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BBenenue

Ecau Kro-s160 cKaxkeT HaM, UTO OH M0JOPOCHJ] «UECTHYIO» MOHeTY JBa-
JaTh pa3 v, 0603HAUUB repO eIMHULEH, a PeLIETKY — HYJIEM, TOJNYUHJ TAKOH
pesyJbTar:

10001011101111010000 (D

WJIM TaKOM:
01111011001101110001, (1)

Mbl BpsiL Jd OyneM yauB/eHbl. OIHAKO €Cid HaM CKaKyT, 4TO pe3yJbTaT
OpocaHuil OblI TAKUM:

00000000000000000000 (I11)

WM TaKUM:
01010101010101010101, (Iv)

Mbl O6yJieM MopaxeHbl i BOOOLLEe He MTOBEPUM HJIH XK€ YCOMHHUMCS B KOPPEKT-
HOCTH KcrepuMeHTa. BosHukaer Bonpoc: nouemy?

[To-Bunumomy, enouku (I) u (II) BocnmpuHumaloTes Kak ciyuaiHele, a Le-
nouku (IIT) u (IV) — kak necqyuvaiinble.

Ho uTto o3HaualoT c/ioBa «BOCMpPUHMMAaeTcsl Kak cJjyudaiiHasi»? Koac-
CHUecKasi TeopUsl BEPOSTHOCTEH He JA€T OTBeTa Ha 3TOT BaKHbIA BOIPOC.
He cTosib peKo MOXKHO yCJbllLIaTh cilefytolllee 00bsiCHEHHE: BepOSITHOCTD
kaxxnoi1 u3 tenouek (111) u (IV) cumkom mMasia, ona papHa 2-20, uto MeHblle
OJIHOH MUJTMOHHOH. Ho Belb pOBHO TaKylo »Ke BEpPOSITHOCTb UMEIOT 11€MOYKH
() u (ID!

ClenaeM TpH BaxKHbIX 3aMeUaHUsI.

e Bo-nepBbiX, BrieyaT/ieHHe CAyuyalHOCTH 3aBUCHT OT pacrpejiesieHus Be-
positHocTel. Ecsin oiHa CTOpOHA MOHEThI TsiKesiee IPyrok WK eCJId YesloBeK
B npollecce 6pOCaHnsl HAyuUUTCsl MOJKH/IbIBATb MOHETY TaK, yToObl OHa Maja-
Jla Ha HyKHYI0 cTOpoHy, To nosiBienue 1enouek (I1I) unu (IV) moxer crath
BroJiHe OXKuJaeMbiM. CHauajsa — Jyis NPOCTOThl — Mbl OyJ1eM 3aHUMaTbCs
JIMLIb HE3aBUCHMbIMH OPOCAHUSIMU C BEPOSITHOCTSIMM OJiHAa BTOpasi s repba
M OJIHA BTOpast AJIsl PELIETKH.

e B0o-BTOpBIX, TOBOPUTH O CJAYYalHOCTH HMEET CMbICJ JIHILIb B MPUMeHe-
HHM K OueHb JUIMHHBIM Lieroykam. BeccmbicsieHHo cripaiuuBaTth, KoTopast U3
uerouek 00, 01, 10, 11 Gosee cayuaiina, uem apyrue.

e B-TpeTbUX, TOUHOH TpaHULIb MEXKJY CJAYYalHbIMU W HecJayuyalHbIMH
(B MHTYUTHBHOM CMbICJIe) LIEMIOYKAMM HET M He MOxKeT ObiTb. Benp ecsu
B CJyyalHOH llerouke 3aMeHMTb OJMH 3HaK, oHa ocTaércs caydaiiHoil. Ho,
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3aMeHsisi MHOTO pa3, Mbl OT Jito6Goil Lernoukn MoxkeM nipuiiti K (I11) wnm (IV).
DTO U3BECTHDIN MapPagoOKC KyuH.

Wrak, cnenyer paccMaTpuBaTh TOJIBKO OUeHb AJHHHBIE LIEMOUKH, a B Hie-
ane — GeckoHeuHble (BooOlIle, 6€CKOHEUHOCTh — ITO TaKOe MOJe3HOe MpH-
6JIMKeHHe CBepXy K OueHb GOJIbLIOMY KOHEUHOMY). DeckoHeuHble Lierou-
KU MPHUHSATO Ha3blBaTh nocaedosamenorocmami. OKasbiBaeTcsi, MOC/eN0-
BATeJIbHOCTH YK€ MOXKHO JIOBOJIbHO OCMBICJIEHHO Pa3leliuTh Ha CJydaiHble
¥ Hecsydafinble. MHBIMH c/loBamMM, MOXKHO He 6e3 ycrexa MbITaThCsl HAHTH
CTpOTroe MaTeMaTHUeCKOe oTpesiesieHue /1Sl IOHSATHS cay4aiinasn nocaedo-
samenvHocms Hyael u edunuy. B Hactosieil 6poliope Mbl H3JI0KHM
pe3yJIbTaThl TAKUX MOIMBITOK, MPEANPUHSTLIX PA3JIHUHbIME aBTopamu. OmnHa-
KO CJIeJlyeT YeCTHO MPHU3HATb, YTO JJIsl MPAKTHUECKUX MPUJIOKEHHH MHTEpeC
MPeCTaB/SIOT UIMEHHO KOHEUHbIe CJydailHble LEMOUYKH U OTOMY HIeasn3a-
ST, MPOUCXOASIIAS MPH Mepexofie K LenoukaMm GecKOHEUHOH JTMHbI, HEH3-
6eXKHO COTps’KEHA C «OTPHIBOM OT JKH3HHM». Brpouem, aHaJOrHUHBIN OTPHIB
BO3HHMKAET U IPH U3yUEeHUH COBOKYITHOCTH 8CeX KOHEUHBIX LIEMOU€eK, MOCKOJIb-
Ky B XKM3HHU BCTPEUAIOTCS JIULIb LUENOUKH OrPaHHUEHHON [JIMHBI, a B OU€Hb
JUIMHHBIX CJIy4alHbIX LeMOouKax BO3HHUKAIOT Takue 3((eKThbl, KOTOPble MOIYT
M He COOTBETCTBOBATh HAWBHHIM MPECTaBJAEHHSM O caydaiiHocTH. CrenaB
3TO TpPU3HAHHE, TTPUCTYMHM K M3JI0XKEHHIO.

Hawm 6ynyT nosie3Hbl HEKOTOpPble TEPMUHBI U 0003HAUEHHUSI.

Besikasi koHeuHast uernouka (iy, ..., i,) HyJell U eIMHHULl HA3bIBAETCS TaK-
XKe 0BOUUHBIM CAOBOM, & UHCJIO N — OAUHOLU 3TOro cJjioBa. JyuHa ciaoBa x
o6o3Hauaeres Tak: |x|. [lyinHa cjioBa MOXKeT ObIThb PAaBHA HYJIO; CJIOBO JJIHHbI
HyJlb HAUETO He COAEP>KHUT W HasbiBaercsl nycmoim. Ilyctoe caoBo 0603Ha-
uaetcsi 6yKBoil A.

MHoxKecTBO Bcex NBOWUHBIX CJIOB 0O603HauaeTcsi OyKBoi =. MHoxKeCTBO
BCEX I0CJieloBaTe/bHOCTEl HyJiel W elMHUL, 0603Hauaercst GyKBou €.

st nocsieioBaTesibHOCTH (|, A9, A3, A4, . . .) KAKI0E U3 JABOMUHBIX CJIOB
(ay,ag,...,a,) siBiasiercst eé nauasom. [lyctb x € E — JBOMUHOE CJIOBO.
MHoxxecTBO Bcex Tex MocJseloBaTesbHOCTed U3 2, /sl KOTOPBIX X CJIy?KHT
HauasioM, o603HauuM uepes 2,. Kaxmoe MHOxKecTBO Buja )y, rie x € =,
NpPUHATO HasbiBaTh wapom. llapy €, npunucoiBaercst ero 06vém v(x), paB-
Hbit 27141

CojeprkaresibHO, KaX1ylo T0CJe10BaTeNbHOCTb U3 {2 Mbl pacCMaTpHUBAEM
KakK CepHuIo pe3y/bTaToB 6pocaHuil MoHeThl. Elié pas moayepkHém, uto s
HarvIsiIHOCTH Mbl OrpaHHUMBaeMCsl Ha TMEePBbIX 110pax cHUTyaluel, Koraa pe-
3yJIbTaThl Bcex GpocaHuil paBHOBeposiTHbl. Ha MaTemaTHuecKoM si3blke 3TO
03HayaeT, uTo Ha {2 3a/1aHO TaK HA3bIBAEMOE PABHOMEPHOE pacnpedeserue
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gepoamHocmetl, a 370, B CBOIO 0UePe/lb, 03HAUAET CJeLYIoLIee: /sl KaXKA0r0
11apa BEPOSITHOCTb TOTO, UTO CJy4ailHO BbIOpaHHAs MOCJ/E10BaTeJbHOCTb U3
Q nonaznér B 3TOT lIap, paBHa 00bEMy 3TOro Lapa.

Hauua nesib — nonbitaTbest BblAEJAUTb U3 ) HEKOTOPOE TOUHO OMHCAHHOE
MOJIMHOXKECTBO, MpeTeH/ylollee Ha POJib MHOXKECTBA BCeX CJydalHbIX MO-
cJenoBaresbHoCcTel. TpaaullMOHHAs TEOPHUs BEPOATHOCTEH He TOJIbKO He MpH-
OJIMKAETCS K PELIEHHIO 3TOM 3a/1auk, HO JaXKe He MOXKeT eé c(hopMyJIMpOBaTh
B CBOMX TepMHHax. Ha nomotub npuxoaut reopust anroputmon. MoxkeT noka-
3aThCsl NapajloKCadbHbIM, UTO MOHATHE CJYyYaHHOCTH YTOUHSETCS Ha OCHOBE
TaKOro Uy>KI0ro CJydalHOCTH MOHSATHS, KaK aJrOPUTM, — TeM He MeHee, J1eJ10
0OCTOUT HMEHHO TaK: BCE U3BECTHbIE JI0 CHX MOP ONpe/eseH!sl CayuyalnHOCTH
MHIMBHyallbHOTO 06beKTa (B HalleM NpuMepe — WHAMBHAYaJbHOH nocJe-
JI0BATEJIbHOCTH HyJIel W eIMHULL) OTUPAIOTCS HA MOHATHE aJrOpUTMA.

Uro6bl HailTH TpeGyeMoe orpejiesieHne, 0ObIUHO MOCTYNAIOT TaK: PopMy-
JIUPYIOT HEKOE XapaKTepUCTHUeCKoe CBOMCTBO, KOTOPbIM 00JafaloT cJyyai-
Hble (B HedopMasbHOM, HHTYUTHUBHOM CMbICJIE) TIOCJEI0BATENLHOCTH, a 3a-
TeM T10CJIe/IOBATENbHOCTH, 06J1a/lalollde 3TUM CBOHCTBOM, U OOBSABISIOT —
M0 OMpeIeEHNI0 — CJYUaHHBIMH.

Kaknmu ke cBoiicTBamMu 06J/1a/1aeT cJyyariHast MocJje0BaTebHOCTb Hy-
Jiell U eIMHUIL?

Bo-nepBbiX, oHa wacmomoycmotiuuga. BoT uto 3T0 03HaUaeT AJIsi TOTrO
NpoCTeHLIero cJyyasi, Korjaa HyJJd W eMHULbl PABHOBEPOSITHBL: YacToTa Hy-
JieH, KaK U 4acToTa eIMHHLL, CTPEMUTCS K OJIHOH BTOPOH (vacmoma Hyieid —
9TO WX JI0JI B HAuaJbHOM OTpe3Ke TocJjenoBaTesnbHocTH). Ho Gogee Toro:
B CJIy4ailHOH MocCJ/Ief0BaTe/NbHOCTH YKa3aHHAsk yCTOWUMBOCTh YACTOT BHIMOJI-
HAETCS He TOJIbKO VISl TI0CJe/IOBATE/bHOCTH B LIEJIOM, HO U JJ1s Jio6oi eé
3aKOHHOM, pa3yMHOH MOANOC/E10BATE/bHOCTH.

Bo-BTopbIX, OHa Xaomuuxa. DTO 03HAUAET, UTO OHA CJIOXKHO YCTPOEHa
M He MOXKET UMeTb pagdyMHoro onucanus. [lcuxosoruueckomMy skcrnepumeH-
Ty, C KOTOPOro Mbl Haua/ju, KosiMmoropos nan takoe oObsicHenue. [lenouku
(I) u (II) moromy BOCHIpPUHHUMAIOTCS] KaK CJIyualHble, UTO OHH CJIOXKHBI, UX
YCTPOMCTBO HeJb3si KOpOoTKO onucath. A BoT uenoukd (III) u (IV) umeror
NPOCTOE, JIEFKO OMUChIBAEMOE YCTPOHCTBO.

B-TpeTbux, ona munuuna. To 03HaYaET, UTO OHA MPUHAIEKUT JIOOOMY
pa3yMHOMY OOJIbILIMHCTBY.

B-ueTBépThIX, OHA Henpedckasyema. DTO 03HAUAET, YTO, Urpast MPOTHUB
Heé Ha JeHbrH (T.e€. MblITasCh yrajaaTh UeHbl MOCJAE0BATENbHOCTH U Jesas
CTaBKH), MOCJIE0BATEIbHOCTh HEBO3BMOXKHO 0ObIrpaTh BHE 3aBUCUMOCTH OT
PasyMHOCTH CTpaTeru.



CJloBO «pasdyMHblil», BcTpeuaiolleecss B 0ObSICHEHUSX MepeurcJeHHbIX
UeTHIPEX CBOMCTB, KOHEUHO, HYXKIAeTcsl B YTOuHeHWU. Teopusi ajiroputmoB
KakK pa3 U npejjaraetr Takue YTOUHEHUsI, HAIMOoJIHfAsA 3TO CJAOBO TOUYHBIM
CMbICJIOM — CBOHUM JUJId KaKJ10Io U3 HallluX Lle’l‘blpéX cBoiicTB. Tem CaMbIM,
BO3HHMKAIOT YeTbIpe aJrOPUTMHUECKHX CBOWCTBA: 4ACMOMHASL YCmoluu-
80CMb, XAOMUYLHOCTb, MUNUYHOCMb, Henpedckadyemocmo. Kaxaoe us
HUX TIpeCTaB/sieT CBO& COOCTBEHHOE aJrOPUTMHUECKOEe JIULO CJaydyailHo-
CTH, U KazKJ10€ M3 HHX, C OOJILIIMMH WJIM MEHbIIMMHU OCHOBAaHHAMH, MO2KET
MPpETeHA0BaTb Ha pPOJib CTPOroro MareMaTH4yeCKOro omnpeaeseHusi MNMOHATUA
Cﬂyqaﬁmocm. MoXHO cKasaTb H TaK: BO3HHKAIOT YEeTbIpe TOYHO OYEPUECH-
HbIX KJlacca HOCﬂEﬂOBaTEHbHOCTeﬂ, KaxKIbld U3 KOTOPLIX MpeTeHAyeT Ha TO,
4TOOkI CJIyXKUTb «HCTHUHHBIM>» KJlaCCOM Cﬂyqaﬂﬂblx HOCﬂEﬂOBaTEHbHOCTeﬂ;
HeKOTopble U3 ITUX MpeTeH3uil 6oJiee orpaBaHbl, UeM JIpyrue.

I/ITaK, LEJb LLa.HbHeﬁLLIeI‘O H3JI02KEHHUS TaKOBa. BO—HepBle, NPENJIO2KUTb
CTporue omnpeaesieHuss g nepeyruc/J€HHbIX BbIlIE Lle’l‘blpéX CBOHCTB H, TeM
CaMbIM, 1J1s1 BOSHHKAOWIKMX Ha OCHOBE 3THX CBOHCTB LleTpréX KJlacCoB I10-
cJiefoBatesibHoCTell. Bo-BTopbiX, copmysMpoBaTh HW3BEeCTHbIE HA CErojHs
B3aMMOOTHOLIEHHST M€Ky Ha3BaHHbIMH CBOUCTBAMH H, cJie1oBaTeJIbHO, ME2K-
Jly COOTBETCTBYIOLLIMMH KJ/1aCCaMH I10C/1e10BaTEIbHOCTEN.

J]HHO nepsoe: l‘lElCTOTOYCTOI‘/'ll{l/lBOCTI) U CTOX4ACTHYHOCTDb

[To-BuaMMOMY, OTHUM H3 MepBbIX MOCTABUJ BOMPOC O TOM, UTO TAKOE OT-
JleJIbHO B3siTast CJlyuaiiHasi MOCJ/1e10BaTe/bHOCTb, 3aMevaTelbHblil HeMeLKHH
mateMatnk Puxapa ¢gon Mwusec B Hauane XX Beka — B 1919 . Bo Besi-
KOM CJlydae, MMEHHO OH IMepBbIM MPEeJOKUI CPABHUTEJbHO YAauHoe (XOTs
1 HEeCTPOroe) orpejiesieHne, MoCjyKHUBIee OTIPABHON TOUKOH Jist JajibHel-
LLIer0 Pa3BUTHSI.

Musec UCXOIMJ M3 TOrO, UTO CJyuyaiiHOH 110CJ/el0BATE/bHOCTH A0JKHA
ObITb [1pUCYLLA YCTOHUMBOCTbL YACTOT, a HMEHHO: J10J151 €MHHULL (KaK W J10J1d
HyJlell) B Haua/JIbHOM OTpe3Ke CJ1yyaliHOl M0CJ/1e10BaTebHOCTH J10J2KHA CTpe-
MHTbCS1 K OJIHOH BTOPOI NPH HEOrPAHHUEHHOM YBEJIMUEHHH JJIMHbI HAUYaJbHOTO
otpeska. Ho storo nepocrarouno. Hanpumep, 3TuM CBOHCTBOM YCTOHYHBOCTH
yacToT obJ1ajlaeT 3aBelOMO Hec/lyualiHas 110¢J1e/10BaTe/IbHOCTh

0,1,0,1,0,1,0,1,....

OueBuaHbIM 06pa3oM HEOHXOAUMO, UTOObI YCTOHUMBOCTHIO YacTOT o6Janana
He TOJIbKO BCSl TOCJIEIOBATENbHOCTD LEJUKOM, HO U €€ MOANoCJ/e10BaTe/b-
HocTH. OJHAKO YCTOHUMBOCTBIO YACTOT He MOTYT 00JsafiaTh 8ce MOANocJe-
JI0BaTeJIbHOCTH. B camom Jesie, BO3bMEM CaMylo UTO HH Ha €CTb CJydai-
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HYIO 110CJIeI0BATeJIbHOCTb U OTOEPEM B MOANOC/EA0BATENLHOCT Te eé ujie-
Hbl, KOTOpbl€ PaBHbl HYJIO... 3HAUMT, MOJNOCJAEI0BATENbHOCTb, B KOTOPOI
JIOJZKHA COO6J1I0aThCsl YCTOHUUBOCTb YACTOT, JI0JKHA ObITh pa3yMmHoOiLl, Uiv
donycmumoii. Hanpumep, ecin oto6path B MOANOC/E0BATENLHOCTD BCE Te
uJieHbl, YbH HOMEpA CyTb MPOCThbIE YHCJA, WJIH 2KE BCE Te UJIEHbI, KOTOPbIE
HEMOCPEACTBEHHO CJIEYIOT 32 HYJIEBLIMH, TO TOJyUeHHasl B KaXKIAOM H3 ITHX
JIByX BAPHAHTOB MOAMNOCJENI0BATENbHOCTb SIBJSETCS JOMYCTUMOH.

[TocnenoBaTe/bHOCTH, B KOTOPBIX YCTOHUMBOCTD YACTOT COOJIONAETCS BO
BCex eé J0MyCTUMBIX MOJT0C/e0BaTeNbHOCTSIX, KoJMOropoB npeiioxus Ha-
3bIBATb CMOXACMUYECKUML.

Cam Mugec oObSCHA, KaKHe [0CJEe10BATEJbHOCTH CJEIyeT CUHTATh
JIONyCTUMbIMH, B paciJ/blBUaThbiXx TepMHHaX. [lepBoe yTouHeHHe Mpeaioxu
B 1940 r. amepukaHCKWi MmateMaTHK AsoHzo Uépu — oauH M3 cosja-
Teslell TeOpUH anropuTMoB. UE€pu mnpemioxKus, 4toObl JOMyCTHMbIE TOJI-
MOCJEeI0BATENbHOCTH CTPOUJNCh HA OCHOBE OMNPENeNEHHBIX aJrOpUTMOB.
[TocsienoBaTeIbHOCTH, B KOTOPBIX YCTOHUMBOCTb 4acTOT HabJIOAAETCs BO
BCeX JAOMYCTHMbIX Mo U&puy MoAnoc/en0oBaTesbHOCTSX, MOJYUHIM Ha3Ba-
Hue cmoxacmuueckux no Yépuy. OnHako okasajocb, UTO oOnpejeseHHe
Uépua caUIIKOM LIMPOKO: CYLIECTBYET, HaNpuMep, cToxacTuueckast no Yép-
Uy MO0CJIe[I0BATEJIbHOCTb, MepecTarollas ObITb TaKOBOH MOCJe BbIYHCIMMON
MepecTaHoBKH €€ UJIeHOB.

B 1963 r. KosmoropoB ycoBepliieHCTBOBaJl KOHCTpyKLMto Uépua, npes-
JI02KMB 60Jiee OOLIMPHBIA KJacc AOMYCTUMbIX aJrOPUTMOB OTOOpa UJIEHOB
MCXOJHOH TMOCJIeN0BATENbHOCTH B MOANOC/AE0BATENbHOCTL H, TEM CaMbIM,
3aBe/IOMO He MeHbIIMH (a Ha aese Gosiee OGLIMPHBINA) KJaacc AOMYCTHMbIX
MOANOCJIEIOBATENIBHOCTEH; B UACTHOCTH, KOJMOTOPOBCKHH aJrOPUTM paspe-
LIAeT YjieHaM MOJNO0C/e10BaTe/IbHOCTH UMETb MHOH MOPSOK CJe0BaHHUS,
yeM B MCXOIHOH mocJjenoBartesbHocTH. [losToMy Ksacc Bcex mocsenoBa-
TeJIbHOCTEH, crmoxacmuyeckux no Koamozoposy (T.e. Takux, y KOTOPbIX
YCTOHUMBOCTb YACTOT HabJII0JaeTcst BO BCeX JAOMyCTHMBIX 1Mo KosmoropoBy
MOI10C/IEI0BATEJILHOCTSX), SBJISETCS MOAKJIACCOM KJacca MocJ/en0BaTeslb-
HOCTeH, cToXacTuueckux no Yépuy, a Ha camoM jeJje, AaxKe CTPOTMM MOj-
KJacCoM, T.€. He COBMAAAIOUIMM ¢ 00beMJIIOIUM KaaccoM. st nanbHeHInX
CCBIJIOK KJ1acC BCeX MocJe/loBaTe/bHOCTEN, cToxacTHueckux no Kosmoropo-
BY, 0603HaunM GyKBOH S.

Brisicuunocs, uto kiace S takxke caumkom mupox. Okaszasnock, Hanpu-
Mep, U4TO MOXKeT OBbITh MOCTpOeHa Takasi crtoxactuyeckasi o Kosmoropony
M0CJIE/IOBATENBHOCTD, B KAXKJIOM HauaJbHOM OTpe3Ke KOTOPOH elMHULL 60JIb-
1le, YeM HyJiel; a 3TO NPOTHBOPEUUT KaK HHTYHLMH, TaK U 3aKOHAM TEOPHH
BepOosITHOCTel (HanpuMep, 3aKOHY BO3BPATHOCTH COCTOSIHHE MPH CJydalHOM
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6ayxnanun). Takum o6paszom, axke Haubosiee MPOJIBUHYTOE U3 U3BECTHBIX Ha
CEroJIHSILUHUK IeHb MaTeMaTHYeCKU CTPOTUX YTOuHeHUH uaeit Museca He na-
€T MOJIHOTO OTPaKEHHs] HHTYUTHBHOTO MPEACTABJIEHHUS] O CJAyYalHOCTH (XOTS
M 3TO HEMOJIHOE OTPAXKEHHE MOXKET 0Ka3aTbCsl MOJIE3HBIM).

Jnsi Gosblielt sicHoctH npuBenéM KoHCcTpyKuuu Hépua n Kosamoropo-
Ba. LleHTpasibHbIM 15 00eHX KOHCTPYKUMH SIBJISIETCSl YKa3aHHUe TeX MpaBud,
COIVIaCHO KOTOPbIM M3 UJIEHOB paccMaTpHBAEMOH MOCJ/e/10BaTeNbHOCTH CO-
CTaBJISIOTCS JAOMYCTHMbIE TOJNIOCAen0BaTebHOCTH. [TocKoIbKY KaxIoe Ta-
KO€ [1PaBHJIO MPOU3BOAUT OTOOP UJEHOB I10CJE0BATE/NbHOCTH ISl BKJIOUE-
HHUS1 MX B JIOMYCTHMYIO MOJIOCJ€A0BATENbHOCTb, CAMH 3TH MpaBUJia MPUHSTO
Has3bIBaThb donycmumoelmu npasuiamu omoopa.

JIoist HarIsiIHOCTH TIpe/icTaBUM cebe, UTO UJieHbl HCCJIelyeMOH Toc/e10-
BaTeJIbHOCTH HanucaHbl Ha Kaprax. KapTel Jiexkat ojiHa 3a J1pyro#, JiMueBoH
CTOPOHOH BHM3, TaK UTO Mbl He BUAMM, YTO HA HUX HanucaHo. Haiua uenp —
oTo6paTh HEKOTOPbIE M3 3THX KAapT W COCTaBHTb M3 HUX JAPYTyl0 MOCJeN0-
BaTeJbHOCTb — JONYCTUMYIO MojrocaenoBatTe/bHoCTb. (Kak Mbl yBUIHM,
B CJlyuae KOJIMOTOPOBCKOH KOHCTPYKLHHU TEPMHH <IOJMNOC/E10BaTEbHOCTb Y
uUMeeT GoJiee LIMPOKUIA CMbICJI, UeM 3T0 0ObIUHO MpUHsTO.) [lonycTuMoe rpa-
BWJIO 0TOOpa MpeAcTaBsieT co00l0 ajJrOPUTM, KOTOPLIH Ha KaxkKAOM 3Tare
MOCTPOEHHSI TTOJNOC/EN0BATENbHOCTH MPENUCHIBAET, BO-MEPBHIX, KOTOPYIO
M3 KapT HaJJIEXKUT OTKPBITh M, BO-BTOPBIX, CJELYeT WM HET BKJIOUATh 3Ty
OTKpbIBaeMyl0 KapTy B MOANOCJEN0BaTe/bHOCTb. BX0/M0OM ajroputma ciay-
KUT HHOpMAaLMS O BCeX YxKe OTKPBHITBIX K 3TOMY MOMEHTY KapTax. Moxer
CJIYUHTBCS, UTO QJITOPUTM OTOEPET JIMIIb KOHEUHOE UMCJIO UJeHOB HCXOJHOM
MOCJIeI0BATENLHOCTH; B 3TOM CJydae CUMTAETCsl, YTO HMKAKOH A0MyCTUMOH
MOI10C/Ie10BaTeJILHOCTH He oOpagoBasioch. (Hanomuum, uto ucxoaHast no-
CJIe10BATEJIbHOCTb NPU3HAETCH CTOXACTUUECKOW NPH HAJMUYMH YCTOMYMBOCTH
YacToT B Ji0OOK €€ JI0MyCTUMON MOJNOCJIe0BATEJILHOCTH. )

[Tepexonum K 6oJiee TOUHOMY OMUCAHHUIO.

OyHKUMS HA3BIBAETCS 86l4UCAUMOL, KOJIb CKOPO CYLIECTBYET 8bl4UCAs-
rouyuii €& anroput™. [1pu 5TOM ToBOPSIT, UTO AJTOPUTM Bbl4ucaden (yHK-
uuio f, KoJib CKOPO OH MepepabaTbiBaeT BCSIKUI €€ apryMeHT X, Ha KOTOPOM
(hyHKILHsT ONpesiesieHa, B COOTBETCTBYOIIeE 3HAaUeHHe [(X) U He BbLIAET HHKa-
KOro pe3yJibTata B MPUMEHEHHH KO BCSIKOMY TaKOMy apryMeHTY, Ha KOTOpPOM
(hyHKLMS He oTpesesieHa.

Hccenenyemyto Ha yCTOHUMBOCTbL MOCJ/IEA0BATENLHOCTL 0003HAUMM Uepe3
ai,as,as, ..., Tak UTO Ha n-H KapTe 3amucaHa uudpa a,, pasHas 0 win 1.

Honyctumoe no Yépuy npasusio otdbopa sIBASIeTCs] NIPOU3BOJIbHON BblUMC-
JumMoit hyHkumerd G, onpeJesiéHHON HA MHOXKECTBe = BCEX JBOMYHBIX CJIOB
U NpUHUMAaloOUleld OHO U3 JBYyX 3HaueHUd: Ja u Hem. KapTbl oTKpbIBalOTCS
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[0CJIEI0BATEJIbHO, OJIHA 3a JIPYro#, HauMHas ¢ NepBOH, U KaXKAbli pas — /10
OTKPBITHSI OUEpEeJHON KapThl — pellaeTcsi BOMPOC, BKJOUATh JHU 3Ty Kap-
Ty B MOANOCJIEN0BATENLHOCTL. Bompoc 3ToT pelaercs cienyoumm o6pasom.
[TycTb y2Ke OTKPBITHI 1 KapT, Ha KOTOPbIX 3aMMCaHbl, COOTBETCTBEHHO, LM(PbI
ai,...,a,. Ecm G(ay,...,a,) ectb Hem, 10 caenyiouas, (n + 1)-s, kap-
Ta He BKJIIOUAeTCsl B rojrocyenoBatesnbHocts. Ecan G(ay, ..., a,) ects Ja,
TO caepnyiowas, (n + 1)-s, Kapra BKJOYaeTcsi B IOJOC/EN10BATENbHOCTD
B KauecTBe OuepeIHOro uieHa. BkiouaTh UK He BKJIIOUATH B MOJNOC/EI0BA-
TEJILHOCTb WileH a1, 3aBUCUT OT 3HaueHus1 G(A). Takum oGpazom, npasuiy G
oTBeuaeT GeCKOHEeUHast MOJNOC/e10BaTeNLHOCTD (B Cayuae, ecjii TakoBast 00-
pasoBaJsiach) Qp(1), An(2), An(3), - - -» L€ uncaa n(l), n(2), n(3), ... obpasyior
BO3pacTalollLylo 10CJIe10BATENLHOCTb, COCTABJIEHHYI0 U3 BCEX UMCes A, s
kotopbix G(ay,...,a,—1) = a.

M3anoxenuto KoHeTpyKiuu Kosimoroposa npenoiiiém o60011ieHHe TOHS -
THS MOJAMNOC/en0BaTeIbHOCTH. Q000w éHHOL nOJNOCAe008AMENbHOCITbIO
NOCJIe/I0BATENILHOCTH Ay, a9, .. .,dy, ... HA30BEM BCSKYIO T0CJE10BATEb-
HOCTb BHJIA

o1y, Ap(2)s - > Ap(k)s -+ -

JUISt KOTOPOU BBITIOJIHEHO YCJIOBHE

i< = () #o(j).

Jlu1st 06bIUHOM MO/NIOC/Ie10BaTENbHOCTH (KOTOPast SIBJISIETCS] YACTHBIM CJlyda-
eM 0606LIEHHOH) 3TO YCJOBHE 3aMeHeHO Ha GoJiee CHJIbHOE — C TMpaBoOH
yactblo (i) < ().

Kaxxnoe nonyctumoe no KosmoropoBy npaBusio ot6opa HMeeT 11e/blo CO-
3/1aTh HEKOTOPYIO 060OLIEHHYIO MOANOCAEN0BATEbHOCTh HCXOAHON MOCe10-
BATEJIbHOCTH. Mbl OTOMY Hamucalu «MMEeT LeJbio CO3/1aTh», a He «COo3/a-
€T», UTO MPOLIECC CO3JIaHHsT MOXKET MPEPBATHLCS, U TOTJIA B pe3yJibTaTe NpUMe-
HeHHs paBuJa BO3HUKAeET He 6eCKOHeUHast 0C/1e10BaTeNbHOCTb, a KOPMedi
(T. €. KOHEuHbIl HabOp), COCTABJEHHBIH U3 YJIEHOB HCXOIHOH MOC/e/10BaTeNb-
HocTtH. st ctoxacTuuHocTH o KosmoropoBy TpebyeTcsl yCTOHUHBOCTD Ua-
CTOT B KaXK/10# U3 IOMYCTUMbIX, T. €. 00Pa30BaHHbIX KAKUM-JIHOO 10MYCTUMbIM
no KosiMmoropoBy npaBusioM, 0600UIEHHBIX MOANOCEI0BATENbHOCTEH.

Camo koamoeoposckoe (1.e. nonyctumoe no KosmoropoBy) npasuio
COCTOMT M3 JIBYX BbIUMCJIUMbIX yHKUMi: FF 1 G. [lepBasi cayut mais 06-
pPa30BaHUS HEKOH BCIOMOTaTeNbHOH OOO0OLIEHHON MOANOC/e10BaTe/bLHOCTH.
OkoHuareJibHast ke 06061IEHHAST TTONOC/IEI0BATENLHOCTL UCXOIHOM MOoCJIe-
JIOBATEJIbHOCTH CTPOUTCS MPH MOMOLIM PyHKUMKH G B KauecTBe 0OLIYHOK MO~
NocJeI0BaTe/IbHOCTH BCIIOMOraTe/IbHOH 06001IEHHON MONOC/e10BaTeNbHO-
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cti. Aprymentamu ¢yHKUME £ 1 G Cly2KaT JABOMYHbIE CJI0BA, TAK UTO Ka)/ast
13 3TUX (DYHKIHME Olpe/iesieHa Ha CBOEM TOJIMHOXKECTBE MHOXKeCTBA =. 3Ha-
UeHUAMU (PYHKIHH F cJly»KaT 1eJible MOJI0XKUTeJIbHbIe Uhca, Y GyHKIuu G
JiBa BO3MOXKHbIX 3HaueHus:: Ja u Hem. CriepBa CTpPOUTCS MocJlie0BaTe b=
HOCTb HaTypasbHbiX uncen n(l), n(2),n(3),...:

n(l) = F(A), n(2) = F(anw), --., n(k+1) = F(anqy, -, AGur)-

[TocTpoeHue 3Tol nocJie10BaTe/IbHOCTH MpeKpallaeTcs (M BOSHHKAET KOHeu-
HbIH KOPTEXK), KaK TOJbKO HACTyrnaeT OJIMH U3 TPEX CJyuaes:

e 3HaueHue [ (ap), ..., Ank)) HE ONPENENIECHO;
o 3HaueHue G(any, ..., An(k)) HE ONPELJIEHO;
o 3HaueHue [ (ay(1), - - -, Qn(k)) COBNALALT C OJHUM U3 unces n(l), ..., n(k).

EcJii ke 0CTaHOBKH B MOCTPOEHHH HE MPOU3OLILIO0 H BO3HHKJIA GECKOHeUHast
nocJenoBatesbHOCTh HoMepoB 71(1), n(2), n(3), .. ., To najsee CTPOUTCS BCMO-
MorareJjibHast 0000LIEHHAsA NOANOC/IE0BATEILHOCTD Ap(ly, An(2), An(3), - - - - VI3
Heé, HaKoHell, 0TOMPaloTCs — B MOPSJIKE BO3PACTAHUS & — Te e UJleHbl Qyk),
1J1s1 KOTOPBIX BBIMOJMHEHO paBeHCTBO G (Au(1y, - - -, An(e—1)) = Aa.

Jluio BTopoe: XaoTUUHOCTb

BepHémcst K npuMepam KOHEUHBIX Lerovyek W3 BBeaeHHs U BCIIOMHHM
o6bsicHenue, npeayoxkenHoe KonmoroposbiM: enouku (I) u (II) Bocnpunu-
MaloTCsl KaK CJiydakHble, TOTOMY uTO OHM ca0dcHol; uenouku (II1) u (IV)
BOCIPUHUMAIOTCS KaK HecJlyuyaiHble, OTOMY UTO OHHM npocmol. [To-Buau-
MOMY, Mbl OXKHMJdeM, UTO pe3yJ/bTaT CJAy4alHOro 3IKCIEepUMEHTa OKayKeTcs
CJIO’KHBIM, U YIUBJISIEMCS], KOIJIa M0JIyyaeM YTO-TO MPOCTOE.

HekoTopble 06beKTbl MOXKHO KBaJIMPUIMPOBATL KaK GOJIbLIME WJIM Ma-
JIEHbKHE, IPyrie — Kak TSKEJble WK JIETKHe, TPETbH — KaK CJIOXKHbIE HJTH
npoctble. B nauase 60-x rogos KosiMoropos HameTHJ1 MaTeMaTHUECKYIO TeO-
pHIO, MO3BOJISIIOLLYIO OLLEHHBATh CJOXKHOCTb 00beKTOB. Celuac 3ta Teopus
HasbiBaeTcsi TEOPUEM KOJIMOTOPOBCKOM CJIOKHOCTH.

B ocHoBe TeopuH KOJIMOTOPOBCKOH CJIOXKHOCTH JIEXKHUT CJleflylollast npo-
cTasi M eCTEeCTBEHHAS HIIESt: CAOMCHOCTb 00BeKma udmepaemca OAUHOU
ezo Kpamuaiiuieeo ONUCAHUA.

B camom nesie, Kaxablil 00bEKT MOXKET MMeTb CKOJIb YrOJAHO CJIOXKHbIE
OMUCAHHUS, HO CJIOKHBIH 06'bEKT HEBO3MOXKHO ONHUCATb KOPOTKO.

[Iyctb ¥ — MHOXKeCTBO BceX 0OBEKTOB, KOTOPble Mbl pacCMaTpUBaEM,
a X — MHOXeCTBO BCeX MBICJUMbIX OMHCAHHI 3THX 00beKToB. Uepes |x|
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0603HaunM JyiMHy onucanusi x. CjoxXHOCTb 06bekTa y o603HaunM Comp(y).
B cooTBeTcTBUM CO CKa3aHHLIM,

Comp(y) = min {|x|: x ecTb onucaHne st y}.
X

Ec/in 00beKT y HeomucyeM, T. €. /1 HEro He CyLLECTBYeT OMUCaHMUs, To,
€CTECTBEHHO, €r0 CJIOXKHOCTb paBHA OECKOHEUHOCTH.

Pasymeercst, AJIMHBI Hag0 MEPHUTb €IMHOOOPA3HBIM CMOCOGOM, UYTOOBI
He TIOJy4HJIOCh, UTO OIHMCAHHE OJHOTO W TOTO Ke 0ObeKTa HMeeT Ha KH-
TaliCKOM sI3blKe JJIMHY eUHHLA (OMH Heporviud), a Ha PyCCKOM — COPOK
(copok 6ykB). [ToaToMy Bce onucaHust KOJAUPYIOTCS B IBOMYHOM aJsihaBUTe —
B BHJIE IBOMUHBIX llenouek. BoT 3TH-To aBOoMUHbIEe KOIbI Mbl U OY€M OTHbIHE
CUMTATb ONUCAHUAMH, TAK UTO OTHbIHE X = Z.

MHOKeCTBO BCEX TakWX Map (X, y), UTO X CJYXKHT OMMCAHHEM s Y,
€CTECTBEHHO Ha3blBaTb A3bLKOM ONUCAHUSL.

3aMeTHM, UTO U OIMH M TOT 2Ke 00BEKT MOXKET UMETb B JaHHOM sI3bl-
K€ MHOTO OMUCAHWH, U OJHO W TO K€ OMUCAHHE MOXKET CJIy’KUTb OMHCAHHEM
MHOTUX 00bekTOB. TakoBO, HanpuMmep, OMHCaHHE «JIBOMYHOE CJOBO, COCTOS-
llee TOJILKO U3 HyJiel», a, CKaXKeM, BbIpa)KeHHe «JIBOMUHOE CJIOBO» FOJUTCS
B KauecTBe ONHUCaHUS JIsl J1I0O0ro JIBOUYHOIO CJI0BA.

Bcé ckazaHHOe HOCMJIO MpeiBapuTe/IbHbIH xapakTep, 4ToObl ONpaBAATh
HUKeceaylollee popMabHOE H3JI0KEHHE.

B nexapTtoBoMm npousBeseHud = X Y paccMaTpuBaeM MPOU3BOJbHOE MO~
MHOXKeCTBO £, KoTopoe HasbiBaeM s3vikom onucanus. Ecan (x,y) € E, 6y-
JleM TOBOPHTb, UTO X fIBJsCTCA onucanuem oobekra y. Caoxcrnocmo Compg
00beKTa Yy OMmHocumenvHo si3blka E onpejensiercs Tak:

Compg(y) = min{lx|: (x,y) € E}.

HanomHunwm, 4T0 MUHUMYM T10 TIyCTOMY MHOKECTBY MPHHSTO CUMTATh PAaBHBIM
GEeCKOHEUHOCTH.

Hns a3pika £ = = X Y, B KOTOPOM KaxKJI0€ X CJYXKUT ONUCAHHeM s
KaxKJ10T0 Y, CJIOXKHOCTD JII0O0T0 06'beKTa ¥ paBHA HYJII0, IOCKOJIbKY OJIHHM U3
OMMCAHUH TOTO Y ABJSETCS MYCTOE CJIOBO; TAKOH f3bIK MbICJIMM, HO He OyleTr
BCTpeuaTbCsl B TeX ceMefiCTBax 3bIKOB, KOTOPble Mbl OyJeM paccMaTpUBaTh.

[IpencraBum cebe 1Ba s13blKa, PUUEM ONUCAHHE KAKOTO-/1M00 06'beKTa Ha
BTOPOM $13bIKe ITPOMCXOJUT MyTEM yABOCHHS OIIUCAHUs ITOr0 XKe 00beKTa Ha
NepBoM si3blKe. SICHO, UTO BTOPO# 513bIK «Xy»Ke» nepBoro. [IpeanouturenbHee
Te 513bIKH, KOTOPble B COCTOSIHUM JlaBaTb GoJiee KOPOTKHE OMHUCAHHUS.

ByneM roBoputh, uto sisbik A He xyace sisbika B u nucath A < B, ecau
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CYLLECTBYET TaKasi KOHCTAHTa ¢, UTO JJIsl BCAKOrO Yy CIpaBelyIMBO HepaBeH-
ctBo Comp,(y) < Compg(y) + c.

Ecau npuHsTh, 4TO AJs1 TaK HA3bIBAEMbIX €CTECTBEHHBIX SI3bIKOB, T. €.
JUISt TeX, KOTOPbIMU T10JIb3Y€eTCs UeJIOBEUECTBO, MOTYT ObITh C(HOPMYJTHUPOBAHDI
NpaBuJa MepeBojia ¢ OJHOTO sI3blKa Ha APYrod, TO CTAHOBUTCSI OYEBHJIHBIM,
UTO KaxKIbli M3 3THX $13bIKOB He XyxKe apyroro. Benp, ckaxkeMm, Typeukoe
ornucaHue Kakoro-jn6o 00beKTa MOKHO COCTABHTb TaK: B3STb IIPOM3BOJIbHOE
SMOHCKOE OMHUCaHWe 3TOro 0ObeKTa U JOMOJHHUTL €ro MpaBUIaMHu SIMOHO-TY-
peukoro nepesona. M typelkoe, U fiNoHCKOe ONUCaHUsl, U [IpaBUIIa Nepesoja
CUMTAIOTCS 3aKOJMPOBAHHBIMH B BHJIE IBOUUHBIX CJIOB. [ToaTOMY A/IMHA TaKo-
o TYpPELKOro OMUCAHUs paBHA JUIMHE SATMOHCKOTO OMUCAHMS JII0C He 3aBUCS -
1las ot BbibOpa oObeKTa IJIMHA MpaBuJ MepeBoja. B kauecTBe SIMOHCKOTO
onucaHusi BblOepeM Kpartuaiillee. B urore mnosyuaem, uTo TYpeUKHH $3bIK
He Xy2Ke SMOHCKOTO.

Bcraér Bompoc o BbIGOpe ONTHMAJBHOIO $I3blKa — TaKOTo, KOTOPBIH
He Xyke Jio6oro apyroro. [Iyctb £ — HeKOTOpoe s13bIKOBOE CeMeHCTBO, T. €.,
MOMPOCTY, HEKOTOPOE MHOXKECTBO sI3bIKOB. $13bIK A U3 ceMeiicTBa L Ha3biBa-
ercsl onmumanoroin (s L), ecyid OH He XyxKe Jlo60ro Ipyroro sisbika U3
9TOro CeMeHCTBa, T. €. e/

V B € L sbinogHeno A < B.

Ecau onTuMasbHbIA 513bIK CYLIECTBYET, TO MMEHHO C ero MoMollblo cJie-
JIyeT U3MePSITh CJA0XKHOCTb. CJI0’KHOCTb 06beKTa OTHOCHTENBHO OJHOTO M3
ONTUMAJIbHBIX SI3bIKOB HA3bIBACTCS AA20pUMMUUECKOl IHmponueti 3TOro
00'beKTa. DHTPOIHUIO U PACCMATPUBAIOT KAK OKOHUATEJNbHYIO UCKOMYIO Mepy
CJIOXKHOCTH B PaMKax 3a/laHHOTO SI3bIKOBOTO CeMeHcTBa.

J1J151 HEKOTOPBIX BaXKHBIX SI3bIKOBBIX CEMEHCTB MMeeT MeCTo TeopeMa o cy-
111leCTBOBAHUH ONTUMAJILHOTO $3bIKa, 4 TEM CaAMbIM M SHTPOIHUHU. DTa Teopema
HasbiBaercst meopemoii Coromornosa — Koamoeoposa.

Jlnst naHHorO ceMelcTBa MOXKET CYIIECTBOBATH MHOTO ONTHMAJIbHBIX 3bl-
KOB M TeM caMbIM MHOTo HTponui. OHAKO, B CUJIy OIpPe/lesIeHUs ONTHMAJIb-
HOCTH, JIIoOble JBE SHTPONHUHU (B3SITbIE [/ OJHOTO U TOTO Ke (PMKCHPOBAHHOTO
S13bIKOBOTO CeMelcTBa) pas/nuailoTest He 6oJiee ueM Ha aUIMTHBHYIO KOHCTaH-
Ty. MHbIMEU cioBamu, ecain A u B cyTh Ba onTUMasbHbIX s L 5i3blKa, TO
CYLIECTBYET Takasi KOHCTAHTa ¢, U4TO /15l BCEX Y

|Comp 4 (y) — Compy(y)| < c.

3ameuanue. KoHeuHo, HEMpUATHO, UTO AJrOPUTMHUECKAsT IHTPOMHUS, TTpe-
TEeHJyIOl1ast HA POJib HCTUHHOMN CJI02KHOCTH» OTpeNe/IsieTCsl He OJHO3HAUHO,
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a BCEro JIMLIb C TOYHOCTBIO [0 a[IMTUBHON 106aBKH, He TPeBbIILIAOIIENd KOH-
cTaHTbl. OHAKO MOMBITKH HAUTH CPEIM SHTPOIUI «HanboJiee ONTUHMAJbHYIO»
MoKa uTo HH K ueMy XopolleMmy He npusejd. C JApyroi CTOPOHbI, Bellb, CKa-
JKeM, U JUIMHA, U BeC TaKkKe orpejeseHbl He 0JIHO3HAYHO, a C TOUHOCTBIO 10
MYJIBTUTIJIMKATUBHOM KOHCTAHTbI, 3aBUCSLIEH OT BHIOPAHHOH €IMHULIbI U3Me-
penust (10 em = 100 mm, 2 kr = 2000 r u T.11.).

3 yBaxkenusi k KosiMoropoBy ajiropuTMHUeCKyto SHTPOMHI0 0003HAUAIOT
00blyHO OykBOW K; nHoraa K 3toll 6ykBe K 100aBjsIOT ellé BTOPYo OYKBY,
YKa3bIBAIOLLYIO TO SI3bIKOBOE CEMEHCTBO, K KOTOPOMY OTHOCHTCSl pacCMaTpH-
Baemast sutponusi. Ecan K/ u K cyTh jBe SHTPOMNHH, OTHOCSIIIMECS K OJHOMY
1 TOMY 2Ke 513bIKOBOMY CEMENCTBY, TO, KaK 0TMeUaJoCh,

|KI_KII| <C.

KosmoropoB He ToJIbKO c(hopMyJIMpOBaJ MOHSITHE aJITOPUTMHUECKON SH-
TponuK 06beKTa, HO ¥ MPUMEHHJI €r0 K HCCJAeI0BAHUIO CAyYalHbIX MOC/eN0-
BaresibHOCTel. Habsionenne KosmMoropoBa coctosizio B TOM, UTO B CJydaii-
HOM MOCJIeI0BATENLHOCTH SHTPOIMS HAuaJbHOTO OTpe3Ka pacTéT 10CTaTOUHO
ObICTPO NPU HEOrPAHHUEHHOM YBEJHUYEHHH AJHHBI 3TOro oTpeska. (Huuero
He IojleJlaelllb: CJyyaiiHasi 10C/1e/l0BaTe/bHOCTb MOXKET HAuMHATbCSl € MUJI-
JIMOHA HyJIeH, HO U 3TOT MUJIJIMOH — HHUYTO Tepe]l 6ECKOHEUHOCThIO, U eCJH
B35ITb BCE Haua/ibHble OTPE3KH B COBOKYITHOCTH, TO HX SHTPOMHS HEH36€KHO
OyJleT pacTH.)

Mrak, B KauecTBe oINMUCbIBaeMbIX 0OBEKTOB Mbl OyjleM paccMaTpUBaTh
JBouuHble 1enouku, Takue, Kak (I), (II), (IIT), (IV) u 1.n. TTostomy oTHbIHE
Yy =E.

Eciin s13bIk copepkut napy (2, 2), T0 3T0 03HauaeT MOMpPOCTY, UTO LLENou-
Ka 2 onucbiBaeT caMoé cebs. J13bik D, COCTOSLIMI B TOUHOCTH U3 Map TaKoro
BUJIA, Ha3biBaeTCsl QuacoHalbHoiM (TEDMUH U3 MaTeMaTHKH), WIH a8mo-
HUMHbIM (TEDMUH M3 JIMHIBHCTHKH). [yl takoro sisbika Compp(y) = |y|-
OrpaHnunMcst sI3bIKOBHIMH CEMEHCTBAMH, COEP>KAlLMMH aBTOHUMHBIN S13bIK
(TakuMm OyzeT, B UaCTHOCTH, CEMEHCTBO MOHOTOHHBIX 13bIKOB, OTIMCAHHOE HU-
xke). Torna s Kaxjioil sHTponud K, COOTBETCTBYIOLIEH 3TOMY CEMEHCTBY,
1 TIOJXOSILIEN KOHCTAHTbI ¢ OY/eT BbINOJHEHO HEPABEHCTBO

K(y) <lyl+ec.
Takum o6pasom, ecsu npeHe6peub aJJAWTHBHON KOHCTAHTOH, MaKCHMaJbHO

BO3MOXKHOE 3HaueHWe JJIs SHTPOIMHMH LeMOUYKH PaBHO JUIMHE Lernouku. Koi-
MOTOpOB TPEANOJIOKH/, UTO y CJy4alHOH MocCJ/e10BaTe/bHOCTH SHTPOMHS
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HayaJbHOro OTpe3Ka JOCTHraeT 3TOrO MakCUMyMa, T.€. paBHa JJIMHe 3TO-
ro OTpe3ka — OlsATb-TaKH, NpU NpeHeOperKeHUH aJJUTHBHOH KOHCTaHTOH.
B s1oM cocrostna ocHoBHast uest KosmoropoBa 0THOCHTENILHO XaOTHUHOCTH.

Urtak, hrukcHpyeM HEKOTOpPOe SI3BIKOBOE CeMeCTBO U OJIHY M3 COOTBET-
CTBYIOLIMX 3TOMy ceMmeilcTBy sHTpornui K. HazoBém nocsenoBatesbHOCTD

ay,as, ..., 4y, ...
XQOMu4ecKolii, eCJi CyleCcTBYeT Takasi KOHCTaHTa ¢, UTo
K(ay,ao,...,a,) >n—-c.

OueBHIHO, CBOHCTBO XaOTHMUHOCTH HE 3aBMCHT OT BbIOPAHHOH 3SHTPOIUH,
a TOJIbKO OT BbIOpAHHOTO ceMeHcTBa.

OkazaJsioch, UTO NMPH MOAXO/SLLE BEIOPAHHOM SI3bIKOBOM CEMEHCTBE CTPO-
roe MOHSITHE XAOTHUYHOCTH XOPOLIO OTPaXKaeT HHTYHTHBHOE Tpe/CTaBJeHHe
0 CJIy4aHHOCTH.

CosnaBast Teopuio Cy0KHOCTH 00beKkToB, KosMOropoB npuaas cooTHO-
LIeHHI0 onucanue —o6sexm anropurmMuueckuil xapakrep. Caenys Kosmo-
rOpoBY, OFpaHHUUMCS nepeducaumoimu sidbikamu. [lousatue nepeuucaunoeo
MHOMCECmMBa — 3TO OJIHO W3 OCHOBHBIX MOHSTHH TEOPHUM AJTOPUTMOB (n1a
¥ MaTeMaTHKH B 11eJIOM). DTOMY TOHSTHIO MOYKHO JaTh TAKOe Har/siiHoe 06b-
sicHenue. [IpencraBum ce6e 6€30CTaHOBOYHO pabOTAIOLUIMH MPUHTED, MOCe-
JIOBaTesIbHO Nevaratollnil ciosa. [locse HarneuaTaHus cjioBa NpUHTEP AeJiaeT
npoGeJ, TaK UYTO cJioBa OT/eJieHbl OJHO OT japyroro. Ilepen HaneuataHuem
0YepesiHOrO cJioBa NMpuHTep 6epéT BpeMsi Ha pasMbllilieHHe. DTO BpeMsi MO-
JKET 0Ka3aThCsl OECKOHEUHbIM, M TOTJIA CJI0BO HE MedyaTaeTcsl BOBCE; B TAKOM
cJlyyae HareyaTaHHbIM OyJeT JIMIIb KOHEYHOe MHOXKECTBO CJOB — B 4acT-
HOCTH, MMYCTO€ MHOXKECTBO, €CJIM MPUHTEp B CaMOM Hauajie cBoed paboThl
3ajymMasicsl HaBceraa. Tak BOT, MHOXKECTBO BceX Korjaa-snbo HaneyaTaHHbIX
TaKUM MPUHTEPOM CJIOB OKaxKeTCsl MePeYUCJUMbIM — U BCSIKOE Mepeunc/Iv-
MO€ MHOYKECTBO MOKET ObITh TOJyYe€HO TaKUM 06pa3oM MpH MOACOETMHEHUN
NPUHTEPA K «HeaJbHOMY KOMIbIOTepy». [lepeuncainmMo 1 MHOXKECTBO Teo-
peM J110601 popmasbHON TeOpUH. 3/1€Ch HET MECTa Pa3bsICHATb, HU UTO TAKOE
uealibHblil KOMIIBIOTED, HU UTO Takoe (popmasibHas Teopusi. Ho onpenenenue
[IOHATHS NepPeduUcCAUMOe MHOHNCECMBO Mbl CEHUAC NTPUBLLAEM.

Jlnsi HarssiAHOCTH HauyHEM C TepMHMHA «CUYETHOE MHOXKECTBO». TepMuH
9TOT HMeEeT JBa BapuaHTa ToJKOoBaHHs. B nepsom, 6osee y3kom (u Gosiee
pacnpocTpaHéHHOM), TOJKOBAHHM CUETHOE MHOXKECTBO — 3TO TaKOe MHO-
JKECTBO, KOTOPOE MOKHO MOCTaBHTb BO B3aUMHO OJIHO3HAYHOE COOTBETCTBHE
C HaTypaJibHbIM psiioM. Bo BTOpoM, 6oJjiee ILIMPOKOM, TOJKOBAHHH CUETHOE
MHO?KECTBO — 3TO TAKO€ MHOXKECTBO, KOTOPOE MOKHO [MOCTABHTh BO B3aUMHO
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OJIHO3HAUHOE COOTBETCTBHE C KAKMM-JIMOO HauajbHbIM OTPE3KOM HaTypaJjib-
Horo psina. HanomHum, uto Hauaaroroim OMPE3KoM HAMYPALbHO20 pAia
Ha3bIBAETCS MPOU3BOJILHOE MHOXKECTBO M HaTypaJsibHbIX UMCEJ, COJepKa-
llee BMeCTe CO BCSKHM CBOHMM 3JIEMEHTOM M BCe MeHbliMe uucsa. Takum
00pa3oM, ¥ BeCh HaTypaJIbHbIH PsiJl, U MyCTOE MHOXKECTBO SIBJSIOTCS Hauyallb-
HbIMH OTpe3kamu. [To3ToMy NMpH BTOPOM MOHUMaHMM CYETHOCTH BCe KOHEU-
Hble MHOKECTBA, B TOM UHCJIE MYCTOE MHOXKECTBO, OKA3bIBAIOTCS CUETHLIMH.
MMeHHO 3TO BTOpPOE, GoJiee 1IMPOKOe TIOHUMaHHe CUETHOCTH YIO0OHO JJIsi Ha-
LIUX LeJiell; ero Mbl U MpUMeM. A Toraa CuéTHOMY MHOXKECTBY MOXKHO JIaThb
1 Takoe OIpele/ieHHe: MHOJCeCmMB0 HA3bl8AeMCs CHEMHbIM, eCAUL OHO AU-
60 nycmo, aubo moxucem OvLMb PACNOAONCEHO 8 NOCALO0BAMENLHOCTb
(m. e. Asasgemca MHONECMBOM HACHO8 KAKOU-AO0 nocaed08amesoHo-
cmu). Hanpumep, KoHeuHoe MHOXKeCTBO {a, b, } MOXKHO pPacroyioKUTh B 110~
cJIefloBaTesIbHOCTh a, b, ¢, ¢, ¢, ¢, . ... 3aMeHsisd B IPUBEIEHHOM OMpe/leleHHH
CUETHOrO MHOXKECTBAa TEPMHH «I10CJIE/IOBATEJIbHOCTb» HA TEPMHH «BbIUHC-
JIMMasi MOCJIe/lIOBATENILHOCTb», Mbl T0JyyaeM ompejeseHHe MNepeyncauMoro
MHOKecTBa. UTo Kacaercsi onpejie/ieHnsl TEPMHHA «BbIUMCJAUMAs T0CJAE10Ba-
TeJLHOCTb», TO OHO celiuac GyjeT AaHo.

[TocsienoBaTeIbHOCTD Wy, W9, . . ., Wy, - . . HA3BIBAETCS BbLUUCAUMOL, €C-
JIM CYLIECTBYET aJITOPUTM, BLIUMC/ISIOUINN €€ 11~ UjieH W, 10 ero HOMepy 1.
[ToaToMy MoHSATHE BBIUUCJUMON MOCJEN0BATEIbHOCTH HA3BIBAIOT A1e0pUM-
MUYECKUM QHAAO20M, WIN 3P HeKmusHoLm aHaL020M, TIOHATHS MOCJEN10-
BATEJbHOCTH, a TOHSATHE MEPEUUCJUMOr0 MHOXKECTBA — aJIFTOPUTMHUECKUM
aHaJIoroM, WJH 3(PQEKTUBHBIM aHAJOroM, TOHSATHS CUETHOTO MHOXKECTBA.
[Tepeunic/inMble MHOXKECTBA HA3bIBAIOTCH TaKkKe PGP eKmusHo cuémHolmu.
[ToBTOpHM OMpene/eHHe: MHOICECMBO HA3LLBACMC NEePeUUCAUMbIM, UAU
appekmusHo cuémmuoim, ecau OoHO Aubo nycmo, aubo modcem OoLMmb
PACNOAOINCEHO 8 BOLYUCAUMYIO NOCAeD08AMENbHOCMb (M. e. ABALemCs
MHOINCECBOM YACHOB KAKOU-AUOO BbLUUCAUMOL NOCALO0B8AMENbHOCTILL).

Bce paccmaTpriBaeMble HaMHU 513bIKH CYTh MOJIMHOKECTBA JI€KapTOBa NMPO-
U3BeJleHHsI = X = U, cJeaoBatesnbHo, cuérHbl. Maeonorus Kosamoroposa co-
cTosyla B TOM, uTOObl pacCMaTPUBAThb TOJIbKO 3(eKTHBHO CuéTHble (OHH
Ke — TepeuncsiuMble) sI3bIKH.

OkoHuaTesibHO HaJIeXKalMi BbIOOP SI3bIKOBOTO CeMeHCTBA TMPOU3BEN
KoJIMOropoBckHi yueHuk Jleonunn Jlesun. Mmenno, B 1973 r. on BBEN B pac-
CMOTPEHHE CEMEHCTBO MOHOTOHHBIX $I3bIKOB M M3YUWJ COOTBETCTBYHOLlEe
TOMY CEMEHCTBY TOHSITHE XaoTHuHOCTH. [IpuBenémM HeoOXOMMMbIE Ornpene-
JIEHUS.

Bynem roBopuTb, UTO ABOMYHbIE CJIOBA U U U COAACOBAHMLL, W MUCATb
I A2 U, eCJIM OJIHO M3 ITHX CJIOB €CTb HauaJo APyroro.
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$13bIK £ Ha3bIBAETCSH MOHOMOHHbIM, €CJI OH NEPEUUCUM H BBINOJHEHO
yCJIOBHE!

((x1,491) € E & (x9,42) € E & (x; = x9)) = (41 = y2).

Besikyto nocJ/ie1oBaTe/IbHOCTh, SIBJSIOLLYIOCS Xa0THUECKOH [/ ceMelcTBa
MOHOTOHHBIX SI3bIKOB, OYJleM Ha3blBaTb MPOCTO XAOMUUECKOLL.

AJiropuTMHYECcKast SHTPOIHS, COOTBETCTBYIOIAST CEMEHCTBY MOHOTOHHbIX
SI3bIKOB, Ha3bIBaeTCsl MOHOMOHHOU IHmponuell u o6o3navaercss KM. ¥Yeao-
BUE XaOTHUHOCTH MOCJEN0BATEJbHOCTH (al,ag, as, .. > MO>KHO 3amucarh Tak:

Jc¢ Vn Boinoaneno KM(ay, ag, . ..,a,) > n —c.

Kuace Bcex xaotHueckux rnocseoparesbHoctell o6o3Hauaercs 6yksoit C.

CuuTaercs, 4To CTPOTO€ MOHSITHE XAOTHUECKOH MOC/EN0BATENHLHOCTH MO-
JKET CJIY’KUTh XOPOLIUM OTPaKeHHEM HHTYMTHBHOTO TMOHSTHS CJyuyaiHON Mo-
cJieloBaTesibHOCTH. K ToMy ecTb jiBa OCHOBaHMUsI.

Bo-nepBbIX, /151 KaXKI0H OTAEJNbHO B3STON Xa0THUECKON MocJe0BaTe b-
HOCTH BBIMOJIHSAIOTCSI OCHOBHbIE 3aKOHbI TEOPHH BEPOSITHOCTEH.

Bo-BTOpbIX, K/1aCC XaOTHUECKUX 110C/IeJ0BaTE/bHOCTEN COBNALAET C Apy-
TUM «ITPETeHJEHTOM» Ha POJib CTPOTOro aHAJIo0ra PaCIIbIBYATOro KJaacca CJy-
YalHbIX TIOCJEN0BATEeNbHOCTEH, @ UMEeHHO ¢ KJaaccoM T Bcex THUMHUECKHX
nocJeoBatesbHOCTeN (0 HEM OyJleT pacckas3aHo jaljiee):

C=T

[TosToMy XaoTHuecKHe MOCJENOBATENBHOCTH MOXHO OblIO Obl Ha3bl-
BaTb MUNUYECKO-XAOMUHECKUMU WA XQOMUHEeCKO-MUNUYeCKUMU, a caM
kjacc o6osHauath TC wan CT. DrtoT KIacc yxke kjiacca S Bcex rnociie-
JIOBaTeJIbHOCTeH, cToXacTuuecKux no KoJsiMoropoBy (mocJiefHui, Kak yxé
OTMEUasoCh, CJAUUIKOM LIHPOK):

TCcS, TC#S.

Jluio Tperbe: TUNHUHOCTD

CkasaTb npo Kako#-Ju60 00bEKT, UTO OH THIIHUEH — ITO 3HAUMT CKa3aTh,
UTO OH MPUHAJIEKHUT K JI0OOMY MoaasJsiolleMy GosblinHeTBy. Hanpumep,
TUIMUYHBIA YeJIOBEK, BCTPEUEHHBIH HA MOCKOBCKOW YJHIE, UMEET POCT Me-
Hee ZIByX METPOB (T. €. MPUHAMIEKHUT K TOJAABJSIONIEMY OOJBILIMHCTBY JIIOJIEH,
MMEIOLLIMX POCT MeHee JIBYyX MeTPOB), Bo3pacT GoJiee TPEX JieT (T. €. NpUHaJie-
JKUT K NojlaBJsiolieMy GOJIbLUMHCTBY JIIOJIEH, HMEIOLUX Bo3pacT GoJiee TPEX
Jiet) u T. 1. KoHeuno, Jito60e U3 GOJILLUIMHCTB, O KOTOPbIX WAET peub, JOJKHO
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ObITb Pa3yMHbIM, Belb KakoH OObEKT HH BO3bMH, OH 3aBEJIOMO He MPUHAJ-
JIEKUT K MOJABJSAOLIEMY OOJbLIMHCTBY, 00PA30BAaHHOMY BCEMH OCTaJIbHBIMH,
OTJIMUHBIMH OT AAHHOTO, 06 bEKTAMH.

Mbl MCXOAMM M3 MHTYWTHBHOTO MPEACTABJEHHS] O TOM, UTO CJy4alHbIN
00'beKT JI0/KeH 06J1a1aTh CBOHCTBOM TUTIHUHOCTH. Halua 1enb — aath ctpo-
roe MaTeMaTHuecKoe ompejieleHHe 3TOro CBOHMCTBA /ISl MOCJE10BATEbHO-
CTed HyJled M €IMHHULL [PU PABHOMEPHOM pAcClpe/lesieHUH BEPOSATHOCTEH Ha
npoctpaHcTBe {2 Takux nocJegosatesbHocTel. [TocsenoBaresibHOCTH, yi10-
BJIETBOPSIIOLLIME 3TOMY CTPOrOMY OlpeiesleH’to, Mbl Oy1eM Ha3blBaTb rmunu-
yeckuMmu, OCTaBJsAs CJIOBO MunuuHbLll /sl ynoTpeOJ/eHnsl Ha HHTYHTHBHOM
ypoBHe. B cuisy ckasaHHOro Bbillle, HAM HaJ0 OMPEAEJNUTb CIEPBa, UTO €CTh
nojasJsiollee 6ONbLUIMHCTBO MOCJ/EA0BAaTENbHOCTEH, a 3aTeM — KakKue 60Jlb-
IIMHCTBA CJIeJlyeT CUMTAaTh PA3yMHLIMU. A TOT/a KJAcC TUITHYECKUX TTOC/IEN0-
BaTeJIbHOCTEN aBTOMATHUECKH OTPEJIEUTCS KaK MepeceyeHe BCeX pa3yMHbIX
OOJIbLIMHCTB.

OcraBasiss TepMHH «MoAaBJsollee OOJbLIHHCTBO» /11 UHTYUTHBHOTO
ynoTpe6JieHusi, Mbl OyleM TOBOPUTb O OOAbULUX MHOXKECTBAX TMOCJEN0-
BaTesibHOCTeN. [lorosiHeHHe K GOJbIIOMY MHOXECTBY 10 Bcero 2 Gyjem
HasblBaTb Madvim. OUeBUAHO, AOCTATOUHO OIPEIeJHTb, UTO Takoe MaJjoe
MHOKECTBO, a TOTAA OOJbllMe MHOXECTBA OINpPeeNsATCs KaK AOMOJHEHUs
K MaJibIM.

Wrak, nycTb AaHO KaKoe-TO MHOXKECTBO MocJjenoBatesbHocTell @ C €.
Mbl XOTHM OIpee/IUTb, KOTJlAa €ro CjelyeT CUMTaTbh masvim. B TepMmuHax
TEOPHUH BEPOSITHOCTEH Mbl CKasaju Obl, 4To () MaJioe, KOJb CKOPO BeposiT-
HOCTb TNomnajfanus B () paBHa HyJio. B TepMuHax Teopuu Mepbl Mbl CKasaJju
Obl, UTO ) MaJsoe, KOJIb CKOPO OHO MUMeET Mepy HyJb. Mbl, 01HaKO, ocTapa-
€MC51 OIPE/IE/IUTh, UTO TAKOE Majloe MHOXKECTBO, B 6oJiee MPOCTbIX TePMUHAX.

MHoxxecTBO () Ha3bIBAETCS MAAGIM, €CJIH €70 MOXKHO MOKPbITh LIapaMH,
cymMMa 00bEMOB KOTOPBIX CKOJIb YToHO MaJia. OrnpejieseHnto Maaoro MHOXKe-
CTBa MOXHO JaTh TaKyl0 (POPMYJHPOBKY: MHOXKECTBO () HA3bIBAETCS MA6IM,
ecJM JUIs KaxXKJI0ro HaTypaJsibHOro uucsa /m Haiaéres Takasi nocJ/enoBaresib-
HOCTb JIBOMUHBIX cJ10B (x(1),x(2),...,x(n),...), uTo

Q - U Qx(n);
n

I o P T
Zv(x(rz))fzn:2 <><m.

n

OueBuIHO, KaXKas OT/e/bHAs M0C/Ae10BaTebHOCTb U3 ) obpasyeT ma-
JIo€ MHOXKECTBO, a [OTOMY MOHSITHE OOJIbLIONO MHOXKECTBA He MOXKET Ipe-
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TEHJI0BaTh HA POJib YTOUHEHUS TIOHATUS padymHo20 OoJblIMHCTBA. [Tepece-
yeHHe Bcex OOJIbIIMX MHOXKECTB MyCTO.

«PagyMHOCTb» BBOAMTCS MyTEM CJleyIOllell KOPPEKTHPOBKH OIMpesiesIeHHs.

Bo-nepBbix, notpetyem, 4to6bl ynoMuHaeMasi B OTpeaeseHHH MOCeI0-
BaTeJIbHOCTh JBOMUHBIX cyoB (x (1), x(2),...,x(n),...) Obuia BbIYHCJIHMOIL.
Jpyrumu cioBamu, Mbl TpeGyeM, UTOObI CYLLECTBOBAJ AJATOPUTM, BbIUHUCJISIO-
1IMH e€ n-1 ujieH x(r) 1Mo ero HoMepy 1.

Bo-Brophbix, notpefyem, utobbl Takasi BBIYHCAMMAsT TTOC/EA0BATENBHOCTD
He MPOCTO CYLIECTBOBAJA /TSI KAXKI0TO /11, HO CTPOUJIACH Obl 110 STOMY 1M 3¢h-
pexmusro. CioBo «3(P(PEKTHBHO» 03HAUAET € NOMOULbIO AN20PUMMA.
3nech HeoOXOAUMbl pazbscHeHus. [leso B TOM, UTO aJsirOpUTM, MOJydaio-
LM HA BXOJ M W BbAAIOLWIMKA Ha BbIxoJe TpeGyeMylo MOoCJ/e10BaTeNbHOCTD,
HEBO3MOKEH MPOCTO MOTOMY, UTO MOCJEA0BATENbHOCTb — 3TO GECKOHEUHBbIH
0OBbEKT, a aJrOPUTMbl OMEPHPYIOT JIHIIb C KOHEUHBIMH oObekTamu. OnHa-
KO B HallleM cJ1yuae, MOCKOJbKY MOC/eI0BaTeNbHOCTb BBIUHCANMA, TO Y Heé
€CTb aJITOPUTM, KOTOPbIH €€ BbIUMCJSET, JaxKe OUueHb MHOTO TaKHX aJropuT-
MOB. AJIOPUTMBI (B IPYroil CHCTeMe TEPMHHOB — IPOTrPAMMbI aJrOPUTMOB)
SIBJISIIOTCS KOHEUHBIMH OO'beKTaMH, M TIOTOMY BIOJIHE OCMBICJIEHHO TOBOPUTD
006 asropuTMe, KOTOPHIH MO YHCJy /72, TIOCTYMUBILIEMY Ha €ro BXOJ, BHIAAET
Ha BbIXOJI€ OJMH M3 aJrOPHTMOB (B JAPYroH CHCTeMe TEPMHHOB — OJHY H3
Nporpamm), BbIUMCJSIOLIMX NocenoBatesbHocTs (X (1), x(2), ..., x(n),...).

Bhecs B onpezie/sieHne MaJioro MHOXKECTBA 9TH JBa 100aBJIEHHS, Mbl M0JY -
yaeM orpejeseHue 3 hexmusrno maL020 MHOKECTBA, a TEM CaMbIM, U OTpe-
neeHne aghgexmusro 6oavuioeo MHOKecTBa. [lepeceuenne Bcex adex-
THBHO GOJIbIINX MHOMKECTB OKasbIBaeTCsl HEMyCThIM. DoJiee Toro, oHo ca-
Mo siBJIsieTcsT 3PEKTHBHO GOMbIINM. DTO HaUMeHbllee cpean 3(P(eKTHBHO
OOJIbLIMX MHOXKECTB W €CTb UCKOMOe MHOXKecTBO T Bcex munuueckux no-
CJIIOBATEJILHOCTEH.

Tunuueckre MocJ/en0BaTENLHOCTH HA3bIBAIOT TaKXKe CAYHAUHbIMU NO
Mapmun-JIéchy — no umeHu yuenuka KoJsiMoroposa, 3ameuartesbHOro
uBesackoro mMatemarvika I[lepa Maptun-J1éda, kotopeiii B 1966 . cdop-
MyJIHPOBaJl TOJIbKO UTO HM3JI0}KEHHOE Ollpejle/ieHHe THIHUHOCTH B KauecTBe
CTPOrOro yTOUHEHHUS MOHATHS CJydalHOCTH.

Kak yxe roopusioch, knacc T Bcex TMINHUECKMX MOCJeL0BATENbHOCTEH
coBnazaer ¢ kaaccoMm C BceX XaoTHUECKHX MOCAEeI0BaTe/bHOCTEH:

T=C.

HOSTOM)’, KaK y2Ke TOBOpPHJIOCh, TUITHYECKHE [T0C/Ie10BATEJIbHOCTH MO2KHO
HMEHOBATb TaKXKe xaomuuecKko-munudecKkumu WJiu munudecKko-xaomi-
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yecKuMU, a CaM KJacC BCeX TakHUX MocJiejloBaresibHocTeil o6o3nauat, CT
uin TC.
Kak MbI yxKe 3Haem,

CTcS, CT#S.

Jluuo verBéproe: Henpeackasyemocts

Bor Hauasno «/Igenanuatu ctyabeB» WMibda u [lerposa: «B yesnHom ro-
pone N OblL10 TaK MHOIO IapUKMaxepCKHX 3aBelleHHH W G0pO MOXOPOHHbIX
MPOLIECCHH, UTO Ka3aJsloCh, KUTEJH ropoja POKAATCsl JIMIb 3aTeM, 4TOObI
NMOOPUTBLCS, OCTPUULCS, OCBEXKHTb T'OJIOBY BeXKeTajleM H Cpasy »Ke yMepeTb».
CyxXneHue octaérest BepHbIM, ecau 3aMeHUTb N Ha MocCKBY, napukmaxep-
CKHe Ha 3a/lbl UIPOBbIX aBTOMATOB, [TOXOPOHHble 0IOPO HAa Ka3WHO, a LeJb
POKJIEHUs] Ha «MrpaTh». DTOT NevanbHbIl (PaKT, 0AHAKO, MO3BOJISIET HATVISII-
HO 0OBSICHUTH TO CBOUCTBO CJyYalHbIX MOCJE10BAaTeNbLHOCTEH, KOTOPOE Mbl
Ha3blBaeM HerpeicKa3dyeMOoCThIO.

HMHTYUTHBHO sICHO, UTO BCSIKasi cyyuyaiHasi MocJel0BaTe/IbHOCTh SIBJISIETCS
Henpedckasyemol B TOM CMbICJIe, UTO B KAKOM Obl MOPSIIKE Mbl HU BbIOH-
paJju e€ ujieHbl, 3HaHME 3HAUEHWH y:Ke BbIOPAHHLIX WIEHOB He I03BOJIsIeT
npejcKasarb 3HaueHHe TOro CJIeyOLLero uieHa, KOTOpbli Mbl HaMepeBaemcs
BbIOpaTh. Takum ob6pazom, Kasuno, ob/anaiouiee Takoi mnocJsenoBaTesbHO-
CTbl0 W mpemaratoliee Mrpoky yraabiBath €€ ujeHbl W Jie/1aTb MPH 3TOM
JleHeKHble CTaBKH, He pa3opurcst; roBopst 6odsee TouHo, KasuHo yBepeHo, uto
Hukakoi Mrpok He mMoxer obJiafaTb TaKOH cTpaterneil Urpbl, KOTopas Mnpu-
BeJIET K pasopeHuto KasuHo, Kakum Obl KalMTaJOM OHO HU obJiajado.

HenpenckasyemocTb Kakoii-1u60 1Moc/e10BaTe/bHOCTH, TaKUM 00pa3om,
ornpejiesisieTcsl B TePMUHAX Mrpbl, KoTopyto Mrpok Beaér npotus obJanato-
1Iero 3TOH MocJieoBaTesIbHOCTbI0 KasuHo, WM, VIS KpaTKOCTH, ApOMus
dannoll nocaedosamesbHoOCmu.

Urak, npeacrasum cebe, uto Mrpok npuxoaut B Kasuno. Kaxnas us
ctopod — u Kaguno, u Mrpok — o6JsiajaeT CBOUM HauaJibHbIM KAMUTaJIOM.
KasuHo pacriosiaraer HeKOTOpOil (PUKCHPOBAHHOMN, HO HeudBecTHOH KMrpoky
M0CJ/Ie/I0BATe/IbHOCTBIO HyJlell W eIuHHLL M npejsaraet Mrpoky npeackasbli-
BaTb €€ ujieHbl — He 00513aTe/IbHO B MOHOTOHHOM IOPSIIKE UX CJle[OBaHUs
1 jaxe He 00513aTe/IbHO BCe e€ uJleHbl.

JL1s1 HarJIIAHOCTH NpeacTaBuM cebe, UTO UJleHbl [10C/Iel0BATEe/IbHOCTH Ha-
MHUCaHbl HAa KapTax, KoTopble JiexkaT pyballkaMi BBepX, Tak uto MIrpok He BU-
JIMT, 4To TaMm HamucaHo. [locsenoBaresbHocTh npenctaér nepen HMrpokom
B BUJe OeCKOHEuHOro psina Takux kapr. Mrpa coctout B TOM, uto Mrpok
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Ha KaxXKJIOM CBOEM XOJly YKa3blBaeT Ty KapTy, KOTOpasi A0JKHA ObITb OTKPbI-
Ta, OJIHOBPEMEHHO TIpeJcKa3bliBasi 3HaUeHHe, KOTOpoe 0OHAPYXKHUTCS Ha ITOM
KapTe, 1 00bSBISAS pa3Mep AeHeKHON cTaBku. Ec/n npenckazanne okaxercs
npaBusbHbIM, KasuHo BeimiaunBaer Mrpoky cymMmy CTaBKH, eCjid HEMpaBUJ/Ib-
HeiM — Hrpok BbimsiaunBaer 3ty cymmy Kasuno. Cuuraercs, uto Mrpok
sbluepan, ecnd oH cymes pazoputb Kasuno. Pasymeercs, ecau Mrpoky ot-
KPbIT HEOTPAaHHUEHHbIH KPEJIUT, OH BCEraa MOXKET pa3oputh KasuHo, yiBausas
craBki. Ho urpa uaér Ha HajuuHble, TaK UYTO BEJHUMHA CTaBKM OrpaHUYeHa
TeKylLMM Kanutajsom Krpoka.

[TocsieoBaTe/IbHOCTb HA3bIBAeTCsl 1pedcKka3yemotl, ecyau CyLIeCTBYeT
BBLIMIPbIBAIOLLMI AJTOPUTM HUIPbl. Boliuepol8aoujum Mbl Ha3blBAEM aJrOPUTM
CO CJIE/LYIOLIUM CBOMCTBOM: KaKuM Obl HauaJibHbIM KalMTaJoM HH 00J1a1a/0
Kasuno, oHo paHo uin no3nHo 6yaeT pasopeHo, ecau MIrpok npuMeHUT 3ToT
anropurM. [TocsenoBaTe/IbHOCTb HasblBaeTCsl HenpedcKkasyemotl, ecyu oHa
He ABJISEeTCS MPeAcKa3yeMoH.

Ha maremaTnueckoM s13blKe CHTyalusl OMMChiBaeTcsl Tak. Paccmatpupa-
ercsl 6eCKOHEeUHas MocJ/1e10BaTe/IbHOCTb HyJIeH U €HHHLL

a={(a,asas,...).
[Ipu kaxaom xone Mrpoka Bo3HUKaeT TPOHKA uuces
(n,i,0),

rmue
neN, ie€{0, 1}, veQ, v=0;

3nech, Kak o6blyHO, N 0003HauaeT HaTypaJibHbIH psml, a Q — MHOXxe-
CTBO BCeX palMOHAJbHLIX udces. Colep:KaresbHO: HATypaJbHOE YUCJO 11
€CTb HOMEp TOro uJjieHa IMOCJIe0BATeNbHOCTH, Ha KOTOPbIH JesaeTcsi CTaB-
Ka; [ eCTb MNpelcKa3blBaeMoe 3HaueHHe ITOro uwieHa; HeoTpUUATesNbHOe pa-
[IMOHAJIbHOE UHCJIO U eCThb pa3Mep CTaBKH. XOJbl AeaaloTcsl APYr 3a Apy-
roM, HaulHast ¢ TIepBOro; TPOHKa, BO3HUKAIOIIAS HAa R-M XOfy, 0603Hayaercs
(n(k),i(k),v(k)). Bosee maTemaTuueckd rpamMoTHO Obli0 Obl CKa3aTb, UTO
KaXKIblil XO[ ecmb TPOHKA YUCe U U4TO XOJbl He JesaloTes, a npedvssa-
romesi.

Kanuran Wrpoka nepen k-m xonom o6osnauaercst V(k — 1). bes orpa-
HUUeHUs OOLIHOCTH MOXKHO CUMTATh, UTO HauaJbHblA Kanutan Mrpoka paBeH
enunuue: V(0) = 1.

'Harypa/ibHEIii psil MHOTIA HAUMHAIOT C eIMHMIbI, @ MHOTIA (B YaCTHOCTH, B GOJILLIHHCTBE
MCCJIEJIOBAHUH 110 TEOPHUH BbIUMCJUMBIX (PYHKUMI) ¢ HyJs. B 1aHHOM cjiyyae Mbl He BKJ/OUAeM
HYJIb B HAaTypaJIbHBIH Psi.
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[Tocsie kaxaoro xojia Kanurtan Mrpoka meHsiercsi (eCjii TOJILKO CTaBKa
He Oblja HyJ1eBOH). A HMEHHO:

o ecs i(k) = anp (Mrpok yrangan), To V(k) = V(k — 1) + v(k);
o eci i(k) # anpy (Mrpok He yranan), To V(k) = V(k —1) —v(k).

M ewié nBa npubapyieHust K CKa3aHHOMY.

Bo-nepBbIX, X0lbl OBIBAIOT KOppeKmHobie U HEKOPPEKNHbLe, U UTOObI
urpa npojoJsKaJjach, Heo6X0UMO, UTOObI X0/ OblJI KOPPEKTHBIM. A HMEHHO,
k-¥ X0J cuMTaeTcst KOPPEeKmHbLM, €CJH BbIOJHEHbl 064 HUXKeCJeIyollue
TpeOOBaHHUS:

1) HOMep OTKpbIBAEMOU KapThl KOPPEKMEH: 3TO 3HAUUT, UTO M0J|jIexKaliast
OTKPBITHIO KapTa He Gbljla y)Ke OTKpbITa paHee, T.e. 11(k) He coBMnajgaer
HU ¢ omHUM u3 uncen n(l),...,n(k —1);

2) nenaemasi irpokom ctaBka KoppekmmHa: 3TO 3HAUUT, UTO OHA MeHbllIe
€ro TeKyllero kanurasa, T.e. v(k) < V(k —1).

Ecun ke xots1 6bl OJJHO U3 5THUX Tp€6OB8HHﬁ He€ BbLIITOJIHEHO, XOJ CUHUTAeTCHA
HEKOPPEeKNHbLM.

OCHOBHOE MPABUJIO OCTAHOBKHU. Ecau Mrpok cosepiaer Hekop-
PEeKTHbIN Xoj1, urpa octaHaBiuBaercsi. [1pu atom Mrpok ocraéresi npu ume-
IOLIEMCS y Hero K JaHHOMY MOMEHTY KaruTtaje — W, TeM CaMbIM, 3aBEIOMO
He BbIUTPBIBAET.

Bo-BTophbiX, He HCKJ/IOYaeTcsi BO3MOXKHOCTb TOro, 4ro Mrpok BooOiie
He JleNiaeT ouyepeHoro Xoja (naxe camoro nepsoro xoxal), U B 3TOM cJy-
uyae Mrpok Takke oCTaércsi MpH HMEIOIIEMCS] Y HEro K JaHHOMY MOMEHTY
Kanuraje H, Kak W B cjlyyae HEKOPPEKTHOrO X0Jla, 3aBe/lOMO He BbIUIPbIBA-
eT. OJIHaKO B 9TOM cJjlyyae — B OTJIMUME OT CJlyyasi HEKOPPEKTHOrO Xo1a —
Mbl M36eraeM BblpaxKeHHsl «Mrpa OCTaHaB/JWBaercs». Jlejo B TOM, UTO CH-
Tyal{io HeJleJlaHusl XOa MOXKHO HarvyIsAHO TPeACTaBUTb cebe CeyIoliuM
o6pasom. [lepen kaxkabpiM cBouM xo0M Mrpok pelaer, kakoit xon emy cie-
nyeT cnenatb. Pelnenue Tpebyer obaymbiBaHus, U KMrpok Gepér Bpems Ha
o0nyMbiBanue. Bpemsi 3T0 HHUeM He OorpaHUU€eHO, W MPOLLECC PA3MbILLJIEHHS
MOKEeT 3aTsIHyTbCSl 10 OeCKOHeUHOCTH. B TeueHue BpeMeHM OOAyMbIBAHHUS
xona kanutan Mrpoka He mensiercsi. [Toatomy ecan Mrpok Hu 3a Kakoe Ko-
HeyHOoe BPeMsi He TPUHUMAET pellleHHsl O CBOEM XOJIe, €ro KaruraJg 3acTbIBaeT.
B stom caydae Berpeitia Mrpoka npousoiitn He moxkeT. OnHako B 3TOM
cjyuae (B OTJIMUME OT CJlydasi HEKOPPEKTHOTO XO/a) He HACTylaeT MOMEHTa
OCTaHOBKH HIpbl, OO HUKOIA He MocTynaeT curHajia o6 ocrtaHoBke. Takum
06pa3oM, y UTPbl €CTh TPU BO3MOXKHBIX clieHapusi pa3sutust: 1) Mrpok nenaer
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GecKoHeuHoe uhcsio X0j10B; 2) Mrpok JesaeT Jiilb KOHEUHOe YHUCJIO XOJI0B,
U [IPUUMHON 3TOTO CJYXKHT TO, UTO ObLJ CllejiaH HeKOppeKTHbIH xo; 3) Ur-
POK [ieJ1aeT Jhllb KOHEYHOE YHUCJ0 XOH0B, U F[pI/ILlI/IHoﬁ 9TOTO CJIY2KHUT TO, UTO
Ha KAaKOM-TO 3>Talie HIpbl I/IFpOK He B COCTOAHHH l'[pHﬁTH K pelIeHHIo 06
ouepeHOM Xojie. PagymeeTcst, cKazaHHOE HOCHT MJIIOCTPATHBHEIH XapakTep,
W MaTeMaTHuecKoe OIucaHue He BKJlouaeT B celsi CCbIJIKY Ha TaKue IMOHSATHS,
KaK «pellaTb», «00AyMbIBaTb» H T.II.
[To onpenenennto, Urpok seiuepeisaem (npu urpe npoTus a), ecJju

sup V (k) = +o0,
k

T. €. eCJIh
YW 3k V(k)>W.

Conep:karesibHO 3T0 03HauaeT, uto Mrpok pasopsier KasuHo, kakum Obl HC-
xo[HbIM Kanutasom W Kasuno Hu obsanano. OueBuaHo, uto Mrpok B co-
CTOSIHUM BbIUIPATh JIMLLL [1PH YCJOBUH, UTO BCSKUE pas, Korjaa emy MnpeiacTour
JlelaTh XOJl, OH ero JieJaeT M 3TOT X0/l OKa3blBAeTCs KOPPEKTHBIM.

Kak BbIrisiauT urpa, Mol onvcasu. [lepefiném Tenepb K MOHATHIO CHCTEMBbI
Urpbl, WK cmpameeuu. CMbIC/ CTPaTerHu B TOM, 4ToObl H30aBUTbL Mrpoka ot
HeOOXOIMMOCTH CaMOCTOATE/IbHO NPUHUMATD PelleHus: cTpaTerus 6epér sty
¢ynkumio Ha cebst. CTpaTerus ecTb MPaBUJIO, AJIsT KAXKIOTO X0/1a yKa3bIBalo-
tee MIrpoky, Kakoi Ha 5TOM XOJly OH JIOJZKEH Clies1aTh X0/ (T. €. KaKylo TPOHKY
npenbsBUTh). Pagymeercs, cTpaTerus BbIIAET Takoe yKadaHHe JIMLIb B TOM
cJlydyae, ecsid X0/l J0JKeH ObIThb cleslaH. Bblle yxKe oTMevasach BO3MOXK-
HOCTb TOTO, YTO HMKAKOIO XOJa He JeJIaeTCs; B 3TOM CJydae, €CTeCTBEHHO,
cTpaTerust He BbLIA€T HUKAKOro ykasauusi. Ilpu ykasanuu xoma crtpaterus
ONMpaeTCsl Ha BCIO MPEALIECTBYIOLLYI0 HCTOPHIO Wrpbl. KicTopusi ke wurpbl
COCTOHT M3 BCEX yKe CJIeJIaHHbIX K PaCCMaTpUBAaeMOMY MOMEHTY XOJOB U H3
BCEX CTaBLUMX YK€ U3BECTHLIMH UJIEHOB MOCJ/Ie/10BaTeNbHOCTH. Mbl JiMLIb 110-
TOMYy He BKJIOYaeM B HCTOPHIO Hrpbl HH(popMaumio o Kanutasne Mrpoka Ha
KaXKJblll MOMEHT, 4TO 3Ta HH(OPMALHS JErko BHIUMC/ISETCS U3 TOJBKO UTO
MlepeurCIIeHHbIX CBeJEeHUH.

Takum 06pa3oMm, HCTOPHUIO UTPbI MEPEL R-M XOL0M MOXKHO 3alUCaTh B BUJE

TaOJIMLbI:
n( ..o onk=1)
i(ly 2 ... i(k—=1)
u(l) v v(k—1)
Auly Aue) ---  Auk-1)

) n(@)

(ecau k = 1, Tabsmuia nycra).
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Ha maremaTnHueckoM si3blke CTpaTerusi ecTb (DyHKLMS, KOTOpas KaxKioi
nojo6Ho# TabJule (B TOM ydcJje MycTod) JIMGO HUUEro He CTABUT B COOT-
BETCTBHE, JINGO CTABUT B COOTBETCTBHE HEKOTOPBIH XOJ, T. €. TPOHKY (1,i,0).
[Tox «kaxkmo# mogoOHOH TabJHULEeH» Mbl TOHUMAaeM OTHIOAL HE TOJBLKO Ta-
Kylo TabJilLly, KOTOopasi OTpakaeT peasjbHOe TeUeHHEe HUIPbl, @ MPOU3BOJbHYIO
TabJivLly, B KOTOPOH B MepPBOH CTPOKE CTOSIT MOJIOKHUTEJIbHbIE Liesble UMCaa,
B TpeTbell — HeoTpHLaTe/bHble palHOHa/lbHble YUCJ/a, a BO BTOPOH M veT-
BEPTOH — HYJIM U €IUHHLBI.

Ecau Tabsmua peasbHO BCTPETHJACh B Mpolecce Urpbl (B KauecTBe HC-
TOPHUHU WTPbl HA KAKOM-TO 3Tare) W ecJiM 3ajaHa CTparterus, To repBble TPH
CTPOKH TabJIMLbl OJIHO3HAUHO BOCCTAHABJMBAIOTCS MO €€ UeTBEPTOH CTPOKe.
B camom pese, npuMeHeHHe CTpaTeruu K MycTol Tabsuue NaéT HaMm MepBblid
xon (n(1),i(1),v(l)). Tem cambiM — MOCKOJIbKY UeTBEPTAsi CTPOKA MPEAro-
JlaraeTcsl U3BeCTHOH — Mbl T10Jy4aeM HCTOPHUIO MTPbI Mepej BTOPHIM XOJ0M
B BUJle TaOJHULbI

)

n(l)
i(1)
u(l)
an(1)

Tenepb K 3T0il TabJiMlie CHOBA MPUMEHSIEM CTPATETHIO, TTOJy4aeM BTOPOH X0/
(n(2),i(2),v(2)) u Tabnuuy

n(l)  n(2)
i) 2
o(l)  v(2)
An(1y  An),

W TaK jaJjee.

CkaszaHHoe HaéT HaM MpaBo MPH ONpPeesieHUH CTpaTerud 6paTh B Kaue-
CTBE aprymMeHTa He BCIO TaOJIMLYy B LIeJIOM, a JIMIIb €& UeTBEPTYIO CTPOKY.
3aMeTuM, uTo B 3TOH UETBEPTOI CTPOKE CTOMT JIBOUUHOE CJIOBO, T. €. 3JIEMEHT
MHOKecTBa Z=. CTparterusi JIoJKHA, UMesl 3TOT 3JIeMEHT, WJH He BbllaBaThb
HUYEro, WK BbIIABATb XOJ, KOTOPbIA €CTh TPOWKa, T. €. 3JEeMEHT JIeKapToBa
npoussesenus N x {0, 1} x Q. 3neck cumposiom Q1 0603HaUEHO MHOXKECTBO
BCEX HEOTPHULIATE/bHBIX PALMOHAJBbHBIX UMCEJI.

Mbl TIPUXOJUM K OKOHUATEJbHOMY OTpENeJIEHHIO MOHATHS CTPaTeruu:
cmpamezaus ecTb oToOpaykeHHe HEKOTOPOro MOJAMHOXKECTBAa MHOMKeCTBa =
BCEX JIBOWUHBIX CJOB B AekapToBo npoussenaenne N x {0, [} x Q:

=— Nx{0,1} x Q4.

23



Jns Hawux uedeir ocoOblil HHTepec NpejCTaBfseT cJyuaild, Korjna yka-
3aHHOe OToOpakeHHe 3alaéTcsl KaKUM-TO ajqroputmom. [losicHMM, 4TO 3TO
3HauuT. [1ycTh A — ajropuT™, Ha BXOJ KOTOPOTO MOTYT MOJIaBaThCS SJIeMeH-
Thl U3 MHOXKeCTBa X, a Ha BbIXOJIE MOJIYUalOTCsl 3JIEMEHThl U3 MHOXKeCTBa Y.
B mHoxecTBe X BblaensieTcsi 06.4acmo pe3yromamusrocmu aaropurmMa A,
COCTOSILLAS M3 TeX M TOJbKO TeX JEMEHTOB, B MPUMEHEHHH K KOTOpPbIM A
naér pesysbrat. Anroput™ A 3adaém caenyioliee oToGpaxeHne: 06/1acTb
oTipeJiesieHns1 3TOro 0TOOPaXKeHHsI COBNAAeT ¢ 061aCThIO Pe3y/JIbTaTHBHOCTH
aJropuTMa, W JJIs1 KaXKA0ro 3JeMeHTa 3TOH 06/1acTH 3HaueHne 0ToOpaKeHus
Ha 3TOM 3JIeMEHTE COBMAJIAeT C TeM Pe3yJ/bTaTOM, KOTOPHIH MOJydaeTcst npu
NPUMEHEHHH aJrOPUTMa K 3TOMY 3JIEMEHTY.

Ecau crparerus 3ajaHa KakuM-To aJlrOPUTMOM, OHA Ha3blBARTCS Bbl4UC-
aumoi. (Eciv nonath Ha BXOJ 3aJalOLLET0 CTPATErdio ajJropuTMa Takyio
UCTOPHIO UTPbI, /I KOTOPOH OuepeJHOH X0 He omnpejeséH, TO aJropuTM
paGoTaeT Ha 3TOM BXOje OECKOHEUHO JO0JIT0, HE MPUXOAS HH K KaKOMy pe-
3yJIbTaTy, HO U He BbljlaBasi cooOlileHne 00 OTCYTCTBMU TakoBoro. Jta Gec-
KOHeuHasi paboTta a/JropuTMa Kak pas W IMPOUCXOAUT 3a To B3siToe Mrpokom
Ha oO1yMbiBaHHe GeCKOHEUHOE BpeMsi, O KOTOPOM FOBOPHUJIOCH BBILLIE. )

Crparerusi HagblBaeTcsl guiuepoiearoweti 041 nocaedo8ameabHOCmi a,
ecan Mrpok, mpuMeHslOUIME 3Ty CTpaTeruio B UTpe MPOTHB &, BBIMTPHIBAET.

[TocsienoBaTe/IbHOCTb HasblBaeTcsl npedckasyemoti, ecau ajis Heé cy-
11IeCTBYET BHIMIPbIBAIOLLAS BLIUMCJUMAS CTPATErUS], U HENPeOCKa3yemol —
B MPOTHUBHOM cJiyuae. Ksiace Bcex HenpejacKadyeMbiX MocJ/e0BaTesbHOCTeN
o6osHauaercst 6yksoi U.

N3BecTHO, uTO BCsIKasi HeMpeacKasyemas MocJe/10BaTebHOCTh SIBJSIETCS
croxactuueckor no KosimoropoBy (mpuHaAIeKUT Kaaccy S) W uTo Bcsikas
TUIHYECKO-XA0THUECKas MOCJe/10BaTebHOCTb (IOC/E10BATENbHOCT KJlac-
ca CT) Hernpenckadyema:

CTcUcS.

H3BecTHO TaKXKe, 4TO KJIaCC CTOXAaCTHUYECKHUX T10 KOJIMOI‘OPOBy nocJjeano-
BaTeJIbHOCTEN CYLIECTBEHHO LIMPE KJlacca HeNnpeaCKa3yeMbIX:

S # U.

OTKpBbITBIM OCTAETCS BOTMIPOC O COBMA/IEHHH K/JIACCOB XaOTHUECKHUX (OH 2Ke
KJacc THIUYECKUX) U HelpeacKasyeMblX MOCJ/e10BaTebHOCTeH!:

CT < U.

Ota BaxKHasa npobJsemMa KIAET CBOEro PelleHus.
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O 6e30CTaHOBOYHBIX CTPATETHsIX

EcJ/in urpa HUKOT/Ia He OCTAaHABJIMBAETCS, OHA HA3bIBAeTCs 6€30CMaHo-
gourol. Crparerust Ha3biBaeTCs 0€30CMAHOBOUHOL, €Ci, KakoBa Obl HHU
Oblla MOCJe10BaTENLHOCTb, IPUMEHEHHEe MPOTHB He€ 9TOH cTpaTernu Mnpu-
BOJUT K 6€30CTaHOBOUHOW urpe. B ompenesnennu npenckaszyeMocTH MOXKHO
OTPaHUUUTLCS G€30CTAHOBOUHBIMH CTPATETHSIMM M AaTh TaKylo PaBHOCHJb-
HYI0 (POPMYJIMPOBKY: MOCJE10BATENbHOCTb Ha3blBaeTCsl npedckasyemotl,
ecsM Uil He€ CyllecTBYeT BbIMIPbIBAIOLLAs BblUMCIMMAs (Ge30CTaHOBOUHAS
crparerusi. Uto6bl y6equTbcsl B PABHOCHJILHOCTH, JNOCTATOUHO OObBSICHUT,
KaK MOKHO aJilrOpUTM A, 3aJ1al011IHil BLIMTPBIBAIOLIYIO CTPATETHIO, TTEepeiesaTh
B asroput™M B, 3apaiouwmii BbiMrpbiBatolyto 6€30CTaHOBOUHYIO CTPATErHIo.
Takasi nepenenxa ocyuiecTBssiercss BecbMa npocto. CriepBa Mo MOCTyNHB-
1IeMy Ha BXOJ aJiropuTMa A JIBOHUHOMY CJIOBY BOCCTAHABJIMBAETCS HCTOPHS
UrPbl, UTO TI03BOJISIET 3HATb KaK HOMepa BCeX OTKPBITBIX paHee KapT, Tak
¥ BeJIMUMHY TeKyllero kanutana Krpoka. 3atem BCSKHMH XOJ, MpearuchiBa-
€Mblil HCXOJIHBIM aJITOPUTMOM A, MpoBepsieTcsi Ha KOPPEKTHOCTh, U €CJI OH
OKAa3bIBaeTCsl HEKOPPEKTHBIM, TO HOBBIH ajsroputM B Hukakoro xona He BbI-
Naét, a oObsABJSETCS He ONpeleJEéHHbIM HA yKa3aHHOM JBOWUHOM CJIOBE.

O606u1eHre HA BblYMCAMMbIE pacnpeneaeHus
BEpPOSITHOCTEMH

o cux nop, ayist NpoCcTOThl U 6OJbLIEN HATJISIAHOCTH, Mbl OTPAHHUMBAJIMCH
CUTyalMel, KOTjia Ha mpocTpaHcTie {2 BceX ABOMUHBIX MOCJe10BaTeNLHOCTEN
OBITIO 3aJIaHO pasHOMepHOe pachpedeserue sepoamuocmeti. Bce ocHOB-
Hble HJeU ObLIW BUIHBI HAa PUMepe 3ToH npocTeiied cutyauuu. s nojHo-
Tbl KAPTHHBI Mbl HAMEPEHbl PACCMOTPETh Tenepb 00LLyI0 CHTyalluIo, KOrla Ha
npocTpaHcTBe {2 3a1aHO POU3BOJILHOE BbLUUCAUMOE paACnpedeseHue epo-
amnocmedi. Yto 310 Takoe, OyJeT pa3bscHEHO Mo3xKe. A ceiluac Mbl XOTHM
CKa3aTb HECKOJIbKO CJIOB, HAMpaBJeHHbIX Ha TO, UTOObI CeNaTh HU3J0XKEHHE
JOCTYNHBIM M TakoMy UYuTartesio, KOTOPbIH He 3HAKOM ¢ OOLIMM MOHATHEM
pacnpedenerua geposmuocmeti, Wi 8epoANMHOCMHOL Mepol.

[oBopsiT, uTo Ha MHOXKecTBe M 3anana mepa U, KoJlb CKOPO, BO-IIEPBbIX,
BbIfleJIeH HEKOTOPbIH KJacC MOJMHOXKECTB MHOXKecTBa M, Ha3blBaeMbIX U3-
MepuMbLMUL, U, BO-BTOPBIX, KAXKJIOMy U3MEPUMOMY MOJAMHOXKeCTBY A oTHece-
HO HeoTpHLATeNbHOE YnC0 U(A), Ha3biBaeMoe MepoLi 3TOro MOAMHOXKECTBA.
[Ipu sTOM TpebyeTcs, uToObl BBIMOJIHAINCH HEKOTOPblE aKCHOMBbI, IPUBOJUTD
KOTOpble Mbl 37leCb He OyJ1eM; OTMETHM TOJIbKO, UYTO CJIEICTBHEM 3THX aK-
CHOM $IBJISIETCSl TaKOH (hakT: oObeHHEHHe HerepeceKalolMXCsl U3MEPUMbIX
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MHOKECTB H3MEPHMO M €ro Mepa paBHa CyMMe Mep 3THX MHOxKecTB. Ecum
w(M) =1, mepa HasblBaeTCsl BEPOAMHOCMHOL, WIH pacnpedeieHuen sepo-
amuocmeii. B sToM ciyuae u(A) comepKarenbHO TPAKTYeTCsl KaK BEPOSITHOCTh
TOTO, UTO CJIy4aiiHO BEIGPAHHBIA 3JeMeHT MHOxKecTBa M momanaer B A.

Kaxknast mepa Ha ) xapakrepusyercst Mepamu 1apos. Tak, ajs paBHO-
MepHOTO pacrpesiesieHus (U TOJIbKO JIJisl HEro)

Vx € Z Buinosseno w(,) = 271

PaBHOoMepHOe pacrpejiesieHe BEPOSITHOCTEH Ha MpocTpaHcTBe {2 OTBe-
yaeT TOMY CLIEHApHIO, KOTJia HYJIM U €JIMHHLIbl BOSHUKAIOT B MOCJE10BaTe /b~
HOCTH C PaBHBIMHU BEPOSITHOCTAMU. BJinzkaiiim 0600611eHHeM paBHOMEPHOTO
pacrnpezesieHus siBJsieTcst pacnpedeserue bepHyaitu, Win OepHyiiuescKkoe
pacnpedenerue (Ha3blBaeMoe TaKKe OUHOMUAAbHbIM), TIPH KOTOPOM HYJIH
1 €IMHULbI BO3HUKAIOT HE3aBUCHMO C BEPOSITHOCTBIO p /ISl €AIMHHLbI H BEpO-
STHOCTBIO | — p /IS HyJIsT; 3TO YHCJIO P YCIOBUMCS Ha3bIBaTh 1APAMENPOM
6epHyJUTEBCKOTO pacnpesenenns. Ecin napamerp paBeH oJJHOH BTOPOH, MO-
JlydaeM paBHOMepHOe pacripesenenue. [oBopsi hopmasbHO, pacrpesesneHue
Bephysi ¢ napamerpom p 3anaércsi popmyJioi

W) = p(1l — p)lI=k,

rie £ — KOJIMUECTBO €JIMHHUIL B CJIOBE X.

Crenyromim 0600611eHHEM CJYXKUT KJacC pacripesiesieHHH, KOTopble Mbl
6yneM HasblBaTh KeasubepHyrauesckumu. Ha comep:katesbHOM YpOBHe
KBa3HOEPHYJIJIHEBOCTD PACIIPeie/ieHHs] BEPOSITHOCTEN 03HAUAET, UTO €IMHULIbI
Y HyJIH MOSIBJISIIOTCST B KAUECTBE WIEHOB MOCJIE0BATENBLHOCTH 10-TPEKHEMY
He3aBUCHUMO, HO C IepeMEeHHON BepOSITHOCTBIO, 3aBUCSILIEN OT HOMepa uJje-
Ha. BeposiTHOCTb TOro, uto ujieH ¢ HOMEPOM £ €eCTb €IMHHLA, YCJIOBUMCS
o6osHauaTe uepe3 p(k); TOraa BepOSITHOCTb TOrO, UTO 3TOT WJIEH €eCThb
HyJIb, OKaxercsi paBHoil 1 — p(k). PopmanbHoe onpeneseHre KBa3ubep-
HYJJIMEBCKOTO pacripefiesieHusi TakoBo. [lycTbh naHa MocC/enoBaTesbHOCTh
JEHCTBUTENLHBIX UHCE

p=<(p(l),p2),....pk),...), 0< p(k) <1

[Tpo pacripenenenne u 6GyneM rOBOPHUTb, UTO OHO KBA3UOEPHYAMLEBCKOE
C napamempom p, €cju JJisi BCAKOrO JBOMUHOTO CJIOBA X = (X|,...,Xp)
MMeeT MeCTO PaBEHCTBO

u(@) =]]r.

i=1
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rier; = pi)npux; =l ur; =1— p(i) npu x; = 0. [lnsa sicHocTu: 6epHyJI-
JIMEBCKOE paclipelieJieHre C apaMeTpoM p sIBJIsieTCsl KBa3uOepHYJIIHeBCKUM
C napameTpoM p = (P, P, ..y Pye- o).

B 3Toil ryiaBKe Mbl yKa)KeM, KaK onpejiesieH|si CTOXaCTHUHOCTH, Xa0THY-
HOCTH, THUTIHUHOCTH M HENPENCKA3yeMOCTH JIOJLKHBI ObITh PACLIMPEHbI JJs
oOLIell CUTYaLUH BbLYUCAUMOCO pacnpedeneHus geposmuocmer (4To 31O
Takoe, OyleT pasbsicHeHo Hike). OODbIBUM HaAMepé, uTo TPU ITUX PaCLIH-
PEHHBIX OTIpPefeNeHHsIX JI7Isl TIPOU3BOJILHOTO BBIYHCJAMMOTO pacrnpeaeseHust U
COXPAHSIOTCS T€ K& COOTHOLIEHHUS, KOTOPble ObLIN BbITMCAHbI BbIlle JJIs CJTY-
yast paBHOMEPHOTO pacrpeieseHHs:

C(u) = T(w) C U(w) C S(w);
S(w) # U(w)

(nocJsieiHee BBIMOMHEHO MPH YCJIOBHH, UTO Mepa JIoGOro Liapa MoJozKUTebHA).

3nech uepes C(u), T(u), U(w), S(u) cooTBercTBeHHO 0GO3HAUEHbI Te
KJacchl MOCJeI0BaTeNbHOCTEH, XAaOTHUECKHX, THITMUECKHX, HenpeacKasye-
MbIX, CTOXaCTHUECKHX 10 Ko/IMOropoBy OTHOCHTE/bLHO paclpeieseHus U,
KoTopble OynyT ompeneseHbl Huke. (B Haumx npeknux o603HaYeHMSIX
C=CHn), T=T(n, U=UmnuS = S(n), rae n ecTb paBHOMEPHOE
pacrnpejesieHue.)

Ora ryaBka — Jis Jo6uTesieil 060611IeHNI, U Mbl MTPU3bIBAEM yBaKae-
mMoro Yuraresst mojaymarhb, CTOUT JiM €€ uuTaTh. Bo-mepBbIX, OHa HECKOJIBKO
Tpy/iHee MpeblIylIuX IJIaBoK. Bo-BTopbiX, cama 3ajgaua o (hopMyJHpOBKe
CTPOTOTO OTpeesIeHUs CaAyYallHOH MOCJIeI0BATENbHOCTH A€JAeTCsl TEM MeHee
SICHOH, ueM GoJiee OOLIMPHBIM CTAHOBHUTCS KJlacC paccMaTpUBaeMbIX pacrpe-
Jesienuil. Benb camo npejicrapjaeHue o CAy4alHOCTH UHAWBUIYAJIbHOH MocJje-
JI0BaTEJbHOCTH UMEET CKOJIbKO-HUOYIb SICHbI HHTYUTHBHbBIH CMBICJ JIMLIb
JUIsl TIPOCTEHLINX pacrpenesieHnil BepOSITHOCTEN, TaKWX, Kak paBHOMEpHOe
U ero OJiMKaine 0600UIeHHS.

Bbluvcaumbie Mepbl M BbIUMCJIUMbIE pacnpeneeHus

Xoresioch Obl HasblBaTh Mepy U Ha MPOCTpaHcTBe 2 BBIUMCJUMOMH, ec/
CYLLLECTBYET TAKOH aJIrOPUTM, KOTOPLIH 110 KAaXKAOMY ABOMUHOMY CJIOBY X HAET
mepy u(€2) wapa Q. OnHaKo aJropuTMbl He MOTYT UMETb JeJI0 C AeHCTBU-
TEJILHBIMH UHCJIAMH, a TOJBLKO C UUCJAMH LEJNbIMH, PALMOHAJbHBIMK U T.T. —
CTPOTO rOBOPSI, J1a’Ke He C UUCIaMH, a C UX HMEHAMH B BHJIE CJIOB B KAKOM-JIH-
60 (PUKCUPOBAHHOM KOHEUHOM aJjipaBuTe (CL080M B JAHHOM aJjipaBUTe HA3bI-
Baercsl J06as KOHeUHas 1lenouka, cocTaBjeHHasi U3 OyKB 3Toro ajdabura).
JlaTh ke MMeHa BceM JEHCTBUTE/bHBIM UYHC/IaM HEBO3MOXKHO, MOCKOJIBbKY JJ1s
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Ka’KJ10r0 KOHEUHOro asdaButa Bce ¢/oBa B HEM 00pasyloT Jullb CUETHOE MHO-
»KecTBO. [ToaToMy MOXKHO TpeGoBaTh JMLLbL HAJMUKE aJIrOPUTMA, AAIOLLEro He ca-
MOE Mepy 1l1apa, a CKOJIb YrOJHO TOUHOE PALMOHaJIbHOE MPUOJIHAKEHHE K Hel.

OxkoHuareJ/ibHOE olpejiesieHle TakoBo. Mepy U HasblBalOT 86 4UCAUMOL,
KOJIb CKOPO CYLLECTBYET aJIFOPUTM, KOTOPbLIH YISl KaX/J10ro JABOMUHOIO CJIOBA X
1 KaXKJI0TO MOJIOXKUTEJBHOTO PALMOHAJBHONO UMCJIA € BBIIAET TaKoe paldoHaAIb-
HOE UHCJI0, KOTOpOe OTJIMUaeTcst oT Mepbl U(€2y) wapa €2, He GoJee, ueM Ha €.

WNHorna B onpesesieHde BLIUMCIMMOCTH BKJIIOYAIOT ellé M TpeGoBaHHE
0 CyUIeCTBOBAHMH TAKOTO aJIrOPUTMa, KOTOPBIN JI7Is KAXK/I0T0 IBOHUHOTO CJI0-
Ba X OlpejeJssieT, UMeeT JIi MecTo paBeHCTBO U(f2c) = 0. Boluncaumble Me-
pbl, YIOBJIETBOPSIOLIME ITOMY AOMOJHUTENLHOMY TPeOOBaHHIO (KOTOPOE Mbl
He BKJIIOUaeM B orpejesieHle BBIUMCAMMOCTH), Oy/leM Ha3blBaTh CUAbHO Bbi-
YUCAUMBLMU. 3AMETHM, UTO U3 BbIUMCJUMOCTH Mepbl HE BbITEKAeT, KaK MOIJIO
Obl MOKa3aThCsl, €€ CUIIbHAsT BBIYUCAUMOCTb.

BakHbIM MojK/IaCCOM KJlacca CHIIbHO BBIUHCJUMBIX Mep SIBJISIeTCSs Kiace
BBIUMC/JUMO-pallMOHaJIbHBIX Mep. ByjieM Ha3bIBaTh Mepy 8ol 4ucAUMO-paALLO-
HAAbHOLL, eCJI1 Mepa KaxK0To 1apa eCTb PALMOHATbHOE UMCJ/I0 H CYLLECTBYET
aJICOPUTM, BBIUUCJ/IAIOLIMH 9Ty Mepy M0 3aJlaHHOMY Luapy, T.e., Ha GoJiee Tou-
HOM $I3bIK€, aJITOPUTM, KOTOPBIH JISi Ka)KJIO0TO JABOMUHOTO CJOBA X BBIIAET
Jpo0b, BblpaxkatoLtyto Mepy [ (€2y) wapa €2,. 3aMeTuM JyIst ACHOCTH, UTO eC-
JI1 Mepa BblYMCJHMMA, a €€ 3HAUEHHsl Ha 1l1apaxX pallMoHaJsbHbI, TO OTCIO/A
elé He CJIeyeT, UTO OHA BbIUMCJIMMO-PAaLMOHA/bHA: YMEHHE HAXOMUTb /s
JIAHHOTO PalMOHAJBHOTO YHCJ/A CKOJIb YTOJHO TOUHblE pallMOHAJIbHbIE MPH-
OJIMKeHHs] K HeMy elllé He 03HayaeT yMeHHs BbIMHCATh CaMO 3TO UUCJIO B BHJIE
OTHOILIEHHUS IBYX LIeJIbIX uucel!

Teriepb HET HyX/bl OTAEJNBHO OMPEAESATh, YTO TAKOE BBIUMCJIMMOE pac-
npejesieHe BEPOSITHOCTEH: 9TO NPOCTO-HANPOCTO BbIUMCAUMAS BEPOSTHOCT-
Hasi Mepa. VIMeHHO Ha BblUMCJIMMble pacrpesie/ieHdsl ecTecTBeHHO o6obia-
I0TCSl MHOI'HE KOHCTPYKLUHMH W (PAKTbI, H3JI02KEHHbIE HAMH /151 PABHOMEPHOTO
pacnpenesieHust. B uacTHOCTH, /ISl TPOM3BOJILHOTO BLIUMCJIUMOTO pacrnpejie-
JIeHHs1 BepHBl Kak meopema Mapmurn-Jl1égha, yrBepKaaiomias, urto nepece-
ueHHe BcexX 3(P(EeKTUBHO OOJIbILIMX MHOXKECTB CaMo siBjsieTcst 3(PPeKTHBHO
60JIbLIUM, TaK U meopema Jlesuna, yTBepxKIaloL1as, UTO THIHUHOCTb paB-
HOCHJIbHA XaOTHUHOCTH, OINpPEeAeNEHHON HA OCHOBE MOHOTOHHOH SHTPOIUH.

CTOXaCTHUYHOCTD

JInst Kako#-u60 MoCJ/eI0BaTENbHOCTH € €€ R-il usieH 0603HaUYaeM ey, UJIH,
Jabbl U36€KaTh MHOTO3TAXKHBIX HHJEKCOB, e (k).
B ciyuae paBHOMepHOro pacripejesieHdsi CTOXaCTHUHOCTb MOCJe10Ba-
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TEJILHOCTH TIOHMMasach KaK e100aAbHas ycmouuusocmos 4acmom, T.e.
KaK yCTOHUMBOCTb 4acTOT B Kaocdoil u3 donycmumvlx no0nociedosa-
meavrocmedi. JIonycTUMble Ke MOMI10C/AeI0BATe/IbHOCTH BO3HUKAHN TyTEM
npuMeHeHust aonyctuMbix no Kosmoroposy mpasua ot6opa. B curyauuu
NPOU3BOJILHOW BEPOSATHOCTHOH Mepbl 00LIas CXeMa COXPAHAETCH, TOJbKO
YCTOHUMBOCTb YaCTOT 3aMeHsieTcsl Ha HekoTopoe GoJiee oflllee CBOHCTBO,
a UMEHHO HA TaK Ha3blBAEMblll 3AKOH OOAbULLX YUCEA.

Onpenesenne CTOXaCTUYHOCTH i OEpPHYJUIMEBCKOrO paclpesesieHHs]
C MapaMeTpoM p OUEBHJHO: HAl0 NOTpeOOoBaTh, UTOObI B KaXKI0H AOMYCTH-
MOH IMOJIOC/Ie10BaTe/IbHOCTH c00J110/1a/1aCh YCTOHUHBOCTb UacTOT C OJHOH
U ToW Ke mpenenbHoll yactotoil p. MHbIMH cjioBamu, N0Js1 €MHULL B Ha-
yaJIbHOM OTpe3Ke BCSKON JI0MyCTUMOH MOJNO0C/e10BaTe/IbHOCTH L0JLKHA, TTPH
HeorpaHMUeHHOM YAJIMHEHHH OTpe3Ka, cTpeMuThes K p. Ciayuau, Korga p = 0
Wi p = 1, ABJSIOTCS BBIPOXKIEHHBIMH; /IS TIEPBOTO M3 HUX HE CUMTAETCS
CTOXaCTUYECKOH 110¢J1e/10BaTe/IbHOCTb, B KOTOPOH BeTpeuaercst XoTst Obl 0/1Ha
eIMHULA, /151 BTOPOTO — [10CJ/1e10BaTeJbHOCTb, B KOTOPOI BCTPEUAETCS XOTS
Obl OJIUH HOJIb.

@on Musec noHuMas BEPOSITHOCTb Kak MpelesbHyto yactoty. [lostomy
€ro MJeoJIorusi He MPOCTHPAETCs 3a Mpejesibl OepHYJJIMEBCKUX paclipefe-
JeHuil. MoctoM K oflieMy cJ/lydaro MPOM3BOJILHOIO paclpeesieHHs cyKaT
KBa3uOepHyJJIHeBcKUe pacnpenesenus. Mimu u saiimémcsl.

$lcHo, uTo Il KBa3UOEPHYJJIMEBCKOTO pacrpeeseHust MpeiesbHOl ua-
CTOTBl B MOANOCJ/IEA0BATENLHOCTH MOXKET U He ObiTb, @ €CJIM OHA U €CTb, TO,
BOOOIIE TOBOPS, B KAXKJOH MOANocaeoBaTebHOCTH — cBosi. [Ipuxoautes
[103TOMY FOBOPHUTb O CTOXACTHUHOCTH OTHOCHTEJIbHO JAHHOTO MpaBuJ/a 0TOO-
pa. Ilyctb p — napamerp kBasuOGepHyJIMEBCKOro pacnpesesenus. [Ipex-
Jle BCEro, 3asiBUM, UTO HE CUMTAETCSl CTOXACTHUYECKOH T0CJeI0BATENbHOCTD,
B KOTOPOH 3HaueHHe XoTsl Obl OJAHOTO €€ ujieHa UMEET HyJIEeBYIO BEPOSITHOCTD.
Wau, roBopst Ha opMasibHOM §I3bIKE: MOCJEI0BATENbHOCTb @ HE CUHTaeTCs
CTOXACTHUECKOM, €CJI CYLIECTBYeT Takoe R, uto Jiubo a(k) =0 u p(k) =1,
mi60 a(k) = 1 u p(k) = 0. Ins ocTajbHbIX MOC/EI0BATENLHOCTER ONpe/e-
JIeHUe TaKOBO: T10CJIe/IOBATENbHOCTb a Oy/leM Ha3blBaTh CMOXACMUYeCKOol
omHocumeavbHo npasura omoopa A, Kojb cKopo eé 0600LIEHHAs TOANO-
CJ1e10BaTE/IbHOCTh

b = (a(my),a(my),...,a(my),...),

noJly4eHHast o 3TOMY MPaBHJ1Y, YOBJIETBOPsIET TpeOOBaHUIO 3aKOHA GOJIbILUX

qyuceJi:
a(my) +---+alme) — plmi) +---+ p(me)

k k

— 0

29



npu k — oo. [lanee, nocJie0BaTe/IbHOCTb @ HA3bIBAETCS CMOXACMUYECKOL
(no Koamoeoposy), ecan nas JoGoro KoJMOrOPOBCKOrO MpaBu/ia, MpUBO-
JISLLEro K 0eCKOHeUHOH 0000LIEHHON MOANOCAE10BATELHOCTH, OHA SBJISETCA
CTOXACTHYECKOH OTHOCHTEJLHO 3TOrO MpaBuJa.

3ameuanue. Cji0BO «GeCKOHEUHOW» B Tpeablayliel dppase U3ObITOUHO,
TaK Kak Bcsikasi 0000111EHHAs MOANOCIe/10BaTEbHOCTD SIBJISIETCS MOCJe10Ba-
TeJILHOCTbIO, a CJleloBaTe/IbHO, OecKOHeuHa 1o onpenesnenuio. Tem He MeHee
Mbl OyjleM HHOTJA MCMOJIb30BaTh 3TO (OPMasbHO M3OBITOUHOE YIOMHHAHHE
0 6ECKOHEUHOCTH, 1abbl MOAUEPKHYThb, UTO HMEETCS B BUy HMEHHO MOCJeN0-
BaTeJIbHOCTb, @ He KOPTEeX.

UTo6bl 00 BACHUTD, KAK MOHATHE CTOXAaCTUUHOCTH Mo KosiMoropoBy 0606-
niaercsl Ha 6GoJiee LIMPOKUH KJacC BEPOSITHOCTHBIX pacripeeseHnH, BBEAEM
HECKOJIbKO 0603HaUEHHH.

[Tyerb n(l),n(2),...,n(k) cyTh HaTypaJsibHble YACIA H MYCTb

i(1),i(2),...,i(k) € {0, 1}.

y An(l), o, (k) 6 o
epes i(1) i(k) O0OO3HAaUYUM MHO>Ke€CTBO BCeX TaKHUX I[10CJIe10BaATEeJIbHOCTEU

a € (), y KoTopbIX
Aoty = i(1), Auey = i(2), -\ ey = i(k). (*)
Hpo6b
U (Ai"((ll>)f.'.'.'fi7/$.) '1m)
u (A?é'f,‘.'ﬁ;'ﬁffi))

0003HAaUYUM CHMBOJIOM

m| n(l), ..., nk) \.
i, L ie) )

9TO €CTb YCJIOBHAsl BEPOSITHOCTb TOTO, UTO /72-H WjleH MOCJ/1e10BaTebHOCTH a
OyneT paBeH | Mpu ycsioBUM (x); 3Ta BeJIMUMHA He OIpejiesieHa, KoJib CKOPO
3HaMeHaTeJsb ApoOu o6pallaeTcsi B HyJlb.

PaccMoTpuM 1Ba MPOU3BOJbHBIX, HO (DUKCHPOBAHHBIX 0ObeKTa: nocJe-
JloBaTe/IbHOCTb a € £} u ponyctumoe no Kosimoroposy npasujio otéopa 6.
Haia uenb — npuaath CMbIC/ BbICKA3bIBAHUIO «ITOCJIEI0BATEBHOCTh & CTO-
XaCTHUHA OTHOCUTEJNLHO Npasuiia ©». Ilpolecc, nocpeacTBOM KOTOPOro npa-
BWJIO © OTOMpaeT U3 MOCJ/eL0BATENLHOCTH a ujieHbl 0606IEHHON MoANoce-
JI0BaTeJIbHOCTH b, cocTouT U3 BYX sTanoB. Ha nepBom starne cTpoutcs Berno-
MorartesibHasi 06061IEHHAS TTOJTIOCAEI0BATENbHOCTD €, U3 HEKOTOPBIX UJEHOB
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KOTOpPOW Ha BTOpPOM 3Tarne u ctpoutcs b. Bosee nongpo6Ho,

C = <Cln(1), Cln(g), ey an(k), .. > ,

rjie HoMep 71(k) BBIUMC/SETCS aJTOPUTMUUECKH 110 KOPTEKY

<aﬂ(1), A2y« -+ a,,(k,l)> .

HMmest Ha BXOJ/I€ 3TOT 2K€ KOPTEXK, MpaBHJIO e peuiaert, BKJ/IOUATb WJIM HET
YJI€H Qp () B OKOHYATEJ/IbHYIO T10CJIC0BATE/IbHOCTD b. Takum O6p830M,

b = (a(n(ky)),a(n(k2)),...,a(n(k;)),...).

Ha kaxnom u3 000MX 3TarnoB MOXKET HACTYMHTb MOMEHT, KOrja rnpasujo ©
He JIaCT HUKAKOTo pe3yJsbTata, T.e. He BbIAACT HOMepa Ha TepBOM 3Tare WM
He TMPHUMET pelleHHst Ha BTOPOM 3Tare. Eciu Takoe Mpou30HAéT, Moc/eno-
BaTeNbHOCTb b OKaxkeTcst KOHEUHOH, T.e., TOBOpPsl GoJiee CTPOTo, OKaxKeTcs
He M0CJIeI0BATENbHOCTBIO, 8 KOpTe:KeM. B 9ToM cilyuae HUKaKoro TpeGoBaHust
K b He BbuiBHraercsi u, roBopsi opMasibHO, a MPHU3HAETCST CTOXACTHUECKOH
oTHocuTesIbHO ©. Ecnu ke b okasasnoch GecKOHEUHOH, TO /i1 MPU3HAHHUS
MoCJIeI0BaTENLHOCTH @ CTOXACTHUECKOH OTHOCHTENIbHO © TpebyeTcst BHIMOJ-
HeHHe HHXKeCJIe/lyIolero CBOHCTBA MOCAEI0BATENbHOCTH a.
O06o3HauMM yepes r; BEJHUHHY

u ( n(k;) n(l), n2), ..., nk;—1) )
1 a(n(l)), a(?2), ..., a(nk;—-1) )’
PaccmoTpum pasHocTb

rntret---+r ak)) +a(ky)) + -+ an(ky))
i i '

5 =

Besiunna 8; He onpejie/ieHa, ecyid He orpejie/ieHa XoTs Obl OHA U3 BEJMUHH
ri, ..., r;. Ckaxem, uto b noduunsemes 3aKony 60AbUILX HiLCEA, €CIIH BCE
BeJIMUMHBI 8; onpenesensl U 8; — 0 npu j — oo. [TocsenobatenbHOCTb a Ha-
30BEM cmoxacmuueckol omuocumenvHo npasuia ©, ecan o6001EHHAS
NoArnoc/ae10BaTe/IbHOCTb b, nosyueHHas U3 a coryiacHo npasujy ©, noauu-
HSIETCS 3aKOHY OOJIbLINX UMCEI.

Haxkownel, nocJ/iefoBaTeNbHOCTh a HA3bIBAETCS Crmoxacmuueckol (no
Koamoeoposy), ecnn pisi moboro ponyctumoro no KosmoropoBy npasuia
oT6opa OHa SIBJSIETCS CTOXACTHUECKOH OTHOCHTE/BHO 3TOTO MpaBHia — IpPH
YCJIOBUHM, UTO 3TO MPABUJIO CTPOUT GECKOHEUHYI0 000OIIEHHYIO MOANOCIEN0-
BaTeJIbHOCTh (A He KOHEUHbIH KOPTEX).
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SaMeTl/lM, UTO B CaMOM oIllpeaeJe€HUH BbIYUCJIHUMOCTb MEpPbl HE HUCIOJIb-
3yeTcsl. O[LHaKO 6e3 NpeanoJaoKeHnst 0 BbIYUCJIUMOCTH e€Ba JIK BO3MO2KHO
CpaBHUBATb qaCTOTOYCTOﬁ‘IHBOCTb (OHa XKe CTOXaCTI/IqHOCTb) C JApyrumu aJgi-
FTOPUTMHUYECKHUMHU JIMLLaMU CﬂyqaﬁHOCTH.

XaoTH4HOCTh

OnpezesieHne nocJ/e10BaTeNbHOCTH, XA0THUECKOH OTHOCHTE/BHO Mepbl (U,
TaKOBO: MOCJIEI0BATENLHOCTE a = (aj, a9, ds,...) Ha3bIBAETCSl xaomuue-
CKOLL OMHOCUMENbHO U, €CJIH CYLIeCTBYeT Takas (3aBUCsiLLasi OT Mepbl )
KOHCTaHTa ¢, UTO J/Isl BCEX A BBIMOJIHAETCS HEPABEHCTBO

KM(a17 ag, ..., af’l) > = log“(Qalva%'uvan) - ¢,

rjle, Kak Bcerna, 3Hak Jjorapupma 6e3 HHKHEro MHIeKca o3HauaeT Jiorapudm
M0 OCHOBAHHIO JIBA.

MoTHBHPOBKa 3TOTO OMpejiesieHHsl, HMEIOIEr0 COflepKaTebHbII CMbICJ
JUUIS1 BBIYUCJIMMBIX BEPOSITHOCTHBIX Mep, Takas e, KaK U B cJlyuae paBHOMEp-
HOTO pacrpeaesneHnsi BepostHocTel. Jlesio B TOM, UTO Ui BCSKOH BBIYHCIIH-
MOW BE€POSITHOCTHOW Mepbl BbIIIOJIHSIETCS COOTHOLLEHHE:

Jc Vx € = Bemonneno KM(x) < —logu(Q2y) + c.

TunuuHocTb

[ToHsiTve TUNHUHOCTH 06061AETCS HA MPOU3BOJbHYIO MepYy N0CTATOYHO
OUEBHMIHBIM 06pPa30M: HAJI0 IPOCTO B TOM OMNPe/ieleHUH THITHUECKOH Noc1e0-
BaTeNbHOCTH, KOTOPOE AaBaJjoch /sl Cyyasi PABHOMEPHOTO pacrpeeseHus,
3aMeHNTb 00BEM Il1apa Ha ero Mepy.

Cnepsa onpejnessiercs noHstie 3hGHeKTHBHO MaJloro MHOXecTBa. MHO-
KeeTBo  C (2 HasblBaeTCs AP PeKMmusHO MANbIM OMHOCUMEAbHO MepbL U,
KOJIb CKOPO CYLLECTBYET aJropuT™ A, yI0BJIETBOPSIOLIMH HUXKECAELYIOLIEMY
TpeboBanuio. [1puH nocTynseHun Ha BXOA ajJropuTMa A HaTypaJsibHOrO uMC-
Jla 11 Ha ero BbIXOJle BO3HUKAET aJITOPUTM MOCTPOEHHUS TAKOI MoCe10BaTe b-
HOCTH JABOMUHBIX cyioB (x(1), x(2),...,x(n),...) (T.€. aJrOpUT™M BbIUHCJIEHHS
TaKol QyHKUMH 11 +— x (1)), uTO

Q C U Qx(n);
n

1
Z xu(Qx(n)) < % .

n
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Hanee, agpdhexmusno 60abui0e OMHOCUMENOLHO Mepbl U MHOXKECTBO
ornpeJieJisieTcsi Kak JionoJHende (o 2) K 3pheKTHBHO MaJiomy.

J1J1s1 BBIUMCJIMMBIX Mep UMeeT MecTo meopema Mapmun-JIéga: o6benu-
HeHHe BCeX (PQEKTHBHO MasbIX MHOXKECTB sIBJIsieTCs] S(PEKTHBHO MaJbIM,
a nepeceuenue Bcex 3(PheKTHBHO GOJBIIMX — 3hdekTHBHO GogbiuM. Cy-
ILIECTBYIOLIEE COMVIACHO 3TOI TeopeMe HauMeHbllee 3(h(eKTHBHO GoJiblIOe
MHOKECTBO Ha3bIBAIOT KOHCMPYKMUBHbIM HOCUmesen mepol . B ciyuae,
€CJIM U — BBIUMCJIUMOE pacrpe/iesieHne BepOsITHOCTEH, MOCAe10BaTe/IbHOCTH,
NpUHAAIeXKAallHe KOHCTPYKTHBHOMY HOCHTENIO pacrpefiesieHusl U, W Hasbl-
BaIOT MuUnU4ecKuMit OTHOCHTENBHO 3TOTO pacrpesienenus. Takum o6pazom,

T(u) ecTb He uTO MHOE KaK KOHCTPYKTHBHbIH HOCHTE/b paclipefiesieHHs .

Henpenckasyemoctb

31ech Mbl yKaxKeM, UTO HY»KHO 106aBUTb K ONpeeseHusIM, CHOopMyJIHpO-
BaHHBIM JIJI51 PABHOMEPHOTO CJIyuasi, P Mepexojie K MPOU3BOJbHBIM pacrpe-
nesienusiM. Takux noGaByieHHil GyaeT NBa: HEKUH MYJIbTHIIJIMKATHBHBIA KO3¢-
uLMeHT (1715 PABHOMEPHOTO pacrpeliesieHUsi OH PaBeH e€IMHHUIIE H MOTOMY
He Hy2KeH) M JIONOJHHTEbHOE NPABUJIO OCTAHOBKH (B CJlyuae paBHOMEPHOTO
pacrnpeze/ieHdsi OHO TIOTOMY He HYXKHO, UTO He BO3HUKAeT TaKOH CHTyaluH,
NpU KOTOPOH OHO MONJIO Gbl GbITh PUMEHEHO).

Pacnpenenenne BeposiTHOCTEH BJMSIET HA MPaBUJIO M3MEHEHHUs! KamnuTa-
sna Wrpoka nocsie ouepennoro xona. Ecan Mrpok He yranas, ero kanutas
yMeHbLUIaeTCsl Ha CyMMY CHEJaHHOH MM CTaBKH — TakK »Ke, Kak W B cJjydae
paBHOMepHoro pacnpenenenus. Ho ecan Mrpok yragas, To npupocT ero Ka-
nuTaja paBHSIETCSl CTaBKe, YMHOXKEHHON HA HEKOTOPbIH KO3 hULMEHT. DTOT
KO3(D(HUIIMEHT CPABHUTENLHO BEJIMK, €CJIM BEPOSITHOCTD yrajath Oblia HU3Ka,
M CPaBHUTEJbHO MaJl, €CJiM BEPOSITHOCThb yrajaaTh Oblia Bbicoka. Jlsist paB-
HOMEpHOTO pacrpejiesieHHs] BEepOSTHOCTb yrajlaTh BCEryia paBHa OJHOH BTO-
po#i, a kKoshULMEHT Beerjia paBeH ejiuHuile. TouHasi popMyJIMPOBKa MpaBuJa
NpUPOCTa Kanuraja OyleT ceifuac HaJioxKeHa.

Jlnst nocsieoBaTeIbHOCTH a €€ k-1 ujieH 0003HAuaeM ay, Ui NOCJeN0-
BaTeJbHOCTH @' €€ k-1i ueH o603HauaeM aj, U T. L.

Xog, fenaemblii Ha j-M xofy, ectb TpoiKa (n(j),i(j),v(j)).

[IycTb nocsienoBatesibHOCTb, KOTOPO# pacnoJgaraer KasuHo, ectsb a. [To-
JIOXKHUM

Ak —1)={a" € Q:a,; =aypnpn j=1,2... . k—1}
(trak uto A(0) = Q),
Ai(ky ={a' € A(k = 1): apyy =i} nasi =0, 1.
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Pasymeercsi, 5TH 0603HAUEHHs] MMEIOT CMBICJ B MPENOJIOKEHUH, UTO BCE
yuacTBYyIOlLMEe B WX orpejiesieHnsix Homepa (/) onpenesensl. [Toseano 3ame-
THUTb, UTO

Q=A0)DA(l)DAQ2)D..
=u

I'=u(A(0) = wAM) =2 uA@) = .. 2)

ecain MIrpok Ha k-M Xopy yranas, To

eca UIrpok Ha R-M Xopy He yrazaJ, TO

i(R) # anwy, Ai—igey(R) = A(R); 4)

KpoMe TOro,

Ak — 1) = Ag(k) U A, (k). ()

B cayuae, ecan i(k) = a,p) (nmpornod Mrpoka Ha ero k-M Xoje onpas-
Jlasicst — OH yrajaJ), Kanutaj Mrpoka yBesuuuBaercsi o gopmyJie

(A1 —ik)(R))
k)= V(k— py . Wi )
V(k)=V(k—1)+uv(k) NERND)

Hamia dopmysa (6) rapaHTHpyeT «UeCTHOCTb» WIPbl: MaTeMaTHuecKoe
OXKHJIAHHE BBIMIPbILIA, T.€. NPUPOCTA KaruTasa, 38 OJWH XOJ PABHO HYJIO.
OjHako Ha MyTH NpUMeHEHHs! 3TOH opMyJibl HAac TMOJACTEpPEraeT HEeNpHusT-
HOCTb, HEBO3MOXKHAs! /151 PABHOMEPHOTO pacrpejiesieHnst, Kak 1 Juisl Jiio6oi
TIO3UTHBHO Mepbl (Mepa Ha3bIBAETCS NO3UMUBHOIL, €CJIH Mepa J1Io6Ooro 1apa
noJI0XKKTeNbHA). HenpusTHoCTb 3aKiiouaeTcsi B TOM, UTO CTOsilAst B 3HaMe-
HaTesie BepoATHOCTD U(A;() (R)) MOXKET OKazaTbes PaBHOM HyJIt0. DTa HeNpH-
STHOCTb YCTpaHsIeTCsl MyTéM BBeJleHHs! J10TIO/IHUTENIBHOTO MTPaBHJla OCTAHOB-
KM, KOTOpPO€e Mbl cefiuac npuBeaéM. B ciyuae paBHoMepHOro pacrnpesesieHus
9TO MPABHJIO GbIJIO H3JIUILIHUM, MOCKOJIbKY MPEyCMOTPEHHAs B HEM CHTyalHs
HEe MOIJIa BCTPETHTHCS.

JIOTTOJIHUTEJIBHOE TTPABUJIO OCTAHOBKH. Ono NPUMEHSIETCST TO-
T71a, KOT/JIa B XOJ1e UTPbI 81epsble HACTyNaeT Takast cutyauus, uro u(A4(k)) = 0
(mpocum Ywurarenst B3ryisiHyTs Ha dopmyay (2)). Ilyers u(A(k — 1)) # 0,
w(A(k)) = 0. TTocniennuit X0, KOTOPbIH OblI cle/aH, UMe] HoMep k. [enas
3T0T X0/, VIrpok 06'bsiBUJ cBO# 1porHo3 i(k). Ecsn nporuos okasaJcsi Bep-
HBIM, T.€. 0Ka3aJoch, UTo i(R) = ayu), Urpa OCTAHABJMBACTCS, a KalHTalj

(6)
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Urpoka cuutaercsi Bo3pociuum Jio 6eckoHeunoctu: V (k) = +oo. Takum 06-
pa3om, B 3ToM caydyae Mrpok oObsiBasieTcs: BbIMIpaBLIUM. Eciiu xKe nporuos
0Ka3aJiCsl HEBEPHBIM, T. €. 0Ka3aJl0Ch, UTO i (k) # Qnk) (MJIH, UTO TO XKe camoe,
I —i(k) = au(k)), Mrpa ONATH-TAKH OCTAHABJMBAETCS, HO C T€M KalHMTaJIoM
Wrpoka, KOTOpbIA y Hero Obl1 K 3TOMY MOMEHTY, TakK uTO BeJuudHa V (k)
okasblBaercsl paBHoil BequuuHe V(k — 1). B 3TOM ciiyuae, cieoBaresibHo,
Hrpok He BbIUTPLIBAET.

$lcHo, uTo mpobJseMa ¢ HyJieBbIM 3HaMeHaTesieM B ¢opmysie (6) ycrpa-
HsieTcst 3TUM npaBusioM. [leficTBUTesIbHO, opmysa (6) npuMeHsieTcs JIMLIb
B ciyuae, korza i(k) = aup). B s1oM cayuae, cormacho (3), Ay (k) = A(k).
[To3ToMy MHTepeCyIOLIMii HAC 3HAMEHATEJ b MOXKET 0KA3aThCsl HyJIEBbIM JIMIID
B cutyauny, Korna u(A(k)) = 0. Ho nmMeHHo 3Tta cuTyals Kak pas 1 perysu-
pyetcsi He Qopmydioit (6), a HawuM JLOMOJNHUTEIbHBIM TpaBuIoM. (Mo2KHO,
BIIPOUEM, CUMTAThb, UTO W opmyJioit (6), ecau paspeluTh jleJieHre Ha HYJb
M0JI02KUTE/IbHOrO unc1a U(A i) (k) 1 NPUHATL GECKOHEUHOCTb B KauecTBe
pe3yJibTaTa Takoro JeJeHHsl.)

OnpenienieHnsi CTpaTerul, a TakyKe BBIUUCJIMMOH CTpaTernu, 6e30CTaHO-
BOYHOH CTPATeruH, BBIMTPLIBAIOLLEH CTPATerHH OCTAIOTCS, C YUETOM Cle/IaH-
HbIX 1006aBJEHUH, /15 0OLUEro cjayuast TeMH Ke, KaK U JUis 4acTHOro cJiydas
PAaBHOMEPHOTO pacnpeeseHusl.

O 6e30cmaroBOUHbLY cmpameeuix

B 3ak/ioueHne MpoOKOMMEHTHPYEM Te MPeLyCMOTPEHHbIE MPaBUJIAMH CH-
TyalliH, KOTla Urpa OCTaHABJIWBAETCS. 3aMeTHM, UTO OCTAHOBKH He BKJIOUe-
Hbl B MoHsiTHe cTparterud. CTparerus JiMlib YKa3blBAeT OYepeHOH XOJ HJH
He yKa3blBaeT HHMUEro, €cjld TaKoBOH He OrNpesesiéH; HO B [OCJEJHEeM CJIy-
yae Urpa He ocTaHaBJ/IMBaeTcs, a Npocto Mrpok 3aayMbiBaeTcsi HaBeuHo: JIs
BbIUMCJIMMOM CTPATeruy 3T0 03HauaeT, B MaTeMaTHUeCKHX TePMHUHAX, U4To ajl-
TOPUTM yKa3aHHus Xoja paboTaeT 6€30CTAHOBOYHO, He MPUXOJSI HU K KaKOMY
pesyJsbraty. OCTAHOBKH K€ PeryJiMpyloTcsi CBOMMHM COOCTBEHHBIMH TpPaBH-
JIaMH, «BHELUHUMH» 10 OTHOLIEHHIO K cTpaTernu. K coxajenuto, B o6luem
cJlyyae BbIUMCJIMMOrO pacrpejie/ieHHst Hally MpaBHJia OCTaHOBKH He CoJlepKar
aJropuT™Ma Ux npumeHenusi. bosiee Toro, asroputm, Mo3poJsOLKI B J0O0H
MOMEHT ONpeNe/IATh, CJAeLyeT HIH He CJeLyeT OCTaHABJIMBATL HIPY, B 00LIEM
c/yuae HeBo3MokeH. KonkperHo 11 OCHOBHOro npasuisa peub HAET O Mpo-
BEpKe HEPaBeHCTBA, CBA3BIBAIOLIErO CTABKY H KanuTad, a aJs JlonoJsHuTe b-
HOTO MpaBHJIa — O MPOBEPKE MOJIOXKUTEJBHOCTH Mepbl HEKOTOPOIo MHOXKe-
ctBa. Pagymeercs, ecsim Mepa CHJIbHO BBIUUCJIMMA, HE BO3HHKAET CJIOXKHOCTH
CO BTOPO# U3 yKa3aHHbIX PoBepoK. boJiee Toro, 17151 BCSIKOH BbIUMCJIMMO-pa-
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LHOHA/ILHON (B YACTHOCTH, PABHOMEPHOH) Mepbl OUEBH/HbI AJITOPUTMbI 06e-
UX TPOBEPOK, HO, MOBTOPSIEM, NOJ0OHbIE aJTOPUTMbl MOTYT M OTCYTCTBOBATb
B cJjiyuae 6oJiee CJ0XKHO YCTPOEHHON BBIUMCIUMON MEpBI.

BBuly CKa3aHHOro, MpeACTaB/SET WHTEPEC YTBEPKAEHHE O TOM, UTO
NpH OMNpesie/IeHUH MOHATUS MPEICKAa3yeMOCTH MOXKHO OTPaHUUMTHLCS OJHUMH
TOJIbKO 6€30CTaHOBOUHBIMHU CTpaTerusiMu. FimMeHHo misi 060CHOBaHHUSI 3TOrO
YTBEPKIEHHUS HaM W MoTpebyeTcs NPearofoKeHe O BbIYHCIUMOCTH Mepbl
(oTMeTHM, UTO JI0 CHX MOP OHO HE MCI0JIb30BaOCh). B 3TOM nmpeanosioxennu
Mbl ceiluac yKakeM, KaKHM CMocoO0M aJiropuT™ A, 3a/lalollnil BbIMTPbIBaO-
1Ly} CTpaTeruto, nepejiesibiBaeTcs B aaroputM B, 3anatoninii BEIMrpbIBaOLILyO
6€30CTaHOBOUHYIO CTPATETHIO.

Wrak, Ham 3ajan ajroputM A, Ha BXOL KOTOPOro MOCTyMnaeT ABOHUHOE
CJOBO X € =, a Ha BbIXOJe, B KauecTBe pe3yJsbTaTa, JU0O0 He MOsBJseT-
cs1 Hudero, qubo mosipasieTcs: oyepenHoi xona. CopeprkaresbHO, ABOMYHbBIE
UMGPBl, COCTABISAIOIIME ITO CJOBO, CYyTh 3HAUEHHS yXKE OTKPBITHIX K ITOMY
MOMEHTY UJIEHOB MOCJeA0BaTeNbHOCTH. KaK Mbl 3HaeM, Mo CJIOBY X BoccTa-
HaBJIMBAETCS BCS MPeJIbILy1Ilast HCTOPUST UTPbI, T. €. Bee uncaia n(k), i(k), v(k),
V (k) npu k& < s = |x|. Pasymeercsi, 9T1 umcJjia BOCCTAHABJIUBAIOTCS, €CJIH
TOJIbKO OHHU OTpeJiesieHbl (KCTaTH, MOXKHO BCerja rnpejnojarathb, 4YTo BCe OHU
OMpeJie/IeHbl, eCJIH TOJIbKO ONpelesnéH U KOPPEKTeH S-H X0J, KaKOBOH eCTb
tpoiika (1(s), i(s),v(s))). UToObl MoauepKHyTb 3aBHCHMOCTb YKa3aHHbIX Uk -
ces ot x, Oynem nucatb n(x, k), i(x,k), v(x, k), V(x, k), Beab, Korja Mbl
paHee nucanu npocto n(k), i(k) v T. 1., Mbl Mpearosaragn GUKCHPOBAHHOM
Ty MOCJIEN0BATENLHOCTD, MPOTUB KOTOPOH HIET UIpa M «UaCThiO» KOTOPOH
SIBJISIETCS CJIOBO X. BMecTe ¢ yKasaHHbIMH uMcCJ/iaMU MpH BeeX k& < S BO3HH-
KalT U Te MHOXECTBA, KOTOPble JIJIsi (PUKCUPOBAHHOK MOCJIEI0BATEIbHOCTH
Mbl 0603Haua/ i paHee Kak A(k); Tenepb Mbl Oynem o603Hauath ux A(x, k).

Hauia uenb — nepepenats anroput™ A B aiaroputm B, Hukorna e npu-
BOJISILIIMH K CHTYyallMH, TPeGYIollell 0CTAHOBKH MIPbl M TAKOM, UTO ecyid A Gbli
BBLIMIPbIBAIOLIMM, TO ¥ B — BbiurpbiBatoiuit. JIis BbIUMCAUMO-palHOHAIb-
HOH Mephl nepejiesika OueBHIHA: MOJYYHB HAa BXOJ ABOMYHOE CJIOBO X, MPO-
BepsieM, He MPUBOJMUT JIM XOJ, YKa3aHHbIA JUIs 3TOrO CJIOBA airOpUTMOM A,
K CHTyalldM OCTAHOBKH; €CJIM He MPUBOAMT, 0ObsiBJsieM, uto B ykasan Ham
9TOT XOJI, €CJIU TIPUBOIMUT, 00bsBJsIeM, uTo B Ha x He naér pesysbrara.

B o6111eM ke ciiyuae NpoU3BOJILHON BHIUMCJUMON Mephbl Nepenenka A B B
Tpebyer Gosiee nzouipénHoro npuéma. Hosbiit anropurm B Gyner paGorathb
Tak. B cjyuae, ecsiu Xoj1, yKa3aHHbIH aJropuTMoM A, He TIPUBOJUT K CHTya-
LMK OCTAHOBKHM, 3TOT X0 — KaK M YISl BBIUMCAMMO-PALHOHANBHON Mepbl —
00bsBJsIETCS pesyJsbTatoM anroput™a B. OnHako B ciyuae, ecsiu B pesysib-
TaTe NpUMeHeHHs] A K X BO3HHKAET CUTyalllsl OCTAHOBKH, HOBBIH ajroputm B
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He OylleT 1aBaTb HUKAKOTO pe3yJibTaTa B MPUMEHEHHH K X. TeM cambiM, oKa-
»Ketcsl, uto B 3anaér 6e30CTaHOBOUHYIO CTpATErHIO.

Jnst HarsisiiHoCTH penctaBum cebe, uto A u B paGotatot napasiesb-
Ho. Hamomuum, uto A Ham 3aznan, B mbl ctpoum. [lycTh Ha BXoa 0GOHMX
AJITOPUTMOB MOCTYIHJIO CJI0BO X, |x| = s. Ecain A He 1aér pesyJsibrata B pH-
MEHEHHUH K 3TOMY CJIOBY, TO U B 00bsiBsisieTcs He natouium pesyJbrarta. Eciu
»Ke A B TpUMEHEHHH K X BbIIAET ouepelHOH Xon, To ajroput™ B nbitaer-
Csl TIpeXKJle BCEro MPOBEPUTh, He BO3HUKJA JIM CUTyallusi, MOANaaaomas noj
JIEHCTBME OJHOTO M3 TMpaBUJ OCTAHOBKH. [IpoBepka KOppeKTHOCTH HOMepa
He BbI3bIBaeT 3aTpyaHeHuH. Ecan Homep 71(x,S) OTKpbIBaeMOH KapTbl OKa-
3aJICsl HEKOPPEKTHBIM, airoput™ B o0bsBAsIeTCS He AaloWKM pesyJbTata Ha
BXOJle X; Kanutas KMrpoka B 3TOM ciyuae nepectaér MeHsTbCSl, OH 3aCThbiBa-
eT. Ecuin »ke HOMep KOppeKTeH, BKJIoYaeTes IpoBepKa KOPPEKTHOCTH CTABKH.

C npoBepkoli KOPPEKTHOCTH CTaBKH JeJlo 0OCTOUT cJloxKHee. Kak yxke
OTMeUYaJioCh, MOXKET M He CYILIEeCTBOBATh aJrOpPUTMa, MPABUJBHO OTBEUAlO-
11Iero Ha BOMPOC, MeHbllle JIM JejaeMasi CTaBka TeKyllero kanurajna Mrpoka.
OnHako He Bcé Tak mjoxo. [Ipexae uem cnenatb craBky, Mrpoky cienyer
yOeIuTbCsl, UTO HAMEUeHHAasl CTaBKa MeHblle TeKyLIero Karuraja, U TOJbKO
B 3TOM cJiyuae eé 00bsABUTb. M3noxkum HoBbi# anroput™ B nosenenus Mrpo-
Ka 6oJsiee TouHO. MBI onpaemMcst Ha cJIeyIOLIHi (haKT: ecyu Mepa U BBIYHCIIH -
Ma, TO MOYKHO MPelbSIBUTb TAKOH BcroMoraTte/bHbli ajnroputM C (3aBucsumit
oT A), KOTOPbIH [/151 KaXKA0TO X NbITAETCS IPOBEPHUTH, BHIMOJIHAETCS JIH Hepa-
BeHCTBO U(x,s) < V(x,s), U JOCTUraeT NpU 3TOM cJelyiollero sddekra:
aJrOPUTM TIPUXOJIUT K KAKOMY-TO pe3yJsbTaTty (CKaxkeM, K peayabraty /la),
ecJl1 YKa3aHHOe HepaBeHCTBO BbIIOJIHsAETCs], U paboTaeT 6eCKOHEUHOe BpeMs],
He TIPUXO0Jisl HU K KaKOMY Pe3yJIbTaTy, €CJii BbITOJHSETCS] MTPOTHBOMOJIOKHOE
HepaBeHcTBO U(x,s) > V(x,s). Cobupasich clieiaTh CBOH S-H XOJ U TOJIy-
UMB OT ajJroputmMa A pekoMmeHJallio O cTaBke v(x,s), rpok, npexie uem
clesath Xoj, Bkaoyaer anroput™ C W knér pesysbrata. Hukakoro xona
He Jejaercsl, noka C He npeabsiBUT eMy CBOH pesysbraT. Takum o6pasom,
ajaroput™M B He BbIIACT HUKAKOrO X0Ja, €CJH A TMpenioKus HeKOPPEKTHDIN
X0 — B 3TOM cJjydae Kanutaja Mrpoka sactoiBaet. Ecsin xke pabota ajiro-
putma C 3akaHuuBaercsl, aaroputM B pekomeHayet Ty e cTaBky, uto U A,
1 TIPUCTYMAET K POBEPKE TOTO, HE CJIELYET JIM MPUMEHUTb JlonoHUTEeIbHOE
MpaBUJI0 OCTAHOBKH.

Ausroputmuueckasi cutyauusi ¢ JIOMoJHATEbHBIM MPABUJIOM T10X0XKa Ha
CUTYalLMIO C TIPABUJIOM OCTAHOBKH, JleJlaeMOl M0 MpHUMHE HEKOPPEKTHOCTH
CTaBKHU. AJITOPUTM, PaCIO3HAIOLINH, BBINOJIHIETCS WK HET PABEHCTBO

wA(x,s)) =0,
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JIETKO CTPOMTCS B CJIyuae CUJILHO BLIUMCJIUMON MepbI, TOCKOJILKY MHOYKECTBO
A(x,s) nojydaercst B pesyJibrate 00beIMHEHHs] KOHEUHOr0 UKcJ/a LIapoB.,
yKa3blBAeMbIX aJropuTMHuecKu 1o nape (x,s). B ofiem ke cjyuae Bbi-
UMCJUMON Mepbl TAKOTO aJArOpUTMa MOKeT U He ObiTh. CylllecTBYeT, 0JIHAKO,
6oJiee cjabblil aATOPUTM, KOTOPOTO OKa3blBaeTCsl 10cTaTouHo. MiMeHHo, ecsu
Mepa (U BBIUMCJ/IMMA, TO MOXKHO MpPELbSBUTb TAaKOH BCIOMOraTeJbHbIH ajaro-
put™ D (3aBucsiuwmit ot A), KOTOPBIH JIJIsl KAXKJI0TO X MbITAETCS] POBEPUTD,
BBIMIOJTHSIETCS JIH HEPABEHCTBO

wA(x,s)) # 0,

1 JIOCTHraeT MpH 3TOM cJefytolero sgdekra: ajropuTM MpUXOAUT K KaKO-
My-TO pe3yJibTaty (CKaxeM, K pedyJbraty /a), ec/d yKazaHHOEe HEPABEHCTBO
BBIMOJIHSAETCS, U paboTaeT 6eCKOHEUHOE BpeMs, He NPUXOJS HU K KaKOMY pe-
3yJIbTaTy, €CJIM BBIMTOJHSAETCS PABEHCTBO

u(A(x,s)) = 0.

HeiictBusi anroputma B B cBs3u ¢ npoBepkoil JlonoJHUTeNbHOrO Mpa-
BUJIA ONUCBLIBAIOTCS (B TepMHMHax noseleHust Krpoka) cienyrolmm o6pa3om.
Urpox Bk/ouaer anroput™ D u xxnét pesysbrarta. JloxxaaBLUMCh, OH Jeda-
eT xof, npuMensist anroput™M A. Ho o He nenaer Hukaxoro xoza, nmoxka D
He MpeibsiBUT eMy CBOH pesysbrar. Takum o6pasom, aaroput™ B Bbinact
TOT e XOJl, UTO U A, eC/ii He BO3HHMKJO CHTyalH, noananaioulei nox Ho-
MOJIHUTEJIbHOE MPABUJIO, U HE BbIAACT HUKAKOIO X0J/a, €CJ/IM TaKas CUTyaLus
Bo3HUKJA. Ecsin xox npoucxoaut, To Kanutas Mrpoka meHsieTcst Ha oOLIMX
OCHOBAHUSIX: YMEHbIIAETCS HA BEJMUYHHY CTABKH WJIM YBEJMUHUBAETCS COrJiac-
HO QopmyJsie (6), npuuém B 3TOM cJiyuae ONacHbLIH 3HAMeHaTeJb 3aBeJOMO
He paBeH HyJio. B ciyuae ke HemenaHus xona Kanutasa KMrpoka, corsac-
HO HAlLMM [paBHJaM, 3aCTbIBAET, €CJ/H MOCJeHHN MPOrHO3 Obll HEBEpEH,
1 00bsiB/IseTCS OECKOHEUHbIM, €CJIM 3TOT POrHO3 OblJl BEPEH.

Tosibko uTO onucaHHoe noBeleHHe Kanutaja Krpoka MoxkHO cienyto-
MM o6pa3oMm omnucaTb B TepMUHax paboTbl ajroputma D. Ecuau nporunos
HeBepeH (i(X) # au)), TO, Noka D paboraer, kanuran Mrpoka ocraéres
sacTeiBIMM. Ecusiu 2xe mporHos BepeH (i(X) = @p(y)), TO ¢ KaxKIbIM LIa-
rom pa6otbl anroputma D kanutan Mrpoka Bo3dpacTaer Ha eauHuly. Takum
o6pasoM, kanuTaJ GyaeT Bo3pacTaTb HeOTpaHUYeHHO (U, cenoBaTesnbHo, Mr-
pok BbiMrpaer), ecan D nukorna He 3akonuut pa6oty. Ho ecan anroputm D
JIOCTHraeT pesyJbTara, pocT kKanurtasa Mrpoka npekpaiaercsi. BoJiee Toro,
B TOM CJlyyae BeChb NPOU30LLEAILMI 3a BpeMs paboTbl anroputma D npupoct
Kanutajsa Mrpoka aHHy/JupyeTcs, Mocje Yero 3TOT KamnuTas MpupacTaer mno
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dopmydie (6). UM enié: HuKakoe 3HaueHue Karuraga, MpoMeKYTOuHOe MEK]Ly
JleJ1aeMbIMH XO1aMH (T. €. BO3HHKAIOLLLee BO BpeMsl 3asepularouetics paboTbl
ajropurma D), He 10/2KHO BKJ/IIOUATLCSl B MHOXKECTBO TeX 3HAUEHHH Kanura-
Jla, 6ECKOHEUHOCTb CylpeMyMa KOUX BJIeuéT Bblurpblll Firpoka (B npoTHBHOM
cayuae y Mrpoka nosiBujiach Obl JOMOJHUTENbHAST BOSMOXKHOCTb BbIMIPbILLA
3a CU€T TOro, UTO JUIMTEJbHOCTH MEXYXOJ0BbIX 3a/lep2KEeK MOTYT 0Ka3aThCsl
HEOrpaHHUEHHBIMU B HX COBOKYIHOCTH).

Haure HoBoe onucaHue noseneHus Kanuraia Krpoka, npeanosaratoiee
pocT Kanurasna Bo BpeMst paboThl ajsroputma D ¢ BO3MOXKHBIM Iociieyto-
LMM OOHYyJIeHHEM NPUPOCTA, MOXKET BbI3BaTb y NpocBeliéHHoro Yuraress
JIBa 3aKOHHbIX 3aMevaHusl.

[lepBoe 3ameuaHue COCTOMT B TOM, UTO Mbl (DaKTHUECKH U3MEHWJIH Mpa-
BUJIA UIPbl — B TOH HX YACTH, B KOTOPOH rOBOPUTCS O MOPSAJKE U3MEHEHHUS
kanutaja. CorjlacuBLUMCh ¢ 9TUM yrpékoM UuraTteJist, OTBETUM CJlellylolLee.
JeficTBUTE/IbHO, €CTb [IBe CUCTEMbl NIPAaBHJl, CTapast U HOBasl, a TeM CaMbIM,
M JiBa omnpefesieHuss urpbl. Ho B oTHOLIeHHH npenckasyeMocTH obe HIpbl
PaBHOCHJIbHBI: BCsIKAsi MOCJIEI0BATENbHOCTD, MpejcKasyemasi MpH OJHOH H3
HalUMX JIByX CHCTEM IpaBuJI, NpeJcKadyema H MpH Jpyrou.

BTopoe 3ameuaHue COCTOMT B TOM, UTO 10 HOBbIM IIpaBUJiaM IMOBeJeHHe
KanuTaja 3aBUCHT OT BCIloMoraresbHoro ajaropurma D, a cam s1oT anropurw,
KakK [10Ka3blBaeT aHaJ/IM3, 3aBUCUT He OT Mepbl U KaK TaKOBOH, a OT 3ajaloLlLie-
ro e€ ajropuTMa, T.€. OT TOro aJropuTMa, MPUCYTCTBYIOLLErO B ONpee/eH!n
BbIUMCJIMMOH Mepbl, KOTOPbIH 1151 1t060T0 1apa HaXoAUT CKOJIb YTOJHO TOU-
Hble NpPUOJIMXKEHHS! K Mepe 3Toro wapa. BosHHKaeT ecTecTBeHHbIH BOmpoc:
HEe MOXKET JIM CJYUMTbCs, UTO TMPU HOBBIX NMPaBWJIAX M MOHATHE TNpeAcKa-
3yeMOCTH OKaKeTCs 3aBUCALIMM He OT CaMOH Mepbl, a OT 3aJaloulero eé
ajropurmMa? OTBeT: HeT, He MoxeT. Benb TeueHWe Urpbl MpH OJHOM 3aja-
IOlLEeM Mepy aJropUTME MOXKeT OTJIMYATbCSl OT TEUeHHs] WIpbl MPH APYrom
aJrOpUTME, 3aJaI0LIeM Ty 2Ke Mepy, JHUIIb JJIHTeNbHOCTbIO HHTEPBAJIOB MeX-
Jly XOIaMHM; UTO »Ke Kacaercsl Kanutaja Krpoka, To pasHuua MoxeT ObITb
JMILb B TOM, CKOJIb BEeJIMK OKakeTcs TOT NMPHPOCT KaluTajaa, KOTOPbIA MOA-
JIEXKHUT aHHYJIMPOBAHMIO.
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Cam 3TOT CMHMCOK U3 BOCbMH Ha3BaHHWH HUKOUM 06pa3oM He MpeTeHyeT
Ha nosiHoty. OnHaKo B 3TUX NyOsukauuax (oco6eHHO B [8]) MOXKHO HaHTH
JlasibHeHLIHe CChIIKM, M BKYIe C 9THMH CCbUIKAMH HeKoe 1oao6He MOJHOTHI
y2Ke JIOCTUTraeTcsl.

B kuure [2] crenyer o6patuth BHUMaHue Ha § 2.6 «[IpuiioxeHus K Teo-
pHH BEpPOSITHOCTEN: onpeiesieHus c/lyyaiiHol nocseoBatesnbHocTH». Caenyer
TaKkKe MMeTb B BHJY, UYTO TEPMHHOJIOTHSI 3TOH KHHUIH HECKOJBKO apxauy-
Ha: XaoTHYeCKHe [10CJIe10BaTe/IbHOCTH HAa3blBAIOTCA TaM CAYHYAUHbIMIL 10
Koamoeoposy, a Tunudeckue — cayuatinoinu no Mapmun-Jlégy. Hacro-
TOYCTOHUMBBIE, OHU K€ CTOXaCTHUECKHE, M0CJIe0BATE/IbHOCTH Ha3bIBAIOTCS
B [2] cayuaiinoimu no Muszecy, croxactuueckue 1o Yépuy — cayuainoimu
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no Musecy— Yépuy, croxactuueckue no Kosmoropopy — cayuairoimu no
Mugecy — Koamoeoposy — Jlasasndy (a B [3] — cmoxacmuueckumu no
Koamoeoposy —Jlasaandy; J1.Jlasnsun (D. Loveland) oTkpbin 3TH nocsieno-
BaTeNbHOCTH He3aBHCHMO OT KosMOropoBa, X0Tsl M M033Ke: COOTBETCTBYIOIIAs
cratbsi Kosmoroposa Gbliia ony6sukoBana B 1963 r., craTtbsa JlaBnsnga —
B 1966 1.). Uto Kacaetcsi HerpeacKa3yeMbiX MOCJe0BATEJILHOCTEH — B TOM
TOUHOM TTOHUMAaHHUH, KaK OblJ10 COPMYJTUPOBAHO BbIllle, — TO OHHM B YKa3aH-
HOH KHHUT'€ OTCYTCTBYIOT, MOCKOJILKY MOSIBUJINCH B JiUTepaType b B 1998 1.
B cTaTbe [9].

[Tpumep croxactrueckoit no Yépuy nocsenoBaTeqbHOCTH, MepecTaloiei
ObITb TAKOBOI MOCJe MOAXOsIEe BIOPAHHON BbIUMCIUMON MEepecTaHOBKHU eé
ujieHoB, ony6sukoBas B 1966 r. JI. JIaBnsuja. 3HaueHde 3TOro npuMepa co-
CTOUT HE TOJIbKO B TOM, UYTO OH MOKa3blBaeT HeaJeKBATHOCTb OINpee/eHUs
Uépua, HO U B TOM, UTO OH OTKPbIBAET HOBOE KaueCTBO CJYUAaHHOCTH, UHTYH-
THBHO OYEBHJHOE, HO paHee He 3aMeueHHOe: CJIyuariHast MoCcae/10BaTelbHOCTb
JIOJZKHA OCTABAThCsl CJIYUaHHOM NocJie JitoGOoi BLIUMCIUMON (T. €. 3a/1aBaeMoii
KaKUM-TO a/JrOPUTMOM) Ie€pPECTAaHOBKH €€ UJIeHOB.

Teopust cyioKHOCTH 06BEKTOB (B JOMOJHEHHE K Y2KE pa3BUBABLIEHCS B TO
BpeMsl TEOPHH CJIOXKHOCTH BbIUHCJIEHHH) Oblia ocHoBaHa KoJMOropoBbIM Ha
ero cemuHapax B MockoBcKoM yHuBepcuTeTe B Hauajie 60-x ronoB XX Beka
U UMeJsia CBOed TJIaBHOH LieJiblo MepecTpOiKy MOHATHHHOH 6a3bl TEOPUH HH-
thopMaly (Ha OCHOBE MPEJCTABJEHUS O TOM, UTO UeM CJIOYKHee OOBEKT, TEM
60JibliIe HH(OPMALMK OH COJIEPXKUT) C TIOCJIEYIOLIUM NPUJIOKEHHEM K TEOPHH
caydaiiHocTd. B ony6sukoBanuo# B 1969 . cratbe Kosmoropos nucait:

1) ocHOBHbIE MOHATHSA TEOPUU HHOPMALMH OJKHBI U MOTYT
6bITb 060CHOBaHbI 6€3 MOMOLLM 0OpallleHUsT K TEOPUU BEPOSITHO-
CTeH U TakK, YTO MOHATHS «IHTPOMNHUS» U «KOJHUECTBO HH(OpMA-
LMU» OKa3bIBAIOTCS MPUMEHHMbI K MHAMBHIAyaJbHbIM OObeKTaMm,

2) BBeJIEHHbIE TAKUM 00Pa30M TOHATHS TeOPHUH HH(OPMALIMH
MOTYT Jiedb B OCHOBY HOBOH KOHLIEMUHMH CJydalHOro, COOTBET-
CTBYIOLLIEH €CTEeCTBEHHOH MbICJH O TOM, YTO CJIyYaHHOCTb €CTb
OTCYTCTBHE 3aKOHOMEPHOCTH.

[TpensioxeHue U3MepsATb CJI0KHOCTb 0O'bEKTa JVIMHOW €ro KpaTdyailiuero
OTMMCaHUSl U TIOHATHE ONTHUMAJILHOTO si3blKa OblLIK M3J0xKeHbl Kosmoropo-
BbIM B cTathe 1965 r; 3a roj 0 TOro CXojHble MaeH OblLIK ONyGJHKOBA-
Hbl aMepUKaHCKUM uccienoBareseM Psem CosiomonoBbiM (Ray Solomonoff),
o paboTax koToporo KoJsmMoropoB ysHaJ Jiuulb 1o3xke. BBumy storo reopemy
0 CYyLIeCTBOBAHMH ONTHMAJILHOTO $13bIKa Mbl Ha3blBaeM meopemoii Coromo-
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Hosa — Koamoeoposa. B atu xe rojbl (T.e. B cepeaune 60-x rogoB XX B.)
KoJsiMoropoB BbICKa3blBaeT Ha CBOMX CeMHHapax MPeroJioKeH’e 0 TOM, UTo
OBICTPOTA POCTA SHTPOIMUHU HAUAJIbHBIX OTPE3KOB MOCJ/E0BATENbHOCTH MOYKET
CJIY’KHTb KPUTEPHEM CJIYYalHOCTH paccMaTpHBaeMOH MOCJIe0BATENbHOCTH.
OnHako BBeIEHHOE MM B PAacCMOTpeHHE SI3bIKOBOE CEMEHCTBO MPHBOAMJIO
K SHTPOIMHH, HEMTPUIOAHOM /151 OCTaBJAeHHON Lesiu. Kak yxKe roBopu/ioch Bbl-
lle, B [VIABKE O XaOTHUHOCTH, TOAHOE /ISl 3TOH LeJd CeMEHCTBO OOHAPYKHII
B 1973 1. Jleonun JleBuH, BBeAst B pacCMOTpeHHE MOHOTOHHYIO SHTPOIHIO.

Tunuueckue nocJieoBaTe/IbHOCTH (M0 Ha3BaHWeM “random”, T.e. «cJy-
yaiiHble») ObUIM, KAK YXe OTMEeUaJoCh B IJIABKE O TUIUUYHOCTH, OTKPBITHI
B 1966 r. [Tepom Maptun-JIédom (Per Martin-Lof).

YTBepKIeHHE 0 TOM, UTO KJacc MOCJe0BaTeNbHOCTEH, CTOXaCTHIECKUX
no KosiMoropoBy, 1impe Kjiacca THITHUECKUX (OHH 2Ke — XaO0THUECKHe) NocJie-
JoBaTesibHOCTeH, fokasan Anekcannp Lllensb (cm. [6], a Takke [3, n. 6.2.4]).

[Tycth K — 3HTpOMNUS B KAKOM-TO U3 BAPHAHTOB 3TOTO MoHsTus. (B siure-
patype HCCJIeJI0BaHbl HE MeHee 1IeCTH TaKMX BapHaHTOB: MpoOCTas, alpuop-
Hasi, MOHOTOHHas, MpolleccHasi, MpeUKCHAs W SHTPOIHUS paspelieHusi; Bce
9TH BapUaHTbl CYLIECTBEHHO PA3JIMUHbI B TOM TOUHOM CMbICJE, UTO pPa3-
HOCTb SHTPOIHH, MPUHALJIEKALIMX JIOObIM JIBYM H3 MEPEUUC/IeHHbIX BapHaH-
TOB, HeorpaHuueHa.) CKaxkeM, UTo 1M0CJ1e0BATENLHOCTD |, A9, A3, . .., Ay - - -
SIBJISIETCS] xaomuueckotl omrocumenoHo K (npy paBHOMEPHOM pacnpejie-
Jenun!), ecan

dc¢ Vn BeimosHeno K(ay,as, as,...,a,) > n—-c.

(3amMeTUM ISt SICHOCTH, UTO HM Uil TIPOCTOH SHTPONHM, HHU IS SHTPONHU
paspelleHust T0CAe/I0BAaTe/IbHOCTEH ¢ TaKUM CBOHCTBOM HET BOBCe, a s
KaXKI0H M3 OCTaJ/IbHbIX UETbIPEX SHTPOIMH XAaOTHUHOCTb OKAa3blBAETCS paB-
HOOOBbEMHON TUMMUHOCTH.) B Toil ke crarbe Jlesuna 1973 r., B KoTtopoil
Oblia BBe/leHa MOHOTOHHAST SHTPOIHS, COJEPKATOCh U I0KA3aTeJbCTBO TOTO
(hakTa, UTO MOHATHE XAOTUUHOCTH OTHOCHTEJIbHO MOHOTOHHOH SHTPOIHMH paB-
HOOO'BEMHO MOHATHIO TUIMYHOCTH. HesaBucumo ot JleBuna B Tom xxe 1973 1.
Kanayc-TTlerep [nopp (Claus-Peter Schnorr) BB&n B paccmorpenue cBo
BapMaHT SHTPONHH, TaK Ha3biBaeMyio npoyeccHyto anmponuro (y nop-
pa — process complexity), u nokazan (HezaBUCHMO OT JleBHHA, HO OUeHb
MOXO0KHM CMOCOGOM), UTO MOHATHE XAaOTHUHOCTH OTHOCHTENBHO MPOILeCCHON
9HTPOIUH TaKKe PABHOOOBEMHO TOHSATHIO THIMUHOCTH. XOTS TpoleccHast
9HTPOIKS H MOHOTOHHASl SHTPOIHS CYLIECTBEHHO pa3iyaioTcs (Kak nokasal
Baapumup Boiorun [7, ¢. 35, cTpoku 6—4 cHU3Y], UX pa3HOCTb He orpaHuueHa
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HUKaKOH KOHCTAHTOH) W XoTsi Brocsenctsuu cam IllHopp nepecras mnosib-
30BaThCsl CBOEH MPOLIECCHON SHTPOIHEN, PaKTHUECKH OT Heé O0TKA3aBILHUCh,
BhILIEYKa3aHHYI0 meopemy Jlesuna wHoraa HasdbBalOT meopemotl Jlesu-
na—Illnoppa.

[Tpedukchyto suTponuio BBENM B 1974 1. JleBUH 1 rooM noaxe (Ho He3a-
Bucumo ot JleBuna) — [peropu Yeiitun (Gregory J. Chaitin) (cM. ero cratbio
A theory of program size formally identical to information theory //
Journal of the Association of Computing Machinery, 1975, v. 22, no. 3,
p. 329—340). B To#i ke cratbe UelTHH BBEJ MOHATHE XaOTHUHOCTH OTHOCH-
TeJbHO TIpe(MKCHON SHTPONHUU U 00BsBUI (6e3 I0Ka3aTeabCTBa), UTO 3TOT
BapHaHT Xa0THUHOCTH PABHOCHJIEH TUIIHYHOCTH; [IePBOE OIMyOJIMKOBAHHOE J10-
Ka3aTeJIbCTBO 3TOr0 (hakra MosiBUIOCh B cTaThe BhloruHa [7]: caenctBue 3.2
Ha c¢. 38. [Ipedhuxcrnan snmponus MoxeT ObITb ONpejiesieHa Kak HTPOIUs
JUIsl ceMeHCTBa MpeUKCHBIX SI3BIKOB. $13bIK £ HasbIBaeTCsl npequKkcHbLM,
€CJIM OH TMEePEUHCJIUM U BHIMONHEHO YCJIOBHE:

((kny1) €E & (xo,42) €E & (x1 = x2)) = (y1 = y2).

3ameTuM e, uTo B JIUTEpaType TEPMHH «CJIOKHOCTb» (“complexity”)
yacto yrnorpebJisieTcst B CMbIC/Ie IHMPONUA, T. €. B CMbICJIE CAONHCHOCb
ONMHOCUMENbHO ONMUMANLLHOZ0 A3bIKA.

Henpenckasyembie nocJie10BaTebHOCTH (B CMbICJIe HACTOSIILEH CTAaTbH)
BIepBble BO3HUKJW BecHOW 1991 . B coBMeCTHOM JOKJaze M0J Ha3BaHHEM
«Randomness and Lawlessness» («CijyuaiiHocTh U 6€33aKOHHOCTb»), KO-
Topblit Annpeit Myunnk, Asekceit CeMEHOB W aBTOP 3THX CTPOK CJeJaJu Ha
koH(pepenumu B Kamidopuun. KoHdepenius Gblia MocBsillieHa OCHOBaHUSM
TEOpPUU CJydalUHOCTH UM mpoxoauna ¢ 4 no 7 mapra B MuHctutyre matema-
THUECKUX HMCCJe/loBaHuil B colanbHbix Haykax (Institute for Mathematical
Studies in the Social Sciences) Crandopuckoro ynusepcutera. Cojep:kaHue
Joknazna Gewio ony6saukoBaHo B 1998 r. B Bume cratbu [5]. B sToil cra-
The TMPUBEJIEHBI, B UACTHOCTH, TEOPEMbI O COOTHOLIEHHH HETpPeICcKa3yeMOCTH
C JIPYTHMH aJrOPUTMHUECKHMH JIHLLAMH CJIy4aiHOCTH.

OTMmeTuM, UTO ornpejesieHHe HeNpencKasyeMOCTH B HalleM HACTOSILLEM
ouepKe OTJIMUAeTCsi OJIHOH JleTasblo oT orpejesenus B [5]. Mmenno, B [5]
JUISi KOPPEKTHOCTH CTaBKU TpeGOBaJIOCh BbIMOJHEHHE HE CTPOrOro HepaBeH-
ctBa v(k) < V(k — 1), a 6osee cjaboro HecTpororo HepaBeHcTBa U(k) <
< V(k—1). Knacc Henpeicka3yeMbIx MOC/EI0BATENBHOCTEN OCTAETCS OJIHUM
1 TeM Ke MpH 060UX MOHUMAHHSAX KOPPEKTHOCTH. 3aMeHa B OMpejeseHHH
KOPPEKTHOCTH HECTPOroro HepaBeHCTBA HAa CTPOroe Bbi3BaHA JBYMsl MpH-
uMHaMHU. Bo-TiepBbiX, cama urpa CTaHOBUTCSI 0oJiee CONEp:KATeNbHON: Bellb

43



B CJlyuae paBEHCTBA CTaBKM TEKyLIeMY KanuTajy cTouT Mrpoky olmOuThCs
B CBOE&M MpelcKa3aHuH, KaK ero Kanutaj oOHYJUTCS U OH OyleT BbIHYKI€eH
B JaJibHelllIeM JesaTh JIUIIb HyJeBble CTaBKH. BO-BTOPBIX, HMEHHO CTpOroe
HepaBEeHCTBO MO3BOJISIET TIPU TIepeHOCe ONpe/e/IeH I ¢ pallHOHAIBHO-BBIUHC-
JIMMBIX Mep (KaKoBble TOJBKO H paccMaTpHBasluCh B [D]) Ha JioOble BbIUHC-
JIUMble Mepbl COXPaHUTb 3(PQPEKTUBHOCTb JTEHCTBUI WUTpoKa. Bejub Kaxkiplii
pa3 Mrpok poJoKeH yIoCTOBEPSATLCS B KOPPEKTHOCTH Xoza. [losyunTb ke
TaKkoe yJ10CTOBEpPeHHE aJrOPUTMHUECKHM MyTEM BO3MOXKHO JIHIIb B BapHaHTe
CTPOTOro HEPaBEHCTBA: CYLIECTBYET aArOPHTM, B TOM H TOJBKO B TOM CJydae
JIAIOLIMI NOJIOXKUTENbHBIN OTBeT Ha Bonpoc «v (k) < V(k—1)?», korna u B ca-
MoM siesie v(R) < V (k—1); He cyulecTByeT ajroput™Ma, B TOM U TOJIbKO B TOM
cJlydae JIalolIero MoJioXKUTesibHbIE oTBeT Ha Borpoc «v(k) < V(k — 1)?»,
Korja u B camoM gejie (k) < V(k —1).

Cama wuzest 0 CBfI3W CJYYallHOCTH C HEBO3MOXKHOCTbIO TapaHTHPOBaH-
HOTO BBIMTPBILIA JOCTATOUHO OueBHAHA: emié ¢oH Mmusec, He naBasi Tou-
HbIX (POPMYJIUPOBOK, TOBOPHJI O «HEBO3MOXKHOCTH CHCTEMbI UIPbl». BriocJen-
CTBHM BCTPEUAJIUCH H CTPOTHE ONpellesieHHs, 0IHAKO BOCIIPOU3BOIMMAsT 3/1ECh
(c KOCMeTHUEeCKUM pEMOHTOM) (hOopMYJIMPOBKA U3 [D] KaxeTcst GoJiee GJIM3KOM
K HHTYUTHBHOMY TPEJICTABJEHHIO O caydaiiHOCTH. [lesio B TOM, 4TO mpejiie-
CTBYIOLLIMIE UTPOBBIE OTIpe/IeJIeHHsT TUOO UCTIOJb30BANH CTPATErHH, B KOTOPBIX
BBIUNCJIMMOCTb (03HAUalollasl HaJMuMe alrOpUTMa, YKasbIBAIOLEro HIPOKY
€ro ouepeHON X0J) 3aMeHsach Ha JPYroe (XOTsl U CB3aHHOE C MOHSTHEM
aJropuT™Ma, Ho, BHIMMO, MeHee ecTecTBeHHOe) TpeGoBaHMe, MO0 3aBelo-
MO He MPHUBOAWJIHM K KJaccy MocJ/el0BaTeNbHOCTelH, PABHOOGBEMHOMY KJaccy
THIHYECKO-Xa0THUECKUX TocJ/efoBaTeNbHOCTel. JlJ1s1 onpenesienust Henpea-
CKa3yeMOoCTH M3 [D] ocraérest Hajekaa Ha yKasaHHYI0 PaBHOOOBEMHOCTE.
$lcHo, uTO ueM GOJILLINM KOJIMUECTBOM «JIHLL CJAYUAHHOCTH» XapaKTepuayercs
KaKOH-TO TOUHO OYepueHHbIH KJacc MocJeoBaTesbHOCTed, TeM 000CHOBAH-
Hee MPaBO 3TOrO Kjacca CJyKUTb (DOpMaJsibHbIM aHAJ0rOM PaCJbIBUATOrO
MHTYHTHBHOTO MPEJCTABJEHHS O CIy4alHOCTH.
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