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1. BBenenue

K umcity oCHOBHBIX CIIOCOOOB OpraHU3alliy B3aMMOICHCTBUAS SKOHOMUYIECKIX
areHTOB MOYKHO OTHECTH HE3aBHCHMOE ITOBEIEeHMe, KOOIEPAINi0 W OTHOIIEHIS
nepapxun. KoJJIEeKTUBHBIN MCXOJ, pallMOHAIBLHOTO OBEACHUS HE3aBUCUMBIX UIPO-
KOB MOYKET OKa3aThCsI XYrKe MCXO/Ia, IOy IEHHOIO [IPY NEHTPAIN30BaHHOM YIIPaB-
JIEHUW WJIN JT0OPOBOJIBHOM Koomepamuu. Jjist oTBeTa Ha BOIPOC “HACKOJIBKO XyiKe'
BBOJMTCS CIleldajIbHast (DYHKIIMS BBIATPBIIIA, KOTOPasl IO3BOJISIET KOJIMYECTBEH-
HO m3MepuTh (He)dhdexkTuBHOCTH paBHOBecHil. OOBITHO TTOOOHBIE MEPBI OIIPE/Ie-
JIIOTCSI KAK OTHOIIEHUE MEXKJy 3HAYEHWSIMU (DYHKIIMKM BBIMIPBIIIA B HEKOTOPOM
PABHOBECHHN U TIPU KOJUIEKTHBHO ontuMasbaoM ucxoze. (He)sdbdbexkrusrocts pas-
HOBECHIl aKTHBHO M3y4aeTcsl B TaKHUX 00JIACTSX, KaK IIOCTPOEHHe UI'P Ha CeTsX,
UI'PBI COCTABJICHNSI PACIUCAHUI M PACIIPE/ICJICHHs] PECYypPCoB U T.J1. [1-5].

BaxxHO OTMETHUTDH, YTO yKa3aHHBIE MHJIEKCHI OTPasKaloT HMHTEPECHI ODIIeCcTBa
(skonomukn) B 1esoM. C 9TOH TOYKM 3pEHHUs KOOIEpAIisl BCEr/Ia BBITOJHA, W
UHJIEKCHI ONEHUBAIOT TOJILKO MOTEPU OT STOUCTUYIHOTO TIOBEJEeHUs (XOTs mepap-
XMYIECKOE YIPABJICHNE MOXKET OKa3aThCs HEe MEHee BBITOJHBIM, UeM KOOIECPAITHsI ).
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OHAKO BBIMI'PBIII OTJEJIHLHOIO UI'POKA B POJIA BEIYIIErO WM IPH HE3aBUCHMOM
ITOBEJIEHNH MOXKET OKa3aThCsl OOJIBIIE, IeM €ro JI0JIs B PACIPEIE/IEHIN CyMMapHO-
'O BBIUTPHIIIA TIPU Kooreparuu. 11oaToMy mpeicTaBisieTcss Ype3BbluaiiHO BaXKHBIM
MCCJIEIOBAHNE YCJIOBU BBITOIHOCTH KOOTIEPAIINH C TIO3UIIHI He TOJIHKO ODIEeCTBEH-
HOTO OJIATOCOCTOSTHYSI, HO M MHTEPECOB OTAEIbLHBIX SKOHOMUYIECKIX AreHTOB.

Konnenmus skusnecrnocobuocru (viability) npemgroxena 2K.II. O6enom (6] u
passuta B |7, 8]. Uest 37€Ch COCTOUT B TOM, 9TO BEKTOD COCTOSIHUSL YIIPABIISIEMON
JITHAMIYIECKOH CHCTEeMBI JIOJIZKeH HpUHaJIeyKaTh 3aJaHHOH 00JacTH IpOCTpaH-
CTBa COCTOSIHUII, YTO OoTpazkaeT, HalpUMep, TPeOOBaHUs 3KOJOIMYECKOI'o paBHO-
Becus. [1a craTndecknx Mozieseil ye/aoBus JKU3HECIIOCOOHOCTH yUNTHIBAIOTCA KaK
JIOTIOJIHUTEJIbHBIC OIDaHIYCHHUS.

VA06HOM MOJIEJIBIO 7Tl WTIOCTpanuy HoHITHs (He)3hheKTUBHOCTH paBHOBE-
cuil W aHaJIM3a YCJIOBUII YKM3HECIIOCOOHOCTH IMpeacTaBisieTcs ayornous KypHo.
B sToM ciydae mop KM3HECITOCOOHOCTBIO MMOHUMAETCS IKOJOTMIecKasds 0e30Iac-
HOCTH. B crarmyeckoil Moie/n IIpeojaraercs IoJjiHas MHMOPMAII UIPOKOB,
6u1aroapsi KOTOPOii OHU 3a OJIMH IHAar IPUXOAAT K paBHoBecuio Hama [9]. derans-
HBIT aHAIM3 AuHAMUYeckoil osmronosnn Kypao nposesen B [10]. B [11] pacemar-
PUBAETCS OrPAHMYEHHAS PAIMOHAJIBLHOCTD UI'POKOB U BBIBOJIATCS YCIOBUS JIOKAIb-
HOi1 ycroitunBocTn paBHOBecuil Haira kak pesyJibraTa IpOIelyphl HAILY IHIBAHILST
1o KypHO B AUCKpeTHON JIUHAMUYIECKON MOJIEIIH.

Mopesnn omurononmu Kypao msyuatorcst B cepusix pabor [12-19]. B mepsoit
cepun M.U. I'epacbKuH HUCHONB3YeT ammapar TPeIIoJIOKUTEIbHBIX Bapualluii,
a Takxke pediekcuBHbIX urp. M3yuarorca pasuoBecuss Hsma u [lltakennbepra,
[IPUBEJIEHBI TPUJIOKEHNs K POCCUICKOMY DBIHKY TeJleKOMMyHHUKaluit. Bo Bropoii
cepun [.M. Anrasun n cOaBT. TaK»Ke CUHTE3UPYIOT TTOIXO/IBI KJTACCHIECKON TeOpUn
UTD, TEOPUHU KOJJIEKTUBHOTO TIOBEJIEHUsT ¥ KOHIEIITIH Pe(JIEKCUBHBIX UI'D IIPUMe-
HUTEJILHO K MojiesigM osinronoiinun Kypro. B HazBanubix paborax MCIOIB3YIOTCS
WUHJIEKCBI OTHOCUTEIBHON 9(DDEKTUBHOCTH.

B macrosimmieit crarbe paccMaTpuBarTCs Mojeau jJyornojnun KypHo B Hempe-
PBIBHOM BPEMEHM, HETIOCPEICTBEHHO 0DO0IIAoINIIe 6a30BYI0 CTATUIECKYIO MOJIED.
BzamnmosieiicTBre UTPOKOB yUIUTBHIBAETCS Ye€pe3 UX MEPEMEHHbIe COCTOsiHUs (00Db-
eMbl BBIILYCKOB), YIIPABJIAIOIINE TIEPEMEHHbIe ([IepeMEHHbIe U3/IePKKH) 3a/1at0TCsl
KaK KyCOYHO-HEIIPEPBIBHBIE MMPOrpaMMHBIe cTparernn. Jist mcciremoBanmst 9TUX
MOJIeJIeHl MCIIOJIB3YIOTCsI CTaHapTHble MeTonbl |20, 21| u aBTOpCKHe HUnC/ICHHbBIE
aaropuTMbl [22-24].

Koneuno, myononuns KypHo — To/bKO 9acTHBI npuMep. B 1memom pedn nmer
0 cucTeMax B3aMMOJICHCTBHsI AKTUBHBIX (SKOHOMUYECKUX U MHBIX) areHTOB, OIW-
ChIBAEMBIX MOJIEIBIO UI'PBI B HOpMaJbHOI dopme [9]. B crarndeckoii mocranoBke
9Ta MOJIEJIb UMEET BHJT

gi(uy,...,uy) = max, wu; €U;, i€ N.
Baece N ={1,...,n} — KOHEYHOE MHOXKECTBO aKTHBHBIX arcHTOB (HIDOKOB);
U; — MHOXeCTBO JIONMyCTUMBIX JeficTBUil wrpoka ¢ € N; u; — KOHKpETHOE
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neficreue urpoka i € N; u = (uy,...,u,) € U =Uy X ... X U, — HUCXOJ, UIDHI;
Uy = (UL, ooy Uiy Uit 1y« Up); Gi 2 U — R — yHKIMST BBIMIPBINIA UIPOKA
i € N. Ilpu He3aBUCUMOM 3TOMCTHUYHOM IIOBEJICHUN PABHOIPABHBIX UIPOKOB pe-
IIEHUEM UTPhI CIMTAETCA MHOXKECTBO papHOBecmit Hama

NE = {uNE eU: Vie N VYu; € Uy gi(uNE) > gl(ul,u],VZE)}

ITox kKoomepamueil B NPUBEICHHON MOJEIN MOHUMAETCS COBMECTHASA MAKCH-
MU3AIUsl BCEMU WIPOKAMHU CyMMApPHOIO BBIUTDBINIA (yTUIUTAPUCTCKON (DyHK-
mum obmecTBenHoro Grarococrosnus) g(u) = Y,y gi(u). Hpyras matepmnpera-
IUsT 3TOTO CII0COo0a MOBEJCHUsI — BBEJECHUE IEHTPAJU30BAHHOIO YIIPABJISAIONIErO
(social planner), koTopslii Makcumusupyer ¢(u) mo BceM u;. Takum obpasom,

Ipu Tepexofie K KOOMepalni TeOPETUKO-UTPOBast MOJIeb CTAHOBUTCS 3ajadeit
ONTUMU3AINN.

[Ipu HAIUIUN MepapXUN UMEIOIINIl ITPEUMYIIECTBO MEPBOIO XOa BETY Il U~
POK MOKET COOOIIUTH BEJOMOMY (MM HECKOJIBKUM BEJIOMBIM) CBOE JEHCTBHE WIN
nocrosiuHyto crpareruto (urpa Lepmeiiepa I'1), 6o crpareruto ¢ oGpaTHOi CBsi-
3bI0 110 yIpasieHnto Begomoro (urpa epmeiiepa I'y) [25]. B anriosssranoii jure-
paTrype mpu uccaeaoBaHuu oyuronoann KypHo uemomb3yoTcest COOTBETCTBYIOININE
TepMmunbl “‘urpa [lltakenbbepra’ u “obparnas urpa Illrakennbepra”’, a perienue
urpsl ' HazbiBaeTcst pasHoBecueM Illtakennbepra. B mumamMutdeckoit mocTaHOBKe
€ TOYKW 3PEHUsI CDABHUTEILHOIO aHAI3a 3(DMEKTUBHOCTH HUIETO TPUHITUITHA/ b=
HO HEe MEHSIEeTCH.

Orpanndennst TPeIaraéMoro MOIX0Aa COCTOAT B CJIETYIOMIEM.

1. TToka paccMaTpUBAIOTCS TOJBKO J€TEPMUHUPOBaHHbIE Mojean. 1Ipn mHam-
NN BHENTHEH HEONPEIeIEHHOCTH CUTYAIlUs YCJIOXKHSIETCs, 9TO IMPEJIMEeT TOCTIe-
JIYIOIIETO aHAIN3a.

2. AHayM3 ONTHMAIBLHONO COOTHOIIEHUs IEHTPAJU3AINNA U IEeNeHTPAIN3aIlun
(®.11. Epemiko) B cBsi3u ¢ mpobIeMOil HEOIIPE/ICJICHHOCTH TaKzKe IIOKa He [POBO-
JIATCS.

3. KoneuHo, npuBeieHHBIE TEOPETUKO-UTPOBBIE MOJEN W WHMOOPMAIMOHHBIE
CTPYKTYpPbl HE HUCYEPIBIBAIOT BO3MOYKHOTO PA3HOOOPa3msa CIIOCOOOB OpraHm3a-
[N AKTUBHBIX areHTOB W METOJIOB yIipaB/jieHusi umu. Hampumep, nepapxuieckoe
yIIpaBJICHIE MOYKET OIMCBIBATHCSI He TOJMbKO urpamu 'y m ', HO m mrpoit I's.
MoxHo paccmarpuBaTh Wrpbl ¢ arperuposantoii uadopmanumeii (B.C. Ajnes
u A.®. KoHOHEHKO), 3aHUMAIOIINE TPOMEXKYTOTHOE MOJIOKEHUE MEXKJLy UIPAMU
I'y u I'y. Uepapxuaeckoe IpUHITHE PENIEHUN JOMYCKAET OIMCAHUE UTPAMU B Pas3-
BepryTOil popme u T.1. OJHAKO BCE YKe MPUHIUITHAIBHO PA3IUIHBIE CIIOCOOBI
B3aMMO/IEICTBUST — 9TO paBHOIIpABHE, KOOIEPAINd U HePAPXUsi, OCTAJIHLHOE — CKO-
pee zeraJim.

Bxiag Hacrosieit cratbu:

— IIOCTPOEHBI U UCCJIEIOBAHBI OPUTHHAJIBHBIE JIMTHAMUIECKIE MOJIEIN JTyOIIO N
Kypuo 1151 pasimmaabix mHGOPMAIMOHHBIX CTPYKTY];
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— IpeJIoyKeHa IIEJIOCTHAsI CUCTEMa KOJUIEKTUBHBIX U WHIUBHUIyaJIbHBIX WH-
JIEKCOB OTHOCUTEIbHOM 3(h(HEKTUBHOCTH CIOCOOOB OPTAHM3AIINN SKOHOMIIECKIX
areHTOB;

— Ha OCHOBE IPEJIJIOYKEHHOI CUCTEeMbI HHIEKCOB IIPOBE/IEH CPABHUTEILHbIN aHa-
J3 9 HEKTUBHOCTH CIIOCOOOB OPraHU3AIIMN Ar€HTOB Ha IIPUMeEpe MOoJeseil Tyoro-
Jimn KypHO ¢ yaeToM YCJIOBHUI 9KOJIOTTIECKON Oe30TIaCHOCTH.

2. Craruyeckas mojenb ayonoanu KypHo

Pacemorpum momens gyonosimn KypHo B ciieayromiemM Bue:

(1) g1(u1,u2) = (1/2 —ug —ug)ug = max, 0 <wuy <1/2;
(2) g2(ut,ue) = (1/2 —ug — ug)ug — max, 0 <wuy <1/2.

31ech u; — 00beM BBITyCKa TOBapa (pUPMOIl 4; g; — ee TPUOBLIb; JJIsi ITPOCTO-
ThI PA3HOCTH MEXKJY IIEHOI 3aKPbITUsI PBbIHKA U IIEPEMEHHBIMU 3aTpaTaMy B3sITa
paBHOiT 1/2, MOCTOSIHHBIC 3aTPATHI PABHBI HYJIIO, & HAKJIOH JIMHUW CIIPOCA PaBEH
eJIMHNUIIE; 3HAUEHNUS BBILYCKOB obenx dbupM npuHauieskar orpesky [0,1/2].

Tabnumna 1 ycrpoena ciemyrommm odpaszoM. CTOJOIBI COOTBETCTBYIOT Pa3/Ind-
HBIM MPHUHIAIAM ONTHMaabHOCTH B Mozean (1)—(2): paBroBecuio Hsma B murpe
B HOpMaJIbHOI (hopMe paBHONpaBHBIX HezaBucuMbix areHToB (NE); paBroMy Je-
JexKy mpu KooreparuHoM moBeieHnn urpokos (C); urpam T'epmeitepa I'y (ST)
u 'y (IST) mpu Bemymem mepBoM urpoke. B mepBoii ¢Tpoke MpHUBEIEHBI ONTH-
MaJIbHBIE COIVIACHO HEKOTOPOMY IHPHUHITUILY MCXOJBI UTPHI, BO BTOPOil — COOTBET-
CTBYIOIINE BBIUI'PHIIIA UTPOKOB, B TPETheil — 3HAUYEHUs] CyMMAapHOI'O BBIMTPHIIIA
obonx urpokos. JlokazarenbcTBa nipuBeieHbl B 1 putoxkernn.

Tab6siuiia 1. Bemurpsinm urpokos B jyomnosmu KypHo

NE C ST IST
(un,uz) | (1/6,1/6) | (1/8,1/8) | (1/4,1/8) | (1/,0)
(91, 92) (1/36,1/36) | (1/32,1/32) | (1/32,1/64) | (1/16,0)

g=g1+9g2 1/18 1/16 3/64 1/16

st cpaBHUTEIBHOTO aHaJm3a 3(MHEKTUBHOCTH CIIOCOOOB OPTaHU3AINT BBEIEM
CUCTEMY HHIUBHUIYAJbHBIX M KOJJIEKTHBHBIX HMHJIEKCOB OTHOCHUTEJbHON 3ddhek-
THUBHOCTH B Ur'pe N Jiuil. KOJIeKTUBHBIE HHIEKCHl OTHOCUTEIbHON 3(DhEKTUBHOCTH
COOTHOCSIT 3HAYEHUsI OOIECTBEHHOTO OJIATOCOCTOSTHUS TIPU PA3JIMIHBIX CIIOCODAX
OPTaHM3aIMH C €ro MaKCUMAJIbHBIM 3HAUEHHEM, HOCTUIAeMbIM IIPH KOOIIEPAIIHH
HUT'POKOB:

gNE g7
SCINE _ Jmin : SCIST — :
(3) Gmax Gmax
Imax = = maX Z gz ; gmln = Iél]{[% Z gz
ZGN 1EN
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Jlist onpenesennst sesmann ¢o°, g™ Tucronsayem crremyromniue coobpazkenus.
[Tycrs ST; — mmuoxkecTBO perennit urpbl 1) (paBrosecnit Illtakennbepra) mpu
BeaymeM i-M urpoke [9]. TlockonbKy BeIymumm MoXKeT ObITh J1H000# UIPOK, TO B
[IEJIOM BBIUIPBIII OOIIECTBA IIPU HEPAPXIIECKOM YIIPaBJIeHnN Oe3 00paTHOI CBI3H
MOYKHO BBIYHCJIMTH KaK

1 1 .
5T = EZQSTZ _ EZZQETZ'

iEN i€EN jeN
HAJIOTUIHO, ITyCTh ; — MHOKECTBO pelleHuii urpbl ['y P BELyIeM i-M ur-
A , mycrb IST, pemennii urpot Ty 1p y
poxe [25]. Torma g7 = % Y oieN jen 9;~ ' — BBIMIPBIN O0IIECTBa IPU Hepap-

XUIECKOM YIIPABJICHUN ¢ OOPATHOM CBSI3bIO.

NuaauBuayaabHble WHIEKCHI OTHOCUTEIBHON 93(hHEKTUBHOCTH COOTHOCAT BLINT-
PBIIIN UTPOKOB IPH PA3INTHBIX CIOCODAX OPTaHM3aINd ¢ UX CUMMETPUIHBIM BbI-
WUT'PBIIIEM TPU KOOIIEPAITUN:

KNE = zlrgm; K5T = :Y_é; KIST = %;
(4) i 9 9;

Gimn = 10In gi(2); gf = %gc, i€N.

311ech y; — BBIUTPBINI 4-T0 MI'POKa KaK BEAYIIEro B urpe I'1 ; 7; — BBIMIPHIII
1-r0 UI'POKA KaK BeJyIIero B urpe I'o. BLIMIpHIIT BCIOLY IPEIoIaralorcs HeoT-
PUIATEILHBIME. 3HAYCHUS NHICKCOB OTHOCUTEIBHOM 3(b(DeKTUBHOCTH B [IyOIIOJINT
Kypuo (1)—(2) npusenenst B Tabit. 2. B AByX MOCTIeIHUX sTIeHKAX CBEPXY MOKA3aH
BBIMTPBINT UIPpoKa Kak Beaymero (L), cansy — kak Begomoro (F). ITpu koomepa-
UK 3HAYCHNS MHICKCOB PABHBI 1.

Tabuuiia 2. 3HavueHUs KOJUIEKTUBHBIX U WHINBUILYATbHBIX
uHIeKCOB 3 dekTuBHOCTH B jryonosnn KypHo

NE ST IST
SCI 8/9 3/4 1
KF 8/9 1 2
KF 1/2 0

AHanus JaHHBIX TabJI. 2 NPUBOIUT K ABYM Pa3HBIM CHCTEMaM IIPeIIOUTeHM:

obmecreo C ~ IST - NE = ST;
wapusny  [STE » STV ~ O = NE = STY = 1STF.

B s1060it Hrpe B HOPMAJIBHOMN (hOPMe MMEEeT MeCTO COOTHOMEHNE ¢C = gmax =
= ieN gf}fn?in + A, e A >0 — 5MepIKeHTHBIH (KOONEpAaTUBHBIN, CHHEPTUYe-
ckuit) a3¢pexT, MoKa3bIBAINIUI BHINOIHOCTL KOOIIEPAIIUH JJisi OOIIECTBA B TIEJIOM.
Taxum obpazom, B cucTeMe MPEAOUTEHNH AJIsT OOIIEeCTBa KOOIIEPAITIs BCETIa IPH-
BOJIUT K HamIydriemy ucxoiy (B gyorosunn KypHO Takoil ke MakcuMaJsbHbIH Bbl-
urpsi gocruraercsa u B urpe ['g). Ilosromy KoIeKTHBHBIE HHIEKCHI OTHOCHTEIb-
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HOM 3C1)C1)€KTI/IBHOCTI/I MOXKHO Ha3BaTb HMHICKCaMH CHUCTEMHOII COTIJIaCOBAHHOCTH.
YeMm Osmzke 3HAYCHHIE nHJaeKCa K eJUHHIe, TeM BbIIIE CTEIIeHL COIJIaCOBAHHOCTN
CHUCTEMBI.

A BoOT IS MHAMBHUAYAJILHBIX IMPEANOYTEHUI BO3MOXKHO Kak K; > 1, Tak u
K; <1. Ecom A Benuko, T0 OOBIYHO giC > 7;, W TOTJIa KOOIIepallis BBITOJIHEE
uepapxum Jijisi Bcex UrpokoB. OHAKO B GOJIBINIMHCTBE TPUJIOKEHUI (HAIpumep,
B paccMarpusaeMoii gyonoynu KypHo) A He CJIMIIKOM BEJIMKO, U TOIJIA gf < Y4,
II09TOMY BOBHHUKaeT OopbOa 3a JIMIEPCTBO. 3aMETHM, UTO BEJIOMBIN WIPOK IIpH
repapXuy HAXOAUTCsI B HAMHOI'O MEHEE BBIT'OIHOM IIOJIOYKCHIH.

IIpoBenem Temephb aHaIn3 yCJIOBHIl SKojormyeckoit 6esonacuocru. Ilycrs Be-
JITIUHA 3arps3HEHus MMPHU TPOU3BOJCTBE IMPOJAYKTa IPOIOPIMOHAIBHA CyMMAap-
HOMY BBINYCKYy: P = a(u1 + ug), TOrga 9KOJIOTUIECKOe YCJIOBUE MOXKHO 3aJIaTh C
MOMOIIBIO OrpaHuveHus uy + ug < K, vae kK = P*/a, P* — upenenabuo momycTu-
Masl BeJIMYINHA 3arpsa3uenns. Ecim urpa mepapxudeckasi, TO 38 BBIIIOJTHEHUE 9TOTO
TpeboBaHUsI OTBEYaET BEAYIINI UIPOK, HHAYE 3TO BHEIIHEE OrpaHUYeHIE, KOTOPOEe
IIPOBEPSIETCsT TOTIOJTHUTEIbHO. Pe3ymbraThl anams3a cobpanbl B Tabir. 3.

Tabauna 3. Ananus ycjJoBHs SKOJOTUUECKONH O€3011aCHOCTH

Suavierne NE C ST IST
ImapamMeTpa K
[07 1/4) _ _ _ _
[1/4,1/3) - {(1/8,1/8)} - {(1/4,0)}
[3/8,00) [{(1/6,1/6)} | {(1/8,1/8)} | {(1/4,1/8)} | {(1/4,0)}

[Ipodepk o3HATAET, 9TO COOTBETCTBYIOINIEE PEIIEHNE UI'PHI He CYIECTBYET IIPHU
JIAHHOM J[Malla30He 3HAYeHUl napamerpa k (T.e. HECOBMECTHMO C IKOJIOIMYECKI-
MU ycaoBusaME). B wactHoCTH, ipu £ > 3/8 BCe paccMOTPEHHBIE TIPUHITATIBI OITH-
MaJIbHOCTH JIAIOT SKOJOIMIECKH HGe301acHble perenust, a npu k < 1/4 — Hao60poT.
CaMbIM 9yBCTBUTEJIBHBIM K 9KOJOIMYECKOMY OIPAHMYCHUIO OKA3BIBAETCsl PABHO-
Becue [lITakenmnbepra, a caMbIM YCTORIUBBIM — KOOIIEPATUBHOE PEITICHUE.

3. unddepeninanbuas Moaesib ayomnosuu KypHo
C JINHEHBbIM ypPaABHEHUEM JUHAMUKN

Pacemorpum aunammaeckoe ob6o6mienne mozpenn (1)—(2) ¢ auHeiiHO# muHaMI-
KOIi:
T
5 = / e BID = w1 () = wa(t)] @i(t) — vi(t) pdt + T i(T) — max;
0
0< Ui(t) < Umax;
(6) T = ai(t) — mixi(t),

I‘Z(O) = 0, 1= 1, 2.
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Baecy J; — upubblib i-ro urpoka (dbupmbr) 3a Bpems 1 v;(t) — yupasisto-
Iyie TepeMeHHbIe UTPOKOB (IepEeMEHHbIC U3/EPKKU) B JOIyCTUMOM [HANA30HE;
Umax — MAKCUMAJIbHO JIOIlyCTUMBIE [IEPEMEHHBIE U3JIEPKKHU; T;(t) — UX HepeMeH-
HBblEe COCTOsHUs (0OBbEMBI BBINYCKA); BBIPAYKEHWE B KBaJPATHBIX CKOOKAX OIpe-
JIeJISeT MeHy Ha TPOM3BOIUMBIN TOBApP B 3aBUCHMOCTU OT CIIPOCA, OOPATHO IPO-
HOPIUOHAJIBHOIO CYMMAapHOMY O0bEMY BBIIYCKA TOBapa; a; — KOI(DDUIUEHTHI
[IPOU3BOIUTEIBHOCTH; M — KOI(DPUIMEHTHI yMEHBIIIEHUsT BITyCKa; [3 — HEKO-
TOPBII pasMepHbIil KO3 duImenT, obecreunBaoNil COBIaICHNE Pa3MEPHOCTEI;
p — Ko durmenT aucKoHTUpoBanHust; T — JyiHa Urpel; D — mapamerp crpoca.
IIpenmoaraercs, BLINOIHEHNE €CTECTBEHHOrO ycaoBus x;(t) = 0, eciun v;(t) = 0.
Urax, B3anMoJIeiicTBIE UTPOKOB (KOHKYPUPYIONIUX (DUPM) OIHUCHIBAETCSI Y€PE3 MX
[epeMeHHbIe COCTOSTHUS.

Uccnenyem momens (5)—(6) ¢ momomnpio mpuHImia MakcuMmyma [loHTpsruma
[20, 21], cumrast, YTO UrPOKN MCIOIB3YIOT IIPOrPAMMHBIC CTPATETHH U UX YIPaB-
JIeHHsI KyCOYHO-HenpepbiBHbL. OTMeTnM, 9T0 coryacho [28| pasrosecue Hama cy-
IIIECTBYET.

Oyakinsg ['aMuIbTOHA TMeeT BHT
HZ'(J?Z‘, Vi, /\z) = (D — T — $2)$i — U + /\i(aﬂ}i - mlazl), 1= ]., ..o,

rje \;(t) — compsizkeHHasi iepeMenHast. Torua mosryanm

1

> (1) > —

8HZ - 0) )\Z(t) — ai?

8 ' :_1+ai)\i 1

i < 0) )‘Z(t) < —,

aj
O\ . .
o =-D+2z;i+x;+(p+m)hi; N(T)=1; i=1,2; j#i

OTKy/a C YIeTOM CTPYKTYPBbI MOJE/IM paBHOBEeCHBIE 1O HaImy crparermm mmeroT
BT

1

Umax /\z(t) = ;7

V(1) = :
i
S,ILer COIIPAZKCHHDBIC IIEPEMEHHBIC NMMEIOT BU T
T
Ai(t) = |1 - D (e*T<P+mz‘> ~ e*t<P+mi>> ) / Ay(r)e 2rletmi) g
p+m; /

T
- / Aj(r)e TErEmitma gy | et gt = 1,2
t
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BBLIUT'PBIIITN UTPOKOB B PaBHOBECHUMN PaBHBI
T
Ji = /ept{ [D — I (t) — xg(t)] J?Z(t) - ’Ui(t)}dt + €7PT.TZ'(T).
0

Taxmm obpazom, pasaoBecue Hamra cymecrByer n emacTBeHHO. OTMETHM, UTO
bynknuu A;(t) n ynpasiaennsa v P (t) szammocsszannt. IlosToMy nccsenoBanue
mozenn (5)—(6) OBLIO HPOBEIEHO YUCIEHHO C IEJIBIO ONPE/IEeIEHHs] THCIa TOUIEK
[IEPEKIIOUEHNs] YIIPABJIEHUs ¢ OJHOIO 3HAUEHUsI Ha APYroe U BBIYKMCJIEHUs] BBINI-
pbiieit arenToB. Pacder mpoBOaM/ICsS METOJOM CTpe/bObl. BBLIO mpoBeIeHo To-
pstaka 150 dnMCIeHHBIX SKCIIEPUMEHTOB B CIydae JBYX areHToB. Ilpu aToM Bapbu-
poBasnch BenuauHbl: D ot 0,5 10 40; mq, mo ot 0,1 mo 40; a1, as or 1 mo 100;
T10, To9 0T 1 10 50; vmax 0T 50 10 1000. Huzke mmokasaHbl pe3yabTaThl IKCIIEPH-
MeHTOB B ciaydae 1 = 365 cyr; p = 0,001. Tabsmia BXOAHBIX JAHHBIX TPUBEICHA
B IIpuroxkenun. B Tabi1. 4 nmokazaHbl pe3yJ/ibTaThbl PACYETOB 10 HUM. SHAaYEHUsI 11
1 t9 MOKa3bIBAIOT, B KAKHE MOMEHTBI BPEMEHHU IIPOUCXOINT U3MEHEHNEe yIIPaBIeHMi
areHTOB.

[TpoBeeHHbIe YUCTEHHBIE SKCIIEPUMEHTHI JIJIsT IITUPOKOTO KJIAcCa BXOIHBIX
byHKIHMI TTOKa3a/IM, 9TO yIPABIEHUA 3a MOJIEIUPYEMBINl ITPOMEKYTOK BpPEeMEHU
MEHSIOTCsS He 0oJiee OIHOTO pas3a, MPUIeM IPUMEPHO ISl TOJJOBUHBI BXOHBIX
JAHHBIX YIIPABJIEHUs] OCTABAJIMCh HEM3MEHHBIMU. B TO »Ke BpeMst IpU MaJIbIX 3Ha-
gennsax kKoaddunumenta mapaverpa cripoca D (MeHbITHX 13 B IPOBEIECHHBIX SKCIIE-
PUMEHTaX) BCEryia IPOUCXOMIIO OJIHO U3MEHEHUE YIPABJICHU 38 MOJEIMpyeMblii
MIPOMEXKYTOK BpeMeHHU. B pasHbIX MpuMepax IepeKJTIUeHne YIIpaBIeHu mpouc-
XOJIMJIO C MUHUMAJILHOTO 3HAYEHUsI Ha MaKCHMaJibHOe M HAaoOopoT. IIpu srom
MOMEHT BpPEMEHM, B KOTOPBIH NPOUCXOJUT U3MEHEHHUE yIPABJICHUI, MEHSIETCs U
3aBUCHAT OT BXOJHBIX ITAPAMETPOB MOJIEJIN.

3aMeTnM, ITO JJIsi OTPEIeJIeHHOTO K/1acCa BXOIHBIX JAHHBIX YIIPABICHUS areH-
Ta B paBHOBecur H»sIa He MeHsSIETCsS ¢ TeYeHMeM BPEMEHH M OCTAETCsS PABHBIM
MaKCHMAaJIbHO BO3MOXKHOMY 3HAUEHUIO. B 9TOM citydae, eciin &) = a;Umax/Mi, TO
muddepeHnmaabHoe ypaBHEHIE NMeeT 0COOYIO TOUKY, KOTOPas SIBJIAETCA aTTPaK-
TOPOM.

J1j1st IONTBEPKIEHNS CAETAHHBIX Ha OCHOBE YKMCJIEHHOI'O CYETa BBIBOJIOB OBLIO
[IPOBEIEHO AHAJIUTUIECKOE MCCIEIOBAHIE MO B IIPEIITOJIOKEHNH, UTO YIIPaB-
JIEHUsI MEHSIIOTCsI He D0JIee OJJHOTO pa3a U MePEeKJIFOIalTCs UK ¢ HyJIEBOIO 3HaYTe-
HUsT Ha MaKCHMAaJbHO BO3MOXKHOE, Wi HaobopoT. PaccMmarpusasicst ciaydail IByxX
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areHToB, eCJ/IM UX yIIpaBJICHU A
UNE(t) _ Umax, ecm t < t;,
0, ectm t; <t, 1=1,2

0, ecn t < t,
Umax, ecmm t; <t, =12

(7)

wm vV E(t) =

Boiio paccMoTpeHO WeThbipe BO3SMOXKHBIX BapHaHTa COYCTAHWI yIIpaBJICHHI
IByX areHToB. Huke mpuBeieHbI BBIKJIAIKNA B CIAyvae, Korjaa oba areHTa MEeHSIOT
CBOW yIIPaBJEHUSI OJVH pa3 B pa3Hble MOMEHTHI BpDEMEHN C MaKCUMAaJIbHO BO3MOXK-
HOT'O 3HAYEHUs Ha HYJEBOE, T.€.

NE ) Umax, €CJIA tgtzv
(8) v (1) = {0, ecmm t; <t, i=1,2.

—mjt
(xiO - aivmax/mi)e mit 4 aivmax/mh
ectm 0<t<t,,
(@ivmax/m; + (zio — @;v™ /m;) e~ ™it) e—milt—ti)
ecim t; <t <T, i=1,2.
Ob6o3HaYNM
Ai = Ti0 — aivmax/mi§
B; = aivmax/mi§

C; = AiVmax/Mi + (Tig — AVmax/m;) e~ "l

OyHKININ )\ZN E (t) HaXOJIATCS aHAJIUTUYIECKU U B IPEJNOJIOKEeHNUN £ < to UMEIOT
BUJT,
Ai(t) = EBy(t)em) o),
rIe

Eip, ecmm 0 <t <1y,
Ei(t) = B, ecmm t) <t <ty
Eis, ecmu to <t <T.

Buech (1=1,2;j=1,ecmi=2; j =2 ecimi = 1)

Fg—14 PH2Bit B (1 ~ e(p+mi)(Tft>> n

p+my
+ ie(Peri)T (e*(p+2mi)T _ 67(p+2mi)t> +
LG(P+T)’L1‘)T (ef(p+m1+m2)T o 67(p+m1+m2)t> .
P +m1 +mo ’
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By—14 PP (1 _ e(p+m1>(T—t>) .
p+m

+ 2C4 elptm1)T+mity (e—(p+2m1)T — e—(p+2m1)t> +

p+2my
Ag e(ptm1)T (6—(p+m1+m2)T _ 6—(p+m1+m2)t) .
p+my1+mo ’
Eop =1+ —D+B (1 _ e(Perz)(T*t)) +
p+ma
4 2Cl 6(,oerQ)Ter1t1 (e*(P+m1+m2)T _ e*(PJleer?)t) +
p+mi+me
A2 (ormo)r (ef<p+2mz>T B ef<p+2m2>t> .
p+ 2m2 '
Bp—14 2 (1 N e(p+mi)<Tft>) n
p+my
2Gi (p+mi)T+mit; [ —(p+2m;)T —(p+2m;)t
_|_ e P T by (e P s —e P my > _|_
Cj e(p—}—mi)T—f—mjt]- (e—(p+m1+m2)T - e—(p+m1+m2)t> )
p+m1+mo

Barem 1mposepsieTcsi Tpenoiokenue (8), T.e. BBIIOJHEHUE HEPABEHCTB (i =

=1,2)
(9) ANi >1/a;, ecmn 0<t<ty; N<1l/a;, ecm t; <t <T.

Ecin mepasencTsa (9) BBIIOIHSAIOTCH, TO YIPABIEHHUs] al€HTOB UMEIOT BHT (8).

AHaAJIOrUYHO TIpOBEpSAETCS, UMEIOT JIM yIPABJICHUSA AreHTOB BHJ, COOTBETCT-
BYIOIIUI KaKOMY-Jub0 JApyroMy couetanuto yrupassenuii (7). IIposegennbie Takum
06pa3oM pacueTsl HOATBEPANIN PE3yJILTATHI, IPUBEICHHbIE B Ta0JI. 4.

[Ipn Koomepamuu UIPOKOB WI'Pa CTAHOBUTCA 3aJad€il ONTHMAJIBLHOTO YIIPAB-
JIEHUsI, PellleHre KOTOPOH aHAJOIMYHO perternto Mojesn (5)—(6) ¢ oueBuaHBIME
N3MEHEHUSIMHA.

Teoperuko-urposbie nocranosku 1'14 u 'y uccsegoBaincs, yucaenno. Ajaropur-
MBI HAXOXKJIEHUsI PeleHuii onucansl B [22, 23|. PaBHoBecust mpu nocranoBkax I'1y
u I'y; HAXOIMIINCH B COOTBETCTBUU C ajiropuTMaMu [22, 23] MeTO/0M KaueCcTBEHHO
PEIPE3eHTATUBHBIX CIIEHAPUEB MMUTAIMOHHOrO MogiesiupoBanusi [24]. Tlpu srom B
KadecTBe Hava/lbHBIX MHOMKECTB KadeCTBEHHO DPElpPe3eHTATHBHBIX CLHEHAPUEB UI-
POKOB 6epyTCsA MHOXKECTBA, COCTOAIIAE U3 TPEX 3JIEMEHTOB: MAHUMAJILHO 1 MAKCH-
MAaJIbHO JIOIYCTUMBIX yIIPABJIeHUil B cooTBeTCTBUE ¢ (5) U UX cpejiHero apudMery-
yeckoro. Bcee a/1eMeHThl HauaIbHOI0 MHOYXKECTBA, KA4eCTBEeHHO Pelpe3eHTaTUBHbBIX
CIICHAPUEB IIPOBEPSAIOTCA HA HOJHOTY M M30BITOYHOCTH, IPU HEOOXOIUMOCTH OHO
CY2KaeTcd MJIU IOIOJIHSETCs HOBBIMHU 3JIEMEHTAMU. Pe3y/bTaThl YUCJICHHOIO CUe-
Ta JJI CIy9acB KOOIEPAluU U MEPAapXUM HMOMEMEeHbl B Tabm. 5. B mumammaeckoit

159



Tabauiia 4. Pe3yabTaThl 9uCcIeHHOTO MCCIIeT0BAHMST

Nl ] B o) e | 2 e | e | 2(T) | 22(T)
npuMepa (cyr) (cyr)
1 0 - 0 | 100] 75 0 [ 134]161] 25 | 32
2 100 | 30 | 0 | 100] 30 | 0 | 47 | 45 | 1,1 | 01
3 100 | 30 | 0 |100] 30 | 0 |213] 79| 1.1 | o1
4 0o | — | o | o | — [ o [242] 75| 11 | 01
5 o — | o | o | [ o0 [32]68] 37 | 05
6 0 | - | 0 | 0 - | 0 [30,7]68] 37 | 05
7 0o | — | o | 0o | — | o [37]68] 37 | 05
8 0] — | 0o | 0o | — | 0o |67 170001 2E8
9 0 | — | 0o | 0| — | 0 [1886]859] 37 | 05
10 0 | — | 0 |100] 10| 0 | 43 | 53 | 002 | 01
11 0o | — | o | o | — | o [125] 54| 37 | 05
12 0 — 0 0 — 0 125 54 3,7 0,5
13 o | — | o | o | — [ o [ 17 [ 7t [00004] 05
14 o | — | o | o | — [ o0 [146] 5 | 37 0
15 0o | — | o | o | — | o [125] 54| 37 | 05
16 0 - 0 0 - 0 | 125 | 54 | 37 | 05
17 o | — | o | o | [ o [17 53] 11 |05
18 o | o | o | [ o [ 7 |63/ 37 | 15
19 100 — | 100] 0] 5 | 100] 53] 7 | 0 | 05
20 0 | 10 | 100 0 | — | 0o | 78| 48| 10 | 05
21 0 | 10 | 100 | 0 | 30 | 100 | 146 | 5 | 37 | 0
22 100 | 10 | 0 | 100 ] 30 | 0 | 338 |1044]0,0006| 0,5
23 100 20 | 0 |100] 50 | 0 | 237 | 8 | 43 |9E-11
24 o | — | o | o | [ o [200] 61| 74 | 05
25 o | | o | o | [ o [62] 23] 37 | 05
26 0 | 20 | 100 | 0 | 100 | 100 | 7.3 | 39,5 |0,0004]| 0,5
27 0 | 10 | 100 | 0 | 40 | 100 | 836 | 18 | 37 | 0
28 0 | 40 | 300 | 0 | 100 | 300 | 62 | 23 | 37 | 05
29 0 | 30 | 100 | 0 | 70 | 100 | 125 | 2,5 |0,0004] 0
30 0 | 10 | 100 | 0 | 40 | 100 | 836 | 18 | 37 | 0
31 0 | 20 | 100 | 0 | 70 | 100 | 125 | 2,5 |0,0004] 0
32 0 | 30 | 300 | 0 | 60 | 300 | 7.3 | 39,5 |0,0004] 0,5
33 0 | 50 | 100 | 100 | — | 100 | 24 | 0,5 |0,0001| 0
34 100 — 100 0 25 100 14,7 4,3 1,1 0,1
35 0 - 0 0 - 0 1| 17 1,1 [1E-12
36 o | — | o | o | — [ o |70 20 [000l]| 01
37 0 | 10 | 100 | 100 | — | 100 | 23 | 0,5 |0,0001| 0
38 o | — | o | o | — [ o [ 73]t [000l]1E12
39 0 | 15 | 100 | 100 | — | 100 | 16 | 04 | 1,1 | 0
40 0o | — | o | o | — | 0o [28814L7] 0001 1
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Tabstuiia 5. Bemrpeiim urpokoB Ipu pa3HbIX HHQOPMAIMOHHBIX PETJIAMEHTAX

Ne NE C ST IST
npuMepa J1 Ja J J1 Jo J1 Jo
1 13,4 16,1 30,8 16,7 13,3 18,2 11,6
2 4,7 4,5 9,4 5,1 4,2 5,1 4,2
3 21,3 7,9 30,4 225 7,5 25 4.6
4 24,2 7,5 32,4 26 6 26 6
5 30,2 6,8 38 33,2 4,3 36,3 1
6 30,7 6,8 38,4 35,3 2,7 37,2 0,7
7 30,7 6,8 38,4 35,3 2,7 37,2 0,7
8 6,7 1,7 9,3 7,2 1,5 8,1 1
9 188,6 85,9 286,6 199,3 76,8 199,3 76,8
10 4,3 5,3 10,7 5,7 4 5,7 4
11 125 54 197.5 139 48 145 39
12 125 54 1975 139 48 145 39
13 17 71 90,8 46 43 49 40
14 146 5 1578 152 3,4 152 3.4
15 125 54 187.,5 137 46 142 38
16 125 54 187,5 137 46 142 38
17 117 5,3 125,3 120,2 4,7 124,3 0,5
18 76 63 145,3 88 53 97 43
19 5,3 76 86 45 38 46 37
20 78 48 138 92 40 95 34
21 146 5 152,8 148 3,3 149,6 1,5
22 33,8 1044 143.8 44 97 48,3 92,4
23 237 8 256,7 245 5 247,3 2,2
24 291 61 364,6 302,1 57,3 311,2 47,5
25 62 23 88,5 71 16 74,5 11,6
26 7,3 39,5 51,4 26 23 27,4 20
27 83,6 1,8 91,2 88 2,7 89,1 1.4
28 62 23 88,5 69 17 71,2 14,2
29 12,5 2,5 17 14 2 14 2
30 83,6 1,8 89,4 88 0,2 88 0,2
31 12,5 2,5 17 15 1,3 15,4 0,7
32 7,3 39,5 48,4 29 18,6 30,5 16,9
33 2.4 0,5 3,9 2,9 0,2 2.9 0,2
34 14,7 4,3 19,2 17,5 1,6 18,3 0,8
35 71 17 92,6 78 12,7 81,8 9,4
36 70 20 94,6 74,5 18,4 76,2 17,7
37 2,3 0,5 3,9 3,0 0,2 3,1 0,2
38 73 1 76,7 75,1 0,6 75,1 0,6
39 16 0,4 21,2 19.4 0,3 20,3 0,2
40 28.8 141,7 172,3 33,5 136,5 37,3 134,5
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Tabaura 6. Mnaexkcol 9hHEKTUBHOCTA UTPOKOB MPHU PA3HBIX NHMOOPMAITTOHHBIX

perjiaMeHTax
e NE ST ST
InpuMepa SCI Kl/KQ SCI KlL/KQF SCI KlL/KQF
1 0,96 | 0,87 /1,05 | 0,97 |1,08/0,86| 0,96 | 1,18/0,75
2 0,98 1/0,95 0,99 |1,09/0,89| 0,98 | 1,09/0,89
3 0,96 1,4 /0,51 0,99 |1,48/0,33| 0,97 1,64/0,3
1 0,98 | 1,48 /0,46 | 099 | 1,6/0,37 | 0,98 | 1,6/0,37
5 0,97 | 1,58/0,36 | 0,98 | 1,75/0,23| 0,08 | 1,91/0,05
6 0,98 | 1,59/0,35 | 0,99 |1,83/0,14| 0,98 | 1,94/0,04
7 0,98 | 1,59/0,35 | 0,99 |1,83/0,14| 0,98 | 1,94/0,04
8 0,0 | 1,46/0,37 | 0,94 | 1,54/0,32| 0,03 | 1,74/0,22
9 0,96 | 1,32/0,6 | 0,96 | 1,39/0,54| 0,96 | 1,39/0,54
10 0.9 0,8/1 | 0,91 | 1,08/0,75| 091 | 1,08/0,75
11 0,01 | 1,26/0,55 | 0,95 | 1,41/0,49| 0,03 | 1,46/0,33
12 0,91 | 1,26/0,55 | 0,95 | 1,41/0,49| 0,94 | 1,46/0,33
13 0,97 | 0,38/1,58 | 0,98 |1,01/0,95| 0,97 | 1,08/0,88
14 0,96 | 1,87/0,06 | 0,98 |1,93/0,04| 0,97 | 1,93/0,04
15 0,95 | 1,33/0,57 | 097 | 1,46/0,49| 0,96 | 1,51/04
16 0,95 | 1,33/0,57 | 097 | 1,46/0,49| 0,96 | 1,51/04
17 0,98 | 1,86/0,08 | 0,99 |1,92/0,08| 0,98 | 1,99/0,01
18 0,96 | 1,04/0,86 | 0,97 |1,21/0,73| 0,96 | 1,34/0,59
19 0,95 | 0,12/1,77 | 0,98 |1,05/0,88| 0,97 | 1,07/0,86
20 0,01 | 1,13/0,7 | 0,95 | 1,33/0,58| 0,04 | 1,38/0,49
21 0,99 | 1,92/0,07 | 0,99 | 1,95/0,04| 0,09 | 1,97/0,02
22 0,96 | 0,47/1,45 | 0,98 | 0,61/1,35| 0,08 | 0,67/1,28
23 0,95 | 1,85/0,06 | 0,97 |1,91/0,04| 0,97 | 1,93/0,02
24 0,96 1,6/0,33 0,99 |1,65/0,31| 0,98 1,7/0,26
25 0,96 | 1,40/0,52 | 0,98 |1,61/0,36| 0,98 | 1,69/0,26
26 0,91 | 0,28/1,54 | 0,93 | 1,01/0,89| 0,02 | 1,07/0,78
27 0,94 | 1,83/0,04 | 0,97 | 1,03/0,06| 0,96 | 1,95/0,03
28 0,96 | 1,4/052 | 0,98 | 1,56/0,38| 0,07 | 1,61/0,32
29 0,88 | 1,47/0,29 | 0,94 | 1,65/0,24| 0,94 | 1,65/0,24
30 0,96 | 1,86/0,04 | 0,98 |1,97/0,01| 0,98 | 1,97/0,01
31 0,88 | 1,47/0,29 | 0,92 |1,76/0,15| 0,9 1,81/0,08
32 0,97 | 0,3/1,63 | 099 | 1,2/0,77 | 0,98 | 1,26/0,7
33 0,74 | 1,23/0,26 | 0,79 | 1,49/0,1 | 0,77 | 1,49/0,1
34 0,99 | 1,53/0,45 | 0,99 | 1,82/0,17| 0,09 | 1,91/0,08
35 0,95 | 1,53/0,37 | 0,98 |1,68/0,27| 0,98 1,77/0,2
36 0,95 | 1,48/0,42 | 0,98 |1,58/0,39| 0,99 | 1,61/0,37
37 0,72 | 1,18/0,26 | 0,82 | 1,54/0,1 | 0,85 | 1,59/0,1
38 0,96 | 1,9/0,03 | 0,99 | 1,96/0,02| 0,09 | 1,96/0,02
39 0,77 | 1,51/0,04 | 0,93 | 1,83/0,03| 0,07 | 1,92/0,02
40 0,99 | 0,33/1,65 | 0,99 |0,39/1,59| 0,99 | 0,43/1,77
Cpeanee 3unavenue | 0,935 | 1,28/0,59 | 0,962 | 1,5/0,42 | 0,957 | 1,56 /0,37
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BEPCUU WPl UHIUBUYAJbHBIE U KOJUICKTUBHBIE WHIEKCHI OTHOCHTEIbHOMN -
(beKTHBHOCTH OIPENENSIOTCS BBIPAXKEHUSIMHI, aHAJTOIHIHbIMA (3)—(4). SHatenus
uHIeKCoB fyist Mojiesin (5)—(6) npu pasjmIHbIX CII0co6ax OpraHu3aIu COOpaHbI B
Tab1. 6. B mociemmeit crpoke Tabi. 6 IpUBeIeHBI CPEIHNE 3HATEHUST WHIEKCOB.

OTcrofa mosryvaeM CUCTEMBI ITPEIIOITeHNTI:

obmectBo  C' = ST = IST = NE;
nagmeny, [STLY « STY « NE' - C = NE? = ST « 1STY.

Takum 06pasoM, KOOIIepaTUBHBIH C110cOO OpraHu3aIu 6oJee IpeIoITHTe/IeH
Jyist OOIIeCTBa M BEJOMOTO UIPOKa. [IjIst BeIyIIero ke Nrpoka HpenodTHTeIbHee
HepapxudecKasi OPraHu3alis CHCTEMBI YIIPABIEHNs 1 HH(MOPMAIIOHHBIH perya-
MeHT urpser I'g; [26].

Tenepb npoana/m3upyeM BJIMSIHUE SKOJIOIMYECKHX TpeOOBaHUiI Ha HailJleH-
Hble DelleHnsi. YCIOBHE SKOJIOIHTIecKoil OesonmacHoctn BosbMeM B Buze (1) +
+29(T') < k. Ilpu nmepapxuveckoM ylpaBI€HUH 3a €rO BBIIOJHEHHE OTBEYAET
BeJIyIIHii UTPOK, B OCTAJIBHBIX CJIydasgX 9TO BHEITHee OrpaHmYeHne, KOTOpoe aHa-
JII3UPYETCsl JOIOTHUTEIBHO. Pe3yibprarsl anaimsa 4yBCTBUTEIBHOCTH PEIIEHUIT K
YKa3aHHOMY YCJIOBUIO IIPUBEJIEHBI B TaOJI. 7.

B cronbmax 2-5 Tabm. 7 i pasHbix WHPOPMAIMOHHBIX PErJIAMEHTOB yKa-
3aHO B TIPOTIEHTAX KOJUIECTBO MPOBEIEHHBIX MWMUTAIIMOHHBIX 9KCIIEPUMEHTOB, B
KOTOPBIX YCJIOBHE KOJIOTMIECKON OE30ITaCHOCTH BBIMIOJIHEHO. B mepBoM cToJidTe
TabJ1. 7 IPUBEIEHBI 3HAYMEHNs TTapaMeTpa K. TakuM o0pas3oM, Ipu OOIBINNX 3Ha-
YEHUSIX K7 BCE PACCMOTPEHHBIE MPUHIIUAIBI ONTUMATBHOCTH JIAIOT IKOJOITIECKN
OesomacHble perernst. C yMeHbIIEHUEM 3HAYEHUST K7 UUCJO PABHOBECHI, OTBe-
JAOTIIX YKOJOTHIECKOMY YCJIOBUIO, TIPY BCEX TPUHITUIIAX OMTUMATHLHOCTH YMEHbD-

Tabauna 7. Ananus BBIIOJHEHUS YCIOBUS 9KOJIOTTYIECKON 6e3011acHOCTH

KT NE (%) C (%) ST (%) IST (%)
12 100 100 100 100
11 97,5 100 97,5 97,5
10 95 100 97,5 95
9 95 100 95 95
8 95 100 95 92,5
7 92,5 100 92,5 92,5
6 92,5 100 92,5 90
5 87,5 100 90 87,5
1 60 100 60 60
3 50 100 60 57,5
2 50 97,5 50 50
1 30 95 30 27,5
0,5 30 95 25 22,5
0,1 15 62,5 15 12,5
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maerca. C TOYKU 3peHUsl 9KOJOIMIECKONH Oe30I1acHOCTH TPUHIUIIBI OITHMAJIHLHO-
CTH yropsgovuensl cieayomuM obpazom: C' = NE ~ T ~ [ST.

4. 3akJoJdeHue

[Tpobsema (He)adpdekTuBHOCTH paBHOBECHIT OOIENPI3HAHHA M CJIyKUT TIPE/I-
METOM BHUMAaHHUsI OOJIBIIOTO ducjia paboT. Jljisi  KOJTU9IecTBEHHON OIEHKH
(re)3bdeKTUBHOCTH TIPEIOKEH PSIJT MHIEKCOB, OTPAYKAIOIIIX MECCHMUCTUICCKUI
1no/1xo0/1, (IleHa aHAPXUK), ONTUMUCTHYECKUN 1O/IX0 (IleHa CTabUIbHOCTH), JIMHA-
MHUYECKHEe acleKThl (1ieHa MHGOPMAIINN ), aJIbTPYUCTUIECKOE TIOBEJICHIE MHIMBUIA
(mena KoomepaIum).

OmHako yKasaHHbIE WHJIEKCHI aHATU3UPYIOT 3(PDEKTUBHOCTL pPaBHOBECHl €
TOYKHU 3PEHHs BCEro o0IecTBa. B 5ToM cjydae Koomeparus: SBJISIeTCs] OUeBU]I-
HBIM HAWJIYYIIAM HCXOIOM W HHJEKCHI OIEHHBAIOT TOJBKO CTEIEHb OTKIOHEHUS
CUCTEMBI OT IJI00AJIBHOTO onTuMyMa. Mek iy TeMm peasibHast BO3SMOYKHOCTH KOOIIE-
paluy 3aBUCUT OT WHTEPECOB HE TOJILKO OOIIECTBa B IIEJIOM, HO U OTJIEIBHBIX KO-
HOMHWYECKHUX areHToB (mpenpuaumareseii, dbupm u t.1.). Hanpumep, Bemrpsim
UTPOKA B POJIU BEJYINEr0 PU HEPAPXUIECKON OPraHUB3AIMA MOXKET OKA3aThCs
OOJIBITINM, TEeM €ro JI0JIsI IIPW KOOIEPATHBHOM PACIIPEICJICHIH, U TOTJA BMECTO
KOOTIepaIuu BO3HUKaeT Oopbba 3a JjmpuepcTro. [losromy jisi cucTeMaTHIecKoro
anajm3a (He)3(hhEKTUBHOCTH DPABHOBECHH U YCJIOBHUH BBITOJHOCTH KOOIIEDAIIUN
TpeOYIOTCA HE TOJBKO KOJIIEKTHUBHBIC, HO W WHIWBUIYaJbHbIE WHIEKCHI OTHOCH-
TeabHON 3P DEKTUBHOCTH.

Kpome Toro, HEOOXOMUMO TOTOJHUTEIBHO YIUTHIBATH yYCJAOBUS YKUSHECIIOCOO-
HOCTHU, OIPeIessIonue TpeOOBaHNs K COCTOSHUIO YIIPABJISIEMON TUHAMUIECKON
cucTeMbl. B wacTHOCTH, 9TU YCJIOBUsI MOTYT 3a/IaBaThb JKOJOTHIECKHUE OTPAHU-
9eHUSA YKOHOMUIECKON IeATe/HLHOCTH, HEOOXOANMBIE JJIsT YCTONINBOIO PA3BUTHA
9KOJIOTO-9KOHOMUYIECKNX CUCTEM.

B nannoit cratbe cucreMa WHINBUIYAJIbHBIX U KOJJCKTUBHLIX WHICKCOB OT-
HOCUTEJILHOM 3PEKTUBHOCTH MPUMEHEHA K UCCICIOBAHUIO CTATHYCCKUX U JTUHA~
Mudeckux Mmogpeseii gyononun Kypuo. B jqunamuke s onpejiesieHus WHJIEKCOB
MIPUMEHSIOCh YCPEIHEHNE [T0 MHOYKECTBY BBIUUCIUTEIbHBIX KCIIepuMeHTOB. Kak
1 TIPEJITOJIATraI0Ch, CUCTEMBI IPEIIOYTeHIH 71 nHanBuaa (hupmbr) u obImecTsa
B I[eJIOM IIPOTUBOpeYUBLI. Koomepalius UrpOKOB BBITO/IHA JIJIs OOIIECTBA B IIEJIOM,
HOJIMMHEHHOTO (BEJIOMOr0) UIPOKA U ¢ TOYKH 3PEHHsI BBIIOJHEHUsI YCJIOBUS KO-
jorudeckoit 6esomacHocru. st smmepa (BeayIliero Urpoka) IpearodTHTeIbHee
uepapxusg ¢ nHGOPMAIMOHHBIM peryiaMenToM urpel l'epmeiiepa I'o. Bosee Toro,
y JABYX HECUMMETPUYHBIX UTPOKOB PA3JUYIHO OTHOIIEHUE K KOOIEPAIUN: JIJIA O]I-
HOT'O M3 HUX OHA BBITOJ[HEE HE3ABUCHMOIO MTOBEJCHUS, JIJIs JPYTOro — HAODOPOT.

B naspHeiieM naHUpyeTCs MCCJIEIOBAHUE MOJIENIEil JIyOloJIMM W OJTUTOIO-
smn KypHO ¢ y4eToM yCJIoBUS SKOJOTMYECKOil GE30IacHOCTH JIjIsi MHBIX KJIACCOB
dyHKINM, B 4ACTHOCTU CTEIEHHBIX, a TAKXKe PaCCMOTPEHUE TEOPETUKO-UI'POBBIX
mozeseit onuronosnu Kypro B hopme xapakTepuctuieckoit pyHkinn. BymayT pac-
CMOTPEHBI U JIDYTUe CTATUYECKNE U JIMHAMUYIECKIE TEOPETUKO-UTPOBbIE MOJE/H B
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HOpMaJIbHOI opme u (hopMe XapaKTEPUCTHIECKON (PYHKIUU C IeIbI0 CPaBHM-
TEJILHOTO aHaan3a 3M@PEKTUBHOCTH CIIOCOOOB B3aMMOMEHCTBNUSI AKTUBHBIX AreH-
ToB [27].

IHHPUJIO?2KEHUE

[Tostcamm mamable w3 Taba. 1. g maxoxkmenwst paBHOBecust Hsima B Mo-

892‘ . 1/2—2u1—u220
ngemn (1)—(2) pemmm cucremy 9, 0, i =1,2, orkyna {1/2 oy — 2uy = 0,
Ul = U = 1 / 6.
Marpuna Tlecce st sroit cucrembr H _i N ; ' OTPHIATEIBHO  OIIpEIeJIe-

na, mosromy ul'F = ud'P =1/6, gVF = glVF = 1/36. Ilpu koomeparuu urpoxn

coBMecTHO Makcumusupytor byskmuio g(a) = (1/2 — a)u, u = uj + ug. Umeem
2

% =1/2-2u=0, u=1/4, % = —2 < 0. TlosTomy muOXkKecTBO Ilapero-onTu-

MaJIbHLIX KOOIEPATUBHLIX permenuii ects 4C = 1/4, oTKyna BbIGHpaeM paBHbIil

nenex uf =u§ = 1/8 u nonywaem semrpemmu ¢f = g§ = 1/32. Ecym nepsbrit

urpok — jgiep 1o [rakeas6epry, To u3 ycjaosust g—ﬁ = 0 onruMasibHass (PYHKIA

peakIu BTOporo urpoka ectb uz(uy) = 1/4 — uq /2. Tloacrasisis ee B g1, nojtyva-

eM g1 (u1,us(ur)) = (1/4 — uy /2)uy. Yeaosue g_ﬁ = 0 maer u; = 1/4. ITockosbKy
2
%5%1 = —1<0,10ul™ =1/4,u5™ = ug(ui™) = 1/8, 77 = 1/32, g5 = 1/64.

Hakoner, maitiem perenne urpst (1)—(2) xax I'g [25]. MImeem

u?(ug) = Argmax g1 (uy,us) = 1/4 — ug/2,

0<u;<1/2

uf(u2) = Argmin go(u1,u2) = 1/2,
0<u1<1/2

Ly = ma P = ma —u3) =0
2 0§u2§X1/2 (01 (u2), u2) ogugg}ip( uz) '

Ey = {UQ e Us: g (uf(UQ),UQ) = LQ} = {0},
Dg = {(ul,UQ) :gg(ul,uQ) > 0},

Ky = min max g¢j(uj,uz) = max (1 —wuj)u; =1/16.
u2€ B2 0<uy <1/2 0<u1<1/2

s maxoxkaennst Besmanabl K1 = sup gq (w1, u2) HATO PEMUATH 3a7ady ONTHMU-

2
sanun (1/2 —uy — ug)uy — max, (1/2 —uy — ug)ug > 0,0 < u; < 1/2. Ouennjno
uj =¢, uj = 1/4. Torma K1 =1/16 — /4 < K5, m09TOMy £-OUTHMAJIbHAS CTPa-

1/4, up =0 IST:

Terusi BeJyIIero mmeer BHJ Uf(uz) = {1 /2 mmase npu srom g,° ' =1/16,

15T
92 = 0

Bamernm, aro aNF = 1/3, u¢ = 1/4, u°T = 3/8, a7 = 1/4, orxyna cnemyior
JTaHHbIE TabJI. 3.
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Tabauria. Bxosmbie jannbie /s TUCIEHHOTO PEIeHNsT TNHaAMITIeCKO
syomouu Kypro

e D | m ma ar | az | To | %2 | Umax
pUMepa
1 0] 02 0001 ] 1|5 3 | 2 | 100
2 10 1 3 1 5 3 2 100
3 15 1 3 1 5 3 2 100
4 15 1 3 3 7 3 2 100
5 15 1 3 3 7 10 10 100
6 15 1 3 3 7 10 10 500
7 15 1 3 10 15 10 10 100
8 15 10 20 3 7 10 10 100
9 40 1 3 3 7 10 10 100
10 10 5 3 3 5 3 2 100
11 30 3 3 7 10 10 100
12 30 1 3 3 7 10 10 300
13 30 10 3 3 7 10 10 100
14 30 1 30 3 7 10 10 100
15 30 1 3 30 7 10 10 100
16 30 1 3 3 70 10 10 100
17 30 1 3 3 7 30 10 100
18 30 1 3 3 7 10 30 100
19 30 30 3 30 7 10 10 100
20 30 30 3 3 70 10 10 100
21 30 1 30 30 7 10 10 100
22 40 10 3 3 7 10 10 100
23 40 1 30 3 7 10 10 100
24 40 1 3 30 7 20 10 100
25 20 1 3 3 7 10 10 100
26 20 10 3 3 7 10 10 100
27 20 1 30 3 7 10 10 100
28 20 1 3 3 7 10 10 300
29 20 10 30 3 7 10 10 100
30 20 1 30 3 70 10 10 100
31 20 10 30 30 7 10 10 100
32 20 10 3 30 7 10 10 300
33 10 10 30 1 5 3 2 100
34 10 1 3 10 50 3 2 100
35 40 1 30 1 5 3 20 100
36 40 10 3 1 5 30 2 100
37 10 10 30 10 5 3 2 100
38 40 10 30 1 50 30 2 100
39 10 1 30 10 50 3 2 100
40 40 10 3 10 5 30 20 100
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