

FOrapeinarsl MucaquTapHbl UCOTIKS aJIBIN, OMPEITOH CaHHAPHBI TPUTOHOMETPHUK
POBELITd KYPCOTUK:

51 51

1Hz= (1;—\/5) =2 (cos?+ i sin?).
51 51

2)z=(-1;-1) = \/E(COST +i sinT).

yis yis
3)z=(0;1) = cosE+ i sinz.

§4.11.
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TpuroHoMe TpMKPIBEMITIOUPEITIHKOMILIEKCCAHHAPHBITANKBIPJIay hamoy Ty
z, = ri(cos@, + i sing,),z, = ry(cose, + i sing,)0yChHIH.
VY11 BakbITTa
zy - Zy = 11(cos@q + i sing,) - r,(cos@, + i sing,) =
=nr1,((cose, * cosp, — sing; - sing,) +
+ i( cosgq - sing, — cos@, - sing,)) =
=11 1(cos(@q + @2) + isin(p; + @3)).
JIMMOK, TPUTOHOMETPHK PIBEIITS SI3bIITaH KOMIUIEKC CAHHAPHBI TAIKbIPJIAy
©UCH aJlaAPHBIH MOYJIBJIOPEH TAMKBIPJBIAIAP, 9 apryMEHTIAPbIH KyIaiap.

Srean|zy - z,| = |z4| - |22], arg(z, - z,) = argz, + argz,.
orap z, = i = c0s90° + isin90° - Oyca,

7y i = 1ry(cos(p; +90°) + isin(¢p, + 90°)).
By ©Oe3ro Owunrene OyiraH HOTHXO: Zp 'l BEKTOPbl Z; BEKTOPBIH YyHai

z .
roraneinTd 90° xa 6ophin TadbuIa. Xo3ep— He TaOBIIK:
Z3

zy _ri(cospy +ising;) 1 (cos@q +ising) - (cosp, —ising;)
Z, T1,(cos@, +ising,) 1, (cos@, +ising,) (cose, —ising,)

_ 11 (cos(ps — ¢2) + isin(ps — ¢2)) _ "L (cos(@r — @) +i sin(@s — 02))
T, cos?@, + sin?@, T, $17 @2 17 ¢2

JIMMoK, KOMIUIEK CaH Z{HeZ,Td Oyiep eueH, Z;HeH MOJYJIeH Z, HEH MOIYJIEHO

Oynonop hom z,HeH apryMeHThIHHAH Z, HEH apryMeHThIH ananap. lllynai urer,

Zq Z7

Zy

Z7
,arg— = argz; — argz,.
Zy

Z3
. 21 , . 21 T , . T
Mucan: z; = 2 cos?+ Lsin—),z; = 3 cosz+lsmz OyJca,
Z ¥4
Zy " Zy ,— , =2 caHHApBIH Ta0a0bI3.
1722, 0 5]
21 TL')

= cos(24 T
Z1 "33 Ccos 3 4

Z1 2( (27‘[ TL') bisi (Zn n)
%, 3 cos 3 12 i sin 372
)

Z2_3< (n 27‘[>+_ _ (n 2
22 cos 173 i sin 3

) —6( 11n+_ ) 1171)
= 6| cos 1 [ sin 17 )

coOS— + i sin—

( 12 12
(

(-2) +tsn(-3)
CoS 12 lSIn 12))

51 57'[)



['anatTa, apryMeHTHBIH Tol KbIMMMATeH ananap. LllyHa Kypa COHI'bl MHCAJIHBI JoBaM
UTOpPra Oyna:
Z; 3 5n o 51 3 19t  19¢
Z_1 = E(cos (—E + Zn) + isin (_E + 271)) = E(COSE + lSlnE).
§ 4.12. KoMILIeKC CAaHHAPHBI KYIILY, aJ1y, TANKBIPJay hoam Gy1yHeH reoMeTpuk

MII'BHICE

Z1=aq+ ibl,Zz =a, + lbz 64eH g, + 3, = (a1 + az) + l(b1 + bz)

S —
0 daH a) a) + @ X

Poc. 10

Kypronebe3uos, z; + 2, CaHBIHBIH T€OMETPHUK CypoTe — sKIapbl Z; hom 3z,
BEKTOpJIaphl OyJraH IapajuieIOrpaMMHBIH  JUaroHaie, 2, — 3y = 31 + (—33)
Oyiaranra Kypd, 3Z; — 3, fAKiIapel 3; hom (—3z,) Oyiran mapauielorpaMMHBIH

nuaronane 6yna (pac.10,11).

Tankelpray hom OyJiyHEH Te€OMETPUK MOrbHOCE OWPEIroH CaHHApPHbI

TPUTOHEMETPUK  POBEIITd  alicak  aHjaeuuibipak  Oyma.  IlyHa  kypo
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%, =1(cos@, +ising,),z, =1,(cosp, +ising,) OyiaceiH. benarone6esuo,
|71 " 22| =115, arg(z, - z;) = argz, +argz, = @1 + @,

JIUMOK, Z, * Z, HEH T'€OMETPUK CcypaTeH Taby eueH Ox kyuope Oemon (¢ +
@) moumarsl sicar Topyusl (0; 0) HOKTaChIHA YBLIKKAH HYpP bl aHda O3bIHJIBITEL 15 *

T, OyJraH paguyc — BEKTOp Te3U0e3.

2—1 ro TUHISWI OyiraH paanyc — BEKTOpHBI Taby eueH, Ox kyudope OenoH
2

T
(1 — @) TmouMarel sicar TOPy4bl Hyp AJbII, aHa O3BIHJIBITHI T—l Oynran paguyc —
2

BEKTOp Te3H0Ee3.

besnen mucanmary = 1,5,r, = 2. llyHa kypo 1y " 15, = 3, :—1 = 0,75 (pac.12).
2

Z1° 22 ‘A‘}’

O
\717¢l _)
0 @1 - ¢
l X
' Z1/ 23

Poc. 12

8 4.13. KoMIuteKC CAHHAPHBI IIPIIKITI KYTIPY

KoMIuteke caHHApHBI JOPIKITY KYTOPYHE TPUTOHOMETPUK POBEIITd SIUIQY
YHaWJIBIPaK.
z =r1(cos@ +ising),n € N 6yica,z" = r"(cos ¢ + isinng).
by Myasp dopmynacel. AHBI MaTeMaTHK UHIYKIHS 061 O€IoH ucbatelitnap. n = 1
Oyica,

r(cos ¢ + isin @) = r(cos ¢ + isin@).
Jlumok, n = 1 eden dopmyna gepec Oyna. n = k Oynranma, ¢popmysa Jepec

aun dapa3 UTHK, ATHHU

(r(cos ¢ + isin <p))k = r*(cos ke + isinke)

OYJICBIH.
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VY11 BakbITTa
(r(cos ¢ + isin <p))k+1 = r(cos¢ + ising) - (r(cos ¢ + isin (p))k =
=r(cos¢@ +ising) - r*(coskep + isinkg) =
= r**1(cos(k + Do + isin(k + 1)@).
Humok, Myasp ¢popmynacel n = k + 1 Oynrannaa na nepec.
Ilynait wrerm, Oy QoOpMyIaHBIH Jepeciere TeNdCd HHUHAW HATypalb JIOPIKD
KYPCOTKEYE OUYEeH MCOATIAHIBI.
Hckapma. MyaBp (hopMyliachl TEIOCO HUHIM OOTEH JTOPIKS KYPCITKEUE OUECH
110 nepec Oya.
n =0 6ynca, 3° = 1, 7%(cos 0 + i sin 0) = 1.
Jumok, 1 = 1 — dopmyina nepec.
1 1(cos0 + isin0)

n — = =
z™  r™(cosng + isinng)

3

= rln(cos(o —ng) +isin(0 —ne)) = r "(cos(—n)e + isin(—n) @).

Monnan MyaBp (OpPMyJIaChIHBIH THCKOPE HOPAXKD KYPCOTKEUE OYEH [0
JlepecJiere KUl Yblra.

Mucanaap:

i 7m\°
Nz>=01-1i)°= (\/E (COST+ ismT)) =

5 351w 351w
= (\/E) (COST + i sin T)

= (x/i)5 (Cos Gn +4- Zn) + i sin Gn +4- Zn)) =

= (\/5)5 (cos%n + isin%n) = —4(1-1i).
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)z P=(1-i)"°= \/E(cos7—n+isin7—n) _5—
2= - 4 4 -

1
5
V2

- Lol e 22 -

B 1( 57T+__5T[)_ 1(1+_)
—\/EE_)cos4 isin—- )= -2 [).

8§ 4.14. KomIuiekc caHHAP KYIUIET€HId TaMbIP airy

(COS(—S) -%ﬂ + i sin(=5)- %”) —

Orap Harypajiab N e4eH u’ = z Oyica, U KOMIUICKC CaHbl Z CAaHBIHHAH NHYe
0opadicodaze mamvlp OWT atana, hom u = \/z qun TamMranaHa.

z=r(cosp ++ising),u =¢(cosf +isinf) OynceiH. VY  BakbITTa
¢"(cosnf + isinfB) = r(cos @ + isin @).

Jumok, ¢" = r. Kocuryc hoM CHHYCHBIH mepHOIsl 27 Oyiny coboruie nf =

(pjkn, k € Z, popmynanapsr

@ + 2kn, k € Z. Monnan, ¢ hom 6 euen ¢ = \r, 0 =

TabbLIa.

Kyprone6e3uo, ¢ KOHKpeT peanb caH Oyrna, 8 caHpl k HUHIUOyIyra Kapamn
TOpJIE KbIMMMOT aja.

ONTHK, K— HUHAHAEP OOTEH caH OYIICHIH.

AHBI nra oynenk = nq + q POBELLICHOKUTEPETT Oymna,
MoHnaq € Z,0 < qo < n — 1, 4eHKH g, caHbl K HBI N ra OyJITOH/IOTe KAJJIBIK.

VY1 BakbITTa

¢ + 2km @ + 2(nq + qo)m @ + 2qom

K " = " = " + 2nq = 0,4, + 2nq.
JInmoK,
cos 8, = cos(é?q0 + an) = cosby,,
sin@, = sin(qu + an) = sinfy,.
[Ilyna xypa,

u, = Vr(cos6, + isinf,) = T{/F(cos 04, + isin qu) = Ug,

117



JIuMaK, KypeiabiaaO, 1, ..., n — lcaHHapbIHKYWTaHJA,
ZHEHNHYEAQPIKIAOre  NTaMbIpbITaObula.  kypbIHbIHAOAIIKAHUHIUT€HOOOTEHCAaH
KyHcakTa, sSHAaTaMmblpTaObUIMas4aK, yJAJIeKTaObUIraH TaMbIpiapHbIH Oepce OenoH
TOHI' 91 KWIIQUOK.

Orappiia oUTKOHHOPIOH HOTHIKY scall, KOMIUIEKC CaHHAH TaMblp aly

(opMyachlH KUTEPUK:

+ 2km + 2km
Vr(cosg + ising) = ’W(cos(pT + isingaT),

k=201, .., n— 1.
by ¢opmynabyenya  TaObulraHn  KbIIMMOTEHEH  MOIylbiope  Oep
YK,apryMeHTiIapsl hop aasiMaa 2ana aptein  Oapa. Jlumok, amap yzore (0;0)
HOKTACHIH/A, Paidychl /7 Oynrad oilnoHond sTamap hom 6y oiimoHoHE m THre3

OJICIIIKD OYJIoNap.

Mucauainap
1) V1i-1i= i/ﬁ(cos%r + isin%) =

6 4 2wk 4 omk
= [\2 COS4T + isin4T ,k=20,1, 2, 3,4,5.
Uy = 1§/§<cos;—z + isinZ—Z),ug = 1W(coss;1—4n + isingzl—:),
u, = 1V§<c05125—4n + isin125—4n), Uy = 1%/5(005329—; + isin329—4n),
U, = 1%/5(c05223—4n + isinzzg—:), Us = 1%(005% + isin427—4n).

12 o
by 6tambr aInyCHI {2 6ymran oiions 6eqoH  KaMairaH —Te3eK
M y y

ANTBITOYMAKHBIH TYOoope Oyibin Topa (pac. 13).
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Poc. 13

T+ 21k T+ 2wk
\/—cos( 2 + isin—),

2) V=4 = {/4(cosm + isinm)

4
k=012 3.

Uy = \/_(C05—+151nn) =1+1

4

3
U, = \/_(C05—+151n7) = —1+1

5
U, = \/—(cos—+lsmT) = —1 -1,

7T 7T

Uz = ﬁ(cosT+isinT) =1-1i

Ug, Uq, Uy, Uz — PATHYCHI V2 GyiIraH oiIoHs GElIoH KaMajiraH KBaJpaTHBIH TYGamape

(pac. 14).

Poc. 14
Kowmmneke canappan Tamplp anraHaa, KailBakpITTa Oep Y3JIeKToH (alganaHy

DIIHE KUHETOUTI.
Besra V/z; - z,Tabapra Kupak OyJaCHIH Au. OUTHK, t — 3/Z;HEH HUHIUAEP Oep

KBIAMMOTE, Ug, Uy, .., Up—q — A~/ BpHEH OapibIK KBIAMMOTIOpE. Y BakbITTa t°
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Uy, t" Uy, o, L Uy_q — VZq " ByHEH OAPIBIK KBIAMMOTIOpE Oyiaa. MOHBIH IIymai

HWKOHEH McOaTiIan KUTUK:

1. t-ug t-uy, ..., t-u,_q caHHapel Oep-OEpCEHd TOHIAN KWJIMUIAP,

YOHKHU Ug F Ut.

2. (tu)d™ = t"uy = 313,
JTuMok t-u, =Vz,°%,,5s=0,1, ..., n — 1.5rpun
{tuy, tuy, ...,tu,_1} — (31" Z2)HEH N HYE OOPAKD TaMBIPIAphI, AAPHBIH CaHBI

n.JluMok, Oy KYIUIeKTd 6apJibik N TaMbIp jaa 6ap.

Mucaa.

V=64 = /16 - (—4) uKoHeH UCOIK ajCaK,

Vie = 2,V—-4 ={1+i, —1+ i, —1 — i, 1 — i}6yny coborre,

V=64 = {2 +2i, -2+ 2i, —2 — 2i,2 — 2i}.

8§ 4.15. KomIuiekc caHHAPIaH KBAAPAT TAMBIP a1y

FOrapeina kurepenron GopMmyia KOMIUIEKC CAaHHAH TEIIOCO-HUHIU TOPIKIIITE
TaMBIp ATy ©YeH SpaKibl. AHBIH OyeHYa TaMbIp anraHaa, OUpeNroH cCaHHBI hopBaKbIT
TPUTOHOMETPUK POBEIIKd KHTEpepra KUpoK. KBampar TaMblp anyHBI anreOpaunk
POBEIITS 719 AILTAN OyIIa.

Z = a + bi6ynceiH. besra Va + bi = x + iycaHelH Tabapra KHPOK.
bupeno x,y — Ownrece3 peanb caHHap. TUTe3NoMOHEH WKE STHIH Ja KBaJpaTKa
KYTOpHK:

a+ bi = x? — y? + 2xyi.
Vi1 BakbITTa

{xz _ yZ = q,
2xy = b.

By cuctemans! unmen, xhom yHbl Ta6a0bI3.
Hlymaii utemn, va + bi = x + iy TaObulasyax.

Mucajiap

1) z = 3 — 4i, V3 —4i = x + iyHbl Tabapra KUpaK.
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x hoMm y GunrecesnopeHs kapara cuctema Te3udes:

x? — y? = 3,
{ny = —4.
y = —% Hbl OepeHue THIe3IoMorad Kyell, XKa KapaTa OMKBajapaT THUTE3IOMQ
Ta0a0bI3:
x* — 3x? — 4 = 0.x% = toynca, t? — 3t — 4 = 0
TUre3I0MOCeHeH unenenuope: t; = — 1,t, = 4.
x? = —1,6yna anMelif, UMK x? = 4.MoHHaH X; = 2, X, = —2.

by BakpiTTa Y; = —1,y, = 1.
Tumok {2 — i, —2 + i} = V3 — 4i.
2) z = =24 — 10i. V=24 — 10i = x + iyHbI TaOBIWK.

by mucanga 6e3ra Kupok cucreMa MOH bl Oyia:

{xz — y?2 = —24,
2xy = —10.
AHBIH yumenenuiope: x; = —1,y; =5,x, = 1,y, = =5.

Jumok, Vv—24 — 10i = {—1 + 5i,1 — 5i}.

AnreOpanK poOBEIITd KBaJApaT TaMbIp ally KOMILIEKC CaHHApP KYIUIETEHIIO
KBaPaT TUTE3JIOMAJIOP YHIITKOHAD (haii1aaHbua.

ok, 06e3ro z2+2z+1—2i =0 TUre31oMOCEH WYHIIEI, >KABAIIHBI

anreOpaviKk PIBEINTd s3apra KUPOK OyichiH. KBagpar THUTre3IoMoHEH TaMbIpiapbiH
Taby popmynaceiHHaH z; , = —1 £ V2i Taba0sI3.
Z4, Z HE aNreOpanK PoBEIITd KYPCITEPId KUPIK.

V2i == x + iy OynceiH. By THWre3moMoHeH WKe STbIH Ja KBaJpaTKa KyTopeT,

x2—vy%2 =0,

TYOOHJIoTE CUCTEeMaHbI TO3UK: {
2xy = 2.

By cuctemaHbIH YnIIeNeNIIOpEeH Ta0a0bI3:

xz;, F—y2=0, arpHu y* =1, y?2 =1, y = +1.
by BakbiTTa X = +1. I[I/IMQK,\/Z = +(1 + i). llyna xyp9
z7=—-1+1+i=1, Zp=—1-1—-i=-2-1i
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OMPEIIroH TUTE3JIOMOHEH alreOparK pOBEIITITE YUILIETEIUIIPE.

§ 4.16. KomIulekc caHHAD KYILUIEreHId OepHEeH NHYE JIPIIKI TaAMBIPJIapbl

bunrene hopmyna Gyenya

V1 ="%cos0+isin0 = cos%+isin%, k=01,.. n—1.

Jnmoxk,

& =cos0+isin0 =1,

2n . | 2m
& = cos— +1isin—,
n n
2n(n—-1) 2n(n-—1)
&n—1 = COS—— +isin——.
n n

KOMILIEKC CaHHAp KyIUIereHnd V1 HeH nKbIiMMOTe.
AnmapHbeiH Oepce hopBakbIT 1710 THTE3, o KalnraHHapbl paguychl 1, y3ore
(0; 0)Oynran olnoHOHE THUTre3 M ejenkd Oynen ypHamkanHap. LllyHa kypo OGepaon

KOMIUIEKC TaMbIp KBIMMMOTIIOpE y3apa uspenuie Oya.

Moaconon, 15 Hue pacemao V1,41, Y1 uen KBIIMMOTJIOPE KYPCOTEIITOH.

Pac. 15

nakern cau 6yica, V1 HeH nke peansb Tampipbl 6ap (1 hom —1), n— Tak cau 6ysca, V1
HeH Oep reHo peasb TaMbIpbl Oyma (1).

Hckapma.\/zreH Gapnblk KbIIIMMOTIOpEH V1 Hen KbIIMMOTJIOpE allla TaObIM
6yna. MoHbIH e4eH %/Zz HeH HHHIH 10 6yica Gep Kbiiimmore Gyiran 8 bl hom V1

HEH OapibIK KbIMMMOTIIOPEH &g, &1, -.-, En—1 HE TA0AOBI3.
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Vnakeitta Nz = Vz-1—{B &0, B €1, e, B En_1}.
Mucau.
V8 He Taby euen 38 wHeH Oep kbliMvoreH hom 31 HeH 6apiblk

KbIHIMMOTIIOPEH 33J110e3!

1 V3 1 V3
%:2,80 = 1,81:_5"'71:,82 = —=——1.

V71 BakbITTa /8 = {2, -1+ \/§i, -1 - \/§l}

8 4.17. BepaoH Ten TaMbIpJap

{€0, €1y o) Eq_1}-0OEPIOH  M-HUE  JOOPAKD  TaMBIPIAPBIHBIH OapJIbIK
KbITMMOTIIOpE OYJICHIH.

Orop a™ =1 hom {a° a,a?, ...,a™ 1} = {ey, &, ..., 5,1} Oyica, a Gepnon n
HYE JIOPIKIIOTE mon mamulp JUI aTaja.

Mucau.

{1,—1,i, —i}—nyprenue mOpaXkKo TaMBIPIAPBIHEIH OApJbIK KbIAMMOTIOPE. %=
1,it =i,i? = —1,i3 = —i6yny cobonne, {i% i,i%,i3} = {1,—-1,i,—i}.

JIuMoKk, i6epIoH 4 HUe TOPIXKIIOTe TOI TaMbIp OyJa.

Temn TambIpiapHBIH IIYHBIN Y3JIEKIape Oap:

1) Orop a GeploH N Hue AQPAKIIOre Tem Tamblp Oynca, al # 1,a? #
1,..,am 1t #1,

Hcoamnay.abepioH n HUe JOPOXKOAATe TOll TaMblp Oydy cobomie, {al =
1,aa ,...,a"_l}—GGpHQH N HYE JOPIKS TaMBIPHBIH OapibIk KeIMMMOTIOpe. by
KYIUIEKKS KEpProH JJIEMEHTJApHBIH CaHbl N OyiraHra Kypo, amap apacblHma Oep-
OepCeHd TOHTAJ KIITOHHOPE FOK.

Jqumok, a # 1, a2 # 1,...,a" 1 # 1.

2) Orop a® =1hom a = 1,a®> #1,...,a™ ! =1 6ynca, @ GepmoH n Hue
TOPKIAATE TOIT TAMBIP OyIIa.

Hcoamnay.M = {a® = 1,a,a?,...,a" 1}, M; = {ey, &, ..., 6,1} Besro M =
M, MKOHEH KYpPCATEpra KHUPIK. (ak)" = (a")k =1, k=01,..,n—1. Jumox, M

KYIUIEreHJore Oapiiblk CaHHAp OEpJoH N HY€ J9PIKS TAMBIPHBIH KBIHMMOTIIOpE.
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Orop anap apachkiHaa 0ep-0epceHo TOHIraJl KWIroHHOpe Oynmaca, M = M; Oynauaxk.
Bupenem 6yerua @ # 1,a% # 1,...,a" ! # 1. Orop a* = a’.

0 <l <k <nbynca, a*!=a’=1. Monma 0 < k — [ < n. lllapr GyeHua Gomaii
Oyny mMeMkuH Tyred. Hokb mrymait wren [ > kodpareiHma a KamMa-KapIibLIbIKKa
knnabes. Jlumok, orop k # I hom 0 < k, | < nb6ynca, a® # a'. llynait 6ynrau, M
KYIUIeTe OSpIoH N HYE JOPIKS TaMBIPHBIH OapiblK KbIMMMOTIOPECHHOH TO3CITOH
KYIUIeK, sirbHU M = M. bunrenoMmo OyeHua 0y —a— OepaoH n HUE JOPIKIAIre Toll
TaMBIpP JTUTOH CY3.

By uke y3nekHe Oepiomtepen, TyOOH1ore HOTH)KOHE SIChIN aaadbI3.

@ — OeploH N HYe JOPOKINOTe Tem TaMblp OyJIChIH eueH a # 1,a’ #
# 1,...,a™ 1 # 1 waprs! yronye kupok hoM mrysm sxuto.

HIymbl HOTHMXKOHE KYJUIAHBIN, OEpIoH 4 HYE JOPIKOAITE TOIl TaMbIpiiap
TaObIik. V1 = {1,—1,i,—i}.By mucanga n = 4. Jlumok, Oupenran Keiiimmorae 1,2,3
JIOPIKANAPTd KyTopen Kapay Kupak. a = 1 6yncein, 11 = 1. Jlumok, 1ten TamsIp
Oyna anMbiit. @ = —1 6ynca, (—1) 2 = 1. Jlumok, (—1) mynaif yk Ten TaMbIp TYTel.

a = i6yJICBIHi1 =i#1,i’=-1%1,i%=—i# 1. lumox, i— OeplioH 4 Hue
TOpKIAITE TON TaMbIp (0€3 MOHBIH ITyJIall MKOHEH OmMIIre oMo OyeHua TamkaH UieK
UH]IE).

a = —ioynca, (—i)l=—-i#1, (-D)?=-1%1, (i)} =i+#1 Hdumox,
(—i)— 6epmoH 4 HYE TOPIKIJIOTEe TOT TAMBIP.

by mucannan kypeHroH4Yo, OEpIoH N HUE JOPIAKIISTE TOI TaMmbIpiap OCpHUYD
Oynbipra meMkuH. [llyHnbrit y3nek 6ap:

Orop n = 2 Oyiica, UH KUMEH/IQ Oepn HYE JTOPIKIAIre TOIM TaMbIp Oya.

Hcoamnay. beploH n HYE N19PIXKS TaMBIPHBIH OapJibIK KBIUMMOTIOPE &, =

2k . . 2Tk
= cos——+isin—, k=0,1,..,n— 1bopmynacs OyeHua  TaObLia. k =

16ynrangarsl KeIiMMOT T HUe JOPOKIAATE TON TaMblp Oynma, 4eHKH &) = 1 = g,
el =

-1

=¢&,62 = ¢&5,...,e" = g,_;(tenm TaMBIpHBIH OunremomoceH kapal!). JIMMOK, HH

KUMEHJI9 Oep Toem TaMmblp hopBakbIT TaObUIaYaK.
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TATAPYA-PYCYA TEPMUHOJOIMKCY3JIEK

Tarapua

Pycua

ABCIIACCA

a0crucca

AEPMA

Pa3HOCTh

CUMMETPHK ~

CUMMCETPHUYCCKas pa3HOCTb MHOKCCTB

BCKTOPJIAPBIHBIH aCpMaChl

Pa3HOCTDb BEKTOPOB

AKCHOMA

aKCHuOMa

MAaTCMAaTUK MHAYKIOUACC aKCHOMA

aKCHoOMa MaTeMaTU4eCKOMU HHAYKIIUA

AKCUOMATHUK aKCUOMAaTHUYECKUI
~ METO]I AKCHUOMAaTHYECKHUU METO/I
AJITEBPA anredpa

KYIUICKJIOp anre0pacsl

anreOpa MHOXXECTB

QJIEMCHTAp ~

alieMeHTapHas ainredpa

AJITEBPAUK

anreOpanyecKkuit

KOMIIJICKC CAHHBIH ~ PIBCUIC

anreOpanyeckas hopma 3armucu

KOMIIJICKCHOI'O 4YHCJia

AJTY

BBIUYUTAHUC

KOMILJIEKC CAHHAPHBI ay

BBIYUTAHUEC KOMIIJICKCHBIX YHUCCJI

AJIBILITBIPY

3aMCHa

AJIBIHITBIPBIPTA

3aMCHITDH

X-HbI y-Ka aJIbIIITBIPBIAK

3aMEHUM X Ha 'y

AHAJIN3 aHaJIn3
AHAJ/IMTUK AHAJINTUYECKUI
~ POBEIIT AHAJINTUYECKU
AIIIIVIMKATA anruInKara
API'YMEHT apryMeHT

KOMIIJICKC CAHHBIH apI'YMCHTHI

APryMmMCcHT KOMINIICKCHOI'O YHCJIa

ACUMIITOTA

ACHMIITOTAa
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ACCOIUATUBJIBIK

aCCOILIMaTUBHBIN

KYLIyHBIH ~3aKOHBI

ACCOIIMAaTUBHBIN 3aKOH CIOKEHUS

TaIllKbIPJIAYyHbIH aCCONMATUBIILIK 3aKOHBI

ACCOLMAaTUBHBIN 3aKOH YMHOKXCHHA

b

BA3UC

0asuc

ChI3bIKYa NPOCTPAHCTBOHBIH, CTAHAAPT

0a3ucel

CTaHJIapTHBIN 0a31C TUHEUHOTO

IPOCTPAHCTBA

BALIJTAHI'BIY

Ha4daJio

KOOpAWHaTagap OaluiaHr bIYbl

Ha4YaJIO CUCTEMbI KOOPAUHAT

BEPJIOIIY 00beINHEHNE MHOKECTB
BEPJIOH TOXE€CTBEHHBIN
BEPJIOMJIEK TOXJIECTBO

BUPY BICVYJIbI croco0 3agaHus

OuHap OoIIOHEITHE ~

CIoco0 3aJJaHusA 6I/IHapHOTO OTHOIICHUA

byHKIIUS ~ cnoco0 3a/1anus PyHKIUU
KYIUIEKHE ~ croco0 3a/laHusi MHOXKECTBA
BUEKIIUSA OueKIus

BWJIT'EJI9OMO OnpeIeNICHNE

BO’KPA KOJIBIIO

caHHap 00XKpachl

YUCJIIOBOEC KOJIBIIO

BOUJIOHEIII

OTHOIIICHUC

OuHap ~

OMHApHOE OTHOIIICHUE

(GyHKIIMOHANID ~

(GYHKIIMOHAIBHOE OTHOIIIEHUE

pedaexcus ~

pedIIeKCUBHOE OTHOIIICHHE

aHTUPEPIICKCUB ~

aHTHPEPIIEKCHBHOE OTHOIIIECHUE

CUMMETPHUK ~

CUMMCTPHUYIHOC OTHOLICHUC

AHTUCUMMCTPHUK ~

AHTUCUMMCTPUYIHOC OTHOIICHNC

TPaH3UTHUB ~

TPAaH3UTHUBHOC OTHOIICHHUC
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Ootie ~

CBA3HOC OTHOLIICHHUC

YKBUBAJICHTJIBIK OQMJIOHEIIIE

O9KBUBAJICHTHOC OTHOLICHUC

TopTUN OSlIoHEeIIe

OTHOILICHHUC IMOPAIKA

KaTrblii OyMaraH TopTun O9ilsioHeme

HECTPOTUM NOPAIOK

KaTrbli TOPTHUIT OolIIoHEIIE

CTPOTUM TTOPSAIOK

CBI3BIKYA TOPTHUII OolIIoHEIIIE

JIMHENHBIN TTOPAIOK

BOTEH 1eJoe

~ CaH LEJI0€ YHCIIO
BYJIEHYYE JEITUMOe
BYJEHYYOHJIEK JICIIUMOCTh
BYJIY JeJICHUE

KOMITJICKC CAHHAPHBI ~

JACJIICHUEC KOMIIJIICKCHBIX YHCCII

HKET ~

JACJIICHUC Ha JIBa

OybIHJIAI (TUTE3JIOMOHEH OapIIbIK

OyBIHHAPBIH) ~

JIENUTH (BCE YICHBI YpaBHEHUS)

ITOWICHHO Ha ...

KaJIAbIKCBI3 ~

JACIINTDb 0e3 ocrarka

KHCOKJIOPTd ~; OybIHIAY

ACJIINTh HAa 4aCTU, BBIYJICHATDH

OepOeTeH uTel ~

JICJIUTH HAIEJI0

ypTajam ~

JIEJINTH TOI0JIaM; COKpaIlaTh

HAIIOJIOBUHY

MMOYMaKHBI ypTanan ~

ACJINTD YIoJI II0II0JIaM

KaJIJIBIKCHI3 OYJIeHY

JEUTHCS 0€3 ocTarka

BYJYYE

3HaMCHATCJIb

B

BAKJIAHMA

IpoOb

BaKJIaHMaJIbl ©JICII

IpoOHas 9acTh

BAKBIT

BpeMs

BAPUAHT

BApUAHT

127




BEKTOP

BEKTOp, BEKTOpHAas

apupMeTuK ~

apu(pMEeTUUECKUN BEKTOP

N-yia4yomiie apuMeTHK ~

N-MEpHBINA apUPMETUUECKHUI BEKTOP

BCKTOPBIHBIH KOOPAHWHATAaJIaphbl

KOOPAWHATLEI BEKTOpA

THre3 BEKTOPIIAp

paBHBIE BEKTOpa

HYJb-BEKTOP

HYJb-BEKTOP

KaliMa-Kapuibl BEKTOP

HpOTHBOHOJ’IO)KHBIﬁ BCKTODp

BCKTOPJIAPBIHBIH ChI3bIKYa KOM6I/IHaHI/I$[C c

JIMHEWHAs KOM6I/IHaL[I/I$I BCKTOPOB

~ 3ypIBIK BEKTOpHAs BEJIMYHMHA
I'AM9JI onepanus
aJy ramoiie onepanusi BEIYUTaHUS

HKCJIC CaHHap OCJIoH TaMaJIe

orcpamnusa ¢ ABOMYHBIMU YU CIIaMU

KYIILy TamaJie

orcpanuAa CIOKCHHA

apupMETHK ~

apudmeTrueckas ~

fe3yue eTep OesloH apuMETHUK raMaJUIdP

apumeTHIeCcKre ONepaluu ¢

IJIaBaIOIIEeN 3aIsITON

OMNITeNIoHToH eTep OeoH apudMETHK

ramMoJuIop

aprupMeTHIECKHE OTepaIliu ¢

(UKCUPOBAHHOM 3aIATON

KHCeMd Taly ramolie

orrcpanu:a HaxXOXKACHUA IICPCCCUCHHUA

MHOXXCCTB

eCcToMd Taly ramose

OIIcpanu:Aa HaXOXKACHUA JOIIOJITHCHHA

MHOXXCCTBA

OepiomMa Taly ramose

Oorcpanya HaxOXKACHUA O6’I)€I[I/IHGHI/I${

MHOXXCCTB

I'EOMETPHUK

TEOMETPHUUYECKHU

~ POBEIITd CYPATIIare3

n300pa3uTe reOMeTPUIECKI

KOMIIJICKC CAHHBIH ~ MII'BHICC

FGOMeTpI/IquKI/Iﬁ CMBICJI KOMIIIICKCHOI'O

qucia
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I'PAD® rpad
I'PA®UK rpadux
~ 10J1 O€JIoH rpaduyeckKu

V-HBIH —X-TaH Oaiisiesnere rpadurol

rpaduK 3aBUCUMOCTHU Y OT X

A
JAEAYKIOUSA JIENYKLHUS
AN3BIOHKI A JU3BIOHKIUS
J19PIKI CTETICHb
JOPIKIrd KYTEPY BO3BEJICHUE B CTETICHb
n
NUMILVIMKALIUA MMILUIUKALAS
HHAYKIOUA VHAYKUAS

~ aKCHUOMAacChI

AKCHMOMa MHAYKIOWU, IIPUHIAII

MaTeMaTU4€CKOU WHAYKIINH

UHIYKIUSHEH 0a3achl

0a3a UHIYKIIUH

MaTrCMaTHuK ~

MareMaTU4ICCKasa MHAYKIUA

MAaTCMAaTUuK ~ BICYIIbI

METOJI MAaTEMAaTUYECKON NHAYKIUU

HNHTEPBAJI

WHTEpBaJ

WOMBIK ~, KHCEMTQ

3aKpBITHIM MHTEPBAJI, OTPE30K

aubIK ~, apaJIbIK

OTKPBITBIN UHTEPBAJI, IPOMEKYTOK

ApbIMAYbIK ~

IIOJIyOTKPBITBIA HHTEPBAJ

APBIMHUOMBIK ~

IIOJIY3aKPBIThIA HHTEPBAJI

HUHTEPIIPETALIUSA VHTEpIIpEeTalus
MHBEKIMUA VHBEKIUSA
HNPPAIIMOHAJIb VPPaLMOHAJIBHOE

~ CaH VPPalHOHAIBHOE YHCIIO
HNCBATIJIAY JI0KA3aTeJIbCTBO, JOKAa3bIBATh

TOral ~ Oupy

AaBaTb CTPOIoC A0Ka3aTCIbCTBO
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ucOarnaycel3 KaOyl uTy

NpUHUMATh 0€3 JI0Ka3aTeabCTBa

TUTE3CE3JIEKHE TYphl AJIreOpanK ~

IpsiMocC aﬂre6panqec1<oe JOKa3aTcJIbCTBO

HEepaBEeHCTBA

(buKepHEH nepeciereH ~

AOKa3bIBaATb HCTUHHOCTD YTBCPIKACHUA

HUKE TUI'C3CC3JICKHCH KBUBAJICHT

OyJIMaBBIH ~

A0Ka3bIBATb HCOKBUBAJICHTHOCTDb ABYX

HEPABEHCTB

TCOPCMaHbl KNPCCCHHOH YbITBIIT ~

AO0Ka3bIBATb TCOPEMY OT IMIPOTUBHOTO

... OyJTyBIH HicOaTIan Kaphliik

IIOIIBITACMCA J0Ka3aTrb, YTO ...

NCKOPMO IpUMEYaHue
171
MOMBIKJIBIK Y3JIETE CBOWCTBO 3aMKHYTOCTH
K
KABBIPTA pebpo
KAIIMA-KAPIIbI IIPOTUBOIIOJIOKHBIN

KaliMa-Kapibl CaH

IMPOTHUBOIIOJIOKHOC YUCIIO

KaliMa-Kapiobl KOMIIJICKC CaH

IMPOTHUBOIIOJIOKHOC KOMILICKCHOC YN CJIO

rpadHbIH KaObIprachl

pebpo rpada

KBAJPAT

KBaJIpart, KBaJpaTUUECCKUU

~ TaMbIp Ay

H3BJICUCHHNC KBAAPATHOTI'O KOPHA

KBAHTOP

KBaHTOD

TOMYMMIIEK ~

KBaHTOP OOIIIHOCTHU

Oymy ~

KBaHTOP CYILIECTBOBAHUS

KUMETY

HCKIIIOYCHUC

OomnrecesopHe ~

HCKIIIOYCHHUEC HCN3BCCTHBIX

KHUCEIY

MNEPCCCUCHNUEC MHOKCCTB

KJIACC

KJ1acc

OKBHUBAJICHTJIBIK KJIACChI

KJIaCC 5KBUBAJICHTHOCTH

KOMIIJIEKC

KOMIIJICKCHOC

~ CaH

KOMIIJICKCHOC YHCJIO
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KaliMa-Kapimbl~ CaH

ITPOTHUBOIIOJIIOKHOC KOMIIJICKCHOC YUCJIO

y3apa usponuie ~ caH

COIIPAKCHHBIC KOMIUICKCHBIC YMCJIa

y3apa Kupe ~ caH

O6paTHBIe KOMIIJICKCHBIC YHCJIa

~ CaHHApP KbIPbI

ITOJIE KOMIIJICKCHBIX YU CCJI

~ CaHbl JI9PAKAra KyTepy

BO3BCACHHUC B CTCIICHb KOMIIJICKCHOT'O

qucia

KOMMO3ULIUS

KOMITIO3UILIUA

(YHKIMSUIIOp KOMITO3UIIMSICE

KOMITO3ULIUS (PYHKIIHM

KOHBIOHKIUSA KOHBIOHKIIUS
KOTAHI'EHC KOTAHI'€HC
KOCHHYC KOCUHYC
KYJIUIAHBIII IIPUMEHEHUE
Kyury CJIO’)KEHUE

KOMIIJICKC CAHHAPHBI KYITY

CJIOKCHHEC KOMIIJICKCHBIX YHNCCJI

KbIUMMOT

BCJIMYNHA, 3HAUYCHHUC

apupMETHK ~

apI/I(bMGTI/I‘-IG:CKOG 3HA4YCHHC

HH 3yp ~

HauOoJIbIlIEE 3HAYCHUE

AH KEUYKEHD ~

HaAaMMCHBIICC 3HAYCHHUC

MOMKMHH CaHaJI'aH ~

AOITYCTUMOC 3HAYCHHC

TOII ~ [JIaBHOE 3HAYEHHUE
SAKBIHYA ~ anmpOKCUMAIIHS
a0CoJIOT ~ a0COJIIOTHOE 3HAYCHHUE
~oupy 3a/1aBaTh 3HAYCHUE

Y3Topemnwiers ~ Oupy

IMPpHUCBANBATb 3HAYCHHUC nepeMeHHoﬁ

33JICKJICJICKHCH N-HYbI GYBIHBI KBIMMMOTE

3HAUCHUEC N-T'0 WICHA

MIoCJaCaA0BAaTCIIPHOCTH

KbIP

ITIOJIC

CaHHap KbIPbI

YHUCJIO0BOC IIOJIC
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KYHET'Y

yIpaXHEHUE

KYIVIEK

MHOXCCTBO

TUTE3 KYIUIEKIOP

PpaBHBIC MHOKCCTBA

KYIUIEKKD Kepy

IMPpUHAAJICKAaTb MHOXCCTBY

KYIUIEKHETO3Y

IMOCTPOCHHUEC MHOKCCTBA

Oy KYIUIEKJIOp KUCEILIMUIIOP

OTH MHOKCCTBA HC IIEPECCKAIOTCA

Oy ~

IMyCTOC MHOXCCTBO

YHUBEDPCAIb ~

YHUBEPCAIBHOE MHOKECTBO

YUKIIC ~

KOHCYHOC MHOXCCTBO

YUKCE3 ~

OECKOHEYHOE MHOXKECTBO

CaHHAap KYIUIere

YHUCIIOBOC MHOXKCCTBO

KCUC ~, KYIIJICKYACC

IIOAMHOZKECTBO

HaTypalib CaHHAp KYIJICTC

MHOXCCTBO HATYPAJIbHBIX YUCCJI

0eTeH caHHap KyIuiere

MHOXCCTBO LCJIBIX YHUCCJI

UppalroHaib CaHHAp KYILJIere

MHOXCCTBO UPPALHOHAJIBHBIX YN CCJI

panduoOHAJIb CaAHHAP KYILJICTC

MHOXCCTBO pallMOHAJIBHBIX YUCCJI

peanb caHHap KyIUiere

MHO>KECTBO HGﬁCTBHT@HBHBIX YUCCJI

KOMILJIEKC CaHHAap KYIUIeTe

MHOKE€CTBO KOMIIJICKCHBIX YHUCECJI

TOPTUILIALITEPEIITIH ~

YIOPSAI0YEHHOE MHOXKECTBO

KYPCOTMO

yKa3aHue

JI

JIOTUK 3AKOHbI

3aKOH MaTe€MaTU4YeCKOM JIOTMKU

HNICMIIOTCHTIIBIK ~

3aKOH NACMIIOTCHTHOCTH

OUEHYEHE UHKApPh UTY ~

3aKOH HCKIIIOYCHHA TPETHETO

KOMMYTATHBJIBIK ~

NEePEMECTUTENIbHBIN (KOMMYTATHUBHBIN )

3aKOH

aCcCoOIMaTuBJIIbIK ~

coueTareabHbIN (aCCOIMAaTUBHBIN) 3aKOH

JTUCTPUOYTHUBIIBIK ~

pacrpeaenuTeNbHbIN (IUCTPUOYTUBHBIN)
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3aKOH

Jle Moprau ~

3aKkoH ae Moprana

KOHTpAIo3numuus ~

3aKOH KOHTPano3ulinu (MpaBuio

nepeBEPThIBAHU )

MKETENITOH KUPY Kary ~

3aKOH JBOMHOI'O OTPULIAHUS

M
MAKCUMYM MaKCUMYM
MATPHUIIA Marpuua

OaK4dacbIMaH ~

CTynicH4Yarasg Marpuia

MHUHHUMYM MUHHAMYM
MHUCAJ pumMep
MOIVYJ/Ib MOAYIb

KOMIIJICKC CaHHBIH MOJIYJIC

MOAYJIb KOMIIJICKCHOT'O YHCJIa

MOCboJI9

3aJaHuc

MOCTOKBINIb YUY ©9YCH MICbhaJIdJIap

3aJaHus OJIsA CaMOCTOSITEJIbHOM pa6OTBI

MOMKHUH CAHAJITAH JOIIYCTHUMBIN
~YUKIIOMO JIOITYCTUMBIN TIpEAE
~YUK rpaHula JoImycKa
~(hapa3 uure JOTYCK
MOMKMUHJIEK BO3MOYXHOCTD

H
HOKTA TOYKA
HOTUXO CJIEZICTBHUE

O
OPIUHATA opauHara
OPBIHMA KacareJibHast
OPbBIHY KacaTbCA

I1
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MPEJIUKAT

pEeAuKAaT

IHPOCTPAHCTBO

IPOCTPAHCTBO

N-ymyomiie apu(pMETUK BEKTOP

apudmeTrueckoe N-MEpPHOE BEKTOPHOE

MPOCTPAHCTBOCHI IPOCTPAHCTBO
P

PAINYC panmyc

PAHI' paHr

PACJIAY YTBEPKJICHUE

ucOariaHa TOpraH ~

JTIOKa3bIBAEMOE YTBEPKIACHHUE

PAIIMOHAJIb palMoHaIbHOE

~ CaH pPalMOHAIBHOE YUCIIO
PEAJIb JICUCTBUTEIILHBIC

~ CaH JNEUCTBUTEIIBHOE YHCIIO
POBEIIY3I'OPTY npeoOpa3zoBaHue

AIIEMEHTAP POBEIIY3TIPTYIIOP

QJICMCHTAPHBIC Hp606paSOBaHI/I}I

C
CAIJIAY BBIOMpATH
CAH YUCIIO
TUCKOPE ~ OTPHUIATENIBHOE YUCIIO

WKE YPBIHJIBI ~

ABYX3HAYHOC YUCJIO

YHapJIIbl ~ JNECATUYHOE YUCIIO
yHJIaHMa ~ MHUMOE YHUCJIO
HaTypalib ~ HaTypajabHOE YUCIIO
TaK ~ HEYETHOE YHCIIO
raam ~ IIPOCTOE YUCIIO

pauoHaIb ~

PadrOHAJIbHOC YHUCII0

peaib ~

JNIEUCTBUTEIILHOE YHUCIIO

0OTEH ~

OeJa0€ 4Yuciio
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KoIl ~

YCTHOC 4YHCIIO

CAHAII UBIT'Y

NEPCCUUTLIBATD

OuHap OoMIOHEIIHE PIEMEHTIAPBIH ~

MNEPCHUCIICHUC DJICMCHTOB 6I/IHapHOFO

OTHOIIIEHUS
CHUHYC CUHYC
CUCTEMA cucTeMa

BCKTOpJIAp CUCTCMACHI

BCKTOpHAA CUCTCMaA

KOOpAuHAaTraap CUCTEMAChI

CUCTEMA KOOpAHUHAT

ChI3bIKYa 09lice3 BEKTOpJIap CUCTEMACHI

JIMHEMHAsI HE3aBUCUMOCTh CUCTEMbI

BEKTOPOB

ChI3bIKYA 0QIJIe BEKTOPJIAp CUCTEMACHI

JIMHEMHAs 3aBUCUMOCTDL CUCTEMBI

BEKTOPOB

0acKbIYCBIMaH BCKTOpPJIap CUCTCMACHI

CTymncH4Yarasd CUCTEMa BCKTOPOB

9KBUBAJICHT BCKTOPJIAp CUCTEMACKHI

9KBUBAJICHTHAA CUCTCMA BEKTOPOB

CYMMA

cyMMa

BCKTOPAJBIPBIHBIH, CYMMAChI

CyMMa BCKTOPOB

CYPOT

obpa3

CBI3bIKYA

JIMHEWHEBIN

~ ThIITYacChbl

JIMHEHHAaA 000JI0UKa

CIOPBEKIIUA CIOPBEKIIUS
TABJINIIA TabauIa
TAHI'EHC TaAHT'CHC
TAIIKBIPJIAY YMHOKEHUE

KOMIIJIEKC CAaHHAPHBI TaIlKbIpJIay

YMHOKCHHUC KOMIIJICKCHBIX YHCCII

TAIKBIPYBII'bIII

MIPOU3BE/ICHHE

KYIUIEKJIOpPHEH TYphI (IeKapTya)

TalIKbIPYbIT'bIIIbI

npsiMoe (J€KapTOBO) MPOU3BEACHUE

MHOXXCCTB

A pCajib CaHblHA TAIIKbIPYbITbIIIbI

MPOM3BEACHUE BEKTOpa Ha A,
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IIpHUHAAJICKAIIC I[GP’ICTBHTGJIBHOMY quciay

TAMBIP AJTY KOPEHb

~aiy U3BJICYEHNE KOPHS
TEOPUA TeOpus

TUI'E3JIEK PaBEHCTBO
TUT'E3JIOMO YpaBHEHHE
TUT'E3CE3JIEK HEPAaBEHCTBO
TUCKOPE OTPULIATEIIbHBIN

~ CaH OTPHULATEIIBHOE YUCIIO
TPUT'OHOMETPUSA TPUTOHOMETPUSI
TPUT'OHOMETPHUK TPUTOHOMETPUYECKAs

KOMIIJICKC CAHHBIH ~ PIBCUIC

TPUTOHOMCTPUYICCKAS <1)0pMa 3altucCu

KOMIIJICKCHOI'O YHCJIa

TYPbI

npsimast

KOOPJIMHATIIAP TYPHICHI

KOOpAHWHAaTHAaA IpamMasi

TOHI'OJI

HNJICHTUYHO

TOPTHUIIVIOIITEPEJII'OH ITAP

yIOpPsIOUECHHAs napa

TYbO

BEpIIMHA

rpadHbIH TyOoCE

BepIiHa rpada

YKY APASOMJIET'E

yueOHoe ocobue

MarcMarunkajgaH -~

ydaeOHOe IMocoOure 1Mo MaTeMaTHKe

()]
GAKTOPKYIUIEK (haKTOPMHOXKECTBO
GOYHKIUA byHKITIS
THUTE3 ~ npsiMast PyHKIus
Oepamiiek ~ TOXKJIE€CTBEHHAsI QYyHKIIUS
KHPE ~ oOpartHas QpyHKIHUS
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KaiiT™Ma (pyHKUHsACE

oOparumasi GyHKIUS

X
XAKJVIBIK MCTUHHOCTD
~Ta0JIUIACHI Ta0JIUIa UCTUHHOCTH
|
YATI'BLJIABIPY oToOpakeHue

CIOPBEKTUB ~

CIOPBEKTUBHOC OTO6pa}KeHI/Ie

HNHBEKTHUB ~

HMHBCKTHUBHOC OTO6pa}KeHI/Ie

YUK

rpaHuua

HHTCPBAJI YUTC

I'paHHIlda UHTCpBaJa

y3roperuie (y3rapa Topral) MHTEpBal

qure

I'paHHIlda THTCpPBAJId U3SMCPCHUA

MIEPEMEHHOM

dapa3 uteny 4ukiIope

IpaHHIbI JOITYCTHUMOCTH

Xara YHUKIJIIpC

I'paHHIIbI OIINOKHU

OCKE ~ BEPXHSIS TpaHUIIa
ACKBI ~ HYDKHSS TPaHUIIA

YUKCE3 OCCKOHEYHO, O€CKOHCYHBIH
~ycy4e 0ECKOHEYHO BO3pacTarOINN
~KAMYYE OECKOHEUHO yOBIBAFOIITNI
YUKCE3JIEK OCCKOHEYHOCTh

YHUKCC3JICKKI KaIap

10 OECKOHEYHOCTH

YHUKCC3JICKKI OMTELITY

CTPEMUTHCS K OECKOHEYHOCTH

quIiry

perieHue

YbITAPY

HCKIIIO4YaTb

TUTE3JIOMOIOH OYBIHHBI ~

HCKJIIOYAaThb YJICH U3 YPABHCHHA

11
HIAPT yCJIOBHE
HKUATIPIEK ~ JOCTAaTOYHOE yCIIOBHE
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KHPOKIIE ~

HE00X0IMMOE yCIIOBUE

)

IKBUBAJIEHIIUA

O9KBUBAJICHTHOCTD

SKBUBAJICHT POBELIY3rOpTY

SKBHBAJIEHTHbIE TPEOOPA30BaAHUS

SUJIEP-BEHH JIUAT PAMMACHI

nuarpamma Junep-Benna

A

SIH OOKOBOIA

~ SIKJIap OOKOBBIE CTOPOHBI
9

oI'ogP ecnu

OUTEM BBICKa3bIBAHUE

OEpKBINMMOTIIE OUTEMHOD

PaBHOCHIIBHBIC BBICKA3bIBAHUA

YBIH ~ VUCTUHHOC BBICKA3bIBAHUE
SIITaH ~ JIO)KHOE BBICKA3bIBAHUE
oliTeMEeHEeH KHupece OTpHIIAHHE

o
O3JIEKCE3JIEK HEIPEPBIBHOCTH
OJIK9 00JacThb

OWIITeIoHY OJIKOCEe

00J1aCTh OTIpeICIICHUS

KbIMMMOTIIOp OJIKICE

00J1aCTh 3HAYECHUI

OCToOMO

JOITIOJIHCHHNC MHOXXCCTBA

Y

Y3JIEK

CBOICTBO

TOI Y3JIEKIope

OCHOBHEIE CBOMCTBA

XapaKTePUCTUK ~

XapaKTEPUCTUUYECKOE CBOMCTBO

YJIYoM

pPa3MEPHOCTh

BCKTOPBIHBIH YJI4aMC

pa3MEpPHOCTh BEKTOpa

YPHOK

npooOpa3

138




9.

KYJIJIAHBUITAH 919BUSAT
Bapnaxosckuii ®. JI., ConogoBuukoB A. C. Anre6pa. — M.: I[Ipocsernienue,
1981. — 256 c.
I'amuesa JI. M. u ap. MaremaTtuka HUre3iadpe: 0rapbl yKy MOpTiIap ©4eH yKY
spaomiiere. — Kazanw: Morapud, 2007. — 148 6.
l'anuesa JI. M. u np. KoMmmiiekc canHap: MaTeMaTUKaJaH YKy sipAoMIiere. —
Kazann: Morapud, 2000. — 67 6.
lNanuesa JI. M. u ap. Crucrema MHOMBUAYAJIbHBIX 3a1aHUM 110 TeMe «bUHapHbIE
otHomeHus». — Kazane: KI'TIY, 1998. — 52 c.
lansyraunos U. T'. u ap. CucrtemMa WHAMBUAYaIbHBIX 3aJaHUM 1O TeMe
«Meron matrematnueckor uHAYKIMN». — Kazanb: KI'TIY, 1994, — 48 c.
lansytounos U. T'. u gp. Cucrema WHAMBUIYaJIbHBIX 3aJaHUN IO TEME
«MHosxecTBa u neiictBus Hajg HUMK». — Kazanw: KI'TITY, 1998. — 56 c.
Kynukor JI. fI. Anre6pa u Tteopus uucen. — M.: Beicmras mkomna, 1979, —
392 c.
Kymnukos JI. S., Mockanenko A. U., ®omun A. A. CoopHUK 3a/1a4 10 anredpe
u Teopuu uncen. — M.: IIpocsemenue, 1993. — 216 c.

Kypomr A. I'. Kypc Breicmieit anredpsl. — M.: Hayka, 1971. — 456 c.

10.Okynes JI. f. Beicmias anre6pa. — M.: [IpocBemenne, 1966. — 324 c.

11.0OkyneB JI. S. COopuuk 3amau mo Bbeicuiedt anredpe. — M.: [IpocBemenue,

1964. — 272 c.

12.®annees /. K., Comunackuii M. C. COopHUK 3a71a4 110 BICIICH anredpe. — M.:

Hayka, 1972. — 384 c.

13.C6opuuk 3amau no anredpe / mox pen. A. M. Kocrpukuna. — M.: Hayka,

1987. — 240 c.

14. Kommnekcubie yncna / mop pen. [ansyraunosa U. I'. — Kazans: KT'TIY, 1996.

— 24 c.

139



	Кереш сүз
	Күплекләр теориясе
	§ 1.1. Күплекләр
	§ 1.2. Күплекләрнең кисешмәсе һәм берләшмәсе
	§ 1.3. Күплек өстәмәсе. Күплекләр аермасы
	§ 1.4. Күплекләр белән башкарылган гамәлләрнең үзлекләрен барлау
	§ 1.5. Күплекләрнең туры тапкырчыгышы

	Бинар бәйләнешләр
	§ 2.1. Бинар бәйләнешләр һәм аларны бирүысуллары
	§ 2.2. Бинар бәйләнешләрнең төп үзлекләре
	§ 2.3. Эквивалентлык бәйләнеше
	§ 2.4. Эквивалентлык класслары һәм факторкуплек
	§ 2.5. Тәртип бәйләнеше

	Арифметик векторлар пространствосы
	§ 3.1.𝒏-үлчәмле арифметик векторлар һәм алар белән гамәлләр
	§ 3.2. Векторлар системасының сызыкча бәйлелеге һәм бәйсезлеге
	§3.3. Векторлар системасының базисы һәм рангы
	§3.4 Эквивалент векторлар системаларыһәм элементар рәвешүзгәртүләр

	Комплекс саннар теориясе
	§ 4.1. Математикада саннар төшенчәсе
	§ 4.2. Координатлар турысы һәм саннарның геометрик сурәте
	§ 4.3. Саннар күплегендәге гамәлләрнең төп үзлекләре
	§ 4.4. Комплекс саннар күплеген төзү
	§ 4.5.Капма-каршы комплекс саннар
	§ 4.6. Үзара иярешле комплекс саннар
	§ 4.7. Үзара кире комплекс саннар
	§ 4.8. Комплекс саннар кыры
	§ 4.9. Алгебраик рәвештәге комплекс саннарны кушу, алу, тапкырлау һәм бүлү
	§ 4.10. Комплекс саннарның тригонометрик рәвеше
	§ 4.11. Тригонометрикрәвештәбирелгәнкомплекссаннарнытапкырлауһәмбүлү
	§ 4.12. Комплекс саннарны кушу, алу, тапкырлау һәм бүлүнең геометрик мәгънәсе
	§ 4.13. Комплекс саннарны дәрәҗәгә күтәрү
	§ 4.14. Комплекс саннар күплегендә тамыр алу
	§ 4.15. Комплекс саннардан квадрат тамыр алу
	§ 4.16. Комплекс саннар күплегендә бернең nнче дәрәҗә тамырлары
	§ 4.17. Бердән төп тамырлар

	Татарча-русча терминологиксүзлек
	Кулланылган әдәбият

