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[IpoOnembl LeNEHANPABICHHOTO BIHMSHUS
Ha pa3BUTHE TOpoJa SIBJISIOTCA OJAHUMH U3 IJIaB-
HBIX, OT PEIICHUS KOTOPHIX BO MHOTOM 3aBHUCST
YCIIOBUS KU3HH MUJUTHOHOB JIIOJIEH U pocT 3¢ dek-
TUBHOCTH OOIIECTBEHHOTO Mpom3BocTBa. Ocoboe
3HaYeHUE OHHU IMPHOOPETAIOT B YCIOBHIX pa3Bu-
BaIOIIEHCA SKOHOMHKH, KOTJa HE0OXOAUMO orepa-
TUBHO pearupoBaTh Ha (aKTOpbl HECTAOMIBHOCTH
OTIEIBbHBIX CEKTOPOB M ()OPM KOHLIEHTPALUU TPO-
W3BOJICTBA, COXpAaHAS NPU ITOM CTPATETHUECKHE
TEHJICHLIMU B pa3BUTHU ropoaa. CoOCTBEHHO, rpa-
JOCTPOUTENBCTBO, CBSA3aHO, B MEPBYIO OYEPEnb, C
WHBECTUIOHHBIM aCTIEKTOM 3THX MPOLECCOB, T.€.,
¢ mpo0OaeMOoil pa3BUTHSL

Cetb ropoJoB 00pasyer TeppUTOpHaIbHO-
SKOHOMUYECKU Oa3uc “OmopHBINA Kapkac” TeouH-
(OopMaLlMOHHON PEMIETKH CHCTEMBI PacCeICHUs
Poccun. 3amaBas BHYTPEHHIOIO CTPYKTYpy Ioce-
JICHUSI, PpETHOHANbHAS CHUCTEMa CTUMYJIUPYET
HEOOXOMMOCTh B JTUHAMHUKE YBSI3aTh pErHOHAIb-
HOE€ Pa3BUTHE C TOPOJCKHM — “‘yIpaBlieHUE uYepes
ypOanuzanuio”. Ilpu 3TOM WHPACTPYKTypHBIE

NPOEKTHI (Iajee MO TEKCTY <IPOCKT») SBISIOTCS
KaTaau3aToOpOM KOMIUJIEKCHOIO MPOTHO3HPOBAHUSA
COLIMOKYJIBTYPHOH Cpenpbl.

s MHOrMX wucclienoBaTeneii Haubomnee
BaXHBIM acCIIEKTOM 3TOW NpoOJieMBbl SBIIsETCS TO,
9YTO UMEHHO MH(PACTPyKTypa o0pa3yer TeXHUKO-
9KOHOMHYECKOE SAPO TOPOJACKHX CHCTEM. ITO
HallUI0 OTPaXCHHE B M3BECTHOM H, IOXKaIyH,
HanOosnee (QyHAaMEHTAaIbHOM MJsl TPamgoCTPOH-
TEeIbCTBA TMOHATHH “Kapkac” (puc. 1), koTropoe B
JAHHOM CcJIydYae JOJDKHO paccMaTpUBAThCS HE C
MOP(]OIIOTHIECKOH, @ C IKOHOMUIECKOH CTOPOHBI

I'opon BeICTyNaeT Kak aKTHBHBIA CyOBEKT
XO3AHCTBEHHON >KM3HU. DTO TpeOyeT BHECEHUS B
9KOHOMHYECKYIO TOJIUTHKY CEPbE3HBIX H3MEHe-
Huil. X cyTh — y4eT MHTepecoB ropoja U co3ja-
HHUE YCIIOBHI, HEOOXOIUMBIX JUIS BHITOJTHEHUS €T0
aIMUHUCTPALMH 3a/1a4 00YCTPONCTBA TEPPUTOPHH
U Pa3BUTHS UYENIOBEUECKUX pecypcoB. 1 BoT 31ech
Ha TICPBBINA IJIAH BBIXOAUT 4YacTHBIA OusHec. [lo-
TEHLUAJbHbIE HMHBECTOPHI TPEOYIOT OCTaTOYHO
YeTKNX O0OCHOBAaHWI CBOWX WHBECTUIIMU. B 3TOM
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Cllydyae MHBECTULMOHHBIN MOTEHIIMAI KOHKPETHBIX
paliOHOB pa3BUTHUSA pacCMAaTPUBAETCA M AHAIM3H-
pyeTcss Ha OCHOBE MHOTOKPUTEPHAIBHON OLIEHKU.
A 310, Oe3ycloBHO, IpenMerT W 3ajada ynpasJe-
HUSL.

B acnekTe kauecTBEHHOIO COBEPIIEHCTBO-
BaHHA TOpPOJla WHBECTHIIMOHHBIH MPOEKT JOJIKEH
HUCXOOUTH M3 HEOOXOAMMOCTH LeNICHANPABICHHOT O

1 - Crpykrypodopmupyrorast
pOb aBTOMOOUIBHBIX -
JIOPOT ¥ MAaruCTPAIBHBIX P f2

YCIOXKHEHUSI M 00oraiieHuss ero CTpyKTypHO-
¢byHKUMOHANBHOW opranuzanuu. [Ipu sToMm yBenu-
YUBAETCS JUaNa30H U cB0oOOa BBIOOpa PAa3INUHBIX
TUTIOB TOBEACHUS M COOTBETCTBYIOIIUX MM (OpM
OpraHu3alli NPOCTPAHCTBA, YTO SBIISIETCS OIHO-
3HAYHBIM (DYHKIIMOHAIOM ynpasieHus (Taom. 1).
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M pajycaMu, O0pa3yloluMHU PABHO3ZHAYHBIE CETMEHTHI) ; 3-00IErOpoaCKast
MarvMcTpalib C HeIPEPbIBHBIM JIBI)KEHUEM; 4-0011eropoACKasi MarucTpa Jib

C peryjaupyeMbIM JABHKEHHUEM; S5-MarucTalib paioHHOro

npoes3n; 8-TPaHIOPTHBIN y3ell BBICIIEIO

‘* 2 - OpraHu3zarysi 1acCaKHPCKOro
> Tpaucriopra (o Masosiny .A.)

(KoJb1IeBast C XOp/1aMH,

3HAYCHUSI;
6-Tpacca CKOPOCTHOI'O PeIbCOBOIO TPAHCII ~ OpTa; /-MECTHBIH
Kiacca; 9-mpodune rnepeced eHus

IIpuHIMIUATEHAS CXEMa TPACCHPOBKU - 3
MarvCTPAILHBIX YIUIL U IOPOT
(unTEpIIpETaISt aBTOPOB)

Pucynok 1. TpancnoprHas uHGPacTPYKTypa Kak 3J1eMeHT HHBEeCTHIHOHHOI0 MOTeHIHAIa

Tabmuna 1. @yHKkuu ynpapjieHust

IIponeccHoe ynpasieHue

TUIAHUPOBAHUE OpraHu3aNus CTUMYJIUPOBAaHUE KOHTPOJIb
(byHK1MY 1 3a1aun)
IIpoekTHOE yrpaBieHue
KOHIIETILIST pa3paboTtka peanuzanus 3aBepIICHHE
(thassr mpoekTa)
VYnpasiieHne qesTeIbHOCTHI0
uesb crocod MOTHB pe3ynbTat
(TporeccyanbHbIe KOMIOHEHTHI)

B mporeccHOM yHpaBI€HHH BBIICISIOT
CIEIYIOIINE OCHOBHBIC (DYHKLUH: TUIAHHPOBAHUE,
OopraHu3aiysi, MOTHBAIMS (CTUMYJIUpPOBaHHE) U
KOHTpOJb. B MaHHOM cilydae MpoIleccHOe ympas-
JICHHE SIBISICTCS TPEIMETOM HAyYHOTO MCCIIeI0Ba-
HUsL. BaKHO MOYEPKHYTH, YTO OJIHA M Ta K€ CTO-
pOHA TpeaMeTa HAayYHOrO HCCIICIOBaHMS, MOXKET
paccMaTpuBaThCsl Kak 3ajada WM mpoOlieMa Ha
CTBIKE U3BICKAHUI Pa3IMYHBIX HAYK.

B npoekTHOM ympaBiIeHUU B COOTBETCTBHU
¢ (hazamMy KM3HEHHOTO IIUKJIA IPOCKTA BBIACISIOT-
ci.

e HavasnbHasg (asa (koHuemmus): cOop uc-
XOIHBIX JTAHHBIX W aHAJM3 CYIIECTBYIOIIEIO CO-
CTOSIHUSI; ONpENeNieHue Ienell 3a1ad, KPUTEPHUEB,

TpeOOBaHMI W OrpaHUYCHUIl (BHEHMIHUX M BHYT-
PEHHHX) MPOEKTA, IKCIIEPTH3a OCHOBHBIX MOJOXKE-
HUH, yTBEpKJIeHNE KOHLENINU IPOEKTa,;

e (aza paspaborku: GopMUpOBaHHE KOMAaH-
IIbl, pa3BUTHE KOHLENINHA U OCHOBHOTO COZEpIKa-
HUS TPOEKTa, CTPYKTYpHOE IJIaHUPOBaHHUE, Opra-
HU3alMsl U NPOBEJEHUE TOPIOB, 3aKIIOUEHHE JIO-
TOBOPOB M CyOJ0rOBOPOB C OCHOBHBIMH HCIIOJIHU-
TENSMH, MPEACTaBIeHNEe IPOSKTHOW pa3paboTKu U
ee MmorydeHue of00peHus,

e (asza peanuzauuyd NPOEKTA. BBOA B JIEii-
CTBHE pa3paboTaHHON Ha MpedplAyuXx (aszax cu-
CTEMBbl, OpraHU3alMs BBHIOJHEHUS! paboT, BBOI B
JEHCTBUE CUCTEMBI MOTHUBALMM W CTHMYJIHMPOBA-
HUSI MCIIOJHMTENEH, ONepaTHBHOE IUIaHUPOBAHUE,
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yhpaBjieHHE MaTepHUaJbHO-TEXHUYECKUM olecrie-
YEHUEM, OIIEpPaTUBHOE YIPABIICHHUE,;

e 3apepmiaromas (asza: mIaHupoBaHHE MPO-
Lecca 3aBEpIICHUS MPOEKTa, MPOBEPKA U HCIBITA-
HUE pe3yJabTaTOB peaau3aliy MpoeKTa, MOAroTOB-
Ka NepcoHaa AJs 3KCIUTyaTalluk pe3yIbTaToB pe-
aNM3aliy MPOEKTa, UX clavya 3aKa3uhKy, peajn3a-
LU OCTABIIMXCS PECYPCOB, OLIEHKA PE3YJIbTATOB U
MOJBENICHUE UTOrOB, pac)OpMHUpPOBaHUE KOMAaH/BI
MIPOEKTA.

B sToM cnmyuae mpoekTHOe ympaBlieHHE
BBICTYIIAa€T B KAUECTBE KOHKPETHOI'O MHCTPYMEHTA
JIesITENPHOCTH — METoja McciaenoBaHus. B coor-
BETCTBHUHM C JIOTMKOI Hay4HOI'O IMOMCKAa OCYIECTB-
Jsiercsl pa3pabdoTKa KOMIUIEKCA TEOPETHUYECKUX H
SMIMPHUYECKUX CIIOCOOOB HCCIENOBaHMSA, COYETa-

HUE KOTOPBIX JIaeT BO3MOXKHOCTH C HauOOIbIIEH
JIOCTOBEPHOCTBIO  TMO3HATH  CIIOXKHBIE
ro()yHKITHOHATbHBIC O0bEKTHI.

OOBIYHO TIPU PACCMOTPEHHH MEXaHH3MOB
YIpaBIICHUS MTPOEKTaMH, 0COOEHHO €CITH ATO Kaca-
eTCsl MPOEKTOB TEPPUTOPHAILHOTO Pa3MeEIleHHUS,

n MHO-

MPAaKTHYECKH HE PACCMATPHUBACTCS JUHAMHUKA pea-
JU3aIMK npoekta Bo Bpemenu [1, 2, 3]. Dro o0y-
CITOBJICHO CTATHYHOCTHIO KOMITOHEHTOB TOPOJICKOM
HHOPACTPYKTYphl. VX IUHAMHYECKHE COCTOSHHUS
(puc. 2), TPUMEHUTEIBHO K IUTAHUPOBOUHBIM U
TPAHCIOPTHBIM KapKacaM TOPOJOB, MPAKTHUECKH
HE PacCMATPHUBAIOTCS ¢ TOUKU 3PECHUS MOJIC3HOCTH
WCTIONIb30BAHMS WX TEOMH(OPMANMOHHOIO pa3Me-
IICHUS U yIIPaBICHUS 00bEKTaMH MEPEMEIICHUS.

INoreHuuan n1aHUPOBOUHOH

Bekrop pa3Butus cerMeHTo!

CIpyKTypa ropoJa MH(pPACTPyKTypbl
N v 4 N\ v 4
— Kusele Tepputoprn [ModakropHas oleHKa
/ KpynHzsle Toprobbie JMHAMHKH PA3BUTHUS,
CTaGI/IJH:HI:IG 47/ KOMITJIEKCBI KOTOpast I0Ka3bIBacT
TCPPUTOPHHU IIkobl, IETCKUE Catbl MOCTOSIHHBIH Xapakrep ¢
CHOpTHBHBIC COOPYKEHHS] Gonpimy nepuozom
U3MEHEHHUIT
ToproBele IpeaNpPHUATHS, CruMympoBaHue
B 3aBHCUMOCTH OT CTENEHU OTJENBHBIX
PaBHoBecHbIe HACBIILEHUS TOPTOBBIMU COCTABJISIFOIINX
TEppUTOPUHN (yHKIISAMIL, PaBHOBECHSI B LIMKITBI
CTPYKTYpO(opMHpyomIHe TpHpAIICHIST
J0poru
OO1I1e CTBEHHBIE [IEHTPBI [Ipospadple peRUMBI
I[I/IHaMI/I‘IHLIe C(bepa KyJTBTypHO- parmKpOBAaHN A TUTIOB
TEPPUTOPHUHU OBITOBBIX YCITYT TOPOJICKOH CHCTEMB,
VAn4HO-1OpOXKHAS CETh TIPOrHOSHPOBAHHC
— PEITIaMEHTOB 3aCTPOMKH

Pucynok 2. CTpyKkTypHasi HHTepnpeTanusi pa3BUTHS TePPUTOPHIA 0 ANHAMHYECKHM MOKA3aTeIAM

JIeHCTBUTENBHO, TIPH pEUICHHH 3aJa4yd
CHHTE3a TOTO0 WIM HMHOTO MEXaHHW3Ma HESBHO
IPE/OoIaraercsi, 4YT0 MEXaHU3M <«BKIIOYACTCA» B
MOMEHT Hayaja BBIIOJIHEHHS IPOEKTa M OJHO-
3HAYHO ONpENesieT Pe3YNbTAaThl JIESTEIbHOCTH
BCEX UCIIOJHHUTENCH M PEe3yJbTaT BCEro MPOCKTa B
neiaoM. Takoe OJHONIATOBOE OMUCAHUE IPOCKTa
aJICKBATHO MHOT'MM DPEAJIbHBIM CHUTYaIlHsIM, OJHA-
KO, JIAJIKO HE BCeM M3 HUX [4, 5].

Ecnu nepen HayaaoMm mpoekTa W LUEHTp, H
UCIIOJTHUTEIH MMEIOT JOCTAaTOYHO IMOJTHOE M TOY-
HOE TMPEeACTaBICHHE 000 BCEX MapaMeTpax camoro
NpOEKTa W TMapaMeTrpax BHEIIHEH Ccpepl, Cylle-
CTBEHHO BIIMSIIOIIMX Ha PE3yNbTaT peatn3aliu

MPOEKTa, TO BCE BO3MOXKHBIE CHUTyallUd MOLYT
OBITh y4TeHbI (HampuMmep, B paMKax MeToja Clie-
HapHeB) NPU CHHTE3Ee MEXaHW3Ma YIpaBJcHHUs Ha
HavanpHOM dtane [2]. Takoil MexaHH3M MOXeT
OKa3aThCsl JIOCTATOYHO TPOMO3IKUM, TaK KaK OH
JOJDKEH YYMTBHIBATH 3HAYMTENLHOE YUCIIO (PaKTO-
pOB.

Ha nmpaxTtuke cutyanuu, B KOTOPBIX allpH-
OpH uMeeTcsl IMonHas HHpopMaumus o OyAyIuX
3HAUEHMSX CYIIECTBEHHBIX apaMeTpoB, BCTpeya-
IOTCS JIOCTaTOYHO pEAKO. 3adacTyr0 HMeeTcs
OosbIasi HEONMPENENEeHHOCTh OTHOCHTENBbHO pe-
3yJIbTAaTOB peanu3anuu npoekta. [loHaTHO, 9TO CO
BpPEMEHEM 3Ta HEONPENEICHHOCTh OyAeT yMEHb-
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IIaTHCS 3a CYET MOCTYIICHHUSI HOBOM MH(pOopManuy,
UACHTH(QHUKALNK TapaMeTpoB, HaOMIOAEHHN 3a
XO/IOM peaJIn3allii MpoeKTa u T.1. B aTom cimydae
co3/1aBaTh MeXaHU3M ynpaieHus (puc. 3), Koro-
pBIi M3HAYaJBHO YYMTHIBAN OBl BCIO Heomperne-
JICHHOCTh M JIaBaJl YHUBEPCAJIbHbIC PELENThI (Me-
aJbHBIC MOJICIIM) HA BCE CIy4au JKU3HU, HEIPPek-
TUBHO, a MMOPOH MPOCTO HepeasbHo [2].

Hcxons u3 BBIIEU3I0KEHHOTO, BOSHUKACT
HEOOXOJMMOCTh PEeaJIn30BBIBATh MPOEKT B AWHA-
MHYECKMX  BEPOATHOCTHBIX  XapaKTEPUCTHUKAX.
Haubonee mnpocteiM 0000IIEHHEM CTaTHYECKUX
MoJieNlel Ha JUHAMHMUYECKHM Cydal sBsiercs cle-
nytouiee paccyxaenue. [lycts mpouecc peanusa-
UUU TEPPUTOPUAIBHOIO pa3MElIeHHS O0BEKTOB
pasnuuHbX QyHKUMHA pa3dut Ha T mepuomos. B
Ka)X/IOM OTJENbHO B3STOM IEpHOAE LEHTPY HEeoo-
XOMMO peIIaTh 3a/Ja4M paclpencieHus pecypea,
CHHTE3UPOBATh MEXaHW3Mbl (DUHAHCHUPOBAHUS,
CTUMYJMpoBaHus W T.A. Ecnu cumtarts, 4ro cra-
BUTh W PEIaTh 3TH 3aJa4M JUII CTAaTUYECKUX MO-
nened (OJHOro Tepuoaa) MNPENCTaBISETCS BO3-
MOXHBIM, TO He00Xo 1Mo mpocTo pemnTh N 3amau

TeOpeTI/I‘-IeCKOG HUCCIICA0OBAHUC -

— KaXIylo A cBOero mepuona. Takas Mozemb
Ha3bIBACTCS KBa3HIMHAMHUYECKON (MM MOJIEIBIO C
HECBSI3aHHBIMU TIepUoAaMH  (PYHKLIIMOHHPOBAHUS)
[5]. KBasmmmHamuueckue MOJENM  IO3BOJISIOT
OINMCHIBAaTh AMHAMMKY Hpoliecca, HO HpU UX HC-
MOJB30BAHUM HEKOTOpble 3((EKTsl, CBS3aHHBIE
UMEHHO C JIMHAMHKOH, MOTYT OBITh IOTEPSHBI.
[TosToMy mHOrma Oosee aaeKBaTHBIMH SIBISIOTCS
JUHAMUYECKHE MOJIENH, B KOTOPBIX 3aJauH, peria-
eMble B Ka)I0OM MEPHOAE, CBSI3aHbl MEXIY COOOM.

Crnenyer mpu3HATh, YTO, BO-NIEPBBIX, IH-
HAMHMYECKUE MOJEIH SIBJISIIOTCS HECpaBHEHHO 0o-
Jiee CIOXKHBIMHU (C TOYKHU 3peHHst IPOOIeM CHHTE3a,
BBIYUCIUTENBHON CIOKHOCTH, aHANIN3a PELICHUH 1
T.I.), YeM CTaTH4ecKue. BO-BTOPBIX, MOIEIH, H0-
CTaTOYHO TOJIHO YYHUTHIBAIOIIUE AWHAMHKY, HC-
ClIeZIOBaHbl rOpa3lo MeHee ITyOOKo, YeM cTaTHye-
cKue Mozenu. Pe3ynbraThl uccaeqoBaHUsl HEKOTO-
PBIX JMHAMUYECKUX aKTUBHBIX CHCTEM HPUBEICHBI
B pabotax [1, 5, 6] u 3Tu pe3yabTaThl MOKHO HC-
NOJIB30BaTh TPH PEUICHUH 3aJad ONTHMAJIBHOTO
yIpaBIeHUS.

A

' F N
I I
1 |
CucreMa |:> 1 OnncaHue CUCTeMBL U [y, AHaNN3 MOJIETH |
| 1
| TIOCTPOEHHE MOJEH |
| T
< L . ! ey,
| |
1 y UccnenoBanue 1
| o |
| 3anaua cunresa —» | YCTOWYMBOCTH pelICHKIH
! yIIpaBJICHUN !
\ -~~~ -~-—--"--"---"--- - . —
’ : N
Anpobanus u :
i Vmurammonnoe Unentuuxamms
BHE/IPCHHC <:| ! MomenmpoBaHue
~ o

Hacrpoiika mopenu

Pucynok 3. Texnosioruyeckasi npoueaypa NPHHIATUS PeUIeHUs B 3a/1a4aX yHpaBJieHUs1

[Mpurmun bermmana fmaer 1OCTaTOYHBIC
YCIIOBHSI ONTHMAJIBHOCTH TIpOIecca B 3ajade Ol-
TUManbHOrO ynpasneHus[7, 8]. On 6azupyercs Ha
CIIEIIyIOIIEM KITFOUeBOM (hakTe:

Ecnu xpuBast X*(t) sBisiercst onTUMAaIbHOM
TpaeKTOpHEH B 3a7a4ye YIPaBICHNS JUHAMUYECKOU
CHCTEMOW Ha OTpe3ke BpemeHH [to, T], ¢ HekoTo-
pbIM HaydajabHBIM ycioBHeM X(to) = Xo, TO ISt JfO-
O6oro MoMeHTa BpeMeHHU T €[ty, T] onTumManbHbIM
pelIeHreM 3a7a4il yIpaBJeHUs CHUCTEMOW Ha OT-

pe3ke BpeMenu [7, T] ¢ HavanbHBIM ycinoBHEM X(7)
= Xx*(t) Oymer SIBIATHCS YYacCTOK TOH K€ Camoi
Tpaekropuu X*(t). PaccMoTpum 3amavy onTuMas-
HOT'O YIIPaBIICHUS B BUJIE:

I, u(t) = jF(t,x(t),u(t))dt o

...+d)0(t1, X(tl)) — Max. (1)
x(t) = f(t,x(t),u(t)), x(to) = o, )
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u(t) ey, 3)
U nycts J* — 3HaueHWe (yHKUIMOHANA HA ONTHU-
MaJIbHOM ee pereHuu (X*(t), u*(t)).

Tenepp A7 TPOU3BOIBHOTO MOMEHTA
BpeMeHH T €[ty, T] u mpousBonbHO# ToukH (azo-
BOT'O TPOCTPAHCTBA ) MONOXHM B 3amade (1 —3)
to=7, X(7)=y. ®ynkumto J*(t, y), paBHyIO 3HAYCHHIO
(GYHKIMOHANA Ha ONTHUMAJIBHOM pPEIICHHU TaKOH
3ajga4yn, OyneM HasbiBath (yHkumeil bemivana
Wi (pyHKIUEH BBIMTPHILIA.

OtmeruM, uto J* = J*( to, Xo)-

Hccnenyem Ternepb u3MeHeHHE (QYHKIUH
J*(t, X) ¢ TeueHHEM BpPEMEHHU BIOJIb ONTHMAIBHOU
TPaeKTOPHH CHCTEMBI, TO €CTh, IPH X=X*(t).

PaccmorpumM Manoe mpupanieHue BpeMeH!
dt. 3a 5TO Bpems cucTeMa mepeizieT B HOBOE CO-
CTOSIHUE

X*(t + dt) = x*(t) + dx*(t),
rue, u3 (2),

dx*(t) = f(t, x*(t), u™(t))dt.

W3menenune 3Havyenus ¢pyHkuuonana (1) va
orpeske [t, t + dt] MoxxeT mPOUCXOAUTH TONBKO 3a

CUerT HHTCFpaJ'ILHOfI €ro 4aCtu u HpI/I6J'H/I)KeHHO
t+dt

COCTaBJISIET I F(t,x*(t),u*(t)) dt

t

~ F(t, x*(t),

u*(t))dt, a ocraBmasics 4acTh, COrJIACHO MPUHIIUITY
ontumManbHOcTH  bemmana,  Oyaer  paBHa
J*(t+dt,x*(t+dt)). Takum oOpa3om, MOIYUEHO Ciie-
JyIoIliee peKyppeHTHoe cooTHorieHue [8]:
J*(t, x*(t)) = F(t, x*(t), u*(t))dt + I*( t
+dt, x*(t + dt)). 4)
Tenepb, TONB3YACh  ONTHMAIBHOCTBIO
u*(t), moxxem mepenucath (4) ciaemyroupmM obpa-
30M:
J*(t, x(t)) uT)% {F(t, x(t), u(t))dt +

J*(t+dt, x(t +dt))}. (5)
Hanee, B mpennonoxeHun auddepeHnn-
pyemoctu J*(t, X) O CBOMM aprymMeHTam, mepexo-
s K npeneny npu dt — 0 momyuynm cremyromee
COOTHOIIIEHUE!

A *(t,x) _
-5 = max {F(t, x(t), u(®) +

*
e (R CRTC) SO
COOTHOHICHI/IG (6) mpencraBuser coboit
¢ epeHIanbHOe ypaBHEHNE B YaCTHBIX TPOM3-
BOIHBIX TIEPBOrO TOpsAKAa MJs  ONpeleNeHHs
¢bynkuun J*(t, X). OHO Ha3bIBaeTCS ypaBHEHHEM
Bennmana B nuddepenunansuoit popme.

KpaeBbIM yciioBHeM Uil JTaHHOTO ypaBHE-
HUSI SIBISICTCS ONTHUMAJIbHOE 3HAYCHUE (YHKIIHO-
HaJsa pu t = t;, paBHOE TEPMUHAIILHOMY YJICHY:

J*(ty, X(t)) = Do(ty, X(tr))- (7)

Kak mnpaBmiio, aHaIMTHYECKOE pEIICHHE
ypaBHeHHs (6) HAHTH JOBOJBHO CIOKHO WIH BO-
BCC HEBO3MOKHO. [loaToMy mpuberaem K JHCKpe-
tu3ammu 3anaun (1 — 3) ¢ mocnenyronmMm ee duc-
JeHHBIM penieHueM. JluckperHast 3amada (Gopmy-
JHpPYyeTCs cleayrommM oopazom [8]:

3, UO) = D P X U)AL + k) >

max. (8)
Xir1 = f(Xi, Ui),  Xo — 3anaHo. ©)
Ui € Ui, (10)

OtMeTuM, 4YTO B AMCKPETHOM 3adade Co-
CTOSIHME CHCTEMBI OYJET OMUCHIBATHCS BEKTOPOM
X=(X0,X1,- -, XN) eRV a YIpaBICHHE — BEKTOPOM
U:(Uo,ul,..., uN—l) GRN.

s (8) — (10) ypaBHenue bemuimana Oyner
HUMETh CICTYIONUI BUT;

Ji*(Xi) = Lnix {F(ti, Xi, Ui)Ati + Ji+1*( f(Xi, Ui))}a

(11)
¢ KkpaeBbIM ycioBueM Jy*(Xy) = @o(Xn).

Pemenue 3amaun (11) mpu 3amaHHBIX Kpa-
€BBIX YCIOBUSX IPOU3BOIMUTCS MOCIIEI0BATEIBHBIM
petennem ypaBHenus (11) ans maros 1 = N-1, N—
2, ..., 0 (oOpatnblii xox Merona bemnmana). [pu
ATOM Ha Ka)KJIOM Ilare MOJy4aeTcs ONTUMAaJIbHOE
ynpasieHue Ui* kak QyHKIHUS OT TEKYIEro CoCTo-
SIHUSL CUCTeMBI Xi. Ha BTOpoM 3Tame mo moiy4eH-
HBIM (QYHKIHAM Ui*(X;) TIPOU3BOJUTCS CUHTE3 OIl-
TUMAaJBHOTO YIPABIICHUS Ul 33/1a4d C KOHKpET-
HBIM HaYaJIbHBIM YCIIOBUEM Xg.

Takum 00pa3oM, MeTOA THHAMHYECKOTO
NpOrpaMMHUPOBaHKs, B OTIIMYHE OT PACCMOTPEH-
HBIX BBIIIE HEOOXOOMMBIX YCIOBHH, JaBaBIINX
ONTHMAIILHOE YIIPaBJICHNE KaK (DYHKIIHUIO BPEMEHU
u*(t) (mporpammHOe ympaBieHHE), IO3BOJSIET
ONPE/ICNIATh ONTUMAJIBHOE YIpPaBICHHUE KaK (PyHK-
U0 cocTosiHUs cuctembl U*(t, X) (cuHTe3mMpoBaH-
HOE YIPaBIICHUE), YTO JIa€T BO3MOYKHOCTh OTBICKH-
BaTh peLICHUE cpa3y Ul LEJOro Kiacca 3axad ¢
Pa3IMYHBIMU HaYaJIbHBIMH YCJIOBHSIMHU [7].

Hanee Oynem cuurtath, YTO B (QYHKIHOHAI
3a7a4M BpeMsi He BXOAUT siBHO. [Tonoxkum mar At;
paBHbIM 1. BBenem MOHsATHE TOPU30HTA TUIAHHPO-
BaHMS KaK KOJHMYECTBA IIAroB, OCTABLIUXCS JIO
3aBeplIeHHs ynpasieHus. O003HaYM

Vi(X) = In«*(X),
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T.€. MaKCHUMAJbHBII BBIMTPHIII, KOTOPBIA MOXHO
OTy4uTh 3a K 1IArOB, €CIIM HAYATh M3 COCTOSHHS
X. B aTOM cilydae peKyppeHTHOE COOTHOIICHHE
st Vi(X) mpuHIMaeT BHI

Vi()= Max {F(x, u) + Via(f(x, u),  (12)

¢ KpaeBbIM ycioBreM: Vo(X) = Do(X).

Jlns peanuzaii MpoeKTa MO TEPPUTOPHU-
AQTBHOMY Pa3MEIECHHI0O OOBEKTOB  Pa3IMUYHBIX
(yHKIMI UMeeTcs HEKOTOPBIN pecypc B o0beme, D
> (0, KOTOPBIN HEOOXOIUMO PACTIPEACTUTL MEKIY
N oOwekramu, Tak, 4TOOBl MaKCUMH3HUPOBATh WX
CYMMAapHYIO MOJIE3HOCTh, eCITH (PYHKIIHSI ONE3HO-
ctu i-ro obbekra Fi(ui) = In u;, rae: Ui — o6bem pe-
cypca, moaydaeMbiid i-M 00bekToM. (CunTaem, 4To
00BEKTHI TMEPEHYMEPOBAHBI COTJACHO TOYEK He-
KOTPOH TPaIOCTPOUTETHLHON MOJIENH ).

B (dopmanbHO# TOCTaHOBKE 3a/aua HMEET
BHJI;

N
I = ), INu; - max; (13)
i=1

N
D u<p; D>
i=1

IlpuBeneM ee K 3amade ONTHMAILHOTO
ynpasieHus. J[ins 3Toro HEOOXOIMMO BBIICTUTH
MEPEMEHHYI0, SBISIONIYIOCS AHAJIOTOM BPEMEHH
(HoMepa mmiara) B 3a7a4e ONTHMAIILHOTO YIpaBiie-
HUS, TOPU30HTA MJIAHUPOBAHUS, & TAKXKE Mapamer-
PBI COCTOSIHMSI U YIPABICHUS B KAXKABI MOMEHT
BpPEMCHH.

ITycTh HOMEpOM IIara B 3ajade sSBJSETCS
HOMEp 00BbeKTa I, Ui KOTOPOro MPUHUMAETCS pe-
HICHUE O pachpesieieHnu pecypca. Toraa Bemuyu-
Ha Uj OyJer sIBIAThCS YIpPAaBICHUEM Ha i-M miare.
BBenieM mapaMerp COCTOSIHUSI CHCTEMBI X; KaK 00b-
eM pecypca, uMeronmiics K i-my mary (i = 1, N).
Torma, U3 yCIIOBHS 33/]a9H MOJTydaeM

Xisr = Xi—U; X =D. (14)

Tak Kak MOXeT OBITh pacmpelesieHO pe-
cypca He 0oJiee YeM UMEETCS B HATUYHH, TO HMEeT
MECTO OTPaHUYCHHUE Ha YIIPABJICHHE

0<ui <X (15)

Takum obpasom, (13 — 15) mpeacrasisier
co0oil 3aauy ONTUMAIILHOTO YIPABJICHHUS B JWC-
KpPETHOM BpeMeHHU. PelmM ee ¢ MChoiab30BaHUEM
npunnuna bemmvana [8]. O6o3naunm depes Vi(X)
3HaYeHHWE (DYHKIIMH BBIMTPBINIA, KOTJA TOPU30HT
TUIAHUPOBAHKS paBeH K, T.e. pecypc X pacmpese-
JSIETCS MEKIY N areHTamMu (HE BaKHO, YTO IIO-
CIICJIHUMH, TaK KaK BCE arcHThl UMEIOT OJMHAKO-

BbIe (DYHKIIMU TIOJIE3HOCTH, YTO OYCHb CYIIECTBEH-
HO 1pu (HOPMHUPOBAHUH PABHOMEPHOTO paCIIHpE-
HMsI TPAHUII TOPOJIa Ha BCEX HAPABJIEHHAX).
PaccMoTrpuM crienyronmii mar B 3ajaue,
KOTOPBI MMEET MECTO IOCIE TOro, Kak pecype
HOJTHOCTBIO PACIIPEIENIEH MEXK Ty BCEMU arcHTaMH.
CormacHo KpaeBoMy yciaoBHIO GyHKIus bemmana
Vo Ha 3ToM 1mare paBHa Vo(X) = @o(X) = 0.
PaccMoTpuM Tereph CUTYaIUIo, KOrja pe-
CypC JOJDKEH OBITH PaclpeelieH OJHOMY areHry.
B 3ToM ciydae ropu3oHT miannpoBanns K = 1
pexyppeHTHOe cooTHourenne (12) npuHIMaer BUI;

Vi(x) = ggié{ Inu+Ve(x —u)}=...
'Kl : maX : * : .
0<u<x {Inu}=Inx, orkyna uy*(x) = x
AHAJIOTHYHO, MPH TOPH30HTE IIAHUPOBa-
aus K = 2 umeem:

Vy(x) = (T)T;Lig{ Inu +Vy(x-u)}=...
—— (T)T;Lig{ Inu + In(x—u)}.

MakcuMyM  BBIpRXKEHHS B

(UTypHBIX

X
ckobkax mo Ue[0, X] nocruraercst mpu U*(X)= >
X
npd  3TOM Vz(X)=2|n§. 3Ha4YuT, ONTUMAIbHOE

o X
yIpaBieHUE B 3TON cuTyauuu Uy-1*( X) 25 .

TokaxeM fanee, 4To s ropu3onta K =
0,..., N ontumansHOe ynpasnenue Ha mare (N+1—
K) u ¢ysxums Bemnmana ropusonta K mMeror
BUJL:

U1 ¥(X) =X V) =k'In X . (16)
. K

[pennonoxum, 94To 3TO BEPHO HA HEKOTO-
pom mare (N+1-k'). Ompenenum onTHManbHOE
ynpasnenne u $yHKmo Bennmana ropusonta K-
[8]:

Vier(X) = max {Inu + V(X -u)} =

0<u<x

0<us<x

max{lnu+k*|n"k;*u

O6o3uaunm A(U) = Inu +k In x-u

VCoBHs TIEPBOrO MOpPsiIKa MakCUMyMa (YHKITHH
A(Un—) IMEIOT BH:

dA_l K _,
du u x-u

OTKyJa

U (X) = —— Viea(X) = (K+1) In—>—.
k +1 k +1
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Takum oOpa3oM, ompeneneH oOmUN BUJ
ONTUMABHOTO YIIPABJIICHUS JJIs TPOH3BOJIBHOTO
mara B 3ajade. Temeph MpoOBEIEM CHHTE3 OITH-
MaJbpHOTO yrpaBieHus s 3aaa4un ¢ N oObekramu
Y HavaJbHBIM 00bEMOM pecypca, paBHbIM D:

_x_D. _ _ D
U*(x)=—==—; X=X-Uu*=D-—
1(1) N N 2 1 1 N

_ D(N-1)
N 1
X D
U (X)) =—=2—= —; Xzg=Xo—Uy*=
2*( %) NIy 3= X2~ Up
DIN-) D _p(N-2).
N N N
X D
D(N+1-k) D _ D(N-k).
N N N

Takum 00pasoM, B JaHHOM 3aj1aye ONTH-
MaJIbHBIM SIBJIAACTCA PABHOMCPHOC PACIPCACICHUC
pecypca MKy BCEMH areHTaMH:

u* = (_ -

D
r— ey — )

N N N
Haunbonee xapakTepHBIH HEIOCTATOK CO-

(17)

BPEMEHHBIX T'PaJOCTPOUTENBHBIX IIAHUPOBOYHBIX
JOKYMEHTOB M MpaBWJI 3aKIIOYAE€TCS B TOM, YTO
OHU HE B MOJTHOM MEPE YUUTHIBAIOT €CTECTBEHHYIO
JUHAMHUKY TOpOACKUX mpoueccoB. Jlaxe Torna,
KOTJia OKa3bIBAaeTCsl MPaBUIBHBIM MCXOIHBIA MPO-
THO3 YBEJIMYEHMS pa3MEPOB I'PAHUL] MOCENIEHUH, B
MIPOLIECCE IBONIOIMOHHOIO YCIOKHEHNS BHYTPEH-
Hell CTPYKTyphl OOBEKTa TeHEpaJbHBIA IJIaH He-
penko oOHapyKMBaeT CBOIO HHM3KYIO COLHAIbHYIO
U TpaHCHOpTHYIO 3¢dekTuBHOCTS. HepaBHOMEp-
HOE TpHpalleHHe TOPOACKMX paliOHOB OTHOCH-
TENBPHO JAPYr Apyra HapyliaeT IepBOHaYallbHBIC
IUTAHUPOBOYHBIE M (PYHKIMOHANBHBIC CBS3M, HE
yAaeTcsl JOCTUYb OPTaHWYECKOro €JUHCTBAa CTa-
PBIX ¥ HOBBIX XapaKTEPUCTHUK MHpocTpaHcTBa. Lle-
JIOCTHOCTh TPaHCIIOPTHON CHCTEMBI HapyIIAeTCH.
OTO0 BBIpa)KaeTCs B 3aKyNOPKE TPAHCHOPTHBIX ap-
TEpUA OT HEMPOAYMAaHHBIX pELIEHUM, KOTOpbIE
00pasyroT TpoMOBl OT TOYEYHOH W YIUIOTHUTENb-

HOI 3acTpoiiku, Hed()(OEKTUBHBIM DPETYIHPOBAHMU-
€M CKOPOCTHBIX PEKUMOB, OCCTOIKOBBIM ILIAHH-
pOBaHHEM pa3BsI30K M MyTENpoBOOB. DhdekTun-
HOCTh (DYHKIIMOHHPOBAHMS PA3UYHBIX JIOTUCTH-
YECKHUX TMOJICUCTEM, CBS3YIOIIMM 3BEHOM KOTOPBIX
SIBJIICTCSI TPAHCIIOPT, OOBEKTHBHO HU3KA.

MareMaTndeckoe yTBEpXKICHHE paBHO-
MEPHOTO paclpeieieHus pecypca areHTaM KOH-
KPETHBIX TPajJOCTPOUTEIBHBIX MOJEICH, BXOIS-
WX B ypOaHU3UPOBAHHBINA KapKac TOPOJICKON WH-
(pacTpyKTypsl, MOAPa3yMeBaeT COOTBETCTBYIONICE
paBHOBecME EMKOCTHM IIYHKTOB OTHpPAaBIICHHUS-
npuObITHS. B THOCEONOrMYecKOM CMEICIE 3TO
MOXKHO TPaKTOBaTh KakK IMPOMOPIMOHAILHOE IIO-
CTYNaTEIIbHOE MPUPAIICHUS BCEH TOPOJCKOW CH-
CTeMBI. JTO WCKIIIOYAET MEPEKOChl M KOHI[CHTpa-
IO OTJICNBHBIX HATPABICHUN TEPPUTOPUATHLHOTO
pocTa, SABISSACH KaTaau3aTOPOM WHBECTHUITMOHHOU
MOJIUTUKH, PA3IMYHOrO YPOBHS aJMHUHHCTPHPOBA-
HHS U OM3HecA.
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