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OBIITA A XAPAKTEPUCTUKA PABOTHBI

AxkTyaabHOCTh TeMbl. Bapuaimonibie HepaBeHCTBa, SABJISIIOTCS OJIHIM
u3 HauboJsiee yj00HbIX KHCTPYMEHTOB Jijisi (DOPMYJIMPOBAHKST U UCCJIE/I0BA-
HUsI pA3JIMUHBIX 3aJ1a4 paBHOBecus. B juccepraimonHoii pabore paccMar-
PUBAIOTCS CMEITaHHbIe BapUaIllMOHHbIE HEPABEHCTBA, KOTOPhIE COCTABJISAIOT
IPOMEXKYTOUHBIN KJIACC 110 OTHOIIEHUIO K OJIHOZHATHBIM ¥ MHOTIO3HATHBIM
BapHUAIIMOHHBIM HEpaBEHCTBAM, IIOCKOJILKY BKJIIOUAIOT HeJIMHEHOe 0ToOpa-
kenue u "Heguddepeniupyemyto pyukimo. Onn 6bn Beegenbl C. Jlec-
kapperom u @. Bpaynepom. C 0jHO# CTOPOHBI, NX UCTOYHUKOM SIBJISTIOTCST
OObIYHbIE BapUallMOHHbIE HEPABEHCTBA, TEOPETUYECKOE HCCJIEI0BAHUE KO-
TOpbIX HaunHaercs ¢ pabor [Oukepsl u [.CTaMIakKbu B CBSA3U € IPUIIO-
YKECHUSIMU B MaTeMaTH4iecKo# pus3uke, U B JlaJbHENIIEeM 9TO HalpaBJeHue
Pa3BUBAJIOCh MHOTMMH M3BECTHBIMM yUeHbIME, TaKuMi Kak K. Baiiokku n
A. Kaneno, ®.E. Bpaynep, X. Bpesuc, I'. oo u 2K.-JI. JInouc. C npy-
r'oii CTOPOHBI, 9TO 3a/1a9a BBIITYKJION HeuddepeHnpyeMoit OnTHMABAIIH.
Kilacc 3ajilad ¢ MOHOTOHHBIMU TIOTEHI[UAJIBLHBIMU OTOOPAXKEHUSIMU, COOT-
BETCTBYIOIIMI BIYKJIOH HejuddepeHIupyeMoit OnTuMU3aliiu, sBJIsieTcst
HanboJsiee pa3pabOTaHHBIM BO MHOTOM OJiarojapsi BKjaany B.®D. JlembsiHo-
Ba, I.1. Epémuna, 2K. Mopo, B.H. ITmenununoro, H.3. [lopa, ®@. Byu-
da, E.I'. Tonwsmreitna, B.JI1. Jlepuna, K. Jlemaperrans, E.A. Hypmunckoro,
B.T. ITonsika, P.T. Pokadennapa, A.M. PybunoBa u jipyrux aBropon. 3Ha-
YUTEJIbHOE [IPOJIBUXKEHNE B 00JIACTU PEIIeHrsI MOHOTOHHBIX BapHAIIMOHHbBIX
HEPABEHCTB CBA3aHO C Pa3BUTUEM METOJIa PEryJIsipU3alliu, MPeJJI0KeHHO-
ro A.H. TuxonoBbim. Bosbmioit Bkiaj B 9T0 HalpaBjeHUue BHECIU Pado-
el A.B. Bakymmunckoro, ®@.II. Bacuinesa, B.T. Ilongxka, B.B. Bacuna,
JI.JI. ITonosa, M.FO. Kokypuna u napyrux. MeTojbl pelieHusi CMeIIaHHbIX
BAPUAIMOHHBIX HEPABEHCTB ¢ MOHOTOHHBIM (CTPOTO, CHJILHO) OCHOBHBIM
0TOOparkeHneM, UCIOJIb3YIOlIUe Pa3JIniHble CXEeMbl PACIICIJIEHUs, [1PeJl-
narayuch B paborax A.C. Aurununa, U.B. Banpuesa nu O.A. 3agsopnosa,
k. Beprcekaca u JIxx. kmreitna, P. Bpyka, /. I'abes, 11.B. Konnosa,
A.B. Jlanuna, IT.-JI. JInonca u B. Mepcoe, II. Lenra u Jpyrux aBropos.
C pa3BuTHEM TEOPUHU BApPUAIMOHHBLIX HEPABEHCTB ObLIN BLISIBJICHBI UX TJIY-
OOKHMe CBsI3U € 3aJiladaMy JIOIOJHUTEIbHOCTH, CEJIJIOBOM TOUKU ¥ UIPOBOI'O
PaBHOBECHSI, UTO OTKPBLJIO NPUHIMITHAJIHLHO HOBBIE 00JIACTH ITPUIOXKEHUIT B
9KOHOMUKE, B CHUCTEMaxX TPAHCIIOPTa U CBSI3M, B COIUMAJILHBIX HayKaxX. SHa-
YUTEJIbHBIN BKJIaJL B 3Ty o0jacThb BHecan K. Jx. Dppoy, 2K. lebdbpe, X. Hu-
kaiiyio, I'. Pozen, C. Kapamapau, IL.I1. Ianr, C. Jadepwmoc, I1. Xapxkep,
A. Harypueit u apyrue. jist MHOMMX NPUKJIAIHBIX 3a/a4, B OCOOEHHOCTH



B 9KOHOMHKE U TEOPUM HUI'P, OCHOBHOE OTOOpakKeHue He YJI0BJIETBOPSET,
KaK MPaBUJIO, YCJOBUSAM TTOTEHIIUAJHLHOCTH U MOHOTOHHOCTH, a JIUIIL DoJiee
cjadbIM YCJIOBUSM TOPsJIKOBOM MOHOTOHHOCTHU. DBoJjiee TOro, Jijisi MHOI'MX
32184 SKOHOMUYIECKOI'0 I UTPOBOI'O PABHOBECHSI HE YIaeTCs rapaHTUPOBATH
HEBBIPOXKJICHHOCTDb 3TOI'0 OTOOPaXKEHHUsi, UTO CTAaBUT 3HAUUTEJIbHBIC TPY/I-
HOCTH KaK IIPU TIOJIyUYEeHUU PE3YJIbTATOB CYIECTBOBAHUS U €JIMHCTBEHHOCTH
peleHuii, Taxk u npu paszpaboTKe UNCIeHHBIX MeTo/10B. [loaTomy TemaTnka
paccMaTpUBAEMbIX B JINCCEPTAITUN BOIPOCOB SIBJISETCS aKTyaJbHOM Kak C
TEOPETUYIECKOI, TaK 1 C IIPUKJIAHON TOYEK 3PEHUSI.

IHenp uccaenoBanmii. OcHoBHas 1e/1b PAOOTHI COCTOUT B MOJIY YCHUN
Pe3yJIbTATOB CYIIECTBOBAHUS M €IUHCTBEHHOCTU PEIICHUA JIJId CMeIIaH-
HBIX BapHalMOHHBIX HEPABEHCTB B YCJIOBUAX IMOPSJIKOBONH MOHOTOHHOCTH
1 BBIPOXKJICHHOCTH OCHOBHOI'O OTOOpaykeHusi, pa3paboTKe 1 UCC/Ie/I0BaHUN
YUCJICHHBIX METOJIOB pEeIIeHWs TaKWX 3aJlad, U B ITPUMEHEHUM TOJYyYeH-
HBIX PE3YJIbTATOB JJIsI JOCTATOTHO IMIHPOKHUX KJIACCOB 3aJ1ad TEOPHUU KO-
HOMUYECKOT'O PABHOBECHSI, KOTOPhIE MOTYT OBbIThH C(HOPMYJIMPOBAHBI B BU/IE
paccMaTpPUBAEMbIX CMEIIaHHbIX BapPUAIIMOHHBIX HEPABEHCTR.

Metoasl nccaegoBanuii. B pabore ucnoib3yorcs MeTonnl audde-
peHIupyemoii u HejiudpepeHnupyeMoil ONTUMU3AIUN, BbIITYKJIOIO aHa K-
3a, HEJIMHEWHOTO aHaJIn3a.

Hayunaa woBu3Ha. Bce pesysibrarbl paboThl SBJISIOTCH HOBBIMU U
COCTOAT B TOJIYIEHUN Pe3yIbTaTOB CYIIECTBOBAHNA U €JIMHCTBEHHOCTH pe-
IMIEHUsT CMEeINTaHHbIX BapPUAIIMOHHBIX HEPABEHCTB B YCJIOBUSX IOPSIKOBOI
MOHOTOHHOCTH, HEJIMHEHHOCTU U BBIPOXKJIEHHOCTH OCHOBHOI'O OTODpaXKe-
HUsI, BOSHUKAIONIUX TP HCCACTOBAHUN 3379 IKOHOMUUECKOTO PaBHOBE-
CHsI, & TaKXKe B IIOCTPOCHUH U UCCJICOBAHII ObICTPO CXOJSIIUXCS METO/I0B
pereHust TaKux 3a/1ad.

J1loCcTOBEPHOCTh PE3YJIbTATOB PAOOTHI 00€CIIEUMBACTCS CTPOIMMHU
MaTeMaTUIeCKUMH JIOKA3aTeJLCTBAMK, XOPOIIUM COBIIaJIEHIEM pPe3yJIbTa-
TOB UHCJEHHDBIX SKCIIEPUMEHTOB C TOUHBIMHU PEIIeHUsIME JIJISI TECTOBBIX 3a-
Jlad.

IIpakTnyeckoe 3HadYeHMe. PazpaboTaHHbIe MOIXO/bI, METOIBLI M aJl-
TOPUTMBI IPUMEHUMBI JIJIs1 YUCJICHHOTO PelIeHrusd 3a]1a9 SKOHOMHUIECKOrO
PaBHOBECUS PA3JIMIHBIX TUIIOB, BKJIIOYAIONUX HEerJiakne PYyHKIUN, & TaK-
YKe MOI'yT ObITh MCIOJIb30BaHbI 1IPU PEIIEHUU U JPYIUX HPUKJIAJHBIX 3a-
Jlad, BO3HUKAIOIINX, B YaCTHOCTH, B MaTeMaTHUUeCKO# (pU3MKe U Teopuu
urp.

Anpobaius paborbl. Pesynbrarhl guccepTamnyu JTOKJIabIBAINCH 1
00CyK/JIaJIMCh HA UTOIOBBIX Hay4YHbIX KOH(epeniiusax Kazanckoro rocyjiap-
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creertoro yausepcurera (2001 — 2006 rr.), Ha Pecnybiukanckoii nayaHo-
npakTuueckoit koudepennun “UMuresiekryaabubie cucTeMbl U nHMOpMa-
iuoHHble TexHosiornn’, r. Kazanb, 30 okrsibpsi — 1 HosiOpst 20011.; Ha Bee-
POCCHIICKO# MOJIOFEXKHOM HayIHOMU ITKoJIe-KoH(pepeHIun “HucjieHHble Me-
TOJIbl pelleHus JUHEHHBIX U HeJUHEeHHbIX KpaeBblix 3ajaad’, I. Kazanb, 19
— 23 nosiopst 2001 1.; Ha, Herseprom Beepoccuiickom cemmunape “Cerodnbie
METOJIbI JIJIsT KpaeBbIX 3aJa4 U npujioxkenus , T. Kazanb, 13 — 16 cenTso-
ps 2002 r.; ma Ilectom Beepoccuiickom cemunape “CeTouHble METOBI JIJIst
KpaeBbIX 3ajiad u npujoxkenusi’, r. Kazanb, 1 — 4 okrsopss 2005 1.; Ha
XIIT Mexiynapojnoit kondepeniuu “IIpobsiembl Teoperndeckoit kubep-
Herukn’ , T. Kazanb, 27 — 31 mas 2002 r.; za Illectom HammonaabHOM KOH-
rpecce SIMAI, Chia Laguna (WUrasmus), 27 — 31 mapra 2002 r.; na Beepoc-
cuiickoit kondepeniun “MaremaTndeckoe IporpaMMUPOBAHUE U TPUIOKE-
Hus’, r. Exarepun0Oypr, 24 — 28 despasta 2003 1.; Ha 8-oM Mex yHapoHOM
CUMIIO3UYME 1O 0OOOIIIEHHO# BBIMYKJIOCTH U OOOIEHHON MOHOTOHHOCTH, T.
Bapese (Mranns), 4 — 8 urosst 2005 r.; Ha HayIHBIX ceMuHapax Kadeap 5Ko-
HOMUYECKON KUOEPHETUKU, PUKJIAJHON MaTeMaTuKU U BbIYUC/IUTEIbHON
maremarukun K'Y (2005 — 2006 rr.); Ha ceMUHADE OTJEICHUS MAaTeMAaTH-
yeckoro mozenupoBanusgs HUMMM um. H. I'. Heborapesa KI'Y, 2005 r.

UccneoBanus 1o TeMaTuke JIMCCepTallii BbIIOJHSIJINCH B pAMKaX OC-
HOBHOI'O HaydHOro Harpassenust KI'V “OkcrpemasibHbie 1 paBHOBECHbBIE
3a/1a91 SKOHOMUKHU W CUCTEM YIIpaBJeHUs , MOJIyIaau TMOJJIEPXKKY B paM-
kax npoekToB ®onga HUOKP PT w HUP UIIN AH PT.

ITy6aukamum. [lo Teme puccepranuu onyodsukoBano 17 padbor, B Tom
ancie ofna craths [10] B m3nanun u3 crmcka BAK.

CrpykTypa u obbem paboThl. /luccepralis COCTOUT U3 BBEICHHUSI,
Tpex TJIaB, CIUCKA JIMTepaTypbl 1 uajoxkena wa 114 crpanumnax. Crnncok
JIMTEpaTyphl cocTouT n3 148 HamMeHOBaHMUII.

KPATKOE COAEP?KAHUE PABOTbBI

Bo BBemeHuUmM 00OOCHOBBLIBAETCS aKTYaJlbHOCTb TEMbl HCCJIEOBAHUSI,
dopmynupyercst 1eb paboThl, TPOBOANTCS 0030 JIMTEPATYPHI 110 UCCIIe-
JIyeMOil TeMe, M3JIaraeTcs KPaTKoe COIEPKAHNE JIMCCEPTAIIH.

B mepBoii riiaBe mpuBejeHa MOCTAHOBKA 3aJadd CMEIIAHHOIO Bapua-
IIMOHHOI'O HEPABEHCTBA B YCJIOBUSAX IMOPSIIKOBON MOHOTOHHOCTH OCHOBHOI'O
0TOOPaXKEHWSsI, TIOJIYIEHBI PE3YILTATHI CYIECTBOBAHUS W €JUHCTBEHHOCTH
pererunst Takoi 3aja4un. Kpome Toro, 000CHOBaHbI UTEPATUBHBIE METOIbI
peIeHnst CMEIIaHHbIX BAPUAIMOHHBIX HEPABEHCTB Ha OCHOBE CITycKa 1o D-
UHTEPBAJIbHON (DYHKIIHUH.



B pazaene 1.1 gaercs mocTaHOBKA 3aJa9U CMEIIAHHOI'O BapUAIIMOHHO-
ro HEPABEHCTBA, & TAaKXKe MPUBOJISITCS HEKOTOPbLIE ODIKe pe3ybTaThl U3
TEOPUHU ONTUMU3AINNA U BAPUAIMOHHBIX HEPABEHCTB.

ITycTh 3ajaHo BbIIyKJOe MHOXKecTBO K B mnpocrpancrse R, orobpa-
xkeane G : V — R" u BolyKJasi, HO Heobsa3aTeabHO nuddepeHimpyeMast
dbyukmusa f V. — R e K C V C R". Cwmewannoe 8apuaruontoe
HEPABEHCMB0 COCTOUT B ONpejiesiennn Toukn ¥ € K Takoii, 4To

(G(x"),x —a") + f(x) — f(2") >0 VzxeK. (1)

MbI OyjeMm paceMmarpuBarTh 3ajady (1) IpU CIELyIONUX HPEJITOI0KE
HUSIX:

(A1) Omobpasicenue G : 'V — R" nenpepwsno, 2de V. — evnyk.roe
omxpuimoe nodmmooicecmeo R".

(A2) Mnoowcecmeo K umeem sud napasresenuneda, m.e. K = Ky X
Ky x ... x Ky, ede K; = |y, ;] C [—00,+00] das scexi=1,...,n, upn
srom K C V.

(A3) Pynxuyusa f : V. — R eunykaa na V u umeem eud: f(x) =
ﬁl fi(s).

Hust ungexcuoro muokecrsa L = {iy,...,5;} € N = {1,...,n} obo-
sHaunuM Ty, = (r;)icr, 1epe3 Ar(x) — KBajpaTHy0 MATPUILY C 3J€MEHTaMuU
%x@ i 1,7 € L, gepe3 [; — eIMHUYHYIO MaTPHUILY COOTBETCTBYIONIErO
HopjﬂﬂKa.

st BekTOpoB 13 R™ MOXKHO BBECTU OOBIMHOE YIIOPSIJIOUEHUE > € ITOMO-
11HI0 HEOTPHUIIATEJILHOT'O OPTAHTA Rﬁl, T.e. T > Y O3HaYaeT, yro r—y € R
Tenepb HATIOMHUM psifi CBOMCTB TOPSIIKOBOI MOHOTOHHOCTH JIJIsI OTOOpAa-
YKEHMIA.

Onpegenenne 1 Orobpaxenne G : K — R" HasbiBaercst

a) P-omobpasicenuem, ecau st oboit mapsl Touek x,y € K, x # v,
cylecTByer uHjekce ¢ rakoit, uro (x; — y;)(Gi(x) — Gi(y)) > 0;

b) empozum P-omobpasicenuem, ecan cyrecrByer aucio v > 0 takoe,
yro G — vIN ecrb P-orobpazkenue;

c¢) Py-omobpasicenuem, ecnu jiyst moboii maper Touek x,y € K, x # v,
CYIIECTBYeT MHJIEKC @ Takoii, uro x; # y; u (x; — y;)(Gi(x) — Gi(y)) > 0;

d) Z-omobpasicenuem (uru 6neduazonasvno GHMUMOHNKLM), €CIN JIJist
moboit maper Touek x,y € K,x > y Bomosnsiercs Gi(z) < Gi(y) s
JI0boro nHAeKca k Takoro, 4To Ti = Yi;

Tlo onpenenenuto, R} = {z € R" | ; > 0,i =1,...,n}.



e) M-omobpasicenuem, ecim OHO OJHOBPEMEHHO siBiisgercs P- u -
0TOOpaXKEHNEM;

f) My-omobpasicenuem, ecim OHO OJJHOBPEMEHHO siBiisiercss Py- u Z-
0TODPAYKEHHEM.

B addunnom ciyuae, korya G(r) = Az + b, jnannbie cBoiicrBa coB-
Maal0T ¢ COOTBETCTBYIONMME cBoiicTBamMu MaTpuiibl A. OdeBugHO, 4TO
cpoiicrBa Py u P 06001mator cBoiicTBa 00BIYHOM (COOTBETCTBEHHO, CTPO-
roif) MOHOTOHHOCTH OTODOpakeHust G.

Pazmesn 1.2 1nocssiineH pesy/ibraTaM CyLIECTBOBAHUS U €JIUMHCTBEHHO-
CTHU PEIIeHuil IS CMEITaHHOTO BapUAIMOHHOTO HepaBeHcTBa (1).

BobIMMHCTBO N3BECTHBIX PE3YJIHTATOB CYIIECTBOBAHNS U €MHCTBEHHO-
cru perennii B 3ajade (1) Tpedyror yersieHHbIX cBoiCTB Tuiia P orobpaske-
aust G. OHaKO TaKue CBOMCTBA SIBISIOTCA OTPAHUINTEIbHBIMHA JIJIT MHO-
I'MX MPUKJIATHBIX 33029, COJEPXKAIINX 0TOOPakeHus ¢ BRIpoXK IeHueM. [1o-
Ka3aHO, 9TO MOYKHO TTOJIy9IUTh PE3yJbTaThl CyIIECTBOBAHNS W €INHCTBEH-
HocTu periennii B 3aja4e (1) u npu Gosiee crabbIx CBOHCTBAX 0TOOPaKEHUs
(G 3a cuer (CHUJIbHOl) CTPOTOii BBIMYKJIOCTH (DYHKIUHU f B OTDAHUIEHHOM H
HeorpaHuueHHoM cjiydae MHOKecTBa, K.

Teopema 1 ITycmo swnosnaomes yeaosus (A1) — (A3), u G ecmv Py-
omobpasicenue. Ecau dynruyuu fi cmpozo ewnykave dasi=1,...,n, mo
sadava (1) ne moorcem umemsv boaee 001020 PeUWEHUA.

CanencrBue 1 Ecau, donosnumensvno x ycrosuam meopemor 1, muootce-
cmeo K ozpanuueno, mo zadaua (1) umeem eduncmeennoe pewenue.

Teopema 2 [Iycmo svnosnaomes yeaosus (A1) — (A3), u G ecmv Py-
omobpasicenue. Ecau gynwyuu fi curvio ewnyravie daa ecexi=1,...,n,
mo 3adava (1) umeem eduncmeennoe pewerue.

Tenepnb 101yYUM pe3yIbTaThl CyINECTBOBAHNUA U €IMHCTBEHHOCTH Pelle-
Hust 3agaqau (1) juis ciaydasi, Korja ToJbKO 4acTh orobpaxenusi G obia-
JlaeT yeuJeHHbIMI P cBoiicTBaMu.

Teopema 3 ITycmo svnoanaomen ycaosusn (A1) — (A3), G — duddepen-
yupyemoe My-omobpascenue. Ipednosoocum, wmo 0as HeKOmMOpPo2o MHO-
orcecmea L C N cywecmeyem wucao € > 0 maxoe, wmo Ap(z) — elp
ecmv P-mampuua das aobozo x € K. Ilpednososcum maxowce, wmo f;,
i € N\L - cuavno swunykave gynryuu. Tozda sadava (1) umeem edun-
CMBEHHOE PEeULEHUE.



Teopema 4 IIycmo svmoanaomea yeaosua (A1) — (A3), G — dupgepen-
yupyemoe My-omobpasicenue. IIpednososicum, wmo oas HeKomopo2o MHo-
orcecmea L C N, Ap(x) ecmov P-mampuuya das mobozo x € K, a maxoice,
umo fi, i € N\L — cuavno swnykavie dynxyuu, v K — oepanuyennoe
mmoocecmeo. Toeda 3adaya (1) umeem eduncmeennoe pewenue.

B pasgene 1.3 onmcanbl METO/bI PEIIEHKS CMEITAHHOTO BAPUAIIMOHHO-
ro HEpaBEHCTBA (1) Ha OCHOBE IIPeo0pa30BaHUs MCXOHON 3a7a4ul K 3a/1a-
4e ONTUMU3AIMA B OTHOIIEHUN HEKOTOPOl MCKYCCTBEHHOW MHTEPBAJILHONI
(I/IJH/I, nHaue, oueHquoﬁ) dyHKIMN.

Pacemorpum dyukinmio Yas(x) = pa(r) — @s(x), e 0 < o < G,

n

Ya(r) =max > O (z,y;) = Y max D (x, y;)

velki i 5 i=1 Y€K
re
O (2, yi) = Gi(x) (i — yi) — 0.5a(z; — i) + fizi) — fi(yi)
astt = 1,...,nua > 0. Dynxnus ¢, HazbiBaeTcss D-nHTEpBaJIbHON 115

sajaan (1) u ObuTa BHaYase npejioxkena s caydas f = 0 [x. [learom.
.B. KonHOB 11pej/102K 11 MPUMEHUTH €€ JIJIsi CMeIaHHOTO BapUalmOHHOTO
HePaBEHCTBa U yCcTaHOBUII JinddepeHnupyeMocTb MyHKIMN Py3, KOTOPOT
He obj1ataeT oObIuHAas MHTepBaJibHas (DYHKIN ©,. BMecTo ncxonnoit 3a-
maan (1) Mbl MOXKeM peraTh 3ajady MUHEMHU3ANUN JauddepeHnnpyemMoi
dbynknun 1,5 Ha BceMm npocrpancrse 12"

min — Y,s(z). (2)

TR

Boaee Toro, ecin sikobnan ocHoBHOro otrobpaxkennst G ecth P - maTpuIa,
10 3aja4a (1) sKBUBAJICHTHA 3ajlade HAXOXKJCHWUs CTAIMOHADHONW TOYKU
7uist (2), T.e. PEIEeHNTO0 CUCTEeMbI HeMMHEHHBIX ypaBHernit Vib,s(x*) = 0.
Ha ocnoBe 3Toro cBoiicTBa B paboTe IMpe//IaraloTCs METO/bl PEIICHUsT HC-
xojiHO# 3ajaun (1), ucnosb3yonye ciyck no D-uHTepBajbHON (QyHKIN.
st Munnmusanuu QyHKun 9,5 BHavase OblI IPUMEHEH I'DaJIMeHT-
upiit Meroy (I'M) ¢ nuneiinsiv onckom tumna Apwmuito. O6o3uatwnM crap-
TOBYIO TOYKY METOJIOB uepe3 2.
Teopema 5 ITycmo sunoanatomes ycaosus (A1) — (A3) ¢V =R", G -
dugppepernyupyemoe omobpascenue. Ecau mroscecmeso

D(2") = {2 | Yag(2) < vas(z")}



oeparuueno, u VG(x) ecmv P-mampuya das aobozo © € K, mo ume-
payuonman nocaedosamesvrnocms memoda (I'M), npumenennozo x 3adaue
(2), cxodumes x eduncmeenmnomy pewenuro sadaywy (1).

BaTem ObLT TPUMEHEH BAPUAHT METOIa COMpsKeHHbIX rpajnenTos (MCI'1),
npejoxkennniii JI. I'punmo n C. Jlyeuan st 6€3yCca0BHON MUHUMA3AIUN

JinpdepeHnupyeMbix yHKITUI.

Teopema 6 [Tycmo sunoanatomes ycaosua (A1) — (A3) ¢V =R", G -
dugppepenyupyemoe omobpasicenue, mnosicecmeo D(2Y) oepanuueno, cy-
weemeyem eunykaoe omrpwimoe muosicecmeo U, codeporcawsee D(2°),
maxoe, wmo epaduenm Gynryuu Vo3 nenpepueen no Junwuyy na U, u
VG(z) ecmv P-mampuya daa mobozo x € K. Tozda umepayuonnan no-
caedosamenvrocms memoda (MCI'1), npumenennozo x 3adave (2), cxo-
dumes K eduncmeennomy pewenuto 3adauu (1).

Kpowme Toro, 1y muanMusanuu GyHKINT 1,3 ObLI HCIOIB30BAH TaKXKe
JPYTOil BApHAHT MeTOJa conpsikeHHbIX rpaquerTo (MCI'2), npemioxen-
ubiit X. Mykau.

Teopema 7 IIycmo evwnoansomesa ycaosus (A1) — (A3) ¢V = R", G
— duddepenyupyemoe omobpasicenue, mnoscecmeo D(2Y) ozpanuveno, u
VG(z) ecmv P-mampuua das mobozo x € K. Tozda umepavuonnasn no-
caedosamenviocmo memoda (MCIL2), npumenennozo x 3adave (2), cxo-
dumca x eduncmeennomy peuwenuto 3adavu (1).

Takum obpazoM, 000CHOBAHBI UTEPATUBHBIE METOJIbI PEIIEHUST CMeTTaH-
HOIO BapUalMOHHOTO HepaBeHcTBa (1).

B pazmesie 1.4 paccmarpuBaercsi pas/ioKUMOe CMEIIaHHOE BapuUally-
OHHOE HEPaBEHCTBO, Iyie Jlomyctumoe MuoKecTBO K B (1) momyckaer mpe/-
CTaBJIEHWE B BUJIE JIEKAPTOBA MMPOU3BEICHWS TTOJIMHOXKECTB 13 MTPOW3BOJIb-
HbIX KOHEYHOMEPHbBIX HojpocTpancts, T.e. K = Ky X Ky X ... X K, rje
Ks C R"™ nnua s € M = {1,...,m}, a takxke f(x) = SEZMfs(aL‘S), e

r=(rs|s€ M), xs € R"™ nuas €M, r.e. m <n B obiem ciydae.
Jlst 3T0M 33891 Oy IeHBI Pe3YJIbTaThl CYIIECTBOBAHNUS W €IMHCTBEH-
HOCTHU PeIlleHusi, KOTOpble 0000IIA0T yTBEepXKeHusi TeopeM 1 u 2 u cJje/i-
cTBUSA 1 Ha OCHOBE COOTBETCTBYIONMINX PACIIUPEHUl CBOMCTB MOPSIKOBOIM
MOHOTOHHOCTH OCHOBHOI'O OTOOparKeHUsI.
Bo BTOPOIi riiase npejcraBiieHbl MOJIEIN SKOHOMUIECKOT'O PaBHOBECH S,
B KOTOPBIX YUUTHIBAIOTCsS Pa3/MyiHble BUJIbl KOHKYpeHuun. [Tokazano, 1o



IPH JIOCTATOYHO €CTECTBEHHBIX YCIOBUAX 9TH 38191 MOTYT OBITH CPpopMy-
JIMPOBaHbI B BUJIE CMEIIAHHOIO BapualmonHoro Hepasencrsa (1). TTosyde-
HbI PE3YJIbTAThI CYIIECTBOBAHUS U €JIMHCTBEHHOCTH PEIIeHUsT JIJIsi PACCMAT-
pUBaEMbIX MoJIesIeit, a Tak¥XKe JJId HUX 0OOCHOBAHBI Pa3IMIHbIC BAPUAHTHI
METOJIa peryJisipu3alluu.

Pazmen 2.1 nocssiien obieMy KJjaccy 3ajiad paBHOBecus: 110 BaJjib-
pacy. PaccMorpum Moziesib paBHOBECHS, B KOTOPO#i UCTIOJIB3YETCS 1 THIIOB
ToBapoB. [ist BekTopa 1en p € R onpejensercs muoxecrso E(p), Koto-
poe sIBJIdeTCsl 3HaueHneM oTobpaxkenus nzdbITOuHOrO cripoca B @ R —
II(R")?, B obieM ciydae MHOIO3HAYHOIO.

BBejieM criefyrorniee mpeJirnooKeHue.

(B1) Iena kascdozo mosapa, 606.4e4eH1020 6 PIHOK, UMEET HUNCHION
NONOHCUMENOHYIO 2PAHUYY U MOHCEM UMEMD BEPTHION 2PAHULY.

pyrumu cjoBamu, JIOMYCTUMBIE TEHBI COJIEPXKATCS B MHOXKECTBE, KO-
TOpOE UMeeT BUJI TTapaJiie/IenuIe;a:

K=K xKyx..xK,, (3)
Ki={tcR|0<7, <t<7 <+o0},i=1,...n.

Torma paBHOBECHBIE TIEHBI OIIPEIEISIOTCS BEKTOPOM p* € K TaKuM, ITO
¢ € E(p*), (¢",p*—p)>0 VpeK, (4)

410 00001aeT OOBIMHYIO 3a/laly paBHoBecus B ciydae K = R

st mpeobpazoBanusi TOJyUYeHHOIH 3agadu K Budy (1) wucrnosnbsyem
cjejyioniee npejcrasiene orobpaxkenuss usbbirounoro crnpoca: E(p) =
D(p) — S(p), rie orobparxkenue D 0HO3HAYHO U OMKUCHIBACT N30BITOUHbII
CIIPOC YYACTHUKOB, IOBEJIEHIE KOTOPBIX COOTBETCTBYET MOJIEJISIM COBEp-
IIEHHON KOHKYPEHIMH, a OTOOpaskenue S npeosaraeTcss MHOrO3HAYHBIM
1 OIUCLIBAET N3OLITOUHOE MIPEJIJIOKEHIE YIACTHUKOB, KAXKJIbIi U3 KOTOPBIX
IIOCTaBJIsIET UM IpuodpeTaeT eAMHCTBeHHbI ToBap. Torma mpu JaHHOM
BeKTOpe meH p € R orobpakenne S AnaroHajbHO, T.€. TPEJICTABAMO B
BUJIE JICKAPTOBA, IPOU3BE/ICHUSI:

S(p) = Sl(pl) X 52(]92) X ... X Sn(pn) (5)

EcrectBenno cumrars kaxkjgoe orobpaxenue S; : Ry — II(R) moHOTOH-
HBIM [T BeeX ¢ = 1,...,n, T.e. (M30bITOTHOE) MpEJIOKEeHNnE HE YObI-
BaeT 10 OTHOIIEHWIO K IIeHEe ToBapa. lorja orodbpakenume S TpecTan-
nger coboit cybnuddepennuan Hekoropoit dymknuun f, Te., S; = Jf;,

2[T(R™) o3nagaer cOBOKyIMHOCTH BCEX MOIMHOMKECTB MHOXKECTBa, R
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rne f; + Ry — R ecrb Bhimykiad (yHKIWA, g Bcex j = 1,...,m,
n
f) = 2 fi(pj).
[Ipu 91ux npenosoKeHnsx 3ajiada IOUCKa PaBHOBECHBIX 1ieH (3), (4)

9KBUBAJIEHTHO 3aIUCBIBACTCA B BU/JI€ MHOTO3HAYHOT'O BAPUAIIMOHHOTO HEpa-
BEHCTBA: HaUTH TOUKy p* € K Takyio, 4To

Js* € S(p"), (D(p*),p"—p +(s",p—p) >0 VpeK.

DTa 3a/1a49a SKBUBAJECHTHA CMEITAHHOMY BapUaIlMOHHOMY HEPABEHCTBY

n

(GP"),p—p") + 2 1filpi) — filp))] 20 Vpe K, (6)
i=1
coorercTByIemy sajgade (1), e G = —D u V = R"3,
151 moJiyueHns pe3yabTaToB CyHIeCTBOBAHUS U €MHCTBEHHOCTH PeIIe-
HUS MCIOJIL3YIOTCS JIONOJHUTEILHBIC YCJI0BUS Ha, oTobpaxkenue D,

Onpepesiernne 2 (a) Orobpaxkenune D obagaer CBOWCTBOM 6a40601 3a-
menumocmu, ecu 0D;/0p; > 0, j # 4

(b) Orobpaxenune D nososcumenvio odnopodno cmenernu m, 0 < m <
1, ecin D(ax) = o™ D(z) g moboro o > 0.

YesioBre BAJOBO 3aMEHUMOCTH Ha (M30BITOUHBI) CIIPOC SIBJISIETCS O/I-
HUM 13 HarboJiee OOIIENPUHSITHIX B 9KOHOMUYECKUX MOJENAX U O3HAYAET
3aMEHSIEMOCTh TOBAPOB JIJIST YIACTHUKOB. YCJIOBHE TOJOXKUTEILHON OTHO-
pozanoctu crenenn ) (He3aBUCHMOCTH OT MaciITaba 1eH) Ha (H30bITOUHbI )
CITPOC SIBJISIETCST TAKYKe JOCTATOYHO CTAHZAPTHHIM W OOBIYHO CJELyeT W3
HEHACHIIAEMOCTH T1oTpedbuTeei.

(B2) Omotpascenue D nenpepuisno duddepenyupyemo, nososrcumens-
1o 0dnopodrno cmenenu 0 u obaadaem ceolcmeom 6an060T 3aMEHUMOCTIU
na RZ. Omobpaoicenue S umeem eud (5), 2de Sj ecmv cybduddepenyuan
evnyraol pynsyuu fj: Ry — R, j=1,...,n.

Ecnn somosmsiores yenosus (B1), (B2), to yeranosrieno, uro G ectn
Py-orobpaskenue, kpome toro, VG(p) ecth My-marpuna jiist Becex p € V.
OrMernM, 9TO OJHOPOIHOCTH creneHu () BjiedeT BBIPOXKJIEHHOCTH sIKOOW-
aHa, HO, X0Ts oTobpaykerue G He sBysiercs (crpornm) P-orobpakenuewm,
€ro 9acTh MOXKeT 00/1a/1aTh TAKUM CBOWCTBOM.

Teopema 8 I[Iycmv sunoansomes yceaosus (B1), (B2). Ilpednoaoorcum,
" .
ymo 1T, < +00 daa ecer i = 1,...,n, U CYWECmMEYem MHONCECMEO

SR ={z € R" | #; > 0,i=1,...,n} — 10JI0:KUTeJbHDIl OPTAHT, T.€. BHYTPEHHOCTb R’}
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L C N maxoe, wmo odaa wkaoicdozo p € K, evinosnsemcs mepaseH-
cmeo Y. M < 0 daa ecexr € L. Ipednoaoosicum maxoice, 4mo
jeN\L P ’
fi,j € N\L - cuavno svnykave gynryuu. Tozda 3adava (6) umeem

eduncmeennoe pewenue.
[TpuBejiem cxojiHblii pe3yJibTaT JiJisi HEOI'PAHUUYEHHOIO CJIyvast.

Teopema 9 ITycmo sunosnsomes yeaosua (B1), (B2). Ipednoaoorcum,

umo cywecmeyrom 0 > 0 u mmoocecmeo L C N maxue, wmo dasa ecex

p € K svnoansemes Y. a%@pj < —=0p;  Oaa moboeo 1 € L. ITycmo
jeN\L “Pi

fi,J € N\L - cuavno sunykavie gynkyuu. Tozda 3adaua (6) umeem edumn-

cMeeHHoe pewenue.

[Tockosibky obocHOBaHME METOJIOB Ciiycka 110 D-uHTepBaJjibHON (DyHK-
I[TUH OIUPAETCsT Ha HEBBIPOXKICHHOCTh oToOpaskenns (G, a 5TO CBOWCTBO He
BBITIOJIHSAETCST B YCJIOBUSAX ONMUCAHHON Momesnn Tuta Banbpaca, To npeia-
raeTcsi UCIOJIb30BaTh METOJI PEryJisipu3aliii.

O6o3naunM depe3 (Jp KBaJpaTHYIO JHATOHAJILHYIO MATPHUILY TOPSIKA
N, YbW JINATOHAJIbHBIE JIEMEHTHI OIPeIesIeHbl CJIEIYIONUM 00pa3oM: q;; >
0, ecn i € L,q;; =0, ecnin ¢ € L.

M1 Oyjiem alpoKCuMUPOBATh CMEIIaHHOEe BapUAIIMOHHOE HEPABEHCTBO
(6) cremyrormeit BO3MYIEHHO 3a/1aueii: HaliTh Touky p° € K Takyto, 9To

(G(p°) +eQLp’sp—p°) + f(p) — f(P7) >0 VpeK, (7)

rie € > 0 — mapamerp, L — Henycroe nogMuoKectBo N. CHavaja paccMOT-
PUM CBOMCTBa IIOC/IE0BATEHLHOCTH {P°} B OrpaHMYEHHOM CJIydae.

1
Teopema 10 [Tycmov ewnoanatomes yeaosua (B1), (B2), T, < +00 das
. !
= 1,...,n, cywecmesyem undexcrnoe muoocecmso J C N maxoe, wmo
oaa ecexr p € K swnoanaemca ycrosue

9G;(p)

<0 dan i€, (8)
FJEN\J' op;

a makorce undexcroe mmoocecmso J C N makoe, wmo fi, i € J — cuav-
no swvinykavie dynkyun. Ecau noroscums L = N\J, J = JUJ", mo
sadawa (7) umeem eduncmeennoe pewenue p°, a 410064 NOCAEI0BAMEND-
nocmo {p°} maxas, wmo {ep} \, 0, umeemn npedeavrvie mouku u ece
IMU MOYKY ABAAOMCA peuenuamu 3adavu (6), (3).
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IIpu J = () Teopema 10 060cHOBLIBACT METO/I, HOJHO peryadapusaluu.

YcTaHOBJIEHO, UTO B YCJIOBUAX TeopeMbl 10 skoOuaH riiajikoil 4acTu BO3-
MYIIEHHON 3a/a4i ecTb P-Marpuiia, 4To H03BOJISIET peliaTh 3Ty 3a/a4y C
IIOMOIIBIO AJIFOPUTMOB CIIYCKa 110 [D-UHTepBaJbHON (DYHKIUU U3 pas3jesia
1.3.

Meroy, peryssipuzaium Jijisi HEOrPAHUIEHHOT'O CJiydasi 0O0OCHOBAH C 110-
MOIIIbIO YCEeUeHUs JOIMYCTUMOTO MHOXKECTBA U ODECIIEUeHNH CXOAMMOCTHI
pelieHnii BO3MYIIEHHON yCeUYeHHON 3a/1a9n K PeIIeHnAM UCXO/IHON 3a CUeT
YCJIOBUHA THUIIA KOIPIUUTUBHOCTU, KOTOPbHIE TAPAHTUPYIOT OTCYTCTBUE HOBbBIX
peleHnii B ycedeHHoi 3aja4de. PaccMorpumM peryssipusupoBaHHOE yCeUeH-
HOE BapHaIlMOHHOE HEPABEHCTBO: HANTH TOUKY p° € K TaKyI0, 4TO

(G(p°) +eQrp",p— ) + f(p) — f(p°) =0 VpEK, (9)

riae
K=K xKyx..xK, K =][r7c(0+c0), (10)

!/ ~ ~ " 4 .
e, <TuT=T,ecmnT; <+00,1=1,..n

Teopema 11 [Tycmov ewnoanaomes ycaosus (B1), (B2), cywecmesyem

oeparuuennoe mnoocecmeo W C K makoe, wmo das mobozo p € K\W

GUNOANACIMCA MAX [Gi(p)(pi — ;) + fi(pi) — fi(71)] > 0. Ipednososrcum,
i=1,...n

ymo K 6 (10) swibparo max, wmo das awbozo i = 1,...,n u dasa 106020
w € W ewmnoansemca nepaencmeo w; < 7, ecau 7, = 4o00. ITycmo
cywecmeyem undexcnoe mmoocecmeo J C N makoe, wmo daa 106020
p € K swnoansemes (8), u cywecmeyem undexcroe mnoocecmeo J C
N makoe, wmo dynryuu f;, i € J , cuavno ewnyrave. Tozda s3adaua
(9), (10) npu L = N\J, J = JUJ umeem eduncmeennoe pewenue
£

p°, a aobas nocaedosamenrvrnocmo {p} maras, wmo {e} \, 0 umeem
nPedenbHve MoK, 1 6CE IMU MOYKU AGAAOMCA peuenuamu 3adauu (6),

(3).

PaccMmarpuBaioTcst TakyKe pasjndHble BApUaHThI MOJAEIN PABHOBECHS B
YCJIOBUsIX, KOI'JIa 0TOOpaxkeHue u30bITOYHOIro cipoca F ojgHo3HaquHo. st
HUX ODOCHOBAH METO]I PErysspu3aiuu ¢ 00jiee IPOCTHIMKI YCJIOBUAMEI KO-
SPIUTUBHOCTH.

B pazmesie 2.2 paccMmaTpuBaeTcs MHOM BapUAHT MOJIEIN PABHOBECHS U3
pasnesa 2.1, B KoTopoii oTobpaxkenne D 3a1aeTcst KaK CIPoc oTpeduTeeit
¢ ¢pyukmusamu noJesnoctu Tuna Kobba-lyrmaca. Capoc i-ro norpedureisi
Py JIAaHHOM BeKTope lien p € R onpejensiercss B BUje PellieHns 3a/aqu
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OITHMU3AIIHN:
DD (p) = Argmaz{pi(x) | (p,x) < <P, bt > r € Ry}, (11)

rie b9 € R — pexrop sanacos Tosapos, ¢;(r) — QyHKIMS HOJE3HOCTH
i-ro norpebuTens. [IpenoaoKnM, 4To OHA UMEET BUJI

pi(x) = Bt ..alr, (12)

n
roe 3 > 0, a;; > 0, ’Zl a;; = 1, T.e. aBagerca dynknueit Tuna Kobba-
j:

Hyrnaca. Torma orobOpayKeHusi cIpoca OJHO3HAUYHLI. Kak u B Mojesn
IpeJIbLIYIero pasjena p — S(p) ecrtb orobpaxkenue u3ObITOYHOrO HPEJi-
JIOXKeHust, KoTopoe nMeer BujL (5), mpudem Kaxkjioe orobpaxenne S; mpe/i-
110J1aIaeTCsi MOHOTOHHBIM ¥ MHOI'O3HaUYHBbIM. PaBHOBecHasi 1ieHa p* onpe/ie-

m o~ /.
JsIeTCs TakyKe Kak perenne 3ajgadn (6), rae D(p) = 'ZlD(Z) (p) — b, Tae
1=

b = Z_ffl b() — cymmapHbil 3anac Toapos norpeGureseil. [losromy 3asa-
Jya PABHOBECUSI MOXKET ObITH 3aJlaHa B BI/I,[LG CMEIIAHHOIO BAPUALMOHHOIO
nepasercTsa (6), rme G = — D), ﬁfl =5,i=1,...,n.

(F1) Omobpasicenue D(p) = El DU )(p) — b, 2de DY (p) onpedeaeno 6

(11), (12). Omobpasicernue S umeem eud (5), 2de S; ecmo cybdugddhepen-
yuan svnykiol gynkyuu fj: Ry — R, 7 =1,...,n

[Tockonbky 3amada (11), (12) morpebuTebeKoro crpoca obecrednBaet
BBITIOJITHEHWE CBONWCTB BaJIOBOM 3aMEHMMOCTH W OJHOPOAHOCTH cTernienu ()
orobpaxenuit D re. u D, 1o seimonnsiorcs yeaosusi (B2) i orobpaze-
e G = — D o6yner umers tun Fy. Ha 910it ocHoBe mosryueHnl pe3yibTaTs
CYIIECTBOBAHUS U €JMHCTBEHHOCTH PEIIeHHiA.

Teopema 12 [Ipednoaoorcum, wmo ewnosnatomca ycaosua (B1), (F1),
" .
T, < 400 O 6cer i =1,...,n, u cyuecmeyem undexcHoe MHONCECEO

L C N maxoe, wmo Y Z ozﬂb( ) > 0,7 € L. ITycmv maxoce pynryuu
JEN\L s=1

fi» 7 € N\L cuavno sunykav. Toeda 3adaua (6) umeem eduncmeennoe
pPeULeHUE.

YcraHoBJieH HO,ZI;O6HBII>1 pe3yabTaT OJid HEOI'PDaHWYCHHOI'O CJIyYasd.

Teopema 13 [Ipednoaoocum, wmo ewnosnatomca ycaosua (B1), (F1),
cywecmeyem € > 0 u undexcnoe mmoocecmeo L C N makoe, wmo daa

m
A0b020 p € K swnoanaemes Y Y ozsibg-s) > ep?, i € L. Ecau, do-
JEN\L s=1

noanumenvro, gynkyuu fj, j € N\L, cuarono swonyrav, mo sadava (6)
umeem eQuHCmeeHHoe PeteHue.
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s onmmcanHol MOJIe/IM TaK:XKe MOCTPOEH MEeTOJ Peryasapu3allin, JJIs
KOTOPOTO yCTAHOBJIEHA, CXOJNMOCTH, B TOM YHUCJE TIPU HEOTPAHUIEHHOM
MHOXkecTBe K.

B pazaene 2.3 paccMaTpuBaeTcs MOAETb SKOHOMUIECKOT'O pABHOBECH
B YCJIOBHUSIX HECOBEPIICHHONW KOHKYPEHIIMH — OJIUTONo A, Mogenab onucol-
BaeT MOBEJICHUE N [TPOUSBOJUTEIICH, ITPeJIaraioninx OJHOPOHBII TTPOJYKT.
B sroii Mmosiesu cocrostaue ¢* = (g7, ..., ¢) OMpeesiercs Kak TOUKa paBHO-
Becus 110 Hatry B OecKOaJHITMOHHONE UIpe 1 JIUIL ¢ (DYHKIIUSAMEI BBIMIPBIIIIA

wilq) = qip(gl ¢:) — fi(@), rne p(o) — nena npu obbeme poinka o, fi(g;) —
3aTPaThI 1-I'0 NMPOU3BOJUTEIIS TIpU 00'beMe TTPOU3BOJICTBA (¢, T.€.

(pl(q*) Z (pZ(QIa "'7qz<—17qqu<+17 ;q;); VQZ S [0751]7 1= 17 ey T

[Tpeobpazyem 3Ty 3ajiady K CMEIMIAHHOMY BapUallMOHHOMY HEPaBEHCTRBY.
Cuteryromuit HaboOP JOMOJHUTEBHBIX PEJIIOIOKEHUNH COOTBETCTBYET 00-
IEIPUHSTOMY SKOHOMUIECKOMY MOBEJICHUIO VIACTHUKOB.

(H1) Qynruua yenw p(o) — nesosdpacmarouas, nenpepuieno dugge-
penyupyemas, dynryus doxoda op(o) — oenyma das o > 0. Qyuryuu
sampam f; : R — R ewnykavie, no 6 obwem cayuae ne 00A3aMeAbHO
dugppepernyupyemoie ona i =1,... n.

B oraimane ot paHee UCIOIb3yeMbIX YCIOBUM, 3/1€CHh JIOTTyCKaeTCst Heaud-
dbepennmpyemMocTb (DYHKIMNA 3aTpar, 4TO MO3BOJISIET YUUTHIBATH CHTYa-
IO, KOIJIa CYIIECTBYET HECKOJBKO TEXHOJOIHil IIpoTecca IpOM3BOJICTBA.
U3 npeanonoxennit (H1) caemyer, aro i-s1 byHKIMS 10X0/8 ©; BOTHYTA TI0
¢; #a. R. Onpegenum jornycrumoe MaHOX)KecTBO K = K7 X Ko X ... X K,
K; = [0,6], i = 1,...n; a makKe MHOro3HauHoe orobpaxkenue F' :
R? — II(R") ¢ xomnonentamu Fi(q) = 0, [—vi(q)] = Gi(q) + 0fi(aq),
re Gi(q) = —p(oy) —qip' (o) mst Beex i = 1, ..., n. Torya 3anava paBHoO-
Becrs 110 Harny sKBuBaJieHTHA MHOTO3HAYHOMY BapHUaliOHHOMY HEpPaBeH-
CTBY: HaliTu TOUKYy ¢* € K Takyio, 9To

3d; € 0fi(q)),i=1,...,n; (G(q"),q—q¢)+> d;(¢;—¢) >0 Vg€ K,

i=1
WJIM CMEIIaHHOMY BapHUallMOHHOMY HEPABEHCTBY

n

(G(q"),qa—q") + > [fila:) — fi(g;)] =0 Vg e K. (13)

1=1

[Tostyuennl cBoiicTBa TOPSIIKOBOI MOHOTOHHOCTH OTOOparKenusi (.

IIpennoxenue 1 Ilycmo svnoanaomen yeaosua (H1). Tozda cnpased-
AUGDL CACOYIOULUE YMBEPIHCICHUA:
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(a) VG(q) ecmov Py-mampuya das ecex q € R}
(b) IIyemo p' (o) < 0 u aubo p' (o) < 0, aubo p (0) < 0 das scex
o > 0. Toeda VG(q) ecmv P-mampuya dasn ecex q € R}

OTU CBOUCTBA IO3BOJISIIOT YCTaHOBUTL PE3YyJIbTAaTbl CYyHI€CCTBOBaHUA U
€INHCTBEHHOCTHU DEIICHUA.

Teopema 14 ITycmn evnoanatomea yeaosua (H1), p' (o) < 0 u aubo
i (o) <0, aubo p (0) <0 das scex o > 0. Tozda 3adawa (13) ne moscem
umemsb boaee 00nozo pewenua. Ecau, donoanumenvno, K — oepanuvennoe
mHogcecmeo, mo 3adaua (13) umeem eduncmeennoe pewenue.

Teopema 15 [Ipednoaoocum, wmo evnoanaromes yeaosua (H1), cyue-
cmeyem o > 0 maxoe, wmo —p (o) > 6 > 0 u aubo —p (o) > 6, aubo
p”(a) < 0 daa ecex o > 0. Toeda 3adaua (13) umeem eduncmeennoe

pewerue.

[TocTpoen Tak»ke MeTOJ| PEryasipU3aIiMu JIJjisi 3TOT0 Kjacca 3aad. Jlist
000CHOBaHUs MCIIOJIL3YeTCsi 000DIIEHUE YCJI0BUS OIPAHUYCHHOCTH BbIIIYC-
Ka, BBejienHoe C. Koscragom u JI. Marunecenom. Paccmorpum 3a1ady: Hai-
TH TOYKYy 2° € K TaKyIo, 9TO

(G(2°)+eQrzf,g—2°) + flq) — f(2°) >0 VgeK, (14)

- n

K=T[[0,3], 0< i <400 u B =0; ecmu f; < +oo anst i =1,....n.
i=1
(15)

Takum 00pa3oM, UCIIOJIL3YETCs PEryssipu3aliis U yceueHrne BapualiioH-
HOTO HepaseHcTna (13).

Teopema 16 [Ipednoaoocum, wmo svnoinaomes ycaosua (H1), npous-
sodcmeeHnvill 8LINYCK 02panuMer mak, 4mo daa Aw0bozo © = 1,...,n u
das a06020 p € KNP ewnoanaemea p; < B, ecau B; = +00 u nycmo
cywecmeyem undexcroe muoscecmeo J C N maxoe, wmno fi(q;) — cuavro
sonykave Gynkyuu das g; € (0,5 ui € J. Eeau noaoscumo L = N\ J,
€. a nocaedosa-

meavhocme {2} maxan, wmo {er} \, 0, umeem npedesvnvie mouru, u

mo 3adava (15), (14) umeem eduncmeennoe pewenue z

6CE MU MOYKU ACAANOMCA pewenuamu 3adawy (13).

[TosryderHnl TakKe pe3ysIbTaThl CXOJIUMOCTH METO/ PErYJISPU3AIIAN JIJIsI
ciaydasi, Korja GyHKIuu 3aTpar f;, ¢ = 1,...,n, HenpepblBHO auddepen-
IUpyeMble.
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B rimaBe 3 onmuchiBaloTCs pe3yabTaThl YUCIEHHOIO PElIeHns 3a/1a4 paB-
HOBECHSI C ITOMOIIHIO aJITOPUTMOB CITyCKa 110 D-nHTEepBaJIbHOM (DYHKINN U3
pazjena 1.3.

B pa3gene 3.1 paccmaTpuBaeTcsd 3agavua SKOHOMIYIECKOTO PABHOBECH
tuna Bajbpaca, mpejcrapisionias codoil BapruaHT MOJIJIH U3 pasjiera 2.2.
[Tpejirioniaraercst, 4T0 KaxK/ bl MOTPEOUTE/Ib UMEeT CIPOC JIUITh Ha, OJIMH
TOBap, UTO 3aJIaeTCs MPOCTEHITNM BUJIOM (DYHKIUU noje3Hoctn Kobba-
Hyrmnaca. IlpuBenensr pe3yabraThl YMCAECHHBIX PACcYeTOB Ha Pa3JIMIHbBIX
TECTOBBIX 3a/1a4aX.

B pa3gene 3.2 paccmarpuBaeTcst YMCJIEHHOE PellleHre MOJIe/IbHbIX 3a-
Jlad SKOHOMHUYECKOI'0 paBHOBECHS C OOIUME (DYHKIIUSAME OJE3HOCTHA THUIIA
Kobba-/lyrnaca. [IpuBejieHbl pe3y/ibTarbl YUCJICHHBIX PACIETOB Ha, TECTO-
BBIX 3aJlavax C Pa3/InYHbIMU MCXOJHBIMU JIAHHBIMU C ITOMOIIHIO METO/I0B
crycka 1mo D-uHTepBaabHON (DYHKINN.

B pazaesie 3.3 onuncano npuMeHeHne aJropuTMoB U3 pasjaena 1.3 i
pereHus 3a/4a49 OJINTOMOJIMCTHYECKOTO paBHOBECHST. PacdeThl TpoBOJIMIINCH
Ha Pa3JIMIHbIX MOJIeJIbHBIX 3ajladax pazMepuocTu 1 < 50 ¢ TOUYHOCTBHIO
e = 0.01 mw e = 0.0001. Kpome Toro, mpoBesieHbI pacdeThbl Ha PeaIhb-
HOIl NPUKJIAIHON 3a/ad4e, ONUCLIBAIOINIEl PLIHOK 3JIEKTPOIHEPIUuU, KOTO-
pas IMpeJCTaBseT MOJIEb OJIMTOTIOJIMCTUYECKOIO PABHOBECUS C HEIJia/l-
kuMu pyHKIUsiMu 3aTpar. [IpoBejieHHble YUC/IEHHbIE PACUeThbl 110Ka3aJ/11
JIOCTATOYHO OBICTPYIO CXOJUMOCTH U XOpOIIee COOTBETCTBUE C MCXOMHOM
CUCTEMOA.

B pa3zaene 3.4 npusejieHbl pe3yJibTaTbl YUCJIEHHBIX PACUeTOB Ha pa3-
JIMIHBIX TECTOBBIX 3ajJadax pasMmepHocTr n < 50 [JId CMeNIaHHBIX Ba-
PUAIMOHHBIX HEPABEHCTB, BBHIMOJHEHHBIE ¢ IOMOIIBIO METOJIOB CIIYCKa II0
D-unrepanbhoit pyHKIUMN. Takke Jjis OUCKa PEIIeHrst ONMUCaHHbIX 3a-
Jlad MCIO0JIb30BaJlach KOMOMHAIIUS METOJIa, PeryJisipusaliui cO CIIyCKOM 110
D-unrepBajbHOil PYHKIIUU HA OCHOBE METO/Ia COIPSIXKEHHBIX I'PaJINEeHTOB
1 T'PaJUEHTHOTO METO/Ia.

[IpuBeierHble pacieTbl MOKa3a/U JOCTATOIHYIO 3(P(PHEKTUBHOCTD HPEJI-
JIOYKEHHBIX METOJIOB PeIeHUsI.

OcHOBHBIE PE3YyJIBTATHI ANCCEPTAINN

1. Teopembl cymiecTBOBaHUS U €JIMHCTBEHHOCTH PEIIEHHI JJIsT CMeIIaH-
HBIX BapUallMOHHBIX HEPABEHCTB B YCJOBUAX BBIPOXKJIEHHOCTH W TTOPSIJI-
KOBO# MOHOTOHHOCTH OCHOBHOI'O OTOODaXKEHMSI U TEOPEMbI O CXOAUMOCTH
METOJIOB CIIyCKa 110 D-MHTepBaJibHOM (DYHKIINK JIJIS PEIIeHnsT TaKUX CMe-
IIAHHBIX BapUAIIMOHHBIX HEPABEHCTB.
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2. TeopeMbl CyIIEeCTBOBAHUS ¥ €IMHCTBEHHOCTH PEIECHUS JIJI Pa3JIOKH-
MBIX CMENMIAHHBIX BAPUAIIMOHHBIX HEPABEHCTB B YCIOBUSX BHIPOK JICHHOCTH
1 000OIIEHHON 1TOPSIJIKOBOIT MOHOTOHHOCTH.

3. Teopewmbl cyIiecTBOBaHUSA W €IMHCTBEHHOCTH JIJISI CMEINaHHBIX MO-
Jlesieil SKOHOMUIeCKOro paBHOBecHs THIla Bajbpaca, cojiepKalux MHOIO-
3HAUYHbBIE OTOOPAYKEHMUSI.

4. TeopeMbl CyIIECTBOBAHUS U €IMHCTBEHHOCTH JIJIsT MOJIESTN PABHOBECHS
B YCJOBHSIX HECOBEPIICHHON KOHKYDPEHIMH (OJIUTOMOJINN) C HErJIa KUMHI
byHKIMSIMEU 3aTpPAT.

5. Teopembl 0 €CXOJIMMOCTU METOJIa PEryJIipU3alUU JIJIsi MOJIEJN SKOHO-
MUIECKOTO paBHOBecHsl THIa Bajbpaca B BHJE (CMENIAHHOTO) Bapually-
OHHOT'O HEPABEHCTBA C BBIPOXKJEHHBIM U IMOPAJIKOBO MOHOTOHHBIM OTOO-
payKeHUeM W JIJisi MOJIEJIM HEeCOBEPIIEHHOW KOHKYPEHIMH (OJIMIONOIII) C
HeTJIAJKUMU (DYHKITUSIMEU 3aTPAT.
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