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TSAI'OBI PO3PAXYHKU 3 BUKOPUCTAHHAM BEKTOPHOI

ONITUMIBALIL

Ilpeocmasue 0.m.n., npogh. Cmaciox O. 1.

Tsarosi po3paxyHKu € NPUKIAJAHOI YacTH-
HOIO TEOpii TATH MOI3JIB 1 J03BOJSAIOTH BUPI-
ITyBaTH YHCJICHHI MPAKTUYHI 3a/adi, 10 BU-
HUKAIOTh MPU MPOEKTYBAaHHI Ta E€KCIUTyaTar(ii
3aJII3HULIb.

Ha 3ani3HM4YHOMY TpaHCIOPTI METOJIU PO3-
pPOOKM TATOBHX PO3pPaxXyHKIB 1 HEOOXiIHI AJIs
iX BUKOHaHHS HOPMATHBU PErJIaMEHTYIOThCS
[IpaBunamu TsaroBux pospaxyHkiB (IITP) ans
noizHoi podotu [1-6].

B nmanuit yac TAroBi po3paxyHKH BHKOHY-
I0ThCS, IEPEBAYKHO, 3 TOTIOMOT0I0 3ac00iB 00-
YUCIIOBAJIbHOT TeXHIKH. J[JI1 MareMaTu4HOro
dhopmyroBaHHS 3a7a4i HEOOXITHO BPaxoOBYyBa-
TH (I3UYHY CYTh SBHIL, IO CYINPOBOJIKYIOThH
IpoLec pyxy Hoi3fa, OCHOBHI NpPUHOMHU Ta

CIOCOOM TSTOBUX PO3PaxXyHKIB. Y OUIBIIOCTI
BUIAJKIB TATOB1 PO3paxyHKH BHUMararoTh oIle-
PaTUBHOCTI iX IPOBEICHHS.

CporoiHi HallakTyaabHIIIO MPOOIEMOIO €
npoOiemMa eKOHOMIi eHepropecypciB. Y Toi
’)Ke 4ac HeOOXIZHO BaHTa)X OCTaBJIATH Mif
yac, a B 6araThbOX BHIMAJKaX — B HAMKOpOTIII
TEPMIHH.

3anponoHOBaHUMN MigXiJl CTOCOBHO pIllI€H-
HS 3ajja4l ONTUMAaJIbHUX TSATOBHUX PO3paxXyHKIB
po3risgaeTbes K OaraTocTaliiiHUI mpoiliec
NpUMHATTS pimeHb. Ha koxkHill cranii HeoO-
X1IHO MPUHHATH pIlIEHHS TaK, 100 Horo pe-
3ynbTaT OyB ONTUMAJIbHUM 3 TOYKH 30Dy
BChOTO Tpolecy. B 3amaui cragisimu € iHTEp-
BaJM MyTi. 3ajaya yOpaBJIiHHA MIBUJKICTIO 1
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gacoMm pyxy chopmyliboBaHa B TE€pMIHAX H-
HaMIYHOTO MPOrpaMyBaHHSI.

Metoro po6oTH € po3poOka MpPOrHO3y pe-
3ynbTariB 1 (OpMYBaHHS peKOMEHAALid Mo
MO>KJIMBUM BIUIMBAaM Ha IpoOLEC PyXy Moizza 3
METOI0 BEJCHHS HOTO B ONTHMAJIBHUX YyMOBaX
CTOCOBHO €Heprii 1 yacy. Po3poOka uncenbHO-
r0 METOJy ONTHUMAIBHUX TATOBUX PO3pPaxyH-
KIB 3 BUKOPHUCTAHHSIM BEKTOPHOI ONMTHUMI3AIlli
JUI TBOX MOKA3HUKIB.

AKTyaJIbHiCTh

OngnuM 3 paaMKadbHUX CIOCO0IB, IO 3a-
Oe3neuye CTIMKICTh HA PUHKY HaJaHHS TpaHC-
MOPTHUX TOCIIYT, € EKOHOMISI €EHEPrOPECypCiB.
3anizHUYHA Mepeka YKpaiHu 3/IMBa€ThCA 3 3a-
nizauisMu Pocii, bimopycii, Ilonpm, Yexoc-
noBayynHM, PymyHii Ta iH. ['eorpadiune pos-
TallyBaHHA YKpalHU Ma€ BEIMKUHN MOTEHIall
70 TPaH3UTHUX NepeBe3eHb. He3Baxaroun Ha
ICTOTHE 3HM)KEHHS 00CATIB IIepeBE3€Hb, YMOBU
poOOTH 3aNi3HUYHMX MIANPUEMCTB YKpaiHu
3aJIMIIAIOTHCS BAXKKUMU 1 1I€ B IEPILY 4Yepry
[IOB’SI3aHO 13 LIOPIYHUM 3POCTAHHSAM IIH Ha
eHeproHocii. 3HayHa YacTKa BUKOPHCTAHHSA
eHeprii npumnajaae Ha 3a0e3MeYeHHs TATH 013~
niB. [Ipobinemi ekOHOMIi eHepropecypciB Ipu-
JUI€ThCS MOCTIHA 1 MUJIbHA yBara y BCIX Ta-
Jy3s1X MPOMMCIIOBOCTI 1 HE TUIBKM Ha TpaHC-
MOPTI.

CporojiHi Ba)JMBOIO HPOOJIEMOIO € CTBO-
PEHHSI KOMIPOMICHO-ONITUMAJIbHUX PEXKUMIB
TATH IIOI341B VI MMOKA3HUKIB CIOKMBAHHA Ta
Yacy J0CTaBKHM BaHTaxy. BapTicHI MOKa3HUKU
e(eKTUBHOCTI pyXy NOi3/[iB BUMaratoTb HOBUX
MIIXO/IIB 10 PO3POOKH METOIB ONTUMAIILHOTO
PO3paxyHKy peKMMHUX KapT BEJECHHS MOi3/IB.
Jlig aHanizy NOLUIBHOCTI MEPexXoy Ha PexXu-
MU pyXy, ONTHMAaJbHI 32 BapTICTIO €JIEKTPOe-
Heprii, HEOOXiTHO BUKOHATHU JOCIIIKCHHS
KOMIIPOMICHO-ONITUMAJIBHUX PIlIeHb, €(eKTh-
BHHUX JIJIs1 BEKTOPA [MOKA3HUKIB:

— BUTpPATHU €JIEKTPOECHEPTi;

— BapTOCTI €JEKTPOEHEPrii Mpu 3aJaHOMY
00cs131 IepeBe3€eHb;

— rpagik pyxy.

KoMmnpoMicHO-onTUMaNbHI peXUMU Tpe-
CTaBJISIIOTH HaOlp YMOBHO-ONTHUMAJIbHUX pe-
KUMIB pyxy (a00 X NUIBHUYHUX HIBUIKOC-
Tel), sIKl 3aCTOCOBYIOTbCS 3aJIe)KHO BiJ 3a/a-

HO1 IepeBaru XapaKTepUCTUK BEKTOPHOI wii-
n1p0BOi pyHKUIT [7].

AHaJi3 JiTepaTypHHUX JKepe

JocaimkenHs B o0ylacTi  omTuUMIZaIii
YIOPaBIIIHHS TIACOK TPAHCIOPTHUX 3acC001B IO-
yari me OxouumcbkuM («K Teopun aBrkeHUs
paket», 1946r). [IpakTuune 3aCTOCYBaHHS Te-
Opli ONTUMAJIbHOTO KEPYBAaHHS MOYaJIUCh IIiC-
a5 Buxony pod6ir JI.C. Iloutpsrina [8], box-
TssHCHKOTO [9], Benmmana [10].

B po3BuTok Teopii TArM mNOi3NiB BHECIU
A. M. babuukoB, B. ®. €ropuenko, . A.
[ranre, /. K. Minos, 1. Il. IcaeB Ta iHmIL
Jlunamika TATH pO3BHBATach B poOoTax
C. A. Yanuwirina, B. A. Jlazapsna, H. A. Ila-
HbkiHa, B. B. [Jleera €. I1. bioxina, A. A. bo-
cona, I'. K. I'erpMmana.

XapakTepHOI0 OCOOJIMBICTIO POOIT 3a OI-
TUMaJbHUMH TSITOBUMH PO3paxXyHKaMH € TpHU-
CTOCYBAaHHSI CXE€M 1 METOMIB 10 OOYUCITIOBAIb-
HOT TeXHIKU. B OCHOBY 6araThboX aJropuTMiB
MOKJIaJIeHO IpuHIuMI bemmana. ExcriepumMen-
TaJbHI PO3PAaxXyHKH CHOTOJHI JO3BOJIMIM Ha-
KOIMWYUTH NEBHUN JOCBIJ 3 ONTUMI3ALIL.

OpHuM 3 HanpsMiIB BIPOBA/HKEHHSI METO/IIB
YIOpaBIiHHS HAa TPAHCIOPTI, € PO3pOOKa TaKUX
00YMCIIIOBAJILHUX CHCTEM, SKI HO3BOIIA O
ONTUMAJILHO YIPABIATU IMOI3JI0M, K B 3a-
MKHYTOMY LUKJI (aBTOMaTHYHE KEpyBaHHS),
TaKk 1 B PEXUMI pEKOMEHmaIii (IMiaKa3okK).
[IpakTuka moka3zana, mo Jyisi OUTbIIOT ePeKTH-
BHOCTI HEOOXITHO pPO3pOOUTH HOCHUTH IIEBI
MaTeMaTU4HI METOAM PO3B’S3aHHA 3a/1ay Oll-
TUMaJbHUX TATOBUX PO3PaxyHKIB, Ha IiJICTaB1
SAKUX MOXHa 0ys10 6 po3poOUTH T1 UM 1HIII aJl-
TOPUTMH JUIsl KOHKPETHUX 1HXKEHEPHUX 3ajad,
3 HaCTYIIHUM YTOYHEHHSM 1 JOpoOKOI0 Ha pe-
IbHUX Mpoliecax KepyBaHHA Moiznamu abo B
cucteMax ympaniiHHsA. J[ana mpobiema BUCBI-
TieHa B poborax [11-14].

VY po6otax Kocrpomina A. M. [15-17] Bu-
KOPHUCTOBYETBHCSA SIK KJIaCHYHE BapialliiiHe 4uc-
JIEHHS, TaK 1 METOJIM MaTeMaTU4YHOI Teopii o1-
THMAaJIbHOIO YIPaBIIHHS, 110 3’ SIBUINCA Y QY-
HAaMeHTanbHuX npausx [lonTpsrina 1 bemi-
MaHa. [lpobnema onTUMaIbHUX PEXKUMIB
YIOPaBIIiHHS JIOKOMOTHBOM DO3TJISAAETHCS SIK
IH)KeHEepHe 3aBJaHHA. B ocHOBY MeToniB pi-
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IIEHHS MOKIAJAEHWH B OUIBIIOCTI BUIIAIKIB
MPUHIUI MAKCUMYMY.

Po6otu [18-20] npucssiueHi, B OCHOBHOMY,
pO3po0IIi METOMIB ONTUMI3AIl PEKHUMIB BO-
JIHHS TOI3/1B, 3aCHOBAHUX Ha BUKOPHCTAHHI
Cy4acHOi MaTeMaTU4yHOI Teopii yHpaBliHHA 1
oOumcioBalibHUX 3ac00iB. Kpurepiem onrtu-
MajJbHOCTI B OUIBIIOCTI BUKOHAaHUX poOIT
CIIY’)KUTb MIHIMYM BUTpAT €HEPrii Ha TATY MOi-
3/11B, X04a 3yCTPIYAETHCS TAKOK 3aCTOCYBAHHS
IHIIMX MOKAa3HUKIB €(EKTUBHOCTI Oprasizaiii
MIEPEBI3HOTO IMPOLIECy, HANPUKIAA 4Yac pyXxy
noi3fga Mo JUISHIN, 110 BUKOPHCTOBYETHCS B
3a/layax Ha MIBUAKOJI0 a00 TOYHICTh BHKO-
HaHHS 3a/laHoro 4acy xoAy 1 T. . [Ipore Hesa-
JI&KHO B1Jl PUIHATOrO KPUTEPIIO 1 MapameTpa
onTUMI3alii 3aa4ya BUOOPY ONTUMAIBHUX pe-
KUMIB BOJIHHS MOi3/1a PO3IJIAJAINUCA B OJIHO-
KpUTEpiaiabHii MOCTaHOBIIL.

3acTocyBaHHS METO/IIB BEKTOPHOI ONTHUMI-
3alii 10 BUPIIIEHHS JBOKpUTEpPIaIbHOI 3a7aul
ONTHUMI3allll TATOBUX PO3PAaXyHKIB BUKJIAJECHI
B poOoTtax [21-23]. ¥ poboTax IOCTIIKYETHCS
pIIEHHS JBOKPUTEpIAIbHUX 3a/Jad METOIO0M
BEKTOPHOI onTuMizamii. s aHamizy mMoxim-
BUX ULUISIXIB BUPILIEHHS BHUKOPUCTOBYETHCS
METOJI NapaMeTpu3alii, MPOBOJUTHCS aHaji3
3aB/IaHHS TSATOBUX PO3PAaxyHKIB SIK 3aBIaHHS
BEKTOpHOI onTuMizalii. 3anponoHOBaHUN Me-
TOJ ONTUMI3aLlll IPYHTYETbCS HA SIKICHOMY JI0-
CIII/DKEHH1 PEXUMIB PYXy Ha €JIEMEHTApHOMY
BIIpI3KY KoJiii. JIo HemoiKiB MOYKHA BITHECTH
BIJICYTHICTh YHUCEJIBHUX METOJIB BEKTOPHOI
ONTHUMI3allli OPIEHTOBAHUX /10 BUKOPUCTAHHS
00YMCIIIOBAJIBHOT TEXHIKH 1110 peani3yloTh Ja-
HUW METOJ.

ITocranoBka 3agaui

PosrignaeTscs 3amada, sSKa 3MICTOBHO Bi-
JIoMa SIK 3a7a4a ONTUMaJIbHUX TATOBUX PO3pa-
XYHKIB. Bennunnu
f(s), t(s) — TOKa3HWKH, IO BiTOOpak)arTh

MEePEBI3HUM MPOIIEC 1 ABISAIOTH COOOI0 BUTPATH
E€HEePropecypciB (EIEeKTpOSHEPTis, MaJIUBO) 1
yacy Ha JIOCTaBKY BaHTaxy;

S — koopaunara koumii. Iloi3n posrisnaerbes
SIK TBEP/IE TUIO 3 MAcOI0 30CEPEIKEHO0T B HOro
1eHTpl. PIBHAHHA pyXy MOTATY BPaxOBYIOThCS
K B [24]. BBaxaroTbcs 3alaHUMH

— THO3/10BXHI podiIb KOJI;

— OOMEXEHHs IBMJKOCTI MO KOJIii MPOXo-
JOKEHHS,

— Maca CKJIafy;

— THII BaroHIB, HABAaHTA)KCHHS Ha BICH;

— Maca eJIeKTpOB03a;

— TSITOB1 XapaKTEPUCTUKH €JIEKTPOBO3a;

— 00OMeXEeHHsI Yacy MPOXOJKEHHS;

— [IOYATKOBA 1 KIHIIEBA IBUIKICTE;

— JOBXKHMHA JUITHKH KOJTIi.

3 TOYKHM 30py BUTpAT €HEPropecypciB Ha
pyX BHUHHUKA€ 3ajaya Mpo NOOYIOBY 3aKOHY
KEpYBaHHSI OTIATOM, 1€ KPUTEPIEM ONTUMAIIb-
HOCTI1 € BUTpaTa eHepropecypcis. Kpurnunum
3aJIUIIA€ThCS BUMOTa BUTpAT yacy Ha IPOXO-
JDKEHHS [O1311a U1 JaHOI JUISTHKM.

Hexait
S — koopauHarta KoJii, 0<s</;

[ — MOBXXHWHA JUISHKU KOJIi (3HAYCHHS KIHIIE-
BOi KOOpAMHATU AUISHKH);

v(s) — MBUAKICTH PyXy M0i31a;

f(¥(s)) — BUTPATH €HEPTOPECYPCIB;

t(v(s))— QYHKIIS BHTpAaT 4acy B 3aJI€KHOCTI
B1J1 00paHOi MBUAKOCTI PYXY;

T — 4ac pyXy HO JUISHIII.

3ajaya Ha ONTUMAJIbHE YIPABIIHHS PyXOM
1oi37a 3 MIHIMAJIbHOIO BUTPATOIO €HEprii Ko-
POTKO MO’KHa C(OpMY/IIOBAaTH TaK: 3HANTH Ta-
K€ JOIMYCTUME YIpPaBIIHHS V(s), NpU SKOMY
BIIMOBIIHUIM BUTPAT €HEPropecypciB OyB Ou
MIHIMaJIbHUM 1 BUKOHYBaBcsl rpadik pyxy Ha
MaHIi TUISHITL

3a3Buyail 3a1a4a ONTUMAJIBHOTO YIPaBJliH-
Hi pyXy Ioi3a 3 MIHIMaJbHUM BUTpaTaMu
€HEepropecypciB Ma€e BUTIISA]

min £(s) (2)

3a YMOBH
t(s))=T, 0<s<I. (3)

VYOpaBIliHHSAM € HIBUJKICTD PYXY.

Mopnens (2)—(3) BpaxoBye He Bci oOMe-
»eHHa. HeoOXigHo mpu po3paxyHKax Iie Bpa-
XyBaTu ¥ 1HIII1 YAHHUKH: IOYATKOBY Ta KiHIIe-
BY IWIBHUJIKICTh, XapaKTEPUCTUKH JIOKOMOTHBA
(oOMEeXeHHsI Ha NMUTOMY JOTHYHY CUiIy, 00-
MEXEHHS Ha nutomy raneMiBHy cuiy, KK/ 1
1H.), OOME@XKEHHsI HIBUAKICHOTO PEXUMY, Iepe-
I'piB TATOBOTO JIBUTYHA.
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[ToM’IKIIMMO KOPCTKY YMOBY HIOAO Yacy
npoxoxeHHs (3) 1 3aMicTh piBHOCTI (2) Oy-
JIEMO PO3TISAIATH OOMEKEHHS

t(v(s)<T, 0<s<l. (3
Mogens (2)—(3°) € nenepepBHoto. s mo-
OyZIOoBHU CXEMHU PO3B’A3KY 3ajiadi MepensieMo
710 BIATIOBIAHOT TUCKPETHOT MOJIEITI.
Po3i6’emo nimsHKy Koyii 0<s</ Ha N

eJIeMEHTapPHUX JUISTHOK {[Sj_,,sj]} , j=L...,N.
Y Toukax po30UTTS s IIBUIKICTD v=1(s;)
MOXe NPUIMATH KiHIEBY Oe3nid 3HayeHb V,,
j=1..,N

Vi :{vl-(sj)} , i=l.m,

ne m, — KUIBKICTB €JIEMEHTIB Y MHOXHUHI1 V..
Bennuuna m; BH3HAYAETHCA oOMexeHHS-
MU Ha WIBHIKICTb Xy B TOYIL s, Ta y CIOCIO
jucKperu3aiii v(s;) (peryisipHuii KpoK po3-
OUTTSA, HEPEryISpHUNA KPOK pPO3OUTTS, BENIU-

YiHa KPOKY po30UTT). 3aJeKHO B BUOpaHOT
IBUJIKOCTI PYXy v €V, B TOYLI PO3OUTTS KOJIii

s; CIICMEHTapHa AUISHKa [s]._,,sj] MOXe OyTu
. B - .,
npociiayBaHa 3a 4ac ¢, =#(V;) — HEBUI €MHa

BEJIMYMHA, TPU I[bOMY BUTPATH €HEPropecyp-
CIB CKIAnyTh [, =f(V,)— TaKkoK HEBiI eMHa

BEIUMYMHA. BuTpatu eHepropecypciB Ha Iuisi-
HIl 0<s<l=s, SBISIOTH co0010 cymy BCiX
BUTpAT Ha €JEeMEHTapHuX AUIsHKaX. Burpatu
yacy 11 0<s</=s, IPENCTaBIAIOTE CYMY
4acy BIAMOBITHUX BCTAHOBJIEHOMY €HEpPrope-
CypCy Ha eJeMEHTapHUX IUISHKaX. [Hakiie,
(GyHKIIST BUTpaT eHepropecypciB 1 (yHKISA
BUTpaT 4acy € aJWTHUBHI (QYHKI[li, BU3HAYEHI
Ha KIHIIEBUX MHOXHHAX V.

[ToTpibHO BHOpaTH Takuil pexXUM pyxy IMO-
™ry v,, k=0..N (v, U v, HajxaHi), Ipu
SKOMY CyMapH1 BUTPaTH €Hepropecypcis Oynu
0 MIHIMQJIbHUMHM, 1 IPU LLOMY 3arajabHi BHU-
TpaT 4acy HE BHUBOJMIU 3 BCTAaHOBJIEHOTO
rpadika pyxy (CymapHi BUTpaTH yacy HeE Iie-
peBepIIyBaliv 33JaHOT BEIMYUHU T ).

PosrnsiHyTa 3agada npo ONTUMAIBHUNA pyX
Moi3/ia 3 MIHIMAJILHUMHU BUTpaTaMu €HEprope-
cypciB (2)—(3’) € KaHOHIUHOIO 337a40l0 PO

po3nonin pecypey [25, 26]. Hdus 1 pimeHHs
MIPOMOHYETHCSI CXEMa METOAYy JUHAMIYHOIO
[porpaMyBaHHs. 3aMmiCTb PEKYPEHTHHX pIiB-
HSHb BUKOPHCTOBYETHCS MOKPOKOBE OO4YMC-
JeHHs 0e3J1i4il TO4OK, onTuManbHuX 3a [lape-
TO, Ha IUIOLIMHI 3Ha4Y€Hb IUIbOBOI QYHKIUII U
pecypcy.

VY npuiiHATUX NO3HA4YeHHAX (opmasibHa
[IOCTAaHOBKA 3aJayl 3allMUIeThCsl TaK. 3HAWTH

MIHIMyM CyMU

S0, vieV, j=l.N (4

IpU OOMEXKEHHAX
N _—
Z;tj(vl.)ST, velV,, j=1...N. (5)
=

[lepenbauaerncs, mo 6e3miu (5) momyctu-
MUX pIIIEHb HE MOPOXKHBO.

CxeMa IMHAMIiYHOI0 NPOrpaMyBaHHS

3amaua (4)—(5) npeacrasisie cOO0I0 BiIOMY
3a/lauy ONTHUMAaJIbHOTO PO3MOJUTY pecypcy,
JUI BUPIIICHHS SIKOT BUKOPHCTOBYETHCS, 3a-
3BUYAl, METOJ TUHAMIYHOTO IMPOTpaMyBaHHS
[11, 12]. HaBenemMoO OCHOBHI CHIBBIAHOIICHHS
uporo meroxay. llosHaunmo gepes B (u) om-

THMyM HACTYNHOI 3ajayl: 3HAUTH MIHIMYM
CyMu

Z Si)
k=1

v, eV,

1

J
npu  OOMEXEHHSX Zti (v;)<u
i=l1

j=1..N, ne ; npuiimae 3HadeHus 1,...,N,
0<u<T . OueBumno, Benmuuuna B, (T) mopi-
BHIOE ONTMMyMy BHUXinHOi 3amadi (4), (5). Ti
PO3paxyHOK MPOBOJUTHCS 32 PEKYPEHTHHUM pi-
BHSIHHSIM

min
vl.eVl.\tl.(vl-)Su

B;(u)= {Bj—][u_tj(vj)]-'-fj(vj)}

_ (6)
O<u<T j=1,..,N.

[Ipu Takiit opranizaiii obuucieHb HeoO0-
ximno mokmactu  By(u)=+w, O<u<T, i
B,(u)=0, sKmo MiHIMyM B (6) Oeperbes 1o

MTOPOXKHIN Oe3T141.
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[Ipu BenuKMX 3HaueHHAX T i N po3paxy-
HOK 3 BUKOPHUCTaHHSAM piBHSHBb (6) BHUMarae
3HaYyHOro oO0cCAry mam’sTi 1 4acy paxyHKY.
Huxde nponoHyerbes minxija, sIKUH J03BOJISIE
ICTOTHO 3a0Ia/HKyBAaTH OOYUCITIOBAIBHI pecy-
pcu.

Ha rmromuHi ABOX 3MIHHHX BBEIEMO Bij-
HOILIEHHS YaCTKOBOI'O NOPSAJKY

(x,y)<(zw) e x<Ly, z<w.

Hexaii 4 — mesixka Oe3i114 TOYOK Ha ILIOIIM-
Hi. Touku 3 4, MIHIMAJIBHI IIOJO YaCTKOBOTO
MOPSIIKY, HA3WBAIOTh ONTUMalIbHUMH 32 [lape-
TO ab0 TPOCTO TMApEeTOBCHKUMHU. Po3ristHeMO
0€3J119 TOYOK BUTJISALY

FZZfi(Vi)a T:Zti(vi)a

Jie BEKTOP (V},V,,...,V;) MPOOIrae BCi 3HAYCH-

H:, 10 3a10BOJIBHAOTE YMOBaM

J _
Y t()<T, vel, i=l..j.
i=1

CykynHICTh TMapeTOBCHKIX TOYOK  IIi€i
MHO’KHHH T03HAYMMO Yepes §. . 3 KUTBKOX pi-
BHHX MapeTOBCHKIX TOYOK y Oe3niy S, BKIO-
YaeTbCsl TUIbKM onHa. [lo3Haunmo uepe3
(F].k,Tjk), k=1,...,K,, TOYKH Oe3miui S, , HY-
MEpYIOUH iX 33 3pOCTaHHSIM KOOPAHMHAT, TOOTO

F <F;, <...F|

K, T].] <Tj2 <...Tj,</.

HeBaxkko  Oauutw, 110

k=1,....K,. OyHKuis B;(u) € HEyOyBar4o0

Bj(Tjk):ija

0 apryMeHTy u IIpU JaHoMmy ;. i rpadik
CKIIQZAEThCS 3 JUITHOK TMOCTIMHOCTI 1 TOYOK
3pOCTaHHs, 5KI 1 CKagaroTh 6esmiy S, . Takum

YUHOM, 03114 S; MICTUTHh BCIO HEOOXITHY

iHpopManito npo (GYHKIIT B MIHIMaJIbHOMY
o0cs31.

Besmiui §,, j=1,...,N mNepepaxoBylOThCs
[0 KpOKax, aHaJIoTryHo piBHAHB (6). Ha noya-
TKOBOMY Kpoui BBaxxaemo S, = {(0,0)}. Omu-
meMo crutbHuM Kpok. Hexail Bxke moOGynoBaHo
6e3iy

S :{F/'—Lk’Tj—l,k’ k:L---’Kj—l}-

Posrnsinemo 6e3mid Touok (F,7T) BUTIALY
F=F,_,+f(v,), T=T_;+t,(,),

Je k=1,...,Kj_

3HA4YCHH:, 110 3a10BOJIbHAOTE YMOBaM

,» @ 3MIHHa v, npobirae Bci

Ty +t,(v)<T, v, eV;.

Bunuisitoun 3 1i€i MHOXXHMHU NapeTOBCHKI
TOYKHM 1 3aJIMILAIOYU 3 PIBHUX TOUOK TUIbKU
OJIHY, OTPUMY€EMO 03114
S, ={(F.

J Jk>

To)s k=l...K,}.

Ileit mporec 3aBepuryeThcsi MOOYIOBOIO
0e3miui

Sy ={(Fus- Tus ) k=LK |-

BemunHa Fy ~ JOPIBHIOE ONTUMYMY IIO-

4aTKOBOi 3ajadi. BinmoBimHe BkazaHOMYy OII-
TUMYMY 3Ha4eHHs Ty, € BHTpaTraMu 4Yacy.

TyT BUKOPUCTAHO TaKy BJIACTUBICTb PILICHHS:
NEPCIEKTHBHI Iapu (F,T) YTBOPIOIOTH Oe311i4
[Tapero, a Bci 1HII1 MOKHA BUJAINUTHU (aje MO-
KHA 1 3alUIINTH). Y pealbHId peanizaiii
MIPEJICTABICHOT0 AJITOPUTMY IOIEPENHbO BH-
JUIAIOTHCS Ui KOYKHOTO 3HAYEHHS 1HJIEKCY

j=1,...,N HapeTOBCKI TOYKH Oe31i4l

{f.f(vj)’ (v;),v; EVJ}

1 BUKOPUCTOBYIOTBCS B PO3paxyHKax TUIbKU
BOHH.

SIKIIO NepCHEeKTHBHI Mapu (F,T) HE BHIIY-
4aTu, TO cepen Oe3nmiui map (F,7) MOXHa
3HAWTHU Takl, K1 ONTUMI3YIOTh Yac. Y caMoMy
CHPUATIMBOMY BHIIAJKy cepen Oe3niui mape-
TOBCHKIX TIap MOXXHA BHOpAaTH HANOUIBII ITijI-
X011 10 yMOB Tpadiky pyXy 3a BUTpaTaMu
4acy Ta EHepropecypcis.

EdexrtuBHuM pilieHHAM Oaratokputepia-
JBHOI 3aJa4l Ha3uBalOTh onTuMaibHe 1o Ila-
peto pimenHs [27]. Tlomyk epekTuBHOTO Pi-
IICHHS HA3UBAIOTh IlI€ IPOrpaMyBaHHSM Ha
MHo>kHHI [lapero. YucenbHa peainizaliis MeTO-
Ny JTUHAMIYHOIO NPOTpaMyBaHHS Ha MHOXH-
Hax [lapeto no3Bossie 3actocoByBaTH OOMe-
KEHHS Ha BUKOPUCTAHHS pecypcy.

HaBenemo mnpuknan momyky e(eKTUBHHUX
Tpaektopiit mo Ilapero. [Iponenypy noOynoBu
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e(EeKTUBHOIO pIIIEHHsS HajaMo Juisl OaraTtoc-
TaJIHOrO MpoIecy, IO MOJEIIOETHCS TIpa-
¢dbomM, puc. 1, aHaTOTTYHOMY TOIOJOTIi CITKH,
sIKa BUKOPUCTOBYETbCS MPU ONTHUMAIbHUX TS-
rOBHUX PO3paxyHKax 3 JI0MOMOIOI0 JUHAMIYHO-
ro nporpamyBaHHs. ['pad (citka) BimoOpakae
npouec pyxy Big craaii D, ao D,,,, k=1,..,11
(Bimpi3ok nyti [D,,D,,,]) 1 3MiH cTaHy (BiX
IIBUJKOCTI v; A0 IBHIKOCTI v j) B HalIpsIMKax,

o 3amaHi crpinkamu (myru). [ponecu nepe-
X0y B OJHIET cTadili pyXy A0 IHIIOT Xapak-

TepU3yeThCA mapamu  (e,t), A€ e- BUTPATU

€Heprii pu nepexoil BiA MIBUAKOCTI Vv, 0

MIBUIKOCTI Vi, t- BIIMOBITHI BUTPATH YaCY

IUIs TIOA0JIaHHSA BiApi3Ky nyti [D,,D,,,]. ®o-
pMaJbHO MOKHA CKa3aTH, IO KOXHIA Iy3i
rpada MmocCTaBiIEHO BIANOBITHO NApy YHCEN
(Bexrop). g Hananoro rpada HEOOX1THO BHU-
3HAYUTH ONTUMAabHI TpaekTopii mo Ilapero
(eexTHBHI  TpaekTopii), MmO BEAYTb 3

D, D, D,

D, D, D,

Puc.1. I'pad GararocraniitHoro npoiecy. KoMmpomicHO-oITUMAaIBHI TPAEKTOPIT IPOIIECY.

> . [Mapero-ontumanbHi (epeKTHBHI) TpaeKTOpii pyXy;

V; - LBUAKICTB pyxy; (e,?) - MOKa3HHKM PyXy HpPH IEPEXO/i 3 CTaHy V; B CTaH V ¥ D, - cranii pyxy;

(e,t)—> V,, - HOKaX4MK (3BopoTHHIT) pyXy mo IlapeToBchkiii TpaekTopii Ta BiANOBiIHI 3HAYEHHSA BUTPAT €HEPTii

€ ivacy { B HANPAMKY [OYATKOBOi BEPUIMHH V, .

4 Vi

JI0 KIHIIEBOT

@,.7,)

[I0YaTKOBOI BEPIIVHU Ha

MHO>K€HI ITapETOBCHKUX TOUOK
PaKTEPU3YIOTh IIPOLIEC PYXY.
Ha rpadi B xoHilf BepIIMHI POCTABIECHO
He3piBHAHHI no [lapero BapiaHTu, sIKI BKazy-
I0Th HaNpsSMOK pyXy (3MIHU CTaHIB Ui KOX-
HOT cTajii) 3 JAaHOI BEPIIMHM B Hayajlo MyTI
(MOKaXXUMK Ha IONEPEIHI0 BEpIIUHY —> vV, 1

, 10 Xa-

SK1 BUTPATH, [IPU LIbOMY €HEPrii e U pecypcy
yacy ¢ OynyTb.

Ontumaneni mo Ilapero TpaekTopii Ha
rpadi BuaUIeHO TOBCTUMH JdiHisiMH. [Ipoueny-

pa onTuMmizanii NpoBOAUIACS PYyYHUMHU po3pa-
XYHKaMH 1 3 JIOIIOMOTOI0 PO3pOOJIEHOrO Ipo-
rpaMHoro 3abesnedeHHs. [lyig HazaHOro npu-
KJIay KOMIIPOMICHO ONTUMaJbHUMU (e(eKTu-
BHUMHM) TPAEKTOPIIMU €:

- TepIa TPAeKTOPIs MPOXOAUTD Yepes
MOCJTIZIOB-HICTh BEPIIUH

V) >V, DV, >V 2>V >V,

BiAOBi/tHI BUTpaTH eHeprii e, =7, yacyt, =7 ;

- JIpyra TPaeKTOpis MPOXOIHUTH Yepe3 Ioc-
JII0B-HICTh BEPLIUH
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1% —)V3 —)VS —>Vy 2>V 2V

BIIMIOBIIHI BUTPAaTH EHEPTIi
t,=10.

Jlanuii mpukiag HEce TUIbKH JIEMOHCTpa-
TUBHMH XapakTep. [lokazHuku npouecy (e,t) 1

g, =6, uacy

KUIBKICTh BEpUIMH B rpadi BUOpaHO BUIAAKO-
BO. 3aJaudl TArOBUX PO3PAXYHKIB BIIMNOBIIA€
JIMIIIE TOTIOJIOTIs Tpady.

Cnin 3a3Ha4yuTH, IO B BUMNAJAKY HE BUKO-
HaHHsI OOMEXEHHsI Ha pecypc 4acy ¢ <7 (B3a-
rajii sIKoro-HeOyJib pecypcy), Taka TPaeKTOpis
He po3risgaerbes, CTOCOBHO MPUKIALY, SKILO
Ma€eThCsl OOMEXEHHS ¢ <9, Ipyra TpaeKkTopis
710 po3risiay sk eheKTHBHA HE OepeThesl.

BucHoBxku

3ajaya Ha ONTUMAJIbHE YIPABIIHHS PyXOM
noi3zga 3 MIHIMAJbHOIO BHUTPATOIO €Heprii Ta
OOMEXEeHHSIM 4acy MO’KHa 3BECTH JI0 3ajadyl
ONTHUMAJIBHOTO PO3MOALTY Pecypcy, IS BUPI-
IICHHS SKOi BUKOPUCTAHO METOJ TUHAMIYHOTO
MIPOrpaMyBaHHsl Ha CYKYITHOCTI MapeTOBCKIX
To4Yok Oe3niui map (F,T)=(enepeis,uac). Pi-
IIEHHS 3aCHOBaHE Ha MapeTOBCKIX TOYKax He-
enune. Ha Gesniui pimens o [lapero Bubupa-
€THCSI OJIHE HAWOUIBIN TMIIXOIAIIE IO KOMIIPO-
MICy IOJI0 OpraHizailii mepeBi3HOTO MPOIECY
IUTSL TaHOT OUITHKH.
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