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1. Mogeab

1.1. Dba3oBble NpUHIUIIBI U 0603HaUEeHUA

BaccmaTpuBaemas Husse Mojielb 2K0HOMUYECKOI0 PaBHOBECHSA C 2HJOIeHHBIM
TeXHUYECKUM MPOrpeccoM K JABYX3TalHbIM [[eHooGpa3oBaHueM — 3TO ecTecT-
BeHHoe 0600IIeHre MpocTeiilieil Moaean Toro e Tuna [1] Ha cayuail, korja
KOJMYECTBO 3KOHOMUYECKUX areHToB, NloKkaszaTe/eld, XxapakTepusyolux HHTel-
nextyanbhblii kanutan (MK), n HauMeHoBaHMil MPOU3BOAMMBIX U MOTpebisie-
MBIX MPOAYKTOB — Ni06Gble HATypalbHble YyKcia, T.e. KOJUYECTBO MepeMeHHbIX
MoJleJii He orpaHudeHo (Kak B [1]) TonbKko HEOOX0AUMBIM MUHUMYMOM.

B yacTHOCTH He orpaHHYeHoO YKCI0 MepeMeHHbIX, UCIONb3yeMbIX JIIf OllU-
canusi UK. BocieiHee 06CTOATENLCTBO Ba:KHO He TOJNLIKO B TEOPETUYECIKOM, HO
M B NPaKTHYECKOM OTHONICHWHU, MOCKOJALKY Ha MpakTHIie s NpejcTaBieHus
MK 06bIUHO HCIIOAB3YeTCH HECKOIbKO 0T/eNbHbIX napamMeTpoB. OTyeThl Gpupm
06 UK, ucnoabayeMele Il IPUBJICYEHUA WHBECTUIMA WAW NPUHATHS yIpas-
JeHYeCcKUX pelleHui, 00bIUHO colep:kaT 0 JecATH U 6ojiee PasiuyHbIX MoKa-
zarelneil, pasébuThIX HA Tpu (Miau Holee) IPYIIibl, COOTBETCTBYOLINE OCHOBHBIM
rKomnoHeHTam UK. B Tom uncie oBObIUHO BhIjleAfieTCs HECKOIbKO oKasaTeneil,
XapakTepU3yIolnX TeXHOJOrnyeckuil ypoBeHb GupMbl. BrTu mokasarenu Jo-
CTATOYHO Pa3HOPOJHKI U, BOOOIIE MOBOPS, MOT'YT BXOAUTh B pasinyHbie I'pyIl-
nel. banpumep, B ¢pupme «Crangusy [2] npuHATO pasaudyaTh uyeldoBevecKHit
M CTPYKTYPHBIA KanuTan. CTPYKTYPHBIA KanuTal, B CBOIO ouepejb, JeNUT-
CAl Ha KIMEHTCKUIA M opraHus3alMoHHBI KanuTal. B cocraB opranusaluoHHOI0
KanuTaisa BXOJAUT HHHOBAIIMOHHBINA KanuTal, BRIOYasas MHTeMIeKTyalbHY 0 cob-
CTBEHHOCTh, @ Tal:;ke Hoy-xay. BmecTe ¢ Tem, HOy-xay (DUPMbI OTHOCSTCS U
K YelJoBevyecKoMy Kanurany. TouHee, K YeloBeYeCKOMY KanuTaly OTHOCHTCS
Ta 4acTh HOy-Xay, KOTOPYIO COCTaBISAIOT HeOTUy#ijaeMble WIW, Kak WX elle
Ha3LIBAlOT, MojJpasyMeBaeMble 3HanusAa. Takum o6pas3om, okaszaTelnu, xapakTe-
PUBYIOLIME TeXHOIOIMYeCKril ypoBeHb (PMPMbI, MOTYT OTHOCUTLCH K pPasHbiM
rpynmnam. CBOAWTEL UX K OJHOH CKaZsipHON nmepeMeHHOR He Bcerja KoppekTHO.
Tem GoJee Helb3fl CBOAWTL BTH I0Ka3aTeAN 1§ OJHON MepeMeHHoi, ecan Tpu-
HATH B pacyeT HU3KYIO JUIEBUIHOCTH OCHOBHBIX KoMMoHeHToB MR 1 cnosuocTh
X NproBpeTeHns Ha cBOOOHOM phIHKe.

K uncay somnonenTos UK, KoTopelie MOryT 6bITh NPogaHkl MK [lepeJaHbl Ha



OCHOBE JIMI[eH3K1U, OTHOCATCA MCKIIOUMTENbHbIE TPaBa (MHTelIeKTyalbHas cob-
CTBEHHOCTh) U CHCTEMATU3MpOBaHHbIe 3HaHUsA. OjHAKO, HTO J0CTATOUHO Clie-
nupuyecKie 00beKThl PRIHOYHOI0 060poTa. B oTinumne oT onepanuit ¢ MaTepu-
albHbIMU MPOAYKTaMU, oflepallny co 3HaHuAMM (MHDOpMalueii) moqIMHAITCA
cropee OyleBCKMM, dyeM apupMeTHUeCcKHM HpaBuiaaM. bosTomy MpousBoacT-
BO 3HAHUI B BKOHOMUEKE, PYHKIHOHUPYIOICH ONTUMAILHLIM 00pa3oM, JOIHHO
ObITH OPraHM30BAHO HECKOJNLKO MHAUe, YeM IPOU3BOJACTBO OOBIYHLIX TOBApPOB.
A ¥IMeHHO, B TaKoil BKOHOMUKE He MokeT ObITh JBYX WK Golee GUPM, TPOU3-
BOJAIMX OJMH U TOT e NPOAYKT. ba mpakTuike »To MpaBuio He Bcerja Bbi-
MOJHACTCA B CUIY 3HAUUTENbHBIX M3Jepiier noucka nHpopmanuu. OgHaKo mo
Mepe pa3BUTHA MHGOPMAaMOHHBIX TeXHOJIOTUI Takue U3IePAKM COKPAIarTCA.
CoOTBETCTBEHHO, BCe yalle 0Ka3biBaeTCsd, YTO TaM, Ijle BO3MOMKHO CpaBHeHHe,
BOCTPEOOBAHHLIMU PhIHKOM OKa3bIBAIOTCA TOALKO abCOIIOTHO Iy Ylliie 00pasiibl
[3]. WHaue roBopsi, ykazaHHoe MpaBuio paboTaeT Bce Holee YeTKO.

B paccmaTpuBaemoil Mojenu, Kak M B HOAaBIAONMIEM GOIbIIMHCTBE MOJe-
deil paBHOBECHOI'O THIIA, U3JEP:KKU ToKucKka WHpopMaLuk BOOOIIe 0TCYTCTBY-
10T. BoaToMy ¢ Kamaoil U3 nepeMeHHbIx, XapasTtepusyomux UK, MosxeT 6bITh
CBfizaHa TOJNbKO OjHA (UpMa, MPOU3BOIAINIAA COOTBETCTBYIOMMNIA UHTEIICKTY-
anbHbIi npoayKkT. KoHKYpeHIUA MeRIy TakuMu GupMaMi 1160 0TCyTCTBYeT,
nu6o MPOABIACTCA COBCEM He B TakuX GopMax, Kak KOHKYPEHIUsA MeIy Mpo-
M3BOAUTEIAMK 0OLIYHBIX MPOAYKTOB.

Bokyrka Ha OTKPBITOM pbIHKE MaTephalibHbIX PeCypcoB (B OTAUYKE OT KOM-
nonenToB MHK), Kax npasuio, He BbI3biBaeT npobiaemM. bBosaee Toro, B mnocuen-
HME TOJbl OTYETIMBO MPOCICKUBACTCA TeHJeHIIUA JeKaluTaln3ain Haubolee
yenemubix Gupwm [4] ¢ mepenaueii Gonbliedi 4acTH MPOM3BOACTBEHHBIX (YHK-
MUA, ydeTa W APYTMX PYTHUHHBIX ollepauuii Gpupmam, crelralin3upyomuMcs
Ha BBINOJHEHUM MMEHHO BTUX (PYyHKIMUA uiau onepaiuii. Bmecrte ¢ Tem, MHO-
rue (OYyHKIUU, CYUTABIIMECH PaHblle MPOM3BOACTBEHHBIMK M BBINOJIHABIINECH
Gupmamu, MepexodAT K KiMeHTaM 3TuX (pupMm (norpebutenam) [5]. WHbIME
CI0BaMMU, FPpaHuilbl PUPMBI TEPAKOT ObLIYIO 4eTKOCTh. [laHHOe 06CTOATENLCTBO
YUUTLIBACTCA B MOJCIN MPU HPeJCcTaBIeHUN MPOU3BOACTBEHHOI0 ceKTopa. A
MMEHHO, B Heil HeT AKOHOMUYECKHMX areHTOB, MMEHYeMbIX POU3BOACTBeHHBIMHK
pupmamu. Ectb ¢upma (MM COBOKYNHOCTH (UPM), KOTOpas MpOU3BOAUT BCe
npejicTaBieHHble B MogeAn KOMIOHeHTHI MK, HO MoskeT Npou3BoIuThL Tak:#ke u
NoTpebUTeNbCKIe MPOAYKTRI, U €CTh KOHEUHOe YMCI0 MoTpeduTeneii, Kasm bl



M3 KOTOPBIX MOKeT CTaTh TaKkike NMPOM3BOAMTENEM MOTPe6IAeMbIX TPOIYKTOB
nast ce6s1. Yuceno HauMeHOBaHUI TaKUX MPOAYKTOB — 060 KoHEeYHOe YUCIIO.

CylecTBEHHOE yBellWueHKe yuclia MepeMeHHbIX MoJelu B cpaBHeHuu ¢ [1]
noTpe6oBal0 UBMEHUTh CUCTEMY 0003HauYeHUH U CI0CcoO HOPMUPOBKU BeKTOpa
leH Ha norpebisgeMble TPOAYKThI. Kpowme Toro, ompeeneHHble M3MEHEHUS B
crcTeMe 0603HaUEHUI MPHUIILIOCH BBECTHU B CBA3HU C UCHOJIb30BAHUEM BBIMYKJIOTO
aHa/auza v 00o01eHHOTro aUddepeHIMPOBaHNUS.

llanee 6e3 crenuanbHBIX OTOBOPOK M PasbACHEHUA DKOHOMMYECKOr0 CMbICIA
MCIONb3YIOTCA ClIeyIolle CTaHapTHbIe 0003HaAYeHU:

IR, ~ neorpuuarenbHplii opranT apudmerTnueckoro npocrpanctea IR

R, = IRl — MHOKeCTBO HeOTpHIATEIbHBIX YHCEl;

$r — Npou3BeJeHNe BEKTOpa X Ha CKalfp s;

T -y — CRalfpHOe TPOK3BeleHue BEKTOPOB & U ]

p - B — npousBeneHne BeKTOP-CTPOKU p HA MaTpuny B;

Bx — npousBeseHne BeKTOp-cTOA0IA & HA MAaTpuLy B;

clX — 3amblKaHWe MHOs;KkecTBa X ;

intX — BHYTPEHHOCTb MHOecTBa X ;

coX — BbIllyKJafa ob6ojlouKka MHOskecTBa X ;

con{y; }" | — KOHYC ¢ HaNpaBAALMUMA Yy, i = 1, m;

S — craHnapTHbI cumnaerc B IR

S'=! — enunnynas chepa B IR’

D*u(x) — npousBoanas nopsaaka k oTofpameHns u B Touke x;

D, f(x,t*) — npousBonHas no ¢t pynriuuu f(x,t) B Touke t* € T}

Orf (x,t*) — cybnuddepernman BeimykaAoH GyHRUNN f(x,t) Kak GyHKIUA OT
t B Touke t*;

['(x) — KOHyC BOBMOHbIX HanpapieHuii B Touke v € X C IR;

['*(x) — conpsikennbiit Konyce & I'(x);

['**(x) — BTopoit conpsizkennbiit k I'(x) KoHyc, T.e. conpsixentbiit k ['F(x);

|N| — uunciao s1eMeHTOB KOHEUHOro MHOsKecTBa [V

M ={1,...,m} — MHOMeCTBO YKOHOMHWUYECKUX areHToB (noTpebuTencii);

L ={1,....,]} — MHOKeCTBO HAMMEHOBAHWUN MPOIYKTOB;

i € M — npou3BoIbHbBINA YKOHOMUUYECKHUI areHT.

OcTranbHble UCHOAb3yeMble 0003HaUCHNA BBOAATCA B TeKCTe M0 Mepe Heob-
XOIUMOCTH U CONPOBOKAAIOTCA HEOOX0AUMBIMU MOACHEHUAMMU.



1.2. @®opmaiabHOe onHucaHHue MOJIelu

DopmanbHoe onucaHe MOJIeN B Bujle CUCTeMbl (DYHKIIMOHAIBHBIX yPaBHEHHUIA
COCTOMT M3 Tpex GI0KOB, UMEHYeMbIX paBHOBecHeM B MOTpebJeHUH, MPous-
BOJICTBEHHBIM paBHOBECHEM U CBA3YIOIIMM 6I0KOM, KOTOPBIH BRIKOUaET MaTe-
puaibHblil ¥ (uHaHCOBbIA Gamanchl. COOTBETCTBEHHO, ONUCAHHE YKOHOMUKH
COCTOUT M3 CeKTopa noTpebieHusi, BRIAOYAIOIIEro m norpebureieii, npousBo-
CTBEHHOI'0 CeKTOpa, MPeCTaBIEHHOr0 B arperupoBaHHOM Bujle 6e3 pas/eneHus
ero Ha oTjellbHble (GUPMBbI, a Take QyHKIUU pacrpeeNeHus 10X0/10B, MOny-
yaeMbIX B BUJe MPUBBUIK TPOU3BOJICTBEHHOIO CEKTOPA U BBIPYUKK OT TPOJIaKu
HavyalbHbIX 3anacoB. Haskiblii U3 Tpex HasBaHHBIX GIOKOB MOeT GbITH OIMU-
caH B TepMUHAX 0TOOpakeHuil, orpeeNeHHbIX HA Pa3NuuHbIX T10JMHOMKECTBAX
MPOCTPAHCTBA MePeMEHHbIX MOJIelH.

Rak 1 B 60ablinHCTBE Mojieliell paBHOBECHS 0MYCTUMbBIM HaGOPOM MPOIY K-
TOB CUMTAETCS HEOTPHUIATelbHbI [-MepHbIil BeKTOp. MHOMECTBO J0MyCTUMbIX
NOTpebUTenbCKUX HaBOpOB MIs Kamk1oro norpedurens aubo copnanaer ¢ IR,
mi6o conepsuTes B HeM. C TOUKM 3peHKA POM3BO/ICTBA BCe MPOIYKThI 10/1pas3-
JIeJSIFOTCH HA BOCIPOU3BO/IMMbIE U HEBOCIPOU3BOIMMbIe, T.e. pecypchl. WHbI-
MM CJIOBAMH, MHOMKECTBO BceX HauMmeHoBauuii npoaykToB L = {1,... 1} mosxeT
GuiTh mpejcTaBieno B Buge L= LUL, rne [ = |L|, [ =|L| — uncio nanmeno-
BaHUi1 BOCIIPOM3BOIMMBIX U HEBOCTIPOU3BOJUMbIX IPOJIYKTOB, COOTBETCTBEHHO,
npuuem [ 4+ [ = I. Coorsercrrytomue nognpoctpancrsa B IR = IR* onpenens-
IoTCH M 0603HAYAIOTCS aiee Kak

R'=R(L)={¢ e R, =0,YE € L}

R'=R(L)={¢ e B¢ =0,Vk ¢ L}.

BpocTpaHcTBo nuHeliHbIX onepaTopoB, AeicTBytomux us IR B IR" n ocrasns-
JolIMX Ha MecTe BekTopbl U3 IR”, o6o3Havaercs yepes IBY. BauyanbHble 3anachl
MPOJYKTOB B 9KOHOMUKE Mpe/cTaBleHbl BEKTOPOM

w€ R C RF=R.,.

B wacTHOCTHM 5TO O3Ha4daeT, 4YTO M3HaydalbHO B 9KOHOMHKE HMEIOTCHA TOJ/BKO
HEBOCIIPOU3BOINMBIC IIPOOYKTLI.



[lns onycaHus TEXHOJOIMUYECKOT0 YPOBHSA UCIOAb3YeTCA 1 MepeMeHHbIX UiH,
4yTO KBUBaleHTHO, BekTop t € T' C IR". bpu »ToM coBceM He 06f3aTelNbHO
TpaKkToBaTh t B TepMUHaX KolndecTBa. ['opasjio ecTecTBeHHee paccMaTpuBaTh
T raK 9acTUYHO YTIOpA0UeHHOe MHOKeCTBO, TIorpy:;keHHoe B IR". Taras Tpak-
TOBKa 0YeHb yJ00HA TeXHWYEeCKHU W BIOJHe 00bfACHWMA B TepMHUHAaX 3aTpaT Ha
MCCHeIOBAHUA M CHUGKEHUS PecypcoeMKoCTH TexHodoruit [6]. ]

Rasnomy sHavenuto ¢t € T cooTBeTcTBYIOT BekTop A(T) € Bi ml xl-
matpuna B(t) € IBY. KomnonenThl A(t) caeayeT nmoHMMaTh Kak 3aTpaThl pe-
CYpCOB Ha JOCTUIKCHUE 3aJaHHOI'0 TeXHOIOTMYECKOTO YPOBHA t (3aTpaThl Ha
BUB u OKB), a sanemenThl MaTpuiibl B(t) — Kak K03(QPUIUEHTHI TEKY X MPO-
M3BOJICTBEHHBIX 3aTpaT pecypcoB IpH 3aJaHHOM ypoBHe t. Bpu sTom ecTecT-
BEHHO OKUJIaTh, YTO KOMIMOHEHTHI A(t) MOHOTOHHO Bo3pacTaroT, a Kos(duiu-
eHThI B(t) MOHOTOHHO yGbIBalOT 1O {.

B uyacTHOCTHM, ecii B 3KOHOMHKE eCTh TOJIbKO OJWH HEBOCIPOW3BOIMWMBIM
MPOIYKT, TO MOKHO TTapaMeTpru30BaTh yPOBHU TeXHOJIOTMUECKOT0 Pa3BUTHSA T10
zaTpaTaM 3Toro nponaykrta. bpu Takoil napamerpusaiuu BekTop A(t) nmeet
TOJNLKO OJINH HEeHYJeBO# »ileMeHT, paBHbIH t. Ecaum npousBoauMMbIil TPOIYKT

Tak:ke TOAbKO OfMH, T.e. | = 2, [=1=1, To MaTpuua TeKyl1X 3aTpaT
npejacTaBuMa B BU]e
0 0
B(t) =
(*) b(t) 1

bepBad cTpoka »Toil MaTpullbl COCTOUT U3 HyJel, Tak Kak 3aTpaThl MEPBOro
(MpoM3BOIMMOro) IPOAYKTa MPU MPOU3BOICTBE 1106OT0 TPOAYKTa PaBHbI HY!IIO.
beBocnpouzBoauMbIi POAYKT (POpMaNbHO MOMHO CUUTATh IPOU3BOJUMBIM U3
Hero camMoro 1o TPUBUAIbHON TEXHOJIOTHUU, MOITOMY B HUKHEM IpPaBOM YTay
MaTpullbl CTOUT e/luHUIla. bakoHel, NPOU3BOJACTBO €IMHCTBEHHOIO MPOU3BO-
nuMoro TpoaykTa TpefyeT 3arpat b(t) eMMHUI HEBOCTIPOU3BOAUMOTO,

Kpome Toro, ecan [ = 2, [=1]= 1, To BO3MOsHa napamMeTpusalus 1o ag-
(GeKTUBHOCTH HCMoONb30BaHusA pecypca. bro o3Havaer, uto b(t) = 1/¢,

B obuieM ciyuyae TakuMX MPOCThIX NapaMeTpu3aldil HeT, HO MpeNoloReHne
o ToM, uTo T morpyskeno B IR" BronHe jonmycTuMo, a mMaTpuiia B(t) Bcerja
MO3KeT ObITh NpejJicTaBleHa NIPUMEpPHO B TaKOM BHJIe, KaK M0Ka3aHo Bbllle. e
nepBble [ CTPOK COCTOAT M3 OJJHUX HYJel, a B HUKHEM [paBoOM YTy pacroio-
JKeHa eMHUUHAS MaTpuua pasmepHocti [ X [,



BpOI/ISBOIICTBeHHbIe BO3MOMHOCTH CUCTeMbl B LeJJOM MOMHO OIIUCAThb C IIO-
MOIIBIO TeXHOJOI'MYeCKOoI'o MHOKeCTBa

Xy =Y,
tel
rjue
Y(t)={r—ye R'Ner>0,y>0,B(t)r+ A(t) <y} teT,

nin OTOﬁpa}ReHI/IH
l
YT — 2%,

conocTaBififoliero kamjaomy t € T MHomecTBO Y (1).

llna onmucaHWA cUCTeMbI 1leH B MOJeNW ¢ m TOTpeduTedAMU HeobX01UuMbl
[ + mn + n nepeMeHHbBIX, cpeid KOTOpbiX [ + mn — 1 nepeMeHHbIX Gopmalb-
HO HezaBUCHMMBI. bpu AByxa3TanHoMm lleHoobpa3oBaHWK NoTpebuTeNb NAaTUT He
TOJBKO 3a NpuodpeTaemMble MPOAYKTHI, HO U 32 BXOJ Ha PbIHOK, T.e. 3a NpaBo
MOKyTaTh MPOJAYKThI M0 TeKYHIMM PbIHOUHBIM IleHaMm. Takoil nopsjgok pacue-
TOB U 1leH MU3BEeCTeH B TeOpUU WUI'P KaKk JBOWHON Tapud [7], a B Teopuu npas
cOOCTBEHHOCTH — Kak Mo3jeMeHTHoe lleHooOpasoBaHue [8]. B paccmaTpuBaemoii
MOJie/Id OH KOHKPeTU3UpPOoBaH [Jf cilyydas, Korja TpefyeTcs COBMECTUTh CTPO-
roe cjiejloBaHMe NPUHIIMIIAM Map:uHanIu3Ma Mpyu Ha3HaueHUW TeKYHIMX I1leH Ha
POU3BOMMbIe IIPOAYKTHI C Bo3MelleHMeM yepes leHbl 3aTpaT Ha bUb u ORDb.

[leHbI TPOM3BOAMMBIX TPOJYKTOB UCUMUCIAOTCA Ha OCHOBE Npe/edbHbIX 3a-
TpaT, KOTopble onpefensoTcA MaTpuiieil B(t) u neHamu Ha pecypcbl. MHaue
rOBOPA, NPU 3aJaHHOM ¢ 1leHbl p € S J0J#HbBI Y/IOBIETBOPAThH PaBeHCTBY

p-B(t)=p

nin, 41O TO e caMoe,

p-B)E=p-& VEER.

DarTUYeCKM ATO paBeHCTBO olpe/elsAeT [eHbl BOCIPOU3BOJAUMbBIX MPOJYKTOB
Mo 1eHaMm Ha pecypchl. B aToii cBA3u GbiBaeT ya00HO CUMTaATh, UTO 3aaHbl
[leHbl TONBKO Ha pecypchl. UTobbl 3anucaTh 3To (popMalbHO, MOM#HO BOCIONb-
30BaThCA TMOHATHEM Kjacca dKBUBaleHTHOCTH. bpu 3agaHHoM p € S Kiacc
SKBUBaJIEHTHOCTH

] ={p €Slp—p € R}
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COCTAaBISAIOT BCe BEKTOPBI leH p' € S, KOTOpble MOI'YT OTINYATKLCH OT P TOAbKO
LeHaMM Ha BOCIPOU3BOAMMbIe NPOAYKThl. COBOKYNHOCTh BCeX TAKMX KIACCOB
SKBUBAIEHTHOCTHU JUISl pasHbIX p cocTapiasieT pasTopMHoskecTBo S/IRY.

[leHa BXona Ha phIHOK MepcoHalbHa 1A Kamjaoro norpebuTels U 3aBUCUT
ot t. [lna npousBoakHoro norpedutens ¢ € M oHa ucuuciasgercs no gpopmyie
g; - t, rie ¢; — HeoTpullaTeAbHbIN n-MepHbIN BekTop. /lamee ainfi KpaTKOCTH
BMECTO (q1, ..., (y,) UCTIONB3YeTCA 0603HAUCHNE (. AHANOTUYHBIM 06pa3om /A
ml-mepHoro BekTopa (p,...,p) € (IR")™ ucnoansyercs obozHayeHHe P.

boTpebuTenbCKUil CEKTOP PKOHOMUKHU BRIOYaeT m norpebureneil ¢ HoMme-
pamu ¢ € M w npeanodyTeHUAMM, 3aJlaHHBIMM JIJIA KaKJI0r0 ¢ HA MHOMKeCTBe
Bﬂr X T nin Ha ero nojamHoskecTBe X; X T;. borpe6ieHne npou3BoJbHOIO areH-
Ta ¢ oNuchiBaeT [-MepHbIl BEKTOP x; U3 MHOMkecTBa X;, COCTOfAINIEro U3 Bcex
JONMYCTUMBIX [IJIfl laHHOTO ¢ HabopoB noTpebieHus. bpeanonaraercs, 4To npe/-
nouTeHus Ha X; X T; MHAYIMpPOBaHbl NpeanoYTeHUAMU Ha X;, T.e. Herocpe/-
cTBeHHO oT t; € T; He 3aBucAT. OnHakro iieHa napbl (x;,t;) IpU ABYX3dTaANHOM
[leHooOpa3oBaHUM 3aBUCUT OT t;, MOCKOJIbKY OT ¢; 3aBUCAT lieHbl NPOU3BO/IH-
MbIX NPOJYKTOB M BX0jla Ha pbIHOK. BhiGop x; okasbiBaeTcs CBfA3aH ¢ BhIGOPOM
t; yepes 1ieHbl U G1O/KeTHOE OT'paHuUeHHUe.

bpennoutenus norpeduTens ¢ Ha X; onUChIBaOTCH TOUEUYHO-MHOKECTBEHHbBIM
oTobpamenHuem U;, conocrapidolUM KamaoMy Habopy x; U3 MHoOmecTBa X;
HEeKOoTOopoe ero HemycToe noaMHoskecTBO Us(x;). CumTaercs, 4To Bee aieMeH-
Thl MHOecTBa U;(x;) Golee npeinouTHTeNbHbI, a 3JIeMEHThl €ro 3aMbIKaHUA
clU;(x;) He MeHee TIpeNOUTUTENbHBI, YeM x; 1A noTpebutens i. Yepes clU;
oGo3HavaeTcA oTobpaskeHne, conocTaBlsollee Touke x; MHOkecTBO clU;(x;).

B yacTHoCTM npeanodTeHUsA MOI'yT ObITh 3ajlaHbl C TOMOII[bIO oToGpaMeHn
oBpaTHoro crpoca [14]. B atom cayuae npejpnodTeHus npousBolIbHOI0 MoTpe-
OuTels ¢ onpenelsoTCA BeKTop-pyHKIMel

gi:ﬂ%ﬁrﬁs,

cornocTaBlAolIeil NPOU3BOIBLHOMY ITPOJAYKTOBOMY HaBopy X; TaKoil BEKTOP lleH
p = ¢:(&;), 1pu KoTOpoM 3TOT Habop GyneT Haubolee MPEANOUTUTENbHBIM JIIA
naHHoro norpedurensa. MHoxecTBO moTpedbUTeNbCKUX HabopoB, Hollee mpemno-
YTUTEIbHBIX A JaHHOro MoTpeduTens, yueM Habop x; onpejenseTcad Kak

Ui(z;) ={x; € Bmgi(@) cwi > i) - T}
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MOH’{eT HCroJb30oBaThca U OoJiee OGHIEIH KOHCTPYRIOHA, Roraa
Ui(7;) = {w; € R |gi(d) - wi > gi(¥:) - T + (v + &) - Hy(w; — 33)} + R,

rne H; — cuMmMeTpuuHas HeoTpullaTelbHo onpejeleHHas [ X [-maTpuna. MHo-
#KeCTBO BCeX TaKUX MaTpuIll cocTaBlfeT 3aMKHYThId KOHYC B NpPOCTPaHCTBe
CUMMeTpUUHbIX [ X [-maTpull, obo3HauaeMoM janee Llsfrfl B Tom uwucne mar-
puna H; momeT cocToATh M3 ofHUX HyJdei. Torga mpeanodreHus 3ajaHbl C
nomolbio GyHKUMN obpaTHoro cnpoca. Ecaum marpuna H; cocTouT He U3 of-
HUX HYyJeil, MOMKHO cuuTaTh, 4YTO NoTpeduTelb ¢ olleHuBaeT 060K norpedu-
TeNlbCKUil Habop x; ¢ nomnpaBKkoil Ha HeoOX0AUMOCH ajanTaluu K HeMy, ITpuvem
nonpaBKka Ha ajanrtaiuuio Tem 6Holblile, yeM 6o/bllle pazHUlla MemAY T; U T;.
Mo#HO npedoskuTh U Ipyrue 10CTaToOYHO pealucTUUYHble 0O bACHEHHUA.

Ompenenenne 1. [asnosecuem nompedumens i npu 3a0anuvlr yenar q; € Ity
[p] € S/IRY u doxode 7; € R nasvisaemcs napa

(jzafl) S XZ X Cria
y006.4€MBOPAIOULATL YCAOBUAM:
(i) Ui(zy) ﬂ{xz eXi|lp-B(ti)xi+q-t; <rFit=0
i) %€ Arg min [p- B(OT; + G - 1.
(i) ¢ € Tgterrvn(%)[zo (t)%; + @ - t]

3ameuanue 1. B naHHoM olnpejieleHUM CyleCTBEHHO, YTO
B(f)#; € RE V., &

WNHaue roBopsi, KoMmoHeHThI BekTopa B(t;)Z;, COOTBETCTBYOIIIE BOCIPOU3BO-
MIUMBIM [POIYKTaM, Beeriaa paBHbl Hymt0. ClienoBaTelbHo, 3a/aHHbIe BHEIIHUM
00pa3oM IeHbl ATUX MPOIYKTOB He BAUAIOT Ha BbIGOp &; 1 t;. BTo naet ocHoBa-
HUe FOBOPUTD, YTO 3aaHbl l[eHbl He BCeX MPOIYKTOB, & TOJAbKO [eHbI PeCyPCoB,
T.e. HEBOCIIPOM3BOAMMBIX MPOAYKTOB. UT0OObI 0UEPKHYTh 5TO 06CTOATENbCT-
BO Mcnoab3oBana zanuchk [p] € S/IR*, a ne p € S.

3ameuanue 2. BorpebuTtensh ONTUMU3UPYET CBOE COCTOSIHUE MO TepeMeH-
HbIM 2; U t; paznenbHo. OH BbIGMpaeT HAGOP MPOAYKTOB, cuMTasl (PUKCHPOBAH-
HBIMU He TONbKO IIeHbl Ha PeCcypchl, HO U TexHoJoruw. Tem caMbiM (pUKCH-
POBAHHBIMY OKa3bIBAIOTCS II€HbI HA BCe MPOAYKThI BbiGupas TeXHOJIOrHIO, OH
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Talkme CHUTaeT 3aJaHHbIMUW LIEHbI HA peCypcChbl U, KpoOMe TOro, cudraeT 3ajaH-
HbIM NOTpediasieMblii HabOP NPOAYKTOB.

Ra}{ [IoKas3biBaeT aHalngd IIPpUMEPOB U3 IIpakTHUKHN, TaKkoe IIPeIIlIo/IosKeHNne (O
pa3ﬂean0171 OIITUMH3alUH 110 pa3dHbIM HepeMeHHbIM) HOCTAaTO4YHO pealuCTUYHO.
bpu »ToM paBHOBecuii norpeduTels B cMmbicie onpejaedeHus 1 6oiablie, Boob-
me robopda, 4yeM <«CHIBbHBIX) paBHOBeCI/Iﬁ HOTpeﬁl/ITeJIH, Korga IipepliionaraerTcsd
ONTUMMIAILUA OTPedUTENbCKOI0 BbhIDOpa cpagdy 1o x; u 1o ;.

3ameuanue 3. Ecau f; = ¢ 1 1leHbl Ha3HAYAKOTCA HA YPOBHE NpejiedbHbIX
U3nepier, T.e.

p=p-B(t),

TO ycaoBue (1) BKBUBAIEHTHO yCIOBHIO
i) Ui(w) ﬂ{xz ceXilp-ai+q-t; <7} =0.

BosToMy MoskHO onpefeinTh paBHOBecHe MOTpebUTeNsA, 3aMeHUB ycnoBue (i)
ycnoBueM (i'). OHo HasbIBaeTcsA paBHOBecHeM MOTPeOUTeNA NP [leHaX p U §;.

CyMMa niaTesseil 3a BX0/J Ha PbIHOK OT BceX MoTpeduTeneil npu e JMHOM IS
Bcex moTpebuTeneil ¢ ucuncnsercd no Gpopmyie

Q'tZZqz"t-
i=1

BekTop ¢ = >, ¢; HET cMbIcia paccMaTpUBaTh Kak HaGop caMoCTOATelbHBIX
MepeMeHHbIX, Tak Kak MpK 3aJaHHOM ( OH OJHO3HAYHO Bhlunciagerca. OgHaKro
MCHONb30BaHWE TAKUX BCIOMOTaTeNbHLIX MePEeMEHHBIX MMeeT CMBICA JIf CO-
KpalleHus 3aMiCH HeKOTOPBIX KOHCTPYKIUA. Bpu 5ToM Hago YeTKo pasandaTh
n-MepHBI BEKTODP ¢ U mn-MepHbIi BEKTOp (.

Creaysa ToMmy e NPUHIUIY, MUIA 0603HAYEHKA MOTPEOICHHUA B [EJOM MOMHO
MCIOMb30BaTh Habop

X = (21,29, ..., Ty)

M3 11 BEKTOPOB WK [ X m BeIeCTBEHHLIX MepeMeHHbIX, a Yyepes x 0003HaYnTh
cyMMapHoe notpebieHue, T.e.

r=x1+..+x,
(Ho OHpeIIeJIeHI/HO). AHasnornyHeiM o6pazom

X=X1+..+X,.
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Yepes t o6o3HauaeTca Habop BEKTOPOB
t = (t1,t9. ... ty).

EpOMe TOI'0, MOJRHO IIOJIOYKHUTDE 110 OIIpede/ICHNIO

m
\/ ti=t.
1=1

B oTanune ot olpeielicHnda CyMMapHOI'o HOTpeﬁJIeHI/IH 00OBIYHBIX IPpOOYKTOB ¥
poOlIb ollepaiguun CJHOeHUA 3[JeCb UI'paeT oliepaliufd MaKkCuMyMa. EcTtecTBeHHO
Tank;me MpeilnoJlosiuThb, 4YTO HMeeT MEeCTO paBEHCTBO

LmJTi =T.
i=1

SIIGCI: YMeEeCTHO CpaBHeHHE C ollpeelleHrueM MHOMeCTBa X, KOTopoe nnojaydaert-
CHA nyTeM ClOoKeHUl NHANBUAYaJIbHbIX HOTpGGI/ITeJIbCHI/IX MHOKeCTB. J3aMeHa
olepannuu CJloMReHud onepauneﬁ OGBGIII/IHGHI/IH MHOMECTB IIoKra3blBacT IIPUHIU-
nrajlbHOE OTJINYHEC [IePpEeMEHHBIX, OIIMChIBAOIINX TeXHOJOTUYeCKUit YPOBEHL, OT
onucaHuA 0ObIYHBIX IPOOYKTOB.

Onpenenenue 2. [IpoussodcmserHHblm pasHoBecueM HA3bIBACTICA MPOUKA
(qu){) E S X Bn XT7
10084€MBOPAWAA YCAOBUAM:

(iii) te€ Arg r?EaTX[q -t —p-A(t)];

(iv) p-B(t) =p.

B sTom omnpepeneHuun (opmainnzoBaHa ujed MaKCUMU3aUUKU NPUOHIINA TPOU3-
BOJICTBEHHOI'0 CeKTOpa NpH 3adaHHbIX p € S u ¢ € IR". YcnoBue (iii) o3HauaeT
MaKCUMU3alluio NpudbUIM OT NMPoJau paB Ha MOKYIKY MPOJAYKTOB M0 lleHaMm
npejleJbHbIX U3Jleper MPou3BoACcTBa. bpubblIb 0T MPOU3BOJACTBA MPOJYKTOB

p-r—p-B(t),
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eclI¥ OHU IPOM3BOAATCA 110 €AMHOIM TEeXHOIOTMM W MPOAAIOTCA O [eHaM Ipe-
lelbHBIX U3JIepPsier, TOKIeCTBEHHO paBHa HYII0 B cuiy ycaoBus (iv). Bpubbuib
OT TPOJaiHi MpaB BXoJa Ha PhIHOK MOET ObITh HeHY/IEBOIl.

YTo6bI HATIANHO TPOIEMOHCTPUPOBATH CMBICH YCIOBHUs (1V), HAIO BEPHY Th-
csi Kk npuMepy ¢ | =1 = 1. YMHOKas CRaIsPHO BEKTOP-CTPORY p = (b(t),1) Ha
MepBhIi cTOAGEI] MATPHUIII

0 0

BO=w 1)

nonyuum b(t), a yMHOMKas TOT ke BEKTOpP Ha BTOpoOii cromnber, noaydum 1.
Wnaue roBops, Bextop (b(t),1) ocraercs Ha mMecTe. ClefioBaTelbHO, YCIOBHE
(iv) ozHavaeT, 4T0 BeKTOp p npomnopinonanen (b(t),1).

Cpasytomuii 610K SKOHOMUKH COCTOUT U3 BeKTOPa HavyalbHbIX 3a1lacoB
w € IR" u orobpaxeHus pacnpejeleHnus NpudbLLIN

r:Sx R x R, xT — R™,
CoIocTaB/foIIero yeTpepre (p,q,w,t) BEKTOP

r(p,q,w,t) = (ri(p, ¢, w,t), ..., mm(p,q,w,t)) € R™,

rae r;(p, ¢, w,t) — GomkeT noTpedbutens i. OTobpaskeHue r MOMHKHO yI0BIETBO-

PATH YCI0BUIO
m

Y rilp gty =q-t—p-Alt) +p-w,

=1
HazbIBAEMOMY HMHOI/Ia 3akoHoM Bambpaca [10]. WHaue rosopsi, pacipeneneHuio
MeAay HOTPGGI/ITGHHMI/I noglessuT B TOUHOCTH Ta CyMMa, KOTopafd MOKeT OBITh
BbIpy4Y€Ha 0T pealn3alguu IIpaB BXOoJa Ha PbIHOK, I'le HeﬁCTBy}OT HEHbI Ha OC-
HOB€ IIpedc/IbHbIX HU3JepPRerR, N 0T peajln3allinl peCypcCoB II0 TERYIIUM LHeHaM.
BpOI/I?)BOIICTBO 1 pealndaguA IMIPOAYRKRTOB 10 IeHaM IIpeaelbHbIX U3JEPReR, RaKk
yiiie TOBOPUIOCH Bhlllle, Beer/a jgaeT HyJaeBYIo MPUObLIbL, KOTOPYIO 3/1eCh MOAHO
He YUYUThbIBaThb. SaBI/ICI/IMOCTb GI'OIIPKGTOB HOTpeﬁl/ITeJIeﬁ OT Ha4dajJbHOI'O 3allaca
pecypcCcoB B 9ROHOMMRKE Cl1eJyeT YUUTbhIBATh TOJIBRKO IIPU IIOCTPOCHWN IIPOCTPaH-
CTBa 9KOHOMMUR. B OCTallbHBIX Ccay4dYafdX MOMHO CHHUTATb

ri(p. ¢, w.t) = Ri(p,q.t), Vi€ M.
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COCTOHHI/IG IJKOHOMMWEKHN B 1I€/10M OIIUCBIBaAaeTCH quBepﬂoﬁ
m m
ny\m
(p.a.x.t) € Sx (R)™ x [[Xi x [[ -
1=1 1=1

CocTofiHUE PKOHOMUKHU (ﬁ,q,i,f) cOanaHCUpPOBAHO 10 pecypcam, eciu
(v) BB+ A(f) < w.
Ecau, Kpome Toro, cnpaBe/liiBbl paBeHCTBa
ti=t Vie M,

To GanaHc 110 pecypcaM BBINOJIHACTCA B CUIbHON (opme (V).
To ke cocTossHMe cHanaHcupoBaHo Mo (PUHAHCAM, eClIM BhINOJHAETCH CUCTeMa
13 JIBYX paBeHCTB

m m
(vi) p- [ZB@@ +AMD]=p-w; Z(q_z ) =q-t.

i+1 i=1
Ecnu 6ananc no pecypcam BbINOIHACTCA B CUILHOI GopMe, To BTOpOe PABEHCT-
BO BBLIMOJIHACTCA aBTOMATHUECKH 1, ClIe0BaTelbHO, HeT CMbIC/Ia BRIKOYATh €ro
B ycinoBuA (puHaHcoBoro 6ananca. boaromy 6ananc 1o puHaHcaM, BRIIOYAIONMIH
TONILKO MepBoe paBeHCTBO, o6o3HavaeTcs (vi').

Jlerko 3amMeTUTh, uTO U3 ycaoBuii (V') u (vi') B COBOKYNHOCTHU CleyIOT
(v) u (vi). O6parHoe, BooGie ToBopsi, HeBepHO. bBosTomy nanee BbimonHeHHe
yeaoBuit (v') u (vi') ynomuHaeTes kak coaqaHCHPOBAHHOCT M0 pecypcaM u 10
¢uHaHcaM B cUAbHON dopme. BmecTe ¢ TeM, B CHIy HEOTPHULATEILHOCTH (;
BTOpPO€e paBeHCTBO B ycioBuu (Vi) Bieder

G- ti=q-t Yie M.

Nnaue rosopsi, 3amena t; Ha f He BauseT Ha GakTUUeCKKii BrO1KeT noTpeduTes
R;(p,q,t) — ; - t;, orpanuuuBatolnii p - &; npu Bbibope x; € X;.

Onpenenenune 3. CocmoaHuem obue20 pasHoBecus HA3bl6AEMCs Yemeepra
m m
(p:@,%,8) € S x (RY" x [[Xix [[ T
=1 =1
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ydosaemeopaiowan ycaosuan (i) — (vi), m.e. makaa, wmo daa wamwdozo i u3
M napa (Z;t;) — pasnosecue nompeb6umeasn i npu Godweme 7; = Ri(p,q,t) u
yenax [pl, q;, mpotika (p,q,t) — npouseodcmeenroe pasHosecue U, Kpome mozo,
GHLILOAHAIMCA YCAOBUA COAAAHCUPOSAHKOCIU 110 PECYPCAM U 1O GUHAHCAM.

Eie onnH BapuaHT omnpejedeHns o6iiero paBHOBECH MOJyydaeTCs Tpu 3aMeHe
yenosuii (i) va ('), (v) Ha (V') u (vi) Ha (vi).

Ol‘[pe,ueJIeHI/Ie 4, COCmOﬂHUQ./Vl 06114820 PAasHoBecUAaA HA3bleaemcs 4emeeprd
m m
(p.a.8.80) € Sx (BR)" x [[Xix [[ T
=1 =1

makas wmo dan kamdozo i uz M napa (Z;t;) yoosaemesopsem ycaosusam (1) u (ii)
npu 6wdweme r; = Ri(ﬁ, q‘,f) u yewax p, q;, mpoura (}5, q‘,f) — npoussodcmeen-
Hoe pasHosecle U, KPoMe Mo2o0, 8blNOAHAIOMCA YCAOBUA COAAAHCUPOBAHHOCTNU 1O
pecypcam u no gunancam 6 cuavHoll fopme.

1.3. DBpeamnono;eHUA U BO3MOMHOCTH HX ociaabileHUA

B nanwHeiiniem npu opMyIMpPOBaHUN NOKA3LIBAEMBIX YTBEPAJACHUN UCIOILIY-
FOTCA pasinyHble KOMOMHAIMU U3 CIeAYIONIUX HPeanoloKeHnii:

CX) bpu nobom ¢ MHOkecTBO X; coBlajaer C Bﬂr.

CU) MuoskectBo Us(x;) nas ramaoro x; u3 X; oTKPbITO B X, BBIMTYKIO U
COIEPRUT BCE TOYKHU BUAA I; + y HPU CTPOro MONOMUTEILHBIX 1.

C'C') Orobpaskenne clU; 1 X; — X;, rne clU;(x;) — 3aMblkaHie MHOMeCTBa
U;(x;), noayHenpepbIBHO CBEpPXY Al Kaaoro i.

C'H) MuosectBo U;(x;) nns ramuoro x; u3 X; npeacraBuMo B BHje

Ui(z;) = {2} € Xi|g - (o) — x;) + (2] — x;) Hy(x;) (2 — ;) > 0,Vg € Gy(x;)},

rine Gj(x;) — BBIMYRIbIA KOMIAKT B .S, a H; — cUMMeTpUUHas HeOTPUIlaTelbHO
onpefneneHHas [ X [-mMaTpuia, npuyeM TOUeUHO-MHOKeCTBEHHOe 0ToOpaskeHne
G+ X; — S nonyHenpepbiBHO CBepXy.

TT) T - vHTepBal B HEOTPUIATEILHOM OPTaHTe n-MePHOTO apu(MeTHIeC-
KOr'o MpOCTpPaHCTBa, T.e.

T={te R"|thmn <t<tnu.},
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npuyuem ¢y, U e, HEOTPULIATEIBHBI.

TC') KomnoHeHThl BekTopa A(t) He yObIBaIOT, a 3leMeHThl MaTpuilbl B(t)
He BO3pacTalT 10 t, HpuYeM Te W APyrue — HeoTpUllaTelbHble, BBIMYKIbIe
GyHEINHK OT ¢, onpe/eNeHHbIe HA HEKOTOPO# okpecTHOCTH MHOkecTBa 1. Kpome
Toro, B(t) = B(tmay) 105 t > tyee 1 A(t) = Atyn) 108 t < tpin.

THT,=T Yie M

TB) bonnpoctpatnctBo BX, onpesenseMoe paBeHcTBoM © = B(t)x, He 3a-
BUCHUT OT t, mpuueM BeRTopbl w, A(t), B(t)x npu mobeix © € X ut € T npu-
Haaneskat BX.

TW) U3 ycaosus B(t)x = 0 1 HeoTpuliaTendbHOCTH & ciejgyeT x = 0.

TH) CymecTByeT cUMMeTPUIHasA HEeOTpUIlaTelbHO onpeneneHHas [ X [- maT-
punia H Tawras, uTo s mo6oil Tpoitku (p', 2, t), ynoBieTBopsoleil ycIoBUAM

P €Sy={peSlp-B(t') =p},
t' € Arg mijg[p’ - B(t)a' +p' - A1),
te
N3 HEepaBeHCTBa
pl . (xll _ xl) > (xll _ xl) . H(ZL‘” _ xl)

clegyerT

: ! i ! : ! / !
min{p’ - B(t)2" +p - A(t)} > min{p - B(t)e' +p - A(t)}-

RS) B coBokynHoCTH QYHKIUHU [0X0/a YIOBICTBOPAIOT PaBeHCTBY

m
i=1
T.e. NpubbLIbL OT NPOJaku JUIEH3UI U BbIpyUuKa OT NpojaKu HadajlbHbIX 3ala-
COB LEJIMKOM pacnpeelsitoTcA Mex/y dIKOHOMUUECKUMM areHTaMu.
RP) OyHruuAa R; 11 Kamaoro ¢ HeoTpullaTelbHa, HellpepbIBHA U OJIHOPO/I-
Ha [0 OTHOILIEHWIO K MacliTady IeH, T.e. Npu A60M s € R, BbIIOJHAETCH
paBeHCTBO

RI) ®ynruus noxona R; 1uif Kama0To ¢ yAOBIETBOPAET TOMIECTBY

Ri(p,q,t) = Ri([p], ¢, 1),

T.e. UHBapUaHTHA [0 OTHOIIEHUIO K 3aMeHe p Ha p' € [p].
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2. CymecTtBoBaHHe 00Illero paBHOBeCHU

2.1. ®dopmynaupoBKa TeopeMbl

Teopema 1. Ecau svinoanawomes npednoaonenua CX), CU), CC), TT), TB),
TC), TI), TW), RS), RP), RI), mo cywecmsyem obuee pasrosecue 6 cMbicae
onpedeneHus 4.

JlokaszaTenbcTBO. BycTh e — ennHUuHbI BekTop B IR!, a k — HaTypaibHoe
yucnao. Torna

Xf = X[\ {ke} — RY]

— BbIMYKaAbIH KomnakT B IR, , Tak kak BbinoaxeHo npennoaoskerdne CX). B cnay
npeanonoxennit TC') n TW') MHOecTBO

XW={xe [[Xilv —we Xy},
=1

orpaHuueHo cBepxy. B cuny npennonosenus C'X) oHO Tak:#e orpaHUUYCHO CHU-
3y W 3aMKHYTO, a MOTOMY KoMmakTHo. KommakTHbl u ero npoexkuuu Pr; XW
Ha Kajoe u3 nojaMHosmkecTB X;. CiegoBaTelbHO, NMPU J0CTATOUHO HOJBIIOM
k mHosmectBo XF comepsut B cebe Pr; XW. Boaee Toro, MosHo BbIGpaTh k
TakUM, UTO U3 ycloBuil x; € X; u

(v; — ) - (v, —2h)< 1 Va) € PryXW

cienyer x; € XF. Jlanee npeanonaraercs, uto k BbIGpaHo 10CTaTOYHO GoibllI0e,
T.e. JaHHOE YC/JIOBKE BBINOJIHEHO.
bycrtb
3 (p, 0) = {wi € Xflp-w: < 0}
IS KA JI0T0 7 U IIPOU3BOABLHBIX p € S, 0 € R, a fF — ToueuHo-MHOMmecTBeHHOe
otobpasenne uz S x R B XF, conocrapasionee kamoii nape (p, o) uz S x Ry
MHoskecTBO fF(p, o), rae

FEp,0) = {ai € Bi(p,o)|p- 2§ > 0 Va} € Uilw;)}.

Orobpamenre 3, HasbiBaeMoe GIOJ#ETHLIM 0TOGpaKeHneM, s Kam/aoro i
BBIIIYKJIO3HAYHO W [0JyHenpepblBHO cHu3y. Otrobpamenue fF ans kamjaoro i
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BBINYKJIOKOMIIAKTHO3HAYHO U MOJYHENPEPbIBHO CBEPXY B CUJY MPEATN0I0HeH N
CX),CU),CC).

Tak rar cybnudpdeperyuanbHoe oTobpaseHue BbINYKIOKOMIAKTHO3HAUYHO U
MoayHenpepbIBHO cBepxy, a S X XF x T — BpInyRAbIH KOMNIAKT, TO MHOKECTBO

Qi = U —i[p - B(t)x]

(p,xit)ESXXEXT

Takke ABIAETCH BbINYKIBIM KOMIIAKTOM.

bycts Pr(g;,();) — mpoexuus Bektopa ¢; 13 IR' Ha BbINYRIbI KOMNakT ();
B TOM 3Ke IIpoCTpaHCcTBe, T.e. BJAMKalINi K ¢; B eBRIUI0OBOI MeTpUuKe BEKTOpP
u3 ();. Torna orobpaseHue

p:Sx R x R, xT - Q;,
nepeBofsiiee TOURy (p, ¢, ¢;,t) B
Pr(qi, =0[p - B(t)xi]).
HerpepbiBHO. Kpome Toro, mycTh
p: Ry xRy = Ry

— cKaafpHas QyHRIMA, TPUHUMaoIasa sHayernue p(&,n) = 1, ecan € > n n 3Ha-
uenue p(&,n) =&\, ecim £ < 1, a F — ToyeuHO-MHOKeCTBEHHOE 0ToOpakeH1e

BBINYK/IOI0 KOMIIAaKTa
m m
S X H Qi X HXf x T

B CGGH, npeacraBuMoe KaR

rae GyHKIMKU F, ¢ yyeToM TOKAECTB

r=uv14+ ... +xm, =@+ ...+ qn

M COOTHOIIEeHHnSA
Sy={p€S|p-B(t) =p}
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UMerT BUI:

Fi(p,a.x,t) ={p' € Si|(p' — p")[B(t)x + A(t) —w] > 0,Vp" € S};
Fy(p.q.x.t) = IIW Ri(p,q,1), i - 1) - ¢i»—lp - B(t)wi]);

Fy(p.a,x,t) = ff(p.[Ri(p.¢. 1) — ¢i - 1)]4);

Fi(p,q,x,t) = Argg;ax[q " —p- A(")].

Ramxnoe u3 orobpamenuit F,,v = 1,....4, BbINYKIOKOMIIAKTHO3HAYHO U T10JY-
HenpepbiBHO cBepxy. CienoBaTenbHO, 3TUMU KadecTBaMu obiajaeT U oTobpa-
s#eHue F. bo teopeme KakyTaHu o HelnoJBU#HON ToUKe HalijleTcH yeTBepKa

(p*,q*ax*at*) €S x ﬁQZ X lm_[Xlk X T,
i=1 i=1

KOoTOpas ABIAeTCA HeloJABU#HOM TouKkol oTobpaskenus F. Ocraercd nokasarh,
4yTOo 3Ta YeTBepKa omnpejenser paBHoBecue. /lnd aToro Hajgo 3aMeTUTh, UTO U3
onpeneneHus orobpasxenusa F) u BeiGopa p*, t* cieyeT paBeHCTBO

T.e. ycrnoBue (iv), a 3aTeMm Jokas3aTh Henoury aemMm 1 — 6. Eciu nonosuTh

t;=t" Vie M,

?

To ycnoBus (1') u (ii) onpe/eneHus obiero paBHOBeCHs CIeIYIOT U3 yTBep:k/Ie-
Huit nemM 3 u 5, yenosue (iiil) — u3 yTBepskaeHUs AeMMbl 6, a ycnoBus (V') u
(vi') — u3 yTBepskaenuii nemm 2 u 4. CrenoBaTelbHO, YeTBepka (p*, q*, x*, t*)
— cocToAHKe 06I1Iero pasHoBecus. Y.T.x.

2.2. BEIBeleIeHI/Ie AJoKkai3aTelbCTBA TeopeMbl CYIIIEeCTBOBAHUA

Jdevmma 1. Jaa wawdozo 1 € M cnpasedauso HepaseHncmso

Ri(p*,q", t") > ¢ -t" (20e ¢" =qf + ...+ q},).
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HorkazaTeilbcTBO. Eciu 118 HekoToporo 3 € M umMmeeT MecTo
Ri(p*. ¢ t") < Q; -1,

o

;=0 win, uro

TO U3 onpejlelleHusd oTobpamenusd F3 cienyer paBeHCTBO p* - x
SKBUBaIEHTHO,

p*- B(t")x; = 0.

NHbiMuU ciioBamu, B Touke t* HeoTpuuaTelbHasd GyHKIUA

p* - B(t)x

*
J
0T t gocTuraeT abcolrOTHONO MUHUMYMa (paBHOro HYJIIO), a Toraa
0 € Op" - B(t")x3],
Tak Kak p* - B(t)x} npu t > t* — nocToAHHasa yHKRIKA,
W3 onpegenenus otobpaskenua Fy cienyer, 4To

Pr(q;, =oilp* - B(t")x}]) = ¢i, Vi€ M,

rie
¢ = p(Ri(p* ¢ 1), qf - t")q; Vie M,
npuuem
9;,0 € = afp" - B(t")xj],
OTRYyZa

¢i € —Oilp" - B(t")]]

W, cliefioBaTelnbHo, ¢ = ¢f. BTo BO3MOMHO Iullib B clydae
Ri(p",q".1") > ¢; - t".

Y.1..

Jemma 2. Cnpasedauso HepaseHcmeo
w > B(t")z" + A(t"),

m.e. BHINOAHAECNCA MAMEPUAAbHBLI OAAAHC TPU YCAOBUL BOISMOMCHOCTU CB80600-
H020 pacrodoBaHus pecypcos.
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Hoxa3aTtenbcTBO. CorjiacHo yTBep:K/eHUIO JeMMbl 1 1 onpe/eleHHI0 oToOpa-
seHuA Fy cripaBel/IMBbl HepaBeHCTBA

proai+q -t < Ri(pt gt i € M.
CyMMUpYAl UX ¢ yueToM npefmnonoxeHusa RS), MOKHO TONYyIUTh HEPABEHCTBO
preat+ptA) < pew,
KoTopoe ¢ ydeToM p* = p* - B(t*) npuHumaeT BU/]I
P B 4+ A() <
N3 noayuyeHHOTo HepaBeHCTBa U onpejlelleHUs oToOpaxenud Fy cienyer
plew>p" Bt )t +p" - A) V' €S,

4TO BO3MOMKHO TOJIbKO B cilyyae

w > B(t")x" 4+ A(t").
Y.1..

Jdemma 3. Jaa kamdozo i 6rduwemHnoe o2panuienue 8bulNOAHACMCA 68 8ude pa-
seHcmea

proxl +q -t =Ript, " t).

Hoka3zaTelbCTBO. bepaBeHCTBO
w > B(t")z" + A(t")
03HayaeT, B YaCTHOCTH, 4To X* npuHamiexkutT XW u, ciefoBarelbHo,
x; € Pr;XW Vie M.
Ecau nas HewkoToporo j € M uMeeT MeCTO CTporoe HepaBeHCTBO
P < Ri(pt gt t) = ¢ -t

To B culy BhiGopa k Hafijercs Takoe s > 0, uTo

(23 +se) € XTI, p* B(t*) (2l +se)+ ¢ -t < Ri(p", ", t").
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bpu sToMm
(xj + se) € Uj(x;)

*
J

fik(p*aRi(p*aq*at*) - qz* ) t*)

W, cilejloBaTeNbHO, X* He MokeT npuHamiemsatb Fi(p*, q*,x*, t*). Boatomy nas
BCeX ¢ BBINMOJHAKTCS paBeHCTBa

B CHJIY NPeJIoNoMeHU CU). Torpa x*% He MoskeT npuHajleRaTh

Pt Bt + g -t = Ri(p". 0, 1),
Y.1..
Jlemma 4. Cnpasedauso pasercmso
pt-B(tT)a" +pT - At) = p" - w,
m.e. svinoanaemesn ycaosue (vi').
HorkazaTeinbcTBO. CyMMUPYA paBeHCTBa
preal gt =Ri(pt g 1)

no 7 oT 1 10 m, W yUuThIBas npejnoiosxkenne RS), nonyuum Tpebyemoe cooT-
HOLlleHWe

p Bt )" +pt - AtY) =p" - w.
Y.1..

Jemma 5. [Jaa kamdozo i € M napa (x},t*) — pasrosecue nompebumeansn i npu
uenar p*, qf, m.e. yoosaemesopaem ycaosuam (1') u (ii).

HorazaTeabcTBO. M3 onpejenenuns orodpaxenus Fy ciepyetT, 4To
¢; € —ap"- B(t")x]]

NAA Kaskaoro i, oTkyna caenyet (ii). UTo6bl npoBepuTh BhinoaHeHue (i), mo-
CTaTOYHO MOKAa3aTh, YTO He CYIIeCTBYeT MoTpeduTelbckoro Habopa x; € U;(x}),
YIOBIETBOPSIOIIEr0 HePaBeHCTBY



Ecau Takoit x; cymecTByeT, To BBIYKI0e OTKPbITOe MHOkecTBO Us(x)) BMecTe
¢ x; colepwuT xf = xf + s(x; — xf), rne 1 > s > 0, Tak rar x} € clU;(z}).
Bribupas s jocraTouHo ManbiM, Tak 4To

(0 —a7) - (a7 = 2) < 1,

1 1

noayuum ¥ € XF. CyuwecrsoBanue Takoro x{ NpoTHBOPEUUT oNpejeleHHIO
oTobpasenus Fs. CuemoBaTenwHo, (xf,t*) — paBHOBecue MoTpebUTeNs i MPH
neHax p*,q;. Y.T.n.

Jemma 6. Ecau (p*,x*,q"*,t*) — nenodsumnas mouka omobpamenun F, mo

t EArgr?EaTX[q t—p* - A(t)].

HorazaTeabcTBO. CliefyeT Hemocpe/CTBEHHO U3 olpejieleHus oTobpaskeHuit
Fiu F. Y.T.5.

3ameuanue 1. Ecau B gopmynupoBke Teopembl 1 npejanonoskenne CU)
saMeHUTh Ha C'H), To yTBepskJieHHe TeopeMbl ocTaeTcs B cuie. B camom feie,

s raxjgoro ¢ € M orobpamenue U; MoskHO 3aMeHUTh Ha U;, e

Ul(xl) = Uj(z;) + RZJFJF Vo, € X;.

Oto6paskenue U; ynosaeTBopsieT ycnouto CU), cienoBaTelbHO, TIPH COOTBET-
CTBYIOIel 3aMeHe paBHoBecue cyiiecTByeT. bo ecau (p*,q*, x*,t*) — paBHo-
BecHe B DKOHOMMUKe, MoayuaeMoii 3aMeHoil U; Ha U; LA KaskAoro i, TO Ta ke
yeTBepKa — paBHOBecHe B MCXOJ/IHOW »KOoHOMHKe. B »Tom nerko ybeauThbcd,
TPOBEPUB Tl0C/eJ0oBaTelbHO BCe YCIOBUA.

3ameuanue 2. FEcau Bhinonnsercsa ycnosue C'H), npudem (p*, q*, x*, t*) -
paBHoBecue, To p* € G;(x}) nus ramoro i. B camom nene, ecin 3T0 He Tak, TO
A HeRoToporo ¢ Haiferes x; € U;(xf), Taroil 4To

* * *
p o <p o-x;.
baiigerca s > 0 Takoe MalleHbKOe, UTO

sp*(x; — a}) + s(v; — ) - Hs(x; — x}) < 0.

?

OnHako, Ipu 3ToM
vy + s(xi — a7) € Uily).

uTO NPOTHUBOPEUUT Tpeanonoxkennto CH). Y.1.1.
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2.3. HKoHeyHOCTh UHcCa paBHOBECHBIX COCTOAHHUIM

Bonpoc o yucie paBHOBeCHbIX COCTOAHUI B DKOHOMUKE C dHJOT€HHBIM TeXHHU-
YeCKUM MNpOrpeccoM M JIBYX3dTallHbIM IleHooOpa3oBaHWeM peliaeTcs TOYHO Tak
e, KaKk M JUIA JPYTUX Mojlelieii paBHOBECHOI'0 THUIA, HaNpumep, A MoOJelu
yuctoro oo6MeHa. /[lns ocHoBaTens Teopuu paBHoBecus JI. Baabpaca ynoBiaerso-
pUTEeNbHBIM OTBETOM Ha JIaHHbIi BONpOC NpejcTaBiflach MpocTas cChllika Ha
COBIajieHue Yucia ypaBHeHU, oNUChIBAOIUX MOJlIellb, C YACIOM He3aBUCUMBbIX
repeMeHHbIX, OTKY/la OH JleJiall BbIBO/J O € JMHCTBEHHOCTHU COCTOAHUA pPaBHOBe-
CcUA. AHalOru4yHble M0 CYTH pacCy:;/JeHWUd JexaT U B OCHOBE COBPEMEHHOIO
MoJxojla K BONPOCY, OJJHAKO JIeJI0 He CBOJUTCA JUlllb K MOJCYeTy Yucia ypas-
HeHUil 1 nepemeHHbIX [15]. OcHOBHas TPYHIHOCTh 3aKiItovaeTcs B 000CHOBaHUN
npaBoMepHOCTH Takoro noacyera [16]. O6bIYHO OHa MpeojioieBaeTcs ¢ MpuBle-
ueHreM coobpaseHuii obiero nonoskenus [17]. OnHaro, npu HaIMUKUU Pa3BUTOM
MaTeMaTU4yeCKoi TeXHWKU Bcerjia MO#HO BbIGpaTh MOAX0Jsllee olpejeneHne
peryifipHoii 3KOHOMUKHU U CBECTHU BOINPOC O JUCKPETHOCTU MHOMKECTBa pPaBHO-
BeCHi K coBNaJIeHUIO YKciia ypaBHEHUH MOeNu ¢ YuciIoM nepeMeHHbIX. MHbIMU
ClIoBaMHM, MOKHO CUUTaATh MOUYTH COCTOABUIMMCH YaCTUUYHbBIIA BO3BpaT K UCXOJI-
Hoil no3uuuu J. Banbpaca. BosBpaT Hago npusaHaTh JWIIb YaCTUYHBIM, Tak
KaKk peuyb WJIeT He O eJIMHCTBEHHOCTH PaBHOBECHH, a TOJNbKO O JUCKPETHOC-
T MHOMeCTBa paBHOBECHU, K TOMY #e COBpPeMeHHble MOJleJU PaBHOBECHUA He
dbopMynupyloTCcAa B BUJe CUCTeM ypaBHeHW, a MHOT/la U He CBOJAATCA K Ta-
KUM cucTteMaM. BwmecTe ¢ TeMm, cTaHgapTHBIA NYTh JoKa3aTelbCTBa TeopeM
0 KOHEUYHOCTHU YHKc/la PaBHOBECUH BHJAIOUaeT MOCTPOEHUe CUCTeMbl ypaBHEHUIA,
YUCI0 KOTOPBIX COBMHAJaeT C YKUCIOM IepeMeHHbIX, MPUYeM KaxkJI0MYy pPaBHO-
BECHUIO MOJIeIM COOTBETCTBYET pellleHWe JIaHHOH cUCcTeMbl, X0TH obpaTHOe He
ob6f3aTellbHO. bTa yacThb JlokazaTelbCTBa, KaKk NpaBUio, ajleMeHTapHa, T.e. He
TpebyeT CKOJIbKO-HUOY/Ib CIIOKHOM MaTeMaTUYeCKoi TeXHUKHU, HO UMEHHO B Hell
3akJrovaeTcd CyTh Jiesa, Tak Kak KOJIUWYeCcTBO YpaBHEHUH U NlepeMeHHbIX olpe-
fenseTcA UCXOoNHON Mojedbto. Korpa ske Takad cucTema MnojdyvyeHa, ocTaeTcs
MWL TOAXOAAIMUM 06pa3oM BbI6paTh NPOCTPAHCTBO BCEX SKOHOMUK U TOJIMHO-
#KeCTBO peryJfpHbIX BKOHOMUK B 3TOM NpocTpaHcTBe. TexHUUyecKH 3Ta yacTh
JoKa3aTelbCTB HAMHOIO ClIOMHee, 4yeM [MOCTPOeHUe CUCTeMbl YpaBHeHUi, Tak
KaK OHa onMpaeTcH Ha pa3Hble BapuaHThl TeopeMbl b. Toma o TpaHcBepcalb-
HOCTH W Ha TeOpUIO cTpaTU(PUIMPOBAHHBIX MHOTI00Gpa3uii.
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llanee B aTOM pasjene npejamnogaraeTcs, 4To Bce Kod((UIMEHTbI MaTpPHUIIbI
B(t) n wommnonenThl BexTopa A(t) — gynrunu wkaacca C'l, onpenenennbie Ha
HeroTopoit okpectHocTH V(T') MHOskecTBa 1.

Ecan nannoe oTobpaskeHne 00:HO 6bITh Kaacca C', To yno6Ho ¢ camoro
Hayajsa MpenoloinuTh, 4TO 3a/aHo TIajKoe pasiokeHne eJInHUIb]

e, € CH(S x R" x R x T, PM),
conocTaBifiloliee yeTBepke (p, ¢,w,t) BEKTOp
er(p,q,w,t) € P,

T.e. HEOTPULATENbHbIIA N-MepHbI BEKTOP, CyMMa KOMIIOHEHT KOTOPOI'0 paBHa
enunuie. Torna orobpameHue pacnpejieNeHUA NPUOLIIU ONpejielfieTCH paBeH-
CTBOM

r(p7Q7w7t) = [q -1 —p- A(t) +p ’ w]er(p7Q7w7t)'

BHOHOMI/IHy MOHO IIpedcTaBUTh KRaKk HpOI/ISBOJIbeIﬁ AIEeMEHT
e=(g,(4,B),w,e,)
[poCTpaHcTBa
E=CLR.., 9" x[CL(T.IRY) x CL(T, B")]x R: xC(S"™" x R" x RY x T.PM)

C yuerom t; =t nif Bcex ¢ € M cocToAHME DKOHOMUMKM B 11€J10M OlIMCbIBaeTCH

YyeTBEPHOU
(pa,x,t) €Y =S x (R")™ x (IR\,)" x T,

rre S'=' — enuHuuHan cdepa pasmepHoctn [ — 1. UcnonbzoBaHue eMHUYHOI
cepbl BMECTO CTaHAapPTHOI0 CUMIIEKCa B KaueCTBe MHOKeCTBa J0MYCTUMBbIX
[leH CBA3aHO C NpUMeHAeMOli TeXHUKON W He MMeeT NPUHIUIKUAIBHOTO 3Haue-
HuA. MHoroo6pasue Y janee HasbiBaeTcH NMPOCTPAHCTBOM COCTOAHMI DKOHO-
MWKH, a ero Nporu3BOJIbHbIA BlIeMeHT o603HayaeTca yepes .

Teopema 2. B npocmpancmee skonomuk £ cyuecmsyem omrpovlmoe 8ciody naom-
Hoe nodmuowcecmeo Eg MAKoe, 4mo MHOWECMBEO COCIMOARUI 0014e20 PABHOGECU
6 colcae onpedenenun 4. 0as 40060l SKOHOMUKL U3 Eg KOHEUHO.
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lloraszaTenbcTBo Teopembl paHo B [20].

3ameuaHue. 3 yTBep#i/leHUA TeopeMbl 2 He ciie/lyeT, BooOlle ToBOPA, UTO
B yCJIOBUAX 06LIEro MoJoeHU KOHEYHO YUCI0 COCTOAHUM 061ero paBHOBeCUA
B CMbICJIe ollpe/ielieHUs 3, TaKk Kak olpejelneHue 4 culbHee, a OTBeYarONUX eMy
COCTOAHMI paBHOBeCHUS MeHbIIle.

YTo6bl MONYUUTH YTBEPHK/IeHHE 0 KOHEUHOCTH YKciia COCTOAHUI 0b1ero pas-
HOBECUS B CMbIC/e olpejleJleHus 3, Hajlo NOCTPOUThH JAPYyroe NpocTPaHCTBO CO-
CTOSHUI PKOHOMUKHU C y4yeTOM pa3MepHOCTU BeKTopa t v HaGopa paBeHCTB,
MoJy4daeMbIX U3 YCIOBUI §;+1; 1 HEOTPUIIATENILHOCTH BEKTOPOB ¢; ¥ t;. B ocTanb-
HOM XOJI paccy:/IeHUi TOT #e, 4TO U NPU JloKa3zaTelbCTBe TeopeMbl 2.

3. 9AdderTuBHOCTL 00lllero paBHOBECHA

3.1. DBepBasa Teopema 3ppeKkTUBHOCTHU AJA 06I11ero paBHOBeCHA

b derTUBHOCTH paBHOBeCcHA B paccMaTpuBaeMoil 9KOHOMUKE eCTeCTBEHHO T10-
HUMaTh Kak olITUMalbHOCTh [0 bapeTo coOTBeTCTBYIONIET0 JaHHOMY paBHOBe-
CUIO paclipejlelleH’s pecypcoB.

Onpepenenue 5. Coaaancuposannas no pecypcam 8 cmuvicae ycaosua (v) napa

(x',t') € ﬁXi X lm_[Ti
i=1 i=1

Haszvlsaemces onmumailbHol no Hapemo, ecau He cyulecmelyem napsvi
m m
i i /
(x".t") € [ dUi(a}) x [[ T
cOAAAHCUPOBAHHOL TLO pecypcam 6 Mom Hee cmvicae, npuiem makoi, 4mo
i /
vj € Uj(a;)

0as Hekomopozo ] € M.

NHbIMU clloBamMu, ONTUMaNbBHOCTE 110 bapeTo o3HayaeT, YTO HeJdb3A YIYULIUTh
MoJoxeHne XoTA 6bl 0JHOTO NoTpeduTeld, He Hapylasa MaTepualbHblil GanaHc
1 He yXyJllasd MoJoKeHue PYyTrux.
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Onpenenenune 6. Cocmoanue pasrosecun (p*,q*,x*,t*) nasvsaemca sfdek-
musHouiM, ecau napa (X*,t*) onmumasvna no Ilapemo.

Teopema 3. Ecau daa kawdozo i € M cnpasedausvt npednosomenue CH) u
TH), a mampuya (H; —mH) neompuyameavbro onpedesena, m.e. GblNOAHACTCA

Hepa@eHcmBO
y-(Hi—mH)y>0 Vye R,

Mo pasHosecue 8 cmvicae onpedeaeHus 4 addermusHo.

Jloka3aTelbCTBO TeopeMbl ONMpaeTCA Ha Cle YUY JeMMY.

Jlemma 7. /Jlasa awbux
m
x, X" € HXi
1=1

CﬂpdSQ@JlUBO HepaseHcneo

m

> lwi—af)-mH(x; — 2)] > (v —2*) - H(w — ).

=1

Hoka3aTteanbcTBO. MaTpuiia H cummeTpryHa U HeoTpullaTelbHO ollpejiesieHa.
CneloBaTelibHO, CylleCcTByeT CUMMeTPUYHAasA, HeoTpUllaTelbHO olpejlelleHHas
Marpuia (H)1/2, JocTaBifolas pellieHre MaTPUUYHOMY ypaBHEHUIO

bycrtb
2 = (H)l/Q(xi —z}),Vi € M.
Torpa pasa n06bIX i, ] € M crnpaBelInBo paBeHCTBO
zi-zj = (v; — 7)) - H(xj — 7).
Bro caemyer us cummerpuunoct MaTpunel (H)'Y2,

N3 HepaBeHCTBa Memy cpeHUM apupMeTUUYEeCKUM U CPeJHUM TreoMeTpHu-
YeCKUM clefyer z; - 2 + zj - 2j > 2z - zj, OTKy/a

m m m m

=1 j=1 =1 j=1
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* *
Ecau B aT0M HepaBeHcTBe 3aMeHUTh 2;-z; Ha (v;—x)- H(x;—x7}), To noayuntes
yTBep#/eHure neMmbl. Y.T.J.
JlokazaTeabCcTBO TeopeMbl 3.
Byetb (p*,q*,x*,t*) — obuiee paBHOBecue B cMbicie onpenenenus 3. Ecnu
OHO He 3(PPeKTUBHO, TO CYLIECTBYIOT TaKue

x" € H cdU(xf); t" €T,
=1

uto ] npuHamaexsuT U;(x}) x0T 6Bl LI 0JHOTO i U
B(t")a" + A(t") < w.
bpu sToMm

u p* € Gi(x}) nag Kamaoro ¢ B cuamy 3ameuanus 2 K Teopeme 1. B cumy npen-
nonosennss C'H) oTcrofia clieyeT crpaBeliuBOCTh HepaBeHCTBa

p* . (xl.l — x*) 2 (xl.l — x*) . Hi(xl.l — x*)

1 1 1 1 1 1

A KaskJo0ro ¢, MpuyeM XOTA Obl JJfA OJHOro ¢ HepaBeHCTBO cTporoe. CyM-
MUpOBaHKE MOJYUYEHHbIX HepaBeHCTB 1o ¢ € M ¢ ydyeToMmM HeoTpullaTeNbHOM
olnpee/]leHHOCTU MaTpull (HZ — mH) aas Bcex ¢ € M u nemmsbl 7 jaeT Hepa-

BEHCTBO
P (:L‘” i :L‘*) > (:L‘” i :L‘*) . H(x” i :L‘*)

OTkyna ¢ yuetom npeanonoxenus TH) ciaenyet

1;%171:1{}9* -B(t)x" +p* - A(t)} > p* - B(t )" +p* - A(E) = p* - w,

a noToMmy,
p* . B(tll)xll +p* . A(tll) > p* . (.U,

4YTO MMPOTHUBOPEYUT UCXOOHOMY IIPEAIIOJTOMEHNTIO
B(t")2" + A{t") < w.

M3 noaydeHHOTo NPOTUBOPEUMA clie/lyeT YTBep:#/eHue TeopeMbl. Y.T.1.
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3.2. CunbpHoe paBHOBecue. BepBaa Teopema 3¢ppeKTHUBHOCTHU

Eciy u3aMeHUTh YCIOBUS WHIWBUAYalbHOH palyoHalbHOCTU B MOTPebIeHUH,
BBe/fA MOHATHE CUILHOIO paBHOBECHS MOTPedUTeNs U, COOTBETCTBEHHO, CHIb-
HOI'O paBHOBECHUS ISl PKOHOMHUKM B I[€JOM, TO MOJKHO MOJYYUTh Topasjio 00-
lee CUIbHYIO TeopeMy »(ppeKTHUBHOCTUH. B cOOTBETCTBUHM C DTOH KOHIENIUeR
noTpebuTeNh ONTUMU3UPYET CBoe MoTpebieHne cpasdy Mo ABYM I'pyHmnam mepe-
MEHHbIX: 110 x; € X; u no t; € T;.

Onpenenenune 7. CuavbHbim pasHosecuem nompebumens npu 3a0AHHbIT UEHAT
[p*], ¢F u 6dweme r* nasvsaemea napa

(27, 17) € Xi x T,
10064€mBOPAWAA YCAOBUIO

Ui(ay) x Tr({(wi. 1) € Xi x Tilp* - Bts)wi+ g} -t < 1*} =0,

B coorBeTcTBUM ¢ KOHIEMIMEH CUIBHOTO PaBHOBECHS B MOTPEOICHUM TOMHIHO
ObITh MOJAM(UIMPOBAHO Tak#e MOHATHE 0OIIEro paBHOBECHS A DKOHOMUKM
B 11eJ0M. Bpu 5TOM MOHATHE NMPOU3BOJCTBEHHOIO PaBHOBECHA CTaHAAPTHO, &
ycioBus GalaHca BBINOJAHEHUA B CUIbHOIN (opme, T.e. (V') n (vi').

Onpenenenune 8. CuibHulM pABHOBECUECM HAZBIBACTICA YeMGepKa
m m
* * * * nym
(p".q"x"t) € Sx (R x [[Xi x [[ T
1=1 1=1

y0064emBEOPAIULAA CACOYIOULUM YCAOBUAM:

a) daa kawdozo i € M napa (x},tf) — cuavHoe pasnosecue nompebumensn npu
uenar [p*l, ¢;* u 6rwdmeme R;(p*, ¢*,t*);

b) mpotuka (p*,q*, t*) — npoussodcmsennoe pasrosecue, m.e.

t' € Argmax[q”- ¢ = p* - A(t)];
p* . B(t*) — p*-
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¢) cobawdaemcs 6aAaHC 1O pecypcam

B(t')z"+ A(t") <w; ti=t" VieM

?

U Punancosuiil 6aramc
p* - B(t")a" +p* - A(tY) =p* - w,
m.e. evinoanaiomesn ycaosus (vi) u (vi').

WHTepripeTanus ycloBUil @) — ¢) 10CTaTOUHO OuYeBHJHA, T.e. &) — YCIOBHE
WH/UBUAYaIbHON palluOHANIBLHOCTH, NPUYEeM HeOObIUHOCTh €ro CBOJUTCH K He-
BBINYKJIOCTHU GIOI#ETHOTO MHOKECTBA; YCIOBHUA b) U ¢) cTaHIapTHEL.

Teopema 4. Ecau svinoanaiomen npednoaomenun RS), TI), a wemsepra
(p".x".q" . t) € Sx (R x [[Xix [[ T
=1 =1

— cuavHoe pasuosecue, mo napa (x*,t*) onmumasvna no Hapemo.

NokasaTeabcTBo. bpennonoxum, uto napa (x*,t*) He onTumanbHa 1o bape-
TO, T.e. HalijleTcs napa

(x".t") € ] cdUi(a}) x T
=1
Tarad 4T1o
W 2 B(t”)x”—l—A(t”),

npuyeMm x’j’ € Uj(xj) nas Hekotoporo j € M. Torpa nnsa wamporo ¢ € M

ClipaBeJINBO HepaBeHCTBO
p* . B(tll)x;I _|_ q;k . tll _ Rl(p*,q*,t*) 2 O7

npuyeM Jf ¢ = j WUMeeT MeCTO CTPoroe HepaBeHCTBO, UTO Cle/lyeT ¢ yue-
Tom T'I) u3z ycinoBus a) onpeneienus 8. [leficTBUTeNbHO, €Clii Il HEKOTOPOT'O
. BBINOJIHAETCA TPOTUBOIOJ0#HOE HEPAaBEHCTBO, TO OO/KeTHOEe orpaHuyveHne
BBINO/IHACTCSA He TOJbKO A &}, HO U JUISl BCeX TOUEK U3 HEKOTOPOii ero oKpect-
HOCTU. A 9Ta OKPECTHOCTb MMeeT HemycToe nepecedenne ¢ U;(x}). Cymma aTux
HepaBeHCTB ¢ yUeToM Tipejnoiosxkennsa RS) naeT cTporoe HepaBeHCTBO

p* . B(tll)l‘ll+q* -t” . q* 't* +p* A(t*) _p* Cw > 0.
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W3 ycnoBus b) B onpenenenuun 8 ciejyer, uTo

bepaBeHCcTBO

p* ) B(t”)x” +p* ) A(t”) _p* cw >0,
noJydyaemMoe 1nocie COOTBETCTBYOIIEH 3aMeHbl, ¢ yU4eTOM HeoTpUIlaTeNbHOCTH
p* NPOTUBOPEUYUT MepBoHAUYAIbHOMY IPE/NON0KEHUIO0 0 HEeOTPUIlaTeIbHOCTH

w— B(t")2" — A(t").

BonyueHHoe npoTuBOpeune 3aBepiiaeT 10Ka3aTelbCTBO.

3ameuanue. Teopema 4 nokaszaHa Bcero mnpu jAByX npennonoxeHusax 1'7)
u RS). Bro caAzaHo ¢ onpejeneHreM paBHoBecus morpebutens. C sTUM ke
ompejeneHreM CBfI3aHO TO, YTO Jajeko He /OOy onTUMalbHYO no Baperto
napy (x',t') MoMHO JOCTPOUTH JI0 COCTOAHUA PaBHOBeCHs, BbIOMpas IEHbI U
OroeTHOEe oTOOpasieHue.

B camom nene, paccMOTPUM SKOHOMMKY C OJHUM BOCIPOU3BOAUMBIM M OJI-
HUM HEeBOCIPOMU3BOAMMBIM NMPOAYKTaAMHU, CRAIAPHLIM ¢ ¥ JByMS HOTPebUTE/IA-
mu. byeth w = (0,1), T.e. KoaMuecTBO HEBOCTPOM3BOAMMOIrO MPOJAyKTa B
PKOHOMHUKE paBHO 1, A JOCTHKEHMSA TEXHOJOTMYECKOr0 YPOBHA t 3aTpaun-
BaeTcs t eMHUII HEBOCTIPOM3BOAMMOro npojaykTa, T.e. A(t) = (0,t), a nad
MPOM3BOJCTBA & €IMHUIl BOCIPOU3BOIMMOTO MPOAYKTa 3aTpauuBaeTca x/(4t)
eTMHUIl HEeBOCTIPOM3BOIMMOTO, T.e. MaTpuila B(f) uMeeT 1Ba HEHYNEBbIX die-
MeHTa, COOTBETCTBYOIINX 3aTpaTaM HeBOCHPOU3BOAUMOTO npoaykTa. OnuH us
Hux b(t) = 1/4t, 9T0 COOTBETCTBYeT 3aTpaTaM IPH TPOU3BOJICTBE BOCIPOU3-
BOJUMOTO MPOAYKTa, BTOPoil 1, 4To hopMaibHO HaJ0 NOHUMAaTh Kak 3aTPaThl
Ha TIPOM3BOJCTBO HEBOCIPOU3BOIMMOTO MPOJAyKTa U3 Hero ke (TpuUBHAlbHAafA
TexHolorus). bpennouteHus noTpeduTeneil onpeencHbl Ha MHOMKECTBE HEOT-
pUIlAaTeIbHbIX HPOAYKTOBBIX HAOOPOB M OMPEIeNATCA TUHEHHBIME (hopMaMu
C1 = (1/2,9/16) u Cy = (1,0). bocaenHee o3HauaeT, YTO MePBbIA MOTPEHU-
Telb MpeANoYnTaeT HEBOCIPOU3BOAUMBIA MPOAYKT, HO MOMET 3aMEHATh ero
HECKOJIbKO OO0JbITUM KOJMUYECTBOM BOCIIPOM3BOIMMOI0, a BTOPOH moTpedaser
TOJBKO BOCIIPOU3BOIMMBIA MPOIYKT.

BacemoTpum onTumanbHoe 1m0 bapeTo cocTosiHMe PKOHOMHUKH, KOrja Bech
HEBOCIPOU3BOJMMBINA MPOAYKT PacXoAyeTcsi Ha CO3JaHue TeXHOJIOTHH U IMpo-
M3BOJCTBO HEBOCIIPOM3BOIMMOI0 MPOAYKTa, IpuueM 06a MOTpeduTens YTO-TO
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MoJyJatoT, HallpuMep, BeCb MPOU3BOJAUMBIA MPOAYKT * JeIUTCA MeHKAY HUMHU
nopoBHY. /laHHOe pacrpejlelleHie HEBO3MOKHO pealn30BaTh Kak paBHOBECHOe.
bpu onTUManbHOM COOTHONIEHUU ¢ U X JOJH#HO BbINOJHATHCA PaBEHCTBO

Dyb(t)x +t] =0,

oTkyna cieayer v = 4t2. Bpu sTom x/t+t = 1, oTkyna cienyer o = 1,¢ = 1/2.
Tak Kak NPOU3BOAUMBIN MPOAYKT JeJUTCA Meay NoTpebuTelsMU MOPOBHY,
Kask[Ibld M3 HUX moaydaeT 1o 1/2 BocrnpousBopumoro npoaykrta. bopmupys
1eHbl, nonyuum p = (1/3,2/3) u, caenoBarensho ¢ = 2/3. BockonmbRy 21 = 9
JIOJKHO BBIMONHATHLCH PABEHCTBO ¢ = @2, OTKY/A ¢ yuyeToM ¢ = 2/3 nonydaem
q1/3 = qo = 1/3. Bpu Takux neHax 3aTpaThl nepBoro norpeéurens paBHbl 1/3
(T.e. MMEHHO CTONBKO NOIKEH COCTaBAATh ero GI0/KeT) Npu noaeaHocTr 1/4.
be BHJajbiBag HUYEro B TEXHOJOIMIO M MPOCTO MOTpebisdsd HeBOCHPOU3BOIU-
MbIH MPOJYKT Ha Ty e CyMMYy, OH MOKeT UMeTb Mojde3HocTh 9/32, T.e. s
Hero UCXO0JIHOe pellleHne He AABIAeTCA UHAUBUYalbHO pallMoHanbHbIM. OTCrlOona
cllelyeT, UTO paccMaTpuBas onTUMaibHad 1Mo bapeTo Touka He Mo:eT ObITh
peaqn3oBaHa Kak CMIbHOe paBHOBecue HU Npu Kakux R;, 1 =1,2.

3.3. Brtopasa Teopema 3dpPpeKTHUBHOCTH

Bropas Teopema ap(peKTUBHOCTH paBHOBeCUA MoskeT ObITh JoKasaHa I Jpy-
roro aHajiora obilero paBHoBecusl 1o Baibpacy, KoTopoe yj100HO Olpe/eluTh
yepes BclioMoraTelbHOe NOHATHE KBa3MpaBHOBECHS.

Omnpenenenue 9. Hsasupasnosecuem nompebumensn i npu 3a0aHHuLT yeHaT [p]
u @; Hasvleaemcsa napa

(z;,t;) € X; x T,
y006.4eMEoPAIULAR YCAOBUAM:
Ui () ﬂ {xi € Xilp- B(t;)a; < p- B(t;)#:} =
t; € Argmin[B(t;)&; + §; X t;].

t; el

COOTBGTCTBGHHO, [IOHATHE KBadupaBHOBECHUA HJIA 9ROHOMHWRKHU B LI€JIOM OIIpe-
nensgercd, Kak U I[IOHATHUe OGHIGFO paBHOBECUA, HO C 3aMeHo YCI/IOBHA paBHOBE-
cud HOTpGGI/ITeJIH Ha ycC/loBrue KBasMpaBHOBECHS.
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Ol'[pe,[[eJIeHI/Ie 10. HBGSUPGSHOBQCUQM 8 SKOHOMUKE HaA3bledemcs 4emeeprd

) €8x B < () < T 7
=1
y@osﬂemsapﬂioluaﬂ cne@yiouw/n ycaosuam:
Cl) o1 kawedozo 1 eEM napa (l’ik t*) — KedsupasHosecle nompeﬁumeﬂﬂ npu

1771
* *,
uenaz [p*], ¢i";
b) mpoika (p*,q*,t*) — npoussodcmeennoe pasrosecue, m.e.

t* € Arg I?EaTX[q* t—p*- A(t)]; p*- B(t") =p*;

¢) cobawdaemcs 6aAaHC 1O pecypcam

B(t")z*+ A(t") <w; ti=t" Vie M;

?

u no guHarcam
p Bt )" +pt - AtY) =p" - w.

Teopema 5. Ecau napa (x*,t*) onmumaavna no llapemo, npuvem t; =t daa
gcex i € M u swnoanawmes ycaosua CU),TT),TB),TC), TI), mo naiidemca
makaa cucmema uer p*,q*, umo wemsepra (p*,q*,x*,t*) - Keasupasuosecue.

Hoka3zaTelbCTBO. Yc/oBue cHajaHCMPOBAHHOCTHU 10 pecypcam lpejnonara-
eTCA BBINOJHEHHBIM 110 OlNpe/elleHNIO (X*,t*), rae t¥ = t* nasa mobdoro ¢ € M.
OcTaeTcs MOCTPOUTh CUCTEMY II€H, y/IOBIETBOPAIOIIYIO YCIOBUAM a),b), U 3a-
koHy Banbpaca. [lnsi 5Toro Hy;kHo cHada/a Moay4uTh napy (p*, ¢*), y/noBieTBo-
pAtollyto 3akoHy Banbpaca u ycnouto b), a 3aTeM HaiiTu HaGop q*, y/10BiIeTBO-
PAIOIINI yCAOBUAM a) U ¢* =Y ., ¢r.

bepeceueHre BbINYKJIbIX MHOKECTB

MmycTo, Tak Kak B IPOTUBHOM ciyuae napa (x*,t*) He onTumanbHa 1o bapero.
MuoskectBo U(2*) oTkpbITO B cuimy npeanonoxenusa C'U), ciefoBaTenbHo, €ro
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MOMHO CTPOro oTaeinTh ot XW (t*) I'UIePIIOCKOCThIO, T.€. HaAWIeTCHa g € Bl,
TakoW 4To

nas Beex 2" € U(a*) n

B()(x) < w — A(t").

bocne/nHee B 4acTHOCTH O3HavaeT, UTO
g-(x—2a7) <0,

eciin
B(t")(x — 2*) < 0.

MHoskecTBO runepniockocTei, pasenstomux Mmuoxkecta U(x*) n XW (t*), cos-
najiaeT ¢ MHOKECTBOM OIMOPHBIX 'MIEPINIOCKOCTEH K BBIMYKIOMY MHOMECTBY

Ue") = XW(t),
NPOXOAALIMX Yepes Hauano KoopauHat. CleloBaTelbHO, BhINYKAbIH KOHYC
KG(x*,t"),

COCTOALIMI M3 BCeX TaKUX ¢, COBMAjiaeT ¢ KOHYCOM, CONPHMKEHHbIM KacaTelb-
HOMY KOHYCY K MHOMEeCTBY

U*) — XW(t)

B Touke 0. RoHnyc
KG(a",t")

3aMKHYT, Tak Kak MHOskecTBO Us(2}) OTKPBITO, KPOMeE TOr0
KG(2*,t") +TT (%) = KG(2*, t").
bpu sToMm
KG(z*t") C IR,
Tark Kak u3 yciosuit CU) u

g-(r—2a") >0, VrelU(z")
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ciejlyeT HeoTpulaTenbHocTh ¢g. CinenoBaTenbHo, KoHyc KG(z*, t*) 3aocTpeH-
Hblii. Kpowme Toro,

[KG(*,t)()S] C S

g-B({t")x" +g-A{t") =g - w,
T.e. BbINOJAHAETCA 3aKkoH Bannpaca. B camom nene, mycThb
p € KG(z*, t") ﬂ S,

Torja
p-y=0 VYy€ kerB(t") = {x € R'|B(t")x =0},

TaK Kak 0JIHOBPEMEHHO HeMoMoKUTedbHbI p-y U p-(—y). B cuay npennonoxenus
T B) nns aoboro y Bektop y — B(t*)y npunamneskut ker B(t*). CienoBaTelbHo,
1A 1H060r0 y CipaBelInB0 PpaBeHCTBO

p-y—p-B(t)y=0
WK, 4TO To ke camoe, p € Sy-. UToO6bl monyunTh 3akoH Banbpaca, Hano B3fTh
¥ =w— A(th).

Torna
g‘(x//_x*) 20

B CHIy HeoTpHllaTelbHOCTH ¢ U 2 — ¥, HO 0JJHOBPEMEHHO
i
g- (" — ") <0,

TaKk Kak
B(t*)z" <w — A(tY).

Ea?{’{IIOMy P € Bl_i_ COOTBETCTBYET BBIIIYKIO0C 3aMRKHYTO€ MHORECTBO
D(a*,t') = {p} x 3lp- B(t')e" +p- A(t)] C R™.

O6belMHeHMe BCceX TaKUX MHOMKECTB — BbINYKJbIH 3aMKHY ThIii KOHYC B TOM e
MpocTpaHcTBe, 060o3HauaeMblil K D(x*,t*). B cuny HeoTpuuaTelbHOCTH Beex p
TOT KOHYC 3a0CTPEHHBbI.
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Ecnu 3aoctpennbie konycbl K D(z*, t*) u
KG(a* t*) x TT(t")

He TepeceKarTCHA, TO UX MOMKHO pasjieluTh T'MIEPINIOCKOCThIO, NMPOXoasAllei
uepes (0, mpuyeM Takr, uTo KoHyc K D(x*,t*) 1eRUT B OTHOM OTKPBITOM MMOJY-
IPOCTPaHCTBE, a KOHYC

KG(2" ") x T (#*) D KG(a*,t*) x {0}

— B APYIrOM OTKPbLITOM HoaynpocTpaHcTBe. UHbIMU clioBaMu, CylleCTBYeT BeK-
TOP
A= (Az,At) € R,

Takoi 4ToO
g-Azx > 0,Vg € KG(z*,t*); ~v-At>0,Vye " (¢"); d-AVde KD(x* t").
N3 nepBbIX IByX HepaBeHCTB clleflyeT

Arv e T (2") =T (x*)

At € THH(t") = T(t),

T.e. HanpaBiaenue A jponyctumo. Kpome Toro, coriacHo nepBoMy M3 HHUX Haifi-
netcs s € Ry, npu KoTopom

sAx € U(x™) — XW(t").

lleficTBUTENBHO, €ClM TaKkoro s He CyIlecTBYeT, To mpoxoadilasa yepes 0 nps-
Masi, noposkjaeMas BeKkTopoM Ax, He NepeceKkaeTcs ¢ 3TUM MHOkecTBOM. bo
TeopeMe XaHa-Banaxa cymecrsyer g € IR', 11a KoToporo

g-Ax=0, ¢g-y>0, VyeU(z")— XW(t").

BOCJIGIIHGG o3HaydaeT
g€ KG(t"),

HO Torja A0J#HO ObITh ¢ - Ax > 0. U3 nonydeHHOro NpoTUBOPEUNSA CleayeT
Ax € U(z") — XW (", t").
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N3 TpeTkhero HepaBeHCTBa clelyeT, 4To Mpu at006oM p € S GyHRIUSA
p-B(t)x +p- Al

cTporo y6biBaeT 110 Hanpagienuto A. B yacTHoCTH 5T0 3HAUUT, YTO [IPU JloCTa-
TOYHO MalbIX s € Ry u

(', ) = (" + Az, t* + At)
CrpaBe/IMBO HepaBeHCTBO
w— B(t)a' — A(t') > 0.

Takum o6pazom, napa (x*,t*) He onTuManbHa Mo bapeTo, UTo NPOTUBOPEUYUT
MCXOHOMY TMPe/INoN0HeHNIO.
CneoBaTelbHO, KOHYChI

KG(x*, ") x TT(¢")

KD(a*, ")
MMeIoT HeTpuBUalbHOE NlepeceveHre, T.e. HalijeTca p* € Sy, Takoil 4To
Qlp* - Bt )" +p* - A()] (T (t7) # 0.
bosToMy MO#HO BbIGpaTh
¢ € [=0p" - B(t")a"][ | [0wp" - A(t) = TF(£)].
OcTaetcH NOCTPOUTL CUCTEMY MHIUBUAYAJbHBIX [EH
q" = {g }i.

TaHy}O To
¢ € — O™ B(t")x}

A1 Kamaoro 1 U ClipaBeJINBO paBeHCTBO

=) d
=1

38



Bro mosHO cenath, Tak Kak cybanddepernman ynriun p*- B(t*)a* npencra-
BUM Kak B3BellleHHas cymMMma cy6nuddepeHiinanoB sneMeHToB MaTpuibl B(t*),
npuyeM BecoBbIMU K03 PUllMeHTaMU ABIAIOTCA 3eMeHThl BekTopoB p*, x*. Ee-
1 BMECTO 3JeMeHTOB BeKTopa x* B3ATh B KauecTBe BeCOBbIX KOA((PUIIMEHTOB
3lleMeHThbl BeKTOpa '}, TO MONYyUYUM

bpu sToMm

m *
Z' .

* __
Tak Kak ¥ =) @
N3 ycaoBus

claeayer, 4To
* " * * " *
. = N i
npu aoooM i. [leficTBUuTenbHO, 115 1106010 J € M Mo#HO BeIGpaTh X, Tak 4TO
" . * no__ ks ; " * . *
xf € Up(a}) w af = x},i# j. Torna 2" € U(x*) B cuny otspeitoctn Uj(x}) u,
cle0BaTelbHo,

bpu sToMm

OTKypna cnenyet
1

pre(a — %) > 0.

Tarum 06[)8301\/[, A1 ramaoro ? BBITIOJHAKOTCSA HGOGXOIII/IMBIG N pocrarodyHbie
YCI0BHUA KBasdnupaBHOBECHUA HOTpGGI/ITeJIH. q.T.II.

4. ROHHGHHI/II/I NMNPpONU3BOACTBEHHOI'O paBHOBECHUA

B HJaHHOM pas3jael/ie OCHOBHO€ BHHUMaHKe yJeJeHO BOolIpocaM HGHOOGpaSOBaHI/IH C
TOYUYRH 3pPpeHUA IIPpoHU3BOOCTBA. I'nmaBHBIIT U3 HUX — [IpeoJgojiecHue IpoTuBOpedYnd
MeALay UCIOJIb30BaHHEM ILIEH Ha OCHOBE€ IIpeJc/IbHbIX H3ACepP:eR W ORYyIlaeMOocC-
ThIO IIPpOHU3BOOCTBA.
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4.1. BacumupeHHOe NPON3BOJACTBeHHOEe pPaBHOBecHeE

bpencraBieHne Npou3BOACTBEHHOIO CEKTOpPa B arpernpoBaHHOM BH/le He 03Ha-
yaeT, BooOIlle TOBOPS, UTO OH NpeJCTaBleH OJHOW (pupMoii, T.e. omnuchiBaeTcCs
CUTyalus MOHOMNOIWU. banpumep, MO#HO NPEINON0KUTh, UYTO COHCTBEHHOCTh
Ha BCe (PUPMbI U pecypchl IPAMO UM KOCBEHHO paclipejieseHa Mex1y puanydec-
KUMU THIaMu (MoTpeduTelfIME ), & BCe TIPOM3BOJICTBEHHbIC BOTIPOCHI PeliatoTCA
Ha JIoroBopHoii ocHoBe. Takoe npejnosnoseHue TeM Goslee NpuUBlIeKaTeNbHO, ec-
1Y MMeThb B BUJY Ipollecc AekanuTaiusalnuu Ou3Heca, Korjaa Beayiiue (pupMbl
CTPEMSATCS BbIHECTU BO BHe /1t06Gble MaTepralibHbie Mpou3BojcTBa [4].

bpennonaraerca, 4To NPOU3BOJACTBEHHBINA CEKTOP (PYHKIMOHUPYET HEKOTO-
PbIM «ONTUMalbHBIMY (IPU 3aTaHHbIX TleHax ) 00pa3oM. B ycioBUAX BBITYKIOT0
TeXHOJOTMYeCKOr0 MHOKEeCTBA «ONTUMAaNbHOCTbY 00bIUHO MMOHUMAOT KaKk Mak-
CUMM3aluio NpubblLIK, HO TOT jKe MOJXO[ HY:KJAaeTCf B KOPPeKTHUPOBKE, eCciu
TeXHOJIOrMUecKoe MHOMeCTBO He Bbinykio [11].

llanee (10 KoHIla pasfeia) mpefrnonaraeTcs, YTo CpaBeMBbI MPENoN0HKe-
Hua TT), TB) u TC'), uTo 1n03BolfieT BOCNOAb30BaTLCA MOHATHEM sup-cTalll-
oHapHO# Touku KBasuauddepeniupyemoii Gynruuu [12], B koropom obobiie-
HO NOHATHE TOYKM MaKkCcHUMyMa BOTHYTOH (yHKIWI, T.e. B sup-cTallMOHAPHOWM
TOUYKe IPOU3BOJIHbIE 110 BCEM HalpaBleHUAM HelloJokuTelbHbl. [leHbl p, ¢, eciau
OHU 3ajlaHbl U3BHE, CUUTAIOTCA HEOTPUIlATelbHbIMU.

bpou3BoCcTBEHHBIN CEKTOP B IIUPOKOM CMbICIIe clloBa BKJAOUaeT B cebs Mpo-
M3BOJICTBO Bcex noTpebiasdeMbix 6nar. bpu Takom moaxoje norpeduredb aubo
He IPUHUMaeT yJyacTUA B Bbibope TeXHoJoruueckoro ypopusa ¢t € T, aubo genaer
5TO B MHOM KauecTBe (He B KauecTBe noTpebutens). B rayecTBe noTpedutens
OH npuoOpeTaeT Uik NoTpediasgeMble 6jara, pacniayuBasaCh 3a HUX 110 lleHaM
p € S. CooTBeTCTBEHHO, NPOU3BOMTEb NOJdyUaeT JeHbI'M 3a MPOU3BOAUMY IO
POy KIIMIO, peanu3ys ee Mo TeM e 1eHaM p. CyMMapHyto npuoblib (yOITOK)
[IPOM3BO/JICTBEHHOI0 CEKTOpPa MOFKHO MPe/ICTaBUTh Kak JUHedHY (hopmy

p-x—y), (r—yeXxy=Jve,

te’l

WU KaKk HeJUHelHY0 QYHKIUIO

T X xT =R,
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onpeensieMyO PaBeHCTBOM
m(x,t)=p-x—p-Bt)r —p-A(t), V(r,t)e X xT.

Bropoii cioco6 npencraBieHus npeanouTuTenbtee, Tak kar ycaosusa 1T), TC')
u TB) cpopmyiupoBaHbl npuMeHuTenbHO K B(t) u A(t), a He & XY. BmecTe
¢ TeM, IepBblii BapuaHT MpejAcTaBlIeHUA M03BOJAACT HarIAJHO MPOIEMOHCTPHU-
pOBaTh HEBBIMYKIOCTL TEXHOJIOTHUYECKOro MHozecTBa XY Hpu TOM, YTO MPH
kasaoM ¢t € T MHO#ecTBO Y () BBIMYRJIO.

Oyuruud m, B npeanoaoxennn I'C') BbIyKI0-BOTHYTa, T.e. BbIIYKIa (aske
miHeliHA) M0 & W BOTHYTa 10 ¢, ciefoBaTenbto, kasuauddepenunpyema. Ee
MOKHO MPeJCTaBUTh B BUJIE

mp(a,t) =[p v —p-Bt)r —q-t]+[g-t —p- A(t)],

T.e. B BHUJe CYMbl JIBYX (PYHKIIMIi, epBafd W3 KOTOPbIX BBINYKJIO-BOCHYTa W
npejcTasider GajaHC [JOXOJ0B U Pacxo[oB OT YKUCTO NMPOU3BOJACTBEHHON [ef-
TeNBLHOCTH, BHJIIOUad pacxo/bl Ha npuobpeTeHue JUIEH3UI Ha UCIOIb30BaHUe
TEXHOJIOT Ui, a BTOpas BOrHYTa U NpejicTaBiaseT Npudbllb OT peaiu3aluu JuleH-
3Uil Ha KCIOJIb30BaHWE TEXHOJOIWi, T.e. UHTeNIeKTyalbHOi COOCTBEHHOCTH.
bazymeercH, eciiu BcA J1eATeIbHOCTh, OTHOCANIAACH K MPOU3BOJCTBY, COCPeI0-
ToueHa B OJIHOI (upMe, TO TOProBIW JUIEH3UAMM He cyllecTByeT. OnHako,
KaK yi#e MojJYepKuBallochk Bhllle, pe/cTaBleHre NPOU3BOJACTBEHHOIO CEKTOPa
B arperMpoBaHHOM BHUJle, He 0O3HA4YaeT, UTO OH IpeJ/icTaBleH 0JHOW (PUPMOIi.

YTobbl cpenaTh caeayroluil mar, Heo6xXoJauMo MOAU(PUIIMPOBAThL MOHATHE
IPOU3BOJICTBEHHOI'0 paBHOBECHA.

Onpenenenne 11. Jacuiupennvim npousso0cmeeHHbl;m PAGHOGECULEM HAIbIBACITL-
ca makaa wemsepka (p,q,z' '), umo (2',t') — sup-cmayuonaprnas moura Pynk-
uuu

p-x—p-Bt)r—q-t,
at’ - sup-cmayuonapran mouka gynkyuu q -t —p- A(t).
3ameuanue. Jlaa Boruyrtoil GpyHRIMM ¢ -t — p - A(t) moHATHE sup—cTa-
IMOHAPHO TOUKM coBHanaeT ¢ NOHATHEM TOYKKM Makcumyma Ha T,

YTobbl onucaTh sup—cTalMoHapHble TOUKM BceX TpeX (PYHKUMA npubbliu,
HeoOHX0MMO HAallIOMHUTh HEKOTOpble 0603HAUYEHHUH.
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s mo6oit BeIMyKIo-BoTHYTOH QyHRUMU f(x,t) depesd O, f(a',t') obosHa-
uaeTcs cyoauddepenHnuan B Touke ' Bbimyrao# QyHruuu f(x,t') or x npu
purcupoantom t'. Cynepnuddepeniuan BoruyToil pyHriun f(z’',¢t) B Touke
t' npencraBum B Bujie —0;[— f](z',t'), T.e. yepes cybauddepernman BrImyKI0M
Gynrmu —f(2',t) or t (npu purcuporanHom z'). Yepes

N .
m(,t): X = R
0603HaYaeTCs 3aBUCUMOCTE NPUOLLIM 0T & Npu (UKCUPOBAHHLIX p U t', Yepes
Iy
m(a', ) X = R
3aBUCUMOCTDb HPUOLLIN OT ¢ IpU PUKCUPOBAHHBIX p U .

YrBepsnaenue 1. Ecau (p,q,2',t') — pacwupennoe npoussodcmsennoe pasro-
secue, mo (x',t') — sup-cmayuonapnaa moura Pynryuu T, u, Haobopom, Ka¥Oaa
SUP-CMAYUOHAPHAR MOUKA PYHKUUU T, PLAlUyemMa KaK paclilpeHHoe npou3eoo-
cmeenHoe pasHosecue.

NokasaTeabcTBo. Jobas sup-cTannoHapHas Touka (2, t') GyHKRIUK TPUOBLTH
T, ONpe/IeasAeTCH YCIOBUAMMU:

a) cy6nudpeperiuan GyHRIAT
m(t) : X = R

B Touke z' conepmuresa B —I'*(2');
b) HyneBoOW n-MepHbIA BeKTOp (n-MepHbId 0) MpUHAIICKUT CyMMe Cymep-
auddepeHnana BOrHyTo GyHKIUK

m(a', ) : T — R

B Touke ' u wonyca ['F(¢).
Cy6nudpdepenunan GpyHrunn m,(-,t') He 3aBUCUT OT &' M COCTOUT U3 eMH-
CTBEHHOI'0 BeKTOpa

p—p-B(t")=p-[I-B({),

rae I — ejuHUYHaAA MaTpula. YciloBue a) o3HayaeT, UTo
p-[B(t') =1 €TT().
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B uwactHoCTH, ecin ' — BHyTpeHHSAA Touka MHokecTBa X, TO
I (2) = {0}

, cilefioBaTelbHo, p € S;.
Cynepnuddepennnan yHrnun m,(2',-) B Touke ¢’ paBeH B3fATOMY ¢ 06paT-
HbIM 3HaKoM cyoauddepeHumnany pyHKUUA

p-B(t)d' +p- At),
B TO# e TOYRKEe, T.e. MHORECTBY
_ap- B(t)a] - dp- A(t)].
CJIG,[IOBEITGJIbHO7 yciaoBue b) O3Ha4daeT, 4YTO MHOMeCTBa

—O[p - B(t')a']

Olp - A(H)] = T (t)

MMeIT HellycToe NepeceyeHue. BribpaB ¢ W3 nepeceyeHUA ATUX MHOMECTB,
MoNyduM deTBepry (p,q,a’,t'), KoTopas ABIAETCA pacliMpPeHHbIM MTPOU3BOJICT-
BEHHbIM paBHOBecHeM B CMbIcie onpejeinenus 11.

lleficTBUTENBHO, TaKk Kak

p-[B(t') = 1] € (),

g€ — - B(ta',

To napa (z',t') — sup-craunoHapHas Touka QyHRIWUHU
p-x—p-Bt)r—q-t.

A Tak Kar Mpu TOM
q € lp - A()] - T7(¢),
To (') — sup-cTanyvoHapHasa Touka QyHRKIIK

q-t—p-At).
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Wubimu cioBamu (p, ¢, 2',t') — pacimimpeHHoe poM3BOICTBEHHOE paBHOBeCHe.
Bao6opot, ecan (p,q,2’',t') — pacmmpeHHoe TpoM3BOACTBEHHOE paBHOBeECHE,
TO U3 sup-cTauuoHapHocTu (2',t') nas GyHRUNH
p-x—p-Bt)x—q-t
caejlyeT ycloBue a), Tak Kak

pIB(t) — 1] € I (/).

Kpowme Toro,
q € [=0p- B(t)a' + T ()],

—q € [=Dt[p- A(') + T (t')]
B CHITy sup-cTallMoHapHOCTH Touky (z',t') nas gyHrimu ¢-t—p- A(t). U3 atux
ABYX YCIOBUH cliefyeT, YTO n-MepHbIil 0 MpuHaIIe K0T MHOMECTBY

—Oip - B(ta' = 9p - A(t)] +TH(t),

T.e. BbIoaHAeTcA ycnoue b). CienoBatenbHho, (2,t') — sup-cTannoHapHas To4-
Ka QyHKUMU cyMMapHo#l npubbiiu. Y.r.x.

3ameuanue. MHuoskecTBO Beex Takux p € S, uto (2',t) — sup-craunoHap-
Hafd Touka (PYHRKINW 7,, BBIMYKIO U 3aMKHYTO. /lanee oHo oGo3HauaeTcs yepes
S(z',t'), a ero KoHnvyeckas 06ol0UKa, T.e. COBOKYIHOCTb BCeX BEKTOPOB BH[A
s-p,roep € S(a',t'), a s — monomutenbuoe uncno — depes P(z',t'). CoorBer-
cTByloOIee KakaoMmy p € P(z’,t') MHOKeCTBO

Qp(',t') = [0 - B(t)a' + ()] [0p - Alt) = T*(t)]
TaK:ke 3aMKHYTO M BbIIYKJ0. Dojiee TOro, BbINYKI0 U 3aMKHYTO MHOECTBO
SQ ) ={(p,q)lp € S(.t').q € Qp(a'. 1),
a MHOMeCTBO
PQ(',t') ={(p,q)lp € P(, 1), q € Qp('. 1)

— BBIMYKIbI, 3aMKHYTBIN KOHYC, T.e. BMecTe C Kam/oil napoii (p,q) MHO-
mectBo PQ(2',t') comepsruT Bce maphbl, nmoxyuaeMble U3 Hee YMHOMKEHHEM Ha
MOJOKUTENbHOE YUCIIO.
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Bonyuennoe Bollie oToOpaseHme
PQ : (2,t) = PQ(2,t)

JOrUYHO UHTeprpeTupoBaTh kak MC P-npaBuio[ll, 13], onpenenenHoe Ha MHO-
#ecTBe BceX Touyek M3 X X T, KoTopble MOI'YT ObITh Sup-CTallUOHAPHBIMU TOY-
KamM¥u (DYHKLUU 7, IPU KaKUX-To LieHax p € S.

4.2. DBKBHBaJEHTHOCTH INOAXOIOB

YrBepsaenue 2. Ecau (a',t') — sup-cmayuonapraa mouka gynryuu npubbl-
AU, MO MUHUMYM PYHKUUU

p-B(t)x' —p- A1)
Ha T 0ocmu2aem6ﬂ 6 NMoYkKe tl.

NoxasaTeabcTBo. CienyeT U3 ycioBus b) onucaHus sup-cTaluoHapHO# TOUKH
B JloKa3aTelbCTBe yTBep#aeHud 1.

YrBepsaenue 3. Ecau mouka (x,t) € X X T He momem 6vims npedcmasaena
KaK sup-cmayuoHapHas movka npubvlau HU npu odwom p € S, mo Hailidemcs
makaa moura (x',t') € X x T, wmo cnpasedauso Hepaserncmeso

o — B(ta' — A(t') > x — B(t)x — A(t).

Hoka3aTteabcTBO. bpu n1t060M HEOTPULIATENBEHOM p MHOMECTBO

{p-[B(t) = I} x O/fp - B(t)r +p- A(t)]

B [ + n-MepHOM apu(pMeTHUeCKOM IPOCTPAHCTBE BINYKIO U 3aMKHYTO. O6%b-
e/lMHEHNe TaKUX MHOMKECTB 110 BceM HeoTpuliaTeldbHbIM p # () — BBIMYKIbIH 3a-
MKHYTBII KOHYC, 0603HauaeMblii flanee G(x,t). OH He TepecekaeTcs ¢ KOHYCOM
['*(x) x [T (t), Tak Kak MHOe 0O3HAUAET CylIeCTBOBAHUE IeH, TPU KOTOPBIX (X,t)
~ sup-crauuoHapHas Touka (YHKIWM MPUOLLIM, YTO MPOTUBOPEUUT MPUHATO-
My npennonomenuto. Konyce G(x,t) 3aocTpeHHBI, clleloBaTelbHO, €r0 MOAKHO
CTPOTO OT/HENUTH OT KOHYca

T+(x) x TH(t)
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TUMEPIIOCKOCThIO, T.c. HaineTcA Takas napa (a',t') € X x T, d4to
g- (@ =zt —t) >0 Vge G(x,t).

WHbiMK crioBamu, npu M060M HeoTpuilaTelbHoM p # 0 mpousBojHas GyHKIMK
npubbun 7, Mo HanpaBiaeHuto (x' — x,t' —t) cTporo Bospactaer. Ecam npu
aToM BhIGpaTh (2',t) nocraTouyHo 6ausko Kk (x,t), To npu Beex p € S Gyuer
CrpaBe/IMBO HepaBeHCTBO

p-a—p-B{Ya' —p-A{t')>p-x—p-B(t)x —p- A(t).

Otctona cienyer TpebyemMoe yTBep:IeHUeE.

B coBokynHocTu yTBepsaeHud 1 — 3 No3BOJAT oxapakTepus3oBaTh Ipa-
BUJIO IleHooOpa3oBaHus, NpUMeHseMOoe B IIPOU3BOJCTBEHHOM CeKTOpe [JaHHOW
mozienn kark MC P-upasuno. Ortauuust ot crannaptibix MC P-npasua [11, 13]
BHKJIOUYAIOT [IBa JOCTATOYHO NPUHIUITHAIBHBIX MOMeHTa. Bo-niepBbIX, COBOKYII-
HOCTh NPOU3BOJCTBEHHbIX BO3MOKHOCTEN onucaHa ¢ pasjeleHueM 3aTpaT Ha
NOCTHUReHUe TeXHOJIOTMYeCKOro YPOBHS U HelmocpeACTBEHHO Ha MPOU3BOJCTBO
npoayKkToB. COOTBETCTBEHHO, cMCTeMa IleH NTPOU3BOoJICTBA 3/leCh By XaTallHa U
COCTOUT M3 TIaphl (p, ), a He 0JIHOTO TOJIbKO p. Bo-BTOpBIX, sKCMIyaTHpyeTCH
apyras KoHuenuus cyonuddepeHupoBaHus, OCHOBaHHAaA Ha MOHATUU KBa3u-
auddepenuuana, a He cybauddepHumuana Rinapra. Ee npeumymiecTBo cocTouT
B TOM, UTO N0 KBazuaud@epeHnurany BbIUUMCIUMbI BCe TIPOU3BO/IHbIE KBa3UAUD-
(dbepeHuMpyeMoil GyHKUMU 110 HanpaBileHUAM, a 1o cybauddepennunany Raapka
X BbIYUCIUTH HeJlb3fl.

B sroHomuKe adpderT Bospacrawlleil oTJauu Bcerjga umeeT oObACHEHUe.
OHo MoKeT ObITh pa3HbIM B pa3lMYHbIX clyyadx, HO pyHaaMeHTalbHadA MPU-
YMHA 3TOr0 fIBIEeHUSA OJlHA U Ta ke — Haluuue 3aTpar, KOTOpPble He 3aBUCAT OT
Macuitaba nmpousBojicTBa. BelulleHeHHWe TakuX 3aTpaT U3 obllell COBOKYITHOCTH
Ha MpaKkTUKe He NpejicTaBlfgeT cepbe3HbIX TPyJHOCTel. bonee Toro, Kak npa-
BUJIO, TaKkWe 3aTpaThbl YUYUThIBAKOTCA OT/IeNbHO, UTO CYLIECTBEHHO YyIpouiaeT
CUTYalMIO 110 cpaBHeHuto, Hanpumep ¢ [11, 13]. UmenHo sToT cayuail 31ech u
paccmoTpeH. B codyeraHuu ¢ npuMeHeHueM Gosiee coBepIlIeHHOW TeXHUKU Cy6-
nuddepeHIMPOBAHUA 3TO MO3BOJUIO TIPEOI0NeTh HA MOJeIbHOM YpPOBHe (yH-
JaMeHTalbHOE MPOTUBOPeYNe MeH/ly NPUHIUIIOM 1leHO0Opa3oBaHus Ha OCHOBe
npeleNbHbIX U3[EPHER U OKYaeMOCThIO TIPOU3BO/ICTRA.
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5. HKoHuenunuu paBHoBecHA noTpeburtens

HGHTpaJIbHOG MeCTO B KOHIelIINK1 paBHOBECHUA HOTpGGI/ITeJIH 3aHuMaeT BOIIpoC O
IpOonuCXoaeHWN LOeH, T.e. 0 I[IopAdKe NX HagHa4YCeHU, Tak Kak OT ero pelieHnAd
3aBUCHUT pealnCTUYHOCTL M, B KOHEYHOM cCYeTe, #U3HECII0OCOOHOCTh Moaean.
buske paccMaTpuBarOTCA allbTepHaTUuBHBIE [IOAX0Abl K HAa3HAaYCHHUIO eH U CO-
OTBETCTBYOIIHME MM KOHIOEIIWKW paBHOBECUA HOTpGGI/ITeJIH.

5.1. DBoanble 3aTpaThl NoTpebuTenn

banoMHuM, 4TO JJA OT/IeIbHOTO NOTPeduTeld cucTeMa [leH — 3TO YCJIOBUSA, Ha
KOTOPbIX OH MOKeT MoJyvyaThb pasziuuHble Oaara, T.e. MNPOAYKThI WU YCIYyTH
[8, C.74]. B crannapTHBIX MO/Ie/fiX KOHKYPEHTHOI'0 paBHOBECUS TaKKe YCIOBHUS
onpefenfarOTCA eIMHbIM I Bcex MoTpedbuTeneil u npousBoauTeleil 6aar Bek-
TOPOM LIeH p € Rﬁr, IpUYeM B COCTOAHUM PaBHOBECHUA BEKTOP Il€H C TOUHOCThIO
10 HODMUPOBKM COOTBETCTBYET Ipe/leJlbHbIM U3/ep:KKaM MPOU3BoJIcTBa U Npe-
NelbHBIM MoJe3HOCTAM 6Jar jif Becex norpeduteneil. bpoucxoxjeHne BekTopa
IleH pealbHO He obcympaaercA. CuuTaeTcsA, YTO YPOBEHb IleH CKJajblBaeTcH B
pe3ylbTaTe UI'Pbl PIHOUHBIX CHUJI.

AHanoruuHoe o6'bAACHEHNWe 3aBeJIOMO He TOJUTCA JIIIA paccMaTpuBaeMoil Mo-
JeNu ¢ IByXaTallHOM lleHooO6pa3oBaHWM, TaKk Kak B Hell TPUCYTCTBYET 3JIeMeHT
1leHoBO# nucKkpuMuHanuu. PopmalbHble YCIOBUA NodydyeHus 6aar norpebuTe-
JleM ¢ ONKUChIBalOTCA Napoii BEKTOPOB

) n
(pa%) € B—i— X B-H

OJIUH U3 KOTOPBIX onpejienseT obiue 1A Bcex norpeduTeleii eHbl Ha NPOILY K-
Thl WK YCIYTU, @ BTOPO — nepcoHalbHble 1A Kaxjaoro ¢ € M 1eHbl Ha 4YTO-TO
elle, 4YTO MoeT ObITh, HalpuMep, NMPaBOM BXo/a Ha PbIHOK W/MW JUIleH3Uel
Ha UCIO0/JIb30BaHWe TEeXHOJNOIMU. B ToM W pyrom ciyvae Hellb3fl cUUTaTh, YTO
nepcoHalbHble 1eHbl ¢; CKIaJbIBalOTCA B pe3ylbTaTe UI'Pbl clAydailHbIX (haKkTo-
poB. ['opa3zjio peanucTuuHee MpPeaNnoNoKUTh, UYTO NlepCOHaNbHbIE IIeHbI 3a IPaBo
BX0Jla Ha PbIHOK HazHauyaeT HEKUil crelMalbHbIi opraH Wiu nocTaBlUIMK TOBa-
poB. TouHO Tak #e MOMHO NPeJNoJ0#UTh, YTO MIepCOHalbHbIe IIeHbl JUIEeH3U
Ha WMCIHO0Jb30BaHWe TeXHOJIOrMi HaszHauvaeT aulleH3uap. bo Torga 6e3 oTBera
ocTaeTcH BOMPOC: OTKy/a JIMIl0, Ha3Hayvatollee [leHbl, MO}KeT 3apaHee 3HATh —
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KOMY M KaKWe [leHbl MO#HO NpPeJlJIo#UTh, YTOObI HM B OJHOM cllyyae He CIIyT-
HYTh MOTEHIIMAAbHOI'0 KJIWEHTa U, B TO ke BpeMs, He 3aHU3UTh lieHy! bouTu
OUYEBUJIHO, YTO 3TO HEBO3MOMHO.

CTolb ke O4YeBHUJIHO, UTO TepCoHalbHble [eHbl ¢; MOI'YT cOpMUpPOBAThCA
TOJbKO B pe3yibTaTe neperoBopoB. Bonpoc 3akiaroyaeTcsa B TOM, Kak OpraHu3o-
BaTh npoiiecc neperoBopoB? CTporo roBops, 0OTBET Ha HEero 3aBe/IoMO BbIXOAUT
3a npefenbl Mofenu. ‘Tem He MeHee, ero ofcys/eHWe He TOJIbKO He JUIIEHO
CMbIC/a, HO Mo#eT ObITh BecbMa M0Je3HbIM. bOCKOJbKY Npolecc neperoBopoB
— 3TO J1efiCTBUA BDKOHOMUYECKHUX areHToB B CUTyalluh OTCYTCTBUA PaBHOBECHUS,
ero obcyjieHre MmoMoraeT MOHAThH Ha Ccojep:kaTelbHOM YPOBHE, UTO €CTh paB-
HOBeCHE U KaK K HeEMY MOMHO NPUBIU3UTHCH.

3/1eCb YMECTHO BEpPHYTbCA K TMOHATHUIO [leHbl KaK COBOKYIHOCTH YCJIOBUIA.
Takoe noHMMaHKe Xopollo coraacyeTcd ¢ NpaKkTUKON lleHooOpa3oBaHuA B ce-
pe HayKoeMKUX ycayr. Tak, B nociejHee BpeMs MoJy4duia pacnpocTpaHeHue
cucTemMa lieHooOpa3oBaHud Ha ycayru CeTu, IpU KOTOPOH MoJdb30BaTelto Npej-
naratroT BbIOpaTh CUCTEMY OIJIaThl U3 OTPAHUUYEHHOI'0, HO JOCTATOYHO IUPOKOI0
HaGopa BapuaHToB (Tapudos). Ramablil Takoit Tapud — 5To AByXaTalHasd CUC-
TeMa lleH ¢ aBOHEeHTCKOU muaToii B BUe (PUKCUPOBAHHOTO NJaTeka U OTAeNbHOMN
orjaTofl ycayr, npejocTaBlifeMblX CBepX TOI0 MUHUMYMa, KOTOPbIA cUUTaeT-
cA olllaueHHbIM B paMKax aboHeHTCKOU maaTel. Takad cucrema 1ieH 0CoOOeHHO
HarjafaHa, eciu obbeM MpefocTaBiAfAeMbIX YCAYT olpejelfdeTcd KOJU4ecTBOM
nepenaBaeMoil 1 npuHUMaeMoil WHpopMaiu (B GaiiTax), T.e. oniaunBaeTCH
TolbKo «Tpadpukry. Kawk npaBuio, yem Bhbllle aBoHEeHTCKas Ijara, TeM HUMkKe
cTaBka Npu omaTte «TpaduKay cBepX MUHUMalbHOro o6beMa. banpumep, oj-
Ha U3 peasbHo paboTaronx GUpPM Npejiaralia KiveHTaM MeHO U3 4 TapudoB
¢ aboHenTcrkoi maaroit: $10; $20; $30; $40 B mecsu. Rampomy Tapudy co-
OTBeTCTBOBaI «becniaTHbId Tpapuky» B 3ajlaHHOM oObeMe M oT/leJlbHasA cTaBKa
omIaThl cBepX »Toro oobema. Taw, aboneHTcroii maate $10 cooTBeTCTBOBAN
«OecrmaTHbIi Tpahur» B o6beme 50 merabaiiT u crasika omaatel $0,20 3a kaxk-
IbIA MerabaiiT cBepx »Toro oobema. AdoHeHTcroii miate $20 cooTBeTCTBOBAIN
100 6ecnmaTabix MeradaiiT u $0,16 3a MeradaiiT cBepx »Toro oobema, aboOHeHT-
croit mrate $30 — 200 «GecrmaTHbIX MerabaiTy u craBka $0,12 3a merabaiT
npesbilieHus. baroner, a6onentcroit maate $40 coorBercTBoBamn 300 «Gec-
naaTHbIX MerabaiiTy u $10 3a Kamapiii MeradaiiT MpeBbIIeHNUS.

Fcnu nepeBecTu 3Ty cucTeMy olljlaThl Ha A3bIK MO/, TO HavalbHbIi 11a-

48



TeK MOKHO NPeJICTaBUTh B BUJE ¢;-t;, IPUYeM OH COOTBETCTBYET He B TOUHOCTH
aboHeHTCKOl nJaaTe, a aBOHEHTCKOM NjaTe 3a BbIUYeTOM IleHbI «BecriIaTHbIX Me-
rabaiiTy. Wnaue ropops, npu aboHeHTcKoi maate $10 n3 Hee Ha0 BbIUECTD HEHY
50 «GecnmaTHBIX MeradaiiTy, KoTopas npu crabke $0,2 3a merabaiiT cocTaBUT
$10. B pesyabrare nonyuum g; - t; = $0. Ananoruunsim o6paszom uz $20 Hajo
BeiuecTh $16, nomyuaerca $4. Uz $30 namgo Beiuecth $24 u noayuuts $6, a us
$40 Bbruects $30 u moayunts $10.

CrnenyeT 3aMeTUTh, UYTO €ClIM Ha3HAUYUTh BCEM K/IMEHTaM eJMHYIO IaTy
$10 3a BXOJ Ha pLIHOK M enMHYIO cTaBKky omaathl $0,1 3a MeradaiiT, To mpu
norpedaenun 50, 100, 200 u 300 merabaiiT momydnM, COOTBEeTCTBeHHO, $15,
$20, $30 u $40, T.e. B mMpoMrphliiie OKA3BIBAETCSH TOJLKO MOTPeOUTENb MUHU-
MalbHOro oobeMa ycayr. KEciau nepexoq Ha HOBbIA «euHBIA» Tapud clelaTh
N0OPOBOJbHBIM, TO Ha Hero ¢ 60JbII0I BePOATHOCTHIO epeiyT 60JbIIUHCTBO
KJAMEHTOB. bpUMepHO 3TO U NPOU30ILLI0 B TOM KOHKPETHOM cilyyae, 0 KOTOPOM
et peub. OJHAKO Takoil Moaxoj npejanojaraeT Nyo6JUYHOCTb NMPeoKeHUsA
TapudoB U OTCYTCTBUE 1leHOBOU AucKkpuMuHalnuu. ClenoBaTellbHO, OH He M03-
BOJIAET MOJHOCTHIO ONTUMU3UPOBATh CUCTEMY IlleH, NpUYeM MMEHHO MOTOMY,
4TO ONTUMU3AIUA Npeanojaraet audQepeHIMPOBaHHYIO IJaTy 3a BXO/JI.

YTo6bl BRICTPOUTH CUCTEMY lleH ¢ eJIMHON cTaBKOW omjaaTkl 3a MerabaiT u
nudpepeHurpoBaHHOl nuaToit 3a Bxoj, pupmMe HeoOBXOJAMMO BeCTHU IeperoBo-
pbl C Ka/JbIM KJIUEHTOM WHJMBHUJYalbHO. bTO BIOJHe pealbHO, Korja CIu-
COK KJMEHTOB M3BeCTeH U C KamJblM U3 HUX yCTaHOBIeHa MOCTOAHHAA CBA3b.
B paccmaTpuBaemMoil KOHKpPeTHOH CUTyalUW LleHOBafd JUCKPUMUHAIUA MOMET
CBECTUCh K TOMY, UTO KIMEHTaM ¢ MUHUMAaIbHBIM 00beMoM (/10 50 merabaiiT)
OyeT nmpeIokeHo mIaTuTh $5 3a Bxoa u Te e $10 3a MerabaiiT, UTo 1 0CTaIb-
HbIM KaueHTaM. YTobbl nuddepeHMpoBaTh MmiaTy 3a BXOJ A OCTalbHbIX
KJAMEHTOB, Hajlo Gojiee TOYHO U3MEPATh KOJAMYECTBO MOTpebidAeMblX UMHU Me-
rabaiiT. BmecTe ¢ TeM, HauMHaTh IePeroBOPHbBIN MPOIECC ¢ OT/AelbHbIM KIU-
€HTOM MMeeT CMbIC]A UMEHHO Torja, Korja cTaBKa onjaThl 3a MerabaiThl s
Hero oTJuyvaeTcA OT MUHUMaJbHON CTaBKU, OCHOBAHHOI Ha IleHe Mpe/elbHbIX
uzjep#er. B npoTuBHOM ciiydae (pupme Hedero 6yjieT NPeNIoKUTh KIUEHTY B
oOMeH Ha MoBbllleHWe MmiaThl 3a BXoA. OjHaKo clieyeT yYUThIBaTh, YTO IPU
POBeJIEHUU WHUBU/YalbHbIX [1€PeroBOPOB Heu36e#HO BO3pacTy T TpaHcaKI1-
OHHble u3jep:KKu. B pesynbTaTe Bech BIMIPbIII OT ONTUMU3AIUKA CUCTEMbI 1IeH
MO3KeT ObITh MOTEepPAH.
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Crnenyromuil Bonpoc MHTepHpeTaluu 3aridyaeTcd B TOM, Kakoil WMeHHO
COMHOKUTENb B CKalApPHOM IIPOU3BEJeHUU ¢; - t; clellyeT cuuTaTh (PUKCUPO-
BaHHBbIM ¢; WU t;. B ToM W apyrom ciiyyae MO#HO MOCTPOUTh J0CTATOYHO
JOTUYHYIO CXEMY.

banpumep, nycTh 3ajaHbl 1leHbl ¢;. Toraa, Boibupasd pazaMmep HaYalbHOTO TJ1a-
Tema ¢; - t;, KIMEHT (akTUUeCKM BbIGUpaeT t; W, ciaejgoBarenbHo, b(t;). Tewm
caMbIM OH (KJIMEHT) onpejielifieT CTaBRY OMIaThl 3a JOTNOJIHUTelbHbIe Merabaii-
Thl (B PacCCMOTPEHHOM TMpuMepe) WK [eHY Ha MPOU3BOJUMBIN TPOAYKT, €Clu
M0Jb30BaThCHA A3bIKOM MOJeJU. 3/1eCb YMEeCTHO HallOMHUTh, YTO IleHbl B MoJle-
1 BBIGMPAIOTCH ¢ TOUHOCTBIO 10 HOPMUPOBKH, T.c. npH | = [ =1 BbIOOD 1leH
CBOJMTCA K BbIGopy b(t) u, cienoBaTelbHO, K BhIGOpY ¢. BpuMepHo To e nme-
eT MecTo B paccMoTpeHHOM npuMepe. CTaBka 3a JOMOJHUTENbHbIe Merabai Thl
/KeCTKO cBfA3aHa ¢ abOHEHTCKOHN NJaToi, T.e. KIWEHT, BbiOupasd Tapud, BbIOU-
paeT J1Ba CBA3aHHbIX Mexay coboii mokasartels, a 0 ABYM 3TUM oKa3aTelAM
OJIHO3HAUYHO BbIUMCIAETCA TlaTa 3a BXoJ ¢; - t;. boaToMy MoxHO cuuTaTh, 4TO
OH BbiOupaeT t;. bonee Toro, B paccMOTpeHHOM IpUMepe, Kak U B MOJIeJH, OIl-
TUMHU3ALUUA 110 ; U N0 t; ocylllecTBIAeTCHA pa3jlebHO. boTpeBHOCTH KiUeHTa
B MerabaiiTax yuMThiBaeTCcd UM MNpU BbiGope Tapuda Kak J0CTATOUHO XOPO-
10 U3BeCTHas BeJW4yMHa, T.e. 0OBIYHO Y KJIMEHTa eCTh HEKOTOPbIU IaH, Ha
KOTOPbIA OH opueHTHUpyeTcA Npu Bbibope Tapuda. PakTuyeckoe norpedieHue
onpejenseTcA B TeueHWe MecHlla, T.e. [Oche TOro, Kak cjlellaH BbIGOP Tapu-
da. bpu 3ToM Toxe NPOUCXOAUT HeKOoTOpas ONTUMU3AUA NOoTpebieHUus, HO
OHa OoCYlIeCcTBIAAETCA B paMKax 3ajaHHoro tapuda 1o NpuHuuny: 6paTh WU
He 6paTh Kakyo-To nHpopManuto U3 CeTu. AHanorudHbiM o6pazomM ONTUMU3A-
[IUA POUCXOIUT B MoJedu. bpu BbiGope areHTOM t; cuuTaeTcs 3ajJaHHbIM Z;,
a 1npu Bbibope x; cuuTaeTcd 3ajaHHbIM t;. Takum obpaszoM, Mojiellb U TIpUMep
AOCTaTOYHO XOPOIIO COrlacyTcAa Mexay coboil.

Fcnu cuntath GUKCUPOBAHHBIM t; WIW eIUHbI JIJIS BCceX areHToB t, To clle-
AyeT NMpu3HaTh, UTO KIWEHT, BbIOUpasd OJIMH U3 Npello#eHHbIX eMy Tapudos,
BbIOMpaeT napy p,q;. bazymeercs, Kak U B [IepBOM BapuaHTe NpejnojaraeTcs
Hallhuue HEKOTOPOIro OPUEHTUPOBOUYHOIrO IulaHa noTpebienud x;. Takum obpa-
30M, NpPU 3aJaHHbIX T;,t KIWEHT BbIOMpPaeT OJMH U3 BO3MOMHBIX BapuaHTOB
P, ¢; U ONTUMU3UPYET 3a cUeT 3TOr0 CYMMY BbIIZIaT. bTo oueHb Moxosxe Ha 06-
paTHYO (YyHKIHUIO clipoca, 0 YeM MoiijleT peub HUxe. BmecTe ¢ TeMm, cieayer
3aMeTUTh, YTO MePCOHAlIbHON 3/lech OKa3bIBalOTCH He TOJbKO IleHa 3a BX0JI, HO
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M 1leHa JIONOJHUTeIbHbIX 6aiiToB, T.e. MOMHO ObLIO MUcaTh He p, a p;. FKcau
BECTH [ePeroBOpbl C Ka/bIM KIUEHTOM OT/AeNbHO U B pe3ylbTare CONU3UTH
BhIGMpPaeMble MMM TI€HbBI p; Tak, UTO Oy/ieT BBINOJIHEHO yclIoBue (V'), TO MOMKHO
OylleT rOBOPUTh O JIOCTUMEHUMU paBHOBecus. MHbIMU cioBamu, Takad UHTep-
npeTalus eperoBOpHOro Impoilecca Take 1M03BolfAeT TOBOPUTh 06 OTCYTCTBUU
ABHBIX ITPOTUBOPEUYU Meay MOJelbl0 U PacCMOTPEHHbIM NpuMepoM. buxe
Oylle MoKkas3aHo, YTO IOJX0Jl HAa OCHOBe MNpPeANoYTeHU, 3alaHHbIX ABHO, U Ha
OCHOBe (PYHKIIMI oBpaTHOro crpoca NpakTUYeCKHM dKBUBaleHTHbI, T.e. C I0-
MOUIbID OTHOCUTENbHO MPOCTON MaTeMaTUyeCKOod TeXHUKM MOMKHO OT OJHOTO
nojxojia MepexojiuTh K JAPYyroMy U odpaTHO.

bakoHell, mocjae/HUI BONPOC UHTepIpeTaluyd MoJeln KacaeTcd OTHOCUTElb-
HOU CUIIbl CTOPOH B Npollecce neperoBopoB. OcHoBHaA KOHIENUA PaBHOBECHUS
B oTpebleHUU CTPOUTCAH Ha MPe/NoJoKeH|uH 0 BbIOope MepcoHalbHbIX [eH A
Ka#/JJoro noTpedbuTenNs B mpolecce aualora Me;ay HUM W I0CTaBIIMKOM ITPO-
M3BOJMMBIX YCIYT WAM NPoAyKToB. Takoe npejnolfoxeHue BIOJIHE YMECTHO,
Korjla peub UeT 0 JIONYCKe elle 0JJHOT0 MoTpebuTeNA Ha PbIHOK C y#e yCcTaHo-
BUBHIMMMUCSA 1leHAMHU Ha MPOJAYKThI U YCIyTU p € Sy npu 3ajaHHoM t. boTpebu-
Tellb { He MOJKET BIUATH Ha BBIOOP ¢, Tak Kak yie MpousBejieHbl 3aTpaThl A(t)
Ha co3/laHKie TeXHOJOTUi, HO 10 TOi e NPUUYKMHEe OH MOKeT BJIUATH Ha ILeHbI
¢;, Tak KaK MO3ULUA MOCTaBIUIMKa NMPOAYKTOB WIKW YCIYT B 3TUX YCIOBUAX He
MO3KeT ObITh CAUNIKOM #ecTKol. OcoBeHHO OUeBUIHO BTO B TOM cllydae, ecllu
MPOM3BOJCTBO B OCHOBHOM CBOJIMTCA K CO3JaHUIO TEXHOJIOTUU UK (B Gonee 00-
lmeM BapuaHTe) K HakomieHuto onpepencHHoro UK, koTophlil He pacxonyeTcs
PU MPOU3BOJCTBE NPOAYKTOB WIM YCIYyI WIW, UHA4Ye TOBOPA, NOTPeGHOCTh B
KOTOPOM He 3aBUCUT OT MaciiTtaba Npou3BoJCTBa.

bao6GopoT, no3unuA JulleH3uapa MoxeT ObIThb #eCTKOM, eciu 3aTpaThl Ha
co3/laHWe TeXHOJOruii He NMpou3Be/leHbl, T.e. BbIOOpP 3HauUeHUH t ellle He cJie-
nan. CnenoBaTelNbHO, PENOIO#EHe 0 HA3HAUEHU N TIePCOHalbHbIX [leH JUIeH-
3UapoM JIOCTaTOYHO XOPOUIO covyeTaeTCH ¢ MpeJrnojoeHrneM 0 MPOU3BO/ICTBE
MPOAYKTOB [UIAA CBOMX HYK[ Kam/JbIM noTpedurtenemM. B aTom ciayuae no6oit
noTpedbuTeNkb ¢ BOCIPUHUMAET lleHbl p,q; Kak 3ajaHHble. OH BblGUpaeT napy
(x;,t), MCXOA U3 CBOUX NMPEANOYTEHUI U (PUHAHCOBBIX BO3MOMHOCTEM, @ Tak-
JKe M3 3ajlaHHbIX [leH. ba 3TuxX npeanojomeHUAX CTPOUTCH KOHLENIUA CUllb-
HOTO paBHOBeCHA B MOTpebleHUU U COOTBETCTBYMOIIAsA eil KOHIeNua obllero
paBHOBECHH.
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5.2. (O6paTHble QYHKIIUHN cIIpoca

3aBUCUMOCTh MeKAy lleHaMu Onar v ux 1notrpebleHreM B MOJIeJNSX paBHOBe-
cuf 06bIYHO BbIpamaeTCH ¢ MOMOIUIbIO PYHKIUI cripoca WKW OTHOLIEHWH npej-
MOUYTEHUS, pee — ¢ MOMOLIbI0 GyHKIUN o6paTHOTO cripoca [14], T.e. ToyeuHO-
MHO#eCTBEHHbIX 0TOOpaMeHnit, conocTaBlIAONIMX Kam oMy x; € X; HEKoTopoe
MOJIMHO#eCTBO B .S U B Bﬂr. DopManbHO 3TH TI0J1X0/1bl B3aUM0O3aMeHfeMbl, HO
Ka#/blii U3 HUX MMeeT MU3BeCTHbIe IperMyllecTBa P ONUCAHUU OlpejlelleH-
HbIX 3aBUCUMOCTe Mexy nepemMeHHbIMM. B Mojenu ¢ AByxaTalHbIM 11eHO06-
pazoBaHueM Illejecoobpa3Ho UCMoNb30BaTh ofa Mojaxojaa, B TOM YuUCle UX coue-
TaHue. bampumep, 3aBUCUMOCTH MepCOHaNbHBIX LIeH ¢; OT x; U t, T.e. OT «pU3H-
yeCKUX» MepeMeHHbIX MPU 3ajlaHHbIX [[leHaX Ha HeBOCIIPOU3BOJMMbIE PECYPChI
MOMKHO BbIPa3uTh C NOMOIIbIO (PYHKIMU 0o6paTHOrO clpoca, a 3aBUCUMOCTh &;
OT 1leH p € S; NpU 3ajlaHHbIX t U Glo/KeTe — ¢ TIOMOIIbIO 00BIYHBIX (PYHKIIWI
crpoca.

N3 coobpameHuii TexHUMUYeCKOTo XapakTepa yJoOHO MMeThb MOJHbIA Habop
$pyHEUMI cnipoca U o6paTHOr0O crnpoca, KOTOPble MO#HO MCIOJb30BaTh B pas-
NUYHBIX KOMOUHAIMAX, OlIpe/lelideMbIX UHTepIlpeTalnueid MoJelu.

3aBUCUMOCTh 1leH Ha MPOAYKThl U YCIAYTH OT T; MOKeT ObITh BblpameHa C
OMOIIbIO TOUEYHO-MHOKeCTBEHHOI0 0ToOpaseHns

Ui# : Xz — QS,

KOTOpoe HasbiBaeTcA PyHKIMel obpaTHOro cipoca. Takoe oTobpaseHne MoMeT
ObITh MOCTPOEHO 1o oTobpaskeHuto U;, onuckiBarolleMy MpeanodyTeHus norpe-
ouTensd.

YrBepsaenue 4. Ecau omobpamenue U; ydosaemsopaem ycaosuio CU), mo
onpedeasemoe ycaosuem

UF (x;) = S0 (cone[Ui(x;) — 23))* = {g € Slg - () — x1) > 0,V € Ui(;)}

omobpaxcerue
Ui# : Xz — 25

BbINYKAOKOMNAKMHOIHAYHO U HENPEPLIGHO 1O Ha}fymaHu.

Hokra3aTeabCcTBO. BbIyK/I0CTh M 3aMKHYTOCTb MHOKeCTBa Ui#(xi) ciejgyer
13 BBIYKJIOCTU U 3aMKHYTOCTH CONPSAEHHOI0 KOHYCa, KoTopasi He 3aBUCUT OT
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cBoficTB U;. Tak kak S orpaHuyeHo, oTclojia ;e clelyeT KOMIaKTHOCTh Ui#(xi).
YTo6bl MoKazaTh MOJYHENPePbIBHOCThL CBEPXY 0TOOpameHus Ui#, A0CTaTOYHO
3aMeTUTh, YTO

(cone[Ui(x;) — x;])* = (cone[cdlU(x;) — x;])*,Va; € X,

a otobpasenue clU; momyHenpepbiBHO CHU3Y B cuiy npennonoskernusa CU). Ot-
Crojla clielyeT MoJYyHelpepbIBHOCTh CBEPXY 0ToOpameHns Ui#, B UeM Jlerko ybe-
OUThCA HENoCpeCTBEHHO ¢ MOMOIbIO CTaH/IapTHOTO NpreMa ¢ BbIHOpPOM CX0JIf-
U XCA TocleoBaTelbHOCTEH.

bycTk 3ajaHbl nocienoBaTellbHOCTH

{ri(v) oo € X {9(v) oLy,

rie
#
g(v) e UF(xi(v)) V.
Ecnu nepsasi nociaegoBaTenbHOCTh CXOANTCH K ¥, @ BTopasg — K HEKOTOPOMY

g €S, 1o

g - UZ#(l‘Z)
lleficTBUTENLHO, eCIM 3TO He Tak, TO HallgeTcA

2 € clU;(x;),
IS KOTOPOTO

g+ (x; —a;) <0.
bo Torna
g(v) - (v} — 2;) <0

IS JOCTATOYHO O0ALIKUX V. B cuily monyHenpepeIBHOCTH CHU3Y 0TOOpameHus
clU; HaiijieTcs cXONANIanACA K & mocie/oBaTeNbHOCTh {a;(v)}, Takux 4To

i(v) € dUi(xi(v)) V.
Torpa mis JoCcTaTOYHO GOBIINX ¥ JOJMHO BBIMOJIHATHLCA HEPaBeHCTBO
g(v) - (xi(v) — zi(v)) <0,
4TO MPOTUBOPEUYUT YCIOBUIO
9(v) € UF (xi(v)).
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N3 moaydyeHHOro NMpOTUBOPEUUsA ClelyeT 3aMKHYTOCTh, T.e. TOJYyHelpepbiB-
HOCTb CBepXy oToOpaeHUs Ui#. Tark war S — KOMNAKT, TO U3 3aMKHYTOCTH
Ui# clielyeT ero HempepbiBHOCTH 1o Rakyranu. Y.r.1.

3ameuanue. Eciu cnipaBenauBo npeanonosenne C'H), To Ui# = G,;.

YTBep:aenue 5. Fcau 3adano omobpancerue
Gi : Xz — 25,

makoe wmo 0aa kamwodoeo x; € X; muomecmso Gi(x;) 6bNYyKAO0 U 3aMKHYMO,
npuiem omobpancenue (G; NOAYHENPepulBHO c8epxy, mo onpedeasemoe Jcaosuem

G#(xl) ={z; € X;|lg- (2, — ;) > 0,Vg € Gi(z;)}

omobpaxcerue
GZ# : Xz — QXi,

o6osnavaemoe daee Vi, ydosaemsopsaem ycaosuio CU).

MokaszaTteabcTBO. benocpeacTBenHo U3 onpeeneHus orobpamenua V; cieny-
0T BRAtoueHue x; € clVi(x;) w Boimykinoctb Gi(x;) nas wamaoro x; € X;. OT-
kpbITocTh Vi(2;) cienyet u3 komnaktHocTu G;(2;). lleficTBuTenbHO, nas ao6o-
ro «; € V;(x;) 3HaueHne yHRIUU ¢-x}; nocTUraeT MUHUMyMa Ha G;(x;), Ipudem
9TOT MUHUMYM CTporo nonos;uteneH. CiejoBaTelbHO, TOUKA X CONEPIKUTCH B
Vi(x;) BMecTe ¢ HeRoTOpoil cBoeii okpecTHocThio. Kpome Toro, Vi(x;) - KoHyc
C BEpIIMHO B TOUKe ;.

OcTaeTcsi NPOBEepPUThH HelpephIBHOCTEL oToOpaxsenus c/V; no Kakyranu, T.e.
MOMYHENPePbIBHOCTD 3TOI0 0TOGpPaKeHUA CBePXY (3aMKHYTOCTb) U CHU3Y.

bycth nociemoBatenbhocTh {a;(v) 52, Touer uz X; cxoaures K &y, a mo-
crefoBarenbtocTh {a(v)}, roe 2i(v) € clVi(x;) nas rammoro v, cXoouTCA K
HekoTopoMy z; € X;. Tar Kak S - KOMNAKT, U3 MOXYHENPEPbIBHOCTU CBEPXY
otobpaskenuss (G; cieayeT ero IMOJyHENpPepbIBHOCTHL CHU3Y. WHBIME clIoBaMu
nas aboro g € Gi(x;) cylecTByeT CXONAMAACA K HEMY TIOCHeI0BaTelbHOCTh

{9(v)}72, Toder g(v) € Gi(x;(v)). Toraa
g(v) - (2i(v) —2i(v)) 20 V.
AHa.HOFI/IqHOG HepaBeHCTBO AOJM{HO BBIINIOJHATBCA WU B IIpelele, T.e.
g-(x; —x;) > 0.
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OnHako, g — MPOM3BOJILHBIA dleMeHT MHOskecTBa ((x;), cleoBaTelbHO, TO
HepaBeHCTBO BBITONHACTCA A BeexX g, T.e. ) € Vi(x;). Tem cambiM jloKka3aHa
Moy HeNpepbIBHOCTL V; cBEpXY.

Byctb Tenepn 2! € clV;(x;). JllobGasg okpecTHOCTh 3TON TOUKM MepecekaeTcs
¢ clV;(x;(v)) npn nocraTouHo 6oabINX v. leficTBUTENbHO, €Clid 3TO He Tak, TO
HaiileTcs Takoe yucao § > 0, 4To

g(w) - (xi = 2j) >

nasa Heworoporo g(v) € Gi(x;(v)) npu ramgom v. Tak rak S — KOMIaKT, TO
6e3 orpaHuUeHusi OOIHOCTH MOKHO CUHTATh MOCAenoBaTenbHOCTh {g(v) o,
CXOJIAIEHCH K HEKOTOPOMY g € S, a U3 MOJYHeNpPepbIBHOCTH CBEepXy oTobpa-
menus G; caenyer g € Gi(x;). Bo Torna olHOBpeMEHHO JIOJKHBI BbINOJIHATHCSA

HepaBeHCTBa
g-(x;'—xi)z()

g (v; =) >4,

yero He MoskeT ObITh. M3 mModyuyeHHOro NPOoTHBOPEUUA clielyeT MoJyHelpepblB-
HOCTh CHU3Y oToOpamenus G;. Y.T.1.

3ameuanue. Ecnu otobpasenue U; ynoinerBopser ycinouto CU), a V;
ornpejie/ieHo cooTHoleHusimu G; = Ui# uvV;, = G#, TO

Vi(z;) = z; + conelUs(x;) — ], Va; € X.
Bro crepyer HenocpeacTBEHHO U3 olpeeleHUs 0TODpaseHuit
G =U* Vi=G*.

N3 yTBep#eHuit 4 u 5 caellyeT BO3MOKHOCTD NepeiTu oT oTtobpamenus U,
onucChIBatoUlero npeAnovYTeHns, K oTodpameHunto obpaTHOro crpoca U o6paTHO,
T.e. ycTaHaBIMBaeTCH B3aUMO3aBUCUMOCTh MeH/1y NepeMeHHbIMU p U ;.

3aBUCUMOCTbh 1leH Ha NPOJAYKThl U YCIYTHW OT t onpefensercA YCIOBUEM
p € Sy (uam p € coneS;, ecin He TpeboBaTh HOPMMPOBKM IieH). baKoHer,
3aBUCUMOCTh Me/y MepcoHalbHbIMU lleHaMU ¢; U 3HaYeHUAMU p,t, x; YI0OHO
1306pa3uTh B BUJle

q; S ¢i(p7taxi)7
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— TOYEUHO-MHOKeCTBEeHHOe 0ToOpakeHue, colocTapisollee Kaxiaoi Tpoiike
(p,tyx;) € S X T x X

MHOKECTBO ¢;(p, t, x;), COCTOAIIEE U3 BCEX MPUEMICMBIX JUIf NOTPeOUTeNs i IeH
Ha JuleH3uu. [lanee Bcerja npejrnogaraeTcs, 4To

oi(p.t.wi) = =0p - B(t)a;] — ' ().
B Takom caydae ¢; € ¢;(p,t,x;) paBHOCHIBHO YCIOBHIO

t € Argmin[p - B(t)a; + ¢; - t'].
teT
Onpenenenue 12. Heasupasnosecuem nompebumens i npu 3adauuuixr t* € T u
p* € S nasweaemea napa (x},q}), ydosaemsoparowan ycao8uaM:

a) p* € UF(2}); D) ¢f € oi(p*.t",]).

AHasoruuHbIM 06pa3oM MosKeT ObITh ollpe/ielieHO MOHATHE PaBHOBECUA WU
KBasuMpaBHoOBeCUA B TepMUHax GyHKIMUIA oOpaTHOTO clipoca, Korja 3aJaHHbIMU
CUUTAOTCA T; U t, a BbIGUParTCA p U ¢;. B KoHeUHOM cueTe Bce 3TH ollpe/ieeHUs
NPUBOJAT K OJIHOM M TOH ke cucTeMe ypaBHeHUH. boaTomy BbiGop 0pHON U3
HUX B KauyeCTBe OCHOBHON — BONpPOC MHTepnperanuu. A peuniaTh ero cleayer,
olMpasAch Ha U3yyeHUe NPaKTUKU LleHOOOpa3oBaHUA B HayKOEMKOM CeKTope
AKOHOMUKMU.
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