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Kupu

Kagpnap tanépnam Mwumil AacTypuja OJUMKA TABJIMMHHUHT ACOCUU

Makcaau 0030p UKTUCOAUETH MIApOUTHIA pakoOaTdapAoll, IOKOpU MallaKalld
MyTaxaccucnap Tanépnamgan uobopar kKwinb Oenrwianrad. Iy makcamgnu
amainra olMpuIlga Oyiakak MyTaxacCUC OWIMM Ba KYHHUKMAJIAPUHHUHT
MyCTaXKaMJIUTH, yJlap srajiaraH OMJIMMHUHT aTpodinya YpraHuiraHu KaTTa
axaMuAaT KacO 3Taju.
PecnyOnukamus [Ipe3nnentn Hcaom AOnyranueBu4 Kapumos
alTraHJIapUIEK “..MaMJIaKaTUMHU3HUHT oo WIMHN- TEXHUKAaBUU
caloXusTHAaH KeHr ¢oijanaHrad Xojja, IKCaKk TexHoJoruss Ba (daH
IOTYKJIapUra acocllaHTaH WINUIad YUKApUII — COXallapu-aBTOMOOHUJICO3JIHK,
CaMOJIETCO3NIUK, ~ MHUKPOOMONOTHUS,  DJICKTPOTEXHHMKA  Ba  DJIEKTPOHHUKA
caHOAaTJIapUHHU, TEJICKOMMYHHUKAIlMs Ba 3aMOHAaBUM axOOpoT TEXHOJIOTHS
BOCHTAJIAPUHU TE€3 Cypbariapia PUBOXKIAHTUPUII® YYyH CcaboK oJaéTran
xap Oup maxc y3u VYprauraH TabJIUM Ma3MyHHHU YYKYp aHrJali Ba
xaérna amManuérra TaTOMK Kuia OJHUIIN Kepak.

Mabiaymku, 0apkamMOid HWHCOH IMAXCHUHT IIAK/UTAHWIIKA —OeBOCHUTA
y3IyKCU3 TabJuM KapaéHunaa amanra omaau. lllynmait skan, xap xabxama
MyBoddakusTra  OPUIIMIL,  SKyMJaJaH, OKOpU  Majakaiud  Kajpiap
taii€pnamga “MuuMii  JacTyp ’HUHT YpHH Ba axamusiTd Oekuécaup.
V36ekucron Pecny6nukacu Ilpesunentn M.A.Kapumos Onuil MaXIMCHUHT
XIV ceccusicua cy3naraH HYTKWAA Kaapjap TaW€pJlalllHUHT axaMUsITUra
30X Oepud mIyHAall neraH du:

“buz onaumusra KaHmai Basuda KyWMaiMk, KaHgadk MyaMMOHHM CYMIII
3apypusiTH TYFUJIMAcWH, Tam OXUp oOKubar, Oapubup kaapiapra Oopud

Ka1ajaBepaim.



MyOGonaracu3 aWTHUII MYMKHHKH, OWM3HHHI KeJla)KaruMH3, MaMIJIaKaTUMU3
KeJakard, YpHUMHU3Ta KUM Kelumura Exku OoIIKauyapoK KUiIud alTrasja,
KaHaal Kajapnap Taiépiamumusra OOFIIHK....” .

Mag3yHuHr poqaszapoauru. HMHBapuaHTinap HazapsAcu —3aMOHAaBUUI
MaTE€MaTUKaHUHT OXUPTd BaKTAaru MyXUM Ba KEHI' KaMpOBIM cOXaJlapujaH
Oupu OYynmubO, MaTeMaTHKAaHMHT Y3WJa DJIEMEHTap T'eOMETpHs, alredpauk
KYIXWUIMKIAp, auddepeHman TeHraamMaiap Hazapsacu, auddepeHuan
reoMeTpusi, GU3UKAHUHT PO PU3MKACH, CAMMETPUK KpUCTaIap, MEXaHUKa Ba
Ooomka kymiad Oynumiiapuaa MyxuMm YpuH TyTagu. VHBapuaHTiap Hazapsicu

HKKHTAa MyXHUM Macajia aCoCHhJia KypuJira.

I macana. V -kentupunmaran adhPuH KYIXWUIMKIA PETYISp aMallIu
anreopank G -rpymma, X= {Xi, I :L_n}, y= {yi, i :L_n} -MKKH YCeKJIW COHAAru

HyKTajlap cuctemacu Oepwiran OyncuH. Kanpmaili maptiap Oa.xapuirasHia
oKopuaa Oepunran cuctemManap Grpymma amanura HUcOAaTaH SKBHUBAJICHT
oymasu.

II macana. V -cwuuk kynxwummk Ba V ga cwumk amamu G -Jlu

rpynnacu  OepuinraH  OyicuH, «,f-V garm  UWKKUTAa CWUIMK —YHU3UKJIAP

oyncun.Kannait maptnap 6axapunranaa Oy srpu unsukiap G -rpynna amanura
HUCOaTaH KBUBAJICHT OYJau.

MagB3yHMHI  ypraHuiIrawjimK jgapaxacu. | macama Oup KaHya
rpynnaBuii anMamTupuniap (azocuma ymymuit xomma XX acp Oommapuaa
Kyihwiran Ba Yypranwina Oomwuiarad. 1906-imnma [luk ToMoHMAAH HXTUEPUI
y3JIyKCU3 TPYyNIaBuil alMallITUPUIIAPD TEKUCIUTHAA HaTypal TEeHIrlamaiu
YU3MKJIAp Y4YyH KyWwiran Ba ypranwirad. I' KoBaneBckuii Tomonupman 1937
Huiaraya yMyMuid HaTypajl TeOMETpUsia Kymiad HaThxkagap KyJara KHpUTHIITaH.
Il macana ymymuii xonmaa O Kapran tomonugan XIX acp Gonuiapuaa Kynuiaran
oymu0, ganga Kapran npobiemacu Homu Owian kupub kenraH. D Kapran Oy

npoOiemManu penepiap ycynu épaamuaa xan kuiarad. by macama [Tomaperra,



daBapB, AnaMca TOMOHHMIAH YpraHwinO Kymiad MyXUM HaTwkajgap Kyiara
KPUTHIITaH.

Pecnybnukamusia rokopujard MacajajlapHu YpraHui ¢Gu3nKa-MaTeMaTuka
dannapu mokropu, mpodeccop XK XoxmeB ToMoHUIaH OomnuranraH O0ymuo, P.
OpunoB, A. M CykraeBa, K. K MyMuHOB 11y uIUIapHU AaBOM 3TAUPUO
KEJIMOKZamap.

bu3 ymly MarucTpiivk MIIMMU3a FOKOpHAAard MacainaigapHu V - N YI4OBIU
BekTOp (hazo, G -Maxcyc YM3MKJIM IpyIia Oyiarad Xonaa Ypraujauk.

TagkukoTHUHr Makcagu. Jluccepranusaa Ky3na TYTUITaH acOCHM
Makcan V ¢azona Oepuiran ynnap, cupTiap Ba YJIApHUHT CHUCTEMaJIApUHU
Maxcyc rpyIila aMmanura HucOaTaH SKBUBAJICHT OYJUIIN MacallaCUHU €UUIIIaH
ubopar.

TagkukoTHUHI  Basudacu. ﬁynﬂap Ba CHUPTJIAp CUCTEMaJapyuHU
Maxcyc rpyIila aMmaiura HucOaTaH SKBUBAJIEHT OYJIUII IIAPTIIAPUHU TOIHMII Ba
Vpranuii xapacHuaa Xxocus Oyiarad quddepeniman TeHriaMaiap CUCTEMacuHU
SUMMHUHHU MaBXYy/]l Ba ATOHAJIMTUHU TEKIIUPUIIIaH HOOopar.

Namuii  saarmiaurn.  Jlucceprauusiia ofuHraH Oapya HaTWKalap
SHTUM. YHJa WyJUlap Ba CUpPTIAp YYyH KYWWITaH  MacallaJapHUHT Oup
KUIUMATIIM €4IINIIN UCOOTIaHTaH.

TaakukoTt ycyJuIapu. Kyitunran MacaiajgapHu Yyprasuiu
xkapa€Huaa, OUPUHYMAAH, MaXCyC MaTpUIaBUi (YHKIUS KUPUTWIMO YHU
acocui xoccanapu ypranuiaagu Ba Oy ¢yHKuus €paamuaa Wysaiap Ba yJlapHU
CUCTEeMaJIapvHM OepuJiraH rpylnra aMajura HUcOAaTaH SKBUBAJICHT OYIUIIUHU
3apypuii Ba eTapau maptiaapu tonwiaad. Hatmwkana 6epunran rpymmna aMmanura
HUCOaTaH MHBapHAHT (QYHKUMsUIAp XOCWJ OYnuO, MHBApUAHT (PYHKUUSIAPHU
xoccanapu Epaamuaa auddepeHiman TeHrIaMaiap CUCTEMACHHUHT €YMMUHU
MaBXyJIMTH Ba siroHanuru ucOoTinaHamau. Cuptiap ydyH Xam IOKOpUIArH
UIIap amaira OlMUpUIaan.

JAucceprauuss  MaB3yCMHUHI  Ha3apuM €KM  aMajJuil  axXaMUATH.

I[I/ICCCpTaHI/ISIIIa OJIMHTaH WJIMMHU HaTWXXaJIap aCOCaH Ha3apm71 axaMusTra
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sra. Ynap nuddepeHinnan reoMeTpusi Kypcuaard YM3uKIapHu €KU KUCMIIApHU
KOHTPYEeHT €KH  OKBUBAJCHTIMK  IMAPTJIAPUHU  YpraHUIl  HILIAPHHH
PUBOXIAHTHPHULIAA KYJIJTAHUIIIN MYMKHUH.

TagKuKoTHUHI MyxokamMacu. Jlucceprauusiga OJIMHTaH —WIMHHA
HaTwxkanap aproHa JaBiaT yHUBEpCUTETH AuddepeHnuan TeHriamanap
kadenpacu kKomuaa (aomusat kypcaraérran “uddepeHiman TeHTIIamanzap
Ba YyHra TypJOIl MaTeMaTHK WYHAIMIUIAPHUHT J0J3apd Myammosapu’
HOMJIM WJIMHUN ceMHuHapia Mabpy3a KWwiIMHTraH. MaB3y Oyiinua ydTa MakoJia
Taii€pimanran  O0ynmO, ymapaaH mkkutacu don dtwirad (13, 14) konranmapu
aca “OJIY xabapnapu” >KypHajaura 4oI STHII yYyH TOMIIUPHIITaH .

NmHUHT TY3WJMIIM Ba XaKMHM. YOy MarucCTpJIMK JUCCEpPTalUsACU
Kupuil, yata 000, Xynoca Ba Qoiganianwiran anabuérnap pyiixatuaaH
nbopar Oynub, 75 OCTHM TAIIKWI JTaJIH.

JuccepransiHUHr  Ma3MyHH. [luccepTranssHUHr OupuHuUM 600U
épaamMum xapakTtepra sra OYnu0, onTUTa KUCMJAH HOOpart.

1. ma anreOpawk cHCTEMaJapHU acoOCHUW TyIIyHUajlapu Ba Tabpudapu
Oepuiras.

2. na Tpynna Tabpudu Ba YHUHT aCOCHI XOccajaapu, )KymiiaJlaH TOMOMOP(U3M,
M30MOP(PU3M TyIIyHYATApU EPUTHIITAH.

3. Ia XaJKa Ba YHUHT acOCHiA Xoccanapu OepuiraH.

4. na anreOpamk MaiioH Tabpudu Ba YHUHT acOCHil Xoccajmapu OepuiraH
Oynn0, KeHUHIU HIUIapa MyXUM POJl YIHHOBYM KOMILUIEKC COHJIAp MaijioHHUTra
TabpuQ Oepuira.

5. 1a un3uKIM BeKTOp (ha3o Ba yHUHT acOCUM Xoccajaapu OepuiiraH.

6. 1a MaTpuIla Ba YHUHT JETEPMUHAHTH TabpU(IAPUHUHT acocuil popmyanapu
OepwuIraH.

JluccepTanMsiHUHT WKKWHYA 000M ydta KMcMmmaH ubopar. bupunum
kucmaa Vo dasona Gepunran iymiapauar SL(n,C) rpymma amanura HucOaraH
OKBUBAJICHT OVIMINM MIapTJIapyd TOMWITAaH Ba XOCWUJ OYiraH  ojawii

I[I/I(b(bepCHHI/IaH TCHIJIaMajJlap CHUCTCMACHMHUHI CUMMHMHHM MABXYIQJIHWK Ba
6



ATOHAJIMK IIApTIapy TeKmupwirad. Vkkuaum Kucmma mry (asoma Gepwuran
ukkuTa Hymiap cucremacuHuHr  SL(N,C) rpymma amanura HucOaraH
OKBUBAJICHTJIMK Macajacy ypraHwiraH. YuuH4u Kucmaa V ¢aszona Oepuiran
cuptiaap Ba ymapHuHr cucreMacuau SL(N,C) rpynma amanwra HucOaTaH
AKBUBAJIICHTIIUK Macajacu VpraHwiran O0ynu0, OyHaa Xocuia OyiraH Xycycui
xocuinanu nuddepeHnran TeHriiaMagap CHCTEMaCHHUHT €YMMHUHNA MaBXKY JTUTH
Ba SATOHAIUTY TEKITUPHIITAH.

Yuyunun 600 MKKM KUCMJaH ubOopar Oynub, OymapHUHT OHPUHYUCH

Ay miapHUHT G= {0(4, C)nSp(4,C } rpynma amajmra  HucOaTaH

OKBHUBAJICHTINK Macajiacu, HWKKHUHYU KHCM 3Ca CUPTIIapHUHT

G= {0(4, C)nSp(4,C } rpynma  amaiura  HucOaTaH  SKBUBAJICHTIIUK

Macajiacuiad uoopar.



| 600.
Acocuii TyumryH4ajaap
1. Aaredpaumxk cucremanap

Tynaam  TymiyHYacH »HHT MYyXUM MaTeMaTWK  TYyIIyHYajlapJaH
oupumup. By Tymynya Hemuc wmarematuru ['eopr Kantop (1845-1918)
TOMOHH/IaH KHPUTHUJITAH.

Tynnam TabpudranMaiiiuran MaremMaTHK TyliyHua Oyiaub, O0ab3u
Oup Hapcamap, Oyromiap, OOCKTIapHM OWprajivkiaa Kapaml HaTHXKacuaa
BYXKyara Kkenaaud. Macanan XaKUKUM  COHJIap  TYIUIAMH, KBaJpar
MaTpulaiap TYIjiaMu, Y3IyKCU3 (QYHKIUsIap TYIUIaMH Ba X. K.

Xo3upru 3aMoH anreOpa (aHu Tymiam Ba YHHHI 3JIEMEHTJIApU YUyH
aHUKJIAHTaH alreOpaMk aMall Ba YHUHT XOCCAJapWHU YpraHaju.

1-tabpud. bym Oynmmaran A Tymiam Oepwiran OyincuH. Ax A
NeKapT KynmaitManu A TymiamMHM y3ura Moc KyHyBuM oI AxA—>A
aKCIaHTUpHINra A TYyIamaa aHUKJIAHTaH  OuHap aneebpaux aman
eUnIaau .

bunap anrebpamk amamnmap ojaTga Maxcyc TaHJaHraH — o,*, 1, ..
oenrunap Owian OenrviaHaau.

2-tappud A" 'x A=A" Gepuaran 6ymub, geKapT  KymaHTMaHWHT
TapTUOIaHTaH xap Oup (al,az,ag,...,an) eMEHTUTa A TYIJIAMHUHT STOHA

a AJIEeMEHTH MOC Kyhuiaran Oynca, A Tymiamaa paHrd h ra TEHT

n+1

Oynran aneebpaux aman aHUKJIAHTAH JEUWUIIAJIU.



baw3u xomnapna oz(al,az,a3,...,éln)=an+l KYpUHUIIMIA XaM €E3WJIajik, arap
a,., A Oyuca, a xucmuil aneebpaux aman IEHUIANH.

burra A TymnamHuHr y3upa  Oup KaHya anreOpauk —amasuiap
AQHUKJIAHUIITA MYMKUH.

3-Tabpud bym oOyamaran A TYymiam Ba yHAa KapajaérraH
anreOpavk aMmamiap Tymiamp  JaH Ty3WITaH ((A, Q)) TapTUONAHTaH
KyDTIUK aneebpa newunangu.
f -anreOpanik aMamTHUHT paHTH r( f) Owian OelruiaHaau.

4-tabpud Arap r(fi):ri, (1=12,3,..,s) Oyuca (rl,rz,rg,...,rs)

f) anreOpaHuHr mypu JeUuIIaau.

LRI

KOPTEXK <A, f, f,, f5..

EnHap aﬂreﬁpamc AMaAJUIAPHUMHT XO0cCcaj1apu

A Tymiamza UWKKATa Xap Xuid o Ba * Kabu OuHap anreOpauk

amajiapu 6epuiran OYJCcuH.

1" Va,be A yuyu aob=boa 0Oymnca, o aman A ga romymamus
JNeUnIaau.

2° Vab,ceA yIyH ao(boc):(aob)oc oynca, o aman
accoyuamug NEeWNIaIN.

3 VabceA yuyn ao(b*c)=(acb)*(aoc) Gyuaca, o amam *
amajira HucOaTaH Jucmpubymue IeUuIaau.

4" VX,ye A yuyH Xoa=Yoad TEHINIMKIAH X=Y KeIub 4YuKca, y
Xoia A TYmaaMm 3JleMEHTIapu YYyH uanoaw — KUCKApMupuui  KOHYHU
VPUHIN JOECUUIIAIHN.

Macanan, x>0, y>0 ma X°=y® TEHIIIMK YpPHUHIH.
5 JdeeA Oyaranga e€oX=X (X og= X) Oynca, € »dJEeMEeHT X Ta

HUCOATaH uan (YHe) Heumpan 3lemenm JeHUIaIN.
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Arap A Tymiam o amanra HucOaTaH dYam HEWTpalb JJIEMEHTra oJra

Oynca, y xosjga Oy SJIE€MEHTJIap TEHTAUP.
S-tabpu(. Arap A TYIaMHUHT UXTUEpUN @ Ba a dJIEMEHTIIapU

YyUyH aoa=¢e (a cd= e) oynca, a oIeMeHT a ra HHcGaTaH uan

(VHe) cummempux d71emenm ACHUIaIN.
Arap aca=aoa=e Oynca a Ba  a Jap  y3apo CHUMMETPHUK
ANEMEHTIAP JECUUIIAIN.

Arap a JIeMEeHIra CHMMETPHK @ OIEMEHT MaBxkyx Oyica, a
TECKapWJIaHyBUYM DJIEMEHT JIeHUIIaIu.

1-teopema. Arap A Tymiamjaa aHUKIAHraH o OuHap  anreOpauk
amall accoIMaTWB Ba & OJJIEMEHT TecKapuiaHyBuaH Oyica, y xonga, a
ra CUMMETPUK DJIJIEMEHT siroHa Oynanu.

Hcoor. Dapa3 KWIalauk, UKKUTA TYpJd X Ba Y DBJIEMEHT o OuHap
anreOpavik aman Oyiinya OUTTa @ »>JEMEHTra CUMMETPHUK OYJICUH, SIbHH
doX=e=Xca Ba aoy=€=Yod. o OuWHap aureOpavk amay accoIaTHB
OynraHumaH KyWuaaruHa €3a OJIaMH3:

X=Xoe=Xo(aoy)=(Xca)oy=eoy=y

Hemak, X=Y .

Kucm aaredopasnap. AJure0pajapHMHI TOMOMOP(IMK Ba H30MOP(IHMK

mapTjiapu

busra 4 Ba A’ Tymiamnap OepuiraH OYJICHH.

6-tabpud. A Ba A Tymnamma aHUKIAHTaH ainreOpank amajuiap

COHM TeHr OymmO, A T1ymnamna aHuknanrad (i :L_k) anreOpank

aMaJUIApHUHT paHrTd Owiman A’ TyIlamMga aHWKJIAHTaH —~— Ba f.

amayulapra Moc kemyBunm  f'  anreOpamk amMalUTApHUHT PAHITH TCHT

10



oyica, A:<A, F), A’z(A’,F'} anreOpanap  yzapo  Oup Xxun mypiau
aneeopanap nevuunIanN.

/-Tabpud. Arap A anreOpaHuHr acocuii A TymiamMu 4Yekiam (
yekcu3) Oynca, y  xoiaa A:<A, F> anreOpa XaM uexnu (Yekcus)
aneebpa JNeWnIaIN.

8-rappud. Arap b,b,,b,,...b B Oymranma f.(b,b,,b,,...0b)eB
Oynca, y xonma B tymnam f € F amammapra wucOGatan énux neinmanm.

O-rabpud. AcB e A=<A,F>, B:<B,F'> anrebpanap

YUYH r(fi):r(fj) Ba (Va,a,,a,,...,a)eA mapriap Oaxapuica, Oy
xonga A anrebpa B anrebpa yuyH Kucm anecebpa nevdvnanm.
10-rabpud. Bup xun typm A=(A F), A=( A B aureGpanap
Oepunran  OYICHH, A TynnaMHH A’ 1ymamra Oup KuHAMaTiIu
aKCIIAHTUPYBUM  IIyHAAMN ¢:A— A" akclaHTHUpHII  MaBXyx  OYyimo0,
YHUHT  yYyH
o1 (@2.208,)]= 1 [9(3).6(2,).6(3) .63, )]
TEHrUK A  TYymiamMHUHT Oapua »JEMEHTIapu ydyH Oaxkapuica, y XoJjjaa
A anrebpa A’ anrebpara comomopg axciamean ICHHTIANN.

Macanan: VaeR yuyn ¢(a) = \a\ AKCIIAHTUPUII (R, > anreOpaHu
<R0+ : > anrebpara TomMoMopd aKCIaHTHPAIH.

A anreOpaHHWHT A" ra romomopdpiurm Al A OpKaJIn
Oenrnnanaau. A’ anrebpa A anreOpaHuHr romoMopd oOpasu aeimIany.

11- tabpud. Arap A amreOpanunr A’ ainreOpara ¢ TOoMoMOpd
aKcllaHuIM OuekTuB Oyica, y xoima A ainrebpa A" anreOpara
uzomop@ nevimnmamgu Ba yuu A= A’ opkamu Oenruiaimmus.

bym Oynmmaran A TyIulam, yHAAa aHWKJIaHTaH ~F :{fl, | fn}

anreOpank amajuiap Ba Q={w®,,,...,®,] MyHOCabaTIapHUHT
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TapTUOJaHTaH Y4YWIUTH aleebpauk cucmema ned aranaad Ba y <A,F,Q>

opKaiu OenruaaHaIu.

2. I'pynna Ba yHMHI Xoccajapu

bab3u Oup anrebpauk cucreManapjaard ajireOpavk amajjapHUHT
Xoccajlapy MakTad MaTeMaTHKacu Kypcujaa KypuO VYTwiraH KylIWdIo Ba
KYTIaUTUPUII aMallJlapy Xoccajlapura sSIKMH Xxoccanapra sra Oynamu. bywmait
anredpavik cHCTeMallap KaTopura rpymna, Xajlka, MaiJoH, YM3UKId (a3o Ba
YU3HUKJIM  anreOpanap Kupaau.by cUTeMallapHUHT 5SHI COAJIAaCH TPYIIAgup

KyHua 11y TylryH4aJlapHu 0aéH Kuiamus.

29 29

busra Outra Ounap “o” Ba OuTTa yHap “*” anreOpaWk amajiapra sra

oynran Oy 6ynmaran G Tymiam Gepuiiran OYICHH.

1-tappud. Arap G rtymmamma Kydumard akcuomamnap Oakapuica, y
XoJuaa (G,o,*) anreOpa rpyIimna JeHuaam:

1) (Va, b,ce G) ao (b o C) = (a o b) oC, spbHU o OWHap anreOpamk aman
aCCOIIMATHB,

2) (Va €G,Jee G) doe=eoa=a, IpHMU o anreOpaviK amaira Kypa Xap
oup aeG ydyH YHT Ba yam € 3JIeMEHT MaBXYy/I;

3) (Va eG,3a" e G) aca =a'oca=e, spHK ucTaarad a€G yuyH VHT
Ba Yall CAMMETPHK AJIEMEHT MaBXKy/I.

o OmHap anreOpauk aman G Tyrmiamma rpymnma XOCui1 KAJTyBYH amai J1e0

ropuTHiaaay Ba y G TYIUIAMHUHT MCTajraH a Ba D aJieMeHTIapuaaH Ty3WJIraH

TapTUOJIaHTaH (a; b) Ky(pTiukka arona C € G 3JIeMEHTHH MOC KYSJIH.
2-tabpud. Arap <G,o,*> rpynna OynuO, TrpynmaHuHT Tabpudumaru

(Va, beG) ach=boa xomyrarmBauk mapru xam Oaxapuica, y Xoliia
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<G,o,*> rpymma o 6uHap aareOpauk amanra HUcOaTaH KoMymamug epynna EKu
Abenv epynnacu nevunanm.

['pynma taspuduaarn G TYmiaM Ba yHIa KapanaéTradn OuHap anreOpaunk
aMaJTHUHT TaHJaHUIINra Kapad Oup KaHya rpynnajlapHi XOCHII KWK MyMKHH.

3-tabpud. Arap G Tymnam sneMeriapu o OuHap anreOpauk amaira
HUcOaTaH accolMaTuB Oyica, <G, o> anrebpa sapum epynna neunaam.

Heiitpan snementra sra 6yiran sipuMm rpymmna mMoxouo 1ed atanaiu.

o OuHap anreOpavik aMmajdHu OJJAWN KYmauTupuil amiud OuJiaH
aNIMaIITHPCAK, XOCUII OYITaH Tpymnna MyImunIuKamus epynna Aeunaiam.

Kymaiitupum amanura xypa Hoigad ¢Gapkid a d3JIEMEHTra CUMMETPHUK
OYJIraH 2eMEHT a & OpKald OelruaaHajd Ba @ JJIEMEHTra TeCKapH JJIeMEHT
JNeUnIIaau.

Kymaiitupum amanura Hucbatan HeWTpan »diaeMeHT | opkaimu
OelrwiIaHaau.

o OuHap anreOpavK amajdHU OJJaTAard KyIIWIIl amMaid OuiaH
aJIMaIITUPCAK, TPyIIa akcuoMasaapy KyWnaru KYpUHHUIIHA OJIa]Iu:

1. (‘v’a,b,CeG) a+(b+c):(a+b)+c sbHH G TYIUIAMHHUHT MXTUEPUI

y4Ta JEMEHTH YUyH KYIIHII aMaJid aCCOI[UATHB,;

2. (VaeG,30eG) a+0=0+a=a sean G tymmamaa HeiiTpan
aneMeHT 0 MaBXy[n;

3. (Va €eG,3(-a)e G) a+(-a)=(a)+a=0 spam G TYIIAMHHWHT
UXTUEPUM @ DJIIEMEHTH Y4YyH Kapama-KapIlu JIEMEHT MaBXy/I.

<G,+,O> rpyNIaHuHr UXTHEPHA & Ba b 3jeMeHTiapu yuyH a+b=Db+a
oynranu cabadm (G,+, O> anreOpa KOMyTaTHB T'pyIIa Oyiaau.

Kymum amanura wucOatan Kapana€tran OyHAaW Tpymnmaiap aodoumug

epynnanap ned aTanaam.
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4-tabpud. <G,o,*> rpynma”HuHr oupop M KucM TyTiIamMu <G,o,*> Jaru
anreGpank amaira HuCOaTaH IpyIna Taukin s1ca, M kuem tymiamra (G,o,*)
TPYNITAHUHT KUCM TPYIIIACH JACHUTIAIH.

1-Teopema. <G,0,*> 2PYNNAHUHZ KUCM MYNIAMU <G,0,*> 0a Kucm epynna
MAWKUTL SMUUY YYYH KYHUUOa2U UKKUMA Wapm 0axicapuiuiy 3apyp 6a emapiu.:

1. hoh'eM (Vh,h'el\/l);

2.VheM =h"eM.

HcodorTn.
M Ttymnam rpynma 6ynca, M <G,o,*> IOKOpUJary WKajla mapTt ajnodarra
Oakapuaiy.

dapaz KuJAMIWK IOKOpPHIArd WKajda ImapT OakapwicwH. Y XO0Jja,
Vvh e(G,o,*) yayr hoh™eM 6ymamu. M C<G,0,*> OyiraHu y4dyH WCTaJTaH
h,h',h"eM nap yayn ho(h'oh")=(hoh')oh” Tenrmuk Gaxapunamm. Jlemax,
M rpynna <G,o,*> IpYNIAaHUHT KUCM Tpynnajapy Oy TymiaM sMac, YyHKU

<G,o,*> HUHT Y31 Ba YHUHT OMPJIUK 3JIEMEHTIapUAaH Ty3UJTraH {e} rpynmnanap

(G,o,*) yuyH KucM rpymmna 6ynanu.

I'pynnanusr 0ab3u xoccajaapu

1-xocca. Victanran rpynmnaja HEUTpas 3JeMEHT Oup KUHMATIN aHUKJIaHAIn
Ba IPYNIAHUHT UCTAJITaH 3JIEMEHTH YUyH SITOHA TECKapH (CUMMETPHK ) 3JIEMEHT
MaBKYy/.

2-xocca. Xap KaHAall MyNTUIUIMKATUB Tpymmajga Oyiaum MmyHocabatu
YpUHIIM, SPHU UCTAJTaH & Ba D aieMeHTIap y4yH myHJIail X Ba Y 3JEMEHTIAp
TONWJIAIUKH, yiap yuyyH a-X=Db Ba y-a=Db TeHrIamanap sroHa eyummra sra
oynanu

Hcoor. a-X=Db TeHrmamanu yangaH a = KymalTHpcak, OMpP TOMOHJAH

a (ax) =(a'a)Xx=ex=X WKKHHYL TOMOHIAH & (ax) —a'b mapra ora

14



6ymamus. By ukku MyHocabar X=a b OyaranjaruHa Ypumim. X=a b

DJIEMEHT a-X=Db TeHrmamaHuHT euynmMH Oynmamu. XakUKaTIAH —XaM,
a(a‘lb) —(aa)b=eb=Db, a'b eunm a-Xx=Db Tenrmama yuyH sroHa eumum
6ymaau. Arap 6upop C XaM a-X=Db HUHr ednmu Oynca, y xonga C=a b
Oynmamu. XakukaTaaH,
c=ec=(a’a)jc=a(ac)=a'h, c=a’b

Oymanm.

Xy my ycynma Y-a=Db TermamanuHr eunmm y=ba™ nanm
MOOpATIUTUHA OEBOCHTA KYPCATHII MyMKHH.

3-xocca. Vcranaran rpymnmajga 3Jl€MEHTIApHM Yal Ba YHI TOMOHJAH

KUCKapTUPUIL KOHYHHU YPUHIIH.

4-xocca. TpynnaHuHr a ' »JIeMEHTUra TECKApU >IEeMEHT a HUHT Y3ujiaH
ubopar.

-1

-1
Hcbdor. @ ra Teckapu D3IIEMEHTHU (a_l) ned oJcak, TrpyIa

-1
TabpUPUHUHT 3-akcuomacura OMHOAH (afl)(afl) =e Oynamu. l-xoccaHUHT

HWKKWHYHU KHucmMura acoCaH 8.71 -d==¢@. OXI/IpFI/I HKKH TCHIJIMKIaH

-1
(a‘l)(a‘l) —at'-a. Xocull OyaraH TEHIJMKKa YHTIaH KUCKAPTHPUII KOHYHU

-1
KYJITacax, (a‘l) = a Keaub YHKaIH.

ynnaii xumud a-b=e Oyaranma a Ba b jap Oup-Ompura teckapu
anemMenTiap 6yu6, 6y epaa a=b~" Ba b=a™ 6ymap sxan.

5-xocca. a-a-a-..-a kynaiTMann a" KypuHMIOHIa &340, yHH a
%/—/

n
AJIEMCHTHUHT N — mapaxacu neod FOPUTWIIATN. [IIyHuHTIEK,

1 -1 .- 1 (A-1\" _ -n .. -1
a -a -a -..-a —(a ) =a  opkwm ¢&3amu3. by  xomma a = HUHT

N —npapax.acura sra Oymamu3. DHau Vae <G,o,*> yayn a’=e (a #* 0) ned
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KaOyn Kuwiamus. Jlemaxk, <G,o,*> IPYNIAHUHT MCTAIITaH 3JIEMEHTUHHUHT OYTYH

Japaxacu siHa <G, o, *> TPYNIAHUHT 3JIEMEHTUHU UOgaTai In.

DOJEeMEHTIApUHUHT COHM YEKIW OyiraH rpynnajiap uexkiu epynnd,
AJIEMEHTJIAPUHUHT COHHM 4YeKcu3 OYIraH rpymnmnaiap uexcuz epynna JACUNTaIu.

DneMEeHTIapUHUHT COHUTa TPYNIIAHUHT mapmuobu TeHnIaan.
3. XaJlka Ba YHHMHI Xoccajapu

1-tappud. Hxtuépuii R TYIIaMHUHT 3J€MEHTJIApU YYyH HKKHUTa
OuHap anreOpauk amai, sSbpHH “+7°, “o” amauiapu aHMUKJIaHTaH OYiuo,
Oy Tymnamaa Kyiuaard akcuomanap Oaxkapuiica R xarka neiinnanu.

1) a+(b+c)=(a+b)+c (Vvab,ceR);

2) a+b=b+a (Vab,eR);

3) a+x=b Tenrmama R pga sroma edmmra ora;

4) (a-b)-c=a-(b-c) (Vab,ceR);

5) (a+b)-c=a-c+b-c (Vab,ceR).
Arap R pa rokopumaruwiap OujiaH Oupraiukaa

6) a-b=b-a VabeR.
Oaxxapuica KOMyTaTHB Xajlka JCHUIIaIH.

Xoccanapu

1. R xanka sroHa HOJb DJEMEHTra Ba Xap OUp DJIEMEHT Yy4yH
ArOHAa Kapama-KapIid 3JIeMeHTra sra. a+X=0D R ga sroma siemeHTra
ora.

2.  AcconMaTHBIMK KOHYHHM HCTaJraH N Ta DJEMEHT YYyH E3UII

MYMKHUH

n
a1+a2+a3+...+an:2ai
i=1
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3. Arap a=a,=a,=..=a,=a Oynca (1) HMU @ d1eMEHTHUHI N
Kapppajiucu KYPUHHUIIIN]A Kylnaaruya €3Il MYMKUH:
at+at+a+..+a=na
bynnan ¢oiinananu6, na+ma=(N+m)a KypuHHUIIUAA E3WITaJIH.

Arap R xamka Oupiauk »JeMeHTra j3ra, sSbHU VaeR ae=ea=a

Oynca, y Xxoilga Na=nea TeHrauKk Oaxapuiranu cabadbmu, neeR
oynanu.

2-tabpud. a=#0 b=x0 Oymranma a-b=0 Oymnca, a Ba b map
HOJHUHZ Oynysyunapu JeHuIau.
Homuunr OynmyBumnapura osra OyiMaraH Xajkaja KynmaWTMa HOJb OYIIUIIH
Y4yH KyNaTyBuujapAaH OUpH HOJITa TEHI OYJIWIIU 3apyp.

Kucm xanka Ba xajaka XapaKTepHCTHKACH

3-tappud. R xamkamuar Owmpop M xucMm TymIamu R na
aHUKJAHTaH MKKATa OuHap anreOpauk amanra HHcCOAaTaH XaJlka TAallKHII
atca, M tyminam R ra xucwm xarka nevimnanu.

1-teopema. R xankanuHr Oupop Oy Oynmaran M  TymiIamu
Xalka Oynmummu ydyyH Oy Ttymiam uxtuépuii a Ba D snementnap Owian
Oupranvknaa  yJapHUHT  WUFUHIUCH, animpmacu Ba yIIApHUHT
KYyNaWTMaCMHM Y3WJa Cakjalld 3apyp Ba €Tapiu.

HNcoor. Ertapaunuru. M Xanka OyncuH, y xomma M na
TeopeMajaru maptiap Oaxapwianu Ba M c R Oynaranm yuyn M Xxaika
oynmanm.

3apypaueu. dapas KUJIAHIINK, va,b e M 6yiranma
a+beM, a-beM, a-be M 6yacun. By Xxon yuyH M HHHT Xaika

DKAHJIMTMHU KypcaTamu3. byHuHr yuyH M nma a+X=Db Ttenriama srona
eynumra OKaHJIMTUHA KypcaTui  KuQos. Teopema mapruaan

aecM,beM=b-a=ceM Ba R r1ymiamma aHWKIaHTaH —aWHPUII

amaimn xoccacura acoca, a+(b—a)=b, a+c=b TeHnmkmap Ypunin

17



oynmamu. By epma c=b—-a. by sca a+Xx=Db teHramanu euumummp.
Hemak, M Ttymiam R XalKaHUHT KUCM XallKacu Oynasiu.

e OupiMK  DJIEMEHTHUHI  OyTyH Kappajauiapu TYTUIAaMU R
XaJdKaJard € HU Y3 WYura OJyBYM SHI KMYMK XaJlka Oyau.

4-tappud. Arap m=0 na me=0 Oynca R, Xamka HOJb

xapakTepuctukanmu, M=0 ga me=0 Oynca, R, ra M xapakrepuctukamu

XaJIKa Jeuunitagu.

I'omomop@d Ba nzomop@ xaakanap
5-tabpud. Arap mynmaii ¢:R — R’ akcmaHTHpHIN yudyH KyWHIard UKKH
mapt 6axkapuica, IbHU
p(a+b)=p(a)@p(b) (VabeR);
g(axb)=¢g(a)®g¢(b) (VabeR)

TEHITIMKIAp VpuHau Oyica, y xomga R xamka R’ xamkara comomopgh

JIennIaau.
¢:R—> R’ akcnantupumpa R HuHr Oapya syeMeHTIapu OOpasHHU
¢( R) opKamu  OenrmiaiMus3 ¢(R) R tymmam onmataa ¢p:R—>R

roOMOMOP(IMKHUHT 00pa3u Aed oputunaan.Kyitnaaru teopema YpuHIiIu:

2-Tteopema. R xamka R’ xaikara romMmomopd akcIaHTHPWIAIW, STHHH
¢:R— R’ 6ynca,

1) R HHUHI HOJb 3JIeMEHTH R’ HHHI HOJIb 3JIEMEHTHI;

2) R naru uxTuépuil a 3JeMEeHTra KapaMa-Kapiiuu Oyiran —a 3meMeHT R’
naru a' ra Kapama-kapiu oynrad -(a’) anemMeHTra;

3) arap C xayika € OupJuK dJeMeHTra 3ra Oyica, 0y snemeHT R’ wunr €’

OMPIUK dJIEMEHTUTa TOMOMOpPd aKCIaHaH.

Hcbor. 1) R>a—% s>aeR’ 6yncun. V xoma, R XanKaza HOJb 3IEMEHT
MaBXyaaurugaan a+0 =a , 6ymaau. Jlekun R xaMm Xajka OyJaraHud y4yH yHAa

a+x=b rtenrmama sirona eunmra sra . [lemak, R' ma
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adu=a
TEHIJlaMa XaM sroHa eummra odra Oymagu. HOkopuaarm TeHriaMaHu
KaHOATJIAaHTUPYBYHM euuM R’ Xalika ydyH HOJIb 3JICMCHT OYIazu.

2) DM —a € R 2JIeMEHTHHHT —a ra aKCIaHWIIWHA Kypcatamus:-a+a=0

Y4YH ¢(—a+a):¢(—a)@¢(a):0.

3) Arap R Oupnuk nsinemeHTra sra Oyiica, ¢(a-e)=¢(a)®¢(e),
a-e=a xamjaa ¢(a-e):¢(a)=5 mapTiiapra acocaH a®e=a 0yuo, e
OUPIIUK SIEMEHTAUP.

3-Tteopema. Ncranran XamkaHWHT TOMOMOPGIMK 00pa3d sHa Xajaka
oymasu.

6-tabpud. R xankammar R’ xankara romMoMop(d aKCIaHTUPYBYH

¢:R— R’ akcinantupum R HHHT Xap-XWj JIeMEHTJIapuHH R’ HMHT Xap-Xul
dIIeMEHTIIApHTa aKkciaHThpea , seHM  Va,beR yayn azb=g(a)=¢(b)
Oynca, ¢ akciaantupumi R xankanunr R’ ra  wsomopgh axcrammupuw
nevnnany Ba yau R = R' kypunmIaa OenruianmMus.

R xankaHuHT y3-y3ura romMomop(d akcmaHumKM R XagKaHUHT

asmomopusmu JeMnnanu.
4. Maii1oH Ba YHMHTI CO/JIa X0ccajJiapu

1-tappud. Kamupga wukkuta  Xxap-xun sieMeHTra sra Oynran F
KOMYTaTUB XaJIKa AeMeHTaapu yuyH a =0 Oynranaa
a-x=b (1)
(1) Tenrmama siroHa eduMra ara Oyiica, OyHmal Xaika MatlooH ICHUIAIN.
Maiinon Tabpuduaan Kyduaara xoccaiapu Kemud duKaim.
1) Ucranran wmalg0H KOMYTaTHB XaJika OYJraHujiaH, KOMyTaTHUB XaJKa
AJIEMEHTIIapu yUyH YpuHIM OViarad 6apua xoccanapu YpuHIU OYiau.

2) Ucranran maiiioHa OUpIUK SJIEMEHT MaBXKy/]l Ba ASTOHAIHP.
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3) MaiioHHUHT HOMaH GapKIH @ SIEMEHTH ydyH TeCKapH a & dJIeMeHT
MaB: Kyl Ba SITOHAJIUP.
4) MaiioH HOJIHUHT OYJTyBUMJIapura sra 3mac.

V3-3nman MabIyMKH, MaiiJoHa € GUPIINK IEMEHT HOJIb SIeMEHT OHIIaH
yCTMa-yCcT Tymmaian.JIekuH xankamapaa Oynarany kaOu MaiIoHIap XaM HOJb
Ba p XapaKTEPUCTUKAIIN OYIUIIIN MYMKHUH.

2-tabpu@. Arap ne N 6ynranga ne =0 TeHrMK xap KaHaad N ydyH
OaxapuiiMaca, OyHali MaliIOH HOJIb XApaKmepucmuKkaiu MauooH TeHniau.

Arap n=0 Oymranma ne=0 TeHrnuk Oaxkapwica, y xojiga P=minn

ne6 OenrmnaiiMu3 Ba Kapana€TraH MaWJIOH p Xapakmepucmukaiu MAatiooH

JNeUnIIaau.

Kucm maiiaon
3-Tabpud. P MalJOHHUHI KaMHJa HMKKUTAa Xap XWJ JJIEMEHTra i3ra

oynran Q kucM TymiIamu P 5a aHUKIAHTaH KYIIWII Ba KYHNaWTUPHII
amMMasuiapura HucOaTaH MaWIoH Tamkui 3tca, Q ra P HUHT Kucwm matioonu

JIennIaau.
1-Teopema. P MalJOHHUHI KaMHjJa MKKUTA Xap XWJI 3JIEMEHTHUIa dra

oynran Q kucMm TymiamMu P 11a KMCM MaiiioH XOCHUIT KUJTUIIH YUYH,

-beQ, a-b Va,b ;
a)a—beQ, a-beQ (Va,beQ) @

b)a'eQ (0#a, VaeQ)
HIAPTIAPHUHT OaKapUIIHIIH 3apyp Ba €Tapiiu.
Hcoot. 1) Q xucMm maitnon Oyiica, (2) mapt andarra OGaxkapuiaau.
2) (2) mapr Oaxapwiran xoijia, Q HHMHT MalJOH XOCHJ KWJIHIIWHU

UCOOTHANMU3.

a) maptra acocan a€Q Oynranu yuyH a—a=0€Q 6ymub, Q na HOIB

3JIEMEHT MaBXyJl. flHa mry a) maptra acocan VaeQ, 0—a=—-a<Q gan ara
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Kapama- KapIid  JJeMEeHT MaBxkyld. OHmu Va,beQ wHm omcak —-beQ
Oynranuman a—(—b):a+b ra kemamus. Illynmaii xkuim6, Va,beQ yuyn
a+beQ Ba a-beQ, spam Q TYIIIaM 3JIEMEHTIApU YYYH HKKUTAa OWHAp

amasuiap aHUKJIaHTaH.

b) maprra acocan VaeQ (az#0) yuyn a'eQ 6ynrasmman, sHa
a-a‘=ec Q kenu6 umkamm. Hatwmxama (Q,+,-,O> HUHT MaiI0OH JKaHJIUTU
KEJnO YUKaIH.

Xap 6up P maiion y3ura KucMm MaiiioH skaniuru pasiiad. [y cabadmu,
P malinonra mry P MaliJOHHUHT XOC KUCM MaioHU fevinnand. P naH dapkiu
Oapua KucM Maiiionnap P HMHT XocMac KUCM MalIOHU JICUHIIA TN,

4-tappu¢d. UVcramran P wmaljgoHHMHT Oapya KUCM MaiIoHIapu

KeCHUIIMacu MUHHUMAaJI KUCM MaliJOHU JEUMIaIH.

TapTudéaanran mMaiigoHJiap
®dapa3 Kunaiamk > — TapTud MyHocabaTu OYJICHH.

Arap <P, +, - 0,1, >> TapTUOJIaHTaH MaWJOHHUHT 4 DJJIEMEHTH YUYyH
a+a=0 Ba a+a>a maprinap Oaxapwica, y XoJJa @ JIEMEHTHUHT Iy
MaiJIOHHUHT MycOaT 3JIEMEHTH JICHIIIa N,

S-tabpu(. Arap P MalijoH 37eMeHTIapyu y4yH MycOar OYJIMIUIMIUK
X0CCAacH aHMKJIaHTaH OYnuO, YHUHT y4yH KyWHJard mapTtiap YpuHiau Oyica,
<P, +,+ 0,1, >> cucTeMara mapmuobiaHean MatooH NeHniaau:

1) P wMaiimoHHMHT wWcTanrad a ajneMeHtd ydyH a>0, a=0, —a>0
mapTiapjaan gakar Ourracu Oakapusiiaiy;

2) a>b, b>c (Va,b,c S P) Oyica, y xonaa a>C Oymany,

3) arap a>0, b>0 6ynca, a+b>0 Ba a-b>0 6ymanm.

6-tabpud. Arap —a > 00¥ca, a ra MaHpuii 7IEMEHT JeHnIaIu.
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7-tabpud. a,beP wHuar a—b alimpmacm mycOar Oyica, a 3IeMeHT

banemenTnan kamma newivnanau Ba a>b opkamu OGenrunanany, OyHIai xonaa
banement aman kuuuxk ned opuTHwiaan Bay b <a opkamu €3mmany.

1-teopema. TapTuOnanran MaJOHHUHT @ MycOat anemMeHTH 0 JaH KaTTa
Ba MaHpuii b snement 0 nan KUIUKIUD.

8-tabpud. Arap P MalijoH sneMeHTIapu yayH ApXUMe1 akcuoMacH J1e0
aTallyBud, SbHU HUCTaTaH a Ba D>0 commap yuyH myHmaii NeN coH
TOMHMJIAJVKY, HaTkana nb>a Oymaau, ned aTamyBum akcruoma Oaxapwica, P

MaiI0Hra ApXuMe MabHOCHA TApTUOIAHTaH OYIaau.

Kommiekc consiap MaiiJioHu

busra Va,beR, (a,b) TapTUOJIaHraH KyPTIUKIap TYIUIaMu Oepuiran

Gyicun. Bus yau C 1e6 Gerunas Ky HHIark aKCHOMATAPHH KHPHTAMI3:
1)(a;b)=(c;d) < (a=c)a(b=d) (V(a;b),(c;d)C);
2)(a;b)+(c;d) <> (a+cb+d) (V(ab),(c;d)eC);

3) (a;b)-(c;d)=(ac—hd;ad +bc) (V(a;b),(c;d)eC)
3-reopema. {(a;b) a,b e R} Tymnam xomyratns xanka 6ynamm.
UcGor. Apeano C={(a;b) a,beR} tymramumar agaumns rpynma

Gy HmHEY KYpcaTaMis. XaKHKATIaH XaM, Gy TYmamaa
a) (a;b)+(c;d)=(c;d)+(a;b);

b) ((a;b)+(c;d))+(e; f)=(a;b)+((b;d)+(e; ));
¢) (a;b)+(0;0)=(a;b);
d) (a;b)+(—a;—b)=(0;0)
waprnap Gaxapuiranu yayH (C, +) amreOpa apguTus rpymma 6ymamu. By

TYIUIAMHUHT 3JIEMEHTIAPU YUYyH

(a;b)((c;d)+(e; f))=(asb)(c;d)+(asb)(e; )
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TeHIIMKHUA YPUHIIM 3KaHUHU TEKIIUPHUIL KUWUH 3Mac. Jlemax (C, +, > anrebpa
KOMYTaTHB XaJIKa dKaH.
4-teopema. (C, +, > anrebpa MaiiioH Oyaau.
HcboT. 2-Teopemanu ucOOTIAIT YUYH (C, +, > HUHT OUPJIMK 3JIEMEHTTa

ra SKaHMHM XaMJa YHUHT Xap KaHgal HomjgaH ¢apkid dIeMEeHTIapH

TeCKapUIaHyBYM SKaHWHU Kypcatuin kudos. Mcramran (a;b) xydrumk yays
(a, b)(l, 0)= (a —0:b+ O) =(a,b) Oymranmman (l, O) Ky PTIMK <C, +, >
XaJIKAHUHT OUPITUK SJIEMEHTUIHD.

Onn a#0 éku b=0 yayn (a;b) ameMeHTHHHT TecKapHIaHyBINITHIHHNA

Kypcatamu3. byHUHT yuyH
(ab)(xy)=(10)

a b
TEHIJIaMaHu eduml  kudos. by TeHrnamanu eduO T
a“+b° a“+b

KYyDTIUKHU XOCHI Kritamu3. Jlemak (C, +, -, 0, 1> anrebpa MaigoH dKaH. AHa

Iy MaiJIoH KOMIUIEKC COHJiap Maijaonu aeiunanu Ba yuu C xapdu Owian

oenrunaiivus. o =(a;b) xydrimknn 2) akcnomanan oiinananuo,
a=a(1,0)+b(0;1)
KYpUHUIIIA E3UI MyMKHH. (0;1) =1 necak, o =a+Iibkypunumuu onaau. by

eplla @ COH (@ HHMHT XaKUKHA KUCMH, D COH @ HUHT MaBXyM KHCMH, | MaBXyM

OMpIJIMK AcHuIaan.
5. Bekrop ¢a3o TymyH4acu

Marematuka ¢aHuga HIyHAad TYmiamiap MaBXyAKd, Oy TYIUIAMHUHT
uxXTU€puil OWTTacHIaH OJIMHTaH Xap KaHJall UWKKUTa dJIEMEHTIApPHUHT
WuruHaMcu Ba Oupop P MaiiioH  sjeMeHTIapuHUHT OepuiiraH TYIUiaMm

3JIEMEHTJIapUra KynanTMacH siHa Kapana€Trad TYIuiaM 3JIeMeHTIapu Oyiaau.
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DneMeHTaapu IOKOpUJAru HapTiapHU KAaHOATIAHTHUPYBYM TYyIUIamiap
gexmopap gazocu AeAnIaIu.

AWraitmuk O6msra Oy Oynamaran V. Tymiam Ba P wmalimon Oepuiran
OyncuH. V TYNIaMHUHT 3JIEMEHTIApUHU X, Y, Z,..., P MalaoH 3/eMeHTIapuHu

a,fB,7,..., Kypunummaa Oenrwnaimui. V TYIuiam sJeMEHTIApU Y4YyH ““+7
amaju Ba OUTTa yHap anreOpauk aMmal aHUKJIaHTaH OYJICHH.
1-Ttabppud. Arap Kylinaaru akcuomanap Oaxapuica, IbHU:

1) V - aguutiB aGerb rpyna;

2) (a-ﬁ)iza(m?) (‘v’)_(eV, Va,ﬂeP);
3) a(x+y)=ax+ay (VxyeV, Va,eP);
@(a+¢n§:a§+ﬂ§(vQEVﬁw%ﬂePy
5) 1-X =X (v}ev,lep)

Oaxkapwiica, y xoina |V Tymiam P MalioH ycTuaa KypuiraH ekmop ¢azo
JNeUnIIaau.

Bekrop (azo snementnapu eexkmopaap, P MalioH >eMeHTIapH 3ca
CKanAp NeVnIain.

2-tabpud. P malifon yctuaa anukianrad V BekTop ¢gazoHuHT Oupop L
KHCM TYyIuiamMu V 1a aHUKJIaHraH ainreOpaMk amajuiapra HHcOaTaH BEKTOP
dazonu Tamkui 3Tca, L ra V ¢asoHuHT KucM pazocu erniau.

1-teopema. V Bektop (azoHuHr Oupop L KucMm Tymimamu KucMm ($aso

OYIUIIM YUyH , MKKUTA [IAPTHUHT 0a)<.apUJIMIIHN 3apyp Ba €TapJin:
a) (Vx,yel) x—yelL;
b) (‘v’)_(e L, Vo e P) axel.

V' ¢a3zonunr y3u Ba {0} tymmamuap V (¢a3oHUHT XOoC KUCM (a3ocw,
KOJITaH KucM ¢azonapu 3ca V HUHT XocMac KMUCM (pasonapu Jeiunaam.

3-tabpud. P wmalinon yctuaa anukiganrad Vo BEKTOp (pa3oHUHT YEKIIH
COHJIaru
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8,8,,8;,...2, ()

BEKTOpJap Yy4YyH YYyH KaMmuaa OUTTacH HoJbAaH (Gapkiu I[IyHAai

a,Qy,y,..., A, COHJIAP TONMIICAKH, yJIap YUyH yIIOy
o, +a,a,+..+a,a, =0
TeHIJIUK Oaxkapuica, y xonuma (1) cucrema uuszuxiu boenanean cuctema

HCﬁHH&HH, aAKC X0JIJ1a YU3uKau 3pKjiu CUCTCMa JIeUnIamgu.

4-tabpud. Arap ucraiaras n, (i =1m ) COHJIAp YYYH

a=ka, +k,a,+..+k a_ (2)
TEHIJIUK VpuHiau Oyica, y XoJija a BEKTOP a_i(i :L_m) BEKTOpJIAP OPKAJIU

YUBUKIU Ughooananaou neiunaam.

S-tabpud. P coHnap MaiiloHM yCTHJa KypwiraH 4YM3UKIU (a30HUHT
Ooupop vexnu OynmaraH K BekTopiap cucteMacu y3uja Kamujaa OUTTa YeKIH
COHJArv YM3MKJIU OOFJIaHTaH BEKTOPJIAp CUCTEMAacHHU cakjaca, K BekTopiap
CHUCTEMacH XaM Yy3apo uusukau 6ozrawean nevnnamd. Arap K cucreManuHT
Oapua 4YeKJIM COHJArd BEKTOpPJIAp CUCTEMAacu YM3UKJIM OOFJlaHMaraH Oyica,
CUCTEMA XaM YU3UKIU OONAHMALAH cucmema AeHIIau.

6-rabpud. Bextopmapuunr K  cuctremacu Oab3ucu 1e0 KyWujaaru
HIapTJIApHU KaHoATIaHTHPYBuM K' KMCM crucTemacura anTuiIaau:

1. K'-um3ukimm OoflaHMaraH BEKTOpJIap CUCTEMACH;

2. K cucremanunr xap Oup Bektopu K' cucreMa BeKTOpJIIApHHUHT
YU3HUKJIM KOMOUHAIUsICHU OYIaau.

/-tabpud. Arap V  Bekropiap (Pa3OCHHUHT  y3ap0  UYMBHKIHU

OofaHamarad uryHjaan

X0y Xoyeens Xpeyerey X (3)
BEKTOpJIap CUCTEMacH MaBxkyJ Oyicaku, V HUHT KoJiraH Oapya BekTopiaapu (3)
CHUCTEMa OpKaiu 4u3MKIM udojamanca, y Xoima (3) BEKTopiap CHUCTEMacH

V BekTOp hazonune bazucu nenunaam.
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a,8,,8;,-, 8, (4)
BekTOpiap cuctemacu V BekTop (aszoHuHT 6asucu Oyica V HUHT UXTUEPHIA
aneMeHTHHH (4) 6a3uc opKanu YM3UKIM hdoaanam MyMKHH, SBbHU IITyHIAM

a,,a,,0,,...,0, COHJIap TOIINWJIAAUKH, HATHXKala

a=oa +o,a,+..+a,a, (5)
TCHI'JIUK 6a>1<apHJ1az[H.

V' ¢azonunr (4) Oa3uc BekTopiapu y4yH (5) TEHIJIMK YpuHIHM Oyica

(o, 0,,03...,c,) KOpTeXra a  BekTopHHHT (3) Oasucra HucOaTaH
KoopouHamanap campu NeUIain.

8-tabpud. YUekiu BeKTOpIap CUCTEMACHHUHT PaHTH J1e0 YHIAru Yu3uKINd
OOFTaHMaraH BEKTOPJIApPHUHT MaKCHUMaJl COHUTA alTHIIa TN,

Arap V Bekrop (azonuHr uxtu€puid BekTOopu (3) Oasuc BeKTOpIAp
CHUCTEMAaCH OPKAJIM SITOHA YCYJIJIa YN3UKINA U(oaalaHa N,
HN3omopd BexTOp dazoaap

busra P maiigoH yctugarn 4ekid yiadoBiau uWKkuta V Ba V' BekTOp

dazonap Oepuiran 6yICUH.

O-trabpud. Arap VBa V' Bektop ¢asonap opacuia IIyHmIald ¢
aKCIAHTUPUII MaBXkyJ 0ynu0, y V HuHT Xap Oup X BekTOpUHKM V' HHUHT OMTTa

X' BekTOpHMra ¥y3apo OHp KUHMATIM aKCIaHTUpCca Ba KyHHAard IiapTiap
Oaxxapuica

1) x—2>x Ba y—>Yy 6yaca, X+y—2>X +Yy 6ymagun. Bynma
X+yeV Ba X +yeV';

2) x—2 X' Gaxapwiranza aX—t—>ax Gaxapunamu, Oynga axeV,
ax'eV’ (VaeP, xeV, ;'eV').

V Ba V' HuHr u3oMopdauru = opkaau OeruiaHaIu.
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6. MaTpuua TyuryH4Yacu Ba YHHHT X0CCaJIapH

1-tabpud. P maiigoHHMHT MN Ta a, (izl,m, j:1,n) COHJIapUJaH

TyBI/IJIFaH
a; & - &,
a a .. da
A _ 21 22 2n
aml amZ a‘mn

KYPUHUINKUJATH KajaBall P matioon ycmuoaeu mampuya newrnanau. Marpuma

A B,C,.. xappmap opkann OenrmiaHaad, @; COHIAp MaTPHIAHHHT

AIIEMEHTJIApH IEUHITIAIN.
Martpuna 3JeMEHTIapUHUHT TOPU30HTAJI KAaTOpJIapd YHUHI caTpiapy,
BEPTUKAJI KATOPJIAPH YHUHT YCTYHJIApH JCHNTIAIHN.

a; DJIEMEHTHUHI OMPMHYH | HHEKCH Oy DIIEMEHT TypraH CaTp HOMEPHHH,

] MHACKCH Oy 3JIEMEHT TypraH YCTYH HOMEPHHHU OUJIIAPAIH.

8, 8, .. &,

ay @, .. a
A — 21 22 2n

&y &, - A

MaTpuIlaja caTpjap COHU YCTYHJIAp COHMJIAaH KMYWK, TEHT €KW KaTTa OYIuIIm
MyMKHUH. Arap M=n Oyica, Oy xonna OyHaail maTpuiia N-TapTuOIM KBajapaT
marpuna pgenwnand. Ksagpar wMarpunana @, a,,,84,...,8,, JJIEMEHTIAp
MaTPULAHUHT OOII JAMOTAHAIM, 8,8, 1,8, 5.y &, IJIEMEHTIIAP 3CA UKKUHYU
JMoraHai 3JIEMEHTJIapy ICUNIIa Iu.

Arap A Ba B wmarpunanap Oepwiran OYynu0, ylapHUHT caTpjiapd Ba
YCTYHJIAapU COHM MOC paBHILJa TeHT Oyica, OyHaal MaTpuliajiap HOMJIOUI

Marpuuanap 1ed oputuiand. A HUHT Xap Oup @; snemeHTd B HUHT yHra moc
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b; snementura tenr 6ysca, Oy MKKMTAa HOMIIOII MATPULIANAP TEHT, ibHu A= B

oynasu.

A MaTpuLIaHUHT caTpyiapy M Ta N YIYOBIU TOPU30HTAI
3 =(ay,8p,y,)
a, :(a21'a22""’a2n);

i :(aml'amZ""’amn)

BEKTOPJIAPHHU, YCTYHJIApU 3¢a N Ta M YJIYOBIN BEPTUKAJI BEKTOPJIAPHU TALLKHUII
STaIu.

2-tappud. MaTpumagaru catp BEKTOpJIap CHCTEMAaCHHUHI pPaHTHUTa
MampuyarnuHe paneeu NeUNIaIn.

Marpuuanap ycruaa amajuiap

bu3 ymOy nmaparpadna martpunanap ycruaa OaxapuiaaJuraH amajuiap,
OepuiraH marpuuara TeCKapyd MaTpulla MaBXKyUIMTA XaKuJgaru Tabpud Ba
TEOpEMaJIAPHU KEJITHUPAMMU3.

Martpunanapuu Kymuin amaiy GakaT HOMJIOII MaTpuiiaiap yayH

aHUKJIAHTaH. P MalI0OH yCTHAAa aHUKJIAHTaH UKKH HOMJOII MATPULIAHU Ky W

Kyluara Kkouaa OViinya aHuKIaHaIu:

all a12 aln bll b12 bln
A Ay Ay .. Ay, B b, b, .. b,
aml am 2 e amn bml bm 2 bmn

a11+b11 a12+b12 a1n+b1n

A+B: a21+b21 a22+bZZ a2n—|_bZn

+b +b a_ +b

m2 mn mn

a a

m2 ml m2

Jlemak, TMFUHIA MAaTPULIAHUHT 3JIEMEHTIAPHU KYIIMIYBYM MAaTPULAJAPHUHT MOC
AJIEMEHTIapu WUFUHAMCUTA TEHT. byHAaH KYypUHAIUKU, MAaTpUIIAJIApHUA KYIIUII
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amMaid KoMyTatuB  Ba accouumatuB Oymaau. Ilynmaii kunub, wucranrax
MaTpUIaap ya9yH

A+B=B+A A+(B+C)=(A+B)+C
TEHTIUKIAp Oaxapwiagu. XaMMa dJIEMEHTJIApU HOJUIapaH uoopar MmaTpula
Hoae mampuya A0 atamaau Ba y 0 opkamu Oenrmnanaad. Marpumanm (-1)

COHra KYMauTHUPHII aMali KyWujgarnya aHuKJIaHa u:

ail a12 aln _ail —a12 _aln
(~1)A=—A=- By By e By | | Ty Ry e Ry,
&y Ay - Ay ) (-8, —a, . —a,

By matpuia A MaTpuiara Kapama-Kapiim Matpuia jeitnnaim Ba A+(—A)=0
oymasu.

Xycycuii xomma A—A=0, A—-0=A, 0— A=—A 6ymnanu.

1-Hamuoica. Homaom Matpunianap TYIUIaMH aJiyTATUB Tpymnmna Oyaaam.

OHIM MaTpULATapHU KYyNAaWUTUPUII KOUJTACHHU KYPaNIHK.

dakaTr MxN KypUHUIIHAArd MaTpulaHd NxK  kypuHAIMAAru
MaTpulara KymauTHUpull MYMKHUH, OoIlKaya aiTtraHga, ¢gakar N yCTyHJIH
Marpuma N caTpad Marpunara  Kynantupwiaan.Kynantvana mx Kk

KYPUHUIIUIA MaTpHIla XOCUI OyIaau, SbHU

Anxn ’ ank = mek '

all a12 e aln bll b12 e blk
a'21 a'22 aZn . bZl b22 b2k

b, b, .. b,
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Dab, Dlab, .. Dlab,
1=1 1=1 1=1

ZaZIbll ZaZIbIZ ZaZIblk _C
1=1 1=1 1=1 -

mxk

zamlbll ZamlbIZ Zamlblk
=1 1=1 1=1

1-teopema. Yuta A B,C wmarpuna yuyn ABBa BC kynaiitmanap
MaTpuiaizap oyica, y xoiaa (AB)C Ba A( BC) KyIaiTManap xaMm MaTpuianap
6ym6, (AB)C = A(BC) TeHrmmk Gaxapraiu.

MartpunanapHu KynaiTHPHUII aMalid KOMMYTaTHUB dMac.

bepwiran o € P connun

d; Q- &,

a a ..o a
A — 21 22 2n

aml a‘m2 amn

MaTpuiara kynautupuin 1e0, Oy COHHM A HHUHT XaMMa »JJIeMEHTJIapura

KYMaWTUPUII HATUXKACKUIA XOCUJI OYJIraH MaTpuuara aiTuiaau, ssbHU

aa, aa, .. aq,

aay, Qaa, .. 0,
aA=

aa, ad, .. ad

ml mn

Hompow maTpunianap yuyH KyWuaard TEHITIMKIAp YPUHIIN:

a(A+B)=aA+aB;

a(A-B)=aA-aB;

(a£pB)A=aA+ pA;
(aB)A=a(BA)
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2-Hamuoica. Hompaom marpunianap TymiaMd OepuiraH COHJIap MalJOHH

yCTH/a BEKTOP (Da30HU TAIIKHII ATA]IH.

Teckapu maTpuna
N -TapTUOIM KBaJIpaT MaTPULIAHUHT OOII JUAroHalId 3jeMeHTiaapu | naH

Ba KOJITaH XxaMMma sriemeHTiiapu 0 napaan ubopar ymoy

1 0 .. 0
01 .. 0
0 0 .. 1

KYpUHUIIMIATH MaTpulia Oupiuxk mampuya jAeviwiagy Ba 'y E  opkanm
OelruiIaHaaun.

N Taptubnu wuctaaran A kBaapar wmatpunia yuyH AE=EA=A
HKAHJIMTUHU TEKITUPUILl KUIUUH dMac.

3-tabpud. bapua carp BeKkTOpiapu YU3MKINA SPKIM MaTpUIla XOCMac
(attHMMaran) marpuiia, 6apuya caTp BEKTOpPJIAPH YHM3UKJIMA OOFJIAHTAaH MaTpuUIlla
Xoc (alfHUTaH) MatpuIa 1ed aranaim.

4-tabpud. A MaTpuLa Y4yH AB=BA=E TEHIJIMKHU
KaHoaTJIaHTUpyBuu B martpuiia maBx.yn Oyica, y xonna B au A ra meckapu
Mmampuya neiinnaay Bay A KypuHAIINAA GeaTMIaHAIN.

Tabpudparu B ypuura A~ kyiicak, AA™" = A"A=E 6ynaan.
Teckapu matpuiia ¢akat xocMac KBaJpaT MaTpUIlajiap YUyYHTHHA MaBXKyl Ba
saroHa Oyaau.

Onementnapu Oupop P Maiimonra Tterunum Oynaran Oapya Nxn

TapTUOJM Typiau KBaapaT MaTpuuagap TYIUIAMHHU GL(n, P) OpKainu
oenrunanmMus.
2-Teopema. <GL(n, P),-> anredpa rpynna 6yaaau.
Hcbor. ABBasirn MaB3yiapuMusia Kypubd yrranumuszaek, a) yura A B,C
MaTpULIAJIAPHUHT KYMaWTMacH acCcolMaThB; 0) UKKUTA NXN TapTUOIUM XocMac
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MaTpULIAJJAPHUHT KyHaiTMacu stHa Nx N TapTubimM xocmac mMaTpuua Oynaau; B)
1-teopemara kypa xocmMac MaTpulla y4yH SIFOHa TECKapd XOocMac MaTpuia
MaBXKyA; ) Xap KaHmai Oupiuk Matpuna xocmac Oymaau. Teopema

UCOOTIIAHIH.

<GL(n, P)> IPYNIAHUHT JETEPMUHAHTH lra TEHT SJIeMEHTIapHuaaH

nOopaT TYIUIaM XaMm I0OKOpUJa KPUTHIITAaH MaTPHUIIAIAPHU KYTIAUTHPHUII aMajiura
HUcOaTaH Tpymma XOCHJ KWJIaaud Ba Oy rpymnmna MaxCyc YM3HMKIM Tpymnmna 1ed
nomiaanu6, SL(n,C) xypunuinmga oenruianaam, 0y epaa N> 2.

KBaapar MaTpuuajapHuHI JeTePpMUHAHTH.

S-Tabpud. N—T1apTHdIU

8 8y .. Gy

a, a, .. a
A — 21 22 2n

a, &, -. a,

KBaapar MaTpuiaHuHr 1erepMuHanTy Ae0 N! Ta xaanapHUHT

n!

(1) au,,a,. 8, 1)

KYpUHUIINIATH WUFUHIWTA aWTuiauO, Oy HUFMHIM Kydugaru TanaOjJapHU
KaHOATJIAHTUPAIH
(1) iuruHauaaru xap oup
Vv
(_1) alﬂlaZﬂzaSﬁ3"'an,Bn (2)
XaJl MaTpPUIIAaHUHT Xxap OuUp caTpu Ba Xap Oup ycTtyHuaaH ¢akaT OUTTaIaH

OJIMHI'aH a1 5 a.2 5, a3 b .an 5, QJICMCHTJIAp KyITauTMacCura TCHI'.

(1) iuFuEaM N —TapTUOM NETCPMUHAHTH JCHWIAIN, Y
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a; &y - &,

a a .. a
|A| _ 21 22 2n

a‘nl a‘n2 a'nn

KYpUHUIIUAA OENTujiaHuaAd Ba YHUHT TOPHU30HTAN KaTopilapw caTpiapw,

BEPTUKAI ~Karopiap yCTyHJap J[eHWiaad. @; JapHH JCTePMUHAHTHH

AIEMEHTIAPHU JCUNIIA/IN.

JleTepMUHAHTHH aCOCHi X0ccalapu

1-xocca. JlerepMUHAHTHU TPOHCHOHUPJIAII SIBHU YCTYHJAPUHHU CaTp
KWINO, caTpJapyHH YCTYH KWIMO €3UIT YHU KMMMATHHU Y3rapTUPMaiiin.

2-xocca. JleTepMHUHAHTA WCTAJITaH WUKKH caTp €KH MKKH YCTyHJIApWHU
VpUHIIApUHU aJIMAIITUPCAK YHU (aKaT UIIOPACH Y3rapaiu.

3-yocca. JleTepMUHAaHTHUHT OMpOp caTplard AJIEMEHTIapu M  yMyMHHA
KymaTyBuura sra 0yica, yHU JETEPMUHAHT OCITUCHIAH TallKapura YMKapuIil
MYMKHH.

3-namuoica.  JlerepmuHaHTHUHT  Oupop carpu  Oomka  caTpra
MPOTOPIIMOHAN Oyica, Oy IeTepMUHAHT HOJITA TEHT.

4-xocca. N—TapTUOIM  JETEpMHUHAHTIA  OWpop  carpu  MTa

KYIIWTyBYMIAPHUHT HUFUHAUCKIAH nOopat Oyica, ibHU

a, a, a,
a,, a, .. a,
A=1T 0 S w o (K)
Zail Zaiz Zam .
k=1 k=1 k=1
a‘nl an2 ann

6yaca, |A| nerepmuHanT Mta N -—TapTHGIH Al AL [A]]A)

ACTCPMUHAHTHHUHT ﬁHFHHHHCHFa TCHT.
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MuHop Ba anredpauk TyJIAUpyBYRIAP
Taptubu 3 pgan karra OYyiraH AETEPMHUHAHTHH XHUCOOJIAIHU Tanép
dopmynacu mapxya sMmac. LIlyHUHT yuyyH IOKOpU TapTHOIM JETEPMUHAHTHU
XHUccoOIal manTuaa YHUHT TapTUOMHH MacCalTUPUII MYXHIM.
7-Tappu@. N—TapTHOIN AETEPMUHAHTHUHT UCTAJIraH I Ta caTpu Ba I Ta
YCTYHUHU  YuupuO, YJIapHUHI  YUHMpWIraH OKOWJIapujaaru  KECHUIIraH
JIEMEHTJIApHU OepwiraH JCTePMHHAHTAATUACK TapTUOMa Onub, I -TapTUOIH
JNETEPMUHAHT Ty3cak, Oy JAeTepMUHAHT OepuiraH JAeTepMUHAHTHUHT
r —mapmubau munopu ned aTanaiu.

9-rabpud. |A| JIeTepMUHAHTAATU I -TapTOIM M MUHOPHUHT 11y

JETEPMHUHAHTAA HINTHPOK JTraH caTp Ba YCTyH HOMEPJIAPUHUA MOC paBULILAA

K, Ky, Kgyeo K, Ba N O P 1eod Oenruiacak y Xo0J1a ,

r

Ky +Ko +Kg +... 4K +h +b +h +.. — o o o
(—1) JapaxxajJlapuHH M KyninM4ia MHHOpra KyIlauTMacCHu

M MUHOPHMHI aneebpaux myaoupyeuucu NeHnuIaan.

AnreOpauk TynaupyBUMHH A opKaiu Oenrmnacak, Tabpudra kypa

A— (_1)k1+k2+k3+...+krr+I1+I2+I3+...Ir V]
oynanu.
3-teopema. (Jlaniac Teopemacu) N— TapTu6nu |A| 1eTepMUHAHT/A TAHIAHTaH
r Ta uxtu€puil carp (MXTUEpuUil YCTyH) NapiapiaH XamMma I — TapTUOIU
MUHOpJIApHU Ty3uO Ba yjapra Moc aiareOpauk TyJAupyBUWIapra Kynautupuo,

Oy KymaTManMp Kyiusica, XOCwi1 OYiaraH HUFUHIU |A| JIETEpPMUHAHTIA TEHT

oynmanm.

| 600 Oyiinua xyJioca.
Ymby 606ma Gepunran Oapua MabIyMOTNIap, Tabpudiaap, Teopemanap,
Xoccajlap KeHUHTH WKKW 000/1a KMJIWHTaH WIUIap YYyH €pAaMud TyITyHYajiap

o0ynu0, Oynna 3-4 na kypcatwiran anaduérnapaan GonaanaHIuk.
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Il Boo.

JUODOEPEHIIUAJ TEHI JTAMAJIAP CUCTEMACHUHUHI SL(n,C)
I'PYIIIIA AMAJIMT'A HUCBATAH 3KBUBAJIEHT EYUUMJIAPH.

1. SL(n,C) TPYIIIA AMAJINT A HUCBATAH DKBUBAJIEHT
UYJLIIAP

Komieke cornap maiinonn yeruga V =C" —n yagosmu Bektop (aso Ba
SL(n,C) — maxcyc 4msukiay rpynna Oepwirad O0yiacun. C' (Ga3oHUHT Xap Oup
JIEMEHTH N — VIIYOBIM caTp KYpPWHHINHIA TacBUpJAHTaH BEKTOPJIApiaH,
SL(n,C) rpynmaHuHr Xap OWp 3JEMEHTH JCTCPMHHAHTH | Ta TEHr OyiraH
KBajparT Marpuuanapian ubopar. By rpymmamurr C" ¢dasomarm amanu

cudarua, MaTpUuLAJapHU KYTaUTUPUIL aMaTuHU KUPUTAMU3 '

gll 912 gln
Ox O9» - Oy
(x,g)—>xg:(xl,xz’xy__”xn) 21 22 2

gnl gnz gnn

:(ingil ingiz ingi3 inginj
i=1 i=1 i=1 i=1

1-tabpud. [0,1] ma anmknanran X:[0,1] —C" y3mykcu3 akciaaHTHpHIL
X(t) yanyxcus tiynnu ndonanamim.

Arap X (t), i =1,n koopauHatanapaa X(t) yexcus nuddepeHLraIIaHyBIH
dbyHKIMsaan noopat 6yica, C* — x(t) wymau udonanaiimy.

M (X) opKau (X',X",X"’,...,X(nfl)) JapaaH Ty3WiIraH MaTpHUIlaHH

OeJIrnIanMus.
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X X X, X
Xl ! ! !
) X, X, o X,
M(x)=| x" |=| : _
n-1 n-1 n-1
(0D Xl( ) Xg ) Xr(l )

6y epaa X" — x HuHT t GViiMya OMMHTaH | —TAPTHOIN XOCHIACH.

2-tabpug. Arap 6apua te[0,1] yayn detM(x)(t) #0 6ymca C* — x(t)
yekcu3 y3nyken3 auddepeHimayianyBun Wy peyiap AeHuiaim.

3-tabpud. Arap mynnaii g € SL(n,C) maBxyn Oyicaku, 6apya t €[0,1]
yayH Y(t) =X(t)- g Tenrnuk ypurnu 6ynca, X(t) Ba y(t) #ymrap SL(n,C) rpymnna
amaJiura HuCOaTaH 9KeuUsaIeHm ISHUITa N,

A-tavpud. X(t) ={x (1)}, Huar f ¢yHKIMACKH Ba YHHHT YEKIH COHJArH
xocunanapu SL(N,C) rpynma amanura HucOaTtaH uneéapuanm IEHWIAIM, arap
yauHr KuimaTiiapu SL(N,C) rpymnma amanura HucOaTaH SKBHBAJICHT Hyuiapra
moc keica, sean f(X(t)g)=f(x(t)).

1-xocca. Arap X(t) Ba y(t) Wynnap SKBHBAJEHT OYyjca, yjlapra moc
M (X) Ba M (y) MaTpulaiap yayH

M(y)=M(x)g, geSL(n,C) (1)
TEHIJIMK YPUHIIH.
Hcodor. Arap X(t) Ba y(t) inymrap G-skBuaneHnt Oynca, y(t)=x(t)-g,

g eSL(n,C) tenrnuk 6axxapuiaau. by xoma,

36



M(y)=M(x-g)

ingil
i1
d n
EE; Xigil]

5
—| 2% 9
d'[( Y i=1 '

ingiZ
i1
d n
a(;xigin

)
— X0
dt"Y ) ’

X, CX
’ 14
X, CX
(n-1) (n-1)
Xn
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dt"

011
P9

gnl

ingin

i=1
d n
a(;xiginj

)

d (n-1)

g12 gln
g22 g2n
gnz gnn




D X0y D X0, > X0
= =1 i=1
d \ d n d n
_ E(;Xigilj a[éxigin a(;xigm}

d (n-1) n d (n-1) n d (n-1) n
— X0 — X . —— X0
dt(n_l) (; Igllj dt(n_l) (; |g|2j dt(n_1) (; |g|n)

M (Xg) Ba M (X)g MaTpUIIAJIADHUHT Xap OUp SJEMEHTH TEHIJUTHIaH Oy

MaTpUOAJIapPHHUHI XdM TCHIJIUT'U Keano YHUKaaHu.

1-3caaTma. YOy 6061aru 6apya macanaiapHu SL(n,C), n>2 oynraxn

XoJiia ypraujauk. SIbHU OJMHTaH Oapya HaTWwkKajmap N=2 SbHU SL(2,C)

oynran xon yuyH Xam Yypuniu. lly caGabnaH, yMyMUIIMKHM Yerapamaciuk

MaKcaauaa SL(n, C), nN>2 OynraH Xoi/1a TeKIIUPIUK.

M (X) Ba M (y) Matpunanap V ¢gazona TeckapuiiaHyBuUMd OYIraHW y4yH

YIapHUHT JETEPMUHAHTH HOJJaH dapkiu Oynmagu. Ymapra Moc TecKapu

MaTpULAJIapHUA KyHU1arndya KUpUTaMu3:

Oy epna Mij, I,j—1Ln wMoc xommaru X;; 2TIEMEHTIaPHUHT

TYIaupyBYMIIapuHu udoanaiau, det M (X) = Z XM, =0,
i=1

My My . M
L1 ML My, My
(y)_detl\/l(y)_ ; S
ern I\/Ir’12 Mr,m
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Oy epma M, i,j-1n wMoc Xxonmarm Y;d5N€MEHTIAPHUHT  anreOpamK

TYIaupyBUmIIapuHu udoaanaiinu, det M (y) = Z y:M! =0,
i=1

Teckapu Matpuiasuar taspuduman M (X)M™(x)=E tenrmux ypurnm, Gy

epaa E Oupnuk Matpuna. Y xonua Kydugara TeHIJIMKIapra ra 0yaiaMus:

M (x)M™(x)=
X X, X, M, M, M.,
— 1 X1, X2’ Xn, % M 12 M 22 M n2 _
detM (x) : : :
Xl(n_l) gn—l) Xgn_l) Ivlln M n2 M nn

0 .. 0
1 0

= =E
0 0 .. 1

Xocui Oyiran MaTpUIlaIApHUHT Xap OUp XaJapyuHH TEHIacaKk
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ZX_(J'A)Mij :detM(X), Zn:XiMik:o, k=2.n, Zn:xi’Mik:O, k=1n, k=2,

(2)

> XM, =0, k=1n, k=3 ,.., > x"M, =0, k=1(n-1)
i=1

i=1

KYPUHUIIKMIATH TEHTJIMKIIapra sra 6yiamus.

2-xocca. Arap Xx(t) Ba y(t) iymrap SL(n,C) rpynma amannra HucGaran

AKBUBAJICHT OVJica, KyHUIaru TEHIJIMKIIAp YPUHIIN:
1) M (y)=g"M™(x), g7 eSL(n,C);

(3)
2) detM (x) =detM (y).

Hco6oT. Arap X(t) Ba y(t) inymiap G-skBuBaneHt Oyica, y(t)=x(t)-g,
ge SL(n,C) Tenrmk  Oaxapwiamd, — KojaBepca  l-xoccara  Kypa

M (y) =M (X) g TEHIJIMK XaM YpHUHIH. J € SL(H,C)-HeTepMI/IHaHTI/I 1 ra TeHr

6ynraH KBagpaT MaTpuna. Jlemak, g ra TeCKapu JEMEHT MaBxKyd. YHH ¢ 1eb

Genrunacak, Tpynmna Taspudura kypa g - e SL(n,C), spHn detg ™ =1.

M(y)=M (X)g Tenraukka g~ HY YHIIaH KYIaHTHPaMu3, HATHKA/A

M(y)g™=M(x)gg™ =M (Xx)E=M(x)

TEHTTIMKHY XOCHJ KHIaMu3, Oy TeHTKka M (X) VHIJaH KynauTupamus:
M(y)g™M 7 (x)=M (x)M*(x)=E.

FOkopunaru Tenrinukka M ‘1(y) YarJiad KyInanTupcax,

MM (Y)g ™M () =M (y)E=M"(y)
g "M =M"(y)

6y epna E - 6upmux marpuma, g € SL(n,C).
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DHau 2) TeHIIMKHM ucGoriamra yramus. Arap X(t) Ba y(t) iymmap G-
SKBHATEHT 6¥ca, 1-TemMmara kypa
M(y)=M(x)g, geSL(nC).
TeHriK 6axapunany. By xomia,
detM (y)=det(M (x)g)=detM (x)detg =detM (x)1=detM (x).

2-xocca uCOOTIaHIH.

1 Ba 2- xoccanapaan Qoigaiann® KyHujaard TeopeMaHH HCOOTIIaMu3.

1-teopema. X(t) Ba y(t) wymmap SL(n,C) rpynma amanura HucOaTtaH
9KBHBAJIICHT OVJIMIINM Y4yH KyHUJard IIapTIapHd OakapWjuIIh 3apyp Ba

eTapIn.

1) M'()M 7 (x) =M'(y)M (y);
(4)
2) detM (x) =detM(y)
6y epma M (x) Ba M7(y) wmarpumamap moc xomma M(X) Ba M(Yy)
MaTpuianapad Teckapu Marpumanapu, M'(X),M’(y) wmarpumamap M(X),M(y)
MaTpuianapHu t 6yiinya oJiMHraH XocuiajlapuiaH uoopar.

Hcoot1.1) 3apyprueu:

Arap x(t) Ba y(t) iiymmap SL(n,C) rpynma amaiura HucOaTaH SKBUBAJICHT
oynca, y(t)=x(t)g maptau kanoarnantupyBuu geSL(n,C) snemeHt mapxym. Y
xomma, M(y)=M(x)-g, geSL(n,C) Ttenrmk xam Vypuriau Ba (3)
MyHOCa0aTHH KaHOATIaHTHPAIH. XaKUKATIAaH XaM,

1) M'(y M7 (y)=M'(x-g)M *(x-g) =
=M'(x)g-g"M 7 (x) = M'(x)M (x);
2) detM (y) =detM (x- g) =det M (x)det g =det M (x) -1=det M (x).

2) Emapnunueu:
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X(t) Ba y(t) iymmap yayn (3) myHocabat Oaxapwmica, X(t) Ba y(t) iymiap
SL(n,C) rpymnma amanura HIcOaTaH SKBHBAJICHT OYI1a Iu.
ByHnu xypcaruin yudyH Kyduaard TeHIIMKAaH ¢oiigananamus. Arap A(t) —
MaTpHla TECKapUIaHyBYH Oyica
(A =—A"AAT (5)
TEHIJIMK YPUHIIN.

By tenrnuknan ¢oitnananund KyiugaruiapHiu KCOOTIaiMM3.
1) M'(X)M7(x) =M'(y)M(y)
TeHTTTMKHA aBBajd M(Y) ra YHrmaH, KeHuH — M™(x) ra wamman KyIauTUpaMu3.

Hatmxkana
(M7 ()M (y))' =0
kenu6 unkaau. byHnan Kyhunaruinap Kenmo 4uKaiam.
MZ(x)M(y)=9 Ba M(y)=M(x)-g, geSL(n,C).
2-xoccara Kypa
2) detM(y) =detM(x) =det M (x)-1=det M (x) - det g =det(M (x)g)
M(y)=M(x)-g, geSL(nC).
Teopema ncooTIan M.
1-teopemanuHr |-mapTugaru M'(X)M (x) kymaiitva nNxn TapTHOIM
KBajgpaT matpuila xocwsi Oynamau. By martpumann A(t) ne6 Oenrmnad  yHU

KYPVUHHIIWHU aHUKJIANMU3:

MM (y)=A(t)=

Xl, X X M11 Mlz Mln

B 1 X1” Xg Xg o M, M, M.,
detM (x)| : :

Xin) Xgn) Xﬁn) M nl M n2 M nn
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ixi,Mil ixi,MiZ ZX{Mm

i=1 i=1

LM, M, Y M,
i-1 i1 i1

" detM (x)

n n n

SHM, SHM, . A,

i=1 i=1 i=1

YOy wmatpunana (2) TeHrmUKIapHH IbTHOOpra oncak, A(t) MatpunaHu

KYPUHUIIM Kyiuaarnya Oynaau:

0 1 0 0
0 0 1 . 0
A) = o,
0 0 0o .. 1
a,(t) a,(t) a,t) ... a,()

Oy epma a, (t):ZXi(n)l\/Iik, i,k =1,n -uexcu3 mapra auddepeHIHANTAHYBYHL,
i1

Y3IyKCU3(PYHKIHS.
Ky#nnaruya 6enrunanuiapHu KUPUTaMU3:
At) =M'(X)M7(x), c(x)=detM(x).
by xomma A(t) marpunasuii Gynkuus Ba c(x) ¢yskumsiaap SL(n,C) rpymma
amanura HucOaTaH UHBApUAHT.
1-Teopema maptiaapura Kypa

{M "(X)M (x) = A(X)

(6)
detM (x) = det M (y) = c(x)

MaTpuiaBuii guddepeHiman TeHraaManap CMCTEMaCuHNA XOCHIT KHJIAMHU3.
(3) vu 1-tenrmamacunu M (X) = A(t) M (X) KypuHummaa ¢&3ub, A(t) HuU

KYPUHHUILIWHYA IOKOPUJATrUIEK OJICAK:
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0 1 0
XX X, 0 0
XX Xy 0 O 0
. = . X
W0 XL K] o0
a'nl an2 ann
X X X,
X% Xy
X . . . =
n-1 n-1 -1
X" i X"
X, X X
X1” Xg X”

n

Z Z”:Xg-l a . Zxr(]i—l)a

i=1 i=1 i=1

buprH4yM Ba oXUpru MatpunagapHu xap Oup XaJjIapuHH TEHIJIacaK

(n) _ (n-1) (n-2)
Xl - ann + a‘nn—l +o.+ anlxl
(n) _ (n-1) (n-1)
X, = ann X, + ann_1X2 +...+ an1X2 (7)
(n) (n-1) (n -1)
anan + ann -1 +.o.t aann
(M) (n-1) (n-2) _
X _annxl _ann—l _"'_anlxl_o
(n) (n-1) (n-1) _
X0 - ann X; - a'nn 4% T an1X2 =0 (8)
(n) (n-1) (n-1)
Xn anan ann 1Xn T aann 0
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KYpUHUIIUAATH OWp OJKWHCIH, YH3HKIW, N -TapTUOIN n Tta oanui
nuddepeHnnan TEHIJIaMaJIap cucTemMacura ara oymammus. by
mubdepennmanTenriamanap cucreMaciun X (t) iy cudaruaa Kapar MyMKHH.
n
2. detM(x)=C(t)= ZXiM1i ra Tenr, 6y epaa My, —i=(1,n) 1-carp Ba
i=1
| - ycTyHJIapra Moc X0J11ar MUHOpJIapiaH ubopar.

3. C'(t) =[Zn:xiMli} = Zn:(xi’M1i + xiMl’i):Zn:xi’M1i +Zn:xiMli
i=1 i=1 i=1

'
x 1=

Ymly WAFUHAUHUHT OUPUHYM KYIIMUTYyBYMCH (2) TEHIJIMKIapra Kypa HoJra
n

TeHr. Jlemak, C'(X):ZXiM 1 TeHrmuK Ypurnu. By WuruHmuna n—rtaptulnmm
i=1

XOcuJia KaTHaIMaral 6apya xajjapu (2) TeHrJIuKiIapra Kypa Hojira TeHr 0yuo0,
dakar N-—TapTHONM XOocWJa KaTHAIITaH XaJjlapruHa Kojaau. byHmai
XaznapHuHr corn (N—1)! ra TeHr, Komasepca Oy Xamtapaa (n—1)-raprulin

(n)

XOCWJIAIHM KYMaWTyBUU MaBxKyJ dMac. Xap Oup KyIIWIyBUMZArU X;  -DIIEMEHT

Vpuura (4) cucremagaru TEHINIMKIapHU onuO Oopub kysmu3. Hatwxk.aga
KyHuaruiapra sra oyiamus:
n n n
! ! !
C'(t)=>xMj=a,> xM;+a,> xM, +
i=1 ji=l ji=l

n n n .
+a,, > XM+t a,, D XM+, D XM,

ii=1 ji=l ji=1
(2) TeHrnuUKIapHA YBTHOOPTA OJICAK

n

j-1
C'(t)=a, > x'"M, =a,, detM (x)=a,C(t)

ji=1

TEHTJIMK XOCHJ OViaiu.
Oxkopumarn  kenu®  4WKKaH  HaTwkamapaan  ¢oinaaanuo  (8)

nuddepeniman  Tenrmamanap cuctemacuuuHar  SL(n,C) rpynma amanwura
HUCOATaH SKBUBAJICHT €YMMH MaBXKYyJl Ba STOHAIUTH KYpCaTWITaH TEOpeMaHU

KeJITUpUO YTaMus.
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2-teopema. Arap A=A(t)={q;(V)},,, matpuna Ba c=C() Qynxius

Kyuuaru
0 0 0
0 1 0
1) A(D) =] oo, ;
0 0 o .. 1
anl (t) anz (t) an3(t) ann (t)
Oy epma a,(t), i =1,n n— mapra qupepeHnraIanyBUN GYHKIHS 9)
2) ¢ =a,,();

3) c(t)=0, te(0,1)
mapTiapHu KaHoaTiaaHTupca, (8) auddepeHiman TeHriaManap CUCTEMAaCHHUHT
cunmu SL(N,C) rpymma amanura HUCOAaTaH SKBUBAJICHTra4Ya aHUKJIHK/Ia MaBXY/I

Ba SITOHA.
Hcoor. Masxcyonueu. M'(X)M (x) = A(t) Terrmukman A(t) MaTpuriasu
KypuHuin kenub unkamu. by Tenrmukanm M'(X) = A(t)M(X) xypunuinmaa

€310, xucobanuiapau 6axapcax.

[ (n) (n-1) (n-2) _
Xl - a'nn Xl - ann—lxl T a‘nlx:L =0
(n) (n-1) (n-1) _
X; " —aX; — 4% Ay X, = 0 (10)
(n) (n-1) (n-1) _
X, —a X a,, X, = —..—a,X =0

N-TaptuOaM, N Ta HOMABIYMIH, N Ta OUP SKUHCIW, YUBUKIH OJTUIN
muddepennran TeHrnamanap cucreMacu xocun Oymamm.  uddepennman
TEHrjJaMajap  CHUCTeMacu  Hazapusacuaa  MabiayMmMku,  auddepeHiman
TEHTJIAMAJIADHUHT YU3UKJIM, OWp JKUHCIA CHUCTEMAcH Y4YyH (QyHIaMEHTaI

cucrema MaBxkyn [1]. emak, (5) cuctemanunr X (t),Xz(t), ..., Xn(t) eunmmapu

Y —a, Oy —...~a, )y =0 (11)
muddepeHnian  TEHIIAMaHUHT €YMMIIAPUHU  (PYHJIaMEHTall CHUCTEMACHHU

TalllKKWJI KWJIaaH.
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Mannymky, 6apua te[0,1] yuyn detM(x°)(t) #0 6yaran xomma, (11)

TeHraama yayH X (t), i =1,n YM3HKIM GOFIAHMATAH CUHMIAPH MaBKYJL.

(11) cucremanaru TeHrnuMKIapaaH ¢oimanancak C =a_ (C) TeHrIuK ¥3-
Yy3uaaH Kenuo YuKau.

Azonanueu. X(t) = (x; ()] o, (3) cucTeMaHMHr OMPUHYM TEHIJIAMACHHH
oomka eunmu O0yan0, X'(t)=X(t)A(t) Oynca, 4 HU KYPUHUIIMHA aBBAJITHICK
om0 M(x) Hu xocun Kuiamu3. Hatmkana,

(M (XYM (X))’ =0 s M(X) =M'(X)g, g eSL(n,C)
KeJIuO YuKaau, XyCycui Xoiaa X = gxo.

(6) Hu OupuHYM TeHIIaMacuaaH Ba (4) MyHocabaTHH 1), 2) mapriapuaan

detM'(y,)(t) _ c'(t)
detM (y,)(t)  c(t)

a (t) =
kenu6 unkanu. o(t) = (detM(y,))(t) - Genrunam kupuTHbd, @° ra 6y.1mo, ? ra
C

Kymaitupcak, c(t) =a,(detM (y,))(), o, = £ _const xemu6 YHKAIH.
@

Arap x=40,Y,, 9€SL(n,C), detg, =w, 6ynca, (3) cuctemanunr Gapuya
TEHIJIaMacu Oaxapuiaau, SbHU (3) CHCTEMaHMHI Maxcyc OVyiMaraH €4uMH
MaBxkya. Arap Zp — eunmiiapugaH Outracu Oyica (3) CUCTEMaHUHT YMYyMHA
eunMu Z=gz, 6ynaaum, arap g SL(n,C) 6yca.

Teopema ncOoTIaHM.
2. SL(n,C) rpynna amajura HucOaTaH YKBUBAJIEHT HYJJIap cUTeMACH

buz 1okopumaru unUiapuMusaa  N—yadoBid  KoMIUieke  (azona

anuknanran  X(t) iyumap yuyn SL(n,C) rpymma amanura HucGaraH

HKBUBAJICHTJINK MYHOCA0AaTUHU KUPUTIAWK Ba KaHJal miaprTiap Oa)kapwiraHaa

MKKUTA X(t) Ba y(t) Hyiap SKBUBJICHT OVIUIIIMHU TEKIITUP/IUK.
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C" pasoma {X'(t), i=1k} iiyamap cucremacu yuyn SL(n,C) rpymma
aMaJTuHU
V:ifla’kC”:(g,(x'))e{x'g}, i=1k

KYPUHUIINIA KUPUTAMMU3.

1-Tabpudg.Nxxura nysap cucreMacy, ABbHU
@), i=Lk}, {y'(t), i=1k} C"— dazona SL(n,C) ra HucOaran skseusaienm
neiimnany, arap mysnaii ge SL(n,C) mamxyn 6ymu6, Gapua te[0,1], i=1k

yays Y'(t) = X' (t)g Tenrmuk ypunmm 6yica.

{x'(t), i=1k} itymmap cucremacuma Gurra Iy elk unmexcim {x°(t)}
fiym perymap 6ymca, {x(t), i=1k} cumcrema xam perymap Oymamm.
VYMyMuiIUKHEN derapanamail ipc=1 ne6 omamms. X' (t) perymsap #ynm yayH
{x'(t), i=1k} cucrema M(x') TeckapunanyBun MarpuuaHu udomanaiimm.
Kyiinga ukxkuta {X (t), i=1k} Ba {y'(t), i=1k} iiymap cucremacunu

SL(n,C) rpynma amanura HHACOAaTaH »dKBUBAJICHT OYJIHUINN TYFPUCHIATH

TeopeMaJiap KUPUTHIITaH.
3-reopema. {x'(t), i =1k} Ba {y'(t), i =1k} perymsp itjnap cucremacu
SL(n,C) ra muc6araH >KBHBaIeHT Oymamm, arap ip=1 nnmexc yayn M(x') Ba

M(y') MaTpHLaTap KyiHmard TeHITHKIApHU Gaxapca
1) M'(xYM(x)) " =M"(y )M (y)) ™
2) detM (x') =detM (y*); (12)
3) X (M) =y (MY, i=2k
Teopema ucGorn. Aiiraiimk, {x'(t), i=1k} sa {y'(t), i=1k} itymiap
cucremacu SL(N,C) ra HucOatan sKBUBaNEHT OYJcuH, spHH InyHaai g eSL(n,C)

MaBxyakH, Gapua i =1K yayr y'(t)=x'(t)g renrmuk ypurm. By xonma (12)
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myHocabaTau 1), 2) maptiapu l-reopemanan kenub dyukanaw, 3) TEHIIIHMKHHA 3Ca

TEKIIUPUILI KUAHAH dMAC.

Y (M) =xgM(x)g) =xg-g* M) =x'(M(x}))", i=Lk

Teckapugan apas kwiamus, sprd {X (t), i=1k}sa {y'(t), i=1k}
cucremMasiap yuyH Ip=1 na (12) myHocabar ypurmm OyncuH. 1-Teopemanan
(M () (M(y))eSL(n,C), sern M(y)=M(x")g, g eSL(n,C). Xycycuit
xonzaa Y' = Xx'g 1e6 xucobmaiiMus Ba 3) TEHIMKIaH
XM =y (M) =y'g (M),
spHE Y =X'g, i =2,k kenn6 unkangu. Teopema HCOOTIAH/N.
4-teopema. 2-TeopeMaHuHT 1), 2) MmapTIapuHd KaHOATIAHTUPYBUH

A={a;}, c={c;}, i =1n Marpuuanap Ba 3) MyHOCaGaTHH KAHOATIAHTHDPYBYH
D eC"(i= 2,k) uxtuépuii Bektop-carp Geprran 6yncus. Y xomga

1) M'OOM (X)) " = A

2) detM (x") =C; (13)

3) X(M(X) =D, i=2k.

TEHIJIUKIJIApHU kaHoariaantupyBun  SL(N,C)  rpymnmara  HucOaraH
skBUBasicHTHKraYa anukaukaarn {X (t), i =1k} iymmap cucremacu MaBxya Ba
STOHA.

Hcoor. 1§ HunT 2-Teopemacura kypa (12) mynocadatau 1), 2) mapriapHu

kaHoatnantupyBun SL(N,C) — SKBUBaNeHTINKraua aHUKIMKAA aroHa X = X' (t)
#yn mapxyn. 3) TenrmukHu Tekumpamus.By xon yuyn, X' =DM(x") ne6
oncak, {x'(t), i=1k} 3) mapTHA KaHoaTaanTupamd. {Y'(t), i =1k} Gomka
iymiap cucemacu OyncuH Ba (12) MmyHOocabaTHM KaHOATJIAHTHPCUH. VXTHEpwHii
ge SL(n,C) yuyn M(y')=M(x")g ypunmu 6yca,

D, =y' (M) =y (M()g) " =y'g (M) " =x'(M(x))™".
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Byanan y' =Xx'g xemu6 umkagu. SIeHM (8) MyHOCaGaTHM KaHOATIAHTHPYBUHM

xap xauzmait {x', i =1k} iymrap cucremacu SL(n,C) ra HucGaTaH SKBUBAICHT

oynamu. Teopema uCOOTIIAH/IN.

3. SL(n,C) 'PYIIIA AMAJIUTA HUCBATAH CHUPTJIAP
CUCTEMACHUHHUHIT JKBHUBAJIEHTJ/JIUI'U

Komrutekc connap maiigonu ycruma V =C" —n yagosiau Bekrop ¢as3o Ba
SL(n,C) — mMaxcyc 4u3uMKiM rpymmna 6epunran 6yncun. C' (asoHuHr Xap Oup
9JIEMEHTH N — YIYOBIM caTp KYpPUHHIIKIA TAacBUpJAHTaH BEKTOpJapjaH,
SL(n,C) rpynmaHuHr Xap OWp 3JEMEHTH JCTCPMHHAHTH | Ta TEHr OyiraH
KBajpaT MaTpuuanapiad ubopar. By rpymmamurr C" ¢dasomarm amanu

cudarua, MaTpUulaJapHU KYTaUTUPUII aMaJTuHU KUPUTAMU3'

gll ng gln

Un On - O
(X%,9) = Xg = (X, Xy Xgye Xy )| o0 2 | =

gnl gn2 gnn

:(ingil ingiz ingis inginj
i=1 i=1 i=1 i=1

1-rabpud.  x:(0,1)x(0,1) >C"  cmmwmk  akcmadtupum  X(t,S)
onemenmap cupm jAevnnaau. by epaa  cwUIMK < akcnaHTHpull €0
(S,t) € (O,l)x(O,l) y3rapyBUMiIb, €Tapinya y3JIyKCH3 Xocuianapra sra Oyiraxn
AKCIIAHTUPUIIIHU TYIIYHAMHM3.

2-Tabpud. Arap f QyHKIMS Ba YHUHT XOCHIAJIAPH YUyH

f(x(s,t)g)=f(x(s:t)) (1)
TEHrIMK Ypuriu Oyinca f QyHKIMsA Ba yHMHT XOcWiianapu OepwiraH rpyra

amanura HucOataH uueapuaum nevwnanu.by epma geG, G -—O6epunran

rpynna.
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bus cuptnap yuyH 3KBUBaJCHTIMK MyHOCA0ATWHU WHBApUAHTIAP THIIKIA

0acH KHI1amus.
3-raspud. y(s,t) Ba x(s,t) cupriap yuyn
y(s,t)=x(s,t)g, geSL(n,C) (2)
TeHITHK ypurn 6ynca y(s,t) Ba X(s,t)cuprmap SL(n,C) rpymma amanura
HucOaTaH sKBUBaNeHT Jeiimnanu.by epna (s,t)(0,1)x(0,1).
Kanmaii maprmap Gaxapmiranga Y(s,t) Ba X(s,t) cuprmap SL(n,C)
IpyITa aMaiira HUCGaTaH SKBHBANEHT Oymamu? KaGu caBommap TYFHIHIIA

TapOuHil. Bus 1okopuaary niapumusaa ymoby casonra X(t) Ba y(t) iiyummap,

xamaa {Xi (t)} |

le

Ba {yi (t)}iEI ifynap cucreMacu yuyH aBoO Oepauk. DHIM
CUPTJIap YYYH Xam Iy CaBoJira >KaBoO OEpUIIHM OJJAMMH3ra Makcaj KUIuO
Kysiimuk. Bynunr yuyn asBano M (X) opkamm (X’Xs’xs“'"’xs"-l) napiaH
Ty3WIraH MaTpuianu Genrmiaiimus. By epna X, i=0,n—1 -x(s,t) cupruan

| -rapTrOM S O¥yiinya onwHraH Xocwianapu. Jlemak, M (X) HU KYpUHUIIU

Kyluaaruua O0yinaau:

X X X

o X, ) .

- 0%, OX, OX,,

1 la & 7 &

M (x)= = : .|, detM(x)=0. (3)

. an—l an—lx 8n_lX

an71X ni(l1 n—l2 e n—ln
— oS oS oS

0S

Arap y(s,t) Ba X(S,t) cupTiap SL(n,C) rpynma aManura HucOaTtad

HKBUBAJIEHT OYica, yinapra moc M (X) Ba M (y) MaTpULIAJIap YYyH

M(y)=M(x)g, geSL(n,C) (4)

TEHIJIMK YPUHIIN.
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Xakukatnan xam, arap Y(s,t) Ba Xx(s,t) cuprmap SL(n,C) rpymma amanura
HucOaran oSkBuBaieHT Oyica, Y(S,t)=Xx(s,t)-g, ge SL(n,C) teHrmmk

Ooaxxapuianu. by xoinna,

M(y(s.t))=M(x(s,t)g)=M(x(s,t))g, g eSL(n,C).
M(xg) Ba M(X)g MaTpuianapHHHT Xap OWp SIEMEHTH TEHIINIH aBaird
MAB3yTAPHMH3/Ia KYPCATHIIFAH.
M (x) Ba M(y) marpuuanap V ¢asona TeckapuiaHyBun GYIraHu yqyH

VIApHUHT JETEPMHHAHTH HoJAaH Gapkiu Oyiaagm Ba ylapra TecKapu

MaTpuliaiap MaBxX.yA. YJapra MOC TeCKapu MaTpUlalapHUd KyWujaruya

KI/IpI/ITaMI/BZ
Mll |v|21 |\/Inl
—l( ): 1 I\/|12 M22 an . (5)
det M (x) R
I\/Iln an I\/Inn

by epna Mij, 1] —1,_n MOC XOJIATH X;; OJIEMEHTIIAPHUHT areOpaunk

TYynaupyBuwiapuau udoanaiau, det M (X) = z M. =0,
i1

My My .o My
-1 _ 1 _ M1,2 Méz Mr,12 .
)= Gt (y) S|
ern Mr,wz Mr,m

By epma Mj,i,j—1n wmoc xommaru Y;d5IE€MEHTJIAPHUHT  anreOpauk

n
Ty naupyBUrmapuan udonanaiam, det M (y) = Z y.M. =0,
i=1
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Gll GZl C;nl
Gn2
it detg =1€ SL(n,C).
Gn2 Gnn
TGCKapI/I MaTpUuLaHUHI Ta’pr/I(bI/IIlaH M (X)M _l(X) =E Tenrmuk S'/pI/IHJ'II/I, 6y

epna E Oupmuk matpuira. Y xoJja KyiHuaara TEHTIIMKIIapra ara 0yiamus:

X, X, . X
o
1 0s os 05 y

an—lxi al’l—lx2 - an—lxn
ot os™t os"

% M12 M22 MnZ —
Mln MnZ ' Mnn
ZXIMI]. ZXiMlz leMm
i=1 i=1 i=1
1 Z%Mu Z%Miz %Min
= —C i=1 aS i=1 83 i=1 aS =
detM (x) . . :
n an—lx. n an—lx. n an—lx_
M. ‘M., ... M.
; asnfl i1 ; asnfl i2 ZI; aSnfl n
1 . 0
1 ... 0
= = E
0 0 .. 1
6y epaa i=1,n.
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Xocu 6yaran MaTpULAIapHUHT Xap OMp XalJapyuHu TEHIIacaKk

n aj—lx n _ n ax _
> M, =detM (x), > xM; =0, k=2,n, > —M, =0, k=1n, k=2,
i=1

jil os' = OS
(*)
n azx _ n an—lx
Z?Mikzo, k=1n, k=3 ,.., > —5M, =0, k=1(n-1)
i=1 i=1

KYPUHUIINIATY TEHTJIMKIIapra ara 0yiamus.

1-xocca. Arap y(s,t) Ba X(s,t) cumprmap SL(n,C) rpynma amamnra
HUCOATaH SKBUBAJIEHT OYIca, KylnIaru TeHrIuKIap 6axapuiaiu.
1) M7 (y)=g"M™(x), g7 eSL(n,C);

(6)
2) detM (x) =detM (y).

Ucbot. Arap y(s,t) Ba X(S,t) cupTiap SL(n,C) rpynma aMmainura HucOaTaH
skBUBaleHT Oyaca , Y(S,t)=x(s,t)-g , ge SL(n,C) TeHrimk Oaxapwumasiu,
komasepca M (y)=M (x)grenrmuk xam ypurmm. g € SL(n,C)-nerepmunantu
1 ra TeHr OyiraH KBaapar marpuma. Jlemak, g ra TecKapu 3JEMEHT MaBKy/I.

Van @' ne6 Genrmmacak, rpynma Taspudura kypa ¢ eSL(n,C), spHHM
detg™ =1.
M (y) =M (X) 0 TEHIVIMKKA ( ° HHU YHTJAH KyIaiTHpaMus3, HaTHKaaa
M(y)g™=M(x)gg™" =M (x)E=M(x)
TeHTIIMKHN XOCHI KMJIaMn3, 6y TeHrIukka M ™ (X) VHIIaH KyNauTUPaMu3:
MM (y)g™" =M (XM (x)gg" =M (x)M (x)=E
FOxopumaru Tenrmukka M ™ ( y) YarJiad KylnanTupcax,

ME(YIM (¥)g "M () =M (y)E=M*(y)
g M) =M"(y)
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6y epna E - 6upiux marpuna, g e SL(n,C).
Onau 2) TeHrmMKHM ncOoTiamra yramms. Arap Y(s,t) Ba X(s,t) cupriap

SL(n,C) rpynma amanura HucGatan SKBuBaNeHT Gyica, ymapra Moc M (X) Ba
M (y) marpuuamap ydayn
M(y)=M(x)g, geSL(n,C).
Tenrnuk 6axkapunaau. by xomnna,
detM (y)=det(M (x)g)=detM (x)detg =detM (x)1=detM ().

JlemMa ucOOTIaHIH.

Kyitna y(S,t) Ba X(S,t) cupTiap SL(n,C) rpynmna amanura Hucbaran
HKBUBAJIEHT OYIJIMIIM y4yH 3apyp Ba €Tapiid MapTiIapHU KypcaTaMus.

1-reopema.  y(s,t) Ba x(s,t) cuprmap SL(n,C) rpymma amamnra
HUCOaTaH SKBUBAJIEHT OYJIMIIM y4yH ynapra moc M (y) Ba M (X) marpumanap
yUYyH KyHuJard MyHocabaTIapHu OaXk.apUITHINK 3apyp Ba €Tapiiu.

1) M,(OM () =M, ()M (¥):
2) M, ()M (x) =M (V)M (y);
3) detM (x) =det M (y)

6y epma M7(x) Ba M7'(y) wmarpumamap moc xomma M(X) Ba M(y)
Marpunainapad teckapu Matpunanapu, M (X),M (y) wmarpumamap M(x),M(y)
MaTpUIlalapHd S Y3rapyBuYM OyiiMua OJHMHTaH  XOCWJIaJlapujaH, uOopar.
M, (x),M,(y) marpumamap M(X),M(y) marpumamapam t ¥y3rapyBum Oyiinua
OJIMHTaH XOCUIajapuIaH noopar.

Ucoor.1) 3apyprueu:
Arap y(s,t) Ba Xx(st) cupmmap SL(n,C) rpymnma amamura HucOaraH
skBHUBasieHT OYyica , Y(S,t)=x(s,t)-g , ge SL(n,C) tenrnuk Oaxkapunamau. Y
xoimaa, M(y)=M(x)-g, geSL(n,C) tenrmuk xam ypuriua Ba 1). 2), 3)

MyHOCA0aTHU KaHOATJIAaHTUPAAU. XaKUKATIaH XaM,
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1) M ()M (y) =M (x- )M (X 9) =M(x)g - g "M (x) =M ()M *(x);
2)
M. (V)M (y) =M, (x- g)M *(x- 9) =M, (X)g - g "M ~(x) = M, (x)M "*(x);
3)detM (y) =detM (x- g) =det M (x)det g =det M (X) -1=det M (x).
Emapnunucu:
y(s,t) Ba x(s,t) cuprmap yuyw 1), 2), 3) myHocabariap Gaxapuica, y(S,t) Ba
X(s,t) cupraap SL(n,C) rpymma amaira HucOaTaH SKBHBANCHT GYIia.
ByHu kypcaruin yayH Kyiuaara TeHraukaan ¢oinananamus. Arap A(t) —
MaTpulla TECKapuJIaHyBUHU OyJica
(A7) =-A"AAT **)
TEHIJIMK YPUHIIN.

By Tenrnukaan oiinananud KyluaaruiapHu UCOOTIaliMU3.

1) M (M7 (x) =M, (y)M(y)

TeHriukka M(Y) HE YHIIAH, KeHHH KYIaiTHpaMus;
M ()M (Y)M (y) =M, (x)M*(x)M (y)
M, (Y)E=M,(x)M(x)M(y)
M, (y) =M, ()M (x)M (y)
kenn6 ynkamn. Xocun 6yran Tenrmikka —M ' (X) Hi vanaan kynaiTupamus:
MM (y)=-M ()M, ()M (x)M (y)
-M 7 (x)M,(y)=[ M*(x ] M (

!

[MZ(x) ], M(y)+M 7 (x)M,(y)=0
(M ()M (y))=g. geSL(nC)
M(y)=M(x)-g, geSL(nC).
bynnaun y(s,t): X(S,t)g, ge SL(n,C) TEHTJIUK KeIUO YUKaIH.

2) M, (M (x) =M, ()M ~(y)
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by Tenrnukau nkkana tapapura M (y) HHU YaIrJiad KynanuTupamus:
M, (V)M (y)M (y) =M, (x)M*(x)M(y)
M (V)M (y)M (y) =M, (x)M*(x)M(y)
M, (Y)E=M,(x)M(x)M (y)
y)] =0M,(y)=M,(x)M*(x)M(y)

X) ganjaH KynaiTapamus;

(M7 ()M

Oxwupru TeHraukka —M ™

M (XM, (3) =M (M, ()M ()M (3)

(
L

M~ (x)M(y)=9, geSL(n,C)
M(y)=M(x)-g, geSL(n,C)
Jemax, y(s,t)=x(s,t)g, geSL(n,C)
3) detM(y) =detM (x) =detM (x) -1=det M (X) - det g =det(M (x)g)
M(y)=M(x)-9, geSL(n,C).
Teopema ucooTianu.

OHau 1-TeopeMaHUHT MAPTIAPUHH TEKITUPANITHK.
1) M, (X)M(X) xynmaiirmanu  t ¥y3rapyBuu OyiiMua XOCHJIACHHH

aHMKJIaMU3:

[MS(X)M ’1(x)]t =My (X)M 7 (X) =My (X)M*(X)M, (X)M *(x)
by  TteHrmukka M (X) M ( X) M, ( X) M ( X) KyIMaTMaHu  KYIICAK
M (X)M™(X) Hu ¥3u komaau.

2) M, (x)M *(X) kynaiitmanu S y3rapyuu 6¥iinua nuddepeHumaiacax:
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[MOOM (0] =M, (x)M(x) =M, (x)M*(x)M, (x)M *(x)
TEHIIMKKA ora Oymamms. By tenrmkka My (X)M 7 (X)M(X)M™(x)
Kynaiitvanu kymcak M (X)M ™ (X) kynaitvasn Y31 Konam.

busra MmaTeMaTrk aHanu3 KypcuaaH MabIyMKH UKKH Y3TapyBUMIA (QYHKITHASIIAP
V3UHUHT aHUKJIAHUIII COXACcHIa Y3JIyKcu3 OYiica, yIapHUHT apallalll XOoCHIIaaapu

TeHr 6ynaau. M (X) MaTPUIIAHUHT Xap OUp AIEMEHTH CHILUIUK aKCIAaHTUPUIIIAH

, SBHA €Tapiid TapTUOJard Y3JIyKCH3 XOCWJaJapura »dra Y3JIyKCHU3

dbynkuusuiapaad uoopar. Jemak

M, (X)M 7 (X) =M, ()M ()
TEHTJINK YPHHIIH. by XO0JI YUYH, M, (X) M ( X) = A(S, t ) :
M, (X) M _1(X) = B(S,t) OenrmaniapHu KUpUTcak, (0y epaa A(S,t) Ba B(S,t)
G —uHBapuaHT MaTpUllABUA (DYHKUUSUIAp) IOKOpUAATWIapiaH KyWhujaaru
TEHTJIMK KeTUO YUKaIH.

a) A+ AB=B_ + BA.

M (X)M *(x) = A(s,t) TeHrImKaH A(S,t) MaTpUL@HMHT KYpPUHHILIMHK

aHMKJIAIl KUMWH dMac:

0 1 0
0 0 1 0
D) A(S,1) =] cveieeii e
0 0 0 1
a,(s,t) a,(s,t) a,(s,t) ... a,(st)

Oy epza a, (S,t) —i=1n, (S,t) € (0,1) X (0,1) y3rapyBunnapHuHT QyHKmusicu.(l1
000. 1§ ra kapanr)

1-Teopema maptiapuHu , Oenrwianiap Epaamuaa €3caxk
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M. (X)M *(x) = A(s,t)
M, (X)M ()= B(s.) @)
detM (x)=C(s,t)
KYpPUHMILAArd MaTpHUIaBuil audQepeHiuan TeHriaManap CHCTeMacura sra
oynamm3, Oy epaa C(S,t)-connu GpyHKIHUS.

(7) cucremanuur Gupuan Terraamacuan M (x) = A(S,t)M(X) kypurnmmaa

éu6 A(S,t) HM KYpHHMIIMHH IOKOPHIATHACK OJNCAaK KyWHIarmmapra sra

oynamus:
o
os os  0s
oO°x,  0°X, O°X.
M,(x)=A(st)M(x)= | as> as® =~ &8 |=
0"x, 0", "X,
os"  os" T os"
0 1 0 X, X, X
|00 0t as 0s os | _
0 0 .. 1o o o™i
a, a, - a,) o™ g™t T gt
n ox,
0s 0s 0s
*x O°X, O°X,

n ai—lx1 n ai—lx n ai—lxn
Z_]_: asi—l ail le asi—l2 ail e Z_l: asi—l ail
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bupunun Ba oxupru mMaTpuLagapHu Xap Oup XaaJlapiHHU TEHTJIacaK

n n n-1 n-1
0% . 0X X 0 X
n a‘nn n + ann—l n—1 +...t a‘nl n—1
oS oS oS 0S
"%, 5”Xz4_a a”4x2_+ ia o"'x,
gos" Moes"  Mtas"t T M gs™? (8)
"%, . 0O"X, "X, "X,
o A oo +ann_1—(%n_1 +...+anl—(%n_1
anxl ~ anxl ~ aﬂ—lx1 ~ ~ al’l—lX:L B
n ann n ann—l n-1 an1 n-1 O
0S 0S 0S 0S
o"X, o"X, N o"'x, N ﬁ*@_ﬂ
pes" Moas" Mhos™ M gs™! 9)
o"x, o"X, "X, o" X,
os" = os" et os"t ~ T m os"t

KYPUHUIIKUIATH OUp >KUHCIW, YU3UKJIUA, N-TapTHOIU N Ta XyCYCHH XOCHUJIAIH
nuddepeHnpan TeHraaManap cucremacura sra Oynamus. by auddepeniman
TEHTJIaMaJIap CUCTEMAaCHHU €YUMUHU X(S,t) aJIEMEHTap cUpT cudaTuaa Kaparr
MYMKHH.

C) c¢,=a,c TCHINIUKHH YPUHIN OYNWINNHMA aBBaITH HIUIAPUMHU3IA
tekmmpraamus.( [1 600 1§ ra kapanr)

d c=(0b,+b,+b;+..+b )C . VYmOy TeHIMUKHH TYFPUIUTHHU
oeBocuta N=2, N=3,N=4 Oyiran xoyyap y4yH O€BOCUTa TEKIIUPUO KYpHII
MYMKHH.

e) c=0

Kyiinparu Teopema rokopuaaru maptiap Vpuniau Oynranga G rpymnna

amanura HucOaTaH SroHa CUPTHU MaBXYUIMTH YYyH 3apypuil Ba eTapiiu

apTiIapHU KypcaTau.
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2-Teopema. HA(S,t)H,HB(S,t)H matpuuaBuii pymkiusmap Ba  C(s,t)

COHJM (YHKIMS Y4yH a), b), c¢), d), e) maptiap Oaxxapuica (7) MaTpUIlaBHii
muddepeHnan  TEHIJIaMajap  CHUCTEeMACHHUHT eanmu  SL(n,C)-
HKBUBAJICHTJIMKIaya aHUKJIMK/Ia MaBXKYy/l Ba SITOHA.

HcdoT. Masocyonueu.

3) cucteMaHUHT |-TEHIJIMTH Ba a) IIApTHU >bTHOOpra ojicak 5) Xycycui

xocwnanu auddepeHman  TEHrjamMansap CcuUcTeMacura Jra  OyiaMmms.

X; —(@,j=Ln) dynxumsmap y3 aprymeHmiapura HucOATaH  Y3IyKCH3

byukiusnap 6ynub, 5) muddepeHnman TeHriIaMaap CUCTEMaCHHUHT Xap-Oup
TEHIVIMTUAArn Xocuianap (akat Oup aprymeHtra Hucoaran onuHrad. [y
cababnan Oy cucremanu oaauid auddepeHI TeHTIaMaaap CUCTeMacu
cudaruaa kapam mymkuH. Juddepenunan TeHrnmaManap KypcujaaH MablyMKH,
Oup KuHCIM, N-TapTUOIN onauit AuddepeHan TeHriaManap CUCTEMACHHUHT
eunmiiapu (yHAaAMEHTaI CUTEMaHH TalKwi Kwiaaud. Jlemak, 5) cucTeMaHUHT
eurMMIIapM  MaBX.yJ Ba (YHJaMEHTall CHCTEMaHW TallKWI Kujaaau. 3)
CUTEMAHUHT 2-TEHTJIaMacl Y4YyH XaM 11y (GUKpJIapHU aTuin MyMKuH. Jlemak
3) cucteManu 1- Ba 2- TeHrjIamManapuHy SKBUBAJIEHT OYVIUIIMHUA KYpCATUIIMMU3
eTapJiy. bynunr YUYyH 3) CUCTEMaHU 2-TEeHIJIAMaCUHU

M, (X) =B(s,t)M (X)kypuntnmmna &3u6, TCHIIMKHM WKKana TapaduHu
s y3rapyBum 6¥itnua muddepenumamiaiivms. Hatmkana Kyituiaru

M, (X) =B, (s,t)M (x)+B(s,t)M(x)
TeHTIHKKA 5ra 6y1aMus. B) mapTHI YHTHO0PTa 06 KyiIarHIapHH &3a
oJTaMm3;

M, (x)=(A +AB—BA)M (x)+B(s,t)M (x)=
=A(s,t)M(x)+A(s,t)M (X)M *(x)M (x) -
—B(s,t)M,(Xx)M*(x)M (x)+B(s,t)M(x)

)

A(Ss,)M(x)+A(s,t)M, (x)—B(s,t)M (x) +

61



+B(s,t)M,(x)=[ A(s,t)M (x)] .

Matematuk aHanu3 KypcuaH MablIyMKH Y3ITyKCU3 (QYHKUMSTIAPHUHT apaaiil

XOCHJIaJIapy TeHT OYynanu. byHnan KypuHaauku

[M.()] =[A(s,t)M (x) | = M, (x) = A(s,t)M (),
Abnuu (3) cuctemaHuHr 1-Ba 2-TEHIIIMKIApHW SKBUBAJIEHT. 1- Ba 2-
TEHIVIMKJIAPHUA €YUMIIapUHUA (PYHaMEHTa CUCTEMacuHU X(S,t) cupT cudaruaa
Kapalll MabHOra sra. Y X044, X(S,t) CUPT yuyH yHra moc M (X) MaTpuLa

MaBky/ Ba (3) cucTeMaHu 3-TEHIJIMTUHU KAHOATIaHTUPAIH.

HAeonanueu. @apas kumaimuk X, (S,t) cupt (3) cucremanusr X(S,t) cupraan
dapxiu eqnmu 6yicuH. Y Xo11a, X,(S,t) cupt yayn M (X,) marpuia MaBxyn
6116, M_(X,)M *(X,) = A(S,t) TEHTJIUK YPUHIIH. A(S,t) MaTpHIIAHU
KYPUHUIINHA aBBAJITHICK TaHIacaK

M, (%)M (X)) =M (X)M *(x)
TeHIJIMKKa dra Oymamm3. X,(S,t) (3) cucremanu edmmu OyiraHum ydyH y 2-
TCHIVIMKHH XaM KaHoaTlaHTHpaid. bynman B(S,t) Hu  KypuHMIMHK
aBBAJITUICK TaHJIACAK

M, (%)M (%) =M, (x)M " (x)
TEHIJIMK KenuO YuKaaad. 1-TeopeMa ImapThra Kypa FOKOPHIArW TCHIJIMKIIAP

X,(S,t) Ba X(s,t) cuptinapHu G -3KBUBaJNEHT OYIHUIIMHYU KypcaTaiu.
X,(s,t) cuptHm (3) cucremMaHu 3-TEHIIMTHMHM KaHOATIAHTUPUIIMHH XHCOOTa
oncak , detM(x,)=Cy(s,t) Tenrmukka sra Gymamus. C) , d) waprmapuu

BTUOOpra 0JICAK

a :C_S:[XO’XOS’XOSZ’“"XOSnl’:ls

nn
C |:X01X051X0521""X05n—1’:|

C |:XO’XOt’XOtz’."’XOtn_“jL

_
b11"'bzz +b33 +"'+bnn _z
[ X1 Xou Xogzvoees Xt |
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MyHoca0atiapra sra 0ynamus. by xonna ¢, #0 yuyn
C= [Xo, Xoss Xgg2sees Xggna ’:|Co TEHIIMK Oaxkapunanu. Arap X =X,d,, Oy epaa
g, €GL(n,C) , ned oncak detg, =c, 6ynca x yuyn c),d), e) mapraapan

OaX.apWIMIIIMHUA KYpcaTull KuiuH smac.Jlemak, 3) cucreManu

KaHoaTnaHTupyBun X(S,t) eunm SL(n,C) rpynmna amanura HucOatan

9KBUBAJICHTIIMKTd4d aHUKJINKIAd MAaBXYy Ba JAI'OHA. TeopeMa I/IC6OTJ'I3.HI[I/I.

SL(n,C) rpynna amajimra HUCOATaH YKBHBAJIEHT CHPTJIAp CHTEMACH

C" dasoma {X'(s,t), i=1k} cuprmap cucremacu yuyr SL(n,C) rpymma

aMaJTuHU
V=aC" :(g,(xi))—>{xig} , i=1k
KYPUHUIINAA KUPUTAMU3.

{x'(s,t), i=1k} cupruap cucremacuna 6urra Iy el k mamexcmm {X°(t)}
cupt perymap Oymca, {x'(t), i=1k} cmcrema xXam perymp 6ymamu.
YMyMuiIHKHN werapamamail ic=1 ne6 omamms. {X'(t), i=1k} cucremana
x'(s,t) perymsap cupt yuyn M (X') TeckapuiaHyBuM MaTpHIaHH H(OIANANAIH.
Kyitnna ukkura {X (s,t), i=1k} Ba {y'(s,t), i=1k} cuprmap cucremacunu

SL(n,C) rpynma amanura HuAcOATaH »dKBUBAJICHT OYIUINNM TYFPUCHIArH

TeopeMasap KHPUTHITaH.
5-reopema. {x'(t), i=Lk} Ba {y'(t), i=1k} perymip cupmiap
cucremacu SL(N,C) ra HucOaraH »KBUBaJCHT Oynamu, arap lp=1 WHAEKC y4yH

M (x") Ba M(y") maTpunanap Kyiiuaara TeHTITHKIApHH Gaxapca
1) MM () =M (y)M(y)) 2)
2) M, ()M O)) =M (y)M(y) ™ (10)

63



3) detM (x*) =det M (y");
4 XM=y M), =2k
Teopema uc6oTH.

Aitraimnk, {X'(s,t), i=1k} Ba {y'(s,t), i=1k} cupriap cucremacu
SL(n,C) ra aucbaran skBuBaNeHT OYicuH, sspHU IryHIai g eSL(N,C) maBxyakw,
Gapua i=1k yuyn Y'(5,t)=x(5,t)g rtemrmuk Ypumm. By xomma  (10)
myHocabatuu 1), 2), 3) maptiaapu 3-§uuHr l-TeopeMacuman Kkenud dukamu, 4)

TCHIJIMKHH 3Ca TCKIIHNPHIIL KHﬁHH o9Mac.

Y(M(y)) ' =xXgM(x)g) " =x'g-g (M) =X (M), i=Lk

Teckapunan ¢apas kuiamms, seru {X'(S,t), i=Lk}sa {y'(s,t), i =1k}
cucremasniap yuyH ip=1 na (7) MyHocabaT ypunau OYyicuH. l-TeopemamaH
(M) (M(y)) eSL(n,C), sern M(y)=M(x")g, geSL(n,C). Xycycuit
xonzma Y- =X'g 1eb6 xucobmaiimMu3 Ba 4) TeHITUK/IAH
X (M) =y (M) =y'g (M),
apHE Y =X'g, i= 2,k xenu® 4uKay. Teopema ncboTnanau.
6-teopema. A), b), c), d), €) mapTiIapHM KaHOATIAHTUPYBYH

A={a;}, B={b;},C={c;}, i —1n wMarpumanap Ba (10) MyHOCaGaTHH
KaHoarinautupyun D, e C" (i = 2,K) uxTuépuii BekTop-caTp GepuiraH GYICHH.
VY xonna

1) M;(x)M(x") =A(st);

2) M, (XYM (x) =B(s,t);

3) detM(x') =C;

4) XM =D, i=2
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TEHIJIMKJIApHA kaHoartnantupyBun  SL(N,C)  rpynmara  HucOaraH
SKBUBAJICHTHKTaua aHuKmknard {x (s,t), i =1k} cupriap cucremacu MaBxy

Ba ATOHA.
HcooT. 2-teopemara kypa (8) wmyHocabatHu 1), 2) mapTiaapHU

kaHoariaantupyBun  SL(N,C) — SKBUBaJICHTIIMKraya aHUKIUKIA STOHA
x'=x'(s,t) cupr Mmamxya. 3) TeHIIMKHM Tekmmpamus.By Xom  yuyH,
X =DM(x") nme6 oncak, {X, i=1k} 3) wapTHM KaHOATJIAHTUPAIH.
{y', i=1k} Gomka cuprmap cucemacu OyiacuH Ba (8) MyHocaGaTHH
KaHoaTHaHTUpcuH. Uxtuépuit ge SL(N,C) yuys M(y)=M(x)g Vpuamm
oyca,
D =y'(MY) " =y (M(x)g) " =y'g (M) =x'(M(x))™.

Bynanman y' =x'g kxemu6 umkagu. SIeHE (8) MyHOCaGaTHHM KaHOATTAHTHPYBYH
xap xaupait {x', i =1k} cupmiap cucremacu SL(n,C) ra Huc6aTaH SKBUBAICHT

oynmamu. Teopema ucOOTIaHIH .
I1 606 Oyiinua xymnoca

Yoy 606aa n-yauosnu BekTop (azoma OepuiraH iyiap, cUpTiap Ba
ynapHuHr  cuctemanapu  yuyyn SL(n,C) rpymma amamura  HucOaTtaH
SKBUBAJICHTJIMK MacajlaCl MaTpUllaBUi (PyHKUMsUTAp TWIMIA Xall KUJIUHIU.
byngan Tamkapu, ypranuin xapa€Huaa Xocwsl OYIIyBUM OAJIUN Ba XyCyCUU
xocwianu nuddepeHnnan TeHraaManap CACTEMaCHHUHT €UUMUHU MaBXKYITUTH
Ba STOHAJIWIM TOMWITaH WHBapuaHTIap Epaamuaa ucooTianau. by 00ma
ypranuiaran MacajajgapHud OOIKa Tpymmna aMmanura HucOaTaH XaM KYWHWIl Ba

YPTraHUIl MyMKHH.
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III 000.

WYJJIAP BA CUPTJAPHUHT G = {0(4, C)NSp(4, C} T'PYIIITA AMAJIUT A

HUCBATAH OKBUBAJIEHTJIUTU

1. Hymnapunnr G ={0(4,C) \Sp(4,C} rpynna amanura  HucéaTan

IKBUBAJICHTJJINTI'H

Kowmmnekc connap Maiinonn yeruaa V = C* — 4 ynuosmu BexTop daso Ba

G= {GL(4,C), glg" =1,99" = E} rpynna 6epunran 0yicuH, 0y epaa

0O 1 0 O
| - -1 0 0 O
0 0 0 1
0 0 -10

C* (azonuHr xap 6up sneMeHTH 4 — YIYOBIHM CaTp KYPUHUIIKMIA TACBUPIAHTAH
BekTopnapaaH, G rpynmaHuHr xap Oup siemMeHTH 4x4 TapTuOnu KBajapaT
MaTpulajiapjaH noopar.

Ymby wumpma peryiasp Wyulap Ba CHUPTJIAPHUHT  OKBUBAJICHTIIUK
kputepuiicn G rpynmna amanura HucOaTaH Kapanau.
G rpymmanuar C* ¢pasomarn amany cudaTnia, MaTpHIANAPHA KYTIAHTHPHII
aMaJIMHU KUPUTAMU3.

[0,1] na anuknanran X:[0,1] - C" ysnykcus akcimantupum X(t) y3aykcus
iyn  peimmamu.Arap X (t), | =1n  xoopmumaramapga  X(f)  wekcus

muddepennmamianyBun GyHknusaan uoopar Oyica, C” - iynmau ndonamaiam.

Arap myHnmaii g €G wmamxkyn Oyicaku, Oapua te[0,1] yayn y(t)=x(t)-g
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TeHTTIMK ypuHau Oynca, X(t) Ba y(t) iymmap G rpynma amanura HucOaTaH
akeusarenm neimnany. Kyiuaa gakar C” —iyimiapau ypranamus.
X(t) ={x (t)}_, Hunr f QyHKIMACKH Ba YHHHI YEKJIM COHIArd XOCUIIAIApU

G rpynna amanura HUCOATaH uHeapuanm NEWWNAAN, arap YHUHT KuWMatiapu

G rpynna amanura HUCOaTaH 3KBUBAJIEHT MyJapra Moc Kejca, S’bHH
f(x(1)g)=f(x(1)).

x(t) ={x ()}, #yn yayr M(X) opkamu (X,X',X",X"’) NapiaH Ty3WIraH

MaTpUllaHu OenrwiaiimMus, Oy epha 1 —catp Xgi_l)(t) HuHr (i —1)-TapTHdIHN

xocmnacy, i, j=14. M'(X) opkau (X’,X",X"’,X(4)) MaTpHIIaHU OeNTHIIaiMuU3.

Arap Gapua t€[0,1] yuyn detM(x)(t) =0 6ynca C* —x(t) uekcus y3mykcus
mubdepennuamianyBun  wyn perymsap aevwinanu. Kyitmmga dakat perymsip
WyJuiap ypraHuira.

Ymby TteopemMaga uKkuTa WyaHU G —>KBUBAJIEHT OVIMIIMHUA 3apypuil Ba

eTapJiv HmapTiapu OepuiiraH.
1-Teopema. X(t) Ba y(t) nynnap G —3KBUBAJICHT OYIIUIIN YUyH
1) MM () =M ‘()M (y);
2) MOOM ' (x) =M (V)M (y); (1)
3) M(x)IM'(x) =M (y)IM(y)
HIapTIapHU OaXXKapUIIKIIIK 3apyp Ba €TapIIH.
By epma, M (x), M (y) marpumanap moc xonna M(X) Ba M (y) marpunara
Teckapu Matpuianap, M (x) Ba M ' (y) marpumanap aca M (X) Ba M (y)
MaTpHUIATAPHUHT TPOHCIIOHUPIIAHTaH MATPHUIIACH.

Hcoor.Arap X(t) Ba y(t) iymnap G rpymnmna amanura HucOaTaH SKBHBAJICHT
oynca, y(t)=x(t)g maptau KaHoaTIaHTUPYBYU § €G 37aeMEHT MaBXy1. Y XoJa,
M(y)=M(x)-g, geSL(n,C) TeHrmk XaMm YpWHIM Ba  MyHOcaOaTHU
KaHOATJIaHTUPAIH. XaKUKATIaH XaM,

1) M'(y) M (y) =M'(x-g)M *(x-9) =M'(x)g - g "M ~(x) = M'(x)M " (x);
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2) MM () =M(x-g)M"(x-g) =M (x)g-g M " (x) =M'(x)M " (x);

3) M(Y)IMT(y) =M (x-g)IM™(x-g) =M (x)glg'M" (x) =M () IM " (x).
Teckapucu xaM YpuHIn Oyiuiuau Kypcatamus, seau X(t) Ba y(t) iymiap yays
1), 2), 3) maptnap Oaxapwica, X(t) Ba y(t) iymiap G rpymma amanura HucOaTaH
9KBUBAJICHT OYIJIaIH.

bynuHr yuyH Kyimpmarum TeHDUMKIAH (oiinananamu3. Arap A(t) —
MaTpHIla TeCKapuiIaHyB4IH Oyica
(A =—A"AA™ (2)
TEHIJIMK YPUHIU.[2]

By Tenrnukaan goiinananund KyluaaruiapHu UCOOTIaliMHU3.

1) MM (x) =M'()M 7 (y)
TeHrukaK aBBan M(y) ra yurman, xeiima — M™(X) ra gamgan kymaiiTHpamus.

Hatmxkana

(M7 (x)M(y)) =0

kenunb uynukaau. bynaan
M™(x)M(y)=g Ba M(y)=M(x)-g, geGL(4,C).
2) MOOMT(x)=M(y)M'(y)

terrmukra M (X) Hu yanman, [M T (X)]_1 HHU YHIJaH KynaiTupaMus;
MMM ([MT(x)] " =E,

MM (Y)[ MM (y) ] =E=gg", geO(4,C),
MM (y)=g , M(y)=M(x)g, gO(4,C).
3) M(X)IMT(x)=M(y)IM"(y)

- -1 o . o
terrmukra M™(X) Hu yanaan, [M T (x)} HU YHIIaH KyNnauTUPaMHU3:

M2 OMWIMT([MT(x)] =1,
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MM ()I[ME(OM(y)] =1=glg", geSp(4.C),
MZ(OM(y)=g , M(y)=M(x)g, geSp(4,C).

Teopema ncOoTIaH M.

2. Cupraapunnr G ={0(4,C) N Sp(4,C} rpynna amaaura Hucéaran

IKBUBAJICHTJ/JINTHU

V ¢azona 6eomnran x:(0,1)x(0,1) > C* CHIMK aKCIaHTHPUII X(s,t) -
DJIEMEHTAp CUPT JIeHUITa Iu.

Arap myHmaii g €G wmapxyn Oyiacaku, OGapua (S,t)e (0,1) X (0,1) YUyH
y(s,t) =x(s,t)- g Tenrmuk ypurmm 6ynca, X(s,t) Ba y(s,t) smementap cupriap
G rpymmna amaimra HIcOaTaH SKBUBAJICHT JCHHIIA/IH.

Xap 6up x=Xx(s,t) = (X, (S,t))‘j‘=1 cuptT yayH M (X) opkamm (XX, X X.)
MaTpHUIlaHu Oenrmiaimus, Oy epaa i —catp

X0 (5 1) = 0%, (,1) 07X, (s,1) 07X,(s,t) 87X, (S,1)
J ! i-1 i-1 i-1 i-1
05 0S 05 0S

KOOpJIMHATajIapra sra, SbHU Xgi_l) (s,t)-X;(s,t) man S GyiiMua ONMHIaH XOCHIIA,
(i,j=14) M,(x) opkama (X X X X.,) Marpuuann, M, (X) opkam
(X Xy X4 X5, ) MaTpuuamu Gemrmiaiivms. Arap 6apua (S,t) €[0,1]x[0,1] yayn
detM (x)(t) =0 Oyica, anmemenTap cupTiap peryisp aeimnamu. Kyinna dakar
peryJisip cupTiaap Kapajiaiu.

Arap X(s,t) ={x.(s,t)}, snemenrap cuptuunr f(X) GyHKUMACH Ba YHUHT YeKIH
COHJIArM XOCHWJIAJapuHUHT KuhmaTiapu G rpymma amanura HucOaTaH
HKBUBAJICHT CHUpTJIapra MOC Kejca, SbHU f(x(s,t)g): f(X(S,t)) oynca, G

IrpyIiiia aMaJiiura HHCOaTaH HHBAPHUAHT I[@ﬁHJI&,Z[PI.
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M. (X)M (), M(X)IM " (x), M(X)M T (x) MaTpullaJlapHU G -uHBapHuaHT
9KAHJIMTMHU TEKIIUPUII KUAUH dMac.

MabJIyMKH, CHPTIIAPHUHT SKBHBAICHTIMK KPUTCPUHCHHHA WHBAPHUAHT
byHkuusIap THIMAa udoaanam qudepeHimran reOMETPUSHI MyXUM Macajlacu
o0ymu6, Oynmait macana auddepeHiman reoMeTpus yeyiuiapu EpaamMuia
CUMJIA/IH.

busHuHT nMMu3na Kyinirad macana auddepenmman aareopa
TEPMHHJIAPH Ba ajdreOpank ycysuiap épaamMuia Xal KAIHHTaH.

Kyi#tnnaru Teopemana ukkuta cuptHu G -3KBUBAJICHT Oy TUIIIMHA

3apypuil Ba eTapiu mapTiapu OepuIraH.

2-Teopema. V (dazona X(S,t) Ba y(s,t) cuptinap G —skBUBaJICHT OYianu,
dakat Ba pakar Kyiugaru maptiap YpuHiu oyica:

1) M,(x)M 7 (x) = M, (y)M (y);
2) M,()M 7 (x) =M, (y)M (y);
3) M(X)IM™(x) =M (y)IM" (y);
4) MM (x) =M (y)M' ().

Hcbor.Arap x(s,t) Ba y(s,t) cuprmap G rpymnma amamura HucOGaTaH
sKkBHBaJIeHT OYyica, Y(S,t)=X(S,t)g mapTHH KaHOATIAHTUPYBYH § €G dIIeMEHT
maBxya. Y xomma, M(y)(s,t)=M(x)(s,t)-g, g€G TeHrmuk Xxam YpuHIHA Ba
12 myHOCabaTHU KaHOATIAHTUPAIU. XAKUKATIAaH XaM,

1) My ()M (y) =M (x- )M (x-g) =M (x)g - g~M ~(x) = M, (x)M ~(x);
2) M, (9)M7(y) =M, (x- )M (x-g) =M, (x)g - g "M " (x) =M, (x)M ~(x);
3) MM (V) =M(x-g)M" (x-9)=M(x)g-g"M 7 (x) =M ()M " (x);
4) M()IM'(y) =M (x-g)IM"(x-g) =M (x)glg"M " (x) =M (x) IM " (x).
Teckapucu xam VpuHIM OYIUIMUHU KypcaTamu3, SbHU X(S,t) Ba y(s,t)
cupmiap yuyH 1), 2), 3), 4) maptiaap Oaxapwuiica, X(S,t) Ba y(s,t)cinnap G

rpynmna amaiaura HucOaTaH SKBUBAJICHT OYaau.
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bynuHr yuyH Kyiimmarum TeHUIMKIAH (oiinananamu3. Arap A(t) —
MaTpHIla TeCKapuiIaHyB4IH Oyica
(A =—AAAT (2)
TEHIJIUK YPUHIIN.[2 ]

by Tenrnukaan doigananud KylugaruaapHu UCOOTIANMU3.

1) M;(x)M 7 (x) =M (y)M " (y)
TeHruKHY aBBan M(y) ra yurmaH, xeiime — M7(X) ra gammas KymaiTHpamus.

Hatmxkana

(MM (), =0

kenunb uyukaau. bynaan

M7 (x)M(y)=g Ba M(y)=M(x)-g, geGL(4,C).

2) M,(x)M 7 (x) =M, ()M (y)

terrukra M(y) uu gamgas, — M™(X) Hu YHOIaH KYmafiTHpcak
(M7 ()M (y)); =0
TEHIJIMK Xocui OYnaau. By Tenriukmnan
M(y)=M(x)-9, geGL(4C)
TeHrjaukra sra Oymamu3. By asca 0(S,t) Ba X(S,t) cuptmapaunr GL(4,C)

rpynma amajinra HucOaTaH YKBUBAJICHTIIMTUHU KYpcaTaiu.

3) M(X)M™(x)=M(y)M'(y)
Terrmukra M™(X) Hu yanaasx, [M T (X)I1 HU VHTZIaH KynanTupamus:
MM (MT([MT (x)] =E,

MOOM (Y)[M A M) =E=gg" , geO(4.C),
MEOM(Y)=g . M(y)=M(x)g, geO(4.C).
4) MX)IMT(x)=M(y)IM"(y)

- -1 o . .
terrmukra M (X) Hu yangan, [M T (X)] HU VHTJaH KyIauTUpamMus:

71



MM IMT([MT(x)] " =1,

MMM OM(y)| =1=glg", geSp(4,C),

MZOM(y)=g . M(y)=M(x)g, g<Sp(4,C).
Bynapnau kypunammkn X(s,t) Ba y(s,t) cupriap yuys (2) myHocaGar ypuHmm
6yuca ynap G ={O0(4,C) " Sp(4,C} rpynna amanura HucGaTaH
DKBHUBAJICHTOY AN .
Teopema ncbotmangy.

111 606 Oyiimua xyJioca.
IOxopuna iymmap Ba CHUPTIAPHUHT 3BUBAJICHTIUK MacajlaCHHH HKKH

KJIACCHUK TPYMITaJapHU KECHIIMACHIAH XOCHUJ OYIyBUM SHTU TPYIIa amaliura
HucOataH yprauauk. [lyHu alThill MyMKUHKY, UKKAHYU 000/1a ofluHTaH Oapya

natmwkanapan G ={0(4,C) N\ Sp(4,C} rpynma amanura HECGAaTaH XaM OJIHII

MYMKHH.
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XyJsoca

WNuBapuaHTinap Hazapsich reomerpus, anredpa, audpdepeHunn TeHrjiaMa
MacaiagappruHH Xajl KIJIUIIIa MyXUM axaMUAT KacO 3Taju.

IOxopuaaru unuiapaa auddepeHunan reoMeTpusi Macajajlapura ssHruda
¢HIalTyB Ba yJIapHU WHBAPUAHTIIAP HA3apsICH yCyJUIaph OPKAIH XaJl KUIMHUIIHA
MyMKUH Oynran Macananap Tekmupwinud. KonaBepca auddepenunan
TEHIJIaMajap  Ha3apsCHHUHIT  MyXuUM  MacajajapujaH Oupu  Oyirax
nudepeHIan TeHrIaManap CUCTEMAaCHHUHT SKBUBAJICHT €UUMIIAPUHU KYpPHII
ycyJuiapu Kypcatub Oepuiiam.

1-u30x. FOKopuaaru H>KBUBAJICHTIIMK MacaJaCcHHH

G ={0(4,C) N Sp(4,C} rpynna amammra Huc6ataH iiyap cucreMacy Ba

CUPTJIAp CHUCTEMACH YUYH XaM KyWHIIl MyMKHH.
2-u30x. 1-Ba 2-Teopema maptiapuiaH Xocun Oynran auddepeHnman
TeHTJIamanap cucreMacuHuHr G = {0(4, C)nSp(4, C} rpynma  aMajiura

HUCOATaH  OJKBHBAJICHT CUUMJIAPWHM  MAaBXKYJJIMTH Ba  STOHAJUTHHH

G —uHBapuaHT QyHKIHUIAp €pAaMuia KypcaTHIl MyMKHH.
duznka-matrematuka (armapu goktopu, mpodeccop K.  Xoxwuen

ooma6  Oepran  ymlOy — WIUIAPHUHT  PUBOXKHK  (akar  MyCTaKuiI

Y30€KUCTOHUMHU3HUHT paBHAKH YIyH XH3MaT Kuiaau ae0 yimaimms.
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