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BBenenue

EcJin KT0-/1M60 CKaxKeT HaM, UTO OH MOAOPOCHJ «4eCTHYIO» MOHETY JiBa-
JaTh pa3 v, 0003HauUB repO eIMHULEH, a PeLIETKY — HYJIEM, MTOJYUHJ TAKOH
pesyJibTar:

10001011101111010000 (1)

WJIM TaKOH:

01111011001101110001, (IT)

Mbl Bpsifl JiM OyneM yauBjeHbl. OJHAKO €C/d HaM CKaXKyT, UTO pes3yJbTar
6pocaHui OblJ1 TAKUM:

00000000000000000000 (IIT)

WJIM TaKUM:

01010101010101010101, (IV)

Mbl OyjileM MopaKeHbl U BOOOLLLE He MOBEPUM HJIM K€ YCOMHUMCS B KOPPEKT-
HOCTH dKcrepuMeHTa. BosHuKaeTr Borpoc: nouemy?

[To-Bunumowmy, tienouku (I) u (II) BocnpuHuMaloTes Kak cjyyaiitbie, a e-
nouku (II1) u (IV) — kak HecJsyuaiinble.

Ho uto o3HauatoT csioBa «BOCHpPUHMMaeTcsi Kak cJjyudakiHasi»? Kiac-
CHYeCcKasl TEOpHsl BEPOSITHOCTEH He AT oTBeTa Ha 3TOT BaXKHBIH BOMpOC.
He cTo/ib pesiko MOXKHO yCJbllIaTh cjefyioliiee 06bsiCHEHHE: BEPOSTHOCTD
kaxxnoi u3 uenouek (111) u (IV) cmmkom mMasia, ona pasia 2-20, uto menble
OJIHOH MUJUTMOHHON. Ho Bellb POBHO TaKylo e BEPOATHOCTb UMEIOT LIEMOUKH
(I) u (1D)!

ClenaeM TpH BaxKHbIX 3aMeUaHHsl.

e Bo-nepBbiX, BrieuaT/ieHHe ClyuyalHOCTH 3aBUCHT OT pacnpesiesieHust Be-
positHocTel. Ec/in olHa cTOpoHA MOHETHI TsKeJiee JAPYroi WK €CJId YesoBeK
B npoliecce OpoCaHust HAyuUTCs MOJAKUABIBATh MOHETY TaK, UTOObl OHA Maja-
Jla Ha HYKHYIO cTOpoHy, To nosiienue 1enouek (I1I) wnu (IV) moxer crath
BIOJIHEe OKuJaeMblM. CHauajsa — Jyisi IPOCTOTbl — Mbl OyJ1eM 3aHUMaTbCs
JIMLIb HE3aBUCHMbIMH GPOCAHHSIMH C BEPOSITHOCTSIMH OfiHa BTOpast /s repba
1 OJlHa BTOpAast I/l PELIETKH.

e BOo-BTOpLIX, TOBOPUTbL O CJYYailHOCTH MUMEET CMBICJ JIIIb B TIPUMEHe-
HUM K OU€Hb JJIMHHBIM llenoukam. BeccMbic/ieHHO cripalluBaTh, KoTopasi U3
uerouek 00, 01, 10, 11 GoJsiee cayuaiina, uem apyrue.

e B-TpeTbHX, TOUHOH TpPaHULbBl MEXIy CJydyalHbIMH M HecJyyahHbIMH
(B MHTYUTHBHOM CMbICJIe) LIETIOUKAMH HET M He MOxKeT ObiThb. Benp ecsu
B CJIyuallHOH LierlouKe 3aMeHHMTb OJMH 3HaK, oHa ocTaércsl cayuaiiHor. Ho,



BBenenne

3aMeHsist MHOTO pa3, Mbl OT J1060# 1enouku MoxkeM npuidtd K (L) wmu (IV).
ITO U3BECTHBIN MApPajioKC KyuH.

Hrtak, cienyer paccMaTpuBaTh TOJbLKO OYeHb JJHHHBIE LEMOUKH, a B Hie-
ane — GecKoHeuHble (BooOlIle, 6ECKOHEUHOCT — 3ITO TaKoe MOJIe3HOe TPH-
6JIMKEeHHe CBepXy K OueHb OGOJIbIIOMY KOHEUHOMY). DeckoHeuHble Liernou-
KU MPUHATO HasblBaTh nocaedosamervrnocmanu. OKa3blBaeTcsi, NOCaeN0-
BATEJIbHOCTH Y2K€ MOXKHO JI0OBOJIbHO OCMbBICJIEHHO Pa3[eliuTh Ha CJydaiiHbie
W HecusyyaiiHble. MIHBIMH cJioBaMH, MOXKHO He 6e3 ycrexa TbITaTbCsl HaUTH
CTpOroe MaTeMaTHUYeCKOe OTpejiesieHre 1Jisl IOHSATHS cAay4alinasn nocaedo-
sameavHocmo Hyaed u edunuy. B nacrosiuieit 6poltope Mbl H3J0XKHM
pe3yJIbTaThl TAKUX TIOMBITOK, MPEANPUHATHIX Pa3iHuHbIMK aBTopamu. OaHa-
KO CJIeJlyeT YeCTHO MPHU3HATb, UTO ISl PAKTHUECKUX MMPUJIOKEHHH MHTEpPeC
MPEICTAB/ISIIOT UMEHHO KOHEUHbIE CJydailHble LEMOUKH U MOTOMY HIeasn3a-
1st, TPOUCXOASLIAs TIPU Mepexofle K LenoukaM GeCKOHEUHOH JIMHbI, HEH3-
6exKHO COIpsi2KeHa C «OTPbIBOM OT »KHU3HHW». Bripouem, aHa/lorMuHbI OTPbLIB
BO3HUKAET U [P U3YUEHHH COBOKYMHOCTH 8CEX KOHEUHBIX LIEMOUEK, MOCKOJIb-
Ky B XKM3HU BCTPEUAIOTCS JIHLIb LUEMOUKU OrPAHUUEHHOH JIMHBI, 4 B OY€Hb
JUTMHHBIX CJIydaiiHbIX LEMOuKax BO3HHMKAIOT Takue 3((eKThbl, KOTOPblE MOTYT
¥ He COOTBETCTBOBATb HAMBHBIM MpeNCTaBJeHHsIM O caydaiiHocTH. Cresan
3TO TPU3HAHHUE, TTPUCTYITHM K H3JI0XKEHHIO.

Ham 6yayT noJieaHbl HEKOTOpble TEPMUHBI U 0603HAYEHHSI.

Besikasi koHeuHast uenouka (iy, ..., i,) HyJel U eIMHHULl HA3bIBAETCS TaK-
Ke 0B0UUHbIM CAOBOM, & UUCIIO 1 — JAUHOL 3TOro cyoBa. JliuHa cjoBa x
o6o3Hauaercs tak: |x|. [lyiMHa cjioBa MOXKET ObITh PABHA HYJIIO; CJIOBO JUIHHbI
HyJIb HUUETO He COJEP:KUT U HasblBaercsl nycmoin. [lyctoe cioBo 0603Ha-
uaetcsi 6yKBoi A.

MHoxKecTBO BceXx JBOMUHBIX cJIOB 0003Hauaercst 6ykBoi =. MHoxKecTBO
BCEX MocJefoBaTe/bHOCTEN HyJleH W enHHL, 0o603Havyaercst 6yKBo# ).

st nocJieIoBaTesIbHOCTH (@), g, A3, A4, . . .) KAKIOE U3 JBOMUHBIX CJIOB
(ay,ae,...,a,) sBasiercst eé nauasom. [lycTb x € E — JBOMUHOE CJIOBO.
MHoxxecTBO Bcex TeX MocJseloBaTe/IbHOCTENd U3 §2, /151 KOTOPBIX X CJIy?KHT
HauaJsioM, o6o3Hauum uepe3 (1,. Kaxknoe mHoxkecTBO BUAa (1, rme x € =,
NPUHATO HasbiBaTh wapom. Lapy €2, npunuceiBaetcs ero 00sém v(x), pas-
Hbit 27141

Copnep:kaTesibHO, KaXKIyto M0CJ/1e10BaTelbHOCTb M3 €2 Mbl paccMaTpuBaeM
KaK Cepuio pedysbTaToB OGpocaHuil MOHeTbl. Elé pas nopuepkHéM, uTo s
HAarJIsiTHOCTH Mbl OrpaHHUMBAEMCsl Ha TNEPBbIX M0Pax CUTyalueH, Koraa pe-
3yJ/bTaThl Bcex GpocaHuil paBHOBeposiTHbl. Ha mMaTemaTHuecKoM si3blke 3TO
03HAuaeT, uTo Ha {2 3aJlaHO TaK HA3bIBAEMOE PABHOMEPHOE pacnpedeserue

seposammHocmeli, a 370, B CBOIO 0Uepe/lb, 03HAYAET CJeyIolllee: /151 KaXKI0T0
11apa BEPOSITHOCTb TOTO, UTO CJyyailHO BbIOpaHHAs MOCJE10BATENbHOCTD U3
Q nonaznét B 3TOT lIap, paBHa 06bEMY 3TOro wapa.

Haua nesb — nonbitatbest BbIAEAUTD U3 ) HEKOTOPOE TOUHO OMUCAHHOE
MOJIMHOXKECTBO, MpeTEeHylollee Ha POJib MHOXKECTBA BCeX CJydalHbIX MO-
cjenoBatesbHoCTed. TpaauuoHHasi TeOpHst BEPOSITHOCTEH He TOJbKO He MpH-
OJIMKAETCA K PELIEHHIO STOM 3a/1aul, HO J1aXKe He MOXKeT eé c(hopMyJIMpOBaThH
B CBOMX TepMHHax. Ha nomotib npuxoaut Teopust anroputmoB. MoxkeT noka-
3aThCsl MapajloKCaJdbHbIM, UTO MOHSITHE CJAYYaHHOCTH YTOUHSIETCS Ha OCHOBE
TaKOro UyKI0r0 CJy4alHOCTH MOHSATHS, KaK aJlOPUTM, — TeM HE MeHee, J1eJ10
0OCTOUT HMEHHO TaK: BCE M3BECTHbIE [0 CHUX IMOP ONpeeseHHsl CayyalHOCTH
VHIMBHyalbHOTO 06beKTa (B HallleM NMpUMepe — WHAMBUAYaJbHOH MocJe-
JIOBATEJIbHOCTH HyJIEH W eIMHULL) OTIHPAIOTCS HA MOHATHE aJrOPUTMA.

Uro6bl HalTH TpebyeMoe orpejiesieHHe, 06bIUHO MOCTYNAOT Tak: (opmy-
JIUPYIOT HEKOe XapaKTepUCTHUECKOe CBOKCTBO, KOTOPbIM 00J/afaloT CJyyai-
Hble (B HeOpMaJIbHOM, HHTYUTHBHOM CMbICJIE) MOCJE10BATENbHOCTH, a 3a-
TeM T10CJIe/IOBATENbHOCTH, 06J1a/lalolIie 3TUM CBOHCTBOM, U OOBABAAIOT —
M0 OnpesieIeHHI0 — CJIYYaHHBIMH.

Kakumu ke cBoficTBaMH obJiajaer cjyuaiiHasi NOCJel10BaTe/NbHOCTb HY-
Jield W eIMHULL?

Bo-nepBbIX, 0Ha vacmomoycmoiuusa. BoT uTo 310 03HAUAET /151 TOTO
NpOCTELIero cJyuasi, KOrjaa HyJd W eMHULIbl PABHOBEPOSITHBI: UacToTa Hy-
Jiel, KaK ¥ 4acToTa eIMHH1l, CTPEMHUTCS K OJIHOU BTOPO# (vacmoma Hyreid —
9TO MX JI0J1s1 B HauaJbHOM OTpesKe mnocJjenoBaresbHocTd). Ho Golsee Toro:
B CJIyyailHOH M0CJ/1e10BaTeIbHOCTH yKa3aHHas yCTOHUMBOCTb YaCTOT BbINOJI-
HSAETCSl He TOJIbKO VISl TT0CJIe/IOBAaTE/bHOCTH B LIEJIOM, HO U s JoGol eé
3aKOHHOM, pa3yMHOH MOMANOCJ/EN0BATE/NbHOCTH.

Bo-BTOpbIX, OHa X@omuuHa. DTO 03HAUAET, UTO OHA CJIOXKHO YCTPOEHa
M He MOXKET MMeTb pa3yMHOro onucaHus. Ilcuxosoruueckomy skcrnepumeH-
Ty, C KOTOPOro Mbl HauaJji, KoJsmoropoB nan takoe o0bsicHeHHe. Llernouku
(I) m (II) moromy BocnpHHHUMAIOTCSl Kak CJyuaiHble, UTO OHH CJIOXKHBI, UX
YCTPOHCTBO HeJb35 KOPOTKO onucath. A BoT uenoukd (III) u (IV) umeror
NPOCTOE, JIEFKO OMUCHIBAEMOE YCTPOHCTBO.

B-Tperbux, oHa munu4Ha. JTo 03HAUAET, UTO OHA MPUHALJIEKHUT JIOOOMY
pasyMHOMY OOJIbLUHHCTBY.

B-uerBépTblX, OHa Henpedckasyema. ITO 03HAUAET, UTO, UTPasl NPOTUB
Heé Ha JieHbrU (T.e€. MbITasiCh yrajaaTb UJeHbl MOCJAENOBATENbHOCTH U Jeast
CTaBKH), MOCJE0BATEIbHOCTh HEBO3ZMOXKHO OObIrpaTh BHE 3aBUCUMOCTH OT
Pa3yMHOCTH CTpaTeruu.



Jluuo nepBoe: LIaCTO'I‘OyC'I‘OI;'I‘{I/IBOCTI) M CTOXaCTUYHOCTb

CJl0BO «pasyMHbli», BeTpeuaiolieecss B 00bSCHEHUSAX TePeUUCJeHHbIX
ueThIpéX CBOMCTB, KOHEUHO, HY»KJaeTcsl B yTOYHEHHH. Teopusi ajiropuTMoB
KaK pa3 M TpejjaraeT TakHe YTOUHEHHsl, HaroJIHAsS 3TO CJOBO TOUYHBIM
CMbICJIOM — CBOMM JUISl KaXK/I0TO M3 HALIMX 4eTbIpEX CBOHCTB. TeM cambiM,
BO3HHUKAIOT YeTblpe aJrOPUTMHUECKUX CBOHCTBA: 4ACMOMHASL YCcmoluu-
B80OCMb, XAOMUYHOCMb, MUNULHOCMb, HenpedcKkasdyemocmoy. Kaxnoe u3
HHUX TpeACTaB/sieT CBO€ COOCTBEHHOE aJrOpPUTMHMYECKOE JIHLO CJydalHo-
CTH, U Ka)K[0€ U3 HUX, C OOJIbIIMMH HJIM MEHbLUMMH OCHOBAHHSIMH, MOXKET
NPEeTEeHI0BaTh Ha POJIb CTPOrOro MaTeMaTHUECKOTO OIpeJlesieHHsl MOHATHS
cJyuallHOCTH. MOXKHO CKasaTb W TaK: BO3HMKAIOT UETbIpe TOYHO OuepueH-
HBIX KJlacca IocJe/loBaTe/IbHOCTEeH, KaXKblil U3 KOTOPbIX MPeTeHayeT Ha To,
4TOOBI CJIY?KHTb «MCTHHHBIM» KJIACCOM CJydalHbIX MOCJEN0BaTe/IbHOCTEH;
HEKOTOPble U3 3THX MpeTeH3ul GoJiee OMpaBAaHbl, UeM JApyTrHe.

J]PIU,O nepBoe: l‘laCTOT0yCTOI‘/Jl'-II/lBOCTb U CTOX4ACTHYHOCTDb

[To-BuaAMMOMY, OZIHUM M3 MEPBBIX MOCTABUJ BOMPOC O TOM, UTO TAKOE OT-
JIeIbHO B3sITasl cylyyaiiHasi MoCJ/1e10BaTe/IbHOCTb, 3aMevaTe/IbHbll HeMeLKHH
marematuk Puxapn ¢on Musec B Hauane XX Beka — B 1919 . Bo Besi-
KOM CJlyyae, UMEHHO OH I1e€PBbIM MNPEJIOKHJ CPABHUTENbHO ylauHoe (XOT
1 HECTPOroe) orpejiesieHne, MocjyKHUBlee OTIPABHON TOUKOH Jjist JajibHel-
11IEr0 Pa3BUTHSI.

Muszec ucxoans M3 TOro, 4TO CJAyYalHOH MOCJEN0BATENbHOCTH JIO/KHA
ObITb MPUCYLLA YCTOHUMBOCTb YACTOT, a HMEHHO: JI0J151 €MHHLL (KaK W J10J15
HyJlel) B HauaJIbHOM OTpe3Ke CJ1yyaiiHOl M0oCJ/1e10BaTebHOCTH J10J2KHA CTpe-
MHTbCS K OJTHOH BTOPOH MPH HEOTPAHUUEHHOM yBeJMYeHHH JJIMHBI HAUaJIbHOTO
orpeska. Ho storo Hepocratouno. Hanpumep, 3THM CBOHCTBOM YCTOHUMBOCTH
4acToT 00J1aZIaeT 3aBEOMO HECJ/lyuaiHas ocJae10BaTeNbHOCTb

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

OueBuaHbIM 06pa3oM HEOOXOAUMO, UTOObLI YCTOHUHBOCTbIO YacToT obJajaJga
He TOJILKO BCSI MOCJIEI0BATENbHOCTD LIEJHKOM, HO U €€ MOANoCce10BaTe b~
HocTd. OJHAKO YCTOMUMBOCTBIO YACTOT HE MOTYT 00J1aJaTh 8cCe MOJIoCje-
JIOBaTeJNbLHOCTH. B camMom nene, BO3bMEM CaMyio UTO HU Ha €CTb CJydai-
HYI0 TIOCJIE/IOBATENLHOCTh U OTOEPEM B MOJAINOCJIE0BATENLHOCThL Te eé ujie-
Hbl, KOTOpble PaBHblI HYJIO... 3HAUUT, MOJNOCJEN0BATENLHOCTb, B KOTOPOH
JIOJZKHA COOJI0/1aThCsl YCTOHUUBOCTL UACTOT, JI0JKHA ObITh pa3yMmHOLl, v
donycmumoii. Hanpumep, ecain oto6path B MOANOCJAEN0BATEbHOCTD BCE Te
uJieHbl, UbH HOMEpA CYyTb MPOCThblE UWCJA, WJIM XKE BCE T€ UJIeHbl, KOTOpble
HENMOCPEJICTBEHHO CJIEJYIOT 3a HYJIEBbIMH, TO MOJyYeHHAs] B KAXKIOM U3 ITHUX
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JIByX BAPHAHTOB MOJIOC/EN0BATENbHOCTD ABJSETCS JOMYCTUMOH.

[TocsienoBaTeIbHOCTH, B KOTOPBIX YCTOMUMBOCTL YACTOT COOJIIOAAETCS BO
BCeX e€ 10MyCTHMBbIX TT0MI0C/e10BaTeIbHOCTAX, KoJIMOropoB npeiioxKu Ha-
3bIBATb CMOXACMUYECKUMLL.

Cam Muzec oObsICHS, KaKde [10CJe10BaTeJbHOCTH CJelyeT CUHTaTh
JIOTyCTUMbIMH, B paci/blBUaThiX TepMHHaX. [lepBoe yTouHeHHe MpeaioxNu
B 1940 r. amepukaHckuii martematHk AsoHso Uépu — oauH U3 cosja-
TeJiedl Teopud ajroputMoB. Uépu npeaioxKui, uyToObl JOMYCTHMble MOJ-
M0CJIE/IOBATEJLHOCTH CTPOMJIMCh HA OCHOBE OINpPEeLeIEHHBIX aJrOPHTMOB.
[TocsienoBaTe/IbHOCTH, B KOTOPBIX YCTOHUMBOCTb 4acTOT HabJIOAAETCsS BO
BCEX JOMYCTUMbIX Mo YU&puy Moanoc/en0oBaTesLHOCTSAX, MOJIYUHIH Ha3Ba-
HUe cmoxacmudeckux no Yépuy. OnHAKO 0Kasajoch, UTO OMpejeseHue
Uépua CJHMIIKOM LIMPOKO: CYLLECTBYET, HANpUMep, cToxactuueckas no Yép-
uy MoCJe10BaTebHOCTb, MepecTaoliast ObiTb TAKOBOH MOCJ/€e BbIUMCJIHMON
NepecTaHOBKH €€ UJIeHOB.

B 1963 r. KosiMoropos ycoBeplieHcTBOBa KOHCTpyKUMio Yépua, npej-
JI0XKUB GoJiee OOLIMPHBIN KJacc JOMYyCTUMbIX aJrOPUTMOB OTOOpPA UJIEHOB
MCXOJIHON MOCJIEIOBATENbHOCTH B TOJNOC/AEI0BATE/bHOCTb U, TEM CaMbIM,
3aBeJIOMO He MeHbIUMH (a Ha Jesie Gosiee OOUIMPHBINA) KJaacC JOMYCTUMbIX
MOI10C/Ie/10BAaTE/IbHOCTEN; B YACTHOCTH, KOJMOTIOPOBCKHUI a/lrOPUTM paspe-
LIaeT wjieHaM MOJI0C/e10BaTe/IbHOCTH UMETb MHOH MOPSIOK CJIe0BaHHMS,
ueM B HCXOJHOH MocJjenoBatesbHOCTH. [losToMy Ksacc Bcex mocsenoBa-
TeJIbHOCTEH, crmoxacmuyeckux no Koamoeoposy (T.e. Takux, y KOTOPbIX
YCTOHYMBOCTb 4acTOT HalJojaeTcs BO BceX AOMYyCTUMbIX no Kosmoroposy
MOI0C/IeI0BATENLHOCTSX), SBJSETCS MOAKJIACCOM KJacca MocJ/enoBaTeslb-
HoCTeH, cToxacTuueckux no Uépuy, a Ha camoMm jeJe, AaxKe CTPOTMM MOJ-
KJacCcoM, T.€. He COBMAJAIOIIMM ¢ 00bEMJIIOIIUM KaaccoM. s nanbHernx
CCBIJIOK KJ1acC BCEX MOCJeI0BAaTe/bHOCTEN, cToXacTHuecKux no Kosmoropo-
By, 0003HauuM OyKBOH S.

BrisicHus10¢h, uTo Kaace S takxke c/aulLKoM wupok. OKasanoch, Hanpu-
Mep, UTO MOXKET ObITb MOCTPOEHA Takasi cTtoxacTuueckas no KoJsimoroposy
MOCJIEIOBATENBHOCTD, B KAXKJIOM HAauaJbHOM OTPe3Ke KOTOPOH elMHUL 60JIb-
1le, 4eM HyJiell; a 3TO MPOTUBOPEUUT KaK HHTYHLIMH, TaK U 3aKOHAM TEOPHH
BEpOSITHOCTEH (HAMpUMep, 3aKOHY BO3BPATHOCTH COCTOSIHUH MPHU CJAydaHHOM
6ay2k1aHun). Takum o6pasom, faxke HauboJIee NPOJBHHYTOE U3 H3BECTHBIX HA
CETOJIHSALIHUA IeHb MaTeMaTHUeCKH CTPOTUX yTOUHeHWH niaeid Museca He na-
€T 110JIHOr0 OTPaKEeHHS! UHTYUTHBHOTO MPeCTaBJEHUS O CJYUyalHOCTH (XOT
1 3TO HEMOJIHOE OTPaXKEHUE MOXKET 0KAa3aTbCsl MOJIE3HBIM).

Jlns 6osbuieil sicHocTd npuBenaéM KoHCTpykimu HYépua u Kosamoropo-
Ba. LleHTpasibHbIM 1J1s1 06X KOHCTPYKLMIH SIBJSIETCS YKa3aHHe TeX MpaBuil,
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Jluuo nepBoe: LIaCTO'I‘OyC'I‘OI;'I‘{I/IBOCTI) M CTOXaCTUYHOCTb

COIVIAaCHO KOTOPbIM M3 YJIEHOB paccMaTpHBAEMOH MOCJ€e10BaTeNbHOCTH CO-
CTaBJISIIOTCS JOMYCTHMbIE MOJ0C/Ae0BaTebHOCTH. [TocKo/bKY Kax1oe Ta-
KO€ MPaBHJIO MIPOU3BOAUT OTOOP YJIEHOB IMOCJEN0BATE/NbHOCTH Il BKJOUe-
HHS MX B JOMYCTHMYIO MMOJIOCJ/EA0BATENbHOCTb, CAMH TH MpaBHJIa MPUHATO
Has3blBaThb donycmumsimu npasuiamu omoopa.

Jlnst HarasiiHOCTH pesacTaBuM cebe, UTO ujieHbl HCCJIelyeMOH T0Cen0-
BaTeJIbHOCTH HanucaHbl Ha Kaprtax. KapTel Jjiexkat ofHa 3a Apyroi, JMUeBOH
CTOPOHOH BHM3, TaK UTO Mbl He BHJMM, UTO Ha HUX HanucaHo. Hawa uenb —
0T0OpaTh HEKOTOPbIE M3 3THX KApPT H COCTaBHTb M3 HUX JAPYIyH MOC/e10-
BaTeJbHOCTb — JIONYCTHMYIO NojocaeoBaTe/bHoCTb. (Kak Mbl yBUanM,
B CJlyuae KOJMOTOPOBCKOH KOHCTPYKLHMH TEPMHUH IOJMOC/€10BaTENbHOCTbY
1MeeT GoJiee LIMPOKUH CMBIC/, UeM 3TO 00bIUHO NPHHATO.) JlonycTuMoe npa-
BUJIO 0TOOpa TMpejcTaB/sieT coO0l0 alrOpUTM, KOTOPbIH Ha Ka)KAOM 3Tare
MOCTPOEHHS TOJOC/ENA0BATE/IbHOCTH MPEUCHIBAET, BO-MEPBbIX, KOTOPYIO
U3 KapT HaJJIeKUT OTKPBITh M, BO-BTOPBIX, CJAELYeT MW HeT BK/UaTh 3Ty
OTKPbIBAaEMYI0 KapTy B MOANOCJEN0BaTeJbHOCTb. BXomom ajnroputma ciy-
KUT HHOpPMALIMS O BCEX YaKe OTKPBITBIX K 3TOMY MOMEHTY KapTax. Moxer
CJIYUHTBCS], UTO QJITOPUTM OTOEPET JIMLIb KOHEUHOe UMCJIO UJeHOB HCXOJHOH
N0CJ/Ie/I0BATEIbHOCTH; B 3TOM CJy4ae CUMTAeTCsl, YTO HMKAKOH [0MyCTUMOH
MOI0C/Ie10BaTe/IbHOCTH He oOpagoBasioch. (HanomHum, uto ucxoaHast no-
CJIe/I0BATE/IbHOCTb MPU3HAETCH CTOXACTUUECKOH MPH HAJHUMH YCTOHUMBOCTH
yacToT B Ji06OH €€ J0MyCTUMON TOIOCAeI0BATENbHOCTH. )

[Tepexonum K 6oJiee TOUHOMY OMHMCAHMUIO.

DyHKLMS HA3bIBAETCS 8bLUUCAUMOL, KOJIb CKOPO CYLLECTBYET BblUUCAA-
rowuti €€ anroput™. IIpu 3TOM roBopAT, UTO AJArOPUTM Bbluucagen (HyHK-
1Mo f, KoJib CKOPO OH MepepabaThbiBaeT BCSKHI €€ apryMeHT X, Ha KOTOPOM
(hyHKLIMSI OTIpeJiesieHa, B COOTBETCTRYOlee 3HaueHue [(x) U He BbIaéT HUKa-
KOro pe3yJibTaTa B MPUMEHEHHH KO BCSIKOMY TaKOMy apryMeHTY, Ha KOTOpPOM
(hyHKLMS He ompefesieHa.

Hccnenyemyto Ha yCTOHUMBOCTb MOCJ/IEL0BATENLHOCTL 0003HAUMM Uepes
a,ag,as, ..., Tak 4To Ha n-{ Kapre 3anucaHa uudpa a,, pasuas 0 win 1.

Honycrtumoe no Yépuy npasusio oréopa siBJsieTCs MPOU3BOJIbHON BbIUHC-
JuMo# (pyHKUMel G, onpelesiéHHON Ha MHOXKECTBE Z BCEX JIBOMUHBIX CJIOB
¥ NPUHUMAIOLLEN OJHO U3 IBYX 3HaueHud: Ja n Hem. KapTbl oTKpbIBaIOTCS
nocJ/ie/J0BaTeNbHO, OJIHA 3a JIPYrol, HauMHasl ¢ MepBOH, U KaXKIblil pas — J10
OTKPBITHS OUEPENHON KapTbl — pellaeTcs BOMPOC, BKJAOUATh JH 3Ty Kap-
Ty B MOANOC/IEA0BATENLHOCTb. BOnpoc 3ToT peluaercst cieiyolum o6pasom.
[TycTb y2Ke OTKPBITHI 1 KAPT, Ha KOTOPBIX 3allMCaHbl, COOTBETCTBEHHO, LU(PbI

ai,...,a,. Ec G(ay,...,a,) ectb Hem, 1o caenyiouas, (n + 1)-s1, kap-
Ta He BKJIIOUAeTcsl B rnojrocJenoBarenbiocts. Ecan G(ay, ..., a,) ects Ja,
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T0 caemyiouiasi, (1 4+ 1)-si, Kapra BKJIOUYAeTCs B MOJMNOCJEN0BATENLHOCTD
B KauecTBe ouepeaHOro uieHa. BkiouaTh UK He BKJIOUATH B MOJNOC/E0BA-
TeJIbHOCTDb UJIeH @], 3aBUCHT OT 3HaueHusi G (A). Takum o6pasom, npasuiy G
oTBeyaeT 6eCKOHeUHasl MOANO0CJe10BaTebHOCTD (B CJIyyae, ecyli TakoBasi 06-
pasoBaJsiach) Qp(1), An(2), An(3), - - -» TA€ uncaa n(l), n(2), n(3), ... obpasyior
BO3PACTAIOLLLYIO T0C/IEI0BATEIbHOCTh, COCTABJIEHHYIO U3 BCEX UHCE] 11, JUIsi
koropbix G(ay,...,a,—1) = Aa.

Manoxkenuto KoHeTpyKimK Kosnmoroposa npenrnoniém o600611eHHe MoHsI-
THS TOANocJeoBaTesibHoCTH. O606WéHHOLl n00Nn0CcAe008aMeAbHOCHIbIO
NoCJIeI0BaTeNbHOCTH d |, a9, ..., 4y, ... HA30BEM BCSKYIO TOCJENI0BATEb-
HOCTb BUjA

Ap(1), Ap(2)s -+ > Agplle)s - -
JUIsl KOTOPOE BBIMOJIHEHO YCJIOBHE

i <j = () #o(j).

JLi1s1 06bIYHON O/TI0C/E10BATEbHOCTH (KOTOpAast sIBJIsSIETCS] YACTHBIM CJlyda-
eM 0600LIEHHOI) 3TO YCJOBHE 3aMeHeHO Ha GoJiee CUJIbHOE — C [paBoi
yactblo (i) < ().

Kaxnoe nomyctumoe no KosmoropoBy npaBusio oT60pa UMEET 11eJbI0 CO-
3/1aTb HEKOTOPYI0 0006LEHHYIO MOANO0CIe10BaTeIbHOCTb HCXOHON NOC1e/10-
BaTeJbHOCTH. Mbl OTOMY Hanucajlu «MMeeT LeJblo CO3/1aTh», a He «Co3/a-
€T», UTO NpoLece CO3/1aHus MOXKET MIPEPBAThCs, U TOT/A B pedyJibTaTe Nnpume-
HEHHUsI PaBUJIa BOBHUKAET He OECKOHEUHAs TI0C/AeI0BATE/bHOCTD, @ KOP e
(T. €. KOHEUHbII HAGOP), COCTABJIEHHbIH U3 WIEHOB HCXOIHON MOCJE10BATE b~
Hoct. st croxactuunoet no KosimoropoBy TpefyeTcsi yCTOHUMBOCTD ya-
CTOT B KaXK/I0H U3 JOMYCTHMbIX, T. €. 00Pa30BaHHbIX KAKUM-JIMOO 10MyCTHMbIM
no KosmoropoBy npasu/ioM, 0600LLEHHBIX MOANOC/E10BATEIbHOCTEH.

CaMo KosIMOropoBckoe (T.e. jomycTuMoe 1o KoJiMoropoBy) npaBuJio co-
CTOUT U3 JBYX BbIUHCIUMbIX pyHKUMI: F 1 G. [TepBasi caykuT s o6pa3oBa-
HUSI HEKOH BCIIOMOTraTesbHOH 0000LIEHHON oAII0C/Ie10BaTeabHoCTH. OKOH-
yaTeJsibHas »Ke 0000LEHHAS NOANOC/EL0BATENLHOCTb HCXOAHOH T0C/e/10Ba-
TEJILHOCTH CTPOMUTCS MPH oMol pyHKUMM G B KauecTBe OOBLIYHOM MOAMNO-
CJ1e/10BaTEIbHOCTH BCMIOMOTraTe/IbHOH 0006UIEHHON MOANOC/EI0BATENBLHOCTH.
Aprymenramu ¢yHKUMi £ 1 G cay>kat JABOWUHBIE CJIOBA, TAK UTO KaXKaas U3
TUX (PYHKUMH onpesieieHa Ha CBOEM MOJMHOXKECTBE MHOXKeCTBa =. 3Haue-
HUSIMH (YHKLMK [ CJ1y2KaT Liesible TT0J10KUTeNbHble uuca, y GyHkuud G 1ga
BO3MOXKHbIX 3HaueHusi: Ja 1 Hem. CniepBa CTPOUTCS MOCJEN0BATENLHOCTD
HatypasbHbix ynces n(l), n(2),n(3),...:

ﬂ(l) = F(A), l”L(Q) = F(an(l)), NN ﬂ(k + 1) = F(an(l), cey Cln(k)).



Jlnio Bropoe: XaoTHYHOCTh

[TocTpoeHue 3Tol MocJie0BaTeIbHOCTH MPeKpallaeTcs (M BOZHHKAET KOHeU-
HbIH KOPTEXK), KaK TOJbKO HACTYMAeT OJUH U3 TPEX CJyuaeB:

® 3HaueHue [ (ap(),. .., ay(k)) HE OMPELENCHO;
o 3uHaueHue G(ay(1),- - -, an(k)) HE ONPERIIEHO;
e 3HaueHue [ (A1), - - -, Qn(k)) COBNAALT C OJHUM U3 uncen n(l), ..., n(k).

Ecsu »ke 0CTaHOBKM B [MOCTPOEHUM HE MPOU3OLLIO U BO3HUKJIA OeCKOHeuHast
nocJjieloBaTesbHOCTL HoMmepoB (1), n(2), n(3), . .., To 1ajee CTPOUTCS BCHO-
MorarteJibHast 0600IUEHHAs! OANOCAEA0BATENbHOCTD Uy (1), An(2), An(3), - - - - 113
He€, HaKoHell, 0TOUPAIOTCsA — B MOPsIIKe BO3PACTaHHsl k — Te e€ U/IeHbI (y k),
JJ1s1 KOTOPBIX BBINOJNHEHO paBeHCTBO G (An1y, - - -, An(k—1)) = Aa.

Jluo BTopoe: XaoTUUHOCTb

BepHémcst K npuMepam KOHEUHBIX Lernovyek W3 BBeneHHsi U BCIIOMHHM
o6bsicHeHue, npeayokeHHoe KonmoroposbiM: tenouku (I) u (II) Bocnpunu-
MalTcs Kak cJjydaiiHble, OTOMY uTO OHM ca0dcHbl; uenoukd (L) u (IV)
BOCMPUHUMAIOTCS KaK HecJlyuaiiHble, IOTOMY UTO OHU npocmol. [lo-Bunu-
MOMY, Mbl OXHMJaeM, UTO pe3yJbTaT CJAy4alHOrO 3IKCIEepPUMEHTa OKayKeTcs
CJIO’KHDBIM, W YIUBJISIEMCS], KOrJla M0JyyaeM 4To-TO MPOCTOE.

Hexortopble 00beKTbl MOXKHO KBaJIM(ULMPOBATh Kak OOJIbLUME HJIM Ma-
JIeHbKHe, IpyrHe — Kak TsLKEJble MJIM JErkue, TPeTbH — KaK CJIOXKHbIE HJIH
npoctble. B Hauase 60-x rogoB KosMoropos HameTHs1 MaTeMaTHUECKYIO TEO-
pHI0, MO3BOJIAIOLLYIO OLLEHHBATh CJOXKHOCTb 00beKTOB. Celuac 3ta Teopus
HagbiBaercsi TEOPMEW KOJIMOTOPOBCKOM CJIOKHOCTH.

B ocHoBe TeopHH KOJIMOTOPOBCKOH CJIOXKHOCTH JIEXKHUT CJle/lylollast npo-
CTasl U eCTeCTBEHHAs! HIIES: CAONHCHOCMb 00BeKma usmepsaemcsa OAUHOL
e2o Kpamuaitiuieeo OnUCanu.

B camom nesie, Kaxblii 0OBEKT MOXKET UMETb CKOJIb YTOJHO CJIOXKHbIE
OMUCAHHUS, HO CJIOXKHBIH 0O'bEKT HEBO3MOXKHO OTHCATh KOPOTKO.

[lyctb ¥ — MHOXKecTBO BceX 0ObEKTOB, KOTOpble Mbl pacCMaTpHBaeM,
a X — MHOXEeCTBO BCEX MbICJHUMbIX OMHUCAHWI 3THX 06bekToB. Yepes |x|
0003HauuM JuiHy onucanus x. CaoxkHOCTb 06bekTta y 0603HaunM Comp(y).
B cooTBeTCTBUH CO CKA3aHHbBIM,

Comp(y) = min {|x|: x ecTb onucaHue Jst y}.
X

Ecan o6bekT y HeonucyeMm, T.e. /sl HEro He CYLIeCTBYeT OMUCaHus, To,
€CTEeCTBEHHO, €ro CJ0XKHOCTb paBHa GECKOHEYHOCTH.
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Pasymeercsi, AJUHbI HAJ0 MEPUTb €IMHOOOPA3HBIM CIIOCOOOM, UTOOBI
He MOJIyUWJIOCh, UTO OMUCAHME OJHOTO M TOTrO »Ke 00beKTa UMeeT Ha KH-
TalCKOM $13blKe JJIMHY eiuHMUA (o1MH Heporyud), a Ha pycCKOM — COpOK
(copok 6ykB). [TosToMy Bce onucaHust KOJAUPYIOTCS B IBOMYHOM asihaBUTe —
B BHJIE IBOMUHBIX Llerouek. BoT 3TH-To ABOHUHbIE KOJbl Mbl U OY€M OTHbIHE
CUMTATh OTUCAHUSMH, TaK UTO OTHbIHE X = E.

MHoXKecTBO Bcex Takux map (X,y), uTo X CJyXKHT OMUCAHHEM st ¥,
€CTECTBEHHO Ha3blBaTb A3bLKOM ONUCAHUSL.

3aMeTUM, UTO H OJIMH M TOT 2Ke 00beKT MOKET UMETb B JaHHOM si3bl-
K€ MHOTIO ONUCAHWH, U OJHO W TO K€ OMHCAHHE MOXKET CJIy’KHUTb OINHCAHHEM
MHOTUX 00beKTOB. TakoBO, HanpuMep, OMUCAHHE «JIBOMUHOE CJOBO, COCTOS-
1lee TOJLKO U3 HyJiel», a, CKaXKeM, BbIparKeHHE «JIBOUUHOE CJIOBO» FOJUTCS
B KauecTBe OMUCAHUS 1is Jit06Oro JIBOUUHOTO CJIOBA.

Bcé ckazaHHoe HOCHMJIO MpeiBapUTe/IbHbIH XapakTep, 4ToObl ONpaBAaTh
HUKeceytollee popMabHOE H3JI0KEHHE.

B nexaproBom npousBefeHud = X Y paccMaTpUBaeM MPOU3BOJIbLHOE MOJI-
MHO2KeCTBO E, KOTOpoe Ha3biBaeM A3vikom onucarnus. Ecan (x,y) € E, 6y-
JleM FOBOPHUTb, UTO X siBJIsieTCs onucaruenm oovekra y. Caoxcrocms Compg
00beKTa Yy OMHOCUmMenvHo si3blka £ onpenessieTcs Tak:

Compg(y) = min{lx|: (x,y) € E}.

HanomHuM, 4To MHHUMYM IO MyCTOMY MHOKECTBY MPHUHATO CUMTATh PABHBIM
6€CKOHEUHOCTH.

s s3bika £ = = X Y, B KOTOPOM KaXKJ0€ X CJIy’KHT OMUCAHHEM sl
KaxKJ10T0 Y, CJIOKHOCTD JII0O0ro 06'beKTa ¥ paBHa HYJI10, IOCKOJIbKY OJHHM U3
OMUCAHUN 3TOrO Y SIBJSIETCS MyCTOE CJOBO; TAKOW S13bIK MbICJIUM, HO HE OyleT
BCTpPEUAThCS B TeX CEMEHCTBAX 3bIKOB, KOTOPbIe Mbl OyJ€eM pacCMaTpHBATh.

[IpencraBum cebe 1Ba s13blKa, MPUUEM ONUCAHHE KAKOTO-1HO0 0ObeKTa Ha
BTOPOM $13bIKe IPOUCXOJUT MyTEM yJBOEHHsI OIUCAHUSl ITOTO 2Ke 0ObeKTa Ha
nepBOM si3blKe. JICHO, UTO BTOPOH 53bIK «XyKe» nepBoro. [Ipennoururesnbuee
Te 513bIKH, KOTOPblE B COCTOSIHUM JlaBaTb GoJiee KOPOTKHE OMUCAHHUS.

Bynem rosoputhb, uto siablik A He xyowce sizbika B u nucatb A < B, eciiu
CYLLECTBYET TaKasi KOHCTAHTa ¢, UTO /sl BCAKOTO Y CIpaBeJIMBO HepaBeH-
ctBo Compy(y) < Compy(y) +c.

Ec/in npuHATb, UTO /sl TaK Ha3blBAEMbIX €CTECTBEHHbIX f3bIKOB, T.e€.
JUI5l TeX, KOTOPbIMU T10J1b3Y€eTCsl UeJI0BEUECTBO, MOTYT ObITh C(POPMYITHUPOBAHDI
npaBuJia TepeBoja ¢ OJHOTO f3blKa Ha JIPYroi, TO CTAHOBUTCS OUEBHIHbBIM,
UTO KaXKJbl M3 3TUX fA3bIKOB He XyxKe Jpyroro. Benp, ckaxkeMm, Typeukoe
OMHCaHHe KaKoro-u6o 00beKTa MOKHO COCTABHTb TaK: B3sITb IIPOM3BOJIbHOE
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Jlnio Bropoe: XaoTHYHOCTh

SIMOHCKOE OMHMCaHUe 3TOro 0ObeKTa W J0MOJHHUTb €ro MpaBUIaMH SIMOHO-TY-
peukoro nepesoja. M Typelikoe, u SIMOHCKOe OMUCAHHUS, U MpaBUJIa NepeBojia
CUMTAIOTCS 3aKOJAMPOBAHHBIMU B BHJIE ABOHUHBIX cJIoB. [TosToMy minHa Tako-
o TYPELKOTro OMUCaHUs PaBHA JUIMHE SMOHCKOrO OMHCAHUS TJII0C HE 3aBHCS-
wast oT Bbibopa oObekTa AJMHA NpaBuJ NepeBoja. B kauecTBe sINOHCKOrO
onuvcaHusi BbiOepeM KpaTuyaiiliee. B uTore nosiyuaem, 4To TypeUKHH sI3bIK
HE XyKe SIOHCKOTrO.

Beraér Bonpoc o BbIOOpE ONTHMa/IbHOIO $I3blKa — TaKOro, KOTOPbIH
He Xy:xke Jito6oro apyroro. [lyctb £ — HekoTOpoe s13bIKOBOE CeMelCTBO, T. €.,
TOTPOCTY, HEKOTOPOE MHOXKECTBO SI3bIKOB. $13bIK A U3 ceMeiicTBa £ HasbiBa-
erc onmumanoroin (s L), ecyii OH He XyxKe Jito60ro Ipyroro si3blika U3
3TOr0 CEMEHCTBA, T.€. eCJu

V B € L soinogHeno A < B.

Ec/in onTUMaJ/IbHbIH 513bIK CYLLECTBYET, TO UMEHHO C €ro MOMOLLbIO CJle-
JyeT U3MepPATb CJ0KHOCTb. CJI0KHOCTb 06'beKTa OTHOCHTEJBbHO OJIHOTO H3
ONITUMAJIbHBIX f3BIKOB HA3bIBACTCS AACOPUMMULECKOL IHMPOnUEL 3TOTO
00beKTa. DHTPOMNHUIO U PACCMATPUBAIOT KAK OKOHUATEJbHYI0 HCKOMYIO Mepy
CJIOXKHOCTH B PaMKax 3a/laHHOTO SI3bIKOBOTO CeMeHCTBa.

L1151 HEKOTOPbBIX BaXKHBIX 5I3bIKOBEIX CEMEHCTB HMEET MECTO TeopeMa o Cy-
11LleCTBOBAHMH ONTUMAJILHOTO $13blKa, a TEM CaMbIM M SHTPOIHUH. DTa Teopema
HasbiBaercst meopemoii Coromornosa — Koamoeoposa.

Jlnist naHHoTrO cemMelcTBa MOXKET CYLIECTBOBATb MHOTO ONTHMAJIbHbBIX 513bl-
KOB M T€M CaMbIM MHOT0 3HTponui. OJIHAKO, B CUJTy OIpe/leIeHUs ONTHMAJIb-
HOCTH, JIIOObIE JIBE SHTPOTUHU (B3SITbIE JIJIS OJIHOTO U TOTO 2Ke (PMKCHPOBAHHOTO
SI3bIKOBOTO ceMelicTBa) pasJ/nuatoTest He 6oJiee yeM Ha a/UIMTHBHYIO KOHCTaH-
1y. VlHbIME cjioBamu, eciid A 1 B cyTb ABa oNTUMAJbHBIX A5t L f3blKa, TO
CYLIECTBYET Takasi KOHCTAHTa ¢, U4TO /15l BCEX Y

|Comp, (y) — Compg(y)] < c.

3ameuanue. KoHeuno, HEMPHUSITHO, Y4TO AJITOPUTMHUYECKAST SHTPOIHS, TTpe-
TEH/yIOLIast HA POJIb «HCTHHHON CJIOXKHOCTH» OTIPEIE/ISIETCsT He OJHO3HAUHO,
a BCEro JIMLIb C TOUHOCTBIO [0 aIJIMTUBHON 100ABKH, He NPeBbILLIAIOLIEH KOH-
cTaHTbl. OJIHAKO MOMBITKH HAUTH CPEJIM SHTPOIUH «HanGoJIee ONTHMAJIbHYO»
MOKa YTO HH K 4eMy Xopoliemy He npuBesid. C Jpyroil cTOpOHbI, Bellb, CKa-
XKEM, M JUIMHA, H BEC TaKXKe OIpejeieHbl He 0JHO3HAUYHO, a C TOUHOCTBLIO J10
MYJILTHIIMKATHBHON KOHCTAHTbI, 3aBUCSLILEH OT BbIODAHHOH €IMHHLIbI H3Me-
petrust (10 cm = 100 mm, 2 kr = 2000 r u T.11.).
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3 yBaxkenusi Kk KosiMoropoBy airopuTMHueCKyio SHTPOIMHIO 0003HAUAIOT
006b1uHO OykBOH K; nHoraa K 3toi 6ykBe K m00aBASIOT ellé BTOPY0 GYKBY,
YKa3bIBAIOLLYIO TO 513bIKOBOE CEMEHCTBO, K KOTOPOMY OTHOCHTCSI pacCMaTpH-
Baemasi sHtponust. Eciin K’ u K” cyTb /iBe SHTPOIKH, OTHOCSILLIKECS K OJIHOMY
1 TOMY 2Ke 5I3bIKOBOMY CeMEHCTBY, TO, KaK OTMEUaJoCh,

|K/_K//| <C.

KosiMoropos He ToJIbKO chopMyJiMpoBaJl MOHSITHE aJrOPUTMHUECKOH IH-
TPOMUU 0O0bEKTA, HO U NPUMEHHJI €r0 K MCCJIe0BAHHUIO CJyUalHbIX MOC/e10-
BatesbHocTell. Habuonenve KosmoropoBa cocrosizio B TOM, 4TO B CJjydai-
HOM MOCJIEI0BATENLHOCTH SHTPOIKMS HAUAJbHOTO OTpe3Ka pPacTéT J10CTaTOUHO
ObICTPO TPH HEOrpaHHUEHHOM YBEeJHUEHHH AJIMHbI 3Toro orpeska. (Huuero
He Tojiediaelllb: CJyyaiHasi 1ocJe/l0BaTe/IbHOCTb MOXKET HAUMHATLCS € MHUJI-
JIMOHA HyJIeH, HO U 3TOT MMJUIMOH — HHUUTO Iepei 6€CKOHEUHOCTbIO, U eCJli
B3Tb BCe HauaJibHble OTPE3KH B COBOKYITHOCTH, TO HX SHTPOIHUS HEU30EKHO
OyleT pacTu.)

Mrak, B kKauecTBe OMUCHIBAEMbIX OOBEKTOB Mbl OyjleM paccMaTpuUBaTh
JBouuHble Lenouku, Takue, Kak (I), (II), (IIT), (IV) u 1.n. [TosTomy oTHbiHE
Yy =E.

Eciin s13bIk copiepkut napy (2, 2), T0 3T0 03HaUa€eT MOMPOCTY, UTO LIENOU-
Ka z onucbiBaer camoé cebs. SI3blk D, COCTOSIMI B TOUHOCTH U3 Nap TAKOTro
BUJA, HA3blBaeTC OuUAeOHANbHLIM (TEPMUH M3 MAaTeMaTHKH), WJIH a8Mmo-
HUMHoLM (TepMHMH U3 suHrBHCTHKM). st Takoro sisbika Compp(y) = |y|.
OrpaHuuuMCsl 13bIKOBBIMH CEMEHCTBAMM, COLEPKALLMMH aBTOHUMHBIH SI3bIK
(TakuM OyzieT, B YaCTHOCTH, CEMEHCTBO MOHOTOHHBIX §13bIKOB, ONTHCAHHOE HU-
kKe). Torma st KaxKaoi sHTponuu K, COOTBETCTBYIOLLEH 3TOMY CEMEHCTBY,
1 TIOJXOJSLIEN KOHCTAHTbI ¢ OY/IEeT BbINOJHEHO HEPABEHCTBO

K(y) <ly| +c.

Takum o6paszom, ecsiu npeHeOpeub AAIUTHBHON KOHCTAHTOH, MaKCHMaJbHO
BO3MOXKHOE 3HAueHHe /I SHTPOIMHUHU LEMOUYKH PaBHO JUIMHE Lernouku. Koi-
MOTOPOB TIPEINOJIOKU, UTO y CJYUAHHOH TMOCJAEOBATENbHOCTH SHTPOIUS
HauyaJbHOTO OTpe3Ka JI0CTHraeT 3TOr0 MaKCHMyMa, T. €. paBHA JJIMHE 3TO-
ro OTpe3ka — OMsATb-TaKH, NPH NpeHeOPeKEHUH aJIMTHBHONH KOHCTaHTOH.
B stoM cocrosina ocHoBHast uest KosmoropoBa 0THOCHTENILHO XaOTHUHOCTH.

Wrak, pukcupyeM HEKOTOpOe s13bIKOBOE CEMEHCTBO W OJIHY U3 COOTBET-
CTBYIOLIMX 3TOMy ceMmelcTBYy 3HTponui K. HazoBém nocsenoBatesbHOCTD

ap,ag,...,Qn, ...
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Jlnio Bropoe: XaoTHYHOCTh

XAOMu4ecKoll, ecyii CylleCTByeT Takasi KOHCTaHTa ¢, UTo
K(ay,ag,...,a,) >n—-c.

OueBHIHO, CBOHCTBO XaOTHMUHOCTH HE 3aBMCHT OT BbIOPAHHOH 3SHTPOIMH,
a TOJIbKO OT BbIOPAHHOTO ceMelicTBa.

Okazasioch, UTo MPHU MOAXOs1LE BbIOPAHHOM SI3bIKOBOM CEMeHCTBE CTPO-
roe MOHSITHE XaOTHMUHOCTH XOPOLIO OTPaXKaeT MHTYUTHBHOE Mpe/CcTaBJeHue
0 CJIyUalHOCTH.

CosnaBast Teoputo cj0XKHOCTH 00bekToB, KosMoropos npuaas cooTHO-
lLIeHHIO onucanue —o6sexn anropurmMuueckuil xapakrep. Caenys Kosmo-
rOpoBY, OrpaHUUNMCS nepeducaumoimu sidbikamu. [lousartue nepeuucaunoeo
MHOJCecmB8a — 3TO OJIHO M3 OCHOBHbBIX MOHATHH TEOPUH aJrOPUTMOB (1a
1 MaTeMaTHKU B LeJIOM). DTOMY TTOHSATHIO MOXKHO JIaTh TaKOE HaIJIsIHOE 00b-
sicHeHMe. [IpencraBum cebe 6€30CTaHOBOUHO paboTalOLLMK NPUHTEP, NOCJe-
Jl0BaTeJIbHO NeyvaTatoluil cioa. [Tocse HarneuaTaHus ¢jloBa NPUHTEpP JesaeT
npobeJ, TaK UYTO CJoBa OTAeJeHbl OoJHO OT apyroro. Ilepen HaneuaraHuem
OUEPEIHOTO CJIOBA MPUHTEP OEpPET BpeMsl Ha pa3MbllllieHHe. DTO BpPeMsi MO-
JKET 0Kasarbcsi GECKOHEUHbIM, U TOTJa CJIOBO He MeuaTaeTcsi BOBCE; B TAKOM
cJlyuae HameyaTaHHbIM OyJeT JIHLb KOHEYHOE MHOXKECTBO CJIOB — B 4acT-
HOCTH, [yCTOE MHOXKECTBO, €CJIM NPUHTEP B CaMOM HauaJje CBOeH paboTbl
3ajymaJicsl HaBceraa. Tak BOT, MHOXKECTBO BCeX Korja-sM060 HanedaTaHHbIX
TaKUM MPUHTEPOM CJIOB OKAXKETCS MEPEUUCJUMBbIM — U BCSKOE TE€PeurCIIv-
MO€ MHOKECTBO MOKET ObITb MOJYUEHO TaKUM 00pa3oM MpH MOACOEIUHEHHH
NpUHTEPA K «HJIealbHOMY KOMIbIOTEPY». [1epeuncyinMo U MHOXKECTBO TeO-
peMm J11060# GopmMasbHON TeopruH. 3/1eCh HET MeCTa PadbsCHATb, HU UTO TaKoe
uealibHblil KOMIIBIOTED, HH UTO Takoe popmasibHas Teopusi. Ho onpenesenue
MOHSTHS] NePeduUCAUMOe MHOIHCECN B0 Mbl Celuac NpPUBEIEM.

JI1si HArIiAHOCTH HAauHEM C TepMHMHA «CUETHOE MHOXKECTBO». TepMuH
STOT MMeeT JIBa BapuHaHTa ToJKOBaHHs. B nepBom, GoJjiee y3kom (1 GoJee
pacnpocTpaHéHHOM), TOJKOBAHHM CUETHOE MHOXKECTBO — 3TO TaKOe MHO-
»KECTBO, KOTOPOE MOXKHO MMOCTaBUTb BO B3aUMHO OJIHO3HAUHOE COOTBETCTBHE
C HaTypaJbHbIM psiioM. Bo BTopom, 6oJjiee 1LIMPOKOM, TOJKOBAHHH CUETHOE
MHOKECTBO — 3TO TAKOE MHOXKECTBO, KOTOPOE MOKHO MOCTABUTb BO B3AHUMHO
OJIHO3HAUHOE COOTBETCTBHE C KAKMM-JIMOO HAuajbHbIM OTPE3KOM HaTypaJjib-
Horo psina. HanomHum, uto Hauaaoroim ompe3kom HamyparvHoeo paoa
Ha3blBaeTCsl MPOU3BOJIbHOE MHOXKecTBO M HaTypaJsibHbIX UMCeJ, COfeprKa-
lllee BMeCTe CO BCSIKHM CBOHM 3JIEMEHTOM M BCe MeHblUHe uucja. Takum
00pa3oM, 1 BeCb HAaTypaJIbHbIH PsiJl, U MyCTOE MHOXKECTBO ABJSIOTCS Haua/lb-
HbIMH OTpe3kamu. [To3ToMy npu BTOPOM MOHMMAaHHWHM CYETHOCTH BCE KOHEU-
Hble MHOYKECTBA, B TOM UMCJIE MyCTOE MHOXKECTBO, OKa3bIBAIOTCS CUETHBIMH.
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MmenHo 310 BTOpOE, 60Jiee LIHPOKOE MOHUMAaHHEe CUETHOCTH YI0OHO Jijist Ha-
LIKX LieJiell; ero Mbl U npuMeM. A Torja CUéTHOMY MHOXKECTBY MOXKHO JIaThb
1 Takoe OrpeJlesieHHe: MHONMCECMB0 HA3bLBACMCS CHEMMbIM, €CAL OHO All-
60 nycmo, aubo moxucem OvLMb PACHOAONHCEHO 8 NOCAeA08AMENbHOCILb
(m. e. AB8a5€MCA MHONCECMBOM HACHO8 KAKOL-AuO0 nociedosamenbHo-
cmu). Hanpumep, KoHeuHoe MHOXKeCTBO {a, b, ¢} MOXKHO PacnoJ/IoKUTb B MO-
CJIeNIoBaTeNIbHOCTL a, b, ¢, ¢, c,c, . ... 3ameHsisi B IPUBEJIEHHOM OMpeie/ieHUn
CUETHOrO MHOXKECTBA TEPMHH <«II0CJIeI0BATEJNbLHOCTb» HA TEPMHH «BbIUHC-
JIUMast TI0CJIe0BATE/NbLHOCTb», Mbl MOJydYaeM OIpejlesieHre TepeuncauMoro
MHOXKecTBa. UTo Kacaercs onpejiesieHusi TEPMUHA «BbIUMCJIUMAs MOCJIEN0Ba-
TeJILHOCTb», TO OHO celuac OyleT JaHo.

[TocsienoBaTeNLHOCTD W1, W9, . .., W, . . . HA3BIBAETCSI BbHLUUCAUMOL, €C-
JIX CYLIECTBYET aJICOPUTM, BBIUMCJISIIOIIMI €€ 1-il WwieH W, 1o ero HOMepy 1.
[TosTOMY MOHSITHE BBHIUMCJIMMOH MOCJIE0BATENbHOCTH HA3BIBAIOT AACOPUNL-
MUYECKUM AHAN02O0M, WIH 3 hexmusHolm aHAA020M, TIOHSTHS TTOCJE/I0-
BaTEJIbHOCTH, a TOHSITHE MMEPEUUCJUMOr0 MHOXKECTBA — aJrOPUTMUUYECKUM
aHajiorom, uiu 3(PQPEeKTHBHbIM aHAJOrOM, MOHSTHS CUETHOTO MHOXKECTBA.
[Tepeunc/iumble MHOXKECTBA HA3bIBAIOTCS TaKXKe 3PP eKmMuUBHO CUEMHbIMU.
[ToBTOPUM oOTIpe/ieieHne: MHONHCECMBO HA3bIBACTIC NePeUUCAUMbIM, UAL
aghhexmusHo cuémmuoim, ecau oHO aubo nycmo, aubo modcem OoLmo
PACNONOHCEHO B8 BOLUUCAUMYIO NOCAe008amesbHOCmb (M. e. A8A1emcs
MHONMCECMBOM YACHOB KAKOU-AUOO0 8blY4UCAUMOL NOCACO08AMEAbHOCTILL).

Bce paccmarpuBaemble HaMU sI3bIKUM CYTh [TOJIMHOXKECTBA JIeKapTOBa Mpo-
U3BeJleHHsl = X = U, cJeloBaTesnbHo, cuérHbl. Maeosnorus Kosamoroposa co-
cTosyla B TOM, uTOObl pacCMaTpUBaTh TOJBKO 3(P(eKTHBHO CuéTHble (OHH
Ke — TepeunciiMble) s3bIKH.

OKoHuaTe/IbHO HajJIeXKallidi BbIOOP $I3bIKOBOrO CEMEHCTBa MPOU3BEN
KOJIMOTOpOBcKuUil yueHuk Jleonun Jlesun. Mimenno, B 1973 1. oH BB&s B pac-
CMOTpEHHE CEMEHCTBO MOHOTOHHBIX SI3bIKOB W H3YuYWJ COOTBETCTBYIOLEE
3TOMy CeMeHCTBY MoHsITHe XaoTHuHOCTH. [IpuBeném HeoOGXoauMble onpejie-
JIEHHSI.

ByjieM roBopUThb, UTO JIBOWUHbIE CJIOBA U W U COCAQACOBAHbL W TUCATDH
U /2 U, €CJIM OJIHO W3 3TUX CJIOB €CTh HAuaJo JPYyroro.

SIabik £ Ha3biBAeTCSH MOHOMOMHbIM, €CJIU OH TIEPEUUCIUM U BbIMOJHEHO
yCJIOBHE!

((x1,41) € E & (x9,y0) € E & (x1 = x2)) = (y1 = y2).

Besikyto nnocsie1oBaTeIbHOCTb, SIBJSIIOLLYIOCS XaOTHUECKOH 1Sl ceMeHCcTBa
MOHOTOHHBIX $13bIKOB, Oy/leM Ha3blBaTh NMPOCTO XAOMULECKOLL.
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Jlnto tperbe: TUMMUHOCTB

AnropuTMuuecKas HTPOMHUS, COOTBETCTBYIOIIAS CEMEHCTBY MOHOTOHHbIX
S13bIKOB, Ha3bIBAETCS MOHOMOHHOU IHmponuell n obosnauaercss KM. Yeno-
BHE XAO0THUHOCTH MOCJIEN0BATENLHOCTH (A, A9, d3, . . .) MOXKHO 3aMKCaTh TakK:

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

Ksace Bcex xaoTHuecKux nocJjie/oBaresibHocTeil o6o3Hauaetcsi 6yksoi C.

CuunTaercsi, UTo CTPOroe MOHSTHE XAOTHUECKOH M0CJI€0BATE/NLHOCTH MO~
JKeT CJIY>KUTb XOPOLLIUM OTPaXKeHHeM UHTYMTUBHOTO MOHSTHS CJay4YalHON Mmo-
cienoBaresbHoCTH. K TOMy ecTb jiBa 0CHOBaHHUsI.

Bo-nepBbIX, /151 KaXKJI0H OTAENbHO B3ATOH Xa0TUUECKOH MOCJIe10BaATENb-
HOCTH BBIMOJIHAOTCSI OCHOBHbIE 3aKOHbI TEOPUH BEPOSITHOCTEH.

Bo-BTOpbIX, KJIACC Xa0THUECKUX MOCJEI0BATENBHOCTEN COBMAJAET C IPY-
TUM «IPeTeHeHTOM» Ha pPOJib CTPOrOro aHaJjora paciJ/blBUaToro Kjaacca cay-
YalHBIX TOCJeI0BaTeJIbHOCTEN, a UMeHHO ¢ KjaccoM T BceX THITMUYECKHX
nocJenoBatesbHOCTeN (0 HEM Oy/leT pacckasaHo jaljiee):

C=T

[TosToMy XaoTHuecKHe M0CJe/10BaTe/bHOCTH MOXKHO Oblio Obl Hasbl-
BaTb MUNUYECKO-XAOMUYECKUMU WK XAOMULECKO-MUNUYECKUMU, a CaM
knace o6osHauath TC wmu CT. DToT Kaace yKe kjaacca S Bcex mocJe-
JloBaTesqbHOCTEH, cToxacThueckux no KosmoropoBy (mocienHud, Kak yxeé
OTMEUasoCh, CJAUUIKOM LIHPOK):

TCcS, TC#S.

Jluo Tperbe: TUNUUHOCTD

CkasaTb npo Kako#-Ju60 00LEKT, UTO OH TUIIHUEH — ITO 3HAUMT CKa3aTh,
YTO OH MPHHAMLIEKHUT K JI0O0MY NojasJsiolieMy GosbliMHCTBY. Hanpumep,
THIHYHBIA 4eJIOBEK, BCTPEUEHHBI HA MOCKOBCKOH YJ/HLeE, HMEeT POCT Me-
Hee JIBYX METPOB (T. €. IPUHAIEXKUT K MOJAABJSAIOLIEMY OOJbUIMHCTBY JIOJEH,
MMEIOLIMX POCT MeHee JIByX MeTPOB), Bo3pacT GoJiee TPEX JieT (T. €. NpUHaJie-
JKUT K ToJ1aBJsiollieMy 60JbLIHHCTBY JII0JIEH, HMEIOLIMX BO3pacT GoJiee TPEX
Jet) u T. 1. KoHeuHo, J1060e U3 GOJbILMHCTB, O KOTOPbIX HIET peub, A0JAKHO
ObITb pa3yMHbIM, Belb Kakod 0ObEeKT HM BO3bMH, OH 3aBeJOMO He MpHHAl-
JIEXKHT K MOJIABJA0LIEMY OOJILIIMHCTBY, 00pPa30BAHHOMY BCEMH OCTaJIbHBIMH,
OTJIMUHBIMM OT JAHHOTO, 06bEKTaMH.

MbI MCXOIMM W3 HHTYMTHBHOTO TPECTaBJEHHS O TOM, UTO CJIydaHHbIH
00'beKT Jl0/2KeH 06J1a1aTh CBOHCTBOM TUNIHUHOCTH. Halua 1enb — nath cTpo-
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roe mMaremaTHyecKoe OrpejeJieHHe 3TOro CBOHCTBA ISl MOCJ€e10BaTeNbHO-
CcTell HyJled M €MHHUL [PU PABHOMEPHOM paclpejiesieHUH BEPOSITHOCTEH Ha
npocTpaHcTBe §2 Takux nocJenoBatesibHocTel. [locsenoBaresibHOCTH, yi0-
BJIETBOPSIOLLIME 3TOMY CTPOrOMY OMNpe/esieHHIo, Mbl OyJieM Ha3blBaTb MUMLL-
yecKumu, OCTaBJIsAsl CJIOBO MUNUYHOLL ISl yNOTPEOJEHHUS HA HHTYUTUBHOM
ypoBHe. B cusy ckazaHHOro Bbillle, HAM HaJ0 OMNPE/eNUTb CrepBa, UTo ecTh
nojasJsiioliee 60JbIIMHCTBO NMOC/E0BATENBLHOCTEN, a 3aTeM — KaKue 60J1b-
ILIMHCTBA CJIeJlyeT CUMTAaTh PAa3yMHBIMU. A TOT/a KJace TUITHYECKHX TTOC/IeN0-
BaTeJIbHOCTEH aBTOMAaTHUECKH ONPEEINTCS KaK NepeceyeHne BCeX pa3yMHbIX
6OJILLLIMHCTB.

OcraBasis TePMUH «MOJABJsIOUIEe OOJBIIHHCTBO» ISl UHTYUTHBHOTO
yrnotpebJ/ieHust, Mbl OyJleM TOBOPUTb O OOAbULUX MHOXKECTBAX MOCJEN0-
BatesbHOCTEd. [lonosiHeHre K 60JbLIOMY MHOXeECTBY 10 Bcero {2 Oynem
HasblBaThb Masvim. OUeBMAHO, AOCTATOYHO ONPENE/HTb, UTO Takoe MaJjoe
MHOZKECTBO, a TOTAA OOJbLIME MHOXKECTBa OINpeessATCs Kak AOMOJHEeHUs
K MaJlbIM.

Hrak, nycTb JaHO KaKoe-TO MHOXKECTBO MocJeoBaTesbHOCTeld @ C €.
Mb1 X0THM ornpenenuTb, Korjga ero cjeayer CuutaTb Maavim. B tepmuHax
TEOPUH BEPOSITHOCTEH Mbl cKasaju Obl, 4To () MaJsioe, KOJib CKOPO BEPOSIT-
HOCTb T0MafiaHusl B () paBHA HyJo. B TepMHHax TeopHu Mepbl Mbl CKasaJju
Obl, UTO () MaJsioe, KOJib CKOPO OHO MMEeET Mepy HyJb. Mbl, 0/lHaKoO, ocTapa-
eMCsl ONPEJIEIHTD, UTO TaKOe Majioe MHOXKECTBO, B 6oJiee MPOCThIX TePMHUHAX.

MHoxxecTBO () HA3bIBAETCS MAA6IM, €CJIH €70 MOXKHO MOKPbITh LIapaMH,
cymMMa 00bEMOB KOTOPBIX CKOJIb YrofiHO Majia. Ornpesie/ieHHIo Majoro MHOXKe-
CTBA MOXKHO 1aTh TaKyl0 (OPMYJHPOBKY: MHOKECTBO () HA3bIBAETCS MAAbIM,
€CJ/IM VIl KaXKI0ro HaTypaJibHOrO YncJ/a 1M HalIETcs Takas 1ocJ/e10BaTelb-
HOCTDb JiBOMUHBIX ¢/10B (x(1), x(2),...,x(n),...), uto

Q - U Qx(n);
n

|
D v Q) = ;2_”(")‘ <

n

OueBuIHO, KaXK1as OT/esIbHAs M0C/e10BaTeIbHOCTb U3 ) obpasyeT ma-
Jloe MHOXKECTBO, a TMOTOMY MOHsITHe GOJILLIOr0 MHOXKECTBA He MOXKET Ipe-
TEHJ0BAThb HA POJIb YTOUHEHHS MIOHSATUS pasymHoeo GoJblurHeTBa. [lepece-
yeHHe BceX GOJIbIIMX MHOXKECTB TYCTO.

«PazymMHOCTb» BBOAMTCS MYTEM CJIEMyIOLIEH KOPPEKTUPOBKU OIPEIE/IeHHs.

Bo-nepBbix, norpeGyem, utoGbl yIOMUHAEMAsi B OMPEIEJIEHHH MOCJEN0-
BaTe/IbHOCTb ABOMYHBLIX cyioB (x(1),x(2),...,x(n),...) Obuia BBIUYMCJUMOH.
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Jlnto tperbe: TUMMUHOCTB

Hpyrumu ciioBamu, Mbl TpeGyeM, UTOObI CyLIECTBOBAJ aJIFOPUTM, BbIUKCJISIIO-
1M €€ n-# wieH x(n) no ero Homepy 1.

Bo-Bropbix, notpefyeM, utobbl Takasi BBIYUCIUMAsT TTOC/IEA0BATENBHOCTD
He MPOCTO CYLIECTBOBAJIA JJIsl KAXKIOTO /11, HO CTPOUNIACh Obl 110 STOMY 11 3¢h-
¢exmusno. Cj10BO «3(PPEeKTUBHO» 03HAUAET € NOMOWBIO AN20PUMMA.
31ech HeoOXONUMbl pazbsicHeHHs. [lesio B TOM, UTO aJrOpPUTM, MOJydaio-
M HA BXOJ M W BBIAIOLIME Ha BbiXoje TpeOyeMylo MOC/el0BaTebHOCTD,
HEBO3MO2KEH MPOCTO MOTOMY, UTO MOCJE0BATENBHOCTh — 3TO GECKOHEUHBIH
00BbEKT, a aJTOPUTMbl OTEPUPYIOT JIHIIb C KOHEUHBIMH oO0bekTamu. OnHa-
KO B HallleM CJiyuae, MOCKOJIbKY MOCJ/eI0BaTeNbHOCTb BbIUHCAMMA, TO Y Heé
€CTh aJIrOPUTM, KOTOPbIH €€ BBIUKCJISIET, A2KE OU€Hb MHOTO TAKHX AJITOPUT-
MOB. AJITOPUTMBI (B IPYroil cUCTEME TEPMUHOB — TPOrPaMMbl aJrOPHTMOB)
SIBJISIIOTCS] KOHEUHbIMU OO'bEKTAMH, U [OTOMY BIIOJIHE OCMbIC/JIEHHO FOBOPUTh
006 asropuT™Me, KOTOPBIH MO YHCJy /72, TIOCTYMHBILEMY Ha €ro BXOJ, BbIAAET
Ha BbIXOJle OJMH M3 aJrOpUTMOB (B JPYroH CHCTEMe TEPMHHOB — OJHY H3
MpOrpamMm), BLIUHCJSIOLIUX MocenoBatenbHocTb (x (1), x(2), ..., x(n),...).

Brecsi B onpejiesieHre Majgoro MHOKECTBA 3TH [Ba 0OABJIEHHsI, Mbl [10JTy -
yaem orpejeeHne IPheKmil8HO MAA020 MHOKECTBA, & TeM CAMBIM, U OTpe-
Jlenenne aghpexmusro 6oavuioeo MHOXKecTBa. [lepeceuenne Bcex addex-
THBHO GOJIbIIMX MHOXKECTB OKasblBaeTCsi HEMycThIM. DoJiee Toro, oHo ca-
MO siBJisieTCsl 3PPeKTUBHO GOJbBIIMM. DTO HaWMeHblllee cpely 3(PPeKTHBHO
GOJIbIINX MHOXECTB U €CTb HcKoMoe MHOXKecTBO T Bcex munuueckix mno-
CJIeIOBATELHOCTEH.

Tunnueckne mnocsenoBaTe/bHOCTH HA3bIBAIOT TAKXKE CAYUAUHbOIMU MO
Mapmun-JIéchy — no umenu yuenuka Kosmoroposa, 3ameuaresbHOro
uiBesickoro maremaruka Ilepa Maprun-Jléga, kotopeiit B 1966 1. cdop-
MYJIHPOBAJ TOJIBKO YTO HM3JIOXKEHHOE OMpeje/ieHne THUIIMUYHOCTH B KAueCTBe
CTPOroOro yTOUHEHHs! TIOHSITHST CJYYailHOCTH.

Kaxk yxke rosopusoch, kiaace T Bcex THMHUECKUX M0CJIEA0BATENbHOCTEH
coBnazaer ¢ kaaccoM C BCeX XaoTHUECKHX MOCJEN0BATENbHOCTEH:

T=C.

[ToaTomy, KaK y»Ke TOBOPHJIOCH, THITHUECKHE MOCJIE0BATENLHOCTH MOYKHO
UMEHOBATb TAKXKE XAOMUHUCCKO-MUNUUECKUMI WIH MURULYCCKO-XA0MU-
YyeckuMmi, a caM KJacC BCeX TaKHX rocJegoBaTesnbHocTell o6o3nauats CT
uau TC.

Kak mbl yxe 3Haem,

CTCS, CT#S.
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Jluo yerBéproe: HenpenackasyemocTtb

Bor Hauasno «/IBenaauatu crysnbeB» Miabda u [lerpoBa: «B yesnHom ro-
pone N Obl10 TaK MHOIO NapUKMaxepcKUX 3aBelleHHH W 610pO MOXOPOHHBIX
MPOLECCHH, UTO Ka3asoCh, XKUTEIHU TOPOJA POKAAIOTCA JHIb 3aTeM, UTOObI
NnoGPUTbCS, OCTPUUBCS, OCBEXKUTH TOJIOBY BexKerajseM W ymepeTb». CyxKje-
HHe oCTaéTcsi BepHbIM, ecyi 3aMeHuTb N Ha MoCKBY, napukmaxepckue Ha
3aJlbl HTPOBbIX aBTOMATOB, MOXOPOHHbIE OIOPO HA KA3HHO, a Lesb POXKIEHHS
Ha «Urpatb». JTOT NevalbHbli (HaKT, 0OHAKO, MO3BOJISET HAMVISAHO 00bsC-
HUTb TO CBOHCTBO CJIyUaiHbIX 110CJe10BaTE/NbHOCTEN, KOTOPOE Mbl Ha3blBaeM
HeMNpeCcKa3yeMoCThIO.

WHTYUTHBHO SICHO, UTO BCSIKasi CyyuakiHasi oc/ie10BaTe/IbHOCTb SIBJISETCS
Henpedckasyemoti B TOM CMbICJIE, UTO B KAKOM Obl MOPSJIKE Mbl HU BbIOH-
paju e€ ujieHbl, 3HaHUE 3HAUEHWH y:Ke BbIOPAHHBIX UJIEHOB He IM03BOJISIET
npejcKasarbh 3HaueHWe TOro CJeyIOLLEro uieHa, KOTOPbli Mbl HaMepeBaemes
BbiOpath. Takum o6paszom, KasuHo, obsanatoliee Takoi MocJ/ea0BaTesNbHO-
CTblO U Mpejnaratollee Vrpoky yraiapiBath €€ ujieHbl M JeJaTh MPH 3TOM
JIeHEXKHbIEe CTABKH, He pa3opuTcst; roBops GoJiee TouHo, KasuHo yBepeHo, uto
Hukakoi Mrpok He moxkeT o6/aiaTh TaKoW CTpaTerueil Urpbl, KOTopas Mpu-
Be/IET K pasopeHuto KasnHo, Kakum Obl KaMTajgoM OHO HU obJiaziajo.

HenpenckasyemocTb Kakoi-a160 M0C/ae10BaTe/NbHOCTH, TAKUM 00pa3oM,
onpejiesiseTcsi B TePMHUHAX Wrpbl, KOTOpylo Mrpok BeaéT mpoTuB o6Jjanaio-
IEr0 3TOH MOCJIEN0BATENLHOCTbIO KasuHO, WM, i KPATKOCTH, NpOMuU8
darnnol nocaedosamesbHOCmu.

Urak, npencraBum cebe, uto Mrpok npuxoaur B Kasuno. Kaxnas u3
ctopoH — M Kasuno, u Mrpok — o6JiaaeT cBOMM HauyaslbHbIM KaluTaJoM.
KasuHo pacrnoJiaraer HeKOTOPOH (PUKCUPOBAHHOM, HO HeudBecTHOH Mrpoky
MOCJIE/IOBATENLHOCTBIO HyJled W eIMHUL U npeaiaraet Mrpoky npeackasbi-
BaTb €& ujieHbl — He 00653aTeJIbHO B MOHOTOHHOM TOPSIIKE UX CJIeOBaHUS
1 1axe He 00513aTe/IbHO Bee e€ ujleHbl.

st HarJI AHOCTH MpeacTaBuM cele, UTO UJIeHbl 0C/Ie10BaTENbHOCTH Ha-
NHCaHbl Ha KapTax, KOTopble Jiexat pyballikaMu BBepX, Tak uto Mrpok He BU-
JUT, uTo TaMm HanucaHo. [locsenoBaresnbHocTh Tpencraér nepen Mrpokom
B BuJe OECKOHEUHOro psja Takux kapT. Mrpa cocrout B Tom, uto Mrpok
Ha KaxXKJ10M CBOEM XOJy YKa3blBaeT Ty KapTy, KOTOpasi A0JKHA ObITb OTKPbI-
Ta, OJHOBPEMEHHO IIpeJicKasblBasi 3HauUeHHe, KOTOpoe 0OHAPYKUTCS Ha 3TOM
Kapre, 1 00bsIBJISIS pa3Mep JeHeKHOH CTaBKH. Eci npeackasaHue okaxkeTcst
npaBuJbHbIM, KasuHo BbinsaunBaet VIrpoky cymMy CTaBKH, €CJIH HEMPaBUJIb-
HbIM — Mrpox BbimuiauuBaer 3ty cymmy Kasuno. Cuuraercsi, uto Mrpok
6oLuepa, eciv oH cymes pazoputh Kasuno. Pasymeercs, ecan Mrpoky or-
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KPbIT HEOTpaHHUEHHbIH KPEJHUT, OH BCEr/ia MoxKeT pa3oputh KasuHo, yapauas
ctaBku. Ho urpa uaér Ha HajuuHble, TaK UTO BeJMUMHA CTABKHM OrpaHHueHa
TeKyLUM KanurajoM Krpoka.

[TocsienoBaTe/IbHOCTb HA3bIBAETCSl 1pedcKka3yemoti, ecyau CyLIeCTBYeT
BBIMIPLIBAIOLLIMI AJTOPUTM HUIPbl. BoiuepoLsaroujum Mbl Ha3blBaeM aJropuT™
CO CJIEYIOLMM CBOMCTBOM: KaKMM Obl Haua/bHbIM KamuTtajoM HH 06JanaJjo
KasuHo, oHo paHo uiau nosaHo OyneT pazopeHo, ecyiu Mrpok NpUMeHHT 3TOT
ajroputm. [locsienoBaTe/IbHOCTb HA3bIBAECTCSl Henpedckasyemot, ecyii oHa
He fIBJIIETCS TMpecKa3yeMon.

Ha maremaTHueckoM s13blKe CHTyalMsl ONMChiBaeTcsl Tak. Paccmatpuba-
eTcst 6eCKOHEeUHast MocJ/1e/10BaTeNIbHOCTb HyJIeH M eIMHULL

a={(aj,aeas,...).
[Tpu kaxkaom xojae Mrpoka Bo3HHKaeT TPOKMKa Ynced
(n,i,0),

rae
neN, ie{0, 1}, veQy, v=0.

CoJnepakaTesibHO: HaTypaJibHOE UMCJIO /1 €CTh HOMEP TOTO WjeHa MocJ/ea0Ba-
TEJILHOCTH, HA KOTOPbIH JIe]1aeTCsl CTaBKa; [ eCThb NpecKasbiBaeMoe 3HaueHue
9TOr0 UJIeHa; HEOTPULATEbHOE PallHOHAJIbLHOE UUCJIO U €CTh pa3Mep CTaBKH.
XoJbl lesatoTes ApyT 3a JPyroM, HaukHasi ¢ epBoro; TPokkKa, BO3HUKatoLast
Ha k-M xopy, o6osnauaercsi (n(k),i(k),v(k)). Bosee matematuuecku rpa-
MOTHO OblI0 Obl CKa3aTh, YTO KaxKIblH XOJ ecmo TPOHKA YUCes M UTO XO[bl
He JleJ1aloTes, a npedvA8ALI0MCA.

Kanutan Mrpoka nepen 2-m xonom o6osnauaetrcs V(k — 1). bes orpa-
HHUeHHs1 OOLLIHOCTH MOXKHO CUMTaTh, YTO HauaJbHbIH Kanutasa Mrpoka paseH
enunute: V(0) = 1.

[Tocsie xaxnoro xona kanutas Mrpoka meHsiercsi (ecjiM TOJBKO CTaBKa
He Oblja HyJ1eBOH). A HMEHHO:

o ecin i(k) = anpy (Mrpok yragan), To V(k) = V(k — 1) + v(k);
o ec i(k) # anp (Urpok ne yranan), To V(k) = V(k —1) —v(k).

M ewé na npubaBJ/ieHUsl K CKa3aHHOMY.

Bo-nepBbix, X0/bl ObIBAOT KOPPEKMHble U HEKOppeKmHble, U UTOObI
urpa npojoJsKajach, Heo6X0UMO, UTOObI X0/ OblI KOPPEKTHbIM. A HMEHHO,
k-1 X0 cuMTaeTCsl KOPPEeKMHoLM, €CJM BbIOJHEHbI 00a HHXKeCJeayIolle
Tpe6GoBaHUS:
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1) HOMep OTKpbIBAEMO KapThl KOPPEKMEH: 3TO 3HAUHUT, UTO ToJIexKallast
OTKPBITHIO KapTa He Obljla y2Ke OTKpbITa paHee, T.e. n(k) He coBnajgaer
HU ¢ ofHUM U3 uuceds n(l),...,n(k —1);

2) nenaemasi IrpokoM cTaBKa KOppeKmHa: 3T0 3HAUUT, UTO OHA MeHblie
€ro Tekyllero kanuraja, 1.e. v(k) < V(k —1).

Ecan e xoTs1 6bl OJHO U3 ITHX Tpe6OBaHI/Iﬁ He BbIITOJIHEHO, XOJ CUUTAETCs
HEeKOPPEeKNHbIM.

OCHOBHOE ITPABHJIO OCTAHOBKMU. Ecan Mrpok coBepluaer Hekop-
PEeKTHBI X0JI, Urpa octaHaBsuBaercsi. [1pu atom Mrpok ocraérest npu ume-
IOLIeMCS y Hero K JaHHOMY MOMEHTY KaruTtajse — H, TeM CaMbIM, 3aBeJI0OMO
He BbIUTPbIBAET.

Bo-BTOpbIX, He MCKJIOUAETCsl BO3MOXKHOCTb Toro, uro Krpok BooGuie
He JieJlaeT OUepEeNHOTO Xoja (Jlaxke camoro nepBoro xonal), ¥ B 3TOM CJy-
uyae Mrpok Takyke OCTa€Tcsl MpH HMEIOLIEMCST Y HEro K JaHHOMY MOMEHTY
KanuraJse W, KaK U B CcJyuae HEKOPPEKTHOro XO/a, 3aBElOMO He BbIUTPbIBA-
eT. OZlHaKo B 9TOM cJjlyyae — B OTJIMUME OT CJlyyasi HEKOPPEKTHOroO Xo1a —
Mbl M30eraeM BblpaxKeHHsl «Mrpa OCTaHaB/JHBaercsi». Ilejo B TOM, 4TO CH-
TyalHI0 HeJleIaHUs XOAa MOXKHO HarVISIHO TPeACTaBUTb cebe CJeyoLIUM
obpasom. [Tepen kaxkapiM cBouM xo0M Mrpok pelaer, Kakoi xo1 emy cJe-
ayer ciaenatb. Pelenue tpeOyer o6mymbiBanusi, 1 Mrpok Gepér Bpemsi Ha
o6nyMblBaHHe. Bpemsi 3T0 HHUeM He OrpaHMYEHO, W MPOLLECC Pa3MbILLIEHHS
MOXKET 3aTAHYTbCA 10 OeCKOHeUHOCTH. B TeueHHe BpeMeHH 061yMblBaHHs
xoja Kanutas KMrpoka He mensiercsi. [Tostomy ecsin Mrpok Hu 3a Kakoe Ko-
He4yHOoe BPeMsi He TPUHUMAeT pellieHHsl O CBOEM XOJle, ero KaruraJg 3acThbiBaeT.
B stom cayuae Bbiurpeiia Mrpoka npousoiiTu He mMoxkeT. OJHAKO B 3TOM
cayuae (B OTJIMUME OT cJlydasi HEKOPPEKTHOTO XO/1a) He HACTyNaeT MOMEHTa
OCTaHOBKH WIPbl, KOO HUKOTIJA He MOCTynaeT CUrHaja o6 ocTaHoBKe. Takum
00pa3oM, y UIpbl €CTb TPH BO3MOXKHbBIX clieHapHs pa3BuTusi: 1) Mrpok nenaer
GeCKOHEUHOe UMCJ/I0 X0/0B; 2) Mrpok jesaer Jiulib KOHEUHOE UHUCJIO XOJIOB,
1 MPUUHHON ITOTO CJY2KHUT TO, UTO OblI CllelaH HEKOPPeKTHbIH xox; 3) Mr-
POK JIeJ1aeT JIMIb KOHEYHOE YUCJIO0 XOJ0B, U MPHUUHHOH 3TOTO CJAYKHT TO, UTO
Ha KakoM-To 3Tane urpbl Mrpok He B COCTOSIHMM NMPUHTH K peLieHHio 00
ouepesHOM Xojie. Pagymeercsi, cKazaHHOe HOCHT MJJIIOCTPATUBHbIA Xapakrep,
¥ MaTeMaTHUeCcKoe ONUCaHHE He BKJI0YaeT B cebsl CChIIKY Ha TaKHe MOHATHS,
KaK «peliaTh», «06AyMbIBATb» U T.II.

[To onpenenenuto, Irpok gotuepoisaem (npu urpe npoTus a), ecju

sup V (k) = +o0,
k
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T. €. €CJIh
YW 3k V(k) > W.

Cojiep:karesibHo 3T0 03Hauaet, uto Mrpok pasopsier Kasuno, kakum 6b1 uc-
xoaHbIM Kanurajiom W Kasuno uu o6sagano. Ouesuano, uro Mrpox B co-
CTOSIHAH BBIUTPATh JIMIIb MTPU YCJIOBUH, UTO BCAKUH pa3, KOraa emMy MpeacTOUT
JIeJ1aTh XOJI, OH €ro Je/1aeT U ITOT XOJl OKA3bIBAETCS KOPPEKTHLIM.

Kak Boirsiss it urpa, Mol onucasu. [lepeiiiém Tenepb K MOHATHIO CHCTEMbI
Urphbl, Wik cmpameeut. CMbICJ CTPATErdy B TOM, UTo6bl M36aBUThL Kirpoka ot
HeoOXOJMMOCTH CaAMOCTOSITe/IbHO IPUHUMATh pelleHus: cTpaTerust 6epér sty
cdhyHkuuio Ha cebsi. Ctparerusi eCTb NPaBUIIO, JIJIST KaXKJ0T0 X0J1a YKa3blBato-
iee MIrpoky, Kakoi Ha 3TOM X0y OH JIOJI?KEH ClIes1aTh X0 (T. €. KaKyt0 TPOUKY
npejbsiBuTh). Pagymeercsi, cTpaTerdsi BbIaéT Takoe yKazaHue JIMlib B TOM
cJlydae, ecyid XOJ| J0JKeH ObITh cliesiaH. Bblille yxke oTMeuasach BO3MOXK-
HOCTb TOTrO, UTO HHKAKOTO XOJa He JeJaeTcs; B 3TOM CJlyuae, eCTeCTBEHHO,
CTpaTerust He BblJIaéT HMKAaKoOro ykasauusi. [Ipu ykasanuu xoja crparerus
OMUpAaeTcsl Ha BCIO MPEILECTBYIONIYI0 UCTOpHIO uUrpbl. VcTopusi ke urpel
COCTOMT U3 BCEX YK€ CHeNaHHbIX K pacCMaTPUBAeMOMYy MOMEHTY XOJIOB U U3
BCEX CTABIIUX YK€ U3BECTHBIMU UJIEHOB MOCJe10BaTENbHOCTH. Mbl JUlIb TO-
TOMYy He BKJIOUaeM B MCTOPHIO Urpbl HHGoOpMaluio o Kanuraie KMrpoka Ha
KaX/Iblil MOMEHT, UTO 3Ta HH(OPMAlMs JIETKO BBIYUCJSIETCS M3 TOJbLKO UTO
MePEUUC/IEHHbIX CBEJIEHUH.

Takum 06pazom, UCTOPUIO UTPHI [TEPE]] R-M XOJI0M MOYKHO 3aricaTh B BUjiE
TabJIMLbL:

n(l) n@) ... nk—1)
i) i@ ... i(k=1
v(l) ou(2) vk—1)
Any An@) ---  Qnk-1)

(ecm k =1, Tabonua nycra).

Ha martemaTtnueckoM si3bike cTpaTerusi ecTb (DyHKIMsI, KOTOpasi KaXKa0H
nopo6Ho# Tab/ule (B TOM ydcJjie MycToi) JiMGO HUYEro He CTABUT B COOT-
BETCTBHE, JIMOO CTABUT B COOTBETCTBUE HEKOTOPLII X0, T. €. TPOUKY (1, i, V).
[Ton «kaxkaoi nojgo6HOH TabJulel» Mbl MOHHMAeM OTHIOJb He TOJIbKO Ta-
Kyto TabJidlly, KOTOopasi OTpakaeT peaJsibHOE TeUueHHe UrPbl, a MPOU3BOJbHYIO
TabJMLYy, B KOTOPOH B MEPBOH CTPOKE CTOAT MOJIOKHUTEJbHbIE LieJible UucJa,
B TpeTbell — HeoTpHlaTe/IbHble palliOHAJbHbIE UHCJA, a BO BTOPOH U UeT-
BEPTON — HYJIH U €UHULIBL.

Ecau tabyuua peajibHO BCTPETUJIACH B Mpoliecce Urpbl (B KauecTBe UC-
TOPHUHM WUTPbl Ha KAKOM-TO 3Tarle) M ecJi 3ajlaHa CTparterus, To repBble TPH
CTPOKHM TabJIMLbl OJIHO3HAUHO BOCCTAHABJIMBAIOTCS M0 €€ UeTBEPTOH CTpOKe.
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B camom nesie, mpuMeHeHHe CTpaTEruu K MyCTOH Tabjule NaéT HaM MepBbIi
xon (n(1),i(1),v(l)). Tem cambiMm — MOCKOJIbKY 4eTBEPTAsi CTPOKA MPEATIO-
JlaraeTcsl U3BECTHOW — MBI 110Jy4aeM HCTOPHIO MIPbI Mepejl BTOPbIM XOA0M
B BH/E TaOJHLbI

Tenepb Kk 310l Tabsulle CHOBA PUMEHSIEM CTPATETrUI0, MOJyuaeM BTOPOH X0/
(n(2),i(2),v(2)) u rabnuwy

n(l) n(2)
i1 i2)
o(l)  v(2)
An(l)  AnQ),

W TaK jaJjee.

CkaszaHHoe TaéT HaM MpaBo MPH ONpeeseHUH CTpaTerud OpaTh B Kaue-
CTBE aprymMeHTa He BCIO TaGJIHIl B 1IeJIOM, a JIMIIb €& YeTBEPTYIO CTPOKY.
3aMeTuM, 4To B 9TOH UETBEPTOH CTPOKE CTOMT JIBOMUYHOE CJIOBO, T. €. JE€MEHT
MHOKecTBa =. CTparterusi J0/KHA, UMesl 3TOT 3JIeMEHT, W/ He BblJaBaTh
HUUEro, WM BbIIABATb XOJ, KOTOPLIA €CTb TPOWKa, T. €. 3JeMEeHT JeKapToBa
npoussefenust N x {0, 1} x Q. 3neck cumBosiom Q1 0603HaUEHO MHOXKECTBO
BCEX HEOTPHLIATENbHBIX PALMOHAJBbHBIX UHCEJ.

Mbl NpPUXOAUM K OKOHUATEJLHOMY OMNpEJeNEeHHIO TIOHATHS CTpPATEruu:
cmpameeus eCTb 0TOOPaXKEHHE HEKOTOPOro MOJMHOXKECTBA MHOXKECTBA =
BCeX JIBOWUHBIX CJIOB B ieKapToBo npousseneHne N x {0, 1} x Q4

= Nx{0,1}x Q..

Jloist Haumx tesielt ocoOblil MHTepeC MpejCTaBJ/sieT c/aydai, Korjaa yka-
3aHHOe OTOOpa)KeHHe 3alaéTcsl KaKUM-TO ajroputMom. [losicHuM, uTo 3TO
3HauuT. [1ycTh A — a/ropuT™, Ha BXOJ KOTOPOTO MOTYT MO/IaBaThCs SJeMEH-
Thl U3 MHOXKeCTBa X, a Ha BbIXOJIe MOJIyUaloTCsl 3JeMEeHThbl U3 MHOXKecTBa Y.
B mHoxecTBe X BblaensieTcsi 004acmo pe3yromamusHocmu aaropurmMa A,
COCTOSIIIAsT M3 TeX U TOJBKO TeX 3JIeMEeHTOB, B MPUMEHEHHH K KOTOpPbIM A
naér pesysbrar. Anroputm A 3adaém cienyiolee oTo6paxeHne: 06/1acTb
onpeiesIeHHs1 3TOro 0ToOpaKeHHsl COBMALAET ¢ 00JIAaCTbIO Pe3yJIbTaTUBHOCTH
aJrOPUTMA, U JIIS1 KaXKJI0TO 3J1eMeHTa 3TOH 06JIaCTH 3HAUeHHe 0TOOPaXKeHHs
Ha TOM 3JIeMEHTe COBMAJaeT C TeM Pe3yJbTaTOM, KOTOPbIH MoJydaercs Mpu
NPUMEHEHUH aJTOPUTMa K 3TOMY 3JIEMEHTY.
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EcJsin cTparerust 3ajana KakuM-To aJropuTMOM, OHa Ha3bIBAETCS BblYLLC-
aumoti. (Ecnu nopath Ha BXOJ 3a/alOlLEro CTPATErdio ajropuTMa TaKylo
UCTOPHIO UIPbl, VISl KOTOPOH OuepelHOl X0l He OonpeiesiéH, TO ajlropuTM
paGoTaer Ha 3TOM BXOje OECKOHEUHO J0JIr0, He MPUXOAs HU K KaKoMy pe-
3yJibTaTy, HO W He BbllaBasi cooOllleHue 00 OTCYTCTBMH TakoBoro. dra 6ec-
KOHeuHasi paboTa aJropuT™Ma Kak pa3 ¥ NMPOUCXOIUT 3a TO B3siToe Mrpokom
Ha oOJyMbiBaHHe GECKOHEUHOE BpeMsi, O KOTOPOM FOBOPHJIOCH BHILLIE. )

Crparterusi HagblBaeTcsl guiuepolearowjeti 041 nocaedo8amesbHOCm a,
ecsau MIrpok, npuMeHsIIOLLMI 3Ty CTpaTeruio B Urpe MpoTHB a, BbIMIPHIBAET.

[TocsienoBaTe/IbHOCTb HasblBaeTCsl npedckasyemor, ecau ais Heé cy-
LIECTBYET BBIMIPHIBAIOLIASA BbIUMCJAUMAS CTPATErUS, U HENPEOCKA3yemMoil —
B MPOTHBHOM cJyuae. Kyacc Bcex HempeackasyeMbiX MOC/eI0BATENbHOCTEN
o6o3nauaercst 6ykBoil U.

M3BecTHO, UTO BCsiKasl HelpeacKasyemas ocJie10BaTe/IbHOCTb SIBJISETCs
cToxactuyeckoil no KoJsiMoropoBy (nmpuHamIexKHUT Kjaaccy S) v uTo Besikas
TUMHUECKO-XA0THUECKAs MOCJAeI0BATENbHOCTD (IOC/IE10BATENbHOCTD KJlac-
ca CT) Henpeznckasyema:

CTcucs.

M3BecTHO TakxkKe, UTO KJacC CTOXacTHYeCKHUX 110 KoJimoropoBy nocseno-
BaTEJIbHOCTEN CYLIECTBEHHO LIMPeE KJacca HenpeacKasyemblX:

S £ U.

OTKprTbIM ocTaércs BOIIPOC O COBIaA€HHWH KJaCCOB XaOTHYECKHUX (OH XKe
KJlacc TI/IHI/ILIECKI/IX) W HernpeacKkasyeMbIxX MocJieJ]0BaTe/IbHOCTEH:

CT < U.

Ata BaxkHasa npobsemMa KIAET CBOEro pelLleHUs.

O 6e30CTaHOBOYHBIX CTpaATETHsIX

EcJ/in urpa HUKOT/Ia HE OCTAHABJIMBAETCS, OHA HAa3blBaeTCs 6€30CMaro-
gouroi. Crparerusi Ha3biBaeTCsl OE30CMAHOBOUHOL, €CJH, KaKoBa Obl HU
Obl1a MOCJe0BaTe/IbHOCTb, IPUMEHEHHE MPOTHUB He€ 3TOH CTpaTerHd MpH-
BOJMT K 0€30CTaHOBOUHOU urpe. B onpeneseHun npeackasyeMoCcTH MOKHO
OTPaHHUUTLCS OE30CTAHOBOUHBIMH CTPATETHSIMM M 1aTh TAKyl0 PaBHOCHJIb-
HYI0 (DOPMYJIMPOBKY: MOCJEI0BATENbHOCTb Ha3blBaeTCs npedckasyemoll,
ecJ/i /151 Heé CYLIeCTBYET BbIMIPBIBAIOLLAS BblUMCJAMMAsi 6€30CTaHOBOUHAS
ctpaterust. UtoObl yOeanTbCsi B paBHOCHJbHOCTH, JIOCTATOUHO OOBSICHHTH,
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KaK MOKHO aJilrOpUTM A, 3aJ1al01I1il BBIMTPBIBAIOLIYIO CTPATETHIO, TTEPEieIaTh
B asroput™M B, 3apaiouwmii BbiMrpbiBaoliyto 6€30CTaHOBOUHYIO CTPaTerHio.
Takasi nepezesika ocyulecTs/siercsi BecbMa rnpocto. CriepBa 1Mo NoCTyNHB-
1LIeMy Ha BXOJ| airopuT™Ma A TBOHYHOMY CJIOBY BOCCTAHABJIMBAETCS MCTOPHUS
UrPBl, YTO T103BOJISIeT 3HAThb KAaK HOMEpa BCeX OTKPBITBIX paHee KapT, Tak
¥ BeJHUMHY Tekyllero kanurana Mrpoka. 3aTemM BCsiKME XOJ, MPeANUChIBA-
€Mblil HCXOJIHBIM aJIFTOPUTMOM A, MpoBepsieTcst Ha KOPPEKTHOCTb, U €CJIM OH
OKa3blBaeTCsl HEKOPPEKTHbIM, TO HOBbIH anroput™ B Hukakoro xoma He BbI-
JIaéT, a oObABJACTCS He OMNpeleJéHHbIM Ha YKa3aHHOM JBOWUYHOM CJIOBE.

O60061eHe HA BbIYMCJAUMbIE pacnpeneaeHus
BEpPOSITHOCTEM

o cux nop, aist NpocToThl U 6OJIbLIEH HAMVISIAHOCTH, Mbl OTPaHHUMBAJIHCh
CUTyallMel, Korjaa Ha npocTpaHcTBe §) BCeX ABOMUHBIX MOC/E10BATE/NbHOCTEN
ObUIO 3aJ1aHO PABHOMEPHOE pacnpedenerue sepoamHuocmeli. Bce oCHOB-
Hble ujeH OblIM BUAHBI HA NPUMEpPe 3TOH npocTeiiluel cutyauuu. st nomHo-
Tbl KAPTHHBI Mbl HAMEPEHbI PACCMOTPETD Ternepb 0OLILyI0 CHTyalllIo, KOrla Ha
npocTpaHcTBe {2 3a1aHO POU3BOJILHOE BbLUUCAUMOE pacnpedeserue epo-
amuocmedi. Uto 310 Takoe, GyleTr pa3bsiCHEHO Mo3xkKe. A cefyac Mbl XOTHM
CKa3aTb HECKOJIbKO CJIOB, HAIPaBJIEHHbIX Ha TO, UTOObI C/leslaTh H3J102KEeHHe
JIOCTYMHBIM U TakoMy UYuTaresto, KOTOPbIH He 3HAKOM ¢ OOLIMM MOHATHEM
pacnpedenerus 8epoamuocmets, Wi 8epOANMHOCIHOL Mepol.

[oBopsiT, uTO Ha MHOXKecTBe M 3anaHa mepa |, KoJib CKOPO, BO-TEPBBIX,
BblJle/IEH HEKOTOPbIH KJlacC MOJAMHOXKECTB MHOxKecTBa M, Ha3blBaeMbIX U3-
MepuMblMU, ¥, BO-BTOPBIX, KaXK/IOMY U3MepPUMOMY TTOJIMHOXKeCTBY A oTHece-
HO HeoTpHLaTesbHOE UnCo [U(A), Ha3bIBaeMoOe MepOLi FTOrO MOAMHOXKECTBA.
[1pu sTOM TpebyeTcs, UToObl BBIMOIHAINCH HEKOTOPblE aKCHOMBbI, MPUBOJIUTD
KOTOpble Mbl 3/leCb He OyJeM; OTMETHM TOJIbKO, UTO CJI€JICTBHEM 3THX aK-
CHOM $IBJIsieTCsl TaKoH hakT: oObeHHEHHe HelepeceKaloWUXcsi H3MEPUMbIX
MHOXKECTB H3MEPUMO M €ro Mepa paBHa CyMMe Mep 3THX MHOxKecTB. Ecin
W(M) = 1, Mepa Ha3bIBAETCS] BEPOAMHOCMHOL, WIN pacnpedeneHuen sepo-
amuocmeii. B sToM ciyuae u(A) comepKarenbHO TPAKTYeTCsl KaK BEPOSITHOCTb
TOTO, UTO CJIydyaliHO BbIOpAHHbBINH dJeMeHT MHOXKecTBa M nonanaet B A.

Kaxnasi mepa Ha ) xapakrepudyercsi MepaMu wwapoB. Tak, s paBHO-
MepHOro pacrpejeseHus (M TOJbKO 1JIsl Hero)

Vx € Z poimosneno w(,) = 27,

PaBHOMepHOe pacrpejiesieHe BEpPOSITHOCTEH Ha MpOoCTpaHCTBe ) OTBe-

yaeT TOMY CLIEHApHIO, KOTJa HyJIM U €MHHULIbl BOSHUKAIOT B MOCJ€e10BaTe/lb-
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O0600l111eHHe Ha BbIYUCIHMbIE pacnpeneneHus BepOﬂTHOCTeﬁI

HOCTH C PaBHbIMH BeposiTHOCTSIMU. BuxKafiiim o60611ieHHeM paBHOMEPHOTo
pacrnpesiesieHus siBjsieTcst pacnpedeserue bepHysiu, Win OepHysiuesckoe
pacnpedeaerue (Ha3blBaeMoe TakKe OUHOMUAAbHBLM), IPU KOTOPOM HYJIH
M €IMHULBl BO3HHKAIOT C BEPOSITHOCTBIO p Ul €IMHHLBI U BEPOSITHOCTBIO
| — p nas HyJs1; 9TO UMCJO p YCJOBUMCS HasblBaThb napamempom OGepHyJ-
JIMEBCKOTO pacripenesienust. Ecan napameTp paBeH o1HOH BTOPOH, MoJiyuaem
paBHOMepHoe pacrnpesesneHue. [oBops gopmasbHo, pacnpenenerue bepHys-
JIM ¢ apameTpoM p 3anaércst popmyJioi

w(Qy) = p*(1 — p)lI=F,

rjle B — KOJIHUEeCTBO eMHUIL B CJIOBE X.

CaienytoiiM 00001IEHHEM CJIY?KUT KJACC pacripeslesieHuil, KOTopble Mbl
OylneM HasblBaTb k8asubepryriuesckumu. IlycTb naHa nocsenoBartesib-
HOCTb JI€HCTBUTEJIbHBIX UHCEJ

p=(p().p@,....p(k),...),  O0< pk) <.

[Tpo pacnpenenenue yu 6GyfeM roBOPUTb, UTO OHO KBA3UOEPHYAMLEBCKOE
C napamempom p, €Cj JJisi BCAKOrO JBOMUHOTO CJIOBA X = (X[,...,Xp)
MMeeT MeCTO PaBeHCTBO

n
w(@) =[]

i=1
rne r; = p(i) npu x; = 1 ur;, =1 — p(i) npu x; = 0. Ha conepxaresb-
HOM YPOBHE 3TO 03HAYaeT, UTO eIUHULbI M HYJH TOSIBJSIIOTCS C MepeMeHHOH
BEpOSITHOCTBIO, 3aBHCSIIIEH TOJNLKO OT HOMepa useHa. lnisi sscHoCTH: GepHy.-
JIMEBCKOE paciipeieJieHre ¢ MapaMeTpoM p sIBJISIETCsT KBa3HOepHYJIIHEBCKUM
¢ napametpoM p = (p, p,..., p,...).

B 3T0#i ryaBKe Mbl yKaxkeM, KaK OTpefiesieHHsi CTOXaCTHYHOCTH, Xa0THU-
HOCTH, TUIIUYHOCTH M HENpeNCcKa3yeMOCTH AOJ/IKHbBI ObITb paclIUpeHbl st
oOLI1ell CUTYalUH 8bLYUCAUMORO pacnpedeneHus seposmuocmeti (4To 31O
Takoe, Oyler pasbsicHeHo Hixke). OObsIBUM HAMEpE, uTo MPU ITUX PACLIH-
PEHHBIX ONpPeJeJIEHUsIX JUIsi TPOM3BOJILHOIO BbIYHUCJAUMOrO pacrpeie/ieHust U
COXPAHSIIOTCSI Te 2Ke COOTHOLLEHHUSI, KOTOPbI€ OblIH BbIMHCAHBI BbILIE JJIsT CJTy -
yasi paBHOMEPHOTO paclipefiesieHHsl:

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

(mocJsieiHee BBIMOMHEHO MPH YCJIOBHH, UTO Mepa JI0GOro Liapa MoJI0KUTEbHA).
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3neck uepes C(u), T(u), U(u), S(u) coorBercTBeHHO 0GO3HAUEHBI Te
KJIaCChl MOCJIEI0BATENbHOCTEH, XAOTHYECKHX, THUIMHUECKHX, HeMpejickasye-
MbIX, CTOXaCTHUECKHX 10 KoJIMOropoBy OTHOCHTEJbHO pacrpeieseHus U,
KoTopble OyayT onpeneseHbl HWxke. (B Hawmx npekHuX o0003HAUEHUSX
C=Cn), T=T(m, U=Umn uS = S(n), rie n, ectb paBHOMEepHOE
pacrnpejeJsieHue. )

Ata rnaBka — s JobuTesnell 06001IEeHHH, U Mbl PU3bIBAEM yBaXKae-
moro Yuraressi nogymathb, CTOUT JIM €€ uduTaThb. Bo-nepBbiX, OHA HECKOJIBbKO
Tpy/Hee MpeablayluX ryaBok. Bo-BTopbiX, cama 3ajzaua o ¢opMyJUpOBKe
CTPOTOTO OMpe/iesIeHUs CyYalHOH MOCJe10BaTe/IbHOCTH AeJIaeTcs TeM MeHee
SICHOM, ueM 6oJiee OOLIMPHBIM CTAHOBUTCS KJIACC PACCMaTPUBAEMbIX paclipe-
nenenuil. Beab camo npejictapieHne o CAy4aliHOCTH UHAWBUIYAJbHOH MOCJ/e-
JIOBATENIbHOCTH HUMEET CKOJIbKO-HHOY/b SICHBIH MHTYUTHBHBIH CMbICJ JIHILb
JUIS TIPOCTEHLINX paclpelleleHHil BepOSTHOCTeH, TaKHX, KaK paBHOMEpHOe
1 ero GJivKaidie 06001LIeHHS.

BbluMciaumMble Mepbl U BbIUMCJIUMbIE pacnpeeseHust

Xotesioch Obl Ha3blBaTb Mepy |4 Ha MPOCTPAHCTBE §) BBIUMCIMMOMH, ecJu
CYLLLECTBYET TaKOH aJIrOPUTM, KOTOPBIH 110 KaXK10My ABOMUHOMY CJIOBY X J1aéT
Mepy u(€2y) wapa Q. OnHaKo ajJropuTMbl He MOTYT UMETb JIeJI0 C JeHCTBH-
TeJIbHBIMU YHCJIAMH, a TOJBKO C UUCJAMH LEJbIMH, PALMOHAJBHBIMU U T.T. —
CTPOTrO roBOPS, JIaxKe He C UHCJIaMHU, a C X UMEHAMH B BHJIE CJIOB B KAKOM-JIH-
60 (pUKCHPOBAHHOM KOHEUHOM aJjipaBuTe (C2080M B JaHHOM aJihaBUTE HA3bl-
BaeTrcsl J106asi KOHeyHasl 1lenouka, cocTaBpjeHHasi U3 OyKB 3Toro ajdabura).
Jlath ke MMeHa BCeM JEHCTBUTE/IbHBIM UMC/IaM HEBO3MOXKHO, MOCKOJIbKY 1S
Ka’KJI0r0 KOHEUHOTo asipaBuTa Bce ¢J0Ba B HEM 00pasyloT JiHllb CUETHOE MHO-
KecTBo. [1o9TOMY MOXKHO TpeGOBaTh JHILIbL HAJMUKE AIrOPUTMA, JAIOLIEro He ca-
MOE Mepy 1l1apa, a CKOJIb YrOJIHO TOUHOE pallMOHa/JbHOe MPUOJAKEHHE K Hell.

OkoHuareJ/ibHOE orpejesieHle TakoBo. Mepy U Ha3bIBalOT 8b/YULCAUMOL,
KOJIb CKOPO CYLLECTBYET aJIFOPUTM, KOTOPbIH JUIsl KaX/10ro JABOMUHOIO CJIOBA X
1 KaXKJIOTO MOJIOXKUTEJBHOTO PALHOHAJIBHOTO UMCJIA € BbIIAET TaKoe paldOHAIb-
HOE UHCJI0, KOTOPOe OTJIMUaeTcst oT Mepbl U(€),) mapa (2, He GoJee, ueM Ha €.

MHorna B onpeneseHre BbIUMCAUMOCTH BKJIOUAlOT ellé W TpeGoBaHHe
0 CYLLLECTBOBAHHH TaKOI0 a/JrOpUTMa, KOTOPBIH 1151 KaXKJ10ro ABOHUHOTO CJI0-
Ba X OIpejeJssieT, MMeeT JI MecTo paBeHCTBO U(§2c) = 0. Boluncaumble Me-
pbl, YIOBJIETBOPSIOLLME ITOMY AOMNOJHUTENLHOMY TpeGOBaHHIO (KOTOPOE Mbl
He BKJIIOUaeM B OrpejiesieHle BBIUMCIUMMOCTH), Oy/leM HAa3blBaTh CUAbHO Bbl-
YUCAUMBLMU. 3AMETHM, UTO U3 BBIUMCJUMOCTH Mepbl HE BbITEKAET, KAK MOIJIO
Obl 110Ka3aTbCsl, €€ CUIIbHAsH BLIUHCJUMOCTD.
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Bhlunciumbie Mepbl U BbIYUCJIMMbIE paclpeiesaeHus1

BaxkHbIM MOJK/IACCOM KJIACCA CHIILHO BBIUMCJHUMbIX Mep SIBJISIETCS KJace
BBLIUMC/JUMO-PallMOHaJIbHBLIX Mep. DyjieM Ha3bIBaTh Mepy 8ol 4UCAUMO-PAYLO-
HAAbHOLL, eCJIH Mepa KaKJIoTo 11apa eCcTh palHoHaIbHOE YHCJIO U CYLIECTBYET
AJITOPUTM, BBIYHCJISIIOLIMI 3Ty Mepy IO 3aJaHHOMY Iapy, T.e., Ha 6oJiee TOY-
HOM $13bIKe, aJrOPHTM, KOTOPBIH AJIsi KaXIOTO TBOWYHOTO CJIOBA X BBIAAET
Jpo6b, BbIpaXKAIOLILyI0 Mepy u(f2,) wapa {1,. 3aMeTHM sl ICHOCTH, UTO eC-
JIM Mepa BbIUMCJMMA, a €€ 3HaueHHsl Ha liapax palUOHAJbHbLI, TO OTCIOJA
ellé He CJIe/yeT, YTO OHA BBIUHCJIMMO-paLMOHA/NbHA: YMeHHe HAXOMUTb VISl
JIAHHOTO PaLMOHAJILHOTO YHCJ/a CKOJb YTOJHO TOUHblE pallMOHA/bHBIE TPH-
GJIMKEHHUST K HEMY elllé He 03HauaeT yMeHHsI BBITIUCATD CaMO 3TO UHCJIO B BHJE
OTHOLIEHHUS JIBYX LleJbIX unce!

Tenepb HET HyXKbl OTAENLHO OIMPENEJsiTh, UTO TAKOE BbHIYHCJIUMOE Pac-
npejesieHe BEPOSITHOCTEH: 9TO NPOCTO-HANPOCTO BbIUMCAUMAS BEPOSTHOCT-
Hasi Mepa. MIMeHHO Ha BBIUHMCJIMMbIE pacrpelesieHHsi eCTeCTBEHHO 060061a-
I0TCSI MHOTHE KOHCTPYKLUHMH U (haKThl, H3JI0KEHHble HAaMH Ui PABHOMePHO-
ro pacrnpeneienus. B yactHocTH, AJs1 POM3BOJIBHOTO BBIYHCJIMMOrO pac-
npenesieHust BepHbl Kak meopema Mapmun-Jl1écha, yTBepKaawolas, uto
nepeceueine Bcex 3Gh(HEKTUBHO OOJIbIIMX MHOXKECTB CaMo siBJsieTcsi 3¢-
(bexkTHBHO GOJILLINM, TaK W meopema Jlesura, yTBepKaaiouiasi, uto TH-
MUYHOCTb PABHOCHJIbHA XaOTHYHOCTH, OTpe/eéHHON Ha OCHOBE MOHOTOHHOH
IHTPOTIHH.

CTOXaCTHYHOCTb

J1nst Kako#-1160 MOCJ/eI0BATENbLHOCTH € €€ k-i1 ujieH 0603HaYaeM ey, UJIH,
Nabbl H30€KaTh MHOTO3TAXKHBIX HHIEKCOB, e (k).

B cayuae paBHOMepHOTo pacrpeieseHdsi CTOXaCTUUHOCTb MOCJea0Ba-
TeJbHOCTH TIOHHMAaJIach KakK 2100a4bHas YCmoU4u80Cms 4acmom, T.e.
KakK yCTOHUMBOCTb 4acTOT B Kaocdoil u3 donycmumvlx noonociedosa-
meavrocmetl. JlomycTUMbIe Ke MOJNOCAe0BATEbHOCTH BO3ZHUKANU MYTEM
npuMeHeHusi ponyctuMbix o KosmoropoBy mpaBus ot6opa. B curyauuu
MPOU3BOJIBHON BEPOSITHOCTHOH Mepbl 00Llasi CXeMa COXPAHSETCsl, TOJbKO
YCTOMUYMBOCTb YACTOT 3aMeHsIeTCsl Ha HeKoTopoe OoJiee o0lllee CBOHCTBO,
a UMEHHO Ha TaK Ha3bIBAeMbIH 3aAKOH OOAbULLUX HLCEN.

Onpejiesiende CTOXaCTHUHOCTH Jijisi GepHYJIMEBCKOTO pacrpejiesieHust
C MapaMeTpoOM p OUEBHJHO: HAl0 NOTPeOOoBaTb, UTOObI B KAXKI0W AOMYCTH-
MOW MOIINOCJEN0BATE/NLHOCTH CO0JI01aNach YCTOUUMBOCTh YACTOT C OJHOH
U TOH »Ke TIpejieibHON 4yacToTol p. VIHBIMH cjioBaMu, 10Jis1 €MHHML B Ha-
YaJIbHOM OTpe3Ke BCSIKOH 0MYyCTUMOH MOANOC/e10BaTe/IbHOCTH J0J/KHA, TTPH
HeorpaHUYeHHOM yJIJIMHEHHH OTpe3Ka, cTpeMuThes K p. Cayuau, korna p = 0
Ui p = 1, SBJASAIOTCA BBIPOXKAEHHBIMH; JJISi IEPBOTO U3 HUX HE CUMTAETCS
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CTOXaCTHYHOCTD

CTOXACTHUECKOH MOCJIe0BATENbHOCTb, B KOTOPOU BCTpeuaeTcs: XoTsl Obl 0J1HA
eJIMHULA, /151 BTOPOTO — M0CJe10BATEJIbHOCTb, B KOTOPOU BCTPEUAETCS XOTH
Obl OJIMH HOJIb.

@on Musec 1noHUMaJs BEPOSITHOCTb Kak NpejesbHyto yactoty. [lostomy
€ro MJeoJIoTHsl He MPOCTHPAETCs 3a Mpejesibl OepHYJJIMEBCKUX pacripele-
JieHnil. Moctom K oflieMy c/ydato MPOU3BOJBLHOTO pacrpeleseHns CayKaT
KBasubepHyJ/JIMeBCKHe pacnpenenenus. Mmu u 3aimémcsl.

$lcHo, uTo WISl KBa3UOEPHYJJIMEBCKOTO pacrpe/elieHust MpejiesibHOH ua-
CTOTBl B MOANOCJ/IEA0BATENLHOCTH MOXKET U He OblTb, @ €CJIM OHA U €CTb, TO,
BOOOLLlE TOBOPSl, B KaXK[0H MOJANOC/e10BaTe/IbHOCTH — cBOsl. [Ipuxonures
M03TOMY FOBOPUTb O CTOXACTUUHOCTH OTHOCHTEJBbHO JAHHOTO MpaBU/a 0TOO-
pa. Ilyctb p — napamerp kBasubGepHyJ/ineBckoro pacrpenenenusi. [Tpex-
Jle BCEro, 3asiBUM, UTO HE CUMTAETCS CTOXACTHUECKOH MOCJEI0BATENbHOCTD,
B KOTOPOH 3HaueHHe X0Ts1 Obl OJAHOTO €€ ujieHa HMEET HyJIeBYIO BEPOSITHOCTb.
Wau, rosopst Ha (opMasibHOM §I3bIKE: MOCJE10BATENbHOCTb @ HE CUHTaeTCs
CTOXACTHUUECKOM, €C/I CYLIECTBYeT Takoe R, uto Jiubo a(k) =0 u p(k) =1,
mi60 a(k) = 1 u p(k) = 0. as ocrasbHbIX MOC/e10BaTENLHOCTEH Onpele-
JIeHUe TaKOBO: T0CJE/IOBATENbHOCTb a Oy/leM HAa3blBaTbh CMOXACMUYecKol
omHocumeavHo npasura omoopa O, Kojb cKopo eé 0600LIEHHAs TOAN0-
CJ1e10BaATE/ILHOCTb

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

NoJlyueHHast 110 TOMY NpaBUJLy, Y0BJIETBOPsIET TPeGOBAHHMIO 3aKOHA GOJIbLIMX

qyuceJi:
a(m)) +---+alme)  plmi) +---+ plm)

k k
npu k — oo. [lajiee, nocsiefoBaTeIbHOCTb @ HA3bIBAETCS] CMOXACMUYECKOL
(no Koamoeoposy), ecau Jist jio60ro KOJMOMOPOBCKOTO MpaBuJia, NPUBO-
nsiero K 6ecKoHeyHor 00001LEHHON MTOANIOCAeI0BATEIbHOCTH, OHA SIBJSIETCS
CTOXAaCTUUECKOH OTHOCHUTEJIbHO 3TOTO MPaBuJa.

— 0

3ameuanue. Cji0BO «GeCKOHEUHO!» B Mpeablaylled dpase U3OBITOUHO,
TaK KakK BCsiKast 0000IIEHHAST MTO/MOC/IEI0BATEILHOCTD SIBJISIETCST OC/IEI0Ba~
TeJILHOCTBIO, a CJIef0BaTe/IbHO, 6ECKOHEUHA 0 onpejiesieHno. TeM He MeHee
Mbl OylleM HHOTJA MCIOJb30BaTh 3T0 (POPMaAbHO H3OGLITOUHOE YIOMHHAHHE
0 6ECKOHEUHOCTH, 1a6bl OUEPKHYTh, YTO HMEETCsI B BUy UMEHHO MOCJ/IEN10-
BATEJbHOCTb, a HE KOPTEXK.

UT0o6b1 06BSACHUTD, KaK MOHSATHE CTOXacTHUHOCTH Mo KosimoropoBy 0606-
ulaetcst Ha 6oJiee WMPOKUU KJ1acC BEPOSITHOCTHBIX pacrnpeesieHui, BBelEM
HECKOJIbKO 0003HAUEHUI.
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Bhlunciumbie Mepbl U BbIYUCJIMMbIE paclpeiesaeHus1

[Tyetsb n(l),n(2),...,n(k) cyTh HaTypaJsibHble UHCIA H MYCTb
i(1),i(2),...,i(k) € {0, 1}.
Yepes AZ?((II))“.'.'."‘;(’S) 0003HAaUMM MHOXKECTBO BCEX TAKUX M10CJe/10BaTe/IbHOCTEN
a € (), y KoTopbIX
any = i(1), ane) =i(2), ..., anw = i(k). (%)
Jpo6b

n(l), ..., n(k), m
o (Ai(l),...,i(k),l )

n(l), ..., n(k)
M (Ai(l),...,i(k) )

0003HAUUM CHUMBOJIOM

m| n(l), ..., nk) \.
“(1 i(l), ..., ik )

3TO €CTb YCJIOBHASI BEPOSITHOCTb TOTO, UTO /71— UJieH MOCJIe/0BATENbHOCTH a
OyleT paBeH | NpH yCJIOBHH (%); 3Ta BeJMUMHA He OlpejelieHa, Kojb CKOpo
3HaMeHaTeJsb 1poOH oOpalllaeTcs B HyJlb.

PaccMoTpuM J1Ba TPOM3BOJIbHBIX, HO (DUKCHPOBAHHBIX 0ObeKTa: MocJe-
JloBaTesibHOCTh a € €} u jponyctumoe 1o KosimoropoBy npasusio ot6opa 6.
Hata uesb — npuaath CMbIC/ BbICKA3bIBAHHIO «ITOCJIEI0BATEIbHOCTh & CTO-
XaCTHUHA OTHOCHUTEJNILHO NpaBuJia O». Ilpouece, nocpeacTBOM KOTOPOro npa-
BWJIO © OTOMpaeT U3 MOC/eA0BATENLHOCTH a ujieHbl 0600LLEHHON MoanocJe-
JI0BaTeIbHOCTH b, cocTouT U3 1Byx sTanos. Ha nepBom stare cTpoutcs Berno-
MoraTesibHasi 06001IEHHAS OMOCIe10BATENbHOCTb €, U3 HEKOTOPBIX UJIEHOB
KOTOPOi Ha BTOPOM 3Tare u crpoutcs b. BoJiee noapo6Ho,

c= <Cln(1), An(2)s -« An(k)s - - > ,
rie HoMep 71(k) BbIUMCJISIETCS aJITOPUTMHUECKH MO KOPTEXY
<Cln(1), An2)y -« - an(k—1)> .

Mwmest Ha BXOJe 3TOT K€ KOPTEX, NMpaBWo © peluaer, BKJIOUATh WM HET
WIEH (p(k) B OKOHUATEJIbHYIO Moc/e0BaTesbHOCTL b. Takum o6pasom,

b = (a(n(k))),a(n(ks)), ... a(n(k;)),...).

Ha xaxnom 13 060Mx 3TanoB MOXKET HACTYMUTb MOMEHT, KOrja mpaBuio @
He JIaCT HUKAKOTO Pe3yJ/ibTaTa, T.€. He BbIIACT HOMEPA Ha MEPBOM 3Tare UJu
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XaoTHYHOCTh

He MPUMET pellieHuss Ha BTOpoM 3tane. Eciu Takoe mpousoijiéT, nocseno-
BaTeJbHOCTb b OKaxKeTcsi KOHEUHOH, T.e., TOBOpsl 60Jiee CTPOro, OKaKeTcs
He M10CJ/1e10BaTe/IbHOCTbIO, a KopTexKeM. B 3ToM cityuae HUKaKoro TpeGoBaHusl
K b He BbiBUMraercs M, ropopsi hopMaJsibHO, a MPU3HAETCST CTOXACTHUECKOH
OoTHocHTesIbHO ©. Ecsin ke b okasasoch GeCKOHEUHOH, TO 1yIsl NPU3HAHUS
MOCJIEIOBATENLHOCTH @ CTOXACTHUECKOH OTHOCHTEbHO © TpebyeTcsi BbIMoJI-
HeHHe HUXKEeCJIeYIOlero CBOHCTBA MOC/e10BaTEIbHOCTH a.
OGo3HauMM yepes r; BeJHUYHHY

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

rntret--+r o ak)) +a(ky)) + -+ aln(ky))

d; =
i
] ]
Besiunna 8; He onpejie/ieHa, ecy He onpejie/ieHa XoTsi Obl OJHA U3 BEJHUMH
ri,...,rj. Ckaxem, uto b noduunsemesa 3axony 6oabuLux Hicen, € Bce

BeJIMUMHBI §; onpenesensl 1 d; — 0 npu j — oo. [locnenosatenbHoCTb a Ha-
30BEM cmoxacmuueckol omuocumenvHo npasuia ©, ecan 0600LEHHAS
NoJroc/e10BaTe/IbHOCTL b, nosyueHHas U3 a coryiacHo npasujy ©, noauu-
HseTCsl 3aKOHY GOJbLIMX UHCel.

HakoHell, mocJieoBaTe/IbHOCTb a HAa3bIBAETCS CMOXACMUUEcKol (1o
Koamoeoposy), ecau ajisi mo6oro jJonyctTumoro no KoJsimMoropoBy npasujia
oT6opa OHa SBJSIETCS CTOXACTHUECKOH OTHOCHUTEbHO 3TOTO MpaBHia — IPH
YCJIOBUH, UTO 3TO TPABUJIO CTPOUT OECKOHEUHYI0 0O0OLIEHHYIO MOANOC/IEN0-
BaTEJbHOCTb (a He KOHEUHbIH KOPTEX).

3aMeTuM, UTO B CaMOM OMPE/eJI€HHH BbIUMCJAUMOCTb MEpbl HE MCMOJb-
gyetcsi. OnHako 6e3 MPenoJoKeHHs O BbIUMCAUMOCTH €1Ba JIH BO3MOXKHO
CPaBHMBATb YAaCTOTOYCTOHUMBOCThL (OHA K& CTOXACTHUHOCTb) C JPYTHMH aJi-
FOPUTMHUECKUMH JIMLAMH CJIYUaHHOCTH.

Xa0THYHOCTb

Onpenenenne nocJ/e10BaTeNbHOCTH, XA0THUECKOH OTHOCUTEIBHO MepbI (L,
TAKOBO: MOCJIEI0BATE/NLHOCTb a = (dj,d9,ds,...) HA3bIBAETCSl XAOMuUUe-
CKOU OMMOCUMEeNbHO U, €CJIH CYIIECTBYeT Takas (3aBUCSILAst OT Mepbl )

KOHCTAHTa ¢, 4TO JJIsl BCEX 71 BBIMOJIHSIETCSI HEPABEHCTBO
KM(ay,ag,...,a,) > —logu(Qq, as....an) — €,

rjle, Kak BCera, 3Hak Jjorapugpma 6e3 HHKHEro MHIeKeca 03HauaeT jorapudm
M0 OCHOBAHHIO JIBA.
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Bhlunciumbie Mepbl U BbIYUCJIMMbIE paclpeiesaeHus1

MoTuBHpOBKa 3TOro omnpejeseHusi, UMeloLIero cojaepKaTe/bHblil CMbICJ
JUIs1 BBIUMCJIMMBIX BEPOSITHOCTHBIX Mep, TaKasl »Ke, Kak U B cJlyuae paBHOMep-
HOro pacripejesieHust BeposiTHocTel. [leso B TOM, 4TO ISl BCSIKOH BBbIUMCJ/IH-
MOF BEPOSATHOCTHOH Mepbl BBIMOJHSETCS COOTHOLLIEHHE:

Jc¢ Vx € E BoinosiHeHo KM(x) < —logu(£y) + c.

TunuyHoCTbL

[ToHsiTHE THUMMYHOCTH 0606LIAeTCsl HA TPOM3BOJIbHYIO MEpY J0CTaTOUYHO
OUEBHHBIM 06pPA30M: HaJI0 IPOCTO B TOM OMpe/ieleHHH THITHUECKOH NoCe0-
BaTEJbHOCTH, KOTOPOE 1aBasoCh JJIsi CJlyyasi PABHOMEPHOTO pacripesle/ieHus,
3aMeHHTb 00bEM L1apa Ha ero Mepy.

CrniepBa onpejensiercsi noHsitie 3¢(eKTUBHO MaJjioro MHOXKecTBa. MHo-
KecTBO ) C €2 Ha3bIBAETCS 3P PexmuUsHO MANBLM OMHOCUMEAbHO MePbL U,
KOJIb CKOPO CYIIECTBYeT alrOPUTM A, yIOBJIETBOPSIIOLIMI HIXKECTETYIOLIEMY
tpeGoBanuio. [1pu nmocTynsieHun Ha BXOA ajJropuTMa A HaTypasibHOTO uMC-
Jla /1 Ha €ro BbIXOJle BO3HHUKAET aJIFCOPUTM MOCTPOEHUS TAKOM MOCJIe10BaTE b~
HOCTH JABOMUHBIX cyioB (x(1), x(2),...,x(n),...) (T.e. aJIrOPUTM BbIUHCJIEHHS
Tako# QyHKUMH 1 +— x (1)), uTO

Q - U Qx(n);
n

1
; U( Q) < e

Hanee, agphekmusno 6oabuioe 0OMHOCUMENbHO MePbL | MHOXKECTBO
orpeJieJisieTcsi Kak JonoJHeHne (1o 2) K 3PppeKTHBHO MaJoMy.

JLJ1s1 BIUMCJIMMBIX Mep UMeeT MecTo meopema Mapmun-JIéga: o6benun-
HeHHe BCeX (PQEKTUBHO MasIbIX MHOXKECTB sIBJIsieTCs] 3(EeKTHBHO MaJibIM,
a nepeceueHure Bcex 3PPeKTUBHO GOJbIIMX — 3PPeKTHBHO GosblinuM. Cy-
ILIECTBYIOLIEE COMIACHO 3TOK TeopeMe HauMmeHbliee 3((eKTHBHO GOJIblIOe
MHOKECTBO Ha3bIBAIOT KOHCMPYKMUBHOLM HOCUmMeAem mepol u. B cayuae,
€CJIM U — BBIUMCJIUMOE pacripeiesieHne BEpOsITHOCTeEH, TOC/Ae10BaTENbHOCTH,
NpUHa//IeXKallHe KOHCTPYKTHBHOMY HOCHTENIO pacrpefiesieHusl W, W Hasbl-
BalOT MuUnU4ecKumy OTHOCUTENbHO 3TOTO pacnpenesenus. Takum o6pasom,
T(u) ecTb He uTO MHOe KAaK KOHCTPYKTHBHBIH HOCHTENb pACTpeleseHHs .

Henpenckasyemoctb

31ech Mbl yKaxKeM, UTO HYXKHO 106aBUTb K OMpeeaeHusIM, CHOopMyJIUpo-
BAHHBIM JI/151 PABHOMEPHOTO CJIyuasi, IPH repexojie K MPOU3BOJIbHBIM pacrpe-
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nesenusm. Takux noGaBsieHuil GyaeT NBa: HEKUH MYJIbTHIIJIMKATHBHBIA KO3¢h-
(uLMeHT (111 PABHOMEPHOTO pacrpeliesieHUsi OH PaBeH €MHHUIIE H MOTOMY
He Hy»KeH) M JIONOJIHHTEJIbHOE NPABUJIO OCTAHOBKH (B CJlyuae paBHOMEPHOTO
pacrpeesieHHs OHO TIOTOMY He HY>KHO, UTO He BO3HMKaeT TaKOH CHTYyallHH,
NpH KOTOPOH OHO MOTJIO Gbl GbITh MPUMEHEHO).

Pacnpenenenne BeposiTHOCTEH BJIMSIET HA MPaBUJIO M3MEHEHHUs! KarnuTa-
sna Hrpoka nocsie ouepennoro xona. Ecan Mrpok He yranas, ero kanutas
YMeHbLIAeTCsl Ha CYyMMy CJ€JaHHOH UM CTaBKM — TaK »Ke, Kak M B cJjyvae
paBHoMepHoro pacnpenenenus. Ho ecan Mrpok yragas, To npupocT ero Ka-
NUTaja paBHSIETCS CTaBKe, YMHOXKEHHOH Ha HEKOTOPbIH KO3((ULMEHT. DTOT
KO3(D(ULIMEHT CPABHUTENLHO BEJIMK, €CJIM BEPOSITHOCTD yrajath Oblia HU3Ka,
M CPaBHUTEJBbHO MaJl, €CJiM BEPOSITHOCTb yrajaaTh Oblia Bbicoka. Jlsisi paB-
HOMEPHOTO pacrpejiesieHHsl BEPOSITHOCTb yrajiaTh BCErjia paBHa OJHOH BTO-
poi, a Ko3(h(hULMEHT Bceraa paBeH eauHule. Tounas hopMy/IMpoBKa NpaBuJ/ia
npupocTa Kanurana Oyler ceduac M3J02KeHa.

Jlnst mocJie1oBaTeIbHOCTH a €€ k-H ujieH 0003HAYaeM ay, IJIsT TOCJAeI0-
BaTeJbHOCTH @’ e€ k-1 uneH o603HauaeM aj, M T. L.

Xon, nenaembiii Ha j-M Xofy, ecTb Tpoiika (n(j), (), v(f)).

[lycTb nocsienoBaTeIbHOCTb, KOTOPOH pacnodsaraetr Kasuso, ectb a. Ilo-
JIOJKUM

A(k—1)y={a' € Q:ap; =an; npn j=1,2... k—1}
(tak uto A(0) = Q),
Ai(ky ={a' € A(k = 1): apyy =i} nnsii =0, 1.

Pasymeetcs, 3T 0003HAUEHUS] UMEIOT CMbIC/ B TPEAINOJIOXKEHHH, UTO BCe
yyacTBYIOLLME B UX onpeeseHusx Homepa n(/) onpenenenbl. [Tosesno same-
THUTb, UTO

Q=A0)>A1)DAQ2) >...; (1)
1 =up(A0) = wAl) 2 uA@) = ... @)

ecan Mrpok Ha k-M xoay yrapad, To
i(k) = anry, Ai(k) = A(k); (3)
ecau Mrpox Ha k-m xomy He yramas, To

i(k) # An(k), Alfi(/e)(k) = A(k); (4)
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KpoMe TOro,

Ak —1) = Ao(k) U Ay (k). ()

B cayuae, ecau i(k) = a,p) (mpornosd Mrpoka Ha ero k-M xoie onpas-
Jiajicsi — OH yrajadg), Kanurana Krpoka ysesnuuuBaercsi mo gopmyiie

W(A1—iw) (k)
W(Aiwy (k)

Hama dopmyna (6) rapaHTupyeT «4eCTHOCTb» HIPbl MaTeMaTHUECKOe
OXKHUJaHWEe BBIMIPbILLIA, T.€. MPUPOCTA KamnuTasja, 3a OJUH XOJ PaBHO HYJIIO.
OpHako Ha MyTH TIpUMeHeHHsl 3TOH (OpMyJbl HAC MOJCTEperaeT HENpHsT-
HOCTb, HEBO3MOKHASI JIsi PABHOMEPHOTO pacrpelesieHusi, KaK U sl JIo00H
TIO3UTHBHOK Mephbl (Mepa Ha3blBAETCs 1O3UMUBHOL, eCJIU Mepa Jio6oro 1apa
noJIoXKUTebHa). HenpusATHOCTD 3aKJ/ouaercsi B TOM, UTO CTOSIILAS B 3HAMe-
HaTeJsle BepoATHOCTb (A () (k)) MOXKET 0KasaTbCsl PaBHOM HyJI10. DTa HeNpH-
SITHOCTb YCTpaHsieTcst MyTéM BBeleHUs JloMmosHUTeIbHOTO MpaBUJ/a OCTAaHOB-
KH, KOTOPO€ Mbl ceifuac npuBenéM. B ciyyae paBHOMepHOro pacripeseseHust
3TO MPaBUIIO GBIIO U3JHIIHUM, TTOCKOJIbKY NPEIyCMOTPEHHAsI B HEM CUTyaLUsl
He MOTIJIa BCTPETHTHCS.

JIOTIOJIHUTEJIbBHOE [MPABUJIO OCTAHOBKU. Ono IIpUMEHSIETCS TO-
r7a, KOT/Za B XOJI€ UTPbI 81epBble HACTynaeT Takast cutyauust, uto U(A(k)) = 0
(mpocum Ywurarenst B3ryisiHyTs Ha dopmyay (2)). [lyers u(A(k — 1)) # 0,
w(A(R)) = 0. INocnenuuit xox, KOTOpBIHA Obl CleaH, UMes HoMep k. [lenast
3T0T X0J1, MIrpok 06bsiBUJ CcBO# nporHo3 (k). Ecsu npornos okasaJcsi Bep-
HBbIM, T.€. 0Ka3aJoch, UTo i(R) = Qyu(), UTPA OCTAHABJMBACTCS, a KalHTal
Wrpoka cuntaetcs Bo3pocinM 10 GeckoHeuHoct: V (k) = 4o0o0. Takum 06-
pasoM, B 3ToM cJjaydae Mrpok o6bsBisieTcst BoIMrpaBlnM. Ec/n »ke nportHos
OKa3aJicsl HeBePHbIM, T. €. 0Ka3aJl0Ch, UTO (k) # ay(k) (MJIH, UTO TO JKe caMoe,
1 —i(k) = au)), urpa onATb-TakK OCTAHABJIHMBAETCsl, HO C TeM KalHTaJoM
Urpoka V (k), koTopblil y Hero 6bl1 K 3TOMy MOMeHTY. Takum 06pa3oM, B 3TOM
cayuae Mrpok He BbIMIPBIBAET.

V(k) = V(k—1)+0(k)- (6)

$lcHo, uto mpobJsieMa ¢ HyJeBbIM 3HaMmeHaTesieM B ¢opmyse (6) ycrpa-
HseTcsl 9TUM TipaBuJioM. JlelicTBUTENbHO, opmysia (6) NpUMeHseTCs JHULIb
B cayuae, Korna i(k) = a,p). B 910M cayuae, cornacho (3), A;p) (k) = A(k).
[TosTOMY MHTEpecCyIOLIHMil HAC 3HAMEHATE/b MOYKET 0KA3aThCsl HYJIEBBIM JIUIb
B cutyaumy, Koraa u(A(k)) = 0. Ho uMeHHoO 3Ta cUTyalmsi KaK pas U peryJiu-
pyercst He dopmyJioit (6), a Hanm [onosHnTebHBIM NpaBuaoM. (MoxkHO,
BIIPOUEM, CUHTATh, UTO U popMyJioH (6), ecan pa3peliuTb JeJieHue Ha HyJlb
M0JI0KUTENbHOTO uncsa W(A|_jx) (R)) 1 NMPUHATL GECKOHEUHOCTb B KauecTBe
pe3yJibTaTa Takoro JeJeHHsl.)
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OnpeneneHusi CTpaTerui, a TakyKe BbIUMCJIMMOH CTpaternu, 6e30CTaHO-
BOUYHOH CTpaTeruu, BbIMIPHIBAIOLLEH CTPATErHu OCTAIOTCS, C YUETOM cleslaH-
HbIX 106aBJIeHUH, 1/ OOLIEro c/ydyas TEMH Ke, KaK M /I 4aCTHOTrO cJyyas
PaBHOMEPHOTO paclpesie/IeHHs.

O 6€30CTaHOBOYHBIX CTpaTerusix

B 3akstoueHHe MPOKOMMEHTHPYEM Te [peLyCMOTPEHHbIE MPaBUIaMH CH-
TyallMH, KOTJla Hrpa OCTaHaBJAMBAETCs. 3aMeTHM, UTO OCTAHOBKH He BKJIOUe-
Hbl B NOHSITHE cTpaTerdu. CTparerust JMIb YKa3blBA€T OUEpPelHON XOJ HJIH
He yKa3blBaeT HHMUEro, ecjid TaKOBOH He OrNpeeséH; HO B MOCJEIHEM CJIy-
yae Urpa He ocTaHaBJIMBaeTcs, a Npocto Mrpok 3aaymbiBaeTcsi HaBeUHo: s
BBIUHUCJIMMOH CTPATerHd 3TO 03HAuaeT, B MaTeMaTHUeCKHX TePMHUHAX, U4To aJl-
FOPUTM yKa3aHusl xoja paboTaeT 6€30CTaHOBOUHO, He TIPUXOJsT HH K KaKOMY
pesysbraty. OCTaHOBKH K€ PeryJiMpytoTcsl CBOUMH COOCTBEHHBIMH MpaBH-
JlaMH, «BHELIHHMH» MO OTHOLIEHHIO K cTpaTternu. K coxxasnenuio, B o6lem
cJlydae BbIUMCJIMMOTO pacrpejie/sieHus Hally MpaBuJia OCTaHOBKH He CoJlepKaT
aJqropuT™Ma ux npumeHenusi. bosiee Toro, asroputm, nMo3BoJsOLKI B 000K
MOMEHT ONpeJe/IATh, CJeLyeT WK He CJelyeT OCTaHaBJIMBATh UTPY, B 00LIEM
cjyuae HeBo3MoKeH. KonkperHo st OcHOBHOro npasuia pedb WAET O Mpo-
BEpKe HepaBeHCTBA, CBS3bIBAIOLLErO CTABKY W KanutaJ, a s JlonojqHuTe N b-
HOTO MPaBUJia — O MPOBEPKE MOJIOXKUTEJIBHOCTH Mepbl HEKOTOPOTO MHOXKe-
ctBa. Pagymeercs, ecsim Mepa CHJIbHO BBIUHCJIMMA, HE BO3HHKAET CJI0XKHOCTH
CO BTOPOH M3 yKa3aHHbIX MpoBepokK. Bosee Toro, misi BCAKOH BbIUMCAUMO-pa-
LIMOHAJILHON (B YaCTHOCTH, PABHOMEPHOH) Mepbl OUEBH/HbI AITOPUTMbI 06e-
UX MIPOBEPOK, HO, MOBTOPsieM, MOJ0OHbIE aJATOPUTMbI MOTYT H OTCYTCTBOBATb
B cyyuae GoJiee CJI0XKHO YCTPOEHHOH BBIUMCJIMMOKN Mephl.

BBuny ckasanHoro, npeiacTaBJsieT MHTEpeC YTBEpKAEHHe O TOM, uTO
NIPH OTpeJleIeHHH TIOHATHS TIPEICKa3yeMOCTH MOKHO OIPaHHUMTBLCS OJHUMH
TOJIbKO 6€30CTaHOBOUHBIMU CTpaTerdsiMi. FiMeHHo a1t 060CHOBaHHUSI 3TOrO
YTBEPKICHUS HaM U NOTpebyeTcs MPearoNoKeHHe O BbIUUCIAUMOCTH Mepbl
(OTMETHM, UTO JI0 CHX MOP OHO HE MCMOJb30Ba0Ch). B 3TOM npeanosoxeHuu
Mbl ceiluac yKaxkeM, KAKHM CrocoOoM ajropuT™M A, 3ajalolldi BbIMTPbIBAIO-
1LLyI0 CTPaTeruio, nepejie/ibiBaercs B ajqroput™ B, 3anatouiunii BeIMrpbiBaoliLyto
6€30CTaHOBOYHYIO CTPATErHIo.

Wrak, HaMm 3anaH airoput™ A, Ha BXOJ KOTOPOTO MOCTYNaeT IBOUYHOE
CJIOBO X € E, a Ha BbIXOJE, B KauecTBe pe3yqbTaTa, JMOO He MOsBJseT-
csl Huuero, 60 MosiBasieTcss ouepeaHol xol. CojeprKaTesibHO, JABOWUHbIE
UMGPBl, COCTABMASAIONIME ITO CJOBO, CYyTh 3HAUEHHUS yXKE OTKPBITHIX K 3TOMY
MOMEHTY UJIEHOB MOCJ/en0BaTeNbHOCTH. Kak Mbl 3HaeM, N0 CJIOBY X BoccTa-

35



Bhlunciumbie Mepbl U BbIYUCJIMMbIE paclpeiesaeHus1

HaBJIMBAETCS BCA NPeblayLlasi HCTOPUS UTPbI, T. €. Bce uncaa n(k), i(k), v(k),
V (k) npu k < s = |x|. Pasymeercsi, 9Tu umcjia BOCCTAHABJINUBAIOTCS, €CJIH
TOJIbKO OHH OmpejiesieHbl (KCTaTH, MOXKHO BCEra nperosaraTh, 4YTo BCE OHU
onpeiesieHbl, €CJI TOJbKO ONpeneséH U KOPPEKTEH S-H X0/, KaKOBOH eCTb
tpoiika (1(s),i(s),v(s))). UToObl M0AUEPKHYTH 3aBHCHMOCTb YKa3aHHbIX Uk~
cesl ot x, Oynem nucatb n(x, k), i(x,k), v(x, k), V(x, k), Benb, Korjia Mbl
paHee nucagau npocto n(k), i(k) u T. 1., Mbl peanoJaraiu GUKCHPOBAHHON
Ty MOCJIEL0BATENLHOCTb, NPOTHB KOTOPOH MIET Urpa M «4acTblo» KOTOPOH
SIBJISIETCS] CJI0BO X. BMecTe ¢ yKa3aHHBIMH UHCJIaMM NPH BceX k < S BO3HHU-
KaloT U Te MHOXECTBA, KOTOpble /s PUKCUPOBAHHOH [0CJIe10BATEJIbHOCTH
Mbl 0003HauaJ/iu paHee Kak A(k); Tenepb Mbl OyjneM o603Hauath ux A(x, k).

Hauia uenb — nepepenats anroput™ A B aaroputm B, Hukorna He npu-
BOJISILLIMI K CHTYallUH, TPeOYIOLei 0CTAHOBKH UIPbl U TAKOM, UTO ecyid A Obl
BBIMIPbIBAIOLLMM, TO U B — BbiMrpbiBatoluit. Jlyisi BBIUMCAUMO-paLHOHAIb-
HOH Mepbl Nepejie/iKa OueBHHA: TTOJYUMB Ha BXOJ JBOMUHOE CJIOBO X, MPO-
BepsieM, He MPUBOJUT JIM XOJI, YKA3aHHBIA JUIf 3TOTO CJIOBA aArOPUTMOM A,
K CHUTyalldM OCTAHOBKH; €CJIM He MPUBOJAHMT, 0ObsiBjseM, uto B ykasan Ham
9TOT XOJI, €CJIU TIPUBOJUT, 00bsABJsAeM, uTo B Ha x He naér pesysbrara.

B of1ieMm ke ciyuae Npou3BOJbLHON BEIUMCJIUMON Mephbl Tiepeniesika A B B
Tpebyer GoJiee uzouipénHoro npuéma. Hosblit anropurm B 6yner paGorathb
Tak. B ciyuae, ecsin Xoji, yKa3aHHbIH aqropuTMOM A, He TIPUBOJUT K CHTya-
LMK OCTAHOBKHM, 3TOT XOJ — KaK U Il BBIUKCAUMO-DPALHOHANLHON Mepbl —
00bsABJsETCS pesyabTaTtoM anroputma B. OnHako B ciyuae, ecsin B pesyiib-
Tate NpUMeHeHUsI A K X BO3HHKAET CUTyalusl OCTAHOBKH, HOBBIH ajiroput™ B
He OyleT 1aBaTb HUKAKOro peayJibTaTa B PUMEHEHHH K x. TeM cambiM, oKa-
xKercsl, uto B 3amaér 6e3ocTaHOBOUHYIO CTpaTeruio.

Jlaist varaisinHoct npejactaBum cebe, uto A u B pabotaior napasiienb-
Ho. Hanomuum, uro A uam 3ajgad, B bl ctpoum. [lycth Ha BXoj 060MX
AJICOPUTMOB MOCTYIHJIO CJI0BO X, |x| = s. Ecsin A He naér pesysibrara B npu-
MEHEHHH K 3TOMy CJIoBY, TO U B 00bsiBasieTcsl He naolum peayJbrata. Eciu
Ke A B TpUMEeHEeHHH K X BbIIAET ouepelHoH Xoi, To anroputM B mbitaer-
Csl MpeXKJie BCEro MPOBEPUTb, HE BO3HUKJA JIH CUTyallusl, MOANafalonias noj
JIeHCTBHE OJIHOTO M3 MpPaBUJ OCTAaHOBKU. [IpoBepka KOppPEKTHOCTH HOMepa
He BbI3blBaeT 3aTpyaHeHuid. Ecan HoMep 71(x,S) OTKpbIBAeMOH KapThl OKa-
3aJICSl HEKOPPEKTHbIM, asiropuT™ B o0bsiB/sieTCsl He fatoyM peayJbTata Ha
BXOJle X; Kanutas Mrpoka B 3ToM ciyuae rnepectaét MeHsTbCS, OH 3aCThiBa-
eT. Ecyin »ke HOMep KoppekTeH, BKJoYaeTcst poBepKa KOPPEKTHOCTH CTABKH.

C npoBepKo# KOPPEKTHOCTH CTaBKH JeJi0 0OCTOUT cjioxKHee. Kak yxke
OTMEUasoch, MOXKET U He CYLIECTBOBATb aJrOPUTMa, MPaBUJbHO OTBEUalo-
11IeT0 Ha BOMPOC, MeHbllle JIM jejaeMasi CTaBKa TeKyllero kanurajna KMrpoka.
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OnHako He Bcé Tak mjoxo. [Ipexae uem cnenatb craBky, Mrpoky cienyer
yOeIUThCsI, YTO HAMEUEHHAsl CTABKA MEHbLIIe TeKYIero Karnurasa, U TOJbKO
B 3TOM cJiydae eé o6bsIBUTb. M3/102kuM HOBBIH anroputM B nosenennst Mrpo-
Ka 6oJiee TOUHO. MBI onupaeMcsi Ha CJIeIyIOLIHi (haKT: eCsii Mepa (U BhIYUCIIH -
Ma, TO MOYKHO TIPeIbsIBUTh TAKOH BcrioMoraTesibHbli anroputM C (3aBHCSIIIMIA
oT A), KOTOPbIH /151 K&XKJIOTO X MbITAETCST IPOBEPUTD, BLITIOJIHSIETCST JIH HEpa-
BeHCTBO U(x,s) < V(x,S), U JOCTUrAeT TpU 3TOM CJelyiollero sgdekra:
AJITOPUTM TNPUXOJUT K KaKOMY-TO pe3yJibTaTy (CKaxkeM, K pedysbraty /a),
€CJIM yKa3aHHOe HePaBEHCTBO BBITOJIHSETCS], H paboTaeT GeCKOHEUHOe BpeMs,
He MPUXOMs HU K KAKOMY pe3yJIbTaty, eCJId BBITOJHIETCS] IPOTHBOIOJI0XKHOE
HepaBeHCTBO U (x,s) = V(x,s). Cobupasich caenatb CBOH S-H XOA M NOJY-
UUB OT ajropuTmMa A pekoMmeHjallio O cTaBke v(x,s), VIrpok, npexie uem
clesath xoj, Bkiaouaer ajroput™ C W knér pesysbrarta. Hukakoro xona
He jenaetcsi, noka C He MpeabsiBUT eMy CBOH pedysbratr. Takum o6pas3om,
anroput™ B He BblZacT HMKAKOro Xoja, ecad A Mpenoxus HEKOPPEKTHbIM
X0l — B 3TOM cJjyuae Kamutasa Mrpoka 3actbiBaer. Eciu ke paGora asro-
putma C 3akaHuuBaercs, aaroputM B pekomeHayeT Ty e cTaBky, uto u A,
1 MPUCTYIIAET K MPOBEPKE TOT0, He CJEAYET Ji MPUMEHUTh JlonoJiHuTeIbHOE
MPaBHJIO OCTAHOBKH.

AusropurMuueckasi cuTyauusi ¢ J1onmosHUTENbHBIM TIPABUIJIOM MOX0XKa Ha
CHUTyalHIO C MPaBUJIOM OCTAHOBKHM, JAejaeMOH IO MpPHYHHE HEKOPPEKTHOCTH
CTaBKH. AJITOPUTM, PaCMO3HAIOLINH, BBIMOJHAETCS UIH HET PAaBEHCTBO

w(A(x,s)) =0,

JIErKO CTPOMUTCS B CJlyuae CHJIbHO BbIUHCJUMON Mepbl, TOCKOJbKY MHOXKECTBO
A(x,s) nogyyaercsi B pesysbraTe 0O6belIMHEHHs KOHEUHOTrO YHCJA LIapoB,
YKa3bIBAEMbIX QJFOPUTMHUECKH 10 nape (x,Ss). B obiem ke ciyuae Bbi-
UMCJIMMOM Mepbl TAKOTO aJrOPUTMa MOXKeT U He ObiThb. CyllecTBYeT, 0JHAKO,
6oJiee caabblil aIrOPUTM, KOTOPOTO OKA3bIBAETCS N0CTaTOUHO. FIMeHHO, ecJn
Mepa | BbIUMCJHMMA, TO MOXKHO MpPeLbsiBUTL TaKOH BCIIOMOraTe/bHbIA ajro-
purM D (3aBucsimi oT A), KOTOPBIH Uil KQ2KIOTO X TbITAETCs POBEPUTD,
BBITIOJIHAETCS JIM HEPABEHCTBO

w(A(x,s)) # 0,

1 JIOCTHraeT MpH 3TOM cJefytollero sddekra: ajropuT™ MpUXOANT K KaKo-
My-TO pesyJibTaty (CKaxeM, K pedyJbraty /a), ec/i yKazaHHOEe HEpaBEHCTBO
BbINOJIHSAETCS, U paboTaeT GeCKOHEUHOe BpeMsl, He MPUXOJIsi HH K KAKOMY pe-
3yJIbTATy, €CJIH BBIMOJHAETCS PABEHCTBO

w(A(x,s)) =0.
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JletictBusi anroputma B B cBsiu ¢ mpoBepkoil JlomoJHUTENbHOTO Mpa-
BUJIA OMUCHIBAIOTCA (B TepMHHAX noBeleHus Krpoka) cieaytoumm o6pasom.
Urpok BkJ/touaer ajroput™ D u xxnét pesysbrata. oxaaBlUMCh, OH JeJa-
eT xof, npuMmensiss anroput™M A. Ho o He nesaer Hukakoro xoza, noxka D
He MpeNbsiBUT eMy cBoi pesdysbraT. Takum o6pasdom, ajiroput™ B Bbizact
TOT e XOJl, UTo U A, ec/ii He BO3HHMKJIO CHTyallMH, noananatouiei non lo-
MOJIHATEIbHOE MPABUJIO, U HE BbIAACT HUKAKOTO X0Ja, €CJIH TaKasi CUTyallus
BO3HHUKJA. EcJ/M X0 NpoucxoauT, To Kanutas Mrpoka meHsiercst Ha o6LIMX
OCHOBAHHSIX: yMEHbILIAETCS HA BEJIMUMHY CTAaBKH HJIM YBEJIHUMBAETCS COIvIac-
HO QopmyJsie (6), mpuuém B 3TOM cJjiyuae OMacHbIH 3HAMeHaTe/b 3aBeJOMO
He paBeH HyJilo. B ciyuae ke HenenaHus xona Kanutasa Krpoka, corsac-
HO HAlllMM TPaBUJaM, 3aCTbIBAET, €CJH MOCJeHUN MPOrHO3 Obll HEBEPEH,
1 00bsIBJSETCS OECKOHEUHbIM, €CJIM 3TOT MPOTHO3 OblJl BEPEH.

Tosibko uTO onucaHHOe MoBeleHHe KanuTada Krpoka MoxkHO cienyto-
MM o6pa3oM onucaTb B TepMHHax padoTbl ajroputrma D. Ecau nporhos
HeBepeH (i(x) # auy)), TO, noka D paGoraer, kanuran Mrpoka ocraéres
3acTeiBLIMM. Ecsiu 2xe mporHos3 BepeH (i(X) = @p(y)), TO C KaxIbIM LIa-
rom pabotsl anaroputma D kanuran Mrpoka Bodpacraer Ha eaunuiyy. Takum
o0pa3oM, KanuraJj OyJ1eT Bo3pacTaTb HeOrpaHHUeHHO (M, caeoBaTe/bHo, Mr-
pok Bbiurpaer), ecan D Hukorna He 3akoHuut paboty. Ho ecsu anropurm D
JIOCTHraeT pesyJibTara, pocT kKanurtasa Mrpoka npekpaitaercsi. BoJsiee toro,
B TOM CJlyuae BeCh TPOM30LIENILINI 3a BpeMs paboThl anroputma D npupoct
Kanutajsa Mrpoka aHHy/JupyeTcsi, Mocje Uero 3TOT KanuTaj MpupacTaer mno
tdopmydsie (6). M emié: Hukakoe 3HaueHue Karuraga, MpoOMeKYTOUHOE MEKLY
JleJlaeMbIMH X0JlaMH (T. €. BO3HHKaloLLee BO BpeMsi 3agepuiaroujeticst paboThl
ajropurma D), He 10/12KHO BK/IIOUATLCS B MHOXKECTBO Te€X 3HAUEHHH KanuTa-
Jla, 6€CKOHEUHOCTb CynpeMyMa KOUX BJeuéT BuIUrpbill Krpoka (B mpoTUBHOM
cayuae y Mirpoka nosiBusiach Obl JOMOJHUTENbHAST BO3MOXKHOCTD BbIMIPbILIA
3a CUET TOro, UTo JUIMTEJNLHOCTH MEXK/IYXOJOBbIX 3a/lepKeK MOTYT 0Ka3aThCs
HeorpaHUUEeHHbIMH B HX COBOKYITHOCTH).

Haure HoBoe onucaHue noseieHusi Kanuraia KMrpoka, npeanosaratoliee
pOCT KamuTasja BO BpeMsi paboThl airoputmMa D ¢ BO3MOXHBIM rocJieyio-
MM OoOHyJIEHHEM MPUPOCTa, MOXKET BbI3BaTh y NpocBelléHHoro Yuraress
JIBA 3aKOHHbIX 3aMevaHusl.

[lepBoe 3ameuaHue COCTOMT B TOM, UTO Mbl (DAaKTHUECKH M3MEHHJIM Mpa-
BWJIA UTPbl — B TOH MX 4YacTH, B KOTOPOH TOBOPUTCS O MOPsIIKE H3MEHEHHS
Kanutaja. CorjacuBlLMCh ¢ 3TUM yrnpékoMm UuraTeJis, OTBETUM CJleyloliee.
JlelicTBUTEIBHO, €CTb JIBE CHCTEMbl MPaBHUJ, CTapasi U HOBasi, a TEM CaMbIM,
M JBa omnpefesieHust Urppl. Ho B oTHOLIeHHM npenckasyeMocTH obe Hrpbl
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PaBHOCHJIbHBL: BCAKAs MMOCJE0BATE/LHOCTD, MpeAcKadyemas Mpu OJHOH U3
HALlIKMX JBYX CHUCTEM IIpaBUJ, MPeJCKa3yeMa U Npu Apyrou.

BTopoe 3ameuaHue COCTOMT B TOM, UTO 110 HOBbIM IpaBUJaM IMOBeleHHE
KanuTaja 3aBUCHT OT BCrioMoraresbHoro ajaroputma D, a cam stoT anroputw,
KaK M0Ka3blBaeT aHaJ/lu3, 3aBUCHUT He OT Mephl |1 KaK TaKOBOIi, a OT 3ajatollie-
ro €€ aJropuTMa, T.€. OT TOrO aJrOPUTMa, MPUCYTCTBYIOLLErO B ONpeIe/IeHUH
BBIUMCJUMOK MepPbl, KOTOPbIH Jisl JII0OOTrO 1l1apa HAaXOJUT CKOJIb YTOJHO TOY-
Hble MPUOJIMXKEHHST K Mepe 3Toro wwapa. BosHuKaeT ecTecTBeHHbIH Bompoc:
He MOJKET JIH CJIYUMTbCS, YTO TMPHU HOBBIX MpPaBWJIaX M TIOHATHE MpeacKa-
3yeMOCTH OKaKeTCs 3aBUCSALIMM He OT CaMOH Mepbl, a OT 3aJawllero eé
anaropurmMa? OTBeT: HeT, He MOxeT. Belb TeueHHe Urpbl MPU OJHOM 3aja-
IOlLIEM Mepy aJrOpUTME MOXKeT OTJMYATbCS OT TeUeHHs] WUrpbl MPH APYrom
aJropuTMe, 3aJal0LeM Ty »Ke Mepy, JIULIb JJIHTeNbHOCTbIO HHTEPBAJIOB MeXK-
Jly XOJaMHM; UTO »Ke Kacaercsl Kanutaja Vrpoka, To pasHuua MoxeT ObiTb
JMIIb B TOM, CKOJIb BeJIMK OKaxkKeTcsi TOT NMPHPOCT KaluTaja, KOTOpbIA Mo~
JICXKUT aHHYJIMPOBAHHUIO.
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CaM 3TOT CMUCOK U3 BOCbMH Ha3BaHUH HMKOMM 00pa3oM He MpeTeHiyeT
Ha noJHoty. OnHako B 3TuX ny6sukauusx (ocobeHHo B [8]) MoxKHO HalTH
JlaibHEHIIHe CChIIKM, M BKYIe C STHMH CCbUIKAMH HeKoe 1Moao6ue MOJHOTHI
YK€ JIOCTUraeTCsl.

B kHure [2] caenyer o6paTuth BHUMaHKe Ha § 2.6 «[IpuoxkeHus K Teo-
pHM BepOSITHOCTEN: onpeiesieHust C1yyaiiHol nocgeoBatesbHocTH». Caenyer
TaK:Ke HMEeTb B BM/Y, UTO TEPMHHOJIOTHSI 3TOH KHUIH HECKOJIbKO apXauu-
Ha: XaoTHYeCKHe [10CJIe10BaTe/IbHOCTH Ha3blBAIOTCS TaM CAYHYAUHbIMIL 10
Koamoeoposy, a Tunuueckue — cayuatinoinu no Mapmun-Jlégy. Hacro-
TOYCTOHUMBBIE, OHH K€ CTOXaCTHUECKHE, MOCJIe0BATEIbHOCTH Ha3bIBAIOTCS
B [2] cayuaiinoimu no Muszecy, croxactuueckue no Uépuy — cayuainomu
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no Musecy— Yépuy, croxactuueckue no Konmoropopy — cayuaiinoimu no
Musecy — Koamoeoposy — Jlasasndy (a B [3] — cmoxacmuueckumu no
Koamozoposy —Jlasasndy; J1.JlaBnsun (D. Loveland) otkpbut 3tH noceno-
BaTeJbHOCTH He3aBUCHMO OT KosiMoropoBa, XoTs M 1103:Ke: COOTBETCTBYOLAs
ctatbsi Kosmoroposa 6bliia ony6sukoBaHa B 1963 r., cratesa JlaBnsnga —
B 1966 r.). UTo KacaeTcs HemnpenckasyemblX MOCJEA0BATENbHOCTE — B TOM
TOUHOM TTOHUMAaHUH, KaK OblJ10 C(POPMYJUPOBAHO BbIllle, — TO OHH B YKa3aH-
HOH KHHI'e OTCYTCTBYIOT, TOCKOJIbKY TOSIBUJMCH B JiMTepaType Juwb B 1998 1.
B cTaThe [5].

[Ipumep croxactuueckoil no Uépuy nocJsenoBaTesbHOCTH, TepecTatoLiei
ObITb TAKOBOH MOCJIE MOAXO/sAIE BIOPAHHON BHIUMCIUMON MEPEeCTaHOBKH €é
ujieHoB, ony6JukoBas B 1966 r. J1. JlaBasHa. 3HaueHHe 3TOro npumepa co-
CTOUT HE TOJILKO B TOM, UTO OH MOKAa3blBaeT HeajeKBATHOCTb OINMpee/eHUs
Yépua, HO U B TOM, UTO OH OTKPbIBAET HOBOE KAUeCTBO CJYUAaHHOCTH, HHTYH-
THBHO OUEBHJHOE, HO paHee He 3aMeueHHoe: CJydaiiHasl MocJ/1e10BaTebHOCTb
JIOJIDKHA OCTaBaTbCS CJydalHON nocJie JioO0H BbIUMCAUMOH (T. €. 3a1aBaeMOH
KaKUM-TO aJrOPUTMOM) MEPECTAHOBKH €€ UJIeHOB.

Teopus cioxKHOCTH 00BEKTOB (B JONOJNHEHHE K y2KE PAa3BUBABLLEHCS B TO
BpEMS TEOPHH CJIOXKHOCTH BbIUHCJIEHHIT) Oblia 0cHOBaHa KoJIMOrOpOBbIM Ha
ero ceMHHapax B MOCKOBCKOM yHHBepcHuTeTe B Hauajsie 60-x rojoB XX Beka
W UMeJla CBOEH IVIaBHOW LeJIbl0 NEPECTPONKY MOHATUAHON 0a3bl TEOPUHU HH-
(hopMaLuK (Ha OCHOBE MPEACTABJEHHSI O TOM, UTO YeM CJI0}KHee 00bEKT, TeM
60JibLiIe HH(POPMALMK OH COIEPKUT) C TTOCEYIOLIMM NPUJIOKEHHEM K TEOPHH
caydaiiHocTd. B ony6sukoBanuo# B 1969 . crathbe Kosimoropos nucait:

1) ocHOBHble MOHATHSA TEOPUU HH(DOPMALMH IO/KHBI U MOTYT
6bITh 060CHOBaHbI 6€3 MOMOILM 0OpallleH!s] K TEOPUH BEPOSTHO-
CTel U TakK, UTO MOHATHS «IHTPOMUSA» U «KOJHUECTBO HH(OpMA-
LMU» OKa3blBAIOTCA MPUMEHHMBI K UHAMBHIyaJbHbIM O0ObeKTaM;

2) BBeEHHble TAKMUM 00Pa30M MOHSITHSI TeOpUH HH(OPMALIUH
MOTYT Jiedb B OCHOBY HOBOH KOHLIEMUMH CJydalHOro, COOTBET-
CTBYIOLIIEH €CTEeCTBEHHOH MbICJH O TOM, YTO CJIYYaHHOCTb €CTb
OTCYTCTBHE 3aKOHOMEPHOCTH.

[TpejioxeHe U3MeEPSTh CJ0KHOCTb OObEKTa JIJIMHON e€ro KpaTdyaiiiero
OIMMCAHHSI W TOHSITHE ONTHMAaJILHOTO $i3blKa ObIM H3J02KeHbl KoJsMoropo-
BbIM B crathe 1965 r; 3a roj 10 TOro CXoJHble UeH OblIM OMy6JHKOBA-
Hbl aMepuKaHCKUM HccenoBatesneM Paem CosomoHoBbiM (Ray Solomonoff),
0 pa6otax KoToporo Ko/siMoropos y3HaJ Jiuliib 1o3»xe. BBuay storo teopemy
0 CYyLLECTBOBAHHWU ONTUMAJBLHOIO si3blka Mbl Ha3biBaeM meopemoii Coaromo-
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Hosa — Koamoeoposa. B 3tu xe roapl (T.e. B cepenune 60-x rogoB XX B.)
KoJIMOropoB BbICKa3bIBaeT Ha CBOMX CEMHHApax MPENoJoKeHHe 0 TOM, UTO
ObICTPOTA POCTA SHTPONUH HAUAJbHBIX OTPE3KOB M10CJIe10BATEbHOCTH MOXKET
CJIY>KUTb KPUTEPHEM CJIyyaHHOCTH paccMaTpHBaeMOl MOCJEL0BATENbLHOCTH.
OnHako BBeIEHHOE MM B pPacCMOTPEHHE SI3bIKOBOE CEMEHCTBO MPHBOIMJIO
K SHTPOTHU, HEMTPUTOIHOM /1Sl TOCTABJIEHHOMH Les. Kak yKe roBOpU/IoCH Bbl-
uie, B [VIABKE O XaOTHUHOCTH, TOJIHOE sl ITOW LEJH CEMEHCTBO OOHAPYKHUJI
B 1973 1. Jleonun JleBuH, BBelisi B pacCMOTpeHHe MOHOTOHHYIO SHTPOIHIO.

Tunuueckue nocJienoBaresibHOCTH (MO Ha3BaHWeM “random”, T.e. «cJy-
yaiHble») ObLIH, KAK yXK€ OTMEYasoCh B IJIABKE O THIHUYHOCTH, OTKPbIThI
B 1966 r. [Tepom Maprun-Jlépom (Per Martin-Lof).

YTBepKIeHHE O TOM, UTO KJacC MOCJe0BaTeNbLHOCTEH, CTOXaCTHUECKUX
no Kosimoropoy, lumpe Kjacca TUIIMYECKUX (OHH 2Ke — XaoTHUeCKHe) nocJe-
JloBaTesibHOCTeH, gokasan Asnekcannp Llens (cm. [6], a Takxke [3, n. 6.2.4]).

[Tyctb K — 3HTpONHUS B KAKOM-TO U3 BAPHAHTOB 3TOr0 MoHATHSA. (B sinte-
partype HUCCJIe[0BaHbl HE MeHee LIeCTH TAaKMX BAPUAHTOB: MPOCTast, anpuop-
Hasl, MOHOTOHHas, MpolleccHas, npedUKCHasi U SHTPOIHUST paspeLleHusi; Bce
9TH BapHaHTbl CYLIECTBEHHO Pa3JjiMUHbl B TOM TOUHOM CMbICJe, UTO pas-
HOCTb HTPOIUH, MPHHALIEKALLMX JIIOObIM ABYM H3 MEpeuucJ/IeHHbIX BapUaH-
TOB, HeorpaHuueHa.) CKaxKeMm, UTo M0CJ1e0BaTENbLHOCTD Ay, A9, A3, ..., Ay - - -
ABJISIETCS XxQomuueckol omnocumenvHo K (Mpu paBHOMEPHOM pacripese-
siennu!), ecsu

Jc¢ Vn Beinosneno K(ay, ao,as,...,a,) > n—c.

(3amMeTUM It SICHOCTH, UTO HM JJIl TIPOCTOH SHTPONHUM, HHU IS SHTPOMUU
paspelleHns T0CAeIOBATEbHOCTEN ¢ TaKUM CBOHCTBOM HET BOBCE, a /s
KaXJIOH M3 OCTaJIbHBIX UETbIPEX SHTPONHH XaOTUUHOCTb OKAa3blBaeTCsl paB-
HOOOBEMHON TUNHUUHOCTH.) B Toil ke cratbe JleBuna 1973 r., B KoTopoi
OblJla BBE/IeHa MOHOTOHHAs1 SHTPOIMHUS, COEPKANIOCh U 10KA3aTeNbCTBO TOIO
(hakTa, UTO MOHSATHE XAOTHUHOCTH OTHOCHTEJIbHO MOHOTOHHOH SHTPOIUH paB-
HOOOBEMHO MOHATHIO TUMIUUHOCTH. HesaBucumo ot JleBuHa B Tom ke 1973 1.
Kanayc-ITerep lnopp (Claus-Peter Schnorr) BBén B paccMmoTpeHue CBOM
BapHaHT HTPOIMHU, TaK HasblBaeMylo npoyeccryio anmponuro (y Ulnop-
pa — process complexity), u nokasan (HeaBUCUMO OT JIeBHUHA, HO Ou€Hb
MOX0XKHM CMOCOOOM), UTO MOHSITHE XaOTHUHOCTH OTHOCHTEJIbHO MPOLLECCHOM
SHTPOIMH TaKKe PAaBHOOOBEMHO TOHSATHIO THIMUHOCTH. XOTS TpolieccHast
SHTPOIKSA U MOHOTOHHAS SHTPOIHS CYLIECTBEHHO pa3iMualnTcs (Kak nokasal
Baaaumup Bbiorus [7, ¢. 35, cTpoku 6—4 cHUM3Y], HX pa3HOCTb He OrpaHUu€eHa
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HHUKAaKOH KOHCTAHTOH) W XoTsi Brocjenctsuu cam [llnopp nepecrasn mnosib-
30BaThCsl CBOEH MPOLIECCHON SHTPOIHUEN, PaKTHUECKH OT Heé O0TKA3aBILHUCh,
BbILIIEYKA3aHHYyI0 meopemy Jlesura WHOrna Has3blBalOT meopemoi Jlegu-
Ha — [llnoppa.

[Ipedukchyto sutponuto BBén B 1974 1. JleBuH u rogom nosxe (Ho He3a-
BucuMo ot Jlepuna) — Iperopu Usiitun (Gregory J. Chaitin) (cMm. 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 :xe cratbe UsiTHH BBEJ MOHATHE XaOTUYHOCTH OTHOCH-
TeJIbHO TIPe(MKCHON HTPONHUU M 00bsIBUI (6e3 I0KaszaTesbCTBa), UTO ITOT
BapHAHT Xa0TUUHOCTH PABHOCHJIEH TUIIHUHOCTH; MIEPBOE OMyOIMKOBAHHOE J10-
Ka3aTesIbCTBO 3TOro (hakTa MosiBUJIOCH B cTaTbhe BbioruHa [7]: caencteue 3.2
Ha c. 38. [Ipepukcran snmponus MoxKeT ObITh OTpelesieHa KaK SHTPOIHs
JUIsi ceMeficTBa NMpedHKCHBIX A3bIKOB. F13blK £ HasblBaeTcs npe@ukcHoLM,
€CJIM OH TEPEUHCJIUM U BHITIOJHEHO YCJIOBHE:

((x1,01) € E & (xo,2) € E & (1 = x2)) = (41 = y2).

3ameTum e, uTo B JIUTEpAType TEPMHUH «CJIOKHOCTb» (“complexity”)
yacTo yrnorpebJIsieTCs B CMbIC/IE IHMPONUA, T.€. B CMbICJIE CAOHCHOCHLD
OMHOCUNENAbHO ONMUMANLHO20 A3bLKA.

Henpenckasyembie nocJie10BaTeNbHOCTH (B CMbIC/Ie HACTOSIILIEH CTAaThH)
BIepBble BO3HUKJW BecHOW 1991 . B cOBMeCTHOM JlOKJIaze MOJ Ha3BaHHEM
«Randomness and Lawlessness» («CuyuatiHocTh U 6€33aKOHHOCTb»), KO-
Topbiil Annpeit Myunuk, Asnekceil CeMEHOB U aBTOp THX CTPOK CleJalu Ha
KoHepenimun B Kanudopuuu. Kondepenuus 6b1a nocpsitiieHa 0OCHOBAHHUSIM
TEOpPUU CJAyualHOCTH M mpoxoauna ¢ 4 no 7 mapra B MuHctutyre maTtema-
THUECKUX MCCJIeloBaHuil B couasbHbix Haykax (Institute for Mathematical
Studies in the Social Sciences) Ctandopackoro yHusepcurera. CojepKaHue
JoK1ana Oblio onybaukoBaHo B 1998 1. B Buje crathu [5]. B 370l cra-
Thbe MPUBEJEHBI, B YUACTHOCTH, TEOPEMbl O COOTHOLLIEHHH HeNpeacKasyeMoCTH
C JIPYTHMH aJrOPUTMHUECKUMH JIHLIAMH CJIy4ailHOCTH.

OTMeTuM, UTO orpe/esieHHe HeNpeNCcKa3yeMOCTH B HalleM HACTOSIILEM
OUEpKe OTJHUYAETCS OMHOM JeTasblo OT onpeneseus B [5]. FimenHo, B [5]
JUIsl KOPPEKTHOCTH CTaBKH TpeGOBaJIOCh BbIMOJHEHHE HE CTPOrOro HepaBeH-
ctBa v(R) < V(k — 1), a Gosiee cyaboro HecTpororo HepabeHcTBa U(k) <
< V(k—1). Knacc Henpenckasyembix rocJieioBaTeIbHOCTEH OCTAETCS OJTHUM
1 TeM Ke MpH 060UX MOHUMAHUAX KOPPEKTHOCTH. 3aMeHa B OMpe/lesleHHH
KOPPEKTHOCTH HECTPOrOro HEpPaBEHCTBA HAa CTPOroe Bbi3BaHA JBYMs MpH-
uMHaMU. Bo-TiepBbiX, cama urpa CTaHOBUTCSI 0oJiee CONep:KaTeNbHON: Belb
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B CJlyuae PaBEHCTBA CTABKM TEKYLIEMY KanuTajy cTOMT MIrpoky oumOuThes
B CBOEM MpelcKa3aHuH, KaK ero Kanutaj oOHYJUTCS W OH OyJeT BbIHYKIeH
B JlaJibHelLIeM JeaTh JIMLb HyJleBble CTaBKH. Bo-BTOpbIX, MMEHHO cTporoe
HepaBeHCTBO M03BOJISIET NP NepeHoce onpejieieHHi ¢ paLMOHaIbHO-BbIUHC-
JIMMBIX Mep (KaKoBble TOJLKO H paccMaTpuBaslUCh B [D]) Ha Jo6ble BbIUHC-
JIIMble Mepbl COXPAHUTb PPEKTUBHOCTb JEHCTBUI Urpoka. Beab Kaxibli
pa3 Mrpok poJ/oKeH yIoCTOBEPATLCA B KOPPEKTHOCTH Xoja. [losyunTb ke
TaKoe YJ0CTOBEPEHHE aJIrOPUTMHUECKUM TTyTEM BO3MOXKHO JIMILUbL B BapUaHTe
CTPOroro HepaBEHCTBA: CYLLECTBYET aJITOPUTM, B TOM H TOJILKO B TOM CJyyae
JIAIOLIMH NOJI0KUTENbHBIH OTBET Ha Boripoc «v (k) < V(k—1)?», korna u B ca-
MoM siesie v (k) < V (k—1); He cyllecTByeT aroput™Ma, B TOM M TOJIbKO B TOM
cJlydae Jaiollero MoJioXKUTesibHbiil oTBeT Ha Borpoc «v(k) < V(k — 1)?»,
Koraa u B camoM nedie v (k) < V(k —1).

Cama uiest 0 CBSI3H CJYYalHOCTH C HEBO3MOXKHOCTbIO IapaHTHPOBAH-
HOrO BBIMIpbILLA J0CTaTOYHO oueBHiaHa: ewé ¢oH Musec, He naBasi Tou-
HbIX (POPMYJIUPOBOK, TOBOPHJI O «HEBO3MOXKHOCTH CHCTEMbI HIPbl». BriocJie-
CTBUM BCTPEUAJIUCH H CTPOTHE ONpeJlesieHNs, 0IHAKO BOCIIPOU3BOIMMAsT 3/1ECh
(C KOCMETHUECKHM PEMOHTOM) (hOPMYJIHPOBKA U3 [D] Kaxercst GoJiee GJH3KOH
K MHTYMTHBHOMY MPEJACTABJEHHUIO O c/ydyaliHOCTH. Jlesio B TOM, U4TO Npejule-
CTBYIOLLME UTPOBbIE OMpeie/IeHUs TMOO0 UCIIOJIb30BAJIM CTPATETHH, B KOTOPbIX
BBIUMCJUMOCTb (O3HAualollasi HajJuuue ajropuTMa, yKasblBaloLLEro Mrpoky
€ro Ouepe/lHON XOJ) 3aMeHsiach Ha JPyroe (XOTsl U CBA3aHHOE C MOHSTHEM
aJropuT™Ma, HO, BUIMMO, MEHee ecTecTBeHHoe) TpeGoBaHue, OO 3aBeno-
MO He TPUBOJMJIHU K KJIACCy MOCJe10BaTe/bHOCTEH, paBHOOObEMHOMY KJaccy
TUIHUECKO-Xa0THUECKUX TocJeloBaTe/ibHOCTel. [lisl onpeesieHusl Henpes-
CKa3yeMOCTH M3 [D] ocTaéresi HajeKia Ha yKasaHHY0 PaBHOOOBEMHOCTE.
$lcHo, uTo ueM GOJIBLLINM KOJIHUECTBOM «JIHLL CJAYUAUHOCTH» XapaKTepu3yercs
KaKOW-TO TOUHO OUePUEHHBIN KJacc TMOCJ/e10BaTeNbHOCTEH, TeM 060CHOBAH -
Hee MPaBO ITOTO KJacca CJYKHTb (DOPMaJibHbIM aHAJIOTOM PaCJbIBUATOrO
MHTYUTHBHOTO MPEACTABJAEHHUS O CJyYalHOCTH.
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CIIUCOK KYPCOB, TPOYUTAHHbIX B JILICM—2005

B.U.ApHoJbj
CraTuCTHKA TOMOJIOTHH U are6Gpbl
J1.B.AHocos
JuddepeHinansible ypaBHEHHUS: He pelllaeM, a pucyem

0. .Anocosa, B.A. Kypauu
BeposiTHOCTHbIE cTpaTeruu: MUMbl U PeasbHOCTh

B. O.Bbyraenko
Oo6o06u1éHHas Teopema Ban nep BapneHa
A.U.Byderos
[TepeknaapiBaHusi OTPE3KOB
Kunaccudukaiusi aBToMophuaMoB nosepxHocteit no Tépcrony
0. M. BypmaH
CKJIeliKH 1 T1epeCTaHOBKH TOUEK
A.Jl.ToponeHues
[eomerpuueckoe BBeJleHHE B HEKOMMYTAaTHBHYIO MaTeMaTHKY
MHorousieHbl W psiibl, WK anrebpa — cuisa
C. M. Iyceiin-3ane
Pas6opunBasi HeBecTa
B.B. loueHko
M36panHble 3a1auM KOMOHHATOPUKH W TEOPUH NPeEJCTaBJIEHHH
10.C. UnbsawieHko
OBOJIIOLMOHHBIE MTpoLecChl U PUI0CO(HsT OOLLHOCTH MOJONKEHHS
M. 3. Ka3sapsx

[eometpus, Tonosorus U KOMOMHATOPUKA PA3BETBIEHHBIX HAKPBITHI cepbl

J1.b. Kanenun
KBaTepHuoHHbIE aarebpbl U 3aUeM OHU HYXKHbI

B.A.Kupuuenko
[TocTpoeHus uMpKyaeM U JUHEHKOH U Teopus lasya

B.A. Kaenubix
[unep6osinueckasi reOMeTpHsi B TeOMETPHUECKAsT TEOPHST TPYIII

A.T.Ky3Heuos

[Ipsimble Ha KyOHUYeCKOI MOBEPXHOCTH M MCKJIOUMTE/bHbIE TPYIITbI

C.I1.HoBukos
[aMUJILTOHOBBI CHCTEMbI HA PUMAHOBBIX [TOBEPXHOCTSIX

I. FO.MManuna
Anre6pa MHOrOrpaHHUKOB
1. E.llywkapb
MeuorosHaunasi Teopuss Mopca Ha OKPY:KHOCTH
B.1O.Ilporacos
[eomeTpust MAaKCUMyMOB W MUHUMYMOB
M. Canpsikuna, Kp.Bbepkios
Wrepauyn kBajpaTHUHOTO OTOGpAXKEHHUS
A.B.CkoneHkos
BBesieHue B Tomosiornueckyio Teopuio rpagos
B.A.Tumopun
KBanpartuunasi marematuka
B. M. Tuxomupon
Teopembl cyliecTBOBaHHS
B.A. ¥Ycnenckuit
UeTbipe airopuTMMUECKHX JIMLA CJy4ailHOCTH
B.B. ¥YcneHckuii
3HaK rayccoBOH CyMMbl
P.M. ®€énopos
[IpencraBieHusi KOJUAHOB
I.b.lla6ar
[Tu
A.lllenn
3aMolLLeHust
A.lllensb
Kojibl ¢ ucrpapjieHnem on6oK
H.B. Sluenko
Mertpuueckue npocTpaHcTBa



BPOLUIOPbI CEPUU JILICM

2001

B. M. Tuxomupos
BhinykJblil aHa/mM3 U ero npuJoKeHus

0. M.BypmaH
O NpOeKTHBHBIX MPOCTPAHCTBAX U JIBUXKEHHSIX,
uin [eomerpusi 6e3 puCyHKOB

B. M. TumopuH
Kom6uHaTOpHKa BbIMYKJIbIX MHOTOMPAHHHUKOB

M. 3. Ka3sapsx
Juddepenumanbible GopMbl, paccjoeHHsl, CBI3HOCTH

A.A.Bonubpyx
Juddepenumanbhbie popMbl U ypaBHeHus Makcpesia

M. H. Bsaabiii
JIuHeiiHble HepaBeHCTBA U KOMOMHATOPHKA

2003

U.B.ApxaHueB
Basucer [pé6Hepa u cucteMbl aarebpanueckKux ypaBHEHHH

2004

10.C. UabsgieHKo
ATTpakTOpbl U X (hpakTajibHasi Pa3MEPHOCTh

2005

B.O.byraenko
Oo60611éHHas Teopema Ban nep BapneHna
B.A. YcneHckuii
UeTblpe aAropuTMHUECKUX JIHLA CJYYaHHOCTH



