I'/TIABA 1
OCHOBHBIE NIOHATHUS U ONTIEPATOPHI TEOPUM LIETIEH
MAPKOBA

1.1. Buabl ciry4ailHbIX POLIECCOB

Yro Takoe ciydaWHbBId MOPOLECC, UHTYUTUBHO IOHUMAET KaXAbIA. Ero
CTPOrO€ OINPENEIICHUE MAJIO OTIMYAECTCA OT MHTYUTUBHOTO. CryyauHvim
npoyeccom Ha3bIBAETCS TAKOW MpoLEcC (TO €CTh U3MEHEHHE BO BPEMEHU
COCTOSIHUSI HEKOTOPOU CUCTEMBI), TEUEHUE KOTOPOTO 3aBUCUT OT Cllydasi U
IJI1 KOTOPOTO OIpeAesieHa BEPOATHOCTh TOI'O WM WHOIO €ro TEUYCHUs.
WNuaye roBops, O CIy4alHBIM MPOLIECCOM ITOHUMAKOT MPOLIECC MEPEXOAA
CUCTEMBI U3 OJHUX COCTOSIHHWI B JApYrue, MPOTEKAOUIUNA CIy4yallHbIM 00-
pazoM. Ciny4yalHbIE TPOLECCHI HA3BIBAKOT TAKXKE CTOXACTUYECKHUMHU, BEPO-
STHOCTHBIMU WJIA CIy4alHbIMH (YyHKIUAMHU. VX BUIBI BEChbMa pa3HOO00-
pa3Hbl, HO Hac OyJeT MHTEPECOBAaTh TOJBKO OJMH WX THII, HA3bIBAEMbIN
uernssMu Mapkosa.

Jl71s1 TOro 4TOOBI BBECTH OCHOBHBIC MOHSITHS, CBSI3aHHBIC C IENbl0 Mapko-
Ba, pACCMOTPUM 3HAKOMYIO C JETCTBA UI'PY, MHOTJA Ha3blBaeMyr «Twuiie
elelb, nanbiie Oyaeniby. CylecTByeT MHOIO €€ pasHOBUIHOCTEH, HO
CMBICTI BCEX MPUMEPHO OJMHAKOB: UTPAIOIIUM JOJKEH OBICTpee APYTUx
noopatbesa u3 myHkta A B nyHKT b (puc.1.1).

Puc.1.1. «Tume exemns, nanpiie Oyaenb»
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Bech niyTh 0T A k b pa30out Ha oTaenbHbIe 3Tanbl — OTpe3ku. [lepemertie-
HUE Ha TO WJIM MHOE KOJIMYECTBO OTPE3KOB OMPEIECISACTCS PEe3yJIbTaTOM
OpocaHusi UTpaJbHOrO KyOuka ¢ siueiikamu ¢ 1 1o 6. O4eBuaHO, YTO AJIs
KaKJI0TO TOCJIEAYIOUIEro IIara ero «JJIMHAaY SIBJSETCS CIydailHON Belu-
YUHOM, OMNpENensieMoil pe3yabTaTtoM OpocaHusi Kyouka. Jjist 0oJibliero
WHTEpeca B UTPY BBOJSTCS pas3iuyuHble yciaoBusa. Hampumep: mpu momnasa-
HAW B NYHKT 2 WUTPAIOIIMN MPOMYCKAET OYEPEIHOM XOJ — «IOMajgacT B
AMY», TIpU MOMAJaHUN B MYHKT 7 HEOOXOAUMO «I0€XaTh B 00BE31» WU
Jla)kKe BEPHYTHCS Ha HECKOJIbKO OTPE3KOB Hazaja W T.A. bmaromaps Ttakum
«MPEBPATHOCTSM CYAbOBD), UTPOK, Y KOTOPOTO BCE BpEMs BBINAIAIOT CYa-
CTJIUBBIC MSITEPKU M IIECTEPKH, MOXKET JaXe OKa3aThCsl MO3aJU MEHEe
yAQWIMBOTO Ha MEPBBIN B3I mapTHepa mo urpe. OTCio/a U Ha3BaHUE
urpsl — «Twumie egens, gaabpiie Oyaeb.

Kaxnoe Opocanne KyOuka UTPOKOM €CTh CBO€OOpa3HOE UCIBITAHUE Be3e-
HUsg. B Teopum BepoSTHOCTEW 3TO Tak M Ha3bIBaeTCA ucnvimanuem (WiIu
onbITOM). B pe3ynbTare KaxkA0ro UCHbITAHUSI TPOUCXOIUT CIIy4allHOE CO-
ObITHE, 3aKJIFOYAIOIICECS 3/1€Ch B BBINAJICHUU I'PaHU KyOWKa ¢ ONpeIesieH-
HBIM YHCJIOM OYKOB, U CBSI3aHHOE C HUM IEpEeMEIIeHHE Ha OMpPeaeICHHOE
yucao otpe3koB. [lonoxkenne QUIIKM KaXkAOro UTrpoka Ha Tpacce Oyaem
Ha3bIBaTh cOCTOsiHMEM. MTak, Halla urpa MoOKeT ObITh MpEACTaBlICeHA KaK
MOCJIEA0BATEIbHOCTh UCIIBITAHWM, TTPUBOSAIINX K CIyYalHBIM COOBITHUSIM
U CMEHE cOoCTOsiHMI. Kaxayro peanu3aluio Urpbl MOKHO MPEACTABUTH
rpaUuecKy, €Clid MO OCHU OPAMHAT OTKJIAJAbIBATh HOMEP MYyHKTa (COCTOsI-
HUS), B KOTOPOM HaXOJATCs (DUIIKH UTPAIOIINX, a IO OCH abCIIUCC — HO-
Mep KakJ0ro o4epeaHoro Opocanus Kyouka. Ecii cOeIMHUTH 3TH TOYKHU
IPSIMBIMU JIMHUSIMU, TO TIOJIYYUTCSI TPACKTOPHUS JBUXKEHUSI UTPOKOB K (hH-
HUIITY, TpUYeM HOMEpP OpocaHusi KyOuKa UTpaeT 371eCh POJib BPEMEHH, TOU-
HEe, €ro IEJI0UYHNCIEHHOT0 aHalora.

OOpaTiM BHMMaHHE Ha OJTHO Ba)XKHOE CBOWMCTBO, MPHUCYIIEE 3TOM Hrpe.
[Tonoxxenue Barel GuUIIKM ociae odepeaHoro Opocka (0yayiiee) 3aBUCUT
TOJIBLKO OT TOTO, IJIe OHA HaXOoAWIach nepesl OpocKoM (HACTOsIIEee), U YUC-
Ja OYKOB, BBHITIABIIUX Ha KyOWKe (ciyuaiiHas BenuuuHa). OHO HUKAK HE
3aBHUCHUT OT TOTO, KaK BbI ITOMAJIA B TTOJIOKEHHUE Mepel OpoCckoM KyOuKa, TO
€CTh OT BCEM MpelplaylIe uCTopuu Urpbl (mporuioe). bynyiiee cocTos-
HUE OMPEACsAeTCs] TOIBKO HACTOSIIIUM COCTOSSHUEM M HE 3aBUCHUT OT IpO-
IIUIOTO COCTOSIHUSA. B 3TOM citydae TOBOPSIT, 4TO Oyayliee U MpoIioe B3a-
MMHO HE3aBUCHUMBI, YTO MPOIECC HE XPAHUT MAMSATH O MPOIILIOM, UK Ha-
3BIBAETCS MpoIlecCOM Oe3 mocienecTus (0e3 mamsaTu). ITO YCIOBUE SIB-
JSI€TCSl OMPENENSIONIUM JIJII OTHECEHHUS TUCKPETHOTO CIy4alHOTO MpO-



1ecca K uernssM MapkoBa ¥ HHOTa Ha3bIBAETCSI CBOMCTBOM MAapKOBOCTH.
Takum o0Opa3oM, MPOBOAS aHAIU3 JaHHOW WIPbl, MOXHO CHAENATh Clie-
JYIOIIUE BHIBOBI:

- BO BpEMsI UTPhl MPOUCXOJUT MOCIEA0BATENIbHASA (JUCKPETHAs) Clydail-
Hasi CMCHA COCTOSIHUM;

- BEPOSATHOCTH MOMAJAHUSA B KAXKI0E OYEPEIHOE COCTOSIHUE SIBIISIETCS Be-
JUYUHON 3aBUCUMOM (B HAIlEM MPUMEPE OHA 3aBUCHUT TOJIBKO OT HACTOS-
IIETO COCTOSIHUS U HE CBSI3aHA C TEM, KaK Mbl B HETO MTONAJIN).

JIns pacmMpeHus CrieKTpa MPUMEPOB BO3bMEM KOJIOJY KapT, CKaKeM, B 52
kapthl. [IpoaenaeM cieayromuii onsIT: OyJeM J0CTaBaTh MO OJHOU KapTe
U3 KOJIOJIbI, OIIPEAEIATh €€ MacTh U KJIacTh 0OpaTHO. J{J11 YMCTOTHI AKCIIe-
PUMEHTa MOCJI€ KAXKJIOro OMbITa KapThl OyneM nepemMeninBaTb. OueBUIHO,
YTO TMOSIBJIEHUE KapThl ONpEJIeICHHON MacTu OyneT ciyvaiinbiM. KakoBa
BEPOSITHOCTh TOTO, YTO BBITALIEHHAs HayraJ Kapta OyJeT 3aJaHHON Mac-
Tu? [{1s onmvcaHHBIX BBIIE YCIOBUH NP JTOCTATOYHO OOJBIIOM YHUCIE
ONBITOB TEOPHUS BEPOSATHOCTEW MOXKET JOBOJIBHO TOYHO IPEACKA3aTh pe-
3yJAbTaT KOJIUYECTBEHHO. [1ycTh cOOBITHE A — U3BIIEUCHUE U3 KOJObI Kap-
ThI 3aJ1aHHON MacTu. BepositHocTh P(A) MOXHO paccUuTaTh Kak OTHOIIIC-
HUE yucia ciiydyaeB M(A), 01aronpusTCTBYIONIMX COOBITHIO A, K UX 00-
memy unciay N. B konone u3 52 kapt umeercsa 13 kapT ogHoN MacTu, 1mo-
aToMy 17151 Hatero npuMmepa M(A)=13, a N=52, to ects P(A)=13/52=0,25.
BBenem teneps coObiTe B, 3akimouaroiieecs: B MOSIBICHUU KapPThl TOU Ke
MACTH MPHU €€ BTOPUYHOM HU3BJICYEHUU U3 KOJIOAbl. OUE€BUIHO, €CIIN MOCIE
KQKJIOTO ONbITa KApTy KJIACTh B KOJIOJY M TIIATEJIBHO MEPEMEIINBATh, TO
P(A)=P(B)=0,25. Tenepb W3MEHUM YCIIOBHS OIbITA: BBHITAIIUB KAPTYy OII-
pEIENIEeHHON MacTH, OTJIOKHM €€ B CTOpOHY. Bocnipoussenem nanee coobl-
tue B. Tenepsb yxe ero BeposiTHOCTh OyJIE€T 3aBUCETh OT TOTO, KapTa Kakon
MacTH OblIa u3BJeyYeHa nepBoi. Eciu Oblia BeITAlllEHA KapTa TOM e Mac-
1, To P(B)=12/51<0,25, a ecnu apyroi, To P(B)=13/51>0,25. 210 03Ha-
YaeT, YTO B IAHHOM CJIy4ae BEPOSITHOCTH COOBITUI 3aBUCAT APYT OT APYTa,
U TaKue ONbITHI (MCIBITaHMS) B TEOPUM BEPOSTHOCTEN HA3BIBAIOT 3d8UCU-
moimu. 1Ipu 3TOM BEposATHOCTH B Ha3piBaeTcsl yCIOBHOW MO OTHOIIEHUIO K
coObiTuio A. Kpome Toro, Tak e, Kak ¥ B IPEAbIAYyIIEM NMPUMEPE, 3/1€Ch
UJET MocaeAoBaTeIbHas (IUCKPETHAS) CMEHA COCTOSIHUM. TONBKO COCTOSA-
HUEM Ternephb yKe OyJeT KOJIMYECTBO KapT TON WJIM MHOM MacTH B KOJIOJE
MOCJE Ka)KJI0ro HU3BJICUCHUS KapThl. OKa3bIBa€TCs, YTO U B 3TOM CIly4yae
Nepexo] B KaXJI0€ IMOCIEAYIOIEe COCTOSHUE HETIOCPEACTBEHHO CBSI3aH C
HACTOSAIINM COCTOSTHHEM.

Kak yxe ynmoMuHaJioCh B pACCMOTPEHHBIX MPUMEPAX, BEPOSTHOCTH IMOSIB-



JICHHS KOKJIOTO MOCIEAYIONIEr0 COCTOSTHHUS 3aBUCHUT TOJIBKO OT HACTOSIIIE-
ro. B camoMm gene, ycnex wim Heycnex O4epeaHOro xoaa B urpe «Tume
eleIlb, Jajiblie OyIelib» HampsMyI0 CBS3aH C TEKYIIHM (HACTOSIINM)
IMIYHKTOM HAa MapuIpyTe; KAPTOYHOE COCTOSIHUE 3aBUCHUT OT HAJIUYUA B KO-
JIOAE TOTO WJIM UHOTO KOJIMYECTBA KapT OMpeieiecHHOM MacTh. CirydailHbie
MPOIIECCHI, 00JaJaloKe TaKUM CBOWCTBOM, HA3bIBAIOTCS MapKOBCKHUMHU.
bosiee TOYHO € MO3ULKUN COBPEMEHHOU TEPMHUHOJIOTHUM MOXKHO CKa3aThb,
yT0 A.A. MapKOB 3aJI0KWIT OCHOBBI CITYYaWHBIX MPOLIECCOB C JUCKPETHBI-
MU COCTOSIHUSIMH M BPEMEHEM, TO €CTh COOCTBEHHO MapKOBCKHX IICTICH.
Ho mMapkOBCKMMH Ha3bIBAIOT CeMYac U APYyryue BHUIABI CIYYaWHBIX MPOLEC-
coB. ['TaBHBIM OOIIMM CBOWCTBOM TAaKUX IMPOILECCOB SBISICTCS HAIMYHE
BEPOSITHOCTHOM CBSI3M, 3aBUCUMOCTH MEXKIY COCTOsiHUSMH. MHOrma cuu-
TalT, YTO MApPKOBCKUM 00Jie€ TOYHO CIEAyET Ha3bIBaTh CIYYaWHBIN MpPO-
LECC, Y KOTOPOTO BEPOSITHOCTh KaXKJIOTO MOCHEAYIOIMIETO COCTOSIHUS CBSI-
3aHa TOJBKO C HACTOAIIMM: MAapKOBCKHUE MPOIIECCHI 0€3 MOCIeACHCTBUS.
["'OBOpAT, YTO y TaKUX MPOLIECCOB «OyayIIEe ONMPENEIIIeTCs TOJBKO Yepe3
Hactosimee». Ho MOXKHO JIETKO PEICTaBUTh CIy4YalHbIE MPOLECCHI, Y KO-
TOPBIX HAa BEPOSITHOCTh HACTYIUICHUS TMOCEIYIONIETO COOBITHS BIUSICT HE
TOJILKO TEKYIIIEEe, HO OJIHO, JBa, TPU WM O0Jiee MPEAbIAYIINX COCTOSIHUM.
Takue mnponeccsl Takxke paccmarpuBainch A.A. MapkoBeiM. OH npemio-
KWJI HA3bIBaTh UX CIO0M#CHOU yenvito. OKA3bIBAETCS, UTO U B 3TOM Clly4yae
IIyTEM BBEICHUS HEKOTOPBIX JOMYIIECHUN MOKHO YCIIOBHO NMPHUBECTH Ma-
TEMATUYECKOE OMMUCAHUE K CIYyYar0 MPOCTOM MAPKOBCKOM Henu. st 3Toro
HaJI0 BKJIIOYUTH B MOHSATHE HACTOSIIETO COCTOSIHUS JIpyTHE, O0Jiee paHHUE,
OT KOTOPBIX 3aBUCAT OyyIIHeE.

PeanbHble siBIICHUS B KM3HU JAJEKO HE BCErJa MOAUYUHSIOTCA YJIOOHBIM
JU1s1 Hac 3akoHaM. [IpuXoauTCcs yCI0KHATh TPUMEHSAEMbIEC TTOAXOAbl U Ma-
TeMaTUYECKUE MOAENU. Tak, HanmpuMep, NOSBUIMCH MOJIENIH, HOCSIIME Ha-
3BaHUE MOJYMapKOBCKUX MpolieccoB. KapTHHKY MOIyMapKOBCKOTO MPO-
1ecca MOXKHO IIPEJICTaBUTh Ha MPUMEPE PACCMOTPEHHOW BBIIIE WIPHI
«Tume egems, naneine Oyaeuib». Panblie, yToOBl y3HATh, HA CKOJIBKO
IIIaroB HaM MOYKHO MEPEMECTUTHCS MOCIE 0YepeaHOTO OpocaHus KyOuka B
Urpe, Mbl Opocaiu €ro OAuH pa3. DTO U ObUI CBOCOOPA3HBINA PO3BITPHIIIT
COCTOSIHUSA. B MOIyMapKOBCKOM MPOIECCE Mbl U3MEHSIEM MPABUIIO UTPHI:
MIOCJIE PO3BITPHIIIA COCTOSHUS HAJ0 OPOCUTH KyOUK €IIle pa3, 4ToObI ompe-
JCIIATh, CKOJBKO K€ BPEMEHH MbI MPOOYAEM B 3TOM COCTOSHHH (PO3BbI-
IPBIII BpeMEHU MpeObIBaHUS B HEM). B omucanHuum 3TOro mnporecca Mare-
MAaTUYECKHI amnmnapar HECKOJIbKO YCIIOXKHSIETCS, OJTHAKO MOSIBIIETCS BO3-
MOHOCTb MOJICIUPOBaHUA 00JIee IITUPOKOTro Kilacca 0OBEKTOB.



Bce npuBeieHHBIC BbIIIE TPUMEPHI OTHOCUIMCH K MAPKOBCKHUM IMPOIECCaAM
C MPEPHIBUCTBIMU (JIMCKPETHBIMHM) COCTOSIHUSIMU, OJHAKO 3TO HE BCeraa
Tak. CiiydyailHBIM TpoleccaM C HEMPEPHIBHBIMU COCTOSTHHSIMU TAaK¥KE MO-
XeT ObITh MPUCYIIE CBONCTBO MAapKOBOCTH. OHO MOMOTAET CYILIECTBEHHO
YIIPOCTUTh MAaTEMATUYECKUM almnapar v pPeuaTh CIOKHBIC TCOPETUUYECKUE
Y TIPaKTUYECKHE 3a1a4i. BO3MOXKHBIE BUJIBI CIIy4alHBIX MPOILECCOB MPE/I-
cTaBJIeHBI B TaOi. 1.1.

Taomuna 1.1

Bujabl ciiyyadHbIX IPOLECCOB

Bapuanr | Bua ¢pynkuuu | Bua aprymenra | HazBaHue ciry4aiHOro
npouecca
1 JuckperHas JlucKpeTHbIi JluckperHas ciyyanHas
ITOCJIEA0BATEIBHOCTD —
MAapKOBCKasl LIETIb
2 JuckperHas HenpepriBHblii JIMCKpeTHBIN Ciaydan-
HBII TPOLIECC
3 Henpeprisnas JluckpeTHbIi HenpepriBHas cioyvan-
Hasl IOCJIEA0BATENb-
HOCTb
4 HenpepriBHas HenpepoiBHBINM HenpepriBHBIIN Ciiy4dait-
HBII ITPOILIECC
3) HenpepriBHas HenpeppiBHblli | CMEIIAHHBIN CITy4YalHbIN
+OUCKpETHAS poliecc

Hamu ObL1M NpOMIUTIOCTPUPOBAHBI JAJIEKO HE BCE BAPUAHTHI, YIIOMSHYThIE
B Ta0ia. 1.1. OnHaKo Bce OHM MPUMEHSIOTCA B HACTOSIIIIEE BpeMs MPU Ma-
TEMATUYECKOM MOJEIIMPOBAHUN TEX WIM MHBIX sBJIeHUU. Kpome Toro, He-
00XOJMMO OTMETHUThH, UTO B PACCMOTPEHHBIX MPUMEpPAx Mbl JIUIIb Orpa-
HUYUJIMCh AHAIU30M CIIyYalHbIX MPOLECCOB. Upe3BbIlUaiHO BaKHOM 3a/1a-
4ell sBsSeTCA BCErJa HE TOJbKO KOHCTaTaluus (PaKToB, HO U BO3MOYKHOCTh
BO3JICUCTBUSL HA MPOLIECC B LENAX MOJYyYCHUS MaKCUMalIbHOTO 3¢ dekxTa,
chopMyJIMpOBaHHOIO 3apaHee. Takue mpouecchl HA3bIBAKOTCS ynpasise-
MbIMU.

[IpowsumrocTprupyeM yIpaBisieMbld CIIyYaWHBIM ITPOLIECC HA IPUMEPE AET-
CKOU UTPBI «'0psH0 - X0I0AHO». 3aKII0YAETCsl OHA B TOM, YTO BOJSIIEMY
3aBS3bIBAIOT IJ1a3a, BHIBOIAT HAa CEpEIMHY KOMHATBI, HECKOJIBKO pa3 Bpa-
AT JUJI TIOJTHOM MOTEPU OPUEHTUPOBKU. [1oTOM eMy mpeasaraercss Hau-
TA OJHOI'0 U3 UTIPAIOIIUX, HAXOAALIErocs y cTeH KomHarthel. [locne kaxuo-
ro Imara BOJALLErO IPUCYTCTBYIOLIHUE OXXUBJIECHHO KOMMEHTUPYIOT IIpa-
BWJIBHOCTb €TI0 IEMCTBUU U KOPPEKTUPYIOT HAIIPABJIEHUE, ITOJaBass KOMaH-
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IBI-MIOJICKA3KU «TOPSiY0 — XOJIOAHO». Kakaplil mar BOASIIMN AenaeT B
CIy4yailHOM HalpaBJI€HUU, HO CIYYaWHOCTh 3/I€Ch HEIOJIHAsl, YaCTUYHO
ynpasisieMas. O4eBHIHO, YTO BECh MPOIECC MOKET OBITh OMHUCAH JIHC-
KPETHOM MApKOBCKOM LIETNbIO, TAK KaK KaXIbIM 1IAr, TO €CTh U3MEHECHUE
COCTOSHMS (IOl COCTOSIHUEM 3J€ECh CIEAYyET MOHMMATh KOOPJIWHATHI BO-
JSIIIIET0), OTPEACIISIETCS TOJBLKO HACTOSIIIAM COCTOSTHUEM W HUKaK HE CBSI-
3aH C KaKUM-JIUOO MPEIbIAYIIHM.

Briiie Mbl yoTpeOWId BRIPAXKEHUE «ITOTYUYCHUE MAKCUMaIbHOTO 3 deK-
Ta» B HEKOTOPOM cliydaitHoM mporecce. OHO TpeOyeT psija KOMMEHTapHU-
eB. [Iycts W — BbIOpaHHbIi noka3zaTenb 3PGHEKTUBHOCTH (M TPUTOM €11 H-
CTBEHHBII; MHAYE 3ajlaya CTaHET MHOTOKpuTepuaibHoi). Hampumep, 310
npUOBLIL OT TOPTrOBIM HEKOTOPHIM TOBapoM. HeoOxoaumMo BbIOpaTh Ta-
KYIO CTpaTEeruto noBeaeHus U (ynpasisolee BO3ICUCTBUE), IPU KOTOPOH
noka3zatenb W okazancs Obl MakcuMalnbHbIM. OJHAKO CJIE€AyeT ITOMHUTD,
YTO TPUHSATUE PEIICHUS TMPOUCXOIUT B YCIOBUSIX HEOMPEIACICHHOCTH.
CyuiectBytoT cinydaiinbie (akTopsl (0003HaUUM KX &), KOTOPbIE OKa3bIBa-
I0T BO3JICHICTBHE HAa KOHEUHBIA pe3ynbTar, To ecTh Ha W. Kpome Toro,
BCETJ]a UMEETCSI COBOKYITHOCTh 3aJIlaHHbIX, 3apaHee U3BECTHBIX (PaKTOPOB,
KoTopble 0003HauuM 4yepe3 o. I[lokazarenb 3(pGHeKTUBHOCTH OKa3bIBAETCS
3aBUCSIIUM OT TpeX rpynn (akTOPOB: COBOKYIMHOCTH HU3BECTHBIX (DAKTO-
POB 0, COBOKYITHOCTH CIIy4alHbIX (haKTOpOB & U yIpaBJsIOIIETrO BO3/ACH-
CTBHUS U (CTpaTeruu NOBEICHU):

W=W(o, &, ). (1.1)

B npumepe ¢ Toprosier TOBapoOM IOJ 0. CIEAYET IOHUMATH BBIJACICHHBIE
CpelcTBa Ha MPUOOPETEHUE TOBapa, MPEAOCTABICHHBIE MOMEIIECHUS U T.1.
[Ton & moHMMaeTCs KOJMYECTBO MOKynaTenaend (OHO KoJeOneTcs cliydai-
HBIM 00pa3oM OT OJHOTO JIHS K JAPYroMy), BpeMs MpUX0ja MOoKynaTeiae
(BO3MOXHBI CiIy4yalHbIE CKOIUICHUSI MOKyMHaTenei, MpUBOASAIIME K JIJTUH-
HBIM OYEpEeIIM), BBIOOp MOKYNAaTEISIMU TOIO WM MHOTO ToBapa (Crpoc Ha
JAHHBIN TOBAp Cly4aliHO KOJIe0JIETCS CO BPEMEHEM) U T.I.

[Tockonbky (akTopsl & ciaydaitHele, TO U Mokazarenb dhdexruBHOCTH W
OKa3bIBACTCA CIYYaWHON BEJIMYUHOM. BO3HUKAET BOIPOC: MOKHO JIM MaK-
CUMH3UPOBATH CIY4YallHYH BeJIMYHMHY? OTBET BIOJHE SICEH: pa3yMeeTcs,
Henb3st. Kakoe Obl ynpaBiienre U Mbl HU BbiOpanu, W ocTaHeTcst ciiyvaii-
HOM BEJIMYMHOM Y HEJIb3sl 3ACTABUTh €€ NPUHATh MAKCUMAJIBHOE 3HAUYCHUE.
Ho otBeT He nomkeH oOecKypakuBaTh. B ycClIOBHSX HEONpeneIeHHOCTH
MBI, JIEUCTBUTEIIBHO, HE MOXET CO CTONPOLIEHTHOM TapaHTHUEW ClIEeNaTh
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nokasatenb 3P(HEeKTUBHOCTH MaKCUMaJIbHBIM. OJTHAKO COOTBETCTBYIOIIUM
BBIOOPOM YyMIpPaBICHUS Mbl MOKEM OOECIIEUUTh ATO ¢ OOIbUiel UTU MEHb-
wieti 8eposIMHOCMbIO.

1.2. I'pa¢bl neneii Mapkoa. MaTpuua nepexoaHbIX BepOSTHOCTEN.
BekTop cocrosinus. HauaabHbIN BEKTOP

HauyneM HemocpencTBEHHOE PacCMOTPEHUE TEOpuM Iener MapkoBa co
CIEIYIOLIETO IPUMEPA: HUTPOK, YYACTBYIOIIUM B HEKOTOPOM, HAIpUMEDP
KapTO4YHOU, urpe. He Hago yaAUBIIATHCA TOMY, YTO HAM YacTO NMPUXOAUTCS
CCBUIATHCS HA KAPTOYHBIE U Apyrue Urpel. Benp B HUX TEOpus BEPOSTHO-
CTEH MPOSBIISIETCA B TIOJTHOM 00beMeE.

Wtak, urpok HaUMHAET UTPY, UMes B KapmaHe $2. Kaxxiplii pa3 OH CTaBUT
Ha KOH $1. C BEpOATHOCTHIO p OH BBIMTPBIBACT ITY HTPY, a C BEPOSATHO-
cThi0 1 — p mpourpsiBaeT. ETo 11e71h — yBETUYUTH CBOIO cymMmMy 10 $4; eciou
1[EJIb JIOCTUTAETCs, TO OH UTPY 3aKaHUYMBAeT. ECTECTBEHHO, OH 3aKaHYMBa-
€T UTPY, €CIIA Y HErO0 HE OCTACTCA JIEHET, TO €CTh IOCJIE OUYEPENHOU Iap-
TiU OH uMeeT $0. Bce BO3MOXKHBIE COCTOSTHUSI UTPOKA MOTYT OBITh MPE.I-
cTaBjeHbl rpadukomM — rpadom enu MapkoBa, mokazaHHBIM Ha puc.l.2.

S1 S, S; S4 Ss
- 1- 1-
N e 2B G
1 s0 $1 —’p $2| N |33 1 ¢
p p
Hpourpsm Hrpa npogosmkaercs Bomrperm

Puc.1.2. I'pad uenu MapkoBa B mpuMepe ¢ UTPOKOM

Ecnu oH HaxoAUTCSI B OJTHOM U3 COCTOSIHUM 2 ... 4, UTpa MPOJIOIKAECTCA U
UTPOK MOXKET MEPEUTH B OJHO U3 COCEAHHUX COCTOSTHUM. OHAKO, TIOIAB B
cocTOsAHUS | (KOHYMJIMCH JIEHbIM) WX S5 (JOCTUTHYTA ILEJb), OH 3aKaHYU-
BAET UT'PY: BO3BPAT U3 COCTOAHUM | ¥ 5 B ApyTrue ssTYEUKU HEBO3MOKEH.
Cocmosinusl, 6 Komopble 803MOMCEH 6X00, HO U3 KOMOPBIX HEBO3MONCEH
8bIX00, Ha3vlearOmMcs noz2nowarouwumu. BeposSsTHOCTh OCTaBaThCS B HUX
paBHA €IMHUIIE.

[Tepexopl, BOBMOXKHBIE B IIENU U MOKa3aHHbIE HA €€ Tpade, MOTyT ObITh
OpraHU30BaHbl B MaAMpuyy nepexooHvblx 6eposamuocmeli, KOTopas s JaH-
HOT'O TpUMEpPa UMEET BUJT
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Cocrosguue

1 2 3 4 5
1 1p 0 0 0] 1
0O 0 1p O O0f 2
P=0 p 0 1p 0| 3 (1.2)
O 0 p O O 4
0 0 0 p 1]5

[IpaBuna ee MOCTpOEHUsI AOCTATOYHO OYEeBUAHBI. OHAa UMEET pazMep MxXm,
r7e M — YUCI0 BO3MOXKHBIX COCTOSIHUM (B JaHHOM Ipumepe m=5). Kax-
JIbIA €€ CTOoJIOCI] MPUHAJICKUT OMNPEACICHHOMY COCTOSHUIO. B »3TOM
CTOJIOIIE B CTPOKE C HOMEPOM COCTOSIHMS, KyJla BO3MOXKEH mnepexoa (yka-
3aHHBIN CTpENIKO Ha rpade), cieayeT pa3MeCTUTh BEPOSITHOCTh ATOTO Tie-
pexona.

Ecin MBI mogoMIeM K UTPOKY TOCJIE OKOHYAHUS OYEPETHON UTPHI B TAp-
TUM, Mbl MOKET 3aCTaTh €r0 B OJHOM M3 IATH (B 00IIEM ciydae U3 M) co-
crostaui 1,2, ... ,5. O003HAYMM BEpOSATHOCTH 3TUX COCTOSHHI S;, 1=1,...,5,
U OpraHu3yeM MX B BEKTOP-CTOJIOEI

[y

N

(1.3)

S

wm
Il
n unu n m on

(2]

Cpa3zy xe He0OXOIUMMO MOYEPKHYTh, UTO B IOBOJIBHO OOJIBIION 0JIE JHU-
TEpPaTypHBIX MCTOUYHHUKOB S MPEACTABIISIIOT B BUJAE BEKTOPa-CTPOKHU, a B
Mmatpule P cocTosiHMA NpUNKCHIBAIOT CTPOKAM, a HE CTOJIONAaM (OYEBU]IHO,
YTO MpHU NEPEXOJE K TaKOMY MpenacTraBieHuo matpuua (1.2) 3amensercs
Ha TPAHCHOHMPOBAHHYIO MAaTPHIy, Y KOTOPOH CTPOKH U CTOJIOLIBI MEHS-
IOTCSI MECTAMHU).

[lycTh HaM HW3BECTEH BEKTOP SK nepen K-ii urpoit (HauwHAas ¢ MEPBOW).
[Tocne 3TOM UTpPbl OH U3MEHUTCS U NEPEUAET B BEKTOP S**!. Jlerko yOe-
TUTHCA, 4TO 00a ATUX BEKTOpa CBSI3aHbl PEKYPPEHTHBIM MATPUYHBIM pa-
BEHCTBOM
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skl=psk, (1.4)

KOTOPOE U ONPEAEISAET IBOJIOIUIO COCTOSIHUS CUCTEMBI (LIETN).

Jlyist Toro 94TOOBI HaYaTh pacueThl 1Mo paBeHCTBY (1.4), HEOOXOAMMO 3HATH
HavyaJbHBIN (TIEPBBIM) BEKTOP COCTOSHUS s'. B paccMaTpuBaeMOM IPUME-
pe UTPOK BCET/Ia HAYMHAET UTPY ¢ CyMMOH $2, TO eCTh HaxOJUTCS B CO-
CTOSIHUM 3 C BEPOSITHOCTBHIO, pPABHOW enuHUIE. B 3TOM Cciydae S' umeer
BU/I

(1.5)

0p)
et
I
o O »r O O

[Ipex e yem Ha4YaTh CTATUCTUYECKUN aHAJIN3 3BOJIIOLMU COCTOSHUS UTPO-
K4, pACCMOTPUM HEKOTOPBIE BAPUAHTHI UHAMBUAYAIBHON PEaTn3aliy WI-
pbl. IIyCTh UTPOK BBIMTPBIBAET OTAEIBHYIO IMAPTHIO C BEPOATHOCTHIO p=0,5
(Ha 3TO paccUUTaHbl OOJIBIIMHCTBO «YECTHBIX» a3apTHBIX Urp). PacueTHas
cXeMa pealu3anuu JoBOJIbHO Tpocta. Mmest $2, Mb1 Opocaem MOHETKY U
IIPY BBINAJACHUH, CKAXKEM, OPJIa YBEINYMBAEM CyMMY HA €IUHHUILLY, a IIPU
peleTKe yMEHbIIAaeM €€ Ha enuHuly. Eciii mocne oyepegHoro xoja mo-
nmydaercs $0 nnm $4, urpa npekpainaercs. EcTecTBeHHO, UTO TIpU CITydaii-
HOM BBINAJICHUH OpJIa WIM PEHIETKH Kakaasl 3BOJroLMs OyaeT pa3Hoil. Ha
puc.1.3 nokaszano 9 peanuzanuii UHIAUBUAYAIbHBIX MapTUi. OQHU NapTUH
BEIyT K BBIMIPBIILY, APYTU€ — K MPOUTPBILTY, OJHU JJIATCA KOpoye, ApYy-
rue JJIMHHee. VIHTYUTUBHO SICHO, YTO MPU NPUHATHIX MPAaBWIAX WUTPBI U
p=0,5 BEpOSTHOCTH BBIMIPHIIIA U MPOUTPHINIA OJUHAKOBHI M paBHbI 0,5
(mposyMaiiTe, Kakue UMEHHO M3 YCJIOBUW UTPhI 3TO oOecrieunBaroT). Ha
puc.1.3 HOMepa peanu3aluid C BBIUTPBHIIIHBIM OKOHYAHUEM BbIJICIICHBI
PAMOYTOJIBHOM paMKOW. VX yeTslpe mpu JIEBATH HUCHBITAHUAX, TO €CTh
BEPOATHOCTh BBIMTpHINIA mosiydaercs 4/9. BepostHocts Bburpsima 0,5
MOJIYYUTCS TIPU OYE€HBb OOJIBIIOM YHCJIE UCHBITaHUN ((hOopMaIbHO — CTpe-
MSIIEMCSI K OECKOHEYHOCTH); JIEBSITU UCTIBITAHUM ISl TIOJTyYEHUs JOCTO-
BEPHOI'0 PE3ybTaTa OYEBUAHO MAJO.
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Puc.1.3. UnguBuayanbsHbIe peau3alii COCTOSIHUSL UTPOKA
B urpe (p=0,5)

Tenepb paccMOTpHM, Kak pa3BUBaeTCs Mpoliecc 1o paBeHCTBY (1.4). Dtn
pe3yJIbTaThl TTOKa3aHbl Ha puc.1.4 1 TpeX 3HAaUCHUN BEPOSATHOCTH BBIUT-
peiia B otaenbHoi naptuu 0,5 (HeTpanbHbI Urpok), 0,25 (Toxon ur-
pok) u 0,75 (xopommii urpox). Hamomuum, 4to BEeKTOp S~ MOKa3bIBaET
pacrpeeseHue BEPOSITHOCTEN HAUTU UTPOKA B OJTHOM U3 MSATH COCTOSHUM
nocne K maptuii urpel. O4eBUIHO, YTO 3aCTaTh €0 HEUTPAIOITUM MOMKHO
TOJBKO mociye AByX maptuid. ns p=0,5 pacnpeneneHne CMHMMETPUYHO OT-
HOCHUTEJIHLHO HAYaJIbHOTO COCTOSIHMS 3, U BEPOSATHOCTU 3aCTaTh €ro BBIUT-
PaBIIMM WJIA TPOUTPABIINM OJIMHAKOBBI (MIOKA3aHbI CIIpaBa Jjisi 00IBIIOTO
yuciaa ceirpadHbix naptui). [Ipu p=0,25 (11oxoi Urpok) BEPOSITHOCTh 3a-
CTaTh €ro MPOUTPABIIMM 3aMETHO OOJIbIIIE, YEM 3aCTaTh €r0 BHIMTPABIINM,
u B npenene crpemutcs k 0,9. Ipu p=0,75 (Xxopouuii urpok) HabJIOAAET-
Csl TIPSIMO MPOTUBOTIONIOXKHAS CUTYaIIHS.
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2
$0 $1 $2 $3 %4

Howmep coctosiaus: 1
CyMmMma y urpoka

Puc.1.4. OBosronus cOCTOSIHUS UTPOKA MPU Pa3HBIX BEPOATHOCTSIX BBIMTPHIIIA

OJVMHOYHOM MapTUH
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[lepeiinem K HEKOTOPBHIM 0000IIeHUSIM. MOXKHO MpEICTaBUTh MPOLECC, B
KOTOPOM BO3MOXKHBI ITEPEXOIbI U3 KAXKJOI0 COCTOSIHUA B JIt000¢€ pyroe. B
3TOM CJIy4Yae MaTpulla NEPEXOAHBIX BEPOATHOCTEN UMEET BUL

Piu P Pz P Pis
Par P2 Paz P2y Pos
P= |:pij:|: Pa; Pz Pz Pas Pss | (1.6)
Par Paz Paz Pas Pas
Psi Psz Pss Pss  Pss_

e Pjj — BEpOATHOCTh NEPEUTH U3 COCTOSIHUS | B COCTOSIHUE | Ha ouepe]-
HOM mepexojie. Ha riiaBHON nuaroHaii MaTpUIlbl pa3MENIEHbl 3JIEMEHTHI
Pii — BEPOSATHOCTHU NIEPEHTH M3 I-TO COCTOSHUS B CaMO ce0s1, TO €CTh MPOCTO
OCTaThCS B HEM B T€UCHHUE MEPEXO0/Ia.

B npuHnune BEpOATHOCTH Pjj MOT'YT OBITH JIIOOBIMU: OHH (POPMHUPYIOTCH
ucxons u3 (popMynMpoBKM KOHKpPETHOU 3aiaun. OQHAKO B J0O0M ciiydae
OHH JIOJDKHBI HEMPEMEHHO YI0BJIETBOPSThH ABYM YCIOBUSIM: YCIOBUIO

D.p;=1,j=12,....m, (1.7)
i=1

BBITEKAIOUIEMY U3 TOTO, YTO BEPOSTHOCTH B CTOJIOLIE OTHOCSTCS K MOJHOM
rpyImne coObITUM (Kakoe-TO M3 HUX 00s3aTeNbHO HACTAaHET) U UX CymMMa
JOJIKHA OBITh pABHOM €AMHULIE, U YCIOBUIO

0<p. <1, (1.8)

ij —

BBITEKAIOIIEMY U3 MPUPOJIBI TOHATUS BEPOSITHOCTH.

Ecau mampuya P ocmaemcs nocmosaunoti 6 meuenue 6ce2o npoyecca, mo
omobpadicaemas ero yenv Ha3vlaemcs 0OHOPOOHO.

Cy1iecTByIOT, OJTHaKO, MPOIIECCHI, B KOTOPHIX MaTpHIla MEPEXOTHBIX BEPO-
ATHOCTEH MOXKET MEHSTHCS OT Mepexoja K mepexoay. Hampumep, MOXHO
IIPEATOI0KHUTh, UTO «CBEXKHI» UTPOK, HAYaB UTPATh C BEPOSTHOCTHIO BHI-
UTPBIIIA P;, C KOKIOW UTPOU yCTAeT, U dTa BEPOSITHOCTh CHIKACTCS, TO
ectb p=p(K). Torna u marpuna (1.2) mensercs, To ectb P=P(K). B atom
ciy4ae Ielb Ha3bIBACTCSI HEOOHOPOOHOI, HO BCE €III€ OCTACTCS IUHELHOU.
Hakoser, cymecTByIOT IPOIECChl, B KOTOPBIX MaTpHUIla MEPEXOIHBIX Be-
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POSITHOCTEHN 3aBUCUT OT BEKTOpPA COCTOSHHS, TO €CTh P:P(Sk, K). B aTom
cilydae 1elb CTAHOBUTCS HeluHeluHOU U, €CTECTBEHHO, HEOJHOPOIHOM.
BepHeMcst K IPOCTPaHCTBY COCTOSIHUHN AUCKPETHOTO CIYyYaifHOTO TPOIec-
ca — 1ienu MapkoBa, nmpejcTaBiasieMomMy ee rpadom (Hampumep, puc.1.2).
Cocmosnue | Hazvleaemcs: QOCMUNICUMBIM U3 COCIMOAHUA |, ecliu No VKa-
3AHHBIM HA 2pape cmpenkam MoxicHo nepeimu u3 1 6 j. B IpoTHBHOM City-
yae COCTOSIHME HaszblBaeTcs Hedocmuoicumvim. Ha rpade puc.1.2 cocrosi-
HUE 4 TOCTHKUMO U3 COCTOSIHUS 2, HO HEJIOCTUKUMO U3 COCTOSIHUSA 1; co-
CTOSIHHE 5 JOCTIKMMO W3 COCTOSHUS 3, HO HEJOCTHKUMO U3 COCTOSHUS 1.
Ecnu 6 yenu nroboe cocmosinue oocmudicumo u3 106020 opy2o2o, mo yens
HA3bl8aemcs 3p200U1ecKoll.

DTO ompenesieHUe HE SIBJSIETCS BIIOJHE MCYEPIBIBAIOIINM, HO €ro J0CTa-
TOYHO, YTOOBI MOHSATH CMBICI: B 3PrOJUYECKOM IIENH BEPOATHOCTU CO-
CTOSIHUM CBOOOJIHO OJY>KJalOT MO BCEM COCTOSHUSAM. [Ipumep sproguue-
CKOM Ileny MokasaH Ha puc.1.5, rne cuuraercs, uyro Bee P;i>0.

P12 P23 P34 Pas
P11\ |¢— P22 P33 m Pss
1 (213 2 [« 5
P21 P32 P

Puc.1.5. ITpumep sproauyeckoii nenu Mapkosa

Marpuna nepexoaHbIX BEPOSITHOCTEN IS 3TOW LENU UMEET BUJL

P Pp 0O 0 O
Py Pp Py O O
P=| 0 p;y Pz Py O (1.9)
O O p43 p44 p45
|0 0 0 ps Ps|

OHa gBIgeTCA TPEeXAUAroHaILHOW U YaCcTO BCTPEYAETCS MPU MOJICIUPOBA-
HUM CITyYalHBIX IIPOLIECCOB.
Onpenenuts, SBASETCS JIM LENb 3ProAUYECKON, MOXKHO IO MaTpPHUIIE TIEpe-
XOJIHBIX BEPOSITHOCTENU. PaccMOTpuM, HanmpuMep, MaTpUILy
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0,4 02 0 0]
06 08 0 0
P= . (1.10)
0 0 05 09

0 0 05 01

OHa, 0O4YE€BUIHO, HE ABJIACTCS IPTOJANYECKON, TAK KaK COCTOSIHUS 3 U 4 He-
JTOCTHXKUMBI M3 COCTOSIHUM 1 U 2 u HaoOopoT. Marpuiia 0ObeAUHSIET IBE
COBEPIICHHO HE3aBUCHUMBIX IIETIH MO JIBa COCTOSIHUSA B KaXKIOM.

HanpoTus, nmoka3zaHHas HUXE ILIeNb (M €€ MaTpulld) SBJISETCS dProguye-
CKOM, TaK KaK U3 JJI000T0 COCTOSIHUS €CTh IyTh B JIFOOOE APYroe.

= = Ip 0 p
IN\| P | 1n\| P /1D
— — P=|p 1p 0 |. (1.11)
Y 0O p 1p

P

DBOIONUS COCTOSIHUS 3TOM cucTemsbl g p=0,9 nmokaszana Ha puc.1.6 (Ha-
YaJbHOE COCTOSIHUE BUJIHO U3 PUCYHKA).

054

0

Puc.1.6. DBomonust cOCTOSIHUS 3proandeckoil nenu ¢ marpuneit (1.11)
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JlocTaTouHO 4YacTo mpu MOAEIUPOBAHUH CIIyYaWHBIX NPOIECCOB HAC WH-
TEpEeCyeT HE MEPEXOMHBIA IPOLECC, a YCTAHOBHUBULIEECS PACHPEACICHUE
BEPOSITHOCTEN COCTOSIHMSI, KOTOPOE HACTyMAET P OOJIBIIIOM YHCIIE Tepe-
X0/10B, (DOPMAJIBHO — MPU YUCJIE NIEPEXO0B, CTPEMSIIIEMCS K OECKOHEUHO-
cri. OGO3HAUYUM BEKTOP YCTaHOBHUBIIETOCS pacmpeieieHus S u pac-
CMOTPHUM IIyTH €r0 ONpeAcsiCHUs. 3aMEeTUM, YTO CTallMOHApHOE (HE MYJIb-
CUpYIOIIEE OT MEPEX0/a K NEPEXOY) pACHPEIECIECHUE TOCTUTAETCSA B APro-
JAYECKUX U HEIPTOANYECKUX LEMAX, €CIIM B MATPUIEC MEPEXOIHBIX BEPO-
SATHOCTEUN BCE 3JIEMEHTHI, PACHOJIOKEHHBIC HA TJIABHOM JHMAroHai v Pjj, HE
PaBHBI HYJIIO.

Bo-nepBrIx, i onpeaeneHns S° MOXKHO «3aIlyCTUTh» BBHIUUCIUTEILHYIO
npouenypy (1.4), yBenuuuBas 4uciio nepexoioB K 10 Tex mop, moka pac-
MpEJICJICHUE HE MEPECTAaHET MEHATHCS. T0, UTO OHO PaHO WM IO3AHO IIe-
pecTaeT MEHAThCSA, BUIHO, HanmpuMmep, u3 puc.l.4, rue cnpaBa Kak pa3 u
MOKa3aHbl YCTAHOBUBIIUECS PACTIPEACIICHHUS.

Bo-BTOpBIX, K YCTAaHOBUBILIEMYCSl pacOpeiesicHUuI0 (IpUYeM K TOUYHOMY)
MOKHO IIEPENTHU Cpa3y, MUHYS PEKYPPEHTHBIN BBIUUCIUTEIBHBIN MPOLIECC
(1.4). JIeliCTBUTENBHO, €CAM YCTAHOBUBILEECS COCTOSHHE S~ HACTYIIMIIO,
TO OHO HE U3MEHUTCS HA OYEPEAHOM CIEAYIOIIEM NIEPEXOJE, TO €CTh

S”=PS”. (1.12)

U3 (1.12) cnexyer, uTo BeKTOp S” SBIAETCA COOCTBEHHBIM BEKTOPOM MAaT-
puiibl P, COOTBETCTBYIOIUM €€ COOCTBEHHOMY YHCITY, PAaBHOMY €IMHUIIC
(00s13aTE€IbHO BCIIOMHUTE, YTO TAKOE€ COOCTBEHHBIC YUCIIA U COOCTBEHHBIE
BEKTOPHI Matpull). [Ipouenypa onpeaeneHusi COOCTBEHHBIX BEKTOPOB MaT-
pHUIIBI ¥ BBIJICICHUE W3 HUX COOCTBEHHOTO BEKTOpa JJisi COOCTBEHHOTO
yucna | JIerko BBITIOIHSETCS C MOMOUIBIO CPEACTB KOMIIBIOTEPHOM MO/I-
JCP)KKH onepaluii ¢ marputiamu (Hanpumep, MATLAB).

Bepuemcs k matpurie (1.11), monoxus B Heit p=0,9. [TockolbKy ee pa3mep
3x3, To y Hee ecThb 3 COOCTBEHHBIX YMCIa U 3 COOCTBEHHBIX BEKTOpPa, KO-
TOPBIC OKA3BIBAIOTCS PABHBIMU

CoOCTBEHHBIE -0.3500 + 0.7794i -0.3500 - 0.7794i 1.0000
Yyucia

-0.2887 + 0.5000i | -0.2887 - 0.5000i -0.5774

CoOcTBeHHbBIE 0.5774 0.5774 -0.5774

BEKTOPBI -0.2887 - 0.5000i | -0.2887 + 0.5000i -0.5774
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W ckoMbIii COOCTBEHHBIM BEKTOP CTOUT B TpeTheM cTosid1e. JIroboit cooCT-
BEHHBII BEKTOp OMpeeNieH ¢ TOYHOCTHIO IO MOCTOSHHOTO MHOXHUTENS U
MOET OBbITh MPEJCTaBICH pa3HOOOpa3HbIM HabopoM uuces. Ero Heo6xo-
IUMO TEPEHOPMHPOBATH, MOJETUB KaXK/IbII 3JIEMEHT Ha UX cyMMmy. B pe-
3yabpTaTe moyudtes S;7= S,”= S3"=1/3, To ecTh ycTaHOBUBILEECS pac-
npeneneHue OyaeT paBHoMepHbIM. K 3TOMy ke pe3ynbTaTy Mbl IPUAEM 10
pekyppentHoil npouenype (1.4), pe3ynbTaTbl pacueTa N0 KOTOPOW MOKa-
3aHbl Ha puc.l.7.

Puc.1.7. Ilepexon cuctemsl ¢ MaTpuiiei (1.11) Kk ycTaHOBUBIIEMYCS COCTOSTHUIO

[Touemy cpeau cOOCTBEHHBIX YHMCENI MATPHUIIbI MEPEXOAHBIX BEPOSTHOCTEH
00s513aTEIbHO JIOJPKHO HAWTHCh COOCTBEHHOE YMCJIO, PAaBHOE €IMHUIIC?
Oka3bIBaeTCsA, UYTO €CJIM 3JIEMEHTBhl MATPHUIIbl YJIOBIECTBOPSIOT YCIOBUSM
(1.7), (1.8), aTO cimyuuTcst 00s13aTENBHO.

OOpaTuM BHMMaHHE Ha TO, YTO YCTAHOBMBIIEECS PACIPEICIICHUE COBEP-
IIICHHO HE 3aBHCHUT OT TOTO, KaKUM OBLIO HadaibHOE pacupeaeneHue. OHo
3aBHUCUT TOJIBKO OT MaTpulbl IHCPCXOAHBIX BepOHTHOCTef/‘I. ECTCCTBGHHO,
YTO MEPEXOJIHBIA MPOIECC OT HAaYAJIbHOTO pacipeeieHus 3aBUCUT. B ya-
CTHOCTH, €CJIM B PACCMOTPEHHOM IMpHUMEpE 3aJ1aTh HaYaJIbHOE pacipee-
JIEHWE PaBHOMEPHBIM, TO OHO BOOOIIEe HE OyJeT BOJIOIMOHHPOBATH OT
nepexoja k nepexony. HeodXoaumMo OTMETUTh, YTO HACTYIIJIEHUE YCTAHO-
BHUBHICTOCA COCTOAHHUA HC O3HAYACT, YTO IICPCXOAbl MCKAY OTACIIbHBIMU
COCTOSTHUSIMU CHUCTEMBI TIpekpariatorcs. [Ipocto popmupyercst Takoe pac-
npejejeHUe BEePOSATHOCTEN COCTOSAHMS, YTO HAa KAXKJIOM MEPEXOJE U3 BEPO-
ATHOCTU HAHHOI'O COCTOSAHUA YXOAUT B APYIUC COCTOAHUA CTOJIBKO XKC
«BEPOSITHOCTUY, CKOJIBKO TTPUXOIUT.
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B paccMOTpEHHOM IPUMEPE YCTAHOBUBILEECS PACIpPENEIEHUE BEPOATHO-
CTEM COCTOSIHUSA TOJIYYUIIOCH PABHOMEPHBIM. II0CMOTPHM, KAKUM YCIIOBH-
AM JI0JDKHA yIOBJIETBOPATH MATPUIIA MEPEXOMHBIX BEPOATHOCTEH, YTOOLI
3apaHee CKa3aTh, YTO OTa PABHOMEPHOCTH HACTYIHMT. [locMOTpUM Ha Iep-
BYIO CTPOKY MaTpuyHOro paBeHctBa (1.12) mist matpuiisl pazmepom 3x3.
B sTOM ciydae paBHOMeEpHOE pacnpenenenune S, = S,”= S3"=1/3 u cTpoka
IPUMET BUJI

1 1 1

§:p11§+p12 §+p13§’ (1.13)
OTKyJa CIEayeT, 4TO

p11t pi2t p1z=1, (1.14)

TO €CTh YCJIOBHEM HACTYIUICHHUS PAaBHOMEPHOT'O YCTAHOBUBILIETOCS pPac-
NpeeeHuUsl ABISETCS PABEHCTBO €UHUIIE CYMM 3JIEMEHTOB MaTpUIIbI Tie-
PEXOAHBIX BEPOSITHOCTEN MO CTPOKaM

> p;=1,i=1,2,....m. (1.15)

=1

[TockoJIbKY CyMMBI 3JIEMEHTOB MATPHIIBI O CTOJIOIIAM BCErJa JIOJKHBI
OBITH paBHBI €AMHUIIAM, TO BMecTe ¢ ycioBueM (1.15) momyyaercs ycio-
BHE JJISl MATPUIIbI, 00eCTIEUMBAIONIEH B IIENTU ACUMITOTHYECKH paBHOMEP-
HOE pacripenenenne. Huke npuBeIeHbl IBE MaTPUIIBI, KaXK1ast U3 KOTOPBIX
COOTBETCTBYET Ileny MapkoBa (CyMMBbI 3JIEMEHTOB IO CTOJOIaM pPaBHBI
eaunuiiam). OpHako martpunia P; acMMITOTHYECKH JAa€T PaBHOMEPHOE
pacnpenenenue, a marpuua P, — Her.

(0,2 08 0 O] (0,2 06 0 O]
0,8 01 01 O 0,8 0,3 0,2 0
0O 01 06 0,3 0O 01 06 04

0 0 03 07] 0 0 02 06

HanomHum, 4To B 000MX cilydasX yCTaHOBUBLIEECS paclpe/ie]IeHUE He 3a-
BHCHUT OT HAYaJIbHOI'O BEKTOPA COCTOSTHUS.
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1.3. HexkoTophie 1ONMOJHUTEIbHbIEC 3aMeYaHU S

[Tockonbky 1ens MapkoBa siBisieTcs rpadom ciaydaitHOro mporiecca, TO
BEKTOp S M3HAYAJIBHO MPEJCTaBIIIET OO0 OpraHM30BaHHBIN B CTOJOEI]
Ha0OP BEPOSATHOCTEH COCTOSIHUM, a UX CyMMa BCErJa paBHA €AUHUIIE, €CITU
MPOCTPAHCTBO COCTOSTHUM SBIISIETCS MOJHBIM. O1HaKO 1H00ast BEPOATHOCTH
PaCCUUTHIBAETCS KaK OTHOILICHUE 4YMcia OJIarONpUATHBIX UCXOJ0B COOBI-
tus Nj k o0memy uncny ucnsitanuii N, To ecTb

N,
s, 1| N N,
e )
S=|S, |=| = |[=—| N, |,rme N=> N.. 1.17
3TN Zl (1.17)
Snl N, [ LN
| N _

[Tockonbky nenutenb N MosiBISIETCS B 00€UX YACTSIX PEKYPPEHTHOrO pa-
BeHCTBA (1.4), ero MOXXHO COKpaTUTh W TOJB30BATHCS BEKTOPOM S, 3Jie-
MEHTBI KOTOPOT'O Y€ MPEICTaBIISIIOT HE BEPOATHOCTUA COCTOSIHUSI, & HEKO-
TOPBIE KOJUYECTBA (YUCIIO JIFOJEH, MacChl ()paKIuii ChIITydyero MaTepuarna,
YUCJI0 MPUOOPOB U T.J.), HAXOSAIINECS B COOTBETCTBYIOIIUX COCTOSTHHUSX.
JlocTaTo4HO 4acTO Takoe MpejcTaBieHue 0osee ya0OHO M HArjsIHO MpU
pPacCMOTPEHUU KOHKPETHBIX 3a1a4. Marpuua P ipyu 3ToM COBEpPIIEHHO HE
Mensiercsi. PaccMoTpuM npuMep, OCHOBAHHBIM HAa TaKOM IPECTaBICHUU
cocrosiHuii [5].

Kaxaplii KUTenb CTpaHbl MOXET OBITh OTHECEH K OJHON M3 YeThIpeX
rpynm: HepadoTaromue netu (1), padortaromue B3pocibie (2), IEHCUOHEPHI
(3) u ymepume (4). Ilycts kaxasiii ron 0,04 nereil craHoBsTCs padoTaro-
mmMu B3pocibiMu, a 0,001 ymuparot; 0,03 paboTaronux B3pOCTBIX yXO-
At Ha neHcuto, a 0,01 ymuparot; ymuparor takxke 0,05 meHCHOHEpOB.
TpeOyeTrcs HalTH YCTaHOBUBILIEECS YUCIIO KUTEJEH B IPyNIax, €CJIM B I/l
poxaaercs 1000 geren.

Ou4eBUIHO, YTO COOBITHS MEPEXOJI0B KUTETEH U3 TPYIIBI B TPYIITY CBs3a-
HBI B [I€I1b, MATPUIIA KOTOPOU UMEET BHU]I
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0,959 0 0 O

0,04 09 0 O
P= . (1.18)

0 003 095 0

1

10,001 0,01 0,05

Ecnu opueHTHpOBATHCSA TOJBKO HA 3Ty MAaTPUIy, TO YCTAHOBUBIIIEECS Pac-
npejenenue oueBuaHo: S;°= S,7= S37=0, S,7=1 (Bce ympyT). OgHako sta
1eMb 0COOEHHAs: KaXbli roJl B coctostHue 1 gobasnsercs 1000 poaus-
muxcst yenoBek. HecMoTpst Ha TO, YTO TEPMUH Yenvb ¢ NOPOAHCOEeHUEM Be-
posimHocmu CyIIECTBYET, BCE-TaKU yJA00HEE ONMEepHUpOBAThH C YHCIOM JItO-
ner B kaxpaoul rpynmne. Ecau N — dncno nroneil B rpynmnax, To yCTaHO-
BUBIIMECS UX 3HAYEHUS MOTYT OBITh ONPENENICHbl U3 YpaBHEHUs OaaHca
(CKOJIBbKO YeJIOBEK MOKHHYJIO TPYIIIY, CTOJIBKO K€ M IPHUIILIO B HEE)!

Ipymuro Yo
1000 '=70,04+0,001)N;  (meTn)

0,04N,=(0,03+0,01)N, (paboTaromue B3pocCIbie)
0,03N,=0,05Nj3 (TIEeHCHOHEPHI)

Pemas »aTy mnpocTyto cucremy ypaBHeHu#, mnonayuum: N;=24390;
N,=24390,24; N3=14634,14 (koHEeYHO, 3HAYAIKE MUGPHI MOCIE 3aIATOU
HAJI0 OKPYTJIUTD).

[TycTs meHcHs y meHcnoHepoB coctarisieT $5000 B rox u popMupyeTcs u3
OTUHCIIEHUN 10X0/1a padOTAOIINX B3POCHBIX.

Jlerko ompeaeanuTh TOAOBBIC TEHCHOHHBIC OTUYHMCICHHUS: OHM COCTABIISIOT
5000*14634,14/24390,24=%$3000 B rox ¢ Ka)KA0ro padOTArOIIETO.

(1.19)

[IpuBeieHHBIE IPUMEPHI YK€ MOKA3aJIA, KaK YHUBEPCAIBHO U 3P(HEKTUBHO
IPUMEHEHUE TEOpUHU Lieneil MapkoBa K MareMaTH4E€CKOMY MOJAEIUPOBa-
HUIO 00BEKTOB Pa3IMYHON NpUpOAbl. B creayromux riaBax Mbl pacCMOT-
PUM €€ NMPUIOKEHUE K HEKOTOPBIM KOHKPETHBIM SIBJICHUSIM, BO3BPAILASICh
KaK K TEOPETUYECKUM BOIPOCaM, TaK U K MPAKTUKE MOJEIHPOBAHUA C UC-
IIOJIb30BAHUEM CPEACTB KOMITBIOTEPHOU IMOIIEPKKHU PACUETOB.
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