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AnaHoTanus

TlociietoBarebuass TPy3/b — 9TO UTPa TPEX UTPOKOB, 0OOOIIAO-
mas Jay3Jb. s 9Toro Kjiacca UI'p M3BECTEH MapaoKC «BbHIKHBAHUSI
cjiabeiilero», Korjaa B PaBHOBECUM UI'DOK C HAMMEHBIIEH METKOCTbIO
nMeeT HarbOJIBIIYIO BEPOSTHOCTH OCTAThCA B *KUBBIX. B pabore moka-
3BIBAETCs, YTO IIPU HAJIUIUY CTPEJIHOBI B BO3/IYX CYIIECTBYET PABHOBE-
cue 1o Hamny, coBepliieHHOE Ha TOABIIPax, IJIs KOTOPBIX ¢ HAnOOJIbIlei
BEPOSATHOCTBIO BbI?KUBAET, HAIIPOTUB, CUJILHEHINNI U3 UT'DOKOB.

1 Bseaenne

Kparko Tpysib (B camoii mpocToil TOCTAaHOBKE) MOXKHO OIKCATh Kak 0000-
menue jydau. ViMeercda Tpu UTpoKa, KaxKJIblii 13 KOTOPBIX XapaKTePU3yeTCs
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(pukcrpoBaHHON METKOCTHIO. VIPPOKHU CTPEJISIOT B 3apaHee 33JIaHHOM MOPSIJI-
Ke, Ka)KJblil pa3 BbiOUpasi, B KOro crpeiisath. CTpenbda MpooKaeTes Ji0
TexX 0P, OKa He OCTAHeTCsl €IMHCTBEHHBIH BBIXKUBIINN. BBIUTPHIIT JTH06010
HUT'POKA PABHSIETCS €r0 BEPOSITHOCTU BBIKUTh.

UsznauanbHO TPyaIib Oblta npejiozkena Kunnapaom 1] B kauecrse mate-
MaTHYIEeCKOI TOJI0BOJIOMKH. BriocsieicTBun 91a 3a/1a1da BCTPEYAIaCh B PA3HBIX
cOOpHMKAX 3aJ1a9 W HOIY/ISPHO-HaydHOil smTepaTtype (cM. |2, riasa 20, 3a-
naga 9], 3, sazaqa 20], [4]).

Sajiava mpuB/IeKaIa CBOEé BHIMAaHNE apa0KCOM, KOTOPBI MOXKHO COp-
MYJIUPOBATh KaK <«BBIKUBAHUE CJIA0EHIIEro». YiKe B IMEePBBIX MTyOJTUKAIIX
(em. [5], [6], [7]), mokasbIBaeTCsI, UTO UIPOK € HAUOOJIBINEH METKOCTHIO BbI-
JKUBAET C HAMMEHbIIEH BEPOSATHOCTBIO. DTOT MapaJIOKC ObLI IOATBEPKIEH
pesyabratamu ([8], [9]), rme 3amada OGbuta bopMaIn30BaHA ¢ TOUYKH 3PEHH
TEOPHUU UTP, & IOJI PEIIeHNeM I10/IPa3yMeBaIOCh HAXOXKIEHNEe PABHOBECHS 110
Hosmry.

Tpys/7b MOXKHO paccMaTpuUBaTh KaK MOJE/Ib MOBEJIEHUS B YCJIOBUSX Ha-
NpsKEHHOro KoH(mKTa. Tak, paBHOBeCHsI B TPYSJISX HCIOJIH30BAJINCH B
HCUXOJIOTHYECKUX HccsenoBanusax [10], 1yst MomesmpoBanust MOTUTHIECKIX
koHdmkTOB [11], BRIGOpA permnraroriero MueHus npu jgebarax [12].

[esbrit psit TPUIOXKEHUI TPY3JIeil BO3HUKAET IIPU PACCMOTPEHUH CETEBOTO
B3aumoyieiicTBusg N UIPOKOB. 371eCh MOXKHO M'OBOPUTH, KAK O KOHKYpPEHTHOI
6opube pupm Ha poiHKe [12|, Tak U 00 W3MEHEHUN MOMYJISIIAUA C TeIEHHEM
Bpemenu [13], [14], aro HAXOUT pUMEHEHUsT B SBOJIOIMOHHOI Teopun [15].

HackosibKo HaM M3BECTHO, 3aJ1ada TIONCKa BCeX paBHOBeCHil (/1azke coBep-
IIEHHBIX Ha MOJbI'pax) J0 KOHIA He pelneHa. [Ipobiema 371ech cocTouT B
TOM, 9TO CTporas (popManu3alnsg TPY3JIH KaK JUHAMUIECKONH MIPHI JIOIyC-
KaeT MHOYKECTBO TOJKOBAHWI: B KayKJIOM CJIydae HaJ0 JOONPEJICUTh, ITO
POKUCXOJIUT B WI'Pe NMpH OGECKOHEYHOM IIOBTOPEHHUH MPOMAXOB (& TakXKe Co-
3HATEJIHBIX BBICTPEJIOB «B BO3IYyX», CM. HUZKE).

B mannoit pabore paccMaTpuBaeTCs OJHA U3 CTaHIAPTHBIX (opMaIn3a-
NI TPY3JIn — TI0Cje0oBaTe/IbHas TPYSJib, W MOKA3bIBAETCSA, ITO IIPHU OIpe-
JIeJIEHHBIX IIapaMeTpax CYIIeCTBYeT paBHOBecue 1o Haimy, coBepimennoe Ha
IIOJIbIIPaX, B KOTOPOM C HauOOJIbIIIEl BEPOsiTHOCTHIO BHI2KUBAET CUJIbHEHIIINI
urpok. TekcT ycTpoen cieayromnmMm obpasoM. B paserne 2 npusoautcst dhop-
MaJii3aIms urpbl. B creayomux Tpéx pazjenax 3, 4, 5 MbI OC/I€/I0BaTEIHHO
n3ydaeM MOBeJIeHNe KazKI0TO U3 UI'POKOB. 3aTeM MBI OIPEIe/IsieM CTpaTerun
U JIOKA3bIBAEM, UTO JIAHHBIE CTpaTeruu oOpasyioT pasHoBecue (pasjen 6).
SakJIIoYeHus U JaJIbHEHIIne BBIBOJAbI CoJAepKaTcs B pasjene 7.



2 @opmaJjau3alusd Urpbl

PacemorpuM yssib TPEX MIPOKOB (TPY3Jib) € 3ajaHHbIMEI MeTKocTsIMI () <
a < f < v = 1. Urpokos Oyjem 0003HAYATD 110 UX METKOCTSM, HAIIPUMED,
urpok ~. Hac naTEpecyeT ciemyromas MocTaHOBKA 3a/a4i: pacCMaTpPUBAET-
sl TIOCJIEJIOBATE/IbHASL TPYJIb, B KOTOPOIl TOPSIOK CTPEILOBI 3a/1aH 3apaHee
U He MeHsieTCs B xojie urpbl. Hampumep, B mopsiike Sya cHadaa CTpeis-
eT UIpoK [3, IOTOM UTPOK < (€C/iM OH YKUB), 3aT€M WI'DOK (v (eC/IU XKUB), U
TakK jlajiee. B Hadasie Tpys/M Bce UI'POKM KUBBI. B KayKJIOM payHjie UIPOK
BBIOMpAET, B KOTOPOI'O CTPEJISITh U3 OCTABIIUXCS UIPOKOB, WM OTKA3bIBAET-
cst OT cTpesibObl (CcTpesisier B BO3/yX). Ecjm oH crpesisier B IPOTUBHUKA, TO
[IOCJIE/IHUAY BBHIOMBAET U3 UT'PHI C BEPOSITHOCTHIO, PABHOW METKOCTH CTPEJISIO-
IIeT0 Urpoka. Bee Urpokn 3HAIOT, KTO B KOI'O CTPEJIST, U KTO OCTAJICS B UTPE.
Tpy>ab 3aKaHINBAETCs, KOIJa B YKUBBIX OCTAJICS TOJBKO OJIMH WTPOK, WJIN
KOIVIa BCe OCTaBIINECs B YKUBLIX UTPOKHU O OYepe/Il BLICTPEININ B BO3ILyX
(Takasi cuTyanusi Ha3bIBACTCS MUPHBLM UCT000M). BBIUTDHINT B Wrpe ompe-
JIEJISIETCST CJIELYIOIUM 00PA30M: €CJIM OCTAJICS OJMH UI'POK, TO OH IOJIyYaeT
npu3 B pa3Mmepe 1, a octanbHble nrpokn mnosty4daior 0. Ecim urpa 3akonaniack
MEPHBIM HCXOJIOM, TO BCe UI'POKH ToydaioT (.2

Mpbr umem pasaoBecusi o Hoainy, cosepiiennbie Ha nogsiurpax (SPE,
SPE-pasuosecue). leb 310it paboThl — OIKCATDH MOBEIEHIE UTPOKOB BO BCEX
SPE-paBHOBecusix B 9TOI Urpe, B TOM YHUCJE U B CMEIIAHHBIX CTPATEIHSIX.
Jlnst yoporrerus 3amnucu moiokum o =1 —a, f*=1—-3, v =1—~v —
BEPOATHOCTH ITPOMAaxa UTPOKA.

EQ

JLnst 3a/1aHHOM TTOCTIEI0BATE/ILHOCTH CTPEILOBI SEQ 0003HAMNM Yepes yz-S
u zZS EQ \mmmvasbabie n MakcmMaTbbIe BBIUTDBIIIH, PEAJIU3yeMble B KAKIX-
60 SPE-pasrnosecusix. Hanpumep, y®% — MUHUMAIBLHBI BBIUTDBHIT HIPOKA
a B SPE-paBHOBecHn j1j151 11ociie10BaTeIbHOCTH CTPEIBOBI v37y. CTpOro roBo-
P, BBINTPBIIIA U PABHOBECHS B UT'DE 3aBUCIT HE TOJIHKO OT MOPSJIKA CTPETh-
Obl, HO U OT TOro, OBLIN JIU BBICTPEJIBI B BO3/yX B INPEIbLIYIINX PayHIaX.

Hampuwmep, ecsin mipesiplye aBa payHJIa UTPOKU CTPEJISIIA B BO3JyX, TO

!Takske MOJKHO paccMaTpUBaTh CHTYAIIMIO, KOTJa BCEM NTPOKAM PAa3PeHIaeTcs MO ode-
peau BBICTPEJIUTH B BO3/yX, U TOJIBKO CJIEIYIONINI BBICTPEI B BO3/yX 3aKaHYMBAET UTDY.
To ecTb, K mpuUMepy, eciim (v CTPEJIIeT B BO3MIYX, 3aTeM [ CTPEJsieT B BO3IYX, 3aTeM 7Y
CTpeJiseT B BO3/LyX, U TOIJia IIPU HOBTOPHOM BBICTDPEJIEC (¢ B BO3JIyX UI'Da 3aKaHINBAETCH.

2Mozkno paccMaTpuBaTh (hOPMAIHZAIMIO TPY3JIeil ¢ TOJI0XKUTEILHBIME BBHIMTPLITIAMMI
UI'POKOB IIPU MUPHOM ncxojie. CTpyKTypa paBHOBECHIA B 3TOM CJIydae MOXKeT ObITH JIPYTOii.
JlaHHbplil ciryvuait HAaMU He PaCCMOTPEH M OCTABJICH JIsd OyJIyIINX UCCJIEOBAHMIA.



TEKYIIEMY UT'POKY BCerJla BBITOJIHEE BBICTPEJIUTH B MIPOTUBHUKA, MOCKOJIBKY
TOI'/Ia OH C HEHYJIEBOI BEPOATHOCTHIO IOJIydaeT npu3. B ciydae Heobxommmo-
cru Mbl Oyzem tmcath SEQ(k), tiae k = 0, 1 wim 2 — KOJIM9IeCTBO BBICTPETIOB
B BO3JYX HEMOCPEJICTBEHHO ITE€Pe]] XOJIOM ITEPBOrO UTI'POKA

3 IloBeaenme mrpoka v B SPE-paBHOBecusax.

Jlemma 1 Uezpox v 6 awbom SPE-pashosecuu ne cmpeasem 6 «, ecau (3
orcus. Fzo murnumanvroid evuepoiw 6 SPE-pastnosecuu das 10601 nocaedo-
BAMENDHOCTIU U2POKOS, 8 KOMOPOT, OH CMPEAAEM, NEPEBIM, YIOBAEMEBOPAEM,
HEPABEHCNEY

YRk *

Yy, o

JlokazaTeabCcTBO.

B camowm neste, B KOro ObI HU TEJTHJICS UTPOK Y, OH HOpazKaeT Iesb Hep-
BBIM 2Ke BhIcTpesioM. Ciie/loBaTeIbHO, IPU CTPeibOe B UT'POKa OH TIONaIaeT B
CUTYAITUIO JIy3JIU C OCTABIIUMCS UI'POKOM, B KOTOPOM €r0 IIPOTUBHUK CTPEJIs-
et niepBbiM. Tak Kak o — 6oJjiee crabblit IPOTUBHUK, YeM 3, TO JIJisi UTPOKA Y
JIyUIlle CTPEIAThCS C (v, IPHU 3TOM B jr000M SPE-paBHOBECHE €10 BBIMIPHIII
OyzeT paBeH o. ®

[TocmorpuMm, cyriecTByeT Jin paBHOBecHe, B KOTOPOM 7y CTpeJIdeT B BO3-
nyx. Ipennonoxkum, uro v B SPE-paBHOBecuu mporyckaer Xoi B IMEPBOM
payuge. Eciu B mannom SPE-paBHOBecun npoTuBHUKEN 7y OYIAyT CTPEIATH B
BO3JIyX HJIA B HErO, TO CIIYCTd JBa XOJla B UI'pe OH OyaeT Jubo MEPTB, JIMOO
BHOBb CTOSATBH IIepeJ BBIOOPOM MUIIEHU B CUTYaIlUd, KOIJIa BCE YKUBBI C T10JI0-
JKUTEJIbHOI BEPOSITHOCTBIO, IGO0 MOJIyduT BeIUTphIt 0 (ecjin Bce BBICTPEIAT
B BO3/yX).

B mo6om u3 9THX ClieHapueB e€ro OKUJIAEMbINl BBIUTIPBINT OyJIeT PaBeH
BEPOATHOCTU IOIIACTb B YETBEPTHI payH/i, JOMHOXKEHHOI Ha OXKUJaeMbIi
BBIUTPBIII B MOJBIIPE, HATUHAOMIEHCs ¢ 9Toro payHaa. CremgoBaTenbHO, €ro
OKMJTaeMblil BBIUTPBIII 7y B Hadase payHia 4 JT0IKeH OBITh CTPOTo OOJIbIIe,
JeM o, Tak Kak 1o Jlemme 1 ero BBIMTPBINT KAK MUHIMYM paBeH & B JTI0O0M
SPE-pasnoBecun.

Amnajiorugno, eciiu a u [ OYJAyT CTPEISTh B 7y WM B BO3ayX B 5 u 6 pa-
YHJIaX, TO OXKHUIA€MbIil BBIUTPBIII 7Y B HaYaJIe payHIa 7 JIOJZKEH ObITh CTPOro
OombIe BBHIUTPHITA B Havdaste payHiaa 4. [losropss paccyKiaenne, Mbl TOJTY-
YaeM, UTO B 7y JIOJIZKEH OXKUJIATH BCE OOJIBIINI U OOJBINUN BBIUTPBIII, YTO



HeocTuKIMO>. [109TOMY J/Isl BO3MOXKHOCTH HCIHOJIL30BAHUA CTPATEINH BbI-
cTpeJsia B BO3/IyX UT'POKOM 7Y 3TOT UTPOK JIOJZKEH BEPUTh, YTO B pacCMaTpUBa-
€MOM PaBHOBECHUU OJINH U3 €r0 MIPOTUBHUKOB CTPEJIIET B APYTOTO TPOTUBHAKA
B OJJHOM W3 CJIEJYIOMNX HECKOJILKIX PayHIO0B.

JIlemMa 2 Jlasa 410600 nocaedo6amesvHoCmu cmpeavbvl 6uda * * %, vk * UAU
B % % MUHUMGADHBT U MAKCUMAADHBT 0XHCUIAEMDIE BHIULPBIULL ULPOKOE O U
B ydosaemeopsrom caedyrouwum Hepasencmean

fro

Yo > axyaa:al—a*ﬁ*’
Bz B =t
Za < 3/3521:;*5*,
R

HokazaTeabcTBO. CaMblil 1JI0X0H BapUAHT, KOTOPBIII MOYKET IPOU30MTH C
UTPOKOM < (COOTB. (3) B JII0OOM, Jlazke HE DABHOBECHOM CIIEHAPUHU — 9TO KO/
0ba MPOTUBHUKA CTPEJISIIOT B 3TOro urpoka. I[Ipm Takom BbeIOOpe cTpaTeruii
HAMJIYYIIIM XOJIOM Jjist v (COOTB. [3) OyJer BBICTPEN B 7.

Yro KacaeTcss MaKCIMaJIbHO BOBMOXKHOI'O BBIUTPHIIIA, TO UTPOK HE MOXKET
[IOJTYYUTH BBIUTPBIIT OOJIBITIE, YEM B JIYJIM C CAMBIM CJIAOBIM ITPOTUBHUKOM,
B KOTOPOM HUI'POK CTPEJIAET IIePBbIM. M

4 IloBenenme urpoka B SPE-paBHOBecusix.

B sT0ii crarbe Mbl OyeM pacCMaTpUBATh IIOCJIEI0BATEILHOCTH CTPEILOLI, B
KOTOpHIX 3 cTpesngeT mocie a. 4

Mozxket s 8 crpensars B o Eciu § youaer «, To v yobéT B ciieyto-
IIIEeM payH/Ie ¢ BEPOITHOCTBIO 1, II03TOMY OXKMAeMbIil BLIUTPBIII UTPOKa, 3 B

3KaskIplil pa3 OKUIAEMbIH BBIMTPHIII JIOMHOXKAETCH Ha OJIHO M TO K€ YHCJIO, OOJIbIIee
1, B TO BpeMmsi KAK HUKAKW€E BBIUTPBIININA HE MOTYT IIPEBOCXOIUTH 1.

4CuMMeTpHYHEI CiTydail — KOIZIa IMK/INTIeCKasl M0CIIeI0BATEIbHOCTE BHICTPEJIOB HI-
POKOB Oyjsier Sary — Ype3BBIYAWHO MHTEPECEH, HO OKAa3aJICs CJIOXKHEeE JIJIsi aHaJIM3a, 4eM
paccmaTpuBaembiit Hamu. Hajieroch, 9To 9Ta cTaThsd BJIOXHOBUT HCCJIE/IOBaTeseil Ha U3Y-
YeHue BTOPOI'o CJIydas.



cilydae mpomaxa (JjIst ToC/Ie10BaTeIbHOCTH Y 3) JOJZKEeH OBITh JI0CTATOTHO
oosibinuM. VHBIME cjiOBaMu,

* yaf By
B Zg 2 Yg
TO ecThb B cuyty JIemMbr 2

*
2 > B_ab (1)
Temepsb paccMOTPHUM MOCIEIOBATETLHOCTD Y3 U paBHOBECHE, B KOTOPOM
[ mosygaer zgaﬁ . B cuny Jlemmbr 1, urpok v B ciryuae npomaxa (3, HOJKeH
MOJIyIUTh 110 Kpaitaeit mepe «*. g TOro, 9To0bI £ MOJIYUUI TOJTOXKUTE/ b
HBIIl BBIUI'PHIII, Y C HEHYJIEBOI BEPOATHOCTLIO CTPEJIAECT B BO3AYX, TaK KaK B
IIPOTUBHOM cJiydae oH yousaer (. Ecin ke v nmpoiyckaeT Xo/I, OXKIIast ITOJIy-
9UTHh KaK MUHAUMYM ¢, OYKITa€MbIil BBIUTPBIIT UTPOKA (v, KOTOPBII CTpesseT
CJICJTYIOIITUM, JIOJI?KEH OBITH HE MEHbIIIEe ygﬁv, a 3HAYUT, OH JIOJIZKEH OBITH TeM
K€ CaMbIM, YTO U B LOJIBIIPE, A€ 7Y CTPEJIdeT B BO3ILYyX.
Ucrnonb3yst mepaseHcrBo (1), mosiydaem, 9ro CyMMa rapaHTHPOBAHHBIX
BBIUTPLINIEA BCEX UTPOKOB B 9TOM PaBHOBECUU (HpI/I YCJIOBUHU IIPOIIYCKa XOOa
’y) COCTaBJIACT 110 Kpailneil mepe

pr—apr B a’p

O T T I
FI—a')

B—af+a—2a8+ ap?
a+fB—2ab — 3%+ af?

> 1,

Tak Kak (32 > af3. CieoBaTenbHo, He CYMEeCcTBYeT PaBHOBECHS, B KOTOPOM
[ ¢ MOJIOKUTENTHHON BEPOATHOCTBIO CTPENIAECT B (v JIJIT PACCMaTPUBACMbIX B
9TOM CTAaThe MOCIEI0BATEILHOCTEH, B KOTOPHIX [ CTpesseT OocIe (.
[ToxaprToxkuMm ckazanuoe. Mbl yoeuanuch B ToM, 94T0 B jiroboMm SPE-paBHOBecHn

paccMaTpuBaeMoil BEPCUU JIydJU TPEX JIUIL HU [, HU 7y HUKOT/IA He TeIATCA B
UTPOKa (v. 371eChb YMECTHO BCIIOMHHUTB, UTO B IIPEIIIeCTBOBABIINX (hopMasIn-
3aIUgX TpydJieil Beeria Hab romascs 3pdeKT «BbIKUBAEMOCTH CJIa0eHIeros
(|5],[12]). Tenepn Mbl Bugmm, modemy 3ro npoucxomut. OHAKO, B OTIMYUE
OT HAIUX MPEJIIIECTBEHHUKOB, Mbl JAHHOE HAOJIIOJEHIEe CTPOrO 0OOCHOBAJIN.



5 IloBeaenue nrpoka a B SPE-paBHOBecusx.

Jlemma 3 Paccmompum nocaedosamenvrocmu cmpesvoo, oy, Bya u yaf.
IIpednonootcum, wmo uzpox o ModHcem GbCMPEAUMs 6 6030Yr 6 c60l ToJ.
Tozda 6 mobom SPE-pasrosecut QOAHCHO BDINONHAMBCA HEPABEHCNEO

> a

Boaee mozo, das nocaedosamenvrocmetds ya(0) u yaB(2) uepok v cmpe-
asem 6 [B; 6 c6010 ouepedv, das nocaedosamenvrocmed fya(l), uepox
cmpensem 6 .

HoxkazareabcTBo. [lycTh UrpoK o IporrycKaeT Xoi.

Ecnu  Takzke mpoiryckaeT XoJl, TO 7y JOJKEH BBICTPEJINTh B [3, TIOSTOMY
BBIUIPBIII (v PABEH (.

[Iycts Teneps urpok 3 crpenser B . PaccMoTpuM Bce BO3MOXKHBIE CJTy-
gau. Ecqm 3 monan B urpoka 7y, To a nomydaer yof = B JIydJIA C
UT'POKOM [3, B KOTOPOH (v XOJIUT HEPBBIM.

B Tom ciiyuae, eciin § mpoMaxHyJIcs U Y CTpessieT B 3, UTPOK (v TIOJTy 9aeT
BCE TOT K€ BBIUT'PHIII (v, [IOTOMY 9TO 7 HE IPOMAXUBAETCS.

A BoT B mocsieiHeM citydae, Korja [ CTpesisieT B Y U IPOMAaxXuBaeTcs, a
7~ TMPOITYCKAET XOJI, (v IMEET BO3MOXKHOCTH CHOBA MPOIYCTUTH XOJI, U B CUJLY
PACCMOTPEHHBIX BBIIIE CJIyYaeB, MOJyIUTh HE MEHbIIe v JJUOO CHOBA MMETH
BO3MOXKHOCTbB IIPOIYCTUTH X0/, U.T.J1. CyMMHUpYyst Ha BCEM OECKOHETHOM TOPH-
30HTE, MBI 3aKJIF0UAEM, YTO BBIMTPHIIT UI'POKA (¢ IIPA BO3MOXKHOCTH CTPETHOBI
B BO3/IyX HE MOXKET OBbITh MeHbIe « Hu B ojgHoM SPE-paBnoBecun.

Tak Kak (v IMeeT BO3MOXKHOCTDH BBICTPE/IUTH B BO3/yX, TapaHTUPys cebe
(v, TO UTPOK 7y He JIOJIZKEH CTPEJIATh B BO3/yX HEU B KakoM SPE-paBHoBecun.
B camowm seste, BeicTpes B B rapaHTHPYeT UTPOKY Y BBIUTPBIIT o ¥ HYJIEBOI
BBINIPBINT UTPOKY (. Ecim ke v mpomycTuT XoJ1, TO B TAKOM MTPOJIOJZKEHUN
UTPBI y UTPOKa 3 Oy/IeT HeHyJIeBOH O0KUIAEMbII BHIUTPBIII, 8 3HAYUT, BHIUT-
PBIIIT UTPOKa 7y OyJIeT CTPOro MeHbIe ™.

B cBoro ovepejib, Tak KaK B pacCMaTPUBAEMBIX CIEHAPUAX (KOTJa v MO-
JKET [IPOIYCTUTD XOJI) UI'POK Y OyJIeT CTPeJIsiTh B 3, TO Jjisi urpoka 3 crpesibba
B BO3/IyX TOXKE HE ONTUMAaJIbHA. W

Bosmozkubr in rakue SPE-paBHOBecus, B KOTOPBIX (v CTPesIseT B BO3IYX !
Pacemorpum ciienytormne crpareruu (eM. [8]): f u 7y cTpensior apyr B apy-
ra BHE 3aBUCUMOCTU OT TPEJBICTOPUN, W U3YUUM, IIPU KAKUX YCJIOBUIX HA
napamMeTrpbl UTPOK (v OYJIeT CTPEJISITh B BO3/IYyX.

@
1—a*p*

7



Ecmm o crpessiet, To BhITOHEE CTPENThH B ¥, 9eM B 3. B camom jene, B
caydae mpoMaxa pas3Huilbl He Oyjer — ubo crpareruu [ u y 10 YCJIOBUIO HE
3aBUCAT OT IIPpEJAbICTOPUN. A B CJjiy4da€ IIOIlaJaHUsd JIydIloe I10IIaCTb B 7Y, 9TO
OCTaBJISIET TOJIOYKUTEIbHBIN BBINTPHIIIL.

[Ipu BBICTpEJIE B 7Y UTPOK (v TTOJIydaeT

oyl + o By’ + Bal.
Eciim urpok « crpessier B BO3J1yX, €ro BLIMIPBIIT PaBEH

By’ + o

CureroBaTeILHO, UTPOK (v BHIOEPET BBICTPEN B 7Y €C/IN

yar > By’ + fa
o o .
1_/8%* > P T
ffa > af+ af* —aa”[* 5"
ffa > a—aa*pf*p*
B > 1—a*8 8"
B < a’ppr.

B wurore, MbI moJtydusin, 4To

Jlemma 4 Jlas nocaedosamenvhocmeti, 6 Komopwur 3 Cmpeasiem nocie
60 ecex SPE-pasnosecuar, 6 Komopwulx 3 He 6030epacusaemes om cmpesvo,
uepok y cmpenaem 6 5 6 410001 NPedvicmopul, 6 Mo 8PEMA KAk o CIMPEAALTN,
68y ecau B < o*B*B*, unave on cmpeasem 6 6030yx.

Bamernwm, aro ecau > [*F* (r.e. f > 3’—2\/5 ~ 0.38197), urpok « obsi3a-
TEJILHO BBICTPEJIAT B BOBAYX.

Hac, oqnako, mHTEpecyIoT U Apyrue paBHOBeCHs, He HaiiIeHHble HAIINMUI
npe/ecTBeHHUKaMu. Jleio B TOM, 9TO B M3BECTHBIX HAM IPEJIbLYIIIX UC-
CJIEJIOBAHUSIX ABTOPBI MOJIYAJINBO IPEIIIOJIaraal CTPaTerni UIPOKOB HE 3aBH-
CAIAMUI OT IIPEIABICTOPUH, TEM CAMBIM OIPAHUYUBASACH JINIIb PAGHOGECUAMU
6 cmayuonaphuir cmpamezuar. OIHAKO yrpo3bl U UX (GOPMAIN3ald B BUJIE
0011elt KOHIEIIINN PAaBHOBECHS, COBEPIICHHOI'O Ha, MOABIIPaX, IIPOYHO BOIILIN
B 00MX0J COBPEMEHHOI T€OpUM Urp.



[TorbiTaemMcd HafiTu MpUMep PaBHOBECUs C KapJIMHAJIBLHO JIPYTUM CIIeHa~
pueM ToBeIeHNS UTPOKOB, U KaK CJIEJCTBHUE, C TPUHITAITNAJLHO WHBIM pacipe-
JIeJIEHIEeM BEPOSITHOCTEN BBIKUBAHUS B JIYJIM TPEX JIUIl. 3aMETHUM, 9TO JJIst
9TOTO HAM CPa3y HaJ0 MPEJITOJI0KUTH, YTO UT'POK [ C MOJIOKUATEIHHON BEPO-
SITHOCTBIO CTPEJISIET B BO3/IYX, U «BBIHYJIUTH» UT'POKA (¢ CTPEJISATH B OJTHOTO
U3 JIBYX OCTABIIUXCS UTPOKOB.

6 IlocTpoenme HoBOoro SPE-paBHOBecus

Yro, ecsin y v He BO3MOYKHOCTH CTPesibObI B Bo3yXx ! [t sTOro 0b6a nrpoka
[ 1 7y TOJKHBI IPOITYCTUTH X0/, B MPEBIAyIUX payHaax. Pacemorpum SPE-
paBHOBecHe, B KOTOpoM (3 B payHjie 1, u Y B payHjie 2 CTPEJSIOT B BO3/IYX.
YT06bI 7y BBICTPEIWI B BO3JYyX, OH JIOJIZKEH OXKHJIATh, 9TO B Oy/yrieMm (He
06s13aTeJIbHO HEIIOCPEICTBEHHO B PayHJIe 3) UI'POK (v BBICTPEINT B 3 € MOJIO-
JKUTEJIbHON BEPOATHOCTBIO; B IIPDOTUBHOM CJIy4dae €ro O)KI/I,ZLaeMbH;'I BBIUT'DBIII
Oy/ieT CTPOro MeHbie o — B CUJIy TOTO, 9TO Y HUKOTJA HEe HATHET Jy3JIb
MIEPBBIM.

AnajiornaHo, 9T06bI 5 BBICTPEIU B BO3/yX, OH JIOJKEH OXKHJIATh, ITO
UT'POK Y B HEKOTOPBI MOMEHT BBICTPEJNT B BO3/IYX, U UIPOK (¥ B HEKOTOPBIN
MOMEHT BBICTPEJIUT B Y. OTMeTHM, 9TO deM OOJIbIIe 3HAUEHNe (v, TeM DOJIbIITe
UT'POKH [ U 7y THOJIy9aloT OT IIPOILYCKa XOJa B TOM CJIydae, KOTJla (v yCTPaHIeT
TPETHEro UTPOKA.

Teopema 1 (OcuoBuasi Teopema) Jlaa docmamouno 604vwus 3naverud
a u nocaedosamenvrocmets cmpeavbo, a7y, Bya, uyaf cywecmeyem (cme-
wannoe) SPE-pasrosecue, 6 Komopom uzpoku 3, 7y nponyckaom xod ¢ noso-
AHCUMEALHOT BEPOATHOCTNDIO, A UZDOK (L CMEWUBAEM, CIMPAMERUL, CINPEALODL
6 CEOUT MPOMUBHUKOS.

HokazareabcTBo. PaccmorpumM cieyrorniuii mpoduis crparernii. rpok y
BCerja CTpeJIsieT B BO3JyX B ClIydae, KOIJa BCe UIPOKM YKHUBBHI B OC/IEI0BA-
resprocTH fya(l) (mpm ycioBum, Korjga 5 MpOIyCTUI X0, & JI0 [3 MPOILyCcKa
xoJ1a He 6b110). Urpok v crpesisier B 5 BO BCEX MPOYUX MPEBICTOPHSIX.
Urpoxk [ cTpesnser B BO3/yX B payH/e | WK B cjiydae, KOIJAa  BBICTPe-
JIMJT B Y Ha TpebIyIeM Xoay. Kemm ke o crpensit B 3, To [ cMermmBaeT
CTpaTeruy CTpesibObl B BO3IYX U CTPEIbOBI B ¥. (DT0 HEOOXOANMO JJisl CTH-
MyJIIpoBaHus « cTpessth B (.) Eciu av crpensiit B Bo3ayx, 1o 5 cTpesier B

.



Wrpok « crpesser B BO3/IyX, €CJIM MOXKET, HHAYe, OH CMEIINBaeT CTPEIb0y
B u~.

Mg HarasHOCTH M300pa3uM CTPATErHU UT'POKOB B BHUJE OJIOK-CXEMBI.
Tak Kak IIpu HOIa/[aHUK UI'POKA B I1€JIb, UI'Pa CBOJUTCS K JIYIJIH C IIOHATHBIM
UCXOJIOM, JIJIsi YHPOIEHHs OyJIeM PacCMaTpUBATh TOJIHKO POMAXH.

(1-p)[B1] plB =] v = B[ Iysi
p g he

(1=q)a—f]

U
Y

gla = 1]
g1 B

Ob6o3HAYNM Yepe3 ¢ BepOSTHOCTH, ¢ KOTOPOH (v CTpessieT B 7y, depe3 p
BEPOATHOCTH, C KOTOPOil [ cTpessier B 7y, ecqn « crpensier B 3; ¢* = 1 — ¢,
* __
pr=1-p.
Nmeem ciieaytomye yCIOBHS:
[Ha10 TOPOOHO OOBACHAUTH, YTO UMEETCsT BBU/LY|

a*p B
P, = g—*FP P — 4 %0
B ﬁl_a*ﬁ* o ﬁ+a[q1_a*5*+qxl’
Py = qlax0+a PJW] 4 ¢ [ax 1+ ap P}V 4+ a'pBra’| > o,
Paﬁ'y(Z) — 6*C¥ *POé/B’Y@) —
) X T TR ()
_ ax0+a* [pﬁla*ﬁ* + pBa+ p PO (v)} = PsP®(B).
—

N3 nepBoro paBeHCTBa MbI MOXKeM HaiiTu q. Vmeem:

a'f B

aﬁl—a*ﬁ* aql—a*ﬁ*’
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q = a'f.

s IIoCJIEIHEI'O paBE€HCTBa HaXOIUM P:

P (y) = 1_ai*ﬁ* =a" pﬁljzz*ﬂ* + pBra +p*1_a§*5*
pr o= "t (pB+p BT+ pB (1 — b))
pro= a(p+p' s —pfa’p)
B = alpt 5 - pB - pBa’s)
p = a*(ﬁ—ﬁ*a*ﬂ*) o a*(/@_a*ﬂ*ﬁ*) - /3 —Ozﬁ—a*a*ﬁ*ﬁ* -
af*

6a* _ a*a*ﬁ*ﬁ*

I‘I&KOHGL{7 HaM Hy)KHO HpOBepI/ITb, 9gTO "}/ 3axXo4eT BbICTpeHI/ITb B BOSILyX.
Berancium snagenne P .

PP (1 —a*q —a’q'p") = ¢a+q a’psa’,
q*Oé‘i‘q*Oé*pB*Od* B

pres) —
Y 1—Oé*q—04*q*p*
B q*oz—i—q*oz*pﬁ*oz* B q*Oé‘i‘q*Oé*pﬁ*Oé*
1_a*q_a*q*+a*q*p Oé+06*q*p '

MpbI XO0THM JI0Ka3aTh, YTO 9TO 3HAUEHHE OOJIbINe o, ecan o > o, Vmeem:

o+ a*qg*p

> of e

alg" —a*) > ¢pata’f &
ala—a*B) > pa*aB(l —a*p) = o —O;ﬂ*a*ﬂ*ﬁ* -afa"B(l —a’p) &
(@ —a"B)(B—a™"5") > fra’f(l-a'f) <
(@ —a™f)- (B—a™5"8") > (6%a)- (8- pa’p)
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IIpu > a > a* > [* BbIIOJIHEHBI HEPABEHCTBA

a—a'f>a"—a'pf=p"a"

B—a’B "> —pa’fe fa’f>a’ B & BB > B,

OTKYy/la TpebyeMoe HEPaBEHCTBO BBIIIOJHEHO IIPU JAHHBIX OI'PAHUYICHUSIX.

7 BpIBoabl 1 3aKJIIOUEHUE

[IpuBeném npumep BbIUHMCIeHUI B KOHKpeTHOM ciaydae, o = 0.8, § = 0.9,
v =1

[ToncraBmsiss popMysasl jijid p u ¢, mojaydaem, 9rto ¢ = 0.18, p ~ 0,44543.
Bomrpeiim urpokos B aToM ciaydae cocraBar I, ~ 0.08163, Pg ~ 0.16531,
P, ~0.75306.

MpbI BuiuM, 9TO B JIAaHHOM PABHOBECHU CIEHAPUN «BLIXKUBAHUSA CJ1a0Oeii-
mero» He BbimosHsAeTcst! HampoTus, y caMoro CuibHOTO U3 UTPOKOB MaKCH-
MaJIbHBIE IAHCHI Ha 1100e1y. BoJiee Toro, T MmaHchl TeM BbIIIE, YeM OJInzKe
au 3 x equauie. PakTUIECKH pedb UJIET O «MOJTIATNBOM CTOBOPE» CUJIbHBIX
UT'POKOB MPOTUB cjaaboro. HecmoTpst Ha TO, ITO cpeHUiL 110 CUJIe UTPOK IIPU
9TOM HMMeeT TaKKe JIOCTATOYHO HU3KHE IMIAHChl Ha BBI2KUBAHUE, CTPATErUH
YCTPOEHBI TaK, UYTO B OJIMHOYKY OH HUYEro I0JIe/IaTh HE MOYKET.

[TostB/IeHMe TaKOro paBHOBECHs ITOKAa3bIBAET HaM, UTO B TEOPHUU JTydJjeit
Tpéx u GoJiee il — Jaxke He Tpu JHA (M. [4]), a em@ Gosbine. 3ameTnm,
YTO 3a OOPTOM HAIEro MCCJIEIOBAHUs OCTAJIUCH <«OJHOBPEMEHHBIE JIy3JIN»
HECKOJIBKUX JIUIL, & TaKzKe JIpyrue crnocodbl hopMain3aul KOHIa Urphl (He
TOBODsI y2Ke O JIPYTOM IUKJIMIECKOM MOPSJIKE CTPEJbObI TPOUX UIPOKOB).
Takeke pejcTaBisieT nHTEPEC 0000IIEHNE PE3YILTATOB Ha OoJiee OOIIHil cIy-
Jail cereBoro B3anmojieiicTBust N urpokon. Beé 910 coctaBuT mpeamMer Oyry-
IIAX TEOPETUKO-UTPOBBIX ITPOPHIBOB.
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Sequential Truels: an equilibrium with the
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Abstract

A sequential truel is a generalisation of duel. This type of games is
known because of the «survival of the weakest» paradox, where weakest
player have the highest probability of survival. We analyse a typical
variation of this model, in which players are allowed to shoot in the
air. We show that there exists a SPE-equilibrium, where the strongest
player, against the paradox statement, has the highest probability of
survival.
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