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PaccmarpuBaercs Moess osmromnosimn KypHo ¢ TpOU3BOJIBHBIM YHCIOM Pa-
[MOHAJIBHBIX AT€HTOB B YCJIOBUSX HEMOJIHOM MH(MOPMAIUN JJIs KJIACCHIEeCKO-
ro cjiydasi JIMHEHHBIX (DYHKIWIT M3/IEePKEK U CIpoca. B pamkax guHAMUIYIE-
cKoit Mojiesin pedJIeKCUBHOIO KOJIJIEKTUBHOIO IMOBEJIEHUS KAaXKJIbIil areHT B
KaXKJIblii MOMEHT BPEMEHU KOPPEKTHUPYET CBOIl 00beM BBIIIYCKA, JeJiasl Imar
B HAIIPABJIEHUU BBIILYCKA, MAKCUMI3UPYIOMIETO €r0 MPUOBLIL P OYKUIAEMOM
BBIOOpE KOHKYPEeHTOB. OOCYKIaeTCs MPUMEHEHNE MATPUIL IEPEX0/Ia TOI'PeIll-
HOCTEHl JWHAMUKNA K WCCJIEIOBAHUIO YCJIOBUII €€ CXOIUMOCTU K DPaBHOBECHUIO
Kypmo—Hsma. Ilokazanbl adpdekThl OT BBeAeHUSI OTpaHUYeHUN Ha, JIrarna3o-
HBI IIArOB areHTOB B yCTPAHEHNN HEOIIPEJICJIEHHOCTHA O CXOUMOCTU JIMHAME-
KH. Hpe}l.HO)KeH MeTO/I oIIpe/e/IeHud MaKCUMaJIbHBIX JIMalla30HOB HIaroB, I'a-
PaHTUPYIOMINX CXOJUMOCTD JUHAMNWKHN KOJIJICKTUBHOI'O IIOBEJAECHUA JIJIgd TIPOU3-
BOJIBHOI'O YHUCJIa areHTOB.

Karuesvie caosa: omurononus Kypro, menosnas wHGOPMUPOBAHHOCTD, Pe-
dJeKCuBHOE KOJUIEKTUBHOE TOBEJEHNE, MAaTPHIlA IEPeX0o/ia IMOIPEITHOCTE,
JUana30HbI MIaroB, YCJAOBUAA CXOIUMOCTH.
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1. BBenenue

SHAINTETbHOE TUCO0 MaTEMATHIECKUX pabOT, MCCIEAYIONNX IUHAMUKY KOJI-
JIEKTUBHOI'O TIOBEJICHUsI Ha, KOHKYPEHTHBIX PHIHKAX, [IOCBAIIEHO BBIABICHUIO YCJIO-
BUii ee cxopumocTn K pasHoBecuto Hama (cMm., nHanpumep, [1-9]). Jaunbie ucciie-
JIOBaHUS HEJIb3sI CUUTATh 3aBEPIICHHBIMU JaKe JJIsl CJIydasi MOJEIH OJIATOIOJIII
Kypuo ¢ muneitabivn dyHknusamu 3arpar u cupoca [4, 5, 10]. Hacrosimas crarbst
ITOCBATIIEHA TMEHHO TAKOMY CJIYIaiO0 MOJEN OJIATOIIOJIHH.

B pamkax mozenn pedieKCHBHOINO KOJIJIEKTUBHOIO OBEIEHUsT KaXKIbIil areHT
HE3aBUCHUMO OT JAPYTHUX KOPPEKTUPYET CBOI 00beM BBIITYCKa BHIOOPOM Iara B Ha-
[PAaBJIEHUN JIBUXKeHUsI K cBoell Tekyreii mesm [11, 12|. MsBectHo, uro auHaMuka
KOJIJIEKTUBHOTO TIOBEJIECHUST CXOMUTCS K PHLIHOYHOMY PABHOBECHIO, €CJIU KayKIbIii
AreHT KOPPEKTUPYET CBOU JeiicTBUs MaJsbiMu maramu (cM., Hanpumep, [13-15]).
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Takzke ecim KaxKJIblil areHT BCerja JeIaeT MAKCUMAJIBHO JIOMyCTHMbI mar (T.e.
BBIOMpAET CBOIl HAWIYHIINH OTBET Ha OXKUJAeMble JeHCTBUS KOHKYDEHTOB), TO
JIMHAMUKA CXOJIUTCSI TOJIBKO JIJIsl PhIHKA, COCTOSIIEr0 U3 JIBYyX areHToB. st pbiH-
KOB C IHCJIOM areHTOB 0OJIbIIe JIBYX TaKasl JUHAMUKA KOJUIEKTHBHOIO MOBEIEHHSI
pacxoaurcest (13, 14].

B nacrosimieli crarbe pasBUBAETCS MOJXOM, OCHOBAHHBIH Ha MCIOJIb30BAHUN
HOPM MATPHII [IePeXo/ia MOrPEIHOCTell JTMHAMUK KOJJIEKTUBHOIO MOBEJICHUsI, K
UCCIIEIOBAHNIO YCJIOBUIT CXOJMMOCTH JIMHAMUK Ha PBIHKAX OJIUTONOJINN B KJIACCe
mmHeiinbx Gynkiumii [16]. B pamkax sroro nojgxomna npobsemMa Heolpe e/ eHHOCTH
0 CXOIMMOCTH JIMHAMUK yCUJIMBAETCSI B TOM CJIydae, KOTJa IIPU BBIOODE BEJMIHH
IArOB Ar€HThI MOIYT JIEHCTBOBATH PA3HOHAIIPABJIEHO: BHIOMPATH «BOJIbIINE» IIa-
I'U JIBUKEHHsI K CBOMM TEKYIIUM TIeJISIM UM, HA0DOPOT, «MaJIbles IIaru.

B naHHOl cTaThe CTABUTCA 3a/ada IIOUCKA OTPAHUYEHUH Ha IMAITa30HbI JIOILy-
CTHMBIX OTKJIMKOB areHTOB, KOTOPbIe (DOPMYJIMPYIOTCS KaK yCJIOBUS, TADAHTUPYIO-
II1€ CXOJIMMOCTD K PABHOBECHIO IMHAMUKY KOJUIEKTHBHOTO [IOBEJICHUS B JIMHEHHOM
Moziesin KypHO ¢ IpON3BOJIBHBIM YHCIIOM areHTOB.

2. q)opMa.anaﬂ IIOCTAaHOBKa 3a/Jla4dM MCCJIeJOBaHUA

B kauectBe 6a30BO#l paccmarpuBaeTcss Mojeab oymrornosnun KypHo, KoTopast
COCTOUT W3 KOHKYPUPYIOMNX O0bEMAaMHU BBIIYCKA OJHOPOIHON MPOIYKIINA areH-
TOB C TEJTEBBIMHU (PYHKITHSIMU

(1) Li(p(Q) 4:) = p(@)ai — P(gs) — max,

JIMHEHHBIMU (DYHKIIUSIMEA 3aTpaT

(2) ¢i(qi) = ciqi + di

" JMHelHON oOpaTHoil dyHKImMed crrpoca

3) p(Q) = a—bQ.

Bnece: i € N = {1,...,n}, ¢; — BBIILyCK i-T0 arenta, () = ), ¢; — CyMMAapHbIIf

00'beM BBIITyCKa BCEMU areHTaMH, C;, d; — TIPEJIEJIbHBIE W TIOCTOSHHBIE U3/IEPKKI
i-TO arenTa COOTBETCTBEHHO, p(()) — euHas PHIHOYHAS [EHa, @, b — HapaMerpbl
cripoca. Iloraraercss, 9To BECh BBIMYCK PEATM3YETCs, OTPAHMYEHUs] MOITHOCTU U
KoasmIun orcyTcTBYIOT. CocrostHne pbiHKa B MOMEHT BpeMmenu ¢ (t =0,1,2,...)
zajlaeTcst n-mepHbIM BekTopoM ¢' = (¢f, ..., ¢!, ..., qh).

Onpenennm 6a30BbIi TPOLECC, KOTJIa CMEHA COCTOSIHUIT PBIHKA YI0BJIETBOPSIET
AKCHOMe MHJIMKATOPHOrO ToBejeHust [13] — B Kaxkpiil MomenT Bpemenu (¢ + 1)
KaxKJIplil areHT Hab/IrogaeT o0beMbl BBIIYCKa BCEX areHTOB, BHIOPAHHbLIC MU B
NPEJBIY NI MOMEHT BPEMEHU ¢ M KOPPEKTHPYET CBOW BBINYCK, JeJias Iar B
HAIPABJIEHUN TEKYIIEro IMOJIOKEHUsT eI COTJIACHO CJIEIYIOMeil NTepamoHHoi

nporeype:
(4) gt =gt + A (wi(dh) — gb), i€ N.
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31ech 'ny € [0; 1] — napamerp, HE3ABIUCHMO BBIOMPAEMBIIl KarK/[BIM i-M areHTOM,
oIIpeie/isieT BeJIUINHY €ro Iara K TeKyIeMy TOJOKEHUIO0 CBOeil e, AreHT Mo-

JKET JieJlaTh TOJIHBIN ITar, moJjiaras '7“'1 =1, TeM caMbIM BbIOUpasi CBOW HAWIY -
A OTBET, «OCTaBAThCA Ha MeCTe», BbIOMpast 'yZHl = 0, wm JeyraTh «HEMOJTHBII

mar», ecim 4t € (0;1).

Texynee nosoxKenne 1esu i-ro arenta r;(q' ;) — 1o Taxoil ero 06beM BbIITyC-
Ka, KOTOPbIii MAKCUMU3UPOBaJ Obl COOCTBEHHYIO eJIeBYI0 (DyHKIIUIO IPU YCJIOBUH,
YTO B TEKyNIWii MOMEHT BPEMEHU OCTAJIbHbBIE areHThl BBIOPAIN OBl Te Ke 00beMBI
BBIIyCKa, 9T0 U B npeasiaymuii [13, 17]. Bnecw ¢*; = (¢}, ..., ¢!y, ¢4, . dh) —
00CTaHOBKA, i-I'0 areHTa, BEKTOP OOBEMOB BBIYCKA BCEX AreHTOB B MOMEHT Bpe-
MeHHU ¢ 33 MCKJIIOUYeHHeM i-10 areHTa. V3BectHo, uTo (cM., Hanpumep, [14-16])

hi =S ...¢5  h;— Q.
) nlat ) = ity Mm@

Bnecw: h; = 5, Q. => ki q§» — CYMMAPHBII BBIIYCK <OKPY?KEHHEM» i-T'O
arerta (i,j € N).

ATreHTBI TOYHO 3HAIOT COOCTBEHHBIE 3aTPaThl U IeIeBYI0 (DYHKIINIO, COOCTBEH-
Hyto Gynkimo peakiun z;(q" ), BKIIOYas mapaMeTphl Clpoca a 1 b panee Ipous3-
BEJIEHHBII BBIMYCK JPYTUMHU areHTaMi, HO He PACIOJIAraloT JOCTOBEPHOM MH(MOD-
Mareil OTHOCUTEIbHO X OXKUIAeMbIX O0bEMOB BBIIIYCKA, MHOXKECTB JOIYyCTUMBIX
neficTBuil, (byHKIMI 3aTpaT U MEJIeBbIX (DYHKIINIA.

[Tpemmonaraem, aro B Mogesn osmronosann (1)—(3), Kak B urpe B HOpMAIHHOI
dbopme, pasrosecue ¢* = (qi,...,q},...,q}), HIOHIMaeMOe KaK CTATHIECKOE DaB-
moeecne Hoarma, cymmecTByeT m Bce areHThl KOHKYPEHTOCITOCOOHBI B PABHOBECHT,
Te. g >0 Vi € N. B cay4ae IUHEHHBIX U3JEPXKEK areHTOB U JIMHEHHOTO CIIpoca
CTATUIECKOE PABHOBECHE CYIIECTBYET W €MHCTBEHHO.

PaBnoBecue TuHAMUKE KOJUIEKTUBHOTO 1oBeenus (4), (5) siBaseTcs craTute-
ckuM pasHoBecueM ¢* B mMogenn osmronosuu (1)—(3), HO He Beerya JOCTUKUMO.
VeaoBusT CXOAUMOCTH JIMHAMUKH OTHOCATCS K TapaMeTpaM 'yZH , YMCJIy areHTOB
Ha phifKe 1 Hadambubv mpubmmkernam ¢° = (¢¥,...,4¢?, ..., ¢0). Ilonaraem Tak-
xe, uro ¢ > 0.

B nannoit pabore 06Cy¥KIaI0TCsI HOBBIE ACIEKTHI TOJIX0JA K HMCCIIEIOBAHUIO
CXOIMMOCTH MOJEJIEH TUHAMUKHI KOJUIEKTUBHOIO ITOBEICHUS, OCHOBAHHOIO HA, HC-
[OJIb30BAHUK HOPMbI MATPHIIbI [IEPEX0JIa MOrpentHocTeii or t-1o K (t 4+ 1)-my Mo-
MEHTY BpeMeHH B urepanuoHHoM nporecce (4), (5). s auneiiHoit Mmojgenn oJu-
TOIOJINU TIOAXOJ, JAET IPOCTONH KPUTEPUil CXOAMMOCTH 0 HOPME MATPHIBI: OHA
JIOJZKHA OBITH MEHbIIE eJIMHUIBI HAYWHAs ¢ HEKOTOPOrOo MOMeHTa BpemeHn [16].
Koria arenTsl He3aBUCHMO JPYT OT Jpyra BbiOMparor maru B auanasone [0; 1],
TO KPUTEPHUil TI0 HOPME, 3a MCKJIIOYEHUEM JIYyOIIOJINN, HE MOXKET OBITH BBITIOJTHEH.
OcHoBHasI 3a/1a49a CTATHU JJIsl U3y9IaeMOil IPUKJIAIHON JTUHEHHON MOIEIN OJIUIOo-
IIOJINU ¢ TPOU3BOJIBHBIM YHCIOM PAIMOHAIBHBIX Ar€HTOB — JIS 3aJaHHOrO YMCIA
areHTOB MOJIyYeHNE JMAa30HOB BEJUYUH MUX I[IAroB, MPU KOTOPBIX BBITOTHIET-
cst KpuTepuit o Hopme. Torma mpu mobbIX HAYATBHBIX Hpubmkennsx ¢¥ Gyaer
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rapaHTUPOBaHA CXOJUMOCTb MOJIEJM JIMHAMUKE KOJUIEKTUBHOIO TIOBeeHus (4),
(5) K paBHOBECHIO, KOTOPOE SABJISIETCSI CTATHIeCKUM paBHOBecreM Hata B Momesn
osmuronosmu (1)—(3). Takrke He MEHbBINNUIT HHTEPEC TPEJICTABIIAET PEIeHNe 3aa91
IIOMCKa MaKCHUMAaJIbHBIX TaKUX JUAIIA30HOB IIIaroB.

3. MeToapl uccjiegoBaHUA

Crenyst pabore [16], mpusenem dbopManbHBIE BBIPAYKEHUsT I HOPM MaTPHIL
nepexoJia morperHocTeil B urepanuonaoM tporecce (4), (5) mis 6a30Boit Mojen
OJIUTOIOJIMH, & TAKKe M3BECTHBIC Pe3yJIbTaThl O CXOJUMOCTHU IIPOIECca, OCHOBAH-
HBIC HA WCIIOJB30BAHUN HOPM.

TMorpemmocTs  mreparnmonnoro mpomecca et = (et gbrt T —
= (¢ —qf, AT =, .., BT — )T onpenensiercs npeobpasopammen e =
= Bt (1 =0,1,2,...), tne B! marpuma nepexoma (mepecdera, mpeoGpazona-
HUs1) morperHocreit or t-ro K (¢ 4 1)-My MOMEHTY BpemeHU

LAt gty L
(6) Bt = Byt = ARy I ARV AR |
B RNy N Qs
mre At = (L AL A,

CxommocThb uTepanuonnoro mporecca (4), (5) osnauaert, uto b — 0 110 eBKJIH-
JIOBOI HOpPMe TIPH ¢ — 00 1 TIOJTHOCTBIO onpeienstercss Mmarpureit B, Epkmmmona

HOpMa BEKTOpa & ompe/essiercst mo dopmyie |[e|| = 1/22}:1 z-:?. [TociienoBaTesin-
HOCTB BEeKTOPOB {¢'}£, cxomuTes K paBHOBecHIO ¢* 110 HOpMe TIpH ¢ — 00 ByieMm

3ammchBaTh Kak ¢¢ — ¢*. HopMa BermecTsennoit MaTpuis! B, mMeroreii n cTpoK u
N CTOJOIOB, ABJSAETCS MOTMUHEHHON €BKJINIOBOM BEKTOPHOI HOPME 1 OIIPE/IesIsieT-

cst Kak || Bl| = lllrn”ax || Be||. U3 onpenenenust HopMmel ciaegyet, uro ||Be|| < || B[]l
el|=1
Jutst Beex B, e wm ||Be|| < || B|| mist Beex B, el =1 18, 19].
Torna [16]
2
S
(1) 1B = max B/ el = max |37 |ei === et D ||
llell=1 lell=1 [ ‘= 2 SN
e € = (€1,...,E,...,En) — UPOU3BOJIBHBII €MHUIHBINA BeKTOp. B (7) omymien

BEPXHUI WHIEKC «t» JIJIs KOMIIOHEHT BEKTOPA £, KaK He BJIUSIONINI Ha Pe3yJIbTaT.

B Tepmumax Hopmbl MaTpuisl BT Moo mpuBectn ciiestyionue pesysbTaTh
0 CXOIMMOCTU UTEPAIHOHHOrO Iporecca [16].
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Jdemma 1. Jlas cxodumocmu x pasnosecuto npovecca (4), (5) npu amobom na-
wanvrom npubausiceru ¢° 0CIMAMOMHO HAMUHAA C HEKOTNOPO20 MOMEHG Lo G-
NOAMEHUA YCAOCUS

(®) 1B < 1.

TpeboBanne HEOTPUIATETLHOCTH TEKYIIINX BBIIYCKOB areHTOB, BO3HUKAIOIIEE,
HalpuMep, C TOYKU 3PEHUs IKOHOMIIECKUX OMPAHMICHU, MOXKET ObITh pPean30-
BAHO IIPOIIECCOM BUJIA

() sl P wilaly) —ah), wilehy) > 0;
! 0, z;i(qt,) <O0.

Yreepxgenue 1. Ecau navunas ¢ nexomopozo momenma to ||BUY| < 1,
mo npouecc (9), (5) cxodumea npu awbom nauarvrom npubsusicernuu q°.

ITo sromy yrTBepxIeHuIO ecan st uporecca (4), (5) HOpMa MaTpHIB! Iie-
pecdera MOrPEIHOCTEl MEHBIIe €IUHUIbI, TO OyJeT CXOIUTHhCS TaKkKe W Ipo-
nece (9), (5), B KOTOPOM He JIOIYCKAIOTCS OTPUIATEIbHbIE TEKYIIIE BBIITYCKH.

O6oszraunm wepes f (1) moaxopennoe Boipazkenne B (7), T.e.

2
t+1

(10) Fa =Y e -t e+ ¢

1EN JEN

Vreepxgenume 2. Ilyemo sexkmopw v, 7 S makue, wmo

N 7t+1’ <75+1]’ 7::4—17 <71Zt+1 01 u A+ = t+17t+1 n l3t+1<—t+1’
ede ol Bt € [0;1], ot + BT =1, ieN.

Tozda dynwyus f(y'T1) ydosaemsopsem nepasencmeam:

FalTIFEH 4 gL G | gt
K3
bttt +/8t+1<—t+1) <

(11) < Z Z Z Yoo Yir e Yn

RS AR V1S CAARN: A SV CUARNC AR

t+1 t+1 t+1
'f(z1+ e Z+ yeeey 2lt ),
Ty = alt!
tH1 gt+l < . 1 i+l _ 1 _ j =%
ede o B €[0il], o+ BT =1 T =9 e
Vi vi=0
1= 41 pt+l4t41 Ly gt St
FafPIFErL  giFIrl G gl
(12) . t+17t+1 +Bt+1<_t+1) <
s 2 e 2
t+ i+
<Z gt 51’_# 5i+25j + Bt é‘i—# 5z+253
iEN JEN JEN
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B siesoit wactn Hepasenctsa (11) — snadenne bynxmm f () Bo BayTpenmeit

TOYKE 7-MEPHOI'0 IPAMOYI'OJBHOIO IapaJijesielniie/ia [7t+1 <_t+1 7t+1
<72+17 co Ay Wﬁfl] B IIPABOIl YaCTU — CHENUAJIbHOTO BUJIA JIMHEHHAS KOM6I/I—

nanus snadenuit bynxmun f(y!H1) B kpaitaux Toukax mapastenenumesa. B qact-
HOCTH, JIjIst CJIydasi n = 3 HEPABEHCTBO UMEET B

t+1—=rt+1 t+14t+1 i1+ t1<—t1t1t1 t+14-t+1
f(afr 71+ +51+ Wfr’a;r 2+ +/3+ + 3+ 3+ +,83+ 73+)<

< aﬁ“ozgﬂagﬂf(VtH 715—1—1 7t+1 + l@llf—l—lag—l—l t—l—lf((—t—f—l t—l—l 715—1—1

) )+

+ atl—f—llB;—l—lag—l—lf( t+1 (—t—l—l) 7?—1) §+10t§+1 §+1f(_>t+1 71?—1—1 (—t—i—l) +
) )+
1 1

t+1 ot+1 t+1 t1<—t1 t+1 t+1 _t+1 pt+1 t+1 tl(—tl
+/61+/B+ +f(w+7 + + +/B1+ +l6+f(w+ 7+ +

t+1l8$+1l8§+1f(7t+1 t-l—l <—t+

t+1 ot+1 pt+1 —t4+1 <—t+1 <t
» V3 )+/81+/82+/83+f( + u o

7’72 773 )

4. Pe3yabTaThl UCCIEIOBAHUA U UX ODCYyKIeHUE

Beenem obosnauenmst

P = GE B, (), (B),
’YH—I (,Bt+1) — ( Bt+1)7t+1 +Bt+1<—t+1 (Z c N) u
ft+1 — f(')/tJrl (5t+1)).

Wnest nmpuMeHeHUsT pe3yabTATOB pasjiesia 3 K PEIIeHHI0 3aJadi CXOIUMOCTH

COCTOUT B CJICAYIOHIIEM.

Jlna kpaitHeil TOUKM TapaJsiiesenue/ia 7”1 <7t1+1; e 72“, <_§+1; cel

Fi S opmyna (12) npusonures k sugy fiH < 1 — el Fitle pre FiH1
CI/IMMeTpH‘{eCKaH Marpuia paszmepa n X n. Ecin FI nonoxurensno onpesenena
(re. el F*le > 0 mis xazk10ro HaGoOpa JeHCTBUTEIBHBIX YUCEIL £1, ... ,E2,. . ., En,
He BCe W3 KOTOPBIX DaBHBI HYJIO), TO Jylf MaHHON Kpaitmeit Touxkm fit! < 1.
Ecrm as Beex kpaitnmx todex fIH! < 1, 1o mo mepasenctsy (11) mmst sro6oit
BHyTpeHHeil Touxku napasenenuneaa oymer fiT1 < 1 u no (7), (10) musa mee Gy-
ner || B < Tn”ax V1 —elFttle < 1. To ecTh 151 Beex TOUEK Tapasliesiennie-

[ b+l <_§+1 7”1 <_t+1 7t+1,<_t+1] BBITIOJTHSIETCST KPUTEPUH CXO-

,ILI/IMOCTI/I (8) s mporecca (4), (5) Ecin y Bcex areHTOB OJIHAKOBBIE JIEBbIE 1
[paBble IPAHUIBI JAUALIA30HOB, TO TPYAO0EMKOCTb DEICHUs JTAHHON 3a/1a4u CyIIe-
CTBEHHO yMEHDIIIAETCS 32 CIeT COKPAIEHNs THC/Ia aHATH3UPYEMBIX KPAHHIX TO-
qek ¢ 2" 710 (n — 1). K oMy ke cOBpeMeHHBIE MTAKeThl KOMIIBIOTEPHO MaTeMaTh-
K PACIIOJIAraloT HEOOXOJMMBIME CPEICTBAMU JJIsI IPOBEPKH HA IIOJIOXKUTETHHYIO
OIIPEIEIEHHOCTD MATPUIL IIPAKTUIECKH JTI0060T0 pasMepa.

PesysbraTel, mpejicTaBieHHBIE B pasjese 3, UCHOIb3YIOTCS W JJIsi PEIICHs
3a/1a41 HAXOXK/ICHHUsI MAKCHMAJIbHBIX JIHANIA30HOB IIAr0B AreHTOB ([apaJsiiesenn-
e/la MaKCHMAIbHOIO 00beMa), TApAHTUPYIOMNX CXOANMOCTb K PaBHOBECHIO JIH-
HAMUKHN KOJIJIEKTHBHOT'O IIOBEJICHNUS, YTO TAKXKE COCTABJISCT BaXKHBII Pe3ysbrar
JIAHHON CTaTbhU.
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Ho Bravase octanoBuMcs 1o/ipoOHee Ha ITPEINOChLIKAX K OTPAHUIEHHIO JIrala-
30HOB IIAroB areHToB. st 9TOro mepBbBIM PACCMOTPHUM KJIACCHIECKUN THAITA30H

< .
[F 5] = [0:1] (Vi€ Nt =0,1,2,...).
CoorBeTcTByIOIIEe STOMY JHalla30Hy HepaBeHCTBO (12) mMmeer Buj

(13) ft—i—l — f(,yt-l—l(ﬁt-I—l ZﬁtJrl Ez ZﬁtJrl Z £

€N ZGN JEN\{i}

B (13) ucnonb3zoBano, 4To 'yf—H =(1- ﬁf“) -0+ ﬁf“ 1= ﬁf“'

Ecan CUMMETPpHUYICCKasd KBaJpaTUuIHaAd d)opMa

2

Z/Bf—i—l(gi)Q + i Zﬁf—f—l Z £

1EN iEN JeN\{i}

SIBJISIETCSI TOJIOYKUTENIFHO OIPEIeIeHHON UIsT KarykI0ro Habopa HeificTBUTETbHBIX

THUCET €1, - - ., Ejy - - -, En, TO ITO PABHOCUIBHO TOMY, UTO OHA IIOJIOKUTEIHLHO OIIPe-
JeJleHa JIJTsT KayKJI0ro Habopa JMefiCTBUTeLHBIX umces Takux, u9to y. (g;)? = 1.
iEN

Torma i1 <1 m mo (7), (10) || B < 1. Ormernm, aro fi1 > 0, mockombky
> Bt (e)? <1
1EN

CooTeeTcTByIOMAs JAHHON KBaJpaTHIHON hopMe cHMMeTpUIecKas MaTpPHIIA

MeeT BU
(14) FiH = Py =
t+1 1 Z /BtJrl _1 Z /BtJrl _1 Z /BtJrl
1 4 ‘ [ 4 ‘ [ to 4 ‘ [
1eN\{1} 1€N\{1,2} ieN\{1,n}
1 41 i1 L t+1 1 t+1
N >, B B _Z,Z B >, b
1€N\{2,1} 1eN\{2} i€EN\{2,n}
_1 Z IB{5+1 _1 Z /BtJrl ,Bt+1 _ 1 Z IB1§+1
4 . [ 4 ‘ 4 T n 4 ‘ [
1€N\{n,1} i€EN\{n,2} i€EN\{n}

Ucmonb3yeM cireayonuii n3BeCTHBI pe3yabTar (CM., HaIpHMeD, [19]): Jeit-
CTBUTEJIbHAST KBaJIpaTudHast (popMa sIBISIeTCS TOJIOKUTEIBHO OIpEJIeIeHHON B
TOM U TOJIBKO B TOM CJIyUae, €CJIN OIPEICUTEN BCeX TTIABHBIX (YIJIOBBIX) MIHO-
POB COOTBETCTBYIOIIEHH €if MATPUIIBI TOJIOKUTE/IBbHBI (UJIH, YTO PABHOCHJILHO, €CJIN
MATPHIIA TIOJIOKUTEILHO OIPEIEICHA).

Bosee monpobHO paccMoTpuM YacTHBIE CiIydas PhIHKA, Koraa n = 2,3, 4.
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Bravasie paccMoTrpuM XpecroMaTuiiHblil cirydail — jyonosmio Kypro. Coor-
BeTCTBYyIONe HepaseHCTBO (13) m marpuma (14) nmeror Bu

t+1 t+1
ft+1 < 1— /Bi+1(51)2 + IT (52)2 . é+1(€2)2 2T (51)2,
Ft“:( B t+1 Otl )
0 AR

Ecmm 4,8t+1 ,6’5“ > 0 u, M0 CUMMETPUH, 4Bt+1 f’l > 0, TOo ompejenuTe-
JIM VIABHBIX MEHOPOB Marpuibl FH! monokurensusr. Ilponece cxomurest, Koraa
9TH HEPABEHCTBA BBIMOJHEHBI (T.€. Al KayKI0r0 areHTa 60JIbIIe OIHO 9eTBepTOit
nrara JIpyroro) HaunHasi ¢ HEKOTOPOIO MOMEHTa BpeMeHu t. B gacTHOCTH, 9TO Tak,
KOIJIa ﬂt“ 5“ = 1, T.e. KaXKJbIil areHT BLIOUpAET HAWIY YIINe OTBETHI Ha, OXKHU-
JaeMble JeificTBUsT KOHKypeHTa. Korma areHThl IefCTBYIOT pasHOHAIPABIEHHO U
yKa3aHHbIE HEPABEHCTBA HE BBIIOJIHSIIOTCSI, BOIIPOC O CXOJAMMOCTH II0 HOPME OCTa-
eTcst 6e3 OTBeTa, XOTsT M3BECTHO, UTO MPOIECC CXOIUTCS TP BtH 5“ € (0;1].

Hnst ciayaas omuronosmu KypHO ¢ Tpemsi areHTaMu COOTBETCTBYIOIIHME HEpPa-
BercTBo (13) m marpuna (14) nmeror By

t+1
t+1 t+1 2 t+1 2 t+1 2, A 2
FSI=8 ()" = By (e2)” = By (ea)” + — (2 tea)” +
—(61 —l—Eg) +—(El+€2) ,
4 4
t+1 t+1 t+1 t+1
i+ _ P2 3 _"3 _r2
! 4 4 4 4
t+1 t+1 t+1 t+1
Fttl = P 1P P P
4 2 4 4 4
t+1 t+1 t+1
Py P t+1 _ pt+l P2
4 4 3 ! 4
[IpoBepeno, UTO I/IsT KarKI0T0 HAOOPA AeHCTBUTEIHHBIX TNCET ,8”1, 5“, é“

OlIpeJIe/INTE b HEMIOJIOKUTE/IEH, T.e. Ha OCHOBe HepaBeHcTBa (13) He ymaercs moji-
TBEPAUTDH CXOOUMOCTh Iporecca. JoBobHO HEOXKUIAHHBIN BBIBOI, IIOCKOJIBKY M3-
BECTHO, UTO IPOIECC CXOMUTCS JISI MHOTMX HabOOpPOB IapaMeTpOB Bt+1 Taxkoit
BBIBOJ] OOYCJIOBJIEH 3HAUUTE/ILHOU Pa3HUIEH B 3HATEHUSIX 7”1 =0mu <_t+1 =1,
areHThl MOI'YT BBIOMpPATH JIIOObIE MArd: OT OJIM3KUX K HYJIIO, HpaKTI/I‘IQCKI/I ocTa-
BasiCh «HA MeCTe», JI0 MAKCUMAJbHO BO3MOYKHBIX, T.€. OITUMAJIBHBIX 110 IPUOBLIH.

Taxske Jyist n > 3 U KJIACCUYECKOrO JHAlla30Ha IIaroB 7“1,(73“] [0; 1]
He yJIaeTcsl HOATBEPAUTh CXOAUMOCTE IIPOIlecca HU JIJIst OJHOrO Habopa Iapamer-
pOB ﬂf“. OrmeTnM, 9TO TIPU PABHBIX JJIsI BCEX Ar€HTOB MapaMerpax ﬂf“ Mar-
puna F nna n > 2 He aBasercs MONIOXKHUTEILHO OIPEIe/eHHOM. JlocTaTouHo
B 9TOM yOeInThCs JjIsI KAKOTO-JIUO0 OIHOTO 3HadeHus mapamerpa. Illpm n =4 u
pPaBHBIX IIApaMETpax yrKe OlpeeUTeIb BTOPOro IIABHOTO MUHOPA MaTPHUIIBI OT-
pULaTEe e .

52



,ZLTIH IIPEOI0JICHU A HEOIIPEAC/JIEHHOCTU B IIOATBEP2KICHUN TUIIOTE3BI <«IIPOIECC
CXOOUTCA» MpeArojgaracM OrpaHnmInuBaTh JUAITa30HBI BI>I60pa m1aroBs arcHTaMMH.
HpI/I OIlpeJIeJICHUN T'PaHUIL JUalla3OHOB 6y‘ZLeM NCXOAUTH U3 TOr'o, 4TO JJjisd areH-
TOB OOJIBIINE IIArv YacTO SBJIAIOTCS IpeanovTuTe/IbHee MaJIbIX IIaroB, IIO3TOMY
IIpaBble I'PaHUIBI KejlaTeJIbHO NMETH KaK MOXKHO OJIzKe K CAMHUIC.

B ,ZLa.HbHeIU/IH_IeM IIOMOI'YT cJIeAyIoInue YTBEPZKJACHUA U JIEMMBbI, JTOKa3aTE€JILCTBO
KOTOPBIX IIPUBEJICHO B HpI/IJ'IO}KeHI/II/I.

Vreepxkagenue 3. B modeau oauzonoauu Kypno npouece (4), (5) cxodum-
cAa 0aa Quanasonos wWazo6 [7§+1; W?“], ECAU HAMUNAA C HEKOMOPO20 MOMEHMA
spemenu ty noaosicumenvro onpedeaerv, mampuuse FH1 ) snemernmor xomopoix
uMem eud

ft+1 3(u t+1 _ 77t+1) n ut+1 Z 77t+1
keN

ft+1 ( t+1 _nf-l—l) + (N§‘+1 t—|—1 Z nt—i—l i,j c N, 27&]
keN

(15)

3deco

t+1 715—1—1 5t+1 (—t—i—l 7t+1

— [(7§+1)2 + /Berl(((—tJrl 7t+1 /4 leJrl c [0’ 1]

Jlemma 2. Ilycmo A keadpamuas Mampuya pasmepa m X m ¢ dIAeMERMAMU
6uda a; = a, ajj =b, 4,5 € M ={1...,m},i# j. Toeda det(A) = (a—b)"[a+
+ b(m — 1)].

Ji eM.Ma 3. Mampuuya (15) noaoorcumenvho onpedesena npu ’yf“ = <7t+1 <

< T ? € N.
ITo nmemme 3 mig ciaydas n = 2 uMmeeMm <7t+1 < %, [IO3TOMY TIPOIIECC TTPUIET
B paBHOBeCHE, KOTJ[a BCE areHThl BHIOMPAIOT MaKCUMAaJbHbIE A, PaBHBIE €JIU-
uurie. s ciyvaa n = 3 10KHO ObITH <7t+1 < 1, mosTomMy He HOJTBEPKIACTCS
CXOJIMMOCTB TIPOIECCa, KOTJIa BCE areHThl BHIOMPAIOT MaKCHUMaJibHble Taru. Jlis
caydad n =4 MOYXKHO IOJTBEPIUTL CXOAUMOCTH IIPOIECCa TOJBKO, KOTJA IIaru
areHTOB HE BBIXOIAT 3a MPAaBYIO I'PAHUILY Juamna3oHa, pasayio 0,8.

Paccmorpum cHOBa MOJIENIB JIYOIIOJINK, HO U3MEHUM T'PAHUIlBI Juaras3oHa. I1o-
JIOZKUM 7”1 =0,2m <_t+1 =1, T.e. Temepb areHTbl HE MOTYT BBIOMPATH «CAMBIE

MaJleHbKHe» mard. [1o (15) 1 =0,14 80,4, 71T = 0,01 + giH10,24, FiH =

0,35 + 0,648 — 00,2465 0,16 —0,08817 — 0,085 5
= . eCb MaTpHu-
0,16 — 0,088:71 — 0,085 0,35 + 0,646L+1 — 0,244+ A P

ma F'T! nonoxurensro ompenesnena mpu ﬁtH tH € [0;1]. HomoxuTemsHOCT

OIIpeaenuTesId IIEePBOroO IVIAaBHOI'O MHMHOPa O‘IGBI/I,ZLHa, ITOJIOZKUTEJIbHOCTL OIIpeIe-
JIMTEJIsd BTOPOIr'o IVNIaBHOI'O MMHOPa CJIeAyeT yzKe U3 TOIr'o, 9TO Ka)K,ZLbeI u3 auaro-
HAJIbHBIX 3JIEMEHTOB OOJIbIIE KazKJI10T'0 U3 HeAnaroHaJbHBIX 9JIEMCHTOB. HOSTOMy
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€CJIM areHThbl BBHIOUPAIOT IArd B JUAIIA30HE [72“; WEH] = [0,2; 1], To mporecc
(4), (5) cxomurces mpu ﬁtH fH € [0; 1]. B coienytomen yTBepKeHIN JJIsT JLyOIIO-
JIM JTOKa3bIBaeTcs B [IpUIOXKEeHNH, 9YTO HUKHSIA TPAHKUIA IUAIA30Ha MOXKET ObITh
YMEHBIIEHA.

Vreepxageunne 4. Ecau 6 dyonosuu Kypro azenmu, nauunas ¢ Hexomopo-

20 Momenma epemenu ty evbuparom wazu 6 Juana3one ’yt+1, ’yé“ € [0,136; 1],

mo mampuuws nepexoda nozpewnocmet FL 6ydym noaoscumenvro onpedene-
o, || B < 1 u npouece (4), (5) crodumes.

DTH BBIBOJIbBI COIVIACYETCS C U3BECTHBIME PE3yJIbTaTaMU, IOy YeHHBIMU JIPYIHU-
mu Metogamu [3-5, 14, 15|, B ToM unc/ie 9KCIepuMeHTaMHU.

BepreMcst K MOIeId OJIMIONOJUU € TpPeMsl areHTaMu. PaHee s Iuamia-
soHa [0;1] He HOXTBEpAMIACH THUIIOTE3A <IIPOIECC CXOAUTCS» HHU JUIS OJIHO-
ro Habopa mapameTpoB (3. Temeph m3MeHnM anama3oH mmaros. Ilosoxkmm, «TO

7?“ =0,6 n <_f+1 = 1. AreHTbl BeIOMPAIOT HEpPABHBIE IIATH, IIyCTh ﬁt"'l =0,4,

il = 0,5, BT =0,6. TTo (15) i =0,38; nit =0,154; pb™ = 0,4; nitt =0,17;
0,548 —0,054 —0,05
phtt =0,42; nbtt =0,186; F'*' = [ —0,054 0,58 —0,56 |. Marpuma moso-
—0,05 —0,56 0,612
JKUATEJILHO OIIpe/IesieHa (C OOJIBIITM 3anac0M) T.€. YCJIOBHUE CXOAUMOCTHU IIPOIIECCa
3aBEJIOMO UMEET MeCTO IpU ’yf“ = 0,76, v t+1 = 0,8, '7”’1 = 0,84.
,ZLJ'ISI MaKCUMaJIbHOT'O JAualla30Ha IMMaroB, I'apaHTUPYIOMIETO CXOAUMOCTDL IIPO-
ecca, CIpaBeJInBo

Yreepxagenne 5. Ecau 6 dyonoauu Kypro azenmol nauunas ¢ HeKomopoz2o
MOMEHMA 8pemeny ty vduparom wazu 6 Juana3oHe 7t+1,7§+1,7§+1 € [0,334; 1],
mo mampuyvl, nepexoda nozpewnocmet F 6ydym nososrcumenvro onpedenenL,
| B < 1 u npouece (4), (5) crodumca.

st monenn onurononnn KypHO ¢ 9eTbIpbMs 1 OoJjiee areHTaMu sl TOJTyde-
HUS MAKCUMAJbHBIX JTUATA30HOB MTAaroB, TApaHTUPYIONIUX CXOIMMOCTE MPOIECCOB
KOJIJIEKTUBHOTO TIOBEJICHUSI, MOYKET ObITh PEKOMEHIOBAH METO]I, KOTOPBIN ObLIT 1C-
IMOJTb30BaH IIPU JI0KA3aTeJILCTBE yTBEP kK IeHN 4 u b i1 ciiydaeB n = 2 u n = 3.
CyTh METO/Ia COCTOUT B CJIETYIOIIEM:

1. Onpenensiercs eguHast I BCEX areHTOB 1 MOMEHTOB BPEMEHH { IIpaBasi Ipa-
HUIA W* JUAIIa30HOB BbIOOpa mMu 1marop. [lo jmemMme 2 »Keyraemasi MaKCHMaJIb-

Hasg TPaHUIA ONPEJIeIAeTCs] U3 yCIOBUALA <7* = min{l_%n; 1} IIpn n = 2 umeem

<7* =1, upu n = 3 umeem <7* = 1 (11t TpExX areHTOB caMa eJIUHUIA He BKJIIOYa-
ercst B quanason), n =4 — 5* =08 n=5 — <_*—2/31/11“/1
Umeem, uro jist n arentos B (10) 6ymer f( W 505 *) <1 (B ckobKax
N-MEPHBIT BEKTOP) It KayKI0r0 Habopa JeHCTBUTEIBHBIX 9UCET €1, . . . , £y TAKO-
ro, uto Y. (g;)? = 1.
1EN

2. OHpe,ILe.HHeTCH cJuHagd OJisd BCEX ar'€HTOB 1 MOMEHTOB { HUZKHSIS I'paHua 7*
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JAnalla30HOB IIaroB. ,ZLJ'[H 9TOTI'0O peHIaroTCsd (n— 1) 3a/ia9 Ha ITOJIOZKUTEJIBHYIO OIIpe-

JHeJIeHHOCTb MaTpuil F.

s mabopa mapamerpos ( 7 5 W*,,W*) TTOJTOYKUB

ﬁt"'l .:ﬁffl =1 ompenesnsiem marpuiy mo (15). Ilycrs 7(1 — MH-
HUMaJIbHOEe 3HavdeHrne TapaMeTrpa <, IPH KOTOPOM MATPHUIA TOJOXKHUTETHHO

onpejiesiena. Mmeem, 9to f(7(1), S5 ,W*) <1, ecmm Y (g)? = 1. Tax-
iEN

Ke Oyuer f(<7*,7(1),<7*,...,<7*) <1, f L5 7(1 5+ ,...,W*) <1, ...,
FOSESE L8 T ) <

t+%LiH Ha6otIJ)r‘clx HalpaMeTpOB 7 7 - *, ,<7*) pu ,Bt“ Bl =0 u
3= .. = 1 onpenensiem Manuuy 1o (15). O6osnauum depes 7 (o) MUHH-

MaJIbHOE 3HAYEeHNe MapaMeTpa 7y , IPU KOTOPOM MaTPUIA MOJOKUTENTHLHO OIpe/ie-
nena. meem, aro f(7(2),f7(2), S ... 5% <1, ecmn 3 ()2 =1. Taxxe Gy-
1EN
J€T, 9TO f(7(2)7 <7* 7 <_*7 oo <_*) < 17 f(?ﬁ 7(2)7 7(2)7 <7*7 v 7?*) < 17
'7f(<7*7<?*7"'77 7(2 7 <1

[Tomo6HBEIM 06PA3OM OIIPEIETAIOTCS 7(3), 7(4), R 7(,1,1).

1 _ 41 _
fimm=0m By =

HpI/I OTpeJleJIeHNN HUKHEN rpaHI/IubI 7 (n) IM€EM, HTO JIs Habopa mapaMer-

poB (7, 7,...,7) 6ymer det(F) = 7"(1 +n)(2— )" 12— (1 +n)7) u mar-
puna F' 1ojgoKuTesbHO onpe;:LeﬂeHa, ecn 7 # 0.

E,ELI/IH&LH HU2KHAA T'paHUla JUAIIa30HOB OIIpeaessdAeTCda U3  YCJIOBUA 7* =

—max{ﬁ> ii=1,(n—1)}.

5. 3akJ/roueHue

O H 13 BO3MOXKHBIX TOJIXOJ0B K AHAJUTUIECKOMY HCCICJIOBAHUIO yCIOBUI
CXOJMMOCTH JUHAMUYECKIX IIPOIECCOB KOJJIEKTHBHOTO IOBEJCHUA B JIMHEHHOI
MOJICJIM OJIUTOIIOJIAM OCHOBAH HA WMCIIOJB30BAHHN MATPHIL MEPEXOJa MOIPENIHO-
creit poreccos ot t-10 K (¢ + 1)-my MomenTy Bpemern. C MOMOIIBIO 3TOTO HOIX0-
J1a, IIPeIIPUHSATA IIOIBITKA UCCIEI0BATh YCJIOBHA CXOANMOCTH 11 Mogean Kypno
3a CUeT BBEJIECHUS OIPAHMYCHHUH Ha JIMANa30HBI IIArOB areHTOB B HAIPABJICHUH
ux TeKymux neseit. [Tpeioxken MeTo 1 olpeIeeHnst MaKCUMAIbHBIX JTUAIIA30HOB
IIATOB, TAPAHTUPYIOMUX CXOAUMOCTD IIPOIECCOB IS TPOU3BOJIBHOTO YHCIa, ATCH-
ToB. ITosydaeMble IUANA30HBI HE 3aBUCAT OT IapaMeTPOB PBbIHKA U areHTOB, HO
3aBUCAT OT YHCJIa areHTOB Ha phIHKe. I PBIHKOB C IByMsI M TPEMs areéHTaMu
10 TIPEJJIOKEHHOMY METOJY PACCYMTAHbI MaKCUMAJbHbIE JUAIA30HbBI IAroB.

ITo yrBepxenuto 1 ecym porecce (4), (5) cXoaUTCst 110 HOPME, TO B ITUX JUAIIA-
30HaxX OyzeT cxonuThes u mporecc (9), (5), B KOTOPOM B KazKIblii MOMEHT BPEMEHI
BBIIIOTHEHBI YCIOBUS KOHKYPEHTOCIIOCOOHOCTH areHTOB.

Ba/auu 1orcKa PaBHOBECHs WJIM YCJIOBHH CXOAMMOCTH CTABSTCS U PEHIAlOTCst
B paMKax Jpyrux mojeseit peduekcnu (cm., sanpumep, [20]). Ipesioxenusiii B
CTaThe IOIXO 3/1€Ch MOYXKET MMEThb MEPCHEKTHUBY JIs Oy Iy IIIX UCCIeTOBAHMI, ec-

JIX TIOUCK PCHIeHUsd 9TUX 3a/Ja4 IIPUBOJUT K IIOC/IE€JOBATE/IBHOCTAM THIIA 5t+1 — 0
t-l—l Bt+l t
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HHPUJIO?2KEHNE

JlokazarenbcTBO yTBep XK JeHH 3. JloKa3aTebCcTBO CBOJAUTCA K IIpe-

obpaszoBanusiM TpaBoii gactu (12).

T |
Z (1=57) e 5 EZ+Z€] +

JEN

iEN
[ t+1
+ 5;4_1 i — —Wé g + Z €j) =
L JEN
2
(77&4-1
D ST SRS L] BFD yi) BN (e Z) )
1EN 1EN JEN JEN
it ? S+ 2
—Z,Bfrl € — ; Ei-i-ZEj — |&i — ; €i+Z€j =
iEN JEN JEN
2
it 2
:1—Z€i7§+1 €i—|—Z<€j +<—; > Z 5i+z5j —
iEN JEN iEN JEN
<—t+1 7t+1
_ZﬁZ?Jrl 2Ei—< 9 > 5i+25j X
iEN JEN

JEN

St+l t+1

+1 . <7t+1 7t+1
t+ 9 ]
_1—2325Z 51—1—263 2 + 5; ( 5 #)]4_
1EN JEN
7t+1 ) <7t+1 7t+1 2
. . t+ 3 N _
o (eeza) [ >+ﬂ () -(5)))-
1EN JEN
2
_1—22@ €’+Z€J t+1+z EH—ZEj it =
ieN jEN ieN jEN
=1-2 Z €;) 2,u§+1 — Z 25m§+1 Z €+
iEN iEN JEN
2
ICINADIEL D DL DB DILH I A
1EN 1EN JEN iEN \jEN
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—1_ Z(Ei)2 (4/1?1 t+1 Z nt+1> _

1EN keN

_Z Z £i€; [ fH 775“) n ('u;ﬂ _n§+1) _ Z n}t;rl] .

1€N jeN\{i} keN

Ecin onpenenmrenn TrIaBHBIX MUHOPOB MATPUIbl (15) MOIOKHUTETBHBI, TO

kBajparnanas dopma Y. (g;)? <4,ut+1 nitt — Z nt"'l) oY Eigx

ieN iEN ieN\{i}
[(uf“ nith + (u;“ tH) > nt“} SIBJISIETCS  TOJIOZKUTENILHO  OIPEIe-
keEN
seroit m o (7), (10) || B < 1. To ects mportece (4), (5) exommTest Ipn TAHHBIX

SHAQUCHUAX ITapaMeTpPOB 73 1, <7t+1 ﬂf—’—l.

VTBepxkaeHue 3 g0Ka3aHO.

JlokazaTeabcTBO JieMMBI 2. BymayT IMOJIE3HBIMI CBONCTBa OIpEJIETUTE-
Jeit: 1) ompemennTesb He M3MEHHUTCs, €CIM K dJIeMEHTaM JII000H CTpOKH mpuba-
BUTBH COOTBETCTBYIOIINE 3JIeMEHTBI KaKOH-Iu00 JIpyTroi, yMHOKEHHBIE Ha OJHO U
TO 2Ke MPOU3BOJIBHOE UUCJIO; 2) OIIPEJIE/IUTE/b TPEYTOIBHO KBAPATHON MATPUIIHI
paBeH MPOU3BEEHNIO €T0 NaroHaJbHBIX JIEMEHTOB.

[TpubaBieHneM K 3J€MEHTaM KarKJIOH CTPOKH COOTBETCTBYIOIIUX 3JIEMEHTOB
CJIeJIyTOIEel CTPOKU, YMHOKEHHBbIX Ha (—1), mosydaem

a b b ... b a—b b—a 0 ... 0
det(A) = b a b ... D _ b a b ... b _
b b b a b b b a
a—b b—a 0 0

(e
S

|
>
>

|
Q
(e}

b b b ... a
BaTeM pasIOKEHHEM [0 IOCJAEJHEH CTPOKe C HCIOJIb30BaHHEM (HOpMYy-
Tl BBIMUCIEHTsT TPeyroabHLIX ompenemuteneii mueem det (A) = a(a — b)™ ! +
+(m —1)b(a — b))t = (a —b)" ta+ (m — 1)b].
Jlemma 2 nokaszana.

HHokazareabcTBO JeMMbl 3. IMeem 7”1 W?H, npu Bf“ = lwumno (15)

41 i1 2
t+1 _ Vi 41 Vi
/’LZ —t ) "72 - < : > )

2 2
<7t+1 <7¢+1 2

1,j €N, i#£].
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t+1

Ilo nenve 2 det (F1) = (1+n) (7%1)” (2 ’722 ) [2 —(14n) 7’41]

OmpenennTesb TOJOKUTEIECH IPH Wf“ 1in [Ipu BoITIOTHEHNT JAHHOTO HEpa-

BEHCTBa TaKzKe IMOJIOKHUTEIEH ONpeIenTeNb k-ro IVIABHOTO MUHOPA MATDHIBI
FHL (k< n). I/IMeeM a+(k—1)b=5t1 [2(1+ k) — (1 +2k+ nk)ﬁt“/ﬂ /2.

[Tpu <72+1 = 1+n oyner a+ (k—1)b= ?(n I;) > 0. IIpr <_t+1

TEJIbHOCTD OIIpeJIe/INTEe IA k-ro rjaBHOTO MHHODpa O4YeBH/IHA.

< in +n IIOJIOYK -
Jlemma 3 J1okaszaHa.

JokazarenbcrBo yrBepkgeausa 4. Ilpu onpeaeseHnn rpasulL Juama-
30HOB TIpaBble IPAHUIBI XKeJaTeTHHO UMETh Kak MOYKHO OJinzke K eauaure. Takxke
Oy/1eM UCXOJUTDH U3 €JMHOrO JIJIsi BCEX areHTOB M MOMEHTOB BPEMEHU JIMAIla30Ha.
[ostomy npu f u F Gyjem onyckarb Bepxuuii unjexc (t + 1).

Ha ocHOBaHUH JieMMBI 2 [UIs TyOLIOJIAH IPABYI0 IPAHUILY 5y [MAIIA30HA CIIe/LyeT
B3ATH paBHO efmumie u f(1,1) < 1.

Pacemorpum  f (7, 1).  CoorBercTByiomas 3Toil  KBaJapaTHIHOH  dop-
Me wsarpuna (15) onpegensiercs npu 1 =0 u fo=1 u wumeer Buj

29 72025 F/2-F%/2 )

— ( = 2/ -4 ) PEJIEJINTETh 3TOH MATPUIBI MOXKHO

375 7/2-2
F/2-2 1-7?%/4]
Marpuria moJI0KUTETFHO OllpeieeHa, eCn 7 > 0,136. [Tosromy f(0,136;1) < 1
Veq, eo.

Ecrecrenno, aro f(0,136;1) = f(0,136;1) < 1

Pacemorpum f (777) Cootreercrytomias Marpunia (15) onpesensercst mpu

_ 2 =72
51 = By = 0 mw mmeer Bupg F' = ( 277 _522/4 277_ 522/4 ) . Marpura moio-

JKUTEIBLHO OIpeiesIeHa, eCin 7 # 0. Mosromy f(0,136;0,136) < 1 Veq,eo.

npeobpas3oBaTh K Oosee mpocromy Buay det (F) =

U3 (11) craemyer mokaspiBaeMoe yTBep:KIcHUE 4.
JlokazaTeabCTBO YyTBEDPXKICHUA 5.

Pacemorpum  f(1;1; 7) CoorsercTBytomas 3Toil  KBajpaTUdHOl dopme
marpuna (15) ompemensiercs npu 1 =By =1 u B3 =0. Ona wumeer Buj

0,75 — 72/4 —72/4 0,25+ 7 /2 — 7?/2

F= —72/4 0,75 — 72/4 —0,25+ 7 /2 - 72/2

—0,25+7/2-72/2 —025+7/2—72/2 —05+27 — 72
OmpenennTesb MATPUIIBI MOXKHO IIPeodpas3oBaTh K 0oJiee yA00HOMY JIJIsT BBIUHC-
0,75 —72/4 —0,25+7/2 - 7?/2
nernit Bugy det (F)=| 0 0,75 — 72/2 —0,25+ 7 /2 — 72
0 —025+7/2—72/2 —05+27 — 72

MuHEMAIbHOE 3HAYEHHe 7Y, AJIs] KOTOPOTO MATPHIA F' IOJIOKATENIBHO OIpe,iere-
Ha, pasao 0,334. [Tostomy f(1;1;0,334) <1 Veq,eq.
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Umeem Takxke, uro f(1;1;0,334) = £(1;0,334;1) = f(0,334;1;1) < 1 Veq,e9.
Pacemorpum f(1; ¥ 7) CoorBercrByommas Marpuna (15) onpesensercs mpu
61 =1, u By = B3 = 0. Ona mmeer BuUL

1-72%/2 7 /2 -372/4 7 /2-372/4
F=| 7/2-3792/4 —025+2% —572%/4 —025+7 — 72
F/2-372%/4 025+ -7  —025+2% —57%/4
Orpetesiure/ib MATPHUITHI MOYKHO IIPeobpa3oBaTh K 0ojiee YI00HOMY JIJIsi BBIUUCTIE-
1—72%/2 5 - 3722 1-37%2%/4
nuit By det (F) = || 7/2—372/4 —05+37 —972/4 —025+7 — 72|
0 0 7 - 7?/4
MUHIMATBHOE 3HAMCHHE 7 , JJ151 KOTOPOTo MATpPHIA F' IONOKATEILHO ONpeIeTe-
Ha, pasHo 0,22. TTosromy f(1;0,22;0,22) < 1 Veq,eo.
Taroke £(0,22;1;0,22) = £(0,22;0,22;1) = £(1;0,22;0,22) < 1 Veq, £,
Pacemorpum f (77 5 7) CootrsercrByrorias Marputia (15) onpeesnsiercs pu
B1 = By = B3 = 0 u nmeeT BUL
29 =3%%/2 F 5774 F -57°/4
F=| 7 -57%4 27 -35%2 7 -57%/
¥ -57%4 F-57%/4 27 -37%/2
ITo memme 2 det(F) = 73(2 — 7 /2)2(1 — 7). MaTpuia moioxKuTeIsHo onpee-

JIeHa, eCcJIn 7 # 0,1. I3 mosryYeHHbIX 3HAYECHUN 7T HUKHEH TPaHUIBl HATO BbI-
O6paTb MakcuMaJjbHoe, T.e. 0,334.

Ha ocHoBanum jieMMbI 2 JIJIST OJIUTOIIOJINKA C TPEeMsl areHTaMU IpaByio T'PaHU-
my W JMaIa30Ha, cjaeayeT OpaTh MEHBIe eIUHUIIbI.

U3 (11) cnenyer jokasbiBaeMoe yTBepsKjeHue b jyisi quanasona [0,334;1).
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