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HOBAA ©O0PMYNHUPOBKA TEOPMM OMIUUECKMX CTPYKTYP

.M. Kynakos

I. 0Bwasn nocTtaHoBka 3agaqn. Tunuuban 33afaya TeopeTMYecKOH

Q3K CTABUTCA ChegyioumMm 0Bbpa3oM.

HmeeTcr HEKOTOPbLIH KNacc GMaMUYecKMx ABNeHHK. TpeByeTcA no-
CTROUTE DU3IHMKO-MaTEMaTHHECKYID TEOPMI0 3TUx ABMNEHUK, NPUMEHEeHWe
KOTOPOW K TEeM MNW MHbIM ROHKPETHLIM QUAHYHECKMM 33gadaM nO3BOnM-
no Bel nonyuynTe KOHKPETHEIE PE3YNETATHE , gonyckawijue CPaBHEHME C
3KcnepuMeHToM. [nm aTtoro HeobxogmMo BBeCTH COOTBETCTBYHWME M-
SMHECKWE MOHATMA, COOPMYNUPOBAaTE MCXOOHLIE MPMHUMALL, HAWTW 7
OfUCAThL KOAKPETHYN Moaens PACCMaTpUBaEMOro Knacca ABNEHWM, Ha-
MMCaTL COOTBETCTBYWOWME YPaBHEHMA M CBECTH QU3UYECHYIW 3agaudy K
MaTeMaThueckor. TeopuA cUuTaeTcs YACBNEeTBoOpUTENLHOM, ecnk oH3
COFNAcYEeTCA C OnbTOM B MPEAENAX 3apaHee OroBoOpeHHbIX OrpaHuue-
HME.

flasHee crTpemnenue HEJNIOBEKa COCTOMT B TOM, yToBh HalTH He-
CHONbKO MNpocThiXx obuMx d3aKOHOB, KOTOpPbE o6bACHWMOW Bbl, NnoueMy npu-
Poia co Bcel ee KAaKYWENUCA CNOWHOCTLID M paaHooBbpasuvem TaKpBa,
KaKOBa OHAa ecTh. Moatomy Ham wkawmertcs ue NUWeHHoOW onpegeneHHoro
MHTEepeca wu cMeicna u APYTan, NpuHUMNWMaNLHO OTNWMUYHAR OT TRaguuum-
OHHOW 3agaua:

UMeeTCcA uenwit knacc PA3NUUHLIX XOPOWO MABECTHLIX PUANYECKMX
TEODWA CO CROMMM NOHATUAMK , UCXOLOHLIMY MPMHUMNEMM , YPaABHEHUAMM
M ModenAamu. TpeByetcs NOCTROUT L mhzmun~HaTEHaTmu@cxym METaTeo-

BYI0, KoTopasa, Gyayuw MPAMEHEHHON !¢ BO3HMKAKWMM B ee pPaMKkax



a Bbl NONYUATHL M3BECTHLIE KOHKPETH e
- auam, nos3sonun
KOHKpeTHeIM 3a[

I = ]

cne, Mx CyWecTBOBaHWE H eguHCcTBeHHOCTb. [nA
b

" COOTBETCTEEENHE I'IEF:IEH'-IHH'E METAaNOHATHMAR, CTROFD METEME!TM._
BEECT

3TOro  Heobxoaumo

W cHOpMynMpoBaThb MCXOAHbIM METATEOPETUYECKUH MPUHUMMA, onu-
HE2CHK

carthk HeobxoouMbln MaTeMaTMYEeCKUH annapar M CBECTW MeTaTeopeTu -
YecKkylw 3adady K MaTeMaTudeckon. bypeMm cuuTaTb MeTaTteopui co-

AepwaTensHol, ecnd nonydvyaeMand M3 Hee KOHKPETHaA Teopus c ee
1

OCHOBHLIMKM NOHATWUAMKM, MCXEO4HBMWA MOCTYNatTamMk M YDIBHEHMAMKM ABNA-

eTCA B HEKOTOPOM CTPOro OnpeAeneHHOM CMbICMie €AMHCTBEHHO 803
MOMHOMN .

PeweHue 3ToW He coBceM O6bIYHOW 3afayd NPUMBENO K CO343HMI
NPOCTOH M KPAackMBOW, ECTECTBEHHHIM NYyTeM obbeguHANWENd paznuuHye
Pasfesns QU3MKKW MeTaTeopyu, B OCHOBAHWMM KOTODPOW JIEMUT HOBH 06-
wWedusMyYeckit, OONYCKawlMi CTROryio MaTeEMaTHUHECKYI0 DOPMYNHMPOBKY
ApYHUMA. 3Ta METAaTEOpUA MO3BONAET MOHATH, moyemy PU3KYECKME
34KOHbl MMEIT TOT WMNAW WHOKM BuUA.

CosepweHHO o4YeBUMAOHO, YTO Takas 3afada WM co3flaHHasg B pe-
SYNbTATE ee pelleHWA MeTaTEeopuA, Ha3BaHHaA HaMu ""Teopuen duau-
deckux cTpykTyp'' [1-6], Hu B Koei Mepe e noAMeHAeT coboi Tpa-
AYLMOHHYID TeopeTuvecKyw QUBUKY U BOBCEe He NMPpeETEHAYET Ha pewe-
HWE rAaBHOW 3apgauv QUBUKK - OTKPLITUE HOBEIX QU3UYECKMX 3aKOHOEB
M YCTaHOBNEHWe (yHAAMEHTanbHOL CTPYKTYPL MaTtepuu.

OgHako, MPEACTaBNAA cofol Hekyio HOBYH KPacuBYI0 MaremaTw-
HECKYID CTPYKTYpPY, OHa MO3BONAET B3TrAAHYTb Ha WM3BECTHLIE W MNpU-
BbIYHBIE BEWW C HOBOK M HECKOMbKO HeomWgaHHOoMN CTOPOHLI M MOHATH

rfpu T ] I
817 e OM, Kak YCTPOEHR| CTapuie, ele c AeTCTBa 3HaKoMbEe i

" .
OHEl MauKku 1 AOPOWO WM3BECTHLIE PH3MUecKkne Teopuu,

0 yem-t1g NoAobHoM rosopus euwe A.dUHWTEeHH Ha wbunee
A.Ct :

QAOIE 19298 rony = UEchi FOBOPUTbL UECTHO... Mbl XOTUM He

TONLKO 3H
aTb, Kak ycTpoena MPMpoaa (M Kak mpoucxonaT MNPUMPoA-

HEIE ABNEeHuga
A), HO W no BOSMOMHOCTY mocTUup uenu, Mower bBulTb,



YTOMUYECKOW M ASP3KOM Ha BWA, - Y3HaThk,NouYeMy NpPUpPoAa ABMAAETCA
MMEHHO TaKoi, a He apyroi. B 3ToM yueHbe HaXO4AT HauWssiclee
yaoBnereopeHne. B 3TOM COCTOUT NpoMeTeeBCKUN 3neMeHT Hay4HOro
|
reopuectaall /
"37a '‘nepskana  meuta'' - nuwer akamemuk M.A.Mapkos [7],-
NPpeACTaBNAETCA OTHOAL He yTonuvueckoi. KaweTcsn ECTECTBEHHOM
MBICTb: SQWHAR KapTWHa MWpa AOMKHA GbITh BHYTPEHHe 3aMKHYTOM B
TOM CMbICNE, HTO B HEW AOMKHA peanu3oBaTbCA yGeauTenbHem obpa-
30M  €ee  efuHCTBeHHoCTb. [pyrumMmd cnosamuw, eauvHas KapTuHa Mupa
MOMET CYULECTBOBaTbL NWWL B TOM BMAE, B KOTOPOM OHa CYWEeCTBYEeT.
9TO 3HAYMT, YTO eCnu W MONb3OBATHLCA TepPMUHOM ''nepeomaTepun’, To
CBOWMCTBa MEepPBOMATEPHM AOMKHL He ''aapaBaTbcn borom!', kaxk of 3ToM
mMcan HeOTOH, a AOMKHL ECTecTREeHHbM obpasoMm nony4yaTe cBOWM xa-
PAKTEPNCTHKK B KONMeKTHBe MHOroo6pasui M eauHCTB, K KOTOPOMY
APMHanNeXUT oTa QopMa peansHoCTH. M AOMKHL NONYUUTHCHA ee cRON-

CTBa MMEHHO Takwe, a He apyrue''.

2. HWcxopgHas oHTOnorua. Bygem MCXOAWTbL M3 daKTa cyuwecTeo -

BdHWMA  ABYX BWAOB peanbHOCTM: WMEITCA OGbeKTH, MEWAY KOTOPLIMM

CYWECTBYNT MPOCTPaHCTBEHHO-BpEMeHHbIe OTHOWEHWA, W MMelnTCcA 0bb-

EKTEHl, MEKAY KOTOPBIMA TaKOBHE HE CYWecTByioT. MepBule ABNAKNTCA Be

WECTBEHHEIMKM 0DbexkTamMli M oBpaayiT BEIWEeCTBEHHYY peanbHOCThL; BTO-

PHE NpeacTasnAnT cobol uaeanbHule OBBLEKTH WM obpasywnT wWaeanbHyi

mHSHKD'HaTEMETMHECHym PEanbHOCTh .

C6patuMcA K MUPY MOeansHbix PHU3MKo-MaTeMaTHYECKMX ODBLEKTOR.
B Hem MowHO BeigenmTs TPU YPOBHA pPeanbHOCTM.

YpOBEHE UAEAMEHbIX obbekToB-NocpeaHnKkos. K Hemy OTHOCATCA

“MAcanbHele guandeckre (30) M MaTeMaTUueckue (3M) oGrvekTs, Aony-
CKIWME HenocpeacTBeHHoe oToBpameHWe Ha MHOKECTBO BEUWECTBEHHbLIX
obbekToB (3aWTPUXOBaHHAEA obnactb Ha puc.l), T.e. Agonyckawuyue

HArNIAAHYI0 HEeNOCPpeacTBeHHY MHTEepnpeTayvin, u TeM CaMblM OCylWecT-

* )
Untupyerca no [7].



M1 MHMDAa
snaoume ''nocpegHuuecTBo’’ MeXAy aBCTpaKTHLIMA CTPYKTYpa o)

uoeanbHelX OU3MKO-MaTeMaTHUYECKHUX 06bEeKTOB M M3MYEecKnMn obbex -

TaMy BelecTBeHHOro Mupda.

YpoBeHb TPagWUMOHHLIX, MHOFOYMCNEHHEIX W AOCTATOYHO cneuna-

NMM3UMPOBAHHLIX MPOMEMYTOYHbIX CTRYKTYPE . K HeMy OTHOCATCA wWAaeanb-

uble OB6BeKTH TpaaMmuuoHHoi (pabouer) matematukn (2M) 1 Tpaguum -
OHHOI TeopeTudeckow ¢uaumkn (20) , He ponyckawuue HenmocpeAcTBeH-

HOM MHTEepnpeTauMu B TepMMHax BewecTBEHHOrn Mupa.

YpoBeHb Mopomagan-—

WMx cTpyKTyp. K Hemy

OTHOCATCA TPW MOPOXAaw-
wMe MaTeMaTu4yecKue
CTPYKTYpsl BypBaku (IM) :
anrebpanyeckasn, HDDHH-.
Ka, Tononorndeckan W
oAHa YHWUBEepcanbHaa no-
poxaawniuan PHnanyeckan
cCTpykKTypa (l1d).

Ha puvc.] nokasaHo
MECTO YHWBEepcanbHoOW no-

poXganuemn PU3rMUYEeC KoK

CTRPYKTYPH 10 cpegu apy-
FMX noeanbHelX ©OW3WMKO-
Puc. 1 MaTEMaTUUYECKUX OBbek -
TOB.
UTaK, duandeckana cTpykTypa npeacrTaenAer coboy HawGonee rny-
BOKUI 1 yHUBEpCanbHLA TUN OTHOWEHW MEXAY WMAeanbHbIMKM QU3UUECKU-

M4 0BbeKTaMM M urpaeT 8 PU3MKE Ty Me CaMmylo ponb, YTO M TpU XO-

POWO n3BeCTHule nopowaanume MaTEeMaTUUecKue CTpyKTypul (IM) B Ma -
TEMATHUKe,

3. CTpoenne duanku kak €AMHOro uenoro. H.BypBaku npegqnomy-

n



HMA. OHWM Nokasanu, 4UYTO B8 OCHOBAHUKM MAaTeMaTWKKM MewaT Tpu Hesa -
BUCMMbIE MOpoOXMaaKumMe CTPYKTYpsl - anrebpavdeckan, Tononormyeckan
M CTPYKTYypa nopsgka.
Aranorvudas 3agada ''Bypbakn3aumu'' MoxeT BeiThb NMOCTaBneHa M
o) B8 duauke (3agada NOCTPOBHWMA (M3WMKWM KaK efMHOro UenocTHOro 3Ha-
Hua) . CMblcn ee COCTOMT B TOM,uTobBe cBecTW Bce mHoroobpaaue du-
SHUECKWX 3aKOHOB, MNOHATHMM W BenNWYMH, BCce paaHoobpasue CcyWect —
BYPIUKUX YPasBHEeHMA W (OPMaNM3MOB B eAWHYI0 CMCTEMY, NMPEACTaBNAw -
Wyl cobor KpPEenKo CNOMeHHbIH OpraHvaM, OTAenbHbe YacTW  KOTOpOro
ecTecTEeHHsM 0BpasoM cornacoBaHbl OpyYr © OPYIOM WM MOTYT BLiTb
UCTONKOBaHB KaK pasnu4uHble NMPOABMAEHWMA OAHOW E€QMHCTBEHHOW YHWBEP-
CankHONW OM3MYECcKOoln CTPYKTYPhl, HWMEOWEHW CMbLICH ocoboi  cKpuITOM

OYHOAMEHTanbHOW CMMMETPUM MMpa GM3MYecKux oDbeKTOB.

Ucnonb3ayA HEKOTOPbIM HECNOWHbIKM MPpWEM, HaM yaanocbh BbiAENWTb
M3 XOpOWO M3IBECTHEX (U3MUYECKMX 3aKOHOB WM OCHOBHbIX YPaBHEHWW du-
AMYECKY CTPYKTYPY - Heyto obuwee, yHWMBEpPCanbHOE,NpUMCYUee BCEM
DM3MHYECKMM 3aKOHaM, HE3IABMCMMO OT KOHKPETHOM MNpupoasl U3Y4daeMblx
OB BEKTOB, M MCMONb3yeMelX Npu 3TOM M3MEPUTENbHbIX npubopos. [locne
3TOr0 Hamk DbiNa peweHa w obpaTHas 3agada - Hawged yHuBepcanb =
HHﬁjﬂDOCTDﬁ M ECTaCTBEHHbA MaTeMaTUHecKWd (opManuM3Mm, MO3BONAKS
WMIA NOMYyUYMThb, W MPUTOM E€AMHCTBEHHBM OBpas3oM, M3 O[HOM WMCXOAHOM
abCTPaKTHOM (U3UMUYECKOHW CTRYKTYPb Uensi Habop KOHKPEeTHbIX (Qu3u-
UECKMWX CTPYKTYP, onpegenswuux cobor dyHoameHTanbHue QuandecKue
3dHKOHB .

Tak, MOWHO NoKaszaTb, 4Y4TO M3 MNEPBUYHBLIX AKCWOM, OMPERENAID —
WMA MaTpUUHLIE NpeacTaBneHuA OUM3UMUYECKOWM CTPYKTYPbl BRITEKAKWT Kak
CASACTBUA WMCXOAHBIE AKCWMOMb NUHEeWHoW anrebpel (MMHEHHOCTL) ¥ MEeT-
PUKKM Pa3nUUHbIX QYHAAMEHTANbHLIX FEOMETPWMKW: EBKINWAOBOW W MCEeBAO-
EBKNIWAOBOW, FEOMETPUI MNPOCTPaHCTB MNOCTOAHHOW MONOKWMTENbHOW W
OTpUUaTENbLHOW KpWBWAaHLE (reomeTtpui Pumana v JlobadeBcKOro), CuMn=

NEKTUUECKOW, MPOEKTUBHOM.




flanee MO¥HO MOKasaTb (puMc.2), 4TO U3 YHUBEpPCANbHOW ¢uan -
YecKON CTPYKTYPs HEnocpefcTBEHHO CNeayloT BCE MNepBuuHbie guanue-
Ckue SakoHsl (3aKoHs MeXaHWKM, OCHOBHLE MNOCTYNaThl TEOPUM OTHG -
CUTENbHOCTH, 3aKOHb TepMoguHaMiki K 33KOHLI SNEKTPOAMHaMUKNK) |
KOTOpPHE OOBIYHO MPUMHMMAENTCA B KaYecTBE MCXOAHLIX MOCTynaTos. [Ipy

3TOM OTKpPBIBABTCA BO3MOKHOCTb BBEAEHWA BCEX OCHOBHLIX MEepBMUHLX
dU3MUECKMX 3aKOHOB, MOHATHW M BEMUYWH NO HEKOTOPOM OAHOM obwer
MPOCTOW CXEME.

WTak, MOKHO YTBEPKAaTb, YTO WMCXOAHaA YHWBEpPcanbHas (Mau-
ueckan cTpykTypa (I) nNOpPOMAAET Uenbld CAEKTP PasfMyHbiX KOHKpeT-
HblX (M3MHECKMX CTPYKTYP, M3obpakeHHbx Ha puc. 2 8 BUAe cTeona
(M), Kawgad M3 KOTOPLIX MPH COOTBETCTBYWWEW WHTEPMpeTauuu, npu=
BOAWMT K TOMY MM MHOMY QYHOAMEHTaNbHOMY GM3HUYECKOMY 3aKOHY M
COOTBETCTBYHWHMM GU3MYECKMM MOHATHAM WM BEfIMYMHAM.

PyHaaMeHTanbHele GU3MYECKUE CTPYKTYpbl, B CBOW odyepeab, no-
POMASKNT UEPAPXUYECKYK MOCNEAOBATENbHOCTL TECHO CBA33HHLIX Mexay
cobon U nepexofdsuux Apyr B Lpyra Bce Bbonee rnybokux u Bonee
abCcTpakTHHX (opManuamMos (W), obpasyiowmx oOCHOBHbIE pasgenst Tpa -
AULUMOHHOW TEOPEeTUYECKON QU3MKH (cM.Tabnuyy) .

L. Crapas QOPMYINIMPOBKA TEOPWM BM3UUEeCKMX CTPYKTYP. Hanom-

HAM OCHOBHEIE MONOKEHWA, fleKaune B OCHOBE cTapol DOPMY NMMPOB KK
MCXOAHBIX 3KCUOM TEOPMM (BHaMUECcKMX cTpykTyp [1-6].

A1. Ousnueckas CTRYKTYPa Ha OBYX MHOMECTBax (nepsoHavyans-

Hbli_BapuanT). WMueem pma MHOKECTBa BelWecTBeHHbX oBbekToB pas -

JMYHOW Npupopfel:
—
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HepapxkvHecHan CB8A3e TEOPHM HMAMUBCKHX CTRYKTYD C TRAAMUMOHHEMM DajfenaMd TEOopeTHUSCKoR MranKe (H3 NpMMepe MeXaHikm )

KBaHTOBEARA

Nopoxganuan
MexaHuia CHCTEME KepadToean HMexadHuKa TEO0O0MR NONA

YHMBEpCansHan MexaHnMKa TOurM
fHAMHMECKAR CTDYKTYPd

(uandecHan CTPYRTYPA
pasMepHoeTd (1.1)
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PU3HUECKHUE Teopuu,
PEANUIYKIWME MHOMOCTYMNEHYAThIH
NPYHUMIT COOTBETCTBUA
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CTRPYK TYPh

DyHOSMEHT anb Hele

DU3HMUYeCKHEe

EANDBEHOCTHb

Prarviveckue Teopuu,
peanuaypime MHOrCCTYNEeHYaThiH
MPMHUKWMN COOTBETCTBMA

/

WcxogHaa yHuBepcansHan

PU3nUBCKaRA CTPYKTyYDa

Puc. 2. MecTo Teopud QU3MUECKMX

CTPYKTYE B TRaAHMUWMOHHOIN

TEOPETHUECKOW (MaIMKEe



peansHeX W3MepuTesnbHbIX npuBopax.) dpyrvMu cnoeamu, npeanonara -

eTcA, 4TOo 3agaHo oTobpaxeHwne
A oz ~ o~ ~
3 x> R, 1,8~ a(1,2) ,

koTopoe Gyaem B AanbHeWWeM Ha3biBaThb koHBepreHymen (OT NaTUHCKO-

ro convergo — MNPWBAMKATBLCA, CXOAWUTLCA) -

ONPEAENEHHME 1. Tpomka <m, 744 ;rg> obpasyer  GM3UYECKYI

CTPYKTYPY PaHra (I?,S) , eCnW CcyuwecTByeT [ENCTBUTENbHaA QYHK=

UMAa I'S  AEWCTBWUTENbHLIX MNepemMeHHbIX
&: R"® » R

Takaa, u4To

i~ o ot
"?’11,..., 1rem
Vﬁﬂ,‘-,-.., EEEQ’Z

@ [8(1,,%) 0.0, 8(2,,&) ,
a(i_,o, ..., 80 ,&)]=0 . )

3agaya cCOCTOMT B TOM, YTOBb Mpu  33AaHHOM paHre (I?,S}
HaWTM HeM3BecTHoe OoTobpameHue '5(3:,33 U HEMBBECTHYK GYHKUMUIO
® ,obpayanuve paseHcTBo (1) B TOWAECTEO.

lpy 3TOM Hauwbonee yA3BMMBIM MECTOM KaK C dn3nyecKon, Taxk M

C M4
TEMATHUECKON TOUKM EDEHHH HEJ'IHETCH BBEAEeHWE noaxopfuwen To-
nonoruv Ha MHD}HECTEEK .m m

B -
1- Pnanyeckan cTpykTypa Ha OAHOM MHOXEecTBe (nepBoHayvansb-

Hbil B
apHaHT ). MMeem ogHO MHOMECTBO BEWEeCTBEHHbIX 0bbeKToB

~F

WL = {11,i2,.,_ }_



g
[lpegnonaraeTtca, 4TO KawaoH nape 1.,k C NOMOWLID HEKOTO-

POl WM3MEepWMTenbHOl NPpoueAypbl CTABUTCA B COOTBETCTBUME AeHCTBU-

[
TensHOe YUCno a(l.ﬂi) , T.e. npegnonaraeTcA, 4TO 33afaHo oT-

obpaxeHue

e

a: W< - r, i,k w a(i,k).
Lo
QNMPERENEHKE 2. MNapa <m ;E) obpasyeT ¢dUaMUECKYw CTPpyK-

TYPY padra I , ecnd cyuwecrsByer AEHCTBUTENBHAA QYHKUMSA

-:— I‘( I‘—l) NnepemMeHHbIX

%*r(r-1)
: R - R

Takaa, 4To

1 r
@ [a(l y L fja(l.lll )!" (i1"{r) ?
A0 ) Son ECL )

ET r_1l )]"0' (2)

3apaya CoCTOMT B TOM, 4UTOBH Mpu 3afaHHOM paHre I HaWTH
Food Fopeceind
HEeM3BeCTHOE oToBpameHue a(l.J{) M HEM3BECTHYID dyHkyuln & |
obpawawure paseHcTeo (2) B TOKAECTBO.

30ech TaK We, Kak WM B cnydae A1, BONPOC YNWPAaeTCHA B Bbi=
o

Bop NogxofAwenl TononorvM Ha MHOWEecTEe 9?? |

YTobu nabemath yKazaHHbIX TPYAHOCTEH, CBA3aHHLIX ¢ Heobxo —
L

AMMOCTEID BBEAEHMA NOAXOAAWENA TOMOMNOrMU Ha MHOMECTB3 raa W
L
e, HACCMOTPUM HECKONbKO WHOE onpegeneHue GUanUeckKon CTpyK -

TY DI .

11



As. DU3WYECKAR CTPYKTYpPa Ha [BYX MHOKEcTBax (npoMexyToy -

Hbli BapuMaHT). Kak M B nepBOHauyansHOM BapuaHTe, MMeem AB3 MHO -

HECTBa BelecTBeHHsIX OBLEeKTOB pPasnuuYHON NPUPOAS :

e ~ o é; P~ ~

??Z:{l_‘l'lzjiil }’ - {CC,',CCE,.--.} LY
ToyHo Tak e npeanonaraeTcA, YTO 3agaHo DTDﬁpamEHHE

find P i~ o e Lo
a: MW= m, 1i,% + a(i,) .
ﬂEﬂEE npegnofiaraeTca, HTO CYWECTBYWOT OTDﬁDaHEHHE
'
x: T - R® |,

x(i) = x_lﬁ.'), O xm(;ij) !

1]

f -
1 = L
~ o>
CTaBAWEE B COOTBETCTBUE KaXAOMy BelecTBeHHOMy ob6bexTy 1€ m
noeansHeli obvexT 1 , npegcTaensouMil cobok I -MepHbi "'kBazu-
P
Bektop!' 1 = }E(i), T.e. Habop,cocToAuumii Ma I AEViCTBUTENLHLX
P ~
KOOpAMHAaT }:1(1) 30 084X (l), M oTtobpamxeHue
m

(o

E: 7C » R",
& v a= ER =2 (@),0.0,EXT)

(s
CTaBAllee B COOTBETCTBME KaWOOMY BeuecTtBeHHoMy obbekTy e ?t
MAeanbHel4 obrekT O NPeACTaBNALWMH cobok Il -MepHbi ''kBa3n-
BekTop'' o = 5(3), T.€. Habop,COCTOAWMA Ma N A[AEHCTBUTENbHbLIX
KoopauHaT §1(E),...,§1fg) .
KpoMe Toro, MPEANonaraeTcA, UTO CYWeCTBYET AEMCTBMTEensHas

dYHKUMA M4n AEUCTBUTENMbHBIX MepeMeHHbIX
a: R" *R" - R ,

Xqneee, X 3 Gireeesl alx,2) =

]

a(x_i,...,xu;"ﬁ_l,...,t;‘)
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Takasg, 4YTo

afx, (1) ,..., x (1); 8(®D,...,2 (¥) ]=
= a[x(1) s &;(tx) IF=0a (G

ONPEAENEHME 3. Tpoika (@33 ajr obpasyerT hr3amnyecuyn
CTRPYKTYPY paHra (I‘ S) M PasMepHocTH (m ,n) » ECIM paHr wu

PA3MEPHOCTL cBA3aHL Meway coboti COOTHOWEHWUAMM

r=n+1i s=m+1I

W BCNW CYWEeCTBYET AEMCTBHMTEenbHas byHKkUumMA I'S AEUCTBUTENDHBIX

MepeMeHHLIX
- rs

Takafs, 4To

<
P4
1l

x1(31) S eteiehs xm(iﬂ,,) ,

4
|

x1(ir) oo :{m(ir);

<L

U
11

e

(” Sl Eh(m)

1

a(xr:§1)r*"l ﬂ(xrrﬁa)] =3 B (3)

rae

a(xp,gu) = a[x1(Tp) e xu("'pr :




E (5D yerees A
p=1,2,.00,05 (a7 = BUEPA ritpev i b

3apnada COCTOMT B TOM, yTobbl NpHW 3aAaHHOM paHre (I?,E)

(MNWM pasMepHOCTH (m-ﬂl) ) HaWTu HeusBecTHYyl QyHkuuo I 4 1

AeHCTBATENbHbLIX MEPEMEHHBIX
3(31,...,]'[!“; 51,.--,%)
W HewaBecTHyl GyHkuuio I'S OEHCTBUTENEHBIX MEPEMEHHbLIX

Q(u11pill,1—1 ¥

18
s & ®mow & & 8 B & 9
ok vo u
ok ML rs) :
oBpawanme paseHcTBo (3) B TOWAECTEO.
CrnabuM MecT— ' 3T1cli GOPMYNWMPOBKKM ABMAETCA AONONHUTENbHOE
TpeboBaHue CBA3M pPadHra (I?,S) (& pasMEpPHOCThIO (ngn):

=N S S E= ey Sl

B,. ®uanyeckan CTPyKTYpa Ha OAHOM MHOKECTEE (npoMexwyTou. =

HoW BapvadT). Kak v B nmepBoHadanbHOM BapuvaHTe, WMeeM OAHO MHO=

MECTBO BelecTBeHHbiXx OOLEKTOE MPOM3BOMNbHOW MPUPOAL

Ll

— i

MWe= {1,3,,000 }

TouHO Tak ¥e npegnonaraeTchA, 4Y4To 3agaHo oTobpaweHue
fo ot

a: MW*XI » R, 1kweal(ik) .

llanee mpegnonaraeTtcsA, 4YTO cyuecTByeT oTobpaweHwe
L

XU R,

1 i =x(i) Ex1(T),...,Hm(T):

e
CTaBAwee B, COOTBETCTBME KaWAOMy EBewecTeEeHHOMY ODBEKTY 1
MAeansHuli 06BeKT 1 , npepcrasnAnuMii coboi  Il-MepHbid ' 'KB33N™
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=
(Wl - 4 5
BEKTOP 3k i }C(l), T.e. Habop,CoCTOAUMA M3 I AEHCTBUTENbHbIX
it L
KoopAMHAaT x1(1) gy any A% (1) .
m
Kpome TOro, NpepronaraeTcs, YTo cywecTeyeT AelCcTBUTENbHAaRA

OYHKUMA RIM  AEACTBUTENbHEX NepeMeHHbx

a2 ]Rm x R" - R,
}:1(1).---,Km(1); 1-':1(2),...,}tm(2) >
- al(l,2)= a[x1(1) : ...,xm(l) E x1[2),...;a:m(2)}

TaxKana, 470
~

Vi, ke WU
. e st o Py
a[xq(i) STars ..:'ecm(i); xJE), ...,xm(k)] = 8(1 ,k) .
Do P
OMNPEAENEHWE 4. Mapa (93“6 = a) oBpaayeT (M3WYECKYR CTDYHK=

TypY PpaHra 14 W paaMepHocTu II  Ha OAHOM MHOMECTBE ,ECNM PaHD

W pa3sMEpHOCTb CBA3aHb mexay cobol COOTHOWEHWEM

P =1ImM4 2

1
W ecnu cyuecTeyeT percTedTensHan GyHKUWA ‘5’ I'(I‘—l) 0EHCTBM ~

TEenbHBX MEPEMEHHBIX

%-:r(r—ﬂ)
2: R -» IR

Takan, 4TO

Vx, 5:{1('{1),...,31“(11},

-] a L] - L L] - L] L] L] L] L]

x_ = x1(ir) Siatany xm(lr)

g [alx, x,) al¥, %) peees 8(F, X )
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a(x_, x)] =0,

r—1

roe

a(-xl,pr :.—-a[x_l(il) ,...gcm(fl); :{1(3?9) ,...,xm(zp}] ;
AR R = ] R R e T s

¥

3apavya COCTOMT B TOM, 4YTOBH NpPU 3agaHHOM paHre I (N

pasMepHocTh Tl ) HAaHTH HEUIBECTHYI0 ByHKUMO LI peficTeuTens-

HelX NepeMeHHbLIX B(X?‘_,Xp) M 3apaHee Hen 3BECTHYI Dy HKU UMD
1
2 I'(I'_l) ABHACTBUTENbHLIX MEpPeMeHHbIX
D .
(u12’u13‘ TR u1r’
u . & 8
23! » o
=1 ,r) :

obpawyanix paBeHcTBo (4) B TOKAEBCTBO.

3pechk, Kak 4 B npegbigyuwem cnyd4ae ﬂz, Haubonee VA3 BUMbIM
MECTOM OCTaeTCA AononHuMTenbHoe TpeboBaHWMe CBA3M paHra I
DasMepHOCTbI M : I = M4g -

5. Ha nogcTynax K HOBOW (opMynuvpoBke. [0 cuX Nop Mel HMenu

o L il

AEno C OTAenbHbMM BelWecTBeHHbIMA OBBEKTaMK i*1 - :i.2 gene i

i~

i~
Oy g, poee M paccMatpuvBany otobpamweHue

a: M9~ R,

OrMMChLiBallee OTHOWEHWA Meway HWuMM. TakkiMm obpasoM, OTHOWEHWA MEem=
Lo P
oY MHOMecCTBaMW 9’3“(: H ?T OMnUChLIBaslMCh B TEPMUMHAaX OTHOWEHWUHA Mem-—
o

L
) it

Ay uHAMBMAYanbHeiMA oBbeKTaMuM 1 € m M E ?t

Kak Mbl yBUOWUM HUWE, QOPMYNMPOBKa WMCXOAHBIX aKCHOM TEopMM

DHU3UUECKUX CTPYKTYP 3HadMTensLHO yrnpowaeTcA M cTaHosuTcA bOonee
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YHWBEpPCcaneHon, ecnu NEPenTH oT
o6 bEKTamu i_E'??f.“ € 9 "« OTHOWEHUAM Mewgy  Mewkamu!
I:{i1,iz,.-.} u, K= {k1,k2,--.},c OAHOM CTOPOHM, W
“Mewkamu'' A ={ &, 0, vess}tu B = {ﬁ1 ,]32 G 7 APY oM.

3ToT MEpexon ocyuecTenaeTcs Chepgypoumm obpazom:

—~— —~
ONpPeAeneHnio 3 Ha mHowectsax PFY 7

CTRYKTYpa panra (r,s) = (nsd ,me1)

OTHOWEeHKIA MEKAY WUHAMBUAYAME HbMM

CornacHo

MMEET MecTo fM3anyeckan

, ECIW
D e A S
; T vt \fm,l...ocm,ccmﬁe"?'t
® (a oials a
i. n:'l‘ ;] ] |
1 % L0 L% L,
S o B a
D:! 7 1 7 3
'Ln 1 nD:m inam-lr‘l
a e sterg B , a =R
o o
in+1 1 in+1 m 1n+1mm+1

ITOMY coOTHOWEHMI MOXHO npWaaTe onpegeneHHbIN drU3MUecKkun

CHMbICn, ecnwu MEPENWCAThL 2ro B BUOE, paspeweHHoM OTHOCMTENbHO no-

CNEAHEro apryMedTa: a a =
n+1 m+4+1

=f a '.'..I',a
8
in+1m1 i'l'l-l"I m

a « « 8 a

Mepenuwem eroc 8 HOBHIX 060O3HAYEHMAX

; — : i
i.1n-| ln ﬂ'i.-o- 11’ lﬂ1‘1‘+ y
L B A ] . *m.
CE1-.- mlﬂ -’1 m’ Ccn+1
aﬁ L ) a— a_
T Tm 10
(2] = s ® . ™ . . " . -. LI . (3""
o= Tla 1,08 g ? :
a a_ a_
ni nm n
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Hazosem Mewku E'—' {1 g 080 ,T.T} m A= {1 3o ,m} 'ata -
noHamu'' NepBora v BTOPOro THUMOB.

Mpu aToM cooTHouweHwe (5) AonyckaeT criedyluee npocroe wcs
TONKOBaHKE -
OTHOWeHWEe NPoM3BONbHHX oftekTos 1 € rae v
o€ 7{ meway coBoil OnNpesenfieTca vx OTHOWEHW-

EM K 3TanoHaM NPOTHBONONOKHONW NPUPOAL W B3avM=-

HbiMM OTHOWEHWAMM CaMWX 3TANOHOB .
Ho Bepwemca k cooTHoweHun (5). Cpegq M 4+ MN 40 apry -

MeHTOB dyHiumm T M NepBuiX aApPryMeHTOos

a -’Il‘.’a Ea "-CIB‘
i1 im 11 i_m
P je.
MOMHO PACCMaTpUBaTh Kak P-i0 CTPOKY MaTpuubl
E. - wE a
1
el 11 i1m
I1'- o " - - - . L] ]
a a
1
;n inm
roe
i
1
Thi=r Yy ot : AF= {0 o, e
1i,
n
Il1 nocnegHux apryMeHToB
a_
8 10
10 qQ
[ N B 1 ...=... & " &
a_ a_
n Qe nQ
q
MOKHO DPacCMaTpPUBAaTh Kalk d-¢ crtonbeuy MaTpuubl
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1 m
d\iﬂ = ] AR O )
gL s en =
n o an&
1 m
roe
al
j = D ke ] ﬂ.={m1,---,fxm },
it
a_ - e IE-__'
11 1m
¥ HakoHey, N MPOMEMYTOUHLIX apryMeHToB * o o s e
. d._
Hn‘l nm
MOMHO paccMaTpMBaTh KaK MaTpuuy (ﬁh -
11
C FOW CTOPOHBLl, 33BMCHMMYID N a =
Opy 5] Y EREMEHHYIO 10 B.L o
P Q
MOKHO paccMaTpuMBaTk KakK D ,0=W 3MNEeMEHT MaTpulbl
a se e B
i1D;"| j:l'll;?{"lil
dI_ﬂ ] (] -] - [ ] [ B L ]
a @ % @& a
1 & i
n 1 n m

TakiM oBpa3oM, COOTHOWEHWE (5) MOKHO TPaKTOBATb KaK QyHK-

UMOHanbHy CBA3b

A= A -
dIA dli 11 IAK/
7
1 7 =t L bz fﬁi;i:;:/ : g
] ﬁ 7
(0 (0.7
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MEWAY YeThiphMA Il » M-MaTpuuamm:

d‘m / 161 (4
d"- ] ﬂl_ 1]
1 11
OCYWECTBAEMYH C NOMOWbK HEKOTOPOWM dyHKUMm M4+MN4n AencT -

BUTENbHLIX MNEepeMeHHbIX :

dH= £( au, di:l’ dﬂ). (6)

locne Tawkoro MPEABAPUTENBEHOrO paccMoTpeHUA MPUCTYNUM K MNo-
CNENOBATENbHOM M CTPOror (QOpMyIHMpoBKe MCXOAHBIX aKCUOM Teopuu
PHBUUECKMX CTPYKTYP.

6. BeuwecTBeHHbe oBbekTh i COOTBETCTBYOWME MM MAEanbHolie

KBA3MBEKTOPE M KBA3WKOBEKTOPH. OCHOBHON X3PaKTEPWMCTUKON Beue-

CTBEHHOrO 0OtEeKTa ABMAETCH ero PA3MEPHOCTL, paBHaA 4YWCnNy BHyT-
PeHHUX cTeneHeil ceoBopwl.
PaccMoTpuM MHOmecTao BemECTEEHHm§VQEEEHTDB O4AHOW M ToOM Me
npyvpodel, UMEewlUx pazMepHocTe I ??1=*{ 'Jjﬁwa, ® v e }.
KawaoMy BelWecTeeHHOMY 0BbexTy 1, € 40T, A=1,2,...
MOCTaBWMM B COOTBETCTEBHE ABd WMAeanbHelX obbvexkta (puc.3): k 8 a-
3MKOBE®EKTORP paaMepHocTy M l+E'33t|' {11,
12 ,...} W KB asuBseKToOp Toime caMol pasMepHocTy
:&E I = {11,12. ...} . (Cp. c© KosekTopom u BEKTOPOM (Ko-

NPOCTPaHCTEOM M npocrpaHCTEoM) B WHenHoW anrebpe,)
he®m
+ / \ 0T
A €0 ¢l,¢
:-:1{1) .
(x,(A)...x (M) e B sisvel S E R
X ()

3

20



| Z

~

giid

Mup
% 5
A BEWEeCTBeHHbIX Ctp
obbrekToR
+ +
Qs 721k 7 n

R . +

1 A & & o

KBasuKOBEKTODL KBaaweexkTopkl KBa3MKOBEKTOPSI KBasuBekToDb

K X 3 E
R" r" R
x(\) £ (p)
(x,(A) ... x (A)) (£,(p) .. .8 ()
x™(A) ()

MUp vaeansHelx obrexkTos

Pue. 3. BewecrteedHdue obvexkTel W COOTBETCTBYIOWHME MM MacanoHbele 0DBEKThH



APy rimi CNoBamMu, paccMoTpum oTobpakeHue :

Vst ﬁ??f+:f€ﬁ?Z; :
~ . o
11H1;\, ih .

MNpK 3ToM npearnonaraeTca, 4yro CyWecTsyioT aea OTobpameHus

xEe RS R" , (7)

i;Hx1(a) peesy X (1)

W
=
x: M-~ R,
1
x'(A) (8)
i H L I L]
A
XT(A)

BewecTBeHHbe yucna }tu(?«.} ’ |J.=1,2, * s s ,ll,Ha30BeM KoBg-
EE;HTHHMH KoopauHaTaMuy KBa3WKOBEKTOpa ;i;., 4 BEWECTBEHHbe
YMcna 1&4(1) - KOHTpaBapuaHTHbIMM KOOpAWHaTamMu KBasWBeKTOpa
1,

A

/. OTHoweHun MEKOY BeWwecTBeHHbIMK OB beKTamMu PA3NMYHOM npu-

POAB W cooTBeTcTByMUMe MM OTHOWEHWA MEeWAY MAeanbHbMu oBvekTamm.

Hanombum, uto OCHOBHaA 3agaya Teopuu PU3NnYecKux CTPYKTYP coc-
TOWUT B TOM, UTOBbl, 3HAA OTHOWEHUR MEXAY ABYMA BellecTBeHH MM o61-
EKTaMHl, ycTaHOBUTH anHGyTH*} Kawnoro obvexkta g oToensHocTW. B
CBA3KM C 3TuUM Heobxogumo YCTaHOBUTL onpepgeneHHoe COOTBETCTEUE
MEMAY OTHOWEHMAMM Ha MHOWECTBE BellecTBeHHy X 00BEKTOB M oTHOwe-
HUAMW Ha MHOWecTge MOEaNbHLIX O0BbekTogm.

PaccMoTpum ABa MHOWecCTH3 BEllecTBeHHbIX ObbexkToR Pa3nMyHoOM

NpHUPOOL :

*)
ATpubyT (oT nar. attributum) - CYWECTBEHHLIN  OTAWMUYMTESN b Ml

NMPU3aHaK npegmera.
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ﬁt= {;1 E:E""}’ ﬁ:{ﬁ 2% g }

bYAeM cuMTaTh, UYTO cywecTeylT ama OToBpaKeHun :

W 5 m -

4 ~ (9)
i,\*ﬂ‘p - a(il, EPJ

:ﬁxﬁz—r R,

3 (10)
&4 ’13. - a(ﬂ-'- pll) ]

by

CTaBAWWE B COOTBETCTBHME  Kawgok nape BellecTBeHHbIX o6LekToR

(il’a) AEUCTBUTENbHLE 4YMcha ﬂgh'gp) M N{D: 'l?\.)

Tarkumm DTDEPEL}HEHMEMH MOTYT ABUTLCA W3MEPUTENbHBLIE OMEepauWM,CcTa-

BAllME B COOTBETCTBME KawQgoW MNape BelecTBEHHbX ObBEeKTOB (l

i~

Dip) YMCNOBLIE DEAYNbTaThl M3MEpeHuH 4 il’a’p) M a'(ﬁp’ll)

PaccMoTpuM gBa HoBbX OTOBpaMEeHUA:

a: Mr=x79t -~ R,

(11)
o : 4
1500, & a(ll'mp )
M
CBIe g (12)
+ +
E[1
oy koaled,i; )
1M BypneM cuuTaTh
a(ll, E"-P ) rau(ih:mp ’
. s ~ (et (14)
afc-:p,:t.l) a(ap,ih).
Takum obpasom, Mbl OTOWOECTBNAEM WM3MEDAEMBE Ha ONHTE OT -
o i
HOWeHWA Meway OBYMA BellecTBeHHbIMM OBLEeKTamu 1,1 H D':p c

HEQOCTYMNHbBMA HEenocpegcTBeHHOMY  M3MEPEHWMIO OTHOWEHWMAMW Meway
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ﬁ i}\ Ii(ll,ﬂ:p) ’ a( mpllh)

R

P 7T

MuUp BEUWECTBEHHLIX obkexkTos

LLLLLLUL | L Ll L LI LI L L0 0, LLLLILL Y,

l
a3y a(ot ,1,)

1+ hl p ,p' l +
v+ 1 (o'
Ty A o 794
7 e & 7

A P
MUp MpgeanbHeIX oBrexTos
[

Puc. 4. OTHoweHWR Mewmay BeuecTeeHHsMA 0DBEKTaMM M COOTBETCTEYOUME UM

OTHOWEHWA Memay WAeanbHblMKM obLeKTamMi



HaeaneHeiMKM o6BLeKTamMu i?; M o , C OAHOW CTOPOHM . u ﬂ?
¥

W :I_;th = C apyro# (puc.h), b E

8. Tpynnel BewecTseHHsx ODBEKTOB 1 COOTBETCTBYWOWHE UM Bno-

KM 1 KOBNOKM mMAeanbHeiXx oBbeKTOR. UTak, PACCMOTPUM HOBOE MHOWE-

CTBO

;|

Te = (1,%,...)

3NEMEHTaMM KOTOPOro ABNAKTCAH Feynnel

i:{i,l,...,'_{n}e e |
H}E: {1\{’1,,..,% }E e .
n

L] L] - L] L] L] - L] L] L] L] L

o

COCTOAWME M3 1 NMPOWM3BOMNbHLIX BEWECTBEHHLIX OBBLEKTOR M3 3?3 -
P

i~

Kakgon  Il-spementHoW rpynne 1 € M  noctasum & coot -

BeTcTBve gBa Habopa upeantHux o6bekToB: KoOBNOK
T = [ s e ()™,

COCTOAWMM M3 11 KBA3WMKOEEKTOPOB i: ,...,i+ M3 m"' : 2
n

Brnok
i: (i ..-i ) E mn ]
1 n

COCTORWMIA M3 I1 KEA3UBEKTOPOB 11 50 O in wa T .

B cuny cywecrtBoBaHWa oTobpawmeHumin (7) m(8) umewT MecTo cne-

aywowve oTobpamMeHus:

X+I (m)n » Rm :
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i+ Eo(RrnEea (4 Ko e
m

L 11° 1m
j.+= & & W -. I+= (] L] L ] L] - - [ ] = L] - - - - ¥
o + +
. }: n & & W x Il x & 8 o= x
Ln ' 1( ) ELE_E. n1 nm
=i () =1 2 : =12 .
rHE }: = x U ] "u" s # ,.---.n-, E-L ] l"'ll" ﬂ], M
VH T
X: ¢ - m"",
x1{1) L I ] }: - & . x
11 in
- i llli H - [ ] - L= L] - S [ ] - w ™ &
i=(i,..4 )1
s () (B G R i %
. m 1 o
roe XIJ-"'-’ EKH(U) (puc. 5).
flanee nm ABHCTBUTENbHLIX Yucen J{“(UJ Haz3oBeM
DX I = MaTpuyen KOBaPUaHTHbIX KOOPAMHAT KoBrnoka LT a nm

AEVCTBUTENbHBIX YUCen 3{“'( u) = I XN-marvpuuen KOHTPaBapUaHTHL X

KoopauHaT Gnoka i

9. OTHoweHnus meway [PYNNaMi BewecTBeHHX 06beKTOB U cooT-

BETCTBYOUWME MM OTHOWEHMA Meway 6rnoKamu u kobnokamMu. B cuny CY—

WecTBoBaHWA oToBpakermii (9) u (10), crasauux g COOTBETCTBUE

- L (oY)
KaWAOW Nape BelWecTBe HHbIX obrekTos (1.l,n:zp} OBMCTBUTENbHbIE

Pty () g e Lo
yucna a(ll’mp ) uw a(¥ » 1y ) , uMeoT Mecto cnegynume
oTobpameHun :
Pl e 07
anﬂ!: mﬂ X ?tm - Hl‘lm -
L, %) ... 80,5 ) f
tj: 'E =+ ét'(i.' 'E ) = - . - - [ [ ] - [ [ L '3 n ]

1
=
+
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LT

&

81,0 , ala,i)

Mup BewecTBeHHbBIX obtexkTos

L | LI L L L L l s

ﬁﬂfn

a(i+,m)

a(at,i)

Fuc.

Mup WaoeanbHBX obLEKTOBR

+
o
&+: " §
ot
m

o=

(o o )

1 m

?t+m

5. DTHOWEHWA Meway rpynnamMd BEWeCcTBEeHHbX OOBEeKTOB W COOTBETCTBYDWWE MM
OTHOWEHWA Memay uaeanbHeiMKM Gnoxkamyd W KOBNOKam



b e Py g
G ) o (o, i) I
T e
m’ i El(D‘.’,,l) = & L] L - L] L L] L] a - Il'l,
L il L o gy o " l
a(n:m,l_l)... a(n:m,ln)
-~ Il #
CTaBAdliMe B CODTBETCTEBME rpynnam ‘I 1 EE NxM -MaTtpuuy

gy g T
a(l,'&DEB“m MW I XxX-MarTpuly El(cc, l}e n ",
TouHo Tak We,Bs cuny cylWecTBOBaHWA oTobpakedun (11), cra-

BRAUEFD B COOTBETCTBEBMWE KEa3uWBeKTORY ii H HBAZWBEKTOPY e

P
(a7 A
YMCNo a(i"?;,mp) = a(ll,'&'p), W oTobpaweHua (12), craeawero

B COOTBETCTBUE KBA3UBEKTODY m; W KBa3UBEKTOPY il. YUCHo

a(c.:"' fat ) = a( o E ) . UMewnT MecTo cnegyolme OToBpaKeHua:
P A PTA
ane: Y TR L B

a(i‘fl' ,051) oo a(i: ,Elt’,m) 1
i+|[x.Ha(i+'[£): & & ® = = 9 B @8 8 » pol ’

e a(i: ,r:cm)

4+
a(:L1r1 $OC,

E— In *

gRns fﬂ:.hﬁ w S RRa

a(cc:',i1)...a(cz:,in) I
ot i waflat i)= = S O oLS 5 6 o o IT&

S e
a(ot, 1) en. afor,i )

I
ja ]

b
L



CTaBAlMe B COOTBETZTBME KOBNOKY i+ n Gnoky O % M=maTpu-

o rnm .
uy a(i ,E.aiJ'E]R W KoBnoky i u bnoky 1 Tlx D-mMaTpu-

Ay
Ly H(c{ ,L) , raoe cornacHo (13) u (14)

g (il ) = Al S alor i) = A& 1)

TakumM oBpasoM, Mbl OTOMAL :TBAAEM W3MERAEMBIE Ha ONWTE OTHO-

i

WeHWMA MeMAay FRYMNMaMd BewecTBeHHbX o6bexkTos 1f M (£ C Hepoc -

TYNHbLIMKW HEMOCPEACTBEHHOMY WAMEPEHWID OTHOWEHWAMH Memay KoBnokom

. + =
1 M BnokoM B , C OOHOW CTOROHL, W KoBnokom {x+ U bno -

koM 1 - C OApY oM.

10. YHuBepcanbHaa (HM3IUHECKaA CTpyKTypa. lycTe
M ::{:Kiﬁrr--' }r

N = L Tlpees b
PE=Malb

TPKW NMPOM3BONBHBIX MHOMECTBa, CBA3AHHLIX MEHAOY cobow HEKOTOPDLIM OT=

obpayeHuem

a: MxN »P, x,iep a(x,£)s
g Gl i

m
X|a b C caa
oG & B ooo
2\ dak B Goo

Muowectea M w N HazoBeM MHOKECTBaMW COMPAMEHHLIX GM3n-—

UecKUx obbexkToB, MHowectso P - cybmerpukon, obobwanwen NoHA-

TWe PaccTOAHMA, C OAHOW CTOPOHBI, W CKaMAPHOMO npou3BeaeHnA = C
npyroi, a orobpaweHue & MxN —P, xapaktepusynuee OTHOWEHWA
Meway AByMA MHOsecTsamd M v N , - KoHBEprewuwen.

ONPEAENEHHE 5. YetBepka (M,N,' P;El'} oBpasyeT yHWBED -

canbHyo OM3InMUECKYyl CTPYKTYpPY C cybmeTpukon P, ecnu cyuect =

ByeT TPexXMecTHasa onepauvf
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f: PxPxP » P, anbee Hf(a,b,c)

TaKan,dTO

YX,y€¢ M , YE,neN

a(x,£ )= £[a(x,n) ,aly,n) ,aly,] |. (15)

WTak, 3apaHue E(F:T'l) la(:}rlé) 4 5(}[ pn) OAHO3AHAaUHO
onpepenser a(x,Z ) (puc. 6).

X @) a(x,& )

Puc. 6

3apada cocTouT B TOM, 4YTODBB HalMTW HEeu3BecTHOoe oTobpaseHue

MxN -»P u HeuasecTtHyw TPEXMeCTHyk onepaumo L+ P x Px

XP = P = obpawanue paseHcTBO (15) B TOoWAscTEOD.

a3



11. P-npeacraenexHue YHUBEPCansHOW (BM3kuUeckon CTPYKTYDbI.

MMET OaHY WM Ty me npupoay, T.e.

ycts mHomectea M ,N 4 P

M= N=P. B atom ¢,
1% lyHae BygeMm rosoputh, urg napa {:P,a> o6~
pasayet P-npeacrtasnenue YHWBEDPCANbLHOW BHM3nueckon CTRYKTYPL C

cybmetpukon P | ecnu CYWECTBYET TpexmecTHasn anepauva

e PxPxP "‘P, a,b,ch(a,b,c)

Takafa, 4TOo

X,Jy,u,ve P

Ei(}C,U.) = f[a(x,v), a(}rlv) y a(}‘ ,l.l)] .

Ecou M=N=P= R"™ Snne MR e AercTen -
TENbHLIX MPAMOY FOMb Hbix I X M-MaTpuu, TO Bynem TrOBOPUTL, 4YTo
napa (]R““‘,a} 06pa3yeTr MaTpuuyHoe NMPEACTABNEHWE YHMBEpCans -
HOW (M3MYECKOW CTPYKTYPhl C MaTpUYHOW cyBMeTpuKol .

[lpMHWMaA Bo BHWMaHWe ace OFOBOPKW, CAEnaHHbe B N.3 no no-
BOAY CTPoeHWA duamku B uenoMm (cM.puc.2), MokHO CKasaTh, uTO
yHuBepcansHoe cooTHoweHnWe (15),onpegensnues Guamyeckue CTRYKTY-
Pbl Pa3fM4HbIX PaHroB, B KaKOW-TO CTENEeHW peanuayert MEeYTy Makca
Mnanka ob ogHOW-eAuHCTBEHHOM QOpMyne , 3akniyanuen B cebe BCEe
MHOroobpaave (ManYecKnx 3a3KOHOB.

B 3akniyeHne aBTOp MPUHOCMT rnyBOKY BRaroaapHOCTk npodec-
copy !Opuio Faepunosuuy Kocapesy, 6e3 NOCTORHHOIO BHUMaHWMA M MH-
TEpeca KOToporo K 3toil paboTe oHa ewe gonro 6w nponewans 8
BWOE 'Da3PO3HEHHLIX YEDHOBMKOB, @ TaKKe HaydHOMy COTpyaHuxky Knu-
MeHTUn QPepopoeuuyy CaMoxBanoBy 34 MOCTOAHHLINA MHTEpec K TEOopHM
PU3HMUECKUX CTPYKTYP,a TaKKe 3a Uenbd pAQ KPUTHUECKMX 3amMedaHui,

B DONbWONH CTEneHW CTUMYNWPOBABWWX MOABNEHME HacTOAWERd CTaTbM.
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