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[lepBBIe GUIACOBCKHE TaypeaThl I COBETCKAs
MaTeMaTnKa 30-X rogos. I

B. M. Tuxomupos B. B. Ycneunckun

[lepBrie naypeaThl QpuagcoOBCKO Menann OBLIM HAa3BaHBl Ha KOHIpecce B
Ocio B 1936 rogy. B coctaB ¢uagcoBcKoro KOMaTeTa, KOTOPBIH TPUHUMAJ
peliierne 06 3TOM TPUCYXKJEHUH, BOILIH KPYTHENIIe MATeEMAaTHKH TOT'O Bpe-
venn: ntanbsaen P. CeBepn (npegceratens), amepukanen J/Ix. Bupkrod,
¢dpannys D. Kaprtan, snonen T. Takarm, K. Kapateogopn (memenkmii ma-
TEMATHK I'PeYeCKOTO MPOUCXOK TEHN).

3onoThie Megaan n geHexHbI mpu3 (1500 qoa1apoB) GBLIN BPYYeHBI IBYM
matemaTtukaMm: /Ixk. lyraacy u3 MaccauyceTCcKOTO TeXHOMOTHIECKOTO HHCTH-
tyta (MIT) n JI. Anedopcy n3 XeabcnHCKOrO YHUBEPCHTETA.

[Mxece [lyraac (1897 — 1965) — aMepuKaHCKHI MaTeMaTHK, paGOTaBIINN
B Hbio-Mlopke u MIT. Pe3yibTaToB, CONOCTABUMBIX ¢ TeM, 3a KOTOPHI OH
TOJYYIHJ CBOIO MeJadb, B ero 6uorpadun 6oabiie He 66110, /lyraac me npuexan
Ha KOHT'PECC, COCTABIINCEH HA TPYAHOCTH AJTUTENLHOTO MyTemecTBuA. Menann
6b11a Bpydena Hop6epty Bunepy, pab6otapmemy B MIT.

Jlapc Aasdope (1907 - 1996) — ¢uuckun MaTeMaTnk. OH TPOXKII 60b-
Iyt XKu3Hb, pabotan B llIperinapuu, a ¢ 1946 roga — B CIITA. B 1986 roxy,
B TOJ NATHAeCATHAETHS npeMun, Anbpopc 6bLT H36paH NOYETHRIM TIP3 TeH-
TOoM KOHTrpecca B Bepkau. OH BRHICTyNII Ha KOHTpecce ¢ BOCHOMUHAHUSAMHI O
IepBOM TIPHUCYXK TCHUM.

O6a gnaypeaTa 6vLIN HpejcTaBUTeNsMH aHaausza. /[lyriac moayd4ma mpe-
Muio 3a petierne 3agaqn [lrato. 3agada [laaTo cocTouT B moKazaTeabCTRBe
CYIIeCTBOBAaHUA MOBEPXHOCTH MHHHMAJLHOW TJIOIIAIH C 33 JaHHON TpaHUIIEH.
Buepsbie ona 6via noctabiaena Jlarpamxkem B 1760 rony. beabruickuit gu-
auk [lraTo mokasax (B 1849 r.), 9T0 MUHNMAaIbHBIE TOBEPXHOCTH MOTYT OBITH
HOJYYIeHBI B BHIe MBLIBHBIX IIEHOK, HATAHYTHIX Ha HPOBOJOTHEIN KapKkac. Bo-
MpPOC O CYHIeCTBOBAHUH /i JIOOOU KOPTaHOBOM KPpHBOH |, pacmogoKeHHON B
n-MepHOM (B YaCTHOCTH, B TPEXMEPHOM) MPOCTPAHCTBE, MOBEPXHOCTH MUHM-
MaJbHOU TIOIIafN ¢ Tpauunen [', cTaam Has3wuIBaTh 3agadern IlaaTo. 3amata
[TaraTo 6BIIa MOYTH OMHOBPEMEHHO pellleHa AByMsA MaTemaTtukamu: /. Tyrra-
com u T. Pago. Pemenne /lyriaca 6bL10 COITEHO JOCTONHBIM nTpeMun Puijca.

MaTemaTu4eckoe npocseujeHue, cep. 3, Bbin. 2, 1998(21—40)
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O Teopeme [lyraaca — Pajgo u o MHOTOMepHBIX 06061ennax 3agaqdu [laaTo
MOKHO TipodecTh B [10, § 47, 48].

Anbpopc 6BLT yI0CTOCH MeJall 3a pa3BATHE TEOPHH PUMAHOBLIX IIOBEpPX-
HOCTeN 1 pa3paboTKy TeOPHH KBa3HKOH(POPMHLIX oTobpaxkenui. C Tex mop B
Tedenne moayBeka Aab(popc 6BLT OHAM U3 JHUAePOB B KOMILICKCHOM aHaJau3e.

Hy a 4to ke coBeTcKkue MaTeMaTukm?

Tpyaro ocnopuTh, 9T0 B 1936 T. coBeTcKas MaTeMaTHYecKas 1KoJga ObLIa
caMOW BBIJafollielicsi BO BCéM Mupe. HalmcThl pasrpoOMuin HeMeNKyi IIKO-
Jay, ppaHIy3CcKas MepexKnBaja NEPHOJ] CMeHBI MOKOJeHHI, MaTeMaTHYecKas
mkoia CIHIA Toabko Habupana o6opoThi. B Haleit ctpane B TpunaThie ro-
JBI TOCTUTJO paciBeTa TBOPYECTBO TaKWX yuéHBIX (He cTapire 40 get!), kak
IT. C. AnekcaugpoB, A. O. l'easgpong, A. H. Koamoropos, M. I'. Kpeiin,
M. A. JlaBpentwes, JI. A. Jlioctepuuk, /. E. Meusmos, II. C. HoBukos,
JI. C. loutpsrun, C. JI. Coboaer, A. fl. Xunuun, JI. I'. Hlaupeabman —
CHUCOK MOXKHO TPOAONKuTh. Hu B ofHOU APyroli MaTeMaTHYeCKOU IITKOJE
TOTO BpeMeHH He GBLIO TAKOTO COMBETHA BHIJAMOIINXCA MaTeMaTHKOB!

Ho xenesnbiit 3anaBec yxke onycTuiacsi. KOHTaKTh MeX Iy Halllell CTpaHOH
I OCTaJbHEIM MHUPOM GbLTH TpepBaubl. Ha kourpece B Ocao 6wLIN mpuraaiie-
Hbl enbpong n XuHYINH, HO OHH HE CMOTJH NoexaTh. Boobile, 3arpaHudHEle
KOMaH/IHPOBKH 3aKOHYIIANCH B 1931 rony. DTHM B 3HAYUTEABHOU Mepe i 06h-
SICHI€TCSA TO, 9TO cpefin JaypeaToB 1936 roga He GBLIO COBETCKHX MaTeMaTH-
KOB.

A. H. KoaMmoropoB pacckassiBal, 9TO KOTjla OJHAXKIHE B cepennne 30-x
rOJ[OB U3BECTHOT'O aMepukanckoro matematuka C. Jlediena cnpocuin, KOro
3 COBPEMEHHBIX MOJOBIX MAaTEMAaTHKOB BO BCEM MUpe OH CYHTaeT HamboJee
BRIJAONINMUCSH, OH Ha3Baa deThipe uMenu: A. O. l'eapdong, A. H. Koamoro-
pos. JI. C. lloutpsarun u JI. I'. Hlaupeasman.

[lepBoe npucy:x menue GpuiICOBCKON Mefall ObLIO NPOBEIEHO MO ABYM pas-
HBIM NpU3HAaKaM: 3a pemnenne npo6iaemsr (/lyraac) n cozganne Teopnn (Axb-
dopc). B TBopuecTBe 9eTHIPEX HA3BAHHKIX COBETCKNX MAaTeMaTHKOB (I 6OMb-
IITHCTBA JIPYTUX, MEPednCIeHHBIX BhIIIe) OBLIN W pelleHne 3aMedaTelbHBIX
mpobieM, W co3flaHWe Teopuil, n paszpaboTkKa HOBBIX MeTOJOB. B kpaTkom
ovepKe HEBO3MOXKHO JaTh CKOJNBKO-HHGYIh MOJHOE TNpefcTaBieHne 06 X [0-
cTimkKenusx. Mbl npuBefiem no ogHOMY U3 Hanbogee >PPEKTHBIX Pe3yIbTaTOB
A. H. Koamoroposa u JI. C. [loaTpsaruna. O pesyabtaTtax A. O. lenbdonta
u JI. I'. llaupesbmana Mbl cobnpaeMcs pacckasaTh B JIPYTroll CTaThe.

M&I He ciefyeM OpUTHHAJBHBIM JTOKa3aTeIhCTBAM, a HCIOIb3yeM MeTOTH-
YecKne yCOBepPIIeHCTBOBaHISA, HAKOILIEHHEBIE 3a MUHYBIne Tobl. Ho ocHOBHBIE
HIen TOKa3aTelbCTB BOCXOAAT K aBTOPCKUM paboTaMm.
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[IPUMEP KOJIMOTOPOBA BCIOJIY PACXOJAMErOCA PAJA DYPLE

Annpeit Hukonaesna Koamoropos (1903 — 1987) — oaun w3 Beamdai-
MAX VYEHBIX JIBAANATOTO BeKa, MAf KOTOPOTO OblTa XapaKTepHa HEOOHI-
YallHas MHPOTa TBOPYECKHX WHTepecoB. BOT HemoaHbIll cnucok Tex obia-
CcTell MaTeMaTHKH, Ijle OH OCTABHWJ HEIPeXoJslinil cJel: Teopus OpPTOTro-
HaJbHHIX PAMOB, MeCKPUNTUBHAA TEOPHS MHOXKECTB, MaTeMaTHIeckas JOTH-
Ka, Kaaccumdeckas TeOpHS BepOATHOCTEH, reoMeTpHs, CIydalHble MOpOIec-
ChI, MaTeMaTH4eckas CTAaTHCTUKA, (PYHKINOHAJBHBIN AHAJIN3, TEOPHS MPH-
OMMKeHW, TOMOJOTHS, AuddepeHInalbHbEe ypaBHEHHS, TEOPHS CTPETbOHI,
TypOyIeHTHOCTh, TEOPHUs AJITOPHTMOB, TUHAMHUYIECKHE CHCTEMBI, Klacchude-
cKafg MeXaHHKa, MeTpuyeckas Teopus (PyHKIHWI, Teopus nHPOPMANHNH, aJ-
ropuTMudeckas Teopus BeposTHOcTel. CyllecTBeHHYI0 KOMIOHEHTY B €ro
ACCIeTOBAHUAX COCTABAAIOT paboTHl B O6GJAaCTH CMEXKHHIX HayK: B (pu3n-
Ke, GMOJOTHH, TEOJOTHH, OKeAHOJOTHH, METEOPOJOTHH, KPHUCTANJIOTpadul,
cruxoBefgennn u T. 0. O amdsoctu KosimoropoBa m o ero TBopYecTBe
cum. [9, 4, 11].

[Moctymnus B 1920 r. B MockoBckuit yuuBepcutet, A. H. Konmoropos cta-
moBuTcs yaenukoMm H. H. Jlysuna. B roaur acnnpanTyphl ol ToaydaeT BB Ta0-
[Inecs pe3yJbTaThl B TeOpUH PYHKIHH, TEOPHH MHOXKECTB I MaTeMaTH4eCKOn
JOTHKe (B TOM 4HCJIe I TOT 3HAMEHHTHIH Pe3y.ibTaT, O KOTOPOM MBI pacCKa-
JKeM HIKe — IpnMep pacxopsiierocs psjga dPypbe), HaTNHAET CBON HCCIEI0-
BaHNs B TeOpuu BeposTHOCTel. B Hagase 30-X TOIOB OH CO3/1aéT TEOPHIO Map-
KOBCKHX MPOIIECCOB, 3aBepiiias ycuand JuHinTenHa, [lranka, CMoa1yXoBcKOT 0O
n Bunepa, a 3aTeM cO3/aéT aKCHOMAaTHKY TEOPHH BEPOSTHOCTEH, CTaBIIYIO
4acThi0 06pa3oBaHuA JIOO6OTO MaTeMaTHKa. JTH BHLIAOIINECS TOCTHXKEHUS
6bin noaydersl A. H. Koamoroposeim go 1935 roma, korja paccMmaTpuBa-
JUCH TIepBBIe MPUCYKIeHNs (PHIJCOBCKUX MeTajei.

B 1921 rony BocemHa uaTHAe THIE CTY/IEHT BTOPOT'O Kypca (PU3UKO-MaTe-
MaTH4ecKoTo akyabTeTa MockoBckoro yunBepcuTeta Aujgapeir Koavoropon
MOCTPOUJ TpuMep unmezpupyemot gynrxyuu, pad dypve xomopoi pacrodum-
cA noumu 6c10dy. ITO OHO U3 CAMBIX 3aMevIaTelbHBIX JOCTHKEHAN B TEOPHH
TPUTOHOMETPHYECKNX PAJOB, KOTOPOH MOCBATHJIN CBOM HCCJIEJOBAHUS MHO-
rue KpynHelne MaTeMaTHKn, HadnHas ¢ Jiepa u Pypwe. [locie npumepa
KoamoropoBa copok ¢ JUIIHEM JeT OCTaBaJOCh HEM3BECTHBIM, CYIIECTBYET
JU HENpPEPbI6HAas DYHKINA ¢ TeM ke cBoiicTBoM. Jlutrk B 1966 roxy Kapaecon
nokaszaJ, 9To npuMmep KoiMoropoBa Helb3si YCHAUTH: s BCAKOU (DYHKIHH
C WHTerpupyeMbiM KBaapaToM psjg Pypbe CXOAUTCS NOYTH BCIOAY K CaMON
¢dynakunu (B Buge runotess 5To copmyanponar H. H. Jlysun B 1915 roay).
«[ToaTn Bciogy» o3HATaeT 6C100Y, 3a UCKAIOUEHUEM MHONCECTNEA MEPHL HYAb.
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MuoxkecTBO Ha OTpe3Ke IMeeT Mepy HYJIb, ecln s Jio6oro £ > () ero MOXKHO
HOKPHITH TOCTEIOBATEIbHOCTHIO HHTEPBAJIOB C CYMMOU MIHH < €.
Bnocaenctsun KoamoropoB mocTpoua mpuMep psfjfa, pacxoaalierocs BCio-
1y (o6a pesyabraTa cogepxkatcs B kHure [4, ctathu 1 n 11]). Mbr noctponm
Jajee HMEHHO TaKOW MpHUMep.
Dyuknns 6yaeT cTpONThCs HAa oTpeske [—7; 7. Kax 0l nHTer pupyemoi
dyuknun f #a [—7; 7| conoctaBasercs eé pad Dypwe
oC
(%0 + Z(an cosnz + by, sin nz),
n=1

rjae

17 -
a, = —/f(t) cosntdt, b, = —/f(t) sin nt dt.
T e

Cymma ag/24 Y} _;(ax cos kx + by, sin kz) HaswiBaeTcs n-moi cymmot Pypoe
n obosnadaercs S, (z, f). Ecan f(z) = ag/2 + Zivzl(ak coskz + by sin kz) —
TPUTOHOMETPUIECKNH MHOTOYJIEH, TO ap W by — 5To kKondduuuenTs Dyphe
dyukunn f, Tak 9T0 Sy (2, f) = ao/2+ Y1 (ax cos kz+by sin kz) npu m < N
i Sp(z, f) = fupu m > N. Pag ®@ypee qnddepenunpyeMon GyHKINH CXO-
IUTCA K Hel caMol, pajg Pypbe HeNpepuIBHON MYHKINA MOXKET PACXOAATHCS
Ha 6eCKOHEeTHOM MHOJKECTBe TOUeK (KOTOpOe, OHAKO, HMeeT Mepy HyJIb).

[Moustie unmeepupyemoti no Jlebery pyHKumm HaM He TOHAJOOUTCA B
MOJHOM 06heMe, HaMm Oy IeT JOCTATOTHO CJIeIYIONIero CBONCTBRA: eCd MOCTe10-
BaTEIBHOCTD {P;, }°° | HENPEPBIBHBIX HEOTPUNATEILHBIX (DYHKIHI HA OTPE3Ke
TakoBa, 9T0 » o [ pn < oc, TO pAI Y ey Pn(t) CXOIUTCH MOITH BCIOAY K
HHTerpupyemonn ¢yuknuu f, npu 3ToM KoddppunueHTsl Dypbe 3TOH PyHK-
WU ABASIOTCS Tpegenamn KodxpguunenToB Dyphe TacTHIHBIX CYMM psja
Y oo | Pn. DTO crepyetT u3 TeopeMsl JleBn m Teopemsr JleGera o Mazkopupye-
MOH cxomumocTn [5].

Coopmynupyem emié pas pesyabtaT KoamoropoBa, KOTOpHH MBI 6yaem
JOKa3bIBATh:

Cywecmeyem unmezpupyemas Pynxyusi, pad ypve womopoii pacrodum-
cA 6 KavxucAotli mouke.

Hamre mocTpoenne ckiagbiBaeTcsi 03 HECKOJbKHUX IIATOB.

[IPEAJIOXKEHUE 1. Jas 1106020 noaoxcumeabno2o wucaa o Hatidémes
MPUSOHOMEMPUUECKUT MHOLOUAEN D,, makot, umo |p,(z)] < 1 dan ecex x

u npu amom
max S, (0,p,) > a.
n
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ITO npeIoKenne OLLIO U3BECTHO 3ag0aro g0 1921 roga.

JTOKABATEABCTBO. [as S, (0, f) cyumecTByeT siBHOe BHIpaKeHHe

5,0.0)= [ Da@f(@da, Do) = - EE

(Pynkunio D, HasbiBaloT fdpom /Jupurie B 9eCTh 3HAMEHHTOTO HEMENKO-
ro MaTeMaTHkKa (PPaHIY3CKOTO MPONCXOXKIEHNUS, BHECIIETO GOMBIION BKJIAI
B Teopuio psagoB Pypwe; /upuxie, B 1aCTHOCTH, MOKa3al CXOIUMOCTH PsAaa
dypre npn ocrabieHHBIX TpeGOBAHMIX T1aIKOCTH.) MBI nMeem

/|Dn(m)|dx—>oc. (1)

dopmyaa (1) crenyeT m3 BHIKIAIKH:

7 7 sinz/2<z/2
[1Du@lde =2 [ 1D, @)1z ™"
0

™ (n+1/2)m )
5 2/ |sm(n—}—1/2)m|dx t=(nt1/2)e 2 / | sin £ dt
T x T t
0 0

[Mocregunint maTerpan onennBaercs cymmvmon C(14+1/2+1/3+---+ 1/n),
otkyga u cieayer (1). Pukcupyem n, gis kotoporo [ |D,(z)|dz > a. Pac-

—T
CMOTPHUM pa3peiBHYI0O ¢yuKuuio s(z) = sgn D, (z), rae sgnz = z/|z|. Eé
MOXKHO TPUOIUBUTH HEPEPHIBHOU KYCOYHO-JTWHEHHOU (pyHKUWen f Tak, 9TO-
6wt | f(2)| < 1 npnm Bcex & m 9TOBBI HHTET PAJIhI

/”M m/D dx_/m o

OBLIN CKOJIb Yo HO 6u3ku. [losToMy nepBrIll nHTerpaa Toxe 6ymet > a. [lo
TeopeMme BeillepiiTpacca BCAKY0 HelpepuIBHYIO GYHKIHIO Ha OTpe3ke [—7; 7,
NpUHUMAIONIYIO paBHble 3HaYeHUd HAa KOHIAX, MOKHO paBHOMEpHO Npub/u-
3UTh TPHUTOHOMETPHYECKHMH MHOrodWwieHamu. [Ipumensis »To Kk f, HaxoauMm
TpI/IFOHOMeTqueCKI/Iﬁ MHOTOWIeH p, misi KoToporo |p(z)| < 1 npm Bcex z m

fD z)dz > a.
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CJIerIIyIOHH/Iﬁ o1ar ABJageTCsa OCHOBHBIM.

[IPEAJIOXKEHHE 2. /as 4106020 NOAONICUMEABHO20 YUCAG & HATIEMCA He-
OMPUYAMEABHBIT MPULOHOMEMPUUECKUT MHOL0UAEN (, CO C60000UBIM UdE-
nom I, maxotd, umo

m;,lx|5n(:6,qa)| > a

das awbozo .

[Tpex e weM JOKa3LIBAThH DTO MPEATOKeHNe, O6BACHIM, KaK BHIBECTH T3
HEro OCHOBHOW pe3yabTar.

Honoxmnm kj(z) = q;a(z), j € N. OTo meoTpunaTe bHLI TPHTOHOMETPH-
YeCKHil MHOTOWIEH €O CBOGOAHBIM WIEHOM 1, Takoil, 9T0 maxy, | S, (z, k;)| > 7°
nisg mo6oro z. [lycTsb cTenens sToro MEorowiena pasua V;. HazoBem nocume-
AEM TPUTOHOMETPHIECKOTO MHOTOMIEHA P JI060e MHOKECTBO S HATYpaTbHBIX
qmnces, Takoe, 9T0 Kodppuinentel Pyphe a, 1 b, MHOTOUJIEHA P PABHBEI HY-
710 mpu BesAkoM n ¢ S, n > 0 (cBOGOHBIN 4WieH He yunThIBaeTcs). Bribepem
KoHCTAaHTY My > Ni. Torma muorodnens kq(z) n ko(mez) nveroT Hemepece-
katormecst Hocutean [1, Ny| u [mg, myNy|. Tlonbepem m3 > mo Ny u paccumo-
TpuM MHOTOWIeH k3(msz). Torma Tpn muorounena kq(z), ko(moz) u ks(msz)
nMeloT Hemepecekatouinecs HocuTenu. [lanree 6ymeM MocTymaTh aHAAOTHIHO
H IOCTPOHM CeMeHcTBO MHOTO4UIeHOB k;(m;z), j € N ¢ Henepecekaonmmucs
nocuTeasvu. [lomoxkum my = 1 n, HaKoHel, TyCcTh

oC

K(z) = kj(mjz)/5*.

i=1

IDTO U ecTh UCKOMasi (PYHKIIUS.
Hamo Toabko mpoBepuTh, UTO OHA WHTETpUpyeMa, NMOHATH, KAaKOB yV Heé
panx Dypbe, U T0Ka3aTh, HAKOHEI, 9TO OH PACXOJUTCH B KaXKJOU TOUYKE.
CBOGO/IHBIN WieH TPUTOHOMETPUYECKOTO MHOTO4YJIeHa PaBeH MeIEHHOMY

s
Ha 27 WHTerpaty mo orpesky [—n;«]. Takum o6pazom, % [ kj(mjz)dz =1,
—T

oC ™ oC
tak 4to pag y [ kj(mjz)/j*dx cxogures (ero cymma paBHa 27 Y. 1/5% =
=1 —m 7=1
= 73/3). CaenoBatennno, dpynxkuns K murerpupyema. Ee pag dypbe Bh-
TS IAT cleTyIomuM o6pa3oM: criepBa HAST cBOGOXHEI 4ien 72/6, 3aTeM He-
HyJIeBble 4JeHBl TPHTOHOMETPHIECKHX MHOTOWIEHOB ki (m12), ko(moz)/4, . . ..
PacxoanmocTs 5TOro psjga B KaxIOl TOYKe BHITEKaeT U3 6ojee CHIBLHOTO
yTBepK aeHus: sup, |S,(z, K)| = oc mpm mo6oMm z. 3adukcnpyem z u To-
KaykeM, 9TO HekoTopas cymma Sy, (z, K) paga dypee Gpynknnn K mo momy-
Ji0 Goublile, HapuMep, deThipéx. Hangércs Takoli HOMep [, mpu KOTOpPOM
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|Si(moz, ke/9%)| > 9 (npemnoxkenne 2). Cymma wienoB paga Pypbe GyHKIHE
K ¢ nomepamu oT mg 10 mgl B Touxe x coBnagaet ¢ Sy(moz, kg/9%) —1/9% u,
cJeloBaTeabHO, IO MOAYII0 6oablie BochMn. Takum 06pa3oMm, pa3HOCTh ABYX
qncen Buja S, (z, K) no Moyt 60abliie BOCBMHI, TaK 9TO OHO U3 DTHX YHCE
10 MOJYJIIO JOJKHO GBITH GOJbIINe 9eTHIPEX.

IIpumep mocTpoen, m ocTaeTcs TOABKO MOKasaTh mpemaoxkenne 2. Wmero
nokazaTeibcTBa MBI y3Haaun or C. B. KousirmHa, KOTOpBIH yKa3ag HaM Ha
pa6oty III. B. Xenanse [12]; MBI BeIpakaeMm eMy 6.1arofapHOCTh 3a DTO U 32
IeHHble 00CYXKTeHNns.

B cuny npeanoxenus 1 cylecTByeT TPUTOHOMETPHICCKHIT MHOTOUICH p =
= Pga, KOTOPBIM B KayKJOH TOYKe 1O MOJIYJII0 He NPEeBOCXOANT eJIMHWUIBI, a
B HyJe Kakaf-To u3 ero cymMm Pypbe Godabiie 8a. B cuiy HenmpepbIBHOCTH
Hamnaércs dncao § > 0 Takoe, 9TO m3X|Sn(ac,p)| > 8a npn Becex z € (—6;0).

[ycts | — crenens muorowaena p u N > 2/. [lonoxnwm t1 (2, N) = p(z) cos Nz
n ta(z, N) = p(z) cos2Nz. flcHo, 4T0 t; W 3 ABAAIOTCS TPHTOHOMETPHIECKH-
MU MHOTOYIeHaMH 6e3 CBOGOHOTO WieHa W 9TO OHH BCIOY He MPEBOCXOIAT
eqnHuIy mo Mojyaio. Hocutenw ¢y comepxkurcs B untepBare [N — [, N + [,
a HocuTendb ty — B mHTepBande [2N — [[2N + []. D10 caeayet u3 dopwmy.a
cosz cosy = (cos(z+y)+cos(z—y))/2usinz cosy = (sin(z+y)+sin(z—y))/2.

[Tokaxkem, 9TO 115 BeAkoro = € (—6,d) BHIMOMHAETCS MO MEHBINEH Mepe
O/IHO U3 HEPaBEHCTB: r{lnagdsm(aj,tl) = Sp(z,t1)] > 4a nm rgllanx|5m(m,t2)—

—Sn(z,t2)] > 4a. llycts 3amano z € (—4;6). Hangéres n < [, 11s koToporo
|Sp(z,p)| > 8a. 3ameTnm, 9TO mIs T0GOTO Y OJHO W3 HTHCEN COSY U COS2Y
no Moxayaio > 1/2 (310 creayer m3 HOpMYJIbI cos2y = 2cos?y — 1). Takum
06pa3oM, BBEITIOJHAETCS OMHO W3 HepaBeHCTB: |cos Nz| > 1/2 nan |cos2Nz| >
> 1/2. llpexnono:kumM, HampuMep, 9TO UMeeT MecTO mepBoe n3 Hux. Cymma
SN+n(:C,t1) — SN_n_l(;r,tl) 9J€HOB MHOTOY/IeHa t1 ¢ HoMepaMu oT N — n 10
N +n B Touke z coBnajgaer ¢ S,(z,p) cos Nz n notoMy mo Mmoayiaio > 8a/2 =
= 4a. Ananorudno paszbupaercs caydan |cos2Nz| > 1/2.

Beibepem TOUKH ¢1, ..., s HA OTpe3Ke [—7; 7| Tak, 9TOOK 4-OKPECTHOCTH
STNX TOYEK MOKPHIBaIN Bech oTpe3ok. [lomoxknwm r;(z, N) = t1(z —¢;, N) u
ri(z, N) = ta(z — ¢;; N), 1 < i < s. Torga r; n ri — TpuroHOMeTpHYeCKHe

muOTOWIeHE ¢ HOcuTedsMu [N — [, N +[] u [2N —[,2N + [] cooTBeTCTBEHHO.
[Mast kaxgoro x € [—m; 7| nangéres takoe ¢, 1 < 7 < 8, 9TO OJHO U3 THCET
max | Sy, (z,r;) — Sp(z, )| m max|S,, (z,r)) — S, (z, r})| npeBocxoant 4a. Dto
m.,n m,n

BEITEKaeT W3 MpeslIyliero absama n Toro, 9to S, (z, 1) = S,z — ¢, t1),

Snl(z,rl) = S,(z — ¢, ta).
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IIycTh

S
a(@) = [T+ (ri(e, No) + 7!, ND)/2),
=1

rae O HATypaabHBIX ducaax Nip,..., N HaMm emé mpeacTouT mo3aboTHTh-
ca. Torga ¢ — HeoTpUUATENLHBIH TPUTOHOMETPHYIECKUHT MHOTOUJIeH. Uncaa
Ny, ..., N, BoibepeM miar 3a miarom Tak, 9To6bl Bce MEHOTOUIeHH 14 (2, N;)/2
u ri(z, N;)/2 «ojepxKainch 66l B ¢» B TOM CMBICIe, 9TO Ko duuneHTs Py-
phe ¢ HoMmepamu oT N; — [ 1o N; 4+ [ y MHOTOWIena ¢ OBIIM GBI TaKAMA Ke,
KaK y MHOrOWIeHa 1;/2, a koapdunnenTtsr ¢ Homepamu ot 2N; — [ 10 2N; +{
— TakuMu Xe, kak y r./2. [lycts amena Ny, ..., N yxe BHIOpanbl Tak, ITO
ri/2mri/2, 1 =1,...,k, comep:aTci B YKa3aHHOM CMBIC]E B IPOU3BEICHUN
qr = Hle (14 (r;47!)/2), npniem cBOGOIHEIN WIeH MHOTOWUICHA ¢ PABeH eJH-
HIIIEe, 3 er0 HOCHTENb He mepecekaeTcs ¢ mHTepBajoM [1,2[] (Ha mepBoM miare
KOHCTPYKIINA DTO ycJaoBue GyaeT obecrnedeHo, ecin Ml BeiGepem Ny > 3[).
[Tycth My — cTemennb MHOTOWIeHA ;. Buibupaem Npiq > 2My + 21, Torma
YCJIOBHS, KOTOPBIe MBI HaKJa [bIBAIHN HA G, OCTAIOTCSA B CHJIE U IS Grtq. [len-
cTBATEAbHO, qry1 = qe(l + (Feg1 + 7540)/2) = @ + To41/2 + 1501 /2 + R,
rae R = (q& — 1)(rg41 + 144)/2. Homunomnt g — 1 # rpqq + 7y, He UMe-
0T CBOGOIHBEIX TIEHOB, HOCHTENh MEPBOTO W3 HUX COJEPKUTCA B MHTEPBa-
ae Iy = [2l 4+ 1, M}], nocutenb BTOporo — B obbequHennn [y WHTEPBAJIOB
[Ngt1 — . Npyy + ] w [2Ngyy — [, 2Npyq + ], nodTOMY HOCHTENH MHOTOUIEHA
R comepxuTcs B MEHOXKecTBe [+ I; Bcex umcea, mpeJcTaBUMBIX B BUIe M + n
nim m—n,raem € Iy, n € I;. B cuny namtero Ber6opa dncaa Ngqq MHOXKECTBO
I, + I ne nepecekaetcs uu ¢ [1, M), uu ¢ I. Takum 06pa3om, MHOT O4IeHbI
Qk; Tk+1/2; T4 /2 1 R nmeioT monapHo HemepeceKalolinecs HOCHTENN H TO-
TOMY «COMEp:KATCSH» B CBOEH cyMMe (gt+1. CBOGOMHBIN WieH MHOTOUIEHA (k41
paBeH eqnunie. TeM caMbIM KOHCTPYKINS 3aBeplieHa.

ToT akT, 9TO MHOTOUJIEHBI 7;/2 COePKATCSA B ¢, O3HATAELT, 9TO KaXKjas
cymma Sy, (2, 7;/2) — Sp(2, r;/2) MIyMIEX TOAPSAT 4I€HOB MHOTOYJIEHA 15 /2 co-
BIajgaer ¢ cymmon Sy, (z,q) — S,(z,¢) naymmx moaps; <IEHOB MHOTOYIEHA
¢, I aHAJOTHYHO /st ri. MBI BHIeIn, 9TO [l KaXJOH TOYKH T HEKOTOpas
cyMMa Takoro BHja mpeBocxo uT 2a. CieoBaTelbHO, max |Sn(z,q)| > a, Tak

4TO ¢ YIOBIAeTBOPAeT TpeOGOBAHUAM TIpeIIOKeHNus 2.
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JI. C. IIOHTPATUH U TONOJOTMYECKASA TEOPEMA JIBOWCTBEHHOCTH

JleB Ceménond [lonTpsrna (1908 — 1988) BHec BBIZafomMiics BKIAT BO
MHOTHE pa3feibl MATeMATHKH: Teopuio nudepeHnnalbHbIX ypaBHEHU, Te-
OpMIO ONTHMAJBLHOTO YIIPABIECHUS, TOMOJOTHIECKYIO alre6py, reoMeT pHuio, Te-
oputo rpynn Jlu, HO, Tpex e Bcero, — B TOMOJOTHIO, C KOTOPOU OH HAYHHAJ.
On, 6e3yCJOBHO, TPHUHAJIEKAT K YHCAY BEAUKAX PYCCKUX MaTeMaTHKOB H
BeJMYAUIIIX TOMOJOTOB HAIIEro BeKa.

B BozpacTe 14 neT oT B3opBaBinerocs npumyca [loHTpATnH moTepsn 3pe-
uwue. B 1925 roxy ou moctymaer B MOCKOBCKHH YHHBEPCHTET W CTAHOBHTCSH
yuennkom II. C. Anekcaunaposa. B ctynendeckue rogsr [lonTpsrun nonygdaer
BRITAIOIINICS Pe3yabTaT — 06006IIeHNe 3aKOHa TBONCTBEHHOCTH AjleKCaHTe-
pa. B c6oprauke «Matematnka B CCCP 3a 15 aetr», uzgannom B 1932 roxy,
[TorTpsATHH, KOTOPOMY 6BLIO TOTTa 24 roma, ynoMmuHaeTcs 23 pasa (6omblie
rero Toabko M. A. JlaBpenTheB — 24 pasa), m 5TO MOKa3aTelb ero BHAI0-
[Ierocs BKJafa B HAIY HayKy y»Ke Ha 3ape ero TBOPYeCKOH [TesiTeTbHOCTH.

Meur pacckaxkem 3/ieCh O TONOJOTHYECKON TeopeMe jgBolicTBeHHOCTH [lOH-
Tparuna. OHa cBs3aHa ¢ Apyroi Teopemoint nBoictBenHocTH [loHTpsiruaa —
[T TOKAJTbHO KOMIAKTHRIX TPYIIL, O Hell MBI ToXKe ynomsinem. O630p TBoOpde-
crBa JI. C. TloaTparuna Moxuo HaiiTn B [1]. MBI OTCELTaeM 9uTaTeNs TaKKe
K 0630py camoro [lonTpsruna «O monx paboTax mo TOMOJOTHH U TOMOJOT H-
Jeckoll anre6pes (cu. [8]).

WzBectrHas Teopema 2Koppgana yTBepXKaaeT, 9TO NPOCMASL 3AMKHYMAA
Kpueas paszbueaem naockocms Ha dee obaacmu. Hamomumm, 9To mpocTas
BaMKHYyTas KpHBasg — >TO MHOXeCTBO, ToMeoMop(HOe oKpyxkHOCTH. Teope-
ma 2Kopgana gonyckaeT o606IIeHe HA cay4dall TPOCTPAHCTB M0G0 pazMep-
HOCTH: BCAKOE MOJIMHOYXKECTBO eBKJIHJIOBa mpocTpancTBa R”, romeoMopgpHoe
cepe S”7, uMeeT momoamenne, cocToslIee U3 ABYX KOMIOHeHT. Bosee Toro,
ecau aamrnymole nodmmuosxcecmea Fy u Iy npocmpancmea R™ 20meomopunl,
mo ur JONOAHEHUA UMEIOM 0QUHAKOG0E UUCAO Komnonewm. Buigesennoe Kyp-
CHBOM yTBep:K/[eHHe — 3TO BeChMa YaCTHBIN CAy4Yall TeopeMbl [TBONCTBEH-
HocTH [lOHTpsATHHA, KOTOpas yCTaHABANBAET CBA3b MEXKIY TOMOJOTHIECKH-
MU CBOHCTBaMH ITPOU3BOJBHOI'O 3aMKHYTOTO MO/MHOXKECTBa eBKJIHI0OBA MPO-
CTpaHCTBa (MJIW MHOTOMEPHOH C(ephl) W €ro JOMOMHEHNS.

DopmyaupoBka Teopembl [loHTpsATHHA HCTOAB3YeT MOHATHE 2PYNNbl 20-
Mog02ull TOMOJOTHIECKOTO TpocTpancTBa. Mul me 6ygem maBaTh obIiero
oNpe/leJieHns, 3 OTPAHHYHMCH CAy4aeM OTKPBITHIX MOIMHOYXKECTB €BKJIU JOBBIX
MPOCTPAHCTB.

IIycte X — OTKpHITOE MOAMHOXKECTBO MJAOCKOCTH. HyabMepHas menb B
X (mmm mpocto 0-menb) — DTO KOHETHOE MHOXKECTBO TOYeK B X, KawkK/IOH
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I3 KOTOPHIX NPHNHCAHO Hejoe qucao. Takyio menb 6yjeM 3aluchbiBaTh Kak
dhopMaIbHyIo cyMMy TodeK n3 X ¢ HeJbIMH Kod(puiunenTaMn. AHAJOTHTHO,
l-mens wam 2-uenb B X — DTO COBOKYNHOCTH OPHEHTHPOBAHHLIX OTPE3KOB
(COOTBETCTBEHHO TPEYyTONBLHUKOB), MEINKOM JeXalnx B X, KakK/JI0OMy U3 KO-
TOPHIX MPHUMUCAHO HeJoe Yucao. Bonee popMaabHO, COBOKYNHOCTE 1-enen —
5TO cBoGoAHasA abeleBa Ipylna, NOPOXKJACHHAA MHOKECTBOM BCEX OPHEHTH-
POBAHHBIX OTPE3KOB, JekKallnX B X, a COBOKYNHOCTH 2-leledl — DTO CBO-
6oHas abejeBa Tpynia, MOPOXK IEHHAS MHOKECTBOM BCeX OPHEHTHPOBAHHBIX
TpeyroabHuKoB, Jexammx B X . (Hanomunm, 9To cBoboqHas abeneBa rpymnima,
MOPOXKAEHHAS MHOKECTBOM Y, — DTO MHOXKECTBO (POPMAJbHBIX CyMM BH /A
niyr +noye + -+ nsys, ni €L, y; €Y

I'panuya 1-nemu — >to 0-menn, onpeesseMas Tak: FpaHUIla OPHEHTHPO-
BaHHOTO oTpe3ka [a;b] (rge a m b — ToYKM MIOCKOCTH) — 5TO popMaTbHAT
pasHocTh b — a («KOHem MWHYC HA4ajo»), N TPaHWNA CYMMBI paBHA CyMMe
rpanni. AHQJIOrHYHO, FPaHUIIa OPHEHTHPOBAHHOTO TPEYTOdbHUKA abc — 5TO
1-uens [a; b] 4 [b; ] + [c; a], a rpaHNa TPOU3BOIBHON 2-TI€NH ONpeJeNsieTCs Mo
JUHENHOCTH.

l-menb ¢ HyJeBoll TpaHulell HasbiBaeTcs I-yukdom. [pumepom l-umkia
CAYXKUT JMf06as 3aMKHYTas JOMaHas, TO eCTh 1-lenb BUAA [ay; as] + [ag; as] +
+ - +[an_1; a,]+[a,; a1]. HeTpy 1HO NOHSTH, 9TO 1-MHKIABI — 3TO B TOYHOCTH
CYMMBI 3aMKHYTHIX JOMaHBIX C HeJBIMH KOX(DPHUIHCHTAMH.

1-menn HaswiBaeTcs I-2panuyeti, ecau OHa ABJAACTCA TPaHUIEH HEKOTOPOH
2-uenu. Tak Kak rpannia J060r0 OpHEHTHPOBAHHOTO TPeyroAbHIKa ABAsSCT-
cA 3aMKHYTOH JJOMaHOW W, CJleJOBaTeIbHO, 1-IUKJIOM, TO U 6CAKAA [-2panuya
AGAAEMCA [-yuK.AOM. DKBUBAJICHTHO, 2PaARUYA 2PAHUYbl pa6na Hyao. B oToM
3aKAI09aeTCs BaykKHehIee CBOUCTBO BBEIEHHOTO BHIIIE ONepaTopa T'PaHMIIHb.

Besikuit iw 1-nuka spasercs 1-rpanunein? OTBeT 3aBHCHT OT pacCMaTpH-
BaeMoOro oTKphITOoro Muoxkecta X . Hanpumep, ecain X — 5T0 Bes MIOCKOCTh
WM BHYTPEHHOCTH KPyra, TO OTBeT MOJOKUTe eH. [IpocTediuil npuMep cu-
Tyallun, KOrja NHKI He SBISeTCS TpaHulel, J0CTaBAfeT MPOKOJIOTAs IMIOC-
KOcTh. [lyeTh p — Tovka Ha miaockocTn, X — fAonoduenue a0 p. PaccMoTpum
3aMKHYTYIO JoManyto ¢ B X, 06Xo/A11yio BOoKpyr p. Hanpumep, namiei joma-
HOW ¢ MOXkKeT OBITh IpaHiila TPEYTroAbHUKa, COJePKalIero p B CBOEH BHYTPeH-
noctu. Torga c we sBasercs 1-rpannuen B X . [eoMeTpudeckn >To OYeBH,IHO.
[as GopMalbHOro JoKazaTelbCTBa 3aMeTHM, 9TO Kaxkaomy l-unkay z B X
MOYKHO COOTHECTH [eJ0e YHCI0O — 9YHCA0 060POTOB IHK/IA BOKPYT TOYKH P.
Nmes B By gadbHeime 0606IIeHNsA, MBI 6Y/1eM Ha3BIBaTh 5TO YHCIO TakiKe
undexcom zayenienus 1-unkaa z u 0-uuKaIa p. DTO YUCIO MOKHO ONPEJeINTh,
nanpnmMep, Tak. [lycts z = [ay; as]+- - -+ [a,; a1] — 3amMkuyTas domanas B X.
[IpoBejieM Jiyd U3 p, He MPOXOJAANINE Yepe3 BepIIUHbI A, . . ., d, JOMaHOU Z,
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as

Pue. 1.

I Ka)KJOU TO4YKe mepecedeHus Jyda ¢ JOMaHOUW npunuineMm 4ucao £1 mo cae-
JyIONIeMy TMpaBUJAY: eCJU 3BeHO [a;; a;41] MepecekaeT JAyd clpaBa HajleBO, TO
TOYKe MepecevdeHns MPUIHCKIBAETCH MIOC 1, B IPOTHBHOM ciydae — MHHYC 1.
Yucao 060pOTOB JOMAHOW 2 BOKPYT p ONpeensercs Kak CyMMa ILIIOC-MHHYC
eMHAI TO BCEM TOYKaM mepecedenns (cM. puc. 1). Jlerko BuaeTh, 9TO 5TO
9HCJI0 KOPPEKTHO ONpe/e/eHo (OHO He MEHSeTCS [PH BPAIIEHHH Jyda) U 9TO
Hallle oTpejefeHne TPUBOJIUT K TOMY, 9TO MBE MOHHMaeM TOJ «IHcaoM 060-
POTOBy. DTO ¥XKe onpejefeHne TOTUTCH [is Ji060ro 1-nnKiaa, He 06s3aTeabHO
SIBJASTOIIETOCS 3aMKHYTOU JTOMAaHOM.

OdeBniHO, TpaHmIa J060r0 Tpeyroibinka B X (TO eCTh TPeyrofbHUKA,
He COj/[epIKalliero To4YKy p) nenaet 0 060pOTOB BOKPYT p. DTO CleIyeT U3 JaH-
HOT'O BHIIIIE OTPeIeJeHns, HCMOAB3YIOIIero NepecedeHus ¢ aydaMu: Jy4, Hcxo-
[IANIANA U3 TOYKH BHe TPEYTONBHUKA U He MPOXOASIINI Yepe3 BeplIInHkl, 160
BOOOIIIE HE TTepeceKaeTcsi ¢ TPEYTOMBHIKOM, JuG0 TepeceKaeTcs POBHO C JIBY-
Ms CTOpPOHaMU, TpHYeM [BYM TOYKaM MepecedeHus NPUNUCHIBAIOTCSA MPOTH-
BOMOJOYXKHBIE 3HaKn. B cuiy a g iuTuBHOCTH YHCIa 060pOTOR Jiobas 1-rpannna
B X gemaetr 0 o60poToB Bokpyr p. CiefloBaTelbHO, JOMaHas ¢, s KOTOPOH
YHCA0 060POTOB BOKPYT P OTJIUYHO OT HYJs, He siBAsieTCs |-TpaHUIIel.

Takum o6pazoM, MOTUBHPOBAHO cJaejyioliee onpeneienue. /IBa l-unkia
HA3BIBAIOTCH 20.MOA02UUHBLMY, €CIT UX PA3HOCTH SIBAsSeTCS TpaHuiien. [ pynna
1-2omoao02uti Hi(X) npoctpancTBa X — DTO rpynmna KIacCOB FOMOJOTHIHBIX
1-unkaoB. UaniMu caoBamu, eciu Zy — DTo Tpynna 1-nukaoB, a By — rpymn-
na l-rpannn, to Hy = Hy(X) — o710 dakrtoprpynna 7;/B;. Haute omnpe-
nenenne rpynnsl Hq(X) He 6BUIO TOMOJOTHYECKN MHBAPHAHTHBIM: HE CPa3y
BUIHO, OYEeMY TOMeOMOp(HBEIE OTKPHITHE MHOXKECTBA Ha TIOCKOCTH HMEIT
n3oMopdHble TpyHibl roMogoruit. Ha camom fese MOXKHO Tak BHJOU3MEHUTH
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onpejiejieHne, YTO TOMOJOrHYeCKasi WHBAPHAHTHOCTH T'PYHI TOMOJOTHH CTa-
HeT OYeBUIHOIN: MPH ONpejleJeHlH enell Ha 0 PacCMaTPHBATh He BJIOKEHHEBIE
B X OTpe3KHn U TPeyroJbHUKH, a MPOU3BOJbHbBIE HEPEPHIBHEIE OTOOPAKEHUS
(PUKCHPOBAHHOTO OTpe3Ka Wian TpeyroibHuka B X . I'pynner meneit mpu 3ToMm
YBEJINYINBAIOTCA, HO MOXKHO [OKa3aTh, YTO IPYNNKE TOMOJOTHH OCTATCSA Te-
MU XKe.

AHanorudHbIe ONpefeNeHns MOXKHO [MaTh s JIOOBIX pa3MepHOCTEH.
[Iycts X — oTkpriToe MmuHOXKecTBO B R™. /lnst itoboro nenoro k ompejeanm
rpynny C} Bcex k-nemeit mpocTpancTtBa X Kak cBOGOJHYIO abeneBy Tpyli-
My, TOPOXKAEHHYIO BCEMHU OPHEHTUPOBAHHBIMHU K-MEPHBIMU CHMILJIEKCAMH, Je-
xkamnva B X (mpm k < 0 mw k > n rpynna C} cBogntcs K mHywno). Kak
T paHbllle, OMPEIeIA0TCA TpauudHnit omepatop 0 : Cp — Ci_y, Tpynus
k-unknaoB Zp, rpynnel k-rpanunn Bp m rpynnel romogoruin Hy = Zi/By.
OJTO ompeflejieHne [TONMycKaeT pas3iundHble Mogndpukannn. Hampumep, Bme-
CTO BIOYXKEHHBIX CHMILIEKCOB MOXKHO PACCMAaTPUBATH CUHSYAAPHBIE CUMNAEK-
Cbl, TO eCTh HellpephIBHbIE 0TOOpaxKeHns (PUKCHPOBAHHOI'O CHMILIEKCA B 3a-
JTaHHOEe MPOCTPAHCTBO (ATOT MOAXOJ TMPUBOAUT K TOMOJOTHYIECKH WHBAPH-
AHTHOHW Teopnu), HeNpepLIBHBIE OTOOPaKeHMs MOKHO 3aMEeHNTh Ha TJIaj-
KHe, CHMILJIEKCH — Ha NpPON3BOJbHBIE BHEIMYK/Ible MHOTOTpaHHUKH. |pym-
OBl TleTedl TMPH DTOM MEHSAITCH, HO TPYNNbI TOMOJOTHH OCTATCA TeMH
Ke.

Tenepsr MBI MOXKeM cHOPMYJIUPOBATH TOMOJOTHIECKYIO TEOpeMY IBOM-
crBennocTu [louTpsirnua.

TONMOJOTNYECKASA TEOPEMA ,[[BOPICTBEHHOCTH IIOHTPATHHA (HepBaH
dopmyanpoBka). [lycms I u Iy — 2omeomopPuvie 3amxnymoie muoxrcecmea,
aexcaujue 6 R™. Tozda ur donoanenus umeiom uzomopPuvie 2pynnsvi 20M040-
euti; unvimu caosamu, epynnot Hy(R™\ Fy) u Hp(R™\ Iy) uzomopduer npu
awbom k.

DTOT pe3yabTaT 00600611aeT TeopeMy aMepHKaHCKOTO MaTeMaTHKa
[x. Anekcanmepa (1888-1971), mokasanuyio um B 1922 romy. Axexcamjgep
BMeCTO TTPOM3BOILHBIX 3aMKHYTHX MHOXKecTB B R” paccMaTpuBat MHOXKeCT-
Ba, roMeoMOpQHEIe MONUDIpaM, a BMECTO U30MOpgU3Ma TPYIN y Hero Pury-
pUPOBAJO paBeHCTBO 4nces BeTTn (3TO HEKOTOpHIE YHCIEHHBIE XapaKTepH-
CTUKN TPYII [OMOJOTHI).

Takum o6pazoM, ¢ KaxXKIBIM KOMIIAKTOM, pacmofoXkeHHbIM B R”, Moxuo
CBSI3aTh HOBHIE TOMOJOTHYeCKHe WHBAPHAHTHI: TPYIIILI TOMOJOTHI JOTOJHE-
HIS. DTH TPYIIL H30MOPQHBI TaK HAa3bIBAEMBIM 2pYynnam Ko20moa02ut pac-
CMaTpHUBaeMOro KoMTakTa. | pynnel KOroMOJOTHH OBLIH BBEJIEHK B paccMo-
Tpenne B 30-e roxanr HezaBucumo A. H. KonmoropoBeim u /lx. Asekcatiepom.
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OTH TPYNNE MOYXKHO ONPEIeSNTh Pa3JudHBIMI CHOCOOAMHU, OMUH U3 HUX MBI
obCcyIuM HUXKe.

Beskag O-tens saBasgetcs O-nmkaom. Ilycts X — OTKpBEITOE MHOXKECTBO
eBKIHJOBa npocTpancTBa. 0-menmb )y n,x aABigeTca 0-Tpanniuell Torja u
TOJNBKO TOT/[a, KOT[a [IJisl BCAKON CBA3HOW KOMMOHEHTH V' MHOXKecTBa X CyM-
Ma KOd(DPHUIHEHTOB )y 7, MO BceM TodkaM u3 V pasma mynio. Hazosem
0-uenn erx Nge T NPU6EIENHOT, ecan erX ng = 0. Ilycts Zg — rpymnma npu-
BeéHubIX O-tenenn. [lpueedénnas nyapmepnas 2pynna 20mon02ui HO(X') —
DTo (aKTOprpynma ZO/BO TPYNNLI TPUBeIEHHLIX (-NHKJIOB MO TOATPYyIIe

O-rpamun. Ecan X nmeer n xommonent, 10 Ho(X) — cBobognas abeneBa
rpynna ¢ n obpasytomnmvn, a Ho(X) — cBobognas abereBa rpynma ¢ n — 1
00pa3yolInMu.

[Tpu k # 0 monaraem Hy = Hy.
MaguM BTOpyIo (pOPMYyJIHPOBKY TeOpeMbl CHadaJa JAf «3HaTOKOBY; pashb-
SICHeHHS [ OCTAJBHBIX MBI JaTHM MO3¥XKe.

TONMOJOTrNYECKAA TEOPEMA JIBOMCTBEHHOCTH IIOHTPATHMHA (BTO—
pas popmyanpoBka). [lycms F' — cobcmeennoe 3aMKEHYMOE NOOMHONCECTNEO
6 R", G = R"\ F' — €20 donoanenue. /Jas 106020 yeaozo k npusedénnasn
2pynna 2omo.n02ul f{k(G) uzomopdra 2pynne Ko20M0A402UTl € KOMNAKTMHBLMY
nocumeasmu HIF=1(F),

[Ipumenss a3ty Teopemy npu k = 0, noaydaem Takoe ciejJcTBue: ecan F —
KOMTAKT, Jexkaiui B R”, To 4ncio koMmnonenT MuoxkectBa R™\ F Ha eununiy
Goable panra cBo6oanol aberesoil rpynnsr H"~(F). B wactnoctn, ecan F
romeomopduo (n — 1)-mepHoil cepe, To rpynna xkoromodaornit H"*~1(F) uzo-
Mop(pHa Tpynme Z neiuXx 4ncet, Tak 4Tto F paszéuBaer R” ma nBe o6aacTm.
OrmeTnM Takxke, 9T0 KoMnakT F He pasbuBaerT R”™ (To ecTh uMeeT cBs3HOE
JONOMHEeHHe) TOT/Ia I TOMLKO Torja, Korja rpynna H"~(F) mnyresas. Moxk-
HO TOKa3aTh, YTO MOCJeJHEe YCIOBHE PAaBHOCHJABHO TAaKOMY: TPOCTPaHCTBO
(S™ ¥ Bcex mempepwiBEEIX oTo6pawennit w3 I B (n — 1)-Mepuylo chepy
S7~l. majmenéHHOe ecTeCTBeHHOH MeTpHKON, cBA3HO. TakmM o6pazoM, KOM-
nakT F pasz6buBaeT R” TOrma m TOIBKO TOT[a, KOTTa HEKOTOpPOe 0TOOpaKeHne
f:F = S"! Henbas coeMANTD € MOCTOSHELIM OTo6pakenneM g : I/ — S7~!
HEeNPEPHIBHBEIM IIYTeM B MPOCTPAHCTBE (S”_I)F (I1. C. Anexcanmpos). Ecan
F paz6uBaeT R", To B kadecTBe f MOXKHO B3siTh EHTPAJbHYIO NPOEKIINIO HA
pacnogoxkennyio B R” cdepy ¢ menTpoMm p, rie p — TPOW3BOILHAA TOYKA,
npuHaAIekKallas KaKon-J11u60 OrpaHnIeHHON KOMIOHeHTe MHOKecTBa R™ \ F.

KopoTkuit nyTh K 0Ka3aTeIbCTBY TONOJIOT HY9E€CKON TEOPeMbl [[BONCTBEH-
HOCTH JIeXKUT depe3 aarebpandeckue MOHATHS KOMILIEKCA W TOYHOU MOCJeT0-
BaTenbHOCTH. [[ennotl KomnaeKC — DTO MOCTEIOBATEIbHOCTD abeleBbIX IPYI
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C'r 1 romomopduamoB di : Cp — Cp_q, Taknx, 9T0 dp_1dr = 0 npnm Bcex k.
ycts Z = {z € C : drx = 0} — epynna yuxaos n By = dpy1(Cry1) —
epynna epanuy. Paxtoprpynna Hy = Z; /By — 510 epynna 2omono2uti cme-
nenu k paccMaTpuBaeMoro Komiuiekca. Hampumep, ToMoJorun TOMOJOTHYe-
CKOT'0 MPOCTPAHCTBA — BTO TOMOJOTHH HEKOTOPOTO KOMILIEKCa, CBA3AHHOTO C
MAHHBIM MPOCTPAHCTBOM. AHAJOTHYHO ONPENEIAIOTCS KOEeNHble KOMILIEKCHI.
ITO TO CYHIECTBY TO K€ caMOe, 9TO U NeNHble KOMILIEKCH, TOJbKO HyMepa-
[IUA TPYNN MeHAETCA Ha O6PaTHYO: TOMOMOPPU3MET & meiicTByoT n3 C B
Cg41 ¥ YIOBIETBOPSIOT COOTHOIIEHNTO 0410 = 0. B 5TOM caydae roBopsT o
KONUKJIAX, KOTPAHUIIAX U KOT OMOJOT UfX.

EcTecTBeHHBIM 06pa3zoM ONpejiefsioTCsS MOHATHA MOJIKOMILIEKCA W (Pak-
TopkoMmIiekca. [ycts K — mennoi kommieke, K’ — ero mojakommiekc, K" —
cooTBeTCTBY oK (pakTopkoMmmaekc. Torga romonornn kommaekcos K, K' n
K" cBsizaibl MOCAEOBATEILHOCTHIO TOMOMOP(HU3MOB

-+ = H,1(K"Y = Hy(K') = H,(K) = H,(K") = H,_1(K') — ...,

npuYeM 3Ta NOCAeT0BATENbHOCTH MOYHG, TO €CTh ANP0O KayKAOT0 TOMOMOP-
¢uzma coBmajgaeT ¢ obpazom npenapayiiero. (B ognom ydeGHuKe 1m0 moBOIY
DTOTO YTBepXKIeHUs CKa3aHo: «duTaTe b JOMKeH OJHH W TOJBKO OJHH Pa3 B
CBOEN KW3HW MPOCAETNTH BCE JeTalnl A0 KOHNa».) B ciydae komemubx KOM-
[LIEKCOB COOTBETCTBYIOIIAA JAUHHAA MOUHAA NOCAEJO6AMEABHOCTD KO20MO-
A02Ull MMeeT BU[T

v = HYK") - HY(K') - H*(K) - H"(K") - H"TY(K') — ....

[Tycth Temeps X — JOKaTbHO KOMIAKTHOE MPOCTPAHCTBO (HampuMep, OT-
KPBITOE WM 3aMKHYTO€ TMOAMHOKECTBO eBKJIH/I0Ba MpocTpancTBa). Onpee-
quM, caepys [6], epynnst kozomonoeuii ¢ xomnaxmuvimu nocumeasmu HE(X)
npoctpatncTBa X. Pukcupyem k > 0. [lycts <I>k(X) — Tpynna Bcex oTobpa-
wennit w3 X*+! B Z (6e3 kaxnx-1m6o ycaommnii nenpepwBnoctn). Hocumean
oTo6paxkenna ¢ € ®F(X) — oTo saMKHyTOe MHOXKecTBO Bcex ¥ € X, Ta-

¢(x0, ..., xx) # 0. Myctn ®¥(X) — rpynma Beex ¢ € ®¥(X) ¢ koMmakTHEM
HOCHTEJEeM, q)]g(X) — Tpynma Bcex ¢ € (I>k(X) ¢ MYCTHIM HOcHuTedeM. dak-
Toprpynna C¥(X) = ®¥(X)/®E(X) naswBactcs epynnoii k-mepuviz koyenei
€ KOMNAKMHUBIMU HOCUMEAAMU.

Korpanmansrii roMmomopdnam &y, : ®F(X) — ®F+1(X) onpegensercs dop-

MYJIOR
k+1
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rae KpHIKa ~ HaJ CAMBOJOM O3HAYaeT, 9TO €ro cjaefyeT MPOMycTHTh. Ha-
npumep, ecin ¢ € ®1(X), To 8¢ onpegensercs dopmyaoit (§¢)(a,b,c) =
¢(b,c)—¢la,c)+¢(a,b). 'omomopduam 6 He yBeImInBaeT HOCATENN U TOTO-
My oto6paxkaet ®F(X) B @5+ (X) w ®F(X) B @ (X). [Ipn nepexose k pak-
TOPTpyNTaM BO3HWKaeT ToMomopdmam Tpynn komeneir CF(X) — CF1(X),
KOTOPHIH MBI 0603HaYaeM TMO-TpeKHEMY depe3 d.

Fomomopdusm 8419y paBer HyTi0: B GOPMYIY s Of41 0k KaxKT0e caara-
apvn 3rakamu. CiegoBaTeabno, rpymmsl koneneir CF(X) BMecTe ¢ korpanmd-
HBIMH roMoMopdusmMaMn 0, 06pa3yoT kounenuon komimieke C*(X). I'pynner
KOTOMOJIOTHH DTOT0 KOMIIJIEKCa I Ha3BIBAIOTCS TPYTNTNAaMi KOTOMOJOTHHI C KOM-
MaKTHEIME HOCHTEIAMI TpoCcTpancTBa X.

[Tycts F' — samkuyToe nogmuoxkectBo B X, G = X\ F. Orpanndenne Ko-
neneii onpejensiet snuMopduam kommirekcoB C*(X) — C*(F), sapo koToporo
B HEKOTOPOM CMBIC/e SKBHBAJIeHTHO KoMmTiekcy C¥((G) u, B 9aCTHOCTH, nMMeeT
Te JKe KoromoJorun [6]. Bosunkarormas qiuHHAsS TOIHAS MOCIEOBATEIBHOCTH
KOTOMOJIOTHH HMeeT BH/T

coo = HPYWF) - HYG) = HMN(X) — HX(F) = H'P™YG) — . ...

emoe Bujaa ¢(Zo, ..., &, ..., &, ..., Tky2) BXOIAT JBa Paza ¢ NPOTHBOMOIOK-

C noMoIlbio 3TOH MOCJIe[OBATENBHOCTH MOYKHO BBIYHCAUTH KOTOMOJOTHH C
KOMNAKTHBIMI HOCHTENSIMH €BKJHI0Ba npocTpaicTBa R”. OKaswiBaeTCs, 9TO
rpynma H¥(R™) nyaesas npu k # n n nm3omopdna Z npn k = n. DTo mpocTo,
eciu n = 0, a o6MINH caAy4Yall BRIBOAUTCA OTCofa Tak. [lycth X — 3aMKHY-
Toe moaynpocTpancTBo B R”, F/ — TpaHW4YHas TUNepIIOCKOCTh. M3 Toro,
YTO OJHOTOYEYHAS KOMUAKTH(HKANusg mpocTpaHcTBa X roMeoMopdHa Iia-
py, BeBognTcs, uto HF(X) = 0 npm Bcex k. Todmas mocaeqoBaTe bHOCTD
koromosoruit mapsl (X, F) coxepKnT Kyckn BHIa

0— H¥YF) = HFMY(X\ F) — 0.

Tak kax I’ romeomopdro R*~!, a X \ F romeomopdpuo R”, MBI BIguM, 9TO
HE(R™ 1) msomopdro HEF!(R™), Tak 9To Bcé CBOAMTCS K CIyTaio TOUKT.

[Iycts Tenepsh F — 3aMkHyTOe nojMHOXKecTBO B R”, G = R™\ I — ero
nrononnenne. Todras KOromMorormdeckas mociaenoBaTenbHOCTH maphl (R”, F)
COIePKUT KYCKH BHIa

HYR™ — HFF) - HMYG) — HFY(R™),

~

. k ~
[Ipn k # n, n—1 1o Kpasm CTOAT HYJIHU, OTKy/Ta caenyeT maomopduam HY (F') =
HF+1(G). Ho pis 1106010 OpHEHTHPYEMOTO TOTOJIOT HIECKOT O 7i-MEPHOT O MHO-
roo6pasnsi M (B 9acTHOCTH, J1s OTKPHITOTO MHOXKecTBa B R™) rpynma ko-
romosornit HE(M) wsomopdna rpynme romonornii H,_ (M) (uzomopduzn
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dsoticmeennocmu [lyanxape [6, Teopema 11.2]). 31ech NMeIOTCS B BHIY «TO-
MOJOTHH € KOMIAaKTHBIMH HOCHTEISIME», KOTOPHIE IS MHOrOOOPa3ni COBIa-
MaI0T ¢ CHATYJAApHBIME. Taknm 06pa3oM, TPYyINEL Hf‘H(G) n H,_;_1(G) n3o-
MOP(HBI, I MBI TPUXOAUM K TpeOyeMOMY N30MOp(hu3My Hf(F) = H,_r-1(G).
[lpu £ = n — 1 570 paccyxeHne HYXKTaeTCd B HEKOTOPOU MOTU(PUKATNN: U3
TOYHOU MOCJe[0BATENBHOCTH

0— H'"Y(F) - HYG) = H}R"=Z - H'(F) =0

n msomopduama gBorcTBennocTn [lyankape H'(G) = Hy(G) cremyet mso-
mopdmam H~H(F) = Hy(G).

Takum 06pa3oM, MBI BEIBEIH JBOUCTBEHHOCTH [IOHTpsIrnHa U3 JBONCTBEH-
noctu Ilyankape. Yro kacaeTcs nzomoppusma Ilyankape, To Hanboiee ecte-
CTBEHHOE JOKA3aTeNbCTBO HCTOAB3YeT NYIKH abeJeBBIX TPYIT U UX KOTOMOJIO-
CUH. DTH NOHATHSA, BBeIEHHBIe (PPAHIY3CKON MaTeMaTH4IecKOl Koo B H0-e
rOJIbl, TPeoBPa3nIn aarebpandeckyio TeoOMeTPHI0 H MHOTOMEPHBIH KOMILIEKC-
HBIH QHAJAN3 U UTPAIOT NeHTPAILHYIO POJb B COBPEMEHHOM MOCTPOCHHH DTHX
pa3eqoB MaTeMaTHKN. VIMEeHHO Teopus My4YKOB, BKAIOUYEHHAA B KOHTEKCT 06~
HIero NOHATHS abele60l Kame2opuu, TaéT eCTeCTBeHHOe OObACHeHUe MOHSA-
THS KOTOMOJOIHI TOTNOJOTHYeCKOro npocTpancTBa. O TeOpHH My4KOB MOKHO
yanaTh ms [3, 2]. Teopemy o6 maomopdmame HE(M) = H,_ (M), xoTopas
Tenephb HazbiBaeTcs TeopeMol [lyankape, cam [lyankape ¢gpopMmyanpoBan nua-
qe: BeJb KOTOMOJOT U ObLIN N306peTeHbl CYCTSA IBa JeCATUACTHS MOCAe ero
cMmepTn. B ¢popMyanposke [lyankape (purypupoBajo paBeHCTBO ducea BerTu.
JlokazaTeabCTBO TeopeMbl ABOHCTBenHOCTH [lyankape, ocHOBaHHOe Ha Myd-
Kax, n3J0xkeHo B [2] u B gobasiennsx E. I'. CkisipeHKo K pyCCKIM TepeBo1aM
kunr [6] n [2].

Ham «anre6pausnpoBaHHbiily MOAX0H K ABOUCTBeHHOCTH [loHTpsArnHa 3a-
TYHMIEBBIBACT I'€OMETPUIECKYIO CYIIHOCTE DTON JABONCTBeHHOCTH. MeX 1y Tem
mzomopduam Mexay Hp(R™\ F) u H**~1(F) nveer reomerpmieckoe mc-
TOJKOBaHUe W MOMkKeT OBITh BHIPaXKeH B TepMHUHAX «3alelieHus nnkiaony. C
npuMepaMy HHICKCOB 3alleleHns MBI yiKe BCTpedalnch, KOrga 06CYXKaaqu
NOHATHE 4HhcJaa 060POTOB 1-NMKJIa BOKPYT TOYKH Ha IJIOCKOCTH. B ob6uiem
crydae (MeTOYNCIEHHBIN) WHIEKC 3aleleHns MeX Iy HemepeceKkaommmucs k-
n (n — k — 1)-mukaamn B R™ onpegensieTcs Kak WHIEKC TepecedeHns OTHOTO
U3 IHUKJOB C IeNbio, TPaHUIel KOTOPOH ABJAseTcs Apyroi nnka. [lpm sTom
WHEKC Tepecedenus MeXKIy «HaXOAAINMUCA B OOIIeM TOJOKEHUN» Tepece-
kafomnMucs k- n (n — k)-MepHBIME CHMIUIEKCAME TOJaraeTcs paBHBIM 1 B
3aBHCHMOCTH OT OPUEHTAlNH, a B cAydae NPOU3BOJLHBIX Iemell HajJo MIoC-
MHUHYC eJIHHUIBI TPOCYMMIPOBATH.
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Ecan F' — xomnakTHbI noansap ( = o6beiHEHTE KOHETHOTO YHCAA CHM-
niekcoB) B R™, To mpm HEKOTOPHIX JOMOIHUTENBHBIX MPEINONOKEHHAX O [
rpynmy koromogoruit H”F~1(F) M0oxHO 0TOX/IeCTBATH ¢ I'PyNTOH TOMOMOp-
dusvos w3 H,_p_y (F) B Z. Uzomopdmsm mexgay Hy(R"\ F) u HIF=1(F)
JOTyCcKaeT TOrja Clefyiollee OMACAHTe: KaxgoMy nukiy ¢ € Hy(R™\ F)
conoctaBasercs romomopduam H,_p_1(F) — Z, KOTOpHIH Kaxjgomy (n—
—k — 1)-unkay Ha I COOTHOCHT ero mHJeKc 3anemienns ¢ ¢. B obuiem ciydae
reoMeTpuYecKas HHTePUpeTanns TOMOJOTHIeCKON TeOPEeMEl TBOHCTBEHHOCTH
[louTpsiruHa cBA3aHa € COBEPIIIEHHO APYTOU «TeopeMoli gBolicTBeHHOCTH [l0oH-
TPATHHAY — TEOPeMOU NBOUCTBEHHOCTH /I JOKAJbHO KOMITAKTHHIX abejeBhIX
CPyIIIL.

O6ozuavynm 4epe3 T MyJbTHININKATHBHYIO TPYNNY KOMILIEKCHBIX YHCET,
pPaBHBIX O MOJYJIO eIuHuUIe, Win n3omMopduyio rpynny R/Z. 9to — kowm-
HakKTHas Tomogorunyeckad rpymma. /s npon3BOIBHON JOKATbHO KOMIAKTHOR
abeneBONl TOMOJOTHYeCcKOl Tpynnbl (G o603Ha4vnM depes G* Tpymnmy Bcex He-
IpepbIBHEIX roMoMopdusmoB u3 G B T, Ha[eq€HHYIO TONOJOTHEeH paBHOMEP-
HOW CXOMUMOCTH Ha KOMMNAKTHBIX MHOXKecTBax. Torga G* — J0KalbHO KOM-
nakTHas abejfeBa rpymmna, HazweiBaemas gBoiicTBeHHOU mis . UmeeTcs ecte-
cTBeHHBIH ToMoMopduaM uz G B G**. Teopema nBoiicTBernnocTu [loHTpsiruna
IS IOKAJTHHO KOMIIAKTHBIX TPYII yTBep:KgaeT, 9To: (1) 5ToT romoMopduam
ABISETCS M30MOPGU3IMOM TONOJNOTHIeCKHX rpynm; (2) mepexon ot G k G*
yCTaHaBIWBaeT B3aUMHOOHO3BHAYHOE COOTBETCTBUE MEXKAY KOMNAKTHBIMH W
MUCKpPeTHBIME abefeBeIME IpynnamMu: rpynmna G* KOMIIaKTHA TOT 2 H TOJBKO
Torja, korjga (G muckperHa (m Hao6opoT). Hampnvep, 1BORCTBEHHBIME SBIS-
0TCSA TPyNna Meawx 4quced Z u OoKpyXKHOCTh T, a rpynna R geidcTBUTeNb-
HBIX YHceN ABOWCTBeHHa cama cebe. [lonsTue nBoicTBennon no [lonTpsiruny
CPYNOBL MO3BOJASIET C e[HHON TOYKH 3PeHHs paccMaTpuBaTh pajgul Dypbe u
npeo6paszoBanne Dypbe HA TpsAMOU: B 0b1IeM ciydae «npeobpaszoBanue Py-
pbe» 0TOOpaXkaeT Mephl WKW (PYHKINH Ha JOKAThHO KOMNAKTHOW rpymme (G
B pyHKuuE Ha G*. DileMeHTapHOe U3J0XKeHHe TeOpeMbl JBONCTBEHHOCTH s
JOKAJIhbHO KOMIAKTHBIX TPYNN MOXKHO HAUTH B [7].

IIycts Temeps F — KommnakTHoe mojMHOXKecTBO B R”. Torga rpynny,
JBOHCTBEHHYIO K AUCKPETHOH rpynme koromoioruii HF(F), moxuo mHTEp-
OpeTHPOBATh KaK «CPYNNY TOMOJOTHE ¢ KoddpduunenTamu B T» MHOXKecTBa
F. O6osnavyum 5Ty KoMmmakTayio rpynmy depes Hy(F,T). DaemenTs rpym-
nel Hi(F,T) npecTaBasioTCs «(IAKIAMHI ¢ KOMTAKTHEIME KO3(DUIAEHTAMMI,
PacCmoMOKeHHBIMHI B CKOJIb YTOMHO MaJol okpecTHocTH KoMmmnakTa F. He Bra-
Basich B JleTa/H, YKa)KeM JHIb, 9TO MOXKHO €CTeCTBEeHHKIM 06pa3oM Ompe/ie-
JUThH (HHJIEKC 3allemaennsy Mexay k-unkiaMu B R™\ I u o1eMeHTaMu TpyNnbl
H,_;—1(F,T). DTOT nHIEKC 3alemIeHns NPpHHAMaeT 3HavYeHns B T.
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[Ipu onpegenennn roMoJOruil OTKPHITLIX MHOMXKECTB €BKJIHJIOBEIX HPO-
CTPAHCTB MBI MOTH30BAJUCEH BBIIIIE MEIAMI C MeTOINCIeHHBIMA KOd(PPHIneHTa-
MH. AHAJIOTHIHO MOYKHO ONPEeNeIHTD el U TOMOJOIHH ¢ KOO(MPUIHEHTAMHE B
IpPOU3BOJLHON abeneBol rpymie A, a TakKe KOTOMOJIOTHH ¢ KO3 PUIHEHTAMH
B A — s DTOTO TpH ONpeJefeHnN Kolleled HajJfo pacCMaTpPHBATL PYyHKIHH
CO 3HaYeHHAMH B A.

TONMOJOTNYECKAA TEOPEMA JTBONCTBEHHOCTHU IIOHTPATHUHA (’Ipe'l'bﬁ
dopmyanpoBka). [lycms F' — womnaxm, aewcawui ¢ R*, G = R"\ F —
€20 donoanenue. /Jas 1060t abeqecoti epynnot A u yeqozo uucaa k umndexc

3aYENAEHUA YCMANA6AU6aem d60ticmeennocmsb medncdy duckpemuoti epynnot
Hy(G, A) u xomnaxmuoii epynnot H,_j_1(F, A*) = (H" %=1 (F, A))*.

Mger #e 6ygem 6odee mogpoOHO OOBACHATL CMBICA DTOH TEOPEeMbI HAH J0-
Ka3BBaTh €€, a OTPAaHUINMCA HEKOTOPHIMI TpAMepaMu.

[TpuMEP 1. IlycTh 2 — OTKPHEITOE MHOXKECTBO Ha MIOCKOCTH, ¢ — 1-MHKJ
B (2. MuI Buenu, 9T0 ciaejymoliee ycJoBie He0OXOIUMO [[Jisi TOT O, 9TOOHI ¢ ObI-
Jgo 1-rpanunen B {2: eciim p — TOYKa IJIOCKOCTH, He Jexatias B X, TO ¢ He
06X0nT BOKPYT p (TO ecTh genaeT 0 060POTOB BOKPYT p). DTO YCJIOBHE TaK-
JKe U OCTAaTOYHO. DTOT (PaKT MOMYCKaeT dIeMeHTapHOe T0Ka3aTelbCTBO, HO
MOYXKET PaccMaTPHBATHLCA M KaK 9aCTHBIH CIyIall TEOPEMBI TBOHCTBEHHOCTH.
On BaeH B Teopuu (QPyHKINN KOMILIEKCHOTO mepeMmennoro. [lycts 2 C C u
f — dyuknus, roromopduas B . Ecau 1-uuka ¢ B ) TakoB, 9TO s J10601
touku p € C\ Q nnka ¢ He 06XOUT BOKPYT P, TO ¢ ABIAAETCA 1-rpanuien
B Q u notomy nnterpan [ f(z)dz paBen Hymo (Tak Kak OH paBeH CyMMe

C

WHTETrpaJoB IO 'paHullaM TPEYT'OJbHUKOB, NEJNKOM PAaCHOJOKE€HHBIX B Q)

[TpuMEP 2. Ilycth F — koMmmakT B R”, comepxKaliuii KOHeYHOE YHCIO S
CBA3HBIX KOMNOHeHT I, ..., Fs, u nycth G = R™\ F' — ero gonoanenwue. Torga
rpynna romoxorun H,_1(G) — cBo6oHas abeseBa rpymmna ¢ s 06pas3yoNInMI.
Basuc B H,,_1(G) o6pasyoT (n — 1)-IUKIAH ¢1, . .., C5, TAKAE, 9TO ¢; OOXONT
1 pasz Bokpyr Jto60i Toukn u3 I; u o6xoauT 0 pas BOKpPYT JOO60W TOYKH U3
F; npu j # 1.

[puMEP 3. IycTts F — y3ex B R>, To ecTh mpocTas 3aMKHyTas KpuBas.
Toraa 1-unka B R\ F roMonornien myiio Torjfa W TOJIBLKO TOTJa, KO a OH
nMeeT HyJeBOW WHAEKC 3amnemnjenns ¢ F. OTMeTumM, 9To npn >ToM @yndamen-
maabnaa epynna npoctpanctsa R\ I MoxXeT 6BITH yCTpoeHa NOCTaTOYHO
CTOKHO. DaeMeHTaMu (QPyHTaMeHTAalbHOW TPYNIBl ABJAAIOTCH, TPy6O TOBOPS,
KJAaCChl HEMPEPBIBHBIX 3aMKHYTHIX KPHUBBLIX, MPHYEM [Be KpPUBHIE MPHHA e~
JKAT OTHOMY KJIACCY, eCJaH OJHY U3 HUHX MOYKHO HEMPEepPHIBHO MPOaedOpMIpo-
BaTh B [IPyTyIO.
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Ha pucynke 2 (3a xotopsrii Mbr 6marogapnm A. b. Cocnrckoro) msobpa-
xen yzen I, l-muka 3 B G = R3\ F, uMeomuit Hy.1eBoil HHEKC 3aMelIeHHS C
F,u l-uuka o, uMeolni enHnYHbII uHaekc 3auemienns ¢ F. [luka § nenbss
«pacuenuThy ¢ F, To ecTh CTAHYTH B TOYKY, ocTaBaich B (G. B To ke Bpems
MO TeopeMe NBOUCTBEHHOCTH NUKJI [3 roMmogoruden uyato B (G. Ha pucynke
mokKazaHa pacnojoxkennas B (G moBepxHocTh S. Pa36buB eé Ha TpeyroabHu-
KH, MBI moayuum 2-nenb B (G ¢ rpanmunein (3. Ipynna Hy(G) = HY(F) = Z
nopoXjgaeTcs 1-HKIOM a.

[IpuMEP 4. Ilycts F' — moaMmuoxectBo B R3, romeoMopdroe 1ByMepHOI
cepe. Torga rpynna romonoruit Hy(R?\ F) pasna nymio. [Ipn sTom dynia-
MeHTalbHas Tpynna npocTpancTBa R3\ F MoxeT 6LIThL OTIMYHA OT HYJIf: B
KadecTBe [ MOXHO B3ATh TaK Ha3kIBaeMyio «poraTyio cdepy» AdekcaHmpepa
(u3 cephl BHITATHBACTCS JJIMHHBIE POT U Ha HEM 3aBs3bIBaeTCH GECKOHEYHOEe
MHOXKeCTBO y3eakoB). Ha mrockocTn mojo6HOe HEBO3MOXKHO: ecan I — mpo-
cTas 3aMKHyTas KpuBas Ha R2, To cymecTByeT roMeoMopdusM MIOCKOCTH Ha
ce6st, mepeBoasIIAT F' B 0OBIYHYI0 OKPYKHOCTE (Teopema lllenduanca).

Puc. 2.



40 B. M. Tuxomupos, B. B. Ycrnenckuit

CHuCOK JUTEPATYPBI

[1] Awnocos /J. B., l'amxpeaudsze P. B., Muwenxo E. ., Hocmuuxoe M. M.
O matematndecknx Tpyaax JI. C. [lonTpsruna // JI. C. [lonTpsrun. Us-
6pannble HaydHble TPyAbl. Tom 1. Tonomsorus. Tonomoruyeckas aire6pa.
M: Hayka, 1988. C. 10-26.

[2] Bpedon I'. Teopusi myukos. M.: Mup, 1988.

[3] I'odeman P. Aarebpamdeckas Tonojgorus u Teopus mydkoB. M.: U3g-Bo
UHOCTP. JUT-phl, 1961.

[4] Koamozopoe A. H. U3bpaunwie Tpyael. MaTemaTnka m MexaHmka. M.:
Hayxka, 1985.

[6] Koamozopos A. H., Domun C. B. DieMeHTH Teopnu MYHKIUHA 1 HYHK-
nuoHaabHoTo ananmsa. M.: Hayka, 1989.

[6] Maccu Y. Teopusi romogoruit n koromogorui. M.: Mup, 1981.

[7] Moppuc C. JIBoiicTBeHHOCTH [lOHTpSITMHA W CTpOEHHE JOKAIbHO KOM-
NakKTHLIX abegeBwx rpynn. M.: Mup, 1980.

[8] Houwmpsaeun JI. C. Usbpaunbie may4dubie Tpyabl. Tom 1. Tomosorus. To-
nosoruieckas aire6pa. M.: Hayka, 1988.

[9] YMH. 1988. T. 43, Boim. 6.

[10] ®Domenro A. T., dyxc /. b. Kypc romoronudeckoin Tomnosornu. M.:
Hayxka, 1989.

[11] Koamoropos B Bocmomuuauusx / mox pea. A. H. Hlupsesa. M.: Hay-
Ka, 1993.

[12] Xeaadze Ill. B. O pacxogumocTn Bcogy psaoB Dypbe GyHKIHT 03 Kaac-
ca Lo(L). Tpyaer Téun. Mat. Un-ta AH I'CCP. 1989. T. 89. C. 51-509.



