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Abstract.

The competition of two firms on the market of one product with regard to import is
considered. The particular volume of product supplied to the market by the importer is unknown
to both producers. They know only restrictions about volume of import defined by the market.
Non-cooperative game of two persons under uncertainty will serve as a mathematical model where
"the role"of uncertainty "plays"the quantity of export goods, "the role"of players strategy - the
quantity of goods supplied by them on the sale, payoff function - the income of the player. Two
notions of guaranteed decision of players - strictly guaranteed (Nash) equilibrium and (Pareto)
quaranteed equilibrium are used. The first one is on the boundary of the concept of maximin
and Nash equilibrium, the second one - of Pareto minimum and Nash equilibrium decision. In
this paper for stated mathematical Kurno model with regard to import the explicit form of
both guaranteed equilibrium is found. Let us imagine that two companies (designated I and II
respectively) compete in the market of the product. The volume of produced by them during a
certain (specified a priori) period of time output is denoted by x1 and x5 respectively. At the
same time there appears an importing company on the market, the managers of the companies
I and II do not have any information about purposes and volume of goods produced by it. They
can only consider that the volume of goods produced by the importer is nonnegative quantity
y € [0,400). The i-production costs are assumed to be linearly dependent on the amount of
output z; (¢ = 1,2) and can be represented as cx; + d, ¢ and d here are respectively variable
and constant costs (for example, variable costs include the costs to workers wages, the purchase
of raw materials, depreciation of equipment, constant costs — rent of premises, land, machinery,
licenses etc.). Depending on the demand the price of product is determined on the market, this
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price we also consider as linearly dependent on the amount of & = x1 4+ x2 + y goods entered
on sale. The price of goods we represent in the form p(Z) = a — bz, where a = const > 0 - the
initial price of goods, and constant positive elasticity coefficient b > 0 shows how much the price
is "falling"when a unit of production is on sale. Suppose that the price is determined so that to
equalize supply and demand. Let each of the firms sells all that it produces, then the proceeds of
the first company is p(Z)x; = (a — bZ)x = [a — b(x1 + x2 + y)|x1, and its profit (proceeds minus
costs) is 1 (71, 22,y) = [a—b(x1 + 22 +y)]21 — (€71 +d) = azxy — bx? — br1wy — byw — cv —d, at
the same time the second company’s profit is Vo (21, 22,y) = [a — b(x1 + 2 + y)|x2 — (cxo +d) =
= ary — brixg — bx% — byxg — cxo — d.

By determining the amount of production, the management of the manufacturing company
is forced to rely not only on the "rational"choice of the competitor, but also on the possibility of
implementing any in advance unpredictable uncertainty values - y volume supplied to the import
market. Following the principle guaranteed result by Germeier Yu. B., we will assume that when
choosing a production volume z; (i = 1,2) i-manufacturer is focused on maximizing the function
Fy(21,72,y) = ¢i(x1, T2,y) +by?. In this case the first term is a function of profit, and the second

"compels"when choosing decision to focus on "maximum resistance to uncertainty".

Key words: Nash equilibrium, Pareto minimality, guaranteed decisions.

BBEJIEHUE

[Ipescrasum, uro aBe dbupmbl (0603HaUeHHBIE cooTBercTBeHHO | 1M II) KOHKYpHDY-
0T Ha PBhIHKE OJHOro mpoaykra. O0beM MpOU3BeeHHON MMU 3a HEKOTODBIH (38 1aHHBIN
AIPUOPHU) TIPOMEKYTOK BPEMEHH HPOJYKINE 0003HATUM Yepe3 T U Ty COOTBETCTBEHHO.
OTHOBPEMEHHO € 9THM Ha PBIHKE IMOAB/ISIETCS KOMIIAHUSI-IMIIOPTED, O MEIIX U o0beMax
IIpEJICTABIAEMON UM MPOJYKIUKU pykKoBojcTBO Kommnanuii I n II He mmeror nHukakoii mH-
dopmanun. OHEI MOTYT CIMTATH JIUIIH, 9TO 00bEM IPEICTABIAEMOT0 HUMIIOPTEPOM TOBAPa,
SIBJISIETCsT HEKOTOPOIT HeoTpunareabHoit Beamannoit y € [0, +00]. Msdepoicku i-ro mpoms-
BOJICTBA ITPEIIOIAral0TC JTUHEHHO 3aBUCUMbBIME OT KOJIMIECTBA BBITYIIEHHON TPOIYKITUT
x; (i = 1,2) u MoryT ObITH TIPEJICTABJIEHBI B BUJe cT; + d, 3/1eCb ¢ U d COOTBETCTBEHHO
[epeMeHHbIe U OCTOSTHHBIE U3IEPKKN (K TIePEMEHHbBIM U3/IePKKAM OTHOCITCSI, HATIPHMED,
3aTpaThl Ha 3apiiary pabodux, Ha 3aKYIIKY ChIPbsd, Ha aMOPTH3AIUI0 000pyI0BaHUs, K
HOCTOSTHHBIM - apeH/ia TOMEIIEHIH, 3eMJIH, CTAHKOB, JINIeH3uil u T.11.). Ha pbinke B 3aBu-
CUMOCTHU OT CIIPOCA YCTAHABIUBACTCS IIEHA ITPOJIYKIINN, KOTOPYIO TAKYKE CIMUTAEM JTUHEHHO
3aBHUCAIIEH OT KOIMYecTBa T = X1 + X9 + Y MOCTYIHUBIIEr0 Ha PojiaxKy ToBapa. Llery To-
Bapa mpeJicraBiisieM B Bujie p(T) = a — bx, tie a = const > 0 — HauaJ bHAas [IeHA TOBapa, a
[TOCTOAHHBIH MOJIOKUTEIbHBIH KO3 duimenT smactudnoct b > () MokasbIBaeT, Ha CKOJIb-
ko "masaer " 1ieHa Ipu MOCTYIIEHNN B TIPOJIAXKY €IUHUIIBI IPOAYKImn. [Ipeamomoknm, 9To

IIeHa OIIPeJIe/IAeTC TaK, YTOObI YPaBHATH CIIPOC U Iipejioxkenue. [lycTs kaxmas u3 pupm
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[IpO/IaeT BCe, 9TO OHA IIPOM3BOJINT, TOI A BBIPYYKa MepBOil (hupMbl Oyer
p(T)ry = (a — bT)x = [a — b(xy + 2 + y)]21,
a ee MPHUOBLIb (BBIPYUIKA MUHYC U3JIEPXKKI) COCTABUT
U1 (z1,22,y) = [a — b(x1 + 22 + y)|z1 — (ca1 +d) =
_ 2
= axry — bx]{ — br1xy — byxry — cxy —d, (1)
OJIHOBPEMEHHO IPUOBLIL BTOPOIO
Vo(1, T2, y) = [a — b(z1 + 29 + y)|72 — (cT2 +d) =
= axy — br11y — bas — byry — cTy — d. (2)
Ormpejiesisist 00beM TPOU3BO/ICTBA, PYKOBOJACTBO (PUPMBI-IIPOU3BOIUTEISI BBIHY 7K IEHO
OPUEHTHPOBATHCS HE TOJBKO Ha "palmoHabHbII"BIOOD KOHKYpEHTa, HO U Ha BO3MOXK-
HOCTBH peaju3allun JIIo0oro, 3apaHee HEIPEICKa3yeMOro 3HAYEHUsI HEOIPEIeIeHHOCTH -
obbeMa Yy MOCTaBJIEHHOIO Ha PBIHOK mMrmopTta. Crie/lys MPUHIAITY TapaHTUPOBAHHOTO Pe-
syabrata 1o F0.B.Tepmeiiepy [1], 6yaem canrars, aro mpu BEI6OpE 00HEMOB IIPOU3BOJICTBA

x; (1 = 1,2) i-Blit TPOM3BOIUTEH OPUECHTUPYETCST Ha MAKCUMU3AIUIO (DYHKIIUH

E(Ilax%y) :¢i('xl7'x27y)+by2' (3)

[Ipu sTOoM 1epBoe ciiaraemoe B (3) mpejcrasiger coboil (hyHKIUIO MPUOBLIN, a BTOPOe
"BeinyKgaeT" TpHU BBIOOPE peleHnst OPUEHTUPOBATHC Ha 'MaKCHMaJIbHOE TPOTUBO/IEH-
CTBHUE HeolpeieleHHoCTH " .

Sameuanue 1. [losBenne mocseaHero caaraeMoro B (3) MOKHO OObSICHUTD U CJIETy-
formuM obpazoM. Jljist kKaxkgoro urpoka i (i = 1,2) dakTuieckn paccMaTpuBaeTcs JIBYX-
KpuUTepraJbHas 3a/1a49a: IEPBBI KPUTEPHIi - 9TO ero NPUOBLIL 1; (X1, T9, Y), BTOPOI CBI3aH
C UJIesIMU TIPUHITATIA TAPAHTHPOBAHHOTO PE3y/IbTaTa: IPUHNMATH (-My UTPOKY PeITeHusl pe-
KOMEH/IyeTCs B YCJIOBUSIX, KOT /I HEOIIPEIEIEHHOCTD ' CTPEeMUTCS MAKCHMAJIHLHO HAIIOPTUTH
JKU3HB'"'9TOMY UI'POKY, TO €CTh IPUHUMAaET 'caMble 0oJiblire'"n3 BOZMOYKHBIX 3HAYUEHUI.
DTa peKOMeHIAIs U IPUBOAUT KO BTOPOMY KpHUTepHio by?, KOTOPBIii i-bIif HIPOK TaKKe
CTPEMUTCsT yBeJIMInTh. MTak B AByXKpHUTEPUAIBHON 3a/1ae, BOSHUKAIOIIEH /TSI KayKI0T0
UIPOKa, Y HEro jJBa KPUTepus, KOTOPbIE OH ¥KeJIaeT yBeJINUUTh - IpuoLLIb u by?. Jluneii-
Has UX CBEPTKA C MOJIOKUTEIbHbIMEI KO3 durmenTraMu (3/1€Ch €IMHUIBI) U MPUBOJUT K
(3), a 4TOOBI Jjisi OrOBApUBAEMOIli JBYXKPUTEPUATBHON 381849 JOOUTHCS MAKCUMyMa 110
[TapeTo, TO JOCTATOYHO 9Ty JUHEHHYIO CBEPTKY '"MakcHMU3UpOBaTh'.

YiopgaodeHnasl 4eTBEPKa

I'= <{1> 2}7 {Xl = [07 +OO)}i=1,2> {Y = [O’ +Oo)}> {E(:E, y) - (3)}i=1,2>
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obpasyer 6eCKOATUIIMOHHYIO UTPY ABYX JIUIL IIPH HEOIIPeIeIeHHOCTH. 31eCh 1 1 2 - OpsiI-
KOBBIE HOMEpa, UI'POKOB; CTparernu urpokoB z; € X; = [0,400). B pesynabrare BpiGOpa
UTPOKAMU CBOWX CTPATEruii CKjajbIBaeTcs curyanus r = (r1,22) € X = X; X Xo. Hesza-
BHUCHMO OT BbIOOPa UI'POKOB peajin3yeTcs HEKOTOpas HeOTpUIlaTe/ IbHas HEOIIPE/Ie/IEHHOCTh
y € Y. Ha muOkecTBe map (x,y) € X X Y omnpesenena GyHKINSA BBIUIPHIIIA (-[0 UTPOKA
Fi(z,y) w3 (3).

B nacrosiieit crarbe UCHOMB3YIOTCA JBa MOHATHA: CHJIBHO MapaHTHPOBAHHOE PaBHO-

Becue u [lapero-rapanTupoBannoe paBHOBecHue, peIoKeHubIX B 2013 1. B cepun crareit

21, 3]

1. CUJIBHO TAPAHTUPOBAHHOE PABHOBECHUE (CI'P)

[Monatue CI'P jiexxut Ha CTHIKE MOHATHI MAKCUMUHA U paBHOBecus 110 Hamry.

Ounpenesienne 1. Cuavro e2aparmuposanmvim  pasnosecuem (CI'P) uepw T maso-
sem mpotixy (xf!, FE FH) € X x R?, dasa womopoti cywecmeyrom dee @ynryuu
Yy (x) : X =Y maxue, wmo,

80-NEPBHIT, OAA KadHcIol cumyauuu r € X cmpamezuveckas HeonpedeseHHoCcmy

yO(z): X =Y seisemea munumanivhoti 6 zadave

<Y, Fi(x,y) > (i=1,2),

T.€.
min Fi(z,y) = Fy(z,y(2)) = Fla] VeeX (i=1,2); (4)
6o-emopuix, cumyayua 8 = (2l 28) aeasemca pasnosecnoti no Howy 6 ,uepe eapan-
mut”
Ty = {1, 2} {Xi}ic12, {Filz] }im12)
T.€.
max Fi[zy, 2] = Fy[f 28] = F,
T1€X1
max Fy[zt, 2] = B[zl 2l = Ff. (5)
r2€X2

Nepapxuueckyto unrepuperaruio CI'P MoxkHO nipeicTaBuTh cieayrorieii 1By xXypoBHe-
BOIl TpexIaroBoii nepapxundeckoii urpoit (cum. puc.1). Ha Bepxaem ypoBHe HaxXoagTcs 1Ba
UI'POKA U Ha IIEPBOM XOJ/ly OHHU IIOCHLIAIOT Ha HUKHUNW YPOBEHb CBOU BO3MOXKHbBIE CUTyalluN
x = (x1,29) € X.

Bmopoti xod 3a uTpoKOM HUZKHETO YPOBHS; OH, BO-IIEPBBIX, (POPMUPYET I KaXKI0r0
i = 1,2 u xaxoit curyanun x € X rapantuu Fijz] < Fi(z,y) Yy € Y (i = 1,2) n

nepejiaer rapanTun F;|x] Ha BepXHUiT yPOBEHb.
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(. F)
AN

111 xon

| W mnbat] # menles)

i eX

F[x] x
IT xon I xon

F [x] = minFl(x, y): F (x, y(i)(x)) (l' - 1,2) <

ye¥ : -

Puc. 1. Crocob dpopmuposanust CI'P.

Ha mpemuvem xody urpoku s "urpbr rapanTmii'

Ly = ({1, 2}, {Xi}tiz2, { Fil7] }iz12)

HAXOJAT CUTyanuio pasHoBecus 1o Hamy us (5) u serurponmu FIT = Fi[zH] (i = 1,2).
[Mapa (xf, F¥ = (FE | Ff)) kax pas u obpazyer CI'P urpsr I

Crparerun (zi, zi) npenymaraerca urpokam npumensTs npu 3ToM, W60 ecau B pe-
3yJIbTaTe JIeHCcTBIil 060UX UIPOKOB CJIOKUIACH cuTyals © = (1, 22), To Fi(x,y) > Fj|x]
Yy € Y (i = 1,2), T.e. HE IIpU KaKONl HEONPEIEJEHHOCTH i € Y BBIUTPHIII JIFOOOTO i-T0
UTPOKA HE MOXKET CTaTh MEHBIIe ero rapaHThH

Filz] = min Fy(z,y) (i=1,2).
yeyY

CiesioBaTe/IbHO, TaK KaK HEOIPEJEEHHOCTh § MOXKeT IIPHHAMATH JII00ble 3HAUEHUS W3
Y, To tipu BbIOOpE CBOMX CTpaTeruii u3 curyaruu & = (Z1, ) 06a UrPoKa MOTYT TBEPJIO
PacCUNTBIBATH TOJIBKO Ha cBOIO rapanTuio F;z|(i = 1,2). A Torja ecTecTBEHHO B KA4eCTBE
permenus urpbt [ BeIGpath Takue curyaruu 7 € X, KoTopble peaan3yoT paBHOBECUE TI0
Homry nna "wmrper rapantuit"l'y. Wtak, momyunmn caemytomuii cnocob nocrpoenns CI'P

urpsr I
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a) HaiiTn ape ckamapubie dynkmm ¥y (r) : X — Y (i = 1,2) Taxue, 4ro
Filz] = min Fy(w,y) = Fi(z,y"(2)) Ve e X (i=1,2);
ye
b) ms mosywennoit "urpst rapantuit" 'y = ({1, 2}, {X,}iz1 2, {Fi]x] }iz1,2) mocTponTs
xfl — curyamuio pasnosecust no Hamry, onpeensiemyio pasencrsamu (5).
Haiiennas B pesyasrare Tpoiika (v, FT) FH) kak pas u Gyer cuibio rapantupo-

BaHHBIM PaBHOBECHEM HI'DbI I

5(a—c)?
49b

YrBepxkaenue 1. Fcau 6 uepe I' 6ydem b > 0, d < U a > ¢, Mo CuUALHO 2apPaH-

mupoeaHHOE PABHOBECUE UMEETN, eud

Joxaszameavcmeo. llpumennmM mpUBEIEHHYIO TPOTEAYPY JJid UI'PhI [' - MaTeMaTndeckoit

Mojiesn jryorniosinn Kypro ¢ yaerom mmmopta. IIpu srom Gynem ciefoBarh yKasaHHBIM
BBIIIE aram a) u b).

a) s dyskimu Bemrpeiia 1-ro urpoka
Fi(z,y) = [a — b(zy + 29 + y)]21 — (cx1 + d) + by?

IOCTPOUM (DYHKITUIO
yV(z) = argmin Fy(z,y) Vz € X.
yey

st 9TOTO JIOCTATOYHO, ITOODI

6F1($,y)

o = —bxy +20yV(x) =0 Vz e X,

yW (x)
82-Fl (fL’, y)
Oy?

Orciona yM(z) = 2 u nosromy

=2b>0.

vy ()

b 2
Filz] = Héi}l/lFl(CL’,y) =F (x,y(l))(:z:)) = [a —b <% + $2>:| x1 — (cxy +d) + % =
y

5
=ar; — be% — bryxy — (cx1 + d),
)
Fylx] = min Fy(x,y) = axy — be% — brywy — (cxy + d).

yey
b) TpeboBanus (5) UMEOT MECTO, €CJIH
0F1 [.ﬁlfl, .Z'g] 5

:(a—c)—iba:{{—bxgzO,

ox
1 ol
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0?F, a 5
1[%1271'2] :——b<0,
oxs 2
(9F2[33H,x2] 5)
8—:;2 " = (a—c)—bx{{—ﬁbxf:O,
82F2[I11q I‘Q] 5
— = =——b<0.
013 2

Orciona misa naxoxaenus v = (x| zlf

xy, x5') HOTydaeM CUCTeMY

5ZE1+2ZE2 = 2%,
2$1+5$2 = QGT_C,

TOr A
2 a-—c
H_ 2., —1.2
xz 7 b (Z Y )7
U TIO9TOMY
5(a — c)?
H Hy B _
Ffl = Fla¥) = == —d (i=12)

2. IIAPETO-TAPAHTUPOBAHHOE PABHOBECUE (III'P)

Tapantun F? (i = 1,2), KoTopble Hail/leHbl B IPeIbIIyIIeM pas/ere ""caMble MaleHb-
kue'. A BeJib UTPOKU CTPEMSTCS K BO3MOYKHO OOJIBINNUM BBIUTPBINIAM U, CJIEI0BATEIbHO, K
BO3MOYKHO OOJILIINM rapanTusaM. [losromy 3eck OyeM UCIOIb30BaTh FapaHTAN 3aBEI0MO
He MeHbIe, 9eM " nukTyemble" onpegenennem 1.

Onpepnenenne 2. [lapemo-zaparmuposanmvim pasnosecuem (IIIP) uepoe T nazosem
mpotiky (x€, 9§, 15), das Komopot cywecmeyem gynkyus yp(z) : X — Y makas, wmo,

60-nepsuir, das kancdol cumyayuu r € X dynrkuus yp(xr) AGAACMCA MUHUMANDHOT
no Ilapemo neonpedesenrnocmuvro 6 deyrrpumepuarvhot 3adaye

<Y7 {E(LL', y)}i:1,2> )

noaywennot us I' npu kascdot durcuposannot cumyayuu x = (r1,x2) € X, m.e. npu

kaotcdom "zamopoorcenrom "t € X necosmecmna cucmema nepasencms

E(xvy) < E(.T,yp(x)) (Z = 172)7

npuvem roms v, 00H0 U3 HEPABEHCME CMPo20e;
so-emopuir, cumyayua x¢ = (z§,x5) Asasemea pasnosecnol no Haowy 6 uepe (6e3
neonpedenernocmet)

(12} { X icro, {Fi(@, yp(2)) biz12)

«Taspuuecruli secmnur unPopmamuru u mamemamuru», M 2 (27)’ 2015
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noayuwennot npu nodcmanoske 6 uzpy I emecmo meonpedescHHocmu ee peasu3auuu
yp(x).

[Ipu »stom z¢ wnHazoBeM [lapemo-zaparnmupyrowets pashosecholi cumyauuet, a
Fe = (Ff,FS), Ff = Fi(z¢,yp(z©)) (i = 1,2) — coomeememsyroweti el eexkmophotl 2a-
parmuel uzpoxa 1.

ITapemo-zaparnmuposarnvim pasnosecuem (III'P) dyonosuu Kypno (¢ yuemom um-
nopma) 6ydem nasvisamsv mpotry (x€, ¢, 1S), 2de Iapemo-zaparmupyrowasn pasnosec-
nas cumyayus x¢ = (x§,25) ma oce, wmo u 6 III'P uepw T, 1§ = ;(x¢, yp(x°))
(1 = 1,2) ecmv npubviau u2pokos, 6rodAuue 6 UL 2aPAHMUPOSAHHYIT BEKMOPHHIT Gbi-
uepoiw (F¢ = (FY, FS), Ff = Fi(xf, 25, yp(x§,25)) daa i-0G dpupmo (i = 1,2)).

AsropurMm nocrpoenusi Ilapero-rapanTupoBaHHOIO paBHOBECHUS

CorytacHo puBeJIeHHOMY ompejiesiennio 2, mpu Haxoxaeauu [II'P B mgyomosmu Kypro
C YI€TOM MMIIOPTa, MPUMEHUM CJIETYIOIIYIO MOC/IEI0BATEIbHOCTD IIIaroB.

HOTAT I. Haxoxkagenue BHyTpeHHero mumHUMyMma 1o Ilapero: ompejessiem
HenpepbiBayto GyHKImo yp(r) : X — Y, nocrapistoniyo MmunuMyM 110 [Tapero B gByx-

KpUTEepUaJbHON 3a/ia4e
<Y = [07 +OO)7 {Fl<x7 y)}i:1,2> Vo € X7 (6>

nostyaernoit w3 I' npu kaxkoii dbukcupoBanHoii curyarun © = (1, z5) € X.
ITAT II. ITocTpoenune cutyanuu paBHoBecus 1o Hamry: Haiiem paBHOBECHYIO

no Hoamy curyanuio 2¢ = (25, 25) B urpe (6e3 neonpe/iesieHHOCTE )

({1,2},{Xi = [0, +00) biz1 2, { Fi(z, yp (7)) biz12) » (7)

JlaHHas urpa (Mrpa MapeToBCKUX IapaHTuil) moJrydeHa mojCTaHOBKONH B I' MUHUMAIBHOMN
no [Tapero meonpenenennocru y = yp(x).

IITAT III. Beryucienue npubbliaeil 1)f: onpeneanM OPUOBIIN HI'POKOB

wi(xixga yp(xﬁ,xg)) = %e (Z = 17 2)
Haxoxknenne BHyTpeHHero MmuanMmyma mno Ilapero

Jlemma 1. Ecau cywecmsyrom wucaa «, 8 > 0 u ckaaapras gynryus yp(z) : X =Y
maxue, ¥mo 0as xascdozo r € X
minfaFy(z,y) + BFp(w,y)] = Idemly — yp(z)]

(Idemly € yp(x)] o3nauaem ewvipasicenue 6 K6adpamMHLT CKOOKAT, 20e Y 3ameHeno Ha
yp(z)), mo npu xaocdom x € X Pynwyua yp(xr) oydem munumasvnoti no Ilapemo 6
deyxxpumepuanrvrot zadave (6).
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Joxazameavcmeo. meeTcs B J1000M MMOCOOMU 10 MHOTOKPUTEPHUATHLHON ONTUMUA3AINN.

O

Jlemma 2. Heonpedeaennocmo
b(z1 + x2)
2
murumarvna no Ilapemo 6 deyrkpumepuasvnot 3adave (6) das xkasrcdol cumyayuu
x = (21, 2) € [0, +00)2.

ZJP(951,332) =

Joxazameavcmeo. PacemorpuM byHKITHIO

F(z,y) = ®1(z,y) + Pa(z,y) = Y1(1,22,y) + a1, 22,y) + y° =
= CL(Il + LEQ) — b(:cl + $2)2 — by(%l + 132) — c(xl + LUQ) —2d + y2.

MunnmaiibHOe 3HadYeHre (QYHKIUN [IPU KayKJI0M (DUKCHPOBAHHOM = = (r1,T3) € X

Jocruraercst upu yp(x) = M, TaK Kak

oOF

e = —b(z1 + x2) + 2yp(2) =0

Y ly=yp ()
! 0?F
Y™ ly=yp (=)
Orcroma, ¢ yaerom Jlemmbr 1 mpu @ = [ = 1, mosydaeM, 9TO HEOIPeIeJIEHHOCTD

yp(x) = w MuHHMAabHA 110 [lapero B aByxKpuTepuasbHoii 3auade (6). O

IlocTpoenmne cutyanuu paBHoBecusi mo Hamry

Yrepxkaenue 2. [Ipub >0 ua > ccumyayus pasnosecua no Howy 6 uepe (7) umeem
6ud

7= (oh,73) = (b(a?;rcb) béli))) ‘

Jloxazameavcmeo. Vctionb3yst HaiijieHHyI0 B JIeMMe 2 Heorpe1eIeHHOCTD Yp(X) U yIuThI-
Bag (1) u (3), momyanm
b2 b2 2
Pl ta) gy Pt o)

2 8
b2 b2 2
—(Il;_ xQ)xz —cxy—d+ —(xl ;_ ©2) .

Fi(z,yp(x)) = ax, — bx? — bxyxy —
Fy(z,yp(x)) = axy — brs — briag —
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ocTrarodnble yeJoBUs CYIIECTBOBaHUS CUTyalun paBroBecus 1o Hamry z¢ = (z§, x5)

B urpe (7) MOXKHO CBECTH K BBIIIOJTHEHUIO Y€ThIpEX TpeboBaHuUil

g—i . = a — 2bx§ — bx§ — g(%i +a5) —c+ %2(90‘; +x3) =0, (8)
%2;;1 = —2b — %bg <0, (9)
g—fz - = a — 2bz{ — bx§ — l;—z(xi +225) —c+ Zj(ﬁ +a3) =0, (10)
682—:22 - —2b — 3%2 <0, (11)

Yenosus (9) u (11) nmetor mecto B crity b > 0, a pasencrsa (8), (10) mpencrasiasgior

co0OoI1 cucTeMy M3 JIBYX JIMTHEHHBIX HEOJIHOPOJIHBIX YPAaBHEHUI C IMOCTOSHHBIMU KO3 Du-

[UEeHTaMI
(20 %) at+ (05 ) as v (12)
(b—l—%)xi—i—(?b—k%)x;:a—c.
Ompemeauresb 3TOi CHCTEMBI
2+ py ¥ 36%\° b\’ b2
1 1
pu 31oM A # 0 mockosibKy b > 0.
Haiinem onpeeurenn
a—c b+2 1 b+ Z
P e
3v? b? b?
—(a—c)<2b—|—7—b—z)—(a—c)(b+§),
W+ a—c 2+ 3% 1
+7 a—c¢ b—|—z 1
3b? b? b?
= (a — M+ p— ) = (q— i
(a c)<b+4 b 4) (a c)(b+2)
U ToJIydnM perienne cucrembl (12)
2
e e A Ay (a—c)(b—}—%) a—c _,
T =Ly = — = — = > = .
FTOA A B+ (b+ ) b3+D)
O
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YrBepxkaenue 3. [Ipua >c,b>0u % > d Ilapemo-zaparnmuposarioe pasrosecue

6 dyonosuu Kypno ¢ yuemom umnopma npedcmasasem mpotka (x€, 95, 15), 2de

x%:@i@>:<§élzydg;;>’

a coomeemcmeyuLas NPudbbLAL i -0t GuUPMbL

(a—cp
b(3 + D)2

Joxasamenvemeo. C ydeToM yTBEpKJEHUS IIe€peiijieM K BBIYHUCIEHUIO HPHObLIeH 1Y u

77ij = @Ui(xf,xg,yp(a?f,xg)) = ('L = 1a2)

rapaHTUPOBAHHBIX BBIUTDHIIIEH [

b(z1+x2)
2

Bo-11epBBIX, HEOCPEACTBEHHOI mojcTaHOBKOM ¢ = (xf,25) B yp(z) = yoe-

a—c
346
Bo-Bropsix, mojacraBus

e, wro yp(af, 15) =

:L‘e—(d}e :L‘e)— a— C a—=c¢C
T A b(3 4 b)) b(3 + D)

u yp(2§,25) = §35 B (1) — (3), onpeses M rapaHTHPOBAHHbIE BBIUIPLINE HIPOKOB Ff, B

KOTOpPBIE BXOJIAT
0 = (0,05, e (et 05)) = [a — b + a5 + yp(af, a5))laf — (caf +d) =
a—c a—c a—c cla —c)
— —_ 2 . —_— pum—
[“ b< b3+ b) +3+bﬂ b3+ b) [b(3+b) “4
(a —c)?

= T

a CaMM rapaHTHPOBaHHBIEC BbIUTI'DbBIIITNA

d (i=1,2),

2 e 2
yp(z©) a—c\ 2+b ,
Fe = Fy(z¢, yp(a)) = ¢ + — —d (i=1,2).
[ Z(l"yp(x )) 77ij 2 (3 b) 2b (Z ’ )

S3AKJIIOUEHUE

B pabore naiijien aBHBII BUJI TapaHTUPOBAHHBIX CTPATErHil IIPOU3BOJIUTEIE B MaTe-
MaTuIecKoit mojiesn gayonosun Kypho mnpu yduere uMrnopTHbIx moctaBok. [Ipudem oboum
[IPOJIABIIAM M3BECTHBI JINIIb I'PAHUIIBI BOSMOYKHOIO U3MEHEHNS 00beMa TOCTABOK.

WccnietoBanus BoIIOIHEHBI TPU (buHancoBoil nojiepkke PODU B pamkax HaydHOTO
npoekta Ne 14 - 00 - 90408 Ykp-a u HAH Ykpaunsr mpoekt Ne 03 - 01 - 14.
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