Houyk ri10BAJIBHOIO EKCTPEMYMY
B 3AJTAMI PO3ITOALTY HOBSI3AHHX PECYPCIB

YIAK: 519.863:623.618 (477)

JEL Classification: C02
A. I CBITHEB,
QOKMOp MeXHIYHUX HAYK, Npogecop,
diticnuis wiern Miscuapoonoi akademii
Komh ’!omepum HAYK ma CUcmem,
3acayokenuit Oy Hayku i mexuiku Yepainu
B. B. KO3JIOB,
KaHOudAam mexHivHux Hayk,
Ooyenm kaghedpu ingopmayiinux mexxonoziy,
Hayionanena akademia cmamucmuxy, obaiky ma ayoumy

Iomyx r1062/1bHOT0 eKCTPEMYMY B 3a4a4i
po3noaiTy MoB’si3aHHX pecypciB

Y pobomi 3anpononogano posiupenHa anzopummy copMyivo8anol yiacanbHeHol
MamemMamuyHoi 3a0ayi po3nooiny 63AEMON08 A3AHUX PeCypCi@ 1A NOUYKY 2n100aTbHO20
excmpemymy.

Kniouoei chosa: anzopumm, nog 'sazani pecypcu, po3nodin pecypcie, 2robanvHuii ex-
CMpeMyMm.

IlocTanoBka npoGaemH. Metoau po3s’a3aHHs 3a/iad po3noAily pecypciB NMocifaloTh
BaXJTHBE MicLie cepeJ MaTeMarH4HUX METOJIB pO3B’A3aHHA ClieliallbHUX 3a/lay Tpu
NpUAHATTI pileHb 100 MiArOTOBKYM i nposenenHs onepauii [1]. Lli meToqu BukopHcTo-
BYBAJIMCA JUIA PO3B’A3aHHA 3a/iay Liepo3noAiny, po3noainy ToBapis 3a CroXUBayaMu
(3amoBHMKaMHK) Ta iHMX. OQHAK MacoBa KOMIT'IOTEpH3allis, PO3BHTOK i BIIPOBA/KEHHS
HOBITHIX iHdopMallifiHHX TeXHOIOrIH NpHBENH 10 BPaKAOYOro pHBKa MPOBIAHMX KpaiH
CcBiTYy B cpepax OCBiTH, HAYKOBUX AOCIHiIPKEHB, EKOHOMIKH, COLIIAILHOTO MTTA. 3aBIsKH
LM npotiecam BiaOyBaeThes Oy pXTHBHI PO3BUTOK PisHUX CEKTOPIB EKOHOMIKH. 3’ ABAKOTECA
HOBI BH/IY TOBApiB, OCHOBAHI Ha 3acTOCYBaHHI iHpopMauiliHuX TEXHOOTIH, PO3BHBAIOTECH
ABTOMATHZ0BAHI CHCTEMHM YNPABNiHHSA eKOHOMIYHUMM Npotiecamu. 3’ ABUBCS HOBUIT BUIL
pecypcy — indopmanilfiHui, XapakTepHOK PHCOKO AKOTO € BHYTPILL4IA B3AEMOTIOB’ A3aHICTb.
3anaui posnozisy Habyau HOBOTO BUIIAAY, 1O 00YMOBIE aKTYaNIbHICTE MOLIYKY HOBUX
aJropUTMIB pO3B’SI3aHHA 3aa4 pO3NOALTY B32EMOTIOB’ A3aHUX PECYPCIB Y HANPAMI MOLIYKY
JIOKANTLHOTO i rnoBankHOro eKCTpeMyMy.

AHani3 ocTaHHIX JocaiTReHD | myGaikawii. Sk BUAHO 3 Mgy BiAOMUX MPHKIATHUX
3a/1a4 po3noAiny pecypcis [8], npakTHYHO Bei 3aBAAHRA 3BOAATHCA 10 3aB/IaHb MaTeMaTH'-
HOrO MpOrpaMyBaHHs i ONEPYIOTh 3 HE3B’ A3aHUMH pecypcamH.

CucreMaTn3auis pUKIAAHKX 3a/1a4 PO3NOALTY pecypceiB i METoAiB iX O3B A3aHHS, a
TaKOJK aHaMi3 Cy4acHOro CTaHy 3a/lay po3noiny pecypeis i METOIB iX pillieHHA A03BONAKOTE
3po6HUTH Taki y3aralbHEHHA:

cepe/l MOXKMBHX MPOTOTHIIIB MOCTAHOBKH 3a/1a4 PO3NOAiNy 3B’ A3aHUX pecypcis
BapTO BMOpaTH MOCTAHOBKY 3aBAaHb PO3NOAiNY He3B A3aHHUX pecypcis (3aadi
MaTeMaTHYHOTrO NPOrpaMyBanHs);

» cepej METOAIB — METOAMU, OCHOBAHI Ha BiJICIKAHHI, METOZ IIOK i MEX;

» cepen mMozenei — abo Mozieni MaTeMaTHYHOrO NporpaMyBaHHs, abo rpadosi mo-
nzeni [6, c. 102].

Buxonsuyu 3 ocoGnuBoCTeM 3a0a4 po3noAily pecypeis y aBTOMaTH30BaHUX iH(popMa-
uitnux cucremax (AIC) ans IX po3B’s3aHHA MiAXOAATH NeBHI METORH i Mogeni. PasoM i3
TUM noTpeOyIOTh PO3BUTKY ANTOPUTMU JUIS PO3B’A3aHHA HOBOIO KIacy 3a1ay po3nofiny
38’S3aHHX PecypciB y HAMpPAMi NOLIYKY JOKAILHOrO i 1106GanbHQro excTpeMyMy i, Ha 1x
OCHOBI, OTPUMAaHHs METOAMKH ONTHMi3aLl{i pO3NOAiNY 38°3aHUX pécypciB 3 METOKO MiJBH-
mieHHs xuBy4ocTi AIC i onepaTtdBHOCTI AOCTYMY A0 JaHHX 32 paXyHOK KBa3ionTHMarnbHO{
koHdirypauii posnoainexoi 6a3n nanux (BJ1) [7, c. 122].

. A. 1. CbitHes, B. B. Koanos, 2017
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MATEMATHYHI MET OHHWOHE.M TA IHDOPMALIHHI TEXHOJOTIT B EKOHOMIIL[I

Mera pgocaifpkeHHs — 3anpONOHYBAaTH POIMMPEHHA  aNrOpHTMY, cq:opuynboaaﬂm
y3araibHEeHO! METeMaTHMHOI 334adi PO3NOAINY B33acMOINOB'A3aHMX PECYpPCiB, LIS NOUIYKY
rnofansHOre eKCTPEMYMY.

Buknan ocnosmore marepiany. Y pobori [2] chopmynasosano ysaranbHeHy Mare-
MaTHYHY 3a]1a4y PO3NMOALTY B3aeMONoOB’f3aHWX pecypciB (Hajpani — 3anaya PBP). Haeeneno
anmroput™ i po3B’A3aHHS i MoKaszaHo, WO HeH anropuTM, Ma10UH NinifiHy CKAAAHICTD,
NPH3BORKTE 10 3HAXOOKEHHS JOKANLHOro ekcTpeMyMy. Haranaemo amicrt 3anaui.

3anaHo MHOXHHY pecypciB x; € X, ne /=1, 2, ..., n. Ha maoxpHi X 3anano ¢yHkui0 F,
Aka BimoOpakae MHOXHMHY Ha YHCJIOBY BiCh, TOOTO KOXKHOMY PECYpCy X; CTaBHThCS Y
BIANOBiAHICTb uHCHO F(x)) =fi— “uina” pecypcy. 38’430K MK pecypcamu BH3HAYAETHCA
signoweHnaM [ ¢ XxX, Ha skomy BBOAMTRCA dyukuis W, wo CTaBuTL Yy BiANOBIAHICTE
3B’s3aHiH mapi (x;, X;) nesHe uncno W(x; x;) = wy— “sary” 38’a3ky. Heobxiono posnodinumu
pecypeu sidc K 06 exmavu O 3 npuitvaasuusu smoxcausocmamu p;, Oe j = 1K, max, uob
cyMapia yina pecypcie, wo nompanuau 0o 6yob-skozo o6 ‘exma, we nepesuugysara 1iozo
npuiimanorol 30aimMuHOCMi, a cymapra eazd 36 A3Kie Mixe pecypeamu, wo nompanuiu 00
Dpiznux 06 'exmis, Gyna miniMarbrow. ;

Posrnanemo HalimpocTimmii uacTKOBUH BANANOK, komu K=2, obMexenus Ha p; BiacyTHi,
a sci wy=1, T06T0 po3NOAIN BEpIMH NPOBOAHMTHCA MK NBOMA MHOMMHAMM, @ Bary
OJHAKOBI.

Haragaemo anropuT™ po3s’a3yBakHA crpomieHol 3agayi [2]. Bin Gasyerbes Ha dikcauil
nesHoro (BHXiZHOTo) po3noainy Ta HOro onMcy y BHIALI KiILKOCTI poscigenuX 3B'A3KiB, o
Haspawi HaMH po3pizamMu. BoiaToCd NOHATTA: “wyMX™ 3B°A3KiB, KON BepiUMHa ORIl
MHOXHHH NOB’A3aHA i3 BepHMHAMM iHWOT MHOKKHM; “cBOIX” 38°43KiB, KOJM BeplMHa
(iKcoBaHOT MHOXHHH TIOB’A3aHa 3 BEpUIHHAMHA TiEl caMoi MHOMKHHEH.

B OCHOBY aNrOPHTMY TOKANIeHO imelo: AKINO BepliMHa Mae “dyxux” 38’a3kie Ginbloe,
HiX “cBOIX”, 1 noTpiGHO NepeMicTUTH B iHMY MHOXHHY. SIKIIO yMOBA “wyacux Ginvute, Hixe
cgoix” He BHKOHYETbCH, ANTOPHTM 3ynuHAcThes. OTpUMaHe 3HAYECHHA, AK AOBEACHO B
pobori [2], € noKaTBHHM EKCTPEMYMOM.

s nocarienns rnodanbHOTO eKCTPEMYMY BHKOPHCTAEMO 3aralbHOBI JoMUH Haxi;

1. Tenepyemo neskuii noyaTkoBHi posnoain.

2. Tonimuyemo Horo MeTOAOM MOILYKY JOKAILHOIO EKCTpEMYyMY, LU0 BHKNANSHWH

BHILE. .

3. Tlicns n-kpaTHOrO0 BHKOHAHHA NEPIHX JBOX KpPOKIB OTPHMaHi 3HAYECHHS
NOpiBHIOIOTBCA, BHOWpaEThcA Halkpaile, AKe # NpHAMAETBECA #AK 3HAYEHHA
roGAILHOIO eKCTPEMYMY.

CyTHICTIO 32NpONOHOBAHOrO B Hawid poboTi ninxoay € BMKOPHCTaHHA MK BUXIAHOT
po36MBKA “npHpoaHMX” yTBOpeHb Ha TpadoBili MoJeni, AKka BHKODHCTOBYETbCA IpH
(hizuunKX inTepnpeTamiax po3B’A3yBaHHX 33124 NOJaHOro Kiacy [2; 4].

Bseaemo noraTTa okomiB i Mex BepnmH ana rpadis surasny G=(X, Uj [3].

Busnauenns 1. TepuinM oxonom s BCPLIMHH X; HA3UBACTLCA MHOXKHHA, 1O MICTHTE LIO
BeplLuHy # KiHueBi BepWMHK AAA AyT, i1 iHIMASATHAX.

JIna TaKoi MHOKWHH ICTHHHHM € BUCIOB/IIOBAHHS:

Vxie X{xeS' e3<x, x> [(<x, x>eU) v (xmx)]},
i je E{, 2, n)n=1X13.
Togi #-# oxin BepLIMHM X; 32 iHAYKUIECIO BH3HAYAETECA Yepe3

S = US} : e))
xe S
e o3uavae, o #-H OKiJ BepHIMHE X; MOKe OYTH OTPHMaHHIA IIAXOM NONaBaKHA IO #-

1-ro OKONy MHOKHHH CYCiacTBa, TOOTO KIHUEBMX BEpUIAH AYT, IHIMACHTHHUX BEPLIMHAM i3
S, Ipu npomy Mae Micne:

L )
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Busnavenns 2. Tlepuioio mMexero By BEpIIMHK X; HA3UBAETHCA MHOXKHHA BEpPUIHH rpady
G, oTprMaHa 3a HOPMY 00!

B! =8\ {x;}. 3)

ITicns BBesenna 6a3oBMX MOHATL mofawma rpada G=(X, U) norpiGHo 3pobutu uepes
nepepaxyBaHHA NepIiMX OKONiB HOTo BEpHIMH:

= s i
G=(X, U) = {8 | xieX}.
[lopanns rpadis, MOXigHHMX BiN NEPBHHHOrO, NErk0 OTPHMATH, ONMHUPAIOYHCh HA 1X

BH3HAYCHHA. )
Tak, 10noBHEEHHS 16 MOKHa OTPHMATH, BHKODHCTABIIH TBED/KCHHA:

Vxi[G={S'] xie X} I6={(X\$")ul x;eX}].
['pach Tpan3uTHBHOrO 3aMuKaHHA G MOKHA TIONATH, BUKOPHCTABIIK TBEpAKeHHs [S]:
vx[G=(8" xieX} G ={8" n=| X | xieX}] i r.in.

Hodanna zpaghis uepes bazamoxomnonenmui kopmeosrci

Haftspy4nimmamM ciocoGoM Bipasy 3apaanHs rpadis y BHTIAAI QKOMIB i MeX BEPLIMH ANA
OTHCY ANFOPHTMiB POGOTH Hal rpad)aMHi € TPHKOMNOHEHTH] KOPTEXi.

Koprex BepursHu x; Mae BUITSIL:

a; = <xb | Bill 3 Bf]>

JU1s NOACHEHHS aNrOPHTMY 3HAXODKEHHS [NO0ANBHOIO EKCTPEMYMY HIFIAXOM BREACHHS
OKOJIiB CKOpHCTYEMOCA Bi3HUHOM iHTEpNpeTaliclo MOei TAKO! 3aadi: nepepeamiu 36 'A30K
Mine cnoxcusauamy ingopmayii y ingopmayitiniti Mepexci WaAxoM euGeOeHHH 3 Aady
MINIMAILHOT KITbKOCMI eACMEeHmapnux AaHOK 36 'H3KY 3a YMOSU, w0 ROYamKosi i kinyesi
NYHKIMU 36 A3KY GI00MI.

Heobtxiono 3naiimu mininansne uucao pebep, pociuennn AKux nepepueac 6¢i Wasxu
3 sepusunu 1 y sepuruny 8.

BBaxxarumMeMO, W0 BEPLIHHOIO, AKA TOYHO HANEKHTb MHOXKHHI A, € BepwmHa 1, a
BEPILMHOIO, 110 TOYHO HAISKHKTD MHOXKHUHI B, € Bepaiuna 8 (puc. 1).

Puc. 1. I'eomeTpuuna inTepnperanisa rpadga
Jlxepeno: aBTopchka po3pobka
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IoGyayemo nociigosHi OKONN Liel BePUIHHK:

.S ={}>Aa={l;B=X\4={23456738};
2).5' ={i}up,1 ={i} 235 4={,23;B=1{4.56,78%
357 = JS! ={jufa3lur,2up,3= {123} U {35} u 2.4} = {1,2.3,4,5}

iefyl
A= {12345} B=1{6,18};
4).8} =82 UP,1UP,,2UP, . 3UP 4UP 5=
={,2345}u 23} fi35 U fl.2,4b0 3,5} U 2,46} = {12,3,4.5.6);
A={,2,3,4,56};8={18}; i
5).8} =8 UP 1UP,2UP, 3UP 4UP, 5UP, 6=X
A=X,B=0.

Tyt Prs1 — tpets npoekuis koprexy, wo onucye septumuy 1 {i= 1) i nani 3a anasorieo.

Ocxinbkn npy noOynoBi 4eTBepTOro OKoAy BepumHuM | Apyra MHOMHHA BMSBHMAAcAH
NyCcTOl0, T’STA MOYaTKOBA YMOBA HE MOXE CIOYXWTH BiATPABHOIO TOMKOIO AMf NOLEYKY
EKCTPEMYyMY.

Takam uMHOM, 18 3HAXOIKCHHA .JIOKAIBHOrO CKCTPEMYMY MH MaEMO NOTHpH
noyarkosux ymosH (1, 2, 3, 4). Po3p’asyemo 3anauy A8 KOWHOI 3 HMX, BHKOPHUCTABLIM
anropuT™, HaBedeHuit B pobori [2].

Ja1s nepmoi yMOBH MaeMo:

Koprex nepwoi Bepuwuny — <lI, 2, {2, 3}> - sci BepmnEA TPeTHOI NpoekLUil (2, 3) yyxi,
ane 3rigHo i3 yMoBoio ¢isuudol 3azaui BepliMka 1 HaNeXHT: MHOXMHI A, Tomy il
MIEPEHOCATH HE MOXHA;

Koprem Apyroi BepinHu — <2, 3, {1, 3, 5}> — “cBoix” sepuunH (3, 5) Ginsuie, Hixk
“ayxux” (1);

Koprex 1perboi Bepumad — <3, 3, {1, 2, 4}> - “cBoix” népmun (2, 4) Ginvie, Hix
“yymnx” (1).

flcHo, MO ANA BCiX IHIUMX BEPUIHH BCi cyMiXHI Bepuinay OynyTs “croimu”.
Bianosinso 10 anroput™My KpHTEpieM € KiNbKiCTh PO3IPBaHHX 38°A3KiB.

Tobro uucno poiciuenux 38’ a3kis Ry=2.

JloxanbHUM NepeHoCcoM NOMIMIIHTH Pe3yJbTaT He BAAETLOA.

[ns apyroi yMoBu:

<1, 2, {2, 3}> - Bci Bepmnny “cBoi”;

<2,3, {1, 3, 5}> ~“coix” BepwuH (1, 3) Gineiue, wix “uyxux” (5);

<3,3, {1, 2, 4}> — “cBoix” pepumn (1, 2) 6imbine, Hix ,qyxux” (4);

<4, 2, {3, 5}> — KinbkicTh “cBOIX” BepuinH (5) nopisHIoe KinbkocTi “ayxux” (3);
<5, 3, {2, 4, 6}>— “caoix" Bepuut (4, 6) Ginbie, Hixk “uyxux™ (2).

Tobro uncno poscivennx 38’ 13kis Ry=2.

Jlns TpeTsoi ymMOBH:

<4, 2, {3, 5}> — Bci BepuIHHM “cBOi”;

<5, 3, {2, 4, 6}>— “cBoix” Bepiuun (2, 4) Ginbue, Hixk “uyxux” (6);

<6, 3, {5, 7, 8}> — “croix™ Bepunn (7, 8) Glibime, nixk “uyxux” (5).

To6To uucno poacivenux 3p’askis Ry=1, P

Ilns ueTBEPTOI yMOBH: ;

<6, 3, {5, 7, 8}>— “cpoix” BepumH (5) Merwue, Hix “uyxux” (7, 8);

<7,2, {6, 8)> - xinbkicTs “cBoix” pepumnH (8) AopipHtoE KinbkocTi “ayxux” (6);
<8, 2, {6, 7}> —kinexicTs “cBoix” BepwuH (7) dopisHIoE KimekocTi “uyxux” (6).
To6to uncio poscivenux 38°13kis Ry=2.
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Ilomyxk ri10BAJIBHOIO EKCTPEMYMY
B 3AJTAYT POZHOALNY OBSI3AHHX PECYPCIB

[NopiBHIOKOYN 3HAYEHHA KPUTEPilB, OTPHMAHHX IPH 3HAXO/KEHH] T0KaNBHOTO eKCTpe-
MYMY 3 PI3HMMH BHXiIHHMHU yMOBaMH, 3HaxX0MMo Haiikpame (R, = 1) it npuiimMaemo ioro
K rnobansHuUil ekcTpemMyMm (puc. 2).

Puc, 2. 'eomeTprHa iHTepnpeTallif po3B’A3Ky Mic/as 3HAXOMKEHHSA
raobannLHoOro eKcTpeMymy

Jhxepeno: aBTopeska po3pobka

BucHoBok. 3anponoHoBanuil B po6oTi onuc rpady nac MOKJIHBICTE OTPHMAHHS
NPUPONHMX BUXIAHHX YMOB [/ OpraHizauii nouryky rno6anbHoPo ekcTpemMyMy B 3ajayi
PO3NOALTY B32a€EMOIIOB’ A3aHNX PecypCiB.

INopanbiui AocnigkeHHs aBTOpIB y Wil ramysi 6yAyTe CIpAMOBaHi Ha BK/IIOYEHHA B
po3rns oOMexeHb Ha KUIBKICTh MHOXHH Ta YpaxyBaHHA X NpHHAMAEHHX MOMIHBOCTEIH.
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Iouck riaobanbHOro 3KCTpeMyMa B 3ajaue
pacnpexeJieHusi CBA3AHHBIX PeCypPCcoB
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Search for a Global Extremum in the Problem
of Allocation of Connected Resources

Methods for solving the problems of resource allocation occupy an important place
among the mathematical methods for solving special problems in making decisions for the
preparation and conduct of the operation. With the emergence of a new kind of resource
- information, the characteristic feature of which is internal intérconnection, distribution
problems acquire a new meaning. The purpose of the study is to offer an extension of the
algorithm for searching a local extremum to achieve a global extremum in solving the
distribution problems of connected resources.

To achieve global extremum, we use the well-known approach. 1. Generate some initial
distribution; 2. We improve it by searching for the local extremum using a special method.
3. After the n-fold execution of the first two steps, the obtained values are compared and the
best one is selected and accepted as the value of the global extremum. The essence of the
approach proposed in the work is to use as the initial breakdown of «natural» entities on a
graph model, which is used in the physrca! interpretations of the solvable problems of the
distribution of connected resources.

The description of the graph proposed in the work gives the possibility to obtain the
natural initial conditions for organizing the search for a global extremum in the problem of
the distribution of connected resources.

Keywords: algorithm, connected resources, distribution of resources, global extremum.
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