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BBenenue

Ecan kro-mm160 cKaxKeT Ham, 4To OH MoAOPOCHJ «UECTHYIO» MOHETY JBa-
JaTh pa3 u, 0003HAUUB repO eIMHULIEH, a PELIETKY — HYJAEM, TONYUUJ TAKOH
pesyJsibTar:

10001011101111010000 )]

WJIK TaKOM:

01111011001101110001, (IT)

Mbl Bpsifl JiM OyneM yauBjeHbl. OJHAKO €CsM HaM CKaxKyT, UTO pesyJbTar
O6pocaHuil Obl TAKUM:

00000000000000000000 (I11)

WM TaKUM:
01010101010101010101, (IV)

Mbl OysieM MOpaKeHbl U BOOOIIe He TOBEPUM HJIH »KE€ YCOMHUMCS B KOPPEKT-
HOCTH dKcrepuMeHTa. Bo3Hukaer Borpoc: nouemy?

[To-Bunumowmy, tienouku (I) u (I1) BocnpuHuMaloTest Kak cyydaitble, a le-
nouku (II1) u (IV) — kax nHecsyuaiible.

Ho uTo o3HaualoT cjioBa «BOCTIpPUHHMAaETCS Kak cJayuadiHasi»? Kiac-
cuuecKas Teopusi BEPOSITHOCTeH He AT OTBeTa HA 3TOT BaXKHbBIH BOMPOC.
He crtosib pefko MOKHO ycubllllaTh cJjefytolee o6bsiCHEHHE: BEPOSTHOCTD
kaxoi u3 tenouek (I11) u (IV) cauikom mMana, ona pasHa 272°, uto MeHblue
OJIHOH MMJUTMOHHON. Ho Besib pOBHO TaKylo »Ke BepOSITHOCTb UMEIOT LLENOUKH
() u (1D)!

ClenaeM TpH BaXKHbIX 3aMeuaHusl.

e Bo-nepBbix, BrieuaT/ieHue CAyualHOCTH 3aBUCHT OT pacnpeesieHus Be-
posiTHocTel. Ec/in oiHa cTOpoHa MOHETHI TsKeJiee JAPYroi WK eCJd YesoBeK
B npouecce OpPOCaHUsl HAyUHTCsl MOJAKHAbIBATb MOHETY TakK, UToObl OHA Naja-
Jla Ha HY»KHYIO cTOpoHy, To rosiaeHue 1ienouek (I1I) wnu (IV) moxer crath
BroJIHe OXKuJaeMbiM. CHauasa — Jyist NPOCTOTbl — Mbl OyJeM 3aHHMATbCS
JIMIIb HE3aBUCHMBIMH GPOCAHUSIMH C BEPOSITHOCTSIMH OJIHA BTOpasi /i repba
¥ OJlHA BTOpAast Il PELIETKH.

e B0o-BTOpBIX, TOBOPUTb O CJYYaHHOCTH MMEET CMBIC/ JIHIIb B IPUMEHe-
HHUM K OUEeHb JJIMHHBIM Llenoukam. BeccMmbic/ieHHO cripaluuBaTh, KoTopast M3
uerovek 00, 01, 10, 11 Gosee cayuatina, uem apyrue.

e B-TpeTbUX, TOUHOH TPaHULbl MEXIy CJAyYaillHbIMH W HeCJyuaiHbIMU
(B MHTYUTHBHOM CMbICJIE) LIETIOUKAMH HET M He MOXKeT ObiTb. Benp ecsu
B CJydalHOMH llerouke 3aMeHMTb OJMH 3HaK, oHa ocTaércst caydaitHoil. Ho,
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3aMeHsist MHOTO pas, Mbl OT Jit060# 1enouku MoxkeM npuidtd K (1) wiu (IV).
ITO U3BECTHBIH MAPagoOKC KyuH.

Hrak, cienyer paccMaTpuBaTh TOJbKO OU€Hb AJIMHHbIE LEMOUKH, a B U]e-
ajle — OecKoHeuHble (BooOlLLe, 6€CKOHEYHOCTh — 3TO TAKOE M0JIe3HOE MpH-
OJI2KeHHe CBepXy K OueHb O0JIbLIOMY KOHeuHOMYy). BeckoHeuHble uenou-
KU MPHUHATO Ha3bIBaTh nocaedosamervrnocmant. OKa3biBaeTcsl, MOCEN0-
BATEJbHOCTH YK€ MOXKHO JIOBOJIbHO OCMBIC/JIEHHO Pa3leNuTb Ha C/ydyailHble
¥ HecJyuaiHble. MHbIMH cjioBaMH, MOXKHO He 0e3 ycrexa NblTaTbCsl HAlTH
CTpPOroe MaTeMaTHUyecKoe ornpejiesieHue JUisl NOHATHS caydatinas nocaedo-
samenvHocms Hyaeld u edunuy. B Hacrosiell 6polniope Mbl H3T0XKHM
pe3yJIbTaThl TAKUX TOIBITOK, MPEANPUHSATHIX PA3JIHUHBIME aBTopaMu. OqHa-
KO CJIeJlyeT YeCTHO MPHU3HATh, UTO /IS MPAKTHUECKUX MMPUJIOKEHHH HHTEpeC
NPECTaBAI0T HMEHHO KOHEUHble CJIyuyaiiHble LEMOUYKH U TOTOMY Hieasu3a-
LMs1, TPOUCXOASALLAS MPH MePeXofie K LienoykaM GeCKOHEUHOH JIMHbI, HEeU3-
6eXKHO COMpsiKeHa ¢ «OTPLIBOM OT »KM3HH». Brpouem, aHaJOrHUHBIN OTPHIB
BO3HHUKAET U [IPU U3yUEeHHH COBOKYMHOCTH 8CEX KOHEUHBIX LieloYeK, MOCKOJIb-
Ky B XKM3HM BCTPEUAIOTCS JIUIIb LEMOUKH OrPaHHUEHHOH JJIMHBEL, a B OUeHb
JUIMHHBIX CJIydalHbIX LEMOYKax BO3HUKAIOT Takue 3(eKTbl, KOTOPble MOTYT
¥ He COOTBETCTBOBATb HAWBHBLIM MPEJACTaBJEHHSIM O ciaydaidHocTH. Crenas
9TO NPU3HAHUE, TIPUCTYIHM K H3JIOXKEHHUIO.

Ham 6ynyT nosieaHbl HeKOTOpble TEPMUHBLI U 0603HAUEHHSI.

Besikasi koHeuHast uenouka (iy, ..., i,) HyJel U eIUHHUI HA3bIBAETCS TaK-
Ke 0B0UUHbIM CAOBOM, @ UHCJIO 1 — OAUHOL 3TOro cjoBa. JluHa cjoBa x
o6o3Hauaercst Tak: |x|. [lyiMHa cjioBa MOXKET GbITh PABHA HYJIHO; CJIOBO JIHHbI
HyJIb HUUETO He COJEPKUT W HasbiBaercsl nycmoim. [lycroe cnoBo o6o3Ha-
yaetcst GYKBOH A.

MH0xeCcTBO BCcex NBOUUHBIX CJIOB 0O603HauaeTcsi OyKBoi =. MHOxKeCTBO
BCEX MOCJ/e0BaTe/IbHOCTEN HYJiIeH U eMHUL, 0603HauaeTcst 6yKBo# (2.

7151 mocsienoBaTesibHOCTH (a1, A9, A3, A4, - . .) KAXKI0E U3 JIBOUYHBIX CJIOB
(ar,aq,...,a,) asasercs eé nauarom. [lyctb X € E — JBOHUHOE CJIOBO.
MHoxKecTBO Bcex Tex MocJjenoBaTesNbHOCTEN U3 {2, /ST KOTOPBIX X CJYXKHUT
HauasioM, o6o3HaunM vepes ),. Kaxnoe mMHoxecTBO Buaa )y, rne x € =,
NpUHATO HasbiBaTh wapom. llapy €, npunucoiBaercs ero 06vém v(x), paB-
Hbit 271

ConepzkatesibHO, KaxKIylo MOCJ/1e10BaTeNbHOCTb M3 €2 Mbl paccMaTpUBaeM
KakK CepHio pe3yJbTaToB 6pocaHuil MoHeThl. Elé pa3 moayepkHém, uto s
HarJIsiIHOCTH Mbl OrPaHHUUMBAEMCsl HA TMEPBbIX MOPax CUTyallMeH, Korjaa pe-
3yJbTaThl Bcex GpocaHuil paBHOBeposiTHbI. Ha MaTemMaTHuecKoM sI3blKe 3TO
03HAyaeT, uTo Ha ) 3a/1aHO TaK HA3bIBAEMOE PABHOMEPHOE pacnpedeserue
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sepoamHocmetl, a 3T0, B CBOIO 0Uepejib, 03HAUAET CJEyIOLIee: AJI KaXKI0T0
11apa BepoOsiTHOCTb TOTO, UTO CJAyYalHHO BblOpaHHAS MOCJEN0BATEIbHOCTh U3
Q nonasét B 3TOT 1Iap, paBHA 06BLEMY ITOTO 1Iapa.

Haina nesnb — nomnbitaTbest BHIAEAUTD U3 {2 HEKOTOPOE TOUHO OMUCAHHOE
MOJAMHOKECTBO, TPEeTeHAylollee Ha POJb MHOXKECTBA BCeX CJydYalHbIX MO-
cJenoBaTesqbHOCTEN. TpaauuoHHasi TeOpHst BEPOSITHOCTEH He TOJbKO He MpH-
6JIMKaeTCsl K PellieH|Io 3TOH 3ajlauu, HO JlaXKe He MOxKeT e€ chopMyIMpoBaTh
B CBOMX TepMHHaX. Ha nomoiub npuxoaut Teopusi anroputmoB. MoxkeT noka-
3aThCsl MapajoKcaJ/bHbIM, UTO MOHSITHE CJYYaHHOCTH YTOUHSIETCS HA OCHOBE
TAKOr0 Uy»KJI0T0 CJYYaHHOCTH MOHATHS, KaK aJrOPUTM, — TeM He MeHee, J1eJ10
0OCTOUT UMEHHO TaK: BCE U3BECTHbIE 10 CHX MOP ONPEACJeHUS CJAyUalHOCTH
UHJIMBUIyaJIbHOTO 00beKkTa (B HalleM MpUMepe — HHAWBUYaJbHOU MocJie-
JIOBATEJIbHOCTH HYJIEH W €JIMHHIL) ONUPAIOTCSl HA TIOHSTHE aJrOpUTMa.

Uro6bl HAlTH TpebyeMoe orpejiesieHre, 06bIYHO MOCTYNA0T TaK: Gopmy-
JIUPYIOT HEKOEe XapaKTepHCTHUECKOe CBOMCTBO, KOTOPBLIM 00J1alaloT caydan-
Hble (B HeOopMaJbHOM, HHTYHTHBHOM CMbICJIE) TOC/IE0BATENLHOCTH, a 3a-
TeM MOCJEeA0BATE/NbHOCTH, 00Jalalollie 3THM CBOUCTBOM, U OOBSBJASIOT —
M0 OMpeeseHUI0 — CJyYalHbIMHU.

Kakumu ke cBoiictBamMu obJiaaer cjyyaiiHasi N0oCJel0BaTe/bHOCTb Hy-
Jiel M eIMHUIL?

Bo-nepsbix, oHa yacmomoycmotiyusa. BoT uto 370 03HauaeT AJs TOro
MPOCTEHIIEro cJyyasi, Korjaa HyJH W eHHHULbl PABHOBEPOSITHBI: UacTOTa Hy-
Jiel, KaK U 4acToTa eJIMHULL, CTPEMUTCS K OJIHON BTOpOU (vacmoma Hyseid —
9TO MX JI0J1s1 B HauaJbHOM OTpesKe mnocJjenobarenbHocti). Ho GoJsee Toro:
B CJIyuailHOH MOCJ/Ief0BaTeNbHOCTH YKa3aHHasi yCTOHUMBOCTb YACTOT BhINOJI-
HSIETCS He TOJBKO JIsl TOCJeI0BATENbHOCTH B LEJNOM, HO W JJis JI0O0H eé
3aKOHHOM, pa3yMHOH MOJIOCJEI0BATEbHOCTH.

Bo-BTopbiX, OHa Xaomuuxa. DTO 03HAUAET, UTO OHA CJIOKHO YCTpOeHa
¥ He MOXKET MMeTb pa3dyMHOro onucanus. IlcuxoJiornueckomy sKcrnepuMeH-
Ty, ¢ KoToporo Mbl Hadasu, Kosmoropos nan takoe o6bsicHeHue. Llernouxu
(I) u (II) moromy BocnmpHHHMAIOTCS Kak CJyuyalHble, UTO OHH CJIOXKHBI, HX
YCTPOUCTBO HeJb3s KopoTko omnucatb. A BoT uenoukd (III) u (IV) umeror
NPOCTOE, JIEFKO OMUCHIBAEMOE YCTPOHUCTBO.

B-Tperbux, oHa munuuxa. JTo 03HAUAET, UTO OHA MPUHALIEKHT JIIOOOMY
pasyMHOMY OOJIbLUHHCTBY.

B-ueTBépThIX, OHA Henpedckasyema. DTo 03HAYAET, YTO, Urpasi MPOTHUB
Heé Ha JeHbTH (T.e. MBITAsICh yrajaTh YJeHbl MOCJAEI0BATENbHOCTH U Jlesast
CTaBKH), MOCJIEI0BATEJbHOCTh HEBO3ZMOXKHO OObI'paTh BHE 3aBUCUMOCTH OT
PasyMHOCTH CTpaTeru.



CJl0BO «pasdyMHblil», BCTpeuaiolieecsi B OObSICHEHUSIX MepPeurcieHHbIX
UeTbIPEX CBOMCTB, KOHEUHO, HYXKIAeTCSl B yTOuHeHWHU. Teopusi ajaroputrmoB
KaK pa3 M MpejlaraerT Takue YTOUHEHHs!, HAIOJIHSI 3TO CJOBO TOUHbIM
CMBICJIOM — CBOUM JUISl KaXKI0r0 M3 HalUMX 4eThIpéX cBOHcTB. Tem cambiM,
BO3HHMKAIOT YeTblpe aJrOPUTMHUECKHX CBOHCTBA: 4ACMOMHAA YCMOU4U-
80CMb, XAOMUYHOCMb, MUNUYHOCMb, Henpedckasyemocms. Kaxnoe u3
HUX MPEACTaBJ/seT CBOE COOCTBEHHOE AJTOPUTMHUECKOE JIMUO CJyuyalHO-
CTH, U Ka)K[0€ U3 HHUX, ¢ OOJIbLIMMH WM MEHbIIMMH OCHOBAHHSIMH, MOXKET
NpeTeH0BaTh Ha PoJib CTPOrOro MaTeMaTHUECKOro ONpeeseHHs MOHATUS
CﬂyqaﬁHOCTH. MoXKHO cKasaTb W TaK: BO3HHKAIOT YEeTbIpe TOYHO OYEpUEH-
HbIX KJiaCcCa HOCJTQIIOBaTeJTbHOCTeﬁ, Ka)KILbIﬁ U3 KOTOPbIX MPETEHAYET Ha TO,
4TOObI CJY2XKHUTb «UCTHHHBIM» KJlaCCOM cnyqaﬁﬂux HOCHEHOBaTeﬂbHOCTeﬁ;
HEKOTOpble U3 ITUX MpeTeH3uil HoJiee orpaBaaHbl, UeM Ipyrue.

Wrak, uenb nanbHeHLIero U3/ioxKeHHs: TakoBa. Bo-nepBbiX, NPeiI0KUTb
CTporue omnpeaeseHns /g nepeyrucJieHHbIX BbIlIE LIETI:.IpéX CBOHCTB H, TeM
CaMbIM, IJIs1 BOSHHUKAIOIIKWX Had OCHOBE 3THX CBOHCTB ‘{eTpréX KJ1aCCOB I10-
cJeoBatesibHOCTeH. BO-BTOpPBIX, C(OPMYNHUPOBATH M3BECTHbIE HA CETOJIHS
B3aUMOOTHOLIEHHSsT Me2K1y Ha3BaHHbIMU CBOUCTBAMH H, cJegoBaTeJIbHO, MEXK-
Jly COOTBETCTBYIOLLMMH KJacCaMH 110CJIe10BaTe/IbHOCTEH.

Jlnuo neppoe: HacToToyCcTOMYMBOCTb U CTOXACTHUYHOCTD

[To-BuaMMOMY, OIHUM W3 MepBbIX MOCTaBUJ BOMPOC O TOM, UTO TAKOE OT-
JIe/IbHO B3fTast cJlyvaiiHasi 10CJ/1el0BaTeNbHOCTb, 3aMevaTe/IbHbIi HeMeLKHI
MaremaTHK Puxapa ¢gon Musec B navase XX Beka — B 1919 . Bo Besi-
KOM CJlyuae, UIMEHHO OH I1€PBbIM MPEIOKHUJ CPABHUTEJbHO ylauHoe (XOTS
1 HECTPOroe) orpejieieHue, MocjyKUBilee OTIPABHON TOUKOM Jist JajibHel-
LLIEr0 PA3BUTHSI.

Musec nexoaun U3 TOro, U4To CJyyalHOH MOCJEL0BATENbHOCTH JIOJIXKHA
ObITb MpHCYLLA YyCTOHUMBOCTb YACTOT, @ MMEHHO: 10JIs1 eMHHL, (KaK U J0J5
HyJlell) B HauaJIbHOM OTpe3Ke CJ1yuyaiiHOl MOCJ/Iel0BATe/IbHOCTH JI0JI2KHA CTpe-
MHUTbCS K OJIHO BTOPOU I1pY HEOTPAHHUEHHOM YBEJIMUEHHH JUIMHBI HAYaJIbHOTO
otpeska. Ho storo nepocrarouno. Hanpumep, TuM cBOACTBOM yCTOHUHBOCTH
yacToT o6JiajiaeT 3aBeIOMO HecJlydaliHasi ocJie0BaTe/IbHOCTb

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

OueBuanbIM 06pa3zoM He06X0AMMO, UTOOBI YCTOHUMBOCTHIO YACTOT 06Janana
He TOJIbKO BCsl 110CJIeJ0BATE/bHOCTL LEJUKOM, HO U e€ MOANOC/el0BaTe b=
HoctH. OJIHAKO YCTOHUMBOCTBIO UACTOT He MOTYT 00JafiaTh 8ce MOoAnocye-
JI0BaTeJbHOCTH. B camom Jesie, BO3bMEM cCaMylo YTO HH Ha €CTb CJjyyak-
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HYIO TOCJIe0BATENbHOCTh U OTOEPEM B MOANOC/EN0BATENbHOCTb Te e€ uJie-
Hbl, KOTOpbl€ PaBHbI HYJIO. .. 3HAUMT, TOJNOC/EI0BATENbHOCTb, B KOTOPOH
JIOJIXKHA COOJMIOATLCS YCTOHUMBOCTb YaCTOT, JI0/KHA ObITb pA3YMHOL, I
donycmunoii. Hanpumep, ecsin oto6paTthb B NOANOC/E10BATEbHOCTb BCE T
uJieHbl, YbH HOMEpPa CYTb MPOCThI€ YNCJA, HUJIH XK€ BCE Te UJeHbl, KOTOpPbIE
HErMoCpe/ICTBEHHO CJEAYIOT 32 HyJeBbIMH, TO MOJyYeHHAs! B KaXKI0M M3 3THX
JIByX BAPHAHTOB MOJANOC/EI0BATENbHOCTb ABJSETCS JOMYCTUMOH.

[TocsienoBaTe/IbHOCTH, B KOTOPBIX YCTOHUMBOCTL YAaCTOT COBJIIOAAETCS BO
BCeX e€ I0MyCTHMBIX T0JI0C/1e10BaTeIbHOCTSX, KoJMOropoB npeiioKu Ha-
3bIBATb CMOXACMUYECKUMU.

Cam Mugec 0OBSCHSI, KakKHe MOCJEI0BATEbHOCTH CJe/lyeT CUMTaTh
JIOTYyCTHMBIMH, B pacil/blBUaThiX TepMHHaX. [lepBoe yTouHeHHe MpemIoKuI
B 1940 r. amepukaHcKui mateMaTHK AsoHzo Uépuy — oauH M3 cosja-
TeJiell TeopuH ajroputMoB. Yépu mnpemioxkusa, uyToObl JOMYCTHMblE MOJ-
MOCJIeI0BATENLHOCTH CTPOUJNCL HA OCHOBE OINpe/ieIéHHBIX aJrOPUTMOB.
[TocnienoBaTesIbHOCTH, B KOTOPBIX YCTOHUMBOCTb YacTOT HabJIOAaeTcsl BO
BCeX JIOMyCTHMbIX Mo Yépuy mnoanocsenoBaTesibHOCTSIX, TOJNYUYHIH Ha3Ba-
HUe cmoxacmuueckux no Yépuy. OnHAKO 0KasaJoch, UTO OTNpejeseHne
Yépua CJMIIKOM LLIMPOKO: CYLIECTBYET, HAMpUMep, cToXacTHueckast no Ueép-
uy [10CJIe0BaTe/IbHOCTD, TepecTatollas OblTb TaKOBOH MOCJe BbIUHCJIUMON
NepecTaHOBKH €€ UJIeHOB.

B 1963 r. Konmoropos ycoBeplieHCTBOBaI KOHCTpyKIMIo Yépua, mpes-
J0XKUB GoJiee OOLIMPHBIN KJaacc JOMYyCTHMbIX aJrOPUTMOB OTOOpPA UJIEHOB
MCXOJHOH M0CJIeI0BATE/IbHOCTH B MOJNOCJAEI0BATENbHOCTb U, TEM CAMbIM,
3aBEJIOMO He MeHbIIMH (a Ha Jesie Gojiee OGUIMPHBINA) KJaacC JIOMYCTHMbIX
MOJNOC/EI0BATENLHOCTEN; B UACTHOCTH, KOJMOTOPOBCKHI aJIrOPUTM paspe-
1I1aeT ujeHaMm MOANOC/Ae0BATENbHOCTH HMeThb HHOH TMOPSIIOK CJel0BaHus,
uyeM B HCXOJHOH mnocJjenoBaresqbHocTH. [losTomy ksacc Bcex mocsenoBa-
TesbHOCTEH, crmoxacmuueckux no Koamoeoposy (T.e. TaKHX, Yy KOTOPbIX
YCTOHUMBOCTb 4acTOT HalJoaeTcsl BO BceX AOMycTUMbIX no Kosmoroposy
MOJNOC/EI0BATENBLHOCTSIX), SIBJSIETCS] MOJKJIACCOM KJacca ToCye10BaTe/b-
HOCTeH, cToXacTHueckux no Uépuy, a Ha camoM JeJse, 1axKe CTPOTHUM TOJI-
KJ1aCCOM, T. €. HE COBIAJAIOLIUM ¢ 00beMJIIOLIMM KiaaccoM. JIJist nanbHeHmux
CCBIJIOK KJ1acc BCeX MocJe/IoBaTebHOCTEN, cToxacTHueckux no Kosmoropo-
BY, 0603HauUM GYKBOH S.

BrisicHusioch, 4to Kjaacc S takxke cjauwKoM wupok. OKasanoch, Harpu-
Mep, U4TO MOXKeT OBbITh MOCTpPOeHa TaKasi cToxacThyeckasi o KoJmoropoBy
MOCJe10BaTENbHOCTD, B Ka’KJI0OM Ha4aJbHOM OTPe3Ke KOTOPOH eIrHHLL 60Jb-
1le, 4eM HyJield; a 3TO MPOTHBOPEUHT KaK HHTYULIMH, TaK U 3aKOHAM TEOPHH
BeposiTHOCTeH (HanmpuMep, 3aKOHY BO3BPATHOCTH COCTOSIHUE TPH CJydaliHOM
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6sy>knanun). Takum o6pasom, fake HanboJiee MPOABHHYTOE U3 H3BECTHBIX HA
CEroJIHSAIIHUN IeHb MaTeMaTHUeCKH CTPOTUX YTOUHeHUH uaeir Museca He na-
€T M0JIHOrO OTpaKeHHs! MHTYMTHBHOIO MPEACTABJIEHHUS O CJAydalHOCTH (XOTS
¥ 3TO HEMOJIHOE OTPaxKEHHE MOXKET 0Ka3aThbCsl MOJIE3HbIM).

Jast Gosblielt sicHocTH mpuBenéM KoHcTpyKumu Yépua n Kosmoropo-
Ba. LleHTpasnbHbIM 1151 06enX KOHCTPYKLMH SIBJSIETCS] YKa3aHWe TeX TpaBuil,
COMNIaCHO KOTOPBIM M3 YJIEHOB paccMaTpHBAEMOH MOCJ/e10BaTeNbHOCTH CO-
CTaBJIAIOTCS JOMYCTHMbIE MOJOC/AeI0BaTeNbHOCTH. [10CKO/IBKY Kaxioe Ta-
KO€ TMPaBHJIO NIPOU3BOANT OTOOP YJIEHOB IMOCJEN0BATEIbHOCTH sl BKJIIOUE-
HHUS1 MX B JOMYCTUMYIO MOJITIOC/EN0BATENbHOCTb, CAMH 3TH MpaBHJIa MPUHSTO
HasbIBaTh JONYCMUMbIMU NPABUAAMU OMOOPA.

Jlaist HarasiiHOCTH TIpescTaBuM cebe, UTO uJieHbl HCC/IeyeMol Mocneno-
BaTeJbHOCTH HanucaHbl Ha Kaptax. KapThl jiekat ofHa 3a Apyro#, JiMiieBoi
CTOPOHOH BHM3, TaK UTO Mbl HE BHJMM, UTO HA HUX HanucaHo. Hawa uenp —
oTo6paTh HEKOTOpble M3 3THX KAapT U COCTaBUTb M3 HUX JAPYrylo MOCJeN0-
BaTeJbHOCTb — JIOMYCTHMYIO TIOAMNOCJ/en0BaTeqbHOCTb. (Kak Mbl yBHAMM,
B CJlyuae KOJMOTOPOBCKOH KOHCTPYKIIMH TEPMHH «ITOJMOCAE0BATEIbHOCTh
1MeeT GoJiee LIMPOKHUIA CMbICJI, UeM 3TO 0ObIUHO MpuHsTO.) [lonycTumoe npa-
BHJIO 0TOOpa TMpejcTaBJ/sieT coO0l0 aJropUTM, KOTOPBIF Ha KaxKI0M 3Tare
MOCTPOEHHSI MOJINOCJIEI0BATEbHOCTH MPENUChIBALT, BO-MEPBbIX, KOTOPYIO
M3 KapT HaJIJIEXKUT OTKPBITH M, BO-BTOPBIX, CJELYeT WM HET BKJIOUaTh 3Ty
OTKpbIBAaEMyIO KapTy B MOANOCJEN0BATENbHOCTb. BXoMoM anroputma ciy-
JKUT MH(OPMALIUS O BCEX yXKe OTKPbITbIX K 3TOMYy MOMEHTY Kaprax. MoxeTr
CJIyYHTbCS, UTO AJITOPUTM OTOEPET JIMLIb KOHEUHOE YHMCJIO UJIeHOB UCXOAHON
MOCJ/1e10BaTe/IbHOCTH; B 3TOM CJy4ae CUMTAeTCsl, YTO HMKAKOH JOMyCTHMOMN
MOJNOCJ/eI0BAaTENLHOCTH He o6pazoBasochk. (Hamomuum, uto ncxonuasi no-
CJII0BATENIbHOCTb MPU3HAETCA CTOXACTUUECKOH MPH HAJNUUMH YCTOHYHBOCTH
YacToT B /OO0 e€ JOMyCTUMOH MOJNOC/e10BATENbLHOCTH. )

[Tepexomum K 6oJiee TOUHOMY OMUCAHHUIO.

DyYHKUMS HA3bIBAETCS! 8bLUUCAUMOL, KOJIb CKOPO CYLLECTBYET BblUUCAA-
rowuti €€ anroputM. [1pu 3TOM TOBOPSAT, UTO AJTOPUTM BblyucALent (HYHK-
1Mo [, KOJIb CKOPO OH repepabaThiBaeT BCAKUI €€ apryMeHT X, Ha KOTOPOM
(hyHKLMS oNpesieNieHa, B COOTBETCTBYIOIIee 3HAaUeHHe f(x) W He BbIIAéT HUKA-
KOro pe3yJibTaTa B MPUMEHEHHH KO BCSIKOMY TaKOMY apryMeHTY, Ha KOTOpPOM
(hyHKLMSI He orpeseJseHa.

Hccnenyemyto Ha yCTOHUMBOCTb MOCJEN0BATENbHOCTL 0003HAUMM Uepe3
a,as,as, ..., Tak 4To Ha n-{ Kapre 3anucaHa uudpa a,, pasHas 0 win 1.

Homnyctumoe 1o Yépuy npasusio ot6opa s1BJASETCs NPOU3BOJNLHON BbIUKUC-
JuMoH (pyHKUMel G, onpeleséHHON Ha MHOXKECTBE I BCEX JIBOMUHBIX CJIOB
1 NpUHUMAatoUleld oHO U3 IBYyX 3HaueHuil: Ja u Hem. KapTbl OTKpbIBalOTCS
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MocJ1e/10BaTe/bHO, OJIHA 3a APYrod, HauMHasl ¢ NePBOH, U KaXK/bli pas — J10
OTKPBITHSI OUEPEHON KapThl — PEILAETCs BOMPOC, BKAKYAThL JIM 3Ty Kap-
Ty B MOANOCJEN0BATENLHOCTh. BOMpoc 3TOT pellaetcs Caeayolnm 06pasom.
[TycTb y2Ke OTKPBITHI 7 KapT, Ha KOTOPBIX 3aMkCcaHbl, COOTBETCTBEHHO, LU(PbI
ai,...,a,. Ecm G(ay,...,a,) ectb Hem, 10 caenyiowmas, (n + 1)-1, kap-
Ta He BKJIIOUaeTCsi B MojnocaenoBatesnbiocts. Ecau G(ay,...,a,) ectsb Ja,
To caeayiomasi, (n + 1)-51, KapTa BKJOUAETCSl B MOAMOC/AEI0BATEIbHOCTh
B KauecTBe 0YepeaHOro ujieHa. Bk/ouaTh WK He BKJIHOYATH B MOANOCAEI0BA -
TeJIbHOCTh UJieH @, 3aBUCUT OT 3HaueHust G (A). Takum o6pazom, npasuiy G
oTBeuaeT GeCKOHEeUHast MOJNOC/e0BaTeNIbHOCTD (B CJyuae, ecJii TakoBasi 06-
pasoBanach) dn(ly, An(2), An(@), - - -, T uncaa n(l), n(2), n(3), ... obpasyior
BO3PACTAIOILYI0 MOCJEI0BATENBLHOCTL, COCTABIEHHYIO W3 BCEX UHMCEN 11, JIJIsI
Kotopbix G(ay,...,a,—1) = /a.

M3noxeHuo KoHeTpyKiuu KosiMoropoa npernoniiém o6061eHHe MoHs -
TS TIOJNOCJEN0BATENLHOCTH. Q006U éHHOL nO0NOCA008AMEAbHOCTILIO
MOCJEN0BATE/NILHOCTH Ay, d9, .. ., Ay, ... HA30BEM BCSKYIO TMOCJEN0BATE/b-
HOCTb BHJA

Clq)(l),aq,(g), . ,Clq)(k), ey

JLJIs1 KOTOpOﬁ BBITTIOJITHEHO YyCJIOBHE

<] = o) # o)

JL1s1 0OBIUHON TO/NOCIE0BATENBHOCTH (KOTOpast BJISETCS YaCTHBIM CJyda-
eM 0000UIEHHOH) 3TO yCJIOBHE 3aMeHeHO Ha 6oJiee CUJbHOE — C IpaBoi
yacTblo @(i) < @(j).

Kaxnoe nonycrumoe no Kosmoropoy npaBusio ot6opa UMeeT 11e/blo Co-
3/1aTh HEKOTOPYIO 06061IEHHYIO MO/NOCEA0BATENbHOCTb UCXOIHOH MOCeN0-
BATEJNbHOCTH. MbI OTOMY HarMCaJH «HMEeT LeJbi0 CO3/1aTh», a He «COo3/a-
€T>», UTO MpoLece Co3aHUs MOXKET MTPEPBATHCS, U TOT/IA B pe3dyJibTaTe npuMe-
HeHMsl MPaBHJIa BO3HUKaeT He 6eCKOHeUHas! 110C/e10BaTe/bHOCTb, a KOPIMed
(T.e. KoHeuHbIi HaGOp), COCTABJIEHHBIH U3 YJIEHOB HCXOJHOH MOC/e10BaATENb-
HocTu. st ctoxactnunocTd no KosmoropoBy TpeGyeTcsi yCTOHUMBOCTb Ua-
CTOT B KaXK/10{ U3 IOMTYCTHMBIX, T. €. 00pa30BaHHbIX KAKHUM-JIHOO JIOMYyCTHMBIM
no KosmoropoBy npaBusiom, 0600LIEHHBIX MOAMNOCAEA0BATEIbHOCTEN.

Camo koamoeoposckoe (T.e. nonyctumoe no KosmoropoBy) npasuio
COCTOUT M3 JBYX BbIUMCAUMBIX QyHkuMH: [ u G. [lepBasi cayxur s o6-
pa30BaHUSl HEKOH BCIOMOTraTeNbHOW 0O00LIEHHOH MOANOCIeA0BATEIbHOCTH.
OxkoHuaTeJsibHast xKe 06001IEHHAs TTONOC/EN0BATEILHOCTD HCXOIHON TToCIe-
JIOBATEJbHOCTH CTPOUTCS TIPU MOMOLIM (DYHKUMH G B KauecTBe 0OOLIUHOMN MOJI-
M0cJ/1e/10BaTe/IbHOCTH BCIOMOraTe/ibHoH 06001UEHHO MOAN0C/e10BaTeNbHO-
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cTu. Aprymentamu ¢pyHKUME F U G cJy>KaT IBOUUHbBIE CJ0BA, TAK UTO KaxK/ast
13 3TUX (DYHKIMI OMpejiesieHa Ha CBOEM TOJIMHOXKECTBE MHOXKeCTBa =. 3Ha-
UEHUSIMH (YHKUMM [ cayKaT Ledible MoJIoKUTebHbIe Uucaa, Y hyHKUMH G
JiBa BO3MOXKHbIX 3HaueHus:: Ja u Hem. CriepBa CTPOUTCS M0CJ/€10BaTe/b-
HOCTb HaTypasbHbIX unces n(l),n(2),n(3),...:

I”L(l) = F(A), I’L(Q) = F(an(l)), ceey fl(k + 1) = F(Cln(l), ceey an(k)).

[TocTpoeHue 3Toi MoC/AE10BATENbHOCTH peKpalllaeTcs (M BOSHUKAET KOHeu-
HbIH KOPTEXK), KaK TOJbKO HACTYMNaeT OJMH U3 TPEX CJyyaes:

* 3HaueHue [ (a1, - - ., an(k)) HE ONPEIENEHO;
* 3HaueHHe G(any, ..., An(k)) HE ONPEILIEHO;
* 3HaueHue [ (ay), - - -, n(k)) COBMAnACT ¢ OHUM M3 uncen n(l), ..., n(k).

Ecsiu »Ke 0CTaHOBKH B MOCTPOEHHH He MPOHM30LIIO U BO3HUKJ/A GeCKOHeuHast
nocJenoBaTesbHOCTL HoMepoB 1(1), n(2), n(3), ..., To Aajee CTPOUTCS BCIO-
MorareJ/ibHasi 0000LIEHHAs NOANOCAEI0BATEbHOCTD A p(ly, An(2), An(3), - - - - V13
Heé, HaKoHell, 0TOHpaloTCs — B MOPSAJIKE BO3PACTAHUS & — Te e€ UJleHbl Ay k),
J/151 KOTOPBIX BBITIOJIHEHO PaBeHCTBO G (apu(1y, - - -, An(e—1y) = Ja.

Jluio BTopoe: XaoTHUHOCTD

Bepnémesi K npuMepam KOHEUHBIX Lernouek U3 BBeieHHs U BCIOMHHUM
o6bsicHenue, npeyioxennoe Kosimoroposbim: tienouku (I) u (II) Bocnpunu-
MaloTCsl KaK cJydadiHble, 1oToMy uTto oHM caodzcHel; uernouku (II1) u (IV)
BOCTIPUHUMAIOTCS] KaK HecJ/ydyaiHble, TIOTOMY 4TO OHH npocmoi. [lo-Bumu-
MOMY, MBI OXKHJAeM, UTO pe3yJbTaT CJAyYaHOTO SKCMEePUMEHTA OKayKeTcsl
CJIOXKHBIM, W YIUBJISIEMCS], KOTJIa MOJyuaeM UTO-TO MPOCTOE.

HexkoTtopble 00beKTbl MOXKHO KBaJM(HUIMPOBATH Kak OOJIbILIME WK Ma-
JIeHbKHe, Ipyrue — Kak TsLKEJble MJIH JErkue, TpPeTbH — KaK CJIOXKHbIE I
npoctble. B Hauase 60-x romoB KosMoropoB HaMeTHJs1 MaTeMaTHYECKYIO TeO-
pHIO, MO3BOJISIIOILYIO OLEHHBATh CJ0KHOCTb 00bekToB. Ceiiuac sTa Teopus
Ha3piBaeTcss TEOPHEN KOJIMOTOPOBCKOW CJOKHOCTH.

B ocHoBe TeopuM KOJIMOTOPOBCKOH CJIOKHOCTH JIEXKHUT CJle/lylolias npo-
CTasl U eCTeCTBEHHAs UIIES: CAONHCHOCMb 06BeKma usmepsaemcs OAUHOU
e2o0 Kpamuaitiuieeo OnUCanu.

B camom nene, KaKapli 06beKT MOXKET UMeTb CKOJIb YTOJHO CJIOXKHBIE
OTMHCAHMS, HO CJIOXKHBIA 00bEKT HEBO3MOXKHO OMHCATh KOPOTKO.

[Iyctb ¥ — MHOXKeCTBO Bcex 0OBEKTOB, KOTOPble Mbl paccMaTpUBaeM,
a X — MHOXeCTBO BCEeX MBICJUMbIX OMHCAHUE 3THX 00beKToB. Uepes |x|
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0003HauuM JyiuHy onucanus x. CaoxHOCTb 06bekTa y 0603HaunM Comp(y).
B cooTBeTcTBUM CO CKa3aHHBIM,

Comp(y) = min {|x|: x ecTb onucanue ujs y}.
X

Ecan o0beKT y HeonucyeM, T.e. JIJIsl HEro He CyLIECTBYeT OMHCAaHHUs, TO,
€CTECTBEHHO, €ro CJ0XKHOCTb PaBHA GECKOHEUHOCTH.

Pasymeercs, IJMHBI HAl0 MepUTb €IMHOOOPA3HBIM CIOCOOOM, UTOOBI
He TOJIyUMJIOCh, UYTO ONHCAHHE OJHOTO M TOro »Ke 0ObeKTa MUMeeT Ha KH-
TalCKOM si3blKe JJIHHY eJMHHMLA (OJMH Heporyinug), a Ha PycCKOM — COPOK
(copok 6ykB). [TosToMy BCce omucaHusi KOJAUPYIOTCS B IBOMUHOM asihaBUTe —
B BUJI€ IBOMUHBIX Llenouek. BOT 3TH-TO JIBOWUHbIE KOJbI Mbl U GYJIeEM OTHbIHE
CUMTAThb ONUCAHHSIMH, TAK UTO OTHbIHE X = Z=.

MHOXecTBO BCeX TaKHMX TMap (x,y), UTO X CJYKHUT OMMCAHHEM s Y,
€CTEeCTBEHHO Ha3bIBAThb A3bIKOM ONUCAHUSL.

3aMeTHM, UTO W OJHH H TOT 3Ke OODBEKT MOXKET HMeTb B TAHHOM S3bl-
Ke MHOTO OTIMCAHHWH, U OJHO U TO K& OTNHUCAHHE MOXKET CJIYXKHUTb OTMHUCAHHEM
MHOTHX 06beKTOB. TakoBO, HanpuUMep, OMHUCaHHE «JBOMYHOE CJIOBO, COCTOSI-
1lee TOJbKO U3 HyJel», a, CKayKeM, BbIpaxKeHHe «JIBOMUHOE CJOBO» TOAUTCS
B KauecTBe OIMHUCaHUsI Jisl JI0OOro JIBOMUHOTO CJIOBA.

Bcé ckazaHHoe HOCMJIO MpeiBapUTesbHbIH xapakTep, uToObl ONMpaBlaTh
HIKeceIytollee GopMasbHOE U3JI0KEHHE.

B nekaptoBoM npousBelieHun = X Y paccmaTpuBaeM NPOU3BOJIbHOE MOJI-
MHOKeCTBO £, KOTopoe Ha3biBaeM A3vikom onucarnus. Ecan (x,y) € E, 6y-
JIeM FOBOPHTb, UTO X siBJIsIeTCs onucanuem oobekra y. Caoncrnocmo Compy
o0beKTa y OmHocumesbHo si3blka £ onpeniensieTcs Tak:

Compg(y) = min{lx|: (x,y) € E}.

HanomMHuM, 4TO MHHUMYM IO MyCTOMY MHOKECTBY MPHHSITO CUMTATh PaBHBIM
OECKOHEUHOCTH.

Hast si3bika £ = = X Y, B KOTOPOM KaKJ10€ X CJYXKUT OMHUCAHHEM ]ISl
KaXKJI0T0 Y, CJI0XKHOCTb J1II000T0 0O'bEKTA i paBHA HYJIIO, TOCKOJBKY OJHUM U3
OMUCAHUN 3TOrO Y SIBJSIETCS MyCTOE CJIOBO; TAKOM §13bIK MbICJIUM, HO He OylIeT
BCTPEYaThCsl B Te€X CEeMEHCTBAX SI3bIKOB, KOTOPbIe Mbl 6yJleM pacCMaTpUBaTh.

[IpencraBum cebe 1Ba si3blKa, MPUUEM ONUCAHHE KAKOTO-J1HO0 00beKTa Ha
BTOPOM $13bIK€ MPOUCXOJUT MyTEM YJIBOEHHSI OMUCAHUS ITOTO »Ke 00beKTa Ha
nepBoM i3blKe. SICHO, UTO BTOPO# fA3bIK «Xy2Ke» 1nepBoro. [IpennoururenbHee
Te 3bIKH, KOTOPbIE B COCTOSIHUM JlaBaTh 0oJjiee KOPOTKUE OMUCAHHUS.

ByneM roBoputh, uto sisbik A He xyoce sisbika B u nucath A < B, ecan

11



CYILLECTBYET Takasi KOHCTaHTa ¢, UTO JIsl BCSIKOTO Y CMPaBELJIMBO HepaBeH-
ctBo Comp,(y) < Compg(y) + c.

Ecau npuHATh, 4TO A5 TaK Ha3bIBAEMbIX €CTECTBEHHBIX SI3bIKOB, T. €.
TS TeX, KOTOPBIMH TOJIb3YETCsT UeI0BEYeCTBO, MOTYT GBITh C(HOPMYJTHPOBAHbI
npaBusa MepeBojia ¢ OJHOTO sI3bIKa Ha APYroH, TO CTAHOBHUTCSI OYEBHJIHBIM,
UTO KaXKAblH M3 3THX SI3bIKOB He XyxKe japyroro. Bemp, ckaxem, Typelkoe
ornucaHue Kakoro-j1m6o o6’beKTa MOXKHO COCTaBHTh TaK: B35ITh POH3BOJIbHOE
SIMOHCKOE OMHCaHUe 3TOro 0ObeKTa U JOMOJHHTb €ro MpaBHIaMH SIMOHO-TYy-
peukoro nepesoja. M typeuxoe, v finoHCKoe onucaHusl, U NpaBusa nepesoja
CUMTAIOTCS 3aKOJIMPOBAHHBIMH B BHJIE IBOUUHBIX ¢JIOB. [lo3TOMY A/IMHA TaKo-
ro TYPeLKOro OMUCaHust paBHA JUIMHE SIMOHCKOTO OMUCAHUS TJII0C He 3aBHCS -
1as ot Bbibopa oObeKTa JUVIMHA TpaBHJ NepeBoja. B kauecTBe simoHCKOro
ornucaHusi BbibepeM Kparuaillliee. B uTore nosyyaem, uTo TypeLKHUH SI3bIK
He Xy»Ke SMOHCKOTO.

Bcraér Borpoc o BbIGOpe ONTHMAJbHOrO $I3bIKA — TaKOro, KOTOPBIH
He xyzxe Jito6oro apyroro. Ilyctb £ — HeKOTOpoe 13bIKOBOE CeMEHCTBO, T. €.,
MOTMPOCTY, HEKOTOPOE MHOYKECTBO f3bIKOB. $13bIK A U3 cemericTBa L Ha3biBa-
ercst onmumanorom (s L), ecsid OH He XyxKe Jilo60ro Ipyroro fi3bika H3
3TOrO CeMeHCTBa, T.e. eC/n

V B € L sbinogHeno A < B.

Ecau onTuMasnbHbIN 513bIK CYLIECTBYET, TO MMEHHO C ero MoMollblo cJjie-
JyeT U3MePATb CJ0KHOCTb. CJI0KHOCTb 06bEKTa OTHOCHTEJIBHO OJIHOTO H3
ONTHMAaJIbHBIX S3BIKOB Ha3bIBACTCS AACOPUMMUHECKOL 3HMPOnUel 3Toro
00'beKTa. DHTPOINHUIO U PpacCMaTPUBAIOT KAaK OKOHUATEJbHYIO HCKOMYIO Mepy
CJIO’KHOCTH B paMKax 3aJaHHOro si3blKOBOIO ceMelcTBa.

JLJ151 HEKOTOPBIX BaXKHBIX SI3bIKOBKIX CEMEHCTB MMEeT MeCTO TeopeMa o Cy-
111leCTBOBAHUH ONITUMAJILHOTO $3blKa, a TEM CaMbIM M SHTPOIMHUHU. DTa TeopeMa
HasbiBaercst meopemoii Coromornosa — Koamoeoposa.

JLi1st laHHOrO ceMelicTBA MOXKET CYLLLeCTBOBATb MHOTO ONTHMAJIbHbBIX S13bl-
KOB U TeM caMbIM MHOro HTponuil. OHaKo, B CHJly ONpe/esIeHUs ONITHMAJb-
HOCTH, JIT0ObIE JIBE SHTPOTIHU (B3SITbIE [UIs1 OJHOTO U TOTO 2Ke (PUKCHPOBAHHOTO
A3bIKOBOTO CeMelCTBA) pas/nualoTesi He 6oJiee ueM Ha aJUIMTHBHYIO KOHCTaH-
Ty. VlHbiMU cjioBamu, ecit A U B CyTb JBa ONTUMAJbHBIX AJs1 L 53blKa, TO
CYILLECTBYeT TaKasi KOHCTAHTa ¢, 4TO J/Is BCEX Y

|Comp,(4) — Compy (9)] < c.

3ameuanue. KoHeuHo, HEMPUSTHO, UTO AJTOPUTMHUUECKAS SHTPOMHUS, MTpe-
TEH/1yI0L1asi Ha POJib «HCTHHHON CJIOXKHOCTH» OIpeJlesisieTcst He 0JJHO3HAUHO,
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a BCETO JIMLIb ¢ TOUHOCTbIO JI0 aJUIMTUBHON 100ABKH, He MPEBbILLIAIOLIENH KOH-
cTaHTbl. OHAKO MOMBITKH HAUTH CPE/IM SHTPOIHI «HanboJiee ONTUMAJbHYIO»
MoKa 4To HH K ueMy XopolueMmy He npuBesd. C Apyroil CTOpoHbl, Bellb, CKa-
JKeM, W JUIMHA, U BeC TaKKe OMpe/e/eHbl He OJIHO3HAUHO, a C TOUHOCTBIO JI0
MYJIbTHIIJIMKATHBHON KOHCTAHTbI, 3aBUCSIIIEH OT BhIOPAHHON €UHHLBI H3Me-
penns (10 ecm = 100 mm, 2 xr = 2000 r u T.11.).

N3 yBaxkenust k KosMoropoBy ajsropuTMuuecKyto SHTPOMHIO 0603HAYaI0OT
00b1uHO OykBOH K; nHorna K 31oil 6ykBe K 100aBasioT elié BTOPYo GYKBY,
YKa3bIBaIOLLYIO TO SI3bIKOBOE CEMEHCTBO, K KOTOPOMY OTHOCHTCSI pacCMaTpH-
Baemasi aHtponust. Ecain K’ u K" cyTb /iBe SHTPOIHH, OTHOCSILIMECS K OJIHOMY
1 TOMY 2Ke I3bIKOBOMY CEMEHCTBY, TO, KaK 0TMeYaJsoCh,

|K/_K//| <C.

KosiMoropoB He ToJIbKO ¢popMyJIHpOBaJl MOHSITHE AJATOPUTMHUECKON SH-
Tponuu 06beKTa, HO U TIPUMEHHUJ €r0 K MCCJIEIOBAHUIO CJIyUaHHBIX MOCJEI0-
BaTesibHOCTed. Habuonenne Kosimoroposa cocTosiio B TOM, UTO B cJydai-
HOM MOC/IEIOBATEJNbHOCTH SHTPOIMS HAUAJBbHOTO OTPe3Ka PaCTET NOCTATOUHO
ObICTPO MPHU HEOrPAaHUUEHHOM YBEJHUYEHHH JJIHHBI 3TOoro oTpes3ka. (Huuero
He TojeJiaelllb: CJyyaiiHasi MocJe/10BaTe/bHOCTb MOXKET HAUMHATLCS C MHJI-
JIMOHA HyJIeH, HO U 3TOT MMJUIMOH — HHUYTO Nepejl 6ECKOHEUHOCTbIO, U €CJ
B35ITb BCE HauaJjbHble OTPE3KH B COBOKYITHOCTH, TO HX SHTPOMHS HEH36EKHO
OyJIeT pacTi.)

Mrak, B KauecTBe OMUChbIBaAeMbIX OOBEKTOB Mbl OyjleM paccMaTpuBaTh
JBouuHble 1enouku, Takue, Kak (I), (I1), (III), (IV) u 1.n. TTostomy oTHbIHE
Y =E.

Ecsin s13bIk copepkuT napy (2, 2), To 3To 03HauaeT MoMpocTy, UTo LEeMou-
Ka Z onucbiBaeT camoé cebs. S13bIK D, cOCTOSIIMK B TOUHOCTH M3 Tap TaKoro
BUJA, HA3blBaeTCHd OUACOHANbHbIM (TEPMHH M3 MaTeMaTHKM), WJIH a8Mo-
HUMHbLM (TEDMUH M3 JIMHMBHCTHKH). st takoro sisbika Compp(y) = |y|.
OrpaHuuuMcs 13bIKOBBIMH CEMEHCTBAMM, COZEPKALLMMH aBTOHUMHBIH SI3bIK
(TakuMm OyneT, B UaCTHOCTH, CEMEHCTBO MOHOTOHHBIX $13bIKOB, OTIMCAHHOE HU-
xke). Torna st Kaxaoit sHTponuu K, COOTBETCTBYIOUIEH TOMY CEMEHCTBY,
1 TIOJXOJSILEH KOHCTAHTbI ¢ OY/IET BbINOJHEHO HEPABEHCTBO

K(y) <yl +ec.
Takum o6pasom, eciu npeHeOpeub aJAUTHBHON KOHCTAHTOH, MaKCHMaJbHO

BO3MOXKHOE 3HAueHHe /Il SHTPOIHUU LEMOUYKH PaBHO JUIMHE Lernouku. Koii-
MOTOPOB TIPEIOJO0XKHU/I, YTO y CJydalHOH MoCJ/en0BaTe/NbHOCTH SHTPOMHS
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HAuaJIbHOr0 OTpe3Ka JOCTHUraeT TOr0 MAaKCHMyMa, T.e. pPaBHa JUIMHE 3TO-
ro OTpe3Ka — OMNsATb-TAKH, MPH NpPeHeOpeKEeHUH aIIMTUBHOH KOHCTAHTOH.
B stom cocrosina ocHoBHas uiest KosiMoropoBa 0THOCHTE/IbHO XaOTHUHOCTH.

Wrak, pukcupyem HeKOTOpoe si3bIKOBOE CEMEHCTBO M OJIHY U3 COOTBET-
CTBYIOUIMX 3TOMYy ceMelcTBY sHTpornui K. HazoBém nocsenoBaTesbHOCTD

ap,ag,...,Qu, ...
Xxaomu4eckotl, ec/iv CyLECTBYeT TaKast KOHCTaHTa ¢, UTO
K(ay,ao,...,a,) >n—c.

OueBuIHO, CBOHCTBO XaOTHMUHOCTH HE 3aBMCHT OT BbIOPAHHOH SHTPOIHH,
a TOJIbKO OT BbIOPAHHOIO CEMEHCTBa.

OkasaJgiochb, UTO MpH MOAXOJA1ILE BIGPAHHOM SI3bIKOBOM CEMEHCTBE CTPO-
roe MOHATHE XAOTHUYHOCTH XOPOLIO OTparkaeT HHTYHTHBHOE TpeJCcTaBJeHHe
0 CJIyUaHHOCTH.

CosnaBas TeopHio cJI02KHOCTH 06bekToB, KosMOropos npupaji cooTHO-
LLIEHUI0 OnUcanue —ob6sexm anropurmuueckui xapakrep. Caenyst Kosmo-
rOpoBY, OFPaHHUNMCS nepeducaumoimu sidbikamu. [lousitne nepeuucaumnoeo
MHOJNCECMBa — 3TO OJHO M3 OCHOBHbBIX MOHATHH TEOPHUH aJrOPUTMOB (1a
¥ MaTeMaTHKK B LesIoM). DTOMY TOHSITHIO MOXKHO J1aTh TaKoe HarjsiiHoe 00b-
sicHenue. [IpencraBum cebe 6e30CTaHOBOYHO pabOTAIOLUIMH MPUHTEP, TTOCIe-
JloBaTeJ/1bHO NevaTatollnil csosa. [Tocse HaneuaTaHus cjloBa PUHTEP JesaeT
npo6eJ, TaK 4TO CJoBa OTAeJeHbl OJHO OT japyroro. Ilepen HameuaTanuem
OUEPE/IHOrO CJIOBA MPUHTEp OepéT BpeMsl Ha pa3MbllllieHHe. DTO BpeMs MO-
JKET 0Ka3aTbCsl OECKOHEUHBIM, M TOT/IAa CJIOBO He MeyaTaercsl BOBCE; B TAKOM
cJlyyae HareyaTaHHbIM OYJIET JIMIlIb KOHEYHOe MHOXKECTBO CJOB — B YacT-
HOCTH, I1yCTO€ MHOXKECTBO, €CJIM NPUHTEp B CaMOM Hauajle CBoel paboTbl
3a1ymMasicsl HaBceraa. Tak BOT, MHOXKECTBO BCeX Korjaa-snbo HareyaTaHHbIX
TaKHM MPUHTEPOM CJIOB OKayKeTCsl Mepeunc/UMbIM — M BCSIKOE Mepeunc/iv-
MO€ MHOKECTBO MOKET ObITh T10JIyUeHO TaKUM 006pa3oM MpH MOACOEAHHEHHH
NpUHTEpPa K «HeaJbHOMY KOMIbIOTepy». [lepeunciumMo 1 MHOXECTBO Teo-
peMm J1t060il popMasibHON TeOpUH. 3/1eCh HET MECTA PA3bsICHATh, HU UTO TAKOE
WjeasbHbli KOMIBIOTED, HH UTO Takoe hopMasibHas Teopus. Ho onpenenenune
MOHATUS NePedUCAUMOe MHONHCECMBO Mbl CEHUAC NTPUBEIEM.

Jloist HarsisiHOCTH HauHEM C TepMHHA «CUETHOE MHOXKECTBO». TepMuH
9TOT MMeET JIBa BapuHaHTa ToJIKOBaHusl. B nepBom, GoJsiee y3kom (1 GoJiee
pacrnpocTpaHéHHOM), TONKOBAHUH CUETHOE MHOXKECTBO — 3TO TAKOE MHO-
YKECTBO, KOTOPO€E MOKHO TMOCTaBUTb BO B3aUMHO OJIHO3HAUYHOE COOTBETCTBHE
C HaTypaJibHbIM psiioM. Bo BTopom, 6oJjiee LIMPOKOM, TOJKOBAHHH CUETHOE
MHO?KECTBO — 3TO TAKO€ MHO?KeCTBO, KOTOPOE€ MOXKHO MTOCTABUTh BO B3aHMHO
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O0JIHO3HAUHOE COOTBETCTBHE C KAKMM-JIMOO HauaJbHbIM OTPE3KOM HATypasib-
Horo psiia. HanoMHuM, uTo HauaibHoIM OMPE3KOM HAMYPAIbHO20 pada
Ha3bIBAETCSl MPOU3BOJIbHOE MHOXKeCTBO M HaTypaJsibHbIX UMCeJ, COjepKa-
llee BMECTe CO BCSIKHM CBOMUM 3JIEMEHTOM M BCe MeHblUHMe uucJja. Takum
00pa3oM, 1 BeCh HaTypaJIbHbIH PsiJl, U MyCTOE MHOXKECTBO SIBJISIOTCS Haua/lb-
HbIMU OTpe3kamu. [To3ToMy Mpu BTOPOM MOHUMaHMM CUETHOCTH BCE KOHEU-
Hble MHOKECTBA, B TOM UHCJIe MyCTOE€ MHOXKECTBO, OKA3bIBAIOTCS CUETHLIMH.
Mmenno sTo BTOpoe, 6oJiee LLIMPOKOe MOHUMaHHWe CUETHOCTH YILOOHO ISl Ha-
IIMX 11eJiell; ero Mbl U MpUMeM. A Torna CYéTHOMY MHOXKECTBY MOXKHO JIaTh
1 TaKoe OTIpe/iesIeHHe: MHONLCINBO HA3bIBACMCS CHEMHbIM, eCAL OHO Al-
60 nycmo, aubo moxcem Obimb PACNOAOHEHO 8 NOCACO0BAMENbHOCTb
(m. e. a8a6mca MHONECMBOM HACHO8 KAKOU-AULOO NOCAe008AMENbHO-
cmu). Hanpumep, KoHeuHoe MHOXKeCTBO {a, b, C} MOXKHO PacriojiozKUTh B 10~
cJIeloBaTeNbHOCTb a, b, ¢, ¢, c, ¢, . ... 3aMeHsisl B NPUBEAEHHOM oNpelesieHHH
CYETHOTO MHOYKECTBA TEPMHH «TI0CJEN0BATEIBHOCTb» Ha TEPMHUH «BBHIUHC-
JUMasi MOCJIe/IOBATENLHOCTb», Mbl TOJydaeM oOMpejieJieHHe MepeuncauMoro
MHOKecTBa. UTo Kacaercst onpenesieHust TePMHHA «BbIYHCIUMAsT TIOCIEI0BA-
TENILHOCTb», TO OHO cefyac GyeT AaHo.

[TocsienoBaTeIbHOCTD W), W9, . .., Wy, . . . HA3bIBAETCS BbLUUCAUMOLL, €C-
JIM CYLLECTBYET a/JrOPUTM, BBIUMC/ISIIOLLMK €€ n-[i UjleH W, 110 ero HOMEpy 7.
[TosToMy MOHATHE BLIUMCJAUMON TOCJEI0BATENbHOCTH HA3bIBAIOT AACOPUM-
MUYECKUM QHAA020M, W 3P DHeKmUsHbolM AHAL020M, IOHATHS MOCJEN0-
BATEJbHOCTH, a TOHATHE MEPEUHCTUMOTr0 MHOXKECTBA — AJTOPUTMHUECKHM
aHaJloroM, WJH >(PQEKTUBHbIM aHAJOrOM, TOHSITHS CUETHOTO MHOXKECTBa.
[lepeunc/inMble MHOXKECTBA HA3BIBAIOTCS TaKkKe IPeKmusHo cuémHolmu.
[ToBTOpPUM oOMpe/iesieHHE: MHONCECMBO HA3bIBACMCS NepPeULCAUMbIM, WAL
aghghexmusHo cuémmuoim, ecau oHO AuUOO nycmo, aubo moxcem Oviimo
PACNOAONCCHO 8 BLLUUCAUMYIO nociedosamervHocmo (m.e. agagemcs
MHONCECMBOM YUACHOB KAKOU-AUOO 8blUUCAUMOL NOCAC008AMENbHOCTILL).

Bce paccmaTprBaemMble HaMH SI3bIKH CYTb [TOJMHOXKECTBA J€KapTOBA Mpo-
U3BeJleHHsT = X = U, cJeloBaTesnbHo, cuérHbl. Maeonorus Kosamoroposa co-
CTOsiIa B TOM, UTOObI paccMaTpUBaTh TOJBKO 3(M(MEKTHBHO CUETHble (OHH
YKe — MEPEUUCUMBbIE) A3bIKH.

OkoHuaTe/IbHO HaJIeXKallMi BbIOOP SI3bIKOBOTO CeMeHCTBA MPOU3BEN
KoJIMOropoBckuit yueHuk Jleonuy Jlesun. Mimenno, B 1973 r. on BBEs B pac-
CMOTPEHHE CEeMEHCTBO MOHOTOHHBIX $I3bIKOB M M3YyUHJ COOTBETCTBYIOLLEE
TOMY CEMEHCTBY TOHSITHE XaoTHuHOCTH. [IpuBenéM HeoGXonUMble orpejie-
JIEHMS.

ByneMm roBopuTb, UTO IBOMUHbIE CJIOBA U U U COCAACOBAHLL, U MUCATb
U A2 U, eCJIM OJIHO M3 ITHX CJIOB €CTb HayaJo APYroro.
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$13bik E Ha3bIBAETCH MOHOMOHHOLM, €CJIM OH MEPEUUCUM U BBIMOJHEHO
YCJIOBHE:

((x1,91) € E & (x9,y2) € E & (x1 = x9)) = (y1 = y2).

Besikyto nnocsie10BaTe/IbHOCTb, SIBJISIIOLLYIOCS Xa0THUECKOH 1151 ceMelcTBa
MOHOTOHHBIX $I3bIKOB, Oy/leM Ha3blBaTh MPOCTO XAOMULECKOLL.

AusroputMuueckasi SHTPOIHsI, COOTBETCTBYIOLIAsT CEMEHCTBY MOHOTOHHBIX
I3bIKOB, HA3bIBAETCSl MOHOMOHHOU 3Hmponuei 1 o6oznayaercss KM. Yego-
BHE XaOTHUHOCTH MOCJIEN0BATENLHOCTH (A, A9, 43, . . .) MOXKHO 3aMUCaTh TakK:

J¢ Vn Boinosneno KM(ay, ag, . ..,a,) > n—c.

Kuace Bcex xaoTHuecKux nocJie/loBaresibHocTeil o603Hauaercsi 6yksoit C.

CuuTaercs, 4To CTPOTOE MOHSITHE XAOTHUECKOH TOCJIEN0BATENHLHOCTH MO-
JKET CJIY»KHUTh XOPOILUM OTpaXK€HHeM HHTYMTMBHOTO TOHSITHS CJyuyalHOH Mo-
caenoBaTesbHOCTH. K ToMy ecTh 1Ba ocHOBaHHSA.

Bo-nepBbIX, /151 KaxK10H OTAENLHO B3ITOH Xa0THUECKOU MOC/Ae10BATE b~
HOCTH BBIMOJHSIIOTCS OCHOBHbIE 3aKOHbI TEOPUU BEPOSITHOCTEH.

Bo-BTOpbIX, KJacC Xa0THUECKUX MOCJIe10BATENbHOCTEN COBNANAET C Py~
TUM TPETEHIEHTOM» Ha POJib CTPOrOro aHaJlora paciJ/blBUaToro KJjaacca ciy-
YalHBIX TOCJEI0BATENbHOCTEH, a HUMeHHO C KJaccoM T Bcex THMHUECKHX
nocJseloBaTe/bHOCTEN (0 HEM OyleT pacckaszaHo jasee):

C=T.

[TosToMy XaoTHuecKHe M0CJe10BaTe/bHOCTH MOXKHO Oblio Obl Hasbl-
BaTb MUNUYECKO-XAOMUYECKUMIU UIH XAOMULECKO-MUNUYEeCKUMIL, & CaM
knace o6osznHauatb TC wmu CT. DToT Kaace yKe kjacca S Bcex mnocie-
JloBaTeJbHOCTeH, cToxacThueckux no KosmoropoBy (mocsenHuil, Kak yxeé
OTMeUaJsoCh, CJAULIKOM LIHPOK):

TCcS, TC#S.

Jluo Tperbe: TunuuHoOCTH

CkasaTb po KaKoH-Ju60 00BEKT, UTO OH TUITHUEH — 3TO 3HAUMT CKa3aTh,
YTO OH MPUHALIEKHUT K JII0OOMY NojasJsiolleMy 6oJblIMHCTBY. Hanpumep,
TUIHUHBIH 4eJI0oBeK, BCTPEUEHHBbI HAa MOCKOBCKOH YJ/HLle, MMEET pPOCT Me-
Hee JIByX METPOB (T. €. MPUHAMIEKHUT K TOAABJSIONIEMY OOJBIIMHCTBY JIOJIEH,
MMEIOLLHX POCT MeHee JIByX MeTPOB), Bo3pacT 6oJiee TPEX JieT (T.e. NpHHajie-
JKUT K MOJIaBJsIIoNleMy GOJbIIMHCTBY JIIOJEH, UMEIOLHX Bo3pacT GoJiee TPEX
siet) u T. 1. Koneuno, Jito60e U3 GOJILLIMHCTB, O KOTOPbIX WAET pPeub, JOJKHO
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ObITb pa3yMHbIM, Bellb KaKOH 0O'bEKT HM BO3bMM, OH 3aBEJIOMO He MPHUHA-
JISKHT K MOJABJSOIIEMY O0JIbILIMHCTBY, 00pa30BAHHOMY BCEMH OCTaJIbHBIMH,
OTJIMUHBIMH OT JAHHOTO, 06beKTaMH.

Mbl MCXOIUM M3 MHTYMTHBHOIO IpPEACTABJEHHS O TOM, UTO CJydalHbIi
006beKT JI0/7KeH 06J1a1aTh CBOHCTBOM TUMHUHOCTH. Halua 1enb — nath ctpo-
roe MaTteMaTHUeCKOoe OIpe/ie/leHHe 3TOr0 CBOMCTBA AJISl MOCJE0BATE/NbHO-
CTel HyJled M €IMHULL NPU PABHOMEPHOM pacrpe/ie/ieHMH BEepPOsITHOCTEH Ha
npocTpaHcTBe {2 Takux nocJenobatesbHocTel. [locaenoBarenbHoOCTH, yno-
BJIETBOPSIIOILIME 3TOMY CTPOrOMY OMNpe/eJieHHIo, Mbl Oy/leM Ha3blBaTbh MuUnu-
4ecKuMU, OCTaBJsST CIOBO MURUYHbLL ST yIOTpeOJIeHUsT HA UHTYUTHBHOM
ypoBHe. B cusy ckasaHHoro BhbIllle, HAM HAJ0 OMPE/eNUTh CrepBa, UTo ecTh
nojaeJsiiolilee G0JbUIMHCTBO MOCJ/E0BaTe/NbHOCTEH, a 3aTeM — KaKue 60Jib-
ILIMHCTBA CJIe/lyeT CUMTaTh PA3yMHLIMU. A TOT/A KJIACC THITHYECKUX TTOC/IeN0-
BaTEJbHOCTEH aBTOMAaTHYECKH OTNPEEINUTCS KaK IepeceyeHHe BCeX pa3yMHbIX
OOJIbLINHCTB.

Ocrapnsis TepMUH «MojaBJsiioliee GONBUIMHCTBO» ST HHTYMTHBHOTO
ynotpebJeHnsi, Mbl OyJIeM TOBOPUTb O OOAbULLX MHOXKECTBAX MOCJEN0-
BaresbHOCTel. JlonosHeHHe K GOJbLIOMY MHOXKECTBY 10 Bcero {2 OGynem
HasbBaTh Masvim. OUeBUIHO, JOCTATOUHO ONpPENe]UTb, UTO TakKoe MaJjoe
MHOZKECTBO, a TOTAA OOJblIME MHOXKECTBA OINpelesATC Kak JOMOJHEeHHs
K MaJibIM.

Hrak, nycth JaHO Kakoe-TO MHOXKECTBO MocJjeaoBaTesbHOCTed @ C €.
Mbl XOTHM ornpesesiuTh, KOrja ero cjeayer cuutaTb maavim. B TepmuHax
TEOPUH BEPOATHOCTEH Mbl cKasasu Obl, UTO () MaJjoe, KOJib CKOPO BEPOSIT-
HOCTb TOMajaHusl B () paBHA HyJ10. B TepMHHAX T€OpPHH Mepbl Mbl CKa3aJu
6bl, uTO () MaJsoe, KoJib CKOPO OHO UMeeT Mepy HyJib. Mbl, 0fHAKO, ocTapa-
€MCsl OMPENICJINTh, UTO TAKOE MaJI0e MHOXKECTBO, B 00JIee NPOCTLIX TePMHUHAX.

MHoxxecTBO () Ha3bIBAETCS MAAGIM, €CJIH €70 MOXKHO MOKPbITh LIapamy,
cymMMa 00bEMOB KOTOPBIX CKOJIb YTroiHO MaJia. OrnpesieieHrI0 Maaoro MHOXKe -
CTBA MOXKHO JaThb TaKylo OPMYJHPOBKY: MHOXKECTBO () HA3bIBAETCSl MAAbIM,
€CJIM ISl KaXKJI0r0 HaTypasbHOrO uucqa m HalAéTcs Takas rnocJjeaoBaresib-
HOCTb JBOMYHBIX ¢10B (x(1),x(2),...,x(n),...), uTO

Q - U Qx(n);
n

_ Nkl o L
;v(x(ﬂ))fzn:Q <><m.

OueBuHO, KaXas OT/e/NbHAsS MOCJEI0BATENbHOCTL U3 () o6pagyer Ma-
JIo€ MHOXKECTBO, a MOTOMY MOHSITHE OOJIbLIONO MHOXKECTBA He MOXKeT Ipe-

17



TEH/IOBAThb Ha POJIb YTOUHEHUS MOHATHSA pasymHoeo GoJblinHCTBaA. [lepece-
ueHue BcexX GOJIbIIMX MHOXKECTB MyCTO.

«PagymMHOCTb» BBOAMTCS MyTEM CJleflytolleil KOPPEKTUPOBKH OMpejieseHHsl.

Bo-nepBbix, notpebyemM, uyToObl yioMHHaeMasi B OMPEICTEHUH OCAe/0-
BaTeJIbHOCTh JIBOUUHBIX ¢JoB (x(1),x(2),...,x(n),...) Oblia BbIYHCJIHMOIL.
Jpyrumu cjioBaMu, Mbl TpeGyeM, UTOOb! CyLIeCTBOBAJ aJFOPHTM, BBIUHC/ISIIO-
1M €€ n-# uieH x(1) no ero HoMepy 1.

Bo-BTopbiX, noTpedyem, uToObl TaKas BbIUUCAUMAs MOCJEL0BATENLHOCTh
He MPOCTO CyLLECTBOBAJA WISl KAXKJI0T0 11, HO CTPOUJIACh Obl 110 3TOMY 11 3¢h-
pexmusro. CioBo «3(pPeKTHBHO» 03HAUAET € NOMOULbIO AN20PUMMA.
3nech HeoOXOAMMbI pasbsiCHeHUs. [leso B TOM, UTO aJrOpUTM, MOJydaio-
IIMH HA BXOJ M W BbIIAIOLWIMEA Ha BbIXoJe TpeGyeMylo MOoCJ/e10BaTeNbHOCTD,
HEBO3MOKEH MPOCTO MOTOMY, UTO MOC/EA0BATENbHOCTh — 3TO GECKOHEUHbIH
00BEKT, a aJropuTMbl OMEPUPYIOT JHIUbL ¢ KOHEUHbIMH oObekTamu. OnHa-
KO B HalleM cJiydyae, MOCKOJIbKY MOCJ/EL10BATeNbHOCTb BbIUMCIUMA, TO Y Heé
€CTb aJTOPUTM, KOTOPBIH €€ BBIUUCISIET, JasKe OUeHb MHOTO TaKHX aJrOpUT-
MOB. AJITOPUTMBI (B APYro# cCUCTEMe TEPMHHOB — TPOTrpaMMbl aJrOPUTMOB)
SBJISIIOTCS KOHEUHBIMH OO'bEKTAMH, ¥ TIOTOMY BIOJIHE OCMbICJIEHHO TOBOPUTH
00 aJroput™Me, KOTOPBIH 10 UMCJY #7, NOCTYNHBIIEMY Ha €ro BXOJ, BbIIA&T
Ha BbIXOJE OJMH M3 AJrOPUTMOB (B APYroil CHCTeMe TEPMHHOB — OJIHY M3
Mporpamm), BbIUKCSIOLIMX nocenoBateabHocTs (x(1), x(2), ..., x(n),...).

Bhecst B onpesie/ieHHe MaJloro MHOXKeCTBa 9TH J1Ba 100aBJ/IeHUs], Mbl [10J1y-
yaeM ornpesiesieHue 3¢ hekmusrno mar0eo MHOKECTBA, a TEM CaMbIM, H OTTpe-
Jlesienue aghgexmusro 6oavuioeo MHOXKecTBa. [lepeceuenne Bcex sdek-
THBHO OOJIbLIMX MHOXKECTB OKa3blBaeTcsl HemycTbiM. BoJee Toro, oHo ca-
MO siBJIsieTcst 9(heKTUBHO COJIbIUMM. DTO HauMeHbliee cpeld 3(h(HeKTHBHO
GOJ/bLIMX MHOXKECTB M €CTb UCKOMOe MHoxKecTBO T Bcex munuueckux no-

CcJIeI0BaTEeJIbHOCTEH.
Tunuueckue MocaeIOBATENbHOCTH HA3bIBAIOT TAKXKE CAYUAUHbBIMU NO
Mapmun-Jlégpy — mno umenn yuenuka Kosimoroposa, 3ameuaTenbHOro

mBenckoro mMatematuka I[lepa Maprun-J1éda, kotopeiit B 1966 . chop-
MYJIHPOBaJl TOJILKO UTO H3JI0’KEHHOE OTIpeJle/ieHHe TUMHUHOCTH B KauecTBe
CTPOTOT0 YTOUHEHHS TOHSATHS CJyUalHOCTH.

Kak yxke rosopusoch, kiaace T Bcex THUIMHUECKHX [0C/€I0BATEIbHOCTEN
coBnazaet ¢ kaaccoM C BCeX XaOTHUECKHX MOCJEI0BATELHOCTEN:

T=C.

HOSTOMy, KakK y>Ke roBOpHJIOCH, TUHITHYECKHUE MTOC/Ie10BATC/AbHOCTH MO2KHO
HMEHOBAaTb TaKXKe xaomuuecKko-munuvecKkumu WJjin munuuecKko-xaormiu-
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Yyeckumi, a caM KJacC BCeX TaKHX rocJenoBaTenbHocTelt o6o3nauats CT
i TC.
Kak Mbl yxKe 3HaeM,

CTcS, CT#S.

JIno uetBéproe: HenpenckazyemocTb

Bor nHauano «JIBenaauatu crysnbeB» Mabda u [lerpoBa: «B ye3znnom ro-
poae N Obl10 Tak MHOIO NMapHKMaxepcKUX 3aBelleHHH W GI0pO MOXOPOHHbIX
MPOLLECCHH, UTO Ka3asoCh, XKUTEJIM ropojia POXKAAIOTCS JHLIbL 3aTeM, UTOObI
NoGPUTbCS, OCTPUUBLCS, OCBEKUTD TOJIOBY BEXKETasleM U CPady XKe yMEpeTb».
Cyxnenne octaérest BepHbIM, ecyu 3aMeHUTb N Ha MoCKBY, napukmaxep-
CKHe Ha 3aJibl UIPOBbIX aBTOMATOB, TOXOPOHHbIE 0IOPO HAa Kas3WHO, a LeJb
POXKJIEHHST Ha «MTpaTh». DTOT NevanbHbIH (HaKT, 0HAKO, MO3BOJISIET HATJISI-
HO OOBSICHUTbL TO CBOHCTBO CJIYUaWHBIX MOCJEA0BATEJIbHOCTEH, KOTOPOE Mbl
Ha3blBaeM HelpeacKa3dyeMoCTbIO.

WHTYUTHBHO ICHO, UTO BCsIKAs CyyyakiHasi 10C/1e10BaTeIbHOCTh BJISETCS
Henpedckasyemoti B TOM CMbICJIE, UYTO B KaKOM Obl MOPsIAKE Mbl HM BbIOH-
paju e€ ujieHbl, 3HaHUE 3HAUEHWH y:Ke BbIOPAHHLIX UYJIEHOB He I03BOJISIET
npejcKasaTh 3HauUeHHe TOro CJleyIoLero uieHa, KOTOpblii Mbl HaMepeBaemMcs
BblGpaTh. Takum o6pasom, KasuHo, obsajatollee Takoi nocJje1oBaTe/bHO-
CTbIO U mpeanaraioulee Vrpoky yraapiBatTh €€ ujieHbl W JieJaTh MPH 3TOM
JIeHeXKHble CTaBKH, He pa3opuTcst; roBops 6odee TouHo, KasuHo yBepeHo, uto
Hukakoi Mrpok He moxkeT o6/1aiaTh TaKOH CTpaTerueil Urpbl, KOTopas Mpu-
BellET K pasopeHuto KasuHo, Kakum Obl KaluTajoM OHO HH 06JiaznaJo.

HenpenckasyemocTb Kakoi-/1n60 10c/ae10BaTe/bHOCTH, TAKUM 00pa3oM,
onpenensieTcss B TepMHUHAX Urpbl, KoTopyto Mrpok Benér mpoTuB o6Jjanato-
1Iero 3TOH MOCJENOBATENbHOCTbIO KasuHo, WK, s KPAaTKOCTH, 1pOMmus
darnHol nocaedosamesbHOCmu.

Urak, npeacrasum cebe, uto Mrpok npuxoaut B Kasuno. Kaxnas us
ctopoH — U Kasuno, u Mrpok — o6JiaaeT CBOMM HauaslbHbIM KalUTaJoM.
Kasuno pacrionaraer HeKOTOpPOH (PUKCHPOBAHHOH, HO HensBecTHOH Mrpoky
NOCJ/Ie/IOBATE/NbHOCTBIO HyJlel W elMHUL, U npemiaraet Mrpoky npeackasbi-
BaTb €& ujieHbl — He 00513aTe/bHO B MOHOTOHHOM MOPSIIKE MX CJIe0BaHHs
¥ faxe He 00513aTe/IbHO Bee e ujleHbl.

JLJ1s1 HaryIIIHOCTH NpeacTaBUM cebe, UTOo UJIeHbl 0C/e10BaTe/IbHOCTH Ha-
McaHbl Ha KapTax, KoTopble Jiexkat pyballkaMu BBepx, Tak uto Mrpok He Bu-
IUT, uTo Tam HanucaHo. [locnenoBatesbHoCTb Tpenctaér nepen Mrpokom
B BUle OeCKOHEeUHOro psina Takux kapt. Mrpa coctout B TOM, uto Mrpok
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Ha KayKJ0M CBOEM XOJly yKasbIBaeT Ty KapTy, KOTopasi 10JKHA ObITb OTKPbI-
Ta, OJJHOBPEMEHHO MpeJcKasbiBasi 3HaueHue, KOTopoe 0OHAPYKUTCS Ha ITOH
Kapre, U 00bSIBJISIS pa3Mep JIeHEKHOH CTaBKU. Ec/in npeackasatne okaxkeTces
npaBubHbIM, KasnHo BbinyiaunBaet MIrpoky cymMmy CTaBKH, €CJIM HEMPaBUIIb-
HeiM — Mrpok BbimsiaunBaer 3ty cymmy Kasuno. Cuuraercs, uto Mrpok
svluepan, ecau oH cymen pasoputb Kasuno. Pagymeercs, ecan Mrpoky or-
KPbIT HEOTPAHHUEHHbIH KPEJIUT, OH BCEr1a MOXKET pa3opuTh KasuHo, yiBauBas
cTaBkd. Ho urpa uaér Ha HasMuHble, TaK YTO BeJHUMHA CTABKH OrpaHHueHa
TeKyLUM Kanutajaom Mrpoka.

[TocsieoBaTe/IbHOCTb Ha3bIBAETCS 1pedcKka3yemotl, ecyii CyLlecTByeT
BBIUTPBIBAIOINH alTOPUTM Urpbl. Boluepsl8aioujtim Mbl Ha3bIBaeM aJrOPUTM
CO CJIeJlyIOUIMM CBOHMCTBOM: KaKMM Obl HauaJbHbIM KamuTaJoM HU 00Ja1aJno
Kaauho, oHo paHo wiu no3nHo OyjeT pa3opeHo, ecd Mrpok npuMeHHUT 3TOT
ajroputm. [locsieoBaTeibHOCTb Ha3bIBAETCSl Henpedckasyemot, ecjii oHa
He sIBJISIeTCs MpeCcKa3yeMoi.

Ha maTtemaTtnueckoMm si3biKe CHTyalMsi OMUCHIBaeTcsl Tak. PaccmatpuBa-
eTcsi 6eCcKOHeuHast MOC/e10BATENIbHOCTb HyJIel U eIMHHIL

a=(a,as,as,...).
[Tpu kaxknom xoze Mrpoka Bo3HUKAeT TpoHKa uuces
(n,i,v),

rjie
neN, ie€{0, 1}, veQ, v=0;

3jlech, Kak 06bluHO, N 0603HauaeT HaTypasbHbiil psan', a Q — MHOKe-
CTBO BCEX pallMOHAJbHbIX unces. ColepiKaTesbHO: HATypasbHOE UHUCJIO 1
€CTb HOMEp TOro ujieHa MOCJe0BATeNbHOCTH, HA KOTOPbIH Je/aeTcsi CTaB-
Ka; [ eCTb MpelCcKa3blBaeMoe 3HAueHHe ITOro uieHa; HeoTpHUaTesNbHOe pa-
[MOHAJIbHOE UYHCJIO U €CTh pa3Mep CTaBKH. XOJbl NeJaloTcsi Ipyr 3a Apy-
roM, HauWHasi ¢ MepBOro; TPOiKa, BO3HHUKAIIIAs HA k-M Xo/y, 0603HauaeTcs
(n(k),i(k),v(k)). Dosee maremaTHyecku rpamMoTHO OblIO Obl CKA3aTb, YTO
KaX/Ibli XOJI ec/nb TPOHKA UHCe M UTO XOJbl He JeNAI0TCs, a npedvsisasi-
romesl.

Kanuran Mrpoka nepen k-m xomom o6o3uauaercsi V(k — 1). bes orpa-
HUYeHHsT 0OIIHOCTH MOYKHO CUHTATh, UTO HavyaJbHbIH Kanutan Mrpoka paBen
enunnue: V(0) = 1.

"Hatypasibhbiil psiji HHOTIA HAUMHAIOT C €IMHULBI, @ HHOTA (B YACTHOCTH, B GOJIbLIMHCTBE
MCCJIEI0BAHKE 10 TEOPHH BBIYHCJIHUMBIX (PYHKLHMI) ¢ HyJst. B 1aHHOM ciyuae Mbl He BK/IOUYaeM
HYJlb B HAaTypaJIbHbIH Psifl.
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[Tocsie kaxnoro xoma Kanurasa Mrpoka mensiercst (ecsid TOJIbKO CTaBKa
He Oblia HyJeBOH). A HMEHHO:

* ecq i(kR) = ayg (Mrpok yrapan), to V(k) = V(k — 1) + v(k);
* ecs i(R) # ayr (Mrpox we yragan), to V(k) = V(k — 1) —v(k).

M ewié nBa npubaByeHust K CKa3aHHOMY.

Bo-nepBbiX, X0/bl ObIBAOT KOPPEKMHble U HEKOPpPeKmHble, U UTOObI
urpa npojoJnKanach, Heo6XoauMo, 4To6bl X0/ Ol KOPPEeKTHBIM. A HMeHHO,
k-1l XOIL CUMTaeTCs KOpPEeKMHbLM, eCU BbIMOJHEHBl 00a HHXKeC/eayloline
TpeOOBAHUS:

1) HoMep OTKpbIBaeMOl KapTbl KOPPeKmeHr: T0 3HaUuT, UTo MoJlexKallas
OTKPBITHIO KapTa He Oblia y»Ke OTKpbITa paHee, T.e. 11(k) He coBnaaer
HU ¢ ofaHuM U3 uuceda n(l),...,n(k —1);

2) nenaemasi MIrpokoM CTaBKa KOppeKmHa: 3T0 3HAUUT, UTO OHA MeHbIIe
ero Tekyllero kanurasna, T.e. v(k) < V(k —1).

Ecii »ke X0Ts1 GBI OJIHO H3 3THX TPeGOBAaHHH He BBIMOJHEHO, XOJ CUHTAETCS
HEKOPPEeKNHbLM.

OCHOBHOE MPABUJIO OCTAHOBKHU. Ecau Mrpok coBepuiaer Hekop-
PEKTHBIH X0j1, urpa octaHaBauBaercs. [1pu atom Mrpok ocraéres npu nme-
IOLIEMCS] y Hero K JaHHOMY MOMEHTY KaruTajie — U, TeM CaMbIM, 3aBEIOMO
He BBIMTPLIBAET.

Bo-BTopbiX, He HCKJIOYaeTcsi BO3MOXKHOCTb TOro, uto Krpok BooGiue
He JleJlaeT OYepelHoro xoja (laxe camoro rnepeoro xonal), 1 B 3ToM cJy-
uyae Mrpok Takxke ocTaéres MpH UMEIOLLEMCsl y Hero K JaHHOMY MOMEHTY
KanuTase H, KaK U B cjlyuae HEKOPPEKTHOTO X0J1a, 3aBe/lOMO He BbIUIpbIBa-
eT. OJIHaKO B 3TOM CJjlyuae — B OTJIMUME OT CJlydasi HEKOPPEKTHOTO XoJa —
Mbl H36eraeM BbIpaXKeHUsl «HUTpa OcTaHaBJMBaeTCsi». Jleso B TOM, UTO CH-
TyalHI0 HeJlelaHusl XOa MOXKHO HaIVISIAHO TpeJCTaBUTh cebe CJeLyoLUM
o6pasoM. [Tepen kaxabiM cBoUM xoj0M Mrpok peliaer, Kakoi xo/ emy cJe-
ayeT cuesartb. Peluenue Tpedyer o6aymbiBaHusl, U Mrpok Gepér Bpemsi Ha
o0ayMbiBaHHe. Bpemsi 3T0 HMUeM He OrpaHMYEHO, U MPOLLECC Pa3MbILLICHHUS
MOKET 3aTSHyTbCSl 10 OeCKOHeUHOCTH. B TeueHue BpeMeHU OOAYMbIBAHHUS
xona Kanutan Urpoka He mensiercs. [Tostomy ecan Mrpok HH 32 Kakoe Ko-
HeYHOE BPeMsl He NTPUHHUMAaeT PeLIeHHs O CBOEM XOJIe, €ro KaruTaJsl 3aCThIBaeT.
B srom ciayuae Bbiurpbilia Mrpoka npousoiiTn He mMoxkeT. OJHAKO B 3TOM
ciydyae (B OTJIMUHE OT CJIyuasl HEKOPPEKTHOTO Xoja) He HACTyMaeT MOMEHTa
OCTaHOBKH HIpbl, OO HUKOIJA He MOCTynaeT curHasna o6 ocraHoBke. Takum
06pa3oM, y UTPbl €CThb TPHU BO3MOXKHBIX clieHapust pa3Butust: 1) Urpok nenaer
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6eCKOHEeUHOoe UMCJ/I0 X0/0B; 2) Mrpok pesnaer Jiuilib KOHEUHOE UHMCJIO XOJIOB,
¥ MPUUHHON 3TOTO CJYKHT TO, UTO OblI ClleslaH HEeKOPpeKTHbIH xox; 3) Mr-
POK Jle/1aeT JIMlIb KOHEUHOe YHCJIO XOJ0B, U MPUUMHON 3TOTO CJY:KUT TO, UTO
Ha KakoM-To 3Tane urpbl Mrpok He B COCTOSIHMM NMPUHTH K pellieHHio 00
odepenHoM xojie. Pagymeercsi, ckazaHHOe HOCUT WJITIOCTPATHBHBIH XapakTep,
1 MaTeMaTHueCcKoe OMUCaHHe He BKJIoUaeT B cebsl CChINKY HA TaKHe MOHSTHS,
KaK «peliaTb», «06yMbIBaTh» U T.II.
[To onpenenenuto, rpok goiuepoieaem (npu urpe npoTuB a), ecJju

sup V (k) = +o0,
k

T. €. €CJI1
YW 3k V(k)>W.

Conep:karesbHo 9T0 03HauaeT, uto Mrpok pasopser Kasuno, kakum bl Hc-
XolHbIM Kanutasom W Kasuno Hu obsaanano. OueBuaHo, uto Mrpok B co-
CTOSIHMH BBIUTPATh JIHILIb MPH YCJAOBHH, UTO BCSKHH pas, KOT/la eMy MpeJICTOUT
JleslaTh XOJl, OH €ro JeJIaeT ¥ 3TOT XOJ, OKAa3bIBAETCs KOPPEKTHBIM.

Kak BbirsisiiuT urpa, mbl onucasu. [lepeiiném tenepb K MOHSTHIO CHCTEMBI
Urpbl, Wik cmpameeuu. CMbICJ CTPATErdu B TOM, UTo6bl M36aBUThL Mrpoka ot
HeoOXOIMMOCTH CaMOCTOAITE/IbHO NIPUHUMATh pelleHus: cTpaTerus 6epér sty
dyHKLMIO Ha cebsi. CTparterusi eCTh MpaBuJIo, Ui KaXKI0ro X0Ja yKasblBato-
utee Mrpoky, Kakoil Ha 3TOM X0y OH OJIKEH CAeaTh X0/, (T. €. KaKylo TPOHKY
npenbsiBUTh). Pagymeercs, cTpaTerus BbIIAET Takoe yKazaHHe JiMlllb B TOM
cJlydae, ecyiM X0/ J0JKeH ObIThb cliesiaH. Bblle yxke oTMevasach BO3MOXK-
HOCTb TOrO, YTO HMKAKOro XOJa He JeJIaeTcsl; B 3TOM CJyyae, eCTeCTBEHHO,
CTpaTerusi He BbIJA€T HUKAKOro ykasaHusi. [Ipu ykasaHuu xoja crparerus
OTMMpaeTcsi Ha BCIO MPEJLIECTBYIOULYI0 HCTOPHIO WUrpbl. McTopus ke urpbl
COCTOHUT M3 BCEX YK€ C/IeJIaHHbIX K pPacCMaTPUBAEMOMY MOMEHTY XOJI0B H U3
BCEX CTaBILUMUX YK€ U3BECTHLIMH UJIEHOB MOCJ/Ie10BATENbHOCTH. Mbl JHLLb M0-
TOMY He BKJIOUaeM B MCTOPHIO MIpbl MH(oOpMalMio o Kanutase Mrpoka Ha
KaxK/Ibli MOMEHT, UTO 3Ta MH(OPMAaLMs JIETKO BbIUHCJSIETCS M3 TOJBKO UTO
MepeuncJ/IeHHbIX CBeeHHH.

Takum 06pa3om, HCTOPHIO UTPbI MTEPEL R-M XOI0M MOXKHO 3aMuCaTh B BUJIE
TaGJIMLbL:

n(l)y n@ ... nk-=1)

i1y 2 ... k=1
v(l) v(?2) v(k—1)
Auy Q) ---  Aak-1)

(ecam k = 1, Tabumua nycra).
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Ha maremaTtnueckom si3blke CTpaTerusi ecTb (hYHKLMS, KOTOpas KaXKaou
nojo6Ho# Tabuie (B TOM YdcJje MycTOH) JIMGO HUUEro He CTABUT B COOT-
BETCTBHE, JIMGO CTABUT B COOTBETCTBUE HEKOTOPBI XO, T. €. TPOKKY (11,i, V).
[Ton «kaxkao# momo6GHON TaGyuIlel» Mbl TIOHUMAaeM OTHIOJb HE TOJIbKO Ta-
Kylo TabJdLly, KOTOpast OTpakaeT peasibHOe TeUEHHEe UrPbl, a MPOU3BOJbLHYIO
TabJlly, B KOTOPOH B MEPBOH CTPOKE CTOAT MOJIOXKHTEJbHbIE Lie/ble YHCIA,
B TpeTbell — HeoTpHlLaTe/NbHble pallOHa/bHble YHCJ/a, a BO BTOPOH M yeT-
BEPTOH — HYJIM U €IMHHULbI.

Ecsin tabauua peasbHO BCTPETHJACH B MpoLecce Mrpbl (B KauecTBe HC-
TOPHUH WIPbl HA KAKOM-TO 3Tare) W ecjid 3ajlaHa CTpaTerusi, TO TepBble TPH
CTPOKH TabJIMLIbl OJIHO3HAUHO BOCCTAHABJMBAIOTCS MO €€ 4eTBEPTOH CTpOKe.
B camom nene, npuMeHeHHe cTpaTeruu K MmycToi TabJjuie NaéT HaM MepBbli
xox (n(1),i(1),v(l)). Tem cambiM — MOCKOJILKY UeTBEPTAsi CTPOKA MPEATo-
JlaraeTcsl U3BECTHOW — MBI T10JIy4aeM HCTOPHIO MIPBI Mepel BTOPBIM XOJ0M
B BHJie TaOJIHLLBI

n(1)
i(1)
o(l)

An(1),

Tenepb K 3710il TabJiMlEe CHOBA MPUMEHSIEM CTPATETHIO, MOJyYaeM BTOPOH XOJ1
(n(2),i(2),v(2)) n Tabauiy

n(l)  n(2)
i1y 2
u(l) o2
An(l)  An()

W Tak jaJjee.

CkasaHHOe JaéT HaM TpaBo TpU ONpee/ieHUH CTpaTerud 6path B Kaue-
CTBE aprymMeHTa He BCIO TalJMlly B LEJOM, a JMUIb €€ UeTBEPTYI0 CTPOKY.
3aMeTuM, 4To B 9TOH UETBEPTOH CTPOKE CTOMT JBOMUHOE CJIOBO, T. €. SJEMEHT
MHOKecTBa =. CTparterusi JIOJKHA, UMesi 3TOT 3JIEMEHT, WM He BblJaBaThb
HUUEro, WM BbIIAaBaTh XOJ, KOTOPBIH €CTh TPOHKaA, T. €. JEMEHT JeKapToBa
npousseneHus N x {0, 1} x Q. 3nech cumBosioM Q4 0603HaAUEHO MHOYKECTBO
BCEX HEOTPHULIATE/bHBIX PAllMOHAJBbHBIX UHCEJ.

Mbl NpUXOAUM K OKOHUATENLHOMY OMNpeNeseHHI0 TIOHSITHSI CTpPaTeruu:
cmpameeuss eCTb 0ToOpaXKeHHhe HEKOTOPOro MOAMHOXKECTBA MHOXKECTBA =
BCEX JIBOMUHBIX CJOB B AekapToBo npousseaenue N x {0, [} x Q:

E— Nx{0,1} x Q..
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Jlnst nammx uesiert ocobGblii MHTEpeC MpejCTaBJsieT cjyuail, Koraa yka-
3aHHOe OTOOpaKeHHe 3aMaéTCsl KaKUM-TO ajroputMoM. [losicHuM, 4uTo 3TO
3HauuT. [1ycTh A — aJroput™, Ha BXOJL KOTOPOrO MOTYT MOJABaTbCsl dJIeMeH -
Thbl U3 MHOKeCTBA X, a Ha BbIXOJE MOJYYAIOTCsl JEMEHTbl U3 MHOXKeCTBA Y.
B MHoxkecTBe X BblIeJsieTCss 06aacme pesyrvmamusHocmiy ajroputma A,
COCTOSAIILASA M3 TEX M TOJbKO TeX 3JEMEHTOB, B MPUMEHEHHH K KOTOPbIM A
naér pesysbrar. Asroputm A 3adaém cienywoliee oToGpaxenne: 06/1acTb
onpeeseHust 3Toro oTo6pazKeHnsl COBMAAAET ¢ 06J1acTblo Pe3yJ/IbTaATHBHOCTH
aJIrOPUTMA, M /ISl KaXKJI0T0 3J1eMeHTa 3TOH 06JIacTH 3HaueHHe 0ToOpaXKeHHs
Ha 3TOM 3JieMeHTe COBIMAJIAaeT C TeM Pe3yJbTaTOM, KOTOPBIH MOJydaeTcst npH
MPUMEHEHNH aJTOPUTMa K 3TOMY 3JIEMEHTY.

Ecaiu ctparerusi 3ajaHa KakMM-TO aJIF'OPUTMOM, OHA HA3bIBAETCS BolYLLC-
aumoti. (Ecnv monaTh Ha BXOJ 3a/AlOLIEr0 CTPATETHIO aJrOpUTMa TaKylo
UCTOPHIO UIPbl, VISl KOTOPOH OuYepeaHOH XOI He onpeleséH, TO ajJropuTM
paboTaer Ha 3TOM BXOjle GECKOHEUHO JI0JIT0, He MPUXOAS HH K KaKoMy pe-
3yJbTaTy, HO ¥ He BbllaBasi coolIeHHe 06 OTCYTCTBHH TaKOBOro. Jdrta Gec-
KOoHeuHast paboTa aJropuTMa Kak pa3 h MPOUCXOAUT 3a To B3sToe Mrpokom
Ha oOyMbiBaHHe GEeCKOHEUHOE BpeMsi, O KOTOPOM FOBOPHJIOCH BHILLIE.)

Crpaterusi HagbIBaeTCs Bvluepoisaroujeli 04 nociedosamervHoCmiL a,
ecan MIrpok, npuMeHsitolLMi 3Ty CTpaTeryio B Urpe MpoTHB a, BbIMIPHIBAET.

[TocnenoBaTenbHOCTh Ha3bIBaeTCs npedckasyemorl, ecau s Heé cy-
IIECTBYET BBIMIPbIBAIOLIAS BbIUMCIUMAS CTPATErUS, U HENPeOdCcKa3yemol —
B MPOTHUBHOM cJiyyae. Kjace Bcex HerpejackadyeMblX MocJ/e10BaTebHOCTeN
ob6o3Hauaercs Oyksoil U.

M3BecTHO, UTO BCsiKasl HeMpeacKasyemas nocJie1oBaTe/IbHOCTh SIBJISIETCS]
croxactuueckoil no KoJsiMoropoBy (mpuHaaexxuT Kjaaccy S) v uTo Bcsikas
THITUYECKO-Xa0THUeCKasl MOC/e/I0BaTeNbHOCTh (MOC/I€10BaTeNbHOCTh KJlac-
ca CT) Henpesckadyema:

CTcuUcS.

H3BecTHO TaKxKe, UTO KJlaCC CTOXAaCTHUECKHUX T10 KOJIMOFOPOBy rnocJjeno-
BaTeJIbHOCTEN CYIIECTBEHHO HIMPE KJlacCa HENpeaCcKa3yeMbIX:

S £ U.

OTKprTb]M 0OCTaércs BOIIPOC O COBMAAEHHHU KJaCCOB XaOTHYECKUX (OH XKe
KJlacc TI/IHI/I‘IQCKI/IX) 1 HernpeacKadyeMbiX MocJieI0BaTeIbHOCTEH!:

CT < U.

Ota BaxkHas npobsemMa KIAET CBOEro pelleHHUsl.

24



O 6e30CTaHOBOYHbBIX CTpaATErusix

Ecsiu urpa HUKOra He OCTaHABJIMBAETCS, OHA Ha3bIBaeTCsl 6@30CMaAHO-
g8ouHoli. Ctparerusi Has3blBaeTcsi 0€30CMAHOBOUHOL, €CJIH, KaKOBa Obl HU
OblJIa MOCJIEA0BATENLHOCT, PUMEHEHHE MPOTHB He€ ITOH cTpaTernu Mnpu-
BOJMT K 0€30CTaHOBOUYHOH urpe. B onpeneneHuy npeackasyeMoCTH MOXKHO
OrpaHHUuUTLCSl 6€30CTAHOBOUHBIMM CTPATErHSIMM M 1aTh TaKyl0 PaBHOCHJIb-
HYI0 (DOPMYJIHPOBKY: MOCJIEI0BATENbHOCTb HA3bIBAETCS Npedckasdyemol,
ecsi Uil He€ CylLIeCTBYeT BBbIMIPbIBAIOLIAS BblUHCAUMAs Ge30CTaHOBOUHAS
crparerusi. Uro6bl yOeaUTbCS B PABHOCHJIBHOCTH, JOCTATOUHO OObBSICHUTD,
KaK MOKHO aJlrOPUTM A, 3a/1al0LIHi BBIMTPBIBAIOLLYIO CTPATErHIO, NepeiesaTh
B ajroput™M B, 3anatoluii BbIMIpbIBaiolilylo 6€30CTaHOBOUHYIO CTpPaTEeruio.
Takasi nepenesika ocyluects/siercss Becbma npocro. CriepBa Mo NocTyNHB-
1IeMY Ha BXOJ aJiIrOpuTMa A JIBOHUHOMY CJIOBY BOCCTAHABJHUBAETCS MCTOPHS
UPbl, UTO TO3BOJISIET 3HATh KAK HOMepa BCeX OTKPBITHIX paHee KapT, Tak
¥ BeJHUMHY Tekyllero kanuraja Mrpoka. 3aTeM BCAKHE XOJl, MPeANUCHIBA-
eMBbIHl HCXOIHBIM aNTOPUTMOM A, MpoBepsieTcs Ha KOPPEKTHOCTb, U €CJH OH
OKAa3bIBaeTCsl HEKOPPEKTHBIM, TO HOBBIH asroputM B HUKakoro xona He BbI-
Jaét, a oObsIBJSIETCSl He ONpeAe/EHHbIM HA YKa3aHHOM JBOHWUYHOM CJIOBe.

O606u1eHre HA BbIUMCAUMbIE pacnpeeaeHus
BEpPOSITHOCTEM

Jlo cux nop, 11t IpocToThbl U GoJblIeN HAMJISAHOCTH, Mbl OTPaHHUMBAJIMCh
cUTyallMell, Korja Ha npocTpaHcTBe {2 BceX JABOMUHBIX MOCJ/E/I0BATENbHOCTEN
ObIJIO 3aJIaHO paBHOMepHOe pacnpedeserue sepoammocmeli. Bce ocHOB-
Hble MjeH ObIM BUIHBI Ha TpUMepe 3ToH npocrefitiedt curyauu. s nosHo-
Thl KAPTHHBI Mbl HAMEPEHbl PACCMOTPETh Ternepb 006IILyI0 CUTyalllio, KOraa Ha
npocTpaHcTBe {2 3a7aHO MPOU3BOJILHOE BbLUUCAUMOE PACHpedeseHie 8epo-
amrocmeil. Uto 310 Takoe, GylneT pa3bsiCHEHO Mo3xke. A celfyac Mbl XOTHM
CKa3aTb HECKOJIbKO CJIOB, HAMPaBJIEHHBbIX Ha TO, UTOObI Cle/aTh H3J102KEHHE
JIOCTYIHbIM M TakoMy Yuraresto, KOTOPbI He 3HAKOM C OOLUMUM MOHSATHEM
pacnpedenerus 8eposmuocmeti, WIH 8epOSMHOCIIHOL Mepbl.

[oBopsit, uto Ha MHOXKecTBe M 3anaHa mepa U, KoJlb CKOPO, BO-I1€PBbIX,
BbIJI€JIEH HEKOTOPBIH KJacc MOJMHOXKECTB MHOXKecTBa M, Ha3blBaeMbIX U3-
MepumblMIL, U, BO-BTOPBIX, KAXKIOMY H3MEPUMOMY MOJIMHOKeCTBY A OTHece-
HO HeoTpHUATeNbHOE Yncso U(A), Ha3biBaeMoe MepoLi 3TOro TOAMHOXKECTBA.
ITpu sTOM Tpebyercst, UTOOb! BLITOJHAINCL HEKOTOPbIE aKCHOMbI, IPUBOIUTD
KOTOpble Mbl 3/iecb He Oy/eM; OTMETHM TOJIbKO, UTO CJIEACTBHEM 3THX aK-
CHOM $IBJISIETCSl TAaKOH (hakKT: oObelMHEHHEe HelepeceKalolnxcs H3MEPUMbIX
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MHOYKECTB H3MEPHMO M €ro Mepa paBHa CyMMe Mep 3TuxX MHOxKecTB. Ecuiu
(M) = 1, mepa Ha3bIBaeTCsl 86POSLMHOCMIHON, WK pacnpedeseruen 8epo-
amrnocmeti. B stom ciyuae u(A) conepKaTesbHO TPAKTYETCST KaK BEPOSITHOCTh
TOTO, UTO CJIy4alHO BHIOpAHHBINH 37eMeHT MHOKecTBa M Tomanaer B A.

Kaxnasi mepa Ha ) xapakrepudyercsi Mepamu mapoB. Tak, aisi paBHO-
MEpHOTo pacnpefesieHus (M TOJbKO /sl HEro)

Vx € Z Boinosneno () = 271

PaBHomepHOe pacripeliesieHde BepOSITHOCTEl Ha MpocTpaHCcTBe {2 OTBe-
YaeT TOMY CLEHAPHUIO, KOTJa HYJH M eIHMHHIIBl BO3HHUKAIOT B MOCJEI0BaTe b~
HOCTH C PaBHBIMH BEPOSITHOCTSIMU. BJinzKaiiiim 060611eHHeM paBHOMEPHOTO
pacrpesenenus siBasieTcst pacnpedeserie bepryaiiu, win bepryiiuesckoe
pacnpedenerue (Ha3blBaeMoe TaKKe OUHOMUAAbHOLM), TIPY KOTOPOM HYJIH
1 eIMHULbI BO3HUKAIOT HE3ABUCHMO C BEPOSITHOCTBIO P JUIsl €UHULbI U BEPO-
SITHOCTBIO | — p /151 HyJIsT; 9TO YHCJIO p YCJIOBHMCSI Ha3bIBaTh 1A PAMEMPOM
6epHYJUTHEBCKOTO pacnpenesenus. Ecin napamMeTp paBeH oIHOH BTOPOH, Mo-
JydaeM paBHOMepHOe pacripesiesieHue. [oBopsi hopmanbHO, pacrpeeseHne
Bepnyniun ¢ napamerpom p 3anaérest hopmyJion

w() = p*(l — p)lI=k,

rie k — KOJIMUECTBO €JIMHHUIL B CJIOBE X.

Cirienyromium 060061IeHHEM CJYKUT KJIacC pacripeliesieHnH, KOTopble Mb
6yneM HasblBaTh KeasubepHyriuesckumu. Ha colep:kaTesbHOM YpOBHe
KBa3UOEPHYJJIMEBOCTb Paclpeie/ieHUsi BEPOSITHOCTEH 03HAUAET, UTO €JUHUIIbI
¥ HYJIH MOSBJISIOTCS B KAUECTBE UJIEHOB TOC/E/I0BATENbHOCTH MO-NPEKHEMY
He3aBUCHUMO, HO C TepeMeHHOl BepOSITHOCTBIO, 3aBUCSILIEN OT HOMepa uJje-
Ha. BeposiTHOCTb TOTO, UTO UJieH C HOMEPOM k eCTb €IMHHMIIA, YCJIOBUMCS
o6o3HauaTh yepe3 p(k); TOraa BEpOSITHOCTb TOrO, UTO 3TOT UJEeH ecCTh
HyJIb, oKaxercsi paBHoil 1 — p(k). ®opmanbHoe onpeneneHre KBazubep-
HYJIJIMEBCKOTO pacripesiesieHnst TakoBo. [lycTh maHa mocsenoBartesbHOCTb
JEACTBUTENBHBIX UHCET

p={(p(1),p@,....pk),...), 0<pk) <L

[Tpo pacnpeneneHne y GyneM rOBOPHTb, UTO OHO KB8a3ubEPHYAMLEECKOe
¢ napamempom P, €Ciu JUisi BCSKOTO JBOMUHOTO CJ0BAa X = (X|,...,X,)
MMeeT MeCTO PaBeHCTBO

u(@o) =]]r.

i=l1
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e r; =pi)npux; =1lur;=1— p(i) npu x; = 0. Ins sicHocTn: GepHYJI-
JIMEBCKOE pacrpe/ie/ieHle ¢ MapaMeTpoM p sIBJsieTCsi KBa3HOePHYJIIHEeBCKUM
C mapameTpoM p = (P, P,..., P,...).

B 3T0#i raBKe MBI yKayKeM, KaK OfpefiesieHHs] CTOXaCTHYHOCTH, XaO0THU-
HOCTH, THIIHYHOCTH W HEMpPEeICKa3yeMOCTH AOJDKHBI ObITh PaCIIHpPEHbI st
o611el CUTYALHH 8bLYUUCAUMORO pacnpedenerHus 8eposmuocmed (4To 3To
Takoe, OyjeT pasbsicHeHo HiKe). OObsBUM Harepél, YTo NP ITHX pacLlid-
PEHHBIX ONpeJIeJIeHUsIX JUIsi TPOM3BOJILHOTO BBIUMCJUMOTO pacrpeie/eHus U
COXPAHSIIOTCS Te 2Ke COOTHOLIEHHs], KOTOpble OblIH BBIMHCAHBI BbILIE 1JIsT CJTY-
yasi paBHOMEPHOTO pacrpeieseHHts:

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

(mocJienHee BBITIOJHEHO TIPH YCJIOBHH, YTO Mepa JIloOOTro 1Iapa MoJoyKUTENbHA).

3necs uepes C(u), T(uw), U(u), S(u) coorBercTBeHHO 06O3HAUEHBI Te
KJacchl MOCJeA0BATENbLHOCTEH, XAa0THUECKHX, THITMUECKHX, HemnpelcKasye-
MbIX, CTOXaCTHUECKHX 110 Ko/IMOropoBy OTHOCHTE/LHO pacnpejeseHus U,
KoTopble OyayT onpeieseHbl HWxKe. (B Hawux npekHUX 0003HAUEHUAX
C=CHn, T=T(mn, U=Umn uS = S(n), rae n ecTb paBHOMEPHOE
pacrnpeneneHue.)

Ata rnaBka — s JobuTesnell 06061IEeHHH, U Mbl PU3bIBAEM yBaXKae-
moro Yuraresisi nomymaTb, CTOUT JIM €€ yuTaThb. Bo-nepBbiX, OHA HECKOJBKO
Tpy/AHee NpeablayllnXx raaBok. Bo-Bropbix, cama 3asaua o opMyJHpoBKe
CTPOTOTO OTpeJIeJIeHHsT CaydailHOH MOCJIeI0BATENbHOCTH I€1aeTCsl TEM MeHee
SICHOH, ueM OoJiee OOLIMPHBIM CTAHOBHTCS KJAaCC pacCMaTpUBAEMbIX pacrpe-
JeneHuil. Benb camo npeactapiaeHne o CAy4alHOCTH UHAWBUIYAJbHON MOC/e-
JIOBATEJbHOCTH MMEET CKOJIbKO-HUOYIb SICHBIA HHTYUTHBHbBIH CMBICJ JIMLIb
JUISl IPOCTEHILMX pacrpeieieHHii BEPOSITHOCTEH, TaKMX, Kak paBHOMEpHOe
1 ero 6JKaine 060011eHUs.

Bbiuncaumbie Mepbl U BbIYUCJIUMbBIC pacnpeaeaeHus

Xoresoch Obl Ha3bIBaThb MepPy U Ha MPOCTPAHCTBE ) BBIUHC/AUMOM, €C/IH
CYLLECTBYET TAKOW aJITOPUTM, KOTOPbIH 110 KaXKJ0MY JBOMUHOMY CJIOBY X JA€T
mepy @(€2y) wapa Q. OnHaKo ajJropuTMbl He MOTYT UMETb JeJ10 C JeHCTBH-
TeJIbHBIMU UMCJIAMH, & TOJIBKO C YHCJAMHU LLeJIbIMH, PALMOHAJbHBIMH U T. 1. —
CTPOTO FOBOPS, JIaxKe HE C UHCJIAMH, 8 C UX UMEHAMH B BHJIE CJIOB B KAKOM-JIH -
60 (PUKCHPOBAHHOM KOHEUHOM aJjipaBuTe (C2080M B JaHHOM aJipaBUTE HA3bI-
Baercs Jio6as KOHeuHas 1enouka, coctaBJjeHHasi U3 OYKB 3Toro ajdasuTa).
JlaTh ke MMeHa BceM JEHCTBUTE/bHbIM UYHC/IaM HEBO3MOXKHO, MOCKOJIBKY IS
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Ka’KJI0r0 KOHEUHOTo asipaBUTa BCe CJI0BA B HEM 00pasyloT JHllb CUETHOE MHO-
»kecTBo. [ToaTomMy MoxkHO TpeGOBaTh JHLLIL HAJMUKE aJrOPUTMAa, JAIOLIEro He ca-
MOE Mepy 1l1apa, a CKOJb YroJHO TOUHOE pallMOHa/bHOe MPUOJMAKEHHE K HEH.

OKoHuaTeJsIbHOE orpejiesieHde TakoBo. Mepy U HasblBalOT 8L UCAUMOL,
KOJTb CKOPO CYIIECTBYET aJITOPHTM, KOTOPBIH TSI KAyK/IOTO IBOHYHOTO CJIOBA X
¥ KaxKJI0ro MOJIO?KUTEIBHOTO PALHOHAJILHOTO YHC/Ia € BBIIAET TaKoe paloHa/b-
HOE UHCJI0, KOTOpOe OTyIHuaeTcst oT Mepbl U (€2, ) mapa €2, He GoJee, ueM Ha €.

WMHorna B onpenesieHre BbIYUCAMMOCTH BKJIOUAIOT ellé W TpeGoBaHHe
0 CYLLLECTBOBAHHH TAKOI0 aJropuTMa, KOTOPBIH W15l KaXK/I0ro ABOHYHOTO CJI0-
Ba X OINpejeJsieT, MMeeT JIH MecTo paBeHCTBO U(S2c) = 0. Bboluncaumble Me-
pBI, YJOBJIETBOPSIIOIINE STOMY JOMOJHUTENBHOMY TPeGOBaHHIO (KOTOPOE MBI
He BKJIOUAaeM B Orpe/esieHHe BBIUUCIUMOCTH), Oy/leM HAa3blBaTh CUAbHO Bbi-
YUCAUMBLMYU. 3AMETHM, UTO U3 BbIUMCJAUMOCTH Mepbl HEe BbITEKAET, KaK MOIJIO
Obl T1I0Ka3aTbcsl, €€ CUJIbHAS BLIUMCJIUMOCTD.

BaKHBIM TMOJKIACCOM KJIacca CHIbHO BBIUMCIHMBIX Mep SIBJISIETCS Kaace
BBIUHCJIMMO- PallMOHaJbHBIX Mep. Byniem Ha3bIBaTh Mepy 86/ 4UCAUMO-PayLLO-
HAAbHOU, €CJI Mepa KaykK0To 111apa eCTh PalMOHaIbHOE UMCJIO U CYLLECTBYET
AJITOPUTM, BLIUMCJ/ISIIOLIMH Ty Mepy 10 3aJlaHHOMY Lapy, T.€., Ha GoJiee Tou-
HOM $I3blKe, aJITOPUTM, KOTOPBIH /ISl Ka)K[IO0TO JIBOMUHOTO CJIOBA X BbIAAET
JpoOb, BblpaxKaioLLyto Mepy [(£2y) wapa €2y. 3aMeTuM Jyisl ICHOCTH, UTO eC-
JIM Mepa BblUMC/JHMA, a eé 3HaueHHs] Ha lIapax paluoHaJbHBI, TO OTCIOJA
ellé He CJe/yeT, YTO OHA BBIUMCIMMO-PALOHAMbHA: YMEHHE HAXOMUTh JJIs
JIAHHOTO PalMOHAJBHOTO YHCJA CKOJIb YTOJHO TOUHbIE pallHOHAJIbHbIE MPH-
OJIKEHUS K HeMy ellé He 03HAuaeT yMeHUsl BbIIUCATh CaMO 3TO YHCJIO B BUJIE
OTHOLIEHHUS! JIBYX LleJIbIX unces!

Tenepb HeT Hy»K/bl OTAENBHO OMpENe/siTh, UTO TAKOe BBIYHCIMMOE pac-
TnpejieieHre BEPOSITHOCTEN: 3TO MPOCTO-HAMPOCTO BHIYMCIUMAsT BEPOSTHOCT-
Has Mepa. MIMeHHO Ha BblUHCJMMbIE pacrpelesieHusl eCTeCTBEHHO 06001a-
I0TCSl MHOTHE KOHCTPYKLHMH W (PAKThl, H3JI02KEHHbIE HAMH /151 pABHOMEPHOTO
pacnpenesienusi. B yacTHOCTH, 1Sl IPOU3BOJILHOIO BbIUMCJMMOrO pacrpese-
JIeHUs1 BepHBI Kak meopema Mapmuwn-Jl1égha, yrBepKuaiomias, urto nepece-
yeHHe BCeX 3(PeKTHBHO GOJBUINX MHOXKECTB CaMo sIBJsIeTCsS 3(PeKTHBHO
6oJIbLINM, TaK U meopema Jlesura, yTBepKaaolasi, UTo THITMUHOCTb PaB-
HOCHJIbHA XaOTHUHOCTH, OMNpPEIeJEHHON HA OCHOBE MOHOTOHHOH SHTPOIUH.

CTOXaCTHYHOCTDb

Jlsist Kako#-J1n60 10CJIe0BATENLHOCTH € € k-Fi ujleH 0603HaAUYaeM ep, WJIH,
nabbl H30€KaTh MHOTO3TAXKHBIX HHIEKCOB, e (k).
B chayuae paBHOMepHOro pacripeesieHdsi CTOXaCTHUHOCTb MOCJeI0Ba-
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TEJILHOCTH TOHUMAJIaCh KakK e100anbHas ycmouyusocns 4acmom, T.e.
KaK yCTOHUMBOCTb 4acTOT B Kaxcdol u3 0onycmumolx no0nociedosa-
meavrocmed. JlonycTumble e MOANOC/Ae10BaTe/IbHOCTH BO3HUKAJHU TYTEM
npUMeHeHHs1 pomycTuMbiXx 1o KosmoropoBy npasus or6opa. B cutyauuu
MPOU3BOJILHONH BEPOATHOCTHOH Mepbl 00IlIast CXeMa COXPAaHSETCs, TOJIbKO
YCTOHUMBOCTb 4YaCTOT 3aMeHsleTcsl Ha HekoTopoe OoJiee oflllee CBOKHCTBO,
a HMEHHO Ha TaK HAa3blBAEMBIH 3AKOH OOAbULUX HUCEA.

Onpenenenre CTOXaCTUUHOCTH I OepHYJJIMEBCKOTO pacrpeieseHust
C NapameTpoM p OUEBMIHO: Hal0 MoTpeGoBaThb, UTOOLI B KaxK10H NOMYyCTH-
MOH TOJIOC/IeI0BAaTeNbHOCTH COOMI0AAMaCh YCTOHUMBOCTD YaCcTOT C OJHOH
W TOH »Ke TIpelesbHON uacToToil p. VHBIMH cjloBaMH, 10JI €MHHIL B Ha-
yaJIbHOM OTPe3Ke BCAKOU JIOTMYCTUMOMN MOJNOC/e10BaTENbHOCTH J0J/KHA, TTPH
HeorpaHMYeHHOM YIJIMHEHUH OTpe3Ka, cTpeMuThes K p. Ciayuau, koraa p = 0
WM p = 1, gBJASIIOTCS BBIPOXKAEHHBIMHU; /sl EPBOr0 M3 HUX He CUHUTaeTCs
CTOXaCTHYECKOH T0C/Ie0BaTEbHOCTh, B KOTOPOH BCTpeuaeTcst XOTs Gbl 0J1HA
eIMHULA, /ST BTOPOTO — MOCJIe0BaTebHOCTh, B KOTOPOH BCTpeUaeTcst X0Ts
Obl OIUH HOJIb.

@on Musec noHUMaJs BEPOSITHOCTb KaK MNpelesbHyto yactoty. [lostomy
€ro MJeoJIorusl He MPOCTUPAETCsl 3a Mpejiesbl GepHY/JIHEBCKUX pacrpefe-
JeHuil. Moctom K oblieMy cjyuyatro MPOM3BOJILHONO paclpeiesieHus cJyxKaT
KBa3uOepHyJ/JIHeBcKHe pacnpeneneHus. Mimu u saiimémcsl.

$lcHo, uTo A/Is KBa3MOepHYJTHEBCKOTO pacrpeiesents npeaespHoN ua-
CTOTBI B MOJANOCJENOBATENBHOCTH MOXKET M He ObiTb, @ €CJIM OHA U €CThb, TO,
BOOOLLlE TOBOPSl, B KaXKI0H MOANOCJ/eL0BATENbHOCTH — cBOsl. [Ipuxonutes
M03TOMY FOBOPHTb O CTOXaCTHUHOCTH OTHOCHTEIBbHO JAHHOTO MpaBHJa 0T6O-
pa. Ilycte p — mapametp KBasuGepHy/JIHeBCKOTO pacnpeneseHus. [Ipex-
Jle BCEro, 3asiBUM, UTO HE CUHTAETCS] CTOXACTHUECKOH MOC/Ie0BaTebHOCTD,
B KOTOPOH 3HaueHHe X0oTs Obl OJIHOTO €€ ujieHa UMEET HYJIEBYIO BEPOSITHOCTD.
Wau, roBopst Ha (opMasibHOM §I3bIKE: MOCJEA0BATENBHOCTb @ HE CUUTAETCS
CTOXACTHUECKOH, eCJii CYIIeCTBYeT Takoe R, uto jubo a(k) =0 u p(k) =1,
mi60 a(k) = 1 u p(k) = 0. Ins ocTasbHBIX MOC/EI0BATENLHOCTEN OMpe/e-
JIeHHEe TaKOBO: I10CJIe[10BaTe/bHOCTb a Oy/leM HasblBaTb CMOXACMUYECKOl
omHocumenrvHo npasura omoopa @, Kojb ckopo eé 06001IEHHAS MOANO-
CJIEIOBATENLHOCTD

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

TOJTyYeHHast 110 3TOMY MPaBHJTY, YAOBAETBOPSET TPEOOBAHHIO 3aKOHA GOJIBIINX
unced:
a(my) +---+alme) _ plm) +---+ plme)

k k 0
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npu k — oo. Ilajiee, noc/ea0BaTeNbHOCTL @ HA3bIBAETCS CIMOXACMUYECKOL
(no Koamoeoposy), ecau Jyist J1060r0 KOJMOTOPOBCKOTO TMpaBHJia, MPUBO-
JSI1ero K 6eCKoHeuHoN 06001LEHHON MOANOC/e10BATENbHOCTH, OHA SIBJSETCS
CTOXAaCTHUYECKOH OTHOCHTEJIHO 3TOrO MpaBHJa.

3ameuanue. Cji0BO «GeCKOHEUHOW» B Tpebiayliell ¢ppase U3GbITOUHO,
TaK Kak BCsikasi 0000LIEHHAs TT0I10C/1e10BaTe/IbHOCTD SIBJISIETCS OCJIE10Ba-
TeJIbHOCTBIO, a CJIeL0BaTe/bHO, OECKOHEUHA 110 onpeseseHuto. TeM He MeHee
Mbl OyjleM HHOTJA MCMOJIb30BaTh 3TO (POPMabHO M3OLITOUHOE YIMOMHHAHHE
0 OECKOHEUHOCTH, 1abbl MOAUEPKHYTh, UTO HMEETCS B BUy HMEHHO TMOCJEI0-
BaTEJbHOCTb, a HE KOPTEXK.

UT06bl 00BACHUTD, KAK MOHATHE CTOXAaCTUUHOCTH Mo KosiMoropoBy 0606-
1aercsl Ha 6oJiee IMPOKUH KJacc BEPOSITHOCTHBIX pachpeieseHui, BBeAEM
HECKOJIbKO 0603HaUeHHH.

[yctb n(1),n(2),...,n(k) cyTb HaTypaJbHbIE UUCJIA H MYCTh

i(1),i(2),...,i(k) € {0, 1}.

y A”(l),-m”(k) 6 o
epes i(1), ... i(k) OO0O3HAYHUM MHO2KeCTBO BCeX TAKHX IMOCJeA0BATEC/IbHOCTEU

a € {2, y KOTopbIX
any = i(1), Qney = i), ... aupy = i(k). (*)
Hpobb
M (A ?((11)),’ L?/(Cl)e) ’1m>
M (A 7((11)),’ [(ll(el;) )

0003HAYUM CHMBOJIOM

m| n(l), ..., nk) \.
YU, i) )

3TO €CTb YCJIOBHAsl BEPOSITHOCTb TOTO, UTO M-H UJleH MOCJ/IeL0BATENbHOCTH a
Oyner paBeH | npu ycsoBuM (x); 3Ta BeJMUHHA He OMpejeseHa, Kojb CKOpPO
3HaMeHaTesb ApoOH 00palaeTCs B HyJlb.

PaccMoTpuM 1Ba MPOM3BOJIbHBIX, HO (DUKCHPOBAHHBIX O0ObEKTa: MocJe-
Jl0BaTeJbHOCTh a € §) W ponyctuMoe no Kosimoropoy npasujo otéopa 6.
Hauua 1e/1ib — npuaath cMbIC/ BbICKA3bIBAHHIO «I10CJI€10BATE/NBHOCTb a CTO-
XacTHYHA OTHOCHTEJbHO MpaBuaa O». [Ipouece, mocpeacTBOM KOTOPOTO npa-
BWJIO © oTOMpaeT U3 MOC/EL0BATENLHOCTH a ujleHbl 0600LEHHON oAnoce-
JloBatesibHOCTH b, cocTouT U3 JByx 3TanoB. Ha nepBom 3tane cTpouTcst BCo-
MoraTteJibHas O606LU.éHHaH noanoc/sae10BaTe/IbHOCTb €, U3 HEKOTOPLIX YJE€HOB
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KOTOPOi Ha BTOpPOM 3Tarne U crpoutcs b. Bosee noapo6Ho,

C = <a,,(1), An2)s -« -5 An(kys - - > y

rJie HoMep l’l(k) BbIYUCJAETCA aJITOPUTMHUUYECKH 10 KOPTEXKY

(@n(t)s @n@)s - - s Anie—1)) -

HMwmest Ha BXome 3TOT ke KOpTEXK, IMpaBuJo e pewiaet, BKJ/OYaTb WJAU HET
YJIEH Ay (k) B OKOHYATEJIbHYIO ITOCJE€10BATE/IbHOCTD b. Takum O6p830M,

b = (a(n(k)), a(n(ke)), ., aln(k)),...).

Ha kaxom 13 060UX 3TArnoB MOXKET HACTYMUTb MOMEHT, Korja rnpasuiao ©
He JIaCT HUKAKOro pe3dyJbraTa, T.e. He BbIIACT HOMepa Ha MepBOM 3Tare WJH
He MpUMeT pelleHHsl Ha BTopoM 3Ttane. Eciu Takoe npousoinér, nocseno-
BaTeNbHOCTb b OKaxeTcst KOHEUHOM, T.e., ToBOpsl GoJiee CTPOro, OKayKeTcs
He [10CJ/1e10BaTe/IbHOCTbIO, a KopTexkeM. B 9ToM ciryuae HUKakoro TpeGoBaHust
K b He BbuIBUraercs u, ropopsi opmasibHO, a MPU3HAETCS CTOXACTHUECKOM
oTHocuTesibHO ©. Ecan ke b okasasoch GeCKOHEUHOH, TO /Il NPU3HAHUS
MOCJ/Ie/I0BATEJLHOCTH @ CTOXAaCTHUECKOH OTHOCHTEbHO © TpebyeTcst BbINoJ-
HEHHe HHXKeCJ/IeLyIOLero CBOHCTBa MOC/1e10BaTe/IbHOCTH a.
OGosnaunm uepes r; BeJUUHHY

(n(k,-) a(l),  a@), ... n(kj—l))
ul :

a(n(l)), a(n?), ..., a(n(k;—1))
Paccmotpum pasHocTb

rntrot--+r ak)) +a((kRy)) + -+ aln(k)))

8- g
i : .
/ I
BenuunHa 8; He onpejiesieHa, ecsiu He orpejiesieHa XoTsi Obl OJHA U3 BEJHUMH
ri,...,rj. CkaxeMm, 4to b noduunsemes 3akony 60AbULLX Hiicen, eCJH BCe

BeJIMUMHBI 8; onpenenensl U 8; — 0 npu j — oo. [locnenobaTenbHOCTh a Ha-
30BEM cmoxacmuueckol omrocumenvro npasuia 6, ecan 0600LIEHHAs
noJrocae10BaTebHOCTb b, nosyueHHas U3 a corjiacHo npasuy ©, noauu-
HseTCsl 3aKOHY GOJbLIMX UHCeI.

HakoHell, nocjieoBaTe/IbHOCTb a HasblBaeTcsl cmoxacmuyeckoll (no
Koamoeoposy), ecnu aisi moboro nonyctuMoro no KosmoropoBy npasuia
0TO0Pa OHA FBJSETCSA CTOXACTHUECKON OTHOCHTEJIbHO 3TOTO MpPaBU/Ia — MPH
YCJIOBUH, UTO 3TO MPABUJIO CTPOUT HECKOHEUHYI0 0006IIEHHYIO MOANOCAE0-
BaTeJIbHOCTh (A He KOHEUHbIH KOPTEX).
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321M€TI/IM, UTO B CaMOM oOIpeae/€eHUH BbIYMCIUMOCTL MeEpbl HE HCIOJIb-
3yeTcsl. OﬂHaKO 6e3 npeanoJozKeHusi 0 BbIYUCJIUMOCTHU €Ba JIK BO3MO2KHO
CpaBHHUBATb I{aCTOTOyCTOI‘/,II{I/IBOCTI) (OHa xXe CTOXaCTI/I‘{HOCTb) C JIpyruMu aJi-
FTOPUTMHUYECKHUMHU JIMLaMH CJIy'-IaIZHOCTPI.

XaoTHYHOCTDb

Onpenenennie Moc/e10BaTeNbHOCTH, Xa0THUECKOH OTHOCHTEIBHO MEpHI (L,
TAKOBO: MOCJIEI0BATeNLHOCTL @ = (dy,d9,As,...) Ha3blBaeTCst xaomuue-
CKOUl OMHOCUMEAbHO U, eCH CYyLIEeCTBYeT Takasl (3aBHCSLLAs OT Mepbl )
KOHCTaHTa ¢, YTO JUIsl BCEX 1 BBIMOJHSETCS HEPABEHCTBO

KM(ay, aq,...,a,) > —logu(Qq, ay,....a,) — C,

T7ie, KaK BCEraa, 3HaK Jorapudma 6e3 HIKHEro HHAeKca 03HauaeT Jorapugm
110 OCHOBAHHUIO JBa.

MoTHBHPOBKa 3TOr0 onpeesieHusl, HMEIOLLIEro Co/lepKaTesbHbI CMbIC/
JUIS1 BBIUMCJIMMBIX BEPOSITHOCTHBIX Mep, TaKasl »Ke, KakK M B cJlyuae paBHOMEpP-
HOTr0 pacrpese/ieHusi BepositTHocTel. [deso B TOM, UTo ISt BCSIKOH BBIUMC/IN-
MOH BEPOSITHOCTHO! Mepbl BbIITOJIHSIETCSI COOTHOLLEHHE:

dc¢ Vx € Z BoinosnHeHo KM(x) < —logu(£y) + c.

TunuyHocTb

[TonsTe TUMHUHOCTH 00606IIAETCS HA MPOU3BOJILHYIO MEpPy JOCTAaTOUHO
OUEBHIHBIM 06PA30M: HAJI0 MIPOCTO B TOM OIpe/IeJIeHHH TUITHUECKOH TTOC/Ie/10-
BaTeJIbHOCTH, KOTOPOE JaBaJjioch JJIsl CJydasi PABHOMEPHOTO pacripeiesieHHsl,
3aMeHUTb 0OBEM I1apa Ha ero Mepy.

CnepBa onpejessieTcst NoHsTHe 3GHEKTHBHO MaJoro MHOXecTBa. MHO-
xKecTBO Q) C (2 HasbIBAETCS PP eKmMuUsHO MANBIM OMHOCUMENbHO Mepbl U,
KOJIb CKOPO CYIIECTBYET ajrOpUTM A, yJI0BJETBOPSIOLIMA HUKECIENYIOLIEMY
TpeGoBanuio. [1pu mocTyruieHnu Ha BXOJI ajroputMa A HaTypasbHOrO UHC-
Jia 11 Ha ero BbIXOJIe BO3HUKAET aJITOPUTM MOCTPOEHHUST TaKOH MOC/Ie10BaTe b~
HOCTH JABOMUHBIX cioB (X (1), x(2),...,x(n),...) (T.e. aJrOPUTM BbIUHCJIEHHS
Takol (DYHKUHUH 1 — x (1)), uTO

QC U Qx(n);
n

1
;wmw <

32



Hanee, agphekmusno 6oabuLoe 0OMHOCUMENbHO MeEPbL | MHOMKECTBO
ornpejieisieTcsi Kak jaonoJHende (o 2) K 3QpheKTUBHO MaJoMy.

JLJ151 BBIUMCJIMMBIX Mep UMeeT MecTo meopema Mapmun-JIéga: o6benun-
HeHHe BceX 3(P(EKTHBHO MajlblX MHOXKECTB siBJIsieTCs 9(PMEKTUBHO MaJlbIM,
a repeceueHne Bcex 3(PHeKTHBHO GOJBIINX — 3(eKTHBHO GoabiuM. Cy-
ILIECTBYIOlIl€e COTJIACHO 3TOH TeopeMe HauMeHbllee 3(h(HEKTHBHO GOJblIOE
MHOKECTBO Ha3bIBAIOT KOHCMPYKMUBHbOLM HOCUumeaem mepol U. B cayuae,
€CJIM U — BbIUMCJIUMOE pacipejieseHHe BeposiTHOCTeH, 0C/1e10BaTe/IbHOCTH,
NPUHAJ/IEKALIHE KOHCTPYKTHBHOMY HOCHTEJ/IIO paclpefiesieHHsl U, W Hasbl-
BAIOT Munu4eckumy OTHOCHTENBHO 3TOTO pacrpesenenusi. Takum o6pasom,
T(u) ecTb He uTO MHOE KaK KOHCTPYKTHBHBIH HOCHTENb paCTpeieseHus .

HenpencxasyeMOCTb

371eCh Mbl YKaXKeM, UTO Hy>KHO J100aBUTb K OIMpPeieeHUsIM, COPMYTHUPO-
BaHHbBIM /I/151 PABHOMEPHOTO cJlyyasi, PU Mepexojie K NMPOU3BOJbHbIM pacpe-
nenenusiM. Takux no6aBseHuit 6yaer JBa: HEKHH MYJIBTHIJIMKATUBHbBIA KO3~
huLMeHT (N1 PABHOMEPHOTO pacrpe/ieJieHuss OH PaBeH eMHHUIE W MOTOMY
He HYKeH) U JIOTIOJIHUTEJIbHOE MPABUJIO OCTAHOBKH (B CJlyuae paBHOMEPHOTO
pacrhpesieieH|si OHO TIOTOMY HE HYXKHO, UTO HE BO3HHKAET TaKOH CHTyalluH,
NpH KOTOPOH OHO MOTJIO Gbl GbITH PUMEHEHO).

Pacnipenesienne BeposTHOCTEH BJMsSIT HA MPABHJIO M3MEHEHHsT KaruTa-
saa HMrpoka nocsie ouepennoro xona. Ecau Mrpok He yrapaj, ero kanurad
YMEHbBIIIAETCS HA CYMMY CJeJaHHOH UM CTaBKH — TaK ke, KaK U B cJydae
paBHOMepHoro pacnpeneserus. Ho ecan Mrpok yragas, To npupoct ero Ka-
nuTajia PaBHSIETCS] CTaBKe, YMHOXKEHHON HA HEKOTOPbIH KO3 hUIHEHT. DTOT
K03(DPULMEHT CPaBHUTENLHO BEJIMK, €CJIM BEPOSITHOCTD yrafath Oblja HU3Ka,
¥ CPaBHUTEJBHO MaJl, €CJIM BEPOSTHOCTb yraaatbh Oblia Bbicoka. st pas-
HOMEPHOTO pacrpejiesieH|si BEPOSTHOCTb yraJaTh BCErJla paBHA OJIHOH BTO-
poil, a Ko3(h(HULIMEHT Bceraa paBeH equnuile. TouHasi GopMyIMpOBKa NpaBuJIa
npupocTa Kanurana OyJeT ceiuac U3JoxKeHa.

st mocsieoBateNibHOCTH a €€ k-1 ujieH o603HAuaeM ay, 1Uist ocae0-
BaTeJbHOCTH @' €€ k-ii uneH o603HaYaeM aj, U T. 1.

Xog, fenaemblil Ha j-M X0y, ecTb Tpo#Ka (n(j),i(j),v(j)).

[TycTb nocsienoBare/ibHOCTb, KOTOpO# pacrnodiaraet Kasuno, ectb a. Ilo-
JIOXKUM

A(k—1)={a" € Q:ap; = an npn j=1,2... . k—1}
(tak uto A(0) = Q),
Ai(ky ={a" € A(k — 1): apyy =i} nnsi =0, 1.
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Pasymeetcs, 3T 0603HAUEHHS] UMEIOT CMbICJ B MPENOJOMKEHHH, UTO BCE
yuacTBYyIOLIME B UX orpeJesieHusix Homepa (/) onpenesenbl. [Tose3no 3ame-
TUTb, UTO

Q=A40)>A1)D>AQ) > ...: (1)
I'=pA0) = wAl) 2 uA@) = ... 2)

ecan Mrpok Ha k-m xomy yrazpag, To
i(R) = anwy, Aigy(k) = A(k); (3)
eci MIrpok Ha k-M Xojly He yranaJ, TO

(k) # gy, At () = Ak); (4)

KpoMme TOro,

Ak — 1) = Ag(k) U A, (k). ()

B cayuae, ecan i(k) = a,p) (nmporHos Mrpoka Ha ero k- xoje onpas-
Jajicsi — OH yrajaJg), Kanuraj Mrpoka ysesnuunBaercsi mo gopmyiie

_ B WA (R))
Vk)=V(k—1)+o(k) ()

Hama dopmyna (6) rapantupyer «4eCTHOCTb» WIpbl: MaTreMaTHYeCcKoe
OXKHJIaHWe BBIMTPHIILIA, T. €. IPHPOCTA KamuTasa, 3a OJMH XOJ PaBHO HYJIO.
OpHako Ha TMyTH TPUMEHEeHHs] 3TOH (OPMYJBl HAC MOJCTEpPEraeT HEMmpHsIT-
HOCTb, HEBO3MOXKHAsI JI/Isi PABHOMEPHOTO pacrpe/esieH s, KaK U Jyisi JIo60H
MO3UTHUBHO Mepbl (Mepa HA3bIBAETCS NO3UMUBHOLL, CJIH Mepa JIIo6Ooro 1apa
TOJIOKUTeNbHA). HenmpusaTHOCTb 3aK/0UaeTcsi B TOM, UTO CTOSIIIAsI B 3HAME-
HaTes1e BepoATHOCTb U(A; () (R)) MOXKET 0Ka3aThecsl paBHOM HyJlt0. DTa HeNpH-
SITHOCTb yCTpaHsieTcst MyTéM BBeeHHs JlomoMHNTebHOTO MPaBH/Ia OCTAHOB-
KH, KOTOpO€ MbI cefiuac npuseiéM. B ciyuae paBHOMepHOro pacrpeseseHust
9TO MPABUIIO GbLIO UJHUIIHUM, TOCKOJbKY MPEIyCMOTPEHHASI B HEM CUTyaLUsI
He MOIJIa BCTPETUTHCSI.

JIOTIOJIHUTEJBHOE IMPABUJIO OCTAHOBKH. OHo MMPHUMEHSIETCS TO-
TJa, KOTJIa B X0/l UTPbI 8/1epable HACTynaeT Takasi cutyauus, uro u(A(k)) = 0
(mpocum Uwurarens: B3misHyTh Ha dopmyay (2)). [lyets u(A(k — 1)) # 0,
w(A(k)) = 0. Ilocnemnnit xox, KOTOpPBI OBLT cliesaH, UMea Homep k. Jlenas
3TOT X011, MIrpok o6bsiBU/ CBOH nporHo3 i (k). Ecau nporHos okasaJjcs Bep-
HbIM, T.e€. 0Ka3daJocb, UTo i(R) = @), Urpa OCTaHABJMBACTCS, a KalHTaJ

(6)
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Hrpoka cuutaercsi Bo3pociiuM 10 6eckoHeuHocTH: V (k) = +oo. Takum 06-
pa3om, B 3ToM cayuyae Mrpok oObsiBasieTcs BbiMrpaBLiuM. Eciu xKe nporuos
0Ka3aJicsl HEBEPHBIM, T. €. 0Ka3as0Ch, UTO i (R) # @) (MM, UTO TO 2Ke caMoe,
1 —i(k) = aux), Urpa onATb-TaKH OCTaHABJIMBALTCS, HO C TeM KallMTaJoM
Wrpoka, KOTOpblil Yy HEro OblI K 3TOMY MOMEHTY, Tak uTo BejuunHa V (k)
okasbiBaercst paBHoil BesnunHe V(k — 1). B atom cayuae, caenoBaTesibHo,
Hrpok He BbIMIPbIBAET.

$lcHo, uTo TMpobGJsieMa ¢ HyJIeBbIM 3HameHaTeseM B ¢opmysie (6) ycrtpa-
HseTcsl 9TUM TIpaBuJioM. JlelicTBUTEMbHO, hopmysia (6) MpUMEHSeTCs JHUIIb
B cyyuae, Koraa i(k) = aup). B 31oM cayuae, cornacho (3), A;k)(R) = A(k).
[TosToMy MHTEpeCYIOLIMI HAC 3HAMEHATE/b MOXKET 0KA3aThCsl HyJI€BbIM JIULIb
B cutyaumn, Korna ((A(k)) = 0. Ho umMenHo sTa cuTyaums Kak pas u peryJn-
pyercsi He dopmyJsion (6), a Hammm donosHnuTesbHBIM npaBuaoM. (MoxHO,
BIIPOUEM, CUHTATh, UTO U (HOopMyJiol (6), ecan pa3peliuTh JejeHne Ha HyJb
M0JIOXKHUTENLHOrO uuca W(Aj_;k)(R)) ¥ NPUHATL GECKOHEUHOCTh B KauecTse
pe3yJibTaTa Takoro jeJeHHsl.)

Onpenenenust CTpaTeru, a TakKe BBIUMCJAMMOH CTpaTerdu, 6e30CTaHo-
BOYHOH CTpaTeru, BLIMTPLIBAIOLLEH CTpaTernu OCTAlOTCs, C YUETOM CJlesaH-
HbIX J106aBJIEHUH, /151 OOLLEro cayuasi TEMH ¥Ke, Kak M Jijist UaCTHOTO cJrydast
PaBHOMEPHOTO pacnpe/esieHus.

O 6e30cmaHoB0OUHbLX CIIpAMe2UX

B 3akJ/itoueHHe POKOMMEHTHpYeM Te MpPeiyCMOTpPeHHbIe MpaBUJIaMH CH-
TyalliH, KOTJla Urpa OCTaHaBJaUBaeTcsl. 3aMeTHM, UTO OCTAHOBKH He BKJOUe-
Hbl B MoHsiTHe cTparerd. CTpaTerusi JiMillb YKa3blBaeT OYepelHOH X0/ WJIH
HE YKa3blBA€T HHMUErO, €CJIM TaKOBOH He OMpPEAE/IEH; HO B IMOCJEIHEM CJIy-
yae Urpa He oCTaHaBJIMBaeTCs, a npocto Mrpok 3aaymbiBaeTcst HaBeUHO: st
BbIUMCJIMMOMH CTPaTerHy 3T0 03HayaeT, B MaTeMaTHUECKUX TePMHHAX, U4TO aJl-
FOPUTM YKa3aHusl Xxola paboTaeT 6€30CTaHOBOUHO, HE TIPUXOJsl HH K KaKOMY
peayJbraty. OCTaHOBKH K€ PeryJHpyrloTcsi CBOMUMH COOCTBEHHBIMH IMpaBH-
JlaMH, «BHELUHMMH» [0 OTHOLUeHHI0 K cTpaTeruu. K coxasenuto, B obLieM
cJ/lyuae BbIUMCJUMOrO paclpeie/IeHUs Halllk TPaBU/a OCTAHOBKU HE COAepKaT
aJropuTMa Mx npumeHenusi. bosiee Toro, asroputm, nMo3BoJsOLKE B JI0O0H
MOMEHT OIpeJlesisiTh, CJIeyeT WK He CJe/lyeT OCTaHaBJAMBATh UTpPY, B 00LIEM
cjyuae HeBo3MOoKeH. KonkperHo st OCHOBHOro npaBuJa peub HAET O Npo-
BEpKEe HEepPaBEHCTBA, CBSA3bIBAIOLLEIO CTABKY W KanurtaJ, a ajs JonoJHuTeb-
HOrO [pPaBHJ/Ia — O [POBepKe MO0JIOXKHUTEJILHOCTH Mepbl HEKOTOPOIO MHOXKe-
ctBa. Pagymeercsi, ecsim Mepa CHJIbHO BbIUUCJIHUMA, HE BO3HUKAET CJI0XKHOCTH
CO BTOPO# U3 yKa3aHHbIX poBepoK. boJiee Toro, /17151 BCsIKOH BbIUMCJIMMO-pa-
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IMOHAJILHON (B UACTHOCTH, PABHOMEPHOH) Mepbl OUEBHJIHBI AJTOPUTMbI 06e-
UX TIPOBEPOK, HO, MOBTOPsieM, T0J06HbIE aJITOPUTMbI MOTYT M OTCYTCTBOBATbH
B cJydae GoJiee CJI0XKHO YCTPOEHHOH BBIUUCJIMMOH Mepbl.

BBuay ckaszaHHOro, MpeACTaBJsIeT MHTEpeC YTBEPXKAEHHE O TOM, YTO
NpH ONpeJieJIeHUH MOHATHS MPEICKAa3yeMOCTH MOXKHO OTPaHUUMTLCS OJHHMH
TOJIbKO 0€30CTAHOBOUHBIMHU CTpaTerusiMi. MIMeHHO Jyii 060CHOBAHHS 3TOTO
YTBEP2KJEHHS] HaM W MOTpeCyeTcs NPernoJioxKeHHe O BbIYHCIUMOCTH MeEpbl
(OTMETHM, 4TO 10 CHX MOP OHO HE MCMOJb30BaJ0Ch). B 3TOM npeamnooxeHuu
MBI cefyac yKaxkeM, KaKHM CrocoGoM ajiropuT™ A, 3a/afoliiil BBIMTPbIBAIO-
ILY}0 CTpaTeruto, rnepeiesibiBaeTcsi B aIroput™ B, 3anatoliuii BEIMrpbIBaOLILYO
6€30CTaHOBOUHYIO CTPATETHIO.

Wrak, HaMm 3ajaH ajroputM A, Ha BXOJI KOTOPOTrO MOCTYMNaeT JABOHUHOE
CJOBO X € =, a Ha BbIXOJe, B KauecTBe pe3dysbTaTa, JUOO0 He MOsBJsSeT-
csl Huuero, M60 nosijsieTcsl ouyepenHol xol. CojeprKaTesbHO, ABOHUHbIE
UMGPBI, COCTABJSIOLIME 3TO CJIOBO, CYyTh 3HAUEHHS y¥Ke OTKPBITBIX K 3TOMY
MOMEHTY UJIeHOB ToCJ/eloBaTeNbHOCTH. Kak MBI 3HaeM, 10 CJIOBY X BOCCTa-
HaBJIMBAETCS BCA NPE/bIAylilasi HCTOPUS UTPHI, T. €. Bce uncaa n(k), i(k), v(k),
V (k) npu k < s = |x|. Pasymeercsi, 9T1 umcjia BOCCTAHABJIUBAIOTCS, €CJIH
TOJIbKO OHH OMpeiesieHbl (KCTaTH, MOXKHO BCEr/la nperoaraTh, 4To BCe OHU
onpesesieHbl, ecyii TOJbKO ONpelesiéH U KOPPEKTeH S-H X0/, KaKOBOH eCTb
tpoiiKa (n(s),i(s),v(s))). UroObl MoauepKHYTh 3aBUCHMOCTb YKa3aHHbIX Uk -
cesl ot x, Oynem nucatb n(x, k), i(x,k), v(x,k), V(x,k), Beib, Korna Mbi
paHee nucaJgu npocto n(k), i(k) u T. 1., Mbl peanosaraid GUKCHPOBAHHOM
Ty MOCJIEL0BATEJNbHOCTb, NIPOTUB KOTOPOH WAET UIpa M «UYaCTblO» KOTOPOH
SIBJISIETCS] CJI0BO X. BMecTe ¢ yKasaHHbIMM UHMCJ/IaMM MpH BeeX k < S BO3HHU-
KalT U Te MHOXECTBA, KOTOpble JJIsi (PMKCHPOBAHHOM MOCJE0BATENbHOCTH
Mbl 0003Hauau paHee Kak A(k); Tenepb Mbl OyjneM o603HauaTh ux A(x, k).

Hauia uenb — nepenenats anroput™ A B anaroputm B, Hukorna He npu-
BOJISILIIMI K CHTYallUH, TpeGyIolllell 0OCTAHOBKH UIPbl U TAKOH, UTO ecsid A Gbl
BBbIMIPbIBAOLLMM, TO U B — BbiurpbiBatoluit. Jlyisi BbIUMCJIUMO-paLHOHAIb-
HOW Mepbl Mepesiesika OueBHIHA: TTIOJNYUMB Ha BXOJ JIBOMUHOE CJIOBO X, MPO-
BepsieM, He MPUBOJUT JIM XOJI, YKA3aHHBIN JUIs 3TOTO CJIOBA aJropuTMOM A,
K CHTyalldM OCTAHOBKHM; €CJIM He TPUBOAUT, 00bsBAseM, uto B ykasans Ham
9TOT XOJI, €CJIM TIPUBOJUT, 00bsABJseM, uTo B Ha x He naér pesysbrara.

B o61em ke ciyyae Npou3BOJIbLHON BLIUMCJAUMON Mepbl nepeneska A B B
Tpebyer GoJiee uzouipénHoro npuéma. Hosbiii anaroputm B 6yner paborathb
Tak. B cjyuae, ecyid X0/, yKa3aHHbIH aJropuTMoM A, He MPUBOJUT K CHUTya-
MM OCTAHOBKH, 3TOT XOJ — KaK U JYIsl BBIUKCAMMO-PALHOHAILHON Mepbl —
00DbsABJsIETCS pedysbTaToM anroputMa B. OnHako B ciyuae, ecyiu B pesydib-
TaTe NpUMeHeHHs1 A K X BO3HMKAeT CUTYalusl OCTAaHOBKH, HOBBIH asroputm B
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He OyJIeT 1aBaTh HUKAKOTO pe3yJibTaTa B MPUMEHEHHH K x. TeM cambiM, oKa-
»keres, uto B 3a1aét 6€30CTaHOBOUHYIO CTPATETHIO.

Jast narasinHoctu npenacrtaBum cebe, uto A u B paboraior napasiens-
Ho. Hanmomuum, uto A Ham 3anan, B mbl ctpoum. [lycTe Ha Bxom o6omx
AJITOPUTMOB MOCTYIHJIO CJIOBO X, |x| = s. Ecain A He 1aér pesyJsibrata B NpH-
MeHEHHH K 3TOMY CJIoBY, To U B o6bsiBisiercst He paiommm pesysabrata. Ecan
)Ke A B NpUMeHEeHUH K X BbIIAET ouepesHOH Xon, TO ajroputM B mnbitaer-
sl MpexXKJie BCEro MPOBEpUTb, He BO3HUKJ/A JIH CUTyallusl, MOANa aloias noju
JIeCTBME OJHOTO M3 MpaBHJ OCTaHOBKH. IIpoBepka KOppeKTHOCTH HOMepa
He BbI3bIBAeT 3aTpyaHeHWH. Ecian HoMmep 71(x,S) OTKpbIBaeMOH KapTbl OKa-
3a/iCsl HEKOPPEKTHBIM, aaropuT™ B o6bsiBasieTcst He faiolMM pesyJibTaTa Ha
BXOJle X; Kanutas Kirpoka B 3TOM ciyuae rnepecTaér MEHATbCS, OH 3aCThiBa-
eT. Ecsin 2ke HOMep KOppeKTeH, BKIoYaeTesi MpoBepKa KOPPEKTHOCTH CTABKH.

C npoBepko#i KOPPEKTHOCTH CTaBKH JeJlo 0O6CTOUT cioxKHee. Kak yke
OTMeUYaJioCch, MOXKET M He CYIIeCTBOBATh aJrOpUTMa, MPABUJbHO OTBEUalo-
11Ier0 Ha BOTPOC, MeHbIlIe JIM JleJaeMasi CTaBKa TeKyliero Kanuragna Mrpoka.
OnHako He Bcé Tak mjoxo. [Ipexze uem chenatb craBky, Mrpoky cienyer
yOeJUTbCS, UTO HAMeUeHHasi CTaBKa MeHblle TeKYLIEero Karuraga, U TOJbKO
B 3TOM cJiyuae e€ 06bsABUTb. K3noxum HOBbIN anroputm B nosenenusi Mrpo-
Ka GoJiee TouHO. Mbl oniupaemes Ha caeyloluid akT: ecyu Mepa WU BbIUMC/IH-
Ma, TO MOYKHO MPebsIBUTb TaKOH BerioMorate ibHbli anroput™ C (3aBucsimi
oT A), KOTOPbIi JIJIst KaXKA0TO X NbITAETCS TIPOBEPHUTD, BLIMOJHAETCS JIH Hepa-
BEHCTBO U(x,s) < V(x,s), U JIOCTHTAET MPHU 3TOM CJeaylollero sddexra:
aJITOPUTM TMPUXOUT K KAKOMY-TO pe3yJ/bTaty (ckaxkeM, K pesdysabraty Ja),
€cJIM yKa3aHHOe HepaBeHCTBO BbIMOJHsAETCS], H paboTaeT 6eCKOHEUHOe BpeMs,
He TMPUXOJIsl HU K KAKOMY pe3yJIbTaTy, eCJiM BbITIOJHSIETCS] TPOTHBOIMOJIOXKHOE
HepaBeHCTBO U (x,s) = V(x,s). Cobupasich caenath CBOH S-H XO/1 U MOJy-
UMB OT ajropuTmMa A pekoMmeHJallio o cTaBke v(x,s), VIrpok, npexie uem
cienatbh xoj, BKJouaer anroput™ C u xknér pesysbrata. Hukakoro xona
He nenaercsi, noka C He mpeabsiBUT eMy CBOM pesysbraT. Takum oGpasom,
ajroput™M B He BbIIACT HMKAKOTO X0J1a, €CJH A TMpejioxKul HEKOPPEKTHBIN
X0l — B 3TOM cJjydae kanutas Mrpoka sacteiBaer. Ecan ke paora anro-
putma C 3akaHuuBaetcs, aaroputM B pekomeHmyeT Ty e cTaBKy, uto U A,
Y TIPUCTYMNAET K TIPOBEPKE TOrO, He CJEIyeT JIM MPUMEHUTb JlonosHUTEeIbHOE
MPaBUJIO OCTAHOBKH.

AsropurMuyeckasi cutyauusi ¢ J1onmosHUTENbHBIM TPaBHJIOM MOX0XKA Ha
CUTYyalMIO C TPABUJIOM OCTAHOBKH, JIeaeMOH MO MpHUMHE HEKOPPEKTHOCTH
CTaBKH. AJITOPUTM, pPacMo3HAIOUINH, BBIMOJHAETCS UJIH HET PABEHCTBO

wA(x,s)) =0,
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JIETKO CTPOUTCS B CJIyuae CUJIbHO BHIUMCJIUMOH MEpPbI, TOCKOJIbKY MHOXKECTBO
A(x,s) nojydaercsi B pesyJbrate 00beIMHEHHS] KOHEUHOrO UMCJa 11apoB,
yKa3blBaeMbIX aJTOPUTMHUECKH 110 nape (x,S). B ofleMm ke ciyuae BbI-
YHUCJIMMOH Mepbl TAKOTO aJrOpUTMa MOKeT U He ObITh. CylllecTByeT, 0JIHAKO,
60J1ee caabblil aATOPUTM, KOTOPOTO OKa3bIBAETCs 10cTaTouHO. MIMeHHo, ecsu
Mepa | BBIUMCJHMMA, TO MOXKHO IPelbsBUTL TAKOH BCIIOMOraTeJbHbIA aJro-
put™ D (3aBucsiumit ot A), KOTOPBIH JIJIsl KAXKJ0T0 X MbITAETCS] POBEPUTD,
BBITIOJIHSIETCST JIH HEPABEHCTBO

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

¥ JIOCTUraeT MpH 3TOM cJefytollero sddekra: ajropuTM MpUXOJUT K KaKO-
My-TO pe3yJbTaTy (CKaxkeM, K peayabTaty /la), ecjii yKa3aHHOE HEPABEHCTBO
BbITIOJIHSAETCS, U paboTaeT 6eCKOHEYHOe BpeMsl, He MPUXO/s HU K KAKOMY pe-
3yJIbTaTy, €CJIH BbINOJHSIETCS PaBEHCTBO

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

JeiictBusi anroputma B B cBsi3u ¢ npoBepkoil JlomoJHUTENBHOTO Mpa-
BUJIA ONMUCHIBAIOTCS (B TepMHMHAX noBeleHus: Krpoka) ciemytomium o6pasom.
Urpok BkJ/touaer ajroput™ D u »xnét pesysbrata. JloxaaBluMch, OH ae/a-
eT xoJl, npuMmeHsisi anroput™ A. Ho oH He jenaeT HUKakoro xoja, noka D
He TPEeNbSBUT eMy CBOH pesysbraT. Takum oOpasdom, ajroput™ B Bbizact
TOT K€ XOJI, uTo ¥ A, ecJid He BO3HUKJIO CUTyalllH, noananaiouiei nox Ho-
MOJIHUTEJIbHOE MPABHJIO, W HE BbIAACT HUKAKOTO X0Ja, €CJIM TaKas CUTyalus
BO3HHUKJA. Ecsi X0l npoucxoaut, To Kanutan Mrpoka mensiercs Ha oOLIMX
OCHOBAHHUSX: YMEHbIIIAETCS HA BEJIMUMHY CTABKH HJIH YBEJIHUMBAETCS COTJIAC-
HOo opmyJsie (6), MpUuéM B 3TOM cJyuyae OMACHbIH 3HAMEHATeNb 3aBEOMO
He paBeH HyJio. B ciyuae ke HemenaHus xona Kamuras Krpoka, corsac-
HO HAlllMM TPaBUJaM, 3aCTbIBAET, €CJH MOCJeAHUI MPOrHO3 Obll HEBEpeH,
1 00bsiBJIsIeTCS] OECKOHEUHBIM, €CJIM 3TOT NPOrHO3 OblJl BEPEH.

Tosbko 4TO omucaHHOe MoBeleHHe Kamutajga Mrpoka MoxHO cJemyio-
MM o6pa3oM onucaTh B TepMHHaX padoThl ajroputMa D. Ecsu nporHos
HeBepeH (i(X) # ap(y)), TO, Moka D paboraer, kanuran Mrpoka ocraéres
sacTblBIIMM. Ecinm ke 1nporHos BepeH (i(X) = @py)), TO € KaXKIbIM LIa-
rom pabotbl airoput™ma D xanutan Mrpoka Bospacraer Ha exunuuy. Takum
o0pa3oM, KanuraJj Oy1eT Bo3pacTaTb HEOrpaHHUEHHO (M, caeloBaTe/bHO, Mr-
pox BbiMrpaer), ecau D nukorna He 3akonuut pa6ory. Ho ecsmn anroputm D
JIOCTHTAET pe3yJibTaTta, pocT Kanurana Mrpoka npekpaiaercs. Bogee Toro,
B 3TOM CJlyuae BeChb TNPOM30LIEMIIHE 3a BpeMst paboThl anroputma D npupoct
Kanutasa Mrpoka aHHyJMpyeTcsl, TI0cJe 4ero 3TOT KamnuTas MpupacTraer 1o
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tdopmyaie (6). M ewé: HUKaKoe 3HaUeHHE KaruTasa, MPOMEXKYTOUHOE MEXKY
JieJlaeMbIMHU XOJ1IaMU (T. €. BO3HHKAIOLIlee BO BpeMsl 3asepulatoujetics paboThl
anroputMa D), He TOIKHO BKJIIOUAThCSI B MHOYKECTBO TeX 3HAUEHHH KaruTa-
Jla, 6eCKOHEUHOCTD CylpeMyMa KOHMX BJeUéT BBIMrphIl Mrpoka (B mpoTHBHOM
cayuae y Mrpoka mnosiBusiach Obl JOMOJIHUTENbHAST BO3MOXKHOCTD BBIMIPbILIIA
3a CUéT TOro, UTO JUIMTEJbHOCTH MEXKIYXOJI0BbIX 3aJlepKeK MOTYT OKa3aThCs
HeorpaHMYeHHbIMH B HX COBOKYMHOCTH).

Hame HoBoe onucanue noseneHus Kanuraja Mrpoka, npeanodararoliee
pocT KanuraJja Bo BpeMsl paboThl airoput™Ma D ¢ Bo3aMOxKHBIM mocsenyto-
MM OoOHYyJIEHHEM MPUPOCTA, MOXKET BbI3BaTh y TpocBelléHHoro Yuraress
JIBA 3aKOHHBIX 3aMCUaHHUS.

[lepBoe 3aMeuaHue COCTOUT B TOM, UTO Mbl (haKTHUECKH M3MEHHJIM Npa-
BUJI2 UIPbl — B TOH MX YacTH, B KOTOPOH TOBOPUTCS O MOPsIAKE H3MEHEHHs
Kanutasa. CorjacuBLIMCh ¢ 9TUM yrnpékoM UuraTessi, OTBETHM CJelyloliee.
JlelicTBUTENIBHO, €CThb JIBE CHCTEMbI TMPABUJ, CTapasi U HOBas, a TEM CaMbIM,
W JIBa omnpefenenuss urppl. Ho B oTHOUleHMH mMpeackazyeMocTH ob6e Hrpbl
PaBHOCHJIbHBI: BCSIKAsi MOCJE0BATENbHOCTD, MpeicKasyemMasi MpH OJHOH U3
HalLKX JIBYX CHCTEM IpaBHJI, NpeacKasyema H Mpu Apyrou.

BTopoe 3ameuaHue COCTOMT B TOM, UTO [0 HOBBbIM MpaBUJaM MOBeIeHHE
KarnuraJsa 3aBUCHUT OT BCroMoraresibHoro ajaroputMa D, a cam 10T anroputw,
KaK [TOKa3blBaeT aHaJ/IN3, 3aBUCHUT He OT Mephl 4 KaK TAKOBOH, a OT 3a/alollie-
ro eé€ ajropuTMa, T. €. OT TOro aJAropuTMa, MPUCYTCTBYIOLLEro B ONpejieieHHH
BbIUUCJIUMON Mepbl, KOTOPbIH 1151 1I060TO 1apa HaXOAUT CKOJIb YTOJHO TOU-
Hble TPUOJIMKEHUsT K Mepe 3Toro lapa. BosHHMKaeT ecTecTBEHHBIH BOIMPOC:
He MOJKET JIH CJIyUMTbCH, YTO TPHU HOBBIX TpaBWJIaX M TIOHSATHE MpeAcKa-
3yeMOCTH OKaKeTCsl 3aBHCAIIMM He OT CaMOH Mepbl, a OT 3aJaloulero eé
anaropurMa? OTBeT: HeT, He MOXeT. Belb TeueHHe Wrpbl MPU OJHOM 3aja-
IOLLEM Mepy aJirOpHTME MOXKeT OTJIMYaTbCsl OT TEUEHHSI WUIPbl MPH JPYrom
aJropuTMe, 3aJatoleM Ty Ke Mepy, JHULb JJIHTeNbHOCTbIO HHTEPBAJIOB MEXK-
Jly XOJaMHM; 4TO »Ke Kacaercsl Kanutasa Krpoka, To pasHuua MoxeT ObITb
JIMILIb B TOM, CKOJIb BEJIUK OKaXKeTCSl TOT MPUPOCT KaluraJja, KOTOPbId MO~
JICXKUT aHHYJUPOBAHMUIO.
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Cam 3TOT CMMCOK M3 BOCbMH Ha3BaHMH HUKOMM 00pa3oM He MpeTeHjyeTr
Ha noJiHoTy. OHaKO B 3THX NMyOsUKauuax (0coO6eHHO B [8]) MOXKHO HallTH
JlafibHEHINe CChIJIKH, M BKYyNe C 3TUMM CChIJIKAMHM HeKOe Moj00He MOJHOTHI
y2Ke JOCTHraeTcsl.

B kHure [2] caenyet o6paTtuth BHUMaHKe Ha § 2.6 «[IpusiokeHus K Teo-
PHU BEpPOSITHOCTEH: onpeiesieHust CayyaiiHol nocsaenoBaTe/bHOCTH». Caenyer
TaKXKe MMeTb B BHJY, UTO TEPMHHOJIOTHS 3TOH KHHIM HECKOJIbKO apXauu-
Ha: XaoTHYeCKHe I10C/1e10BATeNbHOCTH Ha3blBAlOTCA TaM CAYHUAUHBIMU 1O
Koamoecoposy, a tunudeckue — cayuainovinu no Mapmun-Jiégy. Yacro-
TOYCTOHUMBBIE, OHH K€ CTOXACTHUECKHE, MOCAE0BATEIbHOCTH HA3BIBAIOTCS
B [2] cayuaiinoimu no Muszecy, croxactuueckue rno Yépuy — cayuatinoimu
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no Musecy — Yépuy, croxactuueckue no KosmMoropopy — cayuairnoini no
Mugsecy — Koamoeoposy — Jlasasndy (a B [3] — cmoxacmuueckumu no
Koamocoposy —Jlasaandy; J1.J1aBnaun (D. Loveland) otkpbin 311 nocJieno-
BaTeJbHOCTH He3aBUCHMO OT KosiMoropoBa, XoTsl M 1103Ke: COOTBETCTBYIOLLAS
ctatbsl Kosmoroposa Gbliia ony6/ukoBana B 1963 r., cratbsa JlaBisnpa —
B 1966 r.). Uto KacaeTcs HempeacKasyeMbiX MOC/e10BaTeNbHOCTER — B TOM
TOUHOM MOHUMAHHHU, KaK OblI0 C(hOPMYJTUPOBAHO BbIlllE, — TO OHH B YKa3aH-
HOU KHUI'e OTCYTCTBYIOT, TOCKOJIbKY MOSIBUJNCH B JiMTepaType Julb B 1998 1.
B cTathbe [O].

[Tpumep cToxactuueckoit no Uépuy nocsenoBaTesbHOCTH, TepecTatolei
OBITb TAKOBOH MOCJIE MOAXOASIIE BHIOPAHHON BBIUMCJUMON NMEPECTAHOBKH eé
ujieHoB, ony6JukoBas B 1966 r. 1. JlaBnsHa. 3HaueHHe 3TOTO MpuMepa Cco-
CTOHUT HE TOJILKO B TOM, YTO OH IOKAa3blBAET HEAJEKBATHOCTb OIpe/eseHHs
Uépua, HO U B TOM, UTO OH OTKPbIBA€T HOBOE KaueCTBO CJAYyUaHHOCTH, UHTYH-
THBHO OUEBMJIHOE, HO paHee He 3aMeUeHHOe: cJydaiiHasi MocJe10BaTeIbHOCTh
JIOJKHA OCTABAThCs CAYUaHHON nocJe Jito60i BEIYUCIUMON (T. €. 3a1aBaeMOH
KAaKUM-TO aJrOPUTMOM) MEPECTAHOBKH €€ UJIeHOB.

Teopusi cyioXKHOCTH 06BEKTOB (B JOTOJIHEHHE K Y2Ke pa3BUBABILEHCS B TO
BpeMSsl TEOPHH CJIOXKHOCTH BbIUHCJ/EHHH) Obla ocHOBaHa KoJMOropoBbIM Ha
ero ceMHHapax B MOCKOBCKOM yHHBepcuTeTe B Hauase 60-x rojoB XX Beka
U MMeJIa CBOEH IVIaBHOW LeJIbI0 NMEPECTPOUKY MOHATUAHOW 0a3bl TEOPHU HH-
copmauuu (Ha OCHOBE MPEACTABJIEHHUSI O TOM, UTO YeM CJloxKHee 00bEKT, TeM
60oJibLiIe HH(OPMALIMK OH COEPKHT) € TTOCAEYIOLLUM NPHIIOKEHHEM K TEOPHH
caydaiiHocTd. B ony6sukoBanno# B 1969 r. crathbe Kosmoropos nucait:

1) ocHOBHbIE MOHATHS TEOPHH HHAPOPMALIMH JIO/KHBI 1 MOTYT
6bITb 000CHOBaHbI 6€3 MOMOLIM 06pallleHHsI K TEOPHUU BEPOSITHO-
CTeH U TaK, UTO MOHATHS «IHTPOMHUSA» U «KOJUUECTBO UH(OpPMA-
LMU» OKAa3bIBAIOTCA MPUMEHUMbl K MHAMBHIYaJbHbIM 00bEKTaM;

2) BBeJIEHHbIE TaKMM 00Pa30M TOHSTHSI TeOPHH HH(OPMALIMH
MOTYT Jiedb B OCHOBY HOBOH KOHIIEMIMH CJAy4aHHOTO, COOTBET-
CTBYIOLIEH €CTECTBEHHOU MbICJIU O TOM, UTO CJIyUaHHOCTb €CTb
OTCYTCTBHE 3aKOHOMEPHOCTH.

[IpensioxkeHrie H3MePSITh CJIOXKHOCTL 0ObEKTA JJIMHON ero KpaTdyahliiero
OIMUCaHUsI U TIOHSTHE ONTHMAaJILHOTO si3blKa OblLIK M3J0xKKeHbl Kosmoropo-
BbIM B cTathe 1965 r.; 3a roj 0 TOro CXojHble MaeH OblLIK OMyGJHKOBa-
Hbl aMepuKaHCKUM uccenoBarteseM Psem CosomoHoBbiM (Ray Solomonoff),
0 pa6orax KoToporo KoJMoropos y3uaJs Jiuliib no3xe. BBuay storo teopemy
0 CyLIECTBOBAHUH ONTHUMAJILHOTO si3blKa Mbl Ha3biBaeM meopemoii Coromo-
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Ho8a — Koamozoposa. B 3mu xe roapl (T.e. B cepennte 60-x rogoB XX B.)
KosMoropoB BbicKasblBaeT Ha CBOMX CeMHHApax MPeroioxKeHue 0 TOM, UTo
ObICTPOTA POCTA IHTPONUHU HAUYAJBbHBIX OTPE3KOB M0CJIE10BATEIbHOCTH MOXKET
CJIYXKUTb KPHTEpPHEM CJIydJaHHOCTH paccMaTpHUBaeMOl MOCJEI0BATEJNbHOCTH.
Onnako BBeIEHHOE MM B PacCMOTpeHHE SI3bIKOBOE CEMEHCTBO MPHBOAMJIO
K SHTPOIHUM, HEMPUTOHOMN /sl MoCTaBJ/eHHOHN Lesin. Kak y»Ke roBopu/ioch Bbl-
lle, B [VIaBKE O XaOTUUHOCTH, TOJHOE JJIs1 TOH e/ CeMeHCTBO OOHAPYXKHJI
B 1973 r. Jleonun JleBuH, BBelsi B pacCMOTpeHHe MOHOTOHHYIO SHTPOIIHIO.

Tunuueckue nocJieoBaTesibHOCTH (MO Ha3BaHWeM “random”, T.e. «cJy-
yaiiHble») ObLIH, KaK YK€ OTMeuajoCh B TJIABKE O THITHYHOCTH, OTKPBITHI
B 1966 r. [Tepom Maprun-Jléhom (Per Martin-Lof).

YTBep:KIeHHe 0 TOM, UTO KJacC MOCJeI0BaTeNLHOCTEH, CTOXaCTHUECKUX
no KosimoropoBy, 1vpe kjaacca THITHUECKUX (OHH K€ — XaoTHUYeCKHe) TocJIe-
JoBaTesibHOCTeH, nokasan Anekcannp Llennb (cm. [6], a Takke [3, n. 6.2.4]).

[TycTb K — 3HTpONHUS B KAKOM-TO U3 BAPHAHTOB 3TOTO MOHsATHS. (B snte-
paTtype HUCCJEeloBaHbl He MeHee LIECTH TAaKUX BapHAHTOB: MPOCTasi, anpHop-
Hasl, MOHOTOHHAs, MpolleccHasl, NMpeUKCHAs U SHTPOINHUST paspelieHusi; Bce
9TH BapHaHTbl CYLIECTBEHHO Pa3JiMUHbl B TOM TOUHOM CMbICJE, UTO pas-
HOCTb SHTPOIHUH, NPUHAJIEKAILMX JIOObIM JBYM U3 MepeurcaeHHbIX BapuaH-
TOB, HeorpaHuueHa.) CKaxkeM, UTo MOC/AeI0BATENbHOCTD A1, A2, A3, ...,y - . .
ABJISIETCS XQomuyeckot omuocumeabHo K (Mpu paBHOMEPHOM pacripeie-
JieHuH!), ecsn

dc¢ Vn BuimosHeno K(ayp,as, as,...,a,) >n—-c.

(3amMeTHM It SICHOCTH, UTO HM JJIi TIPOCTOH SHTPOTHH, HHU JUIS SHTPOMHH
paspellieHus MoCJe0BaTe/IbHOCTEN ¢ TaKUM CBOHCTBOM HET BOBCE, a /s
KaXKJ0H M3 OCTaJIbHbIX UETbIPEX SHTPOINHUH XAOTHUHOCTb OKAa3bIBAETCSl paB-
HOOOBEMHON TUNHUHOCTH.) B Toll ke cratbe JleBuna 1973 r., B Kotopoii
Oblia BBe/leHa MOHOTOHHAST SHTPOIHS, COJEP>KaNOoCh U 10Ka3aTeJlbCTBO TOTO
thakTa, UTO MOHSITHE XaOTUUHOCTH OTHOCHTEJIbHO MOHOTOHHOH SHTPOIUH paB-
HOOO'BEMHO MOHATHIO TUMTHUHOCTH. HesaBucumo ot JleBuHa B Tom xxe 1973 1.
Kanayc-Ilerep Ulnopp (Claus-Peter Schnorr) BBén B paccmorpenue cBOW
BAapHaHT SHTPOINUH, TaK HasblBaeMylo npoyeccryto snmponuro (y Ulnop-
pa — process complexity), u nokasaJn (HezaBUCHUMO OT JIeBHHA, HO OU€Hb
MOX0XKHM CMOCOOOM), UTO MOHSATHE XAOTHMUHOCTH OTHOCHTEJILHO MPOLIECCHOM
SHTPOIMH TaKXKe PAaBHOOOLEMHO MOHATHIO THUITMUHOCTH. XOTS MpoleccHast
IHTPOIMKS U MOHOTOHHAS SHTPOIUS CYLIECTBEHHO pasfuualorcs (Kak rnokasal
Baapumup Beiorun [7, ¢. 35, cTpoku 6—4 cHu3y], UX pa3HOCTb He OrpaHuueHa
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HUKAKOH KOHCTAaHTOH) W XOTs BrocaenctBuu cam LlIHopp mepectas moJib-
30BaThCsl CBOEH MPOLIECCHON SHTPOINHUEH, PaKTHUECKH OT Heé OTKA3aBIINCh,
BbllLIeyKa3aHHylo meopemy Jleguna WHOTIAA Ha3bIBAOT meopemot Jlesu-
na —IlInoppa.

[Tpedukcnyto suTponuio BBEN B 1974 1. JleBUH 1 rojioM nosxe (Ho He3a-
BucuMo ot JleBuna) — Iperopu Ueditun (Gregory J. Chaitin) (cm. ero cratbio
A theory of program size formally identical to information theory //
Journal of the Association of Computing Machinery, 1975, v. 22, no. 3,
p. 329—340). B To#i ke cratbe UelTHH BBEJ MOHSTHE XaOTUUHOCTH OTHOCH-
TeJIbHO MPedUKCHOH SHTPONUH U o6bsIBUM (6e3 10Ka3aTeqbCcTBa), UTO STOT
BapHaHT Xa0THUHOCTH PaBHOCHJIEH THITHYHOCTH; TIepBOe OMyOJIMKOBAHHOE JI0-
Ka3aTesIbCTBO TOro (hakTa MosiBUJIOCh B cTaThe BbiorvHa [7]: caencreue 3.2
Ha c¢. 38. [Ipedpuxcras anmponus MOXKeT ObIThb ONpejesieHa KaK SHTPOIHs
JUISl ceMelCTBa NpedUKCHBIX 3bIKOB. $I3blK £ HasblBaeTcsi npeguxcHoim,
€CJIM OH TIePEUHCITM U BHITIOJHEHO YCJIOBHE!

((xr,y1) €E & (xo,49) €E & (x1 = x9)) = (41 = y2).

3ameTHM ellé, U4To B JIMTEPAType TEPMHUH «CJOKHOCTb» (“complexity”)
yacTo yrnorpebJisieTcsl B CMbIC/IE IHMPONUSA, T.€. B CMbIC]E CAOHCHOCTb
OMHOCUMENbHO ONMUMANLHOZ0 A3bIKA.

Henpenckasyemble mocJieoBaTebHOCTH (B CMbIC/Ie HACTOSIIIEH CTAThH)
BIepBble BO3HUK/W BecHoW 1991 . B COBMECTHOM JlOKJaje MOJ Ha3BaHHEM
«Randomness and Lawlessness» («CuyuaiiHocTh U 6€33aKOHHOCTb»), KO-
Topbiil Annpeit Myunuk, Asnekceil CeMEHOB U aBTOp THX CTPOK CleJa/n Ha
koH(pepenumu B Kamidoprun. KoHdepenius Oblia NocBsillieHa 0CHOBAHUSM
TEOPHH CJydailHOCTH M TIpoxojausa ¢ 4 no 7 mapra B MHcTuTyTe Marema-
THUECKUX MCCJIeNoBaHUi B colMasibibix Haykax (Institute for Mathematical
Studies in the Social Sciences) Crandopackoro ynusepcurera. Cojep:kanue
JokJana 6bl1o onybiarkoBaHo B 1998 1. B Buge cratbu [0]. B sTo# cra-
The MPHUBEJIEHbI, B UACTHOCTH, TEOPEMbI O COOTHOLIEHHH HEMPeJICKA3yeMOCTH
C JIPYTHMH aJrOPUTMHUECKHMH JIHLIAMH CJIydaiiHOCTH.

OTMeTHM, UTO oOmpele/ieHHe HeNpeNCcKasyeMOCTH B HallleM HACTOSIIIEM
ouepKe OTJIMUAeTCsi OJIHOH JieTasblo oT onpejnesenusi B [H]. Mmenno, B [5]
IUIsT KOPPEKTHOCTH CTaBKU TPeGOBAJIOCh BBINOJHEHHE HE CTPOrOro HepaBeH-
ctBa v(k) < V(k — 1), a Gosiee caaboro HecTpororo HepabeHcTBa U(k) <
< V(k—1). Knacc Henpeicka3yeMbIX MOCJ/I€10BATENLHOCTEH OCTAETCS OJIHUM
1 TeM Ke MpH 060X MOHUMAHHMSX KOPPEKTHOCTH. 3aMeHa B OIpejlesleHHH
KOPPEKTHOCTH HECTPOrOro HEepPaBeHCTBA HA CTPOroe Bbi3BaHa JBYyMsi MPU-
uuHaMd. Bo-nepBbix, cama urpa CTaHOBUTCSI GoJiee COMEpKATeNbHOM: Bellb
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B CJlyyae paBeHCTBA CTABKU TeKylleMy KamuTajy CTOUT Mrpoky ommoéurhes
B CBOEM Mpe]CKa3aHHH, KaK ero Kamnutasa OOHYJHUTCS U OH OyAeT BbIHYXKAEH
B JlaJibHeilllleM fleslaThb JIMLIb HyJeBble CTaBKH. BO-BTOPbIX, HMEHHO CTporoe
HEPABEHCTBO 1103BOJISIET IIPH MepeHoce ONpe/e/IeHUi ¢ PalHOHAIbHO-BbIUKC-
JIUMBIX Mep (KaKoBble TOJIbKO M paccMaTpHUBaJ/IUCh B [O]) Ha JitoOble BbIUMC-
JIUMBlE Mepbl COXPaHUTb 3(P(EKTHBHOCTb AEHCTBUH Mrpoka. Benp kaxmpiit
pa3 Mrpok mosKeH yaoCTOBepsITbCSl B KOPpeKTHOCTH Xoja. [losyuntb ke
TaKoe yJ10CTOBepeHHe aJrOPUTMHUECKUM MyTEM BO3MOXKHO JIHIIb B BapHaHTe
CTPOroro HepaBeHCTBA: CYLLECTBYET aJrOPHTM, B TOM H TOJIbKO B TOM CJydae
JIAIOLLMH MOJIOKUTENbHBIN OTBeT Ha Bonpoc «v (k) < V(k—1)?», korna u B ca-
MoM Jsiesie v (k) < V (k—1); He cylleCTBYeT aJlroputMa, B TOM U TOJIbKO B TOM
cJlyuyae Jaiollero MoJioXKUTeNbHbIE 0TBeT Ha Borpoc «v(k) < V(k — 1)?»,
Korja v B camoM gejie v(k) < V(k —1).

Cama uzes o CBfI3H CJY4aHHOCTH C HEBO3MOXKHOCTbIO IapaHTHPOBAH-
HOTO BBIMTPHILIA JIOCTATOUHO OueBHAHA: elié ¢oH Mmusec, He naBasi TOU-
HBIX (DOPMYTHPOBOK, TOBOPHJT O «HEBO3MOKHOCTH CHCTEMBI MTPBl». Briocsen-
CTBHH BCTPEUAHUCh U CTPOTHE OMpe/e/IeHHsl, 0IHAKO BOCIPOU3BOANMAST 3/1eCh
(c KOCcMeTHUeCKUM peMOHTOM) (hopMyJIMPOBKa U3 [D] KaxeTcst GoJiee GJIU3KOH
K HHTYHUTHBHOMY IPEJACTABJEHHUIO O caydaiiHocTH. [lesio B ToM, uto mpejiie-
CTBYIOLLME UIPOBbIE ONpeJieJleHHs! TMO0 UCII0JIb30BAJ/IH CTPATErHH, B KOTOPbIX
BBIYHCJIMMOCTb (03HAualoliasi HaJMuMe aJrOpUTMa, YKasbIBAlOIIEro HIPOKY
€ro ouepeHON XO/1) 3aMeHsIach Ha Apyroe (XOTs W CBSI3aHHOE C MOHSTHEM
aJqropuT™Ma, HO, BMAMMO, MeHee ecTecTBeHHoe) TpeGoBaHHe, JHOO 3aBeO-
MO He MPHBOJAWJIM K KJACCy MOCJ/e10BaTebHOCTEH, PABHOOOBEMHOMY KJlaccy
THIHUYECKO-Xa0THYECKHX MocJjefoBaTe/bHoCTel. [l onpe/ie/sieHUs Herpes-
CKa3yeMocTH M3 [O] ocTaércs Hajex]la Ha YKasaHHYl0 pPaBHOOOBEMHOCTb.
$lcHo, uTo yeM GOJBILINM KOJTHUECTBOM «JIHLL CIYUaHHOCTH» XapaKTepu3yeTcs
KaKOW-TO TOUHO OUYEPUEHHBIH KJaccC TMOCJ/el0BaTeNbHOCTEH, TeM 000CHOBaH-
Hee MPaBO 3TOrO KJacca CJy:KHTb (OPMaJlbHbIM aHAJOrOM PacIlbIBUATOrO
MHTYHTHUBHOIO MPEJICTABJEHUS O CJIyYalHOCTH.
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OraaBJjenue

BeeneHue

Jlnuo neppoe: YacToTOycTONYMBOCTD U CTOXaCTHUHOCTD
Jluuo BTopoe: XaoTUUHOCTb

Jluuo Tperbe: TunuuHOCTL

Jluuo yerBéproe: Henpenckasyemoctb
O 6e30CTaHOBOYHBIX CTpPATErHsX

O600611eHe Ha BbIUMCIMMbIE pacnipeaeeHus
BEPOSAITHOCTEN

Bblunc/inMble Mepbl U BLIUMCHMBIE pacrpeeeHns .

CTOXaCTHUHOCTD

Xao0THYHOCTD .

TunuuHocTh .

HenpenckasyemocTs . C

O 6e30CTaHOBOUHBIX CTpATErusix

Uctopus u 6udauorpadus
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