OTtpen AuckpeTHol MaTemMaTuKM
B Matematuyeckom nHctutyte um.B.A.Crteknosa PAH

90 ner MNAH

Mockea
15 masa 2024 r.
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1953 r. — 1994 r. : OTgen npuknagHbIX pacyeToB
1994 r. no HacTosiwee Bpems : OThen ANCKPETHOW MaTeMaTnKM

[Nocne okoH4aHusi BTopoii MupoBoOW BOWHbLI aMepUKaHCKUM
kpuntorpadam B xoge onepauuun «BeHoHa» yganock pacwund-
poBaTb Mepenmncky COBETCKUX pa3BeaqnkoB. PykoBoacTeom
CCCP 6bbinu npuHaThI pewwerns ob ykpenaeHun kpuntorpadu-
YECKOIA Cy»Kbbl.

K pewenunto kpuntorpadpmyecknx 3agad bbin npuenedeH psg
M3BECTHbIX MaTemaTukoB, a B 1953 rogy B Matematudeckom
nuctutyte um.B.A.Creknosa AH CCCP (MWAH) 6bin obpaso-
BaH Otgen npuknagHeix pacuetos (OlP).
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KonctanTtun KoncranTturosny Mapgxkanuwennu (1903-1981)
CotpyatHuk MUAH c 1934 r.
zasegytowmin OMNP B 1953-1981 rr.
HokTop dus.-matem.Hayk ¢ 1949 r.
Ynen-kopp. AH CCCP ¢ 1964 r., ¢ 1974 r. — akagemuk
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Bnagumup KoHctaHtuHosuy 3axapos (1925-1988)
CotpygHuk MUAH ¢ 1956 r.
zaseaytowmin OMNP B 1981-1988 rr.
HokTop duz.-matem.Hayk ¢ 1972 r.
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Bopuc Anekcangposuy CeBactbsiHos (1923-2013)
CotpygHuk MUAH ¢ 1948 r.
zasegytowmin OMNP B 1988-1994 rr.
HokTop dunz.-matem.Hayk c 1968 r.
Ynen-koppecnongenHt AH CCCP ¢ 1984 .
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B MaTtemMaTu4eckoM MHCTUTYTE C CaMOro Ha4dana CyLlecTBO-
Basn OTA€Nbl, NPOBOANBLUNE NPUKAAAHblE NCCNEenoBaHNA, N B
HECKOJIbKUX Cny4asaX OHWN CTAaHOBUINCDH OCHOBOI1 HOBbIX Hay4HO-
ncenenoBaTesIbCKNX MHCTUTYTOB.

Hanpumep, B npefgBoeHHble 1 BoeHHble rogbl A.H.Konmoropos
n H.B.CmupHos, C.J1.Cobones, J1.B.Kengbin n A.A.Mapkos
pa3pabaTbiBany TEOpPUtO CTPenbbbl U ABUXKEHUS CHAPSAOB,
N.M.Tenbcbang n J1.A.JTtocTepHnK y4acTBOBaNN B COCTaBAEHNN
Tabauy Ana onpefeneHnsi MapaMeTpoB ABUXKEHWSI CaMoOJeTa,
C.H.BepHwTeliH paspabaTbiBan MeTon paauonesieHrauum Ko-
pabneii, A.O.lenbcboHp yyacTsoBan B pabote [nasHoro wraba
BM® CCCP, K.K.Mapa>xaHuwBennu npoBoaus pacHeTbl Npoy-
HOCTU Pa3/IMYHbIX KOHCTPYKLMIA.

B 1967 r. nHcTuTyT bbIN HarpaxaeH opaeHom JleHnHa 3a bonb-
IOV BK/1aA B peLLeHMNe 3a4a4, UMEKOLLNX NPUKIAAHOE 3HAYEHNE,
a B 1984 rogy — opaetom OkTsibpbckoii Pesontouun.
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B 1994 rogy bbina npoeeaeHa peopraHu3aLnusi HEKOTOPbLIX OTAe-
noB MHctuTyTa, B YacTHocTu, nukeuguposad OTgen npuknag-
HbIX pacyeToB U co3paH OTpen fuCKpeTHOW MaTemMaTuKu, Co-
TPYAHMKU KOTOPOTO AOJKHbI BECTU MCCAELOBaHUS MO obuwiemy
nnany VIHCTUTYTa 1 MOryT BbINO/IHSATL LOrOBOPHbIE paboThl. 3a-
segytowum OJM crtan A.M.3ybkos.

Kak npu ocHoeanun OTgena npuknagHbix pacyeToB, 3Ta pe-
opraHu3sauus boiia CBsi3aHa CO CJIOXKHbLIM MEPUOLOM B XKU3HU
Hallel CTpaHbl.
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N3 nnTepebto B.B.Mytuna (2021 r.): «B Poccum 90-x B Kave-
CTBE COBETHUKOB paboTanu coTHM mHocTpaHues. OgHUM Takum
coBeTHUKOM paboTan kagposblii cotpyaHuk LIPY. HasepHoe, oH
Obin He oguH.» «AMepuKaHLUbl CTapasnch NonacTb Ha 0OOPOH-
Hble npegnpusTus PP, oHu ne3nu Besge. Jaxe ecnum He Obinm
KagpoBbiMu coTpygHukamu LIPY, HaBepHsika oT4mTbiBanuce u
B locaen, u B LIPY o pesynbtaTtax npogenaHHoin nMm paboTsi.
V Hac e Dblno MexXnpaBcorialleHne, B paMkax KOTOPOro Ha
HEKOTOPbIX MPeANpUATUSAX SLEPHOMO KOMMJEKCA CUAENN aMe-
pukaHckme cneuymanuctel. CMAENN Ha HaWUX NPeSNpUSATUSX 1
XOAWAN TyAa, Kak Ha paboTy. Kaxablii geHb.»

B 90-e roabl bbin0 nukBUAMpoBaHo boablLOe YUCAO Npeanpu-
ATWIA 1 NPUKNAAHLIX UHCTUTYTOB. B nerkoil npoMbiwneHHoCTH
obbem npoussoacTea ynan Ha 86%, B cTpoiimaTepmanax u se-
cobymakHoii — okono 50%, B obopoH3akase obuiee nageHue
coctasuno okono 80%.
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B pabote Otvgena npuknagHbix pacyeToB MPUHUMANU yya-
ctue  unenbl-koppecnongentel  AH  CCCP  A.A.Mapkos,
A.O.TenboHga.

C wmomeHTa ocHoBavuss Otpgena B  Hem  pabotan
5.A.CeBacTbsinoB. MHorne cotpyaHukn OTaena B pasHble
roAbl 3alMLLANN KaHANAATCKME N JOKTOPCKNE ANCCEPTaLMN.

OcHoBHbIM HanpaeneHuem aestensHocT OTaena npukaagHbix
pacyeToOB ObINO pelleHne CIAOKHBIX MaTEMaTMYeCKUX 3agad,
CBSI3aHHbIX C TEOPETUYECKOIA KpunTorpadueii.

Hanpumep, 8 1956 r. A.A.MapkoB gokasas, 4To Bce buekTns-
Hble OTODpPa)keHMsI MHOXXECTBA CJIOB Haj KOHeYHbIM asndpasu-
TOM, He YBENMYMBAIOLLME PACCTOsIHUE XEMMUHra Mexay Co-
BaMu, CBOASATCS K NepecTaHOBKaM 1 3aMeHaM OTAEeSbHbIX DYKB.
JTa paboTa 0 Kofiax, He PacnpOCTPAHSIOLLNX NCKAXKEHUT, Onyb-
nukoeaHa B 2003 r. Bo BTopom ToMe ero /13bpaHHbIX TpymoB.
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OpaHoii N3 BaXKHbIX 4151 KpUNTOrpadpmm MaTeMaTUHECKUX 3a4ay
ABIAETCS TaK Ha3blBaeMas 3a4a4a ANCKPETHOro sorapudmupo-
BaHUWs, KOTOpasi B 0bLEM BUAE COCTOUT B PELUEHUN YPaBHEHWI
a®* = buwmaxr = b, rae a n b — 3n1eMEHTbI LUKANYECKO
rpynnbl G MO YMHOXEHNIO UAW CIOXEHUKO COOTBETCTBEHHO.

B HacTosiLee BpeMs Ha rMnoTe3e O CIOKHOCTM PELLEHWUS STON
3aga4n B cny4asix, korga G — nogrpynna bonbworo npocro-
ro nopsifika rpynnbl TOYEK SNAUNTUYECKOR KPUBOIA Haf KOHEY-
HbIM MOJIEM, OCHOBBIBAETCSA MPEACTABNEHNE O CTONKOCTMN HEKO-
TOPbIX CUCTEM WINPPOBAHNS C OTKPLITLIM KJAKOYOM, MO3BOJISIHO-
WX aboHeHTaM OpraHnM30BbIBaTbL ODMeEH CEKPETHOI nHopMa-
LMENA, MOJIb3YSICb TOJILKO HE3ALLMLLIEHHBIM KaHaNOM CBA3W.
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B obuwem cnyyae Haunydwmne M3BECTHble aNroOpUTMbl BblYUC-
JIEHNS1 ANCKPETHOrO Jlorapuma MMEOT CIOXKHOCTL MOPsiAKa

V/ |G| onepaunii.

Anroputm Takoit cnoxtoctu npegnoxun A.O.lenbdona B 60-
e rogbl, 3a pybexxom nepeasi aHanornyHas nybaAnKaums NosiBu-
nace B 1971 r. (Baby Step/Giant Step anroputm).

B.W.Heuaes (Matem. 3ametku, 1994 r.) gokasan, 4to ecnw
anropuTM BbIYUCNEHUA AWCKPETHOro norapudma Ucnonbsyert
TONBLKO FPYNMoOBble ONEpaLi, TO €ro CAOKHOCTb MO MOPSAKY

He MeHblue /|G| onepauuii; 3a pybexkom Takoii pesynsTaT Obin
nosly4eEH NO3XKe.

[ns rpynn cneynanbHOro BMAa, LOMYCKAOLWMX NCMONb30BaHMNE
He rpynnoBbIX onepaumii (Hanpumep, pasnoXeHWe Ha MHOXU-
TeNN 37EeMEHTOB Z, KaK LENbIX YNCeN), CYLLECTBYIOT METOAbI

co cnoxHocTbio nopsiaka exp(c(In |G|)Y/3(Inln |G|)#/3).
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B O[lNP wu3yyanucb ypaBHEHUSI OTHOCUTENLHO MOACTAaHOBOK
(A.W.Nagnos, M.M.Munnees, B.®.Konuun, B.E.TapakaHos).
[pumep: A.W.TaBnos, duckpeTHas maTemaTtuka, 19809.

Ecnn n — YNCNO peLueHnii X1 NN Xk CNCTEMDI aBHeHWNA
) )

OTHOCUTENBHO NOACTAHOBOK N3 Sn

X11:X22:...:ka:€,Xin:Xin(lgl,jgk’),

roe € — TOXAECTBEHHAs NOACTAHOBKA, TO MPU M = My ... My
ON51 HEKOTOPbIX LeNbIX Yucen hy

QTL Cn_n/m hd d/m
N — — — ,
ol —2ﬂ_mn exp Zd|m d n ,n (0. ¢]

N ANst CAyYaiiHO BbIOMPAEMOro peLeHUst CUCTEMbI BEKTOP
(M1, -+, M) HUCEN LUKNOB aCUMNTOTUHECKN HOPMAJIEH.
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B.E. TapakaHOB noay4ni OUEHKU A1 MAKCUMaJIbHON rybuHbl
npsimoyronbHbix (0,1)-mMaTpuy, ¢ 3agaHHBIMNU CyMMaMu Mo CTPO-
KamMm 1 cTtosbuam, T.e. MUHUMANbLHOTO 4Yucia CTPOK, obpasy-
rou_|,|/|3< nogmatpuuy 6e3 Hynesbix ctonbuyos (MaTem.cbopHuk,
1973).

MakcumansHasi rnybuta (0,1)-maTpuubl Kak MaTpuLbl WHLW-
JEHTHOCTM runeprpada COBNaAaeT C MUHUMAJbHLIM YUCSIOM
pebep, NOKPbIBAOLLNX BCE BEPLUNHbI.

[ns LWMPOKOrOo  KJjacca perynsipHbix  runeprpados
B.E.TapakaHoB pokasan cnpaBeanBoCTb runotesbl Paiise-
pa O HEpaBEHCTBE, CBS3bIBAIOLEM TPAHCBEPCAZIbHOE YUCIO
n uncno Hesasucumoctu (Matem.3ameTkn, 1997). Pabotsl,
cBsi3aHHble C runoTesoii Paiizepa, nybankytotcs fo cux nop.

B.E. Tapakanoe un B.H.Caukoe — coaBTOpbl MOHOrpachum
«KombuHaToprka HeoTpuuaTenbHbix MaTpuyy», usg-so 1B,

2000, n Amer. Math. Soc., 2002.
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®.M.Manbiwes n B.E. TapakaHoB, 0600L1ast N3BECTHLIE B KOM-
buHatopuke (v, k, \)-koHdburypauun, Beenn noHstue (v, k)-
KOH(PUrypaunii Kak Taknx COBOKYMHOCTENR k-31€MEHTHbLIX MOA-
mMHoxects Xo, X1,..., X, 1 mHoxectBa X = {1,...,v}, uto
cootsercTaytowue um (0,1)-maTpuupl HUMAEHTHOCTN L HeBbI-
POX/EHbI, UMEIOT POBHO k efMHNL, B KaXKAOA CTPOKE N B KaXK-
Aom ctonbue, n obpathble (Hag R) matpuusl L~ Toxe nmetot
poBHO k eauHuL, B KaXkgol CTpoke n B Kaxkgom ctosibue. [o-
KasaH psig TeopeM O (v, k)-KOHUIypaunsix U MOCTPOEHbI UX
beckoHeuHble cemeiicTa (Matem.cbopHuk, 2001).

(v, k)-KOHDUIypaLMn CyLLECTBYIOT TONBKO NPY HEYETHbIX k.

B nocnegHue rogel @.M.Manbilies BMeCTe C y4eHUKaMun pa3pa-
boTanm psg HOBbIX CeMeRCTB nocTpoeHus (v, k)-koHdurypaunii
NPy KOHKPETHbIX Hebosblwux 3HaveHusix k. Takue maTpuubl
MCNOMIb3YHOTCS MpY MNOCTPOEHUN ObpaTMMbIX NpeobpasoBaHuii
[ABONYHBIX CTPOK.
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Ecim X — koHeyHoe MHOXeCTBO, To rpag ge bpeiina — 310
OpWeHTNPOBaHHbI rpad ¢ BepwuHamn (zq,...,x,.) € X" n
pebpamu (z1, o, ..., 2,.) — (T2,...,%p, Tpy1). DTO rpad ne-
PEXOL0B KOHEYHOrO aBTOMaTa — perucTtpa casura. B rpade ge
Bpelita mexgy ntobbiMn ABYMS BEpPLUMHAMU CYLLECTBYET enH-
CTBEHHbIV NyTb AAUHbI T

[pacbbl, obnagatowme nocieaHUM CBOWCTBOM, Ha3blBalOTCA
obobuyenHbimu rpacgpamun ge bperina. Vix (0,1)-maTtpuupsl nH-
LUMAEHTHOCTN Y ABASIOTCA PELUEHUAMU MATPUYHBIX YpaBHEHW
Buga Y = J, roe J — maTpuua, cocTosasn nu3 eguHuL,.

®.M.Manbiwes gokasan, 4to B cnydae X = {0, 1} cywecrsy-
eT He MmeHee 127 — 33 nonapHo He U30MOpPdHbLIX 06OBLLEHHBIX
rpacdos ae Bpeiita ¢ 2" Bepwmnnamn (Juckpet. maTem., 2020).
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MpefenbHble TEOPEMbI ANsi XapaKTEPUCTUK CyHaiiHbIX rpachos
n oTobpaxkeHnii (4ncen n pasmepoB CBS3HbIX KOMMOHEHT, AJUH
LMKJ/IOB, PAacCTOSAHWI A0 LUKOB, BbICOThI U LLUMPUHBI CNTyHaliHbIX
AEPEBLEB U T.M.) N3yYann MHOTME COTPYAHUKM OTAENA.

Monorpadun B.D.Konunna «CnyyvaiiHble oTobpaxkeHus» u
«CnyualiHble rpadbl» nepesefeHbl Ha aHMUACKNIA S3bIK.
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Ons kpuntorpacpum 0cobyto BaXXHOCTb MPeACTaBASIOT MOC/e-
AOBATENIbHOCTU HE3ABUCUMbIX CyHaliHbIX BEJNYUH, NMPUHAMA-
IOLLMX C PABHLIMU BEPOSITHOCTSIMI 3HAYEHNSI N3 KOHEYHOTO aJi-
cbaButa (oToxXaecTBAsieMoro ¢ Z,,).

CornacHo Teopeme LlleHHoHa ugeanbHbili wnudp — 3To cro-
XKEHNE 3HAKOB COODbWEHUS My, Mo, ..., My € ZL, C 3NEMEeH-
TaMu 1,72, ..., YT PeANM3aUUN TAKOW MOCNEe[0BaTENbLHOCTMN:
mi+vy1, Mo+, ..., mp~+yr. [pn 3ToM nocnefoBaTeNlbHOCTb
V1,72, - - -, YT BOJIXKHA ObITb U3BECTHA TOJILKO OTMPABUTENIO 1
nofly4yaTento, a y OCTaNlbHbIX O Heli He JO/KHO ObITb HMKaKOM
nHbopmauun.

OpHako Ha npakTuke NOCNeA0BATENLHOCTY Y1, Y2, - - -, YT MO-
Jly4atoT C MOMOLLBI TEXHUYECKUX YCTPONCTB, U HENb3s rapaH-
TUPOBaTb, YTO NOPOXKAAEMbIE MU MOCTEA0BATENBHOCTN HEOT-
JINYUMBbI OT peanmn3auunii K uaeanbHbIX» CNy4valiHbIX NOCNef0Ba-
TEIbHOCTEl, He TOBOPsi y>ke 0 cbosix B ux pabore.
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MoaToMmy anst kpuntorpadun BaXkKHbl UCCIEA0BAHUS:

a) cnocobos nposepku runotessl Hy 0 TOM, 4TO KOHKpPETHasi no-
CIeA0BaTE/IbHOCTL HEOT/IMYMMA OT HE3aBUCUMbIX peanun3aLuii
C/IyHaiiHbIX BENUYMH, UMEIOLWUX PAaBHOBEPOSITHOE pacnpeaene-
Hue,

6) cnocobos obHapy>keHnsi 0COBEHHOCTEl KOHKPETHOI Noceao-
BaTENILHOCTM, HE MO3BOJIAIOLMX CYNTATh €€ COOTBETCTBYIOLLEN
runotese Hy.

[ns nocneposatensHoCTN 71, Y2, . . ., YT SNEMEHTOB Z,, MOXHO
BbIMUCAATL 4acToThl Vj, j € Z, NOSBAEHWA 3NEMEHTOB, Ya-
CTOTbI V), i, MOSIBNEHWIA S-uenoyek (ji,...,Js) € Z; v cpas-
HMBATb 3TW 4aCTOTbl C MHOXECTBAMI UX Haubonee BEPOATHbIX
3HaYeHWii B cnyyae, Koraa runotesa [l o He3aBUCUMOCTM U
PaBHOBEPOSATHOCTH BbINOJHAETCS.
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13BecTHble TeopeMbl Teopumn BeposiTHOCTeN 0D acUMnTOTUYeE-
CKO HOPMAJIbHOCTN CYMM HE33aBUCUMbIX CAy4YaliHbIX BeINYUH
MPUMEHNMbI K 4acToTaM S-Leno4vek TONbKO B CNy4asx, Korga
0bbem BbIDOPKM MO MOPSIAKY MPEBOCXOAUT HMCAO BCEX BO3MOXK-
HbIX S-LLeno4eK, a OHO IKCMOHEHLMANIBHO 3aBUCUT OT S.

B 60-e rogel 8 CCCP un 3a pybexxom ctana paspabaTtbiBaTbcs
Teopusa «cny4aliHbiX pa3MeLLLeHNi YacTuy, No s4elikam» — pac-
npefeneHnii 4acToT 3HAKOB B MOC/NEA0BATENbHOCTAX AUCKPET-
HbIX CaydaiiHbix BenndmH. C TOYKM 3peHusi MaTeMaTU4ecKoim
CTaTUCTUKK 3Ta TEOPUSt OTHOCUTCS K 3afad4aM O «MaJsibiX Bbl-
bopkax», korga obbem Bbibopku T’ no nopsigKy Anbo MeHblue
uncna N BO3MOXHbIX NCXOAOB, MO0 HE3HAYNTENBHO OTAMYA-
eTCsl OT Hero.
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Ecnn yncno N uncxopos Benuko, TO BMECTO 4acTOT paccmaT-
pUBatoOTCs cnydaiiHble Bennyuibl fi,.(N,T) — konudecTsa unc-
XOA0B, KOTOPbIE NOSIBUANCL B Bblbopke posHo 7 = 0,1, ... pa3.

TunuyHble cayydam: «nesasi obnactby, korga I ~ CN'=V/7
pacnpegenenue (i, (N,T) cxogutcs K pacnpegeneruto [Nyacco-
Ha, <UeHTpanbHas obnactey, korga 1" ~ C'N n pacnpegenerus
(N, T) acuMATOTUHECKN HOPMaJibHbI, U «MpaBasi 0bnacTby,
korga T’ = NInN+rNInln N — NIn(Ar!) 4+ o(N) n pacnpe-
penetne (N, T) cxopgntes k pacnpegenenuto [yaccoHa.

PaccmaTpuBannch pasnuyHble 3ajadqn, CBs3aHHble CO CHy-
qaiiHbiMu BennduHamn L. (N,T), B TOM 4ucne nocTpoeHme
W ONTUMMW3aUUS CTaTUCTUHeCKUX KpuTepues. MoHorpadus
B.®.Konuuna, B.A.Ceactbsinora, B.[1.Yuctskoea «Cnyuyaii-
Hble pa3MeLleHus» onybnnkoeaHa B 1976 r. B m3gatenbcTee
«Hayka», B 1978 rogy — B usgatenscree J. Wiley & Sons.
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YacToTbl Lenoyek oTpaxatoT riobasibHble CBOWCTBA NOC/IEAO-
BaTenbHoCTel. JlokanbHble 0CODEHHOCTY MOryT ODHapY>X1BaTb-
CSl YMCnaMuy NOBTOPEHWIA S-LIeNOYeK WM MAaKCUManbHbIMU ASN-
HaMU NOBTOPSIIOLLMXCA LienoYyek.

B paBHOBeposiTHOl ABOUYHOI MOCNEAOBATENbHOCTU AJUHbI 2°
npyM § — OO0 KaXKAasi S-LEenoyka B CPeAHeEM MOSIBASETCS OAMH
pas, HO AJINHA MAKCMMaNbHOW LIeNOYKN, NOSABASIOLENCS B 9TOR
NoCNeA0BaTENbLHOCTU XOTs Obl ABa pasa, C BEPOSITHOCTLIO, bns-
Koii K 1, oTnmyaeTtcs oT 25 Ha HebOMbLUYIO BENYUHY.

Linkn pabot, Havaswwuiics B 1974 r. ¢ coBmecTHOl paboThbl C
B.[.MuxalinoBblM, NHTEHCMBHO pa3BMBaJICA UM U APYrAMM OTe-
YECTBEHHbLIMU 1 3apybexxHbIMu aBTopamu. Kpome To4HbIX no-
BTOPEHUIA LLENMOYEK PACCMATPUBAJINCL KaK MOBTOPEHUS C MaslbiM
4ucnom ownbok, Tak n 0bobuyeHHbIe NoBTOpeHUs (C TOYHOCTLIO
[0 NEPENMEHOBAHS 3JIEMEHTOB), @ TaKXKe MOBTOPEHUS B NOC/IE-
[0BaTE/IbHOCTSIX 3aBUCUMBbIX CJTyHaliHbIX BENYUH.
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3agaum o ciyyaliHbiX pa3MELLEHUSIX, MOBTOPEHUSIX LIEMOYEK W
T.M. CBA3aHbl C UCC/NIELOBAHMEM CYMM 3aBUCUMbIX CHy4YailiHbIX
NHAVKATOPOB, NMPUHUMAKOLWNX TONbKO 3HadeHus 0 n 1.

5.A.CeBacTbsiHoB B 1972 r. nocTtpoun yaobHblii BapuaHT MeTo-
Zla MOMEHTOB A/1s1 I0Ka3aTENbCTBA CXOAMMOCTI pacnpeaeneHuii
CYMM 3aBUCUMbIX MHAWKATOPOB K pacnpegeneruto lNyaccoHa.

B 310 e Bpemsi 3a pybexxom bObin paspabotan metop Yena—

CreiiHa poka3aTenbCTBa CXOQUMOCTW CYMM 3aBUCUMBbIX UHAM-

KaTOpOB K pacnpeaeneHuto [NyaccoHa ¢ oLeHKaMu CKOPOCTH CXO-

aumoctu. [lpyrue oueHKN TOYHOCTU MyaCCOHOBCKOW amnmnpokcu-
n

mauumn ana U-ctatuctuk suga Zil,..‘,idzl firoig(Xiys oo, X5y)

bbinn nonyyensl A.M.3ybkosbim (Matem. 3ametkn, 1977).
PaspabatbiBaninck MeToAbl fOKa3aTeNbCTBA aCUMMNTOTUYECKON

HOPMaNbHOCTM CYMM 3aBUCUMbIX C/yYaliHbIX UHAWKATOPOB, B
vactHoctu, U-ctatuctuk (B.I.Muxaiinos, B.M1.YucTsikos).
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Bonbwoe mecto cpegn nybnukauwnii cotpygHukos OM 3anu-
MatoT paboTbl MO TEOPUM BETBSALLUXCS MPOLLECCOB.

TepmuH «BETBSLUMNECS npouecchly bbin BBEAEH
A.H.KonmoroposbiM 1 cTan obuenpuHsATLIM, A0 3TOro B
3ar|a,u,H0|7| JINTEPATYpPE WNCNONBb30BaJINCb TEPMUHDI <<Cascade
processes», «multiplicative processes» n T.n.

Knaccudeckuii Betesiwmiics npouecc lanstoHa—BaTtcona onu-
CbIBAeT 3BOJIOLMIO YUCAEHHOCTER NOKONEHNI B NONYASILUNA Ya-
CTUL, KaXKAasi U3 KOTOPbIX HE3aBUCKHMO OT OCTaJIbHbIX MOPOX-
[AeT cNyyaliHoe YnNCNo MOTOMKOB C OGHUM N TEM XK€ pacnpepe-
nenvem. Ecnn & ; — 4ncno NnoToMKoB j-ii HacTuupl t-ro nokone-
HUS, @ Z; — YUCNO YacTuL, t-ro NOKOJIEHNS!, TO MPOLLECC Onpese-

Z
NSIETCS PEKYPPEHTHBIM COOTHOLLEHNEM Z; 41 = 2]21 &yt > 0.
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BeTBsiwmecss npoueccbl AensiTca Ha Tpy Kjlacca Mo 3HaYeHUto
MaTemaTuyeckoro oxuganus A = E&; ; yncna noToMkos ofHol
YacTubl:

npu A < 1 npouecc Ha3bIBaeTCA AJOKPUTUYECKUM N C BEPOSITHO-
ctoto 1 Boipoxgaetcs: P{Z; > 0} akcnoneHumanbHo ybbiBaeT
npun t — oo,

npm 1 < A < 00 Npouecc Ha3bIBAETCA HAAKPUTUYECKUM, MO-
CNepoBaTeNIbHOCTb Z; C MOJIOXKUTENBHOW BEPOSITHOCTbLIO pacTeT
Kak reometpuyeckas nporpeccus Al

npu A = 1 npouecc Ha3bIBAETCA KPUTUYECKUM, OH BbIPOXKAa-
€TCS C BEPOSITHOCTbIO 1, HO 3HAYUTENLHO MELJIEHHEE, YEM B
JOKPUTUNYECKOM CNyYae, N NpefefibHble YCJIOBHbIE pacnpeaene-
HMS1 TAKUX MPOLLECCOB MPU YCJIOBUN HEBLIPOXKAEHUS K MOMEHTY
HabntoaeHns, Kak NpaBuo, UMEKT SIBHO OMUCLIBAEMbI BUA, He
3aBUCALLNIA OT KOHKPETHOIO pacnpefeneHns Yncna noToOMKOB.
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Hanpumep, ecim A = E§; = 1 n B = D§,; < oo, T0
P{Z, > 0} ~ % " limt_,ooP{% < x‘Zt > O} = 1—e"
(teopema A.M.Arnoma).

OcHoBbl 3TOro HanpaB/ieHNs Obinw 3a/10XKeHbl
A.H.Konmoropoebim B 40-x rogax XX Beka; BakHasi poJib
B ero pa3sutuu npuHagnexut b.A.CeBacTbaHoBy. Ero nepsas
pabota (coBmectHasi ¢ A.H.KonmoroposbiM) o cuHanbHbIX
BEPOSTHOCTAX [J1s1 BETBSALLMXCS NPOLLECCOB nosiBunack B 1947
r. Mocne atoro Bnaote go 2007 roga B.A. perynspHo nybau-
KOBaJl pe3y/bTaTbl A4Jis Pa3/iNYHbIX MOANMDUKALUIA BETBALLMXCA
MPOLLECCOB: BETBALLNXCA MPOLLECCOB C HeMpepbiBHbLIM BpeMe-
HEM, BETBSILLMXCS MPOLECCOB C HECKONIbKUMU TUMaMy 4acTul,
BETBSILLMXCS NPOLLECCOB C NepeMELLEHNEM HaCTUL, B MPOCTpaH-
CTBE, BETBSLUMXCS NPOLECCOB C NPEBPALLEHNAMU, 3aBUCALLUMU
OT BO3pacTa 4acTul, PeryInpyemMbix BETBALLMXCA MPOLECCOB,
OFPaHNYEHHbIX CHU3Y BETBSILLUXCS MPOLECCOB, BETBSILLMXCS
NPOoLECCOB C B3aMMOAENCTBUEM HACTuL,
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JlnneiiHoCTb N0 Z; peKyppeHTHOro COOTHOLWIEHUS Jpyq =
ij;l &t NO3BONSAET CBOAUTL WCCNEAOBaHWE CBOWCTB BETBS-
LWMXCS NPOLLECCOB K WNCCNEfOBaHNIO UTepaLnii Npon3BoAsLLNX
(PyHKUNIA; B CyHae perympyembix BETBSILLMXCS MPOLECCOB Ta-
KOW JINHEWHOCTU ODbIYHO HET, N TOrfda MPUXOANTCS NCMOJIb30-
BaTb Apyrune mMeToabl.

lanbToH n BatcoH BBENM BeTBAWMIACA npouecc, 4Tobbl 0bOb-
ACHUTb 3(PEKT NCHE3HOBEHUS (PaMUANI AHFANACKNX M3POB;
hamunun nepeaaBanncb TONBKO NOTOMKAM MYXXCKOro nosia, u
npw nx OTCYTCTBUU JNHWS NpepbiBanack. Vimes B Bugy atot am-
nupuyeckuin onbiT, lansToH u BaTcon (HekoppekTHO) npuiuin
K BbIBOAY O TOM, YTO Jitobble BETBALMECS MPOLECCHI BbIPOXAA-
toTCS.
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B 1971 r. 5.A.CeBacTbsiHOB onybnmkosan mMoHorpadguio «Bet-
BALLMECS NPOLLECCHI», KOTOpasi bbiia nepesefeHa Ha HeEMELKUI
A3bIK.

B5.A.CeBacTbsiHOB Obl1 Hay4HbIM PYKOBOAWTENEM HE MEHEe
10 kaHAMAATCKMX AuccepTauuii, B TOM 4UCIe COTPYAHU-
koB MWAH B.A.Batytuna, A.M.3ybkoea, B.[l.YucTsikoea,
B./.LLepcTHeBa, A.J1.9kbiMuBa.

Teopuneil BeTBSALWMXCS NPOLECCOB CTanu 3aHUMaTbcs B HoBo-
cubupcke, TawkeHTe, Kuneee u gpyrux ropogax, v BO3HUKIIA
OTeYeCTBEHHAs LUKOJIAa TEOPWUM BETBSILLMXCS MPOLLECCOB, KOTO-
pasi MHTEHCMBHO paboTaeT u celiyac.
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B HacTosiliee BpeMsi B oTAesie AWCKPETHOW MaTeEMaTWKU WC-
CnefloBaHMs MO TEOPUU BETBSLUUXCS MNPOLECCOB MPOBOASAT
B.A.Batytun, B.W.Adanacbes, E.E.[bsikonoBa. OcHOBHbIMM
HanNpaB/JIEHUSIMI UX UCCNIEA0BAHNIA ABASIOTCS Dosiee CNOXKHbIE
3341 N MOAESN:

npefesbHble YCNOBHbIE PAaCNpPeaesieHnst TPAeKTOpUiA npu ycno-
BUUN HEBLIPOXKAEHUS,

BETBSALLMECS NPOLECCHI C HECKOJILKMMMN TUMAMMN 4acTuLl,
BETBSLLMECA NPOLECCHI B CNyYalHON cpefe,
COMPOBOXAAMOLME CAyYaiiHble BNyXXaaHus.
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ANAN

leHeanorm4eckoe Aepeso BETBSLLIErocs NpoLecca
PenyunpoBaHHblii npouecc
Paccrositne go banxaiiwero obuwero npegka (1975, 1977)
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BeTBslwmecs npouecchl C HECKONIBKUMU COODLLAIOLMMUNCA Ti-
namu dactuy 17,715, ..., T, aHaNOrM4Hbl NpoueccaM C O4HUM
TUnom vactuy. KayecteeHHo apyrumu ceoiicTBaMun obnapatoT
Pa3NoXMMble BETBSLLMECS MPOLLECChI; HAaNpuMep, ecii npespa-
ueHnsa Tunos umetoT Bug 17 — 1o — ... — 1,,. nsa kputnye-
CKNX BETBSILLMXCS NPOLLECCOB C OAHUM Tunom 4actuy (n = 1)
BEPOSTHOCTb HEBBLIPOXKAEHUS 3a BpeMsi t — 0O UMEET acuM-
TOTUKY %, a ans n > 1 acMMNTOTMKA BEPOSITHOCTU HEBbI-

POXAEHUS UMEET BUS o2 (Caeun 1959, Monnn 1976, Ma-
TeM.COOpHYK).

[Ins  pasnoXumbix KPUTUHECKNX BETBSILLUXCS MNPOLLECCOB C
HeckoNibKMMK Tunamu 4Yactuy B.A.BaTyTtnH onucan npegenb-
HYIO CTPYKTYPY PefyLMpOBaHHbIX MPOLECCOB MNpU YCAOBUN
HeBbipoxxaeHus (Teopusi BeposiTH. n ee npumen., 2014, 2015).

|:O7 2]\11—1) U [2]\71—17 21\11—2) U |:2N1—27 2]\71—3) u...u [1 - %7 1)
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Ecnmn 3akoHbl pa3sMHOXEHUS YacTuL, 3aBUCAT OT HOMepa MOKO-
JIeHUs1, TO MPOLLeCC CTAaHOBUTCA HEOLHOPOAHbLIM MO BPEMEHU 1
€ro CBOWCTBA U3MEHSAOTCH.

Y7106bI COXpaHUTL B KaKOIi-TO Mepe OAHOPOAHOCTL, B 1961 rogy
Dbl BBEAEHbI BETBALLMECS MPOLECCHI CO Cy4aliHoW Cpepoii:
3aKOHbl Pa3MHOXEHUS YacCTUL, B Ka)KAOM MOKOJIEHNN OANHAKO-
Bbl, HO AJ151 Pa3HbIX MOKOJEHWU OHUN ONPEAENSOTCS 3HAYEHUSMMU
cpeabl, T.e. BbIOMpAtOTCA CAyYaiiHo.

PaKTNYeCKN Takme MPOLECCHI MOMYHaAOTC Kak obbefuHeHue
(cmecb) TpaekTopunii pasHbix HEOGHOPOAHBIX npoueccos. Ceoii-
CTBa BETBALLMUXCA NPOLLECCOB CO CAY4YaWHOW Cpefoli onpeaens-
IOTCA KaK 3aKOHAaMMN Pa3MHOXEHWS, TakK U pacnpegeneHnsmu
3Ha4YeHulA cny4YaiiHoli cpeapbl.

ﬂpm 3TOM BO3HUKAET OrpOMHOE HYNCNIO pPa3HbIX NOCTAHOBOK 3a-
Aa4 N pe3ynbTaToB.
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MNycTb A; — MaTemMaTnyeckoe oxugaHue Yuciaa NOTOMKOB Ha-
cTuy t-ro nokoneuus. ns npoueccoB co cny4aiiHol cpenoii
5TO He3aBUCUMble CllyHaiiHble BEANYUHBI, OHW MOFYT ObITb TO
bonblue, To MeHble 1, U gaxe KnaccuukaLms nNpoLeccoB Ha
JOKPUTUNYECKNE, KPUTNYECKNE N HALKPUTUYECKME HEMPOCTA.

MonHasi knaccudpmkaums noctpoeHa B 2005 rogy B cTa-
Tbe B.W.Adbanacbera, B.A.BatyTuna, I.leiirepa, I Kepcrunra
(Ann. Inst. H.Poincare, Probab., Statist.). OHa ocHoBbIBaeT-
Csl Ha NPeAesibHOM MOBEAEHNN « COMPOBOXAAMOLLMX CAyYHaiHbIX
bayxganuiiy» S, =InA; +InAs+ ... +1InA,:

P{lim,_, S, = +00} = 1 = HagkpnTnyecknii,

P{lim,_,, S, = —00} = 1 = #OKPUTUYECKWIA,
P{limsup,,_,,, Sn, = +oo} = P{liminf, ,,, S, = +oo} =1
= KPUTUYHECKUIA.

B MHOXecTBe BOKPUTMYECKMX NPOLLECCOB CO CNyHaliHOW cpeaol
BbIGENAOTCA elle TPWU NOoAKJacca C pa3HbIMK aCUMNTOTUKAMMU
yObIBaHUSI BEPOSITHOCTEN HEBbIPOXAEHUSI.
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[lns BeTBALMXCA NPOLLECCOB CO CNy4aiiHOW Cpefoii COTpyAHU-
Kamu oTgena onybnukosaHbl gecatku crtateit. B Hux:

HallAeHbl AaCMMNTOTUKN BEPOSITHOCTEN HEBLIPOXKAEHUS, Mpe-
JeNbHble YCIOBHbIE PACMpPeAeneHns YMcen 4acTul, U TPaekTo-
puii NpU YCNOBUN HEBLIPOXKAEHUS,

nccnefoBaHbl CBA3M pacnpefeneHnii 4ncen 4acTtuy, co CBOWA-
CTBaMU TPAEKTOPUl COMPOBOXKAAKOLNX CAyHalHbIX OyxAaa-
HWiA (B 4aCTHOCTW, BHE3AMHOE BbIPOXAEHNE, «DYTbINOYHBIE rOp-
NbIWKU Y, HebnaronpusiTHas cpefa),

N3y4asnCb BETBSLLMECS MPOLECChI C HECKONBKMMU TUNAMK Ya-
CTWLY, B CNY4aiiHOWM cpege.

TouHble POPMYNMPOBKU AOBOSILHO FPOMO3AKMN.
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B 3akntoyeHme nprBesy HECKONBKO MPUMEPOB Pa3HOPOAHbIX A0~
CTAaTO4HO NPOCTO OMMUCBLIBAEMbIX PE3YNbTAaTOB, MOJYYEHHbIX B
nocnegHne rofibl COTPYAHNKaMu oTaena.

B reometpun useectHo HepaBeHcTBO BpyHHa—MuHkoBcKkoro c
boraToii ncropuei.

Teopema. [lyctb B ABYyx napajnnefbHbIX UNEPnIOCKOCTSIX
Lo,Li € R\ n > 1, COAepXaTcs BblNyK/ble Tena By, P
0AnHaKoBOro n-mepHoro obvéma v > 0 u nyctb P — ceve-
Hue BbIMyKaoi 060/104KM Ux 06BLEZUHEHNS TUNEPNIOCKOCTbIO
L, napannensHori Lo,.Ll M HaxogsLyericsi CTporo MEXAY HUMU.
Toraa n-mepHbiii 06béM Tena P He meHbLue v, npu4ém ecam oH
paseH v, To Py nonydaetcs u3z Py napannesnbHbiM nepeHocoMm.
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®.M.Mansbiwes, 3aBepLueHue Joka3aTeNbCTBa TeopeMbl BpyHHa
anemMeHTapHbIMU cpeacTBamu. — Yebbiw.cb., 2021, 1. 22:2, c. 160-182.
®.M.Manbiwes, JokasaTtenbcteo Teopembl bpyHHa—Munkosckoro
paccedeHnamun bpyHHa. — MaTtem. 3ametku, 2022, 111:1, 80-92.
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P{max{&,..., &} <1} = / C(t)\"e Mdt =
0
=P{§1+%+...+% < 1} :/'S(twe—”dt YA>0
0

PasencTeo npeobpasosauii Jlannaca 03Ha4aeT paBeHCTBO 06bEMOB
«cevenuity C(t) = S(t) V¢t > 0, T.e. «npunumn Kasanbepu»:

A.M.3ybkoB. BeposaTHOCTHOE AOKa3aTENLCTBO FEOMETPUYECKON TEOPEMBbI.
MaTem. 3ameTku, 1979, 1.26, BbIn. 6, c. 957-959
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Mepeceyenuns kyba n TeTpasgpa ABYMS MIOCKOCTAMU:
Los ={(x1,22,23): 1 + 2z + 23 =25} nu
Lis = {(z1,22,23) : 1 + 22+ x5 = 1.5}
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TpexmepHble nepeceyeHns 4-mepHbix Kyba 1 cuMnnekca
runepnnockocTbto Lo = {(x1, x2,23) : 21 + 22 + x3 = 2}
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PaclwupeHne cemelicTBa MHOrOrpaHHKOB, YAOBAETBOPSIIOLLMX NPUHLMANY
Kaganbepu, nupamugamm v npusmamu:
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Manbiwes ®.M. CemelicTBO paBHOBENIMKMX N-MEPHBIX MHOFOrPaHHUKOB,
yaoBneTopsitowux npuHumny Kaesansepu. — Matem. 3ameTku, 2015,
1. 97, BbIN. 2, 231-248
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