1. O6Lwwee paBHOBecUue

TeopeMbI cyuiecmeoeaHusi o6uje2o pasHogecusi

B srom maparpade MbI IpOMILTIOCTPUPYEM Pl CTAHAAPTHBIX CIOCOO0OB JOKAa3aTeNb-
CTBA CYIIIECTBOBAHUS PAaBHOBECHS B JBYX THIIAX YKOHOMHUK: SKOHOMHKAX OOMEHa U KO-
HOMHKax Dppoy-Ledpe.

PaccmoTrpuMm BHavane 3koHOMHKY oOMeHa. [lycTs umerorcs / Gmar u n motpebuTenei,
KayKJ[BIi M3 KOTOPBIX XapaKTEPHU3yeTCs OTHOLICHHEM IIPEAIOYTCHHS >; Ha MHOXKeCTBE X;'
(B manpHeWIeM BCIOY MPEAIoaraeTcs, YTO OTHOIICHHUE MPEATIOYTCHUS SBIISIETCS TOJI-
HBIM, TPAH3UTHUBHBIM U HETPEPHIBHBIM, TaK 4TO, B COOTBETCTBHE C TeopeMoil [lebpe, cy-
[IECTBYET MPEACTABISIONIAs JAHHOE OTHOIIECHUE TMPEANOYTCHISI HeTpephIBHAS (DYHKITUS
MIOJIE3HOCTH U(X;), KOTOpasi 3aBUCUT OT MOTPEOJICHUS ITOTO YYaCTHUKA), a TAKIKE COOCT-
BeHHOCThIO (HAYaJIbHbIMU 3anacaMu) . Ilycte, kak u Tpexae, p — BEKTOP ILICH
Ha ToBaphl. [Ipeanonaraercs, Kak U paHee, YTO MOTPEOUTENh MAaKCUMHU3ZHPYET CBOIO TO-
JIE3HOCTh Ha OIO/)KETHOM MHOXECTBE, KOTOPOE OMpPENEsieTcsl ero COOCTBEHHOCTHIO (.
Takum oOpa3om, 3a/1a4y OTJEIBHOTO NOTPEOUTENSI MOXKHO 3alKcaTh B BUJIE:

ui(x;) = max,,
pPXispo
x; € X,.

OO1ee orpaHnueHUE I SKOHOMHUKH COCTOUT B TOM, YTO BBIITOJIHEHBI MaTepUATbHBIE
(momy-) GamaHchl, T.€. CyMMapHOe MOTpeOIeHue HEe MOXKET IPEBHIIIATh HAYaIbHBIX 3arla-
coB Ouiar:
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Omnpenesienune 1.
ITon 3KOHOMMKOWN OOMeHa msi OyZieM TOHUMATh CIIEIYIOIIee MHOKECTBO
E={X, ui.))ie 1: (%) e 1}-

BBenem teneps ornpeneneHne paBHOBECHUS JIJIs1 SKOHOMUKH OOMEHa.

Onpenesenne 2.

Iox (06mum) PABHOBECUEM B 3KOHOMMKE OOMEHA Mb1 6ynem Habop {p, {X;
}ic 1}, TAKOH, UTO:

1. llens! Oy1ar HEOTPUIIATEIILHBL: P € DRi.

2. Kaxxplii BEKTOP X; SBIISCTCS PEIICHUEM 3a1a4d IOTPeOUTENs PH IICHAX P, T.C.

X € argmax, _ g, o HilXi)s

' B nanpHeimem mpeamonaraeTcs, 9to X; — 3aMKHYTOE H BBITYKIOE TOAMHOXKECTBO /-MEPHOTO Ipo-

A
CTpaHcTBa Onar, T. ¢ X; C Rl.



rae Bip, o) = {xi€X; | px;< p o}.
3. BrinmonHeHs! nosy0anaHcsl o 6aram, T.e. V& BBITIOJIHEHO

Yx <o

B nanpHelem a1 ynpomieHus BMECTO {X;};c ; OyJIeM mucaTh X.

Mooenv Sppoy-/ebpe.

Mogaens Dppoy-JleOpe sBhsieTcs pa3BUTHEM MOJACIA OOMEHA W BKIIFOYAET B ceOs To-
MHMO TIOTpeOuTENIEH, TPON3BOICTBEHHBIN CEKTOP.

PaccmoTrpum, Takum 00pa3om, SKOHOMHUKY C [ Oiaramu (ToBapamu), U IByMsI TUTIaMU
HKOHOMMYECKUX areHTOB: MOTPEOUTENIMH U MPOU3BOAUTENSIMHU. [IycTh B 3KOHOMUKE 1
noTpeduteneit u m npousBoauteneii. [lycte MHOXecTBa J, I, K — MHOXECTBa WHJIEKCOB
TOBapOB, MOTPEOUTENCH U MPON3BOIUTEIICH COOTBETCTBEHHO.

JIns KaxKI0ro NpeanpusaTHs j 3aaeTcsl MPOM3BOJACTBEHHOE MHOXKECTBO Y; — MHOKe-
CTBO BEKTOPOB YHCTOT'O BBIITYCKA, k-5 KOMIIOHEHTAa BEKTOPA );€ ¥; MOKa3bIBAET, CKOJIBKO
k-ro Gara BeITTyCcKaeTCs (MJIA 3aTPavynuBaCTCs) j-M ITPOU3BOIUTEIICM.

Oco0EHHOCTHIO MOJICIH SBJISIETCS] TO, YTO B HEH CrieM(pUIIMPOBAHBI TTpaBa COOCTBEH-
HOCTH MOTpeOUTENeH Ha BiajeHue GupMaMu, TPOU3BOASAIIMMEI MPOAYKIHi0. Takum 00-
pa3oMm, B MOJIENIM MPENoiaraeTcs, YTo Bce MPEeANpHUATHS KOMY-TO IPUHAAJIEXKAT, TO €CTh
KaK/IbIH YYACTHHK i BIAJEET 0N Y; j-T0 NPEANPUATHS, IPHIEM Y _ie; Yy = 1, ¥;>0.

YcnoBus MatepuanbHON COATaHCUPOBAHHOCTH B SKOHOMHKE C MPOU3BOJICTBOM TIPH-
HUMAaKOT BUA:

k k k
St < 5+ Sol
i J i

Hanuuue npon3BoACTBEHHOTO CEKTOpa BIUSET U Ha MOCTAHOBKY 3aJ[aud MOTPEOUTEI,
B YaCTHOCTH, JOXOJl MOTPEOUTEN CKIAIbIBAETCS U3 TOTO, YTO OH MOKET BBIPYYHUTH OT
MPOJaXXU HAYaJbHBIX 3allacoB M U3 €ro J0X0/a OT ydacTus B nmpuObuiu. IlosTomy Oron-
’KETHOE OrpaHUYECHHE MOTPEOUTEN UMEET BU:

PXi<pOtD s Yipy -

Onpenesenne 3.
[Tox 9KOHOMWKOW 3ppoy-£l,e6pe MBI OyZIeM IOHUMATh CJIEAYIOIIEEe MHOKECTBO

Eap = {(Xi, wi())iers (Yp)jess (@)icr; (Yi)iey jes §-
BBejieM Teneph onpejieieHIe pPaBHOBECH Il SKOHOMHUKH Dppoy-Jlebpe.

Onpenesenne 4.

ITon paBHOBECMEM B 3KOHOMMUKE Ippoy-[edpe mwi 6ynem nonumats Ha-
oop {p, X, y}={p; (X)icr; (¥ )jes;}, TAKOH YTO:
1. llens! Oytar HEOTPUIIATEIILHBL: P € DRi.



2. Kaxaplii BEKTOp X ; IBIIACTCS PEIICHUEM 3aJ1a4i TOTPEOUTENS IPH 1IEHaX P, T.C.
X € argmax, g, ¢ 4ilX0),

riie Bi(p, @, V) = € X; | pXi < p @+ 2es Yy PV}
3. Kaxxzip1il BEKTOp y ; ABISETCA PEUICHUEM 3a]1a4d IPOU3BOAMTENS IIPU LIEHAX P, T.€.

7, € argmax, .y py,
4. BeirmoaHeHs! OanaHchl 10 0j1araM, T.e. VA BBIITOJHEHO

<Yy + Yo
<2 :

1

OnHuM W3 HamboJee BaKHBIX BOMPOCOB, M3yYaeMBIX IMPH PACCMOTPEHUHM MOJEINeH
00IIero paBHOBECHS, SBISIETCS BOMPOC CYINICCTBOBAHHS PAaBHOBECHOTO PaCIpEeICHUS
(6onee TOuHO, paBHOBECHBIX pacmpenencHuii). CrocoObl Jg0Ka3aTeabCTBa CYIIEeCTBOBA-
HUS paBHOBECHSI OCHOBAHBI Ha IEMOHCTPAIMH TOTO (PaKTa, YTO HEKOTOPOE, TOIXOISIIUM
00pa3oM MOCTPOEHHOE, 0TOOpaKEHHE MMEET HEIOJBMKHYIO TOUYKY, COOTBETCTBYIOIIYIO
COCTOSIHUIO paBHOBECHSI, UTO, B CBOIO OYepellb, OMIMPACTCS Ha BapuaHTH TeopeMbl bpay-
9pa O CyIIECTBOBAaHHH HETIOJBIKHOW TOYKH HEMPEPHIBHOIO OTOOPaKEHHS HEKOTOPOTO
KOMITAKTHOTO MHO>KeCTBa (0OBIYHO, MHOYKECTBA I1€H) B ce0s1, MJIM HA €€ HEIOCPEICTBCH-
HOe o00o00menne — TeopemMy KakyraHm O HEMOABWIKHOHW TOYKE TOYEUYHO-
MHOXECTBEHHOTO BBIITYKJIIO3HAYHOTO OTOOpPaKEHUSI KOMITAKTHOTO MHOYKECTBA B CeO0sl.

B Hambosee mpocToi BepcHr JOKa3aTeIbCTBa MOCTPOCHUE TAKOTO OTOOPaKCHHUS OTIH-
paetcst Ha pyHKIUIO (0TOOpakeHne) N30BITOYHOTO CIPOCa, TO €CTh MPEBBIIIEHUE CIIpoca
Haj nipemiokenueM. (DopmanbHOE onpeseneHrne W30BITOYHOTO CIpoca JUIS pa3THIHBIX
TUTIOB SKOHOMUK MTPUBOAMTCS HIDKE.) J[0Ka3aTenbCTBO CYIIECTBOBAHUSI PABHOBECHS TIPO-
BOIUTCS B JiBa dTana. CHavana J0Ka3bIBaeTCs, YTO ONpEACICHHBIC CBOWCTBA (PYHKITHH
U30BITOYHOTO CIIPOCa TapaHTHPYIOT CYIIECTBOBaHUE paBHOBecHs. Jlanee, st 5KOHOMUK
Pa3IMYHBIX THITOB YKa3bIBAIOTCS YCJIOBUS (CBOMCTBA MPEANOYTEHHH M T.X.), KOTOpBIC
rapaHTHPYIOT BBHITOJHEHHUE JAHHBIX CBOHCTB M30BITOYHOTO CITPOCA.

st mogenu ooMeHa (GyHKIHSI U30BITOYHOTO CIPOCa CTPOUTCS CICTYIOIIMM 00pa3oM.
[Tycts mpu neHax p GyHKIUA crpoca (WA B OOIIEM Ciydae 0TOOpa)kKeHue CIpoca) i-ro
y4acTHHKA €CTh X;(p). Torma 3HaueHne QyHKIIMHA W30BITOYHOTO CIpOCa MPH ITUX IEHAX
MOKa3bIBAaET M3IIMIICK CIPOca KaKIOro TOBapa MpH IEHaX p MO CPaBHEHUIO C IEPBOHA-
YabHOW COOCTBEHHOCTHIO y4acTHHKA. DYHKIUS M30BITOYHOTO CIIPOCa YIKOHOMHKH €CTh
cyMMa (pyHKITUH U30BITOYHOTO CITpOca JIJIsl BCEX MOTpeOuTeNnei.

Onpenenenue 5.
dyHKumMen (oTobpaxkeHnem) n3bbITOYHOro CNpPoCca B Moseu oOMeHa Ha-
3pIBaeTCs QyHKIUS (OTOOpaKEHHE)

E(p) =Y (x(p) - o).



AHaJOTUYHBIM 00pa3oM ompenensieTcss H30BITOUHBIN crpoc B Mojenn Ippoy-Ledpe.
KpoMe HaudanbHBIX 3aacoB M CHpOCa CIENyeT YYUTHIBaTh TaKKe MpeAsokKeHue Onar

(%(p))-

Onpenesenne 6.
®dyHKkUMen (oTobpaxkeHnem) M3BbITOYHOrO Crpoca B Moaenu Dppoy-
JleOpe Ha3piBaeTcs QyHKIHS (0TOOpaskeHHe)

E(p) = 2 (xip) — @) - 2_z(p).

B curyanun, koraa u30BITOYHBIA CIPOC OMpeENeseTcsl OJHO3HAYHO OIpeiesieHue
paBHOBECHUSI MOXHO TepedopMyIupoBaTh B TepMHUHAX (DYHKIMH U30BITOYHOTO CIIPOCA,
MOCKOJIBbKY, KaK HETPYJIHO MOHATH, PABHOBECUE CYIIECTBYET TOT1a M TOJIBKO TOT/1a, KOTIa
CYIIIECTBYET BEKTOP IIeH p, Takou uto E(p) < 0. [Tokaxkem 3TO 11s ciaydasi SKOHOMUKH
oOMeHa.

HetictBurensHo, mycth E(p) < 0. Toraa, To mapa {p, x(p)} 1o OnpeaeiIeHnIo ABIICTCS

pasHoBecueM. C pyroif CTOpoHEL, eciu {p, X} — pasHoBecue, To E(p) = > (X, — ;) < 0

1

(momyGanaHc mo Giaram).

Onpenenenne 7. 3aKOHOM Banbpaca s teopun o61ero paBHOBeCHS Ha3HIBAIOT
cleayrolee paBeHCTBO:

—k k
P> _Xi; = pY 0 Ul SKOHOMUKH 0OMeHa,
,- :

prf = pZ Vit pZo)f‘ U1 5KOHOMUKH Dppoy-Jlelpe.
i j i

HamomHuM, 4TO B TEOpUH NMOTPEOUTENS MBI Ha3bIBaJIM 3aKOHOM Banbpaca cooTHoIIe-
Hue px{p) = R;. bonee npaBuiabHO Ha3bIBaTh 3aKOHOM Banbpaca paBeHCTBO AJIs HKOHO-
MUKH B LEJIOM.

B sxoHOMuKe 00MeHa R; = pay, B 5koHOMEKe Dppoy-Lledpe R; = p @+ Y_ic; Yy py; (npu

> erYi= 1, ¥;20), nosromy 3akon Banbpaca B TepMHHAX HU30BITOYHOTO CIIPOCA MOKHO
nepeopMyIHpOBaTh KaK
PE(p)=0.

3aMeTHM, 4TO B COOTBETCTBHUHU C 3aKOHOM Banbpaca paBHOBECHBIE IIEHBI OJ1ar JTOJIKHbI
OBbITH paBHBI HYIIIO, €CIM PAaBHOBECHOE NPEJIOKEHHE ATHUX OJiar MpPEBBIIIACT CHpPOC Ha
HUX:

ecn EX(p) <0, To p* = 0.

(ITox EX(p) moummaem n3GsiTounsiii crpoc Ha k-oe 61aro.)

C npyroii CTOpOHBI, Ha PBIHKAX OJar ¢ MOJIOKUTEIbHBIMU IIEHAMHU H30BITOUYHBIN CIIPOC
JOJI’KEH OBITH PaBEH HYIIIO:



ecn p* > 0, To EX(p) = 0.

Crenyromee yTBep)KJI€HHE YKa3bIBae€T CBOWCTBA (YHKLIUHU M30BITOYHOTO CIIpPOCa, KO-
TOpBIE TAPAHTUPYIOT CYIIECTBOBAHNE PAaBHOBECHSI.

[TockonbKy (YHKIMU CIIPOCa OJHOPOIHBI HYJIEBOM CTENEHU, TO (YHKIIMU N30BITOYHO-
ro CIpoca TaKkXe OJHOPOAHBI HyJIeBOM creneHu. [1o3ToMy eciiu p — paBHOBECHBIN BEK-

Top 1eH, To0 Ap (A>0) — Takke paBHOBECHBIN BEKTOp IIeH M HaoO0opoT. T.e. paBHOBEC-
HBI BEKTOP LIEH ONPEIENISAETCs C TOYHOCTBIO 10 "HOPMUPOBKH'" 1IEH.

Bbynem paccmarpuBaTh, IOTOMY, CIEAYIOIIEe MHOXKECTBO LIEH = (p=0|>p"=1}.
[Ipu >TOM KakJIoMy BEKTOpY IIEH p W3 R. (32 MCKIJIIOUEHHEM HYJIEBOT'O BEKTOPA) MOXKHO
COIMOCTaBUT BeKTOp Ap (mpu A>0) u3 S, Dror croco6 HOPMHPOBKH II€H yJI0OCH TEM,

-1
YTO MHOXKECTBO S ' KOMIIAKTHO (4TO, KaK MBI YBHIUM HIDKE, TIO3BOJISIET HEMTOCPEICTBEH-
HO UCTIONIB30BaTh TeopemMy bpayapa).

YT1Bep:kaenue 1.
[Ipeanonoxxum, 4to cucrema GyHKITUN {Ek(p)}, k=1, ..., sBngeTcs HEMPEPHIBHON HA

i v
MHOXecTBe LieH pe R, MOJIOXUTENBHO OJHOPOIHA HYJIEBOM CTENEHU U YIOBJIETBOPSET
3akoHy Banbpaca pE(p) = 0.

Toraa cymiecTByeT BEKTOp LIEH pE R. TaKOU, 4TO Ek(ﬁ) <0,k=1,..,1L

Hokazamenbcmaeo:

Onpenenum Ha MHOXKECTBE s CIIEIYIONTYI0 CHCTEMY (DYHKITHMN:
v _ P+ max(0, E(p))
P TTTY max(0, E )y
(ITpaBuito «mepecyeray CTpYKTYpHI IIEH
p < g),
UMHUTHPYET BO3MOXHYIO PEaKIIMIO OpraHa, OTBETCTBEHHOTO 3a IIEHO0Opa3oBaHMe, HA He-
paBHOBECHs Ha pbIHKax Oyar. B cooTBeTcTBUUM ¢ HUM IIeHA AeUIUTHOrO Ojara yBelu-
YUBAETCSl Ha BEJIUYMHY, NPONOPHHOHANBHYIO nepuuuty. Koaddumment mponopimo-

HAJIbHOCTHU BBIOMpAETCs TaK, YTOOBI HOBBIM BEKTOP II€H OBLT 2JIEMEHTOM MHOXKECTBA s 71.)
OyHkius g(.) yIOBIETBOPSET BCEM yCIOBUSAM TeopeMbl bpayspa (oHa otoOpaxkaer s
B ce0s [0 TIOCTPOCHUIO U SIBISICTCS HENMPEPHIBHBIM, TaK KaK MOCTPOEHO IyTEeM OIlepalui,
COXPaHSIONIMX HEMpPepbIBHOCTH). [103TOMY CyliecTByeT BEKTOp LIEH P, SBISIOIIUIACS He-
MOJBMKHOM TOUKON QyHKIMH g(.):
_, P +max(0, E\(p))
P 4+ Y max(0, E(p))
[TpeoOpasys 3T0 BbIpa)KeHUE, OIyUUM
7' > imax(0, E'(p)) = max(0, E(p)).
YMHOXUB 3TU TOXKIECTBA HA Ek(ﬁ) U CJI0KUB, ITOIYy4UM
(Ximax(0, E () 2o p' E(p)= X E'(p) max(0, E'(p)).
B cooTBercTBUU ¢ 3aKk0HOM Banbpaca BTOpOH COMHOKHUTENb JIEBOM YaCTH COOTHONIE-
HUs paBeH 0, mo3ToOMy

0=> EX(p) max(0, E“(p)).




— — —\\2
Benuuuna Ek(p) max (0, Ek(p)) paBHa 6o 0, Trudo (Ek(p)) . Ilockonbky Kaxaoe u3
ClIaraeMbIX HEOTPHUIIATEIHHO, TO CyMMa MOXET OBITh paBHA HYIO, TOJBKO €CIIA KaXKI0e

kK —
ciaraemoe paBHO Hymto. OTcroza cienyer, uro £ (p) < 0.
]

PaccmorpuM Terneps, Kakue yclIOBUs HA MPEANIOYTCHUS FapaHTUPYIOT HaM BBINIOJIHE-
HUE IPEAIOJIOKEHUN BBILICIIPUBEACHHOIO yTBepKAeHusA. HenpeprlBHOCTH Ipenanoyre-
HUI TapaHTUPYET CYIIECTBOBAHME PELICHMI 3a/au MOTpeOuTeNs, Mo KpaiHel Mepe, Ha

MHOXECTBE CTPOTO IOJIOKUTEIBHBIX IIEH (P GRL). JlokanpHas HEHACBIIIAEMOCTh MpeJ-
MOYTECHHUI TapaHTUPYeT BBIMOJHEHUE 3akoHa Bamwpaca (pE(p) = 0). Ctporas BBITYK-
JIOCTh TPEATIOYTEHUI 00ecIeYnBaeT SAMHCTBEHHOCTh PEIICHUS 33aaud MOTpeOuTeNs, a
CTporasi BBITYKJIOCTh TEXHOJIIOTHIECKAX MHOKECTB JJaeT SMHCTBEHHOCTh PEIICHUS 3a/1a-
YH TPOU3BOAUTEIIS.

HenpepbIBHOCTH M CTpOTasi BBIMYKJIOCTh MPEANIOYTEHUH B ClIy4ae SKOHOMUKH OOMEHa
rapaHTHPYET HEMPEPBIBHOCTh (DYHKIIMHM COBOKYITHOTO CIIPOCa HAa MHOXKECTBE IIEH M TI0-
3BOJIIET TOBOPUTH O TOM, UYTO CHUCTeMa (HYHKIIUHA {Ek(p)} JUISL 9TON YKOHOMMKH SIBIISICTCS

HEIPEPBIBHON Ha MHOXKECTBE LIEH P € R.. pu ; > 0.

[IpaBna, ykazaHHBIMU CBOMCTBaMHU (DYHKIIMM COBOKYITHOTO CIIPOCA M, CIEIOBATEIbHO,
¢GyHKIMU U30BITOYHOTO CIpoca 00Jaal0T TOJIBKO Ha MHOXKECTBE MOJOXKHUTEIbHBIX LIEH,
TOTAa KaK B JIOKAa3aTeJIbCTBE YTBEPXKACHUS TpeOyeTcss BBIMOJHEHHE aHAJIOTHYHBIX
CBOWCTB Ha MHO>KECTBE BCEX HEOTPULATENbHBIX IIeH. OMHMCaHHBIA HIKE ITPHEM MTO3BOJIS-
€T B psizie ciiydaeB 000MTH 3TO 3aTpyqHEHUE.

Moaudunmpyem 3amady moTpeOUTENsi, BBEAS TOMOTHUTEIHLHO K OFOKETHOMY OTrpa-
HUYEHUIO KOJIMYECTBEHHOE OrpaHMyYeHHE (KBOTY Ha MOTPEOJICHHE) MO KaXI0My MPOIYK-
Ty CJICAYIOIIETro THIIA:

k k .
xi<oyte i=1,..,m, k=1,...,1L

k k
rae @y = > o — CyMMapHBbI€ 3amackl 01ar B 5KOHOMHKE, € — TPOU3BOJIbHAS TIOJIOKH-
i

TeTbHAsi KOHCTAHTA.

MoaudunupoBaHHOE TaKUM 00pa3oM OI0JKETHOE MHOXKECTBO Ka)JI0T0 MOTPEOUTENs
OKa3bIBAETCS] KOMIIAKTHBIM IPH JIF0OOM BEKTOpE ILIEH pE R. u M03TOMY B CJy4ae Herpe-
PBIBHBIX IPEINOYTEHUI BCerjaa CylmecTByeT Haubojee MpearnouynTaeMblid MOTpeOUTENb-
ckuii Habop. B ciydae, korja mpeanouTeHus: CTPOTO BBIMYKIIbI, 3TOT HA0Op €AMHCTBEH-
HBI, U TaKUM 00pa30M, OKa3bIBAIOTCA OMpEEIeHHBIMU MOoaU(UIMpoBaHHbIE (HYHKIIUU
crpoca x,-*(ﬁ) U, CJeN0BaTelIbHO, MOAU(MUIIMPOBaHHAS (DYHKIHS HW30BITOYHOTO CIIpOCca
E*(.). B cnydae, korna ¢yHKIms E*(.) OKa3bIBaCTCs HEMPEPHIBHOU, Y TBEepKIaeHue 1 ra-
pPaHTHPYET CYIIECTBOBAHUE BEKTOPA IIEH p, P KOTOPOM BBITIOJIHAETCS COOTHOLICHHE

E'(p)<0.

BrlimmotHEHHE COOTHOIIICHUS E*(ﬁ) = E(p) Torna rapaHTHpPYET CyIIECTBOBAHHE PaBHO-
BECHSA B UICXOTHOU MOJIEIH.

HenpepbIBHOCT (yHKIIUU E*(.) Ha pe R. MoxHO rapaHTUpOBaTh, HAIPUMED, B CILy-
Yae, KOTJa MPEANOYTCHHUsI YYACTHHUKOB HEMPEPHIBHBI U CTPOTO BBIMYKIIbI, 4 HAYAIbHBIC

3amachbl yYaCTHHUKOB CTPOTO MOJOXKHUTEIbHBI (>>0). IToka3zaTh 3T0 MOKHO CIIOCOOOM,



AQHAJIOTMYHBIM JI0KA3aTENIbCTBY HEMPEPHIBHOCTU (YHKIIMHM CIIPOCa HAa MHOXKECTBE I[€H
PE R (cM. TaBy, MOCBSILEHHYIO 33/1a4€ MOTPEOUTENS).

[Toxaxkem Teneppb, 4TO MPU E*(ﬁ) < 0 ompezeneH U30BITOYHBIN CITPOC UCXOTHOM 3a/1a-
yu E(p), 1 BBITIOJIHEHO E*(ﬁ) = E(p), T.e. paBHOBECHBIC IIEHHl B MOAU(PUIIUPOBAHHOMN
MOJIEIN OKa3bIBAIOTCSI PABHOBECHBIMU B UCXOIHOM.

[Tycth E*(ﬁ) < 0. Torma {p, x*(ﬁ)} — paBHOBecHE B MOJU(DHUIIMPOBAHHOW MOJIEIH.
ITockonbky

@) < op- Yl P cop<opte,
Kk
TO JOIOJNHUTEIBHO BBEICHHBIC HAMU OTPAHHYCHHS HECYLIECTBEHHBL, T.c. {P, X (P)} —
paBHOBECHE B UCXOQHOU Moaenu, U E *(13) = E(p). (AnanoruunsiM 00pa3oM MOXHO TOKa-
3ath, uto ecin E(p) < 0, To E (p) = E(p)).

Ha ocHOBe 3THX pacCyXKIeHHI MolydaeM CIEAYIONIYI0 TEOPEMY CYIIIECTBOBAHUS paB-

HOBECHSI B MOZIENTH OOMEHa.

YrBep:xnenue 2.
Ecmu B s5xoHOMUKE 06MeHa MNpeaAOUYTCHUA YYaCTHUKOB JIOKAJIbHO HCHACBIIACMbI, HC-
MNPEPBIBHBI U CTPOr'0 BBIITYKJIbI, @ HAYAJIbHBIC 3aI1aChbl BCCX YUYACTHHUKOB IMOJIOKHUTCIIBHBI

(@:>0), To paBHOBECHE CYIIIECTBYET.

Ha ocHoBe npuBeneHHOM TeOpeMbl CYIIECTBOBaHMS PaBHOBECHS MOYHO IOJy4aTh yc-
JIOBUSI CYILIECTBOBAHMS PaBHOBECHUS U B CUTYallUAX YKOHOMHUKH C MPOU3BOACTBOM, €CIIU
GYHKIMS IPEIIOKEHUs TaKkKe SBJsETCs HenpepblBHOW. Tak, rapaHTUPOBaTh HEMPEPHIB-
HOCTh (PYHKIIUH TIPEAJIOKCHHUS B Mojaenu Dppoy-/lepde MOXKHO JHIIb TP HEKOTOPHIX
YCIIOBUSIX HAa TEXHOJOTHYECKHE MHOKECTBA WJIM MPEACTABIAIONINE MX MPOU3BOICTBEH-
Hble pyHKIMU. Hanbosee mpocTol U 4acTo paccMaTpUBAEMBbIF B YKOHOMUYECKON TEOPHUH
THUII TIPOU3BOJICTBEHHOW (DYHKITUH, TApaHTHPYIONIUN HENPEPBHIBHOCTh (YHKIIUU MPEII0-
KEHHsl, — HEOKJacCHuuecKas IMPOU3BOJCTBEHHAs (YHKIUA. XapaKTepHbIM MPUMEPOM
storo tuna GyHKuun seiserca GyHkuus Kob66a-Jlyrmaca, 3aBucsiias TOIbKO OT '"mep-
BUYHBIX" ()aKTOPOB MPOU3BOJICTBA, MPEIOKEHUE KOTOPHIX OTPAaHUYEHO.

3aMeTHM, 4TO MBI, BOOOIIE TOBOPS, HE MOXEM HCIOJIh30BATh MPHUEM, COCTOSIIHNA BO
BBEJICHUW KOJIMYECTBCHHBIX OIPAaHWUYCHH, B CHTYyalldH, KOTJa HadalbHbIC 3aMlachl XOTS
OBl OJHOTO M3 YYaCTHUKOB HE COZAEPIKaT XOTs OBl oHOTO Oara. Kak moka3bIBaeT npuBe-
JICHHBIN HWKE MPUMEpP, B 3TOM ciydae (DyHKIHS W30BITOYHOTO CIPOCa MOXKET HE OBITh
HETPEPHIBHON HA TPAaHUIIC MHOXKECTBA IICH.

[Mpumep 1 (koHTpIpHUMEpP K TEOPEME B CiIydae HYJEBBIX HAYaBbHBIX 3aI1aCOB OIHOTO
u3 Omar)

[Tycth B 5KOHOMHKE OOMEHa €CTh TOJIbKO ABa Onara (/=2), pyHKIIMHU MMOJIE3HOCTH y4a-
CTHUKOB Vi UMEIOT BUJ

1 2 1 2
uxi, xi)=\x; + ‘\/x,—,




a HavyaibHbIC 3anackl paBHBI @ = (0, 1). OueBHIHO, YTO MPEAMIOYTECHHS paccMaTpHUBae-
MBIX YYaCTHUKOB JIOKQJIbHO HEHACHIIIAEMbI, HEIIPEPHIBHBI U CTPOTO BBHITYKIIBI.
1 2
3amaga moTpeOuTensi COCTOMT B TOM, YTOOBI MaKCUMHU3UPOBATH u(X;, X;) MPH Cle-
JTYIOIINX OPAaHUYEHUSIX:
11 2.2 2
pxitpxi<p.
1 2
Xiy Xi > 0
1
1 2 2,1 2 E
ITpu p , p#0 cnpoc yuacTHHKa Ha BTOpoe 0aro paBeH X;(p , p ) = 7 Taxum obpa-
pp

2,1 2 2 2
3oM, X;(p, p) — 1 npu p — 0. Ho ecitu p~ =0, To 1m0I€3HOCTH MOYKHO CJlieJIaTh HEorpa-
-~ 2
HUYEHHO OOJBIION, YBENINYMBadA X; (CIpOC Ha BTopoe O6maro OeckoHedeH). Takum oOpa-

2 o
30M, CIIpOC Ha 2-¢ Ojaro He sBIsAeTCS HempephlBHBIM npu p = 0. [lokaxem, 4To B ATOM

HKOHOMUKE PaBHOBECHE HE CYIIECTBYET.
2.2

1 1 209
p(p+tp)
JIOJKUTCJIICH. 3Ha‘H/IT, l'IpI/I ITIOJIOKUTCIIBHBIX IICHAX paBHOBeCI/Iﬂ 6BITB HE MOXET, TaK KakK B
PKOHOMHUKE TepBoe 01aro orcyTcTByeT. Ecim ske nmeHa Ha oHo u3 67ar paBaa 0, TO COOT-

BETCTBYIOIIUI CIpOC OECKOHEUEH, U PAaBHOBECHS MPU ATHX L[EHAX TOXKE HET.
3ameTuM, 4yTO MOAUGUIUPOBaHHAS (YHKIUS U30BITOYHOIO CIIpoca HE SBJISETCS He-

[Tpn pl, pz;tO CIPOC y4yaCTHHMKa Ha MepBoe 0y1aro paBeH xi (pl, pz) = T.€. TO-

o 1 2 . o 2,1

npepeiBHOU. [Ipu p, p#0 copoc yuyacTHHKA Takoi k€, KaKk B UCXOAHON MOAeNu, U X;(p ,
2 2 2

p)— 1 opup — 0. Ho npu p” =0, cripoc Ha Bropoe 61aro paseH 1 + €. Takum oOpazom,

CIpOC Ha 2-¢ 0J1aro He SABJSIETCS HEMPEPHIBHBIM MPH p2 =0, ¥ IpUBEJIEHHOE JOKa3aTellb-
CTBO CyILIECTBOBaHUS "He paboTaet".

Ecnu B mpuBeieHHOM BBIIIE PUMEPE AaTh XOTs OBl OJJHOMY M3 YUYACTHUKOB HEHYIIC-
BOI 3amac mepBoro 0iara, To, XOTS H30BITOUHBIN CIIPOC TIO MPEKHEMY HE OyAeT Hempe-
PBIBHBEIM, HO paBHOBECHE CyIIecTBYeT. (Jloka3aTenbCTBO ATOrO OCTaBISEM YUTATENIO B
KauecTBe ympaxHeHHs.) TakuMm oOpa3oM, BBIMICIIPUBEICHHBIC YCIOBUS HA U30BITOYHBIN
CIIPOC SBJISIIOTCS IOBOJIBHO OTPAHUYUTEIILHBIMH.

Hwuxe nmpuBoauTcs Ipyroil BapuaHT TEOPEMBbI CyIIECTBOBaHUS ¢ Ooyiee cmabbIMuU yc-
JIOBHSIMH Ha U30BITOYHBIN cripoc. JloKa3aTebCTBO ATOTO YTBEPKIEHUS COCTOUT B YKa3a-
HUU TIpaBWJIa Tpolecca IeH000pa3oBaHus (OTIIMYHOTO OT OMHMCAHHOTO BBIIIE), UMHUTHU-
PYIOIIEro TMOBEACHUE IEHOOOPA3yIOIIEro OpraHa, KOTOpOE IMOPOXKIAeT OTOOpaKeHHE
MHOXeCTBa LeH S B cels, ynosieTBopsitoniee Teopeme Kakyranu (0 cymecTBOBaHHH
HETOJIBIYKHOW TOYKH BBITYKIO3HAYHOTO 3aMKHYTOTO OTOOPa)KEHUS KOMITAKTHOTO MHO-
JKecTBa B ce0s1).

YT1Bepaxnenue 3.
[Tpenmnonoxum, uro pyHkuus E(p) yaoBIeTBOPSET CICAYIONUM YCIOBUSAM:

e E(p) HENpepbIBHO Ha st = {pe D]R{l+ 1> pF =1, p*>01.
e E(p) 0HOPO/IHO HYJIEBOM CTENEHU Ha s

-1
e Brmonneno toxaectso pE(p) =0 Vpe S (3axoH Banbpaca).
e OyHKIMK U30BITOYHOTO CIIPOCA OTPAHUYEHBI CHU3Y, T.€. CYLIECTBYET YHCIIO f, TAKOE
4To




E\p)>t Yk Vpe s

e Eciin xoTs1 ObI 0JTHA U3 IIEH CTPEMHUTCS K HYIIO, TO U30BITOUHBINA CIIPOC XOTA ObI Ha
OJIHO 6Iar0 CTPEMHTCS K GECKOHEUHOCTH, T.¢. ecim {p'} € S u p"—p° npu n—roo, mpu-
YeM CYIIECTBYET 01aro k, Takoe 4To pg =0, 10

max; (E“(p")) — oo pu n—soo.

Torna cymiecTByeT BEKTOp p € DRi+, takoit uro E(p) = 0.

Hoxazamenvcmeo:
JlokazarenbCcTBO YCIOBHO pa3o0beM Ha TpH JTara:

1. [TocTpoenne oTOOpaKeHUs SIUHUYHOTO CUMILIIEKCa S B cebs.

2. IlpoBepka 3aMKHYTOCTH TpauKa M BBITYKIO3HAYHOCTH MOCTPOSHHOTO OTOOPaKEHHUSI
U IPUMECHEHHUE K HEMY TE€OPEMbI O HETTOJIBUKHOM TOUKE.

3. JleMOoHCTpanus TOTO, YTO HalJICHHAS HETIOABIDKHAS TOYKA SBIISICTCS BEKTOPOM PaBHO-
BECHBIX II€H, PACCMaTPUBAEMON SKOHOMHUKH.

o Sl—l
Jdran 1. Kaxnoit uene p € §¢ CcOnocTaBUM MHOXKECTBO

gp)=t{ge S |4Ep)> qE(p) Vg e S},

U TeM CaMbIM IMOCTPOUM OTOOpakeHue g(.) u3 S'e s, HApyrumu cioBamu, 3HaYeHUE
oToOpaxkeHust g(p) (p € S: 1) — MHOKECTBO BCEX BEKTOPOB II€H, MAaKCHUMH3UPYIOIIHNX
CTOMMOCTB U30BITOYHOTO CIPOCA, BEIYMUCICHHOTO MPH CTaphIX IeHaX p. MOXHO 3ame-
TUTh, YTO JIFOOOMY HEPAaBHOBECHOMY BEKTOPY IICH p € s, (T.e. B TaHHOM CITy4ae BEKTOpPY
p Takomy, uto E(p) # 0) nanHOoe oToOpa’keHHe CTaBUTh B COOTBETCTBUE MOAMHOMXKECTBO
(rpaHb MEHBIIECH pa3MEpHOCTH) CHMILIEKCA II€H, a JJI0OOMY PaBHOBECHOMY BEKTOPY —
BECh CUMIUICKC IIEH.

Ha rpanune cumruiekca e ghs! orpeaenuM g(p) no npaBuiLy:
-1 -1
gp)={ge S |q-p=0}={ge S |¢"=0,ccnnp'>0}.
OTMeTHUM, YTO MHOXECTBO g(p) HEIYCTO MPH JTHO00M p € s

Jran_2. BRIMyKI03HAYHOCTh MOCTPOSHHOTO OTOOPaKCHHS OYEBHIHA B CHUIy TOTO,
YTO YCIIOBHUS, OTIPEICIAIONINEe MHOXECTBA g(p), TMHEHHbI. TakuM oOpa3om, /Ui T0Ka3a-
TENIbCTBA CYIIECTBOBAaHUS HEMOJBUKHOW TOYKH OCTAeTCsl MOKa3aTh, YTO OTOOpa)KeHHE
2(.) mmeeT 3aMKHYTHIN TpaduK.

Ipeanonoxkum, uto nocienosarenshoctd {p'y € § ' u {g"t € S ¢ upenenamn p° u
¢° coorBercTBeHHO TaKoBbl, 4TO ¢'€g(p"). Ilokaxem, uro ¢'c g(p”). BosmoxHsI 1Be CH-
ryammm: (1) pe S.', 2) p’e S\ S,

B ciyuae p Oc 8 cymectByeT N, Takoe, uro npu n > N p" € s [Ipu n > N BbINON-
HEHO

¢"E(p") > qE(p") Vg e S

Iepexoms k mpexery, moxydnm, uto ¢ E(p °) > ¢’E(p”). TeM caMbIM MbI IOKa3aIH,

aT0 B 9TOM ciydae ¢’ g(p").




o 0 -1, -1 0
PaccMoTpuM Teneps ciydail, koraa p- € S [TycTtb k — Gunaro, a1 KOTOpOro py >
n
0. ITokaxxeM, 4TO TIPH JOCTATOYHO OOJBIIUX # BHIMOJHEHO ¢x = 0. Tem caMbIM MBI MOKa-
0 . n 0 0
xKeM, uTo g, = lim g = 0, u, caenoBarensHo, ¢ €g(p ).
—1, &1 n
Ecmu p" € Sl , TO TIO ompeneeHnto otoopaxenus g(.) umeeM g, = 0. Takum oOpa-
—1 0
30M, HaM OCTaJIOCh JJOKa3aTh B clydae p" es. , 4TO eciu p; > 0, To mpu 1OCTaTO4YHO
n
6onpiux n BemosiHeHO ¢ = 0. [To 3akony Banspaca umeem
n ny _ no K oopn
PLEP) ==X pr E' ()
K#k
Hcnonb3ys orpaHUu4eHHOCTh CHU3Y (DYHKIIMU U30BITOYHOTO CIIPOCa, HIMEEM
n " n no__ n
=X pe B @) <=1 pe=—1(1-pi).
Kk K #k
Orcroga

1 n
EJ((pn) < t( _Ek)
X T n .
Pk
TTOCKOIBKY pi CXOAUTCA K MONOKHTEIbHOMY MPEEIy, 5TO 03HAYACT, UTO 3HaueHHe £
(p") orpannueno cBepxy. C apyroit cTOpoHsl, BeuunHa max,{E (p")} crpemurcs k Gec-
KOHEYHOCTH. [103TOMY TIpH TIOCTATOYHO OOJIBIIIKX /1 BBIMOJIHEHO HEPABEHCTBO
E'p") < max {E'(p")}.
Orcrofia ciietyer, 4To MpH JOCTATOYHO OOJBIINX 71 BEKTOp g€ g(p”) MOKEH UMETh
I . 1
¢ =0. JleliCTBUTENBHO, COTJacHO ompenaciacHuto g(.) it Joboro Bekropa ¢ w3 Y
nomKHO ObITh BBITONHEHO ¢'E(p") < qE(p"). Onnaxo, ecmu 6b1 ¢™>0, To mpu E'(p") <
max,{E°(p")} MBI MOTIIH GBI TIOCTPOMTH HA OCHOBE BEKTOPA ¢ BEKTOp ¢ Ui KOTOPOTO
7 n n
qEp)<qEP").
Tem camMbIM MBI TIOJTHOCTBIO JOKa3ald, YT0 0ToOpaxkeHue g(.) MMeeT 3aMKHYTBIN Tpa-

buk.

[Tockonbky oTOOpakeHue g(.) UMeeT 3aMKHYTHINA TpaduK, BHITYKIO3HAYHO U 0TOOpa-
KaeT HEMyCTOe KOMIAKTHOE BBIIMYKJIOE MHOXECTBO S B cebs, 10 K HEMY MpUMEHUMa
TeopeMa KakyTaHu, 1 Cyl1ecTByeT HENIOABUKHAS TOUKA P € s

p < gp).
Jran 3.
[Tokaxkem, YTO HEMOABIKHAS TOYKA OTOOpaXkeHHs g(.) ABJISETCS BEKTOPOM LIEH PaB-

HOBECHSI.
HenoasmwxkHas Touka p oroOpaxkeHHs g(.) HE MOXXET MPUHAAJIECKATh TPAHUIE CHM-

—1, -1

IIeKca 1eH (SJ \S%; ). DTOT (hakT ciaexyeT U3 TOTo, YTO COTJIACHO OMPEACICHUIO g(p) s

1, J—1 —
peSJ \S pU BcexX ¢ € g(p) NOKHO OBITH BBIMOJHEHO paBeHCTBO ¢ - p = 0. Eciu Obl p

— — SJ—I\SJ—I J— — 2
€ g(p), rae pe ., TO MBI UIMeTH OB p - p = ||p || = 0. DTOMY YCIIOBHIO YIOBIETBOPSET
TOJIbKO TouKa p = (), He MpUHaAIeKAIAasi CUMILIEKCY LIEH.

Taxum o6pazom, p > 0 ¥ MOATOMY, KaK OBUIO OTMEUEHO MPH ONPEACTCHUH 0TOOpaxe-

Hus, E(p) = 0. ITokaxem 310 popMaibHO.



[Tpenmnonoxxum npotuBHOE. B cuny 3akona Banbpaca, eciiu E(p) #0u p > 0, To cy-
IECTBYIOT s U s” Takue, uto E'(p) > 0 u Ev’(l_)) < 0. Iockonwky p € g(p) u p > 0, T0 MO
OTIpeNIeIICHUIO g(p) IS II000TO0 ¢ € S OIKHO GBITH BBIIONHEHO PE(p) = qE(p). Onna-
K0, TaK Kak E°(p) > E°(p), TO JOCTATOYHO B3ATh CCAYIOLMil BeKTop ¢: ¢' =P + ', ¢ =
0, ¢"=p" k#s,s’, aro6s1 monyants pE(p) < gE(p). MBI IPUIIUTHA K IPOTHBOPEUHIO.

TeM camMbIM MBI JOKa3aJH CYLIECTBOBAHHE LIEH p, IPU KOTOPBIX M30BITOUHBIH CIIPOC

paBeH HYIIIO.
]

JlanHOE O0Ka3aTeabCTBO MOXKHO MPOMJLTIOCTPUPOBATH IPahUIECKH.

Ei(p1,1-p1)

y2)

c P

1
Ha nannoMm pucynke B — HemoaBmkHas Touka oToOpaxkeHus g(.). lanHoe oToOpa-
XKeHue orpeneneHo Ha cuMmiuiekce AC, u oroOpakaer Touku otpe3ka AB, 3a uckioue-
HueM Touku B, B Touky C, Touku otpeska BC, 3a uckiouenrem Touku B, — B Touky A,
a Touky B — B0 Bech cummiekc (otpe3ok AC).

Onwupasicr Ha ToKa3zaHHOE YTBEpXKICHHE 3, MOKHO TOKa3aTh, YTO B MOJEIIX 0OMeHa
IIPH HEIPEPBIBHOCTH, CTPOTOM BBIITYKIOCTH U CTPOrOM MOHOTOHHOCTH IPEAIIOYTECHUI
noTpeOuTeNneil paBHOBECHE CYILECTBYET, €CIIU COB0KYNHble HadallbHBIE 3aIachkl CTPOTO
HOJIOKUTENbHBI, T.€. Wy>0. JT0 yTBEep)KACHNUE OYEBUIHO, B CHUIY TOTO, 4TO (DYHKIUS

U30BITOYHOTO CIPOCa B MOJIEN 0OOMEHA MPH JaHHBIX YCIOBHUAX HA MPEANOYTEHUS ydacT-
HUKOB SIBJISIETCS HENPEPBIBHOM, OJHOPOIHON MEPBOU CTEIIEHU U YJOBJIETBOPSET 3aKOHY

—1
Banbpaca na s OrpaHM4YeHHOCTh U30BITOYHOTO CIIPOCa CHHU3Y CIEeIyeT U3 Toro ¢akxra,
YTO CIPOC YYACTHUKOB HEOTPULIATENICH M BBITOJHEHBI OaJaHCHI (B KAUeCTBE KOHCTAHTHI ¢

k
MOJKHO B3SITh /= —max;{®y}).



Jns Toro, 4yTOOBl MOJHOCTHIO MPOJEMOHCTPUPOBATH BBHIIIOJHEHHUE YCIOBUH YTBEp-
KACHUS 3 NI CiIydas HENPEPHIBHBIX, CTPOrO BBIMYKJIBIX M CTPOrO MOHOTOHHBIX IMpeEA-
MIOYTEHUH, OCTaJI0Ch MOKa3aTh BBHIIOJHEHUE MOCIEAHETO YCIOBHSI TEOPEMBL: €CIIU XOTS
Obl O/lHA M3 LIEH CTPEMHUTCS K HYJIO, TO M30BITOYHBIA CIIPOC XOTS OBl Ha OJHO OJaro
cTpemuTcs K 6eckoHeuHocTu. [TokaxkeM 310 popmanbHO.

~1
B cuny Toro, uto poe S u Wy >0, uMeeM, 4TO p0 ®y > 0. Takum 00pa3oM, CylecTBy-

eT motpebutens i, Takoit, uto p’ @ > 0. Ciemyrollee YTBEPKICHHE [OKA3HIBACT, UTO
CIPOC ATOTO MOTpeduTeNs, Mo KpaitHel Mepe, Ha OJJHO U3 OJar CTPEMHUTHCS K O€CKOHEU-
HOCTH 110 MEPE TOT0, KaK p" CTPEMHUTHCS K p°, T.c.
max; (x/(p")) = oo IpH n—>oo,
YTO M JOKA3bIBACT, UYTO
max; (EX(p")) — oo ipu n—seo.

YrBep:xnenue 4.

Iycts {p"t € § ' — nocnenoBaTenbHOCTS LeH, mpuaeM p'—> p° IIpH n—300, 1 CYIIECT-
ByeT O7aro k, Takoe 4To pg =0.

[Ipennonoxxum, 4To:

e [loTpebutens UMEET CTPOro MOHOTOHHBIE HETIPEPHIBHBIE MTPEANOUYTEHUS.

e HavayipHbIE 3amackl MOTPEOUTENST () TAKOBBI, YTO pom > 0.

Torna

max; (xX"(p")) — oo pu n—oo.

Hoxazamenvcmeo:

[Tpennonoxum npotuBHoe. IlycTh cmpoc moTpedutens Ha Bce TOBAaphbl, OTPaHUYEH,
T.€. CylecTByeT HekoTopoe uucio K, takoe, uro 0 < x(p) < K. B cuy Toro, 4ro 6ecko-
HCYHAasA MMOCJICAOBATCIIbHOCTh HA KOMITIAKTC UMCCT TOYKH CTr'ylHICHUA, HaﬁﬂeTCﬂ HCKOTOpas

n
HOAIOCIIEN0BATENLHOCTE {p }, TaKas, 4TO:
n —_
x(p)—Xx.
n
Tak kak x(p ) — ONTHUMAILHOE PEIICHHE 3aJa4M TOTPEOUTENS, a IPEANIOYTEHHS CTPO-
'O MOHOTOHHBI, TO TIPH II€HAX P BHIMOTHAETCA 3aKOH Banbpaca, T.e.
n N
pxp)=po.
0= _ 0 0
ITepexons B 3TOM TOXKIECTBE K Ipelely, Noaydum, p X = p . Ilycts p, = 0. Torna B
o v = k —
CUJIy CTPOTO MOHOTOHHOCTHU TPEINOUYTEHUN X + Ge > X, I/ie G — HEKOTOPOe CTPOTO
MOJIOKUTEIBLHOE YMCI0. B chily TOro, 9TO MpeAnoyYTeHus MOTpeOuTeNell HeNPEPhIBHBI,
. s = o = k A
HaieTcs Takoe 8>0, 4To X > X, Te X =X + Oe’ — 0¢’, a s — HOMep ToBapa, Ik KOTOPO-
0
ro ps > 0. O4eBUIHO TaKXKe, YTO
0~ _ 0= 0 8 0_ 0= 6 0 0—
PX=pXTOpy —Op;=pX—0p; <pX.
B cuny HenmpepbIBHOCTH OTHOIICHHS TIPEIIOYTEHUS UMEEM, UTO CYIIecTByeT N Takoe,
A n
9TO 1718 Kaxaoro [ >N x=x(p ).
Tak kak p" — p° u x(p")— X, T0
. n n A — A
lim p"(x(p") —%) = p’(x — %) > 0.




W3 onpeneneHus npenaena cienyer, 4To HaiaeTcs ynucio M takoe, 4To sl Kaxaoro /
GonpInero M crpaBemuBo, uto p (x(p") —X) > 0, T.e.
px(p") >p'x
Takum 06pa3oM, MbI TIOMYYHIIH, 4TO TipH [ > max {M, N} Habop X CTpPOro Jydiie Ha-
6opa x(p") 1 pu 3TOM cTONT memieBne. TeM caMbIM MbI OTYYHIN IPOTHBOPEUHE C OI-
TUMAILHOCTBIO Habopa x(p ). Takum o6pasom, He cymectByeT K Takoro, uto 0 <x(p) <

K, 1.e. max; (xi(p")) — oo pu n—>eo.
|

Pestomupys mpojenaHHbIe BBINIE PacCyXACHUs, CHOPMYIUPYEM YTBEPIKACHUE O CY-
IIIECTBOBAHWHU PaBHOBECHS B YKOHOMHUKE 0OMeHa Mpu OoJiee caadbIx, YeM paHee, Mpeo-
JIOXKCHHUSX.

YT1Bep:kaenue S.
Ecnu B s5x0oHOMHKE 0OMEHa MPEOUYTEeHUsI YUaCTHUKOB JIOKAIbHO HEHACHIIIAEMbI, He-

MPEPBIBHBI U CTPOTO BBIIMYKJIbI, @ COBOKYIIHBIC HAYaJIbHBIC 3aI1aChl MMOJIOKXUTCIIbHBI (O)Z

>(), TO paBHOBECHE CYIIIECTBYET.

B curyanuu, Korma npennoyTeHus He SBISIOTCS CTPOro0 MOHOTOHHBIMH (M B 4aCTHO-
CTH, €CJIM COOTBETCTBYIOIIEE OTOOpaKeHHE M3OBITOYHOTO cripoca E(p) HE sSBIsSETCS OT-
PaHWYCHHBIM CHH3Y), MBI MOXXEM BOCITIOJIb30BAThCS CICAYIOIIUM YTBEPKICHHEM, yCTa-
HABJIMBAIOIIMM YCJIOBUS CYIIECTBOBAaHHS paBHOBECHUS B Mojein Jppoy-Lledpe.

BBenem cHauana ciieayroliee BCIIoMOTraTeIbHOE MTOHSTHE.

Onpenenenue 8.
Cocrosnue (p, X, y) = {p; (X )icr; (¥ ))jes} 2koOHOMUKH Dppoy-Jlebpe
E= =i, (Yjes; (@) ie 1; (Vi) i 1,jes}
HasbiBaeTcs KBA3NPABHOBECUEM, eciii BEITIOIHAIOTCA CIEAYIOLINAE YCIOBUA:
1. st Ka)Ka0ro moTpeOUTENSI X; YIOBIETBOPSIET YCIOBHUAM
-X; € X,
-px;< Bip, y),
- X; ¥ HE XyXe, 4eM JII000# npyroil Habop X;€ X;, KOTOPBIN CTOUT (B paBHOBECHBIX
IieHax p) aemesie, ueM BAp, y).
2. y; MaKCUMHU3UPYET NPHOBLIb j-TO MPOU3BOAUTENSA NPH LEHAX p, T.€. PELIAET Cle-
TYIOIIYIO 3a/1a4y:
py; — min
Y€ Y.
3. BreinonHeHBI oTyOaIaHCHhl:
<Yy +tya Vk
J i

1




3aM€TI/IM, 4TO KOorjga npcArnovYTCHUA ti JIOKAJIbHO HCHACBIIACMbI, BEKTOP )_Cl', YAOBJIC-
TBOPSIIOIIMM yCIIOBUIO | ompeneneHusl KBa3MpaBHOBECHS, MMUHMMM3UPYET 3aTpaThl (B
PaBHOBECHBIX LI€HAX p) HA JOCTIKEHHE YPOBHS 0JarocOCTOSIHUA, OTPEACTIEMOTO BEKTO-
POM X;, T.€. pELIaeT CIEAYIONIYIO 3a/1auy

P X; — min
X; =i Xi,
a JIIsl KaXKJA0T0 MOTPEOUTENS BBIMIOTHEHO COOTHOIIICHHE:
pX; = _Yypy; +pw; Vi.
J

(dokaxkure 3T0.)

VYcnoBus CyliecTBOBaHUSI KBAa3MPABHOBECHS OKAa3bIBAIOTCA OCOOEHHO TMPOCTHIMHU U
ONKMCHIBAIOTCS B MPUBEACHHOM HIDKE YTBepKIeHHH 6. C npyroid CTOPOHBI COCTOSIHHUE
KBa3UPAaBHOBECUS SIBIISICTCS MPU HEKOTOPHIX MPEANONOKEHHUSIX O MPEANOYTEHUSX CO-
cTossHMEeM paBHoOBecHs. [losToMmy mpencraBisieTcs ynoOHBIM BHayalle YCTaHOBUTH YCIIO-
BUS CYIIECTBOBAHUS KBa3WPaBHOBECHsS, a 3aT€M HCIOJIb30BaTh UX BMECTE C JOIOJIHHU-

TCJIIBHBIMU ITPCAIIOJIOXKECHUAMHU, I NOKA3aTCIbCTBAa CYIHICCTBOBAHUSA PABHOBECHUA B KOH-
KPCETHBIX MOACIIAX D9KOHOMUKH.

YT1Bep:kaenue 6.
[Ipennonoxxum, 4To:

DZ=0Q Y+ Za),-) N R. HemycTo, 3aMKHYTO U OrpaHUHEHO, (T.€. CywecTByeT N Ta-

KO€, YTO €CJIU Z € Z, TO A< N k=1,..,0D.

2) IlpennoyteHus: >; BBINYKJIbl, HEIPEPHIBHBI U JIOKAJbHO HEHACHIIIAeMbl, X; — BBI-
MyKJIOE 3aMKHYTO€ MHOXeCTBO, 0 € X;, ;= 0,i=1,...,n.

3) ¥, — Bemyxiioe MmHOkectBOu 0 € YV, j=1,...,m.

Tornma B 3TOM 3KOHOMUKE CYILIECTBYET KBa3UPABHOBECHE.

okazamenbcmeo:
Kak u B mpenpinymux 10Ka3aTelbcTBaX, MbI OyIeM UCKaTh KBa3HPAaBHOBECHE KaK He-
MOJIBIKHYIO TOYKY HEKOTOPOTO CHEIHAbHBIM 00pa3oM CKOHCTPYMPOBAHHOTO OTOOpa-

m n
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xenus u3 MHOkectBa © = [ [X; x [T, x S B ce6s. 3nech
i-1 =1

i = {x,-e Ri ’ X <N+€},
7= ye 1| lyl< N+el,
ST =1{p=0| X pr =1},
3aMeTI/IM, YTO KaXJI0€C U3 3TUX MHOXKCCTB HCITYCTO, 3aMKHYTO W OIr'paHUYCHO, ITIO3TOMY
UX Npou3BeJeHUE © TOXKE HEMYCTO, 3aAMKHYTO U OTPaHUYEHO.
Omnpenennm otoOpaxkenue g(.): © — O ciaenyromum 0d6pa3zom:

8(0) = ggxi(e) X ggyj(e) x 8p(6).

I'me koMmoHEeHTHI 0TOOpakeHHS g(.) ONIPEACIISIOTCS CISAYIONUM 00pa3oM:

2:(0) = {x/ € X;| px/ < Bup, y), x/=x/" ¥ x{" € Xi: px{’ < Bi(p, y)},
Tae




Bilp, y) = max{0, >_;vypy;} + pon,
£y(0) =€ Y;lpy/ > py/” Vy/ € Vji,
O = eS| @-p)Xxi-Ly,-Xa)=0Vp eSS}
3amMeTuM, YTO TaKoe OIpEACICHUE 61(j)n>1<eTa rapaHTUPyeT HEMYCTOTY OOKETHOTO
MHOXecTBa {X{ € X; | px/ < Bdp, ¥)} Tp¥ TOOBIX EHAX p ¥ MPOU3BOACTBEHHBIX ITAHAX
Y- B
[Tycts O = {X, y, p} — HenoJBWXHas TOUYKa OTOOpaxkeHus g(.), T.e.
0 < g(0).
JlokaseM, 4To @ sBISETCS KBA3UPAaBHOBECHEM PACCMATPUBAEMON SKOHOMHKH.
ITockonbKy KaXKIblii IPOM3BOACTBEHHBIN IUIaH y; MAKCUMU3UPYET NPUOBUIL IIPH 1ie-

Hax pu 0 € Y;, 10 py; > 0 mnostomy Bi(p, y) = 2., Vi y; + P
Janee, o onpeaeneHN0 MHOXKECTBA gy(0) Habop X; He Xyxe Jarboro Habopa x; € Xj,
YIOBIICTBOPSIIONIETO CTPOTOMY OTPaHUUCHUIO pX;< BAp.y), MOITOMY M3 JOKAIBHON He-

HACBIAEMOCTH P X; = Bip.y) = D_;Y;py; + poy (CM. aHanorn4Hble paccyxkaenus B Yactu
1).

CH0XHB 3TH paBEHCTBA 110 BCEM MOTPEOUTEIISAM, MOTYIHM, YTO JJIsI SKOHOMHKH B IIe-
JIOM BBITIOJTHEHO COOTHOILICHHE:

P2Xi=pd.y; tpl o
i J i
[TokaskeM Tenepb, YTO BHINOJIHAIOTCSA OalaHCOBBIE COOTHOLICHHS
DXi—> y—-2 <0
i J i

JleiicTBUTENBHO, €CU XOTA Obl OJHa M3 KOMIIOHEHT JAaHHOTO BEKTOpa OblIa MOJI0XKHU-
TeTbHA, TO TOJOKUTETHHON ObLIa OB U CTOUMOCTH JAe(PHUIINTa — BETUYHHA P O _xi— Zﬁj
—>_ @) (HOCKOIBKY IIEHBI P, BHIOPaHBI IIEHOOOPA3YIOIMM OPraHOM TaK, YTO0bI MAKCHMH-
3UpOBATh 3Ty BEIWYMHY). HO MBI TONBKO YTO JOKa3ald, YTO JaHHAs BEIMYMHA paBHA
HYIIIO.

Ocraercs moka3aTh, YTO KOJMYECTBEHHBIC OTPAHUYCHUS B YCIOBUSX, ONPEIACIISIONINX
0TOOpaKEeHUs gyi(.) U Zyj(.) HECYLIECTBEHHBI, B TO CMBICIIE, YTO PEIIEHHs COOTBETCTBYIO-
IIMX 33]a9 TOTPEOUTENsT ¥ MPOU3BOAUTENS OJHU U TE K€, KaK MPU HAIUYHH OTpaHUYE-
1305071

Xxi<N+e, |y| < N+teg,
TaK U IPH UX OTCYTCTBUHU.

[TycTh 3TO HE Tak, U CYIIECTBYET, HAIPUMED, TaKoi HAbOp X; € X;, uto px; < BAp.y) u
)2?,' b-)_c,- .

[TocKONBbKY BBITTOJTHSIOTCS COOTHOLICHHUS

DX <yt <N,
i j i

—k
TO JOIMMOJIHUTCIILHOC KOJIMYCCTBCHHOC OIrPaHUYICHUC B TOYKE X ; JOJIPKHO OBITH BEITIOJTHCHO
KaK CTpOroc¢ HCPaBCHCTBO:

—k
xi<N+8.



Ha otpeske, CoeUHSIONIEM X; U X;, Haiiaercs Habop X;” (0CTaTOYHO OIHM3KHI K X;),
takoi uto px; < BAp.y)u x/< N+ €. IIOCKOIBKY OTHOWICHHE >; BBIIYKIIO, TO X; >;X;, @ 3TO
TIPOTHBOPEYUT TOMY, UTO X; € Z1i(0).

IToxoxkHuM 00pa3oM J10Ka3bIBAETCs, YTO y; NIPU 1IEHAX p MAKCUMM3HUPYET MPUOBLIL HA
BCEM MHOXECTBE V).

Takum 06pa3oM, O IeHCTBUTENBHO ABISETCS KBA3UPABHOBECHEM.

Jlist moka3aTenbCcTBa TEOPEMBI OCTANIOCh TIPOBEPHUTH, YTO MOCTPOCHHOE OTOOpaKeHHE
MHOKecTBa © B ceOst UMeeT 3aMKHYTBIA rpaduK, YTO YCTAHABIUBACTCS PACCYXKICHUIMH,
AQHAJIOTMYHBIMHU YK€ IpojeaHHbIM paHee (B HacTsx 1, 2).

|

JlaHHOE yTBEp KACHUE rapaHTUPYET CYIIECTBOBAHHE PABHOBECHS B MOJIEJIM OOMEHA C
BBIITYKJIBIMH, JIOKQJIbHO HEHACBHIIIAEMBIMA U HENIPEPBIBHBIMU NPEAIIOYTCHUSMU B CIIyda-
AX, KOrJja HayaJIbHbIC 3aI1achl KaKJOI'0 YYaCTHHKA CTPOrO IOJIOKUTENbHBL. Eciu mpen-
IIOYTEHMs YYACTHUKOB CTPOrO MOHOTOHHBI, TO JJI1 CYLIECTBOBAaHUS PABHOBECHUS JIOCTa-
TOYHO IIOJIOXKUTEIBHOCTH CYMMApHBIX HAadaJIbHBIX 3amacoB. M, HakoHeN, B CUTyallUH C
JICOHTHEBCKUMU IIPEANOYTCHUSMH, KBa3UPAaBHOBECHE BCErAA SBIIICTCS PAaBHOBECHEM.
(ITpoBepKy BBINIOJHEHUS YCIOBUN TEOPEMBI CYLIECTBOBAHUSA B KaXKIOM H3 ITHX TPEX
CJIydaeB OCTABJISIEM YUTATENIO B KAUECTBE YIIPaKHEHNUS).

Tecmbl u 3a0auu 013 CAMOCMOAMETbHOZ0 PEULCHUS

1. Ilycte B Mofenn 0OMEHa MPEeANnouTeHU NOTPeOUTENeH U UX HAavYaJbHBIE 3arachkl COB-
najaoT.

["apaHTHpyeT 1M BBIMYKJIOCTh NPEANOUYTEHUI CYLIECTBOBAHUE PaBHOBECUA? APryMEeHTH-
pYHTE CBOM OTBET.

2. Ilyctb B Mogenu oOMeHa MpeAnoYTEeHHUS TOTpeOUTENeH 1 UX HaYalIbHbIE 3aIachl
COBIIAIAIOT.

I'apanTHpyeT U BBIMYKJIOCTD IPEANIOYTEHUN €JUHCTBEHHOCTh PaBHOBECUS

(ecu oHO cymiecTByeT)? ApryMEHTUPYHUTE CBOM OTBET.

3. Ilycte B MOgenu oOMeHa MpeanoyTeHus: MOTpeOuTeNel 1 uX HadalbHbIE 3arachl COB-
najaroT. ['apaHTupyeT Jn cTporasi BBITYKJIOCTh IIPEANIOYTEHUN €AMHCTBEHHOCTh PABHO-
Becus (€CIIM OHO CYILECTBYET)? ApryMEHTUPYHUTE CBOIl OTBET.

4. Ilyctp B MozienM OOMEHA MPEANOYTEHHUs MOTpeOuTeNIel U MX HayallbHbIE 3alachl COB-
MajaroT.

["apanTHpyeT Jn cTporas BBITYKJIOCTh NPEANOYTEHUH CyIIECTBOBaHNUE paBHOBecUs? Ap-
T'YMEHTUPYUTE CBOU OTBET.

5. IlpeanonoxuM, 9To MPEATOYTCHHS MOTPEOUTENeH U X HaYaIbHBIC 3aMachl COBIAIA-
0T, & COBOKYITHOE MPOU3BOJICTBEHHOE MHOKECTBO COJIEPKUT HYJIEBOM BEKTOP UHMCTBIX



BBIITYCKOB. ['apaHTUPyeT JIM CTpOrasi BBITYKJIOCTh MPEANOYTEHUI TOT (akT, YTO paBHO-
BECHBIE paclpe/iesieHus (€C/IN CYLIECTBYIOT) COBMAJAIOT ¢ HAYaJbHBIMU 3anacamMu? Ap-
T'YMEHTUPYUTE CBOU OTBET.

6. I[lycte B Mogenu oOMeHa MpeanoyTeHus: MOTpeOuTeNel 1 X HadalbHbIE 3a1achl COB-
NajaloT U CoJepkKar Bce Oylara B MOJIOKUTENFHOM KoJIM4yecTBe. byneT nm paBHOBECHOE
pacnpezneneHue (€ciau CyLIECTBYET) COBNAAATh ¢ HAYaJIbHBIMU 3amacamMu? AprymMeHTH-
pYHTE CBOM OTBET.

7. HamoMHMM, 9TO B SKOHOMHKE pacmlpeneiieHus (B OTIMYUE OT 3KOHOMUKH OOMEHa)

3a71aeTCs BEKTOP COBOKYIHBIX Ha4YaJbHBIX 3aI1acOB MWy M J0XOJ R; KaKI0ro MoTpeOuTes,
T.C.
E={(X;, ui(.))ie 1; Oy, (R)) ie 1}
[Ton (oOmM) paBHOBECHEM B SKOHOMHUKE paclpeesieHus Mbl Oy/ieM IOHUMATh Hapy
{p, x}={p, {Xi} ic 1}, TAKYIO, YTO:
!
—pPE R+,
— KaXXIBIl BEKTOP X ; SIBIISICTCS PEIICHUEM 3a]1a9y MOTPEOUTENS P [IEHAaX P, T.C.
X € argmax, . p.. @) UilX0),
rae Bi(p,R) = {xeXi|pxi<R;}.
— BBINOJIHEHBI TIOTyOaIaHCHl 1o OyiaraM, T.e. Vk BBIIIOTHEHO

X< Yo
—PpOg=> R

[Toka3aThb, 4TO B PKOHOMMKE paclpejie]ieHus ¢ ABYyMs OnaraMu U JAByMsl y4aCTHHKAMH,
TpeTOoYTEHNs KOTOPBIX OMUCHIBAIOTCS CIEAYIOIMMU (QYHKIUAMHU MOJIE3HOCTH
ui(X11, X12) = min{Xy, X12}, 2(X21, X22) = X22

HE CYILECTBYET paBHOBecus NpH Ry =1, R, =0, u wy = (2, 1).

8. [Toka3aTh, YTO B 9KOHOMUKE OOMEHA C IByMs OJIaraMu M IBYMSI Y9aCTHHUKAMH,
OTIHCHIBAEMBIMH CIICAYIOIIUMH (PYHKIHSIMH MOJIE3HOCTH

u1(X11, X12) = X11, ur(X21, X22) = X22,

HE cyliecTByeT paBHoBecus mpu @ =(1, 1), oy =(0, 1).

9. Iloka3ath, YTO B IKOHOMHKE PACIPEACIICHUS, COCTOAIIECH U3 3 YJaCTHUKOB U JIBYX TO-
BapOB, CIIPOC TPETHET0 YYaCTHUKA B OKPECTHOCTH TOYKM paBHOBecHs obOnamaeT 3¢ dek-
toM ['uddena. LleneBbie PyHKIIMN yIaCTHUKOB UMEIOT BHU/I;

ui(X11, X12) = Xi1,

u2(X21, X22) = X22,

u3(X31, X32) = 28x31 + 28x3, — 2X31 — 3X31X32— 2X 0.



B sxoHOMUKE 00IIME 3amackl TOBApOB MPEICTABICHBI BEKTOPOM ® = (4, 4), a 1eHexX-
HBIE PECYPChI YUaCTHUKOB paBHbI 4, 12 1 12 1eHEeXHBIX €IUHUL] COOTBETCTBEHHO.

10. PaccMoTpuM 3KOHOMHKY OOMEHa ¢ ABYMs TOBapaMy M TpeMs MOTpeOUuTeNIs MU, KOTO-
pble UMEIOT ClIeAyIoIure (PYHKIUH MTOJIE3HOCTH M HaYaJbHBIC 3aMachl.

w(x1, y) =x1 +/yi = (1,2)

uz(Xz, YQ) =min {Xz, YQ} o = (3, 4)

u3(X39 Y3) A eX3 w3 = (1’ 1)

HaiinuTte QpyHKIIMM cripoca y4acTHUKOB, OMUIINTE X cBoicTBa. Haiinute paBHOBecHe
B 9TON YKOHOMHKE.

11. PaccMOTpUM 3KOHOMHKY OOMEHA C IByMs TOBapaMH U IBYMs IMOTPEOUTENAMHU, KOTO-
pble UMEIOT ClIeAyIoIue (PYHKIUH MOJIE3HOCTH M HadaJbHBIE 3aMachl.

1 (12} 1
wmx,y)==-17-37)5,2 o = (1, 0),
12¥ 1 1
ur(Xa, Y2):—(ﬁ)?—? o = (0, 1).

Haiinute paBHOBecue B 3TOM 3kOHOMUKE. ENMHCTBEHHO JIK OHO?

12. Ilycth QyHKIMS U30BITOYHOTO CIIPOCA UMEET BU]]
P2 2
Ev(p1, p2) =— Exp1, p2) =—
(pr.p2) == pr.p2) ==
SBaseTcs 1u OHa OHOPOIAHOMN?
SBasieTcst 1M OHa HENpPEPBIBHON ?
MosxeT 1 ObITh (GyHKIUEH U30BITOYHOTO CIIpOca Il HEKOTOPOil SKOHOMUKHU ?

13. Ilycth pyHKIIMS U30BITOYHOTO CIIPOCA UMEET BH/T
pa pb
E(p)= b- a.
pP®  pO
SBnsercst nu oHa OJHOPOAHOM? SIBisieTcst M OHAa HempepblBHOM? BrinosHsgercs yn
JU1s1 Hee 3akoH Banbpaca?

14. Ilyctb ¢yHKIMU U30BITOYHOTO CIIPOCA HA MEPBBIC 1BA TOBapa B TPEXTOBAPHOM JKO-
HOMUKE UMEIOT BU]
E\(p) =—pi/ps+ pr/p; +1 u Ex(p) =pi/ps — 2pa/ps 2.
HaiinuTe n30bITOUHBIN CIPOC HA TPETUH TOBAp.
MosxeT 1 ObITh (PYHKIUEH U30BITOYHOTO CIIpOca Il HEKOTOPOil SKOHOMUKHU ?

15. IlycTh 5KOHOMHKA COCTOMT U3 IBYX MOTpeOUTENEH, M B HEl 00paIaioTces Ba ToBapa.
OYHKIUH TTOJIE3HOCTH OTPEOUTENCH UMEIOT BH/T
o lo _ B 1P
ui(X1,y1) =X1 yi u Ux(X2,¥2) =X2 Y2 -
[ToTpebutenu obnagar0T HaAYATBHBIMHE 3allaCaMU B pa3Mepe
o; = (a,b) u o, = (c,d).



Halinure paBHOBECHBIE LIEHBI U CIIPOC y4aCTHUKOB. Haiinure 1one3HoCTH y4aCTHUKOB B
TOYKE paBHOBeCHs Kak (DyHKIIMU ITapaMeTpoB a, b, ¢, d.

16. Boruncnure KBa3UupaBHOBECHS B CIEAYIOIIEH MOJIeTd OOMEeHa:
B skoHOMEKE ecTh TOJBKO JBa Onara (/=2), GpyHKIHMM IMOJIE3HOCTH YYACTHUKOB Vi

UMEOT BUL
1 2 1 2
uixi, x;) = ‘\/x,- + ‘\/xi,

a HavyaJIbHbIE 3anackl paBHbl @ = (0, 1).
OCHOBHbI€e NoJ1I0)XeHUs1 3KOHOMUKU 671a20COCMOsIHUS

BeezneM B paccMOTpeHHE MHOKECTBO ((DU3UUECKH) TOMYCTUMBIX COCTOSHUI D(Wy):

D(wz) ={(x, )| >oxi< X yitoy, x=0, ye )}
iel  jeJ
3aeck U jfanee nox (x, y) MOHUMAETCs (X, ..., Xy Vi, ..., Ym). @y 0003HAUaeT oOuue

HaYaJIbHBIE 3aI1achl OJ1ar B DKOHOMHUKE.

Onpenenenue 9. I'0BOPAT, YTO JOMYCTUMOE COCTOSIHUE SKOHOMHKH {X, y} CTPOro
AOMUHUPYET (o [Tapero) cocTosHue {x, y}, €Ciu X; >=; X; A7 JII0OOro NOTPeOUTEN i.

Onpenenenne 10. Topopsat, uTo Touka {X, y} npuHamtexur CIlabon rpaHuue

[MapeTo (WP), ecnu He cymecTByeT CTPOro JOMMHHUPYIOIIEH ee JOMyCTUMOM TOUKH,
T.€.

WP = {(%, p)e D(ay) | # (x,y)e D(wg) :xi =% Viel }

/- v

Onpenenenue 11. T0oBOPAT, YTO TOMYCTUMOE COCTOSIHUE SKOHOMUKHU {X1, ..., X} V1,
ey Ymy AOMUHUNPYET (1o IlapeTo) apyroe AOMyCTUMOE COCTOSIHHE {X1, ..., Xn; V1, .-

Ym}, €CIU X; >; X; IJI TI0OOTO TTOTPEOUTENS [ M CYIIECTBYET ip TAKOU, UTO X;, >, X, .

Onpenenenne 12. JJonycTUMYIO TOUKY {X1, ..., Xu; V1, ..., Y} HazbiBatoT [lapeTo-

ONTUMalnbHbIM cOoCTOSTHUEM 3KOHOMHUKH, €CIIM HE CYIIECTBYET JOMUHHUPYIOIIECH €e
JIPpyroml JomycTUMOM TO4YkH. MHOxkecTBO [lapeTo-onTuManbHBIX COCTOSHUI Ha3bIBAIOT

(cubHOl) FPAHULEN [TapeTo (P):
P={(x,p)e D(wy) | P (x,y)e D(oy): xi =x; Viel, Fiel x, > X}

YrBepxaenue 7.
1) Ecnu mpeamnouyTeHus: KaXIOoro y4aCTHHUKA CTPOrO MOHOTOHHBI M HENPEPBIBHBI, TO
cuibHas rpanuna [lapero coBmanaer co cnaboit: P = WP.




2
2) Eci mpeaouTeHus KaXa0ro y4aCTHHUKA IOIYCTPOrO MOHOTOHHBI U HENIPEPBIBHBI, TO
BCE TOYKU CUJIBHOM rpaHullbl Ilapero, KOMIIOHEHTHI KOTOPBIX CTPOTO IOJIOKUTEIIbHBI,
TaKXe MpHHaIexKaT U ciaadoii rpanuie [apero.

Loxkazamenvcmeo:

1) OyeBunHO, uTO MO ompeneneHuro rpanuibl [lapero P u cnaboit rpanuis! [lapeto
WP umeem BiitoueHue P < WP. Takum oO6pazoM HaMm ocTaetcs Mmokaszath, 4to WP C
‘P. IlycTh 3TO HE Tak, T.€. CYLIECTBYET JOMYCTUMOE pactipeaesieHue (x,y) € WPu (x, y)
¢ P. Ilo ompenenenuto rpanuilsl [lapeto cymecTByer Apyroe AOMYCTHMOE pacipenere-

HUE (X, y) Tako, uto X;>; x; V ielu 3 ivel X; >, X ;. 3ameTum, uto X;, # 0,T. € cymiect-
o ~ o o 1
ByeT k Takol, 4to X; > 0. ( [Io cBOMCTBY CTpOroii MOHOTOHHOCTH HE CYIIECTBYET g € R+

takoro, uto 0 > z.) [Iycts € — BeKTOp, T1Ie HAa MecTe k cTOUT 1, a Ha ocTanbHBIX MecTax ().

PaccmoTrpumM Teneps nepepacrpeesieHue

) |
X;(n) =x;, — €

. 1
xin)=x,+ ——~e Vi#i
() =%; n(n—1) 0
[To cBO#CTBY CTPOTOif MOHOTOHHOCTH, UMeeM X (1) > ; X{(n) Vi # iy Vn, oTMeTHM, YTO

10 CBOMCTBY HENPEPBIBHOCTH IIPEANIOYTEHUN HANAETCS TaKoe n' TaKoe, 4To 5c,-0(n*) iy Xiy-
Takum 00pa3oM, MbI HAIILIK JOIMYCTUMOE pachpesesicHue (X, ) KOTOpoe CTPOro JOMH-
HUPYET TOIMYCTHMOE pacIpeleieHue (X, y), 4ero ObITh HE MOXET, TaK (X, y) MpUHAIIe-
XKUT citaboii rpanuue Ilapero.

2) Jloka3aTenbCTBO 3TOT0 YTBEPKIACHHS OCTaBIISIETCS B KAUECTBE YIIPAKHEHUS.

|

Yr1Bep:kaenue 8. (Ilepas Teopema 61arococTosTHUS)

BanbpacoBckoe paBHOBecue (X, y, p) Bceraa NpuHauIexkuT cnaboit rpanune [lapero
(x,y) e WP.

BanbpacoBckoe paBHOBecue (X, y, p) IPU YCIOBUH JIOKAJbHOW HEHACHIIIAEMOCTH
IIPEIIIOYTEHUH BCerja MpUHAIIEKUT cuibHOM rpanuue Iapero: (x, y) € P.

okazamenbcmeo:

1. Drta yacTh TeOpeMbl AOKA3bIBAECTCA MO aHAJIOTHMU CO 2-i YaCThIO M OCTaBISAETCS B
KaueCTBE YIPAKHEHUS.

2. lIpeanonoxum, uto (X, y) ¢ P. Torna cymecTByer 10MyCTUMOE COCTOSIHUE YKOHO-

MUKH (X, J'), TAKOE UTO X; >; X;Vi U CYIIECTBYET NOTPEOUTENH i), TAKOH UTO X;, >, X
[TockONbKY X;, >, Xi, TO PX;> PX;, TOCKOJIBKY X; — PEIICHHE 3aJauu MOTPEOUTEs,
4ero He MOTJI0 ObI OBITh, eci OB HA0Op X;, ObUT JOMYCTUMBIM.
[Tokaxkem Teneps, UTO U3 X; >=; X;Vi CIEIYyeT, yTO pX; > pX;. IIycTh 3TO HE Tak U AJsA
HEKOTOpOro moTpedutens i pX; < px;. CylmecTByeT TOCTaTOYHO Mayasi OKPECTHOCTh TOY-
KH X;, JUISl TOUYEK KOTOPOM BCE €Ille BBIMOJHEHO px; < pX;. 1o moKalbHO! HEHACKIIaeMO-

2 HpeZ[HO‘ITGHI/Iﬂ HA3bIBAKOTCA MOJYCTPOrO MOHOTOHHBIMH, €CJIA U3 X>y CICAYET, UTO X > ).




CTH B 3TOW OKPECTHOCTH CYIIECTBYET HAOOP X;, TAKOW YTO X; >; X;. DTO MPOTHBOPEUUT
TOMY, YTO X;— ONTUMYM B 3a/1a4e MOTPeOUTEIs.
ITpocyMMupyem NoIy4eHHbIE HEPABEHCTBA 110 BCEM i:
Z;pfi> Z;pfzu
[TockonbKy y,; MaKCUMH3UPYET NPpUOBLTL HA Y;, TO py ;> py,. [Ipocymmupyem 31U He-
PaBEHCTBA I10 BCEM j:
d.,Py; > PV
[Tpu nokanbHOI HEHACHIIIAEMOCTH BBIMIOJIHEH 3aKoH Banbpaca (0101KeTHOE OTrpaHu-
YEeHHUE BBIXOAMT Ha PaBEHCTBO). Tak Kak X; — pelIeHne 3a7auu MoTpeOUTeNs, TO:
PXi=pw+ Vi py,
[TpocymMmMHpOBaB 1O BCEM MOTPEOUTEINIAM, TTOTYIUM
DipXi=d (Pt Y py) = 2ip@it D QL) Py, =
=2 p@i+ >, py;
B pesynbraTe mosyduM HEN04YKy COOTHOLICHUN
DUiPXi> D pXi=D_ pot D py; =i poit D, py.
C nmpyroii CTOpOHBI, COCTOSIHUE (X, ¥) MOMYCTHMO H BBIMIOJTHEHBI MaTepHalbHbIC Oa-
JIaHCBI:
DX < it P
JIoMHOXMB Ha (HEOTpULIATENbHBIE) IEHBI, TIOTYIUM
D ipXi <D i poit > pY.
[Tosryunnu npotusopeuune. 3Hauur, (x, y) € P.
|

Yr1Bepxkaenue 9. (Bropas Teopema 61arococTosTHUS)

[IycTh mpeamoyTeHus MOTPeOUTENEH BBIMTYKIIbI, HEMPEPHIBHBI M JOKAILHO HEHACHI-
IIAEMBI, TEXHOJIOTHUECKUE MHOKECTBA KaXKI0TO POU3BOJUTENS BBITYKIBI M [0 KpaHen
Mepe OJIHO YIOBIETBOPSIET CBOMCTBY CBOOOIBI PACXOJOBAHUSL.

Torma eciu (X, p) — ontuMansHoe 1o ITapeTo cocTosHue u X; > 0 Vi, TO CyIECTBYIOT
IIEHBI p, TAKUE 4YTO (X, p, p) ABJIAETCA paBHOBECHEM Baibpaca mpu HEKOTOPOM pacrpese-

JICHUH COOCTBEHHOCTH @) U ;.

okazamenbcmeo:
BBenem psn 0003Ha4YeHHM KOTOpbIE HaM MOHAAO0OATCS B JaJIbHEHWIIEM IS JOKa3a-
TEIBCTBA ATOTO YTBEPKICHUSI.
O603HaUMM MHOXECTBO JIYUIIUX YEM X; TOUEK (1715 HOTpeOUTENs i) uepes
LtJr(.)%,) = {x,- >0 |x,- >',')2,' }
[TockonpKy mpenrnodTeHus: mMOoTpeOuTeIeH BBIMYKIBI, TO, KaK HECJIOXHO TOKa3aTh,

LT()?:,-) TaK>Ke BBITYKJIBI U, 3HAYUT, UX CyMMa
L"®) =L &)= {2 | x> 0,x-,; %}
BbINlyKJ1a. Kpome Toro, LT()?,-) HEIYCTHI 10 JIOKAJIbHOM HEHACHIIAEMOCTH, 3HAYUT U
L™ (%) memycro.
MHoxecTBO




Ystop=>,Y,Tox={>y,tos | ye ¥V}

TOXE ABJISACTCA BBIIMYKJIBIM B CHUJIY BBITYKJIOCTH TCXHOJOTMYECKHX MHOXKCECTB M HEITYC-

TBIM, TaK Kak eMy TIPHHA/UIEKUT TOUKa ) ;y; + Wy.

TTockombKy (X, §) — omrimym Ilapero, To MHOXkecTBa L (X) u Yy + My He HMEOT
00X TOYEK:
L'®NIs+ox)=0.
[Ipeamnonoxum, 4TO CyIIECTBYET 0OIIasi TOUKA ZE L++(fc) u ze Yy + oy. D10 03HAYANIO
OBI, UTO CYIIECTBYET COCTOSHHE YKOHOMUKH (X, y), TaKOe uTO X; € X, X; =, X; Vi, y, € Y,

Vi, Y ixi=zu Yy, + @y =z TeM caMbIM MbI HAILTH ObI TOMYCTUMOE COCTOSHHE DKO-

HOMUKH, KOTOPOE JIOMHHHPYET onTuMalbHoe 1o [Tapeto cocrosiHue (X, y), 4ero ObITh HE
MOXET.

++, A
[Tockonbky MHOkecTBa L (x) M Yy + @y BBINYKIIBI, HEMYCTHI U HE IIEPECEKAIOTCA, K

i
HUM IIpUMEHHMa Teopema 00 otaenumoctu. [losTomy cymectByer Bektop pe R, p#0 u
yucio re€ R, Takue 4To

pz>r,ecmze L (%)

pz<r,ecmuze Yy + @y.

[TycTh X — Takoil HAGOp JOMYCTHMBIX MOTPEOUTENBCKUX HAOOPOB, UTO X; > ; X; Vi.
[TokaxeM, 4To pY_; X; > 7.

W3 nokanbHON HEHACHIIIAEMOCTH >; CIIEAYET, YTO IS JF0OO0T0 HATYpAIbHOTO YUCIIA 71
B OKPECTHOCTH X; CYIIECTBYET HAOOp X;, TaKoi, 4To X; = X; U X; € Vy,(x;), Te Vin(x;) —
map ¢ HEHTPOM X; U PafuycoM 1/n. 3aMeTHM, 4To TIOCIEN0BATENLHOCTD X; CXOAUTCA K X;.
TTOCKONBKY X; > X; = X, TO pY_: X; > r. Ilepexo/s K TIpe/ielTy 110 71, AMEEM P ; X; > .

[Toxaxkem, uro p > 0. IlycTs 3TO He Tak, U cymecTByeT 6aaro k, Takoe uto p;<0. Pac-
CMOTPHUM HEKOTOPBIH BEKTOP Z € Yy + @y. CymecTByior y € Y;, Takue uto Y _; y; = 3. [lo
YCIIOBHUIO TEOPEMBI CYLIECTBYET IPEIIPUITHE |, TEXHOIOIMUYECKOE MHOKECTBO KOTOPOIO
XapakTepusyeTcsi CBOOO0M pacxooBaHus. [y 3Toro npeanpusTus y;, — téfe Yy i, THE ¢
— k-1 eIMHUYHBIN OpT, ¢ — TMOJIOKUTENbHOE yucio. [loatomy 7 — te" e Yy +oy. s z

BBITIOJIHEHO pZ < 7. MOXHO TT000paTh JOCTATOYHO OOJBIIOE ¢, TaK 4TO p(Z — tek) >r. Ho
3TO IPOTHBOPEUHUT TOMY, 4T0 7 —t€' € Y5 + Oy.

[ockonbKy X; > X; Vi (110 pedyIeKCHBHOCTH OTHOLIEHHS IPEATIOYTEHHS), TO P ; X; > F.
C npyroii CTOPOHBI, TaK Kak ) _;J;+ Wy € Yy + Wy, T0 p Y_;y;+p Wy <r.

TTOCKOJIBKY COCTOSHHE (X, J) SABJISETCS TOIYCTUMBIM, TO )_; X; < Y_,; J; + Wy. JloMHO-
KUB Ha p > () umMeeM

pPYiXi<pd.;y;tpos.



ITomy4ynm LeIOYKY HEPABEHCTB
FEPYiXi<pRyitpRg<r.

otkymapd_; X;=p (O_;y; + @yg) = r.

Bo3bMeM p B KauecTBe LieH PABHOBECHS M TTOKAXKEM, UTO (X, J, p) ABISETCS PaBHOBE-
CHUEM.

[MokaxkeM CHadyalia, 4TO MPU ITHX [EHAX MPHUObLIH KAKIOTO MPEANPHUSITHS jo MAKCH-

MajbHa B TOUKe J;,. [lycts yj, € Y. Torma y;, + D 4, J; + @y € Yy + @y ¥ BBINOIHEHO

Pt mytox)<p(Q;y+tox)=r

Orcroza py,< pyj.

Teneps MokaxkeM, 4TO IPH LIEHAX P MOJE3HOCTH KaXI0r0 IOTPEOUTENS i) MAKCUMAIIb-
Ha B TOYKE X;,. IIyCTh X;, € X;, U X;, >, X;,. [IoKa)keM, 4TO STOT JydIlIHii Ha0Op CTOMUT JI0-
pO’KE, YEM X;, B IIEHAX p.

Tak kak (Xi, ..., Xiy, ..., X;) HE XYK€ U1 KaXKJ0r0 MOTPEOUTEINS, YEM X, TO

DX +PZ i -’21' Zr :PZ i-’zi-
[Tostomy px;, > px;,. Ham Hy»XHO T0Ka3aTh, 4TO HEPABEHCTBO 31eCh cTporoe. Ipeamno-

’
JIOKHM, 9TO pX;, = pX;,. [IocKOIBKY X;, > 0 1 p>#0, TO CYIIECTBYET AOMYCTUMBIH HAOOP X,
0

’

4
, TAKOH 4TO pX, < PX;,= PX;, (manpumep, X, = 0, 0<0<1). PaccMOTpUM BBIMYKJIbIE KOM-

’
ounannn ox, + (1-0)x;, ae[0,1]. [To HeNPePHIBHOCTH MPEANOYTCHUI HARIETCS 10CTa-
0

TOYHO MAaJIOC ITOJIOXKHUTECIBHOC O, TAKOC YTO

144 4
xio = O(xio + (1—0() Xi, ™, .72,'0.
144
Ha6op morpeOuTenseckux Habopos (Xi, ..., X, 5 X,) HE XyXe Ul KaxI0ro moTpedu-
144 4
TeIst, 9eM X, OTKYZa pX. + P i, X; > = p)_;X;. Ho, ¢ mpyroii cTOpoHsI, px < px;. Io-

o
JIy9HIIA IPOTUBOPEYHUE. 3HAUUT, PX;, > PX;,.
Takum 00pa3om, Mbl JOKa3aiu, uTo (X, y, p) ABISETCS paBHOBecHeM Bambpaca. B ka-
4YecTBE pacnpeiesieHusi COOCTBEHHOCTH MOYKHO B3SITh, HAIIPHMED,
_PXi _PXi

miz A H i —
pzsxsmZ

= — Vj.
Yii szxs ]

3ameuanue: OTMETHM, YTO YTBEPKIECHUE TEOPEMBI OCTAETCSI CIPABEIMBBIM, €CIIH 3a-
MEHUTH CBOOOJIy PACXO0I0BAHUS JIJISl TEXHOJIOTMYECKOTO MHOMXECTBA HEKOTOPOTO MPOU3-
BOJMTENS HA MOHOTOHHOCTD MPEANOYTEHNH HEKOTOPOro MOTPEeOUTENS.

[TycTs mpennouTeHrs UHIMBUIYYMa 33/1al0TCSl HEMPEPHIBHBIMU (DYHKIUSMU MOJIE3HO-
cti. ConocTtaBuM KakJIoOMy HHIUBUAYYMY TaKO€ HEOTPULIATEIbHOE YUCIIO O, TAKOE, YTO



> o; = 1. Beeiem B paccmotpenue pyHxmuio u*(x) = > o,u(x;) PaccMoTpum Teneps cie-
iel iel
JYIOIIYIO SKCTPEMAIBHYIO 3371auy:
3agaua moucka ontuMyma Ilapero.
u*(x) — max yy

2oxi<2 y t oy, (*)

iel jeJ

yeYt
x,->0.

Yr1Bepaxnenue 10.

(1) Eciu (x, p) — pemenne 3amaun (*), 10 (X, p) € WP, a eciu, Kpome Toro, >0, To
(x,y) e P.

(2) IMyctp (yHKIMM TOJE3HOCTH u;(.) HEHPEPHIBHBI M BOTHYTHI, TEXHOJOTHUECKHUE
MHO>kecTBa Y; Beimykiisl. Toraa ecnu (X, y) € VWP, TO Hall[yTCsl TaKue HEOTPHULATEIbHBIC

o; (Q_o; = 1), uto (X, y) Oyzer pemienuem 3anaun (*).

iel

Jokazamenscmeo:
(1) Iycts (x, p) — pemenne 3anaun (*) u (x, p) € WP. Toraa Haiiiercst Takoe J0Iyc-

TUMOE cOCTOsHUE (X, y) € D(wy) (otMeTnM, 4T0 D(®y) €CTh JOIyCTUMOE MHOMKECTBO
s 3agaun (*)), uro ui(x;) > u(x;) V iel. Ilo onpenenenuio GpyHkuun u*(.) UMeeM, 4TO
u*(x) > u*(x). Takum 06pa3OM, MOJYYHIM MPOTUBOPEYHE C TEM, UTO (X, J) — PEIICHHE
3anaun (*). JlokazaTenbcTBO I ciydast 0 >>0 MOTHOCTHIO aHAIOTUYHO.

(2) Iycts (X, ) € WP. Beenem o6osnauenue u(x) = (u1(xy),..., un(x,)). Beenem B
pPacCMOTpPEHHE CIIEIYIOIIEe MHOXKECTBO:

U={veR' |3 (x,y) e D(ws): v < u(x)}.

MuoxectBo U HemycTo, Tak Kak u(x) € U. ITokaxeM, 9T0 U — BBIIYKJIOE€ MHOXKECTBO.
[Tycts v/ € U n v’ € U. D10 03HAYaET, YTO CYIIECTBYIOT JOMYCTUMBIC COCTOSIHUS SKOHO-
muku (X, y') € D(wy) u (x”, y”) € D(wy), Takue uto v < u(x’) n v’ < u(x”). Iokaxem,
4TO

By + (1-B)v”’e U, rue Be(0,1).

HecnoxHo mokasaTh, 4TO

(B’ + (1-B)x",By" + (1-B)y ”) € D(wy).
Tak kak u;(.) — BOrHYTbIE QYHKIIUHU, TO
u(Bx’ + (1-Bx”) > Bu(x’) + (1-Blu(x”).

9710 o3Havaet, uto PBv + (1P’ < u(Bx’ + (1-)x”), T.e. Bv' + (1-PWw”’e U.

MmuosxkecTso u(x) + R = {veR" | v;> ui(X;) Vi} Taxxke sABIsSeTCS HEMYCTHIM U BBITyK-
JIBIM.




[ockonbKy (X, ) € WP, To UN(u(x) + RY,) = &, B IpOTUBHOM cllydae Mbl HAILIH ObI
JOMYCTHMOE COCTOSIHME SKOHOMHUKH, B KOTOPOM KaXIbIA MOTPEOUTENL MMEN Obl GOJIb-
IIYIO MTOJIE3HOCTh, YEM B (X, P).

ITo TeopeMe 06 OTAETMMOCTH CYIIECTBYET Pas3IeIAIoNIas OTH [Ba MHOKECTBA THIIEPII-

n
JIOCKOCTb, T.€. CYIIECTBYIOT BeKTOp a€ R, a#0 u uucino b, Takue 4To
av<bupuve U

u av > bnpu v e u(x) + Ri..

[TokaxeM, uro a=0. [Ipennonoxum, 4To cymecTByer i, 1y kotoporo a,<0. Torma ec-
m v e u(x) + Rl, o v+ te' € u(x) + R, rae t — monoxurensHOE 4KUCHO, € — i-if OpT.
MBI Bcerjia MoxeM 1000paTh J0CTATOYHO OOJBIIOE #, YTOGBI BBIOTHAIOCH a(v + fe') <
b. Ho 3TO IPOTHBOPEYHT TOMY, 4TO v + te' € u(x) + R'..

PaccMoTpuM nocaenoBaTensHocTs v, = u(x) + 1/n 1, tne 1 — BexTop, cocTosmmuii u3
enunun. Iockonsky v, € u(x) + R'.Vn, 10 av, > b. Ilepexons k npeeny, HOTY4UM a
u(x) = b. C npyroi croponsl, u(x) € Un au(x) < b, 1.e. au(x)=b.

BosbMmeM B KadecTBe O BeKTop @/ _a;. He cymectsyer maps (x, y) € D(@y), Takoi

91O D 0yui(x;) > O _0uui(X;). JlecTBUTENbHO, 11 JIF000H napsl (x, y) € D(wy) BBIIIOJIHEHO
u(x) € U, otkyna au(x) < b = au(x). Pa3faenus 5T0 HepaBEeHCTBO HA Y _a;, IOTy4UM OWL(X)
< ow(X). D10 03HAYaAET, UTO (X, ) ABJIIETCA pelieHreM 3aaaun (*).

|

Y 100HBIM WHCTPYMEHTOM Ui WJUTIOCTPAIlMK BBEACHHBIX MOHITUN SIBISETCS LUK
OmxBopTray. MMk DmKBOpTa — 3TO AMAarpaMma, KOTopas MO3BOJISIET HArJIAIHO IMpen-
CTaBHTb HIKOHOMHKY C 2 OTpeduTeNsiMu, 2 O1aramu, B KOTOPOil MHOKECTBA JTOMTYCTUMBIX
noTpeOuTeNnsCKuX HabopoB uMeroT BU x>0 u x,>0. Ha sToii nuarpamme notpeGieHue

l-ro yyactTHuka (xi, x?) MIPEICTABISAETCS B OOBIYHON CHCTEME KOOPJIUHAT, a TOTpeOIeHUE
2-r0 y4yacTHUKA (xé, xi) — B TIEPEBEPHYTOM C IIEHTPOM B TOUKE (0)12, 0)22), €CJTH CMOTPETh
W3 CUCTEeMBbI KoopauHaT 1-ro yuactHuka. Eciam 6amaHchl mo OyiaraM B paccMaTpHUBaeMOM
TOYKE X BBIITOJIHEHBI, TO TOUKA (x}, x?) B MEpPBOI CUCTEMe KOOPAMHAT COBMAJET C TOUKOU

(xé, xi) BO BTOPOW CHCTEME KOOPAHMHAT, YTO MO3BOJSET M300pa3uTh X OJHOW TOYKON Ha
JTAaHHOW THarpaMmme.

YToOBl MOKXHO OBUIO MPEJCTABUTH CeOE CTPYKTYpY pPaBHOBECHs, YAOOHO BOCIOJIB30-
BaThCs rpadMKaMH KpUBBIX 0€3pa3Iuuus U MHOKECTB JIyULINX TOUYEK YUaCTHUKOB.

Hanomuum, 4yto KpuBas Oe3pa3znuuus i-r0 y4aCcTHUKA, COOTBETCTBYIOIIAS TOYKE X,
€cTh MHOXECTBO [;(X;) = {x;>0 | u,(x;) = u{x;)} . MHOXeCTBO TOUYEK, HE XY/AIINX, YeM TOY-
Ka X;, €CTh MHOKECTBO L;()_c,-) = {x=20 | ui(x;) = ui(x;)}.

B TepMuHax 3THX KPUBBIX TOYKA X eCTh [1apeTo-onTuMyM paccMaTpUBacMOi SKOHO-
MHKH, €CJIM HE CYIIECTBYET AOMYCTUMON TOUYKH X, TAKOU YTO xleLY(fcl), X L;(fcz) U BbI-
HOJIHEHO 10 KpaiiHe Mepe 00HO U3 COOTHOMIEHM X 1€ [1(X1), X22 L(X,).

Touka X mpuHaAIexuT cnaboii rpanuie [lapero, eciu He CYIIECTBYET NOMYCTHMOM

TOYKH X, TAKOH YTO X| € LT()El), xX)€ L;(fcz), x1211(x)) u x,2 L(x,).



Jyis Toro, 9TOOBI TOYKY X MOKHO OBLIO peajn30BaTh KaK paBHOBECHE, HEOOXOIUMO
(HO B 00IIIEM cilydae HEIOCTATOYHO), YTOOBI CYIIECTBOBaA MpsMasi, MPOXOAAIIas Yepe3

3Ty TOYKY, TaKas 4TO OHA Pa3JeiiIeT MHOXECTBA LT()_cl) u L;()_cz). Haxnon sroi npsmoit
paBeH oTHomeHHIO eH. Cama 3Ta mpsiMasi SBJIETCsS OOIUM JUIsi 000MX ToTpeduTenei
OIOKETHBIM OTPAaHUYCHHUEM.

PaccMOTprM HECKOJIBKO MPUMEPOB MOJICTTH SKOHOMUKH OOMEHA (MM pacIpeIeICHHs)
Ha SAIMKEe DHKBOPTA. B KaX10M U3 HUX MOCTPOUM ClIalyIo U CUIIbHYIO TpaHuIlbl [lapeto
U PaCCMOTPUM B3aUMOCBSI3b MEXKIY HUMHU.

Hpumep 1. O6a moTpeOuTens HEHAT TOIBKO IepBoe OJiaro:
U1 =x u Uy = X3
B sTom ciydae mo0as Touka SmKKa DJHKBOPTA MPUHAUICKHUT CI1a00N U CHIIBHOM rpa-
Hute [lapero.

Li(xy)

1
X1
>

2
xZY

Kaxnayro u3 Touek MOKHO peain30BaTh Kak paBHOBECHUE, ITPU ITOM p2=0.

[Tpumep 2. IlepBbiit mOTpeOUTENH IIEHUT TOJIBKO TEpPBOE OJaro, BTOPOW — TOJBKO
BTOpOE:

1 2

U= x 44 Ur= X2
1
X2

¢2
X1
<<
P

B »TOM ciyuae mpaBas U HIKHAS CTOPOHBI SIIMKA DIKBOPTA COCTABIAIOT Cl1alyio
rpanuily [lapero, a mpaBelid HUXKHUN yroa — cuibHYI0 [lapero-rpanuity. CuibHYyIO Tpa-
Huny [lapeto MOXHO peann3oBaTh Kak paBHOBECHE MPH JIFOOBIX [IEHaX.

W

L;(xz)

X SNSRI PSR

X

[Tpumep 3. [MoTpeOutenu UMEIOT JIMHEHHBIC (YHKIIUH MOJIE3HOCTH C TOJIOKUTETHHBI-
MU Kod(ppuninenTamu:



1 2 | )
uy=2x +x u Uy =x; + 2x;.

i

2
X1

0 A
<

LG
Wil

H[}I/IMCQ 4. HOTpe6I/ITCHI/I UMCHOT (I)YHKLII/II/I IIOJICBHOCTHU
1 2 1 2
uy= 1nx1 + lIDC1 u u2=x2+x2.

2
X

2
X

Hpumep S. [epsolit moTpeduTeNs UMEET (PYHKIHMIO MOJIE3HOCTH C "TOJCTON" KpUBOM
Oe3paznuuus
12 1.2
X1X1 xix; <2
1.2
u = 2 2 < X1X1 < 3

1.2 12
xle—l X1X1>3

1 2
Uy=Xx + Xxz.



2
sz
JlanHas cuTyanus MpeACcTaBiIseT co00M KOHTpIpUMED K 1-if Teopeme 0JarococTostHus 1
MTOKa3bIBAET BAXKHOCTH YCJIOBHS JIOKAJIBHOW HEHACHIIaeMOCTU. TOYKM B 3alITPUXOBaH-

HOM 00JIacTH MPaBOro PUCYHKAa MOKHO peaiu30BaTh KaK paBHOBECHE, HO OHU HE SBIIf-
1otcs [lapero-onTuManbHBIME.

[Tpumep 6. [lepBrIit MOTpeOUTEND HACHITIIAEM
1 2 2 2
uy=—x -1 =@x-1)

P 1
1

>

2

2

=

Yx

[Tpumep 7. IloTpeOuTenu UMEIOT GYHKIIUH MTOJIE3HOCTH

1 2
UL =X +‘\/x1

2
Ur = Xs.



1 2
X2 Ax
<+ \

Li(Gy)

=>

X

X3

DTa Y5KOHOMHKA MPECTABISAET COO0M KOHTPIPUMED KO 2-i TeopeMe 6J1arocoCTOSHUSA,
xorzga ontumyM Ilapero He BHyrpenHumi. IIpaBblii HHKHUI yron smmka DmKBopra (X)
npecTaniser coboii ontumyMm Ilapero, HO He MOKeT ObITh peau30BaH Kak paBHOBECUE
HU MIpU KaKMX LieHaX. Pa3nensromas runepiockocTh CyIIeCTBYET: z; = 0, HO MpHU LIeHax
p1=0 1 py>0 Habop X| He ABISETCA PELICHUEM 3aJa4M 1-ro MOTpeOuTeNs, TaK KaK I0JIe3-
HOCTb HE OTPaHUYEHA CBEPXY.

[Tpumep 8. Kontpnpumep ko 2-i TeopemMe 0J1arocoCTOSHUS.
1-it moTpebuTens UMEET HEBBINMYKIbE MpeanouTeHus u [lapeTo-onTuMaabHyl0 TOUKY
X HEJb3s pealn30BaTh KaK PABHOBECHE — HE CYIIECTBYET MPAMOIA, KOTOpast Obl pa3ziess-

ma Ly (%1) u Ly (%2).

1

X7 A x?
<<

xe P

X
+ A
Ly(x,) + o~
Li(xy)
‘ X1
2 )
\ A

Tecmbl u 3a0auu 013 CAMOCMOAMETbHOZ0 PEULEHUS

1 1
1. Iycte B curyauuu [pumepa 1 (u; = X1, 2 = X,) COBOKYIHbIE HadaJbHbIE 3aM1achl KO-
HOMHUKH MOJIOKUTENbHBI Wy >0. [Tokaxure GpopmanbsHo, 4TO:

1 2
a) JIrobast Touka sammka OmxBopTa (X€[0, wy]X[0, ®y]) mpuHamzexur craboil u

cuinbpHOM rpanune Ilapero.
6) Kaxyro u3 Touek sinmka DHKBOPTa MOXKHO peain30BaTh Kak paBHOBECHE, U MPHU
2
sToM p=0.



1 2
2. Ilycts B cutyanuu [lpumepa 2 (u; = xi, u2 = X2) COBOKYIHbIE HaYaJIbHBIE 3alachl KO-

HOMUKH MONOXKUTENbHBI (y>0). TTokakute GpopmaibHo, 4To:
1 2 1
a) [IpaBas (xi=0)2, xie [0, 0y]) n HIKHAL (xie[O, wy], xf=0) CTOPOHBI SIUKA -

KBOPTa COCTABISIOT clla0yro rpanuity [lapero, a mpaBbIit HUXKHUHN yrou (x; = (0)12, 0)22)) —
cunbHyto [lapeTo-rpanuiry.

0) CunpHyro rpanuiy [lapero MOXXHO peann3oBaTh Kak paBHOBECHE IPH JIFOOBIX He-
OTpULIATENbHBIX 1IEHAX.

3. Ilyctp, kak u B [Ipumepe 3, moTpedbuTenn UMEIOT JIMHEHHBIC (DYHKIIMH TMOJE3HOCTH C
MOJIOKUTEIBHBIMHU KO3 PHIIeHTaMHU,

1 2 1 2
up = oux; + B u Uy = 00Xz + B3,
COBOKYITHBIE HayaJlbHbIC 3allachl SKOHOMHKH MOJOKUTENbHBI (Wy>0). IIponemoncTpu-

pyiite popmanbHo, uTO cUiIbHAA U ciabas rpanuna [lapeTro coBmaaaroT B 3TOH SKOHOMU-
ke. Haliinte ux B 3aBUCUMOCTH OT 3HaUCHUH KOIPPHUIIUEHTOB.

1 2 1 2
4. ITycts B cutyanuu [Ipumepa 4 (u; = Inx; + Inx), up = x, + X2) COBOKYIIHBIC Ha4aJIbHBIC

3amachl 3KOHOMHUKHM HOJOXKUTENbHBI (Wy>0). IIpomemoHcTpHpyiiTe (opMmalbHO, 4TO

cuibHas U ciabas rpanuna [lapero coBmamaroT B 3TOM 3KoHOMEKE. HaliuTe nx B 3aBH-
CHUMOCTH OT BEJIMYMHBI HAYaJIbHEBIX 3aI1acoB.

5. B cutyanun [Ipumepa 5 mpu 10cTaTOYHO OOJBIIMX COBOKYITHBIX HAaYaJIbHBIX 3armacax
HaiiiuTe QopMallbHO CHIIbHYIO U cialyio rpaHuilsl [lapeto 1 MHOXKECTBO TOYEK, KOTO-
pble MOXKHO pean30BaTh Kak paBHOBecue. Kak cooTHOCATCS Mexay coOoi 3Tu Tpu
MHOXecTBa?

1 2 1 2
6. B curyaunu [pumepa 6 (u; = — (x1 — 1)* — (x; — 1)% us = 2 x, + x3) IIPH XOCTATOYHO
OOJIBIIMX COBOKYITHBIX HAYaJbHBIX 3amacax HaWgute ¢GopmainbHO Tpanuiy [lapeto u
MHOECTBO TOYEK, KOTOPhIE MOYKHO PEaIH30BaTh KaK paBHOBECHE.

1 2 2
7. B curyanuu [lpumepa 7 (u; = x1 + \[xi, Uz = X;) NPU NOJOKHUTEIBHBIX COBOKYITHBIX
HAYaNbHBIX 3amacax HaWaute dopManbHO rpanuily [lapeTo ' MHOXECTBO TOYEK, KOTO-
pPBIE MOXKHO pEAIM30BATh KAK PAaBHOBECHE.

8. ITokaxxute, 4TO B SKOHOMHUKE OOMEHA MPHUPOCT HAYAIBHBIX 3aM1acOB MOTPEOUTEIS MO-
JKET IIPUBECTU K MIaJICHUIO €T0 I0JIE3HOCTH B TOYKE PABHOBECHSL.
VYkazanue. PaccMOTpuTE S5KOHOMUKY C ABYMsI TOBapaMH U IByMsl IOTPEOUTENSAMU C OU-
HAKOBBIMH TPEANOYTECHUSIMU, ONMCHIBAEMBIMU CIEAYIOIIEH KBAa3HJIMHEHHON (yHKIMEH
II0JIE3HOCTH

u(x) =x +x2,
paccMOTPHUTE CPABHUTENBHYIO CTaTHUKY MOTpedutens 1 B 3aBHCHMOCTH OT M3MEHEHUS
HaYyaJIbHBIX 3aI1aCOB ] U ).



9. IIpennonaoxuM, 4TO B 3KOHOMHUKE OOMEHA C HENPEPBIBHBIMU, CTPOTO BBIMYKJIBIMU H
CTPOr0 MOHOTOHHBIMU KBa3WJIMHEHHBIMH cenapabeIbHBIMHU MPEANOUYTEHHSIMUA TTPOUCXO-
JUT IepepaclpeielicHue HadyallbHbIX 3amacoB. IIokaxuTe, 4TO e€ciu HadalbHBIE 3aIachl
noTpeOuTeNs BO3PACTAIOT, TO €T0 MOJIE3HOCTh HE MOXKET YIAaCTh.

a) PaccmoTpuM cHOBa mepenady pecypcoB OT IEpBOrO MOTPEOUTENsE KO BTOPOMY, KaK H
BBIIIIE, HO HA 3TOT Pa3 NPEANOYTEHUS HE KBa3WJIMHEHHBIE MPEINOI0KHUTE, YTO Tepe-
JlaBaeMoe KOJIMYECTBO Majo M YTO M3MEHEHHE (OTHOCHTEIHHOE) PABHOBECHOM IICHBI
masto. [lokaxuTe, 4TO MoJIe3HOCTh MoTpeduTens 1 mMoxer ynactb. [IpouHTepnperu-
pyiiTe ¢ TOUKH 3peHHs COOTHOLICHUsI MeKAY 3 dekTom 3ameHsl u 3 dexTom noxona.

0) [NokaxxuTe, 4TO B SKOHOMHKE C JIByMSI TOBapaMH M JABYMsI IOTPEOUTEIAMH 3TOT Hapa-
JIOKC MO>KET IPOM30MTH TOJBKO B CIIydae €IMHCTBEHHOCTH paBHOBecHs. (I[lonckaska:
[Tokaxkute, 4TO eciM INepeada HayalbHBIX 3alacoB MOTpeOHuTeNs 1 BeneT K yMEHb-
IICHUIO €T0 TMOJE3HOCTH TOTAa B MEPBOHAYATIBHON CUTYAIlMH JIOJDKHO CYIIECTBOBATH
eI OJTHO paBHOBECHE C elle 0oJiee HU3KUM YPOBHEM TOJE3HOCTH Y moTpeduTens 1).



