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CY3 BOWH i

Anrebpa danunHHr JactnabKM TyLIyHYaJaapH 3paMu3-
naH II1 acp ongun Mucp Ba IOHOHHCTOHIA naiao GysHo,
yuna 6yTyH Ba MycGaT pauuoHas COHJap ycTthaa apubpme-
THK amaJanap kKapaarai. ['pek MareMaturu [duodaHT TeHr-
JaManapHu GYTyH COHMnapAa eudul MacaJjaJjapd O6unaH xaMm
XYJAH 11y AaBpAa WyFyJJaHraH.

BupHHYH Ba MKKHMHYM Hapa)KainH TEHIJaMaJapHH €4Hil
Xamzaa «aarefpa» CY3HHHHT nafno OYyJHIIHAA 3paMH3-
HUHr 800—850- finsnapuna swab, MXKOA KHJIrAaH XOpasM-
auk Myxamman H6n Myco an-XopasmMuiiHHHT xH3MaTH Ge-
HHXOs1 KaTTaAHp.

@, Buer (1540—1603) toMonupman anreGpara ManilIyM
Ba HOMabJyM MHKAOpaapHH Xapdaap Ounan OGearnsnam
TYWYHYACHHHHT KHDHTHJHIUH Ma3kyp ¢(aHHHHT pHBOXJja-
HHWIHAA Xaa KHJIYBYH OMHJJapAaH Gupn 6ynan. CoHjaap
yctnaa OaxkapusiazuraH KYIMm Ba KynadTHpHUI KOHAA-
JIaDHHUHT YMYMJAIITHPUJAHIUY aJre0panK TeHrjaMaJjap Ha-
3apHSACHHUHT DPHBOXJAHHIIM YJYH MYXHM aXxaMHAT Kacl
sTaM. AareGpauk TeHrnamasap Ba ynapHH eunmt XIX acp-
HHHr OomnapHraya aarebpa ¢aHHHHHT acOCHH Map3yH
6ynn6 xHcobaaHaH.

Hapaxacu GelwgaH KHYHK GysnMaran ajre6pawKk TEHr-
JamaiapHH pajfiHKajadnapia euHJHll EKH eYHJMAaCJHK Ma-
canacHuHH ¢pauuys mMatrematuru 3. Faanya (1811—1832),
HopBerusnnk Matematik H. X. AGenp (1802—1829) Ba
6oliKka MaTeMaTHKIap TOMOHHAAH rpynnaiap pne6 ara-
JYBYH aKCHOMAaTHK ycCyJjAa KypHJarasn tywynaya OHsaan GOF-
JaHHIUH anre6pany UXTHEPHH TabuaTan oObeKTIap YCTHAA
6axcapunanuran amaJjnap xakuparn ¢an ne6 Kapamwra
onn6 kennu. By amannap yuyH, kaHAalAHp akcuoMaJsap
6axapHaHIiUd Tanab 3THIaAH, X0J0C. 3aMOHaBHil ajreb-
pa ¢aHM xaM XyAQH Wy MabHoJa ypraHHJaiH.

Wynnafi Kuaub, anreGpa aBBanO aHHK COHJAp, CYHrpa
anrebpaWKk TeHrjnaMmanap xaxugard ¢aHmgaH y3 pHBOXKJA-
HHII HYJHHH aKCHOMAaTHK Ba afiHHKca abCcTpakT acociaa
Kypaétran 3amoHaBH#i ¢aHra afinaHpgs.

Xo3Hpru 3aMoH aJare6pa ¢GaHHHHHT PHBOXJAHHIIHAA
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H. T. Ye6oTtapen (1894—1947), O. 10. WmunT
(1891—1947), A. K. Manbues (1909—1967), A. I.Ky-
pow (1908—1971), I1. C. HosukoB (1901—1975) xkabu
MaTeMaTHKNapPHHHT XHcCanapu GeHHXos HOKCaKAHP.

Kynnanmaga MaHTHK Ba Tynnamaap Ha3apHSACHHHHT
GollsaBFHY 3JeMEHTJIapH HHTYHTHB acocxa OGepHJaaH Ba
6y TywyHyasnap KYPCHHHT KeliuHrH Gapuya MaB3yJiapHHH
6aén 3THINAA KYJ/JIaHHAATH.

«AcocHii COHJH cHCTeMasap» MaB3YCHAa HATypasl COH-
Jlap CHCTeMacH, XO3MpPrH 3aMOH anareGpacHHHHT acocH¥ Ty-
LyH4yanapH 6yJarad rpynna, xaJka Ba MalIoH TYFpUCHAA
6oiinanFuy MabayMoTaap Gepuaand. PaumoHan, XakuKuit
Ba KOMILJIEKC COHJap MaHAROHJAapH Ha3apuscu 6aéH 3TH-
JafH.

«YH3HKJIH TeHriaMajap CuHCTeMajapH» Gobupa 3ca
YH3HKJH TEHrJaMmanap CHCTeMaJapH Ba YJApPHHHT €UHM-
JIJaDHHH TONHLI MacaJlajapd AeTepMHHAHTJap TYWIyHYacH-
IaH ¢ofinanaHmarad xonna €putusiand. Maskyp MaB3yHH
6yHnail 6aéH 3THLI ogaTAArd yCy/JAaH MaHTHKaH OCOHPOK
Xamia Makrabaar¥ ¢akyJbTaTHB Kypc YYyH acoc 6yau6
XH3MAaT KHJaJH.

Martpuua Ba neTepMHHaHT]ap Xamza yJapHHHr Gab3H
6Hp xoccanapHHu 6a8H KHIHWI Maxcyc GOGHMHT Ma3MYHH-
HH TAlIKHJ 3TajiH.

«Bexkropnap ¢asocu» 60o6uAa 3ca BEKTOpJap CHCTeMa-
CHHHHI YH3HKJH KOOHFH, UH3HKJH KYNXHJIJHK Ba EBKanj
$hasonapHHHHT H30MOPQIHIH YpraHuiajy.

Xo03Mpru 3aMOH MaTeMaTHKacHia KeHr TaTOHKKa 3ra
6yJraH YH3HKJH ONeparopJiap, YH3HKJIH TEHTCH3INTHKJAD
CHCTeMaJlapH Ba YHU3HKJIH MNporpaMMaJtaliiapra OHA Ma-
cajaJjap XaM KVyJaJaHMamMH3fa y3 YPHHHH TOMraH.

Xap 6up tTeManuur Gaénu GaTadCH eyHsraH MHCOJJIAp
6unaH MycTaxkamsaHaid. DyupaH Tawmxkapu KapajaérraH
MaB3y MakTta® MaTeMaTHka KypcH OujaH y3Buit Gorsab
Kapanaau. Kynnaumana TtanmaGanapHHHr MyCTaKHJa HUI-
JIapH YYyH eTapJHya MHCOJ Ba MaluKsaap OepHJarai.

Myannudaap Maskyp xyanaumauu G3HILAa NEKaroruka
onuiiroxu Tanabanapu yuyH TysuaraH <«Aure6pa Ba COH-
Jlap Ha3apusicH» AACTYpH MacanalapHHH H3uusi 6aéH KH-
JIMIIHH Y3UHUHT acocuii Basudacu ne6 Guaaumaap.

Kyanaumanp Kyaéama xonatupa Yxub, yuzarn ©up
KaHYa KaMuWJIHKJAPHH Ty3aTHWAA ¥3 MacJaxaTjapHHH
6epran ¥Ysbexkucron PecnyfGnuxkacu @aunap AkaleMHSCH-
HHHT Myx6Hp ab3ocH, Y3bekuctoH Pecnybaukacuh Panmaap
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Akapemusacununr B. WM. PomaHoBckHE HoMHaaru Martema-
THKa HJIMHE TEKIWHDHII MHCTHTYTH MAHPEKTOPH, (H3UKa-
MaTeMaTuka ¢aHaapu LOKTOpH, mpodeccop L. A. Aronos,
Ly HHCTHUTYTHHHT KaTTa HJAMHA XoaumJaapH, ¢usHKa-mare-
MaTHKa ¢anaapH Hom3oAsaapH M. A. bBepauxynos, Y. An-
JakoB Ba Xopa3M [laBiat yHHBEPCHTeTHHHHr aarefpa Ka-
tenpacu MyaupH, nouent UK. A6aynnaesnapra caMumuil
MHMHHATIOPYHJIHTHMH3HH OGHJAHpaMH3.

Myaanaugaap.
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[606. TYIIJAMJAP HA3APHACH BA MATEMATHK
MAHTHK 3JEMEHTJIAPH

1-§. TYNLJIAMJIAP BA KHCM TYIIJIAMIJIAP

Tynnam sHr MyXuM MaTeMaTHK TYyWyHYajsapiaH G6H-
punup. By Tymynya MartemaTHka ¢aHura tymnamaap Ha-
3apHACHHHHT acocuHcH Oy/araH Hemuc Matematurn [eopr
Kaunrop (1845—1918) TOMOHHAAH KHDHTHJraH.

Tynnam rtappudpaaHMaliiiuraH MaTeMaTHK TywyHua G-
10, 6ab3u GHp Hapcanap, Gyilomiap, o6bekTIapHH Gupra-
J¥K[a Kapawl HaTHXacula BYyXyAra kenaad. Macanay,
6apuya HaTypaJq COHJAapHH GUprajJukia Kapaur HaTypaJ
COHJIAp TYMJAMHHH, TYFPH YH3HKAAa ETYBUM HYKTaJapHH
6uprajukia Kapaul Ly TYFPH YH3HK HYKTaJapH TYMJaMH-
HH Gepani.

I[-taspud. Tynramuu Tamwkun sTyBUH OOGBEKTNAp
WY TYNJIAMHHHT 3AEMEHTAGDY NeHHNaiu.

Tynnamnap omarma satHH €ku rpex  anugGOCHHHHT
Gow xapdsapu Ounas, yJapHHHT 3JeMEHTIApH 3ca LIy
aqlHPOOHHHT KHYHK Xapdnaapu OunaH GesnrujaauanH.

Arap A TynaaM a, b, ¢, ... 3JeMEHT/ApAaH TY3HJraH
6yaca, y A={a, b, ¢, . . .} Kypunnwya ésunagu. TynaamMHH
TaWIKH/ 3TYBYH 3JEMEHT/Iap COHH YeK/JH EKH ueKCH3 OYJHUIH
MymkaH. [y MyHocabaT Gu/adH Tyfnjam/aap 4eKaH TymiaM €KH
YeKCH3 TynsiaM GyJaiy.

Macanan, A ={a}, B ={a, b}, C={a, b, ¢} Tynaamnap
YekJH TymiaM 6yaub, ysaap Moc paBHiija OMTTa, HKKHTA, yuTa
aneMeHTAaH Tysu/arad. Hatypaa counap tynnamu, (0; 1) opa-
JMKAATH HyKTajap TYIMJaMH 4eKcu3 Tynaausiapra Mucoa 6y.a
ofagy. Dawv3u Gup ueksm Ba Gapya YekcH3 TYMJIaMJapHH Y3
3/MeMeHTJapH OpkaqH GesocuTa €3uwl MyMKuH 3Mac. DyHrpa#
Xo/JIapAa MasKyp Tymiamsiap y3 S0eMeHTJapMHHHT  XapakTe-
PHUCTHK Xoccanapu opkatH Gepuiaad. Arap A tynaamauHr 6ap-
Ya 3jieMeHTAapu Gupop P Xoccara 3ra Gyaca, Oy Tyniav A =
= {x|P(x)} xabu &smnagu. Macasan: 1) x*—5x+46=0
TeHrJiaMaHuir Hagdanapd tymdaavd A = {x ' x*—5x 46 = 0]

KYpHHHWA; 2) pauioHaT COHI3p TymaaMd sca Q= {r|r = %,

6y epua p Ba g = 0 uxTuépait 6yTvH cou} Kypuuuwia Geard-
JlaHau.
Bupop a asneveHT Kaudaiiup 4 IVUIAMHHAT  3J€MeHTH
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skaHaurd a € A €éku A a xabu OGelrunaHajd Ba @ 3JeMEHT
A 1ynaamra TernmH e6 YkHaanu. € Geard oAaTAd TErHIlIH-
JUK GesrucH ne6 ioputuaaad. Bupop b snemeHTHHMHr A TyN-

JlaMra TersuuIM sMacaurd b € A éxu b ¢ A xabu Gearunanany.

Macanan, Y'2¢ Aéxu 5 € A

Abraiiank, Gusra 6up Heura A, B, C, . .. tynnamaap Ge-
puaraH OVJCHH.

2-Tabpud. A TynaaMauar xap 6up 3sjeMeHTH B Tyn-
naMJia MaBXyL G6yaca, Ba akcuHya, B TynnamHHHT Xap
Gup snementH A na MaBxyn Gyaca, A Ba B tynnamaap
ysapo tenz (6up xua) pefinnann Ba 6y TYNIaMJAApPHHHT
TEHTIHTH

A=B (1

OpKaJau GearujaHand.

By TabpHdpaH KypHHAOHKH, MKKHTA TYNJAaMHHHT TEHT-
JUTH acJauja yJapHHHr OHTTa Tynaam SKaHJAHTHHH Oul-
QUpaiH.

Macaaan:

) A=12, 5}, B={x|x*—T7x+10=0} 6yaca A = B;

2) A — TekHCJIUKZArH TEHT TOMOHJHM YyubypuyakJsap
TyM1aMH, B — 1wy TekHCJAHKIarH Hukd OypuakJapH TeHT
6yaran OGapya yubypuakaap Tynaamu 6y.aca, ¥3-ysuaan
MabIyMkH, 4=B 6§1aau.

3-TanpHd. B TynnamuuHr xap Gup snementu A TynsaMm-
la MarkKyp Oyaca, B tynnam A TVICIaMHHHT KUCM myniamu
Jedusan Ba B HHHT KHCM TynJaM 3KaHaMra B S A kypHHHLU-
na Ge.runannb, S 6eard caxaanuwiaus Oeazuct 1e6 ICPUTHAAMLH.

Arap A, B ra C t1VnaaMjap GHTTa TVILIAMHHHT KHCM
TyniamJjapu ae6 Kapa.daca, y X0.4a CakKJIaHHLULIHK MYHO-
cafaTH KyHMZArH acoCHit xocca.apra ara:

a) A< A

6) A= B Ba BS A 6yaca, y xo1na A= B 6ynanm;

B) ASB Ba BEC nan AS C 3KaHaurH Keanb 4uKafu.

4-Tabpud. B rtynnamuuHr OGapua 3jeMeHT]apu A
TynaaMia MaeBxyn 6yau6, my Gunan 6upra A ga sina B ra
TerpwsKn 6yaMaras saeMeHTaap XxaM MaBxyn Gyaca, B
TynaaM A TYNJaMHUHT XOC KUCM Tiynaamu jpedunan.

Xoc KHCM TYymiaM

B« A 2)
OpKaJH Genarusasany.

5-raspud. Bupopra xam asirementra sra GyaMaran

Tynaam 6w Tynaam ne6 atanamn Ba y & OpKasaH Geard-

JaHanH.,
7
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6-Tabspu¢. A TynaaMHuHr Y34 Ba & Tynaam my A
TYIJIAMHHHT XOCMac KHCM TYI1aMH AeHuJiafu,
A Ba B TynnamnapHHHT TEHMVIHTHHH HCGOTJaWl YuyH

AUB B B2A

9KAHJIHTH KypcaTHNaJH.

Bupop A tynnam B TynnaMHHHT KHCM TyI/JaMu 3KaH-
JAUrHHM HcOOT/all AeraH cy3s A HHHT UXTHEDHH 3/1eMEHTH
B ra TerMuui 3KaHJAHTHHH KypCaTHl, AeMaKaIup.

TerummumMk € Ba cagJaHUIHK U MyHocaGaTiaapu Gup-
Gupuian Qapk Kuiaau. MacanaH, TerHuMIMIMK MYHOCAaGaTH yuyH
CaK/IaHHIIHK MyHOCaGaTHHHHI O3 IOKOPHAA KYpHO yTraH yura
Xoccacd GaxkapHiIManIy.

Scaarma. Harypan, 6yTyH, pauHoHaq Ba XaKHKHI COH-
Jap Tymjamsapuax mMoc paBuwaa N, Z, Q Ba R opkaiH Gen-
THIAHJHK,

Yuaa mMakyp Ttymnaamimap yuyH N < Z < Q< R myHoca-
6atTiap YpHHAMAUD.

Hcranrad n ta aneMeHTM TymiaMHuHr O6apya KuHCM Tym-
Jamnapy coud 2" ra Tenr. By TacAHKHH MATEeMaTHK HHAYKLUSA
NPHHUMMK acocua MCOOTIAl MYMKHH.

XaKHKaTaH, GHp 3JEMEHTAH TYMIaM HKKHTA KHCM TYO-
gaMm (wy TynaaMHUHr y3u Ba & Tynnam) ra sra; 2=2!
6yaraHunad n=1 yuyyH TACAHFHMH3 ¥DPHHJH.

®apa3 KUMAAMK, TACAHK 1t Ta 3JeMEHTIH M, = {x, %,
c o+ X,} TYyOMAaM yYyH YpuHau Gysacad. M, Tynaamra x, .
SMeMenTHH Kyumb, 613 n+ 1 Ta saemenrin M, = (X}, X,
ey X, X} Tyniamra sra Gysavus. M, ., TYnIaMHUHC
HXTHEDHIL KdcM Tymaamu € M, TYMIaMHUHT KMCM  TYT/IaMH-
Rad, &u M, HUHT KHCM Tyn/aMiapara x,., HY KYUWHUAaH
Xocun Gysrad KucM Tymiamaan ubopat 6ynapd. [Iynpai gu-
w6, M, | TYNJAMHHHT KWCM Tym/am/iapu COHH M, Tynnam
KHCM Tym;am/1api COHMAaH WKKM GapaBap kyn 6y.anu. bomwka-

o “ n
Ya KUIKG aiTraHfa, M, ., HHHT KHCM TyinaM1apa COHH 2.2" =
= 2"t 1a Gymamu.
Hemak, n Ta 3JeMEeHTIH TYNJMaMHMHT Oapya KHCM TyI1aM-

napu conn 2" Ta 3KaH.

Mucoanaap. 1. Bapua xydr HaTypaa coH.1ap Tym-
JaMH 4YeKkcH3 Tynaam 6yaagd. By rtacamkun wucbotaau
YYyH KCTAIraH n HaTypaml COHra 2n Xy(QT HaTypa:l COHHH
Moc Ky iiui KHpos.
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2. Ucranran ns=1 Hatypasi COHHHHr Ty6 6YyJayBuUHJIapH
TYNJIaMH 4eKJIH TYIJaaMaup.

3. 0Xx<7 TeHICH3/JHKHH KaHoaTJaHTHpaauraH OGyTyH
COHJIAp TYIJIAMHHH KY#HHAAru HKKH XHJ yCyJ/jAa €3HIl MyM-
KHH:

a) A={0, 1, 2, 3, 4, 5, 6}

6) A={0<x<T7|x€2Z}.

4. 5 ra 6ymuuu6, 10 ra Gysunmailigurad GyTyH COHJIAD
rynaamu B = {10k 4 5|k € Z} uekcus tynnam Gynanu.

5. A={a, b, ¢} TynnaMHUHr Gapuya KHCM TYM/IaMJIapHHHHT

rynnamu {5, {a}, {6}, {c}, {a, 8}, {a, c}, {b, ¢}, {a, b, c}}
IaH ubopar.

MawgKaap

1. Uekan Ba 4ekcH3 Tynjamjiapra MHCOJJIAP KEJTH-
DHHT.

2. —3<Xx<3 TeHIrCH3NUKHHHI OYyTYH eduMJapd Tyi-
JIJAMHHH UKKH yCy/n[a €3HHr.

3. Bupop coununr 6apua G6yTyH 6ysnyBunHsapH Ba OYTYH
6yJIHHYyBUMIADH TYNJIAMH 4YeKJH GynaguMu?

4. 3 ra 6ynuuu6, 9 ra Gyaunmaitauran GyTYH coHsap
TYNJIaMH YeKJIHMHU €KH YEeKCH3MH?

5. {1, 2, 3, 4} TynaaMHHHr Gapya KHCM TYMJIaMJapHHH
€3HHT.

2-§. TVILIAMJIAP YCTHUIA AMAJLJIAP

A Ba B tynnamnaap Gepusarau 6ysacud. By tynnamaap-
IaH SHTH TymJaaM XOCHJ KHJIHW MyMKdH. By maxcaana
Tynnamaap ycruaa Oaxapuianurad KyHuaardH amaJiapHH
KHpHTaMH3:

l-traspu¢g. A Ba B tynnamnapHuHr Kamuna OuTra-
cura TerHwaH GyaraH Gapya saemeHTiapaan tysuaras C
TynaaM 1wy TymaamJapHUHr Oupaaumacy Jeilunagy Ba
AUB kypunuupga GeiarunaHany.

IOxopunarn tappudra kypa C TynaaMHH KyHHIATH
KYpHHHIIAA €3UIU MYMKHH:

C=AUB={x|x€ A éku x€ B}

Tynnamnap GupnamMacd TYIUYHYACHHM HCTaJraH YeKJH CcoHpa”
MM TymAamiaap yuyH XaM KHpUTHIl MyMKUH. n Ta A, A,, . .

., A Tyniaamuuar Gupiawvack A, U A, U ... U A,=

n n

9
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U A; Kypunuwaa €sunan.

2 rabpud. A Ba B lyn.naMJIapHuHr Gapua yMyMHil aJne-
MEHT/IapufiaH Ty3wiraH C TynaaM 1y TynJamnap kKecuwimacu
Aefiunagun Ba y A (| B kypunuwiga GesrusiaHajd.

Mucoa A={l, 3 5 7}, B={l, 2, 3, 4, 5, 6} Gyuca,
y xomma A N B ={l, 3, 5} 6yianu.

nta A, A, ..., A 1yniameusr KecHmMacH A, )

n4a,n...Nn4,= _,[I’]IAE Kypunuwaa émnany.
=

3-TabpHd. A TynnampsH B TYNJaMHMHT adupmacu e
A ra TerHw.H, JekuH B ra Teruww GysMaraH 6apua ssieMeHT-
JapaaH Tyswirad tynjamra afTHnagd Ba y ANB kypunuiuga
BesirunaHaH.

Mucoa A={l, 3,5, 7}, B={l, 2, 3, 4, 5, 6} 6yuca,
y Xonna A\B = {7} 6yna1m

4-Ttabpud. A Hunr B ja xampa B nunr A na 6yiMa-
TaH 3JEMEHTNAapH TYMJaMH Iy TYNJaMAAPHUHT  CuMMempuK
adupmacu Jefiunamd Ba y A A B kypuunwaa GearusananH.

Mucon. A={l, 3,5, 7}, B—{l 2, 3, 4, 5, 6} 6yaca,
AAB=1{2, 4,6, 7} 6yna;m

A ra B Tynnamnapuuur aiiipMac Pa CHMMETDHK aiMpMacH-
HH MOC paBHlIJAa KYHHAATH KYPHHMILZA €3HIU MYMKHH:

A\B={x|x€ A Ba x¢ B);
AAB ={x|x€Apa x¢ B} {x|x¢ A Ba x€ B}.

5-tabvpud. B 1ynnam A HuHr KueM TYnoamu Gy.arania
A\ B 1¥niam B wu A raua mgacupyeuu Tyniam LeHnialu Ba

y B éu C, B opxam &auiamn.

Mucoa B={l, 2, 3}, A ={l, 2, 3, 4, 5} 6ysranga B=
= {4, 5} 6y.1aau.

IOkopuaaru tabpugra acocan B | B=A 6ynanu. Arap A4
Tynaam 6olKa TYNJAMHHHT XOC KHCM TynsaMu Ie6 Kapanmaca,
y X0a1ia YHHHT TYJAHPYBUHCH ¢f GYJHO, @ HHHT TYJAMPYBUHCH
aca A 6ynanu.

6-Tavpuod. Xap Kanaan Tynnammnr XOC KHCM TYmJiaMH
ne6 kapaamarad TYnJiaMm ysueepcan tynnam aednianu pa yi U
opkaan Geirunasany.

U ynupepcan TyniamuuHr Gapya KMCM TynJamsiapd TynJja-
muui T (U) opxaan OGearunaiimus. By _xonna AET (V) "mn
A= U pe6 rtywynwaaan. @ Ra A Tynnamaap YuyH Xam
ez €TU) ra A€T (U) nap ypunmi. T (U) 1ynnampaan OJHH-
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rad Hcramran ukkuta A Ba B Tyniamaap Gupaauimacu, KecHul-

MacH xamaa A Ba B rtynaammap T (U) HuHr aHuKjaHulukra
acocad sHa T (U) ra termuwsm 6yaanu. U yHuepcan Tynnam-
HHHI 6apya KHCM Tyr/aMJapH opacufa HKKHTa XOCMAac KHCM
TYMJaaM MaBxyl 6yau6, ynapiaH Gupn U HUHP §3H, MKKHHYH-
CH 3ca Gy Tynsam, KOJTau/Japy 3ca XOC KHCM Tymamaap 6y-
JIafH.

U yHuBepcasa TymiaMm uekqH 6yica, yHHHTr 6apya KHCM
TynnaMaapu xam uyekau O6ynaau. U uyekcus 6yaranga sca
VHHHT KHCM TYTJIaMJapH 4YeKJH €KH UeKCH3 OYJHILH MYM-
KHH.

Macanan, N HaTypal coHJap TymnaamuHH oncak, {1} < N,

{2/<N, ..., {n}= N 6ym6, 6y epra xap OUp KHcM TYI-
JaM uekau 6ysarand xonaa {1, 3, ..., 2n+1, ...} <N, {2,
4, ..., 2n,...}= N na xap 6Up KMCM TYMJIaM YEKCH3IHP.

Muconnap. 1. x¢€N 6ymranta A={x|x>5), B=
={x|x< 7| nap yuyu: a) AU B; 6) A B; B) N ra Hucba-

ran A, ) AUB 0 AUB e ANB (AN B U (4
(1 B) nap TonmuuCcHH.

_ Eunm A={x[x>5}=156,7,...} Oyaramn yuyH
A={l,23 4 8a B={8,9, 10, ...} 6y1anu. Yuna:
a) AUB={5,6,7, ... }Ul,2 ..., 7})=N, AU B=N,
6) ANB={5 6 7,...10{l, 2,..., 7} ={5,6,7},
ANB=1{56,7
B) A={l, 2, 3, 4}
N AUB=11,2,3,4U(l,2 ...,7/=B 4UB=85;
BHAUB={1,2234U({89,...1=
={1,234,819,...}, AUB=1{l1, 2, 3, 4,8,9...}
& ANB=(1,2340n(8Y...1=9g, ANB=g;_
R (ANBUANB =g U{56 7)=(5 67 (N5
U(AnB={5,6, 7}
2. A={3k|kEN}, B={2k|kEN} va C={9%\ke N}
6ynca: a)AUB 6) ANB, 8 ANBN C nap TomJICHH.
Euum.
a)AuB~{23468910 12, h
6) AN B=1{6, 18, . }—{lekE’V} ANB =
= {6kl k€ N}
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B) ANBNC={6 1218, ...} N {9, 18, 27, ...} ={I8,
36, 54, . ..} = {18k | kEN),

ANBQC={I8k|kEN).

Mawk nap
1. A={x—12>7|xcN}BaB={x+ 15 16| x€ N}

Tynnamaap yuyu: a) A\ B; 6) AUB; B) N ra nucGatau ArTB;
r) AAB nap TOMHJICHH.

2. A={7k\kcZ), B={3+k>5|k€cZ), C={7—
—k>3|k€Z} tynnamaap yuyn: a) AUBUC; 6) AN
NBUC;BAUMBNCG 1) AU (BN C) TynaamiapHu Ty-
SHHT.

3-§. SAJIEP- BEHH AHATPAMMAJIAPH

-

U ynuBepcan TYNJaMHH TYFpH TYpTOypuak OW/iaH Ba YHHHT
XOC KWUCM TYMJAMJIapuHH iy TYpTOypyax WYMAar# Joupasiap Ou-
JlaH TacBHpnaliHK Kabys kuiamus. By xonma TyprOypuakHHHr
wrpuxnaurad (1-uusma) 6yaarn A kuem Tynaam Gysca, WTpHX-
Januamarad GyJjar A TYAAMpysud Tynaam Oyjanu. Dyunnan
A N A= @ sKkanyurn paBwaH. l-uyWamara acocan KyiiMzaru-
JlapHu €3a 0J1aMH3:

12
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e

e e

7- pacM.

NDAUA=4 2 AUA=U.

A Ba B gucm tynuiamnapuuur A () B KecuwiMacH 2- 4H3Ma-
Aa TacBdpiaHrai. By kecuuiMa TYPTOYpUAKHMHT 1L TPHXJIAHTAHy
Gynaranas uGopar: A Ba B HuHr Oupnaimack 3 - uuamanaru
TYpTOYy pUaKHHHT 6apya LUTPHXJIAHraH GYJarHHH TalUKHJ KHJIaaH.

A tynnamMpan B uuHr afiupmacu 4- unamana Gepunrad.
By aifiupma TypTOypUaKHHHr IUTPHXJAAHTaH OYJarHAHP.

B rynnamun A rava tYAgMpyBuUH Tymiam 5- yd3majna
kypcatuaran. Huxoar, A tynaamuu U yHuBepcaa tyniam-
rasa TYJAAHPYBUH Tymjaam 6-uH3Mana kKypcaTuaraHgek Oy-
JaajH.

7- au3Manard wTpHxnaurai kucM A pa B tynnamaap-
HHHF CHMMeTPHK ailupMacCHIHD.

Mauna my ycysnna yura, TYypTTa Ba X. K. KHCM Tymjam-
JIADHHHT KecHlMacH Ba OupnammacHuu Diinep-Benn nou-
paJjapu OpKanH TacBHpiaalml MyMKHH. Bywpalt tacBHpaall
onataa Ohnep-Benn nuarpammanapu ne6 oputunanu. A
Ba B rynaamnap ueknau tynnamsap OyarasHga yJaapHHHT
aJleMeHTIapH CoHH Moc paBuwna n(A) sa n(B) kabu
6enrunananu. bynnait xoama 3-unamara acocaH

n(AU B)=n(A)+nB)—n(AN B), M
13
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n(AN By=n(A)+n(B)—n(AU B) )

TEHTJIMKJAPHU  XOCHA KwiamH3. Xycycuil Xoiza, siehu A ()
f B=w G6yarasza (1) ra (2) TeHryMKJap MoC paBULLJA
n(Ay By=n(A)+n(B) Ba n(A N B)=0 kypuxuuu ona-
mu. (1) Ba (2) Tenrsmxknap ojatfia KVIUHII BAa KYNauTHpUIU KO-
HYHJ1apH Je6 10pUTHJIAIM.

Muconnap. 1. MatemaTtuka axkyabreTHHuHr 1 Kyp-
cupa 75 tanaba yxuitau. VYaapnaH 47 tacu Makrabaa
HHIVIH3 THJHHH, 35 TacH HeMHC THJHHH, 23 TacH 3ca Xap
HKKaJa THJHH YypraHrad. Kypc ranabanapuiaH HeYTacH
HKKaJla THJIHH XaMm GuaMaiau?

| P

8- pacm.

By Macanaun eunws yuyd Sifinep-Bewn amarpammana-
punan ¢Qoiinananamus (8- uusma). Tyrpu TypTO6ypuak cH-
¢datuna 1 Kypc ranabanapu TyniaaMuHu osaMu3. by epaa
HKKHTA TynjaM KecHIMacH 23 Ta aJeMeHTAaH H6opaT
6ynarann yuyH daxKaT HHIVIM3 THAWHH YpraHrahjap COHH
47—23=24 Tta, (aKar HeMHC THJHHH {praHrasjap COHH
35—23=12 ta Ba HHXO04T, Xap HKKaJja THJHH GHIMaHAH-
rgnap COHH 3ca 75— (24+23+12) =16 Ttanau ubopar.

2. Marematnka Qakyabrernfad 100 rana6GaHu Texuun-
pub Kypp/Iraniia yJaapHHHr 18 racn dakar HeMUC THJIHHH,
8 Tacu Hemuc Ba ¢pavuys tHauHH, 48 TacH ¢dpaHUy3 TH-
JauHH, 8 TacH QpaHUy3 XamJa HCMaH THJAHHH YpraHuIlH Ba
HHXOAT 24 TacH Xe4y KaHjaafl THJHH ypraHMaraHJHurd asHx-
Janan. a) Kaxuya rana6a HcnaH THAMHH  ypraHafau?
6) KaHua Tana6a ¢paHuy3 THIHHH YPraHMac/HK WapTH GH-
JJaH\HEMHC Ba HCIaH THJAHHH ypraHaiu? B) KaHua Tanaba
HCaH THJAHMHU ypraHMarasja Ba ¢akar wyHnaruda c¢pas-
1ly3 THJHHH ypraHaju?

Eyaw. AsBano 3Jiinep-Benn puarpammacunu Ty3u6
onaMu3 (9-uusma). By epna xap O6Hp moHpa HeMHC, GppaH-
Iy3 Ba MCNAH THJIHHH Yprasye4yH Ttajabanap TYIJIaMHHH,

14
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9- pacm.

TyFpH TYpTOypuak 3Ca TEKWHpHJAraH Tajnabanap Tymia-
MHHH HQopajaiiin. Yura yeT THALaH KaMuaa GUDHHH Yp-
raiyBuH ranabanap conu 100—24=76 rtamup. a) Kanua
Tanaba HCNaH THAHHHM yPraHHIIHHH aHHKJAW YYyH THA Yp-
raiyBuH Gapua tasnabamnap coHu (76) nan Hemuc THaH (26)
xaMna dakat ¢panuys taan (48—8—8) ypranysuu Tana-
6asap conuHH aiupu6 tamnaiiMu3, yupa 76—26—32=76—
—58=18 xocua 6ynanu.

6) $paHuy3 THJAHHH ypraHMaclaH MCNaH THJIHHH ¥p-
raHyBuH Tanabasiap COHHHH TONHLI YYyH THJ YpraHyBYH
tanabanap coHnAaH ¢paHuy3 Ba HakKaT HeMHC THJIHHH Vp-
raiyBuy TanaGanap COHHHH aiiHpaMu3. VYHaa 76—48—
-—lZ= 10 xocun 6ynann.

) Ucnan Tuauen ypranmarasia Ba ¢akar IIYHIArH-
Ha ¢(paHuy3 THAWHHM ypraHysud Tansabanap COHHHH TONHIL
YUyH 3ca THJ ypranysuu Gapua tanabanap COHHAAH ¢akaT
Hemuc Tuau (18) Ba ¢paHuy3 xamza ucnaH THJIHHH ypra-
HyBuH Tanabanap coHu (8), daxkar ucmaH THJAHHH Ypra-
HyBunJap couu (10) HMHr HAHFHHIMCHHM afiMpHUI Kepak
(9-unamara xapasr). [emak, 6yHaait Tanabanap COHH
76— {18 +8+10) =40 skan.

4-§ TYNJAMJAP YCTUJA AMAJJIAPHUHT XOCCAJIAPH

Bupop U yHBepcan TymiaMHHHT KHCM TyNJjamJjapH
VYYH KyHAHJard TeHrJHKIap YpHHAH:

1. Hcraaran ukkura A Ba B TynnamaapHHHT KecCHIIMa
Ba 6MpJaulIMacH KOMMYTaTHB 6YJaAH, TbHH

ANB=BNA4, (h

| AU B=BUA. 2
2. Bupsanma Ba Kecana\gMamapu accouHaTURANP:

AuBUucC =A“{Q5 U O, (3)

15
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AnBnCc=A4an@Bno. 4

(1) Ba (2) HUHT VpUHJM SKAHJMIH KecHluMa pa GupnaiMa-
HHHT Tabppuduian xemf yukamu. bBus xo3up (4) TEHrJHKHHHT
VYpUHJH  3KAHMMrHHM HcGotaiafivu3. x €(A (| B) 1 C  6yacuH.
Yupa xKecuuiMauuur Tabpudura acocas x€A 1B Ba x€C 6y-
Jaf. X€A [) B 6ysrann yuyn x€A Ba x€B. eMmak, x€ A
Ba x€B (1 C. Oxupru tacuux 3ca x€ A (] (B ) C) 3kaHAHTHHU
6unpupany. Ilynnaak ka6, x 3N€MEHTHMHT HXTHEPHH SKaHJH-
r'Hra acocsaHuo,

AnNBnNc=sAnNBNOG ()
n1e6 onamus.

Akcunua, y €A N(B N C) 6yacun. Y xonma y€
y € B C 6ymb, 6ynnan y € B Ba y € C. [emak, y € A
Ba y € C. Oxupru MKKkHTa MyHOCabatra acocan 3ca y € (4
N C nwp.

Wynnait kuuo,

AnNBNOsANBNC (= +)
9KaH. (s« ) Ba (s ) Jiapra acocaH (4) HMHr YPHH/IM IKAHJIUTHTA
HUIOHY XOCHJI KHJAMH3.

(3) Ba (4) TeHIIHKJADHH HCTaJraH YeKJH COHJOArH
TYIJIaMJap YY4yH XaM €3Il MYMKHH.

3. Yura A, B Ba C tynnaM yctuaa OGaxapuiaaurat
KecHUIMa Ba GHpJaliMa aMaJlapH YYyH KHCTPHOYTHBIAHK
KOHYHH GaxkapHJajH:

AUBNO=AUBNMAUO, ()

ANBUCO=MANBUM@ANOC. (6)

Oxupru MyHocabaTjap HCTaJIraH Y€KNH COHRArH TYm-
JamJjap yuyH xaMm 6axkapuiaaiH, A’bHH

AU B)= 1 (AUB, )

AN B)=0(4NB) ®

burra ynusepcan tynnamHuHr 6apua KHCM TyniamJa-
PH Yu4yH KYHHAAru adHuATIap XaM YpHHJAH OyjaaiH:

4. Hpemnotentiik Kouynaapu: A J A = A, 9)
ANA=A (10)

5. 1Oramw xonynnapm: A ) (A N B) = A, (rn
AN(AU B =A4 (12)
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6. ne- Mopran konynaapu: A U B =4 ) B, (13)
ANB=A4 B. (14)

7. AU U=U.

8. AnNU=A. -

9. Mnsomounsa xouyuu: A = A.

0. 2=U, U=g.

by xonynnapuunr GuTTacund, sbHH (D) TEHIHKHM UCGOT
sTaiymk. A J (B (1 C) HMUHr HcTanrad x 3J€MeHTH Kamuaa A
ra ¢kt B ) C ra ternwan 6ynagd. Iemak, x anementr A ra
€k B ra C napra terumsuy. ¥ xonpa x 3nementr A |J B ra
ra A U C ra termum. Wynnur yuyn x €(A U B)y N (A U C)
6yJ1anu.

Hemak,

AUBNOSMAUBNEALUO. (15)

Axcunva, (AU B)N (A U C) nunr Xap GUp Y 3neMeHTH
AU B Ba AU C ra teruunvtu. Jemak, y 3JeMeHT A ra €ku
B Ba C napra rermwn. lily ca6a6nu, y aneMeHT A ra €ku
B N C ra teruuum 6yaranu yuyn 6y =qemedt A |J (B N C)
ra xaMm Te rumi. Jlemak,

(AUBN@AUOESAUBNO. (16)

(15) Ba (16) man (5) TeHrnHK Kenub YHKaALH.
Koaran TeHrsiHknapHH HcOGOTAAMIHH MYyCTakKMJ HII Y4yH
KOJIAHPaMH3.

Mawgkaap

1. Kyfingaru TynaaMJapHHHT Xap HKKHTacH Ba ydaja-
CHHHHI XaM KecHIuIMaJjapu Ba OMpJallMajlapHHH TONHHT:

A={a, b ¢}, B={d, e f g}, C={a, [, & k e}

2. Ky#iugaru TynnaMJapHUHT XaPD HKKHTacCHHHHT anHp-
MacHHH aHHKJAaHr:

A={1,2 3 4}, B={4,5,6,1, 8, C={l, 2, 3}.

3. NI={l1, 2, 3,..., n, ...} Harypan counap Tymia-
Md yuyH B={3, 6,9, ..., 3n, ...} gucM Tynnam. B HH
TOTIHHI.

4. A={a, b, ¢, d} TYnNAMHHHT Gapuya KHCM TYNNaMJapHHH
€3H6 YMKMHT.

5. U ynusepcan tymnamuuar A={a, b, ¢, d, €}, B=
={a, b, ¢}, C={b, ¢, d, f, g} gacmnapu yuyn (ANB)N C
HH aHMKJAHT Ba OyHH Jiisiep- Ben awarpammanapy OuJaH Tac-
BHpJIaHI .
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6. N yuusepcan tynaamuuar 4 = {1, 2, 3, 4, 5}, B ={|,
2, 6}, C={3, 4, 7, 8} xucmnapu Gepuarad. (A (| B)\ C uu
aHHKJAHT Ba YHH Oiep- BeHH auarpaMmafapd GusaH TacBHp-
JIaHT,

7. N_ynusepcan tyniavuuir A () B = @ WapTH4 KaHOaT-
JIaHTprB'-IPI KM Tyniamaapy yuyd ASB, BE A skaHmrH-
HH HcBOTNIAHT.

8. Kyituparn tynnamaapuu JDiiep-Bedn auarpamma-
Japu épaamuia HPoAaaHr: .

a) AnBNiC;6) ANBNC, B)(A U B) N C.

9. U rynaamuudr A, B, C kucMm TynaamiaapH yuyH A < B,
B < C 6ynca, A= C Gyaanumu?

10. 9- MHcoaZarH IApTHH KaHOaTJIaHTHpAaJAHTNaH TyI-
JaMJaapiaH 6ab3HNapHHH €3HHT,

11. QT — manduiivac pawnonan cownap Tymaamy, Z+ —
MaHbuitvac OyTyH COHJap TymJaMd O6yjraHia KyHIaruJapHH
aHHKJIaHT

a) zT | ot 6) Z¥ U N; B) NURU 0;
r) N.U Z; 5 2zt noh e) ZV N N;
®) (NN'QU ZH 3 QN R, H) (RN\Q) U N.

12, 100 Ta Tanaba TtekwHpHO Kypuaranga KyHHIarH-
Jlap aHHKJAaHZW: yaapAaH 28 racH ucnad THAuHH, 30 Tacd
HeMHC THJIHHH, 42 Ttacu (paHUy3 THJIHHH, 8 TacH HCNaH
Ba HeMHcC THAHHH, 10 TacH ucmaH Ba ¢paHiy3 THJHHH, 5
TacH HeMHC Ba (paHIUy3 THJIHHH Ba HHXOAT 3 TacH Xxap
yuaJja THJHH ypraHap skaH. KyfinjaruiapHu aHHKJaHr:

a) KaHua Ttana6a GHpopTa XaM YeT TUJUHK OHJ-
Mangu?

6) Kanua rtanaGa daxar ¢panuys THAHHH YpraHaiu?

B) KaHua tana6a ¢paHuy3 THJAHHH YpraHranjaa Ba oda-
KaT IIYHAarHHa HEMHC THJHHH ypraHaau?

Kigpcarma: Siinep-Benn auarpammanapupal dofinana-
HHHT.

5- §. TYJIAMJIAPHUHI NEKAPT KYTAATMACH

HMkkura 6ymimac A Ba B tynnamnap O6epuaraH 6ya-
CHH.

I-tabpud. A Tynnam saeMeHTIapHHH OHpHHYH, B
TYNJaM 3JeMeHTNapHHH HKKHHYH KHIHO Ty3uarad Gapua
XKy®Taukaap Ttynaamu A Ba B TynJaaMAapHUHT 0eKkapr
(tyrpu) Kjnadrmacu neiunagu Ba y AXB opkann 6enru-
JaHalH.
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By tavpupra acocan A X B={(x; y)|x€ A, y € B} 6-
Ju6, 6y epia x 3jaeMeRT (x; y) WYDTIHKHHHT GHPUHUM KOMIO-
HeHTacH (TAlKHJ 3TYBYMCH), y 3Ca HKKHHYM KOMIOHeHTacu el
foputHaagu. Kyn xosnappa Taptu6iaHraH »yQT/IHKHA Y3YHJIHTH
HKKHIa TeHr GyJaraH xopmcok He6 Xam IOpHTH/IAZH.

Y3yHJHIH 7 ra TeHr GyJraH KopTex Jeranjla TapTHOJaHTraH
(@, a,, . .., a) OGesrnnu TywyHamus. DBy epma n koprex
y3yHaury ge6 ioputhiagu. Kopreskaap Tymiampia TEHIVIHK My-
HOCa0aTHHH KHPHTHII MYMKHH,

2-tabpud. Arap ukkura (a,, a,, ..., a,) Ba (b, b,
.. ., b)) xOpTeXNapHHHT y3yH/JHMKJApPH Ba MOC KOMMOHEHTa/a-
p1 Y3apo TeHr Gyuca, Oy KOpTeXJap mexz AeHHIauH.

Macanay, {1, 2, 3}, {l, 3, 2} Tynnamnap 6up xma. Kop-
TexJapia 3jeMmeHT/1ap Taptubiaanrad. Ilyuunr yuyH {1, 2, 3}=
= {1, 3, 2}, qieknn (1; 2, 3) = (1; 3; 2).

Mucon A={l, 2}, B={4, 5, 6} 6yacun, yHza

Ax B={(l; 4), (1; 5), (I; 6), (2 4), (2 5), (& 6)},
BXxA={4 1), 4 2, (5; 1), (5 2), 6; 1), (6; 2},
AXA={L D, (I; 2,{& 1), (& 2)},

B X B={(4; 4), (4; 5), (4 6), (5; 4), (6; 5), (5; 6),
(6; 4), (6; 5), (6; 6)}

6yaanu.

Arap A Ba B tynmamaap Mmoc paBuilja m Ta Ba n Ta
3JeMeHTJIH Tymaamaap Gygaca, yaapHuHr AXB TyFpu KY-
naiitmMacu mn ta xydrauknapaan wuGopat 6Gynapu. [e-
KapT KynaiiTMa TYWIYHYacHHH HCTaJraH 4ekJH COHJarg
TYNAaMaap Y4YH KHPHTHII MYMKHH.

3-tadlpud. Ucrairan A, A,, ..., A, Tynnamnap OGe-
puaran  6yaca, A X A, X ... X A, nexapT KynaiTMaHuHr
uctanran W xuem 1ymiamm A, A,, . .., A, Tyuamaap aJje-

MEHT/IaDH OpacHia aHHKJAHTaH n YPHHJIH MOCAUK, R ra 3ca Iy
W MOCIHKHHHT paHeu neinjaju.

Xycycnit xonzma, sibiu A, =4, = ... =A = A O6yiraH-
1a W mocnuk A Tyniampa aHuKJaHraH MyHocabaT Je6 IOpHTH-
Jagu. W MyHocabar A" pekapr kynalfitmanuur Xap Gup sne-
MeHTHra A TYIUJIaMHHHT GHTTa 3JE€MEHTHHH Moc Kyamu. By epaa

A ={(x;, X ..., x)|x €A, x,€4,...,x, €A} 6y-
mb, (x,, X, ..., X,) Y3YHJMIH n ra TEHT KOPTEXAHMD.

Hexkapr KynaiitMa KoMMyTaTHB 3Mac. XaKHKaTaH, IOKODHZA
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KeJTHPHIraH Mucodra 3uTHOOp Gepcak, A X B %= B X A 6yxa-
mu. Arap ((@; b);, ¢)=(a; b; ¢) ne6 wapriawcak, MasKyp Ky-
nafitMa accounatB, sABvHH A X (B X C)=(4 X B) X C. by
TACAMKHU MallK cu(aTHia TeKIUHPHG KYPHLI MYMKHH.

6-§. BUHAP MYHOCABATJIAP

Bus 5-§ na ukkHTa TYnnaMHHEr jAekapT (TyFpu) Ky-
nafiTMacH TapTHO OHJAH OJHHTAH KYPTAHKAZD TYNJIAMH-
naH HO0OpaT 3KaHJHMTHHH KypuOG VYTraH 3JHK.

I-tamspud. AXB nexkapr KynaATMaHHHr HCTaJraH
R gucM tynnamura A Ba B tynnam snemeHTnapH opacuia
aHUKJaHraH Ouxnap (MKKH YPHHAH) myHocabar neHHalH.

Arap a€ A, b€ B 6ym6, (a; b) € R 6yaca, a snement R
MyHocabar €paavHia b 3/7eMeHT Ou/aH GOFJaHraH Ae6 YKHIaAH
ékd R MyHocabaT @ Ba b sjeMeHT/IaD YUYYH VpPUHJIH 1e6 ropu-
THIa M Ba a R b opkanu E3unapu. Mociukaap ogarna p, R, S,
T, . .. Xapdaap opkanu GesrdiaHagM.

Mucoun. Arap a, b nap Tyepu umsukJapHu Hpopanaca, y
xonpa a |l b, al b 6yam6, |, _L snap OGuHap My HocaGatsap
6ynany.

Bepunran tynnamMaapHHHT Xap GUPH YeKJIH TyMJaamaap
6ynca, ynap opacuaard MOCAHKHH ¢dakaTrHHa XY(T/aHK-
Jap opKaJad aMac, 6anku rpadmap opkaam xam Hdoza-
Jlatl MYMKHH.

2-tabpu . TekucaMKAATH YeKJH COHZArH HYyKTanap
Ba yJapHHHr Oab3WJapHHH TYTAWITHPDYBUH UYH3HKJIAp TyI-
JlaMH XOCHJ KHJaradH ¢Hrypa epag, HykKTajaap rpadHHHT
y4aapu, Gy yyJapHHHT KaHAaHUAHPp HKKUTACHHH TYTAIUTHPYB-
Yy YH3UK rpadHuHr xuppacu peiimnaau. Bapua xuppana-
pH HyHaNHIIH cTpenka OHnaH KypcaTHAraw rpag OpueH-
Tupaanaaw epag nefinnanu.

A tynnamparu R Gunap MyHocabatHH rpad opKaJd
udosanaw yyyH Kydugaruda HII TyTaMH3:

Jlactapean A TymiaMmBardH 3jeMeHTVIapHH HykTanap OHsaH
6enrunab umkamua, cyHrpa (a; b) xkydrmiHkmap yuyH, sibHH (G5
b) € R (a = b) 6yaranga a paH b sjementra 10-uusaMana xyp-
caTM/IraHJeK CTpesiKaad UH3UK YTKa3aMH3.

a=2> 6Yyica, sphu (q; a)€ R ra 10-yu3Majard CHPTMOK
Moc Kesaau. MIVHanumu MKKH TOMOHra cTpejka OWJ3H Kypea-
THITaH Kuppa OpHeHTHpJaHMmaraH rpad aeitunamu (l1-unsma).

Oniu GuHap MyHocaGaT/IApHUHT TEHIVIMFH, HHBEPCHACH La
KOMIO3ULUACH TYFPHCHA TYXTa/lamua.
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- QO /

10- pacwm. 11- pacm.

3-tanpud. R Ba S Gunap Myrocabatsap Gepuirad 6¥-
JIHG, uxTHépHil x Ba y 3JemeHTyap YuyH (¥, y) € R Gyaranpa
Ba ¢axar wyugaruna (x; y) €S G6yaca, R =S pefiunagy.

4-taspud. R Ba S MyHocabaT/apHHHT KOMMO3HLHACH (CY-
nepnozuiuacH) ne6 GUpop 2z 3neMeHT Yy4yH (X; 2) € S B2 (z y)
E R LWapTHi k,aﬂoamamupysqn Gapua (x; y) wydrauknap
TynjamMura aituiagd Ba y RoS éku R S opkaiu GearunaHa-
AH.

Tawpudra acocan R Ba S MyHocabaTyiap KOMNO3HUHSACHHH
RS ={(x; y)| wynpah z MaBKyAKH, YHHHT Yy4YyH ¥ Sz Ba
zRy nap YpHHIH} opkanH €3uIaTH.

tMucoa.
S={(5; 6), (7; 8), (10; 12)},
R={(6; 9), (12; 3), (3; 9)}
6ysranga Ro. S = {(5; 4), (10; 3)} 6y.aau.

5-tabpud. R={(x; y)| x€ A, y € B} 6yarauaa (y; x)ER
IapTHH KAHOATJIAHTHPYBUM Gapua kybTaukaap tynaamu R OH-
Hap MYHOCAaOaTHUHT uH@epcuscu Aefinlagd Ba y R™! opxa/u
6esrnaaHam.

Tanpudra kypa R™' = {(x; y)|(y; x) € R} 6ynanu.

Mucoa. R={(5; 4), (6;5), (7; 6)} 6yaranza R™'={(4;5),
(5; 6), (6; 7)} 6yaanu.

6- 'ra'bpu@ R HuHr 6apua xydrauksiapuiard GHPHHYH 3Je-
MeHTJapH TynjaMura R MYHOCAaGaTHHHT QHUKAGHUUL COXACU
Reinnagn Ba y Sp ékn Dom R opkamu GesrHiaHaiu.

7-tabpud. R HuHr Oapua »kydT.IHMKJIApUAATH HKKHHYH
3/IeMEHT/IapH Tynnamura R MyHOcaGaTHHHT Kudmamaapu mgn-
AamMu jeAunajd Ba y pp €ku Im R opkain GenrusiaHagH.
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== cuMBOs 0jaTAa Tahpudra acocaH GeITHNAHPIUHM GHJIIH-
pami. R MyHOcaGaTHHHT aHHKJIAHMLI Ba KUHMAT/IapH COXaJlapHHH
moc pasmiia Dom RZZ S, = {x| wynnait y MarxyIkH, YHHHT
yuyH (x; ) €R}, Im R:pR={y[ WyHAA# X MaBxKYIKH,
YHHHT YuyH (x; y) € R} xabu €a osamus.

Bunap MyHoca6atnap xyQraukiaap rtyniaMmuHu udopasaraHu
yuyH MyHocaGar/apHMHr GMpJalMAacH, KeCHLIMacH Ba TYJAUPYB-
uH TYNJIaMJAapH TYFPUCHAA (UKD IODUTHII MYMKHH.

Mucoaanap. 1. n ucrajsran Harypan cod GyaraHpa, W <
< {(n; n+ 1)} myHocabar Gunap myHocaGar GyJjaiu.

Xakukatan, OGupop (a; b) xydrmk W ra TerMuum, sibHH
(@ b)€ W 6ymmmm yuyd b=a + | 6w 3apyp pa erapsu-
Iup. a -+ | HaTypan con 3ca a naH GeBOCHTA KeliMH KeJyBYH
Hatypan coupup. lemak, N Harypan cCOHJap TYmIaMuAa <. . .
JaH GeBocHTa KelHH Ke/HMIUJIMK» MyHocabaTH OuHap MyHocaGaT
3KaH.

2. m Ba n jap GyryH connap Gyarauna W < {(nm; n)} my-
HOcabat OyTYH COHJAp TYNJamMHia aHHKJAaurad OuHAp MyHOca-
6at Gyaanu.

XaKkukaran, arap a = nm Oysaca Ba (akar wyHparuda (a;
n) € W 6ynagu. Arap (a; n) €W 6ynca, a coH n ra 6y/uHanu
(n coH a uu 6ynanm), Aefunafu Ba n'ac €kH a:n Kabu Gearu-
JiaHaH.

3. Q — panMonan coHMap TYNJaMMAa AaHMKJAAHTaH =, >,
>, <, < MyHocaGatiapy XavM 6uHap MyHocaGaT/apaup.

4, W — Gapua Ty6 connap Tyniamu GyJcuH. YHAA MCTAJArad
Hatypan coH yuyH a € W 1mapr a HMHT Ty6 COH 3SKAHIHTHHH
6ungupapy. Hemax, @ € N HuHr TyO/MrH HATypasd cOHJap Tym-
JaMHJla aHMK/IaHTaH YHAap MYyHOcabaT 3KaH.

5. MkkuTa a Ba b HaTypaJs COHJIADHHHT 3HT K4aTTa YMY-
MHIl O6yJYBUHCHHH TONHII TepHap MyHocabat 6ynanu.

Mawgaap

1. XakuKKil confaH Ky6 MJIAU3 YHKapHLI Heya YpPHHJH
MyHocabat 6Ynanu?

2. Bupop yHuBepcas TYMAaMHHHT KHCM TyNJaaMJaapd
YUyH aHHKJaHras OupJauiMa, KecHWIMa Ba TYJIAUPYBUH
TYNNaMAApPHH aHHKAAlJIADHUHD Xap OHPH Hewa YPHHJIH
MyHocabaT 6Vianu?

3. {1, 2, 3, 4, B, 6} TynaaMaa a coH b ra KO.JAUKCH3
6yauHamw MyHocabaTH VYyH rpad KYpHHT,

4. A={a, b, ¢}, B={3, 4, 5,6, 7} 6yaca, A X B Ba
B X A napuw anuk1anr.
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5. C {1; 2} Gyaca, 5-mucoamarn A, B Ba C. nap yuyH
AX(BxC)pa (AXB)XC napuu Ty3unr Ba A X (B X C)—
= (A X B) X C 3KaH/MIHHU TEKUWHPUHT.

7-§. BUHAP MYHOCABATJIAPHHHT TYPJIAPH

Buuap myHocabataapHuHr 6ab3u GuUp TYpJIapH YCTHIa
TyxTaaub yramus.

1. Peduekcupank MyHocabGary.

l-tabpud. A TYNAAMHUHD HCTAATAH X 3J18MEHTH YUYH
xRx Gaxapuaca {poct 6ysaca), y Xoama R myHocabar A
TyIIaMaa aHUMKJaHTaH pegaekcusaux mynocabaru nedu-
ganau. Arap A TynmiaMHHHT Xap KaHgal 3J/eMeHTH YuyH
xRx 6axapuamaca, R anrupegpaexcus, A tyniaMmuuur 6asb-
3 GUp 3jeMeHT.IapH yuyH xRx OaxapH.aub, 6an3u 6up y
3deMeHT.1apn yuyH yRy OGamapnamaca, R A tymiamaaru
petb.acrcuastac syHocadcar aefinnaiy.

Mucoanap. 1. Z 6yryd comiap tymaamuia X — y alup-
ManHuHr m > 0 6yTyH conra KO MKCH3 GY.TMHHII MyHOCabaTH
pecdaiekcuB myHocabatanp. apvakuxar, Oapua x € Z yuyH x—
—x =10 afiupma m >0 ra KoaauKcu3 GyHHALM.

2. R xaxukuil cOH.Iap TYrnaavula aHHKJ/AHTaH «KHYHMK» (KaT-
Ta) MyHocaGarti antipediekciB, 4ynki xap KaHpaif x € R ydyH
x< x (x> x) gouvio Darkapiiivaiiai.

3. N Tynaamaa amixJaHral «¥ pa Yy HHHD 2HT KaTTa yMy-
MHit 6VIvBUMCH d ra TeHr» Myuocafari peduIeKCHRMAc MyHOCa-
Gar 6Y.1axu. Xaxukartad, x=y=d Jap yuyH (d: d) == d Gy;ranu
xoaga, x < d Ba x >d Jap yuyH (v; x) # d 6¥IanuL

II. CummerpukanNK MyHocaGaTH.

2-tavpud. A tynaamaard UXTHEPHHM X Ba Yy sJe-
MeHTJIap Y4yH xRy MyHocaGaTHHHr Oa<apuJHIUIHAaH YRX
MyHocafar xaMm 6axapusca, y xoiana R Hu A tyniamaaru
cummerpu myrocadbar pelinaanu.

A naru x Ba y aaeMmenTsaap yuyH xRy OGaxapuaub, ne-
KHH y Ba x .ap yuyH yRx Gaxapuamaca, R mynocabar A
TyOJaaMaa Cumsmerpurmac mysocabar neld;Iaiu.

3-tabspud. Arap A rtynnamaarn HXTHEPHH X Ba Y
sJeMeHT.1ap yuyVH xRy Ba yRx JNapHHHI VPHH.IH KAHJHIH-
JaH X=y Keaub uHKca, y xo1aa R Hu A tymiavpary as-
TUCUMMETPUK MYyHOCabaT nelunaaiu.
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H1. TpaH3HTHBJIHK MYyHOCaGaTH.

4-tabpud. A TYynNaMHHHT UXTHEPHH x, y Ba 2 3Jje-
MeHTJapH yuyH xRy Ba yRz napHuHT GaxapHauwu (pocT-
Juru) HNaH ¥Rz HHHr XaMm GaxapHJIHWIH KeaubG dYHKca, y
xonga R myHocaGartra A TyniaMaard TPAH3UTUBAUK MYy-
nocabary pefinnagu. Arap xRy Ba yRz NapHHHT POCT/IMTH-
AaH XRz HHHT pOCTIHIH KeJun6G uHKMaca, R ra TpaH3urue-
mac myrocabar peiunand.

Muconnap. 1. Harypan coHnap tynramupa aHHK-
JIaHTaH KOJIHKCH3 OyJAHHHII MYHocabaTH TPaH3HTHB MY-
HocaGar 6yJsanH.

2. Hatypan consap Tyniamuaaru TEHrMacJHK MYHO-
cabaTH TPaH3HUTHB sMac.

Xakukaran x=4, y=9 Ba z=4 Kuiimatiapaa Y=z,
JIEKHH X=2,

8-§. TYNJIAMHH 3KBUBAJIEHT CHH®JIAPTA A)KPATHIL

7-§ na 6uHap myHocaGaTnapHUHr OMp KaHua TypJapH-
#H Kypu6 yrauk. Ban3u xonaappa 6uTTa TynsMamaa GuHap
MyHocabaTsapHHHI OHp KaHyacH aHHKJaHraH OGyJHIIH
MYMKHH.

I-topud. Arap A rynnampa anuknanrad R Guuap
MynocaGar 6Hp BaKTHHHT y3HAa pedJekcHB, CHMMETPHK Ba
TPaH3UTHB 6yJca, y xonama R MyHocabartra 3K6UBAAEHTAUK
MyHocabaTu feHHIanH.

OKBHBANEHTIHK MyHocabatH o €kH = KabH Oearuia-
HaJH.

Macanan: 1) ncraiaran 6ywmac A Tyniam saeMeHntaa-
PH Y4YyH aHHKJaHrad TeHIJMHK MyHocabartH; 2) TYFpH
4H3HKaap (6Hp TeKHCAMKAA &TYyBYM) TYNJaaMHAAa aHHKJaH-
ras mapajnesnauk MyHocabGatu; 3) yybypuakaap Tyniamu-
Jard yxwawidk MyHocabaTu; 4) reoMmeTpHk ¢urypaJsaap-
HUHI TEHIJOWINK MyHocabGaTH 3KBHBAJEHTAHK MyHocabaTH
6yaanm.

A TynnamAa aHHK/MAHTaH 3KBUBAJeHTJIHK MyHocabaTu
wy A tynnameH V3apo kecuuiMaiiguran cuudsapra axpa-
THW TylIyHYacH OHaaH y3BHH GOFJaHTaH.

bus snau my tymyHyauum 6aéH 3THIINa KHPHILAMHS.

A TynAaMHHHT KuHCM  TYmaamnapuar A, jle6 Gesrunaimus.

By epna @ con {1, 2, 3, . .., k} =] TYnJaMHHHT 3.€MEHTH-

JHD.
2-tabpud. Arap G6Ywmac A tynmamuuar 4, (@ €/, IS
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S N) xucM  TYMIamJapd y4yH Kyhdgaru waptyiap 6akapuica,
STHHH
a) Gapya A (@ =1, 2, . ..) guecM Tynsamnap 6ym  smac;
6) a # p 6yaranga A, N Aﬁ=g;
B) A= UA, 6yaca (6y epra U A, Gerru Gapua A, sap-
¢
HHHT GHpialiMacud udofanadnu), A TYIiaM y3apo KecuiiMai-
avran A, xuem tynnam (cuud) sapra 6gaaksancan (gpaxmopu-

sayuaianzal) Jedinnany.

Macanan, Gapua GyTyH coHsapu 3 ra 6ynub, yaapuu G-
JMIIIaH XOCHM GYJraH KOJMAUKJAapH Gyiimya curuapra axpar-
cak, Z={3k|keZ} U {3k+1]|k€Z} U {3k+ 2|k € Z} x0-
cun Gyaanu. by epna {3k|k€ Z}, {3k+ 1|k € Z} Ba {3k+
+ 2|k € Z} Tynnamnap 1OKOpUAArH yurta UIAPTHH KAHOaTJIAHTH-
panH.

Kyfingary teopeMa VpHHJH.

Teopema. Azap 6upop 64w 6§amazan A rinsam 3re-
MEHTAGpU Y4YH p IKBUBANEHTAUK MYyHOCabaru fYpunau
6yarca, A Tinaam axkropusayusranean 6gradu ea ax-
cunua, asHu A Tinaamunune xap 6up gaxkropusayuacu wy
Tynramdazu 6uUpoOp 3IKBUBAAEHTAUK myHOcaGaTu Guiran
Goraanezan G6jaadu.

Hc6oTH. A TYNIaMHHHT MXTHEPHI X SMeMEHTHra p MyHo-
cabar Gyilia SKBHBaJIeHT Oy/raH Gapya 3ajeMeHTap TYyIMJaMHHH
C, ne6 Genrunaitmuz, A C = {y € A|ypx}.

C, nuHr anug/awnumra acocan C, < A. xp x ypuHau Gyura-
HH yuyH x € C,. Jlemax, A nuHr Xap GHMp 3JeMeHTH KaulaHiup
C, kuCM Tyn/aMra Terdunid Gynanu.

Sumn C, N Cy = (» SKAHJIHTMHH KypcaTaMu3.

Arap C, N1 C, + g Gynca, C, = C, 6ynanu. Bowxaua ku-
7u6 aitrranna, C, sKkBuBaneHTHK cuHbA Gynagu. XakukaraH,
€., NC,+g 6ymranga C, Ba C, napra Ternuu GyiraH 2
a/leMeHT TomMnamM. YHma z € C, GyaraHH yuyyH 2px pOCT.
Xyaay wIyHUHTOeEK, z€C, Oyrrandnan zpy XaMm YpUHIH. P

MyHOcabaT TPaH3MTHB Gy/raHd y4yH Xp2 Ba Zpy JaplaH xpy
8K x € Cy 6yn1anu.
x 3/iemeHT C, HUHT MXTHCDUH 3/EMEHTH SKaHIHTHAAH

c.=sc, )

JHp. p MyHocabar CHMMeTpHK MyHocabar Gyarand Tydaitam yp2
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Ba 2pYy MyHocaGatiap Xam OGaxapuaaiu. By Mynoca6arnap
y € C, Ba z2€ C, SKaH/HTHHH KYpCaTajH.

p MyHocaGaT TpaH3MTHB OyJaraHd YuYyH ypz, zp X Japra
acocan ypx Hesi oiamu3. OXHpri MyHocaGataaH 3ca y € C. zup.
y snement C, HUHT HXTHEDHI S/IEMEHTH SKaH/HTHra acocaH

c, <C, @)

6ynann. (1) Ba (2) nan C, = Cy JIMIH KeNHG UMKAmH.

Arap a, b€ C, 6y.ca, ynna apy Ba bpy nap YpHHIH. YHZa
p CHMMETPHK MYHoca6ar GyJsrauufaH xpb Ypunau OyAamu. apx
Ba xpb Japnau sca apb xocHa Oysanu. Jlemak, HKKHTa 3/Je€MeHT
6urTa cundra TeruwiH Gyaca, yHAa yaap 3SKBHBaJeHT 6yJap
skaH. XyJaM LIYHHHTAEK, arap apb 6ysca, a€ C, Ba b€ C,
6ynamu. TeopeMaHHHr GHPHHUH KMCMH HCGOTJAHNAH.

SHIH TeOpeMaHHHI HKKHHUHM KHCMHHH HCOOT/IaiMHM3.

®apas xunafmk, {B,} 1ymiam @ € N, A TynaaMHuHT KaH-
Aaianp daxTopusaumscH 6VscHH. x € B, Ba y € B, Gy.aranpa
Ba (akaT WIyHAarHHa xQy Ae6 onamus, Oy KHCKada

X, y € B, xpy 3)

OopKaJaH €3usafu.
Yupa: 1) xap 6up x € A sjemeHT GurITarMHa KHCM TyILIamra
TerHIM Oyarannjal x0x YpHHIH, sSIbHH @ MyHocabar pediek-
CHB;
2) x, y€EB, Ba y, 2 EBﬁ (4) 6yaca, woxopuaaru (3) myHo-
cafartra acocall xpy ra ypz Oyqamu. JIekuH y € A anemeHT ¢a-
XaT OutTa KMCM cundra teruwaH Gyarany yuyH B = Bs Aup.
Oxuprn MmyHocaGar 3ca (4) ra acocau x, 2 € BB SKaHJHUTUHH
Kypcatagd. (3) MyHocabatra GMHOAH 3Ca X, Y € By nH xp2 Jeb
€3a onamus. [llynpait Kuiub, xpy Ba ypz JapidaH Xpz HUHC
YPHHJIH SKaHJHTH XOCHA KuauHau. [lemak, p MyHocaGar TpaH-
3UTHB 3KaH; 3) x, y € B, sKanaurs x Ba y HuHr GurTa CHHdra
TeTHIIH 3KaH/MTHRH OHIAMPraHH yuyH Xxpy Ba ypx MyHocabar-
nap Gaxapunaiu. Jlemak, p MyHocabaT CHMMeTPHK MyHocabatr
6ynanu. 1) —3) map sca p Hunr A TYynsaMiard 3KBHBAJIEHT-
JIHK MyHOcabaTH 3KaHJMIHHH Tachuk/adan. Teopema tysa ic6or
6yJ1H.

Byunau cyur, arap Gupop A TynnaM p 3KBHBAJIEHTIHK
MyHocabaTH €pjJaMHAa SKBHBaJeHTJIHK CHHQJaapura 6Y-
JakJaaHran 6y.1ca, 6y 3KBHBAJEHTAHK CHHoap TynaamH-
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uH A/p ne6 ioputaMmus. A/p onatna ¢gaxrop-rynaam pefu-
Aajau,

Mucoanap. 1. Z tynnamuuur Gapya snemeHtaapuHd 9 ra
6y/16 uukamu3. Arap Z HuHT SsemenTJapund 9 ra GyJHmIaH
Xocus Gyaran xonumksaap Gyhuua cundnapra axparcak, C, =
={9%k|k€Z}, C,={9%+1|rCZ}, ..., Co={% 8]k
€ Z} cundnap xocun Gynajnd. ¥Y3-Y3MAaH MABAYMKH, (7] Ba

8

;N C,= ¢ Ba ‘UOC‘- = Z GaapuiagH.
=

2, bapya HaTypas coHaap TYNJIaMHHH KapanaérraH Ha-
Typada COHHHMHr Ty6 €ku Ty0 sMacaurd 6yiHda xam ¢axro-
pH3auHAaal MYMKHH.

3. M O6apua xynbGypuakjap TynaaMuHH HdopasacuH,
By kynbypuaknap TynJaMHHH TOMOHJApH COHH OyiiHua
TaH1ab oJicaK, 3KBMBAaJEHTJAMK cHHdaapu Xocun 6ynapu.

4, Typr6ypuaknap TymiaMHia 3KBHBAJEHT/IHK MyHOCa-
6ati cudaTtuga TOMOHJAPUHHHI NapaJeJ/ury TyLlyHua-
CHHM KMpMTCAK, Ma3Kyp TYynJ1aM yd4Ta 3KBHBaJEHTJHK
CHH(pHra 6yaHHanu. Yaap: a) napangaenorpammaap; 6) Tpa-
neuMaaap; B) Xe4 KaHAal HKKHTA TOMOHH napaanen 6y.-
MaraH TypTéypuakaap Tynaamunad ubopar.

Mawkaap

1. Xagukuil conap (mMaigonuna) TynaaMuaa aHux-
snaHral |x|=|y| myHocabaT 3KBHBaJCHTJHK MYHocabaTu
3KaHJIHIMHHH HCOOTJMIAaHr Ba YHHHI T€OMETPHK MabHOCHHH
TYWYHTHPHHT.

2. a, b, ¢ BadObyryd coHnap yuyd a+d=>b + c 6ya-
raifa pa (akar wynjaruHa (a; b) w (¢; d) necak, Z TynJjam
SKBHBAJCHTJIHK CHH(}/IApUra a)KpaJIHLIMHA KYpCaTHHT .

3. XakuKuil coHnap TYymiaMuia aHHKJaHran xy >0
MyHocafaT 3KBHBaJIeHTAHK MYyHocabaTH OyaHIUHHH HCOOT-
JIaHT.

4. Arap A= {1, 2, 3, 4, 5} 6ynaca, {(}; 1), (1; 2), (2; 1),
@; 2), (3; 3) (4; 4), (5; 5)} Koprexnap TyniamMuia HEYTa IKBH-
BaJIeHTIHK MYHocabaTH aHUKJaHTaH?

5. Bupop tynnamna pedsexkcHs, CHMMETPHK, JEKHH
TpaH3HTHB OyJaMmarad MyHocabaTra MHCOJ KeJTHPHHT.

6. lllynaait MyHocaGaTHH TONHHIKH, Yy GuHpPOp Tymjaam-
Ba pedaexcHB, TPAH3HTHB OYJraHg Xxo0a4a CHMMETpHK
6y.1MacHH.

7. Bupop Tynsamaa CUMMETPHMK, TPaH3HTHB, JieKHH
pedpsekcus 6yiMaran MyHocabatra MHCO.1 KeJITHDHHT.

27

www.ziyouz.com kutubxonasi



9- §. AKCJAHTHPHUILNIAP

Axcaartupuwnap (dyHkKuMasaap) TYWYHYacH MaTema-
THKA (aHH yuyH 3HI MYXHM OyJaraH TyluyH4aJjapaaH Ou-
puaup.

I-taspu¢. Hxkura 6yumac A pa B Tynaamaap Gepuirad
6yncud. Arap A TynjaMHHHr Xap OMp X 3.jeMeHTH YuyH xfy
MyHocabaTHH KaHOAaTJAHTHPYBYH siroHa y € B Maexkya G6ynca,
[ Mocnukka akcaanmupuw (@yrkyus) neinnapu Ba y f: A—B
éku y = f (x) kypunnwnapra Gearunanu6, A tynaam [ akcnas-
THDHILHUHT QHUKAQHUL coxacu Le6 IOpHTHIANH.

Y ==[(x) WApTHH KaHOATJAHTHPYBYH TapTHOJaHraH (x; )
KYOTIvKAp TYNJaMu sca gyHkyus epaguen fedunamu. x; € A,

y;€ B 6yaranza {(x;; #1), (x5 9), - .., (6 ), . . .} Tymnam
6upop QYHKUMSHHHT rpaQuruHd aHUK/Aamd yuyyH Gy Tyniaam
Y, 7= Y, Oyaranga (x;; y;) Ba (x;; Y,) KaOu TapTHONAHraH KydT-
JIMKJApHH V3HAa CaKJaMac/JuTH 3apyp Ba eTapJiH.

2-tasprd. Arap A = B 6V¥aca,  akcaanTHpul TYnJaMHH
V3- Y3Hra aKCAGHMUPYSYU aamauimupuii LeAnnaim.

f:A— B axcaamupuiuga x € A ra mMoc Kenyeuu B Tynnam
3J1eMEHTN OKOPHAA 3C/aTraHUMH3LCK f(x) Kabu Cesru/iaHagu Ba
X 3JeMeHTHHHr ofpa3u (tacsupu), x 3ca f(x) HMHr npooGpa3u
(acu) ne6 topHTHAAMH.

f:A— B akcnaHTHPHIIHHHT TabpudHra acocaH, HCTajras
X€A saroHa f(x)€ B TacBupra 3ra, JekHH B HUHT HCTadraH
3MEMEHTH Xap AOMM XaM acjudra 3ra GynaBepHHIH Ba sra 6y.-
raifla 6y TacBHD AroHa GYJ/MM LIApT 3Mac.

lI-Mmucon. A—opamnap tynaamu, B — myc6ar pa-
UHOHaJ COHsap TynaaMu Gyacud. f:A—B MyHocabat xap
6Up oxaMra yYHHHr CaHTHMeTpJjapia xucobnaHran OyiHHHH
MOC KYHCHH.

Masbaymku, xap Gup omaMra Kauga#aup siroHa yayH-
JHK Moc kenaad, JekuH 1000 cM ra Moc KeqyBuH oOIaMm
MaBXyA 3Mac Ba WIYHHHTAeK 175 cm GVyiira sra 6yarad
olaMJjlap XaM sroHa sMac.

2-Mucoda, f:x—>x2 mocnuk Gapua XakHKHH coHJaap
TYNJaMHHH MaHHAMAcC XakHKHiE COHJap TYymJjaMHra akc-
JIaHTHpalH.

3-Tabpud Arap B TynjaMHHHr Xap OHp 3JleMeHTH
acnvra sra 6ysaca, f:A—>B akcaaHtHpuumira CcropvexkTus
(Ycruea) akcaauTupuws LEHHJIAIH.

2-MHCcOJIardH aKCJAHTHPHIU CIOPBEKTHB AaKCJA4HTHPHIU
6ynany.

4-rabpud. Arap B TynnaMHHHr Xap OHp Y 37a€MeH-
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T4 OuTTajaH OpTHK acaura sra 6yamaca, GyHZad akcaaH-
THPHIUTE UHBEKTUB (U4UeQ) aKCAQHTUpuw ReRuNajfH.

HHtekThB akchauthpuiua A TYNAaMHHHE Xap XHJ 3J€MeHT-
Japt B TyniaMHHMHr Xap XHJ/ 3JeMeHTJapura Vrtald, SBbHH X,
X, €A 6Y/mb, x F=x,=-f(x) 5 f(x,) 3KaHJUrH Kequb YHKaIH.

5-tabpud. Arap f:A— B aKcnaHTHpHIl GMp BaKTHHHT
V3ufa CIOpLeKTHB Ba HHBEKTHB OyJca, GyHHall aKcaaHTHpHLIUra
Ouexmug axcaawmuptud JeHUAanH.

A Ba B ueksH Tyniamiap yuyH CIOPBEKTHB aKC/JIaHTHPHILAA
n(A4) > n(B), unvektin axchautpuga n(A) < n(B) Ba HMXOAT
GMeKTHR aKcaaHTHpuia aca n(A) = n(B) 6yaanu.

®apa3s kunaiinuk, f:A— B 6yau6, A; S A GYacHH.

6-tabpud. x€A, 6yaranna, f(x) TtacsupaapuuHr {f (x)}
Tynjamura A, TYNJaMHHHT [ aKCMIaHTHPHWIAATH macsupu Refu-
napgn Ba y f(A,;) opkann Genrmaﬂann.

7-tavpud. Arap B,S B 6yaca, B; TynaaMHHHT mgaa
acau ne6 B, ra xupyBuH 6apqa 3JIeMEHTJIap ACJUIADHHHHT Ty«
JIAMHTa a;mmazm Ba y f—1(B 1) opxasu 6eJITH/aHa 1.

Gf"\Dornf= {x| wyHmaii y MaBXYAKH, YHHHT YuYyH (x;
Y)ES} Ba pf = Imf = {y| wynga#t x MaBXKyAKH, YHHHT Y4YH
(x; y)Ef} TynJamjap MoC paBHiiia (QYHKUMSIHMHT a@HUKJIAaHHII
BA KHMHAMATJIapH COXacH 1e6 IOPHTHJALH.

8-Tabvpud. A TynnaMHUHr Xap OMP X 3HAEMEHTHHH sHA
Wy x 3JeMeHTra §TKa3yByH (AaKCNAHTHPYBYH) AKCJAHTHPHIITA
aunul akcagumupuws fefinnald Ba y e,:A—> A opkann Gen-
THJIaHA[IH.

OHJH aKCJAHTHDHLLIAD KOMIO3HLUHMSCH (CynmeprosHUHsCH) TYE-
pucnaa ¢uKp IODHTAMH3.

®apa3 kunafauk, ydra 6ywumac A, B Ba C Tynnam Gepua-
ran 6ysmb, yaap yuyd f:A— B pa g:B— C akchautupuiusiap
ypHaTH/TaH GysicuH. Maskyp akciaHTHpHwaap épaavuia A Hu
C ra yTKasyBYM A AKCIAAHTHPHIUHH TY3WLI MYMKHH. DyHuHr
yuyH A TynjaMeHHr Xap Gup x sJeMmentdra f(x)€B HH Moc
KysaMH3. Xap 6up f(x) ra sca C tynaamuur g (f(xj) snemenTs-
HH MOC KYSMH3, S'bHM KYHHMJATH CXeMaHH ypHaTamu3:

x€EA—>f(x)eEB—>g(f(x)€EC.

Arap A tynnamuu C ra akC/IaHTHPYBYH MOC/JHMKHU F JecCak,
yuaa h(x) = g(f(x)) SKaH/MMrura MiUOHY XOCHJ KHJaMH3. h =
= g (f (x)) akciaHTHpHIL OfaTia [ BA g AKCJAHTHPHLIIAD KOM-
TMO3HUMACH Te6 IOPHUTHIANM .

Hemak, h(x)=g(f(x)) oynkuus f(x) Ba g(y) dyHkuus-
Jlap KOMMO3MUMACH GY/HIIM YYYH KyHHJATH HKKMTA wapt 6axka-
PUJHLUH KepaK 3KaH:
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1) A(x) nuHr anMKAanuw coxacH f(x) (YHKUHSHHHT aHHK-
JAHUII COXacHra TerHwJsd GyaraH wyHAaH x, 3JeMeHTapiaH
TY3WITaHKH, yJapra Moc KeayBuH f(x,) aneMeHTnap g (y) dyHk-
LMAHHHT aHMKJAHHLI COXAcHTa TerHum 6yJ/anu;

2) h(x) HHHr AHHKJAHHII COXACHIA TErHUWIM OyJraH HXTH-
épuit HykTajarn kuiiMatH f(x) Ba g(y) JapHHHT KHHMATJIapH
6usaH Kyiiuaaruya GorsaHraHmup: ki (x,) = g(f (xp)).

Ulynpait Kuau6, h(x) HHHL X, HYKTajaru KMHMAaTHHH TONHIN
yayH, aBBano f(x,) = Yo, HH Tonub, cyurpa g(y,) HH TONHUI
Kepak. Ana my g(y,) KHAMaT x, HykTagaru h(x) mmr KuiMa-

T GYnamu Ba 6y QHMKP CXeMaTHK ycyaja X,—> _/o—rzo— g o)
t At
OpKaJH GesrH/IaHajH.
Maskyp cxeMa Kyinaaruua Ykunaau: «Arap f(x) ¢ynxkums
X, ra Yy, HH, g(x) DYHKLHA 3Ca Y, ra Z, HE MoOC Kyfica, y XOJ
Ja h(x) QyHKUMA X5 Ta 2z, HH MOC KYsim».
Mucoun. f(x)=x? g(x)=-sinx 6yncuH. YHia cxeMa
Xo—> Yo = x3—> sin (x2)
t 1
Kypunumia 6yaranu yuyH h(x) = sin(x?*) Gynamu. SHAH aKCHH-
ya g(x) =sinx Ba f(x) = x* QyHKUMANAD KOMIMO3HIHMSACHHHU TO-
nafiymk. By komnosuuusinu h, (x) opkanu Gesirusiacak, y XoJja- .
sin . ..)» .
X, — sinx, ——= (sin x,)?
1
cxema XOcun KHIMHHO, C6ynnaH h, (x) = (sin x)? =sin%?x ra sra
6ynamMu3. sin x? 5= sinx 6yarann yuyyH GyHKUHAJMAD KOMIIO3H-
IMACH QYHKUHSAJaDHUHT €3M/MIU Taprubura XaM GOFJIMK 3SKaH,
ABHH, arap y = f(x) Ba 2 = g(x) QyHKUHANAD KOMMO3HUMSACH-
HH (gof) (x) Recak, (fog) (1) =g(f(x) Oym6, y (gof)(x) =
= f(g(x)) ra Tenr smac 3kaH.
A tynnam 6upop TYIIaMHH  Y3HHH-Y3Hra YTKa3yBYyH
dyHKUHANIAp TYIIIaMH 6y.ncm{
9-tabpud. Arap A TynaaMpad OJNHMHraH HXTHEPHHA
HKkuTa f(x) Ba g(X) QYHKUHSAJAAPHUHT KOMIO3HIUSICH
(fog) (x) xam wy A tynaamra Teruuan 6ysaca, y Xosana
A tynnaM QyHKUHANAD KOMIO3HUHMACHra HHcGAaTaH E€mHK
€KH KoMnosuuus GepHiaran A TynnaM yuyH HuKH ajarebpa-
HK aMaJ JefHaaiu.
Mucoan. f(x) =ax+ b, gx) =cx+ d unsuxu dyHKUuA-
nap Gepuarad 6yacuH. YHpa (fog) (x) = c(ax -+ b) + d = acx -+
4+ bc+d = a;x 4+ b, uusnkH PyHKuMAHp. [leMaK, YH3HKJM
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dyHKLMAMED TYNJaMHIA AHHKJAHTAH KOMIO3HLMA aMma/i  HYKH
asire6paMk aman 3Kad.
OHAM TecKapH aKCJIaHTHPHUINAD Xakuiaa QUKD IOPHTAMHMS3.
10-tabpud. Arap f:A— B Ba g:B— A akcsautHpuiu-
nap Gepusiran 6ysm6, gf:(A— A)=e, aKCIaHTHPHLI ¥DHH/IM
6ynca, g aKCJAHTHPHLI f aKCJAHTHpULIra 4an meckapu, fg:(B—
— B) = ey axc/anTHpHLL YPUHIHM GY.rania 3ca g aKCJIAHTHPHII

f ra ygue meckapu arxcaanmupuw Refnnany.

Arap fg = ey, gf =e, 6Yaca, [ akcaanTHpHuI meckapuia-
Hyedan NeliunajM Ba g aKCJAHTHPHIL [ ra meckapu aKcAaH-
mupuut [e6 roputiiand Ba g = f~! opkanu Genrunananu. Arap
fg=c¢(e:x— x) 6ynca, y xonna f Ba g nap ¥3apo TeckapH
aKCJaHTHPHULIAD Jefiunann.

Teopema. [:A— B akcranmupuu meckapuraHysuan
Gyruwmu yayn 6y axcaanmupuil yaapo 6up kutimamau (Guex-
THB) Gifautuw 3apyp ea emapau.

HMc6otu. 3apypuit waprt. Papas gunaitmuk, f:A—~ B
Ba g:B— A akcjanTHpuILIap Y3apo TecKapyd aKCIaHTHPHLIIAP
6yscHH. YHAa ¥3apo Teckapd akcJIaHTHDHIIAD Tabpudura aco-
cai gf =e, Ba fg = ey TeHrquknap GaapuiaJu. DHIM [ aKc-
JIAHTHPHIUHUHT ¥3ap0 GHp KHAMAT/IHM AaKCJAAHTHPHLL SKAHJIMCHHH
TeKwupamu3. ByHuHr yuyn A TynsampaH UXTHEpHE X 3JeMeHT-
HH 04HO, YHra aBBaJ g aKCJaHTHDHUIHK, CYHrpa f akciaHTH-
pHuIHH TaTGMK 3TcaKk, [(g(x) = f(g)(x) =en(x)= x 6ynamu.
x = f(g(x)) TeHIVMK [ HUHI CIOPBEKTHB (yCTHIra) akCMaHTHpHIL
SKHHJIHTHHM KYpCaTaly.

OHAK [ HUHT MHDBEKTHB (MuMra) axC/JaHTHPHLI SKAHJIHIHHH
KypcataMH3. DYHUHT yyyH TecKapHcuHM (apas KHJIaMM3, S'bHH
HKKHTa ¥3apo TeHr GyaMaran x€A Ba x' €A snementyap GHp
XuJ1 obpasra sra (f(x) = f(x')€B) Gyacun. ¥ xomma gf (x) =
=gf(x')=x" nan x=x" xemu6 wuukapy. LlyHpali Kumo,
f akcnanthpuur Hatmxkacuna f(x) Ba f(x') ofpasnapra Moc Ke-
JIYBYM acaujiapd XaM TeHr 6ysub, ¢apasumu3 HOTYFpH SKaH.
DByHliaH 3ca [ HHHr MHDBEKTHB aKCJAHTHPUII SKalLJIMMH  KesHb
yHKaaM. MabiayMKH, HHBEKTHB Ba CIOPBEKTHB aKCJAHTHPHIJIAD
Ouprajikia OHEKTHB akcJaHTHpuwl 6ysaau. [leMak, f-— Guek-
THB 4AKCJAHTHPHWAMP. XyLAM LIy YCYJAa g HUHT XaM OHEeKTHB
aKCJIAHTHPHLI SKAHJMIHHH KYpcaTHil MYMKHH (OYHH MycCTaKuia
uw cudaTHAA TaBCHA STaMH3).

Etapaumaprt. Papa3 gunaltmuk, f:A-— B akcaaHTHpHIL
GHeKTHB aKCIAHTHPHIL OYJICHH. DHAM  VHHHD  TeCKapHJaHyB4H
SKaHJIMTHHH Kypcatamu3. XakukaTad, f:A— B OuektHB axc-
JIAHTHPHII GYJraHH yuyH B TYNJaMHHHT Xap OHp y SJIEMEHTH
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siroHa g(y) acmvra sra. Yupa g:B-—> A akc/IaHTHPHLIHH KHDH-
TaMHM3 Ba g HHHr f ra TeckapH 4KCJIaHTHDHLI SKaHJUTMHH KYp-
catamus. DyHHHT yuyH fg = e, Ba gf = e, Tenrmuknap Gaxa-
pHIHIUHEK uc6oTaafiMu3. Arap A Tyniamaan 6HPOp X 3JEMEHTHH
oyn6, yHra f akcsanTHpuIHM TaTOHMK 3Tcak, [ (x) €B xocua
6ynanu. g axcaaHTupHwl B uu A ra aKC/JaHTHDPaAW, YJIapHHHT
xap 6upu ysapo 6up Kuiimaram OyaranH tydaian gf(x) = x
6ynapu. Oxupru MyHocabaT 3ca gf = e, SKau/urHHH OH/AHpa-
M.
Suau B TynnaMHUHT MXTHEDHI y SJIEMEHTHHM O/CaK, [ HHHT
y3apo GHp KHMHMAaTJH aKC/JAHTHPHLI 3KaHJIMIMra acocaH IIyHRai
x€ A Tonunajuky, y = [(x) Gaxapunanu. Yuua g(y)= eg(x) =
= x OymuG, Gyrnan fg(y) = f(x) =y mup. Hemax, f(g(y))=
=y GyJrann yuyH fg =e, TenrsMK ypuHiH. Teopema Tysa
HCOOT STHIIIM.

Miucouanap. 1. Kyfusars akciaHTHpUIIEE ONamus: @ :Z —
— {0}, savHu x€ Z 6yaranga @ (x)=0. by axkciauTapuw yctura
(CrOpBEKTHB) aKCJAHTHPHLI Gy 1alu.

2. :N\{1}— P 6ym6, P — Ty6 counap tyniamu. By epaa
@ (n) QYHKIMA n HHHT SHT KHYHK Ty6 GyayBumMcH GyJca, Mas-
KYP aKCJAHTHPHII XaM YCTHra aKCJaHTHpHIL GyJaiH.

3. xC R 6yaranga ¢ (x) =|x| 6yica,’ ¢:HR— R akcianTH-
PHIL MYHra akCJaHTHPHIU GyJamH.

4. {(x; x*+ x4+ 1) |[x€ R} myHocabat 6y/m6, y=f(x)=
=x?+x+ 1 dyskuus x=u Gymranga [W=u+u+1
6ysagu.

5. {(x% x)|x€ Z} MyHocaGaT aKC/IaHTHUpHII 3Mac, WyHKH Oy
tymiam (4; —2) Ba (4; 2) xypunMmnappark Kydraukaapra
sra.

6. {(x; x*)|x€Z} MyHocabaT aKC/IAHTHpHIU, YYHKH 6y My-
HocaGathy uoJANOBYH TYIMAMIA Y, # Y, Oyaranja (x,; y,) Ba
(x13 yo) xydrimknap MaBxkya smac. By dynkuma Z tynaam-
HH Z HHHT MUMIa aKCJaHTHPajH.

7. Arap f(x)==¢" Gyuca, f: R— R akcanTHpHm ycTHra
(ctoppeKTHB) aKCJaHTHpHLI GyJafH.

8. f(x)=2x+ 1 dyukuua x € R 6yirasia TecKapH/aHYB-
YaH aKCJaHTHpHIU GyJanH.

By ¢ukpun Taciukgam yuyH f(x,) = f(x,) Mynocabaraan
X, = X, HMHT KeJu6 WYMKMIUMHM Kypcatuiy xudos. XakukaTaH,
2%+ 1=2x, 4+ 1 nan x; = xy 3KAHJUIH AHHUK.
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Mawxaap

Kyitnaaru MyHocabar/apfan Ka#cuyiapH QyHKUMSA SKAHAHTHHH
aHMKJAHT Ba YJIADHMHT AHHMKJAHMEII COXacH Ba KHWHMatT/ap_TyI-
JIAMMHY TOMHHT:

L A{(x y)x, yeN, y=x*}

Gy yeEN, x<y<x+ 1}

(o y)lx, yEZ, y=x};

(% ylx, y€N Ba x con y Hu Oyramgu};
(5 Y5, yeR, y=a', a> 0}

10- §. TAPTHB MYHOCABATH

MartemaTHKa Ba YHHHr 6ab3n GHP TaTOMK/Japu YuyH
TaptHb MyHOocabaTH MyXHM axaMHartra sra. MIKkHTa COHHH
MHKAOpDH Oyi#iHya, onaMnapHuHr émnapu O6yiuuya, KHTOO-
JapHH KOBOHAA TepHIHWH OYyiimya Takkocjaraga O6u3
TapTH0 MyHocabartra oy4 KeJaaMHs.

I-taspud. A TynraMaa aHTHCHMMETPHK Ba TpPaH3H-
THB Gyaran GuHap MyHocabatra Taprub mysocabaru nefiH-
aagu. TapTu6 MyHocaGaTH KHDHTHAraH Tymjamra 7aprub-
AGHear THnaam pedunanu.

Arap A na aHugnaHran p TaptH6 MyHocaGatu: 1) ped-
JekcuB OyJca, yHra kaTbHHMac taptH6 MyHocabatH; 2)
aHTHpedsekcuB O6yaraHna aca xaTbHi TapTHO MyHOCaGaTH
Jednyan.

2-rabpud. A Tynnamaa aHHKJIaHraH p TapTHO MyHO-
cabatu OorsaHran 6yJca, AbHH A TYNJAaMHHHF HXTHEpPHR
X Ba Yy 3JEMEHTJAPH YUYH Xpy €KH X=Y, €KH YpX MYHOCa-
Gatnapnan ¢akar OurtracH GaxapHaca, p ra HuU3UKAU
TapTU6 mynocabary nennanH.

Yuankau 6ysMaran TapTH6 MyHocabatH ofaTia KHCMaH
TapTHONAHraHJHK MyHoca6aTtH nAe6 IOPUTHJIALH.

Mucoanap. 1. Counap (komnjekc connapian Gou-
Ka) TtynnaMHAa aHUKJAHraH KHYUK 3MacIuK (=) MYHO=
cabarin KucMaH TtapthHb myHocabatH 6y.aaiH.

2. Harypasn coHsmap tynnamufa aHHKJAHraH KOJJIHK-
cH3 GYyaMHHW MYHocaGaTH XaM KHCMaH tapTubJjaHraH My-
HocabaTaup.

3. Byryn connap TynnaMHia aHHKJAHTAH KOJAHKCH3
OVaHHMW MYyHOcabartii 5ca TapTHO6 MyHocabaTH aMmac, UYHKH
a|b,bla skanaurunaH xap JoMM a=5 Kenub YHKMaRAH.

3-Tabpud. Kucvau raprubaauran A tynnavuuur e-
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PHJIraH a sJeMeHTH yuyH a<{x (x<Ca) MyHocabar (x HX-
THépHH) Oaxapuiaca, @ ra A TYNJaMHHHT 3HI KHYHK (9HI
KaTTa) 3AeMeHTH Jeduaaju,
KHcMaH rtaprubaaHraH TymiaaMJiap yMyMaH oJraHja
SHT KaTTa €KH 3HT KHYHK 3JeMeHTJapra 3sra GyJMacJ/Hru
mymxHH. TapTh6 MyHocabaTH omataa < opKaad GenrH-
JIaHalH.
Muconmnap. 1. Mugropnapn G6yitnga tapTubiaasral
XaKHKHH COHJIap TYMJaMH 3HI KaTTa Ba 3HI KHUHK 3Je-
MEHTra 3ra smac.
2. Man¢uiiMac XaKHKHA COHJIAp TYMJIAMH 3Ca 3HC KH-
YHK 31eMeHT (abHH 0) ra sra, JIeKHH 3HI KaTTa 3JI€MEHT-
ra ara smac.
3. Hatypaa connap tynaamu 6yauHHir MyHocabaTHra
HHcOaTaH 3IHT KHYHK 3JeMeHT | ra sra, JekHH 3HT KaTTa
9JIeMeHT MaBXKyJ 3Mac.
4-tabpHu . Arap kHcMan rtaprH6aanran A Tynnam-
MHHT @ 3JeMEeHTHAAH KaThui KarTa (KaTbHil KHYHK) G6yJ-
ral saementsapu 6yaMaca, @ ra A TYNJaMHHHT MaKCHMaJl
(MuHuMasM) sneMeHTH Jeiwaanu (3- TabpuHdra Kapawr).
Kucman rapru6iaaHrad TYNJaMHHHT MHHHMAJ Ba Mak-
CHMaJ 3JeMEHTJapHHH SHT KHYHK Ba SHT KaTra 3J/EeMEeHT-
Japaad ¢dapkyaall GHIHLI Kepak.
Hemak, a< x 6yarania @ = x 6y/ca, @ MaKCHMaJl 3/IEMEHT,
y<b maprtaa y = b 6y/ca, b MUHUMAN 3JEMEHT Oyaiu.
KucMan taprubaanrad Tyn-
& of  nam OHp KaHuya MaKCHMaJ €KH
MHHHMAJ  3JeMeHTJaapra 3ra
OVJIHIIH MYMKHH.

e Muconnap. 1. Kyiiunaru
rpadiapna «CTpesnka» y4HAard
3JEeMEeHT «CTpeJika» OOollaHuuI-
s AAarH 3JeMeHTAaH «KaTta» Heb
“ ¢ onalauk, y xonga (12-umuama)
12- pacu. rpadpanapra b, f nap makcuman
sjeMeHTsap, a, ¢, d nap 3ca

MHHHMaJ 3J€MeHT1apAHD.

2. A=N\{1} rynramaarn uxtuépuit a Ba b nap yuyn bla
(b snement a snemenTHUHr GyJaypuucu) Oyica, b < a Kabu €3u-
Japu. ByHaall Xoama 6apya Ty6 COH/IAP MHHMMAI 3JEMeHTJ/IapHH
TALIKUI 3TFAH XOJ4a SHI KHUYMK 3JEMSHT 3Ca MaBXyl 3Mac.

5-Tabpud. Arap un3ukau taptHbaanran A Tynnam-
HHHT HXTHEDHI B KHCM TynjaaMH JOMMO 3HT KHYHK 3Je-
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MeHtra sra Gyjca, O6yHnafi TynnaMmra Tyaa Taprubiaueat
Tynaam pefinnanu.

Harypan connap rynnaMu tyaa Ttaptubianrad T1yn-
JaMra MucoJ 6yJna onag.

Dcaarma. bepunran tynaampa taptu6 TywyHuYacH-
HY¥ 6up KaHya ycynjla KHpPUTHII MyMkuH. MacanaH, Haty-
paJ coHaap TyniaMHua:

1) Tabunii Tapm6 {1, 2,3, ...,n, ...}

2) teckapn Taptwb6 {..., n, ..., 3, 2, 1} napuu Kupu-
THII MYMKHH.

N c Q 6yarasn y4uyH palHOHaJ COHJIAap MaHIOHHHH XaM
6Hp Heya ycyJiaa TapTHOMAWl MYMKHH.

11-§. MYJIOXA3AJIAP BA VJIAP YCTHIOA AMAJIJIAP

Xap KaHnall MaTeMaTHK Ha3apHs ¥3 oObeKTJapura ara
6yaub, y wy obbekrnap épaaMujaa TY3HJALMTAH Xap XA
KyMmaanapHH ¥praHaau. MacanaH, Makra6Gna YypraHunaa-
aurad aarebpa KypcH TeHIJaMa Ba TEHICH3JHKJAap XaKH-
lard KywmJajap 6unaH Ml Kypajad. AHHKPOK KH/IHG aiiT-
raHja, xap KaHiail MaTeMaTHK Ha3apHusy €K1 6y MaTeMaTHK
JKYMJAHUHT YHH (pOCT, TYFpH), &NFOH (HOTYFpPH) JIMTHHH
TEeKIIHpHIL 6HJIaH WYFyAJaHalH.

lI-tabpud. Poct ékn €nFOHJNTH XaKHAa (UKD IODH-
THII (aHHKNaWl) MyMKHH GyaraH jpapak ramjapra scymaa
(myaoxasa) peinnany.

Mynoxasanap HasapnscH MaTeMaTHK MaHTHK fe6 aras
JyBYH (PaHHHHT JAacTjaabKH »>JeMeHTap TYILlyHuajJapujaaH
6upu 6yaub, y KyHuiarn ycysajna KypHJaalu:

1) xapanaérran ob6bekTnap (MyJsoxasajap) TynaaMu
6epunany;

2) obbexkrsmapHUHr 6ab3H 6HP XxoccasapH Ba yJaap opa-
cujard 6ab3n OHp MyHocabarnap 6aéH 3THIAnH.

IOxopuparn TywyHyajsapra MyJoxasanap Ha3apHACH-
HHHT OoluNaHFHY TYLIyHYaJapd Ae6 OPHTHJIAIH.

MyJnoxasanap HasapHACHHHHT GOLWIAHFHY OOBEKTIAapH
copaa (omaui) Mynoxasanappaan ubGoparaup. Coama MyJo-
Xasanap JaTHH anupGeCHHUHT KHYMK Xapdaapu a, b, ¢,.
éku p, ¢, r,... Kabu GenrunaHany.

Xap 6up coama MyJsoxa3a pocT €kH EaFOH OYJaHILH
MYMKHH. MyJsoxasajapHuHr pocT (pocT MyJoXxasa KuiiMa-
TH 1 opKasnn GesnrujaHaiu) ékH éaroH (€JFOH MYJ0Xa3a KHi-
matd O opkanu GenrunaHagH) JIHTH YJapHHHT Ma3MyHHra
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Kapab anuknanagu. Kyn xoanapaa poct MyJaoxasa (p), én-
FOH MyJo0xasa sca (€) opkanu GesjrunaHangH,

Macanan
P : «2 < 3»
q : «> ~—Ty6 COH»;
r : «7 4 3 = 18,
¢ : «3 — XKY(PT COH»

Jap MyJoxasajaap 6me6 ylapaa p Ba g MyJoXasajap
pocCT, r Ba { MyJ0Xa3asap aca &JIFOHIHUP.

Maremartukana xap GHp TeopeMa MyJoxa3a Xucobua-
Hanu. Jlekun GepHaraH TeopeMaHW HCGOTJAUl YYyH yHraua
poctaury HcborsiaHraH Oollka TeopeManap, aKCHOMaJjap
Ba OOWINIaHFHY TylIyH4yajapaaH dofinanaHugany.

OHAM MyJoxasanap YCTHAA OamapusafHral aMasjaap
XaKuaa QHKp IOPUTAMH3.

Conna MynoxasajapaaH GOFiOBYM €KH GOFJIOBYH CY3-
Jap €pAaMHia MYpaKKaG MyJoxasajnap XOCHA KHIHHAEIH.
V36ek TuaHAard «3Mac», «Ba», «EKH», .. KeJIH6 YHKaLH»,
«3apyp Ba eTtapau» kabH 6omostm cysnapra OHTTalaH
MaHTHKHH aMaJj MOC KeJafu.

Mynoxasanap yctuaa GaxapuJaiuraH amasaap KyHH-
Jaru4a aHukJjaHaau.

HHkop amasn.

2-Tabpud. p MyjoxasaHuHr uHkopu Jje6 p poct
6yaranna éaroH, p énroH 6yaraHia poct 6yJaAMTraH SHTH
MyJioXa3ara aHTHJaJH.

P MYJIOXA33HHHT HHKODH <~ p €KH p KabM KYpHHHILIApAa
Gearunanagu. Macanan, p: «2 — TOK COHY, ;

N p:«2—TOK COH 3MAC».
By epha p myJoxasa &nroH, <1 p 3Ca POCTAMP.

Xeu kanpail MyJjoxasa Gup BakTaa pocT Ba €/FOH GYJHUIHA
MYMKHH 3Mac. Dy KOMAa Y4MHYMCHHM HMHKOp ITHII KowjaacH Ae0
IOPHTHIAMM. 71 p HUHT HMHKOPH OyaraH =1 (5 p) MyJ0xasa
HKKH Kappa/H MHKOp fAe0 IOpMTHJIaJH.

NI I p BM KyfMIarmya H30xJall  MYMKHH: ¢p MyJoxasa
GaxkapuiMaiiin  fefimw  HOTYrpu». Maskyp ¢ukp 3ca p HHHP
POCT/IMIHHH GHJIZMpaid, SIBHH, arap p poct 6yaca, ~1 71 p  Xam
poct, p &1rOH Oysnca <171 p Xam énroHaup. DByHzaH p Ba
NI T p My.l0Xas3aJapHUHT KUiivaTaapu 6Up X Jed oJlaMH3 Ba
6y TacIMKHH 1 71 p = p KypuHuIIga OearuiaidMHs.

KoHbloHKLHA ama/iH.

3-tTanpud. p B1 g poct Gyaranza Ba ¢akaT IIyHJaruHa
POCT Gy/afuraH sSiHTH MyJioXasara p £a g MyJioXasaJap KOH dloHiK-
yuscu Aeniaiy Ba y p/\q opkam OesruiaHafu.
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Kontionxkuys amagmura y36ek Twauparu «ea» OOFJIOBYMCH MOG

Kenaau. Macanan, p:«2— T1yG coHy;
g: «2—KyQdT Ccomn»;
pAG: «2—1y6 Ba XydT COHp.

JM3BIOHKLHA amaay.

4-Tabpud. p Ba g MYJOXasaJapHHHT KaMuJa OHTTacH
poct Gysranfa poct €yaamurad, KoaraH xoJJapha €nrod GyJas
JWraH siHTH MyJloxazara wy MyJoxasanap OussloHKyuacu Aedu-
Jajy Ba y p\/q opkanu OGesrujaHanu.

JIM3bioHKUMSI amasiura y36ek THAMAArd «€Kw»  GOFJIOBYMCH
MOC KeJsiaJH.

Macanan, p: «2<<3» — pocr;

q 1 «2 = 3» — &JIFOH;
PV q: «2 < 3» — pocT.

Umnnvkap¥s amaau.

5-TabpHud. pMysoxasa pocr, § Mysnoxasa &1roH 6y.J-
ranparuHa €JFOH, KojraH XoJjapfa pocT OYynafuraH siHI'H
MyJioxa3ara p Xamaa g MyJoxasaJjapHHHT UMNAUKAUUACU
Aednaagu Ba Yy g=>¢ KypUHHWAA E3HJaIH.

HMMnaukauusi amanura y30ek THAHLArH «arap.. Gyica,
y Xxonza.. 6ynanu» kabu OOFJNOBUM Cy3jlap MOC KeJaiH.

Macanan, p : «3-3 = 9 — pocT;

g :«4-4=16» — pocr.
Wmnaukauus Tabpudura acocan p=>q: «Arap 3-3 =9 6yuca,
y xoija 4-4 = 16 6ynagu» pocT MyJioxasa. p=>§ UMIJIHKALIUA-
Ja p MyJjoxasa acoc, ¢ MyJaoxasa 3ca XyJoca 1e6 IOpHTHJIANH.
p=>-q UMIJMKaluus KyHHJaruya YKuJaid; «p JaH ¢ KeJuo
UHKalu»; «p OYJMIUM YUYH q HUHT GYJIHLUM 3apyp», «p MyJoXasa
g MYJIOXa3a YuyH eTapJu».

IJKBUBAJCHUHA aMaJH.

6- TabpH®d. p BAa ¢ MYJOXA3aNAPHHHT HMKKaJacH XaM poCT
€KH MKKaJlacH xaM €JFoH GyJaraHza pecT, KOAraH Xo/apia én-
FOH OYJaiuraH sIHTH MyJioxasara Iy MYJ0Xa3alapHUHT SK6u-
sarenyuacy AeAUIANH.

OKBUBAJIEHUMA amManH p << ¢ opkaa GearunauuG, yHra
y3bex Tuimdard «Arap ... Oynca, wy Xoaxa Ba dakar iy
xonja ... 6yaamu», «. .. GaapHJHIUM Y4YYH . .. GaKapuJHILH
3apyp Ba eTapid» Kabu OOFJIOBYUM CY3jap MOC KeJsaiu.

Macanan, p : «Bepunran Hatypan con 3 ra GysuHamu»;

g : «bBepuaran COHHHHT pakamJiap HMFMHIHCH 3 ra
6y JIHHAZHY.

p g, AbHH «OepHaran coH 3 ra GyJnHagd, Iy XoJia
Ba ¢akaT Wy X0/a, arap YHUHT pakamjapu HHFMHIMCH 3 ra
Oy nuHCa» pocT MyJoxasa.
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Mynoxasanap Ba ysap ycTHaa 6Ga)kapHJaiHraH MaHTH-
KHit aMajsap GupralHkia MyJoxasajap agarebpacu neb

IOPUTHJIAMH.
Xap 6uHp MaHTHKHil aMma/ara yHHHT POCTVIHK JKaJBaJH

neb aTaJyBuH XKajABasl MOC Ke€&JIaAH.

HHKOpD KOHBIOHKIHSA
p|p p| a |ong
Lo ARER
0! 1]o]o
o] 1] o0
ol o] o
DU3BbIOHKUHA HMIVIHKALUA
p| g |pve p | q lp=g
1] 1] 11 ]
1] o] 1 1ol o
o] 1] 1 o] 1] 1
o] o] o 0] o] 1
3KBHBaJIECH N A
p| g lpeq
11
1folo
o] 1]o
0] o] 1

Mynoxa3anapHHHT KOHBIOHKLUHACH Ba MH3BIOHKIHACH
HKKHTaAaH OPTHK MYJ0Xa3aJjap YYyH XxaM JpHHIH 6YJu-
LIH MYMKHH.
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Py Par - - -y Pn MYJIOX2SATIAPHHHT QHSBIOHKUHACH B2 KOHBIOHK-

nuanapy MoOC paBHILIAA \/ p; Ba /\ p; Kypnﬂnumapqa Gesruia-
{=I i=1

uu6, 6apya p,, py ..., p, Jap pocT 6Y.rasiarusa /\‘ p; —
=

— pocT, Py, Por - - - » P, JAPAAH Kamujaa OuTTacH POCT Gyaran-
n
Ja l_\_/l p; — poct 6ynanH, KoaraH Xo.uapaa €rFoH GyJau.

Okopnna kypu6 yrraHuMHsiek, xap O6HD MyJoxasara
POCTAHK KajBaJHAaH OHTTAa YCTYH MocC Kenaub, 6y ycTyH
asementsnapu 1 éxum 0 nmapiaan ubopat. Bbus 6yHnan cyur
6y YCTYHHH KapanaéTraH MYJOXa3aHHHT KuliMatiapu yc-
TYHH 10 10pHTaMH3.

7-tabpud. Kulfimatnapu ycrynu Oup xua G6ynarad
(ycT™Ma-ycT Tywiran) MmyJjoxasanap (sapo meHez Ry4ad My-
A0xaszarap nefunanu.

p Ba ¢ MYJOXa3aNapHHHI TEHr KYWIHJHMH p==q KalH
6enrunananm. b

Macanas, p<=g=(p=¢)A\(@=p) Yypunm. DBy Tenr
KYYWIHJIHKHH HC6OTIall YU9yH KYHHaard pocTiHK XKaipanijas ¢oi-
JaJaHaMus:

p | q l peq ‘ p=>q I g=>p l == A@g=p
B R
1 [ 0 ' o | o ] ! l 0
o | v [ o | v | o | 0
0 I 0 ] A ! 1

By >XaABaJHHHF YYMHYH Ba OJTHHYH YCTYHJApH GHp Xuml.
Hemak, p« g Ba (p=rq) A\ (g=>p) Mysoxaszanap TEHT Kyd-
JH.

12- §. MYJIOXA3AJIAP AJITEBPACUHHHT ®OPMVYJIAJIAPU.

Mynoxasanap aareGpacHHHHr acocdit Ba3udbasapHaan
6HpH Xap xaHZal Mypakkal MYJNOXa3aHHHT POCT EKH €J-
FOHJUTHHU ncOoTnawpan nbopar. Jlexkun Gepusaran Mypak-
Kab6 MyJoxasajgari coaja MyJoxasaJjap Ba yaapHn GoOF-
JIOBUM MaHTHK aMaJjilap OpTraH capH MasKyp MYJONa3aHHHT
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POCT/IHK XKaJABaJIHHH TY3HII KHHHHJawa Gopaau. By xu-
AHHYHIHKHH OGaprapad STHW YYyH MyJsoxasanap anre6-
pacHHHHT ¢opMysacH Ba ¥3apo TeHr Ky4JaH Qopmynanap
TYWYHYaNapHHH KHPHTAMH3.

l-taspu¢. 1) p, g, r.. 2ap Mynoxasanap anrebpa-
CHHHHT (opMyJiasapHIHp.

2) Arap p Ba g MynioXasanap anreGpacHHuHr (HOpMyJsanapH
6ynca, y xonma <ip, pAg pVg p=>q B peg Jap
Xam copMmyna Gysaiu.

3) MyJjoxasanap aare6pacu 1) Ba 2) pau Gowka
dopmynanapra sra smac. Kyn xonanapma 2) épnamupua
aguKaaHraH ¢opMmynanap Mmypaxxkab popmyrarap neb
IODHTHJIAH.

Xap 6uMp Mypakka6 (OpPMyJaHHHT pOCTIAHK KHAMAaTH
(pocT éKH ENFOHJAMIH) YHHHI TapKHOHZArH 3JeMeHTap My-
Joxasanapra sMac, GasJKH YJapHHHT pPOCTIHK KHiimat/a-
pura Gornukiup. lIyHuHr yuyn ucraaran wypakkab ¢op-
MyJjara apryMeHT.1ap# pocT CKH E&JFOH KHHMAaTHH Kabya
KHIYBUH GyHKIHA Je6 Kapail MYyMKHH.

Mabnymkn, G6yHaait ¢yHkuua (MaHTHKHH QYHKIHS)
HHHT POoCTIHK KuiiMath xaMm {1, 0} Tyniam saemeHTHAaH
ubopar.

2 Tabpud. Auukranuw Ba yarapuuw coxanapu {1, 0}
Tynnamaad wbopar 6yaraH ¢yHxkuusnapra byss pynkyus-
aapu peiinnaan (. Bynb — aHMIHAMHK MalIXyp MAHTHKYH
Ba MaTeMaTHK).

Bupop Mypakka6 A ¢opmyna Gepuiran 6yacus. By cdopmysa
KOMIIOHEHTANIapy (apryMeHTJIapu) Hi Xy, Xy, . . . , X,, OpKami GeJ-
ruiafivus. Yuaa A dopvynann 6us A<, A(x; x,. ..., X,) KY-
puHMiLza €32 oiaMH3.  _

3-Tabvpud. x;(i=1, n) aprymesTapHHHr Xap OMpH Ka-
6y/1 KUMMIIH MyMKuH GyaraH Gapua 1,0 KuifiMaTnapH TU3HME
(abopn) ma A(xy, x5 , .., x,) ¢opMynanu HpoAaNOBIH MaH-
THKUE GYHKUMST pocm (64FOM) KuiiMaTtra spuiica, 6y opmyia
airax pocm (éaron) gopmyra NeAMIALH.

Afisan poct Qopmyna ozataa [, aftman €nroH ¢opmy.sa aca
b kaGu GeJsrunaHau.

Macanan, A(x;, X, Xg) = (6, \g/A\xg) \(T %)) = L — aht-
HaH &1FoH; B (x; X5, xg) (%, VX,V xg) V(1 xy)) =1 3ca aitHay
poct ¢dopmyna (TEKIKPHG KYPHHT).

Scnarma. A(xy, X ..., x,) GopMysana n Ta 3TEMEHTAp
MyJs0Xa3a 6yaca, Oy (OpPMYJAHHHT POCTIHK KANBATH 2" 1a #ya
(carp) man ubopar 6ymagu (MCOOT KH.IHHI).
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4-tavpud. Arap Mynoxazanap anrebpacunuur K (4,, A,,
y-. ., A) dopvysacH nponosMUHOHAN Y3rapyBuHnap KuiMar-
JIapUHMHT Xeu 6y/Maranga OutTa THsuMHAA | kufiMaTed KaGyn
Kusca, Gynpait ¢opmyna baxcapusyeun dopmyaa nelduIany.

Xap xanpaii aiiHaH poct ¢opmynaa Oakapuiysud dopMmyJia
6y.naau.

A, %) = /\x,

Gaxxapunynuu dopMyJiafup. L
5-tavpud. Tapkubuparu x;(i =1,n) Y3rapyBuHnapHUHT
MyMKHH GysraH Gapya Kuiimatiapu Tusumuaa A (x,, x,, . .

A

x,) Ba B(x;, x5, ..., x,) GOpMy/naNapHUHT KHIIMaT/apH YCTYHH
6up xun 6ysca, 6y QopMmynanap gsapo mexe Kydauw NeHUIa0H
Bay A(xg, x5 ..., X)=B(xy, X, . . ., x,) Kabu Geqrunanany.

MyJioxasanap anreGpacupa MyxuM poap VilHafiauraH Gup

KaHya TeHT KY4Y/ad (popMyJ/ajapHd KeTHPaMH3:

1) 7 <1 A=A (MKKH Kappa/j{ WHKOP KOHYHH);

2) AAB=BAA (KOHBIOHKUMAHHHI KOMMYTATHBJHIH);

3) A\/B= B\/A (I3 bIOHKUHMSHHHI KOMMYTATHBJHIH),

4) ANBANC)=(ANB)AC (KOHBIOHKUHSIHUHI ACCOLHATHB-

JIHTH):

5) AV(BVC)=(A\/B)\/C (AM3BIOHKUHSHHHT aCCOLMATHB-

JINTH):

6) ANBVC)=(AANB)V(AAC) (KOHDBIOHKUMSIHHHT AH3D-

IOHKUMAra HUCOATaH AUCTPUOYTHBJIHIH);
7y AV(BAC) = (AVB)A(AVC (OM3bIOHKUMSHUHT KOHb-

IOHKLWMAra HUcOaTaH AMCTPUGYTHBIIHIH);

8) 1(AAB)== AV 1B,
9) w(AVB)= T AN B;

(6y ukkana TeHr Kyumiuk [le Moprau Konyniapu el 1opHTHiajH)
10) AAA = A (KOHDIOHKUMA Ba JU3IBIOHKUMA aMasIapHHUHT
11) AVVA = A naeMnoTeHT/IHK KOHYHJApH);

12) ANl = A;

13) AVL = A;

14) AN A=L;

15) A\/ 1 A =] (yuMHYMCHHM MHKOD 3THLI KOHYHH),
16) ANL=1L,

17y AVIi=1,

18) A\VV(AAB)=A (1oTHIHW KOHYHH);

19) AA(AVB) = A;

20) A=>B =3 AVB;

21) 1 A=>B)=AA" B,
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22) AeB=(AANBV(1 AN\ B),

23) 71 (AeB)= (11 AV 1 BYA(AVB).

IOkopumarn acocuit TEHr KyuIM/MKJappard xap Oup
¢dopMysia HKKMTA KOMIIOHEHTra OOFJIHK (YHKUHAJADAHKD.
DBy TeHr Xy4snuJHKIapHH HCTAJraH YeKJH COHZarH ¢opmy-
Janap y4uyH €3uil MyMKHH (POCTJIMK KaiBaJajapu épna-
MHAa €KH MaHTHKHH amannap éplamMuia IOKOpPHLA KelTH-
PHATAH TEHT KYWIHJHKJaDHH HCOOT KHJHHT).

SHAM MAaHTHKHH (10THK) aMananapHHHT 6aXkapHauLl
TapTHbH TYFpHCHAa Oup 03 TyxTaaub YTaMHus.

Arap ¢opmynajary amannapHHHr TapTH6H KaBcjap
éplamuna kKypcatuamaras O§aca, ynap Kydumars Ketma-
KeTNHKAA, S'BHH HHKODP, KOHBIOHKUHSA, AH3BIOHKUHA, HMI-
JHKalHs Ba 3HT OXHPHAA 3KBHBaJeHUHs taptHbuia 6axa-
puranu. Kyn xoanapna amannapuu Gaxcapuil KeTMa-Ker-
JIHTH KaBcJaap €plaMuia KypcaTuJaaa.

Macanan, A(x, y, )5 x="71 yAze A7 x\/y dopuynana
amanap roKopupa adTwiarasuiek, 1, A\, \/, =-, & KeTMa-ker-
JuKaa Gaxkapuaain. B (x, y, 2) = ((xe2)=>x)\/ 1 2)Ay dop-
MyJaja sca avaaaap 1, <, =, \/ ea /\ Taprubpa Gaxxapu-
JIaRd.

Mynoxasanap asnrebpacH xylda Kynm MyXHMm aMaJui
TaTbHKJIapra sra. X03HPru 3aMOH 3/eKTPOH Xucobjail Ma-
WIHHAJAPUHUHT HWJaul xapaéHd XaMm MyJoxas3ajap aJ-
re6pacura acocsnanrad. Bynuur ca6abu iuysnaH nb6opaTkH,
MyJnoxasasaap aarebpacunard yura Ba yHAaH OPTHK aJ-
rebpank amaJlapHH AOMMO HKKHTa anare6pauk amaara
KeJTHDHII MYMKHH.

Xaxukatad, [Je Mopras KOHYHJIADH

T (xAY) = OV( ) ()
7 @Vy) = (1IN v) 2

ra acocad uxTuépui dopmysnagard 1 Bd /\ aMa/apHH <t Ba
\/ aManiapu GusIaH Ba aKCMHuya, <1 Ba \/ amasiapHu sca N
Ba /\ amasnapu OHfaH -aJMalTHPHIU MYMKHH.

SuaM ¢ Ba =~ amannapuu dakat <1 Ba A (7 Ba V)
amanniapy GWaH aJMAlITHPHLI MYMKHHJHTHHM Kypcatamus. DBy-
HHHT Y4YH

XNVy =T (TONT Y 3)
xAy =71 V(1 y) 4)

dopMy.ianap XaMja acoCHH TeHI KyuiusmKk/iapiay ¢ofifiaaHamu3.
Acocuit Tenr KyutH ¢opmynanapiaH 22) ra acocaH X<y =
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=AYV DA y)) ypurau. (3) ra acocan sca (xA\y)V
VT 2AT ) = 2 GAGY AT X\ 1y)) 6y aranu yuyn
x&y= "1 ANN( (T xA T y) 6ynagd. x=y = 1x\/
Vy ra sna (3) Hu TarbuK s1cak, x=>y =1 (71 (7T HA(T )
xocun 6ynamu. Arap (4) dopmyaanan doiinasnaHcak, MyJaoxasa-
Jap ajqreGpaCHHHHr HXTHEpHH Gopmynacud 71 Ba \/ opxa/u
Htonatall MYMKHUH.

Mawgkaap

1. A, B¥C Ba D wmynoxasanap moc “pasuwpa 1, 0, 0, 1
6yrauna Ky#unaru GopmyJanapHHAT POCTIHK KHHMATHHH TONHHI:

a) A\ (BNAC); 1 AVBe 1D,

6) D=-(BAC), e) (A= B)=(1 AVB);

B) C=(AAD); ®) (DAC)= (AN B),

r) A= (C\/D), 3) (AA 7 B)\VD=>(BA 11 C).

2. Ky#unaru ¢opMmynanapuar xap GMpH y4yH POCTIHK
KaNBaJHHH TY3HHT:

a) A= (A= B); r) 1(AVB)=(AN\B),
6) A\/BeB\/A; B (A==71BAC)\/(T1AVB);
B) A= (BAC); e) (AV B)=- (AN B).

13- §. NPEJUKATJIAP

Mynoxasanap aare6pacu épaamuia coafa MyJaoxasa-
Jlapfiad Mypakka6 wMyJjoxasanap XOCHJA KHJIMHHIUHHH OH3
12- § na kypu6 yrauk. Mynoxasanap MaHTHKHHHHT KaMyH-
JIUKNapHaaH OHpH IIYHAaH HOOpPAaTKH, YHUHT €EpAaMuia
00DbEKTIapHHHT XOcca/japu Ba yjap opacHmard MyHocabar-
JlapHu E€pHUTHIN MYMKHH 3Mac. MareMaTHk MaHTHKHHHT
6yunait Mmacananap GuiaaH IYFyJJaHafHTaH KHCMH Oonatna
npejuMkarTaap Jorukacu (MaHTHKH) [ae6 WpHTHJIAAM.

l-rabpnd. Tapkubuza spkax yarapyBuunrap Kar-
HaulkG, Oy VarapyBuuJapHHHr Kabyn KWIHWH MYMKHH
6ynran kuiiMaTinapuaa MyJioxasara aifsnasaauraH japak
ranra npeduxkar nefuaanH.

x OOBeKTHHHI Oupop & Xxoccara 3sra Gyaumu & (x) Kabu
6enrunanul, & (x) 6up YpUHJIM npeaukaT fel I0PUTHJIANH.

Mucoanap. 1. #(x): «xx—Ty6 coH» KYPHHULIAATH NPELH-
Kar Gepu/iraH Gy.cud. Byngad xoama & (x) OUp HOMABAYMIH
¢$yukuuanu udonanab, YHHHI aHMKJAHHMUII COXACH HaTypas COH-
Jap tynuaMd N JaH, KMAMAaT/JapH cOXacH MyJoxasajlap TYmJa-
MHiaH ubopar 6yau0, xap OMP MYyJOXa3aHHHT KHHAMAT/IADH COXa-
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cH 5ca nkku sqementau {0, 1} Tynnampan uGopar. By ¢yHkuma
KHAMATIAPUHHHT KaJBaJl KYDHHMIIH KYHHAArHuamup:

x 1] el3]e]sle] 7] 8
oy ol 11 ]ol 1ol ]o

2. E(x): «x—mydr con» kKabu npepukaT GepuiraH GyJCHH.
YHHHT POCTVIMK »KafiBaJH

x 1'2[
E@W | 0] 1]

Kypunumaa 6yaaiu.

IOkopuaary HKKMTa MHCOMAAH KYHMAArH (QUKpJAapHH
afita onamus,

1. Tlpenuxatnap Mysaoxasa sMac, JIEKHH X HHHT GHpOP
TVINIaMra TerHIWIH aHHK KuiimMaTtiapHjaa y MyJoxasara
alljlaHaiH.

2. Arap M xaHpahiaup obbpekrtnap tynaamu 6ynaca, Gy
TYynJaaMJAard npeaMkaT — xocca jeranza 6u3 wy M Ttyn-
JaMaa poct ékH énFoH Ku#iMaTHH KabyJs KuayBuu OHp ap-
TYMEHTJH QYHKUHSAHH TYLIYHAMH3.

2-traspud. M tynaamuuHr & (x) npeIMKAaTHH POCT MYJOXa-
3ara aftnauTupyeud D kuem  Tynaamura & (x) npeduxamuune
POocmAUK coxacu pedunanu.

3-taspud. Arap & (x) npeankar M tynnamuuHr Gapua
anementaapuja pocr (&7roH) Kuiimathu KaGyJa Kuaca, &° (x) mpe-
mukat M rtynnampa aiinan pocm (QuHaH EaroR) neAuJanM.

4-tavpud. KA, ..., A, a,...,6,; X ..., Xg
P, ..., P) dopuyna Py, ..., P npemuxaraap T Tynnampa
KamHjJa GMTTa yCyJjJa aHMKJAHTaHAa, Xy, . .., X, NMPEAMET y3-
rapysunnap 7 Tynjam ajeMeHTsiapH OunaH Kamuja OHTTa yCyJi-
Ha ajMawrupuarasnja xampa A, ..., A, nponosHuMoHan y3-
rapyBuM/Iap KHIMATJApUHHHMT Kamupa Outra TH3umuia | Kuitmat
Ka6y:1 KHJca, y xoaaa K q)opmy.na T T)"mJIaMAa Caxcapuryeuu
pefunanu. K ¢opmyna uxtuépusi T 'ryn.namua 6ax(apmysqn
6ysica, y Xoapa y Gamapuaysus ¢opMyJa AeHHIanH.

Mnconnap 1. &#(x): «x — myc6am — npeankar N | Tyn-
Jamaa adHaH poct Gyaand.
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2. R(x): «x << O» — npegukar N tyniamza aiiHae &7FoH.

3. E(x) «x —xydr conr — mpenuxar N Tyniamaa Gaxka-
PUJIYBYH NpeIHKATIHD.

Bus okopuna 6urTa HOMabayMmra (3pkau yarapysuura)
Gorank Gynran Oup YpUHIH NpefHKATIapHH KYPHO YTAHK.

TlpegukaT uKKH, yY, ..., 7 YPHHAM XaM OYJHIIH MYMKHH.
Macanan, Z tynaamaa F(x, y) «<x < y» npeAHKaT HKKH
VPUHIMAMD. 1 YDHHIM TIpemHKaT & (xy, Xy, . - ., X,) OPKAJM

GenrunaHu6, 6y npefukar Gupop A TYMIAMHHHT X,, X,, .
X, 91eMeHTIapu opacuiard & MyHsocabathi mboaanaimu.

Kuitmatnapy A tymiamra terdiund Gyarad n ypua & (x,,

ey

Xgy - .+, X;) TpeaApKaT Oepuarad 6yjacHH. OJbBEKTVIAPHHHT  Xap
Oup TaiuH X, =a, €A, x,=a,€4A, ..., x;=a,€A kuiivar-
Japuia #{ay, a,, . .., @,) MyJoxaa poct €kd &1FoH 6y.IagH.

n YpHHJM NpeAUKATIaD YYyH XaM alfiHaH pocT, afiHaH
€n1FOH ékn 6axKapHJIyBYU NPEAHKAT/IAD TYMIYHYACHHH aHHK-
Jail MYMKHH.

1, 2, 3, ypuHIH npeAHKaTIap MOC DaBHWAA yHap, GH-
Hap, TepHap npeaukataap nefinnaad. Hoap ypuHau npenu-
KaT y3rapMmac MyJoxasaHu Hdomzananmu.

14-§. KBAHTOPJIAP

bus 13-§ na &£ (x) npeauxar x HuHr 6upop A Tynaam-
ra TerHIUIM aHHUK KUAMAaTJaapuHaa MyJjoxasara aH/JaHHKILK-
HH Kypu6 yrtauk. Ilpennkatnappan Myn0xa3a XoCHJ KH-
JHUIIHHHT SIHA HKKUTA YCYJH MaBXYyI.

Appas1 KyHuAard MUCONHH KYypHO UMKANHK:

x €N Gyaraapa

PR)SFext—3x+2=0 0

6yncun. Arap (1) npeaukathu 6apua x € N Jap yuyH Kapanmuu-
ran Gy/cak, y €1roH MyJoxasa 6ymmb, {6awsm 6up x€N Jap
YYyH 3ca poct MyJoxasa 6yaamd. [ U

Brpop M TyniamMuuHr «Gapya x SMEMEHT/ApPH YuyH» Jera
KyMIa KucKaua Vx € M, «Gan3n GUp x 3JIEeMEHTJAp YuyH» ne-
raH Xymna sca g x€M opkami Genruianu6, yjap MoC paBulL-

Ja YMYMHIUIMK Ba MaBXYJJIHK KBaHTODJIADH 1e6 IOPHTHIALH.
(W x€A) f(x) @

(kuckaua: V x € f(x)) Gearn ¢A TyniamHMHr 6apya x 3/€MeHT-
sapr yuyH f(x) npeaukar pocm,
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(3x€A)f(x) 3
(kuckaua: g x f (x)) 6esarnt sca «A TYNJIAaMHUHT WyHZall X 37eMeHTH
MaBKyAKH, 6y azeveHT yuyH f(x) npeaudkaT poc™» Je6 yxunia-
IH.

(2) Ba (3) mynoxasanap OLaTAa KBAHTOPJH MYJIOXa3a/ap
npefimnagu. f(x) npeaukaT A TYnJaMHHHT 6apua s/ieMeHT/IapH
YUyH pOCT 6yJ1raH11arnHa (2) mysoxasa pocr KuiimaTra sra, f(x)
NpeaHKar aiHaH EnFOH €M GaxkapHayBud Oyaranpa, (2) myJo-
Xasa é1roH, ABHH V- X f(x) énroH GyaapmH.

f(x) npemukar A TynsamuHHT Gapua 3/jeMEHTVIApH YYYH aii-
HaH €iFoH Oysrasnarnna g xf(x) €naroH Gysamd.

Ukrn, yu, . .., n YpuniM mpeauKaT/iap BOCHTACH GHJIAH
XaM KBaHTODJIH MYJ0Xa3a/jap XOCH/I KHIHIL MYMKHH.

Macanaun, (¥ x ¥ y) f(x; y) mysaoxasa GHpOp TYMJIAMHMHT
«bapya x Ba Gapya y 3neMeHT/IapM YuyH f(x; y) pocm» ne6 yKu-
Jagd. (Ax V¥ y) f(x; y) Mmynoxasa 3ca xapanaérran A tyn-
JIAMHHHT «6aB3H ¥ 3/eMEHT]apH Ba XaMma y 3JEMEHTJIapH YUyH
fee v poct» n1e6 Ykuaazu.

SlHa Ky#ugarn xonnap 6ysmum MyMmkuH: Vo x qy f(x, y),
ax Jyfl,y), Yx¥ydazf(a y 2), axdydazfla y 2),

By KBaHTOPJIM MYJIOXA3a/laDHHHT ~ Xap KaHCHCH afiHaH pocT
€xy aiiHaH €JroH OYJ/IMIUM MYMKHH.

Macanan, Z Tyniampa f(x; y): «x COH y HaH KHYHK» HeraH
MpeNNKaT BOCHTAacH OMaaH Tysuwaran ¥ x gy f(¢ y) Mynoxasa
HCTaIrad X HH OJITaHAa XaM IIYHAAH y TONUJIaJHKH, yJap YYVH
«x < y» JeraH MyJoxasa aifHaH pOCT, UYHKM HCTANraH X YUyH
y=x-+ 1 ne6 oncax, x <y TEHICH3/MK Ga*kapH/ianH.

15-§. NPENHKATIIH $OPMYIJIAJIAP

@apa3 gunanuk, & (x) Ba Q(x) npeaukartmap Moc
paBuwaa A Ba B tynnamnapna pocr 6yau6, A sa B tyn-
Jgamjap O6HpoOp TYMJIaMHHHr KHCM Tynaamaapu OYJcCHH.

X03Hp 1y HKKHTA NpeanKaTra MaHTHKHH aMaJjapHH
TaTOMX 3THLI HATHXKACHAA XOCHJ OY/AraH siHrM npeAHKar-
JApHHHT DOCTJIHK coxaJapu OHJaH TaHHWIHOG YTaMH3.

1. R, (x) =& (x) \Q (x)Y npenuxar & (x) Ba Q(x) npeaukar-
J1ap POCT/IHK COX@/lapH KeCHIUMACHAA POCT Gysajuran mpenuKar-
AHD. E oy

2. Ry(x\) =& (x)\/Q(x) npeankar &£ (x) €ékn Q(x) JapHHHP
Kamuza GuTTacH pocT GyJanuran coxafa pocT GynagH. R, (x)
TIpeIMKAaTHHHI POCTVIMK coxacH A J B rtynaamaup. A coxa & (x)
HHHI POCTJIHK cOXacH, B 3ca Q(x) HHHT DOCT/IHK COXAcH.

46

www.ziyouz.com kutubxonasi



3. Ry(x)==71 & (x) npennkar & (x) éaron 6yaran coxaja
poct, & (x) poct Gysiran coxaga sca énaroumup. [demak, R,(x)
npeaukat C,A= A TYAQMpYBUH TYnJaMAa pOCT 3KaH.
= 4, R4(x)—,7’(x)¢Q( x) npeaukat cakatr &P (x) pocr, Q(x)
&1FoH GyJiraH coxajaruia &1FOH, KOraH coxalapga pocT Gy.aa-
au. ByHpa pocTimk coxa ANB N B 6y.1azu.
ri5 R(x)=F (x)Q(x) NpemuMKaTHHHT POCTVIMK coxacHu M
HHHI' WIYHAAH KHCM TYn/amuidad uGopaTkd, yHia & (x) ra Q(x)
6Hp BaKTZa poCcT, €KH OMp Bakraa &1roH 6y.anu. Douikaua k-
Jau6 afitranpa, Ry (x) mpegukaTHHHT poctyMk coxacd (AN B)U
UANB) 6yaanu.

Mucoa x€N Gyaranga &£ (x): «x>2» Ba Q(x): «4|x»
npeaukataapHu HdopanacuH. Yuaa & (x)<>Q (x) npesHuKaTHU HT
poctmk coxach A ={3,4,5 ...}, B={4, 8§ 12, ...}=

={4klkc N}, A={1, 2}, B—{4k—{— HkeN}U {4k + 2|ke
ENYU{4k+3keN}U{l, 2, 3} Tynnavnan uGopar G6yaranu
yuya (ANB)UANB)={1, 2, 4, 8, 12, } Gyaanm.

DHAM NpeaHKaTaap IOTHKACHHHHT q)opmynanapﬂ Ba
YJapHHHT y3apO TEHT KYWJIHJHMIH XaKHia (UKD IOpHTaMH3.
Kapanaérran npeguxatsapHHHr pOCTIMK COXacHHH M op-
Kanu OGearmnainuk. M TyniaMHuHr OH3ra MabayM a3Jje-
MEHTJIapuHu a, b, c, ... éku

ay, @y, Q, - . - (1

OPKa/H OenruiafiMH3. YHHHT HOMAbjyM 3JEMeHT/JApUHH 3ca X,
Y, 2, ... 6KH

Xy, X3y Xgy o .. 2

opkaau Genrungab, (1) HHHC 3NeMeHTJapHHH HHAHBHAYAJ
npeaMersiap_ (npeamer ysrapmacnap), (2) HHHI 3/1eMeHT-
JapHHH 3ca IpejMeT VY3rapyBuusap el ODHTaMH3.

I-tanspud. a) M Tynnamia aHUKJAaHTaH Xap KaHOoah
MyJaoxasa Ba MNpeJHKaT NpeIHKaTtjap JOTHKAaCHHHHI ¢op-
MYJIacHIHP.
_ 6) Arap F;(i =1, n) dopvyna Gysca, ¥ F;, gF; sa 1 F;
Jap xam cdopmynanup.

B) Arap F Ba & copmysa 6yaca, (F\/®), (FAD), (F= D)
Ba (P=>F) jJap XxaM TpegUKaT/iap JIOTHKACHHHHT opmysacu
XHCOB/IaHALH.

r) Ilpeankatnap MaHTHkuza a), 6), B) dopmyananap-
naH 6owka GopMynanap MaBXyA sMac.

2-Tabpud. Ksaurop TardHy aTHAAAHTaH Y3rapys-
yHaap GOFNaHraH Yy3rapyByd/ap, KBAHTOD Terdian Oy.j-
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MaraH Y3rapyBuUHJIap 3ca 3pKUK npedmer y3zapys«uaap
JeHHaanH,

KBanTtopan npeankatnapiard npeaMeT y3rapyBuuaap
3pKHH Ba OOFJaHTaH yarapyBumjap OYJHIIH MYMKHH.

Macanan, F=gx€N(x+ y=>5) npexukarma x GOFJaH-
raH, y 3ca 3pKHH ysrapysuupp. [lemaK, TapkuGupa 3pKHH V3-
rapyBud GyJraH npefuKaT Wy VY3rapyBUMHUHT (YHKLUSACHAAH
néopar, fAvHH g x€ N (x+ y = 5) = F (y) Gynanu.

Hlynna#t kuaub, npelHKaT/iap MaHTHKMHHHT HcTanran qopMmy-
JlacH y3rapyBd4d Mysoxasa, HpefHKaT Ba SPKHH HOMab/yMra
GorsmK Gysran pyHkuusgup. Macanan, = (g x) (Vy) & (x: y) V
VQ @)\ A dopmynaun oncak, y &, Q npeaukarra A yarapys-
YHJH MYJI0Xa3a xamAa 3pKHH HOMabJymra GOr/HK GyJaraH dyHK-
i GyJanH.

3-trabpu¢. Arap 6urra M coxama Kapanaérrad HK-
kuta F Ba @ ¢opmynanapga: 1) Gapua y3rapyBuH npenH-
KatjapHu M ja aHuKJaHraH HHAMBHAyaJd TNpeIHKaTaAap
6unas; 2) yarapyBuu MyJoxa3ajapim M paru HHIHBH-
LyaJ MyJoxasaJjap Ousal; 3) SpKHH INpeiMer y3rapysuH-
JapHH M HuMHT MHIMBHAyasn npepMeriapu GHJaH aaMaul-
tupraifa F Ba @ cdopmynanap 6up XU DPOCT EKH EJIFOH
KuliMaTHH Kabyn Kujaca, ynap M coxana y3apo TeHr Kyu-
JH pefiunagm.

Hcraaran coxapa rteur Kyuau Gyaran F Ba @ cdopmy-
Janap aiHaH TeHr Kyuad ¢opMmynanap HedHaanH.

Miucon. (W xeM(P X))V A B FZ(VxeM)
(& (x)\/ A) dopmynanap y3apo TeHr kyud. By epaa A yarapys-
uy MyJioxasa 6ysm6, x OOF/JaHTaH y3rapysud OyJiranymru Tydai-
JH MKKana (opMyJsia XaM 3DKHH yarapysuHra GOFaMK smac. Jle-
MaK, @ Ba F napHHHI WKKajiack xaM MyJoxaszagup. P = F
SKaHJHMTHHH ucboT/aml yyyH @ HHHT pocTyiMrupaH F HHHC pocT-
JIMTHHH (Ba aKCHHYA) KeNTHPHO YHKApaMu3.

®apa3 kualyk, @ poct dopmysa 6yacud. Bynpait xonfga
JM3BIOHKUMA Tabpudura acocan M Tynsamuuur 6apya 3JeMeHT-
napH yuyH & (x) éxu A poct. Mkkana xonga xam M Tynaam-
HHHr Gapua szeMeHTiapH yuyH F (Y x€ M) (& (x)\/ A) afinan
poct MyJoxasa Gysamu. Axcumua, F cdopmyna poct Gyaca,
VxeM yuyn &P(x) éku A, €kM xap HKKasach pocT. YHJA
(VxeEM) (P (x)\/ A) =D xam poct. [emak, 3-rtamvpudra aco-
can F = ¢ 6ynanu. Ky#iupard ¢opmynanapHusr y3apo TEHT
KYUNH 3SKaHJHCHHH HCOOT KHJIMHI:

(Fxe M) (P )NA) m (3 x € MIP (NNA;
(FxeM)(F ()VA) m(g xeMET DV A4
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@xEM(F ONA) = (T xeM(T (NANA.

16- §. MYJICXA3AJIAPHH MAHTHKUA BEJTHAAP EPOJAMUJA
E3ull

_ MaremaTix Mysioxasaziapu  MawTHKHil Gesrmnap épaamuia
€3MIU YUYH ONATAA YEKJH COHJArd 6asuc npenMKaT/iap TaH/Na6
onmuHaau. Koaranw xocca Ba Mynocafatnap Gasuc npeaMkatiap
XamAa O30/, HOMAabJymsap €pAaMuia Tysuaran Tabpud, Teope-
Masjap OpkajH HonasaHanH.

Mucoa ci|atuna Z tynaamaa Gasuc npeiukatiap yuyH X -y =
=z, xy=u, Xx—y=vpa x<y TpeIHKATIapHH TaHIa6
onaMH3. ¥Ys3- V3ijlall MaTJIYMKH, IOKOPHAAar¥ TPeIMKaTJap aco-
cuil amansap Ba TapTHO MyhocaGaTHHH HboZanaiiy.

Sniy oxopuaarn (asnic npeiankaTnap €piamuga Z TynJam-
HUHT €ab3n GUp XoCcaJapHHH HJONaNaNMH3.

1. Hcranran a€Z counn 6€Z coHra KONZUKM Gyl
XaKuAard Teopema Xyihuparnua ésunam: Va, VbE€Z (b5 0) =
= 9@ € 2), ar (a=by - NAE = OV 0 < DA < [bl) (rE2).

Ozxupru myJioxasa Oyujail ykuiagu: «Dapua a B2 b 6yTyH
COHJAap YuyH, arap b nosra TeHr 6ynMaca, IWIyH#zad ¢ Ba r
GYTYH COHJAp TONH/AJUKH, YJap YY4YH a = bq+r 6ymb6, r
conu O ra Tenr €ku HOJJAH KaTTa Ba |b| naH KHUMK Gyaanu».

2. ylx, aBHK (v COH y ra GyJiMHANM) NpPENVKATHH KyHMaar-
Ya aHuKJjaii onaMua:

Y= 9 9€Z (x=q-y). .
Muconnap. 1. Kyiiuparu npeauxarsap Gepunirad GyJicHH!

[ (x): «x —1yprbypuakm,
¢ (x): «x— KBajpar».

«Baw3u TypT6ypuaKsap KBaApaT/IapPAMP® NEraH TaclHMK KyHu-
Jaruda €3usagu:

A xfx)=>9(x).

2. dapas gunaiiymk, x€ R 6ynranna f(x) ¢ynkuus R Tyn-
JlaMJla aHMKJAHTaH XaKHKHH Kuiimatau ¢ynkums Gysicud. Bynpait
xonpa f(x) ¢yHKUMAHMHT X = X, HyKTaja, (a; b) opanukna y3-
JYKCU3JMIU Ea (@; b) OpaNHMKAA TEKHC Y3JYKCH3.IMIM MOC PaBMIL-
Ja KyHHparyua €sunafu:

a) f(x) dynkums x, HykTapa yaaykcus: V(e >0 g >0) .

V(€ B) (o —xof <7 = f () — F (xoll <ee;
6) f (x)[pynruma (a; b) opanmkaa yaaykcus: (Ve € (a b)V({E>0)
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A > 0¥ (xea ) (e —x <r=>f () —F ) <e)

B) f(x) dyukuust (a; b) Aa Ttekuc yaiaykeus: (Ve >0)H
r>0)

V€@ b)) VxE(a b)(je—xI < r=>f(c) — f(x)| <e).

Arap 6) Ba B) ;napra >bpTHOOpP KHJICAK, .yJap Oup- GHpuaaH
dakatruHa ¥V ¢ € (a; b) udomauuHr TypraH YpHH OGunaH ¢apk
KHJIajH, X0JIocC.

Mamgaap

1. 2, 3, 4, 5, ..., n YypuH1M nNpeJHKATJIAPra MHCOIAD
KeJITHPHHF.

2, Makrabga ypraHwiraH MaTeMaTHK KOHYHJApHH yMyMH#-
JMK Ba MaBXyJIMK KBaHTOp/apH €paamuja €3uHr.

3. N(x), Z(x) Q(x), R(x) nap Moc paBHLIfA X HHHI HaTy-
paj, GYTYH, pallHOHA] BAa XaKHKHI COH 3KAH/UTHHH OH/IUPCHH.
Kyiiugars npepukatim $opMyJanapuu LiyHaald KeaHTOpJap Guilan
GOFJIaHTKH, yJap pocT MyJjoxasanap Gy.CHH:

a) Z (x)=- N (»); r) R(x)=Q(x);
6) N (x)=>Z (x); 1) N(x)=>Q(x);
B) Z (x)=> Q(x); e) Q(x)=> R (x);

*®) Z(x)=> R (x).

4. ¢x?— y = y® — x» NpeNuKATHH KBAHTOpJAAp GUJIaH HIYH-
Jait GOFJIauTKH, Y pocT (E1FoH) 6YyJicHH.
5. &(x): «x-—Ty6 coup,

Q(x) : «x — WyPT COHp»,

S(x; y): «y cOH x coHra Gy.nuHamu» Kabu npeguKaryiap
6yaranna, Kydugard GopMysaiapHd VKWHT Ba  yJIapHUHT  DOCT
€KH EJIFOH/IMIHHH aHUKJIAHT:

a) (Vx€Z)(S(2, x)=Q(x)

6) (Ax€2)(@Q (x)/\¢’(x)=> S(2; Xk

B) (Vx€Z) 2 Q)= S(x x);

D {Vx€Z)(P ()=> (T y€Z)QWANS(x y));

B AxE€Z QWAL DA (3 QAT (DA@ ) (x =
#* YNAQWAT (x)).N

17-§. Y3APO TECKAPH TEOPEMAJIAP

MarevaTukafaru TeopeMa TyIUIYHYACH KBAHTOD B3 mpefuKar
TylyHyanapy 6unaH ysBuft Goraukaup. Teopemagard wapT Ba
xyaoca Kaujafizup M TynuiavHUHT MXTHEDAH 3jeMeHTJIapH YUYYH
Gaxapuauiud Tanab stuaanH, AbHd x €M Huar A xoccara ara
Gysmumial yHUHr B xoccara asra Gyumum  keau6 uyMkaaM. by
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epra A TeopeMaHHHI 1uapTy, B 3ca TEOPEMAHWHT  XyJIOCACHOMP.
Ilpenukarnap Temacuma Kypu6 VTraHuMuara acccaH x HHHT A
Xoccara sra OyJuinM Gup Ypunau A(x) TpeaHKaThH GHJAKpap
sau. [emak, KYNUWIHK TeopemasapHH

(VxeM)(Ax)=-B(x) (1)

KypunHiLna €sa oJamu3. Dy epna ymymuitnuk kBantopura GOF-
JMK GVaran Wx € M KHCMHM TeOpeMaHHHT KMpHWI KHCMH, A (x)
mu (1) Teopemanuur waprtd, B(x) npemukathu sca (1) Teopema-
HHHT XyJocacH ne6 toputhnagd. Teopemanapud (1) KypuHHinga
€3HI YHMHT INADTH Ba XYJIOCACMHH OCOHMMHA aMKpaTHilra HMKOH
6epany.

1- meopema. YubypyaxnuHe 103U YyHuHe acocu OGuiaw
6arandrucy Kjnadmmacunune apmusa mee.

Maskyp TeopeMaja YHHHT IIAPTH Ba XYJOCacH Ky3ra
SIKKOJI Tallanu6 TypMaiad. JHAM yHH KyHumaruda é€sa-
MH3:

Arap Gepusran xkynGypuak yubGypuak 6yjca, YHHHT
1030 acocH OHsMaH OGalaHAJMHTH XyNaHTMAcCHHHHT SIPMHTa
TEHT.

Ky#innarun GearunaumjiapHd KHPHTCAK, S'BHH

M xynGypuaknap TymiaMu: X — Kyn6ypuak,

A(x): «x KynGypyaKHHHI TOMOHJADH COHM YuYra TEHT»,

B (x): «x HMHT 103W» HH HOOJANOBYM TipefHKaT Gy.jca, IOKO-

pHaaru TeopeMaHu (x — yuy6ypyak)=>- (Sx = %ah) opkamy €sa

onamu3. ByHna a — yuGypyakHuHr acoc, i — YHHHT GanaHajiH-
rv, S, — yuOypUaKHUHT I03H.

YMymaH Tteopema — «M TYnJaMHMHT MXTHEDUH X 3JIEMEHTH
A xoccara sra 6y.ca, y Xoiga y B xoccara xam 3ra Gynanm»
Jeb YKunagu. )

Xap 6up (Vx€EM)(A(x)=> B(x)) Teopemama A(x) Ba B(x)
npenukataap M coxaga poct myJsoxasajap 6yau6, B(x) MyJo-
xasa¥xakukataH A (x) naH Keqm6 uMkazd, sibHH (1) TeopeMaHMHr
xynocacunu Hdopanaiiad. [emak, (1) Teopemama A (x) wapr
acoc Basudacunu Gaxapamd. B (x) Huur A(x) ZaH Keaub UMKH-
WH siHa 1y GUMaH TacAWKJaHajukH, 6u3 (1) Teopemand (sBHH
B (x) nuHr poct/Mrunu) ucbornaiuaa anéarra A(x) HMHT POCTVIM-
rura cysnamu3. By myxokama Teopemand GuiiinpyBuH | A (x)=>
= B (x) UMNAMKaLKMA HXTHEpHH x €M ydyH alinan poct (opmy-
Ja SKaH/MruHd Kypcataau. Hemak, A (x)=> B (x) umnimukauus M
TyniamMua adHad pocr Gysmaca, 6y Tacauk B (x) 'Hunr A (x)
IaH XyJoca 6yau6 uMkMacaurkuk Guamupagd. By xonma (1)
Hboaa TeopeMaHn GCUJIAHpAIH.
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Teopemanap omataa Typr xua 6ynanu:

1) (Wx€ M) (A (x)= B(x)) —1yFpn TeopeMa;

2) (V¥x€M)(B(x)= A(x)) — Teckapd Teopema;

3) (VxeM)(71 A(x)=>"1 B(x)) —Tyrpu Teopemara Kapama-
KapIli Teopema,

4) (VxeM)(1 B(x)=> 71 A(x)) —Teckapu Teopemara Kapa-
Ma- KaplH TeopeMma.

¥Y3-y3unan Mabaymkn, x&M GyaraHga X HHHT aHHK)
KuiiMatnapunza A(x) Ba B(x) mnpegukaTAapHHHT  Xap
6upu ¢aKaTruHa HKKH XHJ — DOCT €KH E&JFOH MYJoxasa-
napHu udolanamu MyMKHH. Arap OepuiaraH TeopeMaza
YHMHT IIApPTH Ba XYJOCAJADHHHT VPUHIADHHH aJMaIUTHp-
cak, TVFpDH TeopeMara TecKapH TeopeMa XocHJa Gynanu.

IOIgopnua KEeJITHPHJTAH TYPT XHJA TeopeMasapiaad 6anb-
3K GHpJMAPH ¥3ap0 TEHT KYYJUOHP.

Hkkuta Mysnoxasa MMIJIHKauuscH Tabpupura acocat
KYHHIArH )KalBalHH TYJAOHPAMHU3;

AW | B e B Ags | B@e | 1A 180
tlo oo | | |+ |
1| o o |1 o | 1 ] 1 | o
o | 1 ] BN B
o | o ] e | 1

By kagBangaH KYpHHAIHKH,
Vx(A(x)=>B(x) = ¥x(11 B(x)=>"71 A(x));
Yx(Bx)=>Ax)= Vx(71 Ax)= 1 B(x),
SBPHM TYFpDH TeopeMa OuJIaH TeCcKapH TeopeMara Kapama-
Kapliy TeopeMa Ba TecKapH TeopeMa OHJIAH TYFPH Teope-
Mara KapaMa-Kapuli TeopeMaJsap TeHI KY4JH 3KaH.
Bupop TeopemMa uKKHHuUHcHra Tteckapu G6§aca, 6y Teo-
pemanap y3apo TeckapH Teopemanap [neb IOPHTHJIAIH.
Arap xap Gup TeopeMaja yHHHT TYWYHTAPHII KHCMH Kyp-
caTH/Maca, TecKapH Teopema y3 MabHOCHHH HYKOTamH.
2-meopema. Pombrunz Ouazonasrapu jzapo nepnendu-
Kyasap 6yradu.
Masxyp Teopemara Tecxapu a7 B(x), p: A(x) 'reope-
MaH{d TYFPHAAH-TYFPH OHp KHAMATIH yCynjda TONHII MYyM-,
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KuH smac. bBynpa A(x) Gepunran T1ypT6Gypuak pomb,
B(x) poMO6uMHr nHaroHa/iapH ¥3apo NepNeHIUKYJsip.
XakukataH, arap poMOGHH Typr6ypuaknap Tymiamu
jeMeHTH Je6 Kapalauran Oyjcax, AHaroHaniapH y3apo
nepneHanKyasap 6yarad xap Kaupait typrbypuaxk xam poM6
6ynasepMaiinn. Arap poMOHH napaJjuiesorpaMmiap Tyh-
JaMHIAaH oJcaK, y xonjAa 6y TeopeMara TeckapH TeopeMa
Kyhuparuua 6ynanu:
(v Q, Q — mapannenorpamm), (Q, — pom6)=> (Q — HHHT Auaro-
HaJIapH TepreHAUKYIAP) KYPHHUINHK OJ1M0, OXMPrM TeopeMa 3ca
POCTAMD.

18- §. 3APYPHN BA ETAPJIH IUHAPTIJIAP

MakTa6 MateMaTHKa KypCHIAH MabAyMkH, 6an3m Gup
TeopeMaJjiap eTrapjii, 3apyp Ba erapiH XaMpia 3apypHi
waptaap 6unan 6ornanran 6ynanu. Bus xosup Teopema-
nap KaHjaall xonnapia lokKopHiarn GoFnoBuM cy3jap ép-
JaMHaa HponanaHUWHHA KYPHO YTaMus.

Bywmac M tynaam asnementaapu yuyH A(x) Ba B(x)
npeinkaraap aHukgaaurad G6yscud. Kyiliwaaruw ysapo kapa-
Ma-KapuwH TeopeMasapHH Kypub yrahnHk.

1. Arap M rtynnaMHHHr 6ab3H OGHD X 3JeMeHT/]apH
A(x) xoccara sra 6yaca, ynap B(x) xoccara xam ara 6¥-
JIaH. N

2. M tynaamuuur 6Gaw3n Gup x aseMeHTiapu B(x)
xoccara sra 6ysca, ynap A(x) xoccara xam asra 6yaaiH.

By tacaukaapHu xy#uparH @ KypHHULIAa  XaM €3I
MYMKHH:

1. M tynnamuunr A(x) xoccara sra Gy.arad sjeMeHT-
napu B(x) xoccara xaM sra 6yaumu 3apyp.

2. M tynaavud Gapua sseMeHTJapuHHHr A (x) Xoccara sra
6ysmiunnan  yaapuuar B (x) xoccara sra GYiuliM KeJIMO UMKaAH
€Ki x € M anementHunr A(x) xoccara sra Gysmuwm yruar B (x)
Xoccara sra GY.BiliM YYyH eTapii.

Macanan, M= N Ba B(x): «<x — xydr conwr, A(x): «x COH
4 ra xongukcus GyqMHaznM» Kabu npeaukataap OepuaraH Gy
cuH. Bynpait xonpa

FxEN)(B(x) = Alx) (M
Ba
(Vx€N)(A(x)=> B(x) @
TacAHKJIap POCT OyJalH, JNEeKHH
(VX EN)(B(x)=A(x) 3
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racaug poct smac. (Macanan, 38 conu, rapun xyodr coH
6y.ica-ga, 4 ra 6yauumaiiay.) Wyngai xuaub, (2) tTeopema
poct 6ynranna A(x) npenukar B(x) yuyH erapjH wapr,
B(x) npenukar sca A(x) yuyH 3apypuii wapt Gyaanu.
Arap Gup BakTHHHT y3uaa (2) Ba (3) TeopeManap YpHHJH
6yJsca, 6yHAal TeopemaJsap 3apyp Ba erapJsu maptaap OH-
JaH OorFjaHrad rteopeMasap nAe6 IOPHTHJIAIH.

Kyfinnaru reopema wyHpaii TeopemasapaaH OUPHIHD:

Harypaa connune 9 2a 6faunumu yeyn ynune paxam-
aapu durunducy 9 ea b6farunuwu 3apyp ea erapaudup.

Mucoanap. Kyhugarn Ttacmukaapun (Wx€ M) (A(x)=>
= B(x)) KypuHULLZA €3HHT:

1. Xap kanga#t Myc6ar pauuoHaix coH GupopTa KecMma-
HUHT Y3YHJHCHHH HbonaakaH.

2. Wcranran yuybypuakHdHr OGasaHAAMIH Kapama-Kap-
IHH TOMOHra &kH YHHHI JaBOMHra NneprneHAHKyadap Oyiafu.

3. Ilapannenorpamm gHaroHaJj1apu Y3yHJAHKJIApH KBal-
patiapH HUFMHIHCH YHHHI TYDPTTa TOMOHH Y3YHJHKJIApH
KBaZpaT/JapHHHHT HUFHHINCHIA TEHT.

4, Kyfinnaru HyKkrajap VypHura 3apyp, erap.ie, 3apyp
B2 CTApJH Cys/japAaH TerHLJHCHHH KYHHHT:

a) OHpop COHHUHr 6 ra OY/JHHHIUH Y4YyH YHHHr 3 ra
Oy IHHULIH...

6) KeTMa-KeTMHKHUHI JHMHTra 5sra OYJHIH  y4YyH
VHUHT YerapaJjgaHrad Oyanug ...

B) GUPOP COHHHUHI 5 ra OYJHHHIIM YYYH YHHHI HOJIb
6uJiaH Tyraims...

r) 6epunaran yubypuakHYHr TYFpH Oypuaknu yubypuak
6ynuun yuyH a?+4b2=c? 6yauwH. ...

5. Maktabna yprauraH TeopeMa/JapHHTH3JAaH KaMHJa YYTacH-
HH (VX EM)(A(x)=> B(x)) xypuuuwga €suur.

By TacauksapuuHr xaticu Oupu Teopema Gynaau? Kaicu
X0JMlapfia TeCKapH, KapaMa- Kapilk, TeCKapHra Kapama- Kapilu
TAaCHMKJIap VpuHau Oy.iaiu?

19-§. TEOPEMAJIAPHH HCBOTJIALL YCYJIJIAPH

Bupop ¢HKpHUHT pocT €KH EJNFOHJIHTHHH THKJAUl Y4yH
TYFPH XyJocara oJiHO KeJayBYH Koujanap ojaThaa MaHTH-
KHI KoHyHs1ap fe0 I0pUTHIAIH.

MaHTHKHi KOHYHJap OGHAaH WIyFyJJaHraHjia adHaH
cdopMysanap MyxXHM axaMHAT KacO 3TaaM.

Xap kaupali afivan énron L c¢opmynara aitHaH pocT
N L=I ¢opmyra Moc ke/iraid yuyd, 6u3 ¢pakaTraHa ai-
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HaH poct Qopmynanap OuJaH WYFyalaHaMmu3. AHa IUyH-
Adait ¢opmMynanapnaH OMpPH YYMHUMCHHH HHKOD 3THII KO-
HYHUJAHD:

1 pVe=l, ¢
ABHH MKKHTa ¥3apo Kapama-KaplWu p Ba 71 p MyJoxasajapaaH
GHpH JAOHMO POCT.

Masgkyp KOHYH p €ékM ™1 p HHMHT POCT/MK KHHAMATHra Xxam
Bd XaITO YJApHHHT aHHK Ma3MyHHra xam GOrauK 3Mac. IllyHunr
yuyH Oy KOHYHJAH HWXTHEpHH MaHTHKUB dukpaaw, wucGoT Ba
XyJocanam apaénuaa (oijanaHHIl MYMKHH.

Mucon. Arap n# 1 wuxruépuii Hatypan coH 6yJaraugma
p:«n—Ty6 cOH», 1 p: —n «Ty0 COH 3Mac» KaGH MyJo0xasajap
6yaca, 71 p\/p poct 6Vnamu. XakukataH, | naH ¢apk.aM ucran-
raH patypa.l COH Ty( €KH \Mypakkad Oy.aaid.

3upauaT KOHyHH. VIKkHTa V3apo Kapama- KapliM MyJioxasa-
Jap GHp BaKTHHMHT ¥y3uJa pocT 6yaa osamaiiad. bowxaua kuiu6
afTtraija,

i1 pAP) =1 2
6ynanu. (2) dopmy.anunr afiHaH poctaurd  1p Ap  dopmyaa-
HUHr?afiHaH €IFOHNMTHHK OuamMpaiu. ByHpad X0ija  KOHDBIOHK-
uHst Tappuura OMHOZH p €KM 1 p HUHT GMTTAcH E/FOH.

Mucoa. «5—rt1y6 con» — pocr;

«5 — MypaKkab COH» — &JIFOH;

«5 —Ty6 Ba MypakKa® COH» — €JIFOH;

«5— Ty6 Ba MypakKaG COH 3KaHJHTH EJFOH» —
pocCT.

MatemaTHK Teopema — pOCTJMrH McGOTJIAIUAAH  KefMHTHHA
aHMKJIaHa JHraH MYJI0Xa3aaup.

(Vv x € M)(A(x) = B(x)) Teopemanu ucGOTJall feraH cy3 Te-
THLULIH acocjapra CystHHG, WIMHH Ba MaHTHKHH KHXATAaH TYFpH
MyxoKaMa KWJHII »Kapaénuga B (x) HuHr (SBHH Teopemajaru
ucboTawl J103HM 6VJraH KHCV.HHMHT) DPOCT/JMTHHM lo3ara uHKa-
pumr  Jemakaup. bus Gysman ke#iun sapypar Gysmarasnja
(VxEM) (A(x) = B(x)) KypuHMLIAarH TeOpeMaHH KHCKaua
A=-B opkanu é3amus.

Hc6ornaw typau ycysanap 6unan onunb Gopunaau. He-
6OTHUHI acocHit ycyJanapH KyHHAarujap:

1) GeBocHTa HcGoTsall YCYJIH;

2) kapama-KapLIHCHHH ¢apa3 KuJaub HcOoTIam YCYJIH;

3) TeckapucHAaH ucboTJaW YCYJH;

4) TyNMK MaTeMaTHK MHAYKUHs TNPHHIUIK acocHaa
HCOOTIALI YCYJIH.
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By ycyanapun MatemaTHK MaHTHK ¢(opMynanapu ép-
naMuja Kypub yTamus,

1. BepocuTa HCOOTNIALI YCYJHHUHI MOXHATH IUyHAaH
HOOpaTKH, YHHHr acociapu 6yau6 A Ba A=-B Mynoxasa-
Jap, xyJjocacH 6yau6 sca B Myjnoxa3a xu3mMaT KHJAIH,
Bouikaya guau6 afiTraHna, TeopeMaHHHr OepujaraH Kuc-
MHulaH Ba «bepuaran kucMH ypuuau 6yJca, HcGoTaaHaH-
raH KHCMH XaM VpuHau OYynajau» IeraH MyJoxasagaH Oy
TEODEMaHMHTr HCOOTJaHAaAHraH KUCMH KeJITHPHO 4YHKapH-
Jajgu. Bynnan 6esocuta HcOoT/Iall YCYJIHHHHT (OpMysacu

AN(A= B)=B (3)

»’

JaH uGopataup. (3) ¢opmyna kyn xomnapaa 1IaKJaa

€3u1ajy.

By ¢opMysaHHHr HOHMO pOCTIHrHHH OHaamu3. Bysra
fHa GHD MapTa HIUOHY XOCHJ KHJIMLI MYMKHH.

Jemak, 6eBocuta Hc6OTNAll yCYyJH MAHTHKHI XHXAT-
gaH TYFpH ycya 3skaH. (3) MaHTHKHH KOHYH ojaTtia
(modusponens) Moayc mnoHeHc (axpaTHLI KOWZAacCH) Ko-
HYHH Ac0 IODHTHJAAH.

2. KapaMa-KapwHcuHHiun papas KHJAHO HC-
GoTsnam yCYJMHHUHr MOXHSATH ywbynan ubopar:
TeOpeMaHMHr HCOOTAaHagurad KHCMH (S'’bHH  XYJIOCAacH)
€nFOH (HOTYFpH), 1y ca6abin yHMHT HHKOPH NI B pocT neb
¢papas xuansazu. By ¢apas Ba A=-B TacaukaaH NI A HHHT
POCTJIHIH KenHO UHKaAH, YYHKH

1 BA(A=B)=>"1 A @
" 1B, A=B u
€KH ~——a cdopmynia a#iHaH pocTAMP.

Xaxuxatan, 1 BA(A=-B)=>14="1 (1 BA(7 AV B))\V
V 51 A=" 1 BV(AA 1 B)\/ 1A = I. Jlexun Teopema Luaptura
acocan 1 A smac, 6aiku A pocr. Xocua GyJarad supmuar < B
POCT jeraH (apasMMM3HMHI HOTYFPUJHTHHH PBa Jemak, B HUHT
POCTVIMIHHH TaCAHKJAHIH.

(4) dopmysa Kapama- KaplIMCHHH (apa3 KH.IHO UCOOT.IAIHHHT
dopmynacuHd Gepad Ba YHUHT aifHaH DOCTJIMTH MAasKyp YcCYJa-
HUHT MaHTHKAH TYFPH SKaH/UTHHH GHJIAHPALH.

3. Tecxapucuzan uc6oraamw yCcy.IH.

Bus 17-naparpapna Vx(A(x)=>B(x) = ¥ x(7 B(x)=>
=1 A(x)) skaHIMIHHM KypcaTraH 34MK. Kyn Xoszapia Gepui-
rai ¥ x(A(x)= B(x)) Teopemanu McGOTJall aHYa OFHp (XarTo
MYMKHH 3Mac) 6yau0, JekuHd Teckapy TeopeMara Kapama- KapLiH
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TeopeMaHH MCGOTJAlI aHya KyJal GyJMwM MyMKHH. AHa IyH-
Jail xonnapaa OepuHirad TeopemMa ypHHra yHra TeHr KyuaH 6yJ-
raH, TeCKapH TeOpeMara Kapama- KapliH TeopeMa HCGOTJIaHaJH.

Mucosn cudaruaa KyAugard TeopeMaHH oJIaHNMK. @ Ba b Jap
BeKTopsiap GYJICHH.

Teopema. (Ya=+=0, ¥ b=0),
Va+38 =la|+|ol=2a 115. (5)
Teckapu Teopemara Kapama- Kapum Teopema:
(Va0 V¥o7#0)(@a+*0b=-[a+t b #la]l+[p]. (6)
4. KapaMa-KapIWIHCHHH MabHOCH3JHKKA
KeJTHDPpHG HCGOTIAaW yCyaH KOopuaa GaéH 3THII-
raH Kapama-KapluucHHu ¢apas KHauO HcGoTnall YCYJH-
HUHT TypJapHiaH 6upH OyaHO, Y KyHHAArd ManpHora ara:
6y ycya 6yinua xam A man keau6 uugaguran B xysaoca
énron. IleMak, yHHHT 1 B HHKOpH pocT nge6G dapas KHJIH-
Haau. Cyurpa 71B=-C Ba"1 B=>"1C Tacauknaap TyFpu 6yna-
JHUTaH SHCH XYJOCAHHHI MaBXYAJHFH KypcaTHIaIH.
Jleknun Gutrta acocaan Gup-6upura aug 6yaran C Ba~C
OKHGATHUHT KeJHO YHKMLIIH MabHOCH3AHp. AHa WYy Mab-
HOCH3JIHKKa acocaH NI B poct peraH ¢apa3 HOTYFpu 6yaub,
IeMaK, B poCcT 3KaHJHMIM TacAMKJIaHaIH.
Ouau 6y ycyaHu HPONAJOBUH MAHTHKHE (GOpMYJIaHHHT
afiHaH POCTJIH[HHHM KypcaTaMH3.
<1 B=C Ba W B=-71 C mabHOCHI/MKAAH OKuGaT cudartria
B dopmyna Kemu6 YUKKAHIMTH y4yH Maskyp YCy/aHH HboLasIoB-
i opmya
(7 B=COAN\(71 B=1C)=28

€KH
1B=C, 1B= 7C
B
Kypuruwga 6ynamd. By dopMyna sca aitman pocr.

Xakukarat, (71 B=C)A(7 B="1C)=B= = (B\VC)A
ABVACYWNB==1(BVCOVI(BVACVB=(1BA
A3 QV(A BAC)VB =(1 B/ 1 BVB)\V(1 BVCVB) N\
A CV = BVBIA(RCV/CVB)=ININI=1.
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I1 606. AITEBPAHK CHCTEMAJIAP

20-§. AJITEBPAHK AMAJI BA AJITEBPAIJIAP

Xo3uprin 3aMoH aJgre6pa daHu Tyn.iaM Ba YHHHT 3Je-
MEHTJIapH YUYH aHHKJaHraH aJre6paMk amalJ Ba YHHHT
XoccaJsapHHHU ypratan.

l-tanpuc¢. bByw G6yamaran A rtynnam Gepuarad
6yncun. AXA pekapt kynadTmaHu A TYnJaMHHHT y3Hra
Moc KVioBuH o :AXA—A akcaautupuwmra A Tynnampa
aHHKJaHraH GuHap aazebpaux amaa geHunan.

By Tanpudra acocan, a, b€ A 6yaranpa taptubnanrad (a; b)
xydbrimkka wy A TynaamHEHr anuK Gurra C 3jieMeHTH Moc
Keqraud xon1ia (b; a) xydraukka ¢ € A MOC KesJMAacjHrH MyM-
KMH. o axclantipull épramupa (a; b)€ A X A xydrmikka c€ A
HHHT Moc KyHwmuH o« (a; b) =c, (@, b)a=c ékH aab=c¢
opka/ai GesrHaaHalH.

A TYILIAMUHHT 3/eMeltjiapd yuyH JHHK/JdHraH GHHAp (MKKH
VYpuHaH) anrefpavK amasiap ojataa Maxcyc Tanaaurad 0, L,
T, *, ... Oearujap Gunan Genrnnanaid. Makta6 MaTtemaTHka-
CHIAH MabJIyMKH, a + b Ba a: b Jlap MOC paPHlja a Ba b 3ne-
MEHT/IapHHHT H:IHIH}IP[CH Ba KyNalTMacHHH GHJAMpalH.

2-tabpu. Al a=4a" 6y6, MeKapT ~KymaiTMaHWHE
TapTHOJaHran xap 6up (a;, a,, ..., a,) 3jJeMentdra A TynJam-

HHHI' AITOHA @, | 3JEMEHTH MOC }gj’/ﬁunraﬂ 6yaca, A tynnamaa
paHrd n ra TeHr 6yaraH (n YPHHAH, n— ap) a/:eeépaurc amaa

QHUKAGH2AH JeHunany. .
n YpuHAU aJsireGpak amajHH o opkanu Genrunacak, y(a,, a,,
cy @) a = Ay C€KH (@, a, ., ., a,) =a,,, KypuHuLI-

napia €sunap. babsu xonnapra a,, ¢ A Gy MyMKHH.

Dynpait xonpa kapanaérran anreGpauK amaj KHCMHH ajreGpaHk
aMaJ e6 1OpHTHJIaLH.

AnreGpauk amannap Honab, Gup, UKKH, Y4, .. , 1 YPHH-
Jd OyIHWIH MYMKHH Ba yJaap MOC paBMllja HyJaap, yHap,
6unap, TepHap, .. n-—ap aJjarebpauk amaanaap jneb roopH-
THJAIH.

A TYNJaMHHHT HCTAJraH 3J€MEeHTHHH aJloXHAa OJHLI —
HOMb YPHHJAM aare6paHk amangup. Bup ypuuan anre6paux
aman peraHaa A TynaaMHH y3-y3ura akCJAAHTHPUIUHH TY-
wyHaMu3. Bupop connap Tynnamuiaa aHukJaaHrad a:b=
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=C:d npomopuHa Y4 YPHHAH anre6pauk aman Gyaamm.
n Ta HaTypaj COHHHHT 3HT Karra YMyMmuii GyJ1YBYHCHHH
TOMHII n YPHHJH aare6paHKk amaJjra MHCOJAHP.

Hatypaa coHnap TynjaaMuja aHHKJaHraH «a fnaH Ge-
BOCHTA KEeHHMH KeJafu» MyHocabatH OMp YpHHJIH aJjrel-
paHK aMaJjiup.

Burra A Tynnamuuur ysuaa GHp Kauua anareGpauk
aMannap aHugaaHHiin Mymkud. Uy amannapuu 6us f),
f2, ..., fs OopKanan Genrumaiiauk.

3-traspud. Byw 6yamaran A TynaaM sa yHAa Kapanaér-
raH anre6paHk amamiap Tymaamu 2 gaw Ttysuiaran < 4, Q >
TapTHO/MaHraH KYQTIHK ascebpa pefivnand.

A Tynaamaa KapanaérraH aMaJjnap COHM YeKJH GyJranaa 6y
anreépa A=< A, f, fa, .- ., [ > kYpunumna GenrunaHuo,
y3yHJHIH S -+ 1 ra TeHr 6ysraH KopTexHn Hbopanaiau. DBy
epna A Tyniam KapanaérraH ajreGpaHHHr acocHi Ty njaamH, f,
foo .., [, aMamnap sca acocuit anre6pank amanmap pe6 IOpH-
THIanH. f anreGpauk amajHMHT paHrH ogaraa r(f) opkam Ges-
TUIAHATH.

4-tavpud. Arap r(f)=r; (i=1, 2, ..., s) 6Yuca,
(ryy roy - .-, r) koprexx <A, f; fo ..., [,> anreGpanyur
mypu (munu) pedunaiy.

Macanan, < Z, 4+, :,— > airebpa (2, 2, 2) Typau anre6-
panup.

n=0 6ynca, A°— A onepauusra HyJap omnepauus JekH-
a6, y Xonja HyJap onepauusra A TYnjaMHHHr  BXTHEPHH
TaHMaHTaH 3/eMEHTH Moc KVyHusamH.

<N, +, +, 1> anre6pa 3ca (2, 2, 0) Typan anreGpagup
(1 con kymaittupuun amasnura Kypa /N jarx HefiTpan s/leMmeHT).

Mucoanap. 1) Harypan connap tynnamuaa aHuK-
JaHraH aiMpum amanu GuHap aarebpank amaJg O6yaman,
6anku KucMuil GuHap aarebpaHk aManagup, YYHKH HCTaJ-
raH HKKHTa HaTypaJs COH alfiHpMacH Xap AOHM XaM Hary-
paJs coH GyaBepMaiiiM.

2) N Tynnam 3/eMeHTJapH YYYyH aHMKJIaHTaH aab=a’
MOCJHK aJreGpadk amaJj GyJsiaiu.

3) BytyH conaap tyniaaMuaa COHJApHH KYIUHII, KY-
nafTHPHII, alHpHII amannapd OHHAp aarebpauxk amaJa 6y-
Jaju.

4) Mynoxasanap ycruja Gaxapunaauran (HHKop ama-
aufaH Gollka) MaHTHKHII amanajap MyJoxasajap TymJa-
Muja GuHap anreGpauk amaJnap GynaaiH.

5) Bupop U yHuBepcasn TyNJaMHHHI KHCM TymjamJa-
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pu yuyH Gamapusiaaurad GHpJaliMa Ba KecHuimanap Ou-
Hap aare6pauk amaJ 6ynanu.

6) Hkkura HaTypaa m Ba n COHHHHT yMyMH#i 6yayB-
YHCHHH TONMHIN OHHAp aJjrebpank >sMac, YyHKH Ma3Kyp
coHjap 6up Heuyra YMYMHH OyayBuHsaapra sra OF.IHIIH
MYMKHH.

7) VIkkuTa BEKTODHHHI cKaJsp KynafitmacH Xam OH-
Hap aJjre6pauk amaJl 3Mac, YyHKH y BEKTOpJADHHHI CKa-
JAsp KynmafitMacu BekTop Oynmali, 6aJKH COHAHD.

8) Bytyn connap Tynnamu Z Ba Gy Tyniamjia aHHKJaHTaH
KVIUMII, akuMpull amananiapd Gyimua < Z, 4-, — > asare6paHu
TALUKWJ KHJIaaH.

9 <N, +, - > anrebpa (2,2) Typnu anre6panup.

10) Bupop Gy Gyamaran M TynnamuuHT Gapya KMCM TyTi-
JamJiapH  TYNJIAMHHH oM 1e6 Genrwnaimk. Byspmai  xonAa
<2M,n, U, —> anreopa (2, 2, 1) Typu anreGpa GyJHO,
6y epra (1, U Ba —Jap Moc paBuuiid KecuiuMa, OHpJalliMa
Ba TYJIMPYBUYM TYMNJaM/apHu GHJIAHpajH.

11) R xakuxuit connap tyniamud yuyn < R, 4+, —, -, 1>
anreépa (2, 2, 2, 0) Typau anrebpa 6ysagH.
Mawkaap

1. a€ R 6yaranga f:a— |a| Moc/Mk Heya Typam  aJreGpa
6yaau.

2. N tynaamma x-y =x’ (¥x, y€N), avHu Lapawmara
KyTapull amanau KOMMYTaTHB GyNajumu €KH acconHatuB  GyJa-
JUMH? T - A

3. Xaxukuii connap tynjamuaa x® -+ y? = z? wapTHH KaHOAT-
JIZHTHPYBUYH (X; y; 2) YY/JMKJAp TYN/JaMH Heya Typau ajre6pavk
aMaJl 3KaHJHMTHHH aHHKJIaHT.

21- §. BUHAP AJITEBPAHUK AMAJIJIAPHUHT XOCCAJIAPH

bus 20- § na xypu6 yTrannMusnex, GHpop COHsap Tyn-
JaMHJa aHHKJaHraHd KyLHW, KynaidTHpHL, Aapaxara Ky-
Tapull, adupuw Ba OyJHII amaanapH OuHap aJarebpaHk
(6ab3an kucMmuit anrebpaHk) amaJjnap 3AH.

MakTa6 agarebpa KypcHAaH MabJyMKH, KYLIMII Ba KY-
naliTHpULI ama.Japil KOMMYTaTHB, acCouMaTUB Ba Kynaii-
THPHII aMaJjH KyllHl aMaJjura HucGataH JIHCTPHOYTHB-
ZHUp.

JlexuH wMmarteMaTHKaza yupaiiauraH Gapuya OuHap aJg-
refpadk amanaaap Xap AOMUM XaM KOMMYTaTHB €KH acco-
uuatus GynaBepmaiiau. dapas xunaiauk, A Tymiamaa
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HKKHTa Xap xua T Bal kabu Guunap anreGpank amannap
6epuaraH 6YJCHH.

l-trabpud. Arap A rynnamuaunr uxteépuit @ Ba b 3je-
MEeHTJIapu yYyH a T b=>b"T a TeHIVIHK Gaxapuiaca, y XojAa
T OuHap anrefpamk amaid A Tynnamaa KOMMYTaTHB JIefiH/aj.

Macanan: 1) Counap Tyn/amujaa aHMKJIAHTaH KYLIHOI Ba
KynaliTHpHIl amajslapt KOMMYTatuB Oysanu; 2) coHaap Tymiaa-
MHJA aHUKJ/aHTaH JApa)ara KyTapHul aMalu KOMMYTAaTHB 3Mac,
uyHkH @’ 5 b

2-tabpud. A TYNIAMHHHT HCTANraH ydta @, b Ba ¢ 3Je-
MeHTH yuyH a T (b T ¢) = (@ T b) T ¢ TeHrmk ypuusu 6GyJca,
y Xoama T anarebpauk avan A Tynnampa accoyuamué AeHuna-
IH.

Macanan: 1) Hxrtuépuii coHmap TynJiaMupa aHUKJaHTaH
KYLMII BA KYNalTHPHII amal/llapd accOUMaTHEAup; 2) XakHKHH
coivap TYMJaMMAA AHHKJIAHTaH Japa)kara KyTapuil amajd acco-

umMatiB smac, uynkn (a°)° # a* (Va, b, c€R).

3-Tabpud. A Tynaamuunr wucTaaraH y4yra a, b Ba ¢
sneMentd yuyH a T (b_Lc) =(aTb) L (a T ¢) Tearuk Gaxa-
puica, y xoaga T aman . amanra Huc6aran Oucrmpubymue
Jeduaany.

Macanan: 1) Connap TynjaamMuaa aHMKJAHTaH KYMaHTHPHLI
amamu Kymmmra HucGataH GUCTPHOYTHB, uyHKM a-(b 4 c) =
=a-b-ta-c(¥a, b, c€R) tenrymk ypunan. Jlexkut a + (b-c) 7%
#(@4+b-(@+c) (Va, b, c€R) 6Gyarann yuYyH KYLIHII
amaNM KynajiTHpUIL aMajura nucGaTan IUCTpuGYTHB amac; 2) 2M
TynnaMia aHHkJaHrad GupJamMa amali Keculumara HHcOaTad
Bd AKCHHYA, KeCHIUMA aMma/au GupJalMa aManura HucbataH [IHc-
TPHOYTHB Gys1aid (MCOOT/IAHT).

4-trabvpud. bByw 6yaMaran A Tynnampa aHHKJaHTaH T
6uHap ajreGpauk aman Ba Uly TYMJaMHHHCT HCTalrag x Ba Y
3/eMeHTIapH YYyH X T a=y T a(@ T X =a T Y) TeHIJIKIaH
X =y Kequb uMKca, ¥ xoiaa A Tyniam sjeMeHTJIapH yUyH T
amanra nucbaTan vangan (YHraH) KUCKapmupuul KOHYHU [puH-
AU pefnnanu.

Arap A TynJaMHUHC 3JE€MEHT/IAPH YuyH GHP BAKTHHHT Y3H-
Ha yYan pa YHIJAH KUCKApTHPHLI KOHYHH YpHHJH Gyaca, A Tyn-
JlaMJia KHCKApTHPHIL KOHYHH YPHHJIH Je6 OpPUTHJIALH.

Macanan: 1) 0 Ba | man dapi/in a cod yuyn a* = a” reur-
JMKIAH X =y XOCHJ GyJafu, sSbHH Japaxkara KYyTapHuil amaju
yuyi yYanjaH KHCKAPTUPHIL KOHYHH YDHHJIM;

2) x" = y” TenrymMkna, a TOK COH 6ynca, x =y Kequb uH-
KA, JekHH a xydr con G¥aranga x ==y Ke/mb uHKMaHnaH.
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Wlynunr yuyn x° = y” TeHriukaa @ xydT CcOoH 6yaran  xou
VUYH YHI'AAH KHCKAPTHUPHII KOHYHH YDHHJIH 3Mac;

3) MCTaJrad COHJap TYMJaMHja KynafTHpHLI amajura Huc-
Gatan xap Kauma# a - 0 yuyH yangaH Ba YHIJIaH KHCKAapTHpULI
KOHYHH VDHHJH, S'’BHHM Q-X = y-a JaH X = y XOocW1 OyJaiu.

5-tabpu®d. Arap A Tyniamaa wmiyHAQH e SAEMEHT MaBXKYJH
Oysicaku, uxTHEpHH ¥ €A yuyH e T x=Xx(x T € =x) TeHIJHK
6axkapuiica, y XOMila € 3]€MeHT | amajra HucOaraH uvan (VHr)
Hedmpan saremenm AEeHHNAOH.

6-tabpud. A tynaavuunr uxtHépuil X 3MEMEHTH YUYH
X e=eT x=x TeHIVIHK VpUHJH 6yJsca, € 3jeMenT (e & A)
T amanra Huc6ataH HeHTpas 3JeMeHT AeHHJIAAH.

1- meopema. Azap A mgnaam T amarea Hucbamawn uan
ea yHe wedmpanr sremenmaapea sea 6yaca, y xoada 6y 3sae-
MeHmaap mena0up.

Uc6oTu. Teckapucunu apa3 Kunaiimk, sibHH A Tymiam
3JIEMEHTJIaDH YuyH e’ uan HeiTpas 3JeMeHT, e 3Ca YHT HeHTpaJ
aneMeHT 6YJMG, e’ %=e GyJcuH. e Ba ¢’ 3nementiap xampa A
TYNJAMHHHT MXTHEPHH X Ba y 3JEMEHTJapH YuyH

¢ TWi=y 3)
Ba
xTe=x 4)

Vpunma 6ynamu. (4) Tenraukpa x =¢e’, (3) Aa sca y=-e 1eb
onamus. Yuma € T e=e¢ Ba € T e=¢ Japra GuHOaH ¢’ =e
6ynapu. Jemak, dapasumus HOTYFpH SkaH. Teopema HcGOT/IAHIH.

Macanan: 1) 0 Ba | cownapu Z TynjamMpa MOC paBHILZA
KyUmiu Ba KynaldTHpull aMannapura HACOGaTaH HeHTpaa 3JeMeHT-
Jlapanp;

2) 2 = x TeHrsiama XeY KaHIa¥ X YUYH YDHHJH 6Yy/Maiifu.
JeMak, napaxara Kyiapuil aMaju yan HeHTpaJ 3JeMeHTra ara
3Mac;

3) x° = x Tenrsmk e = | na Gaxapu/iranu yuyH 1 couu YHr
HefiTpas sjemeHT 6ysagu. Uan HefiTpan 3/neMeHT MaBXyd GYJ-
MaraHu yyyH japaxkara KyTapulll aMaji HeHTpas 3JeMeHTra sra
3mac;

4) ucraaran f, g akCIaHTHPHILIAD KOMMO3HMLMACH YYyH ai-
HAH aKCJIaHTHUDHIL HEHTpasa 3JjeMeHT GynajH.

dapaz Kuainuk, T OuHap aareGpamk amaa A Tynjampa
aHHKJaHraH 6y/u6, 6y amas yuyyH € HeHTpasl 3JeMeHT yMaBXy
OYJICHH. .

7-Ttabpu . Arap A TYMIaMHMHT @ Ba @ 3JEMERTJAPH
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YyuyH aT a=e 6yJca, a 51eMeHT @ Ta HHCOATAH HYAM CHMMET-
PHK SJEMEHT, @ 3ca @ Ta HUcGaTaH (H2 CUMMempux SAeMeHm
JeHunanu.

Macanan, R xakukuit coHJap TymJavMHAa @ COH KM
amajura HucGataH —a ra cuMveTpuk, a = 0 sjgeMeHT Kynai-
THDHLI aMATHra HUCGATaH @ ra CHMMETDHKIHD.

8-tabpud. Arap A Tyniamuuar a Ba a JIEMEHT/IApH
yuyH aTa=aTa=e TeHMVIMK Ypuuiu Gyica, a 31eMeHT a

ra CHMMETDHK 3/IeMEHT, G Ba a4 Jlap 3Ca [jaapo CUMMEMpPUK
SAeMeHmAAp NEeHUNANM.

Arap a sneMeHTra cUMMETPHK a 3JeMEHT MaBxkyj Oy.aca, a
TECKaPH/IaHYBYdH 3JIeMeHT JeHuNamy.

2-meopema. Aeap A myniamda anuxaanean T 6Guxap
an2ebpauK aman accoyuamus 8a a 3IAEMEHm MeCKapUIAHYEHar
6ijaca, yHOa a ea cummempux dremenm s201a 6jaadu.

Hc6oTu. Papas Kunmaiiivk, HKKMTA Xap X1 x BA Yy 3Je-
MeHT T OWHap anireGpank avan 6yiuya GHTTa @ EMEHTra CHM-
MeTpHK OYJICHH, AbHH A T xX=e=x T a Baa T y = yTa=e.

T OuHap anrefpadk amaj accouqaTuB OYJraHuMiaH KyHuiaa-
TMHHU €3 oMaMn3l x=xTe=xT@T Y= Ta T y=
=e T y=y. Hevak, x =y 3KaH.

Mawkaap

1. Z tynnampa wyupai ', L anrebpauk aMaJnapH{ To-
MUHTKH, yJapia T aMasl acCoOUHaTH8 Ba KOMMYTATHB OY.raHu
xosja, L ra HucOGataH RUCTpHOYTHB GYJIMAacuH.

2. R na wyngall aare6pauk amas KHPUTHHIKH, YHCIAH XaM,
YanfaH XaM KHCKAPTHPHW KOHYHH YPHUHJIH GYJIMACHH.

22-§. KHCM AJITEBPAJIAP. AJITEBPAJIAPHUHY
rOMOMOP®JIMTH BA U3OMOPOJIUTHY,

Bat3u Gup anreGpasap Ba YJIAPHHHT 3JEeMEHT/IapH YXulail
Xoccajapra sra GVJMIUK MYMKHH.

Macanan, R — Xakukuil connap tymiaama, R+ "aca wmycGat
XakuKuil consap Tynaamu 6yaranga R= << R,+,0> R' =
= < R*, -, 1> anreGpanapuuur xap Oupuna GuTragan OH-
Hap Ba OMTTafaH HyJsap anrebpank aMaJnap aHuKmaHraH Gy/wuo,
yJap yuyH
D x+y=y+x(¥x, ycR), 1)x-
2) x+0=x (VxER, g0cR), 2)x-
3) x+y=0(VxER, gqyER); 3)x:

14

y-x (¥ x, yeR+),
= (VxER+ JIERT);
=1 (Vx€R+,gycR)
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Kabu «yxwaun Xxoccanap YpuHau. AnreGpanapHunr GyHAal «yx-
Hiam» XOCCaJapH YJApHHHI H30MOPGUIHK TylUyHuacH OWnan ya-
Bl GorsaHraHaup. Aare6panapHUHT M30MOPGJIMK TYIIYHYACHHH
GaéH KMIMLIAAH ONJHH OHp XHJ TypJH ajrebpasap yCcTuia TyX-
Tamb yTamus.

Hxkura 6y 6yamaran A Ba A’ Tynnam Gepuaran 6yaub,

yaapaa Moc papuuwifa uekam cowjgar F={f, f,, ... [} Ba
F' ={f, I, ..., [;} amreG6pank amannap auuk/aHraH GyJICHH.
By epna f; (i=1,%) sa f, (j=1,1) anre6pauk amansapuunr

GapuacH Xap XuJl YpPHHIH €K 6ab3H OHpJapH GHD XHJ YDHHIH,
6olKasnapy 3ca Xap Xua YpuraM Oyaumn MyMmkuH. [Oxopuaa
5CAaTTaHHMH3JeK, [; €KH f; n1apHuHr GaB3H/IAPH HOJb  YPUHIH
anre6pank amaJnap Gy.ca, ynap moc papuiuia A éku A’ Tyn-
JIAMHHHT aHpHM 3JIeMeHT/IapiHH HbOomanalud MyMKHH.

lI-traspud. A4 Ba A’ Tynnamaa aHuKJaHraH aJreGpauk
amanjiap couu Tenr 66, A Tyniampa amugianrau f; (i=1,k)
anrebpaHK aMaJIapHHHr paHrd Ounad A’ Tyniamaa aHukJ/aHraH
Ba f; € F amannapra moc kenysud f; € F’' anreGpauk amaiap-
HUHT; pauraapy Yeape tenr 6yaca, A=<4,F>, A'=4" F'>
ajre6panap gsapo 6up xua mypau aseebpasap NeHHJafH.

Ily Tabpugra acocan GH3 wokopuaa Kypub ytran < R, -+,
0> pa (R+, -, 1 > anre6pasap Gup Xxus Typyu anreGpasap-
IHp.
2-Tabpud. Arap A anreGpanuur acocuii A TyniamMu YeK-
Ju (uekcus) Gyaca, y xonga A = < A, F > ajrebpa xam #eK-
au (dexcuz) arcebpa peAnNajy.

A Tynnamuuer 6upop 6ymr Gysamaran B KHCM TYNJaMHHH
OJIAHJIHK.

3-tabpu. Arap by, b,, ..., b,€B6yaranpa f; (b, ...
b,)€ B 6yaca, y xonga B tynnam f; € F amasnapra pfuuc6atan
€nMHK peHunanu. I REE

Macanan, Z =< Z, +, -, 0,1 >anre6pa Gepuaran 6Yy.-
cuH. Nc= Z 6ymb, Va, bEN yuyn a-+bEN, a-bEN 6y-
ragipan N Tynjam «+» Ba «» amajiapura HucGaTaH €nHK
6yaanu.

4-tabvpud. AcB 6ym6, A=< A, F>, B=<B,
F' > anre6panap yuyn r (f)=r (f)) sa f; (@, a, .. . a,) =
=f, @, ay ..., a) (Va, a, ... a,€A) wapmap Gaxa-
puaca, 6y xonga A aare6pa B aareGpa yuyH xucm aseebpa
(ancedpaocmu) pefiunazn (Gynpa m COH f, aMaJIHUHT PaHTH, f;
aman A anreGpanuur f; ra moc keaysun Gup amau).
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Macanan, No=1{0,1,2,..., n, ...} 6yaranga N = < N,
-+, - > anre6pa < Z, 4+, -> aiare6pa yyyH KHCM anre6pa
6ynamd. Jleknn < Ny, — > Taprubianran xyprmk < Z,
— > anare6pa yuyH KucM anre6pa Gysvaliiu, UyHKH RatypaJ
COHJIaD TYMJIaMM aHMPHLI aMa/jura HucGataH EmuK 3mac.

OHau asireCpasapHHHT rOMOMOPGJIMTH Ba H30MOPQUIMIH Xa-
Kuga QUKD FOpHTaMH3.

5-taspud. Bup xun typiu A=<<A, F> pa A'=
= < A’, F’ > aarebpanap Gepuaran Gyau6, A Tynnaman A’
TynaamMra Oup KMAMAT/IH aKCJAHTHPYBUM IUYHZaH q:A—> A’
aKCJaHTHPHIL MaBxyd Gysm6, yuuur yuyn ¢ (f; (a;, a,, .. .,
a)=f; @ (@) ¢(@),..., ¢()) TeHrmx A TyniaMHuHP
Gapua sJEMEHT/IapH YuyH Gaxapuica, y xomna A anrebpa A’
anrebpara eomomopp axcaanean pedivnamu (6ynga n cou f;

aMaJsIHUHT DaHTH).

Macanan, ¥ a€ R yuyn @ (@) =|a| akcmantupumn < R,
- > anre6pann < B}, - > anreGpara romoMopd akcnaHTHpa-
v, 6y epra B} manbuiimac Xakukuil cOHnap Tym/iamu.

A anreGpanunr A’ anrebpara romcmoppsmrn A~ A’ op-
Kasnn Genrujanaigd. Arap A~ A’ 6iaca, y xonma A’ aare6pa
A anreGpaHuHr romoMopd o6pasH 1e6 IOpHTUNALM.

6-tTabpuc. Arap A anre6panuur A’ agarebpara ¢ romo-
mMopd aKclanMiM OHEKTHB aKc/aHTHpHil Gyaca, y xoapa A an-
rebpa A’ anrebpara usomopp JAeliMnanu Ba anrebpaiap H30-
mopduurd A = A’ opkanu GesrunaHap.

Macanan, < R+, -, 1>~ <R, +, 0>. Xakukartan,
a€ Rt 6yaranna @ (a) = log,a akciauTHpuiuy oscak, R+ tyn-
JaM R TYNJIaMHUHT YyCTHTa OWp KHAMaT/il aKcJaHagu Xampa
log, (a-b) = logya + logyb Ba log, | = 0 Gysirann yuyn R nma
6HHap Ba HyJap ajrefpa¥k amaljiap cakJ/aHafH. 4

Sum ¢ (@) = 2% KYpHHMIIAATM AaKCJaHTHDHIN €piaMHpa
<R, +, 0> anre6pa < R+, ., 1> anreGpa yctura axc-
nanapd. Bynzan tamkaru ¢ (Y (@) = ¢ ¢ (@), log,2°=araaco.
can @-p=1P-¢ =-e afHuil akcJanTHpHuI OYJraHH YYyH Q@
AKCJIAHTHPHII H30MOP® aKCIAHTHPHIUAMP.

By 6ysnMaran A Tynnampa Gup xanya ajrefpamk aMaJviap
fusaH OuprasHkia KaHAalaup MyHocaGaT/jap XaM aHHKJaHraH
6yauiun MyMKuH. Macanan, Z TyniaM sneMeHT/IapH Y4YyH KH-
YHKJIMK, KaTTAIHK, KOJNAHKCH3 GYJIMHHIINK, GUD HeYyTa COHHMHP
SHT KaTTa yMmymui Oyiysuucy Ba Goluka MyHocaaT/iap aHuK-
nanrad. Byw 6yamaran A TyniaMmpa aHMKJIaHraH MyHoca6aT/iap

w,, Wy, . . ., W, NapiaH H6opar Gyaca, Q = {w,, W, ..., W5}
KabH GesNTMNAlUHH KHPHTaMH3.
5—2572 65
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Bym 6ysamaran A TtyniaM, yuaa aumgaauran F = {f,, f,,
-+« [n} anreGpank avaanap sa Q = {w,, w,, ..., W} ‘MyHo-
cabaT/IapHUHT TApPTUGMAHTAH YUMHTH anre6pauk chcTeMma 1e6 ail-
THnag Ba y < A, F, Q> opxanx Gearusadamy.

Macanan, N =< N, 4, -, < > arrefpauk cucrema 6y-
JIajH.

Taprubnanran < A, Q > xydrmk sca 6aw3an momen jeb
foputuiagi. Macanan, N = < N, < > —moznen 6y1anu.

Bus G6ynaaH cyur anreGpasapHUHr TYpJMuA KYpHHULIIADH-
Aan ubopar GyJraH rpynma, xanka, MainoH, uusukad aso, uu-
BMKJIM ajrefpa Ba CollKa TYIIYHYa/aap GWaaH LIyFyJ/JIaHaMus.

Mawgaap

1. N=<N, + > amre6pauu H = {l, — 1} 6yarauza
N = <H, - > anre6para romMoMopd axc/aHTAPHHT.

2. Q=< Qt, -> anrebpaun < Z, + > anarebpara ro-
MOMOp® aKC/IAHTHPHHT.

3. Q =<<QN\{0}, -> aarefpamt ¥3-ysura Heua ycyjaa
H30MOp( aKC/JIaHTHPHW MYMKHH?

4. Q=<Q, 4+, -> amre6pa R = <R, 4, -> anre6pa
YUyH KucMm anrebpa Gy/1aguMu?

5. R= <R, 4, -> anrefpa yexcu3 Kym KucM ajarefpara
9ra 3KaHJMCUHU HCOOTJ/IAHT.

6. Arap f,, f, fs nap Moc paBdid alupHIL, KOJNHKCH3
6y/MMHUII Ba KBaApaT W/AAM3 YHKADHII KaGH amaiap 6yJca:
&) <N, > 6 <Z [,> 8 <@ i[> 1 <R f,>
Jiap anre6pa Gy/aguMu?

7. N, Z, Q sa R tynnamnapuuur wyeiain N,, Z,, Q, R,
KHCM TYIIaMJIapHHH TONMHTKH, yJaap yuyH: a) < Ny, fy >
6) <Z, f,>; B) <Qy, f3>na 1) <Ry, f3> nap anre6-
PaHH TALUKHI ITCHH.

8. B—= Z xaupait 6ysiraana < Z, -+ > anrebpann < B,
-+ > anre6para usoMopd aKkc/IAHTHPYBUM ¢ AKCJAAHTHPHII MaB-
XKyn? Arap MaBxya 6yJca, YHH aHUKJAHT.

23-§. HATYPAJI COHJIAP CACTEMACH

Bus anre6pank cucremanap teMacHHH KYypuO YTrasH-
MH3Da YHHHT acocHH TYMJaMH HCTAJraH 3JeMeHTaAapAaH
TY3HJATaH OVJIHINH MYMKIH JeraH 371HK. Arap xapaJjaérrau
CHCTeMAaJNIapHHHT acocHil TYMaaMH 3JEMEHTJapH COHJIAp-
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JaH ubopar 6ynaca, 6yHRad cHcTeMajap ojatha COHJH
cucteMajap Aeb IOPHTHJAALH.

By kypcaa acocan natypadg, 6yTyH, pauuoHaJj, XaKHKui
Ba KOMILIEKC COHJap cHcreManapu OuJaH WIyFyJJaHuja-
nu. CoHNHM CHCTEMaJiapHH KYPHLUHHHT acOCHiI HKKHTa ycy-
JH MaBXyA. Yjaap KOHCTPYKTHB Ba aKCHOMATHK YycyJnaap-
aup. By ukkana ycyn Xam Tynaam TyluyHuacHra acocjaH-
rad 6ynub, nactnab HaTypaJs, CYHIpa pauuoHal, XaKHKHH
Ba KOMIJIEKC COHJap CHCTeMalnapH Kapanaal.

KOHCTPYKTHB YCYJHHHr MOXHSITH IIYHHaH HOOpAaTKH,
SIHTM KYpHJaéTraH CHCTeMa aBBajilaH MabayM XHucobaaH-
raH TywyHya épnaMupa 6GaéH stunagd. MacanaHl, HaTty-
paJ COHJap CHCTEMacH YuyH OOlIJaHFHY TYIIyHYa TyIJaaMm
xucobjaaHca, palMOHAJ COHJAp CHCTeMacH Y4yyH OolujiaH-
THY TYLIYHYa HaTypaJ COHJAap CHCTEMAacHAHD Ba X. K.

CoHnap cucreManapHHH aKCHOMAaTHK ycyJia KypHiuaa
3ca xap OHp CHCTEMaHHHT acOCHil xoccanapH akcHoMmagap
épnamupaa 6epuaanu.

DHAM HaTypaJ COHJIAD CHCTEMacHHH aKCHOMATHK YCyJ-
na GaéH stamMu3. ByHuHr yuyn acocuit 6GOIINAHFUY MYHO-
cabat cudartnaa «b sjeMeHT a 3jeMeHTAaH 6eBOcCHTA Ke-
HHH Kenaau» MyHocabatH Ba 6y MyHocabaT YuyH YpHH-
JH 6yJran akcuomaJsap CHCTEMACHHH OJlaMH3.

Tabpud. Brpop 6ymmac N TynaamHuHr @ Ba b 3aneMent-
Japu yuyH «b aneMeHT a sjeMeHTHaH GeBOCHTAa KeHWH KeJsaiur
MyHocabaTH YpuHJH GyJMO, MasKyp TYIJaM 3JIEMEHTJapH Y4YyH
Kylingard TYpTTa akcuoma Gaxkapunca, y xonaa N Tylnam-
HHHT 3JeMEeHTJapH Hamypar coHaap AeHUIamH:

1) Xeu kanjai HaTypasn COHZAH KeiimH Keamaiaurad | coHd
MaBXyA (arap a JaH GeBOCHTAa KEHHH KeJaJuran 3JEeMEeHTHH a’
necak, 6y akcuoMana a’ = | kypunupa €sunaim),

2) UCcTaJraH a HaTypaJ COH YUyH YHIaH GeBOCHTa KEHHH Ke-
JaguraH HaTypaJl COH SITOHajup, SIbHH

(@ = b)=(a' = ") (¥ a, bEN);

3) 1 conmpan 6owka UXTMEPHHA HaTypas COH OuTTa Ba dakar
6MTTa HAaTypasl COHIAH KeHHH KelalH, SEHH

@ =0b)=>(a=b) (Va, bEN),
4) arap naTypanl COHWJap TYNJNaMHHMHr HcTanran M KueM

Tynnamu: a) | nu Y3 nunra onca; 6) MXTHEpHH a SJE€MEHTHHHI
M pa 6ymmmmpad @’ wuer xam M pa Gyammum kenn6 uHKca,
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M xuem TynnaM N HaTypas COHMAp TYmIaMH GuJIaH ycTMa-ycr
TyILAAH, SABHU

¥ McN) (teEMAN (@EM=>aeM)=>M=N

(MHIYKIHS aKCHOMACH).

1Oxopuaars akcHoMasapuu jgactyiab HMrams matematuru [le-
aHo (1858 — 1932) Takmd stranu yuyn ysap [leano akcuoma-
JlapH 1e6 [OpHTHIATH.

VIHAYKUMS aKCHOMACHHMHT MOXMATH KyHuuaruaaH u6opart:
(V¥n€EN) (A (x)= B (x)) Teopemann ucGOT/IaraHjza aBBAJIO YHHHT
n =1 yuyyH poctymra Kypcatuiagd. CyHrpa Gepusran Teopema
n =~k yuyd Tyrpu ge6 dapas KWIMHHOG, YHHHT n =k 4 | yuyH
pocriurs ucboranagy. Llynpan xefinH Teopema HCTa/raH 7 Ha-
Typan COH YdyH TYrpu ne6 XucoGlaHagu. Teopemanapau 6y
ycy/aa HcOOT/IAIl MATEMATHK HHAYKUMA TMPUHUMMOH acocHiaa Hc-
Gotnawr ycymu fae6 roputwiagu. Iy yCyJnHHMHT TYFPHJIMTHHH HC-
60T KHJ1aMH3.

- meopema (marematnk MHAYKUMA npuHRMMH). Aeap 6upop
B (n) macdug n=1yuyn pocm 6iaub, ynune n==~k da pocm-
Aueuoan n=Rk -1 yayn xam pocmaucu xeau6 4duxca, B (n)
macluK ucmanrean Hamypaa Cox yayh xam pocm 6Gyradu.

Mc6oTu. dapas xwmaivik, M < N tynnam B (n) Tacpux
pocT Gyjrad Gapya HaTypa/J cOHJAp TYymjaamu OYJCHH. ¥ Xoafa
Teopema uiapTHra acocad: a) | € M, uynku n =1 yuyu teopema
poct; 6) n=*kEM 6yncun, avuu B (k) Tacouk £ HaTypasa COH
YUyH pocT GysicHH. ¥ Xosama Teopeva aptagaH B (k') pocr,
JeMak, k' €M matypan coH k& naH GeBOCHTa KeiWH KeJyBYH COH
6yaranugan M tynsnam yuyH 4) akcHOMaHWHT a) Ba 6) wIapT-
JapH ypuud. [leMak, TachuK HCTajaraH HaTypaJ COH Y4YH pOCT.

MaTteMaTik MHAYKUMA MPUHUMOHNCa MUCOJJAp  KCJITHpa-
MHu3.

1. 2422434 .. . 4+ n?= u’il)e(ﬁ'_l)_- (1)
TEHIVIHK 1 HHHT Xap KAHJai HaTypal KMiAMaTHIA TYFpU 3KaH-
JIMMMHY UCOOTAAHT. 0.3

1.9.

Xakukaran xaM, n =1 6y.ca, 12 = = l, 1*?=1 6y-

746, (1) Terrmuxk Tyrpu.

By epna A (r) Tacmuk pnerawga JactyiaGKd r Ta HaTypad
COH KBAJIPATJIAPHHHHT HUFHHIMCHHA TYIWyHav43. MaremaTHK HH-
RyKUHd nNpHUMadra acocad A (r) pocT A25 onuHald, STBHH

2 =.E" (r+1) @2r+ 1) (2)
i 6

12 4+ 224324 .. .r
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TeHrauK TVFpu 6Ysampu. Zuau A (r) RuHr pocTanrupaH oiiaa-
nauu6, A (r + 1) HUHT pcCTAMrHHM KypcaTamu3. DByHunr yuyn
(2) TeHrMKHMHT MKKana Kucmura (r = 1) vy Kymamus:

124224 3 .. 2 (1) =
_rek D@D oy e O D@ DO

6 6
_ D)@+ N+6e+)) _ D) @A r+6r+6)
6 6
_ et r+6) _ r+1)r+2 @2r+3
6 6 '
Hemak,
124224 324 ... (12 = (f+1)(f+2)(2f+3)_ 3)
6

By renramk A (r+ 1) Tacauxeu ugonasafiay, uynku (1) narm
n uy r- 1 O6unan anmawTupcak, (3) xocu1 6yaapu. [lemak,
(1) Tenrsmk Gapua HAaTypas COHJAD YUYYH YPHHJH SKaH.

2
TEHTJIHK 7 HUHT Xap Kanjal Hatypan KuHMaTuaa TYFpH 9KaH-
JIUTHHU HCOOTJ/IAHT.
(4) TEHTVIMKHHHI TYFPHJHMTHHH MaTeMaTHK MHAYKUMS TpHH-
LHNUra acocal HcO60TNARJHK.

Dn=1pm 1P= (—1(—1;——2)2 TeHrmK TYrpH, svHn A (1)

pocT.
2) Papa3 xunaitlamk, A (r) poct, SLHM

P+?+?+.”+ﬁ=F£}ﬁf (5)

TEHIVIHK TYFPH GYJ/ICHH.
A (r) Bunr pocrymrura acocsannb, A (r -+ 1) HMHT  POCT/IMTHHH
Kypcatamu3. DyHuHr y4yH (D) TEHIVIMKHMHT HKKaja TOMOHHIa
(r + 1)® nu xywamus:

P24 34 .. 7+ 1P =
=(L’ji)2+<r+ =+ 12 (G +r+1)=

P (e ol ) LS [ D)+ )\
— Pt (———2 )

2P+?+%%“+ﬁ=@£ﬁw @)
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Hevak, 194984334 .+ 734 (r + 1= (_<'+ Lot 2))2.

By rtenrnmuk (4) maru n wu r + | OuiaH aamawTHpUIraH/M-
rui udotanaiiau. Iemak, (4) TEHMMK HCTAaIraH n HAaTypan
COH YUYYH TYFpPH 3KaH.

3. Buxomuan Teopema.

MakTa6 MatematukacH KypCuaaH KyHWIATH aRHHSITJIAPHHHT YpUH-
JIH 3KAHJIMTH Mab/yM:

(@+bp=1;

(@+ bt =a+ b;

(@ + b = a® -} 2ab + b%

(@ + b)® = a® + 3a% + 3ab? + b3,

(@4 b)* = (a + b)? (a+ b)? = a*+ 4a%b + 6a°b>+4abd+b*.

OHpu 6u3 osgumuara n >4 6yaranna (a -+ b)° HuHr Ko3d-
(ULHEHTIADUHM XUCOGIAIHM MAKCal KUIHG KYAMH3.

Arap 1oKopHparuiapra  3wTHGOp Gepcak, a -+ b HMKKHXaA-
HUHT Xap XuJ japaxanapd éfiuiMacujia q Ba b jap KyHuzard
KOS(XHUHEHT/IAD GHiIaH KATHALIAIM:

n=0 na 1 (n=0 xo1 ymymuil-
n=1 na I 1 JIHKHH 6y3vac/uK
n=2 na 1 21 y4yH OJIMHAZLH)

n=3 na 1 3 3 1
n=4 pa 1 4 6 4 1
n=5pa 1 5 10 10 5 1

By cxemara [Tackarb yuGypuacu Aehunanmu. Maskyp yuGyp-
YakJard xap GMp COH Y3ulaH IOKOpHIA Typrad (d4am Ba YHTAa) HK-
KHTa COHHHHI HMFHHIAMCHIA TEHT.

Macanan, (a - b)® = a8 + 8a’b + 28a8h*+56a°6°--70a’b* +
+ 56a3%° + 28a%° + 8ab? + b°.

Arap Tlackanb yuGypuarHHHHT n- caTpuja TYPYBUH COHJIAPHH
moc pauuita C9, C!, C2, ..., C% ..., C} opkam Oeirujia-

cak, C) = C" = | Ba 10Kopuzaa 3¢/1aITaHMMH3JEK

Ci¥ = Gzl + Cry ®
TEHIVIMKJIap YpuHIM 6yaand. [emak,
@+0by =a"+ Cla"='p 4 Cla" %+ . .+ Ci—lab"1+b" (7)

TEHIMK YpuHH. (7) TeHraMkud Horomon Guromu LeHHJaNd.
(7) TeHrVIMKHMHI YHT TOVMOHH GMHOMMAN €Au/iMa, Yan TOMOHH
GHHOM, YHHHT KOIpdUUHEHT/IapH 3ca GuHOMHMA KO3(pHUMEHTIap
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nefunagu. C™ Gunomuan ko:¢drumeHT Kydunaruua xucoGnaHas
au:
Ccm — n(n—l)(n—?)...(n—(m—-l))= n!
n 1.2.3...m m! (n—m)l’
(8) dopmysnana nl=1.2.3-....n, Ol =1 ne6 Tymyuunamm.
(7) dopmysaHHHT TYFPHIMIMHM 7 GYHHYa MHIAYKIHUA MeTOAH
acocuHzpa Hc60T Kuaamus. DBy dopmynasmar n=1, 2, 3 Japza
VPUHJH SKaHJIMITHHH IOKOPHAA Kypub Vytamk. Papas Kunaimiik,
Oy Taciuy Japaxa KYPcaTKH4YH 7 JaH Karra Gy/Marad japaxa-
Jap | yuyH YpHH/IH 6yncm~1 ¥Yuza (7) myHOcaGaTHHHT HKkaJa
TOMOHHHH a + b ra KynadTupamus:
@+ oyt*=@+b"@+b)=a @+b+...+
+ CF ™™k B* (@ b)Y+ .. .-+ b" (a+b)=a™t! +
+at b+ ... CHaTR L
+ Cﬁ_l at+1—k pk -+ C,’: q+1=k ph + Cﬁ Q™ phtl +

+ ... 4 ab® 4 bt

Vxwam xannapuu uxuamnaraspan cyur a"t17F b% Gupxan on-
JHpard Ko3QUIHeHT

k] ko nl nl -
Ci G e —1N (n—k+ N T kl (n— k)

(8)

I

n! 1 1 n!

(=t 1) =g
k— N (n—k! \n—k+1" k] (=1 (n—k!
"n + 1 — (fl+ ]) kel b o
E(m—k+1) R (n— kD) =G G+ G =Clp
Ian wbopar Gynamu. lynpait xunu6, (7) ¢opmyna a-+b wuk-
KHXa@HuHT 7 -4 1 napaka KypcaTKMuM YYyH XaM YDHMHJH 3KaH.
MaTeMatiK MHAYKUMA NPHHLUHINIA acocaH Maskyp ¢opmyna Hc-
taarad n €N yuyH pOCT jferaH XyJocara KeJaMus.

4. A Ba B ueknu Tynaamnap 6yim6, A tynnam m T1a sae-
MeHTAaH, B tynsam n Ta snementaaH utopat GYJCHH.

a) A TynnaMiM B HHHT HYMra MH1EKTUB aKCJIAHTHpHILJIAp
conn (6u3 ynn AT ne6 Genrumnaitmus) AT =n (n—1) (n —
—2)...(n—(m—1)) Ta 5KaHAUTHRH HCGOT/AHT. -

6) A nH B HuHr nuura MymKuH Gy.ran Gapua akC/JaHTHpHIL-
Jap COHH n™ Ta 3KaHJMIHHH HCOOT/aHT.

Hc6orn a) m<n Gyamun mapr, akc xonaa A Tyniam
B nunr uuura mHneKTHB akcianmafign. McGorHu m GyHuya wMH-
AYKIHMA METOAHM acockua oau6 Gopamus. m =1 1a Al =n 6§-
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nub, TaCAMK pOCT. JHAH YWGY TacAMKHH m =Fk Ja YpUHIH
ne6, yHuHr m =k -+ | yuyH TYFPHIMrHHH HCGOTIANMU3. N 3J7e-
MEeHT/M TymjaaMra R +-1 3/emeHT/H TYNMJaMHHHT Gapya HYKU
HHBEKTUB AKC/JAHTHPHLLIADHHH XOCHI KWIHII YYyH 1y A 3J7e-
MeHT/M TYMJIaMHHHT Gapya & 3JeMEeHTIH HUKY UHBEKTHB aKCJaH-
THDHLIADHHUHT Xap Oupura n —k Ta 3JeMeHT/IapHH KerMa- KeT
OMpJIAITHPHO YHKHII Kepak.

Hatmwkana n sneMeHT/IM TynmaMra 2 neMeHTIH TV [11a MHUHT
WYKH aKCJAHTHDHUIIAP COHH 7 —£k Mapra Oprajgd, SbHH
A§+‘ =Ak(n—R=n(n—1)(n—-2).. .Sn~(k—1)) (n-—k)l.
A} aKCTAHTHPHILIADHHHT GapyacH Xap Xun Gyarama yayw A4+
Ta AKCJAHTUPUIWIADHHHT XaM GapyacH xap Xu.a GyJand.

lyspaft Kuaub, MareMartMk HHAYKIMS OPHHUMMMCa acocaH
At =n(n—1)...(n—(n—1)) 3kau.

6) M tynnavuu B HuHr Huura MyvkuH Gy.ran Gapya akc-
JIaHTHpULINAp coHuun M7 ‘ned Gearwnaitvus. 1) Arap M tyno-
JaM 6Mp sneMeHTH Tymnav Gyaca, 6y 3.evenT B nuur Oapua
3JeMeHTapura axkcaaniwu Mymxud. [emak, M} =n 6Yynamu.
Ilyunait kuaub, Tacauk m =1 yuyH pocr.

2) Tacaukuu m =k —1 ajgemedrsiy M; TYymiaM y4yH ,pocT
ne6 $apas xumavus, seaw MA—! = nk—! 6yacun, y xoama Tac-
JHKHH m =k 31eMed™ii M TymiaM ydyH Hc60OT Kuiamu3. Xa-
KHKaTaH, & ajemedrad M tynnavau B Tymaav mudra MyMKHH
6yaran Gapua kR — 1 snementsn M, KucM Tynfamnapd  axcija-
THPALLTADHAAH & 3MeMeHT/H aKcaaHTupuiuiapy (aeHn M Tynm-
JaMHH B HUHT HUYHra akc/IaHTHDHLUITAPH) HH XOCHJI KHIMLI YY4YH
k—1 snevenrau M; KucM rTyusavra @, 3MeMEeHTHH KYIUaMmus.

Y xoama M =M, | {a,} ypaunua 6ym6, M, ] {a,} = & 6y-
Jagu. M; KuCM TYMIaMHUHC Xap GiAp axcnadtupawdra {a,} HUHD
n Ta akCHAHTHPAUIA MO "KelraHd LydyH (4yHKM @, 371eMeHT B

HUHE HMCTAJIraH 3/IeMeHTHra akCAAHAIIA MYMKHH), R 3MeMeHTJH
M TynnavHadr 6apya xap XM AKCMAHTHPAWMApA CoHH ME =

=Mt n=n*"1.n=n® avau M% =sn* ra Teur Gymamu.

Mamgaap

1. n 3neMeHTVIH TYUJAMHHHT Gapya m 3/1eMeHT.TM KHCM Ty -
— 1 —2)...(n—(m—1
n(n—1 (n—2) (n—( ) bopMy.a
1.23:...m
OulaH aHWUKNAHUIIMHE HCBOT.IAHT.
2, n 3MeMEeHTVIH TYMJAMHHHT ¥3-y3ura y3apo GHp KUHMATIH

Jamsiapu conn C7 =
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aKcaHTHpUILaps (YpHura Kyiuiunaph) coun P, = nl dgopmyna
6uNaH XHCOOMAHMIUMHE HCOOTJIAHT. .

3. Kyhunard TeHrJiMKJap n HUHT Xap KaHJai HaTypasl KHi-
MatJiapuia TYFPH SKAHJHMTHHH HCOOTJIAHT:

a) | +2+43+...Fn=200"0 "’2+‘);

6) 1+3+5+...+@n+1)=@+I1x

2n43
B) 12+ 324524 . .+(2n+1)2=(“+1)(2";‘1)( nt3),

N B4E3P+584-. ..+ 2+ 1P =(n+]) @n*+4nt-1);

2 n—1_ 1=+ 1) g+ngntt
1) 142¢43¢>+... 4+ ng" g

4, Makta6 mMaTeMaTHKa KYpPCHAATH KalcH TeopeMaJjap
MaTeMaTHK MHAYKIMS NPHHUMIOH acocHaa HcGoTnaHanu?

24.§. TPYMMAJIAP

Bav3n Gup asare6pank cuctemanapiard aJjreGpaHk
aMaJJIapHHHC XoccajapH Makrab MareMaTHkacH KypcHaa
KypHO YTHJraH KyIUHIU Ba KynaHTHPUII aMaJljlapH Xocca-
JapHra sIKHH xoccajapra sra Gynaad. Byspaft anre6pauxk
CHCTeMaJsiap KaTOpHra rpynma, XaJdka, MafifoH, uHU3HKIH
¢a3o pa ynsukau aarebpanap KupajiH. X03HPTH 3aMOH aJ-
rebpacHHHHr acocuii BasudasapuaaH OGuUpH IOKOpPHAA ca-
Ha6 yTHaraHn anare6paHK CHCTeMaJapHHHT acocHii Xxocca-
JapHHH ypraHHwaaH HbGopat. By cHcreManmapHHHT  SHT
coldnacH rpynmafup. DHAH Wy TYWYyHuYaHu GaéH >3THIUra
KHPHIIaMH3.

burra 6Gunap T Ba 6uTra yHap * anreGpaux amanapra
sra Gyaran 6y 6yamaran G tynaaM Oepuiran GyAcCHH.

l-Taspud. Arap G Tyniamaa kyHuaaru akcuomaJgaap
6aapuica, y xoaga < G, T, * > aarefpa epynna neiwnanu:

) (Va, b c€G aTbT)=@TH TC, 1081 T OH-
Hap a.1re6pauk’ amas acCOLHATHB;

2) (Va€G, geeG)ale=a=eTa, apiH T aared-
pauk amaira Kypa xap Gup a€G 3/eMedT y4yH YHT Ba uan e
HefiTpas 3/7eMeHT MaBxKyL;

3) (Va€G, ga*€G) aT a*=e¢=a* T a, i HCTAIraH
a€G yuyH YHT Ba Han CHMMETPHK 3JEMEHT MaBXYA.

T OuHap ajareGpank aman G Tymaampa rpynna XocHa KH-
JNyBYM amaa fe6 oputwiagd sa y G TYMJIaMHHHD HCTaIrad a
Ba b sjeMeHTJIapuAaH Tysuiarad TapTuOnauran (a; b) mydrTak-
Ka Arona ¢ € G aJeMenTHH MOC KYsau.
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2-trabpud. Arap<G, T, *> rpynna GyJu6, rpymnna-
HuHr Taspudmupard (Vv a, b€G)a T b=>b T @ KOMMYTaTHBIHMK
wapTH xaM Gaxapuica, y xonga < G, T, *#> rpynna T Ou-
Hap anreGpaMK amaJjra HucOaTaH Kommymamus epynna EKH
abeav 2pynnacu JeAWIaiH.

I'pynna tavpudupa yupaiipuran G Tymjam Ba YyHAA Kapa-
Jnaétran GuHap anreGpavK aMajHHHT TaHJAHWIUMra KapaG Oup
KaHua rpynnajapHd XOCHJ KHJHIU MYMKHH.

3-tabpud. Arap G Tynsiam sieMeHTJaph T OHHap aJ-
re6paMk amaiara HucGaTaH accouuarus Gyaca, < G, T > an-
re6pa fipHM rpynna Jefiunagn.

Macanan, N TynnaM KylwMin Ba KYnaHTHPHIU aMaJlIapHHHHT
xap Gupura HucGaTaH SpUM Ipynnajup.

Hefitpan snementra sra 6yJaran sipuM rpynna Monoud pe6
aTasaj.

Macanan, <N, -, | > mosoug Gynanu.

T OuHap aareGpaMk amafHH OJAMH KynaiTupull amajd OH-
JlaH aJMalTHpCcaK, XNOCH OYJraH rIpylna Mmyabmuniukamue
rpynna ze6 arananu. Bynpai#t xonma a-b ra a Ba b asnement-
JIADHHHT KynaHTMacH IeHusanu.

Kynaiitupni amanura xypa HoMfaH (apkJH a@ 3JeMeHTra
CUMMeTpHK 6yniraH aneMeHT a~ ! opkanu Cenrumnmasagy Ba Oy
9MEMEHT @ Ta TecKapH 3JeMeHT Ieluafiu.

Kynafitupuin amanura nucGaran nefTpas sieMeHT 1 Opkaix
6esrnnaHany.

T OuHap anrefpavK amajH¥ KYIUMII aMajd GuJlaH  a/jMatu-
THpCaK, FPynna akCHOMaMapH KyHHIAaru KYPHHHIIHK ONaju: 53

L. (va,b,ccGa+b+c)=(@+b+c, s G TyN-
JlaMJarn HXTHEPHH yuTa 3JIeMeHTHH KVIUMII acCOLHATHB.

2. (Va€G, 30€G) a+ 0=a, apiu G 1ynaamMaa He#t-
pan 3MeMeHT HOMb MaBXYA.

3. (Va€G, 3(—a)€G) a4+ (—a)=0, spun G Tynnam-
HHHT HUXTHEDHH @ 3JIeMeHTH YUyH Kapama- Kaplu¥ 3/eMeHT MaB-
KYL.

< G, 4+, 0> rpynnanuur uxTuépud a Ea b 3/€MEHT.IapH
YuyH a4+ b = b -+ a 6yaranu cababau < G, -+, 0> aare6pa
KOMMYTaTHB rpynna Gynany.

Kyumw amanura Huc6ataH Kapanaétran OyHpall rpynnanap
addumue rpynnanap pe6 arajagu.

4-tavpud. <G, T, *> rpynnaHuur OGupop M KucMm
tymaamn < G, T, * > naru aarefpavk amasnara HucGarau rpyn-
na tawxua srca, M ra <G, T, *>> IpynnaHHHT KHCM Ipyn-
nacu aedunann.

Teopema. <G, T, *> epynnanuHe KucMm myniamu
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<G, T, *> 0a gucM epynna mawiKur smuly Ydyn Kybu-
Jazu ukkuma wapm 6axapusuil 3apyp 6a emapau:
l.ATHEM (¥ h, KEM),

2. VheM=h"1c M
(M HHHT HCTadra h 3jieMeHTHra Teckapu 6yJrad h~! sjeMeHT
xaM M ra Teruu).

Mcb6oru. M tynnam rpynna 6yiaca, M= <G, T, *>
fOKOpHIArH MKKHTA WApT an6aTtra Oaxaphiaid.

Papa3 xuIalJIHK, IOKOPHIATH MKKHTA MWAPT Ga)kKapuicuH. Y
xonma ¥ h€<L@, T, *>yuyd AT h'€M 6yranu. Mc<G,
T, *> Oyaraud yuyH wucraaran h, h', "€ M nap yuyu
hTW ThH)=GTHh)TH teurmuk OGaxapusagu. Hemak,
M rpynna. <G, T, *> IPYMNaHHHr KHCM rpynnanapu Tyn-
Jamu Oyt Tynjam smac, yyHkh < G, T, * >HHHT ¥3u Ba
YHUHT GHpaMK (HeHTpan) sneMenTHaan Tysuirad {e} rpynma-
aap <G, T, *>> yuyH KucM rpymna 6y.sand.

Mucoaanap.

1. Bapua GyTyH coHjap TYWIaMH Z HHHT 3JEeMEHTJapH YYyH
KYUHMII amaii aHHKJaHraHjurd cababau 6y Tynaamiaa agiuTHB
rpynnaHdHr Gapya akcvomanapH Oakapusaid. Hefitpan agemeHT
0, a yuyH cHMMETpUK sjemeHT (—a) jaH ubopar. UIyHHHT
yuyH < Z, -+ > aiIuTHB Tpynnajgup.

2. < Z, -> rpynna 6yamaiigu, uynku < Z, - > anare6pa
yuyH TPyINaHuHr Tabpuduiard 3- akcHoma GaxapuiMaitau. Jlap-
XaKuKart, a 5= 3= | 6yiranga a7l ¢ Z.

3. Q —6apua pauHoHaa corJap Tymaamu 6Gyaraiga < Q,
+ > anre6pa agauTuB rpynna Gynanu.

4. < Q, -> anrebpa rpynna Gyavakay, 4yHk 6y ajreGpa
yiyH a = 0 Gyaranja rpynnaHuHr tabpuuaard 3-akcioma Ga-
JKapusaMan .

5. < Q\{0}, - > anrefpa MyJbTHIJHKATHB Ipynna Gyjaiu.

6. <Q\{0}, + > anreGpa rpynna Gyamaiiau, 4yHKH Oy
asrebpaja alAMTHs TPYNMNAHHHC TabpHUEAry 2-akcdoma Gaxa-
puimak iy,

MawmkKaap

Kyituparu tynnamsaap ynapaa aHuk/jgaHrad anare6-
pauk amaJjsapra Huc6aTaH rpynna XOCHJ KHJHII-KHJIMAc-
JIMTHHH aHUKJIAHT:

1. a) Vynanuumu 6up xua 6y/aAraH BekTopJiap TyljaaMH
BEKTOpJIapHH KYIIHII amanura HHUcOaraH,

6) dasoma uxTHEPMIt fyHanuuinary BeKTOpJap TyO-
JIJaMH BEKTOpJAapHH KVILMII amMajaura HHcOaTaH;
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B) Gapua XYy®T COHJAp TYNJAaMH KYIUHIN aMaJHra HHC-
6aTtaH;

r) {1,—1} tynaam kynafiTupuHil amanura Huc6aTaH;

n) Gapua XakKHKHil coHsap TYMJaMH KyLIHII €KW K-
nafiTHpuul amaJsnura Hucbaras;

e)a+bV3 (a=b=+0, ¥a, b€Q) KypuHHLIZATH COHJIAP
TYNJAMHHMHT KYNaiTHpHLI amanura HucGatan AGesb rpynnacu
9KAHANTHHH uCOOT/IaHT.

2. O uykra atpodpupa GaxapuaraH OGapuya ¢Ga3oBH#l
OypuaHIap TYynJaaMH OYyPHJHILJIADHH KYMafTHPHIILa HHC-
6araH KOMMyTaTHB Oy/aMaraH Tpynna TaliKHJ KHJIHLUIHHH
HCOOTJIaHT.

25-§. TPYIIITAHHHT COJJA XOCCAJIAPH

1- xoeca. Hcranran rpynnmajna Heiitpanl 3ieMeHT Gup
KHHMATIH yCyJla aHHKJIaHAAX Ba TPYNNAHHHT HCTajAral
3JIEMEHTH YYYH ArOHa TeCKapH (CHMMETPUK) 3JeMEHT MaB-
xyn 6Yanaan (ucbortnaur, 21- § ra xapasr),

2- xocca. Xap Kanfafl MyJbTUAJHMKAaTHB Fpynnaga  GyJmin
MYHOCa6aTH VPHH/H, Si’BHH HCTAIraH a Ba b 3JeMeHTJaD YuyH
uynjgail x Ba y 9/7€MeHTNap TOMWJIAAHKH, yJap YYVH a-Xx=b
Ba y-a =b Tenr.savanap siroHa eyuMJapra ara Gysaiu.

Ncb6oru. a x =b Tenraavaun uyangan @ ' ra Kynadtup-
cak, Oup TomoHZaH a~ ! (ax) = (@ 'a) x =ex = X, HKKHHUH
TOMOHAAH 3ca a ! (ax) =a~! b napra sra G6yJamH3. By HKKH
Mynocabar x = a~1b 6yarannarusa Ypuuaumup. x = a—! b ane-
MeHT - x=>0 TeHrJIamMaHHHr eunMHu G.nafu. Xakukara, a (a™'b)=
=(@aa Yb=eb=0"b, a'b eunm a-x=b TeHrjamMa YyuyH
sroHa eunm Gyaapu. Arap 6upop ¢ XxaM @-x =2b HMHT eYHMH
6ynca, y xoaaa c=a"* b 6ynanu. XakukataH, c=ec=(a"1a) c=
=a ! (ac)=a"lb, c=a"1b Gyramu.

Xyanu wy ycyapa y-a=»>b reHrnaMaHuHr y=ba—! pan
nboparaurura GesocHTa IOKODHAArH Yycyala TEKILHpPHIN
Ayau GH1aH HUIOHY XOCHJ KHJIMLI MYMKHH.

3- xocca. Ycranran rpynnajna sJjeMeHTapHH Yall Ba
YHI TOMOHAAH KHCKAPTHPHII KOHYHH VpHHaAH (HcOOTJaHT,
21- § ra gapaHr).

4- xocca. I'pynnaiuHr a-! 3jeMeHTHra TecKapH 3sJe-
MEHT a HHMHT y3uJhaH Hbopar.

Hc6oru. a~! ra teckapu sieMeHTHH (@~ ')~ necak, rpyn-
na tabpuduiard 3- akciomara GunoaH (@~ ') (a7!)7!=e 6yaa-
JH. |- XOCCAaHWHT MKKMHUM KHCMHra acocaH a '-a =e. OXxupru
HKKH TeHrMMKAaH a~ ! (@71) 7! =a"'.a. Xocun 6yaran TeHr-
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JMKKA VHIJaH KUCKAPTHPHII KOHYHHHM Kyjaacak, (@ ) l=q
Kesii6 4uKaiu.

ynnait xuaub a-b=e 6yaranza a sa b nap Gup-GH-
pHra Tteckapu aJjementaap Oyaub, 6y epaa a=b—! Ba
b=a—' 6ynap axan.

Dcamarma. Arap Kapanaérran OuHap aarebpaux
aMaa Kymuw amanHaad ubopat 6ysca, aiAHTHB rpynnaja
AroHa Hoab 3jeMeHT (l- xocca), xap 6Hp x 3JieMEeHT YuyH
SITOHa KapaMa-kapuid  (~x) 3jeMeHT  (l- xoccaHMHr
HKKHHYH KHCMH) MaBXyZd, HHXOAT Ma3kKyp Trpynnaja
a4 x==b TeHrnama (2-xocca) sgroa x=»b—a euyuMmra sra
6yn1anu.

5- xocca. <G,-,~!> rpynmaHuHr UXTHEPHH n Ta 3Je-
MEHTH Wy rpynnajaa aHHKJaHraH ajare6paWk amaJjra HHC-
6GaraH acconHaTHB OyJany.

Mcb6ortu HcborHH kynaliTHpHIL amanura Hucbartan
oaub Gopamu3. DyHHHr yuyH MaTeMaTHK HHAYKUHS NPHH-
uunuaaH ¢oipananamus. 1) n=12 6yaranga HUCOOTHHHT
xoxaru HyK. n=3 xoJa aca 2- akcuomajga Gepuarau. 2) Pa-
pa3 guAaNIHK, TacAUK n==Fk yuyH pocT OYJCHH, SBHU N Ta
KYNaloBYHHHHT KYNalfTMacH KaBCJADHHHT KYHHJIUIL TapTH-
Gara GoraHK OysaMacHH. YHiA a,, gy - - - @, IEMEHTIAPKY-

n
OAATMACHHK KHCKaua [] a; KYpHHHWIAA €33 01aMH3. @), @, - - ., @,
{={
G, 41 T2 3/IEMEHTHHIT KaHAaHHp KaBciapra GorauK 6yaran KynaiT.
MacHHH a fe6 Genrunaitvus. n -+ 1 Ta ssemeHT KynaldTMacHiy xap
GHp KaBcAa n JaH opTHK GyJmaraH KynaiTysunaap Ky naiitMact wak-

Juaa (MHAYKTHB hapasumu3ra 6HHOAH) €32 01avu3, AbhiH @ = (a, -
“@yX. .. ak)-a,H_l. C 0, 6ysmb, 6y epaa HaTHXKA Kascjapra
k n4l1
GorHK Gy/MaraHH Tydain oxupru Kynaiitvant a=Jlq;-IT g;
i=l =kl
n+41 .
opgam Genrunaitvus. [T a; kynaiitvaga KynadTyBunIap COHH
n+1
n "man  karra osvac. [lewak, Oy xymidrvawd [] a; =
{=k+1

n "
= ([T q)a, +1 KYpUHHILIIA €32 OJaMH3. SHAH acCOUHATUBIHK
i=ktl

k n
KOHYHHHH Yy4Ta 3JEMEHT, fbHH I_xl a; I 1 a;Baa, napra KyJI-
= l=k+
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k n k n
naiivus. Y xoama a =Tla; (1 a)a,,) =1 I1 a)a,,,
(=1 {=k+41 i=1 [=k+1
k n
Xocua 6ymaau. S1Ha nuayKuMs npuHuMnura 6uHoat [1a; [1 aq; =
=l Q=41
n
=]1 a; X0cH1 KHWWHHO, Xap GMPUAark KynaiTyBYMnap CORH 7
=
n n41
gan oprux Gysmaraun yuy a =([1a) a,,, = [] a; ra sra
=l i=I
6V 1amus.
6-xocca. a;, a,, . .., a,€G 3JEMEHNIADHHHT Qy-Q, . . .Q,

Kyna#tMacura Teckapu Gyirad anement ap'...ay;'a;! Gyaa-

JH.
XaKukara,

@-a,...a)@t oy, .. a7l-a7") =
=(a,a,...0,_) @-a7) (@, ... a7 a7 =
=(@a,...0, Je(@a', ... a7 aq7)=(a,-qa,...q,_,) X
X(,_at) e, .. oyt ar) = (a0, . .. @)X
Xe(@gy. ..oyl -ar)y= ... =a;-a7 =g,

@-a,...a)@?'...a7t-afY) =e.

Wyunait kw6, (a,-a,...a)  =a;'... a7 a7 6ynamn.
Xycyenit xonga (@-b)"*=b"1-a7L
7-xocca. a-a . ..a KynaiiTMau4 a” Kypunuinja €su6, yHH

———t
n

a 3JEMEHTHHHT n- gapaxacH Je6 toputamus. I1UyHuHrAEK,
ata™t. . .a'=(@a"Y)" mu (@) =a " opkaiu é3amus. By
Xonja a~ ! HHHr n- japaxacura sra Gyuamus. Jumn yra € < G,
T, *> yuyH a®=e (@ 0) me6 xalbyn Kunamus. J[emak,
< G, T, *>> IpynnaHdHr UXTHEPHH SJIEMEHTHHMHT HCTasraH Oy-
TyH japaxack sHa <C G, T, *>> HHHT 3JeMeHTHHH udoaa-
Jangu.

Kyingarn TeHraukaapHs wucGorsail ocoH: a™-a" = a™+",
(@™" =am™". Bynpa m Ba n ucrajarad OyTyH couaap. dakat
YPHH anMalMHYBYH @ Ba b aneMeHTNap ydyHruHa (a-b)" = a” b"
Aup (ucGoTrsiaHr). a® Ba g~ Jnap Yys3apo TeCKapH JeMeHTJapAHp,
YYHKH
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n

_ 0 _
"=g"TT = =, g =

at-a”

D/leMeHTJIApHHUHT COHU YeKJM GY/IraH rpyrnara YekJu rpy-

U4 Ba 5/EMEHT/IADUHWHT COHM YeKCH3 Kyn O6yaran rpynnara

YeKCH3 rpynna Aeinagd. [pynna s/feMeHTJapH coHvra 6y Ipyfl-

DAHMHT TapTHOM feb aitTunagn. AJgMTds rpynnaga n Ta 3je-
n

MEHTHUHT HHFMHIMCH X) + X, + ...+ X, = : x, opkami Oes-
k|
n m m+$n
wianamu. By epra Y x, + Y x,,, = X MyMJIILITaH
r 1. DY eph BTy e = r YMY
k=1 k=1 k==

accolUHaTHB KOHYHH YDHHIH GYub, YHMHT XaM HCOOTH HHAYK-
w9 MeTOOM acocuia OJIHO GopHaaH.
n

Arap E X, HHPMHAMZ2 6apua KYWMJIYBUHJAD y3apO  TeHT
k=1

Oyaca, yau x + x4+ ...+ x =nx opkam €3amu3. Dy epma
fIyHd anoxHAa TabKHA/IAL JIO3HMKH, KYM X0J1apiAa 7 COHH Ka-
pajiaérran rpynnara TerHUIIH OY/IMACAHTH MYMKUH. 71X 3/eMeHT
0JaTAa X HHMHT A KappasjucH Aed IODHTHJIALH.

gHa KyAuaarH TeHrJMKAap YpAHau Gynanu:

Dnx+me=(n+m x

2) m (nx) = mnx;

3) mx—nx=(m—n) x

(ucbotnaxr).

26- §. XAJIKA BA YHUHT COIJA XOCCAJIAPH

bus «[pynnanap» Hasapusich GU/MaH TaHHIUTAHUMH3JZA
KapamaérraH TYImJaaM sJaeMeHTNapd yuyH 6urra OHHap Ba
6uTTa yHap anreb6paHk amannap YpHHAH 3AH. DHEH Oyl
6ymaran R TynsnaM sJeMeHT]apH yuyH HKKHTAa OHHap
ajarebpanHk aman (6HM3 yJapHH KHCKaya <«KyNMaiTHpHII» ea
«KywHury ge6 opuraMuad) Ba 6urra yHap aare6pank aMan
(ucTanran a sneMeHT Y4YyH CHMMETPHK OVJraH aJjieMeHT-
HHHT MaBXYAJHTCH) YpHHJAH ne6 KapalMHs.

l-tabpud. R TynnaMHUHT 3JeMeHTJapu Y4YVH HKKH-
Ta OuHap aarebpauxk aman, SbHH «+» Ba «-» aMmajjapu
aHuKnaHrad 6ynu6, 6y Ttynnamaa Kyfinaaru aKCHO M a-
Jnap Gaxapuaca, y xonna ‘<R+, -> anare6pa apum Xaj-
Ka nelnaanu:

Da+ObO+o)=@+b+c (Wa b, ceER);
2)a+b=b+a (¥ a, bER)
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J@atx=b+x)=>@=0ANx+a=x+b=(a=0>b)
(v a, b, xER);

4) a-(b-c)=1(a"b)c (Vab cER);

9) (@+b) c=ac+be, ¢ (a+b)=ca-tcb (¥ a,b, cER).

Arap oxopuiard axcvomanap GusaH GHpranukga ab =
=ba (¢ a, bER) 6ynaca, y xoina R sIpuM XalKa KOMMYTATHB
Hefinnapd. R tynaam dYekad 6yJaranaa R sipuM xanka xaMm uek-
M pe6 ropuTHIamM.

R TynnavHHHr MCTaJran a sjemeHTH yuyH a-+0=0+a=a
6ynca, O sneMeHTra R TYIJIaMHHHT HOJb 3JIEeMEHTH, “ a€R
YyuyH @e =a Ba ea =a 06y/ca, e 3jeMeHTra R sApuUM Xajka-
HHHT GHPJHK 3JIeMEHTH JefHJajH.

N={1,23,.. ., n, ...} ymmamM yuyn Tty3uiaran <X,
-, - > asre6pa HaTypa/n COHJIADHHHT SIDUM XaJKacH GyJald.
By sipum xanka OHp/IHK 3JeMeHTra sra GyJraH , KOMMyTaTHB
APUM  XaJIKanup.

2-taspud. <N, 4., < >anrepauxk cucTeMara Haty-
pajl COHJiap CcHCTeMacH AeHHsanu.

Scaarma. Kyn xonanapia Harypasl COHnap TYmiamu cH-
damupga N,={0, 1, 2, ..., n, ...} TynaaMm Kapanaau.
Maskyp TynnaM Kyl Ba KyMafTHpUIL aMaJjviapuara HucGaTaH
HOJIb Ba GUpJ/MK 3JeMeHTJapra sra. KOxopupa KypuO YTraHMMH3-
aek No= N |J {0} tyniamMaa KyWHII Ba KYMaHTHpHII amaJiia-
pH aHMKJIaHraH Ba AroHajup. Maskyp ama/jap KOMMYT4THB Ba
accounatus. Kynafitupnmnr amann Kyumin aMammra Huc6atay
JUCTPHOYTUBIMD.

3-taspu¢. Arap R TyniaM KynafiTHpuLl Ba KyLIMII amal-
Jlapura Huc6aTaH €mmK GyJM6, Kydunaru [mapraap Gaxapusica,
SIBHH

1) <R, + > —apautuB rpynna;

2) <R, + > —sapuM rpyma;

3) kynafiTHpHIL amaji KYumin amajaura HHcGatan RUCTpuby-
THB, SIBHU

a(b+c)=ab+ac, (b+c)a=ba+ca (Va, b, cER),

6yaca, vy xomna < R, 4+, + > cuctema xasxa AeHHJIanH.

Arap rokopuiars 1uapriap GuiaH GuprajqMkia siHa

4) ab="ba(¥ a, bER) 6ynca, y xompa <R, +,.>
CHCTEMAa KOMMYTATHB XasKa AeHuJaiH.

Hicranran R xanka aneMeHT/JapH YUyH aHMKJAHTaH KynaiTH-
PUIUHHMHT afupulra Huc6aTtaH AMCTPHOYTHBAMK KOHYHH xam Ga-
Kapunagu, avhn a(b —c)=ab—ac, (b—c)a =ba—ca nap
Ypunau 6ynanu. XakukataH, ¢+ (b —c) =b TEHIIUKHMHT WK-
Kaja TOMOHMHM uanjaH a ra Kynautupcak, ac 4 a(b—c) = ab
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xocua Gynapu. OXHPrH TeHIVIMKHMHT MKKaJa TOMOHHra — ac
3JEMEHTHH Kylucak, a(b—c) =ab — ac xocun 6yaanu.

JHAM XaNKAHHHC TabpuHAaH Keaub uuKanuraH 6ansu GHP
COppa xoccarap ONaH TAHWWHG YTamus:

1°. R xanka agmutuB rpynna G6yJaraud YYyyH Y AroHa HOJb
37eMeHTra Ba Xap GHp 3JeMeHT yuyH — 4 OpKa/ad Genruianys-
YH SIrOHA Kapama- KapliM 3/eMeHTra sra. R xankama a-+x =25
TeHJIaMa sroda edumra sra (21-§ ra xapadr).

2°. Vyra ss1eMeHTHH KYLMUIAArH YPUHIM GYJraH accolUaTHB-
JMK KOHYHHHH HCTaJqraH 7 Ta 3JeMeHT YYYH €3HIl MYMKHH,
STBHH

R
al+a2+...+ak=2ai )]

i=l
HHFHHIY KaHAalAMp KaBscjap opKkaJan €3ugaran 6yaca, 6y
AUFMHIH KaBCJApHHHT KVHHJAHW Taptubura GOFJAMEK 3Mac.

3° Arap ¢, =a,= ... =aqa,=a 6yaca, (l) #urananuH
4 3NEMEHTHHHT N Kappa/McH KYPUHHMIIMAA Kyinpaariua €3ui
MYMKHH: na =a-+a-+ ... +a.

n

Bynpan ¢o#nananud, na-+ ma burusdn na - ma =

=g+a+ ... +a+a+a+ ... ‘a=ata+...+a=

n m n4m
=(n+m)a, na+ma=(n-+m)a KypuuuIJa €3uwnagud. na
KYNaiTMaHH XaJKAHHHT MKKHTA 3JeMeHTH KYnadrTMvacH fe6 Ka-
paulr MyMKHH 3Mac. ’

Arap R xanka OHMpIHK e 3jeMenTra sra, sibHH YV a€R,
qe€R, a-e =a Gysaca, y xonma na = n(ea) = nea TEHIMK
6axxapuiranu ca6abiu, ne € R 6yaanu.

4°. a ra xapaMa-kapwu GyaraH —a 3JEMEHTHUHT 1 Kap-
pamcn (—ay+ (—a)+ . .. +(—a)=(—n)a= —na 6y-

n
napu. (h-++ m)a = na 4+ ma TeHIVMMKJAaH m = —n O6yaraHia
(n+(—n)a=(n—n)a=na—na=0 snemeHT XaM XOCHJ
KWHHa M, ABHH 0-a = 0 TeHrMK QOMMO YDHHJM.

BH3 OXHpru TEHIJIMKHH XOCHN KMJHILIAA @ ra Xeu KaH-
Laf wapt KyMMazIHK.

4-tanpud. a0, b= 0 6yaravpa a-b =0 6yaca, a ba
b nap Hoanune 6yaysdusapu neunanH.

By tywynuanapaan xyfiuparunu &3a onaMH3: HOJIHHHT
6ynyBuxcura sra GyJamarad Xajkafa KynaATMaHHHT HoOJra
TEHr OVJIHWH YY4yH KynalTyBuHMJapiaH KaMHAa OUTTacH
HoOJTa TeHr GynuuK Bapyp.
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JlexHH 6y TACAHKHHHT TECKapHCH yMyMaH TYFpPH 3Mac,
ABHH xj’maﬁTquHnapHnHr 6upopracH xaMm Hoxara TeHr GyJ-
Marasja, KynaitMa Hoara TeHT GYJHIUH MYMKHH.

Muco . (—1; 1) opanukna ysaykcus OyaradH ¢yHk-
UHANap TYNaIaMu KYWHII Ba KynalTHpHII amajura Huc6a-
TaH Xajaka Oynagn (rexwmupu6 Kypusr). DBus maskyp
GYHKUHANADAAH MKKHTAaCHHH KYHHIAru ycy/ajAa oJaMH3:

__[x, arap x>0,
f) = {0, arap x < 0;

0, arap x> 0,
? () ={x, arap x < 0.

Y3-y3aunan MabayMmku, 6y GYHKUHAMADHUHT Xap GHPH
HoOMlaH GapKaH, JIeKHH YyJapHHHT Kynait™macH f(x)X
X@(x)=0 6ynann.

IOKopuparn Mmuconra GHHOAH XaJKa HOJHHHT GyJyBUH-
Jlapura sra 6ynap skaH.

27-§. KHCM XAJKA BA XAJIKA XAPAKTEPHCTHKACH

l-tabppud. R xankauuur G6upop M xucMm Tynramu
R na anMkJIaHraH dkkura GuHAp aareGpaWk amajra HHC-
faraH XaJKa TaUIKHI 37TCa, M rynnam R .\ga'u{‘annur Kucm
Xarxacy nednnang.

Macanan, 6apua xydt conaap rtynaaMmu Gapuya GyTyH
COHJIaD XaJNKaCHHHHT KHCM Xankacu O6yarawm XoJana, 6ap-
ya 6yTyH COHJAap XaJKacH y3 HaB6atuma 6apda pauHoHaJ
COHJIaD XaJKaCHHHHI KHCM XankacH Oyniald.

Kyjtnaara teopema R xangana Gupop M Kucm tymiam-
HHHT XalKa TaUIKHI KHAHII 6KH KHJIMAC/JHIHHH aHHKJall-
Aa MYyXHM poJab yiRHaliau.

Teopema. R xankaHHHT GHPOP 6ym 6yamaraH M xuncem
TYNJAaMH Xaaka 6yauun yuyn 6y tynaam meepm{ asab
aneMeHTIap Ounad Oupranukia yJdapHUHT  HHFHHIHCH,
aiiupMaci Ba KynmafiTMacHHHM y3MJAa cagJawd 3apyp Ba
€eTapJi.

Hcb6oTn. ETapaunuru. M xaaxa 6yncun. M na Teope-
Mallar apriap Gaxapiaanu sBa M < R Gyarann yuyn M ghem
xaaKa 6y.iagu.

3apypauru. Papas KwlaliHk, ¥ a, b € M G6yaraana
a+beM, a—b€M BaabeM OGyrcun. M nHHD KHCM
XanKka skammurupd wypcatamus. yuna# kum6, M 1a HKKura
OuHap anre6pank amasa aHHKIauraH. SHIH M HHHT aJIMTHB
rpynma sKaHaWrHiau kypcaramus. Bywaur yuyn M na

82

www.ziyouz.com kutubxonasi



at+x=b Ay

TEHIIAMAHHHT ATOHA €YHMra 3ra SKAHJHTHHM KYpcaTHil KH(os.
Teopema waptupad a € M, bEM=b—a=ceM sa R Tyn-
JamjJa aHHKJAHTaH afMpHIl aMaJMHHHI XOCCACHra acocaH a -
+(b—a)=>b €kn a+ c=0>b Tenrnuxnap ypunau Gynanu. By
epaa ¢ =b-—a. by sca (l) tenrnamanuur eunvugnp. Jemax,
M tynnam R Xa/IKAHHHT KHCM Xankac 3KaH. Xa/JKaHWHT TabpH-
¢ura kypa Oy euuM sArowa.

dcaatrMma. a+ b =a—(—0b) 6yaranu yuyH TeopeManaru
OHpHHYH WWAPTHH, ABHH @+ b € M 1wapthu osamachaH, KoJrag
HKKHTA IaptT 6unaH dekJaHcak xam M KdcM xanka Gy.1apd.

Hcranran R xanka yuyn {0} Ba R XalKaHWHT Y3H KHCM
Xankanap 6ysanu. By Kuem xaaxanap, ojatdAa R XaJIKaHHHT XoC
KHCM XaJkanapu ne6 toputuiafd. Lynaah xwoub, ucrairay R
XaJKa YYYH KUCM XajKajap Tynnamu 6y GyaMadpH.

OHIM XaNKa XapaKTEPHCTHKACH TYFPHCHOA CY3 IOpUTAMHU3.

Qapas KHIalIHK, R GUPJMK 3JemeHTra sra 6y/iran xasaka 6ya-
cHH. bus ¥3 onmumusra 6upaHk e = 0 anemeHTHH V3 HuMra
OJYBUH Ba R HUHr GHDJMK 3/eMEeHTHHH Y3 Mudra oJlyBdH Gapua
KHCM Xa/lKa/japH YYyH XaM KHCM XaJka GyJaidraH, S'bHH 3HC
KHYHK KHUCM XaJIKaHH TomMlu BasnbacHHH Kysamus. By Kucwm
XaJKa y3u[a e HH HYHra O/iTaHH YYYH Y — € HH XaM Y3 Huura
onagH. ¥ xonna ne=e+e4 ...+e Ba —ne=

= (—e)+(—e)+ ... +(—e) .u';ap XaM MasKyp xaskara Te-

n
rauvm 6yJsagd. Cyerpa ne —me = (n —m)e, (ne)-(me) = nme
6yJaraHd yuyH e 3/1eMeHTHHHT GYTYH KappasuJjapd TynJiam# siHa
Xanka Oynapn. Arap 6u3 6y KucM xalkann R, pecak, ¥ R
XamKanard e GUpJMK 3J1eMEeHTHH Y3 HYMra OAraH 3HT KHYHK
KHCM Xanka Oysamu. By epfia MKKH X0s1 OYJMIIM MYMKHH:

a) n+ 0 6yaranna ne = 0;

6) n == 0 6yaranga ne = 0.

n € N 6yau6, HaTypa] COHJIADHHHT HCTa/ATaH KHCM TynJamm
JIOHMO 3HT KHYHK 3neMeHTra sra OyJsrasunad 6) LIapTHH Ka-
HOAT/IAHTUPYBYH 3HI KHUMK /1 COHH TOMHJIAZH.

2-tavpud. Arap m+=0 pa me 0 6yica, R, Xaika
HOJIb XapakTepucTHkaau, m %0 na me =0 6yaca, R, ra m
XApaxmepucmuKail xaiKa neluaiy.

CoHsM  xaaKaapHHHr 6apyacH HOJb XapaKTePHCTHKAMH XaJi-
Kaaup. _

Muconnap. 1. {a+bV p} tynnam KOMMYTaTHB XaJjxa
6ynanu (6y epma p—1y6 coH, a, b€ Z).
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Xakukatad, a) a,, a, by, b, € Z 6yaranna
(@ + b V)@ + b,V D) = (@03 + 0,5, p) + (a6, +
+ab)Vp=a+b0Vp
6yau6, 6y epaa
a =aa,+ bb,p, b =ab,+apb, a', b €Z;

0) (a, +_b1VP) —(a,+ b, V;’_j=(a1—az)+ (6,—bs) Ve =
=c+dVp 6y eppa c=a,—a, d=b,—b, cd¢€Z.
Hevak, {a+ b6V p|a, b€ Z} —xanxa.

2. R XaJKAHHHT MXTHEPUH MKKHTA XOCMAac KHCM XalKaJjapH
(arap wynnaiinapy maBxyA G6ysca) KecHIIMACH siH2 R yuyH
XOCMAC KHCM XaJsKa SKaHJUTHHH HCOOTJIaHr.

3. Kyiinaare xankanu Kypamus: OGap4a OYTYH COHJIApHH
KaHza#mp m >0 conra 6y.iu6, ynapuu Xocua Oy/raH Koa-
IukJaap Oyfuua SKBHBAJNEHTMK CHH(]/Apra akparamus, SbHH
HKKHTa @ Ba b GyTyn cOHsIapHH m ra OynraHjia Xocus GyJrax
KOMAMKJAAp Gup Xua 6ysrasfa sa ¢akar WIyHAarHHa yaap  ys3-
apo 3KBHBajeHT ne6 toputiaamu. By cuudiap Co, Cy, . . . Cpy
6yacun. Yuna 2/, ={Cyp, Cy, . . . ,Copy - - ., Cpuy } cHB-
Jap TyniamH XocHn kuawHuG, Gy epha C, = {mg -+ k} Kypu-
HHLUra 3ra. JHAH Z/(m) TYMJIAMAArH HKKHTa 3JeMEeHTHH KYILHII
BA KYMaHTHDHLI KOHZANAPHUH KYHHAArH4a KUPHTAMH3:

C,. ., arap B+ p<m,
—_ k+4-p
Ck+cp-{Cd, arap k+ p>m, h+ p=mq;+ d 6yica;

c C,m, arap kp <<m;
C-Co=\c arap kp >m, kp =mg}+ 1t 6yaca.

DBy amannapuuar Gup KuiiMatin pa GaXkapuiyBuaH 9Ka HJIHCH
KYpuHuG TypuOau. LLIymwHr yuyn Z/ ., KOMMYTaTHB Xa/ka 6y-
naga. k<m 6yaranpa C,-C, =C, sxawmrunan C, 6y xanka
yuyH GUpiuk siemeHTaHp. Dynaan Ttamkapu mC, =C, =C,
SKaHJMrura GUHOaH Oy XaJsKa /m XapaKTepHCTHUKAIH XajiKara MH-
con 6ymaapu. M ={(a; b)/a, b € Z} tynnamM y4yH KyWHm ba
KyNalTHpUII aMa/apHHH KYHUZaruya KHPHTHHI:

D)@ 0)+(c:d)=(a+c b+d)

2) (a; b)-(c; d) =(a-c; b-d).

Kyftuparunapuu ucGoTnanr:
1. M rtynnam — xanka Gynanu.

Fad
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2. A={(a; 0)a€Z} Ba B={(0; b)/b € Z}nap M nunr
KHCM XaJiKaJsaph GyJs1anu.

3. M xanka HOJHMHr GYJyBUMiapura ara.

4. M, A Ba B JnapuMHr OHpJHK 3JeMEHTJIADH YCTMa- yCT
Tylmmaiau.

28-§. TOMOMOP® BA H30MOP® XAJIKAJIAP

Hkkuta €ymw 6ysmaran R ra R’ Tynaamaap CepharaH 6y-
Ju6, yaaphian Cupununck () Ba () amanjapHra HucGaTal,
MKKUHYMCH 3ca @ Ba () aMaJuiapura HucGaTaH Xa/aka TaluKuA
3TCHH. Du3 6y Xanxajapuu xaMm wmoc pasMinga R Ba R' ne6
GearunanMua.

l-tabpud. Arap wynpait ¢:R— R’ akCJIaHTHPHII YYyH
KyHB1arH HKKHTa 1apr Caxkapi.ica, S'bHH

9@+ =0@Ee®) (¥a bER)
¢@b)=9@ce®) (Va bER)
TEHIVMKJAp YPUHIH 6¥aca, y {xonma R xaaka R’ xaJkara eo-
MOMOPGh NeRHNAafH.

¢:R— R’ akcaanmipuwia R uunr Gapua sjemeHTNapH 06-
pasunu @ (R) opkamn Gearwnafimus. ¢ (R) < R’ tynnam ogaraa
¢ :R— R’ roviomopdaukuHHr obpasu pe6 roputusiagu. Kyiiupa-
TH Tecpema YpPHILIH:

1- meopema. R xarxa R’ xaarxaea eomomopgh axcaaHean-
Oa, asHu ¢:R— R’ 6yaca,

1) R HuHe Hoab 3aemenmu R’ HuHe HOAb saesmenmueq;

2) R Oacu uxmuépuii a sremenmea xapama-Kapwu 6ijaean
— a anemenm R' Gaeu a™' ea Kapama-xapuwwu Gjrean (—a)™?
saemenmea;

3) aeap R xarxa e 6upauxk dremenmea sea 6Gijaca, 6y sie-
Merm R’ Hune €' Oupaux saemeHmueu axkcaaHaou.

? -

Hc6oru. 1) R3a—a€R' 6yncun. Y xonma R xankana
HOJIb 3/ieMEeHT MaBXyAauruaan a + 0=a Oynamd. Jlekun R
XaM xajaka OyJarand yuyH ;YHAA. @ 4 x = b TeHrnama sroLa
eupmra sra. Jlevak, R’ na

— e

aBu=a m

TeHI/1ama X aM siroHa euumra sra. (1) Tewriaman¥ KanoaTJaHTH-
pyBuh euuM R’ XaJka YYYH HOMb 3/neMeHT Gynaau. XakHKaTaH,
a-+ 0= a TeHIVIMKKA @ aKCJAHTHPHUIHK TaTOHK 3Tcak, ¢ (a -+

+ 0) = @ (a) xocun 6ynann. Jleknn @ (@) =a xampa ¢(a-+
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+0=9@@9(0) =9(a) 6yaranmrutas @ (0) =0 6ysany.
Bus Gysnan cyur u uu 0 je6 Genrnaaimua.

2) dumu —a € R 3neMeHTHUHr —a ra aKCAaHHLIPHE Kyp-
catamu3: —a+a=0 yuyn @(—a-+a)=9(—a)Pe(a) =
=0 éu—a+a=0€R".

3) Arap R Gup/mk 3nementra sra 6yica, @ (a-€) =@ (a)©
O®(e), a-e=a xavna @(a-¢) == @ (a) =a wWapryapra acocaH
4@ e =a 6§mob, e GUPINUK DJIEMEHTIUD.

2-meopema. Hcemarean xarkanune somomoppauk o6pasu
ARa xarka 6Gyaadu.

Hc6oru. dapas kunaiinuk, R xanka 6ysn6, R’ na mkku
OuHap anreGpank aman aHukjaHrad GyJsicuH. Teopema wapTura
Kypa R HUHr xap 6Hp @ 3/emeHTHra R’ HUHT KaHZalmup a 3je-
MEHTH MOC Kenai, SbHH WIYHAAH @ aKCAaHTHPHII HATHXKAcHAR
(@) =a 6Ynagn. R’ HHHT XaqKa SKAHJIHIHHM KypCaTHWl YUyH
YHIaH Kaupadaup a, b Ba ¢ 3’eMeHTIapuu onub, yJap YydyH
XaJKaHUHr Gapua aKCHOMAJapH VPHHJH SKaHIMTHHK KYpPCaTaMHs.
bus LIy 1apIaH KYHHIArd MKKHTaCHHH KYpCaTaMus:

Lapbeo) =apboasc ypusm 6yaamu. XakukaraH,
R xanka 6yaranu yuys a- (b+ c) =a-b -+ a-c TEHNMK YpHH-
J. ByHpau tawkapu @:R — R’ aKcaauTHpHiL roMomopd akc-
JBHTHpHI GYaranunaan @ (a- (b + ¢)) = ¢ (ab + ac) TeHIIMKHHHD
“94n Tomont a @ (b@Pc) 6ymb, YHr TOMOHH 3ca A bLPLOcC
HH Gepagi. Y xonma a @ (b@c)=ac bdacc. Hemak, R’
Jia KYNaHTHPHLI ama/Md KYIWHLI amanura HMcGaTtaH AUCTPHOYTHB
9KaH.

2. a®x =b teurnama R’ pa sroua eunmra 3ra. Bymuur
ydyH b Ba @ NapHuHr b Ba @ acauIapu yuyH a@x =b TeHr-
JlaMand eudt kugos. CyHrpa ¢ roMoMoph/MKKAa acocaH a@®
@x =b XocH1 Gynagu Ba yHHHT eunmu a-t x =b  TeHrama
€YUMHHHHT OOpasHiaH HOOpaTaHp.

3-Trabvpud. R xankanu R’ xajakara romomopd axCJaHTH-
PyBuH @ :R— R’ akCIAHTHpHW! R HMHC Xap Xu/ 3JIEMEHTJ/IADH-
HH R’ HMHC Xap Xus1 snemenTJiapura yTKasca, AbHa Y @, b €R
YUyH a 5= b=> @ (a) # @ (b) 6y.aca, ¢ akcaaHTHpuil R Hu R’ ra
u3oMopgp axkcaaumupuwt Nefmnapd. R xankanuur R’ ra romo-
mopdamiry R ~ R’ opkami, wsomoppumrn 3ca R = R’ opkauu
Oe/rusaHagy.

Hcranran usomopd axcaaHTHpuur romMomopd akc/aHTHPHLI
6yarann yuyH ¢:R—R’ wusomopd akCIaHTHpULLAA HOKOpHAA
KeJNTHPUITaH TeopeManap ypHHAu Oyaaiu.
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R xankanu y3-yaura usoMopd akCJAHTHpPHILH R XaJKaHWHI
asmomopghusmu Jeiinnaiu.

Bynjaan rtawkapu, arap ¢ (R)cC R’ 6Ysca, ¢ akcianTHpHIL
uunra akcaanthpuwl, ¢ (R) = R’ 6yaranpa sca ycrtura romomopd
aKCJIAHTHPHIU e IOPHTHJAMIH.

Mucon. a, b€ Q 6yaranaa a -+ bV§ KYPHHHILZATH COH-
nap Ttymaamumen Q[ }/3] opxam Genrmmaiimk. Y xoaja
<QV38], -+, —, -, 1> arebpa xanka 6yaamm pa ¢ (a4
+bV3) =a—bV 3 akcranmnpuiu Q [}J/3] xankamM V3- y3u-
HHHT YCTHTA aKCJAHTHPaAH. MasKyp aKC.TaHTUDHU TerHULTH 3Je-
MEHT/IADHM KYIUMII Ba KYMAHTHPUUIZA XaM CaKJaHaRH.

XaKuxaran, arap X =a-+ bV?S_, y=c+dV3 'necax,
p(x)=a—>b 1/3, oY =c—d ]/3 6ynagd xamaa
o (v 5)=0 1@ +bV 3)(c+d)V 3) = (ac — 3cd) —(ad+ba))/ 3
oW =@—b) 3 c—d} 3),
Qlx-y) =) @y
e+ =ola+oV ) +e+d) MN=olla+)+06+
+dV N=@+)—@+dV3=@a—bV 3+~
—dV ) =00+ 9@, ok+y=0x@+0@

TEHIVIMKNap YPHHIUIHD. _
Hemak, ¢ akcnautupsw Q []/3] XaJKaHHHT aBTOMOPGHHIMH-
JaH ubopaT 3KaH.
Mawkaap
1. Z >~Z], 5KaHIHTHHU KYPCATHHI.
2. a, b€ Q 6yaranna {a+ b]/Q} sa {a+ b}/ 3} xamxa-
Jap Haomopp 6ysanumu?

3. Ukkura uekaM xajaxka y3apo u3aoMopd 6yuca, yJapHHHT
371EMEHT/IAPH COHM TYFPUCHIA HHMA NeHWLl MYyMKHH?

29- §. MARJOH BA YHHHI COLIOA XOCCAJIAPH

l-trabpud. Kamuga HKKITA Xap XHa 3jeMeHTra sra 6yJ-
raH & KOMMYTaTHB XalKa 3JeMeHTapH yuyH a 3 0 6yarasja
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ax=b )]
TEHIVaMa firoHa ewuMra sra Gyaca, Oynfait Xxanka Mmadoon
JeAnnaam.

OHOH MaiiIOHHUAT TabpHOHZAH KesM6 YHKAAHraH Gab3u GHp
copma xoccaJgaap OulaH TaHMIOHO YTamHs.

1°. HcTtanran MaiioH KOMMYT4aTHB Xa/jKa GyJraHHAaH KOM-
MYTaTHB XA/KAHHHT 3/1eMEHT/Iapy Y4YYH YPHHJH 6yarad 6apya Xoc-
canap (ucranrad a € & yuyH — @ €5 HHHT MaBXKY/ Ba ATOHAJIHTH,
ACOHA HOMb 3JIEMEHTHHHT MaBXY/JIMCH, 71 Ta 3JeMEeHTHH KynaATH-
PUMIUHHHT' ACCOLMATUBR/MIH, @ 3/]eMeHT YuyH == na Kappaad 3je-
MeHTJIADHHHT MaBXKYIJMIM Ba Goikanap) MaHIOH 3JIeMeHTJ/apH
YYYH XaMm 6aapujaju.

2°. Hcranran & mailioHAa GUP/HK 3JeMEHT MaBxyA Ba Aro-
Hagup (ucboTnaur).

3°. & MaliloHHuHr HOJfaH (apK/IM HMCTAIraH d 3JeMeHTH
yUyH TeCKapH @' 3/eMeHT MaBKyJH Ba ATOHAIHP.

Hc6ortu. Maitnon tavpuduaaru (1) Tenraukza b =e ge-
cak, ax=e 6y.m6, x =a ' aup. a0 ydyyn Teckapu @’
S/IEMEHTHHHT AITOHAJMTH  MYJIbTHILMKATAB [Pyrna 3JeMEeHTH
YUYH sICOHA TeCKapH 3JeMEHTHHHI MaBACYAMUMHHY HCGOT/IAL
Ka6u ucGormanagu (21-§ ra kapaur).

4°. Maiiion HOMIHMHr 6YJyBYMaapura sra 3mac.

HUc6oru. Teckapucnuu ¢apas Kumami3, SbHH MaiI0H HOJ-
HUHT GyyRumiapura sra GyvcuH. Yuaa a == 0 6yJaraiaa

ax =70 (2

TEHr/IaMa eYHMH XaM Hosujan $apid 6y Kepak. (2) HHHr
MKKajla TOMOHHHHM Yanjai a~' ra Kynaiitupamus: a~* ax = 0=
—~ex=0=x=0. By 3ca (2) Teursiamanuur Hosmac eyumra
sra skawmurura supaup. J[emak, ¢apasMmMu3 HOTYFpH 3KaH.
Miyunaft kunu6, MaiiloH HOJMHMHE GY.JTyBYHNApUra 3ra sMac 3KaH.

V3 yaunan mawbaymku, maitionna e % 0, SbHH GHPIMK 5.e-
MEHT HOJb 3JeMeHT OHJaH ycTMa-ycT Tywvaiad. Jlekun xain-
Kajapjla 6yarand KaGM MafIoOH/Map XaM HOIb Ba p XapakTe-
PUCTHKAMK 6N MYMKHH.

Tavpud. Arap n € N 6yaranga ne=0 TeHrMK Xap KaH-
Aad n yuyH Gaxapuimaca, OGyHHall MaHIOH HOJb XapaKTepHCTH-
Kajad Maiifgod JAefunanu.

Arap n + 0 Gyaranna ne =0 Gakapuica, y X041 p =
= min n ge6 GenrinafiMu3 Ba Kapa/naéTraH MaildoH p Xapak-
TEPUCTHKAMI MalJOH JeHnIanu.

Bapua comsu MaftaoHsap HOMb  XapaKTepuACTHKAMH OYJIanu.
(HMc6ornanr.) Z/,, Mainon MKKH XapaKTEDHCTHKAIH OY/afd.
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Yynku Z/,, = { ¢y, ¢} 6yu6, ¢ # 0, aekun ¢, + ¢, =20, =
=c, mup. by maiifion Gab3an GF (2) opxann Genrusanagn.

Muconnap.
1. Pauyonan Ba XaKMKMA COHJAp XankacH MaiOH Gyramd.

2. a, b€Q 6yaranaa {a+ b 1/2} Tyn1aM MafifioH GynafH.
Byuunr yuyn ¢+ 0, d=0 6yaranma (@b VQ) (c+
+d V2—):1 =m+4n) 2 sKanuruEM KypcaTHW Kepak. UyHKH

{a+4-6V2} TYNAAMHMAT KOMMYTATHB XajlKa TAIUKHN STHULTMTH
6usra MabayM. XaKuKaTaH,

——1_g+bV§ —
@+b6V2)(c+dV?2 =G
_@+oVHe—dVD _ (ac—2bd) +(bc—ad) V2 _ 5
T c+dV)(—dVD ¢? — 242 _m+nV2’
@+oV+dVd) '=m+nV2

6)°IJIH6, Gy epaa m = ac —2bd — bc — ad }

2 —242 ' ¢z —2q?
3. Z],, Ba Z], xankanap maiifon Gynamu.
Z];) HMHT MaHIOH SKAH/TMTUHY Kypcaramus. Mabaymku,
Z/, ey ¢y €} 6ymub, Gy epna aieMeHTIApHH KYUMUI Ba

KYHaiTHpHIL KyHMAar{ya aHuKJIaHap 31M:

' + Co cy cy . Co Cy Ca
Co ¢ Cy C2 Co Co Co Co
[ [ Ca Co 1 Co €1 Ca
Ca () Co Cy | Cp o Cy Cy

Hemak, c; +c,€ Z/, Ba f'ct--cl. €Z/, O5KaH. By tynaam-
mac,x=c,(k%0, e=0, 1, 2) TeHrsamMa JOAMO SITOHA €YHM=
ra sra.

4. Z/ w ={Cp C1» €y €4} MekimOH OYJIMaiIM, UYHKH y HOJ-
HUHT OyJslyBYnapura sra. JIapXakKukar, €y 5= Co, JIGKHH Cy°Cq =
= Cy.

g- Kospduunentaapu paumonan connapian uéopar 6y./ran
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f('x)=ao+GIX+azxz + o . +an_lxn_l+anxn

KypHHHIWAArH KynxanJap Gepuaran GyJcHH. Q MaHIOHAA eYHM-
ra sra GyjmaraH TeHrsamanap (macanan, x°- 1 =0) masxya
6ynrand yuyn @ (x) = by, +bx +b,x* + ... 4+ b x" % 0 nesa

L&)

oniaMu3. Suau @ (x) #= 0 6yaranza ) Kypunupary QyHKLUHs
X

Jap tynjamuud Q(x) pe6 Gearuwnmaiimus. Q(x) A2 KYmuiu Ba
KYNa#THPHIL aMmaJ/llapiHH KyHuJar{ua KHpu{TaMH3:

[ L v _ f@-hD)+e@)vE)
X ;p((x)) +¢h((§) f( )\P(‘p)(xyh i oo e
o)X ¥ T +0, h 0).
Vow ke gwrwm O (970
[, v [ $() .
eMaKk, — -+ ——=€Q=(x), = —= 3KaH. Q(x
Hewax, o2+ H€Q=(), (oL €Q) swan. Q)
na xap 6up fl‘—("’);eo YUYH TECKapH 3JeMeHT MaBXY[.
X

Xaxukarau, :% pl) = %?) Hur (d(x) # 0, @ (x) 0,

f(x) = 0) nxkana TOMOHHHH Q) =(Ui))—l ra KynauTtHpcak,
o \p@
o (x) = £ ¢ 6 1y srammrn mabayM 6aau.

d(x)-f ()
Hemak, Q(x) maitnoH skaH. By mafigoH, onaraa nucGatniap
(pauvoHan ¢yHKUMANAp) MaHAOHH Je6 IOPHTHIANH.

Mawmglnap

Ky#unarn Tynnamnap MaiiioH TallKW/ KWJAaJHMH?

1. Bapua Hatypan coHJap Tyniamu. -

2. a, b€Q Gynranpa a+ b} 3 KypuHuwpary cOHaap TYym-
JIaMH.

3. p Ty6 con Ba @, b€ Z 6yaranaa Gapua a -+ by p xypu-
HHILJATH COHJIAD TYNJIaMH.

4- Z/py=1{0, 1,2,...,p—I1} ynnam. By epsa r = 0, 1,
2, ..., p—1 nerannma Gupop m€Z coHHHu p coHra 6y M-
JaH xocua1 GYaraH KOJIAHKHH TYILYHaMH3.

30- §. KUCM MAAAOH

I-Tabpud. & MalilOHHHHT KaMHAa MKKHTa Xap XWJ 3Je-
MeHTHra sra 6yJraH @ KHCM TynJaMH & Jla aHHKJaHraH KYyLIHil
Ba KYNaiTUpHLI aMajlapura HucGaTaH Maii[oH TaluKwi 3rca, Q ra
& HUHT Kucm matidonu (& na KHCM MaifoH) AeHHJafH.
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Teopema. & MaWIOHHHHT KaMHIA HKKHTa Xap XWJ1 3Je-
MeHTHra 3ra Gyiran Q KucM Tymiamu & Ja KMCM MaHIOR XO-

CHl KHIHLIM YYYH

a) a—b€Q, a-beQ (Va, bEQ);} (h
6) a='€Q (0+a, Vac€Q

LIAPTIAPHUHT Gaapu/MILK 3apyp Ba eTap/d.

Hc6orun. 1. Q xuem wmaiinon 6yaca, (1) wapr anGarra
Gaxkapusianu.

2. (1) wapr Gaxapuiran xXo/aaa, Q HUHT MalaoH xocua
KHJIMIUMHK HCOOTIAfMH3.

a) waptra acocay a€Q 6yuarand yuyn a —a = 0€Q 6ysu6,
Q na HOMb 3/eMeHT MaBXyA. SIHa wy a) wapr 6yinua Ya€Q,
0—uv=-—a€Q pan Q ma a ra KapaMa-Kapll¥ 3JIEMEHT MaB-
XKyl DHEH VY a, bEQ uH oncak, —bEQ Gyarauupan g —
—(—b)=a-+bra kenamus. Ulyupai Kb, VY a, bEQ
yuyn a-+b6€Q Ba a-b€Q, abvHu Q TYyIJaM SJEeMeHTJapH yuyH
MKKHTa GMHap a/jre6paux ama] aHHkJ/aHrad. Q Tymnam & Huur
KHCM Tynsamu 6ym6, << P, -+, -, 0> KOMMyTatHB Xxajka
6yaramm yuyn <Q, 4+, -, 0> anre6pa <P, 4, -, 0>
HHHT KHCM XaJaxacu 6V.aau.

6) waprtra Mysopuk WV a€Q (a # 0) yuyn a'€Q 6yura.

HHJAH, flHA a) ra acocad, aa’ =e€Q kequb uukamu. Ha-
Txata < Q, 4, -, 0> HHAr MaiiloH 3KAHJMIH TaCAMKJ/aHa-
AH.

Xap Gup & MalZOH Y3MHMHT KHCM MaifOHH JKAH/IHTH paB-
wan. Wy caGa6nu & Maiiponra wy & HYHE XOC KHCM Maiio-
HU Refimu3. & naH dapxsu xap 6up Q <& KHCM MAHIOH Xoc-
MaC KMCM Maiiion fe6 aranaji.

Oy Kyiuaard Tabpuduu Gepamus:

2-Tabpud. Xeu xaungaif xocMac KHCM MaijoHra sra 6y.-
MaraH MaiioHra munuman (Eku my6) MalOoH NeRPJamH.

Teopema. Hemanzan & maddonnune 6apua Kucsm mMad-
donaapu Kecuwumacu MuHumManr KUcM Maioon 6yra0u.

Hc6oTu. dapas kunaitmk, & maition k 1@ &y, Py, ...,
&, KHCM MaiiIoHra sra 6yacud. Ansan &) PN . - &L, =&F
HHHI KMCM MAiMfIOH SKaHAuruHK Kypcatamu3., KecHUIMAHWHT Tab-

pudura acocan a€; sa bESP; (i = 1, k) Gyaranparuxa a €&’

I3
Ba b Gynanu. &, nap maiton Gysranu yuyd a + b€ P; Ba
a-beP; (i =1, k). Yuia ana KecHUMAHHHT TabpUMra acocan
a+bcd Baa-bcP Gynanu. Bynman Tawxapuy d€& fau
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a~' € #; sxannwrwra acocan, a~' € F' aup. Hemak, &' Maiinon
3KaH.

Sumu &’ nuHr TY6 MaiiloH SKAHHTHHM KYpcaTaMu3. &' KHCM
Maipaon Gapua &; (i = 1, k) xucm Mai \OH/IapHHHI _KeCHI!IMACH-
JaH ubopat 6yma}m yoyn &' =&, a ' =& Jmp

Teckapucunu ¢apa3 KrJalavk, sivHH Kawjaiaup Q' xam &
HUHT Ty6 KHCM Maifionn 6VJcuH. ¥ xonna Q"= 1Q" mafinon
siHa & WMHT KHCM Malfigonnapnaad OMpuHH TAIUKWI STalH Ba
6y epra Q" =&’ Ba Q" =Q’ nup. Jlexun &’ Ba Q’ nap & HuHr TYO
KMCM MaiiIOHlapi 3KaHJauMrura GHHOAH OXHPTH MyHOcaGaTiaH
&’ = Q' = Q" xem6 uukaiu. Teopema uc6OT 6YJaH.

3-tabpud. Kyinaaru xoccanapra sra 6yaran Q@ tyn-
JaMIra payuoRaa cOHAQp Matidonu JeHHaanu:

1) Z< Q, avuu 6apua GyTyH connap @ Aa caxnaaHaam,

2) Q — maiinon;

3) Z Tynaampary COHMADHH KYWmMIU Ba Kynaiimipuii GHHAp
anrebpank avajagaap Q IarH KVUMw Ld KynalTHpHIL aMajjiapu
6unan ycTMa- yCT Ty,

4) Q@ —1y6 MaiifoH.

Q MaliJOHHUHI 3JeMeHTJIapH palLMOHan coHnap AeG artasafu.

MakTa6 matemaTMka KypcuAaH MabiyMKH, HCTaqraH pauHo-

HAJ CON —= Kypunmwra sra 6yau6, Gynpa Yvm, n€Z (n + 0)
n
6ynamu. Pauuonas Coniap KyMMaarn xoccasapra sra.
l)£=§wwm=m (n 0, 1+ 0);
n

m%+§=ﬂ%ﬂ (n 0, [+ 0);
9 Z.E k(o 10

n { n
4 2 %:%L (n=£0, k=£0, I+ 0).

m-n v
m = —— 6y/arann yyyH Z < @ 3KaH/MMrH Kequ6 uukamy. Dus
n

6yun Tabpudaa xam 3cnatHG YTraHMHs.

29- naparpacdna Gaéu sTHraH Gapua XOCcanap  palHoHan
COHJAp MaMAOHH YYYH XaM Gaxapuinb, Q HUHT OHPJHK 3J€-
MentH | paH, HOMb 3nementh 3ca 0 nan uGoparmup. 0<a€Q
6yarania a-1 = 0 Tenrymk GaXkapuiMaraHaurH  yuyH Q HOMb
XapaKkTepHCTHKaIH Maiifion GynaiM.

92

www.ziyouz.com kutubxonasi



31-§. TAPTUBJIAHTAH MARJIOHJIAP

Bu3 MaliIOHHMHT aKCHOMaTHK TabpHPHHHU GepraHuMH3-
Ja YHHHT 3JEMEHTJapira Xed KaHZAH yYeKJauuuiap
(iwapraap) xyimarad sauk. By snementnap yuyn ¢akat-
ruda HKKHTa OGHHap aJare6pauk amaj Ba OHDP KaHuya akK-
cHoMmaJsap GaxKapuaHI¥ Tanal KUJHHAD 3MAH, XOJOC.

3uau MmafifoHaa MycGaT 3/7eMEHT TYIUYHYAacCHHH KHpPH-
TaHJIHK.

> — Taptu6 MyHocabaTu GY/CHH.

Arap < A, +, -, | > TaptuGnaHran MaiIONHUHT @ 3Je-
MeHTH YYyH a-+a=a B2 a-+-a>ala>a-+a) wapriap
6axapuaca, y Xosna a 3JeMEHTHH 11y MaiJoOHHMHT  myc6am
(Manguii) saemenmu NeHHIaNU.

l-taspud. Arap & MaliloH 3NeMeHTNIapM YYYH MycGar
6y UMK XoccacH (63 6y Xxoccanuw > () opkaau GesruiadMus)
aHuKsaHraH Gynub, YHUHT y4yH KyfiMgaru akcuomanap 6Ga-
wapuica, < P, +, -, 0, 1, > > cucremara mapmubran-
2an maldon peRMIamy:

1) & MailigoHHMHT HCcTaMra a sieMeHTH yuyH a >0, a =0,
—a >0 wapiapaH ¢axkaTruHa GHTTacH GaKapu/iand;

2a>b, b>c(Va b c€P) 6yaca, y xomma a>c
Gynanu;

3) arap a >0, b >0 6ynca, a4+ b6 >0 Ba a-b >0 6yramu.

2-trabpup. Arap —a >0 6ynca, a ra mauduii s/emeHT
Jedunanu.

3-taspud. a, bEP nuur a —b altupmacu mycbar 6y.ca,
a 3JeMenTt b ajeMeHTAaH kamma LeHujaid Ba a > b Opkaau
fearnianagu, Oynfail xonga b sneMeHT a AaH Ku<ux 1e6 topH-
THIagM pa y b << a opKan é3unaju.

Arap a —b afiupma mauduii anementnn udopanaca, a 3Jje-
MeHT b sseMeHTAaH KHuuK Oysiagd. Yyskw OyHjalh Xo/ha
b —a=-—(a —b) asnemenr MycGar Gyaranu yuyH b >a €kd
a<b. a—b=0 pgan a=b 6y ¥3- Y3unaH MabAYM.

1- meopema. Tapmubranean matdoHHuHe a mycbam sae-
faneumu 0 dan kamma ea mangud b sremernmu O Oan Ku4uK-
up.

Hc6otu. a—0=a myc6ar Gyaramu yuyH a >0. Ily-
Hudriek, 0 —b = —b nuur MycGatmurunad 0 —b >0 €xu
—b >0 kemb ynkag.

Arap a < b myHocafaTna @ 3/JeMEHT b HMHT 4am TOMOHHAA
Ba b 3/IeMeHT @ HMHT YHT TOMOHHAA TypalM .1e6 1uapTJialIcak,
Xamma Myc6aT 3sneMentiap O HuMHr  YHC TOMOHMAA BAa Gapua
Mauduit snemeHTiap 3ca 0 HMHT uam TOMOHHAA >KOWJALlraH
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6ynamt. Bynpait TaprnGnasuwi, omatma TaGHHA ycysiga TapTHG-

JiaHn je6 IopHTH/IalH.
Taptubnanray & MalAOHAArH 3JEMEHTHHHI MOAYJH JeraHja

KYHHIArdHH TYyLyHaMu3:
_[ a a>=0
Ja} = —a, a<0.

KynaiiTva Ba HMFMHAMHHHI MOAYJH KyHMJarM 1aprjapra

6yicyHaau:
la-bl =lal-1bl; la+ b < la| + Ib}.

By xoccanapHu YeK/IH COHIArH 3/eMEHT/ap yUyH Xam €3HIl
MYMKHH. laf? = a? = |—a|® > 0 mynocaGar ypunmt 6yau6, Gy
epaa (a = 0)«>(a® = 0) Gynanm.

e ajieMeHT ¢ MaHAOHHUHT OHDJHK 3JIEMEHTH.
6yrann Typadau e mycar, ne=-e-4e -+ ...-+ e HHFHHIH N

— ——

e=¢e—=e?

n
Ta MycGaT >3JeMeHTHMHT fiuFuHAMCH GYyarann yuyn ne > 0. Ile-
MaK, n =ne = 0 TEHIVIUK Xeu BaKT GakapHiMaraHd y4yH Tap-
THOJIAaHTaH MalfIOH OMMO HOJIb XapaKTePHCTHKa/JH MaHnoH 6yJa-

IH.

Harypan consapan wmyc6at, yaapra Kapama-Kapuix
COHJlapHH MaHdHi ne6 lopuTcak, 6yTYH COHJap XankacH Z
HH (dakaTtruHa OHp xua ycynana (bHH Tabuuit ycyana)
tTapTHOaalwl MYMKHH Gyaaan. Bynnait Xonga 6Gapuya MaH-
GHuit COHNAp HOJHHHT 4an TOMOHHAa, Oapua HaTypaJ COH-
Jap HOJIHHHT YHI' TOMOHHZA Xoiliamaay.

4-tabpud. Arap R xanka (# MaliloH) 3/ieMeHT/IapH yuyH
Apxumes aKcuomacu Je6 artaslyBuM, S’BHM McTajiraH @ Ba b >0
CoHJIap yuyH wmyHja#l n € N COH TONMMNaIHKH, HaTwxala nb >4
6ysapn, ne6 aranyBud akcuoMa Gaxkapunca, R xanka (& mafi-
JoH) ra Apxumed mawHocuba mapmubiarean Xxarxa (Madoon)
Jefinnaau.

Maiinon nomMo GupymMK anemeHTra sra Gyarasu  caGaGau
Apxumen akcuomacu Mafiion yuyH (Va€P, qneEN)ne>a
KypuHHIIra 3ra GyJanu.

2-meopema. bBymyn consrap xarkacu 6a payuoHas coH-
rap maudonu Apxumed mavHocuda mapmubrarnzaf Gyradu.

HMc6oru. Assano Z uunHr ApxuMel MabHocuia TapTHOJIaH-
ran 3KaHJMTHHH Kypcatamu3. @ na b >0 OyTyH codsap Gepu-
raH Gy/cHH. Arap a < 0 6yaca, y xonaa 1-b=b>a 6yragu.
Arap a >0 6ysca, y xonma a Ba b HaTypad COHIAp YYyH
n=a-+1 pe6 omw kubosa. Yuaa nb>a Oaxapuwiagu. [e-
MaK, Z ApxuMeA MabHOCHZA TapTHOJAHraH XajKa 3KaH.
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Oumu Q Huur ApxumeX MabHOCHAZ TAapTHOMAHTaH SKAHIHTH-
HH Kypcatamu3. dapas KuIal/MK, @ MCTAAraH paLUMOHAJd COH
6ym6, b >0 6ycuH.

ByHaa ky#uaard MKKY X0 DYJHIIM MYMKHH:

1) @ < 0 6ysacun, 6ysnair xoa1a |-b = b>a Gakapuaanu;

2) a>0 6yacun. a € Q 6yaraHd yuyH YHH Q = % ({+0)

KypuHHIIAa Hoonanawr MyMKHH. @ >0 3IkanmruiaH k& pa |/

JIADHHHT HKKaJacH XaM GMp X1 uwopand 6ynamd. ¢ %= 0 yuyH

k k-

n =—l—° waptra acocaH R Ba [ HHHT HIIOpAJapHHH JOHMO
-C

Mmycbar ae6 xucobnawr MyMmkud. Jlemak, !> | pe6 kapaur Mym-
KuH.  Afiralliuk, a = T = ':—>0 Oysacud. Y Xoaga

nb =2 6ynu6, k-s=n-m-! WAPTHH KAHOATIAHTHPYBYH n,
8§

yuyn nyb =a Teurmuk ypunm. Jlekud (ng + l)ml > ks 6ya-

raud Tyaisin OXMprH TeHrcus/iuK faH (n, + 1) E;— > —[k— Kesuo

upkand. CYHITH TeHTCHHMK 3ca (n, + 1) b >a 3KauJurHHH
6unpupagu. Teopema ucGoT GYJIAH,

32e§. XAKHKHA COHJIAP CHCTEMACH

Bu3s pauuoHan coHsap MaHAOHHHHHT ApxumeX MabHOCHAA
TapTHO/MaHraH MalAOH SKAHJMTHHH Kypcatduk. Jlekun 6y Mmait-
JoHAA

x—{2 =(0, (D
KYPHHHULLJATH KBaApaT TeHr/i1ama euumra ara smac. lIyuuur yuyn
Q MaNJIOHHM KeHraHTWUpHIl MacajacHHH Kysamu3. Dy kenraiitma
wyHna# OYJuIIH  KepakkH, y Q MafiloHHH §3 Huura OJIMIUK
xamaa yaga (1) KypuHHWIArH TeHrVIaMasjap euuMra sra GyJIHLIM
Kepak. ByHHHr yuyyH ¢yHnameHTasn KeTMa- KeT/MKJAp TYLIyHYa-
cuaan oijanaHaMHs.

dapa3 gunaitauk, Taprubianran & MalfoH xamAa 3/eMmeHT-
Japu uly maiiloHra TerHuuiM Oyarad a,;, a@,, ..., Q. ... =

={a)p > by, by ... be, ... ={b)s., KeTMa-KeT/ukJap Ge-
puaras GyJcHH.

l-Taspud. Arap ucrasrad e >0 yuyn wynpait n = n,(e)
HaTypaj con Mamkyn 6yJacakd, p >N, Ba g >n, ioMepaap
yuvi |a, —a,| <e rtenrcuamuk Gaxapunca, {a,}® , Kerma-ker-

JHMKHHI pyHOamenman ki Koww Kemma- kemauew Jeiunamu.

95

www.ziyouz.com kutubxonasi



I- meopesma. Hcemanrean SKuniQuUIYedl Kemma- KemAUK
pyndamenman Kemma- Kemaux 6yaadu.

Hc6oru. Qapas xunaimk, a,6& Ba a€& Gyaranpa
’1‘1'\:2 a, = a GYyJCHH.

SIKMHJIAIIYBYH KeTMa- KeTVIMKHUHT Tabpugura acocaH HcTal-
ran € > 0(e €5) yuyn wyHmaii no€ N maexyaxm, (@, —a|<

e
<3— TEHICH3JMK 71 > ny(e) 1UAPTHH KaHOATIAaHTHPYBYH Gapua

n€N nap yuyd Gaxapunagu. Arap p>n, q>n, 6yaca, a6-
COJIOT KUHMAaTHHHT XoccacHra GHHOAH KyHMAAruJapHu €sa oJfa-
MH3:

la

,—a,l=lag,—a+ a—al < Iap—-al-{-

g e
+[aq—a(<?+?=e.

Mynnait kw6, |a, —a |=e 6yarand yuyH {a,} xerMa-Ker-
JHK GyHIaMeHTasl KeTMa- KeTJHK GyJauu.

Jlekun q; €& (i =1, 2, 3,...) 6Yysranga [Gapua ¢yuna-
MEHTaJl KeTMa- KeTJIMKJAp JHMUTH fHA & MalJOHra Teruuig
6ynapepMaitan. Macanan, reoMerpusiiard yMyMu#l yJHOBROMI BA
YMYyMHH YJyoBaom GyJMaraH KecMmasiap TYWYHYaJApuHH —OJaki-
UK. Arap xecManap yMymuil YUMOBHOW GViica, YJIapHUHT Y3yH-

m )
JMKJApM — pauMoHaJ COH GHW/IaH y/NaHajM Ba aKCHHYA, Xap
n

m v =
GMp ~— palHOHAJ COHra Gup XKydr ymymuit yauosfjomi Kecma-
n

Jap MOC KeJafd. JIeKMH KBaJpAaTHHHT TOMOHH OHJaH YHHHI
JHAaroHaJu yMymH# yuosnowl GysMaraH kKecmanapiup. LIynuuP
YUYYH KBajpaT JHATOHa/M Y3YHJIMTM YHHHT TOMOHH Y3YHJIHIH
ODKaJId Xe4 KasjaH pauuoHal coH GusiaH HdojajaHMaHaH.
Ilynunrnex, 3JeMeHTVIapy palMOHa/ COHJIapAiaH wGopat GVJI-
rag {a }> , dyHAaMeHTa/l KeTMa-KeT/MKHHMHI JHMHTH 'MaBXYy.
6yJica, y xap AOMM XaM paLMOHa/] COH GyJsiaBepMaiiu.
2-trabpud. & TaprubianraH MaiJoH GYJiHO, YHHHT 3Je-
MEHTJapHaH TY3HJraH xap Kanaad ¢hyHaaMeHTas KeTMa- KeTJHK-
HHHT' JIMMHTH fiHA MaHJOHra TeruuwiH GyJca, & ra mgra mad-
doxn pedinnanu.
Macanan, pauxoHas con/Jap MaHIOHH TyJa 3Mac.
3-Tabpud. Arap & Apxuven MabHOCHAA TapTHO/MAHraH Ba
TyJa Maliion 6ysica, yHmal MaloHra ysayxcu3 mallor Refv-
Jaju.
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4-tavpud. Kamuaa uKKMTa Xap Xua 3JeMeHTra_sra 6y.i-
ral TymJjaaM 3neMeHT/apH Y4yH KyHugarh akcHomaJjaap Ga-
®kapuica, < R, 4+, :, >R cucremara XakHKHH COHJAp
CHCTeMacH AeHunajy:

1) R tynnam Q maiifjonnn Y3uja CakJjoBun MadNOHAMD;

2) V- a, b€ R yuyn ryimparn yu XxoamaH dakaTruHalGur-
TacH Y pHHJIH:

a>bh a=0>b &un —a>b

3 ¥a>0, ¥b6>0 (Va, bER) yuyn (@a+b>0OA
(@b >0);

4) ucranran a€ R Ba 6> 0 yuyH wynpait €N Tonunanu-
KH, HatHkKaja nb>a 6ynagu (Apxumel aKCHOMAacH);

5) anementnapn R ra rtermum 6yaran {a.}. | _bynnaven-
TaJ KeTMa-KeTsMK R ra TerHiif JuMUTra ara.

By akcuomanapian KyHHAarwiap aHuxJ/JaHagu:

l. @ < R 6yarann yuyn R HHHr GHD/IHK 3JjeMeHTH @ HHHD
6GUpJHK 3seMeHTH GHJIaH yCTMa- YCT Tywaid, UIYHHHT Y4YyH
yHu 1 pe6 Gesrunafimus., Dynpait xonga a %<0 yuyd a-g7 ! =
=a t.a=1 6ynagn.

2. 1) akcnomara acocaH R maifon 6yarand yuyyH yHza
MaiJoHHHHr Oapua xoccanapu (29-nmaparpajpra Kapaur)
6axkapuJaaiH,

3. 2) Ba 3) axkcHomanap R uuHr TaptH6JaHraR MailoH
3KAHJHTHHH KypcaTajiH.

4, 4) axkcHoMara acocaH R Apxumex MabHOCHAArR
TapTHOJIAHTaH MaRAOHIHP.

5. 4) pa 5) akcuoManap R HRHr Tysa Ba Y3NYKCH3
MaiilOH 3KaHJHMIHHH KypcaTaiH. ;

+

Mawgaap

1. Arap a, b, ¢ Ba d nap xaKukuii comjap O6%aca, Kyfiu-
JIarHJIapHH  HCOOTJIAHT:

a) a<b 6yarauna a + c<<b+¢;

6) a> b 6yaranga ¢ —a <c—b;

B) a<b 6ymb, ¢c<<0 6ynca, ac>bc; ¢ >0 G6yaranaa
aca ac < be;

r) a > 0 6yuca, % > 0 6ynanu.

2. PauuoHasn counap Madiponuza x:—p == TeHrJiama
(p —Ty6 COH) euHMra sra 3Mac/Mr¥HH HCOOTJIAHT.

3. x*—p =0 TenrsamMa XaKukU# COHJAp MAaMAROHHIAA €UHM-
ra sra 3KaHJHTHHH HCGOTJIaHT.
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4. DrleMeHT/IapH palHOHAN COHMapaH ubopar 6Yarad {a,},.
{b)r 1 - - - KeTMa-KeTVMKAap TynAaMuuM F 1e6 Genrunafiuk.

a0 -
{a, — b,},._, HOJIra AIKHHAAUIYBYK KeTMa-KeTJK Gy.ca, {a,}p {b,}
ne6 onamu3. Illywjaft mwapTaa p HUHT 3KBHBAMEHTVIMK MYHOCa-
6aTH 3KAHMIHHY HCGOTJIAHT.

33-§. KOMILIEKC COHJIAP MARAOHH

MakTab MaTeMaTHKa KypcuZaH MabJIyMKH,
x4 1=0 (1)

TEeHI/IaMa XAKHKHE COHJAp MaHNOHMAA euumra 3ra smac. LyduuHr
yuyH 6M3 y3 osgumusra R = <R, +, -, 0, | > malgoHHH
LiyHAaH KeHrafTHDHII MAcajJacMHM KYSAMH3KH, HATH:XKaja y KeH-
rafitmana (1) Teursiama euumra sra GyncuH. R MalnoHHW §3 Hu-
ra OJyBYM KeHraliTMa MaHAOHHHM KYPHIUHHHT OMD KaHya ycy.aja-
px MaBxyd. XO03up Iy ycyaiapAaH OHTTacHHH GaéH KHJIaMH3.

DyHHHr yuyH aBBajo UcTadraH a € R xakuxui coura (a; 0)
KybTiMRHE Moc KyaMu3. Duau bER 6yaranpa (a; b) TapTub-
JaHran kybraukaap rtynaamuud C e GearwaaiiMua  xamia
6y TYnaaM 3/MeMeHT/IapH YYYH TeHIVIMK MyHocaGaTHHH, KYUIMII Ba
KYNa#THpULI KaOH GyHap aiareGpaHK amajyapHd MOC paBHLIAA
KyHunard akciomasap éplamulia KHDHTaMH3:

1) (@; b) =(c; d)y=(@a=)N\Ob =d)(V (a; b), (c; D)EC);

2) (@; b)+ (6 d) =(a+c; b+ d) (V(a b), (c; d€C);

3) (a; b)-(c; d) = (ac — bd; ad + be) (¥(a; b), (c; d) €C).

YOxopunaru axcuovanap {(a; b)|a, b € R} rynnamuuur xydr-
JIHKJIapHH KYIMII BA KYNafTUDHIL aMajjlapura HucbataH ErnHK
SKaHJMIHHH KYypcaTagu.

I-meopema. {(a;, b)|a, bER} mynram Kommymamus
xaka 6gradu,

Hc6oru Assano C ={(a; b)|a, b€ R} Tynravuuur amiu-
THB Ipymna 3KaHJMrHHM Kypcaramn3. Xaxkukarad, 6y rynjaamaa

a) (a; b)+ (¢; d) =(c; d)+ (a; b);

6) (@ b))+ (c; )+ (e [) =(a; b) + ((c; &)+ (& D)

r) (a; b))+ (0; 0) = (a; b);

r) @ b+ (—a; —b)=(0; 0)

wapriap Gaxapuarann yuyH < C, 4 > anre6pa afguTHB
rpynnadup. SuaH C TYNJIaMHUHT 3J1eMEeHT/IapH YYyH

@b dy+@ =@ b, d+@beEH @
o8
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TEeHIVIMKHUHT Ga)KapUJUIUHHK K{pcaTamHs.
(2) TEHIJIMKHMHI Haml TOMOHMra aBBaj 2) aKCHOMaHH, CYHIpa
3) akcHOMaHM KYJJIacak,

(a; b)((c; d) + (exx))) = (ac + ae —bd —bf;
ad 4 af + bc.+ be)) 3

xocus 6ynafu. DHM (2) HUHT VHT TOMOHHMra aBeaj 3) aKcuo-
MaHH, CYHrpa 2) akCHOMAHH KyJJaHMH3:

(ac — bd; ad + bc) + (ae — bf, af + be) = (ac — ae —
— bd — bf; ad + af + bc +{be). 4)

(3) ra (4) uuHr YHr TOMOHJApu TeHr O6yJjranu yuyH (2) TeHr-
vk ypunaunup. Wlynnait kum6 < C, +, > anre6pa xommy-
TaTHB Xanka 3kaH. (KYMaiTHpHII aMaJMHHET KOMMYTAaTHB SKaH-
JIHTHHA KCGOTJIAHT.)

2- meopema. < C, +, -> arcebpa matidon 6ijradu .

2- Teopemanu ucGornamr yuyHn < C, -+, ->> HHHT GupJMK
3/IEMEHTra 3ra 3KaHJHMIMHM XaMJa YHHHT Xap KaHjaal HoJijaH
$hapKIx 3J€MEHTHHUHT TeCKapWJaHYBYM SKAHJHIHHH KypcaTuil
kutosa. Hceraaran (a; b) xydrauk yuyn (a; b)(1; 0) = (a— 0;
b4 0)=(aq;, b) O6yaranupan (l; 0) xydrmx <C, 4, ->
Xa/NKaHHHT OHpJHK 3jeMenTHuup. Bus yuu 1 ne6 ropuramus.

Oumu a + 0 €ku b+ 0 yuyn (@; b) 3JeMEHTHMUHT TeCKapH-
JAHYBYHM 3KAaHJHIHMHM Kypcatamus. ByHHHT yuyH

@ b y) =1 ()
TeHr JlaMaHH eydw kugos. 3) akcuoma €pliamuia (5) HH
(ax —by; ay+bx)=1=(1; 0) (6)
opkanu €3u6 osampa. JEIM 1) aKCHOMAHF KyJJlacak,
ax.— by =1,
{bx +ay=0 ™

cHCTeMa XOCHJ Gynaju. ( ) KyOTIHK ('7") cHe-

a . b

at b2’ a? -} b2
TeManuur eunmuaup. emak, < C, 4, -, 0, 1> anre6pa mai-
JOOH 3KaH. AHa 1y MaHIOH KOMMJeKC COHJap MaHIOHH Aeb
loputHaag. by Maition omatna C xapbu Gunan GesrHiaHaiH
BA Y V3HAA XAKMKUH COHJap MaHJOHMHM cakJjaijH, UYHKH IOKO-
puma 6u3 3scaaru6 yrranumuspek, b =0 gma (a; 0) xydriHkaap
TYNMJAaMH XakKuMKI#  COHiap TyniamuHu udofaaliin. OHIH
o =(a; b) xydTauken 2) akcuoMajaH doiixananuo,

a=(a; b)4+©0; 0)=@+0;, 04+ b)=(a 0)+ (0; b)=
=a(l; 004060 1), a=a(l; 0)+b(0; 1)
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Kypunuuga €3uw mymxud. (0; 1) =i mecak, @ =a -+ bi xypu-
HUUWAK oMajgH. DyHla a Ba b coMnap xakukuit CoHJMap Gy./uG,
G COH o COHHMHT XaKMKUil KHCMH, b 3Ca o0 COHHUHT MaBXyM
KHCMH, [ MaBxyM Oup/uk Jefniagd. Arap a =0, b+ 0 6yx-
ca, bi ra cop mMaBxym cOH Jeiunany.

34-§. KOMIIEKC COHHUHI' TPUTOHOMETPUK IAKJIH
BA TEOMETPHK TACBHPH

o =a- bl KOMNJIEKC COHHY TEKHCAMKAATH MAeKapT KOOpIH-
matajapu cucremacuaa A(a; b) Hykra GunaH TacBupsall Kaby.
KHMHraH. Y xomga @ =a - 0.7 Xakukuil coH afcuucca yKuna
éryput B(a; 0) Hyxta 6unaH, bi = 0 4- bi MaBXym COH OpAHHa-
1a yKupa éryun C(0; b) Hykra Ounau TtacBupnasagd (13- uus-
Mma). 0 =04 0-{ coHra MoC KeJyBUH HYKTa KOOpAMHATa GOtUH
Gynamy. MacanaH, « =—344i{, =5, vy=—7{ coHnap
moc pasuuna A, (—3; 4), B, (5; 0) ra C,(0; —7) Hykranap
6HJaH TacBHpJIaHALH.

, Byupmait TacBupaawga

/A) abeuucca YKH — XakUKHH

__ Aw#) YK Ba OpAMHATA YKH —

MaBxyM Yk Oe6 opHTHJIa-

IH. a=a-+bi KOMIIeKe

4 COHHH 60LIH KOOpAHHATA

, ! Gowuaa Ba yun A(a; b)

i 1A wykrama @&TyBYH BEKTOp

2 a S.0)  6WUnaH  XaM TacBHpJall

MyMkuH. By xosama xaku-

13- an3ma. KHH COHJIAp, XaKHKHIT VK-

na €ryBYyH BeKkTopJap OH-

JaH Ba MaBXYM COHJAp MaBXyM VKIa €TyBUH BeKTOpJap

6uNaH TacBHpJAHHIUK paBlIaH. YMyMaH afTraHna, KOMII-

JIeKC COHJIap TYMJIaMH OHJaH TeKHCIHKAarH 6apua HyKTa-
Jap TYIIaMH opacH1a GHEKTHB aKCAaHTHPHII MaBXYA.

@ =a - bi KOMMJEKC COHHUHI TreOMeTPHK TACBHDHHH HO-
JaJIOBYH BEKTODHUHI Y3YHJHIH Oy KOMIJIEKC COHHHMHI MOAYJH
mefiunane Ba y r=|a| =|a4-bi| kypuHumza OGenruaaHaiu.
r = |a| vu [Tugarop TeopemacH Oyitmua 13- uusmazard TYFpH
6ypuakmi AOB yuGypuaknas Toramus. Bymma r =V a® + b®
6yamn. Macanan, o= -3+ 4i, p=15—iV7T COHap-
HHHT MOAYNApU MOC PaBHWIAA ry = o] = VI+ 16 =5,r =5
Brr,=B=V5+7=V12 =2y3,r,=2V3 ra Tenr.
Hoaman tapkan xap GHp KOMIUIEKC COHHMHI MOIyJ/d M yclar

(0. h)om — - — —
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—

XakHKHil confup. Ox VKHUHT Myc6aT Hysanuws O6unan OA

BeKTOp opacuparu Gypuakiiu ¢ €6 Cearwnaiimms. Yuaa A AOB

JaH a=rcos@ ba b=rsin@ Jjapuu Tonamu3. bynapHu @ =
=a+ bi ra gyamuz:}

o =r(cos@ -+ isin @). ¢))

O KOMILIEKC COHHMHT (]) IUAKJWra YHUHT TPHIOHOMETDHR
Wakau jaedunany, 6yspa r > 0, Jexun Mcrtanrad (MaH(ui, HOJb,
Myc6aT) XakuKui KuitmMariapeu Kabya kuaa oaagd. By ¢ Oyp-
YaK O, KOMILIEKC COHHMHT apryMeHTH ne6 aranagd. @ = a -+ bi
ndoaa o KOMNJEKC COHHKHT anre€pavK IUaKIH Je6 fOpPHTHJIAIH.

(1) vm ymymuii wekaga o =r(cos(@ + 2 kn) -4 isin(p -+
-+ 2kn)) neb €3MI MYMKHHJWTH parliaHmvp, OyHma & -—uc-
Tajarad OyTyH COH.

Xap GHp KOMIJEKC COHHH I0KOfHAa aWTH/IraH IAKJ/JAPHHUHT
GHpUAdH WKKHHYHMCHra YTKashll MyMKHH. Macanan, anre6pauk
wakagark o =1 —7)/3 i KOMNJEKC COHHM TPHTOHOMETPHK
makJra KenTHpadyMK. DByHuHr yuyH r €unaH @ HM  TOmHO,
yJapHuHT Kufimaraapure (1) ra kysmus. By epna

r=V 14+ (—V32: =VTI+3=V4 =2, r=2
a 1 . b V3
Sngm, COSQ =— = Ba SiNQ = - = — ~5— JapJiai @ HUHP

" . 5m
TYPTHHYH yopakja 3kanund Ba 300° ra éku = T TEHTVIMTHHA

Kypamu3. Illynpa# xuaub, o = 2 (cos %n -+ isin 532) " XOCHJ
6ynamu.

35- §. KOMIIJIEKC COHJIAP YCTUJA AMAJUJIAP

HxTtuépuit waknga GepuaraH KOMIJIEKC COHJap YCTH-
Da Ky, afivpuin, 6yavm Ba KyNafATHPHII aMaJjapuHE
6axkapum MYMKHH. Anre6pauk lIaKjaAard KOMIIEKC COH-
JIADHH KYIWIHII, afi¥pHII BA KYNAaHTHPHII KOHAAaJlapH KOMII-
JIEKC COHJap MafJoHH aKCHOMaJjlapHAaH OCOHI'HHA KeJaub
yHKanH. (Mycrakus GaxapHHr.)

Bus xy#una TpHroHoMerpHx makKJAJarH KOMILIEKC COH-
Jlap ycruja Kynma#THpHII Ba GYJHII aMmalsiapHHH Kypn6
yTamua.

Tpuronomerpuk maksagard o =r(cos@ -+ ising) ea P =
=p(cos 0 - i sin 6) komnnekc coniapuy KynaiTHpHG,
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a-f=r-p(cosp-cos® —sinpsinf)
~+ i (sin @ cos 8 4 cos @ sin B))
&xu .
a-B=rp(cos(e +08)—isin(p + 6) )]
ra sra Gysamus.

JleMaK, TPMrOHOMETPHK IIAKJAArd HKKHUTA KOMIJIEKC COHHHHD
KynaiitMacH MOAY/M KYmafiTysuuiap MOJAY/UIADHHUHT KymaiT-
Macura Ba apryMeHTH KymalTyBuW/Iap apryMeHT/IapHHUHT HUFMH-
JMCHTa TEHT GY/iraH TPHrOHOMETDHK WIAKJZATH KOMIJIEKC COH
6ysamu. Macanan, a = 4(cos 17° 4 isin 17°), B = 3(cos 28° -
-+ £sin 28%) 6ymca, y xonna

a-ff = 12(cos 45° 4 isin 45°).
(1) dopmysand yMyMmalITRpHII MyMKHH. XakdkartaH, TyJaa
MaTeMaTHK HHAYKUMA TMPHHUMMH acocuiaa n ta

o, == ry (cos @ + isin @),
ay = 1y (COS Py - £ 5in @),

KOMIVIEKC COH KVMaHTMACHHH KYyHMaar{ya xO0HA KHIAMH3:

Ay Oy oo O =1 Ty ... 1, (COs(p + @+
+ . o@)tisin(@t e+ .. ). )
la] =ry, l@] =ry ..., l&l=r, Ba lag-ag...al=
E=1yTg «.. T, TEH[RKAAPAAH
e A Il 7L =2 TP (3
TEHIVIHK XOCHJI OYyJand.
n=rp=\..=r,=rB@g=q@=...=@Q =0
6yaca, o, =a,=...=a, =a 6ymd, (2) B2 [(3) napaau

KyHHIAard TeHIVIMK Kequb YuKa/u:
lo" = (r(cos@ + isin@)" =r"(cosng +isinng). (4
(4) dopuyna Myasp opmysracu ne6 arananu.

(4) dopmyna Kyhunaraud Guanupanu: o = r(cos @ 4= i sin @)
KYPHHHIITATH KOMIVIEKC COHHH n-Japaxara KyTapuul y4yH
YHHHT MOAYJHMHH LIy Hapa)kara KyTapu0, apCyMeHTHHH 3ca n
Mapra OPTTHPHUI Kepak.

Mucoannap.
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1. (2(cos 18 + isin 18°))® = 2%(cos 5-18° - isin 5-18°) =
= 32(cos 90° 4 isin 90°) = 32(0+ i-1) = 321,

(2(cos 1 8 4 isin 18°))® = 321i.

2. cosnx Ba Sinnx JapHH COSX Ba Sinx (PYHKUMANAPHHHD
Jlapaxanapi OpKaJH Hofanaur.

Eunm. Aspano Myasp ¢opmyaacura GuHoaH

(cos x + isinx)" = cosnx 4+ isinnx (5)
ra sra Gynamus. Mxkunumpan, arap (cosx -+ isinx)” ra Huio-

TOH GHHOMM (DOPMYJACHHH KYJIACaK,

. . 1. — .
(cosx + isinx)” = C> cos” x + C, i cos" ™ xsinx —

n—3

—Clcos" Pxsintx—iCdcos™Cxsinx+ ...
+ €7 i"sin” x = (cos” x — C cos" " xsin?x +
+C o™ sintx—. . )+ i (C) cos™ xsinx —
—C> cos"®sin®x + C) cos" P xsindx— .. ) (6)

xocua 6ynanu. (5) Ba (6) TeHryMKJIapaa XakHKHA Ba MaBXyMm
KHCMJIADHH §3ap0 TeHIIAcaK,
n 2 n—2_ . 9o 4 n—4 . 4
cosnx =cos' x —C, cos’ xsin®x+4 C_cos™ sinfx—...
. 1 —1_ . 3 -3
sin nx = C, cos"™ xsinx — C, cos™ ’sin® x +
+C5 cos™®sin®x —. .. xocun Gysianu.

Ucrairan a =r(cosp+ ising) KoMnaekc coHHd P =
=p(cos © + isin B) xomnnekc conra Gysmuw Ky#unarnya Gaxka-
pHJIanu:

& _ r  cose+ising =_r_.(cosq)-i—isinq))(cosf)—isine)=
g p cos@+4isind p (cos 8 4 £sin6)(cos @ — I sin6)
_ . (cos @ cos 0+ sin @ sin 8) 4+ (sin @ cos B — cos psin 0)
p cos2 0+ sin? 0
€KH
% = —;—(cos(q>——-6)+isin(cp—8)). M

JlemMak, TPHTOHOMEIDHMK 1UAKJDarH HKKMTA KOMIUIEKC COH-
HHHr GYJIMHMAacH XaM TPHTOHOMETPHK IuakJjra sra 6ysmb, GyJMH-
MaHHHT MOAYJH G6YNHHYBYUM Ba GY/yBUH MOAYJIAPHHHHI GYJ/MH-
MacHra, aprymeHTH 3ca Oy HHYBYM Ba OYJYBUH apryMeHTJ/IapHe
HHHT aiipMacHra TeHr 3KaH.
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Mucon o =7(cos20°—isin20°) Ba B =4(cos!0°--
= i sin 10°) COHJApHHHT GYJIMHMACHHH TOMAH/JHK. ABEalO @ HH
TPHIOHOMETPHK  LUAKJra KeJrHpamu3: a =7 (cos(— 20°) 4+
<+ i sin(— 20°)).

Sumu (7) dopmyna Gyinua

% = ‘Z—(COS(— 20° — 10°) + i sin (—20° — 10°) =
= % (cos 30° — i sin 30°) = % V3 —i),
a 7 -,
i V'3 —i)
HH TOMAMH3.

SHAM KOMIUIEKC COHJIAD MOAY/UIAPMHMHI HHFHHIHCH XOCCas
JIADHHH KYpaMH3.
. . g ~>
a=a-+bi Ba P=c+di xommiexc cowmap OA sa OB
BekTOpMap OwiaH TacBupsaHamd. Bywpa xy#wgarm  yu xon
pyit Gepuim | MyMKHH: i 1 Y
1-xon. OA Ba OB BekTopsiap Gup Tyrpu uH3HKAA ETMafifH.
By xonma a+ E =(a—+c¢)+ (b +d)i AMFUHAMHK TACBHPJIOBYH
—
Bektop OA Ba OB BeKTOp/JapiaH napamieiorpaMM  KOHAAcH

4
. L A
r—--—‘_"‘.—'.
b s |
\ \OL*P\ |
\p | |
RN oE—— =1 ]
/o‘.l i I
| ! £
0 \ 2'2]" RN Z _
14- yn3ma.
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—_—- — —
6unai Tomunagurad OC = OA - OB sektcpman uGopar 6Y.a-
a4 (14-yuswma).

AAOC niart |0C! < |0A| + |AC| = 04| + |0B)| éxu Ja + Bl<
<|o + |B| kenu6 unkamu.

YA\ c

g

15- ynama.

2-x 04 OA ma O_E BeKTopJap Gup TYFPH uM3HKIA €TranH
Xonma 6up XHn itynanran 6yacud (15- un3ma).

|Q—>-B,‘ - lA—g 65}]]3—{[-% — - —> —-

IRCI = |OAj + |0B| = |0A| + |AC| renraukaan |OC|=|0A|+
-+ |AC| éxn |g>+ Bl =_la[ + |B| xocua1 6yaanm.

3-xo0n. OA Ba OB Bektopaap y

Gup TyrpH uusMKAa &érub, Kapa-
Ma- KaplM HyHatduira sra GyJcus A

(16- uuama). N N N
By xonga |0C| = |\|0A| —|0B|| | ¢ A.
ek o+ Bf = llal — Bl

| Bl =|| JIeKHH
jo| — Bl < [of + [l 6Frann yuyu /
e + B/ <la| 4 IB| un xocua K-

l

JaMH3. s !

Yuana xonH@  GupaawTupuG, 1

Ja + B < |a| 4Bl TeHrcusmMKK g4
ara 6y.amus.

Tyna MareMaTHK HHAYKUMA MPUHUMIH BocHTacH G6Haan 6y
TEHICH3/IHK KYHHIardia yMyMJIAIITHPHIALH:

oy Fop+ .o <log| oy 4+ .. )

16- 4yu3Ma.
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Hlynpa#t Kunmb, KOMNNEKC COHJAD HHFMHIMCHHUHT MOAYJ/IR
KYLIHIYBYMIAD MOAYJIAPHHHHT HHFUHAMCHIAAH KaTtra 3Mac.

Hkkura o Ba B KOMIJeKC COH alMpPMACHHHHT MOAYJIHHH XH-
cobiam MacajacH Kyhuaaruua euumnand: o —f =1y ne6 Gearu-
Jacak, 6yHpaH o =1y - B xccun 6ynamu. [lemak, !la| = |y 4+
+ B < Iy/ 4+ |B|. By Tenrcusmxnan |yl > o] —IB| éxn

i — Bl = o —Ip] ®)
KeJIH6 YHKaJH.
Mkkunun TomoHaaH ja — Bl = |— B — )] = |p — | 6Vnanm.
(8) ra acocan sca f—a|=Ipl—la] = —(o| —IB) 6Gynanu.
Jemaxk,
la —Bl = — (|t —[B). 9)
(8) Ba (9) nman
oo —Bl > Yo — 1B (10)
xocu/1 kuamsaau. Bynapnan tamkapn |o 4B =lo —(—f) >
= laf —|—B = la] — i zan i@+ Bj = ja|—if] Gysanm.

bBu3 10K0pHAa scnaTHG YTraHHMH3LEK, Xap GHp o = X -+ yi
KOMIJIEKC COHTa TeKHCHKZa 6utra M (x; y) HyKTa MOC KeJsaiH
Ba akcuHua. LLIyHHHT yuyH TeKMCJMKHHMHT Xxap GHp (X; y) HyK-
TacHra o = x 4 yi KOMNJIEKC COHHH MoCc Ky#uw y3apo Gup
KHHMaT/H aKCJAHTHPHIWHH Hdonanaiay.

PaxaT MaBXyM KHCMHHHHI HilopacH 6unaH dapk KHJaluran
KOMIJIEKC COHJIAp y3ap0 KylIMa KOMIIEKC COHJAp AeHH/IafH.

Kyn xonnapaa xap Gup HyKTacH KaHoaiIMp KOMILIEKC COH-
HH HQOANOBYH TEKHCIHK KOMIJIEKC TeKHCJHK J1e6 10pUTH/Iaiu.

Komnaekc TekHCIMKZAa HXTHEPHH MKKHTA y3apo KyimMa
o ==x-+ yi Ba & = x— yi KoMnJekc counap Ox YKka Hucba-
TAH CHMMETPHK JKOHJsamraH G6ynajd. Y3apo Kapama- Kapuun
6yJaraH z Ba — Z KOMIIEKC COHJIap KOOpAHMHaTa Gowmra HucGa-
TaH CHMMETPHKIUD.

OHAM KOMMJIEKC COHJIAPHHHI TeOMETPHK JKOH/IAHHMIUMTAa OHA
6ab3H GMp MHCOJJIADHH KYpPHG YTamH3.

l-MHCcON. 2 KOMNJEKC COH YuyH

24 2—i| =244 (1)

TEHTJIHKHH KAHOATJ/1 aHTHPYBYH KOMIIJIEKC COHJIapra MOC KeJyBYH
HYKTasap KOMIJIeKC TeKHCJHKAa KaHAaad »xkofnawraH Gysaau?
Eunm. (11) renravkun |z —(—2+i)| = |2 —(—4 )| op-
Kaau €3M6 onamu3. MabaymkH, |2, — 2,| MOLYJ MKKHTA 2; BA 2,
KOMIJIEKC COHra MOC KeJqyBuM HyKTasap opacujarst Macoganu
6unanpaad. Wynra kypa (11) TeHMVIMKHMHT yanm Ba YHT TOMOH-
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Japu z = x -+ yi KovnJekc coHra moc keayBuu A (x; y) HYK-
tagad M(—2; 1) Ba N(0; —4) Hykranapraya 6y.rai Maco-
thanapHUHT §3apo TeHTJIMIHHM GuigHpasd. emak, (11) teHruk-
HH KAHOATJIAHTHPYBYUH HYKTajgap Tymiamu MN kecMaHuHTr ypTa
NeprneHHKYJIAPHEH HDOAasap SKaH.

2-mucon. KoMmsekc TEKHCAHKHHHT KadcH HyKTaJapHra
MOC KeJyBYM KOMILIEKC COHJIAD YUYH

2Lz +2—3i|< 4 (12)

TEHICH3/MHK YPUHIM Oy/1ajiu?
Eunw. z, =z+4 2 —3( pecak, (12) TeHrcH3IHK

2< o) < 4 (13)

KYPHHHUIHH OJIaJH.

Koopauuaranaps |2,| > 2 TEHICH3/HKHH KaHOAT/JaHTHPYBYH
HYKTaJap Mapka3d KOoopauHara OOIIMAA Ba pajMycH 2 ra TeHr
GyaraH JOHpPaHMHT TaWKH HYyKTasapuaup. Koopauuaranapu
|2,] < 4 TeHICH3JIMKHH KAHOATJAHTHDYBYH HyKTa/lap 3ca Mapka-
34 KoopiHHata Oolwxaa Ba paguycH 4 ra TeHr G6yJraH poupa-
HHHT Gapua HyxTanapugan ubopar. [lynna#h xuaub, koopauHa-
tasapd (13) TEHCH3/MKHH KaHOAT/IaHTHDYBYH HYKTa/ap MapKasu
KoOpIHHara 6owuaa Gy.ara H,
pajHyc/iapd 3ca MOC paBH LU- 7
Ja 2 Ba 4 ra teur 6yJaras :
KOHUEHTPHK  ai/aHa/iapj aH
XOCHJI KHJIHHTaH Xa/Ka HYK-
TajapHjaH ubopar  6yu0,
HUKH  adJaHa  HyKTaJapH
(17-uu3ma) 6y Tyniamra Te-
THUH 3Mac.

2=2,—2+4+3{ TeHr-
JHKKA OHHOaH KOOpAHHATa-
Japy 2 = x - yi KOMILJIEKC
COHra MoC KeJyBYH HyKra- .
Jap 2; ra MOC KeJyBUH HYK- i
TalapHH 2 GHpJMK yanra Ba i
3 GHp/IHK [OKOpHTa CypHIL
HaTHXKacHia XocHs G6YJanH.
Haruxana 6u3 usnarag Hyk-
Tajap Mapkasu (—2;3) HyKTaza, pagdyciapd Moc paBHiuaa 2 Ba 4
ra TeHr 6ysrad KOHUEHTPHK ailslaHa/lap €pAa MHAA XOCH/ KHJIHH-
raH xankaga €ragd (M4kd aflada Hyxrajapu 6y Tymiamra Kup-
Manau).

3-MHucon. Koopaunaranapu

P

17- unama.
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2__ 7 ___—_.l =
logy (1 + |22 — i) + logy, 1+ 24 i)t 0 (14)

TeHIJlaMaHH KaHOaT/IaHTHPYBUH KOMIUIEKC COHJIaD TeKHCJ/HKAA
KaHzaa# sxofinawran 6ynagu?

Eunm. log,

S PRIV
REYENwET logy, (14122 +i})

- i—logz(l F 122+ i = —log,(1 + |2+ i])

6ynrann yuyH (14) Tenrsamanu
logy(1 +] 22 —i]) = log,(1 |22+ i)
€ku |2® —i| =22+ i| kypunnpa €m6 osamu3.
JHIM Zz = x -+ [y [ecaK, OXUPTH TeHrJaMajau
=y + Qxy — 1P ="~y + Cy + 12 (15)
xocha GVaann. (16) Tenrnama sca:

a) x =0 pa y uxTuépuili COH,

6) y = 0 pa x uxTHépuit coH OyaranjaruHa ypuuan 6yja-
au. Ilywnait kuanb, kcopamnatanapu (14) TenrsiamanM KaHoaT-
JAHTHDYBYH HYKTajap TynjaMu: a) MaexyM VK, 6) XaKukui
YK HYKTajapufiaH u6opaT 3KaH.

36- & KOMIWIEKC COHIAH HWIAHW3 YYHKAPHIU

KoMmnsekc conniapllan HWagM3 uMKapuml Macajacy  Myasp
¢dopmynacH €plamuaa HxOOMA xanm KMAHHanH. XakukartaH, OH3-
ra o = a-+bi xomnneke con GepusaraH OGyicud. YHH o =
=r(cos @ - i sin¢) wakara KejTUpHO ONaMu3. JHAWUTM MAaKCcanm
myHaait f = p(cos 0 isin 0) KoMNNEKC COHHH TONMMILAAH HOO-
paTKH, YHHMHT YYyH

p'=a {0

TeHTIMK GakapusicuH. (1) TeHrMKHM
(p (cos 0 + i sin )" = r (cos @ + isin @)
EKH
p"(cos n 8 4 {sinn6) = r (cos ¢ + i sin @)

IaKkaaa €3u6 onamus. By epna MKKHTa TPHrOHOMETPHK MIaKJja-
TH KOMIWIEKC COHJIAPHHHT' TeHrJurura sramus. Iy ca6abnu
yJNapHUHT MOAYJJIapH TeHT GYsn6, apryMeHTJapH 3ca GHp-GHpH-

naH 2kn(k[€ Z) ra ¢dapk kunamu. Jlemak, p'=r pand=o+
-+ 2kn TeHrsuxknap ypunan. By Tewrsmknapnan
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p=yr, 6="0T2kn )

n
xocua1 Gysaiu.

Monynb Myc6aT XaKHKHil COHHM TacBMpJ/araH# cabab.iH, Gu3
p= Vr_ HHHT Myc6aT Xakukuii xufiMaTuHurusa onamus. To-
nunrad (2) guitMatiapau (1) ra xyimo,

V r(cosp4i sing) = V r (COSM+ isin £ 2T 3)

n n

HH XOCHT KHJIAMH3.

b Dy dopmynana %k uxruépuit 6yTyH cox. Jlekuun k ra
k=012 ..., n—1 4)

KufiMaTyapuuruda Gepumn xuos. Uyuxku Gy Kuiimataapiaa (3)

HHHI' YHr TOMOHH M Ta Xdp XW/1 KOMIIEKC COHHH GepafH. DBys-
ra ca6a6 wykd, & HUHr KuiiMaTh | ra oprca, O apryMeHTHHHr

o 2n s 2n
KHAMaTH —— ra opTajgd. JHAH n > 2 O6YJaraHd yuyyH -— COH
n n
cosB Ba sin O japHuHr AaBpHAAaH KHUHK SKawmirn pasuiad. Uly

ca6abmu cos O uuur (WyHHHrAeK, sin @ HUHT xaM) GHpHH - KeTHH
TypraH Xap HKKM KMAMaTH TeHr 3Mmac. IDHAH R — HXTHEPHH

6yTyn con yuyn (R=ng+r, 0<<r <n—1) cos 9+ 20
n

— cos RFAg IR _ (MJrgqn): cos 22T
n n n

P
oS 9+ 2kn — cos ¢+ 2rn
n n
HA XOcHa KuJlamu3. Bydpa r Huar xuitMati (4) COHJADHHHP

Gupugan ubopar. XyAAM WIyHra yxXmam sin P2RN _ i BEUT
n n

HH XOCHJI KHJ/IaMu3.

[llynnait KuauO, o KOMIIEKC COHJAH XOCHJ KHJIMHTaH f-
JapaxkaJd WIRH3JIap n Ta Xap Xua KuidMariapra sra. ymaap
(3) nan k Huur (4) KuAMarTaapupa Xocua Gy.JanH.

&' 3) mmu3 k=0 Ba R=n map yyyH OHp XHA KHAMATHH
ubonanarann cababay, kra k=1, 2, ..., n KuiiMaT/apHu
XaM Oepa 0JlaMH3.

Mucoanap. l.a=—V 2+ iV 2 kovuneke cougan 3-
Japaka/i H/M3/IAPHH YHKAPHHT.

t.; DyHHHr yuyH aBBa/Jio @ HH TPHIOHOMETPHK LUAKJTA IeNTH-
pamu3:

R _— pu
r=V242=2 r=2; cosp= _V_g, sin p= 132_
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emak, ¢ = 135° éxn <% . Dumu (3) ra mMyBodHK:

+2kn
o =‘/ cos—+tsm ——) ‘/2 (cos +

. T+2k”
-+ isin 3 , k=0,1,2.

) k=0, a,= ,/2(cos—4—+zsm—4-)
k=1, o= ﬁ(c S-]E—-I-l i ”)

12
3) k=2 a,= %/§<cos ‘i’5+ ;s'n%‘-)
_ —_— —-—+2ku
=Vi =Vcos + i sin— —cos—2—2————+
b1
*2—'+2kn
i sin 3

6yHna r =1 Gyarauu yuyH
n . . n ]/2
ﬁo_—_cos—4 -+ isin > B, =
55 . . bn PRS- ¢
ﬁl 2 + 7 1 2 Bo By

fr = (‘%—g ‘K;‘)

3. vy, = ‘3/—8 =‘3/8(cos:n+isin:rc)= 2(cosi_%@—+
4 isin 42,

n . k14 -
1) k=0,-yo=2(cos—3—-+tsm —3—):1 +iV3, Yo =1+
+iV'3
k=1, vy=2cosn~+isinn)=—2, y=—2

3) k=2, y2=2(cos ?’;—+ isin%)=1—i V3, y=1—iV/3.
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o KOMIJIEKC COHAAH 2-Japawa/u (KBagpaT) HWIAH3 UMKADHJI-
raHja MKKHTAa WAM3 Xocu1 6ysmb, yJaapaaH Oupu a, 6y.ca,

HKKHHUHCH o, = —a, Oynagu. XakHKaTaH,
a=)Vr(cosq -+ ising)=Vr (cosc#-—}—i sin Ei;—kﬁ)
(#=0,]) nan ywbynapuu Tomamus:
=V}(cosl2)—+ isin—(g— )
o, =Vr (cos (% + n)—i—isin(_;’; + n)) =—Vr (cos—

+ isin -‘2"-)=—-ao.

=1 COHNAaH n-NapaxKanu WIAH3 YHKApULI GOPMYJACH KYiiH-
Aaruya:

n,— Ny —— 2k . . 2k —_—
V1 =1/cos 0°+i sin0> = cos —nf'*‘ Lsin ’n—n(k =1, n), (5)

uybkd r =1 fa @ =0 66, ‘V_= Y T=1 6ymamm.

- 78 2kre
Macanan, a=1 6yaca 1/l=c032—ki‘+15m—é— AaH
L LV
al—cos +zsm - +V3, a=—- + 5
411: . 7, /3
02=COS4 +lSln ——T_VQ- i Qy —21" 123L,

61 , . b
a3=cos?+zsm —131—=l, ay=oa,= 1.

a = —1| jpaH n-gapaxand HAIH3

V:—l = ch = cos LT ;i (L260m
. n n
(k=T, n)

¢(opmysla épramMuia UHKAPHIATH.

Komnaexc conHzaH KBafpaT H/NH3 UMKAPHUIHUHT  MKKHHYH
yCy/H OuNlaH TaHHLIAHJIHK.

Anre6pavk 11AKJIAATH KOMMJIEKC COHOAH YHKAPH/raH Kpals
PaT WIAM3HK XaMm anrebpadk lUAK/LA U3JAHMH3, s1bHH

Vatbi=x+yi, (6)

GyHIa x Ba Y Nap HOMABJAYM XAKUKUA COHJIApAup. a + b pan
YHKADU.IraH KBaJpaT WJIAM3HWUHT Tabpupura acocan, (x4 yi)i=
=qa-+bi ékn x*—y*+2 xy i=a-+bi. UkkMTa KOMMJIEKC COHHHHI
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TEHIVIMTH 1uapTura Kypa x*—y? =a? ra 2xy = b. Hkkana tenr-
JaMaHy KBajpatra kyTtapub, x?—2x%24 y?* =a® Ba 4x%y: =
= b? napra sra Gynamu3. Bynapuu kyimcak, x*4-2x3y®+ yt =
=a?+b% éku x4 y? =V a?+ b GVnanu. Byupa x4+ g2
MycGaT Xakukuf COHHM MOJANaraHW YuyH KBaApaT HJIAH3HH
IVIIOC HIIOPAcH GW/an oJAMK. JHAH x2+4y% =V a®+ b%Ba x*—
— y? =a TeHrJIAMaHu aBBaj KyumM6, cyHrpa afiuput,

2 o+Vaifer —a-+V a6t
2 2

Ba yi=

JIapHH X0CHJ Kusamu3. Bynappan sca

B VA= R VS =)

Papwankn, a--V a®+ 62 >0 Ba —a+V a® + 620 nup.
Illy ca6abau, (7) uagusnap XakUKMA COHJIApHH  TacBUPJAHAM.
X BAa Y JIAPHHHT HUIOPAJAPHHH AHHKJAIAA KYHUIArHJApHH 3BTU-
fopra onaMu3:

a) b>>0 wubimatna 2xy = b ra Gunoan xy >0 mup. Hemak,
6y xonga x Ba Y JapHH Oup xus1 Hwopa OusidH ONHUIMMH3
JIO3HM.

6) b < 0 xufimataa sca xy < 0. Iy ca6a6nn x Ba y nap-
HH Xap XW1 uuwopa GWJ2H OJHIU Kepak.

Wlynpait kumu6, b >0 Ba 6 << 0 napra Moc KyAHZArTH HK-
KHTa dopmyna Xocua Gymamus

Vm=ii( atVad | ]/_—_-“Hgm )(8)
(> 0 yuyn),
Va¥bi=+ (1/————+ UCETN \/__._—a%m ) ©)

(b<< 0 yuyn).
(8) Ba (9) dopmynara a-+bi paH KpafipaT WJAM3 YMKapuin ¢op-
MYyJaJlapy Aefiunanu.

X

37- §. HKKH XALJIH TEHTJIAMAJIAP

HIKKH XafilnM TeHrJiaMaJlapHHHT YMYMUH KYPHHHILH
(A}
u'—a,=0 4))]
Ian ubopar 6y/u6, GyHIA a —HOMNAH (PapK/IH UXTHEDHI KOMII-
JIeKC COH. Dy TeHr/jamManm ucraJras }'V a WJIAM3 KAHOATJIaHTH-
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pamu: ("V a )" —a=a—a=0. Jlemak, (]) TeHrJaMaHuHT n
Ta Xap Xul1 WHH3M MapxyL. YJaap

ul= ,'VE = ‘Vr (cos @ + isinq) = ‘Vr_<cos'9in—2ﬁ +

2k
+ isin ot2! JT)(;a= I,n—1)

n

tdopmyna €paamuia TONHMIANM.
—1=0 2

TeHrJ1aMaHu Kapailiik. By Tenrnama yw6y 'n Ta xap Xua ui-
Iusra sra:

nry 2kn . . 2km —
x,=y/ T=rcos == 4 isin k=1, n)- €))
(1) Tenrnamanunr 6uTTa TAMMH U, WNAM3HHM (2) TeHrJaMa-
HHHT XaMMa n Ta X, X, ... , X, WIAM3Mra kynaitupcak, (1)

HHHT XaMMa n T4 WJJHM3/Japu Xocun 6ynafu. YUyHKH, u,-x; COH
(1) nu gaHoarnanTHpamd, sieHH (4, X;)" —a = ujpx} —a=a-1—
—a=0, (4,x;)* —a=0. Jlemak, (l) renrnamanuur Gapua
€UHMJIADHHH TOMHII YYYH YHHMHT GMpOpPTa €YHMHHH TOMHO, YHH
| HuHr Gapua n-fapakajJH WIAM3JApUra KeTMa-KeT KynaiTHpHil

KHdos IKau.
Mucon. u®—i=0 Tenrnamanu evaitaux. By TenrsamMa
. v 3/
WIIM3NaDHHHHT  OHPH U, =—i OYy/m6, y u,= Vi =
E14
%+ % n L iokn
= COS——7— +i sin—s— ¢opmynanan k=2 Ku#mMatiaa

XOCH/ KHU/IHHAZH. Depuiran TeHIVIAMAaHMHT XamMMa HJIM3J1apUHA
TOMULI, y4yH x*—1=0 HMHT XaMMa HJIIH3JApHHH OJIAMH3:

n
x1=13’T=cos + isin —=——-{—;V3
V3
x1=——2—+l]£-i
T B
xz-—l/l—-cosT-!—tsmF— g — i K=
_ 1 V3,
=—g—ig

x=y/ T=cos2n+isin2n=1, x3=x,=1.
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Ynapuu u, ra KynmaftupuG, Kydugard WAAM3NApHH  XOCHJ KHe
JIAMH3:

. 3, 1. 3, 1.
uo=——zx1=—]£—+—2—1., u0=]—g—+ - 0

2
. 3, 1. 3 1.
u1=—zx,=—lg——+-2—z, u1=—1—2—+71;
Uy = —ixy=—I, Uy=—I.
MawKnap

1. | HHAr n-Japaxald MAAM3Iapy TYnJdaMd  KynaATHpHII
amajura Huc6aTaH TPYNNa TalUKWI KWIHLIMHK HCOGOTJIAHT.

2. | HHHT n-Japaskaid WIAH3/Napy TYMVIAMHHUHT TeOMeTPUK
TACBHPH KaHAal TYNJaMHH Hpopanakhau?

3. z KOMIJIEKC COH |2+ 2 —i| = |2z + 4i| TeHryiamann Ka-
HoatT/iantnpaju. Uly Tenrsama wsguanapura Moc KesyBYM HyK-
TaJap TeKHCJHMKAA KaHJal xofiawran Gysanu?

2 ; 1 —
4. logy(l + 122 —i}|) + logm(l T 0
TEHIJIAaMaHH KAHOATJIaHTHDYBYM KOMIIIEKC COHJapra MoC KeJyB-
Yd HYKTa/jap TeKHCAMKIa KaHAad skoinawrad 6ysiagu?
5. Ky#uaars wapTJapHH KaHOAT/IaHTHPYBUH KOMILJIEKC COH-
Jlapra MOC KEeJYBYH HYKTaJap TeKHC/HKIA Kaufa »KoHJsalirag

SKAHJTHTHHU AHHKJIAHT:
123 —Jz|41 .
a) 10gV§__2T|_2|—— <2
6) \i—1—221>9;
B) [2— 22+ [z + 2|2 = 26
Nlz—i|=lz+i|=[z—14+i];
0 |z+2+i]=lz—1—4i.
6. Kyiiugarn anre6pauk wWaxJfard KOMIVIEKC COHJIADHH

TPUrOHOMETPHK IUaKjra Keatupub, cyurpa Myasp ¢opMy/iacHHH
KYJIIaHr:

a) (L+ % 6) (1 — % 8 (V34+)™ 0 (V3—i)™
B) (1 4 cos @ 4+ isin a)”.
7. KyhugarunapHu xHCOGMaHT:

) 1+ 6 YV V3+i; B /=1
0y T DYVt oy Vi
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8. Arap e, = cos 2k% 4 isin &(k =0, n—1) 6yaca, 14e,+
+e+ ...+ en_': =0 axaﬂnnurmm KYDCaTHHT.

9. @+8'=C d"+C d'b+C I+ ...+
+C} V" éiunma sa Myasp cdopMysacH épiamuua Xxamia 8-mu-
conpan (oifinanannb, KyHHAATH ajfHHATJAapHH MCGOT/IAHT:

a) 1+CL+C+ ... +C =24

6) 1+C+C+ ... =C+C+ ... =27
0 3 6 o 1 {onm= nx .
BC+CHCt ... = 3(2 +2c053).

0 4 1 n—I1 ;_ nm

r) Cn+Cn+C',';+...=—2—<2 + 2 cos—4—)-

10. “a, bER 6yarana a -+ bi 1akJjard KOMIJIEKC COH-

Jap RHFMHAMCH, aliMpMacH, kynafitmacH Ba ¢#0 éku d50
o a--bi .
6y.sirania okl HHcGaTaap fiHa a +- bi WakJmarH  KoMIJeKc
4 {

COH SKAH/IMTMHH KYPCATHHT.
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II1 O B. BEKTOP ®A30JIAP

38-§. BEKTOP $A30 XAKHIA TYIIYHYA

Maremarnka ¢aHuAa WyHAa# TYM1amaap MaBXKYAKH,
6y TynaamJapHHHr HUXTHEpUH OHTTAcUZAaH OJIHHraH Xap
KaHaail MKKHTa 3JeMEHTJIapHHHT HHFUHAHCH Ba Gupop &
MafiIoH 3JIeMEHTNapHHHUHT OepHiaras TymiaaMm 3JjeMeHT/aa-
pura kynafitMacu siHa KapaJjaérrad TYIJaM 3JieMeHTJapHd
6ys1aay.

MacanaH: a) KoMIJeKC COHJMap TYIIaMHHH OJaliUK.
VIXxTHEpHII HMKKHTA KOMILIEKC COHHHHT HHFHHIHCH Ba Xa-
KHKHH COHHHHT KOMIIJIEKC COHTa KyNaHTMacH siHa KOMII-
JleKc coH 6yaanHu.

6) Cig; &3 Gesirn  [@, b] kecmana y3nykcu3d 6yJarad
dyHkuuanap tyniamMH 6yiacuHH. By epaa xaM IOKOpHAArH
HKKHTa WapT 6axapunalu (TeKWHpHO KYPHHT).

dneMeHTnapu 6u3 aiitu6 yrTraH HUKKHTA XOccara sra
6ynraH TymaamJaap eekropiap ¢gasocu peé artajand.

SHau 6u3 Wy TylyH4YaHH 6aéH sTHWIra KHpHILAMH3,

By 6yamaran V tynsiam Ba & Maiinon GepuaraH GyJcHH.

V TynMaMHUHT 3/eMeHTJIapHHH X, Y, 2, ... €KH ay, 4y, Ay, . - .
OpKanH, & MaiAoH 3NeMeHTIapuHH 5ca o, B, p, ... €KkH ay,
Qy, Ag, ... OpKaJH Genarunaiiyug. V TYyniaM sjgemMeHT]apH YUyH

6urTa OMHap ajareGpaMK aMali, sibHH «+» amajH Ba OUTTa YHap
anre6paHK amanH aHHKJAHTaH OYJCHH, STBHHM V HHHT 3JeMeHTJa-
PHHH KVLMLI Ba & HWHT 3JeMeHT/IapuHH V' HHHT 3JeMeHTJ/IapHra
KymaiTHpuIl aMajn GyHH4ya énuk GyJcHH.

l-tampud. Arap Kyiuzara akcnoMasnap GaxapHica,
STBHH;

1) V —aznuru aGenn rpynna;

2) (@ B)x =aPx) (VXEV, Yo, BEP);

3) alx+ y) =ax +ay (x, yEV, va€d)
4) @+Px=ax+pr (PxeV, Vo, pEP);
5) 1'x=x (Y XEV, 1€D)

GaxapuJica, y xonaa V tynaam & coHnap MaHJoHH YCTH-
ra xypuaraH eextop ¢aso neifiunanu.

Bektop ¢aso anementnapura sexkropaap, ¢ MaiioH
3JIEMEHT/IdPHIa 3Ca CRAAAD AEHHAATH.
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Mynnait Kuan6, HyHanuwra sra O6YaraH kKecMma, s'bHH
BEeKTOD TYILIYHYAaCHHH KYHHAAarn MabHOLA KEHraHTHDPIHK:

a) V tynnaMHHHT sjaeMeHTJaapH GyJraH BekropJaap ¢a-
KaTriHa #HyHanuwra sra 6yaran kecManap >sMmac, 6afku
UXTHEpHIT TabHaTAH 3JeMeHTnap OYaAHIUM MYMEKHH;

6) & wmailifion dakaTrHHa XaKHKHH COHJap MaliJoHH
sMac, 6ajkH HXTHEPHI MaHAoH OYJHIUH MYMKHH.

3) Ba 4) akcuomasap BekTopJap (Ha30CHHHHL CKaJAp
MHKJIOpPHra XaMmia BeKTopra HHcOAaTaH YH3HKJH 3KaHJH-
rHHH Kypcataau. UIyHHHr yuyH Bektop ¢aso KymuuHua
YH3HKAH (pa3onap xaMm 1el pHUTHAAnH. S MaliiOH XaKu-
KHl (kommyiekc) coHmap Mafinouu 6yaca, V ¢aso xaku-
KM (KOMIJeKC) coHnap MalijlonH yctHaaru ¢daso neb
IOPHTHJIAH.

OHIH BekTOp (a3oHUHTr TabpudHAAH Kelub YHKaJHraH
Kyituparu xoccanap OWJaH TaHHIUHO yTamus:

1°. ABpajio 1) akcHOmara 6uHOaH V uM3HKH (ha30 ajiHTHB
rpynna 6y.arauufad y siroHa O ssementra sra. ByHjaH Taluka-

pu V HuMHr Xap GMp X 3JaMeHTH YuyH SITOHa — X KapaMa-Kap-
IIH 3JEMEHT MaBXKYA.

9. 0-x=0 (Yx€V, 20€7).

XakukaTaH, V HHHT ucTa/iran x_aneMeHTH yuyH O- x=
=0+ 0)x=0-x+0 x6yaamm. O- x=0-x-+0-X TeHIVIHKHHHI
ukkana Tomonura — 0 - x Hu Kjywawvus. Yuza 0=0-x xocun
6ynanu. By TeHIVMKHMHT uan ToMoHHAarH O €V, YHT TOMOHH-
naru 065,

. a-0=0 (Yac?, 0€V).

Xakuxaran, a-0=a-(0+ 0)=a-0+ -0 ypunan. Oxupra
TEHIVIHKHHHT HKKala TOMOHHra— ¢ 0 HM Kymamus. Yuga 0 =
=a- 0 XocH1 GyJaan.

4°. Arap @ x =0 6y.ca, éku o =0, ékux =0 Gy1agH.
Xakukara, arap a0 6yaca, ynga o ! MaBKya. [emak,
e Nax) =0=+('a)x =0=>x=0. SDum x+0 6yicuH.
x=(Xy, X1, ..., x,) Ja x—aeﬁ 6yacud. Y xouana ax=0
6ynapu. byunan o = 0 6yJ131m

5°. Arap ax=ay G6y.u6, a0 6yica, x =y 6ynagu.
By rtacauxHu uc6otsam YuyH ax —~ay HHHT MKKa/Ja TOMOHHra
—ay HH KyWaMu3. Yuaa ax — oy = 0=>oa(x — j) = 0 Tenr-
JHKHHHT HKKaJla TOMOHHHH a~! ra kynafiThpcak, x —y = 0=~
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=Xx=y xocun 6ynamu éku 4) xoccara GuHoaH 3ca a0
Gynrann yuyn x —y = 0. Jlemak, x = y.

IOkopuna KypH6 yTHATaH uM3uKJIH ¢aso GawsaH V = <V,
+, w, | A€ P> opkam Genrnianapy, 6y epra w, TXAx.

Muconnap. 1. ;€ R(i =1,n) 6yarauna ysynmru n ra
TeHr Gyarad (a,, 4, - . .,a,) KOpTeX/aap TYMIaMMHH OJIaMH3
Ba Oy tynsamin R" €kn R, opxamu Genrwnaitmus. R® tym-
JIAMHHHT 3JIEMEHT/JapH YYYH TeHIVIHK MYHOCa0aTH, HKKHTa 3Jie-

MEeHTHH KYUMII BA BEKTOPHH COHra (CkaJjsp)ra KynaHTHpHIL
KOMJaJIapHHH MOC PaBHIIAA KYyHMIArHda KHPUTAMH3:

Da,=b;(@,a, ..., a)=0,b, ...,0b) @i=ln)
2) @,ay, ...,a)+ 0,0, ..., b)=(@ +b, a,+
+b,...,a,+b,);
3) afay, ay, ..., a)=(xa, 0a, ..., aa,).

R™ tynnamia BekTop (asOHMHr Gapya akcuomasapd Gakapuia-
au. by tynaam yuyn 0=(0,0, ..., 0) Ba —a=(—aq,

—a,, ..., —@) Jlap MOC paBHIUJA HOJb Ba @ Tra Kapama-
KaplWH BeKTOpHH udopanadgd. R ¢asoHHHT 3/eMeHTJapH onar-
Ja n YJUOBMH BEKTOpJaAp, a =(a;, dy, ..., G, ... , @) BeK-

TOpAark a; € R sneMeHT 3ca @ BeKTOPHMHT (-KOODIAMHATAcH Jeb
foputHiam. i (i =1,n » N)-KOOpAWHATACH | 1aH, KOJraH KOOpJHHa-

TS XS

'ranapu Ho/lapaaH ubopar 6yarau e; = (1,0, » 0), ea= (0,

. 0), e,=(0,0, ..., 1) BekTOpnap opm ékH Oupaux
eexmop/zap Aefunagd. R" ¢aso ojaTaa n YJIHOBAH  BEKTOpJap-
HHHT apH(dMeTHK (asocH Je6 IOpUTHIALH.

2. Yu yiuoBaH (asodard reoMeTpuK BekTopaap (HyHasrax
KecMasap)HUHr V, TYn/iavH BeKTOpJapHH KYLIHIIHHHT  MabJayMm
Kouzacura HucOataH, R xakukuilt coHap MaHIOHH yCTHAArxk
BeKTOp (ha30HH Hdopanaiiy.

3. Koabpduuuenraapn R counap MalHAoHH 3/1eMEHTJapHAAH
Hbopar, napaxanapd 3ca n  CoHmaH xarra OyJMarad f(x) =
=ax"+ax"" '+ ... 4a,_ x+a, kynxaanap Tyniamy
KynxaanapHd KYIMW Ba KYnxal/JapHH COHra KyMaHTHpHII ama-
Jura Hucbatad wy R maligoH yctuaaru BeKTop ¢aso 6yJamH.
Kynxaanap TynJaMHHHHT HOJMb EEKTOp Ba3MbacHHH Xxamma
koapduunentnapy O ra tenr [f(x)=0.x*4-0.x*"14 ... 4
+ 0-x+ 0 xynxan Gaxapamu. f(x) =ayx"4-ax"" '+ ... 4
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+a,_x+a, ra Kapama-KapwH 3jeMeHT — f(x) = —ax" —
—gx" ' — ... —a,_x—a, Gynamu.

Kosran akcuoMmanapHHHr GaxapuJuIIH XaM IOKOpHAa-
THAEK TEKIUHPHJAAH.

4. Napaxanapu ¢akar n ra TeHr GyaraH Kynxapmaap
TYMJaMH BeKTopJap (a3oCHHH TAWKHJ 3TMalAH, YYHKH
HKKHTa KYNXaJAHH KyWIraHaa AHFHHAM KyNxan Japaxacu n
JaH KHYHK 6YaH0 KOJHLIH MYMKHH.

5. JlapaxasapH n jnaH karra 6ysMaraH Ba 6apya Ko-
sdpduunentnapu myc6ar consnapaan ubopar 6yaraH kyn-
Xajjap TYnJaMH XaM BeKtopJap ¢asocH GyaMaiiu, yyH-
K# GyHAa# kynxaaHu MaH(HH coHra KynaHTHPHJCA, YHHHT
Gapua ko3dpduuueHTnapu MaHopuil coHnapiaH ubopat 6-
JaJH.

Mawganap

1. R — xaguguil connap tyniamu yuyn < R, 4, -, 0, I>
anre6pa Ky#njaard MaiijoH/ap YCTHAA YU3MKJIH (Pa30HH TalUKHJI
3TaUMH:

a) Q; 6) R; B) C(C — 6apua KOMNJIEKC COHJIap TYMJamh)?

2. <C, 4, -,0,1> anre6pa Q, R Ba C Maiifionnap ycTuaa
Y3HKIM (a30 TAILUKHA STHIIMHH AHHKJAHT.

3) <Q, +,-,0,1> anrebpa kaHpait coHnap MafiOHH YCTH-
Ja MH3MKJIH ¢aso 6ynanu?

38-§. KHCM ®A30JIAP

Ipynna, xanka Ba MaiinoH xaGu BekTop asonap yuyH xaMm
K¥cM aso TYLUYHYACHHH KHDHTHMLI MYMKHH.

l-tabpud. & maition yctHaa aHukJaHraH V Bekrtop ¢a-
30HHHT GHpop L xucm Tynsamd V na aHuKJaHraH afjreGpaux
aMaJsapra HHcGaTaH BeKTOp asoCHHM Tawkua stca, L ra V
dasonuHr Kucm ¢hazocu nenmnany.

Teopema. V sexmop ¢asonune bupop L wucm miniamu
Kucm paso Gyauwmu yuyn, Kydudaeu uxkuma wapmuune 6a-
wapuauwu 3apyp 6a emapau:

a) (vx, yEL) x—yeL;
6) (Vx€EL, YacF)axEL.

HMc6oTn. 3apypauru. L pektop ¢aso 6Yy.ca, yHza
a) Ba 6) wapTnapHHAr GaxapHaHILM paBLiaH (BekTop (aso Tab-
pudura 6uHoan). Bynnan Tawkapd L < V 3kanu Gepuarax. Ly~
HUHT yuyH L Kucm casomup.

Etapauauru. a) Ba 6) wapriap ypuHau 6yJcHH. YHaa
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x€L skaumurugan x —x = O0€ L 3SkaHIHrH Kequb YHKAZRH.
Cyurpa 0€L Ba x€L skadiurura Ba a) Iiaprra acocaH
0—x=-—x€L 6ynagn. uau x, yEL 6ynca, —y€L
Xamaa siHa a) waprra acocaH x—(—y) =x+ y €L 6yaapu.

Mynpait kum6, L <V Ttynnampa Bektop ¢da3oHHHr Gapua
mapTiapH (KOJranJapHHH TeKIUHpHG KYpHHT) Gaxkapumaagd. Iy-
HuHr yuyH L tynnam V' ¢asoHunr kucm dasocuaup.

V Bexktop ¢asoHuHr GHp HeuTa KHMcM (asosapH  KeCHIIMacH
fHa kucM ¢aso 6yaapu. (Mcbor kuauur.)

3umu V BekTOp (a30 BeKTOpJAapHHHHT GHpop A TymiamuHH
oqamu3. llly A tynnamMHu yaupa cakjaoBun Gapya KHCM ¢aso-
Jlap KecHmMacH < MyHocaGatH GyiiMua 3HT KHYHK KucM ¢aso
6ynanu. bBowkasa xum6 aitcak, A< L, AcL, ...,

Ac=L, 66, L= Hl L; 6yuca, L krcm daso A v §3 uunra
=

OJIyBYH 3HT KHYHK KHcM ¢a3o Gysapu. Aua wy ¢asora A Tyi-
JlaM BEKTOp./iapHra TOPTHJIFaH YH3HK/AM KOGHK Jefiniand. bBus
6y TylwyHuara KefiMypox siHa KabfiTamu3.

V casouunr ysu Ba {0} tynaamaap V casonunr xucMm ¢a-
socugup. By Hkku daso ogarna V' HHHr xoc KucM dasosapH,
KoJraH KHcM ¢asosap 3ca V HHHT xocmac KHeMm da3onapH neb
aranajy.

Muconnap. 1. & maition ycTunarH JapaxacH n JaH
IOKOpH GysiMaran KymxajgJapHuur V' ¢asocura Teriuis, iapa-
JanapH m < n WAPTHH KaHOATJIaHTHPYyBuH F(x) kynxaaJjapiad
uéopat W tyrnam V HuHr KucM dasocHuu Hboranaiau.

Xakukatad, ‘FF(x), O(x) €W yuyd papF(x) < m < nBa aap
D(x) < m 6yarann cababau F(x) + O(x) € W Ba aF(x)EW6y.1a-
o4, uyHkd Jgap(F(x) + dx)) < m<n Ba gap F(x) <m < n.
byuna pap f(x) meranpa f(x) Huar napaacH TYWYHHIAIH.

2. Bup, MKKM Ba y4 yayosau BekTopaaphHHr R!, R?, R3
®asonapu yuyn R'< R*<R® myHocaGat/iap §pHHJHAMD.

Mawgkanap

1. R+ —wmMyc6ar xakukuit coHjap Ttynaamu GYyicHH. By
TYM/IaM 3neMeHTJapH yuyH Kywuw Ba xE€R m1 AE€R ra ky-
NalTHPHIL ava/lNapHHH Ky{HJaruya KHPHTaMu3:

a) (x, yeRY) x+y=x-y,

6) (x€ R+, AER) Ax==x".

1) Rt nunr BeKkTOp a30 3KAHJMIHHH HCGOT/IAHT,

2) Rt nunr 6upmik Ba x € Rt ra kapama-kapliH  3JeMeHT-
JIApH KAHAa# KypuHHiura sra?
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2. <C, +,—,0,1> umsugm ¢aso (C — KOMIIEKC COHJIap
Maii JOHH ycmna) YUyH KHCM (aso GyJsagdraH pekrop ¢hasogan
6GHp HEYTacHHH E&3HHT.

3. R, (asoga Gupop TeKuc/MKKA mapasien Gyarad Gapda
BEKTOpJIap TyﬂJlaMH yy3uKIM $a3o GyaguMu?

4. C Ba Q Tyn.namnap Gepusrad  6ysub, «-+» HKKHTa
KOMNJIEKC COHHH K¥IUMWI, W, 3Ca 2 = a-+4-bi KOMINVIEKC COHHH
A€Q ra kynairrupuur 6yaranna <C, +, —, {w, |AEQ}> an-
re6pa Q HHHI ycTHAArd YH3MKIH (Ga3o 6yaagumu?

40-§. BEKTOPJIAP CUCTEMACHHHHT YH3UKJIH BOFJIAHUILHK

Kyfiugary HKKHTA BEKTOPHH OJIAMJIHK:
a,=(1,2 <), a,=( 4, —2).
Arap 6y BexTOp/IapHHHT GHPHHUHCHHH —2 ra KynaiTupHo,

HKKHHYH BEKTOpra KyIcax, ——2a1+ a,=0 BekTOp XoCHJ 6¥11a%H.
l-trabpud. & connap MadloHH yCcTHAA KypuaraH V Bek-
Top (Da30HHHT YEKJ/H COHAAry

a,a, -..,q, ()]

BEKTOPJIApH YYyH KaMuAa GUTTacH HOMZAH apk/aH ILyHAaH a,
d,, ...%, O, COHNAD TOMWICAKH, y/Iap Y4y ymly

aclal “ta,a, L )+ |+ o, ar=0 @

TEHIVIHK OarkapH/ca, Yy X043 (1) cucremMa uM3MKJIM GOFJAHraH
cucteMa fehumnmapy. Arap (2) Teurmuk dakar, @, =0, =...=
= a, = 0 6ysranjaruda Gaxapunca, y xonga (1) CHCTeMa uH-

UK/ apkau (GOFAGHMAZAK) cucmema NeHdIad.
2-tabpud. Arap ucramran ki = 1, m) COHJIAp YuyH
a=ka +ka+...4+k a, 3)
TeHIVIMK OGaxapuica, y Xxoaaa a BEKTOD a: (i = I, m) eektop-

Jlap OpKanu UM3UKIM ‘Udojananaj (@ BEKTOP @; BEKTOPJIAPHHHT
UM3HKIH KOMJMHAUMACHAAN MOOpAT) AeHHIalH.

a = (6,4,4) sexkrop q; = (1,2,3), a, = (3,2,1) Ba g, =(1,—2,~—3)
BEKTODTAPHHHT 1U3HKJIH KOMJHHauusIcHaan dbopar. XakukataH,
2a, +1-a,+ 1 a; =a Teurux YpaAHIM, YyHKM

2a, + a;ta, = 2(1,2,3) + (3,2,1) + (1, —2, —3) = (6, 4,4)=a.
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V dasonaru YekJH BeKTOpJap CHCTEMACHHHHT YM3HKJM GCF-

JIaHMIUK KyHHAaru xoccasapra sra:
l- xocca. (1) 3ekTopsiap CHCTEMACHHHHI: a) KaMHAa GuTTa

BEKTOPH HOJb REKTOpAaH HOopaT G6yaca; 6) KaHIafmMp HKKHTA
BEKTOPH MpOINOpUHOHa/ 6VJca, 6y CHCTEMAa uM3HKIM GOF.1aHraH

6ynany.

U c6oTu. XakukaTtad, arap a~k= 0(1 < k< m) mecax, (1)
CHCTEMAHMHT k- BEKTOpHHH @ % 0 ra, KOJTaH BeKTODJADHHH 5Ca
gonnapra Kymaittupcak, 0-a; + O.ap+...4+a-04...+
+0-a, =0 6ynagu. Suau

a; = ﬁa} (4)

6yu6, 6y epna B == 0 6ynacuu.

Bynna#t xonna (1) cucreManunr i- BekTOopHHH | ra, j- Bek-
TOpHHH 3ca —f ra, KoaraH BekTopJapHu 3ca 0 ra xynaiTHpHO,
HaTKaNapHH Kymcak, (4) ra acocan 0-a,4 ...+ 0-ai_1+4
+l-a;+0.a;, + .. -+ (—Bap+...+0-a, =0 ra spu-
IIaMH3.

2- xocca. Arap (I) cucTema um3nKAM GorsaHran GyJca, He-

Tanrad by, by, ..., b, cucteMa yuyH

ay, Gy ..., a,, bub, ..., b, (5)
CHCTPMA XaM UH3HKJH GOFJaHraH GyJaju.

Hc6orn. (1) cuctema umsuk/u GOrsianraH Gy/rauiure Ty-
¢afimn go; #+ 0 yuyn aa +a.a,+ ...+ a,q, =0 Tenr-
JEK Gaxapwiamd. Y Xomma oy + @0+ ...+ o,a, +
+0:b, +0-b,4...40-b, =0 Tenvmk Ypuram 6y.ara-
HHAaH (5) cHCTeMa XaMm YM3HKJAM GOFJAHrauaup.

3-xocca. Bepunran V casoma (1) cucrema uM3HK/IH GOF-
NanMarad 6yJjica, YHHHT Xap KaHlait KHCM cHcTeMacH (cucrema

6yJsiark) XaMm UM3HKJM GOFJaHMaraf GyJafu.
Hc6otu. Papaz gunaitnuk,

45,8y, - .., a (I<k<m) ©

cacteMa (1) HMHr KMcMM GYaMO, Yy UM3HK/IM 3pKJH  GYJIMAcHH,
A (5) cHcTema (1) uM3HK/AM  GOFJaHraH cHcTeMawH Hponasa-

CHH. YHAA 2- Xoccara acoca @y, @y, - - . 5 @y Qppgs - 1 Bo
AbiH (1) cucTeMa xaMm uuMsukaM Gornanrad Gysanu. By sca Ge-
pHAraH xocca waptura sua. Jlemak, ¢apa3uMH3 HOTYFPH.
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4-xocca. (1) BekTOp/Nap CHCTEMACHHHHT HCTa/IraH BEKTODH
LIy CHCTEMAa OpKaMH YH3HKJW uhOAATaHAIH.

Hc6otu. Hcrarran afi = 1,m) Bextop yuyn Kyiupaaru
TEHTJIHK Y DHHJH:

g, =0a+0a+...+1 4+0q, ,+...+0a,

By rtenrymk () cHcTeMaHHHr HXTHEDHI BEKTODHHH LIy CHCTEMA
OpKa/H YH3UK/IH HPOJaJAHHUIAHH KYpPCaTajid.

5-xocca. (1) BekTopaap cHcTeMacH YM3MK/H GoOFjadrad G-
JUUIM YYyH yJaplaH KamHAa GHTTacCH KOMraH/JapH OpKald 4YH-
3uKAM MpOAAMaHHILK 3apyp Ba eTapiH.

Hc6oru. 3apypauru. (l) cucreMa uv3ugau  GorJaHraH
6yJcud. BekTop/iap CHCTEMACHHHHI UYH3MKJAX OOFJIHKJ/MATH TabpH-
¢ura GHHOAH

@,a, + Oyt + ... +aa, =0 (7

TEHTVIHKAA KOSDhuUMEeHTIapJaH KaMula OUTTacH HOJAAH apk-
auanp.  Papas  gwiaitauk, @ 0 6yacud. (7) AaH oya,=

= —Qyly—...—0Q,d, TeHIVIHK €KH
ay = hyay+ ha, 4 ...+ h a, (8)
TEHIVIHK Xocdn 6ynand, Gy epra h,= —g—’*- (k = 2, m) nap cka-
1

Jagp Mukfopaap. [Jemak, a, BeKTOp KOJIraH BeKTOpJap OpKaIH
YU3HKJIY HDOLANaHAH,

Etapauadru. Qapas xunaiiik, (8) wapr 6ax apH/CcHH.
Y xonpma (8) TeHrJIMKHY

Lay + Lay+. ..+ 1, a, =0 (9)

KypuHHiuda €3a onamus. by epaa [, =1, [; = —h; (i =2,m)
6ysmo, (9) TeHrymk (l) cHcTeMaHMHr YH3HKJ/H GOFJMAHTaH CHCTE-
Ma 3KAHJIMTHHH KYpcaTagu.

Bus iokopuaa scnarraHuMusra 6uHoaH V ¢a3o yekcHs
6yacud. LlyHHHr yuyyH BeKTOp/MapH COHH 4ekJH Gynmarax
CHCTeMAHHHI YH3HMKJIH GOFNAHTAaHJIUTH TYLIYHYACHHH KHDH-
THIU MaKcaara MyBOGHKIHD.

3-TabpHd. & coHnap MalgoHH YCTHAA KYypHAraH
YU3UKJIH (ba3oHHHr OHpop uYekJau O6yamaran K sexropaap
cHcTeMacH y3uja KaMuaa OHDPOPTA YEKJH COHAATH UH3IHK-
A OoFsaHraH BEKTOpJap CHCTeMacuHH cakJjaca, K
BEKTOPJ/Iap CHCTEMACH XaM y3apo YH3HKJIH GOFNaHran nefiu-
aand. Arap K cucreManHHr Oapua YeKJH COHAATH BEKTOP-
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J1ap CHCTeMAacH YH3HKJH OornanMaraH 6yJca, CHCTEMa XaM
Yu3HKJIH GOFJaHMaraH cucremMa JeHHJalH.
Mawgaap

1. BurTa @ BekTOpHaH uGOpaT GYysiraH CHCTEMA 4M3HK.1M GOF-
JNaHMaraH GYJHLIM Y4yH @ = 0 GYJMIUA 3apyp Ba eTapiH 3Ka-
HHHH KYPCATHHT.

2. VkruTa BeKTOpHaH Ty3HJraH ‘a, b clcTeMa YH3UKJIH
GornaxraH GysmMumM yuyH a=Ab (6y epha A — cKaJsip MMKAOD)
TEHrVIMK Ga)KapuJHIIH 3apyp Ba €TapaH 3KaHHHH UCOOTJAHT.

3. a,B, v ckansip MHKIOpNap Kauzan mapmap}m KaHoaT/aH-
Tupranna RS Huur ytn‘a(l a, a?),(1,8,p% Ba (I, v, v?) BekTOp-
Jlapu GHpOp COHJIap MailOHH YCTHAA 4YM3MKJ/M OOFJaHMaraH Oy-
Jnagu?

4. Arap a=:0 69aca, 1, a,a? ..., a" cuctema P lal
dasona un3MkaM GopsaHran cucTema 6yaa onagumu? 1, a,a?,

|
a", & cucrema-uu?

41- §. BEKTOP ©A30HUHI BA3UCH BA VJa40BH

l-tabpud. Bekropnapuuur S cucmemacu 6asucu peb
KyHuJarH mapTiapHH KaHOaTJAHTHPyBuM S’ KHCM CHCTeMacHra
afTuaafM:

I. 8" — uu3uK/H GorsaHMAaraH BeKTOpJIap CHCTEMACH;

2. § cuctemaHuHr xap GMp BexkTopd S’ cHcTeMa BeKTOpJa-
PHHMHT YH3KKJ/IH KOMOUHAuusicH GyJiafn.

2-tTabpud. Arap V Bektopaap ¢asoCHHMHT ¥3apO UH3HKJIH
6OFsaHMaraH IuyHzai

Xy Xgy ooy Xpy ooy Xk 1)

BEKTOpJIap cHCTeMacuH MaBXya Oynacakd, V HHHT KoJras
6apua BekropsapH (1) cucTeMa opKaJH YH3HKJIH Hboza-
Jnanca, y xonpa (1) sexropnap cucreMmacu V eexrop ga-
30HUHE 6a3ucy nedunaasy.

®dapa3s kuaaiaux,

a, @y ..., a, 2
BEKTOpJap CHcTeMacH V' BekTOp (hasonuHr Gasucu Gy/cHH. YHIA

uxTHEpHiT acV/ BEKTOPHH (2) 6asuc opkamt umsukJM HboAanal
MYMKHH, 'BIH IYHAAR @y, Qg, ... , O, COHJAD TONH/IAJAHKH,

HaTHXKaJla
a=aa +oa,+...+oa ©)
TEHIVIHK Gaxapusia .
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3-tabpud. V dazonunr (2) Gasuc BekTopmapH yuyH (3)
TEHMJIMK ypuaam 6yuica, (@, o, ..., @) KOpTeXra a BeK-
TopHUHT (2) Gasucra nucGaran xoopduxamairap campu AeHH-
JIafH.

Bus kefiHHpPOK KOOpAMHATasap CaTPHHH Xap KaHaai
BekTOp y4yyH (GepuaraH 6Gasucra HuUcOaTaH) SITOHAJHTHHH
KypcaTamus.

Arap 2- TappudHH KaHOATIaHTHPYBuH (1) cHCcTeMa yex-
au 6yaMaca, y xonfga OyHaa# BekTop ¢pasora 4exkcH3 yJa-
4OBJIK BeKTOp (a3o aeb atamafmH.

(1) cucrema V' uuur Gasucu Oyaca, V daso k yurioBm da-
30 pednsagu. V' dasouunr ysuosn dim V' opkaJm GearnaaHagu.

4-Tabpu@d. Yekm BeKTOp/Ap CHCTEMACHHHHr paHTH J1e6
YHAAr# YH3HKJM GOFJaHMaraH BeKTOPJIADHHHT MaKCHMaJsl COHHra
aHTUNagu.

I- meopema. R* ¢pasonunz ucmanrzan n+1 ma eexmopu
y3apo uusukau boraanzan 6iradu.

Hc6oTtn. ¢=(1,0,...0), =0, 1, ..., 0),,...,

=(0,0,...,l) BexTOp/ap cHUcTeMacH YH3HKJH GOF/IaHMAaraH
6ynaan. XakukataH, a6, +a.e,+ ...+ a, e, = (0,5, ...
@&,) BEKTOD HO/Mb BeKTOPHH HOJaNAlM YUYH o; == Oty =
«..=oa, =0 6ymun Kepak. Suax R" HuHr ucranran n + |

Ta BEKTOPH OpT/Iap OPKa/Md UM3HK/IM HbOAANaHHWHMHK Kypcara-
MH3.

Hcranran nosb GyaMaran a = (al,az, ..., O,) BeKTOPHH
onamus. IOxopuna kypu6 yrramxm{anex a —(al. Qgy o« oy @) =
= o, e+ a,e,+ +an e, Gynanu. Bynfan a = — o, e, —
— Oy —. . .—a, e =0 ket unkamt. OXupru TeHravk n+1
Ta q, e, €, ..., e,1 BEKTODHHHT YM3HK/H OOFJaHTaH 3KaHJH-

runH Kypcatagu. Harokama e, e, ..., e, opmiap R" apud-
MeTHK (a3oHHHT GA3NCHHH TaLUKHJI 3TalH.

2- meopema. V eexmop asonunz uxmulpul eexmopu
(2) 6asuc eexmopaap cucmemacu OpxaAu A20HQ Yycyada wu-
3ukau ugodararadu.

Hc6otu. V umsukm ¢asona (2) cucrema 6Gasuc 6yJca,
yHza GasucHUHr Tabpudura acocaH, HcradaraH n -+ 1 Ta BekTop
YM3MKJIH GornaHraH GyJaau. Jlemak, kKamMfa OHTTacH HOJJaH
GbapkaM  wWwyHAAH oy, ®, ..., O, Ontl COHJAD MaRXYIKH,

yJap yuyH
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wal+a 0+ e, ta, % =0 (=14 @)
TenrawK [Gaxapunand. Vs-Ysuiam Mabaymke, (3') TeHrsmkzia
o,,; # 0, akc xonna
a,a, + o, + ... +aa =0 (4)
6yau6, (4) TeHr/MK (2) cHCTeMAHHHr GasMC SKAHJIMTHra 3HI Ke-
namu. (3') TEHMIMKHHHT MKKaJa TOMOHWHH @, ra GyiuG Ba
(n<4 1)-xannaH Cowka XaAJapHM KapaMa-Kapum wiiopa GHJaH
yur TOMOHra yTKasn®, KYyHHMJAArMHH XOCHJ KHJIaMH3!
% =ha,+ha,+...+h,a, (5)

@y

(5) na h,= — (k =1, n) 6yaann.
TS|
Supu (5) unsukyM udofanaHUIIHKHE GHP KpEMAT/H (AroHa)
SKaHJIHTHHH HCOOTNaliMH3. _
Teckapucunu apas Kunaijuk, sibHr X, BeKTOp yuyH (5) Aan
dapkaH Kamupa siHa OHTTa

% =00, +Ba+...+b,a, ©)

YH3HKJH UGPONANAHHII MaBKYA GYJICHH.
(5) Tenrymkzan (6) Hu xansa6 aifmpamus. Y xoaga

(hl - ﬁl)‘z +:(h2 — 52)‘;3 +... 'F'{(h; — ﬂnil—ln"z 0 ('-7-)

TEHIVIHK XOCHJ1 6Y/anH. (2) BeKTOp/ap CHCTEMAacH YH3HKJH GOF-
JaumaraH 6ysrand Tydaiinu (7) tenrsuk Qakar Ba ¢akar Gapua
KosHuHeHTIap Hoara Tewr GyJaranfarHna Gaxapunazu. [e-
Mak, h, =P,(k.=1, n) renrmvxnap ypunm. Teopema ucGor 6yau.

Mlynnak kumm6, R" ¢aso uekcus Kyn BeKTOpJap cucTeMa-
JapHra sra 6ysM6, yJapEHHr Xap OHpH n Ta y3apo HYH3HKJH
6orslaHMaraH BeKTOpJIaD CHCTeMacHAaH HOopaT 3KaH.

ScnarMa. By kurobna Kynpok uekJH Y.HOBIM ¢pasonap
6unan wyryasnasamus. Yexsn ¢asonunr n yiuosn Gy ¢aso 6a-
3HCHHH TAlUKHJ 3TYBYH BEKTODJAp COHHIa TEHIVIHTHHH KYpPAHK.
AnreGpana siHa uekcH3 YHOBJAM ¢asonap XaM Kapasiann. Uek-
CH3 VJNOBJH (asoHHHI Xap KaHAal OasHCH XaM YEeKCH3IHP,
SI'BHH YeKCH3 KYN YM3HK/H OOFJiaHMaraH BeKTOpJaplaH Ty3HJl-
raH CHCTeMaJup.

Macanan, R maiinon ycrupard f(x) kynxaanap ¢asocu yex-

cH3 ysyoBad ¢asoman ubopar. 1, x, x% ..., x*, ... cHcrema
6y Ga3oHHHr GasuUCHHH TacBHPJAHAH.
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Mawgaap

1. (0,1,1) (1,0,1), (1,1,0) BexkTopsap CHCTEMACHHMHT DaH-
FHHH TOTHHT.

2. L, Ba L, nap R" wuHr KucM dasonapu 6yim6, L, (L, =
= {0} 6yaca, dimL, U Ly) =dim L, 4+ dim L, Tenrauk ypHrIH
6ynanumu?

3.a, b c _BekTopJap cuctemach R® HuHr GasucH 6y.-
raufa a 4-b, a+rc, b+ c Bexropmap cucremack xam Gasuc
GYJMUIMHY YCOOT/IAHT. _

4. a, a,, ..., a, ..., a, cucreMa V dasonuur 6asucu 6yu-

raLja a,, a,, ..., %@, ..., @ cCuCTeMa xam V HuHr Gasd-
CH 3KaHJMIHHK ucGotaur (6y epia o, 7= 0 ckansp MHKZAOD).

42- §. BekTOpiap CHCTEMACHHHHI 3KBUBAJCHTJIHTH

R™ ¢a30 BeKTOP/MapUHUHT KYHHIArH HKKHTa CHCTeMacH Ge-
puiaran GyJcHH:

E; E;o e ,ZL. (l)
B, 5 ..., b
l-tabpud. (2) cucremanunr xap Gup b; Bekropu (l) cuc-
TéMa OpKa/M YH3uKJH Hofananca, (2) cucmema (1) cucmema
opKary usuKau ugpodasanadu peHHIANH.

BUpOp CHCTeMAaHMHT WKKHHUM GUD CHCTEMA OpPKAIH YU3HKJIA
HhoNaNaHUILl MYHOCAGATH TPAH3UTHBAHD. XaKHKaTaH, YYHHUH

Cir Car v ooy Gt ®
cucrema (2) opkamu umsukau udoganaHamd Ine6 dapas kuncak,
ywby TeHrJukmap 6axapuiaiu:

r

; 2,-,,(i=,s>. (4)

>

= Ja
I_—

=Zﬁm ; =1, l)- (5)

_5;' Huur (4) maru udopacunu (5) ra Kyiub, Kydugarura xes

JlaMH3;
s r

(; )= (,-Zx Buctis) @i~ X % 8y

i=l = =

”
T [/ "’
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By renrauk (3) cHcTeManHHr (1) cucrema opxaJsH YH3HKJH ido-
/i@NaHHILIUHD.

Hlynnain gkunub, (3) cucrema (2) opxaam, (2) aca (1)
OpKaJH YH3HKAH H¢onanaHca, (3) cucrema (1) opkgaam
YH3HKJIH HPoganasaiu.

2-tabpun . Mkknra BekTOpsap cucreMacugaH GHpHH-
YHCH MKKHHYHCH OpPKa/JH Ba aKCHHYAa, HMKKHHYHCH GHpHH-
YHCH OpKaJu YH3HKJIH HPodanaHca, OyHxal BekTopJjap
CHCTEMaJlapHTa 3K68UBALEHT BeKTOpAGp cucremarapu (K-
BUBAAGHT cucTemaarap) neiinnany.

Bekxtopsap cucTeManapHHHHI 3KBHBAJEHTJINK MYHOCA-
6aTH XaM TpaH3HUTHBAHD, uyHkH (1) Ba (2)aap y3apo, (2)
Ba (3) nap y3apo skBuBaJeHT GyJaca, y xoana (1) chcrema
(3) cucremara 3KBHBaJIGHTAHD.

1- meopenma. Arap c sektop (1) cHcrema OpKan¥ UHM3HK-
JaH udopananca Ba (1) cHcrema (2) cucremara sKBHBaJieHT GyJI-
ca, y xoiaa ¢ BekTop (2) cHcTeMa OpKasiH uM3HKAH Hdopana-
Haju.

Hcbortn c-zaa Ba a; —26‘1 ; TeHIMMKJaplaH

r 8
= 21 o (Z1 p,.,b,)=Zl (Z B, )5= Z 875, C—-—Elb B,
i= i= - =
TeHI/IMKKa xesamus. Bymna a;, ﬁ;, Ba §; .rlap CKaJsip MHKIOp-
Jiap, fAbHH & MaililOHHHHT 3JIeMEHTapUIKP.

2- meopema. (1) cucmema wusuxau 3pkau 6garub, y (2)
cucmema opxaru wusuxau ugodaranca, (1) Hunwe eexmoprapu
conu (2) Hune eexmopaapu conudan kamma 6yamadou, BHU
r<s mesecusauk 6axcapuradu.

Hc6oTH. r > s ne6 dapas jkunaiimk. Teopema LuapTHra
Kypa

a; = Pil{b_l + l"'i2§2 +...+ ”(s 2 }1” i [(6)

Koopnuuaranapu p;;, Wi - .. , Py COHNapnaH H6opaT Gy
raH r Ta s YJUORIHM KYHHAArH BeKTOpJIaDHH OJIaMH3:
¢ = (s Wip + -+ » W) (i =1,1).
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r > s 6yaraHd caBaba R° ¢dasona 6y EeKTOpJap UH3HKJH GOF-
Nanran. Jlemak, Kamuna GHTTacH HoJzae dapkau Ry, k,, . .., k,
r r

COHNIap MaBXYA 6Yau6, yaap yuyH Ekﬁi = Z LA (TR

=1 =l

ey M) =.21(k"p"“ Rty o oo kin)=0 Tenrnuk Ga-
=

apunand. ByHaa BeKTODJ@pPHHUHT HUFMHAMCH (TBeKTop Ba 6y
BEKTOP/JIaD YH3HKH GOFnaHMaran GyJraHd yuyH

Dk =0, Dhp, =0, ..., Eki“t‘s =0,
=

{=1 =l

2 kb =0 (j=1,79) @
=

GysanH.
(6) Ba (7) »napra acocaH, Kykupaarira sra Gy/namus;

r 1.5 5

ig} k= 12=1 k; (2 My b; )= E( .'

‘ Z’k[l‘i;)zi=l_21(0-77i) =0.

j=1 j=1 i=

By TteHr/k sca (1) cHCTeMaHMHI YHMSHKJIH SPKJHJIMIHra 3HJ
kenanu. lly ca6aban r <'s TeHrCHanuK GaXkapH/anH.

1- HaTHka. Mkkuta skeuBaseHT (1) Ba (2) BeKTOpsIap CHC-
TeMacHHHHI' xap GHPH YH3HMKJH 3DKJH cHcTeMa 6VJca, YJapHHHP
BEKTOpJIaDH COHH TeHT, S'BHH r = s Oysand.

Mc6oTu. 1- Teopemara acocaH, 6Hp TOMOHAAH r < 9 Ba
HKKHHYH TOMOHJAH S < r 6yJaany. DyHpaH r = s KeJHO 4HKaIH.

2- HaTHXKa. a,,qy ..., Q CHCTEMAaHHHI MakCHMa.1 r

m

Ba S Ta BEKTOpJapHAaH TY3HIraH HKKHTa UM3HKAH GOopnaHMa-
raH KHCM CHCTEMacHHH oJcak, r =s Gynaau.
HNc6oTtn. bBepunran

a,, Qg -y Op (8)

CHCTEeMAaHHHT MaKCHMaJl r Ta BEKTODHIAH TY3HJraH 6urTa 4H-
SHKJIH 3DKJIH KHCM CHCTeMacCHHH

ay, Qg ..., G, (r<m) (9)

JeHJIHK.
(8) cucremanuHr xap GHp BekTopH (9) OpKaJ/ YH3HKJH H(O-
Aananagd. Akcuuua, (9) cucrema (8) HMHI UH3SHKJIM KOMGHHa-
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umsacHaan ubopar, uyHkH (9) HuHT Xap Gup Et-(i =T, r) Bextopx
(8) opxkanu xy#AumarHya uM3uKJ/IM HoJasaHanqH:

3,=0.2,+0.3,+...+0%_, +1-g+
+0-a,,,+ ... +0-a,.

Ilynnait kw6, (8) Ba (9) cHcTeManap SKBHBAJEHT CHCTEMA-

Japaup.
(8) HuHr MaKcHMaJs S Ta BeKTOPHAAH TY3MJIraH HKKMHYH YH -
SHKJH 3DKJIH KHCM CHCTEMAcHHH

Qs Qi -+« 5 Qg (5K M) (10)

OpKaJ GelrH/iacak, IOKOpHIArH Myxokamara acocaH, (8) Ba (10)
cHcteManap, y xonga (9) sa (10) cucremanap 3KBMBAJIEHT CHC-
TeMasap Gy/n6, |- HaTikara MyBodHK, r = s 6yaaau. [lemak,
r=om mapraa s =m 6yau6, (9) sa (10) nap G6urTa cucrema-
HH GH/IIHpanH.
3- HaTHxka. DxkBHUBAJEHT GyJran
a, a3, ..., 4, (11
by by s ooy By (12)
BEKTOpJAD CHCTEMAJIADHHHHI paHIJIAaDH TEHT.
Hc6otu. (11) sa (12) napuuur k Ba [ paHr/japHHH aHHUK-
JIOBUH UYM3MKJH OOFJIaHMaran KHCM CHcTeMaJsapH
a, g ..., a (<), (13)

by by, ..., b (<) (14)
6yacun. (11) Ba (12) cucremasnap — SKBHBAJIEHT.

2- Teopemara kypa, (11) cucreMa (13) opkamn UH3HKJH Heo-
AanaHand, (13) HuHr xap Gup a; Bextopn 3ca (11) opkaan
a;=0-a,+... 41 a;+ ...+ 0-a, kypuuuwaa upozanaa-
au. Xyaau wynra yxwawm (12) Ba (14) cucreManapHHHT 35KBH-
BAJIEHT/IMIH KYpCaTHAaiH. SDKBUBAJIEHTIMK MyHOCaGaTH TPaH3H-

THB Gysrann ca6a6mu, (13) Ba (14) cucremanap 3KBUBaJIEHTAHD.
¥ xonna l- Hatkara acocaH £ =/ IKAHIHLH KeJHG UHKaIH.

43- §. H30MOPP YH3UKJIH GA30JIAP

Ajtraiinuk, & Malifod ycTegar® udekad Yyauonan uxxura V
Ba V' un3uk/u Qasosnap GepuaraH GYJcHH.
Taspud. Arap V Ba V' umsugny azonap opacija LiyH-
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faii @ aKCIAaHTHPWID MamxyA 6ymu6, y V muur xap 6up x
BeKTOpHHH V' HHHr OuTTa X' BekTopHra (wry GunaH Gupra V
HHHI XaMMa BeKTOPJAapHHH V' HHHT XaMma BeKTopJapura) ya-
apo GMp KMHMAaT/IH aKCJIaHTHpca Ba KyHMarH uapriap Gama-
puica, V Ba V' ¢asonap ysapo usomopgp wusuxau gasorap ne-

dunaju;
1) x”’x Ba y—*y 6y.ica, x+y-*x +y 6ynanu. Byn-
1a x+y€V, ¥ +y €V(¥x, yEV X,y evy),
-9
2 x- *x Gaapuaranja ax"*ocx 6axapunann. Dynpa
ax€V, ax €V’ (Va€EP, x€V, x EV’).

V Ba V' uusukAu Ga3ojapHHHT H30MOPGQUIMIH 2 OpKaMH
Genrunasagy.

Teopema. & mallon ycmudazu n fA408AU UCMANZAH UK-
kuma V ea V' wusuxau ¢gasosap usomopgoup.
Hc6oru. V pa V' snapHuHr 6a3HCIapHHH MOC paBHIRAA

ey g ..y &y (1)
e, €, ..., les @)
OPKa/M Ge/THJAMMK Ba V HHHT Xap Onp X= e, + ye; +
4+ ...+ Gnes BeKTOpHra V' HHHI MOC KOODIHHATA/IADH TeHP

6)’.711‘8}{ x = ae + a,e2+ +an €, BEKTODHHH MOC KYsIMH3!

x=a,e,+ et ...+ tnen>r ¥ =ayeitages+ ...+
+a,| n' (3)

6ysaa a;€P. By akcianTHpum y3apo GHP [KMAMAT/IHAMP, HyH-
KH $HA

y=Bie;+ Baeat ... +Bre,~>Y =
=Pl + Pt ...+ ... +B.e, @)

aKC/IaHTHPHILHH OJIHG, X = Yy Jecak, a; =Pp;(i= 1, n) Kesm6 un.
Kama. Y xonma x' =y’ 6ynamu.
(3) akcnanTHpHII H30MOpPOH3M TabPHOUHHHT HKKaJa IIapTH-
HH KaHOaT/IAHTHPaJH. XaKHKaTaH.
xty=(e+oe+...+ae)t+
+(B1E1 + ﬁaga'{' ot ﬁ,.—én)=
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=(a,+BJes+ (@ +BJe+. .. + (@, +Be, >
> (ay+Bye+ (@t Ble+ ... +(x,+ Be, =
=(@etaget ... +a,e)+ B e +Pert ...+ Bue=
=x+Y.
Xty F Y iy =y
 aEP yuyH o x=aae, + ady & +. . . +aa, e, ~>
e ocalzx' + aa,_éé +.. . Foacne =ax, ax =ax.
[Hynnait kum6, V,= V, 6yaagu. (3) akc/aHTHPHIUAAH Ky -
Hufaruaap XocHa 6yJaanu:
0=07¢+0eg+...+0 ¢,
—0-ei+0e+ ...+ 0.e,=0,
-5 0.

G=t=...=q_ =, ,=...=q,=0 a;,=1

v = - 9@ — i
KHfiMatiapaa: x =e¢;,— x' = €.

JHemak, (1) Gasuc BexkTOp/apH Moc papuuiga (2) 6asHc Bek-
TOpJ/Iapura aKcJaHajH.

Mucon. Xakukuii COHNap MaHIOHM YCTHAATH BeKTOpJap-
HHHr yu Vrmuoran R® ¢dasocn Ba pmapawkanapu 2 LaH YOKOpH
6yamMaran f(x) = oty + ot X 1+ %yx? KYNXamMapHUHT Y4 Y/I4OBJH
R; dasonapu n3omophaup.

® =il

Dyun ncborsiam yuyH E; - X (i = 1, 2, 3) akcaaHTHpHLU~
HH VpHaTHW KHoA.

a= (g a, &) = f(x),

5 =Bo, Br, Bo) —> 2(x) = By + Byx + Bx?.
Y xoama
@+ b = (g, + 0385 + 0085) + Bofy + Breg + By2y) =
= (g + Bo) &1+ (eta = Bu)es - (g - BoYes —> (otg + fio) +
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+ (@ + B)x + (@ + By) x* = (g + o x + apx?) +
+ B, + Bix 4 Byx?) = f(x) + g(x),

QD> )+ g
Ba

-— —_ — -9 .
aa = oo, + aa, e, aay e, —> oo, + aa,x + ao,x® = af(x),

ca—> o f(x)
6ysaau. Dynpa ay, o, 0, o Jap XakHKHH COHJMap.

44-§ BEKTOPJIAP CUCTEMACHHWHT YH3NKJIH KOBHFH

Bus xuem dasonap Temacupa V, uMsHKAH  QasOHHHr YeK.H

n
conparu kHMcM dasonapu xecuwmack L= N L, sma V Huwp

=

KueM dasocH GV aHIIMHM alTHG yTrad sguk, L kuem ¢aso 6y.a-
TaHH YYYH Y
&y Ty .., (1)
BEKTOp Jlap cHcTeMacH 6uJaH GHprasiukia y/iapHHHD
7‘1—514‘}‘2;1-2'*‘- ot Anas (vl €9) )]
KYpHHHIIJArH Gapua YM3HKJAM KOMOHMHaUMsJIapHHH XaM V3xia
caknafigd. (2) kypuunwpard wndonany & MalnoH yctHmaru V
YH3HKAH (DasOHHHT HUIUKAW KOOuFu JeHnIanH. _
bua 6ynnan keitnH 6y UM3HKAH KoO6HKhu L (ay,a,, . . .,a,)
opKaJH OelrunaiiMH3 Ba YHHHT €aB3d OMp xoccanapu Owian
KyHHA2 TaHHIIHG YTamu3.
1- meopema. Aeap

by, by ..., b €))

m

cucmemarune xap Gup eexmopu (1) cucmema OpKaIL YUSUKAL
ughodanrarca, y xonroa

Lp, by, ...y b= Liay, ay ..., @) 4)

6ynanu.
HMc6oru. dapa3 xunailnuk,

.Bk = aMEI + a,ma_, 4+ ...+ ak,,Yz,, (k =Tm) (5)
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6§icus. Bynpait xonma L(by, by, ..., b ) wuanr uxTuépmit x
BeKTOpH

x =ﬁx—b1+52172 + ...+ ﬁmzm =51(°‘1151 +

+ 01, + . .+, a,) + Bylona, +
+ gty + ..+ aznc?,) + . F B+
+an g+ +a,,a)CL@, a, ..., a)
6ynamu. By sca L(p;, by, ..., b S L (a5, @ --.a) 3Ka-

HUHY GHJIIH Apajiy.

Byw tynnamuuur unsukad Ko6ien {0} TymiamzaH uGopaT
ne6 oymHaiy.
2-meopema. Azap (1) cucmemanune paneu r za mene

6jaca, L(ay, @y, . .. ,a) wusugau kobus r ijaso8au 6Gaadu.

HMc6oTH. (1)cuCTeMAHUHT PaHTHHH AHHMKJOBUM KHCM CHCTe-
MaHH

a—pd—;r"'y ar (5)

opkany GenmruiafiMus. YHaa GasucHuHr Tabpudura acocad (I)
CHCTEMAHHHT HCTANraH peKTOpY () OpKa/MH HH3HK/IH mpoaana

Haf. ¥ Xona 1- Teopenmara acocan, La,a,, ...,.a, . a a,)<

SL(@,a,...,a) 6ynamu xavia L@y, a,. .., 4, a,.,

. a) Aa wucranrad r-+Rk= 1, n-—r) T2 BEKTOD YH3HKJE
Gornanran 6ysranm tydaim L(g;, a,, ..., Gs) XaM r §J40B-
JH KHCM azopup.

Mucoanap. 1. & counap MaiiloHH YCTHAAa AaHHKJIAHTaH,
JapaxkaJapd n JaH Karra 6ysmaran f;(x) (z =1, 2 3,..)kyn-
Xamuapuuur V, o, dasocuman M= {1, x, %%, ..., x"}(l<m<
<n CHCTEMaHH onamu3. By cucremaian Tysnm‘an L(M) M-
BUKAH  KOOMK SneMeHTNapH f(x) =a, +ax +apx®+ . .. +
+ a,x™(a,EP, k=1, n) KYPUHHIAAMH KYMXaniapian Tyapm-
rai Kucm ¢asonn udomanaitnu. Arap m<n 6yaca, LM)=V,
Ba m =n Gyarauga sca L(M) =V, ., Gynagd, YHKH HKKHAH-
M XoIa M cucrema V, ¢a30mxm‘ 633HCHHH TALUKHJ 3TalH.

2. a,brac BekTopsap (Gy epna a=0) 6urta TyFpH
unsukpa érca L(a, b, ¢) = L(a) 6ynanu.
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3. a, b BA ¢ BeKTOpJap KOMHJIaHap Gy/maran  BeKTOpJap

6y7u6, ¢ =a-b 6yaca, L(a, b, c)=L(a, b) 6ynamu (uc-
60T.uaHr)
Mawkaap

1. Arap a;, a,, - .. s Oy b CHCTeMa UM3MKJH GOFJIAHTaH
6yica, y XOMa @y, Gy, - . ., G CHCTEMA UHSHKJH SPKJH 6§ .-
raHfa Ba ¢aKaT 1uyHIAarHHa bEL(al, az, .+, Qp) SKaHJUTHHR
HCcOOT/aHT.

2. Arapa,, @y, ..., @, €L, by, ..., b,) BA E>m
6yaca, y XonAa a;,ay, ..., @, CHCTEMAHMHI UM3UKIH GOFIMK

SKAHJUTHHH KYPCATHHT.

45-§, KHCM ®A30JIAPHHHT (AUFUHINCH BA TYFPH AUFHHANCH
A#Taliink, A unsukau ¢aso Ba Ay, A,, ..., A, nap yHHHT
n
kucMm (asonapn GyacuH. Mab/ayMmkH, _ﬂ]A‘- = B xaM A 4YH3HK-
=

M a3oHHHr KHeM dasocn G6ynaau. KucM ¢asonap kecHIMacH
TYWYHYACH OpKalH VJ/ApHHHr HHMFHHAUCH B3 TYFPH HHMFHHIHCH
TYWYHYaJapH MaBXya.

l-Tabpud. x, €A, X, €A, ..., X €A, 6yaranza

Xt xt.. . +x, (1)

KYpHHHWAArk Gapua HMFMHARAAp TynaaMmura Ay, A,, ..., A,
KHCM ¢hasonap durunducu Nedusany Ba y

A+A +...+A4, (2)

opKaJu GesrHnaHamu.

Mucoan. A unsugau ¢aso cudaruia R (yu y/IHOBAH BEKTOD
thaszo) maru Gapua uM3MKJ/IH SPKJHM BeKTOpJAp TYIJIAMHHH OJIaMH3.
A, cubaruga xOy TekHCIHKKa mapanien OyiraH 6apya 4M3HKJH
3PKJIH BeKTopJap ¢asocuHH, A, cudariaa xOz TeKHC/MKKA napasi-
Jeq 6yJraH 6apya YMBHKJH 3PKJIH BeKTOpJap (ha3OCHHH OJaMus,
By xonma A, Ba A, napuudr iwmruHaucn A Qasonn Gepald.
A, NA, sca Ox Vxkra napaJysien GY/AraH UMsHKJH 3DKJH BeKTOp-
Jap TynJiamuaaH néopataup.

XaKukata, i, j, & nap moc pasumpa Ox, Oy, Oz yx7ap-
ra napajses GyaraH Gasuc BexTopaap 6yica, A ¢ 120HHHT HX-
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THEPHIL XBEKTopH x=ai+bj+dk Kypunuwaa 6ym6, 6y ep-
na ai -+ bj€A,, ci+ dkEA, 6ynamm.

2-tawpud. Arap (2) xueM  asoHuHT  Xap 6up BEKTOpH
fArOHA  ycyJa (1) kypunuuma wudomananca, (2) HurHHAMra
A; @ =T, n) KucM (asONApHHHT myFpu  durunducy RefuAanu
Ba y AAPAP ... PA, opkanu GesrusaHanu.

1- meopema. A(i =1, n) xucn @asosapiunz xap 6upu
Kor2aH KucM asosap durunducu Ay + A, 4+ ...+ A4, +
~+ Al- +1 + ...+ An 6uran R20HA HOAb YMYMULl 3/emenmea
sea 6iyaca 6a gakam wyndaeuna (2) durundu A i=1,n) Kucm
gasoraprunz myjrpu durunducu 6gaadu.

Hcb6oTm. 3apypm1ru x—xl—}—x,—l- +x_nEA‘+'
+4,+ ...+ An 6ym6, x Bextop y; € A, (i = I, n) Gynran-
Jax=y +y,+...+ }; KypHHHWIT 5T 6Y.1MG, X+ Y,
6yacut.  Bynnait  xomna  x + x2 + .otk =y+ y,+
+ . +y, Teurmkmar x, — y,= (J2 —x)+ (y,— x;) +

+(y x)EA NMA,+4,+ ...+ A4, e xocun
KHJlaMu3. xl=;é=yl 6yaca, A, N (/-I +A + .+ 4,) + {0}
G6ynagn. Xyaom wy ycyana x ——yl (yl —-xl) + ...+
-+ (yt—l+x—l)+(yt+l - l+l)+ coe +(y,, xn) € Al n
n (4, + A, + ... +A_+A4,, + ... +A,) myHocaGaTra
GuHoaH, x; # y; 6yJ1ca, ANA+A+ . +4+A4 0+
-+ . +A ) = {0} ueraﬂ XyJocara Kesamus. [demak, (2) Tyrpu
l"mmum 6ynvaca, A; N (A4, +4,. . . +4_+A,+.. .+
+ A,) = {0} wapriap 6up BaKTAa GaxapuaIMac sKaH.

Ertapauauru. Teckapucuuu ¢apa3 Kuiaiamg, b A; ()
NA+A4+. . +A4_ +A4,+ ... +4)*{0} 6yar
cun. Bynnait xonpa x € A+ A,+ . . . + A, nuur (1) xypu-
HUIIAA ArOHA YCyJAa Tacaupvraumacnumﬂu KypcaTamus.

XakukaraH, GMp TOMOHHAH X ==X, +X,+ ...+ x 6)"1-
Jub, awuu (1) ypunad OGyaraHd xo0/4a, HKKHHYY TOMOHAAH { HO-
san dapri a; €A, N (A +A,+ .. +A_ +HA, +. -+
+ A) Bextop yuyn wynnait a, € 4, @, €A, . .., 8, €4;_,,

4 €4, -, a,€ A, BEKTOPJIapHU TOMHW MYMKHHKH, Ha-
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THRAlA X, + Xyt X x, =0+ a) +
+a2)+...+(x,-_l+a,‘1)+(x a)+ +(xn+an)
TEHrVIMK OaxkapuJafd. DyHuHT yuyH a ——al + a +... +
+a;_, -{—EH_l +...+a, ne6 omum kudos. [emak, (2)
AueuHad TVEpU MMFMHAM Gyamaiian. Teopema TyJsa mc6or 6ya-
m AQAD ... . PA,=V, 6yarad xon MyxuM axamusrra
sra. Dynpait xoama V, daso A; kucM  dasonapHHHT TYFpH
finFuHAMcHra €fuirad fe6 oputuaand xavaa dim V, =Edim A;
=1
TEHIVIHK Gakapu/iaiH.

Mawkaap
1. Hcraaran R?® ¢a3o GHp y4OBAM yyra ¥3apo Meprm>Hiu -
KyJasp 6y.araH ¢as30JapHUHT TYFPH HHFHUHIMCHIAH HOOpaTAup.
dazonard UXTHEpHA HykTa KoopauHaranapy Ox, Oy By Oz

VyKJapiard HyKraJap KOopAHHarajapd Opkajad Oup KHHuATaH
ycyaja aHUKJAHUIMHA KYPCATHHT.

2. R® pa Gepuara yuyra KucM as3ofaH HXTHEDHH MxKkuTa-
CHHUHT TYFpH MUFMHAMCH OyaraH KucMm ¢asora MHCON KesTH-
puHT.

3.a,B, ...,p€ERBa ¢, ¢, ...,e OPT BeKTOpJIAP
Gynrauna {a e, +Be,+ ...+ pe} =V, Tenrmk Ypuuau
6ynanuvu?

4. Arap A umsukmu ¢azo A,, A, KucM asonapHHHT TYFPH
AUFMHIMCHAAH u6opaT Gyaca, y xoaga: a) A, N A4, ={0};
6) dim A =dim A, 4+ dim A, sKauauruH1 HCOOTJIAHT.

46-§. UM3UKJH KYNXHTHKJIIAP

& mailoH yctufard n yosak V' dasonnHr WoKuem aso-
cu Ba V (asora Terdutid x, BekTop Gepiaran Gysicud. W Hunr

HCTANraH y BeKTOPH YUYH 2 == Xo -+ y KYDHHHIJATH BeKTOp-
Jap tynJamuHn [ GunaH Gedrunaimus.

l-Tabpud. Xo+ W ={x,+ y| x, € V} tymaamra W iucum
(a3OHHHT ¥, BEKTOpra CH/DKHIIMAAH XOCHA OyaraH uusuKJu

KYMXMAMK fefiunanu Ba y H = x, + W opkam Gearunanaiu.

By tenrmuk wynu kypcatagukd, W HMHr xamma Bekrop.aa-
pura x, BeKTOPHH Kywicak, I HMHL Xavva z B2KTOP.1aDd X0-
cua 6y.1aau.
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I-meopema. H xynxurrux V nune gucm gasocunu mac-
suprawu yayn x, €W, avwu H=W wapm 6axapuruwu

3apyp e6a emapau.
HUc6oru. 3apypaurd. I KyNXWIMK KHCM (pasoHH

Tacsupsiaca, f{ pa 0 HOMb BEKTOD MaBXKYA 6ymub, neMax, Kad-
Jalaup z BEKTOP YUYH z =X, +y = 0 Gaxapunamu, Gynjan
Xo=—y €W xem6 unkagu. Y xoaga W kucM $aso Ky
amasura Huc6ataH Ipynna SKAHMHH Hasapja TYTHO, TPYNMNaHHET
Tabpudura kYpa H=x,+W =W, H=W wux xocun Kuia-
MH3.

Erapauauru. x,€ W 6axapunca, H KucM (430 3Kanu
paBllaH, YyHKM TPYMNAHHHT Xoccacura acocan H = xo+W =W,
H =W 6ynanu.

Hartnxa. H kynxummk V HuHr kueM dasocd 6YaMaciid-
M yuyH x, ¢ W wapT Gawapuuim 3apyp ta eTapy.

Ymyman, V HHHT OWTTa KMcM (PA3OCHHU TYPIH X, ;‘.ov xo,

. € V Bexropaap 6yhina6 cwikurumza typm H, ', H"',
K)“mxumumap Xocna Gy/anH. ;0+W KYNXUIMKKA TerHILIH
uxTnépHit x Ba Yy BEKTOpJIapHHHT  aftupmac W _ kucM  dasora
TeTHULIH Gynajn. Xakukarat, X =X, + 2, Y —-x0+ 2y, GyHna
z, z1 € W skanmrugas x —y = (x, 4 -2 — (ot 2z) =2 —
———z0 € W 6yaanu.

2-meopema. Hxmuépui uxkuma x,+W ea yo+ W
KGNXUAUK Ymymuli saemenmea sea Ofjamadou éxu yrap ycm-
ma- yem mywadu.

Hc6oru. Afrainnk, xo+ W Ba yo+ W xynxummkaap
yMyMH# X sMeMeHTra 3ra GyacuH. Y xoama x,—x € W Ba
Yo—-x €W 6ynamu. Kyhinzard TeHI/IMK/IapHH _€3aMH3: X+
+W=x4+((%—0+W), o+ W =x+yo—» +W)
Bynparu (x,—x) + W Ba (Yo —x) + W kjumnysunnap W 6u-
JlaH ycTMa- yCT TYLIaJH.

JleMaK, IOKOpHIarH MKKHTA KYMXWLIHK X + W K§nxuimk-
Ka TeHr 6yJamH, AbHH Gepu/raH KynxXwuMK/aap ycrma- yer Ty-
Waay.

A3- meopema. V eexmop pasonune W sa W' xucm ¢haso-
aapu bepunrzan. Oyacun. ¥ xonrda

Ho=x4+W, Hy=x+W ()
Kgnxuasuxarap yemma-yem mywdwu yayw W oea W' aap
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yemma- yem myuiuiiu 6a ;1 ——)_c_z € W 6yauwu 3apyp 6a emap-
au.

Hc6oru. 3apypauru. H, = H,=H 6yncun. ¥ x€ H
BEKTOPHH Kymmam Kypmmumapna ésamu3: x = x; +y Ba

x=x,+ 4y Dynna y€W, y €W’ 6yu6, x1 +y -—x2+y
TEHIVIMK ZaH

= (;1 '_;2) +y 2

TEHIVIMK Ke/M0 uukamu. Arap x Bektop H pa $y3rapca, y Xon-
ga y' Bektop W’ KucM Gasofa yarapasd.

Iemak, xap 6up y' € W’ ra y € W tonum6, HaTH®Kana (2)
VYpuHin Oysamgy.

Xycycuit xou1za, y =0 6yJca, y xonpa y = — (xl——xz)
6ynamu. Byngan kypunaguku, x, —x, € W 3skan.

Jeknu (2) pan W' S W wmynocabar Gaxapunaau. Ulyura
yxwam Mysnoxasa W = W’ myHocabarra o.m6 Kesaj.

Ilynnait ka6, W =W’ Ba x, —x, € W.

ETameeru W =W Bax3—x; € W, sawan Hy =

=x+W, H,= xz—{—W x1 x2€ W 6yacun. Hxtuépuit
x€ H BeKTOpHH x =x,+y (Bynua y € W) KypunHuIza €3a-
MH3. ByHJ.laH X =06, —x) + (g + 1) = X3 + (g — ) + 4l
xl—x2 €W Ba yE W 6yaraun yuyH Ba W uuHr KHcm Qaso-
JIMTHJaH (Jc1 —x) + y € W 6yaanu.

Hemak, x € H,, aeun H, S H, myHoca6ar ypunsu. Ulysrra
yxwaw H,= H, Hu HCOOT KHJaMu3.

By mynocaGarnapman H, = H, Texr/uKka ara 6y1aMu3.

Haruxa H=x,+W uwsukau kynxuwimk Ymiosu W
KucM $aso yuuoBH GHMaH YCTMA- YCT TYLIAAW, SBHH dim H =

=dim W. R® ¢asona TYFpH uusuKJap OHp YJIYOBJIH, TEKHC/IHK-
J1ap 3ca HKKH Y/TYOB/IH YH3HKJH KYMXHIJIHKAADAHD.

47- §. CKAJISIP KYIIANTMATA 3TA BYJITAH ®A30IJIAP

Bekrop ¢asora rtampud Gepranumusna 6us dakarTru-
Ha % MalIOH, BeKTOpJap TYNJaMH Ba akCHOMaJaplaH
¢ongasanran sguK. Arap Bektop ($aso sJeMeHTIapH YUyH
YJNapHUHT CKaJsp KynaHTMacH TYWIYHYaCHHH KHPHTCAK,
Xap xua tabuaTan BeKTOp ¢aso xocun Oyaanu. Xo3up
wyHnai ¢asonapHUHr OMTTacH OHJIAH TaHHILIHG VYTaMHu3.
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KoMmnnekc coHnap Ma#iaoHH ycTHaa aHHKnaHran V
BeKTopJaap (hasocu 6epunrad 6yJCHH.

l-Taspud. Arap V dasosunr xap Gup xydr x Ba y 3ne-
MeHTJIapHTa yJNapHHHT CKaJap KynaTvacH fe6 aTajyBuH SirOHa
( X, §) XaKuKHE COH MOC KyiMaran 6ysm6, Gy MOCJHK YuyH:

D@ 9=

2) (x +y 2=1(x 2+ @ 2%

3) (xx y)= A (x y) (6y epra_ A — MXTHEDHH XAKHKHH COH);

4) (x, x) >0 (x =0 6yuca, (x, x) =0 6yanm) akcuomanap
6axkapunca, y xonga V ¢aso ckassap xygnaitmaza sea 6ya-
2ax pa3o aefinnanu.

IOKopuaarn akcuoMantapias ckansip KynaHTMaHHHT Ky-
fiuparn xoccanapu KeaHb YHKaLu:

a)(x y+2)=@+z =@ 0+c )=y +
+ (x, 2)

6) (x, Ay) = (Ay, X) = A(y, x) = A(x, 9).

2-tabvpud. Arap V dasonunr ucrasnras x = 0 snementn

yuyH (x, x) = 0 6ynca, V q,»asona 2HHKJAHraH cKajsp Ky-
nauT™Ma xocMmac ckaAsp Kgnadmama JedHJanH.

3Tavpud. Arap V (pa3OHHHr McTanrad X Ba y 3JIEMEHT-
napH yuyn  (x, y) =0 6yaca, (x, y)ra V na wHoas ckaasp
Kijnadmma nefinnagu.

Bus Gynpan cyur dakaTtruaa xocMmac ckaasp kynatma-
ra sra Oysaran ¢asonap OHIaHTHHA IUYFyAJaHAMH3.

4-tabpud. Arap V ¢asonunr wucrairad x % 0 BeKTOpH
yuyn (x, x) > 0 6y.ca, 6yHuah dasora yrumap ¢paso pedu-
AajH.

Mucoanaap. 1. KoMnoHenTnapn Xakukuii coHnapiaH HGo-
par GyJrai Ba y3yHAMTH n ra TeHr 6yaraH Koprexsap TyJa-

munn R opkaim Gearnnaiimus. By 'r'ymlaMHnHr HXTHEDHH X =

= (o, %,y - .., &) Bay =00, B ..., B a.nemeﬂmapﬂ

yqu KymHir pa A € R cOHra KynaHTHPHIUHM MOC paBHIIJA X X+

=(a, + B, a,+PB, ..., +8) kx—(kocl, Aat,,

, Aa,) opkaiu kuputcak, R’ unsukau ¢aso 6ysian.

Suan R* na ckanap kynafitmann (x, §) = a;-B; + aa By +

+ ...+ a,-B, opkand KupuTcak, Oy ckanap KynairMma yHu-

Tap ()a30HHHT 6apua aKCHOMAaJapHHH KaHOATJaHTHpaaH (TeKILH-
pHO KYPHHT).
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2. [a; b] KecMaja yanykeus GyJraH Gapua XakMKHA ¢YHK-
uusiap Tymaamuiu Cla; b] opkanu Gearunaivus. By tyniam-
Ja x Ba Y PEKTOpJAp YYYH KYUIMII BAa KYNaATHPHWIHH KYHH-
zar{da  KMpHTamus:  x = f(f), y=q() 6yaranga x + y =
=[O+ Q@) Ax=Af(® G JICHH.

Arap Cla; b) Tynamaa (x, y) ckanap KynaiTvaHi (x, §) =

= 5f(t)(p (t)dt xypunmuaa kupurcak, Cla; b] xav yHirtap ¢a-

30 6yJIallH
butTa asoHMHT Y3MAA cKansp KymadTMaHH Xap XHJ yeydr-
Za KMpUTHW MymkHH. MacanaH, Cla; b] ¢dasoga ckaasap ky-
b

naiitManu (x, y) = s‘f O @ P> (Hdt opkantH KHpHTA OJAMH3.

a
By epaa ¢*(f) [a; b] kecMana Homlzau apkIH HXTHEPUH Y3JyK-
CH3 (PYHKLHSA.

48-§. OPTOI'OHAJI BEKTOPJIAP CHCTEMACH

l-Taspud. Arap yHuTap (asoHHHT HKKHTA X Ba Y Bek-
TOpH YuyH (¥, y) =0 6yaca, y Xoa4a X Ba y BeKTOpJap 0pmo-
20Han eexmopaap AeHHJand.

DBy rtabpudaad, XycycHél xoJsaa, x=0 BeKTOPHHHI HCTaJl-
raH BeKTOpra OPTOrOHAJUIMTH yJaphaH KaMHAa OHTTacH HoJara

w n
TEHr/IMrH €KK yJap opacupard 6ypuyak > JaH HOOpaT/MTHHH

GuinMpand, uyHkH Gy ¢asoma (x, y) = \x] Ly cos (x, y)
Rnpa C [a; b] dasonapia MKKHTa BEKTOpHHHI‘ oprorouamux 1apT-
Japy Moc paBHmaa a, - P, 4o, - f, + . B, =0,
b

Sf(l) @ (f)dt =0 Tenrqmkaap éplawiila aHiKIanaLn.

2-tabpu@. Arap V Bexktop dhazdmHr 6upap

Ep ay, - ., 0, )

BEKTOPJApH CHCTeMAaCHHWHL HCTAIraH HKKH  3JCMeHTH  ¥3apo
oproroHasn 6yJaca, y xoana (1) cicrema opmoeonar eexmoprap
cucmemacy JeHHJany.

Macanan, n yayosmt R ¢dasona e, €, . . ., e, clicreMa

n

oprorotan cuctremamip (¢; (¢ = 1,n) —opt BekTop.1ap).
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3-tabpud. Arap OpTOTOHaJ cHCTeMa KapasaéTraH (¢aso-
HHHT Gasucd GyJsca, GyHAaH cucremara opmoeoHas 6Gasuc Aefdn-
JajH.

MacanaH, e, €, . . ., e, cacrema R’ ¢asoHuur oproro-
Ha;1 GasucHAUp.

49- §, OPTOMOHAJMNIAW )KAPAEHU

XaKkuKuil COHJap MaHAOHH VCTHAA aHWKJAHTaH 7 Y.TIOBAH
V (a3o HuHr uxTHEpHI

g & 8, M
6a3ucHra acocJ/IaHHG,

PR )

OpTOroHas GasvcHH TY3HIU apaéuu OHnaH Taduwamu3. By epaa
(1) mau (2) HH XOCHJl KHJIHLI OpMOOHGAAQUL HAPAERU Jednna-
Ad. ¥ KyHHLarHpaH HGopat: TyauJajurad (2) opToroHan Gasuc-

HHHT GHDHHUH ¢, BEKTOPHHH e, = g Jieb OlaMu3; gy + | 0 6y.1-
ranujad e, -+ 0 Oy/1aiM. SHAH, HKKHHYH €y BEKTODHH er=ga+

+ag, =g,+ e wakiaa oMb, o COHHH IUyHJAH aHHKMAM-
JIMKKH, HaTHxaaa

€, e+ (61, gat+ ) =0 3)

6y/cHH, sSBHH e, Ba e, BEKTODJAD OPTOroHasn GyJICHH. ABBajio

eg 70 3KaHIMTHHH KypcaTamus.
XaxukataH, (1) Gasuc cucTeMaHM TalUKMJ 3TTaHHNAH YHHHP

{g1, g} KHCM CHCTEMAacH XaM YM3HKJAH GOFJaHMaran GyJany.
Iynunr yuys e, = 0. _

(3) TemrnmkmaH (e;, e) =0 Gyaramu yuyn (e, g,) +
+ o (e;, &) =0 6ynagn. OXUPIM TeHIVIMKAAH 3Ca

oy = — gl @
(e1, €1)
TONHJIAH.
uaH (2) CHCTEMAHHHT e, BeKkTopuuH, P, Ba B, JapHH Ho-

MabJyM COH cHbaTHAa Kapab, e, = g, + By + Br €y KypHHHW-
Ja H3JaiMu3.
B, Ba P, apHH wWyHAafi TaHJall JIO3HMKH, HaTHXana

(e1, €5) =0 Ba (¢, €;) =0 6Y/cHH, ABHH
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(1, &+ Baea+ Bre)) =0, ®)
(e g3+ Baes+ ﬂl-él) =0 (6)
TEHIVIMK/1ap GaxapicuH. OXUPrH HKKHTA TeHIJVIHKIAH 3ca
(e, 89+ B (o1, el By (e, ) =0,
(e2 89+ By (;2’ eg) + By (?2, e)=0

Ba (g, &) = (¢, €,) =0 Gyranunan p, = ((e" g’)) Ba P, =
ey, €1
_ e ga) —==27ap KesnHO uMkagi. MaHa wy >xapaénHH OXHpHraua

(321
IaBoM 3TTHpHO, (2) opToroHan OGasdcra keJjamus. Dy Gasuc

KYHHAAarH BeKTOpJapAaH TysHJraH GYJagu:
> = 5 e (;1- Ez) >
e, =g, 6g=4g,——=% ¢,
1= 81 &2= g Gy O
I - (;m EB) o (Elv Ea)
€y =g — ———= €g— ——=
s = &s (ez, o) 2 (er, &1)

;=% Y GE)

50- §. KHCM ®A30HHHT OPTOIOHAJI TYJQUPYBYHUCH

I1- meopema. V, sexmop asonune uxmuépui X eexmo-
pu wy asoHune

ylv yﬁ’ A } ym (l)

gexmopaapuza opmocoHaa byaca, y xorda 6yHoal x  eexmop

(1) eexmopaap cucmemMaCUKUKE UCMAReQH HUSUKAU KOMOUHA-

yuacu o,y + gy + . . . + o, Yn 20 xaMm 0pmocoHar 6ij-
radu.
HMc6oTu. Xakukara,

(x, oqyy +aghat - oo Al =0 (%, Y1)+ g (x, y) +
+ .. .4au y)=0,0+a,;0. ..+, 0=0.

n
MabaymkH, XamMMa YH3HKJIH EO‘i y; KoMBHHatst1apaaur W
(=l - - _
TYJAAMH Yy, Ys, -+ - - » Y CHCTEMAHIT L (4y, Yoo -+ - Ym)
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YH3HK/IH KOOHFHIaH uGopaT 6Yaub, y V. dasonuHr kHewm ¢aso-
cvHM Tauwkua 3Tand. Ulynnai kuaub, x sekrop W xucM ¢aso-
m

HHHT Xap OHp y = EC‘- Yy; BeKTopHra oproroHainup. Bynmai
xoaga x Bektop W KucMm ba3sora opmozconas eekmop nedHJALH,

Mucoan. T'eomeTpuk BeKTOpJapHHHT R® ¢hasocHHH OJCaK,
Ox yxna €ryByH HMcTajrad x BeKTop yOz TekHC/IMKZaH H6opaT
6yaran W KHcM thasora opTOroHaJ gHp.

Airraiumk, W Tynnam V BekTop (asoHunr 6upop xucm da-
aoch 6yacHn. W xucm dasora oproronan xamMMa x - BeKTopaap
TynamHed L opkanau Genrunafsiik.

2- meopena. L mygnnam V ¢asonune xucm gasocudup.

L tynnam yuyHn xHcm $aso GY/HILMMK WAPTIAPHHH TeKILK-
pamu3. XakHKataH, ¥ x;, xa € L, ¥ y € W yuyn (% —x,, y)=

= (%, §) — (x;, y)=0—0=0 6yaanu. Illy ca6abmu x, — x, € L.

@x, y) =alx, ) =a-0=0(¥ a€R, ¥ XEL, ¥y€EW).
Jemak, ax € L.
L xuem ¢azo W xucM hasoCHHHHT OpTOroHaJ TYJAHPYBYH-

cH nefiunags Ba y W' opxanu GenrHiaHamd.

IOkopuaarn muconga W xucM casora OpTOroHan Xamma
pekTopaap Ox ykna éramgu Ba ynap W' xueM dasocHns Tauw-
KHJ 3TajH.

X BeKTOp V HHHT KuCM (ba30CHHM TAIUKHJ STMailiuran GHpOp
F rtynnamura (V HWHr KMCM TYN/JaMHIra) XaM OPTOrOHaJ 6YJMIIM

MyMKuH. ¥ xonna x Bektop W =lin(F) kmem dasora xam
opToronan Gynaau.
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1V B0B. YH3UKJIU TEHTJTIAMAJIAP
CUCTEMAJIAPH RA MATPHULAJIAP

51-§. YH3HUKJIH TEHTJAMAJIAP CHCTEMAJIAPH

Teomerpua KypcuiaH MabAyMKH, Gepuiran TYFpH uusHK R!,
R* éku R® ¢azonapra Teruuwi OyNMIIMAaH KaTbd Hasap
YHHHI' T€HIJlaMacHla KaTHAlUaJuraH HOMabJymJap LOMMO GHDHH-
Yy Japaxajna 6ynagy. R" ¢asona GepuiraH UM3HKIM TeHIJiama-
HUHT YMYMHH KYPHHHLIH

ax, +ax,+...+ax =b (h

Kypunuwaa 6ynu6, 6ynna a;, b€P (F connap maiinonu) 6Y-
b, x; (i =T,71) HOMabJymnap JelHnaanH.

l-rabpH®. (1) TerraMaHH TYFPH COHJ/IH TEHIVIMKKa aHJaH-
THPYBUH (&), Oy, . . ., & )€ R" apudmernk Bextopra (1) HHHC
edumu JernaajH.

Boiikaua xuam6 aitranga, x; = a; (i =1,n) connap (1) Tenr-
JIaMaHH KaHoaT/aHTupagu. Macanan, '3x; — 2x, + Sxg—4x, = 2

TEHIJIaMaHHHT eunmaapuiad Oupu (1, 1, 1, 1) apHbMeTHK Bek-
TOpHaH Hobopar.

Bus 6yHaaH CyHr n HOMAabAYMJH M T4 YH3HKJIH TEHIJama-
Jlap cHcTeMasiaph GMsiaH LiyryJuiaHamu3. Bynpa# cucrema

apx +ax,+ ...+ ax, =b,
Ay F Apy + - - - By, = by )

amlxl + am2x2 + cre + amnxn = bm

KypuuHira sra 6Yiu6, 6yuia g, (i =1,m; j=1,n), b, nap
GHpop & COHJAD MaHAOHHra TETHIIH COHJIADAHP, X; Jlap 3ca
HOMabJyMapiaH HGopaT. a;, conjap (2) AarH HoMmabaymnap
oJaHAare Ko3dULHEHTAap, b, nap sca o304 xamiap ne6 ara-
JNaRu. a;; cod (2) cucTemajarn i-TEHIJIAMAHHHT j- KYLIHAYBUH
XalMla KATHALUTaH X; HOMabJyMJapHHHT KOXphUIHEHTHHH HGO-
Aanaifd. JHAH KyHHIArH BeKTOpJapHH OJ/IaMH3i
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4y by
a,= j . T — b L —
! : (G=1Ln Ba b;=| : | (i =1,m)
am,’ bm
VIKKHTa BEKTODHHHT y3apO TEHIVIMTH Ba BEeKTOPHH COHTa Ky-
NaHTHPHIU KOHAAJapura GHHoaH, (2) cHCTeMaHH KYHHAArHua BeK-
TOp KYPHHHIUAA €3HLI MYMKHH:

X8, + x84 . .+ x g =b. @)

(2') TeHrnama (2) TeHryiaManap CHCTeMAacHHHHT BeKTopan ¢op-
Maza EsuaMmMHH Holasal ou.
V3-y3unan MabaymkH, Gapua a;; =0 6jia onmaiify, YyHKH
GyHAait xosia GH3 TeHIJlaMaslap cHCTeMaJsapHra sra 6ysa oJ-
Maiimus. Jlekun ¥ b, =0 6y mymxun. Bynpait xonma (2)
cHcTeMa
ayx, + a6+ .. +a,x, =0,
Qgy%y + QgoXg + - . -+ ay,x, =0, )
A%+ a0, + ... +a,x,=0

KYPHHHIUHH OJIaJH.

(2) cucreManaru m Ba n Jap Y4yH m=n €kd m #n 6y-
JHIUH MYMKHH.

2-tabpud. Arap (2) cucremana Honpan apkm b; (i=1,m)
MaBxyn 6y.aca, Oy cHcTeMa OGHp KHHC/IH OysMaraH UH3HKJ/H
TeHrJlamMa/ap cucremacH, 6apya b; =0 ({ = l,m) 6yiranga xo.
cual 6yJsaadran (3) cucTeMa 3ca GUpP JKHHC/H YH3HKJ/H TeHrja-
Manap cucTemacH gefiunagd. Kyn xosanapma (3) cucrema OHp
sKUHCM 6Ynvarad (2) cucmemaea moc Oup ouUHCAU CcUCMEMd
Ieb xaM IOpHTHJIAIH.

3-tabpud. (2) cucremaHuHr xXap GHp TEHIVIAMACHHH TYFDH
COHMH TeHIVIHKKA alJaHTHpyBuH o =(,, @,, ..., &,) apud-
MeTHK BeKTOpra (2) cucmemaruxe edumu ReAHJANH.

UH3HKIH TeHrgaMagap cHcreMmasnapH Xap JOHM Xam
eyuMra sra 6ynaBepMadgu.

MacanaH,

3x, — 2x, + 5x3 = 6,
2%, + xy —3x3 =1,
X, —3xy+ 8xy =2

CHCTEMA €d4uMI'd 3ra 3Mac.
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4-tabpud. Eyumra sra 6yiraH cHCTeMa xammcodiu
(6upzasuxda), euuMra sra GysJMaraH CHCTeMa 3Ca XaM-
acoticus (bupeasuxda 6famacan) cucrema JeiHJald.

XamxkOol/IH CcHCTeMaJapHHHT V3H $iHa MKKH KHCMra,
S'bHH aHHK Ba aHHKMac cHcremajnapra OYJIHHAIH.

5-tabpud. frona eunMra sra 6yaraH cucreMa aHHK
CHCTEMa, €YHMJApDHHHHT COHH 4YeKCH3 Kyn OyaraH cHcre-
Ma 3Ca gHUKMAC cucTema ReHHAadH.

Macanan,

Xy + Xy — x5 =4,

[Bxl — 2%, —5xy = 4,
2%y — 3%y + x3=—D

ciucteMa (1, 2, — 1) KypHHHIIAArH froHa eyuMra sra.

{M+%+%=2
20y — xg+ 2x3 = —2

CHCTEMa YeKCH3 KYym eyuMmra sra. ¥YaapaaH 6upu (1,2,—1)

6ynanu.
BHp KHHCAH YH3HKJIH TEHrNamaJjap CHCTeMacH JOHMO
XaMxofiaH cucreMaaup, uyHkrn (0,0, ... ,0) Bekrop (3)

HHHI Xap OUp TeHrJaMacHHH TYFpH COHJIH TEHIJIMKKa af-
JAHTHpAaAH,

Bua 6ynnaH kefiHH €3yBHH KHCKapTHpHII MakcaaHaa
(2) Ba (3) cucreMasapHH MOC paBHIIAA

ayxy + apx,+ . . Fax, =b; (i =1,m),

@, % + apxa+ .. .+ apx, =0 (¢ = 1,m)

KYpHHHIL/apAa €3aMH3.
52- §. YA3HKJIH TEHIJIAMAJIAP CHCTEMAJIAPHHUHT HATH)KAJIAPH

Kosdpuurentnapn Ba 0304 xaanapd Gupop & coHJap Maii-
JOHHra TerHuH G6yJran

147

www.ziyouz.com kutubxonasi



axy +apxt . tax, =c, (i =1,m) (N

Ba
bixy t bpXa+ . b x, =d, (= 1,%) 2

YH3HKJ/H TeHrJiaManap cHcTeMaJjapH OepHarar G6yJjcuH.
By rtenurnaMasnap cHcTeMasapH euHMJapH TYMJIAaMHHH MOC
pasumaa A Ba B opxanm Gearunaniuk. IOxopuparu
TeHIJIaMaJsap CcHcreManapHra 3bTHOOp Oepcak, yJaapiarH
TeHrJlaMalap COHH Xap XHJ OYJHIIH MYMKHH OYyaraHd
Xoida (m¥=k GYyJIHIIH MYMKHH) yJapAard HoMabayMmJap
COHH TEHT 3KaHJHIHHH KypaMH3.

l-tabpu¢d. Arap OepunraH cHcTeMaJjap XaMMKOHJH
6ynH6, (1) cHcreMaHHHr xap 6Hp euuMH (2) CHCTEMaHHHT
XaMm euHMH 6yJca, (2) cuctema (1) cucremanune HaTUNKA-
cu fefiHnaliH.

Tavpugra acocat, (1) Ba (2) cicremanap asoxHaa- aJ0XHEA
xamxolin 6yau6, (2) cucrema (1) Hunr naTwxacu 6yaca, AcB
6ynapy, spHH (1) HHHr eunMuapn Tynjamu A (2) HHHT e4yHM-
JapH TynaamH B yuyH KHCM TymjaM xHcoGaaHanu.

Mucoa.

X, + 26y —x; = 4,
2%, — 3%y + xg = — 3,

15x1 — Xy 2%y = 5;

{3x1 — Xy F x5 =2,
X, — 2%y x; =—2,

KelHHrH cHcteMa pacTiabKH CHCTEMaHHHT HAaTHIXKACH
6ysnald, yyHKH jactiabKH cHcTeMa aHHK cHcreMma OYJHO,
y (1, 2, 1) euumra sra 6yarauH xonjna GepHJraH CHCTe-
MAHHHT HAaTHXAacH aHHKMac cucrtema GYJHO, YHHHI' €UHM-
napuaal 6upu (I, 2, 1) 6ynanH.

Kyn xonnapaa n ta HOMabaAyMJaH TeHrJamanap CHC-
TEMAaCHHH €YHWI YYyH TeHIJlamaJjap Ba HOMabaymJap Co-
HHHH HMKOHH O6OpHua KaMafTHDHW Makcaara MYBO(QHK
6ynsand. JlekHH siHTH XOocHa Oynran cucreMa OepHarad
CHCTEMAaHHHr HaTtHXacH OyaHwH kepak. Bepuaran cucre-
MaHHHT HaTHXAcH GHTTAa TeHraaMajaaH H6opat G6YJaHO Ko-
JIMUIH XaM MYMKHH.

2-tavpud. Arap

ity F iyt Ry =c )

TeHIVIaMaHHHT KoppHUMEHTIapH Ba 0301 XaAH MOC pasHilad
(1) cucrema kospduuHeHT.1apH Ba 0304 XAAJAPHHHHT YH3IHKJIH
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KOMOHHaUMsCHAaH H6opaT 6ynca, sbuH WyHmad s; (i = 1,m)
COHJIap TOMHJICAKH, HAaTHXKaja yJap YuyH

Ry =say,+ Sy + . . -t Splmt = Espapt (t =7).

TeHIVIHKAap Gaxapuaca, (3) Tenrnama (1) cucmemanune wamu-
awacu AeifiHaagu.
Mucon.

dx, — 2%y + x3 =3,
2%y + 3x, — 2x3 = 2,
S5xy + 2%y — Txg = — 12

cicreMa yuyH 2x, + O-x, — llxg = — 31 TeHrsamaHuHr Kosd-
¢GHuHeHTNIapDH Ba 0304 XaAH OepusraH cucTeMa KO3(HLUHEHT-
Jlapd Ba 0304 Xal/apH OpkKaJjii Kyhujardua nopajananH:

2= (—1)4+(—22+25;

0=(—1):(—2) + (—2)-3+ 2:2,
11 = (=) 1+ (= D(= 9+ 2:(=7),
—3l =(—1)-3+4(—2)-2+2-(— 12).

Bynpan kypuHaaukd, Gepuaran cucrema euumu (1, 2, 3)
y3 HaTHXXACHHHHT eduMJjapHaaH GUpH 6YyaanH.
3-Tabpud. Arap (2) cuctema (1) HUHr HaTHXKacH
Ba akcHHua, (1) cHcreMa (2) HHHr HaTHXKacH 6yJaca, 6yH-
nafi cHcTeManap §aapo 3ksusasenT (TeHe KYy4au) CHCTEMaA-
Jap feHHaaan.
MacanaH,

20, —3x,+ x,=1,
Xy Xy — 20y = —4
Ba

3x; — 2%y —xy =3,
Xy —4xy 4 3xg = 11
CHCTeMaJsiap y3apo TeHr Ky4JHAHP, YyHKH YJapHHNr Xap
6upH aHWKMac cuctemanap GyanO6, edHMJap TymnJjamiapH
ycTMa-yer TyLlaiM.
2- TabpHdra acocaH KyHHAArHHH €3a OJaMH3:

(A= BYAN(B= A= A=B.

{4x1—x2~—3x3 =—1,
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Hcranran ukkHTa XaMKofau Oy/MaraH cHCTeMaJjap
XaM ¥3apo TeHT Ky4Jd OyJalH, YyHKH YJapHHHT eyHMJa-
pH Tynaamaapu & tynnamaapaan néopar.

Oupu GepH/raH CHCTEMara TEHI Ky4/H CcHCTeMaHH Xo-
CHJl KHJHW yCyJJlapH XakHaa (UKp IOpHTaMH3. DyHHHr
yuyH (1) cucremaHn KyfniarHua €3H6 osaMmu3s:

(auxl + a12x2 + e + Qlin xn - C‘l,
Qg Xy + Qopxy + . . .+ aQy, X, = Cy,

. . (4)

QX+ Qpux+ ... +a,x, =c,

\aml xl + am2x2+ e + amnxn = Cm'
4-rabvpud. (4) cucremana; 1) Gupop k- TeHrsa-
MACHHHHT Xap HKKH TOMOHHHH Hoajan dapKkau o coHra
KYna#THpHIL;

2) cHcreManaru HXTHEPHI MKKHTA TEHIVIAMAaHHHT YpHH-
JapHHH aJMaIUTHPHIL,

3) CHCTeMaHHHT HXTHEDHH HKKHTA TEHTJIaMaCHHH MOC
paBHmaa a70,§70 connapa xkynmaftHpu6G HaTHKaJapH-
HH Kylunu;

4) 6apua KoapdHuUHEHTNAPH BA 0301 XaAH HOJAJaplaH
nbopar OyaraH (arap wyHpaaii xoa 6yJca) TeHrIaMaHu
rauab wo6opHil ka6 aaMamTHpHiugap Oaxapuica, y
Xoaga (4) cuctema ycruda 3iemMeHTAD AAMAUTUPULAGD
bancapuszan nernnanu.

Teopema. remenTap aiMauITUPULWAAP HaTuxacuda
xocun 6faean cuctema Gepuszan CuCTemaza TeHe KYwau
cucrema 6gaadu.

Hc6orTy CucreMa yuyH 3J/eMEHTap a/JMalITHPHLI-
JIADHHHT 3) XOJHMHH KypcaTHlu GH/aH yerapasaHamus. Pa-
pas KHJAaHMHK, (4) CHCTEMaHHHT

ggx tayx,+. .. +a,x, =c (Il <s<m) )

Ba
agx +apx,+.. . ta,x,=c(l<t<sm 6]

Teursiamanap GepuJraH GYJHG, y/mapHd Moc paBuuifa o = O Ba)
B < 0 connapra KynalTHpHG, HATH KANAPHHH KYILMUIJAH XOCHJ
6 yaraH TeHr/1ama

(@ag +Pay) x+(xay +Bay) x4+ ... +
+ (2a,, + Ba,) x,=ac,+ B¢, (6)

150

www.ziyouz.com kutubxonasi



6yncud. By tenraamann (4) cucremaHnHr (5) TeHraamacu
ypHHra é3cak, y xoana (4) ra skBHBaJeHT Oy.ran

Gy %, F gy + .. Fa,x, =0,
BqX + AgXg + . . .+ 4y, X, =6y,
(@a,+Ba,) x,+...+(@a,+PBa,) x, =ac +Ppc), (7)
Ay X +am2x2+‘ v +amnxn =Cp
cHCTeMa XOCHJ 6yiafH.

XaxkukaTtaH, (4) Ba (7) cHcremanap 6Hp-OHpuiaH ¢a-
Kart [- TeHrsiamMa OuJaH ¢apkJaaHaiH, KOJIraH TeHrjaama-
naapH aca 6up xua. Uy cababau (4) Ba (7) cucremanap-
HHHI (aKaTruHa [- TeHrjaManapy TYFPHCHIA ralHpaMH3.

(4) uunr xap 6up eunmu (4) Ba (D) JMapHU KaHOTJAH-
THpraH# (TYFPH COHJIH TEH[JIHKKA aNJaHTHPraHH) yuyH Oy
eyuM (6) TeHrnamMaHH XxaM KaHoaTJaHTHpanu (2- tabpHdra
acocad). By eunm (7) HHHr xaM eunmu Gynanu. AkcHHua,
(7) cucreMaHHHr uxTHépHi euuMmu (6) Ba (4) JapHH Ka-
HOAT/JIaHTHpraHu YyuyH y (5) HH XaM KXaHOaT/IaHTHPAIH,
ABHH Oy euydM (4) YyuyH XaM eYyHMAHp.

Arap 6upop (o, @, . . ., @) BekTOp (4) HM KaHOATIAHTHP-
Mmaca, v (4) Ba (7) yuyH xaM eunM Gyamaiiau. Bopau-io, Gy
BeKTOp (4) HH KXaHOAT/AHTHPHG, JiekHH (5) HH KaHOAT/IAHTHP-
Maca, y (7) HH XaM KaHoaTJaHTHpMaiiH, 4YyHKH (4) Ba (7) HHHI
€YHMH aJji6aTTa (D) HHHI XaM eudMH GYJanH.

Wynnait kuau6 (4) Ba (7) aap é xamxofan 6yamH6,
ylapHHHr 6yw O6yamaradH eyMMJaapH TYnJaaMJaapH ycTMa-
YCT TYWaaH, €KH XaMKOHAH OYynMaran 6ynub, HKKaJacH-
HHHI XaM e4HMJapH TynJaaMu 6y tynsamaaH Hbopar 6y-
JajH.

Hemak, (4) Ba (7) cucremajap 3KBHBAJEHT CHCTeMa-
gap 6ynanu. Teopema Hc6oT stuagd. bna 6yHnan cyHr
CHCTEMaJIaDHHHT SKBHBAJIEHTJHTHHH ~ O€JrH opkanu €aa-
MH3. Macanan, (4) ~ (7).

53- §. BHP )KXHHCJIH YU3HUKJIH TEHTJIAMAJIAP
CHCTEMACHHHHT HOJIMAC EMHMIIAPH

51-§ nma kypH6 yrraHHMH3ra OHHOaH, HcTasaran OHp
KHHC/H YH3HKJH TeHrJaMaJjap CHCTeMacH JOHMO HOJb
eyuMra sra O6ysnap oaH. Bbus 3HAM y3 osnanmH3ara 6Hp
KHHCAH YH3HKJIH TEHIJaMaJap CHCTeMacH KaHCH XxoJjJsapjaa
HOJIMAac euyHMra sra 6yJjanad, nerad caBOJIHH KVSIMH3.
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Teopema. n ma HOMGBAYMAL M Ma 6UP HUNCAL QU3UK-
AU meHeaamarap cucmemacu m < n 64reanda HOAMAC e4uma
sea 6yradu.

Hc6oT1u. KospdHureHTapy GHpop & COHsap MaitpoHHra
Terdiu G6yJaras

E{al/x/ =0,

Eazix, =0, )
j=1

S‘amix =0

/=1

cucteMa GepHaraH GY.CHH.
(1) cHcTeMaHM MKKM BEKTODHHHT TeHIVIHK LUApTHAAH ¢oiaa-

JIAHHO,

n n ni
Ea,,.x/., anxl., . Zamix/ =(0,0,...,0 (2

=1 =l ja=t
KYpHHHLIAA €33 oslamu3. (2) HUHT yan TOMOHH Xap OMpH m ¥.1-
YoBM n Ta (a, a,_,l, cen By (= 1,n) BektOp (ABHH R™ da-
30 3/1eMeHT/IADH) HHFHHIUCHHH, YHT TOMOHH 3Ca HOMb BeKTOPHH
nbonanaian. Mynunr yuyn (2) naH xy#upard xocun GyJjanH:

X @y Qg ey Qy) F Xy @190 Ggoy - - o Q)+ .. F

+x, @, Gy -+ o Q) =0

€KH
X0+ X0, 4. .. +x,0, =0. 3)

OXHPrH HKKH TEHIJIMKAA YHT ToMmoHgarH O HOMb  BEKTOPHH,
x; (i = l,n) nap 3ca kaHpaiaup counapHd Hboaanaiad. IiH
x; ({ = l,n) napuudr GapyacH GHp BaKTia HOJra TEHI 3Maciu-

FHHH KypcaTamu3. Xakukatad, 42-§ naru l-Teopemara GuHOaH,
R™ azona uctasirad n > m Ta BeKTOpJAAp CHCTEMACH UH3HKJH
6orsianran 6ynap sau. [lemak, Kamupa OGuTTacH HoJAaH dapx-
JH WyHAak a; ({ = l,n) coniap MaBKyAKH, x; = @; Oy.rania
(3) TYFpu coHAHM TeHraMKJapHH Hdonanaiau. By aca (1) cucre-
MaHHHI' HOJIMAC eudMra 3ra 3KaHJHCHHH TacAukJaadau. Teopema
HCOOT/IaHH.
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Mucoaaap. 1. 2x; 4 x, =0 TeHr;1ama HKKH HOMaBJYMIIH
TeHr/1aMafiHp. YHHHI eYHMJApH 4YeKCH3 KYIJIMTH OH3ra MabayM,
YYHKH y TYFPH UH3HK TeHrJaMacHHu Hdoganaiigy.

2. { X, —2x;+ x3 =0,
2%, + %3 —2x3=0
cHcTeMa YCTHAA S/eMeHTap ajMaluTHpHiuap — 6akapaiJuk.
Bupunun TeHrsnamaHu 2 ra KynadTHpHO, HATHXKAHH HKKHHUH
o X, —2x3+x, =0,
TeHr/1amara Kyiavu3. YHaa [ 4y, — 3%, = 0
CHCTeMa XOCHJ Gynamu.

By cuctemanaru 4x, —3x, = 0 TeHr;nama uYeKcH3 Kym HOJ-
Mac eyuMsapra sra. YHHMHT Xap OHp €uMMHTa X, HHHT aHHK
KHHMATH TYFpH KeJraHH y4yH Gepuarad cHcTeMa 4YeKCH3 Kym
HOJIMAC eunmJlapra sra.

Mawxgaap
1. A HHHr Kaugain guitvataapila

BG—M x—3y+ 22
6x—(4+1) y+4z
dx —4y + (B —N%) 2
cHcTeMa lloiMac eyHmJsapra sra 6ynapu?
2. (%, + 2x;+ 4x3—3x, =0,
3%, + 5xy + 6x3—4x, =0,
4x, + bxg — 2x3+ 3x, =0,
3x, + 8x, + 245, — 19, =0
CHCTEMaHMHT HOJIMAC €YHMJIAPHHH TOMUHT.
3. Koabduurentnapy GHpop cOHJAp Ma#JOHHra TErHLIIH

6yarau
B+ Pyt ... +px, =0 M

0,
0,
0

TeHrs1ama L
ap X o+ o x, =00 =1,m) (2)

CHCTEMAHHHT HaTHXKacH Gynuwmn yuye (1) TeHrsama (2) cucre-
MaHHHI YH3HK/H KOMOHHAUHMACHAAH HOOpaT OY/HIIKM 3apyp Ba
€TapJiH 3KaHJHTHHH HCOOTJIAHT.

54-§. MATPHUA TYillYHYACH

OHau anrebpa (aHH YHYH SHI MYXUM TyLIyHYanapaaH GHpH
6ysrad MaTpHua XakHAa GHKD IOpUTaMH3.
" l-Ta®pud. & malaowHwHr mn 1a g (i= l,m, j =1,n)
COHJIapHA AN TY3H/ITaH
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Gn Gy -+ -1
Qgy Qg - - .0y

Q1 Qg - - - O

KYPHHHILAATH KafBanHH & mallon ycmudazu mampuya JEHH-
Jagu. Marmpuua A, B, C, ... xapbyap opkanu GesrH/aHafH.
@;; COH/Ap MATPHUAHHHT SJeMeHT/IapH AeHHIaLH.

Marpuiia sneMeHT/ADMHHHT TOPH30HTaJ] KaTopJapH YHHHI
caTpJlapH, BEpTHKa/J KATOpJApH 3ca YHHHT YCTYHMapd nmeb ara-
JajH.
Wlynpat KuaHG, maTpHuafa m Ta caTp Ba n Ta yCTyH 60p.
@;; 3NEMEHTHHHT GHDHHYM i MHJEKCH Oy 3/eMeHT Typram catp-
HHHT HOMEpHHH, HMKKHHuM j HWHAekcH Oy 3neMeHT Typrau yc-
TYHHHHT HOMepHHH OunaupanH. [lemak, a;, 3JjeMeHT i-caTp Ba

J- YCTYHIA TypajH.

a, a4, ...a,
A=| %t % - Qyq
aml Qo - - - amn

MaTpHUAJA CaTp/ap COHH YCTYHJap COHHAAH KHYHK, TeHT €KH
KaTTa, AvHH m< n, m =n €kH m > n GYJHIH MYMKHH. Arap
m=n 6ynaca, y xonga GyHiall MaTpuua n-TapTHOIH KBaApaT
marpHua fe6 arajaad. Ksagpat MmaTpuuala @y, Qgg - - - Gy,
3/eMEHT/Iap MATPHLUAHHHF OUpHHYM (GOW) AMArOHaJ H 3JEeMeHT-
JapH, a,, Gy, i, .. ., 4, 3ENEHTJap 34 HKKHHYH JHaroHajH
3JIEMEHT/IapH HeHHNaiH. m + n GyaraH mMatpHua TYFpH OypyaK-
Jd MaTpuua feHunapu. TYFpH Oypuakai MaTpHUaHH m CaTPJIH
Ba 7 YCTYHJH MaTpHua €KHM KHCKApok m X n TapTHOMH (TypJH)
MaTpuua ged xam anTu/aad.
Xycycu#t xonpa, MaTpHua | Ta caTpaH Ba 7 Ta YCTYHJIH
€KH m Ta caTtpau Ba | Ta ycTYHaM 6YauiuH, sibHH A = (a5, a5,
an
. ay2
coeaqp) éxn A=) KYPHHHLI/IapAa GYJHIUH MYMKHH.

im.

Arap A Ba B marpuuasap GepuiraH GYJu6, yJapHAHT carTp-
Jlapd Ba YCTYHJapy COHH MOC paBHlia TeHr GyJca, GyHuaH
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MaTpHLAMap HOMZOLWI MaTpHua/jap ne6 roputuiand. Pakat HOM-
JOLII MaTpHUaJiaprMHa TeHT GYJMIUM MyMKHH. A HMHT xap O6up
a;j 3JIEMEHTH B uuur ynra moc b;; anemeHTHra TeHr Gy.ica, 6y
MKKHTAa HOMJOII MaTpuila TeHr, sitHH A = B 6ynagu. [emak,
{ Ba j nap yuyH a;; +=b; 6yica, A sa B nap tenrmac mar-
puuanap 6ysaagy. A Ba B maTpuuasapHuur TeHr smacauru A==B
opkanmu GearunaHagd. Hompomr 6ysimaran MaTpuuanap yMyMaH
TeHrMac fe6 xucobsaHajH.
A MaTpHUAHHHT caTpsiapH /m Ta A YJYOBJM TFOPH30HTAN

a,=(a,, a,, - .-, q),
ay = (ay;, Ay - - - Qy), )
an =(am11 Qg -« - amn)

BEKTODJIAPHH, YCTYH/ApH 3Ca 7 Ta m VJYOBAM BEpPTHKAJd BeK-
TOpJApHA TAIUKHA 3Taid. By BeKTOpJapHu rOPU30HTAJ BeKTOp-
JapiaH ¢apx KHIHMII Y4YYH

al =@y, gy, - - Gmy),
a? = (012, Qgay - « -+ Ama),s 2
-n
a = (@ Qg -+ Q)
KYpUHHLIIApAa GerunaiiMus.
2-tabpud. Topusonran aq,, a,.. ., a, BeKTOpJap CHCTe-
MaCHHHHI DPaHTd MaTpHLAHHHT campaw paxew [e6, BepTHKaJ
al, a% ..., a" BeKTOpJap CHCTEMACHHHHT pPAHTH MAaTpPHUAHHHT

YCTYHJIH paHrd ne6 atasafd.

3-Tabpud. MaTpuuagary caTp BeKTOpJAap CHCTEMACHHHHT
paBrura mampuyarure paseu Aedunany.

Marpuua paHrMHH aHHKJaW Y4YyH 3JEeMeHTap ajamall-
THPHULIAD TYUIYHYacH MYXHM axaMHATra ara.

4-tabpud. Marpuua ycTHAA 3eMeHTap aJMalITH-
puuliap ne6 Kydunard aaMmawlTHpuluiapra aftuaajim:

1) uxkkHTa catp (YCTYH)HHHI YpPHHJIApHHH aJMallUTH-
pui;

2) catp (ycTyH) 3JieMeHT/NapHHH HoagaH ¢apKau COH-
ra KynanTupHL;

3) carp (YycTyH) 3JeMeHTIapHHH HOJZAH apKJIH HC-
TaJrad coHra KynaHtHpu6, Gouwika catp (YCTYH)HHHI MOC
3JIEMEHTJIapHra Kyuuuy,
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4) Gapua aJjeMeHTJapH HoJasaapiaaH H6opat Oyaran
carp (YCTYH)HH MaTpuuajaaH Tawiab o6opHil.

I-meopema.BremerTap AAMAWTUDUILAGD MAMPULA DaR-
2uHlL If3eapTupmation.

Mc6oTu. DreMentap aiMalITHPHILIApHH, MacaJad,
caTpsapra TaTéHK 3TaiaHK.

1) MaTpHUAaHHHT MXTHEPHA HKKHTAa CATPHHHHT YPHH-
JapHHH aJMaIUTHPHII TOPDH3OHTaJ BEKTOpJap CHCTeMacHAa
HKKHTA BEKTODHHM y3apo ¥pHH aaMallTHpHuIra onHO KeJa-
oH. By asca Bexropsnap CHCTEeMaHMHr paHruHH y3rapTHp-
Manau;

2) MarpHuajard HXTHEDHIl CATPHHHI XaMMma 3J€MEHT-
JapHHH o%=(0 coHra Kyna#THpHII TOPH3OHTAJ BEKTOpJAp
CHCTEMACHHHHT OGHpPOp BeKTOpHHH a5=0 ra kyna#THpuuI-
naH H6opaT. DyHHHr HaTHXacuia BeKTOpJaap CHCTEMacH-
HHHI paHrH y3rapMaiian. XaKukKara,

by, by .. by b, (1)
BEKTOpJIap CHCTEMAacH YH3HKJM 3pKAH (Gorsianran) 6yica,
by, by. .., ab, ..., b @

CHCTEMa XaM YH3UKJAH 3pKJH (6OFJjanrad) GyJaaad, 4yHku (1)

YH3HKJIH 3pKJH 6yJiraHu xosana (2) HH uM3HKaM OOFJIaHraH Je-

CaK, Yy X0Mn4a KavHla OMTTacH HOJNAH dapyJ/H OyJraH o, &g,
o Oy . .., O COHJIAD YUYH GaxkaphiauraH

ll
al-(;l—{—a@-i—...—{-a‘- (“b_i)'*‘”-'{‘“sb—s:
=ab, +ab,+ ... +(@a) b+...+ab =0

TeHIJIHK (1) HHHT YH3HKJ/M GOFJIRaHTaHJMMTHHH KypcaTagu. Arap (1)
YH3HKJH GOF.j1aHraH 6yJca, kamuaa GHTTacH HosaaH dapKJH 6yJra

- Z @ =
ay, @y . . ., &, COHMAD YUYH a;b; + by 4 . . . + - ab; +
+ . otab=ob + ... Fab+ ... +ab =0 Tenrmx
Gamapunaad. OXHprd TEHrJHK 3ca (2) HHHT XaMm UM3HKJIH Gop-
JIaHTaH 3KaHJHTHHH KypcaTajy;

3) MATpHUAHMHT j- CATPHHH & COHra KymafThpu6, i- caTpHra
Ky
a,, Qg ..., a o a, 3)

CHCTeMaJlard ¢; BEKTODHH & ra KymaHTHPHO, E‘- BeKTOpra Ky-
wHwaaH uoopat. Byun Gaxapuw HaTHxacHaa
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1 Em (4)

cucteMa xocun 6ynanu. (4) HHHT Ei-}— aEi gaH GolwKa HXTHE-
pHit BekTopd (3) opkaau Ky#uaariua 4H3uKad udonanananu:

a=0a+...+1-aq,+...+0a_.

a; + o a; BeKTOp (3) cucrema opkanH KyHuzardua YH3MK/M HGO-
JanaHaju;

o +ag=0a+. ... +1lg+.. . +ag+
+...4+0-a,

Axcunya, (3) HHHT g; faH GowWKa xap GMp a, BeKTopH (4)
OpKaJIH Ek =0a,+...4 1'(—1_,¢+ oo+ O-Em KYpUHHLIAA
ndopanaHagy. EL« BeKTOPHHHT (4) opKaJu YH3HKJIH HboaalaHUIIK
Kyfngarnya Gyqaa:

q=0-a,+...+1-(+aa)t.. . +(—a)a+

+...4+0-q,.

Hlyunait kw6, (3) Ba (4) cuctemanap sKsHBaJeHTAHD. ByH-
ra acocan 42-§ maru 3-HartHxka Gyinya (3) Ba (4) cuctemanap-
HHHT paHrJapH TeHr GyJand.

2-meopema. Xap 6up mampuyanune campau 6exmop-
AQpU paneu YHUHZ YCMYHAU BeKMOPAAPU paxauea tene.

HcGoTu.

Q.- @Faa), .., d;,..

ayy Q... a,
A = a2l a22 Y azn
A Qg+ + + Ay

maTpuuna 6epuarad GyJjcuH. MaTpHUAHHHET N YJAYOBJH TrO-
PH30HTaJ BEKTOpPJapH Ba m YJYOBJH BEepTHKaJ BeEKTOpJa-
pH KydAujarunapaal uéopar:

Ay gy« v oy py vy Gy (5)
at, a® ..., 0% ..., a\ (6)

(5) CHCTeMaHHHI CaTpJH DAHTHHH AaHHKJOBYH YH3HKJIH
3PKJIH BEKTOpJapHHH

ay, gy« .+ G, @
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KypuHumaa, (6) cHCTeMaHHHT YCTYHJM PaHTHHH aHHKJOB-
YH YH3HKJH 3DKJH BEKTOPJapHHH
a,a? ... a (8)
KypHHHIIAA ojaMu3. (7) Ba (8) cucreMajapHHHT XyAAH
Hy XH1Aa XKoHnawHmura A HHHP caTpJapHHH §¥3apo Ba
YCTYHJIapHHH y3apo VPHH aJMalITHPHIU OHJaH SpHUIIHLI
MyMKHH. ByHuHr HatHxkacuma 1- teopemana uc6otsaHra-
HUAEK, A HUHT caTpJiH Ba YCTYHJH paHIJIapd y3rapMmaiiu.
Hlysaa#h Kuau6 A MaTpHLAHHHT CaTpJH paHTH r ra Ba
YCTYHJIH PAaHTH S ra TEHIAHp.
SHAM r = S SKAHJHTHHH KYpCaTHII JIo3HM. 7 < S 1e6 dapa3s

Kusainuk. (7) BekTOpJaap Ei = (@;1s Gjgp + < s Qi - a;,) Ky-
puHpmra sra. (8) BekTopnap @/ = @y Qgj - - oy @jy + oy Q)
KypHHHIIra sra. (7) BeKTOPJApHHHI OHPHHYHM S Ta KOOpJAHHATa-

Jqapufiad ¢ofifananub, Kyfdugard s Ta HOMABJAYMIH r Ta GHp
XHUHC/H YH3HKJIH TeHT/aMaJjap CHCTeMacHHH TysaMH3: 4 x; +

+ayx,+ ... +ax,=0 (i=17r). r<s raacocau, 6y cuc-

TeMa (@, &y, - . ., &) KYPHHHLIJATH HosMac eymvra sra. [le-
MaK,

ay o+ a0+ ... +aga,=0(i=1r) 9)
TeHIVIMKJ/Iap YpHHJHM. (04, Ug, . . ., O5) EUHM

ayx,+a,x+...+a,x,=0k=r+lm)

CHCTEMAHH XaM KAHOATJaHTHpagH. XaKWKaTaH, (,41, Grtay- - -
a,) TOPH3OHTa/ BEKTOPJADHHHT xap KafcucH (7) cucTeMa OpKajIH

YH3HKIH HQOAAMAHHIM, SBHH @, = W,,dy + Poda+ - .. +
+ u,,a, OyamuM Ousra Mabaym. DBysn myxamman éscak,
a,=(a,, @y - - - G,) OYJIraHn yuyH
@es Bpr + - o0 Bpe) = (@ o+ Pop Oy + - - By
Pia@ipF Boplp + - oo @ - By, t

+ p?ka2n+ coeE prkam)
KeJH6 uHKaau. Jlemak, BeKTODJADHHHI TEHIVIHK LIapTHra acocaH
Ay = R @y Uy Oy T+ - 1, 0y,
Qpy = Pp Gip Py Ggp+ - - -+ B Oy
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Q™ By, + l”‘2xa2s+ st P'rkars.

R e T T e o P T N

akn = !’llkaln + l‘l2lza2n + cet e arn
6ynanu, 6yHga k=r 4 l,n. By TeHrJHKNapHHHT GHDHHYH S
TacHHH (§ = n Gyarad xoJla, XaMMacHHH) MOC paBHILIAA «,,

Qgy - -+ O JApra KyNaHTHPHO, HATHXKAJADHH XaAMa- Xaj
Kyweak, (9) ra acocaH KyHHAAruH® XOCHJ KHJIAMH3:

a, e +a,0+...+a, 0 =
=My, @0 T a0+ taa)+u, @+
+au0, 4. . Faa)+. . +p, @0 ta,a+. .+
+a,’a‘)=p.lk~0+p2k-0+...+p.rk-0=6,
ayo +aya,+ ... +a,0,=0 (10)

(9) Ba (10) Tenrnmuknap (8) CHCTEMAHHHT YH3HKJ/IH GOF/IAHTAHJIH~
rHHH KypcaTaiay. Xakukatad, (9) Ba (10) nmapra xypa Kyiupa-
rura sra GyJsiamHa:
a,at +aat+ ... taa’=a; @y, A, - Qny) +
=+ Qg (am Qagy -« o am2)+ e +as (alsv Qgsr o v o am:) =
= (01,0 + 810 + . - Ay @0 g0+ L o,
vy B0y F Ay + . L F Ap0) =(0,0,...,0=0,

ot ta,at+. .. +a,a =0,

Ammo, Gy (8) HUHr 4M3MKJH SpKMHaWrHra supgup. Uly ca-
6abmu r <s 6ynumn MymkuH smac. Jemak, r >s. Suau (5)
Ba (6) CHCTeMa/JapHUHT YPHHJAPHHH a/NMAalLITHPHO, IOKOpPHAATH
KabH MYJI0Xa3aJlapHH TAKpOpJ/acaK, r > S HHHT OyJHIIH MyM-
KHH 5MAacJ/IMrura HiIoHY XOcHJ KWiaMH3. Y xoapa r < s. Llys-
JaH KWiHb, r <'s Ba r > s 3KaHJMTHAAH r =S Gysaau.

55- §, [TOFOHAJIU MATPHLIAJIAP

Maskyp TeManH 6aéH 3THIUAAH OJIAMH MaTpHUAJADHHHT paH-
THHH aHHKJALUHK aHHK MHCOJapAa KypH6 YTadJHK.

3 1 —2 —1
A= 2 —~1 1 =2
-5 -2 3 1
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MaTpHuaga 6GHPHHYH CAaTPHH 2 ra B4 HKKHHYH CATPHH —3 ra
KynaATHpHO, GHDHHUHHH HKKHHYHra KyIICaK, CyHrpa siHa
OGHDHHYH CaTPHH 5 ra, YYHHUH caTpHH 3 ra KynauTupuo,
HaTH}KaJapHH Kylicak,

3 1 -2 —]
0 5—-7 4
0—1 —1 -2

MaTpHUa XocHa 6ynaau.
By marpHuana HKKkHHud catpHu | ra, yuHHYHHH 5 ra
KyNaHTHPHO, HKKHHYHHH YUMHUHTa KYLICaK,

31 —2 —I
B=105 —7 4
00 —12 —6
MaTpHua XOocHJ 6Vnand. $Ha

2—-3 30
C={—4 2 —45
—2 —1 —15

MaTpHUaHH OJHO, IOKOPHAATH CHHrapH aJMalUTHPHILJIApDHH Ga-
¥Kapcax,
2-330 2-330
C—>{0 —42 5)—»(0 —4 25]|=D, C—>D
\0 —4 2 5 \0 000/
XOCHJT OyJIajH.

Hkkn A Ba C MmaTpHuara KyJJaHHITaH ajJMalITHPHIL-
JaDHHHT MOXWATH KyHuparuaaH u6opaTt: m caTpJH MaTpH-
na GepHaraH xoJaa GHDHHYH Ba HKKHHYH CATPJapHH, YH-
JaH KEeHHH OHPHHYHM Ba YYHHUH CaTpJapHH, .., HHXOAT,
6HpHHYH Ba m-caTpJapHH WIyHAAdl coHJapra Kymawtupa-
MH3KH, TETHUJIH COHra KYyNauTHpPHJraH OHDHHYH CATPHH
HaB6aT 6GunadH 6owKa XaMMa caTpJaapra KylWraHHMH3Ja
HKKHHYH carplaH O6owJa6 OGHPHHYH YCTYH 3JIeMeHTJapH
HoJsiapra afjadaad. CyHrpa HKKHHYM caTp éplaMHla Ke-
HHHIH XaMMa caTpaap OHJaaH siHa WyHQa# ajaMalITHPHIU-
JapHH GaxkapaMH3KH, YYHHYH caTpaaH 6owab, HKKHHYH
YCTYH 3JIleMeHT/IapH HoJJsapra aijJaHajH. YHAaH KeiHH
TYPTHHYH caTpiaH Oowsaab YYHHYH YCTYH 3JE€MEHTJapH
HoJaJapra adnaHaaH Ba X. k. llly #ycunna Oy KapaéH oxH-
pHraya JaBOM 3TTHPHJAJH.

Arap MaTpHUAaHHHT KaHAaiaHp catpjapH Oolika caTp-
JapH OpKaJH 4H3HK/IH HboaanaHran Oyaca, y xoJana 1y
aJMalITHPHIIIAp HaTHXacuja, OyHAal caTpJapHHHT XaM-
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Ma 3JeMeHT]apH Hoanapra (AbHH GyHOal caTpjaap HOJb
catpJapra) aunaHajy.

Bupopra sneMenTH HonmaH ¢apKJH CaTPHH HOJMAcC
caTp Je6 aTacax, I0KOPHJarW ajJMauITHpHIUJapRaH KeilHH
XOCHJI 6y/iraH MaTpPHUAHHHT PAHTH HOJMAaC CaTpJiap COHH-
ra TeHr 6yJanu, uyHKH OyHAal caTpjap YH3HKJH 3DKJIH
caTpJiapHH 6HALHpajH.

IOKopuaa Kyananuiarad ajamMauITHpPHIUJIAp MAaTpPHUAHH
37eMeHTap ajaMallTHpHuIapAaH HOopat O6yAraHu  yuyH,
yiap MaTpHUAHHHT paHruHu yaraprupmaiigu. llly ca6a6-
Jau, GupHHuM MHcoama r(A)=r(B)=3 6ynagu, uynku B
na ydra Hoamac carp G6op. HkkuHuH wMmucosaa sca
r(C)=r(D)=2 6ynanu.

l-tabspu¢. HonMac carpnapra sra A marpHuaga
Xap KaHiaifl k- HonMac caTpHHMHT OGHDHHUYH HoJnaH dapKiau
3JeMeHTH (R—1)-HoMMac caTpHUHT GHPHHYM HoJpmaH ¢dapk-
JH 3JeMeHTHJAaH YHraa typca, y xonna A noronasu mar-
puya neiinnann.

Macanan, Kyfiuparujap NOFOHaJH MaTpHUAJapAHp:

01 1830 —7
1023 —5 00 —200 0
A=(0040 1, B={00 o091 5},
0007 O 00 002 0
00 000 4
_ _ {00002
c_(ooson,o_(ooooo).

IOKopuaarn MyxokaManapaaH KyAHAarH xyJocara Ke-
JJaMH3: TIOFOHAJIH MATPHUAHHHT DAHIH YHHHT HOJIMAC caTp-
JapH coHura TeHr. MIXTHépHii MaTpHUAHUHT PAHTHHH aHHK-
Jalll yuyH YHH IOKOpHZAa KypcaTHJraH Koupaa Gyiinda sJe-
MeHTap aJjMawTHpu6, T NOFOHAJH MaTpHUara KeJTHpa-
mu3. ¥ xonaa r(A)=r(T) 6yaanu.

Macanan, 1oxopupars wmucosiappa r(A)=3, r(B)=25,
r(C)=1, r(D) =1 6ynanu.

2—-10 3 2—103
M=|—4 20—6]->|0 000
6 —30 9 0 000/

Hemak, r(M)=1. Bynnpa M paru GupuHuH caTpHH 2
Ba— 3 ra Kynaiitupu6, Moc paBHIUAa, HKKHHYH Ba Y4HH-
9H caTpJjapra KJIUAHK,
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56- §. YH3HUKJIH TEHTIIAMAJIAP CHCTEMACHHHHT
XAM)KOAJIHIHK AJNIOMATH

& coHnap MafigOHH YCTHAArH UYH3HKJIH TEHIJiaMaJjap
CHCTEMaJsiapH Ba YJAapDHHHI €YHMJapH YYyH MaTpHUA Ty-
LIYHYacH MYXHM axaMmustra sra. Maskyp rymyHuajap
opacuaa y3sHil GoFnaHuml MaBXyd. AHa my GoFJaHHHI-
JlapHH OaéH 3THINra KHPHILAMH3.

anx; + axe+ ... +a,x, =b,
Ay X1 + dgexy + . .. Fa, X, = by, ()
X+ ax+ . ..a,.x, =b,

YH3HK/IM TeHI/1aMaslap cHcTeMacd GepuaraH GYJICHH.
HovawnymapHuHr  a;, kosdduuueHT/Iapuial  Ba b; o3on

XaaJapaaH Kyﬁmnam HKKHTA MaTpHUAHH TYy3aMH3:

Qy Qg .- - Q, ay Gy .-, b

Qgy Qgg -+ . A Qg Qg - - . Gy, by
A= 2n , B= 2n

Ay Ay -« - Gy A Qg -+« Bppp b.n:

A wmarpuua (1) cHcreManuHr acocuit Matpuuacu, B ra (1)
CHCTEMaHHUHT KEHTaWTHPHJraH MaTpHLACH IeHuJyialH.

B MaTpuuaHuHr paHrdH A MaTpHLa paHrHAaH KHYHK
9MAaC/JHTH paBllaH, uyHKH B ga A HHHr XaMMa yCTyHJapH
MaBXYA.

Teopema. (1) cuctema xamxcoiiru cucrema 6farutiu
YHYR YRUHZ aCOCULl 8@ KeHeaUTupuiean MATPUYAAAPUHUHE
panzaapu Tese bjauwiu 3apyp 6a erapau.

Hc6oru. 3apypauru. (1) cucremManu xamxkoB/aM Jecak,
y (o o, ..., @) eunnra sra Gyaaau. DBy eunm (1) cucre-
MaHHHT XaMMa TeHIVIaMaJapHHH TYFPH COHJIM TEHIVIHKKa aiJaH-
THpaJH:

aga,+aa+ ... +a,a,=b (=1, m). 2

- (2) Tenrvkaap wyHW GHIAMPAAHKH, B MaTpHUAHHHT CYHT-
by
_ | b,

i b= _ | ycTyHd ONIMHIM n Ta YCTYHJIapHH HOAATOBYH
b
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al = (ay, Gops « - - 5 Qpp)s

a* = (ayq, Qggr - - - » A9,

a" =@y Qo -+« » Q)

BEKTODJIAD OpKAaJH YH3HK/IH HboRasnaHafiH, YYHKH 6y BeKTopJap-
HH MOC DaBHIULA &y, Qg, ..., O COHJApPra KynaATHPHO KyuI-
cak, (2) ra acocan

a4 o+ .. f+aad" =0 3
xocun 6ynagu. lemak, A Ba B MartpHuasapHHHT

a. a,...,d" @

— - -

a, a,...ad" b (5)

BepTHKaJ BeKTOpPJapH CHCTeMaJapH  3KBHBaJEHTIMp.
Hemak, 42- § naru 3- Hatuxara acocan A sa B matpuua-
JIAPHHHT paHTJapH TEHT, S'’bHH .

r(4) =r(B).

Etapaunuru. r(4)=r(B) =k Gepunran 6yacut. A Mar-
PHUAHHMHT, sbHH (4) BepTHKAJ BeKTOpJapHuHT paHrHHH[aHHKJOB-
YH_KHCM CHCTEMaHH

-— o

a, at¥-., af (6)
JefyMK. B HUHT paHrH Xam k ra TeHr 6ysranupaH, (6) cucre-

Ma (5) HHHr XaM DaHTHHH aHHKJOBUH CMCcTeMa OVJHO XH3Mar
Kuagd. ¥ xosima (5) munr b BexkTopu (6) cHcreMa OpKaJH Ba
JeMak, (4) cucTeMa OpKalM UHMSHKJH [HGopanaHaiy, SBHH o,
Qg - - ., @ €& coHNapu Marxya 6yimb, o,a®-a,a%4 ..

+ @, a" = b TeHryMK Gaxapunagu. Bynpan sca, HKkH BeKTOp-
HHHT TEHIJIHK IIApTHra acocal G oy + a0y + . . . + qpl%, =
=b; (i = |, m) tenrnuknapra kejamu3. Illynnaéi xum6, (1)
cucrema (@, o4, ... , @) eynmra zra, aphu (1) cucrema xam-

XKOHMH cHcrema G6ysapu. By teopema™ Kponexep — Kaneaau
TeopeMacH JneHH/afH.
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57-§. HOMABJIYMJAPHH KETMA-KET AYKOTHII
YCYJH BHJAH YH3HKJH TEHIJAMAJIAP
CHCTEMACHHH EYHLI

\ UH3HKJIH TeHIJiaMaJap CHCTeMaJlapHHH e4YHUIHHHT GHp
Heya yCYJH MaBXyl. YJaaplaH OHPH HOMabJdyMJapHH KeT-
Ma-KeT HYyKoTHWI ycyaupkp. Maskyp ycyagaH GHpHHUH
mapra Hemuc Martematurd K. Taycc ¢oiimananrasn yuyH
6y ycya laycc ycyau ne6 xaM IOpHTHIAIH.

Ky#ugars n Ta HOMabAyMJH m Ta YH3HKJIH TEHIrJaMma-
Jlap cHcTeMmacH GepH/raH GYJCHH:

ayxy +agx,+ ... +ax, =a,
Ay Xy + QgXy + ..+ Gy X, =ay, M
mlxl + am2x2 + + amnxn - a

Byuna aq;, €2, a‘,EJ’ 6yarand xonga m=n, m>n, m<n
OyJIHIIE MYMKHH. a (i = rrr'z) JIapRaH KamMupa OuTTacd HoJ-
JaH (apkJH, akc XO0/AJa HOMabJyMm/aap COHH n JaH KHUHK
6ynap smu. $apa3 Kunainmk, a;, # 0. (1) cucreMaHHHr OHpHH-
821 a3y Ami
UM TeHIVIAMAaCHHH KeTMa-KeT — —» —~ -, ..., — —— COH-
. 811 an 11 e
Jlapra KynafTHpHO, HaTHXKaJapHH MOC DpABHIIAA CHCTEMAHHHT
HKKHHYY, YYHHYH, ... , m-TeHIIamanapura kyluamH3. YHAA
(1) ra skBHBaJieHT Gy./iraH Ky#HAarH CHcTeMa XOcHs GyJiaiu:

(0% + @poxa+ Gyaxg+ ... + aln n = bl'
boaXe + bagXa+ ... + b oy =

I{ b32XQ + b33X3 + + ban n = b3’ (1,)
\ bm2x2 + bmsxa + + bmnxn = b
bBynpa
_ alu b ay ——
bui_aui_a_n Quir —av——a—n-avl(V=2,m

(u=2n, i=2, n)
| pa
(') cucteMaHHHTr GHp KucMH Gy.sraH auri

bagxy + bagxg -+ . . . + b, x, = by,
byaXy + bggxs -+ . +b3n = b, (2)

k7"a + bk3x3 + .- + blm n = [’/;
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CHCTeMaHH Kapaiimu3. (2) cHcteMaga k<m G6yJamH, YYHKH
6apua ko3h(dHUHEHTIapH Ba O304 XaAH HOJra TeHr GyaraH Gab-
31 GHp TeHrJamMaJjap CHCTeMaJaH Tauwab 060pHIANH.

Arap 6u3 (2) cHCTeMaHH €uUHO, Xp Xg . .., X, _JIapHHHP
con kuitmataapunn (1°) ra xyficax, (1) CHCTEMaHMHT KacTa6KH
TEHIJIaMacHaH X, HHHT COH KHHMaTHHH Tona osjamH3. YHpa (1)
CHCTeMa euHJirad GyJaj.

SHaH (2) cucTeManaH x, HOMabJyMHH HYKOTamH3. DByHuHP
yuyH b,y = 0 ne6 ¢apas KHaHO, (2) HMHT OMDHHUH TeHI/aMa-

2

CHHH KeTMa- KeT % b X2 napra xynaf
B by T hy, OPTAKY
THpHO, HaTHXKaNapHH Iy CHCTEMaHHHI HKKHHYH, YUMHYH, ...,
k- TeHrJlaMaJlapura KeTMa- KeT KyllamH3. Y Hua
{b22X2.:*- b23X3 + “ e ey + bgnxn = blz,
CagXg+ ..oy FCpx, = bsl,
3 CesXs + ..., ¢ x, = by, (2"
Cxs+ oo, X, =b

cHcTeMa XocH1 6yau6 (I < k), y (2) ra 3kBuBajentmup. (2°)
CHCTeMAaHHHI GHp KHCMH Gy./raH

CasXs T CagXs + - -+ + CypX, = by
Cag¥a T CaaXa+ « oo Xy = by, 3)
CpXstopxa+ .. Fex, =0b

(3) cucreMamars HoMabayMmaap corH (2°) cucreMazaru
HOMa'blyMJlap COHHJAAH Xeu OysaMaraHjna OHTTa KaM. bus
(3) cucremanu eycak, (2') cucTeMaHH XaM eya 0J1aMH3,
HomabayMaapHu jokopHAard ycyjfia KeTMma-ker HYKOTHO,
OXMpHAA KyHHAard yu XoanaH ¢akatrHHa O6upHra ny4 ke-
JIHITHMH3 MYMKHH:

1. HomabaymaapHn keTMa-keT HYKOTHII >Kapa€HHIA
(1) cucTeMaHHHr GHpOpTA TEHrJaaMacH

0, +0x,+ ... +0-x,=d 4)

6yanb, 6y epia ds+0 KypHHHIIAA GYJHIUH MYMKHH.

2. CHcTeMaHHHT 3HT CYHITH (KoapGHUMeHTAApH HONAAH
tapkJH) TEHIJlaMaCHHHHI HOMabJyMJapH COHH HKKHTa-
JaH KH4YHK 3mMac,
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3. DHr CcyHrru TeHrnaMa GHp HOMABJIYMJH OGYJHIIH
MYMKHH.

(4) kypuHHWIAarH TeHrJama ORATAAa 3HUAAHATIH TEHT-
JaMa je6 opHTHJAAnH. (4) TeHrJaMaHH HOMabaYMJapHHHT
Xe4y KaHAai cOH KHHAMAaT/JapH TYFPH TEH[JIHKKAa afJaHTHpa
oamaiinu. IlyHuHr yuyn 6ynmait xonpa (1) cHcreMa euHM-
ra sra 6yJManpiu.

2) xonna (1) cucrema

{
A%y F QoXy + ayaxy + .o Fayx, =ay,
bagke + baghs + . . . + by X, = bz'
\ Cssxa"" e CgX, =0, (5)
l tn—lx + ltn n =
KYDHHHIUHH OJafH, Oy epia @y, by, ..., l,n_l, l,, map HOM-

AaH dapKJHaup.

(5) cucrema (1) HuHr HatwKacH Gy.araHH yuyH (5) HHHT
xap 6up euyumd (1) HHHr xaM euumu Gynagu. (D) cHcremara
SBTHOOD KWICAK, Y Tpaneuus wakauHe uboganafiny. IHyxuar
yuyH 6yHAa# cucTeMa TpPaNeUMACHMOH cHCTeMa Ae0 IOpHTHJIAJH.

YHHHT 3HT OXHPTH
Ut Xy + by = 1 (6)

TEHIJ1aMacH YeKCH3 Kyn eydmra sra GynranupaH (5) Ba
ZeMak, (1) cucreMa XaM YeKCH3 Kynm eyHMmra sragup.

dcaarma. (5) CHCTeMaHHHT OXHPrH TEHIJaMacH
HKKHTa HOMabJayMra GOFJIHK GYJHLIM WapT 3Mac. 3) xonana
(5) cucremara siHa GuTTa

ll+lnxn = lt+l )

LIAKJIJATH TeHr/iaMa OHpJIalUTHPHJIANH.
'+ (7) Tenrnama, [, ,, + 0 Gyiraqd yuyH, fiOHA edyHMra 3ra.
(7) naH x, HUHr X, =0, COH KHAMATHHH TONMaMH3 Ba Oy

coH kuitMatHH (6) ra kyiud, x, , =a,_ ; HH Tonamus. KeiuH

(5) cucTemaHMHr KOJraH TeHMVIAMAIaDHAAH X, ,, X, 3 - - - »
Xy, Xy Jlapra MOC KeTyBUH @, ,, &, 5, ..., Oy, O JIAPHH
Tonamu3. Hammxkana (1) cucrema (o, @, ..., &) KYpHHUUI

Jard AroHa eyumra sra Gysagd. CHCTEMAHHHT OXHPrH KYpHHH-
LM YHHHT yuyOypuak KYDHHHIUH 1e6 rOpHTH/IaH.

Xynoca: Arap HOMabIyMJaapHH KeTMa-KeT HYKOTHLI
HaTHXacHAaa:
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a) cHCTeMaHHHT GHDOp TeHIJaMacH 3HQAMSTIH TEHIJa-
mara aijanca, y xoana (1) cucreMa eynMra sra Gya-
Manin;

6) cucteMa TpameLHsCHMOH akJara kKejaca, (1) cHcre-
Ma uYeKCH3 KyN euHMra sra 6ynajH;

B) cHcTeMa yubypuak WaKiara KeJTHpHJca, y xonna (1)
CHCTEMA ATOHA €uHMra 3ra Gy/aanH.

Mucoaumap. 1. Yuby

x——y+z=2v
2x+y—22=—2, (1)
5x+2y—T7z=—12

cucremanyu [aycc ycyau GHIaH €UHHT,

Bupunuyn TeHrnamaHu —2 ra xynadTHpHO, HKKHHUH
TeHrjaMara Kyluicak Ba siHa GHpDHHYM TEHI[JaMaHH —5 ra
Kyna#THpHO, YYHHYHCHIa KYILICAaK,

¥—y+2=2,
[3y—4z=—6,
Ty—122=—22

cucremara ara 6ynaMu3. By cmcreMajarH HKKHHYH TEHr-
JlaMaHi —7 ra Ba YYHHYHCHHH 3 ra KynaiTHpHO, yuHHYHra
KYLIHII HaTHXacHaa

X—!/+ Z=2,
[ 3y—4z=—86, )]
—8z2=——24

cHcrema kenn6 uukamu. llly Guaan aamawrupHunap tyra6, (2)
CHCTEMAHHHT YYHHYHM TEHIVIAMACHIAH Z HUHT SroHa 2 = 3 KHi-
MaTHHH TonaMH3. By KufiMaTHH HKKHHYUH TeHIJlamara KYHHO,
3y—4-3= —6, y =2 KHiIMaTHH XOCHJ KHJamH3. Y =2 Ba
z = 3 KuiiMaTJapHH OMpMHYH TeHIJamMara yxyHHII GHMaH X HHHP
Xam siroHa x =1 guiimaTHen Tomamua. [lyupail KuaHG, (2)
CHcTEMa Ba JeMaK, yHra skBuBaneHT (1) cucrema xaM srosa
(1, 2, 3) eunmra sra skad. DyHpad (1) HHHr aHHK CHCTeMa
SKaQHJ/IHTH KYpHHaIH.
2. Ywby

x—2y+32=2,
2x+y—2z=17,
x+y—z=4, 3)
3x—y+2z2=38,
x+y+2=6
cucreMaHu laycc ycyan GHJIaH €UHH.
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Bupunun tenrmamand 2 ra, HKKHHYHCHHH —1 ra Ky-
naiTHpHO, HKKHHYHra Kywamu3; OupHHUHHH 1 ra Ba
YUHHUYHHH —] ra KynadTHpHO, yYHHUHMra KylmiaMH3; GHDHH-
9HHH 3 ra Ba TYPTHHYHHH —] ra kyna#THpHO, TYpTHHUHrA
Kymamu3; O6upunuMHH 1 ra pa OGellHnynHH —1 ra kyna#-
THpUO, GelunHuura Kymamus. Hatuxana

ix—2y+32=2,
—5y+7z2=-3,
—3y+4z=-—2,
—by+8z=—2
—3y+2z2=—4

CHCTEMAHH XOCHJ KH/IaMH3.

Bynna ukkdH4YM TeHrsaMaHd —3 ra Ba YYMHUHHH 5 ra
Kyna#ATHpHO, y4YyHHUYHra KylmiaMu3; HKKHHYHHH —] ra Ba
TYPTHHYHHH | ra KynaWTHpHO, TYpTHHYHra KyLIaMH3; HK-
KHHYHHH —3 ra Ba OelUMHYHHH 5 ra KynaidTupub, OellHH-
yura Kymamus, Hartnxkana

x—2y+3z2=2,
—5y+72=-—3,
z; 1, ,

—llz=—11
CHCTEMAaHH XOCHJ KHJIaMH3.
By cHcTeMaHHHr YYyHHYM TeHIVIaMacHHH —1 ra Kyna#-
THpHO, 6ElUHHYHCHHH —1] ra KHCKapTHpCaK,
x—2y+32=2,
—5y+42=-3,
z2=1
cucremara Kesamua. lly GHsnaH aiaMawTHpHWIIAD TyramaH.
Cyurru cucremann (2) cHcreMa CHHrapH eyu6, AroHa (3,
2, 1) eunmuu tonamus. JleMak, (3) aHHK cHcTema G6yJHO,
YHHHT siroHa euuMH (3, 2, 1) aup.
3. Yuiby

x—y+z2=2,
{2x+y—22=—2, 4)
x+2y—3z=—4
CHCTEMaHH EYHHT.
(4) na sjemeHTap aJMalWTHpHULIaDHH 6axapHuo,

x—y+z2=2,
—3y-+4z2=6,
—3y+4z=56
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CHCTEMAaHH XOCHJ KHaaMH3. By cucTemajza HKKHHUH Ba
YYHHYY TEHTJaMajap OHTTA TeHrnaManun wudonasaraHu
yuyH (4) ra sKBHBaJeHT KyHHAaru cHCcTeMa KelH0 YHKaLH:

X—y-+z=2,
{—-3y+4z=6. ©)

(5) ma Gowixa anMaITHPHILHH GaKapHl MYMKHH 3Mac, YYHKH
HKKHHYH TeHIviaMa OMJIaH GMprajMkia KapaJaiuraH KeHHHTH
TeHrzamanap #yK. VIkkuHud TeHrnamagaH — 3y =6—4z Hu
XOCH/ KHJHG, mapamerp (EKH 0304 HOManbaym) fHe6 atanrad z
ra Hxtuépuii KuUMar Oepamus. Macanan, z =3 6yaca, yHra
Moc —3y =6—4-3, y =2 Hu Tonamu3. Dynapuu 6upHHUK
TeHrjamara Ky, x =24-y—z=24+2—3=1, x=1 Hu
xocun kuaamus. Ulyupait kuau6, (6) Hitvr, nemak, (4) HHHL Xam
(1, 2, 3) eunvury Tomauk. Arap z ra Gowka, Mmacafia,
2 = —6 guiivarHu Oepcak, (5) Ba, jemak, (4) yuyH (—2,
— 10, —6) eunmHn TOmaMu3 Ba X. K. DyHiaH Mabiym Oyaa-
IOHKH, (4) cHCTeMa ueKcH3 KyN eunmnapra sra 6yad6, anumac
cHcTeMa GyJaniH.
4. Ywby

Xy — Xp+ X3 —x,'+ x5 =5, ,
X+ xp x5 x,—x5 =1, (6)
xl —xz_xs _‘X4 ‘_X5 = - 5

CHCTEMAaHH eyHHT.

(6) ma TerHUVH 3JeMeHTap aNMALUTHPHILIAPHH GaxapHG,

Xy —XgF X3 — X+ x5 =5,
— X+ 0 x5 —x;+ x, =2,
3+ 0 x,+x=395

cHcTemara Kesiamu3. DyHu Golixa anMaurtipuul MYMKHH — 3Mac.
X, Ba xg napametp (0304 HOMabJayM) Japra HXTHEDHH x, = 2
Ba x; = 5 KuitMariiap Gepub, x, =2 HM, cyHrpa x, =1 HH,
YHIaH Ke#uH x; = | Hu tonamu3. [lemak, (6) aHHkMac cHcre-

Ma GYaHO, YHHHT YeKCH3 Kym euumaapimaH Oupd (1, —1, 2,
2, 3) 6ynagu.
5. Y6y
x—y—+z=2,
2x+y—2z2=—2, )
~x+y—z=1

CHCTEMaHH EYHHT.
(7) na mabayM 3/eMeHTap aaMalUTHpHIWAApHH OaxkapHb,
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x—y+z=2
—3y+ 4Z=6, (8)
0=3

cicTemara sra 6Vjamus. Dy cucremanard oxupru
0-x4+0y+02z=3

TEHIJIaMaHU Xe4 KaHjafl coHsap KaHoaTthaHtHpMmaiau. [e-
Mak, (8) cucrema Ba wy cababau (7) cHcTeMa XaM XaM-
KOHCH3 cHcTeMa 6Viu6, eduMaapH HYKAHUD.

Miuconnapia KypuaraH xoJjuiapra Kapab, 10KopHia KeJ-
THPHJITAH XYJOCAaHH fAHALa OHAHHJNALITHPAMHS,

HomabayMnapuu kerMma-ker HYKOTHUI HaTHxacuza Oe-
pHaraH cHcreMa yubypuak €xkH TpaleluHdst LIAKJ4ard cHe-
TeMara kesca, 6y 6epujaraH CHCTEMaHHHT XaMIKOHJIHJ/HIH-
HH Kypcatagu. Arap s/jeMeHTap aJMalITHPHILIAD HaTH-
xacuaa HotyFpH O=A (A5-0) TeHrauk xocua 6yiaca, 6yH-
Jllaii cHcTeMa XaMKOHCH3 cHcreMa OVJaanH.

58-§. BHP )XHHCJIH BYJIMATAH YHU3HKJIH TEHTJIAMAIJIAP
CHCTEMACH BHJIAH BHP XXHHCJIH YH3HKJIH
TEHFJIAMAJIAP CUCTEMACH EYHMIJIAPH ‘
OPACHJIATH MYHOCABATIJIAP

Koa¢uuuentnapu Ba 0301 Xaianapd GHpop & COHJAp
MaiiloHHra TerHwyau 6yaraH 6Hp XKHHCAH OyaMaraH Ky-
HHIardH 4YH3HKJH TeHryiamanap cHcremacH OepuaraH G6yJ-
CHH:

ay x5t apx,+ ... +a,x,=b (=1m). )
By cucremanunr xamma b; o030l Xalnapi YpHMra HOJIAPHH
ONMI GHAAH XOCHA KHJMHTaH GMp JKHHCIH

agx +apx,+ ... +a,x, =0 (=1m) ()
cucreMa (1) ra Moc 6HpD XKHHCAM cucTema neb IOpHUTHJTrAH
xonaa, (1) vu (2) ra HucGaran acocuil cucrema jge6 ara-
JajH.

ABBasio 6GHpP XHHCJIH CHCTEMa €UHMJApHHHHT G6ab3H
XoccajiapHHu KypHO yTaMus.

(2) cuctemannur xap 6Hp (@), @y . .- , @,) KYPHHHIIAArH
€UHMHHH & MaliloH ycTHaard R" ¢as3oHMHr 1 JJYOBJH  BeK-
TOpH ne6 kapawr MyMkuH. Uy ca6a6amu, Hcranran HKkMTa (@,
Qg oo ey a") Ba (ﬁ,, Bor - .. ﬂn) €YHMHH KYILHLI, UyHHHT-
JeK a (a€F) COHHH CHCTeMa eUHMHra KYMaHTHPHIU MYMKHH, SbHH
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apoy+apdt ... a0, =0,

aj Bl +ai252+ T +ainﬁn=0,
ail(aal) + a[?(aaZ) + o0+ aiu(aan) =0

6Ynanu.
1. (2) cucremMa e€yHMJIapHAaH HCTalraH HKKHTACHHHHT
(al' Ogy =+ vy an)+(ﬁp ﬁzy cee ﬁn)!z(a|+ﬁlv a2+

+By oo v 2, B
PurHHAMCH fiHA (2) HHHr eunmu Oyaamu. ! Xakukaras,
ay(a + 51) +ap(a,+B)+ ..+ ain(!an +8,) =
= (g, +apo,+ ... +a,o )+ (a8 +a,p, +
+ ... +a,B)=0+4+0=0.
2. oo €& cOHHHHTr (2) cucTema eynMHra KynaiTmacH
e, &y - .., @) =(aa, oz, ..., ax,)
aHa (2) HMHT eyuMHIHpD. XaKHKaTaH,
a“(ocal) +ai2(aa2) + 0+ ain(aa,,) =

= a(:a“ al'—’_ al-zaz + R + {l‘.n an) =a-0=0.

3. (2) nuHr xap 6up (o, @, ... ,@,) eudmMH GujaH GHpra
—(oty Oy o vy ) =(—a, —y, ..., —o,) XaM (2) HHHT
euHMH 6YajH, YyHKH
ay(~oy) Fap( —a))+ ... +a(—a)=—(a,+

+a, 0,4+ ... +ainan) =(——1). 0=0.
Hemak,

(al,a2, ,an)—(ﬂl,ﬁg, e ﬁn)=(al,a2, e,

o).t (—Byp —Py . B = (o —Bp o, —B, ...,
an_ﬁn
XaMm euHMmpaH ubopar.

Arap (2) cucremaHHHr xamma euuMsapd TynJamuHd W 6u-
JaH  Gearunacak, 39-§ naru Teopemara acocaH, 6y Tymiam R"
(a3oHHHT KHCM (DA30CHHH TalKHJ 3TafH.

DHOM KyHuJard TeopeMaHH HCOOT/IANMU3:

Teopena. (1) acocuti cucmemanunz (b, Py, - . ., I,) 6@
(0, 0y, - .., V) edumrapudan  mysusean (W, —V|, Wy —V,,

.y B, —V,) adupsa eexmop (1) ea moc (2) cucmemarune
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esumunu ugpodaradou. (1) acocui cucmemanune (uy, Wy - - -

W) equmu 6usran (1) 2a moc (2) cucmemanune (o, ay, . . ., )
edumudan  mysureat (W, 4+, Py ..., R+ @)
durundu sekmop ana (1) Hune euumu Gijnadu.

HcboTu

ail( Pl-vx) +ai2(l‘2’_”2) + .. +ain(}1n’—°n) =
=(anntappyt - R — (8 0t epv L+
+at-nvn) =b—0b =0
CyHrpa
a;(p+a)+ AUy o)+ .. +ain(p’n+an) =
= (Gt appt T (o tayat .+
—l—a,-nan) =_5i +T)=5‘-.

(1) wunr Gutta (W), By, ..., ji,) eunmura (2) Hunr Xxap
XHT (o, Oy « ..y &) Ba (B, B, ..., B,) eunmaapunu
kyuwcak, (1) HUBr xap xua (p, +ap, p+oay, ..., B, 1+ )
Ba (pl +Bpy+By ..., n, +B,) eunmiapu xocun  6yJa-

I, uyHKH o, 54, Ta xypa p, +a, # p, + B, 6ynanu.
[Uynnalt KHAKG, CHp XMHCAM GYy/MaraH CHCTEMAHMHT XaM-
Ma eUHMJIADHHH XOCHJ KWJIHMLI YUyH YHHHT GHTTa (v}, U, ,.. ,

U,) €UMMHra YHTa MOC CHD MKHMHCJH CHCTEMaHHHT XamMMa euHM-

JIapHHH KYWHO GopHit KHbposA.

Haruxa. Bup xudchu 6yiMaraH yM3HKJAH TEHrJaManap
CHCTEMACHHHHI €UHMJIaDH TYNJIAMH YH3UKAH KYNXHIJTHKHH
TalKHI 3TafH.

XaxukataH, arap GHp xHHcau G6ysmarad (1) cHcremaHMHr

GHPOp €UHMHHH Xo= (W, My, - - - o M), (1) Ta MoC GHp KHHC/H

cucreMa eunmniapi Tymiaamund W, (1) munr Gapya euWmsiap Tyn-
JlaMHHH 3ca H opxanu Genrusacak, roKopuaarunapra acocan W

Ba H opacipa H = x,+ W KYPHHHLIAATH GOF/aHHLI  YPHHJIH.

bynna H tynnam W kHcM ¢asoHH x, BekTOpra CYpHIN HaT-
MXacHIHp.

59- §. BHP )XHHCJIK YH3HUKIH TEHTJTAMANIAP CHCTEMACHHHUHT
9 YHAAMEHTAJI EYMMJAPH CHCTEMACH

OnpuHry uaparpadia KypHG YTraHHMH3ZEK,
ay X, +apx,+ .. +a,x,=0 (1)
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GHp KHMHCJH YHM3HKJIH TeH[VIAMAJap CHMCTEeMaCHHHHT  eyHMJiap
TynJamu V apubmeTnk dasonusr Gupop W kuem asocHHH Tat-
KHJ1 3TajH.

l-tabspud. W kucM da3oHuHr 6Ga3acHHH TalIKHJ
3TYBYH MCTaJraH BeKTopsap cHcremacH (1) cucremarune
pyndamentan ewumaap cucremacu neHHAAIH.

Ba3uc BekTOpsap CHCTEMAaCHHHUHr TabpHGHra acocaH

a, a, ...,a, 2

cucreMa (1) HUHr QyHZmaMeHTaJs euuMmJsap cucremacH Gy-
JHIIM YUYYH KYHHNAard HKKHTa wWwapT GaKapHJAHIUH Kepak:

1) (2) cucreMa YH3UKJIM 3PKHH GyJaanH;

2) (1) cucreMaHHHr HXTHépHI euHMH (2) OpKaJH 4YH-
3HKJH HponasaHanH.

Bupop apudmerhk ¢a3oHuHr 6a3acHHH TALUKHA 3TYB-
YH cHcTeManap uekcH3 kynm Gyaca-npa (41-§ ra xapanr),
YJIapHHHT Xap OHpHAArd BeKTOpJap COHH y3apo TEeHT 31H.
By tywynuanapnau doiinananu6, (1) CHCTEMaHHHT HXTH-

épHil eunMuHu (6U3 yHH g ne6 Gearunaimua)

a=rka, +ka, + ... +ka, L (3)
makKJafa upoxanam MyMkudH. By epaa kief(i =1, r) 6yara-
HH yuyH (3) eunMm (l) cuCTeMaHHHT YMyMHl e€UHMHHH TORHMIN

dopmynacunu ndonanaitad. DHaH GyHAAMEHTas eyHMaap CHCTe-
MaCHHH TonHw OHJIaH wWyrFyanaHamu3. Bywuar yuyH (1) cucrte-

MaHH
a X +a,x,+ ... +a,x, =0,
ayx tayx,+ ... +a,x,=0,

X ta,xt o ta,,x, =0

(1)

KYypHHHLWIAA €3u06 onn6, yHra aycc yCyJaHHH TarOGHK — 3TaMmH3.
Bup >xuHCMIM cHCTeMa HOHMO XaMiKoitH GyJaraHu Tydafiad Gup
Heua Mapra 3/eMeHTap a/MalTHPHILIAPHH GaxkapraHgad CyHI
(1) cucrema ¥3ura skBuBaseHT Gynrau

CrXtep Xyt Xyt o, X A0, X 0%, =0,
Cop XgFCpg Xyt s 0y, X, FCopi Xy oo 6 X, =0,
Ly Xzt +Carxr+car+l ry1 T +CSn =0 (4)

crr xr+crr+l xr+l+ + Crn n 0
KYDHHHIUAATH CHCTemara kenmagd. Bywga ¢, + 0 (k =1, I, 7) pa
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(4) paru Teursiamanap COHH r HOM@bJYMJApP COHH N JaH KHUMK.
Axc xongma (4) cuctema HO/IMAC eYHMJsiapra 3ra  6y.aMac SiH
(51-§ ra kapanr). (4) cuctema r Ta TeHrsama Ba (n —r) Ta
HoMabaymaan uGopataup. Ly Tygaim 6us x, FETIE AP
X, NapHY 030f HOMabJIyMaap Ae6, yJapra HCTanraH COHJIH
(kamMuaa GutTacH HoJfan (apk/M) KHAMATJapHu Gepa O/laMHs.

dapa3 Kunaitmk, x,, =1, X, =% = ... =x,=0
6yJcHH. YHua (4) cuctemajad X, X,_,, ..., X KeTMa-KeT-
JHKJa Gapua HOMamjymJapra Moc COHJHM KHHMAaTJapHH Tona
oJiavH3. [lapamMeTp/IapHHHI IOKOpUAArH KHiMaT/apura Moc Ke-
ayBud (1) CHCTeMaHMHT  eYHMH a.. = (a,, Qyy o vvy &y 1,
0, ..., 0) 6ynamu. Oumn x, =0, x, , =1, x ,=... =
=x,=0 neiimus. YHaa aHa (4) cucremajan x; Japra Moc Ke-
JIyBud Kaugzaiaup B; (i = l,r) COHsapHH TomaMH3. Harmnkana

(4) cucremanunr a, , = (BB, ... ,B,01,0,...,0)
HKKHHYH €YHMHHH TOMNa OJIaMHM3.

lly »xapa€HHH AaBoM 3TTHpHO, (7 -—7r) Ta KajamJaH CYHT
(4) cucrema (memak, (1) chcrema)HHHr

_ar-l-l = (ali Qgy =00y &)y l, 0, ey O)‘
! ar+2 = (ﬁl’ ﬁgp s ey ﬁ,, 0, 1, cee 0), (5)
l—an——_(vlivzv e ¥, 0,0, 0L, 1)

eunMaapuHu Tonamu3. DHaM (5) euumaap cucreMacu (17)
HRHT (yHIAMEHTaJ euHMJap CHCTEMAaCHHH TalUKHJ STH-

LIHHHY KypCcaTaMH3.

Hapxakukat: 1) (5) ewuMJuap cucreMacH y3apo UH3HK-
Ju GOF1aHMaraH, YyHKH Oy BEKTOpJIaDHHHI KOOpJHHarTa-
JapHAaH Ty3HJaraH

Gy ...a, 10...0

A (BB B 010

Yi¥e --- % 00 ... 1
MaTpuuana uMaHKAd GorsaumaraH (n—r) ta catp Ba (n—r)
Ta YCTYH MaBKyA (VHI KuCMAA KOHJawmran Martpuua), 2) sHId

(1') nunr uetanrad @ = (Y Up « -+ s Up Uppps « -+ + 5 Uy,) €UH-
MUHHHT (D) OpKa/M uM3NKAH HDOIANAHHILMHE KypcaTamH3.
Ky#ingars BeKTOpPHH OJlaMH3:
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J— ~ e o b
b=v,,a, U, ,0,,+ ... Fv,a, 6)

aq, - - a Bektopaap (1°) ciicTeMaHHHr eunMapH GyJaranH
Tyaliiu ynapmmr HCTa/NraH YH3MKJH KOMOHHALMACH XaMm (l )
HHHT eudvH GyJsumH 6usra mawvayM. Ievak, (56) TeHrauk Ou-
JIaH aHHK/aHYBUH BEKTOp Xav eydM 6yaagH. (5) Gesrunaiunap-

ra acocaH BeKTOpHHHT oxupru r+ 1, r+2, ... , n Koopau-
HaTa.@p4 MOC  paBHIA Uy, U4 ..., U, JIAPra TeHr,
4yHKH, Macanad, v, q,= (vn VY UV oo v s UV O oo vn)
6yJsraHuaad b BEKTOPHWHT M-KOOpPAMHATAcH U, ra TeHr. JleMak,
aBab BeKTOpJapHuur r + 1, r 4+ 2, . -+ » N-KOOpJHHATaNapH

ycTMa-yCT Tywap 3kaH. bDyupait xonna a —b aiiupma BexTOp-
HUHT OXHpri (n —r) Ta KOODAHHATa/lapH HOJJIApAaH HGOpar.
a Ba b sap (1) HHHT eyuviH Gy.iraHu Tybaitit a—b xav eunm
6yMiM Gusra Mabayum. MkkuHuu ToMoHaaH, arap (4) cucrema-
Baru X,y X, o - ., X, JJAPHH HOJIap GHJIAH aJIMALUTHPCAK,
y xonma c,, =0 6ym‘aﬂn yuyn x, =0 (k=1, ) 6ynanu He-
MaK, @ —b = 0 ek a = b  6yHG, HXTHEPUH O/MHraH ‘a Bex-
TOp XaM 4, @,y -« - » G, CUHVVIADHMHT YH3HKJH  KOMOH-
HauusAcHAaH ubopar 6yna1m Uly}mau kuau6, (5) cucrema (1')
TEeHIJ1aMajlap CHCTEMAacHHHHT GyHAAMEHTAJI e€YHMJIap CHCTeMacH®
HH TAalIKHJ 3TajH.

(5) cucTeMajarH euHmJyap COHH n—r Ta O6yaraHHnad
(1) cucrema ¢dyHnameHnTasn eyHMJap CHCTEMacCHAArH eyHM-
Jap xaM (n—r) Ta BeKTOpAaH HOoparT.

1- Hatuxca. Bup xuHcnM UYH3HMKJIM TeHrJaMaJgap CcHc-
TEMacHHHHT (YyHAaMeHTasN euyuMJapH CHCTEMAacHAa edyHM-
Jlap COHH HOMabJyMmJjap COHH OHJAaH CHCTeMa MAaTpHLACH
PaHrHHHHT allHpDMaCHra TeHT.

2- HaTtusca. n Ta HOMAabAYMJAH m Ta OHD XKHHC/IAH 4YH-
3UKJH TEHIJlaMaJap CHCTEMaCHHHHT eYHMJapH TymJaaMH
n—r VJIYOBJAH BeKTOpJap (a3OCHHH TAIUKHJ 3ITAaH.

XagKHKaTaH, GUp KHHCJAH CHCTeMaHHHr dyHAaMeHTal
euuMJIapH COHH p=n—r ra TeHr OyaraHufaH Xamjaa GHDp
MKHHCIAH CHCTEMAHHHT HCTA/raH EUMMJIADHHHHT UYH3HKJIH
KOMOGHHALHACH aHa Iy CHCTEMAaHHHT €YHMH SKaHJUCHAaH
Maskyp euMMJap cHCTeMacH KaHAaHaup BexkTopJsap ¢daso-
CHHH TallKWJ 3TafH. Bekropnap ¢asocuiarn 4YH3HKJH
GoFnaHMaraH BEKTOpJADHUHL MaKCHMajl COHH (ABbHH YH-
JaMeHTaJ euHMMJIapHH TalUKHJ 3TYBUH BEKTOpJap COHH)
n—r 6ynranu yuyH 6y ¢aso n—r YAYOBJAHOHD.
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Mucoua.

3xy + 2xg—x3—x, =0,
X, — Xg—x3+ x, =0,
6x; — xp-—4x3 + 2x, =0

CHCTEMAHHHT dpyHnaMeHTa.n €yHMJsiap CHCTEMaCHHH TONHHT,

3 2 —1 -]
B=1{1—-1—1 1]
6 —1 —4 2

Wkkuuuu catpuu 3 ra kymadTHpHG, HKKHHUHHH OGHPHH-
4HAaH, cYHrpa OHpHHYMHHM 2 ra KynaWTHpHO, YYHHUHHH
6upHHUHaH afiupaMus, y X0a4a

32 —1 —I
05 2—4)
05 2 —4

MaTpHua xocua 6ynaaad. By MaTpHUAHHHT YYHHUYH CaTpHHH
HKKHHYHJAH afiHpaMH3, y xoaaa

32 —1 —1
05 2 -4
00 0 O

MaTpHLAHH XOCHJ KHJ1aMH3. By Matpuuazard HoJb 6y.J-
MaraH caTpJap COHH 2 Ta.

Hemak, marpuuaHuur paurd 2 ra tesr. LIyHHHT yuyH
6epHaraH CHCTEMaHHHT OHPHHYH HKKHTa TEHIJIaMacHHH
evaMu3. ¥ xoana GepusraH cucreMajiaH

{ 3xy + 2xy = X3 4 X, )

Xy Xg = X3 X,

CHCTEMAaHH XOCHJ KHJaMH3. f
X3 Ba x, napameTpJap HKKHMTa OYJAraHH YyuyH ¢yHAameH-

TaJl CHCTeMa HKKHTa euMMAaH TysuJaiu. [lapamerpJiapra apsaJ

x3=>5 Ba x, =0, cyurpa x; =0 Ba x, =5 KuiimMatiapun Ge-

pamus. [lapamerpsiapuuHr GHpuHuM KufimMaTsiapuia (7) nad

3x1 + 2x2 = 5,
¥ — X3=25
cHcrema Kequ6 uukaau. By cucremanu euw6, x; = 3, xg = —2

JapHH Tonamus. [lapameTp/apHHHr HMKKHHuM KHitmMaTJapuaa (7)
JaH

{3x1 + 2x, =5,

X1 —x,-=-—-5
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cucteMa xocua Gynanu. By cuctemanu eunb, x, = —1, x, =4
JapHH Tonamu3. Jlemaxk, dpyHnaMenTan eunmsap cHcTeMaJlapUHUHD
Gutracu (3, —2, 5, 0), (-—_1, 4, 0,5 Oynagn pa Gepuirat
CHCTEMaHHHI YMYMHH €4HMH a = (ay, Oy, O, t,) OysuG, Gy ep-
ja ay =30y —Cp @y =—20F4¢;, @3=05c;, og=25C (¢,
€3 € Z) Tenraukaap GHnaH aHHKAAHAAH €ku a=cy(3, —2, 5,0)4-
+ c(—1, 4, 0, 5) 6ynamu.
Mawxkaap
1. X1+ 2x5 -+ dxg — 3x,'=0,
3x; + 5xy+ 6x3—4x, =0,
4xy + 5xg— 2x, 4 3x, =0,
3xy + 8xy 4 24x, — 19x, =0
CHCTEMaHHHT YMYMHH Ba (QyHIaMeHTaJ euuM/apH CHCTEMAacHHH
TONHHT.
2. ay = (11 _21 1) 0’ 0)’
a2 = (0) 01 —ll 1’ 0)1
Qg = (41 O: 07 _-61 2)
€UHMJIAD CHCTeMacH
X+ Xg+ xg 4+ x4+ x5 = 0,
3x1 + 2x5 + x5+ x,— 3x3=0,
Xy + 2% + 2%, 6x=0,
5x1 + 4x, + 3x5 + 3x, —x; =0

CHCTeMa yuyH (YyHIaMmeHTa/ eudMaap cHcTemacH 6yJaanuMu?

12—-2572
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v 0B JETEPMHHAHTJIAP

60-§. MATPHUAJIAP YCTUIA AMAJJIAP

Bus 6y Go6aa maTpuuanap ycruaa GarkapuJaiurad —amai-
Jap, YJIADHHHT XoccasapH, KalcH XxoJvapia GepHaraH maTpHUa
yuyH TeCKap# MaTpHua MaBXKyLIHrH KaGH Macaianap GHJIaH
myry/naHamu3. MatpHua tywyHuacugaH ¢ofinananu6, UHIHKJIH
TeHIJIaMaJlap CHCTEMAaCHHHMHT e4HMJIapHHH TONHILAA MYyXHM axa-
MUATra 5ra GYJiraH AETepMHHAHTJIAD TYIIYHYACHHH KHDUTAMH3,

BeMenTaapH a; €P(i = 1,m, j=T1,n) connapran Tysusrau
MaTpHua ¢ 6a1>3aﬂ Ha || opkamu Gesrunanagu. @akaT HOMAOL

MaTpHilanap YUYH KYWHIU KOHIACH aHHKJAHraH. & MadjoH yc-
THAArH HCTaJraH HKKH HOMJOL! MAaTpHUAHH KVl KyHuzard
KoHza GyHuua Gaxkapuaai:

Q) Qg -~ - Ay buby ... by,
Ay Qyy ... G
21 929 2 2
A= n . B = 1 Y22 2n
k]
amlam2 s Qg \b'"lbm2 "‘bmn

ay +b, a,+b,...q,+b,
A+B = Qg+ by g+ by - - a2n+b2n
ml+bm1 am2+b v amn+ bmn

Jlemax, HHFHHIM MaTpHuaHuur (la; + b || snementaapu Ky-
WWHYBYH MaTPHUA/IADHHHT MOC a;; Ba b;; sneMeHTSapH HHFHH-
;umapura TeHr OYJH0, HHFUHAMHH Tacsnpnosqn MaTpuua KyuuH-
JyBuuiap GHIaH HOMAOW GYJaiH.

Marpuuanapii KylWuul KOMMYTaTHB Ba acCOLMATHR SKaHJHIH
paBllaH, UyHKH Oy amall MaTpPHLANapHHHT SNEMEHTJIApHHH, SIBHH
coHNapHH KymHmnan ubopat. Hlynna#i Kuiub, ucTanraH MaTpH-
nasap yuyn

A+B=B+A, A+B+C)=(A+B)y+C
TeHrIMKJIap Ga)kapHiaid. Xamma 3JieMeHT/]apH  HoJiapaaH
HbopaT MaTpHud HOJb MaTpuua ae6 aranagd Ba y 0 opkanH
€earunanagy. 0 maTpuua 6nvaH HOMZow xap kauiad A mat-
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puua yuyi A+0=0-+4+ A=A 6Yynans. Marpuuann (—1)
COHTa KynauTHpHII aMa/u KyHHJlardua aHHKJaHalu:

Qyap .- a4,
a,a,, ... Q
21 oo 2
(—)A=—A=— N
14
aml.am2 et amn
a8y .. 4y,
] T8y - Ay,
B e
By wmatpHua
Ay - Yn
A— Q1 gy - -+ Gy
amlam2 amn

MaTpulara Kapama-KapuM matpuua Aeiinaanu sa A-+4(—A) =0
6yaanu. A+ (— B) imenapn A — B kypunniuga ésuimb, y A
Ba B wmaTpuuaJsapHuir afiupMacd aeinaapd.  MaTpHuanapHu
aiiupull amanH Ky#uaaruya Gaxapuaamy: A —B =
ay—by ap—by ... q,—b,
_ Gy — by Gy —byy .. . Gy —by,
aml _bml Qng —b

m2 amn_bmn

Xycycuit xompa A—A=0, A—0=4, 0—A=—A4
6yaanH.
Hamusxa. Hompom matpHuanap Tynisam ajuidTHB rpynna
Gynanu.
OHOH MaTpHUAMapHH KYNaBTHpULI KOMFACHHH  KYpaHJIHK.
®akaT m X n KYpMHHUIATH MaTpHUAHH n X kB KYpHHHLI-
Iard MmaTpuuara KynaifiTHpHil MyMKuMH, OoluiKaua adTrasja,
¢dakaT n YCTYH/H MaTpHLA n caTp/H MaTpHuara K{MaiTHPHIAIH.
Kynaittvaza mX k KYpHHHULIM MaTpHLla XOCHJ OyJalH, SBHH
A -B ax k' C

mxn mx&'
Amx,l maTpuia (m, n) TypAH MATpHUA JedHJIanM. Amx,l Ba
B, , MaTPUUA/NaDHH KYMAATHPHW KOWAAaCH KyHHAarHmaH HEO-
pat: Apon: Buyr = Cpys KYMaHTMaHHHT Xap GHp C;  sneMeH-
THHH XOCH KWJMIL YuyH A, . HHHT {-CATDHIArH 3JIeMeHT/Iap-
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HH ank HHHT f-YCTYHHAArH MOC 3JIeMEHTJIapra KYyMmaHTHpHO,
HaTHXaJap KYWHIAQH, SBHH

n
!
ey =a,bytapb,+ ... +a b,.,-=Zaubu-

Hlyupaii Kunu6,

T PRI bby - :u
Gy Qyy ... A by byy - -
. = 21 Y22 2 21722 2k
Amxn ank - " ' e e e . =
Ay Qg - -+ Ay, By by - - - bug

n
Zau by zau (PRI Eaubm
= 1=1
n n n

-----------

= mek

6ynanu.

XycycH#i Xonpa, KBaApaT MaTpHUaJapHH KynafATHPHIU
yu4yH YJapHHHr TYpaapH OHp Xua 6yaHwid Tanab KHJH-
HaIH.

Kynafirma xaM xyAnd wy TypAarH KBaApaT MaTpPHUAHH

ndonanafiy.
Macanasn,
1 —2 3 27 -8
AB=|-3 1 2| 91 0=
0 4 —) —23 4

—22 14 4
=|—1 —I14 32|=C,
38 I —4
A-B=C.

HMkkHTagaH OpPTHK MAaTpHUAJApPHH XaM KyNaf#THpHIU
MYMKHH. MacanaH, yyra MaTpHla Ky#unard cxema Gyfinua
Kyna#THpHIaAu:

(Amxn'ank)'Ckxp = Dmxk' Ckxp = Xm)(_p'
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Mucoun. |
3 — 05 —2
12 —30 2
(2 =0 (2 2]} 03 3)-
= (0 —9) (0 5 —9) =(—9 —27 —T9).

Kyifingars Teopema MaTpHUANapHH KYMalTHPHULI acco-
UHATHB SKAHHHH TaCAHKJaHIH.

Teopema. Yuma A, B, C mampuya ywyn AB sa BC
kgnaimmarap mampuyarap 6ijaca, y xoarda (AB)-C ea
A-(BC) rgnaimmarap xam mampuyarap 6yaub, (AB)-C =
= A-(BC) meneaux 6ascapuradu.

Hc6otu. A, B, C nap moc paBuwpa (m, n), (n, k),
(k, p) Typau matpuuanap 6ysacud. Y xonma A-B kynaiitma
(m, n)-(n, k) ={(m, k) Typou Ba BC kynaiit™a (n, k)-(k, p) =

= (n, p) TypiH 6YauwH paBwan. Y xonxa (AB)- C kymaittma
(m, k)-(k, p)=(m, p) Typmu Ba A-(B-C) xymaiitma xam (m,
n)-(n, p) = (m, p) TypaH 6ynu6, yJaapHMHr TYpaapH OHpP XHJI
6ynamH.

Supu (AB)-C = A-(BC) TeHrJMKHUHT GaXKapHJHILKHH, SHHH
(AB)-C Ba A-(BC) waTpuuanapHuir yMyMHH u; Ba Uy She-
MEHT/IapH §3apo TeHr 3KaHMHH HcGoT/aiMu3. XakukaTan, AB
HHHT YMYMHI 3JIeMEHTH

dip= arobyy (=T, B=T) (1

a=1
Ba BC uuur ymymuit aneMeHTu

d;, _2% p; (=1 2)

6ynanu.
(1) Ba (2) napra 6unoan (AB)-C Ba A-(BC) napuuHr ymy-
MHH 9/eMEHTJIapH MOC paBHLIAA

p=1 a=1
n n k
Yy = Z oo = Z aiazbaﬁcﬁl =
a=Il o=l ﬁ:l
3 n
= 2 Eai a.ba ﬁcﬁ/
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e e g g e

e — e AN Eige) T e - - :
6ynamu. Ulyunait xuwo, u;, =v;,. Hemak, (AB)-C = A-(BC).

Haruma. Typaapu 6up xHa 6YyaraH KBajpaT MmaTpHUa-
Jap TynaaMH KyNadTHpPHLI aManMra HucbaTaH sSipuM rpyn-
na 6ymangH.

XagukaraH, 6y Tynjamaa MaTpHUAaJapHH KyNaHTHDHII
aMaJ¥ aHHKJIAHraH Ba Yy accoudatHB OYJraHH y4yH Mas-
Kyp TyIJjaMm sipHM Tpynnanup.

Mucoa

1 0 —4 3 .
A=(2 —1 0)' B= (—-‘12), C=(6 4 1) 6ynaca,

((5 1 7o) (—?))-(6 11=("g) 6 4=
(& (e o)

18 12 3
1 0 —4 —6 —4 —1
=(2 —1 o) (—]g —2 —$)=( 48 32 8)

TeHIVIHKJapra kypa (AB) C = A (BC) 6ynanu.
¥YMyMaH, MaTpPHUA/NIAPHH KYMafTHPHIL KOMMYTATHB 3IMac.
Macanan,

12
(21—l
A=( )BaB=(l —2)
03 5 I —2
MaTpHUaNap YuyH
| : 2 7 9
aB=(3 ) BA=(2 —5 —11)
' 2 10 14

AB # BA. Uynkun AB Ba BA wmatpuuaisap Hompoil GyJ/MaraH
MaTpHIaNapaHp.
Xynmu IWYyHHHTAEK,

A =(‘l1 _:53) Ba B=(_§ (]))

HOMJIOLI MaTpHUajap y4yH

_{ 201 _ [ 6 —38
AB‘(—22 4)’ BA "(—6 18)

6yanu6, Oynza xam AB 5= BA 3kaH.
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Bepunran o € & coHHu

TR P IR T
A= %1 G2 -G
At Qg - - - amn

MmaTpuuara kynaitupui ne6, 6y cOHHH A HUHT Xamma
3JIEMEHTJIapHra KYNaHTHPHII HaTHXXacHAa XOcHn OyJarad
MaTpHuara auTH/NalH, ABHH

oa, aa,...aa,
o A=] ¥ 2y .00y, 3)
aa, ad,,. .. aa,,

Bupunuyupal, aAd=Aq s3kauauru paswiad. MkkuHyunaaH,
(3) TeHraHk MaTpHUAJLAarH XaMMa 3JeMEeHTJapHHHT a yMy-
MHH KYNaHTYBUHCHHH MaTpHua OeJrucH TalllKkapucura 49H-
Kapuul MYMKHHJIHIHHH Kypcataid. Homaow wmaTpuuaiap
YUyH KYHHJArH TEHIJIHKJap YpHHJH:

a (A+B)=aA+ab;
a (A—B)=aAd—abB;
(@+B) A=ad+B4
(o —P) A=aA—P4;
@f) A=a B A).

Harusca. Hompow Marpuuanap rtyniaMH OepHirad

COHJIaD MaHAOHH YCTHAA YH3HKAH (Ha30HH TALIKHJA STAAH.

61-§. TECKAPH MATPHLA

n- TapTHOJH KBAaApaT MaTpHLAHHHr Ooll AHAroHaJH
aneMeHTnapH 1 JapnaH Ba KoaraH XxaMma sJjeMentiapH 0
Japaad ubopar ymby

10...0
01...0
00...1

KyPHHHIIAArH MaTpHua OupAuk marpuya neHunagH Ba y
E opkann GearnnasapgH.
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n- TapTH6au ucransrad A xsagpart matpuua yuyd AE=
= FA = A 3KaH/JHTHra HIIOHY XOCHJ KIJHII OCOH.

l-trabpu . Bupauk martpHuagan saemeHtnap an-
MalITHPHLIJIAD HaTHXacHAa XOcHJA OyaraH MartpHua 3ae-
MEHTap mMarpuya nedHaaiy.

Kyfinparusap HKKHHYH TapTHOJAM 3jeMeHTap MaTpH-

nasapaHp:
1) (65 G0 Ga) &)

By epra ¥ o€ (a = 0).

Hcranran rtaprubau Gupaumxk maTtpHua catpaapu (yc-
TYHJIapH) YH3HKJIH GofJlaHMaraH Oy/araHH y4yH 3JieMeHTap
MaTpHIaJapHHHT caTpaapH (YCTYHJIApH) YH3HKJHK GOFJaH-
MaraH Gynaznn. UyHKH aJjeMmeHTap ajMalUTHPHIILIAp Mar-
pHLa paHTHHH Yy3rapTupmaiau (54-§).

Ky#iunard n- raptu6ad xBaJpaT MaTpHUAHH OJAHJIHK:

ap Q- - 4y,
A= % G-
anl an? e ann

By MaTpuuaHuHT ropusoHTa.j

a; = (g1, Qg - - Q)
Ay =Gy, Aggy « +  Ay),
a, =(anl‘ Cpgr + + o ann)

BEKTODJIapH, S'bHH CATPJApH YH3HKAH 3DKJIH €KH UH3HKJH
GornaHran Gy/uUIH MyMKHH, Macanas,

—4 2 —1
A=| 63 2
25 1

MAaTPHUAHHHT CaTpJapH YH3HKJIH GOFJaHraH, YYHKH Y4YHH-
9H CaTp KOJTaH HKKH CAaTPHHHI YH3HKAH KOMOGHHALHACH-
AaH HOOparT, ALHH

2=(—4)14+16,5=1.241.3, Il =1(—=D+1-2
E Gup/uk MaTpHUAHHHT CATPJIapH WYH3HK/M 3PKJH, YYHKH
ynap (GasoHHHT &, €, ..., €, OPTJIApPHAHD.
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2-Tabpud. Dapua caTp BeKTOPJapH UH3HKJIH 3PKJAH Mart-
puua xocmac (aidnumazat) mampuya, Gapya caTp BeKTOpJApH
up3uKIH GOFJIAHraH MaTpHUa xoc (aduuean) mampuya ned ata-
JiajH.

3-tabpud. A marpuua yuyn AB =BA = E TeHr/uKHH
KaHoaT/lauTHpyBuH B matpuua Maexyn 6yica, y xonma B HH
A ra meckapu mampuya rewnnagn Ba y A7 kypunHnaa Gen-
THJIaHA M.

3-tavpubparn B ypuura A7 gyitcak, AATl=AT1A=F
6ynaad.

I-meopemec. Marpuyanune carp eextTopaapudarn 6upu
KOA2aW CATP BeKTOpAGpU OpKaAau wusuxkau udgodaranca, y
xoa0a yHu uxTuépull marpuyaza Kinadrupuwdan xocus
6irean kfnaldTma marpuyanune xam xyddu juwa HoOMepau
Carp 8eKTOPU KOASAH CATP BEKTOPAGDU OPKAAW HUSUKAU
ugodaranadu.

Ucb6oru A marpuua Gepuarad 6ysiu6, yHHHT GHPHH-
9H CATPH KOJIFaHJapH OpKaJad YH3MKJIH Hbonamanain nebd
(papas KHNAUJHK, ABHH

n
all =a292/ + a3a3]’+ e +an an/= Za[ ai/ (] = l’n‘) (l)
=2
6yacuH. MIxTuépuit B=Hbl-/]| MaTpHuaHHHr A ra KynaiTmacH
AB=C =|| c[/]l 6y/m6, MaTpuuianap KynaHTmacH TabpHOH Ba
(1) ra acocan

¢ =apby +apby+ ... +a,b, = (Z“i a“) by +

i=2

+ (2 aiam) by + ...+ (Z o; ain> b,; =y (@b, +

[=2 (=2
+ .ot ayb,) oy (@b, + Agoby 4+« ok ay,b,)+
+ .o ta, @byt aghy, . Fagb,) =ogc,;, 4

n n
+CC3C3i+. .. +an0n, = zaicm C” =Ea‘c”

(=2 (=2
Kepak/d HaTHXaHH oJiamH3, Oy epja
Ciy =aiib“- + ai2b2i+ Ce +ainbn, (i=2,n; j = 1,n).
2-meopema. Xoc mampuyaza meckapu Mampuya mag-
ayd amac.
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Hc6o0T1u. Papas Kunafinuk, A xoc Marpuua GyJcHH,
¥ Xoaza yHHHT caTp BEKTOPJAapH YH3HK/AH GOFNaHTaHIHTH
ca6abau, 6y catp BeKTopnapAaH OHPH KOJTAHJIapH OpKa-
Ju 4H3HKJIH HbopanaHagd. ¥ xoapa l- reopemara MYBO-
¢Hyg, AA-! kynaliTMaHHHT XaM Yila caTp BEKTODH KOJTraH-
JIapH OPKaJH YH3HKJAH HbponanaHagu, AA-'=FE 6yaraniu-
rd cababaH, 6y Tacauk £ HHHC carp BEKTOpJapH YH3HKJIH
3pKAH 6yaHUI¥ra 3uj KeJafH.

Hemak, ¢akaT xocMac KBaipaT MaTpHUajap yYyHTHHa
TECKapH MaTpHLaJap MaBxya 6ynain.

3-meopema. Xocmoc x8adpar A Marpuyany 3AemenTap
aamawrupuwiiap épdamuda GUpAUK MATPUKA2A KeATUPUUL
MYMKUH.

Mc6orTH A XocMac MaTpHUAHHHI XaMMa caTpJ/apH
HoJIMAc catpJsapiaH ubopart, wy cababau xap 6up carpia
HonjaaH dapkiau KamMHaa GHTTa 3/neMeHT MaBXyA. A Mar-
pHLa KyHHAard KypuHHIUAA GYJICHH:

ay Qg - - - Gp
A =] %1 Gz o
aul an2 et ann

JdneMeHTap aaMawTHpHiuaapHua ¢akaTruga capraap
yctuAa 6axapub, A HH GHDNIHK MaTpHLara KeJTHDHII
MYMKHHJIHTHHH KypcaTaMH3.

a,, (k= l,n) connapian xaicH GHpx Hosman dapxau O6y.-
ca, ywa 3JeMeNT XXOHJaWraH caTpHH (@, JiapfaH GHp KaH4acH
HOJAaH Gapkau 6YJca, LIy 3/eMeHTJAp >KOHJauray HXTHEPHHA
caTpHu) GMpuHuHM cartp Guian asnMamrTHpamus. Illynpa# KHJIHOG,
@y, = 0 pes onamus. Arap OHpHHUH yCTYHAA @, JaH GouKa
HoMaH apK/au sJieMeHTaap GyJsica, yJiapH# OHpHHuM caTp 3.Je-
MEHTJIapH €paMHAa HoJJapra anjaHTHpamHa.

Hamixana A marpuua

Qy qp Q3+ -4,
b’22 b?J ter b2n
B=|0 by by...b,
0 b, b,5...b,,
KYPHRHLUTA Keslagu. DHAH by, = 0 1e6 ¢apas xummb, B HHHP
b b b I
HKKHHYH CaTpHHH — 2, — 22 = — "% japra KynaiTe-
b22 blﬂ b22
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pub, HaTHXKanapHH Moc pamuwpa 3, 4, ... A-carpnapra kyu-
cak, B matpuna
a, ap, ;.- -q
0 by by ... by,
C={0 0 c5...c
0 0 c¢5---¢,
Kypunuuipa Gynand. By kapaéuHd siHa n— 2 MapTa TakpopJa-
cak, C Matpuua

Qyy Qp Q3 - -y
‘0 b22 b23 tte b2n
D=| 0 0 ¢5--. Can
0 0 0 ... €
© 1
KYPHHULIHK OJIaH. DHIM MATPHUAHHHT GHDUHYH CATDHHM — ra,
ayn
MKKHHYH CATPHHH = ra, ..., n- CATPHHH ra Kymaitupcax,
b2y Can
1 dydy. .. dy,
01 dy... d2n
M=|00 1 s
00 O 1

marpHua xockn 6ynaniu. M wmarpuuana n-catpuu —d,,, —d, ,

.o —d,_,, lapra KynaiTHpuG, HaTHKANapDHH MOC paBHLILA
1,2, ..., n—1-carpnapra, cyurpa (n—l)-carpuu—d,, ,,
—doy iy o+ —8,_ o, Jlapra KYNalTHPHO, HATHIKAJADHH
Moc paBamaa 1, 2,..., n—2-carpiapra Ba HHXOAT HK-

KHHYH CaTpDHH —d,, Ta KYNaHTHPHUO, HATHXXKaHH OHPHHYH caTp-
ra gyucak, Matpuia yuby

100...0

010...0

001...0

000...1

KypHHHLIAa G§mann. Oxupry MaTpHua 3ca £ (GHp/IMK) MaTpHUAaHp.

Mucon. 1 —12
A=({3 =37
2-35
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XOCMac MaTpHUAHH OHPJHK MaTpHuara keatHpa#amk. As-
Bano A HHHr GHpHHYH caTpHHH —3 ra kynaldTupu6, HaTH-
JKaHH HKKHHYH caTpra, xeiHH OHDHHYH CaTpHH siHa — 2 ra
KynafiTupHO, HaTHXAaHH YUMHYH caTpra Kywamus. YHia

1 —12
B={0 01
0—11

Marpuua xocusa Gynand. By Marpuuana yuHHYH caTpHH
—1 ra xynalTupu6, yHrn UKKHUH4M caTp GHJaH ajJMauITHpA-

MH3. Hartuxana
1 —1 2
C=|0 1 —1
0 0 1

MaTpHILAHH XOCHA KHJAaMH3. JHAu C MaTpHUAna HKKHHYH
caTpHH GHpPHHYH caTpra, yYydMHYHd CaTPHH HKKHHYH caTpra

KYLICax,
101
D=(01 0)
001

MaTpHua Ba HHX0fiT D MaTpuuajard yuHHYH caTpHH — Ira
KynaATHpHO, GMpHHYH caTpra Kyuicax,
100
E=(010
001
MaTpHLa XocHa 6Vaaad. By sca Gupauk MaTpHUamup.
4-meopema. Xocmac mampuyaza meckapu mampuya Mas-
ayd 6a A20HaA0UP.

Hc6oTH. Martpuuagard caTp a/MAIUTHPHIUJADHH vangaH
6upop MaTpHUara Kyna#THpUIl Ae6 Kapail MYMKHH.

S matpuua (m, n) Typaw Matpuua O6YyJH6, YHHHT ¢akaT
6urTa 3nemMeHTH 1, KoaraH snemeHTiapy O OyscuH. | snemenr
i-caTp, j-ycTyHAA TYPYBUH COH GYJICHH.

S-A (6ynna A (n, k) Typau MaTpuua) KymaiTMa MaTpHuaja
{-catp A narH j-caTp GMsiaH yCTMa- ycT Tyiuaad. Koaraun Gap-
ya catpnap O Japaan HGopaT 6y.1anH. Macanax,

Q)1 Gia iy 000
A= a21 aan 023 ’ S= O 0 l
Qg Qgy Qg 000/
Y xonpa i =2, j =3 6yaanu.
0 00\ (ay, ay as 0 00
S-A=1{001/-ag Gy a5 | =185 5 0
0 00/ \ag ay ag 0 0 0/,
188

www.ziyouz.com kutubxonasi



Sl

T S

kypuuuunare S’, 8”, 8 marpuuanapHH TeKWHPaMH3.

S’ Mmatpuuaga Goul JUAarOHAMHHHT n —2 Ta 3jgeMeHTH 1 ra
Ba 6y AHMaroHaJJaH TalUKApPHAA siHA HKKHTA 37eMeHT | ra, KoJ-
rad 3/jeMeHTJapH HOJra TeHr.

S” maTpuuajga 6ol ‘AHATOHAJHHHT GHTTA 3JeMeHTH o ra,
Koaraimapd | ra Ba Goll [AHaroHaJijaH TalIKapH Oapua 3Je-
meHtnap O ra tenr. 8" Matpuuaga Golu JHAroHaad 3JeMeHT-
JapiH 1 ra, yHmaH Tauwkapuiaa GHTTa 3JeMeHT o ra, KoaraH
6apua 3JjeMeHTsap O ra TeHr.

By TymyHuanapra acocnaHu6 KyHHaard xyaocaiapea KelamHs:

1) S’A marpuua A martpHuanard [ Ba f- CaTpJIapHHHT YpHH-
JIAPHHH aJ/IMALUTHPHIIAAH XOCHJ 6VJanH;

2) S”A matpuua A MaTpHUAHHHT i-CaTDHHH o COHra Ky-
NaiTHPHIL HATHXACHAA XOCHJ GyJalH;

3) §”A marpuua A MaTpHuajarH j-caTpHH o COHTa Kymai-
THPHO, {-caTpra KYIUHII HaTHXacHaa XocHa Gy JafH.

[lynuna#h xumu6, A maTpHuaga HXTHEDHH 3sieMeHTap caTp
aJMaluTHPHIUNAPHH A MaTpuuara uangaH GHpop €paaMuH Mat-
pruanapun (S, 87, §) kynalTHpHW HaTHXKACHAA XOCHA KH-
JIHLI MYMKHH,
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By TywyHua Ba 3-TeopeMara acocaH KyHHIaru xy/rocaza
kenamu3: Arap xocmMac A MaTpHuawu vanpai Sy, S,, ..., S,
XocMac MaTpuuasapra KynadTupcak, y Xonaja OHpPIHK E fma'r-
PHUAHH XOCHM KHnamu3, sibHH S, (... (S, (S;- A)) .)=E
6ynanu. bynna S;, S, ..., S, .nap S, 8, S’” Kypmmumam
MaTpHuanap.

Martpuuanapid KynafTHpHI amaJslH acCOLHATHB Xoccara 3ra
6¥raHH yuyH OXHPIH TeHIVIHKJATH KaBCJApHH Taulaab :oGopHIl
MYMKHH. Uly}mm‘ yuyH S, ... 8, 8§rA=E 6ynamu. S,
S,-S, xkynafitMaHn B op}gam{ 6eJII‘HJIaHMPI3 Ba OXHprH TeHr-
ﬂHKHH

B A=E 1)

KypHHHmAa €3aMu3. (1) maH kypHHaAHMKH, HXTHEPHA XOC-
mac A matpuua 6upop B matpHuara teckapu 6yJaanu.

B Mmatpuua xam xocMac (akc Xosja yHra TeCKapu MaT-
pHua MaBXyn OVamaian) 6yaradd yd4yH YyHra TeCKapH
6upop C MaTpHua MaBXyn GynanH, si’bHH

C-B=E. ©

(2) TEHIVIMKHHHI MKKaJa TOMOHHHH VHrAaH A MaTphuara Ky-
nafitHpamus: (CB) A=E-A ékn C (BA) = A. (1) TeHriMkka
acocad C = A 6ynapu. Bynpan A.B = E 6ynajgu.

HeMak, B matpuua A MaTpHua yYyH H3JIaHTaH TecKa-
pH MaTpHUa 6Vaanmu.

SHau GepHaraH xocMac MaTpHLara sroHa TeCKapH Mar-
pHLla MaBXYIJHTHHH Kypcartaitiuk. TeckapHcHHH ¢apa3
KHiamH3. A ra Teckapu GyaraH kamuaa Hxkkuta B Ba C
MaTtpHuasnap MapXyA 6YiacHH. B Ba C napHHHT TEeHr 3KaH-
JHTHHH KypcaTafiauk. XakukartaH, B marpuna A ra Ttec-
KapH MartpHua Gy/araHH yuyH

AB=BA=E 3)
6ynany.
C matphua xaM A ra TeckapH maipHua GyJraHH yuyH
A-C=E 4)

TEHIJIMK YPHHAH. (4) HHHT MKKa/ja TOMOHHHH uanjaH B ra ky-
namupamns Ba (3) 'man ¢oitnananamus: B (AC) = BE = B,
(BA)-C=E-C=C, B(AC)=(BA)-C éu B-E=E-C. By
aca B =C pemakaup.

Marpunanap kynafitMacH KoMMyTaTHB 6y/mMaraHg
yuyH GepH/araH xocMac MaTpHuara teckapx Oyiaran Mar-
pULlaHH TONHII NMaATHAA Mas3Kyp MaTpHlana 3jeMeHTap
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aJMalITHpHULIapHH  ¢akat cartpaap OyiiHua GaxkapHUI
Kepax.

Dnemeutnapy Gupop & MaHpoHra TerHuwH 6yJarad Gapua
(n, n) Typau xocMac Matpuuanap tyniamuud GL (n, &) opka-
Ju Genruyaiimus.

5-meopema. < GL (n, &), -> arzebpa epynna 6ijnadu.

HNcb6oru. 60-§ na kypub yrraHumusgek, a) yura A,
B Ba C matpuuanap kynalTMacu accouHaTHB; 6) HKKHTA
( n, n) Typau xocmac MaTpHuagap KymaiTMacH sHa Xxoc-
mac marpuuaaup( l- reopemara kapaur); B) 4- Teopemara
Kypa xap GHp xocMac MaTpHUa yuyH frOHa TeCKapH Mar-
pHLA MaBXYA; I') Xap KaHAal GHPJHK MaTpHLA XocMac
MaTpHua 6yJalu.

By mwapTnapHHHr GaxkapHiauwHd (n, n) TYpJad xocMmac
MaTpHUaJap TYMJaMHHHHT KynaidTHpHW amanura HHcOa-
TaH rpynna sKaHJHFHHH KypcaTamH.

Auan xocmac A MaTpHIara Teckapd GyaraH B marpu-
UaHK TOMHUIHHHT KYHHAArH ycynuHH GaéH KHJIaMH3.

A Ba E wmarpuuanapui épma- €, AbHM ywoy

a, a,...q,/10...0

A/E——: a2|a22---a2n01...0
La,...a, 00 1

nn

anl

KypuHHIIAa é3u6, A HHHT yCTHAA KaHJal 3jeMeHTap aJ-
MawiTHpHIap Gaxkapuica, E HHHr ycTtuAa XaM ya aJse-
MeHTap ajaMallTHpHwWJ/apHH GaxapHuw kepak. by xkapaén-
HH A MaTpHua ypHupa OHpAHK MaTpHua XOCHA GYJryHua
JaBOM 3TTHPHO,
10...01by byy..-b,\-
01. b21 b22 b2/1
00...11b, byy-..b,,
KYPHHHIIAArH MaTpHUaHi XOCHA KHJamu3. By maTpHUauHHT YHT
Kucmila A ra Teckapy B marpuua xocHa 6yagd, siveH E/AT!

6yH.
Miuco a.
21 —1
A= (5 2 4)
73 2
Xocmac MaTtpHuara TeckapH AT! maTpHUAHH TOMMHT.
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21 —1100
AIE=[52 4010
73 2/001/,

MaTpHuaHuHr A jard GupHHuH Ba E JarH MKKHHYH YCTYHJap-
HUHT VPHHJIADHHH a/MalllTHPaMH3.

010

100

001

12 —1

25 4
37 2

Bupnnun ycryneu —2 ra Ba 1 ra kynaitHpul, HKKHH-

M Ba YUYHHUYHra Kymamus. ¥ xoJaga

100[]0 10
21611 =21
315(0 01

MaTpuua xocHsa 6ynanH. By marpHIada HKKHHYUH YCTYyHHH
—2 ra KynaATHpu6, GHPHHYH YCTYHra Ba HKKHHYH YCTYH-
HH —6 ra kynmafTHpHG, YUHHUYH YCTYHra Kymamus. ¥ XxoJafa

10 0|—2 1 6
01 0] 5-213
I 1—11 0 0 1

MaTpHUa XOocHa G6ynaau. By MaTtpuunaja yyHHYH YCTYHHH
HKKHHUH YCTYHra, KefiuH 3ca GHDHHYM YCTYHra KyllaMH3

Ba ywoby
10 0|—8 —5 6
01 of 18 11 13
00—1fy 1 1 1

MaTpHUAHH XOCHJ KuJjaMu3. By MaTpumagarn yuuH4H yc-
TYHHH —| ra KynanTHpcax,

100, —8 —5 6
010f 18 11 13

001 1 1 -1
MaTpHua XocHa Gyaaau. Jemak,

—8 —5 6
Al=1 18 11 —13
I 1 -]

21 —1
Gynamu. Xakukarah, AA™' = ATIA = (5 2 3)x
73
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AAT'=AT'A=E.
Mawgkaap

123 —1 —2 —4
A={246|pB B=|—] —2 —4
369 1 2 4

MaTpHUAaJapHUHT KynaHTMacHHM TomuHr. Maskyp KynaiTMajaH
KaHJaH XyJoca UMKApHIL MYMKHH?

A= (10} 5, B=(coscp—sin(p
01 sing cosQ
MaTpHLAJIADHUHT 71- lapayKaJapH KaHzai mMaTpHuanH udogananaup?

3.
210 3 1 2
A= 112} sa B= 3 -2 4
—1 21 —3 5 —1

6yaca, AB— BA nu xucobaanr.,
2 23
4. A= 1 —1 O} marpuua yuyH TeckapH Gy.ray mar-

—1 21
PHLAHH TOIHT.

62-§, MATPHLIAJIH TEHTJIAMAJIAP

Bupop & coOHJap MaMIOBH "YCTHAArH n Ta HOMAaBAYMJH,
n Ta YU3HKJH TeHrJamanap CHCTeMacH

ayntapn+...+a,x,=0b,
Ay Xt ayX + .+ 8y, x, = by, )

KyPHHHIUAA Oepuiirad O6YJICHH.

13—2572 193

www.ziyouz.com kutubxonasi



a, a,...q
ay Gy .. .04

n

n
anl an2 v ann

matpuuand (1) cucTemaHuHr MaTpuuacH AedMaamd. AHTaliHK,

A —Xocmac Matpuua GyacuH. Y xoapa (1) HHHr yan TOMOHHAA
A MaTpuuasu

MATpHLara KynaHTHDHUIAAH KeJHO UYHKAZHraH n Ta CcaTpJd Ba
| ycTyH/M MaTpUUAHHHT 3/]EeMeHTJIapH, YHC TOMOHHMAA 3ca

MATPHLIGHHHT 3J/1eMeHT/1apH TypaaH Ae6 Kapawl mymkud. Iy ca-
6abs Ba MKKHTa MATPHLAHHHI TeHIJIHK lapThra acocail, (1) HH
ywoy

4y Qg - -y X1y 21
Qi Qg - - - Gy, )fa N
a,a,...a : .
nl “n2 nn xn bn
€KH KHCKaua
AX =B @)

KYpHHHUITA €3HW MyMKHH. (2) ra mampuyaru menerama NeHH-

Najmu.
A ra Teckapu A! maTpuua MaBXKyA OysranupaH (2) HHHC

€UHUMH

X=A"1B @)
KYypHHHLIZA OYnanu.
Macanan,
I —1 2 2 X
A=|{3 —-37]|, B= 9},X=x2)
2 '—3 5 / X3/
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6ynca, AX = B TeHrsnamaHu evaidsmk. A MaTpHua xocMac Mat-
puLa G6y/araHd yuyH yHra Teckapu A™! mMaTpuua MaBxkya. A~! mu
61- naparpadma k¥pcaTtnirad ycyJ GUJIaH TOMaMHM3:

6 —I —I
A=i={—1 1 —I
—3 1 o0/.

Hemak, (3) ra kypa:
%=624+(—0194+(—)-2=1 x=1,
X =(—1)24+194(—1)-2=5, x,=25,
Iyg=(—3)241.94+0-2=3, x3=3

1
Gy6, GepusraH TEHrJIAMAHHHT eynumH X = (5) 3KaH.
3

63-§. YPHUTA KYAHULJIAP TPYNMACH

dapa3 KuMalIMK, n Ta 3JeMeHTra sra 6yJaraH A Tymiam

Gepuiran OyJcuH. Dy anementnapun 1, 2, 3, ..., n cousap
opka/M HoMepJab uMKaMJMK. YHJAa 3JemeHTJap TabHatu GH3HH
KM3UKTHpMarand yuyH 6y tymaamun A ={l, 2, 3, ..., n} ky-

puHHIAA €3HII MYMKHH.

l-tabpud. A TynnamMuu y3ura GueKTHB (y3apo Oup Kuii-
MaTJiH) akCJAHTHPHILra [pHuea Kiyduws JedHsaiH.

n Tta anemedtn A Tynaampa nl (n gaktopuan ne6 Ykuia-

o Ba nl=1-2-3...n) Ta ypuura kyiumiap MaBxya.
Oxupru TacOMKHU KyHuiarida HcGoTqaiimu3. Papas Kuuait-
JIHK, n Ta KaTakuajap GepuiaraH 6yscuH. Yaapuu 1, 2, 3, .. .,

n COHJapu épiamuia HoMepJall MYMKHH. SHAM KaTaKyaJiapHH
Heya XHJ ycyJja HoMepJalll MYMKHH JeraH MacaJlaHH Kapaft-
JIHK.

Bupunun kaTakyand 1 jaH n raya 6ysraH coHyap é€ppa-
MHJa, S'BHH N YCYJiIa HOMepJalll MYMKHH.

HKKMHYH KaTaKyaHH HOMepJsalll y4yH OM3HHHI HXTHEPHMH3JA
n— 1 T1a con Kosamu. Iemak, yHu n— 1 ycyajga HoMepJsacak
6ynamu. llynpain kuaub, GHPHHYH Ba HKKHHYH KaTaKyaJapHU
xammacy 6ysH6 n (n — 1) Ta ycyJjua HomepJall MyMKHH.

YyHHUYK KaTaKyaHH HoOMepJall YYyH n— 2 Ta COH KOJraHH
YuUyH YHH n—2 Ta ycyJaa, JacT/abKH yuTa KaTakHH 3ca Xam-
MacH 6yaH6 n (n— 1) (n —2) Ta ycysla HOMepJalll MyMKHH.
By »xapa€HHM JaBOM 3TTHpCAaK, OXHPTHM KaTakyaHH dakat | ycya-
Ia HomepJaml MyMKuH. Dy Tymynyasappan 6apua n Ta KaTak-
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yauu 3ca n (n—1) (n —2)...3-2:1 =n! ta ycysana Homep-

JIaH oJlaMH3.
Iyupa#t kuamd, A TynnamMHH 6apua GHEKTHB aKCJIAHTHDHLI-

Japu nl Ta ypHHra KyhiuuuiapHd udomanap 3kaH.

Ypuura xyhuuwsiap opatna s, ?, ... xapbnap opkaau Gen-
THJIaHA1H.

Arap s ypuura Ky#uw Jeranfa 1 HHHr xaHpafipup i, ra,
2 HHHr [, Ta, 3 HHHT {3 ra, ..., N HUHT {, Ta YTHUMHH Ty-

LIYHCaK, YHH KHCKaya § = (l 2 3 o fl) (i = l,n) Genrn ép-
i iy iy .. i,

Jamuna ézamus. llynpa#t Kum6, xap Gup ypHHra KyfMil 4eKJH
TYNJaMHH Y3ura- Yauuu axkcJaHTHpHLINAH uGopaT 3kaH. By epaa
l—>i, 24, ,.. n—-i, MOCIHKJAp YDHHJH.

SHIH A T;’ﬂJIaMHHHI‘ 3JIeMEHT/IAapHAAH TY3HJ/II'aH

t=(! 23... .")
Iiglz«+ln
VpHHra KyHAHIIHH OJHO, HMKKHTA YPHHra KYAHLUHHHT TeHTJIHTH
TYLIYHYACHHH KHPHTaHJHK.
2-travpud. Arap i, =j, (k= 1,n) 6yaca, s Ba ¢ ypuura
KYHHLIIAD (j3apo meue NeRMnand B y s =/{ opkaju €3uJafH.
Miucoa

_ (12345 _
s“(43251) Bat‘v(

ypHMra KyHHULIap y3apo TeHTAHD.

Arap roKopuzard CaTpHUHT GHPOp pakaMm YuyH [, = j, 6Ya-
ca, ss=1 [ed IOpPUTHIAIH.

Ypuura KyHHIUJIADHHHT MXTHEPHI CATpUIArd 3JeMeHT/ap Co-
HH Wy YpHHra KYHHUIHHHT TAPTHGHHH GeJIrHJadfH.

3-trabpud. A TynnaMHHHT Xap GHp [ 3JEMEHTHHM siHA [ ra
VTKa3yBuM € aKCJAHTHpHWIra aduud gpruea xylduw AeAuanu
Ba €= (} g g e L‘ B ":) OpKa/ GesTHIaHaLH.

A TynjaMHUHT Gapya y3apo GHp KHIIMAT/H aKCJaHTHPHLIIAP
(Vpuura Kyéumiaps) TymaamHHe S, Opkaau GeJrHiadjHK. S,
TYNJIAMHUHT HKKHTAa 3JIEMEHTH KYyNafiTMACH TYLIYHYaCHHH KHDH-
Tamu3,

Hkkura s Ba ¢ ypHHra KyHduuiap kynaliTmMacu AeraHfa as-
BaJll s, cyHrpa { ypHura Ky#HILIApHUHT GaKapu/HIUHHH TYLIY-
HamH3. MacanaH,
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6y.ca,
ot — (1234) 1234 =(1234)
2341/3241) 2413/
st= (éz g) 6ynamu. Uynkn 1 — 2, 2 — 2 6yarannas 1->2;

23, 3—»4 6yarany yuyH 2-—4 G6ynam; 3—~4 Ba 41,
y xoma 3—1; 4—1 Ba 13, y xonma 4—3 6ynaqu.
DHOM {-S HH TOMAHJMK:

s (1234 (1234)=1234 t_s=(1234
3241)\2341)7(4321) 4321)

IOKopH laTH HKKHTa KynaATMagzaH s-f < £-s 3KaH, JeraH Xy-
Jlocara KeslaMH3, ABHH YpHHTa KYHHLJIap KynaiTtMacH KOMMY-
TaTHB 3Mac.

Teopema. A dekau myniamuune 6ap4a fjpHuea gyduurap
myniamu mysemunaukamue epynna 6gaadu.

Hc6otu. 1. 9-§ pa kypu6 YTraHMMH3[eK, MKKHTA aKCJaH-
THPHLLJIAD KOMIO3HWMSICH siHAa akcJantupuin Gynapau. Ulynra
acocaH MKKHTa n- TapTHOJH YpHHra KyHuuap KynaitMacH siHa
n- TapTHOJM ypHHra Ky#Hm 6ynapu.

2. S, mary ucTajran s YpHHra KYHMIUHM aiHui ypHHra
KYy#H (BHH €) ra KynaiiTHpcak, kynafiTMa s ra TeHT 6yJajH.
Yynku k— i, 6yaranna i,—i, 6ynanu. [emak, k—i, GyJa.
au. UlyHunr yuyn e-s=s Gyaanu.

3. S, TYNNaMHMHT HcTajraH s ypHMra KyHHWH yuyH s~ *

OpKaJu GeJTHNaHYBuH Teckapu Yyphura ky#nm wmasxya. [Jap-
XaKHKar,
— (1 23...n
iy iglg. .. in)

ypuura Ky AHWHHHT GHPHHYH BA WKKHHUH CaTp/iapH YpuHJIapHHH

a/MalTHpCaK, s~1 = (‘ll é’ ;3 - )xocu.n 6y/6, yJaapHHHP
KynaltMacu

mi (123, 0\ fiy iy iy i\ _(123.. . n)_
s$ (iligia...in) (112’33,,,,,) (123...n) ¢
6ynaau.

4. s, ¢, k ypuura Ky#uwnap kynafitmMacH accouuatiB 6Y-
Jnagd (HCGOTAAHT).
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Hemak, S, Tynnam 3jieMeHT/IapDH KYNaHTHPHII amaJsHra HHC-
6ataH €nHK, GHPJIHK 3JIeMEHTra 3ra, HXTHEDUH S 3/JEMEHT YUYyH
YHra TecKapH s ' 3/eMeHT MaBXYJ Ba KyMafATHPHIU acCOLHATHB
SKaHJHIHHH Kypcatauk. [lemak, VpHura Ky#uwwiap TynjiaMH
Tpynna 3KaH.

n-TapTHOJH YpHHra KViuwap rpynmacH 6ab3aH n- Japaxa-
JIH_CHMMETPHK rpynma le6 Xxam topuTHiagd Ba y < S,,-, e >
opkanu 6esru/aHaiy.

64- §. )KYOT BA TOK YPHHUIA KVAUINIAP

1, 2, 3, ..., n pakamjapiaH Tysu/ra
a,a,a...a, 1)
ypuu_ anvawTupuin Gepuiran 6yacud. (1) ma g, <a, < .. . <

< a, wapT GaKapH/IHIIH MYMKHH. Arap iy wapT 6a)Kapuima-
ca, (1) ypun anmawrHpuiu uxgepcus (TapTHOCH3NHK) ra 3ra Je6
foputhiany. [emak, (1) ypun anmawrupuwaa a; (i = 1, n) HHET
JHF TOMOHHMIA @; JaH KHYHK HeuTa pakaM TypraH 6y.ca, a;
IIYHYa MHBEpCHSI TALIKMA 3Tafd Jefinnaad. Arap Q; HHHT YHT
TOMOHH/A @; AaH KHYMK OHT1a XaM pakau TypraH 6y.;maca, a;
HHBEDCHS TAWKHJ 3TMAHAN AefiHnafu.

lI-tabpud. (1) ypuH aaMalwTHpPHIUAArH HHBEPCHSA
TalIKHJ 3TYBYH Gapua paKaMJapHHHT HHBEpPCHAJNADH AHFHH-
BHcH (1) YpuH anMAaLUTHPHUIUHMHT WHEepCuAcu pAeiHJamH.

Xap OHp ypuH aJMaIUTHPHIUAATH HHBEPCHAJAp COHHHH
aHUKJall MacajacH MyxuM Oynau6, yHH KYHHIArdH MHCOJ-
Japaa Kypub yTamus.

Macanan, 5261743 ypuH asjMalUTHPHILAA HeYyTa HHBEp-
cHA OGODJHrHHH aHUKJAHJHK. ByYHHHr yuyH xaMma pakaM-
JIADHHH YamAaH YHIra TOMOH Ky3JaH KeuHpHO, ysiap ToMo-
HHAAH TAIUKHJ 3THJTaH HHBEpCHsAJap HHFHUHIMCHHH Ty3a-
mHu3. By xonna 5 pakam TypTTa HHBEPCHS TALIKHJ 3TalH,
YYHKH YHHHI YHI TOMOHHAA YHAAH KHYHK TYpTTa DakaMm
6op. Xyaau wyHra yxuwaim, 2 pakam 6uTTa HHBepcHs, 6 pa-
KaM yuTa HHBEPCHSl XOCHJ KHJIaAu. | pakaM HHBEpCHA
TalUKHJ 3TMal]H, 7 pakaM HKKHTA Ba 4 pakaM OHTTA HH-
BepCHsS TAWIKHJ 3TajH, 3 pakaM HHBEPCHS TalUKHJ 3TMa#-
au. WyHsnan xuau6, 5261743 ypuH ajMalITHPHIIZACH HH-
pepcusiap coHn 4+14+3+2+1=11 ra tenr. Xyaau wyH-
naft ycyniaa 3261745 ypuH anMaliTHPHIUAATH HHBEPCHsAJIAP
COHH 8 Ta 3KAHJHTHTA HIIOHY XOCHJA KHJaamu3. 1, 2, 3, .., n
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pakamyapyuur 123 ... n YpHHJAWUTHPHLWHHH HOp-
MaJl YpHH aJMAITHpHII JAeHHNalH. YHIa HHBepcHsJIap
HYK, IWUYHHHT Y4YH HOpMaJ VDHH ajIMalUTHPHLIAArH HHBEp-
cusnap con O ra rteHr 6ysnaad. DHr KYyn HHBEpCHsapra

ara 6ysran ypuu anmamtHpuwr 12 3... n ypuH aamam-
THPDHUIHK TeCKapH TaptH6aa xo#Hnawrtupub Ty3HJArad
n(n—1)(n—) ... 3:2:1 ypuH anAMawWTHPHIU 6YJanu. YH-

Aarn HHBepCHAJAD COHH ym6yra TEHI:

(n—1)+@—2+ ...+2+1=n<n_2—1)

Macasan, 1234567 YpuH anMaALITHDHILZATH HMHBEpPCHSIIAD
contt 0 ra Tenr. 7654321 ypuH aJmaluTHPHILAA 3ca 7;26 =21 ra

HHBepcHs 60p.

2-Tabpu . Mnsepcuanap conn xydt éke Tok 6yaHiuura
Kapa6, YpHH a/MalUTHPHIUHH XaM MOC paBuwiga Kyt €Ku TOK
YPHH aaMaluTHpHIl AeHAHJIaJH.

Macanan, 614253 — xkydr ypun anmamtupuw (8 ra
unsepcusira sra) sa 634251 — tox ypuH aamawTtHpHur (11
Ta WHBEpcHsAra sra).

3-Tabpu . Ypur alMalITHPHILAArH HCTAJNraH HKKH
PAKaMHHHT VDHHHH aJIMALUTHPHII TPAKCNO3UYUs Aedunaly.

YpHH anmawTHpHIuAa a Ba b 3j7ieMeHTIapHH YpHH aJ-
MaluTHpHW OHjiaH OaxapuaraH TpaHcMosHuus (a@; b) ky-
puHHmina 6earunadaad. 1, 2, 3, ..., n paKaMJapHHHT
HKKHTa Xap XHJ YpHH ajJMaWITHpHIUHAA Oup xua (a; b)
TPaHCMO3HWUHAHH 6axapcak, fiHa Xap XHJ ypHH aaMallTH-
PHIUHH XOCHJ KHJHIUHMH3 paBliaH, YyHKH 6y HKKH SHCH
VpPHH anMaliTHpHLLIAD TEHT Jecak, ysaap OHTra YpHH aJ-
MawTHpHILHE Hdomanafgy. BHTra ypuH anMawTHpHILZA
aHa (a; b) tpancnosnuusHu 6axkapub, Xeu KauyoH aBBaJ-
'H HKKHTAa Xap XHJ TpPaHclo3uuusra yra oamaliMui. By
afiTHJarannapfiaH kKypHHagHMku, 1, 2, 3, ..., n JapHHHr
XaMMa n! Ta YpHH anMalTHpHwMAa 6up xHJa (a@; b) TpaHc-
NO3HUHAHN 6axkapuil aHa wy n! Ta xap XHJa §pHH aamaul-
THPHIUHH 6epaju.

Macaunas, 1, 2, 3 pakamaapuunr 123, 132, 231, 213, 312,
321 ypuu anmawTHpHumiapuaa (1l; 3) TpaHCNO3UUHAHH
baxkapcax, sina ywa 321, 312, 213, 231, 132, (23 §puH
aJMaUTHPHILJIAD XOCHI GYanH.

I-meopema. burra Tpancnoduyus naruxcacuoa ypun ar-
MawTUpUwRUKE AydT-ToK AU 32apadu.
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Hc6oru. 1. ABBan ypuH anMalWITHpHINZA EHMA-EH
Typrad k Ba [ pakamJjap YpHHAAPDHHH aJMalITHPAHJIHK.
Y ypHH anMalITHPHUIHH KYHHJarH KypPHHUIIAA E3HUI MYM-
KHH:

AkIB, @

Gy epra A opkaiu k gaH ompHH Typrad, B opkanad sca [ pad
KEHHH TypraH pakam/ap YpHH a/JMAITHPHULIADHHM GesrH/IajHK .
(2) Ba (k; I) TpancnmosuuHaHH Garkapus,

AlkB (3)

VPHH aJManITHpHIUra yTaMH3.

MavbnyMkH, (k; I) TpaHcmosuuums A ypHH aJaMaIuTH-
PHIIJATH HCTAJraH a paKkaMHHHI HHBEPCHAJApHra TABCHP
3TMaHAH, YyHKH (2) K2 @ HHHrC YHr TOMOHHJarH K Ba [
paxamaap (3) mRa xaM a HHHC YHT TOMOHHAAJHCHYA KO-
gaau. By tpaHcnosuuusa B ypuH aaMalITHpHIUJArH MCTA.:
raH paKaMHHMHT XaM MHBepCHAJApHra TabCHp 3TMaHIK, 4yH-
Kit b HUHT HHBEPCHUANApH YHHHI YHT TOMOHHIArH pakam.1ap
6u.1aHrHHa aHHKJaHaLH.

Mysnatt gKuau6, (2) nau (3) ra ytawaa [ sa k aap
opacnla OGHTTa HHBepcUs nmaino OVJHIUM €KH, aKCHHYA, HY-
KOJHLIH MYMKHH. XakHkKaTaH, k<! mwaptaa (3) aa [l pa-
KaMm k OunaH OMTTAa HMHBEPCHS TaUIKHJ 3Tald Ba JeMak,
(2) man (3) ra yTHIMIAA YPHH AJMALUTHPHLUIHHHT HHBEpCHS-
JapH coHM OGuTTara optaau; 2>/ waprra aca (2) man (3)
ra yTHiAa k2 HHHr [ OMJIaH TalIKKHA 3TraH OHTTa HHBEp-
CHACH HYKO/MaAH, ABHH YDHH aJMalITHPHUIHHHT HHBEDPCHA-
Japu coHd GuTrara xaMasad. Byupan kypamusku, (k; )
TPaHCMO3HUHUA HATHXKACHAA YPHH aJMALITHPHIIHHHT XKydT-
TOKJIHTH y3rapajs.

2. DHpu YpHMH aiMauliHyBuH & Ba | pakamsiap opacuaa m
Ta €, Cq Cqy - - ., Cpy PAKAM Typrad Jel, sbHH YPHH asMall-
THPHIL

Akcycy...clB (4)

KypuHuwra sra fe6 ¢apa3 Kunamu3 Ba (4) Aaru HHBepCHsJAp
coHd ! ra TeHr Gyacud. By ypuu aqamawrdpumaan (k;l) TpaHc-
NO3HLHA OpKaJH

Alcicy...c, kB (5)
YpuH anmawtdpyuira yTew tanad xuauaand. Bywudr ydys (5)
HH (4) DaH KyHHRardua XOCHJ KH/IHUINMH3 MYMKHH: B HH KeT-
Ma-KeT ¢; CYHrpa ¢,, YHAaQH KeHHH ¢; Ba X. K. C, Ba 3HT
oxupuaa [ GHJIaH §pHH aJMALUTHPCAK,
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Accy...c,l- kB 6)
ypuH anMamtdpura Kedamus. [llyapaét kw6, (4) na éHda-
€H TypraH pakawmsapiaH m -+ | Mapra TpaHCHO3WLHA GaKapH6,
(6) ra yramus. Xyamu wyHra yxwam, (6) ga ! HM KeTMa- KeT
Cny CYHTPa C,_, Ba X. K. 3HT KeHHH ¢, OMaNaH YpHH aaMaul-
THpcaK, (5) xocua1 Gynagd. ByHaa xaMm (D) HM XOCHJ KHJIHIL
yuyH (6) Aa €Hma-éH TypraH pakawsaplaH m Mapra TPaHCIOo-
3uuus Gaxkaprad Gysamu3. [emak, (4) na €Hma- éH Typrad pa-
KamnapaaH (m + 1)+ m = 2m 4 | Mapra, 9BHH TOK COH Map-
Ta TpPaHCMO3uUMsiap Gaxapcak, (D) YpHH a/JMAWTHDHII Keaud
unkagy Hatuxkaga (5) ypuH aavawWTHpHWIAArH HHBepCHsaap
coHd ¢+ 2m + | 1a 6ynagu. { Ba 2m -+ | COHJApPHUHT K V(T
TOKJHTH Xap XHJ.

Mucon )Kydbr 614253 ypun anmawrupuwia (1, 3) Tpasc-
No3HUMsHH Gakapcak, Tox 634251 YpuH &TMAWITHPHIL XOCH.1
6y1a1u. ‘

2- meopema. 1, 2, 3, ..., n panamaaprune n! ma

|

. n' n!
gpun aamawmupuiiarapudan - macu wHypm ea = macu mog:

oup.
Hc6oru. JXydr ypud aavalITHpuuiap CcoHUHH p 6uJ1aH,
TOK VYpHH a/JMALUTHPHUIIAD COHHHA ¢ OW/aH Gedrunacak, p -+
+ g =nl 6ynagu. XamMma VpHH anmauITHpUUiapga  GHp XA
(@; b) tpaHcno3uuuAHM OGaxapuwl OunaH siHa yuia nl  YpHH
a/IMaLUTHPHILIIAPHUAT Y3 KesJMG YHKAWMHM Ousamu3. ByHuHT
HaTHxacuga |- teopemara MyBodMK, KybT YpHH ajaMaluTHpUUI-
Jiap TOK YpUH a/MalITHpHLLIApra Ba TOKJIapH, aKCHHYa, KydT-
Jlapura ytaad, [emak, SHOM KYPT YpHH aiMalUTHPHIIIAP COHH
g ra Ba TOKJIADHHHHT COHM p ra TeHr O6yqu6 xonazu. Iy ca-

6abmu p =q adp. Wynpait xumb, 2p =nl pa p = % ra ke-

Jlamus.
1,2, 3,...,n pakam/JapHHHT HCTa/rad s = (gl gg cn gn)
1 #2+° *Vn
VpHHra KYHAMLWHMIa MypoXKaaT KH/IAMH3, OYHIA Y|, Vpr - - - 4 Vp
Ba B, B,, . . ., B, nap oKopumaru n Ta pakaMHHHT KaHgaHIup

YPHH a/MaliTHpHILIApHAaH HOopat. S Iard [OKOpPH CATPHHHT
HHBEPCHANIAPHY COHHHH | OWJIaH, MACTKH CATPHHHI HHBepCHsJapH
COHMHH v OusIaH Geqarunaiiiuk.

3-TabpUP. W v AHFUHGHHUHT XKypT €KU TOoK Oyauiy-
ra Kapab, ypHura Ky#uuw acypm éxu mox gpruca kgduuw nebd
arajaj,

Tabpudaan KYpHHALUKH, Y|, Vg - - . » Vo BaPL By .. -4 B,
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CATPJIAPHHMHT MKKajacH Xy$T €KH HKKaJacH TOK YpHH aJjMam-
THpHILapHd  Mdojanaca, s YpHHra KyAuw xydr 6yiand.
Carpnappad 6upH KY®T, HKKMHYHCH TOK YPHH a/IMALITHDHLI-
He udopanaca, y xoina, s ypHHra Kyiuw Tok 6ysand. d

JKydr ypuura Kyium myc6aT HILOpara, TOK YPHHra KyHHIU
sca maH(uH uiopara sra JedHJaiH.

_{263514) ve
Muconsap. 1. § = (4 1623 5) ypHura Kyaum xyotaup,
UYHKH IOKOpH catp 8 Ta Ba nmacTkH catp 6 Ta HHBepcHsara sra,
AbHl 8 + 6 = 14 xydT coHzup.
_ (463512 4 . o o

2. 1 = ( 43691 5) ypuura kyiuw xypr yprura Ky#uw
6ysand, YyHKM IOKOpH catpaa |1 Ta Ba macTku catpia 9 Ta
HHBepcHsl MaBxXyn, AvHd 11 4+ 9 = 20 xkydr conaup.

_ (362514 . o

3. u= ( 63524 1) TOK, YpHHra KYHHIL, UYHKH IOKOPH CaTp
9 Ta Ba macTkH caTp 12 Ta HMHBepcusira sra, AbHH 94 12 =
= 2] TOK conmup.

3- meopena. 1, 2, 3, .. ., n paxamaaprure nl ma gp-
Huea Kyjduwaapudan '12'- macu xypm éa % macu moxoup.

Hc6oTn. Xamma ypHHra KyHHIDJAPHHHT IOKOPH CaTpJlapH-
HH HopMan 1 2 3 ... n wakjga €3u6 uMKcak, MacTKH caTtpJa-
pH xamMa n! Ta Xap Xus YpHH aJMaluTHPHILVIApHH HbodanaiH.
Xap Oup ypuura KyHMWHHHT 1oKopH catpuaa O Ta HHBepcus
OyJraHH y4yH, YpHHTa KYHHLUIHHHT »YQT- TOKJMTH NAcTKH caTp-
Jard MHBEPCHSAIJIADHHHT v COHH GMJaH aHMKJaHafH, yyHkH 04

! !

~+ v =v. DHAH NacTKH caTpJIapHHHT '—’2— TacH Ky¢r Ba 52— Ta-
CH TOK YpHH a/MalUTHpHLLIap Oy/araHH YuyH n- TApTHOJH yp-

o ! ! .
HHra KVHHWNApHHHT XaM % TacH xydT Ba "? Tack TOK O6y-

JajH.
Macanan, 1, 2, 3 pakamnapunuur 6 Ta ypHura Kyhuina-

pHIaH: (123) (123) (123 123 (123) (123)
123), \231), 312) napn xydr sa \132/, (321), (213
JIapH TOK.

4- meopema. )Ky¢m gpruea xyluwrap myniamu (jpHu-
ea KyduwiaapHu  Kgnadmupuw amaiuea Hucbaman epynna
mawKkua Kuaaou,

Hc6oTH n-Taptbin xXybrt ypHura Kyiuwnap TynJjamu-
HH S opka/JH GeJrujaimms.

1) ¥t€S,, ¥ SES,=S5t€S,, nevak, xydr ypuura
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KyHuuuiap Tynsiamupa kynalTHpHul amasi GHHap  anreGpaHk
amaJaup;

2) cTajrad yyTa ypHura Ky#Huviap kynmadtMacH siHa xy¢r
6ynany;

3) GupsuK VpHura KViuuuiap XydT ypuura Kyidum 6y.afH;

4) v S xydT 6yica, yHHUHr caTpJapHHH a&JIMALUTHPHILAAH
Xocua 6yarad ST xam kydraup.

Hevak, Sn rpynna 6yianu.
Hartuxa. Tox ypHura KyfHuwiap TynjaaMH rpynna smac,
YyHKH GHpJHK ypHHra KYHHII TOK 3Mac.
Mamgaap
1. Kyiiuparu ypHura KyHMIIADHY KYMAATHPHHT:

2 12345) (12345.
42324), (31212)
a
a

6)( bedc abcde).

bdbc/, \cdcab/)

) (123456 ]23456‘)
231212/, \231216/.

2. (1 23...n ) ypudra Kyium oxydT Gyamum  yuyH
iyigig . . . iy,

i iy ... i, XKypT YpUH ajiMaTHPHII 6y MM 3apyp Ba eTap-
JIH 3KaHJMCHHH HCOOTJ/IaHT.

85-§. KBAAPAT MATPHUA AETEPMUHAHTH

Tabvpud. n-taprabau

Q41 Qig - - - Q1

’ Qg Qgq - . . g,
A=

anl an2 cr ann

KBaZpaT MAaTpHUAHHHT OJemepmuranmu pne6 nl Ta XaAJapHHHT
n!

2(—— 1y g, Gy, - - - Gyp, )

KYPHHHUWIATH HUFHHAMCHTA aHTHIHG, [Oy HUFMHAH KYHHAAard Ta-
J1abJIaDHH  KAHOATJ/IaHTHPAaJH:
1) (1) fwurungunare xap Gup

(— D ay, - - ay, 2
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XaJl MaTpUUAHUHT xap C€up caTpu Pa xap C€uWp YCTYHHIAH as
KaT GHTTajaH OJNMHTaH @y @, G,4 SJIEMEHTNIAD KYmMaiTMacH-

ra TeHr; t

2) (— 1) Qg, Ay, - - - G, XAAHHHT Oupunun 1,2,3, . .., n
HHIEKCIAPH @yg, Gog, - - - 1 A, STEMEHT/IAD TypraH catpsiap
HOMepJapuHd, HKkunud f,, By, . . ., B, HHAekchaapu 3ca Oy
3/7leMeHTJIap Typrad YCTYHJAp HOMEpJapuHH GHAIMpagd Ba Iy
6uisiaH Oupra, UKKHMHUM HHAekcaap I, 2, 3, . .., n paxamjap-

HHHT KaHAaifHp YPHH aJMALUTHPHMUNIADHHH Hdodasali;

3) (1) hurmHauparn xamma n! Ta XaJJIaDHHHT HKKHHYH B,
By . . ., P, MHDeKcsapH GHp XaANaH MKKMHYM Xagra YTHO 6o-
pumr G6uinan 1, 2, 3, ..., n pakamiapiaH MyMKHH G6yJrax
Gapua nl Ta YpHH aaMalITHPHLLIADHK Ty3H6 6opaaH;

4) (2) XaAHHHT Gupunud 1, 2, 3, . . ., n Ba MKKHHuHK f,
B . ., B, pm,uexcnapu ( 123 ...n ) ypHUra KYyHHIIHHM

: B BaBs . - . B,
TY3TaHH X0J1Jla, KypcaTKuu 6y ypHHra KVHHMIUJArH MACTKH catp
HHBEPCHAJIADH COHHHM GHJIMPALH.
H.IyH}laH Kuno, (1) hvrHHanpa HKKHHI{H HHJIeKC/IapH mycbr

VpuH a.nMcanpuwnapHn TAIIKHJ 3TYBYH ? Ta xaa ((—1)"

= - 1 GynrawunaH) y3 wuiopanapu 6unaH, HKKHHUM HHACKC/a-
!

PH TOK VPHH a/IMAaLITHEHILJAPHH TALLKHA STYBUH %Ta xaj sca

(—1)'= — 1 6ynraunpan) xapama-KapuM Hwopasiap GHiaH

OJIMHA M.
(1) AMFMHAM n- TapTUGNH JAETEDMHHEHT JAeHHJANH, Y

a, G, ... Q,
Qg Gy - - . Ay,
anl Qo - .. 4Q,,

KYPHHHII 12 GeNITHJIaHaJ¥ Ba YHHHT FOPH3OHTAJ KAaTopJapH caTp-
J1ap, BepTHKa/l KaTOp/IapH 3ca YCTYHJap Je6 aTajaid. @;; Jap-
HH JleTep MHHAHT 3JleMeHTapH AeHiusand, GyHna GupuHUM [ HH-
AEKC @;; " 2/IeMEHT TypraH CaTPHHHI HOMEPHHH, HKKHHYM | HH-

JleKC 3Ca 1Ny 3/MEMEHT TYpPraH YCTYHHHHI HOMEPHHH OHJIIHpa-
IM. @), Gy, - . ., @, SJEMEHTNAD [eTePMHHAHTHHHI GHPHHUH

nn
(6our) nHaroHas SJIEMEHTJADHHH, @, Qp,_p» - - - » Gy 3J€-

MEHT/Iap 3Ca YHHHT _HKKHHUM G6ow (KjluMMua) AMaroHaJ_sJe-
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MEHT/IADHHH TalNKWJ 3TaAH; n-TapTUOIM  JAeTepMUHAHT n? Ta
3JIeMEHTIAH TY3W/IafiH.

Wlynnai Kuau6, tokopupard 4 Ta xoccara 3ra 6yJran Ba
KBaJpaT MaTpHuaJjap TYMJaMHHH XaKMKHH COHsap Tym/aMura
VYTKa3yRUM @ aKCJAHTHDHIIrA n- TapTHOJIH MATPAUAHHHC OeTep-
MHHaHTH JAefiujiap 3KaH.

Hatuxa. A keajpar maTpuuaHuHr D JReTepMHHAHTHHH

D=3 (=) i,y - dg e %)
6 € Sn

AMFHHIM WakAMpa xaM udodanam MyMKHH, OyHAa xauvma Xad-
JIADHHHT PKKHHYH 1, 2, . . ., n HOMepsiapA HopvaJ XOJaa
o#Mawran 640, GUPAHYH oy, &y, . . . , &, HOM2DJADH Xam-
Ma nl §pHH aJMalWITHPHILIADHA Ty3agud B2 Vv KypcaTKH4Y

(‘i‘l ‘52 Ce Zn> ypHUra KyHMILJIApAard WHBEPCHAJIAD COHHHH, P
3Ca Gy, Olg, - - -, O, YPHH a/IVAWTHDHIHHHT Xap X7 yara-
pHILapUHH, S, 3Ca YPHH a/MalITHPHWIIAD TYMVIAMHHA GH/AUpPA-
M. :

Tawvpudra acocaH, MKKHHYM TapTHO/IH [OETEPMHHAHT KyHUAa-
THra TeHr;

D=

ayy Gye
Qg Qg

v
= 2(— 1) Qg By, =T — 8138y,
P ESs

uyHka B;, B, VYpun anmawrupuur 6urra 12 xydr Ba Gurra
21 Tox VpuH anMawTHpuiind Gepagu. bua Gynu (1) finennau
acocHia XOCHJ KH/IAMK. (3) HHFMHAM acocMga XaM XYAAW uly-
HUHT Y34 KeJMO 4HKamu:

D=

a1 Gy
Qgp Qgg

— v — —
= 2 (—Day, 4, =ay0y,—a,a,
PESS

ByHnaH HKKHHYM TapTHOJAH AeTepMHHAHTHH XHco6Jal
KOHAAaCHHH XOCHJM KHaamu3. MkkuHuH TapTHGIM meTepMH-
HaHT GHPHHYH oHaroHa/ 3JeMeHTJapH KynaiTMaculaH HK-
KHHYH JHaroHaj 3JeMeHT/NapH KynaHTMacHHHHr afHpMma-
CHra TeHTr.

Mucoa.

1‘3 _2‘ =(—9:6—(—5:3=—54+15=—-39,
=5 =5|=—o
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JlerepMHHaHT TabpHOHAAH YYHHYH TAPTHOIH AETepMH-
HaHTHH XHcoGJaair yuyyn ym6y KouAa Kequ6 unkamgu. (1)
AUFHHAMTA Kypa

Q31 13 Ay v
D = |ay ay ay = (—1 Qpp, 8o, B3, =
Q31 Q33 Ag3| p S, (49

=Qy; Ogp (g3 + gy Agp G135+ Qyp Aoy Qgy — Ayg Apg Ayy —

— Q35 Qg3 Ay — Qg1 Ay A3y,

uyHKd By, By, By YpHH anmawTtupHin yura xybr 123, 231
312 Ba yura Tox 321, 132, 213 ypuH anMALTHPUIUHH GUARH
pany.

(3) HurupaHra Kapa6 yuHHYH TapTHGJH OeTepMHHAaHT-
HH XHCOGJAWIHHHT KYHHAarH KOUJacHHH KeJNTHpHO 4yHKapa-
MH3:

DHpuHUH 1aMaroHas 3JieMeHT/IapH KynmaHTMacHHHHT Ba
acocJapH Wy JHaroHajara mapaJuiej GyaraH TeHT éHJH HK-
KuTa yuybypuak yusJapHiard 3JeMeHT]ap KynaATMacHHHHT
fHFHNAHCHHEY  Ty3aMH3. CyHrpa, WKKHHYM AHAroHaa 3Je-
MEHTJAapH KYMaHTMacCHHHHI Ba acocjapH Iy JAHAroHaJra
napaJgJjes TEHr éHJH HKKHTa yubypuak yuJapuHlard sJie-
MeHTJap KyNMaHTMaJlapHHHHI HHFHHAHCHHH TY3HO, OHpHHUH
AUFHHAMAH HKKHHYHCHHH alHpaMH3.

by koupara 3- TapTu6.u AeTepMHHAHTHH XHCOOJalIHHHT
yubypuax xoudacu ne6 HOpPHTHIALH.

(3) linFHHAM OyHHua xaM XyQAH LIy KOMJAra KeJaMH3. Xa
KHKaTaH,

ay1 Ay Qg

v _
D = |Gy a5y ayy|= 2 (=1, Qo Buofan =
Q) Q32 Q33| pg¢s,

= Qyy Qgp gy + Qg1 Agy Ay + A3y Ayg Apg — B3y Ay Qg3 —

— ;1 Qgg Qg3 — gy A1p Agg-
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Mucoaunap.

1. 12 3
D=|—45-—6|=159+2-(—6) -7+ (—4)-3-8—
78 9

—3.5.7—(—4)-2.9—1.(—6)-7 =45 —84—96 — 105+
+ 72442 =126, D =126.

60 —7
2. D=|—10 3{=6-0-1240-3.84(—¥-0-(—7)—
80 12

—0-(—=7)-8—-6-3-0—(—1)-0-12=0, D =0.
66-§. JETEPMHHAHTJIAPHUHI ACOCHU?A XOCCAJIAPH
l-xocca. [JeTepMHHAHTHH TPaHCMOHHPJALI (ABHH YCTYH/A-

PHHH CaTp, CATPJIADHHH 3CA YCTYH KHJHO €3MI) YHHHT Kuiiva-
THHH Y3rapTHpMaifH.

Hcboru.
a”al2 . e a[n
a,a, ...4a
21 “22 on | — — 1\
D= =S (=D a, . a, (1)
R
a,Q - - Ay,

TeHrVIMK (afHMAT)HHHT WKKH TOMOHMJA KyHHAAarH GHp XHJ HIl-
HH 6a)kapcak, s’bHH Xap GHp a;; /eMeHTHH a;; (i= 1, n); j=1,n)
afemeHT GHsaH YpuH aymaurrupcak, (1) man ym 6y

aay ... a,
As8yy ... 4G
, 12 %22 n2 | — 1V
Di=y "7 pszs( ) agiap, - - a5, (2)
: n
alna2n ann

JeTepMHHAHT XOCHJA GyaalH.

(1) Ba (2) TeHrAHKJADHHHT YHr TOMOHJApH OHD XHJI.
Uly ca6a6an, D’=D peran xynocara keaamus. HkxkuHuH-
nal, D’ perepmuHanT D HHMHT TpaHCIOHHpJIAHTaHHAAH HGO-
paT 3KaHHHH KypaMH3.

ByHaaH, neTepMHHaHTHHHT caTpJjapd (ycTyHJaapH) ra
HHc6aTaH YpHHJAH GyJarad xap G6Hp Xocca YHHHT YCTYHJapH
(caTpnapu)ra HHc6aTaH XaM YpHHJAH OyJaHUIH Keaub 4qu-
Kaau. lly caba6aH, neTepMHHAHTHHHI KEHHHTH XOCcaJapH-
HH ¢akat carpsap €xkH ¢axkaTr ycryHaapra HucbartaH Hc-
Gotaaw xkHosn,
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Mucoa.

1 23 1 4 -7
4 —1 8|=| 2—1 1|=—156.
—7 1 5 -3 8 b

2-xocca. JlerepMHHaHTAA HCTadArai HKKH catp (€KH
HKKH YCTYH) HHHT YDHHJAapHHH ajMalUTHPCaK, AeTepMH-
HAaHTHHHT $aKaT HLIOpacH y3arapaju.

Mcb6oTu. By xoccanu ycrynaap yuyH ucboraaisuk.
n- TapTHOJIH

anayy .-,
a“a[2 al-n
D= e e
a8, ... a4,
anlan2 arm

JE€TEePMHHAaHTHHHI HCTaJIrad

. a

iﬁl_...a

v
(—l) alBl .. alBl ‘. nﬂn (3

Xanuuu osiamu3. duH D na By Ba P; yeTyHAapHUHT §pHHJIAPHHH aJl-)
MAUITHPaMH3, y X0Jia sHrH D| petepMuHaHT xocHa 6y/iamH. (3)
Xajlard @g, - .. Qg .. s afﬁ/' « vy Gy SNEMEHTJID D,

HUHT Xxap GHp caTpH Ba Xap 6Hp YCTYHHAAa GHTTaJaHIHHA KOM-
Jlalraid yyyH 6y 3/eMeHTJiap KynaWTM2CHHM TeTHUNIH HILOpa
6unan oncak, D, HuHI KaHpaiaup xamura sra Gyaamus. Iy
Xa[JHHHT HIUOpacHHH aHHKJaHMK. By xamjapuuHr (3) nad ¢ap-
KM wyHjakH, (3) Aa é-catp Ba P;-ycTyHma TypraH g; ; dMIeMeHT

6y xaama i-catp Ba P, -ycryHza typamu. IllyHunraek, (3) Aa
j-catp Ba P-ycTyHpa TypraH ajg, SNEMEHT 6y xanpma j-caTp Ba
B;- yctynna typaau. Iemak, (3) Ba Oy xapnapra Xy¢T-TOKJH-
rH xap 6up

(]...i...j...n ) (l...i...j...n )
By - B B . B )PRNB B B By
ypuHra KyiHumsap Moc Kenagd. DByHian kypuHamuku, 6y xan
(3) nan dakar Hiiopa GHJAHTHHA (apK KHJHG,
A\
(—l) a‘Bl “ e a/. ﬁl e alﬂi PR aan (4)
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makara sra 6ynamu. lynpalt kuau6, D, HUHT Xxap GHp Xaau
D nunr moc XaauHM — 1 ra kynafTHpHIIAaH XocuJa Gyaapu
IeraH XyJocara KeJaMHs.

Mucoua.
23 —1
D= 42 5{=12-30—24—4—60—36=—142,
—26 3

D= —142,

2 —13
D,=| 4 52|=60+4436+30—12+24=142, D,=142.
—2 36

SumH, D, na HKKHTa caTp (éKH MKKMTa YCTYH) HHHT VDHH-
JIaDHHH aJIMalUTHPCAK Ba yuu D, opkamu Gearunacax, y xoJja
D, = D 6yaagu, XakHKatad, Dy=— D, = —(—D) = (—1)*D =
=D xemu6 uukapu. Llynuarpek, D, = —D, = —D Ba XK.
YMmyMmaH, D HMHT MKKUTaJaH caTp ékH yCTYHJapHHH YpHH aJ-
MAIUTHDHLI KapaHWAA XOCHN Gynaguran D, AeTePMHHAHT yYyH
D, =(—1)"D éku

D=(—1)y"Dn} ©)

TEHIJIHK YPHHJIH.
Hatuxa. Ukkurta catpu (KM ycTyHu) 6up xHa1  Gyarad
JeTepMHHAHT HOJIra TeHr (MCOOTMAHT).

Mucoua.
2 3 2

D=|—1 6 —1}=60—154 8 —60415—8 =0, D==0.
5—4 5

3-xocca. JerepmuHaHTHHHr O6Hpop caTpH (€KH yc-
TYHH) Jard 3JeMeHTJapH m YMYMHH KynaAtTyBuHra sra
6yJsca, m HH meTepMHHAHT OeJTHCH TAlIKapHCHTra YHKapHIL
MYMKHH.

Mc6oru. D) OeTepMHHAHTHHHT {- caTp 3JE€MEHT/IapH
YMYMHH m KynaWTyBuyHra sra 6YJCHH.

Ay Qg -+ Gy
Qg) Qgp - -+ Gyy
e e e v
D= ma; ma;, ... ma;, |- 2 (=1 a0, - Mg e dup,
pPsSp
anl an? s ann I
14—2572 209
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WHFHHAMHEHT XaMMa XaJJlapHfarH m yMyMHH | KYOalTyBYH-
HH KaBCHaH TalUKapHra YHKapcaK, YHT TOMOHJAArH HHUFHHIH

m 2 (—1)" 1, Pop, -+ Anp,
pa S,

KYDHHHIUHK oJand. emak,

a4y G - Gy Qa4 - - Ay
A Gy - .- Oy Q) Gy -+ Qg
ma;,ma ma, | =™ aya, ... a
iMmay - .. Ma, i1 @ip v Ap
a, ¢, ---a, Ay @y -+ - g

TEHIJIHK VPHHJIH.

Hatuxa. JerepMHHaHTHHHT GHpOp caTpu (YCTYHH)
Gomka catp (ycTyH)ra npomnopuHoHas Gysaca, 6y nerep-
MHHAHT HoJara TeHr (Hc6OT/aHr).

4-xocca. n-taptH6aM JeTepMHHaHTAa (- caTp 3Je-
MEHTJIADH M Ta KYLIHJYBUHHHHT HHFHHAHJIapHAaH HO6opar
6yJica, ibHH

ay, a, coea,
ay a22 ™
D= k k o Lk
2 ( ) 2 a( ) . 2 ( )
k==l k=1
a, > SN I
6yaca, D netepmMHHaHT m Tta n-taptiému Dy, Dy, ..., D, ne-

TePMHHAHTIAp HUFMHAWCHrA TeHr. Dy AeTepMMHaHT/IApHHHT -
catpsapy moc papuiuga D pard i-caTpuH HGONAJNOBYUH  HHFHH-
Junapruer 1, 2, ..., m KYWLHJYBYHJADHAAH TY3HJALH, KOJ-
rai catpiapu sca D petepMHHaHTAarHnexk GyJai.

Hcb6oru. Arap!

(l) — (2) — (k)__ .
a; a;, a2 =b,, ..., af Cits
H)— () — b. ‘k)= ,
a; Gy AF =bygy + -, Qp, = Ci
(ly — (2) = p. (B — (.
(1 ) Qi a[n - th’ e ain Cln

zecak, y xoima D jaeTepMHHanT
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D=2 (=1 ay,ay, .. (G +blt .- tey) r Qapy

peSp

AHFMHAWra TeHr GysaaM. Dy HWPMHIM 3ca KyHHMparH m Ta Ky-
IHJIYBYHJIAD HHFHHAMCHra €HHJIaJu:

b
PN E Qg Gy - Gy o Gy + > (= G By - - -
psSp peSp
» byg; e g+ +‘§ (=1 A Maye, o Crgy e G
n

Xocun 6ysran HurMHAHAAD 4-xoccana a#muarad Dy, D,, ... ,
D,, nerepmunHanT]apu udonananay.

Mucoa.
2—-31 4 41 —31 4
l+52—ll —1 |+ 52 —
3+23 5 5 23

Xakukaran, (2—3)-2- 5—l—(3+2) {—1+4+(1 + 5)-3-4 —
—@B+2)-2-4—(2-3)-3- (—1)——-(l+5) 1.5=
=—10—5472—40—3—30=—186,
20—3+12—244+6—5)+(—30—24+60—16—9 —
—25)=6—22 =—16.
1+24—7|_14 1 —7 24 l 2 -7
31541 35l+13 ] 5l+ 17l

HKkH TOMOH OHp XHJ1 HATH)KaHH OepalH, S'BHH
14+254+1)—(4—7)(3—1)=3-643-2 =24,
(5~12)(1 +21) +(10+ 4) + (2—7)
7T+224+14—-5=
HaTuxa. JerepMHHaHTAa 6Hp0p catp (YCTyH)HHHr
aJleMeHT/JapHHH KaHAaWAHp coHra kynaitHpub, Oy Kynaurt-
MasnapHH Ooluka caTtp (YCTYH)HHHT MOC 3JIeMEHTJapHra
Kyilcak, neTepMHHaHT y3rapMaiau (HcOOTJIAHT).

67-§. MHHOP BA AJITEBPAUK TYJIOUPYBUYHMJIAP

Taptu6u 3 nan kartra 6y.iraH geTepMHHaHTIApHH XH-
co6JalllHHHT Taiép ¢opMynacH (tabpudHiaH 6ynak) Mas-
Xyn aMmac. UIyHuHr yuyH 10KOpH TapTHOJH AETEepMHHAHT-
napHH XHcobaaw naifiTHaa yNapHHHI TapTHOJapHHH nacaii-
THPHIWI MYXHMIHp. Xo03HD Wy MacajaHH OGaéH aTHLIra
KHpHILIaMH3.
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Ky#iugaru tabspudru Gepamus:
(I-tabpud. n-tapTubiu AeTepMHHAHTHHHI MCTAJraH
r Ta caTpd Ba r Ta yCTyHHHH (I<Cr<<n—1) junpub, yaap-
HUHI YYHDHJTAH JKOHJapHAArH KeCHILIraH 3JeMeHTJapHH
6epusaran AeTepMHHAHTAAaruaek rtaptubza oaub, 6y a3Jge-
MEHTJAapAaH 7- TapTuban IeTepMHHAHT Ty3cak, Oy nerep-
MHHAHT OepHJIraH AETEeDMHHAHTHHHT r- TAPTUbAU MUHODU
ne6 atananu.

2-trabpHu . [JerepMHHAHTAA r Ta caTp Ba I Ta YCTYH-
HH Vudpub, YYHpHIMACAAH KOJraH 3jeMeHT/iapAaH GepHJ-
rad feTepMHHaHTAaraiexk taptubia oaub, (n—r)- rapTud-
JIH JEeTepMHHAHT Ty3caK, Yy HNeTepMHHaHT r- raprubaiu mu-
HOpea Kijwumua MUNOp Aelunany.

Mucoa.

Q311 Oy dls 41y Gy
Qg1 Qgp Gy gy Qg
Q31 Qgp Ggg Q34 Qgp
Au1 Gy Qg3 Qyq Agp
Gs1 dsa Qg Opg G55
LeTePMHHAHTIA OGHPUHUM Ba GELUHMHYH CApTJAapHH, YYHHUH

Ba TYPTHHYH YCTYHJapHH YUHpaHJHK. YUHpHIUJATH KeCHII-
rad Xo#Japiard sJeMeHTJapfaH TY3HaraH

Q13 Q14

Qsy sy
HKKHHYH TapTHO/JH AE€TepMHHAaHT OepHJraH AETEPMHHAHT-

HHHTC 2- TapTHOJH MHHOpH feiiunanu. J[leTepMHHAHTAATH
yuupHaMai KoJAraH sneMeHTIapiaH

' \/ Qg1 Qg Ggy
\ \ Q3; Q33 Q35

Qg3 Qg2 Ay

OeTepMHHAHTHH Ty3afiauk. By nerepMHHaAHT IOKOpHAA XO-
CHJ1 KHJHHTaH 2- TapTHOJH MHHODra KylIHM4a MHHOp Ae-
Ausianou.

Xycycn#t xonna, r =1 6yaumu, sabHH D JaeTepMHHAHTAA
6MTTa caTp Ba GMTTa YCTYH aMpaTH/IHIUM MYMKHH. Y BakTia
@XpaTH/ITaH caTp Ba YCTYHHMHI KecHIUraH iKOHHAa OHTTardHa
37eMeHT Typrad 6yau6, M MHHOp OMTTarHHa 3JeMeHTHAH Ty-

3uJagd. YHH 1-taptu6au muHOp ge6 aTaimu3. Dy xonma M
KymuMua MHHOp (n — l)-TapTuban Gynanu.
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Arap i-caTp Ba j-yCTYH axpaTHJCa, YJIapDHHHT KeCHLIraH
XKOHHIa a;; 3JeMeHT Typrau yuyH, M = a;; 6ynanu. By xoa-
Ha KymMmua MHHOp M. KYpHHHMWIZA Ge/NTHNaHHG, a;, S/eMeHT-

HHHT MUHOpH JedHnand. MacanaH, 1okopupars S-TapTHOiH fe-
TepMHHAHTAA Qj, 3JIEMEHTHHHT MHHODH

i1 @y Q3 Q1
Qq) Qpp Q23 Qg
Qg Qg9 Q3 Qg5

Qg Qg Qsg Qs

6ynu6, v D maH a,, 3MeMeHT TypraH YuHHY4H catp Ba TYpPTHH-
YH YCTYHHH YYHDHID OpPKAaMH XOCHJ KHJHHIH.

3-tabpud. D perepmuHaHTaary r-taptubad M MHHODHMHT
LIy JeTepMHHaHT/]a HIUTHPOK 3TraH caTp Ba YCTYHJap HoMep-
JIaDHHH MOC paBHiga ki, ky, ..., k. Ba I, Ly, ..., I, 1eb
Gearunacak, y xonga (—l)ystkt ... +k +htlek . +lr papaxa-
HuHr M xyuwmmua muHopra xynafitMacH M munopruxe anze6-
paux mirdupysducu (6ku M muHopea moc anrcebpauxk mga-
dupye4u) LeHHaanH.

Aunre6pank TyaaupysuuHH A opkanu Gesrusacak, TanpHéra
Kypa, _

Rldko+ Mk 0 g, —
A — ( — 1) 1 2 r | 2 r M

Gynamu. M MuHOp OMTTa a;, >nemeHTHH udonanarasna, Gy
3/IEMEHTHHHT anreGpaHK TYJAUPYBUHCH Aj; opkaju Genrunanuo,
y xomma A;=(—1)*t"M,; 6ynamm.

Mucoa. Yuby
13 A4
Qgg Qsq
MHHOD IOKOpHIarH  5-Taptv6au AeTepmuHanT 1,5 Homep/m

caTpnap Ba 3,4 HOMepPJH YCTYH/Aap HLUTHPOKHAA TYSHJTaHH YUYH
YHHHT aqre6paHK TYJAHPYBYHCH

Qg1 Oy Qg Ay Qgp Ay

—(—_1\14+5+4944
A =(=D"5t3+4 10, agy, ay — |5 Q3o Qg
g4y Ay Ay Ay Qgp Qg5

6ynanu.
60a,,4 S/IEMEHTHHHT aJire6paHk TYJNAHPYBUHCH 3Ca KyHHOATHAAH
Hoéopar;
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1 Gy Qi3 Oy

- — Qo1 Aoy Qoq A
— 344 — _ ot Qo Qg3 Qgs
Aad—(“l)+Msd——Msd—‘“ Qur (i (aa
41 Q42 Qg3 Qgp
Qsy Qgy Qg3 Qg |-

Byupan kefind, D AetepMHHaHTHH HdoaasoBuH 2(—1)' aip 3289
PESy
a, “dPrHAHHKET xap 6up (—1)Y a,, a4, ... @ Xa-
nfiy gy “2p nBn

JHHH KucKaua D BHHr xamu Je6 xam aiTaMmus.

I-meopema. D demepmunanmdazy M MUHOpHUHZ UC-
manzan xadunu wy Mmunopea moc A arcebpaux myadupysyu-
Hune ucmanean xaduea Kynadmupcax, D Hunme xadu xocun
6yaadu, aviu MA kgnaimmanune ucmanrean xadu D Hune
xadudan ubopam.

HUc6oTu. bus n-taptubnu D  peTepMuHHaHTAA r-TapTHOJH
MHHODHH Ba yHra Moc (n —r)-TaptTuban A asareGpauk TyJAH-
PYBUHHH OJIHO, KYAHAATM MKKHI@ XOJIHH TeKIIMpaMH3.

I-xoa. M muHop D HHHr OKOpH uam Gypuaruga, M Ky-

IIHMYa MHHOP 3Ca YHHHI MAaCTKH YHr Oypuardia »KOMJaluraH,
ABHH

ap Qir | Qg1 -+ Y
M
a”_H EERRRIN
D= |4, a,
ar+1r+l S ar+ln
ar+ll e ar+lr M
I A I S

6yscud. M muHOpHHHT A anreGpadKk TYJIHPYBUMCH KYHHIArH-
ra TeHr:
A =(——l (1424 ... Fn+(142+ ... +0) "M —

— (_ 1)2(l+2+ ...+r)M A= /_W_
M MHHODHHHI MCTa/lraH Xajmu
p
(——- 1) 015‘0232 e a,ﬁr (l)
KypHHHWra sra, Gyuna p Kypcatkuu B, B,, ..., B, ypun

aJIMaLUTHPHILAATH HHBepcHAJAap cOHuAaH HGopat. A = M anre6-
paHK TYJIHDYBUHHHHI HCTaNAraH XamH 3ca
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q
(=00 g, Bropyy - - G, @

KypuHuuwra sra 6ysm6, Gyuma ¢ kypcatkmu P, B,, ... B,
VPDHH aNMalUTHPHIUAArH HHBEPCHAJAD COHHAaH Hbopat. B, B,,

. P, YpuH aJMalUTHDHILAA p + ¢ TA MHBEPCHA MaBXKYyJl, YYH-
KU (1) HuEr anemeHTNapH (2) HHMHr 3a/neMeHTJIapulaH KHUHK GyJ-
raiu cababau (1) maru pakamsap (2) Aarujap GuaaH HHBEpPCHS
rawkun 3t™aiian. Uly ca6a6au rokopuzarun uxkura (1) Ba (2)
XafHHHT Kynaitmacd Xyagd D HUHC XafuHH GepafH.

2-x0J. M muHop D HMHT KaHpaéloup ky, R, ..., R, HO-
MepJIM caTpJapu Ba ly, Iy, ..., I, HOMEDPJH YCTYHJApHHH Hiil-
ron srapu Ba ky < k< ... <k, L, ... <1, TeHr-
CH3/MHKJAp GaykapuJaiaH, Ae6 dapas Kumakiauk. MKKHHUH XOJIHH
OMpHHYUM XO/Mra KyiHaaruua KeJTHpamu3: KR)-caTpHu Y3HuaH
IoKopHzarH (k, — 1) Ta catp Gunan GupMa-6up YpHH asMaluTH-
pu6, GHPHHUM caTpra KyuHMpaMH3; k,-CaTPHH 3Ca Y3HIAH OKOpH-
jnarn (R, —2) Ta carp OGunaH Oupma-GHp VpHH aJMalUTHPHO,
MKKHHUM CaTpra Kyu4MpamMu3 Pa X.K., SHT OXHpHIA, k,-CaTpHH
I0KopHaaru (k, —r) Ta catp 6unan YpHH aIMaluTHpHG, r-caTpra
Kyunpamus. Hatuxana

(A —l),-l—(k — 24+ ... + (4 —r)—(k1+k2+
AR =2 L. 40)
MapTa ypuH anMamTupHiliaH Kedun M MmuHop D HHHT 10KOPH
KHcMHra yTtagd. Xyuau IUyHra yxwaill, YyCTYHJapHH V¥3apo
G+4H+ ... +,)—10+24+ ... +r) vapra Ypun ana-
MAIUTHDHLI HaTHxacuia Iy, I, ... , {-yCTyH/JapHH MOC paBHLL-
Ja, GMpHHUYM, MKKHHUM, ... , r-ypHHJapra kearupamus. [lemak,
MKKMTaJaH caTp €KH YCTYHJApHH
Ry +bg+ ...+ +L+ 0L+ ... +1)—
—2(1424 ... 1

MapTa YpHH aJMalITHpHILNAP HaTHxacuia D xaH xoeun 6yaran

AHrH JeTepMHHaHTAa M MHHOp lOKOpH uan Oypuaked, M KY¥-
IUHMY3 MHHOD 3Ca NacTkH VHr OypuakHu Hwron  stapu. Uly
6usaH Gupra, JeTepMMHAHTJIADHHHI HMKKHHYH XOCCAcHra acocaH

D=(_1)(kl + ke 4 ke 1) o oI =21E24
_.(_ ])kl +hy bR Ay,

MyHocafaT GaxkapHJsanH.
BupuHun xosra Kypa M HHHr ucrajran XxagMHd M HHHP

MCTalNral Xajura KynaiTupcak, D HHHC Xaj® XOCHA GyJaju.
®umm (3) ra MyBodHK, M HMHT MCTanraH XajuHH

+’)'—D-=
.D ©)
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(_l)kl R TI0 [N Sy SRy SRy SOU R M =Aa
HHHI' MCTaqrad Xagura Kynadtupuul D HHHT XajuHH Gepajy.

2-meopema (Jlanaac meopemacu). n-mapmubau D Oe-
mepMunanmoa mawnsanean r ma uxmuéput camp (éxu ye-
myR) aaplan xamma r-mapmubiu  MUHOPAAPHU my3ub 6a
YyaapHu moc areebpaux mijadupysdurapua Kynabdmupub, Oy
Kgnaimuaiap xijuuaca, Xocua byazan fdurundu D Oemepmu-
HaHmea mexz 6ijaadu.

Hc6oru. D nerepmunanTza kaupadipup r 1a (I <r<in—1)
caTpuH TaHqab, yJaplaH Ty3wlaguraH Xxavva r- TapTHOJH

MHHOpJIapHH Ml, M, ..., M, Ba yuapra moc a/re6paHk
TYJAIHpYBUHIapHH Ay, A, ..., A, opkam Gearniafmk. Y
X0714a

Dl="MA, + MyAy+ ... + M4, 4

TEeHIJIMKHH HCOOT/IALIMMH3 Jo3uM. l-Teopemara acocay, xap OHp
M; A; kynafitmManuHr xapiapu D HHHT Xapiapugan HGopat. Iy
Ounan Gupra xeu Kaiicd vkku M;A; Ba M A; kynaiitma 6up Xua
Xaasnapra sra swac, 4ynkn M; Ba M, munopsap Gup-GHpHIaH
KamHia GHTTa YCTYH OW/aH ¢apk KHJIAIH.

Sumu (4) HUHC YHr ToMoHuza nl Ta xag GOpJMIHHH Kypca-
Tamu3. Xap Oup M; MHHOp r-TapTHOIH IeTepMHHAHT cHpaTHiA
r! Ta xaara Ba IWYHHHTAeK, A; anredpaik TyAaupyBuH (n—r)-
TapTHO/iu AeTepvHHAHT cHdathaa (n —r)! Ta xaara sra. Iy
cababmy M;-A; kynahitmaga rl(n —r)! Ta xap xua xai Mas-

3
¢

®Kyn. [Hemak 2 M;A; BuruHpunarn xavMa xap XWa1 - Xaasaap
COHH rl(n—r)!t ra TeHr. DHAH, ! NMHT KHAMATHHH aHHKJAHMHS3.
Axpatuirad r ta catp xamga D na Maexyn 6yaraH n Ta

yCTyHsap €praMHiaa TysHaaguraH r-traptiban M;  muHOpJaap
COHM N BNIEMEHTJH TYNNAMAAH a)KpaTH/TaH r snemeﬂmu KHCM

TYN/Jam/ap COHWra TeHr 6yJub, y Cr = ¢dopmyna  €p-

( r)l
JaMuia XHcoOJaHaau
Ilynnait kuau6, (4) HUHC YHT TOMOHHIla
nt

riin —r)lt =rl(n —r)! = nl

!’n——r)!
Ta Xaf MaBxkyl] 6yJub, 6y Ounan (4) TeHIVIMK TacAHKJAHAH.
(4) Tenrmuk D JleTepMHHAHTHHHT r-TapTUO/IH  MHHOPJApPH
6yinua €dnIMacH AefRH/anu.
Mucoua
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4

5
D= 2
1

—_—0 = N2
N O QO o=
CD»J:-N)CD

JAeTepMHHAHTHH 2-TapTHGAH MHHOpJAp Gyiuua éailiuk. Macanan,
GHpUHYM Ba HMKKHHYH caTpJapHH Tausab, 6y HKKHcaTp Ba TYpT

yCTyHIaH C =2i'2!'— =6 Ta 2-Taptubid MHHOpJAp Ty3amus,
lynap KyHuAarujapiad uoopar:
21 2 3 24 ‘l 3|
—1 3/=T1 \—1 _2‘=—1,)_1 5= 13 ~21——“»
1 4 3 4
|35 =—1 1—2 5| =23

By mutopaapra Moc airedpaHx TV/IMPYBUH.Iap KVHKIaruiapra
TeHr :

2 4 2 tyoeie3!d 2
(=Dt \_10 ()P 0 =1,
s EE R S O S ] B )

0 4 9 05
(__l)l+2+2+4 3' —4, (— ])H- 34344 ) ; 2’ _s.
Hemaxk,

D=T7-104+(—)(—1)+ 14(—23) +(— 1) (—2) +
+(—7)- 4+ 23(—5) =70+ 1 —322 + 22 — 28 —
—115=—2372. D=—372.

68- §. AETEPMHHAHTHHU CATP EKH YCTYH 3JIEMEHTJIAPH
BYAHYA EAHLI

Jlannac Teopemacuna r = 1 Gysca, sieHH D ferepMuHaHTAA

GutTa i-caTp axparuica, y xoama M,, M,, ..., M, munop-
Jap, GHpPHHYHM TapTHO6/IM MHHOpJAap CHpaTHAA, LY i- CATPHUHT
a”, A « - -, @, 3MEMEHTJApHAAH HOOpaT Oynamd. A, A,,

. A, am‘e6pam< TYJRMpYBuUHNap Gy BAaKTAA G, G;, . . . ,
am 3J1emeﬂmapﬂuﬂr Ay Ay - .o Ay, anreGpadk TYIRMDYB-
un/apura aisiaHagd Ba 67-§ Aaru (4) TeHrJIHK

D=a, Ay +apAp+ .. +a, 4,
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KYpHHHIIHM onagH. By #AurMHaM D JeTepMHHAHTHHHT §- carp
sJieMeHTJ/iapu OYiHua €fAuaMacH Aefunaiy.

Ilyupa#t KuAHG, i- CATPHHHT Q;, 4, . . - , Q;, SJEMEHTJa-
pund ysunuer A;, Ay, . . ., A, anre6paK TYJIHpYBYHJIApH-
ra KynaATHpu6 (KM j- yCTYHHHHT 4, jo Qg+« + s Gy DJIEMEHT-

JIADHHH V3WHHHI a/are6paHK TYJIHpYyBuHJapHra KynakTHpHO)
Kylicak, xocua 6yarad furuHzun D nerepmuHaHTra TeHr GyJa-

JH.
Mucou

N W

D=

wa W —

2 4
—1 5
0 2
1 2—-3 1

LNEeTePMHHAHTHH aBBaJl MKKHHYM CaTp, CYHIpa Y4YHHYH YCTYH
3neMeHT/IapH GyHHua EalJIHK:

1 34 2 34
D=(—1)(—D**"5 42{+3- (=10 42|+
231 131

214 21 3
+(—2(—1***052|+ 5. (— Y05 4l=(4+12—
121 12—3
—60—32—15+6)+ 3(8+6—16+ 12) +
+2(10+2—20—8)+5(— 30+ 40 — 15— 16) =

= —85+430—32—285=—372, D=—2372.

—135 214

D=3 (=1 052|+(—2(—1n*{052|+
121 121
214 214

+4(— 1 —135‘+(_3)(_1)‘+3 —135|=
121 052

—3(—5+6—25+4)+ 2(104+2-—20—8) +
+4(6-+5—8—12—20+ 1)+ 3(12—20—50 - 2) =
=—60—32—112—168 =—2372, D=—2372.

l-natuxa. JleTepMHHaHTga i-catp (KM j- YCTYH) HHHT
a; Aan Gowka Xavma sjementiapH O 6yaca, y xonpa D =
=a;, - A, Oynamu.

Hc6oru. [eTepmuHaHTHH i- caTp( €KH - yCTYH) 3JeMeHTJa-
pu OyiiMua €Hn6, KyAHAArHHH XOCHJ KHJ/aMH3:
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i D=0-4;+ ...4+aq 4+ .. .+0-A‘.n=at-,A‘-,
€KH
D=0.Al[+ e +a“A”+ e e +0‘An’=a“A”.
2-HaTuxa. Bow puaroHanHMHr GuHp TOMOHHOa dakar
HoJuiap GyJraH AeTepMHHAHT O6OLI [AHATOHAA 3/IeMEHT/IAPHHHHT
KynafdTMacHra TeHr.
HUcb6orTu. Ywby
a,0 0...0
Gy Ay 0...0
D={a;auag...0
Q1 Qny an3 sy,
JleTepMHHAHT GepHarad 6yJcHH, 6yHAa GOl NHATOHAJIHHHT IOKO-

pHIard xamma 3J/eMeHTJapd Hosra TeHr. D Hu CHpuHun caTp
3JlemenTsiapy OVitnua EiAne:

a,, 0 ... 0
D=ay, Qg3 Qg3 . . . 0
e SN/

HH XOCHJI KHJIAMH3. YHI TOMOHAArH NEeTEPMHHAHTHM siHA GHDUH
4H caTp 3JeMeHT/apy GyHuua &iu6, KyilHoarura KesamHs:

Gy ... 0
D =ay, ay
Qps « o« Qup
Ba X. K. Dy wapaéunu oxupuraua JaBoM 3ITTHPHO,
D=a,ay...a,
ra sra 6ysaMus.
XycycHit xonna:
10....0 —-1 0... O
n 0.1‘- ....(') =l"=lBa O.—.l.. '- .0 =(__l)n
00....1 0 0...—1
" 000. .001,
000...010
000...100 nn—l
o= (=] 2
001...000 =1
010...000
100...000
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Gysagu, uyHKn n, n—1, n—2, . . . ycrydnapuu |, 2, 3,
yCTydsiap GHJIaH aJMalTHpraHga 6y AETEPMHHAHT Y3 HILIOpacH-

n (n 1)

oy (— l)(n—l) F(n—2)4 . 2 (—1) 2 MapTa ajMail-
THpuG, GOl JHaroHasl aseMeHT/Napu | JaH, KoJraH 3JeMeHTJia-
pH 3ca HoJMIapAaH HOOpaT JeTepMHHAHTra ailJiaHanH.

Teopema. D Oemepmuranmnurve Oumma campu
(ycmynu) Oaeu saemenmaapru Gowxa camp (ycmyr)oaeu moc
NEMERMAAPHURE anzebpaux mijadupysuurapuza Kynagmupub.
HAMUNAAGPHU KuicaKk, durundu Hoaza mene 6gjradu, ABHU

a; Ajl +ai2Ai2+ ‘e +ainA/n=O (l-‘yé]) (1)
Ayt o, Ayt .o +a Ay =0 (k=) 2

Hc6oru. Macana, (1) HHHT TYFDHMTHHH KYpcaTaHJHK.
D JetepMHHaHTHH j-caTp 3JeMeHT/apH Gyitnua €saMmus:

Gy A - - Gy,
a| Gy . .. a,
- . =a, A, +a,A,+ ... +a,4,. (3)
a a,...a,
Ay Gy .. Q,,
Ay Ay oo, A,, anrefpavk TynupyBYHJapra j-catp

S/IEMEHTJIApH KHPMaHIH (YyHKH Oy asreCpauk TYJAHDYBUHJIADHH
TY3HIIJA MabIyMKH, j-caTp Yuvpuwiagd). 3uaH, (3) TeHIVIHK
(afiHHAT) HMHI HKKM TOMOHHAA a,, q » @, SNEMEHT/IAp

2y e

YpHHTra MOC paBHWAA @;, d;y, - - . , @Q;, JAPHU OJIAMHS.
GG - - -Gy,
au Giz - - - Gjy
Coe =ay Ay +apAp+ ot a AL
an Big -+ Gy
Apy Gpy - - - Gy

By neTepMHHAHT HoJra TeHT, YyHKH YHHHI HKKH CaTpH OHp
XHJAHP.
(2) TeHrMMK XaM XyAQAM IYHAa# HcGOT/IaHAMH.
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69-§. MATPALA MUHOPJAPH

(m, n) Typau Ky#upgard maTpuua Gepuirad GyJCHH:

G Qg - - - Ap
A= gy Gyg - « - Gy,
., Qo -« - G

Arap m < n Gynca, 6y matpuua sneMeHTJIapHIaH r- TapTHG-
g (1 << r < m) MuHOpIAp TY3HII MYMKHH.

94, 55- naparpadiapna MaTpula DaHTHHH AHHKJALUHHWHT HK-
KHTa YCYJIMHH 6aéH 3TraH 3AHK. X03Hp MaTpHLA DaHTHHH aHHK-
JIAIIHHHT $iHA GMp YCYJIH TYFPHCHAA . TYXTaJHO YTamus.

I-meopexma. A mampuyanune paveu YyHUHE HOAOAH
papkau muropaapudan 3ne 10KOpU mMapmubAUCURUKE Mapmu-
buza mena.

HMc6oTu. Honman ¢apkix 3HT 10KOpH TapTHGJIH D MHHOp

A MaTpHUAHHHT IOKOpH van GypuarHia oHnawrad ne6 ¢apas
KHJIaMH3.

ap; ... ap, alr+l e,
A= arl ce - a, arr+l e Oy

ar+ll NN ar+l, a,_H,+l P a,+1n

a, ---a, amr+l N

Akc Xonja caTpJapHH y3apo Ba YCTYHJAapHH ¥3apo YpHH
anMawtHpu6, D HU 11y adTHArad Xo#ra KeJTHDHII MYMKHH,
GyHnaH A HUHr paHrd y3rapmaiiau (52- maparpadra KapaHr).

A maTpHUaHHHT s-catpu (s =r -+ 1, m) GUpHHUK 7 Ta caTp-
Japi OpKaJH YH3MKJIH HomanaHagd. Bynn HcGoT/all MaKcalH-
Aa xyiiupard (r -+ 1)- TapTHGIH JeTepMHHAHTNAPHH KapanMH3:

a” PP al"é a“'

Agp + » + Gyt Gy

A . .D .
P — )

t a,l e a” a”-

asl e asr as;’

6yHla
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i=1,2...,n s=r+1,r4+2 ...,m

Xamma A; neTepvMHaHT/Iap HOJITA TeHr. XaKHKaTaH, { <71
KHAMAT/IapAa A; HHHT MKKHTA CaTpH TeHr 6Yyuu6, A; =0 ke-
Ju6 uMKkamH;, i >r KuAMatiapaa 3ca A; nerepMHHantIap A
MaTpPHUAHHHT (r + 1)- TapTH6AH MHHOp/apHHH Hopanaiau, 6y
xonaa xam A; noara Tenr 6ynafu.

A; HH OXHPIH YCTYH 3JleMeHTJapH 6yiMua ésMHu3:

a; A, +a,; A+ ... ta,; A+ Da; =0, 0))
6yHpa a,;, Gy, . - - , @,; 3JIEMEHTIADHHHT a/nreGpaHK TY/IAHPYB-
unJapH a,, (R = 1,r) ra Gor/MK GYJIraHH yu4yH yJapHH A, A,
..., A, opkanu GenrnnanMk. D 5= 0 ra myBoduk, (1) TeHr-
JIMKJ/IdDHH @ ; Ta HHCOAaTaH eya OJIaMH3.

asl: =ﬁlsali+ﬁ2sa2i+ coe b ﬁrsari (l=],_ﬂ, §=

=r+1,m). 2

(2) TeHrnuKAap A HHHT s-caTpH GHPHHYH r Ta caTpJiapH OpKa-
JAH YH3HKJIH HoJaraHraHHHH KypcaTaid.

Jemaxk, A MaTpHUAHHHT TOPH3OHTAN BEKTODJApH CHCTeMacH-
Ia YH3HKMH 3PKJH BEKTOPJADHHHI MaKCHMaJl COHH r ra TeHF
6y.1raHHfad, A HHHT paHTH XaM r ra TeHr GyJajH.

SHAM AETEPMMHAHTHHHT HOJrA TeHr OYJHUWHHHHT 3apypufi
Ba eTapnu IIAPTHHH 6aéH 3TaMu3.

2-meopema. [emepmunanm Hoiza meHe Ojauun
Y4yH yHuMe camprapu (ycmysaapu) 4uduxau 6oraranean 6i-
AuUL 3apyp 6a emapau.

Hc6otu. 1.
a, a, .. .0,
D= Qg Gy - - - Gy,
anl an2 vt ann

J€TePMHHAHT HONT@ TEHr OYJICHH. ¥ XOMEa n-TapTRGIH KBaj-
par

4 Gy - - - Gy,
a, a, ...q
21 G2z 2n
A=\ 0.
a, a,...a,
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MAaTPHUARHHI paHTH n JaH KHYHK 6ynagd, 9YHKH YHHHT
SHT I0KOpPH TapTHOAH D MuHopu HoJra tedr. Iy ca6a6au,
1- reopemara 6uHoaH, A HHHr Ba AeMak, D HHHTr XaM ro-
PHU3OHTaJ BEKTOpJapH €KH carp/aapH YH3HKJIH GOF/IaHraH-
IHD.

.2, D HHHFT caTpsaapH 4H3HKAH OofFnaHrarn 6yuaca, 6y
caTpjapiaH GHDHHH KOJraH/JapH ODKaJH HOJb caTpra ai-
JAHTHPHUI MYMKHH.

IeMak, 6y anMalUTHPHLIJIAD BOCHTACHAA XOCHJ KHJIHH-
raH NeTEPMHHAHTHHHI caTpjapHiaH OHDH HOJIb-CATPHH
ddonanaraun yuyH D’'=0 6yaub, JAeTepMHHAHTJIApPHHHT
4- XoccacHJaH KeJqH6 YHKaAdraH HaThxKa Oyitmua D'=D
TEHIJIHK YpHHJAH Ba Wy ca6Gabnu, D=0 6ynanu.

n- TapTH6AM AeTepMHHaHTAAp n- TapTHOAHM  KBajpar
MaTpulajapHH KaHAaiAHp COHJap TymnjaMHra OHp KHH-
MaTay aKcJaHHLWHKAaH HOopaT OYJraHAHTH YUYYyH JeTepMH-
HaHT/J1ap XaM MaTpHuasnap KabH KyNaATHPHJIHUIHHH 3cJa-
THO yTamu3. A MaTpHUaHUHT JetepMHHatH |A| opkaau
6esarunaHanu.

3-meopema. Azap A sa B marpuyarap n- raprubau
ksadpar marpuyaaap 6iaca, y xoada 6y marpuyarap Kyj-
nadrmacunune OeTepMunanTy kgnaidrysuusap Oerepmu-
HAHTAGPUHUHZ KinaiTmacuea Texe, ABHU

|A-B[=\4|-|B] ()
MeH2AUK [jpuHAL.

Hc6oru. Arap A wmatpuua OHpJHK MaTpHua 6yuica, (5)
TeHrJMK YpuHIH. Xakukartau, EB = B. UWlyuuur yuyH |E-B| =
=|B|=1-|B|=|E|-|B| 6yaanu.

Jemma. Aeap A” mampuya A’ mampuyadan 6Gumma
saemenmap camp aimawmupuus €poamuda X0CUA KUAUHAH

6yaca,
|A"-B|=|A"| -|B| (6)

|A”B\=|A"||B| ™

TeHeAUK Keaub quxadu.

Mcb6oru A” marpuuna A’ marpHuagaH KyHHAard sne-
MeHTap aJMalUTHpHWAApAaH GHTTACH OpPKaJdH Xocua 6ya-
CHH:

a) caTpAapHHHT YPHHHH aJIMalITHPHLL;

6) uxTHépPHH caTpHH HOJAaH GapKaIH k coHra kKynai-
THPHIL;

B) OuTTa caTtpra OoliKa caTpDHH HXTHEPHH COHra Ky-
nafiTHpHO KVIHL.

meHeAUKOaH
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MarpHuanapHH KynadTHpHWI KoWjaacura acocan A”B
marpHua A’B maTpHualaH MOC 3JeMEHTap aJMalUTHPHII
HaTHKacHAa XocHJ 6yJianH.

a) DieMmeHTap aJMalUTHPULI Oa)KapHJCHH, y XoJaaa

|A"|=—]|A"|, |A”B|=—|A’B| @

TEHIVIHK YpHHJH (HKKHTa CaTpPHH aJMalUTHPraHja JeTepMHHAHT)
— | ra kynaamu),
6) sJeMeHTap a/JMalUTHPHLI GaKapWiCHH, Yy XoJla

|A”|=k|A"|, |A”B|=k |A'B] ©)

TEHIVIHK YPHHJH;
B) 3JleMeHTap aJMaluTHpHI Oakapuica,

|A” |=[A"|, |A"B|=|A'B| (10)

TEHIVIHK 6a)kapHJaaiH.

(8), (9) éxu (10) TenrnukJapHHHT Xap OGupHHH (6)
6uJs1aH GHpJaliTHpCaK, (7) TEHrJIHKKA sra 6yJaaMus.

Arap A matpuua a), 6), ¢) s/jeMeHTap aJMalITHPHII-
aap épaaMHia GHDPJHK MaTpHLAAaH XOCHJ KHJAHHTaH 6yJ-
ca, seMManaH Ba |EB|=|E|-|B| rteurnuknan (5) TeHr-
JIMK KeJiHO udKanu.

Bupank maTpHuazaH 3/neMeHTap aJMalITHPHULIAp €p-
namuaa A marpuua xocHa 6yiaca, A MaTpHua xocMmac Mar-
pHua 6yaan.

A matpHua xoc MaTtpHua 6YJICHH, ’bHH YHHHr caTpJa-
pH YH3HKJIH OOFsnaHrad. Xoc MaTpHLara TecKapH MartpHua
MaBXyJl sMmacaurdpad, A Marpuua caTpjapH opacHia
KaHjaf uu3ukau GorFnanuw GyJsca, y xonza AB marpHua
caTpJapH OpacHia XaM LIYHAAH YH3HKJIH OOFJaHHII MaB-
XKy 6yaand.

AB MmatpHla XaM Xoc MaTpHua Gjnanu.

Hemaxk, |A|=0 Ba |AB|=0 Tteuraukaapaan |AB|=
=|A|-|B| TeHrauK ypuHu Gynamy.

Tyna MaTeMaTHK HHAYKUHA NPHHUMIH acocHia (5) TeHIVIMK

yMymaawThpunamd, sesd [A;A, . . A =141 14,1 . ..
. |A,). Arap A=A, = ... =A,=A 6yaca, |AY=|A|*
6ynanu.

Mawnymky, ¢agat xocMac KBajpaT MaTpHuUara Tecka-
pH MaTpHLa MaBXyh Ba siroHa. bus 61- § na 6ynnan mar-
pHLlara TeCKapH MaTpHUAHH TONUIUHHHT GHTTAa yCyJaH OH-
JaH TaHHWraH 3JuK. X03up GH3 HKKHHUYH YCYJHH KypHO
yTaMH3,
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Kyitupars n-taptu6aH XxocMac KBaapaT martpuua Ge-
pHJAraH OYJCHH:

a, Q.. -4,

ay gy -+« C

21 722 2n
A=

a, G, .- q,

A HHHT caTpjiapu 4H3HKJH spkan. Uy ca6abau 6y mar-
pHUA JAeTePMHHAHTH HOJAaH (papKJ/H, SbBHH

ay Gy« - - Gy
ja=| % o
a,a,...a,
Yuby
Au A Am
A " Ay Ay Ay
| \A—z‘l“—lz [ Ap Ay A\ Ly
14] e e e |4]
o Aln A2n""4nn
Ain Azn Ann
1A] 1A 4]

MaTpHUaHH Ty3amu3. Dywpa A;; nap a; sieMenTJapHpmr ain-
re6pauk TyJAMpyBUMNapuHH udogmanaign. A’ maTpHua oparia
A ra THpKajraH (KOBYIIIaH) maTpHua ze6 XaM aTtafafH.

B matpuua A ra Teckapumup. XakukaTtaH, AB = C 6yuca,
C uuHr Cow AuaroHa/uiaru xap GHp c; 3MeMeHTH KyHHIarura
TeHT' Oynagu:

A; Aigr TA
Mo, =a, =2 +4a, =24 ... +g Z2 =
g 1 i1 |A] t2lAI\ in lAl
1 aiy Apn+aig Ais+ e« .+ a4, =-M_|=l c:r =1
' 4] Ao R

Koaran xamma c;; (i # j) snemenTniapy yuyn sca 68- mapar-
pad aaru (1) TeHryIMKKa acocan

aiy A/1+aizAjz+- . '+alnA]n 0
C;, = = —_—= =
A 4] ar = =0
kenu6 uukanu. lemak, A-B = E. Xynm wy ycyaaa (BA=E
152572 225
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SKAH/MIHHN TeKnpH Mymkud. LlyHpait kunu6, B = A™! pa

A=B"t
Mucoan Yuby
2 —3 —2
A=|—4—2 5
5 1 —6
MaTpHLara TecKapH MaTpHUAHH TonaiJuk. By epaa
2 -3 -2
|A|= —g —% g i=24—754+8—20— 104 72 = —1,

|A|=—1.

SOJieMeHT/IAPHHHT ajre6panK TYJAHPYBYHJIADH KYHHOAruJap:
Ay=17, A =20, A3 =19, A, =1, A, = —2,
Agg=—2, Aj3 =06, Agy =—17, A;; =—16.

JeMak,
—7 —20 —19
ATl = | —1 2 2
—6 17 16/.

A-A7'=F Ba A7'A=E TeHryxsap GakapuJaiy.

JlerepMuHaHTIapHH  XHCOOJAIUHHHT TYPJH YCYyJJaapH
6op. By ycynanapia aeTepMHHaHTJIapHHHT acocHi xocca-
Japunad goiganaHdm, I€TeDMHHAHTHH MHHOpJaap G6yiiHua,
XyCycHH XoJla caTp €KH YCTYH 3JeMeHT/apH OyiHya éfivum
KOHJaJapHHH KyJJjall aJoxHia poab YiHHaHIH. YMyMaH,
JeTepDMHHAHTAAp XHaMa-xua OyAraHd Yy4yH, yJdapHH XH-
cobsaur ycyanapH xaM Xyaa kyn xuagup. daxkar afipum
Maxcyc JeTepMHHAHTJapHHrHHa Xucobsaw ycyJJjaapH oJ-
IHHAaH OepHauwuM MyMKHH. Kyfiuga 6ab3y QeTepMHHAHT-
JJapHH XHcobJaaw ycyaaapu 6H/1aH TaHHIWIHG YTaMH3:

1. a, a,, ..., @, coHnapra nucGaTan KyHupar# n-napa-

n
Xalu feTepMUHAHTHU (BaHiepMOHN neTepMHHAHTHHHM) XHcobJiai-
MH3:

| a af af...a’l'—"
Vo= l a,a a... a7
o '
2 43 n—1

la,a a...a;

Bupuuun ycrywpan Gowna6 xap 6Hp YCTYHHH —a, ra
KynaiTupu6, Y3uaaH KeHHHIHCHra KymaMmHa., Y BakgrTia

226

www.ziyouz.com kutubxonasi



10 0 0

lag—a, a; @—a)... ai7? (a,—ay)
1 a3—a, ay (@3—a,)... ai~? (a,—a,)| =
la,—a a, (@,—a)... a'% (@,—a)
s—a; a; (a—ay) . ..a77% (a3—ay)
_|8—a a5 (@—ay)...a7? @,—a) |—
a,—a, a,(@,—a)...a""% (@, —a) '
la,...a}?
la,...a?
= (a,—a) @,—a)...@a,—a) 3 3
la,  ..ao2

XOCHJa 6ynamu. YHr ToMonza TapTH6M (n— 1) ra Tenr Ba a,,
ag, ..., @, Napra Huc6aTaH V _, NeTepMUHAHT TYPraHHHH Ky~

pamns. IOxopupa V, ra HucGataH KuJMHTaH HWHH V,_, ra
HHcGaTaH TaKpopJacak,

2 -

llaaag...ag:

V = — a, as...ar
ney = (@, — &) (@, —a))...(a,—ay,) 4. .. .
2 -

la,a2...a3

KeqH® uMKajH. YHI TOMOHAA siHa (n — 2)- TapTHO/K Ba a,, 4,
., @, Japra HHc6ataH V,_, JeTapMHHaHT BYXYHAra KeJra-
HHHH KypamMH3 Ba X. K. Dy jkapa€hHH JaBoM 3TTHpHO, SHT OXH-

puna
V,=@,—a) @—a)...@,—a) (@—a) (@,—a)...

.. @,—a)...(@,—a,_)= IEI (a; —a)

i>i>1
HH XOCHJA KHJIaMH3.
2. Ywe6y
a—x a a a a
a a—x a a a
D= aa—x a a

a a a—x a
a a a a—Xx

a8 8
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BeTepPMHHAHTHH XHeoOsaHr. DeumHyu ycTyHHH xamma OJIAHHTH
YCTYHJapAaH aHHpaMH3 (ABHH — | ra kymadTHpHG KYiuamws),
y xoaaa

—x 0 0 0 a
0 —x 0 0 a
0 0 —x 0 a
0 0 0 —x a
X x x X  a—x

JleTepMHHauTra 3ra Gy/aMmus.
1, 2, 3, 4- caTpnapuu_5- carpra KywH6, KyHAuAarH AeTePMHHAHT HH
XOCHJT KHJIAMH3:

—x 0 0 0 a
0O—x 0 O a
0 0 —x 0 a
0 0 0 —x a
0 0 0 O0b5s—x

By nerepMuHanTaa 6Ol AHATOHAJHHHT MACTHAArH XaMma 3Je-
MmeHT/apH 0 nappan uGopat Gyaranu yuyH 6y AeTepMHHaHT 6oLl
JMaroHaJii 3JeMeHT/IADHHHHT KynmaHTMacHra TeHT, SbHH

(5a — x)-(— x)* = Sax* — x5,

Iy xypuuHwpard n-taptu6aH D netepMuHaHT GepuiraH 6yica,
y xoa1a D = (—1)""1 (nax""' —x") 6ynany.

Mawkaap
1. Ky#ugars petepMuHaHT/IapHH XHCOOJAHT:

a) a b ¢ d 6) a b c —d
—b a d cj x 0 y O}
—c —d a b —a b —c df
—d ¢ —b a y O x 0

a* (a+1) (@+2)? (a+3)*
B) |02 (b-1)% (b+2)* (b+3)?
c® (c+1)* (c+2)* (c+3)*?
a (d+1)* (d+2)* (d+3)*
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r) | % Xy Xy L)
23 —~1 x3—1 x3—1 x,—1

X Xy Xy X,

R R

2. Yw6y n-rtapTHGiH NeTEPMUHAHTHH XHCOGJAHT:

TR
Qo e

... b
... b

b
... b

[ B~ S R
LSl S TS )

b b b b ...a
70- §. KPAMEP ®OPMVYJIACH

n Ta HOMABIYMJH N Ta YMSHKJIH TEHIJ1amanap CHCTeMacH
6epuJran GyJ/ICHH:

a % tayx,+ ... +aq,x,+...4+aq,x,=b,
Gy Xyt apXyt . @ x . ayx, = by 1)
a,+a %+ ... +a . x+...+a,x =b,.

Homabymnapuuur a;; KospguuHenTJIapuian TysHIraH

a, a,...a,...4q,
D —|% G2 Gy Gy,
Qy Gy Q.. .8y,

aetepmuHanTHH (1) cucTema neTepmuHaHTH Jefimsu6, y HosjaH
dapku Gy acHH.

(1) cucTeMaHH euHin yuyH YHMHT GUPHHYH TeHTJIaMacHnu A,
a1re6pank TYJAMDYBuHra, MKKMHuM TeHrsamacunu A,fra, .. .,
fi- TeHrJamMacuiy A, ra KynafTHpHG, HATHXKaJapHH XaiMa- Xaj

Kyl cak, Xyiugars xocua GyJanu:
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(allAls + aZlA2s +...+ anlAns) X) + (al2Al| + a22A2s +
+.ootad) o+ @A e A+
+ ansAru> xs + °te + (alnAls + a2nA23 + ¢t + armAns) xn =
=bA,, +bA, +.. . +bA, @

(2) Tenrmvkaan ywbynap kenuG UMKAAM: X, HOMAa’bJyMHHHT

Ko3puimeTh D neTepMUHAHTra TeHT, KOJraH Ko3pbHIHeHT-
Jap 3ca Hoira TeHr (68-§ ra xapaHr). (2) HHMHr JHF TOMOHH-
Jard HAFHHIM D JeTepMUHAHTHUHT S- YCTYH 3JIeMEHT/IAPH YPHH-

ra Moc pasawaa by, b,, ..., b, 0301 XamJApHA Kyl . GHJ1aH
XOCH/I KUJMHTaH, SBHH
a, a,...5...q,
D =|% Ay - - . by Ly,
H s.as;.- . . . . . . .
]
gnl an2u' i bn L arm

ACTePMUHAHTHH HPOAATAAAd, UyHKM D, HA - YCTYHHHHT b,
3'2, .« b, snemenTiiapu Gyiimua éiicak, (2) HMHT YHC TOMOHH
Kemb yaxagd. LUyH1ad K 1113, (2) TeHr.14k Dx_' ,=D,(s = 1,n)
fa TeHr. Bynpan

% == (s=Tn) ®

XOCHJ1 Gynamu.

3) Tenr/MKaapHn Kpamep ¢opmyracu ne6 aHTHIAIH.

(3) dopmynanapuuHr cypariapusard D, netepMuHaHT D HUHT
GHpuH4H YCTYyHHHH, D, 3ca D HMHT MKKHHYM YCTYHHHH, . . .,
D, nerepmunanT sca D HHMHT n- yCTYHUHH O304 XajJap YCTYHH
GM/IaH a/IMalUTHPHIU HATHXKACHIA Ke/HG YMKAJUCAH AeTePMHHAHT-
J1apaup.

(3) cucrema (1) cucremaHHHr edMMMHH GHIIUPALH.
XakuxataH, (1) cMCTemaHH TaWKH/ STYBYH HCTa/raH

agx,+...+ta,x,+...+ta,x, =b

TeHr/avara (3) KufMat/apHd Kyficak, yan TOMOHAA

~[l)(ale,+...+aD+...+amDn) (4)

55 S
AMFMHAM Xxocua 6Ynaau. By epaa
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D, = b A+ bAy +. . .+ b4,

D,=b A, + b4+ ...+ b.A

SKaHHHHM Hasapjia TyTcak, (4) HaH KYAHIArd keJHO UMKAZDH:
{1411+ - - . Gsndin) 1+ - - . Haadn+ . . -+ snlsn) b5+ %
D
X 4. ..+ (@ahn+ - . .+ 8nhAnn) ba —
1
- 0-b1+...+D-I§s+.. 406, _ %=b, s=Tm).

Mucoun.

2xy — 3xg+ xg = —1,
Xy + dxg—2x3, =3,
3xy — Xy + x3= 4

CUCTEMAHH €YHHT.

Eunw.
2 -3 1
D=]1 4 —-2|=8418—1—12—4+4+3=12,
3 —1 1
D =12+0.
D + Q0 6ynrasu yuyyH GepusiraH cuCTeMa sIFOHA eUnMTa 3ra.
—1 =3 1 :
Di=| 3 4 -2|=—4+424—_3—-164+9+2=12,
4 —1 1
D, =12;
2 —11
Dy,=|1 32| =6+64+4—94+1-+16=24, D, =24;
3 41
2 -3 —1
D;,=|1 4 —3|=32—27—1+4 12+ 6+ 12 =36,
3 —1 4

B, = 36.
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D, 12 Dy 24
eMaK, ¥, = —=-—=1, ;=1 3= =— =2, x

Pl X1 D 12 1 ] D 12 y X2 =
D, 36

= 2, 2 ==3, x=

"= 12 8
Nlyupaft ka6, OGepuaraH cuctemaHuHr ewnwme (1, 2, 3)
6ysaju.

Teopema. n ma HOMATAYMAL N M OGUDP HCUHCAU SUSUK-
AU MEH2SAAGMANAD CUCMEMACU HOAMAC esumea 3ea OjAuuLL YiyH
6y cucmemanune OemepMUHGHMU HOA2Q meHe OGyauliu 3apyp

8a emapau.
Hc6otu. 1.
a % +apx,+ ... +a,x,=0(G=1n) (5)
cucrema (a,, &, ... @&,) HOMac eunmra 3ra 6y.ica,
a“al+al-2a2+...+ainan=0(i=m ©)

TeHIVHKJap Gaxapuiagu. Dy Tenrsuk/JapiaH KyHHOAr#HH X0-
CHJ1 KHJIaMH3:

@pa +...tFa,o; ane+. ..+, ..
a,a,+...+a,a)=(0;,0... 0),
@ @ Ay oo Gy) T2 (@ By ey )+
+ ..o, @, Gy a,)=0. (7)
By TeHrsmK cucrema jpeTepMHHAH TH
Ay G- - - 9y
D= Qg g -+ + Gy,
Qni Qpy » + + Bpp

HHHT YCTYHJ/IapH YU3MKJH GOFJIaHraH 3KaH{HH KypcaTann. ¥ Xo1-
Aa 69- naparpabHuHr 2- Teopevackra MyBoduk, D AeTepMHHAHT
HoJra TeHr GYyJaiH.

2. D=0 pe6 dapas xuicak, 69-§ HuHr 2- TeopeMaculad
acocaH, D HHMHT yCTyHJapH uH3uK/IM GoriaHran OyJaau. Iy

caabiu Kavua OHTTaCH HOJJaH BapK.Id o, &y, . . ., O, COH:
nap yuyH (3) €ku (7) Ba gevak, (6) Gaxapuiaid. by sca (G
CHCTEMAHHHT (@,, Qg, ..., @) HOJIMAC eyHMra 3ra 3KaHHHH Tac-
ameafnu.

Mucoa.
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x1+2x2+x3=0,
—2x1 _x2+X3 - 0,
x1+4X2+3X3=0

cucrema (1, —1, 1) Hosmac eunmra sra. Iy ca6a6iu

1 21
D=—2—-11|=_342-841—4+12=0, D=0.
1 43

2%, + xy—4x3 =0,
xl—x2—5x3 = 0,
3%y + 4xy —x, =0

CHCTEMA YUyH

2 1 —4
D=l —1 —51=2_15-16—12+4 14 40 =0, D=0.
3 4 —

Hemak, cuctema HoJMac eyumaapra sra. By edumaap-
HH, MacasaH, HOMabJyMJapHH KeTMa-KeT HYKOTHII YCYJH
6usan TOnmamu3: 1) MKKHHYM TeHrJaMaHH 2 ra kyma#rtu-
pub, GupHHUKMLAH alHpaMH3; 2) GUPHHUHHM 3 ra Ba y4YHH-
YHHH 2 ra KynmanTtHpub, aHa OHpHHUKAAH akHpaMH3, ADBHH

2%, + x,—4x, =0, 2%, + xg—4x, =0,
3xy + 6xy =0, = X+ 2x3 =0,
—Bxq — 10x3 =0 0+0=0.
Hlynpait Kuu6,
2%y + xy —4x3 = 0,
Xg—2x3=0
CHCTEMaHH eyaMH3. X, = —2x; Ja X, =1 O6yaca, x,= —2
6ynanu. 2x; = —x, -+ 4x; ndan 2x; = 6, x, =3 HH TONMaMH3.

Hemak, cucteMaHuBr GHTTAa Hosvac eunvu (3, —2, 1) 6V-
Janu.

Mawxkaap

1. [ay %, + apax, =0,
Qg1 X1+ AgX, =0

cHCTeMa HOJIMAc euHMJapra ara Oy HIIM YYYH YHHHT Koa?
¢uuneHTaapu ysapo Kaujaili 6orjgaHrad OY¥JHIUM Kepak:
2. a HHHI KaHja# KuiMat.1aphia

233

www.ziyouz.com kutubxonasi



ax, 4 xy3+ %3 =0,
Xy Gxg + %3 =0,
Xy + x5+ ax3=0
CHCTeMa HOJIMac eyumra sra GyJjaiu? i
3. Kanpait waprnapra M, (x; y;) nyktanzap y =ax®+
-+ bx + ¢ napaGonara Ternwau Gy.Jagu?
4. n > 2 6yaranna
4 xy, l4xy,.. .14+ xy,
I+ %y 14 xy, ... 14+ xy, -0
l+xnyl l+xny2"'l+xnyn
9KAHJIMTHHY KYDCATHHT,
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V1 606. YHU3UKJIM AKCJIAHTUPHULIIAP
BA EBKJIMA $A30JIAPH

71-§. BEKTOP $A30JIAPHAHT YHU3SUKJIIA AKCJIAHTHPHUIKA

Bus III 606aa Bekrop 230 GunaH TaHHWMG YTAUK. SHAW
OJJMMH3Ta KyHWJArH MacalaHd Kyamus: & COHJap MaifoHuaa
aHHKJIAHTAH TYpJH BekTop hazonap opacHia KaHpjail MyHocaGar-
Jap GYJHIIH MYMKHH?

U Bektop daszon V' Bexrop ¢asora akC/IaHTHPYBUH @ aKC-
JIaHTHpHIl GepHuarad GyscuH. Arap UyHAAHd aKCJAaHTHPHIU MaB-
Kya Gyaca, 6u3 yuu @:U —V opxanm Genrusaimus.

Maskyp akciantupuiuga U wuer Gapua Bektopsapd V' Huwr
BEKTOpJapura akc/iaHagu (Gapyacura Gysmmim wapt sMac). U
BeKTOp (Pa3sOHHHT HMXTHEDHIt X 3/EeMEHTHra @ aKC/JaHTHpHULI ép-

Jamuga V Bextop (asomaH Moc KelyBUH BEKTODHH y fAe6 GeJ-
rwaiivus. By Mok @ix—y; xSy ox =y, y=o(x) k-
puHyuLIapAa GearHiaHafy.

l-trabpud. & connap Maitfonupa anvkjaaHraH U BekTop
dazonn V Bektop ¢hasora akCNAHTHPYBYH @ AKCJAAHTHPHW Y4YH
KYHHArH MKKHTA LIapT

Do (r+x)=0x,+0¢x;
2o (Ax)=Agx (AESP)

Gaxkapunca, U sexmop ¢haso V eexmop ¢ha3oea wusuxru axc-
aanadu peliunany.

U dasonn V ¢asora yH3NKAM aKCJAAHTHPHILNAD —TYNJamH
Hom (U, V) opkanu GenrunaHajgu.

U Bektop Qasonu y3-y3ura akcaauwruput U ¢asoma aumk-
JiaHTaH onepatop JelHJafu.

Oneparopnap f, @, ¢, ... xaphnap opxaau OGenrdnanuo,
yJaap YM3HKJM AKCMAHTHPUILIADHUHT XYCYCHH XONHAaH uOOparT,
sibHH 1- Tavpudma U =V 6ynanu. Wysuar yuyn V' QdasoHuur
Gapua onepartopiapu Tymiamu xav Hom (V, V) 6yaazu.

2- ravpud. U Bekrop dasonn ¥3-ysura UH3HK/AH aKCJaH-
maput U (pa3oda anukaanean 4usukau onepamop NeHuaaiH.

@ roMoMopdH3M (YH3MK/IM aKCIAHTHPHW) TAbCHPHIA @ x= Y
6y/ica, y BEKTOD X BSKTOPHMHI 06pas3u (TacBHpH), x 3ca y
BEKTOPHHHT npoobpa3u (acan) fe6 toputHAagH. x €U Gyaraud-
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Ja @x€V BexTopsap TynJamMH ONATAA @ AKCJAHTHPHIUHHHT
obpasu ne6 wputanand Ba im@ éxH @ U opykamm GearnianagH.

[Iynu anoxupa Kahj KHJIaMH3KH, @ X CHMBOJ HKKH MAaBHO-
ra asra:

1) 6y cuMBOnI x BeKTOpra @ AaKCJAHTHPHIUHH KYJJaIl »Ka-
paéHHAHp;

2) Maskyp axcJAHTHDHILHHHT HATHXKACHHH, SIBHH X BEKTOp-
HHHT OOpasHHIl GHJIIHPATH.

Muconnap. 1. Xap Gup KOMNJIEKC COHHH BeKTOp Je6
Kapacak, KOMIJIEKC COHJap TYM/JaMH KOMIJIEKC COHJap Maii-
JOHH YCTHAar# BeKTop ¢aszo 6yJand.

XaKHKHH COHMAp TYNJIAMHHH XaM BEKTOp (a3o Je6 xapat
MYMKHH. OHIH Q:Q ~»|a| aKC/JIaHTHDHIUHH YpHaTcak, 6y axc-
Jantipuil C ¢asonn R dasora uu3sdKAH aKCJIBHTUPMAH IH. Hap-
xakHKat, a) |a -+ | < |af + |B; 6) {|o/} Tynram BekTOp aso
amac. :

2. Arap @:o— o aKCIAaHTHPHIUHH Kapaiiauran Gyicak, 6y
aKCJIaHTHPHIL KOMILJIEKC COHJIap MaHIOHH YCTHJa YH3UKJH One-
patop Gy.iagu. UyHku 6y epia YMSHKJIH OTEpaTOPHHHI MKKaja
WapTH xam 6GarapH/any.

Mawg

UnsMK/H  aKC/GHTHDHLIGD TabpPHQUIATH HKKHTA LIAPTHH

6HTTa @ (kyXy + RoXy) = ky @ X, + k, @ x, WapT Guian anmam-
THPHII MYMKHH 3KAHJIHTHHH McOGOTAaHT, Oy epaa R;, R, € &F.

72-§, YH3HKJIH AK C/TAHTHPHUIJIAP MATPHUACH

(apas KHIaHUIHK, GHPOP @ YH3HKJ/AH aKCJIaHTHDHIL Gepui-
ran 6yau6, y n yyyonH U, BekTop GasoHu m YMUOBIH Vm
BekTop ¢asora yrkascud. U, Ba Vm ‘¢asonapuunr GasucsiapH

MOC PaBHWAA €, €y, ..., € Ba Tir Foo ooy fm 6yICHH.
Arap ¢ €U,(i=1, n) BeKTOpJIapra aKCJTaHTthHJHH TAaTOMK,

3TraHfa XOCHN GY/iras BeKTODHH @ e €V, Opkanu Gearuia-
caKk, 6y BeKTOpJapHH Vi, HMHr 6asHc BEKTOpJiapH OpKaJu  YH-
3UKJIH ll(pOD.aJ'lalU MYMKHH, SIBHH

Yeje=mify+aufy+ .. Fanifm
m

ge =k§akffk (i =T, n). (1)

éxu

(1) TenraMxnapiard ap; KO3(Quilientiapiai

Q36
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@y Gy - . Qin
A= 9 - s

a,,11 am2 .. Qmn

MaTpHIU@HH Ty3aMu3. AHa Iy MaTpHUAra ¢ axkCJaHTHPUIUHHHT
U, daso GasucHHH Vi ¢a3o GasucHra akcJAaHTHPraHgardH Mar-
pHua nge6 OpHTHIAIH.

Ouau macanaud Ky#uiaruua Kyamus. U, ¢asoHHHr HXTHE-
pHil X BEKTOPH KOOpAMHATA/IApH GuJiaH YHHHT @ :Up~— Vi akc-
JIAHTHPHI HATHMKACHJA XOCHA KW/IHHTaH Y = @ X npoospasu

KOOpAMHATaNapy opacHia KaHfgad OOrJaHuIl MaBXyA? By ca-
BOJITA KaBob 6epum YuyH

2 are; may=¢x=23 fufk

BEKTODJIapHH OJIaMH3. ¥ XoJ/Aa
m n
y= kzlﬁkfk =(Px=(P(_E o e ) Zm Pei=
= =
n

=t=lai (? aki_f/z) =’2 (Zl @y & t) I
=§(§ @y ‘)fk )

k=1

=

6§16, 6y epaa a;, f; Ba a,; JNap KaHmaHgup & COH/MAp Maii-
JIOHH 37eMeHT/IapUAHP.

Bynap;xaﬂ TalKapu, Vin GAsOHWHT MXTHEDHA Yy  BEKTODHHH

fi» far - -+, [m 6asuc opkamM Kyiuparmua ésuur MyMKHH:
y=Bfi+ Bfat+ ... +Bnfm. 3)
(2) Ba (3) Tenrnuknapna fy, fo, .. ., fm JIADHHHP MOC Ko-

3¢bdHIHEHTIApHHH TEHIVIAIITHPHO (MKKATa BEKTOPHHHT TEHTJIHIH
IIAPTHAAH) KyHHAArujaapra sra 6y/aamus:

B, =ap, o, + a4+ ... Fanaa,
Ba=ap &+ ayay+ ... +anaa,

4)
Brn =am oy +ameay+ ...+ Aman .

Hemak, ¢:U, >V, akcnautapuut Gepusiran 6yJca, YHH
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n
HXTHEpHE X = Zlai e; €U, BeKTOpra TATGHK KH/HLIAAH XOCHJI
=

6yran Xap Kamiai y = @ x €V, BeKTODHH aHHKJAUl MYMKHH

3KaH. (49) renrnmkmap x€U, Ba ynuar  mpooGpasu
gj'/.m;aﬂ ¢ xEIim JIApDHHHT MOC paBHLIfA €, €, ..., €; Ba
fv» fas ++., fm Gasuciapaar KoopAHHAaTaJapuH opacHiarH GOF-

JaHHILHK Hdomanadan. Arap (4) TeHrVMKJApHH MartpHua Kypu-
HMIIMJAA €3apuran OyJcak,

Y = AX (5)

XocHa 6ynagu.

[Myunaét Kkuau6, 63 wKopuAa KypuG YTraHMMmusra GHHOAH
Xap 6up @ :Up—V,n 4YH3MKIH axcJaHTHpuiira Ourra (m, n)
TYpJH MaTtpulla KeJap 3KaH.

SHAM MacajaH aKCHHYa KYSMH3.

Xap 6up (m, n) typau |lax([(k=1, m; i=1, n) wmarpu-
rara moc KenyBun 6upop @ :Un,— V., UHM3HKAH aKCJAHTHPHIU
MaBXKyIMH? Dy caBosn HMxoOGHi kapobra ara.

XakukaraH, arap |\ay|| maTpuua GepuaraH Gy.jca, HXTHEpHH

n m

x= 2,1 a; e; BEKTOp yUyH §=kZlka_k BekTOpHH (4) (bopmyJa-
= =

Jap €pAamMHia aHHKJad 0JaMH3. JHIH QX —Y axcJaHTH-
PHUIHH KHpUTAMH3. By akcnaHTHpuit uHaugknu Gy.nagn. Xagw-

KaTaH:
m m

1) arap ¢ x =y Gjca, plax)= kz aByfy = “El B =

=]

=agx, ¢@x)=a@x JpunL;
m m

m
2) x =‘,§OL,- €, X1= lgla} e, x+ 0= gl(ai—}-a;-)e‘_,

m m
QX = kzl Befrr @ %1 = kzl Brfr Napra GuHoaH,
—_ -— m - m —_ m [—

P (x +X1) =kZ=l(ﬁk+ﬁk)fk =kZ=lﬂkfk+ kz_lﬂk fk =
=q@x+9x, ¢(n+ x)=0x + X Xocu1 6§aazu.

lynnalt kMG, @ :X— y aKCJAHTHPHII YMSHKJIM aKCJaH-
THPHWHHHT HKKaJa IIAPTHHH XaM KAHOATJAHTHpranu tydaiiu
6y akcnanTHpHl JH3HK/uAup. Lemak, n ynyomu Un dasonu
m_ymosnu V' dasora §TKasyBUM GH3MKJM AKCIAHTHPHILJAD
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TynaaMd Gunal (m, n) TypJM MaTpuuasap TYNJaMH OpacHAa
$3apo GMp KuUAMATAM AKCAAHTHPHUI MaBKyd 3KaH.

l-HaTHxka. DBurra uMsHKAH omeparopra GuTTa KB3aZpAT
MaTpHla MOC KeJlaiy BAa aKCHHYA.

73-§, YU3HUKJIH ONEPATOPJIAP YCTHAA AMAJUIAP

l-tabpud. Arap U, ¢asosndr uxkuta @ Ba P UHIHKJIH
OnepaTopaapH YuyH @ X =sPx TeHNIMK Up (a3oHHHr HCTaMran
X BeKTOpH yuyH Gaxapuiaca, ¢ Ba | onepamopaap y§3apo
mexe feluaami.

Bupop U, dasona ukkurajan kaM GysiMarad 4M3HKJ/H ore-
paropiap aHdKJaHraH 6ysca, 6y oneparopiapHHHr HHFHHIHCH,
afimpMacH XaKuaa ranupudil MyMKHH.

Un daszoma ¢ Ba ¢ YM3MK/IH onepatopaap Gepunran GyJIcHH.

2-tabpud. Arap U asoHHHr HCTanraH X BEKTOPH Y4yH
fx =@x+4 yx Tenrnug Gaxapuica, f onepatop @ Ba 1\ Ofe-
paropnap duruxOucu Aeiiunanu Ba f==¢ 4\ opkanu €3umanu.

YUusukJH ornepatopiap MHFHHAMCH fAHA YH3HKJH OnepaTop
Gynapu.

XaKukata, arap ¢ Oneparopra MOC KelyBUH MaTPULAHH
A, " oneparopra Moc KeJlyBuM MaTpHuaHu B Ba f onepartopra
Moc KenyBuu MmaTpuuaHu C opkaau Gefruiacak, y xoaga C =
= A+ B Terriugk ypuuwau Gyaaas. YH3MKaM  onepaTopJsap
yuyH

Dot+y=yp+

2) q>+(\l>+f)~(q>+\l>)+f

3 o+6
TEHIVIAKJIap ypnunmmp. ¢ —1 ailupMa XaM XyARH Wy ycyJia
aHUKJaHaAH (TeKIHPHS KYPHHT).

3-tabpud. a €& 6ymmb, U, dasoga Gepunran oneparop-
nap yuyH (ot @) x = o@x TeHrMK {/, Ga3OHMHT HCTa/ITaH X 5ie-
MeHTH y4yH famapuica, y Xo/1ia a@ Fa @ ONepamopHunz o
ckarap muxdopea Kynadmmacu Aednnand.

2-Hamuxca. P coHMaD MAAQOHH YCTARR Gepd/ran YU3HKIA
oneparopnap Tynnav 4uikaM ¢aso Gygamu. _

4-tappud. Arap ¢ omepatopra GUDID € € v vy €y
Gasucra HucGaTad A KBajpaT MaTpuua Moc Keaca, A marpuua-
HUHT DAHTH @ 4USUKAL ONepamoprune xas pareu JeHHnamu.

Yusuksu onepatoprap opacupa % x € U, yuyH @ x =X Ba

@ x =0 Kabu orepartop/jap MasxKyg OyJca, yJap MOC paBHUIAA
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aiHuit (OMp/MK) Ba Ho/b omepaTopaap He6 aranajd. Bupmik
onepatop €, HoMb onepaTop 3ca 0 OpKaJIH GeTHIaHuG, yaapra
Moc pauiuna Gupmuk, svEM £ Ba Hoab |10;,}| marpruanap
TYFPH KeJajH.

Ban3n xonnapna U, ¢a3oHMHr HOJIMAC BEKTOpJapH ¢ oOme-
paToOp TaBCHPHAA HOJb BEKTOPra AaKCJAHHILH MYMKHH.

5-trabpud. U, dasonuHr ¢ onepatop €paMHia HoJra
aKcJaHyRud Gapua 3jeMeHT/apH TYIAMHTa @ OnepamopHune
A0pocu neiimnann Ba y Ker @ opkaniu Gesru/aHagH.

I-meopexa. @ uususau onepamopaap AOpocu uty one-
pamop Kapajraémean ¢asonunz xucm gasocu 6gradu.

Hc6oTn. x, € Ker @, x, € Ker @ Gyaranga ¢x, =0 Ba
Px,=0 XaMza @ YH3HKJH onepaTtop GYJraHH yuyH

Doly—2x)=9n—0x=0~0=09(xn—1x)=0;

2) p(Ax) = Acpx =2-0=0, ¢(Ax)=0 sKkauuruzan Xy =
— %, € Ker @, Ax € Ker ¢ 6yamu. Hemak, Ker o U, daso-
HHHT KHCM dasocuaup.

6-Tabpud. ¢ YHUKAH OHEPATOP ALNPOCHHHHT YJUOBHIa LIy
onepamoprune Oeghexmu ReHHNARH.

2- meopema. Azap U, ¢asoda aruxaanzan @ 4usuxau
onepamop mampuyacuwure paneu r ea mene biaca, Ker @
A0poKuKe fa4osu n—r ea menz 64iadu.

n

Hc6oTn. dapas xunait/uk, x=2ai ¢; € Ker ¢ 6ya-
i=1

cuH. Ker @ HMHr 6apya BeKTOPJ4pH HoJra akcJaHrauujag 72-
naparpadaary (4) TeHrJMkJap CHCTeMacH

oo ta,a,+ .. Fae, =0(30= 1, m) (1)

KYPHHHLIHH OJIAJH.

Akcunva, KOOpAHHATaJapH GHp JKHHC/IH UYH3HKJM TeHrJaMa-
Jlap CHCTEMAacHHHMHI HOJIMAC €UYHMHHH H(OJANOBUH Gapya BeKTOp-
nap Ker @ ra tervman 6yaaau. Llynpat kw6, Ker @ sppo-
HUHr YauoBH (1) CHCTEMaHMHT YM3HKJH GOFJIaHMaraH euyuMJapH
coHura (BpHH (YHIAMEHTaJ CHCTEMA €YHMJIaDH COHMra) TeHT
3kaH. Mannymkn, (69-§ ra xapaur) OyHpall eudmJsiap COHH
n—r ra teHriup. By epia r coH ¢ oneparopra Moc KeayBuM
A Marpulia paHIHHH OHJIBHDALH.

3-meopema. Aap e, e, ...,e, 6exmoprap cucme-
Macu pasorune basucu 6éa f, f,, ..., f, aap wy ¢asonune
uxmuépuil eexmopaapu 6jaca, ynoa wynoad A20HA @ onepa-
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mop MassHcyoku, Y ey, €, ..., €, 6a3UC CUCMEMAHU [y, fq,
-, [, Aapea jmxaszadu.

Uc6oTu. ¥ x€U, yuyH ¢, e, . . ., e, Gasucna
}=alzl+a2é;+"°+anzn (2)
6Hp KWAMAT/IH HQOAJAHHIE MaBKyA. X BeKTOpra
(p;=alf_l+a2f_2+...+anf_n 3)

BEKTODHH Moc KVyamus. (3) (bopmy.na 6yfiiua aHWKJaHTaH @ X
Bektop U, BekTop dasopa Tyna aHHKJIaHraH 6ynauu UYHKH @

moc/HK U, na anMaLITHPHIL 6yaanu. x—el =].¢,4+0-e ot o+

+0- e 6yca, cpel fl, LIYHHHTAEK @ e, —f2, c., cpen —f_n
TeHT/MKAap Ypuumu 6ynamu. Lllynpait Kuau6, ¢ aiMalTHpUII
e, €, ..., €, BeKTOpAapuu Moc f, f, ..., [, BexTopiapra
aJIMalUTHPajH.

_ OHIM @ aJMAIITHPHIIHHHT UH3HKJ/HM SKaHJIMTHHH KYypcaTaMys.
Ax=DMa e + Aa,e,+ ...+ Ao, e Bektop yuyH (3) dop-
MyJia 6y#uua

eAx)=doyf, + A, f, + . .. +Aa, [, =Mp x,
PAR)=Aox y€U, y=pe+Bbe+...+8, ¢
69cHH. x+y = (o, + B) e, + (@, +Be, + . .. + (, +

-+ 8, ?n HHFMHAM BekTOp YuyH (3) ¢opmynara acocaH:
QE+p =@ +B) i+ e+ BN+ .+, + B =
=(°‘171+°‘2T2+ cee +anf—n)+(ﬁlf_l+5272+ st
+B.f)=0x+ey e(x+y=0x+oy

UnsHK/H a/IMALITHPHIUHKUHT STOHA/IHTMHH HCOOTJ/IaMMHS.

e, —f (i = 1,7) UKKMHUH YH3UKIM aJMALITHDHIN MaBXKYL
6V JICHH.

p UMBHKJIM AKCJIAHTHPHII GYJIraHH y4yH HXTHEDHI

;=a12’-1 +a2;2+ P +anzn.
‘P_x=¢(al_el+a252+ R +anEn)=al¢;l + ...+
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ta,be, =o,f, +afst ... +a,f, =0¢x, Yx=@x, TbHH
Y = @ O6ynapu. o

Mucoannap. 1. ¢, e, e, Tyrpu Oypuak/ju HeKapT KOOp-
AvWHATa CHCTEMaCHHMHT GMDJMK BEKTOPJApH GYJICHH. X BexTOpra

¢ OnepaTOpHHHT TAaTGHKU CH(ATHAZ X BEeKTOPHHHT GHPOD TeKHC-
JIHKJard OpPTOrOHa/ MpPOEKUHSICHHH TyuryHamus. Maskyp onepa-

TOD YM3HK/H oneparop Gysiamu (TeKUMpUG KYpHHT). ey, €5, €g
6asucra HHcOaTaH @ e, = e;, Qe, = €,, P €5 = &, OYJIaHH YUyH
6y onepaTop MaTpHIACH

100
E=|010] 6ynanu.
001
2. HNapaxkacu n maH iokopu O6ysaMaraH KynxaiJiapHHHT ¢a-
30CHHH Kapad/mk. By dasonuur Gasuch cudaTHia

— — x2 -_
e =1, e1=x|e,——,..., e =

;

2! n )
HH Ba onepaTopd cH}atnia Oepuiral KYMXAZHHHI XOCHIACHHH
TyIIyHamMH3., YHAQ (p?o=0, pe,=1, ge, =e, q:e_3=e_,,, cee,
@e,= e, , Gyaraun yuyn 6y onepatopuuxr (5) 6asucra HucGa-
TaH MaTPHLACH

xn

n!

(0100 00)
0010 00
0001 00
0000 ..1
10000...00
6y1anu.
Mawgaap

1. Iapaxanapu n pnau toKopu "Gy/iMaraH KynxaiJapHHHT
¢asocH, 6asucH cuhatHaa

1, xx%, x8, ..., x" (6)

BEKTOp/ap, onepaTop cHaTHaa 3ca MasKyp KYNxagHHHT GUPHH-
4d TapTHOJH XOCHJAcH TYywyHu/ca, Gy onepatopHuur (6) Gaswuc-
ra Huc6aTaH MaTpullacH TOMUJICHH.

2. @:f(x)—>J"(x) (" (x) Genrn f(x) HMHI HMKKMHYH Tap-
THOJIH XOCHJIACHHH OMJ1HpajkH) onepatopHHHr (6) Gasucra HuchHa-
TaH MaTpuua H xaHpad Gyqamu?
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3. IOxopupar# yHsHK/H ONEpPaTOPHMHT sposiapk Ba OGpas-
NiapH Kanpah TynJamHH udomanayau?

4. C xomnsekc consiap chasocupard @ omnepaTop cubatHaa
2= x - iy KOMIVIEKC COHHH w® = a -} (b KOMIJIEKC COHra Ky-
nadTHpUIL TylyHHIraHaa 1, { Gasucpa 6y YM3HK/M ONepatop-
ra Moc KeJyRYH MATDHLUAHH TONHHT.

5. Ky#unary onepartopiapaaH Kadicu 6upu V, dasona uu-
3UKJIM onepaTop 6yJaanu:

a) @ x =x -+ a (@ — ysrapmac, HoO/IMac BEKTOP);

- - - = - = - = — A

6) ¢x =(a, x)-a, 6y epaa (@, x) =|a|-| x| cos(a, x).

6. x ra Gorauk Oyaran Gapua f;(x) (=1, 2, 3, ...)
Kynxannap Tymwiamuaa KyHMBarWaap uHsHKJIM onepatop GVyJa-
JTUMH;

a) xap Oup [;(x) kynxamuu x ra KynaHTHpHLL;

0) xap 6Mp f; (x) KynxanHu x°® ra KynadTHpHuw?

74-§. BEKTOPHHHT TYPJIH BA3HCJIAPJATH KOOPAHHATAJIAPH
OPACHIOATH BOFJIAHHLI

MabayMkH, BeKTOp KOOpAMHATaJapH TaHJaHraH 6asucra
Gorsukaup. DBHp GasucnaH HMKKHHUM Gasucra yrtraHpa Gurra
BeKTOPHHMHT KOOpAMHaTa/apH y3apo kaHgaaH OorJaHraH GyJagu?

By casosra xkaso6 OGepuit yuyH V, (asona HXTHEDHH HK-

KHTa

Oy g ey €, )

Fofoooon ©

GasucHY oJsiamH3. 73- § HHHr 3- TeopemacHra acocaH (1) 6asuchu
(2) ra yTKasyBuM @ onepaTop MaBXyA Ba yHra Kanpaimup A
MaTpHLA MOC KeslajH, S'bHH

fi=ee @(=1n) (3)
6yub, @ HHHT MaTpHUAcH A zxan ubopar.
Bupop x Bextophu (1) Ba (2) Gasucsap épnamuua yuwby

x=1x ¢+ xe+ ...+ xe, 4)

x=xfi+xhL+. ... +x]f, ()

KypHHHIIAA €316 onamu3. (4) Ba (5) JNApHMHr YHT TOMOHJApH-
HHHI' TEeHT/IHIHAaH
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xle,+x2e2+...+xnen=x;fl+x2f2+...+x;f; (6)
XocHJ 6yJafH.

Arap [, =oge;=a,e +aue,t+ ...
cak, (6) mam Kyhuparura sra Gy/amus:

xe+x6+ ...+ xe =x(@,e+a,e+ ...+
+a,e,) + x(ay e +age, + .. an)+ S

+ X (anlel + an2 82 + + annen)
Yur ToMoHHHH MXuam/ia6 onrad, €, €, ..., e, BEeKTOp-

Jap .oaguaard ko3pGUUHEHTIaPEAHT TeHTVIMTHAAH

X =xay +x'2a2l + ... +x,a,
Xy =X Gyt X0, + .. T xa,,
@
X, =xa,txa + ... +xa,
xocun 6ynagu. By epna
X1 x|
¥z . _| =
X = " , X = .
X .’
n xn
Ba
Ay G12 -+~ Ay
Ay Qyy ... @
A= 21 22 2n
anl an? et ann

Aecak, (7) HH MaTpuuajan ¢ohnanaHub
X =AX ®)

KabH €3umr MymxuH. (8) TeHrsmk x HuHr (1) ra HicGaTaH KO-
opauHaTanapuHH (2) ra HucGaTaH KOOpAWHATa/ap OpKaJaH Ho-
Janannu.

(N BEKTOD/IAD CHCTEMACHHHHT DaHTH 7 ra TeHr 6y.rany
yuys AZmatpuna xocmaciup. LynuHr yuyn A7? mapxyn. Yanga
(8) TeHryHMKAaH X' = A7X xocun 6Yamu6, y x HuHr (2) ra
HucGaraH xkoopauHatanapuiu (1) ra Huc6atan KoopAuHaTtasap
opxany Hdoranaliiu.
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_ Mucoanap. 1. V; dasona xl ©, 0, 1), -xz—(O , 1),
= (1,1, 1) BexTop/apuy e,, €,, €5 Gasucra HHcCaTaH MOC pa-

Buuma yl—(2 3,5), y3=(1,0,0), y,=1(0,1, — 1) BexTop-
Jlapra yTKasyBuu ONEPaTOPHUHI MATPHUACH TOMHJICHH.

Eunw. Aspano x,, x, Ba X3 JapHH €;, e, €3 JlaD OpKa/H
Kyfuaarnua udonanal onamus:

;1=(0,0,1)=i0‘é—1+0';2+15:;1
‘—(0,1,1)=o e+ 1g+ 18,
=1 0)=1-¢+1.¢+1 ¢,.

ByHnaH KYPHHAMWKH, X,, X;, X BEKTOP/IapHH 6asuC BEKTOp-
Jlapra yTKa3yBud MaTpHua

001
A=(011
111

JlaH u6opar, PN Ya» 33 BeKTOpJIapHH GasuC BeKTOpJiapra yTKa-

3yBuUM MaTpHLA 3ca
21 0

B=[30 1

50—1

HH TallKHI 3TajH. DHAM Ou3 wynAalh X MaTpuUaHH TOMHIUH-
MH3 KeDaKkH, Y A Hu B ra yTkascMH, SBHH KYHHJAarW TeHr-
JIHK 6aKapHJICHH:

XA =B.
Oxupru Tenrmukun X = B-A™! opkaau €3a ojamus.
By epna
0—11
A7l=[—1 10
1 00
9KaHIMMHAaH

21 0 0—11 —1—12
X=[30 1} .[—=1I 10):( 1_33),
50—1 1 00 —1—55

2

3

5

6y /1aaH.
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2. %,=(0,0,1), x,=(0, 1, 1), % =(1, 1, 1) Gasucra nuc-
GataH 1y BeKTOpJApHHHT V3HHH y, = (2, 3, 5), y, = (I, 0, 0),

ys=(0, 1, — 1) napra yTkasyBud Yy fa aHHKJIAHTaH YH3HKJIH
OMepaToOpHHHI MaTpHLIACH TOMHJICHH.

Eunm. A marpaua yuyH IuyHfad Y MaTpHUAHH TONHIL
KepakkH, A matpuua Y HM B ra yTkascun, svhd AY =B
TEHIVIHK YpuH/H GynacuH. Bynpan Y = A™!' B rtonuaagu.

o 0—11
Al'=[(—1 10
1 00
6ysrann yuyH

0—11\/21 O 2 02 2 02
Y=|—1 10430 1|=(1—1 I, Y=[1—-1 1
I 00/\50 —I 2 10 210

Gynanu.
3. f(x) = ae*+ be—* Kypunuwgard Gapua (YHKUMANAPHHHT
HKKH YJHOBJMH (a3ocHHH oJiamu3. By ¢aso Gasucaapu cuparnia

e, =e*, e;=e—* 1a fi=ch x= T f =shx=
1= €%, &= p Bafy=c x—‘—2—“: fo=shx=

X _ X

€ e “
= 2 JIJAPHH TAaHJIaHMH3, Y}ma

1 - 1 = 1 — ) i
f1—2“ e1+;ezv f2=381‘; )
€KH
1
2 2
A=} |
2 2

6ymo, T = (i —-l) 6y nagH.

Arap f={f(x) Huur KOOpAMHATAIADHHH (1) Ba (2) 6asuc-
Japra Huc6aTaH Moc pasdwia a, b Ba a’, b’ pmecak, yJap
KyiHunarqua OOF/aHTaH OyJaiu:

6)=5(i-1) )
&)= -1)5)
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Mawmxgaap j

1. V, ¢asona (apHM TEKHCIMKAA) §3apo nepneHaukyJisp
6ynrat e,, e, opTiapuu Oasuc Ae6 Kapal, sHru e;, e, CHba-
THIA e, Ba e, JAapHH MOC paBHIIAA o Oypuakka Oypuul Tyly-
HWITAHJ2 MXTHEpUH BEKTOD KOODAMHATaJlapy SCKH Ba fiHFH Oa-
3MC/Iap OPKAJH KaeAai GorsaHamu?

2. V, ¢asona e, e,, €, e, Ga3uchan

e =(,1,0,0), €,=(1,0,1,0),

e =(1,0,01) g=(,11,1
Gasucra yTranaa MXTHEDUH BEKTOp KOOpAMHATa/JapH KaHAaH
¢opmysia acocupa ysrapamu? 3

3. V, dasouuur e, e,, e, Gasucupas =0 110, x=
=(1, 1, 1), x;=(2, 1, 0) Gasucra yrranpa:

) a; =23 1) 6a=(,2 =18 ag=(111
BEKTOPJIaD KOOPAWHATAJApH KaHAaH y3rapajau?

75- §. YH3NKJIH ONEPATOPHHHI TYPJIH BA3HCIAPJATH
MATPHUAJIAPH OPACHJIATH BOFJIAHHII

daz3oHHHr HKKHTA

ely e2, LI ) enn .(l)

71’ 721 vi—n (2)
GasucH Ba GMTTa @ UMW3MKJM oOrepaTopiHH oJamH3. By ¢ one-
patopHuur (1) Ba (2) GasucaapiarH martpuuadapH

Ay -+ - Ap biby - -+ by,
a, a, ... Q b, b, ... b
. 21 %2
A= 21722 2n Ba B= 2 2n
anl a n2 * ann bnl bn2 v bnn

6yncuH. DBy MarpuuanapHd aHHKJOBYH  TeHIVMKJAp —KhCKaua
Oyunail é3unanu:

90, = > 0,7 (k=T 7)

S @
¢fy= : bt (B =T, n).
{R) Gazucuu (1) Gasuc opkasu uusHKIH HOAASAHMH3IL
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[_f,-—=c”f,+cme_2+ R
fo=cipe,+Cp eyt oo 4 e,

s . . o« e e . . . . . . . (4)
7ﬂ = cln‘el + C2n E2 + v + cnrl—e_rx-
{4) cucremanHur
Ciu Cig -+ Cp
C— Coy Cog + -+ Cop
Cot Cag ++» Cpp

MaTpUUACH XOcMmacaup. Xakukarad, 61-§ maru, 1,3,4-Teopema-
Jlapra OMHOAH XOcMac MaTpHuanap KynaWTMacH XocMac MaTpH-
ua 6yqagu. Iynunr yyyn C Matpuua xam xocmac 6yJaju.
73-§ maru 3-TeopeMara acocaH sMOHa Vv UYH3HKJH  OIEpaTop
MaBxyl Gyau6, y (1) Gasuc BexTopiapuH (4) BekTOpsapura
aKCJIAHTHPAJH: o

v =f (i=1n) (5)

(5) HHHT HKKaJa TOMOHMrA ¢ OMePaTOpHU TaTéMK sSTamu3. Ha-
THXAAa Qve; =@ [; XOCHI Gynanu.

Oxuprd  TeHIVIMKJIADHHHT YHT TOMOHHMAAru qffi (i = l,n)
n

JapHu (3) 6H/IaH a/IMAWITHPC2K, cpv_e—‘- =i§1 bz/j; KeJIHO UHKalH.

Arap fi =1, n) napumur ypuura (4) uu xyicak, HaTHKaja
Kyfiuaarura sra GyJjamus:

- nl -
gve, = '21 b;vee (6)
=

v HuHr | C\ merepwunanti O naw capxju Gyaranu cababimt,
v ra Teckapd v—! onepaTop MaBKyA G6y/uG, yHH (6) Bekropra
TaT MK 3TaMus.
= n n
— - —_ - ) I - —
v lpe, =11 '21 b;,ve; = :Z_-lv Lbwv ei:———iz-l by Nl ve, =
= 1= =

n

b[kee_;' = -\:- b{n Eiv (7)

L=‘:

4=

»
v lge, = ‘% b, € \e—OUDHK omepatop).
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Bup TomoHzar v!qv onepatopuuHr (1) Gasmcaaru matpu-
pmacy C* AC 6y/u6 (uyugr v '—C™!, ¢@— A Ba v— (),
HKKHHUH TOMOHJaH, (7) ra myeodug, Oy onepaTopHuHr (1) Ga-
SHCHJAArH marpuuacu B 6yarassurx caGabuu

B=C1AC ®)

6ynamu. Byuna C uu (2) Gasuchan (1) Gasmcra YT MaTpH-
HacH Jedunany.

Tavpud. (8) teHrnuk Ounan Gorsianran A ea B marpu-
nanap gruiaus mampuyesap LeAHnaji.

Mucon Yu §nuomu apudvernk V ¢a3oHuHr

e =(1,0,0), &, =(0,1,0), & = (0,0, 1),

_f;. = (lvl»l)» f2—= (1v2’l)’ f-; =(2s —]! 1)

GasuciapuHH Ba @ (a,, a,, a;) = (a,, 2a,, 3a,) oneparopuu osa*
Mu3. By onepatopHHHr OMpHHYH 6GasHCAarH MaTpHLIACH

100
A=1020
003

6Y/H0, HKKHHUM GasHCHHHr OMPHHuUM 06asuC OpKaMM  YH3HKJIH
ndofacH Kyiduaaruaad uéopar:

f_l = 3—1 + E;"*:_es'

f_z = gl -+ 222‘{‘ Es,

fo=2e,—e,+ e
Jemak,

11 2 —3—1 5
C=(12—1|8C!= 2 1-3
11 1 10—l

JapjaH u6opaT GYJraHH yuyH (@ OMepaTOPHHHI HKKMHUM Gasuc-
JiarH MaTpuLacH

10 8 11
B=C'AC=| —5-—-3—-7
— 2 =2 —1
6ynanu.
76-§. Y3APO TECKAPH UU3WKJIH OMEPATOPJIAP
& wmafimon ycrunard V, daso Ba VHHHT
—e_l, —82, fee gy En (li
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Gasuck Gepusrad GYJICHH. ¢ YH3MKJHM oneparopHu Ba® yeuHT (1)
6asncraru

a, ay, ... 4,
A= | %t %2 Gn
a, @, ... a,,

MaTpHUacHHH oJamu3, By marpuuanmuur

a, a, - .. a,
Ay Gy ... Q
21 Y22 ‘ 2
4| = "
a, a, ... a,

JeTepMHHaHTH A ra MOC @ ONepaTOpHHHT XaM JeTepMHHAHTH
JelnnanH.

lI-tabpud. |A| metepmuHant HoimaH Gapkau Gy/raHia
@ uH3uKJM omepatop xocmac onepamop, |A| =0 6ynca ¢ xoc
onepamop Je6 aranaiu.

2-Tabpud. ¢ UHHKIM ONepaTop yuyH IIyHAAH 1) UH3HK-
JIH oneparop Maexyp 6y/H6,

Pp=vp=e 2)

TeHIVIHK Ga)kapuica, P HH ¢ ra meckapu onepamop JeRHNauH.

(2) TeHrJMKAAH KyHHAarMHd TomamMs: x €V, BeKTOp YuyH
(PP x=ex=x. Oumn Yx=y Gyaca, y xonma (ey)x=
=@(Px) =@ y =x Oyaag4, SABHM ¢ ONepaTop y HH x ra
aKcJlaHTHpca, TecKapy \p onepaTop, aKCHHYa, X HH y Tra  aKc-
JIaHTHpALH.

Teopema. Husuxru onepamopea meckapu onepamop Mag-
ocyd GyauUL YuyH YHUHZ XOcmac onepamop Oiyauuiu  3apyp
sa emapau.

Mc6oTn. 3apypauru. pra Teckapy \ onepaTop MaBKya
6yaca, ¢ =e Gaxapuaagd. ¥ xoama ¢—> A, p— B, e~ E
Japra acoca, @\ =e=>A-B = E. bynna A4, B, E nap xpaa-
pat marpuuanap 6yaand. MaTpuuaJap xynadTMACHHHHT JeTepMH-
HaHtH Oy MaTpHuanap JeTepMHHAHTJAPUHHHT KynaHTmvacHra
TeHr 6ysrann yuyH |A|-|[B|=\|E|=1 tenurmukaaun |A4|+#
w 0, AbHK @ Xocmac OnepaTtop 3KAHJHIH KesHG YMKajiH.

Erapauauru. ¢ xocmac oneparop, sivhn | A |+ 0 6yaca, A
fa TecKapu
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Al 1 A21 nl

1A | Al 141
Az An Are
A=l — [[A] LAl 141
Ain Awm Ann |
1A] 1Al 14

MaTpuua MaBxyA Gynamu.

A A™! marpuuara Moc ¢ UHSHKJH = ONEPATOPHH OJICAK,
¢p—>AAT! = E ra myBopHK @ =g, SbHH @ ra TecKapu
OnepaTop MaBKYAJIMIH MabjlyM GYJalH.

@ ra Teckapud { oneparop = @~ ! KYpHHUUIAA Gesrusia-
HagM. ¢ omepatop Y3 HaBGaTMAA @' ra TecKapH, YyHKH
9 l9p—>A"'A=E Moc/uK ¢ lp =g ra onub KeJanH.

A ra teckapdi AT! MaTpuLaAHHUT ATOHA/JMIHAAH ¢ ra Tec-
Kapu ¢! omepaTop XaM AroHa JAeraH Xysocara KeJamus.

¢ Ba @1 jap ¥3apo TeckapH UM3MKJH OMepartopJiap Aeilu-
Jaju.

Haruxa. XocMac YM3HKJ/M onepaTopjap Tymjamu oriepa-
TOpJIApP KOMIIO3HLHMACK (KYNaTHPULI amajd) ra HucGataH rpymn-
na TalkuJ Kuiami (McGoTJaHr).

XocMac YM3HKJM onepaTopJap TYIJIAMH XOCHJ KMJITaH CpyIl-
na oxataa GL(n) opkanu Gearunanagd. GL(n) HMHr KHCM TpyT-
Najapy Ky#ujaru TypJjapra OY/HHaIH:

1) wekym KucM rpynnaJgap;

2) MUCKpeT KHCM rpynnajap (3JeMeHTJIapH COHM CaHOKJIM
6yaraH KucM rpynnanap). byHnal KHCM  rpynnara  TeKHCJHK-
HUHT KoopAuHara Gowr atpodupa ke (R€Z) Oypuaknapra Gy-
puiiaH xocua 6yaraH rpynna mucosa 6ynanu (6y epxa ¢ Gyp-
yak 1 Gypyak OusaH YJuosfowl GysMaraH 6ypyakaup);

3) yanykcu3 KHCM rpynnajap (3/71eMeHTJapH COHU CAHOKJH
TYN/IaM 3JIeMeHT/apH COHWJAH OPTHK OyJ/iraH KHWcM rpymnmnajap).
Yu yyoBmu pasoHu Kysraamac YK arpodmaa OypULUAAH XOCHJ
KMJMHTAH KHUCM IpyNna Y3lyKCH3 KMCM Fpynna Gyaap.

Mucoua Yu yauoBan apudmerik V, dasoHHHT

a)=(1,00), &=(0,1,0), &g =(0,0, 1) ()
6a3ucu Ba
Play a5, ag) =(a; +a,, a; +a;, az+ ay),
¥ay, ay a) =(0, a,, ay)
onepatopJiapd Gepu/raH. @ Xocmac onepatop, UyHKH |
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9o =(1,0, ) =1.+0- e2+l €3,
cpez—-(l L,L0)=1. e1+l e2+0 ey
geg=(0, 1, 1)=0-¢,+1- e, +1 -e
Hemak,
10
11

1
{A{—](l) =2, [A]=0.

IllyHpait kKuaub, @ ra Teckaph onepaTtop MaBxyj GYJraHu
xonja yHuHT (3) GasHcaard MaTpHuacH ,ymbyaaH HOOpar:

- 1 I —1 1
Aft=—1 1 11
-1 1 1
JlekiH 1 omepaTop XOCAMP, YYHKH YHHHT MAaTpHuAacH
000
B=1010
001
6yu6, 6y xoc MaTpHLaIHMp.
Mawkaap

1. Uexknu casofa aHMKJ/AHTAH UM3HKJH ONEpaTOp paHrd Iy
OnepaTop MAaTPUUACHHHHT ~PaHTHra TeHTJIMTHHM HCGOT/IAHT.

2. ¢, Zz, ..., e, cucTeMa V, HHHT GasuCH 6yJ1u6 v,z
¢ orepaTop aHHKJaHraH 6yJICHH el e2, e, ek, em, cee
e 6a3ucaaH e[, e2, .., e ' ek, ..., e, 6agucra yTrasaa ¢

onepaTop MaTpHUacH KaHpaal 5’/3rapa;m?
3. OnemeHTap MaTpHU@ANADHMHT XOC €KH XOCMACJ/HITHHH
aHHKJIaHT.

4. @ uMsMkaM onepatop a; = (2, 3, 5), 2, = (0, 1, 2), a@z=
=(l, 0, 0) BekTopsapun Moc pasmwga b, = (1, 1, 1), b, = (I,
I, —1), 53 = (2, 1, 2) BexTOpsapra akcJaHTHpca, ¢ OmepaTop-
HMHT 4y, Qg d, Gasuchu b,, b, b, Gasucra JTKasyBuM Mmar-

pHLACH TOMNHJCHH.
5. (p UH3HKJIH ONepaTOPHHHI

e, =(8, —6, 7), eg=(—16, 7, —13), e =(9, —3, 7)
Gasycra HUCGATAH MAaTPHILACH

1 —18 15
(——I —22 15
1 —25 22
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6aca, yuunr e =(l, —2, 1), 'e, =(3, —1, 2), 7, = (2, 1,2)
6asucra HHCOATaH MATPHLACH TOMHJICHH.

77-§. YAHKJIA AJITEBPA

& consnap Maiiflons yctejard V uuadKaM (GasoHMHr  MCTas-
raH X, Y BEKTOpJIApHHH Kynaftrupuin KOHJACH @HHKJ/aHTaH je6
(apas kw6, x Ba y Jap KyNalNTMACHHH X -y IIAKAKAA GeJ-
runafiug. Ulysgait unsukian dasora HuCGaTaH Ky#dudard Tab-
pudHH Gepamus:

l-ravpud. & MmaiigoH ycrugara V uusuxsm dasoma wcrtasrad
HKKHTa BEKTOPHH KYMaHTHPHII Koujacu GEepu/raHM X0/14a KyHH-
Jlarh aKcHoMmadJap Gaxapwica, V dasonn ¢ MmaltlioH ycTu-
Aard 4YMSHKJM anrefpa AedH/aiu:

1. x- y€V(¥fx, y€V) (sektopsapu# KymadiTupum V ga
aHHKJ/IaHraH OHP KHAMATJIH anreGpaHk amaiup).

2. x(y-2) = (x-y)z(x vy, z€V) (Bexropnapuu kymaii-
THPHIL acCOLHATHB).

3. x(y+2)=xy+xz ma

(y+2)x=yx+2x (v x y2€V)
(BeKTOp/JapHH KYMAATHpHWI aMaJM Kyumiura vuc6ataH JHCTpH-
GymuB). o o
4. Ax - y) (Ax)y =x(7»y) (AE@, X, yEV) (apanam
Kyna#T™a accouuaTHs).

Arap x-y =y x(§x, y€V) akcroma xam Gaxapuica, V
KOMMYTATHB UH3HKJH anre6pa Je6 aTanajd, X- y sy - x
wapTtia 3ca V koMMyTaTHB OyJMaraH uMsHKJIH anre6pa Jeiiu-

JIajiH.
V dasounur x, y, 2, ... BeKTOPJApH UH3UKJH aJreCpPaHHHT

3/7eMeHTAapH Je araJjajM.
IOKopnaarn akchoManapad KyHHZArH HAaTHXKAJap KelHb

YHKAH:

1. x(yz)=(% y)z=xy z (MaTemaTvk WHLyKuMs MeTO-
LM GHMAH M Ta Xy, Xg, ... , Xy €V 3/eMeHTNapHH KymaiiTu-
pHIl aCCOLMATHB SKAHJMIHHM HCGOTJIAHT).

2. _fcg—— 2)=xy—xzma(y—2)x=yx—2zXx TeHr-
JIHKJIAp {DUHJIH.

3. V parn uxtuépuii x yuyn x-0=0-x = 0 6ynanm. O Bek-
TOp V uusHKM anreGpaHHHT HOMb dJEMEHTH JAeHAusanu.
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4. MarteMaTHK MHAYKUHS MeTOAH OHJIaH 3-aKCHOMajaH YII-

OyHH XOCHJ KHJIaMH3:
(x,+2%+ ...+ x) (hty+ ... +y,) =
=Xt X Yt Yt Ny Yt
+ o+ Xy, Ry X,y Y,
(ucGoTnaur).

5. V umaukau anreGpaga x c=¢e x = x (Y x€V, ge€V)
LIAPTHH KAHOAT/JAHTHPYBYH € 3JEeMEHT MaBXYA OVJ/HUIIH MyM-
KHH. DBy anement V asreGpanunr Gupiuk snaemeHTH Je6 ara-
JIafiH.

6. V Hunr x sqevenTd YuyH V 1a Xy =y X = € TeHIVIHK-
JaPHH KaHOATMAHTHPYBUM Y BEKTOp MaBKya GYyica, Y HMx ra
TeCKapH 3JIeMeHT NeHMH3.

V Bextop ¢aszo n yauoBau 6ysrawma V  uusukaM  ajrepa
XaMm n yauoBMH JAeHunagM Ba V, opkanu GesiruJiaHaH.

V sexTop ©a3o uekcus yJsuoBau Gysca, V anrebpa xam uek-
CH3 VJ/IYOBJIH asreGPaHH TAILKHJ KHJIALH.

lllynnait knmu6, unsuxim anre6pa <V, +, ,. {w, | AeF}>
KYPUHHIIZATH anrebpa 6y/n6, Gy epra {w, A€} neranna &

MaHJIOHHHHT Xap GHP A 3JeMEHTH YuyH AX €V HUHT MaBXyl-
JIUTHHH TYLIyHaMH3.

Mucounnap. 1. & wmaition ycrtuparn wxtuépuii V uHsuk-
i daso yuyn xy=0(%x, y€V) ne6 abyn Kuscak, my
MalIoH YCTHIArH KOMMYTAaTHB YH3HKJM aJrefpara sra GyJa-
MH3, UYHKH TabpH(plard TYpTTa akcHoMa Gaxkapujaid. byHH
TeKLHPHO KYPHILHM KUTOOXOHIa TaBCHSI KHJ1aMH3.

2. & MaliloH ycTufard n-raptu6id  KBajpaT Marpuua’nap-
HHHT TyniamH M, MaTpuuajapHH Kyummuw Ba yJapeH a €&
COHJIapra KymaliTHpHIl aMaJjlapura HMc6aTaH LIy MaWIOH ycC-
THOATH YH3UKJ/H (A30HH TAIUKHM 3TajH.

By ¢asona sHa maTpunanapHM KymafTHpPHII aMaJM aHMK-
Janran 6yym6, Tabpula KeJTHPHIraH akcHoMasjap OGaapuia-
. Jlemak, M, ¢daso & Maiilon yeTHlard YH3HKJH aJreGpa-
JaH uGopat. By anre6pa xommyratwB 3mae, uyHku A, BEV
MaTpuuanap y4yyH, ymymas, AB = BA. M Ba E Gupiuk MaT-
puna Ba xap 6Hp XocMac Martpuua yuyH Teckapy AT! matpH-
Ha MaBXyA. M, uM3HK/H (aso yeKJH n? YiuOBMM anreGpajup,
uyHKH Xap 6up A€V wMartpuua wy asnreGpaparn n? Ta
E;; un3MK/M SPKJH MATPHUANAP OPKAJH WH3HKJH HoAananaix
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(6ynna E;; i-catp Ba j- yCTyH 3/emeHTH | JaH, KOJITaH 3JIeMeHT-

JIapH HOJL1apAaH uopaT GyJraH KRafpaT MaTPHUALMD).
3. & maiiion yctunark n yuuosan V,  asoHuHr xamvma

YH3UKJH onepaTopsiapd TymnamHHH T GHJIaH 6esrH/aiIHK:

T={p, ¥, ..., 1 v}
72-§ paru |-satukara MyBobuK MalAOH YCTHAArH HCTajraH
QG Qi -+ An
A= Pt %2 O
Oy Dy -+ - Gy

matpuua 7 Tynjamra KapawsH GHTTa ¢ OMepaTOPHHHT

_é[, 62, ve ey en (l)

6asucnary MaTpuuacHiup. Xap 6up YM3MKJ/M onepaTtopra YHHHT
(1) Gasucnaru maTpduacH Moc Kyiuica, sieHH @—>A Ba y—B
6yaca, ¢ +v—> A 4- B, @-p—>A-B 3kanuuu Gunamus. e 7
yuyH ¢— A 6unan Gupra Po—PA xam Gakapumamu. Uy ca-
6a6mi 1-9—1-A pman, 1-A=A ra acocan, l-¢ =¢ xenub
uuKanH. YusHKIM onepaTopsapHM KYUMII Ba o €&  COHJIApHH
yJaapra kynaftHpumi amandra uuc6atan T Ttynsaam & MalifioH
YCTHAATH YM3HKJM (a30HM TAIUKHA STajH.

Mawvaymkn, T HHHr 3/emeHTNnapH (onepatopsap) VuyH Ky-
MalTHpHUI ama/i¥ aHUKJ/aHraH Ba Uy ©OunaH Oupra uH3HuKJ/M
ajreGpaHHHT XaMMma akcHomanapu Gamapunand. Hemak, T dazo
& MaliROH ycTHAard UH3HKJTH anrebpa Gynanu.

4. Xakuxuil coHnap MalfloOHM YCTHEA aHMKJAHraH KBatep-
HHOH/Ap a/refpacH. R MaiifloH ycTHAA aHMKJaHra# V, Yuauk-
JiH qmo 6asucu cudatiia e i, ], 'k BexTOpJIApHH  OJHG, ynap
YUYH KYNaiTHpHUI KOMAACHHH KyHHAAriya KUPUTAMH3:

fj=—] i=h j-k=—Fk [=i k i=—i k=],
P=P=R=—e =e¢ e j=j-=] i €=
=e- T i,e-k=k-e=k
a, b, ¢, d€ R 6yaranma a+ bi + cj-+ dk kypunnwnary udo-

JaHH KBaTepHHOH fe6 topiTaMHs.

o =ae + bi+cj+dk Ba B=a, e+ b+ c,j + dik
KBATEPHHOHJIADHH KYNaATHPHLI YYYH KyHMAAru kaasanjad ¢oii-
JaJIaHHIU MaKcaara MyBOGHKAMP:
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KBaTepHHOHJIapHH KYILHIL 3ca MOC KOOpAMHaTalap Gyiuya Ga-
MWapHIaH.

a=qae +bi+cj+dk Baa=ae—bi—cj—dk
KBaTepPHUOHJIAD y3apo KYIUMa Je6 OPHTHNIAfH. o = a? -+ b +

4+ ¢2+4 d® con 3ca o KBaTepPHHOH HOpMacH JHe6 XucoOJaHafH.

<V,, +, ., {w,|A€R}> anre6pa ksaTepnHonzap aJreSpacH

ne6 atanamd. by epha w, :o— Ao (MER) Mocaukadp.
KBartepHHOH/Iap anirebpacH KOMMyTaTuB OysMaraH — anreGpa-

up (TeKIHpPHO xypuHr)
, 2-Tabpud. & MaAOH yCTHEArH Gup xua YyuuoBau V Ba

V' uM3HK/H anreﬁpanap Gepuiiran 6yqm6, xap Gup X € Val 27e-
MeHT 6utTa X’ EV 3jieMeHTra (Wwy GHJaH 6Hpra V Huur xam-
Ma 3/eMeHTJIaph V' HHHI Xamma 3JemeHTJapura) ysapo GHp Kuil-
MaTJAH aKCJaHraHH XoJJa, Kydujark akKcuomaJjaap Oaxa-
puica, V Ba V' nap usomopd wususau areebparap Oeliuradu:

P - —_Q — —_ — — — _— -
L (x—==%)\g—=g)=>+y>%+5") (¥x y€
eV, X,y €V');
2. (x—ox)=> (ax—oax )P xeV, X'V, Va€dP)
@ ol -9 -, 7
3. (x—aX)Alg—=¥' )= (- y=>¥ ) (yx, gev,
V Ba V' anre6panuur usomopdusmu V ==V’ kypunumga Genru-

JlaHANH.
Mucoua. P MaliloR yctHaard n YauOBJIH (asoHMHT Xxamma
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YM3HKJH onepaTopJsapuiaH Ty3uaraH @ unsuk/au anre6pa 6uJian
wy MaiiioH YCTHAArH n-TapTHOMM KBajpaT MaTpuuanapiad Ty-
auaran V,, unsuksm anreSpa y3apo M30MOPGAHP.

72-§ HuHr l-HaTHKacura Kypa ¢ UH3HKJH onepatopra GHT.
ta A marprua moc xyhunamu. lllydra kypa, KyrAnaaruy usomopd.
JHK aKcHOMaJapH OamapHiaiu:

I 0> AN @— B)=> (¢ + b= A4 B) (Yo, yed;
A, BEV,.);

2. (p—> A)=> (09— ad) (Yoed; Yatd; ACV,.)
3. (9> A) N\ p—B)= (9> AB) (Yo, v€@; A, BeV ).

V,. uekau n?® yauoBau asre6pa Gyaranu yuyn OV,
n3omopduaMra acocad, @ XaM uexksM YJUOBJIM anreGpajaup.

& MallIoH YCTHAArH n-TapTHOIM KBaapaT MaTpHLAJapHHHT
UM3NKJH anrefpacHra Kapallld  XaMma XocMac  MaTpHualap
TynJamMi KynadTHPHIL amajura HucOGaTaH rpynmna Tawkui 3Taju.
By rpynnara Tysna uMsHkAM rpynna JedHnanH.

Mawxgaap
1. [a; b] kecmaja ysnykcus 6yaraH xakukuii yHKumMamap
TynaaMu R MailOH YCTHJAArH UHSHKAX aare6pa 3KaHJAHTHHH

KypcathHr (PYHKUMAJAPHH KYIUHW, COHra KynaWTHpWIl Ba Y3a-
po KynaHTHpHIL amaJjJiapura HucGaTan).
at+bi c+di
2. M= (——c+dz a—bi
maTpuuanap anrebpach R (@, b, ¢, d € R) maiijon ycTHia aHmx-
naurad ae 4 bi-+ ¢j -+ d % KYDUHUILIATH KBATepHHOHJAp aj-
refpacura M3oMopd 3KaHJIHTHHH HCOOTJIAHT.

78-§. EBKJIHA ®A30JIAPH

l'eomeTpus Kypcuaard KecmajlapHH Ba TYFPH YH3HKJAp Opa-
cHpard Gypyak/JapHH YJuall TyIIYHYa/JapH MyXHM TYyIIyHyaJap-
aup. Mawaymay, n yauoBan  $aso BeKTOpJapH  YuyH Gu3
Xosupraya 6y TYLIyHYa/JapHH KHDHTTaHMMM3 HYK. Makra6 mare-

MaTHKa Kypcuaa sca V, dasola Gepuaran MKKH @ Ba b Bek-
TOPHHHI CKaJAp KymnaiMacH

(5,3)=|E[-|5|cos(—d,’\5) )]
dopMysa OpKa/M anMKJaHap 3A4. MKKHHUMAAH, UKKH BEKTOPHHHT
CKansp KymadATMacH MabayM OyJca, 6u3 6y BeKTOpJApHHHID
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Yy3YH/HMKJApH Ba YJap OpacHiArd OypuakHH aHHK/AIIUMH3 MYyM-
KuH.
XaKuKaTaH, @ BEKTODHH y3-Y3ura ckajsp KynaiTvacH w1y
BeKTOp Y3yHAWTHHH nbonanaiau. (1) dopmynara acocau:
COS(EAB)— M. 2
’ [al-1%]

V, $aso yuyH aBRasO HKKH BEKTOPHWHI CKAJfP KynafTMacH

TYIIyHYacH Kuputuaagd. CYyHrpa GepusiraH BeKTopJjap Y3YHJH-
TH Ba yJap opacufard OGypuaksiapHU XHcoOGJami MyMKHH. DysuHr
YUYH aBBa/o HXTHEpUH YyuoBmM EBk/MA  (asocH TyuIyHYaCHHH
KHPHTAMH3.

l-tabpud. Xakukuil coHsap MalfloHK YCTHAA AHUKJAH-
rai V ynurap ¢asora Eexaud ¢azocu KeBunany.

By Tabpudra kypa Gupop V ¢aso Eskumn ¢asocu Oauimg
YUYH SJIEMEHTJapd YCTHAA KyHujaru wapriap O6axapHuLLH
Kepak: o o

1)) (x, y) = (y, x) (Vx, yEV), apHr  ckansp Kynaiitma
KOMMYTAaTHB, _ o _

?) (x(y+2))=(xy) +(x z)(¥x y zEV) aom
CKa/jAp KymaTva KVIUMI aMmasdra nucGaTaH AMCTPHOYTHS,

3) (Ax, y) =Mx y) (%% g€V, ¥AER)

9 (x x)>0(¢x=0ev), (xx)=0(x=0)ev).

1 —4 akcuomanap (x, 5) cKa/Msip Kynma#TMaHHHT Xxap Gup
TallKW/ STYBUMJIAPHIa KYPa UM3HK/IH SKAHJMIHHK OGH/MpajH.
By akcromasapaan ¢oiinananu6, ucramras o;cR (i = 1,) Ba
B, €R(j="1,m) nap Bax; €V, y, €V nap yuyn

k m

k m
(Zevn Zom )2 e nm) ©

i=lj=
SKAHJMIHHH KYPCaTHLI MYMKHH.
XaxuxaraH, { = | Ba MXTHEpHR | y4YyH

(al;‘_h 1_21‘5! 171) =“1(3‘_1vﬂ| .’—/|+ﬁ2.’72+ cee +ﬁ"’!;m)=

=“1(;1, B, .7/1) + o (}p ﬁzgz) + ..t (;‘-u B !7m)=

= pl(;l’!;l) + “1“2(}1'—%) + .oty ﬁm(;l‘gm)

258

www.ziyouz.com kutubxonasi



ypunan. ®apa3 gunaiauk, (3) teurmuk ( =[—1 yuyn ¥pun-
JH 6YJACHH. YHHHr [ =1 ydyH YpHHJIM 3KaHJHTHHH KYPCaTaMmus.
XakHkaraH,

11 m
(20‘: X EB/ !/,) = (z,“"}"J”“‘;” g@?ﬁ) =
m i—1 m
(za, X Zﬁ y,) (0‘17‘1’ _25/3/) = E (2“/ B;(x;
I m
)+ algﬁi X,y . ZZ xl, y]

Hemak, (3) TeHrJIHK HMCTaqraH uekJd { Ba j Jap YYyH
YPHHJIH 3KaH.

2-tavpud. )/ (a,a) Mukiop 2€V BekTopHuHT HOpMacu
(yaynauzu) petmnaix Ba \\5 || opkanu GenruJananu.
Tavputra kjpa ||a || =) (a,a) 6ysam.

Mucoua. Arap n yiuoBaM BeKTOpJapHMHT apudMmeTHK ¢a-
3ocHAa

E=:a; ;1’5‘0‘26;"*‘ .. +a‘nzn’-b—=ﬁl;1+62;’+

+ ... +B,e,
BEKTOPJIADHHHT  CKaJIsip xynammacu (a b) =a, B +a,p +
+ ...+ o, f, 6yaca, y xonna a BeKTOPHHHI HOpMacH HaH =

—V o +al+ ... +oal 6ysamm.
Mawnymky, V, ¢asopna OGepuaraH HXTHEDHH HKKH BEKTOp

opacufiard 6ypuak (2) dopmysa opkanu aHHKJaHap 3aH. Kapa-
naérran V., ¢aso Eskmip ¢asocn Gyaranna xam  xap GHp n

VJMOBJH 6yJraH HKKHTa a Ba b BeKTOp opacuaardH Oypuak Ko-
CHHYCH YuyH XaM (2) (opMmysaa YpHHJIH 3KaHJMIHHH Kypcara-
Mu3. DyHMHr YyuyH HXTHEpHH XaKMKHEt o COH yuyH (od—

—b, aa—b) >0 cxansp kynaittmauu Kapaitmua- (3) dopmy-
Jlara acocaH OXHDFH TEHI'CH3JIHKHH

a2(5, c_z-)“—— 205(5, —b) + (—5, TJ) >0 4)
OpKa/M €3a OJIaMH3.

(4) TeHrCH3/JMKHHHT yan TOMOHMJArH KRalpaT yuXal o HHHT
HXTHEpHH KuiiMaTHaa MaHQui KuHMaTHH Kabya kuamaiiau. [e-
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Mak, 6y KBapaT yuxal NHCKpHMuHautu (a, b )? —(a, ’) (B, b)
6yaran upona mycbar 6yaa onMailnu, AbHH (a, b2 (a a,)(b,b)
6ynanu. OXHPTM TEHICH3JIHKHHHT MKKa/Ja TOMOHHJAH KBajpaT
HJIH3 YHKAapCaK,

l(a, &)< llall- 5] )

l}iaal—lil)zlﬁ <1 6jau6 6y
HHCGAaT KaHAaAnMp OGypuakHHHT KocHuycHHH udomanaiimd. (5)
TEHICH3/MK ojatia Kowu-bynaxosckuldl menecusaueu Ae6 10pH-
THIAMA.
@ Ba b BeKTOp/ap KOJLIMHeap GysraniaruHa (5) TeHTCH3JIHK

TEHTJIHKKA aH/IaHalu. . o

XakukaraH, arap b = Aq (AER) 6yaca, | (a, b) | = |(a, va) =
1Al (@ @) =|aljalle=]allall- la]l 6ynam.

Sumn akcunua, | (@, b) | =|lall - ||o|| 6yacus. Yuma (4)
KBaJIpaT YYXafAHUHT JMCKPMUMHHaTH Hoara Tedr Gysamm. [y~
HHHT YUYH Y XaKHKuit WJigusra sra Gyqaub, 6y uagusjap 6up
XMa1 6Ynapd. By uapusuu o, opkanu Gesarunacak., y XoJja

6ynanu. (D) TEHrCH3/MKKA acocaH

al (Zz, E) —2a,(a, b) +(b, B) = (@ — b, a,a —b) =

KeJHO YHKAIH.
Koum-byHskosckuit TeHrcusmury épgamupa yubypuax TeHr-
CH3/IMIMHH XOCHJ KHJIHIU MYMKHH.

Jlapxakukat, arap yuGypuakHMHI HKKHTA TOMOHWHH a Ba b
BeKTOpJIapJaH MOOpaT [eCak, Y XOJAa YHHHI YYHHYH TOMOHH

a- b 6ynamn. Y xonna Kouwm-DyHAKOBCKHit —TEHICH3/MTHAAH
¢oiinanancak,

la+75l = (a+6 a+b) =(a, a)+2(a, b)+(5,38) <
<llalk+2]lal]- pll+Hblk = (lal+3ll)2,
I a 48l falb—2llall- 61l + 512 = (Wall —1&f )=

J apiaH MOC paBHIIjA
lla+ ol <llal|+ 13l (6)

pa [a+0bll>|llall =15 ]l| kenu6 wuamu.
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79-§. EBKJIMA PA3O0JAPHHHHI OPTOHOPMAJUIAHIAH BA3HCH

lI-tabpu¢. Eskina dasocupmarm Hopmac 1 ra Ttenr 6y.-
raH BeKTOpra HOpMAANAH2AH BEKTOp JAeHuJaxH.

By tabpudra acocan fa€V (a+0) yuyn

laf=1 (1)

6yJaca, a UM HOpMaJnaHraH BekTop Jne6 araimu3. [lemak, n
Y/TUOBJH BeKTOpJIApHHHT apudmeTuk (pasocHaark 6apua opT Bek-
TOpJIap HOPMAJIJIaHTaH BeKTODJapAHp.

2-Tabpud. EBksma dazocunuur xap O6Hp BeKTOpH HOp-
MaJlJlaHraH

al, a, -..,4a, (2)

OPTOrOHAJT BEKTOPJaD CHCTEMacHra OpTOHOPMAJJIaHTAH —BEKTOp-
Jap cuctemacH feiunagu. Arap (2) cuctema GasMCHHM TalKUA
3Tca, YHra Eexaud ¢hasocunune opmoHopmarranean basucu
Jefunany.

1-meopena. Yexru jauosau Eexkaud gpasocurune ucmaa-
2aH

al,_-tb, cee ag (3)

opmoeaoHan 6a3ucuru OOUMO OpMOHOPMAAAGUL MYMKUH.
Mc6oru. (3) cuctemamaru xap Gup BeKTOpHH Y3 HOPMacH-
ra 6yqu6, KyHHAard CHCTEMAHH XOCHJ KHJAMH3:

a a; Qn
T ey T (4)
H‘h” ”az\l llanH
V, ®aso Eskmea dasocn 6aranauru yuyn e; = ” _ai,| Ba
— a;
e == 2 pextopnap yuyn
| g
- - I, arap i = 6yuca, :
e ) = { 0, arap i + f 6y.ca, (%)

TeHIVIMKJAp Gaxapuiagd. lemak, (4) cucrema OpTOHOpMaJiaH-
TaH CHCTEMa 3KaH.
Hamuxa. Arap

1» e21 LR ) en (6)
V, EBkML (asocHHHHT OpTOHOpMa/saHraH GasucH G6yuaca, Hc-
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tanran  a€V, Ba bBEV, Bextopnap yuyn (a, b) =a, B, +
b+ ... B, alf=ol+a+ .., + a2 6Yuam

XakukaraH, (6) OpTOHopMaJIJIaHFaH Gazuc  BexkTOpaap 6y.-
n

TaHJHTHaH E=Za[ e ?ﬁ ¢; Bektopnap  yuyH (5)
=

TEHIVIHK/MApra acocaH Ea B; Ba [lajlz= Za 6y-

JajH.

2-meopema. Xap Kanoaid uxxuma n jaogau Eexaud ¢a-
30rapu  usomopgh 6yradu (43-§ naru Teopemara yxwaim ncGOT-
JlaHa ).

Mucoanap. 1. Hxtuépuit n yayosmn V, Eskaua daso-
CHHMHT MXTHEpHMt @ Ba b y3apo OpTOroHa/n BeKTOpJIapH YuyH
H a+ T)HZ = I\EHZ + HB]P TEHIJMK YPHHJM  3KaHJHUIHHH HC-
60T/1aHT.

Hcboru. Cransp kynaiitMa Ba BEKTOp HOpMacH Tabpudura
acocad Ha +bl= (a+b a+ b) ypunau. Jlekun (a+b
a+b)=(a, a+2(a, b)+ (5, b) 6ym6, a Ba b napuuur
oproronanmrunai((a, ) = 0 skanawrman) la+ 6 [P = (a+
+&,a4+8)=(a, a)+ @ b)=lal>+|&l* xyrocara xe-
Jamu3. OXMPTH TeHrJMK reoMeTpHs Kypcuaa onataa ITudarop
TeopemacH 1e6 KOPUTHIALH.

2. V3apo oprorouan GyJran Ba YeKJH COHAArH a, a, ... ,

an Bexropnap yuys ||a, + ag+ ... + @, ||2=]a, |l +]a, |2 +
+ ... +la, |’ 6ysamu.
XalgmgaTaH,

”5_1-*—_52_{_ e +E£| a-L+E2+ ; -_+_E=nﬂ.=_(all a—;) +
+ (a,, Q)+ ... +(a,,a,)+2 ((a,, ) Fla, a)+ ..+

+(a,_na))=(a,0 )+ (q.0)+ ... +(a,q)=
= a, 2+ ||a_2[]2+ oo +la,[|? map.

Mauwxnap

1. Yekiu yuoBmu Ekiup dasocuHuHr HXTHEPHH Ga3HCHHH
oproHopMa/l Ga3ucra aHJIaHTHPHLI MYMKHHJIMTHHH HCGOTJIHT.

2. ¢,e, ..., e, BeKTOpJAD CHCTeMaCH n yraon.m Esxana
(asOCHHMHT  ODTOHOpMAJ 6asic GyJCHH. a =a, e, + o, e2+
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+ ... +a, e, 6yiranna a; =(a, ei) SKaHJTUTHHH HCOOTJIAHT.
3. Eskma dasocuHuHr HOAMac a Ba b BeKTOp/MapH  Y4yH
IWyHAa# o COH TOMHJCHHKH, @ -+ & b BeKTOPHHHT Y3yHJIMIH (HOp-

MacH) SHr KuudMk Oyscud Ba 6yHpail Xxoama a BekTop b ra
OpPTOrOHa/J SKAHJHTHHH KYPCATHHT.

4. EBk/un (asocHHHHr @ Ba b pekTopaapu yuyH |(a, b)|=
= [la]|-||b]| Tenrsmk @ Ba b Nap uMIMKAM GOFJMK 6yraHpard-
Ha YpHHJIH SKAHJIHTHHH HCOOTJ/IAHT.

80-§. HHBAFHAHT KHCM ®A30JIAP. YU3HKJIK ONEPATOPHUUT
X0C KHUAMATJIAPH BA XOC BEKTOPJIAPH. XAPAKTEPUCTHK
KYNXALJIAP

Komnunekc connap maiifilonu yctiaa Kypuwiarad V, ¢aso Ba
¢ :V,—V, uusHkau onepatop Gepuirad GyJICHH.

l-raspud. Arap V. dasonudr 6upop ¢ uYM3MKJAM Omnepa-
TopH V. ¢asomarn W Kucm a3oHHHr Gapya BeKTOpJIAPHHH SIHA
my KucM (a3o BekTopJapura akcjanthpca, W kuem daso @
onepamopea Hucbamau uuneapuanm Kucm aso fedunaiy.

2-tapvpud. px=Ax(vx€V,, x50, ACP) TeHTIHKHH
KaHOAT/IAaHTHPYBYH A COHH @ oOnepamopHuHe xoC Kutmamdu,
X BEKTOp 3ca A XOC KHHMAaTra MOC KeJyBYH XOC 6eKmopu, Xoc
KHUAMAT 3ca xapakmepucmuk COH AeHHNANHU.

(¢ YHM3HKJH ONEepaTOPHHHI XOC BeKTOpJapH KyWHAark xoc-
canapra sra:

l-xocca. Xap 6Mp XOoC BeKTOpra firoHa XOC KHAMAT MOC
KeJaaaH.

Hc6oTu. Teckapucuuu ¢apas KuiaiHK, SIBHH @ onepa-
TOPHHHT GMTTa XOC BEeKTOpHra HKKHTa Xap Xua A Ba A, Xoc
KHHAMAT/1ap MOC KeJCHH. YHAA IOKOpWJarH TeHrJama OuJaH
6UpranMKia ¢x = A,X TEHIJamMa XaM ypudan 6ynapu. By Tenr-
JlamManapHi xamsab aitupcak, (A —A,)x =0 6Yau6, Xxoc Bek-
TOPHMHT TabpHHra Kypa OXUPTH TEHMVIMK GaXKapHAHIIH Y4YYH
A=A, 6ymmmu wapr. [emak, dapasumn3 HoTyrpd 3KaH. DBy
XOCCAHHHT TeCKapHCH TYFPH 3Mac.

2-xocca. Xap 6Mp XOC KHMaTrra MOC KeJyBYH XOC BekK-
TOpJiap TYMJamH (HOIb BeKTOp GWJIaH Ouprajukia) ¢ oneparop
Y4YH HHBAapHAHT KHCM (Da30HM TalIKHJ 3STalH.

Hc6oru. ABBano x BeKTOp A XapaKTEPHCTHK COHra MOC

KeJlyBUH XOC BekTop 6YJraHia, fibHH @x = A x 6ysraHga, HcC-
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TajraH o COH yYyH oX BEKTOp XaM A XapakTepPHCTHK COHra
MOC KeJIYBYH XOC BEKTOP SKAHJMIHMHH KYpcaTamus.

Xakukaran, @(ax) = a@ x = a (M x) = A(e x) 6yaraHn yuyH
A XapaKTepHCTHK COHTa o X BEKTOD MOC KeJamd. JHAM x, Ba
X BEKTOP/Iap @ ONEDATODHHHT A  XapaKTEPACTHK COHHra MOC
KeJIyBYH XOC REKTOp/ap GYrania X, + X, Ba X, — X; XaM Xoc

BEKTOp/IaD SKAHJMIHHH KYypcaTaMH3. @ X, = AX;, Q X, = A Xy
TeHIVIaMaJlap Xamia ¢ OnepaTOPHHMHT YM3HKJM OnepaTtop 3KaH-
JIHTHra acocaH

Q06+ 1) =01+ 0% =hx +hx =z + 1)
(x1 + xz) Ax, + xz)

Ba
Plo—x) =0t +(—Dr)=0x+(—Noxn=9x—
—@xp=Ax;—Axy=A(x;— %), QX — x3) =A%, —xp)
JapHH €33 onamu3. OXHPTH HKKHTA TeHI/ama X1+ X; Ba x, —
~— X, BEKTOpJIap XaM A Xoc KHHMATra MOC KeJyBYH XOC Bek-
TOpJAap SKaHJHTHHH KypcaTaiH.

Kyfiunaru TeopeMala Xoc BeKTOPJIaDHHHI MaBXKYIJHIH Ba
yJnapHH H3nall ycyJu Ga€H STH/IAfH.

3-meopema. Komnsexc V. pasornune xap 6up ¢ 4u-
3uKau onepamopu Kamuda bumma x0c éeKmopea 3eq.

Hcbotn. Vn  ¢asoHuHr  GHpOp €y, € . .. ,en GasHcHAA
X = ale + ame; + . .. + ane, BekTOpHH onamH3. By 6asucra
Kypa
Pe, =ay e+ aﬂez—{- oot amen,
cpez=alzel+a2282+ ...+an23n, (1)
(Pen= alnel"‘aQneg‘*‘ . v. Fanmen
616,
Q4 Qyg « . . Qin
A__ a21 (122 ...aQn
anl an2 . . . Ann
6ys1aau.

OHAM @ x BEKTOPHHHT Gepuiran GasHCIATH KOOPAMHATA/TAPH-
HU aHukJa#imus. (1) ra acocal:
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cP‘x:al (P_el+ a2¢_62+ oot onQen =(ay @y + a2+
+ .o Faman)e, + (ay0y F o, 4 L Facmas) ey +

+ oo @yttt .. Gun ) en. 2
"X BEKTCP @ ONE[ATCCHUHT XCC BEKTOPHHM TACRHDJAIUH YYYH
lpx=hx ®)

TeHrJamMa HosMac eyumra sra GyJadiM  JosuM. (3) TeHrsiama-
HHHT YHI' TOMOHHMHH Ky#HJaruya €3amua:

Ax=2MAeoy +Ae o+ ... +Aeqa,. (4)

(3) Tenrsnmk Gaxapuadiun yuyH (2) HMHP KoopauHaTasapd (4)
HHHT MOC KOOpJIMHATaJiapHra TeHI OYJIMLIM KepaK, sTbHH

a0+ aa+ ... tana, =>Aa,,
Ao A+ Qg+ ..+ G2n 0n = Aety,
anl Oy + an2a2+ ... Qup Uy = 7\.(1,; .

ByHpan
(@, —Ao,+a,0,+ ... +ana, =0,
a21a1+(022—K)a2+ v taman =0, 5
anl & + Ano @+ . .. + @i —A)t, =0

6ynu6, (5) cucrema a,, @,, ..., Xy HOMabjymsapra HucOa-

TaH GHp KHMHCJH YM3HKJH TeHIJaMasap CHCTeMacHHu OGHJsaHpa-

Ju. CucTemMa HosMac eynmJiapra 3ra GYJIHIUM YYYH YHHHT Je-
TEePMHHAHTH HOJMra TeHr OYJHILK LIapT, AbHH

Ay — A Q... Q1
Ay yo— A ... G
A—aEl= | T ®)
al‘ll an2 e w ann—x
Arap (6) nerepMuHaHTHM XHcoGnaifiuraH 6yscak, y A ra
HHcGaTaH n-japaxanu Kynxaiud Hdomanaimu. By kynxan
onataa P (M) xypuHHluga OGenrHyaHaiy Ba ¢ ONEpPaTOPHHHT A
ra MoC KeJyBYM XapaKTepHCTHK Kynxaiad jae6 loputuiand. DBy
epra 'P(A) = |A—AE|=(—1)* (A — Py A"~ 4 Py A2 —
— P, M=%+ ... 4+ (— 1y P,) xypunuwpa 6yau6, P(A) =0
6ysaraun yuyH
M — PN P2 — P A3k (—1)" Py 5=0 (7)
XOCHMT 6yJajH.
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(7) TeHrnama A ra Huc6aTaH KOMIUIEKC COHJIAD MaMIOHM
yeTHaaru n-japaxand anre6paMk TeHrJama 6VaH6, y n Ta
KOMIJEeKC Ay, Ay, . .., An MAOM3NApra sra. By Ttacauk kya-
JIAHMAHUHT MKKHHYH KHCMHJA HcOOT/IaHaJH.

Ai({=1, n) wniaH3nap @ ONEPaTOPHHHT  XapAKTEPHCTHK
connapu 6ynaau. LllyHpan cyur xap 6up A; u# (5) TeHrJama-
Jlap cHcTeMacura KyinG, 6y CHCTEMAHMHT V3apo YM3MKJH GOF-
JIaHMaraH €YHMJIapHHH TaHsab oJamu3. TaHsaHraH eyumuap xoc
KHHMatJapra MOC KeNyBYUH XOC BeKTopJap GVJanu.

Arap A —A; £ MaTpHUAHHHT paHTHHH r; 1e6 G6eJiruiacak,
¢ ONepaTOPHHHT Xap 6HMpH A; XOC KHilMaTHra MoC KeJqyBiH XOC
BeKTOpJIapH COHM n — r; Ta TeHIJMrH 6usra Mawaym (59-§ ra
KapaHr).

4d-meopenma. ¢ YuUKIL ONEPAMOPHUHS XAPAKMEPUC-
mux Kynxadu 6asucea 60FauK amac, ABHU @ HUUKAU onepa-
mopHune xap xua 6asucdaeu xapakmepucmux Kynxadaapu
mere.

Mc6oTH. ¢ onepaTtopHuHr

e, € ..., €n (8)

f_lv f;)""_fﬂ (9)
Gasucaapiard marpuuacvHu moc pasuma A Ba B ne6 Genru-
JaH/MK. YnAaa 6y Gasucnapra Moc KeJyBYM XapaKTepHCTHK K-
xagnap |A— ME| xampa |B— A E| nappan  wuGoparaup. OHau
|A—A E| =|B— AE| 3KkaHJIHTHHH KYpcaTaMHs.
Xakukarat, B =C~'AC 6yaranu Tydaim (6y epaa C
marpuua (8) Gasucian (9) Gasncra yTHII MaTpHLLACHAMP)
|B—rE|=|c'AC—CTiCA|=|C~'AC—C~"'AC| =
=|c7YJAC —AC| = |CT{[A—AE}[C| =
=|A—ME|ICTY\C|=]|A—AE|-1 =|A—M\E]|
|B—MAE|=]A—M\E|
Teopema ucot Gynau.

81-§. COAJA CINEKTPJIH ONEPATOPJIAP

l-tabvpud. V, dasonsur ¢ uusMKJM omepaTopura Kapauu-

JIH XaMMa XOc KHHMaT/ap TYIMJaMH L1y ¢ ONepaTOpHHHI cnekmpu
Jelnnany.

266

www.ziyouz.com kutubxonasi



2-tabpud. V, (a30HHHT @ UH3MKJH OnepaTopHra Kapaul-
JM XaMMa XoC KuHMAaT/apH Xap xuJ 6yJaca, @ codda cnexmpau
onepamop JAefinnany.

I- meopena. ¢ wusuxau onepamopHunz Ay, Ay, . .. . A,
cnekmpu xap xua kuimamaapdan my3usean Ofaca, yaapea
meeuwial Xy, Xy , .., X, XOC 6eKmMOpaap cucmemacu Vn

gasonune basucunu mawkus smadu éa @ onepamopea Moc A
smampuya Ouaeonaa warxada ugodaranaou.

HUcb6oTu. x,, X, ..., X, BEKTOpJAp CHCTEMACHHHHI uH-
3HKJM 3pKAM GYJIMIIKMHH KypcaTamHs.
n =1 gulimatda OuTTa XO0C X; 30  BEKTOPHHHT UH3HKJH

SPKJH 3KaHaury 6usra mMabaym. Hly cababan ¢ Hudr n— |1
Ta XOC BEKTOPHHH UM3HKJH 3pKJH cucTeMa 6yJaan Re6 apas
KHJHG, YHHHT 7 Ta XOC BEKTOPH XaM UMSHKJH 3PKJH CHCTeMa
3KaHHHH HCOOT/aHMHU3.

Byuuur yuyn

alz—i-azg—}-...-}—a;[-}—...+an;n=6 )

TEHIVIHK Oy, Oy, - .., O - .., O KOIPOHIHEHTNADHHHT ¢a-

KaT HOJIL KHAMATjapHiardHHa GaKapHJHIUHHH KYpPCcaTHILHMH3
Kudos. (1) Aary BekTOpJapra ¢ OflepaTOpHH TaTOHK  ITCaK,

¢ x; = A; x; Ta GMHOaH,

ahxyt gyt gt ek, =0 (2
xocun 6ynanu. (1) mM A; ra  KkynaiTupuG, HaTHxKaHu (2) AaH
aitwpamus. Y xomma o (A, —A;) =0 ra acocas n—1 Ta
Xpy Xoy o ooy Xi_y, ;i+1’ ..., X, BEKTOp YuyH

a0 —A) X+ ag (g —A) X+ ..+, (A, —A)x, =0 (3)

Gaxapunagn. Mupyktup dapas Oyimua ¢ muar n—1 Ta xoc
BEKTOPH UH3HKJH 3DKJM CHcTeMa OyJranufaH (3) TeHIVIHK
o; (A, —A;) = 0 wapraaruna ypunan 3kanund tonamu3. Teope-

MaHHHT wiapTira kypa A, + A; (¢ % ) nMp. YHIA OXHPrH TeHT-
JMkAaH o; = 0 kesm6 uukamu. [Jemak, (I) nad a;x; = 0 Hu
XOCH/ KHAaMH3. X; 7 0 ra acocaH o; =0 3KaHJMrAra HIWOoHY X0-

cun Kysamua, lyspal kuau6, (1) TeHrauk XxaMma KOs(phHIHEHT-
Jap HoJb GyJ/ranparuHa Gaxapuiagd. By 3ca @ HMHC  XOC Bek-
TOPNIapH YH3HKJH 3PKJAH CHCTEMA TALUKHJI KHIHIUHHH OHJLHpatH,
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Mabaymku, n yauoBmm V| pasoHHHT n Ta YMSHK/IH  3PKJH
Xy, Xg, ..., X, BekTOpJapu Oasuc Tallku/ 3TafH. ILlynunraek,
PxXy=MX, QX =N X3, , .., PX, =4 X,

Jlapra acocad, a HHHI Wy Ga3ucfard MaTtpHuacH KyHHAardias
HOOpaTIMru KesMG 4MKajau:

A0 ... 0
A 0m. 0
00 ... 2

2- meopema. n- mapmubau B keadpam mampuua Gepui-
ean 6yaub,| B — A E| xapaxmepucmuk K{jnxadHusz hy, Ay, . . .,
A, urdusrapu xap xua 6jaca, B mampuya

n

MO0 .. .0
a_|0% .0
00 ...,

Ouazonan mampuyaca gxwaut 6y5aadu.

Hc6oru Xap 6up B ksajpar Martpuuara V, cdasonunr
6UpOp ¢€,, €, . . . , €, 6a3ucra HHCGATAH KAHNANAMD @ UMIHKJH
OnepaTopH MOC KeJHIUK 6u3ra mabayMm (72-§ ra kapaur).

Mabnymkn, |B — A E£| xapaKTepHCTHK KYMXaAHHHI Xap XHJ
Ay Ay, ..., A, HAIM3M2DH @ OMEPATOPHHHT XOC KHHMATJIApH-
HH Tawkua stapd. Iy Gunan Oupra, ¢ HuHr 6y Xxoc KuiimaTt-
Japra TeTMILIM Xy, Xp, ..., X, XOC BeKTOpJapH, l-Teopevara
acocat, V, uuHr 6asucuH ucojanaiiiy Ba 1wy Gasucia @ ra
MOC Marpuua

A, O 0

A— 04, . 0

00 .. .4,
Zan WGopar 6ysafH. MablyMKH, @ HHHL TYDIH €5, €5, - . . ,€,
BAa Xy, Xy, ..., X, Oasucnapgaru B Ba A wmarpuuanapu yx-

Lamaup.
l-naTuxa. Arap ¢ onepatopHHHr Gupop Oasucra Kypa
Ty3HAraH sartpuiiacu yubypuak wak.aaa 6ysca, yHaa ¢ onepa-
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TOPHHHT XOC KuiiMatjiapu AMAaroHa/fiard 3jieMeHTAap OuJaH ycT-
Ma- yCT TyLafy.

XaKHKaTaH, ¢ orepaTop MaTPHUACH Yal AHArOHAJMHHHT YHT
€KH uall TOMOHH (EKM xap MKKa/iacH) HoJapiaH u6opar Gy.ca,
|A—AE|=(a;;,—M) ... (a,,—A7) 6ynagu. Oxupru Kynaiitma
HOATA TeHI OY/HMINM YYYH Ay =04y, Ay =0y, . .., A, =a,,
OyJ/IMIIM Kepak.

2-HaTHXKa. @ ONepaTOPHHUHT Gapya Xoc KuMMataapH HHFUH-
IMCH A maTpulia [UaroHajH 3JeMeHT/apd HHFMHJMCHTA TeHr
Gysamu. Ymymad |[A —A E| =0 Tenrnamanu

(=N +P(—N""+ ... +P_(—N)+P, =0 (3

KYpHHHLUAA €3U1I MYMKHH.
WkknHun TOMORHaH, arap A, A, ..., A, Jap ¢ onepa-

TODHHHI Xap XHJ XOC KuiimaTiapu 6yica, A MaTpHluaHH Jauaro-
HaJl 11akJ/Jra KeJTHPHUI MYMKHH. llemak,

(ay, —A) (@ —Ay) ... (@,,—A)=0 (4)
TEHIVIMK YpHHJH. (3) TEeHIVIHKHH
(=W + @it an+ . Fa =N+
+ @, ap+ ... Faya,+ ... +a,_, n_l-ann)(—X)"_z—i-
+ @l + ot Gy 58 a1 G (— T
+ ... +a48y-...q,=0 (5)

KypuHuiaa €sa onamus. (3) ea (5) Tenriamanapmard (—A)
HHHT MOC JHapaKaJapi oJaujard Ko3puuHeHTJapHHHT TEHIJIH-

THAaH
M+M+ ... +A =a,+a,+ ... +a, (6)
TEHIVIHK KeJIMO UMKAMH.
3-meopema. Aeap Ay, Ay, ..., A, 2ap @ oOnepamop-
Hune xoc xwimamaapu 6gaca, A%, AL, ..., Al aap @* onepa-
mopHune xoc Kudmamaapu 6jaadu. @ onepamoprure xap bup

X0C 6ekmopu @ y4yn xam xoc eexmop Oyradu.

Hc6oru. AltTailiuk, A COH @ HHHT XOC KHiMaru OYJICHH.
Y xonna

Px=Ax (7
6ysm6, (7) TeHr/MKka GHHOaH

Plx =(Ax)=A(@x)=A -Ax=2A%x, @*x=A%x.
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JleMak, A% cOH @? OMepaTOPHMHI X XOC BAKTOpPra Moc KefyB-
Y4 XOC KuiiMard sKaH.

Scaarmanap. 1. A Ba p COHNAp MOC paBHWJZ @ Ba P
onepaTOpJapHUHT XoC KuHMatsapu Oysca, A-) COH Xap JIOHM
XaM @1 OrnepaTop y4YyH XoCc KHHMaT GyJaBepMaiiH.

2. Xap KaHpjali omepaTop MaTpHLAcHHH XaM JHAroHajJ MaT-
pHlA KYPHHHILUNIAa KeJTHPAaBEDHII MYMKHH 3Mac.

Mucoannap. 1. @ oneparopHusr e, e,, €, 6Gasucra HuC-
GaraH Tyau/raH MaTpHUAacH

I —1 0
A=|—1 2—1)
0—1 1

JaH uGopar 6ynca, Iy ONEPaTOPHMHI XOC BEKTOP Ba XOC Kuil-
MatJIapH TOMHJICHH.

Euum. ABcano Ky#uzaru XxapaKTepHCTHK TEHIVIAMAHH TY3HO
OJIaMH3:

l—a —1 0
—1 2—r —1
0 —11—A

A3 —4A2 430 =0.
By TeHrsamauunr eunmu A; =0, A, =1, A; =3 naH wuGopar.
SHaM A; ra MOC KeJyBYH XOC BEeKTOPHH a = (x2> KYpHHHLIAA
X3

|A—MANE|= =0—A+44A2—3%=0,

KHAHpaMH3 Ba

1 —1 0y /x, 0
(A—0.-Eya=|—1 2—1) % | =10
0 —1 1] \x4 0
MaTpHUA/M TEHrJIaMaHH eyaMH3. Dy TeHrsamanmur eunmu x, =

=X, = X3 = | paH uGopar G?Jlrarlm yuyH A, =0 xoc kuiima-

THTa MOC KEeJyBYM XOC BeKTop | | | maH uGopaT.
1

B 0—1 0\ /y, 0\
h=1nasa(A—E)y=[—1 1 —1|[g]|={0)
0—1 0/ \y, 0/
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_ {4 ©o1
MaTpUHUAJIH TEHI1IaMaHH eunl, XOC BEKTOp Y =<y2> =( 0)

Ys —1
3KaHHHH aHMKJAAMH3.
Dua Ay =3 xoc KHAMAaTra MOC Ke/araH XOC BEKTOPHH

2,

7=(z2 Jlecak,

Z3
—2 —1 =0\ /2 0
(A—3E)z=[—1 —1 —1|[2]|= o)
0 —1 —2/ \g, 0

1.

MATDHLIA/IM TEHIVIaMaHu eudb, YUHHUM XOC BEKTOp 2 = (—2)
1

Hu Tomamu3. [lywpait xumwb, ¥3apo uyM3MK/AH GOFJIaHMara
X, Y, 2 XOC BEKTODPJADHH XOCHJ KMJIJHK. ¥YJap Xakukui Ba
Xap Xu1 GyaraHaurupad, wyHgah B =C—'AC wmartpuua MaB-
KyakH, 6y MaTpuua A ra yXwam sa JHaroHas] KypHHHILJATH
MaTphua 6ysiajgu.

Suau B wmarpuuanu tonuw GusaH wyFyJsnanamMud. ByHHHT
yuyH asBano ¢, = (1, 0, 0), ¢, =(0, 1, 0), ¢, =(0, O, 1) Ga-
3HC BeKTOp/1apAaH

REERE

6asHc BEKTOpJapra yTHII MaTPHUACHHH TONaMH3.

by matphua
1 1 1
C=|1 0—2
I —1 1
had ubopart.
XakukartaH,
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7—12 6
A={10 —19 10
12 —24 13

MaTpulla HArOHAJ IIAKJra KeJTHPHJICHH.
Euuw. Aspaso

7—A —12 6
|A—AE[=[10 — 19— 10 =0
12 —24 13—A

TEHIJIAMAHUHT HJIAH3/IAPHHH TOMAHJIHK.

|- Muconparuiex xucobJainiapiaH cyHr 6y HJAM3JIAp A; =
=A, =1 Ba Ay = — | 3Kan/Mrura HIOHY XOCH/ KH/aMH3.

1) A, =%,=1 na

(6 —126\ [ 0
A—E)x=[10—2010]{x, |={0
12 —24 12/ \x, 0

MaTpHUA/M TEHIJIAMAHH TY3aMH3. By TE€HIVIaMaaaH
x, _2x2+xa =O,
%5 —2x,+x3=0,
xl - 2X2 + xs = O
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XOCH1 KMIHHMO, OynnaH x, —2x,+ x, =0 Tenrnamara sra

2 —1
6yiavus. Dy TeHrnamapgau 1) Ba ( 0) BeKTOPJIapHH XO-
0 1
CH KUIuG, yJaap ¥3apo UM3HMKJHM IPKJH OYJraHd yuayH yJapHH
XOC BeKTopJiap ne6 OJlaMus.
2) A, = — 1 XapaKTepHCTHK COHTa MOC KeJIyBuM XOC BEKTOR=
HH TONAaMH3.

(8 —126\/y 0
(A+Eyy =(10 —18 10|y, | =10
12 —24 14/ \y, 0

4y, —6y,+3y; =0,
5¢4,~-9y,+ 5y, =0,
6y, — 12y, +7y;=0

ra acocat

3
CHCTeMaHH XOcHJ KHaamu3. By cucremaHHHr eunmu (5 NaH

6
u6opar. [Hynpait ku6, GepusraH maTpuua

10 O
or o0
00 —1

KYDHHHIIAATH I¥aroHa/j MaTpHuiara KeJTHPHIALH.
By Tacamkuu 6eBocuta ucbornaw yuyH B = C—!AC marpu-
UaHH KapaiMmH3.

2 —13
C=|1 0 5] 6yaraun yuyH

0 16
5—9 5 2 —126 2—-13
B=C-'AC = 6 —12  7)110 —19 10){1 O5|=
—1 2 —1/\12 —24 13/\0 16
10 O 10 0
=101 0) B=|01 0
00 —1/, 00 —1
6ynanu.
Mawmgnap

1. Bupop 6asucpa Kyhupard martpHuanapra sra 6yu-
raH YH3HKJH ONEPATOPHHHI XOC BEKTOP Ba XOC KHHMaTt/a-
PHHH TOIHHT:
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—13 —1 2 —1 2 —1 4 =2
a)(—35—1);6) 5 —3 3);8) 4 —1 2
—33 1 —1 0 —2 —2 2 2/.

2. Ky#iuzarn MaTtpHuHaJlaDHHHT palUHOHAJ, XaKHKHH Ba
KOMIJIEKC COHJap MaifloHHaa OHpOp AMaroHa/] MaTpHuara
¥xiwaw O6yaumM 8kn yxwaw O6YAMac/AHTHHH aHHKJAHT:

a) (8 15 —36 6) [ 47 —5
(8 91 ——46); (—45 0);
5 12 —27 19 —4

B) (52 —3 r) (42 —5
(45—4); (64—9.
64 —4 53 —7

3. Arap ¢ Ba ¢ oneparopjap GHp XHJ XOC BeKTOpJap-
ra sra 6yJca, yJapHHHI MaTpHUaJapH KyMaHTHPHIL aMa-
JIITa Kypa KOMMYTATHB 3KaHJ/JHCHHH KYPCaTHHI.
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VII BOb
UYN3UKJIU TEHTCHU3JIHKJIIAP CUCTEMAJIAPH

82-§. XAM)KONJIH BA XAMXXOMJHU BYJIMATAH YU3UKJIH
TEHTCH3JIMKJIAP CHCTEMAJIAPH

Makrab matemaTHKa KypcuAa ydpaiaurad 6anp3d Gup
TEHICH3JHKJIAPHH €YMLl MacajacH KYyNWH4Ya YH3MUKJH TEHT-
CH3JIHKJap CHCTEMacHHH euHlira KenTHpHJaaad. DyHpan
TAWIKapH X03MPTrH KyHAa 3HT MYXHM axamusarra sra 6yJ-
raH HKTUCOAMET MacaJlaJapHHH XaJ 3TUII YYYH XaM KaH-
JAHIHDp 4YH3HKJ/JAH TEHICH3JIHKJap CHCTEMACHHH €YHUIra TyF-
pu kenagd. UIyHMHr yuyyH sHAM Ou3 1wy MaB3yHHHr Goll-
JIaHFHY TYWIyHYaAapHHH 6aéH sTHIUra yTamu3. A XaKUKUH
COHJap MaHAOHH YCTHAArH n Ta HOMabJAyMJH UH3HKJH
TEHICH3JIHK 1e6 yby

axy+ax,+ ... +ax,+b>=>0 (1)
KypuHHiipard udonanu araimus.
() )a %y, x5 ..., x,—HoOMabaymsnap Ba a; bER

(¢ = 1, n) sca kosbpuUHEeHTIAp HelinanH.

b =0 xufimataa (1) TenrcM3nuKHH Gup XuHCH, b 5= 0 Kui-
MaTia (1) TeHrcHaJmkHH OMp >KHHCAH OyJMaraH TeHICH3JIHK
Aelnnanu.

3uay, R xakukuil cOH/Map MafiloHH yCTHIArdH n Ta HOMab-
JYMJH M Ta

Xy +0px,+ ... +a,x,+ b =0,

ApXy QX+ . .. Fayx, + b, =0,

2
aa+axn+ ... +a, x,+b, >0

YH3HKJH TEHTCHM3/IHK/Iap CHCTEMAacHra MYpoxaaT KHJaMu3, 6y
epia a;, b€ R (=1,m; j=1,n) Ba CHCTEMAHH TAIKAI
STYBYH TEHICH3JIMKJIAPHHHT COHH m yuyH m < n, m=n, m >n
JapiaH O6uMpu OYJMIUM MYMKHH.

(2) cucTeMaHHHI XaMMma TEHTCH3JIMKJAPHHH KAaHOAT/aHTHPYB-
YH Xy =y, Xy =0y, ..., X, =0, XaKHKHHA COHsIap Gy cHCTe-
MaHHHT OuTTA (Qy, Oy, . . ., @,) CUHMHHH TAIUKWJI 3TagH. Ma-
caslaH, XaKMKMH COHJIap MaHJOHH YCTHJArH
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2xy —3x,tx,—x, =0,
X+ 3%, —x;,—3x,= 0,
X —xg+2x,—12x, >0

cucreMa yuyH (4, 2, 5, 1) eunm GyiHO XH3MaT Ku/amH, YYHKH
24—32415—1>0,
44+32—-5—-3>0,
4—24+25—12>=0

l-tabpud. (2) cHcreMaHu TalIKHJI 3ITYBYH TEHICH3-
JHUKJAPHHHT XxamMmacH OHp XuHcau Oyjaca, cucTeMa XaM
Cup scuncau fedinnajau. (2) nard TEHTCH3NAHKJAADHHHT Ka-
mMuaa 6uTTacH Gup XKuHcau 6yamaca, y xonaa (2) cucrema
6up scuncau 6§amaear cucrtema neb atanaiu.

2-tabpud. Kamuma Gurra eunmra sra 6yaran (2)
CHCTeMa xamacoliiu cucrema, OGHTTA XaM edydMra oara
6Vamaran (2) cHcreMa xamxcolasu Ofamazanw cucrema jJe-
HHnagu.

3-tabpHu@. (1) TeHrcusauk 6uUTTa XaM eyHMmra 3ra
OyaMaca, y 3udouaray TeHecusauk neb atanand.

3HAAHATIH TEHTCH3JHK

0%+ 0x+ ... 4+0x,+6=>0 (b<<0) (3)

KYpuHHIIAa 6Y.Natu.

4-Tabpud. (2) cHCTEMAHMHT HCTadraH (o, Qg ..., &,)
€UHMH

ax tax,+ ... +ax,+b6=>0 (4)

TEHTCH3MMK YYyH XaM euuMm Oy.aca, y xosaa (4) ra (2) HHHT
Hamuoscacy Qeduraou.

(2) cMcTeMaHHHT OMPHHUH TEHICH3JMTHMHH &, >0 coHra,
WUKKHHUYHCHHH k, > 0 coHra, ..., m-CHHH Rn > 0 coHra kynai-
THPUO, yJapHH Xaama- xal KymaMus. Y XoJ/5a

m

Iz_:,l ka,x, + Iél kapx, + ...+ El ka,x,+

i=
+ ;21 kb, >0 ®)

TEHICH3JIMK XocHs OyJ1aiH.

(5) TeHrcuaMMK (2) cCHCTEMaHMHI UM3MKJM  KOMOHHAUMSICH
JeHunasu.
(5) Tenrcuamuk (2) cHCTeMaHMHr HATHXKAcH GOyJajH, YYHKH
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(2) wmnr weragran( oy, oy, .. ., @,) €4HvMH (5) HM KaHoOaTsaH-
THpajH:

Z o+ S‘ % kot +l§lk1aln a, + l_};lklb, =
=k, (Zla”ai-l— b1> + &, (Zlaﬂa[—i- b2) + ...
= i=

m(?‘lamiai-*_bm) >/{’1'0+k2 0+ ...+4kr0=0.
i=

Arap GepuaraH TEHICH3/HMKJAp CHCTEMAacH XaMXOHaH
6ysamaca, 6y cuctema, yctuga 6akapuaraH sjeMeHTap aJ-
MAalUTHPHLIJIAD HaTHXKACHAA 3HAAMSITAH TCHICH3JHK XOCHJ
6ynanu

Macanas,

n+2x,+3x;,—220,
—2x,+ x4+ 2x+2>0,
4x,—Tx,—12x3—5 >0
CHCTeMa TEeHTCH3JHKJIapuHH Moc pasuluga, 2, 3, 1 connapra
KynadTupub, xaama- xal Kywcak, 3uiauatad O-x; + 0-x, 4
+ 0-x, —3 >0 TeHrcua/iMk xocus 6ynaf.
5-tarpud. Bup xun x,, x,, . .., X, HOMABJIYMJIH HKKHTA XaM-
JKOH/IM TEHTCH3JIMKJIap cucTeMacHiaH OMPHHMHI HCTalraH euumH
MKKHHUHCH YYYH xam euuM 6yJca, éKH HKKaJa CcHCTeMa Xam
XamxKoicu3 cHcrema 6yJca, yJap TEHr KY4H CHCTeMaJsap JeHu-
Jaji.

anxy+apx,+ ... +a,x,+6,=0

A Xy + Gy, + ..+ 3y %, + b, =0, )

amlxl + am2x2 + * + amn n + bm =

UH3HKJIH TEHTCH3JIMKJAap cHcTeMacH Oepuarad OyJCHH.

Tabpu¢. UH3HKAH TEHICH3JHKJIAD CHCTEMAaCHIaH
HOMabJyMJjap COHWHHM 6HTTara KaMaiTHpUO TY3HJTaH SHTH
cucTeMaHH OepHaran cucteMmara dga0ow cucTema JeitH-
JdajH.

(S) cHcreMaHHHT MUXTHEDHH 6MTTA TEHICH3JIHTHHH TeK-
LIHPaMH3:

ax +apx+ .. tapx,+b; >0 (6)

Arap (6) na a;, =0 6y.ca, 6y TEHICH3IMKHH Y3rapHlLiCH3 KOJ-
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nupamus. Arap a;, <0 6yaca, y xonma a;,x, XaBHH VHT To-
MOHra YTKa3aMH3 Ba TEHICH3/MKHHMHT HKKa/Ja TOMOHMHH MycGar

coHra 6ynamu3. Hatuxkapna
byxy tbpxa+ ... b, _x,_ + b >x,

TEHTCH3JHMKKA 3ra G6yiamus. Arap (6) na a;, > 06yuca, a;,x,
AaH Oowka 6apua KYIUMJMYBUMJIaDHH TEHICH3JIMKHHHT  VHC
TOMOHHMra YTKA3aMH3 Ba WKKa/la TOMOHHHH @;, COHra GY/aMu3.
Haminkaza

X, Zox+ e+ ...t X, +o¢

TEHTCH3JHK XOCHJ 6yJalH.

Hemak, Oepuirad CHCTEeMaHHHT Xap GHP TEHICH3JIMTHHH
Myc6aT COHra KynaHTHpHO, TErHLUIIH a/JMallTHPHWJIapAaH
KeHHH OepHJ/raH cHCTeMara TeHr KY4Y/JH KyHHAAarH CHCTe-
MaHH XOCHJ KHJIaMH3:

rpl>xn) xn>le ‘R1>Ov
ol e LI
PP >xﬂ; xn>Qq R,>O

(TY ma Py, Py .., Py Qoo Qu Ry, - R, nap

dyx +tdpx,+ .. +dy_x,_+d>0

KYpHHHLIAATH HpoAa.Iapaup.
Arap (S) cucremana (6) KYDHHHIUAATH TeHICU3.MK OVJIMa-
ca, y xoaaa (T) cuctemana Gupunuu 6ok 6yamaipn. LUyHunr-

nek, arap (S) ma a;, >0 KYpUHHMIIIATH TEHICH3MK 6y./Maca,

y xonpaa (T) cucremaga HMKKHHYM OJiok Oyamaiian. Arap (S)
cucTeMaza a;, = 0 KypuHHwWAAarH TeHrcuauk Gyamaca (T) cue-
TeMaja yyHHYH G/OK 6y Maid.

(T) cucrema Gunan Oup BakTHA (n—l)Ta Xq, X5, ..., X,
HOMabJyMJIH KyHUJard TeHICH3JIMKJ/ap CHCTEMACHHH TeKIIMpa-
MH3:

PG>Q|5’ ’
{RRO’ (s)

6ynga e =1, p; B=1 q; y=1,r 6ysamu. (§’) cucremana
(pg + r) Ta Tedrcusnukaap MaBxyd. (S’) cucrema (S) ra Hic-
6atan @ynagowr cucrema Oyaub, y (T) cucTemara TeHr Ky4JH
cucrema Gynamd. Arap (T) cucremaia GHpHHUM Ba yuHHUH G6JIOK-
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Nap €KM MKKHHYM Ba Y4YMHuH G/IoKJap 6y.maca, y xoJsija itya-
Aoul cuctema Xxocua 6yamaiiu.

Supu Gepunran Ba HYJIOI CHCTeMasap euMMJapH opacHia-
TH GOFJAHHWIHU KYpaHHK.

Teopema. Aeap (S) cucmemanune uxmuépuil edumudan
X, HOMaBAYMHUKE Kudmamunu wukapcak, y xoa0a (S’) dija-
dows cucmemanunz 6upop edumu xocua 6§radu, axcunda (S’)
djadouL CUCMeMAUUHE  UXMUEPULL eduMU YHYH X, HOMABAYM-
HuHe wynoad Kudmamunu monuwr mymxusxku, yru (S’) Hune
ewumuea Kupumuaca, Gepusean (S) cucmemanune ewumu xo-
cun 6jradu.

Hc6oTn. (S) cucremanuur eunmu (o, o, ..., &) Te-
pum Gyaca, y (T) cucremanu xam KanoatnantHpamu. lleMak, y
TepuM (S’) CHCTeMaHMHr 6apua TEHICH3JHKJADHHH XaM KaHOoaT-
nanTMpaid. TeopeMaHHHI MKKHHYH KHCMHHH ncéo"mamvms (8
cuctemaga P, > Qg TeHICH3MMK GaMADHICHH. Xy = X}, X, =
=x3, .. X, —xg_l conaap (S°) cucTeMaHHHT GUPOp eYH-
mu Gysacud. by eunmiu P, . . Pp, Qn- Ce Qq, R,... R,
ubomanapra Kyicak, PY, .. P° Yo QL R, LR
COHnap XocHa 6ysiapu. By connap yuyn P? > Qg (@=1,p; p=
=1, g, RS>0 (y=1,r) renrchsimknap Gaxapunapd. Hx-
THEPHH Qf.’ (= 1, ) cow meépm"{ P)(i= I, p) conman xarra
smac. IynuHr yuyn wyniai x) COH TONHMAAHKH, Y P} > x0 > QO
TeHTCH3JMKHH Kaﬂoamaﬂmpazm Hemak, x9, ..., x° _p X2 cou-

aap (T) cucremanuur edumu Gymanu. LlyHuHr yuyn 6y coHjap
cucteMacH (S) cHcTeMaHuHr xaM eunmH Gysazu. Suaum #yazow
(S’) cucrema dpakat R; >0 TeHrcHs/MKIapaaH HGopaT GyCHH, IbHHU
(S’) cucremana GupHHYM, HKKHHYM Gsiokjiap GysaMacuH. (T) cuc-
TeMaja GMPUHUH OJIOK GysMacHH. Y Xosa x) COHHH x = Q9
TEHTCH3/IHKJAPHH KAHOATJIAaHTHpaJAMraH LapTra acocaH TaHJab
onamus. Arap (T) cucremaga uKkunuM 6s10K Gysimaca, P> xJ
TEHICH3/IHK/JIApHH KAHOAT/NaHTHpaauraH x) COHHM TaHsab oJaMHs.

Arap (T) cuctemaza OHPHHUM Ba HKKMHUH OJIOKJap MaBXY[
6yamaca, y xoiaa x° YpHHra HXiHépHH COHHH TaHMab OJaMH3.

l-HaTuxka Ynsukan TeHrcus/mkaap cucremacH (S) HUHT
XAMKOH/M Gy/HWK y4yH yHra Hyagow (S’) cACTeMaHHHT Xam-
XKOHMM OYJIMIUM 3apyp Ba eTap/u.

2-HaTHxka. Depuaran (S) cucreMaHuHr Gapya e‘lHMJlapH
(§8') #ynnowr cucremanuur xap xampai x9, x93, ..., x)_| eun-
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0 0 0 0
Mura x) > Q) Ba x, << P} TeHICH3/MK/IaPHH KaHOATJAaHTHPajH-
rai MXTHEpHiA x0 COHHM GHPJALUTHPHIIZAH XOCHI GY./Iamu.

SHAM HOMAabJAYMJAp COHMHH KeTMa-KeT KaMafTHpuLl HyJu
6unan (S) cUCTEMaHH eyHLl YCYJMHH KYpailauk.

Xi, X3 ..., X, HOMABJAYMJH YH3HKJH TEHICH3JHUK/IAPHHHT
nuxtuépuit (S) cucreMacu yuyu (S') HyJHOLI CHCTEMaHH TY3OHK.
(S') cuctemana Xy, X5, ..., X,_, Jap HOMabaymaap GyJau.
8') cucrema yuyH Xx;, X,, ..., X,_, HOMabaymnapH Gyarau

(S”) #ynnom cucremand tysamu3s. Iy »xapaéund paBoM 3TTH-
pub, 6uMp Heua KaaaMlaH KefiHH GWTTa x; HOMabJjymra 3ra 6y.-
rad (S"—') CHCTEMAara Kesamu3. 2- HaTH»kara acocaH (S) cHcre-
TeéMa XaMKOHJH OYJ/HMIIH YUYYH (S"") cucrema XaMKOHJH G-
JUIUM 3apyp Ba eTapju. Bup HOMaBJyMJHM cHCTeMa YUyH YHHHT
XAMIKOUM/IH EKK XaMIKOMCH3 SMAC/AWTHHM KVpCaTHLI KUHAMH 3Mac.
Hlynna#t kumb, (S) cuCTeMaHMHT XaMKOHJM E€KH  XaMKoH/IH
3MACJIMTHHH XHCOGJAI YCYJHHH TonIMK. (S) cucteMa XaMiKo-
J4 6Y/CHH, Y Xo/Ja YHHHr 06apya euuMJapuHH TOMHUI YYyH

(8, (S”), ..., (S"') cucremasapHH TY3HII Kepak.
Tabvpud. (S) cucreMasa OGupHHUH k Ta HOMABIYMHHHT
x9, %8, ..., x§ kuiivaTiapu Gepunran Ba ymu (S) cucreMma-

HUHT CHpOp eunMHraua TYJIMPHIL MYMKHH 6yJca, sbHH

Xyt Xopgr - o0 Xn 7)

coHsap MamxyAa 6Vau6, x9, x3, ..., xJ, xg+l, .. ., XY cucre-
Ma (S) cucreMaHuHr eyumu 6yaca, y xoaaa (7) cucremara xa-
6yr Kuauu mymkun 6yrean xudmamaap ReHHJATH.

(S), (8", (8”) Ba X. K. cucTeManap Tysuarad 6y.ca, Ky-
Anjaruy UMKoOHUsTJIApra 3ra Gy./aMu3:

1) x, HOMaBAYMHUHr Gapua KabyJs Kulaaurad KHHMAarjapu-

mt (S™') nan Tonmus
2) x{ kuiMaT y4yyH YHUHT OMJaH GHPraiMKia X, HOMabJyM-

o -2
HHHT KuiMataapuad (S"°) aH Tonuuw;
3) x), x3 counap GunaH GHpraiMkia x, HOMAbIYMHHHI Gap-

ua KuiiMatiapuny (S"°) NaH TOMMII Ba XOKAaso0.

Miyucoan. Ywby cucTEMaHH e4HHT:
x—y+3=0,
7x+y—11 >0,
3x+ 5y + 9 =0.

Eunw. y ra #ucGaran GepusiraH CHCTEMaHH €dYaMH3:
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x+3=2y,

y=—Tx+ 11,
3 9
y>_.—5—x——?,

By cucremara iyanowr cucrema Tyzamus. Y cuciema KyiH-
jaryua Gynanu:

x+3=—T7x+ 11,

3 9
x+3>———x—=
+ 5 5
8x > 8, x>, x=1.
8 24 fx> —3;
_x>___’ = ’
5 7% 5

= | 6yJraina OXMpPru TEHTrCH3IMK Gaxkapuiagu. DBy kuii-
MatHu Gepuarad cucremara Kyamus. ¥ xouja

4>y,

y=4

y>—2
5

nad y = 4 xocun 6yafu.
Hemak, cucteManHHr Ourta euuMH x = I, y =4 6VJanu.
OHAM 3HAIMATIH TEHMCH3JIMK TYLUYHYAaCHHH KYpaHJHK.

axy +ax,+ ...+ a,x,+a=0 (8)

TEHICH3/IHKHH TeKLIHPaMH3.

(8) maru HoMabaydJap oJpumard KosbdguuMeHTNapAaH Ka-
MHAa OuMTTacH HoaJaH ¢apkan Gyica, (8) TEHrcH3IMK KamHza
furTa euumra sra Oynamu. Macanan, a, = 0 6ynca, y xonaa
Xy =X3=...=x,=0 guitimaTnap 6epub, a,x; + a > 0 TeHr-
CHM3/MK euynmMra sra. (8) Aa HOMabaymsap oJjupard Gapua Ko-
s¢duikenTap Hosira TeHr GYJichH. ¥ Xoaaa (8) TeHICH3/HK

0x,+0x,4+ ... +0x,+a>0 9)

KypHHHLIAA 6Ynany.

Arap a con manduifimac 6ysca, HoMabayMmaap KuiimMar-
JIADHHHHF HMXTHEpPHH TynjaMH (9) TEHrCH3/JIHKHH KaHoaT-
JaHTHpALH.

Arap a coH maHduit Gysnca, (9) TEHICH3JIHK €YHMTa
ara smac. a coH MaHdui 6yiaca, (9) TEHrCH3JIHKKAa 3HA-
JHATIH TEHTCH3NHK AeHHsalu.
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IOkopunarunapaan Ky#ujaaru xyjaoca KeJH6 uyHKajiH:
(8) TeHrcussuK eunMmra sra GYJMAcHHTH YYYH, YHHHI 3H[-
AHATAH OYyNuIUK 3apyp Ba eTapJiH.

CHcTeMaHHHT XaMXKOMCH3JIHK aJIOMaTHHH KypaHJHK.

Ll 20’

L,>0
2 =

’ (Sy)
L.,>0
TEHICH3JIMKJIap CHCTeMacHHH TeKwupamu3. By epaa a;x; -+ a,x,+
+ ... +a, x, + a kypunwparu ndonanapuu Ly, Ly, ..., L,
Gunan Genrunapuk. (S;) cucremagard OHPUHYH  TEHTCH3JIMKHH
manouiimac k, (OHra, MKKHHYHCHHH MaH¢HuiiMac k, cOHra Ba Xo-
Ka30 m- TEHICH3/MKHH Man¢uiiMac k, coHra Kyna#Tupuo, Ke-

fiMH Oapya TeHTCH3NHKJApHH Xaanab kyiunb, KyHuaarH TeHrcus-
JIHKKa 3ra 6ynamus:

RiLy+hly+ ...+ kL, >0

By renrcusaukuy (S;) TEHrCH3JIMKJAPHHHT YH3HKJH KOMGHHALHA-
cH Jeinnaad. Macanan,

{3x—4y+5>0,
—2%x+5y—7>0

TEHTCH3JIHKNIap cHCTeMacH Cepuaran 6y.aca, MyMKHH OyJran KOM-
6uuauusinapaad 6urrack 2 (3x—4y + 5) + 3(—2x + 5y — 7)=0
€k 7y — 11 = O Tenrcusamk 6ynaan. TeHrCH3NHKNAPHHHT yM-
3HKJIH KOMOHHALMsACH TabpuHAaH KYHHAArd KymJjaJgap Kesadb
YHKaLH:

1. (S) cHcreMaHHHr HXTHEpHE eydMHd (S) HUHT TeHT-
CH3JIHKJNaPH YH3HKJIH KOMOMHAUUACH OyJaraH HXTHEDHH
TEHTCH3/IHKHH XaM KaHoaTJaHTHpaiH.

2. (S) CcHCTeMaHHHT TEHTCH3JHKJapHiaH O6Hp HeyTa
YH3HUKJH KOMOHHALHAHK Ty3cak Ba Oy KOMOGHHAUHANADAAH
SIHa YH3HKJAH KOMOHHAUHA Ty3cak, Y X0JA4a X0ocHa 6yarad
TEHTCH3JHK dHa (S) [Aard TeHICH3JIHKJAAPHUHT WYH3HKJH
KOMOHHAUHACH 6yaajH.

Arap (S) TeHICH3NHKNapHWHT aWpHUM YH3HKJIH KOMOH-
Hauuscd 3HAAHATAH TEHrcH3JHK OyJca, y xonja cHcTeMa
XaMXoian Oyamarad cHcrema Gyaann. By xymaara rec-
KapH XyMmJaa xaM poct 6ynaau.

Teopema. Husukau TenHaCU3AUKAQP CUCTEMACU XAMIHCOU-
cu3 bgauuin yuyn 6Y TeHaCUBAUKAGPHUKZ GUPOp HUBUKAU
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kombunayuacy 3uddusaTau TeHacusauk Ofauwu 3apyp ea
erapau.

Mc6oTn. TeHrcusnukIapHHHr XaM¥KOHCH3 CHCTEMa-
CHJaH XamMMma BaKT 3HAAHATAM TEHICHIMHK TY3HIUL MYyM-
KHH 3KaHUHH KypcaTaMu3. DyHuHr yuyH kyfngaru semma-
HY ucboraainmus.

Jemma. Hyadow cucremanune xap 6up Tenecu3auzu
bepunzan TEHeCU3AUKAGD CUCTEMACUHUNZ 4USUKAUL KOMGU-
rayuacu 6fradu.

Xakukarad, #yagom cucreMa (S’) Ky#naars TEHrCH3-
JHUKJAAPAAH TY3HJTaH:

P,>Q, @=T1,p; B=1, g (10)
Pa
R, >0 (y=17). (11)

(10) Tenrcuamuk Py > x, Ba x, = Qp TeHICH3JMKJAPHH KY LML
HaTHKACHJa XOCHJ GYJanu. ¥ TeHICH3JMKJApHHHT Xap GHpu Ge-
puaran (S) cucreMajard afpuM TEHTCH3JHMKJADHHHT HKKa/ia TO-
MOHHHM MycOaT coHra Kynma#iTHpHwdaH xocHs Oyaran. [emak,
(10) Tenrcusnuk, Gepusrad (S) CHCTEMAHHHI HKKHTA TEHICHS3-
JINTHHHHE KoMGuHauuscu Gysand. (11) Bary TeHrcH3AHKJIapHUHIT
xap OupH (S) TEHrcH3NHKJ/Ap CHCTeMacHHUHT GHTTacujaH uopar.

Hly 6unan nemma ucGoTnaHay.

Depusiran TeopeMaHHHI TYFPHUJIHTHHH GHTT@ HOMABJIYMJH CHC-
TeMa YuyH MCOOT KUJIMLI eTapau

Xakukarad, (S) cucreMa n Ta HOMABAYMJH, 3HAAMATIM Yu-
3UKJIH TEHFCH3/MKJAap cHcreMacu Gyacuu. (S) yuys (S'), (§7)
Ba x0kaso (S"”') iysgom cuctemanaphn Tysamus. Harmxaga,
S), (8% ..., (S"_l) cucTeMasap KeTMa-KeTsrura sra 6y-
namu3. By epnpa (S"_') X, HOMABAYMJHM cucTeMa OYnaiu.

UM3HK/IM TEHICH3JIMK/IAD CHCTEMACHHUHE XaMMKONIH GYJHLIK
YYYH yHra HyJjou cHcTeMa xaMmoOH/aM 6Y/duM 3apyp Ba eTap-
JiM, JeraH »xymnara kKypa (S) cuctema Xavukodcus G6yaca, y
xoana (S""l) CHCTeMa XaM XaMKoiicu3 cuctema Gynamu. Arap
TEOPeMAHHHT TYFPHJIMTHHH GHP HOMABJAYMJk CHCTEMA YYyH YDHH-
Ju 1e6 ¢apas KuJcak, yHJaH (S"‘l) TEH{CH3JIHKJIAp CHCTEMAacH -
HHHT GHPOD UM3NKJH KOMOMHAUMACH 3SHAAMATIM TEHICH3JIHK GY-
JUUIE Kenu6 uMkanu. JlekuH 10KOpHMAard JemMmara acocas (87
CHCTeMaHUHI Xap GMp TeHrcHauru Gepuirad (S) cucrema TeHr-
CH3JIMK/JIapHHUHI KomGHHauusicu 6Gynapu. [Hemak, (S) cucrema
TEHICH3JIMKJIADHHAHT alipHM KOMOMHALHMACH 3HMUIMATAH 6Ysanu.
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OHAM TEOPEMAHMHI TYFPHIMTHHH KyHHAarH GHp HOMabayM-
JIf TEHTCH 3JIMKNAD CHCTEMAacH Y4yH TeKIUHP3IMH3:

ax+ b, =0,
a,x+ b, >0,

(12)

I
a xr b m>0.

(12) xamxoliiumac TeHrcuamMk/iap cuctemacH 6YacuH. By cHe-
Temaga 0-x+ b >0 (6yupna b — Manbuil COH) KYpPHUHHLWIAATH
TEHICHU3/IMK karHawMaizu Je6 ¢apas KHJIaMH3. X HHHT OJJH-
Aarun 6apya  ko3(p¢HUHEHTIADHH HOJIAH (apkJaM Jefiuin MyM-
KHH. a;, @y, ..., @, COHJAD oOpacHia MycGaT/apH XaM, Mah-
OuinapH Xam masxyd. XaKukarad, arap a,, a,, ..., @, Jap-
HUMHT GapuacH OHp XuJ Hiuopanu 6y.jca, MacanaH, mycGaT HLUO-
panu 6yaca, (12) TeHrCH3/MKJap CHCTeMacH

{ b
x>z —-t
a
x = —i’-,
as
o
K Z T,
KYpHHHIITa KeJHG, cHcTema xamkoiu OyJap aau. Addraiivk,
(12) na k 1a a, a,, ..., Q, COH MycGar, KoJjran (m-—k) 1a
con manduit 6yacun. ¥ xonpa (12) cucrema
b by
x> ——1 xg ——H
4 %t
b b
X=— 'al’ X< ——FF
2 Uet2 (13)
b b
x>—=, g —-
¥ ap Qm
cHcTeMara TEHT KyuaH Gynamu.
b b
Arap (13) ma — -+ — -, ... ,— =% COHJaDHHMHT 3HT KaT-
a a, ap
beyi b

,...,——" COHJIADHMHT 3HT KH4MTHHH B ne-
i IN am

cak, (13) cucrema eunmaap Ttynnamu [o; B] Kkecmaga é€ranu.

TACHHH o) —
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Iysunr yuys (18) cuCTeMaHHHr XaMkONCH3 GYJIMIUH  YuyH
a > P 6yaHIIH Kepak.

ar Un
6yJICHH.
Y xonpa — b > —bﬂ-, GyHnaH
a, am
b,a —ba,0<0 (14)

Gaxapunand (Bynpa a; >0 Ba @, < 0 3KkaHJMrHHM 3CJall Ke-
paK).
Arap (12) cucTeMaHuHT OMPHHYM TEHTCH3JIMTHHM Myc(aT a4,
COHra, OXMPrM TEHTCH3JNIMFHHH 3ca MycOaT a, CoHra KynaitH-
pub, yJIapHH KYLICAK,

0-x+(b,a, —ba,) >0

KYpHHHIIAArH YH3MKJH KoMOHHauusara sra 6ysnamus. by
TeHrcH3JaHK (14) ra acocaH 3UAAUATIH TEHICH3JNHK Gyna-
au. Jlemak, 6HTTa HOMAabJYMJH TEHTCH3JHKJIAD CHCTeMacH
yuyH Teopema ypuHad. Hyngowr cHcTeMa TyuUlyHYacHra
acocaH GepuaraH tTeopeMa (n—1) Ta HOMabAYMJH YH3HK-
JIH TEHICH3JIMKJ/ap CHCTEMAacH yuyH TYFpH Oyau6, yHHHT n
HOMAaBJAYMJIH YH3HKJIH TEHICH3JHKJIApH CHCTEMacH YUYyH
TYFPHJIHTH KeauO YyHKaiH.

2-reopema (Munrosckui reopemacu). bup suncau
HUBUKAU TEH2CU3AUKAGD CUucTemacunune xap 6up warusca-
cu 6y cuctemanune man@uimac xKosppuyuenTau wusugaiu
Kombunayuacuday ubopar 6yradu.

Hc6orTH. Ywby

Fr=ayx, +ax,+ ... +x,x,20,
Py =apx, + apx,+ ... +ay,x, 20,

(1)

P = X+ QX+ ...+ a,, x>0
6Hp KHHCJIH CHCTEMa B4 YHHHI HCTaJIraH
P=ax+ayx,+...+a,x, =0 (16)

HaTHXKacH GepunraH GYJICHH.

¢ myc6ar coH 6ynranaa & 4 ¢ << 0 KaThbuit TEHICH3JIHK XaM
(15) cucTeMaHHHT HATHXXAaCH 3KAHJMIH paBluaH, 4yHKH (16) Hu
KaHOATJIaHTHPYBUH Xap OHp eunM & + ¢ > 0 HH xam anbarta
KaHoarJiautupagd. ¥ xomma £ +¢>0, £+ ¢ <0 cucrema
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XaMxoHcH3 GYsanH, yyHKH & 4 ¢ >0 HUHT eunMH GHp BaxTAa
& + ¢ <0 ux xaM KaHoaT/AHTHpHIUM MYMKHH 3Mac. (15) cuc-
TeMaHHHT HCTajraH eunMH & -+ ¢ >0 yuyH Xam euuM GYJraHu
cababsm

F=0 520, ...,2,20,—-F—c=0 (17

m

CHCTeMA XAMIKOWJH GyJsiMaraH cuctema OyJaiM.

I- Teopemana GepuiiraH XaMMKOHCH3NHK aJIOMATHTa acoca,
MaHuimac Ry,k,, . .., k,, R connap Masxyh Oy/raHd xo.ia,
(17) cucTeMaHMHr YM3NKJH

kP + kPt .. kP, + (=T —0) =0
komOunauusack 0-x; +0-x,+ ... +0.x, +b=0+b=5>0

SUAMMATIAM TEHTCH3/MKHH udopanaiau, 6ynaa b < 0. Ulynnai
KHJHO,

RO+ Pyt .tk P — kP —ke=0+b

TeHTJIMK Oaxapunaau. bywmaw, &, &, ..., &,, & nap 6up

KUHC/M udoia OyuraHH yuyH (0304 xaAH Gy.Maran) OXMpPTH
TeHrJIHKAaH — k¢ — b = 0 Tedryiuk Kesu6 umkagu. b < 0, ¢ >0
6ysrann yuyH k>0 Gyaanu. Iemak,

ki1 + kP + .. AR, P, — kTP =0, (18)
gk b
f—ki’l—i-ke?’z—}—...-f-kﬁ’ (19)

m?

6yHnaa % >0, uysku &, > 0.

(19) tenrmuknaH kypunapuku, (16) Tenrcusmk (15) cucre-
MAaHHHT YH3FKJIH KOMGHHALMSCH 9KaH.

83-§. TEHI'CU3JIUKJIAP CHCTEMACHHHUHT MAH®HUAMAC
EYHMJIAPH

Kyn xosanapna
apx +apx, + ... +ax,+ 6, >0,
Qg Xy + AgoXo + . .. + Gy, %, + b, >0,

L L . . (1)
lam X, +a,x+...+a, x,+b,>0
CHCTEMaHHHT
20 %5>0...,x >0 (1)

n
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IIAPTJIADHH KAHOATJAHTHPYBYM MaH$HiMac eduMJapHHH TOMHLU
Tanab stuaagd. Dynpait xonnapaa

anx, +apx, + ... +a,x, + b =0.
Qg Xy + AgoXy + . . .+ @y, x, + b, >0,
a xta,x+. .. +a,,x +6,=>0
>0 %=0...,x,>20

@)

3

cHCTEeMaHH euulll KHGDOs 3KaHJHMIMH Y3-Y3uAaH MabiyMm.

Tabpud. (2) cucTeManuHr manguimac edumu peb x, =
=a,>0, x,=a,>0, ..., x,= o, >0 connapaau Tysuarau (a,,
Qg .+ ., Q) €YHMra alTHIANH.

(2) cucremanunr (1°) xuemu daxar manduitvac euumsapra-
ruda sragup. [lemak, (2) cucrema XamOHJIH 6YJHUIM YYYH YHUHT

X, +apx,+ ... +a,x,+ b =0,
Ay %y + QX+ . ..+ ay,x,+ by, >0, 3)
auxt+a,x+... . ta,x +06,=0
KHCMH XaM MaH}puiMac euynMmJsapra 3sra OY/HIUH JIO3HM.
Axc xonna, apHH (3) HHMHr MaH(HHMAC €YHMJIAapH MaBXYZ

6ynmaranpa, (2) xaMxoiJH OyjaMarad cHcTeMaHH Ho-
panaijiu.

Macanas,
2%, + X, —x3+3 >0,
—x; + 2%, —x;,+8 >0,
CHCTEMA XAMMKOHJIM, UYHKH YHMHT MaHpuiimac (2, 0, 6) equmu

MaBXYA.
Jlekun

—x — 2%, —3x;—1>=0,
—2%, — Xy —x3—2 >0,
5=20 >0 x>0
CHCTEMA XaMXOHCH3, YYHKH OMPHHUYM HKKHTAa TEHTCH3JIHK-
JaH TY3HJraH CHCTeMaHHHI MaHQUHMAc eYHMH HYK.
Teopema. (3) TeHeCUSAUKAAD CUCTeMACUHUNZ MAHDUl-

Mac ewumaapu maexcyd 6ijamaca, 6y TeH2CUSAUKAGPHUHE
6upop uusuxau xomburayuacu wynoat
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axy+ o+ ... +ax,+6=0 @)

Kijpuruwea seaku, bynda a; <0 (i =1,n), b <0 wapmaap
6axapuradu.

Hc6otu. (3) cucrema manduiimac euumiapra sra GysMaca,
(2) xamxoiicus cucreMand Hpomanaliu. Y Xos4a XaMKOMCH3-
JIMK aJjioMaTtHra MysodMK (2) cHcTeMaHHHT

0x;+0x,4...4+0- x4 +6=>0 (5)
KYPUHULIAATH SHAMMATAM YH3MKJM KOMOHHALMACH MaBXyl G6Y-
JH6, Gynia b << 0 G6yaau.

Mabaymku, (5) TeHICH3IMK KyiuJarsya XOCHJ KUJIHHAIH:
(2) cucremanuur OHpMHUM m Ta TEHTCH3JHTHHM MOC DaBHIIia
L =20, ,>=0,..., ln >0 connapra Ba KeHUHTH N TacHHH
ky >0, £y>0, .., , ks >0 connapra KynaiTupu6 Ba cyurpa
YJapHH xaaMa-xad Kyumo,

(gllian-*-kl)er (,=£1 L) +k2> +... +(§|ljajn +kn )xn +

+2 Libj=(ay + ky) %1+ (@g+ky) X+ . . . + (@0 +kn) xn +b=
j=1

=0'x1+0'xz+...+0'Xn+b>0

TEHICH3JIMKHE  XOCHA Kusamus. [deMmak, a; = —k <0( =

=1, n), b<<O0.
Macasnan, 10KOpHIarH MKKHHYH MHCOJIIA KeJTHPH/IraH
—x; — 2x, — 3x3— 1 >0,
— 2, — X, —%3,—220
CHCTEMAHMHT MaHbHiIMac eyHMJapra sra sMacaurid 6usra
MabayM. DHAH, MacajaH, GHDHHYUM TEHICH3JHKHH 2 ra Ba
HKKHHYHHHM 3 ra KynaitupHuO, yJaapHH XaAMa-xajJ KYlCak,
KYHUJard YH3UKJIH KOMGHHAUMAHH XOCHJ KHJIAaMH3:
~8x, — 7x,—9%;,—8 = 0.
DHIOM, XaMXKOHCH3 CHCTEMAHHHT TEHICH3JMKJIADHHH MOC paBHIL-
Ia 2, 3, 8 7, 9 napra kynafitupu6 kywmcak, 0-x; +0-x, +
+ 0-x,— 8 > 0 uusukJ/M KOMOHHALHS KeqHG YHKALH.

84-§, YM3UKJH TEHTVIAMAJIAP CUCTEMACHHHHI' MAH®HAMAC
EYUMJIAPH

Y6y
ajlxl+aj2x2+ ...+ajn Xn=b/ <]=m) (l)
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TeHrJiaMaJlap CHCTeMacHHHHr MaHduiiMac, SBHH
x =20 >0 ..., x. 20, )

WAPTHH KAaHCATJAHTHPYBUH e4YHMJIapHHH H3Jalll OunaH myryJia-
HaMHa3. Byunaﬁ €UHMJNapHUHT MaBXKYAJHUIH

aj Xy + apXp+ .o+ Qjn Xa > b; ®)
aj1x1 + aj:xz + PN + ajll Xn < bj
TEHICH3JMKJap CHCTeMAaCKBHHT XaMXkCiau 6yanipra CorauK. (3)
CHCTEMaH HHT XaMXXOHJIMJIMK MacaJacu

{! j1x%y + QjoXy -+ ...+ Gjnxn > by, @)

—Qj1 Xy — QjoXog— ... — AjnXn > —b;

CHCTEMaHHMHT XaMXOHJHJHK Macasacy CHiaH yCTMa-yCT TYIIaJH.
Hlynnaii xuan6, (1) cuctema mandmiimac euumapra sra Gyaca,
(4) cuctema xamxoHnH Gynaiu Pa aKCHHuA,

Mucoa. Ywby [2x; —x,+ x;=35,
X+ 3x, — 2x3=—3

cucteMa x; >0, x, >0, x3> 0 ‘waptia manduimac (1, 2, 5)
€uHMra 3ra.

HNkkuHunAaH, 2%, — x, 4+ x3 > 5,
Xy + 3%, — 2x3 > — 3,
—2x1+x2—x3> _5,
— X — 3%, + 2%, > 3,
X >0 x>0, x>0

CHCTEMA XaMKOWMH, YYHKH YHHHr eunmaapunan Gupu (I, 2, 5)
6ynanu.

85- §. YU3HKJIH MMPOTrPAMMAIJIAILL

UH3HKJIH nporpaMmaJall MaTeMaTHKAHHHT IIyHAad G-
JHMHKH, Y GHp HeuTa Y3rapyBuHJIH [ YH3HKJIH (QYHKUHS-
HUHT (YH3HKJIH (ODMaHHHT) 3Hr KaTTa (MaKCHMYM) EKH
9HT KHYHMK (MHHHMYM) KHAMaTHHH TONHWI ycyJJjapH GH-
JaH WyryaaaHagd. [ ¢yHKUHs TapkuGHpary yarapyBuH-
Jap, YH3HKJH TeHIvaMmaJjap €KH UM3HKJH TeHICH3JIHKJap
CHCTEeMAaCHHHHT  HOMabiAyMJapuHH Hbofanaian Ba [
GYHKUMS Y3rapyBYHJapHHHHI KHAMAaTJapH U1y CHCTeMa-
HHHT MOC paBHIIJA TaHJaHrad MaHouiMmac euHMH OusaH
aHHKJNaHagd. Uusukaum mnporpamMaJgaml ycyaJapHHH KyJa-
Jal euHsanMrad Macajanapial Ky#naa 6ab3u Oupaapu-
HH KYpHO yTaHJHK.
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I. Tpaucnopt Mmacanach. M, M,, M; kymHp KoHJapHIa
Xap ofiia Moc paBHILJA Q,, Q,, @3 TOHHaJaH KYMHP KasHO UMKapH-
JAagd. by kymup &y, &,, &3 KOpXOHanapra eTkasuO Gepuiinb,
6y KOpXOHAJIapHHHT KyMHpra xap oifaru Tajabd MOC paBHUIAA
by, b,, b, TOHHaHH TauKu1 3TaAu. DHp TOHHA KYMHPHH KOH-
JaH &), &,, &3 KOpxoHara eTkasub Gepuui xapaxataapu Cij
cyMHH Tamkua stagu (=1, 2, 3; j=1, 2, 3).

Macana Kgy#unaruya xy#innaldd: KYMHPHH KOHJapaaH
KOpXOHaNapra TalUMUIHHHT YMYMHH Xapa)aTH 3HI ap30H
Hapxia (3HI KHYHK — MHHHMYM) GYJCHH.

Konsnap xap ofifa kasu/irag KYMHPHH cOTHIIra MaH(aaTaop
6yaraunurd ca6abad a; + a, + a, = b, + b, + b; Kasuaran Ky-
MHD MHKJOpH COTH/INaH MHMKJOpra TeHT Ae6 xHcoGJalu TaoHuii-
Ip.
M; xoHJaH &} KOpXOHara Ke/NTHUPHITaH KYMHDHH Xi TOH-
Ha Jlecak, KYMUp TallMII pexxacH KyHHAard »xkajsal Gyiuya G-
Jaju:

XaMma XyHaTuaraH
l &1 l #» %5 ' KYMHp
M, ’ X11 l X12 X13 l a4
Mz ’ Xay ' Xo2 Xa3 I ag
Mg ‘ X3 I X32 X33 ’ a5
XaMma KeJITHPWI-
raH KyMHp by b by ,

M; xonnapaan &; KOpXoHanapra »XYHATAIraH KYMHp MHK-

IopH

X1+ X1g + X3 =@y,

{le + Xgg -+ Xo3 = 0y, (D
Xa1 + Xgp -+ X33 =03

6ya6, M; napnaH & napra KeATHPU/IraH KYMHpP MHKAODH 3Ca

X33+ Xo1 4 Xy = by,
X1g F Xgp + X39 = by, 2
X1+ Xo3 + X33 = by

6ynanu.

Ieramma. (1) Ba (2) cuctemanapia a, = by, a, = by, a;=b,
6y MM UIapT 3Mac, JeKHH a; + ap + a3 = b; + by, + by Tenur-
JMK GaXapu/IMLK Taja6b KUIKHHALH.

Xy TOHHA KYMHDHM TalMHl XapaxKaTH ¢ xij cyMm OyJaranHdian
XamMMa a; -+ a, -+ @; KYMUPHH TalUMUI XapaxaTH
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[ = C1ax1y + CroXyg + CrgXyg =+ CorXoy - CogXag + Cog¥og + €31%5 +
+ C30X35 + CgXgs

CYMHH TalUKHWJ 3TajH.

Hemak, (1) Ba (2) Japuu Gupraiukna oJuur GHJaH
Ty3uaral 9 Ta HOMabayMmJn 6 Ta TeHIJaMaJjap CHCTeMacH-
HWHT MaHQuiiMac, s'sbHH OHpPOpPTAa XaM HOJLaH KHYHK GVJ-
MaraH eyUMmJapHaaH WyHAal

Xypy Xyg Xygy Xgpy Xogy Xogs Xypy X9, X3
€YHMHHM TaHJAIUMMH3 JIO3UMKH, OyHia [ QopMajard xi ¥3rapys-

YUJAPHUHT x;,- kuiiMaTiapuga 6y ¢opMa 3Hr KMUMK KuiiMaTtra
ara GYJicHH.

Macanana M; KOHJIapHHHT COHH Ou/aH &°; KOPXOHaJiapHHHD
COHH HUXTUEpHHAMP Ba Yynap Oup-GHpura Tewr Oy 1uapT
sMac. Ymyman M; (i =1, m) xounap Ba & (j= 1, n) KopxoHa-
Jap yuyH m<n, m =n, m > n XOMapjaH 6upu GaxkapuJ/m-
IIH MYMKHH.

2. Mapxea macanacK. Macanaruur waptu xyduparuua: Hk-
KH Xu1 & Ba &, 03uK-OBKaT Maxcynorupa N;, N,, N, ucren-
MOJ1 Mojzanap (éF, KpaxmaJ, OoKcua) 6op. &y (i = 1, 2,) maxcy-
Jor Gupauruparu Ny (j =1, 2, 3) HcTeBMOJ MONNAHHHT MUKAODH
a;; 6ymb, 6y N; [Monaara opraHWaviard KyHAAJHK Tanab
MHKJIODH b; gup. &; MaxcyJOT OHDJMTHHHHT HapXH C; CyM.

Kyiunarn MacanaHd eyHul Jo3uM: & MaxCYJNOTHH UIyHAAi
X{ MHKJOpDJA O/MLI KepaKKH, OPTaHU3MHHHT N HCTeBMOJ Moj-
Jdanapra TaJlabM KOHHKTHDHJICHH Ba OBKATHHHI HapXH SHT' ap30H
6y JICHH.

PaBluanku, OBKAaTHHHT YMyMHE Hapxu [ = c,x; + Cp%, cyM-
aup. & Ba &, maxcyqornapaard N; MOIJAHHHT YMYMHH MHK-
JOPH Gy1X, + @y X,Ta, Ny MOLEAHHKH @ X1 + QpeX, Ta Ba Ny
MOJIEHUKH @ygX; ~ QpeX, TA TeHT 6YuH6, yJiap Moc paBpmma
by, b, by napnaH kaMm GY/IMacJHIH, SIBHH

Ay X1+ Ay = by,
QyoXy F ApoXy 2 by, (4)
Q)%+ ApaXy = by
TEHICH3/IUKJIAD CHCTEMacH YPHHJH OYJHMIIM Kepak.
(4) cucTemanuHr MaHQuiiMac euMMJapulaH WyHJAH (x), x;)

€UHMMPHH TaAH/MALMMH3 JIO3UMKH, Y [ YHSHKIH ¢opmara 3HI KH-
YUK KHHMaTHY GEpCHH.

3. boiinmk manGanapupan doinananuw macanacu. Kop-
XOHa XOM aumeé, ac606- ycKyHa Ba XOKasoJap KaGH GOHJIMK MaH-
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Ganapura sra 6yJcHH. By KkopxXoHaHHHr TerHwJu {JuoB Gup-
JMKJApH Ousad by, b,, by MHKRODAA OJMHTAH YUY XHUJ py, Dy,
ps Ooilmk MaHOanapu (pecypcapH) MaBxyZl. KopxoHa HKKH
XuJl T; Ba T, Mo (ToBap) Huiab YHKapajd. t,, T, MoJiap Gup-
JHTUHH HUIA6 YHKAapuUl YYYH Py, Py, Py OOHJHK MaHGaJjapu
GMDJIMTHHHHT @;; TacH TaJal KWIMHAIH. T,, T, MoJnap Gupiu-
THOaH KOPXOHa ¢; CyM JapoMaj osagu. KopxoHaga p,, p,, ps
Goliivk MaHGasiapH XamFapMacH MHKJIOpH b,, b,, by naH wuGo-
par.

KopXoHaHMHT SHT KyN JapoMaj] OJHUI Macasjacd KYHHJIa u.

Huina6 yukapuirad T; Ba T, MaxCyJOT MHKAOPHUHH MOC pa-
BHLIJA X; Ba X; OpKaJH OeJIH/JacaK, KOPXOHaHHHT JapOMajH
f=cx; + c,x, cymHM TamKuA 3TafH. HMkkana maxcyJoTHu
HUab uMkapuuipa GoMEanaHWiIraH py, p,, pg GOMAHK MaHGa-
JIADHHHHT YMyMHH MHKIOPH @; X, -+ @;,X, 6Y/m6, y b; Aan oprt-
MacJIMTH KepakK.

Jlemak, MacasiaHd eyHlll YYyH

aux1 + alzxz < bl-

Xp1 %y F QgeXy < by,

Q51X + 3%y < by,
=20 x>0

)

CHCTeMaHHUHTI IIyHAal# MaHQHHA Oy/aMaraH €YHMHHH TOMHLI
KepaKkH, Y [ uH3UKJH QyHKUHsra sHI karra Kuiimart Gep-
CHH.

By wmacanaga xam py, p, p; OOMJIHK MaHOGaJapHHMHT Ba
MILIa6 YHKAPHJAAWTaH T,, T, MaxCyJOTJAPHHHT M Ba 1 COHH
Xap KaHya GyJMILIM, AbHU m > n, m = f, m <N OYIMIIH MYMKHH.

Bupunuyn macanaga (1) Ba (2) pau Tysuarad TeHriaa-
MaJap CHCTeMacH, IWIYHHHTIeK, HKKHHYH Ba Y4YHHYH Maca-
Janapna (4) Ba (5) TeHrcusamkaap cHcremasnapd 6y ma-
casnaJlapHHHT YeKJaHHWJapH Aefnaand.

Bouikaua afitranga, ynap 6y mMacaaajJapHHHL YyekJaHHW
TeHIJiaManapH Ba YeKJaHHIl TeHIcH3JAHksaapu Je6 ara-
JajH.

Tenrmamanap €KH TEHTCH3JHKIAp CHCTEMACHIIHHT HC-
TaJdraH MaHQuA OyaMarad eyuMH YpHHJH eduMm [JeHuna-
IH. [ ¢opmara Ttanab6 KHJIHHrAH 3Hr KaTra (éKH 3HT KH-
YHK) KH#iMaT 6epyBYH VPHHJIH €YyHM 3Ca ONTHMAJ €yHM
meiunann. OnTuMan eduum MaBxXKynl GyJca, y srona GyjH-
wH wapr smac. Ontuman eyuMmaap YEKCH3 Kynm OGYJHIIM
MYMKHH.
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YusHKIH nporpaMmaJall ycysnH OHJaH euHJagHTaH
MacajajJard 4YeKJaHHI TeHrJaMaJjapH VpHHra YeKJaHHII
TEHTCH3/JHKJApHHH Ba aKCHHYA, YEKJAHHII TEHICH3JHKJa-
pH YpHHra YeKJiaHHII TeHrJaMmaJapHHH OJHLI MYMKHH. Xa-
KHKaTaH, YM3HKJH NporpaMMaJaliHMHT GHpOp MacaJacH-
HH eyHwga ymoby

ayyxy+FaypX, + .t ax, =by,
oy Xy + Qpop + . . . -+ az,nx,1 = b,,
mlxl + am2x2 + + amnxn = b
YEeKJIAHUIU TEHT. naMa.napH Ba UYH3UKJIH

f=cx tox+ ... +ex, 0

dopMa xocua KHiMHraH 6yackud. DBy epaa bl>0 (Gj=1m
AeG Qapa3s KMJHW MyMKHH, uyHKH b, <0 waptia j Tenrsama-
HH (— 1) ra kynafitupuis kudosi. (6) HHHr 7 Ta TCHIJIAMACHHH
(r < m), macanad, WyHAaH X,, X,, . .., X, Japra HHcGaTaH eyai-
JIHK, SBHH

©)

=b + Qrgr X + ISTLA +...t QX
x2 =b,+ a2r+1 xr+l + a2r+2 et ay, X,

: T
X = b + arr+l xr+l + arr+" xr+” + ' + a;n Xn
6ym6, 6ynaa b, >0, b,=>0,..., b, >0 wapT GaapH/CHH.
Bus (6) HuHr dakaT YpHHIH eunJlapH 6UNaHTHHA WU KYpraHu-
MH3 cababmu, x; >0, x,=0, ..., x, > 0 6yaranunan (8);
b+ al’r-{-l X4y al’r+2 AT S ai’nxn =0,
b, + a2r+1 xr+l + a?r+2 TS a?nxn =0, (9)

b + arr+l r+1 + arr+2xr+2 + + arn xn = O

Te HICH3/THKJIap CHCTeMacHra OJIHG KeJiafH.

Hemak, (6) Tenrnamanap cucremacH ypHura (9) TeHICH3JIHK-
JIap CHCTeMACHHH eyub, YHHHT YLHHJH (x,_H, Xppgr« oo %)
eunvunn Tonamus. Cynrpa (8) opkamu x, =x; =0, x,=x, >
=0,..., x, =x) >0 napuu anugia6, (6) uunr ypunau (x],

Xy, ... X,) €UHMH YUyH [ HHMHT MaKCUMyM €KH MHHHMYMHHH

U3 JaHMH3.
AKCHHYa, MacaJaHH eyuil
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anX; +ape+...+a,x+6>0
a21x1+a22x2+...+a2n n+b >0 (10)

amlxl + am2x2 + ) + amn xn + b
cucremara Ba (7) cdopmara omM6 KeJara 6yJ‘ICHH. (10) Jaru
OMPHHYH TEHTCU3/IMKHMHT Yar TOMOHHra KyUMMua X, HOMab-
JYMHH, HKKHHYH TEHTCH3JHKHHHT Yall TOMOHHIA X, , HOMAB/IyM-
HH, ..., m-TEHICU/IMKHHHT Yall TOMOHHCA X, . HOMabJIyMHH
KHDHTCaK, KyHuJary TeHrJamanap cucTeMacd XOocun Gynau:
anXy + @pxy L ax, —bix,, =0,
Qg1 %, + Qg% + . + Q. X, — ,_,x,l 42 =0,

. . .

amlx 1 + am2x2 + + amnxn bmxn-{—m =0.
OHmM, 6y CHCTEMAHMHT WyHIAH (X[, X3, . . ., X5, X, AT
o ("]
X pm) YPUHIM €UMMMHW TOMHUMMH3 JIO3UMKH, HATHKALA X, Xy
« . X, cOHMap (7) ¢opMaHu MAKCHMyMJAWITHPCHH (EKH MHHH
MYMJILUTHPCHH).

NeE

a4 % <b &n Ya;x; =b
=1

"y
I
—

m

CHCTeMaHHHT f = Eyi X;, UM3MKJIM QopMara MakCHMyM EKH MH-
i=1

HHUMYM KHAMATHH GepyBUM ONTHMAN (0%, Cy, - . ., Q) EUHMHHH

4HHKJIAI YHSHKJIH TporpaMMaJialiHHHI CTAHAAPT MacaJacH Jie-
Wiagd. f uuskksu GopMaHHHr 6y MaKCUMYM €KH MHHHMYM
KHAMATH YH3HKJ/H NporpaMMasaliHHHT KuHMarH 1e6 araJjiafH.

n

W\ . T
Za/.l.x,- = b (j= 1,m) CHCTEMaHHHT YH3MKJH (yHKUHACHTA-

=1

MaKCUMYM €KH MHHHMYM KHAMATHH O2pyEud ONMTHMAJ EUHMHHH,
ABHH (&g, @y, . . ., ®%,) HA TOMNHW YH3MKJIM [POrpaMMalsIallHHHT

KaHOHHK Macajacd Jefidnand. Bynna xav f HMHC KufMartd M-
3WKJIH MpOrpavMasalliHHir KHiiMaTH1aH H30par.

86- §. Y3APO MKKH EKJIAMA MACAJIAJIAP

Unsnk/m nporpaMMasialiiMHT KaHJaiaup MacajgacH MyHoOca-
6atd Ousian ywby
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@+ apx,+ . Fax, > b (0 =1m) (1)
%, 0 (k= 1,n),
YeKJaHHI TEHTCH3JIMKJ/IAapH Ba
f=cx,Fety+ ... +c,x, (2)
9yu3uKIH (popma Gepunran 6yacun. Papas kunaiauk, (1)
CHCTEMaHHHI ONTHMAaJ eyHMH yuyH (2) dopMaHu MHHH-
MyMJaWTHpHI n03uM 6YacuH. (1)—(2) macanann nacr-
Nabku Macana jgefiMHus.
flna OGuTTa Tporpammajiali MacasnacH Gepuaran 6y-
aub, y
al,-y|+02,-y2+- --+a,,,,~ljm <c/ (j=1,m) (3)

Yy =0 (s = —1,—’72)
Yek. JaHUIL TEHFCHBJIHKJIEIPH Ba
Q=by+ byt ...+ bnYn (4)

uu3nKAH ¢dopMa BocuTacu OunaH udopanaHcHH. By epaa
(3) cuctemaHMHr onTHMas eyHMMH YuyH (4) HM MaKCHMyM-
JawTHpum Ttanab KunuHanu, (3)—(4) MacanaHH pact-
jqabkura HucGaraH MKKH €kjaama Mmacana ae6 atafimMu3.

[actnaGkH Ba HKKH €xJaMa MacastaJapHHHT MaTpH-
uanapu Oup-6Mpura HucOGaTaH TPAHCHOHUPJAHTAHAHMD,
ABHU

\

Ay Gy .. - Ay, Ay Aoy« « - Ay
Ay, Qg . . . Q Ay Ay . .. Q

A — 21 22 2n Ba A1 — 12 “22 m2
Qpy Qg+ - - A, a, Ay, o -,

(1) cucremanusr oson xamjiapu (2) ¢popmaHUHT Ko3(-
¢duuHeHTIapHaaH Ba aKcuHua, (2) dopmaHuUHT K03 bH-
nedTaapu (1) cHcTeMaHMHT 0304 Xamjapunan ubopat-
aHp.

(1) cucTeMaHMHT XaMMa TEHICH3JIMKJapH == MabHOra
Ba (3) cucTeMa 3ca, akCHHYa, < Ma’bHora sra.

(1)—(2) wmacana pactnabku Macana, (3)—(4) Mmaca-
Jla yura WKKH €kJjlama MacaJja, WyHHHTr yuyH (3) cucrema-
Ilard TEHTCH3JIMKJAPHHHT MabHOCHHH < JaH > ra adg-
MalUTHPAMH3 Ba ¢ HUHT MAKCHMYMH VpDHHIa MHHHMYMHHH,
[ HHMHT 3ca, aKCHHYA, MHHUMYMH VDHHUra MakCUMYMHHH H3-
namnMu3 kepak. Bydura spuwum yuyw (1) Ba (3) maru
XaMMma TEHFCH3JIMKJapHHHT HKKM TOMOHMHH (—1) ra Ky-
naitTHpu6, KyHHAaruJapHH XOCHJ KHJIaMH3:
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—a, Y —ay Yy —. .. —a, Yy, =>—c (j=1Ln),
X, €

—au Y —GpX,— ... —0 X, < —b (i= Lm),
—f=—cx—cty— ... =, =Y (—c) %
i=
m
—@=—by —byy—. . —bup = N (—b)y;

Hemak, Gusra min (—¢) Ba max (—f) JapHu aHuKJawW
Tajab xuiuxagu. By sca kyhupaaruHu Gepaiu:

min (—¢) =min2 (—b,) y; = —max 2 by, =

= —max @, min (—¢) = —max e,
Ilynra yxwaiu

max (—/f) = maxZ(—c) X, ——mmzclxl

=1
= —minf, max (—f)=— mmf.

Byanappan:
max @ = —min (— @), minf = —max (—f).

I-meopema. (1) ea (3) cucmemaraprune ucman2an Gpur-
AU edumaapunu moc pasuwoa (x5, x3, ..., x0) ea (¥, 43, . ..,
Y°) opkaru Gereuracak, y xorda [ ea @ ¢opmaraprune 6y
edumaapdazu f, 6a ¢, xuimamnapu f, = @, meHeCUBAUKHU Ka-

Hoamaanmupadu.
Hc6otu. (1), (2), (3), (4) napra ypuH/H euuM/apHa KYHHO,
Ky#Hujaruiapra sra Gy/aamus:

a; X+ apxd+ .. a1l =b (i = 1,m),
fo=cx)+c,x) +. .. +c, x5, (3)
aljy(l)+a21yg+ +an11ym Cl (]— l )
@ =byl+b,yd+...+b,yy. (6)
(5) Texrcusmukmapud Moc pasquia 4, yd, ..., yo, Jsapra

Kyna#tupu6, carpiap 6yiuua Kyuicak,
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m

2 Zail yt /Eb;yt —Cpo (7)

=1 i=l =1
kem6 unkagu. LynuHriek, (6) TEHrCH3IMKJApHM MOC paBHLIAA
£, x3, ..., xJ nmapra kynautupuG, ycTyHsap Gyitdua Kyiucak,
n
Z Ea” iy \201x9=fo (8)

f=1
XOcua1 GyJaiu. (7) Ba (8) sap [, > @, 3<aHJMIHHH GHUIZHpAnH.

H'a'rn'}x a. A’rap @ = f, TEHIMMK GaxkapuJsca, @, = max ¢
Ba fy'=min f, 6Ynam, avuu (xf, x3, ..., x2) Ba (47, yJ,
¥%) nap ontuMan eunmsapHH hdoganaiau.

XakukataH, I0OKOpHIArd TeopeMmara acoCaH, HCTAJIraH ypHHJIN
Oy %3, .o x9) Ba (99, 43, ..., §0) eunmnap yuyH @, < f,
6ysrann caGabmu f, coH ¢ ¢dopMa KUAMATIADUHMHT IOKOpPH ue-
rapac, ¢, coH 3ca [ ¢opmMa KuAMATJADHHHHT KYHH Yerapacu
6y1anu. I_[emax, @y = fo TEHIVIMK GaxapuiraHga ¢, = max ¢
Ba f, = minf 3KaHJMTH TacHHKJaHAMHU.

Mucon. Yuw6y

. .y

X+ 3x+x, =4,
2 +x,>3 9
Xo+ dx3+x,=>3

[=2x, 4 4%, + x5+ x4
Macasa XaMJa YHra HKKH éxJama
o+ 2y, <2,

32+ U+ Uy < 4,
l 4y, <1, (10)

Yi+tys<1

Ba

¢ = 4y, + 3y, + 3y,
Macana Gepusrad Gyacud. (9) Ba (10) cucremanapuHur Ypunad
(,0,5,3) Ba (1, 2,0) euumnapy yuyn fo=2-14-4.0-+F

+1.564+13=10, fo=10, ¢y=4-1-43-2+43:0=10,
9o = 10 6ym6, minf = maxe = 10 gup.

Hkkn @gnaMalMKHHHT acocHfi TeopeMacHHHM KyHuga wucGoT-
CH3 KeJITHPaMHa.
2-meopema. lacmarabru macara eduraduean bgaca, yu-
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2a UKKU éxrama macara xam equnaduear 6yaub, [ dopmarune
MuHuMymu Ousan ¢ QopmaruHe Makcumymu yays minf =
= max @ meHeruk basxcapusradu. Aeap dacmaabku macarada
[ dopma xyiudan weeaparanmaean 6igaca, ukku éxiama Ma-
caradasu HexAqQHuWwl cucmemacu Mauguimac edumiapea e
6amadou.

By Teopemannnr uc6otu OHp Heuta anatuéria, XKymJjanas,
A. C. CosonoBHrKoBHHHT «BBejenHe B JIHHefHylO ajre6py H
JIMHeHHOe TporpaMMHpoBanue» KHTOOHZa GepHJira.

87-§. CHMIVIEKC YCYyJ

Uusukan nporpamMmaJalll MacajacHHH EUHIIHHHT MYXHM yCy-
JM cumnsiekc ycyanup. Dy Macanaga ueksaHMII TeHrJaMmasapu
Xi, Xgy . .., X, HOMabJyMsapra HucGaTaH €UW/raH, SibH{

Xy =b;, — @ +1%+1F Qe Xep2 L a, ),
Xp=by —~ (@ X, F g%t ay,x),

X, = br_(arr—{-l xr+1 -+ arr+2xr+2 ...t a,,x,
Kypuanwna onuuran 6ynumb, b, >0, b, =>0,... b, >0 6ya-
CHH.

[ unsuxgu dopmaja xam x,, X, ..., X, Japuu (1) nap op-
Kaau Hgonanad, yHH
F=% = Vg1 Xrp = VepoXrpa =+ - — VaZn @)

KYpHHHIUTa KenTHpaMu3 Ba 6y (OPMAHHHT MHHMMYMHMHH TOMHIL
MacaJlaCHHH KYVsMH3.

(1) maru xy, x5, . .., X, HOMABJAYMJAD TYMJNAMH UH3HKJH
nporpamMManail MacanacHHMHr GasucH Jedunagd Ba y M =
={X, Xy ..., X} KYPUHHMLUIZA GeqTWJAHAZM. X|, X, . .., X,
JIAPHHUHT y3HHH Ga3uC HOMABJIYMJAp, X, |, X, g - - -+ X, JAPHH
aca 030/ HOMabJymnap AeC aTafiMM3. X, ,[, X, 45 - .., X, HO-
MabAYMNapra X, .y, =x,.,= ... =X, =0 KuiiMaThH Gepcak,
(I) nan x,=0b,>0, x,=b,>0, ..., x,=b, >0 napuu
xocua Kunamus. Ulynaa#t Kuan6,

(b by ..., 5,00 ...,0) (3

eunM Nocua Gynamu. [ nuHr 6y euumparn kuimatH f =y, ra
TEHF.

Ky#unard ukku X041 pyH OepHiM MYMKHH:

1. (2) na xamma —7v, .\, —%¥, 49 - -+, —7%, COHJAD MaH-
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duiivac, avir—vy; >0. Y maktia [ dopva x, ., =X, =
= ... =x, =0 wapraa munumym f =y, KHiiMaTra spHIIAnH,
abud M GasucHudr (3) eunmu onrumaa Gysand, 4yHKH GUpOp
—y,>0 Ba x;>0 ynap yuyn —y,;x;,>0 6yaub, [ = vy, —
— Y%, > [ >V kemO uMkanu.

1L (2 na —%,,v —V4» ---» —7¥, COHIAD OpaCHAA
Mau¢uitnapu Gop 6yscuH. Macanan, —v; < 0 neitmk. Y Bakr-
B X, = ...=X_| =X, = ... =x,=0 Ba xl.>0 ne6

0/M0, x; HHUHF KUAMATHHH OPTTHPa GOPHLLI xucobura f =y, -—
—7¥; X; HUHT KHAMATHHH KaMalTHpHUI MyMKuH. JIekuH 6y wii-
Ia 3ATHETKOPJMK Kepak, 4yHku Oy xoaza (l) siapnan keaud
YHKA[MraH

x, =b —ay,x;

Xy =by—ay x;,

4

r =br —a,; %

TEH[VIaMa/apJary x;, X,, ..., X, JADHUHC Xeu KaHCHCH MaH-
¢uit 6YH6 KoIMAaCHH.
By epna xam xyimpaard MxkuTa Xoa pyi GepaaM:

A. (4) ma xawma @;;. a,;, ..., a,; counap mycbatmac. ¥

BakTAa x, >0 yuyd —a,x; >0 (k= I, r) 6yaranunan X, =
=b,—a,x;>b,>0 (k=1,r) ra acocan x, >b, >0, x, >
=b,>0, ..., x,2b >0 Oynann. [evaxk, f=y0——yix,
Ila:v,>0 Ba x, >0 Gy/iraHd cababau x; HH uekcH3 OPTTHpA

6opuur GunadH min f = -—oo ra kenavu3. Dynnman aca f dop-
MaHHHI MHHHMYMFAa 3PULUIMAC/HUTU KYPHHALH.

b. (4) na a;;, @y, ..., @, coinap opacuaa MycGaT/apu
6op. Macasa, ak/>0. Y xoana xk=bk—akl.x,. fa x; ra

b "
-4 JaH OpTHK KuiMaT GepHil MyvMKMH 3vac, YyHKH aKkC NoJfa
akj

- b o

x, <0 6y/m6 gonany. Bynza -~ >0 sKaHMrd pasiuad. Bydnait
a,,j
b.

KacpJiap OpacHJa SHF KHUMrH — 6yacud. Bysga a; > 0 cou
ail'
XaJl KUJIyBUM 3JIeMeHT JeMfu1afu.

b
Kuckanuk yuyH —— =p Gearunaw kvpuraimx. (4) aa X,
al'l
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HH p rayarWHa OpTTHpa OJlaMH3, YYHKH aKc Xonta x; < 0 6y-

JIMIIHHY KYPAHK.
O30 HoMabJyMJapra

Xp) =Xy = .. =X, =0, X =0 %, =
=Xy = ... =X, = (5)
KuiiMaTnapeu GepuC, 6asHc HOMAabBJyMJapHH aHHKJAHMP3:
X =b—a;p,
Xy = by —a,p,

x[ = bi —au P,
x, = b —a, p.
Suuu Kyhugaru surn M’ Gasucra yramus:
Xig Xgy ooy X s Xpy Xppts + o vy Ko

Bynra moc Gasuc eunm (6) Ba (5) napman Tyzunagu, (1) cucre-
Ma Ba (2) dopmand suru Gasmcra mocnaG €3amu3. DynuHT yuyH
(1) maru

X = bl _(a[r+1 xr+l + ...+ at; i + . a;, n)
TeHIJIaMaHH xl ra HucbaTaH eqyaMH3, SBHH
b; @i 1 Qi
x’-——:———( r+ Xr+1+...+—xi+.-.+——x
iy 7l 4y i

Ba 6y udofaru (1) ra xysmvus. Xocun 6yaran sHTH CHCTEMaHH
X =bi —(a;r»l»lxr-{—l + ..t a;ixl: + o a;n n)
x2=bé‘(ai'?r+1xr+l+ vt +a;ixi+ 2n n)

™
X =b— (1r+l +[+...+a,'.l-xi+.. -{-alnxn)

X —b ( r/+lxr+l + +a;ixi + .. Qn n)
KypuHuiuaa €samu3. By Gasuchunr ndonanapusd f ra Kyiuo,
YHH

T=V—Vegt o1 — o =X — - =%, (8)

KYPHHHIUra KeJTHPaMH3,
Dy Ounau xapaéunuur GHpuHYH KazaMu Ttyraiizu. Ke-
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AHHIY KajaM sHa wy GHpUHYH KaxamiH, abHH (8) Ba (7)
napra nuc6atadH 1 éxu Il xonnu, yHman xeitun Il A éxwu
II b uu takpopnawmpan uGopat 6ysanu Ba X. K.

[lynnait kuau6, CuUMIIEKC ycyn KyHuaaru »KapaéHHu
Hpoganainu:

1. YeknaHul — TeHraamManap cucremacusu (1) ra, uu-
3HKJH ¢opMaHH 3ca (2) KYpHHHIUra KeJITHPaMH3.

2. Arap (2) na xamMa —¥,,,—%V, 9 - .- — ¥, KopdH-
uHeHT/Iap Mmanduiimac 6yJca, M OGasuchmur (b, b,, ..., b,,
0,0, ..., 0) eunmu ontuMan O6ysmb, 6y eunmpa [ dopma
fi= 1Y, MuHHMyMra spuiIafH.

3.(2) ma —vy;y —%Vyp ---» —%¥, Jap OpacHia MaH-
Guiiiapn MaBxya, Macaiad, — ;<0 fecak, Xl =0 - T X =
=0, x;,>0, x;,, = ... =x,=0 guitmarapaa (1) cucrema
(4) xypunmunyu onagu. Arap (4) na xamma q, i G -y Gy
Ko3bbHUHeHTIap MycOaT Oynca, min f = — oo KeqH6 YHKAIH,
AbHE [ DYHKUMS MHHUMYMra 3apHIMaiiy.

4. (4) maru Qy Gy, ..y 8y KO3(pUIIHEHT/IADHAHT MyC-

6amapu MaBxyn, AbHH ak/ > 0 Aecak, ﬂe_ COHJap opacvw,a SHT
akj

b <
KHYHrH —- HH oJamu3. (1) cucTemaHuHr x; ra HucGartan €3u-

a; j
rai TeHrJamacHjad x; Hu anuxJa6, (1) cucremanu sauru M’ =
={x, ..., X_p % X4 -+, X} Gasucra nucGatan E3u6,
(7) uu xocun kuiamus. f dopmanu 3ca (8) xypunviga udopa-
Jgaimus. Slury oson Homabaymnap (5) aad uGopar Gymaau. (8)
Ba (7) mapra acocnaHHO, OKOpHAa GaéH 3THJIraH XKapaéd ' TaK-
popJaHagH.

Mucoaanap. 1, {xl =2 —(2x; — 3x,),
Xy =1—0¢+ 2x) (1)

cucrema yuyH f =1 4xg -+ 2x, GOPMAHUHT MHHUMYMH TOMHJ-
CHH.

Eunuw. x, Ba x, —06asuc HOMabayMnap, X, Ba X, 3a 0304
HOMabiaymnap. x, =x, =0 ma (1) nau x;, =2, x, = | Kenm6
uukan. Ildyupain ka6, M Gasuchuur ypunamn (2, 1, 0, 0)
eunmura sra Oysamus.

f dopmanunr 6y eunmra moc kuiMath f =14 4x, + 2x, =
=144.04+20=1, f=1 6ynsaau.

Suam, [ ga y;=4>0, y,=2>0 6yarann yuyn I xoa-
ra sramu3. Macanad, 0 <<x3 <l Ba x,=0 ra moc YVpuH/H
eunmaa f=1+4x,> 1, f>1 6ynagu. Uy cababnd, f uunr
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muuauMymH f =1 6y/m6, yHra wmoc (2, 1, 0, 0) eunm onrm-
MaJIHp.
2. {xl = l _— (— xa + x4),

Xy =2 — (%3 — 2x,) (1
yeKJaHUII TeHrJiamvanap GepuJran 6ynub, f = 0—x, —x, dop-
MaHu MuHMMyMJamTupainuk. By epaa {x;, x,} 6asuc HoMabaym-
Jap Ba Xy, X, —O307 HOMabayMmJapaup. x; = x, = 0 kuiimar-
gapna (1) pmaH x; =1, x, =2 HH XxocuJ Kuiamu3. [lemak,
(1, 2,0, 0) ypusmu eumvra f =0—0—0=0, f =0 gufimar
moc kenamd. f=0—x; —x, =0—vy, x3—x,popMaga, maca-
JaH, x,>0 Ba x, =0 ne6 oncak, (1) fdad x; = 1 —(— 1) x,,
X, =2—1-x3 xocu1 Gynamu. bynma a,;=1 ra kypa II B
XoJra Kejamua. Jlemak, b2 , — =2 6ym6, 1 con

az3 1 . G2
XaJ KHJIYBYH 3JIEMEHTHH HoAanalH.
(1) HHHT MKKHHYHM TeHIVIAaMaCHHH xg Ta HHMcGaTaH eun6 Ba
Xy Hu OMpHHUM TeHIJIamara KYiAuG, KyHHHArH SIHTH CHCTeMaHH
XOCHIT KHJIaMH3:
X3 =3 —(xy —x,), 9
{xs =2—(x,—2x,) @
Bynna, {x;, X;} —auru 6asuc Ba X, x, O304 HOMabJAyMJap.
f HuHr GyHra Moc KyHugarH HGpOJaCHHH TOMamH3: ~
f=0—x3—x,=0—24x,—2x, —x, = — 24 x, — 3x,.
Sumu, x, =0 neb, x, ra ucraaraHya karra Mmycbat Kuii-
MmaTHH Gepcak, min f = —oo O6ysiand, savhu [ dopmMa MuHH-
MyMra SpHIIMaijg.
3. X+ 2%+ X3 —x, 4 20, = —11,
Xy ~— 35 + x; =2,
—x, + %, +x,—3x;=1 45
cucteMa Ba f =2+ 4x, —x, + x, dopma Gepunran G6yaub, f
HH MHHHMYMJIAINTHPHIL TaJab KHJHHAILH.
Eunm. (1) HUHr MKKHHYH TEHIJIAMACHHH X, ra Ba GHpHH-
UMCHHM X, ra HHUCOATaH eyaMH3:
{x2 =2 4 3x5 — X5,
xg = 1 4x,4 2x, + x5 + 2x,.
ByHpan
{x2 =24 3xy — x;,
X, =D+ x4 Tx, 2
CHCTEMalnHu XOCHT KHJamu3. (2) ma x, Ba x, JapHuHr #doga-
Japunn [ ra KYHHG, KYHHAArHHH XOCHJ KHJIaVvH3:
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f=05-+5x+4x54+ xs. 3
Snau (2) HM KyHuiark wakaga €3amus:
Xy =2—(—3x3+ x3),
R, | @)
Xy = x3 = x5 = 0 Kufimarnapaa (4) npaH x, =2, x,=7>5 sapuu
tonamus. [emak, (4) cucrema yw6y (0, 2, 0, 5, 0) Vpunm
eunMra sra 6ynafu. By euumaa f HuHr KHfiMaTH 5 ra TeHr.
(3 ma 9, =5>0, y,+4>0, v, =1> 0pup. Uly caba6mu
[ =5 xuiimar f nHuer musumymuny, (0, 2, 0, 5, 0) 3aca onru-
MaJl euuMHHH uboaanaimn.

4, Yoy
%+ 3x,<9,
2%, 4+ 2x, <8, 0))
=20, x>0
CHCTEMAaHHHT

f=x4+2x,

¢opmara MakcHMyM KHAMATHM TabMUHJOBUM ONTHMAJT €UHMH
TOIMHJICHH.

Eunw. 86-§ na aiituaran maxf = — min(— f) = ming
JaH doiinananud, (1) cucreMauur ¢ = —f = —x; — 2x, dop-
MyJara MUHMMYM KHMHMatHH GePyBud ONTHMAJ €YMMHHH H3/ai-
MH3.

(1) cucremana x; Ba x, CyHBHil HOMAbIyMJADHH KHPUTHO,
YHAArd TEHTCH3/HMKJapiaH KyHHIark TeHr/amajapra yTamH3:

{ X1+3X2+)C3=9, (2)
2%, 4 2x,+ x4 = 8.
(2) na x3 >0 Ba x, >0 wapT GaxapuiuWK JO3MM, YyHKH 9
Ba 8 napnau karra Gy.maraH x; + 3x, Ba 2x, + 2x, udona-
Jap wy 9 pa 8 sapra TeHr GysM6 KOMMIIM YYyH yJapra Mas-
duiivac x; Ba x, sapHu KYWMW Tanab KUAHHAIM.
Auau macasa (2) cUCTeMaHMHr ¢ = —x; — 2 X, Ta MHHUMYM
KuAMar GepyBuM ONTHMAJ €YMMHHM TOMMILIAH uGopat GyJand.
(2) cucremanu x, Ba x, Jnapra HucGaTaH eyaMmu3:

3=9_— .l" 3 2)»
R e Y ©

By xonga M = {x;, x,} Gasuchu Ba x;, X, Jlap 3ca 0301
HOMabJlyM/JapHH TalIKU 3TajH. x, =%, = 0 xuitmariapaa (3)
JaH x;=9 Ba x,=8 umapHd Xxocu1 Kuiamu3., [emak,
M Gasucpa @ HMHr KuitvatH O OysagM. @ HHHT  KHHMATHHU

303

www.ziyouz.com kutubxonasi



KaMaHTHpHLI MYMKMHAMTHHM Kypamu3. @ = —x; —2x, ra aco-
caH, x, Ba X, JAPHHHI KHHMAaT/apu OpTHIUM GHJIaH ¢ KaMasiiH,
ABHH @ = —X; —2x, ra Kapab MIyHH KYypaMM3KH, —x, ra
Kypa —2x, @ HH Te3spoK Kamadthpamu. Iy ca6abmu, x, =0
Ba X, >0 ne6 om6, x, ra x, =3 xuiMaTHH GepaMu3 (4YHKH
Xy, >4 xuiimatia (3) AaH x, << 0 6ysm6 Kosamy, aMmmo 6u3 (3)
HHHI' Xap BaKT MaH(QHIIMAC euuMJApHHHTHHA H3JIAlHMU3 Kepak).
Y xonma x, =0 Ba x, =3 kuiimaraapia (3) naH x,=0,
x, >0 xenmb uMKamu.

Aupu, surd M’ = {x,, x,} Gasucra yTHm Kynait 6y.u6, (3)
HH X,, X, Jlapra Huc6araH edamus:

x2=3—-(—;—x1+%x3),

K= 0oy — 2 (4)
4 (3 1 3 8) *
Bysza moc ¢ = -—6—-%x1+-§-x3 6ynamu. By udonansa x;

OpITaHAa @ KaMmaslH, JeKHH X, opTraHia ¢ xam oprajid. [ly-

HHHT YYyH X3 =0 Je6 osamu3 Ba x; < 5 JeiAMH3, YYHKH
3

x1>3 mapraa (4) HUHr HKKHHYHM TeHrJlamacuzad x, << 0 ra

Kenamu3. Bynpan M” = {x,, x,} 6asucra yTuu JIO3UMJHIH Mab-
aym 6ymub, (4) Aa KyHupard CHCTEMAHH XOCHJ KHJIaMH3:

Xy =-§——(——; X5+ %x4) .
x2=-5———(lxs~l—x,)
2 6 4
o 13 1 1
By xoafa @ HMHr KYpHHHIIM @ = ——§—+—2-)c,,+—4-x4 JaH

nbopar 6yqamu. By epia —;- >0 Ba i—>0 6ysaranu  cababu,

X3 Ba X, Japra Mmyc6at KuiiMatiapux OepHil OWJaH ¢ HHHT
KHAMAaTHHH KaMaWTHpHIl MYMKHH 3Mac. [JleMaK, x3 =x, =0 Ba

3 5 " 3 b5
Y= Xp= o KuiMaTsiapaa (;, 5 0, O) ONTHMAJ €YHM-
ra KeJaMu3 Ba @ = ——12—3 mvunuMyMra sputiavu3.  Hlynpai
KumG, maxf=-—ming = —1~23 6ynapn.
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88-§. CHMIUJIEKC )KAIBAJIJIAP

Bupop MacajaHHHr eYHMHHH CHMIUIEKC YyCyJ €paaMH-
[ia TonuwW 6up KaHuya GockHunapAaH H60pAaT 3KAHJUTH Ou3-
ra MabayM. Ly 60CKHYIapHHHT XaMMAaCHHH CHMILJIEKC XKaj-
Bajsap épaamuia GaxkapHul MyMxHH. ByHu xyhuparu Mu-
cossiapAa KypHO yTamus:

1. lxl +x3—2x=1,
Xo—2x,+ x5 =2, (1)
kg + 3x,+ x5 =3
cHCTEMaHMHT MaHdHiiMac euHMJapd opaciia

[=X4—X5 2
dopmara MHHHMYM KHEMat TabMLHJIOBYH €UHM TOMHJICHH.

Euuw. (1) Ba (2) sapHu GHpranukia OJHO, KYyHHAAru cHc-
TeMara sra 6y/amH3: |

Xyt xg—2x =171
Xp— 2%+ x5=2,°
Xg+ 3xg+ xg =3,y
f—xg+x=0.

(2) cucTeMaHH X;, X,, X Jlapra Kypa OCOHIHHA'€YHLI MYMKHH.
Ilynudr yuyn 6y HoMabaymjapHu (1) cucremaHuHr Gasuc
HOMabJiymsiapd ne6 KabyJ KHJIaMH3.

basuc HOMabayMnapHH XaaBajHHHT 1- ycTyHHra, 030K
XaJJIapHH 2- YyCTyHHTra, X; HHHT Ko3bbHUHEeHTAapHHH 3- yC-
TYHHra Ba XO0Ka30, X5 HHHT KO3((HLHEHTJapHHH OXHPTH
yCTyHHra €3u6. Ky#upard xajsajra sra GyjJaMus:

l-xkagBan
Basuc Homabaymnap |Osox xamiap| x; Xz X3 X4 X5
% | 1 ’ 1| o l 0 | 1 \ —2
X I 0 |—2| @
X3 | 3 |0 o |1 | 3 | 1
f gopma | o | o] o | o}_1| i
20—2572 305

www.ziyouz.com kutubxonasi



f dopmara MHHHMYM KHHMaTHH GEpyBYH ONTHMAJ E€YHMHH
TONHWI Y4yH {X;, X3, X3} 6a3ucAaH 6owKa OGasucra yTHII
JIO3HMJIHTHHH OHiaMu3, By nw xajgsannap épaamuna Ky-
HHparHya GakapunajH:

a) f dopMara Moc KeayBYH caTp 3JEeMEHTJIapH OpacH-
Xa Mmycbard Oynca, Wy 3JeMeHT KOHJaluraH YCTYH 3Je-
MeHTJapHial MycOartnapHHu Gearnna6 onaMu3. BuaHHHT
MHCOJIHMH3Ja OXHUPTH, ABHH [ (OpMaHHHr caTpuza GHTTA
myc6at 1 aseMmeHT Gop. By szneMeHT XKofinaumraH OXHPrd
ycryHaa 1 gaH TalIKapH siHa HKKHTa Mycbar 1, 1 sjeMeHT-
Jap MaBxyA. Yaap 2 Ba 3-caTpJaapia xoilsalluras;

6) axparusiran myc6ar 1, 1 sneMentsiap GHJI2H GHTTa carp-
A3 XKOWJALIraH 030f XajJapHuHr wy 1, 1 Jjapra HucGaTiapu-

HH Ty3amus. buspa 6y HucGarsap f—= 2 Ba %= 3 Gynany;

B) Ty3uaraH Huc6aTiaphaH SHI KHYMTHHUHT MaxpaikH
XaJ KHJYBUYH 3JieMeHT Oyaaiu. 1-KalBajjaa XaJj KHJIYBYH
3JIeMEHT Tyrapakuya HYHra OJHHTraH;

r) Xan KuayBuH a sjnemeHT 0 ra TeHr OysaMaca, yHH
I ra TeHr KHAHG OJIHII MYMKHH. ByHHHT yuyH 1y 3JjeMeHT
’KOHJalrad caTpHHHT fapua 3JeMeHTJapHHH a ra GyJaHul
KHos;

1) l-2xkajgsan caTpAapHHHHT 3JeMEHTJIapHHH LIyHAaH
ysrapTHpaMH3KH, HaTH>Kala XaJj KHJaysBuH | sjemeHT Typ-
raH ycTyHzard iy sJieMeHTaaH Gowkanaapu 0 jaapra afi-
JaHCHH. DyHHHr yuys I-KaABa/HHHI HKKHHYH CaTpHHH
2, —1, —1 napra xynaiitupu6, Moc paBumaa 1, 3, 4 catp-
Japra Kywamu3. ByHHHr HarHxacuga X, KoijaliraH yc-
TYHHHHT TYPTHHYH caTtpuaa —1 Xocua OyJaraHH yuyH X; HH
6asHciaH 4yHKapHO Tauial, YHHHI ypHHra Xs HH KHpHTa-
MH3. ¥ Xo/aj4a KyilHaarH sIHTH XKajaBaJj Keaub 4HKalH:

2-xapgBan
e, Joova| w | m x| ow | s
NN N
s |2 | o |1 o | =2 | 1
L e
f¢0pM.’1‘ -2 # 0 (71 \0 l 1 ( 0
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€) I0KOpHJa KHJHMHTAH HII HaTwKacuia aBBaird {x;, Xp,~ Xg}
Gasdciaru x, VpHHra x; KeJafu Ba 2-Kajkajfa KypcaTHJj-
ranjex, sHra {x,, X, X;} Gasuc xocun GynanH.

2- :xaZiBaJHUHT OXHpPrH caTpuia (akaTrHHa OHTTA
myc6at sneMeHT MaBxkya O6yaub, y X, XolJawraH ycryH-
naaup. Uy ycrtynma siHa GutTta Myco6ar anemeHT 5 6op.
YHH XaJ KHJAYBUH 3jeMeHT 1e6 XHcobsal, yyHHUH GasHcra
KHpDHTaMH3. Dy HIUHHHT HaTHXKacH KyHHJAard xaaBaJina
KypcaTHITaHAHP:

3-%aamaa
Basuc woMavaymaap | Oszop xaanap | x; Xg X3 X4 Xs
28 | 7 3 o 0
. < A
1 5 5 5
s 5 5 5
1 1 1
— 0 | ——=| = 1 0
% 5 5| 5
l 11 4 1
_— 0 |——|—=1] o0 0
f ¢opma i s 5 5

3- :KallFaJIHHHT OXMPrH carpyia Gupopra xam MycbaT sie-
2 1
MeHT KoJamanu. [lemak, TOnMATaH <~5—, 0, 0, 5 %) eunM

onTtHMaJs 6y/M6, yHra Moc KeJyBud [ (POPMAHMHT MHHHMYMA

11 .
-5 ra TeHT, S'bHH mmf=——?.

2. {5x1—4x2 + 13x3 —2x, + x5 = 20,
Xy —Xy+ 0% —x,+ x,=28
CHCTEMAHHHT eUWMJIapH opacuiaH [ = x; + 6x, — 7 xg+ X, +

+ 5x; ¢opmara MHHUMYM KHHAMAT TABMHHJIOBYHM €YHM TOMHJI-
CHH.

Eunm. CucreMaHuHr GHPHHYM TeHr/aMacHAaH HKKHHUMCHHH
aiupuo,

4x)—3x,+8x;—x, =12
TeHTsiamara sra Gynamus. Bynpan

3 1
xl—:xz-{— 2 xg = 3.
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OHMM, CHCTEMAHHHT HMKKMHYH TeHIVIAMacHHM — 5 ra Kynaii-

THPHO, OHPHHYH TEHr/JamMa OHW/IaH HKKHHYM TeHIVIaMaH{ KYina-
MH3!

X, —12x,+ 3xy—4x, =—20=>x; —

1 3
—+ %+ 35— 25, =5.

[ dopmanu xaMm x,, Xx; X, Jap opxaiu uPosanal, Kyiumara
cucTeMara KeJlaMH3:

i
x,—%x2+2x3—-4—x4 =3,

X5 — l—xz + 3x3 —-%xl =5,
\f —8x,+ 24x;—5x,=28.
DHAM KyHMAArH »KajiBaJJIADHH TY3aMHU3:

4-agsadn
Basuce
O3ox
HOMabAYM- x1 X X X X
P Xaziap 2 3 4 s
3 |
1 —_— ) _— 0
X1 3 4 Cg) 4
1 3
5 0 -_—— —_—
Xp 4 3 4 1
[ dopma 28 0 —8 24 —5 0

Xan KunyBux saeMeHT 2 Han MOopar *OyJraHd yuyH X; HH
Xy OuaaH anMawiTHpuG {xg, X} Gasucra kypa Ky#Haars »xaf-
pajra yTamus:

5-KagBan
Basue
. Osopx, l
HOMabJyM- X1 X, X3 X4 X
aap Xajnap |
3 1 3 1
X3 — — —— 1 —_— 0
2 2 8 8
1 3 ' ?) 3
2 _2 r 0 —_— 1
*o 2 2 ‘ (E,, 8
[ dopma — 8 — 12 1 0 —2 0
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Huxos, % COHra Kypa KYHHAArs aJBaJHH XOCHJ KHJIAMH3:

6-xxagsan
Basuc noMan- | Osozn

aymaap | Xamaap *1 *2 *s *a *s

12 1 2 3

- _— 0 1 — =

*s 7 7 7 7

4 12 3 8

— fladl 1 0 = =

*2 7 7 7 7
 dopw 60 72 0 0 11 8
a —_— - — JR— — —

op 7 7 7

6- KapBaJHHHT OXMPrH caTpH GMpopra XaM HOJlaH KaTTa

coHra sra smac. Jlemak, TOMMJIraH (0, %, 17—2, 0, 0> €YHM
onTtuman 6ynamu. by eunmra moc kenysuu f = —%0— 6yJa-
an.
3. iy —xy —xy=—1,
X —2x,+x,=2

CHCTEeMAHHHI IWYHAal MaHduiMac eydMH TOMHJICHHKH, Oy euHM-
Aa [ =—x; —x, GopMa MMHHMYM KMHMaTra SpHIICHH.

Euuw. Macana Kyiunarn cHcreMaHHHT , ManbHiMac eyuM-
JIapMHH TOTHILJAH HEOpaTAMD:

— X+t x=127
X —2x,4+x, =2,
FHx+x=0 y

Oxupru cHCTeMara MoC KeJyBYH KyHHIArd JKaJBajHH Ty3a-
MH3:

Baa?lc):' y ;a%saab- . g:;;fap x ‘ P ( X3 , A
SO R T I R
Xg I 2 | 0 ,_2 ‘ 0 ‘ !

{ reopa | 0o | v | 0 | 0 | o
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SIuru {x;, x;} Gasucra Kypa KYHMAard xkaasaj xocua Gy.a

Au:
Ba;};'cw}x{:: > xe?niroa? ' *1 l x3 , x3 [ %4
* | s | o | —r | 1 ] o
- |2 | 1 | -2 ] o | 1
fgopua | —2 l 0 l 3 , 0 l .y

f dopmara moc kenysuu catpaa ¢akarruHa Gurra 3>0
COH MaBXyA O6ynu6, y xoiljauiraH ycTYHHHHr OGOLIKa COH-
Jlap¥ HoJajaH KHYHKAMp. ByHpma# Xoapa kyiimarad Macana
ONTHMAJ evyHMra sra GysMalaH, YyHKH OXMPIH XKajBaJjra
MOC CHCTeMaHH TY3CakK, KYHHHAaru CHCTeMa KeJHO YHKaIH:

— Xt X3+ x, =3,
X —2x,4x, =2,
F+3x,—x,=-—2

Byuaan
X3 =3+ x, — x4,
X =24 2x,—x,,
= —2—3X2+x4

6ynub, [ HHHT KHEMATHHH X, HH OPTTHDHWI XHCOOHra Kamail-
THDHII MYMKHH. JIeKHH X, ¥3rapyBUHHUHT ODTHIUH X, HHHT
myc6aTJHrura Tabcup atMaiau. [demak, 6y xonma minf = — oo
6ynanu.

Mawkaap
Loy + x4+ 32, —6 <0,
2%+ 4x,+ 3x;—16 <0,
3x;+4x,4+2x—12<0,
120 %20, >0
CHCTEMaHHMHI LIyHAAH eUMMH TOMMJCHHKM, y eunmua [ =2x, -
+ 3%+ % X5 opMa MHHHMYM KHHMAaTra 3pHILCHH.
2. [ Xy —xy—X3=—2,

3x;—x,+ x3 =0,
3,20, x>0, X320

yuyu f . = —x; — X, — X3 TOMHJICHH.
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3 (xy 4 x,+ x5+ 3%, =3,
X1t X —XgF+x,=1,
xl‘—x2+x3+x4= 19
x>0G=1,23 4

YuyR [, = X3 — Xp — X3 — X, TONHJICHH.

4, (X —xy—x3=—1,
X —2X,4x4=2,
x=20@¢=1,2 3, 4)
CHCTEMaHHHI IIVHAAH €YHMH TONHJICHHKH, Y eyMMJaa
fintn = — %1 — X4 6y JCHH.

89- §. CHMNIJIEKC YCYJHUHT TATBUKJIAPH

HIKTHCcOnM#I MacajiajlapHH eyHllja YH3HKJIH CHCTEeMa-
NapHUHT MaH)HAMac eYyHMJapHHH TONHLI  KePaKJHTHHH
KYpAHK. MabaymkH, xap OMp 4YH3HKJH TeHryaMajaap Ba
TEHICH3/UKJaD CHCTeMacCHHH MaTpHUAJH TeHrnaMa ExH
TEHTCH3JIMK IUaKJHAa €3I MYMKHH.

CucremaHHHr MaHpHuiMac €YUMJIAapHHH TOMHWI YCya-
JapHaaH 6upH

*A=0b 1

TEHIVIaMaHUHT 6apya eyuMJapuHH TOMHO, ynap opacHpa-
ru MaHduiMacaapHHH axpaTu6 oauwanp. JIEKHH HOMab-
JyMJlap COHM TeHrjamaJjap COHHAAH erapJauua kartra 6yJ-
raifa, 6y ycysn aHya MexXHaT Ba BaKT Tanab KuJaaau. By
MacaJaHH eYHUIHMHT 3PQpeKTHB YycyanapHaaH OHPH YHH
MHHHMAaJMAWTHPHI MacaJjacHra KeJTHpHwjaaH HOopart.
Arap (1) na b BekTOpHHHr Gab3H KOOPAHHATaNapH MaH-
¢ui 6ysca, yHn Mycbar xoJra KeJTHpPHLI MyMKHH. DyHHHr
YUyH CHCTeMajard TerHiljid TeHrnaMallapHHHT HKKajla To-
MOHHHH —1] ra xymafitupum kudos. Macana xgy#uagaru-
ya Kylunamu:

xA+y=0b @)

CHCTeMaHMHT CUHMJIADH OpacHia IUyHRall MauduiiMac x Ba y
euuMaap TONHJICHHKYH, 6y eykMaapaa

f=(y 0 6

opMa MMHMMYM KuiiMaTra SPHIUCHH, 6y epjia U BeKTOp GupJaink

BEKTOPAHP.
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MacanaHuHr wapTHra acocaH y MaedmiMac 6YauG, f dop-
Ma MHHMMYM KHAMarra sra GY/MuIH JIO3UM. U BeKTOp MycGar
Gyaranunan [ opmaHHHr MaH}HAMAC KuHmaTH 'y BekTOpra
GoramK. JeMak, y =0 6yJranparuHa Gopma VMUHHMYM  KHit-
maTra spumafi. DyHmaii xoima x >0 KyHHJITaH MacalaHdHr
eynMH GyJsafi, steHH 6y Bektop (1) cHcreMaHHHr wmandHiMac
eUHMHIIH GepaiH.

Myucoua.

Xy —x3+4x,=3,
2x, —x, =3
3x, —2x,—x,=1

YuYH X = (X;, X3, Xg X,) BEKTOPHH TOMAHJIHK.

Eunm. flure y =(y,, y, Y,) Bektop &pAamuma Oy maca-
Jara MOC HHSHKJH NporpaMmalaii MacaJaCHHH KyHHJard€a
KYsMH3:

2x; —x, + y, = 3,

[x1—xs+4x4+y1 =3,
3x1 — 2%, —x,Fyy =1

CHCTeMa yuyH MaubuiMac x BeKTOp Ba [ =y, + y, + y, (op-

Mara MHHHMYM KHHAMAarHH 6epyBud y = (Yy, Yo, Y,) BEKTOp TO-
TMHJICH H.

Bolsanruy xanpanna 6asHc HOMAbJAyMJaap YYYH Yy, Ya Ys
JIapHH OJIHO, KyHuparujapra sra Gy/aMus:

y1+x1 —xy+4x, =3,
Yo+ 2% —x, =3,
Ys+3x —2x,—x,=1,
f+6x—3x,—x5+ 3x4 =7
By cHcremara moc cuMmieKC Kajapas KyHMAard IUAKJHH OJ1d"
bii:H

BHBJ}:;M;;);‘%- Oson xapmap | x; ¥z X3 X4 Y1 | Y2 {Ys
w | 3 | IOI—'I‘*/‘I°|°
o | 8 f2|-t]ofo o |t]o
w | 1| @ | 2|ol—1lolol1

[ dopma l 14 6 —8!—1’—3,0 lo,o
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Cumnyieke KaABa/IJIapHHHT GHPHAAH MKKUHYMCHTA KeTMa- KeT

YTHO, KyHMAArd KajBa/lJapHH Ty3aMMs:

Basuc nomamn- Osog,
aymaap Xamnap *1 X3 X3 Xq Y1 |y2|ys
8 2 13
> - =11 |o
Y1 3 0 ( 3 ) 1 3 0
7 1 2
- — | o0 Z 1o [t1]o
Y 3 0 3 3
1 2 1
— t |—=l o |—==| 0 fol1
“ 3 3 3
f gopua | 5 o | 1 ]—1 |5 0 'o 0
Basue noman- Osoxn 7
JaymMnap Xannap 1 *a X3 | X4 (Y1{¥2! Ys
%a l 7 0 t o |2 o l 3| ~2
% 2 o | o | 1 ‘—3 |—1]2: —1
5 1 0 0 Liglefj_2
5 ) T2
f dopma 0 o [ o | 0 | 0 '-1]—1\ —1

Oxupru kafBa/IHUHT OXWUPTH CaTpUAa MycOaT COH MaBXKYZ
amac. [lemak, tomuarad (5, 7, 3, 0) eunm Gepwiras cHcreMma-

HUHT MaHbudMac euumH Gyaanu.
GbopMaHHHT MMHHMYM KuiiMaTd HOJIra TeHT.
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