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1. ynpaBJ'lHeMl)le CHUCTEMBI U METOABI OIITUMU3AIIHHU

YK 519.71
© O.U. /panxo, I H. Hkosenko

ONTUMM3ALIUS TUBUJIEHHON MMOJUTUKHN '

Crates TOCBAIICHA MOUCKY ONITHMATbHOK I[I/IBI/IZ[GHZ[HOﬁ IMOJIMTHKH )1 MAKCHMH3aIlHH CTOHMOCTH Om3Heca.
MeToa0oM ONTHMH3AINH BBICTYTAIOT TCOPETHKO-TPYIIOBOH aHANW3 W HPHUHOUN MakcmMyMa [lowrparmaa. Onru-
MaJIbHOC PEIICHUE IIPEATIONAracT 3Talbl HAKOIUICHHS W MOTpeOicHus. [loMyueHHBI pe3ylabTaT CPAaBHHBACTCS C
TPAKTHUKO N POCCUMCKUX U AMEPUKAHCKUX KOMIIAHUI.

Kmouesnie ciioBa: CTonMocTs OM3HECA, ONTHMAIBHOE YIIPABICHUE, TUBUACHIHAS MOIUTHKA, TPYIIIOBOI aHa-
3.

O.1. Dranko, G.N. Yakovenko

THE OPTIMIZATION OF DIVIDEND POLICY

The article is devoted to finding the optimal dividend policy to maximize business value. The method of optimi-
zation of theoretic analysis of a Group and the maximum principle of Pontryagin. The optimal solution involves the
stages of accumulation and consumption. This result is is compared with the practice of Russian and American
companies.

Keywords: value of a company, optimal control, dividend policy, group analysis.

Beeaenne
Ha noBowm 3tamne passutua Poccun cymecTBeHHO MEHAETCS LEISBOM MOKA3aTeNlb. MPEACTONT 3a7ada
¢dopMupoBaHus B yBenHUeHHS cTouMocTH OuzHeca (A CoeeTckoro mepuoia GopMaiabHBIM MOKa3are-
JeM SBIANIAch OPHOBLIB, A OYpHEIX 1990-X — AeHEKHBIH MOTOK). DTa 3aJada CYLIECTBCHHO Ooree
CITO’KHAS, TAK KaK TPEOVET VIIPaBICHHUS ropa3no 0ojee MUPOKUM MEPEUHEM NapaMeTPOB.
B nannoit paboTe paccMaTpuBacTCs MOJCIb CTOMMOCTH MO JUCKOHTHPOBAHHBIM AUBHACHIAM B TPO-
THO3HBIHN nepuoa U MOUCK ONTUMAJIBHOTO PCHICHUS IO BBIIJIATC AUBUACHAOB.

1. IToctanoBka 3agaun. MaTemMaTHYeCKAsT MOJEJb

PaccMotpum yIIpoLICHHY 10 MO pa3BUTHs OM3HECA OC3 3aCMHBIX CPEACTB 3a CUCT PCHHBECTUPOBA-

HUS YaCTH MPUOBLIN MOC/IC HAJIOTOB, OMKUCHBACMYIO YPaBHCHHEM (KOHCUHO-PA3HOCTHBIH BapHUAHT)

M=ur=u(mA-F) (1.1)
ra¢ A — aKTHBBI, T — YUCTas MPHUOBLIb, U — A0S YUCTOH MPHUOBLIA HA HAKOILICHUS (HrpacT POJib
VIOPABICHUS), M — MapKHHAIbHAS PCHTAOCIbHOCTh AKTUBOB, F — MOCTOSHHBIC 3aTPaTHI.

CroumMocTh Ou3HECA ISl AKIHOHECPOB OMPEIACISICTCS TUCKOHTHPOBAHHBIM JCHEKHBIM MMOTOKOM ISt
akuuoHepos [ 1], T.e. BeIBOMOM uHCTOH mpuObLIH M1 motpeOneHus (ausuaeHanl). [Ipeanoaaracres, uro
MCHEIKMECHT MO/DKCH MAKCHMH3UPOBATh CTOMMOCTH JJIS aKIIHOHEPOB. PaccMOTpUM MOASIR CTOMMOCTH
Ha MPOTHO3HOM nepuoje (HenpeprlBHEIN BapuaHt Moaenu (1.1)):

j(l A-wmA 1)y, Tj' f,dt — max

o (@ery 5 (12)
d—f:u(mA—F), 0<u<l, (1.3)

rae fo — QyHkmsa noTpebneHus (IMBMACHAB), ¥ — CTaBKa JUCKOHTHpoBaHus. Jlanee mpeamonaraeTcs
r=0, m>0, F'>0. Jl11 KOMIAKTHOCTH BBEAEM Crieayromue obo3HadeHnsI x; = A, x, ==V (em. (1.2),
(1.3)). B sTtux o0o3HaueHUsIX onTUMAaIbHas 3a0a4a mpumMeT Bua (X =dx/dr)

X = (mx) — Fu,

- (1.4)
iy =—(max = 1)1 ~u),

' PaGora BbmOMHCHA npu (puHaHCOBOM moAnmepkke Poccmiickoro ¢oHma ()yHIAMECHTANBHBIX HCCICIOBAHUH
(mmpoekr 10-01-00228).
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0=ty <t<T, mx} >F>0, x3=0, (1.5)
0<uc<l, (1.6)
Xy (1) — min. (1.7

2. TeopeTHKO-TPYIIIOBOii aHAJH3 MOAEH
[Moxsepruem cucremy (1.4) teopetnko-rpymmoomy aHamuzy [2]. YpasaenmsM (1.4) cootBeTcTBYET
CeMEHCTBO oneparopoB AuddhepeHIMPOBAHUS [0 [ B CHITY STOW CUCTCMBI:
X@)=uX1+X,,
rae 0603HaUCHO

%) 0 0
Xy =(mx; - F)] —+— |, Xy =—(mx; —F)—. 2.1
1= (mxy )(axl ale 2 =—(mx )8x2 2.1

BrrunciacHme KOMMYTaTOpa MPUBOIUT K PC3VIIBTATY

0
[ X1, X3 | =—m(mx) —F)—=mX;.
a)C2
Taxum 06paszom, onepatopsi (2.1) ects 6asuc aareGpsr JIi ¢ CTPYKTYPHBIME TIOCTOSHHBIMH C122 =m,a
cucrema (1.4) aensercs rpynnosoil. [1o ypaBHEeHHAM CHCTEMBI BEIMHCIIICTCS 2-IapaMeTpHYCCKas IPyIma
(v|, v, — mapameTpsl):
a
=x-— -1,
m

S 2.2)

4|

xzzxg— mx{)—F Vs

— rpyIna cIBUTOB BAOMb peeHu cucteMsl (1.4). Beibop vopasnenus u(f) u matepsana [0,7] ompe-
JeseT MpeoOpa3oBaHue MPOCTPAHCTBA COCTOSHHUM: HAYATIBHBIE COCTOSHHUS le pemeHus x; (f) mepeHo-

car B cocrosHu x; (7). OmmucanHoe npeoOpaszosaHue ecTh npeobpazoBaHue rpymmsl (2.2) mpu HEKOTO-
poM BBIOOPE TapaMETPOB V|, Vs .

Tak kak KOJUUSCTBO (aBa) MapaMeTpoB B rpyiie (2.2) COBNAAacT ¢ Pa3MEPHOCTHIO (1Ba) IPOCTPAHCT-
Ba COCTOsIHUIM, TO cucTema (1.4) aBISCTCS HE TONBKO IPYMIIOBOM, HO B TCPMHUHONOTHMU [2] U L -CHCTEMOIA.
L -cucTteMBl pa3MEpHOCTH 77 KPOME 71 -IAPaMETPHICCKON TPYINBI CABHIOB BIOJbL PEILICHUH (B JAHHOM
caydae (2.2)) AOmMyCKaeT 7 -MapaMeTPHUSCKYIO rpymmny cummerpuid. Jas € momcuéra HYKHO CHadana
BBIYKCTATD KOA(DQHUIMESHTE COOTBETCTBYIOIICTO TPYIIIC ONepaTopa

0 0

Y:ﬂl(xlij)—ﬂ‘nz(xl,xZ)—. (23)
axl 8x2

Oneparop cummvetpuii (2.3) cesa3an ¢ omeparopamu (2.1) cnexyromum obpazom  X;,Y =0. Packpeis

KOMMYTATOPBI, MOIYIUM CICAYIOMHNE YPaBHECHHUS A QYHKIMH 771 (X, %)) H 175 (X, %)

(mxl—F)(%Jr%j—mi]l =0,

8x1 axZ
(mx) = F) 6aﬂ+aﬂ —mi =0,
axl axZ

—(mx; —F)% =0,
axZ

0
—(mx; —F)ﬂ+ m =0.
8x2

k . .
* 3nech 1 manee MPHBOIATCA TOTBKO HEHYJICBBIE TIOCTOSHHBIE C,-j opu i < j.

4
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VpasHeHus 6€3 TpyAa PemaroTCs, YTO IPHUBOIHT K OOIIEMy PELIEHHIO (¢), ¢y — IPOU3BONIBHEIE TIOCTO-

SIHHBIC )
m =—¢ (mx; = 1), 1y =—Cimxy +¢;. (2.4)
Ionaras ¢ =1, ¢;=0wu ¢ =0, ¢, =1, npuxoauM K ABYM ONEpaToOpaM CUMMCTPHI
0 0 0
axl axZ 8x2

— Oagucy anrebprt Jln onepatopos cummetpui. OTMeTHM, UTO 471 NPUBEASHHBIX OMEPATOPOB BHINOJ-
miercs [1),Y, |=mY, , To ects anrebpa Jlu onepatopoB CUMMETPHIT HIMEET T€ XK€ CTPYKTYPHBIEC IOCTOSH-

HBIE C122 =m , 4To u anreOpa CABUIOB BAOJb PCIICHHUI.

Hna mepexoga ot oneparopos (2.5) K VpaBHEHISIM TPYIIBl CHUMMETPHH HYKHO MO Koddduuuentam
(2.4) onieparopa mOCTPOUTh CUCTEMY

A

Lo —q(mfy -F).,  #(0)=x.

dr
dx A -
2 - _miy +o, x5(0) = x5,
pemuTh €€ U BBECTH 0O03HAYCHUS C;T =T,
R 1 _ e*m‘!'l
X1 =X +F " R
(2.6)
_ l1-¢ ™1
%y =xye ™M 11,
mn

[Nonp3a oT rpynmel CHIMMETPHH 3aKTIOYACTCS, B YACTHOCTH, B TOM, UTO €CJIH JTF000€ pemeHue X;(f) cuc-
Tembl (1.4) mpu HEKOTOPOM IOMYCTHMOM YIIPAaBICHHU () MOJCTABUTH B VPaBHCHMS rpymnmsl (2.6), TO
HOJIYYHTCS 2-TIAPAMETPHUCCKOS CEMEHCTBO PeLIeHUi X;(Z, 71,7, ) , COOTBETCTBYOIIUX TOMY K& yIIpaBie-
Huto u(l) .

3. Pemienne onTHMAJIbLHOH 3a8a4H
[Tpu pewmennn ontnmansHOU 3axa4u (1.4)—(1.7) Oymem cnexosarh GopMatu3My OPHUHLNINA MAKCHMY-
ma JI.C. IlonTpsruna [3]. 3azaue coorBeTcTBYeT hyHKIMA ["amMuibToHA

H = pi(mx) —I)+ py(mx; —F) u—py(mx; —1I'), (3.1
ypasHeHUs | aMunpTOHA
. oH
pr=———=-m (p+pu-ps ,
™ 32)
L oH
P2 oy
yeIoBus TpaHceepcanbrocty (1.7):
Ox Ox
n)=-=2 =0, p()=--2 =-L (3.3)
o t=T 0y t=T

Beneacreue toro, uro cuctema (1.4) seisercst L -cuctemotii, 1t cuctemsl (1.4), (3.2) mo koadduipeH-
tam (2.4) oneparopa cummeTpuii (2.5) CTPOUTCS CEMEHCTBO MEPBBIX HHTEIPAJIOB 2]
w(cy,¢ep) = pr(=eymx) + ) + py(—eymxy +¢3).
B cemeiictee BoiaemsieTCS Oa3uc
wy =w(=1,0) = p|(mx; —F) + pymx;,

34
wy =w(0,1) = p,. G4

INonaras 8 (3.4) =7, ¢ yaétom (3.3) momyunm BeIpaKeHUS (BBEACHO 0003HauUeHHE X, (1) =X, )
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pr(mxy —F) + pomxy = —mx;

pr=-1
U3 KOTOPHIX CIEAYET

pi(mxy — 1) =m(x; - Xy), pr=-1
VYuét aTux 3aBucumocteii B (3.1) mpuBogut k hopmyiie
H= m(xy —%)—mx+F u+mq —F
WH
H=m(xy —x) +a)u+mx - I, (3.5

Foo .
obo3HaueHo @ =— —X, . B cuny mpunImMnma makcnMyma ¢ yuétoM orpanudesus (1.6) a1 onTumansHOro
m

VIIPABJICHUS NOIy4aeM HEOOXOJUMOE YCIOBUE

u:{OnpnxQ—xl+a<O, (3.6)

Impuxs —x; +a>0.

W3 ycnoBus BUAHO, YTO MO OAHY CTOPOHY MPSIMOH X, —X; +a =0 ynpaBicHHE NPUHUMACT 3HAYCHHE
u =0, amno apyryio # =1. PaccMoTpum BapHaHThI B 3aBUCUMOCTH OT HAYAIbHBIX YCIOBHUH.

1. x{) >a, B cuny (3.6) nmpu /=0 semonnsercs #=0, a B cuny ypasHenudl (1.4) mpu 7>0:
x (1) = xo, X () =— mxO —F)t, To ecth ycaoBue, npuoasiice K ¥ =0 MPOJOIKACT BBHIMIOTHATHCS, H K

1 1> X2 1 y p P

MOMEHTY /=7 (YHKIHOHAT JOCTUTACT CBOCTO MHUHIMAIBHOTO 3HAUCHUS Xy = —(mx{) -

2. x) <da, x3=0. B cuty (3.6) npu 7 =0 BbinoauseTcst u =1 ,a B CHI apHeHui (1.4) mpu 7>0:

1 2 y np Yy ¥p mp
mx; —F = (mx{) —F)e™ X, (1) =0. Ilycte B MmomMeHT (0<f <7') BBINOTHUIOCh X; =d H TPOHM3OMIIO
nepexmouenue. [Ipu 1 > crnpaseanuso u =0 u B cuny ypasHenui (1.4):
mxy —F = (mxj —F)e™ | x,(t,0,) =—(mx) —F)e™ (1 —1,) .
CnpammBaeTcs, B kakoit MoMeHT #) (0 <# <T') 10/KHO IPONU3OUTH IEPEKIFOUCHUE, YTOOBI (PYHKITHOHAT
0 mi

JOCTHUT CBOSTO MUHHMATBHOTO 3HaucHHs. Mccae10BaHHe Ha SKCTPEMYM HPHBOAHT K COOTHOIICHHUIO

dxo (Tt
L) (mx) — F)e™ " {—m(T —1,) +13 =0
dr,
H K HY>KHOMY PC3yabTaTy
f = r-L (3.8)
m

Hnst Toro, uToOBl pe3yabTaT He MOKUHYT rpaHunel 0 <f <7 TpebyeTcs s KOHEYHOrO MOMEHTA BBHI-

MOTHCHUS

ml'>1. (3.9
B nporusHOM ciydyac MuHHMYM OyJET JOCTHTaThCs HA rpaHuie #; =0, 9TO COOTBETCTBYET BapHAHTY 1.
[MoxctaBum pesynerar (3.8) B dyHkuuoHan (3.7)

% (T, 1) = ~(mx) — F)%emT_l :

HecnoxHeril aHanm3 MoKaselBacT, YTO 3TO 3HAUCHUE NMPH YCIOBUH (3.9) mydrne, 4eM rpaHIIHOE 3HAUYCHHE
Xy :—(mx{) -
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4. Copep:xaTteibHOE 00CyKIeHHE PE3YJbTATOB

INpakruka ausuaeHaHOH nonutuku A 2622 komnanuii CIIA mo uroram 2009 roga, KOTUPYIOLMIUXCS

Ha Oupske [4], npuBencHa B Tabmuue 4.1,
Tabmnwra 4.1
Hanmnusre kommaamii CIHA, 2009 .

Kareropus magexxnoctn A+ | A+ A | B++| B+ B
KonuuecrBo koMmaHuit 52 73 | 257 | 526 | 902 | 812
MaprxkuHanbHas peHTa-
6ebHOCTh aKTHBOB® M, 41 | 41 | 37 | 35 | 31 | 30
%
Hons urcToit npuObLIH
Ha HakoruicHue u, %

63 62 58 54 63 68

OnruManbHBIH PEKUM UTS Pa3BATHA KOMIAHUK Ha 10 JIET BBINISAUT CICAYIOLEM 00pa3oMm:
- uaTeHCHBHOE passutue B Teuchue 1 =max(0,7—1/m). dna manserx kommnanmii CIIA a1o co-

cTaBmgeT 7 et

- IOCACAHME 3 TOAA BCS YHCTA MPUOBIIb HAPABISCTCS HA JUBHICHBL.

JmuTenpHOCTD TEPHOAA PA3BUTHS 3aBUCHUT OT CPOKA AHATH3A U MapKHHATIBHOW PEHTAOCIbHOCTH aK-
THBOB. [l HU3KOPEHTAOETBHBIX KOMITAHUH 3Tal HAYATBHOTO PAa3BUTHS COKPAIICH, LIEIECOOOPa3CH BhI-
BOJ IPUOBLITH.

Oxono 2/3 mpubsun komnanuii CIHIA Hampasisercs Ha pazsuTHe. Takas npakTHKa CBHACTEIBCTBYET
0 KOMITPOMHUCCHOH AMBUACHAHOW MOJUTHKE (MEKAY MOMYUCHHEM JHUBHICHIHOTO ACHEKHOTO MOTOKA W
PCUHBECTUPOBAHHUEM), & HE ONTHMHU3ALUCH PACUCTHON CTOMMOCTH KOMITAHHH. J|aHHAs CTATHCTHKA MOXKET
CBUJCTEIBCTBOBATE O TOM, YTO 00bIIHHCTBO KoMmnaHuii CIIIA Haxomsrcs B «IOCTIPOrHO3HOMY (MHEP-
LIUOHHOM) POCTE.

Beimnarer muBuneHnoe B Poccuu HaxoasTcsa Ha OTHOCHTENBHO HEBRICOKOM ypoBHE. OCHOBHEIMHU TPH-
YHHAMH SIBJISIFOTCS PCHHBCCTHPOBAHHE NMPHOBLIH B PasBUTHC (ONMTHUMATBHO A OBICTPOTO Pa3BUTHA) U
ONTUMU3AIUS HATOTOB (HA TPUObILTh, HA ,Z[I/IBI/I,Z[eH,uLI4).

B Poccuu BhImnarsl AMBHACHIOB ONPEACIAIOTCS CKOPEEC NMPAKTHKAMH KOPIOPATHBHOIO YIPABICHUS
JUT KOMOAHUH Ha (GOHIOBOM OHpIKE, UEM ONTUMH3ALUCH OOraTcTBa aKIMOHEPOB. BOMBIIMHCTBO poccHii-
CKHX KOMIIAHUH MIATHT AUBUACHABL B pasmepe 1-3% urcroii npubsutn, HekoTopeie (Jlykoiin, CoepbaHk)
— 15-20%, momaensrommee meupmuacTBo (MTC) — 60-90%. HuBuaeuanas xoxoguocth 10-15% (k mewHe
AKIUI) CYUTACTCS PEAKOUN U OUCHB XOPOIICH.

3axmrouyeHune

Hcxoas u3 npeacTaBieHHOrO B paboTe MCCICAOBAHUS BUIHO, YTO OJHHM M3 OCHOBHBIX MapaMeTPOB
VIOPABICHUS CTOMMOCTHI) KOMITAHUH SIBIIICTCS KO3(PPULIMCHT PEHHBECTUPOBAHUS TIPUOBLIH.

Peaynprarel MOACTUPOBAHMS MOKA3BIBAIOT LIEACCOOOPA3HOCTh AKTUBHOTO PA3BUTHS HA HAYATBHOM
3Tane U BbIBOJA NPUOBIIN HA 3TAIC 3PSIOCTH KOMITAHHH.

OnTuMHUzaLMOHHAS TUBUACHIHAS MOIHUTUKA KOMIIAHHA B MPOTHO3HBINA MEPHOT A MAKCHMH3AIHH
AKIMOHCPHOW CTOMMOCTH HE MOATBEPIKAACTCS MPAKTUKOHN ((aKTHUCCKUMU JAaHHBIMHU) KPYITHCHITHX KOM-
nanuti CIHIA.

JaHHBII pe3yapTaT MOKA3BIBACT WIH HEOOXOAUMOCTh YTOUHCHHS MOACTH (UTO Oy ST MPOXOAUTh H3-3a
YTOYHCHHUS PA3TUYHBIX (JAKTOPOB), HIIM HHEPILMOHHOCTh (KOMIPOMHUCCHOCTD, & HE ONTHMAJIBHOCTh) ACH-
CTBUHM MCHEIKMCHTA.

Jis JanpHEHIINX UCCICAOBAHUN 1IEICCOOOPA3HO PA3BUTHE MOACIIH:

- AHaju3 BMSHUS CTAaBKH JUCKOHTHpPOBaHus. CTaBKa JUCKOHTUPOBAHUS MPHUHSATA HYJICBOM A VII-
POLICHUS MOAYICHHS ONTHMAIBHOTO perneHust. JIUCKOHTHpOBAaHUE Oy AVINUX ACHEKHBIX TOTOKOB TOIBKO
yeuTuT 3P PEKT YCKOPECHHOTO MOTPEOICHHUS.

- AHanu3 3aCMHOU MONUTHKHU, BIUSHUS CTPYKTYPhI KAIUTAIA HA CTOUMOCTh KOMITAHHU U ONTUMAJIh-
HYIO TUBUIACHIHYIO MMOJIUTHKY .

> Gross Income / Total Assets.
* CraBka Hanora Ha TUBHACHIH 9%, KpOME OpTaHH3aLHii, BIaACIOIUX HE McHES 50% yCTAaBHOTO KANHTANA HE
MEHEE roAa.
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MHOI'OMETO/JHAS OIITUMM3AILINS YIIPABJIEHUSA
B DKOHOMUYECKOW MO/JIEJIU BLIBOPA HAJIOT'OBOI CTABKU

Ha ocHoBe 3amaun MAKCHMH3ALHA HSMPOHU3BOACTBEHHOTO MOTPSOICHUA B PAMKAX HEJMHSHHOHW OTHOIPOIYKTO-
BOH MOJICH C MPOU3BOACTBCHHOH (pyHKIHCH Kobba — [Iyrmaca u 0 AHOMPOIYKTOBOH MAKPOIKOHOMHICCKOH MOICITH
TMPOU3BOACTBCHHOIO MPCANPHUATHA C BHCCCHHBIMH MOMNMPABKAMH, CBAZAHHBIMH C HCTIOCPECACTBCHHBIM YUCTOM HAIO-
TOBBIX OTYHCICHHH, (DOPMYIHPYCTCS MATCMATHUCCKAS MOCTAHOBKA 331a4H B BHIC CHCTCMBI TH(D()CPCHIHATIHHBIX
VPaBHCHUIT, ONHCHIBAOIINX HAJOTOOOIOKCHHE MPHOBLIH MPEATIPUATHN M PACCMATPUBACTCS 3aJa4a IOWCKA OITH-
MAaIbHOTO MPOTPAMMHOTO YIIPABJICHHUSL.

Kmouesbie ciioBa: OnTuManbHOE YIIPABICHHE, JUHAMHYECKOE IPOTPAMMHUPOBAHNE, HANOT HA MPHUOBLIb, MO-
JCTb ICATSIBHOCTH MPSATIPUATHSL

A.I Kolmakova

MULTIMETHOD OPTIMIZING OF CONTROL
IN THE ECONOMIC MODEL OF THE CHOICE OF TAX RATE

On the basis of the maximization problem of non-production consumption in the nonlinear single-product model
with the production function Cobb — Douglas and the macroeconomic model of a single-production facility with
corrections which are related to direct accounting of tax charges, it is formulated a mathematical problem as a sys-
tem of differential equations that describes the taxing of enterprise profits and is considered the problem of optimal
software control seeking.

Keywords: Optimal control, dynamic programming, profits tax, enterprise activities model.

Beeaenne

[Tosenenne HaIOroB OBLIO OOYCIOBICHO HEOOXOIUMOCTBIO VAOBJICTBOPATh PACTYINUC MOTPEOHOCTH
¢uHaHCOBOrO XO03slicTBa rocyaapcrsa. Ilporecc B3MMaHUS HANIOTOB OCYLIECTBISICTCS TOCYJAPCTBOM H
apastercs ero pynkiue. Cnocod, xapakrep 1 MacIuTabbl MOOWIM3ALNH JCHEKHBIX PECYPCOB B OIOKETE
rOCYJapCTBa 3aBHCAT OT CTAAUU 3KOHOMHUYCCKOrO pa3BUTHs 001mecTBa. [Ipy 3ToM MUHIMAIBHEIA paszMep
(hOpMHUPYEMBIX ACHEKHBIX (POHAOB, COCTOAMIMX B OONBINCH CTENICHU M3 HATOTOBBIX IUIATCKEH, ompene-
JSETCS CYMMOM PacXOJOB FOCYAApCTBA HA HCIONHCHUC €r0 (DYHKIHHA COLUATBHOM, SKOHOMHUYCCKOH,
00OpPOHHOH U Ap.

CucreMa HaJIOrOOONONKEHIS SBILIETCS OJHHUM H3 BAXKHCHIINX (PAKTOPOB, BIMSIOMMX HA PEIICHHE 00
HHBECTHUPOBAHUH, OCOOCHHO €CJIHM PEb UACT O MPSIMBIX HHOCTPAHHBIX HHBECTHLHSX. B 11e10M Ha mpuHS-
THC peIICHUH 00 MHBCCTUPOBAHHM OKA3BIBAIOT BIMSHHC KaK HAJIOTOBBIC, TAK M HCHAJIOTOBBIC (DaKTOPHL,
IPU MTOMOIIH KOTOPBIX OCYLICCTBISICTCS] CPABHCHHE MOTCHUUAIBHOW MPUOBIIA OT HHBECTULIMH U PUCKA.
OOGBIMHO KOMIIAHHH, MPH BBIOOPE TOTO HMIIM WHOTO MPOCKTA, MPUHUMAIOT BO BHUMAHHC PA3IHYHC B 3a-
KOHHBIX CTABKAX HAJIOTa, HAMMPABJISISL JOXObI B CTPAHbI C HU3KHUM HAJIOr0000xeHueM | 1].

OnTuMaIbHOCTE HAIOTOOOIOKEHUS IPUHITO OLICHUBATh ¢ TOYKH 3peHus o0mero sddexra ams O1a-
TOCOCTOSIHHUS OOINECTBA U C TOUKH 3PEHUS BBITOX LTS ONPEACICHHOIO HAIOTOIIIATEIBIINKA (3KOHOMUYC-
ckoro arcHTa). UMEHHO 0T XapakTepa M CYLIHOCTH MPOBOAUMOU FOCYJAPCTBOM H €ro OpraHamH OOIei
HAJIOTOBO-OI0IPKETHOU MOUTHKH 3aBUCHT, ONPEICIATh JTH HATOTH KaK «OpeMsl, «370» HIIH Kak crocod
(> dexTuBHBIE B COMBIICH UM MCHBIICH CTEIICHH) NICPEPACIIPEACICHHS MATCPUAIBHBIX Ojar U (puHaH-
cHUpoBaHUs 00IHX OOBEKTHUBHBIX NOTPeOHOCTEH 00IIEeCTBRA.

1. MHOromMeTogHBIE AJITOPHUTMbBI PACYETA ONTHMAJIBLHOTO YIPABJIEHHS

[IpennaracTcs BBIMMCIMTENBHAS TEXHOJOTHS PacdyéTa ONTHMAIBHOIO VIPABICHHSI, OCHOBAHHAS HA
MPUMEHCHUH HECKOIBKUX MPOLECCOPOB I MOUCKA YUCICHHOTO PEIICHHS 330294 HECKOIBKHMH METO-
JaMH ONTUMH3ALUN OJHOBPEMECHHO. B COOTBETCTBHM C 3TON TEXHOJOTHEH MOCIC HAXOXKICHHS OUYepe-
HOTO NPHONIKCHUS BCE METOABI OLICHUBAKOTCS MO MOTYUYCHHOMY NMPHPAIICHUIO (YHKIHUOHANA, U U3 HUX
BEIOMpacTca Haubonee 3PeKTUBHBI METOA ATl MPOJOKEHHS ONTHMHU3ALHIH, & MOTYICHHOE 3TUM Me-
TOJOM NPHONMKCHUE NEPEIACTCS OCTANBHBIM METOJAM B KAUeCTBEC HAYATBHOTO AJS BBIITOJHCHHS Clc-
JAVIOIIEH UTEpALTUH.
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1.1. I'pagueHTHBIC METOABI JJIsI PELLICHHUS 32424 0€3 OrpaHHYEeHHI HA ypaBJIeHHE

B Meromax rpaiucHTHOrO THMA TPYAOSMKYIO OMCPALMIO PACUCTA MPAJUCHTA, TPEOYIOMIYIO HHTCTPH-
POBAHUS COTPSLKCHHOM CUCTCMBI, CACAYET BBITIOJIHATh TOJBKO OJUH Pa3, a 3aTCM HCIOIR30BATh HANICH-
HBIA TPAJUCHT B UTCPALIMOHHBIX (POPMYyIaxX BCEX METOMOB. BBIUHUCIHUTCIBHBIC 3aTPAThl HA BBHIMOJHCHUC
OJHOTO IIara MHOTOMCTOZHOTO AMTOPUTMA B 3TOM CAVIAC 3HAYHUTCIBHO COKpaTiaTcsa. Kpome Toro, peamu-
3aUMsl Mara KaKIbIM U3 METOA0B OYCT BBIMOHCHA C MCIONB30BAHUCM OJHHUX U TEX JKC MPUOTIKCHHO
HalICHHBIX BCIUYHH.

IMpuBeaem o0y MOCTAHOBKY 3a4adu ONTUMANBHOTO yrhpaBicHus. [lycTh ympasisieMbiii mpouecc
OMHUCBHIBACTCST CHCTCMOM

x=f(xurt), x(t)=x, tel=[t.1], xO)eR", ul®)ek 1)
€ TCPMUHATBHBIMU YCIOBUIMHA

I, =9 (x.0)=0, Q)
1 $a30BBIMH OIPAHUICHUSIMH
Ju,)=g'(x,H)=0, i=ls, teT. (3)
VYnpasiacHUEC CTCCHCHO CIICIYIOITAMH OTPAHUYICHUASIMU.
u(t)eU, “4)

rae U — orpanuucHHOS 3aMKHYTOE MHOXKECTBO U3 Rr. Bektop-dyukuus f(x,u,t) HenpepreiHo mudde-
PEHIMpYEMa MO X M U U HEMpephiBHa 1o t; ¢’ (x), j = 1,m , — HenpepwsiBHO auddepeHimpyembie PyHK-
TTHH.

[IycTe Ha mpaBBIX KOHLAX TpacKTopui cucteMel (1) ompeaeneHa HempepsBHO auddepeHumpyeMas
BBINTYKJIAS CKAAPHAS QyHKIMS

1,(u) = 9" (x(1,)), &)
KOTOPYIO TPEOYETCS MUHUMHU3HPOBATS.
I'paguentsr dynxuponanos !, (u), j=0,m, ¢ momomsro H’ (. xu,t) =y (1) f(x,u,1) n conpsmxeH-

HOH CUCTCMBI

w, =—f.u )y, @), w, ) =-wl(x®)) (6)
BBIYKC/SIFOTCS 10 (hopMyiam
VI,(uw)=-H](y, xut), j=lm 7
Jiis kaxaoro te T MOKHO aHATOTHYIHO BBIYUCIUT TPATUCHTHI J jout, j= l,_s:
VJj(u,r):—ﬁi(@j,x,u,z,r), fo <T<t<I, (8)
rne H l], (D o X1, 7)= CD} (t,o)f(xu,7), @ i (t,r), j= Ls, - PCUICHUS  COMPSBKCHHBIX — CHC-
oD (1,7) _ o uo)

j —
TEM D;(t.7), teT, cDj(r,z):_M’ =T
ox

>

or ox

1.2. YncsieHHBbIE METOBI AJIsl PELICHHS 3a4a4 C OTPAHHYEHHSIMH HA YNIPaBJIeHHE
Ilepeiinem Terepp K pacCMOTPEHHIO AITOPUTMOB TS PEIICHHS 33Ja49 C OTPAaHUYICHUAMHA Ha YIIPaBJIC-

uue (4), Ho 6e3 orpammuchuii (2)-(3). Ipeamonoxum, uto mpu HekotopoM u' (1) e U, t € T', HaiiaeHO
pemenue cuctemsl (1) x° (1), teT.
TMonaras j=0, MPOUHTErPUPYEM COMPSKEHHYIO CUCTEMY OT £ =1, 10 t =1, npu u =u" (1), x = x"(¢).
Ha ee pemermu " = 1°(¢) BBMUCIMM yIPABICHUE U3 MPUHIIAIA MAKCUMYMA
u*(t)=arg l’ilea[,JXH(l//k,xk,u,l‘), teT,
¥ HaliieM 3HAYEeHHUs CKaIApHOH bynkmmn w, (U (1)) = H(y" x* u,0) - H@" ,x* u* 1), teT.
Ecin  ams  3amamHoro u° W mHadigeHHBIX  x',y/*, 7" npuUHDMm  MakcEMMyMa — HapyImacTcs:

= k
w, (" (z,),7,) >0, To MOKHO peanu30BaTh OJHY UTEPALMIO MeTOAA 3] Ans ymydrmeHus "~ .
MHOXECTBO TOYEK, B KOTOPBIX HAPVINACTCSA MPHUHLOHI MakCUMyMma, OOO3HauYMM  4epe3
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T = ﬁe T:w (@ @), >ew, (1" (z,),7,) ,] g€[01],
rae v, — ToYKa MakcuMyMma 31oi Qyskumu Ha 7). Bapeupys &, MOXKHO HAWTH €T0 ONTHMAIBHOE 3HA-
YECHUE £, , IPU KOTOPOM YIIPABICHUE
a1, tel,,
u (), telT\T,,

AOCTAaBUT HAMMCHBIICC 3HAYUCHUC LICJICBOMY (I)YHKLII/IOHaJ'Iy. HpI/I IMOUCKEC &, MOXHO UCIOJb30BAThH HC-

MI;H (f) —

©)

CKOJIPKO TIOTOKOB JJTsi OJHOBPEMCHHOIO MHTCTpupoBaHust cuctemsl (1) ¢ ynpasiaeausmu (9), COOTBETCT-
BYIOIIUMH PA3HBIM 3HAUCHUSAM &, .

B cuny cTpykTypHl YIpaBICHHH, FCHEPHUPYEMBIX UTEpalMOHHOU dopmynoi (9), penakcanuu anro-
PHTMa MOTYT HPEKPATUTHCA CLIEC OO0 MOTYUCHUS VIPABICHHS, YAOBICTBOPSIOIICTO MPHHLUIY MaKCUMY-
Ma. Torga Anmsg mMpomOMKEHHUS MpoLecca ONTHMH3ALNN HEOOXOAUMO HNPHUMCHHUTh APYTOH anroputM, Ha
UTCPaLMAX KOTOPOrO KOHCTPYHPYIOTCS VIIPABICHHS HE TOJIBKO € TPAHHYHBIMH, HO M C BHYTPCHHHMH OT-
HOCHUTCIIFHO MHOKECTBA AONMYCTHMBIX VIPABICHHH 3HAYCHUAMH. Tak, HAPUMEpP, BOCCTAHOBUTh CXOIH-
MOCTb OOBIYHO YIACTCH C MOMOIIBIO MOCTPOCHHS BEITYKIOW KOMOWHAITUN JBYX VIIPABJICHHH:

'O =ut @)+ alut @) —u" ()], aecl0]] (10)

Beruucnenus nmo gopmynam (9) u (10) MOXKHO BECTH mapaiieibHO, BHIOHpAs M3 MOJYUCHHBIX MPH-
OmmKkeHHH Takoe #°", KOTOPOMY COOTBETCTBYET MEHbINEE 3HaucHHME (yHKImMOHana. Ecrmm 3HadeHHS
¢dyHKUHOHANA OVAYT CPABHUBATBCA YCPE3 HECKOIBKO UTECPALIUH, TO B KQUECTBE KPUTCPHS A1 CPABHEHHUS
sddexrusocTH MeTO0B (9) U (10) cnexyeT HCMOMB30BaTh 3HAUCHHS MPHUPALICHUH (YHKIHOHAIA, TTOJTY-
YCHHBIC HA COCCAHUX UTCPALMAIX KKIOTO U3 MeTonoB. Ha mpakTuke yCTaHOBIICHO, YTO IPUMEHEHHE Ba-
puaimii AByX THOOB. "ropusonTtanbHoi" (9) u "BepTuranpHOi" (10) mo3BonseT n3beKaTh MPOSBICHUS
s¢pdekra "npuTUnAHUS YIPABICHUS K TpaHUaM”, CBOHCTBCHHOTO aITOPHUTMAaM, OCHOBAHHBIM HA MPUH-
LIUIIEC MAKCHUMYMA.

Ecmu B ntepanuonnoii dopmyne (10) ynpasnenue i° () 6yaeT BEMHCIATHCA U3 THHEAPU3OBAHHOIO
MPUHIIMIE MAKCHMYMa!

L_tk(t):argn:g%xHu(wk,xk,u,t)’u(Z), tel, (10)

TO TIOJYYHMM HTEPaLM METOJA YCIOBHOTO rpagucHra. OUeBHAHO, I CHCTEM, JIMHCHHBIX IO YIIPaB-
JICHUIO, 3TO YIPaBJICHUE OyIeT COBMAAATH C YIIPABICHUCM, HAMICHHBIM H3 MPHHLUIA MAKCUMYMA.

1.3. UncnenHoe pemenue 3aJa4 ¢ Ga3zoBbIMH OTPAHHYECHHMH

Hnes w3naracMoro HIDKE anroputMa [5] COCTOMT B TOM, YTO HAa KKIOH CTO UTCPALNH PCINACTCS
BCIIOMOTATC/AbHAS 33]a4a MHHUMH3auKA MoaupuumposanHon (Gyukumu Jlarpamka npu TUHEAPH30BAH-
HbIX orpanmdcHusX (2), (3). AxoOuaH nuHEAPHU30BAHHBIX OTPAHUYCHHH CTPOUTCS U3 rpaaucHToB (7), (8),
JUTSL pacueTa KOTOPBIX MOKHO TAaK K€ HCIO/Ib30BATh MAPAJIICIbHBIC BHIUUCACHUS. JHAYCHUS TBOHCTBCH-
HBIX MICPEMEHHBIX, OYICHHBIC B PE3YJIbTATC PEIICHUS BCIIOMOTATCIPHON 3a1a4H HA KAXKI0U UTCPALIUH,
SIBIIIFOTCSL HOBBIM HPUOTKCHHACM AJIS1 3TUX MICPEMCHHBIX HA CICAYIOIICH UTCPALHH.

ITycte uk(t) — Tekyinee npudmmkeHue ynpasicHus, a xk(t) — dasosast TPACKTOPHSI, COOTBESTCTBYHOIIAS
uk(t), teT. Ucmonbays rpaxueuTsl (7), (8), muneapusyem yenosust (2), (3) B okpecrrocTu uk(t):

T
I"@* ) =La*)+ iVIi(uk,t)'(u(t)—uk(t))dt:O i=1m, (11)
Ty
JE @ ) =J @ 0+ [V 0 @) - ()i =0,

b (12)

j=Ls,zel
IMoctpoum Moauduumposanuyo Gyukuuio Jlarpamka st 3agaqu (1)-(5)B creayromeM BUAS

L 25 5" =1, (u) = A L) = " (" u)) - I/J"(f)'(J(uJ)— (13)

0
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-J*t (uk,u,l))dl++§(1(u) —IL(uk,u))'(I(u)—IL (uk,u))+

+§ti‘-(J(u’[)_JL(uk’u’[))v(J(u’[)_JL(uk’u’[))d[’

rzae I, IL — m —Bexropsl, J, JL — s-BexTopsl, Ak, p k -- m u s —mepHbie MHOKUTETH Jlarpanxka; p > 0 —
ko3¢ duumeHt mrpada.

Ha k+1-i1 urepanmu paccMaTpuBacMoro METOAa PeHIacTCs 3aaa4ua MUHUMu3anuu GpyakumoHana (13)
Ha pemeHusx cucremsl (1) opu aunelnpix orpanuucHusx (11), (12), (4). Ilpu stom giist 9uCICHHOTO Pe-
meHus GopMUpYeTCs 3a8ada MAaTEMAaTHICCKOTO MPOrpPaMMHPOBAHUS ¢ THHCHHBIMU OTPaHHUCHHSAMH CIIC-
LUATIBHOU CTPYKTYPHL.

2. MaremaTHyecKasi MOAEJb JesITeJIbHOCTH NPEeANPHSITHS
Cdopmynupyem NOCTAaHOBKY 334241 00 ONTHMH3ALMH CTABKU HAJIOTA HA MPUOBLITE.
B namem crnyyae mepeMEHHBIMH COCTOSIHUS OVAYT 3aTPaThl HA MPOM3BOACTBO X, B MOMCHT [, HAlO-

TOBBIC OTYHCICHHUS X, B MOMCHT [, KOJIMYECTBO OCHOBHBIX MPOM3BOACTBCHHBIX DOHIOB X, B MOMEHT f,
KOJIMYECTBO TPYAOBBIX PECYPCOB X, B MOMECHT /. B kadecTBe ympaBieHHs BO3bMEM HAJIOTOBYIO CTABKY
() .

CucreMa ypaBHEHUH, OMUCHIBAIOIIAS SKOHOMHUYICCKYIO CUCTEMY OyaeT uMeTh Buf [7]:

ﬂ:#.(l_v).F'_xl;

dt

& :—1 — '(F'—xl)v

di— (+r) ™"

dx
S p = —a)-w)- F—pa,
dt .
oy =N'-x,

dt

3HAYCHUS MapaMEeTPOB JAHHOM 3aJa4l BHIOMPAIOTCS U3 UHTCPBAIOB, ONPEACTSICMBIX 9KOHOMUYCCKIM
CMBICIIOM:

0 < £ <1 — go7ns BEIPYYKH, KOTOPAsl COCTABUT 3aTPAThl HA MPOU3BOJACTBO B CICAVIOMIEM IEPHOAC;

0<7r <1 — perrabenpbHOCTE YUCTOH MPUOBLIH;

b >0 — ko PunreHT 3 HEeKTHBHOCTH UCTIONB30BAHHS OCHOBHEIX (POHIOB;

0 < <1 — ko3 PULHCHT MPOU3BOACTBCHHBIX 3aTPAT (HOPMA MATCPHATOCMKOCTH),

0<u <1 — g0as1, KOTOPYIO COCTABISCT PEATbHBIM TEMIT HCIPOU3BOACTBCHHOTO MOTpeOacHus p(r)
1ZO
(- a@)u(r)

OTHOCHTEJIBHO €TI0 MAKCHMAIBHO BO3MOKHOM BEAHUMHBI, 1(f) =

x >0 — ko3 PULMCHT aMOPTH3ALINH,

N' — dhyHKUMS, MOKA3BIBAIOIIAS H3MCHCHHE YHCICHHOCTH IIEPCOHANA;

F' — mpousBoacTBeHHAd (QyHKLIFS.

UmncaeHHOCTh MEepCcoHAIA ONMPEACIACTCS OTHOLICHUEM 3aTpaT Ha OIIaTy Tpyaa (3aTparel BXOAAT B 3a-
TpaThl HA MPOU3BOACTBO) K CpeaHeH 3apaboTHol iare. byaem cuurars, yTo BPeMECHHOU psia Ui 3apa-
OGOTHOH IIATH UMEET YETKO BBIPAKEHHYIO TCHACHIIMIO, 63 IUKINICCKOW U CE30HHOM COCTABIIOICH, B
HEM HE HAONIOJAIOTCS PE3KHE TeMibl pocta (CHbkeHus). Hanbonee yacTo B TakoM ¢iiy4ae Mpu OpPOTHO-
3UPOBAHMN COLIMANTBHO-3KOHOMHUYCCKUX SBICHUH, HMCIOIINX TCHACHIHIO, MPUMEHSIIOT NOIHMHOMHUATBHBIC
¢yukuun. [IprveM Tax ske, 4To IpoLece H3AMEHEHHH 3apabOoTHOM MIaThl HMEET PABHOYCKOPCHHOE HU3ME-
HeHHE YpoBHEH paaa. Toraa GpyHKIMS n3MEHEHUS 3apabOTHON IIaThl OYICT UMETh BH!

_ 2
3, =n -t +n,-t+n,,
rIe ImapaMeTp 7, XapaKTePH3yeT CKOPOCTh M3MEHEHUS CPEAHETO MPHUPOCTA, MAPAMETP 7, — CPEIHUH

HPUPOCT, MAPAMETP #1, — ypoBeHb psaa mpu ¢ =0 . CrnexosarenbHo, QyHKIHS, XapaKTEPUIYIOMAL H3ME-
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fx

mttnyttn 0

HCHHS YUCIICHHOCTH MEPCOHANA MPUHUMACT Bua N'= rae f — 4acTh 3arpaT Ha MPOU3BOACTBO,

KOTOpas cocTaBisaeT GOHI OMIATHl TPYIAA.

B 3aBrcuMocTH OT XapakTepa MPOH3BOACTBEHHOTO MPOLIECCa, LENCH U CPeACTB MOACTHPOBAHUS B Ka-
YECTBE MPOU3BOACTBCHHBIX (DYHKIUI MOTYT HCIONb30BAThCS HEOTPHULATEIbHBIC (PYHKLIUH BEChbMa PA3HO-
oOpasnoro Buna. braromaps cBoel MpocToTe W PaMOHATBHOCTH, IIHPOKO HMPUMEHAETCS OO CHX MOp U
MOJYyYHIA AanbHelmue o600MEHN B Pa3IUYHBIX HANPABICHUAX Npon3BoAcTBeHHAs QyHKIua Kobdba —
Hyrnaca F'=A-x!"x,“x,”, roe a,,, — nokazarean snactuaHocTr. Kosdduument A, crosmuii nepen
3HAKOM YMHOKCHHSI, YIUTBIBACT PA3MEPHOCTD, OH 3aBHCHT OT BRIOPAHHOH ¢TUHHIIEI H3MEPCHHH 3aTpaTt U
Beimycka. OOBIYHO X, M X, HU3MEPSIOTCS B CTOMMOCTHBIX €AMHHIAX, X, — B UCJIOBEKO-4acaxX MM UHC-
JICHHOCTH paboTHHUKOB. Takas nmpon3BOACTBCHHAS (PVHKIMS HCHOIB3YCTCH AN ONMHUCAHHSA OOBCKTOB OT
MPOMBIIITICHHOTO OOBEIUHCHHS 1O OTPACITH, XaPAKTCPU3YIOLIUXCS YCTOHUHUBEIM, CTAOUITBHBIM (PYHKLIHO-
uupoBanueM. Cymma k03 (HUIMEHTOB 3MACTUYHOCTH NPSACTABIIET Co00M mokazareas 3pdexra paciiu-
penms Macmrada.

Kak Ob1510 cka3aHO BbIIIC, MPOU3BOACTBCHHAS chepa QYHKIHOHUPYET HPHU 33JaHHON HAJIOTOBOU CTaB-
ke V(f) ¥ CBOMMH BHYTPEHHUMH YIIPABICHISIMH OHA PACIOPSIKACTCS TaK, YTOOBI MHHIMHU3HPOBATh X, , &
BHEIIHAS CPeJa 3aHHTEPECOBAHA B TOM, YTOO HATIOTOBEIC OTYHCICHUS ObLIH «T1000nbIey. B Hamewm ciy-
Jae 3aJa4a ONTHUMU3ALMY HATIOTOBOU CTABKH COCTOHT B MAaKCHMH3ALUH HAJIOTOBBIX OTYHUCICHUH X,, TO
eCTh X, —> Max .

dopMann3oBaHHAS TOCTAHOBKA 334a4d 00 ONTHMH3ALMHU CTABKU HAJIOra Ha HpHOBLIL OYAET WMETh
BUA!

IlepeMeHHbIE COCTOSHUSL: X, X,, X5, X,

[lepemennsie yrpaBnenus: v(f)

VYpaBHCHHA poriecca:

dx a a; a3
_1:,L"(1_V)'(A'x11x3 X, )= X

dt

dxz 1 a. a

— = (A4-x"x."x,” —x )V,

d (A+r)™" (o', X

dx}) _ 31 a a, a3 .
E—b (l_v)(l_a)(l_u)'A'xl Xy Xy T A
By

dr it Fngttng 4

HauaneHeic 3HAUCHUS:

xl(O) =X, Xy (O) =X505 x3(0) =X30, Xy (O) =X405 le [O:T]

OrpannucHus Ha ¢$a3oBEIC IEPEMEHHEIE:

x>0,x20,x>0,x,>0

OrpaHuyucHHE HA YIPABICHUE

v. Sv()<v

LeneBas ¢pyHKIHS: X, —> max

ITapamerpsr:

U, r.b,a,u, y,a,,a,a,,a, f,d.d,. d,

3HAYCHUS NAPAMETPOB SIBJISOTCS OCTOSHHBIMH:

p=p* r=r* b=>b* a=a* u=u* v=v%* y=x* ay=a,*,a=a*a,=a,* a,=a,*,
f :f *3 dlzdl*’ d2 :d2 *’ d3:d3 *'

3. YmucieHHbIE IKCHIEPHMEHTHI
IIpoBeaeM IUCICHHOE UCCACAOBAHUC MOJCTH HA OCHOBE JAHHBIX rogoBoi otuctHOCTH 2002-2010 rr.
OAO «MpxyTckanepro» [8].

Homnst BEIpYUKH, KOTOpasi COCTaBHT 3aTpPaThl HA MPOHU3BOACTBO B CIACAYIOLIEM I'OAY [ ONPEACIIIETCS
OTHOIIICHUEM 3aTPaT Ha MPOU3BOACTBO K BRIPYUKE (HETTO) OT MPOAAKH TOBAPOB 34 MPOIILIBIH MSPUOT;
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~ 36588536,00 m. p. —0,942069.
38838475 ,00m.p.

PenraGensHocTs 1o unctol mpuOsinm 3a 2010 rox coctasuna 18,1 %.

B xauectBe xoadduumeHta 3GQPEKTHBHOCTH HCHONB30BAHHS OCHOBHBIX (POHIOB b HCIOMB3YETCS
($hoHIOOTAAYA, KOTOPAS ONPEICACTCS KAK OTHOIICHHUE MPUOBLTH 10 HATOTOOOIOMKECHHS K CPESIHETOI0BOM
CTOUMOCTb OCHOBHBIX HPOH3BOACTBCHHEIX (JOHIOB:

_ 12063845,00 m.
P _0345 .

~35011802,50 . p.

Koa¢ddumment mpon3BoacTBeHHBIX 3aTpar (HOpMa MATEPHATOEMKOCTH) ¢ PaBCH OTHOLICHHUIO 3aTpPaT
Ha MPOU3BOJICTBO K CPECIHETOJ0BOH CTONMOCTH MAaTCPHUATIBHBIX PECYPCOB:
2768012,50 m.p.

~ 36588536,00 m.p.

Pazanna mexay (GakTHUCCKUM M YHUCTHIM JACHCKHBIMU MOTOKAMH MPSACTABISCT COOOH HETPOU3BOI-
cTBeHHOE NOTpeOneHne. DakTHUCCKUN JEHEKHBIH MOTOK OTPAXKACTCS B TOAOBOH OTUYCTHOCTH IO CTPOKE
00OPOTHBIC aKTHBBI, & YUCTHIN JCHEKHBIH MOTOK — 3TO CPeIHEE apUPMETHICCKOE ACHEKHBIX CPEACTB HA
KOHEIl ¥ Hauayio roga. Toraa

_ 8986155,00 m. p.-(234000,00 m. p.-271000,00 m. p.)

(1-0,075652) - 52352844.00 m. p.

Koaddumment avopruzaumy y paBeH OTHOLICHHIO OTYHCICHUH HA aMOPTH3ALMH K CPEAHETONOBOM

=0,075652.

=0,186459.

CTOUMOCTH OCHOBHBIX MPOU3BOJCTBCHHEIX (DOHIOB
2460000,00 m.p.

" 35011802,50 m.p.

Exeromuo naunnas ¢ 2002 roga 3atparel Ha 3apabOTHYHO miaTy cocrasisui B cpeauem 10% ot 3a-
Tpar Ha HpOHM3BOACTBO. B 3T0 ke Bpems cpemHeMmecsuHas 3apaboTHas miara yBeauunBanack. TouHee

=0,070262.

BCero ¢ ko3 ULHMECHTOM AETCPMHUHALIUH R? =99,5% naHHBIC W3MEHCHUS XapaKTePU3VET MOIUHOMU-
anpHas GyHKOMA ¢ Koddduuenramu n, > 0. Torga

N'=—L%_ e n, =22475, n, =15148, n, = 71113, £ =10%.

2 B
mtT -yt

Jiis mpou3BOACTBEHHON (YVHKIMM OLCHKH MAPaMETPOB OBIIH MOJTYYCHBI METOAOM HAMMEHBIIIHX
kBagparoB A=13257, a, =136, a, =0,13,a, =0,18. Cymmva mokazareyicii 3¢GHeKTUBHOCTH OOMNbIIS

SAUHMLIBI, TO €CTh HAOIFOAACTCS Bo3pacTaromias 3G PEKTUBHOCTE UCIOMb30BAHHUS (PAKTOPOB MTPOU3BOACT-
Ba (IIpu OJHOBPEMECHHOM Bo3pactanuu Ha 1% Bcex GakTOpOB pes3ynbTaT MPOU3BOACTBA BO3PACTET OoNee
geMm Ha 1%).

HavanepHble 3HaueHWs [ pacdyeToOB B3ATHl M3 rogoBoM ordyetHocTH: X, (0)=36588536 Tp.,
x,(0)=2631461 tp., x,(0)=35011803 T.p., x,(0) =8072 uen.

JU1st TeKyIIEeH CTaBKH HAJIOra Ha MPUOBLIh CYyMMa HAJIOTOBBIX OTYHCICHHUH K KOHILY UCCICAYEMOTO Iic-
puoga coctasut 14 166 908 teIC. pyo.

Tenepp HalizeM ONTHMATIBHYIO CTaBKY Hajora Ha npuOblte At 10 % <v(r) <24% wu 1 <[0,5] ¢ no-
Mot komuiekca mporpavm OPTCON [9]. [lns kaxka0oro u3 npuBSACHHBIX B MCPBOM pasiecic Kiacca
sagau B makete OPTCON mporpaMMHO pean3oBaHO HECKOJIBKO METOAOB onruMmuzanuu. |lpu pacuere
ONTHMAJTBHOTO YIIPABJICHHUS B KAKIOH KOHKPSTHOH 331a4¢ AaBTOMATUYCCKH UCTIOIB3YETCSI CBOSI MHOTOME-
TOAHAsA cxema onTumu3auun. PaccMorpum auHamuky nokasarencii aesteapnocta OAO «MpryTekanep-
ro» AJS MONYICHHOW ONTHMATBHOH CTABKU HANOTa Ha MpUOBLTE (pHc. 1):
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A.H. Konmaxosa. MHocomemoonas onmumusayus ynpasieHus 8 3KOHOMUYeCcKoil MoOeay gblbopa HANo208ot Ccmag-
Ku

80000000 A~ 4
o .t = = mmpatbina
| -0 TIp CHIBORCTEO
60000000 - f-"’..’ (Tbxcbpyﬁ)
- .f...-" == HaJIOTOEblE
4 K < TXh OTYHCITEeHHS
40000000 be. S (bic.py6.)
*s**e* KOIMYECTBO
20000000 A — Ol
. — (TBIC.pyb.)
. . a— S— L CTIEHHOCTD
0 -k Y T T Y | paboTHHKGB
(uen)
0 1 2 509 3 4 5

Puc. 1. [ToBeneHue MOIEIH TTPH ONTHMAILHOM CTABKE HAJIOTA HA MMPHOBLIL

B xoxe ontumuzanmy cTaBKy HATOrOOOIOKECHUS MPUOBLTH HPEAMPUATHI ObLIO YCTAHOBIICHO, YTO HA
MPOTHKCHUH 5 JIET HAOMI0JACTCsl POCT 3aTpar Ha MPOU3BOIACTBO, HAJOTOBBIX OTYHCICHUH, KOIMYCCTBA
OIl® u xomuuecTBa TPYIOBEIX pecypcoB. K OKOHUaHUIO paccMaTpuBacMOro NepHoAa CTaBKa HAlora Ha
mpuObLTE 0X0AuT 10 24% (puc. 2), a HATOTOBBIC OTYUCICHUS AOCTHTAKOT YPOBHs 17,24 Mapa p., BMECTO
MICPBOHAYAIBHBIX 2,63 MIIpA P.

30 -

20 1 [

15 A i == == CTaBKA
HaJoTa Ha

L npubLEIL (%)

1 T Ll 1 1

0 1 2,93 4 5

Puc. 2. OnriManbHAas CTaBKA HAJIOTA HA MPHOBLTE MPEINMPUTHS

B o6oux caywasx HaOmogaeTcs MOJIOKUTEIbHAS JUHAMHKA MOKA3ATETCH ACATEIPHOCTH IPEIIpHU-
arust. Ho Bo BTOpoM ciydac cyMMma HAJIOTOBBIX OTYHCICHHH K KOHLIY mepuozaa Ha 12.1% Gompme no
CPaBHECHHIO C HANOTOBBIMH OTUHCICHUSMH MPH cTaBke Hamora Ha npuOsLte 20%. Ho yactas cmeHa cras-
KH MOXET IPUBECTH K HeNpeacKazyeMbiM nocireactsusaM. [loaromy nenecoobpasHO yCTaHOBICHUE CTAB-
KM Hanora Ha npuOblIbs B pasvepe 15% ams Becero uccneayeMoro nepuoaa. Toraa mokazaTend ACATelb-
HoctH 1t OAQO «MpkyTcksHEpro» OVAYT cneayiomuMu (puc. 3):

80000000 - ys
P ...-_ == 3arparblHa
| 2. Np OM3BOMCTB
60000000 ‘.,4 . o (tbIc py6.)
- - - - - HaIOI'OBble
. W _h OTUH CJIEHUA
40000000 g, .ve (roie py6.)
®eseses KOIMUECTBO
20000000 e
e T (i)
0 F ' ‘ ' ' ‘ paboTHHKOB
0 1 2153 4 5 (ven)

Puc. 3. [ToBenenne MOJETH IIPH CTABKE HANOTA HA MPHOBLTH 15%

A cyMMa HaJIOTOBBIX OTHHCICHHH K KoHLY niepuoga (2015 r.) coctasut 12 931 644 ThIC. P.
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3axmrouyeHune

B xoz¢ uccaenoBaHus U ONTUMH3AILUH CTABKH HATOTOOOI0KESHUS MPUOBUTA MPSAIPUITHS ObLIA HAM-
JICHBI 3HAYCHUS MAPaAMETPOB MATEMATHUCCKON CHCTEMBI, Moaeaupyomei aesareapHocte OAQ «MpkyT-
CKOHEPro», CTABKU HATOTa Ha MPUOBLITb U TAKHUX [MOKA3aTEICH, KaK 3aTpaThl HA MPOU3BOACTBO, HATIOTOBHIC
OTYHCIICHUS, KOTUYECTBO OCHOBHBIX MPOH3BOIACTBCHHBIX (POHAOB, KOITUIECTBO TPYIOBBIX pecypcos. Om-
THUMalbHAas CTaBKa HAIIOTa HA MPHOBLIh HA OCHOBE MPOBEACHHBIX PAcueTOB cOCTaBUT 15%.

Ecau cpapHUBATE CHTYALIUO NPH HAYATBHBIX 3HAUCHIIX U CUTYAIIHIO, CMOACIUPOBAHHYIO IPH CTABKE
Hajora Ha npuOsLib B 15%, TO HANMOTOBBIC OTYMCACHHS YMCHBIIAKOTCS, T.C. BBIMAMAIONINC JOXOIBI 110
WTOTaM ILITHISTHETO nepuoaa coctaeiaT 1 235 264 teic. p. Ho BO3MecTHTh MX IOMOTYT WHBECTHIIMOHHBIC
MPOCKTHI (AOXOAbI B BUAC MHBSCTHIMH sl MOCICAHETO roJa UCCACAYeMOro nepuoaa cocrasat 8 8§19 010
ThIC. p.). Takas cTaBka HamOra Ha MPUOBLIb MIO3BOIUT YBEIUYNUTh KOJIUUCCTBO OOOPOTHBIX U MHBECTHIIH-
OHHBIX CpeacTB B 1.5 pazak 2015 .

Taxum 00pazoM, MOKHO CIENATh BBIBOJ, YTO IS KKIOH 3a4a4d CYLICCTBYET CBOS MOCICIOBATCIIb-
HOCTH IIAroB, COCTOSINAS U3 UTCPALHI PA3HBIX MCTOJOB ONTHMAIILHOTO VIIpaBicHud [3-0], koTopas aac-
KBAaTHO YYHTHIBACT OCOOCHHOCTH PELIACMOM 3aJaud U TEM caMbIM oOccreunBacT Hanbonee 3¢QeKTrs-
HBIH MOUCK ONTUMATBEHOTO VIIPABJICHHUI. B MHOTOMETOIHBIX QITOPUTMAX MOCTPOCHUE TAKOHW MOCICIOBA-
TEBHOCTH BBIIOTHACTCS ABTOMATHYCCKU IO HEKOTOPOMY 33aJAaHHOMY KPHTCPHIO, OLICHUBAIOIIEMY (-
(PEKTUBHOCTD MPOLIECCA ONTUMHU3ALMHN HA BCEX dTarax PEUICHUS 3aJauu.

Ha npaxTike MHOrOMETOAHAS TCXHOJOTHS CYIICCTBCHHO TOBBIIIACT HAACKHOCTH TONYVICHHS IIpa-
BUJIBHBIX PE3V/IBTATOB MPH PACUCTE ONTHUMAIBHOIO YIPABICHHUS PCATBHBIMU OOBCKTAMH, YTO B 3HAYH-
TCApHON Mepe obecreunBacT 3PGEKTUBHOCTh U OC30MACHOCTh UX ABMKCHHUS MO ONTHUMAIBHOU TPACKTO-
pun.
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A.B. Manviutes. Anzopumm enobanvHoeo noucka 2apaHmupogaHHbix peueHuil KeaopamuyHo-TUHeIHON 08YXypogHe-
8011 3a0a4u U e2o0 mecmuposanie

VK 519.85
© A.B. Maaviues

AJITOPUTM I'NTOBAJIBHOI'O ITIOMCKA TAPAHTUPOBAHHBIX PEILIEHUN
KBAJIPATUUYHO-JIVMHEWHON ABYXYPOBHEBOMH 3AJIAUN
1 Er'O TECTUPOBAHUE

PaccmarpuBaeTcs KBaApaTHYHO-THHEHHAA 330344 ABYXYPOBHEBOM ONTHMHU3AIMH C TAPAHTHPOBAHHBIM (TIECCH-
MHCTHYECKHM) pemeHneM. C HCTIOb30BaHUEM €€ PEAYKIMH K CEPHUH HEBBITY KJIbIX 331a4 ONTHMH3AINHE HPEII0KE-
HBI QJITOPUTMBI TT00AIFHOTO M JIOKAJBHOTO MOWCKA. [IpHBEACHBI W MPOAHATM3UPOBAHBI PE3YIBTATHl UHCICHHOTO
pEIICHUA CAy4YaiHO CTCHEPHPOBAHHBIX TECTOBBIX 3a0a4.

Kiouesbie c/10Ba: ABYXYPOBHEBBIC 3a1a4H ONTHMHU3AINH, TAPAHTHPOBAHHOE PELICHHE, JIOKATBHBINH 1 I100anb-
HBII MOUCK, TCHEPALMSA TECTOBBIX 33744, BBIMHCIUTCIBHBINA 3KCIICPHUMEHT.

A.V. Malyshev

ALGORITHM OF GLOBAL SEARCH FOR
GUARANTEED SOLUTIONS TO QUADRATIC-LINEAR BILEVEL PROBLEM AND ITS
TESTING

A quadratic-linear bilevel optimization problem with guaranteed (pessimistic) solution is considered. Using its
reduction to a series of nonconvex optimization problems global and local search algorithms are proposed. The re-
sults of computational solving randomly generated test problems are given and analyzed.

Keywords: bilevel optimization problems, guaranteed solution, local and global search, generating test prob-
lems, computational simulation.

Beeaenne

3amauu JBYXYPOBHCBOM ONTHMHU3ALMN MPSIACTABIAIOT COOOH OAUH M3 aKTYaIbHBIX OOBCKTOB HCCIIC-
JOBaHWA B COBPEMEHHOM MaTeMaTHUeCKOM mporpamMuposannu [1-4]. Takue 3amaum 3a4acTyro BO3HH-
KaIOT HA MPAKTHKE MPH aHATH3e (CTATHUCCKUX) HEPAPXUUCCKHX CHCTEM VIPABICHHS B 3KOHOMHUKE, KO-
Joruv u T.4. [2].

Hna 3amgady 1BYXYPOBHEBOH ONTHMH3ALUH HE CYIICCTBYET CIUHOTO OOIICHPUHATOTO MOHATHS Pelic-
Hus. Hanbonee mony sipHBIME SIBISIFOTCS ONTHMHUCTHUECKOE M rapaHTHpoBaHHOe perueHus. [lonasnsro-
mee OOMBITHHCTBO PaboT, B KOTOPBIX HCCIACAVIOTCS 3aJaud ABYXYPOBHEBOHM ONTUMH3ALNH, MOCBILICHO
MOWCKY B HUX ONTHMHCTHYCCKUX perncHui (Hanpumep, 003op [3]). [lpu stomM HaM yaamoch OTHICKATH
JHUIIB HECKOJBKO Pa0OT, MOCBSIICHHBIX MOUCKY TAPAHTHPOBAHHBIX PEIICHUN B ABYXYPOBHEBBIX 33Jadax
[6, 7].

B nacrosiineli cratbe pa3sBUT HOBBIH MOAXOM K MOUCKY TAPAHTUPOBAHHBIX PEUICHHUN B JBYXYPOBHEBBIX
337a4ax, B KOTOPBIX KpUTepuii 3(h(PEKTUBHOCTH UTPOKA BEPXHETO YPOBHS — KBAAPATUUHAS (DYHKIIUS, BbI-
IyKJIasl TI0 ICPEMEHHBIM HUIPOKA BEPXHCTO YVPOBHS M BOTHYTAS MO MCPECMCHHBIM UI'POKA HIDKHCTO VPOBHI,
a kpurepuii 3pHEKTHBHOCTH UTPOKA HIKHETO YPOBHS — JTHHCHHAS (DYHKIUS, OTPAHUYCHUS HA BEPXHEM U
HUKHECM YPOBHSIX MCPAPXHU TAKXKE JIMHCHHBI. DTOT MOIX0J OCHOBAH HA ABYXITAIMHOW peaykuuu [8, 9]
paccMaTpUBacMON ABVXVPOBHCBOM 3aJaud K CCPHUM HCBBIMYKIIBIX 337a9 ONTHUMH3AINNA W IMPUMCHCHHHU
cTpareruu rio0aTbHOTO MOUCKA IS YUCICHHOTO peIueHus nociaeauux |9, 10].

Cratbs oprannzoBana creayrommum odpasom. B paza. | ocyimecTBiseTcs mocTaHOBKA 3aJa40 U HAIO-
MHHAETCI cXeMa ee peaykimu. Hanee, B pasn. 2 mpeaiararorcs: anroOpUTMEL TIOKATBHOTO H TI100aIbHOTO
[OVCKA B PEIYIMPOBAHHBIX 3aJa4ax. | eHepamy TeCTOBBIX JBYXYPOBHEBBIX 33/1a4 C H3BECTHBIMU TapaH-
THPOBAHHBIMH PCIICHUSAMH U YUCACHHOMY UX PEIICHUIO TIOCBSAIICH Pas. 3.

1. ITocTanoBKa 3a7a4H H ee peIyKIHSA
B nanHOU pabore paccmarpuBaeTcs 3aJada MOWCKA TapaHTHPOBAHHOTO PELICHUS KBaIPaTHIHO-
JAUHEHHOU ABYXYPOBHEBOU 3aa4u:

! PaGora BhImOIHEHA mpu ¢puHAHCOBOH noanepxke POOU, mpoekr Nel 1-01-00270a.
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sup{F(x, )| y € ¥.(x)} ¥ min,

| (BP)
x€X.X.(x) = Arg min{G(y)| y €Y (x)}.

rae F'(x, y) =%<x,Cx> +(c,x>—%<y,C1y> +(cl,y), G(y) :<d,y),

X={xeR"|Ax<a x>0}, Y(x)={yeR"|Ax+ By<b,y>0}, AcR"", 4 € R"", B e R"",
C=C"20,C, =C 20.

B paGorte [8] mpu npeAnonoKeHUM OrpaHHUCHHOCTH MHOKECTB X, Y (X) HOmMyCTHMBIX CTPATeruil ur-
POKOB OCYIIECCTBIACHO cBeACHUE 3aaa4uu (BP) k cepun HEBRIMYKJIBIX 33734 ONTHMU3ALNN BUAA

F(x,y) ¥ min,
X, Y,V

Ax<a,x>0,Ax+B,y<b,y =0,
d—ve, +vCy+vB 20,v=0,
h(x,y,v)= <d —vg + oCly,y> + (b — Alx,v> =0,
rAc vV — BeKTOp MHOXuTEICH Jlarpamka a1 3aaa91 HIDKHCTO YPOBHA, L >0 — CHCIHANBHBIN HapaMeTp
urrpada (v $0)[8].
Ha Bropowm 3tane peaykimu ¢ HCoJb30BaHueM Metoaa mrpados [2, 9] oT 3a7auu ¢ HEJTUHCHHBIM OT-

panmacHueM-paBeHCTBOM (P( L)) MOXKHO mepelTn K cepuM 3a1ad ¢ BBINYKIBIM JOIMYCTUMBIM MHOMKECT-
BOM U 11e1eBoH d.c. pyHKIMEH (MpeacTaBUMON B BUAC PA3HOCTH ABYX BBHITYKIBIX (QYHKIHIN):

D(x, p,v) = F(x, y) + ph(x, y,v) ¥ min,

Xy, v
(x.yv)eD={(x.y.V)|Ax<a,x20,A4x + B y<b,y >0, (P(k,v0))
d —ve, +vCy +vB 20,v >0},

(P(v))

rae | >0 — mrpadHOU napaMeTp.
B cneayromem pazgene onvcaHsl anrOpUTMBI JTOKAIBHOTO U riobanpHOro moucka B 3azave (P(p,v))
pu (PUKCHPOBAHHBIX 3HAUCHUAX MAPAMETPOB mrpada L, v .

2. JlokanbHbIi U r100A/ILHBIH TOHCK
J1s8 ocymecTBICHHS JIOKAIBHOTO momcka B 3amade (P(p,v)) mpu BriOope 3HAUCHHH HapaMeTpoB

mrpada Tak, 9ToOB HKMETIO MECTO HEPABCHCTBO

1
v>—, 1
Ho = ()

B pabote [9] ObUTO MPEANOKESHO UCHONB30BaTh MHHUMH3ALMIO MO OTACIBHBIM IPYINAM MCPEMCHHBIX.
BosHukaromue mpu 3TOM BCIIOMOTATEIBHBIC ONTHMH3ALMOHHBIC 330a9d OKA3bIBAIOTCS BBHIMTYKIBIMH H,
CJIeIOBATEIBHO, MOTYT ObITh 3()(PEKTUBHO PEIICHBI ¢ MOMOIIBIO KJIACCUYICCKUX YHCICHHBIX METO0B [11].
OnuH W3 BapHaHTOB TAKOTO METOJAA JTOKATBHOTO Moucka (XY-mpoueaypy) MOKHO 3alHCaTh CIICTYOIIUM
obpa3zom.

TycTs 3a1aHa TouKa (X,, V,,V,) € [D ¥ UHCI0BAsI TIOCIEA0BATETBHOCTE p, 3 0.
Iar 0. I[Tomoxure s:=0,(x*,y"):=(x,,¥,).
Iar 1. C noMoIIpi0 OJHOTO U3 METOJOB JTHHCHHOTO MPOTPAMMHUPOBAHMS HAUTH MPUOIMKCHHOS Pe-
menne V' 3amaum:
O(x",y* ., v)¥min, (x*,y",v)eD,
v

C TOYHOCTBIO % .

Ilar 2. OgauM W3 METOAOB KBAAPATHYHOTO MPOTPAMMHPOBAHMS HAWTH MPHUOMIKCHHOS PCLICHHS
s+1
(", y

s+

) 3amadu:

O(x, y, v I min, (x,y,v"*")eD,
Xy
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A.B. Manviutes. Anzopumm enobanvHoeo noucka 2apaHmupogaHHbix peueHuil KeaopamuyHo-TUHeIHON 08YXypogHe-
8011 3a0a4u U e2o0 mecmuposanie

C TOYHOCTBIO % .

Iar 3. Ilomoxute §:=s+1 u nepeliti Ha mar 1.

OtMeTHM, 4TO JJIs1 ONUCAHHOTO BBHILIC BAPHAHTA ANTOPHUTMA JIOKATIFHOTO MOUCKA UMEIOT MECTO TEO-
peMa CXOAMMOCTH K KPUTHUCCKOHW TOUKE, SBIMIOMICHCSH (YACTHYHO) IrI00anbHBIM PEIICHHEM 331294 IO
MEPEMEHHBIM (X, ) ¥ V, U KPUTCPUH OCTAHOBA, AHAIOTUYHBIC MIPUBEACHHEIM B [9] pesynbratam nusa V-

npoucaypsl, B KOTOpOI\/'I BCIIOMOTaTCJIBHBIC BBIMMYKJIBIC 3a1a4YU ONITUMHU3AIUN PCHIAIOTCA B APYTOM HOPAA-
Ke.
Hanee, 3amernm, uro neneByio QyHkuuio 3azaqud (P(L,1)) MOXKHO NpeICTABUTh B BUAC PA3HOCTU

JBYX BBIIYKJIBIX (DYHKLUH, HAPUMED, CICAYIOINM 00pa3oM:
D(x, y,v)=g(x, y,v)— f(x,,v), 2)

1 2uo —1 1
g(x,y,v)—<x,§Cx+c>+%<y,C1y> +p((b,v> +Z||V—A1x||2jn

1
fx,y,v)= <(].,LL) —De, —ud, y) + 2 p"v + A1x||2 — BBINYKJbIC (PVHKIMH (MPU BBIMOJHCHUH HEPABCHCTBA

().

Crnenosarempno, 3aga4a (P( 1, v)) sBrgercs 3amadei d.c. MUHUMH3AIMHK U IS €€ YHCICHHOTO pelle-

HUS MOKHO MPUMCHHUTH CTPATETHIO ri100aipHoro noucka [9, 10], cocTosinyio U3 ABYX OCHOBHBIX 3TAIOB:
a) JIOKAJhHOrO IMOWCKA, MO3BOJISIONICTO MOAYIHTh KPUTHYCCKYIO TOUKY; O) MPOLECAYP BBIXOAA U3 TCKY-
IICH KPUTHYCCKOH TOYKH, OCHOBAHHBIX HA YCIOBHSX IJI00AJBHON ONTHMAIBHOCTH. AJrOpUT™M rio0asib-
Horo nioucka (AI'TI) B 3azaue (P(p, L)), OCHOBaHHBIM Ha JAHHOU CTPATCTHH, IMECT CIICAVIOIIUH BHI.

Ilycte nama HEKOTOpas Touka (X,,Y,,V,) € R™™*  uncrossie mocnemosarempsroct 7, ¥ 0, 5, 10,
MHOKECTBO HampasicHuit Dir (N — KOJHYCCTBO HANPABACHUH B JaHHOM MHOKCCTBE), YHCIA
y_=1inf(g, D) u y, =sup(g, D) n mapametps anropurma M, &

IMar 0. ITonoxutre k:=0,/ =1, y=y , Ay =, -y )/ M.

Ilar 1. Ioctponts Touky (X*, 7, v*) e D kak npuOTIKeHHOE PEIICHHE 3291

||(X—xk>y—yk"—"k)||2 \ernylrvl’ (. y.v)eD,

C TOYHOCTBIO T, OJHHM H3 METOJIOB KBaAPATHIHOTO MPOrPAMMHUPOBAHHS.

lar 2. Hauusas u3 touxu (X*, ", V"), ¢ momompro XY- uiu V-mpoueaypsl HOCTPOUTD MPHOIIKEH-
HO KpETHUeckyto Touky (X, v)eD crtounocteio 7, ; momoxuts &, = D(x*, y* V).

lar 3. o touxe (z'.%',w')e Dir mocrpouts Touxy (z',i',w') =4, (z',u',w") u3 anmpoxcuma-
M A, MOBepXHOCTH yposHsA dynkmmm f(): f(Z,u' W)=y -, .

Wlar 4. BEcmu g(z',a1',w') > y + £y, 10 nonoxwmte /:=/+1 w nepeiitn Ha mar 3.

Iar 5. Toctpours Touxy (z',u',w') € D xax npuOIMKEHHOE PELICHHE YACTUYHO JTHHEAPH3OBAHHON
3a7a4n

g(r.y.v) —(VA ("' ). (x.p. ) bmin. - (v..v)eD.

C TOYHOCTBIO &, OJHHM M3 METOJIOB KBaAPATHUHOTO MPOrPAMMHPOBAHHS.

lar 6. Haurmas ¢ Touxu (z',u’',w'), ¢ momompro XY- umm V-mporieayps! OCTPOUTH TIPHOTHKCHHO
KpUTHYECKYIO Touky (X', 7,% )€ D ¢ TO4HOCTBIO 5 .

Olar 7. EBemn @O, 7, 7)<®G", )" v"), 10 momowurs (37, y™ vy =, 5, V),
k=k+1,1:=1 y =y wnmnepedtn Ha mar 2.

Ilar 8. Ecmu ®(X, 77, 7) > d(x*, y*,v") u 1 <N, 1o monoxwurs /'=1+1 u BepHyThCA Ha 1Iar 3.

Mar 9. Beu O, 7 ,7) > d(x*,y*,v"), I=N u y<y,, 10 nonoxuts y:=y+Ay,l'=1 u Bep-
HYTbCA Ha mmar 3.
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