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1. BBenenune

CraTbs MOCBSIIEHA UCCIEI0BAHUI0 KJIACCHYECKOIl 3a/1a9u MPOCTpaH-
CTBEHHO PacIpe/ie/IeHHO KOHKYPEHIUU, MOCTaBJIeHHON XOTe/JIMHIOM B
1929 roxy [11]. OcHOBHOIT IPEANOCHIIKOl MOSIBJIEHNST MOJIETH TIPOCTPAH-
CTBEHHO pacIpe/ie/IeHHON KOHKYPEHIIUH CTaI0 HaOTI0eHne, YTO Ha 00/1b-
IIOM PBIHKE, TJIe OJUH MOKYyIaTesJ b MPHOOpPeTaeT TOBap y OJHOIO IMPO-
JIaBIA, & JPYTOil ¥ MHOTO, BEIOOP 3aBHCHT HE TOJBKO OT IeHbl. [Ipmun-
HaMu Takoro 3¢ dexra MOTyT CJIyKUTh MHOXKECTBO (paKTOpPOB, KOTOpPbIE
BJIMSIIOT HA XapaKTep KOHKYPEHIMN W Ha TOBeJeHne, KaK MOKYTaTe e,
TakK U npoaBioB. OMHIM U3 BazkKHeHIHUX (haKTOPOB ABJIAETCS POCTPaH-
CTBEHHOE PACIIOJIOYKEeHHE MPOJABIOB M MOKYyIaTeaeil W BBITEKAIOIINe W3
9TOTO TpaHcnoprubie u3jiepkku. Mogeap Xore inHra oOnuchbiBaeT moBe-
JIeHWEe YYaCTHUKOB PBIHKA, HA KOTOPBIX BJIUSIOT JBa (DAKTOpA: MEHBI U
3aTpaThl Ha TepeBo3Ky ToBapa. OCHOBHAS CIOKHOCTH, OOHAPYKUBIITASI-
cd TIPHU UCCJETOBAHUU MOJIEIM - OTCYTCTBHe paBHOBecusi Hsma B urpe
YCTAHOBJIEHHSI TIeH JIJIT MHOTUX CJIYYaeB PacCIOIOKEeHUs Mara3mHOB MPO-
JABIOB, npeiaraonux rosap |9]. [Ipu ganbHeilinux uccie0BaHusIX MO-
JleJId PA3HBIMU aBTOPaMu OBLI Oy YeH Psiji KAK MOJIOKUTETbHBIX, TAK U
OTPUIATEIbHBIX Pe3y/1bTaToB. OTpunare/ibHble Pe3yJIbTaThl CBOIMINCDH K
JIOKa3aTe/IbCTBY HECYIecTBOBaHUs paBHOBecHus H»3Ima B pa3indHBIX Ba-
puanTax Mozesu |8, 9|. TlooKuTeTbHBIE PE3YIBTATH OBLIN MOJTY YeHbI HA
pa3HbIxX myTax: Moaudukanuu (GyHKIUA TPAHCIOPTHBIX U3/IEPIKEK, HPU
KOTODOIT MI'pa [eH BCerja MMeeT PaBHOBECHOe mnosioxkenue |9|, perrenne
UI'POBOIi 33149 B CMeNIaHHbIX crparerusx [12], seegenue "sddekra cro-
Oa pu KOTOPOM IIPe/IIOUTeHUs OKYIIaTe el 3aBUCAT OT 00beMa MpOoIazK
MarasuHoB [7]. B mpemiaraeMoii craThbe B KAUeCTBE UCXOJA UTPBI IeH JIJIs
TeX CJydaeB, B KOTOPBIX He CyllecTByeT paBHoBecusi Hamra, 6epercs mpo-
croe pasHoBecue B Oesonacubix crparerusx (PBC) [4, 6], koTopoe mist
paccMaTpuBaeMoOil 3a/laun CyIIecTBYeT Bcerja. Takoil mojxosr moIKper-
Jgercda TeM, 4To urposoit cmbicai PBC, 3akaouaromnuiicsa B cTpeMJIeHIH
UI'POKOB K YBEJUYEHUIO CBOEI'O BBIMI'PHIIIA, HO HPU YCJIOBHH CBOEH 0e3-
OIIACHOCTU OTHOCHTEJILHO JEHCTBUN JPYIrUX UI'POKOB, MOJHOCTHIO COOT-
BETCTBYET €CTECTBEHHOI JIOTWKE MOBEJIEHWST YIACTHUKOB MOJIETNPYEMOit
curyamnuu. [Ipumensemoe jgoolpe/ie/ieHre PaBHOBECHOTO COCTOSHUS IM03-
BOJISIET TIOJIYUUTD pelleHrne UTPOBOii 3a/1a4u 10 0OOUM IapaMeTpaM CTpa-

TEeruu - MEeCTOIIOJIOZKEHUIO U IeHaM - U ITOILYyTHO O6Hapy)KI/ITb nHTEepeCHbIe
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3 deKThl, BOSHUKAIONINE B YACTHBIX CJyYasX UIPHI ITPOCTPAHCTBEHHOMN
KOHKYPEHITUH.

2. IlocranoBka 3aga4un
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Pucynox 1. Pacmonozkenne nrpoKoB-IpoOJaBIIOB HA OTPE3Ke

Paccmarpusaercst orpe3ok [A, B] aymust 1, 9170 MozkKeT ObITH yJIHIA B
ropoje, OeperoBas JIMHUS WU aBTOMarucTpaJb. Ha HeM pacmosioxKeHbl
HOKYIIATe/M ¢ HEKOTOPOH 1OCTOSHHOMN 11JIOTHOCTHIO, KOTOPYIO O€3 norepu
OOIIHOCTU MOXKHO cuuTarTh ejauandnoit. Ha paccrosnum a m b or kon-
OB OTPE3Ka B TOYKAX T, To(T1 < Tg) PACIOJIOKEHBI MAara3uHbl HI'POKOB
1 u 2, mpejyiaraioniue OJMHAKOBBIII TOBap IO IeHAaM pi, po. PaccrosHue
MezKIy MarasmHamu obo3Hadaerca 0 = [ — a — b . Kaxzaplii moxyma-
TeJIb TPATUT HA TPAHCHOPTUPOBKY TOBapa /0 JIOMa HEKOTOPYIO IeHY Ha
eJIMHUILY JIJINHBI, KOTOPasi, TaKyKe 6e3 morepu OOIIHOCTH, CINTACTCS €11~
Hu4uHOil. EuHuna ropapa norpediigercsa B KaXK/IyI0 €JMHUAIY BPEeMEHU B
KazKJIOil TOYKe OTpe3Ka, TO €CTh CIIPOC ABJIAeTCsa aDCOJTIOTHO HEedJIacTHI-
HBIM (/17151 HauboJIee PaCIpOCTPAHEHHOTO BAPDHAHTA TIOCTAHOBKH 3a/a4N ).
Bce norpebure/in He nMeIOT HUKAKUX [PEJIIOYTEHUH 110 BBIOOPY 1PO/IaB-
1a, KpoMe Kak M0 CyMMe CTOMMOCTH TOBapa M 3aTpaT Ha TPAHCIOPTH-
poBKy. Takum 06pa3om, 00beMbI IIPOJAHHOTO TOBApa 1, (2 PABHBI JIJTUHE
OTPE3KOB, HA KOTOPBIX PACHOJIOKEHBI HMOKYIAaTe/H, BLIOPABIIHE TOT WX
uHON Marazu. V3aepxku npoussojcrBa (1puodpeTeHus) TOBAPOB Ma-
ra3uHaMu CYUTAIOTCS HYJIEBHIMU U HE BXOJST B UX IejieBble (DYHKIIHH.
Uccnenyercss paBHOBecHe, COBEPIIEHHOE MO MOJBITPAM B JTUHAMUYECKOMH
Urpe, Koropas ImpoxoJuT B TPHU IIara:

[MTar 1. TTpogaBipl ONMpeaesiioT TOYKU CBOETO PACIIOIOKEHUs T1, To

(.Tl é .TQ).

[MTar 2. IIpogaBisl onpeaeasdioT MeHy Ha CBOW TOBap Pi, Po.

[MTar 3. [Mokymnarean BbIOMpAIOT LPOjaBIia, y KOTOPOIO OHU IMOKYIAIT
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eJINHUAILY TOBapa.

[esieBas pyHKIMA IOKY LATEJISL:
u(r) = ug — ngllg(]oZ + |z — x|)

Ifle X - TOYKa PACMOJIOKEeHWs TOKyTHaTess, a Uy - IMOJe3HOCTh TOBapa
JIIS MOKYIIaTessd, KOTopas 0e3 orpaHndeHus OOITHOCTH MOYKET CINTAThCS
eTMHIIHONi. BO3MOXKHBI Ba BapwmaHTa TMOCTAHOBKH 3aja4du. B mepBom
KazK/JIbI HOKYyaTe b 00s13aTe/IbHO OKYAeT €JIMHUILY TOBapa, JlazKe eC/iu
[PU 9TOM €ro 1ejeBas (PyHKIMs CTAaHOBUTCS OTpuiiaTeibHOi. B Hosibieii
JacTH paboT paccMaTpWBaeTCs IMEHHO 3TOT ciaydvaii. Bo Bropom ciaydae
HOKYIaTe b OTKA3bIBAETCS OT MPUOOPETeHNs TOBaPa, €CJIU ITO I HETO

yOBITOTHO.
Jl1st 11epBOIro BapuaHTa HOCTAHOBKHY 33/1a4u 11iejieBast (PYHKIU UTPOKa-
npojiaBma 1:
il p1<p2—9
uy (1, T2, p1,p2) = p1qn =  pi(a + sz%); lp1 —pa| <6
0, p1>pa+0

B 3aBucumocTu OT Ha3zHAUYEHHBIX II€H JIjIs UIPOKa 1 MOXKeT peaJjiu-
30BaThCs OJIMH U3 TPeX CJydaeB: HOJHbBIN 3aXBaT PbhIHKA, YCTAHOBJIEHUE
KOHKYPEHTHOT'O COCYIIeCTBOBaHUsd, IOTeps pblHKa. [leneBas pyHKIus ur-
pOKa 2 BBIMHCHIBaeTCA cHMMeTpudHO. HecKobKo Oostee coxKHbBIE Tiese-
Bble (DYHKIMKM UI'POKOB JIJIsi BTOPOI'O CJlydasi HOCTAHOBKM 3aJ/ia4u Oy/1yT

IIpUBEJICHbI HUZKE.

3. O630p MOJIy4YEeHHBIX paHee pPe3ybTaTOB

K momentTy moctanoBku 3a1a4qn Xoreamuarom B 1929 roay [11] crpo-
roit MaTeMaTH4eCKOil Teopuu UIPoBOro paBHOBecud Hsma eme ne cymie-
CTBOBAJIO, XOTd CJI0BeCHad (POPMYIMPOBKA COOTBETCTBYIOMIETO HOHATUS
obLia sana emie B XIX Beke B paborax Kypno, mosromy paBHOBecHas Cu-
Tyalud NCKaJlaCh B TEpDMUHAX ITPOCTHIX JIOTHIECKUX COO6pa)KeHI/II7L Brina
HalileHa TaKasd TOYKA IPDAHHUIBI MeXK1y 00IacTAMHI JIBYX KOHKYPUDPYIO-
MUX MaraswHOB T, UTO IS HAXO/MAIIErocs B Hell MOKynaTess OGe3pas3in-
4Y€H BBIOOP TOIO MJIM MHOT'O IIPO/IaBIia, DU YCJIOBUU, YTO PA3HUIA [IEH HE
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I[IpeBblIIacT CTOUMOCTHU IIEPEBO3KHU Ha PACCTOAHHE ME2KIY Mara3uHaMu 0:

T1+ Ty P2 — D1
_l’_
2 2

Jlajiee ObLIO MOJIy4Y€HO BbIpakeHue JiJis 1eJieBbIX (DYHKIMI 1PO/IABIOB,
UX IMPpOU3BOJHBIC IO IE€HaM 6BIJ'II/I OpupaBHEHbl HYJIIO, U B pe3yJjbTaTe
HallIeHbl PABHOBECHDbIE 3HAYCHUS:

_H_a—b _l_a—b
P = 3 y D2 3
1 a—>b 1 a—>
CI1—§(Z+ 3 ) Q2—§(1— 3 )

XOTGILHI/IHF B CBO€l craThe Halllejl penienune, dBJidroneecd OlITUMaJIb-
HBIM, HO He WCCJIeI0BaJ, TPH KaKUX YCJIOBHUSX JIOKAaJIbHOE DaBHOBECHE
dABJIgeTcs TJ100aIbHBIM. Ha IpoTsKeHNN NATHAECATH JIeT He ObLIO MOYTH
HUKAKUX paboT, MOCBAIIEHHBIX JTAHHON TeMe. BOJBIIMHCTBO HOCIe/IyT0-
muxX paboT MOXKHO Pa3/IeJIuTh HA JBE IPYILIbl: 1) HOMCK PaBHOBECHIl JIjist
6a30BOIT MOJIE/IN U MCCJIe0BAHNE TOBEICHNS HIPOKOB B TEX 00JIACTAX, T1e
paBHOBeCHe OTCYTCTBYeT; 2) MOANMDUKAINE MOJEIN C HEJbI0 OMACAHUST
DoJ1ee CJI0YKHOTO TOBEJICHNSI YIACTHUKOB pbIHKa. HeobxoauMo oTMeTuTs,
YTO B OOJIBIIUHCTBE MyOJHKAIUi pa3dbupaercs MOJe/ b JIYOIOIUNd Ha OT-
pe3Ke BBHJLY PE3KOI'0 YCJIOKHEHU 33491 IPH YBEJIUICHUN Pa3MEPHOCTH
(KoJIm4ecTBa UIPOKOB).

B pabore [9], mOCBSIMEHHON TOJHOCTBIO MOJEIN XOTE/INHTA, OHPO-
BepraeTrcsl pe3yabTaT, moJaydeHHbiit B 1929 roy, /i HEKOTOPBIX Cayda-
eB. Tak:ke mpuBejeHa W3MeHEHHas MOJeTb, B KOTOPOWl paBHOBECHE IIO
nojpirpam cyiectsyer Bcerga. ChopmyanpoBano u J0KA3aHO CJIeIyI0-
ee yTBepIKIeHHe.

YrBepxkaeuue 3.1. /lra a+b =1 cywecmsyem edurncmeenroe pasho-
secue p1 = py = 0. Jlaa a+b < | mouxa pasrosecus cyuecmseyem mozda
U MOALKO M020a, k0200 ELINOAHANMNCA:

a—>b
3

U 6 daHHOM pasHoseECUU.

b—a

4 4
(I+ ) > Sla+20), (I+ )? > S1(b+20)

a—>b _l_a—b
3 y P2 = 3

p=1l+
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Ecin ke m3MeHnTb (BDYHKIHIO TPAHCIOPTHBIX H3EP:KeK ¢ T Ha X2,
TOI/Ia PaBHOBECHE B IOIBITPE ONpeIeeHns IeH CYIIeCTBYeT BCerja u
3a/1a9a UMeeT PeIieHue.

B pabore [12| pacemarpuBaercst Mmopudukanust 3aaqu XOTeINHTA,
KOorga CTpaTeFI/Ieﬁ MIPOU3BOAUTEJIA ABJIACTCA HHTEPBaJI IEH C MMJIOTHOCTBHIO
BEPOATHOCTH BBIGOpa Kaxkaoro 3uadenus. [lycrs (Fy, Fy) — paBHOBecue,
rae F; — dyHKnug pacupeaeneHns MeHbl KayKI0r0 UCPoKa, U IMyCTh a;, b;
— HaWMeHbIIasi U HAUOOJIbIIAA [eHa U3 JAHHOIrO pacupeaenenns. Onpe-
Jlesiercs papHopecue T’ Kak Takoe, JJis KoToporo b; — a; < 20 . Jloka3bi-
BaeTCd yTBEep:K/IeHHEe O TOM, YTO B JABYXIIArOBO HI'Pe MPOM3BOIUTEIEH],
CO CTpATErusIMU IO MECTOIOJIOKEHUIM U IeHaM, JIF000e paBHOBECHE sIB-
JISIeTCS paBHOBeCHeM THIa 1’ 1o MeHaM, B eCTh KAK MUHUMYM OJIHO TaKOe
paBHOBecHE.

B pabore [8] mokazano, 9T0 ecjau UTPOKU OIPEIE/SIOT MECTOIOI0Ke-
HHUe U TleHy He B 2 IIara, a OJITHOBPEMEHHO, TO paBHOBECHE He CYIIECTBYeT.

B [7] B Mmozens BBOmuTCS "3hbekT cHOGA”, IPH KOTOPOM B IEJIEBYIO
(byHKI_[I/IIO IHOKYyllaTeJid BBOJAUTCA AOIOJIHUTEJ/IbHAAd OTpUulaTe/IbHadAd I110-
JIE3HOCTh, 3aBUCATIIAS OT 00beMa MPO/Ia’K BRIOPAHHOTO Mara3mHa:

—u(x) = p; + |z, — x| + kq;

[Ipu 3TOM MOKyTaTe b TOJZKEH IPU BRIOOPE IPOTHO3UPOBATH 00OBEM HPO-
naxk npousBoguTeseii. To ecThb, B JAHHON MOCTAHOBKE, IPU TaKOi aKTUB-
HO¥ NO3UIMY MOKYTIaTe s, Urpa, (pakTuYecKu 2-1arosas B KCXO/IHOM 110-
CTAHOBKEe 3aJIa4i, CTAHOBHUTCS peasbHO 3-maroBoit. Haiiaenb yHuka/ib-
HbI€ BBIIYCKH TOBapOIIPOU3BOUTENSIMU ¢; HPHU (PUKCUPOBAHHBIX T, D;.
Ha orpeske [A, B| onpejiesieHbl pETHOHBI ¢ PA3TUIHBIMA PEIOYTEHHU -
MH IOKYIIaTe el 110 BbIOOPY HPOU3BOIMTEIS.

4. IlocTanoBKa 3a/auu IpU HEOTPUIATEJBHBIX BBIUT'PHITIIAX IO~
KyTiaTeJs

B nanHOil cTarbe ncciemayercss NOCTAHOBKA 3a/1a9U ¢ HEOTPUIATE T b-
HO¥T 10J1e3HOCThIO MoKy naTe . [leneBas hyHKIMs NOKyaTe s s:

u(z) = max(0,1 — m%%(pl + |zs — 2]))
€1,

JI1s1 TakOro BapHaHTa MOCTAHOBKH 3a1aYM IIPH BBHIMHCHIBAHUH IEJEBBIX
dyuknuit npojasios 6oJiee ya00HBIM Oy/ieT CHavYaJja PacCMOTPETh UTI'DPY
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YCTAHOBJICHHA IeH B IPOCTPAHCTBEHHON KOHKYPEHINI HeOTPUIATEILHOM
I0JIE3HOCTH TIOKyIaTesieli Ha npsamoii (A = —oo, B = 00). YeaoBue HeoT-
PULATEIBHON HOJIE3HOCTH 1103BOJIIeT OFPAHMYUTH 00/1ACTh PbIHKA, IJIE
PaCHOIOKEeHbI TIOKYTIATe/Id, He OTKA3bIBAIOIINECS OT MOKYIIOK, U4TO JIeJa-
eT 3a/1a9y KOppeKTHOi. EanHcTBeHHOil cyIecTBeHHOH XapaKTepUuCTUKOM
PACIIOIOKEeHUS MATa3HHOB, BJIUSIONEl Ha BLIOMpPAECMbIE UTPOKAMHI CTPAa-
TETUH P1, Pa, ABIAETCS PACCTOSTHUE MEXKY HUME § = |To — 21].

[Ipu 3a/1aHHBIX LEHAX D1, P2 BO3MOXKHBI CJIEYIOINIME HCXO/bl. Ecin
IEHBI pa3ImvaTcsa 6osee, yeM Ha § : |p; — p2| > § , To urpok ¢ Gosee
BLICOKHMH II€HAMHI HCYE3aeT ¢ phlHKa. TakzKe mcue3aer ¢ pblHKA MIPOK,
YCTAHOBHBIINII EHbI BBIIIE WM PABHBLIC €IMHUYHON IIOJE3HOCTH TOBApa
p1 > 1. Ecim cymma Betmama 1 — p; IpeBBIIIaeT paccTosHue §, TO 00J1a-
CTH JIByX Mara3wHOB He COIIPUKACAIOTCs JIPYT ¢ Jpyrom. B ocrasiiemcst
ciydae rpannieit obracreil AByX MarazuHoB Oyger Touka HEE2 4 PPL
B KOTOPOil PACIIOIOKEH HOKYIATEIb, KOTOPOMY Ge3pas3imdeH BeIOOP TOro
W WHOTO IpojaBia (puc. 2).

[lesieBbie byHKIMU UTPOKOB:

(ur(p1), ((Pl <p2—0)U(p1>2-6—p2))N(p1 <1)
s (p1, pa) = urr(p1,p2), (1 —6)N(p1 < p2+ )N
ﬂ(pl 2—0—po)
L urrr, (p1 >p2+6)U(p > 1)
(u1(p2). ((Pz <p=8)U(p>2-30—p))N(p2<1)
ws(py. p) = urr(p1,p2), (P2 —0)N(p2 < p1+6)N
(p2 2—06—p1)
\Urrr, (p2>p1+0)U(p2 > 1)
(4.1)
e

ur(p1) = 2p1(1 —p1)
— P40
urr(pr,p2) = pi(l —p1 + %)

urrr = 0.

Ha puc. 3 (as cayuas 6 < 1 ) nzobpazkeHbl 00J1aCTH, HA KOTOPBIX
byukIws ug (pr, p2) npuHUMaeT 3uadeHust uy(p1), urr(pr, p2) u urrr. B 06-
jgactu 1 npoucxoguT KOHKYpPeHIUs COCYIIEeCTBYIONUX HA PblHKE (bupm.
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Pucynok 2. [lone3nocTs nokymaresneit B 06,1acTIX TPOJABIOB MPU

yCJ10BUM UX COIIPUKOCHOBEHU A

*
]_ —————————————————— =
L i
# Y
- L ]
& e i
# b
- L
Il e
-
el #’I
& - 1
- - I
- #
- - ] I
- # 1
& - |
-
L
- Fa i
oy ]:[ - I
e
.__-" - I
e P [
# & ¥
- & I
5 - I [
- L
-
" I
- i
. ' £
L -
1 L

Pucynok 3. Obnactu 3navyenuii mesreBoit hyHKIun urpoka 1

B mm:xuem Tpeyrosbuuke obsactu I B KOHKypeHInH 1mooexKaaer pupma
1. B Bepxuem tpeyrosibuuke obsiactu [ 30ubI nokynaresieit ¢pupm He 1e-
pecekatorcsi. B obsactu 11T hupma 1 Tepnur nopazkenue B KOHKYpPEHIIUN
U WCYe3aerT ¢ PHIHKA.

CpaBHUTEBHO CO CJIydaeM UI'PhI Ha IPSIMOii, B UTPe ¢ CAMMETPUIHBIM
pacroyiokenneM UrpokoB (puc. 4) 3agaun 1mesieBbie (DYHKIUH UTPOKOB
umeroT 6osiee ciioxkubiil Bug. Obsactu I u 11 pasgenstores Ha 1moao0.1a-
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CTH, B 3aBUCHMOCTH OT TOTO, JOCTUTACT U IPAHUIA 30HBLI MOKyIIaTe el
JAHHOTO MarasuHa Kpas orpe3ka [A, B] (puc. 5).
[eneBast dynkuust (s urpoka 1) umeer BU:

ur1(p1) = 2p1(1 = p1), pr=1l—a
ur(p1) = § ur2(p1) = p1(1 +a—p1), p€l-0-a1—ad
urs(pr) =pi(d +2a) =pil, pp<1l—-6—a

Pucynok 4. CumMmerpudHOe paciio/iokKeHne HTPOKOB Ha OTPe3Ke

by
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1.2 E

l—a E
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Pucynok 5. Obnactu 3uHavenuil nemeBoit pyHKIIN

24-6+p2
3

N\
—_ =
|
IS

o urra(p1,p2) = %Pl( — 1), p
Uu(phpz) = g
urra(p1,p2) = 5p1(6 +2a +p2 —p1), pu
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urrr = 0

[Ipu HEeCUMMETPHYHOM PACIIOJIOKEHUN UTPOKOB G # b uX IeseBblie
¢dyHKIMN ellle HeCKOJIBLKO ycyoxkusiorcs. /s urpoka 1:

ur1(p1) = 2p1(1 —py), pr=l—ap >21-0-0
W (py) = ur2(pr) =pi(l+a—py), pr=l—ap <1-0-0b
7(p
urs(p) =p1(1+b04+06—p1), pp<l—ap=21-0-0>
ura(p1) = p1(d +a+b), p<l—ap<1-0-0b
urra(pr,p2) = 5p1 (2+5+p2 — 1), m=zl—a
u7r(p1,p2)
urra(pr,p2) = ip1(6+2a+ps—p1), pr<l—a
ui; =0
(4.2)
IleneBas byHKINA UTPOKA 2 BLIMICHIBACTCSA CHMMETPUIHO:
ur1(p2) = 2pa(1 — pa), pp=l—ap>1—-06-0b
W (pa) = ura(p2) = p2(l +a — pa), pp=l—a,pp<1—-0-0b
1(D2
urs(p2) =p2(l+0+06—p2), pa<l—a,pp>1-6—0
ur4(p2) = p2(0 +a+0), pp<l—ap<1-0-0
urra(p1, p2) = 3p2 (2+5+p1 —D2), p2=zl—a
UU D1, Pz
urr2(p1,p2) = 5p2(0 +2a+p1 —p2), pa<l—a
Ui =0
(4.3)

Oyuxus uq(p;) BCerga cocrout u3 He Gojiee, YeM TPEX YUACTKOB,
caydan ura(pr) u uy3(p1) ABASIOTCA B3aMMOUCK/IIOUAIOMIUME IPU OJIH-
HAKOBBIX @, b, 0.

5. Momesb IIpOCTOTO paBHOBECHUs B DE30MACHBIX CTPaTEerudax

Eciaun paccmorpers urpy ycraHosJieHusi 1meH npu (UKCUPOBAHHBIX Me-
CTOIOJIOYKEHUSAX UTPOKOB, TO JJIs HECOBMAJAIOININX L1 # To KaXKJIbIiH U3
UI'PDOKOB MOKET, Ha3HAUMUB JOCTATOYHO HU3KHE TEHBbI, 00eCIeYUuTh Ce-
0e TOJIOKUTEbHBI BBIUTPBIIT HE3aBUCUMO OT CTPATErHd KOHKYPEHTA.
C apyroit cTOpOHBI, IPH HEKOTOPHIX MECTOIOJIOKEHHUSIX Mara3mHOB He
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CyIIecTBYeT paBHOBecus H»smma B Wrpe meH moTomy, 9TO B JIOKAJHHOM
paBHOBeCHH, HaiileHHOM XOTe/JUTMHrOM (Jiajiee Ha3bIBAEMOM DABHOBECH-
eM XOTeﬂJmHFa), BO3HHMKaeT cJjejylomas curyanus. [lo kpaitneit mepe,
OJIMH U3 UT'POKOB MOYKET, OIyCTUB II€HbI OTHOCUTE/IHHO JIJAHHOIO PaBHOBE-
CHsl, TIOJIHOCTHIO OBJIAJIETh PHIHKOM M TOJIYYUTH MPH 3TOM JOTIOJIHUTE b=
HYI0 TpuOBLTbL. [[0CKOIBKY IIPHU pean3aIuu 3Toil yrpo3bl OJHAM UIPOKOM
BTOPOil TepseT Bce W MOJTydaeT HAUXYIIUN pe3yabTaT U3 BO3MOXKHBIX,
€CTEeCTBEHHO IPEJIII0JIOKUTh, YTO PAIMOHAJIBHON cTpaTerueil B 00/1acTsX
HecyIecTBOBaHus paBHoBecust Hama Oyaer crpemiienre K HanbO IbIIeMy
BBIUTPBINTY PU UCKIIOYEHNHT BO3MOKHOCTH YKA3aHHOTO HAUXYIIIETO pe-
3y/bTaTa UTphl. VIMeHHO 3Ta JIOTHKA MOBeeHns 3a702KeHa B Haee paBHO-
Becus B Ge3omacHbIX crparerusx [4,6]. TIpuBegem ompeieieHus TpocToro
PBC, mocrarodnoro st nuccjie0BaHus 3, 1a91.
[Tycrs 3aana urpa I' = (X;,u;,i € N).

Omnpenenenne 5.1. Vzposot uepoka j u2poky i j — 1 HA3bL6AEMCA NAPG
o / . / /
cumyavud T, (¥, x_;) maxas wmo: u;(x}, ) > u;(x) u ui(r},r_5) <
wi(z) . Hpu smom cumyayusa T nas3vieaemcs codepaicawets Yy2poay, a

/

npogusv (x5, x_;) , maroce Kax u cmpamezus Ty,

j?
HCANOUWLUMY ULPOKY & CO CMOPOHDL ULPOKA J.

Ha3vl6a0OMCA Yepo-

Onpenenenue 5.2. Cmpamezus T; u2poka i HA3LLEAEMCA NPOCNOU
beszonacHoli cmpameaueti npu 3a0anHoTll 06CMAHOBKE T_; , ECAU CU-
MYAUUA T He COOEPHCUM, Y2PO3 UZPOKY i.

Onpenenenne 5.3. Muoowcecmeom W;(zr) C X; npocmwxr ecmpa-
meauti, NPEONOUMUMENLHBLL C YHUETMOM Y2PO3 0A4 UZPOKA | OMHO-
CUMENBHO CUMYAUUY T HA3BIBAEMCH MHONMCECMEO cmpameud T, maKul,
umo u;(xh, x_;) = ui(x) u das a06020 uepoka i # j u das awboll ezo
yeposv uzpoky i: (x5, x_;) (), 5, ;) evnoanero u;(x;, x5, x_55) = ui(x).

Onpeanenenune 5.4. Cumyauus T* HA3DBAEMCA TEPOCTNBLM PABHOBE-

cuem 6 6e30NaAcHLLT cMpame2uaT, ecau Vi : xf C arg max u;(z;, v_;).
x; CWi(x*)

Kommenrapuii. z; € Wi(x*) < (uw;(z;, 2*;) = u;(2*)) N (z; - 6e3omacua
pU OKpyZKeHun T* ).
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6. CymecrBoBanue PBC B 3agadye Xore/inHra

Teopema 6.1. Heposas zadaua T : (X; = R, w1 € 1,2) , 2de u; onpe-
deasromesn (4.1), (4.2), (4.3) ecezda umeem pewenue 6 cmwvicae PEC.

Jokasamenvcmeo. 3aduKcupoBaB IeHYy KOHKYPEHTa Py U pacCMaTpuBasd
cpe3 byHKIEA U (p1, P2), MOKHO 3aMETHTh, YTO MPH PA3TUYHBIX Py Iie-
JieBas (PYHKIUsS UIPOKA 1 MMeeT KadeCTBEHHO pasjudHbiii Bua. I[lycrh
0 < 0.5, 910 Haubosiee unrepecHbiii ciayudaii. Torma upu py < 0 neneBas
dbyukuus uq (p1, p2) pacnonaraerca B oosnacrax 11 u 111 u gaBasiercsa oHO-
nuKoBoii 1o py (puc. 6). Ilpu § < py < 1 — 0 nenesas dyuxus uy (py, pa)
pacnionaraercst B obsactax I, IT u II1 u gBasgercss aBynukoBoit (puc. 7),
HpUYeM BO3MOKHBI CJIyYau IIPEBIIIEHUs] IIEPBOTO MHKA, PACIOIaraioIe-
rocs B obstactu I, Hast BrophiM, Tak u obpaTHbIil ciaydaii. [Ipu ps > 1 — 90
neseBas (pyHKIHS [IepBOTO UI'POKA IO MEpe POCTa P pacHojaraeTcd B
obmacrax I, 1T, T u IIT u takke MoxeT GbITH ABYNUKOBO# (puc. 8). Ilpu
0>05ummpu 1l —9 < p; <0 neneBasg PYHKIMSA ABISETCS OTHOMTUKOBOR
u pacnosnaraercst B obsacrsx 11, T u IIT (puc. 9).

Ve (o, ) Pz d

T
pa|

Pucynok 6. [lemeBas dpyukmusa urpoka 1 mpu p; < 0

Kaxkaprit u3 UrpokoB mpu r; # 9,0 > (0 MOXKeT rapaHTHpPOBaH-
HO IOJIYYNTH HEOTPHUIATEIbLHBINA BBIUTPLIII, HA3ZHAYUB MOJOKHUTETHLHYIO
neny Huzke, dem 0. CiiejoBare/ibHO, pHU JIFOOOM IIOJIOKEHUU B WIPE,
IpU KOTOPOM KaKO#/JIMOO M3 UIPOKOB HOJHOCTBHIO BBITECHSAETCH C PbIH-
Ka, YyIPo30ii mpourpasirero mobeauTe o OyaeT Ha3sHadYeHne TaKoil IeHbl,
3HAYHUT Takoe moJiokenune He MoxkeT O6b1Th PBC. CrenoBaTesibHo, Jiroboe
PBC B nmamnoit 3ajadue MoXKeT HaXOAUThCA JTUOO B 00J1aCTH KOHKYPEHT-
HOro cocymiectBoBanus (obsmacts 11 st 060ux nrpokos), mbo B obactu
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w (o, o) d<py,<1-8

I/]I—\:III

Fan

Pucynok 7. Ienesast pyukimst urpoka 1 npu § < ps < 1—0

t o w(p, e P =1-8

Pucynok 8. IeneBast pyuknust urpoka 1 mpu py > 1 — 9

wlpLps)  1-8<p<d

21

Pucynox 9. [enesast pyuknust urpoka 1 npu 1 — 4§ < py < 9

Helepecede s HOKyIaTebCKuX 30H (06macThb I a1a o6onx urpokos). To
ecth PBC MOKeT /1esKaTh TOJBKO B BEIITYKJIOM KOMIIAKTHOM MHOMKECTBE
M :|pr —p2] <6,0<p; <1
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Paccmorpum urpy I, B KoTOpoil nesmesble (byHKIUH COBHAAIOT C
Uy, Uy Ha MHOKecTBe Mj;, a BHE HEro OIpEeIeJAr0TCsS CJAeIYIONUM 00-

pasom:
U;(pzwp—i) =
,ui(ﬂmin(pfi)apfi) — 2(tmin(p—i)) + 2pi,  Pi < Hmin(p—i), p—i € [0,1]
ui(pi, p-i) , € [tmin(P-i); tnaz (p-i)],
p-i €10,1]
Ui (Hmaz (P—i), P—i) = 2(Hmaz(P—i)) + 2Py Pi > Himaz(p—i), p—i € [0,1]
(—00, p-i €10,1]
re

,umax(p—i) = maX{QP—i - 5}
fmin(p—i) = min{p_; + 4,0}

Tax kak abcoJiIoTHOE 3HAYEHUE TPOU3BOIHBIX Ui, Uy HE MPEBHIIIAET
2, T0 menesble GpyHKOuU u; Urpbl 17 BormyTel 1o p;. ClemoBaTesbHO,
cymectByer paBuosecue Hama B urpe IV : (p1,p2) € My;. Eciu 1o pas-
HOBeCHe siBJIseTcs 1106aabHbIM paBHOBecreM Hama (a, ciejoBaresbHO,
u PBC) B ucxomuoit urpe, to (p1,p2) = (pi,ps) u st JAHHOTO Caydas
YTBEP’KICHUE TEOPEMbI JT0Ka3aHo.

Homycrum, 94To 5T0 He Tak, 4ro o3uadaer: (ur(pe —0) > usr(p1, pa2)) V
(ur(p1 — &) > wurr(pa,P1)), wam xors GBI JJIsl OJHOTO U3 UTPOKOB TIEP-
BBl MK 11es1eBoil byHKImu Beiie Broporo (puc. 7). Ilpeanosoxum, 4ro
p1 > 0.5+ 0. Torga urpok 2, BeibpaB ps = 0.5, BBITECHUT CONEPHUKA C
PBIHKA U IIOJIYYAT MAKCHUMAJbHO BO3MOXKHBI B urpe spmrpeim 0.5. Coe-
JIOBATENbHO, (py,py) He GesonacHa. To ectb PBC cieayer uckarb npu
BBITIOJIHEHUH YCIOBUS Py, P2 < 0.5 + J, mpu KoTopoMm dhyHKIMS 1wy (p) B
nsiercs Bospacraiomeit na [0, p;—d]. Tlo anajorum ¢ HAUTYINIUM OTBETOM

npu 3a1anH0M okpyskernu (pPf(p_;) = arg maxw,;(p, p_;)) BBEACM TIOHS-
Pi€X;
THEe HAWJIYUNINi Oe30MaCHBIl OTBET:

BSR
b; (P—i) = argmax Ui(pap—i)7
pi€Vi(p—s)
rie V;(p,i) MHOKECTBO 0€30IAaCHBIX CTpaTeruii Urpoka i IpH OKpPYZKe-

Huu p_;. g paccmarpuBaeMoil 3a/iaun Hau/Ly diinit 6e301aCHbI OTBET
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OIIPeIeJISIeTCS CJIEIYIOIIIM 00Pa30M.

pP5B(py) = argmax ur(p, p2) = pPE(py), (6.1)
pE[p2—0,p2+4]

ecn urr(pe, PP (pa)) > ur(pPSE(py)—6), To ecThb KorIA BTOPOMY HI'POKY

HEeBbIT'O/JHO BLITE€CHATDL C PbIHKa COII€epHUKA. B unnom CJIy4dae, HaI/IJIy“IIHI/IfI
0e30IaCHBI OTBET onnpenedeTcd U3 yCJI0BUd:

ur(py?® ™ (p2) — 0) = wrr(p2, 7" (p2)) (6.2)

[Tpu stoM, B obactu p; € [py — 0,p2 + 6] (o6macrs I1) GezonacHbI-
Mu i urpoka 1 6yayr Toabko uennt p1 < pPoF(py). Toabko upu Ta-
KHX IeHaX OyJeT BHIIOJHATHCS YCAOBHE 0e30MaCHOCTH ero CTpaTeruii:
ur(pr —6) < uyr(p2,p1) (BropomMy UrpOKY HEBBITOJHO BBITECHSATH COIED-
nnka). Oymakmun pPSE(py), pPSE(p,) apnsorca mempepuBELIME B cHTy
HenpepbiBHOCTH Uf(p), urr(p1,py) U TOro, uto pemenne (6.1) mepexo-
qut B pertenne (6.2) HenpepbiBHO. [Jannbie QyHKIMI ONPEIEISTIOTCS 1151
IPOU3BOJILHBIX 3HAYECHUH Pq, Py W MPUHUMAIOT 3HAYCHUSI BHYTPH MHOKE-
crBa Mp;. CrepoBatenbho, cyniecrByer Touka (py, ps) € M takasi, 910

pt = pP5E(py), ps = pP5%(p1). Taxkme n TOMBKO TaKHe TOUKH ABAAIOTCH

PBC. [l

7. UccnenoBaHue Urpsl eH HA OPAMOIi

Uccneayem BO3MOXKHBIE TUIIBI DABHOBECHIT B UTPE HA MPSIMOii, PABHO-
Becust Hama u PBC. Tlpex e Bcero, caeayer 3aMeTuTh, 9TO paBHOBECHE
(Hsma nwmm PBC) moxker pacnosaratbest aubo B obmactu 11 (KoTopas
WJIEHTUYHA JIJIsi 0O0UX UTPOKOB), TaM TJe YCTAHABIUBAETCS KOHKYDEHT-
HOe paBHOBecue, JIubOo B TOW yacTu 00J1acTu I, /1€ 30HbI JIByX UI'DOKOB He
nepecekarorcs. Cirydan moTHOTO BRITECHEHUSI C PHIHKA OHOTO U3 HTPOKOB
upu 0 > 0 HCKIIOYEHBI.

ObsacTb, B KOTOpOii He cymecTByeT paBHoBecuit Hammra, — 910 0bJ1acTb
JIOCTATOYHO MaJIbiX 0. B TakoM cjiydae JIOKaJbHOE paBHOBECHe, Haii/1eH-
Hoe XOTeJUTMHIOM (TOYHee ero aHasor JJisi paccMaTpuBaeMoil Moanbu-
KAIMH 331491 ), He SBJISIETCsI TI00AJIbHBIM. DTO IPOUCXOJUT OTOMY, 4TO
MAaKCUMYM JBYHTUKOBO# (DYHKITMN UTPOKA, IPU YCIOBUHU, UYTO TAPTHED BbI-
OpaJi TOYKY JIOKAJIbHOI'O PABHOBECHUs, JIEZKUT B 00J1acTH 1, TO €cTh 11epBblii
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! u’l@lzp;)
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n-6 p  pté

Pucynok 10. PaBnoBecue B 6e301macHbIX CTPATErUsIX

nukK Bbimre Broporo. [Ipu stom B urpe cymecrsyer PBC, onucwiBaemoe
caeytomeii cucremoii ypasuenuit (puc. 10):

{ urr(p1, p3) = ur(pi —9),
urr(p3, pi) = ur(ps — 9).
Tax Kak paBHOBECHbIE CTPpATETHH PABHBI U3 COOOPAKEHUIT CUMMETPUU
Py = p5 = p*, To ypaBHEHHE PABHOBECHBIX TieH: Uy (p*, p*) = us(p* —9).
st Toro, arobsr Touka Obi1a PBC, HeoOx0auMo BbITIOJIHEHHE YCJIO-
suit PBC:

Ve € (0,0] :ur(p* —d+¢) > u(p*,p* +¢)

DTO yCJ0BUE O3HAYAET, YTO €CJU UI'POK YBEJIHIUT CBOIO CTPATETHIO
JI0 p* 4+ €, TO UTPOKY 2, CPABHUTETHHO C €T0 PABHOBECHBIM IOJIOKEHUEM
P*, craHer BHIIOJHO HPEJIIOYeCTh CTPATEruio p* — d + £, Ipu KOTOPOil OH
BBITECHSIET C PhIHKA UT'POKa 1.

PasnoBecne XoTemuHra OMUCHIBAETC YpaBHEHHUAMMU:

urr(pi; pa) = maxurr(py, pa)
urr(ps, py) = HZIDE;«XUH(pzaPT) (7.1)

Uff(p*>p*) = mI?X UU(P;P*)-
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YcjioBueM, Ipu KOTOPOM 3TO paBHOBECHE SIBJISETCS pelIeHueM 3a,/1a4H,
OyaeT TpeboBaHUe, YTOOBI HTPOKAM He OBLIO BBITOJIHO IEPEXOIUTh C HEro
K CTpaTeruy BbITECHeHHsI KOHKypeHTa (puc. 11):

“I“rﬂ(pl:-p;)

Pucynoxk 11. PaBHOBecue XoreimHTA

ur(p® —6) < uax(p*, p*) (7.2)

Yc1oBHe HEOTPUIIATETHHOCTH TeeBOi (DYHKIUK MOKYTaTe eil mopozxK-
JIAEeT MOsIBJIEHUE eIlle OJIHOI'O TUIIA PABHOBECUS — PABHOBECHS IIPH YCJIOBUU
oTpbiBa. B HeM mokymare/b, HAXOAANIUICS Ha TPAHUIE 30H JIByX Mara-
3UHOB II0JIyYaeT IpH IOKYIKe ToBapa B JIOOOM U3 HUX HYJEBYIO I10JI€3-
HOCTb, TO €CTb IPH MaJIelIeM MOBBIINIEHUH IEH MOKYIaTeThbCKUe 30HbI
Mara3uHOB OTPbIBAIOTC JIPYl OT Jipyra. B 3TOM cilydyae paBHOBECHbIe
cTpaTernu UIpoKOB HaxoJdTcs Ha rpanune odsaacreit II u I ux meseBbix
dbyukuit (prc. 12). YemoBnem paBHOBecusi GyJeT CHCTEMa HEPABEHCTB:

durr(p},p3)

oo, >0
8“@1(10*{) < 0
3“11(1;’12“717’{) >0 (73)
ourtas)
ur(p
8])22 <0

DTOT Caydail I0myCcKaeT He eIMHCTBEHHOE pelleHHe, a IeJbli oTpe-
30K BO3MOKHBIX PaBHOBeCHII Ha MIOCKOCTH (p1,p2). Hakomer, mocsie-

HUM, 4eTBepTbIi Caydail, Ipu KOTOPOM UI'POKHU PACIIOJIO?KEHbI HACTOJILKO
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ta o)

Pucynok 12. PaBHoBecue 1pu yc/jioBuu OTPbIBA

JIAJIeKO, ITO HUKAK He BIHSIOT APYT HA APYTa, I HIPA CBOAUTCS K He3a-
BHCHMOH ONTHMHI3AINA [EHbI KaZKIBIM.

Uccsegyst Bee BBIEEPEIHCIICHEbBIE CTydal U Pellasi COOTBETCTBYIO-
mue cucremsl ypasuennii (7.1), (7.2), (7.3), MOXKHO TOIyYnTH pelreHne
33/a"H YCTAHOBJIEHHS IIeH HA MPSMOii 1 JTOKA3aTh CIIeLyIONIee YTBEPKIe-
uue (puc. 13).

[ E T T,

63 05 611

Pucynok 13. 3aBucHMOCTh pPAaBHOBECHBIX IIeH OT PACCTOSHUS MEYKITY
Mara3uHamu

Yreepxkaeune 7.1. Heposas 3zadaua ycmamosienus uern Ha npamot
umeem caedyrouiee peuwenue 6 PBC:
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1. Hpu s € [0, 225355 ~ [0,0.263] - PBC:

T « _ 2470—\/176%—4544
4 )
uy =uy = 2(p" — 6)(1 —p* +90);

2. Ilpu J € [% 525'6, g} — pasHosecue Xomeanuraa:

3
Pl=ph=p*=04+020, ul=u}= épw

3. Ilpu d € [g, 1] — PaBHOBECUE NPU YCAOBUL OMPBLEA,.
max {& —6, 0.5} <pj <min {3, 1.5-4§},
Py =2—0—pi, ui=2p;(1-pp);

4. pu 6 € [1,00): pf=uf=0.5.

)

Cuiesryer ormeruTh uHTEpecHbIii mapajgokce: npu 6 € (0.5, 1) yposenb
IIeH, YCTAHABJUBAIONINXCA DU KOHKYDEHINHU, BbIIIe, YeM B MOHOIIOJIb-
HOM CJIydae HelepeceKaromuxcs obiacteil. Ho 3Havenne ux BuIUTPHITIEit
IpU 3TOM TeM He MeHee MeHbIe, YeM B MOHOMOJbHOM MOJ0XKeHun. ITo-
Obl MOSACHUTH TOT (PEHOMEH, MOYKHO HPEJCTaBUTh, YTO UI'PDOKH, HAXO-
JdAIuecd Ha PacCTOAHUU, COOTBETCTBYIOIIEM PaBHOBECUIO IPU YCJAOBUU
OTpPBIBa, ycraHosuwiu nenbl p; = 0.5. Torja 3ona noxkymnareseil urpoxa
1 umeer pnuny 0.5 caeBa OT ero MaraswHa U JTuHY 0/2 — cupasa. [Tpu
9TOM JTI000€ MaJIoe YBeJUUeHue WIN YMEHBIEeHNe TIeHbl KOMITEHCUPYeTC s
COOTBETCTBYIONIUM yMEHbIIIEHUEM WJIM yBeJIMYeHUeM ero JieBoi 1moj100.1a-
CTH TaK, 9YTO JOXOJbI C HEEC HE€ YBEJINYUBAIOTCHA. HO I'paHuQ €1ro HpaBOﬁ
n00071aCTH, BCTpedas KOHKYDEHTHOe JaBJIeHHe BTOPOrO UTI'DOKA, M3Me-
HseT CBOIO JJINHY C MPHUPAIIEHUSIME B JIBa pa3a MEHLITNMHU, 9eM JieBasd
rpanuna. [Tosromy, cjiabo yBejimduBas 1eHy, UI'POK IOJIy4aeT ¢ IIpaBoit
110/106J1aCTH JIONOJTHUTEIbHBIN J10X0/1. TakuM 00pa3oM, ycTaHABIUBAIOTCS
paBHOBECHBIE, 00JIee BHICOKHE IEHbI.

8. NccnenoBanue urpbl MEH C CHMMETPUYHBIM PACIIOJO0>KEHUEM
UTPOKOB

NccnenoBanue UrpoBoit 3a/1a4u 1eH OTKPBIBAET, YTO KOJMIECTBO Ba-
PHAHTOB PABHOBECHOT'O PEIIeHNs, BO3MOXKHBIX NIPH PA3JIAIHBIX 3HAYCHU-
SIX apaMeTPOB @ W 0, YBEJUIUBACTCS, CPABHUTEJBHO CO CJIYYaeM UIPbI
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Ha npsamoit, ¢ 4 10 11. CooTBeTCTBYIOINIE BCeM BO3MOYKHBIM DABHOBECUSIM
yDaBHEHWS, PABHOBECHBIE IEHbI W BBIUTPBININA, OTPAHUYEHUS TPUBEICHBI
B Tabsinie 1. Ha puc. 14 nokasano pacuoJjioxkenue obJiacreil, coorBer-
CTBYIOIIUX PA3/JUYHBIM PABHOBECHSM Ha ILIOCKOCcTU (a,d), a puc. 15 u
16 myutrocTpupyroT obmuit Bui GYHKIUH PABHOBECHBIX [EH U BBIUTPHI-
et UrPOKOB B 3aBUCUMOCTH OT ¢ u 0. Jljng caydaeB 7, 8, B KOTOPBIX
CYIIECTBYIOT MHOYKECTBEHHBIE PABHOBECHUSI, TIOKA3AHBI CPE/THAE 3HAUYCHUST

PaBHOBECHBIX II€H U BbII/IprH_Heﬁ.

YrBepxkaeuune 8.1. Heposas 3a0aua ycmanosieHus uer Ha ompeske ¢
CUMMEMPULHBLM DACTLOAONACEHUEM U2POKOS umeem pewenue (maba. 1)

Jokazamensvcmeo. 3ak/I04aeTcs B PEIIEHUU yPABHEHUIT U3 IEPBOIO CTOJI0-
oa Ta6III/H_[bI. OFpaHI/I‘{eHI/IH BBIBOJATCA U3 YCJIOBUA HEIIPEPBIBHOI'O LIEepe-
X0/1a OJTHOTO PETIeHns B JIPYyTOe. O
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Pucynok 14. Objiactu pemienuii ciMMeTPUYIHON UTPHI TIEH
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Tabuna 1. Permenne urpel meH ¢ HECUMMETPUIHBIM PACIIOIOZKEHUEM

UTPOKOB
Vpasuernue Pemenne Orpanngenvs
Pt = 2+476—/1762—45+4 a> 2736+\/1762—46+4
L ua(p® — 9) = X . . —2. 24+\/f
wr (%, p) u* =2(p* = 9)(1+4d—p*) 6 < =558 0263
« _ 26(1+0+a) < 2=30+1762—45+4
2 UIQ(p 5) = z* _ ( 1512?5)(1 +a+46—p* a; 6(4476) 4 >1 ’25
urra(p*,p*) 7 Pl o= s 9="7
3 u13(p —9) =|p"=2 u* =000+ 2a) 0/2<a<1-2¢
ur2(p*,p*)
. p* = 0.4+ 0.24, a < ) 5 e [20.263
1P | wr=0.06(2+6)? > 06 0.26.6
argmax uyr1(p, p*) v=n a < [9’7]
P
5 (p*, ") p*=1-—a, a <0.6 —0.29,
U =
1P 5P u* = 0.5(1 — a)(é + 2a) a>1-25,a>06/2
urr2(p*, p*)
6 | p* = | p* =0+2a,u* =0.5(5+2a)? | a <6/2,a <0.5—0.756
argmax uyy.2(p, p*)
P
urr2(pi, p3) = pi > max {¥ —61—a,3}
- ur.2(p}) py <min{2,1+a—623—-6} a<6/2,a>0.5-0.756,
urr2(p3, pi) = p5=2-46—pj, a<1-9
ur.2(p3) u; =p;(1+a—pj)
4-36—2a l+a
Py > max 3 0 27
urr1(pi, p5) = l+a-9o
u]'l(p’f) . 24+2a 2-26—a
8 < 32 a>46/2, 6€[6/7, 1
urr1(p3, pr) = P1= mm{ l1—a / 6/7. 1
ur1(p3) Py =2—108—pj,
u; = 2p;(1—pj)
91 p* = |p*=u*=05 a>05b 6>1
argmaxuy1(p)
P
10] p* = | v =1 = () az1/3, 6> 1-a
argmax uya(p)
P
11| ur1(p*) =|p*=1—-a,u*=2a(1—-a) 1/3 > a > 05, § >
ur2(p*) a2




PaBHoBecue B 6€30mMacHBIX CTpATETUsAX 59

Pucynox 15. PaBHOBecHbIe 1I€eHBI B CAMMETPUYHONW UTPe IeH

Pucynok 16. PaBHoBecHble BBIUI'DBININ B CAMMETPUYHONR UI'De TIeH

B npusenennom pemrenun obiactam 1, 2, 3 coorBerctByior PBC. O6-
nactu 4 m 6 COOTBETCTBYIOT paBHOBECHSM XOTeJJIHHTA, T/ie TOKYIaTe Ih-
CKHe 30HBI KACAOTCH KPAEeB OTPE3Ka B IEPBOM CJydae, W KacaloTCs BO



60 M.B. Uckaxkos, II.A. IIaBjsioB

BTOpOM. B obnactax 7 m 8 nuMmeroTcss MHOXKECTBEHHBIE PABHOBECHUS IpHU
YCJIOBUH OTPBIBA 30H UI'POKOB Apyr oT apyra. Obmactu 5 u 11 3aHn-
MalOT PaBHOBECHS IPH yCJOBUHM OTPbIBA 30H MUI'POKOB OT Kpasi OTPE3Ka.
Obaactu 9, 10, 11 — permrenust npu HEMEPECEKAOIMIMXCS 30HAX HTPOKOB.
Ha pemenus B obnactax 1, 4, 8, 9 He Bamsior kpast orpeska. Ocobbrii
nHTEpec mpejcrapasger Touka ¢ = 0.2, 6 = 0.8, rpannyamas cpasy ¢
qeThipbMsa obsactamu: PBC, paBnoBecuss XoTe/lmnHra, paBHOBECHS MPH
OTPbIBE 30H UI'POKOB JIPYT OT Jpyra, PaBHOBECHSI LIPUA YCJIOBUU OTPhIBA OT
Kpasi oTpe3Ka. B 3Toit Touke J0ocTHTaeTcs MaKCHMaJbHbI YPOBEHb IIeH,
BO3MOXKHBIl JI/Isl MCCJIeIyeMOil 3a/1a4uu. DTa TOYKA MPEJICTaB/IsgeT TaKo
UHTEpeC, 9TO ee CJIeIyeT PAacCMOTPeTh OTAeIbHO, KaK MpuMep.

9. IIpumep: HOBBIIIIEHNE II€H IPU IEPEX0OAE€ OT MOHOMNOJIAUM K
JIyOn oI’

[Iyctb A =0, B = 0.8, | = 0.8. [Ipy MOHOIOJUCTHIECKOM CJIydae
OJTHOTO TPOJIABIA €r0 HAWBBICIINI BRIUTPHIII IPU ONTHMAIbHON IeHe T0-
CTUTAETCA ITPU PACTIOTOKEHUN Mara3mHa B IMeHTpe orpe3ka g = 0.4. [Ipn
3TOM onTuMasibHas neHa p; = 0.6, a Bemurpsim ug = 0.6 - 0.8 = 0.48. Ilo-
JIE3HOCTh TOKYTIATE s, PACIOJJIOKEHHOTO B TOYKE I, TPU NMPUOOPETeHNN
ToBapa (puc. 17):

% zolx)

02 04 06 08

Pucynoxk 17. Ilone3nocTs moKymaTeneit mpu MOHOMOJTUT

u(x) _ x, <04
1 0.8— x, x> 0.4.

Jlnsa caygas myomonmu npu a = b = 0.2, 6 = 0.4 paBHOBecue B Urpe
nen jaer p; = p; = 0.8, Bpmurpeinu npojasnos u; = 0.8 - 0.4 = 0.32.
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OyHKIUs HOJE3HOCTH UIPOKa 1 npu HDUKCUPOBAHHON PABHOBECHOH IeHE
conepunka Gyner nMerb Buj (puc. 18):

t wipLp")

0.4 =08 1

Pucynox 18. Ilome3nocTh npoaaBia Mpu TyOIMOTAH

0.8]?1, p1 € [O, 04]
ur(pr,p3) = ¢ 0.5p1(1.6 —p1), p1€[0.4, 0.8]
2pm(1—p1), pi €08, 1].

Bungno, uto crparerus p; = p; = 0.8 aBisierca paBHOBecuem Hamra B
urpe 1eH. [Ipu cHuzKeHUN 1eH OT 3TOTO YPOBHS UTI'POKOM 1 KOHTPOJIUPYe-
MBIl IM yYaCTOK CJieBa He BO3PACTAaeT, TAK KaK YIIHUPaeTCs B Kpail oTpes-
Ka, & yBeJIMYEeHHe yIacTKa CIpaBa He KOMIEHCUPYeT MMaJIeHud JT0X0/1a OT
cauzkenus tes. [lojie3HocTh noKynare/ss B TOYKe T IPU LIPUOOpeTeHuu
toBapa (puc. 19):

4 el

0.2 04 0& 08

Pucynox 19. Ilome3nocTh npoaaBmia Npu TYOIMOJTAH
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T, z €0, 0.2]
04—z, x€l0.2 04]
x—04, z €[04, 0.6]
08—z, z€][0.6, 1]

u(z) =

To ecTh, ¢ TOUKHM 3peHUsd MOKyIMaTe eil, BApUAaHT JTYONMOJUNA JTOMUHHU-
pyetrcs 110 [TapeTro MOHOIIOJIbHBIM BApUAHTOM HAJIMYKS OJHOT'O Mara3uHa.
Konkypennusi npu Takux yCJ0BUSX Ha HPOCTPAHCTBEHHO PACIIpPejie/IeH-
HOM DBIHKE BBI3bIBAET IOBBINIIEHNE IIeH.

10. O6¢cy2kaeHNEe METODOB PEMIeHus UIrPbhI [IEH NPU HECHMMET-
PUYHOM PAacCIIOJIO?KEHNN UTPOKOB

TexHuvecku 3aj1ada MCCAEJIOBAHUS UIPBI IEH PU HECUMMETPUIHOM
PACIOIOKEHUN CTAHOBUTCSI CYIIECTBEHHO 00JIee CJI0KHOM. DTO MPOUCXO-
JIAT, C OJHON CTOPOHBI, M3-3a YBEJNYEHUST KOJTNIECTBA THITOB BO3MOYKHBIX
paBHOBeCHI HECHMMeTPUIHOTO THuita. Hanpumep, paBnosecue, B KOTOpOM
OJIMH W3 UTPOKOB BHIOHpaeT GE30MaCHYI0 CTPATETHuio, a JAPYroii — paBHO-
BecHyto 110 Hamry-Xoremury. C apyroit cToOpoHbl, camMu ypaBHEHUS U
peleHust CTAHOBATCS DOJIee CJIOKHBIMU.

B kauecTBe mpumepa MOYKHO IMPUBECTU PEIeHUe JIJIsi HeCHMMeTPH Y-
HOT'O aHAJIOTa CHMMETPUYIHOTO ciaydas 3 u3 tabaursl 1. CuMMeTpuIHbIM
pemmenneM ObL10: pf = py = p* = 20, u* = (0 + 2a). Jlns HecuMMeT-
PUYHOIO CJlydast PEIeHne MOJLyIaeTcsl CyIeCTBeHHO caoxkHee (dopmysia
Jist urpoka 1):

pi =2(l—y),
Y 3+ + 4/ =5 — VI,
él—éfﬂa, pe
= _2 SRS ) 8y 2
1 2(l+a ) sb(l+b+95) (I+b—95) — b,
—Ll4b= +b(l+0+19),
I(pt —0).

Jlns psijia paBHOBeCHT aHAJUTHUYECKUX PENIeHU MOJTyYUTh HE y/ia-

S1 =
*
Uy

JI0Ch. JI7ist ApyTrUX He YIAJI0Ch aHAJTUTHYECKH ONPEIeTUTh 00JaCTH BO3-
pacTaHusd W yOBIBAaHUA U] 1O G, b, 9TO HEOOXOAUMO JJIsI PeIleHus IBYX-

IIAroBO# 3a/1a4u, CO CTPATErusIMU T; HA LIEPBOM IIare u p; — Ha BTOPOM.
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Taxk uT0, BEepOATHO, /Ta/bHElTIee TOTHOE pellleHne ABYXIIaroBoil HTPoBOit
3aJa4un XOTeJLTHHTa OYIeT MPOBeIeHO YUCJIEHHO, IPHIEM TeOPEeTHIECKUX
CJIOZKHOCTEH Ha 3TOM IIyTH HEe IIPpeABU/INTCA, TaK KaK BCE I10JIy1alolniuecd

CUCTEMbl YPaBHEHUIT KOPPEKTHBI U peniabe/IbHbI.

11. 3akuarouyeHnue

B upenjioxkennoit pabore mojiydeHbl 3 OCHOBHBIX pe3yJibrara. Bo-
IEPBBIX, JIOTUKA YIPO3 U O€30IACHBIX CTPATEruil MO3BOIUIA IPEII0KHATD
yoeuTe/IbHOE pellieHne KJIaCCHIeCcKOoil 3a1auu.

Bo-Bropwix, ¢ ToOuKE 3peHust MeTOa HAIAEHO eIle OHO MPUJIOZKEHNUE,
B kKoTopoMm npumenenne ujgen PBC okazanocsk miogorsopuo. [lepsoit 3a-
Jadeit, 11 KOTOPOii OBLIN IMPeIoXKeHbl U Ha KOTOPOil 0IIpobOBaHbI He3-
omacHble cTpaTeruu, Obiia 3agada layuca [2, 4, 5, 6, 10]. Teopernuecku
9Ta 3a/1a4a sBJIFETCS AHAJIOIOM 33/1a91 XOTe/JIMHIA C HYJIeBBIMU IIEHAMU,
B KOTOPO# CTPATErusiMi UTPOKOB SIBJISIETCS TOJBKO ONpPEJIeeHe CBOUX
MeCTOIOI0KeHn . Kak npuiokeHue, 3ra MoJie/Ib MIPUMEHAeTCs JIjIs OIIH-
CaHUs HMOJUTUUECKOIrO IIPOIECCa IIpeaBbIOOPHOIl OOpHOBI MapTHil, Ipe-
CTaBILIONMNUX CBOU MPOrPAMMBI KaK MECTOMOJIOKEHUsI Ha ITPOCTPAHCTBE
npejnourennit uzduparesieit. Ipyrue xiraccel 3a/1ad, /i KOTOPBIX [IPH-
mensiioch PBC: uccieoBanie KOHKYPCHBIX MeXaHu3MOB |1], KoHCTpyH-
pOBaHUe MEXaHIH3MOB, BOCCTAHABIMBAIOIINX JIOBEPUE AreHTOB eHTDY [3].

B-Tperbux, 0cobbiM, HEOXKUJIAHHBIM PE3y/JIbTaTOM PabOThl CTAIO 00-
Hapy:kenue 3 dexTa MOBBINIEeHUsI IEH BC/IEJICTBHE KOHKYPEHIIUHA Ha, TPO-
CTPAHCTBEHHO PACIPE/IEIEHHBIX PHIHKAX. JTOT PE3Yy/IbTAT TeM DoJiee I1e-
HEH, YTO SBJIFETCA He OTJIEJTbHBIM SK30THYECKHM CJIydaeM, CIeMHaJIbHO
IOCTPOEHHBIM I JIEMOHCTPAINH MTapaoKca, a 3aHUMaeT B IPOCTPaH-
CTBE BO3MOXKHBIX MECTOMOJIOKEHUN Mara3mHOB CYIIECTBEHHYIO 00/1aCTh.
To ectp 3ameuenublii 3PeKT — HE TPOCTO YUCTO TEOPETHYECKas BO3-
MOYKHOCTh TIPU COBEPIIEHHO HEBEPOSITHOM CTEYEHUU OOCTOSITENTHCTB, HO

JOJIZKEeH OLITH 3HAUYMMBIM U IIpu pelleHun NIPpaKTUICCKHUX 3aa4.
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SECURE STRATEGY EQUILIBRIUM IN HOTELLING’S
MODEL OF SPATTIAL COMPETITION

Mihail Iskakov, Institute of Control Sciences of RAS, Moscow,
Cand.Sc. (mih_iskakov@mail.ru).

Pavel Pavlov, Institute of Control Sciences of RAS, Moscow,
post-graduate student (pashapavlov@gmail.com).

Abstract: The problem of spatial competition was formulated in 1929
by Harold Hotelling. He considered two firms playing a two-stage game.
They choose locations in stage 1 and prices in stage 2. If locations are
chosen by competitors Nash equilibrium do not always exist. For studying
these cases we employ the concept of secure strategy equilibrium (SSE)
which allows to solve the game of choosing prices for any locations. We
examine a nontrivial particular case when prices grow if market moves
from a monopoly to a duopoly.

Keywords: game theory, secure strategy equilibrium, Hotelling’s
model of spatial competition.



