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CV3 BOLIN

Anrebpa — MaTeMATHKAHMHT anrebpany amamiapHu ypra-
HYBYH OVIHMH. DHr conma anrebpallk aMayiap — Harypal
COHIAp Ba MycGar pauMOHaN COHJIAp YCTHNACM aMa/lIapaup.
YaapHuHT Gapya acocHil Xoccamapd KaauM 3aMOHIapIa Mdb-
nym Gynrad. AnreGpauk GHKp Ba OCATHIAPHUHT PUBOXTAHH-
wura Auodant "Apudmernka’cHHunr (3pamusaudr [ acpu)
TAbCHPH KAaTTa OVAraH. AureOpaHMHT OGYHIOAH KeHHHIMU DH-
noxJIaHMImMra XMeaga TyrFwirad Ba IX acppa smarad Mate-
MATHK Ba acTpoHoM MyxaMMan u6H Myco an-XopasMHHHHHT
"As-xabp Ba ar-MyKobana" acapHHHHI TABCHPH Xylda KaTTa
oyaran. "Anredpa” aramacd XopasMHITHHHL aHa LY acapH-
HUHT HOMHIAH onuHraH. by acapoa OHpHHYHM Ba HKKHHYM
Japaxany anrreGpaMK TeHIIAMATAPHH eYHLIra KelTHPHIAIH-
H MACATAJIapHH eYHINHWHT YMYMHH yCyUTapu Gepwira.

XV acpHUHr oxupHra KeJu0, HIy Jappraya MaTeMaTHK acap-
JApAA MIIATHATAH atredpank aMa/lTapHHHI Y3YHAAH-Y3YH
cyu Monanapd YpHHra xo3dp KaGya KWIHHras + Ba —
HIOPIAPY, LAPAXKA, WAIW3 Ba KABC Oenriapy nailno O¥nau.
®. Buer (XVI acpHuHr oxupy) OUpUHYA 61O HOMABLIAYM-
JAp I Micaiapaa 6epHAran KaTTATHKIAp YIyH xapdui oen-
raaapin maata Goinani. XVII acpHuHr Ypramapura Kenuod
aCOCAH XO3MPIM 3aMOHZA MILMATHAAETraH anreGpamk Oelru-
Jawaap Kabyn KWIMHIN.

XVII—XVIII acpnapna “Axrebpa” ne6 anreGpawk TeHrIa-
MajllapHU euMll Ba Xapdwuit GopMyranapHH aiiHUil ¥3rapTH-
pum xaxHnard ¢ad rywysmnrad, XVIII acpaunr ypranapura
Kejaranma anrreGpa xo3up "saemeHTap aarebpa” meb TYIMIYHH-
JIANMTAH XAXMOA IOKCANIH.



XVIII—XIX acpnap anrebpacu — 6y acocaH KVmxaniap
anredpacuaup. bup BOMABAYMIM anTebpauk TeHraamamap
HalapuscH O6WiaaH Gupra GHP Heya HOMABLAYMIH anrebpamk
TeHLAAMANTAD TH3MMAADIIHA eNHIL HA3aPUACH XaM PHBOXIIAH-
au. XycycaH, YH3HKIH TEHDIAMANAD TU3HMIADH HAZAPHACH
SXUIM PHBOXUIAHAH, MATPHLA BA ASTCPMHHAHT TYILYHYAIADH
raigo 6¥nmn.

XIX acpuunr VpramapuaaH Gournal, aareGpana vxtHépuii
arreGpanK aMAlNapHH YpraHuil Macananapu naino oynam,
XX acpuuur Gommapuga [, Funsbepr, 3. Ulredinuu, 3. Ap-
HH Ba . Herep KaGu MareMaTHKNap acaphapu TabCHpHIA
MXTUEPHA anTeSpanK aMaLIapHH Yprasyin anreOpaHuur aco-
cuil MacanacHra aifaaHNH Ba XO3HP XaM tuyHpai dDYaud Kosi-
MOKZA.

AjreOpaHHHT XO3MPrd 3aMOH MAaTE€MAaTHKaCHAATH aXaMu-
ATH HHXO0ATHA KarTa. YMyMaH, XO3UprH 3aMOH MATeMaTHKa-
U K¥IT OYymuMAapHHHHT "anreGpanialliua” Kydaiu6 Gop-
MoKaa. MatemaTtuka Gowka 6V 1HMIADH MACATATAPHHHHT 4J1-
rebpa TIWIHTA ¥TKA3WIALIM, YIADHH €YHIN YYYH HHXOSITAA
yHyMIH 6¥nrad opMan anredpaHK xucobrALLTAPHH TaTOMK
KILTHIIra MMKOH bepand. KeifMHIH BakIjiapia MaTeMaTHKaaa
Oy Hy1 GWIaH MyXUM MXTHPONAD KWIMHIAH (MAacalaH, TOIO-
Aormspa). Anrebpanunr dnukaga, KHOepHeTHKAAA Ba MaTe-
MATUK HKTHCOLAA MyXuM TaTOéuKmapu 6op.

Ma3kyp KuTo0 YHHMBEpCHTETHap Ba NMEOMHCTHTYTAAD Ma-
TEMATHKA O¥IuMIapu Tanabanapura MyDKANaHray oymao, vy
xucMaan ubopar. by kuesnap ToWKeHT GABNAT YHHBEPCUTE-
T™HIA VKHTIIanurad aaredbpa Kypced VKYB JAcTYDHIa MoC Ke-
Jan. :

KutoGuunr 67- pa 68-maparpadiapuHu €3MuIAa ION.
b. TypcyHoB axlHIaH €pmaM OGepau. Myamnudmap yHra ¥3
MHUHHATAOPYIWIHKIAPHHA OUAZUpaAWIap.

Kutob xakupars uKp-mMynoxaszanapyi MyajuiHdrap MaM-
HYHAMK OMNMaH Kabyn KHWIAAWiap Ba ONIMHIAH MHHHATAOD-
nUK OAgpanuaap.



Bupunuu 606.
TYTIJIAMJIAP BA ©®YHKIIUSJIAP

1-§. TYIUIAMJIAP

TynmaM Xo3Uprd KyHIa MaTeMaTHKAHHAD 3Hr YMYMH# Ba
wy 6unaH 6upra sHr OOLUTAHFAY TYINYHYAADHAAH GHPHAND.

MareMaTHKana TYIDIAM Neranja HapcalapHHHT, XOAUCa-
JApHUHT HUXTHEPHH MAXMYH (cUHGbU, DUpTAIMACH) TYIIY-
HwiagH. TYIDIaMHA TAIIKKHA 3TYBYH Hapcanap, XOXHCATAD
YHVHT DneMenTnapy ae6 arananu, Kfnuuyva TVnaMHUET S0e-
MeHTIaPH Y3napiaHHHT Oup €Ky GHp HeuTa Xocca Ba Oeirna-
py OWnaH TYIIaMra KApMAraH HapcamapiaH, XoJHcanapaaH
axpanu® Typamm.

TymnamMra KupysuH 6apda 3ieMeHTAAD TYPIH XHCo6aana-
AU, SbHH YHAa aiiHaH OMp XIWT SiaeMeHTAap OVaMaiigm.

Onatna THUIAMAAPHH KATTA JIOTHH Xapduiapu 61naH, ynap-
HUHI 3TeMEHTAADHHN 3¢4 KHYUK TOoTHH Xapdaapu 6unaH Gen-
THJIaHAIH.

T¥mamMnapra MHCOJLAD:

1) Ep to3ugaru 6apua omamrap TYILiaMg;

2} Ep w3upary H6apua aaBgaTiap TYILIaMH;

3y Ymby 1, 2, 3, 4 connapuan nbopar THLIAM, AeMEHT-
Japu 6y ycynna GHpHH-KeTHH TabpHdraé GepuaraH TYILIaM-
JapHuu Kyiuugaraya Genruna Kabynm KwiHHras: {1, 2, 3, 4};

4 N, ={l, 2, .., n} — | man »n coHurava 6ymraH Harypan
COHJIAp TYILTAMH;

5) N={l, 2, 3, ...} — Gapya HaTypaJy cOHIap TYIUIaMH;

6) Z — Hapya OyTyH coHnap TYIIaMu;

7) @ — Gapya paLHOHAT COHJAP TYILUIAMMU;

8) R — Gapua XaKMKHil cOMIap THILTAMMH.

bynnan keitun xam N, N, Z, Q, R Genrunapuu xyagu my
TYILIAMAAD YYYH HILIATAMEI.



Kymaitmuk yuyH 6upopTa Xam ajieMeHTTa 3ra O¥amaran
TVILIaM xaM k¥punamy. YHu 6¥m TVioiaM ne6 aranagw pa (&
bunan GenrwIaHagH.

Ymby x € A &3ye GHIAH X IEMEHT A TYIVIAMHUHT 3Jie-
MEHTH SKAHJHrH GenrmiaHanu; 6y xonaa x 31eMeHT A TYiam-
ra meeuwau (A TVnaMpa €tand) geHand. AXC XOM SBHU X
3NeMEHTHHHI A TYILIAMIa mezuiisy smacauzy X € A GWiaH
Genrumasanm.

Tavpudg. Azap A mynsamuunz xap 6up saemenmu B
mynaamza xam mezuuiau aca, A mynaam’ B myniamntinz xucm
mynsamu (Kucmu) detiuaadu ea A C B éxu B 2 A busan benzu-
Aanaou,

by xonama B T¥nnaM 4 TYTUtaMaaH KaTTa €Kl TeHr, A T{imam
sca B TVIMaMJaH KHYHK €KH TeHr Xam Jeiwnand. Ymoy "C"
pa "2" Genrmiaap 3ca TYIUIAMAAP OPACHIATH TEHTCHMINHK MYy-
HocabarH ReHWwIagw.

Macanan, 0KopHIard MuconiuMu3na N timaam Z timam-
HUHI KHcM T¥oramu, N C Z

By Tarpudnan OGepocura KYHHOATH Xoccasap KeJmﬁ YH-
KaaH:

1} B ﬁhmaM Xap KaHmal A TYIUIAMHHHT KHCM Tioma-
MMIND, 9bHH O C A;

2) Xap kaunait A T¥wiaM yayH A C A (TEHTCHIIHKHHUHT
pedIEKCHBANK XOCCAcH);

3) Arap A C BBa B ¢ C 6ynca, y xonma A C C (TeHIrcHs-
JHKHHHAF TPaH3WTHBIHK XOCCacH).

Arap A C B 6ynca, K¥nAHYa A HUHr >AeMeHTIapy B HUHD
A ra xupMaraH sreMeHTIapHAaH OUp EkH GHpP HeyTa Xocca-
Aap GuwnaH axpayub Typald. bynpaf KicM TiTuaMIapHu Kyvtu-
Jaruua OelrmnafnMus;

= {x € B| x € A uu Genrwraliauran xoccanap }.
Macaaan,
={n € N|»ncoun 3 ra 6§nuaranga Kommuk, 1}, seau 4
T¥TuIaM GupuHyM Xanm 1 Ba afiupmacu 3 6yaran apadmeTHk
HporpeccHs Xxamiapuaan ubopar.

Taspnd, deap AC Bpa B C A6¥nca, A ea B mynaamaap
mene detiunadu 6a A = B Gusan Seazusanadu. Axc xon, asiu A
6a B mynaamaaprune meuemacauzu A = B Gusan beazunanadu.
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by TabpH(pIaH TEHTMIMK MYHOCAaOATHHHHI KYHMHATH XOC-
canapd 0eBOCHTa KeTHO YHKAIH:

1) Xap Kanpait A T¥inaM yayH A = A (TEHITMKHUHT ped-
JEKCHBIHK X0OCCacH);

NDArap 4= B 6¥nca, y Xomna B = A (TeHIHKHHHT CHM-
METPUKAHK XOCCAcH);

3y Arap A= BBa B= ( G¥nca, y Xomna A =C (TeHrHK-
HHWHI TPaH3HTHBIHK X0CCAcH).

Arap A Ba B Tymoramnap yuyH A € B pa A # B ypunim
Oinca, GyHH KHckaya A C B Gmnad GeardnaiiMus. Ymoy "C”
pa "D" benrmwiap TYIWIAMIAD OPacHOATH KGMBUE MENZCUSAUK
MyHocabamu nednnanu. Yoy A C B MynocabaTHUHT MabHO-
cu WyHAaH HGopaTkH, A HUHT Xap Oup smeMeuTd B ra Te-
e, aMMo B HMHT A ra Termnumd 6¥IMaraH 31eMeHTIApH
Mapxyn. MacanaH, 10KOpHIA KeJITUPMATAH TYIDIAMJap YUyH
NCNCZcCcQCR

PaBmanku, arap A C Bea B C C 6ynca, A C C (xatenit
TEHICH3THKHHHT TPAaH3NTHRIMK XOCCACH),

Iynn afitum kepakku, A C B pa B C A maprnap Gup
BaKToa YPHHIM 3MAC.

bym 6¥1MaraH xap kangal A TVIaM HKKHTA TYP/IH KHCM
TyTAaMra 313: & , A; 6y KMcM TYIAAMIap XocMac KMCM TYILaM-
nmap peimnanu. bowka (sieHu @ C B C A MWAPTHH KAHOAT-
JNaHTUPYBUM) KMCM TYILUIaMNap Xo¢ KHCM TYTUIaMiap Aeimna-
au. B$hu T¥ioiaM Ba GHTTA 3AeMEeHTAAH HOOpar TYILIAM Xoc
KHCM THIaMIapra ara 3mac,

INeMeHTNapHHUHT {34 XaM T?maM 6¥nrad TYILmaMaap Kyn
yupaiiaq. Yiap TYmiamnap TM3RMA JeHIUIANH.

Macanan A T¥naM TeKMCIMKRATH 0apya TYFPH SH3UKAAD-
naH woopat T¥mam 0¥ncKH. by MHconaa A TVILIAMHHHT 3/e-
MEHTH — TYFPH YH3IMKHUHF ¥3K — TyiaaMm Oyaub, Oy Timmam
Wy TYFpd YH3HKZA ETYRBYH Gapuya HyKTamapiaH Hbopat. By
epna TYFpH YH3MKHUHE Y31 A TYIIaMra KHpagMio, aMMO YH-
JarH HYKTATapHHHT GHpOpTacH XaM A TYILUIAMHMHT 3JIeMeH-
TH 3MAc.

Tymamnap TH3HMH 37€MEHTNAPUHA 6aB3aH KATTa JNOTHUH
Xapdaapu 6unaH GeNrraHagH.



2-§. TYILIAMIJIAP AJITEBPACH

Tyrutamnap yorruna 6up Heyra aMapiap SaxapuC, 6y amMan-
HAPHHHT XOCCAJIADHHM YpraHaMM3.

A pa B — vxTrépui T¥utamiaap 6¥acuH. By HkiuTa Titoam-
naH ubopar {4, B} T{mnaMiiap THIUMHHE KapaiMH3.

Arap ¢ € A Ba ¢ € B mapTnapHHHI HKKanacy XaM $puHIu
Gyaca, Oynmait c saeMenT A Ba B Tituiamnapaunr ({A, B)
TRIUMHEUHAC) ymMymuli sqemenmu AeAIADN.

Taspud. A va B myniamaprunz 6apua yMymut asemenm-
aapudan mysuazan mynaam A ea B mynaamsaprunz xecummacu
(Gab3an KyuadTMacH, YMyMuil Kucvm) detiuaadu ea A N B 6u-
AQH Beazuraradn.

= Macanan, A ={0, 1, 2, 3} Ba B ={1, 3, 5, 7} 6ynca, y xoaga
An B={l, 3}.

KecumiMa aMans TabspuduaaH KYHHZATH XOCCANapHUHT
YpuHmanury GepocHTa Kenud Ynkanu:

a,) Xap KaHIaH A TYIWaM YIYHANA = A AN B =B NA= 2,

a,) Xap Kangah 4 pa B t¥iuiamnap yayn A N B=B N A
{(KOMMYTATHBTHK XOCCACH).

a,) Xap xauuait 4, B, C t¥mnamnap yuyH (A N B) N C=
=A N (BN C) (acCOUMATHBAHK XOCCACH).

a,) Xap xanpaii A Ba B tymmamnap yayn 4 2 A N B Ba
BJANB

a,) Arap 4, B, C Tymnamnap yuyn A 2 Cpa B 2 C 6¥uca,
yxomma AN B2 C.

Arap A pa B TYLIaMIapHUHT KecHmMacH GYIU TiTam,
SeHH A N B = (3 G¥ica, ynap KeCRIMAHAMIAR TYTUIAMIAD
JeHmanm.

ATap x 3JieMeHT YIVH x € A Ba X € B MaprIapHHHT KAMH~
ma 6upy Ypurumn 6¥nca, GyHmah aneMeHT {4, B} THamMTa Te-
UL Aeiiiaany.

Tawspud. {4, B musumza mezuuiiu 6¥izan 6apyn sremenm-
Aapdan myzuazan mynsam A ea B mynsamasaprunz bupsamma-
clt (Baszan, Gurunducu) delusadu ea A ) B Gusan beazuna-
Hadu.

Macanan, arap A= {0, 1, 2, 3} Ba B={1, 3, 5, 7} 6ymca, y
xonmpa AU B=1{0,1,2, 3,5,7}.
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BHpaamMa ‘aManu TaspHOHIAH KyRHAATH XOCCATAPHHHT
VPHHIIWIHIH GeBOCHTA KeMHO YHKaNH:

b,) Xap Kangai A TViiaM yayH AU A=A, AV @ = QU
A=A

b,) Xap KaHnait A a B T¥1uamnap yays AU B=BU A
(KOMMYTATHMBIIHK XOCCACH).

b,) Xap Kanpait A, B, C rymnamnap yayH (AU B) U C=4
U (B U C) (accOLMATHBINK XOCCACH).

b,) Xap kaHzalt 4 Ba B t¥mmiamnap yuyr A S AU B Ba
BCAUBR :

b.) Arap A, B, C t¥mnamnap yuyn 4 € CBa B C C 6¥nca,
yxomma AU RBRC C.

Xap xaHpait 4, B, C T¥nnamnap yIyH KecHIMa Ba Gup-
JalMa aMaUTapHHH V3apo GomnaiaMraH KyMHEard aiHHST-
gap (AHCTPHOYTHBIMK XOCCANADH) YPHEAH:

c)AUBNC)=(AUB)N (AU C).
c)AN(BUC)=(ANB)U AU C).

ByiapHuHr OHpUHYHCHHHU HcOoThakiMH3. ByHHHT yuyH
AUBNOCAUBIN(AUC)BadAU(BNC)2{AU B}
N (AU C) MyHocaGaTIapHUHT HKKATACH XAM VPHHIWINIH-
HH K¥pcatum kudos. KOKkopumaru (b,) xoccarakjpa A C AU
Bpa AC AU C byHnaH a,) xoccara acocaH 4 € (AU B) N
(AU C). IOxopuaaru a,) Ba b,) xoccanapra acocan 8N CC
BGC AU Bpa BN CC CC AU C byunan a;) MyHocabarra
Kjpa BN C S (AU B} N (4 VU C). Hamuxana b,) xoccara
acocaH AUV (BN C)C{AUB)N (AU C).

BHm AV (BN C)2 (AU B) N (AN C) mynocabatHu
HeboTmafimus, Papas kKiwaimmk, x € (AU BYN (AU C)L Y
xonna x € AU BBax € AU C by epaa HKkH Xon OYIHINN
MYMKHH: 1} x € 4; 2) x € A. BupnnuK Xonua x € A JaH x €
AU (BN C) myHocabatr KenHd 9ukanu. Ukkuuay xomna x €
A xe AU B, x € AU C myHocabaTmapaad x € Brax e C
SKAHIHIE, TbHH X € B N C kenu6d yukanu, byHnan x € 4 U
{BN C). Jemak uxxana xonga xaM x € AU (BN C). by epaa
X MeMEHTHHHT MxTHEpHIurugad (AU B) N (AU C) C AU
(B N C) myHocabatau omamus, Ly Gunan c)) xocca nc6or-
JIAHAH.
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HUKxknHYH aRHUATHUHT HcOOTH OHpHHYMHUHT HCOOTHra
VXiai; you HcOOTAAIEM VKYRUNTA XABOMAA KIUIaMM3,

Tabvpud. A mynsamnuune B mynaamza xupmazan 3semenm-
aapudan ubopam myniam A ¢a B mynaamaapnun: aiiupmacu
(b6avzan B nunz A dazu myadupyeuucn) detiuradu ¢a A\B buran
beazusanadu.

Macanan, arap A=1{0, 1, 2, 3} pa B={l1, 3, 5, 7} 6yaca, y
xonga A\B = {0, 2} pa B\A = {5, 7}.

By MHCOAAH KVPHHAOHKH, TYIUIAMIAPHH AHMPHIL aMATH
VUYH KOMMYTATHBIMK XOCCAaCH Xap KaHnai A Ba B Tinmmamiap
yuyH, YpHHAR 3Mac. By aMan yYyH acCOLHATMBIHK XOCCACH
XaM ¥puHIM 3MAac. byHra MoCc MHCOJ TOMUILHM ¥KYBYira Xapo-
Ja KWIAMH3,

3-§. AKC BTTUPUIILIAP

A pa B 0V 6ynmaraH T¥mnamiap 6¥IcHH.

Tavpud. Azap dupop f Koudaza myeodux A mynaiamuunz
xap bup x anemenmuza B myniamnure Gupop y ssemenmi Moc
xyiuazan G¥nca, 6y f Koudaza ake smmupnin (axcianum, axc-
aanmypi, Gynxuus) deliunadu sa f: A —+ B éxu y = f{x) buasan
Beazunranadu.

Xaétna, TexHHKaga Ba 6owka ¢dannapna ogatoa S A - B
aKc TTHpuliap A 1T¥iaM 3/1eMeHTIADHHHHT MaBiIyM Xoc-
CACHHH GeNrIoBYH KaTTAIMK cudaTuna yupaion. Macanan,
A Oupop maxapnard opamiap tHutaMd G¥acuH, Y Xoina g €
A yayH fla) 1e6 @ ogaMHUHr OVlH y3yHIHTHHH onaMu3. Ha-
THXaga f: A - R akc STTHpHII Xocwir G6YNaaM. _
- VmMyMaH, Oupop f: A —» B akc 3TTHpHII Kapanca, YHH A
TYIUIaM JieMeHTIADUHUHT CHpoOp f XoccacH Aef TYIIYHHII
MYMKHH.

A Ty1naM fake STTHPHIIHEHT AHMKJIAHWI COXAcH, B TirLam
3¢a KHAMATIAD COXACH Jetmnanu. by fakcaanumgard y ane-
MEHT X 3JeMC¢HTHHHT f — TacBapn (00pasn), x 5A¢MeHT 3ca y
3XeMEeHTHUHT f — ach o0pazn medunany.

Arap y € B Oepwiran 6¥aca, y xonga yHMHT bapya f - acn
obpasnapuial u6opaT TYIIaM YHUHT f - acn ofpa3u peimnna-
od Ba f-7 (y) opxanud GenrsiaHaiu.
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Ywby f (A} = {y € B/ 6upop x € A yuyH y = f{x)} 1§mnam,
ALHH X 9NeMeHT A TYIulamla ysraprasga f{x) HWHr Kabyn
KWiras Hapya KMHMaTIapMIaH HoopaT TVILnaM A TYIUIaMHHET
[ — obpasy pefimnamn. Papwanxu f{4) € B.

Macanan, f: R -+ R — dyuxamsa fix) = ¥’ Konpa O¥itnia
Xap GHp XaKMKMIl COHra YHUHT KBaApaTHHA MOC K¥iiraH 6¥nca,
y Xonga f{R) Mandwuit 6y1MaraH XakuKHi COHIap TYIUIAMH-
Ian ubopar.

Arap f: A - B akc 3TTUpMII y4yH wWyHmaH b, € B aneMeHT
Mapxys 6yiacaku, fapya x € A sneMeHTHap YayH fix) = b,
Gyica, YHM ¥3rapMac akc STripHi {$yHKIMA) defnnagn, YHUHD
yuyH f-/(b,) = A Ba Gomka xap KaHpaii b € B yuyu [(b) = .

Tavpud. Azap f:A + B aa g: A = B akc smmupuwnap
xap 6up x € A yuyn f{x) = g(X) menasuxnu Kanoamaanmupea,
wap menz Oetiunadu éa 6y Mynocabam [ = g xypunuwoa é3u-
aadu,

Bepunran A ga B Tymnamnap yayH bapya f; 4 - B akc
STTUPHUIIAPAAH HOOpaT TYIUIAMHH B OPKAIH DerinaimMuns.

A, T¥11aM A HMHT 6UpOp KHCM Tymnamuy Gyncud. Xap 6up
x € A, yayH f(x) = f{x) TeHrMK OWIAH aHHKJIAHTaH f, : A, > B
aKc FTTHPHI f axc STTHPUMHHHT TOPailMmH, / aKC 3TTHPHIL
3Ca f; aKC STTHPHIIHHHT KeHrainmu (nasoMn) amu.

Macanad, R Tyramaa aHuxiaanrad fix) = |f|x| dyskoms
[0, +=) T¥wiampa ammnasran f(x) = Vx OGyHKUMAHUHE
RaBOMHIUD,

Tavspud. Azap f:A = B axe smmupuu yuyn xap bup vy € B
anemerm A mynsamoa xamuda 6up [ — aca olpasza 3z2a 6yaca
Oynoaii axc Immupiiid cropsexyus deiliaadu.

Taspu. Aeap f: A+ B akc smmupuw yuyn xap 6upy € B
nemenm bummadan opmux f — aca o6pazea 32a Gyamaca (AsHu
A 0a émysuu x,, x, asemenmaap yuyn fix ) = f(x,) menaauxdan
X, = X, menaauk Keaut wuKca), 6ynoan axc smmupuus UNSEKUus
deliuradu.

Tavpud. Bup eaxmda xam clopsexuus 64 XaM UHBEKUUR
GPnean f: A = B axc ammupuue buexuusn (y3apo bup xutimarnau
axcaaruw) Oetiaadu.

boikava aiitrasaa, f : A - B akcnanrupum Suekuns Gymm-
LM YYYH KyAKAArd IapTHI KAHOATAAHTHPHINY Kepak: x 3je-
MEHT A TyTutamaard xap 6Hp KHHMAaTHU OHp MapTragaH Kabyn
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K6 YarapraHaa 6v Bakroa y = fix) dyHKLIHa B Tiamaarn
xap OMp KuiMaTHH ¢akatr OGHp Mapra Kadyn KWIraH xonga
¥3rapain.

Kxkopuna kentupuwiran f: R = R, fix) = x? GpyHKLUSA CIOPh-
eKLHA XaM 3MAac, HHBCKUHA XaM sMac. YyHku MaHduil coH-
JIAPHHHT GHpOpTa XaM aca obpasy MaBXya IMac, Mychar coH-
JAPHUHT Xap Oupu 3ca MKKHTaAaH aca olpasra sra. Arap
Ry =[0, +w) Gerrmwnam kaputuG, f,:R = R?, fix)=x*
($YyHKIMSIHH Kapacak, y clopbeknuas 6ynann. Ywbyf,: R} = R,
S = ¥ pyHKuUMA MHBeKUHS Ba [, : RY - Ry, f.(x) = x? byHK-
LHA 3ca OHeKIHA OVIagH.

HUxrnépui uxxmra f: A - B Ba g: B -» C akc sTTHpHLLTap
Oepunrad GVICHH.

Tawpud. Xap 6up x € A yuyr yudy p(x) = g(fix)) mynoca-
bam busan anukaanzan p: A - C ake ammupuiuza [ ea g akc
ammupuwaaprune  Komnouuuscu (cynepnozunuscu, 6as3an
Kynatimmacu) detiuaadu sa p = gf 6uran beszunanadu.

Arap A= B= C OVnca, v xonza gf:A - A KoMoosunusa
Gunan 6upra fg : A -+ A KOMIIO3UIMA XAM KaPaNHIIH MYMKHH.
by xenpma yMyMaH aliTraHga, /g = gf- Macanan, arap f: R - R,
fix)=x% g:R > R, g(x)=x+1 6fnca, y xonza
fEOD) =fix 1) = (x + 1) Ba gf(x) = g() = x* + 1. Jlemax
B=g

l-reopema. Xap gandaii yuma f:A - B, g: B = C,
h: C— D axc ammupuwnap yuyn high) = (hglf.

HebHor XaKukaraH Xxam xap OHp x € A yuyH
hEgh(x) = Kg(J) = ME(x))) Ba (hghf(x) = hg(f(x) = h(E(x)).

By TeopeMalard afiHUST ake STTHPWILAAD KOMITOIULIKAS-
CHHHHT 3CCORMATHBANK XOCCACH HeiHNau.

Xap Kaanalt A TYmmaMHuHT Gapya x € A 3neMeHTIapH
YIYH &(x) = e TeHINNK BiwtaH agUKJ1auraH ¢ =¢e,: A » A4 akc
TTHpHID A THIDTAMHHHT a#ianit akcaamnme (OHpIHK akcna-
HMIOH) JeiiIanm.

PaBmankm, xap KaHgail A T¥mwnaM ydyH OMpIMK akcia-
i e, ;A ~ A — GHeKwsup. Bapimik akclIaHHIINApHUHT
acoCHM xoccacu IIYKH, Xap KaHmad f:A - B akc 3TTMpHI
YIyH fe, = e, f = f.

Tavpud. Aeap f:A - B axe smmupuis viyn uiyuoai
g: B~ A akxc smmupuw maewyd 6yacaxu, gf=e, ea fg=e¢,
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Ypunau 6yaca, Gynoaii [ axc ammuput meckapuianysult, g axc
smmupitiu 3ca f 2a mecxapu detiuaadu.

Taspughdan kypunaduiu, g arxc SMMUPUL XQM MeCKapuld-
nyeyu e¢a f axc smmuputt Yiea meckapu 6ysadu.

2-TeopeMa. deap f axc 3mmupuwinune meckapucu mMae-
xcyd Gyaca, y nzona.

HecGor dapas xuiaimk, g B > ABa h:B » A akc
STTUPHILIAP f Ta TecKapu OYiIcHH, AbHH g = e, hf = e, fr = ¢,
Jh = e, Y xonna h(fy) = he, = h, (h))g = e g = g bynapaau akc
STTUPHILIAP KOMIIOZMUHACHHHEHT acCONMATHBANK XOCCAcHTA
acocad h=g.

Arap f akc STTHPHIDHHMHI TeCKApMCH MaBXyn Oyiaca, yBE
J oraH GearmnaiMus,

3-Teopema. Axc mmupmunune mecxkapusanyenn 6yan.
wu yayn yaune ouexuus Oysuwu 3apyp ea xudosn.

N6 or. 3apypanzu. Arap f: A > B akc 3TTHPHIN TeCKapH-
TaHYBUH Ba g B + A — yHra TeCKapH akc¢ »>TTHpHID Oyica, y
xompa gf=e, fg=e, Ba Xxap 6up y € B yuyH
fe() = ()3 = ey(y) = y. Bynnan g(y) € A aneMeHTt y a7e-
MeHTHHHT f- ach o0pasd skawmird keaw6 yuxand. By epaa
y € B uxtuépmii GVIIraHTuTH yayd f — clopbeKuua 6¥aamH.
Arap 6upop xx, € A sneMeHTIap Y4yH fix,)} = f{x,) 6ynca, y
Xonmma x,= é(x,) = gf(x,) = gfix,) = e (x,) = X,, AbHU f ~ UHb-
exund. Jemak f— GHekOnA.

Kugonsuzu. o f: A - B — buekums 6yicun. Y xonza
Xap 6Hp y € B y4yH Aroda f - ach o0paz MaBXyln. YHH g(V)
Owian Genrwnab, g: B » A ake 3TTHUPHIUIHH XOCHA KMHIAMIS.
By aKkc sTTHpHIN f aKC 3TTHPHINTA TECKAPH, YVHKU Xap KaH-
uak y € B yayH fg(y) = fg(y)) = y B2 Xap Kauznait x € A yuyH
Bix) = gfi(x)) = x. Jemak, f HUHT TeCKapUCH MaBXYA.

Mucoinap; 1) Arap a € Rpa g = 0 6¥iaca, yxonmaf: R - R,
S(x) = ax pyHKuMsA OHEKLIHA. YHUHI Teckapucd g: R - R,
)= 7.

-2) Uxru€puit b € Ryuyn f: R » R, f{x) = x + b dyHKuuA
QuexkuManup. YHUHr Teckapucu g: R » R, gy) =y ~b.

3) Arap 4, b € RBa a=0 6ynca, y xonna f:R - R,

S(x) = ax + b TeckapunaHyBYd, YHUHT TecKapucd g: R - R,

—-b
v = %—— . HIyHUHr yuyH f Ba g QyHKIHANAD — OHeKIsUIaD,
13



4-teopeMa, Azap f:A » Beag: B+ C — buexyuarap
6ynca, y x04da yaaprune xomnosutuscu gf | A = C xam Buexyu-
Roup ea (gt = flg-i,

Hcoort. bepunran fBa g akc srTupHuuiap Suekuus 6¥i1-
TaHH YIyH f~: B> ABa g!: C » B aKc 3TTHpHIIAD MaBXYL.
Hemak fig7:C -» A xoMmMmosunud xam Maexyn. KoMrosu-
LHAHUHT ACCOUMATHBIUTHIA acocaH (ghi(f g =g(ff)g’ =
= (geJg'=gg = e Ba(f g =fgg N =Fle ) =ff =
= ¢, byHnaH g akc STTUPHIIHMHI TeCKapWIaHYBYIIUIH Ba
(20! = flg! xenmud yukanu. 3-reopeMara acocaH gf — GUeK-
A,

Tarvpud. 4 myniamnunz Yaunu yauza f: A » A buexyuacu
A mynaamnunz yazapmupuwy (armawmupuu) deiiusadu.

A T¥nnaMHuHr 6ap4a y3rapTEpHIWIap TYIUIAMHEH G, Op-
KaJH GenrHnafiMmus.

Tavpud. G, mynaamnunz H xucm mynagmu xyiudazu
HIGDMAGDHU KAROGMAGHIMUPCA, ¥ J32apmupuiiaap eypyxu oetili-
Aaqdu:

1) H mynaamdazy uxmuépuii uxkuma f, g yaeapmupuuiap-
nunz fg ea gf xomnozuyuarapu xam H 2a mezuwau;

n,) A mynaamuunz bupaux e, yeapmupuis xam H mynsamea
mezuuil;

1) xap 6up f € Hyuyn f1 € H.

4-Teopema, J-meopemanunz namuxcacu sa Supaux e, axc
smmupuwsune Guekuus 3xanaueu, G, mynaamuunz yau xam
Vreapmupuinaap ypyXuny Xocus xusumuny gypcamadu.

Mucoanap: 1) K 1¥ymwiaMmnary f(x) = axa € R, a # 0)
KypuHHwnrard 6apya QyHkuusap H yaraprupunriap rypy-
XWHH XOCHJI KMAAOH. XAKUKATAH:

a) Arapf.(x) = ax, f,(x) = bx 6ynca, y xonna (f, -/, )(x) = abx,
(f, f)(x) = abx, o ff, € H, jf € H;

6) exx)=f(x)=x, f,=e, € H;

B) () = a’lx; neMak [ € H.

2) R r¥inamaaru g(x) = x+a (a € R) xypuanmmaaru 6ap-
ga $yHKUHAIapIaH HGopar P TVIDiaM XaM ¥3rapTHpHILIap
IYPYXHHH XOCII KIUTAZH:

a) Arap g.(x)=x+a, g(x)=x +b 6ynca, y Xonna
885 =88 =84, P
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6) e,=g, € F;
B) arap g,(x) = x +a bynca, y Xo11a g, 2} = x — a; AeMaK
=g €P

4-§. TVIIRAMJAPHUHT KYBBATH

Tabpud. Azap A ¢a B mynaamaap yuyn f: A > B buexyus
maexcyd 6yaca, _yaap mene Kyssamau mynramaap deliuradu. by
MyHocabaTHH A = B 6wiaH GearuiafiMmus.

Wirapuryt naparpadia KeaTHpUAra GHEKOMAAAPHUHT
XOCCATApHAAH (TbHH GHPNHK e, aKC STTHPHIUHHHT GHeKIHs
SKAMAMTHAAH, 3-TEOPEMAHMHT HATHKACHNAH Ba 4-TeopeMa-
0aH) TYTAAMIAD TEHI KYBBATAMIAK MYHOCAOATMHAHT KyHH-
Jard xoccanapu GeBOCHTA KenuO YUKAnH:

a) Xap Kaﬂ,uan ATymnaM yayH A=A (pedAeKCHBINK).

0) Arap A B Gyaca, y Xonaa B=A (CHMMeTpﬂKJIHK)

B) Arap A=Bpa B=C G¥aca, y xoaa A=C {TpaH3u-
THBJIHK).
PaBiiaHKH, arap m = nﬁynca N ={1,2,..,mBaN, ={l,

, A} TYIUIaMAap y4yH N # N

Arap 6y GyimMara A T¥iaM yuyH WyHHAH # Masxya
6yncaku, A= N, Gynca, 4 yeknn Tyam aeifwiani. bynmaii
TYIulaMHKe A = {a,, ..., 4,} KYPHHHLINIA €341 MYMKHH, AbHU
A TYIDIaMHHUHT 3JeMeHTIapH COHH # ra TEHI. AKCHHYA, arap
A HU IIYHAA# KYpUHHILIA E3U1L MyMKHH G¥aca, A= N, . By
yeIOIH TYILNAMIAPHUHE TeHT KYBBAaTWIHTH YIapAard a1eMeHT-
AP COHWHMHL TEHTAMIH ACMAKAHD. Mynara kypa, ogatia

N, =n ned Sawtanu.

Bynuan 6yéH 21eMeHTIapHHHHET COHY # Ta OYNTaH TYTUIaM-
Hu ywoy {a,,...,a} € {a, i =1,n} KYpUHHLITADAA £3aMH3.

Tavpud. N={1,2, 3, ..} — 6apua namypas conaap mynaa-
Ml Bunan menz Kyseamau Oyazau mynaam canoxan deiusadu.
Byunai A tyiviamuu ywéy A = {a,, a,,..., 4,, ...} YKCH3 KeT-
MA-KeTIHK KYpPHHHINUJA €3 MYMKUH. AKCHHYA, wysnan
KYpHHUIIAA €3MI MYMKHH 6YIraH Xap KaHpa#i TyILIaMm ca-
HOKJHIHD,
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Macanan, A={1, 3, 5, ..., 2n - 1, ...} -- Gapuya ToK, HATY
paji coHnapiad gOopatr TYMMaM caHoKAHAHD: f: N+ A
ftn)=2n—1.

Capoxnit A T¥ru1aM sneMenTiIapiny 6yHan 0yén A = {q,
oy @y} €K A= {a, i € N} KVpHRHLILIADAA €3aMH3. YMY-
MaH, 6upop T t¥iwnaM Ownas TeHr KYBBATIH A TYILUIaM 3i¢-
MEHTIADHHK YOy

A={a,te )

KYpHHHIIAS &3aMH3.

Canoxcus 6¥nran yekcHs THiaMIap XaM MAaBXyi.

L-TeopeMma. R xaguxuii contap mynaamu canoxenioup.

HecHor. Maraymkn, xap Oup r € R XaxkMKuii COH ATOHA
yeya OMIaH YeKCH3 VHANW Kacp KVPHHHINMGA €30IMII MyM-
KVWH, STBHU F = 4, 3, 4,... 4,... , Oy eprag € Z, o, € {0, 1, ...,
9}, i = | Ba xap OMp n HATYpPAN COH YYyH WIyHBask /, f > n, COH
MaBXYIKH, 4, # 0.

Dapas a2k, R TYIIAM caHOKIM 6YncuH. Y xonma
YHH '

{7 Pio ves ¥y oo } (1)

KeTMA-KETNMK KYpUHHOIAAA €3uml MyMKWH. Xap 6up 7, HH
YeKCH3 VHIH Kacp KYPHHALIUAA €3HO olaMu3:

= g0 0 50 ()
n=a? aa? oal ...

= Al 1) gl (i}
r ao,a(1 a .oat .

= g A 4D (H
r, = a; ,a‘l ag B S

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

= g% 40 g% %)
ro=aP, g ek .. a¥ ..

Oumn ywby r= by, b,, b, ... b,... YeKCH3 JHIM Kacp KypH-
HULUHAary HpofacH dunaH GepHirad ¥ XaKMKHIl COHHH Kyii -
naruda Tysamms: by = 0@, b2 0,0, 2™, b =20, .., b = a®,
b,%0, ... by con Xakukui con 6yaraHd yuyu (1) Ket™a-
KeTINKAA yypaluy Kepak. Hdemak 6upop meE€ N ywyH r=r, .
By xonma b = 4, ™ 6ynamu. by aca r HMHI TYIUIHLUNTA 3UA.
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ONHHENAH KApaMa-KapilunHuK R HUHT CAHOKCHINHIHHK
K¥pcaTagu.

R xakukuit coHnap TYIUIAMMHAHT KYBBATHHH KOWTHAHYM
KYBBATH [eb araniagH.

Arap THUIAMIAD KYBBATHHH HeKiM TYIUIAMIADSATH 3Jle-
MEeHTIap COHHHHHT YeKCH3 TYIIaMjiapra yMymiaalmacu neb
Kapauca, l-TeopeMa YeKCH3 TYIAAMIIAp YYYH TYDUIH KyBRAT-
Jap MABXYR 3KAHHHU KypcaTaal.

5-§. KXTREPHUN TYILJIAMJIAP TU3UMH
YCTHJIA AMAILJIAP

Arap A tynnaMnap tH3EME T T¥naM Gunan TeHr KyeBaT-
i Ba A HHHT ¢ € T ra MoC 3JeMeHTH By T¥iaM 6¥aca, A HH

yiby
A={B, te T

k¥puanmna Esmnaau. Xycycau, 7= {1, ..., k} — yekau Gyica,
A={B, .., B) xypuHHnUIa €3UM301 BAa YHR 49eKIH TH3KM
gerwragu. Arap T= {1, 2, ..., n, ...} — caHokim 6¥ica, A HU
A={B, B, ..., B, ..} KypuHHIIIa €3Ia0H BA YHH CAHOKIN
TH3HM (TYILTAMIAD KeTMA-KeTAHTH) leifinainu.

T TynnaMRUHr UXTHEpUA T, KHCM TYIIaMHra MOC KenyB-
i A, = {8, € T} Tymnamiap TH3UMi A HUHD KMCM THIUMH
deftunanu.

IJuA 2-§ 12 vkkuTa TYIIAM Y9YH KRPHTHATAH KEeCUHIMA
Ba HUFHHAN AMATTIApHHH UXTHEpUH TYILIAMRap THIWMH YYyH
TaspudIalimm.

A={B, 1€ T} — uxTHEPUMN TYIIaMIAD TH3MMM OYJICHH.

Arap b € B wapt 6apua ¢ € T yuyd Saxapuiica, GyHuaw b
SNMEMEHT A TH3UMHUHI YMYMHH 3/I€MEeHTH HCHHIATH.

Tavpugp. A=1{B, t€ T} muzumnune bapua ymymud sae-
MEHMAQPUIGR MY3UA2aH MPRAGM By MUIHMHURE Kecuamacu de-

lwiadu aa ﬂ B 6unan beszusanaiu,
=l
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Macanan, arap A = {N, n € N} 6§m6, 6ynpa N = {1, 2,
.., 1} B¥nca, y xonpa

NNy = (i)
ke N

Arap Kangaiayp { € T ydyH ¢ € B, mapr 6axapiiaca, 6yn-
nai ¢ aneMenT A= {B, r € T} Tuaumra TerHmuM DcHMH3,

Tavpud. A= {B, 1 € T} muzumea mezuwu 6yszan 6apua
memenmaapdan ubopam myniaMm Oy muszumhine furanducn deii-

uagou eq \J) B, 6usan Geszusanady.

et
Macagan, wokopuaary 4 ={N, n € N} TH3uM YuYyH
U_{Vn = N

ne N

8 — uxtueépuit TVnaam OVacHH.

Tavpud. Aeap wynoait A= {8, r € T} mynaamaap musu-
MU maexcyd Gyacaxyu, 6y muzuMzd Eupysuu xop Kauoalf ukku
Myniaam y3apo Kecuwmaca ea Oy muzusmnune Gurunducu S 6yaca,
S mynaam cunaapeza 6ysunzan deiuradu. byuna B, TViviam-
nap S TYmramuunr cundaapu, A TM3MM 3c¢a 6¥amnma (dax-
TOp TYNAAM) HeHwnanu.

Macanan, xydr OyTyH coiap cHH(pH Ba TOK OVTYH COH-
Jdap cHHGUM Z OyTyH cOHXap TYINaMMHMHT GYRMHMacHAUp.
Bapya yubypuyaknap T¥miaMuaHu yyTa ciHbra 6¥nmm Mym-
KNH, $rmac Oypuaxsd, T¥Fpyl Oypuaknu Ba ¥Txup Oypuakimn
yuOypuaxiap cundaapu. Ywoéy {[#, n + 1), n € Z} dpum HH-
TepBaJAap TYIAAMK R XakuKuil coltap TYTUIaMMHUHT OYAUH-
MacHHH Oepanu.

S T¥inaMuunr A = {B, 1 € T} cundnapra 6yauumacu Be-
puiIrad 6¥acuH, ¥ xonpa Xap kawgail x € § anemeHt yayH Oy
IEMEHTHH ¥3 WMUHCa OJTaH AroHa cuHG Mabxyn. YHH X
opKamH Gexrwraiimus. by Gunan ywbdy f: 5= 4, fix) = x axkc
ITTUPHIN AHMKAaHAAH. YHH Ma3Kyp cHH@Iapra 6¥auira Moc
dakropuzanMa aKe STTUPHIIH JeHHIaIH.
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6-§. IXTUEPHUH TYILIAMIIAP YCTHIA
REKTOPJIAP

Bupep n z 1 narypan cod yuyu N, = {1, 2, ..., n} T¥iU1am-
HM onamMu3. A — Oy 6¥nAmarar TYiUiaM O¥ICHH.

Tawvpud. Hxmuépuii f: N ~ A axc smmupuwza A yemu-
dacu n-yavaman eexmop deilunracy.

by f: N, - A axc ammupuwda i € N, anemeHTra A T§Iiam-
A MOC KenraH f{¥) oneMeHTH# a, GwiaH Oenrunaiimus sa f
NHHE KEHMATARPHHA KHUMK KaBe WYHLA OJIMHTAH 4 Ta Xaimg
KETMA-KeTIMK KypHHUMIUMAa €3amu3: (a4, 4,, .., 4,). byHna
i-Yypurpa { € N, aneMeHITa MOC KeNraH f(i) = a, aNeMeHTHi
€3amir3. AKCUHYA, TapTHO OUNaH é3WiraH HXTHEPHH 71 Ta XaUTH
(a,, .., @) KeTMa-KeTnHK ywby f(i} = a, i € N, TeHrIMKiIap
opkaim arona f: N - A akc arrupuienn anuknaing. iyH-
Jail K6, Xamap A TYIIaM YCTHRArn #-¥iauaMiH BeKTop
ned, MaLayM Tapruipa €3WNTaH # Ta XALTH 3IeMeHTIapH
A )ad oMMHTAH MXTHEPHIH KeTMA-KETIMKHH AHTHIIMMH3 MYM-
KuH, YHu OyHOaH OyéH a = (a4, ..., 4,) KYpHHHIIIA €3aMU3.
by epaaru a,, ..., @, 3AeMEHTIAD ¢ BEKTOPHUHT KOMINOHENTa-
sapn (KOOPAHHATANAPH) AeHWIANU; &, JAEMEHT BEKTOPHHHT
i -KOMNIOHEHTACH (KOOPAKHATACH) AeiNIANM.

AKC STTHPMULEADHWUHT TEHIAKMIY Tabpudupai h-Fadasiy
BEKTOPAAP YIYH KyHHAArd TabpH Kemud 4MKAnH.

Tavpud. deapa=(a,, ...,a)ea b= (b, .. b) nysmam-
au sexmopaap Gapua i € N, yuyn a = b, meneauksapru Kano-
amaaumupea, 6y eexmopaap menz deliunadu ea 8y mynocabam
i = b kypunumda éunadu.

PaniiaHkn, BEKTOP/HADHUHT TEHIJIMIH MyHoca0aTH ped-
ICKCHIHE, CHMMETPHEIIMK Ba TPAH3WTHBIMK Xoccanapura
W,

Xovvpit A TYrnaMaan oxapHrad Oapua #-ya4aMIM BeK-
Topaap 1WILIaMd A TYTUIAMHEHT 2-Y1YaMIH Jekapr KyOn ae-
iuaagn pa A" OMnaR GeNTWIAHAIH. XYCYCaH, HKKH ymiaMau
pekapr kyOW Nekapr KBaapaTH geituwaaiu.

Mu con. Texucaukia SHpop ASKApPT KOOPAWHAT THIHMH
KMPMTWICE, TEKWCHUK HYKTAJIApW BA TapTHO OunaH €3wiraH
XaKUKIH cormap xydriapu, ssiu 2 opackaa Ouexund ypHa-
Tnaa. By xonna R yeTHaary MKKY YIHaMIu BEKTOPRAAPHUHT
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KOODAWHATANADH TEKHCIMKIATH HYKTATAPHHHE AeKapT KOop-
AHHATANapHAAH Hbopar.

Aupu 4, ..., A — T¥nnamiap 4 TYIVIAMHMHT Oy 6yiMa-
MAH HXTHEPHE KHCM TVIIaMIapH GViIcHH.

bapuya i € N, yuyn ymiby a, € A, WapriapHH KaHOATIAHTH-
pysuu Gapya # - juriamnu {4, ..., a,) BEKTOpIap TymiuaMu 4,
wy A, TYNNAMIADHHHE REKAPT KymaHTMACH AcHHIanM Ba
AXAX ... XA OunaH GexrwnraHamd. Paswauky, A4 XA4,X ...
XA C A"

Tavpud. f: A~ B gynxyus A da anuxsanzan n yazapys-
wuanr ynkgus (axc ammupui, axeaaniut) dedusadu.

By OYHKIMGIHHUHT X = (X, ..., X,) € A” BEKTOpar KuHMa-
TH YHHHT X, ..., X, KOMIOHeHTaxapura Gorink. Ymby
JOo) = fl(x,, ..., x,)) benrm ypHura fix) = fix,, ..., x ) 6enru um-
JIaTHII Ka0yNn KWIHHTAH.

Mucoxnap: 1)/ R R, fix, y) = x* + ) QYHKUHI HKKH
YarapypuunH QVHKIHA, 2) J:R">R, f(x, ..,
x)=x2+x2+ ...+ x!3ca n yarapyBawnm QyHKIHA.

Tawpud. F: A -» B" pyrxyun A hu B 2a ackaaumupyeyu
It ma n y3zapysuuan pyuxgusgsap (axc smmupuwirap) mizamu
deliunadu.

Xap 6Hp x € A" yuyn F{x) aneMeHT B" HUHT JI€MEHTH
GYAraHd YIYH ¥ m - YAYaMIM BeKTOPAND. YHUHT KOOPAHHA-
TANTApU MOC paBHwiga f(x), ..., f (x) 6yacun. Arap yuby

Yy=Fx)=Fx, .. %), y=005 s ¥,)

dbyakuia Gepwiran 6¥nca, v xonga KyHKHIArd » Ta QyHKUHS-
aap xaM Oepuarad Oymamm:

»=h0Gp 5 %)
B =il o %)
V=L o X)

Axkcunva, 6y m Ta GpyHKUHsDIap TH3MMH bepiiran O¥nca,
Fo) = (f,(x), ..., f (x)) benrwiami kuputu6, ywmoby F.: A"~ B*
GYHKIHAHU XOCHA KHITAMH3.
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M u con. Hxruépuit akkuTap, g > N(1 < p < g < n) coH-
JAapHH TaHnab onamus, Ba T: A" » A" aKC ITTHPUINHH KYHH-
HaTHYA AHUKNAHMMI: a = (4, ..., 4, ..., 4, .., 4 ) BEKTOpra
Ta=(a, .., 4q,.,a,.., Q,) BEKTOPHH MOC KyAMu3, AbHH T
AKC 3TTHPHII Xap KaHIa#l ¢ BeKTOPHHUHT P - BA - KOOPAHHA-
Tanapuiad GoIuKa Gapya KOOpAHHATANAPHHH Y3rapTHpMan-
i, p- Ba g- KOOPIHHATATAPHUHT 3ca dakaT ¥pHHANY anMaill-
tupauu. By ake arTupdiusu 7, opami GenrwiaiMus. Pap-
IMAHKH, Xap KaHgad a € A" y4yH TN(TN)(a) = a. byamau
}.3-reopeMara acocad T ar¢ 5TTHPHIUHHHD OHEKHHA JKaH-
JAUIH Ba TN" = ft'"M MYHOCA0aT KeJIHD YHKAJH.



Hrxunny 606

BHHAP MYHOCABATJIAP BA
AJITEBPAUK AMAJLIAP

7-§. BUHAP MYHOCABATJIAP.
BDKBHUBAJIEHTIMK MYHOCABATH

Uxtnépnit 4 TymnaM Gepunaran O¥acHH.

A tianamHuEr uxTuépui P kuem tVoaMmir A t¥iimaspa
Onuap Mysocadar peiiwiann. Acap {x, ¥} € P 6inca, v xonga x
NEMEHT Y 3eMeHT Gunad P Onmap mynocadatna pefinnagu
pa xPy xabu é3tanu,

MarteMaTHKauard MyxHMM OGHHap Mynocabariap yeyH aii-
puM Geariwiap KHPUTUATAH.

Mucoanap. |) R xakukuit comaap TYniaMHaa X pa ¥
COHJIAPHHHT TeHIIHK MYHOcabaTy. YHHAT Gemce x = . by
MyHocabar R’ TeXHCIHKAAry y = X TYFPM YM3MK HyKTanapu
Ounan Gepunamy.

2} R xakukuit connap TVIUIAMUAA X Ba ¥ COHJAPHHHF TEHI-
MacAHK MyHocabaTH, YHuHr OearucH x ¢ y. By Mynocabar R
TEKHCAUKIA ¥ = X TYFpH YHIUKKA KUpMaraH 6apua aykKranap-
naH uobopar 6¥iraH TyIUiaM bunan Oeprilaliiy.

3} R 1a ¥y COHHHHT X COHAAH KaTTa SKAHIUIH MyHOCADaTH:
Gesric ¥ > x €kn x < y. by MyHocabar & na y = x TV¥rpu
YMAMKASH IOKOPHAA ETYBYM HYKTIap THDIaMM Gunav Gepu-
LEL U

4) A= B — TVNHAMIAPHUHT TSHIIMK MYHOCabaTH;

5} A # B — rHiUlaMJlapHUHT TeHTMAC/IHK MYHOCA0aTH;

6) AC B — éxu B2 A — Kucum TVIviaM MyHocabaTw;

7Y AC Béku BD A — xoc KHCM TYIUIaM MyHocabaru;

8) a || f ~— TVFPH YH3MKIAPHUHT HAPAIE/UIHK MYHOCA-
atH;

9 a 1§ — TYFPH YH3WKRADHUHT THKIHK MyHocabatu,

10) o= — Oup TenTIaManap TH3MMM HKKMHUKCHHUHT
HATIDKACH SKAHNUIY;
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11} @ & f — HKKHTa TEHIJIEGMANAp THIKMUHWHI TEHT KVY-
JWIHK MyHocabaTH.

Arap A tymnamga Gepwirad fupop P MyHocabar 1uyHoan
6¥acaku, xap Kavaam g € A yuyd aPa Ypurwm 6ynca, v ped-
AeRCHB MyHOCa0aT Aeltwiaan. Arap aPb myHocabatoad a = b
MyHocabar KenH® 4HKca, (ABHH aPa MyHocabaT Xeu KaHjai
a € A aneMmeHT YUyH baxapunamaca), OyHHaH MyHOCA0aT a-
THpeduTekcHE OeiilTagn.

Arap aPh mydocabaTHHHT Baxapunuiuvpan bPa MyHoca-
6aTHUHT XaM baxapuiIHme Kenud dHKca, OyHmai MyHocadar
A Ba CHMMETPMKNHK MYHocaGaTu Aeimnanu.

Arap aPb sa bPc MyHOCAGaTTApHUHT Saxapuauiuugan aPe
Oakapnn kenud 4yMKca, OyHAal MyHocabaT TpPAHIMTHB-
JHK AcHianou.

Tavpud. A2ap A mynaamdaeu P mynocabam peduexcus,
cumMempux eq mpawsumus 6yaca, yau A Oa sxeusasewmaux
mynocabamu Jeliusadu éa yrnunz yuyr aPh Genzu ypuuza xyntn-

wa a 4 b(éxu a~ b)) bereu wwramunadu.

DKBHBAJEHTINKKA MHCOANAP: 1) X4KHKHE COHAAPHHHT
TEHIAHK MYHOCA0AaTH;

2} TYILIaMAAPHUHT TeHTTHK MYHOCA0ATM;

3) TeHrMaManap TH3HMIAPHHMHT TCHT KYWIHIHK MYHOCA-
OaTu;

4) GYHKUMATADHHHT TEHIIMK MyHocabaTH.

5) Myxum Mmucon. A T¥amaa H y3rapTHpHILIAD TYPYXH
Gepwiran OVJICHH.

by H §arapTHpRLTap TYPYXH €pRaMuia A fa 3KBHBANECHT-
AMK TYWYHYACHHN KHPHTaMH3,

Arap A TYVINAMHUHT & Ba b 3JeMeHTHApM YuyH INyHIai
h € Hounexuust MaBxyn o¥icaku, A{a) = b 6yaca, 6y 3neMenT-
nap H — 3KBUBANEHT AcHWiaau Ba a ~ b KYpUHULLTA E3Ha-
JIH.

Arap uxtueépil a € A Hu omud, A € H cudarupa e, Hy
oncaK (e, — OUPIMK aKC ITTUPMIN Y3TAPTHDPHILIAD TYPYXK-
HUHC TabpuduaarH n,) waptra Kypa H ra reruuuny, e (a) = a,

., H
ABHU Xap KaHgait ¢ € A yuyH g ~ a (pedUIeKCHBINK).
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Duau a 7y G¥ncun. Y xonna wynaail A € H MaBxyakn,
h(a) = b. V3arapTupHILIap IYPYXMBMHT TaLPU(MAIATH n,) WapT-
ra Kypa. ' € H ¥V xonma k(a) = b renrnukka h-! tarGHK
KWicak, h-'(h(@)) = h-1(b). Bynan a = A~ (b), sehu b2 a
{CHMMETPHEKIUK).

Arap aZp pa ¢ 6ynca, myHnait B, € Hepa h, € H
Ouex uWIap MaBXYIKY, h (a) = b, h(b) = c. bynapnay h,(b) =
= h(h(a) = c, smouu (hh)(a) = c. YarapTupuwaap rypyxu-
HUHE f) maprara k¥pa hh € H bynnau Ba (hh)(a) =c¢

H
TCHTUWKARH 4 ~ ¢ MYHOCA0ATHH OMaMH3 {TPAH3HTHBIMK).

H

Hemak, a--b (H — »KpUBATeHTAUK) XaKHKATAH XaM K-
BHBANSHTIMK MYHOCa0aTH 5KaH.

Kemaxaxpa Oy sxBHpaenTnukHl H ¥araprupuouiap ry-
PVRH XOCHI KWNATAH 5KBUBaANeRTHUK ( H-OKBHBANEHTNHK) Oe6
ATAHMMI.

A T¥Tuiam Gupop yeys Ginad cardaapra 6¥nuHrag 6yIcuH:

B={A,te T, A= U4, + e T By 6jymunma épnamuga A

TYILTaMra 3KBHBaJ1eHT!}=Eg£K MYHOCA0ATHHM KHDPHUTAMH3,

Arap x, y € A anemeHtnap B G¥nuumanaru 6up cuudra
TETHINAN O§rca, yiapHu B OVIuHMara HHCOATaH XBHBAIEHT
OSHMH2 Ba X ~ ¥ HAKAAA €3aMM3.

by 3KBHBAJGHTAMK PEe(hICKCHBAUK, CHMMETPHKIHE Ba
TPAH3MTHBIMK XOCCATAPHIA 3r4,

UxTuépuit 4 TYILTaMAa Xap KaHAAH SKBUBANEHTAHK MYHO-
cabarn wyHIaH XOCHR KICTHBAILKE MYMKHIJIMTMHH KYpcaTa-
M3, '

A Tyunampa dupop “~” 3KBUBANCHTIUK MyHocabGaTH Ge-
prarad 6¥ncun. Mxtuépuit x € 4 yayH X OpPKAIH X ra 3KBH~

BaNeHT Onrau Gapua y € A aneMeHTIAp TYIULIAMHHH OelirH-
JaiMH3 Ba { X, X € A} Tyonavaap TH3AMH A HEO cCHH(IAPTa
OVIUUIWHE K¥pcaTaMu3.

PedurexCHBAMK XOCCACHTA acocaH Xap OHp x € 4 y4yH
XE X, apHi UX =4, Dugn xap 6Mp x € A 31eMeHT Aroda
CHHGra TErHiiM SKAMIHTHRY Kypcatamis. Papas kwiafi-
JHK, ¥ € X Ba X € 7 OVJICHE, IbHU T ~ x. byHaaH cuMMeT-
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PHKIHE Xoccacura acocad x ~ z. Uxtuépuit y € 7 smeMeHT-
HH oMaMu3. ¥ Xoama z ~ y. KOKopHnaru x ~ z Ba g ~ ¥ MyHO-~
cabarnapliaH TPAH3UTHBAHK XOCCACHTA aCOCAH X ~y HHU OJlla-
MH3, ABHH ¥ € X. Yy y € 7 3MeMeHT HXTHEPHIT O¥araun
yayH Z © X . FOKopugarura yXmmam myaoxasamap 6unan X 7
MyHOCAGaT XaM KYpcaTWiagH, awHu X =Z. By 6wian {x,
x € A} T¥mnamirap THIMMU A Ti¥maMHHA cuHbNapra Gynumn
KVpCaTIILAH.

WyHpait Kwomo, 4 TynnaMoard 3KBHBANCHTIHK MYHOCA-
6atn G1raH A HY ciHdIapra SYnu opacuna §3apo OMp KHi-
MaTnu GormaHMIN K¥pCaTHLIH.

A Tymnamaa dupop P ASKBHBANCHTAHK MYHocabaTH Gepun-
rar Ba C — bupop TViLIaM 6¥acaH.

Arap f: A - C akc YTTUpHIN, TLHH A TYIUIAM 2JI€MeHTNa-

PHHHUBI OHpep FXOCCACH YUVH & Ey , a4, b € A MyHocabatjiaH
f(&) = f(b) TeHrIHK Kenut yukca, GyHmal akc >TTHpum P-
FHBApHAHT (P — SBKBHBANCHTAMKIA caylaHyBud, yirapmac)
netunanu,

Xycycan, arap 4 TYIaMAIATH SKBUBANICHTIIMK MyHocabaTi
A tTimnampary Gupop H yirapHmmnap rypyxM XOCHJI KWAraH
H-3xpuBaieHTIHK MyHocabath OYmcuH. By xomma H — uH-
BapHaHT f: A - C akc TTHpHMII TavpHdu Kyiunaruga Gepu-
JHAIIH MYMKHH.

Azap xap xandaii h € H ea x € A yuyn fixy= flhx) menzaux
Ypunau 6yaca, 6ynoai axc smmupuw H — uneapuanm (H y3ea-
puwnap ypyxu mascupuda cakaanyeuit) deitwiadu. H — nuBa-
PUAHT aKC STTUPHLLIAD MATCMATHKama Ba (haHHHHT TYDIH
coxamapupa Kyn yapaiiogn. Macanan, €nuK GR3MK TH3UMHHHT
SHEPTUACH EnuK UMK TH3UMHUHE Gapua ¢msuk §3rapum-
Japura HicbaTaR CaKJIaHAZMTaH KATTUITHKIUpP (FHEPTHAHUHT
CAKJIAHHII KOHYHM). MeXaHUK TM3IUMHHHT MACCACH MeXaHHK
XapakarTiapia Cak/faHAGH.

P — uHBapHaHT aKc STTUPULUNAD KYHMAATH XOCCATApPH
TyQaim MyXuM axaMHATra sra: arap a,, a, € A sneMenTIap
wyHRan 6yacaku, fa,) = fla)) 6ynca, OyHpad g, a, 3neMeHT-
nap P - skeupaneHt o¥nmatinn. Wyunait kunud, P — uupa-
puanTnap P — skpuBanedT cuHdbAapHU dapk KUIHI BOCH-
TacH cHdarHpa axaMHaTra sra.
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Tavpud. P— unsapuanwmaap F = {f, v € T} musumu
Kyaudazu wapmpyu Kanoamagkmupca, v myaa deiusadu: xap
Kanoatt ukxuma P — sKkeusasenm 6yamazar a,, a,€ A asemenm-
aap yuyw wynoaii P — unsapuanm f€ Fmaexncydxu, fla)) = fla,).

Keituaru 606napga P — uHpapuaHT OyHKUMWsUIADHE Kin
YUpaTAMK3.

8-§. TAPTUE MYHOCABATH. MATEMATHUK
HHAYKHMA

I A TViviaMaa Taptud MyHOCa6aTH KHPHTAMM3.

A T¥naaMaard anTUpedIeKCHE Ba TPAH3MTHE Oyaraa P
MyHoca0atra A TVIIaMmIa TApTHO MydocabdaTh AelinagM Ba
aPb ypuura a < b €ku a > b €3unaam. _

Mrucomnap: 1} R XakuKMil coHnap t¥UlaMiaa x sa y COH-
JIAp opacHIAarH X < y TeHTCH3MMK MYHOCAGaTH;

2) Bupop M rymnaMHuHT Gapya KUCM TYINAMAADH THIHMH-
HH 2¥ opxany GenrniaiiMus. ¥ xomma 2¥ pa KucM Tyniasiap
opacupard “C” MyHocabaT TeHTCHAITHK MyHocabari 6¥iaam.

3) N uatypan conjiap TYIDIaMHza G¥IMHUL MyHOCabaTH;
arap y coH x ra 6ynduca ga y # x 6ynca, ynap x < y MyHoca-
Garna nefiMu3.

Arap A t¥rmramMpa Gupop Taptu® MyHocabate OGepHaraH
Oymca, A TYIlaM KHeManr raprHOIARraH aeidunany.

Arap KHCMaH TapTHORaHTaH A TYnaMaa uxXTHEpUH x, ¥y €
A sneMenTaap ydyH x < y, x = y, X > ¥ MyHocabaTnapHuHr
Gupy Ypurnm Gyoica, Gynjai TiTnaM YM3INKAM Tapradianran
Aetuiany,

I0Kopuaa KeATHPWIraH MUcoWIapra Kadramus: 1) R —
YH3MKJA TAPTUGMAHrAH; 2) arap M Ttymiampaa gaxkar OurTa
MEMEAT Byncardua 2¥ TYnmaM YH3UKJIW TapTHONaHraH Oy-
Jama.

Arap xMcMan Taprublnanras 4 TYVTAAMHUHT WXTHEpH B
KUCM THIaMi sieMenTaapy yuyd A garud taptud myusocaba-
T Kapaica, ¥y MyHocabaT B na xaM taprb MyHocaGaTu 6yna-
oM. Arap A — YH3dKAn Taptabaanrad 6¥iaca, B xaum YU3MKAH
TapTHONanran 6ymanu (McOoTmaur!),

26



A tHiuiam KMeMaH TapTuOaanraH 6ViacHH. Arap m € A sne-
MEHT YYYH X < i {x > m) TeHTCU3NHUKHH KAHOATIAHTUPYBYH X
€ A 31eMeHT MaBxXya GVaMaca, OyHOaH m 2MeMEeHT MHHMMAN
{(MAKCHMAN) TEMEHT NeiHNaRu.

K)xopuaa KeITHPWITAH MHCOIApra SHA KAHTAMHS3!

1) R Ia MEHAMAT 3JIeMEHT XAM MaKCHMA SMEMEHT XaM VK

2) 2M r¥mnamaa ¥ TYITAM — MHHHMMAn ieMeHT, M
TYILTAM — MAKCHMAN 37¢MCHT.

Buau N Hatypan coHiaap T¥naamuna “<” cudartipa HaTy-
paNl COHNAp OpacHIArd ofAMM TeHICUITHKHM ollaMi3. ¥ Xoana
N aa | — MUHHHMAN 30eMeHT G¥7aiu, aMMO0 MAaKCHMAT 31e-
MEHTIAp MaBXyA 3Mac. Arap H tviiam N HUHT HUXTHEPHE
KHCM TY¥TUIaMHK 6¥nca, yHAA MUHKMAN 31eMeHT MaBxXyA. byH-
naii 3neMeHT H HHHT 37€MeH.1apd HMHOA 9HT KHudre. Kyii-
uaa N pa xyame my taprid Kypuiagu.

Harypan conxnap tYmuiaMuaard KMCM TYIUIaMIapHUHT Gy
XoccacHnaH MaTeMaTHK (OpMyIaiap Ba TeOpPeMXIAPHH HC~
OOTAAIHYHT KyHHAArM YCYIH Keaud YHKaIH.

Teopema (MaTeMaTHK HHAYKUMA TaMofunn). Xap 6up »n
€ N ywyn T{n) macoux (popmyaa) myr0xaza Gepuszan 6yacun.
Azap wynoai xouda (ycyas) maexncyd 6yacaxu, fynza acocan:

1}y I(1) macouxnunz wunsuzunuy (myrpusszunu) ucbonmra
Mymkun 6jaca sa

2} m < n menzcuzsuKHR Kanoananmupyesy Gapua m 1ap
yuyn T(m) Tacanknan uun ned dapaz kwand, Kn) nune vunan-
2HHE Kypcamuis MymMKun oyaca, y xoaoa T(n) macoux, xap xan-
dati n € N yuyn wun 6yaadu.

Hcbor. Papas Kumaliuk, oupop # € N yuyu T(n) yuH
Oyamacud. T{n) TacoMk wuH GY¥amarad bapya n € N xap
ThivtaMiy A opKaom Oearunaiivus, DapasyMuisra MyBo(UE,
H tymnam 6V smac. H tHioiam N HHHE KucM T¥utaMe O¥IraHu
Y4YH YHUHT MHHUMAJ 30eMeHTH MaBXyld. YHU 12, OpKANTH Oe-
rIaiMus. Y xonpa T(n,) ykn 3Mac, aMMo Xap Kanfaai m < n,
yviyH T{m) — yun. By 3¢a TeopeMaHHHT 2) dapasura 3,

Mucon. Uxtuépuit # € N yayH ywby

12422 4p?= n{(n+1)(2n+1)
—
TEHTTHKHY UcO0TIAMHU3.
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Arap n = | O¥nca, Oy TeHrHK pasmiad. ©apas Kuialuiix,
6y TeHMAMK # COHNAH KUYWK OVArad 6apya HaTypal COMIap
YUVH VpuHau GyicHH. XycycaH

P+2..+(n-1) =-(£-1)?16(ﬂ

TeHrnMK ¥puunu O¥ncuH. by TeHIMMKHUHT HKKH TOMOHHUIA
7 COHHH KVIIaMK3:

P+2+. .+ -1+ = ___4______(»—])»6(2»-1) + =

=2(2n - 3n+ 1+ 6n) = 2D

by olnan MareMaTHX HHAYKIMA TAMOHHJIHTA ACOCAH TEHT-
MUK XAp KaHga n» € N  yIVH YpHHMIK DKAHAHTH HcOoT-
JIAHOH.

9-§. AITEBPAUK AMAJLIAP, APUMIYPYXJIAP

Tavpud. f: A = A axc smmupuwea A dazu n = Ypuriau
(n — ap) areebpaux amar deiiusadu. bup Yypunmn aMannap —
YHAD, UKKH VPHHIH amManiap — Ounap, y9 VpUHAM aMaiap —
TepHap amManiap peiwiand,

Mucomnap: 1) R Xakuguil comnap TVINAMMAARTH KV LM
amama f: R* » R, f{x, x;) = x+ x,; 2) R xaKuguii coHnap
TYIaMUAArd KYMARTHPALL aManu g : K2 -+ R, glx,, x,) = X, " x,;
3) TymraMrapHUHT KecHliMa aMani: 4 N B; 4) Tymramnap-
HUHT HHFUEACH aMmanu AU B, 5) f,: B> Bpa f,: B> B —
aKC ITTHPHUUIAPHHHI KOMIOIMUHACH aManl: (f, - f)(x) =
=f{(x), x € B. 6) # Ta TYIAMHUHT KECHUIMACH aMani
A, 0 AN..NA; 7) bepwirad B tymnamMHHHT bapya C KHCM
THramapu yayH C - (7 aMan, ssbHU Xap Oup KHCM THLiaM-
ra YHHHT JeKapT KBagpaTH MOC KYHHNAIH,

by epmaru 1), 2), 3), 4) Ba 5) Mucoanapaard aMaiiap —
OUHap, 6) Jari # — YPULIH, 7) DATH — YHAp aMalaap.
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Anrebpank aMaLTap HYKMAa 5HT KV yupaliguranyd Ba 3HT
MYXHMH — OHHAD aMalapaup.

bupop f . A -~ A — Ouuap aman Sepunrad 6yacud. by
amanga (g, b) € A sneMeHTHUHT o0pa3d & Ba b sAeMeHTIAD-
HUHI K¥IAHTMACH JAciiagn Ba g - b opkanu GearuwnaHag.
Bowka, Macamad, a + b, a = b, a - b Ba X0Ka30 Genrunap xam
HiTaTiIaad, by Xomwnapaa “xkynaiirMa™ cy3u ¥pHMIa MOC pa-
BHIONA OOILKA cyanap MUUIATHAAAN. XycycaH ab ypuura a +
b mmnatiica, “kiymaiitMa” cyai Ypuura “HHFHHAN" ¢¥3H HIL-
AATHIANHA.

Tabspud. Aeap xap xandaii yuma a, b, ¢ € A ssemenmaap
yon {abyxe = alb-¢) meneaux axncapusca, Oyndai ab amaa
accoguamue Jetiuaadu.

Tavpud. Azap 6w Vamazan A mynaamoa accoyuamig
Gunap aman bepunzan 0aca, Oyndaii mynsam spumeypyx oeiii-
Aadu.

Muconnap: 1) N warypan coHmap TymlaMu n + m
KV aMajiura HUCOaTaH SpHMEYPYX XOCHA KWIanu;

2) N varypan comiap TVIUIaMI # *m KYTafTHPHII aMan-
ra HucGaTaH APUMIYPYX XOCHI KHJIagH,

3) bupop B TVIUIAMHHHT V3UHH ¥3ura Oapya akc 3TTH-
PHIIAPH TYILIAMH aKC¢ STTHPHIUIADHUHT KOMITO3HLIHSICH aMa-
nura BucGatan 3-§ l-TeopeMara acocal ApUMTIYpPYX XOCWI
Kunanm,

4) Bupop C 1ymhaMHHHT 0apya KHCM TYIUIAMIAPH TH3HMH
TYINaMIAPHUHI AUFUHAHCH aMalura HHCOaTaR SPHMIYDYX,
XOCAN KMITAiH.

A — Oupop ApuMrypyx O¥icun. ¥YHma »# = 1 vuyH
a,°a,..a = a, Ba UXTHEPUA n > | yuyH 2, a,..a, = (a," a,...
a, , )a_ (1) bearmnawinapHd K¥PHTaMU3,

l-T ecpema. Xap xarndaii m, n namypas corsap ea A
APUMYDPYXHUNZ UXIMUEPUH A,0,s .. @, INCMEHINAAPY YHIVH

(a,*a,..ala

n+1‘”an+m) = al ' a?."‘an+m (2)

TEHTAHK VPUHIH.
Hebor., MareMaTHK muayKuusg (m O¥iinua) épmaMum?
acOoTnaliMu3. Arap m = | 6¥aca, 6y xonga (2) TeHrmHK yuGy
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(a,°a,.a)a, = a a,..a a-a,

ETS
TEHTAHKKA Keaanu. By TEHTIHKHHMHT YpUHIBITYH oca (1) 6en-
rHnamaad kenud yukagn, Papas Kuwiaitnnk, (2) Tedrmuk Gapya
k (k < m) coHnap yuyd ¥pUHIH OYICHH:

(a,* a,..a)a )=a,ca,.a+.

LR n+x

Y Xonga SpHMIYPYXAATH acCOLHATHBIMK XOCCACHMa aco-
CaH

{a,-a,.a)a

helt” n+m

= {(a,- az...a")(a

A+l n+m -1

= al a,...a

y=1(a a,.a )((aﬂ+]...an+m_])am+n) =
))a + = (a,a,.aq,, Ya+ =
nem—l an+m'

MareMaTHK HHRIVKIMA KOHEZACHTA KVpa (2) TEHIMMK HC-
GoTnaHmH.

HcGoTnaHraH TERIIMK YMYMAAINTAR aCCOUMATHRINK KOHY-
mn ne6 ataaau. By XoHYH IWYHH K¥pcaTanuku, ywby a, * a,...a,
K¥NaRTMAHMHT KHEMaTH yaH XucoOmaaaru # — | Ta Kynaii-
THPHII aMAJIHH{AHT Kalicu TapTM0aa 6axapuauiunra (IbHH
Oy TApTHOHH AHHUKJIOBYH KABCAAPHM KAHARH KYHHAMLIMIA)
QORINK 3Mac.

bavsaH a, - a,...a, KynakiT™a ]'I a Kypnnuuma XaM é3unany.

Arap 4, a a Kynau'maﬂa c]r =g, = .. =4 = abyica,
YHU o Kypmmwna éamnany. by ﬁenrmamnapﬂau Ba (2) TeHr-
JHUKAAH MXTHEPUH 1 Ba m HATypan comjap Ba A dpuaMmrypyx-
HUHI' UXTUEPUR g 3REMEHTH YUYH yuby

a g = g+, (Y = g {3)

TEHMIUKJIAPHUHT YPUHIMIUTH OeBOCHTa KeMud YHKARH.
Arap A ApHMIypyxna 0MHap aMaiuHUHT Searucu cudaTH-
Aa a + b K¥wwin amaay HeIrHcH WILAaTIca, Kopuaard (1)
KymaiTMa ypHura a+ a,+ ...+a, #drunam naigo 6yaanu. by
H

HUFHHAH Dab3aH _20: Kypunkwaa €swnagm. by xoana (2)
TeHDIUK ywmby
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KYpHHHIUTA 3ra 6yramy. n
Arap a, = a, = ... = a, = a 6ynca, -21 8, ypuura na E3wna-
gu. By Gearmwranuiapra Kypa (3) TeHIIMKIap yudy

na + ma = (n + ma, mnay = (m-ma (4)

KypHHHIINApra ara 6ynanu (#, m — WXTHEPUMH HaTypall COH-
nap).

Tanpud . A mpnaamoa a - b 6unap amaa bepunzan Gyacuit.
Azap e € A anemenm xap Kanoai a € Aasemenm yuyn ge=¢a = 4a
menaaukihy Kanoamaarmupea, 0y e asemenm bepunzan amaaea
nucbaman Gupaux 3aemenm Oetliusadu.

Arap A paru GaHap amMan a + b KyWudW aMaiy K{pHURU-
MM ONMHCA, GHPAMK DIEMENT C¥3n YpHHra HOAL IACMEHT
c¥3u HOaTHnanHu. :

A TyI1aMaa bepwirad Xap KaHaa# OHHap aMan yuyH oup-
MK 37eMEHT MaBXyl 6yrapepMaizd. AMMO

2-teopema. Aap A mynaamda bepuszan Sunap amaa
yuyn Gupaux 3semenm maexyd 6yace, y azoHadup.

Hc6or. Papas KUMAWIHK ¢, €, TeMEHTIap Ba HXTHE-
piit @ € A DNGMEHT YIyH e = ae, = 4 Ba €4 = ae, = a
TeHDMUKIAP YpUHaH 6¥1cuH. by TeHDIMKIapHUHAT OHpHHYH~
cupa a cudaTuma e, HM OICaK, e, = €,¢,= ¢, TeHIMUKIApHH
Ba MKKUHYMCHAA ¢ cudaTHia e, HU ONCAK, € = 6, = &
TEHDTHKIApHU onaMus. bynapaaH e = ¢, TEHDIMK KenMuo M-
kamu. Teopema HCOOTNAHAH.

Arap A apumrypyX GUPIHMK 37eMEHTra 3Ta 6ynca, bynnai
APVMTYPYX MOHOMA HeiiUianu. 2-TeopeMara acocaH MOHOMA-
ga GUpAMK 3MeMeHT ATOHA.

A — MOHOWI, & — YHHArM GUPMUK 3NMEMCHT Ba @ € A—
Gupop 3neMeHT OYNcuH. Arap b € A anemeHt ab = ba = e
TEHTEMKIIADHA KaHoaTIaHTHpea, Oy 3MEMEHT a ra TeCcKapu
redinanu. Arap 6y Tabprdaa A maru SuHap aMait yayH @ + b
KVILHI aMand GeJricH HIIATHICa, “reckapi” c¥3¢ YPHHID
“gapamMa-Kapmu” C¥3u HALIAATHIANH.

31



Xap KaHigal MOHOMAJA XaM yHIa OepHIraH 3JIeMeHTHHHT
TeCKapucH Mapxyn OVnapepMaiau. AMMO

3-teopema. Aeap A monoudnun: bepuszan a IneMenmu
VHPH meckapuci maexcy® byaca, y szonaoup.

He6o71. Gapas xunaiinuk, b Ba b, 3eMEHTNAP g Ta Tec-
Kapu OYiacHH. ¥ Xoina

ab,=ba=e ab,= ba=e

bynapaan b, = be = b(ab,) = (ba)b, = eb,= b,
A, B — apuMrypyxiaap (MoHoOWmRAp) O6YAcHH, Arap f: A - B
aKke PTTHPHULL IMYyHEAH G¥acaku, Xap KaHJald x, ¥ € A yUyH

Lx-y) = Ax) - Ay)

TeHINHKHH KAHOATHaHTHpca, ¥ 4 HUHr pa B ra comomopghus-
sl fedaani.

Mucon. R xakukuii coHnap TVIDIAMH KYIalTHpHIO aMa-
THra HHcOaTaH MOHOMIHH Xocua Kuaanu. [Miyara §xmam
MaHpUA O¥aMarad Oapya XakuKHi coHiapfaH ubGopar B
TViaM K¥nairupuil aManura Hiucbaran MOHOKMI XOCHI KUAA-
m. Xap 6up @ € R y4yn @ - |a| Mociuk R Huer B ra roMo-
MopduIMuEE Gepanu, YyHku ab - |ab| =|a|-(b].

10-§. TYPYXJIAP

A ApEMIYPYX KyRMIAry WKKHUTA WADPTHY KAHOATAAHTHPCA,
Y TYPYX HeHraan:

1} wyHnai e € A 3MeMSHT MaBXYIKH, Xap KaHBait 0 € 4
3NeMeHT YUYH g¢ = ¢ (YHT DHPIHK 3MeMEHTHHHE MaBXyn-
JIHTH);

2) Xap KaHAal g € A »AeMeHT YUVH WIYHAAH b 3MEMEHT
MABXKYOKH, ab = ¢ (VHT TeCKApH >AeMEeHTHHHT MaBXVIUTHTH).

Arap A rypyxaa Xap KaHpa# g, & sneMeHTap yUyH ab = ba
TeHMIMK Daxaprica, y kommyTatns (abens) rypyx ned arana-
i, KoMMyTaTHB rypvxaap yIyH K¥THHYa OGHHAD aMamHHUHT
ab benrucy YpHHUTa ¢ + b KYIWHLI OeirUcH HILRATIWIANN.
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Mucoanap: 1) Z 6yTyH connap THUIaMM KYIIKI aMa-
JMra HycGataH KOMMYTATHB CYPYXHH XocHn Kuiagd. byHnma
TYPYX TARPHGOHHKHT | -IapTHAATH ¢ 2 TEMEHTH POAUHU O COHH
BA 2-IApTHAATH b SMeMeNTH pPOIWHM (--a) coHM ¥ifHailau.

2) IMyura yxiwam Q paunoHar conaap Ba R xakukHi col-
Jap TYILIAMAADH KYIIMIM aManura HUCGATAaH KOMMYTaTHB
IYPYXIapHH XOCHJT KHAAIM.

3 @\ {0} sa R\ {O} TymiaMmnapy K¥NalTHPHII aManura
HUcOaTaH KOMMYTATHB TYPyXTapHH XoCKHN Kiianu. byHna e
pazutpacuK 1 coHu Ba 2-maptaard b pasudacuHu 1/a coHH
yiivanu.

4) A TVmiaMHAHD ¥3-¥3ura G6apya GHexkuMArapamaH HOGo-
par (A} TynnaM CHEKUHMATAPHUHT KOMITOSHUIUACH aManHra
HHcOaraH rypyx xocwn Kuwragd. by acimaa 3-§ garm tacamk-
Japaa UcOGOTAAHIAH.

T'ypyx)lapHHHT YMYMHIT XoCcCATapHEY YpraHaMmns.

l1-teopema. A — 2ypyx 6pacun. Y xoada:

1) yndazu xap xandaii a € 4 ynyn ae = a wapmnu xanoam-
aanmupyenu e aemenm xap xandaii a € A yyn ea = a mene-
AUKHY XaM KGHORMAGNMUPAdu, AsnY Y OUPAUK SaeMenmoup:

2) bepuszan a € A yuyn ab = ¢ menzauEni KaHoQMAGHITII-
pyewn b raemenm ba = e menzauxnu Xam Kanoamaanmupaou,
AsHu b 3semenm a 2a meckapudup.

Hcoor. bepuaran ¢ € 4 iieMeHT YIVH rypyX Tabpudu-
Jari 2-wap1ra Kypa wyHnaai b € A aneMeHT MaBXyAKH, ab = e.
by & snemedT yuyH SHA 2-1LapTra Kypa WyHpai ¢ € A ane-
MEHT Mankyiku, be = e. Y xomnga Oup ToMoHnaH (ba)(bec) =
=(ba}' ¢ = bha. VIKKMHYM TOMOHIAAH K¥MaHTHpHWIN aMani-
HUHT accoumrupirira acocad {da)(be) = ((ba)ybic) = (dab)c)=
= (be)c = bc = e. Jemax, ba = e. by Omwnan b 3meMeHTHHHT
4 Ta TecKipH IKAHININ HCDOTIAHIM.

byuiu kipa ea =(abya = a{ba) = ¢ e = a, A7bHU UXTHE-
puit a € A yUvH ea = a, ALHU e — OUPAHK 3NEMEHT.

HcbBoTnanrad TeopeMara Kypa rypyx, TabpHGUHHHAT |-11ap-
THAATH € eMEHT GHPAMK 37eMEHT 3KaH. 8-§ 2-teopeMara
acocaH OupRUK sneMeHT AroHa. by AroHa OUpAWK 216MEHT
rYPYXHHHT OMPIHK 3MeMentH (KYILHLUI aMany GelrHcH HILA-
THATAHOA — TYPYXHHHI ROJNb 3R¢MeHTH) Aeiiwiazu. Hcbor-
JIaHTaH TeopeMara Kypa Typyx Tabpudu 2-wapragary b ue-

3—XK Xomcues 13



M&HT g Ia Teckapu 3KaH. 8-§ 3-reopemara acocaH g ra Tecka-
PH 37AeMeHT AroHa; YHU g1 (KVIUMW aManu OeJrHCH HILIa-
TUNraHaa) {—aq) opKaAu GenrnwianaaH,

TeckapH 3NeMeHTHUHI AroHaAMTuWra acocaH (a™'}! = g
(yum Gearvcu MiaTwiranma (—(—a)) = ad.
Uxtrépnit a, b € A snemedtnap yuyH {(ab)™' = &' a\.

Xakukarad, {ab)(b~'a~ ) = (a(h - b Va ) = (ae)a™' = e.

A KOMMYTATME Iypyxaa OMHap aMan KY1udi amany 0VacHn,
By xoiana HxTHépuil a,b € A 3neMeHTIap YIYH g + {(—b) 18-
MEHTHH & Ba b 3JeMEHTIApHHHT aHHpMach a¢l aranany Ba
a — b Kabu SenrunadHanu. XycycaH, Xap KaHmad ¢ € A yuyH
a —a= 0, Uxtuépuii o, b € AsneMenTiap yuyd (a — b) + b=
=geaf{a+ b) — b= g rerrnuknap ¥puwn (ucbornaxr!).

2-TeopemMa. d — 2ypyx 6a a € A &yacun. Y xorda f{x)=
= ax, i(x) = x7! Ba g,(x) = xa ndonanap 6unan Gepuaran f :
A4, h:4 >4, 8 :4 - A axc smmupumaaprunz xap bupu
Suexyundup.

Hecoor, Uxtuépuit @, b, x € A aneMeHTIap yUYH

£ = (ab)x = a(bx) = [({,(¥)) = ([ £,)x).

ABHH

S =Lty
Xycycan

fha=fu =l =1,

OUpPIHK aKke STTHPMILAMD. byHaaH f HUHI TeCKapWIaHYBYM-
JHTH Ba 3-§ 3-TeopeMara acocaH YHUHI OHEKUUS 3XAHINIU
Kemu® yukami. Ymby g ake 3TTUPHUIHUHT OHeKUWSIUIH
wyHra yxmam HcboTIaHaRH.

HMxtuépuii x € A yuyd A(#(x)) = {x")~! = x MyHOcabaTaaH
#t HUHT TecKapHIaHYBYRIMTH Ba 3-§ 3-Teopemara acocaH OH-
EKUMATMTH KenMHO YUKANM.

Hatnxa, Aeap x a2semenm A zypyxda myaa yzzapca (asuu
A dazu xap 6up guitmamuu haxam oup mapmadan Kabys Kunzeau
Xoada A dazu bapua ;guumamnapuu Kabya guaca), y xoada y = ax,
zZ = xq, t = X"\ Yoeapyevusap xam A aypyxoa myaa yzzapadit.
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Mc6or. HatioxaHuer ucbo™ f, # pa g akc 3TTHpPHIL-
JOPHHHT DHEKIMA SKAHAUTUIAH Kemb YHKAIH.

ApuMrypyxaa ¢" wdomaHd xap KaHIaik HATYpaT COH yUyH
AHUKIACAH 3IUK, 3HIH YHHE HXTHEPUI # OYTYH COH YIYH aHMK-
aaitmul. KynaiUtik yUyH ¢° = ¢ Ae6 onunaau. Arap » — MaH-
it Gyryn con 6yica, a" = (o))"l ne6 ommuamu. By Senru-
AAUUTAPIAH UXTHEDHE 7 Ba m OYTYH COHJIAp yUyH ywly

@ = e (@) = g™ (1

TEIMMUKIAPHHUHT YpUHTHANTY GeBocHTa Keaud YHKAIH.

A rypyx xoMMyraTHB O¥nub, yHmarH aman cudarunia
KYLIHI AMATH HIUAATHITAH XONAA /g HpORAHH HXTHEDHH M
6yTvH COH YY¥H aHMKmaliMu3. Kyralnuk ydyH Xap Kaufai
a€ AyayH 0+ ag = () ged onunagy (0y epaa 0 — Holb OYTYH
coH, 0 3ca I'YPYXHMHL HOJb 3JeMeHTH). Arap # — MaH)Hi
OyTYH CcoH Gynca, na= [n|(—a)ne6 onMHagu. By Genrnans-
japra acocal Xap Kanaaid n Ba m OYTYH coHjiap YuyH (1)
TEHIJIHIJIAD Yoy

na + ma = (n+ mya, mna) = {(m-n)a

K¥pHHHAWAapra »ra 6¥nanu.

A typyXunHar B KHeM TYVIUIAMH Wy TypyXgard aMaira #uc-
0aTtaH rypyx XOCHN KiIca, ¥ A TYDPYXHHHT KHCM TYPYXM neiiu-
JIAZIH.

Mucoanap: |} Kymuu amanura HucOaraH rypyx, 6¥iran
¢ pauHoHan coHmap TYmiaMuga Z OyTyH codfap TYIIAMH
KHCM TYPYXOHD.

2) K¥maiitupyin aManura HucOaTaH rypyx, 6¥arad R \ {O}
TVIUIaMaa Gapya Myc0ar connapaan ubopar R+ riruiaM KucM
TYPYXAHD.

3) 3-§ ma xupwtwiraH A T¥ioaaMHMHr H yaraprupuuuiap
rypyXu G, rYDYXHMHI KHCM TYPYXUIHD.

3-teopema. dzap A cypyxoa a ssemenm a* = q TeRCIHK-
HR KAHOATAAHTHPCA, ¥ X0IA @ = ¢ SBHH g OMPIMK 3J1eMenT
oynanm.

Vic6or. By @ aneMeHTHUHT 4~! TECKapUCHHK OJaMH3. ¥
Xolia 7 Ushb U
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a=agl(ad®) =agla=e

by TeopeManaH GoiinanaHuG, KyAWAArH TeopeMaHH Hc-
foTHakMu3:

4-Teopema. A — rypyX Ba B yHUHT KMCM rYPyXH G¥acun.
Y xoaaa:

1) xuem eypyxnume Gupaux saemenmu 2ypyxuumz Gupaux
JAeMERMULA MEHE;

2) a € B saemenmuunz wy Kucm ypyxdazu mecxapucu Gy
aremenmuunz A zypyxdazu meckapucuza menz.

U cb6ot1. UxTHEpHI rypyxaa e GUPAHK 3MCMEHT ¢ =€ TeHT-
NMMKHH KAHOATAAHTHPALH. XyCycaH, B KHCM TYPYXHHHT e,
OUPNUK 3MEMEHTH YYYH e, = €%, 3-TeopemMara acocaH ¢,= e,.

JHIM a € B uxtHEpuit aneMeHT 6YIU0, b 2NeMEHT g HUHT
B xyicM rypyxparu TecKapHcH, IbHH @b = e G¥aca, y xonna Oy
TCHTMK KYpcaTalMKu, b oNeMeHT a ra A TYpyxaa XaM Tecka-
pu. Jemak, yraap TeHr.

Hatuxa. B mynaam xucm 2ypyx 6Vauwn yuyn kyiiudazu
UKKH wapm 6axcaputuu 3apyp 8a Kugos:

1) azap b, € B, b, € B 6yaca, y xoada bb, € B,

2) azap b € B 6yaca, y xonda b~! € B.

HeboT. Arap B KucM rypyx 6¥ica, yuna 1) wapr 6axa-
pHAagu. 4-TeopeMara acocaH 2) wwapT XaM Saxapuiaami,

JHAU, akcunya, (1) Ba (2) wapriap Oexapwunrad 6YICHH.
VY xomaa B ma accOUMATUBIHK XOCCACHHWHN BAXApHWIHIWH Oy
XOCCAHHHT A ga OAXAPMAMIIMAAH Kean® yukaaun. (1) sa (2)
wapraapnad b+«b~! = ¢ € B skaHnurn Keaub ymkaau. bByn-
AaH 4-TeopeMara acocaH B HMHT GHPIMK 3jeMeHTra 31 3KaH-
aurd Kenmd yuganu. (2) waptaad Ba 4-teopemManan B paru
Xap OUp 3JeMeHT TeCKapH B3AeMEHTra 5ra SKAHJIMTH KenHo
YHUKAAH.

5-teopema. Kucm zypyxraprunz Kecuumac Kucm zypyx-
oup.

Mcbor. A rypyxaa {B, t € T} KUCM TypyXJaap TH3UMH
Gepuran 6ynu6, B = f’];!&’t — YJIAPHHHI KeculltMacH OYJICHH.

Arap b, € B, b, € B 6ynca, y xonna xap 6up ¢ € T yuyH
b, € B, b, € B. byHnaH B,KucM rypyx O¥iraHu yuyH b, * b, € B,
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Qxupru Mydocabar xap 6up v € T yuyd ypurum GYymranu
Tyaid p b, € B =B, -
=T

SHaK b € B 6yncun. Y xonpa xap 6upr € T yuyn b € B,
B xucM rypyx 6ynranu tydaivin b7 € B, Oxnpru MyHocabar

xap 6upr € T yuyH YpuHau 6yrranunan b’ € B = ﬂ B_. by

OwiaH 4-TeOpeMAHHHT HATIKAacHIa acocaH B HHHT I{HCM TYPYX
IKAHAUTH KYpPCaTHUIIN.

A rypyxaa érypuH C TYIampey ¥3 WyWra onaypud Oapua
KHCM Iypyxiap Tusumubu (B, 7 &€ T} opxanu GenrmwiafiMus.
by TH3uM O6Yym 3Mac, YyHKU A TYPYXHWHT Y3 Oy TH3HMra
kupagH. by KMcM rypyxiap THIHMHHHHr KeCHIUIMAacH
B =1’}Bt H1 C TVIAaM XOCHN XHIran KucM rypyx gef ara-

=

NARM.

A, Ba A, — rypyxjiap GyncuH. A, HDarg TYpyX aMajiHU *
OpKamu Ba A, Aarvuu ° OPKAIN Genrumaimims.

Tavpud. Aeap A va A, eypyxrapnune [ A - A, axe
smmupuiuy Xap Kanoai a, b € A, anemenmaap yuyH.

Aa* b) = f(a)y fb) (2)

MEHZAUKHY KaHoamigrmuped, 6y [ aKe ammuptii 20MoMopHuIm
deliuaadu. By TyllyHua 8-§ ma ApuMrypyxjaap yUyH KHPHTHI-
rag roMoMopQH3M TYLIYHYACHHHHE XYCYCHH XOJIM.
6-Teopema.f: A » A,~— zypyxsapuunz zomomopdusmu
GYacun. Y xoada: 1) A, eypyxnunz e 6upaux s1emenmu gy co-
momoppuimda A, nunz bupaux 3semenmuza ymadu:
2) uxmuépuii a € A, saemenm yuyn

Aa™y = (fa)™

UcborT. A rypyxaa e GUPITUK aeMeHT GYraHu y4yH e = el
byHpaH (2) xoccara Kypa

fley = A&) = {F{eD)™.

By Tenrnukaad 3-reopeMara acocaH f{e) 2NeMEHT A, IypyX-
HUHC DUPIHK #eMeHTH SKAHIUTH Kelud YHKaau.
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bynra acocan mxTue€pHii @ € A, yayd
Ae) = Raa™') = fla) fla™")
TEHIAMK ¥pHHIH, SbHH
Aa™y = (Ra))~.

Teopema ucboTnaHaH,

HaTtuxa. fomomopguzmda aypyxnune obpasu 2ypyxoup.

Hc6oT. G— rypyx, ¢ : G+ G — roMoMopdusmM GYIICHH.
¢(G) TYmwIaMuunr G gard amaiara HUCOATaH CypyX SKaHIH-
IHHHU Kypcatamui. Uxtuépuii a', & € ¢(G) 3neMeHTAap YIVH
LiyHgai a, b € G sneMeHTIAp MABXYIKH, o' =p(a), b’ =¢(b).
Vxonma a b = p(a) - p(b) = p(ab)E p(G).

Arap e € G CUpAMK 3MeMeHT 6¥nca, y Xolaa 6-TeopeMara
acocaH € = ¢{e) ameMenT G rypyxaa Gupauk snemeHrt. He-
MaK ¢ € ¢(G). Arap a' € ¢((G) 6ynca, y Xonma wyHpaii a € G
AeMeHT MaBXYIKH, & =¢{a). Y xonpa ywdy b’ =¢(a™!) sne-
MEHT YIyH a'd' = p(a) - p(a™') = plaa™') = p(e} = €.

lynra yxmwaw d'a’ = ¢ myHocabaTHH omamui, Hemak &
ONIEMEHT &' JIEMEHT YYYH TECKAPH JICMEHT. 4-TeOpeMaHWHD
HaTxacura kypa ¢(G) TViiaM &' rypyXHUHT KMCM TYPYXH-
JUp.

Tarpud .Bueknus 6yaran f . A - A, — omomopgun
uzomopdusm detiuaadu,

WUsomopdusm f: A, + A, —6uekuusa 6yarann yuyy 3-§ 3-
TeopeMara kKypa yHra Teckap 6yaran f -1 A - A, Ouexuusa
MaBXYyI.

7-teopema. f: A ~ A, usomoppusmza mecxapu yszan
[~ Guexnun xas uzomoppuimup.

Hc6oT. Vixtuépuii o'd’ € 4, aneMeHTIapHH ofaMu3. Y
xoiga f — Guexmus GYIraHH yuyH WyHAAH a,b € A, 31eMeHt-
Jap mMaxyaxu, ¢ = flay, b’ = fib). bynapaag a = f(a), b=
=/ (F)Baf N a - b) = (fa) Ab)) =f"Rax b)) =arb=
=fa) > fUD).

TeopeMa ucOGOTIAHIK.

Muconx R Xakukuil COHNAD TYIUIAMH KYIUHIN AMAJINATA
HucOaTaH KOMMYTaTHB [YPYXHH Xociil Kwiamu. R, — Oapua

38



MycOaT XaKMKHE cOHNap TVILIaMM KYaiTHPUII aMATHTa HHC-
fGaTal KOMMYTATHB TYPYXHH XocHn Kumagn. Yumby flx) = &
¢byHkuMa R #Y R, ra 6uexunsacy O¥aHG,

¥V =22

xoccara 3ra, SsHu R 01 R, ra u3oMopdusmunup. bysra tec-
xapu naomopduiM g : R, - R ymby gly) = log,y dynKima-
aup. byauxr yuyH (2) xocca ywoy log,(y, - »,) = log,y, + log.y,
KYPUHMILTA 3ra.

A, TYDYXHH A, TYPYXTa aKC STTUDYBYH M30MODPOH3IM MaB-
*xy@ G¥nca, 6y rypyxiap HioMopd deilttani.

TypyXIapHHHT B3OMOPPIHTHA pedAeKCHBINK, CHMMETPHK-
JMK Ba TPAH3UTHBIMK Xoccamapura sra (McGornanr!), abHM
SKBUBAIEHTINK MYHOcaGaTHIUD.

H3oMopd rypyxiapHH yaapaard OMHap aMaJIHHHL Xocca-
Japd HYKTag Haszapunan Supyu-OupunaH dapk xuwimb 6¥a-
MaHau.

11-§. VPUHJAUTITUPUIILIAP, VPUH
AJIMAINTHPHIILIIAP BA BUPHUKMAJIAP

A TViiaM » s3neMenTAH TVIiaM Ba k& — Oupop Hatypan
CcOH OyRCHH.

Tabpud . Komnowenmanapy mypau 6pazan A yemudazu ux-
muéput k Yawamau eexmop A yemudazu k-yawamau ypunsaui-
mupaw (n ma 3temenmoan k madan Ppunsaumemupuin) deduna-
Ju; N-Payamay VPUHAGUEMUpUIE Ypur aimawmepu delduaody.

Papwanku, MyMKHH O¥aran ©apua k-ymdamau ypuHiaul-
TUPHUIAP COBH Yeknu O6Ynub, 6y coH ¢akar » Ba k ra Oor-
K. YHU A opKamy GeiriwiafiMus. A7 HU, THH # 3TEMEHT-
JaH MYMKHH bynran Gapua YpUH aJMaUITHPHOLIAPD COHHHEY
P Guran Genrunafmus.

Burra ypuHra » sAeMeHTIH TYIUIaM 3NEMeHTAapUHU 1 Ta
yeva OMnal KoWIAIITHPHIL MYMKIHH OY/IraHH YY4yYH HXTHEPHHA
# HaTypasa coH yuyH Al = n.
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TavpHbaad KypuHagUKU, arap &k > n 6¥nca, kK — ym4amin
YPHHIAINTHPULILIAD MaBXYHl Mac, TbHH A’ = 0.

1-Teopema. deap k < n 6¥aca, y xo4da A* = n(n—1)...
(n — k+ 1). Xpcycan, P, = 1+2...n.

UcGoT. VpURIAWTUPHIIHUHE GUPYHYM KOMIOHEHTACH
n yeyn 6uwnad GepuadIld MYMKHH. Arap & — YmdamMau YpHH-
JALUTHPUIIHHHT OMPHREYH KOMIOHEHTACH TAHIaHraH OVica,
Y X0I4a VHHHT KoaraH (k — 1) — Ta KOMIIOHEHTacH KONFaH
(n — 1) Ta aneMenTan {k — 1) — Yryamny YpUHAALITHPHLL-
Hu xocwt Kwiamu. Ilyura acocan A*= n- A*}. By tenr-
AHUKHH KeTMAa-KeT TaTOMK KHJIAMH3:

Af=n-A¥l=nn - DAY= .. =nn-1) .(n - k +

+ DAL, =nn—1) L (n—k+2Dn—k+ 1),
YYHKH A,l'_k_H =n_k+1.

P = ]-2 . .nx¥uaiTMaHu KUCKAJMK YUyH ! (“9H-(akTo-
puan” nel Yxumanu) KypHHULIAA E3HI KaOya KWIHHTAH.

Tavpud. A minsamuune womuépuii k-asemenman Kucm
" mynagmu yuune k-sremenmau (n ma saemenmoan k madan) 6u-
puxsmacy (Gupargumacu, KomOunauuacu, 2ypyxaqu) delivaadu,

A TYIUIAMHMHT MYMKHMH OViaran Oapua Ak-3i€MeHTIAH Ou-
pukMatapu coHu dakar » Ba k connapra Gornmuk. Yuu CF
OPKATH GeNrinaiMus.

PaBmanku, arap k > n 6ynca, Cf ={(. k < n 6yACHH.

2-teopema. Yuby

ck = A np-Don-Tksy o
L il T E{a=k)!

meKzAuK Ypunau.

HMcéor. MyMkuH 6¥aran Gapua A-31eMeHTAH GHpHKMa-
Aapuu onamu3d. Mxruépuit Gupuxkma onud, YHUHT MYMKMH
Oyarad Oapuya A-daeMeHTAH VPHH ATMAINTHPHIIEAPDHHH ba-
Xapcak, OyHMHT HaTiDKacuaa P, Ta k-3JeMeHTIH YpuH an-
MAILUTHPHITAAPHH X0CWA KHIAMH3. DHIH MYMKUHH 6¥nran 6ap-
Ya k-3AeMEHTNH FPHH ANMAIMTHPHILUIAPHH KOCIHT KAWL YIYH
Gapua k-aneMeHTIH GUpHKManapHH oJIMG, YAADHUHT Xap OH-
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pHAaH MYMKUMH 6¥nrad 6apya k-3jie¢MeHTAH YPHR aJMaLlTH-
PULLTAPHH XOCHJT KIWIHIL Kepak.

byHra acocaH Ba TYpPJIM GUPHMKMAIADAAH XOCHJ KHJIHHTaH
k-3NMeMCHTIH YPHH AMMALITHPULILIAD TYPAK 0¥IraHu yavH Gap-
"1 k~371eMEHTIH YPAHIAWTAPALLIIAD cOHM AY KoMGuHanui-
Nap cOHM CF HUHT JPUHATMAIITHPIIIAD COHK P, ra KymaiT-
MACHIa TeHT, ibHu AF= C* - P,

byHnaH
Ak
£ _
G =3

TEHTTHKHH OJNaMH3.
Cf HH k = 0 ga 6upra TeHr 26 xucodmakimus, sseiu C = 1.
C¥ coHIap MKKU Xan HUFMHAMCH (GHHOMHM) MXTHEDHH
HATYpa KYpCATKHWIM AAapaxara KYTapulll MAacakagapHaa yu-
paiau.
3-treopemMa. Dapaz guaaiitux, x, y € R sa n — uxmué-
puli namypaa con Gyacun. Y xoa0a

4y =2+ Clely+ CIxlyl + o+ CEx W+ L+
+ Crlxy +

by aiivuar Hewron Gnnomy gopmynach Jeiimanu.

Hc6oT1. Gapas KWIAKIUK X, Y, V,, ... ¥, € R Ymby (x +
+y){x+p) .. (x +y) Kynalitmanu kypamus. by kynaiir-
MaJa KABC HUMAATW XA[UIapHM KymaiiTupud Ba X HHMHT OMp
XIWI AapaxalapUHH ¥3 WuMra olrad XaakapHH HUFHO, KyHH-
Jard uogaHH OTaMH3:

Hy)x+y) . X+y) =+t ++ o+ L+
+r X4 kT x+T,

Oy epaa

LA A A W
LEWL TNt Y e

T, =V Ve Yy
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Liynnai kb, v, — ymby {¥,, ¥,, ... »,} THIUIAMHUHT
MYMKHH O6ynrad 6apua A-3leMeHTAH OUPUKMATapu SAeMeHT~
NapH KYIIARTMacHHUHT HUFUHAACHMIA TeHT. XycycaH, arap y,
=y =. =y =yueb oncak, y xonga 7, = C’y* ByHra
acocaH (x + ¥y =x" + Clxly + ... Crigrt + yn

12-§. TEHIJIAMAJIAP

Arap f: A - B dyHkuma Ba a € A 3neMeHT GepwiraH
O¥nca, y xonaa Gyaap opKajiu

b= f(a) (D

sneMeHT Tormmnanu. Hlynaait Macananap yypallouky, yaapaa
(1) MmyHOcabataary / ¢yHKUMA Ba b 3NeMeHT Gepirad, aMMo
a 3AcMeHT DepinMarad OVaagu Ba yHH ToaMwW Tanad KWiM-
HagH.

byHzaH xaMm yMymuiipok, 6¥raH Kyfiuoars Macaia xam
yupaiinu. f. A - Bea g: A - B pyakuuanap Gepiwnrad. Ymby

S(x) =g @) (2)

TEHIJIHKHH KAHCATIAHTHPYBYH X € A 3JieMeHTIap TOIMKWICHH.
By xonna (2) teHrnuk A Ba B TVILIamaap ycTHaa OMp HOMAB-
JYMAH TEHTIAMa Ba X 2JIEMEeHT 3Ca Oy TCHIVIaMAJATH HOMAL-
JayM OeHWIagH.

Mucon:f: R-R, f(x) = x*Bag{x) =1 6¥nca, x! = I.

KyprHumumarin OHKBaapaTt TeHIIaMa XOCUM G¥Aaiu.

Ma3zkyp (2) TeHLIUKHH KAHOATAAHTHPYBUH OHpOp
X=a & A 3IeMeHT OV TEHITTAMAHHHT eunMy Jefinnann. TeHr-
JIAMaHHMHr DapYa edUMIAPUHN TOMHI TEHCIAMANH YHII 1Mei-
HIAIHM,

C Ba B — uxtuépult tT¥maaminap O¥iAcHH.

Tavpud. deap /. (" >Beag: C" - B dyaxyusaap
depuszan Gyaunt, ywby

f(xp---:x,,) = g(xls"'sx,,) (3)
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MERZAUKRY Kanoamagumupysun X = (x,,...,x) € C° eexmop
depuiMaran 6¥nca pa ynu monuwm xepax Gyaca, (3) menesux C
éa B mynaamaap ycmuoa B ma HomMasAyMAu MERZAAMa 6a X =
= (X;50..,X,) G€KNIOP Ica By menzaamadazu HOMavAYMAGP Mut-
3umu dediutadu.

Mucordap: D f: R->R Ax, V=x+ygx =1
6ymca, »* + y = 1 Tedrmama xocun 6ynanu.

2) f:R">R fx,..x) =x+x,+ ...+ x, Baglx,. X)) =
= |—x? 6ynca, x+.. + x,= [—x] Tenrmama xocur 6¥-
Tajgu.

Maskyp (3) TeHrnamMaHH KaHOATIAHTHpPYBYH HHpop
x=a=(a,..,a) € C" pekrop Oy TEHINAMAHUHT €IHMH Aac-
HUNaau.

Arap (3) TenrnaMana C” = A feInuiall KHPUTCAK, ¥ XOIAa
{3) TenrnamMa (2) k¥pusiilra sra 6yaraH A sa B ycrugaru oup
HOMARJIYMIH TEHIJIAMATA KeJIamgn.

Tazpud. Arap 2m 1a fj: C* - [, i=1m &:C* =1,
i =1, m @ynxyuanap Sepuaran 6¥mb, ymoy

Si{xpenX) = g(x,,....x.}
................. 4

menzauxsaprunz bapuacunu KaHoamaanmupyeuu X = (X,,...,
x,) € A aaemenm bepusrmazan 6yaca éa ynu monuui Kepax yaca,
(4} menzauxasap mynaamu C sa [ yemuda n ma nomasaymau
m ma menzsamarap muzumu 6a x(x,,...,x) aca 6y menzrama-
aap muznmudazy HOMABAPM serxmop (HOMABAYMAGD MUIUMIU)
deituaadu.

(4) TCHDAHKIIAPAAH TY3WIraH TCHIIaManrap TH3UMUHY yILOyY

J0n %) = 800,00, X,)
................................. (5)

K¥YpUHHIIna benruman kabyn KHIHHIAH.
{4) TusuMpard xap OMp TEHIMMKHH KAHOATNAHTHPYBYH
x=c = (¢,.., ¢,) € C" Bexrop (AbHU (4) fary 6apya TeHINA-
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MAJTapHUHT YMYMHH eunMH) (5) TeHrnmaMmanap TU3HMHHHHC
SUNMH AciIaan. (5) THIMMHMHT 6apya euMMAAPHHY TOITHLL
Oy THIMMHM €M JeHIWTAIN.

Macanan, F: R » B Fx, ) ={(2x—y,x+ ), g. R >
R, g(x, v} = (-1, ¥*+ 3 — ) 6ynca,

2x—y=-1]
x+3y=x"+3-y

TeHPIAMaNap TH3HMMH XOCHI 6¥Ianu.
Arap Fx) = (;‘;(x),...f"d(x)), Cr=A, /"= Be Gx) =
(g,(x),...,g,(x)) bearmnanviap KHpUTCaK, y xounaa (4) TH3UMHU

Fx) = G(x)

KYPHHHILGA E3HII MYMKHH, AbHH (4) TeHrIamaiap TH3HMH-
Hi A = C"pa B = " TYyinamnap yctuaa GUp HOMaBLIYMIH
furra TeHrIaMa A0 Kapalll MyMKdH. AKCHH4Ya, arap F : (" »
=", Fx} = (f[(%),..., £ () Ba G O >[I, (G(x) = (g,(x),...,
g (x)) dyukumanap depunran 6¥aca, y xonaa (" ea Jrrymiam-
map yerupard F(x) = G(x) teurnamany C Ba A tHonamnap
YCTHRATH (5) TH3IMM KYPHHUILAA E3W10 MyMKHH. ByHaaH 6yéH
6ab3aH (3) TH3MMHHHT yIudy Ax) = G(x) KUCKA KYpHHHIUH-
HH XaM HUIATaMH3.

Tavpud. Azap (5) muzumnunz xamuda 6up ewuMi Mag-
wyd Gyaca, y bupzasuxda detiuradu, Azap (5) musum Bupzasuk-
da 0¥aub, ewumy seona 6yaca, y arux detiuradu.

Hkkura

Fx) = G(x) ()
Px) = Q(x) (B)

Ba

TeHLAaManap TH3IUMAApH Oepunran O¥incud. bydna {a) TH3WM
C pa J TyIIaMAap yeTHAArH A TA X = (X,...,X,} HOMABIYMIH
m Ta TeHMAMANap TH3HMH OYnCHH:

F:C ]I G: O~ I,
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{(#) Tvaum sca CBa .S TYLIAMIAp YCTHAATH # Ta X = (X,,...,X,)
HOMABIYMII £ TA TEHIJAMAZAP TH3INMH OYACMH:

P.C">8 Q. C -5

Tawpud. Aeap (@) musumiune xap 6up ewumu () Hunz
xam ewumuy Gyaca, (B muzum (a) Hunz namusxeacy deiiuaadu eq
dy (a) = (B) kPpunmuda é3unadu.

by Tapuduar OeBocHTA KYHHHAIM Xoccanap KelHb 4m-
KalH.

1) Xap KaHOall (¢) TeHDIamanap TH3HMH YUyH (o) = (a)
(pedeKCHBIMK).

2 Arap 6Hp xmn HoMabayMmiH (a), (8) Ba (y) Tedrnamanap
TH3MMITapH GepunraH 6¥mu6, («) = (8) pa () = (y) Gynea, y
xomia (@) = () (TpAaH3UTHBIMK).

Tabvpud. Azap {(a) = (B) eéa (B) = (¥} &yaca, éxu {a) sa
(B) musumaaprurne uxkkasacu xam Gupzaaurda yamaca, yrap
menz Kywau musumaap dediusadu eéa 6y (a) < (f) kypummuda
Erunadu.

By Tanpudnan Gup xun HoMabpnyMau {a), (8) Ba (y) TeHr-
Jamanap TH3MMIAPDH YIYH KyHumarH XOcCaNapHUHr YpUHIH-
JIUTH OeBOCHTA KelnHO YHKANH:

1} Xap kaupa#t {c) TH3NM vayH (a) < {a) (pedaexcuBrux);

2) Arap (a) = (8) 6¥uca, y xomma {8) < (a) {CUMMETPHK-
MUK},

3) Arap (a) ¢ () Ba (B) & (y) 6¥ica, y xon1a {a} < (y)
{TPAH3INTHBIHK).

Macanau, arap F: A = B, b€ Bpa H:B= Bb6yuca, y
X0mnaa

Fx) =4 (6)
TEHIMAMaga x = g e4HM 6ynca, Oy 3neMeHT
HF(x) = Hb (N

TeHIJIAMA YYYH XaM eddM O¥ianun, AbHu (7) TeHrnama (6) HHHT
HaTIDKacuaup. Arap H — Ouekiua 6ynca, y xonna 6y TeHIIa-
MANAp TeHr KY4IH Oiaanit.
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Yuunuu 606
YU3HUKJIN TEHTTIAMAJIAP TU3UMJIAPH

13-§. YM3UKJIH TEHTITAMAJIAP TU3UMJIAPU
BA YJIAPHUHT MATPHUHAJIAPH

Yoy
ax +ax,+..+ax =b (1)

TEHTHK Gepwiran 6ynuG, 6y Tenrmdxpard a, a,, .., 4, b
XaKHKMH COHIAp MaBIyM, X, X, ..., X, XAKUKHH coHnap »ca
HOMABRIYM 0¥nca, 6Y TEHTNUK 2 Ta HOMAbLIYMIK YJHINKIN Tenr-
nama aeiiwnany; a,, a,, ..., a, CORAap 6y YU3MKIH TeHrIaMa-
HUHT KO3 ODHUUHEHTIAPH, b COH 0304 XAMH, X,, X,, ..., X, COH-
Jap 3Ca HOMABIYMAAD AcHHAAOH.

Arap b=0 6¥nca, (1) TeRrTaMa OHp HHHCAN ICHMIAIH.
Bup X1 ROMABLIYMIH YH3IMKIH TEHDIaMATapaaH nbopat oup
HeuTra TeHIIAMAJApHH OHMPra ¢uMil, SbHW YW3HKJIH TEHITA-
MaJIApHH €YMLl MacalacH KVIT yuYpaHau.

Bupra k¥pHnaérrad 64p XKWt HOMABLAYMIH OMp He4Ta 9H-
3UKIH TEHIIaManap TYITAMEHH YM3HEIH TeArIaMaIap TH3K-
MU  AeHUIafu,

YMyMUH KYpUHHILIA OAHMHTAH YHMAWUKJIH TEHrIaMalap
THIMMHEA 0IATIA KO3 PPUUHEHTAAD Ba 030 Xamaap Ky oynra-
HHU Ba tWyHra k¥pa yhapsHu typiau Xapdnap 6unan Genrwmam
yuyH anugdomard xapgnap eTumiMaraHud cabadmm kosddu-
LMCHTJIAPHH Ba 0304 XalUIAPHH KYHHIACHYA OCAriwia ycyau
duoraTwiagy. Jactaab uyM3MKAKH TeHTrAaMaiap TU3MMHIa KH-
PYBUM TeHrAaMaNAp TapTHO OMNaH XKOWMAWTHpPUAAAH, ABHH
ylap pakaMiaHaiaud. byHra acocaH 4M3KKAY TEHTAAMANAp
THIUMHTA KUPYBUH K03 PUUHEHTIAD KYHUAATH KoHaa OYiinya
MKKHMTA HHASKCAH 0Up XUA xapdiiap OHIaH GenriiaHaii: H-
JeKCTApHUHT OHpPUHYMCH TEHIVIAMAHUHT PAKAMMHH BAa HK-
KHHYHCH 2ca 6y KoadpHIHEHT Typrad XoHoard HOMabIyM-
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HHAT paKAMHHH Kypcaragd. MacanaH, / -TeHI/TaMAIaru j-Ho-
MALIYM oaauiard KosdpduiueHT a, OpKamu OenrunaHanM Ba
a-M-Xu Jed YKwiamM (xycycan a,, HII @ -UKKM-Y4 ned yKpIa-
). YusHxay redriamManap TH3UMHTa KHPYBUM 0301 Xaliap
OHp MHEEKCIH GoKa 6up xun Xxapduaap GuiaH 6earunaHain.
Byuna upaekc 0301 Xan Terduuiy OYIraH TeHCNAMAHHHT pa-
KAMHHEH K¥pcataad. MacanaH, /-TEH[JAMaHMHE 0301 Xanu b,
opKannu GenarwnaHanu.

FOkopHaa KeATHPWIraH KeTHIUYRra acocaH YMyMidi Xoia
OepuIrad # Ta X, X,, ..., X, HOMAbIYMIH § Ta MH3MKJIM TEHF-
IaMaIap TH3UMUHY YUy

anx, +a,x,+...a,x, = b,
a4y x) + apxyt...y,%, = by (2)
X, + 85X, +...ag,x, = by

€KW KHCKaua Eamx,‘ =h(i= 1,5 S) KYpMHUILIAPRA €3HIT MYM-

xuH. by epnam @, COHAp = TEHIIAMANary j - HOMabAYM
onauaary koa¢duurent Ba b, COH 2¢a [ - TCHIIAMAHUHD 0301
XAadM AcHunany. Arap Gapua f=T;; nap yuyH b, = 0 O¥ica, (2)
TH3UM GHp MKHRCAN Aefinanu.

Yu3aukay TeHTIaManap TH3IHMHUHH edHm Macanacd Oy
TH3HMHHHT K03pPHUHSHTIAPHAAH TY3WITaH VILGY

Mty .. A,
A= a21a22 ...az,, (3)
aslasz RN/

TYEpH Oypuakiiu TYpTOYpHAK XAABAJHHUHT XOccajapura OoF-
au¥. Byupait xagpan § 1a catpnu # Ta YCTYHAA MaTpUUA
(§x n- matpuua) aeitmmagu, (@) &ku || a,, || x¥punmiupa
Xam €swnagn. by A Marpuianarit ¢, COHAAp MATPHUAHWHT
3jieMenTAapH deHisnaau. bapua § X » - MaTpuIanap TyIUIaMHHY
Msﬁ opKaATH GearrialiMus.
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A wvatpunaHHHT Xap GHp catpura R yeTuda » - ¥Adamim
BeKTOp el Kapaim MYMKHH, YHHHT §- CATPUHH (a,, a,, ..,
a,) KypuHuwaa €3aMu3. Kenaxakaa A MaTpHIAHUHT caTpia-
PHHH MoC pasumaa A, 4, .., A, opKain OearwraiiMus. A
MaTPULAHUHE YyeTyHAapura R ycTHna S-YadaMin BekTop ped
Kapall MyMKWH. YHUHT f -YCTYHUHH YOy

Geary YpHura XOHHM TeXall MaKcanuaa [a,, 4,, ..., a,) K¥pu-
HUWIHMA €3aMu3. Keaaxakna A MATPHUABHMHL VCTYHIADHHH
Moc papamuna 4', 4, ..., A" kabu GenrwraiimMus,

Arap §X p-Mmarputiaga # = §6¥nca, y n TapTHbaM KBagpar
MaTpHHa gefinnanu. bapua Keaapar matpuuanap TYILTaMHHH
benrwiawaa M, ypuura M GenrvHu amnaramus. Ksaapar
MATPHLIANATH a“' s Uyyy oony @, DAEMEHTIAD TYIIAMY YHUHT GO
IHATOHANR AeiWNagH. Arap KBagpaT MarpHiiaga 6oil AHaro-
HajlaaH TamKAapHzaru Oapya saeMeHTAap HoAb Gynca, v asa-
roHan Matpuua defunagu sa Oapsan diag (g, 4, .., a,)
KypudHuinmaa €smnagn. bapya sneMeHTIapH HOMra TteHr 6¥IraH
MaTpUlia HOAb MATPHNA AcHWNAaH. Arap AHATNOHAN MaTPHLIA-
maa,, a,=..=q, =1 6§ica, y Gupank marpuua neHmwinany
Ba E (6abzan F) opkaiy Genrranaim.

IOkopuaa (2) TazuM OViida xupuTaniran (3) marpuua (2)
TH3NM HOMABLAYMJIADHRHAT KOMBPUOHERTIAPH MATPULIACH Re-
itunagu. By MaTpuuaHuHT YHCr TOMOHUTra TH3UMHHMHI 0300
xanaapugan ubopar [b, b, ..., b] ycTyHHH é3cak, § Ta caTp-
JUu # + | yeryHiau :

a0y, B
r . .
A =} a,a,..a,b {(4)
g, dg,..dg,b,

MarpHila XocHn O¥nagu. YHH (2) TH3UMHUHT KeRFaiuTHpHA-
raH MATpHLIACH OeiiMaagy Ba {aﬂ/bf) KVPUHHIIHAA XaM €3i1ia-
mu, Oaataa (2) TH3HMHM eunl MacanacH (3) Ba {(4) MaTprua-
JIADHUHT XOCCANapPHHM VPraHUILUTA KEeTTHPHIAIM.
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14-§. » VJIYOBJIHA APUOMETHK $A30

MarpHilaTapHHHT CaTpAapH Ba YCTYHIAPH opacujaru Gor-
JAHMIMIMAPHM Yprandil Makcaguaa R* parn (R — xakugmni
TYIIAMH) BEKTOPAAp YCTHAA aMAILAD KMPUTHO, YIAPHUHT XOC-
canapHHH YpraHaMua.

Arap X = (x,, x,, ..., x,) Ba Y= (y,, »,, ..., J,) KOOPAMHaTa-
JApH XAKHKHE col O¥nraH » ynuamiu sextopaap 6yinca, yiugy
(x, + ¥, x,+ y, ..., x, + y,) BEKTOp YIapHUHI HHFMHANCH 1eb
artanagy ea X + Vopraiu Gearitanagu. bapuya KoopamHara-
JIH HOJMIbFA TEHT oyaran (0, 0, ..., 0) BekTOp HOMB BeKTOp neb
aranagy Ba 0 {(kymun4a 0) opxamu GenrunaHaiu.

XakukHil coHNMapHH KYIIUII aMajJlHHUHI XOCCAaNapUaH
BeKTOPIIApHM KYUIMIN AMATTHHUHAT KyHugark xoccanape 0e-
BOCHUTA KeJlND YHKADH:

a)) Xap Kauznait yuyra X, ¥, Z € R" pexroprap y4vH

X+ V)+Z=X+ (¥V+ 2) (accoumaTupBiuk)
a,) xap Kanmaii X € R" BeKTOp yuyH
X+0=0+X=X
a,) Xap KaHpai X = (x,, X,, ..., x,) € R" BeKTop yuyH
X+Y=Y+X=0

TEHIHKJIAPHH KAHOATIAHTHPYBYH J BeKTOp MaBXxyxd; Oy BeK-
p ¥V={(-x, ..., —x,)0ymb, X ra kapama-KapiiH BEKTOp
Aeiinaau Ba —AX OpKANH OeMruUIaHagn.

a,) Xap Kangait X, Y € R" sextopaap yuyn X+ V=V + X
(xoMMyTaTUBAMK)., By Xoccanmap R" t¥uiaM kVulMll aMATTHTA
HHCOATAH KOMMYTATHB T'YPYX XOCHI KIWIHIIHHHU KYpCaTamH.

Arap X = (x, x,, ..., x,) €R Ba X €R 6ynca, yuby (ix,
Ax,, ..., AX,, BEKTOp X BEKTOPHUHI A COHra K¥naiTMacn aciu-
naau Ba AX opkamu OearWiIaHanM.,

XaxurKHil cOHIApHH KYMARTHPHIL AMATHHUHT XoccanapH-
HJaH BEKTOPHH COHra KYNMARTHPHILI AMANMHMHT KYHUAATH XOC-
canapH GeBocHTa KemHl MHKAIH:
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b,) xap KaHoaii X € R' BekTop yuyH
1- X=X,
b,) xap Kauaaii A, 4 € R connap sa X €R' peKkTop VuyH
AuX) = Qu)X,
b,) xap Kasmait A, u €R Ba X € R" yuyu
A + )X =i X+ p X,
b,) xap Kaumait 1 €R pa X, ¥V € R’ peKTOopaap y4yH
X+ W) =1X+AF

R’ T{IaM BeKTOPAADHH KVIUKII BA BEKTODJNAPHH COHIa
KYHMalTHPUII aMAUIapH OUNan Oupra » - Ymaman apudmMernk
dazo nefinagu.

bepwiran X, X, ..., X_& R Bekropnap Bac,, ¢,, ..., ¢, € R
coHnap yuyH ywoy ¢ X, + ¢, X, +..+ ¢ X mekrop A, X, ..,
X, BEKTOPNADHUHT €, €, ..., €, KOPOUIUMEHTIH YHIHKIN
udonacn (KomGunauuacu) neiwiagu. Arap V sektop X, X,
... X BEKTOPJIADHUHT GHPOpP YHIKKIN Kponacura redr 6ynca,
y X, X, .., X, BEKTOpIap OPKaIu UYH3IHKAR HGOIANAHYBYH
OeHuwIagy.

Arap X, X, ..., X_BEKTODAAp THU3HMH y4yH ywOy

X, + X+ 4, X, =0

TEHIIMKHH KAHOATRAHTHPYBYH KaMuaa 0upHu HoNbIAH (apkiu
6¥araH c,, ¢,, ..., ¢, COHAAp MaBxya €yica, by Bexropiap
TH3MMHI YH3UKAM OoFRaHran geiunaani. MacanaH, HONE Bek-
TOpHH €KHM HKKHTA OHUp XTI BEKTOpHM V3 HYHMra onysuu R
IAard MXTHEPHI YeKTH BeKTOPIAp TH3IUMH YH3MKIH GoFnan-
raH.

l-treopema. X, X, ..., X, BEeKTOPAAP THINMH YMINKIH

GornaAran 6§y yuyAa 6y TH3HMaarM GHpop BeKTOpHH Gowl-
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KAJApH OPKAIH YM3MEAH Hoaanaum MYMKMAINIHE 3apypHi Ba
KH(pOIBRH WapTAMp.

UcGor. X, X, .., X BeKTOpAsp Y43MKIU GOFNAHTaH
6¥ncud. ¥ xonaoa kamuna SupH HonbaaH gapkau O6yiran ¢,
€,y vy €, COHAP MABKYRKH, X, +0 Ao+ .4c.X, =0, By
COHJIAp HYWAA HOJIBIAH DAPKIMCH ¢, 6YICHH. ¥ Xoia IKopH-
JATM TeHrIMKIaH yudy

C C,'-. Ci+ Cx
Xf = _t!l'- Xl_-.._‘tr;l“ Xi—l _‘TELXH,I_---_‘C;XR

TeHTIIHMK, STbHU X, BEKTOPHHHI GOMIKATapy OpKalH YH3HKIEM
H(PONATAHTAHIUTH Kenub IMKAOM.
BHAM, akcuHva, X, X, ..., X, BeKTOPNapHUHT GUpopracH,
Macaad X, GomwKanapu opKanH HdoganaHraH G¥icHH,
X=2X+2X+ ..+ _K_ +i+X+ +. +24X.

X

¥ xonma

AX +ALK+ A4 X X+ A+ X+ 2K =0,

i=1""i -1

Byeprac =2,¢,=4, ..¢_=4,_,¢=-L¢ =4, .
¢,=A, neb oncak, ¢, = —1 = 0 6ynrann yuyH X, X, .., X,
THIKM YH3HRKAH OOFNIAaHrag.

By teopemagaH KyHUAarH HATKXa Kennd 4ukanu. Arap
OUPOP BEKTOPAAD TH3MMH YH3HKJIH OCFIAHTaH KHCM TH3HUMHIA
sra 6yaca, 6y TH3MMHHHI ¥3H XaM 4YH3HKJAM GOFnaHraH Oy-
MapM.

Yuaukay 60FIAHMATaH BEKTOPIAD TH3HMI YH3IHKJIH 3PEITH
Tu3nM Xam 1e6 atananu. lynnaii kw6, arap A, X, ..., X ER
TH3HM YUYH Xap Kanpa# yuby

X, + 6, X, +. 4, X, =0

KYPHHHMIIAANH TEHRIMKAAH ¢, = ¢, = ... = ¢, =  TCHIJIMK Ke-
mHb guKea, Oy TH3HM YM3HKIM 3pkid Gynagd. PaBmeaHkH,

51



YH3IUKIH 3PKIH TH3MMHHUHT XAap KaHZal KHCM TH3HMH XaM
YH3HKJIH 3PKIH.

R azoma YHM3KKAU 3PKIH TU3HMIa MYXUM MMCOX KeaTH-
pamus. E opkami / koopauHatacd ! ra sa Gowka Oapya ko-
OPAHHATANAPH HOALTA TCHT GYIraH BeKTOpHH DeArHIaliMH3.
Yoy

E =(,0, ..,0)
E =01, ..,0)
E,=(0,0, ., 1

BEKTODMAP TH3MMU YHM3HKIM 3pKAY. XaKHKaTaH, ¢ £ + ¢, E, +
+ ..+ c“}f,_'ﬂ = (¢, €5 ..oy €,) OYATaHN yuyH ¢, E + ¢, B, + ... +
+ ¢ E = 0 Tenrnukaan ¢, = ¢, = ... = ¢, = 0 TeHMHK Keaubd
snkaoy. E, E, ..., E Bexropjap opraap ne0 aranany.

R na A pa B tH3umnap Bepunrad 6¥acHH. Arap A HUHT
xap 6up X peKTOpH YYYH B HUHT WyHAAH 4CKAM KUCM TH3H-
MM Mapxyn Oyncaku, X Bekrop 6y KUCM TH3HM OPKATHM YU-
IMKIH Hdonanasca, A TH3HM B THIUM OPKATH YHIHKIH ndo-
DAJIANYBYH Aefitanuy.

2-teopema. Azap A muzum B oprasu wusuxau uhoda-
aanca éa B muzum C musum opxasu wusugau ugodaaanca, y
xoada A musum C opxaasu wuzuxau udodaranadu.

HUcbort. AuauHr uxtuépuit X sexropy B HuHr 6upop {V,,

, ¥} 4EKIIH KHCM TH3UMH OPKAIM MH3HKJIH HoanaHanu:
X aV,+.+al.

Xap Gﬂp .V pektop C paru 6upop {Z

Z,} HeKIH KUCM
TH3HM OPKATH YH3HKAH MiopanaHanu: )

A
P

Y, = 36,7, b, €R.
=l

by tenmukiapHu X HUHr Hdopgachra Kyicak:
f=

52

terrmukuay onamus. Ml



R pazopa 6Hpop A TU3UM ONHHTAH OYNCHH. Arap A gard
Xap KaHmai » + 1 Ta BeKTOp YU3MKIH GOFMAHTaH Ba-YHia FTa
YH3IMKIH PPKIIH BEKTOPNAp KUCM THIUMH MaBXyn Oynaca, 6yH-
Ja# r COHH A TH3UMHHUHT panra aefimnany. Yuu HA) opkami
GearwinafiMus. Honp sexropnapaadH sfoparT THUIHMHHHT paH-
THHU HOALTA TeHT Aed XHcoOnaimMis.

Arap xap KaHIaH i HATypasl COH YYYH A Na m Ta YH3NKIH
IPKIH BeKTOp MaBXya O%aca, GyHuaH A TYILIAMHHEI DaHTH
qeKcH3 Refmnany Ba r{A) = oo KYpHHUIIMAA €3aMH3.

A TUZUMHHHT PAHTH F T3 TeHr G6YncuH. A 1aru HXTHEpHH r
It YH3HKIH 3PKH BeKTOp A HUHT GasHen geiniaau.

3-teopema. A musumnunz paneu r 20 menz 6yscun. Y
xoa0a A dazu uxmuépuli eexmop ynoazu uxmuépui bazuc op-
Kaau R20Ra ycya Ouaan whzuxau ugooasranaou.

Mc6ot. 4nauxtuépnii {8, B,, ..., B} 6a3McHM B4 UXTH-
épuit X BekTOpHM ONaMH3. Y Xonna {B,, .... B, X} Tauznm
YHIMKJAH GOFRaHrad, SbHH KaMuaa OMpH HonbaaH apkiu
Oyaran wynnai ¢, ¢, ..., ¢, ¢ COHIAP MABXYIKH,

o B +c,B+. . 4c,B, +cX =0.

Arap ¢ =0 6¥:ca, y xonga ¢, B +..+c. B, =0 6¥nub, c, c,,
.+ €, COHJIADHHHF MYHAA KamMaa Gupu Honbaas dapkiu
6ynapnu, abHU B,, B,, ..., B, TH3UM YU3UKJIH GoFnanraH Gymap-
. By sca TH3HMHHHT 6a3uC SKAHIHUTHIA 3MA. CJ].CMaK c=0,

. __4 G p
BYHFa Kypa KWKOPHIArH TCHIJAHKIAH __? _? 1~

—...—?’B, TeHTMUKHH ollaMu3. by OwiaH xap KaHnai X Bek-
TOPHHUHT 6a3HC OPKAIU YH3HKJIH HOOIAMAHMIY KYPCATHIM,

JHIH X BEKTOP UKKH XM yCya O1naH 6azuc opKaiK ugoaa-
nauran 6yncwn: X=a B +aB,+..+aB, X=5B + b8, +
+ ..+ b B. by TeHIMHKIApHUHT OUPHHYUCHAAH HKKHHYH-
CHHH afimpu6, ymwby

(¢, — b,)B, +(a, — b,)B,+..+a, —b,)B, =0

TEHIIMKKA KeaaMM3. byHAAH GasHCHHHT YH3UKAH SPKIAHAU-
rMra acocaH a4, —b =a,—b,=..=a,—b =0 BU, THHU
a==5b,a=>b, .., a => TeHIMUKIADHK ONAMH3.
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4-reopemMa. R" da émypawu A sa B mynramaap bepuszan
fyaub, B nunz pawzu S :a menz 6yacun. Aeap A musum B op-
Katu wusuxau ugodasanca, y xoada A dazu xap xandaii
(S + 1) — ma sexmop wuzuxau borranzan, sonu r(4d) < S.

Hecbor. Teopemann 8 6¥iiuya MaTeMATHK HHAYKUMA YCY-
Jn Guwnan ucbomaiiMus. A tyivaMiaa uxruépuit {C,, .., C}
YM3HKIM 3PKIA TH3UMHM Ba B Tusumpa 6upop {D,, .., D}
GasucHu onamu3. ¥ xomna 2-sa 3-teopemanapra acocaH C,,
C,, ..., C pexropmapuu {D,, ..., D} Gasuc opkaau udonanam
MYMKHH;

+
+..+a D (h

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

TeopemaHn HoGOTNAWl YYYH 7 = S TEHICH3THKHM HcOGOT-
Jgaw kudod.

Arap B TU3SMMHUHT paHrH S = [ 6¥uca, y xonpa C, C,, ...,
€ BeKTOPIAD YH3IUKIA 3PKIH O¥iranu yuyH (1) TeHIIHKAAp-
JaH r = ! TEHICHITMKHU ONaMH3, ShHH TeopeMa S= 1 yuyH
YpUHIH. DHOH TcopeMaHH paHTH S ~ | 6¥nrad xap Kanpaii B
TVnaM yuyH Ypunau 6¥rcuu ned dapas xgunamus. Arap (1)
TH3UMAA g, = a,,= ... =a,_= 0 B§uca, y Xonaa paHrH  ra TeHr
oynrau {C,, ..., C} TH3UM panrn S — 1 ra Tedr Oynran (D, ...,
D _} ™a3auM opKaiu YM3HKIH Hdomanasapmy. By xonna un-
ayknua Oyitnya dapasumusra acocanr < S — 1. bysnan r < S,
DHAE & ..., 4, KO3bIULMEHTIapHUHT GUpOPTacH, Macalad
a,, HONMBAAH ¢apKiy 6ynran xonnd Kypamus. by xomua (1)
HHHI OXHPIH TeHrnurugaH D uu ndopanad onammua:

D =

1
* Trg

C -p-. ~ilp
(s}

L a

by udopanu (1) paru Koarae {r —1) T2 TeHIAHKKa K¥HUG,
yxumam xammapHy Buru6 yukaMmnus. Hatioxana Kyiiuaaru meur-
JMKRAP TH3UMHHH 0flaMu3.
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Cl p— _al_s- Cr - b“DI'l". N -+b[,3-1‘D3—1 *

Oy

CZ —_— ‘;2—: Cr = bZl‘Dl+' ..+bz_3_]-D;—-I’ (2)

C

r=1

~Es oL b DA, D

~ 141" 51"
L3

by TeHrnHKaap THIUMH YIIGY

{c; =C 2, ..C =C —“_Llsc,}

r-1 r—1 2%

BeKTOPAAp THIUMHHHUHT {D,, ..., D _ |} BEKTOPAAp TH3HMH Op-
Kand YH3HMKIH HQOmANaHHIIHHE KY¥pcaTajH.

C,...,C'_, BeKTOPIApHWHT SH3MKIM SPKIH IKAHAUIHHH
K¥pcaraMus. XaKukaTtad, Supop A, 4,,..,4,_, COHIAp YYYH
ACH+ 4,Cit.. 44, C' =0 TeHIUK YpHHIM 63nCHH, feb da-
pa3 kuiaimuk. by Tenmukka C! BekTOpAapHHHT Homach-
Hu KFHcak 4(C, - 22 C ) 4, Gy 2] = 0.

L2

byHaan yXwAaii XagaapHu HHFHO

AC, + 2,0+ 44, C,, - C, =0

A, %4, 44, CGels
79 a

13

TeHINUKHKM omaMu3. C, .., C_ BeKTOpiap MU3HKIM SPKIA
OVAraHU YUYH OXHPTH TEeHDIHKAArH Oapda KoaddumueHTiap
wonbra TeHr. Xycycan 1 =1, = ...=4,_, =0. by aca
Cl,...,C', BEKTOPIAPHUHI YHIMKJIH 3PKAU 3KAHIUTUHU
xypcarany. [yuapai ko, (2) TeRMMKKA acocaH paHry r— |
ra TeHr Gyiras {C},...,Cﬂ_l} TH3HM paBrd S— 1 ra Tewr
6yaran {D,, ..., D __,} TH3HM OPKANTH YH3MKIN MoganaHann.
ByunaH mHaykuusHUHT $apazura myBodug r— 1 < 5— 1,
ABHH 7 < .5 TeHICH3NIHK KenHd YHKanH.

l-natuxa. R dazonunz panzu n 2a niexn2.

Hc6or. Xakukaran, {E, .., E} opriap TU3NMH 4H-
SMKJIM SPKIM 6¥Irand yuyH Oy TH3MMHEHHC PAHTU M Fa TECHF.
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HKKHHYH TOMOHOAH OpTIAap TH3HMH OpKaad R’ JaTH MXTH-
épuit (C,, C,, ..., C) BeKkTOp UM3NKIH UGDOJANAHTAHH Y4YH
(€. Gy ooy C)=CE +CE + ..+ CE . Hcbornauran te-
opeMara acocad HR%< n. By opthap THsuMH A" ga €iraHu

yiyH r{R) = n.
2-naruxa. R* dgeu xap xaudail A Kucm mynaam yuyu
A= n.

HcboTr. A kucMm T¥wiaM R’ pa érrand yuyH R opkanu
YHIUKAH HoaAIaAHALH.

|-natixara acocan A R")=n. byHlaH Ba 4—TeopemanaH
nA) = n TEHTCHINMUK KEeNHO YHKADM.

3-vatuxa. R da émysuu A sa B musumaap Gepuszan
&vacun. Azap A musum B opxasu wusuxau wgodarancae ea B
musunm A opranu wusuxay ugodasanca, (A) = 1 B).

Nc6or. 2-HatHxkara Kypa, HA)< n Ba W B)< n. Byunau
Ba A TH3UM B opKanu YHM3UKIH H(OBATAHrAHH YUYH 4-1€0-
pemMara acocad HA)< #(B). lllynra yxmaw KA)= #(B). Jemax
HA)=rB). &

15-§. MATPHIJAHUHT BA YH3HUKJIN TEHITAMAJIAP
TH3INMHUHHUHI PAHTH

AEe M;,n MATPHUAHHHT A, A, ..., A" yCTYHIADUHH S-¥IyaM-
JIH BeKTOpNap Aed KapaiiMui, A MaTpMUAHHHD YCTYHAApHIaH
ubopar OVAran BEeKTOpNap TUIMMMHHHT paHrura A MaTpuuaa
YOTYHIAPHHHHAT panrk j1e6 atanaim. YHH KHCKATHK YYyH ry(A)
opkaiu denrmwadMus. Paswanku, r(4)= n.

Ymby

ia:'kxk =& (f = i:;') (a)

k=1

TEHIIAMAIAD TH3IUMMHUHT €4MMH MaBXYUTHIH MacakacHHH
TEKLUMPHIITa ¥TAMH3.

AE M, Mmartpuua OepriraH () YM3MKIH TEHIIAMANap TH-
3MMH HOMABIYMIADHHHHT Kos(pPULMEHTIApH MATPHIACK Ba
Ale M aca (@) TH3UMHHHI KeHTARTUPIIrAH MATPHIACH

N+ 1
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Oyacun. by maTpuuanap ycTYHNapUHHHI paHIJIapH Y4YH
r(dysr{Ad)sn+l

l-reopema (Kponexep-Kanennu). Bepurzan
() wuzuran MENZIaMANap MUSUMUHUNE Gupzasuxda G¥anmu

Yuyn r (A) =r ( A Y menzauxnune Gaxcaputituu 3apyp 6o Ku-
dos.

HUc6oT. Beprnras (@) TH3UMHUHT 0304-XaLnapiian Hoo-
par 6ynrad [b,,b,, .., b ] ycTyHHu B opranu Oenrunad, TU3NM-
HH KYWMZATH BEKTOP KYpHMHHILZA €300 OMaMu3:

x A +x,A+ . +x A4 =8 1))

Bepraran {a) TH3UM Gupraaukna 6¥acuH ae6 dapas Kunaii-
THK. Y Xonna GyHnad Ba (f) uconanan B pextopHuHr A4', 4%,
., A" BeKTOpIap OPKANH YH3HUKAM Hoamauuniy keand yu-
Kagu. {A', ..., A"} TH3UMHHHL PaHrd 7 ra TeHr 6¥mud,
{Axl, ...,AK’} YHUHT MxTUépuii 6asucu 6¥acuH. Y xonma 2-§
Aare 3-treopeMara Kypa, Xap Kanaait A sektop 0y 6asHc op-
Kani udopanananu. Jemak, B BekTop xaMm 6y Gazuc opxanu
udonananaan. by {4\, ..., A", B} TH3aMaa Xap KaHpaf 7+ 1 T2
BEKTOPHUHT YH3UKIN GOFNUKIMIHHM KYpcaTald, sbHH
r(d) = r( A ') TEHIIHK YPUHIH.

Bmm r{d) = r(A Y tenrnuk Ypuman O¥icud aed dapas
KunaﬁnuK EyHnaH {A, ..., A%} TH3HMHUHT HXTUEDPUI
{AKl AK’} 6asmcu {A!, ..., A", B} TH3UM yuyH XaM Ga3uc-
JINTH Kc.rmﬁ YHKAAH, ByH,uaH 3ca B BextophuHr {4!, A, .

A"t TH3MM ODKANH YHIHKJIH HPOAATAHMIUM Kenubt qnxa;m
by (#) Tenrnamasu Ba Aemak (@) HH XaM KAHOATNAHTHPYBYH
HOMADJYMAAPHHRT KHAMATIApH MaBXYANUIMEM K¥pcaTaau.

Bupranuxna 6¥aran (o} YH3NKIH TeHDIaManap THIMMH Y4yH
HCOOT/IAHTAH TEOPEeMAara acocaH r(A) = r(A 1. by coHra (a)
YH3HKJIN TeHIaManap TH3UMUBMHT paHrn gctiMu3 Ba Hc) op-
Kamu OerrwaiiMus. PaBwanku 05 H{@)< n. XycycaH Ha) =
6¥aranza sa akaT Wy xongarnHa TeHrIAManap TH3IMMHUHHHT
fapua KesdppHUHSHTIAPH Ba 0304 XAMLIAPH HOIBra TEHT.

2-Tteopema. bupzasuxoa 6yazan (a) wusuxan menzaa-
Maiap musumununz anux, oyauwmu ysuyn r(c) =n 6yauwmu 3apyp
8a xugosn.
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Heb6or1. bupranukna 6yaras (@) TH3HMHMHT aHHKIHIH-
HaH {#) MyHocabaTra acocaH B pekropuuHr A, ..., A* ycTyH-
Jap opKanH AroHa yeyaga ndoganaHuiuH Keaud yukaon. byd-
Jan A, ..., A" BeKTOpAap TH3HMHHEHT YHU3IMKIH 3PKNUTHIH
Kenub YNKHLUINHE KypcaTaMu3. XaknkaTaH 6upop c,A' + ... +
+ C A" = 0 KYPMHHIUMIAIU TEHDIMK YpHHIH 6¥IcHH ned da-
pa3 KMIalAuK. By TeHrIMKHH (f) TEHTAHKKa KylIHG,
O, + C)A' + .. + (x, +C )A" = B TeHrNMMKHA onaMu3. Oxup-
TH TEHINIMK KY¥pcaTaiukM, arap (x,, ... X,) BEKTOp (@) THIMM-
HUHT evuMu 6¥ca, (x, + ¢, ..., X, + ¢} BEKTOD XaM eUHMIUD.
EYUMHUHT AroHanuranal x, + ¢, = X, .., X, + ¢, = X, TeHI-
JHKHM oflamu3. by tenrmuknapmanr ¢, =90, ..., ¢ =0, TbHU
A, ., A" BeKTOpJAAD THIHMH YHIAKAH »pKiu. Jdemak
Ha) = ry(A) = n.

Axcunua, Ha) = n O¥ncun. Y xonna {A', ..., A"} BeKTOPRAD
THIUMY YMIMKIH 3pKIH 6Vaud, {4, ..., 4*, B} TH3HM 3ca 4H-
3UKTH GoFmaHraH, byHman B BekTopHHHT A, ..., A" TH3HM
OpKAJIM ATOHA ycynma HpoJATaHULIH, STHHA (8) TH3MMHHHT
ArOoHA eYUMH GOPAUrH Keaud YUKAnu.

Hatuxa. Azap n ma nomauaymau § ma 6up wcuncau vy-
3uKau menzaamanap muzumu yyyn S <n 8aca, 8y musumuunz
HoAvOaK Daprau evumu magucyo,

HMc6or. bepuwiran (@) OMp XMHCIM TH3HMHUHI BEKTOP

KypuHmmunard (§) TeHrnamacuna B =0 6ynu6, y ymoy

x A+, Ax, A" =0

KypuHHmra kexamy. by renrmamax, = 0, ..., x, = 0, 7bHH HOME
eunmra sra. Jlemak, OMp XKHHCIH TH3MM ROHM OMpramrukna.
Tr3umMpa TeHITAMANADHUHE COHH 5 Ta G¥AraHud yyyH YCTYH-
jap S - ¥nuopnu BexTOpaapaup. byHnad pa 14-§ 4-teopeMa-
HHHr 2-HATHXKACHAAH () TH3UMHHHI paHTH yiyH Ha) < S
TEHrcHIUK Keaub ydkanu. by pa § < # TeHr¢M3MKAaH Ha) < n
TEeHICU3NHK KeAub Tukanu. OXHpra TeHTCHIIMK 2-TeopeMara
acocaH {a) TH3MM eYHMIAPU COHHHWHT OHTTAZAH OpPTUKJIH-
rHBH Kypcataa. [JeMak () TH3IUMHHHT HOABAAH (apKin
€YHMHM MaBXYIH,

by maparpadmary TeopeMaliap MaTpHuila YCTYHNAPHHUHT
PAHTHHH XHCOGAAM MACAMACH MYXHMIMIHHHM KYpcaTaiu.
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AE M  MaTPHUAHHHT CATPIAPUHE A-YITIOBIM BeKTOpAap
nef Kapam MYMKHH. A MAaTpHUAHMHI caTpilapHpaH HbGopar
6Ynran BeKTOpAap THUIMMHHUHT PAHTUTA A MATPHIA CATpPAA-
PHHHMHT paHTH 1¢6 aTajJaiH. YHH KHCKATHK YuyH 7{A) opKain
GenrmnaiiMus. Paswasku r,{4) < S

Keiinuru naparpagpa Xap KaHgnan A marpHua viyH
ry(A) = r{A) TEHITHKHHU KYpCaTaMH3 Ba MaTPHUAIADHH e~
MEHTAp ANMAaIUTHPHII €PIaMHAA PAHTAAPHHH XUCoOMAL yCy-
a1 OWIAH TAHWILAMKI,

16-§. MATPHUIANTAPHUHI DAEMEHTAP
AIMAIITUPUHIIAPH

Hkxura 4 BE M marpuuanap 6epunrad O¥acHH.

Arap A MaTpyLaZa MKKUTA CATPHUHT YPHU AIMAIUTHPH-
JTHINH HATIDKacHAa B MaTpHua Xocui KHWiHHca, B matpuna A
nay carpuap yervaa (1) Typ 3neMeATap anMAITHMPMIN HATH-
KAacHIA XOCHN KHAWHTAH adedidnanu. by 6uman dupop
S M+ M _ aKkc 3TTUPHIU AHUKJIAHAU.

Arap A MATPULAHHHT OHpop caTpHHU GHPOpP COHra Kyiai-
THpuO, Gowika GHpop caTpHra KVoiHil HaTHxacuga B MaTpu-
A XOCHN KWIHHCa, B Marpuia A nad carpiap yeruaa (1) —
TYP BNEMENTAD AIMAWMTHPHII HATHXACHAA XOCUN KWIMHIAH
Aciiwnagu. by 6wran xam 6upop f: M - M  ake sTTHpHW
XOCWI KWIHHIH. | '

by taspudnapra yxuiam sarpuua yerymiapuanar (I) sa
(I)-7yp anemenrap AIMAIITHPHMILIAPH TABPH(pIAHANNK.

1-Tteopema. Campsrap (ycmyuwrap) ycmudazu Xap oup
fi M, ~ M saemenmap armaunupum Bueryua 6yVaub, ynunz
meckapuce f1: M - M _ Xam campaap (yemynaap) yemuda
JAemMenmap asmawmupudup,

W6 or1. ®apas Kunaivtuk, f— cartprap yeruna (I) yp siae-
MEHTap aaMamTapu 6ynud, uxTHeépuit 4 MaTpULaaa, Maca-
JIAaH p- Ba ¢- CATPNAPHHHT YPHHHH aJMAlITHPHILAAH udopar
OynmcuH: f{A) = B. Arap B Marpuilaga sHa p- Ba g- carpiaap-
HHHT VPHHHH ATMAINTHPCAK, ¥ Xojda A MaTpHiuara kaitra-
Mu3, skHH A = f{B} = fiftA)). by f-f— OMpIHK aKCIaHTHPHIIL,
ABHM f HHHI TecKapucH f HUHT Y3 6Y1uD, y aneMeHTap ail-
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MAIUTHPHIN PKAHAUTHHH K¥pcaTanu. ByHAaH XycycaH f HHMT
OHEKLIHA FKAHNATH XaM Kenul 4yukanu.

Dumu f— carpnap yetuga (II) typ aneMeHTap anMamTu-
pums 6¥ncuHH; f{A) = B. ¥V xonna f akciaaHTHPHIN HUXTHEPHE
A = (e ) matpunara Kyfiugaryua tascHp Kuiand. yumait p
B g (l=p, g=<8) xamna h € R cornap MaBkynkH, A sa B
AapHHHr p—caTpaad Qoluka Oapua carpaapd Oup xun Ba B
HUHT p-CatTPM 3¢a A HUHT p- Ba ¢-CATPAADH OPKAIH

by =a, +ha, (k=1n)

dopMyna 6¥EMua onuHanu (ThHH A HHHT g-cAaTpPH A COHMTA
K¥YNauTHPWIHG, p-CcaTpHra KYIUKISH.

Arap xocun 6¢nraH B marpuuaga 6y MAaTPMUAHUHT ¢-caT-
pund {—#) conura xymaiitupu6, p-catpura Kymcak, 4 Mar-
punara KairaMus: g(B) = A. Kypamusku g: M, - M akc o1-
THPHIE f T3 TECKapH Ba YV XaM caTplap ycmna ([l) TVp afn-
MalTHpHIIIAp. byHaaH f HUHT OHEKITHA 3KAHIITH XaM Kelud
YUKARHM.

YoryHaap yeyH TeopeMaHMHr HCOOTH HIYHra YXiiall.

G(s X n) opranu carpiap yCTHAArd 31ME€MEHTAD AAMAallTH-
PHIHIUIAPHHHT MYMKHH O¥araH 0apya 4ek/IM cOHAArH KOM-
OO3ULIMAAPKHAAH HGopar T¥aMHK GexrunaiiMus, Xap GHp
fiM M sieMmedTap anMawTupiu Guexuus 6yaraHu Ba
OUeKIMARAPHUHT KOMIO3UUUACH OHekKUMA OVNraHd yuiyH
G (s % ») TYIIAMHUHT 31EMEHTNAPU XaM M HUHT J3HUHH Y3ura
ouekunsapupan ubopar. ’

2-teopema. G (s Xn) myniam GueKyuasaprunz xom-
ROINUUACH (FAGRU IACMENIMAP AAMAMMUDUILAGDRUNE KeMMa-
xem Gosxcapuawmu) amatiuza hnchaman ypyxun Xocua guiaou.

HcGoT. Akc aTTHpMIIIAD, XycycaH, GHeKLMAMAp Y4YYH
accOHATHUBIHK KOHYHM YpHHIH (3-§, 1-Teopema). Hemak,
yiap Y4yH YMYMIADIraH acCOUHATHBANK KOHYHH XaM VpHHIH
(9-§, l-teopema). bydra Kipa a;neMeHTap aJMAWITHPHILLIAD-
HMHI MKKMTZ f, - f,...f,€ G(s Xn) Ba g 'g,...8.€ G s X n}
YeKJTM KOMIOSMUMIADHHHT {f, - f, ... [ )g,' g, ... &) K¥maiT-
MACHHM XaM f - f, .. f &g, ... § KYPUHUIIZA, THHU 3NEMEH~
Tap AAMAIITHPUIHLUIAPDHUHT YeKJIH COHAATH KOMITO3IULIMACH
KYpuHMuWAa €3I MyMKUH. Jlemak
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S N8, 8, - 8)E G s X ).

G{s X n) na accOIMATHBIUK KOHYHHHUHI OaXapHIHILY
YHUHT TYIUIAMJTAP AKC STTHPHIULTAPHHWHT KOMMIO3ULHACH YIyH
GaKapWIHILHAAH Kenud yuKanau.

Arap M uuHr (1) dopmyna Owian Gepuiran (11)-1yp an-
MaLITHpHIIKIA /2 = 0 ge6 oncak, THIUIAMHHHT OHPAHK aaMail-
THPHIUNHK oflaMu3. byHaaH M, HHHr GHPIHK aMMamTHpH-
wM G (s X n) ra TETHULIH 3KAHAULH KeJINO YHKAOH.

OHAM UXTHEPHA f - f, ... f,€ G{s X #) 2NeMEHTHU ONaMH3.
by epnra Xap 6up f, aneMeHTap anMaWTUpULl G¥arasy Ba xap
6Hp 3AECMEHTAp ANMALITMPHIULE TeCKApH afIMallTHPHII MaB-
xyn G¥aub, y xaM 3JeMeHTap anMaTupuin 6¥nranu cababau

b fr /T EG(S x n). By aneMeHr f] - f, ... f, ra Tecka-
pH. XaKHKATaH ymoy

! e T A - o S =
= (£ (- )Y )s)

K¥nafT™Ma accOUMATHBINK XOccacHra Kypa OMpAMK 3AeMEHT-
ra TeHr. :

by 6unan G (s X n) HUHT YYPYX 9KAHNUTH KYPCaTHIAH.

G(s X n) rypyx Oy acmuna G(M, ) rypyxna caTpaapHUHT
Gapuya 3/MeMeHTAD ATMAWTHPHUILAAPY XOCHA KWITaH KHCM Ty-
PYXaUp.

HlyHra yxipam ycTyHIap YIyH Gy(s X 1) FYPYX XaM KUpH-
THIAAN.

Hartuxa. A, BEM,  mampuyarap Gepusean 6yacun. Azap
A mampuyadar B mampunaza compaaphunz (YemyHaapuund uex -
Al COHOARY IgeMENMAD AAMUWIMUPUWAGDY ODKAAU YUl MyM-
Kun Gyaca, y xoada B dan A 2a xam vexau condazi 3seMenmap
AIMAUIMUPUIAAD OPKAAU YIUL MYMKUH,

HcbHor. Papas KUNARIUK, A Aan B ra catpAapHHAT f,
S,_; » fi oeMeHTap aTMAIITHPHILIAPH OPKAIH YTHL MYMKHH
oyn1cun. ¥ xonna

KA, () = B,
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ABHH

- f) (A =

l-TeopeMara acocaH f,, L f7! map xam snaementap ai-~

MalUTHpHULIap 6¥1ud, 2—TeopeMara acocaH
! S AN BY= A,

seHd f71- 7Y f7 9MeMeHTap aNMAIITHPHLUIAD OPKATH
B aaH A ra §”1‘[—H.I.I MYMKUH. YCTYHNIAD YUYH MYJIOXA3a LIYHIA
¥Xwan.

3-reopema. Mampuua campaapunune (yemyniapununz)
panzu ynukz campaapu (ycmynaapu) ycmuda wexan con map-
ma >4eMeRmap asmanmupusap axcapuizanda yrzapmaiou,
asnu G (s X n) eypyxnunz (G (s X 1) 2ypyxniunz) mascupuza nuc-
faman unsapuanmﬂup

Hcbor. A€ M , MATPHIIAHUHT CATPJIADH YCTHIA HXTH~
gpuit f, £, ... [, sﬂcmeHTap aNMalTHpHIILIAap 6axapuwiraH
6yncun: (f, ... /)(A).

Ymoy

r(f, - SHAY = r(A)

TEHTNUKHE HcBoTTAalIMMH3 Kepak. Jactna® Oy TeHrMHMKHH
k=1 xonna ucGoTnaiMIu3.

A BHHC caTpiapH yeTHAA UXTHEPME f 3l€MeHTAD AMAlll-
THpUW Saxapwirad 6VicHH. Arap y (I) Typ aneMentap an-
MaIUTHpHIn 6¥aca, v xoinaa A MaTpHua OwiaH ffA) MaTpuua
O6up xin catpaapra ara OYnranu yuyH (ynap cdakaTriHa caTtp-
JAPHUHT ¥pWHAapH OwiaH ¢apK KWITAaHH YYyH) YIApHHHI
PaHLNAPH TEHT r(A) = r(f(A)). Arap A ra (II) Typ fanemenTap
ATMALLITHPHLI TabcHp KMATaH 6¥ica, y xonna A aa wysaai p
Ba ¢ CATPAAP MaBXYIKH, A 6iIaH f{4) DapHUHT p-caTphapH-
JAaH Gouika Gapua carpaapu Oup Xl Ba f{A) HuHr p-catpu A
HHHT p- Ba ¢-CATPRAPUHMHI YM3IUKIH KOMOHHALRACHIUD.
Hemax, 6yHaan 14-§, 4-reopemara kypa r(f(4)) < r(A). Hx-
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KMHYH TOMOHAAH 2-TeopeMara Kypa f! Masxya B2 ¥ xaM (I
Typ S7eMEeHTAp ANMAWTHPHILAND. YHHMHT Y4yH OKOpHAar
mysioxasanapra acocan r(f '(4}) = r.(A). Arap Oy TeHrcuamKaa
A cudatna f{A) MaTpuLa ONUHCA:

r(A4) = r A < r(A4).

ByHAaH Ba IOKOPHAATH TEHTCH3MMKAAH r' (A} = F(f{A)) TeHr-
Ak onuuaaud. by OunaH teopema x = 1 pa HcOOTIAHAM.

BHAM TeopeMaHH k —1 3xeMeHTAp ANMATHDPUIN YUYH
ypuHAn ned ¢dapaz KAk, ¥ Xoana TeopeMaHuur k¥ =1
Ba ¥ —1 yIVYH ¥pUHIWIUTUTA ACOCAH

r (it SYAN=r (. S A = v, . [(A) =r(A).

Yeryunap yIy¥H TEOPEMAHHHT MCOGOTH IUYHTA YXIIAMIL

Kyituparn HKKHTa Xoccara ara OyiraH MaTpuliara ¢caTpia-
pura (YCcTyRnapura) HACOATAH 3MHANOA MATPHUA AcHINIAdH:

1) Arap i-catp (ycTyH) HoL1apoaH ubopat 6¥nca, y xenga
(i + 1) - catp (ycTyH) xaM HoUtapaaH #dopar.

2} Arap MatpuilasuHr /- pa (/ + 1)- catpaapuHUHC (yc-
TYHAAPpHHUHC) Xap Oupuna HoabAaH apkIu 3jieMeHTIAAp
Oynuo, 7 - catpnard (YCTYHIATH) YangaH (l0KOopUAaH) GUPHH-
v (hapKJIi 3JEMEHT M, - PAKAMJIM YCTyRAa {carpaa) Ba (i + 1) -
carpgard (ycTyHmard) 4aiinad (0KopuiaH) OHPUHYH HOMb-
Nad bapKid 3IeMENT mn, - (CaTpaa) yupaca, y Xouna »1, <m,
TCHICHATHK VPHHITH.

XycycaH, HOJMB MATPHLIA CATpiapura HucbataH xaM yc-
TYHJAAPHra HUCOATAH XaM 3MHAMOA MATPHLAHHD.

Kenarupwiran taspudr carpiapura (yeTyumaapura) HMcda-
TAH 3HHAMOS MATPHLAAA HONOAH GapKan carpiapiard {yc-
TYHAapRArd) Yanian {WKopHRaH) 6MpHHYY HolbaH dapkin
aaeMeHTAaH Yanaard (IoKopuaaru) Ba rnacraard {YHraaru) ane-
MCHTHAap HOMLrA TeHr OYIMIMHHHM K¥pcaTasM.

Carpnapra HHCGATAH 3MHAIMTOS MATPHLAAA HOALIAH dapK-
JM catphap r Ta 6¥acuH. ¥ Xonpa 6y catprapra mMoc 6yiraH
m,, M, ..., M, PAKAMIIH YCTYHJIApHK caTpiiapra Hucbatad 3u-
HAmos MATpHIAHUHT Oom ycryHnapm aciimus. Carpiaapra
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HHCOATAH 3MHAMOA MATPHUAHHHI Tabpudura kypa 1 =m <
<, <..<msn

4-reopema. Xap xanoan mampunanu campaaprunz (yc-
MYHAQPRUNZ) HeKMl COHOaZH INCMERMADP AAMAWITIUPUIHAGDY £~
damuda camprapza (ycmynaapza) nuchbaman sunanos mampi-
Haz2a araanmupuml MyMEui,

Hc6or Uxtuépuit A€ M, marpuua Gepiiran 6yrcu.
TeopemaHu S caTpAapHHHT COHM GYHIMYa MaTeMaTHK HHAYK-
Mg ycynM Omnad ucOoTmaiiMi3. Arap MarpHua $akar 6HUTTa
catpian ubopar 6¥aca, y carpiapra HHCOATAH 3MHANOA MaT-
puna 6¥nann. HeMak § =1 O¥ica, Teopema YpHHANU.

IJHOH 5 = 2 XOIHH K¥paMHu3 Ba TeopemaHu (S5 —1) Ta caTpad
MaTpuuaiap yayH ypusmd aed gapas KiaMns. Arap 4 mart-
pPHLA HOAL MaTpiLa G¥ica, ¥ 3UHANOS MAaTpHLA.

A HoapgaH dapkiIy marpulia 6¥acHH. ¥ xonIa yHAa HOAL-
DaH (papKiK 3AEMEHT MaBxyn. [leMak MaTpHHAA2 HOALAAH
apKIu yeTyH MaBXYA. BUPHHYH HONBRAH PApKJIH YCTYH M, -
YCTYH Oynmu6, yHIATH HONBAAH (apkiIH SReMeHT p - caTpaa
€rcuH. BupunuM Ba p - CATpAApPHUBI YPHUHH ATMAWITHPHO
((I) Typ 21eMeHTap AaAMAIITHPHIN), OHPHHYIH CATPHHHHIL M, -
YCTYHUAA ETYBYH a,’,,,] 3JIeMEHTH HOJBJAH (apKIH OYIran Ky-
HUIATY MATPULAra KeaamMui:

0.8,
A = |t h
0.4, a5y,

_ Di
Arap xap 6Up k = 2,.S ydyH OUPUHYH CaTpHH “ﬁ) COH-

ra K¥maitupud, x—carpra xyweak ((II)—Typ saemeHTap ai-
MAIITHPULILIAP), KYHHAATH MATpHLIara KelaMus

0.0 a, ,..a,
4 ={0-00 .. &,



Juau A" MarpuIlana OMpUHYH CATpHHM Tallnad, KoiraH
S—1 carpnapnaH ubopar Marpuuany C opKanu Genrwrai-
Mu3. By C MarpuuaHuHr GUPHHYU 71, TA YCTYHH HONBIA TEHT.

C Marpyua S—1 Ta catpra ora O¥IraHd yuyH VHTa MaTeMa-
THK UHAYKUMSHHHT dapasuHd Kymwrad, yekinM cOHAaru aie-
MEHTAP aJMALUTHPHLLTAD €pOaMHAa CATpAApra HHUcOaraH 3H-
Hamos KypPHHHIITA 313 6¥arad D MaTpuilara KeJITHPHIN MyM-
KiH. C yCTUAATH CATPJIAPHHHT 3JeMEHTap AMMAIITHPUILIADH
A" MATPHMUAHHHT XaM SI€MEHTAD aIMalITHpHUUIapH GYauo,
OyHaa GMpUHYM catp ¥arapMaiim. Xocun 6farad [ matpHoa-
HHHT XaM OMpUHYH m, Ta YCTYHH HOJUIapnaH uGopar 6¥nagu.

D maTpuilaHuHT HONBAaH dapkiu r—1 Ta catp 6§nub, 6y
CATPNAPAATH HONBAAH dapKIIu Guplmqn INMEMEHTNAP MOC pa-
BHIIAA m,, .., m_YCTYHAapiaa €rran Byacuu. Y xoina
m,<..< m - D ManHLlaHHHP OUpHHYM nt, TA YCTYHH HOJ-
JIaleaH HﬁopaT Gynrann yayn m <m,< .. <m_. Haruxana
GUpHHYM caTpaaH mactra D ManuuaHHHr carpiapy éiunca,
XOoCHA GYnraH .5 Ta CaTpJIM MATpHLA CaTpnapra HucbaTtaH 3u-
Hanos Marpuua 6ynud, y A MaTpuuanaH YekiIu COHAATH 37e-
MEHTAp AIMATHPHLVIAD OPKAIH XOCKI KUIUHraH oynanw,

VeTyHIap yuyH TeopeMa LUYHra Yxmam ucOoTnaHaiu.

5-1eopeMa. Campaapza (yemynaapuza) nucbaman 3u-
HANOR Mampuua camprapunun: (YCmMyniapurunz) panzu Hosb-
dan gaprau campaapunun: (YeMyHAGPUNUNZ) COHUZA MEH2,

Hc6or A€M  matpuua carprapura HucGaTaH 3uHa-
ros 6¥nnd, rta HOJIb,IlaH (BapkaM caTpra ara Bam,, m,, ...,m, —
0011 YCTYHAApUHMME pakaMmapu GYIcHH:

0....00....00...0 ' (2)

By epna a,, =0, Gy, * 0,...,a,, #0 — HonbuaH dapk-
a4 caTtpiap 6¥imb, Gupop ¢, ¢,, ..., ¢, COHNAp YYYH
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oA, + ¢, Ay +.. +c, A, = 0 6¥ncun ne6 dapa: kwiamus. bynnan
TeopeMaHd HCOOTIamW YYyH KOAMaH carpiaap Holes GYnrauu
Tybaiim ¢, = ¢, = ... = ¢, = 0 KeJIub YMKHILINHU KypcaTaMus,
Arap r=1 6yuca, yuiby A, =0 TeHNIMKHH, TbHH €0, =
=..=¢@a, =0 TeHrTHKIapHU onamus. bywnan ¢, =0
bynranm yuyH ¢, =0 TCHIMHKHH OJaMu3. DHAM 7 - 1 Xonxa
r~1 Ta HOMbEAH Gapknu B, ..., B, catpiapra 3ra Ba carpia-
pura auctaTan 3MHanos OYArad xap Kangai B MaTpHoa y9yH
¢,B+..4c,_ B, =0 TEHDIMKIAH IOMM ¢, = ¢, = .. =¢,_, =
kenuf yukcHn ned dapas kunamus. Ywby c 4 + ... +cA =
TEHTAKKIaH
Oy, = 0

O, + Cylyp, = 0

aa,, +.tea, =0

TEHOTHKIAD TH3UMHHK olaMu3. ByrapHupr OHpHHYNCHAAH
ty,, #0 Gynramu yuyyH ¢ =0 TEeHTHHUKHHM ONaMH3 Ba
A, + ... +cA =0 TeHrnHKKa Kenamus. A,, .., A carpnap-
HUHT ¥3H ¥ ~ | caTpAK 3HHAIMOA MATPHLIA XOCHI KIWIrAHH YYYH,
uHIyKia dapasnra kypa c, = ... = ¢, = {. by Ba ¢, = { renr-
muKnap A, A,, ..., A CAIPNAPHHHI YM3HKAH 3PKIWIHTHHA
Kypcaran, sbHA r {4y =r.

4- pa 5-reopeManap OUpoOp MATPHLA CATPNAPHHHHIr (ye-
TYHNApUHKUHT) PAHTHHH XHcobaanl YIYyH YVHH IeMeHTap al-
MAalITHPHILIAD OPKAJH 3WHANOA KYPHHHULITA KeATHPHIL KH-
oA 3KAHNHrUHH KYPCATAIH.

Arap A€ M, KsanpaT Matpulla 6¥1u0, puaroHan KypH-
HHIIA 3ra 6¥aca, 5-TeopemMara acocad YHUHI CaTPAAPUHUHT
(YCTYHJAPUHHAHC) PAHTH HOMIAH GapKAK AHAMOHAT 3IeMEHT-
JTAPHHUHT COHHTA TEHT.

6-tTeopema. Campaapuza (ycmynaapuza) nucbaman 3u-
HANOR MAMPUUA YOMYHAGPURUKZ (COMPAAPUHINZ) PAH2U HOAL~
dan Gapxan campagpununz (YemyHiapunnKe) conlza menz,

Hc6oT. 3unanod A Matpuua (2) kypuHAiura sra 6¥ncu-.
Hompran dapxd catpnap » Ta GYIraHM yIyd YHHHT YCTYH-
JApHMHK F -YI4aMiAKM BEKTOpIAp Je6 Kapam MYMKHH.
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A", A™ ..., A™ GOl YCTYHIApHUHT YM3UKIM PRI
SKAHJMIMHA K¥pcatamu3. Papas KUmaiimx bupop ¢, ¢, ...,
¢, coHnap yuyH ¢ A™ + ¢, A" +..+c, A™ =0 6yncHH. ¥ xonma

Oty F CBlmy +. . HC i, = 0

Oy, +. . HCA,, =0

by epna 4, * 0, By, ™ 0,...,a, =0 6ynrasu yayH 5-Teo-
peMara ¥ximail MymroxasatapHiu Huvatib ¢ =c¢,=..=c¢ =0
TEHITTHIJIAPHH ONIaMU3, TEHH A™ ..., A™ Gow ycTyHnap 4Ym-
3HKJIM 3pkid. byHnar Ba 14-§ paru 4-TeopeMaHMHT 2-HaTH-
XKacura acocaH r(A) = r SKAHIMIH KeIH6 YHKanu.

CaTprapHHHI PaHTH YYYB TEOPEMAHUHI HCOOTH LUYHra
YAWIALLL

Hartuxa. Campaapuza (yemywsapuza) nucbaman 3uHa-
nos 6yszan Xap KaHodali Mampuya campaapuHune panzit yemyH-
AQPUHUNZ PORZU2A MENS.

Hc6GorT. Arap carpaapHra HHCOATAH 3HHAITOA MATpULIA-
HUHT HonbpAad Gapkav caTpiapH COHHM » DA TeHr O¥aca, y
Xo1na 5- Ba 6-Teopemanapra acocaH r{A) =r=r(A).

Arap B = (b, ) € M_ MaTpulaHUHT S1eMeHTIapi A = (g, ) €
€ M, MAaTPHLIAHMHT 3JeMeHTHapu GunaaH ywoy b,}. =g

(:' =ls,j= l,n) TeHMMHKIap OmiaH G6oFnadraH 6¥nca, sSTbHH
B nunr B, B, ..., B catpiapn Moc papuniza A auHr A', A%,
.y A" yoTYWNApHTA TeHT O¥nca, B Matpuua 4 ra HucOGataH
TPAUCNIONHPIANTAR Neiinnagu Ba 4" kabu OGearwnadaau. Pas-
WaHKY, Xap KaHgall A MartpHHa yyyH {(A") = 4, r.(4A) =
=1, (A7), r,(A) = r,(4").

7-TteopeMa. Mampuna campiapunune (YcrmyRaapununz)
panzit mampuna mpancnorupaanzanda yizapmaiion, ssMu xap
xandaii P mampuya yuyn r(H)=r{H"), r(H)= ry(H").

Hcbor. Mxmuépuii HE€ M, matpuua éepmlraﬂ Ba H —
YHUHE TPAHCTIOHHPAAHIAHK 6yncuH. 4-Teopemara Kypa cartp-
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NAPHUHT YEKIH COHAAMH f, ..., f AIMAIITHPHILIAPH OPKATH
H HR carpnapura HUcGaTaH 3HHANOAHH 4 MATPHUATA KeJTH-
pum MyMKAH: (.. f)(H) = A. Arap H HUHr caTtpaapu ycTiia
Gaxapuirad f,, ..., f, aneMeHTap aaMawTHpUIUIapHu A Mat-
PHIAHMHF YCTYHAAPH YCTHAA BaXapcak, YCTYHIAPHTA HHcGA-
TaH 3MHanoA A" MaTpulara KenaMmus, 3-Teopemara acocad
r(H)=r(A) Ba r{A™) =r(H"), 6-TcOpPEMAHIHT HATIKACHTA
acocaH r(A") = ry(A‘). Bynapnan

rlH) = r(A) = r(4") = r(A)) =r(H).

[IlyHra yxmiam ry(H) = ry(HT) renrauk ucoornanaiv. M

HaTtuxa. Xap Kanpail MATpUUA CATPAAPHHART PARIH yC-
TYRIADHHHHL DAHCHTZ TEHT.

HcbGor. Hxtuépuit H Matpuua yuyHd 7-Teopemara aco-
cau r(H) =r(H") = r(H). n

by maruxara acocaH KyHHZard TabpugHH KUPHTHILHMU3I
MYMKHH. Y116y r(f) = ry(H) COH MATPHUAMMHT DARCH geiif-
JIAOH.

17-§. YN3UKJIN TEHTJIAMAHAP TUSUMJIAPUHHUHT
AIMAINTHPUHUIAPH. TAYCC YCYIH

Hxxkura

L]

6, %, =b(i=15) ()

xal

i%xx=d,-(i=i:§) (8)

k=1

Oup xua x, x,, ..., X, HOMABIYMIIH .5 Ta TeHINAMANAp TH3HM-
JIADH BA YNAPDHHHT KCHrAaHTHPWATAH MaTpHianapn GepHiaraH
OynacHH.

Arap {¢) THIUM HUKKHUTA TEHTJAMACHHHHI VDPHHIADU ail-
MalPHPHAHIY HaTiokacuaa (8) cHeTeMa XOCHN KunuHca, {f)
TH3EM () JaH (I}-Typ MeMeRTAp AMMAMITHPHEI HATIDKACHAA
XOCHA KHIHHIAH neiunaiu.
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Arap (a) TH3UMHHHF OHpoOp TEHIMAMACHHH OHpPOP COHra
k¥nadTHpHO, Golika 6UpoOp TeHrIaMacura KyIIdIm HaTUXa-
cuga (f) THIUM XocHa KMHuHca, {(§) tu3uM (¢) mad {I1) 1yp
SAEMEATAP AAMAIITAPUIN HATKKACHIA XOCHN KWIHHIaH ae-
HHIAgH.

Xap Oup YM3HKIM TEHIJaManap TH3IHMWra YHUHT KeHraii-
TUPILUITAH MATPHUACHHHE MOC KyHCaK, ¥ X013 YH3HKIN TeHT-
namanap TH3UMH yetunara xap 6up (1) typ éku (1) Typ ane-
MEHTAp IMALITHDHINIA YHHHT KCHrafTUPWITAaH MaTPHLACH
YCTHIA MOC 3MEMEHTap aATMALUTHPHIN TYFPH KETagH. AKCHH-
g3, KeHraiiTHPWIraH MaTpuia yetiaard Xap 6up (1) Typ éxkn
(i) Typ sAeMenTap AMMAMITHPHILEE THIHM YCTHIATH MOC 3Me-
MEHTAp aAMAIUTHPHIN TYFPH KeNagH. TH3HMIAP Ba YIapHHHT
KEHIaTUPKATaH MATPHLUANAPHHHHT 3JIeMEHTAD aMMAIUTHPHLL -
JEApH opacHAATH Oy MOCHWIMK Ba 16-§ na Marpupanap sie-
MEHTAp AIMAIITHPHILIAPDH YYYH OJHHIAH XOCcanapiaH 6e-
BOCHTA TSHIVIAMANAD TH3IMMIAPH MIEMEHTAD AAMALITHDHIL-
TApHHHUHT XOoccanapH OJUHANM.

1-reopema, Azap bumma Husuxan muzuMoan UXKuN -
Cli2a HEKAU COHOAZH ACMERMAD AAMMBMUPIRIIAGD OPKANE Jmum.
Mymiun 6yaca, y xo10a uKkunsucudan Gupunnucuza Xam 4ex-
AU COROAZU AEMERINAY AIMAWMUPULLIAY OPKAAE Ymuy MyM-
Kun.

Hec6or. TeopeMauuHr BeOOTH TH3HMIAD Ba VIADHHHT
KeHMaHTUPHITAH MATpHUVIAD IEMEHTAap ANMAIITHpHNIADH
OPACHIATH MOCAMKAAH Ba 16-§ na 2-TeOpEMAHMHI HATHXA-
CHHOAH KEIHO YHKANH.

Arap YHIHKANM TEHIIAMANAP THIMMWHHHT KCHTaMTHpWI-
raH MATPULUACH 3MHANOA Marpuua 6¥i1ca, y 3MHADOS TH3UM
JEeHWAAMH.

2-TteopeMa. Xap xanrdal uuzuxau menziamaiap muzl-
MU HEKAY COHOMZN IAEMERMAD GAMAWINUPUUIAGD OPKAAN HUNG-
NOR MUIUMZA KeAIUPUARUIH MYMKHH.

Hebor. TeopeManuHr HCOOTH THIHMIAP Ba YIADHHHI
KeHTaUTHPWIrAaH MATPHLATIAPH eMEHTAp ANIMALLTHPHILITA-
PH OPACHAAIH MOCAHKAAH Ba 16-§ 4-Teopemanan xenand um-
KA.

J-TeopemMa. Aezap bup uusuxau menzaamarap muzumMu-
Oan HKKHNMU MUIUM2Q HeKal cONOazu IteMenmap gimauimy-
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puinsap opxaty ymuly mymiun Gyaca, y xoaoa 6y muzumaap
menz Kxynandup.

Uc6oT. Hactnab teopemanu (a) TH3HMEAH (§) ra 6urra
(I) Typ 3AEMEeHTAD AMMAIUTHPHIN OPKATH XOCILT KMJIMHIAH X010
yuyH ucboTmaiiMus. ®apas Kialnak, (@) TH3MM OHpPraliuKaa
6Ymub, (xf,x:?,...,xf',) BEKTOD {cr) HHHT GUPOP eSHMH OFICHH.
Y xonga Oy BexTop (f) HUHT XaM eYHMHU O¥magu, YyHKH (o) Ba
(f)napnaru tenrnaMarap 6up xun 6¥mub, dakar (8) na () ra
HUcOAaTAaH UKKHTA TEHIJIAMAHKHT ¥PHH agmarnrad. MKKUHYM
TOMOHNAH (g) TH3uM XaM (8} man (I) Typ anemeHTap anMani-
THPHLI OPKAIH XOCHI KHIWHAAH. BYHIAH IOKOpHUAArH MYIo-
Xa3ara k¥pa (#) HuHI Xap OUp ed4HMH (@) HHHT XaM €YHMH
O¥nanu.

Hemax, (a) Ba (8) THIMMIAD TEHI KYWIH.

Suau (8) T3uM () aad (11} Typ aneMenTap ATMaLUTHPHIN
OPKANM XOCHI KMIHHTAH XONRH K¥pamu3. ¥V xomna wyHmai
p.qg{p=4q 1<p, g=5) Ba hE R connap Mapxyaku, (z) pa
(8) TH3INMIApRA p - TeHrIaMatapaaH 6owKa Hapya TeHITaMa-
Jap Omp xua, p- TeHDIaMaTapHHHT Ko>¢dHUMeHTNADH Ba
O30H Xamnap 3ca Kyiuaaruya OoFiaHra:

c,=a,+ha, (x= L), d=b + hb,

®apas xunabauk, (¢) ta3suM CHpranukma O¥aub,
Xy = (x{],xf ,‘..,x,‘,‘) BekTop («r) HUHF SHpOp eYHMH GYICHH. Y
Xonaa 6y TH3HMIAPHUHr p-TeHrnaManapuiaH Oomka Gapua
TeHPTaManapy OMp XWr GYIraHM y4yH X, BEKTOD (8) THIHM-
HHHT p- TeHCrmamagaH Goluka 6apua TeHINTAMATADHHM KaHO-

arnanTupand. by x, pexTop (@) TH3UMHU KaHOATIAHTHPraHH
YIYH YHHHT p- Ba ¢- TEHIIAMATAPMHH KAHOATIAHTHPAIH:

ij n
0 _ 0 _.
2 X = b, Ela“” x, = b,
fome

x=1

HKKHHYH TEHIIHKHUHT HKKH TOMOHHHH / ra KynafdTH-
pus, OHPUHYH TEHITUKKA K¥lUcax,
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ﬁ:(am + f:taqx)xfc' =b, +hb,

k=1

TEHMIMKHH onaMu3. By aca (x,",xf,...,x,‘f) BEKTOPHUHT (8)
JATH p- TeHIIAMAHH XaM KAaHOATIAHTUPHIUHHH KypCaTalH.
JeMak {a) HHHT xap Oup euuMH {8) HHHr XaM €4MMH SKaH.
AmMo {a) xaM (8) mau (I1) Typ sneMmeHTap AIMAWTUPHIN Op-
KATIH XOCHI KWIHHAMHM. ByHAaH 0KopHEarn MylnoXasanapHH
HOaTUG, (f) HUHT Xap GHP eYuMH («) HUHT XAM €4HMU 3KaH-
JHTH OAWHALM.

IOKopuaga KeaTHPWIraH MyJI0Xa3alapAaH KYpaMU3KH, arap
TH3HMIADHHHT OHPOPTACH UMXKKUHYMCHAAH OUTTA 3JIeMeHTap
ANMAINTHPHII OPKAJM XOCHI KMIHHraH 0Oyica, y Xoapa 6y
TH3UMIAPHHHT GHpopTac BUpratukaa OVica, MKKMHHYNCH XaM
Oupranykaa pa ynap OHp XMW eyumiapra sra. Byxra acocas,
arap ymapHH{HT OUpopTacH BUpTanHUKAa 6¥IMaca, HKKWHIKCH
XaM GHpraaukna 6¥nMaiinu. by 6unan teopema (B) TH3KM («)
aaH OMTTa 3ACMEHTAp AMMAIUTHPHIN OPKAIH XOCHA KMIMH-
raH xXojtha ucboTIanan.

Byuaan doitnananub, yMyMHH X0d MaTeMATHK HHAVKLIHS
Veynd €poaMusa HcboTnaHaau.

Hartuxa. Xap gaupaé Tenrnamanap TH3HMH GHpop 3M-
HANIOA TH3HMIA TEeHT KYWIH.

HcbHotr. HarmxauuHr ucborn 2- Ba 3- TeopeMarapmaH
Keaub YHKanH.

By HatxanaH ¢Qoiigaraund, HXTHEPHHA YH3MKAK TeHIJa-
Malap TH3UMHHH YHTA TEHr Ky'WIH OVATaH 3HHAamos TH3MMFa
KSATHPHD OMUD, GEBOCUTA €YAMM3,

HNxtuépiit » Ta HOMALIYMIH 5 T YHIMKJIH TEHIITaMalH
{a) Tu3HM Gepunrad 6VACKHH. A Ba A’ MOC paBHILAA OY TH3HM-
HUET KO3 PUIHMEHTAAPH MATPHLIACH BA KEHMANTHPWITAH MAT-
putiacu 6¥i1cHH. By TH3MMHHA Y€K COHAArH 3AeMeHTap al-
MaITHPUIINAD EpraMuaa GHpop (@) 3uMHATION KYPHHWILTA
KentupaMmui. A Ba A Mo PaBMLLIAA (o:) TH3UMHHHI KO3~
bULHMeHTIapH MATPHIIACH Ba KeHTAMTHUPHITAH MaTpUILIACH
OyICHH. ¥ Xonna A, # Ta YCTYHIM Ba S Ta CATPAM 3UHANOA
MaTpHuua G¥magn. A s3ca A MaTPULA YCTYFJIADHHM ¥3 HYHTA
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onrad (h -|: 1) Ta yeTyruid Ba S Ta caTpAHM 3HHAIIOA MATPHLIA
6yaanM. 4 HHHT HOMBJAH DAPKJIN CATPAADH COHH 7 Ia TeHT
6¥cuH. YHUHT 001U YCTYHIIADMHMHAT HOMEPJIAPH MOC PABHIILLA
my, My, .y M, 6¥ncun. ¥ xonma 1 = m=m<.<m =n+l

Kyfiunard UKKH XOMHH alpHM K¥paMH3:

1) m =n+1, abHU r-caTpla HOMBAGH (APKIAM SATOHA
saeMeHT OVING, ¥ (1 + 1)-yCcTyHEA €TAnM;

2y m <n+l.

bupunan xoi, aeHd ywlby m =nr+ 1 TEHDIHK YpUHIM
6¥ncuH ned dapasz Kiinamui. ¥ Xonaa r-TeHIIaMa KyHRHEard
KypHHHIWAA 6Vmanu:

0-x,+0-x,+..4+0-x =b, b =0,

abHM 6y TEHIIAMAHHHT Yam ToMouunary 6apua KosdQuLm-
SHTIAp HOIra TeHr, 0304 Xal 3c¢a HoABmAH dapKad. AMMO
OyHpait TeHrAAMAHUHT e4UMH BVK, YYHKH YHHHT Yall TOMO-
HH Xap KaHmaii x, x,, ..., X, Jlap YYyH HOJBra TEHT, AMMO YHT
TOMOHH HOJIBAAH dapkin. byduan (¢) TH3MMHMHD XaM €YH-
MH HYKJIHTH Kenub YHKanH. 3-Teopemara Kypa (a) TH3UM XaM
eunMra sra ssacauri kKenu® yuxagu. Iyvuapait kunuo,
m_=n+ 1 xonaa () TH3HM DMPralMKAa 2Mac 9KaH.

Sum m, < n+ 1 xonuu Kypamus. by xonna (E) TH3IUM
KyHuaary KYpHHHILAA €31a0U;

Qimy X,y Hoot QX = b,
Amy X, Fooot d2nX, = by,

Ay X, oot AmX, = by,

Oy epaa aum, # 0, aom, #0,...,am, = 0.
Bow ycTyHAapra Moc KEAYBYH ¥m| ¥mys: s Xm, HOMABIYM-
JapHH OOl HOMAWIYMJIAD Ba KOATAHNAPHHH 3Ca 0300 HO-
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MaBJIyMAap AeHWIaid. boll HOMABLIYMJIAPHHUHL COHH # Ta Ba
0300 HOMABIYMIAPHHHI COHH {n — r) Ta. Arap n = r Oynca,
o300 HOMAabymiIap HYK. By xonma v KylnHgare KypuHUiLra
ora. :

anx, + anx, +...+ dinX, = h

anX,+...+aux, = b

men = Eu (E)
Ox, + 0x, + ... +0x =
Ox, + ... + 0x, =0.

6y epia au #0,...,am # 0, Arap n = 5 6¥1ca, (@) TH3uM yu-
Oypyak TH3uM pedtunamy. by xonna tusumaa Ox, + ... + Ox, =0
ailHAH HOJAbL KYpHHHIOHUZATU TeHriaaMaizap HyK. Arap s> #
6¥aca, (g) ja (s — #) Ta aifHaH HoONb KYPHHUINYAACH TEHTTA-
Manap 6ynanu. AHHaH HONb KYPUHUILKAATH TEHLNIAMATADHH

Xap KaHAall BEeKTOP KAHOATIAHTHPLAHH YYYH (¢) TUIHMHH
€YHINAA AMHAH HOIE OVNIraH TeHrIaMaIapHH Tanviab wo6o-

pHII MYMKHH. demax (E) THIHMHH eJHII KyiHunard ydoyp-
YaK TH3HMHH eYHIIra KelTUDIIAu.

aux; +anx; +...+ anx, = b
anX,+.. .+ anx, =h

Bydu 6Gapua Gomka (# — 1) Ta TeHrnaMara K¥icak, HaTH-
XAnAX,, Xy, ..., X, | HOMABIYMIH Y10ypuaK TH3HM XocHa 6yaa-
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IH. ByHnaH oxupru X,_, HOMAbIyMHH TONUG, OOLIKA TEHT-
damanapra kyamus. Ly iiycuHaa HoMabIyMIApHH KETMa-
KeT TOIMHG, HaTHXaaa 6apya HOMABLAYVMIAPDHH OGHpP KUHMATIH
TCIIaMU3. N

By 6mnaH Gu3 () TH3UMHH # = r 6¥ATaH XoNAa eYHK.

Duau r < g7 6¥aran Xoauu Kypamus. by xomna wKopuoara-
ra yuwad, TH3IHMOAH afHAH HOJABra TeHr OyAraH TeHI{MamMa-
napHM Taluiad, KyHHAArH TU3HMHH ¢MHIICA KETaMH3:

Ay Xy + lmy X+t aX, = b

by TH3aumna o303 HOMABIYMIap KaTHamraH Gap4a xan-
JNApHH TH3IMMHHHI YHI TOMOHUra ¥TKa3aMH3 Ba 0300 HOMab-
JIYMAAPTa MXTHEPHH KMIIMATIAPHH GepaMH3, Y X0onia TH3UM-
HHHT ¥HT' TOMOHH coHIapra adraHu®, TH3MM 00l HOMAD-
JyMmiIapra Huc6artan y4ybypuyak TuszuM OYnamu. by TH3UMBH
XAM IOKOPHAATHTa YXINALI e4HD, 60 HOMABIYMIIPHUHT KHH-
MATHHH 6up kuiiMatid TonaMu3. By 6unag (¢) TH3UMHHHC
eyUMH TOIMAAH. ByHaall euMiina o208 HOMABIYMIASPHUHT
Bapyacura HxXTHEpHH KuiiMaTiaapHH Hepub, Gomwr HOMALIYM-
JApHHHT Oyaapra mo¢ KHitMaTaapH 6Up KHHAMAaTIN TOMWIA-
ou. lynpait kunud, 6y yeyn OmmaH (¢) TH3MMHHHT Oap4a
euumnapu tomwnaad. by 6unaH (@) TU3UMAAp TEHT KywWiH
Oynraun yuyd («) Ba (¢) THIUMHMHI XaM $ap4a eyumMiaapH
TOMIIIAM,

UM3HKIH TeHTNaMalap TH3HMHHH JIeMEHTap ANMMAITH-
PHILIAD OPKANH 3IHHAMOA YCyATa KeXTHpUO, I0KOPIIA KelTH-
pHITaH ycymna eudinHd Dayce ycyan (Dab3aH HOMAaBayMmiIap-
HH K&TMa—KeT HYKOTHIN YCYIH) AcHIWIANW.

Okopuna kenTHpHITaH Mynoxasanap xapadHuga Kydu-
Jard TeopeManap XaM ONHHAM:

4-reopema. Yusuxau menzramarap muzumu Gupzaaux-
da Ofamumu yuyR ¥ 3uUHGROA Kypunwiuza Keasmupuszanoa Ken-
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2aiEmupis2an MampuKacusune oxupu bow ycmynununz m_pa-
Kamu m, < n+ 1 menzcussuxnu xanosmaanmupuu 3apyp sa
Kxuhon.

5-teopema. Adzap (@) wusuxau menziamaiap musumi-
Hunz panau r(z) < n MeHZCUIAUKHY KAHOGMAGHINUPCA, ¥ X040
Oyndaii musumnunz esumaapu wexcuz xyn 6yaub, emumaap
mynaamu (n —r(az)) ma uxmuépuii yzeapysunrap busan napa-
mempaanadi.

[IIyunaii Macananap yupallonkH, yrapaa YU3UKJIH TeHIIa-
Manap TH3MMJIADHHH TeKIIHPWUIIHM Ba €9HLIHH 3HHAMOA
TH3MMTA KeXTHpMacaaH Typub, baxapum kepax 6¥mann. Ke-
HUHIrH maparpacdiaap WyHOaH veynmapra GaFHIUIaHTAH.



Iypmunuu 606
JAETEPMHWHAHTIIAP HABAPUACH

18-§. MKKHHYH BA YYHHYM TAPTUEBEIH
JETEPMHUHAHTIJIAP

DHan OoLUKA yCym OHIAH HKKHTA HOMABLIYMIH HKKHTA
TeHIJIaManap TH3IHMHHH €4YaMHu3.

l-TeopeMma. Hxxn HOMABAYMIN UKKUMA HUIUKAU MEN2-
AQMAAAP HUILMEY

{011114'012-1'2:51, )
anXytapx;=b

ywby a,, *a,, — a, *a, = 0 wapm Gawcapureanoa szona

( hap-hay | bay-hey )

@y — Oy Ay — 38y

equmza 32a.

Ucbor. Ymby A = a,a, — a,a,, A = ba, — ba,, A=
= a,,b, = a, b, Gearunamtapuy KMpuTaMu3. THsMMaaru 6u-
PUHYH TEHINAMAHU &,, Td, HKKUHYMCHHH 3¢a (—a,,) ra Kynaki-
THPHO, YJIADHH KYIICaK, Ax, =A, TeHIMMKHM ojlamu3. Hlynra
yXwam, GHPHHYA TEHIIaMaHy (—a4,) ra, HKKHHYU TeHrTa-
MaHH 4, Ta KyIadTHpub, yaapHH KyUcak, Ax, =A, TEHUIHK-
HH omamu3. Harmxama A = 0 G¥nradd yayH

— M
{allx, +apx, = b, {Ax, =4, _ M TR
X Fapx, = b,  |Ax, = A, X, = 8
A
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HKKHHYM TOMOHAAH 0eBOCHTa Xucobdaamnap HOMAbBAyM-

JAPHUHT TOMWITaH KUAMATIAPDH 0¢PIIraH TH3HMHBH KAHOAT-
AAHTHPHIUHHA KypPCcaTaiu.

X

. {allxl +apx, = b,

X, ayX, +a,x, =

i ls

»

HeMmak,

— x, =
{allxl +apx, =4, - 1

ayx, + apx, = b, X,

igldls

By sca Teopemanunr uc6orunup. M

4= (“ualz }
andy

, — @, " 4, COHHA MOC Kyamu3. by
COH A MATPHUAHHHT AEeTepMHHAHTH (2-TapTHOIH AeTepMH-
HaHT) peiwiaau ea det A €xku

KBaApaT MaTpHUara &4

4,4y,

I3y

Tap3naa GenarwiaHann.

by Gearwnaw THauga | -TeopeMa KyHHOATHYA AMTINA-
u: azap

a,a
A= 1112;&0

a4y 4y
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Gjaca, y xo0a0a (1) muzum azona
(2
ATA

exumza 32a, 6y epaa A, Ba A, JapHH XaM IOKOPHIA KHPHTHI-
rad Gexrwiamra K¥pa

by,

b,y

ay by

a1y, 52

A= L

KYpUHHIIAS €3H1IU MYMKHH.

Y4 HOMABLJIYMIIH VYTA TEHIIAMANAp THIHMHHHA €9l Ma-
CANACH YYYH TAPTHONA JeTepMHHAHT TYLUYHYACHTA ONHUO Ke-
aamM. Arap

18293
A=lay,a,da,;

ay fydsy

YUIMHYM TapTudaH KeaaparT maTpHua Oyaca, ywdy

a,,8,0,; + a0,y + 0,00, ~ 4,08, ~— 4,,8,4, —

—a,8,, 8

COH A MATPHLAHHHI' JAeTepMMHAHTH Aeifinanu Ba det A éxu

a4, 8% ;
aydydy
383,03

Tap3nna GenrwraHagd. KOKopHaa KeATHPUATAH AeTepMHHAHT
KMAMATHHH XHcoOmam KOHAACH 3CAA KOJIMIIH YIVH KyHHaa-
i Cappioc XagBaulapH HUUTATHIARK:
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By eppari (4+) Xageaiaa AeTepMHHARTHMHT MycfaT HIRO-
paax OUpPXannapu KyTIARTYBYMNAPDHHUHT OJIMHHIIH KOWIACH:
Gupxanra KymadTypuM cHOATHOA KUPYBUYH MATPULIAIADHHHT
MIeMEeHTIAPH KecManap Gumnan Supnawrrupwirad. Jlerepmu-
HAHTHHHI MaundWil HIIopany xamiapd y4yH OyHial Kouga
Kampauia Gepuara.

2-teopema. Aeap

Ayl
,,8,,a,,| 7 0
3103243
byaca, y xoada
Gy Xy +apx, +apx, =5

@y X, + 83X, + a5, = by

HUIUKAY PICHZAGMAAAP UM A20HG
(A. Ay A
AT A A
enumza 32a, Oy epaa

TETICE LR
A =layanay), A =|baya,
318305 byay,a;,
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a,ba; ayapb,
A, = |aybyayl, Ay =ia,a0b,
ay by, a3a5b;

Hebor. Arap (2) THIUMHEHI GUPHMHYM TeHIIAMACHHUHT
Xap HKKANa TOMOHUHH

35

ra, HKKHHYHGIHH

_ |8t
5dy;

ra, YYHHIHCHHU

a4y,

5y

ra KyNalTHPCAK BA YAAPHM KYIUCAK, Ax, = A TEHIIUKHU
ofaMM3, Arap SHPHMHUM TeHIMAMaHH

a9y

Ay

ra, HKKHHYHCHHH

a,4);

a3y

ra, VYYHHYHCHHR
30



a8,

Aydy

ra KynaiTHpcak Ba yAapHU KVIICAK, Ax, = A, TeHINIMKHH
onamiz. Huxoar, 6BHpHHYM TeHIIAMAHH

aydy

ay8y

ra, HMKKHHYHCHH#

a4

T

ra, yYYMHYMCHHH

a,d;

ay 8y

ra K¥manTHpcak Ba YAapHH KyWICaK, Ax, = A, TEHTJIHKHH
omamMu3s. ONUHran TeHTAUKIApra acocad

_ A
Ay
=2
Xy = 2 (3)
=4
BER

TeHTTIAMANAD TH3UMH (2} THIMMHHHI HaTiKacuaup, MKKHH-
YH TOMOHAAH {3) TH3UMAArH KMAMATAApHH (2} TH3HMra oaub
Oopub K¥iiiaca, YHHHT KAHOATNAHHINM OEeBOCHTA TEKIHHPH-
nagi. by (2) Ba (3) TH3MMIADHMNT 3KBHBAIGHTAHTHHHE KypCa-
Tagu,
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Hcbomianrad 1-pa 2-TeopeManap # HOMaBAYMAM # TA TEHT-~
AAMAHMHT ATOHA eYuMra 3ra OyaumM xaKkunaru Kpamep 1eo-
PEMACUHMHT XYCYCHH XOLTapHAMD.

19-§. VPHUTA KVIHIUIAP TYPYXU

3-§ Ba 10-§ (4-Muconyna A TVIIaMHHHF ¥3-¥aura Bapua
OuekuMaIapuaan ubopar G{A) TVmnaM KUPUTWIHG, YHUHE
GHEKLUMATAD KOMITOMIHUACH AMAAMIAa HUCOATAH TYPYX XOCHI
KWIHILH KYpCAaTWITAH 3IH.

Bu3 wy rypyXxHu OGHpHHYM A Ta HATYpaR cOHIapaaH ubo-
patr A = {1, 2, ..., n} TVuaM yuys kypaMua. by xomaa G(A)
TYIUIAM S, OPKAIH GeAruiaHalU Ba #-AapAKAIH CHMMETPHK
rypyx 0e6 atasanu. S HHKT saemeHTd, apun A = {1, 2, ..., n}
TYpHAMHHHEE ¥3-¥3IUra OHeKLHACH n-A3pAXKAnN ¥panra K¥ium
ne6 atagamu. Arap ¢, € §, Ba ¢, € S, 6¥ynca, yiapHUHT ¢ (p,)
KOMIO3KUUACH ¢, BA ¢, VPHUTa KYHVLWIADHHMHL KYMAATMACH
neHWAany Ba @, * ¢, KYpUHUILIKAA Genrinanand. Xap oup ypHu-
ra KYUMWHN HKKHATA CATPAM XagBal KYPHHHIIMAA KyHuaa-
ruga €3l MYMKHH: YHUHr GHpMHYH caTpuga Gepuirad
TYIVIAMHMHT SAeMeHTIapd OMpPHH-KEeTUH ©3uMJMagMd Ba YAap-
HHMHT OCTHTA HKKHHYM cATpAa MOC pabHiuaa obpaitapu E3M-

aapu. MacamaH, ymby
1234
= 1
v [4 32 1) M)

é3yvB A = {1, 2, 3, 4} t¥nmaMHUHT KyHugaru ¢ : A - A Guek-
LIAC HAHD:

1234

o4l 4
4321

apHR @ (1) =4, 9 (2) =3, ¢ (3) =2, ¢ (4) = 1. ¥YMymMan
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iy om, m,

1 2...n
'ﬂ=( J (2)

éayp A = ([, 2, ..., n} TYNAMHUHT KYfHIArn OHeKIMACHAUD:
1 2...n»
pold b
ml m2 mn
ALHE @ (D) = m, i=1 7.

Arap A TYoaaMHHMHT 37eMeRTIapd 1, 2, ... # ¥culll TapTH-
buna smac, Ganku 6owka 6upop a,, 4,, ..., a, TapTHGAA E311-
ras O¥ynca, ¢ YpHura KyHHWHU ywoy

a, a,...4d,
= 3
¥ (bl b, ... b,,] )

‘€3yBM XaM uuniaTHaagd. By epna

a a,...a,
p= [ }
b ob... b,

ABHH @ {(a) = b, I = l,n. Macanan, (1) ¥pHura Kyium ymoéy

2413
‘°=(3142) @

KYPHHHINAA XaM E3iIHIMH MyMKUH. (4) &3yB (1) €3yBaan ye-
TYHMAPHUHI ¥pHU Ownad dapk kuiagm. YMyMaH, Oepuirad
¥ YpHUra KYHMWHUHT GUpOp €3yBHAA YCTYHJIADHHHT YPHU
ANMAamTHPUICA, STHA ¢ YPHHAra KYHUIITa MOC €3YBHHU OlaMu3.
VpHUTa KYAHIIHAHT TYPRM €3yBaapu 6up-oupugad ¢axkar ve-
TYHIIADHURC YpHU Gunan $apy Kuaagd., Xap Gup v YpHHTa

&3



Ky {2) xypuHMuaard SroHa €3yera sra. by yHWHr kamo-
HAK €3VBH AcHMIAIH.
Kuputunran €sysiapiad ¢oliganauud, macaian, yiudy

pe 1234 e 1234
la312) Tt l2413

YpHura XYAHaap OUeKUMIADHUHE KOMITO3HUHACH KOMUIa-
cH G¥itHya Kyfivaarmya K¥manTupianu:

{1234
1231234y Vel 234
T lo413)\4312) (4312 Ti3124
ey
Y23 3124

¥y, KYManTMa XaM LUYHIa YXWan TOTMWIALN:
= 1234
"2713241)

Tonuaran Yy, Bayyw, YPHULD KYHHULTAPHUHE TYPITH YKaH-
JMIH S, TYPYX KOMMYTATHB SMACAHIHHH KYpCATALH.

A TYIIaMHHUHT GHPIMK AKC 3TTUPMIINU S, TYPYXHUHT OUp-
AHK aaeMeHTuaup. ¥Yuu E opkanu GexrvnaiiMus. Y ywoy

123...n
E=
(I 2 3...n)

EKH
a a,...4a
1 *2 n
E=
a, a...a,

34



KYPHHHILWIAPAA €3MTHULIH MYMKHH. (2) K¥pUHHDLN Sepuiral
i YpHUTa KYWMINHHHT t¢~! TecKapucy ymoy

o mlmz..‘mn)
1 2..n

KYPHHUIITA 2Ta, AbHH Y~'(m) = | i=1,n. Arap i YpHHTA
Kyitui (3) KYpHHHILZa Gepuiarad Oyiaca, v Xonma YHHHC !

TECKapHCH YLOY
b b, ..b
-1 _|*"r*2 R
T

KYpUHHIUTA 3ra, sipHu Y~ (b) = a, I=1,n.
l-TeopeMa.S zypyx semenmaqpununz COR¥ 1! ra Tenr,
Hebor. Xap 6upy € 5, ypHHra Kyium aroHa (2) kaHo-

HUK KVPUHHILTa 3Ta. by KIpHHMILAATH HKKHHYM CATp SRE-

MeHTIapH y Ouekuus O¥aranu yuyH A = {1, 2, ..., n} TVIDam-

HUHT Oupop VpHH alMallTHPHIUBAHD. AKCHHYa, arap A

TYIAAMHUHT OHpop YPUH aJMAIMTHPVILHHY (2) KYpUHHIUDA

HKKMHYH caTp KWIHG oficak, Xocul O¥aradH o @ A - A ake

srrupum Ouekumsa o6ynaau. Olynpait guaud, Sapuya n-papa-

Kamud YpHHra Kyiturmap ouwaan A TYnaaMHuHr 6apya ¥pHH

AVIMAINTHPHILAAPY opacuia Viapo Oup KUAMATAH MOCIHK

YpHaTwigH. Hemax S, Jard 3MeMeHTIap cOHU A TYIIAMHUHT

fapua VpUH aAMAIITHPHLUTAD COHMTA, SbHU 7 | ra Tedr (11-§).
A= (1,2, ..., n} TYILIAMHUHT uxTHEPMH a = (a,, 4,,...,a)

YPHH aIMAMTHPHILK Oepirad Oyncu. Arap (a, a) xydpT

yiyH @, < 4 6¥nca, 0y Xy(pTHUHI UHBEPCUACH HOJbLTA TEHT

medunazu. Arap (a, a) xydr yuys g, > a,6ica, (a, a) xydpT-

HUHE HHBepcuscH bupra Tedr aeimnazu. bepwiran (q,,

az,...,a”) VPUH anMANITHPHINHUHT | < § < < # TEH[CU3MHKHH

KaHOATAaHTUPYBYH Oapua (a, aj) KypTaapd OVAH4Ya HHBEp-

CIBUTAPHY KNG YHKHIOAH XOCcn O¥aran coH 6y ypHA an-

MAIITHPHIIHHHT WHBEPCHANAP CORM ACHILUTAAY BaA i(a) OPKATH
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Oenrirananu. Macanah, (4 3 1 2} ypun anMawTupHmaa (4,
3), 4, 1), {4, 2), (3, 1), (3, 2) xydTnap UHBepCHIIAD XOCHIT
xunagn, (1, 2) xydr 3ca xocun KunaManau. Jemak, 6y ¥puo
AIMAIITHPHIUHHHT HHBEPCHANAD COHM 5 ra TeHr. Arap ¥puH
AMMAIMTHPULLIHUHE HHBEpPCHsAp cOHM XKy(T (Tok) OVica, y
XKydT (TOK) VpHH aTMAINTHPHIL Aefinaany. Macanau, (1, 2,
3, 4) — xydt ¥puu anmawraphm, (4, 3, 1,2) — TOK ¥pHH
ATMAIITHDILL.

Arap KaHOHHK KYpWHHMILRA OepiaraH ¥pHUra KyAWIUHHHD
HKKMHYHM catpd Xy(dr (ToK) ¥pHH amMalutupHw 6¥iaca, Gy
YpHHra Kyium xydt (Tok) peiivnanu. Macanan, (1) ¥pHura
KyHui xygr.

Arap y ¥pHura xyiumaa $axaT UKKHTA 3MeMEHTIADHHHT
VpHY aTMalLKG, KoaraHaap ¥3 ¥puuAa Koica, OyHAal YpHUTa
KyHuul rpascmo3numa AeHunagy. Macanan, viudy

1234
1324

¥puura KFHUL TpaHCHOIHLUIHD.

2-reopemMa. Xap xandai ¢ mpancnozuuus yuyn ¢* = E,
ABHE ¢ = ¢! ea ¥y mox ypruza xytinmoup.

HceboT. Bepuwrran ¢ Tpanenosuuusa 7 va k (i < k) coH-
IapHUHT YPHHIApHHU aAMamITHPUO (inHH () = k, ¢lk) =
), Konrad Oap4a {aeHH m = [, m = k) COHIapHH ¥3 VpHUIA
KojaupcHH: ¢(m) = m. by Mydocabamiapra kypa ¢(p{/)) = ¢
®) = i, (k) = o(i) = kBam = k, iyayn plp(m) = p (m) = m,
AeHU @ = E DyHjaH ¢~! = ¢ 3KaHIWTH Kenud YHKAIN.

by ¢ TpaHCcHO3MUMATA KAHOHHK €3yBa yIUGY

(1,2, .., i-Lki+ ], . ., k=L ik+1,. n)

¥pHH atMalwTHpHm Moc Kenaau. by epna 1, 2, ..., f — 1 nap-
HUHT Xap OHpH ¥3MNAH KeHMHCAJApHUHE Xe4 KaicucH GiiaH
HHBepCcH:A OepMaiimu, AMmo Kk couu §+ 1, ..., k —1,  coH-

JIAPHMET Xap OUpH GiLTaH UHBepCcHsA Oepanu. Ywody { + 1, ...,
k —1 jmapHHHr Xap OupM / OWIaH uHBEpCUA OepaaM, aMMo
k+1, ..., »n nap Owian sca HHbepcua Gepwmanau. Ywby /i,
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k+ 1, ..., n napHUAT Xap OHpH ¥3MAaH KeHHHTHIADHUHT XeY
KaitcucH Giiad MHBepcHA Gepmalian. Xocun 6¥nran Gapua
MHBepcHsLIapHU HurFcak: (kK — iy + (k—i—- 1) =2k - — 1,
TbHY HHBEPCHIAD COHH TOK,

Arap A ypHHra k¥yuMg (EkH ¥pUH aaMAILTHPHIN) XY(T
(Trox) O¥nca, ynuur uwopacu | ra (—1)ra tTedr aciiunanm.
YHHHD HIuopacH sgn A opkanmy Gearuaanaid, bomkaya ait-
rapga sgn 4 = (—~1)*%, 6y epaoa (1) — MHBEPCHAIAP COHH.

3-teopema. Ypuuca xyiiumaap xynaimmacununz umo-
pacu Ypuuza Kyunniap wumopaiapununz Kynaimmacuza menz,
A5Hu Xap Kandaid o, Y € S nap yaym

sgnlp - y) = sgn ¢ -sgn .

HUcbBor. Xap 6up ¢ € S, ypHura xyituwra R pasonuur
Kyiharu F; ¥3-¥30ra akc STTHPHIUHH MQC KYAMM3: arap x =
{x,, x5 ..., X,) € R Gynca,

X X

F;x = Fx), X, ., X} = (X 2?0 W})

¢ *
Arap y = W Vas os Vo) = (X0 Xy wos Xi)s ABHH Y, =
Xy i=1,n ned oncak, v xonma Fy = (yww; Yoy s “]).
YHIAH Y, = X5, = X, AbHR By = F(E£x) = F x [le-
MAK,

F-F=F_ (5)

MYHOCA0aT YpHHIH.
Xap onp x €ER¥ ga aHMKIaHraH ywoéy

Wix)= [T(x; —x;)
l=i<j=n

(6)

(hyHKLILIHN KapaiiMus (Gapua / </ nap YUYH OXMHIaH (X, —X)
alMpMATapHWHE Kymaditmacu), by ¢yHkuus Baxpepmonn
K¥maiiTMacH jAefnnagy. Yoy

W(F(px) = H (x;o(:) _xp{j} )
l=i<j=n
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KymaiitMa (6) kymaiiTMazad akat ¢(i) > @) TEHTCH3NHK
Ypuean Oynras (xpm—xp ) aHMPMANApPHMHE Huopanapd 6n-
JlaHruHA Gapk, KIWIagH. ngra acocaH

W(Fpx) = (—1)® W(x) = sgnp W(x).
BvHraH Ba (3) MyHOcabaTaaH

sgn(py) Wx) = WF x) = WIF(Fx)) = sgny W(Fx) =
= sgny - sgng w(x)

TeHMMHKAapHU ofaMu3. byaappan
sgnly ) = sgne - sgny.

Hkkura sreMeHTIR {1, —1}) TVmmamaa kVOaiTHpHer ama-
NHMM Kapacak, Oy TVIUIaM Iy aMaira HHUCOATaH KOMMYTATHR
TYPYXRH XOCHT KHIaaK. By rypyxHH Z, opKaiu Oeilrui1aiMu3.

S, CYPYXHHHT Z, ra yiwdy ¢ - $gip aKC ITTHPHILHHH KApaki-
Mu3. HeGotnanrad teopema 6y ake 3TTUPDHILHUHE WY TYPYX-
JAPHHHT TOMOMOP(hH3IMH KaHHHH KYPCATaaH.

l-vatuxa. ) Xydm Ypuuea xyiunapuune xynatimma-
cu wcypm Ypuuea kyhuwoup eqa mox Vpruea KYUUWAGDHUNW2
xynaiimamacyu xam xcydhm ypruza Kyhioup.

2) xcydhm (mox) ea mox (acydm) ypuuza xyduwaapuunz
xynaummacyu mox, ypauea Kyiuwuioup.

Hcbor. XakukataH

1, arap sgn ¢ =sgn
Sgn (py) = Sg0p " SENY =\ _ 1 uoan een g # sgn e

2-HatuXa. Xap kandai ¢ ypuuea Kytivuw yuyn
sgny = sgn ¢ L
Hcebor. Xakukarad, £ OuMpauk ypHura g¥ium xydgrt

6ymrand yavH | = sgn E = sgn{e* ¢ ') = sgne *sgne 1, He-
MakK, sghy = sgng~L.
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4-teopemMa, Azap n > 1 Gyaca, y xoada bapua wcydhm
ypHuQ xﬁﬁamap‘conu fapua mox ypruza xyilumaap coruza

F:
mene 64 demax 5 2a menz.

Ucbor P, opramu Gapuya n-gapaxanu Kypr ¥pHuUra
KYHUIWIAD TYIUIAMMHK Ba ¢, OPKATH TOK YpHUTa K¥AMLLIAp
TYIUIAMUHM GenarwiaiiMu3, S Aa GUpop T TPAHCIO3MUUAHH
olaMu3. 2-TeopeMara Ba 3-TeopeMaHHHr |-HaTHXAcHra K¥pa
Xap KaHmalia € P, yayH ta € (0, 0ynranu yuyH fla) = ta,a € P,
ndoaa 6upop f: P, - ( akc STTHPMUIHM AHUKJIAHIH. Xap
oup B € O, yayu g(B) = 1t udona OUTaH AHUKIAHTAH
g: Q,» P axc sTTHpHII f Ta TecKapH aKC STTHPHIUAMD.
XaKHKaTaH, 2-Teopemara k¥pa 1 = E Xap Kanpjaii a € P,
YIyH

2gfie)) = glra) =ty =tla=Ex=a

Ba Xap KaHaan § € O, y4yH
SgB) = faf) = 1(1fy =vB= £ =$.

Hemak f: P —» Q — Guekunaaup. bynnan P, ga Qn aard
3JIEMEHTIapHHUHT COHU TeHTIHIH Ken0 YMKanK. S, HUHT 3J1e-
MEHTAApH coHd n ! 6arauM yuya F, Ba () aap xap GupH-

|

n!
HHHC 3eMenTIapH COHH Bl ra Texr.l

S5-teopeMa. P, myntam S eypyxnunz xucm 2ypyxudup.
N co6or. I-natixanuur (1) racaurura Kypa, arapp,y € F,
6inca, y xonma ¢ yp € P, 2-HaTvXara Kypa, arap ¢ € P,
6yica, y xonaa ¢! € P, Bynapaan Ba 10-§ naru 4-teopema-
HHUHI HATIDKACHAaH P, HMHI KHCM TYPYX 3KAHIHTH Kenud

yikagy. M

20-§. AJETEPMHAHAHTIIAP HASAPUACH

n — HaTypail ¢oH, A = (a,) — n-TapTHOAM KBAJAPAT MAar-
pHLA Ba

1o laz...an]
(ﬁlﬁz...ﬁ,, (b
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R-TApTHOAN ¥pHMra Kyiuio 6yiacun. Yoy

P(AyA) = aa[ﬂl ‘aa2ﬂ2 .“aa'nﬁn

Genrwnam KuputaMus. by k¥mafirma 1 ypHUra xK¥MHIOHHHT
€3d1l ycynura GOFIHK, oMac, MYHKU A HUHT OolKa €3yBUra
YHUHI YCTYHIAPHHA ATMAIITHPHII OpKAIM YTHATAHH YYYH Oy
AMMAIUTHPHII K¥maidTMagard KYMAaHTYBUMAAPHHMHT YPHHHH
ANMMAIIMIIUTATHHA O/tHD KeTaju.

ViuGy 2580 P(4,1) durunou A MaTPHUAHKHT AeTep-
15,

MMBARTH AcHuIaau Ba det A opkamn Genrunmananu. S, rypyx,
3MeMEeHTAApH coHW # ! ra TeHr G¥iraHu yuyH det 4 HHHr
uthonacu # ! Ta XaIHMHr HAFUHAHCHAND.

Xycyead, arap 4 y4vH

1 2.
1= "
A, A,
KAHOHUK €3yB HILNATWICA, AETePMHHAHT YIIOY

det A= ¥sgnday, -ay,...d,, (2)
i€ S,

KVpUHHILLAA €3laaBH. Arap A Martpuia ywby

b,
A=a040y...0,y,
Aoy lly,

Xaapan K¥pUHUILIAA Hepuica, YHUHD AeTepMUHAHTH VIyH
KyHunarn 6earu xaM HIDIATUNARH,

anty .4y,
det A =|a,ay;...4,,
0.0

n

S0



Arap (2) ugonana » = 1, 2, 3 ned oncak, MOC paBHILLIA
kyHuaaru ugogaiapHi oJaMH3.

det(a,) =4,

182th3
Oy Oyyly;| = Oy * Ay * Gyy + 8130705 +
13183,

+ @)y0,38y; — 83850y~ Gy dy — G,dndy

by udonanap » -TapTHOAH gerepMUHAHT 2- Ba 3- TapTHO-
JIH AeTEPMMHAHTIAPHIHT YMYMIALIMACH SKAHAUTHHU Kypca-
TajyH.

JeTepMUHAHTIAPHHUHT acOCHI XOCCANAPMHE KYpaMH3.

1-TeopemMa. Mampuua mpancnonupsanzanoa ynunz de-
mepmunaring yzapmaiou, sswu det 4 = det A7

Hc6oT. Arap 4 = (a,), A = (b,) Oyaca, y Xonza b, = a,

Ba PAT, 1) = bayp) buyp, - bap, = piayr a0, O, =
= P(A,A"), yyuKkm, arap A WMHr upogacu (1) kypuuaHwNa
Oynca, ¥ Xonaa

l-l = ﬁlﬂz“'ﬁn
AAy A,

OIMHrAH TEHIMMKKA Ba sgn A = sgn A~ TeHraukka (19-§
Jaru J-TeopeMaHUHC 2-HaTUXACH) acoCaH
det AT = TsgnAP(AT, )= T sgn X'P(A,1"). bynpau sa

le Sn ie SH
A = p7'3neMenT S, rypyxaa TVaa yarapraHaa 2™l = gxam S, 1a

Tyna Yarapwmdnad (10-§ paru 2- TeOpeMAHMHI HATHXXACH)
yLoy '
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det AT = TsgnuPAT, 10) = Ssgn uP(A, p) = det A

RES, HES,

TEHFAHKHH OJaMM3,

[-TeopeMaHHUHr AXAMHSTH WYHAAH HOOPATKH, ¥ JETepPMU-
BAHTHUHT CATpAapura {yCTYHJIapMra) JOMp XOCCATTAPHHU Y-
TYHAApHTa (CATPIAPHIA) MIOXHAA UCOOTCH3 ¥TKAa3WIUra uM-
KoH Depaim.

Arap A sarpuna 0ol AHATOHAMIMHHHC OCTHAATH (yCTHAa-
r¥) Gapuya 3AeMEHTAAP HOAbra TeHr 6yica, y YCTKH y40ypuak
(ocTkn yulypuak) MaTpHUa geiimmand, YCTKWM BAa OCIKH V4.
Oypyak Martpuuanap yI0ypd9ak MaTpHLanap Aeiuianu.

2-teopema. Vubypuar mampunanun: demepmunanini
duazoRasdazu IdeMeHMAGPHIRE Kynatimmacuz mene,

HcboT. TeopeMaHH OCTKH YUBYpUaK MATPHLAIAD YUVH
uchoraam Kudos, YYHKH YCTKH yM0YpYaK MATpHLAIAD OCTKU
y40ypIaK MaTpHIIAAAPHH TPAHCIIOHHPIAII HATIXACHIA XOCHN
KILTHHAAH.

Arap 4 = (a,) — OCTKH yubypuax maTpuua 6ynca, y xonaa
i < k TEHICH3THKHU KAHOATIAHTHPYBUH /, k 1ap yuyH a, = 0.
llynra acocaH, arap 6upop j=1,n yayH i < A, G¥nca, y
xompa P(A,Ay=ayy ~ayy, .4y =0.

Hartuxana (2} linruaanaa 6yuaail xaanap Hoab 0VIHO, yHAa
Gapya j=],n YUYH 4, < / MIAPTHK KAHOATIIAHTHPYBUH Xa/lap
Konaad. AmMmo Oy waptHd dakar 2, =1, 4, = 2,., 4 = n,

ABHU
2.8
A= =F
[1 2. n]
ra MoC XagrHHa KaHoaTnaHtupamu. byHra acocan

detA= XsgniAP(4,)=segnE-a, ay a

ies,

Oy dyn a, B

Ll

Hartuxa. Juazonas mampuyanunz demepmunanmy duazo-
HAA0azU IACMEHMAQPHURZ KVRAUMMACU2a MEHS,
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Mebor. XakukataH, AHATOHAN MATpHLOA y4OypHaxk Mar-
punazap. M

Arap /. R" - R pysxums KyfAunaru MKKHU IMAPTHA KAHOAT-
JIAHTHPCA, ¥ YM3HKAH DyHKUKMSA AeHIann:

1) Xap xaupak x, ¥ € R' Bextopnap yiyH

S+ y) = o + Ay
2) Xap kannail x € B BekTop Ba ¢ € RcoH ydyH
fex) = ¢fix).

Arap Oup Heda apryMeHTJIH COHJIH (QyHKLHd Xap Gup ap-
ryMenTHra ducbarad YM3HKIH G¥iica, ¥ Kym 4asuigiM (QyHK-
UHy AeHHIanu.

A-TApTHOIH 4 KBAIPAT MATPHLAHUHT %eTePMUHAHTUHN Oy
MaTpUUAHHHT 4 Ta CATPIAPHMHHHT (YCTYHJIAPHHMHT) COHMH
hyHkunAcH cugaTHAA Kapall MYMKHMH:

det A = fid, . A = fIA, A,.d)

oy epana A', ...,A" BexTopnap A MATPHLUAHUHT YCTYHAAapH,
A,,...,A Bexropaap aca catprapu 6¥au6, Xam catpaap, xam
YCTYHIAp yuyH 1-Teopemara acocan J GyHKUH OUpP XTI
3-teopema. A mampuyanune demepmunarmu campia-
pununz (ycmyraapununz) Kyn wusuxan ynxuuscudup.

HcGor. |-TeopeMara acocad TECPEMaHH CATpRap y4YyH
ucbotnam Kngod.

A MAaTpHUAHUHT i-caTpHHN x € R® pexTOop GunaH anMaii-
THPHUI HATHKACHAA XOCHA 6YIran AeTepMUHAHTHH A(X) op-
Kany Genrunaimua. Xycycan A(A) = det A A(x) HUHr X ra
HHCOATAH YH3NKIU SKAHIMTHHH KYDCATAMU3.

Hxtuépuii x = (x, ...,x,), ¥ = (¥, ...,J,) BEKTODNAPHH Ba
¢ & R connapHu onaMui. ¥ xonpa uxtuépuit i = 1,7 ydyH

Adx+y)= Y sgn Aalal...(x;_l_ +yix.)...a,un =

1€5),

= ignsgnlalil...xli...aﬂn +

+ 3 SenAd .Yy, = 800) + AdY),

1ES,
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Ailex)y = 3 sgn Aa . (exg)...ay =

1E5,

=c 3 sgnda ;... X3 ay = c Ai(x).
1EX, "

Teopema uctotnauan, M .

1-HaTuxa. Xap kandaii i =L,n yuyn A{0)=0

Hc6ot. XakukaTad A;(0) = A;(0+ 0) = 2A,(0). ByHuau
Afo)=0. A

2-HaTUXa. Azap A mampuya roas campea (yemynea) sza
Opaca, y xoada det A = 0.,

HUc6or. by xomma 6upop /=1,n yauyn A =0. Yiuby det
A=A, (A ) TeHrnUKKa Ba |-HaTHKara acocaH det A = 0. |

4-reopema. d2ap A mampuna campaapuza (ycmyrnaapy-
2a) y ypuuza Kjiinm mambux xusum (svnu campaapu éxu yc-
myraapunu ypun asmammupuw) namupxcacuda B mampuna
xocua yaca, y xoa0a det B = sgn y detA.

HcbBort. 1-TeopeMara acocan TACAWKHM CATPRAP YIVH
neGorraw kudos. Ymby B =4, ,i= I,n MyHocabatra Kypa,
b, =a U(f k=1,n) Ba

P(B Ay = by by, =0y Gy, = P(A, ),

Oy epaa
Yiee ¥n Viee-¥alfl --on 4
= = = ,1
# (Al...x,,) (1 .”n](,ll...z,,) v

ByHnan Ba 2 ¥pryra ¥ty S, aa T¥aa yarapraaa oepuwi-
raH y yuyH y~'1 xam S, f1a tyna yaraprasu yuyH (10-§ naru
2-TeopeMAHHHI HATHXACH)

det B = S sgnAP(B,A) = zsgn,l P4,y 1) =

AE3,

= Ysen(yu)P(A4, u) = Esgny sgn uP(A, p) =

YHESy nES,

=sgny > sgn uP(A,u) =sgny-det A. W

#E Sy
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l-natuxa. Aeap A mampuyanunz Kandabdup ukkuma
campuny (VCMYHURYU) MPAHCROIUKUA Kuauw namuscacuda B
Mampuya xocun Kuaunzan 6yaca, y xoada det B = —det A

HUcborT. 19-§ paru 2-TeopeMagaH Ba 4-TeopemMagaH Oe-
pocura kenud ynkanu. M

2-vatuxka. Azap A mampuya uxkuma 6up xua campea
(vemymea) sea 6yaca, v xoada det A = 0.

Hcbdor. XaKHKaTaH, A MaTpHUuAana L1y CaTpaapHHHI YpHH-
HH aiMaultipcak, l-HaTimxara acocaH det 4 = —detd. byH-
pan det A = 0. 18

by HaTuxaHK 4-TeopeMaHH MILAATMAcAad GolLKa4a yCya
OMIlaH XaM HCOOTIAIl MYMKHH.

A jamv j-caTp Ba j-CATpMApHMHT ¥pumiapuH! aJIMaTy-
DHILL HATIDKACHAA XOCIT OYAraH MaTpuliaHi B Ba GyHra Moc (f
/Y TpaHCMO3HUMAHRK j opxaiu SearunaiiMua. ¥ xonga 4-teope-
Ma McGOTHAATH MYJI0Xa3ara Kypa Xap Kangai 1 € S, yuyn P(B,
Ay = KA, iy™) A MaTpHLAHUHT J-catpyl BA j-caTpd OHp XM
Gynaranu yuys A = B. demaxk, P(A, 1) = KA, 2. bynpan

> PAN=F PAN)= ZP(A #),

A P AS By HE Sy Py

YYHKH A ¥pHUra Kyiu P, Xyt ypHura Kyiuuwiap Tymia-
MHOA T¥Ia ¥3rapraHia Ay~ ¥pHHUra Kty Tox pHura gium-
Jap TVInaMuAaa TViaa yarapagu. by TeHIIHMKKa acocaH

detA= S sgnAP(A4,1) = S P(A1)— SPAL=0

1E3), A&y, AESyFy

OnKHraH HATHXAHU KYITHIATHYA XaM aHTHIU MYMKHE.
3-Haruxa. Xap gaudau i, j (i = j) yuyu A(A) = 0.
Hcbor. Xakykaran, A(A4) AeTepMUHAHTHUHT / — CaTpH
Ba j - CATPM XaM A, BeKTOpra TeHr, ShHM GUp XUI. 2-HaTiXa-
ra Kypa GyHaail neTepMHHAHT Hojdera teHr. M
S5-reopema. Azap A mampuyanunz bupop campunu (yc-
mynunu) Gupop conza kynaimuput, bowxa campaa (ycmynza)
Kymuin namuxcacuda B mampuna xocus 6aca, y xoada

det B = det A.
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Hcoor.byxonmaoupop i, ji2jl < i j=mn)pac€E R
COHITAp MABXYIKH, B MATPULAHMHI ¢caTpAapd viuby

B = A, arap k # i Ofnca,
k= A +cA; arap k =i Gynca

KYpUHMEITA 2ra.
Wirapu KspuTaaran Afx) Genrwralra Kypa

det B = A(4, + cA).

bynmay, 3-teopemanaH pa 4-TeOpeMAHMHT 3-HATIDKACH-
naH doinananub, yuoy

det B= A(4) + cA‘(Aj) =det A+ ¢ 0 =det A4

TeHraukaM onamus. 1
|-vatuxa. Xap kandaii ¢, = (k = Fj?, k # [) conaap yuyn

k=i
kel

Wcbor. 3-TeopeMara Ba 4-reopeMaHHHr 3-HATHXACHTA
Kypa

Al + élckAk) = A + éckA,-(Ak) =
Rai ki

—detA+Sc,-0=detA. M
k=1

ki

2-HAaTUXA. deap A mampuyanunz campaapu (ycmysaapu)
wuzukay Gormanzan Gyaca, y xonda det 4 = 0.

Wcbot. Hamxkadn catpnap yayH ucbormam kugoa. by
Xonpa A MaTpULAHEHT Gupop cartpu {Macanad f-carp) Bolika
CATPAAPHUHI YM3UKAN KOMOHHaUMACH KYpHHHIIHAA Hdoaa-
JAAHHLUY MYMKHH;
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4 = 3 oy
=)

kwil

k
k

Y xonna A — fjlc,,A,,, =0 pa

A0) = 8;(A4; - élc,,A,,) = A[(A) -

- Sahi4) = AA) - 3: ¢ 0 = AdA).

ki ki

Bynpan 3-reopeMaHHHT l-HaTHXRAcHIa acocan det 4 =
A(A) = 0 TEHTIHK KeTHG YHKALML. |

1—5-TeopeManap Ba IApHHHT HATHXAJIAPH n-TapTHUOIH
AeTepMHHAHTIAPHE XHCOORaluma HuaTiiand. Mucon Tapu-
KacHia KyHMaard NeTepMHHAHTHU XUcoOaaiMus.

X, G;3 O45... 04,
X Xy ...ty
A= x, x5... ay,

1

ey X, X5... X,

By epna n-catpnan (n — 1}-catpau a#finpub, (n — 1)-catp-
gan (7 — 2)-caTpHY Ba XOKA430 HKKHHYMIAH OUPHHYH CATDHH
alupu0, S-reopemMara acocaH Kyfuaard udoNaHH ONAMU3.

X O a; ... Iy
0 x, =@,y —ay... a4y, ~ Gy
A=|0 0 x;—ay ..4,—a,

] 0 0 X, —a

] r~1.5

T—X Xowmcuea 97



Bbynnan 2-teopeMara acocas

A =x(x, — a,)(x, — a,) .. {x, —an_]’”).

21-§. MMHOPJIAP BA ANTEBPANK
TYNLIHUPYBUHNIAP

JeTepMUHAHTIAPHU XUCOONALIHHHT ACOCHH BOCHTACH —
TapTHOHM IacaHTMPUIN XaKHIATH TeopeManap. YJapaa n-tap-
THOMH AeTepMUHATHH XpcoOmam 6Hp Heya MacTKU TapTHOAH
JeTepMUHAHTIApHHA XMcoOiawra Keatupwnagd. byHaa Gow
PONIHY MHHOD Ba anreGpauk TYIAMPYRYM TymiyHuamapu $i-
Haiad. .

A — HXTHEPHH 5§ X p-MaTpula OVICHH. A MATPHLIANA KAH-
Jadadp & Ta caTp Ba & Ta YCTYHAAPHHHT KeCHINTaH XoHuaaru
TeMEHTEAPNAH TAIUKKI TONCAH K-TAPTHONH MATPpHOAHHHT
AeTepMUHAHTH K-TaprHdanr MHHOp ACHWIANH.

by by oy 3, (1 = E< E< L <i 5 1) pakaMIIH caTpiap Ba j,
Jor s i (15 J< < < < 1) pARAMIIM YCTYHIAD KeCHINH-
WHAAH XOCIWI 6YAraH k-TapTu6an muHopHu M ,A’]l,-j;,'_fﬁ: opKa-
mu OenrumaimMs. {f, j,, ..., j,} TYIIaMHUHr 6ap4a ypHura
KYHULUIAD TYILIAMEHH S {/,, f,, ..., j,} OpKAnu Genrtiadmus.
Byura x{pa

ailfl LR aflﬂc

Ad2-nde — =
MLTi" = By Gy | =
i Gixin - iy
= 2 SgN P aye  Gyny. . sy
PES(LA1 ji)
6y epna
FoJaeer J
P =( 12 k
'P]- Pz ’a -Pk

ypuura xyituw S (f, j,, ..., j) TYpyXna 1¥1a ¥3rapanu, sgn P
3ca P YpHUra KyHMIIHUHT UIOPACH.
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A — kpaidpar MaTpuua O¥ncuH (# = s). by xonna
M = M:{}f}f" MHHODHIHE MEMEHTAAPUHAAH YTMaiauran
Ccirpiaap Ba YCOTYHAAPHHHT KeCHIUMINMIAH xocun O¥aran M
MUHOPM ra TVIHUPYBYH MIEHOD Aeb ataagu. YiuGy

Ahrede — (el e e e p e i Ji
Al =D My

con wa M MUHOPHHMHT anreGpaME TYAIAPYBUMCH JdeHWIaaH.

A — KBafpaT MAaTPUUAHMHT A, ,...A, catpmapusu Moc
pasdwga X, ..., X € R* Bekroprap 6iiaH aIMaluTHPUILAAH
X0cHI O¥nraH MaTpHIA DETEPMUHAHTHHE A ..., i (X}, ..., X))

OpKaIH OeriIafiMu3.
I-meopema. Yuby

Jedb —
A=A g (B By )

menzaux ypurau, 6y epda E; ... E, — opmaap.
Uc6ort. Hactma6 M = M|2~% 6yrran xycycuit xonuu
KypaMu3 {6yHiali MHHOD 6ypuak MUHOD Aeftitnanu). ¥ xonaa

A, (ELE ., B)= ESgnP'a"“Pku “Cir2pyyy o npn o
PeS(1,2, ,7)
R=l,.., Pr=k

UYHKH &, = d, = .. =4, = lxammai=jpal =i<k 1=

<j=<koynca, 9; =0. Byrnan A , (E, E. B E)

Fearks1 - Teran
Gy, -0

= 2 SgnPI'ak+lpk+l"‘anﬂ,, = =Mls

PeEsSthrt, .n)

L

YYHKH
p= 12...k k+1...n
12...k A, ... P
¥pHUra KFiUIIaary UHBepcHsLiap COHH
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, _[(k+l...n
P _(Pkﬂ"' Ri)

V¥pHUra KYRMILAATH HHBEPCUANAp COHUTA TeHT. Kypuwiaérran
xycycuit xonga i, + i, + .+ L+ i+ L+ =200+ 2+
+ k) xydrt coH 6VaraHH yuyH

A1]22.'.'.'§ =M'= Ay (ELE,,... E)

Yuymmit M = M/ "% xon kypunran xycycmi xonra

KyHugaraya KeaTHpuiagn. Yoy

By Ep i E))

f..dg
JeTepMHUHAHT CATPAApK YCTHIAA KeTMa-KeT TPaHCHO3HIHIAD
Gaxapu®, { pakaMiaH catpHu OHPUHYH YPHHIA, {, paKamiIH
CaTpHHM HMKKHHYH VPHHTa Ba XOKa30 /, paKaMJiIH caTpHU k-
Ypunra yrrasamus. bynu 6axkapum yuyH (/, — 1) + (i, — 2) +
+ ... + (i, — k) Ta TpaHcnosuuuA uuuiaTinanyu. Lyau ai-
THII KEPAKKH, Oy TPaHCIO3KLHANAD HATIDKACHAA KOAraH (# —
— k) Ta carprapHMHr OUp-Oupura HucOaTaH -KOITALLIMIUH
Yarapmaiiau.

Xocwi O¥NTaH DeTepMHHAHTAA YCTYHIADH YCTHAA KeTMa-
KeT TpaHCIO3UIAIap 6axapub, j, paKaMIH YCTYHHH GUpHH-
Yd YPUHIa, j, pAKAMIH YCTYHHHU MKKMHYM YPUHCa BA X0Ka3o
J, PAKAMIIH YCTYHHM k-YpWHTa yTKasamm3. byuna (f, — 1) +
+{(,— 2} + .. + (j, — k) Ta TpaHCHO3MIKA Gaxapunajid.
Yeryanap yetHaary 0y TPAHCIIOIMLHSUIAD HATIDKACHIA KO-
rad (# — k) Ta ycTyHmapHuHr 6Mp-0upHra HucGaTaH Xxofaa-
muin ¥arapMaiiay. Cartprap Ba yeTyHIap YCTHHATH IOKOpPH-
Ja 6aXAPWITAH TPaHCIIOZMIUIIAP HATHXACHIA IYHAAH A Oe-
TEPMMHAHTIA KEMaMH3KH, K = TaprubIu Oypuak MHHOPH yILUOY

1¢...0
01...0
00...1

MuHOp 6Ynub, yHra TYRIMPYBYH MUHOp 3ca M’ ra TeHr, yyH-
KM KONTaH CaTp Ba YCTYHIAPHHHT Bup-Onpura HHcOaTaH Xof-
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JRIULY JarapMand. Xycycuii xonma mcOoTnaHranra Kipa
A =M. UKkHH4YH ToMoHOaH 19-§ pmaru 2-reopema Ba 20-§
A 4-TeopeMaiapra acocaH

A (E

i T
A= (_ l)q it b B 2R

A= (___ I)fl+"‘+ik+jl+'"+jk . M; = A-'il'“fikﬁ

li:) = (__' l)(fl—l)+(l.2-2)+...+{ik-k) .

2-reopema (Janaac meopemacu). A xeadpam mampu-
yada iy, i, .0, (1 = i < .. </ =n) campsap (yemynaap)
manaanzan 6yacun, Azap campaapu (yemynaapu) wy marnaan-
2an campaapda (yemynasapda) xcolisauzan mymrun byszan k-
mapmubau MUHOpAGpHU yAaprunz aszeGpaux miadupyewusa-
puza xynaimupub, 6y xynaimmasap Gapuacununz iurunducu
oaunca, A mampunananz éemepmunanmu xocus byradu,

M c6or. Teopemann ncboraaw yuys ywsy

det = Mfl S J’] J‘k
lsj1<§<jksn e "

TEHIJIMKHN HCOOTTAIUMMH3 Kepak.
Xap KaHmait =],pn yUyH 4 = ;_:l%Ep,
6y epna E, ..., E — oprnap. byHra acocau
detA =04, ,(4,....4,)=

L]
(2 a‘lf’l e sz'l o Fne)-

'1 -

ByHmaH neTepMHHAHTHHHT KYITYM3UKIIHK XOCCACHTa aco-
CaH

det A = E ail*’l ‘kpk .Ail..,ik(EPl"“:EPk)s (].)

Pk
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Oy epaa WHFHHAM KoopAuHaTanapu | < P =< a,. 1 = P =n
TEHICH3NHKIAPDHH KAHOATIAHTUPYBYM Gapya P =(P,,..P)
BeKTOP/IAp O¥iiM4a onuHagu. Arap (F,,...P) BEKTOPHUHT KaH-
Jafaup MKKHTA KOOpAHMHATAcCH TeHr 6¥nca, y Xonaa
Ay o (Ep ..., Ep ) NeTepMHHAHTRA MKKHMTA GHP XUl catp
MaBXyO dima)m, Ba AieMakK, ¥ Houera Tedr G¥maau. Byrra kypa
P =(P,.. P) BeKTOPHUBI Gapya KOOPAMHATANAPUHH TYpPIH
ae6 xucobmaw mymkuH. Hemak (1) fivrunau {1, 2, ..., »}
TYaMHHHT Gapya k-Ymuamnn P =(F,,...P,) ypHHIWTHPULL-
Japu O¥iiMya onuHraH aefiumm MymkuH. bydra acocan (1)
AUFUHOMHA KYyAUAArH KYpHHUMAA €3HI MYMKHH:

detd= 3 2 ap...4 Ay i (Epse s Ep)

_ , L
b= f Ly =n PES(y k) KTk

20-§ naru 4-reopemara kypa P € S (4, j,, ...JJ,) yIyH

A!'] i (EP] !EPE ""QEP;C )= SgnPAi] . (Ejl "”’Efk )'
Byura ea l-teopeMara acocaH
detd= 3 AVE(C T sgnP-a,...4;,)=
1S <pen | PESGImnik) 1k P
= Al o gdiFE
- Z Mil..,i;c A:]...i;c M

i=fj«. <fl=n

Teopema ucborTmanpu. Il

Jamnac TeopeMacHHHHE &k = | OyAran XycycHi XONHHH
Kypamu3. Ywby i =i, j=j Genrunam kuputamus. by xonaa
M j MHHOP A MATPHIIAHHHT a, SNeMEHTUra TeHr 6yauG, 6y
MHHODHHHT airebpaux TYIIHPYBYHCH 4, OSNEMERTHHHT ai-
re0panKk TYJOHPYBINCH ACHUIAZH Ba Ag OpKany GerrmnaHa-
Iu. Arap A MarpHIaga /-caTp Ba j-caTp YCTYHAApHU YuM-
PHILIAH XOCHN OVIIraH OeTepMUHAHTHU M J OPKAIH Genruia-
cak (y Mj MHHOPDHUHT TYTAAPYBYM MHHOPH), Y X0onaa
Ay = (- M;

by dearwnamnapra acoca Jlamiac TeopeMacHIaH KYEH-
Jarg TeopemMa xycycuii xonga (kK = 1 ga) kenud uHKaIH.
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3-Tteopema. (JeTepMHHAHTHHAT CAaTPpAAp (YCTYHIAp)
Oyitmua éHMm XaKuaarm Teopema). A xeadpam MampuuaHun2
Gupop camp (yemyn) saemenmadpunu yaaprunz aszebpaus
myadupyeuusapuza Kynatimupub, durcax, 0y mampuuanunz
demepmunanmu xocua 6ysady, Asnn xap Kandai j = f}} YUYR

MEHZAUKAAD YPUHAU.

Hatuxa. Azap A mampuya 6upop camp (yemyn) snemenm-
aAapunu 6owKa camp (YCmyH) IMeMeHMAAPUHURZ Moc arzelpaux
myadupysuusapis2a Kynatimupu6, HuFCax Hoab Xocus 6Y2a0u, asHu
azap i = 8 6yaca, y xo20a

iagA# =0
j=

ga azap j = q 6¥Yaca, y xoada
Sa,d, =0.

i=l

Hcbor. Arap i = S 6¥nca, y xonna A(A4) = 0, uyHku
VHOA HKKHTa Oup Xwi catpmap bop {i-catp sa S-carp). by
AeTEPMUHAHTHHHE S-caTpura 3-TeopeMaHK TaTOHK KIWICAK

As(4) = T a,d, =0.
p=

VYeryunap yuyH ucGor mynra yxmam. Il
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3-reopemanu KyHuaarn BaHnepMoHI AeTepMHHAHTHHH
Xpcobnamra TaToHK, KMIaMu3:

1 1 1... 1

X Xy Xy X,
A(xls‘--’xn)=

g

By epma keTMa-KeT Ky#uaaril aMaUlapHH GaxapaMms:

(n — 1)-caTpny x, ra Kymaltupu®, n-caTpaaH alMpamus,
(n — 2)-caTpHu X,ra KyoadTapub, (2 — 1)-carpaar adupa-
MHU3 Ba X0Ka30. Oxupuzaa GHpUHYN CaTPHH X, Ia Kynaktapub,
HKKIMHYY caTpiaH aiimpamus. HaTiokaga xyitMgara meTepMu-
HaHTra KeJIaMH3:

1 1 1 1
0 Xy =X x5 - Xy X, — X
] 1
Alxy, .o X,)=| 0 xF —xx xPexyx, . xEoxx
0 x2'—xi"ix, xpl-xlx L xMl-x2ix

Byun 3-teopemara acocad GHpUHYM YcTYH 6fitmya €Aub,
Kyiuzard udoJaHy ONaMH3;

x:—xl xs_xl e x,‘-xl
x,(x, =x,) x,(x,-x x(x, =-x)
A(x“'",x")= Vv 1 R} 1 Avn 1
20 =) 2T —x) e x0T, - x)

ByHAaH AeTepMHHAHTHHHT YCTYRIADHTa HUCOATAH YH3UKTH
IKAHAUTHAAH QolaaraHub
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1 1 ...1

xz x3 -4 x"
AQxy, .05 X,) = (0 = 2)06 = %,)... (6, — X;) =

n=2 . n=2 n—2
Xo T Xy L Xy

= (x, = x)( =%)..(x, =%,)* A(Xy, X350, X,)

TeHIITHKHY ofamu3. IOKopuaary MynoxasaHu A(Xx,,..x,) Oe-
TePMHHAHTTA Ba XOKA30 KeTMa-KeT TarouK, KiHb, Kiivmaru
udogara kemaMu3;

Bk = =X )= (8,
< 0—x) .. (6, =) (=X, YA, X)) =
= H(xk_xi)=W(x1v":xn)
lsi<k=n 4
YYHKH
11

xu-l xu

A(xn-l!xn) = =Xy T Xpn

Gy epna Wix, x,, ..., x,) dysakuus 19-§ na kuputwiras Bau-
AdepMoHa K¥maittMacuaup. Ilynnant Kunub, x,,..., x, yarapys-
YHAApHUHT BaHoepMoHA JeTepMHHAHTH By Y3rapyBUIaPHHHT
BarpepMoHi KymaditMacura TeHr. ByHaaH, XxycycaH, Kyiinna-
T HATH X2 KeNUO YHKANA: X,,..., X, y3zapyewusaprune Ban-
OepMOoHO Oemepmunanmy HoAbO0aK apkau Cyauuiu Yy X, X,,
vy X, CORAGDHURE MYpat GYrutuy 3apyputi 6a xugoseu wapm-
dup.

22-§. MATPHIAJIAP ANITEPBACH

Ynauxau TeHrmaManap TH3NMHHY eYHl Ba anreGpaduur
fonika MacanaIapH MaTpHIaNap YCTHra OHp Heya aMannapra
onub KenamH.

A, B € M, matpuunanap Gepurrat 6§cnn: A = (a,), B =
=(b,). DnemeuTnapu c, = a, + b, connapuas ubopar C = {c,)

105



Matpuua A Ba B MATPHUATADHHHT HAFMHIHCA JeHHIAZM Ba
C = A + Bopkam bearrnaaHagi. by amanra HitcbaTan M abers
TYPYXHUHH XOCHN KWwiagu, by rypysHHHr HONb IEMEHTH HOTb
MaTpHUaiup (AbHH Gapya SleMeHTIapu HOAbAApIaH MOopar
Matpaua). by rypyxma B = -A 6ynca, y xonma b, = —a,,
i=1,5k=4n 4= (3,)€ M, marpuuasusr 1 € R coura
Kynaitrmacn 1¢6, snemenTnapu b, = 1g, connapnay ubopar
Be M , Matpuiara aiTnagu Ba B = 1A opxanu Gearuna-
HaJH.,

MaTpuuanapHHer KVnadT™MacH aMaad XaM KHPHTHIAIH.
YHu TawpudsnalizaH OJAMH HKKHTA BEKTODHHHT CKAaJsp
KymaiTMacuny KupuTaMu3. Mkkura # — $muamna X =(x,, x

x)BaY=(y,y,, ...,») BEKTOPJIADHHAT CKANAP KyNaiiT™Ma~
cm xeb, xy, + xy, + .. + xy coHra adTwianu Ba (X, V)
opkanu Gearwiavanun. Arap A € M, Ba B € M, 6Gynca, y
xonaa A MaTpMUAHHHT B Man{-{HaI‘a K?naﬁ'macn takar A
MaTpPHLAHHHT YCTYHAApH cOHH B MaTpUUAHUHC caTplapH
COHMTa TeHr Oynranaa, AeHH # = m OYAraHjariHa Tab-
pudnananu. [HyHrakipad € Ms’n Ba B € M, Matpunanap-
HH OJaMu3. Ynapmmr KynafiTMack Oe, 3JIeMeHTAADH

% =(4,8%)= 2“ #Dak conmap (A MaTpuua j-caTpHMHMHT B
Marpuua k — YCT}'HHI‘a cKanifp K¥maHtmacu) pan ubopar C
Marpruara aitwragy ea C = A - B opkann OenrmnnaHagu. by
Tabpubaan Kypunamuku, C € M, .

Ilyup afiTHnr Kepakkd, AB MaBxys Oyimmms, ammo BA
MaBxyl OVmMacnuru mMymxud. B4 kinaitma dakar f = §
6ynradaaruaa Maexyl. by xonna A-B € M _sa B-A€ M,
Arap § # n 6ynca, Oy MaTpHUAnap TYpiaw, quKH yiaap Tprm
TApTHOTH KBAjipaT MATpULANApP, Arap S = # 6¥nca, v Xonna
AB Ba BA Oup xun TapTubiax Keaapar MaTpuuaiap. by xonga,

12 56
yMyMaH aiiTrapga, AR = BA. Macanan: A =( ), B=( ]

34 78
1922 2334
6¥ica, = ,BA= :
Vaca, y Xonna AB (4350) BA (3146)

Hemak AB = BA.
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1-Teopema. Mampuuasap xynatimmacu-accouuamueaux .
xoccacuzq 32a, sonu azap A, B, C mampuyaasap wynoait 6yaca-
xu, (AB) C, A (BC) kynaiimmaasaprunz oupu maexcyd 6yaca, y
x048a uxxunvuce xam maexcyd sa (AB}YC = A(BC) menarux
ypunai.

Hc¢6or1. MacanaH, (AB) C k¥ynaiiTMa MaBXyHn OVIcHH.

Y xonga A € M_, BEMM,ABEMSCEM
(AB)C € M, . Byura K¥pa B- C masxyn, BC € MM Ba A(BC)
XaM Many,u, ABC}E M .

Kyituparn Gcnmnamnapﬂﬂ KHPHUTAMM3!

= (a,j-): -B = (b,‘k); C = (C;g)a A .-B = -D (dﬁ,)s (AB)C =
DC = F=(f), BC = G=(g), A(BC) = AG= H = (h)).
bynapaan:

hy = Ela;pq,,, = Za Lol = Lsk=1u.
p=

p=lg=1

By epnan Gapua i =1,s Ba k=14 yyyn f, = h, 5kaHIM-
i KenHb unkagu. Jemak F = H, apun (ABYC = A(BC).

Arap A(BC) Mapxyn Oynca, TeopeMaHMHI HCHOTH 1OyHTa
yxmarr. [l

Carpnapu E, E,, .., E opriapaad uGopar n-Taprubin
ywby

10 ... 0

.. 0
Un=01

00 ..1



MaTpuia n-TapTHOAN GHpIMK MarpHua nednnanu. bassan U
Ypunra U éxu E €3aMu3. by MaTpHUaHHHr acocHil xoccacH
Kyiuparinas ubopar: xap Kaniali 4 € M, MatpHua yuyH
AU = A sa UA = A Xycycan, xap Kaunah n-taprubm A
kBazpar MatpHlla yiyH UA = AU = A. byHnan pa [-teope-
MazaH GeBOCHTa KYHHAArH HATHXA KeJaHO 4HKAIH.

Hatuxa. n-mapmubau Gapua xeadpam mampuyarap
MYnAaMu MAOMPpUUAAGPHUR2 Kynaimuptw amaauea nucbaman mo-
Houd xocus kusadu. by Monoumuu (M,, ) opKami Gearwnai-
Mus. Xycycad, n = 1 na (M,, *) = (R,*), SbHM XaKUKHii
COHNAp TYIUTAaMUAA KYTIAHTHPHII AMANKH KAPAIKIUM HATHXKA-
CHAa XOCHI OVIraH MoHoHa O¥aann.

2-meopema. Mampuyasrapni gywuw ¢a xynaiimuputa
amassapy yaapo ducmpubymuesux xonynu Gusan OGoFranzan,
asiu azap A, B, C mampuuaasap wyndaii 6yscaxu, A(B + C)
éxu AB + AC upodasap maexcyd Oyaca, y X040a UKKUHGUCU
xam masxcyd ea A(B + C) = AB + AC menzaux ypuman,

By TeopeMaHmHTr HeOOoTH 1-TeopeMaHUHET HeboTHTa YXIIAI
O6¥nranM yuyH yHH DaxapHIUHH YKYBYMTa KOJAIHpaMU3.

3-reopemMa (zeTepMHRAATIAPHMHT K¥naiiTMACH XaKHIA).
Azap A ea B 6up xus mapmubau xendpam mampunasap 6yrca,
¥ xoada det(AB} = detd-deth.

Wcbor. 4, B € M Ba A= (a,), B = (b,) 6§ncun. ¥ xonza

C=A-BeM, C=(c), ¢ = ilapb# (,k=1,n) sa
p-

detC = 3 sgn Ay s Cyy, = 2 ssn i ZaU’l 1"1)

AESy AESy

n
( 2 Qyp, bpﬂlﬂ) = E Z 2 anb AT npnbp,,l,,

Prml 1ES, Al Pn-l

hE_] 2 [ipy -Gy (E sgntAbpa... Bp g ) =
= X g
.

8, By 1(B,,.... B),

nte
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6y epma Ay ,{B,....B,) OpDKalu caTplapu MOC paBULIAA
By, +....Bp, BEKTOpIApOaH HOOpAT NeTEPMHHAHT OerHiaHa-
ma{8,..., B exropnap B MaTpMUaHUHT caTprapu). Arap F,...,
P comnap MMHAA KaHRaiAHp MKKUTAcH TeHr O¥ica, y Xoina
Az a(Bpy.---  B,,) neTepMuUHAHTAZ MKKMTA GHD XHII CATP MaB-
*yn Oynmamu. [Jemak 6y xonma 6y AeTEPMHHAHT HOJMA TOHT.
Arap P,,.., P, connap Typmu 6yuca, y xonma P = F,.., P,
sextop (1, 2, ..., n) THIUIaMEHHAT GHpop ¥pHH ATMALIITHPHILH
oyaanu. by xonma 20-§ maru 4-teopemara acocad

Ay (B, . B)=sgnpAyy (B,....,B,)=sgn pdet B

Bynra acocan (1) dopmynanax

detC=detB 3 sgnpa,...q

PES2..M

= det A-detB

HE

Teopema ucGoTnaHaH.

by teopemaHu AH2 KyHHAATHYA XaM aHTHIN MyMKMH: M
a2 aHHKJIAHTaH Ba KMiiMaTnapu R na 6yiaraHn A - det A akc
aTrupum (M, *)} MOHOMIHHMHT (R, -} MOHOMIAra rOMOMOp-
dHIMUIND.

Arap A € M yuyn wiyHaaih B € M, Mmapxya Gyncaku,
AB = BA = U 6ynca (U, — OMpauK MaTpuua), A TecKaphia-
wysuy jpeifmnani. By xonna B matpuua A ra Teckapm Oeku-
nanH,

Arap A MAaTpHLAHHHI TecKapucH Mapxya 6¥aca, v Xonza
9-§ nary 3-Teopemara acocaH y sAroHa. A ra Teckapu Gyirad
MATPHUAHH A™! opKamy OearuraiiMu3. TeckapH MaTpHITAHHAT
TappuduaAaH KYpHHAAMKH, 4™l ra TecKapd MATpHiua A HIHD
¥3u, apHU (A} = A4,

Arap A maTpuua yuyH det A = 0 6¥nca, y MaxcycMac Mar-
pHUa aeHIaan.

4-reopema. A xeadpam MampunaHuNZ MeCKapRAAKYeHU
O¥ammn yuyH ynunz maxcyemac 6yauwu zapyp ea xugos. by
WApPT OaKApPHJITaHAA
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A4 Ay - Ay
4y Ay . Ap
Al" Azﬂ - Aﬂn

1

-1 __
4 T detd

b

Oy epaa A, COH a4, PNeMEHTHHHI anre0pank TYARHPYBIHCH.
HcbHoT. A TecKapunaHypul 6¥iacHH. ¥ xonpa wynnait B
MaTpHLa MaBXyaku, AB = U. Y xomma 3-Teopemara acocaH
det A-det B = det U = 1. byungan det 4 = 0.
AxcuHua, det A = 0 6ynmcud. Yby A = det A Gearwraiu
KHpUTUO, SNeMEHTJIApH

Ay
bu =5

udoaa 6unaH aHUKNAHYBYH B = (b,) MaTpulany Ba C = AB
kynaiitManu Kapaiimus. C = (c,) MATPHUAHUHT 3JIeMEHTIIa-
pu 21-§ marm 3-teopemara K¥pa XpcoOJaHAIH.

_jarapi= k 6ynca,l,

i} ] 4]
Cir ;gla“' ot Agla“" # larapi # k6ynca,0.

[ilynra ¥xwam B4 = D = (d,) MATPHUAHNHT XaM 3JeMeHT-
JIapd XMCODMaHAIH;
" {arapf =k Biyca,li,

< 1
T p§=:1 ok 4p=1a"" 7 |arapi = k 6ynca,.

Hemak, AB= BA= Upad! =58

5-TeopeMa. Azap keadpam mampunantine campaapi (yc-
mynaapu) wuzuxayu Iprau Gysca, y xor0a y maxcycmac.

McboT. #-TapTHOIH A MATPULUAHMHT A,,..., A caTpiapu
IH3MEIH DKM OFncuH, 14-§ paru 4-TeopeMaHUHT 2-HaTH-
XKacura kypa yaap R na 6asyic Xocud Kuiaad. ¥ xonna 14-§
Jard 3-teopemara acocaH R* Hmard UXTHEpHE BekTOp OY Oa-
3UC OPKAIH sAroHa ycyn Gmnan ndomanaamu. Xycycan, E,
E, ... E optnap 6y Gasuc opkaty udosataHanu:
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E, = Zbyd, (k= 1,n).
=

HKKHHYM TOMOHDaH

Byaapnan

E, = pgbﬂ,(i a,E;) =§(§;la¢bﬂ)@.

Rpa E, .., E, E opriap 0a3uc XOCHI KWITaHH YIyH
OXHPTH TeHTTHKAAH
L] arapi = kaynca,l,
2a,b, = ]
arapi = k6¥nca, 0,

TeHDIMKIapHu ojaMus. Jdemax, B = (b,) myHpmali MaTpHua
3KAHKHK, AB = U, Y xonna det A -det B = det U, = |. Bynnau
det A = 0.

VYeryrnap yuyH deGoT miyHTA YXInat,

Hartnxa. Keadpam mampuya demepmunaumutunz Hoab
OVauwu yuyn yHuHZ campaapu (yemynaapy) uizuxau 60raanzan
OVauu 2apyp eéa Kugos.

Hcbor. A MATPHUAHUHT OeTEPMHHAHTY HOJIb O¥AcHH. ¥V
XOJila YHHHT CaTPJIAPH (YCTYHIADH) YH3HKIM OOFNAHTAH, YYH-
KH aKC X0nja 5-TeopeMara acocad det A = 0 6ymap 3qu — 6y
aca OepuaraHra 3mum.

AKCHHYA, A MaTPHLAHHHI CaTpaapd (YCTYHNApU) YH3HK-
au GornaHran 6yircun. Y xonpa 20-§ garn 5-teopeMaHuHr 2-
HaTizkacura kypa det 4 = 0. Hatuxa T¥na ucGotnapamu.

6-Teopema. Mampuyasrap xynaiimmacununz panzu
Kynaimyeuusapuune panzaapuoan Kamma 3mac.
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Hcoor. A€M, A Be M vaAdA B=C =(c)6yrcuu.

V xomna ymGy Cu = 20 P i =15,k =17 TEeHTAMKIIADAAH

C, == EC*E Z(Ea wOp )y = Eaﬁ(pr,,Ek)-—

= Zaﬁ,Bp(f =1,5)

=l

TeHIMTHKIAp Kenub YHKanH.

By Terrnuknap € = AB MaTpHIaHHHT caTpiapa B mar-
PHLAHHUHL caTpiapH OpKamH KHGoIaNaHHIIMHH KYpCaTajiH.
byHaan 14-§ naru 4-teopeMara Kiypa (A - B} = r(B).

IOKopuaary TeHDIHEIApra yXmam viunby

=Sk = prktzla Y= $5,47G=10).
= i= pP=

By Tedrmurk C = AR MaTpHia yeryHnapn A MaTpUUaHUHD
VCTYHIAPH OpKaiH idosanaHuuvHY K¥pcatand. bydnan 14-§
Jaru 4-reopemara K¥pa r(AB) = r(A). TeopeMa ucboTnanau.

Hatuxa. Aeap mampuyanu wandan €xu Yrzoan maxcyc-
MAC MAMPUKA2A KYNAUMUPUACA, YHUHZ PaH2u Y32apmaudu.

HcboT. A — TVEpHOYDYAKAM MaTpHUAa Ba B — Maxcye-
MAC MATpHUa OVACHH. ¥ XoJga 6-TeopeMara acocad
HAB) = r{A). UkkuHud TomoHgaH A = AR+ B™!. byHgan aHa
6-TeopemMara acocaH HA) < r(A-B). deMak r(A} = r(4- B).

Yanman mMaxcycMac MATpHIAra KynalTHUpUArad XoJ IIyH-
ra yxwaui uchHoTIaHagH.

23-§. BUPT'AJIMKIA BYJITAH YA3HKJIH
TEHTJIAMANAP TH3NMH EYUMJIAPH
TYIINIAMMHUHT TY3HIUIOHN

Hactnat TH3IMMHUAHr Ko3ddUIHEHTIapH MATPHIIACH MaX-
cycMac KpaapaT MaTpHIa O¥IraH XycycHH XOMHH K¥paMHu3.

1-reopema (Kpamep xonnacn). Azap A = (a,) € M, max-
cyemac Oyaca, y xoada
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ayx, +apxpt.ta,x, =h
0y, X, + apx,+.. Fa,,x, = b, )
AuX% +a,%+ . +a,x, =b,

HUBNKAY MEHZAAMANAD MUIUMY Yby
A Ag Ay
TAUTATT A

Az0Ka ewumea 32a, Oy epna A=det A Ba A_3Ca A HUHT k-
VCTYHHHH 0301 XaIUIap YCTYHH OWIaH ATMalUTUPHIIAAH XOCHI

OyaraH peTepMHHAHT (K= l,_n).
HeboTr. Yoy

X, B
x32 b2

x=|"| B=" 2)
X by

Genrmaap KUpuTHO Ba MaTpHUANAPHH KYMAHTHPHIL aMaTd-
BaH dokgatadub, (1) TH3IMMHHA MAaTpHLA KYPHHHIOWAA KyHHI-
JiaTHyYa €346 onaMua:

AX= B (3)
UIysaai ks, (1) TH3HMHE evuin (3) KYPHHHLIIATH MaT-
PHIAIH OGUTTA TEHTJIAMAHH €YHINTAa TEHT KYWId.

A — MaxcycMac 6¥arany yuyH (3) TeHrnama

X=A"'B @)

8— 2K Xowcuen i 113



TeHIIaMara TeHr Kyynd, ssH4 (3) TeHrmaMa (4) KYpHHHIITA-
M ATOHA eYHMra 3ra. bYHNAH TecKapu MaTpHLUAHHHT KVpH-
Humugan (22-§, 4-teopema) ¢QoliganaHuG, HOMABIYMIAPHH
TOIMAMH3:

xk=21’f 5=%2 bd, = %,(k=l,_n.

el

1l
—

2-reopeMa. Mampuuanunz pancu nosdan aprau mu-
HOPAGDUNUNZ 3H2 FoKOpU mapmubuza mena,

HcbGor.4 € M MaTpULAHHHT paHrH r GYacHH. Y xonuaa
16-§ mars 7-TeopeMaHHHT HATHXKACHTA K¥pa A Aa r Ta YH3HK-
JH 3PKAM CATPAAp MaBXyd. By cartpiap XoCHaI KHATAH MAaT-
PHLAHK B opKany Genrunafimus. Y xonga B € M Ba YHUHT
PaHTH » Ta TeHT. B HUHC paHTH » GYIraHd yuyH 16 § naru 7-
TeOpeMAHMHT HATIDKACHMTA acocaH B A r Ta YH3HKIH 3PKIH
yCTYH Maexyd. By vceryHmap A MaTpullaHHHT r-TapTUOIH
MHHOPHH XocHN KuIagd. by mumbop 22-§ paru 5-teopema-
HHHT HATHXAacura Kypa Hompad dapkmu. WXKMHYH TOMOH-
ZaH, arap k > r 6ynca, v Xonma A HUBC paHrd » OVAIraHd yayH
A Jard HXTHEpHE K TAa catp YHIUMKJIM OornaHrad. bydapgan 22-§
Hard 5-TeopeMaHHHT HATIDKACHTA acocaH A HHHIr K-TapTHO-
IH HXTHEPHH MHHOPH HOIBIA TSHT PKAHIUTH KeIHO IMKAH.

A MATPpHUAHHMHT PAHTH F O¥ICHH. A HUHT HOABAAH GapKiIn
F-TAPTHOAH HXTHEPHE MHHODH 0azuc MuHOPH Ach aTaNaaH.

Kyitnnars teopema MATPHLAHHHL PAHTHHH XHcoOIamiaa
BA YHHHF 0a3HC MMHOPHHM TonmHurma ¢oigany.

3-reopema. Azap A mampuyanunz bupop r mapmubau
munopu nosvdan apxasi 6yaub, by munopry V3 unuza oayeuu
xap xawdai (r + 1)- mapmubau muriop noavza menz fjaca, y
Xoada y Gazuc munopudup (Ba 1eMax, A HHHT DAHTH # T2 TEHT).

Hcbor. M-uonsgan dapgau r- taptTudiad MHHOD
Gyncuu. 22-§ mard S5-TeopeMaHHHI HaTYDKacHra Kypa, M aaH
VIYBUM A HHHT CATPAAPH YM3HKJIM 3PKIH. YJIapHH A, ..., A,
opxanu GenrmnaimMui. TeopeMann HcGoTnam ydyH A HMHC
fowka carprapu 0y caTpaap OpkKanmH YH3HKIH udomanaHH-
WHHH K¥pcaTHIl KUdos.
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A, .., A, A carpiapHu ¥3 muura ofyBud A HAHT (r + 1}
Ta CATPHIAH HOOpaT MATPHUAHH B opKanu GemrunatimMuz. M
MHHOPHH ¥3 HYHMIra OMYBYH 4 HHHT Xap KaHugai (r + 1) - tap-
THONMH MUHOpH HOABra TeHr 6ynraun cababmu, B HUHI Xap
KaHgall ycTyHu M MuHOpAaH ¥TYBYM 7 Ta HH3MKIH 3PKIH
YCTYHJIAD OpKanH yi3HKIH udoganadany. Bydra k¥pa B HHHC
paHru rra Tedr. byunan A, caTpHHHT A, ..., A, caTpaap op-
KAIIH MH3HKIEH udomamaHHmK Keaub YHKATU.

Iuuy GupranHkga OVaraH MXTHEPHIH UHM3KKIH TeHIIaMma-
Jap THIMMHHH KYpaMu3:

a X +apx,+.. 4a,x, = B
ay X, + QpXy+.. Fay X, = b,
............................... (4)

Yy
a8y Gy
.A— Ay ;... by,
Qua,...dgy,

6enrmnam Ba (2) Genrmaammap KHpuTHO, (4) TH3UMHAYU
AX=R (5)

MATPHLA KYpUHHINWAA €310 ogamus. Ulynaaii ka6, (4) Ta-
3MMHH €YHIl (5} MATPHHAIM TEHrMAMAHM eTHINra TeHr Kyu-
. (5) MATPMIAJH TeHraMa Ounad (3) MATPHIATH TeHIIA-
MAHUHT KYpRHUALLK OHp X1, aMMo (5) ma A KBaapaT MATpH-
LA 6ynMacaMra MyMKHH €KH Ma0oao KBagpaT MaTpHIIa 6¥nca
XaM, YHHHT OEeTePMHHAHTH HOAE OVIMLUH MYMKHH.

n=¥miamm { BeKTOp Ba
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n
y=|"

Y

BSKTOP oNHG, (5) TeHraama 6mnan oupra ywoy
AV =0 (6)

TeHINIAMAHH XAM KapaiiMu3s, By TenmaMa (5) TenrnaMara (€ku
(4) TM3uMra) Moc OMp XHACIH TEHINaMa AeHUIan.

4-reopema. (a) deap X,, X, € R" eexmopaap (3) nune
ewumaapu 6yaca, y xoroa yrapwunz X, — X, aviupmacu (6) nunz
eqUMUOup.

B) Azap X, € R™ sexmop (5) nunz enumu 6a Y € R” eexmop
(6) munz ewumu 6yaca, y xoada yaapuunz X, + Y durunducu
(5) nunz enumudup,

¢) deap X, € R" sexmop (5) nunz 6upop enumu ea X éex-
mop () nunz uxmuépiii evamu 6yaca, y xo40a (6) nunz wyn-
daii Y€ R" evumu macwcyoxu, X=X, + Y. )

d) Bup wcuncau menztamanunz uxmuépuii eMuMaapiuunz
MUIHKAU KOMOUNGUURCH SRQ WY PIeH2AQMARUNE ewimudup.

Hcb6o1. a) By xomma: AX, = B, AX, = B. by TeHrnama-
MapHUHT OGUPHHYMCHIAH UKKUHYHCHHH aHHpcax:
AlX, - X,)=0, apau X, — X, BexTOp (6) HHHI' CUHMHIUD.

B) by xonga: AX =B, AV =0. byrapHu Kyuicax:
A(X, + ¥) = B, apun X, + V pekTop (6) HUHT €4HMH.

) By xonna AX,= B, AX = B. Hkxuuuuaan SHPHHYMHU
afiupcak, A{(X, -~ X,)=0, ssHu X, — X, Bexrop (6) HUHT eun-
mu. by sexropuM Y opkanu Gearunacak, X, = X, + V.

d) Arap V|, Y, € R* sexropnap (6) HUHT eunMAapH G¥nca,
y Xonna AY, =0, AY, = 0. Bynpan uxTtuépmit A, u € R

cormap yayn A(AY, +u¥,)=0.
DHIK MXTHEPHHE (4) TH3MMHH euHira yTaMu3. A MaTpH-
LUAHHMHE paHTu # 6¥acud. (4) TH3uM OHpranukaa 6yiaraHu yuyH
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Oy TH3UMHHMHT KeHrafiTHpWiran A' MaTpULACHHHUHT PAHTH XAM
r ra TeHT. byHnaH A' MaTpHLAHHHT WIYHAaH » TA YH3HKIU
SPKIH CATPH MaBXYLAWTH KeAnd YHKATHKH, KOJTaH Xap KaH-
llaft catp 6y caTpiapHHHT YM3HKIH KoMOUHauHAcHaaH Hobo-
pat. by 3ca (4) TH3MMHUHT # Ta TeHTaMagaH uOopar wyHaai
KHCM TH3HMM OOpPIMIHMHH KypcaTaivKd, TH3MMHWHT Oourka
Xap Kaungaf TeHrmaMacH 6y r Ta TeHIaMaHHHT YH3HKIH KOM-
OuHauMacHIup (Hartickacuaup). yunal kunud, (4) THIUM-
HU eyHin Oy r Ta TeHrAaMagaH HOOPAT KHCM THIMMHH €4MIU-
ra KenanH.

By rTa TeHrmaManaH HGOPAT KHcM THIMMHH {Kepak Gymca,
TEHTNAMANAPHH PaKAMUHH ¥3rapTrHpul) OMPHHYH r Ta TEHT-
maManapaan #bopar ged XucoOmamMMHA3 MYMKHH.

a,x, + apx,+.. tax, = b
ayx, + apx,+.. ax, = b,
.................... {N
a.x, +ax,+. +a,x, =b,
IIynmait kw6, (4) Ba (7) TUZMMIApP TEHT KyWIM.
Kepak 6¥nca, HOMABIYMIAADHHHT HOMEPHHH VarapTupub,
ywGy

a4 0

........... = 8

dn G . Gy ( )
ne6 xucobnamn MymMxuH. by xonna x,, ..., x, dapHE Gomr HO-

MaBJIYMAAp Ba X, ,, ..., X, JJADHH 3¢a 0301 HOMabayMaap ned

aTafiMH3 Ba KyHuparu GenrmiamapHi KMpHTaMus:

X

r+1 bl

Xy

.

X° L X0 =] . | B
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Iy ;... 4y, ira -+ in
D= L C=|iiieiiiinnns
............. a...a
arl ar‘l" arr
by xoaaa (7) TH3MMHH
DX’ + CXt = B (9)

MATpHIA K¥pHHHIIMIA é3Mm MyMKHH. byHra Moc 6up XuHc-
N4 TH3UMHH YOy

DX°+CX" =0 (10)

KYPHHHIIAA €3HI0 MYMKWH. (8) maptra k¥pa, detD = (, ne-
MaK D! — mapxya.

X® BexTop cHchatuna R chazoHUHr uxTHEpHE T BekTOpH-
HH ONaMu3. ¥ xoama

DXs = - CT,
X = DB - CT).

Haruxana
A=DB-CH,he kR {11

BeKTOp (7) HHHr euuMHAHp. AKCHHYA, (7) HHHT Xap KaHaai
SYUMHHH LIYHEAH KYPHHHINEA OJIMII MYMKHH. XAKWKATAaH,
arap GepunraH X ewumuunz oxupzy # — ¥ Ta KOODPIHHATATAPH-
JAaH TADKWI TONraH BekTopHH X°= T Gunan Gearwnab (9)
TeHrmaMara ky#cak, (11) udonaHn onamus.

XycycaH, X°cudatima Honp BexTop oacak, (11) Hdona
X= (D', O) ¥puuumra sra 6¥namu. by sektop (9) HUHT
xycycuit equmuanp. IOkopumari mymoxasanapman (10) 6up
XUHCIH TEHIIAMAHHUHT YMYMHH e4HMEE

Y= (-D'CT, T) (12)

KYPHHHIUTA 3ra 3KaHIUrd XaM KelIHO YMKamH.
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S5-reopema. (10) OHp FMACAH TEHCAAMANAP THINMHA-
HHHT eYHMIAPH TYIIAMMAMHT DABIH F TA TEAr.

Hcb6oT. (10) TedrmaMaunur T= E/ (i:l,n— r) ra Moc
eudMHHH ' opranu OearunafiMus (Oy epma EFY, ..., E* map
Rr? a3oHUHT VCTYH [MLAKAHIAA ONHHIAH OpTAapH) Ba
F',...,F"' € R" BexTOp]ap TH3UMH YM3HUKIH 3PKIH 3KaH-
JUMrUHU K¥pcatamui. by pexropaapHu catp neb omub, (v — 1)
Ta caTpJH Ba 7 TA YCTYHJIM MATPHLA Ty3CaK, 6y MaTPHLAHHHT
OXMpTH {n — ¥) TA YCTYHMIAH TY3IWITAH MaTpHua (#n — r)-tap-
THONM 6upiHK MaTpHuaaup. [lyHauur yays 6yHra Moc (n — #)-
TApTUOIN MHHOD HoOMbOaH Gapkin. Hdemak F!, ... F*' pek-
TOPHIAP TH3AMH YHIHKIY PKIH,

Sumt T cudaruna uxtuépudi T= (7, ..., f_) BEKTODHH
onamus. ¥ xonna T=1 B+ 1,B? + ...+, _[E"" TeHDIMKOAaH
ea (12) udonmanas )

Y=1P+ .+t P

TeHTTTHK Keauh ynkaan. byHaaH Ba 4-TeopeMalaH TeopeMa-
HHHT HCOOTH Kenmu® YUKAIM.

Hatuxa. 4) musumnunz uxmuépuii esumuy X, +t P +
+ ..+ ¢, P kypunumiuda ugodasanuiuu mymxun, 6y epoa
X, € R gexmop (4) nunz xycycuii ewumu, P, ... Pr"€ R gex-
mopaap 3ca (4) 2a moc GUP ICUHCAN MUILUMHUNE YUIUKAU IPKAU
eyuMaapl muaumudup. I, h, . L€ R

He6or. HamokadHadr #c0OTH 5 —TeopeMaHHHT HCOOTH-
JaH Ba 4—TeopeMalaH KeNdb YHKADH.

{10) TH3UMHHHT e9HMIAPH TYILIAMMHUHT UXTHEPHH 6ain-

cu (10) TH3SUMHHHT GYHRAMENTA MHMAAP THIHMH JEHHIAAH.



Bemunvu 606

XAJTKAJIAP BA MAIHJIOHJIAP. KOMIUIEKC
COHJIAP MAMJIOHH

24-8§. XAJTKAJIAP BA MATITOHJIAP.
BOLIIIAHFUY MABJIYMOTJIAP

K t¥nmampoa MxkuTa OHHAp aMai aHUKAAHraH OYICHH.
ViapuuHTr OHTTACHHH KYWHD aMatd ge6 ataiMu3l Baag, be K
MEMEHTAAPHHHT HAFMHAUCHHHE & + b opramy Genrmnaiimus.
MKKHHYHCHHY KYnafTHPHII aMany aeb aTaiMH3 Ba a, b K
3EeMEHTIAPHHHD K¥NalTMacHHH & - b opKaaH SenrwraimMus.

KX tioamaa aHMKIaHraH KYWOAL Ba KYIIAHTAPHIT aMai-
napy KyHHOAaTH IAPTIAAPHM KAHOATNAHTHPCA, ¥ XAAKA HCHH-
Janu;

. KT¥naM KYIHin aManura Huc6aTad KOMMYTaTHB TYPYX,
XOCHT KiIamu.

[l. X T¥nnaM xynaiiTHpHI aMajiHra HUcOaTaH SpHMTYDYX
XOCHE KHJIAZH.

HE. Kjhnum Ba K¥madTHpuIl aMainapd AHCTPUOYTHBIHK
KOHYHJIApH 61IaH GOFNaHTaH:

alb + ¢} = ab + ac,
(a+ b)c=agc+ be

Muconnap: 1) Z, Q, R TVmnamiap COHJIapHH K¥IIHII Ba
KVIaRTHpHIN AMATATA HMCOATAH XAMKA XOCUJ KWIalu.

2) [a, b} opamikaaru 6apua vanykcus dyHKOUAAApIAH HOO-
par C [a, b} T¥maM GYHKUHMSUIAPHHHT KYIOMII Ba KyHadTH-
pHII aManura HUuchaTaH XaaKa XOCcHI KIWIaRH,

3} bepwirad m(m > 1) HaTypan coHra 6¥aMHyBuUM Gapua
oyryn comnapaad uGopar mZ TVIDTaM COHMAPHH KYILHIN Ba
KymaiTupMil aManura HUcHaTaH Xanka XOCHM KWIAIW.

4) DnemeHTHapy Moc papumuna Z, O, R xanxanapna €T1ye-
4i Gapya n-TapTHOIN KBAIpaT MaTpHLIATapAaH ubopar M,(2Z),
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M(Q), M(R) TyInamrap MaTpHOAIApHHA KYIIMII Ba KyHaH-
THPHID AMAUIADHTa HUCOATAH XAMKa XOCHN KWIiaau.

Arap K xanKaga KymaiTHpHIl aManH KoMMyTaTus 6¥nca, y
KOMMYTATHB Xanka netimnany. FOkopuna kertupwirad Z, O,
R, C[a, b], mZ xankanap koMMyTaTHB, aMmmo M (Z), M (Q),
M (R) (n> l)xankanap sca KOMMYTATHB 3Mac.

Arap K xanxana xymairupum amamy yuyH /€ K Onpmuk
3ReMeHT MaBXyd (AHHH Xap KadHnal a € K yuyH al = la = a)
Gynca, { snemeAT K xankaHHHr GMpaMk 3jeMeHTH Ba KX 3ca
OHpIAK SMeMEHNTIH Xanka ackmwiagd. banszaH K XaikaHuHT
OMpIHK >NeMeHTH | OopKanM XaM OenriwiaHaku.

IOkopuga kextupwirad Z, O, R, Cla, 8], M(2), M (Q),
M (R} xankanap GUpAUK 3JIEMCHTIA 3ra, mZ ¥anKa sca ara
aMac. Z, O, R na GUpIHK 2JIeMeHTH pONHHHA 1 COHM ¥itHaM-
au. Cla, b na GUpIKK 3neMeHT poduHH [4, b] Oa aiitHaH 1 ra
TeHr Gyrrad Gyuxuus Vitnaina. M (Z), M (0}, M (R) xanka-
napaa OHPIUK 2JeMeHT pPOJUHH OHPAMK MaTpuua YiHaiaH.

Xanka Ky aMaaura HucGarad rypyx 6¥nrany cababmm
YHAAa KVIIHI aMaTura HHcbaraH YMYMIAILTAH acCOLHATHB
KOHYH VPHHIH. Xa/AKa KVIaHTHPHIT AMAJHTa HHCOATAH ApHM
rypyx, 6ynradu cababnd yuaa KymadTHpHIL aMaiHra Hucha-
TAH XaM YMYMJIAUITaH ACCOUMATHBE KOHYH YDHHIIH.

Kymmw Ba K¥naHTHpHID aMALTAPHHUAT JUCTPHOYTHEIRK
KOHYHJAapHIaH » ¥ Hya MaTeMATHK MHAYKINA €pIaMufia Xap
KaHmaii a,, b, ..., b € Konemenrnap yuyn Gepocura KyiHaa-
M TEHTAHKIIAY OJIMHANM:

alb+b,+ .. +b)=ab +ab,+..+ab,
(b+b,+ .. +b)a=ba+ba+ .. +ha

Bynapnau sca xap Kaumait a, a,, .., 4, b, .., b, €K

MeMeHTIap YI¥H OeROCHTA KYHHAArd TEHTTHK Kemub UMKATH:

(fg0)- o

= i=l &=l

by BuFMHAMAA KYUILIYBYMIAPHEAT KaHIaH TapTu6aa £3u-
AHLUMHWHT aXaMUATH HVK (TbHH WHFHHAA Y3rapMaiion), aMMo
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KOMMYTAaTHB O¥aMaraH Xankana KynafTyBUWIApHHHLD KAHITAH
TapTHOAA E3MIHINK MYXHM.

Xap KaHzall XanKana alupuin Ba KVIAWTHPHIL aMaiapu
OACTPHOYTUBIHK KOHYHH OWiIaH OOFNaHTAH, SThHH XAD KAH-
Hail a, b, ¢ € K 3neMeHTIAp VIVH

(@a—-bc=ac—~be, alb—¢)= ab — ac.
BynapHuHr, MacanaH, SHpHHYMCGHHHE HcoTaaiiMui. Yoy
(a=bec+bc=(a— b))+ bc=ac
TeHDTHKAGH
({a—byc+ be) = be = ac — be,
AbHYU
{(a —byc=ac—- be

KeJHO yuKanu.
By AMCTpUOYTUBAHK KOHYHUIAH Xap Kaumaid a € K ane-
MEHT Y4YYH KYHHDArd TEHINHK KenuO YHMKATH:

a-0=0 a=0,

6y epna 0 — xankanard Kyl aMaJMHHHT HOMb 3JICMEHTH.

XakukaraH, @ + 0 = a(b — b) = ab — ab = 0. llyura yxuam
0-a={b-»0Na=ba -ba=10.

K OHpNHK 3AeMeHTAM Xaika OVacuH. Arap ¢ € K yuyH
a+b=5-g=TeHMHKIADHH KAHOATIAHTUPYRYH b € K s1e-
MEHT MaBXyn 6Vica, g 3JeMeHT TeCKApHIAHYRUM Ba b 3Je-
MEHT 3Ca & ra Teckapu Jeiumani.

9-§ paru 3-treopemara acocaH, arap ¢ ra TECKAPH SJIEMEHT
MaBxyn G¥nca, y aroHa. by xonma yHM o7! opKanu Genrmiai-
MH3. By ¢! 31eMeHTHHHT ¥3H XaM TeCKapwIaHyByH 6yimb, 4
VHIa TecKapH, IpHH (o~!)~1 =

Z xantkana dakar 1 Ba —1 COHNap TecKapHIaHYBYK.

O Ba R xankamapza HonpaaH Gowka Gapya aneMeHTIAp
TecKapunaHyepul. (la.b] xankama TeCKapWIaHYB9H 3€MeHT-
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1ap [a,b] na vonbaaH baprd G¥araH GyHEKUMSIapaaH noo-
par. M (Z) xalkana TECKApHRAHYBYM 3JeMEHTIAp AeTepMu-
HaHTH 1 Ba -1 Oynarad MaTpHuaiapaad ubopar. M ((Q) sa
M (R) xankaiapia TEeCKapHJIAHYBUM 3JEMEHTNAD MaxcycMmac
MaTpuuanapiaH uGopart.

Arap K xanka aroHa 3iaeMeHTEAH HOopar Oysca, y ¢akar
HOMbiIaH ubopar Gynaan. By xanka moms Xamka acHwiagu.
Honb xankaga 1 =0,

Bupnuk snemeHTiH K Xankana OHTTafaH OPTHK 3JEMEHT
6yacHH. ¥ xoama yHAa HOMBAAH dapkad 3/eMeHT MaBXxya. by
xankaga 1 = 0, yyHKH akc xomga 1 =0 6ynub, a=ag- 1=
=g+ 0 =0 TenrmuK onHHapad. by xapaMa-kapiuiiauk 1= 0
9KAaHHHM k¥pcatagu. byHga xankana (0 speMeHT Teckapuia-
HYBYH 5Mac, YYHKH Xap KaHzaili b &€ K sneMeHT YYyH
0-b=0=1.

Arap K xankana HonegaH Gapxiu a Ba b 3MeMeHTIAAD YYYH
a-b=0 6ynca, ¢ ga b MeMeHTIAD HONBHMAT OYAYBUMNADH
acionanu. byHpai aneMeHTapra sra H3IraH Xajika HoAbHHAT
O¥ayBuNCHIa 913 XanKa geiunann. Z, mZ, O, R xankanap HONb-
HHHT O¥ayBumMiapHra sra smac. C(—w, +0) XarKana
flt)= |t| +¢ pa g(n= |t] - { ¢yuknusiaap HOABHHHD OVIyB-
ywtapuanp. M (Z), M (Q) Ba M (R) xankarnap xaM HOJBHHHET
6ymysunnapura sra. Macanan

1 B 1-1 (0 0O
(1 1(—1 1]'(0 0]‘

Arap KaMHIA HKKHTa 2JIeMeHTra 3ra Oyiran GHpIHK 37e-
MEHTIH KOMMYTATHB XANKaja Xap KaHjall HompgaH dapin
IMEMEHT TecKapwiaHysyu 6¥1ca, OyHaail xanka Maiaom pe-
Aunanu.

IOxopuaa kenTupunrad Mucoiiap vauaa dakar O ea R
XANKANTAp MalpoHIup.

MaiinoHra sHa OMp MHCOI KEeNTHPAMHS. Q(ﬁ) OpKamu
a+ b2 (a,b € Q) KYpHHAIAATH XAKUKHH COHIAD TYIUIAMHE-
HU OearmnaiiMus. XakuKHil COHAApHM KYUIMII Ba KymalTH-
pULII amauiapura HUcOataH 0y TyuiaM Hosaad apkian 6up-
JIAK 3MEMEHTIH XaTKaaup:
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(a+bﬁ)+(c+dﬁ)=[a+c.)+[b+d}\EEQ(\5),
(a + bﬁ) (c +a'J'2') = (ac + 2bd) + (ad + 2bc)2 € Q(Ji),
1=1+0J2 € 042}

Arap a+ b2 20 Gyaca, y xonma 2 uppaHoHat O¥ara-
Hit y9vH a* — 28 = . ByHgan

1 a b -\EEQ(\E),

atb2 | @25 a2

YYHKH

a b
, — e ().
a*-25? a?-2p? Q

Hemax, Q(Jf ) — MA#HIcH.

Maitnonna HOTBHUHT 6VIYBUMAADH WYK, X AKUKATAH, arap
a - b = (} Ba MacanaH, a = 0 6¥aca, 6y xonma ¢! MaBxyn O¥ira-
HU yuyH a(ab) =0, svHU (a'a)b=b =10,

F — maitnou 6¥ncuH. Arap a, b € Fpa b= 0 G¥uca, ¥y Xonna
a + b~1 3jeMEHT cypaTH 4 Ba MAXpaXK b G¥nrau xacp nefinna-
Iu Ba Oab3aH % K¥pHHHILMAA XaM OenrinaHanu, VIxTiépni
MaHIOHAATH KAcpiaap YYyH COWIM Kacpnapra xoc¢ OYaras aco-
CUH KOHYHAAD YPUHIK

1) xap kaHgai ¢ € F (¢ = () 3neMeHT YVuyH

s _a
be b"
a ¢ ad+hbe
D 5+a="m
a £ ac
A A v A
4} g= 0 G¥aranga
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bynapHM HcGoTIAWHE VKYBYKHIa KOLAHPAMMA,

By xoccanap uxTHEpHE Maligonaa KYLIHIU, aifMpHIT, KyTaf-
TUPHII Ba HOJABJAH DapKIH 3JeMEHTIAPTa OVAMII aMarnape
MaBxyx O¥nu0, ynap omariaru “apudMeTHK” xycycHATIApra
ara 6YmHIUHHK K¥pcaragu. By XHXaT UXTHEpUI MaHIOH y¢-
THAA YH3UKNH TEHINAMANAPDHH KYPHILUTA Ba €4YMILNra HMMKOH
Gepagn, Marapuru 6obnapga kypunran R ycTUIArdH BeKTOp-
japra, MaTpUUalapra, AeTepMHHAHTIApra Ba YM3MKJIH TCHI-
JaMaIap TH3MMIApDHra oud fapua TeopeMamap R MaHIOHHH
UXTHEPHH MaHOOH DIAH AMMAIITHPHICA XaM YpHHIIUIHIHYA
Konagd.

BesocuTta Tekwmpuin Oyuoa 20-§ mard 4-teopema 2-Ha-
THXACUHMHT GupHHIK UcOoTHAAaH Golka Hapua TeopeManap-
HMHI HCOOTHAA MHUIATIUITAH MYJIOoXa3ajap UXTHEPHH Maii-
OOHAAD YYYH XaM APOKIAH 3KaHHHW KYpCaTamd,

20-§ narn 4-reopeMa 2-HATHXKACHHHHI OUPHHYM HCOOTH-
Hard Myjaoxasanap 0ab3d OMp MaiIoHIap (XapaKTepHUCTHKA-
CH 2 ra TeHr MaHJOHNAD; MaHQOHHUHI XApPaKTePHCTHKACH
TYUIYHYACH KeHHHPOK KHPHTIIAAK) YIYH YPUHIM 3Mac. AMMO
6y HATHKAHHHT KEITHPHIraH MHKKHHYH HCOOTHIATH MYJIOXa-
3afnap MXTHEPHA MallloHiIap yyyH xaM sgpaiiad.

KBa K — xankanap 6¥i1cuH. Arap ¢ : K~ K ak¢ TTHpPHII
xap KaHuaft x, y € K aneMenTiap yuyH

p(x + 1) = p(x) + ¢{y),
p(x - ) = p(x) o(y)

TeHIHKIAPDHH KaHoaTAaHTHpca, ¥ K xankanudr K Xamkara
romomopd akc srrapHH (FomomopdHsMH) aeitwianu. Arap ¢
roMomopdusM wy OiwnaH Oupra OHekuus xaMm Oynca, ¥ M3o-
Mopd akc sTraprm (m3omopdmaM) JeHITARH.

Arap ¢ — u3oMopdH3M B¥aca, ¥ X0AAa ¢! aKe STTUPHIL
xaM H3oMopduaM. by TacAMKHRHr HCOOTH CypyXIap YIYH HI-
rapd KeATHPHITaH MOC TACAMKHHHT MCGOTHTA VXILALI.
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Xynnu rypyxiaap KabH HioMopd Xaikadap aaredpak xy-
cycuaTnapu 6unad Gup-6upunan dapk xunMainy. Macanay,
KOMMYTATHBAUK, OHPIHK 3NeMeHTHHHT MABXKYIJIUTH EKH
HOJILHHHT O¥AyBUWNApH MABXYLIMIH HKKHTA H30MOpPd xan-
Kanapna & 6up BakTRa GaxapwianM, € 6Hp BaKraa baxapun-
Maiini. Arap K — makigoH 6Vica, v xonga yHra HioMopd Xanka
XaM MaHmoH.

Haomopd xankanap Ba MaliIOHTAPHUHI anrebpaHK xoc-
camapu 6up xmn O¥araHm ydyH Kenaxagiaa GyHaal Xanka Ba
Maittounapuy Gup-onpruoad dapk KAIMaiMus.

Mucon k¥pamuz. K — Gupop xanka Ba 0 — YHHHT HOJb 27ie-
MeHTH 6%ncHH. K* Huur ymby kucMuHH K opxanu {(x, 0),
x € K} GenrmnaiiMua, K aa kywinm ba KimadTUpHIL aMania-
PHMHH KYHHIAIHYA KHPUTAMHS3:

x0+00=x+y0),
(0., 0)=(xy 0).

by amMannapra Huctatan K xanka 6§16, ¢(x) = (x, 0) ndo-
Ja 6HIaH GepuaraH akc >TTupHm K sa X XAnKANApHUHT H30-~
MophHIMH SKaHIUMK 0eBOCHTA TEKIIMPHIANH.

l1-reopema. dzap K — bupaux >1emenmau xasxa 6yaca,
¥ xoada K dazu Gapua mecxapusanyenu semenmaapoan ubo-
pam G mynaam K dazu xynaiimupuw amarnza nucéaman aypyx
XOCHA KHAGOU.

HcGor. Arap x, y € & 6¥1ca, y Xxonga xy € G, YyHKH
yixxy = xyyix i = 1, g8H4 ()t = y~'x7Y), G naru aneMeHT-
JAp KYIARTMACHHHHT acCOLHATHBIHTA Oy KymadtMaHMHr K
Ja ACCOIIMATHBIMTHEAH Keaub dyukamy. Ymoy 1 | = 1 teHr-
aarian 1 € G MyHocabar, Xap KaHmgad x &€ G yuyH
l x=x-1=xpa x x'=x1:x=1 MyHocabarnap ke1ub
YHKAgH, ABHU G — TYDYX.

Hatuxa. Maiidonnunz nonedau gapkau aremenmaapu Mali-
dondazu kynatimupuiy amatuza HUCO6amMan 2ypyx xocua Kuraou.

By rypyX MalZOHHWHT MYILTHIMKATHE TYPYXH Hellunand.

Arap P, F— maiinounap 6ynuf, FC P pa P naru aMamnap
F HUHT TeMeHTRApH YUYH K¥puriraHga F garm amawtap 6u-
JaH 6up xun 6¥nca, P maiinon F MallIOHHUHI KeHTAHTMACH
IOeitvnand, Macanax Q(Jf) Ba R maifnonnap { HHHT KeH-
raitrMaci, R MaitoH 3ca Q(ﬁ } HUHI KEHTalHTMACH.
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25-§. KOMILIEKC COHIJIAP

Arap C maiinoH R xakukuii connap MaHOOHHHMHC KeH-
raiirMacu OVHO, KyHHIATH HKKMTA LIAPTHH KAHOATAIHTHP-
¢a, ¥ KOMIUIEKC CORJAp MAMNORH HeiMnanu:

1. Ymby # = —1 TeHINMUKHH KaHOATAAHTHPYBUM { € ( Bne-
MeHT MABXVA;, OVHIOAH 3MeMEHT MABXYM OMPIMK AeHrIaIH.

2. Xap Kaupasi z € C anemedT yuyd Wyumali a, bE R
XaKHKHIT COHNap MaBXyoku, Z=a + bi YpHHIH.

C MaaOHHHHT MEMEHTIAPH KOMILIEEC Commap ael aTta-
JAIH.

byHpal KeHTAHTMAHHHT MaBXYMIUTHHH K¥pcataMus.

Byuuur yyyn R? na K¥UIMIE Ba KYIDANTHPHIL aMALIADHHH
KHpHTaMu3. KyiUHm aManu cHpaTHE2 BEKTOPAAPHU KYLUMLI
aMATHHH ONaMH3:

(a, By + (c, ) ={a+c, b+4d). (1)
K{nairtupumr aManaHi ywoy
{a, b) - (c, d) = (ac — bd, bc + ad) (2)

ugona (popMyna) OHWIAH aHHKIAKMH3,

Ky aMandra Hicbatal A? HHHI KOMMYTATHE TYpPYX
9KAHJIMIM WITApH K¥pcaTHiraH 5au. bynna (0, 0) sneMeHT Oy
FYPYXHHHT HOMB TeMEHTHIUD.

K¥nalTUpHIIHAHT KOMMYTATHB/INITH (2) Ba ymby

{¢c, &) - (a, b) ={ca—-db, da+ ch)

HojamapHUHT ¥HT TOMOHHAArH BeKTODAAPHHHI TeHIJUTH-
JaH KenHb YHMKanu. ACCOUHATHBANTH 3¢a KYHHIArH TeHIMHK-
JApIaH Keau® YHKADH:

[(a, B) - (¢, D)(p.q} = (ac - bd, bc + ad)(p, @) =
= (acp — bdp — beg ~ adp, bep + adp + acg— bdyg),
(a, b)[(c, dp, 9)] = (g, b)(cp — dg, cq + dp) =
= (acp — adg — bcg ~ bdp, ocq + adp + bep — bdy)
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AucTpubyTUBAMK Xoccaiapd 3ca KYWHNArd TeHTJTRKIAp-
JaH Keaub YMKamu:

(g, &) + (c, DUp. @ =(a+c, b+ d)Np, gy =(ap+cp~bg—
— dq, ag + cq + bp + dp), {a, b}(p, @) + (¢, D){p, q} =
=(ap— —bg, bp+ aq) + (cp— dgq, cq+ dp) =
={ap - bq+cp—dq, bp+ ag+ cqg+ dp).

Hemax R tymmam Gy aMamiapra BHcGaTaH XalKa 3KaH.
Yoy (1, 0) aneMedT WyHAAN XYyCYCHSTra 3TakH, Xap KaHaak
{a, b) € R? 3neMeHT yUyH

(1,0Ma, b) = (a, b),

seHu (1,0) snemenr R wunr oupnuk saeMmeHTH. HonspaH
dapan UXTHEPUH (a, ) € R? aneMenTHH oaaMuz: (a, by = (0,
0). ¥V xonma 4, b COHTApHUHAT KaMHAa OHpH HONBIAH dapKIH,
aeHU g* + b= 0,

Yuiby

(a, b)(_“-_ - ;5%) =(1,0)

at+bt’

TeHITHK KYpcaTandki, R j1a noapnaH GapkKiu xap Kaxpmai
{a, b) aMeMEHT TECKAPIWIAHYBYH Ba (a: b) '= (ﬁ? > — ﬁz—)

Hemax, R TVIUlaM KHPUTHATAH KYLUMII Ba KyINaidTHpHIL
aMaUiapura HucGatan MamoHaup. by maiinonuu C opKaau
GenrwiaiiMH3 Ba YHH KOMILIEKC COHJap MalaoHu AcO araii-
Mu3. by Maiiion R MaHEOHHMHr KeHTralTMacH SKaHIHTWHH
Ba JOKOPHJIA KEATHPHATaH HKKUTA XOCCaHH KAHOATAAHTHDH-
IWHHKM KypCcaTaMK3.

C= R ma (x, 0) xypuHHIKzara Gapya BeKTopIap TVILIA-
MuHEE R opkand Oerrwiakmus. I0Okopuaoa kupuTiiran (1)
Kyl pa (2) KyOAaUTHPHIN aMalIapusal R aneMeHTIapHAa
KapaiiMH3:

(g, ) +(c,0)=(a+c,0),
(a, O {c, ) ={(a-c, 0.
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By dopMmynanapaad R’ HHHr MaliioB 3KaHAHTH GerocHTa
kenuG ynkanu. Jdemak, C maitnon R MalROHHHHI KeHTakiT-
Maci. 24-§ na K= R muar X' = R’ ra H3oMopd 3KaHIHIH
K¥pcarwirad s3gu. Msomopd MaimoHnapuu arreGpaHK HYyK-
Tau HazapAaH GHp XHI Beb XucobaaraHHMH3 yayH C MaiinoH-
JlaTH R' MailJoHHH R MalIoH 6MnaH alHUITALITHpaMH3. Ke-
qaxakaa (a, () ¥pHUra a €3aMH3. '

Yoy

(0,D0,1) = (=1, 0) = -1

TEHITHK KypcaTagukH, arap (0,1) Hu i opkanu Genarmnacak, y
xomaa i*=-1. Jlemak, C MalinoHpa 0OKOpHAa aHTHAraH OH-
PHHYM IAPT YPHHIHK,

Hxtugpuit (g, b € C yayu (a, B =(a, 0) + 0, b) = {(qa,
O+ 0)- O, D=a+bi

TeHIAUKHY E3mHMHA3 MYMKMH. [lemak, € MafiioH yuyH
ICKOPHAArH MKKHHYM MApT XaM VpHHIU, ThHH Xap Kasga#
z=(a, b) € C aneMeHT

z=a+ b (3)

KVYpHHHIIAA &3MnumE MyMkHH. Bepuiran (g, b) BexTop V3
KOOPIMHATANADH GIIAH TYIa aHHK/IAHTAHH YIYH YHH (3) Kpu-
HMIAA aroHa yoya OmwraH €3mm MyMmMkuR (3) udonamary a4
COHH 7 KOMIUIEKC COHHUHI XARKMEMH KMCMH aeiiviann Ba Rez
OpKanH GenrwlaHany. YHEArH b cOHH 3ca 7 KOMIUICKC COH-
HHHT MabXyYM KncMM IOefiunanu sa Imz opKaap GenrMzaHagH.
[Mlyenai kHIHG, XaKHKHA COHMAD MABXYM KHCMH HOMB GYIraH
KOMILTEKC COHIAPIMD. XAKHKMI KHCMU HOME OVIraH KOMI-
JeKC coMmap, TbHH bi(b €R) KypuHWNMaary cownap cod
MABXYM KOMIUIEKC COHJIAp AeHITaj.

Arap R XakMKMI cOHIAp TYIUIAMHHH TYFpH 4YH3HK, cada-
THOA TEOMETPHK TANKHHHEH Kapacak, ¥ Xoinga R* HH TeKuc-
JHUK ged KapallHMB3 MYMKHH.

{3) dopMyna K2 TeKHCIUK HYKTANTADH OHI3H KOMILIEKC COH-
nap Ma#goHM opacupa Omexims YpHatagdw. by 6uexumg C
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KOMILIEKC COHNAP MalTOHHHUHT TeéOMETPHK TANKHHAM, TEKHC-
JIHK 3Ca — EOMIDIEKC TEKHCIHK HeHITAIU.

~ Komiuieke coHMApHH KOMIUIEKC TEKMCTHKHWHT HYKTana-
pu fe6 XaM ranapuiann. byHaa xakukmii connapra aécuncca
VKMHUHT HYKTa1apu, cod MABXYM COHJApTa 3Ca OPAHHATA
VEMHUHT HYKTAnapy Moc kenand. HlyuuHr yuyH Gab3aH abe-
HHMcca YK — XaKMKHH YK, OpNMAATA VKU 3C3 MABXYM ¥K le-
HHmaau.

KoMrmexe TekHeaHKAa KyTO KOOPAHHAT TH3HMHHH KHPH-
tamMu3. Kyr6 cuaruaa O Hyxra Ba Kyré ¥ku cudaruna
Xakuakuit Mychar gpuM YKHM (abcunccanap YKHHHHT Myc6ar
ApHM YKHHH) onaMu? {1-makn).

Texucauknaru Pa, b) HyKranuHr (z, ¢) KyTd KOOpAMHA-
Tajnapd KyHHIard4a AHHKAAHaAd: P HYKTalaH KOopJMHATa-
aap Gowmrava 6y¥narad Macoda sa Ox KyTO sIpuM ¥Ku OHIaH
0P KecMa opacHmard ¢ 6ypuak OwiaH P HYKTAHHHT TeKHC-
JUKRATH YPHU TYNA AHUKJIAHAIM. ¢ — KyTO paguycH Ba ¢ —
KyTO Gypuary JeHHIALN.

¥ A
Pl b)

b
¢ X

4] a

I-tuaxa.

rMacoda 6Y¥AraHH YIYH Y J0HM MaH(#k 6¥IMaraH XakHKHEH
¢coHra sa ¢akar P=  GyarangardiHa HOAbBrA TEHTOUp. ¢ Oyp-
yak OyiaraHu yuyH YHHHT KuiMatiapH 0 < ¢ <27 TEHICH3-
JUKHHM KAHOATIAHTHPHIIHN Kepak.

AMMO myHAall Macamamap yYpaiiiMKW, yaapaa HXTHEPHIH
XaKHKHH KHAMATIH (STbHA KuAMaTiaapu [0,2x) opanukiaH
TaIKApKAA €1TTaH) Oypuaknap OMJIaH HIU KYPHILUTA TYFPH Ke-
aagn. Kenuurysra myBodHK, MycGar 6ypuakiap coaT MHIH

130



WOPHILHTA Kapiiu #yHanuinaa sa Mmanduit dypyaxiap coar
CTPEJIKACH IOpHIIH AYHaTHIIN 6Viimda xpucobmaHamu. Kytd
KoopauHaTaAapH (7, ¢) Ba (, ¢ + 2k ) 6¥nran xyd1iap xap
KaHOa$i & OYTYH COH YYyH TeKMCIHMKAa OHTTA HYKTara Moc
Kenand.

l-maknyary T¥rpu 6¥puakan OPQ yubypyakaad P HyKTa-
HHHr (a, b) Hexapr KoopaHHaTanapu 6unan (r, ¢), Ky1O KO-
OpPAWHATANADH 4 = rCOS ¢, b = rSin ¢ TEHIIHEKIap bUnaH Gor-
JaHradadra oA, Arap Pa, b) Hykra Geprirak 6¥nca, y
X0/ YHHHE KyT6 paiuycd ¥ = V@’ +b* TeHIAMK opKamm To-
mwiagd. 7= 0 Xolmda YHUHD KyrG OypuarH & ra éxu 2z ra
Kappain O¥IraH COH aHUKJIMTHAA COS¢ = %, sing = % TeHI-
JHKAApAaH Tomunagn. »= 0 Xonma yHHHT KyT0 Oypuyark mx-
THEPHH XaKMKHIA COH., 7= a+ b/ KOMIUIEKC COHHHMHI KyTO
PaIMycd YHHHI MONyIM neitwianm Ba |z opxanu 6Gearmna-
HaIH. )

Vwby (z|=Va® +b* udonaman Ba g = Rez, b= ImZ Gen-
rumapaad Gesocuta |Rez|=|7, |[Imz <|7 Teurcmamuxnap
Kenuh YHKany.

[z| ¢yHKUHA 7 HUHT OHpP KdHMAaTAH PYHKUHACHIUD.
Z= a+ bi KOMIL1eKC COHHHHT KyT® OYpYard YHUHI aprymeH-
™ Oefiunagym Ba Argz opkanu OGenruwiaHagu. Arap ¢ COH Z
KOMILIEKC COHHMHT KyTG Oypuary Gynca, Xap Kangau k OyTyH
COH YYYH ¢ + 27k XxaM z HUHT KyT0 Oypuaru Oysirasu cababau
Argz yHKUMA 7 HHHr K¥n KMAMATAd QyHKunAcuaup. He-
Mak, GepwiraH z{z = 0} yuyH Argz GuTTa cOH 9Mac, Oanku
{p + 2nk} xypuHMwdarn 6apya cowiap TuzuMu (6y epma k
HXTHEpUH OYTYH COH). '

Ywby z= a + i ndona ogatga z KOMIUVIEKC COHHHHT -
reGpank uopacu geitunagu. By ndonamad Ba g =+ cose,
b = rsin ¢ TeHrMUKNIAapAaH GoiiganaHub, 7 = Hcos ¢ + {sin @)
Hdonauu onamul. by 7 KOMIUTEKC COHHHHT TPHLOHOMETPHK
ndoracn nefinnagn. KoMOIeke COMRHHT TPHIOHOMETDHK
udonacy Kyiupary MabHOIA SATOHA:

1-teopema. Azap z(z = 0) Komniexc coHnunz BKKUMA
z=r(cosp + i sinp) ea 1= ri(cos¢’ + i sin¢’') mpuzonomem-
pux whodarapu bepurzan 6ysca, y xoada r =r' ea wmyndaii X
oymyn con maswcyoxu, ¢ = ¢' + 27k,
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Hcbor. XakukataH, Oy xonma r cos¢ =7r cos¢’,
rsing = r sin¢’. bynapaaH

r= J(r cos sO)l +(rsin «p)2 = .J(r'cos ¢’)2 + (7 sin cp’)z =y

Y xomga z# 0 G¥araHu yuyH cosp = cosp’, sing = sing'.
By TeHDIHKIAapHaH ¢ Ba @' 6ypUaKNapHUHT OMp-Oupuiad 2rk
(k — 6yTyH coH)} ra dapK MUK Keaul YMKaATH.

KoMIneke connap ycTHAa KYLIMIL Ba aHAPHII AMAJUIAPH-
HH GaxapHliga yaapHUHr aarebpauk udopacu OWinaH MU
K¥pui Kynait, KoMmiexe cOHIAPHAHT TPHFOHOMETPUK HDO-
JacH 3Ca KOMIUIeKC COMJIApHH K¥NayiTupHIaa, 6¥nuumiga sa
Japaxara KyTapHiuga KyI KeJaju.

Arap Z, = r/(cosp, + ising,), Z, = r,(cosp, + ising,) Gyica,
yxomnaZ - Z = rr[(cosp, - cosp, sing sing,) + ising, * cosp, —
— sing.cosp 3] = - r,[{cos(p, + ¢,) + i sin(p, + ¢,)].

ByHnan 1-teopemara acocan r, -7, = |Z - Z,|, abHK

|21'22|=|21|'|22| @)
OxopHaa ONMHTAH TEHCAUKAAH
Arg(Z, - Z)) = ArgZ, + ArgZ, (3)

TEHIJINK XaM Keyu6 yukanu. By TeHrauk Kyiugaruya Tyury-
HWIaau Arg(Z, - Z)) COHNAp TH3MMH ¢ + 1, ¢ € ArgZ ¢ € ArgZ,
KYpUHUIUKHAATH COHMAp TH3UMMAaH ulopar.

(4) TEHTTHK roMoMopdH3IMIap épnaMuia KyHHIATHYA Tal-
KHH KHAMHaOH;

C MalIOHHH KymaATHpUINra HUC6aTaH APUMIYDYX Ba R, —
MaH(puil O¥nTMaraH XaKMKaH comiap TYTUIAMMHH KyTaiiTH-
pHIIra HIcHaTaH ApUMIYpYX, ne6 Kapacak, y Xonma (4) teHr-
miKk Z-|Z| mocnukHuHr C Ba R, APHMIYpYXIap rOMoMOp-
UMM IKARAUTHHKE KYpCcaTagu.

{5) TEHDNMHK XaM TOMOMOPQOH3M CHOpATHAA TATKMH KIWIH-
HHIUA MYMKHH. By roMoMopdH3M YCTHOA KEeHHHPOK TVXTa-
maMu3. MarteMaTHK HHIYKUUSA €pAaMuia Xap KaHjaail
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Z,=rfcosp, +ising), k=1n KOMILIEKC COHIAD YYYH Ky-
dWard TeHrIUENIAp OMUHaaH:

Z-Z..Z=|Z|- !Zz| v | Z, | (coOS(p, +
+o,+.+ @) +i sin(p, +o,+..+9), {6)

seut |Z, - Z, .. Z|=|Z| * |Z,)... |Z,|pa
Arg(Z, - Z, ... Z) = ArgZ, + ArgZ, + ... + ArgZ,

2-teopema (Myapp popmynacu). Xep xandai n oymyn
con ea xXap xandat p € R bypuax ywyx

(cos o + [ sin ¢ )" = cosn ¢ + | sinrg

MEenZAUK Ypuniu.

Ucbor. (6) dopmynana r,=r,=...=r =1 Ba
P, =@, =...=¢, = ¢ neb onacak, (7) QGopMyIaHVHT # HaTypan
COHJIAp YUYH YPHHIH SKAHIUIH KelHO yuKanu.

Yoy

-l 1
(cosg +ising) = gty =

= cO8 4 — i sin ¢ = cos(~¢p) + i sin(—p) (8)

TeHENUK (7) HHHT 7 = -1 13 YpHHIA 3KaHIWTUHU Kypcara-
IH., JHAY MXTHEPHI n MaHPHE GYTYH COHHHM OMAMH3. YHH,
n=—m, me N, ne6 omub, (7) TEeHrIHKHHHT Xap KaHAal Ha-
Typan COH yYyH Ba # =—1 yuyH ¥pHHIHnurdaaH doiipana-
HHUO, KyHMIari TCHCIMKHH OXaMu3:

(cosp + isin p)" = (cosp +ising)” =

= ((cosgo +isin go)'l)m = (cos(~p) + i sin(—p))" =
= cos(—m )+ isin{—m @) = cosneg +isinngp,

AbHU (7) TeHrMHK n MaHduil 6YTYH COH YYyH XaM YpHHIH.
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Arap z, = r(cosp, + i sing,), z, = r,(cosp, + i sing,) G¥nca,
y xonna (6) a (8) TeHrnuKiIapaaH

z_l = -’i— (COS({O] - ﬂog) “+ ISin('Pl - ‘02))
Ly !

HJeMmak,

%l’ Af?(%) = Argy, = Argz,.

f;[=

KoMIivieke COHHUHT MOAYIH XaKUKME coH abCoNIoT Kuii-
Maru (Moyau) TYWYHYACHMHUHT YMyMIIaiIMacHgup: arap
7= X + yi XakuKuil con 6ynca, y xonnay =0, |¢ = ,[xl +y? =
= JJ?=|x| Xap KaHpaix z, =x, + iy, 2, = X, + iy, YIyH 2, —

, 2 1
7, =(x, = x) + iy, — »), ‘zl - Zzl = J(xl -x,) + ()’1 -¥).
HJemak |zl - z2| COH KOMILIEKC TeKHCIHKIArY 2, Ba I, HYKTa-
nap opacugary Macodagup. (|Jn:l —x2| COH TVFPH YH3UKZATH
X, Ba X, HyKrajnap opacHAaru macoda 6¥aranu kabu). bydra
Kypa, arap z,€C, reR, r>0 6yaca, y xonia
{Z eC|Z-Z\=r}, {z€Cli-z|< r}, {z€ Cile—z) = r}
TYIUIaMAap MOC paBHMILIOA MAPKasu Z, HYKTafa paidycu r
G¥nrad aitlaHaHu, OMMK Ba €MUK JoupaiapHu Hdoaananau.

Bepunran z =a + bi yuyH a - bi COH 7 I'a KOMIUIEKE KymMa
AefiMnagy Ba 2 OpKanM OelruaaHajiM, I HYKTa KOMIUICKC
TEKHCAMKAA XAKMKMI V¥KKa HMcOATaH 7 ra CHMMETDHK XKOMH-
nawraH. Papuianky, z=z.

|Z{=|Z|, 2+ z =2Rez, z—z=2Jmz, z-2=[ . Ymby

Z = 7 TeHINMK YPUHAM GYMHIUY YYYH Z € R wapTHUHr 6axa-
PHIHILHK 3apyp Ba KH(pos.

3-reopema. Z~+ 2 ¢opMyaa 6anan bepuaran f:C - C
akc 3rrHpum € maiinoxuuur asToMophuaMuaup.

UcBoT. 7= zallHUATAAH f~* HUHT MABXYIUIUTH Ba f~) = f
TeHDIUK Keau® yukKaau. XycycaH, f— OGuekunsa. Arap
=a,+biy=a+ b,i 6yxnca, y xonga
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Ry +z)y=(a +a)—(b+b)i=(aq,— b+
+{a,-bi)=2,+2,= f(2) + f(z),
Az, ) =f((aa,— bb,) + (ab, + ab)i)=
(a0, — bb) —(ab,+ ab)i=
=(a, - bi)a, ~ b} = 2,2, = f(z)- S(z,).

4-Teopema. Xap kamnaiiz,, z, € Cyuy |3 + 2| 5|+ |z,
2]~ |2] < |a - z|

Hcbor. Xaxuxgarad

|2, + z2|z =(a+)a+ta)=(g+ ZZ)(EI "'22): |zl|2 +|Z:e|2 +

+ (Zl L +7 Zz) =laf +|zf +2 Re(zlz:)

ByHpoan

o + ol = [of" +]a +2Re(z7,) = |a| +|z] +Jaz| =

3
= |ZI|2 "'lz:tl2 "'Z[le ' |z2| = (lzll +|7-2|)

By TeHICuIMKAAH 3ca |z, + z,| <|z,| +|z,| kem6 yuranu. Byn-
rakypa |2]=|(z, — z,) + 2| =[5, — 2| +|z,| Bynsan

[~ 2] = 2| |2}

26-§. KOMIVIEKC COHJAPHHHI WIIH3JIAPHA

zZ€ C Ba n— HaTypal coH 6¥acun (n> 1). Yméy W =z
TEeHTTTHKHH KAHOATIAHTHPYBYH W KOMILIEKC COH z HUHT M-
AAPAKAIH WIAN3M LeHWIAnH.
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1-Teopema. Xap Rangafi Z = 0 KoMIUIeEC COH HAK 1 Ta
TYVIH 7 -BapaXanm MuLM3ra 3ra. Arap z = r(cos g + isin ?)
Giuca, Y X0J8a yaap KyHngars K¥pHAHNA HpOTANANAIM:

W, =W{cos‘o+2m+fsin¢+2bt), (x=0,n—l).
n n

Ucbor. W" =z 6ymu6, W = p(cosé+isinf) — yHHHT
TpUroHoMeTpHK HbonacH 6¥ncud. Myasp opMynacura aco-
caH

W" = p”(cos nf +isin 8} = r(cos ¢ + i sin ¢).

Bbynnan 25-§ marum l-teopeMara acocaH p =T,

n=¢p+2mr, meZ. by TeHTNHKAAPAAH 3cCa P=§‘f;,

+2mn
§= grmr , m€ Z HH ONaMH3. Jlemak, 7 HHHT Xap GHp n-

n
Japaxany HIOUHIM yoy

W=W = #/F(cos pHimr 4 isin ‘”"i’"”), mezZ

n

KYPUHHILIA £3THITH MyMKHH. AKCHHYA, OyHIall KypHHUIL-
ra sra 6ynrad xap KaHjail KOMIUJIEKC COH 7 HHHT H-Aapaxaiy
HWINH3INIHD.

Oum W Ba W, nap ka4oH ¥3apo TeHIMIMTHHH aHHKTaH-

. W = W, pau W—P—?ﬁ AMHPMAHKEHT 27K, K E Z
m={

KYPHHUILLUIA 3Ta SKAHMUTH Kenu® yukaau. bynaan —— =X,
ABHH m Ba ! COHNapH # ra O¥IMHranna 6Up Xun KONAHMKKa 3Ta
3KaHIHrH Keaud unkanu, byHnan, SupuHuugad, # HHHT KOT-
auknape gakar 0,1, ..., # — 1 GVIHINA MYMKAHIMTHOAH yiIOhy
W, W, .., W _, COWIapHUHI TyPNH SKAHIHIH KeaH6 YMKa-
au. MkkuHYMaaH, xap KaHaail m € Z yaIyH m HA # ra 6YiraH-
Aa Konauk prateHr 6¥nca{(0 <=p < n— 1), y xonma W = Wp,
STBHH. Xap KaHnait W _con W, W, ..., W, _, cOHnapHuHr 6u-
popracura TEHDIHIH Kenud yHKamu.
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Mhucon kipaMus. ' + | = 0 TeHITaMAHUHT XAKMKMH HI-
JHATADH MABXYA 2Mac, aMMo 4 Ta KOMIUIEKC MAAU3TA 3ra —
yiap (—1)} COHHHHT 4-fapaxanu HAgH3IAapu. Yuwby —
1 = cosm + i sin x udonara xkypa W, W, W,, W, naansnap
KyHHAard KYpHHHIIra 3ra:

W, =cos+ +:s1% H;,
W,=cos%"+:‘sin%’t=%,
W, =cos—+isi 5—i’-=%,
W—cosl-+lsm3;——%.

Bouika Mucon. bup coHUHUHT #-1apaXand KIAH3NAPH ye-
THHA Tyxranamu3s, | = cosO + 5inQ ndonara Kypa | HUHT n-
JApPasKaTH WIAH3MApH Kybiuaard dopMyaanap OYiHYa TOIH-
JAIH:

W, —cosz—"”‘-l-rsm—— (x=0,n-1

bup coHMHuHr Gapya WAAHINAPH KYMANTHPHMLE aManura
HHCcOATaH rypyx XOCHI KMNagH. XaKHKATaH, arapa” = 1, "=
6¥nca, y xonma (a- 8)" =a"- " = 1. bup COHUHUHT Y31 GUp-
HHHT #-papaxany wiausu: 17 = 1. Arap " = 1 6¥ica, y Xonna
(L) = — =1, THHM Xap 6P GUPHUHI n-IAPAXATH WIIH3K-

HUHI TeCKApUCH XaM ODUPHUHT A-Japaxand WISH3HAND.
k
Myasp dopmynacura acocan W, =(cos%?— +isin ?) =

= W}*, TbHU OMPHUHT 6apya #-Napaxaid IWIIH3NApH Wf HHHT
Japakanapd OpKaAId XOCHT KHJIHHAILM.

bupopra 3neMeHTHHHHr HapaxaiapHiaH HOOPaT rypyx
IMEITHK rypyX acitinanu., FOKopHaarn Mynaoxasanap 6UnaH Ky-
HHAary teopemMa UcOOTIAHNU!
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2-teopeMa. Xap 6up n € N yuyn Gupnunz n-dapaxcasu
KOMILAEKC UA0u3Aapu Kynaimupu amauza Hucbaman QuKaux
ZVPYXHE XOCUA Kusadu.

27-§. KOMILIEKC V3TAPYBYWIH ®YHKITUAJIAP

KoMiLieKke coHnapaaH nbopar 6Hpop TViUIaMaa aHUKJIaH-
raH Ba KMHMATIZPH XaM KOMIUIeKS cofl 6§nran dyHKIMA KoM~
miekc ¥arapyeauan $ynkama ne6 aranann, Kommieke ¢oH-
JAPHUHT WATApUTH Haparpadrnapia KeTTHPWIFAH Xoccanapw
KOMILIEKC COHJIAD KETMa-KETIHIH TMMHATH BA KOMIVIEKC ¥3ra-
PYBUMAN (PYHKUMA TUMHATH TYWMYHYANAPHHHA XYAOW XaKHKHi
VirapypuuiH PYHKUMAARPHUHT JHMHETH Ka0M KHPHTHILIA HM-
KoH OepaiM.

Mapka3n g, Hykraga 6¥arad D o4uK 10Mpana aHUKJIAHTaH
(z, HYKTala aHHKIAHMAaraH xaM Oy MyMKHH) KOMILUIEKC
Varapypuii oupop fz) dyHkuus Gepunran 6¥acyH. Arap Hx-
THEPHH XaKMKMi £ > (0 cOH YYyH myHaai XaKkuKuit & = d(e) > 0
MaBXyn 6yncakd, ymby 0<|z—z,| <8 TeHrcHanuxuu KaHo-
aTHAHTHPYBUH Gapua 7 HyKTajgap yIyH | flz)- W| <& YpHHIN
6ynca, W komiuteke con f{z) GYBKUMAHHHT Z ¥3rapyByH 7, Ta
MHTWITAHZATH IMMATH Nelinnanu Ba lim f{z)} = W xypuHuui-
na €3wrany. 2

Komitieke TeKHCIHKIa OUpOD JOMPAJaH TALUKADUAA aHKK-
nadras fAz) yrkuma Gepuwirad 6YncHH. Arap HXTUEpHH ¢ > 0
VIyH wyHpai r =re)> 0 coH MaBxyx 6yacaku, [zl >r TeHr-
CHATHKIAH |f(z) - W| < & Kenub uMKca, W KoMILIeKC COH f{7)
GyHKIMAHMAT 7 Y3rapyRUM o Ia HHTHIraHAark THMWTH Je-
Hunanu Ba lim f(z) = W Kabu €snmany, Llyara yxuwam ymoy

s

lim f(z) =ce, lim f(g) = o Gearwiap Ba Gy;1apra MOC TYLUYH-
z g+
qa.r?:;p KHPHTHITAgH. .

VIMFUHAMHAHSE, KYNAHTMAHMHT, GVAIMHMABUHC THMHTIA-
PHM XAKHIALH TEOPeMANAP Ba AHMMTIAD HA3apWACHHUHT HoMKa
TeOpEeMANap Xe4 Y3rapHIliCcH3 KOMILISKS Y3rapyRunny GyHK-
uusUtapra ¥TKasmaamau.
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Mapkasu z, HyKraga O¥araH OHpop OvHK ACHpPaa aHUK-
JaHrad f{z) GyHKUHA y9yH ling f(2)= f(z,) ¥puuam 6ynca,
L+dy

6y GyHKINA Z, HYKTajla y3nykKcH3 neiinnagu. bupop Tyunam-
HHHT Xap Oup HykKTacupa y3nykcus OvaraH ¢yHkumsa oy
THIIaMIA Y3MyKCU3 OeHIIALH.

Vianykeus $yHKUHANAp HHMFUMHAUCH, KYmaitTMacH, HucOa-
TH Ba YIYKCH3 DYHKIIUANAD TYFpUcHBAaru Golka Teopema-
AP KOMIUIEKC Y3rapyBuiid (HpYHKUKARAP YIYH XaM YDUHIH~
THIHYa Kodagd. By Teopemamap mumma BeiiepurpaccHHHY
HKKHTA TeOpeMacHHu KenTupaMus. by TeopeManap KeHMH-
POK, HULTATHNAAN.

1-reopema. Aeap f(z) dymxuus |7 <r énmk mowpaza
yanykcuz 6¥ica, y 0y T¥naMaa derapananrad (TbHW wWyHnai
XaKHKHA M > 0 cond MaBXyhxH, Oy énuk nodpagaru 6apya z
Hykrazap yuys |f(z)} < M).

2-veopema. dzap f(x) dynxyus |z| < r énux doupada y3-
ayxcuz 6yaca ea yroa Qpaxam Xaxuxuil xuimamagpnu xabya
xuaca, y xoada y Oy énux doupa Yaununz dHz Kamma eéa Nz
KUNUK Kuiimamagpuza S5pulsady (Avnu wynoaii z, 6a 7, Ryxma-

aap maexydxu, f(z,)= E‘ﬁ{(l), (@) =sup f(2), lo| = 1,
o] < . o

By TeopeMatapHHHD HCOOTH XAaKMKMH ¥3rapyBumiH GyHK-
HHAIAD YIYH MOC TeOpeMAaNlapHHUHTr Hebotnra ¥xmaw. bynap-
HH T¥1a UCOOTIAIHEN KHTOOX0Hra KOMAKPAMK3.

Mapkasu Z, HyKraga 6yaran GHpop OYHK AOHpAIa aHHK-
NaHrag fix) GyHKumMsa yqyH

' — i F D= (2)
i = i L02)
AUMHT MaBXy 6yaca, y Z, Hykraga anddepenunaniianysId
Jetinnanu. Arap f{7) dyaxkama M t¥nnaMHHAT Xap OHp HYK-
TacHga ouddepeHnEananysun 6¥nca, v M t¥mwiamaa aud-
depeHIMATIAnYBYH Aeiiwiann. [ (7} dynkiua A7) dyHkusa-
HUHI XOCHAACH MeHUIanu.

AubdepeHIMANAIIHAHT OXATAATH XOCcakapH, XycycaH,
GYHKUUAIAP HHFUHAWCHHHHT, KYOAHTMacHHHHL, HUCOATH-
HUHS XOCH/IANAPH XaKHIarH TeopeManap ocoH HeGoTIaHanu.
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28-§. KOMILIEKC KOBDOPHIHUEHTIIN

KVYIIXAILJIAP
Yiuby
agtaz+a?+..+ar
KypuHHIIgard GYHKUMATa Kynxan B2 4, 4, ..., 4, CORMapra

aca K¥mxaanwar xosgduunentaapn neinwiand. bapua yarap-
Mac coHsap k¥nxaanapoup. KynxamnaapHUHT AUFHHEKCH Ba
K¥NafTMACH SH3 KVIIXamaup. 7 ¥arapyB4HHHHr Oapua Kynxan-
napunad ubopatr t¥mnamMHm C[z] opxanu GearunaiMui.
K¥uxamrapHuHr KyIUHIN Ba KYMAHTHPHIN aManura HucbaTtan
C(lz) TyuiaM GHPIMK 2TeMEeHTAH KOMMYTATHE XalKa XOCHT
Ky G6epocuta Kypcatunazu. bynpa 0 coHuMaaH ubBopar
VarapMac dyHxkug (Hoae kK¥uxan) Clz] XaTKaHuHI HOMHAKD,
1 conunpax ubopar y3rapMac GyHKIHA OV XANKAHUAT BHPIHK
IMEMEHTHAHDP. '
VarapMac GYHKUMATAPHUHT Ba f{z) = 7 GYHKUAAHKHT Y3-
JYKCU3NMHTHAAH YIIYKCH3 (YHKUMANADHHHT MHFHHIMCH Ba
KVmaliTMacH Y3JMYKCHINHIH XaKHAATH TEOpeMajapra acocaH
HXTHEPHH KVIIXAOHKHHT VIIYKCHU3NMHIH KeNMHO YHKAIH.
1-reopema. Xap xandaii xpnxadnunz xosddunpenmaa-
Pu bup Kutimamau anuizranean (xonu azap f(z) ea g(7) kynxad-
Aap bapua Hyxmaaapoa f(3) = g(7) mex2AuKmu Kanoamagrmup-
€a, ¥y X040a yaaprune Moc KoaQ@uuuenmaapu menz).
Hc6or. Hactmab, arap 6apya z Hykranapaa a,+ a,z+
+ ..+ gz =06¥y1ca, y Xomma a, = a, = ... = a,_= 0 3KaHIH-
THHH KypcaTaMH3.
XaKukataH, a,+ a7+ ... +a=0pa 7=0 neb oncax,
a, =0 TeHrnMK Xocun 6ymanH, ALHH 6apya Z HYKTalapia
az+ a2+ .. +a7"=0 byunau bapya 7 =0 HyKrazapaa
a+az+ ...+ a7 =0 tenrmux onuHany. by Tenrnuk 6ap-
ya z = {} apiardHa YPUHIWIHCH K¥PCaTHITaH| YUYH YHH 2 = 0
Ia xaMm YpHHIA Aes onMalMM3. AMMO KYTIXagauHr fapya z
AapAa yaTyKCH3MMIrMAaH doiinanauud, g+ az+ ... + 427 =0
TEHIJIMKAA Z HH HOJIBT4 UHTIITHPCAK, g, = ( TeHINMKHY ona-
Mu3, bynpan a7+ ..+ a2 ' =0 Ana z#0 pa a,+ ...+
+ a,7""? = 0 TeHrMRKHY oaMu3. byHaa fHa Z HA HOABra UH-
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TWITHPHG 4, = ( TEHIIMKHH OJdMH3 Ba XOKazo. Hatuxana
a,=a, = ..=g =0 TeHDIMKIAPHA OJAMH3.

DuauM Gapya z mapma g, +az+ ... ta'=b,+bz+
+ ...+ b 7 ypuHnu 6¥ncuH ne6 dapas xunaMus. byHnam = »
neb dapas KWIHIIHMHA3 MYMKHH (AKC X0I0a TEHIIHKHEHT O~
pop TOMOHra OHp KAHYA HONb KOMPPULIHEHTAH XalMapHU
Kymamuz). ¥ xoana

(a,— b) +(a, - b)z+ .. + (a,— b))z =0.

ByHnau oKopuaard MyroxasatapMMusra acocal a, — b =
=..=a—b, =0 okawmru, AbHK G, = b, a, = b, ..., a=b5,
KeAH0 YUKAnu,

HcGoTnanrad TeopeMa KYIIXAWIADHHHT HKKH XKW TEHITHK
MyHocabGaTnapu opacupa GormaHuil YpHatagu: fz) Ba g(2)
KyIxawnap 6apya z HyKFajlapia TeHr OVIMUH YYVH YIapHUHD
Moc KoadhdUIMeHTIapH TeHT OTHINN 3apyp Ba Kudo4.

Honpnan dapxnn kynxan Gepuaran 6¥ncHn. Kynxamra
HONMBIAH GapKIu Kod>ppuUedT OMWiaH KHPraH 7 HUHT SHT
OKOPH JAPAXKACHTA KVIIXALHHHT aapaxacH geiiunanu. by ko-
3tpduitHeHT Gom KodddHHMERT BA KYIXAAHHHI DYHra Moc
xanH Oom xan neiinnann. fz) KVAXamHHHT 7 KATHAIIMAaHau-
raH Xagu (TEHU HONHHYH JapaXaTi XaJH) 0300 Xam JeHuia-
ou. Papmiankm, y f0) ra teHr. K¥nxamnap xymadTHpIIraHoa
YAAPHUHT Aapaxanapd Kymunaou, Gowr kKoadhdHIMeHTIApH
3ca KynaHTupmiagn. XycycaH, HOMZAH GapiId Kymxamtap-
HUHT K¥maittMacu sasa Hopaal daprie kymxan. Jemak, C[z]
XUTKAOa HONHHHT 6VayBumnapd Mapxyld sMac. Homnauu pa-
paxaiH Kynxagnap HoldaH Gdapkjau ¥3arapMac CoHNapIaH
HOopar. BHpUEYM JapaXaidH KYIMXawmtap YM3HEAH, HKKHHYH
JapaKATd KYTIXAMIAD KBAAPAT, YYMHYH HapaxXamwiap — Ky
Kyrxannap Aeiiniamu. Arap f, g Kymxannap wyHgai 6ymacaxu,
frg=1 6¥aca, v xomma 1 cOH HOIHHYH HAPAXATH KVIXaAn
OyaraHu yIyH f Ba g HUHT JApaXANapH ¥aM Hojara TeHr. [le-
MaKk (7] XaAKaHUHT TeCKAPHIAHYBUH 2JeMEHTIAPH HOIKH-
YH Aapaxanmu KyIxamiapaaH uwbopar.

K¥mxannap xoMIeKc TeKHCIHKHUHT Xap KaHOaH HyKTa-
crfa AuPPEPCHIHALIAHYBYH. Y3rapMac COHHHHI XOCHIACH
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HoNb Kymxagnup. Arap » >0 6yiaca, y Xonma n-gapaxanu
KYIXaAHUHT XocunacH (n — 1)-mapaxanu K¥nxaamup.

Arap C maiinouHuHr F kueM t¥oiaMy C Jard Kyl Ba
K¥IalTUPHIN aMaIapura HHC0aTan MaiIoH XOCHI KHIca, ¥
colTH Malaon neiiwiaan. Macanan, @,0 2 ),R —COHJIH Maii-
nounapaup. CoHIH MafizoHra SHa GHP MHCOI KeITHPaMu3,

a, b€ Q wapTHi KaHOATAAHTHDPYBYH Gapua g + bi KOoM-
IWieKe connapuu QN opkanu Genrmiadimui. (/) HHHF Maii-
ACH 3KAHJIUTH 0eBOCHTA TEKIIHPHIAIM.

F— counu maiigon oyacun. Koadbduuveurnapu Fra re-
rimnH kynxan F maliaon yerngarn Kynxan aeitinanu. F vmai-
NoH yetunard Hapua kymxamnap t¥naaMual F]z] opkau Ger-
riwtaiiMu3. KynxanmapHy VoMt Ba KYTaRTHPHIL aMallira
rucBaran Flz] T¥iuiaM GUPIMK 3JIeMeHTAH KOMMYTATHB XATKA
XOCHJI KWMLK GeBOoCHTA TEKIIHPpUIaaH. YHIaH TalkKapH, Fz]
XANKAAa HOJHHHT OVIYBYMIAPH MABXYH 3Mac.

2-treopema (Kosduxau 6V xaxudazu meopema). F—
Malidon ycmuoa [ ea g kynxadsap bepuszan Oyaub, g — nosv-
dan dapkasu 6yascun. Y xoada xyiudazu uxxu xoanunz 6upu
ypunau:

1) F maiidon yemuda wyndali azona q Kynxad masxcyoxu,
I=aqg

2) F maiidon ycmuda wyndaii s20na q kynxad éa Noadan
dapxau r xynxadsap maexcydxu, f= qg + r, 6y epoa r nunz
oapaxcac g HuH2 0apancacudan Kuuuk.

HcHot. Yoy

M ={f - uglu e Flz]}

K¥nxanap TYOAaMHHH KapaliMe3. Arap Holtb Kynxang M
TYIAaMra Kupca, y Xoija 6upap- 4, € F[z] yYyH f—ug=10.
by xomna g = u, ne6 oncak: f= gg.

Arap Honw K¥mxaa M TYiriaMra KupMaca, y Xoaga T¥iiaM-
ra KUpyBUH KYTIXALNap WUHAA Mapa¥acH 3Hr KHYMK 6¥Irand-
H# 7 OPKANH GenrunalfiMu3. ¥ HUHT JapaXacH g HUHT JapaXa-
CHAAH KHYHKIHTHHH K¥pcataMu3. TeckapucHHM dapas Kina-
MH3. ¥ X0NAa » HHHT JapaXacH #, ¢ HHHC JapaXxacH m Ba
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n>m OYANG, yvnap r=az*+ .., g=bz" + ... XVpHHUILIA
Syncun, a= 0, b= 0. Yuby r,=r— a- b-'"""g K¥nxan xam
M ra Ternuuu 6¥u6, YHUHT AapaxacH F HHHT AapaXacHiaH
KHYHK. by aca » HUHT TawmaHuIKura 314, by KapaMa-gapmu-
JHK » HHHT JAPAXACH g HHHI BApaXacHIaH KHIHKITHTHHH
k¥pcaraau. Iyunati kunub, r = f— gg, ¢ € A7), wyHKHF € M.
byHaaH /= gg + r Ba Oy epna r HHHF JApaXacU g HHHT Japa-
XacugaH KUYHK.

DHAKM g Ba r KYTIXAWIADHHHC OHp KMHMATIM aHHUKJIAHU-
WHHH K¥pcaTaMK3.

Yoy

f=qg+r =gg+r,
TeHIIHKIap YpuHAH 6ViIcuH. ¥ Xonfa
(‘?1 - 42)3-_- K, —r.

Arap r,—r =0 6Ynca, y xonpa r,—r =1(q9, — 4,)8
KV¥IIXaaHMHT Aapaxaci & HAIKAIAH KHYUK OVaMaiiau. By aca
r, Ba r, KYIXaIIAPHURT X0c¢cacHra 3ull. by Kapama-Kapiu-
UK r, — 7, = 0 3KaHuHK K¥pcatanu. By xonna 7, = r,. bynnan
Ba (¢, — ¢)g=r,—r HaH (¢, — ¢,)g =0 TEHIJTHKHH ONAMH3.
by aca Fz] xankaga HOMBHHHT OYnyBuUMIapH OYAMATaHH Ba
g = 0 6ynranu yuyH ¢, — g, =0, AbHH g, = g, 9KaHUHHU K¥pca-
TaOH.

2-TeopeMallari ¢ Ba F KVIIXamWiap MOC PaBHUA fHM g ra
OYIUHIAATH TYAMKCHE DY¥JIHHMACH BA KOIHFH NelHNAaH, Arap
KOIAHK, HONb ABHU f = gg O¥ica, ¥y xoama f k¥mxam g ra 6yan-
HYBUH EKH g Kymxan f HU O¥myBum jneiiunagu. by xonma ¢
K¥nxan fHU g ra 6ymuouarn 6¥nMAMa gedmnand.

2-TeopeMaHUHI MYXMM GHp TarGuruHH K¥paMu3. Arap f{z)
K¥xan Ba ¢ € C coH yudy fla) = 0 WaprHU KAHOATIALTHD-
ca, a COH A7) KVIXanHUHT WITH3H deiInanii.

3-teopema (besy TeopemMacu). deapo € Fcon F
Mmaidon yemudaen f(z) xynxadnune usdusu fysca, y xoa0a f(z)
Kynxad z — a xpnxadza 6ysunadu (Toau F MaliIoH yCTHAAD IUYH-
Rail g(7) Kyxan Masxyaku, f2) = (7 — a)g(2).

Hcoor, XakuKaraH, 7z —a OHpPHHYE AApAXald K¥IIXan
GyaraHn yuyH 2-teopemMara acocaH F MaiioH vCTHIA UyH-
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Aai g(z) Ba r{2) Kynxawiap Maexyaku, 2) = (z ~ a)g(2) + H2),
Oy epga 1(z) HonbgaH bapKiu 6§Arad Xonaa BOIsAaH PapKIu
{zrapMac cod bnamu: W) = », r = 0. By TeHTAHKEA 7 = a Jecak
pa fle) =0 skauuHu uHObaTr2 0McaK, ¥ Xonaa r = 0. by Kapa-
Ma-KADHIINK {7} — HOJNb KYIMXaA SKaHHHH K¥pcaraiu.

Arap ) xyuxan n-mapaxand 6vaca, y xonma (n + 1)—na-
paxanH xed KalicH Kymxaara OYynueaMaitan, XycycaH, v {z —
— )"+ 1 K¥Tixara G¥nuEMaiIn., 7} K¥XanHMHr 7 — a ra 6%m-
HAIUTAH 2HT 10KOPH AZPAXacu @ WINHIHHWHT KappacH Aeitu-
nanu. [lywpad ka0, arap A7) k¥nxan (z — a)* kyoxaara
oynraud, (z — a)**! ra G¥yAMHMAaca, ¥ COH ¢ IWIOH3HWHT Kap-
pacH 6¥nanu. Kappacu Oupra TeHr Wisy3gap COARA Ba Kap-
pacH OHpAAH OPTHK, WIAHIAD RAPPANM JeifHIIam.

4-reopema. dzap a con () xynxadnune k kappasu (x > 1)
urduzn 6yaca, y xos20a o con f(z) xynxadnunz x — 1 xappasu
uaduzu Gyaadu.

Hcoor. Arap a coH A7) KVNXATHHHT K KAPPATH HWIIH3H
6ynca, besy TeopeMacura acocan flz) = (7 — a)g(7), Oy epna
gla) # 0. by MynHocabatun auddepenupannaimMm3;

J D =xlz—ay ¢ (@ + (2 — ayq'(2) = (2 — ayh(7),

Oy epra A7) = kg(z) + (2 — a)g' (7). Ywby h(a) = kgl(a) = 0
TEHICHITHK a coH f{Z) x¥nmxagHuHr x — | Kappatd WilK3n
SKaHMHHU KYpcataznm.

29-§. KVIIXAAJIAPHUHT BYAMHHAIN HABAPHSICH

F— connap malinoun, £, g 3ca FMaiinon yeTunare Kusan-
nap 6yncuH. f xyuxagHuHr g ra OV uHUmMUENE (€K g Kymxan f
HHHT GYJIYBYHCH SKAHTHTHHHA) g/f KYpHHHUIIAA GeJTHAANMHS.
Kymxamiapuuar SyAuHUINE TarpHpHIaH OeBOCHTA KYHMIA-
TH Xoccanap Kenud YHKAmH:

a) f/f; 6) arap g/f Ba h/g 6yica, y xonga h/f; B) arap g/f, sa
&/f, 6¥nca, y xonma g/f, + f,.

l-tregopemMa. Aeapg/feaj}’gﬂf.cca, ¥ xoada wyndati ¢ € F,
c = 0, macwyoxn, f=c- g.
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Hebor. Xakukaran, F ycTHia wysnad ¢ Ba ¢, Kynxaa-
nap MaBXyNKH, f=cg, g = ¢f bynapman f=ccf Arap f#0
6ynca, y xonna ¢ - ¢, = 1. ByHnaH ¢ Ba ¢, HUHI' HOIMHYH Aapa-
KN KVIIXall 3KAHRUIMM KeRuO yukamu. Arap f= 0 Oynca, y
xouma g =0. by xonna

f=g=1-g

F maiipon ycruaard MXTHEPHH UKKHTA KYIIXaQAHHHT YMY-
MUl 6yayBYHcH MaBxyl. Macanad, HompaaH daprkmu ¢ € F
CcOoHjIap. Arap f Ba g K¥nxajiapHur oupop d yMyMun O¥nys-
qucH Gy KYIXaanapHUHT GOIUKA xap KaHAall yMyMuil 6ynys-
yucura 6yauHca, d K¥mxag /Ba g KyIXALAapHUHT 3HT KaTTa
yMyMHit O¥ayeuncn  {(3.k.v.6.} Heiianu.

Papwanku, f Ba g KYMXAARAPHMHT MKKAIACH XaM HONB
Kynxaa OyIraHaardHa ylIapHHHL 3.K.¥.0. ¢ HOABIHD.

2-teopeMa. F maiidon yemudazu uxmuépnii uxxuma f ea
£ Kynxadaap 3nz xamma ymymuii fyaysquee s2a, YHU uf + vg
KypuHHiuga wdoaamal MyMKMH, Oy epla u, v € Flz].

Hc6oT. Arap fBa g HOIb Kynxaanap O0¥ica, yIapHHHT
3.K.y.06. — HONb K§1TXaA Ba paBIMAHKH, ¥V #f + Vg KYpPHHUILIA
HopanaHamM.

DHoH g # (0 6¥aran XOMHH KypaMu3.

by xonpa Konauxmu O¥IHIM XaKHAArH TEOPEMaHH HAaBOaT-
Jary O¥NYBYM HOJBra afIaHryHya JaBoM 3TTHPUO, KyHuaaru
KeTMAa-KeTJIHKHK OJaMH3;

Sf=qg+r g=qr+r,r=qr +rn,

By epnaru g, r, r,, ... 6YIyBUMNAPHUHT (KONAUKIADHUHT)
Japakanapd KOTAHKJIM OVIHIN XaKujaard TeopeMara acoca
MaHuH G¥IMarad 0YTYH COHJIAPHUHT KAMAIOBYH KeTMA—KeT-
JTUTHHH Xocil Kwiaan, JemMak, GyHaad KeTMa-KeTnHK Yekiid.
Bydra Kypa, wyHaaid # COH MaBXYIKH, ¢, Fis ... K, K¥NIXaM-
nap HOMBAAH Papkiu, ammMo 7, , = 0. r, Kynxa,ufsaglcynxa,u-
JAPHHHT 3HT KaTTa YMyMHH 6?nynqucn IKAHTUTHHH Kfpca-
TaMHu3. XaKUKATaH, ymoy r,_ =q. ., 7, F_,= 4 7t
Fo_3= g, Tt = qg+ r MyHocabaTiap Tyd)ﬁﬁ)‘lﬂ

n n—1r ***
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KVIXAL ¥, _, F, 5 T35 oo Ty 1y & f KYIXARNADHUHE GYIYBYR-
cuamp. VIRKKHHUM TOMOHAAH, arap A kWimxanm f Ba g K¥nxaa-
NApHUHT YMyMu#i O¥rypuucu 6ynca, y Xonpar=f—gg, r, = g -
- qlr"‘ r2 =r-= g‘zrl’ trea rn—-l rn—! - qu-l rn-z’ rn= rrl-l—' ann-l My-
HocabaTiapra acoca b KYOXaL r, ¥y, fy, ..., F,_, 7, KVIXamIap-
HHHT GYIyBYHCHAMp. By GMIaH r HHUHT 3.K.y.0. 3KaHMHUTH
HcOOTNAHAH,
DHpK

}'2 =r qzrl’
r=g-4r
r=f-gqg

MyHocabariapHu ojlaMu3. MKKWHYM TEHDIUKIArH 7, , HHA 6u-
PHHYM TEHDMKKA Kyiub, yiubyr, = wr, , + v, - r,_, TCHIIHKHK
oJlaMH3, Oy epaa u,, v, — Fycrugard Kyuxamwiap. OXapru TeHr-
JMKKa ¥, ,HHHT F,_.Ba r,_, OpKau HQOXACUHH KYSIMH3 Ba XOKa-
30. byHHHT HaTIKAcHOA KyWHgard ngosaaapHH OMaMMs:

rEWE RV =

n 2 nd 2 a- st Vil = =+ Vg,

Oy epra u, v — F verupard kyuxazgnap,

S Ba g K¥OXaTApHUHC 9HT KATTa YMyMHH GYNYBYHCHHH
KeTMA—~KeT KONGMKIH GY¥aMI €paaMHBa TOMHIU XapaéHUHU
Epymn airopurMu aciionanu.

DHT KaTTa yMyMHiil GVIyBYH SroHa 3Mac. XaKHKATaH, arap
h xymxan f Ba g KYIXanJapHHUHT 3HC KaTTa yMyMu# O¥nyBuH-
cu 6¥nca, y Xonaa uXTHEPHE ¢ € F, ¢ = 0 coH YUyH ch xjuxan
%aM fBa g JAPHUHT 3HT KATTa YMYMHH OY¥myBUHCHOMD.

Jf Ba g KynxapmapHUHr KamMuaa Oupu HombgaH dapkiu
6Yu0, A,, h, — yNAPHUHT SHC KaTTa yMyMuil G¥IyBYMIapu
6ynacun. ¥ xomna h,/h, Ba h,/h,. bynnan 6upop c€ F, ¢ =0
COH YYYH #, = ch, TEHTIMK YPUHIIH SKAHIMIU KETHO YHKAIN.

bout koadduiimeHTH 1 ra TeHTr K¥IXaA YHMTApP JeHILTAOM.
Xap KaHgaii HOTBAAH (apiiu f KJTIXaq YUyH ATOHA WIyHOAR
YHHTAp [, KyNXag MaBxyaku, Oupop ¢ &€ F, ¢ =0 coH yuyH
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f= ¢f,. by ynutap xymxan f Hi YHUHT 60UI Ko2(puilieHTHra
oynuimad xocun 6¥magu. IOKopHAArH MynoxazalnapiaH Ka-
MHAa OupH HoMLAAH (apKiM f Ba g KYOxainap AroHa YHUTAp
3.K.y.6. Ta orANNIry Kearut YHKagu.

D.K.¥.0. HY TOMMIUra MHCON K¥paMu3: ( MalJoH ycTHHA
AD=22-3z+ 1 Ba g(z) = 2 + 7~ 2 xynxannap Geprirad
ovncun. Komnuxknu 6YmimAu 6axapcak,

22-3z+41 =2(2+7—-2)—5z+ 5,
2+z=-2=(3z+2)-52+5)

Byura k¥pa —5z+ 5= —5(z— 1) xymxan fma g Kymxan-
JAPHUHF 3.K.¥.6. CHOHD. f Ba g TAPHKHT ATOHA YHHTAD 3.K.V.0,
cH 7 =1 kymxangup.

Arap f7) Ba g(2) xynxamnapHUHT 3.K.¥.06.cu 1 6ynca, ynap
¥3ape Ty0 neiiwnanu, Arap fpa g Kynxamnap ysapo Tyo 6ynca,
y xonga 2-teopemMara acocan Oupop w, ve€ F [z] ximxaanap
yuyH uf + vg = 1. AkcvHYa, fBa g KYIxamap yIyH MyHIAl 4,
v, € Flz] xjnxaanap MaBxyn 6yacuHKM, 4+ vg= 1. ¥ xonna
arap h/f pa h/g OYnca, h/1 6ynagu. Mlemak, 1 couu fBa g
KTIXQUIApHHHT ».K.y.0.cH. by 6unad Kyiuoark teopema Hc-
60TNAHAH.

3-teopeMa. F maiidon yemudazu f sa g xynxadaap y3apo
my6 Opaunn yuyn ywoy uf + vg = 1 wapmnu xawoamasanmuy-
pyewu u, v € F [z] xjnxadrapnunz maexcyd b6yumuu 3apyp ea
Kuon.

Hartuxa. Aeap fxynxad g, g, ..., &, kynxadsaprune Xap
bupu 6uaan ysapo my6 6yaca, y %040a y yaapuune Kynaimmacu
bunrar xam yzapo myd 0yradu.

Hebotr. I-TeopeMara acocaH

uftvg =uftug=..=uf+tvg =1

Bynapnan (uf+ vg)uf+vg) ... (uf+vg) =1

By TeHDTHKHHUHT “an TOMOHHMIATH HoJaTapHH KymaiTH-
pub Ba f KaTHAIITaH XanjaapjaH f HH KaBCHAH TAIIKApWTa 4H-
Kapcak, uf+v, - v,.. v B, s s &, = | TCHIIMKHH ONaMu3,
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Oy eppa v — g¥mxan. by teHrnHknaH 3-reopemara acocan f
Ba g £ s &, KYTalTMAaHUHT ¥3apo TYOMUTH KeMHO YHMKaIH.

Arap F mafinoH yctaaru mycbar gapaxanu f k¥nxanHi f
MaifiloH yoTHOArd MycOaT Aapamail HKKHTa KYMXagHHHT
KynafrMacy wakauaa udopanam MyMKHH 0¥iMaca, fkynxan
F MalinoH ycTHEA KEITHPHIMAHANIAH KYTIXan AeHMIamn. AKC
Xonpa f KeRrTHpunaaurad kynxag achwiaagum. MacamaH, 4u-
JUKIR KYNXaAnap Xap KAantad cOHAM MAaiaoH YCTHRA KEATH-
puaMaiauraH Kynxaaaapiup. Arap «z’ + bz + ¢ kBagpat
K¥IXanHUHT 5 — 40¢ oMCcKpUMHHAHTH MaHduit 6yaca, v R
MailoH YCTHAA KEXTHPIwIMalATan kynxan 6ynann. Kimnxan-
HHHT KEITHpHIMaiaurad 6¥aumu F makinonra dorank. Ma-
canaH, x? — 2 xymxag @ MaHIOH YCTHAA KeATHPWIMAHIMIAH,
aMM0 R MaliloH VCTHIA KeTTHPHIEAOUTAH:

x’—2=(x—J5)(x+ﬁ)‘

Kentupunmaitaurad f kinxanHuur O¥ayeyunapun dakar
ce F, ¢, comnapgan Ba ¢f, c € F, ¢ # 0, KypHHHIAArd
Kynxamnapgad noopar. XycyCcaH, YHUTAD KelTHpWIMalaurad f
Kymxan $hakar MKKHTa yHuTap O¥myBunnapra ara: L ea £ ByH-
BaH xap Gup k¥mxan € Gepulirad KeJlTUPUWIMAHAUTAH KYIIXaara
OYnMHMIUK KM y OHIaH Viapo Ty0 6HMwM Keaud YHKauM.

4-reopema. Fmaidon ycrmudazu f,, f,, ..., f, Kynxadsap
6a Keamupuamanouzan p kynxad Gepwszaw Oyscun. Azap f,.
£ oo £, Kynaiimma p 2a 6yaunca, y xo10a f,, f,, ... f, kynxao-
Aaprunz Gupopmacu p ea Gysunaou.

Hcoor. TeckapucHuu k¥pailliuk, SHU S, £, .../, K¥TIXaa-
JAPHUHT Xed GHpH p ra GYIHHMAacHH. ¥ Xomia p yHapHHHT
xap OupH OMIaH ¥aapo Tv6 6Vaanu. byHaad 3-teopemara aco-
CaH p HUHT f. f, .. [ KymaiitMa Bunan xam y3apo TyOauru
Kenud 4uKaau. by 3ca TeopeMaHHHT LUAPTHTA 3HA.

S-reopema. Fmaiidon yemudazu mycam dapaxcasu xap
Oup yrumap f(z) kynxad F maiidon yemida xeamupusmaiionzan
YREMAD KYNXA0AapHUNHZ Kynaummacy wmaxaudaq esuaumy mMym-
xun. By wxynaiimyeuusrap yarapnune xynatimmada éusums map-
mubu auuxanznda f kynxad 6Viuna Gup Kuiimamau monutadu.

Hcoor. HUcOOTHH fK¥NXaAHUHT # JapaxacH 6¥itnya uH-
Aykuns épaaMuga ucbornanaou. Arap # = | 6¥nca, TeopeMa
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TACAWFHHHHT YPUHIWINIY DABWIAH, YYHKH YH3HKIH K¥IIxan-
JAP KeATHPWIMAMAMTAH K¥nxawmapnup. DHan #> 1 ped Ba
TEOPEMAHHMHT TACAWUFH JAapaxacu M JaH KM4YHK OVaraH Oapua
K¥mxamnap yuyH YpuHIH 0e6 ¢apas KuiamMus.

Arap f— xentupuwiMaiauray O¥aca, YHMHC YYYH Teope-
MAHWHI Ypuruiwiurd pasiiad. HIyaHHD yuyw f— Kentupu-
JaguraH kynxag OVaraH XoaHU K¥paMHi3. fHHHT YHHTAp 6VIIVER-
YiIapH HYUA SHT KHYHK MycbaT gapaxara 5ra 6¥IraHuHH p,
Ounan Gearwaadimus. Y xonna f= pf, 0¥mu6, p, xjmnxan Ken-
TupuaMaiaurad. YyHKe arap yHuTap p' K¥xazn p, HMHT O¥nyB-
yucH Dynca, p’ KYIXan fHUHT XaM YHRTAp OVIyBUMcH. p’ HUHT
AAPAXKACH p HUHT TAPAXKACHIAH KaTTa OV IMaraHu yuyH € YHUHT
JapaXacH HOJIbra TeHr (ThHH p' = 1} €KH YHUHC napaXacH p
HHHI Japaxacura TeHr (y xomma p' = p).

S=p/, kynaiitMagary f, KyIXaaHHHT JapaXacd # AaH KH-
yuK. LLIyHHAD yIyH HHEYKIHAHKHAT hapalura MyBodHK, YHH-
TAP KEITUPIWIMAHIWIaH KyTIXaIaPHHUHT KyIAHTMACcHTa TEHT.
bynnau f= pf, K¥yIIxanHHMHT XaM XYAIH I0Y XOCCAra 3ra 9KaH-
JIMTH KeNMHO YHKADH,

DHAM [ K¥nXan WKKM XU YHUTAD KelruprioMalianrad
KYNAHTYBYWIApHHHT €dWwiMacura sra 6yacun. by €iunma-
MAPHUHT OMPHHYUCH ¢, KyHa#iTyByura ara Oyncud. ¥ xonna
4-reopeMara Kypa, MKKUHYH EfmiManary Oupop A, Kynaii-
TYBYH ¢, ra 6YIHMHAAU. #, — YHUTAD KeTTHPWIMAHAHraH 6¥ira-
HH YUYH /2, = g,. Hkxana éiinamadn 6y ¢, KyaHTYBYUra KHC-
kapripcak (Fiz] xankana HOABHUHT G¥ayBuunapy 6ynmMaraHu
YYYH KHCKAPTUPHIN MYMKHH), ¥ Xoiaga ymby &= % KyTrXan-
HHHT UKKH XIJI YHHTAP KENTHPHIMAHAKraH SHLIMACH XOCLI
Oynamy. by XiTIXaAHHUHT Aapa)acy A JaH KHUuK O¥IraHu yuye
HHIYKUWS G¥iHHYa YHHHT TYpIH EHUAMANAPUIA YHHTAp Kel-
THPUAMAMIUraH KVNadTyBymnap Gaxar KYmauTyBUHAADHHHT
€aunuil TapTioH GumaH dapk kunagu. Y xonga 6y xocca f
KVIIXan y4yH XaMm YpPHHIN.

Hartwuxa. Fmaiidor yemudazu xap kardali f{z) kynxad yubdy
f= aplk 1,.. pl kypunuwuda kynaiimyevusaprune ésunum map-
mubyu aruxiueuda fAzona ycya buran ugodasanadu, 6y epaa a
COHU f K¥iTxamHuHTr fow KosdhULMeHTH, p,, ..., p, KYIXal-
map 3ca F malinod ycTHAATH KeITHPHIMAHIWTaH TYD/IH YHH~-
Tap KYIXamap, K, &,, ..., K, E N.

145



30-§. AITEBPAHHUHAT ACOCHI TEOPEMACH
BA YHUHT HATHZKAJIAPH

Kyitngary tacavk aHbaHa OViiMya anre0paHHAr ACOCHH
TEOpEMACH Ae0 OPHTHIALH.

I-teopema. Komnaexc xoahunuenmau mycéam dapa-
Neaau xap xanoai kynxad xomniexc urduzea sza.

HcHoT HKKHTa JeMMara acocaaHraH.

1-neMmma. C dazu xap xardaii f (7) xynxad yuyn | f(2)
QyHKUUR KOMRAEKE MEKUCAUKO VIURURZ IHS KUHUK KutiManmuza
punadu.

HUcGorT. Arap f{z} Varapmac O¥iIca, YHHHT YIYH TaCOVK -
HHHT YpMBAWIHTH paBiuad. I yAadHT yIyH yHl MycOaT aapa-
Xamy Ae6 xucobraiiMu3, ThHH

() =ayz" +a,7" +..4a, ,nEN,
a, € C(k=0,n).

Yoy

1F(2)| =l

) 8y
aﬂ + _+...+“T
z F4

TeHTNMK paBIadH. byHUHr SHpHHYH K¥MAHTYBYHCH 7 —» o Oa
% ra MHTWIFAHY B2 HKKMHYU KYTAMTYBYM |a,| ra mHTIITAHN
cababmu 7 - o ma |f(z)| » . Lyara xypa, wyHmait » > 0
XaKMKHH COH MaBXyAKH, |Z| > r 6ymranga |f(2)| > |f(0)].
Hxxuxun TomoHmaH |f(z)| dyuxkuma |z| <r énmk mompana
V3AYKCH3 O¥araHH cabalui Beliepiutpacce TeopeMacHra aco-
caH JOoMpaja WyHAAM Z, HYKTa MABXyAKH, ROHPAZard Gapdya
z HyKranap yayH |f(2)| 2|/(z,)|- Xyeyean, |f(o)=[f(z,)]
ypurnu. IyHpait KWiuo6, |z| < r ROMPAHMHI HYKTAalapH YYYH
|£(2)|2|f(z,)|, Roupasan Tamikapumar¥ HyKTamzap yuyH
|f(2)| 2| f(0)| 2]/ (z,)| MyHOCaGatnap YpuniH. By MyHoca-
Gatnap |f(z,)| con |f(2)| dynxuusnuHr C Daru 3HC KUK
KMIMATH 3KAHTHTMHHA Kypcaran. M
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2-neMmmMa ([JanamGep neMmacu). Azap fiz) mycéam dapa-
acanu Kynxad ea f(z ) = 0 Gyaca, y xoa0a wyndait h €C mas-

ancydku, [f(z, + ) <|f(z,)

HcbBoT. fiz) &¥nxaguuur gapaxacH n 0¥acuH. ¥V xonga

oth
glh) = % $YRAKUAA XaM A ra HHcBaTaH # GapaXxaiu

K¥nxaa oymanu:

f}i;:;’)=1+qh+m+cnh” s (hH

Oy epna C = 1, uyHkm gfo) = 1. llyngait £ = (1 < k < n)
MaBxyakH, (1) udomaga i < kyuyn C, =0 8a C = 0. ¥ Xonaa

+h n
f}f&o)) =1+ C it + C B ACH =

= (1+C )+ ckh’f[ﬂm...mhn-*]
- Cx

udomara KeraMus., KOMILIEKC COH MORY/MAPHHUHTN Xoccana-
puiad dofzananubd, yuoby

Hath £ o 12 € -
[l <l fowfipmnegio] o

TEHICH3INHUKHH ONaMH3. DHAM A HH TARIAIUTA ¥TAMH3I. YHHHT
MOOYIH Ba APTYMEHTH KUHAMATIADHHH alpHM TAHIAHMM3.
Yoy

P(hy = L v 4 S gt

¢
[
f:c &

KVIXaIHHHD KHAMATH A = 0 ga Holbe OYIraHd Ba YHUHT Gap-
ya h € C pa yamykcnz O¥aranu caGabmu 4 - 0 pa P(h) - 0,
STHHH. IYHAAH XaKUKHi 8, > 0 con MaBxyaku, |A| < &, TeHr-
CH3NMHKHH KAHOATIAHTHPYBYH /i JAp YIYH
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TEHICHIIHKHH OJIaMH3.
DHAH A HHA WWYHAAH TaHAaHMU3KH,

|Coh| <1 (5
TEHTCH3NHK XaM baXapuAcHH. BYHHHT Y4VH A HUHT KHHMATH
|Af <d, =4 Ickl-l

TEHTCH3ITHKHH KAHOATIAHTUPUIIM KH(OA. Arapd opKaH 4,9,

COHNAPHUHT KHMYMIHHM Genrwiacak, y xomsa Al <d reur-
CHIUIMKAN KAHOATIAHTHDPYBUM Gapuya h map y4ayH (3) Ba (35)
TeHICHITHKAAD YPUHAN. DHIH A HUHT apTYMeHTHHH HyHAalk
TAHNAKMH3KH, yily

arg(Ch* Y =m (6)
TeHrMMK GaxapuichH. BYHUHT YYyH
arg(C h*)=argC, +kagh==x
TEHIJIHK, ABHH
arg by = 7280k 7
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TEHINHK YpHHIH 6¥mumy Kepak. JeMak, f# HUHT apTyMeHTH-
Hil WyHZAR TaHIaHCa, ¥ XonAa (6) TeHmiuK Ypurau. {(6) TeHr-
JIHKAAH

C % =-|C, ¥
Kenud upkand. byura Ba (5) ra acocaH

1+ Cott{ = - fc | = 1-fc,

Ypuniu. bynaan Qoipananud, (4) TeHICHITHKHU KyHHOaru-
43 E3HIUHMH3 MYMKIH:

it < 1o+ e =1 e

Byura Ba (3) ra acocaH

<1

|f(5=’ +h)
filz)

seHE | f(z, + k)| <|f(2,)]- By 6unad 2-emMMa ucOOTHAHAH.
DHAH l-TeopeMaHHHT HCOOTHHH OXHPHIa €TKa3HUINMH3
MYMKMH.
1-meMmara acocaH WyHad z, € C MaBXYAKH, Xap KaH-
Jail z € C yuyH

|f(z ) = |f (2} (8)

Arap f(z )} = 0 6¥aca, y Xonpa 2-eMMara acocad IuyHaan
h € C masxyaku, |f(z, + h)| < |f(z,)} By aca (8) texrcus-
aukKa 3ud. JleMak, fz) = 0, sbHH g, COH f(7) KYIIXaAHHUHT

wiansuaup. M
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2-teopema. Xop xandaii n > 0 dapaxcaau f(z) xynxad
A2 =az —z)(z —2)..(z ~ 2) ()]

xypunuuioa ugodaranuuni mymxun, Oy epaa g CoH f{7) Kyuxaa-
HHHT 0OII KO3DPUUUMEHTH, Z,, Z,,..., Z, COHAAD 3Ca YHHHT WA-
muanapn (Oy epha xap Oup MAXM3 KaHda Kappanu 6¥aca, myH4a
MapTa xucobnanrad). by udona ximalTysumIapHHHE €3NI
TapTHON AHHKJIMIHIA ATOHAAMD.

Hebort. I-Teopemara acocan fz) 6Upop KOMILTEKC WII-
nu3ra ara. besy TeopemacHra acoca wyngai f(z) kymxan
MaBXYAKH, f(7) = (z — z,)f(2). PaBuiankuy, f,(Z) HMHF Japaxa-
cd n — | ra tenr. Arap n — 1 > 0 6§ca, y xomaa f(2) Hu XaM
IIYHTa VXWAN KYpHHHILLA E3UHI MyMKHH: f(2) = (z — 2,)/(2),
6y epna f,(z) HuHT Aapaxacu » — 2 ra TeHr. Y xonma fiz) =
= (2 — 7,)(z ~ ,}/,(2). by Mynoxa3anu # Mapra vmatuG, A7) =
={z ~ gz ~ ) " (T ~ ¥ (2) udonanu onamua. by epnaru
J(2) K¥nxaiHMHr gapaxacy HOAbra TeHr 6ymub, y Az) Kymxan-
HUHT O6om KosdduuueHTura teHr. Hartuxana (9) udonauu
onamus. by udoga f{z) K¥nmxanHHHT Zyse-2Z, COHNMAPAAH apK-~
i OYAraH HWIAH3IAPH MaBRXVI SMAcIHTHHH KypcaTagH. f2)
KYIXanHuHT (9) KipuHunaa nhosanaHuiiy KynmalTysisap-
HUHT €3MIMIUE TAPTHOM AHUKIHTHAA STOHATHTH 29-§ maru
5-TeopeMagan Kenud YUKATH.

(9) udoma A7) xoMmIUieke KymxagHHHr € MalaoH ycTHAa
KeITHPUAMANIHWNaH KynadTyBYIIapra SHHAMAcHHI Oepaiyl.
Arap f2) KJIXagHUHT Z,,...,7, WIAKIIAPH NYMAA a COH K Map-
Ta yypaca, y xonaa (9) udomany Az) = {z — a)*zg(z) x¥pu-
HHDIga é3dlu MyMKWH. By epma gla) = 0. by MynaoxasazaH
KyHHAArH HATHXKA Keltu® YMKaaM.

Hartuxa. Azap a, a,,...a_courap flz) kynxaduunz bapua
mypau usdusrapu 8a k,, k,....k_ysaprunz xappasuzu 6yaca, y
xonda k,+ ... + k = npaflz) = a(z - a])kl(z - a:z)’t2 {7z -
-a) ks

3-Teopema. (Buer Teopemacu). Arap 3,,...,7, conaap
) = a7 + a7+ ... +a,, kynxadnunz usdusaapu 6ysca (by
epda xap Gup wsduz xanua xappasy 6yaca, wynva mapma Xucob-
AaHz2aK), Yy X040a
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Iy
5+ o+, = -

a
Lty Lt A2, = 72’

2 52, = (1T 22

by epaa Yan ToMoHBaru & — ¢GopMynaHuHT Xap HHp Xamu
Ty ZyyeesZ, WIIK3NAD MYMAATH K TACHHHHI KyMadTMacuaup.
Yam TomoHzaru k dopMyna sca bapya OyHaal KynairManap-
HHHI HUFHHAHCKIAH HOCPAT.

Hcbor. (9 udecnanan

T /@=- )@= g)-- (2= 7,)=
=z7" - alz"" +r.\f2<1"_2 -+ =1y,

TeHITHKHH OllaMH3, Oy epra

G=L+5+...+2,
= 4% +z2 s +..+ zn—lzn’

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

Yty

Z+22M 4+ 20 4B = 0 40, L+ (D,

TeHITHKAAH Z HHHr GHp XWI JapaXaiapy onaugard Kosdou-
HHEHTIAPHUHT TCHITIHIY Keau0 UMKaIu. by s¢a TeopeMaHuHT
ucGornnu Gepanu. W

4-teopema. Azap fz) — xaxuxuii xo3puuuenmau
xinxad 6yaca, y xoa0a yuu

D=az -x) ...z -x)Z +pz+q)..F +pz+q) (10)
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x¥punniudg udpodaram mymrun, 6y epia a con f2) k¥oxan-
HUHI 0o KO3PPHUUEHTH, X, ... , X, €3 YHUHT XaKHKUH
WLIHApH {Xap OUPHHUHT KappacH KaH4va Oyica, myH4a Map-
Ta €3WAraH), p,, q,, ... P, ¢, WyHIaH XaKUKHit connap-
KM, p2 —4q, < 0,m=1,/. By udona KymanTyBIMIapHusTr &3 -
JMW TApPTHOH AHHKJINTHIA ATOHAAMP.

Hcbor. Jactnad, arap a con A7) k¥NMXalHHAC WIAH3H
6ynca, o COH XaM WIAH3N IKAHNUIMHU BA VIAPHUHT Kappa-
JapM TeHTAHTHHH K¥pcaTaMHu3. XaKHKataH, arap A7) = a2° +
+a, 77 + .. + g Ba g, 4, a, . a, € R byaca, y xonza
f@=a?"+a7" +.. . +a,= f(z). Wynrakipafix) = (z -
—a)*g(7) TeHmukaaH sa g (a) = 0 MmyHocabatoad fiz) =
= f(z) = (z— )*g(2) = (z — 2)g,(2) wenu6 wukanm, 6y epna
g {2)=g(2). bynnan g, (@)= g({a)=0 MydHocabaT Kemub
gynkaau. by arap a con AZ) kKynxanHHHr wngusn 6ynca, y
X0JAa & COH XaM WYy KYNMXaaAHHHT HATZU3H G6YVAHILIMHK BA yiap-
HAHT KappaiapH ¥3apo TeHr 9KaHHHHA K¥pcaTaid. JHIU « Ba
a (@ =g ) Wiau3tapra Moc KYIIaMTYBUHNADHUHE K¥naiT™a-
CHHH KapaiMH3:

(—afz—a)=F —(at+ d)g+aa=2 +pz+4q

Byeprap=—{a+ a),g=a* d = ]0r|2 BVIIraHu yayH
P—dg =(a— a)*< 0, uyHKH ¢ — a = 0 — co MaBxyM
COH.

BuaH (9) ndonaga Xap GuUp KOMIUIEKE ¢ HIIH3TA MOC 7 — &
KYOaHTYBYMHHA o WIAH3rA MOC 7 — o KYHOAHTYBYMTa Kymai-
THpUG €3CAK, ¢ BA @ JAPHHHI Kappacd OHpP XWIAHTHIA Kypa
A2 kymxan (10) xypuunmaa €xmnann. A

Arap (10) ndonaga OoHp XU KymalTYBUWIApDHW Tinnab
€3caK, KyHHAard HATHXaHH ONaMW3;

Hatuxa. Xap xandati xaxurxui xozpunuenman fz)
kynxad

J@=a(z-a)f. (z=a)s(Z +Bz+y)...:
A2+ By
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Kypunuwda Eausuwu mymun, 0y epna a co flz) KynxanHuHT
Gow KO3pPUUAEHTH, @), ..., @ — YHUHT TPy XAKMKHH WIT-
Au3NapH, k,, ..., k, MOC papuilija 6y WIAHIIAPHUHT Kappaia-
pu, 22+ 8, z+7y,, (m=1,t) — KyAXamwiap 3ca AUCKPUMHHAH-
TH MaHpuit 6VIraH XakuKui Ko3(pOHULUHSHTIH TYPAd KBaa-
pat Kynxaanap, /, ..., [ — Hatypan coHnap (XakMKui 6ynmara
UNIH3AapHUHT KappacH).

(10) udoga xakukuit kosxpduunermn Az) KymxaguuHr R
MaiAoH YCTHOA KeITMPHIMANIUraH Kynaitypudiapra €imi-
MacuHH Gepaau.

31-§. PAIIMOHAJI ®YHKITHAJIAP

Hrxxura Az) ma g(7) KYAXQLIApPHHUHT i‘;(%—; 6¥nHMacHra

pannonan ¢ynknna (paumoHan kacp) leimiagu. Paruonan
YHKLUHAA KOMIUIEKC TEKMCAMKHWHT Maxpax MEAH3ITapHIaH
GolKa Gapua HYKTaNapHIEa aHUKJIAHTAH, Arap pauydoHal Kacp-
HMHT CYPATH HOMBTA TeHr OVACA EKU CYPATHHHHT JApaXACH
MAXPaXHHUHT JApax)acHIaH KHUMK Gyiica, y TVFpH Kacp Ociu-
Jand. PauyoHan KACPHUHT TVFPH €KM HOTYFPH KACDJIMIH YHHHT
KYIIXAANAPHUHT OV IMHMacH KYpMHHMILMIA WdoAATaHUIINTA
60FIHK, 3Mac (TekuivpuHr!), bynaad 6yeH, arap HKKUTA pa-
HUOHAT (PyHKUMANAD YAAPHHHT HKKATACH XAM aHHUKJAHTaH
bapuya Hqura.nap?a TeHr O¥aca, yiIapHM TeHr Oed IpHTAMM3.
Macanan, %% =z—1 neb é3ami3, BAXOMAHKH OyTapHHHT
yammarucH z # | HykKralapaa, YHraarucs sca Oapua z €C
HYKTaJlapda aHUKJIAHTAH.

1-Teopema.Xap kandaii pauionas Kacp Kynxad 6a myrpu
Kacprune Hururducu Kypuriwuda ugodatanuuty MymMKun.

Hcbot. fz) Ba glz) kymxagnapra KOMAWKIM OYIMIIHH
TATOHK KWwiamMus: fz) = ¢{2)g(z) + 1{2).

Byunax
r{z)

£ _
g()

Oy epaa Hz) — HoNb K¥MXal KM YHHHT AapaxkacH g{7) HHHT
napaxacupan kuauk. Wl
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2-1eopema. Adzap % — myIpu Kacp, £, &,)..-» & — ¥3a-

po TYG KynXamiap Ba g = g, * g,...g, 6yaca, y xoa0a uyndai f,

Sy wor £, KPnXRO2GP MacHCYOKuU, §= gL:"‘ :—i+---+§—: ea xap
bup ;—i (k =1,n) myrpu xacpiup.
HcoorT. TeopeManu n = 2 Xosnna ucboTIalMHU3, YMYMHH
XON 1 G¥iiiya MaTeMaTHK HEOYKUMA EpAaMiaa HehGoTaaHAnH
(yHH HCGOTNALIHN KUTOOXOHTA MallK, cH$ATHAA KOTAHPAMEI3).
&, Ba g, K¥nxaanap ¥3apo Ty6 6¥irand yuyH, Wynaai u, Ba u,

K¥mxXamnap MaBXyaku, u.g, + g, = 1. Bynra x¥pa

b4 E:{k:5) & £
Jity h My S
- Li=g 4= =g, 25 -
1-TeopeMara acocaH 5 B 5 £ q % udo
AaJIapHK €3HIU MYMKHH, Oy epna q,, g, — Kymxauiap, ? Ba gf—z
1

aca TYFpU Kacpnap. HaTiokana

f_ ALl
E_ql+q2+3 +82

HponaHH onaMu3. BYHHHr HKKala TOMOHHHH g = g °8, I
KymaiTupub, f = (g, + ¢,)g + /|8, + f,g, TCHITHKHH OJaMH3. f|
HUHT Rapaxack g, HEHI JADAXACHAAH KUYMK, f, HUHT Japa-
¥acH g, HUHT JapaXacHNaH KUYHK, f HUHC lapakacH g HUHTD
HapaxacufaH KHYdK 6¥irasu yuyH ¢, + g, = 0 (4yHKH akc
XONAa f HHHT JAapaXacd g HUHT JapaXacHOaH KHYHK O¥imac-
IM — KapaMa-kapinwiuk), HeMak

!...::’:L-]-.f_z.
E &1 &

Teopema ucOHOTAAHDN.
/ Arap fBa g k¥nxamiap F Maiiion yerupard Kymxamnap 6ynca,
] dyaxkuna F MaiinoH yctupary fpauuona.n $ynkMa feiin-
nmanu. Arap F maiiioH ycTHZAard e m € N, gypuHUIaru
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TYFPM KACPHHUHI Maxpaxmuoard p kymxan F MaiiioH ycruga
KeITUPWIMARAMTAH Ba f HUHT Japaxacd p, HUHT Japaxacu-

g
JaH KHYHK O¥ica, I TYFPH Kacp coana heiranu.

3-reopema. Fmaiidon ycmudazu xap xandaii myrpu xacp
codda Kacpaaprunz Hurunoucuza menz.

Hcbor. F Mmafinod ycrHmard g TYEpH Kacp Oepuiiray
OfcuH. YMYMHIUTHKHY YerapaiaMaciad g HH VHATAp KVIXan
ae6 xucofaall MyMKMH, YYHKH aKC XOANa KaCPHUHL CypaT Ba,
MaxpaXuHu g HUHT Gom Kosddumuentura O¥mud roGopHiu
MyMKuH. Papas Kwalmk, g=pf - pi? ... pk — npoma g
HUHTr F MaiiaoH YyCTHAA KeITHPWIMAHAHTAH VHUTAD KYIIXARL-
NAPHUHT K¥IaiT™Macura éiunmMacu 6yicud, 6y epna p,, p,, ...,
p, — K¥mxaanap F Malion yCTHAA KeATHPUIMARIKIAH TYpIu
YHHTAD K¥Ixammapanp. Ywby pt - pi2 | p*n xjmxannap y3a-
po 1y0 G¥nranM yuyyH 2-TeopeMara acocad

/T
B 7’

by epaa ;j:kl?; (m=1n _ TYFpH Kacpﬂrap. bynnan kypuHanu-

KH, TeOpeMaHK UCOOTNAIT YUYH YHH p—;, KYPUHHILIATH TYFPU
Kacpiap yuyH ucbormrami kudod, 6y epaa p — KeATHPHIMAL-
IHraH yawtap kymxaz. Konnukju O¥AMINHH KeTMa-xer TaT-
OuK Kuiub, Kydunary uboganapHi oTaMHa:

Fr=gqptr.q=gp+n.q=9ptrn,

bynapnau: r=gp + rp+r=gqpr +rp+erp+r =,
g P+ r_p? + .. + r. By epnaru r,, r, ..., r_, K¥TIX2A-
JApHHHT Xap OupH HOAb K¥OXaf €KW AApaXxacH p HUHT dapa-
WAcHAAH KHINK, YHIAH TALIKAPY ¥ HUHT JapaXacH p* — HHHT
AapaxacuiaH KUYHK GYAraHu y4yH ¢, , = r, K¥Ixan Hollb €KH
YHUHT AapaXacH p HUHT JapaxacHfaH KHYMK. ByHra kypa

LA e | it
— =ty 4L
P or P "

— comda KacpnapHuur dnrngaucHasy. W
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I-Haruxa. Maxpaweu g(z) =a(z —a ) ... (2 —a P kypu-
Huwda (Oy epia a,, ..., &, — TYPIH KOMIUIEKC COHIAP; X, ...,
k, € N) 6ynean C maiidon yemudazu xap xandati myrpu Kacp
yuiby

2 2

n=l m-]

Kypunuwuda ugodaranuwy mymkun, 6y eppa d, € C.

2-teopema. Maxpawcu g(z) = a(z — a)"... (z —a Yoz +
+8,2 + ¥y ). (2 + B,z + y,) Kfpuuunina (6y epaaa,, ..., @, —
TYPAM XaKMKu# connap, 22 + B,z + v, m = Lt Kj’mx,amlap
AUCKPUMMHAHTH MaHduil 6Vnrad R XxakMKuii coHnap maiigo-
HU YCTUOATH TYPIH KYnxaanap; K, ..., k, 1, ..., §, € N) 6pazan
R maidon yomudazu xap xandasi myrpu xacp ywoy

s k ¢ fp
d Apa2t+h
an + 74 ']
Emél(z*a,,)m ;——;Iqﬂ(z +Bpzty, )
Kypunuwoa upodasanuwu mymxun, 0y epia d, beR
AHUK Xomapaa a,, b, , d, coHnap aHukmac K03$.II)HI1HGHT-

Jap yeayon épaaMuaa tonuiagy. Bynaa GepuaraH TYFpM Kacp
COANA Kacpiap AMFMHAMCU LIAKIMAA €3WING, 7 ra TYPAH COH
KuiiMaTnapu Oepuaaay (EkH EHMIMa YMYMUIT Maxpaxra Kem-
THPUATAHAAH CYHI XOcUN O¥Aran K¥MxamrapHUHT MOC Kood-
(DUUMEHTAAPK TeHTMAIITUPHAAIH).

Macanad, ( 2“1)2 Kacp R Maliiod yeTHaa comaa, ammo C
27+

MAHZOH yeTHOA comma sMac. YHuHr ¢ Maiigod ycTHia colia
Kacpiaap HHFMHAKMCHTa EHKMAMAcH |-HaTiokara kypa KyAugaru
KYpHHULIITA 3ra:

2+l _i+ d + .5 d; d4
(Z+1)7 T o (gHf = (z iy’

Bynsan z + 1 = d(2 + D(z—) + dy(z=)* + d{(Z + D)(z +
+i) + di{z+ ).
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Ouau 7 ra xerma-Ker [, —4, 0, 1 guéimataapHu Gepud,
KYHUIOATH TEHITHKIAPHH OMAMU3,

—4d,=1+1i —-4d, =1 — —id ~d, +id;— d,=1,
2(1 + Hd, +2:d +2(:+1)a’+21d-2

1. 1-i 1, 1+
byHuan 4, =i d, =-. d, ==3h d, =—=
4l i d-i i 14
A GI? T M 4(ze? ZED) d(z-DE

32-§. BUP HEYA V3TAPYBUYMIY KVIIXA/UIAP

F— connu MaitdoH sa # — HaTypai coH 6¥acun. # 12 x|,
X, ., X HOMABAYMHUHT F MalaoR ycTujard Kymxaau neb

Gk ---k, Ko3(QpuuHeHTNapH F MalIOHAAH OJIMHCaH yuby

f(xl,.. X ) 20;( kx 1... k"

YEeKTH HHFHHOIH KYpHHHIIAAArH f; F'— F QyHKUMAra aiiTH-
Aagup. XycycaH, n = 1 Xolma wirapy KypHIra Gﬂp y3rapyB—
YIUTH KYIIXaAiapHu otaMu3. Xap 6up dg -k, xl X7 xamra
MOC KeAran (k,, ..., K,) BEKTOpHH By xanHHHr x?pca'rm BeK-
TOPH JNefHNANM, ymﬁy k +k, +.. +k, coH 3ca Gy XauHUHT
Japaxachn Jefunanu, f Ky“’nxanra HOJIBAAH $apkin Koagdpu-
IIMEHT OUNaH KUPYBUH XAAJIap AApaXalapHHHHT SHT KarracH
Oy K¥IMXagHHHT JAPAOKACH AeHInany.

1-Teopema. nyseapyeunay f xynxaonane xoxdunuennt-
Aapr 0y xkynxad 6urar 6up Kuwimamau anuxsanadu.

Nc6or. Ucbotnampa # OViiHYA MATEMATHK HHIYKIHMA-
HU vimaTamMu3. n = | xonga Oy Teopema wiarapu HcOoTIaH-
raH 34K, DHAH n> 1 geb onub, 6y xonma TeopeMaH® # — 1
Y3rapyBUMNM KYOXaaaap Yu4vH YpHHIM ae6 dapas KHIAMH3.
fymama ap g g X X770 xamrapn yays (k.. k)
BeKTOp OMp XWi1 OVIraH XaWllapMHUA HAFHO €3aMu3:
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F(xp,x,) = a xkapoxf | xkr
( 12 * n) (kj.lén-«]) g Kyodep_yhn™ 0t 1 -1
-

DHAH x =z € C neb onub, Kyimaaru (n — 1) y3rapyBuiwm
KyTIXaara KeaaMus.

f:‘.(xl’“"!xn-l) = > Ay ke (2) xfixfrp
(kl’ ] kn—-l) '

0y epaa

Ay kg (Z) = 2 akl‘-‘knzk“ .
kn

MareMaTK UHAYKIMAHHHT papasra MyBoduk ay, 4 (2)
Kosdummentiap f,(x,...,x,.,)} Kyxax 6K1aH Gup KuiMar-
i aHUKIaHrad, by Gapua z € C yuyH ypuwm GyaraHaan f
OpKaTH Gup YarapyBuwin 4y k. ,(2) k¥rxamwmap Gup Kuii-
MAaTJIK aHUKIaHraH. byHpaH 6y KmxainapHHHr 8y, ..k, KO3~
¢duuueHTIapH XaM OMp KHHMATIM AHHKTAHTAHIHTH Keans
YHKAIH.

bup yarapysumnn Kinxamiap anredpacHia Kynxan Xamia-
pPHHM Rapaxacu OyHH4Ya TapTHONAIL MYMKHHJIHNLH MYXHM
AXAMHUATTA 3ra. AMMO OMp Heua YIrapysuiiid KYTIXAIapHIHT
TYpIY Xammapi OMp xun gapaxara 3ra 6¥auiIH MyMKHH, Ma-
caliaH,

f(xlxzx,) =3x,x) = 5%} +x,x, + X}

K¥IXazaa HKKHTAOAH UKKHHYHM Ba YYHHYH JApaXamd Xagiap
Gop. K¥n yarapysuuan Kynxawiapia Kynxam XaalapHHH Tap-
THOJIAII YIYH XANHMHT JapaXacH YPHHTR XaOIHHHT K¥pCaTKHY
BEKTOPH HIMATHAAAH. YHHHr KYIaWiHrd IIYHIAKH, TYPIH
XAIIapHUHT K¥PCATKHY BEKTODH TYDPIUAUD.

K¥mxan XaImapHHH KYpCcaTkdY BeKTop époaMiua TapTHb-
JIall Makcaauaa Rt pa KylfiHpargda YH3HKiH TapTHG KupHTa-
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mi3: arap X, V€ R pekropaap yuyH X — Y ailypMaHUHT HOJIE-
Aad ¢apxiay 6YAraH KOOPAMHATAIADH WYMIA 34T OAMHAA TYD-
raHu Mycbar 6¥nca, X Bextop V nad xarra geiiwiagu sa X > V
éku V< X kabu tearinadHamu. By xonna Y Bektop X naH ku-
YHK Hed XaM IpUTHIAIH.

By GuHap MyHoca0aT Kyifuaard xoccanapra sra;

1) arap X> Y 6¥nca, y xonga X= Y.

XakMKataH, X> ¥V G¥mca, v xomma X — V= 0;

2) arap X> ¥ Ba arap Y > Z 6¥nca, y xonna X > Z.

XakukataH, arap X =V Ba YV = Z BeKTopIapHHHT HONEB-
AaH GapKIH KOOPAWHATANAPHHHHT 3HT ONIUHCHCH MycOaT
6¥nca, 6y xocca

(X-WV+(V-2Z})=X-2Z

BEKTOD YYYH XaM VpPHHIH.

3) arap X V&¥nca, y xonga X> Yéxu V> X

XaxkukataH, arap X = Yo0¥ynca, y xonga X — ¥V sexrop HOIb-
A3aH apKIU KoopaiHaTanapra 3ra, Arap 6yniaaid KoopIMHa-
TATAPHUHT SHC OJAHHIHCH Mychat O¥nca, y Xonga X > V, Mau-
duii 6¥aca, V> X (uwyaku V- X=—-(X-).

Wyupaii kKuiub, R’ ga xkupurwirad 0y 6unap mysocabat
YH3MKIH TAapTHO MyHOocabarvaup. R nard Oy YM3HKIM Tap-
™0 “nekcuxorpacdux” éku “myrar” Taptub pelivnamu. by
YH3HKJIH TapTHO JTyFaTaapaa cy3napHuHr andaeutr TapTHbUga
KeIULINTAa MOC KOMAATa acOCTAHTAHH YYYH LUYHIAN ATalaly.

JTyrar Tapr6 R" pary xymmm amanu Gunad Kydumarmya
Gornanran: arap X > VBa Z = T 6ynca, yxomma X+ Z>V+ T.
Xakukatran, arap Z=T o6¥nca, X>VaaH X+ Z>V+ T=
=Y+ Z keaub uyuxamM, Y4yHKkH X— V=(X+ 2) - (V+ 2.
Arap X> YV, Z>T 6ynca, y xomia X+ Z>V+ Z>V+ T

Arap KVIXagHHHr HOJBRAH* apiiid XaANApUHHHT KypeaT-
KUY BeKTOpAapH KaMmaluiun TapTubupa xobmamraH 6yica,
KYIXATHUHT HoNbAaH hapKiIu XamnapH JYFaT TapTHOUAa XOoit-
JAWraH geiMnanu.

MacanaH, wkopuza Keatupwirad f(x,, x,, x,) K¥Txan xan-
JapHHUHT KYpCaTKHY BeKTopinap Kyimmmaruya: (1, 2, 0}, (3,
0, 0, (0, 1, 1), (2, 0, 0). By BexTopaap ayrar TapTHd G¥ituya
Kyipaarya xoitmawraq: (3, 0, 00> (2,0, 00> (1,2, 00> (0, 1, 1).
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K¥nxaa xamtapuHMHT Oy TAapTHOra MoC €3WTHINY 3Cca Kyiu-
naru4a:

f(x1x2x3) ==5x] + X} +3x,x, + x,X,.

bup Heva ¥3rapyBuWIH KVTXaa Xaanapd HUHIA DHE KATTa
KYPCATKUY BEKTOPra 3ra OVArad Xaaum 6y KVIMXaIHHHC IOKOPH
xanu geiimnagu. Kypuwaran fix;, x,, x,) KY1IXalHUHT OKODH
xagd — 5x;.

2-teopema. Lup xua yrecapyenuraprnunz uxxuma xynxa-
on Kynaimmaocunun 0Kopu Xaou Kynatimyenusap w0xopu xad-
AGPURUKZ KPnaiimmacuza mene,

Hc6oT. Jlyrar Taprubuaa €3mirad HKKHTa

SO, nx)=axBoxim+

gl ... x, ) = bxlt. xi+. .

kynxannap Gepunran 6yacuH. Y xoama agxP..x Ba
b xi'l. . .x;:" MOC PaBHIAR YAAPHUHT IOKOPH Xaanapuaunp. Yoy
a-b x*t  xt*" xan f- g KYIXanHMHT I0KOPM XaOH KaH-
JTMTHHH Kypcatamus. Jacmab K= (k,, .., k), L=(/, ..., !ﬂ)
GeATHIAPHM KUPUTAMH3. DHIM { = (i, ..., [ } opKaiIH fKynxaa-
Jard HolbfiaH ¢hapkid 6Upop XanlHWHT KYpCATKHY BEKTOpH-
HH, J = (f, ...,j,) OpKalH g K¥IXanari Homb1aH GapKau 6upop
XANHHHT KYPCATKHY BEKTOPMHM OearnnaiiMus, ¥ xomaa K = /|
L= J Xamnap kymalTHpHATaHIA YIApPHUHT KYpPCATKHY BEK-
topaapu KViumnanu: K+ L= 7+ J Arap K= 1, L =z J TeHr-
CHANMUKNAPHUHT KaMHAa OMpHAA KATBHH TeHTCHIIHMK 6¥aca
(pHH TeHITHK OVaMaca), y xongma K+ L= 7+ J [lynpaii
b, K+ L Bexkrop dakar fBa g KyMXammapHUHT IOKOPH
Xaanapy kynairupwrangarnaa xocwt 6yramd. [l

Arap xap KaHpaii ¢ € S, ypud anmamrtupuis Ba flx,, ...,
X,) KYXal yIyH

Aoy, %y s X) = AKX s s X))
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TEHITHK YpUHAM 6¥i1ca, apHM fx,, ..., X,) KyIXag Y3rapyB4uu-
JAPHHHT YPpHHHH Xap KaHZAH aTMalUTHPUIraHda xaM ysrap-
Maca, ¥ CHMMETPHK KyTiXal AcHUIaIH.

Macanad, KyHMOATH KYOXamiap CHMMETPHK KYTIXaWLIap-
JUp:

0, =0,(x, Xpy i, X} =X+ X+ ... +X,
G, = 0,(X)s Xy o0y X)) = X6 + XX+ F XX XX XX
G, =0X, X oy X) = XX, 0. X,

by k¥nmxamnap 6Mara wirapd yYparaHiu; ynap 3JeMeHTap
CHMMETDHK K¥ImXannap Redmwnagd. CHMMeTpHMK KYOxamiapra
0OLIKA MHCOLIAP — DAPAXKANH HHFHHANIAD:

S, =8,(x,%,,..,x,)=xf +xf 4+ 4xk (k=1,2,3, ..).

J-Treopema. Aeap axt - x32.. . x' xad fix, x,, ..., x,) cum-
mempux Kynxadnumnz mxopu xadu O¥aca, y xoada
K, ZK, 2. 2K,

HcboT. Yuby | <i<j =< »n TeHrCH3INHK YpUHAH CYICHH.
J xynxan cHMMETpHK DVAraHH vuyH Oy KVIIXaaHHMHr KypcaT-

KM BEKTOPNAPH MYHAA IOKOPH XaaHuHr K = (X, ..., &, ..., k},
..+, k) K¥pcaTKuy BeKTOpH GHIaH GMpra yHAaH K, < k; TpaHc-
MO3HLMA OPKATM XOCWI KWIHHTAH L= (k;, ..., k, ..., K, ..,

k,} BeKTOp XaM yupaiau. Yumby (k, ..., k, ..., k, ..., k) = (k,,
vees kj, vy Ky o0y k) TEHTCH3MMK YPUHAM GYAraHK YIVH K, = K,
yyHKH akc xonga K< L ¥puunu O¥namu. by epma i, j, {<j
HXTHEpHI OVATaHM yIyH GYHAAH TEOPEMAHHHT HCOOTH KeHo
YHKAAM.

F— connu Mmaiinod Ba xosddunueHTnapu F mafnonnan
omuHran fix,, ..., x), fi(x,, ..., x), ..., £{x,, ..., x) K¥nxamap
Gepwiran Gyacun. Arap F maligon yeruoa wynaai gy, ...,
¥,) K¥nxan MaBxyz Oyncaku, f= g(f, ..., f,) ypuHmu o¥ica, f
K¥xan f, f,, .., f, KyIxapnapHuHr F MaHaoOH yCTHIATH al-
re0pavK KOMOWHAUMACH AeHWIaAH.

4-teopema (CHMMETPHK KVIIXaliap TYFPHCHEATH ACO-
cuit reopema). F maiidon yemudazu xap xawdait fx,, ..., X))
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CUMMEMPUK KYNXAO 3AeMERMAp CUMMEMPUK O, .., 0,) dynK-
uusarapuine F maiidon yemudazu aseebpaux xombunayuncudup.
HUcboT. Hone x¥mIxan yeyH Oy PaBIIaH. SHAH f — HONb-
gaH dbapkmi K¥rmxan 6yaub, ax? - x%2...x — yHAHr roKopu
xanu 6ynacuH. 3-teopemara x¥pa k, z k, = ... = k. Y6y

- ky=ky L ky=k3 ky—1=kp  kp
F=ao] g™ g "oy

afipMaHK f, opKaam OelrunaiMu3. INeMeHTap CHMMeT-
PHK G, 0, .., 6, OYHKHMIADEHHT KWKOPH XaanapH Moc
PABMIIAA X,, X, * Xy .oy X, * Xy, -.. X, OYACAHH YIYH 2-TEOpE-
Mara K¥pa ao)l 20,2 7.. 0% KYIXaQHUHI IOKOPH XalH
ax R e Y2 Rty x ) = ax L X 6yauG, v S auar
I0KOpH Xagura TeHraup. Lydra kypa f, € Honb K¥trxaa, €K f|
HHUHI I0KOPH Xaau f HUHT I0KOPH XaIHAAH (JIYFAT TapTHO Mab-
HOCHOA) KMyuK. bupuryy xonga .mcboT mry OWIaH Tyraiiau,
ayHkd Oy xompa f = aofl™¢57™8 ., o). UKKUHUH Xonka
HHHI" IOKOPH XaOHHH oauG, Oy I0KOPH Xaara Moc jeMeHTap
CUMMETPHK KYMXAAJTAPHUHT aNre6paHk KOMOHHAUMACUHH f
naH aiupu6, 6upop f, KYnxanHu xocin kwiaMus. by f, kynixan
€ HOJIb KYIMXaz €K1 YHHHI JOKOPH XAIH /, HHHT IOKODH XaInu-
JaH KHYMK. BHpHHYH X0MAa TeopeMaHHHr HCOOTH Tyraimi.
+ MKxHHYH X0oNma MyA0Xa3a IOKODHAAr# KaGH NapoM 3TagH.
Hatno 6¥nran f, f,, ... [, ... K¥OXaggapHuHr xap 6upu f
6unad o, ..., 0, PyHKURAIAP XOCHI KHIrTaH GHPOp aireGpamnk
KOMOHHANMACHHHHT akupMacunup. By £, £, ..., fx s .. K¥IIXaH-
JAPHUHT HYMAa HOMBIAH dapkiu GYAraHAapH TYPAH IOKODH
Xaggapra 3ra 63aus, yrapHiHT Xap OMpH / HHHT I0KOpH XanHu-
naH Kuuux. Arap (1, /,, ..., ) — 6y K¥OXaanapaaH UXTHEpHIL-
CUHMHT I0KOPH Xanu 6yaca, y xonza (1, /, .., 1) = (k, k,,
k)pa I =zl =..2] =0 tenrcusnuknapaan 0</ <. <
= Il = k, TEHTCHIMHKIIAP KeNub YHKaaH.

Oxmpry TEHrCH3IMKIAp KypcaTamuku, /, /, ..., {, coHnap-
HUHT Xap Gupu (k + 1) Ta yw6y 0, 1, 2, ..., k, KuiiMaT1aH
thaxar GurracHHu KaOyil KWIKHIIM MyMKHH. ByHoan kenu6
IHKALHKH, f), S, -y fop - KETMA—KETIMK/AA HOMBAAH (HapKau
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Kynxapnap conu (k, + 1)* pan ommMaiay. LlyHuHr yuyH Ou-
pop m€ N pga f = 0. by aca fxynxan o,, .., 0, JapHUHT al-
reGpank KOMOMHaUMsACH 3KaHnuruHy Kypearanu. Ml

by TeopeManzan Ba Buera teopeMacHiaH KyHHzard HaTH-
JKaHH OJIaMH3.

Haruxa. Azap g(2) — 6up yzeapysuuau n dapawcasu F
maiidon yemudazit Kynxao, z,, %, ..., Z, ~— YHUNZ KOMNIIEKC Ua-
duzaapu (Kappacu GWiaH XHCOONaHTaH), X, X, «.y X,) 3¢a F
Maiidon yemuda cummempux Kynxad 6yaca, y xo10a f(z,, z,,
wey 2,) cor F maiidonza meaumaudup.

HcéoT. XakukaTaH 4-TeopeMara acocaH » YarapyBuwim
WyEa# A(y,, ..., y,) K¥Ixan MaBxyaku, fix,, x,, ..., x,) = k(o,,6,,
— O)

Arap g(z) = ar" + a2+ ... +a, 4, 4, ..., a,€ Fbjuca, y
xonpa Buera Teopemacura acocaH

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

Byara kypa /(@ Zseens 2) = =2 =~ 2, 2)€ F.

MHucon kypamus. bepunran 2 + a2 + bz + c xynxaa z;, z,,
Z, WIIMAIApHHM XpcobaaMaciad Typub, ynapHUHr Kybaapu
WUFHHAUCHHY XucoGnaitMus. Ymby zo = —(azﬁ + bz, +c)
(xk =1, 2, 3) TeHrIUKAapra acocaH g+zp+zg=
=-a(g + 2 +2)—b(g + 1, + z,) —3c. Buera TeopeMachra
acocan o, =z +z,ty=-a, 0,=z37+3,7,+3,5,=b.
BHaM 7 +7]+7Z HM 0, BA 0, OPKAIM HpopamaihMus:
ol=7'+z} +7} .20, TEHIMUKNAH Z, +Z; + 2, =0, - 20,.
Jemak, 7 + 2 + 5 =—ala’ —2b)+ab~3c=—a"+3ab—3c.
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33-§. BYTYH COHJIAPHUHT BVJIMHUII
HA3APHACH

ByTyH COHJAPHHHT OVIMHMIN Ha3apuacH KV XHXATAAH
KYIXamwiapHUHr GyInHuW Hazapusacura Yxiwam. Kynxannap-
Jaru kKabu Oy XoiZa xaM HaszapHAHHHI ACOCHIA KOJIMKJH
OV MYMKMHINCH €TAIH.

l-reopemMa (Z xankana KONOHUKTH OVIHII XaKHAATH TEO-
pema). deap a, b~ 6ymyn consap ea b= 0 6yaca, y x040a
wyndaii ¢ sa r oymyn conaap masxwyoxu, a =bhqg+ r ga
0 < r< |b|. By mapmaapnu xanoamaanmupyeuu q 6a r con-
aap nzona,

Ucbor. HcHornamaa XaKMKWi ¥3rapyBuUMHHHC [x]
{x HHHT GYTYH KMcMH} Ba {X} (X HHHT Kacp KNCMH) PYHKLATA-

o a _\\a a
PHHUHT Xoccanapunan oknaranamus. Ywéy g =| + {ﬂ}

o=| ]+ {ghe =0+
TeHDTHKAAH [If’||| T} H=bg+r, 6y epna

g = [I—E‘:T]sgn br=a-bg= {I%}Ibl — H6yTyH coHnap. Xap KaH-

nait x coH yayH 0 < {x} <1 6yurauu yuyH 0 < r< | 6].

Arap g, Ba r, COHNAp YUYH XaM a =bq +r, q,,r€Z,
0 =<7 < |biypurmn 6ynca, y xomua blg— q,) = r, — r. Yby
0=<r<|b|, 0r < |b|reHrcusauknapaan |blg—q|=
=ln~r<b| redrcnsmux kean6 umkagu. ByHzaH 3ca

]q - ql| <1 teHrcusnuk Kenu® wnkaau. by ¢, ¢, coHnapHuHr
OyTyH COH aKaHMuruaad g — ¢, = 0, AHHA ¢ = ¢, Kemb quKa-
ay. byunaH Ba b(g— gq,) = (#, — ) TEHDIMKIaH * = 7, KeTHO
YHKAAH.

by TeopemalnarH g coR uajia OVIMHMA, * 3Ca @ HA b ra
O¥ynuIgaH Xxocua OYIraH KOMIKK geHmnaan. Arap r = 0, AfEHH
a = bg 6¥nca, a coH b ra 6YIHHYBYH EKM b COH @ HUHT O¥ayB-
YHCH AeHWIAIH.

Kamuna 6upu Honpgan dapigin 6¥nrad HKKuTa 6yTyH COH-
JApHHHD YMYyMHI SVIyBYIApH M4MAA SHT KATTACH YIAPHHHT
SHT KaTTa yMyMuii Gymyeancn (9.K.¥.B.) peitinann.

a Ba b COHJIApHUHT 3HC KarTa yMymui O¥inyBuncu (a, b)
OPKUIH OenriIaHagH.
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2-teopema. 1) Xap xandaii a, b € Z yuyn wynoaii x,,
¥, € Z maewcydxu, (a, b) = ax, + by,.

2) Hxxuma connunz 3.K.y.6. YAGPRUNHZ UXmuépui YMymuli
Ooyaysuucuza yaunadu.

Hcbor. Kyitmnaru f: Z2 » Z, x, ¥} = ax + by pyEKUHA-
HU KypaMu3. Arap & Ba b cOHJlap OMp BaxTaa HOMBIA TEHT
G¥nMaca, Oy ¢QyHKIMA MycOar KMMaTHapHH Xam, MaHpUH
KHHAMAaTIapHM XaM Kabyn KiagM. YHHHT MycOaT kuiiMaTia-
PHHHHT 3HI KWYHTHHHM ¢ OpKaayu Genrmnaiimus Ba d = (a,b)
SKAHJIMTHHH KYpCcaTaMH3.

Ywby d = ax, + by, > 0 ¥ypurnu 6yiranu yyyd a sa dra 1-
TeopeMaHH TATOMK KWmb, ¢ = dg+ 7, 0 = r < d HH onaMus.
OHm r=a—dg=a(l - gx)+b—gqy)=ax +by, xy €Z
TeHMIHK Ba (0 < r< d TeHrcHamuk 4 HHHT TabpudIaHHILIHTA
3un. demak r= 0, apHU ¢ coH d ra 6ynunazn. [yHra yxmaw
b HMHT XaM J ra O¥auHHIuM K¥pcaTiagi. MKKHHYHA TOMOH-
JaH a Ba b CORMApHUHT Xap KaHpai OyaysuucH d = ax, + by,
COHHHM XaM 6¥1aJH Ba WIYHra Kypa d AaH Karta OVamaiiad. by
ownan d = {a, b) aKagmury kypcaruwngn. UKKu#HUYM TACHHK,
d = ax, + by, TeHMMHUKAAH Kenu® YHKAILH.

. b
l-HaTtuxa. Aeap (a, b) = d 6yaca, y xo10a (%'E) =1

HcbHor. XakukaraH ax,+ by, =d TEHIJIKKIAAH
%x,} + 5 Yo =1 TeHrnuk xeau6 yukanu. by %x +5¥ QyHK-
UMAHHAT MychaT KMHAMATIAPH HYMAA 3HC KWYMITH | ra TeHr

3KAaHMHH K¥pcataau. Mc6oTiaHraH TeopeMara acocaH:
a b
(5.4)=1.

2-HaTtHuXa. Azap a, b, c€ Z (a,c) =1 ea ab cou ¢ za
GVaunca, y xoada b con ¢ 2a GYaunadu.

Hcbor. (a,c) =1 6¥aranu ydyH wynmai x, y,€ 7 MaB-
Xymkd, ax, + ¢y, = 1. bynaau abx; + bcy, = b xenud yMKanu.
By TEeHTMMKHUHT Yann TOMOHKNATH ¢b Ba be connap ¢ ra 6¥am-
pany. Byunan b ruHr xam ¢ ra oynaEMmy xeau6 yukamd. M

ByTYH cOHNapHHHT 3.K.y.0. H{ xHcobnaimn yuyyH Kymxan-
napaaryd Ka6u EBxium anropuTMH (KeTMa-KeT KOXHUKIH
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Oynmum €pmaMuaa 3.K.y.6. HM TOMWII YCYNH) HILAATHAAMH.
ByHUHr TahcHIOTAApHHH KHTOOXOHTA KOMOHPAMHS3.

Arap g, b € zconnap vuyH (a,b) =1 G¥nca, ynap ¥3apo Ty
AeHHAaaH, 2—-TeopeMataH KyHUAArH TacAWK Keln® YiKagH:
a Ba b counap ¥3ape Ty 6¥mumu yuyn dupop Xx,, ¥, € Z,YIyH
ax, + by, = | TeHrnuk HaxapwiIdIUH 3apyp Ba Kudos.

bynnan XynaH Kymxamiapiaard KaGu KyHMoard Tachuk, Ke-
nmH6 YMKagH: arap @ € Z ¢oH b, b,, ..., b € Z counap GuiaH
¥3apo Ty6 6yuca, y Xonna y b, b,, ..., b, xymaiitMa G11aH XaM
Vaapo Ty6 6¥manu (ucboraanr!).

Y6y a, b € Z coHNapHUHT MKKATACHIa XaM OYIHHazM-
raH 2HP KHYHK MycHaT COH YTAPHUHT HT KHYMK YMYMHI
OVIHHEYBYHCH Aetiianu ea [a, b] opkanu GenrmnaHagn.

3-treopema. [a, B] con a ea b consapuune xap xandai
Gowmxa ymymuii 6yaunyeuucunn 6ysadu. Hosodan apxan xap
Kxanoaii a, b € Z conaap yuyn

[a,b]=(|‘%|)-.

He6or., Tacnuxkau mychar ¢, & € Z connap yiyH Hc-

Gomam xudos, syukn [a,6]={ld, lojl. Vmﬁy a = ragj,

b = W GeNTHIapHH KUPHTCAK, ¥ XOIa W =ab =ab
COH g Ba b COHJIApHHHT YMYMHR OYIHHYBUMCHIUD, Arapc € Z
COH ¢ Ba b COHJNIApHHHr DomwKa yMyMHil 6¥IHHYBYHCH OYnca,
y xonga ¢ = au = bv, u, v Z bynnan V—‘—?——b‘— Y6y
(a,, b)) = | myHocabar ¥ ypHHJIH Oyaradu yqu u=bu,u €z

ByHra Kypa ¢ = ab, -4 = t—_'ul Hemax (—5 [a b]

VanaaH sa 6Hp coHAaH GoWKa bYnyeyniapyn 6ynmarad 6up
COHMAaH Karta GY¥arad 6yryd con Ty0 coH aefiumagu. Maca-
Jam, 2, 3, 5,7, 11, 13, 17, 19 connap TyO cOHmapaup.

d-Teopema. Tvb conrap mynsamu vexcuzoup,

HebHort. Arap ¢ OyryH coH, ¢ > | Ba ¢ HHHT OUp COHHBAH
KartTa Gynrad OYnyBYMiapH HYHIA Hr Kuaury p 6¥nca, v xomana
p— Tv6 cOoH. XakukaTaH, d € Z, d >0, d/p Ba d < p BYICHH.
Arap 1 < d< p 6¥nca, vy xonpa Gyuaall d HUHT MaBXYITUCH p
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HHHT TabpudaaHummra 3ug. JeMak, € d = 1 éxu 4 =p, TBHH
p — TY0 COH,

DHAM TYO cOHNap TYILIaMH Yekiu 6¥ncuH ae6 dapas Kunaii-
NHK Ba p,, P, ..., P, — 0apua Ty6 connap 6yacHH. Ymby a =
p,* Py p,+ 1 cOHHH onaMu3 Ba Oy COH YUyH IOKOpHAA
TaLpUGAAHraH p COHHY KYPaMH3. p — TY0 O¥araHu yuyH y p,,
Pys vy P, CORJADHHHT GHpHIra TeHr OG¥Mali. YHAaH TalIKapH
p/a. lemak, a — p,* p, .. p,= 1 coH p ra 6ymuHazu. by
KapaMa-KaplUIHABK TeopeMaHu vcOoTmaiinu,

Ty6 conHuHr TabpHdunaH, arap p Tv0 coH O¥aca, y Xonma
Xap Oup OyryH CcoH € p ra OVnIMHanM €Ku p 6miaaH ysapo TyO
sKarHru Kenud wmkan, [IyHra kipa, arap 6up Heura OYTYH
COHHHHT K¥maWTMmacHd p TvO codra 6¥muHca, y xoina 0y cod-
JApHUHF KaMuga OHpH p ra OVarHane (4YHKH axce xonma Gapuqa
Kmaitysunap p Ownad ¥3apo Ty0 O¥namm; OyHaaH yrap
KYTIafTMacHHHHT XaM p 6u1aH ¥3apo TyONHTY KeJdud YHKATH).

S5-reopema (apuPMETHKAHHHT aCOCHH TeopeMacH). Xap
kxandaii a > 1 6ymyn con my6 consaprunz Kynaiimmacu wmax-
aunda ndodaranumn mymxun. Bynoai udpoda kynaiimyenusap-
U2 E3UAUBE MAPMUbU anuKAuida s2ona.

HUcbor. HcOoTHE g = 2 GyiiHYa MaTeMAaTHK UHAYKLIASA
épnamuna ucbornaiimus, 2 cod Ty6 coH. DHpa g > 2 G¥icuH.
4-TeopeMaHMHT UCHOTHAA KYPAMKKHU, 1IUYHAAH p, TYD COH MaB-
XYRKH, p./a. lleMak, a = pa,, a, €z, 1 <a <a Arapg, =1
6¥nca, y Xonna a = p. Arap a, > | 6ynca, y Xon1a MaTeMaTHK
MHIYKUHAHMHT (hapasura MyBoOHK a, COH Ty® COHIAPHKHI
KynaiTMacu maknuua udonanasanu. byHra xipa @ = pa,
XaM Ty0 COHNAPHHUHT K¥NafiTMacH MAKIHAA KdoaanaHaaM.
byTyH COHHHMHI TY0 COHJIAPHMHI KYTIAHTMACH WIAKIMEA ATNO0-
Ha ndomaaHHIMK YHATAD KYIIXAWIAD YYYH UCOHOTNAHIaH MOC
TeOpeMaHUHT (YHHUTap KYOXagHHHT KeJTHpHIAMaiaurad
KYIXaIIapHUHT K¥maffTMackra EHHIMIIH XAKHOATH TEOPeMa-
HHHT) HcboTura yxmam (TaCHIOTHHK KUTOOXOHra KOJIH-
pamMus).

Hatuxa. Xap xonoaii a > 1 6ymyr con ph - pl2.  p¥
KypurLwu0a udodaranuwu Mymkun, 6y epoa p,,..., p. — mypau
my6 connap, k,,... .k, — namypan conrap. Byrdaii upooa kynaii-
MYSHUAGDHIHE E3UAU MAPMUbU QHUKAL2UIG 720HA.
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34-§. Z XAIKAIA TAKKOCIIAMAJIAP
BA YETHPMAJIAP CUH®JIAPH

m — HaTtypal coH, a Ba b — OyTyH comwrtap 6VICHH. Arap
a— b aitupMa m ra 6YmiHca, ¢ cod b 61NaH m Moayas OViiya
TAKKOCHAHYBUH Aefiunand Ba a = b (mod m) KJpHHHMHAA
&3uanm.

bepiwiran m yayn Z tyiolampardy ¢ = & (modm) GuHap
MyHoca0aT KyHHIATH XOCCANAPra ara:

1. a = a (mod r) {pedneKcHBIUK XOCCACH), YYHKH 4 — 4
COH m ra OVIHHAOMH.

2. Arap a = b (mod m) O¥aca, y xonpa b = a (mod m)
{CHMMETDHIJIHK XOCCACH), UYYHKH a — b COH m ra OymuHca,
b—a= —(a — b) xaM m ra O¥aHHaAH.

3. Arap ¢ = b (mod m) Ba b = ¢ (mod m) 6¥ica, ¥y xoana
a=c (mod m), YyHKU @ — b coH m ra 6YnuHCA Ba b — ¢ COH
XaM m ra 6yauHca, y Xonpaa — ¢ = (@ — b) + (b — ¢) coH xaM
m ra 6YnHHATH.

By yuTa XOCCAHHHT YpHHIWIMIK g = b (mod m) Guuap
MYHOCADAT IKBUBAICHTIHK MYHOCA0aTH SKaHIMTHHH Kypca-
Taau. Z T¥IiamMaa 6V SKBHBATEHTIHNK MYHOCAGATH XOCIUT KWI-
rad cuudmapHu m Momynbk Offuua dermpmanap cundnapu
neinann, ¢ = b (mod m) MyHOCA0AT 5CA TAKKOCTAMA ACHH-
NagH.

a = b (mod m) myHocadar a Ba b coHjMap m ra 6YIHHraHAA
OHp XHA KOIAUKKA 3ra OVIHILUHIa TeHr Ky4TH OVIraHn yIyH
(TexmupuHr!), m Moayns O¥iiuua xap GuUp YerHpManap cUH-
¢u m ra 6¥nuHTranma 6up XA KonaHk 6epaaurad Gapua 6y-
TYH coRMapgad ubopar. byTyH coH m ra OyamuraHsa dakar
0, t, ..., m — | cornaprusa Konadx, cHdartrHia maiino 6¥nagu,
ADHM M MOZYAb OVitHua polilla-poca m Ta MEeTHpPMANap CHH-
¢u dop.

m coHH Gepwnrad O¥ncuH. by xomna g coHHH V3 HuMra
ONYBUM ATOHA M Moayap O6yAHYa verupmamap cMHPHHH 4
OPKAIH GenryaaiMus. Zm OPKAIH I MOOVAhL O¥iiuva Hapya
yerupMaiiap cHHQIApd cHCTeMACHHH OenrdiaiMH3, ShHH
Z, ={0,1,...,m-1}. m monynp 6yitM4a yerupmManap cuHd-
JAPMHHHT TappHdHaan ¢ = b (mod m) MyHocaGar g = b My-
HocalaTra TeHr KywWiH.
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l-treopema. deapa = b (mod m) ¢éa ¢ = d (mod m)
dynca, y xoa0a a + ¢ = b + d (mod m), a+c = bd (mod m),
ABHE MAKKOCAGMataprl Xadaal xYum ea xynaimupuu mym-
KUuH.

Hc6oT. Arap ¢ — b Ba ¢ — d cowrtap m ra 6¥nuHca, y
onma(a+ o) —(b+d)={a - +(c—-—dypaac —bd =
=(a — b)e + bc -~ d) cornap »t ra 6ynmuHagu. A

By 1-teopema Z TynnaMaa KyHugara yeya OWIAH KyluMiu
Ba K?naﬁ’mpm.u aMaJUIApMHU KHPHTHILTA UMKOH Bepagu: 1)
aBab CHHpRAPHUHT HHFHHIWCH nes, a+b cHH(ra aiiTH-
NADM Ba a+ b opxam GearwiadHagn. 2) a Ba b cnncbnap-

HUHI KyIaiiTMacu aed ab cuudra aifTHIanKk Ba 4 ¢ b opKa-
JH DenrwiaHanu.

Xap 6up cHH( Y3Mmard MXTHEPHI MEMEHT GIIaH aHUK-
JTaHradd y9yH 4 +5 AMPHHOMHUHT Ba 4 - b K¥nalTMaHuHr
ad Ba b DneMeHTNAPDHUHr 4 Ba b cuHQIADIA TAHIAHHIUMCS
OOFTUK, SMAaCHUTHHH KYPCATHLIHMM3 KBIEK. Byuuur_yuyu
al =q Ba b, =b TEHIIUKIADAAH +b =a+b Ba

b, =g+ b TEHTIHKIAD KeIHO ‘IHKHIJJHHH K{pcardHinMH3
Kepax TakkocnaManap THAKAA OVHUHI MABHOCH KyRMIaruda;
a, = a (mod m) Ba b, = b (mod m) nau al+b] =g+ b
(mod m) Ba 4, b, = a-b{mod m) kemub YHKUIIAHA HCHOT-
Jam Kepak. AMMO 6y l-TeopeMaga KypcaTiiraH 24H.

Hlyupai Kwiu6, Z TyMIaMaa KUPHTHATAH ¢ + b Kyuigim
Ba @b KymaifTMpunl aMaiapu @ Ba b cuHdnap GunaH dup
KMHMATIH AHHKAAHIAH aMajulapaup.

by aMa/iap KOMMYTAaTHE Ba accounatue 6ynud, ¥3apo guc-
TpUOYTHB KOHYH OmwiaH GornadraH. XaKHKATaH,

a+b=(a+b)=(+a)=b+a,
a(b - ¢) = a(be) = albe) = (ab)e = (ab)c =

(a be; a(b+c)—'a(b+c)—a(b+c)-
=gh+ac=ab+ac=a-b+a-c

Konran xoccamap wyHra yxmam dcGoraaHamm.
Yoty 0 poas cuud cuHGbIApHH KYUIHIULA HONb POTHHH
YHHaAIM: Xap Kaufgakh g€ Z yiyH a+0=a+0=ga.
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Hysra yxuram 1 6upnuk casd curdIapHH K¥nakTHpALAA

OUPAHK pONUHHU YHHAHAM: Xap KaHual a€ Z, y4yyH
a-l=g-l1= a. _

Yuiby (—q) cund a cuHdra KapaMa-Kapiiu:
a+{(—a)=a+(—a)=10. Z pa KyWHL Ba KYIalTHPHII aMan-
JAPHHHHT KEJITUPUATAH X0CCANAPH Z HUMHT GHpIHK 3JieMeHT-
JH KOMMYTATHE XAJIKa SKalHTHHH KypcaTaad.

Arap o = b{mod m) 6¥aca, y xonna (a, m) = (b, m).
Xakukarad, Oy xomta a = b + mt, 1 € Z. byugat (b, m)/a. by
MyHocabaTaan Ba ax, + my, = (a, m) TeHINUKAAH (b,m)/(a,
m) xenub yuranu. Hyura yxuamw (e,m)/(b, m) MyHocaGat
XaMm Hcoortnadauu. deMmak, {a,m) = (b, m). Xycycan, oxupru
TCHIIMKAAH KYHHMIATH X0CCa KEIH) YHKAAH. arap Dupop cHH)-
Jard Gupop ameMeHT m OGwiaH ¥3apo Tyo G¥aca, y xonma Oy
cuHdaary 6apya smeMeHTIap XaM m Gunan ¥3apo Tyl Gyna-
oy, ByHpal cundnap coana cundnap peifiwnanu. Yoy
1,2,...,(m—1),m =0 6ap4a typau curdaap wyuna (k, m) = 1
MAPTHY KAHOATHNAHTHPYBUM £ cHHMIapruHa conma cHH-

mapaup. HIyHuHr yaya m momyns O¥iinya cuudrap punga
CONNANIAPUHUNT YMYMMU CORM #t JaH KaTTa G¥aMarad Ba m
6mnag ¥3apo TvG OYAraH HATYpald COHNMAPHUHT COHHIA TEHI.
by con ¢(m) opkanu GearunaHany Ba Diinep $pyHEunacH ned
aranaad. Macanan, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 connapu opa-
ciga 10 Gumam yzapo TvG Oynran commap 1, 3, 7, 9. Hdemak
e(10) = 4. Arap m = p — Tyb O¥aca, yxonma 1, 2, ..., p-1, p
CORNAp opacuaa p AaH Oomka xap 6upH p GwraH ¥zapo TvO.
Hemak ¢ (p) = p 1.

2-TeopeMa. m modyrs Gyhusa codda wezupmasap cung-
Aapu Z_ Oa Kynajimupuui amasuza HucGaman mecxkapuianye s
ea ynda mypavmuniuxamue (AsHU Kynagmupuw amasuzq Huc-
bamar) epynna xocuz xiuaadw. Codda byamazan Hoavdan daprru
cunghpaap sca Z da noavunz 6yayenusapu 6jaadu.

Hc6oT. monnad ¥3apo Ty0 GYiraH cOHTapRUHT KYaiiT-
MacK sHA s OlraH Y3apo Tv6 O¥nraHu yuyH HKKWTA M MO-
Ayne 6y#mya copfa cuHOHHHET KynaiTMac AHA coana cHHb
G¥mann. 1 cund m monyab S¥iuya comua cuudaup. Arap
¢ — conga cuHd 6¥iica (m Moy GVitHya), ¥ Xonna (¢, m) = 1.
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Ilyusra xypa ulyH,u.aﬁ apab Gy'ryH COHJIAp MABXYIKH, dc +
bm = 1. bynnan ac=1, TbHU a cm-nib c cumpra TECKADH.
Jemak, ¢ cuH) TeCKapHWIAHYBYH BAC =4,8 =C. 4 CHHD
XaM mt MOOYABR O¥iMva copma cuHG, YYHKH aKe Xonma ac +
+ bm = | TEHTAMKHHHT MKKATA TOMOHH XaM (a, m) = 4 > 1
ra 6ynuHapau. By 6unaH TeopeMaHMHr GHPHHYH TaCAMFH HC-
GoTnaHau.

Arap ¢ — HoapaH dapiIa m MoAyNs GiHTa conpa H6inmMa-
ra cung 6ynca, yxomna (¢, m) = d, 1 <d<m,c=cd, m=

d,1<d <mBynraxypa d=0,d, =0, ¢c-d=cd-d =

=¢+d-d=c-dd=c -m=0 Jemak ¢ CHH(} Z_J1a HOJB-
HuUHr G¥nysuncrzup. B

3-teopema (Diutep Teopemacu). dzap (c, m) = 1 byaca,
¥ xo040a ™ = 1{mod m).

HecHorT. Yu.lﬁy n = p(m) Genrd KHPHTAMH3,

2% ={x,,X,,...,x,} OPKaad m Momyib Gyituua Gapua
conaa CHHCIJJIap,uaH Hﬁopa'r MYJBTHIIMKATHB I'YPYXHH Oen-
ranaiMus. Ymoy (c, ») = | mwaproan ¢ € Z;, Kelub 4yHKa-~
IH. prnyHHr WITapHM KCSATHPHIATAH XOCCANMapura acocaH

{€"X,,€Xy,...,cx, } = Z. . bydnas

(X HeXy ) () = 0y - Xy 0 X,

—_— — J— J—

¢ Xy Xyee Xy =X i Xy

by TEHIMMKHHUHI HKKa1a TOMOHHUHH Jnc1 x2 X, ra Kuc-
KAPTHPHO (UYHKH Z - TYDPYX), C" = 1 TCHIIMKHU OJaMMU3.

Oxupru TeHrmK C” = 1(mod m) TeHrAUKKA TeHr Kywiu. B

Hatuxa (PepMaHMHT KHYMK TeopeMacH). Azap a — 6y-
myn con ea p — myl coun 6yaca, y xo0a0a & — a con p 2a
6yaunadu.

Hc¢boTt. Arap @ coH p ra O¥IHHCA, TACAMKHUHT YPHIIH-
JUTY PABIMAH. JHIK ¢ COH p ra OYIMHMAraH XOJdHH KypaMH3.
by xomma (g, py = 1. Dinep Teopemacura kypa o' — | =
= @*¥ — 1 coH p ra 6ynunamm. by xonga & — a = a(@*1 — 1)
COHHMHT XaM p ra GyiauHnmm kenu6 wukany. Il
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Arap p — TyO 6¥nca, y xonna Holdb cHH(AAH Gomka p
Moayrs OFiinua Gapua cuHgmap cogua O¥aub, 2-tTeopemara
K¥pa 6y xonaa ZP Mafinon G¥nanu.

ZP MaIOH KyHUZarH MyXHM X0CCara ara: ZP Mal#noOHHHWHI
| Gupnuk sneMeHTHHN Y3HHM ¥3ura p MapTa KYILILICA, HOMb-

HU GepajgH:

1+1+. +1=0,

CBLEL RN
b4

gk p = 0. byHzali xocca Xeuy KaliCcH COHJIM MaiooHaa
VpUHIH 3Mac.

Arap F MaiimoHZa Xap KaHaal m HATYPAT COH yYyH 1| Oup-
MK 3JIEMEHTHH V3HHM Y3HTa m Mapra KYIIWIraHaa HoJMbIaH

dapxau sneMeHT O¥ica

1+1+.. +1=0,
T
m

F MaliioH BONB XAPAKTEPHCTHKAAM AeHHNaau. AKC X014,
ABHM arap GHpop m yuyH | HY V3UHU ¥3Ura m MapTa Kyn-
raHaa HOMb Xocun G¥nca

1414 41=0,

"

Oy mapTHH KAHCATJIAHTHPYBUH DHI KUYHK M COHH F Maii-
HBOHHHHT XapaKTepHCTHKACH AckHmnagy. Macanan, 6apya cod-
JIH MAHACHNAAD HOMBb XapaKTePHCTHKATH.

Arap p Ty6 coH 6¥1ca, ZP MAHNOHHHHT XapaKTePHCTHKACH
P Ta TeHT, YYHKH arap m € N 6¥nca, y xomna m < p.

d-teopema. Azap F maiidonnun: xapaxmepucmurac
noadan thapxau 6yaca, y xorda y my6 con byradu.
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Hc6or. F MaHIOHHUHT XapaKTepucTHKacy p > 0 GicuH,
p=a-b a be N Yiong

(l+1+...+l)-(l+1-|;...+l)=1+l-;...+l =0
a

Bynaas F MaiigoH 6Viaranu yuyn € 1+ +1=0 gxn
ia
1+ 1+..4+1=0 sgapnurd keau® yuxanu. BHpUHYM XoaAa
b

MalJOHHMHT XapakTePHCTHKAch Tabpudura Kypa a = p. Jle-
Mak, a = p, b =1, HKKHHYH xonna wiysra yxwam b = p, a =
1. By p coH y3uaad Ba Supnan 601Ka 6¥ayBYHIapra 5ra SMac-
NArMHY KypcaTagn. p > | 6§aranu yayd p 1v6 con. Ml

Arap FMaitnoH p > 0 xapakrepHcTHKaiy, ¢ € F Ba m coH
p ra 6ynuHca, m = m,-p y Xonga ma = (mpla =

ma(l+1+.+1)=0.

4 .
5-teopema. Adzap F maiidon p > 0 xapaxmepucmuxasu
Oyaca, y xorda xap xandaii g, b € Fyuyn (a + by = & + b
Hc6or. Xakukaras HeloToH 6uHOMH dopMymacura Kypa
(6y dopMyNaHHHT XaP KAHAAl KOMMYTATHB XalIKana YpUHIH-
JIMrd papluaH),

(a+b) =a” +c,a’ b+, +clab?™ + b7,

Teopemanan oXOMHIH H30XTA K¥pa, TeopeMaHu HcOoTiam
yayH xap 6up ci(k=1,p 1) Gunomnan KodhduuuenTn-
HWHT p ra OYyMMHHIHHA KypcaTHil KOst

ok = plp=D..{p-k+1}
£ k!

Kacp GYTYH coH GYAraHM Y4yH YHHHT CypaT# Maxpaxura Gymi-
HamW. p Tv6 O6ynaraud Ba 1 = k <= p —1 waprna (p, &) = 1
6yirann tydaivii (p —1)(p —2)...(p —k + 1) coH X! ra 6yum-
Hagu. [emak
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(p-1)..(p—k+1)

%
P k!

OYTYH COH, TBHU ¢ COH p ra 6¥muHann. M

SHOR fix) Ba g{x) — KuiiMatmapl GyTvH coH 6¥iran Ba A
TVILIaMAa aHRKIAHFAH YHKUMIAp, » — OGHPOp HaTypal COH
GymcuH.

A tymamaara fx) = glx)(mod m) MyHocabaT x HOMABIYM-
JH TaggocaaMa feimwnany. Papmanxu, 6y myHocabar
F(x) = g{x) TeHITIKKA TEHT KyWIH, 6y epaa lokopuuari kabu

F(x) Ba m_) Benxrunap m Moayie O¥itda cundgaapra Y-
HU 6errmnaitay. [Hyuara yxmain 6Hp Hewa HOMABIYMIM TakK-
KocAaManap Ba TAKKOCNAMANap TH3UMIAPH TabpHQIaHAIH,

Yoy fx) = g(x)(mod m) TaKKOCHAMAHHHT euyHMH Jie6,
myhnail x, € A4 ameMeHTra aiTaMusKke, fix) = g{x Ymod m)
TakKociaaMa ypuaiad o¥ucud. bus Oy epaa GUpHHYHK Japaxa-
JH OMp HOMALAYMIH TaXKOcHaMaHK TEKIIMpHiL OMNaH Yera-
pataHaMm3: ax = h(mod m), a, b — Gepwaran 6yTyH CoHnap,
X — HOMALIYM OYTYH COH.

m MoAyab 6¥HIYa yerHpManap ciugaapura ¥Tub, 6y TeHr-
AAMAHA ax = b KYPHHHINLA ¢3MINIAMH3 MYMKWH, Oy epaa
abe Z,,Ba X HOMABIAYM XaM Z, HUHT 3JIEMEHTH.

Arap (a, m) = 1 6ynea, a — coana cung fijnanﬂ. Y xonga
2-Teopemara kypa 4x =b TteHriama x=a b=x, TeHrna-
Mara TeHr Ky¥au. flemak, 6y xonma ax => TeHrraMa roHa
X, €YMMra 3ra pa OepWiIrad TaKKOCAAMAHHHT €MHMIADH
TYIINAMH KYHHIAIE YerHpMajap cirbuaaH uOopart;

Xg = {x, + mt /1€ Z)

Arap (@, m) = d > 1 6¥aca, yxonpa a = ad, m=mJd, (a,,
m,) = 1 Gearwnapu KHpHTHO GepHIraH TAKKoCAaMaHM ywoy
adx = b{mod md) KypuHuIAA E3HMUMH3 MYMKUH. byHzau
KypuHAgHUKH, Oy TaKKocAaMa eYHMra ara OYIUlIH Y4yH b
COHHHMHT d ra 6yauuuwu 3apyp: b = bd. by xoaaa
ax = {mod m) Takkocnama yuby

ax = b (mod m,)
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TaKKOC/IaMara TeHI Ky'WId. by epaa (g, m)} = 1 6¥aranu yuyH
ax = b(imod m) TAKKOoCAAMAHU KYPHIAETraH X0MAA STHELE MAa-
Caacy WIrapur¥ KypHITaH XOAfa equiura KearHpwiad. by
OWIaH KyHinarg TeopeMa HcOOTHAHAH,

7-rteopema. a b — GyTYn counap, m nanypas con G6yacun.
Yy ax = b(mod m) maxxocsama ewumza 32a 6ysutu yuyH
b uunz d =(a, m) :a 6Ysunwwu 3apyp sa xudpon. By mapr
faXapRIraiAd TAKKOCAIMAHHMAT YMyMHiE eunMu ymoy

x=xa+mlr

popmyaa busan Gepuradu, 6y epda x, — maxxocsamanune bu-
Pop xycyculi enumu, m, = % .

Mucon k¥pamus, Yty 6x = 10{mod 14) TakkocnaMa eduM-
ra sra, 9yyHkH (6, 14) = 2 Ba 10 con 2 ra 6yaHHanH. by
TAKKOCTAMAHHHT HKKAJIa TOMOHHHU Ba MOIYITHHHA 2 ra OYIHo,
YHTa TeHr Kywid O¥nran ymoy 3x = S{mod 7) kypuHHILza
€k Z, nard ywéy 3x =5 TeHDIaMa KYPUHHILAA E3mwnagn. By
TeHINaMa fAroHa eyumra ara. LyHHHr yuyH GepHiraH tak-
KOCITaMAHHHT euHMIapy T¥miamy 7 Molynb Oyiudya Oupop
yerupManap cuHdunan uoopar. Arap 0, 1, 2, ... 6 yerupma-
Jap cuHGIAPHHHE KeTMa-KeT TEHITIAMAara KyHHO TeKIuHpcak,
eunMm 4 = {4+ 7¢ /t € Z} cuHd skarHruHA ToraMus, 1ya-
ra kypa 6x = 10(mod 14) TakKociaMaHHHT eqMMIapH TYILia-
MH {4 + Tt/t € Z} TYUIaMaup.



{(p=1)..(p=k+1}
k!

5 _
2=
6YTYH COH, AABHH ¢, COH p ra Gyaunamn. B

Sunv f(x) Ba g(x) — KuiiMaTAapu GyTyH coH Oirad pa A
TYIUIAMAA AHHKJIAHT3H QYHKUMLIAp, 7 — BUPODP HATYPAN COH
GYACHH.

A rymnamaard Ax) = g{x)(mod m) MyHocabaT x HOMABAYM-
AN TakKocaaMa petivaasy. Paswanku, 6y MydHocabar
F(x) = g(x) TEHIIMKKa TEHI Ky'Win, 6y epia IOKOPHIATH KabH
f(x) Ba g(x) Gearmwiap m Mooynb 6yinda cuHaapra yTum-
Hi Genrwnaiian. [llydra ¥Xwam OHp Heya HOMABLAYMIH TaK-
KOCIaMaNap Ba TAKKOWIAMANAP TH3UMIAPH TabpH(JIAHAMH.

Yoy fix) = gix)(mod m) TAKKOCTAMAHHHI €9HMH ne0,
wryHzan x, € A oneMentra aitaMusku, fix) = g(x Y(mod m)
TakKocaama Ypureiu 6yacuH. bus 6y eppa OMpHHYN gapaxa-
Y SHp HOMABIYMIY TAKKOCAAMAHM TeKIIHMpHMI Gluial era-
panaHamus: gx = d{mod m), a, b — Gepunrad OyTYH coHnap,
X — HOMA®AYM OYTYH COH.

m MOoAyNb 6¥iinya yerupManap ciadaapura ¥Tuo, 6y TeHr-
NAMAHM gx = b KYPUHHINA E3WIUMMU3 MYMKHH, 6y epsa
a 3 €Z,8Ba x HOMABIYM XaM Z  HHHT 3IEMEHTH.

Arap (a, m) = 1 6yurca, ¢ — coana cvmcp Gynagm ¥ xonna
2-Teopemara Kypa 4X =) Tenrama Xx=a ‘b= X, TeHraa-
Mara TEHI KyWIH. Hemaxk, Oy xonga ax =b TeHrnama ATOHa

Io SYHMIa 3ra Ba ﬁepﬂnraﬂ TAKKOCITAMAHHHT €4YHMIAPDH
TYIAAMH KyHHAArH YerupManap cHHpHRaHE Hbopar:

X, = {x, + mt)t€ Z}

Arap (a, m) = d > 1 6ynca, y Xonma a = ad, m = md, (a,,
m,) = 1 GENrwnapHyM KHpUTHO GepUIran TaKKoclaMaHu yluoy
ade = b(mod m d) KYpHHALIAA €3UWAMH3 MyMKUH. byngan
KYpHHATUKH, Oy TAaKKOCHaMa €YHMra sra OyiIMme yuiyH b
COHHHHT d ra OynuuuIuM 3apyp: b = bd. by xonaa
ax = b(mod m) TakkKocnama ymoy

ax = b (mod m,)
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TaKKOCAamMara TeHr kywid. by epna (o, m,) = | 6ynranua yuyn
ax = b(mod m) TakgkocAaMand KYpHIAETFAH XOMAA eqUll Ma-
cATaCH WITAPHTH KYPHATAH X044 edMiura KeaTupunid. by
fWraH Kyiigard TeopeMa HCGOTIaHAN.

F-Teopema. a, b — GyTyn comnap, » nanypaa con Oyacun.
Yuby ax = b{mod m) maxxocaama enumea 32a Gysumy yuyH
b nunz d =(a, m) ea 6Vaunumu zapyp eéa xugoa. By wapr
faxapuaranaa TAKKOCAAMAHMHT YMYMHH eynMH ywoy

x=x, + mt

dopmyaa busan Gepusadu, Gy epda x, — maxkocaamanunz 6u-
Pop xycycuil enumu, m, = ; .

Mucon ky¥pamu3. Yoy 6x = 10(mod 14) TakKoCTaMa eTHM-
ra 314, yyHKHA {6, 14) = 2 Ba 10 con 2 ra Gyminanu. by
TAKKOCTAMAHHHI HKKAIA TOMOHMHMY BAa MOAYIUHH 2 ra 6¥nub,
YHIra TeHr Ky4id 6ynrad yméy 3x = 5{mod 7) xypuHHIa
€ku Z, garu ymby 3x = 5 TeHITama KypuHHIAA €3wraau. by
TEHIIAMa ATOH3 eyumra 3ra. LIyHHHr yuyn OepwiraH Tag-
KOCTaMaHUHT edHMNIapH TYIaMi 7 Momyme O¥ivwa Oupop
yergpManap cuHdunan uGopar. Arap 0, 1, 2, ... 6 yerupMa-
nap cMHQIAPHHK KeTMa-KeT TeHIJaMara Kyiu6 TeximmHpcak,
euuM 4 = {4+ 7¢ /1t € Z} cuHd skawmurunu ronamu3s. lyk-
ra kypa 6x = 10{(mod 14) TakKoCIAMAHHHT eYHMIAPH TYILIA-
MH {4 + 71/t € Z)} T¥iL1aMaup.



Oamurvu 606

YN3UKIHU DA3OJIAP BA YH3IHUKIN
AKCITAHTUPHLLIIAP

35-§. YU3UKJIUA (BEKTOP) PA3OJIAP

F — waiigon Ba ¥V — aanutue abens rypyxu 6¥icus,

Tabpud. Xap 6up A € Fsa xap 6up x € V anemenmaapea
Gupop xouda 6yiiuna A 8a x 3neMeHmMAGPRUNZ Kynatimmacu det
amanysyuu eq AX Kypunuwnda Oeazusauyguu y € V aremenm moc
Kyiunzan 6Yaub, kyiiudaeu wapmaap (axcuomarap) Gamwcapus-
2an 6yacun:

1) aeap A, u € F, x € V 6yaca, y 0100

Apx) = p (A x) = (Qu)x;

2} xap Kandaii x € Vywn 1+-x = x (6y epoa | opkamn
MaHZOHHHHT DHPIHK 3NeMedTH GeNrHmaHraH);
3 azap A, up € F, x € Vynca, y xorda

A+pyx=Ax+pux
4) azap A € Feax, y € V 6Vaca, y x040a
Alx+y) =Ax + Ay

By waptnapHi KaHoaTAAHTHPYBUW V apauTHE abeib ry-
pyxra F mafiion yoruma wusukau (EXH eekmop) ¢azo neitu-
JamH.

Kenaxakna F MaligoH veTuaa V unsukan (aso KYypHiraH-
na F MaHIOH 2JISMEeHTNAPH ckaaipaap Ned aTanud, KHYUK I'pek
xapdnapu O6unay Genrwnadanu, Vunsukiay ¢azo sneMedTaa-
DH 3ca gexmopagp NeO aTanuh, KHUUK JTOTHH Xapdaapu OH-
nap GeqrwiaHaid. F MaHIOHHUHT HOJNb MEMCHTHHH, SBHH
HOIB CKaIsipHH ) pakaM OpKalH, HOJIb BeKTopHH 3ca 0 opkau
fearnaimMus.
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by 606 napoMHmAa KHCKATHK YIYH "H3sHKIH daio” c¥ana-
pu ¥paura "¢dazo” c¥3MHM XaM HILTATAMMU3.

Mucoaxap 1. bepuiran g TYFpH YH3HMKAA ETYBYH Ba
yMyMui Gonutanryy O HyKTara sra OynaradH 6apua iyHanrad
KecManapHuMr J (a) TYIUIaMHIa KYUIME aMann KyHHAaruya
AHUKTAHATW: N N

Wyuanran OA pa OB xecManap GepwiraH 6yicun. OB
KECMAHHHT HVHAIHIUHHHA BA YIVHAHNTHHM V3rapTUpMACcHaH
BOoMINaHFHY HYKTACHHN A HyKTara qunpamns bynpa B nyk-
Ta Gupop C "yKTara Ky4amm. 04 sa OB W{HANTaH KecMa-
JAAPHHHT HHFUHAHCH Ae0 OC HYHAITaH KecMara afTaMH3.

Wynanran OA xecMauusr A € R conra KynaiTHpHiD aMa-
JH 3ca KyHuaariua AHUKJTAHATH:

1) arap A = 0 6¥nca, i+ OA= 00, apHH yayunura 0 ra
TEHr HyHaIrAH Keema A - OA ne6 oMHHANH;

2) gfap). > 0 O¥nca, 1- OA HYHAITAH KECMAHHHT ﬁyHaJIH—
u OA HAHT H?Ha.m{mu OGunad Gup xaun, Y3yHIMIH |AOA|
ia l|OA| ra, SbHH 0A HyHamraH KecMa V3VHAHTHHHM A ra
KVTIal THPHATAHHIA TEHT,

3) arap A < 0 O¥nca, HyHanrrad KECMaHHHT HYHANMIMHHAHT
WyHANMIOHTA TeCKapi, Y3YHIUCHA 3ca A|OA| ra TEHr.

By amannapra sucbaran J(a) tynam R xakukuii cornap
MaiOHH YCTHAA YHIHKIH $a30 XOCWI KIWIaan.

2, Bepuirad a TeKHCIHKIA éTYBIHM Ba YMYMMI GOIILTAHF-
MY HYKTara ra 0jirad Gapya HyHANraH KecMaTapHRHr J (a)
TYIUIAMHAA KYLHW aMATH [AaPA/LIIOTPaMM KOHIACH Gnmir_a
aunxananw: 04 sa OB kecManapuHur MUFHHINCH 8e6, OA

-
Ba OF xecmanapura KypwiraH OACB napauierorpaMMHHHLD
(2-wakm) AHATOHAJIHFA AHTHIALM,




HiyHanran KecMaHi A & R coHra KynallTHpHiI aMaid wi-
TApHTH MHCOJIAArH KaGH aHHKIAHALH.

By amamnapra uucbaran J,(a) Tymiam R MalioH ycruma
qHINKIU $azc XOCHN KA,

3. ®azona ymyMuil Goutadry HyKrara 3ra OynraH Gapua
HYHAITAH KeCMAIADHUAHC [ TYIUTaMHAa KYWHIN Ba XaKMKMI
COHra KVNafTUPHU! aMaLIapHHHA WATAPHTH MHCOIHArH xabu
KHpHUTWICa, ¥ R MaiiioH ycTHAA BEKTOD (ha3o XocHm KWIAAH,

4., F — mxruépuii MaiaoH, n — Hatypan coH 6yacHn. F*
TYIIaMaa KVIIHIN aMaTHRe Yoy

(@, Ay cen ) + (B, Bys s B) =
=(a, + B, a,+ B, ..., a, +5)

Kouja opkad, y € F ckaapra Kymalitupill aMaauHH 3ca
y(ay, @y, oy a,) = (ya,, ya,, ..., ya)

KOHAA OPKANK KMPHTCAK, ¥ F MalooH yeTiaa BexTop dasora
alftaHanu.

5. Marapurd Muconaard F T¥oiamaa KFIUIAWKA YA Md-
comaru kabu, y cKapapra KynalTHpHIl aMaavH#¥ 3ca xap
KaHmait y € FBa (a, .., ¢y € F' ysyn y (o, ..., a)) = 0
KOMAA OpKaTH KapuTtaMus. by amannapra vucGatad F” qi-
3HKMH $azo OYAMANIK, YYHKH YHHHT Y9YH HKKHHYH aKCHO-
Ma GaxapwiMaian.

6. [a, b] kecMana AHHKIAHTAH Ba Y3IMyKeH3 Gapua GyHKIIHS-
aapaad ubopar Cla, b T¥nmnaMna GbyHKIMSAAPHHHAT HHFHHK-
JMCHHM Ba A € R ckanapra KynafTMacHHH oJaTtiaarmya KHupu-
TWICA, ¥ R malzod yeTida ymsuiiv ¢aso XOCIUl Kuaami.

7. F — coHnap MaitgoHu 6ymub, kosdduumentiapu 6y
MaliioHAaH ONMHTaH Bapya KVmxamwiapHduar F[{ T¥roraMuna
KYIIMII Ba CKANApra KymafTHpHII aMaJtIapHHH WICADHIU
MHcOINard KaGu KMpHTHNC2, ¥ F ycTHAaa WM3MKIH (a3ora
ailTaHamu.

Tawvpud. Vuby x, y, € Veexmopaapnune aiiupmacu de6 'V
Hu addumue 2ypyx cuhamuda xapaszandazu aiupmacuza, TeHU
x —y=x+(—y) ea atimusadu.
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Ynzunn $aszo akCHOMAAAPHIAH KeAH0 YHKAIKIAH HATH-
JKaxapra YTamMHs.
1-xyMaa. a) Xap kandaii A € F, x, y € V anemenmaap vuyu

Ax-w=1lx—-A1y
0) Xap xandati A, u € Fva x € V aremenmaap yuyu
(. —u) x =2x —ux.

Xakukatad, A(x — ) + Ay = M{x =y} + ¥} = A{x+{—») +
+y) = Aix.

Byagan A{x — y) = Ax + (=1} = Ax — iy

Lynra yxisaw (4 — g)x = Ax — gx MyHocadaT HCOOTIAHANH.

2-KyMmia. a) Xap kandaiti A € Fywyn 1- 0=0.

6) Xap xandati x € Vyuyn 0-x = 0.

XakukataH, 10 = A(x - x) =ix —Ax = 0Bal-x=(—
—)x =Ax —Ax = 0. By XyMIaHMHT aKCHHYACH XaM YPHHIH.

3-xyMmna. Azap Bupop A € F eax € V anemenmaap yuyn
Ax= 0 6Paca, y xoada €A = 0 éxu x = .

XakMKaraH, arap Ax = 0 Bai = 0 Oynca, yxonma A € F
IMEMEHT MaBXYA Ba 110 = 1'1(Ax) = (I %)x = 1x = x. bynnan
x=10.

Hatypan » conu 6yiinya MaTeMaTHK HHAYKIHA EpoaMHaa
Xap Kagai A,4,,4,, ...,4, € Fpax, x, x, ..., x, € VoneMenr-
nap yayH (A, +4, +.. .+ )x = A x +..+A x BaA{x, + x, +...+X))
= Ax, +...+Ax MyHOCA0aTIapHHHr YPHHIH SKAHIKCH Kypca-
THAZOM (MYyCTAaKMJ TeKHIMpUHT). byrapnan

Sax, (mme N)

k=1

n
= I

L]
£

L

36-§. YASHKIMN BOFJAHUI

Fwmaiigon yerunaru V sekrop ¢a3ona x,, X, ..., X, BEKTOp-
Jlap TH3UMH Geprirad GVICHH.

Tavpud. Azap kamuda 6upu noavdan papxru 6vazan wyn-
Oait A, A,, ..., A, cxaaspaap masxcyd 6¥aub, A x, + A X, +..+

1> o
183



+4, % = 0 menzanx baxcapuaca. X,, %y, ..., X, 8eKMOpAGP mu-
UMY wH3uKAU GOFAUK (3pKcuz) deliunadu. Axc xoada 6y sex-
mopaap muzumu wuzugau 6opaumazan (3prau) deliunadu.,

Illyupa# kumud, x,, Xx,, ..., X, BEKTOpAAp TUIUMHHHHT Yd-
IHKMH OOFTAHMAraHMIMHHEHT MALHOCH WYKK, A, X, +...+ 4 x =
=0, ..., 4, € F) reurnukaan poumod = 1,=...= A = () 3kaH-~
JIHTH Kenu0 4YHKanH.

Muconnap. 1) F? dasona yuody x, = (1,0), x, = (0,1),
X, = (2,2) pexTOp/Iap YHIUKIH GOFIAHTAH, YYHKH

2x, + 2x, — x, = 0

2) F? dasona ywby x, = (1,0) Ba x, = (0,1) BekTopaap
TH3IUKIH OOFIaBMAaran, YyHKM A X, + 4,x, = 4,(1,0) + 1,(0,1) =
={,,4,) = ¢ = (0,0) mydocabatnan 1, = 0, A, = 0 xean6
YHKANH. .

Tavpud. F maiidon yemudazu V wusuxau asoda x,, x,,
w, X BEKTODJIAD TH3HMH Oepwnrad OVICHH. Arap miyHaan
Hys By ooy f, , CKOAASPAGD MANHCYD OYacaxu, X = u X, + pX,
ot op, x  Gaxcapusca, X, 6eKmOp X,, X,, ..., X, , 6€KMOPAGP
opKaau yuzuxau whodasanzan Oeliuaadu,

Xympa Yuby x,, x,, ..., x, 6eknioparap wusuxau bormanzan
OyVauusu yuyH yaapuunz dupopmacu 6owxaiapu opKanu Hu3uKau
ugpodaranzan 6Vauuy 3apyp ea Kugoa.

Ywby x,, X,, ..., X, BEKTOPJAP YHIHKIU GOFNaHTraH 6YICHH,
Y Xonna kamuga 6upu (Macanan, A, ) Holbaas ¢apkau 6jaran
A5 4y, ., A cxangpnap MaBXyaxu, 4%, + ,x, +..+ A x = 0.
byspan

n
—_ -1
x, == z A%,
i=1
fuk
AKCHHYA, X, X,, ..., X, BEKTOp/ApHUHTr GipopTacH (Maca-
JaH x,) GollKaNapd OpKAIH YH3UKIM udonanaHrad O¥IcHH:
L
Xy = Z X
i=lirk

Bynpan
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Xy — Eﬁfxi =0.

i=] ink

R
seHl > Ax, =0, 6yepral, =1, 4 = - pu(i # k).
i=]

By XyMnanad Kyiuoard HATHXANAD KETHO YHKAIM.

1. Hoab BekTOpHH ¥3 HYMIra ONYBYH Xap KAHHAAH BEKTOp-
Rap TH3UMH YU3HKAH OOFIaHrad, YYHKH HOJB BeKTOp Gonrka
BEKTOPIAP OPKANH YHIMKAI HponanaHanH (MH3HKIH Hdona-
HUHT Dapua Ko>QOUIIMEHTIAPH HONLIA TEHT).

2. Arap BexTOpIap TH3IUMMH MM3HKIH OGOFMaHraH 0Vnca, y
Xoiana Oy TH3UMHM ¥3 HUYHMIa OJraH Xap Kanjad BeKTopiap
TH3IUMHM XaM YH3NKIH OOFIaHraH o¥nanu.

By HaTiokagaH KyHHAArH XyiI0ca Ken® YHKagu.

3. Arap BeKTOp/IAp TH3UMHM YH3HKIH pKIK 6¥aca, v xonga
YHMHI Xap KAHAAH KHCM TH3MMHU XaM YH3HKIH 3PKId O¥maam.

37-§. VIIMAM BA BA3ZHC

Fwaiipon yeruaard Veekrop da3ena BeXTOPIAPHKHT YeK-
JH €KH YeKcu3 A TH3UMK Oepiuirad O¥IcuH.

Tanpud. A2ap A musumuune n ma snemenmoan ubopgn
YUBUAU IPKAN KUCM mu3umy maexcyd ea (n + 1) sexmopdan
ubopam xap KaHOGE Kueym MusuMu wusuxay Goraauzan 6yaca, n
coru A muzumnunz paren Oetiuradu (6y epda panz cyau unzau3
ronge cysudan onunzar 0vaul, 6y epda dapawea cy3uza SKuu
maskoru burdupadu).

Azap xap xaudai n namypai cor yuyn A musumda n ma
aneMenmOan ubopam HuUIUKAU IAPKAU KUCM muzum Maexcyd oyaca,
A musum wexcus paneea 2a detiunadu.

Azap A muzumnunz parey n Gyaca, YRUHZ 1 ma eexmopdan ubo-
DM NUSUKAN IPKAN KUCH misumit A musumnune bazucyu detiuiadu.

1-reopema. 4 musumaunz panzu n 6yacun, A musumoan
osuHzZaN Xap KAndali eexmop yuunz Ha3Ncy OPRAAN AZONA YCYA-
da uusuxau ugodasranan.

Uc6ort. Yuby b, b,, ..., b, — KUCM THIUM A TH3HMHMHT
azucH pa x € A 6¢rcun. ¥ xoara {(# + 1)1a BekTopRad HGo-
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pat b, b, ..., b, X KHCM TH3MM YM3UKTH GOFIaHrad O¥nanu,
SHHU Kamuaa 6upu HonbaaH Gapkiu 4, 4,, ..., 4., 41 +, cKa-
nApAAp MaBXYAKH, A.b, + A,b, +..+ 2 b + 1 x = 0. Arap
A+, = 0 6ynca sam, A, + A,b, +..+1 b, = 0 Gaxapwianu.
byvpan A, = A, =..=1_ =0, yynxt b, b,, ..., b, — YM3UKIH
spxan. by acad, 4,, ..., 4, 4+, cKangpAapRUHTr KAMHA2 GHpH
HOIbAAH $apKau perad waprra 3ua. Jdemak 4, = 0. byngan
x = A+ (Ab +..+AD) abHM x BeKTOD b, b, ..., b Dasuc
OPKANM YH3IUKIU MODamaHAIM.

Arap x sexrop 6y 0a3uC OPKAIM MKKH XA X = a b +...+
+a,b, =pb+..+8 b, m3nkn ubonanauray 6ynaca, (a, ~
Bob, +..+a, — B)b, = 0 reHrnuk ypunnu 6ynany. Bynnan

aca by, b,, .., b BeKTOPNAP YMIUKAU 3pKIM OYIrany yuayd
a—-p,=0,..,a =B, =0TeHruK, apHua, =§,, .., a, = 8,
KenH0 YHKAXH.

V umausin Ba30HMHE paHIH YHUHC VIuaMd Aed aranaiu
Ba dim V x¥puanuina Sexrinanany. Arap dim V < « 6ica,
V qexotH YI9aMiH, ake X0Iaa 3ca YeKCH3 YIuaMIy AeHIDTamH.

Vqexnu yraamnu 6¥aub, yuuur 6upop b, .., b, 6azucu
Gepuiarad 6VacKH. ¥ Xonpa l-reopemara acocaH xap KaHmak
x € ¥V BeKrop 6y 6a3uc opKanu 6Hp KHAMATIN YH3HKAN HDO-
namasand: x=af, +..+ af.

by udopanaru a,, ..., @, Ko2(hPUUHEHTAAP X BEKTOPHUHT
b, ..., b, basucunary KoopaMHATANTapH Neb aTatanu.

2-teopemMa. A — gexmopaap muzumu ea B — ynunz uerau
MUUKAY IpRAU Kucm muzumu 6Yacun. Azap A musuminunz xap
bup cexmopu. B opxasu wnsuxau udodasranca, y xoada B mu-
sum A muzumpunz 6azucu 6yaadu.

N ¢ 6ot KaroOHHHr GHpHHYH KHeMumard, 14-§ 4-reope-
MAra acocaH, arap 4 Tuanm R dasouudr KMcMu Ba B aca A
HHHI KHCM TH3HMMH OVIHG, A HHHC Xap Oup sexropk B opka-
Jd yM3HKind udoganaHca, ¥ xonza A HHHr paHr B HUHD
PaHIHIaH KaTTa 3Mac.

Arap A uxtu€pult Vunsukin ¢azomara TH3HM Ba B yHpa-
I'U 4eKny padrra 3ra O¥nran KucM TusnmM O¥nca, 6y Teopema
VPHHIHIHTHYAa Kodagn (Mycrakua HcooTnaanr). Lydaaii
KWIHO, OXUPTH TacOHKKA Ba TeOpeMAMH3HHHC [IAPTHTa aco-
caH, arap A HHUHC paHTH » 6¥1ca, ¥y Xonra B HUHT XaM paHru
n 6ynagy, seuu B KucM THauM A uuar Sasucuinp.
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by TeopeMa MYaillsH YM3MKAK (PasjoNapHHHr YITYaMHHH
xuco0namaa Kynaii pocuragdp. bup Heuta MHCON K¥pamus.

1. Arap D (a) ynsuknu dasopa (35-§ narm 1 Mucon) e -
HXTHEPUI HOJbLrA TeHr O¥nIMarad BekTOp O¥ica, v XoJda
D (a)maru xap KaHgall X BEKTOPHH ae, a € R kypunumaga
Hoganam MyMKHH.

HeMak, {e} TusuM D (a) Hunr Gazucu Ba dim D (a) = 1.

2. Arap D,(a) dasona (35-§ maru 2-mmcon) KoIHHeap
Gynmaras (AbHU GHp TYFPU YH3MKAA €TMATaH e, Ba €, BEKTOp-
nap GepwiraH O¥nca, y Xonga yuap YH3HKIM 3pKIM BA Xap
KaHgad x € D{a) Bexrop A,e, + 4 €,, KYPHHHLINAA udogana-
HMIIM MYMKHH, Gy epaa A, A, € R. Bynra acocaH {e,, ¢,} TH-
auM D (a) HUHT GasHcu Ba dimD(a) = 2.

3. Arap D, dasona (35-§ naru 3-MAcon) koMiviaHap 6¥mma-
raH (TbHU OHpP TEKMCIHKAA €TMATaH) e, ¢,, e, BeKTopiap Oe-
puarad 6¥aca, y Xoiga yaap YM3HKIAH 3PKIIH Ba Xap kaHaad x
€ D, Bekrop Ae, + 4,2, + Ae, KypHHMILIa HPOZATAHULIN
MyMKUH, 6y epma A, 4,, 4, € R. byura acecan {e, ¢, e}
TU3HM D, HuHr Gasucu Ba dimD, = 3.

4. Nxtuépuii F Mainon ycruaard £ ¢asoparu e, = (1, 0, 0,
v 0),6,=(0,1,0,..,0)..,e = (0,0, .., 1) BexrOpIap opmaap
ne6 arananu. Xap Kanga#t 1, ,, .., 4, € F aneMeHtiap yayH
Ypunmu 6ynrad A e, + e, +..+ e =, ).2_,1") TEHTTHKIAH
OPIIADHUHT YMIHKIM 9DKIH SKARIMIY Ba Xap KaHpail x € F7
BEKTOPHHHT YAAp OPKAIM YH3MKIM Wogananuimm Kerut yu-
kam. Jlemak, oprnap F* dazoHuHr 6asucu Ba dimF” = n.

5. C[#] opgamn napaxacH < n Oyarad Ba ko3(pduuneHT-
sapu € KOMILTEKC coHnap MalIoHUIaH OJIMHTaH Kynxamwiap
TVIaMHHY OenrumafiMus. Kynmxagmapuu KVIUHI! BA COHra
KVOaHTHPHIL aMalTapyHM KyiHnardya KHpHUTaMH3:

S+ g = (ao +al+..+ anr") + (bl) + bl +...+ bnﬂ’) —
= (a, + b)) + (a, + b)+...+(a, + )¢,
A =4 (a, + gt +..+ a1”) = Aa, + dat +..+ a1

Yoy 1, ¢ £, ..., " — K¥OXaaiap YH3MKIH 3DKIH,
XaKMKATAH, aKC X003 KaMujaa OHpH HOMBAaH (hapigin Gynran
wyHzad A, A, ..., 4, COHIAp MaBXyOKH, Xap KaHpail ( € C
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yayH A, + A1 +...+ 4,#* = 0. Baxonanku, anreSpaHHHr aco-
CHP TeopeMACHHHHT HATIDKACHTA ac0ocaH 6y KVNMXaAHUHT KVITH
OWrIaH »# TAa WAAM3U MABXKYA.

Aemax, {1, ¢, ..., ¢"} Tusum C [f] HUHT Ga3ucH Ba
dimCln=n+1,

6. (1] dazo (35-§ paru 7-MHCOM) YEKCH3 VIYaMIK, YYHKH
Xap Kahmait n yayH (# + 1) Ta BeKTOpnaH ubopar 1, 1, ..., 1"
TH3HUM YH3HKIH SPKIM.

3-reopema. Hexau yanamau Vgexmop gazodazu xap Kan-
oai nuzuxau spau muzum 0y pazonunz 6azucu fyseynua myadu-
UMY MYMKUH,

Hcbor. VHudr YraaMu 1 8a {e, ..., &) yHIArK YH3HKIN
SPKIIH TH3HM OViacHH. ¥ xomna & < ». Arap k = » Gynca, v
xomna Oy TH3IHM Basuc O¥magd. Arap k < » 6¥nca, y xomna
YHIMKIM (azo YIUaMHHHHT Ba YHAArH 6a3HCHHHT TAatpu@Ia-
pura xypa Oy TH3uM basuc Gynmaiine, Jlemak, 2-treopemara
acocaH WYHAAN e+, BEeKTOp MABXYIKH, Y €, €, ..., €, BEK-
TOpJIApP OpPKalM YH3HKNH HpopananMajiou. Ywoy f{e, ..., e,
e,,,} TU3HM YH3UKIH SPKNH. XaKUKATaH, arapd e, +...+ 1.e, +
+4,,.8,, = 00¥aca, y xomna A, = 0 (4yHKH aKC X0nua &,
BEKTOD €, €,, ..., €, BeKTOpIap OpKamd 4U3HKAU udonana-
uapae). bynaaH le +..+1.e= 0 TEHDIMK Keaub IMKAMM.
By teHrnvknan 3cae,, ..., e, BEKTOPIAD YU3HKIH 3PKIH 6Yira-
HH yuyH X, = &, =..= 4, = 0. Arap £+ 1 = »n O¥nca,
{e, ..., e, e,,,} TH3UM Oazuc Oynaam. Akc xonza, AbHU K + 1 <#
Bynca, e, ..., €, e, , BEKTOPNAp OPKany YM3MKIH udopanan-
Ma¥iiiran e, € ¥ pekrop MapXya 6¥manu.

[TOxopuaary MyroxasanapHu saHa wnatub {e,, ..., e, €,
é,,,t TH3MMHUHI YU3HK/IM 3DKIU 3KAHIHTHHH ONIAMH3 BA XOKa~
30. by Mynoxasanapuu {(n — k) mapra wouarub, {e, ... e}
TH3UMHE ¥3 Kukra onysan V dasonunr {e, .., €., .., €}
Gasmcunu onamus. M

38-§. FASUC V3TAPTAHJA KOOPJUHATARAPHHHT
AJIMAINTWHALTN

F maiinon ycTipard yusekas daloga ukkura {e, ..., €.} Ba
{f,, .., f,} basucnap Gepuwiaran 6¥ncud. MKxuHuM Gasuc Bek-
TopaapHU OUpUHUM 6a3ic BeKTOPAAp opkand udopamaiiMms:
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= i:}’fkef (1)

i=l

By udonanaru C = (y,) € F" matpuua {e,, ..., ¢} 6asuc-
aan {f, .., j;} fasucra YTHOI MATPHIIACH NeHHNAIH. YTHIL
MaTpHLAaCH BOUM MaxcycMac pa C71 Teckapik marpuua {f, ...,
/} 6asucnan {e,, ..., e} 6asucra yTHn MaTpHIacuaup (Gynap-
HM MYCTAKHA UCOOTAAHT).

V na uxruépuii x pexrop onuHras 6yanb, £, ..., £, — YHUHT
GHpUHYH 6aaﬂcnam KOOp,I[HHaTaJIapH Nys «oes N, — HKKHHYH-

Aard, SLHU X = 21;‘ znkfk Oymcun. Y xomia
=} k=1

n

= Smdrae = (gl mm}‘-ﬁ

kml i=] i=1

byngan
k=1

(1) pa (2) dopMynanapHd COJMUIITHPHIU KYPCATAAHUKH,
HKKHHYH Ga3sHchard KOOPOHHATARAPHH OHPHHYH 0asHCHATH
KOOPIMHATANAPra ATMAITHPHILIATH KO3()GUIHCHTIAD MAT-
pHLACH TPAHCIOHUPAam OMIAHTHHA OWMPpUHYH OasHCHAH HK-
KMHYM Gazucra YTHI MaTpHUACKHIAH $apK, KWIAaH.

39-§. KHCM®A3OJIAP BA TMIIEPTEKUC/IHKIIAP

F maliiod yerumard P uusHKan dazona V'okucM Tymnam
GepuiaraH 6YICHH.

Tawpud. Azap V dazu kywuw amasruza 6a eexmopaapuu F
dazu cKaaapaapza kynatimuptiy amaaiuza nucGaman V' mynaam
énux, byaca, sshu xap kandai x, y € V' yuyn x + y € V' sa xap
kaudati x € V', A € Fyuyn Ax € V' &yaca, vy V wusuiau gaso-
HuHe Kuempazocu delivaadu,
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Tavpudaary mapt ymoy xap kavpakt x, y € V gai, u € F
yayH Ax + g4y € V uiaprra teHr Kywid. byHpan kenu® umga-
JUKH, V' kpeMODA3OHHHT V3 XaM F MailIoH yeTHAA YH3HKIH
dazo xaMna dim V' = dim V (MycTaKMI TeKIIHPHHE).

Muconnap. 1) Xap kaunait yusuku $aso HONbL BEK-
TopaaH ubopar KucM dazora sra. by xucM bazoHHHr ¥ TyaMH
HOJIB Ae6 OMMHALU Ba HOMB KHCM (pazo nel aTaiaad.

2. R? rexmenuxkaa 2x + y = 0 mapTHH KAHOATIAHTHPYBYH
Gapua (x,, y) Hykraiap KHcMdpaso xocwn Kwiagn. by Hykra-
JApHHHT reoMeTpuK YPHH — KoopanHaTAIap OowngaH YTYBYH
TYFpH YH3UK. YMyMaH, KoOpAUHATalap OoiliMpaH yTMaiau-
TaH TYFpU YMIMKAArH HyKTagap TViUlaMH RZ pa Kucmdazo
XOCII KHAIMAHAH, YYHKH YHIAR HOJE BeKTOp, sTeHH (0, 0) HyK-
T4 KHPMaHdH.

3. 0 — y4 ymyosan QUMK Pa3oBUHT TaHUH HYKTacH 6ynub,
a — Oy Hykraman ¥TYBUH TYFPH YH3MK, o 3c¢a Dy HyKTajaH
¥Typud Tekucauk GyncuH. By HykTanu HyHairaH kecmanap-
HHUHr yMyMuii 6owiaHFdy HyKracu aeb oncaxk, D (a) Ba Dy{a)
nap D, unankny daszoHunr (35-§ maru 1—3-Muconap) KucM
dazomapu G¥nagu. YHaaH TallKapH, arap & TVIPH YH3IUK &
TeKUCIUKIa érca, ¥ Xonna D (a) tymnam- D,(a) 4usukim da-
30MUHT KHMcM (a3zocH 6ymanu.

4. Kosppuuuentnapu F MalioHAAH OIHHraH ymwGy

iamﬁk =0 (= L_S)
k=1

ntag, .., § HOMABIAYM § Ta YUIUKIU TeHIIaMaNapaad ubo-
par 6Up XHHCIH TH3MMHU ONaMi3. Arap 7 coHH A= (a,)
MATPULIAHMHT paHrd Gyaca, MabIyMKH, 6y TH3UM (m — /) Ta
YHINKIH SpKIH ((PYHIAMEHTAN) euduMIap TH3HMHIa 3ra Ba
Oapta evydmuapaad ubopar L tymnaMm ¢QyHmaMeHTan e4HM-
JIAPHUHT YH3HKIN KOMOMHAUMANapuIaH HGopar T¥uiaM 6H-
nad yerMa-yer tyianu. [Hyupa ko6, L t¥nnam P yusux-
i $azoHHHT {n — r) ¥ruaman KuoMasocH Syranu.

5. Arap n < m 6¥nca, y Xongma R [f] daso R 4] HuBr KucMm
dasocu. R [f] pazonapuunr xap 6upu (n = 1, 2, ...) aca R[/]
dazoHuHr Kucm dazocu.
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V' dazoHUHT uxTHEpuit M KHCM TYIUIAaMHHH OJaMH3.
L,, opkanu M naH ONHHraH BeXTOPJIap OPKANH YH3UKIH Hdo-
JAAaHraH Oapya BeKTopaap TYMIaMuHM OearrwnadMus. by
Tiruram M TYIUIaMHHHT YH3HKJH KoOuru pefwnany. L, TYvaM
V HHHP KucMdaszocu GYau6, yHUHT Yavamu M TVIDIAMHHHT
paHTHTa TeHT {TeKWMpHHT!). byHaaH KenHd 4MKaauKH, arap
dimV = n 6¥ica, y X0Nma Xap KaHOAH m = n HATYpal COH
yuvH ¥V aszo m ymyaMnu KucM dazonapra ara. Arap Viekcus
ymgammd 6Vaca, v Xonma Xap KaHmal m HaTypal cOH yuyH V
dazo m — ymuaMmal kueMdasonapura 3ra. XaKMKataH, arap
e,, ..., ¢, V Bekropaap 9M3NKIH 3pKIM O¥ica, y xonnua {e,
ey €} TYILIAM YH3UKIA KOOUFHHHEI YIIYaMP m Ta TEHT.

Arap Vdasona V' — xuemdaso Ba dim V' = dim V 6yica,
y Xomma ¥V’ = V. Xakukarad, arap {e,, ..., ,} TVIuiaM V" HHHC
Gasucu O¥nca, vy xonga dim V = dim V' = n ra acocad 6y
TVIiaM V HuHr XaM Gasucu 6ynamu. [IIyauur yyyn V* xampa
V daso {e, ..., e} TYILIAMHHHI YH3MKIN KOOMFH O¥nanm. V
{azonuHT M KHcMbazocH Ba g € Veekrop Gepuiran HYICHH.

Tavpud. Voasoda émyewu ywbya+ V ={a+x/xc V}
mynaam V' guermdasonu a gexmopea cuadcumuuioarn xocua 6yazan
eunepmerucaux deb amanadu.

Mucoanap. 1) Arap V uMsuxma dazoma V' Kucmpaso
cudariza HoMb KUcM()A30 OIHHCA, ¥y Xonaa 0y KneMbaloHH
4 BEKTODTa CHUDKHTHILAAH XOCH O¥IraH runepTeXHciauk da-
KAT 4 BEKTOPHHHT ¥3MHAHTMHA HOOpaT.

2. R na yinby 2x + y = 0 T¥rpH uYn3MK GWIAH aHUKJIAHTAH
KcMdazoHH onub, yHU a = (3, —4) BeKTOpra CHIXHTCAK,
a + V' runeprekueauk V' TYFpU YM3MKKA napajiedb 6yiaraH
BA g HYKTagaH VIYBYM TYFPM YM3MKHH Oepaa; YHHHT TeHr-
mamMacH 2{x —3) +y+4 =0, qapuu2x+y -2 = 0.

3. Dy(a) dazona oxuprd HyKTacH a TEXHCHUKIArH Gepui-
TaH TYFpH YM3WKHA ETYBYM Hapya BekTtophnap 6y dazona ru-
NEPTEKUCTHK XOCHN KIIALH,

4. D, ¢paszona oxupru HyKracy Geprirad TYFpHM 4M3MKAA
(Tekucaukaa) €ryeyn Gapua BexTopiaap Oy dasofa rHnepre-
KMCITHK XOCHI KHIA/IH.

5. Koaddbuumentnapu F MainonnaH oaMHraH a Gupra-
JMUKRA 6¥araH » HOMABIYMIM HUXTHEPHH YHIHKIH TeHTIaMa-
Jap TH3UMHUHHUHT e9uMAapH TYiaMa F” ¢a3zona runeprexkuc-
MK XOCHI KHIANH,
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by rumeprekucak GepIraH YM3UKJIM TEHDIAMAIAD TH3H-
MHTa MOC OMp XMHCIH YH3HKIH TCHIIAMANAP TH3HUMHHHHT
eunMIapuiaH ubopar ¥ KucM daszoHH OepluiraH TH3HMHHHT
OMpop XycycHH €UHMHrd CHWOKUTHIIAAH XOCHN GYnamu.

l-reopeMa. V wuzuxau hazonunz Gupop V: xucmpazocu
bepuszan 6yacun. V' xucmpazonn cuancumumdan xocus 6yszan
bapyua sunepmexucauraap V pazonunz éfuamacunu bepadu.

Hc6 o1 Xakukarad, Xap KaHmaii a € Vyuyna € a+ V7,
yyHkr 0 € V'. YHgaH Tawikapi, arap @ € b + V O¥mca, y
xonna a — b€ V' BanemMak a+ V' =b+{(a-bhH+ V' =
=b+V. IR

2-Te opema. Xap xkandaii Oepurzan 2unepmexucaux axam-
ZHHE A20HE KucMBazonu cutycumuut Sutan xocua Kusunadu.

Hcoor. Xakuxaran, V' — udsuknu ¢gazo, V' pa V' —
yriaru Kucmdasomap, a, b € V— 1yHnait pekropiap 6¥AcHH-
KH, ¢ + V' = b + V. Byunan xap 6up KucMm $a3o HOIB
BeKTopra »ra GyaraHu yuyH ¢ — b € V' pa a — b € V.
WUKKHHTH TOMOHIAH Xap Kangaix € V' yuwyHa + x€a+ V' =
=hb+ V' JHdemak, a - b + x € V. byHoan aca x € V',
aeHH V' © V"' myHocaGar kenu6 unkagu. [ydra $haumam
V' € V' myHocaOar onunanu. llemak, V' = V' Il

HchoTrnadraH TeopeMa Kyiiaaari TabpudHY aliTHINTA HM-
KOH Oepain.

Tawpud. Tunepmexucauxnune Yanamu 0e6 cuarcuntuu na-
muxcacuda 8y unepmerucAuKiE X0cUn KUAzan aeony xucma-
30RUHZ Yauamuza qumusadu.

V dazoaa runepTeKHCIMKIAPHUHT Yodamy O 6¥aramiapu
HyKranap, ymuyamu | Oyaranaapu — TYFPH YH3HKAAD, VadaMu
2 OyaramnapH — TeKHCHHKAAD Aeb aratamd. XycycaH, arap
V= R 6yrraHna 6us $a3o aHATHTHK TEOMETPHACHHHHT MOC
TYWIYHYATAPUTa KeJdaMK3,

40-§. KHCM®A3OJAPHUHT HUFUHJAUCH
BA KECHIIMACH

V unsukan asonusr V), a V, kucMmdazonapu Gepuirau
Gyneud. KucM$pasonapHHHI KeCHIIMACHM OOHMM KHcMdazo.
XakuKaTtaH, arap 2, ¢ € Fpa x, y € V|, N V, 6¥nca, y xonna
Ax+uy € Vieailx+uy €V, neMak Ix + uy € V, N V.
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Kucmdazonapuunr 1¥mwiaM cudaruga ¥iurdnaucu V, U
V,, yMymaH aiirrampa, KucMpaso sMac (MHCON KEITHPUHI).

[[IyHRHT YYyH Kyiippard Tappudhil GepaMus.

Tarpud. bapua yuby x, + x,, x, € V,, x, € V, kypunuudazu
durundusapoar mysutean mynaam V, ea V, Kucmgazonaprune -
Fupducu Je6 amanadu éa V,+ V, xypunuwda Gescunanadu.

V, + ¥, — xucmbaszo. Xakukaran, arap 4, p € F Ba
X, yEV, + V,6mca, yxommax=x,+x,y=y, + V,,x, , €V,
x,, y, € V,. bynnan

Ax +uy = Ax, + X,) +u(y, + ) =
=x, +py) + g, +uy) €V, + V.

l-reopemMa. deap V nusuxsu gpaso V,, V, — nexau yasnam-
au Kucmpasorap 6¥aca, y xoa0a V,+V, xam wexsu yramau ea
dim (V,+ V) =dim V, + dim V, - dim (V, " V).

Hcbor. ¥V, N VKuem dasosudr yayamu & Ba {e, e, ...,
¢} — yHoardl 6asuc 6yacuH. by Gaduc 37 -§ narm 3-xymiara
acocad V| marn 6asucraya xamaa V, aaru Gasucraya TIIMPH-
numa MymkuH. bynra acocan wiyHnait f, £, ..., f, € V| Bek-

TOpJIAp MaBXyaxu, {e,, e,, ..., €, f, ..., f,} TH3UM — V| HHHT
GasHcu pa WyHmai g, ..., g € V, BeKTopaap MaBXyakH {e,
s € &5 oy &) TH3UM — ¥, HHHT GasucH OYiamn. Ywoy {e,,

€, sy fis s £, &y s &,) THIMMHUHT V] + V, dasona Basuc
9KAHJIUTYHHA K¥pcataMH3. by BexTopiap YH3HKIH 5DKIH.
XakMKaTaH, arap A, A,y o, Ay, f), o gy ¥y, o, v, € FyuyH
de, +..+Ade +u fi+..tuf +veg +.+vg =00ynca,y
Xonga e +..+de +ufi+..+pf=-vg-—.—-vg. by
TEHIIMKHHHC Yall TOMOHH V| HHHT BEKTOPH, YHT TOMOHH 3Ca
¥V, nuHr BexTOpM GYAraHu yuyH 6y BeKTOPIapHUHT MKKATACH
xam F, NV, ra TerMiiiM Ba JeMak e, ..., €, Jlap OPKAIH
ubonananany, llynnai oo, —vg —.—v.g =ae +..+ae,
ae +.+ae +vg +.+v g =0 bynnad {e, ..., e, 8. ...,
8,} TH3MMHHHI YH3HKIH SPKIMIAMCKHIA aCOCaH «, = @, =... =

a, = v, =.=v = 0 Oxupru MyHocabartiapiad &.e, +..
tie, +aufi+.+puf = -vg —.—vg = 0 TeHMNHKHU
onaMu3. bynnan aca {e, ..., e, f, ..., £} TH3UMBHMHI YH3UKIH
SPKAHNUTUra acocand, = 4, =..=4, =g =..=pu = 0. [lemax
e, o €u fys s £s & oy &,} THIMM YH3HKIAH 3DPKAH.
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Suau uxtHépult x € V) + V, Bekrop Oy TH3UM OPKAJH
MH3HKIHN HpOAATAHHIMHE K¥pcartamus. Xap 6up x € V| +
V, BeKTOp X = X, + X,, X, € V|, X, € V, KypuHHUIITra 3ra. DHIH
x, € ¥V, BeKIOp €, ..., €, f), ..., £} THIUM OpKaMM B X, € ¥,
BEKTOP {2, ..., &, &, .., &, TM3UM OpKamu oaanaHaaM.
HeMak x = x, + X, BeKTOD {e, ..., &, /}, ... [, &, --» &,} THIHM
oprand YH3MKIH Hbonanavanu. llynnah xunud, {e, ..., €,
S s Ss 815 woes &, TH3HM V) + V, pasoHHHT Ga3MCH 3KAHIH-

i k¥pcaTunan. bydinaH

dim@V, + V)=k+n+m=(k+nm+k+m —k=
=dimV, +dimV, ~ dimV]ﬂVz..

Tabpu . Acap xap kandai XE€ V, + V, eexmop x = x, + x,,
x, € V,, x, € V, kypunuwoda seona ycyr busgn uodararca,
V, + V, durundu myrpu tiurundu ded amanadu.

l-veopema V, + V, iiurunds mympu iiurmndu 6yaunuu
yuyn V, 0V, xucmpazonunz noav paso byaumu 3apyp ea Ku-
dosa.

Ucbor. V + V,—r¥rpu fiurmean Bax € VN V,, x, € ¥,
x, € V, 6yacun. ¥ xonga x, + x € ¥V, x, — x € V, Ba ymby
X 4+ % = (x + X) + (x, — x) renukaan V, + V, 1¥ipn
AUFHHMWIACATA acocaH x, = X, + x. byHnan x =0, apHU
V,N V, — zons ¢aso,

BHmu ¥V, NV, = {0} 6¥ncunH. ¥ xomna x, + X, =y, + ¥,. X,,
y, €V, x,, ¥, € V, TCHIIHKIAH X, — }, = ¥, — X, TEHIJIMKHH
onamus. by epman x, — y, € V, y, — x, € V, 3KarIMIHHH
Ha’zapra oAcak x, —y, =y, — X, = (. LlIyHuHr yIyH X, = y,,
x,=y, byepnma x, y € V Bax, y, € V, Bekropnap uxrué-
puit 6¥nranu yayu V| + V, T¥rpu dBHFUBAM O¥manu. [ ]

41-§. YUSUKJ/IN AKCIIAHTUPHIIRAP
BA H3OMOPOHN3IM

F waitpon yetuga Vea W oyuanknu dazonap Gepiuirad
OICHH.

Tavpud. Azap f: V- W akcagnmupuw ywy:

1) xap xaudaii x, y, € Vywyn fix + p) = f() + f(y),
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2) xap xandaiil € Fea x € Vyuyyn fidx) = € fix) wapmaap-
KU KanoamMAGHMUpPCA, ¥ Hu3uKay deliuaadu.

by epoarn 1) Ba 2) mapriapHH yiuoy:

Xap KaHHai x, y € Vead, u € FyuyH f0x + uy) = Affx) +
+ pf(y) mMapT GWIAH AIMAIUTHPHII MYMKHH (T€KIUHPHHT!).

MareMaTHK HHAYKLEA €paaMiga 1) ga 2) wapTiapaaH xap
Kadnait x,, x,, ., x, € Veal, A, .., 4, &€ Fyuyyn

f[i Akxk] = 3 hr)

k=] k=l

MYHOCAG2THUHT VpUHIM 3KAHAMTH KypcaTHiany.

Muconaap. 1) V — uxtuépuii au3ukmu ¢aso pa i € F
Oepuarau ckangp OyiacHH. Y xonma fix) = Ax — IH3HKJIN aKc-
JaHTUpHIl. Xycycad, f{x} = x, TbHH aiHUi aKCIaHTHPHIL-
YHIUKTHOND.

2) R texucivKnary xap OHp BeKTOpHU GepuiraH o Oyp-
yakka Gypull &y ¢aloma YMIKKJINH aKCIAHTHPHIIHH GEpan.

3) Ywby fix) = 2x, + 3x, x = (X, x,) € R, dpopMyna
OnnaH Gepwirad £ R -» R akciaHTHpDHII — YH3HKJIH.

4) Yu6y fix) = (2x, - 5x), x = (x, x,) € R* dopmyna
Omwrad Gepwiral f; R - R — akCAaHTHPHIN XaM YH3HEIH.

5 R[1] daszona xocwia onnm — Gy $a3oHN ¥3MHU ¥3HTa
YH3IHKIH AKCIAHTHPHLIUIND.

Arapf: V- Wsag: W U— 9H3HKIH 3KCJIIAHTHPHILIAD
G¥nca, v XOARa YIAPDHHHT KymaiTMacH (CyrepHO3HIHACH),
aeHH gf : V= [J akcnanTHpHB] XaM YH3BKAHIRD. XAKHKATaH,
Xap KaHpau x, y € V, 1, u € F yuyH

giix + py) = gfAx + uy)) = g0/ + ufy) =
= 18%) + ughy)-

Yusugm f:V - W akciauTHpHIDHHHT 1 € F coHra
KymafitmMacy ae6 ymby (4)H(x) = AAx) TeHrIHK OUNAH AHUK-
JAHrAH AKCAAHTHDHILTA aATHIAAH. YHHHT 4H3KKTHAKTH Oc-
BOCHTA TEKIMHPHIALH,

Yusukma f: V> Wea f: V> Waxcnamnpnmnapﬂnﬂr
HHFHHONCH ncﬁ yiby (f + £)(x) = fi(x) + f(x) TeHrmMK
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OMN3H AaHHKAAHTAH AKCHAHTHpHTA afiTunasu. by akcnan-
THPHIN YUIUKAUTUD.

(i + )Ax + ay) = f(x + py) + fOAx + py) =
= (0 + 1fi(y) + Af(0) + wf(0) =A%) + LX) +
+ 2l (y) + L00) = A0, + ) + a2l + ).

Arap f: V- W — 4M3uKJIH aKcNaHTHPUIL ¥3apo GUp Kuii-
MaTni 6¥aca, v Xonga [ W - V akCIaHTHpHII XAM YH3HK-
au. XaKHKATaH, arap y,, ¥, € W, A, p € F 6yaca, y xonna
=L, v, = Ax), X, x, € VBa fQy, + ay,) = f10Ax) +
+ uf00)) = SUYAx, + ux) = A%, + px, = AN) + af ().

Tawpud. Yaapo 6up xuiimanau wusukau acciaumupuiy u3o-
Mopehuzm deb amaaadu, Azap V wuzukau pazonune W wusurau
thazoza Gupop usomopdusmu maexcyd 6yaca, V paso W gazoza
usomoph del amanadu ea V = W kypunuwda Geszuranadu.

YM3HKIM aKCAaHTUPHIUIADHUHT IOKOpHAa HcOoTIaHraH
Xoccanapuiad Xap KaHnal YmIdKin ¢azo §aura uzomopd
SKAHANTH KeaH0 YuKand (TLHH allHHIl AKCAAHTHPHIT — H30-
MopHIMIMp). YHAAH TamKapu, arap V = W 6ynca, y Xonaa
W = V, (cUMMeTPAKIIHK XoccacH); arap V= W, W= U
6¥nca, y xonma V = U {TpaH3HTHBIMK XOCCacH).

HzomopduiM BexTOpAap YCTHAArH aManiap GunaH YpuH-
AMMALUKUII XYCYCHATHIA 3Ta O6YraH ¥3apo Oup KMAMATIH YH-
3UKAN aKCTAHTHpHIN Oynranu yuyd V QasoHHHr Bekropaap
ycTHaaryd aMauiapra 0orniK 6¥Iran dapya xycyCcHATAAPH X~
THEPUH yura usomopd G¥aran dasora yTiraHia cakiaHADH.
XycycaH, uaoMopd JH3MKAH (azonap OMp XHA YruaMra sra.
Yeknu ¥nuaMan Gasonap yuyH Gy TACIHKHUHT TECKAPHCH XaM
YpUHIY.

l-reopemMa. deap F maitdon yemudazu eexmop pazosap
bup xun wexau yauamza 3za 6yaca, yaap usomopg.

Teopemani HcOOTAAN YIYH HIOMOPPHIMHHHT CUMMET-
PHKJIHK Ba TPAH3HTHBINK Xoccanapura acocaH F MaiinoH yc-
TUOATH Xap Kaumjail # ¥myammn VYV 4usukId (asoHHHT M ra
H30Mopd 3KAHTUTHHH KYpcaTHIn KH(OA.

Hcbort. Ymby {e, ..., e} TH3UM V HHHr 6a3HCH GYACHH.
bapua a,, ..., ¢, € Fyuyu fla, .., a) = ag +..+ ae,
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TeHTIHK OHIaH aHMKJIAHraH f: F - V akclaHTUpHINHUHT
m3oMop(@H3IM SKAHJIHMMHUA KY¥pcaTamM3.

Arap x € VBeKTODHMHT {e,, ..., ¢} 6a3HCIATH KOOPAKHHATA-
napu £, ..., &, Oyiuca, y xonna fi§,, ..., §,) = x. Koopaunara-
JIApHHHT ATOHANHK Xoccacura acoca fla, ..., a,) = fiB,, ..., B,)
TEHIIHKAAH (@), ..., a,) = (B,, ..., f,) TEHIIHK KeJHO THKATH.
By f akCIaHTHpHIMHUHT ¥3ape OMp KHHMATIH SXKAHTHTHHU
Kypcatand. YHIAH TAWIKapH f — YH3UKAW: arap # = (a,, .,
a),v=0,..8).Auc Fﬁj?ncg, ¥ XOIga

fau + vy = fla, + pp, ..., da, + p4f) =
= (a, + uB)e, +..+ (Ad, + uBle, = Mae, +..+ ae) +
+ u(Be, +..+ Be) = w + ufv). B

Yuzurnn f: V - W akcnantupum Gepuarad 6¥ncuH.

Tavpud. Vuby fix) = 0 menzauknu Kanoamagumupyesu
bapua x € V eexmoprap mynaamu suzukau f axcaaumupumnunz
Hezusu (adpocu) 0eb amanadu sa k(f) xypunuuidn Geseuranaoy.
AV = {ffoy/xe Vi € W mpnaam f axcaaumupumnune arcu
(obpasu} ded amasaou.

2-teopemMa. Yusunau f: V - W axcaanmupuwnunz nezu-
zu V gpazonunz xucmpazocudup, obpazn sca W pazonunz xucm-
azocudup. Azap V uwerau Yanamau 6ysca, y xo10a

dim k() + dim V) = dim V.

Hcb6or. Arap x, x, € k(f), A, 4 € F 6¥nca, y xonna
Ax) =0, fox) = 0. bynnas filx, + ux)) = ARx,) + pfix,) = 0
ABHH AX, + px, € k(f). Ulynra yxmwam, arap y,, ¥, € V), 1,
u# € Fbynca y xonna wyHaan x,, x, € V pexropnap MaBxya-
Kd, y, = fix), y, = fx,) Bady, + uy, = ifix)) + ufix,) = fidx, +
+ ux)) € AN, '

SHIH dim V = n, {e,, ..., e} TH3UM k(f) HeTu3sHHHT GasucH
Ba V dazouunr k(f) wernagard 6y Ga3sHCHHHT TYIAHPHIHIIN-
nan Xocwl Oyaran Gasucu {e,, .., e, e, ,, ..., €} 6¥icHR. ¥
xoma fle,, ), ... fle)) Bekropnap TH3HMH f{V) HMHT Ga3ucu
Oynanu. XakuKatad, arap ¥ € V) 6¥nca, wyHpai x € Vuae-
XKyOKM, y = f{x). byHra acocaH, arap x = a¢, +..+ ae +
+a,.e, +.+ae, a € F(i=1n)06jnca, y=fix) =

k17 k+1 nn?
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=a, fle,) +..+ afle) uyiku fle) =..= fle) = 0. Yunan
Tamkapu fle,, ), ..., f(e,) BEKTOpAap YH3IUKIH IPKIH.
Xakuxaras, arap A, fe, ) +..+ 2 fe) = 0 6ynca, y xonza
SOy ot Ae) =4, fle, ) +..4 Afle) = 0, AbHK
A, 8., Ttie € k().

k+1"k+]

HeMak, 6Upop 4, ..., 4, € F yuyH

A+e, ttie =pe ..+ e,

pe +o+pe —4,, —.—ie =0
Bysnan pa {e,, ..., e, €., .., €} THIMMHUHT TH3UKIH

SPMIWINIUAAH 4, = g, =..= g, = A+ =.=1 =0.
[Iynaaf Kuwinb,

dmV=n=k+(n —k)=dimk(f) + dim f(V).

Hatuxa Yexau Yavamau wusuiau dasonunz ysunu ysuea
WHILKAN QRCAGHMUDUHIURNNE V3apo Gup Kutimaniau 6Yaumuu yuyH
YHUHZ Hezu3u noab dazo Gyauwu 3apypuil ea rugoneuil wapm-
dup.

Hcb6oT. By apTHHHT 3apypiIurH aéH. Arap Gy wapr 6a-
Xapuiarad sa dim V= n 6¥nca, 2-TeopeMara acocad dim f{V) =
n. Jemak, V) = V. Yeaan ramkapu f{x) = f{y) TeHDIHKOaH
fix —y) = 0 TeHDNHK, OyHOaH 3ca X —y = 0 Ba X = y
renrukiaap kenu6 uukamu. W

by "HaTKafa hasoHUHT YeKIIH YIMaMIHIMIH MyxaM. Ma-
canaH, Xap 6Hp x = x(t) € R[] yuyn fix) = fx TeHrMHUK O11aH
aHuKaanTaH f: R[f] - R[f] um2dK1H aKCIaHTHpHIUHHHT He-
ri3u Hok daso O¥araHu OMIaH v ¥3apoe 6Up KUAMATIH aMac,
YYHKH YHHHT aKCH 0304 XaiH HoJbra TEHr 6yIraH kym xaa-
JapaaHruHa ubopar.



Emmunvwu 606

YU3UKIN, BHIU3UKIHN BA KBAJIPATHUK
DOPMAJIAP

42-§. YU3IHKJIHN POPMAJIAP

F umaiizon yeruga V ausukim daszo Gepuirad GYIcHH.

Tavpud. Aeap ¢ V - F dynxuus ywby: :

1) xap xandaii x, y, € Vyun p(x + y) = p(x) + p(¥);

2) xap xandaii x € V, L € Fyuyn (Ax) = Ap(x) wapmaapnu
Karoamaaumupea, y wusuxau gopma (vusuxau gynxuyua, wu-
uKau Qynxyuonan) deb amasadu. Bowkaua cyzrap Guaar aii-
muazauda, azap F maiidounu yzu vemuda wusuxau Qazo ded
Kapaaca, wusukau opma — 6y V wuzurayu dazonu F maddonza
HUIUKAY AKCAGHIRUPUILILOUD.

Muconnap. 1) Arap V — ¥muami n G¥aran UH3MKIR
daszo, x € V BekTopHUHT OMpop 0a3HcHarH KOOpPAHHATANIADH
§h b, BAG, A, .y a € F — bepuiaral ckandpnap 6¥nca,
y xomma ¢f(x) = af, .., + af, bysxumws V pary 4H3MKIH
" ¢popmanup. Keituupok, V parn xap Kangai umsHkiau dopmMa-
HHHT WY KYPHHHILAA HGOTANaHHUIUH MyMKHEJIMTH KypcaTH-
JAfH.

2) Yekcus i’rm{bawm Cla, b] y3ukH (HaloHMHT X(¥) Die-

MEHTHIA (p(x):jx(r)dr TeHrMHK G6mmaH ¢ : C [a, 8] = R

6epunran cl)ymcu‘;m YH3UKIH dGropMagip.

Oumu dim V = n, e, ..., e} TH3UM ¥ paru Gasuc, x € V-
BeKTODHUHT Oy Oasucparu KoopauHatanapu &, ..., &, SbHH
x=§e +..+ e 6¥acun. Arap ¢ : V» F— un3uknu dpopma
G¥nca, y xomna ¢(x) = af, +..+ o, Oy epoa a, = p(e),
{(i= 1,_”). Mynpaii Ko, Xap KaHaai YH3HKIH dopma Ga-
3HCra KHPYBYH BEKTOPAATH KHiIMATIapd OITaH TYIA AHHKIA-
Hagu. By KuiiMaTrap YH3HKIH GopMaHUHT GepHiaraH b6asHc-
Jard KoadpHnueHTIapy feb aranagu.
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Arap {f,, ..., £} TusuM V naru 6omwka Gasuc Ba C = (y,) —
GHpuHYK 6asHcaaH HKKHHYM 0a3iicra YyTHIU MaTPHUACH GYiica,

y xomia fi = $vae, Br =90 = Sr,ee), (k=1

Ao By = D yaua,, (k= Ln).

by :jpopn;y}mﬂap 6asuc yIraprania YH3IUKIH QOpMAHHHID
ko3(ppULHEHTIAPH KAHAAR VITADHLUMHH KypcaTani.

Kuitmara F Maiimonaa éryeun P unsHkmi dazona aHHK-
JaHraH HMKKHTA YM3HKIH GOpMAHHHT HHFHHIHMCH Ba V ga
AHHKIAHTAH YH3HKIH (HOPMAaBHHT CKALIpTa KYMalTMacH sHa
V 1a aHMKJIaHTaH YH3HKAH dopMaaup.

by amannapra Huc6ataH V ga aHUKJaHraH Kaiimatd F
Mafinonga 6yaraH 6apya YH3UKIH dopManap TYHIaMH F mMaii-
JOH YCTHEA YA3HKIU a0 Xocun Kunanu {rexiimpuHr!). by
yu3MKIH azo Vra KyuMa ged ataragm.

Teopema. Fmaiidon yemuda n-yasamau V wusuxau gaso
eéa ¢ : V—+ F— uuzuxan popma Gepuszan 6Vacun, ¥ xoaoa ¢
wusuxau opmarunz adpocu R(p) (n — I) yavamau xucmepa-
300up.

HcooT 41-§. garn 2-teopemara Kifjpa

dim kfp) + dim (V) = dim V = n.

By epma (V) = Fpa F Maiinon ¥3u ycTaaa 6up yauammd
YH3HKIH $aso 6yaraud yayd dim kip) = n — 1. W

43-§. EHUU3HKIN BA KBAIIPATHK ®OPMAJIAP

Tabpud. Acap ukxu sexkmop apsymenma cxaisp o(x, 3)
dhynxyus ¢ . V2 - Fxap 6up apaymenmu 6yiiuua wusuxau Gyaca,
ABHU

1) xap Kanoad x,, x, € Veald, u € F yuyn

plix, + pux,, y) = dp(x,, ¥) + pp(x,, y);
2) xap XaHuai y, ¥, € Veald, u € F yuyn

plx, iy, + ay,) = dp(x, ¥} + po(x, y,)
200



wapmaap Gaxcapunca, y Sunusuau opma (pynxyus, Gyrxyuo-
naa) deb amaaadu.
Muconnap. 1) D(a), Dfa) Ba D, dazonapna iyHarTu-
DHIraH KecMaTapHWHT CKanap KynaiTMach OHaM3uk opMa.
2) Prdazopax = (&, .., &)Bay= (3, .., #,) BEKTOPIap

VIyH @(x,y) = Y &4, TEHIUK GUITAH aHMKTAHTaH GYHKIMA

i=}

OFMYH3IHKJIIH.
3) Onementiapy F MalinoHAaH OJMMHTAR # TapTHOMM (o)
KBAApaT MaTpulia Gepuiran 6¥ncus. F* gpasomax = (£, ..., &)

Bay = (7, ..., ,) BeKTOpNAp yayH #(x,y) = > ayEme Tenr-
ik=1

JHK OMAaH aHHKJIARTaH QYHKUMA OHUM3HKIUAND.
4) Cla, b] dazoHUHT Xx(1) Ba Y(1} SACMEHTIADH VIVH

b
o(x,3) = [ x()ylr)dr

TEHIJTHK OMIaH aHHKIaHTaH QYHKIUAS OHUHIKIH.

IuaM dim V = n, {e, ..., ¢} TH3UM V pnaru 6azuc, 6y Ga-
3MCJa X Ba ¥ BeKTOPAAPHHHI KOOPAHHATANADH MOC PABUILIAA
&, &, Ban, .., n O¥icud. ¥ xonza

QO(X, y) = W(i ‘E:‘ew inkek) = iaikgi”ks
i=] k=1 i k=]

6y epma a, = pl(e, ¢,).

by a, ckamiprap ¢(x, y) OudHIHKIH dopMaHuur {e, ...,
¢,} Gasucnaru xoopPumuentnapu, 4 = (1,) = (p(e, e,)) € P/
aca ~ Marpuuacu ned aranany. HlyHpai xunud, Tadiumnan-
raH Gasicma ¢ ;. V2 » F ouumsuim dopManap OWwnad 3ie-
MeHTAapH F paH ONMHCAH # TapTHGAM KEBaNpaT MarpyLanap
opacuaa ¥sapo GHp KHAMATAN MOCIHMK MABXYI.

DHAH 6a3Hc Yarapranza OHIHIHKIH GOPMAHMHT MATPH-
lacH KaHmall VarapuilHHUA Tekidpamu3. Arap V pa Goinxa

n —
fi = 2 vs€, (K =1, n) Ga3uc onuHraH 6¥nca, y xoamap (x, y)

i=1
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OHYM3MKINA (POPMAHUHT AHIH (a3ucIarH MaTpULacHHH B =
= (f,) opKanH Oearwnal, YHUHT BAEMEHTIADH YUYH KyHKza-
rH HGOooAHK TOMAMKS!

Bu =9/ )= {EVW P Z}’qke )

=1

z Yp.y@t(p(ep:e ) = 2}’@ pquk

Pog=l Pog=l

By TeHrmik B = C’"AC 3KAWINTUHH Kypcatagn, 6y epaa

= (y,) — OMpUHYHM G6a3HcNaH MKKHHYK Daszdcra YTHIN MaT-
puacd. C MaTpHLIa AOHM MaxcycMac GYIraHd yd9yH Ba Mart-
PHLOAHUHT PAHTM MaxcycMac MaTpHIlara KyNaiTHpIraHaa
yrapMaralimre ydyH A4 pa B MaTpHUQIAPHHHT paHTH OHp
XWT 3KAHIMTHHH TONIAMH3, STbHH OHYH3HKIH GOPMAaHHMHT Xap
XWI Dasucaapiard MaTpHUACMHHHT paHrd 6up xui. by cod
OMMMIUKAH POPMaHHHT paHru ned atamanu.

Arap ¢(x, ) — GHaH3IUKIH opMa 6¥nca, v xonga g(x) =
®(x, x) kBaapaTuk ¢opma ne6 aranagu. [llyumaf guiuo,
KOKOPHIAA KeJTHPWIran xap OHp MHCOT KBaapaTMK dopMara
MHCONHH Depanu.

Taspud. Azap xap xaudaii x, y € V gexmopagp yuyn
olx, V) = oy, X) menzpux ypunau 6yaca, 6y buqusuiau popma
cummempur Jeb amasadu.

Cummempui Suuuzuriu chopmantnz Mampuyacy xap KaHdaii
6asucda cummempuk: a, = ple, e) = ¢ple, ) = a

AKCHHYA, arap OMIM3HKH QOPMAHHHT MAaTPHLACH GHpOD
fa3ycaa cHMMeTpHK O¥nmca, Onun3uKTH $dopMa XaM CHMMeET-
puK. Xakuxarad, 4 = {(a,) — Oupop 6aaucna ¢(x, y) 6u4u-
s GopMaHHHT MaTpHUacH, Oy 0ajMcOa x Ba y BEKTOpD-
JApHUHET KOOPAHHATANAPH MOC paBHWAA &, ..., &, Ba 7, ..., 1,
Gynacun. Arap A — cuMMmeTpuK 6yica, y Xonna a, = a,,
(i, k =1,n). byHra acocau

e(y,x) = 2 apnéy = 2 ap e =

i =1 i K=1
7

= z @bt = ZG*E e = olx, y).

k,i=1 i, k=l
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Arap F MallloHHMHT XapakTepHcTHKacH (Benrucu) 2 paH
dapkan 6¥aca, ¥ xonna q(x) = ¢(x, x) kpanpatuk dopma ywmody

wix, y) = %(m(x, ¥} + p(y, X)) CHUMMETPUK SHIUIHKIH Bop-

Ma OWIaH XaMm XocHI KuiHHand, by y(x, ¥} CHMMeTpUK OHiH-
3uKH GopMa g(x} KpaapatuK dopMa oprKanu SHp KHPMaTId
aHuKIaHagn. Xakukarad, ¢(x + y) = y(x + p, x + p} = q(x)
+ g(¥) + 2 y(x, y). by epaan

vix, ) = %(q(x + ) = 90 — a).

6epyIral KBaIpaTHK GOpPMaHd XOCHA KWIYBUK SATOHA CHM-
METPHK OHYH3HKIH dopMa MABXYAIMTHHH KY¥paMu3.

Tabpud. Keadpamux dopmanu Xocun KUAVEUH $20R0 CuM-
Mempuk Guuu3uKA QOPMAnUKe Mampuyacuza Keadpamux gop-
Marnunz Mampuyacy def amaradu.

Wyraaak ¥kuaub, KpagpaTtHk GOpMAHUHT MATPHIIACH Maki-
OH XapakKTepuCTUKACH 2 AaH dapkiu GY¥Iragia anHKIaHno,
y DOHM CHMMETPHK.

44-§. KAHOHUK BA3HCJIAP

Fwuaiipon yetina Vumasuginu gazo ea € : F2 - F— OudH-
sUKIH dopMa Gepunrad GYncuH.

Tavpud. deap V daeu (e, ..., e} 6a3ucda o(x, y) bunu-
3uKau dopmanunz mampuyacu duazonas (renu i # k Oyarzanda
¢ (e, e) = O) 6yaca, by basuc p(x, y) bunusuxan Gopma yuyn
KaHORUK Jef amaaadu.

JuaroHam MaTpHa CHMMETPHK Oyiradu cababmm, Ouum-
UK GOPMAHMHE KAHOHHK Oazici Marxy 6Y i y4yH YHUHT
CHMMETpUK OYIHINHM 3apyp. Arap F MalnOHHHHT XapaKTepHc-
THKacH 2 nad dapgam G¥aca, Oy wapr kinbod XaMmIaHp.

t-reopema. Xapaxmepucmuracu 2 dan papxau maiidon
yemudazu Hexau paiamay suzuku Gazoda aRuKAGHZaN Xap Kan-
daii cummempur Guusuxay dopma Kanorux bazucza 3ea.

Hctor, HeGoTHR 4H3ukAH Qa3oHHHDr Yiuamp OFitHya
MATeMATHK HWHAYKOHA YCyau épaaMuaa ucGorTaaiiMus.
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XapaktepHcTHKacH 2 nad dapkan F Mmaiigon yctvaa »
yngama Vunsumi dazo sap: V2 - F — GHM3HEAH dopma
Oepunrad GVICHH.

Arap # = 1 6¥nca, TacHMKHHHI' YPHHIHIHIH aéH, YYHKH
OHPHHYH TAPTHOAH Xap KaHaail MATPHIA AHATOHAN KYPHHHILTA
ara. JHAH 4 > | O6¥mcHH Ba Ymuamd < » 6¥ICaH YH3HKIH
dazonap ydyH reopema vchoTnaHraH ned ¢gapas KIiaMus,

Arap ¢(x, y) = 0, A-HHU aiHaH HoOMbra TeHr 6¥1ca, v xonga
YHUHT MATPHLIACH XaM HOJb Matpuia 6¥mu6, YHHHT YUyH Xap
KaHpai 6a3uc xaHOHUK O6¥aanu. Arap ¢(x, ) HoNbIaH dapk-
au Giausukau $opma 6¥ica, y Xoaaa myHnaii e, € Vpektop
MaBXYAKH, ¢(e,, e) = 0, 9yHKH aKC X0lAa Xap KaHaal x, yE V
BEKTOPNAD YIYH

03, ) = Jlplx + ¥, x + 1) = plx, 1) — 9, Y)) = 0

Vpunnu G¥napam.

Ymby V, = {x € V/ ¢(x, e) = 0} Tymiamuu xypamui. by
TyiwiaM V pa ymyamu (n — 1) ra Tedr KucM azo XoCH KIH-
WWHA KypcataMu3. Arap x, y € ¥V, 1, u € F 6ynca, ¢(x,
e) =9y, e) = 0. Bynnan pQx + py, e) = ip(x, ) +
+ pp(y, ¢) = 0. lemax, ix + uy € V. Xap 6up x € V sexrop
yuby x = e, + 3, A€ F y €V, KYpHHMIIAA ATOHA YCya
OmIaH HpomaTaHHIIN MYMKHH. XaKHKATAH, OXUPTH TEHIITHK
p{x —ie,, e} = 0 TeHIMIMKKA TeHT Ky'Wid, TeHH (X, e} — Ap(e,,
e) = 0. By 3ca p(e,, ¢) # 0 Gynranu yayn A = i:f(_’:f)l TEHF-
miukka TeHr kywm, [yuaai kuanb, A OXHPTH TEHITUK OPKa-
N ATOHA YCYN/a TAHJAaHamH, y = x — e, € V, Ba x =ie, + y,
K¥pHHyIlAa Sroda yoynga udonananand. Hemak, V gaszo V)
KncMbazo 6wiad 6up yn4ammm {le, / 1 € F} dasonapHuHr
TYFpY WMPUHIMCHIMD. byHpas dim V, = n - 1.

HHaykuussuHr dapasura acocad V) dasoma ¢(x, y) 6u-
HM3UKIH GOPMAHUHT KAHOHHK Gazucu Mapxya. Ymby {e,, ...,
e,} TH3UM V, jaru KaHOHUK 6a3dcCTapHUHT OUpOPTacH 6YACHH.
Yuwiby {e,, e,, ..., ¢,} TH3UMHHHT V N2 KaHOHHK 6a3uc sKaH-
TUCHHA HCOOTIalME3.
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Xaxuxkatas, 1 < k yuyH ple,, e) = 0, uyHKH ¢, € V. Arap
2 =i < k o¥nca, y Xonna {e,, .., ¢} TH3HM V| 1a KaHOHHK
6yraHK yayH ¢{e, ¢) = 0. bynapnan ¢(x, y) HUHr CHMMeT-
pHKIHIH Tydailti Xap Kagaait { =k, §, k = 1,n aap y4yH

(e, e) =01

HcGotnanran reopemMa OUYH3UKIH GopMa yIyH KAHOHHK
Ga3MCHHAT MABXYAMUIHHHTHHA KypcaTid, MyaisaH OMUH3HK-
aun $opMa yIVH YHH KaHpall ycyn GUIAaH TONMMIU KEPAKITHIH
TYFpHCHIA K¥pcaTMa (aropuTM) GepmMaiiam.

Kyiinoa KeATHpUIAAUTaH TeopeMa 6ab3l OHp CHMMMETPHK
OHYHIMKIH QopMatap VuyH iiyHIal K¥pcaTMaBH (AIrOpHTM-
HH) Oepanu.

2-teopema. bupop {e, ..., e } 6aszucda A = (a,) mampu-
yacununz bapua Gypuax munopaapu Hoavoan gapxau 6yazan
¢ (x, y) cummempux Ounusuxau opma bepuszan byacun. Y
xo040a Suvuzuran opmanunz Gy 6azuc 6usan yubypuarau ymune
mampuyacu opkaiu Goraawzan wiynoaik {f, ..., [} xanorux

1 —_—
Gazucu maexcyoxu, ¢ (f, f) = s, (k = 1,n), Oy epoa
A=1, A, 3ca A mampunanunz k — 6ypuax munopu (k = Ln).

~ bepwnrau {e,, ..., ¢,} 6asuc Gunan y4bypyakid YUl MaT-
pHUACH OwnaH Gornadrad Ba | =j < k < » TeHTCHUIIHKHH
KAHOATITAHTHUPYBYHM j, &k Jap yuyH ymdy

pUpe) =00, ¢ =1 Y

MyHOcabaTiIapHH KaHOATJIAHTHPYBYM AfoHa {f, ..., f} Gaauc
MAaBXYLTHTHHU Ba 6y Ga3MCHUHT TeopeMaHWHr Gapua mapr-
TapUHH KAHOATJIAHTHPUILIMHHM K¥pcaTaMH3.

HAwvru {f, ..., f} 6asdcHu ymby

k —
fk =zy:'.kei> (k=],n), Yie EF:

i=]

KYpHHHULIA KMARpaMH3. Xap Oup taitviianrar k yuve (1)
MyHocabaTnapaaH ywoy

205



Z«ﬂ(e;,e;)m =0 (j=Lk-1), Ew(enek)m =1,

im]

ABLHH

Ea{.‘})dc-o (J"lk“l)’ zadc}’;& =1

jm]

MyHocabaTnap Keaud YHKamgmn.

TaiidunaHran X yayn 6y MyHoCabatnap y,,, v,,, .-, ¥y, 1ap-
ra HucbaraH geTepMHHAHTH A, = () 6§1ran & Ta YH3HKIHM TEHT-
Namanap THIMMEAMY. by TH3UM gdroHa eyumra sra GViMo, v
Kpamep Koupacu O¥iinya Tommiaan. XycycaH,

Yie = ‘i"‘#{] (k = 1,n).

k

Iityaunr yuyH {e, .., e} Gasucman {f, .., f} TH3MMra
Yrial yuOYPUAKIIH MATPHAUACH MAXCYCMAC, YYHKH YHUHT Jg-

TepMuHanTI Y11 Y22 Vn = 1 # 0. Bynra acocan {f,, ...,

S} Tu3uM Xam 6asucavp. DuaM (1) mad § < k TEHrCH3INMKHH
KAHOATIAHTHPYBYK /, Kk JMap yuyH ywoy

e £) = 0 fs, ila»,,-ej) = Z?ﬁ-w (fere)) =0

MyHOCcADATHH oaMu3. ByHIAH ¢ (X, ¥} HHHT CHMMETPHKIH-
rira acocad § > X TeHrCHIMUKHH KAHOATNAHTHPYBYH i, K nap
yayH ¢ {f,, f)} =0 MynocaGarnapHu xam omamus. [demak {f,
vy f,} THIHM @ (X, y) yuyH KaHoHHK Gasuc. Huxost, (1) ra
acocad

O fies fie) = zll’ikfp(fk, er)=yir ¢(fi ) = %_\u k=170
i= k

KaHoHuk fasuchHu Oy TeopeMala KeNTHPHITAH TONHIU
yeynu Axko6u yeynm ge® artamagu.
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45-§. JJATPAHX YCYJIR

Arap ¢ (X, ¥) — CHMMeTpHK OHYM3UKAH dopMa, qx) =
¢ (x, x) yHra Moc KBanpatuk popMa Ba {e,, ..., e } 0a3dc e (x, y)

yayH KaHOHUK 6¥ica, y xomma 9(x) =2 @& 6y epma

fm]
a, = g(e), £, 3ca X BeKTOPHHMHT Oy Gasucaary § — KOOpAHHA-
racH. HyHuHT yuyH Gab3an KaHOHHK Ga3He KYPHIIHE "KBaji-
paTUK (OopMaHM KBAAPATIAPHUHT WMFUHAHCHIA KEATHpUIL'
Ae6 xaM ranuprinagd (acIMHH OATaHga 0y epma KBaapaTiap-
HMHT HHFHBAMCH TYFPHCHIA 3MAac, YAADHHHT YH3IHKIU KOM-
GUHALIHSACH TYFPUCHAA TAll KETAANTH).

Kpagpatux dopMaHH KBAZpaTAApDHUHT MHFHHIHCUIA Kel-
THpYBYM Ba JlarpaHx vcyvad Re0 aTajgyByH YHHUBEPCAI YCYI
MABXKYJ. YHHHT ACOCHIT HKPATHO TYPAHTAH XYCYCHATH LIYKH,
YHAA Macana GasucHH sMac, 0anKM KOOpAHHATATADHH KeT-
Ma-KeT AMMAWWTHPHI WYiIH OWIaH Xanl KWAHHAOY,

Keagparak ¢(x) ¢opMa Gupop Hazucaard MaTpullacH

= (a,) 6yncHH. by MatpHua CHMMETPHK. byHra acocad

qix) = g(&,, ...,&,) = za&;‘&k Za,t§2+2 Dy,

i k=1 1=i<kzn
Busra g(x) = q &,, ..., £,) KBagpatux GopMara X BEKTOp-
HUHT &, ..., §, KOODIMHATATApUHKHI dyHRuUAcH cuaTuza

Kapall KylaHpoK.

A marpuuadHya HOABZaH Gapkiu aet dapas KnaMmus (arap
A bupop Gazxcga HOJBra TeHr OyIca, ¥ Xap xanaai Gazucaa
XaM HoIbra TeHr 6¥iaub, yHra Moc kBagpaTHk ¢GopMa XaMm
aiiHaH Hoabra TeHr Oynamu). ¥ Xofja YHUHT KaMuEa Supop-
Ta 3AEMEHTH HOJABAAH (apKIH.

Arap a,, = 0 O6yaca, y xonna §, HH ¥3 HUHra onyBuH Gapya
XawrapH iHurH6 Ba Oy HHFMHAWHKH KBajApatravya T¥anupHo,
KyHHgard udoiaHu oNaMHu3:

'-7('51!”-:"::1) = ‘5‘-'11(".::1 + %Ez"'---"‘ 21” gn)z +ql(§z> cany §n)s

11 11
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Oy epma ¢(&,, ..., §,) udbona n — | yarapyBuMHMHT KBaAPaTHK
¢opMacu. Arap A MATPHLAHHHI @, 3MAC, 6aiku Bowka 6u-
pOD AHAroHAN SAEMEHTH HOMbAaH $apkiIn 6¥ica, wKopHAa-
THra yxmwam Mynoxasa iopuraMus (Macanal a, = 0 6¥1ca, &,
Ypuura £, 6WIaH My/d0Xa3a OPHTAME3),

IHAH A MaTpHUAHUHT Bapya THArOHAA MEMEHTAAPH HOMb-
ra TeHr OynraH XomHM Kypamus. V xonna 6upop a, i # j
aieMeHTH HonbaaH (apiu. Copganuk yuyH a, = 0 GS?JICHH
HeRNHK. ¥Y3rapyBUHIAPHUHT Kyiiaard tmsmgm ATMaIITUPH-
wyHK faxapaMus:

& =& +&,

E =8 -£,

‘§3 = ‘53:

£ =....¢,
By uM3MKAN AAMANTHPHINHHHT MaTPDHIACH MaXCycMac
6yaubd, xocun 6ymranw &), £, .., & ?3rapynqmapra DOFIHK

OYarad siHru KBagpatik ¢opma yuyda;, # 0. YHra qua ioxopu-
Rarv MynoXasanapHd TaTOHK KANHIN My‘MKHH bowka «a, #
0, i # j O¥nrad xon WyHra yxXmwam KypuiagH.

by Mynoxasanapiad KYpHHAIHKHW, JOUM KBapaTuk Gop-
MallaH YH3UKIA NONAHUHT KBAAPATUHH AXPATHO UL MyM-
KUH, Koirad Hdoganap aca ¥3rapyBuyiinapuHIHT COHH GHTTa-
ra KaM Keagpatuk GopMaHd Xocun Kunanu. By kpanparuk
tdopmara xaM IOKOpHMIArH MYNOXA3aJapHH TATOMK KIUIHG Ba
MaTeMAaTHK HHAYKIHA YCYAMHM KYUTaHuO, nuposapanaa Oe-
pUIraH KeagpaTHK dopMaBn YM3nKM wdomanap KBagpaTha-
PMHHHT HHFHHIMCH KYpHHUILAAA Hdoranam MymxuH. [l

Mucon xypamu3s. ¥V = R 6¥aub, yuna g(x) = g (&, £, &)
=§1 - 382 - 25k + 2k £ — 6FE, xBarpaTHK dopMa GepuiraH
OVacuH. Y Xonma

gx) = (€ — %5, + k) — 38T - 64%,

=, - &+ &y -E A -4 =

=, -+ &Y -G+ 4E) -4 =

=& ~E+E)] -2V =0~ m,
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Gy €pia ?h = 51 - 52 + g; » I = 52 + 2 153 Y3I‘apy’BlIlUIap x.
BEKTODHHHI' AHI'H KOODAMHATANApH, SBHH

'l'|1 &I ]. _l l
m{=qel] c=fo 12
M, £, 0 G1
bBynnan
£ UM 11 -3
3 =C-1 1]2 . C-l = 0 1 -2
§3 P 00 1

HeMak, 38-§ ra acocan {f], £, f,} KanoHHk 6asuc {e, ,, e,}
fGasuc 6MnaH KyHunarHya OOFJIAHraH:

fi=e.f,=¢+1e, fi=-3e —12e +e,.

46-§. XAKHKUH KBAJIPATHK POPMAJIAP

KoapdpruneHTnapu R XaKHKHii coHlap MAfiAOHHNAH OJINH-
raH YH3IMKIH, OHUM3MKIN Ba KpagpaTUK dopManap Xakuxmil
neb aranagu. R MafIOHHMHT XapaKTepHCTHKACH HOMbL 6¥i1ra-
HH y4YV¥H 10KopKIa HcOoTiaHraH Gapya reopeManap XaKHKii
dopManap y4yH YpuHIH.

Tatwpud. A2ap xap xardal rosbOan apxau X éexmop y4yu
q(x) > 0 (q(x)<0) menzcuzaux bawcapusca, qix) XaKuxuii xeao-
pamux: opma mycbam (manpuii) deb amaradu.

Mucoxnnap. 1) R dasona g(x) = x2 +...+ x KBagpaTuk
topMa Mycoar. B _

2) Cla, ] dasona ¢q(x) = [ x*(£)dr xsagparuk dopma Myc-
Gar (ucborraHr). @

Arap {e, e, .., ¢} b6asuc g(x) KBaapaTHK dopma yIyH
KaHOHMK Byica, y Xonga YHHHr Mycbammarn g(e), ..., ¢(e,)
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COHJIAPHAH Xap GHPHHHHT MyCOAT/IHIMTA TeHr Kywin. By mapr-
HHHT 3apypiaMrd aéd. Etapimnmurd sca x sektop £, ., &
KOODAHHTANAPUHHHT KaMiOa OMpd HoTBAAH dapxian 6¥nranna

il

g(x) = Eg(e,c)’g‘i > (0 TEeHICHAUTMKHHHI YpUHIWIHTHAAH Ke-
=

6 YHKAIH.

CuneBecTp OearvcH B0 atalyByd KyiHoar# TeopemMana
KBaApaTHK (GOpMAHMHT MYCOATIHIHK OeATHCH YHHHT MATPH-
UACH THIMAZ GepHIau.

1-treopema. 4 — readpamux g(x) opmanunz 6upop ba-
ucdazu mampuvacu Hyacun. Y xoa0a q(x) Popmanunz myc-
bam Oymuau ywyn A mampunanunz Gapna Gypuax munopaapu
mycbam Oyasuwu 3apyp ea xughosnsus wapmoup.

HcboT gfx) mycBar 6¥acHH. A MaTpHUAHHHT K-Dypuak
MHHODHHH OJIAMU3;

ple,e) .. .p(e,e)

peg.8) . . .p(ep, e)

Oy epaa ¢ {x, y) — myHaall CUMMeTpPUK BHYU3HKIH dopMa-
KH, g(x) = ¢ (x, x). By MHHODHUHT caTplapH YH3IHKJIH 3pPKIH
SKaHHHH KypcaTamMus, OYHAAH MHHOPDHMHI HONbIAH (apiiu
OKAHJIMTH Kenu® yukanu. XaKkHKaTaH, 6y MHHOP CATPIApHHA
A,..AER corIapra K¥naiiTepH®, R (pa3OHHHT HOMB BeK-
TOPMIa TEHIIAITMUI:

1,k)

Aple, e) +..+2ple, ¢) =0, (i

ByHuad ¢ (1e, +..+ e, e} =0, (i = Lk).

by MyHocaGatiiapaan »ca

k £
2 Ap(Ret. Ahe,e) = q(F de)=0
=1 i=1

TEHITTHKHA onamu3. by epaaH ¢(x)} HUHT MycOaTIHIHra aCOCaH
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k _
>de =0
i=1

TeHIIHKHU onaMu3, by MyHocabatnaH aca {e,, ..., €,} TH3UM-
HMET YM3HKJIH 3DKIWIHIHTA acocal i, = 1, =...= 1, = 0 TeHr-
JAUKHM onamMu3. by 3ca A, MHHOp CATPIAPHHHMHL YU3HKIH
SPKIWIMIMHH Kypcaraaud. byHnan A, # 0 SKawiuru Kenuo
ynKaau. AkobH yeynuau Kymnab, wydnaii {f), ..., f,} KaHOHHK
Ha3HCHH TOMAMH3KH,

a0 =3, ) =5

»
1 2

Au-l
ey = T

n

bynaan ¢ GopManiHr MychaIHIHIHIa acocan A >0, A, >

0, .., 4 >0.
AxcuHua, arap A, > 0 (k= 1,_;;) 6yaca, Akobu ycyrHHH
Kyuuab, wysnai {f, ..., f} KaHOHHK 6a3MCHU TOTAMH3KH,
Apy 1 »
q(f) = >0 (k=1n).
Ak

byHzaH 0KopuAa HCOOTIAHTAHTA acocaH ¢(x) POpMAHHHT
mycOGamiury kenu6 gukany. Ml

[Mynra Yxmam Mynoxazanap 6iwiaH ksaapaTHK GopMaHHHT
Kyitngardy MaHOHHIHK Genrucu HcOOTNAHAAM: KBaIpaTHK
dopma MaHbuH OGVIUIIH y4YH YHUHT MATPUIIACH XY(T Tap-
TUbIM Gypuak MHHODIApH MycOarT Ba TOK TapTuOau Gypuak
MHHOPJApH 3ca MaHOWit 6ymmuu 3apypuit Ba Kndodasui
WapTaup (McOOTNAHT).

Kyiinpary reopeMa KBalpaTHK (GOpPMAIADHWHT HHEPLMS
KOHYHHU Aeh atamagM.

2-treopema. Xaxuxuwi xeadpamux opmannnz uxmuéputi
KxanoKux bazucu eexmopaapudazu mycbam Kuiimamaapu conu
6a manduii xuiimanaapu conu Gasucrune maenaanuuza bor-
AUK 3MAc.

M coor. Xakukuii KBaipatHK ¢(x) GOPMAHHHT HKKHTA
{e,, -, €} Ba {f, ..., f,} KaHOHUK Gasucu OepwiraH 6§nub,
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ale), ..., g(e,) coHmapHHHr p tacH mycbar, ¢(f), ..., ¢{f)
COHJIADHMHT # Tach Mychar 6¥ncuH. Kepak Gynca, 6a3Hcnap-
Jard BEKTOPJIAPDHHMHI WHACKCIADH YPHHHH Y3rapTHpu®

>0, arap & = 1,p,
q(e;) = P —-L»-
<0,arap k=p+ Ln
Ba
>0, arap k=17,
o fi) = pPESLL
<0, arap k=r+1Ln

apTAap Oaxapiirad aet¢ $apai KHWIHII MyMKHH.
®apas Kwialwmk, p > r 6¥acud. ¥V, opkanu {e,, ..., e}
TH3HMHHMHT YM3UKIH KoOuruHH Ba V, opkamd {f,, .., ji}
THIUMHUHI YM3HKIH KOOMFUHH OenrwnafiMHz, By THaumnap
YM3HKJIH 3PKIH OYaranu yayH dimV = p, dimV,=n —r.
ByHpaH

dim{V. NnV)=dmV, + dimV,~ dim(V,+ V) =
zp+n—PH-n=p-r>0

byura x¥pa Honbiay papku x € V, N V, sekrop MaBXyA,
. L] X i
THE x = X Ee; = S, f, Hemak, 9(x) = Ygle)st > 0,

iml Jmr+l i=l
YYHKH Xap Oup /i =1,p vuyH ¢(e) > 0 pa £, JapHHHT KaMHJia
ﬁlr’l‘pH HoAbaaH dapkau. Mkkuuaym toMoHzaH g(x)=
_2:}(]})’?? = 0, uynku xap Gup j=r+1,n yiyn g(f) <0.
J=r+

QnuHraH 0y KapaMa-KApUIFJIMK p < r TEHTCH3IMK ¥PHH-
JIH SKAHJIMTHHH KypcaTagl. XVOOH WIYHTa ¥XIai Myroxasa-
JApHaH F < p TEHTCHIMHKHH ofdamMum3. HeMmak p = r,

BHOH 10KOPHIA KeNTHPIITAH MYIOXa3alnapHU (—g) Keaj-
paTHK dopMara TaTOHK KHIHG, ¢ kBagpaTux GOpMAHUHL Ka-
HOHHK Gazucaaria MaHdui KMiiMaTIapy coOHA Da3HCHMHT TaH-
naunmmra 6oemmx, smacaura kypearwiagd. Il
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47-§. SPMHUT POPMAJIAPU

Koadduimentnapn € KOMIIEKC COHMAD MAaHAOHHAAH
OJMHIAH YH3HMKJAH, OHUM3HKANA Ba KBagpaTHK ¢opmanap 1-
Typ KoMIuieke dopmanap neb atanagu. KyHumarnza taspud-
JAHANHMAH KOoMIUIeKe KosdbuiuedTau 2-typ 4H3HKAH, OH-
YH3HKJIA Ba KBAIPATHK POpMANAp XaM KYpWiamu.

Tavpud. Azap ¢: V= C gyuxnus:

1) xap kanoail x, y € V eexmopaap yuyip(x + y) = ¢(x) + ¢{(y),

2} xap xandaii x € Vea X € C yuyu o(Ax) = ) p(x) wapm-
AGPHE KAHOGMAGHMUPCQ, ¥ 2-myp uuzuxau gopma de6 ama-
Aaou.

By ukkana wapt ymoy:

Xap KaHjai x, y € Vea 4, # € C map yuyH o(ix + uy) =
= 2¢(x) + up(y) WaPTTa TEHT KywiK.

Tawpud. Aeap uxiu sekmop apaymenmau xomnaexc (X, ¥)
dyrryua Oupunyu apzymenmu 6yiiuva I-myp wusukau opma sa
2-apeymenmu (Viuwa 2-myp wusuiau gopma 6yaca, y 2-myp
Ouyusuau hopma det amasadi.

Macanan, yuiby ¢(x,y) = Ea,.k&,.a dyukuua, 6y epna
i k=1

x=&,. . E)Wy=0,..n) a,€C k= 1n), Cna
AHUKJAHTAH 2-Typ OHUM3UKIK dopMagup.

Arap ¢(x, y) GyHKIHA 2-Typ KOMIUIEKC GHYHIHKIH PopMa
6¥nca, v xonga ¢(x) = o{x, x) QYHKIHMA 2-TYp KBaOpaTHK
tdopma neb atanaau. 2-1yp 6UuNIMKIH PpopMaduHT 1-TYp OU-
YM3MKAU popManapiaH dapky IIYKH, VIap MOC KBAAPATHK
dopmanapn O¥VHuva OMp KUHMATIH TUXKJIAHAAWIApP. arap
g(x} = o(x, x} 6¥mca, v Xonaa GepocHta XHMcobmaul Kypcara-
OHKH

006, y) = ¢ (gGx+y) +iglx + B) = qlx =) — ig(x — ) (1)

(TEKIUHPHHT).
Arap xoMizieke V dazona 2-Typ ¢(x, y) ougusuknn dop-
M3, Oy dasoHuHr (e, ..., ¢,} 6asncH, x, y € V pexroprapHHUHT
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Oy Gasucnaru Moc pasmwaa &y, ..., § Ba 7, ..., 1, KOOpAMHA-
TajapH Oepwirad Oyica, y xonga

plx,y) = (25; e, 2::]’?;:33:) = _él%ﬁa,

fml

6y epoaa, = ¢le, e), A = (a,) € O MaTpHlIa ¢ HOPMaHHHT
{e,, ..., e,} basHCHarK MaTPHUACH Aciimianu. Arap 6asuc jarap-
ca, y xomga ¢ hopMaHWHr MartpuuacH l-1yp dopManapHuur
MaTpHUATapura xmam Kouga 6Viuda yarapagu.

Arap V dasoma Gomka [ = D yae;, (k= 1Ln) — Gazuc,

i=1
= (y,) — OMpHHYH Ga3Hcian HKKUHYH Ga3ucra YTHIN Mart-
pHLACH Ba @(X; y) HOPMAHHHT MKKHHYH Gasucnark B = (8,)
MarpuuacH GepuiraH 6¥maca, ¥ xoaaa

By =olf, fe) = (Z?’w P? quke ]

=1

z ypl}’qt ?(epse )- 2?;; pﬂ'qu

=l

By TeHrMK B = CTAC »KaHMMCMHA KVpcaTamu, Gy epaard
C= (m) Matprua C Marpuda 3MeMeHTIAPHHH MOC PABHIL-
Ja KOMIDIEKC KYIUMACHra ATMALITHPHILAAH XOCHA O¥Iran.

Tavpud. Aeap xap kandai x, y € Vyuyn p(x, ¥) = ¢(¥,%)
menzaur ypuuau 6yaca, 2-myp ¢(x, y) Guquzuxau gopma (ea
yuea moc g(x) = ¢(x, x) keadpamux Qopma) apmum gopmact
ded amanadu. I-myp Ouvuzuxeu Qopmarap opacuda cummern-
puk gopmanap xendati ypun mymcea, 2-myp 6uvusurau gopma-
A4ap opacuda spmum Qopmasap wiynoai ypun mymadu,

Tavpud. Adeap saemenmaapu C maidondan orunzan
A= (a ) mampuya yuyrn AT = A (snu aw = ay) menznux fa-
acapuica, y apmum mampunacu 0ebé amaradu.

Xap kaHpait Gazmcna 3pMHT (POpMACHHUHT MaTpHUAcH
BOHM 3PMUT MATPHLA, YYHKH aik = ¢(€;,e) = pley,€;) = ayy.
AkcHH4a, arap 2-Typ OHYH3HKIH POPMAHHHT MATpHLIACH
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6upop Gazumcna 3pMUT O¥nca, y X0A0a YHUHF ¥3IH XaM 3PMHUT.
Xakukaras, arap A = {a,) — SPMHT MaTpHua Oyica, y Xo11a

plx,y) = _zaikgi;}k = Eaikgﬁk =

ik=1 i k=l

= ;akj?}kgi = ;a;}n;‘ék =§0(y,x)-

1-reopeMa. 2-myp o(x, y) Gunuzuxau dopma 3pmum 6yau-
uy yuyn yrza mMoc gix) = @(x, x) xeadpamux dopmanune Kuii-
mamu xap Kandai x € V yuyn xaxuxuii 6paumu sapyp éa xu-
gon.

He 6 oT. XakukaraH x = y 6¥aranga ¢(y, x) = ¢(x, ¥} Teur-
MHKAaH g(x) = ﬁ TEHNIHMKHU OTaMK3. AKCUHYA, arap g(x)

Xap KaHpail x € V yuyu xaxukuit 6ymca, (1) dopmynara aco-
CaH

PP = 1 (gx +¥) — iglx + B) = qbx — y) + ig(x = i) =
= 10+ ) +igy+ ) = g0 — %) — gy - ) = 9, ). W

IpMUT OHYHIHKTH QopManapid YIyH WOKOPHAA CUMMETPUK
6MIM3UKIH dopMaTap YUYH OXHHTAH TeopeManapra juaii
TeOpeMANIapHH OAHIU YYYH 2-Typ OMIH3HKM dopMalapra Moc-
FAWTHPIWITAH KAHOHUK Da3zfc TawpuduHM DepaMu3.

Tavrpug. Aeap 2-myp 6unusurau popmanune Mampuyac
fe,, ..., e,] Basucda duazonan 6a XaKuKuu Oyaca, y bepuszan 2-
myp Guvusuxay popma yuyn Kanoruk def amaradu,

Bynzait Matpuia spMUT OGYITaHH YIVH X03Hp KUPUTHITAH
MabHOHArH Gasdciaapra &akar >pMHT QopMalapirHHa 3ra
Oymmy MyMKHH. Arap g¢(x) — 3PMHT KBaapaTtHk dQopMacu
6¥nca, YHHHr KAaHOHHMK Oasyc/ard KypuHMINW KydHaarmga:

g(x) = zﬂ‘,augkgt = ’gau"gk'? .

k=1

Oy epna a,, = gqle,) ER.
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Kyliuaa KenTupRAaIuraH 3pMuT ¢GopMalapH Xakunard
TeopeMalapHHHT ucboTaapu cMMMeTpUK dopManap xakuaa-
I MOC TEOPEMATAPHHKHT UchHoTnapura yxua OYIraHd yayH
yRapHU KeITMpMaiiMH3 Ba VKyBYHra MycTakwil ucbornaiura
KOJIHPAMH3.

2-teopema. Yexau yauamau xomnaexc pazoda anuxsan-
2ar Xap xawoaii spmum PopMacunuN: Karowux bazucu mas-
wcyd.

3-reopema (CumpBectp Genrucu). Ipmum opmacununz
Mycbam 6yaumn yuyn ynunz 6upop bazucdseu mampuyacu 6apxa
Gypuax mMunopaapununz mycbam Oysumn 3apyp 6a Kupos.

4-Teopema (uHepuMs KOHYHM). IFpmum dopmanunz ux-
muépuii kKanonux 6Gassucu sexmopaapudazu mycbam Kuiimam-
aapu coxu 6a manduii Kuimamaapu conu GasucHy maxiauza
Goraux, 3mac.



Caxxusunvun 606
EBKJIN BA YRUTAP ®A30JIAP

48-§. EBKINJ PA3OJAPH

Tawpud. Azap V xaguxuil wusuxau azoda uxku sexmop
apaymermay (x, y) ckaiap Qyuicyusa yuyn yuiby

1} xap kandaii x, y € Vywyn (x, y) = (v, X);

2) xap kandad x,, x,, ¥y € Vyuyn (x, + x,, y) = (X, ¥) + (X,y};

3) xap xardaii x, y € V, 1 € R yuyn (ix, y) = Mx, y);

4) xap xandali Hoavdan aprau x € Vaexmop yuyn (x, x) >0
wapmaap baxcapuaca, y ckasp kynaiimma delf amasaou. Cxa-
A8p kynaummanu V paso sca esxaud azocu deb amanadu,

Papwiangy, eBKIuz (a3oHUHT Xap Kanpjail Kucmdasocu
xaM eBKnHA Gaso.

IOkopunaru 2) a 3) maprnap cxanap xynaiitMa OHpHEIN
apryMeHTH GYiiia YH3MKIH 3KAHJHTHHA, Gyaap Ba 1) cHM-
METPHKIHK LIaPTH 3¢3 YHHHT CHMMETPHK OMMH3UKIH dopmMa
KAHANTHHH K¥pcaragd. Oxupry 4) wapt 6y GHaM3ukan gop-
Mara Moc KeafpaTuk GopMaHUHT MycOaTnuruHu KYpcaTamu.,

Muconanap. 1) D, (a), Dfa) Ba D, dasonapaa f¥ranTi-
PHIAH KeCMATapHIHT CKalAp K¥naliTMacy Aeb yIApHHHL Y3yH-
JMKIAPHHH YAap opacugard OypuYakHMHT KOCHHYCHTa K¥IaiT-
MACHHH OJIAMH3.

2y RRuax={a,..,a)Bay= (@, .., 5, BEKTOPIADHIHT
ckanap kymalitMacu aeb

(x!y) = anaiﬁi

QYHKLMArE aifTaMus,
3) Cla, b] dasona x(f) Ba y(f) y3TyKcH3 BYHKUHSUIADHUHT
CKAJISIp KymaiTMacKH ged
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b
(x, ) = [ x(0)y(r)dt

dyakunara afitaMus. {by MECO/LTapaa CKalsp K¥nalTtMaHuHT
fapua xoccanapd GAXADIIHIIHHH TeKILHPHHT.)

V esmua ¢azocuna {x,, .., x,} BEKTOpAap THIUMHHHHT
Fpam geTepMuHaHTH Aed yuiby

(%) .. (X, %)
Yy, nx )=k
(xt!xl) .o (x.t’xk

AetepMHHaHnTra, I'paM MatpHuacH xeb aca yuoy ((xf,xf)),
(¢, f = 1, k) marpuiara aftaMis.

1-reopema, dzap {x,, ..., X} musum wusuxiu spxau 6yaca,
ynunz Ipam demepmunanmu myctam, ea axc x010a8 — no1b2a
mexz.

Hcb6or dacrnab {x,, ..., x,} THIUM YH3MKAR 3pKin Giran
XONMHY Kypamus. Y xonaa 6y TH3MM §3 YH3UKIM KoOuru V)
HHHT fa3ucu, 6y TH3MMHHKHT ['paM Marpuiacu 3c¢a (x, y) CHM-
MEeTPHK OHYusHKIN dopMaHuur V, gare MaTpulacu 6ymanm.
KBagpatiik {x, x) opmMa mycbar 6Varann yuyyH CHiasBecTp
oenrucigad 'paM JeTepMHHAHTHHUETD MycOaTiurH Keand
YHKANU.

Suam {x,, .., X} TH3UM YH3UKTH OOFNTaHraH Gyncun. ¥
xonaa ['pam AETePMHHAHTHHAHT CATPAPH HH3HKIH OOFIaH-
rai: A, x, +..+ 4,x, = 0 TenaraukaaH 6apya ! =1,k nap yayu

Ax, X))+ 200, x) = (Ax o+ 2%, x) = (0,x) =0

TeHDMMK kean® ynukamy. byuman sca I'paM herepMHHaHTH-
HMHT HONBra TeHr »Kawird xkeaub ynkanu. M

By TeopeMaHMHr MyXHM HaTHXanapugad bupu — Kowrg-
byHsAKoBCKHI TeHTCH3AHTH (Oab3aH IHBapu TeHTCH3INNIE XaM
AenIagn):
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2-reopeMa. dzap x ea y esxaud pazocunune eexmopaapu
Oyaca, y Xoa0a

x )= (6 x) (0 )

By menzcuzauxda mexnzaux Gysumuis y4yn x 6a y 6exmopaap-
HuHZ WUIUKAY OOFranzan Gyasuwy 3apyp ea xugos.

M ¢ 6 0 1. By TacaukuuHr HeGoTH I'paM TeopeMacuHH {x
TH3HMra TATOMK, KWiMHraaa 6y THa3uMHMAC [paM nerepMu-
manTH (X, X) (¥, ) — (x, ¥)? sKanmuranay kenu6 sukand. B

Koui-ByHAKOBCKHIl TEHICH3HIKAA X Ba y BEKTOPJIap
cudamiga R* emma ¢asouuHr (@, ..., a,) Ba (B, ..., 8,)
BEKTOPIAPY ONMHCA, Xap KaHIal XakKuKHi a,, ..., 4, B B,
COITAD VIVH

(a,f+.. +a,8,) =(a LA HB . HBL)

TEHMCH3NHK VPHHIIH SKAHIHTHEH OlaMK3.

Komu-ByHAKOBCKU#H TEHICHIMHTHAA X Ba y BEKTOPIap
cudatuna Cla, b] epma dasoCHHUHT x(f} Ba ¥ anemeHT-
NapHEH OficaK, [a, b] Aa aHHKTaHTaH Ba Y3MYKCH3 Xap KaH-
nait x(7) Ba W dyHKUMIAp YIyH

1 F
(Fxtomra] = xerar [yorya

TeHICU3INHK YPHUHIH SKAHTHIHHH ONaMu3.

Epmg, Ga3olard X BEKTOPHHHI Y3yHMHTH 1e6 J(x,x)
coHra aiTiiamy Ba yau | x| (6an3an || x||) k¥prnAmiIa Gearn-
nadagi. ByHIaH Kenu® YHKATHKY, HONb BEKTOPHHHT Y3yH-
JMMrd HOMBra TEHI Ba OOIIKA Xap KaHJaH BEKTOPHUHI Y3YH-
JUTH Myc6aT. YHIAH TAIIKAPM Xap KaHmail x € Vea AeR

yuyH
JAx] =]a]1x]

XaKuKaTaH
|lx| = 1f(,lx, ix) = ,I).z(x,x) = |,l||x|
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3-Teopema. Xap xandaii uxxuma eexmop HuruHOUCURUN?
VIVHAUSH YAAD VIVHAUKAGPUNUNZ FUFUROUCUOQR Kamma Mac,
ABHU

Ix+yl=s|x{+|y|

HcbHor. Xakukatad, Komu-byHSIKOBCKHIT TEHICHINTHIHUTA
acocaH

[x+yP=(+y, x4+ =[xF+|yP+2(x,» =
< [xP+1yP+ 21x]- [yl = (x| + |[¥D

Bynmau |x + yl < |x| + |y B

BekTop y3yHIMTHHHAT Gy XOCCACH X BA ¥ BeKTOPIAD afiup-
MacH Y3YHAUTHHHA YAapHUHI' opacHMzard Macoda (MeTpuKa)
ne6 onulira UMKOH Oepanmu.

Tavpud. Esxaud dpazocuda x ea y eexmopnaprunz opacu-
dazu macogha (KYMMMHYA METPHKA XaM JeHunanu} deb pix, y) =
= |x — y| xaxuxuii ¢ynxyusza atimusadu.

Kuputwiran | x — y | Macoda MeTpUKaHHHT 6apya XycycH-
ATAAPUTE 3ra:

1) Xap xaHgait x Ba y yuyH p(x, ¥) = p(y, x).

2) xap Kauga#fi x = y yayHp(x, y) > 0;x = y yuyHp(x, y) = 0
Ba aKCHH4YA p(x, y} = 0 6ynca, x = y;

3) Xap kaHnait X, y, z yIyH p(x, y) < plx, 2) + p(z, ).

Buppeyd Ba HKKHHYH XOCCATAPHMHI OGaXApHAMILM aEH.
YuuHyK xocca KyHuparmda ycboTaasany:

fx =pl=lx -+ @-»=slx-zl+]z-»l

Y6y p(x, ¥) = |x — y| MeTpHKa eBKJIHI METPHKACH 1e6
aTanajiy.

49-§. OPTOI'OHAJN BA OPTOHOPMAI TH3NMJIAP

Kourm- ByHAKOBCKMI TEHTCH3NHTH HXTHEPHH HKKHTA HOMb-
IaH GapEad X Ba y BEKTOpIap opacHIard 0Ypyak TaspHOHHA
KHPHTHIIA UMKOH Oepaau:
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(x.»)

bl

Y =are cos——"—

yyukH KouHn-ByHAKOBCKHMI TEHICH3AHTHTA ACOCAH

(x, %) <1
ER

HWynarrupmiran kecManap dasocnaa Gyp4aksMHT 6y Tab-
pHOH OYPRakKHHHT opgui TawpHpHra alitTanagy,

Tavspud. Azap x ea y eexmopaap opacudazu Gypuar % 2a
menz GVaca, 6y eexmopaap opmozonas deliuiadu.

Arap x Ba y BeKTOpAap OpToroHan 6ynca, y xonda (x, y} =
AxcHHYa, HOARAH dapKIH x Ba y BeKTOPIAP YuyH (X, ) =0
6ynca, ynap oproroHan.

Hemak, rokopunarda taspudun Rylupariaua airca xaM b¥na-
IOH. Arap HONLIan ¢apKiad X Ba ¥ BeKTOpiap yIyH (x, y) =0
6ynca, ynap oprorcHan AcHHNAIN,

Esxnnz dasocHAarH BeKTOpAap THIMMUTA KMDYBYH Xap
KAHNAM HMKKUTA BEKTOP OpPTOroHan Oymca, 6Y TH3IWM OpTOrO-
Han JeHWmagl. Arap OpTOroHal TU3WMIa KUPYBYK Xap GHp
BEKTOPHHHT Y3VHIUTH OHUpra TeHr 6iica, 6y TH3MM OPTOHOD-
Mal Jeiani. Xap KaHiai OpToroHam TH3MMHM, YHAArH Xap
GMp BeKTOpHU Y3YHIKrura 6ynaG, oproHopMan TH3HMra ai-
JAHTHPHII MYMKHH.

Mucon k¥pamus. Cla, 5] esxmun dazocnua 2n + 1 Bek-
TopaaH HOopar yioy

1, cos {, sin ¢, cos 2, sin 2¢, ..., cos nf, sin nt

BEKTOPAAp TH3HMH OPTOTOHAN, YYHKM Xap KaHpa# 6yTyd k Ba
m Jap yuyH

2r
Jeoskisinmedt=0
0
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- 0, arap k= m
feoskicosmidt={x, arap k=m =0

0 2n, arap k=m=0,
2n
fsinkt-sintdt={0’ arap k = m
o @, arap k=m ,

Xap b6Mp BeKTOPHH YHMHT Y3yHAWrura 6¥aub, viuby

cost  sint casn{  sin nt

1

OpTOHOPMAN TH3IHMHH OJAaMH3.

Teopema Yexen jruamau esxaud pazocuda opmonop-
MAA MUIEMAGD MABHCYO.

HcbHor, Xakukatan {x, ¥} CHMMeTPHK CHUMIHEIM (op-
MaHHHT {¢, ..., e,} KAHOHHK 6aszucH mMaBxyA. by 6a3uc Bex-
TOpAapH OPTOrOHAN, YyHKH i 3 k 6yaraHpa (e, e) = 0. By
GA3HC BEKTOPAAPHHUAT Xap OMPHHH YHHHT y3ysuTarura 6Vnu6,
OPTOHOPMAN 0a3Mcra KexaMH3,

V eBmn dasocuna {e, ..., e,} oproHopman 6asuc Ba £,
.y &, COHNAP X BEKTOPHMHC Oy Da3McmardH KOOPHMHATANADH
6¥ncuH. ¥ xomnma

(xa ek) = (il gieiet) = 225;‘(4:‘%) = 'Ek .

HeMak

4]
x= Y(x,e)e, .
k=1

Arap 5, ..., 5, COHIIAp ¥ BEKTOPHHHI ¥a GasHCOarH Ko-
opaudatanapu Oyica, y xoiga

222



x,¥) = zn:(enek)gs’?k = ;::15:;’?1:-

i =1

XycycaH, y = X yuyH

(,x) = Y& sa lx|=]fi§i-
k=1 k=1

V thazo cudarvaa TeKUCIMKIATH HYHANTHPWIraH KecMa-
nap $alocHHK oicak, oxuprd TeHrmuk [udaropHuHr Kiac-
cuK TeopeMacHHH Oepanu. LUyHHHAT yayf OXMpPrH TacoHKKa
Mudareop TeopeMACHHUHT Xyda KeHT YMyMmaamiMacH Aed
Kapall MyMKHH.

50-§. OPTOT'OHAJ ITPOEKIITUAJIAP

VeBxnna ¢aszocuaa V1 kucmdaso Ba x € Veekrop Gepun-
ran 6yncuH. Arap x Bekrop V, KucM]a3oHMHT Xap 6up Bek-
TopHra oproroHan 6¥nca, x sekrop V| Kucmdasora oproro-
Han Jeiimanu.

Tavspud. V|, xucupasoea meauwau 6yamazan x € V eex-
mop yuyn wiynoai X, € V| gexmop monuscaxu, x — X, eexmop
V, kucmpaszoza opmozonan 6yaca, 6yndai x, sexmop X sexmop-
Hunz V, Kucmpasoza opmozonan npoexyuscu (coscu) de6 ama-
Aadu.

XycycaH, arap x Bekrop V| KacMdasora oproronan 6ynca,
¥ XONa HOJNb BEKTOP X BEKTOPHUHT V| Ta OPTOTOHAN MpPOEK-
OHACH Oymanu,

1-reopema. Azap x, € V, eexmop x € V eexmopnunz op-
PIo2ORAA npoexyuscy Byaca, y Xoa0a x, sexmopea menz 6yama-
2an xap Kandaii z € V, eexmop yuyn | x — z| > | x ~ x| mene-
cuztux ypunau (TbHU eBKJIH/ MeTpUKacuga x, Bekrop V| da-
3002 X BEKTOPra 3HT JKMH BEKTOp).

Hcb6oT. XakgKaTaH, g — X, BeKTop V| HUHT HONBAAH

1
tbapku BekTopH Ba (x — x,, z — x,) = 0. IllyHunr yuyH
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k-F=x-zx-=0(-x)~G@-x),x-x)— @ -x)=
= [x _x]F + IZ _x1l2> |x _xllz

Byuman x -4 > x —x| W

2-teopema. dzap V, — eexsud V pasocunune wexau yatam-
au gucmazocu 6yaca, y xoa0a V, 2a mezuwau oyamazawn xap
Kandaii x eexmop nzora x, € V, opmozonaa npoexyusea 3z2a.

HUecb6or. ¥V, munr 6upop {e, ..., ¢} OPTOHOPMAT BA3UCHHH
ollaMH3. ¥ Xonga

&
X =3 (re)e €N

jm]

BEKTOP X BEKTOPHUHr FV, ra OpTOroHal NMpOeKLUACHAUD.

Xaxukaran, Xap 6up m = 1, 2, ..., kK yayH

k

(xqem) = E(xs ei)(ei’em) = (x! em) .

,Ilekmalc, (x - x,, ¢,) = 0. Illynunr y4yyn xap KaHdoai
£
y= mzl??mem €V Bekrop yuyH (x—x,¥) = > Alx =
= m=]
=X, em) = 0
OpTtoroHain NPOeKUHAHUHT AMOHAIMIK |-TeopeMalaH Ke-
a6 yukanu. @l
BeKTOpHHUHT YeKCH3 ¥IIaMiIH KHCM]a3lora OpTOroHAaT Ipo-
eKLMACH MaBXyl OV¥amacnurs xaM MyMKHH. MacangaH, Mab-
ayMkd, C [a, b] dasona eBKIHI METPUKACHIA & YIIYKCH3
dyHKUUACHra SHT AKMH GyaraH xymxan Mapxyd »Mac. byH-
BaH ¢ GYHKUMACHHHHT Kynxaniap KucM$pa3ocHra opToroHax
[POEKIHACH MABXYHI SMACKUCH KeJIHO YMKAIH.
Mucoa kypamus. Ymby

ag + ﬁ: (a, coskt + B, sin k1)
k=1
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KVpMHUIIOATH Xap KaHAaH GyHKUHA » gapaxand TPUTOHO-
MeTpHK KY¥iiXan Ae6 atanagu, Japaxacu < n 6apya TPHUTOHO-
meTpuK kymxamiap C [a, b) dasonusr 2n + 1 ¥mwamm T
KucmdasocHHl Xocn ktaau. IOkopuaa Kypwirad yiuoy

cos? sint cosat  sinnl

i
NN R e R

TH3UM OY KMCM(Aa3OHHUHT OPTOHODMAN Da3HCHHU XOCHA KH-
naguM.

Arap A pyakung [0,2n] cerMeHTIA aHHKIAHTAH Ba y3-
nykcu3 O¥nca, y xonna 2-TeopeMaHWHr HceOoTHDA KypcaTwi-
raHura Kypa, yHuur 7, kHcM¢azora OpToroHan NpoeKUHACH
{TEHM eBKJIHA MeTpHKacHAa Oy (pYHKUMATA SHT SKKH O¥arad
TPUTOHOMETPHK K¥ITXaa)

52°-+ i(ak cos ki + B, sin k1)
k=1

Kynixaaoup, Oy epra

2

f S()coskedt, B, = g {0 sin kedt
0 0

1
a, =—

By redranknap 6uwiaH aHHKAaHTaH a, Ba 8, KoadduiuenT-
Jnap A1 dyHkuuAsHuHT Oypee KosdduuHeHTHApH DeHWIaIH.

51-§. YHUTAP ®A3OJIAP

Vuurap ¢paioc — eBiina (Ga30CHHHHT KOMIUIEKS KYPHHHIIH.
Tavpud. Azap V komnaexc yusurau Gazooa uxkyu sexmop
apzymenman (x, y) xommuaeke Kuimaman Gyrkyus yuyn yuy:

1) x6p xandaii x, y € Vyuyn (x,¥)=(y,2);
2) xap kanoai x, x,, y € Vyuyn (x, + x,, ¥y} = (x, ¥) + (x,, ¥},
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3) xap gandaii x, y € V, 1 € C yuyn (Ax, y) = Ux, y);

4) xap xaudaii kosvian haprau x € V eexmop yuyu (x, x) >0
wapmaap Gaxcapunca, y V komnaexc wusukau pazodazu ckainp
kynatimma 0et amasadu. Caasp Kynaiimma anuxaanzarn 'V kom-
naexc wusuxau Gazo sca ynumap 0e6 amaradu.

PapuianHku, yHHTap da3zoHHHT Xap KaHgalli kucMmdasocH
xam yHeTap daso.

HUKKHHYH Ba YIMHYH IIADPTIAD CKANAD KyHaitMa OHpHH-
YU apTryMeHTH G6YHYA YH3HKIN 3KAHIUTHHY Kypcatagu. byH-
OaH Ba DHPHHYH IIAPTAAH MKKWHYH apryMeHTd Gyiinmya 2-
TYp YA3HEJIH 3KAHINTH, TEHU

0,y + 1) = () + (X ),
(6, Ay) = Alx, y)

IAPTIapHUHT Xap KaHjad x, y, y,, ¥, € ¥, 2 € C yuyH baxa-
PMAHINH KelHO uuKagu (ucOornanr). bynapra xifpa, yHurap
dazomarn ckansap KymaittMa 3pMuT gopMacH 6¥anG, yHra Moc
keaapaTtHkK dopMa mycGar.

Mucon k¥pamus. Arap C" pazogax = (a,, ...,a,) Bay = (8,
s B,) CKATAD K¥IMaHTMaHH

(x,y) = ;akﬂ

TEHDTHK GHIaH KHpHUTcak, (" yHuTap (hasora ainaHamu (Tek-
LIHAPHHTL).

Esximp dazocunarn ka6 yautap dazoma xaMm, ['paM ne-
TePMHHAHTU TYIOYHYACH KHPHMTHIIAAH Ba BEKTODA3p TH3HMH
YHIUKIH 3pKIH O¥nca, ynapHMHT paM IeTepMHHAHTH MYC-
GaT 3KAHJIHIY Ba aKC X004 — HONBrA TeHT SKAHIUTH UCOOT-
maHagH. By TeopeMaHu HKKHTa BeKTOpIaH HOOpaAT THIMMIa
TaTOHK, KwinG, vauTap dazo yuvH KouwH-BbyHAKoBCKHit TeHT-
CHINMHIHHHN OaMH3. YauTap da3ona 6y TEeHTCHATHKHUHT KYPH-
HHIUM KYRHAArH4a:

I, MF < & %) B, ).
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VHuTap $a30/1a BeKTOPHHHT Y3yHIUMA XyIOH eBKIHE (a-
sonarnpex Tavpudnanann: P = (x,%). Xap xanpait 1 € C
yuayH

|Ax| = |a]-|x|

Kown-byHIKOBCKHH TeHrcH3NHrdgad ¥V yaurap GajzoHKHAT
Xap Kapaai x, y Bekropiapa yays | x + y| < | x| + |y | renr-
CU3AMKHHUHL YPUHIM 3KAHIMIU Keaub unkand. by esxmn
thasonaru kabu yaurap dazona yuby p{x, y) = |x — y| Tenr-
JIMK OPKAIM METPHKA KUPUTUINFA UMKOH Depamu.

YuuTap $a3ofa KKKHTA BEKTOP OpacHAaru 6yp4aK Tylrys-
YacH KUPWUTHIMAHAM, AMMO OpPTOroHAMNUK TYWIYHYAcH XM-
PHMTWIaAH: arap YHHTap dasogard HOMBASH GApKIM HKKHUTA
BEKTOPHUHI CKATSAD KYIIAKTMACH HOMBra TeHr Oyica, yaap
oproroHan med arananu. OpTOrOHaA Ba OPTOHOPMAIN TH3IHM
TYLIYHYAIAPH XYM eEKIHI Pa30oCHIATHACK KHPHTHIALH.

¥Yaurap ¢daloga oproHOpMAT Ga3HCIADHUHT MABXYLTHUIH
IPMUT popManap XaKBAarM TeopeManapiaH GepocuTa Kemud
gukanu. Arap V yHHTap (asona {el, .vy €,} OPTOHODMAN TH-
3UM BepHITan Ba X = 2 e, V= E N«€x 6y Qazofary BeK-

k=]

Topnap O¥nca, epkima (dazonard Kadu, ymoy

£ =(ne), (K=1Ln), (,)) = ig"’_’*’
n 2
i = > ek
k=]

TEHIIMKNAPDHKH ONlAMH3.
By maparpadard KeaTHPWITAH TEOPEMATAPHUHT HCGOT-
JIapHHH MYCTaKMN GaxapHIl TABCHA KHIAHHAIM,



Iyxxuzunuu 606
YU3HUK/IN OIIEPATOPJIAP

52-§. YU3NKJIH OIIEPATOFPJIAP BA YJIAPHUHT
MATPHITAJIAPH

Ynsuiid GasoHHHT Y3WHM Y3Ura YU3UKIH aKCTaHTHPH-
WY 4u3uKAU onepamop deb amanadu.

Muconnap. 1) F MaligoHHHHT TaliHH OHp A »aeMeHTH Oe-
punrad O¥iacuH. by MaiinoH yeruaard V yMsMKIH Ga3scHUHT
x- 1 X aKCAAHTHPHITH YH3HKJIH OIIEPaTOpaHp.

2) D)(a) Ba D, dazonapna 6upop TVFpu MU3MK GepHATaH
6VICHH. FljiHanTHpmraH KecMaHd Oy TYFpU 4M3HKKA OPTO-
POHAN NMPOCKUMUTAHHILH JH3HKIM ONEpaTOpRHp.

3) A € PP matpuia Gepwirad 6¥iacaH. P umsii dazo
9MEMEHTNapMHA # TA 3JeMeHTAH 0Hp YCTYH KYPUHHLIHJA
vudonanad, yHUBr ¥3uHM J3ura yuwdy x - Ax (A Matpuuaru
" YaITgaH X YCTYHIA K¥TIalTHPUNT) aKCIAHTHPHILH YH3HKTH Ofe-
PaTOPHMP.

4) R [#] Ba R [f] 9usuigiH dazomapaa Xocuaa ONAII aMa-
U — YU3HKJIH ONepaTrop.

5} Cla, 8] dasopa xap 6up x(#) yanykus OYHKUMA yYyH

?

f(t)=fx(u)du, {a=t=b), TeHrMHK OMNAH AHHKNAHYBYH

a
AKCHAHTUPHII YH3HKJIN OIIeparop.

41-§ na UM3HKIH aKCHAHTUPHILAAPHHHT HHFUHIHCH,
KyTalTMAcH Ba cOMra KymMauTMacH TaspHradHraH 3a4. by
TapprGUIapHu  V YHIMKIH $asogard YH3HKAH OHEpaTOpiIap
TYIUIAMMIra TaTOHK, KMICAK, v Oy aMaapra HEcOaTaH $anka-
ra aiiasagu. ByHna “H3MKIH omeparoprap AUFAHZKCH Ba
KVNMafTMAaCHHHHT X3AKa aKCHOMAaNapUHH KAHOATHAHTHPUINU
GeBOCHTA TEKIUHPHIANH. V 4usHIGIH DasOHHHT Xap Oup 3ne-
MEHTHHU (} sneMeHTHra ¥TKailye4yd oneparop (Y HOIB Ole-
patop HeO aramagu) 6y Xamkama HOJAb polHHM ViHaiou. V
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YH3HKAH Ga3cHUHT Xap OHp NeMEeHTHHH V3UHH ¥3ura ¥Tka-
3yBuM afiHuii omeparop (v OMpAMK omeparop xaM ged araia-
OH) XanKana OUpauK poJHHH VHHAAOU.

Vunsuknu ¢asona fuusukiau oneparop Ba ¥V, kucMdaso
wyHnai 6ymuwcaku, xap 6up x € V, yayn fix) € V| wapr
baxapunca, V| Kucmpazo f UHIHKJIM Oeparopra Hucbarad
HHBapuaHT ge6 ataxagu. Macamad, xap Oup f YH3HUKIH One-
patop yuyH ker f Ba fiV) KucMdalonap HHBapUaHTAHP.
Xakukatad, arap x € ker f6ynca, y xonua fix) = 0 € ker f.
Arap x € fiV) 6¥nca, vy xomna fix) € AV), uyuku x € V.

F Maiinon yoruaary yeknu ¥nuamiau V uu3ukin dgaso-
na{e,, ..., ¢} 6asuc Baf: V> VuH3UKIH onepaTop Gepui-

radn OyncuH. ¥ xonna xap 6up x = Eé‘kek €V y4yH
7 k=1
flx) = kE_]«Ekf(ek).

ByHzaH KVpHHAAMKH, YM3HKJIH onepaTop 5a3HC BEKTOD-
TApAArd KAMMATH OMAaH TYIa AaHHKJIaHAD 3KaH. YM3HKIH ore-
PaTOPHHUHT Ba3ucnapaard KHAMATIapHHH 6a3uc 6iuga EHuG,
KyHugarn ugogalapHi OJaMu3;

fle) = Saue, ay€F, (k=1n)

A = (a,) € F"™" MarpuIa YU3HKIH ONEPATOPHHUHT {e,, ...,
¢ } 6asucnary Matpruacy ae6 arananu. LlyHaak kwiub, arap
ek ymyamui V dazona asme Gepunica, ¥y Xonaa xap KaH-
maf f: V - Vuausugna omeparop 6y GasMcOark MaTpHUacH
Omwnan OMp KMHMATIH aHMKJIAHAIH. # — Ym9aMad V YM3uKian
dazona 6a3ucHUHT GepwIKHIUK, Oy dazomary YH3HKIN OIEpa-
Topiaap Gwian F MafimoH ycTHIArd # TapTHOINM KBaaApaT MAT-
puLanap opacuia ¥iapo 6Mp KMAMATIH MyHocabat ¥pHaTaRH.

Muconnap. 1) D, dazona 6asuc cudaruaa i }', k opr-
nmapHH oMb, abcumcea YKUra f OPTOTOHAN MPOCKIMATAIUHU
KapaiiMus. byuga S =i, f()= f(k)=0 O¥nramm yuvH
YHHUHT MaTpHUACH
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100
000
0060

2) P* pazona G6asHenap cadatvga e, = (1,0, ..., 0), e, = (0,
L..0),..e=(0,0,.. 1) opriaphn onub, 4 = (a,) € P
MATPHLIA OpKAIH fXx) = AX YHIHKJAU OIMEePATOPHH

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

fe)=a,e +a,e +.+a,.e

MyHocabaT/Iap opKATH aHHKnafiMu3. JeMak, f onepaTOPHHHT
OUHTAH DA3HCAATH MATpHLIacH A.

3) R [f) pazona {1, ¢, ..., »} 6asyuc oxuHca, yHAa Aubde-
PEHLIHALLIAII OEePATOPHHHET MATPHUACH

610 ...00
¢ 02 ...00
0 00 ..0n~n
000 ..00

KYpHHAILA 3ra,

4) Honp onepaTOPHHHF MATPHMIACH Xap KaHMai Gasmcna
XaM HOJIB MaTpHua.

5) BUPNMK ONEepaTOPHUHT (aHHHH AKCTAHTHPHIIHIHT) MAT-
pHIacH Xap KaHjall basucaa GUPIUK MATpHLANHD.

Yexnn ymuamiun V daszona 6asuc Gepwirad Hyaca, y Xonma
Oy dazomary fUHIKKAH oneparopiap OWias YIapHUHT A MaT-
PHUANAPH OPAaCHAArH ¥3apo OHp KHAMATIH MyHOCA0aT Kyii-
Jarg xeccanapra asra:

Af+x=AJ‘+Ag; AU=MP L€ F
‘ A = A A,
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Oxupry XoccaHd HeGoTIalMHA3 (KoArad XoccaiapHIHT He-
foti wynra yxmaw). basuc {e,, ..., e} bepunraH 6yaus, 6y
Gasucna f, g Ba j2 YUIMKIH ONEPATOPIAPHHHT MATPHUANIADH
A =A{ay) A4 = B8,) Ba A= (v o¥iucuH. ¥ Xomna

fle) = S age, gle) = 246&8,-,

i=]

(e = D vues, (k =L ).

i=l

HKxIHYE TOMOHIAH

fele,) = flg(e,) = f(i ﬁﬂe,) =3 8,/(,) =

»=l =l

- $0u(3e)= (300

p=t i=1 i=1\ p=1

HeMmak Yz = ;a‘pﬁp){ , TbHU A, = A~ A

Tabpud. Aeap f: V = V akcaanumpuw (vuzukau 6¥auu
wapm amac) yayn wyndaii g : V - V axcranmupum masacyd
byncaxu, fg = gf = e — Bupaux (alinuil) axcaanmupuw 6yaca, g
axcaarmupiu f 2a meckapu 0eb amanadu,

Arap f aKCNaHTHPMII YYYH TeCKapucH MaBXyn OVica, y
AroHa. XaKHKaTaH, HKKUTa g, g TECKapH aKcIaHTUPHIN MaB-
Xyn G¥ncuH:

.fgl=gf=e, fgz=g2f=e.

y xomna g2, = (8,08, = eg, = g,

Hkxunyu ToMoHNaH g8, = &,(2) = g¢ = &, [lemak, g, = g,.
BepuaraH f aKCITAHTHPHILTA TECKAPH g AKCTAHTMPHIU g = f!
KYPHHHWAA OenriiaHagn. Arap f— 9JU3HKIE oneparcop O¥ica,
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y Xonga f! xaM YH3IdENW. XAKUKATAH, arap x, ¥y € V uxrué-
pHii BeKTOpaap O¥nca, f HHHT TECKAPHCH MAaBxyl OVaraHu
YYYH LWIyHBAH SroHA a, b € V BexTopnap mMasxyaxku, Ag) = x,
fib) = y. bynpan fumsuknn 6¥mrany yuvea g + &) = x + y.
Harnxama

fix+n =ffa+b)=a+ b=, +0).

IIyHra yxwam f1{Ax) = Af1(x) xocca ucHOTAaHALH,

l-teopema. Yexan jawaman uuzuxiu aodazu wusuxiu
OREPAMOPHINE MECKAPUCT MASHYS BYalul YHyN YHURZ mam-
punacu maxcycmac bysumu sapyp éa xudos. by wapm baxca-
PUAZEROA YruHZ Mmampunackt xap Kandaii bazucda maxcycmac
6a 4. = AL,

Hcoort Ynsukm f oneparopHUHr TeckapHcu OyaraH g
YHIMKIH ONepaTop MaBxyld O¥ncuH: £ = gf = e. Y xonma
MXTHEpWIl Ocpwiran Gasucaa f Ba g JapHHHC MaTpuULBAnapy
KYHMOAlH TeHTTHKHH KaﬂoaTJIaHTHpanH:

AA-AA-A = A = E, 0y eppa E — 6Gupnux
Marpnua B)’HJIaH A, ManHLlaHI{HF MaxcycMacJIHIg Ba
A =4 1= A ¥ T&HI‘J’IHK GaxapiIHIIE KenHb YHKALH.

AKanqa 6upop 6azucha A, Maxcycmac G¥icuH. Y xonma
Oy Oazucaa MaTpHLacH A4, = A}l IIAPTHH KAHOATIAHTHPYBYH
YUIUKIY g OUEPATOPHE ONCAK, YHUHT Y4YH AJfg = Af °A“I = Ay-—-
=A, A = ETeHIMKNApIaH £ = gf = ¢ TCHIIMKIIapHU 01a-~
Mu3 (yyHKu OepunaraH Oazmcaa f - A, Af - f — y3apo Gup
KHAMATAH MyHOCA0ATIap), ALHK f HUHE TECKAPHCH MaBXyd Ba
g=sr.1

DHOW Oazdc ¥3rapraHoa YH3IHMKJIH ONePAaTOPHHHI MATDH-
LIACH KaHa# ¥srapHiuMHA KysataMus. F maigoH yerigaru V
yHsUKAH dasopa ukkura {e,, .., ¢}, {f, .., f,} Basucnap Ba
u: V= V — qynsHkim oneparop GepunaraH Gyacuu. A pa B
MATPHLANAD & YHAHKIH ONCPATOPHUHT MOC paBMInaa OHpiH-
Y4 Ba MKKMHYM Oaspcaard Matpuuanapu 0ynu6, C-0HpHHYR
fasucAaH HKKHHYM Oa3dcra YyTHil MaTpuuacH OyicHH. Arap
A=+Hay, B= (), C=1{y,) neb oncax, y xonna
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ule,) = Z:‘Ii:ceb u(f) = 2!3:&)‘;,

S = ih&:ef (k= l,_”)

im]

Yméy vie) = f, (k=L1n) TeHrnuK 6unan saru v: V- V
YH3UKIY ONEePaTOPHU aHUKaliMu3. By oneparopuunr {e, ...,
e} Gasucmarn MarpuuacH C Marpuuagdp. C MarpHua Oup
fajmcoaH HKKMHYM Oasucra Vram matpuiacd OynraHM yuvH
y MaxcycMac. ByHAaH Kenn6 YHKAIMKH, v YH3HKJIM OIepa-
TOPHHHT TECKAPHCH MABXY.

OHoH ymby

n "
uve,) = Y Buvie) = v[z ﬁl.ke‘.)
i=1 ]
TeHTIHKDIAH V HHHT TeCKapHCH MABXYMLTHTHAAH doiaataHue.

L
V—luv(ek) = z Bies
i=1

TeHNTHKHH OTaMK3. BYHHHT MAaBLHOCH UIYKH, v'uv onmepaTtop-
HHHT {¢,, ..., en} Oasucaarn Marpuuacd B = (8,) ra TeHr.
HKKHHYH TOMOHAAH YH3HKIH oneparopnap OWiaH yIapHHHT
MATPHUOANAPH opacHparu ¥3apo O6up KuiiMarnH MyHocabar-
HEHT XOCCAalapura acoca v'uv YM3uKIH ONepaTOpHHHT {e,
- €} 06asucaars MatpHiacH C'AC ra Tedr. Hatuxana B =
= (MAC. by GwiaH KyHuaard Tacauk, UcOOTIAHNM:

2-teopeMa. deap uexau yanamun V pazoda uusuxau one-
pamop ukxuma Oazucdazu mampunasapu moc pasumoa A ea B
0yaub, C-Gupurnvu 6azucoan uxxuwun bazucza ymuw mampi-
"acu 6yaca, y xoada B = CLAC.

Tavpud. n-wu mapmutau A 6a B keadpam mampuyarap
yuyn wyrdal maxcyemac n-mapmubau C Manmpuna monuicaxu,
B= ClAC 6yaca, A éa B mampuyanap yxwaw e amasadu.

Bbapua #-taptu6au F MaltmoH YCTHIATH KBALDAT MATpHLA-
Jap TYIAaMMAAard Oy yXmalutuK MyHocabaTH pedueKCHBIHK,
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CHMMETPHKIIFK Ba TPAH3UTHBIHK XyCYCHATIADHTA 3Ta, SbHH
Oy TYIUIaMa SKBHBATEHTAHK MYHocabaTnadp (TeKIIMpHHIL).

2-TEOPEMAHMHT MABHOCH IIYKH, YH3HKIH ONEPATOPHHHT
TypiIA GasrcHarm MaTpHIIATapid VXIDALLAHD.

53-8§. XOC BEKTOPJIAP BA XOC COHJIAP

Arap YeKnH ymiaMau YH3HKIM $hazofia YHIHKIH ONIepaTop
YYYH MATPHUACHHU FWATCHAN KYPHHHINTA KeNTHpAZATaH ba-
3uc MaBxyl Oymca, 6yHaall YH3HKAH OHEpAaTOp AHArOHAUIA-
wyevd Aeb6 atanaan. OnepaTOpHHHT AHATOHALIAIIYBYATHTH
Macanacyl Ta0MHH paBHIIAA XOC BEKTOpIap Ba XOC COHAAp
TYIIYHYATADUTA OHO KeNau,

Tasprd. Arap HoMpaH GapkiIy X BEKTOD VYVH IIYHAAH
A € Fuapxyn 6¥acaxu, flx) = Ax TeHrNMK Daxapuica, X BeK-
TOp f UM3MKIH OMNEPATOPHUHT XOC BEKTOPH Ba A aca Oy xoc
BEKTOPra MOC X0C COH ae0 aTamam.

Muconmxap. 1} D, dpazona 6epuirad T¥EpH YH3NKKA Op-
TOroHaNn Mnpoekuuananyiad udopar OVIraH YH3HKIH oIepa-
TOp YMYH Oy TVFPH YH3HKAA ETYBIH Xap OUp HoIkAaH dapkid
BEKTOD XoC BekTop G¥naau. By BeKtopnap Xap GHpHHHHTL XOC
COHK 1.

2) R[4 dazona XocHIa OMHIN ONMEPATOPHHUHE XOC BEKTOP-
dapu $axar ¥IrapMac cownapmaH mbopar. Yaap xap Gupu-
HHHTI Xo¢ cOHH 0. YMyMaH, arap YH3HKJIH OepaTop HOJMbAAH
dapkiIH Hermara 3ra 6¥aca, HETH3ra TerHUUIM Xap GUp BEK-
TOp — XOC BEKTOP; YHHHT Xoc coHH (.

3) D,{a) dasona Gepwiran ¢ 6ypuakka ¢ = nx , n € Z,
OypUIIZaH HOOPAT YHIHKIH ONEPATOPHHHI XOC BEKTOPH HVK.

1-reopema. Yexsu yauamau wuzuxan azodazu wuauxau
onepamopnunz dnazonasramyeny Gyaumn yuyn yRunz xoc 6ex-
MopAapOan MauKus monzan Gazucununz maexcyd Gysumu 3a-
pyp ea xupoa. by mapr GaxapunaraHja onepaTop MaTpHIacH
JUATOHAN FIEMEHTIADH MOC 6a3HC BEKTOPAAPHHKHHT XOC COH-

Japu 6ymanu.
HcHoT Yn3sukid f onepatop AMATOHALIAINYBYHM, THHHN
6apop {e,, ..., e} Da3UCAa YHHUHT MATPHLIACH AMATOHAT KYpH-

HHIIgA OVACHH:
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Y xomna fle) = A, (k=1n). JemaK e, ..., € X0C BEK-
Topaap, 4,, ..., A, 32 MOC XOC COHJAP.

Axcurda, fle) = 4¢, (k=1n) TeHDIMKIApAaH f omepa-
TOPHHKT {e, ..., e,} 6asucCAary MaTPHLIACH MMACOHALTHIA Ba
A, ra TEHTJIHTH KeIHE WHK2IH. [ |

2-Tteopema. Hexsu yavamau kKommniexc dazeda xap xan-
Oaii wusuKAu onepamop Xo¢ geKmopea 32a.

M 6ot Xoc x BeKTop Ba Xoc A coH yuyH flx) = AX TeHrI-
mux ymby (f — Ae) (x) = ¢ TeHIIMKKA TCHT Kywid, Gy epaa e-
6upmuK onepatop. Oxupru (f — Ae) (x) = 0 TeHDIMK 3ca X
BeKTOp f — Ae ONePATOPHMHI HETH3UIa TETULULTH SKAFIUIHHA
k¥pcaranu. Llysnai KWiMG, X0C BEKTODHHHI MaBXYIL o¢mu-
wH Gupop 4 € C y4yH f — Ae OmepaTop HOMNBIAH dapgau
HEerH3ra 5ra SKaHIHTHHY KypcaTam, Yexrd ymaammn dasona
OXHpry 1apT 3ca f — Ae omepaTOPHHHI TECKAPMCH MAaBXYI
SMACTHTUIA TeHT KyWIM,bHM 6y OnepaTop MaTpUuUacH Xap
KaHaa#l Gasucaa maxcyc. IllyHnait Kwinb, arap f oneparop-
HHHT MaTpuuack A Gyaca, y xoiaa 6y omeparop X0C COMIApH
rmramu det(A — AE) = 0 TeHrnaMaHHHT WIAX3NapH TYIaMu
GUIaH YCTMA-yCT Tymam, 6y epna det(A — AE) Hdoma A —AE
MATPHLIAHUHT ZETEPMHHAHTH. YIuby det {A — AE) = 0 Tenr-
1aMa 4 ra HucbaTaH n = dimV gapaxanmu tenrnama 6ymab, A
onauaard KoagduimeHt (-1)” ra TeHr. AlreSpaHUHT acocHil
TeopeMacura acocaH GyHiall TeHriama C MaliloHAa Kampaa
6uTTa wigmara sra. Llyunail kw6 f omepaTop KaMuaa OGHT-
T4 XOC COHra Ba femak, xoc pexropra sra. l

By TeopeMana eIy YIYaMIHIHK WapTH MyXUM. C[#] uek-
cH3 YrgammH ¢asofa flx) = x onepaTop Xed KaHaaH xoc BEK-
TOPra 3ra SMac.

© YusHKIK ONepaTop YUYVH uM3HKIM V dasoma Xo¢ BEKTOD-
HHHTI MaBXyg 6ymmum 6y dasona 6Hp ¥rdamiam MHBADHAHT
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KHMCMDA3OHHHT Mapxyn OVIMIIAra TeHr Kywid. byAra kipa
2-TeopeMa afTamlKi, Yekis Vamuamin KoMiieke ¢dasona xap
KAHZaM YMIHKIH ONCPATop OMp YiYAMIH HHBAPHAHT KUCM
tazora sra.

3-reopema. dzap wexau Jauamau Komnaexc Gaoda uxku
wuzicau f ea g onepamopaap ypun amawyewu (xonu fg = gf)
fVauuea, y xoada yasap ymymuii Xoc eexmopza 324.

HcOoT Unsmgna f onepatop yuyH a-xoC BEKTOD Ba -
Moc xo¢ coH 6¥acuH: fla) = Aa. V|, daso wsukmm f —~ A e
OIIEPATOPHHHT (e-OHPNHK OMeparop) HerusH G6VICHH. Y HOMb-
Aan GapriM, YyHKH ¢ € V. Arap x € V| Oynca, y xonaa
Ay = AxBa fo(0) = gfl) = g3, = 4,80,

by g(x) € V, sxaunun kypcaragu. JdeMak, V, unsukmu f pa
£ OfIepaTopIap YUYH WHBAPUAHT. YMMKIU g oUepaTOpHHHT
AHHKTAHWII COXaCHHU ¥, raya TOPaHTHUPUII HAaTUXacHia
X0ocHN G¥iaraH onepaTopHH g, OWiIaH GearmwraiMus. 2-Teope-
Mara acocaH g, omneparop V| Aa Kammaa GHTTAa XOC BEKTOpra
sra. Macanau, b € V| wyHaai xoc Bekrop 6yncun: g(b) = A,5.
By BekTop fY4yH XaM xoc Bekrop b)) = 1,5, yynxu b € V. M

KoadpduuneHtnapu F Maltnonaan odHHrad Keanpar 4 MaT-
pana yuyH TY3wmaH af{l) = a (1) = dei(A — LE) k¥mxan A
MATPHIIAHHHT XapaKTepHCTHK KVirxaau neb atananu.

Vxurams MATPHLIIADHIHT XaPaAKTEPHCTHK K¥nxagnapu jaa-
po Teur, Xaxuxartal, B = CLAC 6¥ncun, 6y epna C xoadpdn-
LHeHTAApY F MAiIOHAAH ONHHIaH MAXCYCMAC MArpHua. vV
X0JJla MATpHUATAD KYTAHTMACHHHHT JeTEPMHHAHTH XAKHIA-
T'H TeOpeMara acocaH

ayl) = det(B — AE) = def{(C'AC — CNEC) =
= det CNA — AE)C = detCidet(A — AE) detC = a (A).

Bynaad aéHxku, OepwiraH YHIHKJAIH ONEPATOPHHHT TYPIH
Gasuchard MaTpuualapit GHp XHI XapaKTepHMCTHK KYTIXAATa
ora. by xapakTepucTHK Kynxan Oeprurad YHM3HKIH Olepa-
TOPHUMHT XADAKTEPUCTHK K¥Ixanud ne6 araman.

4-teopeMa. deap conau F maiidon ycmudazu n yaruosau
wuzuxan pazoda anuKAaNzan MUIUKAN OREPAMOPHUNZ XapaK-
mepucmux kynxadu n ma mypau uaduzza 2a 6yaca, 6y onepa-
mop duazonasiaumysuuoup.
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HMc6or. Jactnab uxruépuil ymukam azona GU3HKIH
OITEPATOPHUHT TYPIH XOC COHNAPHTa MOC KEIYBYH XOC BEK-
TOPAAPHHHI YH3HKIM 3PKITH 3KAHIUIMHH KypcaTaMu3.

Ywby {x,, ..., X} — TYP/IH X0C COHNApra MOC KeTyBIH XOC
sekropiap Gyacun: fix) = Ax, (i=1k), 6y epna i = j yuyH
A= 2,

+ J

By TM3HMHUHT YH3HKIH 3PKIUIHTAHN & O¥iuga MaTeMa-
THK HHAYKWAA éppamuga ucbornapmms. Tacamk £ = 1 ma x,
# 0 (xap KaHAA# XOC BEKTOp YUyH) O¥IraHd yuyH agn. Tac-
auK (k — 1) Ta x0C BeKTOpIap YYyH YpUHIM OYICHH ned ¢da-
pa3 KugaMus3. .

BHAH X,, ..., X, BEKTOPJAp YIYH 2 ax; = TeHTIHK YPHH-
aH 6¥iacHB. by TeHDIUKAAH i=l

f(iaixi] = iaif(xf) = iailjxi =0
i=1

i=1 =l

k

k —
TEHTTMKEH oJaMu3. Y6y 4, > ax; = > a;4,x; = 0 TeHIIMK-
i=1 i=l

ZAaH OXUPTH TEHTIMKHHA aftupub, > a2, —A,)x, =0 TeHr-
i=1

AMKHY XocW1 Kwiamus. VIHAYKUMAHMHT (apa3ura kypa x,,

.» X, HM3AKIIH 3pKIH. byHTa Kypa OXHPIrU TeHIIHKIAH afll, -

—-2) =0, (i=1,k—1) TEHIIHKIAPHA ONAMU3, Xoc coHnap

Typau 6yaranu yayr A, — 4, = 0 (f=Lk—1). bynnaH Ba

OXUPTM TeHDIMKIapaaH a, = 0, (i=Lk - 1) TeHIMHKIApHA

L3 - -
onamm3. bylapnan Ba D, a.X; = 0 TeHIIMKAAH X, = 0 TeHI-
=l -
makHM onamm3. Xoc sekrop x, # (0 GyiraHu y4yH a, = 0.
Jiemak @, = 0 (i = 1,K). By x,, ..., X, BEKTOPIAPHUHT TH3UKIH
SPKAU 3KAHIUIHHUA KYPCATAlH.

Duam 1, ..., A, COHNAp GepwiIraH YH3HKIH ONEPATOPHUHT
XOC COHJAPH, €, ..., &, 3¢a Oy Xoc COHNAPra MOC XOC BEKTOP-
nap 6yncuH. Y Xoiaga HcOOTIAHTAHTA KYpa, €, ..., €, BEKTOP-
Nap TU3MMH YH3HKH 3pKId 6§mu6, V Gasonuur 6asdcu 6yna-
i, 1-Teopemara acocaH f YM3HKJIH onepaTopHHMHr Gy Gasuc-
JarM MaTpuuacH muarosan Kypuamwiea sra. ll
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D, dasoma Gepunran ¢ Oypdakka (p # #n, n € Z) Gypui
YUIHKAH ONEPATOPH MHCOTH KVPCaTalHKH, 2-TeOPEeMa YeKIH
ymuaMnpE XAKHKHE dalonapaa YpuuId 3Mac. bollikaua cia
OnaH aATraHga YeKAH YIYaMIH YH3HKIH (a3onapaa YH3HK-
i onepaTOpHUHr OMp ¥n4amiau HHBAapHaHT KHcM(azocH
O¥IMaCIMIH MYMKHH.

Kyfingara TeopeMa KVPCaTaIHKH, YCKNH VIYaME XaKHKHIT
dasonapaa YH3HKIM OMEPATOPHUHAT OUP ¥T4aMId WHBAPHAHT
KicM dazocH aouM GynMacadM, TeKHH HKKH YMuaMiIK HHBA-
PHAHT KHCM(A30CH HOMM MABXY/L.

5-treopema. Yexau yauamau xaxuxuid vusuxau V dazoda wu-
3uxqau f onepamop bepuszai 6¥acun. Y xorda wyndai A, u € R.
coHaap ea bup saxmoa noabea menz Oyamazan wyndeix, y €V
sexmopaap maexcyoxu, fx) = ix — uy, {y) = px + Ay (azap
# = 0 6yaca, x sa y sexmopaaprunz nossdan Qapxaucu f one-
Pamopriunz Xoc Gexmopu Gyradu).

Hebot. Xap KaHOAH YCKIH YITIaMIH XaKHKME YH3HKIH
tazo dupop # yayn R ra uzoMmopd 6¥nraun yayH ¥V = R" 1e6
onvuuMu3 MyMKHH. By dajzona 6asnc cudarupa ymby
e =(10,..,0), ¢=(0,10,..,0),..,¢=(,0,.,01)
opTIap TH3MMHHH odaMu3. by Gazucha yu3nKmu f oneparop-
HUHI MatpHuack A = (a,) 6§ncuH. ¥ xonsa xap Kannai x €
B yayn fix) = Ax, Oy epoa x BeKTOD YCTYH KYPHHWINWAAA
éaray. A C dazona xap 6up £ € " y4yH YHIMKAH g
OMEPATOPHH g(7) = A7 TeBDIMK OwiaH aHMKJaHMH3, Oy epna
XaM Z BeKTOp YCTYH KVpHHHIIA E3WIraH. 2-TeopeMara aco-
CaH g OfIEPATOPHUHT XOC BEKTOPM MABXYA, YHH 7, OwiaH Ba
MOC XOC COHHH § OpKaau SearunaiiMus, ¥ xonaa z, = x, + iy,
KYpHHHIIAA €3MIIHMHM3 MyMEHMH, 6y epaa x, y, — OapaBap
HonMera TeHr 6¥aMaran R mary Bekropraap (uyHkm Z = 0).
Xoc EcoHnu £ =4 +iug A, ¢ € R k¥puunmna €3u6 oqaMus.
Yuby AZ, = &EZ, reumknan A(x, + i) = (4 + i) (x, +
+iy) = (Ax, — wy) + i (ux, + 1y,). by epnan

Jox) = Ax, = Ax, = py,,
S = Ay, = px, + Ay,
[yuy afTHII KEepakKKH, Yadamd OHpmaH OpPTHK G¥IraH
KOMIUIEKC YH3UKAH (pa3oIapaa AUAroHAAIIYsYH G¥nMaraH
YHINKJK ONEePaTOpAap MapXyd.
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Macanad, C* ¢aloga Supop Hazucaa
00
A=
o

MaTpHUara sra 6¥aras yuavkiau f oflepaTep AHMAroHaUanys-
yd sMac. XAKHMKATaH, aK¢ XOnna HyHaa¥ Maxcycmac

C= (711 }’12)
Yn ¥an

MaTpuua MAaBxyoku, B = C'AC gnaroHan KypUHHLITS 3ra:

Y

Byudnan Ba AC = CB TeHrAIHKA2H
(0 O)[Yu ?’12]3(}’11 ?12](1 0)
1 0f\yy vs Y Y2 /\0 u

MyHocabaTau oflaMu3. By myHocaGatnan aca iy, = py, =0,
AYs) = Pyp MYy = Yy Yy = ¥, = 0 TEHDMKIApHH ONaMH3.
OXH])[‘H TEHTTHKIIAD 3Ca C MATPHUAHMHL MaXCyCMac PKaH-
JIUTUra 3un.



Yauunwuu 606

MATPHUANTAPHHMHT XKOPHAH
HOPMAJI POPMACH

54-§. MATPUIIAIA KVTIXAJLIAP

Mampuyaau kynxad pe6, A KOMINEKC ¥3rapyBdiuId HEVH-
ndai A(4) GpyHKUHAra aNTIWIATHKH, YHUHT KpitMaTiaapu C Maii-
ACH YCTHRArM # — TapTHOAW Kaapar MaTpuuaiap 0ymus, y

AQ) = A, + AA +.. 4 AQ ™ (1)

KYpHHHWIa 313, Oy epaa A, A, ..., A — TapTubu » 6yiaran
KeagpaT Matpiuaitap. Tarpuduard # COHH MATPHLIAIH KYTIXAL-
HUHT mapmubu Nefiwnand. Arap A HoapgaH dapkimm 6ynca,
m COHH MATPUUATH KyNXAOHMHr dapaxcacu, A, 3ca ioxopu
KoaPuyuenntu TeRUTANH.

Marpunanap ycTHAATH aMaUTApHHHT XoccanapHaan ¢oii-
JanaHub, Xap KaHAal MaTpHUAIH KYTXAAHH # — TAPTHOIH
WyHAAH KBANPAT MATPHLUA KYPHHHIIMAA €3NI BYMKHHKH,
VHHHT 37eMeHTAapH A ¥3rapyBUMHHHT KOMILTEKC Koa(pPHIIn-
EHTIH KymxagnapuaaH ubopar:

a, () ... a),(2)

anl (’1) b ann (’1)

ByHpait MaTpHUanap 1 — Marpuuanap ned aTananH.

Marpuuamd Kynxauiapay 4 — MarpiUanap KypHHHIIMAA
é3u6 onus Ba COHNH KO3GDOHUHEHTIH KVIXAWIAPDHUHT X0C-
canapuaan dofgananud, A1) — Marpunani kynxan (1) udgo-
Racuparu A, A, ..., A, MaTpUNIATApHUHT OUP KHHMATIH aHHK-
JAHTAHHHH TOTIAMH3, yiap A(1) MaTPHUAIH KVIIXAIHHHT KO-
s¢ppunvenTnapy aed atanagm.
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Xycycad, Xap kaHpaft 4 € C yuyH A{l) HonAp MaTpuua
OVnuid yayn bapua A4, A, .., A, KO3DPUUHEHTIADHHUHT
HOJb MATPHIA GYAMILM 3apyp Ba KMoa. Arap A{l) — HOIB-
JaH dapKIH MATpHIIANH Kynxan 6yiaca, y xonma A(1) ra Holb-
JAaH Papan ko3hhULHeHT GiUTaH KUPYBYH A HHHE 3HF IOKOpH
napaxacu A(1) Martpuuand KYNXagHHHT Japaxach G¥manm.
Papmangu, A(1) HHHE AapaxacH YHUHT (2) udonacupard g (1),
G,k = 1,n) KVHXaLAap AAPAXANAPHUUHT 3HI KATTACUTA TEHL.
Bapya » — TapTHOAH 1 MaTPHUATADHHHT TYTUIAMHHE C*™"[1]
OPKAIH GeNrumaiMus,

Matpnpamu K¥nxamnaphaunr (2) ndonacunal dbownananub,
YAAPHHMHT AUFHHAHCH Ba KYMAATMACHHH MATPUUANADHHHT
AUFMHAMCH Ba K¥malfiTMacd opKaid KupuTaMui. by amammap
O¥[A] THUTaMHE XanKara afiJaHTHpany (Xalka aKCHOMIAp
GAXADWIHILMHHA TeKMMpHHT). by Xankaga OUpANK 31eMEHT
POJHMHH 7 — TapTHONH GHPIMK MATpALA YHHAHDM. Arap n = 2
6¥nca, XanKa KOMMYTATHB 2MaC Ba HOJBHHHT OV¥IyBURTapHTa
ara (Moc Mucomtap keatupusr). Kyitngard teopeMara C7[4]
XUIKAAa KOMEHETH OYNHLL XaKHIArH TeopeMa 10 Kapant MymM-
KHH.

1-Teopema. 4{1), B(1) — mapmubu n 2a menz mampunaiu
kynxaosap, B(l) — nosvdan apxau éa yrunz wxopu xo>@du-
uuenmu maxcyemac 6yacun. Y xoada mapmudu n 6¥szan uyn-
ogi Q(1), R(1), Q,(1), RA) mampunasu xynxadsap mae-
weydxu,

A1) = 0,(1) BG) + R(A) = BAQ, () + R,(1).

Bynda, acap R (1) éxu R (1) mampuuaru xynxadasap nosv-
dar haprau Ojaca, y xosda yrapuunz dapawcacu B(l) nune
dapaxcacudan KuuuK.

Hcbort. Arap A1) — Honb éxku mapaxacu B(l) HUKMAaH
KHYMK MaTpuuanty kynxan 6ynca, Q,(1) = Q) = 0, R (1) =
= R,() = A(1) neb onuuca, Teopema ucGoTIaHAMH,

g A(L), B() mapHHHr JapaxaiapH MOC paBUILAa M, k
6ynub, m = k daxapwicuH.

JHIH TeopeMaHH HONb KVOXamnap €K mapaxacu < m
Kyixamnap yiyd ucbotnadrad ned dapas Kunamuz, A(l) sa
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B(A) x¥rxaanmapHu (1) HMHT papaxanapd KaMmaiiut Gopuu
TapTHOHIA €3aMH3:

Ay = A +..., B() = B +... .

Byura x¥pa
AA) = AQ) —~ ABT B ™+

K¥TIXan € HONMb €KM JapaxacH < m GYnrad Kyirxan.
Hupykumsauur dapasura Mysoduk

A,@) = G()BA) + RA)

MyHocabar ¥puhiH, Oy epaa R (1) € Honb €KM RapaxacH
< k 6¥xran k¥mxan. byHnan

AR) = AB BAY™ + A(R) = Q) BR) + R,

Oy epma Q1) = AB' A™* + Q,R).

Q,(1) Ba R,(1) kyTIXannapHMHT MABXYIIMIH WIYHTa ¥XIan:
ucGotaananu (Myctakwi kypeatusr). W

O AR) = 4, + AL +..+ A A" — Taptubu n GynraH
MATPHUAIN KVxan, X — Taprubu # 6¥Iran KoMILTeKC Mart-
puua 6yacuH. A(1) ra A HuHr ypuura X "y K¥iuab, Gapua
aMaIapHH GaXxapHin HaTwkacHaa Xocwn Oyaran A(X) = 4,
+ + A X +...+A4 X" marpuua A(Q1) K¥xaaHuHr X MaTpHiaga-
i kuiiMaTH geb aranamu. Papimankw, arap A1) = B(l) +
C(1) 6ynca, v xonma xap Kayga X € O marpuua yayH A(X)
= B(X) + C(X). AMMo A(1) = B(l)+ C(1) TeHTMHKIAH AOUM
AX) = B(X) C(X) TeHrmuK xeaud 4dukapepmaiigm. ByHuHr
cabadu wykn, B(i) Ba C(1) MaTpHUANH KYNXannap KymanTH-
pUITaHAA KOMIUTeKe 4 ¥arapysun 6y KYIXaIJapHHHT MATpH-
uanapiaaH Hoopar KosgduuneHTnapH GHIaH YpHH aAMallH-
HYB1H, aMMO X MAaTpHIIa 5¢a Oy Xoccara ara SVIMACITHTH MyM-
KHH. Arap X marpuuoa C() KVIXaaHHHT MaTpHUARApHAH
ubopaT Gapua koadduuHEHTNIapU OWIAH YPHH ATMAMIHAHYB-
un 6ynca, y xomaa A(1) = BQ) C(A) nan A(X) = B(X) - ({X)
TeHrMK Keaud yukanu. 1y msoxmad dofipananut, Kyiuma-
rH TeopeMa HCOOTIaHaNH.
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2-reopema (FaMuwibTon-Kauu)., Adeap A mampuyanune
xapaxmepucmux Kynxaou o(l) yaca, y xo10a o(4) = 0 (6y
epoa o(4) neb p(A)E mampunasu xynxaouunz A mampuyadazu
Kuiimamu mywynusaou).

HcboT Bl) opkamu {4,(A))” MaTpHUAHH OenriiaimMus,
oynzna A, (1) opkanu A — AE MaTpHNagard MoC 3M1€MEHTHHHI
anrebpalk TYIIHPYBYHCH BearuaaHrad. JleTepMUHAHTAAD HA-
sapHAcHgad (21-§, 3-reopema) MaBIyMKH

o) E = B(A) (4 — AE)

A Matpuma A — AE MaTpuilanK KIXaiHHHT HKKana Kosd-
dunueHTH GHIaH YPHH ATMAIHHYBIH 6YAIraHu yIvH KODH-
parl teHraHkaaH ¢(AYE = B(A) {A — AE) = (0 TeHrmuKHHA
onamus.

(rr[A] xankafga TecKapucH MaBxya OVaray smeMeHTIap
YHUMOIAYNAP A-MaTpuuatap ne® atananu.

3-Treopema. i-mampuya yrumodyaap Gysuiay YHyR YHUHZ
demepmunanmu yizapmac (TpHU A ra GOBNHK, SMac) 6Pnumu
zapyp ea Kuthon.

Hec 6ot Taspudra acocas, arap A-matpuua A(4) yHHMO-
aynap 6¥nca, yHHHT y4yH wyHzait A-marpuia B(l) MaBxvo-
ku, AQ1} - B(A) = B(l) - Al) = E. Yuby detA{d) Ba detB(1) nap
A ra HucGatan xymxagmap Ba detA(l) - detB() = 1 G6¥nranmn
vayH detA(l) — wHonpHaR GapiiH COHAHp. AKCHH4YA, arap
detA(d) = A — HonbaaH dapkiu coH Ba A(L) = (a,(1)) 6¥nca,

y xonma BQR) = (8,(), B,(1) = 713"4;«('1) aed onamus, Oy epna

A, (1) opamn A(l) MaTpULanaru a,, NEMEHTHHHT anrebpauk
TYLAMPYBYHMCH OeTianran. ¥ xomna AQ)B(1) = B)A(A) = E A

55-§. KAHOHUK A-MATPUIIAJIAP

Tawpud. Kyiudazu wapmaapru xanoamaanmupyeuu A-
MamMpuua Kanorux 0el amasadis:

1) y duazonar mampuya;

2) duazoman O¥duna dacmaal rosvdan dapiay Kynxadaap,
Keilun HOAAAP HCOUAAW2aH;
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3) noavdan apxau xap Kandaii kKynxaorunz oKopy Ko3ddu-
yueumuy Gupza menz,

4) noavdan papxau xap 6up xeliunzu Kynxad osdunzucuea
Vaunadu.

F — conmu maiinon 6¥ncun. Bynpad Kediuu, arap 6omka
ran anoxuaa Kaln KIMHray oOynamaca, F maiinoHna aHux-
JIaHTaH A-MaTpyuualap KYpunapd, SHHYU WYHAad MaTpHuamu
KVIIXaJUIapKH, YiIapHHHr Gapua Ko3agduuveHTIapH F Maii-
OOH YCTHAATH A-TApTHONH MaTPHLATAPAHD.

A-MATPHUANAPDHUHT 3J¢MEHTApD aJAMALUTHpHOUIApH 1eb,
KyHHAard aIMAalITHPHODIAPTa afTIALH;

1} A-MaTpHLAHHWHT OHpOp CATPHHH (YCTYHHHH) HOJABAAH
dapknu coHra KynadTupuil (GyHAaH aTMAIOTHpHINAAD 1-Typ
3NEMEHTAp ATMALUTHPHWNAD A¢h aTANAanH);

2) A-MaTpuasHKHE CHPOP cATPHHH (YeTYHHHE) FlA) Xanka-
JaH OJMHHraH Kymxanra kymaiitupud, Domka catpura {ycry-
HUra) KymMi.

Tabpud. Uxkura A-marpvuanad GUPUHKM HKKHHUHCH-
JaH YeKNH MapTa »MeMeHTap ANMAlUTHPHLINAPDHH KYIiab
XOCWI KWIHII MyMKHH 6%1ca, ynap sKBUBARCHT A¢0 atamanH.

By 3KBHBATEHTIHK TYYHYACH pethIeKCHBAUK, CHMMET-
PHICIMK Ba TPAHIUTHBAUK XOCCANAPHIA 3ra (TEKIMMPHHT).

Mucon k¥pamuz. Ukxmra A-matpuua 6epwind, yrapHUHT
O6upH HKKMHYMCHAAH (aKaT caTpAApHUHT (YCTYHJIAPHHHT)
TPAHCIOZULMACH OHNan bapk, KHICHH. YJIapHUHT 9KBH-
BAJICHTINTHMHU KypcaTaMu3. A(d) MAaTpHUZHHHT A-YCTYHHHH
a, = a,(A) opkanu GenrwiafiMumi. A(1) MaTpHilana 3JIeMEHTap
ATMAIITHPHINAA KATHALIMATAH YCTYHJIApHH Tauab woopuo,
KyliHgary sneMeHTap ATMALITHPHULDIADHA DakapamMmna:

AR = (a, a) ~ (@, + a, a) ~ (@, + a, — a) ~ {a, ~ a) ~
~ (a_’p ﬂ';.),

Ov epma i # J. CaTplapHHHT XaM VpHHHH aIMAIUTHPHIN IDYH-
ra yxmam Saxapunagu.

Teopema, Xap xandaii \-mampuna 6upop Kanonux \-Mar-
pHIATA IKBHBAJIEHT,

HNc¢Hor. Honp MaTpuiia yIyH TeOpeMa DaBIIaH, YYHKH
YHHHT V3H KAHOHHK. DHAHM A(1) HonbpaH dapkian 6y¥acHH.
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TeopeManu A -MaTpHUAHWAT TapTHOH GViimya HHAYKOMA €p-
JaMupa HcboTmaiMus,

Arap n = | 6¥nca, vy Xonma A(1) Marpuiia OHTTa 3IeMEHT-
AaH ubopar Marpuua AQQ) = (a(d}), ald) = g, + ad +...+ a A",
a, a, .., a, € F, a = 0. AA)uu a; coHra xynaktupud,
OKopH KO3 pHIHeHTH OHpra TeHr 6YnraH Kynxaiara Keaa-
mu3. by Gunan A(1) KaHOHMK K¥PHHHIUHH OJafH,

Duau 7 > 1 xomuu Kypamu3, Teopema Taptubu (n — 1)
6ynran A-MartpHuagap yd9yH umcbornavradH ned gapas xmaa-
MM3.

Taptu®u » O¥araH A(l)-MaTpHUAHH BA YHra 3KBHBANEHT
O¥nrad Gapya A-MaTpHUatapHi ojdaMmu3d, byHaalt A-MarpHia-
JIAPHUHT MICMSHTAAPH HYHIA JapaXacH SHT KHYHK Ba IDKODH
KoadduumeHT™ GHp 6ynranvud & (1) opkanM GearHmaiMus.
by £,(2) aneMeHT Kupran A-Matpuuaga 6y 3IEMEHTHH caTp-
JApPHHHT Ba YCTYHJIAPDHHUHT TPAHCTIO3HIHACH OPKATH 6y MaT-
PHLIAHHHT “an Gypyarura yTKaszaMH3:

g ap(d) ... a, ()

AR ~ ay(d) ay(d) ... ay(d)

ayd) a,) ... a,R))-

Oxupri MATPMIAHUHT CHPHHMHU CaTpU Ba OMPHHYM YCTY-
HEaard 6apya >IeMEeHTIAPHHHT £ (1) ra 6¥AMHHIUAHY Kipca-
TAMM3.

XakpkaraH, a, (1) = g(i)e {A) + r{A) 6¥ncun. by epma Hd)
HMHF JapaxacH £ (1) HEHT 1apaXacHAaH KMYHK. Y Xomaa 6u-
PHHYM YCTYHHM — g{i) ra K¥malTHpuO A-YCTYHIA KYLICAK,
A(A) ra 3kpuBaNeHT OVIraH WyHAAMH A-MATPHLAHK ONAMH3KH,
VHHHIr OUpUHYH CATpMHHHI k-yCTyHHMAa HA) HH omamu3. By
A-MATPHUAHHHT OUPHHYH CAaTpUHH F(A) HHHT OKOPH Koad-
duupeHTHra 6¥aamus. Hatimxana A(1) ra skBuBaieHT 6¥araH
WwyHgal A-MarpHMuara KeJlgHKKH, VHAa OUpHHYH CATPHHWHI
k-ycTyHUIArH 3TeMeHTHHHT Aapaxacy &,(1) HHHI DapaXacH-
OAH KIMHK Ba IOKOpPH Koadboumuentn Oupra tedHr. by 3¢a
£,(1) HEHI TAHNABHBINTA 3HA. JeMak, nd) — HOMb KYIXad.
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IHydra ¥xmaim MyroxazatapHd GHpHHYH caTp Ba OUPHH-
Y4 YCTYH 3MEMEHTNAPHHUHL Hapuacu ycTmaa OamxapHd, Ky-
HHAArH A-MaTPULAra KeaaMmu3s:

g 0 ... 0

Agy-| O Fa o Bl

0 ﬁn’z(‘l) ﬁm(l)

Huaykuusara mysoduk, ymbdy:

B(A) ... By, (R)
B(i}=

Bl .. ﬁ (1)
(n = 1)-rapmubnu A-MaTpHua KyHHAArH KAHOHMK A-MATpH-
0ara 3KBHBAICHT:

£,(4) 0
B() ~
0 &,(1)

A(L) Mmatpuna yecruna daxar B{l) MAaTpHUIAHHHT caTpnapy Ba
YCTYHJIApHHHMTHHA Y3TapTHPAAUTAH WIVHIAH 3IeMeHTIAp Al-
MaIUTHPHILIAPHH OaxapaMH3kH, OyHia B(l) KaHOHHK KYpH-
HHIITa VTCHH:

(4 0
AQ) ~ &,(4)

0 e,(4)
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Oxuprid A-MaTPHUAHMHT KAHOHHK 3KAHIHTHHH Kypcara-
mu3. byHuur yayH ¢,{1) HuHr £ (1) ra OYTHHHIIUHYE KYypca-
vl KugpoA. OXMpru MATPHUAHHHT SHPHHYH CATPHIa HKKHHYH
CATPpUHM KYLUMO, KYAHIATH A-MAaTPHIAHH ONaMH3:

£, () &,(1) 0

AQ) ~ &,(4)

0 £, (1)

Oxopuna a,, HUHT £,(1) ra 6¥THHUMHA KaHAAW Kb
HcboTaaran G6ycak, XyIaH [0y MYICXA3IAPHH OXMPTH Mar-
PHUIIAHKT SUPHHYH CATPH Ba MKKHHYK YCTYHHIA TYPYBYH £,(A)
ra Kymwiab, yHHHT ¢,(1) ra 6ymaummHn ucbornaiimus. Il

56-§. AETEPMMHAHT BYJIYBIHIIAP
BA UHBAPUAHT KVITAUTYBYMJIAP

A(AY-TapTHOU # O¥ATaH A-MaTpHua Ba k-Hatyparl coH, | =
k = n 6yncuH,

Tabpud. A(l) mampuyanune k-mapmubsu demepmunanm
6payeuucu 0eb, xyidudazuna monusaduean O,(1) xynxadea ai-
muaadie: azap A(Ql) nunz 6apra k-mapmubau MURGPAGPU HOIb2A
mene Gyaca, 8,(A)y — Hoav kynxad; azap A(L) nunz k-mapmubau
MUROpAGpU uuuda Hoavlan papxaurapu 0yaca, J,(A)-woavdan
daprau k-mapmubau MUHOPAAPHUHE SHZ KAMMG YMYyMUE yHu-
map 6yayeuucy.

1-Te 0 pema. 1-mampuyasapuune demepmunanm Gyayenu-
Aapu IneMenmap aimaumupuiiapda yizapmarion.

Hcb6oT1. 3nemenTap arMalTipMOmIapAa A-TapTuOan MH-
HOPJAAPHHHT KaHIaH Y3rapHIIHHH Ky3atamMu3. CatplapHH 2ie-
MEHTAp AJIMALITHPHIU OMAAH YeKAaHAMHS (YCTYHIADHHKH —
WIYHra yximam).

A(l) mMaTpHOAHHHAT 6UPOY CATPU HOABLAAH (apKiM coHra
KYMaUTHPIATAH OYJICHH. Y xoima Oy caTp KaTHAIUTaH MH-
HOpHIap Wy COHra KyMaHTHpHIaAK, KOATAH MHHODIAD 3ca
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ysrapMaiinn. byHzoaH kypuHaguky, Oy XWI 3ieMeHTap aj-
MaluTHpHinaa J,(4) yarapManam.

Jumm A{l) MATpHLAHMHT j-caTpH ¢(l) K¥TIXaara KynaiTH-
piHd § carpura KyWWiIraH OViICHH.
_ byHuHr HaTHXacHaa xocwi OYiraH AHrM A-MaTpHIGHH
A(A) Ba yHUHT &k TapTHOIH AeTepMHUHAHT GYIVBYMCHHH 3Ca
6,(1) opkauu GenrmraiMU3.

baxkapuaran »ieMeHTAp AIMALITHPHII HaTHXacuaa A(d)
HHHI { MMHOD KaTHAUIMAaMAWTaH Xamaa / pa j caTpHapHUHC
HKKANACH XaM KATHALIaAHIaH MHUHODJIapH y3rapMmadau. Arap
A() HuHr depunrad p(d) MUHOPMAA § caTp KaTHaMuO, j carp
KATHAlIMaca, ¥ X004 0aXapuiaraH 3A¢MeHTAp AIMALLTHPHIL
HaTHXACHAA YHMHI KMAMAatH ysrapub, u(d) * (1) (1) ra
TeHr o¥nanu, 6y epaa u (1) Kynxan A(A) HEHr WyHAAK & Tap-
TUGIKA MUHOPHMKM, u(d) MUHOpZAH A(l) HHHF | caTpy KoH-
NAWraH KUCMUHH j CATPHHHT MOC KMCMH GHJIAH aIMallTH-
pumaad xocwn 6ynran. Byaapaan kypunaguky, A1) Matpu-
maHUHT Gapya k Taprubman MuEHopnapu 4,(1) ra 6ymunand.
JeMak dt(;l) XaM 6k(l) ra 6ymuaanu. UKKHHYIH TOMOHAAH,
A(1) MaTpua xam A(A) [aH 2MeMeHTap aAMAWTHPHIU OpKa-
NI OIMHTAaHH YYYH OKOPHAATH MyJIoXasakapra Kypa d,(1) xaM
3,(2) ra 6ynuuanu. Hatikanaé,(1) = 8,(1), (k = L,n) TeHr-
mukeu onamus, Wl

1-TeopeMa Epaamuia Ky#unaru reopeManu UcGOTIANMHS,

55-§ ma xap KaHpa#f A-marpyUaHMHC GHpop KAHOHHK A —
MATpHIlara 3KBHMBANICHT SKaHNHIH KYPCAaTHITAH 3AH. DHAU
OyHAAK KaHOHUK A-MATPHIAHHHT ASTOHATHTHHH HCOOTIAHMH3.

2-reopema. Xap xaudaii 1-mampuye A20Ha Kanowuy A-
MAMPUYAZA INCUCAICHN,

HcooT. bepunran A(L) MarpHua ymmody

£,(4) 0
A =
0 £,(2)

KAHOHHMK A-MaTpHLara SKBUBaNeHT OyncuH. ¥ xoama 1-Teo-~
pemara acocaH Xap KaHual k = 1,n yuyH d, (1) = J,(1). A1)
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KAHOHUK MATPHUAHHHT ¢,(1), ..., £ (1) SneMeHTIapH HOMbAAK
dapkau Ba g, (A) = 0, k=r+1,n 6yacun. ¥ xonga A(4) mar-
PHUAHUHT Xap KaHma#t (r + 1) Ra yHZaH 1oKopH TapTHOMM
MUHODIAPH HOJNBra TeHr. JeMak,

3, () = 3 W= 0, (k=r+1Ln).

KaHoHHMK A-MaTpUIAHUHT Taspudura MyBogHK Oy MarT-
pHUaHMHT Xap Kaenal & — {1 = %k < r) taprubay MHHODH
ymby & (1) - £,(4) ... ¢,(1) 6ypyax muHOpHra Gynuunann. byrra
acoca d,(1) = Sk(1)= e, () .. e A), (k=1r) pad (i) = 0,
k=1L1r).

DHaH Sy(A) = 1 neb onub, ywby

_ _6,(4) T
£ (A) = _6,:1(.1)’ (k=17

gM)=0,(k=r+L1n)

MyHocabariapra ora 6ymamus. by 6mwiad A(1) ra IKBUBANIEHT
6ymran A(1) xanoHHK A-marpuua A(d) MaTpHua OuRad Oup
xuiimaTad anaKTadann.

A(A) ra >KBHBANCHT OVIraH ArOHa KaHOHWK A-MaTpuma-
HHMHT anaronamunarg £,(4), ..., ¢ (1) snemenrnapu A(1} Mar-
PULUAHHHT HHBAPUAHT KymadTyRumwiIapy nel aramaiu.

HupapuadT k¥nmadtyeuunapHiar (1) xucobinam dopmy-
nanapy K¥iHHYa 1 — MaTpRUANAPHHHE SKBHBANEHTAUK Ma-
canacuHY OCOH evuulra MMKoH OGepani.

Mucon Ywby
A =3
A(’I)"(l ,1—4)

MaTPHUAHW K¥pamu3. PaBulankd, YHUHT OHPMHYH TApTHOAM
MHHOpJNapH ¥3ape Ty6. Jrona HKKMHYW TapTHOIH MHHOPH
dop, yA? — 44 + 3 ra tenr. yaunr yuyud,(d) = 1,6,(4) = 42 -
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—41 + 3. A(l) HHHr WHBApHAaHT KyTaliTyBYMIapM KyHHga-
rHYa;

8,(4
60 = 8,0) = L e) = T =2~ 443

Jlemak, AG) ywiy

1 0
0 22 —41+3

KAHOHHMK MATpHLAra 3KBHBAJNEHT.

U{A)-TapTubu # ra TeHr YHHMOAYIAP MATpHIA OYICHH.
VYHHHI [eTeDMHHAHTH HOALIAH (PapKJIH COoH GYNraHH y4yH
g,A)...e, (1) = 6,(A) = 1. bynman ¢ (1) =...= ¢, (1) = L. Iyu-
Hafi xpm6, Xap Kangai yHuMonyndp (K1) matpuua Gupnux
MaTpHUaKaH MGOPAT KAHOHWK MATPHIIATA 3KBHBATEHT SKaH.

Tavpud. I-myp sremenmap mampuya deb, wynoaii duazo-
Haa A-MaTpuLara affTaMH3KH, YHUHT OHTTa AHAroHan 31eMeHTH
HONEBAAH (apKiN CcOH, KONraH OHATOHAT 3MeMeHTIapH >ca
O6upra TeHr:

Ey)=|... ... ... Y over e e

2-myp anemenmap Mmampuya deb wiyndaii \-mampuyaza aii-
mamusiu, ynunz bapua duazonan sremenmaapu bupea menz, 6ou
duazonandan mawxapy émysuu SNeMeHMAGPHUNRE OUpy — Kynxao,
KOAZAHAGPY — KOAb2A MENE!

250



- pld)
Eg(‘p(‘l))= e s

PaBsanku, Gapya sneMeHTap A-MATPHUATAD YHHMOTYIIAD-
aup... A(A) MATPHUAHHHT 7§ caTpHHH (VCTYHHHH) HOABIAH
thapkid y corra KymadTupuil A(4) vy YangaH (Yaroad) E(y)
MEMEHTAAD MATPHLUArA KYHARTHPHINTA TeHT KyWiH, A(1} MaT-
PHUAHHUHT j CATPHHH (YCTYHHHE} ¢(l) ra kynafrupud 7 car-
pHra k¥ A1) Hu Yaraan (VHrgaH) Eﬁ(ga(i))ra K¥mafTu-
HIIra TEHT K4, YAEUMOIYAAD MATPUIATADHHHD KYIakT™Ma-
CH AHA YHHMOAyIAp O6¥nraHu cababad sKpiBaaeHT Gymrad
A(A) Ba B(1) A — MaTpuUagap yuIyH YHuMOAy/ap wyvenait (1)
Ba Mi) A — martpuuatap mapxkyike, BR) = UA)AR) V).
Byrira acocal, Xap KaHgail VYHUMOZYIAp MATPHLA GHPIHK
MATPUIIAra 3KBUBAIEHT OVnradu cababnd v 3fAeMeHTap MaT-
PHOATADHHHT KYHaHTMAacH MAKAHAA E3WTHLIN MYyMKHH. By
MYIOXa3anapaaH KyHHgard TeopeMa Keanlb IYHKamgH.

3-treopema. Huxuma AQR) ea B()-mampuyasapnune k-
eueasenm Gyauwu yuyr B(2) = UR)AQ) V() menzauxnu xano-
ameaumupyeyiu yuumodyaap U(l) ea ViR) mampuyarapuune
Maexcyd Oysuuy 3apyp ea xudos.

57-§. VXIHALUUINK BA DKBUBAJEHTIINK

F Mmafinon ycrvaa A Keagpar MatpHua GepHaraH OVICHH.

Tavpud. A — LE mampunaza A mampuyanunz xapaxme-
pucmur A-mampuyacu 0el amaiadu.

Teopema. F maiidon ycmudazu uxxuma A ea B mampu-
nasaprunz yxuwaw 6yauun yayn yaapuunz moc A —AE sa B ~
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~ AE xapaxmepucmux i — Mampunarapununz IKeuearchm Gysu-
Wy 3apyp ea Kugos. .

HUcHot Aba Baap yxmwam, svud B = C'AC TeHIMAKHA
KaHOATIAHTHpamHrad F MaitloH ycTHAArH Maxcycmac € Mat-
puna MaBpxyn 6§acuH. ¥ xonpa B —1E= CY' (4 —AF)C. Cpa
C! MaTpHUATaApHMHI HKKajiacH XaM F MafiloH YCTHAA YHM-
MOLYAAp A — MarpHuatap 6%araHd ydyH B — AE ~A - AE.

AxcuHua A — AE Ba B — AE — MaTpHUARAD 3KBHBAICHT
6¥ncuH. Y xompa wyngai U= U(l) sa V= V(1) yaumonynap
A-marpuianap MaBxyaku, B = AE = UA — AEBYY. Upa V
Jnapra MaTpMuanH Kymxan geG xapal Ba yrapra kKOomIHKIH
GYAMI XAKMOATH TeopeMaHn TaTOuK IGDIHG, yiuby

U=(B-AE)0, + R, V= Q(B —iE) + R,

TEHDIMKIApHK onamus, Oy epra Q, = Q (), Q, = Q1) i-
MaTpHUAnapnup, R, Ba R, nap aca F maiiloH ycTHIATH MaT-
puuatap. by teHrmnxiapaad doinanaHus, ymoy

R(A-AE)R, = LA —AE)V — (B —AE) Q(A - AE)V —
- UAd - AE) OB ~ AE) + (B —AE)Q(A - AE)Q(B — AE)

TeHTIHKHK onamMus. U pa V TecKapucH MaBxya Oynran 4 —
MaTpHIatap 6¥araHu yuyn U4 Ba V! rap xam A-matpuianap-
aup. DHaH ymoy (4 —AE)yV = UNB —AE)Ba (A - \E) =
= (B — AE) V' tenrnuknapaaH dofaananub,

R(A —AE)R, = (B - AE) ~ (B —AE)QU(B - iE) -
- (B~ AB)VIQ(B - 1E) + (B —AB)0,(A - AE)QLB -
=-AE) =B —AE - (B - AE)} Q7" + V'(), —~
~ QA ~ADQ)B - 1)

TeHIIMKHY onamus. Arap O U7 + V@, — QA4 - AE)Q, mar-
puua HonbRaH dapkaun 6¥nca, oxuprn udona A ra HucHataH
JapaxacH = 2 G¥iIrad MaTpuUaTM Kynxan 6¥mapan, BaxolaH-
ki R(A - AE)R, ndponaHuHI AapaxacH 3ca OMpHaH KaTta
Oynumy MyMKHH 3Mac. By sunamar kypcatanuku, R (A -
—AE)R, = B —AE by epnan B= RAR,, R,* R, = EsbHu B =
= CIAC, C=R. 1
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Hc6oTnanran TeopeManaH Ba 56-§ maru 2-TeopeMalaH Ky-
AHOATM HATHXKAHH OJMAMH3.

Hatuxa. Hxxuma A ea B mampuyasap yxwaw 6yauuu yuyH
A — AE éa B — AE mMampuyaaaprurz MoC uHeapuanm xynai-
myeuuasapu (Gemepmunanm 6yayevusapu) menz O6¥aumu 3apyp
éa Kughon.

58-§. DJIEMEHTAP BYJIVBUWIAP

C KOMILTEKC COHNAp MaifiaoH! YCTHAA # — aapaxam (# = 1)
6upop AA) K¥uxam Gepwiray Ba «, .., @, — YHHHL TYPIH
wiantapy 6¥ncuH. Y xonna 30-§ narn 2-reopeMaHHHT Ha-
THXACHTA K¥pa YHH

fR)=ay(h~ o). (A= a,)

KypuHumRa uooganail MyMkun, 6y epra &, ..., K, — HaTy-
pan counap. Ymby (A—a))",...,(A—¢a,)" xymxammap AX)
KYIXaAHHHT 32emenmap 6yaysuusapu geitinagn. by fkimxan-
HHHT »eMeHTap 6Ymysumnapu T¥mnamudu D{f) opkanu Gen-
MIUTaiMH3.

bupop A(2) matpuua 6epwirad Ba ¢,(4), ..., £, (1) — yHUHT
HHBapUaRT O¥nysunnapu O¥incHH. A(1) MAaTPHUAHWHT PaHCH 7
6ynca, e(d) = 0, ((=1r),Bae@) =0, j=r+1,n. Hompoan
dapxnn 6¥aran ¢(1), (i=1r) HHBapHAHT KynaHTyBuHM/Iap
vuyrga Gupaad Qapiu OVJraHjIapHHHUHT COHH ¢ Ta OVICHH.
Vxommadd) =1, i=lLr—qgBaeg + M) =1, (p=14).

Viby ¢ (1) HHBApHAHT KYNAKTYBYHHHHF TYPAM HiIZH3JIa-
puHH 4, .., A, opkamu SenrwraiiMus. by &(A) uHBapuauT
KymaidTysul OMpAad QapKid xap OHp er_p+l(l) ra OYnuHradu
y4yH Oy &% JA) KYIXaIapHUHT WILHAADH A, .., 4, COH-
TapHHHT HyHaa éragr. byHra kypa xap 6up 6upray ¢apk-
MM £, F (A xyoxagHuHr (1) KypuHAINard EHHIMacH Kyin-

nariaa: &,y (0 = (L- )" (- 1) (- 1) .
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Yoy
A=) @—2a)% (-4,
('l _Az)kn (l - ,12)*21 (’1 - iz)hq
............................ (1)
(A=2,)% A=2)% . (A=2)%

Xagpaara A(l) MaTpUUAHMHT SNeMeHTAp GYIYBYHNIApH Xaasa-
Jm ne6 atafiMu3. by XagBamHUHT p — YCTYHH 2JIeMEHTRAPHHUHT
Kymaiitmacu e, , (1) ra Tenr. Kanpanzaru 6apau 6up (A — 4,)%
KyIXamiap GHpra TeHr, sbHu K, = 0 GyIMIE MymKuH. Xap
BHD ¢,, (1) KYIXan £(1) KyIXamra GyIMHTaHK yiyH

kpzhk,z...zk
kyzkyz...zk,

................ )

A(ly MATPHNAHHHT 3KBHBATEHTAUIH MACATACHHM TeKIUH-
prwga A, ..., 4, KIQU3TApHUHT KaHJal TapTH6aa OMHHULIN
axaMuqTra 3ra O¥aMaranauMrd cabadnu caTpIapHHHHT VDHH
OmwinaH ¢apk KIysuH Typad (1) XampaartapHu TeHr (OUp xun)
Ied xucoOmaiiMu3s.

(1) xanBangaru 6upnad Gapkiau 6ynras 6apya (41— 1,)%
Kymxawiap tymwiaMuaa D(A) opKaam Gemrunaiimus. Bynma
6upop (A—A,)% xymxan (1) XaaBanga Heya MapTa yupaca,
Oy Kk¥mxan D(A) t¥onaMaa WyHYa Mapra XMcobJaHALH.

D(A) Tymmam A(l) MaTpHUAHMHT 3jeMeHTap GYaysuMIapu
TYmramMu ge6 atanaam.

1-Te o pema. A(1) mampunarnunz mapmubu, panzu ea I{A)
qemenmap G¥ayewusapy myniomu 6y mampuuanune uneapu-
GHIM KYRAEMyeuuAapuny myaa anuxaaion.

Hebot A(l) MarpHUAHMHT TapTHOH », paHru r Ba D{A)
T¥nam oepuiran O¥ncuH. ¥ Xoama A(l) MaTpdma # — r TACH
HOJIEra TeHr 6Ynral MHBapHaHT KVNANTYBUYMAAPTa 5ra.
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Hactnab D{A) t¥mwnaM A(l) marpuuayuHr (1) a18MeEHTap
O MYBURAADH XKANBAMHHU TVNA AHUKIAMUHH KYPCATAMMI.

D(A) TyiaMpa Typad A, .., A, WITH3IApra MOC KeJMYBYH
(A=2)5, (A~ 2)k Kj?pﬂnnuulam KyTIXaanap HaHIA SHT
I0KOpH fapaXamulapdHH 6uTTanad onamms: (4 — ,11) n,.o...,
(4 - lr)k’l . ¥aap (2) xoccara xypa (1) XagBaaHHHT 6HpHH'IH
yeTyHHHH Gepagu. By xymxamnapuu D{A) TimaamMzax 9uka-
put wéopud, KoaradH Kynxauiap WYHAAH 3HT KOKOpH jJapa-
KAMHIADHHW TaHJaa0 odaMu3. Yiaap (2) xoccara kypa (1) xan-
BAT MKKHHYH YCTYHHHUHT OHpAaH (papKaH 3neMeHTIApHHU
Gepagu. By mynoxazanu D(A) T¥nnam sneMeHTAIapH GapyacH-
BH (1)} xagsaira XoAMamTAPryHYa JABOM 3TTHpaMu3. by
Mynoxasa k¥pcataauky, (1) xangsan D{A} t¥wiaM GuwraH TVaa
aHHKIaHgap sKaH. XycycaH, D(A) t¥mnaM (1) XanBaaHHHr ¢
YCTYH/IAPH COHMHH XaM TVaa anugnaiinu. Jemak, A(1) mat-
PHUAHHHT OMpra TeHr OYIraH MHBApHAHT KYMAHTYBYIIApH
comnr - g.

by TeopeManaH Ba 56-§ garm 2-reopeMagaH KyHAArd Ha-
THXAHH OfaMH3.

HaTuxa. Aeap 6up xus mapmubnu, Gup xun panziu UKKu-
ma A A) sa A ) mampuyarap yuyn D(A)) = D(A,) 6yaca, 6y A-
Mampuyarap 3xeusarenm,

59-§. 2KOPJAH HOPMAJl ®OPMACH

Tavpud. Aeap F maiidon yemudazu xeadpam mampuya-
Hupez dugzongaudazu Gapua nemenmaap y3apo mew2, xap oup
campda duazoHa0azit I9eMEHMHUNE YHE MOMOHUOG MYP2aH 3ne-
menm Oupza meH2 8a KOAAH (APYA INEMENIMAGD HONL2A MEH2
G¥aca, 6yndald mampuua xyeopdan Kamazu 0e6 amaradu:

a1l 0 ...00
.00

0 0 a ...0 0
"rk(a)=

=
R
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By epuoark ¢ COH XODHAH KAaTaArMHHHT xoc coxu ped ata-
nagu. Xycycad:

1
1@ =@, J;(a)=(‘5 a]

Tavpud. Azap F maiidon ycmudazu xeadpam mampuya-
HuHz Gowe Ouazonaiy GUDUNH-KeMUH XCOUAQWRAH JCOPOaN Ka-
makaapdan ubopam ea Oy xamaraapdan mawapudacu bapia
agemenmaap nonv G¥aca, Gyndall mampuya meopdar mampuyacy
Oeb amanady.

Mlyupakt KiLIHo, mopnau MaTpHLAcH Moc J, (a ), J, (a ),

o (a} XOpAaH KaTaKIapHHHT Kema-xe'mum GHJIaH 'rjma
annmaﬂann Oy epna &, k,, ..., k, XaMIa @,, &, ..., @, COHIAD
TYpAH OVIMIUM WapT amac XycycaH JHAroHAN ManHl.la —
BMPMHYM TAPTUOIH XOPAAH KATAKIADHIAH XOCWI KIWIHHIAH
XKOpPAAH MaTPHLACHIHP. YMyMW X0Jl4a XOpAaH MATPHIACH
KyHHOArd KYpUHHINTA JFa;

J @) 6 .. 0
0 Jo(a) .. O
J= ¥4
(1)
0 0 .. J(a)

1-treopema. J(a) — LE mampuya yuyn c£(2) = 1,
(i =1L,k-1, ¢ Q) = (L — a)*, asnu y Kyiudazu xanonux i —
MAMPUNAZR IKEUCALEHM

10..0 0
01 ..0 0

e 0

1 0 (2)
0 1 (i—a)
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HcooTt. Yoy

a—4 1 0 0
0 -2 1 ... 0
Ji(@)—AE=| ... e e e
0 o . 1 3
¢ . a—-2

MATPHLAHHHT JETEPMHHAHRTH (@@ — A)* ra TeHr. JerepMHHAHT
6ynysum 6,(A) yaurap 6yiaradu yuyH 6, (1) = (1 — a)*. Arap (3)
HHHTI GHPHHYH YCTYHH Ba OXUPLH CATPHHH VIHDPCAK, HHUATQ-
HarHAa 1 coHHM, AHATOHATHHHT IOKOpHCHNa 0 coHu O¥mraH
A{A) marpuuanm onamms, bynra kipa 4, (1) = 1. by A/(1)
MaTpHUaAa GHpP XM HOMEDJH CaTp Ba YCTYHJIADHH KeTMA-KeT
yaupub, ywby 6, (1) =...= §,(1) = | TEHITUKIAPHH ONAMH3.
Bynapaan 56-§ maru 1) tbopMleara Kypac(A) =1 (i =1k-1),

£ 1) = (A — a)*. ByHra Ba 56-§ parm 2-Teopemara acocaH
Jk(a) — AE MaTpMUAHHHI KAHOHMK KYpHHHIOH (2) MaTpHua
6iwian 6epunama. M

(2) udopanan pa 58-§ mard Taspudnan GeBocHTa KyHnga-
I HATWXAHU OJIAMH3.

Hatuxa. J{a) ~ LE mampuyanune paneu yrunz mapmu-
Guza menz 6yﬂu5 DiJ(a) - AE}y = {(A — @)}, asmnu Azona (A —
— a)* kynxaddan uﬁopam

2-reopema. Hxmuépuii J swopdan mampuyacu Gepuszan
0¥aub, y (1) xypunuwea 32a 6yacun. Y xoada J — 1E mampu-
Hanunz panzu yinz mapmubuza menz 6yaub, D(J — L E) mynaan
D, (a) — AE) mynaamaapnune durunducuza mewe (GyHua
ﬁnpop (1L - a)* Kymxan D(J, (a) AE) Tymnamaapra He4a
Mapra kupca, y I(J — 1E) Tg,"rnJIaM,na liiyH4Ya Mapra xucobaa-
HallM).

Hcoor J — AE marpuua yoy

J, (@)~ aF, 0 0
J-j_E: 0 J’kz(az)—lgz e 0
o (4)
0 o Iy (@) - AE,
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KYpuHHITa 3ra, 6y epoa £ opkanu TapTubH &, ra TeHT GHp-
AWK MaTpHIa OelrIaHiu.

l1-reopemara kypa Xap 6up J, (a,)~ 1E, MATPUDAHMHT
netepMMHAHTH {(@; — A)}" ra TeHr. }.LlemaK, J — AE marpHua-
HHHT BeTEPMHHAHTH

5
1_[ (a; — )t

KynaitMara TeHr. byHgad J — AF MaTpMI@aHUHT PAHTH YHHUHT
TAPTAOUTA TEHIIHIH KeJub THKADH.

D{J — AE) T¥mnamMra poup TACAHKHH HCBOTIALE YUYH JacT-
Jab KyiHdgary UKKH NeMMaHH #cOoTnaiMu3.

1-1me mm a. Paxam duazonarudazi 3nemenmaapuinz Ypru 6u-
Aan Qapx, Kusaduzan ukKuma Oua2onan A-mampuyaiap sxeuea-
AeHmuoup,

H ¢ 6 oT1. IHaroHaa MaTpHIAIary i~ Ba j- 31eMeHTIapHHHD
VPHUHH AIMALUTHPHIU YYyH gacriaal J- Ba j- caTpiapHUHT
YPHHHH, K¢HHH - Ba j- YCTYHAAPHWHT YPHUHH aTMalITHPHIL
kHoa. A1) Ba B(1) aMaroRan A-MAaTPHUATAPHHHT [HAMOHAN
INEMEHTIAPHHHT MXTHEPHHE VPHH AIMAWITHPHILIH YEKITH MApTa
caTpaap Ba YOTYHAAPHU ANMAITHPHIL OpKAIU GaxapiidiiH
MYMKHUHANrY ca0abnu ynap 3KpuBaneHT. JleMMa neOOTIAHAN.

2-nemMa. Aeap FIA) xaakada ¢ (A), ..., ¢, () kynxadaap-
Hure uxmudputi uxkumacy yzapo my8 0jiaca, y xoada gytiudaeu
OUGeoHan A-MAMPUUANAP IKBUGANEHN:

o) 0 .. 0 10.. 0
0 g, .. 0 | (91 0
.0

0 e [0 .. _Hltpf(l)

Hcbor. Arap m = 2 6¥nca, 6,{1) = y ¢ (A) ¢,(A), 6y epaa
y = 0 yarapMac coH. ¢,(1) Ba p,{4) ¥3apo Ty0 G¥nraHu ca-

258



Gabmu 8,(1) = 1. Bynapman £,(1) = 1, &,(1) = yp,M)p, ().

JeMax
(5" o) 6 piom@)
0 0, 0 oW, (0)

bynmau doftaananud, yMyMHR m > 2 X001 AHOYKGHA Epaa-
MHEAa Hcbomianagu. JlemMma HCOOTIAHOH.

J MaTpULAHHHT @), ..., &, XOC COHNAPH WYMAA TYpIHNapH-
HU TaHnab oxub, yrapHu i, ..., A, opranu 6exrmiaiiMus. Pas-
WIAHKH, f = 5. .

J Marpuuaga 4,,(f = 1,¢} Xoc coHra sra 6yaraH xopraaH
Karakiap ¢, 1a ©¥iacHH. by kaTaximapHHHr TapTHONapHHH
YeMaiiauran KypHHHIIA XOMAALITHDAMK3:

k

il

=k

e 22k =1 ()

Arap (4) MatpHUanuHT uxTHEpHE J, (a,) — AE, xaTaru €1~
FaH CaTp Ba YCTYHIApDH YCTHIA DEMEHTAp ANMMAIITHPHLLIAD
Baxapwinb, YHHHT KAHOHHK KYPHHHIIHA ¥THICA, HOLUKA Ka-
TAKJIApP Y3rapHuicH3 Koaamd. Bydman doinaranu6, (4) Mat-
punagard xap 6up J, (a,)— AE, KatakHu yHra 3KBHBANEHT
byaraH (2) x¥pUHUIIAATH KaTaK OWIaH UIMAIITHpcakK, (4) Mar-
pULATa SKBHBANEHT OVAraH Kyaunaru A(1) imaronan i — mat-
PHLUAHH onaMu3: A(1) MaTPHIIAHMHT AHAroHaluga Oupaap Ba
{4) MaTPULAHKHHT XOpHAH KATAKAAPHHWHI OHpaaH ¢apKiu
HHBAPHAHT KYHaHTYBYHAapHaaH ubopar ymwdy

(A= ap)f - a5, (- 1k

(- - 12 (- )0
......................................... (8)
(A=A 0 - 2 (- 2,)%

Kimxannap xoinamrak. by epma (5) ra k¥pa
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.................. M

DBupnapuuHr Ba Oy KjnxagiapHUHE A(A) AMaroHanHaa KaH-
Jail XoWTalrawiury 1-J1eMMmara Kypa Karra axaMHATra 3ra
aMac.

3HM g, ..., ¢, COHJIADHUHT 3HT KATTacHHU ¢ GWwiaH Gen-
rwialiMuz, Xap Oup p,(p = 1,g) yuyH (6) XKaupanHHHT p —
yeTyHMma Typran (1 — A,)"? KyIXammapHUHT KYHadTMACHHU
g,, T+ (1) opranu GenrmwiaiMus. Arap OHpPOp ¢, YiyH ¢, > p
(fEHU p — YCTYHHHUHT { — catpu 6¥m 6¥nca), 6y catpra Moc
KymaiTyBuHN GHpra TeHr ge6 osamus. (6) XKagBarnarm i,
vy A, COHMAP TYpAM GYAraHH Y9YH OY XalBaJHHUHI Xap GHp
YCTYHUAAI'M HXTHEPHH HKKMTA KYmXam ¥zapo tybmup, bynra
acocad A(l) AMaroHaj) MATpHUATA 2-TeMMaHH TAaTOMK KHIHO,
YHAAQH 3€MEHTap AIMALITHPHILUIAD EPAAMHAA AHATOHATHAA
buprap Ba e, , (1), {(p = L,q) xdmxanzap érran B{1) nuaronan
A-Marprlara VTHIIH MYMKHH.

- )'E) ~ B(2) = Ep-gl (1)

. (8)
()

0 e,

(5) waprra xypa Xap 6up ¢, , (1) Kynxane, +, ., (1) Kynxaara
OyIMHTAHH YIYR B(l) Marpuua KaHOHUK KYPHHHILZArH A —
matpHia. MeMak, B(l) marpuna J — \E MaTpHIlaHHHL KaHO-
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HHK KVpHRHLIIEAHD. ByHpad (6) xanpanparn kynxamiap D(J —
AE) TYIaMHEM XOCHI KHIHIDHHA OlaMH3. AMMO {6) Xanpan-
narv KYTXamiap Tyswimmira kypa (J, (o) — AE;) Tynnam-
JNapHUHT HHFHHIHECHIMp. Teopema Tyna HCOOTIARAM.

HcGoTnaHras TeopeMa Kypcatagnku, xap 6up J — 1 E mat-
PHLIA YIYH WIYHAAH A, ..., 4, TYpaH cornap Ba (7) apTHH
KAHOATHAHTHDPYBYH k., HATYpa CORjap MaBXyaku, INJ — A E)
T¥ivIaM (6) xamsan bitan Oepuiaras KynxagnapaaH HOOpArT.
AKCHHYA XaM ¥PUHIH.

Hartuxa Azap wxmuépuwii A, ..., A, mypau conaap ea (7)
wapmuu Kanoamaanmupyewy wxmuépuii k. namypaa conaap e-
pusca, y xoa0a uiyndald J wcopdan mampuyact masycyoxu, YHuNe
yuyn DJ — AE) mynaam (6) madean 6usan Gepusadu.

Hc6or. byumal J kxopAaH MaTpHOAcH KyiHAaruda To-
inpiagi. Xap 6up A, Ba (7) LWAPTHH KAHORTIRHTHPYBYH K,
COHH YUYH J & (1;) xopaaH kaTarMH{ OfcaK, l-TeopeMaHUHT
HaTIDKACHTA Kypa

D, ()= AE, ) ={(1 = 1)}

Duou J cudatuga Gapua J ks (4;) XopmaH KaTaKIapHmaH
nwbopaT XopaaH MaTpHLUACH oNuHCA, 2-TeopeMara kypa IXJ —
~AE) T¥iwam (6) xansargan ubopat 6ynann. B

d-teopema. C maiidon yemudazu xap xanoai A mampuya
Gupop xcopoan mampunacuza yxuwau. By wcoposu mampunacu
A oprasn ¥copoan KAMAKAGPURBE2 YDPHE asMAUIU2a%a aHuK-
sux busan monusadu (6y XopaaH MATPHUANAPUHHHT Xap OupH
A MaTpULAHHHT XOPIaH HOpMAJ (hopMacH JeG aTanaam).

HcboT1. A € (" bepwrirad G¥ncHH. YHra yxuaw 6yiara
J € (" xopoaH MaTpHIIACHHH TOmaMH3. 57-§ ra acocany A
Ba J MATPULANADHEHT YXIHAHUTHTY YAADHHHT XapaKTePHCTHK
A=AEBa J —AF A — MaTpHUATAPHUHT 3KBHBANCHTIMTHTA
TEHT Ky4WiH.

A MATPHOAHUHT XapakTepHCTHK p(l) = det{A — A E) i3mixa-
IHHU K¥paMu3. ¥ »# Ta KOMIUTEKC WIAH3ra 9ra (AgUsiap Kap-
pacu 6unaH xucobaadranna). YwobyAa , ..., A, cownap (1) HEHT
TYPIM WiZH3NapH, K, ..., K, HaTypan corgap — 0y HITH3IAp-
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HUHI KappacH 6¥mcuu. Y xonma k +..+ k, = n Ba
pAy=(=D"(A—-A)"...(A-4,)" . Bynnan 4 - AE matpuna-
HHHT PAHCH YHHHT TapTREOMra TEHTJIHIH Keaub YHMKAoH.

Ywby ¢ (4), ..., ¢,(1) kynxagnap A — L E MATpUIJaHHHT HH-
BapHAHT K¥yTalTYBIWIApH OYICHH. Y Xonna

&) .. e, (D) =0,(A)y=A—-A)"...(A—2,)" .

Byura kypae,_,,(4), (p= Ly HHBAPHAHT KYMaHTYBIHAAD
Kyiupary KYpUHHILCa 5Ta:

Er (A= (A=A (A— 1) L (A-2).

Arap 6y mbomana Gupop A, HIAH3 KATHAIIMAca, MOC
(1 — A,)** xynairypumHu 61pra TeHr 166 xucoGNakMu3. ByH-
Dalt KymaiTyeun yuys k= 0. ' .

Bynra acocan A — lé’ MATPHUAHHHT 3jieMeHTap OVIyBIM-
aapu (6) KYpUHHITA 5Ta.

2-TeopeMAaHHHI HATHXKACHTA Kypa 3/ieMeHTap GYAyByiia-
pH (6) XanBaji KYPHHHIINrA ra OYaraH J XopaaH MaTpHIAacH
Marxyn. ByHaoan, 58-§ maru 1-reopemapnad sa 57-§ maru teo-
peManaH A Ba J MaTpHUAZAPHHUHE JXIMANUTHTH KenuO unka-
mu. Teopema ucBGorranan.

HcBoTnadraH TeopeManaH KyHHIArH HaTDKa XaM Kenud
yukagH. Yexomn ymuaMnay YM3HKIH (azofa xap Kadgal 4i-
IMKJIH OHePaTop YYyH LuyHmah Gasuc Mapxyaku, Oy 6asHcHa
YHHHI MATPHIACH XopaaH MarpuuacHaup (0abzan Oy 6azuc
fepunraH YMIUKJIA OMepaTOPHHHC XopaaH Gasucu ne® ara-
Janu).

HcGoTraHraH TeopeManaH “U3MKAH ONEPAaTOPHHHE IHA-
FOHALTAINYBYHIHTHHHHT 3apypai Ba KUHOABHH LIapTH OCOH
YHKAPHIAIH.

Kopnan katakiaapu Ounan sneMeHTap GYMyBumwiap opa-
CHIATH MOCJHMKKA MYBOOHK YH3HKIH OIepPATOPHHHI IHArO-
HAMAIOYBYHIHIH YHHHT Gapya d71eMeHTap OV aIyBYILIapHHHHT
OMPUMHUM TAPTHOMM SKAHIHIHTA TCHr KywnH. OXHprd wapT
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aca ¥3 HaBbaTHna SHT KeHMHIN £,{(A) HHBApHAHT KynaH-
TYBYMHMHI KapPaTH WILH3MapH HYKaurura teHur kywid. [iyH-
il KWIHG, YH3HKIHA ONePATOPHHHT JHATOHAIAW YBYM Y-
I YYYH YHUHT 3HT KeHMHTH HHBApHAHT KYIaHTYBUHCH-
HUHT KappanH MAAn3iapd OGV¥aMacaurd 3apyp Ba xudod.

F connu maftmon ysnasi 6¥ircaku, yHoa deA — AE) xa-
PAKTEPUCTHUK KVIIXaA YH3HKIH KYTIARTYBUIIAPra axpaica, Te-
opeMaHuur OyHoai F MaigoH Ba YH3UKIH A Oneparopiap
YUYYH YpurIY 0¥nmiun ucboTnad 6epocHTa KYpHHAIH, AKCHH-
ua, F MalpoH yctaaard A Matpstia F Maigod yeTHiuaru Ou-
pop J KOpaaH MaTpMUACHTa YXiiaiin 6¥iacHH. ¥ Xonana A —AE
6wiad J — AE UHBApHAHT KYIaHTYBYWIApH BHp XHI, JeMak
def(A — LE) = (—1)"¢,(4) ... £ (1) KYITXa1 XaM MH3UKIH K¥ai-
TyBusnapra axpanapy. Ulynpai xanud, KyHuparg teopema
VPHUHIH.

4-reopema. Fmaiidon ycrmudazu wexau yruamanu wnsuxau
Qazoda nuzusau onepamopniie ¥copian 6asucu masxcyd fysu-
wn ywyH yHuHe Xapaxmepucmux xynxadu F maiidon yemuda
HUIUKAL KYRAEMYEUUAApPEa GICPAAUUIN 3GPYP ea Kudon.

Mucon kypamus. Yoy

1 -3 4
A=|4 -1 8
6 -7 7

MATpHUAra VXAl XOpOAH MATPULAHH TONaMu3. Xapakre-
PHCTHK

1-14 -3 4
A-LE=( 4 -7-1 8§
6 -7 7~

KYIIXadHUHT HHBAPUAHT KVIadTyBunnapu 4,(1) = 1, 4,{) = 1

4 ~7-14 7\ |4
= — = — ;{
(ymby 6 -7 6(1+3), ¢ ?—1! 4(2 +12) mMunopnap
¥3apo 1y6),
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S Ay=A~-A-50-3=1-3)4+ 1)
Bynman e () =¢,() = L, () = A - ) @ + )2

DmemeHTap 6¥ayBumiap A — 3 Ba (A + 1)%. Vnapra 3 conu-
gaH ubopar (3) Kataru Ba

(o)

XOpHOAH KATAKAApH MOC Kenamd,
Jemak, A MaTpHua yiwuby

30 0
J=10 -1 1
00 -1

XOpHJAH MATPHUACHTA VXInan,



Yu bupunuu 606

YHUTAP BA EBKJINJL DAZOJSAPUINA
YUSUKJIH OIIEPATOPJIAP

60-§. YHUTAP PAOJAPIA YHIHKIN
OIEPATOPJIAP

L — yaurap daso Ba ¢, g: L » L un3ukiu oneparopiap
GVICHH.
Tabpud. Aeap xap xandaii x, e € L yuyn

(p(x), ¥y = (x, g(»)) (1)

menzAuK Gaxcapuaca, g onepamop ¢ 20 Kyuma deb amanadu.
Arap p onepartop yuyH K¥Ma oneparop MaBxyn 6¥mca, y

ATOHA. XAKMKATAaH, arap g Ba A ONepaTopmap ¢ ra KyumMa

6ynca, y xonga (1) 6unad Gupra xap Kaguait x, y € L yayH

(p(x), ¥) = (x, h(¥))

TeHIJIMK XaM YPHHIH. by TeHDIMKIapnaH xap Kagpai x, y€ L
yayH (X, g(») = h(y)) = 0 TeHrTHKHK onaMmu3. XyCycaH, X =
£0) — hO) yoyH (0) ~ h(»), ) - h(y)) = 0. Bynnan xap
Kaugait y € L yayn g(3) — A(y) = 0 TeHIIWKHH, TEHA 2= A
SKAHIHIHEK OJaMH3,

Kenaxakna ¢ oneparopra KyiuMa GYAran oleparop Mas-
Xxya G¥nca, ¥ ¢* KYypUHHILKIA OenrwiaHagm.

K¥uMa ormeparopHUHE acOCHH XOCcaNapyHH KeJlTUpaMus:

1. (p*y* = p. Japxakukar (p*(x), ¥ = (3,90 * (x)) = (p(»),x) =
= (x, p().

2. (p + »)* = ¢* + y* Napxakukar, (p(x) + y(x), ¥) =
{p(2), ) + W), ¥ = {x, 9*0) + (x, ¥* ) = (x, p*O) +
O ~

3. Xap kanaaii A € CyuyH (A¢)* = ie*. Jdapxakukar
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(A p(x), ¥} = M), ) = A(x, 9*0)) = (x, 20*0)).

4. (p-y)* = y* p*. lapxakukar
(p (), ¥} = (p(x), 9*(¥) = (x, P*e*(OM).

5. Arap ¢ YM3HKIH ONEPATOPHHUHT TECKAPUCH MABXYH
O¥nca, y xonna ¢¥ onepaTOpHUHT XaM TeCKAPHCH MAaBXYD Ba
(™)' = {p)*. Mapxakukar (p1)*-9* = {(p-p')* = &* = ¢,
gyHKH {e(x), () = (x, ¢*(y)) = (x, ¥). Mlyxra ¥xmam

e*p)* = (plp)t = e* = ¢

Teopema. Hexau yauaman ynumap pazoda xap xanoai wu-
suxau f onepamop yuyn f* Kjumac masxcyo.

Azap A = (a;) ea B = (8,) sap f éa * onepamopaaprune
opmonopman bazucoszu mampunasapu bysca, y xoa0ag, = oy
(keaancaxda Gyndai xoccaza 3za 6przan B mampuyanu A* 6u-
aan beszuranadu).

HcboT. A-uM3ukiu f ONepaTopHUHT €, ..., €, OPTOHOp-
Man fasHcHard MaTpHuUacH OVICHH:

&
fleg) = Z} X,

by Gaszucaa B = A* Marpunara sra 6¥araH yM3dKIH omme-
DPATOPHH g OpKAJIH GelriwiaiiMus;

gle) = Bae = aLe
=1 i=l

Brrausmgm p(x, y) = (%), ¥) 82 9(x, ¥) = (x, 2()) bop-
MaltapHu ofaMHu3. Xap 6uMp k = L,n Ba / = 1, n yuyH

pleg,e) = (f(e),e) = gam(en ) = dy
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ey, ) = (e, g(g)) = i Bﬂ(ek!ei) = Eu = Oy

i=]

TEHMIHKAAPAAH ¢(x, V) = ¢(x, ¥), AbHU Bap4a x, ¥y € L yayH
(f1x), ) = (x, g(y)) Tesrnuxun onamus. Jlemak, g = f* B

61-§. HOPMAJ OIIEPATOPJIAP

Susuxa ¢ 0 L - L oneparop viIyH ¢ ¢* = ¢*p 6¥0ca, y
ropMan neb atanagn. by xomna ¢ Ba ¢* omepatopaap L pa
YMyMHHM XOC e BekTopra sra. Moc xoc connap ¥3apo KoMi-
JIeKc KYIIMa coHnap. XakuKaTaH, (e) = le, p*(e) = ue bynca,
Y xonna ule, ) = (u e, &) = (p*(e), e) = (e, ple)) = (¢, de) =
Afe, ), OyHRAH &t = A,

Teopema, Hexau javamau ynumap L pazoda wizuxau f
onepamop yuyx xoc éexmopaapoan ubopam opmornopmas Gazuc
Maexncyd OYauutuy yeyn ynunz Hopmas 6yauwu 3apyp ea xudon.

H ¢ 6 oT. Ynankiau f onepaTop y9yH €, ..., €, — YHHHF X0C
BEKTOpNapuiaH ubopar oprodHepman Gasuc Ba A, .., 4, —
VAapra MOC X0¢ Comnap 6yncuH. by 6asucna fywby

A, 0
a=| &
0 A,
Marpubara, f* sca ymoby
Ai 0
ar=| B
0 An
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Marpuuara sra. [JuaroHan 4 pa A* maTpananap YpuH aTMamdIl
xoccacHra ara Oynrany cababmu f-f* = f*f snbBu f HopMai.
Teckapu TacogukHu # = dim L 6¥iinia HHAYKUHA munatuo
ucboTIaliMu3. Arap # = 1 6¥aca, TaCAUKHHHAT TYFPUIUCH Pas-
Wak. DHAA # > 1, e, — YM3MKIA f Ba f* onepaTopnapHuHr L
Jark yMyMHii xoc BeKTopH, |e, | = 1 Bal' = {x€ L/ (x, ¢)) = 0}
OYncun. ¥ xomna dim L' = n — 1 63mub, L' daso fpa f* ra
HuchaTan mHBapHaHT (6y ¢(x) = (X, ¢} HH YH3UKM (popma
e Kapal, 42-§ naru TeopeMa KaOm vcOoTaaHamm),
XakukartaH, arap (x, e} = 0 0ynca, y Xonga

(Rx), e) = (x, fNe)) = (x, Le)=A(xe)=0
BA

(), e) = (x, fle)) = (x, Ae) = A (x,e) = 0.

Hunyxkuus dapasura Mysoduk, L' ga f onepaTopHHHT XOC
BeKTODNApUAAH TY3WITaH ¢, ..., €, , OPTOHOpMaJ 6a3uc Mas-
Xyn. Y Xomaza e, ..., ¢, TH3UM L na f onepaTtopHUHI XOC Bek-
TOPNApHAaH Ty3WraH oprosopman 6asucaup. M

62-§. V3-V3UT'A KYIIIMA OIIEPATOPJIAP

Yusukau f: L - L oneparop vuyn f* = f 6Gynca, y ¥3-
V3Hra Kymma aed aranamu.

1-teopema. Yexan yaeaman ynumap L pazoda wuzuxsu f
onepamopRun: Y3-ysuza Kyuma Spausn yHyR YHUHZ HOPMAA 6a
bapwa xoc coraapu Xaxuxui Gvauuty 3apyp 6a xugod.

M ¢ 6 or. Ysunakiu f onepatop Va-¥aura Kymma O¥acus, Y
xonpa ff* = f*f = £, auuu y HopMan. Hopumannuru cababmm L
Ja YHHHL XOC BEKTOPAAPIIAH HG0opaT opToHOpMAaT basue 6op.
by Gasucaa f Ba f* onepaTopiapHUHI MaTpHLAIapu

1 0 A 1)
4, Az

N
l

, A* =
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KypuHumra sra. Ymby f = f* MyHocabatiad 4 = A% AbHU
A, = A, (k=Ln) remrnuk xemu6 uukamu. Jemax i, jap
XaKMKHMH. AKCHHYA, f HHHI HOPMA/LIMEH Ba 6ap4a A, JapHHHT
XaKMKMIHrHaaH A = A* pa fleMak f = f* kenu6 guxaqau. Il

2-reopema. Yuumap L hazoda xap xandail wisuxau f one-
pamop g + ih kypunumoa upodoasanuwn mymxun, 6y epda g, h
Y3-Y3u2a KYMMA OREPAMopAap.

McGor. Yuby g = 3(/+ /9, h = 5 {f — f* Genrunau-

nap KUpuTHO, f = g + ik, g* = g h* = h mydHocabariapan
onamus. ll

Yuau £ OMepaTOPHUHT ¥3-¥3ura KYIIMAIHTH OHYH3NK -
m plx, ¥y = (Ax), ) GOPMaHHHI 3PMUTINIUTA TEHT KYWIH;
arap f = f* oynca, y xomma ¢(y, x} = (Ay), x) = (y, Ax)) =

(f(x),¥) = (p(x,y) , aKCUHYA, {p(x,y} = @(y,x) BaH {{x), y) =

(fOhLx)=(x, /() abuu f* = f kenub unkasm.
Arap H3UKMM f omeparop ydyH e, .., €, — YHHHT X0C
peKTopnapHaaH ubopar 6aznc Gynca, y xonna

{a(ep eg) = (f(e,')a ek) = (’l{ep ek) = ’lja.ﬂk =

A,.arapi = k,
= 10, arapi= k.

IMynna# kKb, 6y 6asuc ¢{x, y) yuyH KaHOHMK. MKKUH-
YH TOMOKAAH YeKNH Yiauamnu yHuTap L dasomare Xap KaH-
na# Swvusukiu ¢(x, ¥} dopma (f (x), ¥} KypuHHIIEA Hboga-
JNAHMINH MYMKWH, 6V epaa YH3UKIH f ollepaTePHHHE MaTpH-
uacH ¢(x, y) dopMaHWHI MaTpULACKHIA TPAHCHOPTHPIAHTAH.
by mynoxasanap OHIaH KyHHMAATH TACAMK HCOOTIaHOHU.

3-reopema. Yewau yauaman yrumap L azoda xap xan-
daii apmum Gumunxin Gopma Y4yn opmonopmas KQRoNNK Ga-
3uc maewcyd.

Hartuxa Aeap wexau yavamau xomnaexe L pazoda uxiu-
ma apmum p(x, ¥) 6a Y(x, V) Qopmaiap Gepuszan 6a yYrapHUHZ
Gupu mycbam 6yaca, y x010a yaap L da ymymuii karonux 6azuc-
2a 3.
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He 6ot AHUKAHK yuyH (x, y) mycOar 6yacuH. By xomna
L na (x, y) = yix, y) TeHrHMK €paaMHAa cKaIp K¥maiiTMa
KHpuTaMH3. 3-Teopemara acocad L aa ¢(x, ¥) yMyH OPTOHOp-
Man KaHOHUK 6asHc MaBxyd. By Gasuc w(x, y) yIyH XaM Ka-
HOHUK, YYHKH

1, arap { = j Gyica,
0,arap / # j 6¥nca.

ple, e) = (e, e) = {

63-§. MYCBAT OIIEPATOPIJIAP

Arap uekid Yr4amad yHUTap L dazonard YU3HKIH f omne-
paTtop yIyH f = g ' g* TeHITTHKHH KAHOATAAHTHPYBYH MAXCyc-
Mac YM3MKAK g omeparop MaBxyn O6Viaca, f mycfar ned arana-

au. PapmaHki, fxaM Maxcycmac Ba Xap KaHgai x = 0 yuvH
(x), x} = (gg™(x), x) = (™), g3 (x)) > 0.

Teopema Yekau Yanamau ywumap L azoda bepuszan
wuzuxau f onepamopnun: mycbam Gyauuu yuyR yHunz nopman
ea Gapua xoc consapunumnez mycoam byasuwu 30pyp ea xugos.

Hc oot Yusukiau f onepatop Mycoar O¥ncuH: f= gg* ¥
Xonnaf*= (gg* = g**-g*= gg* =/, ApHu f¥3-y3ura Kyuma,
Ba leMaK, HopMal. Arap fle) = e 6¥nca, vy xoama (fe}, ¢} =
(le, e} = A{e, e). byHnan

1= LEACI
(e,e)

AkcuHYa f HopMan Ba Gapya Xoc COHNApH MycOaT GYICHH.
¥ xonpa GUHpoOp opTOHOpMAaN 0a3dcAa YHHHT MATpHLACH Ky-
A®AarH KYpUHMIITA 3ra:

=B B*=§,
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Hlynnai xwmb6 f = g g* = g¢*, Oy epua g-matpHiacu B
6ytran unsnkan oneparop. Il

HcboTnaw ganoMuaa Xap KaHpai MycOaT onepatop Ou-
pop MycBaT OMepaTOPHHHT KBAOPATHUIA THT 3KAHJWTHHHU XaM

K¥pcaTtouk.

64-§. YHUTAP OINEPATOPJIAP

YHuTap yM3uKIH daszogarn fYHU3HKIN OUECPATOPHUHT TeC-
KAPHCH MaBXya Ba f1 = f* TeHrIHK YpuHiM 6¥ica, ¥ YHHTAD
aed aramagm.

l-reopema. Yexan yavamau ynumap wuzuxau I gazoda
anuxaanzan wsuxan £ onepamop ynumap Gysutun YHyR yMunz
CKQAAP Kynaumman caxaaian, Asnu xap Kandai x, y € L yuyn

L fON =y (1)

Oyaumn 3apyp sa xugoa,

HcbBorT. Arap f! MaBxyn Ba f! = f*6ynca, v xonna (f(x),
SO = (x, f£f0)) = (x, e(y)) = (x, ). Akcunua, fyuyH (1)
MyHocabar Vpurutd OyicuH, 60-§ maru TeopeMara acocaH f
yuayH f* xFuima onepatop MaBxyd. Y xonaa (1) ra k¥pa xap
KaHpait x, y € L yayn

0D =000 =G 0.

bynaau xap kaHna# x, y € L yayu (x, f*fy) ~ y) = 0. by
TEeHDIHKAAH f* f = ¢ OUPIHK oMepaTop 3KAHMUTHHY OJIAMM3,
by TenraukpaH Oy omepaTOPIAPHHHT MATPHIANADHTA ¥TCAK,
A, = A, by TeHIIHKAA MAaTPHUAIAPHUHT ACTCPMHUHAHT-
napura yrcax, detd,, - deid, = 1. byxman detd, » O SKaHIHrH-
HH OJIAMH3, SLHU f VIYH TecKapu f°! oneparop MaBXyn. byH-
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ra kypa (1} mam: (f1(x), y) = (x, ) = (), y), spHy f1=
=1

2-teopema. Hexau yruamau ynumap Qdaszoda aruxsanzan
uyusuKau f onepamop yHumap Oysuiun YuyH yuumz Hopmas 6a
Sapua xoc cousapurunz modyau bupza menz 6yaumu 3apyp éa
Kudpon.

H ¢ 6 o T. Yu3uKIH f OMepaTOPHUHT YHATAD SKAHIHTH ff* =
= f*% = e TEHTIHKKA TeHT KywiH. Jemak y Hopmaa. [IIyHuHT
yuyH BHpOp oproHopMan Gasucia f Ba f* NapHHHT MAaTpHIIA-
jlapH MOC PaBHILZA

4 6 PR
A= , A* =
0 2, 0 n
wf o
A-A =] L. =E
o [

teHrmukaaH |4 | = 1, (k =1,7) sKkaHIurH Keant LHKATM.
AkcuH4a, arap f*f* = f*-f pa fHuHr Oapya A, XOC COHNa-
PMHUHT MOOYIH OHpra TeHr 6yica, y Xonaa GHpoOp OpTOHOD-
Mana 6a3uc yuyH A A* = A*A = E TeHrmukH#A onaMus. byHgan
ffr=rf=emnnf =B
Xap KaHmail yHUTap omepaTop Xap Kaezall opTOHOpMaiu
Oa3ucHU opTOHOpPMAN fa3ycra ake TTHPALM:

1, arap f = j Oynca,
0, arap | = j Gynca.

(ﬂe,a)a .ﬂe})) = (el, ej) = {

Arap YeKsiH ¥idaMnu yeutap ¢daszela aHHKAAHCAH YA3HK-
M f oneparop OHpop oproropMai 6azucHM opToHOpMan Oa-
3Mcra akc 3TTHPCA, ¥ Xoa f yHHTAap. XaKHKaTaK, arap €, &,
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n
. €, — Oepunrad opToHOpMaN 6Gasnc Ba x =Z§,-e,- R

i=1
n

y = Y e 6yaca, y xonna
k=1

(fG, FO) = ”ils,ik(f(ef), fle) =

= igiak(ei:ek)'= x, ¥)-

i k=1

Xap KaHpall yHHTap ONEpPAaTOPHHUHT OpTOHOpMan Hajuc-
nmard A Matprzacu A A* = A A = E TeHTTHUKHHA KaHOATIaHTH-
pamd. OXUpri TeHITHKHA KAHOATIAHTHPYBIA MATpHUA yAi-
map mampuya 1e6 avanagd., by TeHCIHK yHHTap A MaTpuna-
HUHL €aTp Ba YCTYHJIapH TH3MMHra yHuTap C" faru BeKTopiap
neb Kapacak, yiap Oy ¢azona oproHopMaX TH3UMHH XOCHR
KIWTUIIYHK KYpcaTajH., '

65-§. MAXCYCMAC OIIEPATOPHHUHF
TPUTOHOMETPHK UDOIACH

Teopema. Yexau yanamau ynumap dazodazu xap xanoaii
maxcycmac f uusuxau onepamop yxyx wiynoau mycbam g,, g,
onepantopaap ¢a ynumap h,, h, onepamopaap maswcyoxu
f=gh = hg,

U ¢ 6 0T. Maxcycmac fonepatop yuyH £, =f - f* Mycbar one-
patop. ¥ xonma 63-§ ra acocaH myHpait MycGat g, oneparop
MaBXyaKH ff* = gl. Ymby h = g'f oNepaTOPHHHT YHUTAD
SKAHIHTVHH KypCATAME3. XaKHKATaH, b * = fNg"')* = fg", bynra
acocaH hh* =gl f-fgl=glglgl=e h*h = g g'f =
PR =YY =

lilyunai kw6, f = g h,. llydra yxmam ¢, = % = g7 ne6
omub, f = hg, udona ucobornadann. M

Maxcycmac onepatop YIyH OJIMHIaH Hdoia HOIbAAH (hapk-
JIH KOMILIEKC COHMHH TPUTAHOMETPUK HQONacura STbHHU MyC-
6aT COHHHHIr Ba MOAYAWM OGHpra TeHr GVAraH cOHAapHHHT
K¥madTMacy waknuaa moaanamra Yxurain,
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66-§. EBKIINI ®AZOCHAATH YN3NKIH
ONMEPATOPJIAP

EBkmiin dasocuna YHIMKAM ONEpaTOPIAp HA3ADHACH YHH-
Tap dalzopard kabu Kypunanu. By HazapHaTap opacHIArTH aco-
cHil dapx, mIykH, eBKAHI dazocHaa 6abin GHP BHIUKIH Ofe-
PATOPNAp XOC BEKTOpra 3ra OVIMACAMIN MYMKMH.

Esknua V daszocHaa YH3MKAM f Ba g onepaTopiaap Gepiun-
rad OVicdH. Xap Kavmafi x, y € Vyayn {(fx), y) = (x, g{»))
TCHDIHKHH KAHOATJAAHTHPYBYM g oneparop J ra KymmMa ae6
aranaan. Xynou yHirTap dasonapaard Kabu, arap KyiMa ore-
paTrop Mapxyx Oynca, YHHHr sSiroHaaAMrH HcOGornaHand. “Tu-
KM f oneparopra kKyiuMma OVAraH omeparopHH [* opkanu
Genrmnafimus, KiiiMa omepatopHUHT eBKIHA hazomapiaru
KyHHOa KeITHPHIAAHTAH XOccaTapH XyAOH YHHTap daionap-
Jard Kabu ucGoTiaHand.

L f**=f

2.+ 9*=L + g~

AN =1 e R).

4. (f-g* = g™~

5. Arap f HHHI' TecKapHCH MaBXyn 6y.m:a S* HHHT XaM
TecKapdcH Masxya Ba (f%)71 = (F)*.

1-Tteopema. Yexau yavamau eexand V hazocuda xap xan-
Oali nuzuxau f onepamop yuyn Kywma f* onepamop maexncyo.
Azap | onepamoprunz bupop opmonopmas Gazucéazu mampu-
yacu A yaca, y xosda f* onepamopnunz wy Gazucéazu mampu-
yacu A

Hcbort. Yusuknu f ONMepaTOpHUHT €, ..., €, OPTOHOPMAI
Oaspcgaru MatpHHacu A = () 6¥acuH. by 6asucaa Marpu-
macu AT O¥nran onepatOpHH g opKaau GenrmaaitmMus. ¥ xonga

fle) = Eaiﬁ:efsg(ek) = zahea )

i=]

(k=f, = dimV).

Buamsuxin o(x, y) = (/(x), ») Ba y(x, y) = (x, g()) Ppopma-
JIapHu oau6, ymapHuHr 6eprirad 6asuciary MaTpULATapHHH
xucoOnafiMus;
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ple,,e) = (f(ex): e,) = ﬁ;am(ﬁ’ne{) =y,

e, e) = (eksg(e!)) = 2“&(",&’31) =y .

Hemak, 6y dopmarap Gepwirad 6azucna 6up xuwr A7 Mar-
puitara ara. bydnaH Xap KaHaa#t x, y € Vyuye (f{x}, 3} = (x,
&), smvum g = f* renrnukny onamuy. M

Arap esxnun Vipazocuzara yH3HED S oneparop yIyH S * = £
ALHN Xap kKaHgall x, ¥y € Vyuyn

V@), » =100

6¥nca, v ¥a-¥aura Kymma €K CUMMETPHK Jieb aTanafgu.

Yerom ruamin e $azocHna f onepaTOpHUHT CHM-
MeTPHKIUTH MXTHEPHH oprToHopMan 6Ga3ucpa Gy omeparop
MATPHIACHHHHT CHMMCTPHUKJIHIHTA TEHT Ky'LTH. XaKHKATaH,
arap f OfIepATOPHUHT e, ..., €, OpTOHOpMai b6asucaary Mar-
pHHacu A = («,) 6¥aca, y xonita Swisukau {f (x), y) popma-
HHHr MatpHHack AT, ouuraukim (x, f () ¢opMaHHHT MaT-
puuacu 3¢a A (TexiunpHHr!). by Swansukin dopmanap y3apo
TeHr Gynragn cababmu AT = A, 9pHH A — CHMMETPHK.

AKCHHUYA, arap 6Upop opToHOpMan bailucaa YH3HKIH f omne-
PaTOPHUHT MATPULIACH CHMMETPHK G¥nca, y Xonga f XaM cuM-
MEeTPHK, YYHKH Gepinral 6asHcaa ORassHKan (f(x), ¥) Ba (x,
7)) bopManap Gup XHa MaTpHIlara sra.

2-teopema, Yexsu yruamau eexaud azocuda uuzuxau f
onepamopiunz Xo0C eexmopaapoan ubopam opmonopmaa Gasu-
CURUHZ2 Maexwcyd GYAuluu YUy yHun: cummempux Oyauwwau 3a-
Pyp 6a kugpon.

Hc6oT. Arap YH3HKIH f ONEPATOPHHHT X0C BEKTODAAPH-
AaH HbopaT oproHopMall Dasuc MapxXyx Oyiaca, v xoama 0Oy
Oa3HcHa f HUHT MaTpHLACH JHATOHAT, AEMAK, CHMMETDHK.
IOkopusnaru u3oxra acocaH f XaM CHMMETPHK.

Teckapn TacaHKBH ¢BKAKA V dazoHMHr ymaamu Gyimya
WHOYKIIMA €paamuoa uchormakiMmus, Arap » = 1 Oynca, Tac-
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TUKHUHT TYFPIJIMEH PaBIUaH. JHAH # > | Ba TACAUK YIdaMu
< 5 TEHICH3IIHKHU KAHOATIAHTUPYBYH (dazonap ydyH TVFpH
ne6 dapas kuaaMu3. V — xakukuil dazo 6inranm yuyd 53-§
Aard 5-TeopeMara acocaH IIyHAAH 6apaBap HOJMLIA TeHT DY iMa-
raH X, y € V pextopaap Ba A, # € R coHnap MamxXyIKM,
SO =2x — py, Ay) = pux + iy. Bynnas (Ax — up, y) = (x, ux +
+ 4y). Bynpanu((x, x) + (v, y)) = 0. Byepna (x, x} + (, ) > 0
Gynranm yayn g = 0. Jemak f{x) = ix, f(») = Ap. by x, ¥
BEKTOPNAPHMHT HOJIEIAH QapKIHCHHH OMHD, YHH ¥3 y3YHIH-
rura 6¥namus. Xocul GyNraH BEKTODHM e, OPKAIMH Gejiru-
nanMHu3.

Yuzurnn V ¢azona e, ra oproronan 6yirad BeKTopAapIaH
uGopar KucMdasonu V, opkaiu Genrwnaimus, dimV, = n — 1
(rexaurpuHr!). V| ¢a3o fra HucOaraH UHBApHAHT. XaKMKATaH,
arap x € V, 6ynca, y xonga (x, e) = 0. bynnan (f(x), e) =
(x,f(e)) = (x, ie))) = Ax, e)) = 0 abHu fix) € V.

MupykumauuHr gapazura MyBoQHK V, 1a f HHHT X0C BEK-
TOPSIAPHAAH TY3WITaH €, ..., €, OPTOHOPMAN Ga3KC MABXYL.
by tusumMra e, HY XaM Kyuicak, V aa f HUHT XoC BeKTOpTApH-
nad uGopar e, ¢, .., €, OPTOHOPMan Ga3MCHH XOCHI KH-
namus. Bl

I-HaTtuxa Cummempux onepamopHunz Xapaxmepucmux
Kynyadu chagam xaxuxuld urduzsapea 3zq.

M c6or. CUMMETPHK fONIEPATOPHUHT A MATPHULIACH YHHHT
XOC BeKTOpJapuAaH HOOpPAT opToHOpMAN Ga3ucia

4,0
A=] .. |4 €R, i=1n

n

Gasucra sra. Jemak,
det (A ~AB)=(, -1 ... -1). 8

2-HaTuX a. Yexau Yauamau egraud pazocuda xap xandai
cummempur GuMusuKAn Gopma yuyH opmoHopMan Kanonux ba-
3UC MABHCYO.
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HcooT UYexmn ynvand eBkKIHA ¥ dazocyuna cHMMETPHK
OHMM3UKIH (X, ¥} dopma Gepunran Ba A yHHHT GUpOp OPTO-
HOpMAa Gazvcaard MaTpHUAcH OVICHH. VY xomna A-cHMMer-
PHK Ba Gy MATpHLA aHMKJIATAH f ONEpaTop XaM CHMMETPHK
oymub, (f(x), ») = (x, f()) = p(x, ) 2-Teopemara acocaH J
OTEPATOP YUYH YHUHT XOC BEKTODJNAPHAAH TYSHITAH OpPTO-
HopMan bazmc Mapxyx 6y¥mu6, 6y 6asuc ¢(x, ) yiyH KaHo-
HUK, YYHKH xap Oup { = k yuyH

ple, e) = (fle), (e) = (A, e, ) =Afe,e) = 0.0

by HaTuxXa épnaMuaa KyHHAArd TaCOUKHU HCOOTIHaRMH3.

3-teopema Hexau Yanamau xaxuxui Qazeda auxxuma
cummempux Gunuzuxau opmasap Gepusean Gyaub, ysapnunz
Moc keadpamux Qopmasapurnune Gupopmacu mycbam Gysca, y
X040a yaap ymymui Kanonux Gazucea 3ea.

Hcoor Yexnu ¥muamnu xakukiit V dasoga cHMMETpHK
OuHIMKIN (X, ¥) Ba 1(x, ¥) dopmanap Gepwiran Ba @(x, x)
KBanparuk dpopMa Mychat oyncHH. Y xonga Vaa (x, y) = ¢(x, ))
TEHDIHK BHIAH CKaXAp KyNaRTMa KHpUTH6, V Hu eBotin da-
3ocHra atbrantiapaMu3, 2-gatika 6¥itnda ¢(x, ¥} dopMa yuyn
OJIMHIaH OPTOHOPMAN KaHOHHK Dasuc yix, ¥) = (x, y) dopMa
V4VH XaM KaHOHHK, YYHKH Oy 6azuc opronopmai. Il

Arap esxmia V dazocrunard Yu3HKAH f olIePaTOPHUHT TeC-
KapucH MaBXy[ Ba f'! = f* 6¥nca, y opmozonar ned aTanany.

by tarpudial opTOTOHAN OMEPATOPHUHT CKANAP KVIIaiT-
MAHH ¥3rapTHPMACAWIH BA J€MAK, BeKTOPIAPHHHT Y3YHIHMTH
XaMAa yIap opacypary OypuYakHH CakIamny Kelu® Juxaau:

G, SO = &, 00 = (x »).

XycycaH, OPTOTOHAN OMEPaTOP OPTOHOPMAT TH3MMHH Op-
TOHOPMAJT TH3AMTA akcaaHTApagn. Yexm Yiriamnu dazonapaa
TeCKApU TAaCOUK XaM YpHHIH: arap Gupop 4M3HKId f onepa-
Top Bupop opToHOpPMan Ga3HMCHM OpPTOHOPMad a3smHcera akc-
JIAHTHPCA, ¥ OPTCrOHATIMD.

Xaxkuxaran, Veskiun dazocuna e, ..., &, — OPTOHOPMAS
Gasuc pa '
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1, arap i =k,
0, arap i = k.

(f(ei)af(ek)) = (e,,ek) = {

oVacud. ¥ xonga V mard xap KaHgai x = Z e, ¥y= 27?::-‘3;;
BEKTOpHAp YIVH k=l

(7, 7)) = (2 s S te )) -
= Stilre) @) = T = @),

Byupman (x, £y)) = (x, ¥). By epna x = f*Ay) — y neb on-
cak, (x, x) = 0. Hemakx = 0, apHU 1)) = y Xap Kannalive V
YYVH, SBHH f* = f-1.

Arap KpanpaT A MaTpHua MaxcycMac Ba A1 = AT 6¥ica, v
OPTOroHax ned arananm.

Macanan, arap A= («,,) 6upHHYH TAPTHORM OPTOrOHAN
MaTpHUa 6¥nca, y Xoana af = a,,, AbHH o, = * 1. HKkuHYK

TapTHOMH
A= (all alZ]
Gy Ap

OpPTOrOHAJl MATPHIA Y4yH o +al, =} + o} =al +a}, =
=a,+a=1,a,0, +a.a,=aa +a21&n-—-0'IBH[‘IIHKJIap
KeaHb YHKARM. AAT = ATA E TCHI“JIHK,ElaH detd = = | s3kaH-
JNUry Kenu® yHapu. Yoy detd = 1 TeHMMKHY KaHOATIAH-
THPYBYH Xap KaHdait A MatpHua yIyH IUVHI2H ¢ € R MaB-
XYAKH, @, = €08, @, = — Sin g, a,, = Sin ¢, a,, = COS ¢, APHH

A= cose —sing
B sing cose

KYpHHHINTS 5Ta. Arap detd = —1 Ginca, y yudy
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= 1 03Yfcose —sing
{0 —1)\sing cosp

KypuHMIura 3ra (oymapHd HCOOTNAHT).

Arap oproroHan jf oneparopHHUHT OpTOHOPMAan GaszUcharH
MaTpunack A 6¥aca, y xonga " = f*teHmukaan A = AT Tefr-
JHK, AbHH A HHHT OPTOTOHAUIHTH KCIHG dHKaAM. AKCHHYA,
YH3HKJK J oNepaTopHHHT A MaTtpuuacd GHPOpP OpTOHOpMAl
fa3ncaa opToroHan, AvHU A = A7 G¥nca, y xonma f! = f*
HemMak, fXaM OpTOTOHAIL.

Esknitg dazociaary YH3HKTH f ONepaTop YIVH S = gg* TeHr-
JUKHH KAHCATIAHTHPYBYU TeCKAPHCH MasXyl OVIraH g omne-
paTop MaBxyn 6¥nca, fomepatop Mychat ge6 aranany. Yexin
ymuamun dazona UMUK f ONEPATOPHKHAT MyCcOaTANI YHUHT
CHMMETPHEIHIHTA Ba 0apya X0C COHNAPHHUHT MyCcOaTiIHriura
TeHT KyWwin (HcGoTiaur). Xyaou yHUTap ¢azogard Kabu 4ek-
o YiamMnd eBrEMR (GalocHIArd Xap KaHAaa#d MaxcycMac yu-
IMKJAH ONepaTop MycGaT Ba OPTOTOHAT OMepaTopiIapHUHT
K¥fiaiTMacH WaKnuaa whoRamaHuIId KYPCaTHAAIH.



Yu uxxunuu 606

KYIITUMYAJIAP

67-§. TEH3QPJIAP

Yusuxay dasjonap YpraHwITaHga TYPIH XHI OBLeKTnap-
BEKTODIAp, YH3HKIK BAa DUYHIMKGH dopManap, YH3HKIN ole-
patopaap OwnaH y9pawauk. bymapHuHr Typau 6VaHuIHra
KapaMai, yiaapaHur OHp yMyMuit xuciaary 60p. YIapHMHT Xap
Oupu TH3HKIR (azofarH GepuaraH 6a3ucaa MabLJIyM GHp COH-
nap (ckanApaap) THIHMH OWiaH aHHKIaHHO, GasHc ¥srapca,
6y conap (cKaNgpaap) TH3UMH MabIyM OHp KOHYHMST 0¥ iia
HKKHHYM 0a3Kc OWiIAH aHHKJIAHTAH COHJIAp (CKAJApAap) TH-
spmera Yragu. by epaa ou3s Gyunait xucaarra »ra 6¥iarald coH-
1ap THIMMHUHH YMYMHAHPOK, KY¥pAIHUILAA KHPHTHO YpraHaMu3,
bu3 KNpHTMOKMH OYATaH COHNAp TH3MMH Mer30paap ned ata-
nagH.

Jlactnab 6y TViUyHYATApHE KUPHTUIN YIYH 3apyp O¥araH
OeIriIanUiapHd KHpHTaMII3, yaap menzop Oeszurap neh ara-
TajH.

bu3ra kemaxakfma WyHAAN KeTMa-KeTAUKAAp, KaTTATHK-
Jap y4paHaHKy, yiapra KHpYBYH XaLiap OHp HedTa HHICKCTa
GornuK, 6VHb, 6y HHICKCIAPHUHT xap OMpH onatia | gaH »
rava ¥arapamu. Kynaitnuk yayu Oy XalHHHT 6ab3d HHAEKCIa-
pu mactaa, Gan3lwIapH 3c¢a RKOPUAA €3HIEANH.

Kalicu HHOeKCHHHr Kaepaa €3UmiuM OHp 6a3HCOaH HMK-
KHHYH OGa3zucra VTHITAHIA XAUIADHHHI KaHOAi ¥3rapHiaura
6ormK, By KynmailTMKHHHT MOXHATH KeifMHPOK OCHIHHAIH.

MacanaH, # TapTH6IH KBanpaT A = (a,) MATPHLUEAHKHT 3¢~
MEHTNAPHHH o) KypHHUIIAA €3MIU KyNaHd, OyHaa caTp HoMe-
PH IOKOPHMAA, YCTYH HOMEPH 3Ca MacTAa E3WNai.

HKKkHHYH MyXHM Oelrunaim, KelMIUHL DIYHOAH noopat-
KH, arap MacTiaa XaM, IKOpHIAa XaM ydpalauraH OHpop HH-
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neke GVHMYa MHFUHAA ONTWHTAaH Oyica, HMFMHAK Gerrucu
Tamnaé Konpupumagu. Onataa 6y aHIMAIIMIMOBYIIMKKA OIKG
KenMan .

Macanas, arap yisukie V dasosa {e,, ..., e} fasHc Ba £,
s €, COHNAD X BEKTOPHMHT Oy Gazucmaru KOOpAUHATANADH

;]
Gyica, x = p £e ypHUra x = £'e, €3aMus,

i=}

Ana Gup HeyTa MUCONX K¥paMmu3,

1. V pazona ukkura {¢,, ..., ¢} Ba {e], ..., €/} basuc Gepui-
rad, (y}) — GupuHyM GasucaaH MKKuHYa Gazucra Fram MaT-
puntacu (8)) — yHra Teckapm Mmarpuua GyiacmH. ¥ Xonaa
e;=yte, e =pre, Arap x=fle = &'%e; Gynca, y xoama
Ee, = E'yte, = E'yle, Byupan & = y¥ &' pa £'* = f1. Oxupru
uhoga X BEKTOPHUHT STHIM KCOPAMHATANAPUHHHT 3CKH KO-
OPOUHATANAPH OPKATH WUdOmacH.

2. F MaiifoH yerdpara YHsHKan V ¢aso, ¢ — yHuarH 49i-
3HKJIM opMa, {e,, ..., e} Ba {e], ..., ¢} Daucnap, p(e) = a, Ba
¢fe) = ) G¥ncud. VY xomna a) = ¢(yfte) = ylp(e) = yfa,. by
THINKIH ¢ GopMa SHTH Koa(QDUUHEHTIAPUHUHT 3CKHIAPH
opramu udopmacu.

3. Fwaligon yerapara Yu3nKid V dazo, ¢ — yHaara 6u-
ynu3MKaH ¢opma, {e,, .., ¢} Ba {e), .., e/} Gasucnap, ¢fe,
e) =a, ple, &) =a,. Vxomaa, =p(y e, yie) =y yi¢le,
e)=yly a, UlyHnai Kunub,

Lp——
Ay = V]V &y

TEHIIHK ~— GHYM3HKIH POpMa AHTH MATPHUACHHHHI SCKH
MaTpHLACH OPKATH HOORACH.

4. L daszopa f— 9HIMKIH oneparop, (e, ..., ¢} va {e}, ...,
e} Gasucaap, ¢le) =ale, ple)) = ate, 6yacun. ¥V xongma
ave, = ple) = plrfe) =viole) =y fale =yfaBle,=y/Bale,
byngan

o a3 QK P
af“ylﬁras‘

By UM3HKAH OMepaTop AHTH MATPHIACUHUHT 3CKH MaTpH-
ACH OpKANH UQOaacH,
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Kerma-KeTHHK KYpHHMIUMAA €3WiraH p + ¢ WHAEKCTH,
yAapAaH p TacH MacTha Ba g TacH IOKOpHAa O¥iraH, F maii-
HJOHOAH OJAHHIAH #°+7 Ta

jl--fg
iy

CKaIApAapAaH HOOPAT TH3AM F MalIoH yCTHIATH # — VIT4aMIA
a3 V gasopa (p, ¢) TMIDArH KOOpOHMHAT XagBand Je6
aTananm. '

Tavpud. F maudon yemudazu n-yawamau wuszuxau V ga-
300a (p, g) mundazu menzop debd, V pazodazu bapua basucaap
mynaamunu 6y gazodazu (p, q) mundazu xoopdunam xadsan-
Aapu mynaamuza wyn0ai ! aKe smmupuuaia alimamiusxy, azap
e={e, ....,e)eae ={e, .., e) basuciap, e/ =yle, e = fle,
(puM (y /) GupuHyYHM Ga3nucaaH HKKHHYH Gasncra ?Tm.u Mart-
puuack, (8% yHra teckaps MaTpHua) sa

r(e)-( h- fq) r(e)—( ;:‘1{ )

oVnzanda ywoy

chedp J1 g 51y

T,
,
al| By }"‘l . yi L/ ™ arl wly

menzauk Ypunau. THIH (p, ¢) OF¥ATaH TEH30D p MApTa KOBApH-
aHT Ba ¢ MapTa KOHTpaBapHaHT meld xaM ramupuiaau (KoBa-
PHAaHT — XyIOM INYHIAH ¥3rapyeud, KOHTPaBapHAHT — Tec-
KapH ¥3rapys4M AeraH MasHOHH bunnmpanu; 6y epna 6y cysmap
LY MABHOAA HIUTATHITAHKH, TACTKH HHEeKeaap 0ViHya ¥ira-
PUILHM 3cKM GazgclaH SHTH Gaspcra ¥THIU MaTpumacd Oa-
XKapanH, WKopH HHIeKeaap Ofiimia YarapHIuHl 3ca YHTa Tec-
KapH MaTpeia Oaxapagu). FOKopHaaru MECOIIap Kypcara-
AUKH, BekTop (0,1) TUOHAArK (KOHTpaBapHAHT) TEH3O0p,
U gopma (1,0) TUDHAAMH (KOBapUAHT) TeH30p, OUYH-
3ukal Gopma (2,0) THIHAAMH (HKKH MAapTa KOBAPHAHT) TeH-
30p, YH3KMKK onepatop (1,1) THnuAard (Gup Mapra KOBapH-
aHT Ba OUp MapTa KOHTPaBAPMAHT) TeH30p. KelHUHpOK UXTU-
épuit (p, g) THIHATH TEH3OPra MHCON KEATHPAMHS.
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F maiigod yeTHaard qm3nkiau ¥V dasona aHuKinaHrad Gap-
ya YUK y: V - F popmanapaas yubopat yu3uKiM ¢aso V
ra Kjwma daso ned arananu sa V' opKany 6enrunaHann. Arap

{e,, ..., ¢} THaum V maru basuc 6yica, y xoiza
; ; 1, arap / = k 6ynca,
1 = 5! = ?
S(ex) = O {0, arap i # k 6ynca.

(KpoHekep Genrucu) TeHrauKiiap 6unad aHUKIAHTAH Y-
angm fl, .., f# € 1 ¢popMmanap kjuMa V! dazomarm Gasuc
6ynanu. XakHKaTaH, arapd f* = 0’ 6ynca, y xonaal, fY(e) = 0.
Bynnau 6apga k=1Ln yuyn 1,6, =1, = 0.

Xap kKaugafi x € Vea y € V' yuyn (x, ¥) = y(x) a6 benru-
aakMH2. Yoy (x, y) bysxkuua Vx V rimwramnoa xap SHp ap-
rymMeHTH 6¥iuua ymsukau. Arap 6apya x € V nmap yuyH
(x, y) = 0 6¥sca, v xonga y =0 . [lysra yXwau, arap 6apua
¥y € V nap yuyH (x, y) = 0 6¥nca, y xomna x = 0 (Akc xomna V
ma {e,, ..., €,} Ga3sMCHM WyHAal TAHAAAMH3KH, ¢, = Xx. ¥ X0nna
Se) = f(x) = (x, f} = 1 TeHmiHK Gaxapuragd — SUATHAT).

Oxopuna V naru {e, .., e} 6azuc Gyhuva (e, /) =4}
TEHIMHKTADHH KAHOATIAHTHPYBYH V' Huur {f, ..., P} Gasmc-
HH Kypouk. V' jparu 0y Gazuc {e, ..., ¢ } 6asucra Guopmozonan
{BanzaH, KymiMa} aed aranagd. Xap KaHaai 6a3uc ydyH yHra
6uoproronHan o6Varan Oazuc 6Hp KHHMATAIH aHHKJIZHCaH.
XarMKaraH, arap {e,, ..., ¢,} 6asucra 6uoproroHan §yirau sHa
6up {g', ..., g} Hasuc Mapxyn 6¥ncun: (e, g) =9df= (e, f). ¥
Xonua xap KaHpai x = £ e, € Vpexrop yuyH (x, & - f) = Ee,
g =M =&(e, g — (e, /) = 0. Bynnan 6apya &k = 1,1 yayn
g—f=10,qun g=4

Teopema, Hxxuma Guopmozonaa e, f ¢a €', f Gasucaap
Gepuszan G¥acun. Y xoada f oan f 2a vmuw mampuuacu e dan
€ z2a Jmuw MAMPUTACHOAH MPANCHOHUPAGUL 6 MECKapu Mam-
punaza ymuil opKasi Xocua KuauHaou.

Hcbort. Arapf* = A} f'6¥aca, y xommad} = (e, /) = (y] e,
AXfy=yrAKe, f) =y A*é7 =y A* Bynnan {(y}) Ba (A }) mar-
PHUATAPHUHT GUp-OUpHra TecKapH SKAHIHTH KeTH0 YHKAIH.
Yuify (}) matpuua 3cafaad f* ra yTUII MATPULACHAAH TPAHC~
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TIOHHPJAII OPKAIHM ONMHTAH (0y MaTpHLaga CaTp paKaMHUHM
IOKOpHIA, YCTYH PAKAMHHH ITACTAA €3HILra KeAWIIWITAHM-
aaH kexau0 yakany). B

68-§. KVIIIU3NKIH GPOPMAJIAP

Tavpud. Aeap ckanap pynxyus yuyn gyiiudazu wapmaap:

1) b6y cxanap gyuryus p + q ma eexmop apzymenmuunz Qynx-
wuac;

2) Gyaapnunz p macu V da anukaanzan, q macu sca V' da
GHUKAGHZaH,

3) 6y dynxus xap 6up apzymenmu OViiuua yusuxsu Gyaca, y
(P, @) munudazu KynuusuRau (no.aulms'umu) Pyrxyus def ama-
aa0u.

Yuby o(x, ) = 9x,, .y X, ¥, oy 1) (4, €V, FE V)
Hpoaa (p, q) THIIHAATH Kyrmﬂsmqm l;byHKuHﬂ e, ... e}
TH3MM V garu G6asuc, yHra 6ucoproronan 6yaran V' garu Ga-
sue {4, .., P} G}UUICHH. Arap x,-& e, ¥=ntf neb oicak,

POy vy Xy W s V) = sO(El AN ,p,mlf" ol )=
=&0 87 e, ey, 6y epra

SI,_:: = 50(9 3 ery JfSIs*"qu) -

crandgpiaap, yiap KymMMH3UKIM ¢ popMaHumr {e, .., e} 6a-
3ucaard KoopmuHaTanapy ae6 atanagn. Hlyumait qumd xap
oup- Gasdcna (p, ¢) TMIOHAATH KYMIH3UKIA dopMara Xyiau
Iy THIZar# KOOpIMHAT Xaisal Moc Kenamd. basuc ¥arap-
raHfia Gy XalBATHHHI KaHIaH V3rapHIIMHH Ky3aTaMu3, b ga
GomKa {e’ y eemy e} OasucHu, V' ma aca OyHra OHOpTOrOHAN
oymrad {f, ...,S } GasHCHH olaMK3. Y X004 IKOpHIA K¥pca-
TIWITAHTa acocaH

= }’f*'ekr fk =ﬁ‘;kff-

K¥muusuxnu ¢ hopmanuur {e;, ..., e,} 6asiucaard Koopau-
HAT XANBANH KyHUOATHYA:
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@l = pley el S ) =
F T J I San
plrle,, ..vie, By, Blf?)=

! o, gle | S5
y‘l "'},i, ﬁ@l al’] wTp

byugan kypuHaguwku, (p, ¢) THITHAATH Xap KaRmai kK§mya-
3HKJIH opMa p MapTa HOBADHAHT Ba ¢ M3PTa KOHTPaBADHAHT
6yarad TeH30pHH aHHKIAHAH, MKKMHYM TOMOHEAH Xap GHp
TeH30p AroHa KyMYM3MKAN dopma OuinaH aHMKIaHagu (6y
dopMaduHT Xap Oup GasHcIari KOOPAHHATANAPDH TEH3OPHUHT
Oy Dajucaard KOOPAMHAT XanaBaiM OWiIaH aHHKIaHamu). by
OwIaH TeH3OpHap Ba KyMuUM3HKId dopmanap opacuaa ¥3apo
OMp KUHMATHH MOCITHK YPHATHINN.

69-§. KHCMTIYPYXJIAP

G rypyxauHr I xucM TYIUIaMH TYpyX4ar aManra Hucba-
TaH [YPYX, XOCWI KHica, v G [YPYXHUHT KHCMIYpYXH neb ara-
aagu. MyasTHILUIRKATUB Oenrmiuapaa OYHMHr mapHocu OyH-
jgai 1) arap a, & € H 6ynca, y xonga a+b € H, 2) wyHpai
e, € H aneMeAT MaBXyaKU, Xap KaHRail ¢ € H 3feMeHT yIyH
ae, = a; 3) Xap Kanna¥l ¢ € H snement yuyH wyHnak b € i
BNEMEHT MABXYAKH, @ b= e .

byunau e, € H aneMeHTHUHT G TYpYXHUHD OMPINK e 5Me-
MEHTHTa TeHr OFmmmd xenub udxkanu. XaKWkaTaH, ae = a
TEHTHKIAH a"ae] = alg, TEHHU e, = ¢ Kexd YuKamm. v-
HHHT Y4YH @ - b = ¢, = ¢ TEHDIMKHH KAHOATIAHTUDPYBYY b € H
SNEMEHT a! ra TeHT, YYHKH alab = gle= gt

JemMak, & TypyxHHHT H KHCMIVPYXH WYHAAR KUCMTHIIAM-
x4, yHra G IypyxHHHI OHPIHK 3JIeMEHTH TerHULIH, Xap KaH-
Dafl MKKHTA 3MEeMEHTUHHHCr K¥nalTMacy ¥Iura Teryulmud Ba
XAp KAHIAH IEMEHTHUHT TECKAPHCH ¥3Mra TerHLUIH.

l-reopema. G zypyxda H wyndail sucmmynsamru, azap
a, b € H 6yaca, a-b' € H, y xoada G 2ypyxoa H — xucm-
2ypyxoup.

Hcoor. bupop a € H snemenT olaMHu3, YHUHI YYVH
e=a-a'ENpaa=e-g! € H Arap a, b € H 6inca, uc-
Gornanranra acocad b! € H Jlemag, a-b=a(db'y' € H A
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Mynra ¥xmiaras Mynoxasa 6uwnan, arap G rypyxaa H kycM
TYIaM yuyH a, b € H gad npoumMm ¢'0 € H xemu6 unkca, H
HHHI KHCM TYPYX KAHIHTH HcGoTAaHaAH {TeKIUHpHHT!).

HcbGomnanran TeopeMa IYPYXHHHT BepHITal KHCMTYIDIA-
M KHCM TYDYX SKAHJIHTHHH TeKIHPHIUHHHT COOOA YCYIHHK
Oepanu.

Muconnap. 1) Cammerpuk S rypyxna Xyt ypHura
KyHMIWapAas HOopar A TYIulaM KMCM Typyxaup.

2) bapua XakuKmii SMeMeHTIH MaXCycMac » — TapTHOmM
KBaapaT MAaTpPHUANADP TYPYXHAAa OeTepMHHAHTH OMpra TeHT
OynraH MaTpuuanapaad ubopar KHCM TYIUIAM KHCM TypyXAup.

3) Anputue Z rypyxaa Gepunras 6yTyH MaHguil 6¥nmaran
m COH yuvH m Ta 6VimHyBaH Gapya OyTyH coHaapaaH ubopar
mZ TYIUIaM KMCM TYDYXIHD.

2-reopeMa. Addumue Z zypyxnunz Xep xanafi xucm 2y-
pyxu mZ kypunumza 3z2a, 0y epéa m — marpuii 6yamazan oy-
myn co.

UcboT Z rypyxaunr 6upop H xucM rypyxu Oepwiran
OYncuu. Arap H dakar Honp 3neMeHTHAAH Hbopatr Oyica, y
xonna H=oZ,

Dupu H = oZ xonuu x¥pamus, by xoinna A za xam mycbar,
xaM Manuit cornap 6op, UyHkH ¢ € H 6unan H KHeM rypyx
GynraHu ya9vH (—a) € H. H naru 3HT KM1IHK Myc6aT cOHHH m
OpKANH GearmnaiiMus. ¥ xoiaga m ra 6VIHHYBYH Xap KaHaak
coH XaM H ra terduuid O6yarard yayH mZ C H. MkxkuHuu
TOMOHAH, arap x € H pa x HA m ra 6VIMILIAH YHKKAH KOI-
MHK rra TeHr 6¥mca, y Xonga r= x - gm € H, g4 — OyTyH coH,
0 < r<m. Arapr> 0 6¥1ca, y xonna H ga m paH KH4HK O¥Irad
MycOarT coH 6¥aapau — Oy »ca m HHHI TAHIAHHIIUra 3MA.
IyHuur yayd » = 0 Ba gemak, x = gin € mZ. by epaa x uxTu-
€pmit 6Ynranu yayn H C mZ Hantoxkana H=mZ Wl

 TYpYXHHHT HMXTHEPDHH KHCM TYPYNIAPU TYILIAMHHHHT
KECHIIMACH AHA KHCM IypyX (TeKIIHpuHT'). & rypyxaa HXTH-
épuit M xueM TYIDIaM Gepwirad 6¥ncud. YV xonna M tHmnam-
HH ¥3 MUHra oJyBpuH Gapya KHCM TYPYXJIApHHHT KeCHIIMACH
H,, xueM rypyx 6ynub, y G rypyxga M TyiuiaMHU ¥3 HYHra
ONYBYH KHCM TYPYSIApHMHL "SHI KMYKMHACKH . H, KMCM IYPYX
M TymmaM xocwn KwiraH ne6 aranamm, M tynnam sca H,,
KHCM TYPYXHHHT XOCHJI KHAYBYH TH3HMH AcO aranan.
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3-reopema. H, xucm 2ppyx Bapua mymxun bjazan ywby
ahal? ... a wexau xyniimmaaapdan ubopam, 6y epda By ooy
acMk,.,kecZ

HcGoT P opkaal LWIVHAAH 4exiIM KynairManap TYIUa-
MUHHH Gearunaimus. Arap o, b € P 6¥aca, v Xoxna

a=ah. .a" bb..b,,a , a,b,.., b €M, Ba

It 1 e
a-bl=agh . a b B EP.

Hemax, PrymnaM M TYIUIaMHM ¥3 HYHTA OATAH KHCM TYPYX.
IMynunr yuyn H,, C P. VIxkuadu ToMOHAAaH M Hu §3 Waura
OJATaH Xap KaHpail KucM rvpyx P ra xkupypuu Oapya 4eKIH
KYualTManapHy XaMm ¥3 wuura onand, swiu P C H,. Haru-
xuna P=H W

5 1>

70-§. HUKJIHK IYPYXJIAP

Arap rypyx, ¥3maari OHpOpP g 3JeMeHTHHHI Japaxanapy-
JaH ubopar Gymca, Gyngail Typyx, BMKIBK Typyx, neb aTaiagn
Ba (a) opkamu Genrwiadagy: (a) = {@"| n € Z}. by a aneMeHT
(4) TYPYXHUHT XOCH KHAYBYR 31emermi Neb aTanany.

Arap 4 3meMeHT yUyH 4" = e {6y epaa e — rypyxHUHT GHp-
JIMK 3JIEMEHTH) TEHTTHKKHH KAHOATIAHTHPYBUK HATYPAT # COHH
MapXxyl Oiica, OyHmail neMeHT 4eEnd Taprabam aed arana-
OH. By uapTHH KaHOATIAHTHPYBYH COHIAPHHHT 3HT KHYMTH
a SIeMEHTHHHT mapmubu peb atanaiu. Arap &" = ¢ TEHrAa-
MAaHM KAHOATIAHTHPYBIH R COHH MAaBXyn O¥IMaca, g YeKcH3
TFAPTHOAM J1e6 aTananu.

MacanaH, HombAaH GapKIK KOMIUIEKC COHAAPHHHT MYIIb-
THIUIHKATHB TypyXyuaa GHPHHHC MXTHEDUH JapaXany WiInu3-
Japy Ba (paKaT yiaap Yekimd TapTHONH 3ieMeHTIApAHD.

1-reopema. Huxaux zypyxmunz saemenmaapu couu ynu
XOCHA KUAYGHH 3ACMERMUUN2 Mapmuonza menz,

Ucbor. Huxnuk (g) typyx Gepwiran 6¥ncHH. Hactnab
OyHDaru ¢ SMeMeHTHUHT TapTHOK YeKNH, MacajaaH, h G¥nrad
XOonmHU Kypamu3. By xonma e, a, ..., a*! € (a) sneMeHTIap
Typau Ba {(a) ={e, a, ..., a*'}. XaKuKaTaH, arap &= g”,
Osn<m=h-10Pxa, yxommagr=epald<m—-n=h-1
By 3ca g NeMEeHTH TapTHOMHUHT Tabpudura 2mui. ,Hemax e,

, @*! 3eMENTNAP TYDIH.
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Xap oMp x € (g) sneMeHT x = ¢, k € Z KypHHMALITa 3ra.
Arap k£ HM A ra OVIMIAAH YMKKAH KOJIOHK, F PA TEHr (ALHH
k=gh+r, g — OyryH, 0=r=<h- 1) 6¥nca, y xonga
x=a"= ("o =a, aoHu xC {e, a, ..., a1},

DHAU ¢ HUHT TapTHOM YeKCH3 GYNraH xonsu kypamus, by
Xonma ..., al, a’l, e, a, &%, ... BNEMEHTNAD TYPJAH, YYHKHK arap
a" = g~ 6yaca, y xonaa & ™ = e. Byngan n = m. [leMak (q) —
yexkens rypyx. l

LUKINK TYPyX SIeMEHTIADH COHHIA YHHHI TapTHOU neb
XaM IOPHTHIATH.

Yexcus UUKIHK TYpyEra Z afIMTUB IpyIIac MUcoa 6¥ma-
OW. YHAa aMan afAuTHB GY¥araHy y4yH SJIeMeHTHHHF Hapa-
KanapH c¥3napH YpHHTa SJeMEHTHHHr OHpP Heva Mapra oiH-
HHMIUH CY3Iapy HUDIATWIMILHE Kepak., by rypyxaa 1 (8ku —1)
XOCHI KIUTYBYH 3JIEMCHT.

BHpDHBHT # = papaXand WILH3JapH IYPYXH # = TapTHOAH
HAKTHK [YPYyXAup. YHAArH OHUPHUHE Xap Kapaai XocHn Kiiys-
ai (AacTHabKH) HADU3H OV TYPYXHHHI XOCWI KIUIYBYM 3ie-
MeHTH O¥nanm.

Ouad UMKIEK (@) TYPyXEa @ SAeMeHTHHHr HapaxanapH
KAauoH TeHr S¥nummnaa TVxraiMus. Arap g 3J1eMeHTHHAT Tap-
TAGH yekcus 6Viaca, y Xonka 4" = g™ naH 7 = m TEHIHK Ke-
NHG YUKHIUA paBaH, ATap 4 3MeMeHTHHHT TapTHOH 4YeKid,
Macajal, A 6ynca, y Xonga ¢ = o™ TeHTIUX Ypusmd 6¥nminm
YIYH r —m COHHUHT # ra GYMMHMN 3apyp Ba eTapid. by
IHADTHHHT eTapJiiird pasmad. 3apypiury: » —m HH h ra
GhrMuad YHKKaH KOIMHK, + OYnca, vy Xoama r= n —m ~ gh,
g—6ytyH, 0 s r<h,Bae= g™ = (a*) o = ¢, byHoan r = 0.

2-Teopema. Bup xur (vexau éxn werxcuz) mapmubanu yux-
AUK SYPYXAGD U30MOPD.

Heb6ot. Huknuk (a) Ba (&) rypyxmap OMp XHn TapTHOIH
GyiacHd, Xap KaHgail n € Z yuyH ¢(a") = b* TeHDIMK OWnaH
aHMKAaHTaH ¢ : (@) - (b} AKCTAHTUPHILHKHT H30MOPPH3IM
SKAHJIHMTHHM K¥pcaTamMui. Arapx, y € {g) O¥nca, yxongax = &%,
¥ =a"Ba p(xp) = p(a"+") = b"+" = p(x) - p(y), ABHH ¢ — TO-
MoMopdH3M, YIUOY X = a" TeHrTMKOa 7 GUp KHEMATAH aHHK-
JAHMAraHd YUyH ¢ AKCTAHTUPUIIHMHT OUp KUHMATIH aKc-
JIAHTHPUII SKAHTUTUHA TeKINHPKIN Kepak. YOKopHaarn u3oxra
acocaH, arap (&) Ba (§) HYekcH3 UMKIHK Fypyxnap Oyiaca, y
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XOHfa 4" = g™ NaH B = m Keaulb YHKadd, deMak & = b Arap
(a) Ba (§) nap TapTHOH A GynraH veTH TAPTHOAM UMKIHK
rypyxtap Gyaca, y xonua ¢" = g™ naH » — m HUAT h ra 6ynu-
HIIK Kenud YHKanM, AeMak, b" = b~

Xynnu wiyHnal Myioxasagapra Kypa, y(b") = @ TEHrINK
BHIaH aHUKJAHraH (&) rypyxHuHr (4) rypyxra ¢ : (b) - (a)
AKCAAHTHPHIHHUHT OHD KHIMATIH rOMOMOPGH3M IKAHINTH
KYpCaTHIAnM. 4 AKCHAHTHPUUI ¢ ra TECKAPDK 3KAHAHIH DPaB-
maH. Bydra acocad p — u3oMopdusm. Il

Hartaxa. J) Xop xandail vexcus yuxaux zypyx 6ymyn con-
aaprune Z addumueg 2ypyxusa uomopd.

2} Xap xaudaii mapmubu n 8nean guwaux eypyx dupHune n =
dapaxcanu Komnaexc unduanapuoar ubopam aypyxea u3omMopg.

71-§. H3IOMOPPUIM XAKUIA KBIH TEOPEMACH

Kyfuna keatHpwiagurad TeopeMa Xap KaHgaél TypyXHH
ICMEHTAD AIMAIUTHPHIDAAPAAH nbopar rypyx, el TacasByp
KIWHLY MYMKUHEMMMHY KYPCaTany.

Teopema Xap xamndeii G ypyx G mynaam asmammu-

puwLrapu 2ypyxuKune bupop Kucm zypyxuza usomopdoup.
NeboT. UxTuépuil g € G aneMeHTHH 0aH0, Sapua x € &

y4yH f(x) = ax udoga OwIaH AaHHKIAHIAH jf, ;G > G akcraH-
THPHHIHM Kapa#iMus. Xap Kauaal o, b € Gyqyn f =1/,
YYHKH X € { yuyH

L) = abx = f(bx) = £, £,(x}.

byara kypa S, =So fa = f., = J.. ByHpan Gapua
x€ G yuyH f{x) = x, sbHH y G TYIIaMHUAT aHHUA aKenan-
THpHILH 6¥Iravy y9yu [ = £, Ulynaait kuau6, 6apua £,
akeHanTHpruutap G TVORAMHHHT ajiMalUTHpHWIapy OVmud
yaap Frypyxud — G TYILIAMHMHT ATMAINTHPHUIUIADH CYPYXH-
HHHT KHCM TYPYXHHH XOCHJI KWAamHd. Xap OoMp ¢ € G yuy
p{a) = f udoaa BWIaH aHUKAAHTAH ¢ | G > F akcRaHTUpuu-
HU Kapab, yHHAT H30MODPOH3M SKAHIMTUHH KYpCcaTaMui.
Xakukaran, ¢(G) = F pa ¢(a} = p(b} tenrmuxpan f, = f,
f{e) = fi{¢}, apHK g = b TeHIIMK Keand YMKaan. YHOAH Taili-
KapH
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plaby=f,=1f,=pl@pd). W

Hartuxa. Tapmubu n 6yacan xap kandai wexau 2ypyx S,
CUMMEMPUK 2YPYXHUNE OUpOp KUCM 2ypyxiea uzomopdoup.

W 30x. Kanu reopemacuun ucGoTnamaa f, akcaaHTHPULL-
nap VpHUra oKopujardra yxmai Myaoxalanap €paaMuia
h OG> G, h(x)=2xa x € G, aKCTAHTHPUILNAPHA MIWIATHLL
MYMKHH 37H.

72-§. EHIOII CHH®JAP

G rypyxHuRr 6upop H KHCM Typyxu Ba 4 €  GepunraH
GVACHH.

Ymby aH={ax/ x € H} Tyinam & rypyxauHr H kuem
rypyx, OVitHda a 3IeMEeHT XOCHN KWITaH yan éndow cuncpu ged
atananu. Hlynra ¥xmam, Ha = {xa / x € H} tyiuam G rypyx-
HHHI H KHcM Typyx 6¥iHYa g 3JeMeHT XOCHT KWIMAH YH2 éH-
dow cungpu NeG aTanaAH. AAAUTHB Iypyxiapia €HAOLI CHHG-
nap verupma cunguiap fe6 atamaau. MacanaH, coHIap Hasapu-
SACURArH m MOAYNE OVHIA YerupMa CHHpIApu — 6y Z anauTHe
IYPYXHUHT mZ KuCM TYPYX OyfiMda uerdpma cuHH$aapuaup.
Yusuxau anrebpana V sexrop dazonarn ¥, KHCM BajoHH CHi-
XUTHMNAH XOCWA OYNraH ranepreKuciukinap ¥ agauTus Iy-
PYXHUHT V| KHCM Typyx 6¥iiHua yerupMa CHHOIAPUAHD.

l-teopema. G zypyxnunz H xucm zypyx Oviuva xap bup
wan (Vuz) éndowt cunpunnnz xyesamn H nunz xyssamu Guran
bup xus. Yuoan mawkapu bapua nwan (inz) éndom cungprap G
ZYPYXHUNZ DYAUHUMURI XOCUA KHAGOH,

Hc6ort. Yan énpow oM cund H KMCM TypyXHMHT Yaapo
oup xuiimathy f: G > G, f(x) = ax, aKCIaHTHPHIIIATH aK-~
cuaup (obpazuamp). Mlyura yxwamr, He yur éunomn cung H
KHCM TYPYXHHMRT ¥3apo 6Hp KuHMatau k,: G = G, h (x) = xa
aKCNaHTHpHIIAATH oOpazugup, by 6unaH TeopeMaHHHT OM-
PHHYH TaCAUFH MCOOTIAHAM,

Ymby g = ge = ea, ¢ € H — GUPIHK 2MeMeHT, TEHITHK-
napiaH g € of va g € Ho myHoca6at kenub yukaau, seHE G
TYPYXHUHT Xap KaHAAH 3MeMeHTH Y3M XOCHI KIITaH €HAOLI
cundna éramu.
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G TYpYXHHHT Xap OUp ¢ DIEMEHTH STOHA Yan €Hpow cuHGna
graan. XaxuxaraH, Gupop b € G yuyH ¢ € bH Ofncun. ¥V
xXonna myunaii i € H mapxyaky, ¢ = bh. bysnan xap Kannai
h, € H yay™ ah, = bhh, € bH, avnu aH C bH. AKKuHIM TO-
MOHAAH g = bh TeHIHKRAH ¢h! = b TEHDTHKHR ONaMHU3, ShHH
b € aH. Byunan xap xaunai h € H yayn bh = ah' h, € ali,
auHi b C oA, Uyunait xyum6, bH = al, auHU Xap KaHpgai
a € GanemMedT Sropa énaolu cuadra KHpaau. byHaaH MKKU-
Ta TYpAU €HAoW CUHGIAPHAKT ¥33p0 KecHIUMACTHTH Kenud
yuKaau. by OWIaH UKKUHYK TACAHEK XaM HCOOTIaHAH.

Yexnn rypyx 3A¢MEHTIADH CORHMIa YHMHID mapmubu ge6
aTanagM.

HcbOoTmadran TeopeMafaH KYHHOAMM TeopeMa Kenud 4i-
Kanu.

Z-reopema (JlanrpanXHUHT YeKIH TYPYXNAp XaKWIATH
Teopemacu }. Yexau eypyxnunz mapmubu ynunz uxmuépui Kucm
2VpyXuRUNZ mapmubuza 6yaunadu.

HebdoT, GrypyxHyHr TapTHOM i1, YHUHE H KHCM TYpYyXH-
HHHE TapTHOH 3ca J 6¥ncun. ¥ xonna l-Teopemara acocaH (7
rypyxHuHr H kucm rypyx O¥inua éugom cundnapd G rypyx-
HHHT OVIHHUMMHT X0 KHAUO, YIAPHUHT Xap OupH d Ta
aaemMenTaaH ubopar. G HMHr H Oyhuuya éxgom cundaapn
COHHHU M OPKANH OeNrmnacak, # == 4 +m O¥nagu, STeHH # COHH
d ra GYIHHALH, '

Hatnxa. Yewsu eypyxnune mapmubu ysudaeu xap dup 3ase-
Menmuune mapmubuza Gysunadu,

Hebot Taprubu 4 6¥aran saeMeHT taprubu d Gyaran
UHKIAHK CYPYXHM XO0CHA KMITAaHW YYYH HATIDKAHHHT MCOOTH
2-TeopeMaaH Keln( YHKaIH.

73-§. HOPMAJ KUCMIYPYXJIAP, ®AKTOP-
TYPYXJAP BA TOMOMOP®HU3MJIAP

Arap € typyxuunr H xucMTYpyxH Ba Xap KaHaalh ¢ € &
aneMeHTH yuyH af = Ha GYnca, H wopman xucm 2ypyx neb
aranagu. Hopsan kKHCeMIypyX yuys xap Oup yan éHoow cuH}
MOC VHF €Hfoml cHHQ Bunal ycTMa-ycT TVUIFAHH YUYH yiaap
KHCKATHHA éndoiy cungaap nel atanand.
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PaBmaHku, aGenp TYPYXUHHHT Xap KAHZAH KHCMIYPYXH
HopMan. UXTHEpHil rypyxHHHI GHPIMK T'ypyxH Ba ¥3u (¥3u-
HUHI' KHCMTYDYXH Ie6 Kapajica) HOPMaI KHCMTYPYXIapaup,
yAap TYPYXHHHI XOCMac HOPMaa KHCMIypyxiapuiup. Hoa-
Besb TYpYXMAa X0C HOPMAT TYPYXIa MUCON cHdaTtHaa # > 2 1a
S, CHMMETPUK TYPYXUAATH XYyQT YpHHra KyHummapaaH Hoo-
par 6ynraH A KHCMIYPYXH ONMHHIUHM MYMKMH. XAKHKATaH,
Xap KanpaH g € S, yuyH

A,arapa € A,
ad, =Aa=1" "
n = A {.S',, NA,,arapa g A, .

Kyauaua, H KHCMIYPYX HOPMAUTHTHHHHAT KVITHAATH ¢oaaa
OenrucH MuatTwiagn: H KHCM TYPYXHHHr HopMan OYIHIIH
YUVH Xap XaHnait g € G yuyH aHat C H myHocabaTHHHT 6a-
KAPWIHIIKE 3apyp Ba kKudoa. By IIapTHHHI 3apypAHrH aéH.
Kndosnmura sca Ky#Haarnya KYpCcaTHIANN, arap Xxap KaHma
a € Gyayu aHa? C HoYnca, y Xonma xap KaHaai ¢ € & y4yH
a'Ha C H myHocabar xam ypuru; Oyinapra Kypa aH C Ha,
Ha C aH, avHH xap KaHnaik g € G yuyH aff = Ha.

G TypyX Ba yHAarH H HopManl KMCMTYpYX, TaliuH GymraH
XONaa Xap KaHaal a € G y4yH a OpKAIM g HH ¥3 M4HIa OTYBYH
G wuHr H GViiyua siroHa €HOoM CHHOHHU OelrunaiMus:
a = aH = Ha. Guvr H 6¥ituga 6apua éHow cuHdnapuian
nbopar ¥mmamue ¢/ H opxam Gearwiafmuz. & sa H nap Ta-
#iHH Oyaran Xonpa G/ H ypuura G OenrvHH XaM MLJIATAMM3I.

Xap K&Hﬂaﬂ a, b € G a3neMenTNap yudyH a-b=a-b geb
xpceolnad, ¢ TVmiaMmaa cHH$AApHH KYTaiTHpUI aManyHu
KHpHTaMu3, Xap 6up eHgol cHHe ¥3unars uxTHEpud me-
MEHTH OPKANTH XOCII KWIMHTAHIMTH Tydaiinu ¢ Ba p cHH-
AAPHUHT K¥rafitMacH Oy cUHOIApDHU XOCHI KWIYBYH BJ¢-
MEHTJIapHU TAH/IANIrA GOFNHK 3MaCHUTHHU i_c_ypca’mm Kepak.
XaKHKﬂTaH arapa, € a b €bh b (ABHM 4y =a, by = b) 0¥nca,
y X0nma alb =a,- bl =a- b—a b.

l-reopema, Azap G zypyx ea H ynunz nopmar Kucmzy-
pyxu 6vaca, y xoada xupumuizan cundaapnu xynatimupusi
amasuza nucbaman G/H mynaam eypyxnu xocua xuaadu.

Wc60o1. Engom cuHduapHu KyIaiiTHPHIN acCOLHATHB-
oup: arap a,b,¢c € G/H 6¥nca, y xonsa
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albc) =a-be =albc) = (ab)c =ab-c=(a-b)c Yuby e=H
cuHd CHHQUAPHUHT KYNAWTHPULY aMand yYyH OMpIHMK Ba-
3mbacmm 6a>1<apann YYHKH Xap KAHIAH a € G/ H sneMent
VIyH ae=ae=a. Ymﬁy a”! cHH( a CHHOra TecKapu, JyH-
ki 2-a'=aa'=¢. B

G/H rypyx G Hunr H "HopMan KucMrypyx O6yiHya gak-
mop 2ypyxu 1ed aTamaiH.

MacanaH, m MoayaL OVitiga yerupMa cuHGRapasR XocHI
6ynraH Z aiAMTHB IypyX Z AMNMTHB TYPYXHUHT mZ KUCM
TYPYX GVfinua gaxrop rypyxuaup: Z = Z/mZ.

DHAH HOPMAT KHCM IYPYXNAP Ba FYPYXIAPHHHT FOMOMOp-
duamnapu opacHAary GOFIAHHIUEH TEKIUMPHIUTa YTaMH3,

Arap G — rypyx Ba H — yHHUMT HOpMal KHCMIYpYXu OVica, y
xoma ¢ G -» G/H, p(a) = a, a € G, aKCTAHTHPHII TOMOMOP-
busmuanp, uynkm pla-b)=ab=a b =p(a)p(b). G rypyx-
HHHT 6y K¥pUHMLUAATH roMoMopdhHaMIap matuudi nel aTamamy.

G rypyxuuHr G, rypyxra 6upop ¢ : G - G, rosoMopua-
Mups Kypamua. G Ba G, IYPYXIapHUHT OUPIHK 3NME€MEHTIA-
PHHH MOC DaBHIIIA e, e, OPKATY BearunaliMus. ¢ akcIaHTH-
PUMLLIATH ¢, HUHT ack 0bpaszH, ApHy ¢(x) = p(e) = e, INAPTHH
KAHOATAAHTUPYBYH Oapya x € ¢ sueMedTAap TYIIaMu ¢ ro-
MOMOPOUIMENBT #dpoci Beb aTananu. YHHU k(p) opranu Geli-
rIafiMins. G rypyxHUHD ¢ roMomopdusMmary ¢fG) TacBHpd
10-§ ra Kypa G, HUHT KMCMIYDYXHAHD.

2-veopema. G 2ypyxnunz ¢ 2o0momopduimdazu k(p) sad-
pocu G zypyxuunz nopmas Kucmzypyxuoup. o (G) xucmypyx-~
dazu xap Oup 3remenmuun: aca obpazu G runz Gy nopmaa
gucmzypyx Gviiuna éndom cundudup.

Hcbor Arap a b €k(p) 6¥mca, y xonna
p(a) = p(b) = p(e). Bynman p(a b7) = p(a) (p(5))" = p(e).
Hemak a-b' € kg), avHn k(p) TViram G HUHI KMCMIYDY-
XUmMp. Atap a € G, x € k(p) 6ynca, ¥y Xonma p(x) = ¢{e) Ba
plaxa’) = = p(a) p(x) p(a)’ = p(a) p(e) p(a)” = p(e). byH-
OaH axa' € k), suHA k(p} — nopMan KueMrypyx. Uxtué-
puil @' € p({) HU ONUG, YHUHT ACTHHH A OpKATH Genrunaii-
mus. bupop a€ A vy onamua. ¥ xonna A= {x € G/
p(x) = p(a)}, A= a = ak(p) KaHIMIUHK KypcataMul. Xa-
KUMKATAH:
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x €A ep(x)=gpa) #plxa') = ple)«
@ at € k(p) & x € akip) = kip)a. I

3-reopema. deap ¢: G = G, — zomomoppuzm 6yaca, y
Yoada p(G) xucmeypyx G/l(p) daxmop 2ypyxea uzomoppdup.

HcboTt. Xap Oup & € ¢(() aneMeHTra YHUHr G rypyx-
Jary acia obpasuHH Moc K¥IoBUH ¢ : ¢(G) = G/k(p) akcnaH-
THPDWILHH Kapa#MH3 Ba YHHHT HW3IOMOD()HM3M 3IKAHAHTHHH
K¥pcaTtaMm3. l/_InrapHm TEOPEMAHMHT HCOOTHAA KVPIMKKH,
X € a-k(p) = a_MyHocabar ¢(x) = ¢(a) ra TEHT Ky'WIMAHD,
ABHM Xap 0up a € G/k(p) €éHpomr cHHG ¢ roMoMopdpHIMEA
at = p(a) € ¢{G) s3neMeHTHUHT acn oOpasumup. llyHra Kypa
¥ — clopbeKUHA. Arap a', b € ¢(0) yayHyp(a!) = (b)) G¥nca,
y XOnga wyHaal a, b € G saneMmeHTIap MaBXYAKH, 4' = ¢(a)},
b = p(b) Ba aki(p) = bk(p), AbHH g Ba b 3neMeHTNap k(p)
ARpOHUHr O6HTTa €Hmowl cuH$UNa €Taad. 2-TeopeMara Kypa
pla) = p(b), apHA &' = H. Nemak, ¢ — AHBEKOHA. DHAU HX-
THEPHA a', b' € ¢{0) nap yuyH wyHma#t a, b € G MaBXyIKH,
ad=gpla),d=pBMpagd- - =plah),ya'd)y=a b=a-b =
wa) y(b"). A

3-TeopeMa rYPYXIAPHHHT TOMOMOP(QH3IMIAPH XAKHAATH
TeopeMma JAeilnagy. YHHHE MALHOCH IIYHAAKH, CYPYXHHHT
CIOPBEKTHE roMoMopduIMIapy OMIIAH HOPMAT KMCMIYDYX-
JnapH maiizo KMWrad Ta0uuit roMoMoppM3nIIapH opaciaa yaa-
po OHp KMIIMATAH MyHOcabar bop.

74-§. KHCMXAJIKAJTIAP BA KHCMMANJIOHJIAP

Arap K xankanuar I xuestymnaMu K gare Kymum Ba
KYnaATHpHIIl aMannapira HHCOATaH XankKa XocHia Kuaca, y K
XANKAHMHT KicMmyasxacy nefinagd, Arap [ KucMxainka maii-
JoH 6¥aca, v K XaAKAHUHT Kucmmaioori ISHIagH. Arap XanKa
ATANTHB TYPYXUHHHT KUCMIYPYXH KyTaHTHPHII aMaTHTa HHC-
fartaH énuK, 6VAca, v KHCMXATKANUp. byHRaH Ba KHCMTYDYX-
HHUHT WIFAPH KYPITAaH XOccanapHiaH KYHHAaru reopemMa Ke-
UG YHKATH.

1-treopema. K xamanunz 6y Oyamazan Kucmmynaiamu
xucemxaaxa 6yaumn yayn y K odacu aitupmwu ea xynaiimupuut
amassapuza nucbaman énux Gyanmn 3apyp ea xudos.
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F MaliNOHHMHT HOJMBAAH (APKIH IMEMEHTIADH MYyIBTHII-
JUKATHB TYPYXHH XOCHA KHATAHH YMVH MWJITApH KYpHITaH
MynoXazarapial KyHHIATH TeopemMa Keaud uMKan.

2-teopeMa. F maidonnunz Gummadarn opmuy; 3semenm-
za 3ea Gyszan xucmmynsamu xucmmaiioon Gyamwun ywyn y F
dazu attupuit 6a byaut (ROAL0aH Papxalt IteMeHmnaapea) amai-
Agpuza nucbaman énux Oysuuwu 3apyp éa xudon.

Muconnap F cosnd Maigon F|f] XaIKAHHHT KYMCM-
madigonu, F[1] xanka sca Fe, 4] XankauuHIr KHCMXATKACH-
oup, ©Q maiiaoH R MallIOHHMHT KUCMMAHACHUIUP.

Arap XaiKa KOMMYTATHB (HONBHMHI OVNMyBwiUiapura sra
6ynmaca), y X0nJa YEHHT Xap KAHIAH KHCMXAIKACUH XaM KOM-
MYTATHRAMD (HOJBHUHT OYIyBIWIApUra 5ra sMac). KneMxan-
KAHHHT HOMb MAEMEHTH JOHM XaNKaHHHE HOJMb SMEMEHTH OH-
JaH YCTMA-YCT TYIIAOM, YYHKH KUCMXAaNKa Xanka afJuTHB
TYPYXHHUHI KUCMPYpyxuunp. Bupiauk snemeHTra 3ra 6¥iraH
XKATKAHUHT KUCMXATKACH OUPIHK 3eMeHTra ra 6VIMacinru
MYMKHH. Macanad, Z xanka Ba yHoaru 2Z KHCMXANKA. Arap
K xankanMHr KMCMXAIKACH OUPAHK BJaeMenTra 3ra 6ynca, y
3IEMEHT XAMKAHUHT OMpAuK 3neMeHTHHAH apigt O¥Iug
MYMKHH, Macanad, Mo¢ KoMnoHedTiapd O¥imda: ((a, &) +
+(e, dy={a+c b+ 4d), (a by (c, &)= {ac, bd)) kF1wum Ba
KymaliTupln aMaapi kuputioman € xankana (U, 1) sne-
MEHT OUPIHK 3AEMEHTAUP, aMMO YHUHT (a, 0}, ¢ € C pu-
HULLIAATH 3/ieMeHTAapHAaH HOopaT KucMXankacuaa (1, 0} sie-
MEHT OUPAHK 3nemeHTIHD. MKKuHYM TOMOHIAH, arap P Maii-
OCH B3 YHUHI' UXTHEPHH KUCMMAHIOHHHHMHI BHPIHK
INEMEHTASPH AOHMM YCTMA-VCT TYILIAAM, YVHKH F KHCMMaii-
JOHHMHI MYJIBTHIDIMKATHB TYPYXKH P Ma$iloH MYJILTHILIHKA-
THB TYPYXHHHUHHT KMCMIYPYXMAHP.

Arap MAORJIOHHUHT XOC KMCMMAHAOHH MaBxyld O¥imaca, ¥
codda nesiviaaau. Xap KaHjgall cogna Makinon m-l, m € Z,
KYPHHALWAATH ASMEHTHAPRAH BA OVHAAR 37n1eMEHTHADHHHT
HucOatnapvinad uGopar, YyHKH OyHiuad HucOGaTaap MakiacH
XOCHI KWIQLH,

F — Hoib XapakTepucTHKANHM coffa MafgoH O¥nAcHH. V
xonga m-l, m € Z, ajeMentnap Typan m € Z napia Typiu
Oymub, m = 0 paruHa HoAbLTa TeHr. Arap 4, b, ¢, d — OyTyH

coHNap 6¥aca, v xoaaa ﬁ‘;- = -3- TeHTJIHK %:—: = % TeHIMTHKKA
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Tenr Kywin. Yoy go(i) =~g:—:, a, b €Z b =0, mynocadar
OWIAH AHUKIAraH ¢ : 0 - F akcraHTHpHI 6y MaiinoHmap-
HHHF H30oMOp)H3MHAAP (TeKUMpHHI!). Arap F — xapakte-
pHcTHKacH p > O 6¥nrad cogna MafinoH 6¥aca, y Xonna p —-
TyD COH Ba UXTHEDPHIH g, b OYTYH CORITIAP YYYH p MOAYAL OYHEYa
yerupManap CUHQIapuHuAT ymbdy g = b Tenrmrug-1 = b-1
TeHLCAHKKA TEHr KYWIH. Yoy w(a) = a+1, a € Z, MyHoca-
Gar Giwrad Gepwirad ¢ : Z F aKcInaHTHpHIN H30MOpQH3IM-

JMP, YYHKH
(@+Bby=yla+b)=(a+ bl = al + bl = pa)+ wb),
pla-Dy=wa-by=ab-1=al-b-1=y@) ().

byvHapa arap & € Z con p ra 6ynuHMaca, v xomaa b1 = G,

‘;—: =cl, 6y epga C mynmgaii 6yryH coHKH bc = a{mod p).

[yaapra k¥pa KyfAuIara teopemMa YpHHIM.

3-teopema. Aeap F codda malidonnunz xapaxmepucmii-
xacu moavza menz Byaca, y Q maiidonza uzomopd. Azap xa-
paxmepucmuxacu p > 0 6yaca, y Z maiidonza usomopd.

Xap kappait MailinoR OHpop comma MaiAoHHH ¥3 MYHra
OJITAHH Y4YH (PaBIIAHKH, GePUAraH MalIOHHIHT 6ap4ya KMCM-
MaHZOHIADHHHMHI KecHHIMACH coaja MalIoHOUp), 3-Teope-
MAJAH KYHHAArd HATIDKa KenuO YHKAIH.

H atunxa. Azap maiidonnumne XapaKmepucmukacy HoAbza mexe
6yaca, y O madidonza uzomopdh Gynzan Kuemmaiidonea sza. Azap
xapakmepycmuiacu p >0 6yaca, y xoada y Zp Matdonza u3g-
mopeh Biinzan xucmmaiioonza sea.

75-§. HAEAJUIAP BA ®AKTOP XAJIKAJIAP

K — xanka 6¥ncHB, Arap K xangkanuur 6% 6ynmaran [
KHCMTYIIaMiE KyHHOAMH WIapTiapHH KaHoaTlaHTHpea, v K
XATKAHHHT ydeansy aciiwnagu: 1) g, b € I 6ynca, y Xonma a —
—belLl)YacIpace Kbynca, yxonna ac € I'vaca € [,
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Hlydaait xuan6, K xankanysr f uneanu K xaTkKaHUHT BIYH-
Dall aIHTHB FYPYXHKH, Xap Kaugait ¢ € KyuwH ¢ JC [ Ba
I ¢ € I'mynocabatiap baxapwiaiy. Xap Kagaait XaKana HONb
eMeHTIaH ¥00paT 6¥nral TYaM uaeanmup. ¥ Hoae udeds
meG atanmanmn. YHHIAH TAWKAPH Xap KaHAaH Xankama XalKa-
HUHT Hapya SNCMeHTIapH XaM HIead XOCHA KunagH. Y up-
Ak udean neiwnagn. Home uaean Ba GHPIMK HicaIap XATKA-
HUHT X0cMac udeaisapu hetiwiand, bomka upeannap — xoc
HAcAANap.

Arap K — KOMMYTaTUB Xanka Ba a & K 6Vica, y Xonza
akK = {ax/x € K} THUNaMHUHT UQeal 3KAHIUIH OeBOCHTA TeK-
WHPpWIASN. By HOean g 3JeMeHT XOCHI KWNran bow udean
pefwnany. Wpeanuuur tappuduiaH g MEMEHTHH ¥3 HUUTa
ONYBYH XAP Kaupal [ ugean ¢X o ujaeanHu xaM ¥3 wqura
oMUY KeJHo YMKany., Hone saeMeHTH XOCHI KWIraH Oom
Hiean — HOJb uueat. BHPIMK 3JCMEHTIH XaNKana GHpAHK
IMEMEHT XOCHR Kirad Jout uiaean — GUPMHK UAeangup.

1-reo pema. Maiidonda xoc udeasrrap maexcyd smac. Ax-
CUHYA, XOC Udeassapea 32a byamazan xap xandaii wosvdan papx-
AU BUPAUK IACMENMAR KOMMPMQMUS Xaixa matidondup.

HcborT. K — mMmaiigos Ba [ yHAArH HoMb ufeangax Gapg-
mi upean O¥acuH. Y xonna a € 1, a # 0 3neMenT Mabxyn.
Xap xaumaiix € Konement yoyux = ga'x € I Jemag, = K
Axcunua, K — xoc gaeauiapra sra 6yMaras HoMbRaH dapk-
I GHPNHK >IeMeHTIH KOMMYTATHE Xalka OVicuH. V¥V xonna
a € K, a = 0 31eMeHT MaBXyA Ba g JeMEHTHY ¥3 HUMIa ONyB-
w oK bom ugean Hombs udeangad ¢apxim. demax, oK = K
Xycycan | € aK, 4puHA WyHAa#H b € K 3neMeHT MABKYAKH,
agb = 1. demak, ¢ — Teckapwrasysyd. OnuHraH g = 0 anae-
MeHT HXTHEpHH Gyrraun yuyn K — maiinoH. [l

HpeannapHAar xankagary sasidacu HOPMAN KHCM TYPYX-
JIAPHHUHL TYPYXIapHari Basudacura yxmam. Xap KaHnad Haean
XAIKA JLIUTHB FYPYXHHMHP HOPMaN KUCM FYPYXHAHMD, YYHKH
8y rypyx komMyTaTis. HUpean Ofimua verupManap cuudnapu
ANSUTHB TYPYKHUHr Oy HOpMan KucwM Typyx O¥iinua dakrop
TYPYXMHU XOCUN KHnagd, MyXHMH 10YKH, YerdpManap cHH-
$napu T¥nraMuna KYHIMIH aMATHHHE KHPHTTaH yeya G¥inma
KyoaiiTMa aManuHK XaM KUpuTall MyMKHH. Wirapu cuHdg-
JapHu KYIUUI aMAMHE ¢+ b =a + b KYpUHHWIAA aHUKJIA-
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raH 91UK. DHIU CHH(AaPHH KYIAHTUPHID aMATHHH 2+ b = ab
KYpuHMIIA KHpHTamMu3. By epiia ¢ mwirapurigex g saeMeHTHH
¥3 HuHTa OJYBYM YerHpMaiap CHHQUHH Oenrwnalimi.

Hnean 6¥itida xocuwn KUIMHIAH Yerupmaiap cuH@pnapu-
HMHT KYOAHTHPUII aMAIH g Ba b CHHPIAPAAH TaHIA0 ONHH-
raH & Ba b sneMmenTnap opKaiH tarpuguianan. Kynalitma oy
BAEMEHTAAPDHUHT MOC CHH(AADAAH KAHIAH TAHIAHHIIHTA GOF-
JIMK, SMAcAHTHHH KypcataMus. Papa’ KWIAKAKK, a4, =& Ba
b =bh Gyacuu. Y xonma a,—a €1, b -bel ab -
ab=(a,— —a)b + alb, — b) € I [lemak, ab, =ab.

KyoaittHpHiil aManMHHUHE acCOLMATHBINTH HOPMAT KUCM
rypyX% O6¥fHYa €Hpom cHHIApHUHT K¥TIaHTMacCHHUHI acco-
LIHATUBIHIMHUHT UcGOTH Kabu uchoTnaHany.

YHaaH TaluKapw a(b +o)=alb+c)= alb+c)=ab+ac=
=gb+ac=a-b+a-c llynra yxwam (a+b)c=ac+bc.

KOKppugarn Mynoxazanap Gunan Kyfiugard TeopeMa Hce-
6oraasau.

2-Teopema. dzap I mynaam K xasxonunz udeasu 6yaca,
y xoa0a K xaaxarnune I udeaa 6yiiwna K/T wezupmanap cung-
AGpE MYNAGMYU HEZUPMA CUHPAGPURL KYWNI 61 Kynagmupuu
amaauza rucbaman Xa1xa Xocus Kuiadu.

K/ xanka K xankawmnr T upean OVituda daxmop xaagacu
Aciraand. MyxaM MHCOA, m MOAyAR O¥iiuYa uerupmanap
cHHbnapuaan nbopar Z XanKa Z XajakaHuHr mZ Gom paean
6Vitida QakTop XAMKACKHAUD.

76-8. XAJJKAJJAPHUHT TOMOMOPPU3IMH

K — xanka 6Vncun. XK' 3ca wiyHpalt tVnnaMm GVACHHKH,
VYHIA HKKWTa OHHApP amMal aHEKTaHrad 6ymcun. X! garu aMani-
mapHu xaM K gard aMawtap kabd gy pa KynadTepuin
me0 araimuz. Arap ¢ : K - K! akcragtupun xap KaH#ai o,
be K anementnap yuyH ¢(a+ b) =p(a)+ ¢(d) Ba
pl(a b) = p(2) p(by WMapTIapHN KAHOATNAHTHDLA, YV 20MOMOD-
duzm meHIIanH.

Macanan, arap X xanKaauHr § MACaTH OAHHCA, Y XOILIA ¢

K -~ K/I, € {(d)= a akcnanTupuil K XAJNKAHHHT TOMOMOp-
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GH3MUAMD, YYHKHM Xap KaHmail @, b € K yaoyd ¢ (a + b) =
=agt+b=a+b= o(a)+p(b), p(ab) = ab=ab= p(a)p(h).
By k¥pMHULAATH ToMOMOpDU3IMAED TaOUKA AcHuian.

Bu3 rypyxnmapHHHT roMoMopd@3MIapiHy KaHOad yprau-
raH 6¥icak, XaTKAIAPHHHT TOMOMOPDUIMIAPDHHH 11y YCyiLia
Y¥pragaMu3z. K XanxaHHHr romMoMophHiMH Wy Onxax Oupra
YHHHT 200WTHE FYPYXHHHHEE XaM romomopdusMy 0¥arany yuyH
613 MATaApM MCOOTIAHTaH TYPYXIAPHHHT IOMOMODGMHIMIAPH
XAKHAard TeopeManapiaH doiinaraHamMus.

l1-reapemMa. Xasaxanune zomomopduamoazy axcu xaa-
oup.

Hc6oT. K— xanKa Ba ¢ . K » KXK' — yHuHr 6Hpop roMo-
MopduaMi 6Vncun. Unrapu uchoTnanradra Kypa, p( K} Timnam
K parg k¥uriu aMandra HUcOaTaH rypyx XOCHI KHJIagH.
Kinait™a aMmaiuHunr ¢{ K} 2a acCOUHATHBAUIR TYPYXIAp YYyH
Kanaaw uchoTaanca, XyamM lirydpaf ucGornaHamu. XyRAW
wyHaa# ¢ {K) BHHT KyHafTMa aManira HAcOaTaH EMMKIHUIR
K¥peatwiamt. Arap &, ¥, ¢ € p(X), 4 =p{a), & = p(h),
' =p(e), a, b, c € K06¥nca, y xoiuna a'(d + ') = p{a)(p(h) +
+ 9(0) = p(a) pth + O = plafd + ) = plab + a) = pla b) + plad) =
= p(a)p(d) + p(a)p(c) = a'b' + a'c!. 1LlyHra ¥xwam
(@ + M= =alct + blc. B

Arap K XaiKa KOMMYTATHB Ba ¢ 0y XaIKAaHMHT TOMOMOD-~
dusmy 6¥ica, ¥y xonga ¢(K) XaJKaHHRT XaM KOMMYTATHBIMTH
OoCOH K¥pcatvganu. Arap K xanka | OMpmuK jeMeHTra ara
t¥aca, v xonpa ¢(1) anemMeHT o(K) XAIKaHUHT OUPIMK dJe-
MEHTH O¥nagm. Arap g € K >neMeHT TeCKApWIAHYBYH Gica, ¥
xoJiga ¢(a) sneMeHT p(K) Xankasa TecKapWwIaHyBYH Ba ¢{al) =
= p(a)! (TekHpunrt),

I'ypyxnap romMmoMOpGH3IMIAPHHYHT XOCCANAPHIAH ¢ 0) 318~
MeHT ¢(K) XATKaHHHT HOJNb 3JeM¢HTH Ba ODapua g € K ane-
MEHTNAp Vy4¥YH ¢(—a) = — ¢(g) IKAWINTH Keaud duKany

¢(K) XaIKa HOAb AMEMEHTHHKHT ¢ TOMOMOPDHIMAATH THIA
acaH (ALHH ¢(X) = p(0) TEHITHKHH KAHOATIAHTHPYBYH 6ap-
4a x € K ajieMeHTIap TYIUIAMH) o TOMOMOPGhUIMHUHT Adpock
AeHUnann.

I 1¥mnaM K XaNKaHHHr o roMoMop(hu3MAary SApocu
oyncan, I T¥wiam wy Omwray Gupra K Xanka aluiHTHB TYPYXH
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roMoMopthU3MIAArd AapocH Gymrand yuyH [ TymaaM Gy am-
LUTHB TYPYXHHHT KHCM IYPYXHAUD. YHOAH TALIKApH, arap a
€1, ¢ €K 6ynca, y xonna g¢(ac) = plalp(c) = p(o)p(c) =
= ¢{0), apHHU ac € 1. Hlvara yxwain ca € I [leMak, I T¥mwraM
K Xankana mneanzuap. by OunaH Ky#HHIArm teopema HcDOT-
JIAHZM.

2-Teopema. ¢ comomopduimnune I adpocu K xasxanune
udeaaudup. ¢(K) xaaxa xap bup 3semenmununz mysa acau ca
K xasxanune I udear Gyliuna nezupmasap cunuoan ubopam.

PpynnamapHHHT roMOMOPHUIMIAPH X3KHAA TEOPeMalaH
XAMKATAPHUHL FOMOMOPQdHIMIAPDH XaKMAATH KYHAJard Teo-
peMa Keru® yuKan.

3-reopema. K xamanune p 2omomopduamu bepurzan ea
I 6y zomomopduamnunz ndpocu 6y1ca, y x040a p{K) xarxa K/I
daxmop xaixaze uzomopdoup.

HcoHoT. ¢ wy 6mnaH 6upra K Xanka alidTHB 'YPYXHHHHT
XaM roMoMopthuaMH O¥IraHu yUVH rypyxIapHHHT rOMOMOp-
dusMnapu xakuparu TeopeMara acocaH i ¢(K) - K/I ake-
nanTHphin o (K) anautuB rypyxadsr X/ 7 pakrop rypyxra uso-
MophusMuanp. bydna ¢{a) € ¢(K) s1eMeHTHHHT aKCH a 3JIe-
MEHTHH ¥3 H4YHra ciaysud [ maean O¥iimvya yermpmajap
cHHdMRAp. YHOAH TAKAPH, Xap KaHzai &', b € p(K) sne-
MEeHTIAp YUyH a' =gp(a), b'=9p(d), a, b €K a'b' =
= g(a) ¢(b) = ¢(ab). Byrnan (a'y') = ab=a b= p(a')x
x p(b"). Hemak y akcaanTHpHil ¢ (K) xangauunr K/ 1 dakrop
xankara usoMopdusmuaup. l

3-reopema K XankaHuHr roMoMopd akcrapH TiTLIaMu Oy
XATKAHHHT HAeamtapd 6¥imya dakrop Xankanapuaad ubopar
IKAHHHHM KYpPCATAIH.

Mucon xypaMu3. K xanka cudaruga Z 6yTyH comap san-
KACHHH ONIaMH3, XaTKAHUHT Xap GUp MAeaTH aNJIuTHE TYPYX-~
HEHr KUCM TYPYXH GVIraHH yyyH Z XAIKAHHHT Oapua uaean-
napu mZ KypuUHHLITa 3ra, Oy epga m — MaHduil 6¥iMaraH
6yTyH con. UkkuHuH ToMOHIAH Xap Oup mZ KucM rypyx Z
XanKaga m COHH XOCHA KuiraH Goru Haean GUIaH ycTMa-ycT
Tywaau. byHgaH Ky#HHIarH XVIOCAHH OJaMH3. Arap
¢ AKCHAHTHPHII Z XAIKAHHHT roMoMopdu3Mi Oynca, ¥ Xonaa
p(Z) € Hob XaNKa, € ZTa naoMopd €xu 6upop m = 2 yuyH Z
HEKJH XATKArA H3OMODGIMD.
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