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O IOPUN PEAOPOBUMYE BOPUCOBE 1N EI'O ITYBJIMKAIINAX
B. H. BEPECTOBCKUI

ABSTRACT. In the paper is given a survey of publications by Yu.F. Borisov.
Also we pressent some information and results on two-dimensional manifolds of
bounded curvature in the sense of A.D. Alexandrov, metric foundations of Rie-
mannian geometry, and Busemann spaces, connected by the subject with publi-
cations and problems of Borisov. At the end, we cite some reminiscences of
A.D. Alexandrov, Yu.F. Borisov, N.V. Efimov, Yu.G. Reshetnyak.
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1. BBEAEHUE

15 mrong 2025 roga ucnonauTca 100 jer co auga poxkiaenus B Jlennarpage FOpus
Denoposnaa Bopucosa (1925-2007). On xapakrepusoBan B nekposiosore [94], [95]
KaK ‘3aMedaTeTbHBIN PYCCKU reoMeTp, TOKTOP (hU3UKO-MaTeMaTHIeCKUi HayK, TTPO-
deccop, Benymuit Hayunslit corpyanuk Uucruryra marematukn uM. C.JI. Cobonesa
CO PAH”. Tam ke roBOpHUTCSI 0 TOM, 9TO OCHOBHBIE Hay4HbIE fAocTHKeHusi FOpust
DeopoBuva OTHOCATCS K KPYTY Ueil, BBEIEHHBIX B TEOMETPHUIO €0 BEJTUKUM yIuTe-
jgeM — akajgemukoM Asekcanapom Jarmmosndem AjekcanapoeiM. Ocobo oTMernm
BaykHbie pe3ysbTarsl FO.@. Boprcosa B Teopun AByMEpPHBIX MHOTOOOpa3uil OrpaHu-
4eHHOH KPUBU3HB, HOBEPXHOCTeH ¢ ITapa e bHBIM HepeHocoB BeKTopos, Ol Y-n3oMe-
TPUIECKUX MTOTPYKEHUH U BJIOXKEHUH MOBEPXHOCTEN W aKCHOMATHIECKOM TTOCTPOEHIH
TEOPUH OTHOCHTEIBHOCTH (XPOHOTEOMETPHH ).

Kpome Toro, oH pemakTupoBas cOOPHHK U MYyOJUKOBAJI CTATHU, TOCBANIEHHBIE
MeTojosorndeckum u ustocodekum npodsemam Maremaruku |62, [63)].

FO.®. BopucoB 0KOHYMI MaTeMaTHKO-MeXaHudecKknii pakyabrer JIECHHHIPaICKOro
yHuBepcuTera B 1948 rofy, 3ammTii KaHAuIATCKY0 auccepranuio [47] B 1950 r. u
JoKTopekyto [48] B 1962 1. B 1964 r. FOpwuii @egoposny nepeexan B Hopocubupcek n
C TeX MO ¥ JI0 TOCJeIHUX JIHel paboTtas B THCTUTYTe MaTeMaTUKN W TIPEToIaBal B
HI'V, e 6511 01MM U3 JTyYIIAX JEKTOPOB MEXaHUKO-MAaTEMATHIECKOTO (hbaKyIbTeTa.
[IpuBeseM Kak TpuMep ero Kypce Jeknuil [61] u omyGanKoBaHHbBIE TMO37Ke 3AIUCH
HEeKOTOPBIX Jieknuii [42], [43] cnenkypcea 1968 1. 110 pUMAHOBON reOMeTpPHUH.

Bocems acnupanTos FOpust @egoposuya Bopucosa 3amuTiim KaHIHIaTCKIE TAC-
cepramun: Pycuersuim 1. (1957), dyrkesua FO.T. (1964), @panryaos C.A. (1971),
Bepecrosekuit B.H. (1979), Ycos B.B. (1980), Mcanos T.I. (1980), ledens I.C.
(1986), ITogoxcenos M.H. (1989).

The work was carried out within the framework of the State Contract to the IM SB RAS, project

FWNF-2022-0006.
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OCHOBY 9TO# CTATbU COCTABUJ TEKCT MOEro JoKJIaaa 7 ceHTsOps 2015 r. B UncTu-
tytre maremaruku uM. C.JI. CoGonea CO PAH, mocssmmennoro 90-1eTuio co aHs
poxnenus FOpus @egopouda Bopucosa. £ cMor cka3aTh TOrIa UL O HEKOTOPHIX
ocHoBHBIX pe3ysbrarax FOpus ®enoposuda u nocTaB/eHHBIX UM 33ja49ax. B 1ok/aje
sI BBIPA3MWI HAJIEXK/TY, ITO MOl MOKJIa OyIeT JONOJHEH BOCIIOMUHAHUSMEI KOJLIET U
yIeHUKOB 0 “Tpynax u guax’ Opus PemopoBuda.

B Ttom umncie Torma m nociie s crapaJcst cobparhb BO3MOYXKHO 0OoJiee TOJHBIH CIINCOK
ero myOJIMKAIUil, OIYCTHB eTo IIyOIuKaIuu ¢ 6os1ee 4eM OJIHEM COABTOPOM, CBA3AHHBIE
¢ 100UIeIMHA ¥ HEKPOJIOTaMU M3BECTHBIX MATEMATHUKOB. BOJIBIIYIO HOMOIIL B 9TOM
MHe okazaJsa B 2024 r. 3aB. OwmOamorekoit UM um. C.JI. CoGosea CO PAH
Npuna Hukonaesna CokosioBa. HekoTopble 10IOJHUTE/IbHBIE HCTOYHUKA U HY KHY IO
nHdOpMannio g W3BJIEK U3 KHUT U KYpPHAJIOB Moe#l nuunoit 6mbamoreku. Ho s
BCIIOMHUJT HEJIABHO, 9TO B KAKOM-TO BBIITHCAHHOM MOUM OpaToM AJIEKCaHIPOM (11032Ke
HHKeHEePOM-9HEPTeTHKOM) KypHase “3Hanme-cuiaa’ B jgagekue 1970 rr. s aurasn
B goMe Momx pomureseii crarbio [0.D. Bopucosa o Cl®-nosepxnoctax. Ho s me
noMHu1 60JbITe HUYero o6 3To#t crarwhe. JIumb O/arogaps MOMOIIN COTPYIHUKOB
['TTHTB CO PAH, B ToMm uncie 6ubuorpada 1 kar. Auaer AnapeeBrbl TyroykoBoit
n oubauorekapa Hunbr CepreeBubl KpuBIIOBO#, s y3HAJ BBIXOJHBIE JaHHbIE 3TO
cTaThd M TMOJAY4IHJa caMmy ctarbio [64]. CrarThs BHIIIUTA TOYHO B MeCsll, KOTJa s
MOJTY YU JUTLIOM 00 OKOHUYAHUYM MeXaHUKO-MaTeMaTu4deckKoro dakyaprera HIY. D1a
HAYYHO-TIOMYJIIPHAS CTaThs HposicHuaa Mue muoroe o FO.@.

[Tomumo mybsmkamnmit 10.®. Bopucosa, B cTarbe yHOMHHAIOTCS, TTPUBOJISITCS WTH
00CYK/TAI0TCS TEMATHYECKHN CBA3aHHBIE C €10 UCC/IeIOBAHUSIMI TIOHSITHS, PE3YIbTATHI,
CTaThU, KHUTH, BOCIIOMIUHAHUS TeOMeTPOB n 0630pHbIit mokman A.Jl. Asekcanaposa
[4] Ha MexmyHapoaHoM MaremMaTHdecKoM KoHrpecce 1958 r. B DaumHOypre.

VcTodYHUKY B CHHUCKE JUTEPATYPhl PACHOJIOKEHB B OCHOBHOM B aJI(DABUTHOM H
XpoHOJIOrIYecKoM Topsake. Kpome Toro, mopsiaok ccouiok #a FO.®. Bopucona
caeqyiomuii: 1) cTarbu B MaTeMaTuvIecKux KkypHaiax [21] — [46], 2) aBropedeparn
mquccepranuii (47|, [48], 3) Tesuchl u TPyl KOHMEPEHIUI, CUMIO3UYMOB, Cbe3JI0B,
MEZK Iy HAPOJIHOIO MaTeMaTHdeckoro kourpecca 1966 roma B Mockse [49]-57], 4)
sanaun 58|, 5) nBa rekcra B kuure A.J1. Asekcanaposa “BeIyKiibie MHOrOrpaHHUKH
[59], [60], 6) siexrun [61], 7) peakTHpOBaHWE U CTAThs B METOIOJIOTHIECKOM COODHUKE
[62], [63], 8) crarhu B )KypHase u razerax [64]-[68], 9) Bocmomunanus [69).

SameruM, uro “riajgkuit’ B Tekcrax FHO.D.Bopucosa o3HavaeT MpUHAIIEKHOCTD
kaaccy O, a ceiiuac, HarrpuMmep, “Iiiajikoe MHOrooOpasue” WK “puMaHOBO HIPOCTPaH-
cTBO” 00BIYHO O3HaYa0T C'*°-MHOr000Opa3ue ¥ PUMAHOBO IIPOCTPAHCTBO KJacca C™.

BBuay crnemuagbHOro XapakTepa CTATbH s PEIIng, 9TO JJid OCHOBHOI'O TEKCTa
CTATbH JIYUIIe TPUMEHUTh PYCCKUH SI3BIK.

[Ipeanosiaraiack crarbs o0bemom He 6osiee 30 crpanuil, HO noyYna0ch 32. [Torom
PEIia, 9TO 3TO 3aMedaTe/IbHO, TaK KaK 32 B JBOMYHOIN 3ammcu — 310 ke 100000,
aa ete ¢ro (100 B mecaTnvHON cucTeMe) HCTOYHHKOB B CIIHCKE JIUTEPATYPHI.



O 10.0.BOPUCOBE U ET'O IIYBJINKAITNAX 3

2. IlyBinkAnun KO.®. BorPucoOBA O ABYMEPHBEIX MOK € KPAEM

PaGorer FO.®.Bopucosa [21|-[23], [30], ero kanmunarckas muccepranus [47], re3n-
ol [54] n seknums [56] nocBsmenbr noanbM 08YMEPHHIM MHOLOOOPASUAM 02PAHUNMEH-
not kpususns (MOK) ¢ xpaem, Braogas u noaasie MOK 6e3 kpast.

DxBuBageHTHbie onpenenerns MOK nanpl B Hagase pasgena 9.

Bamerum, aro [21] n [22] — mepsore crarsn 0 MOK mocse crareit A. /1. Anexcanpo-
Ba. [Ipu srom 3amerka [21]| npeacrasiena akagemukom B.J. CvuprossiM 9 HOAODST
1948, B rox mybaukarnuu nepsoix aByx crareit [1], [2] A.Jl. Anekcanaposa o MOK.

B samerke [21] paccMaTpuBaloTcst HEKOTOPBIE TeopeMbl 0 Kpardaitimux Ha MOK
C KpaeM, a TaKzKe IPUJIOKEeHHE ITUX TeopeM JIjis 000DIIeHHsT Ha paccMaTpUBaeMble
MHOr006pasus ¢ KpaeM HeKoTopbIxX pesyabraros C.9. Kon-Qoccena |74, moaydeHubIx
JIJISE JIByMEPHBIX MHOI'000pa3uil ¢ puMaHOBON METPUKOI.

B teopeme 1 u3 1. 1 “Yroa” s AByX KpaTdalIimx, UCXOIAIIIX U3 001Ieil TouKn,
JIOKA3bIBAETCS CYIIECTBOBAHUE YTIJia MEYK/Iy HUMH U JIBYX “YIJIOB CEKTOPOB’.

B 1. 2 dpopmynupyiores Teopembl 2 u 3 0 moBopote kKpardaiimieii. [leppas u3 nux:

Teopema 1. Beakasd wpamualuwas, uUMe0ULGH NOAYOKDECTIHOCND, 02PDAHUYEHHYIO
2€00e3uneckots AOMAHOT, UMEEM CO CMOPOHBL IMOT NOAYOKPECMHOCTNU KOHEWHbIT
HENOAOAHCUMENLHLT TLOBOPOM.

[I. 3 BkOUaer TeopeMy 4 O CYIIECTBOBAHUHM KPATYANIINX, UMEIONINX C KpaeM
MHOT000pa3us JUIIb OJHY O0IIYI0 TOUKY. g 3Toil TeopeMbl HEOOXOIUMO YCJIOBUE
OrPAaHUYEHHOCTH KPHUBU3HbI “BHYTpEeHHOCTH MHOroobpasus. Taxkuwe kparuaiiniue
HIPAOT CYIIECTBEHHYIO DOJIb B MOCTPOEHUSIX U3 craThi [21].

B teopemax 5 m 6 coorBercTBEeHHO W3 M. 4 yCTaHABIMBAETCS CBS3b KPUBU3HBI
C TIOBOPOTOM /IS T€0/Ie3NIECKOr0 MHOTOYTOJBHUKA U ¢ MOMOIIBIO OOIIeil TeopeMbl
A JI. AnekcanpoBa 00 yriax TpeyroJbHUKa B KOMIAKTHOM METPHIECKOM MPOCTPaH-
CTBe C BHYTPeHHell MeTPUKO JaeTcsd CpaBHEHNE YTJIOB re0/Ie3NIeCKOTO TPeYTrOTbHUKA
B MHOTOOOPA3WN C yTJIAMH ILIOCKOTO TPEYTOIbHUKA CO CTOPOHAMU TOU YKe JJTUHBI.

Teopembr 3 n 6 MO3BOIAIOT YCTAHOBUTL B TeopeMe 7 U3 M. D “BapHUAIMIO JITHHBI
[(s) kparuaiimeil” upu CMeLIEHUH €e KOHLOB BJOJIb Kpasi MHOIOOOpasusi B CBsI3U
C yraaMmu, KOTOpble KpaTdaiiiias obpasyer ¢ KpaeM; COIJIACHO IONpaBke B [22],
“npaByto npousBoauyt0” I'(s) B Teopeme 7 Hy?KHO B3SITh ¢ IPOTHBOIOIOKHBIM 3HAKOM.

[IpuBomumbie B 1. 6 Teopembl 8-13 mpejcTaBagioT coboil IepeHeceHne TeopeM
Kon-@occena na paccmarpuBaeMbie MHOTOOOpasust ¢ KpaeM. X gokazaTeabcTBa
OCHOBaHBI Ha TeopeMe 7 U IPOBOJIATCS B OCHOBHOM Tak ke, Kak y C.3. Kon-Poccena.
Teopemsr 8, 9, 10, 11 aHATOTHYHBI COOTBETCTBEHHO TeopeMam 1, 2, 3, 4 u3 [74].

Teopembl 12 u 13 He UMEOT MPSAMO¥ aHAJOTHE ¢ TeopeMamu u3 [74].

B Teopeme 12 paccmarpuBaiorca MOK ¢ kpaeMm, mosydaioniuecs IMOMOTHEHAEM
BoIyKJIbIX OOs1acTeit B MOK mpu ycsioBuu, ato ob1acts romeoMopd aa OeCKOHEIHOMY
KYCKY ILJIOCKOCTH U BCSKOE COJIEPZKAIeecsd B Hell MHOZKECTBO HMeeT HeOTPHUIATEIbHY O
kpuBn3ny. FEcim takoe MOK we romeomMopdHO MIOCKOCTH, TO OHO MOXKET OBITH
JMTIB cJeyiomee: 1) roMeoMopdHO TOMYIIIOCKOCTH; 2) H30METPUIHO 00JACTH HA
HOBEPXHOCTH OECKOHEYHOI'O IUJIMHJIPA, OTPAHUYEHHON IPOCTOM 3aMHYTON KPHUBOII;
3) M30METPUYHO IMIIOCKOH MOJIOCe MeXKy JABYMS MapalIeJbHBIME TPAMBIMU.
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B Teopeme 13 yTBepKpaeTcs cymecTBOBaHNUE CIENUATBHOM reoqe3ndecKoit meTJin,
OXBaTBIBAIOIIEH MPOU3BOJIbHOE OrpaHuYeHHOe MHOXKecTBO M, B mosHom MOK 9,
ecu 9 roMeoMopdHO MIOCKOCTH U ero KpuBu3Ha w(M) < 7.

Crarbs [22| Britogaer Teopembl 0 “paspespiBannu u ckiaensanunn” MOK ¢ kpaem.

B reopemax 1, 2 1. 1 npu HEKOTOPBLIX YCJIOBUAX YCTAHAB/IUBACTCHA SKBUBAJICHHOCTD
CYTIeCTBOBAHUI yriaa MexK 1y KpuBbiMu Ly u Ly B Touke O € Ly, Ly u (paBHOTO emy)
npenena yios Mexkay kpardaimmvu OX, OY, X € Ly, Y € Ly upu X,Y — O.

B u. 2 oupegensiercst odnocmoponnut yeon mescdy kpusvimu Ly, Ly co cmoponv
02PAHUYEHH020 UMY CEKMOPA, €CJAU BLITIOJIHEHO OJTHO U3 JIBYX ycjaoBuii. [IpuBoasgarcsa

Teopema 2. (3) Ecau cyuecmeyem y2oa cekmopa, 02paruuennozo kpuevimu Ly, Lo,
mo odnocmoponnuli yeon meacdy Ly, Lo cywecmeyem u pasen yeay amozo cexmopa.

Teopema 3. (4) Ecau xpusas umeem nosopom 02parusernots 6apuayul, mo oHa 6
Kaotcdotl mouke umeem HanpasaeHue, m.e. 00pas3yem HYAe80T Y204 ¢ camoti cobotl.

B m. 3 3amkmyToe moamuoxkecTBO IY B MOK ¢ Kpaem F' Ha3bIBaercs Kyckom
MH02000pasus F', ecnu onpeenseMast MHIYIHAPOBAHHON BHYTpEHHEH METPHKON pg
Ha F Tomosorms Ha F coBIajaeT ¢ WHAYIIMPOBAHHONW U3 F' Tomosorueit Ha F.

Teopema 4. (5) /laa ecaxoti cnpamasemots kpusot L ¢ MOK, umeroweti noayoxpe-
cmuocmos Up, cywecmsyem nocaedosamenvHocms zeodesudeckus somanvx R, C
Ur, R, — L, daunv, xomopux cxodamea % daune L.

Teopema 5. (6) ITycmo kpuswie Ly, Lo, 6xodausue 6 epanuuy kycka E muo2000pasus
F, oepanuvusarom cexkmop U C E C F u nycmo meoscdy Ly, Lo cywecmeyem
odrnocmoporruti yeoa co cmoponw, U, pasubiti a. Tozda odnocmopornut y2on mestcdy
Ly, Ly 8 xycke E cyuwecmsyem u pasen o

OcHOBBIBASICH HA TIOC/IEIHEN TeOpeMe, JIETKO IOy IUTh He0OXOINMOe YCJIOBIE M30Me-
TPUIHOCTH MHOro0Gpasus ¢ kpaem kycky B MOK (reopema 7); omycrum eé.

Teopema 6. (8) ITycmwv xpusas L, exodawas 6 epanuuy kycka E mmnoz006pasus
F, umeem nosopom @ co cmoponw, nosyokpecmuocmu, codeprcawetica 6 E. Tozda
nosopom kpusot L, usmepennnd ¢ E, cyuiecmeyem u pasen .

B . 4 paccmarpuBaercs ckaeusanue MOK us nHeckoavkux muo2000pasutl ¢ Kpaem.
B Teopeme 9 npuBemeHbl HEOOXOAMMBIE W JIOCTATOYHBIE YCJIOBHUs JJIsi 3TOro. V3
TeopeMbl 9 JIerKo BBIBOJUTCH cJiejytornias TeopeMa 10 o ckjienBaHuu.

Teopema 7. (10) Ecau wascdoe uz MmHo2000pasuti ¢ Kpaem 02paHUMER0 Kpusot ¢
NOBOPOMOM 02DAHUNEHHOT Bapuayu, mo 0z ux crreusaemocmu (6 MOK) neobxodu-
MO U AOCMAMOYHO, YMOOBL OAUHBL OMOHCIECMBAAEMBT 0Y2 ObLAU PABHDL.

Teopema 11 — Bumonszmenenune teopembl 9 s ckiaenBanusg MOK ¢ merpukoit
HOJIOXKUTETbHON KpuBu3HbL. 3 Teopembl 11 jierko BuiTekaer Teopema 12, matoras
HEeOOXOIMMbIe YCJIOBUSI JJIsi TOT0, 4TOOBI MHOr0OOpa3ne ¢ KpaeM ObLIO H30METPHIHO
3aMKHYTOI 001acTH HA OECKOHEYHOIl BBIIYK/ION IOBEPXHOCTH.

st crateu [23] orpaHudnMCst MATUPOBAHHEM ee TepBOro ab3ala 6e3 KaBbluek.
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PaccmarpuBalorcs reomeTpudeckKie cBoicTBa moayokpecTHocTH KpuBoit B MOK.
OcCHOBHO# pe3yJIbTAT COCTOUT B TOM, 4TO “B O€CKOHEYHO MAJIOM~ T'e€OMeTPHUs MOJIyOK-
PECTHOCTU KPUBOH TaKas ¥Ke, KaK JJIs IJI0CKON KPpUBOl, Y KOTOPO# TTOBOPOT 3aJa€TCs
TOM )Ke camoil pyHKIuedl jinHbl. B 4acTHOCTH, 3TO OTHOCUTCH K BbIPAZKEHUAM J1j151
BapHalliu JIINHBI U ILIOMIA M. B IpuMeHeHHn K HU30IepUMEeTPUYecKoil 3ajatue 3TO
JaeT pe3y/bTar, BIOJIHE aHAJOTNYHBIA U3BECTHOMY [JId PEry/IdPHBIX IIOBEPXHOCTEH.
[IpescraBasgercs MHTEpecHBIM TOT (PaKT, 4TO B CJIydYae, KOTJA HU OJlHA KPUBAs C
IMOBOPOTOM OTPAHMYEHHON BapUalWU HE MOXKET UMETh OTPUIATEIbHON KPUBHU3HBI,
HEPEryJdpHOCTh METPUKH BOOOINE He BJIUAET Ha pPe3yJbTaT, a KMEHHO, 3aMKHYTas
KpHUBasd, OIPAHMYUBAIONIAS [IPH 33JaHHOU JJIHHE HAHOOJBIIYIO ILIOIIA/IL, UMEeT B
TOYHOCTH MOCTOSIHHYIO Te0JIe3UIEeCKYI0 KPUBU3HY (B OOIIEM CJIyvae ITO HE UMeeT
MeCTa, 9TO OOHADYKUBAETCs Ha TpuMepe). JloKazaTeabeTBa OCHOBAHBI HA BBEICHUH
B IIOJIYOKPECTHOCTN KPHUBOI HEKOTOPOTO aHAJIOTa ITOJYTre0Ie3nIeCKIX KOOPANHAT.

B crarbe [30] uzydarorcs cBOHCTBA MOCTATOYHO Y3KOH MOJIYOKPECTHOCTH MPOCTOMN
JIyTH ¢ OrpaHnIeHHOl Bapuanueit moBopora Ha asymepaom MOK. OcHoBHBIM pe3yiib-
TaTOM, AHOHCUPOBAaHHBIM B 3aMETKe [23], SABJIETCS YCTAHOBJIEHHE (POPMYJIBI JIjIst
BapUAIMA JIJTUHBL JIyTH B TAKOH MOJIYOKpECTHOCTH (Teopema 4 map. 3).

Teopema 8. (1). ITycmv L — npocmas dyza ¢ oepanuiennol sapuayuet nosopoma,
U — ee noayorpecmuocms, o2paruiennas oyzamu L s, Lg, ucrodauumy u3 KoH1L06

0(A) 0(B)
A, B dyeu L u obpasyrowumu ¢ L yeaw o, 3, 0 < a < =, 0 < f < ==,
Cywecmsyem maxoe § > 0, wmo das 06020 n < § wacmov sxeuducmarnmo, L(n)
dyeu L, codeporcawancs 6 Ur, ecmv npocmas dyza ¢ kowuyamu 1a Ly, Ly, umerousas

noeoporn OZPGHU’%GHHO’(Z sapuayuy.

3nech 0(A), 0(B) — noamsie yribt Bokpyr Todek A, B.
[Ipenmonaraercs, aro #(X) > 0 Bo Bcex Toukax X € L.

Teopema 9. (2). Ilyemv L — 0dyea ¢ oepanuuennoli sapuayued, nosopoma, L'
— docmamouno bauskan % L oxeuducmanma, 02panudueaowas coemecmuo ¢ L
u xpamuatiwumu L4, lg, ucrodawumu us xonyoe A, B dyeu L, zomeomopdryro
kpyey obaacmo G. Iycmo, dasee, a, B — yeavt meocdy L u xpamuatiwumy Ly, I
co cmoponw, G; & = max{a — 7,0}, 3 = max{f — 2,0} o(L), o(L) — eapuayuu
nosopomos L, L' co cmoponw G. Tozda npu yeaosuazr 0 < a < W—@, 0<pB< @
CNPABEONUBH OUEHEKA

o(L') < o(L)+QG) +a+ b.

Teopema 10. (3). ITycmvn > 0 docmamouno mMaio u OMHOCUMEALHO IKEUIUCTIAH-
mo. L(n) cnpasedauso ymeeporcdenue meopemos (1). Ecau G(n)— 2omeomopdnan

Kkpyey obaacmo, ozpanudennas dyzamu L, A(n)B(n) C L(n), AA(n) C La, BB(n) C
Lg, mo uepes kasrcdyro mouky M € G(n) npoxodum sxsuducmarma L(ng), ny < n,
0a KOmMopol marstce cnpasedauso ymesepotcderue meopemol (1).

B nap. 2 BBOAATCS TaK HA3bIBAEMbBIE 9K6UIUCTAHMHBLE KOOPOUHAMYL (N, t), BBOIN-
MBbI€ B IIOJIYOKPECTHOCTH Jyru L, rjie n — paccroguue or Touku j10 L. Koopnunara
t, 0 <t <1, BBoauTcd 60J1€€ MPOU3BOJIBHBIM U JIOCTATOYHO CJOXKHBIM 00Pa30M.
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[Tycrn T()/(}\/ ) — HOBODOT Ayru XY c L co croponbl obsractu G(ny), B KOTOPOit
BBeIeHbl KoopauHathl (n,t), 7(X) — nosopor L B Touke X € L co croponsl G(ny).
O6o3nauast gepe3 Ny Touky myru L ¢ mapamerpowm ¢, onpegennm yHknuio g(t):

o) = (AR + 3 r(r)- 3 2ee(TGY).
7(P;)>0

T(PZ)>0

31ech @t C L; P, € ZNt; CYMMHPOBAHHE BeJeTcs 110 BceM ToukaM P; € Zﬁt,
st Koropbix 7(FP;) > 0 (MHOXKECTBO BCeX TaKMX TOUYeK He Gosiee deM cdeTHO). Ilo
onpegenennio, g(0) = 0. Ouesuano, dynkmus g(t), 0 < ¢ < 1, uMeer orpaHUuIEHHYIO
sapuanuio. Beejem enie dbyukuuio f(6), oupenesennyto upu 6 > 0 paBeHcTBOM

[ —ctgh, 0<m7/2
1) _{ T/2—0, 0>m/2.

Teopema 11. (4). Hycmo ¢ynxuyua n = n(t), 0 < t < 1, neompuyamesvha,
ydosaemeopaem ycaosuto Jlunwuya v maxn(t) < ny. Eeauw Ky — dyea 6 G(ny),
3a0anHaA 6 IKEUIUCAHMHUE Koopdunamax ypasuenuem n = An(t), 0 < A <
1, mo npu ecex docmamouno marwz N dyza Ky umeem koneuwnyro dauny s(\) u
CnPaseosusa Gopmyaa

Z_i‘”: /0 n(t)dg(t) +n(0)f (@) + n(1)f(8),

ede v, B umerom mom sice cmulca, wmo u 6 meopeme (1).

B szakuiouenne crarsn [30| dopmyaupyercs reopema (5); Mbl €€ OLLYCTHM.

3. TTOBEPXHOCTU C MAPAJIJIEJIBHBIM TTEPEHOCOM BEKTOPOB

HasBanme sToro pasaena — Komus Ha3BaHUA OTJAEIbHOTO, TIOCBAIEHHOTO Pe3YIbTa-
tam FO.®. Bopucosa, 7-ro pasmena u3 o4eHb 6MKOT0 0030pHOro gokaana A.Jl. Arek-
canipoBa [4] Ha Mexk 1yHApOIHOM MaTeMaTuIecKoM KoHIpecce 1958 1. B DauHOypre.

B obmeit wactu poxsana ropopurcs: HecKobKo OTIMYHBII (OT MHOT000pa3mii
OrpAHMYCHHON KPUBH3HBI M IIOBEPXHOCTEH OrDAHUYCHHON BHEIIHEHl KPUBU3HBI) U B
HEKOTOPBIX CJIydasXx jazke OoJiee OOIIUI 1OJXOJ K TEOPUU TOBEPXHOCTEH MOXKeT
OBITH OCHOBAH Ha MOHATHY MAAJLICJLHOTO MMEPEHOCA, KOTOPOE CBA3AHO C MOHATHEM
KPHUBU3HBI BCJIEJICTBUE U3BECTHOI Teopembl ['aycca — Bonns. IlapasienbHbiit mepeHoc
BEKTOPpa BJA0JIb KpHBOﬁ MOZKET 6bITb onpeJjgesjieH KakK BHYTPEHHUM, TaK W BHEIITHUM
obpa3oM 1ocpeIcTBOM noctpoenud Jlesu-Husurol. [Ipu ciegoBaHuu 3ToMy HalpaB-
JIEHHIO UJIei 00bEKTOM TeOPHH ABJSIOTCA METPUYICCKHE MHOTO0OPA3Hs U MOBEPXHOCTH,
HA KOTOPBIX /Il JOCTATOYHO ODIIUPHOIO MHOYKECTBA KPUBBIX OIIPeIe/IeH MapaLieb-
HBIIl TIepeHoc BeKTopa. Takume moBepxHocTH n3ydensl HO.D. BopucoBbiM.

B map. 7.1 ngokjaja ONMCHIBAIOTCS JIBa BHEITHUX (;LaHHBIX ;La,nee) OolpeeaAeHA A
HapaJIIeIbHOTO MEPEHOCA BEKTOPA BAOIL auHun L ¢ Konnamu A, B Ha MOBEPXHOCTH
F € C', bakrtnaeckn popmynmpyercs Teopema 13 1, Kax eé caecTBIe, HeCOBINAICHTE
B 00ITIEM CJIydae pe3yJIbTaTOB JBYX KOHCTPYKIUH Hapa/lie/IbHBIX TTePEeHOCOB.

B map. 7.2 rosopurca o Tom, uro F0.®. Bopucos mokassiBaer najiee (B [25],
I, npu cobaomeHun Jjist IoBepxHOCTeil yeaosuit u3 [25], I1), uTo napaJuieabHbLi
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[epeHoc uMeeT BHYTpeHHUN cMbIcI. Ero BHyTpeHHee olpe/ieienne MOKeT ObITh TaHO

JIJTsT 9TUX TIOBEPXHOCTEH CJICYIONNAM 00PAa30M: GEKMOP A NEPEHOCUMCA NAPAALCADHO

no 2eodesuneckoll, m.e. AOKAALHO KPAMHawet AUHUL, ECAU OAUNG 6EKMOPA U Y204

MEHCAY BEKMOPOM U AUHUET OCMAIOMCHA HeUu3MeHbMY. BHYyTPEeHHUI apa/iie/ bHbIi
HEPEHOC OlpeJiesieH Jijisd JiIoOoil crpsaMJIgeMOil KPUBOH IIPU MOMOIIH NAAJLIEIHHOTO

ImepeHoCa BAOJIb BIIMCaAHHBIX IM'eOAe3NYeCKUX JIOMaHbIX C €CTECTBEHHBIM IIEPeX0A0M K

pesiely U 3KBUBAJEHTEH BHENTHEMY MapasiieJIbHOMY MepeHocy.

Pesysabrarer, mostydenasie HO.D.BopucoBbiM, gBILIOTCA JajeKO HE IIPOCTBIMH,
TaK KaK BHAYAJIE HYXKHO JIATh BHYTPeHHee, He 3aBUCAIIee OT CHCTEMBl KOOD/IHHAT,
YHCTO METPUYECKOe OTpeJiesieHne BeKTopa (OCHOBAHHOE HA MOHSITHH HANPABJICHHUS)
Ha TIOBEPXHOCTH U yTJIa MEXKIY BEKTOPOM U KpaTdauTiei.

B paGotax [24] -[26], [31] FO.®.Bopucos usyuan ueperyasapusie C!-mosepxuoctn B
R3, BO3MOKHO He yI0BIETBOPAIONINE YCIOBUIO OTPAHHYCHHOCTH BHEIITHEH KPUBU3HbI,
W reJbJePOBBI KPUBBIE B PUMAHOBBIX ITPOCTPAHCTBAX, JOIYCKAIONIE BBEJICHUE TTapaJl-
JIEJIBHOTO mepeHoca. JacTb pe3ysibraToB m3jtoxkena B Tesucax [49], [50].

I3BecTHO, 4TO Teojesnyeckas Ha mosepxuHoct F € C? ecth KpuBasl, Y KOTOPOit
[JIaBHAsE HOPMAaJIb B KayK/J0# TOYKE COBHAIAET ¢ HOPMaJbio K F. AHamurudeckoe
BLIPAYKEHHE ITOTO CBOUCTBA JaeT AudepeHnuaabioe ypaBHEeHHE T'e0/Ie3nIeCKuX.
Ecu xe Tonbko F € C1, ypapnenue reofesndeckux tepger cMblc1. OJHAKO BBICKA-
3aHHOE BHEITHE-TEOMETPUIECKOE CBOMCTBO Te0Ie3UIeCKIX B HEKOTOPOM CMBIC/IE COXPa-
ustercs u s F' € C1 ecitu nod 2eodesuneckoti nonumams A0KaAHO Kpamyatiuigyio.
B [24] reosesudeckue na F C R3 crposres Kaxk npedeavt HOPMANGHBLL AOMAHVLT.

Jlomanasg MogMsy ... M,.1, tne M; € F, 1 =1,...n+ 1; HazbiBaeTCsd HOPMAJILHOIA,
ecJIu Jiid Kaxkaoro ¢ = 1, ..., n mwiockoctsb P; = M; _M;M;,, opToronajabHa KacaTeab-
HOt TtockocTn K F' B Touke M;. oka3aHa cjeayolias Teopema.

Teopema 12. Ilycmv F' — npouseosvhas aradkasn noseprrocmv, My, My — ee
mouku, codepacawsuecs 6 obaacmu Uy, CV C F, 20e V. — mmuoosicecmeo, 2omeomopgh-
Hoe 3amrrymomy kpyey, npuvem Uy, codepotcum samrnymuili eeodesuneckull kpye
Vi, ¢ uenmpom 6 mouke My u paduycom pp(My, Ms) (pp — enympennas mempura
nosepzrocmu F). Toeda mowxu My, My coedurumo, kpamuatiwed, asasouetica
NPEICAOM HOPMANOHDLL NOMAHBLL C MEMU IHCE KOHUAMU.

B |25], I, paccmarpusaercs kpusast L ¢ konnamu A, B ua noepxuocru F € C*.
[Iyctes My = A, My, ..., M, = B — ee nocjiejjoBaTeibHbIe TOUYKH, P;— KacarelbHbIE
wiockoct B M;, 1 = 0,...,n. Eciu npoeknuga BekTopa a; € P; na P;_| paBHa @;_1,
TO BEKTOD @y, = a(!l) HA3BIBAETCS PE3Y/ILTATOM TTapAJLIEIFHOTO TEPEHOCA BEKTOPA
@ Biob cucrempl Touek A = {M;}. Ilpenen Bektopos a(A) mpu yesoBmm, |10
TOUKH cucreM A GECKOHEUHO CIYIAIOTCS, HA3BIBACTCS PE3Y/ILTATOM APAJLIEILHOTO
epeHoca BeKTopa Gy BIOJIbL KPpUBOi L.

Jlpyrast KOHCTPY KIS HapaJIIeIbHOTO IEPEHOCA BEKTOPA B/IOJIb JIUHIHU L ¢ KOHIIAMEI
A, B na noBepxuoctu F' o/i9aeTcsa B Pe3yibTare IpeaeibHOTrO MePexo/1a MPu UCIOIb30-
BaHUHN CTYIIAIOIINXCA TocaenoBaresbuocTeit touek A = X, ..., X,, = B nmocpencrBom
BpalleHns I0CKOCTH P; BOKpyT jiuauu P; N P, 1 10 COBMEIEHUs ¢ MJIOCKOCThIO Py q
U IepeHoca TeM CaMbIM BeKTopa a; u3 P; B Piyq.

Cremyroias TeopeMa CyMMHDYET OCHOBHBIE pe3yJibrarsl u3 [25], 1.
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Teopema 13. Ymobw napassesvhviti nepenoc 60oav kpusoti L 6 nepsom cmovicie
bvia onpedener 0as 1100020 8eKMOPA U COTPAHAAL OAUHDBL BEKMOPOS, HEODLOAUMDL U
docmamounws caedyrougue yeaosus: 1) chepuneckoe uzobpasicerue L doancho umems
HYAEBYI0 KEAOPAMUYHYIO OAURY; 2) Ha chepe QOANCHA UMEMD HYAEBYIO OPUEHMUPOBAH-
HYI0 NAOUADD 3AMEHYMGA KPUBAS, COCTNOAULASA U3 NPOTOOUMBLET 8 NPOTMUBONOAOHCHBLL
HANPABAEHUAL 08YT IKIEMNAAPOE chepureckozo usobpascerus kpueol L; 8) ycrosus
1) u 2) neszasucumuvl; 4) ycaosue 1) sxeusarenmuo a06omy us 08yx ycaosul: a)
OAUHA NAPANAAENDHO TEPEHOCUMOZ0 8 NEPBOM CMBLCAE BEKTNOPA COTPAHACTNCA HE3AEUCU-
MO OM, CZOOUMOCTNY HANPABAEHUT, b) PE3YALMAMbL NAPAAAEADHBLE NEPEHOCOE 6 NEPEOM
U 6MOPOM CMBICAE CO8NAAAOM; §) wmobb, napasteavbill nepenoc 6doab kpueot L 6o
BMOPOM CMBLCAE OblA Onpedeser 0ad 1100020 8EKMOPG U COLPAHAN OAUHDL GEKMOPOS,
Heobx0duMo u docmamouno ycaosue 2).

Bameuanue 1. B cmamwe [100] B.B. Ycosa cmpoumcs eunykias noSEPLHOCMY ¢
eeodesuneckotl, chepuneckoe usobpascerue KOmopol HECNPAMAAEMO. IMma 2eode3ue-
ckaA umeem ceoeti “ocobennocmvio” makryo MoKy, 4mo 6CAKUL OMKEPLMBLT 0OMPe3ok
2eode3uneckoti, codepircauuti Imy moury, UMeem HECPAMALEMOE chHepu eckoe u3oo-
pasicenue; cepuneckoe u3obpascerue IMoti MOUKU AEHCUM BHYMPU CPHePUEcKo20
U300pascenus 2€00e3udeckoti. IMma NoGePTHOCMb 0NPOGEP2AEM, 2UNOMESY U3 MOHOZDA-
duu |86] A.B. Ilozopenosa o A0KaAHOT CNPAMAAEMOCTIU CHEPUMECKO20 U3OOPANCEHUA
omEpuimot 2eodeauneckoli 0y2u Ha 8unykAol noseprrocmu. Peaysvmam cmamou
[100] 6w noaywen ewe 6 dunaomuoli pabeme ee aemopa (HI'Y, 1971).

B [25], I1, ucciieiytoTest Tiajikuie HOBEPXHOCTH € YCJIOBHEM, YTO IPOIECC MapaLielb-
HOT'O [IEPEHOCA BEKTOPOB, BBEJIEHHBIH B IPebLAYyIIei cTathe [25], I, cxoqures paBHOMe-
PHO Ha JIIOOOM MHOXKECTBE KPHUBBIX OIPAHUYEHHO JITHHBI, PACIIOIOXKEHHBIX B KOMITAKT-
6%2(M,N)
pr(M.N)? T
O(M, N) — yroa mex iy HopMassiMu K noepxuoctu F' B roukax M, N, pp — BHyTpeHHsIs
MeTpHKa moBepxHocTH F| paBHOMepHO cxomurcsa K Hymwo, korga pp(M,N) — 0,
M,N € G, rne G — KoMnakTHas 00/1aCTh.

B [25], II1, uccieaytorcs Tiajikue HoBepxXHOCTH, BBeierHbie B [25], I1. lokasbiBaercs,
9TO TTAPAJIIEIbHBIN ePEHOC BEKTOPOB, ONpe iesieHHbIH B 25|, [, mpuHa1ieskuT BHY TpeH-
Heil reoMeTpuu MnoBepxHocTu. lcciaemayercs reofesndeckasi KPUBH3HA M ITOBOPOT
(MHTErpaT OT reojIe3nIecKOil KpUBU3HDI) KpUBOil. TakyKe TOKA3BIBAIOTCS CJIELYIOTIITE
reopembl: 1) Teopema [aycca—Boune; 2) jyist 3a1anu0ii a/iuTuBHO# ByHKIMI HHTEPBA-
JIOB CYIIECTBYET KPUBAas C MOBOPOTOM, PABHBIM 3TOH (DyHKIUH.

Jlokazano, 4To KaxJaas reojie3ndeckas Ha TAKOH MOBEPXHOCTU — IJIaJiKasd KpUBas
1 KaCcaTeJbHBIA BEKTOP HEePEHOCUTCH MapaJIe/IbHO B/I0JIb TAKOH KPUBOIL.

B [25], IV, nokazana ciemytoriasi Teopema.

HON 0071aCTH. DTO YCJAOBHE IKBHBAJICHTHO CJAEIYIONEMY: OTHOIICHHE

Teopema 14. Ilycmv F— 2aa0%a4 nosepriocms ¢ NOAOHCUMENOHO ONPedeseHHoT
mempuseckott Gopmoti

ds* = gude + 2g12duydus + gwdug, (u1,u2) € D; gij(ur, ug) € Ccli,j=1,2.
ITyemo 1r(uy, ug) — paduyc-eexmop mowku (uy, us),

Ay Ty = T, (U1 + Aug, ug) — 1y, (ug, ug),
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Augrui = Ty, (Uly U + AUQ) - Tui<u17 u2)7
O(M,N) — yeon mescdy Hopmaasmu % noseprwocmu 6 mowkaxr M, N, pp—6ny-
mpennas mempuka noseprrocmu F. Tozda axeusarenmuv, caedyouue ycio6us.

r“i

Au.
Yeaosue A: r(uy,ug) € CL,oryy X1y, # 0, Z]—ujruk PABHOMEPHO CLOOUMCA K

1 9gjk i 9gik _ 99i
2\ Ju; Ou;  Ouy
koeda Au; — 0, (ug,uz) € Q C D, 2de ) — Komnaxmmoe MHOHCECTNEO.
2/

Yenosue B: ommnowenue % PABHOMEPHO CIMPEMUMCA K HYA0, Ko20a

pr(M,N)— 0, M,N € Q C D, 2de ) — KoMnaxmmoe MHOHCECNEO.

)7i7jak: 172a

B [26], 11, ykazaub HeoGXxoaumbie HONpaBKH B GOPMYJIUPOBKAX YTBEPKICHUIT 1
JOKa3aTeabCTBax B craThax [25], [26], I. D1o yureno, B wacTHocTH B Teopeme 13.

4. Cl’a—I/ISOMETPI/IQECKI/IE ITOI'PY2KEHN A
CupaseyinBa CIeayIomasl 3aMedare/bHas 110 CBOei OOIIHOCTH

Teopema 15. (A.B. Ilozopeaos, [86]). 3amrnymasn ewnyraas noseprrocmy 6 R
00HO3HANHO ONPEJEALHA 6 KAACCE BUNYKABLE NOGEPTHOCTNET.

OJHako BO3HUKAET JPYTOit BOTPOC:

Bompoc 1. [69]. Mootcho au samknymiyo 24a0KY10 66nyKAY0 NOBEPTHOCM, HANPU-
MeD chepy, usoeHymv 0e3 HAPYULeHUA 2Aa0K0cmU?

k. Hamr [81] mpeamostoxkut u HaMeThs1 Joka3aTeaberBo B 1954 1., a Kéiinep [79]
HOJIHOCTBIO JIoKa3as B 1955 1. ciiemytonee yTBepKieHue.

Teopema 16. Kaorcdoe n-meproe Komnaxmmuoe pumarnoso muoz2o0opasue M™ moorcem
6vimy Cl-zaadko u usomempuuecku nozpysicerno 6 R2"1 v enoorceno 6 R,

B umnTepecyiomem Hac ciaydae n = 2 3Ta TeopeMa TapaHTHPYET CYIIeCTBOBAHUE
usmerpuaeckoro Cl-norpyzxennd s R n uzomerpuueckoro Cl-pinoxkenns s R*. Kpome
TOro, JMOOYIO IVIAJKYI0 HOBEPXHOCTL B R? MOXKHO B Kacce eé nzomerpuuecknx C'l-
NOTPYKEeHNIT HEPEPBIBHO MPO1ehOPMUPOBATH B MOBEPXHOCTH, JIEYKAIIYI0 B CKOJIb
yrozauo masiom mape [71]. Kak ciegcrsue, C'-riia/Kast 1oBepXHOCTD ¢ aHATUTHIECKO
BHYTPEHHEH METPUKON MOJIOKUTETHHON KPUBU3HBI MOYKET He OBITh BHIMYKJIONH. DTO
OPUBOJIUT K TOMY, YTO BHENIHsdS T€OMETPUsl TaKHX U30MEeTPHUIECKHX MOTPYIKeHWH
MMOBEPXHOCTY He CBSA3aHA C €€ BHYTPeHHell MeTPUKOi.

Taxk, 1o Teopeme Kéitnepa, edunuunas cgepa S™ C R™ L donycraem usomempume-
ckoe Ct-nozpysicerue 6 ckoav y200mo maavid wap 6 R daa ecex n = 1,2,....
Dror pesysabrar Kéiinepa onposepraer crapyio rumoresy, COrJiaCHO KOTOPOil Kazk 10e
msomerpuaeckoe Cl-norpyxenne f : S™ — R npun > 2 xonepyanmmuo e JAHATHOT
chepe. (Ecnu f apisterca C*-rjaajixuMm, To OHO KOHTPYSHTHO eauHu4HOf cdepe B
CIUTY KJIACCHIECKOl TeopeMbl xKécTrocTH) [76].

OTH yTBEPZKIeHNS He IBJIAI0TCI HHTYUTUBHO CHBIMU U IPOTUBOPEYAT HALIS THBIM
npejcTaBieHHsaAM. B cBOé BpeMs OHH OKa3aJMCh I8 MHOTHX HEOKHJIAHHBIMU W
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HOC/TY 2KUJIU CTHMYJIOM JIjIsI TOHKUX MCCJIeIOBAHUM U BBEJIEHUsI TAKHUX HOBBIX BHEIIIHE-
reOMEeTPUYIECKHUX CBOMCTB HMOBEPXHOCTEH, YTO BHYTPEHHss] M BHENIHAA T€OMeTPHUS
MOBEPXHOCTEN C ITUMHU CBOMNCTBAMHU COTJIACOBAHBI.

Tak, g5 noBepxHocTeil orpanndennoil Buenineil kpusususl B cMbicie A.B. IToro-
pesiosa [85], [86] cymiecTByIOT A0CTATOYHO CHJIbHBIE CBSA3M MeXKIy BHYTDEHHEH u
BHEIITHEH NeOMEeTPHUSMU ITUX TOBEPHOCTEH, KaK cjaeyeT u3 pasjesa 9.

EcrecTBeHHO BO3HHKAIOT BOMPOCHI, CYIIeCTBYOT Ju yncaa « € (0,1) takue, 910
nosepxnocta Kiacca C1% B R® uMeroT orpaHumdeHHYI0 BHENTHIO KPUBH3HY HJIH
JIJ1 KOTOPBIX BepHBI aHajoru TeopeMm Homa m Kéinepa. Pelrennio 3THX BOIIPocoB
MOCBSIIEHBI IOKTOPCKast quccepraius [48| u muorue uccienopanus K).@. Bopucosa.

B [25], I u [25], II, ¢ yaerom [26], I mokazaHo: 9TOGHI OMpeIeasieMblii TOCPEICTBOM
eCTeCTBEHHON BHEITHEHl KOHCTPYKIINH MapaJae bHbli MepeHOC KacaTeTbHBIX BEKTOPOB
BJIOJIb CHPAMIAEMBIX KPUBLIX Ha nosepxuocTn I € C umen sBuyTpenne-reomerpude-
ckmii empict, neobxomumo F € C/2 u nocrarouno F € CY*, a > 1/2.

DTO MO3BOJISET B TOCTETHEM CJIYUae ONPEIEUTh KPUBU3HY JJIsI IMHPOKOTO KIACCa
MHOYKECTB Ha MOBEPXHOCTU M YCTAHOBUTDH €€ CBA3b CO CPepUIecKUM U300parKeHHeM
noBepxHoctu. Ha ocHoBanum 3TOro ObLIA BBIJIBUHYTA CJIEAYIONIAS THIOTE3A.

Tunoresa 1. Ecau F € C' u (F, pp) — mHo2000pasue ozpanuuernnoti 3HaKONOCMOAN-
noti kpueusmnsl, mo us yeaosus F € OV ozpanuvennocms snewmnet] Kpususmol
caedyem npu « > 1/2 u ne caedyem npu o < 1/2 daorce 6 cayuae aHAAUMUYHOCTIAY
PE U TOAOHCUTNEADHOCNAY 2GYCCOB80T KPUSUSHDL.

Bameuanue 2. B npumeuanuu enusy cmp. 158 6 [99] cxasaro, wmo aunetinbid
anemenm noseprrocmu F € CHY 0 < a < 1, 6 usomepmuneckus koopounamax
umeem zaadkocmy C*2~¢ npu o < 1/2 u CH**~¢ npu o > 1/2 das arobozo € > 0.

Hawnem omucanue ctatbu [26] ¢ IUTHPOBAHUS e HAUAIA.

PaccMaTpuBaroTest TIaIKHe MOBEPXHOCTH, MOIIMHEHHBIE TAKOMY YCJIOBHIO: €CJIH
p — BHYTDEHHHAS METPUKA MOBEPXHOCTH, TO % — 0 mpu p(M,N) — 0
paBHOMEDPHO OTHOCHTETHhHO BbIOOpa Touek M, N € G, rne G — mobas 061acThb C
KOMIAKTHBIM 3aMbIKaHueM. Kiacc Taknux moBepxHOCTeil 0003HaYaeTCs 001’2/ °. Beom
B OKPECTHOCTH KayKJIOW TOYKW TMOBEPXHOCTDH F' 3a1aeTcsa B TOAXOMAIINX JeKaAPTORBIX
KOOpJMHATAX ypaBHeHueM z = f(x,y), re f uMeeT mepBble YaCTHBIE MPOU3BOIHbBIE,
VIOBJIETBOPsIfOIINe yeaoBuio [éipnepa ¢ mokasareiem « > 2/3, 1o, oueBujno, F €
03’2/3. Nnaue rosops, C nmpu o > 2/3.

[lenb cTaTby — TOKa3aTh, 9TO B KJIacCe C’S’Q/ % OIpese/eHHBIe OTpAHMYEHHS HA
BHYTPEHHIOID METPHUKY 00eCIednBaIOT “Xopoinue’ BHEIIHe-reOMeTPpHIeCKHe CBOMCTBA,
TOBEPXHOCTH (BILIOTH 10 AHAJTUTHIHOCTH ). I13BectHo, (eM. [79],[81]), uTo nponsBob-
HbIE TJIAJKHE HOBEPXHOCTH TUM CBOHCTBOM HE 00JIa1aI0T.

Besikasg nosepxnoctn F' € 05’2/ % IPHHAUIEKHT KJIACCY, ONPE/IeIeHHOMY B [25], 1,

KOTOPBI OYyIyT 0003HAYATHCS C’é A 2, U IIO3TOMY /[IJIst Hee CIIPpaBe/INBbl PE3YAbTaTbl
u3 [25], IT u |25], III, B Tom umcie Teopema Iaycca—Bonms (|25], 111, map. 2).

Pestome [26]: Ecin nosepxuocts F' € CH¢ o > 2/3, — MHOroo6Gpaszue mooxkuTe b-
HO¥, HYJIeBOHl HJIH OTPHUIATEIbHON BHYTPEeHHEel KpUBU3HBI, TO cpeprudecKoe n300parke-
Hue F' ecth nmpeobpasoBalue orpaHUYeHHON Bapualuu B cMbicjie Banaxa;
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1) ecom
gudu? + 2912dU1dUQ + gQQdu%, Gij € Ck, k> 4:,
— (opma os10xKuTeIbHON KpuBu3HbL, u (U, v) € C1Y o > 2/3 — pemenue cucremb
b depeHTIaTbHBIX YPABHEHUT T2 = 11, TyTy = J12, 7> = gz, TO 7(u,v) € C*7L;

2) aBe u3oMeTpuuHBIX ToBepxHoctu Fy, Fy € CY* o > 2/3, nonoxurenbuoit
BHYTpPEHHEH KPUBU3HBI KOHI'PYSHTHBI.

Ha ocHOBaHMM MUTHPOBAHHBIX PE3YJIbTATOB U3 [26], epBOe YTBePZK IeHIe IHMOTe3bI
VIAJIOCH JTOKA3aTh MPU 3aMeHe YCIoBHus o > 1/2 yemoueM o > 2/3 (3aMeHeHHBIM
paBeHcTBOM (v = 2/3 B HeonybukoBanuoit pabore C.3. [ledesst). 1ot pesyabrar
HE y/aJI0Ch VJIYYIIATh U [ePBOe YTBEPXKAEHUE TUITOTE3bl 1 0CTAETCS OTKPBITHIM.

B [29], V" — n-MepHOe BelecTBeHHO aHATUTHYIECKOE PUMAHOBO IIPOCTPAHCTBO.

ITo onpenenennio, ChY-n30MeTpIYECKOe HOIPY KeHIe ITPOCTPAHCTBA V" B eBKINIO0-
BO mpocTpancTBo R™ obranaer peryasproctsio CH® ecom HE B OHOI TOYKe OHO
He sisercss CbY-m3omerpmuecKuM aas o > «. MHOXKECTBO BCeX HOIPYIKeHMIl,
06J1a1A10MIIX peryaapHocThio Ch, HazpIBaeTcsd KaaccoM norpyzkenuit Ch. Muozxe-
CTBO BCEX aHAJMTHIECKHX MOTPY:KeHui Ha3piBaeTcs Kiaaccom A. Kimace morpyskenmit
OyIeM Ha3bIBATh YHUBEPCAJIBHBIM I HPOCTPAHCTB PA3MEPHOCTH 7, €CJH BCSIKOE
IpocTpalncTBO V™ JIoNMycKaeT JOKaJIbHOe HOTpYsKeHne JaHHOTo Kiaacca B R U3
nuddepeHnuasibHONl reOMeTPUI U3BECTHO, 9TO KJjacC A sBJIsSeTcs: yHUBEPCAJIBHBIM
JIJIS TIPOCTPAHCTB Pa3MEPHOCTH 2, HO He ABASIETCS TAKOBBIM JJT MTPOCTPAHCTB BHICITHX
pasmeprocTeil. CyImecTBYIOT JiH JJIsl TPOCTPAHCTB PA3MEPHOCTH > 2 YHUBEPCATHHBIE
KJIaCChl 1 KaKOBBI OHI/I? 9TOT BOIIPpOC UMeeT ,HBOHKI/HU/I CMBICJI.

Ecyim n = 2, To pedb HJAET O TOM, MOYKHO JIX HOBEPXHOCTSAM 3apaHee Mpe/IIMHChIBATH
OIIpe IeICHHYIO CTeIeHb PEryJIdPHOCTH He3aBUCUMO OT CBOMCTB MX BHYTPEHHEH MeTpH-
Ku. Takasg BO3MOXKHOCTH HEOOXOJIUMO CBs3aHa ¢ HapyIIeHueM JII000H CBSI3U MEK Iy
BHYTPEHHEH U BHEIIHEH reoMeTpueil MOBEePXHOCTH.

[Ipu n > 2 peub mjer eme U O BO3MOXKHOCTH 33 CUET OC/JA0/ICHHUS PEryJIsipHOCTH
Orpy KeHns 00eCIeYnThb JOKAIbHYIO HOrpyKaeMocTs B RV,

[TepBoiit 13 EMEIOMUXCS PE3YILTATOB 1O CYIIECTBY cireayeT u3 pabor [79], [81]:

Teopema 17. Kaace nozpysicenuti C10 — ynusepcasvnviti daa npocmparcme 110601
PABMEPHOCTNAU.

13 muTHpOBAHHOrO BHIIIE pe3ysabTara B [26] BoITeKaeT

Teopema 18. IIpu ar0bom | > 1 u npoussosvrom o, a makoce npul =1 u o > 2/3
kaace nozpyorcenut CHY ne asasemes ynusepcasonvim 0as npocmpancme V2.

Crenyromas TeopemMa JaeT OIMEHKY MTPOTHBOIOI0KHOTO XapaKTepa.

Teopema 19. [Ipu awbom o < 1/(n* +n + 1) kaace noepyscenuii CH* asasemcs
YHUBEPCANLHBIM OAA npocmpanems V™.

[Tpu n = 2 orpanuuenue st o umeer sug o < 1/7. Cupasejinsa Jjin reopema 19
JIJIS pa3MEepHOCTel n > 2, He U3BECTHO. BblaBUTaeTcd rumoresa

Tunoresza 2. /laa npocmpancme a0boti pasmeprocmu xaaccw, nozpysicenuti CH
npu @ < 1/2 A64A10MCA YHUBEPCANOHOMU, OPYLUL YHUBEPCANLHOLEL KAACCOS (KPOME
waacca A daa npocmpancme V?) ne eywecmeyem.
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Msr onyctum hbOpMYJIUPOBKY TeopeMbl 4 u3 [29).

Teopema 20. [32| [Toseprrocms oepanuuennoll 6HeWHED U NOAOHCUMEALHOT 201 C-
c080T (8 0000UWEHHOM CMBICAE) KPUBUSHBL AOKAABHO 8MNYKAG (Kaxcdas ee Mouka
UMEEM, OKPECTHOCL, ABAANOWYNCA GUNYKAOT NOBEPTHOCTDIO ).

O6bequrenne Teopem 8 u 9 u3 [98] naer corepyroriee yeuaeHne 3Toii TeOPEMBI.

Teopema 21. [Tycmv F — CY*-zaa0ka4 nosepzrocmn 6 RS, o > 2/3. Ecau no ceoeti
snympennelt zeomempuu F asaaemces 06YMepHbIM MH02000DA3UEM HEOMPUUATEN -
1O, HENOA0AHCUMENLHOT UM HYAEBOT KPUBU3HYL, MO ee 00pas npu adidunrom npeob-
PA30BAHUU UMEETN, BHYMPERHION MEMPUKY Mo20 dice kaacca. Ilpu smom F ecmo,
COOMBEMEMBEHHO, HOPMAALHAA NOGEPTHOCTY HEOMPUUAMEALHOT KPUSUSHDL, CEON0GA
NOBEPTHOCY UAU HOPMAALHAA PA3BEPMBLEAIOUWAACSA NOBEPTHOCMY (cm. [98]).

B Goabinoit pabore [45] Ha ocHoBanum “medopmanuonnoit Teopemsr” (Teopema
1), JOKa3aTeabCTBO KOTOPOi 3aHUMAET MOJABJISIONLYI0 YacTh CTATbU U CONEPIKUT
JIOBOJILHO CJIOZKHBIE BHIYHUCJICHUS, JIOKA3BIBAIOTCS C/IEIyIONINe pe3yabraThl. B Teopeme
2 nokazano, uro B Kjaacce CLY mpu o < 1/13 BO3MOXKHO HenpepbBHOE H3rubanue
AHAJIMTUYCCKOI MOBEPXHOCTH MOJIOZKUTEJIHLHON rayCCOBOW KPUBA3HBI C TIOTEPEN JIOKAJIb-
HOU BBIMYKJOCTH, & TeM CaMbIM M OT'DAHUYEHHOCTH BHEITHel KDPUBHU3HBI. IJTOT
PE3YIBTAT JOTOTHEH TeopeMoii 3 00 aHAJIOTHIHOM N3THOAHUH IIJIOCKOCTH B TOBEPXHOC-
TH, He cojlepKaliye MpsaMbX. B konne maparpada 1 ykazan cmocob ycujieHus
TeopeMbl 1 TIPU COXPaHEHWH CXeMbl JOKa3aTeJlbCTBA, MO3BOJISIONIUN 3aMeHUTH B
reopeme 2 yesosue « < 1/13 yesoBuem o < 1/7. 3ameuy, 4o nocsjeuuii pesyJibrar
1O0.®. Bopucos anoucuposas B Teopeme 19 mpu n = 2; npu n > 2 OHA HE JTOKA3AHA.

Bameuanue 3. Bonpoc 0 mom, seprus au 2unomesv. 1 (6 wacmuocmu, epro au eé
nepeoe uAu 6mopoe ymeepscdenue) u 2 0cmaemca omEpumbM 00 CUL Nop.

5. JIPYTUE nNyBJIUKALIMKU KO).®. BOPUCOBA 11O TEOMETPUN
B pabore 28] gokazana cieyionas 3aMedaTesbHas TeOpeMa.

Teopema 22. [lycmo naockasn obaacmsv G 36e30H0-6bNYKAG OTHOCUNEADHO TOYEK
obnacmu Gy C G, (m.e. nepecenenue 8caK020 AYUa, UCTOOAUEL20 U3 MAKOT MOWKU,
¢ G ceasno). Ilyemw, danee, 3adamnbve dsa nenpepusnuxr omobpascernus fi u fo
obracmu G 6 R3, obaadarowus mem ceoticmeom, wmo 0af 6cakoli cnpAMAAEMOTE
kpueolt K C G ee obpasv fi1(K), fo(K) umerom dauny, pasnyro daune K. Tozda
cyuecmeyem Henpepuenas eexmop-pynryus o(X;t), X € G, t € [0, 1] maxas, wmo

1) p(X,0) = f1(X), X € G;

2) p(X,1) = fo(X), X € G;

3) Ilpu aobom ty € [0, 1], o(-, to) nepesodum ecaryio cnpamasemyro kpusyro K C
G 6 Kpusyrw mot stce dAUHbL.

B pa6orax [39| u [40] HaiigeHb HEOOXOMMBIE H JOCTATOTHBIE YCIOBHUS CYIIECTBOBA~
HUSI ¥ € JMHCTBEHHOCTH ¢ TOYHOCTBIO JI0 KOHIDYIHTHOCTH MapaMeTPU30BAHHON ATHHON
JIyTU KPUBOIi B (IICEBJI0)eBKINI0BOM IPOCTPAHCTBE KOHETHON UIH GECKOHETHOi pa3Mep-
HOCTH C JJAHHBIMA KPUBU3HAMY (M CHTHATY PO ) TIPH CHATHI AIPHOPHBIX OTPAHHICHHUIT
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(B TOM 9mCIIe TPEONIOKEHUS O HEMPEPBIBHOCTU KPUBH3H). OrpaHuuuMCs CIydaem
KOHEYHOMEPHOI'0 eBKJIHI0Ba IpocTpaHcTBa R™, n > 2.

Ounpenesienne 1. Henpepusro duddepenuupyemuti nymo y(t), t € I, 6 R"™ nazwea-
emca cmandapmuoim, ecau |y ()| = 1.

MHOKeCTBO KIaCCOB IKBUBAJICHTHOCTH CBOOOAHBIX BeKTOpoB B R" obo3HauMM
V(R™). s byuknwii 7, ¢; : I — V(R™), rme (€1, . .. €,,) — OPTOHOPMAJbHAS CHCTEMA,
dbyuKIHS F(La &) OTPEIEIACTCS PABCHCTBOM

Tlrem) =T — 2 (T ). (1)
j=1

Onpenenenune 2. Qynkuyuu K1, . . ., Kkn_1 : I — R naswvisaromesa xpususnamu nopad-
kos 1,...,n—1 emandapmuozo nymu vy : I — R™ ecau cywecmsyem opmoropmans-
nas cucmema ouddepenyupyemonr gynkyuid e; — V(R™), i = 1,...,n — 1, co
ceoticmeamu: 1) e =75 2) Ky = [Fm| npum =1,...,n— 1, 2de &, = ?%17-
npu m < n — 1, kpome mo2o, Ky, > 0 6100y na I u €1 = R /Fm.

Bepsa npu k,_1 = 0 8 xauecmse €,(t) 4106010 u3 dsyx 6exmopos, 00PaA3YIOULUT
¢ (€1(t),...en1(t)) opmonopmarvrwd aszuc ¢ V(R™), a npu k,_1(t) # 0 nosraean
en(t) = Rn_1/kn_1(t), noayuwum n-eexkmopnux Opene nymu 7.

.em)’

Teopema 23. (ocrosnasn) [39]. Hycmon > 2 — yeaoe wucao, I C R— npomesticymor,
pi: I =R 1=1,...,n—1, — nexomopwe pynxuyuu. Cnpasediusw. caedyrouiue
YmeepotcoeHu.

1. Ilyemv dynkuyuu p; ydosaemeopaom cAeOYOUUM YCAOBUAM:

(a) 6cr0dy na I, o, >0 uw; >0 npui<n-—1;

(b) kaoscdan uz Pynkyud p; umeem nepeoobpasHyI0.

Toeda cyuecmeyem cmandapmuud nyms v : I — R" ¢ kpususnamu k; = @;,

i1=1,...,n— 1, obaadarouui n-eexmoprukrom Dpene.
2. Jas cyuwecmsosarus cmandaprozo nymu vy - I — R™ ¢ kpususnamu k; = v;,
i=1,...,n—1, onpedearnemozo c60UMU KPUBUSHAMU C MOYHOCTIILIO 00 KOH2ZPYIHIMHO-

cmu, 1eobTodumo u docmamouno svnoanerue yeaosul (a), (b), caedyrowezo yeaosus:
(¢c) mmoorcecmeo {t € I : ¢,_1(t) > 0} ceasno.

Teopema 24. [40]. Cmandapmmwiii nyms v 6 R, umerowuli Kpusudnvs Ki, . . . Kym_1,
m < n, aescum 6 nexomopoti (m—1)-meprot naockocmu P™~1 npocmpancmea R" 6
MOM U MOABKO TOM CAYHGE, K020a K1 = 0. Ilrockocmv P™~1 onpedeaena nymem
Y 00HO3HAUHO.

B unrepecroii Gosbinoit craree [41] FOpuit ®énopoud onpegessier BEKTOPHYIO
KpPHBU3HY n-MepHOit C%-peryagproii mosepxHocTH F™ B THILOEPTOBOM IIPOCTPAHCTBE
IUIS TPOU3BOILHOM €€ Toukn X . JlokaspiBaeTcd 0600MeHne KJIACCHIECKONR TeOPeMEI
laycca 11a 2-Meproit C3-perynapnoit nopepxaocT B R?, npusosiiee K BEIpasKeHUIO
CeKIMOHHBIX KPHBU3H PUMAHOBA IPOCTpAHCTBa F, coorsercTByomero C3-peryssp-
HOiT ToBepxHOCTH [, 9epe3 XapaKTePUCTUKHU €€ BeKTOPHBIX KPHBU3H.

K cozkasiennio, 37eCh HeT BO3MOKHOCTH IIPUBECTH JOCTATOYHO KOPOTKHE H TOYHBIE
bopMyIHPOBKY OLpeneeHuil U pe3yJIbTATOB 3TOH CTATHU.
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6. O KJIACCUYECKON U PEJISTUBUCTCKON KUHEMATUKE

31ech w3IaraloTcsl HEKOTOpbIe MOHATHs U pe3yabraTsl u3 [27], [34]—[36], [46].

“Kuaccuueckast Kunemaruka’ — rajidjieeBa KHHEMATUKA, “PeJIsITUBUCTCKAasE KUHEeMa-
THKa” — KHHEMATHKa CIeNUaIbHON TeOPUU OTHOCUTETbHOCTH.

BriGop HazBaHus 5TOr0 pasiesa cjeiyer HazBaHUsSM HO3THUX crareii [35],[46] n
B GoJibIneli crernenn TekcTy [57|; mpuBenéM cefiuac HEKOTODBIE BBIIEPIKKH OTTY/IA.

1. TIpocTparCcTBEHHO-BpEMEHHAS CTPYKTYPa MHOKECTBA COOBITHIT B TEOPUH OTHOCH-
TeJIbHOCTH (“DesISITHBUCTCKAsI KHHEMATHKA) Ollpeiesiena npeobpasoBanusMu JIopeH-
112, ONUCHIBAIONUME €€ aBTOMODMU3MBI B CHENHUATHHBIX CHCTEMaX MPOCTPAHCTBEH-
HO-BpeMeHHbIX KoopauHat. B crarbe (9] A.Jl. Anekcangposa u B.B. OBYMHHUKOBOI
JIOKA3aHO, 9TO MPeodbpa30BaHusl MPOCTPAHCTBA-BpeMenr MUHKOBCKOT0, COXPAHSIONTHE
CeMeMCTBO TEJIECHBIX CBETOBBIX “KOHYCOB OV/yIIEro”’, SIBJSIOTCS C TOYHOCTHIO J10
no100us peodpa3oBanusMu JIopeHtia. D10 MO3BOIHIO TPAKTOBATEH TEOPEMY O KOHY-
cax KakK COBIAJeHNe MPOCTPAHCTBEHHO-BPEMEHHOW CTPYKTYPbl MHOYKECTBA COOBITHI
C ero MPUYUHHO-CJIEJACTBEHHON cTPYKTYpoil. PazsuTune 3T0it ujaen mpusesio K cepuu
paboT 1o Teopuu, HA3BAHHOU “XpoOHOTeoMeTpueir’.

2. O6oOiienusi TeopeMbl 0 KOHycax pa3HooOpasHbl. B pabore [27| mokasana
TeopeMa o MpeodPAZOBAHUAX TPOU3BOJIHHOIO MICEBIOEBKIINIOBA TPOCTPAHCTBA, COXPa-
HSIONUX H30TPOIMHOCTH BEKTOPOB, U CJIe/IaHA MONBITKA OObACHATH YeTHIPEXMEPHOCTH
POCTPAHCTBa-BpeMenn. bosbimas cepus ganbreimux pabor A.Jl. Anekcanaposa u
€r0 YUY€HUKOB MOCBSIIEHA 0C/Ia0I€HUIO YCAOBHIT, HAJIOKEHHBIX Ha, KOHYChI B HCXO/IHOM
reopeme u3 [9]. OcroBHoit 3anaueii xpororeomerpu, octapiaeHnoil A. /1. Aekcan -
POBBIM W [TOKA, HEPEITIEHHO, SIBJISI@TCSI TIOJTHOE BBISICHEHHE CBA3U MAKCHMATHHO OJTHO-
POJHBIX YHOPSIIOYEHHBIX MPOCTPAHCTB C PEISITHBACTCKON KUHEMATHUKOIA.

3. Ilapannresvrno ¢ zponozeomempueti 6 70-x ee. F.®. Bopucoswvim nocmpoena
NOAHGA CUCTNEME GKCUOM PEAATMUBUCTNCKOT KUHEMAMUKY, OTACHIBAIOIIAS B HAITeKa-
meit popMme caeayionue pakThl.

1) Besikoe OTHOCHTEIBHOE TIPOCTPAHCTBO — TPEXMEPHOE eBKJIUIOBO, & COOTBETCTBY-
IOLee BpeMd HaIeJICHO CTPYKTYPOHA HallpaB/eHHON 1IPAMO.

2) /IBe uHepImaabHble CHCTEMbI OTCYETA HEPA3IUIMMBI 110 UX MTOJOKEHHUIO B MHOZKe-
CTBE TAKUX CHCTEM (“IPHHIUI OTHOCHTEJLHOCTH)

3) CTpyKTypa KHHEMATHKH JOIYCKAeT BO3MOKHOCTh SKCIIEPUMEHTATLHOTO OOHADY-
Kenns. (Dro, B oTamuane or 1) u 2), HeBepHO JJisi rajnjieeBoil KnaemaTuku, B.B.).

B |27| nonydens ciemyromime pe3yabTarhl.

Teopema 25. Bcakoe npeobpasosanue (ncesdoeskaudosa npocmparcmea) R, coxpa-
HANULEE USOMPONHOCTNG BEKMOPOS, ABAAEMCH GPPHUHHDLM.

Bameuanue 4. Uz nosacuenud 6 27| credyem, wmo na camom dene 6oaee mounas
CAOBECHAA POPMYAUPOBKA JOKA3GHHOT Mam meopemvl caedyrouias: Beakas buexuyus
(ncesdoesraudosa npocmparcmsa) R, komopaa emecme ¢ 0bpamiots  ned buexyuet
COLPAMAEN USOMPONHOCTIG BEKMOPOG, ABAAENCA aPdurmvim npeobpasosaruem. FEceme-
CMBEHHO NOIPA3YMESAEMOE POPMYAUPOBKOT meopemvt 25 boaee cuavroe ymeepacdenue
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doxazano ¢ cmamoe C.H.Acmpaxosa [12]. Hecmompsa na npocmomy Gopmyauposor,
doxazameavcmea 6 27| u [12] secvma nenpocmu 6 cpasnenuy c [9).

Jlano axcmomarmdueckoe ompejeseHne mpeobpasopanus Jlopernma. Ilycte G —
COBOKYIIHOCTD BCeX IIpeoOpa3oBanuil mpocrpancTsa R}, coxpangionux #30TpONHOCTD
BEKTOPOB. PaccMoTpuM CJIeyIonyio CHCTEMY aKCHOM.

Axcuoma 1. Ecau sexmop AB npocmpancmeenmno-nodobuud v g € G, mo eexmop
A'B', 2de A’ = g(A), B' = g(B), moorce npocmparcmeento-nodobHui.

Axcuoma 2. Jlas aobozo k' # k, R}, ne ydosaemsopaem axcuome 1.
Axkcuoma 3. Ilpu n’ > n axcuomv, 1 u 2 HecosMecmbl.

Teopema 26. Axcuomvr 1-3 66iNOAHANOMCS 6 MOM U MOALKO 6 MOM CAYYaE, K020a
n =4, k = 1. IlIpu smom G ecmwv 2pynna npeobpasosaruts Jlopenua (usmenerue
BHAKG Y T4 HE UCKAIOUAEMCA), DONOAHEHHBT NPEOOPA3OGAHUAMYU NOJOOUSA C NPOUIEOND-
HOLM KOIPHUUUEHMOM.

3107kuM pe3yabTaTsl cTaThu [34].

[Iycte M — muHOXKecTBO 3JeMeHTOB-"coObiTuii”. B M BBIIE/NEHO ceMeiicTBO D
OJAMHOKECTB, Ha3bIBaeMbIX “HHepPIUaIbHBIMHA JBUKeHuaMu . KpoMme Toro, 3a1aHo
ceMeitcTBO K B3aMMHO OJTHO3HAYHBIX OTOOpaskeHnil Ha apudMeTpUIecKoe TPOCTPAHCT-
B0 R*, HaszpiBaeMbIX “HHEPIHAILHBIMA CHCTEMAME OTCUETa”, CBA3AHHBIX € CEMEHCTBOM
D cieyionumMu yCJa0BUSMU:

1) Eciiu S € K u muoxectro I Taxoso, uto S(I) — muoxectso B R* 3amasaemoe
cucTeMoil ypaBHenuii x; = a;, 1 = 1,2, 3 tje a; — nocroguusie, To [ € D.

2) Ecm I € Du S € K, to S(I) — muoxkecrso B RY) 3amasaemoe cucremoit
ypaBHeHUM T; = a; + v;xy, 1 = 1,2, 3, T11e a;, v; — MOCTOAHHBIE.

Ecim S, 8" € K, To 1o ompegenennio fgg = S o S'L.

Ilycrs S,S" € K. Bynem rosopurb, uro S’ noxoumcsa omuocumesvrno S, eciu
BCSKOE MHOXKeCTBO I, 3ajaBaeMoe B cucreme S’ ypaBHeHHsIMH U3 . 1), 3aj1aeTcs
YPaBHEHUSAMM TAKOrO ke Buja m B cucreme S. VMuade Oymem roBoputb, uro S’
0B8UNHCEMCA OMHOCUMEALHO S.

Addunnoe npeobpazosanue R? ¢ marpuneit 8 SO(3)®1 nHazbiBaeTcs mpueuaibHbiM.

Axkcuoma 4. Cywecmeyiom maxue S,S’, wmo S' dsuscemesn omnocumenvro S.

Axcuoma 5. a) Ecau S € K, ¢ — mpusuaavroe npeobpa3osanue, mo cyuecmsyem
maxoe S" € K, umo fssr = .

b) Ecau S,S" € K u S" nokoumea ommnocumeavno S, mo fss — mpusuasvroe
npeobpaszosarue.

Axcnoma 6. Ecaul € D, S € K, ¢ — mpusuasvnoe npeobpazosanie, mo cyuecmsy-
em makoe I € D, wmo S(I) = p(S(I)).

Axcmoma 7. Ecau Sy, Sy, 82 € K, mo cywecmeyem Sy € K: fs,5, = fs,s1.

Ilpennoxkeuue 1. Jlas awbozo S € K muoocecmso ecex npeobpasosaruts 6uda
fssr, 2de S" € K, obpasyem epynny omHoCUMEALHO KOMNOSUUUU NPeobpasosarul.
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Teopema 27. Ecau cemeticmso D u cemeticmso K ydosaemsoparom akcuomanm 4—7,
MO UMENWMCA AUWD J8E UCKAUAWUE OpY2 0PY2a 603MONCHOCTU

1) daa awboz0 S € K muoocecmeo ecex npeobpasosanuti euda fss, 2de S € K,
cosnadaem ¢ 2pynnot ecex npeobpazosanuil Larunes;

2) cywecmsyem eduncmeennoe wucao ¢ > 0 maxoe, wmo das awbozo S € K
MHO2CECMB0 6cex npeobpaszosanull euda fsg, 2de S’ € K, cosnadaem c 2pynnoi
BCET C-NOPEHUEBHLT NPEOOPA308aHUT.

Kaocdas uz amux 603MoiCHOCTIEL PEAAUIYEMCS HA HEKOTNOPOT, MOOEAU CUCTILEMD
aKCuUOM 4="7, npu 3Mmom 8Mopas 603MONCHOCMY pearudyemca npu awboom ¢ > 0.

OrMernm, 9TO B BBIIEJEHHON BBIIIE KypCHBOM dacTd TekcTa [57] 2003 r. FHO.D.
Bopucos se ynomunaer csou paborsl [35], [36] 1986, 1987 rr. Tam ke OH FOBOPUT O
OJIHO# CHCTeMe aKCHOM PEISTUBUCTCKON KuHeMaTuku B [34].

¢l monumaio 3ro kax no3sosienue FOpus OenopoBuya MHE OTPAHUIUTHCS] KPATKAME
OUTATAME U3 ero OOIUX onucauii cogeprkamus crareit [35], [36], [46].

B crarpe [35] uanaraercs noxxoa K KuHeMaTHKe, HaMedeHHbBI B pabore [34].

Hauwasibuble mpejacTaBieHns KIacCuIeCKoit KHHeMaTUKu 00 “OTHOCUTE/THHOM MPOCT-
paHCTBE”, ompeeIgeMOM HHEPITHAJBHBIM TEJIOM OTCYeTa, O COOTBETCTBYIOIIEM €My
“MeCTHOM BpeMeHH U UX CTPYKTYypaX — €BKJHUJIOBOH reOMeTpHH U “XPOHOMETPHHU’
— dopMaIH3YIOTCS MOCPEICTBOM MOHATHSA KWHEMATHKH B MHOXKeCTBe coObITHil. B
TePMUHAX KHHEMATHKH (DOPMYIHPYIOTCS 3aKOH HHepIuy (mocTyaar 1) u KuHeMaTuiec-
KUl MHBAPUAHT TPUHIHUNA oTHOCHTeaAbHOCTH [amuwnes (mocrynar 1T). Beimoinenune
noctyara [11 gaBiisgercss HEOOXOMMBIM YCJIOBHEM SKCIIEPUMEHTAJIbHON 0OHAPY KUMOC-
i KuaemaTuku. Teopema 14 ycranasiusaet, uro nocry/aars [-111 nenporuBopednsbi
U OIPeeIAI0T PeIATHBUCTCKY KHHEMATHKY.

Beuy Teopembr 7 u onpesiesiennst b (u3 [35]), paccmampusaemvie 30ecv nocmyaamaol
I, II cocmasaaom nosnyo cucmemy nocmyaamos, oOWux 0AA KAACCUECKOT U
PEAAMUBUCTNCKOT KUHEMATMUK 6 MOM CMBLCAE, W0 00Wue c80ticmea 00euxr KUHeMamuK
UCHEPNBLBANOMCA CACICTNBUAMYU IMUT NOCMYALTOSE.

B nap. 1 crareu [36] roBopurcs: BBegennblil B [35] mocryiar I BeIpazkaer onpeeeH-
HYTO CBSI3b MEZK/1y POCTPAHCTBEHHON CTPYKTYPOil Tx U BpeMeHneMm By B MHOXKeCTBE
cobbiThii ¢ kunemaTukoit K. B kunemaruke K, yjiosierBopsiomieit nocryaaram [ u 11
u3 [35], cBsA3b MeK Iy Tx M B OKa3bIBAETCS BEChbMa YKECTKOil, & NMEeHHO: BpeMsi By
OIpPeIeJIEHO TTPOCTPAHCTBEHHON CTPYKTYPOHl MHOKECTBa COOBITHIT Tx OJHO3HAYHO C
TOYHOCTHIO JI0 BO3MOZKHOTO U3MEHEHHsT OPUEHTAIINNA MEeCTHOTO BpeMeHn By JJIsT BCex
OTHOCUTEJbHBIX TPOCTPAHCTB 1’ € T .

JlaHo T0KAa3aTeIbCTBO ITOrO YTBEPZKICHUs! (TeOPEMBI) M YKA3AHBI CJEICTBHSI ITOI
TeOpPeMbl, IMeOIe OTHOIIeHNEe K KPUTHKE KOHBEHITNAJIUCTCKOM TPAKTOBKHU OTHOBDE-
MEHHOCTH COOBITHI W PAaBEHCTBA TMTPOMEXKYTKOB BPEMEHHU.

AnHoranus u KpaTkoe BBejeHue K |46| coiepKutT ciemyomme BblCKa3bIBAHUSL.

PaccMaTpuBaioTcst JOTHYIeCKe OCHOBAHUS PEJIATHBUCTCKON KMHEMATHKY, CBSI3aH-
HBbIEe ¢ ocJabaeHneM Oa3MCHBIX THIIOTES.

[naBubBIi pe3yabraT CTaThU, YKA3aHHBINA B €€ 3arjaBUM, BEIBOJUTCS U3 TEOPEMBI,
JOKa3aHHoi B [35], B CBOIO OdYepe/ b OCHOBAHHOI Ha pe3yabrarax u3 [34]. DrTomy
IIPEJIIIECTBYET Mepejieika CHCTeMbl MOCTYJIATOB U3 35|, yu4uThIBAOIIAs 3aMeTaAHUS
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bU3MKOB, 03HAKOMUBIIIIXCS € ITOH paboToil. [ J1aBHOE yCOBEPIIEHCTBOBAHNE CUCTEMBI
OCTYJIATOB — UCKJIIOYEHUE U3 UX YUCJIa KHHEMATHIECKOTrO 3aKOHA WHePIUH ( TOCTy AT
[ u3 [35]), okazaBierocst cJieICTBEEM TIPUHSITHIX 371€Ch MOCTYIaToB EBKInaa u Lanumes.
[TepBblit HOJIHOCTHIO OTBEYAELT HA3BAHUIO, BTOPOH SBJISETCH “yPEe3aHHBIM IIPUHITUIIOM
[asiies:, cipaBeiyIuBbIM H B DJSTHBUCTCKON KMHeMaTHKe (OH 3aMeHsieT MOCTYJIaT
IT u3 [35], me orBeuaBIIMil CBOEMY HA3BAHMUIO).

To obcTodaTeTHCTBO, UTO MPUHSATHIE 37IECH MOCTYJIATHI HE KACAIOTCS HI JIEKTPOINHA
MUKHI, HI ONTHKH, BBI3BIBAET BOMPOC, OOCYZKaaeMbIil B map. 6.

7. [IyBukALnyu KO.®. BoPuCOBA
O METPUYECKHNX OCHOBAHUSX PUMAHOBOI 'EOMETPUU

FOpuit @eopoBud Beerjia MHTEPECOBAJICS 33/a4eil 0 METPUIECKUX OCHOBAHUSIX
PHMAHOBOI FeOMEeTPUH, YTO BHHO y’Ke U3 Ha3BaHWsl ero te3ucos [51].

Yake nocse nyoaukanuu ocHOBHBIX pe3ysbratoB B.H.Bepecrosckoro n .1 Huko-
JIaeBa OH CTaBUT BCKOpe 3a1adn 3-6 B [58], mesaer moszke JOKIaIbl Ha BCECOIO3HBIX
koudepenrnuax [51] u [53] B HoBocubupcke u Kumunese u myGaukyeT aBe cTaTbi
[37], [38]. Ucnomb3yst omamdabiii 0T ApYrux aBropos moaxo, HO.@. BoauT pasHbie
BePCHU YCJI0BUN HHDUHUTEIUMATBHOM 1 iuddhepeHnuaibHo eBKINI0BOCTH PA3INI-
HBIX TTOPSIIKOB JIJIT METPHYECKUX MIPOCTPAHCTB B TEPMUHAX CYIIECTBOBAHUS B OKPECT-
HOCTH KAaYKJIOH TOUKH OTOOPAYKEHUsI CO CIENUATBHBIMUA CBOMCTBAMU B €BKJIHIOBO
HPOCTPAHCTBO, TAPAHTUPYIONUME PUMAHOB XapPaKTeP METPUKHU MPOCTPAHCTB.

[Tpusenem Tonbko nurarsr u3 [37], [38], koropsie 10.®. nazpiBaer “3amerkammu’.

1°. Cywecmsyem au npocmparcmso ¢ “Heonucyemvim”’ MEMPULECKUM MEH3OPOM ?

[Tycrb 3amanbl MeTpuueckue npocrpanctsa (M, p;), i = 1,2; U; € M;, i = 1,2;
orobpazkenue [ : Uy — Uy n dyuknus 5 : Uy x Up — R takas, 1ro

p2(f(X), f(Y)) = (1 +e,(X, V) (X, ), &4(X, X) =0.

Onpenenenne 3. Omobpasicenue [ HA3WEAEMNCA USOMEMPUUECKUM 6 mouke A €
Uy, ecausup |ef| <1 wlimxy ,aep(X,Y) = 0.

Onpenenenue 4. Mempuueckoe npocmparcmeo M Ha3bi8aEMCA N-MEPHBILM UHPU-
HUMEUMAALHO-EBKAUIOBBIM, eCcAt OAA A1000T mouru A € M cywecmsyem omobpa-
orcenue feé okpecmmuocmu Ha oxpecmruocmo mouku f(A) 6 R™, uzomempuueckoe &
mouke A.

Onpenenenue 5. [hadkoe n-meproe mempuueckoe mHozoobpasue M™ nasvieaemcs
Jugppepernyuanvro-esraudosum, ecau 0as w0060t mouku A € M™ cywecmsyem
Cl-dugpdeomopdusm f ee omrpumoti okpecmHOCTIU HA OMKPLIMAYIO OKPECTIHOCTD
mouru f(A) 6 R", usomempuneckuis 6 mouke A.

Hoxkazano, uro anddepeHnnajbHO-eBKINI0Bb MHOT000pa3us ¢ BHY TPeHHEH MeTpH-
KOif — He 4TO MHoe, KaK cBa3Hble CU-pIMaHOBB MHOTOOOPA3Hd, PaccMaTpUBacMble
KaK IVIaJIKHe MHOIoOOpas3us ¢ pUMaHOBO# MeTpuKoil. [1oaTomMy BarkeH Takoii BOIpoc:

Bompoc 2. Beakoe At un@uHuUme3sumaisro-e6KAu0060 MEMPUIECKOE NPOCTNPAHCINEO
donycraem ssedenue duddepenyuarvrot cmpyrmypul (A0KaALHOT Ul 2400a4bHOT),
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npespawarouels €20 (COOMEEMCMBEHHO AOKAABHO UAL 2400a40H0) 6 duddepertuant-
HO-e6KAUI060 MHO2000pasue?

Jlajiee BBOJUTCS TIOHATHE N-MEPHO20 NPOCIMPANCINGA C NOAECM MEMPUNECKO20 MEH30-
pa, SKBUBAJCHTHOE, MO caoaM [0.D.. TOHATHIO N-MEPHOrO HHPUHATE3UMATLHO-
eBKJIHJIOBA MPOCTPAHCTBA U CTABUTCS COOTBETCTBYIONTMI SKBUBATeHT [; Bolpoca 2.
MpbI OmyCcTHM 3TH OUpPeIeJeHUE U BOIPOC.

2°. Onpedesenvl AU OAUNDL NPOUSGONLHHIT NYMET 6 PUMAHOGOM TNPOCMPAHCINGE
20 MEMPUUECKUM MEHIOPOM?

Ciietytomuit BOnpoc — HeKoTopas Bapuanus u cuntes soupoca I1 B [37] n nekoropoit
qactu 3agaun Ne 6 u3 [58] ana M = R?.

Bompoc 3. Cosnadaem au ¢ pumarosoti mempuroti p npoussosbhas 8HYMPEHHAL
mempura d wa ceasrnom Cl-pumanosom mmozoobpasuu M, 6 xomopoti ece nymu
kaacca Ct umerom obviunyto dauny? Tom osce 60npoc npu Yeaosu, wmo o0bHYI0
dauny umeem scarull eeodesuneckuti ompedor ¢ M.

B crarbe [38| npuBoasTCst YCJI0BUS B TEDMUHAX MTOPSIIKOB H30METPHIHOCTH 0TOOpa-
JKeHHsI B TOYKE BBIIIE (v, JIEKAPTOBOCTU KAPTHI B TOYKE BBIMIE (v, JEKAPTOBOCTH
KapThl B TOYKE YCTOWYMBO BBINE v, nuddepeHnuaibHoii eBKINIOBOCTH BBIIIE
nuddepeHInaIbHON eBKINIOBOCTH YCTORINBO BHIIIE (v HA MHOTOODPA3Us H TeoOpeMa
2 06 9KBUBAJCHTHOCTH 3THX yCJOBHiI puMaHoBOil cTpykType Kiaacca CO nmm O,

[pugercst omycTuTh HEAOCTATOUHO KOpoTKHE (hopmynposky u3 [38|. Hackoapko
MHe u3BecTHO, FOpuit @enopoBud He MyGINKOBAJ OTBETOB HA MOCTABIEHHBIE BOIIPOCHI
HJIN JIOKA3aTeIbCTB BRIABHHYTHIX MHIIOTE3 3 mybankarnmii [37], [38].

8. HEKOTOPBIE JIPYT'UE IIYBJIUKALIMN KO.®. BOPUCOBA

Mprl emie ze o6cyzkmamu cratou [31], [33], [42]-[44] B MmaTemaTHuecknx KypHaIax.

Hassanue crarbu [44] roBopur j0CTaToqHo 0 €€ COJepKAHUM.

Bamernwm, uro [31], [42], [43] kacatores omnoit u3 mobumbix Tem FO.D. — napasiiessb-
HOIO TIEPEHOCA, HO B OTJIMYHE OT Da3jena 3, B 9TUX CTAThAX DPACCMATPHBAIOTCS
KJIACCHIECKHE TJIAJIKIe PUMAHOBBI MHOTOOODA3Hs IIPOM3BOJBHON PA3MEPHOCTH.

B [31] onpegensiercst napasuieibHblii EPEHOC KACATEIBHBIX BEKTOPOB BIOJb JIyT
L € C% mpu o > 1/2 u B Teopeme 1 JIOKA3BIBAETCS €r0 CXOAUMOCTD MPU JEOOOM
HAYAJIHLHOM BEKTODE, COBIAICHUE ¢ OOBITHBIM MAPAJIICTLHBIM IEPEHOCOM Ha KYCOTHO-
IIaIKAX L W HEKOTOpBIE JIPYTHE CBOMCTBA.

OrpanudauMcst TMTHPOBAHUEM TOJIBKO 1. 1 craThu [33].

[Iycrs f(z), x € [a,b], ¢(2), z € [0,00), — BemecrBenubie byuknuu, ¢(z) > 0
Ha [0,00); ¥(f;a, ) — 3HaueHne HEKOTOPOro (DUKCHPOBAHHOTO HEOTPHIATEIHLHOTO
dbyuxmronana ¢ wa byukuun f(z), x € (o, 5], a < a < < b. Tag moboii cucrembr
Touek P = (zg,x1,...,%,), a =2 < 21 < -+ < T, = b TONOKAM

S(f. o0 P) =Y (f;wimy, 2:)@(b(f; 2im1, 71)).
=1
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Iyers v(P) = maxi<i<n(vi—2i1), V(f, 0, ¥;€) = inf(p)=c S(f, ¢, ¥; P). Cymectsy-
eT HeOTPUIATEIbHBI (BO3ZMOXKHO, GECKOHEUHBIIT) TIpe Test

V(f.0.0) = imV(f,0,0.2).

Teopema 28. ITycmo f uenpepwena, Y(f;a, ) — paccmosanue mesncoy mouwkamu
(cr, f(@)), (B, f(B)), usmepentoe 6 damrnymotd obaacmu

E={(x,y):a <z <py> f(r)}
u lim, o p(2) = 0. Toeda V (f,p, 1) = 0.

31ech 10 TOUKOi (1, i) MOHUMAETCsT TOUKA eBKJIHI0BOM TIOCKOCTH ¢ IPSIMOYTOJIbHbI-
ME KOODJAMHATAMH T,%, & IIOJ PACCTOSHHEM, U3MEPEHHBIM B F, — HUKHdASA T'PaHb
JUTHH JIyT, COCAUHSAIONINX PACCMATPUBACMbIE TOUKH U MPOXOAAIINX B F.

13 310t TEOpeMbl BBITEKAIOT AHAJOIMYHBIC YTBEPXKJICHUS JJIA CAYdYaeB, KOTJA
U(f;a, ) — paccrosiame mexay toukamu (o, f(«)), (8, f(B)) ma mwrockocTn win
U(f;a,8) = [f(B)—f(a)] (“kBasncanamiagemocts rpaduka’ u “KBa3nOrpaHnIeHHOCTH
BapuaIn’ MPOM3BOIHHON HEMPEPHIBHON (DYHKIN).

Bepua st Teopema, korga ¢(f;«, ) — nuamerp rpaduka dbyukuun f(x), r €
[, ], He u3BecTHO. BBIsICHEHHE 9TOTO CYIIECTBEHHO CBSI3AHO ¢ POOJIeMOi PeryasipHOCTH
Clnorpyzxenuit (mpu o > 1/2) AByMEpHBIX PUMAHOBBIX HPOCTPAHCTE B TPEXMEPHOE
eBKJINI0BO (I0CTATOYHO OFPAHUINTLCS caydaeM, Korma ¢(z) = 27, 8> 0).

Crarbu [42], |43] — orpesakruposanubie 3anucu A.K. I'yiia HekoTopbIX JieKIuit
u3 ¢/K FO.®. Bopucosa “Pumanosa reomerpus” (Becua 1967 r., mexmar HI'Y) [77].

Onwu cBsI3aHBI ¢ OOBLIYHBIME TOHATHAMEI OOBIYHON PUMAHOBOI IeOMeTpHUHN.

31ech MBI JIMITH TIOBTOPUM U3BECTHOE M 10 BoprcoBa aHaiMTHYecKoe W MPOCTOe
JIOKA3aTeIhCTBO Mmoscdecmea Buanku, m KpaTKo 00CYIMM OCHOBHBIE MIEH JAHHOTO
MM OPUTHHAJBHOTO JIOKA3aTeIbCTBA STOr0 TOXKIecTBa U3 [42].

B reofiesnueckux B JAHHOW TOYKe Ty (HAIIPUMEDP, B HOPMAJBHBIX C HEHTPOM B
TOUKe To) KoopauHaTax x = (x',... ") pumanosa npocrpancrsa (M, g) CHMBOJIBI
Kpucrodhdens F} (o) paBubI HyT0. [l09TOMY KOBapHaHTHBIE IPOU3BOIHBIE TEH30PA
KpUBH3HBI R B 9TUX KOOPMHATAX PABHbBI
82 ;cl 82 ?cm

oxmoxzn  Orlox™

3 _
vakl,n -

Anmasornano
21 21 2T 2T
VkRz — a Im a Lk lez — a mk a ml
tmn = dakdgn  Grmdzn’ mEn T Al Oxkdam
CyMMHPYH 9TU TPH BbIPAYKEHUSI M YIUTBIBAS, ITO TEH30D KDY UCHU T paBeH HYJIIO,
re. Iy, =17,,, DodIydaeM ToxKaecTBo buanku

km>»
ViRiyn + ViR, + ViR, = 0.

mk,n

JTokazaTebCcTBO IMIPOCTOE, HO HE SICEH TeOMETPUYIECKUN CMbBIC/T TOXKIECTBA.

U est mposicasromero gokazarenbcrsa [0.@. Bopucosa coctout B paccMOTpeHUH
KyDOOB € BEePIIMHOI B TOUKE T U ¢ peOpaMu, HATTPABIECHHBIMH BJ0JIb TPOEK PA3TUIHBIX
KOOPIMHATHLIX JIMHUI. BHeIIHIe BEKTOPLI K I'PAHAM KYOOB OLIPEJIEIAI0T OPUEHTAIUN
rpaHeil, a OpHeHTAIlUH IpaHeil ompee/drT HalpaBjieHHs 00Xoja I'paHeil mo ux
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pedbpam. [lag KaxKa0# mapbl TPOTHBOIOJIOXKHBIX TI'PaHeil CTPOUTCS HelpepbIBHAS
3aMKHyTad Kpusagd Lj;, j = 1,2,3; u3 pebep Kyba ¢ HayaaoM U KOHIIOM B TOYKE
Zg, BKJIIOYAIONIAsA 00XOIbI B COOTBETCTBYIONINX HAIIPABIEHUSIX TUX JABYX IpaHeil un
IIPOXOJIbI B JIBYX IPOTUBOIOJOKHBIX HAIPABJICHUSAX COEJUHSIONEro ux pebpa (cM.
Puc 1 B [42]). Barem Baonb kpusoit L = LjLsL3 npou3BoasTcs napaJiieabHbie
MEPEHOCHI BEKTOPOB U PACCMATPUBAIOTCS IIPEIEIbl IEPEHOCOB IIPHU CTITHBAHUN KyOOB
B TOYKY Zg. Iloc/ie COOTBETCTBYIONINX BBIYHUCAEHU TTOTydaeTcs: TOXKIecTBO buankn,
TaK Kak IIepeHoCHl IpH 00X0/1e IrpaHeil OIeHUBAIOTCA 3HAYeHIAMI TeH30Pa KPUBU3HBI.

Tesucer [50] mokmana FO.D. na MexKIyHApOIHOM KOHI'Decce MaTeMaTukos 1966 T.
B MockBe uHTEpecHbI caMu 110 cede. VcTopus TpebyeT J0CJT0BHOIO BOCIIPOU3BEICHU.

“Pesynbrarel JIxx. Hama u H. Kéiinepa o Cl-nzoMerpuuecKux MorpyKeHusax puMa-
HOBBIX IPOCTPAHCTB B €BKJINMI0BO MMOKA3AIU, UTO HUKAKNE YCJIOBUsI, HATOXKEHHBIE HA,
MEeTPUKY MOI'PYZKaeMbIX IPOCTPAHCTB, He 0DECIIeINBAIOT PErYJIAPHOCTD 3TUX HOTPY 2Ke-
unii. BMmecTe ¢ TeM n3BecTHO, UTO peryaapHocTh C'll-n3oMeTpnaecKnX morpy Kenmit
JIBYMEpPHBIX pIMAHOBBIX TPOCTPAHCTB B % obecnieunBaeTcs peryasapHOCTHIO METPUKA
M TIOJIOYKUTEIHHOCTHIO KpuBHU3HKI. llcciienopanne nmapasuienn3ma Jlepu—Husura Ha
IJIaJIKUX II0BEPXHOCTAX HPUBEJO K TUIIOTe3e, YTO ITOT pe3yiabTaT Beped g CLo-
norpyzkenuii mpu « > 1/2 u nesepen npu « < 1/2. [lorpyxenus nocsemanero tuma
Ha3bIBAlOTCA “KéiiepopckuMu”. YeTaHoB/IeHo, 9To Kéiineposckue C'h%-norpykenus
N-MEPHBIX IPOCTPAHCTB CYIIECTBYIOT IpU (@ < a Ipu N = 2 OTCYTCTBYIOT,
ecau > 2/3.7

1
n24n+17

9. JIBYMEPHBIE MHOI'OOBPA3HUSI OIPAHUYEHHOI KPUBU3HBI

Jleymeprnvie mroz006pasus o2panuvennol kpususho, (MOK) BBemeHbl B 3aMeTKe
[1] A. 1. Anekcanapoa. [IBymMepHOe MHOrOOGpa3ue ¢ BHYTPEHHE METPUKON HA3HIBACT-
sl MHOTOOOpA3NeM OTPAHUYEHHONU KPUBU3HBL, €CTH Y KAYKJIOH €r0 TOUKU CYIeCTBYeT
OKpecTHOCTD U, B KOTOPOii CyMMa BBIYMC/ICHHBIX 110 BEPXHUM YIJIaM U30bITKOB OO0
KOHEUYHOI CHCTEMBI TIONAPHO HEHAJETAIONINX MTPOCTHIX, COCTABICHHBIX U3 KPATIARIIIX
TPeyroJIbHUKOB He TPEeBOCXOANT HekoToporo wuciaa C(U) < +oo. DKBUBATIEHTHOE
YCJIOBHUE: JIOKATHHO METPHKA PABHOMEPHO AlMPOKCUMHUPYETCS METPUKAMA MHOTOTDAH-
HUKOB WJI PUMAHOBBIX MHOT00OpA3Uii, y KOTOPBIX MOJOKUTETbHbIE YACTH KPHUBU3HBI
OrpaHUYIEeHBl B COBOKYIHOCTH [8].

FOpuwii ['puropseBud PermeTHsIK 10Ka3a/1, 9TO ABYMEPHOE MHOTOOOpA3He ¢ BHYTPEH-
Heil METPUKOU MMeeT OrPAaHUIEHHYH) KPUBU3HY TOIJIA U TOJBKO TOIJA, KOTJIA JIJIs
KayKJIOH ero TOUKN B HEKOTOPOIl €€ OKPECTHOCTH MOYKHO BBECTH U30MEPMUMECKIHO
cucmemy xoopdunam (u,v) ¢ muneiinbiv semenrom ds® = \(u,v)(du? + dv?), tae
A(u,v) — pasHocthb nByX cybrapmonndeckux ¢ynkuuii [88], [89], [90], [91].

Hpyroe ananurunveckoe onmcanne MOK nano B crarbe [14] 11.91.Bakenbmana.

(Jamaum tmrarsr u3 c. 177 B [15].) uist 917010 OBLIN WCTIOIB30BAHBI METPUKH BUIA

ds® = du® + 2 cos 7(u, v)dudv + dv?, (2)
3amaHHble B obacti D mexaprosoii miockoctu u,v. Merpukn Buma (2) B ciydae
rinajakoii (T.e. wempepwiBHO muddepernupyemoii) byHKImH T(u, v) Ha3BIBAOTCS

debpireBckuMu. OCHOBHOM Pe3yJIbTaT TAKOB: 044 Mo2o, wmobv, mempuka (2) sadasa-
aa 6 obaacmu D MOK, neobxodumo u docmamowno, wmobw, T(u,v) 6vaa dynryued
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ozparunennot eapuayuy v varptT < 7/4. Ecau B MOK W Her Toyek X, B KOTOPBIX
kpusnsna (X)) > 7/4, 10 370 MHOrOOOpa3we MOYKHO TOKPBITH CUCTHBIM UUCIOM
OTKPBITBIX MHOTOTOJIBHUKOB TaK, YTO KaKJIas KOMIaKTHas obaactb 3 W Oymer
HOKPBITA KOHEYHBIM YUC/JIOM TAKUX MHOTOYTOJBHUKOB U B KaK/JJOM MHOTOYT'OJIbHUKE
MOKHO BBECTH KOODJIMHATHI U 33JaTh 4e0BIINEBCKYI0 METPHKY (2).

BaMeTHM, 9TO Bee IpaBIabable MEororpanankn B R? apaaiorca MOK, no ycmoBuio
Q(X) < 7/4 yaoBIeTBOPSIIOT JIUITH BEPITHHBI TPABIIBHOTO J0eKa3/Ipa.

[Ipumepamu 2-MHOro0Opa3uil OrpaHUYeHHON KPHUBU3HDBI SBJIAIOTCS BBEJICHHBIC H
neranbHo usydennsie A.B. IToropesosbim nosepxuoctu F € C! B R? oeparnunennot
sHewMH el KPUBU3HbL, s KOTOPBIX CYMMBI ILIOmMaeil cpepudyecKux n300pazkeHuit
(c yueToM KpaTHOCTH M OPUEHTAIMH) MOIMAPHO He TMePeCceKafoIuXcs KOMIAKTHBIX
MHOYKECTB JIOKAJIBLHO orpanuyensl [85], [86]. s mosepxHOCTei OrpaHUIeHHOIN BHEIII-
Heil KPUBU3HBI CIIPaBe B meopema 1 aycca 0 pAaBEHCTBE HHTEIPAJILHON KPUBU3HBI
HPOU3BOJIBbHON 00JIACTH IO/ ee cPepPuIecKoro n300parkKeHus, T.e. CyIIeCTBYIOT
JIOCTATOYHO CUJTHHBIE CBSI3U MEYK Ty BHYTPEHHEH 1 BHEITHEH TeOMeTPHUIME STUX TTOBEPX-
nocreit. Kaxkgas nosepxuocts kaacca C? mMeeT OTpanmuenHyio BHEMTHIO KPUBH3HY.

ITo Teopeme A.B. Iloropenosa, moiHas HOBEPXHOCTH C OTPAHUYEHHONR HEOTPUIIATETb-
HO¥ BHeIIHe# KpHBU3HOHN ecTh JTUO0 3aMKHYTasl BBIITYKJIas IOBEPXHOCTD, JITO0 OeCKOHe-
qHasl BBIMYKJIast IOBEPXHOCTD [86].

B pabote [13] 1.41. BakeabMaHa TOHSITHE TIOBEPXHOCTH ¢ OTPAHUYEHHON BHEITHEH
KPUBHU3HO ObLIO IIEPEHeCeHO Ha Herajakue noBepxuoctu, spJsiomninecs MOK.

Tam BBOASITCS TTOBEPXHOCTH [ yIOBAETBOPSIONINE CJIETYIONUM YCIOBUSIM:

1) B kaxk1oit Touke X MOBEPXHOCTH I’ KOHTHHT€HIINS OBEPXHOCTH [IPE/ICTABISET
coboit koryc K p(X). O HA3BIBACTCA KACAMEADHUM KOHYCOM NOBEPTHOCTY 6 OGHHOT
mouxe. IlycTh nanee, mocjieioBaTe ibHOCTh TOYeK X1, Xo, ... noBepxHoctu F' cxoanT-
cd K Touke Xg € F'u P, P,... — cxoadmascda IocIea0BaTeJIbHOCTh KacaTebHbBIX
mwiockocrei kK kKouycam Kp(X7), Kp(X3),. ... Torma npeeabHas mIockocTs Py ecThb
KacaTeIbHas MIOCKOCTH K Kouyey Kp(Xj).

2) Kaxnast touka X moBepxuocTu F' uMeer oKpecTHOCTBU | KOTOpas B HAJITIEZKAIIEe
BbIOPAHHBIX JEKAPTOBBIX KOOPMHATAX T, Y, Z IIPEJICTaB/IeHa ypasHenueM z = f(z,y),
npruYeM KacaTeJbHbIl KOHYC B TOoUkax m3 U He mMeeT KacaTe/JbHBIX IJIOCKOCTEIl,
HePIEHTUKYISPHBIX K JIOCKOCTH X, Y.

I3 awonca [70] FO./. Byparo cuenyer, uro reomerpuio Besikoro MOK moxkHO
paccMaTpUBATh KaK BHYTPEHHIOI TeOMETPHIO HeKOTOPOii moBepxHocTH B R3.

[IycTh B iByMepHOM MHOTOOOpa3uu M 3a/1aHbl BHYTPEHHSISI METPUKA p U TIOC/IeI0Ba~

TEeJbHOCTb MHOI'OI'PaHHbIX METPUK Pn- MeTpI/IKI/I Pn NPOTLOPUUOHAADBHO CLL’O()ﬂmCﬂ K
ecan 2n%Y)
P p(XY)

[O.T". Pemernsik moka3aJi, 9T0O €CJIU METPUKA, ) UMEeT B KaK/I0# TOYKe KacaTe/ IbHbII
KOHYC (B CMbICJIe BHYTPEHHEl METPHKH ), TO p anlPOKCHMHUDYETCs TTPOMOPITHOHATIHHO
CXOJISTIIUMUCST MHOTOTDAHHBIMI MeTpukamu [89).

O6o3na4nM epes ® Kaace HecaMonepeceKaonuxed nopepxuocreii B R3, y KoTopeix
B KazKJI0ll TOYKE CYIIECTBYeT KacaTesbHasl IOCKOCTh. (DTH moBepXHOCTH, BOOOIIE
rOBODs, HE SIBJISIOTCS DJIAJKAMHE). Y TBEPKIAETCS, YTO BEPHBL

— 1 npu n — 00 paBHOMEpHO OTHOCUTE/IHHO X, Y .
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Teopema. Ilycmv mempuka p, 3adarnas wa deymeprom mrozoobpazuu M, donycra-
em annpokCcuUMaUUI0 NPONOPUUOHANDHO CTOOAULUMUCT MHO202PAHHBLMU METPUKAMU
Pn- To2da cywecmeyem noseprnocmsv F € O ¢ enympennetds mempurod p.

Caencrsue 1. ITyemob 6 kaorcdoti movke 08YMEPHO20 OPUEHMUPYEMO20 MHO2000DA3 UL
M ¢ enympennetd mempuroti p cyuecmsyem xacamenvHud kouyc. Tozda cyuecmeyem
noseprrnocms F € ® ¢ enympennets mempurot p.

Cnencreue 2. Beakoe opuenmupyemoe MOK, ne umerouee mouek ¢ kpusuaHotl
27, ¢ epanuyeli 8 sude KpPueot ¢ 02PAHUYEHHOT apuayuet: NOSOPOTNA UAU AUUEHHOE
2PAHULDE, USOMEMPUYHO Hekomopotl noseprrocmu F € &.

10. PEHIEHUE 3AJIAUM BOPHUCOBA O METPUYECKUX OCHOBAHUSIX
PIIMAHOBOI1 TEOMETPUN

Craresa B.H. Bepecrosckoro [16] (moctymmia B penaknuio CM2K 11.03.1974 1.),
cm. rakzke [10], [91], 6br1a mepsoiM marom B pemtennu 3azaqn [0.D. Bopucosa o
MeTPUIECKNX OCHOBAHWIX PUMAHOBOH TeoMeTpuu, mocTtaBiaenHoi B 1970 romy mnsa
Moeil AUILIOMHOI paboThl. B KadecTBe TaKMX OCHOBaHUII B padoTe ObLIO IMPUHATO
IIPOCTOE COEIMHEHHI AKCHOM I'e0/Ie3NIECKOr0 MPOCTPAHCTBA AMEPUKAHCKOTO MaTeMa-
tuka [epbepra Bysemana u3 ero KHUTH | 72| 1 HEKOTOPOTO YCJIOBHS HA YTJIbI JOCTATOY-
HO MAJIbIX TPEYroJbHUKOB W3 Kpardaiimmx Ha c¢. 210 w3 kuuru . Kaprauna [73],
copMympoBaHHOTO B cTaThe B BHie akcuombl A) (em. m. 11.3 B [10]).

[Tpu gannpix yeaoBusx B crarbe 1975 1. J0Ka3aHO, 9TO KazK10€ TaKoe (MeTPpUIecKoe)
POCTPAHCTBO H30METPUYHO HEKOTOPOMY METPHUYECKH TIOJTHOMY PHUMAHOBY MHOM0OGpa-
3110 HEKOTOPOii KoHedHoi pazmepHocTr n > 1 Kaacca C°. Bosee TouHO, n-MepHOMY
MHOT000pasmio ¢ artacoM Kiacca C! m3 KapT, KayKaasd n3 KOTOPBIX OMPEIesaeTCs
JIOKAJILHO PACCTOSHUSIMHE JI0 HEKOTOPBIX N-OK TOYEK; IIPU ITOM KOMIIOHEHTHI METPHIEC-
KOT'0 TeH30pa OTHOCHTEJIHHO KapT ITOTO aT/iaca HEelMPEPBHIBHBIL.

B 3ak/m04ennu K cTaThe BHICKA3AHO IPE/IIOI0KEHTEe, ITO HA CAMOM JIeJIe€ BBEICHHBIE
B paboTe KOOPJAMHATHI (B CTAThE OHU He HA3BEAOMCA OUCTAHUUOHHbLML) 3ATAT0T
ariac kiaacca Cll, a KOMIIOHEHTBI METPUYIECKOTO TEH30Pa B 9TUX KOOPAMHATAX JIUIIIIH-
nesel.  Kpome Toro, tam co cchuikoil Ha [8] ckazano, 4ro akcmomy A) MOKHO
3aMeHuTh Ha copmympoBannyo akcnomy B) win akcunomy C).

3 51010 SICHO, 9TO TOr/Ia ABTOP HU CHOM, HU JyXOM HE BEJAT O NPOCMPaHCMEAT
A.JI. Anexcandposa 06ycmoporHe Ui 00HOCTOPOHHE 02DAHUMEHHOT KPUSUSHDL.

Vake mocsie myOJUKaIMU 3TOW CTaThd, HO JIO Moe#l 3amuThl B 1979 romy, mocse
MOEro JIOKJaJa O Heif, ¥ BO3MOXKHO, O KAKUX-TO JIPYTHX MOHUX pe3yJbTaraX, Ha
ceMuHape Kadeapbl reoMeTpun u Tomnosorun Asekcanap JlaHUIoBHY cKa3asa MHe,
910 HaKTUIECKN TMPUBEIEHHBIE B MOEH CTaThe YCJIOBUS IKBUBAJICHTHBI TOMY, UTO
paccMaTpuBaOTCs (METPHYECKH [OJIHbIE) KOHETHOMEPHbBIE MHOI00DOpa3Hst ¢ BHY TPEH-
Heil MeTpHKOii (JTOKaIbHO) OTPAHUYIEHHON CBEPXY U CHU3Y KPUBH3HBI (B €10 CMbBICJIE).

Bouiee npocto 5Tu mpocTpaHcTBa MOYKHO XapaKTEPU30BATh KAK METPUIECKU TTOJTHBIE
JIOKAJIbHO KOMIIAKTHBIE TPOCTPAHCTBA C BHY TPEHHEH METPUKOM, JIOKATBHBIME YCIOBHSI-
MU TIPOJIOIZKAEMOCTH KpPAaTYaUIINX U OIPAHUYCHHOCTH CBEPXY U CHU3Y KPUBU3HBI
o Asekcamnaposy, [3], [10], [91]. Kaxk cremcrsue, or akcmoMm Bysemana ocraiorcs
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TOJIBKO YCJIOBHS IOJHOTHI M JIOKAJBbHON IPOJOIKAEMOCTH KpaTdaiimmx. MoxKHo
OIIYCTHTL M YCJOBHE METPHYECKON MOJHOTHI Oe3 yiiepOa s UCCaeT0BAHMIA.

Kazxgoe Takoe mpocTpaHcTBO gaee obo3Hadaercs M.

B [83] U.I. HuxosaeB BBOAMT reOMETPUYECKYI0 KOHCTPYKIHIO HAPAJLIEIHHOIO
nepeHoca KacareabHbIX BEKTOpoB B M BoJib TudHepeHupyeMbIX 1 JJayKe CIpaMIsie-
MBIX KPUBBIX, 00J18/IAI0IIEr0 OOBITHBIMHU CBORCTBAMMT, U Ha OCHOBE 3TOTO JIOKA3BIBAET,
9TO KOMIIOHEHTHl METPHYECKOT0 TEH30Pa OTHOCHUTEIBHO JUCTAMMOHHBIX KOOPITHAT
qunmuieBbl.  OTCo/a cjejyer, 9To MOYTH BO BceX TOo4YKax JguddpepeHnupyemoit
KPHUBOii CYNIECTBYIOT U OIPAHUYEHbI TlepBbie 0000IIeHHbIe TPOU3BOAHbIE [97] KOMITO-
HEHT METPUUIECKOr0 TEH30pa B JIMCTAHIIMOHHBIX KOOPJIMHATAX. DTO HO3BOJISIET aHAIH-
THYECKHU BBECTH NMAPAJLIEIbHBIHN TepeHOC BAOIb TU(MDEPEeHITUPYMBIX KPUBBIX U YCTaHO-
BHTDb €r0 COBIAJEHNE C paHee ONpeIeIeHHBIM HapasIebHbBIM IePEeHOCOM.

Hanee B [84] aBrop BBoguT B M KOBapmanTHOe nuddepeHnnpoBanne BEKTOPHBIX
noJieit ¢ JUIIMAIEBBIMI KOMIIOHEHTAMH OTHOCHTE/IHHO OA3UCHBIX BEKTOPHBIX MOJIei
JIUCTAHITHOHHBIX KOOPMHAT, CKOOKY JIu TaKWX BEKTOPHBIX MOJIEH U yCTAHABINBAET,
9TO CKOOKY UMEIOT UMEIOT OOBITHBI TEOMETPUIECKU CMBIC/I. DTO TIO3BOJISIET OTIPe Ie-
JINTH COOTBETCTBYIONUIA TEH30P KPYYeHUs U JI0Ka3aTh, 4T0 OH pasen ny.io. 11.X. Ca-
ouro u C.3. Illedear B [96] paccmarpuBainm rapMOHHYECKHE KOODIMHATHI MPH
U3yYeHUU BOIPOCOB, CBA3AHHBIX C IJIAJKOCTHIO METPUKH PUMAHOBBIX IPOCTPAHCTB.
[IpuMmenenueM TeopeM O TJIAIKOCTH ODOOIIEHHBIX PEIIeHUil S THITHIECKUX YPaBHEeHU
[80] HA KOMIIOHEHTBI METPHYECKOTO TEH30PA B T'ADMOHUYECKUX KOODAMHATAX, BHIBE/ICH-
HbIX ¢ nomombio [96], u paborst [96] I1.I. Hukostaes noayvaer B [84] okonuaresbHbLil
pesyaprar o raagakoctu M: ITpoemparncmeo M donyckaem amaac kaacca C3%,

0 <0 < 1, us eapmonuveckux xoopdurnam. Komnonernmo, MEMPUYECKO20 MEH3OPA 6
Kaotcdotl cucmeme MaKuT KooPOUHAM ABAANOMCA HENPEPLLEHbLMU PYHKUUAMYU COO0NEE-
CK020 KAQCCA I/Vq2 [97], 2de g moorcem Goimv ar0bvM wucaom, He menvuwum 1. Beaedem-
sue meopem eaosicerus [80], Komnornenmo, MEMPUUECKO20 MEHIOPA 6 2APMOHULECKUL
koopdunamazx npunadaescam CH* 0 < 0 < 1.

Yacro nucasm, aro .I'. Hukosnaes u B.H. Bepecropckuit Hanuim pewerue npobaemovt
A JI. Asekcandposa 0 CUHMEMUNECKOM ONPEOEAEHUY PUMAHOBHLL NPOCTPAHCNE.

Coaprma oinH pa3, 9To U AUCTAHITHOHHBIE KOOPAMHATH Oy 1TO ObI BBET AJIEKCAHIPOB.
Ha camom nmene sto we Tak. Hamomuio, 9To 3Ty mpob/jeMy JPYTUMHU CJIOBAMHU
noctasu mue FO.®. Bopucos B 1970 roay; BeIpazkenue ‘CHHTeTHYECKOE OECKOOPIIMHAT-
HOe OIMCaHue PUMaHOBOIl reomerpun” Ha ¢. 4 B [10] npumeHwT 5.

JIByMepHBIE OBEPXHOCTH JIBYCTOPOHHE OIPAHUIE€HHOM KPUBU3HBI 110 AJIEKCAHIPOBY
HA3BIBAIOTCS €IE NO0GEPTHOCMAMYU 02PaHUYeHHot ydeasvrot xpususns. B 1948 T.
A.B. Tloropeno anoncupyer B crarbe “OjiHO3HAYHAS OLPEIEJIEHHOCTD BBIITYKJIbIX
HoBepXHOCTE TeopeMy 00 OJHO3HAYHON ONPEIEJTEHHOCTH 3aMKHYTBIX BBIIIYKJIBIX
IOBEPXHOCTEN OrpaHUYeHHON YAeJIbHON (HeOTPUIATEHHON) KPUBU3HbI, a B CTaThe
1949 rona o Tem ke HazBauueM (cebiika 59 B [86]) mybankyeT moapobHOe H3I0KeHe
JIOKa3aTesbCTBa 9TOi Teopembl, 3ausasiiee 100 crpanun B Tpymax uacrturyra Crekiosa.
DT1a pabora ObLIa JOKTOpCKoil muccepranueit A.B. IToropesosa, oHa ke ymocroeHa
locynapcrsennoit npemun. (Bocnomunanus H.B. Edumvosa, c. 116 B [20]).

B [87] A.B. IToropesos nokasbiBaer aHoHCh Tpex )KypHaios JJTAH CCCP 1990 r.
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Caenyromas Teopema 1 riassl 4 u3 [87] — ycmienue ocnosroit Teopemsr 5 B [16]:

G-npocmpancmeo Bysemana [72], 6 Komopom nepecekarouueca kpamuatiusue o6pasy-
10m onpedenennbili Y20, HENPEPHLEHO 3ABUCAULUT, OM KPAMMATALUL, ABAALTNCA DUMAHO-
BULM TUPOCTPAHCINEOM C HENPEPBIEHBIM MEMPUECKUM MEHIOPOM OMHOCUMEADHO
Cl-amaaca u3 cucmem OUCTNAHUUOHHBLT KOOPOUHAM.

JokazarenscTso B [87] aHAJIOIHYHO JOKA3aTEILCTBY OCHOBHOMN TeopeMsl 5 B [16].

TpyaHO IPeACTABATE, KaK MTPOXOAUIN Obl HCCICI0BAHUA HOCIE JOKA3aTEIbCTBA B
1975 rogy Teopembl B JaHHOI 3/ech GOPMYJIUPOBKE BMECTO TeopeMbl 5 u3 [16].

B mraBe 2 u3 87| marorcs MUHMMATbHbBIE YCJIOBHS DPErYJIsIPHOCTH MeTPHYECKON
dyHKIMA (bUHCIEPOBA TPOCTPAHCTBA, YTOOBI OHO OBLIO MPOCTPAHCTBOM By3zeMana.

JlokazaHno, 4TO (pHHCIEPOBO IPOCTPAHCTBO CO CTPOIO BBIMYKJONH MeTPHUYECKO
dbyuxmmeit knacca CH ecth G-TpocTpaHCTBO, U 3TY CTeleHDb PeryJIapHOCTH Helb3s
ocsiabuth. Mmenno, jis j11060ro 0 < oo < 1 cyniecTBy1oT GpUHCAEPOBBI TPOCTPAHCTBA
¢ MeTpuueckoil pyuxunumeii knacca CH%, me apasgomumecs G-TPOCTPAHCTBAMI.

B rnase 3 u3 [87] permaercs obpaTHas 3ajada:; KAKUM MHHHMAJIBHBIM YCJIOBHAM
JIOJIYKHA TIOIUHSITHCS MeTpuKa G-MPOCTPAHCTBA, YTOOBI OHO OBLIO (DUHCIEPOBHIM?!

Hokazano: ecsiu B G-ipocTpaHcTBe By3emana nepecekamoniuecs: Kpardairime umve-
10T OIpeJe/IeHHbIA HAKJIOH JPYT K JAPYIY, HEIPEPbIBHO 3aBUCIIUN OT KpaTJalIux,
TO G-IIPOCTPAHCTBO (DUHCIEPOBO C HENIPEPBIBHOI MeTpHYecKOil (pyHKIIHei.

[18]: Kaorcdoe G-npocmparcmeo Byzemana A0kaAbHO 02PaHUMEHHOT CHUSY KPUBUS-
oL no Asexcandposy asasemcs pumarosvim COY2-mmozoobpasuem ( Komnonermu
Mempusecko20 menzopa seasromes COV2-fynryuamu omruocumenvro Qucmarnyuom-
WO KoOpOUHAT; A06be dee Kapmul ¢ OUCTARUUOHHLMY Koopduramamy CH1/2-
CO2AACOBANDL).

[19]: Kaosrcdoe G-npocmparcmeo Bysemara (A0kaavHo) 02parusennoti ceepry Kpuc-
31wl no Asexcandposy asasemea pumanosvim CO-mroz006pasuem (¢ nenpepbicHvLMU
OMHOCUMEALHO QUCTNAHUUOHHBLT KOOPOUHAM, KOMNOHEHMAMU MEMPUECK020 MEH3OPA;
aobvie dee kapmol ¢ ducmanyuonmsmu koopdunamamu C'-cozracosar).

Beuay cchopMymupoBaHHBIX BBIIIE PE3YIbTATOB, CTOUT MPUBECTH U3BECTHDIE CBEICHUS
0 TOIOJIOTHYECKOi cTpyKType G-tipocTpancTBa bysemana M B obiiem ciaydae. JIpyrumun
ciaoBamu, o “Bysemanmiune’, Kak Boipaxkascs FOpuit @emopoBud.

He uszBecTHO, KOHEYHOMEPHO JIM BCAKOE MPOocTpancTBo M.

[17]: IIpocmparncmseo M koneunomMepHo, ecat 8 HEM CYULLCTNEYEM HeNYCINas 0K bL-
maa obaacmv U, ydosaemeoparowas 00HoMYy u3 06YT Ycaosui:

1) scaruti wap, codepacawutica 6 U, svinyraoiii;

2) U nokanrvro umeem kpususny > K no Anexcandposy.

Kaxk ciencrsue, npocrpancrBo M (JI0KaJIbHO) HENMOJIOXKHUTEIHHON KPUBU3HBI 110
Bysemany (B KOTOPOM JIOKATHHO JIJIHHA CPeJIHEl JIHHUN KazK/J0T0 TPeyroJbHHKA U3
Kpargaiimux He 60JIbIIe TOJOBHHBI COOTBETCTBYOIIEl ero CTOPOHbI) KOHETHOMEPHO.

Kazxmoe npocrpancTBo M TOTOJIOTHIECKHA OTHOPOJIHO.
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Bonee Touno, mirsa awo0bIXx ABYX TodeK z,y € M cymiecTByeT Takas H30TOIHS
f:M x[0,1] = M, aro orobpaxkenue f(-,0) Toxkmecrsenno u f(x,1) =y.

He usBecTHO, KaxK10€ Jin n-MepHoe npocTpanctso M (n > 5) — MHOrooGpasmue.

Ha npu n=1, 2 (Byszeman, 1955), n=3 (b. Kpakyc, 1968), n=4 (II. Tépcron, 1996).

B macrositiiee Bpemst m3BECTHO €IMHOOOPA3HOE OKA3ATEIbCTBO /I ITHX CJIyIaeB.

[Mapen Jdmurpuesna Anapees (1960-2019) nokaszan 3aMedaTesbHYIO TEOPEMY:

[11]: Kaorcdoe npocmpancmeo M wnenososcumenvhol kpususuv, no bysemany
ABAAEMCA MONOA0LUMECKUM MHO2000DA3UEM, YHUBEPCANDHOE HAKPHIMUE KOMOPO20
eomeomoppro R™ npu nexomopom wamypasvrom n.

Crenyromuit pe3yabTaT BMecTe ¢ IPYTHME S aHOHCHPOBAJ Ha cTp. 42 B Te3mcax
coobmennii IX Beecorosnoit reomerpudeckoit koudepentuu 1988 r. B Kumnnese.

Kaocdoe ceasnoe aokarvho komnakrmmoe 0drnopodroe npocmpancmso M c enympen-
nett mempukotl kpusuzns, < K no Asexcandposy usomempuuno KoOHEUHOMEPHOMY
00HOPOIHOMY PUMAHOBY MHO2000pa3UN0 cekyuornotl kpusudhor < K.

K moemy GOJIBIIOMY COXKAJIEHUTO, B OTJIMYHE OT BCEX N3BECTHBIX MHE TOT/Ia T€OMETPOB,
MHE He YJIaJ0Ch MOOBIBaThH Ha 3TOi Kondepennun B Kumunese. U teneps, cyus no
BCEMY, MHEe HHUKOTJIa He IIPUJIEeTCd HOCETUTH 3TOT TOPOJ,.

11. BOCIIOMUHAHUS

Bocnomnuanus 10.®. Bopucosa B [69] 10m0MHSIOTCS BOCIOMHHAHUSAME O HEM U/
yIoMuHaHusIMHE ero B craTbsix (BHy4 Kn) A.H. Bopucosoit, A.K. I'yia, B.A. 3aarawie-
pa, C.C. Kyrarenanze, FO.I. Pemmernsika, M.A. Pozosa, E.®. ®ypmakosa u3 [78|;
FO.T". Pemernsika u A.J1. Bepuepa u3 [20]; FO.T'. Pemmernsgka s [92] u [93]; C.C. Kyrare-
naaja3e B “mpuMedanuu npu koppekrype” B konne [46]; A.K. Iyna B [77].

FO.®. maunnaer cBou BocmomuHaHus B [69] ¢ mepsoii, “cyanbOHOCHON BeTpedn
¢ A.J1.”, “MOJIOIBIM MYKYHHOR € PBIZKMMH ycaMu~ B KOHIIE MapTa HJIH 1-TO alpeJis
1945 r., B pe3yabpTaTe KOTOPOit OH cTaJ cTyJAeHTOM MaTMexa JII'Y HakaHyHe BeceHHOI
ceccun. Jlasee FO.D. numer: “UHTYAIMST, ONUPAIOIIASLCI HA TBEPILOCTD EJLIYI0MIHO-
o IMapuKa ¢ TOHKOH CTEHKOIl, I0/ICKa3bIBaIa OTPHIATEbHBIH OTBeT (Ha Bompoc 1).

OHaKO BCe TMOMBITKH JIOKA3aTh JlayKe HEKOTOPYIO BCIIOMOTATETHHYIO THIIOTE3Y
npoBajuBaauch. U Tyt mpousoniio neoxugannoe. byayuu B [IIBeiinapun na oduee
Teopun oTHOcuTebHOCTH, A.Jl. pacckasaa n3BeCTHOMY MaTeMaTuKy Xordy o 6e3yc-
MENTHOCTH HAINX YCUJIUiA, a TOT TOCoBeTOBaT obparuThes K pabore Hsma ([81]) o
Cl-BJ102KeHHAX PUMAHOBBIX IPOCTPAHCTB B eBKJIMXI0BO. B KOHIE 3T0i paboThl OLLIO
3aMedaHue, U3 KOTOPOro JIETKO CJIeJI0OBaJa, B YACTHOCTH, W3THOAEMOCTH CQEpHl ¢
COXpaHeHUeM TJIAJKOCTU. PacIeHnB CJI0KUBIIYIOCS CUTYAIMIO KAK Ype3BbIYaiiHyIo,
A.J1. nonpocus FO.A.Boskosa npusestu mue crarsio Hama (ae10 66110 stetom, u s,
HH O YeM He I0J03peBasd, K Ha jade). [Ipodrs crareio, s B TOT Ke JeHb MOHI,
9TO BCIOMOTATE/IbHAS TUIOTE3a O IVIAIKOCTH KPATIAiInX HA T/IATKOM MTOBEPXHOCTH
¢ “xoporreii” MeTPHUKOIl TOKe HeBepHa, W OCBOOOIMJICS OT HAINpPACHBIX CTapaHWid.
[Toxoxke, 9TO pyKa cympOBI HpoOJoJIZKANIa JeHCTBOBATH T€M Ke CIIOCOOOM, YTO W B
1945 1.7
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13 mucema A Jl. Anekcangposa or 11.11.1959 r. | c¢. 217 B [78]: “Bopucos
paccKa3bIBaeT B CeMUHAPE CBOIO PADOT O HEPeryISIPHBIX U3rn0ax PeryaspHbIX ITOBepX-
HOCTEH ... U MOJaBJIAeT BCeX CJA0KHOCTBIO CBOUX PACCYKIEHUI 1 BBIKIaI0K. IIpekpac-
Hag pabora! ¢ ouenn paj 3a Bopucosa, 3a Haiy reomerpuio, 3a cebst Toxe.”

Hayuno-nonyssipaas crares [64] — pacckas o “reopeme, KOTopast KayKeTcst BEPHOI,
HO BOT Y Ke JIeCATOK JIeT HUKaK He JoKa3biBaercs . Ouna opopMieHa B BUJie HHTEPBHIO:
BOTIPOCOB, KoTOpbie 3anaBajn FO.D., m ero OoTBETOB HA HUX, HANWMCAHA KUBBIM
S3BIKOM Kak 130-J1eTHsis JeTeKTuBHas UCTOpus o (He)usrmbaemocTu “OBaJIOUIOB”
Ha npumepe cdepsl. JI1000# nepeckas JacT BecbMa HEMOJHOE IpeJcTaB/IeHHe O Heil.

[TosTOMy OrpaHMYHMMCS B OCHOBHOM IIepedrcIeHueM TOro, O 4éM B Heil cKa3aHo.

Pacckas HAUHHAETCS € TOTO, YTO OUEHb IIPOCTO COTHYTh (63 pacTsizkKeHuil u czKaTuii )
TOHKYIO HeLTYIOUIHYIO IIACTHHKY, HO TPYAHO U3MEHHTDH (pOpPMY IIapuKa, I/ MHHT-
nonra (mozesm cdepst). Ho npu 310M Bonpoc 06 u3rubannu moBepXHOCTEH 9UCTO
reOMeTPUYIECKUl U He UMEET OTHOIIEHNS K YIPYIUM CBOWCTBAM MaTEPHUAJIOB.

['unoresy o HensrubaemocTu cepbl (6e3 HapyIIeHus MIAIKOCTH, T.e. 6e3 H3JI0MOB)
Bickasas erme Munaunr B 1838 1., mokazan JInoman B 1899 1., Kon-®occen (yuennk
Cuibbepra) gokazan B 1927 romy HemsrubaeMocThb JH0OO0N 3aMKHYTOH BBIMYKJIOM
noBepxuocT (“oBasona’), eciM TOJBKO OHA MCKPHUBJEHA JOCTATOYHO IUIaBHO. B
1951 r. A.B. Iloropesos mokasa HEH3TrHOAEMOCTD JIFOOBIX OBAJIOUIOB.

U sapyr B pabotax Hama u Kéitnepa 1954 u 1955 rr. ObL71a JoKa3aHa BO3MOKHOCTD
peBpaTuTh cepy 6e3 nu3MeHeHus JJIMH KPUBBIX, 0€3 U3/JI0MOB U caMoliepecedeHuii B
CKOJIb YyTOHO MaJiblit Komouek. (IIporuBopedne B Maremaruke?) Kakoif ayBcTBUTE b
HBIl y/lap HAHECeH MeOMeTPIIeCKOl HHTYHnun!

[Tocste maabHEATITX UCCAETOBAHUI CTAJIO SICHO, 9TO XOTSA ¢hepy MOKHO M30THYTh,
HO “cTeneHb raakocTn” mpn 3ToM ymenbimaercs. FO.D. ve maét 96TKOTO OTIpe e/ ieHnst
9TOI0 MOHATHS, TOJBKO TOBOPHT, YTO OHO olpejensgercs ducaoM o, 0 < a < 1.

B 1959 r. FO.®. mokasai, uro s w3orHyToi cdepbl o < 2/3. Hamo maiitu
KPUTHUYIECKOE 3HAUEHUEe (¢ CTeleHU IVIAKOCTH, T.e. CTelNeHU “BBIHYKJIeHHOI mopun”
cepsl mpu m3rubanun. Ycranosieno, uro 1/13 < o < 2/3. “Bosbie moka HuIero
He U3BeCTHO. EeTb ToJIbKO runoresa, uro o = 1/2. J1oBojipl B €€ 110Jib3y Cepbe3HbIe,
HO HU JIOKa3aTh, HU OIIPOBEPIHYTH TY I'MIIOTE3Y HE YIAETCs ... OOJIbIINe JeCsITH JeT.”

B 1954 r. FOpuii I'puroppeBny PereTHaK 3aIuTiI KaHIHIATCKYIO AHCCEPTAIAIO
“O pyiMHEe 1 TTOBOPOTE KPUBOH U O IIOMIAIN TOBEPXHOCTH . BOT 4acTh €ro BOCIIOMIHA-
Huit 06 sTom Ha c. 41-42 B [78]: “3a Bpemsi acmupaHTYpbl y MeHsi HaOpaaoCh
MHOI'0 MaTepHUaJia [0 TEOPUU KPHUBBIX U [0 TEOPUHU ILIOMAIN, U3 KOTOPOro U ObLIA
coctapiieHa auccepranus Ha 200 crpanun. Ho caenars 9170 akKypaTHO, Kak TpeboBa-
JIOCh, s He ycmeBasad. .. B clemke s JI0NycTH HEKOPPEKTHOCTH B OIpeIeeHUun
KpuBoii. Bce 3T0 BBI3ZBAIO HEIOBOJILCTBO MOEro odunuaabHoro omnmonenta Cepres
Muxaitiopuaa Jlozurckoro. Mue momor Bropoit ommonenT auccepranun FOpuit
Pemopoud Bopucos, KOTOPHIiT a1 TOAPOOHBIH 0030p COAEPKAHUS JUCCEPTAINHN.
Hano ckazars, aro Asyekcanap JlanumoBud Ha MO0 3aIUTy MPUATH HE MOT, HO
NpEeJICTABUJI B YUEHBIH COBET CBOIl OT3BIB, B KOTOPOM OH OTMETHJI MOIO paboTy 00
N30TEPMUYECKUX KOOpJUHATaX. BO3HHUKINASA MOCTe MOEro JOKJajd, BLICTYILICHU
ONIMOHEHTOB M 3a4TeHus oT3biBa A.Jl. (¢ y9eTOM aKTHBHOIO BBICTYILIEHUS AHIpest
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AnspeeBa MapKoBa B OTHOIIIEHHH MOUX HEAKKYDPATHOCTEH B JIUCCEPTAINN ) JUCKYCCUS
IPUHECIa MHe HECKOJIBKO TOJ0COB “Bozzep:kaics’” u oauu “nporus”’.”; [92], [93].

Bor eme onno Bocnomuuanue FO.T. ma ¢. 114 B [20] : “d HeomHOKpaTHO OBIBAT B
Xapbkose ... . llepBasg mog noesjka cocrosijiach B 1962 rojgy: s OblLil OHIIOHEHTOM
nokTopckoit muccepranun FOpus Penoposuyaa Bopucosa. B coorBercrBunm co crpan-
oM npasuiom BAK, nefictBoBaBminM B TO Bpewms, 3amura BopucoBa He MOTJA
cocroaThesa B Jleannarpage, riae Torma kua FOpuit @egoposud.”

Jleknuu 1o aHAJMTHYIECKOI TeoMeTpun HameMy Kypcy dntan rops Anekcamapo-
Bud [1IBe108B, a o nudppepentuanproii reomerpun Anexcauap Jlannaosud Arekcan-
JpoB. Ik3ameH 1o gud.reomerpun s caag Buktopy AnjgpeeBudy TomoHOrOBY.
[ToMHIO, 9TO 3K3aMeH II0 KypCy OOBIKHOBEHHBIX audepeHnuaibHbIX YpaBHEHHI,
KoTOpbIi HaM 4uTaj Biamucias BacunbeBuu Ilyxnaués, cian Cepreio JIbBoBuuy
CoboseBy, HEHAIOJITO, BO3MOYKHO CIYYANHO, 3allle/IIeMy Ha YK3aMeH.

CunTaro, YTo NOHATHE 0 MATEMATHIECKOM CTPOTOCTH TTOTYYHI Ha JeKIugx [1eba
[TaBroBrua AKUI0Ba IO MATEMATHIECKOMY U (DYHKITHOHAJTLHOMY AHATH3Y.

¢ Buepssie yBues FO.®.Bopucosa Ha BTopoM Kypce, Ha JeKIuu 10 Jud.reOMeTpun,
Kor1a OH 3aMmensst Anekcanapa Jlanmmosuaa Astekcanaposa. [locie jeTHIX SK3aMeHOB
10 OKOHYAHUH 2-10 Kypca, pentn1 Ha mwigzke OOCKOro Mopsi, 910 Oy/1y Clenunan3npoBa-
ThCS Ha Kadepe reOMeTpun u TOMOJIOTHN, KOTOPYIO Tor ia Bo3ryassaa A. . Anexcan -
pos. Ho moznakommica ¢ kadeapoit reoMeTpuu U TOMOJOTUU W BBIOPAT HAYIHOTO
pyKoBojuTe s He cpa3y. HasepHoe 910 npou3oniio na 4-m Kypee. JIo6J110 camoctosiTe-
JBHOCTH U cBOOOMY aelicTBuit. ViMenno nmosromy BeiOpasa FHO.®.Bopucosa. {1 emy He
nocazxkaaa. Ha 4-M Kypce uib pa3 o0CyzK/1aa ¢ HUM HEKOTOPBIE JeTaJIH TpeII0KeHHON
UM TeMbl KyPCOBOil pabOTBI, & 3aTeM YK€ pacCKa3bIBaJl Ha 3aceJaHuu Kadeapsbl o
HOJIyYeHHBIX Pe3yJIbTaTax.

HyxHo Ob1/10 1aTh OIEHKY CKOPOCTH CXOJMMOCTH JIJTMH BIUCAHHBIX B PErYJISPHYIO
kpuBylo Kaacca C? B eBKIMZOBOM IIPOCTPAHCTBE JOMAHBIX K JJIMHE KPUBOH TpH
YCJIOBUHU, ITO MaKCUMAJIbHAS JJINHA 3BEHBEB JIOMAHBIX CTpeMUTCs K Hymai0. Ceigac
JIyMaro, 9T0 JOKa3aHHbIe B KyPCOBOI PA0OTe Pe3yIbTATHI 3aCTy KIUBAJIY Ty OJINKAIAH,
HO paboTa yTepsdHa U BUIAHUMO 00 9TOM HE CTOHT COYKAJICTb.

CrymeHTOM c1aBaJ SK3aMeHbl o0 puMaHoBoi reoMerpun HO.®. BopucoBy BmecTe
¢ B.B. Ycoeim mo kuure II.K. Pamesckoro “PumanoBa reomeTpus u TeH30PHBIi
anasns”, (mim aciupantom) FOpuio ['puropsesndy Perterusiky, yurasiiemy crenkype
0 MHTerpajbHOil reomerpuu ¢ 3jementamu rpyun Jlu, u Hawmo Xaiipysriosuay
NoparumoBy 10 cnenkypcy, BKJIIOYABIIEMY TPYIIbl u aarebpsbr Jlu.

Bo Bpems nepsoro nocryijieHus B acuupanTypy B 1971 rojy, yzxKe mocjie caadu
BCTYMUTETbHBIX 9K3aMEHOB 110 MaTeMaTHKe U aHIVIMICKOMY S3BIKY He CIaJl IK3aMeH
no ucropun KIICC, oTkazasicd caMm oTBedaTh, TaK KaK He 3HAJ XOPOIIO BTOPOH
BOTIPOC U3 9K3aMeHanuonuoro ourera. He Oyay pacckassiBarh o peakiuu A./l. npu
nepBoO#l Hameil BecTpede MOCIe ITOrO IK3aMeHa. biaromapst ero mojjepzKie, s TOT
obL1 cTaxkepoMm B HI'W u wepe3 rox mocrynun B acnupautypy npu HIY.

B ObITHOCTD CTazKEPOM M ACIIUPAHTOM OCHOBHOE BHUMAHUE Y/IEJISL/I U3y YEHUIO KHUT
“PumanoBa reomerpusa B 1ejaom” . I'pomona, B. KnunrenGepra u B. Meiiepa u
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“Hempepwiuble rpynnst” JI.C. [lontpsaruna. [lepsast naydmia Mmenss 6eCKOOPIMHATHO-
My TOJXOMY K PUMAHOBOI TeOMeTpUHU, BTOpast BMECTe C peleHusIMu 5-if mpodaeMbl
[Mmasbepra chirpaia BaXKHYIO POJIb MIPU MOJATOTOBKE JOKTOPCKON TUCCEPTAINH.

[Ipu ciade sK3aMeHa 110 MATEMATHKE B aCIIUPATYPE I0KA3BIBAJ KAKYIO-TO TEOPEMY
u3 pumanoBoii reomerpun B.A. Tomonorosy u teopemy I'. Beitng (teopema 110 u3
kuurn [lTorrpsruna) JIbBy Hukonaesuay VBanosckomy. [Tos:ke Teopemy Beitrs s
(BOBMOKHO, KTO-TO eIlie) JOKa3aJl, UCIOJb3YsT METOIbl PUMAHOBON NeOMETPHUH.

[Ipenoxkennas KO.®. BoprcoeiM mocTaHOBKA 33,1291 JIIs1 MOeil JTUILIOMHOI pado-
THI “JIaTh XapaKTePU3aIuio PUMAHOBBIX MHOTOO0OPA3Uil B TEDMIUHAX TeOMeTPHIEeCKIX
CBOMCTB WX BHYTpPeHHeNl MeTpHUKH OIpeena Bce MOW OCHOBHBIE TajIbHEHTIe
reoMeTpUYecKHe WCCJIeTOBAHUA. IJTOU TeMbl XBATUIO HE TOJBKO IS MUILIOMHOM
paboTsl “K ycaoBuio cymecTBOBaHUS TeH30pa KPUBU3HBI ', HO U KAHIUIATCKOMN TrCcep-
ranuu “K MerpudecKMM OCHOBaHUSAM PHUMAHOBOW IeOMETPUU’ U BO MHOIOM JIjis
JIOKTOPCKO#T mucceprarmu “OaHOPOIHBIE TPOCTPAHCTBA C BHYTPEHHEl MeTpUKOil’,
zamuinenroit B acturyre maremarnkun Cubupckoro Otaenenus Akamevmun Hayk
CCCP B 1990 r. Haspamus aumioMHOi pabOTHI, KaHIUIATCKONW IHCCEPTAINNA T
“mucTaHIMOHHBIE” I BBEJIEHHBIX B Hell KoopauHaT npemnoxuma A. /1. Anekcanapos.

Hassanust Moeii kanauiarckoil u tesucos [51] FO.@. Bopucosa onnrakosb!

B 1991 r. MucTuTyT MaTeMaTWKU CTaJ HAa3bIBaThCA KaK VIHCTHTYT MaTeMaTUKH
CO PAH, mosgnee Ilocranosaenuem llpesmmumyma PAH Ne 217 ¢ 29 moss6ps 1994
roga nepeunmenosad B Uncruryr maremaruku um. C.JI. Cobosiea CO PAH.

FO.®. MHOrO pa3 ymoMuHAI B pa3roBopax CTarhio |75 m pacckassiBaa 0 CBOMX
nccaenopanuax ClY-n30MeTpIYeCKIX HOTPYKEeHHi, MIyTHI, 9T0 BEIAMO CMOT JOKa-
3aTh MEPBYIO MOJOBHHY TUIIOTE3bI | JIMINb TPU 3aMeHe HepaBeHCTBa « > 1/2 Gomee
cuabHbIM @ > 2/3 (v = 2/3 y C.3. [ledenst) moromy, 9T0 BO MHOTHX CJIy9asiX JJIst
IPUHSTHS MOJOKUTEIBHOTO perienus Tpebyercsa > 2/3 MOJaHHBIX TOJOCOB.

Omn so6u cruxu u modMbl H.A. Hekpacosa u He pa3 muTupoBas UX MHE HAU3YCTD.
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