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YIK 512.816 MATEMATUKA

© .. MUXARTHYEHKO
IOBYMETPHYECKHE ®U3WYECKHE CTPYKTYPH W KOMIUIEKCHBIE YUCJIA

(ITpedcrasaeno axademuxom H.I". Pewernaxom | VII | 991)

Cnepys [1], mamum Kpatkoe onpefiesenue ABYMETDHUECKHX (QUIMYECKHX CTpYK-
1yp. Ilycts umewoTCA /183 MHOXecTBa R u R, NpencraBafoume cobol rIaTKHe MHOTO.
obpasus YeTHOH PasMEPHOCTH 2m U 2n, Toem 2 1 un > 1, a takxe ABYXKOMIIOHEHTHas
dymxwts f = (f, f*), comocrasnmomasn nape (ia) € & f, e &, C M XN, 15a se-
mecTBerHbIX wcna f(ia) = (f' (ia), f?(ie)) € R?, Tpennonaraercs, uro pynxuus f
rIanKas, HeBBIPOXIEHHAA (CM. HiXke) W O6NacTb ee OnpeneneHus @& f €CTh OTKDHITOE H
miotHoe B M XN  MHO)ecTBO. HeBhIPOXKIEHHOCTD byHKIHM f, mo onpepenenuso, 03na-
43eT, 4TO 1A IVIOTHBIX B N™ u M” mHOKecTB KOpreked (7, . . Yo BLEy Ky )
ITHHLL M ¥ N QYHKLMOHATbHEIE COOTBETCTBHA i + (f(iy,), . . . . f(i7m)) € R? 4
a + (f(kya), ..., f(k,a)) € R*" uMeloT MaKkcHMaTbHEIE PaHru 2m u 2n [uis mwior-
HeIX B M B N MHOXECTB TOYeK /| H & COOTBETCTBEHHO, B OTpeieNIAeMOH FeOMETPHH OBYX
MHOXECTB (Qu3WUeckol cTpykType) dyHkummo [ = (f', f?) HazoBem 7By M e 1-
PHKOM.

OBossamm: fx', ..., x*™}u {£', ..., 2"} — nokaisHsle KOOD/IHHATEI B
MHOrooGpasuax M u R cooTBeTcTBeHHO. TOra B HEKOTOPO# OKPECTHOCTH napel {ia) €
€ € ; 1A HCXONHOH YHKIMHE MOXHO 3aIIHCATh ee KOOpIIHHATHOE BhIpAKeHHE

(1)  fl) =f&'@,...,x*>"30), £@),...,E" Q).

Hoctpoum, panee, pyuxmio F ¢ ecrectsensoii B W™ ™! X N1 qfnacrsio onpe-
AencHuA €, conocrasnas koprexy (ijk ... v, afy ... 7) mmHe n +m + 2 TOUKy
(fGa), f(iB),. .., f(vr)) € RE(n+1)(m+1),

Onpenenenne 1. Bymem rosopurs, uro p yHk uu s f=(f1,f?) 3a
Ad€T HAaMHOKeCTBaX MURN IBYMeTpHUECKYD PHIHUYECKY IO
CTPYKTYypy paHra (n+1, m+1),ecnn cCymecTByer IUIOTHOe B & ¢ MHOXeCT-
BO, WA Kaxjuoro koprexa (ijk ...v, afy...7) miMHbI n +m + 2 KOTOPOrO H HEKO-
TOpo# ero okpectHoctH U((i...7)) Halimerca Takas rmamkas pahra 2 dynkumas @ =
= (%4, ®;), onpenenennan B Hexoropoi o6nacty u3 R2 ("1 M+ 1) | conepwameit Touxy
F({i... 7)), uto MHOXecTBO 3navenuit F(U((i...T))) ABAAETCA MOIMHOXECTBOM
MHOXecTBa Hyneh pyHkumu P, 1.e.

(2)  ®(fla), f(B),...,f(vT)=0

A Beex xoprexe us U((i. . . 1)). i
Takum ofpaszom, noxansHo mHOWecTBO F( @) IpPHHAIUIEKHT HEKOTOPOH pe-
TYIApHO# nosepxHocTH Kopaameproctn 2 B R? (#*1) (m*1) ' ye oGasatensHo coBnanas
¢ Hed. Bynem takke rOBOPHTD, YTO hyHkumua [ 3agaer Ha ABYX MHOXecTBax M u N aBy-
METPHYECKYI0 (heHOMEHOIOTHYECKH CHMMETPHYHYI IFeOMETpPHIO, TaK KAaK YpaBHEHHE (2)
Mo 1epmutionoruu paGorer [2] BeipakaeT NPUHUMIT HEHOMEHONOTHYECKOH CHMMETPHH.
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" -il-ﬂj - 3amerim, 4TO He BOAKHE QYHKIHH f MOTYT 3a1dBaTh (BHIMYECKYIO CTPYKTYDY, K NoTomy
~ O[HOH M3 OCHOBHBIX 3a/1aVl TEOPHU ABJAETCA MX TOJHAA KNacCHPUKAMA. B cryyae OmmO-

METPHYECKHX CTPYKTYp TaKas KiaccHgpukaumsa Oblia NpoBeneHa A Bcex m > 1, n>1
[3]. a B cnyuae ABYMETpHUECKHX — TOJNBKO Ang m =1, n 2 1 (cM. Huke Teopemy)

Onpenenenue 2. Bynem roBopurs, urto nBe Gu3uuecKkye crpyK:
Ty pbl, 3ajiaBaeMble HA MHOXeCTBAX M U N PYHKUMAMU f U g, S K BUBaATe H T H 1
eC/H CYIECTBYIOT TaKMe JOKanbHbie MudpdeoMoppuambl A: M>M |, g: N j
R? - R?, yr0 15 IWIOTHOT'O H OTKPBHITOrO B & f MHOXecTBa nap {ia) napa (@), o a,) y E
€ & U umeeT MecTo cooTHoweHue f (ia) = Y (g (A (1), 0(a)). ~

Teopewma Jeymerpuueckue usuieckue CTpyKTypst panea (n + 1, 2) cywecr-
8yior T0AbK0 0aa n = 1, 2, 3, 4 u ke cywecreyor 0aa n = 5. C TouHOCTSIO O IK8UBANeNT-
nocru gynxyus f = (f', f*), sa0aoman na deymeprom u 2n-meprom MH02006pasusnx
R u N deyMETPULECKYI0 PUIUNECKYI0 CTPYKTYPY panza (n + 1, 2), 6 Hadnexawe ab; Gpan-
Hoil cucteme aokaabhblx Koopounar {x', x*} = {x, ylu [§', §2 §3, e
={ & numv,...| onpedenserca caedyouumu 8bIpaxeHuAMU: 028 n = | g

(3) fl=x+§ fP=y+n; : 7
@ riexk r=ytrn [ 4% Gerp)y 45 (s
ons n=2

(5) [f'=xtteyntp, fP=xntyE+v, €=0,tl;

6) fl=xt+tp, fP=xntyEF+y, c#1;

() fl=xEtu fPexntyE +x1Ing

8) f'=xttyu, fP=xntyv;

dna n=3
fl = (x£+eyn+“)(x+P)_€(x17+y£+u)(y+T)
(x +p)* —e(y +1)? ’
9) fz,_.("5+€J’ﬂ+ﬂ)(}’+T)—(x'n+y5+v)(x+p)

(x + o) —e(y + 1)
20e €=0, £1;

1 =(xE+ wl(x + p),

f*=(xn+yv+1)(x +p);
(1) f'=xt+yputp, f*=xn+yv+r
013 n=4
2y I = GEr ) xpty+ ),

fP=(xn+w+n)(xgp+y+ w).

HoxaszsarenbcTBO TEOpeMBbl CYIECTBEHHO ONMKPaeTCs H;':l rpzyﬂf!OBble
CBOMCTBA usMuecKux crpykTyp, ycranosiiennsie B [4]: dynkuus f= (f', f°) Gyner
38/1ABATH HA JIBYMEPHOM M 2n-MepHOM MHOrooGpasuax SR u N ABYMETPHUECKYIO PH3H-
YECKYI0 CTPYKTYpy paxra (n + 1,2) TOrja M TOJNBKO TOIja, KOIJa OHA HOMycKaer 27-
MEPHYI0 JIOKANBHYI0 TPYINly JIOKA/bHbIX ABMkeHUH. [Toj qBHkeHHEeM B reOMETpHH ABYX

MHOXECTE M 1 M noHumawTCA TaKue UX NMpeoBpa3OBaHUsA A M 0, IpH KOTOPIX COXpd-
HATCA KOMIOHEHTL! GyHKUMM [, T.€. UMeeT MECTO PaBEHCTBO

(13) flie)= f(A(D), 0(e)),
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ecmi mapsi (fa) u (A (i), 0(e)) npunamexar . MHOXECTBO Bcex HBMXeHHil ecTh
2n-Mepiasl [PYIINa, AR KOTOPOR BYHKLNA f, cornaco pasencrsy (13), asnserca nByx-

) HMHBADHAaHTOM. MHOXeCTBAa BCeX INpeo6pa3oBanuit A\ u o B FpYAie R
ABNAWTCA 3PPEKTHBHBIMU ITIATKUMH TOKATbHBIMH NeHCTBHAMM HEKOTOPOH 2n-MepHoii
nokansHo# rpymmsl Jlu G2 B MHOroo6pasuax M u N , RNt 66 oBosn & 'S ors.
3IBIBACTCA MPOCTO TPAH3UTHBHBIM. M3BecTHO, uTo Bee npocro TPaH3UTUBHBIE ACHCTBUA rpyII-
nsr Jlu nopio6Hs! 1i06oMY ee 3P PEKTHBHOMY MielicTBHIO B cebe, BCIecTRHE Yero AeAcTBHE
rpymsi G2" B OBYyMepHOM MHOTOOGpasHH SR sBjsiercs ABYXTOYEYHBIM WHBAPHAHTOM
HEKOTOpPOro ee OeHCTBUA Ha npAMOM Tpou3BeneRun M X G*". C. Iiu 51 ftiy moiibits
KNacCHHKAlHI0 JIOKANbHBIX HEHCTBUH Beex KOHEUHOMEPHBIX TPYMII B IUIOCKOCTH. Jta
K/acCHpUKALUHA, BOCIPOH3BE/ICHHAA TAKIKE B MOHOrpadun [6], Gbima CYIIECTBEHHO HC-
MOJIb30BaHAa NPH J1I0Ka3aTe/IbCTBE TEOPEMBI.

PaHee MeTOAOM, 4HAIOTHYHBIM TOIBKO YTO M3]I0XKEHHOMY, aBTOp MCCremoBasn
BELIECTBEHHBIE OTHOMETPHYUECKHE QUIHIECKHE CTPYKTY b paira (n + 1, 2), 3agaBaemsie
yHKIMER [ Ha ONHOMEPHOM M N-MEPHOM MHOroOBpa3nax [7]. Bruto ycranosnero,
9TO 3TH CTPYKTYPb! CYWIECTBYIOT TONBKO ANA n = 1, 2, 3 4 cooTs eTcTBYIomAn dyHKIms f
€ TOHOCTBIO 10 IKBUBA/ICHTHOCTH ONPE/ICNIACTCA CIENYIOMMMH BBIPAKEHUAMHA: IA N1 = |

(14) fex+g
s

(15) f=xt+y;
mAan=3
(16) f=(xE+p)(x+p).

Conocrasnsas 06e NpUBeJeHHBIE BbIllE KIACCHUDUKAIINH, 3aMeYdeM, YTO [ABYMeTpH-
YeCKHe (HINYECKHE CTPYKTYpbl, B OTJIHYHE OT OJHOMETPHYECKHMX, He e[MHCTBEHHBI, 33
HCKIIoUeHrEM citydad n = 4. JIByMmeTpukH (5) u (9) MOryT GbITh NONyYeHbI KOMIUIEKCH-
(uKaunei COOTBETCTBYIOIMX 110 PaHIy CTPYKTYpSI OIHOMETPHYECKHX BbIpaxkeHuH (15)
# (16). Komiulekcupukauus B JaHHOM ClTyyae COCTOMT W3 CJIe[IOIIMX [IBYX 3TaloB:
a) 3aMeHbl BelleCTBEeHHBIX GYHKUMH M KOOpOMHAT Ha KOMIUIEKCHbIE MO cxeme [ —
(V1) =1 +ef?, x> (x, Y)=x+tey £t~ (£, n) =£+en, u->(uv)=uter,
P> (p,7) =p+er,rue e — muuman (e* = —1), nyansHas (e? = 0) win nBoiHas (e =
= +1) eaMHMIB! B 3aBUCHMOCTH OT THIIA KOMILTEKCHOTO YHC/IA; 6) BblIeleHHs BellecTBeH-
HOM (peaspHOM) M HeBelleCcTBEHHOIM (MHMMOM, JyaJbHON WM IBOHHOH) YacTed M3 Moiy-
HAIUIMXCA KOMIUIEKCHBIX BbIpakeHWH. JIOMOJIHUTENBHO 3aMETHM, YTO ABYMeTpHKH (5)
¥ (9) mia cnyvas € = +1 ABasercA eute u NpAMOHl KOMIO3HUHEH COOTBETCTBYIOLIMX
OIHOMETPHYECKHUX BBIDAXKCHUN, TAK KAK ¢ TOYHOCTBIO [IO JKBHBAJIEHTHOCTH OHH MOTYT
ObITh 3amIMCaHBI B BUIE

(5 ['=xt+yu, fP=yn+p;
) SlEGErwxtp), fP=(m+)i(y+71).

Heymerpuxu (8), (11), (12), a raxxke nsymerpuxa f' = x§ + y + “sz b
=xn+ty+y, sKBUBANECHTHAA npymerpuke (6) ¢ ¢ = 0, HE3aBUCHMO OT dBTOPA, HAHJIEHDI
Takxe E.JI. Jlosuikum (vactHoe cooBuenue) . C¢popmyupOBaHHas BbIlle TEOpeMa yTBep-
ANACT NOMHOTY TPUBEIEHHON B HEel KiiaccnpuKaluuy 1By METPHK.,

Boipanenna (3) u (4) MOkHO HCNoOJIB30BATH AJISA OJHOBPEMEHHOIrO 3a/laHHA B
R? npyx BuHapHBIX OTIepaltMil — ClIOKEeHHUA ® U YMHOKEHHA ©

(A7) xp) o (5,n) = (x+& y+n);
(18) (x,y) @ (£, n) =(xk, yE+1),
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Cnoxenne (17) obbiuHOe, a YMHOXeHHe (18) o6napaer HEKOTOPHIMH OCOBGEHHOCTAMK:
OHO HeKOMMYTATHBHO, ACCOUHATHBHO, THCTPHOYTHBHO ClleBa, HO He IUCTPUBYTMBHO cripa-
pa. BosmoxHO neneHue Ha (X, ¥), ecnu x # 0, XOTA JileBOe M TIPABOE YACTHbIe HE COBIA-
narot. Enunuua passa (1, 0), sieBoe u npasoe obGpatHeie K (X, ) coBnanaior.

Coxpansis cnoxenue (17), yMHOXeHHe B R? ONpeleuM ¢ NOMOMIBI0 [IBYMeTpHK
(%), (6), (7) nna M3HUECK Ol CTPYKTYpHI paura (3, 2

(19) (x o n)=(E+eyn, xn+yf), €=0,2l, |
(20) (x,»)0(E n)=(xE xn+yE), c#1,
@) ) En=@Exn+yE +x7E nd).

VmuoxeHue (19) KOMMYTAaTHBHO, 3CCOUMATHBHO M AMCTpMOYTHBHO. EnuHuua ymHOXe-
uus pasHa (!, 0). Jlenenue Ha (x, ¥) BO3MOXHO, ecyu x* — ey? # 0. flcHo, YTO ANeMeHTHI
mnockoeth R? ¢ onepauusivi (17) # (19) OKa3BIBAITCA KOMIUIEKCHHIMM YHCIAMH TpeX
THIIOB, 3 HMEHHO, OOBIYHBIMH KOMIUIEKCHBIMH HYHCIIAMH (e = —1), nyansHeivu (€ = 0)
WK nBoiHbIMH uHcTamu (€ = +1). YMHOXeHHe (20) HeXOMMYTATHBHO, ACCOLMATHBHO,
QMCTPHOYTHBHO CIIpaBa, HO He IHCTPHOYTHBHO cneBa. Jlenenue Ha (X, }) BO3MOXHO,
ecin x # 0, equuuua pasHa (1, 0). YMHOXeHHe (21) HEKOMMYTaTHBHO, HEACCOUHATHBHO
¥ HenucTprOyTHBHO. JlemenHe Ha (x, ¥) BO3MOXHO, ecnmu x ¥ 0, NleBas eHHHIA pPaBHA
(1,0), a npaBas OTCYTCTBYeT.

Takum 0Gpa3om, H3 YeTsipex GuHapHbIX omepaumi (18), (19), (20), (21), nutep-
NpeTHpYEeMBIX KK YMHOXeHHe, TONIbKO onepauus (19) nossosser 3ajath B R? crpyxTypy
KONBIA, TAK KAK TOJNBKO OHA NHCTPUOYTHBHA CIIpPaBa M CJieBa MO OTHOLUEHHIO K CIIOXEHHIO
(17). Onepaumsa (19) sABASETCA TAKXKe eIMHCTBEHHOH GHHApHOHM OllepalMeH, KOTOpYo
MOXHO ONpeNeNuTs npu cioxednH (17) ¢ nomowmio ABYMeTpHKH (9) Qu3nveckoi

cTpyKTyph! panra (4, 2). Isymerpuku (10), (11) 3TO#H Xe CTPYKTYpBI, @ TAKXKE ABYMeT- |

pukn (8) u (12) crpykryp paura (3, 2) u (5, 2) He onpenens0T GHHAPHBIX Olle paLHH.
OrmeueHHOe OBCTOATENBCTBO MOXHO PACCMaTPHBATh KaK CBOEro pojia obOCHOBaHHe Tpex
THTIOB KOMIUIEKCHBIX unces. ComepKaTeNnbHpli CMbIC/ GHHApHBIX omepauui (18), (20),
(21) moka ocraercsi HesICHBIM, MO3TOMY I107Ie3HO 6b110 Obl GOnee 1ETATLHO HCCIENOBATH
anreBpsl ¢ ITHMH ONEpauMAMH, 3 TAKXKe H CO BCEMH JIDYTHMH, KOTOPbIE MOXHO Ollpeje-
AMTH ¢ momompio ABymetpuk f = (f', f?), 3apaowmx ¢H3MYECKHe CTPYKTYPhl pas-
HBIX PAHIOB.

B 3aknmoueHMe OTMETHM, YTO THNIEPKOMIUTEKCHBIE YHCITA PA3MEPHOCTH § = 1 ecre-
CTBEHHBIM 06pa3oM NOABNAITCA NPH PACCMOTPEHHH §-METPHUECKHX (HIHYECKHX CTPYK-
TYp, OnpeseseHHbIX B [4],

ABTOp Bbipaxaer GnaropapHocts A.M. ®ery, BbICKa3aBluemy pfI MOJE3HBIX 3a-
MeYaHMH B xoje O6CYX[IeHHA OCHOBHBIX IOJIOXEHHH H pe3y/IbTaTOB DaHHoOR paboTsl.

Honpocubupckuit rocynapersesnniit [oeTynuio
NeAarordYec kKl MHCTHTYT 11 IX 1991
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