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JAETEPMIHOBAHA MOJEJIb JJIS ITIPOT'HO3YBAHHSA PO3BUTKY
PO3NNOJAUVIEHUX CUCTEM

AOETEPMUHUWPOBAHHAA MOAENDb And nNPOrHoO3MPOBAHUA PASBUTUA
PACNPEAENEHHbLIX CUCTEM

DETERMINISTIC MODEL FOR PREDICTION OF DISTRIBUTIVE SYSTEMS
DEVELOPMENT

Posrnspaetscs 3agaqa rnpo onTuMmalsbHui po3rnofdin obcsiriB «BUPOGHULTBA» AEKIIbKOX BUAIB
«MPOAYKTIB» MiX «BUPOOHNYUMU erieMeHTaMun» reBHOI po3noLaineHoi cuctemu. 3aga4a mae LWnpoke
KOJI0 iHTepripeTauil i 3acTocyBaHb — BiZ 0O4YUC/IOBaIbHUX anropuTMiB onTumisadii i iHpopmauivi-
HUX MEpPEex A0 TexXHiKO-eKOHOMIYHUX cucTtem. Po3pobrieHa poboya matematuyHa mMonaesib, AO0C/li-
LXKEeHi BNnacTUBOCTI ABOBUMIPHUX PO3OAINIB PiBHIB BUPOOHMLTBA NPOAYKTIB B OKDEMUX €JIEMEHTAX.

Paccmampusaemcs 3adadya 06 onmumarnibHOM pacripedesieHUU o6bemMos «rnpou3godcmea» HEeCKObKUX
8udos «rMpodyKkmos» Mex0y «pou3eodcmeeHHbIMU 3rieMeHmamu» onpedenieHHoU pacripedeneHHoU cucme-
MbI. Y 3a0ayu wupokul Kpye2 uHmeprnpemauyul u npuMeHeHUll — om 8bI4UC/IUMesibHbIX an2opummos onmu-
mMu3ayuu U UHGOPMaUUOHHbIX cemel 00 MmMEXHUKO-9KOHOMUYecKUX cucmem. PaspabomaHa paboyas
Mamemamu4deckasi molderib, uccriedosaHbl ceolicmea 08yMepHbIX pacripedeneHuli yposHel npouseodcmea
podyKmoe 8 omoesibHbIX 3/1IeMeHMax.

The problem of optimal distribution of «production» volumes of several kinds of products among
«manufacturing elements» of certain distributed system is considered. The problem has a wide choice
of interpretations and applications — starting from computational optimization algorithms and data net-
works to technical and economic systems. Mathematical model has been elaborated, properties of 2D
distribution levels of production in separate elements have been studied.

Beryn

CrorozHi icHye BEJIMKHI MONMT Ha «aHAJITUYHE IporpaMHe 3abe3nedeHus». Lle mporpamu ajist macus-
HOI'0 1 aKTHBHOI'O NMPOTHO3YBAaHHS PO3BUTKY MEBHUX PO3MOALICHHUX cucTeM. Crerudika po3noaiIeHuX
crcTeM MOXe OyTH Halpi3HOMaHITHIIIOK — II€ YACTO TEXHIYHI CUCTEMHU: XIMIUHI peakTOpH, METalypriiHi
arperaT, 0OaHKIiBCHKI Ta €KOJIOTiYHI CHCTeMHU Ta iH. THUIOBOIO JJIi TaKUX CUCTEM € 3a/iaya PO3IOALTY
HABaHTAKCHHS IO €JIEMEHTAaX JEIKoi Mepexi. Y (hopManbHOMY IDIaHI MOTPIOHO BiMOOpA3UTH CIIEMEHTH i
3B'A3KM rpada CKIagHol 3a/adi Ha eJIeMEHTH 1 3B'SI3KM OOUYUCIIOBAJIBHOI CUCTEMH JESIKMM ONTHMAIEHUM
YUHOM. Y DPO3MOIIEHHX CHCTEMaxX 3a/adi ONTHUMAIBHOTO PO3MOALTY y3arajJbHEHOTO HaBaHTAXKEHHS a0o
pecypciB  10CTaTHHO ©(EKTHBHO PO3B'SI3YIOTHCS HA OCHOBI PO3IOAIJICHOTO YIPABIIHHS, KOJIM KOXKEH
€JIEMEHT MEpeXi ONTUMI3ye CBill KpuTepiil edexkTHBHOCTI. 3araJbHOBIIOMHUNA HANpsIM «IUTY4HI HEHpOHHI
MepesKi» Ma€e MEHIII BiJIOMY, alie OUTBII MPOJTYKTUBHY ABTEPHATHBY — IITYYHI COLIAIbHI CHCTEMUY.

BcTtynneHue

CerogHs cyuiecTsyeTt BonbLuon CnpocC Ha «aHanntTun4deckoe nporpaMmmMmHoe obecneveHne». 10 npo-
rpamMmmMbl OnA NacCUMBHOTO U aKTUBHOIO MPOrHO3MpoBaHUA pPas3BUTUA onpenernieHHbIX pacnpeneneHHbIX
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cuctem. Cneundmka pacnpegeneHHbIX CUCTEM MOXET BblTb caMoi pa3HOOOpasHO — 3TO YUCTO TEX-
HUYECKME CUCTEMBI: XMMUYECKUE PEaAKTOpbl, MeTannypruiyeckue arperatbl, 6aHKOBCKME M 3KOMOrm4e-
Ckue cuctembl U Ap. TUMMYHOWM ANS TaKMX CUCTEM SIBMNSIETCS 3afada pacnpeneneHust Harpysku no ane-
MeHTam HeKoTopou ceTu. B dhopmanbHOM nnaHe Hy>KHO 0TOBpa3nTb aneMeHTbl 1 CBSA3M rpadha CroXHon
3aa4n Ha 3NEMEHTbI U CBSI3N BbIYUCIIUTENBHON CUCTEMbI HEKOTOPBLIM ONTUManbHbIM 0bpa3oM. B pac-
npeaeneHHbIX cUcTeMax 3agadv onTUMarnbHOro pacnpegeneHns 0600LEHHOM Harpys3kn U pecypcos
[0CTaTOYHO 3P(PEKTMBHO peLIAOTCs Ha OCHOBE pacrnpefenieHHOro yrnpaBrieHusl, Korga Kaxabli ane-
MEHT CeTU ONTUMU3MPYET CBOWN KpUTEPUIN IPEDEKTUBHOCTU. «MCKYCCTBEHHBIE COLMANbHbIE CUCTEMbIY»
9TO MeHee M3BecTHasi, HoO boree NpousBoaWTENbHAsH anbTepHaTMBa OBLLEN3BECTHOMY HanpaBeHUIo
«UCKYCCTBEHHbIE HEVPOHHbIE CETUY.

Introduction

Nowadays the so-called «analytical software» is in great demand. These programs are in-
tended for passive and active prediction of development of certain distributive systems.

Distributive system can be of various nature — purely technical systems: chemical reactors,
metallurgical units, banking and ecological systems, etc.

The problem of load distribution by elements of certain network is a typical problem of such
systems. From formal position elements and connections of complex problem graph must be rep-
resented by elements and connections of computing systems in a certain manner. In distributive
systems problems of optimal distribution of generalized load or resources are solved on the basis
of distributive control, when each element of the system optimizes its efficiency criterion. Gener-
ally accepted direction «artificial neural networks» has less known but productive alternative —
«artificial social systems».

OcHoBHa yacTHHA

Mema Odanoi cmammi — CTBOPEHHsI 0a30BOi CHCTEMH MOCIIOBAHHS, IO TpUAaTHA SIK JJIS JAOCHi-
JOKEHHS 1 ONTHMI3alii aJrOpUTMIB YIPaBIiHHA 1HPOPMALiTHO-00YHCIIOBATEHUMI MEPEXaMHt, TaK 1 Jis
MIPOTHO3YBAHHS PO3BUTKY PO3MOMUICHUX BHPOOHHYMUX CHCTEM, y TOMY YHCHI 1 TaKMX JWHAMIYHUX i
HEpPO3AIJIbHUX KOHIJIOMEPATIB €NeKTPOHIKH, iH(opmamii, Oi3HeCy Ta CHiJIKYBaHHs, IO BUHHUKAIOTH B
IarepreTi. bazoBa cucrema MozieOBaHHSI — CTPYKTYpa, IO CKIANAEThCs 3 iHTepdelicy Ta yHihikoBaHHX
MOJIYJIiB «BUPOOHHUIITBOY, CIIOMUTY, «aHAI3 i MPUHHATTA PillleHb», KHABYAHHS», «HEBU3HAYEHOCTI», SKi
MOYKHa 3aMiHIOBaTH, MoauQikyBaTu. B 1iii cTaTTi mojaHa nepiia YacTUHa po3poOKH — JeTepMiHOBaHA
MOJIEJIb.

IlocTanoBka mpodiaeMu

3amaua ONTUMAILHOTO PO3MOAUTY M BUIIB y3arajJbHEHUX PECYpCiB MK /N eleMeHTaMH BijoMa JaBHO,
aye A7 Hel He OTpHMAaHi po3B’SI3KM METOJaMH JIIHIMHOTO 1 HelniHiiHOro mporpamyBaHHs. OmHaK Ayst
CYYacHHX PO3MOAIJICHUX CHCTEM XapaKTepHI BUCOKa AMHAMIYHICTh, HECTALIOHAPHICTh XapaKTEPUCTUK —
«HABUYAHHS», «OCBOEHHs». KilacuuHe HemiHiliHE MpOrpaMyBaHHS HE Mae€ pPaJUKATBHAX PO3B’SI3KBIB IS
poboTH 3 3371auaMi BHCOKOI PO3MIpHOCTI, 1 B3arajii HempHAaTHE IS Cy4acHHMX 3ajad, Je ymoBu KyHa-
Takepa 3a3BH4ail HE BHKOHYIOTHCS. B paMkax KIacMYHHUX MOCTAaHOBOK HEMOXIIMBO OTPHUMATH KOPEKTHI
pe3yabTaTH Ui METOMIB ONTHMi3amii po3nofineHnx cucteM. ChOTOAHI HEMOXKIIMBO TaKOX PO3ILUTUTH
pO3po0JICHHsT MOJEl 1 MporpaMH, TOMY THOTPIOHI pallioHadbHI TEXHOJIOTII IIBUAKOTO PO3POOJICHHS
pobourx Mojienel, He TiJIbKH MPAIfoI0urX, ajle 1 MpUAaTHUX U BOYIYBaHHS B PeaibHI CHCTEMH ITPOTHO-
3yBaHHs H yIpaBJiHHS.

[Ipobnema cuHTE3y ynpaBiiHb, TOOTO aJTOPUTMIB PO3MOALTY TIEBHUX y3araJbHEHUX PECypciB i 0OMIHY
MIEBHUMH y3arajJbHEHIMH PECYpCaMH, sIka BUHHUKJIA B OCTaHHI POKH, CIPHYMHEHA CaMe HAYKOBO-TEXHIYHUM
MIPOTPECOM: TIIBUIEHHSIM TUHAMIYHOCTI, IIBHIKOCTI PO3MOBCIOKEHHA iH(OpMarii, IHTEHCUBHUM
MOTOKOM iHHOBAIii. B iJloMy MOXIJIMBOCTI MPOTHO3YBAaHHSI i1 YIPABIiHHA PO3MOIUICHUMH CHCTEMaMU Ha
0a3i TpagWImiHHIX CTATHCTUYHUX METOJIB CYTTE€BO 3MEHIIMIHCh. CydacHI CHCTEMH 3a3BHYAil HE MalOTh
MPOTOTHINIB, HE MAlOTh CTaTUCTUKH, TOMY BHUOMpaeMo miaxiag Ha 0a3i KOHCTPYIOBaHHsS MaTeMaTHYHHUX
Mogenel ad hoc — Ui KOHKPETHUX aKTyalbHHX 33/1a4, SIK MPaBHJIO HOBUX, TAKUX, 10 HE MAIOTh MPSIMHUX
TIPOTOTHITIB.
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AHaJIi3 ocTaHHIX J0CTiAKeHb i myOsikamii

OnruMizartii po3moauTy y3araJlbHeHHX PECypCiB Ta MOJEIIOBAHHIO MPOIIECIB PO3MOIIJICHHS MTPHUCBS-
yeHo Oarato po0Oit. HazeemMo TyT TibKu Ti, i7iel Ta pe3ynbTaTH SKMX BHUKOPHCTaHi B HaHiil poOori. Lle
npami . [unkina (igei moOymoBu I poO3BsI3aHHS ONTHUMI3AIliHHUX 3a7ad CHeHiadbHUX HEJIHIHHUX
aJanTUBHUX iMmyiabcHHX cuctem) [1], M. Ilemens (MeTomosoris moOyaoBH MaTeMAaTHYHHX MOJICIICH,
30Kpema, Mojeneit po3Butky) [2], 0. Llpeiinepa, (3araibHOCHCTEMHI TPUHITUIIN Ta BIIACTUBOCTI CUCTEM,
10 BOIIOMIOHYIOTE) [3], A. SI0I0HCHKOTO (aHAIII3 BIACTUBOCTEH akTUBHUX cucTeM) [4], B. OmnoiieBa ta
B. BypkoBa (a0cmiKeHHs: METO/IIB YIIPABIIHHS y aHCAMOJIIX TUHAMIYHUX cUCTeM) [5, 6]. OcoOauBO CItij
Big3HauuTH poOOoTH HaykoBoi mkoiau O. Camapcbkoro [7] B ramy3si Teopii i IPakTUKKU OOYHCIIOBAIEHOTO
EKCIIEPUMEHTY. 30KpeMa, BOHH BiIKpWJIH B O0YHMCITIOBATILHIX EKCIIEPUMEHTAaX Ha MOJIENSX, a IOTIM BXKE B
HATYpHUX 3pa3Kkax, iCHyBaHHsI TEIUIOBHUX IMPOIIECIB 3 KOHIIEHTPAIIIEI0 Tellia B Tu1a3Mi. BusiBuiocs, 1o s
BIJTHOCHO MPOCTa MOJIEJIb J0OpE OMHCY€E PO3BUTOK HAYKOBOI LIKOJH. Bim3HauMMo Imie OOUH BasKIMBUH
MeToaoIoTiYHUH pe3ynbTaT mkoau O. Camapcbkoro — nepedopMyIIoBaHHs 3a/1adi, 0 BeJe 10 CyTTEBO-
ro 3MeHIIeHHS 00csary o0unciaeHb. ChOroH1 el HAayKOBUI HANPSAMOK € BaXKJIUBUM JIJIs OpraHi3allii, mo
3aiiMarOThCS MOJICTIOBAHHSM 1 MTPOTHO3YBAaHHIM MEPEKEBUX Ta iHIIUX BEITUKUX PO3MOLICHUX CUCTEM.

ITocTanoBka 3agaui

Posrnsmaerbest cuctema 3 N eleMeHTIB, 110 BUPOOISIIOTh M «poayKTiBy». OOCIT BUPOOHHUIITBA KOXK-
HOT'O TIPOJYKTy € oOMexeHuM. [lnaHoBo abo CTHXiIHHO BUPOOHHUIITBO MPOAYKTIB PO3MOAUISETHCS MikK
esleMeHTaMu cucteMu. [IpupoaHo 3poduTH el po3noain Tak, mod BiH OyB ONTUMAIBHUM JUIS CUCTEMH B
IIJIOMY 1 JUUIsI KOYKHOT'O €JIEMEHTa, a TAKOXK OyB CTIHKMM 10 30ypeHb. DopMalbHO 1€ 3a/1a4a ONTHMAIbHO-
r'0 PO3MOJITY y3araJlbHEHUX PeCypcCiB B PO3MOIICHINA CHCTEMI, €JIEMEHTH SIKOI: a) € aKTUBHUMH (MalOTh
BJACHI LM, MOXYTh HaBUaTHCh); 0) MOXyTb OyTu OaraToyHKLIOHAIbHUMH. 3a IIE€BHUX IPaBHI
B3a€MOJIi1 €JIEMEHTIB 1 MEBHUX AITOPUTMBIB YIPABIIHHS PO3MOJiJIEHA CHCTEMa € CTIMKOIO, a CTaH
PIBHOBAru € ONTUMAJILHUM 1 JJIsI CUCTEMH B LIIJIOMY 1 JIJIs1 KOXKHOTO efieMeHTa. CyTh TaKUX JCIEHTPAIII30-
BaHMX CHCTEM B TOMY, IO €JIEMEHTH B3a€MO3AJEXKHI, aje KOXKEH KOHTPOJIOE TUIBKH OJHY 3MIHHY
VIpaBIiHHS 1 ONTUMI3y€e CBil BiacHW KpuTepid. [Jisi TEXHIKO-€KOHOMIYHHUX CHCTEM II¢ O3HaYae, M0
cucTeMa «cama cebe onTuMizye» — He Tpeda IJIsl KOXKHOTO eJIEMEHTa IMOCh KOHTPOIIIOBATH 1 pO3paxoBy-
BaTH. 3a TaKOIO CXEMOIO MOXKHA OpTaHi3yBaTh OOYMCIIOBAIBHUI ITOPUTM PO3B’SI3aHHS MEBHOTO KJIAcy
3aja4y HeJiHiiHOTO mporpamyBaHHs. [loTeHUiliHUI edekT anropuTMy B TOMY, IO 33Aady 3HAXOIHKCHHS
eKkcTpeMyMy N 3MIHHUX MU 3aMiHIOEMO Ha N mapajelbHuX 3aj1a4 OJHOBHMIipHOI ontuMizaiii. ChoromHi
TOJIOBHOIO 33/1a4€l0 I[hOTO HAMpPSMKY TeOpii yIpaBiiHHS 1 Teopii omTumizallii € MOMIUPEHHS METO[IB
onruMmizaiii Ha 6a3i 0OMiHy y3araJbHEHUMH pecypcaMu Ha BHMAJO0K JOBUIBHUX LITBOBUX 1 BUPOOHHUYHMX
(byHKLIN eTeMEeHTIB.

Po3pobka podouoi Mmonelti po3nojineHoi cucremu

JisuibHICTD elleMeHTa MOXKHA 3BECTH 0 TphoxX (yHKHid: 1) BUPOOHHIITBO MPOAYKLIi; 2) peamizamis
NPOAYKIII Ha «PUHKY»; 3) PO3MOLN pecypcy MK BUPOOHHUITBAMH OKPEMHX BUAIB MpoayKuii. Bubupae-
MO JUTsI BitoOpaskeHHs 1uX (YHKIIiH Taki Mozeni nepiroro HabmmkeHHs (poO0odi GhyHKIIOHAIBHI MO ),
0 MOTIM HE «PO3BATSATHCS IiJ| TATApeM JeTanizalii, Moaudikaiiii Ta macmtadysanus. Haragyemo, o
TEPMIHH «PHUHOK», «BUPOOHHIITBO» HE TOTOXKHI BIAMOBIAHMM KaTEropisiM €KOHOMIKH. Y BHIAAKY
00YHCITIOBATIBHOT MEPEXKi 11e MPOCTO MapaMeTpu ajJrOpUTMY YIPaBIiHHS MpolecoM. SIK 3aranbHO3po3y-
MLy iHTepHpeTalifo 0epeMo TeXHIKO-eKOHOMIUHY — «cHcTeMa BHPOOHUKIB». OfHAK Ied Marepian mae
JI0 EKOHOMIKH TaKe X BiTHOIICHHS, K IITYy4YHI HEHPOHHI Mepexi 10 HaTypalbHUX:

Mogaeb «pUHKY»

B mozeni nepiioro HaOIMKeHHS A7l KOSKHOTO MPOAYKTY 33Ja€ThCsl MOCTIHHUM 00'eM PHHKY O KOX-
HOMY IIPOAYKTY:

Ry]]Ez(Vm,I/mz,...,VmM). (D)

Takox BBa)Ka€MO, 10 BC1 BAPOOHHUKH MIEBHOTO j-I'0 MPOAYKTY BUPOOIIAIOTH HOTO 3 OTHAKOBUM PiBHEM
KOPHCHOCTI 1 SIKOCTi, 1 €AMHOIO IIHOIO MPOJAXy, TOMY PMHOK PO3MOILIAEThCA MPOMOPLiHO obcsaram
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BHITYCKY (BUPOOHUYHM ITOTY>KHOCTSIM BUPOOHHUKIB).

Mopaeab «<BUPOOHUIITBAY

JlerepmiHoBaHe BUPOOHUIITBO OIHUIIIEMO BiJJOMOIO MOJICIUTIO POCTY 3 OOMEKEHHSIM: MPUPICT BHPOO-
HHUILTBA IPONOPLIHNN JOCITHYTOMY PiBHIO 1 HE3aIIOBHEHOCT] pMHKY (Koe(ilieHT mpOomopLiitHOCTI MOKe
OyTH 1 Bim'eMHUM), 1 00CSTY iHBECTHIIIH. BBarkaeMo Takok, 10 B pO3BUTOK BUPOOHHUIITBA IHBECTYETHCS B
NOTOYHHMU TIEpioA Bce, L0 «3apoOieHo» B momepenHiil mepion. Jlorika momeni BUpOOHMITBA: OOCST
BUPOOHMIITBA 3pOCTaB OM €KCIIOHEHIIHO B pa3i HEOOMEXEHOro 00CsAry PHHKY. PaHO 4u Mi3HO cymapHe
BUPOOHHUITBO YCiX (ipM 3allOBHUTH PHUHOK. SIKIIO cymapHe BUPOOHMLUTBO MEPEBUIIYE 0OCAT PHUHKY, TO
BUPOOHUYI MOTYKHOCTI OYIyTh CKOPOUYYBATHCh, 1 JUIS IBOTO TEXK MOXYTh OyTH MOTpiOHI BUTpath. Lli
MipKyBaHHS MOXEMO Bi10Opa3uTH HENIHIHHUM PI3HULEBUM POOOUMM PiBHIHHAM

Ryn; — Sus;
AX; ;= e}i[(Xt) } ki B 13 - Inv; ; |- krok; ()
’ bJ Ryn; -
(1\’t+1)=(Xt)l.’j+Aijj, i=1.N; j=1.M, (3)
ne AX;; — TNOTOYHE MPUPOLICHHS BUIyCKY i-M BHPOOHHKOM j-TO TIPOMYKTY (TeKyliee npupalieHue

BbiMycKa i-M Npov3BoaMTENEeM j-ro npoaykTa; current increase of production by the ith producer of j product),
ef; — koeoimieHT eekTUBHOCTI (koapcmumeHT adpdpekTnsHocTy; coefficient of efficiency), X, — mMatpurns
CTaHy CUCTEMH (MaTpuua COCTosHUA cucTeMbl; matrix of the system state), (X;);;— eneMeHT MaTpHLl CTaHy
(anemeHT maTpuubl cocTosHusi; element of state matrix) Ryn, — «puHOK» (pbIHOK, market), Sus;, —
IIOTOYHE CyMapHe BUPOOHHMLTBO (Tekyliee CymMMapHOe MpousBoAcTBO; current total production), /nv;; —
TEMIT iHBECTHUIIIN j-TO MPOIYKTY (TEMN MHBECTULMIA j-ro NpoaykTa; investments rate of j-th product), krok —
KpPOK MOJIS/IIOBaHHS (Lwar MofenuposaHus; step of modeling).

Mopeti 10KaJbLHOT0 YIPABJIiHHA

IIpupomauM TII00ATEHUM KPUTEPIEM CHCTEMH B IUIOMY € TEMII CyMapHOTO BHPOOHHIITBA, a00 HaKO-
nUYeHe 3a MEBHUW mepioa cymMapHe BUpOOHHUTBO. B JaHoMy BUNAIKy pO3IIIsSAaeMO TiJIbKH JOKAIbHE
VIPAaBIIHHS: PO3MOILIT €IEMEHTIB IHBESCTHIIIH MK BUPOOHHUIITBAMH PI3HUX NPOAYKTIB. Bubupaemo Taky
JETePMIiHOBaHY MOJENb PO3MOALTY: sl KOXKHOTO MPOAYKTY BHUPOOHHK OIHIOE ME€PCIEKTUBHICTH
PO3UIMPEHHST BUPOOHUIITBA. MipOr0 TIEPCIIEKTUBHOCTI € MEBHUI KPUTEPIH — «yCIiX» KOXKHOTO MPOIYKTY.
TyT MOXyTh OyTH TaKi anbTEpHATHBU:

1 — 3rigHO 3 yCepeTHEHUM 3a TIEBHUM MEPioJl «yCIiXOM» KOXKHOTO MPOAYKTY;

2 — 3TiJTHO 3 CYMOIO YCEPEAHEHOT0 YCIIXY Ta TeMITy YCIixXy; (TeMI — CHHOHIM TIOXiJTHOI);

Bubepemo ansrepHaTuBy 2. PopMyeEMO MOAYIIb «KOB3HE CEPEIHEN:

XS; ;= XS; ;- a + ()(t+1)jyj (1 - OL), @

ne 0 < o £ 1 — mapameTp OHOBIICHOTO CEPEIHBOTO (NapameTp OGHOBMEHHOrO cpefHero; parameter of
updated average).
PoOumo ananmorivHUl MOTYITH ISl IPUPOCTY TEMITY BHITYCKY

= sy B[ (Xe),, - (X, ](-B), 9

dxs;

e 0 < B £ 1 — mapaMeTp OHOBJIEHOTO CEPEAHBOTO MPUPOCTY (nNapameTp OGHOBMNEHHOTrO CpenHero
npupatleHws; parameter of updated average increment).

ITapameTpu 3riapKyBaHHS BHOUPAIOTHECS B 3aJICXKHOCTI BiJl IIBUAKOCTI 3MiH IPOIECY 1 PIBHS IIyMIB.
MosinBe BUKOPUCTAaHHA IHIIMX METOJIB 3riaKyBaHHA 1 QinbTpanii. OiHKY NepCIeKTUBHOCTI MPOIYK-
Ty opMyeMo sk TiHiiHY Gopmy Bif (4) 1 (5)

efp; j=a xS i+ ay dxs; ;- (6)
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Mo:xHBi 1Bl aTbTEPHATHBY MPUAHATTS PIIICHB:
a) IOTOYHHH PeCypc AUTATHCS MPOTIOPITIHHO

(Roz), . = elfp; ;+ Xelp; ;. (7)

Lj -
J

0) BeCh OTOUHMI PECYPC BiIAETHCS POYKTY, 1O MA€ MAKCUMYM €/ ;.

[Iporpama mMonemoBaHHs 0a3yeThest Ha PIBHSIHHAX (2)—(6) 1 32 paXyHOK BUKOPUCTAaHHS BEKTOpH3aLii
00UnCIIeHs Mae IIe 3aJ0BUIBHY IMIBUAKOAIO Ui po3MipHocTei cuctemu N = 30, M = 30. OcobnuBocTi
TEXHOJIOT1] KOHCTPYIOBaHHS MOJAEJIEeH — OJHOYACHE BiAJAroKeHHs MOJEII, IPOrpaMyu MOJAETIOBAHHS Ta
OTPUMaHHs HOBUX EKCIIEPTHUX 3HAHb PO BIACTUBOCTI 00’ekTa. IHTEepdeiic mporpamu (puc. 1) po3po0d-
JICHO TaK, 100 3aI0BOJILHUTH 11 BUMOTH.

Parameters of distributing of market, efficiency, initial rates of production
Number of the producers N=I6; number of the products AM=16, ORIGIN=I,
i=1.N: j=1 M

Parameters of the system: market volume on one producer: Rys=20, efficiency of
investments iz the efs=7.2; starting rate of production: Xos=0.2, prevailing in the
starting level (relative) Dom=0.0. Mimimum market Rrni=6, minimum efficiency 1s
the efini=0.9, mmimun nitial rate Xoni=0.2

Parameters of design. Period of the design 7m0=200, tume r=1..Tno ; step of the
design d7=0.07. Imitial values for the variables of the program: rate of the growth
tiupyy =0, perspective of the products nrmef,=10, mitial value of nrmefe;=0.8,
proportion of distributing rzo; ;=7 V.

Parameters of model of acceptance of decisions. Usrednenye: rate of production
o=0.8; mcrease of rate f=0.7. Values: rate @l =1 increase of the rate «2=30.

Puc. 1. Moxynb BBeeHHS ITapaMeTpiB CUCTEMU
Puc. 1. Mogynb BBOAA@ NapaMeTpoB CUCTEMbI
Fig. 1. Module of the system parameter input

Pe3yabTaTti Moje/II0BaHHSA

Po3pobnena 6a3oBa Mozeb BHSBMIIACS CIPaBXHIM T€HEpaTOpoM pe3yibraTiB. Ha puc. 2 mpoimocT-
POBaHO NPOLIEC PO3BUTKY CHCTEMH AJISl BUMAAKIB 3 €EMEHTH, 3 MPOAYKTH Ta 3 eNeMEHTH, 4 IPOLYKTH.
3a1aHoO HEBENHKY PI3HUIIO B €PEKTHBHOCTSIX iIHBECTHUIIIH 1 CTAPTOBUX PiBHSIX BUPOOHUIITBA.
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s I
2 @
> I | I 1 L L I S
0 20 40 60 80 100 120 140 16C 0 10 20 30 40 50 60 70 80 90 100
time time
— pronducerl — producer?
producer 2 -« producer?2
producer 3 o producer 3

Puc. 2. [Iponecu po3BUTKY CHCTEMH 3 TPHOX CIICMCHTIB
Puc. 2. Mpouecchl pa3BuTUSi CUCTEMbI U3 TPEX MEMEHTOB
Fig. 2. Processes of development of the system comprising three elements

B 1ux ymoBax BHHHMKAIOTh XBHJII OCBOEHHS YEProBOTO BUAY MPOAYKIiI, MPOIECH PO3BUTKY CUCTEMH
MOYKHA Ha3BaTH y3aralbHCHUMH JIOTICTHYHUMH 3aTICKHOCTSIMHU.

Ha puc. 3. nokasasi (y moaBIHHUX JOrapu(pMIiYHUX MaciiTadax) paHroBi po3mnoaiiu ¢ipMm 3a eheKkTu-
BHICTIO 1HBECTHIIiH 1 moxomamu. baummo, mo mi po3moaiid 3a NEBHUX YMOB € JOCHTHh ONHM3BLKHMHE [0
acUMIITOT 3 Haxmjiamu 1=-2, f2 =—1.
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Volume market on one producer Rvs=10
Number of: firms N=10 goods M=10
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Volume market on one producer Rys=5
Number af: firms N=10 goods M=10
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Volume mariket on one producer Rvs=20
Number of: firms N=20 goods M=20
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Volume market on one producer Rys=10
Number aof: firms N=20 goods M=20

sdox;-4

Puc. 3. PanroBi po3mnoiiy eneMeHTIiB 32 CyMapHHM 00CsIroM BUPOOHHIITBA
Puc. 3. PaHroBble pacnpeneneHus arieMeHToB NO CyMMapHbIM o6beMam Npou3BoACTBa
Fig. 3. Rank distribution of element by total volume of production

Bimzomo, 1110 paHTOBI PO3MOIIIN «Barky €IEMEHTIB aKTUBHAX CHCTEM € TINepOOTIYHIMI — B TIOJBIHHUX
JIOrapUPMIYHUX MacIITadax e IpruOJU3HO HpsAMi. [HIHKaTOpaMu CTIHKOCTI 1 ONITUMAIBHOCTI IIUX PO3MO/Ii-
JIIB 332 KPUTEPIEM CYMapHOI'0 BUPOOHHUIITBA B CHCTEMI € IICBHI HAXMJIM aCHMIITOT PAHIOBUX PO3MOALTIE: 31
= -2 (BupoOHHYi cucTeMH), B2 = —1 (Hayka, po3IOIiTy CIIiB B TeKCTax). Bizomi IMOBIpHICHI Ta J€TEPMiHO-
BaHI MaTeMaTUYHI MOJIET «MEXaHi3MiB», 10 OPOKYIOTH PAHTOBI PO3MOIIIN B aKTHBHUX cUCTeMax [3, 4].
3anporioHoBaHa 0a30Ba MOAENb TEX 3a IMEBHUX YMOB IOPODKYE TimepOoiyHi po3moAiivd. 30Kpema,
BiJI3HAYMMO TICBHY BIACTHBICTH IOBEIIHKM MOJIENi: 30UIbIIEHHST 00csATY pecypcy («pWUHKY») Ha OJWH
esieMeHT (B AaHoMy Bumaaky 3 10 10 20 oguHMILE) 301IbIIYE HAXMIT aCUMITOTH (3 —1 10 —2).

MosxHa TakoX 0auuTH, 110 TinepOoNiYHI PAHTOBl PO3MOAUIM MaJIOYyTIIMBI 10 3MiHH KUIBKOCTI eJleMeH-

6

Rate of production
(8]

5 10 15
rank of goods
eee producer-ieader
—e—  producer-outsider
— volume market

Puc. 4. Po3noninu puHKiB IPOIYKTIB MiXK BUPOOHU-
Kamu
Puc. 4. PacnpegeneHue pbIHKOB NPOAYyKTOB
mMexay npoussoauTensimu
Fig. 4. Distribution of products
markets between producers
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TiB. YMOBOK BHHHUKHECHHS TilepOONIYHMX PaHTOBHX
PO3IIONLTIB B AETEPMiHOBaHI! CUCTEMI € CTAPTOBA PI3HUIIA

efi; B eQeKTUBHOCTSAX eneMeHTiB. HeBenuka pizHHULS
edexTrBHOCTEH eneMeHTiB B 3—35 % MOpOIKy€e BENHKY
PI3HMIIO B YCTaJIEHMX TeMIax CyMapHoOro (3a ycima
MPOIYKTaMHt) BUPOOHUIITBA.

CTpyKTypa yCTaICHOTO PO3IMOIUTY PUHKIB PI3HUX IIPO-
IYKTiB MDK €JIeMEHTaMH € TeK HepiBHOMipHOto. Ha puc. 4
MOKa3aHO Tpadiku TEMIMIB YCTAICHOTO BHUPOOHMIITBA IS
Kpaloro i riprioro 3a e(peKTUBHICTIO €JIEMEHTIB CUCTEMHU
CYMICHO 3 PaHTOBHM PO3MOALIOM OOCSTiB PUHKIB POAYK-
TiB. MoxHa 0a4nTH, IO Kpalli BAPOOHUKU MAFOTh OiJIbIIi
YacTKM Ha OUNbIIUX pUHKAX, ayTcaijiepu MarwTh
301IBIICHI YaCTKW HAa MEHIIMX puHKax. Lle BmacTuBicTh
ONTUMAJBHUX 3a KPHUTEPIEM CyMapHOTO BUPOOHHUIITBA
PO3MOILTIB.
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pukaan

PosrnsaeMo mpukiiag BU3HAYCHHS ONTHMAIBHOTO PO3IOALTY BHPOOHHIITBA B PETiOHANBHIN cHCTeMI
BUpoOHUNTBa XJIiOonpoaykTiB «10 BupobHukiB, 10 mpoaykTiB». s Takoro BUpoOHUITBA HA MEPLIOMY
IUTaHI € COIiaJibHI aCIEeKTH, 30KpeMa, HE3aJCKHICTh 00CAry IMOCTAYaHHS BiJ BHUIAIKOBHX (aKTOPIB.
Po3pobnena nmporpama MozaentoBaHHs Oyina po3IIMpeHa AJIsl BpaxyBaHHs BUIIAIKOBHX MOJINH — 3YMHHKU
NEBHUX BUPOOHUWKIB Ta IOSBM HOBUX BHUPOOHMKIB. Jlnsi nemoHcrpaiiii eheKTHBHOCTI PO3NOiIeHOT
CUCTEMH YIPABIIHHS PO3TISIAEThCs (DYHKIIOHYBAaHHS CUCTEMH B HECTAI[lOHAPHOMY PEXUMI PO3BUTKY.
Ha puc. 5 momano tpu peanizauii npouecy ¢yHkuionyBanHs cucteMu. OcTaHHs, 6a30BUIl €KCIIEPUMEHT
— (YHKIIIOHYBaHHS B IETEPMIHOBAaHHX YMOBaX.

Moxemo 6auuTy, M0 cUcTeMa Micisl HepexiAHUX MPOLECIB, TPUBATICTD SIKMX 3aJ€KHUTh BiJl MapaMeT-
piB e(heKTUBHOCTI PO3MIMPEHHS BUPOOHUIITBA, IPUXOAMUTH IO TOTPIOHOTO PiBHS CyMapHOTO BUPOOHHUIIT-
Ba.

20
production power of fhe

poriiomed spsfem T =49.94

—
production power of fthe Production power of the
porfioned spsfem Twa=49.29 = || porfioned system Tua=43.34

N

general production

L | |
1] a0 100 158 A0 100 150 S0 100 150

Puc. 5. locnimkeHHs BiAMOBOCTIHKOCTI PO3MOiICHOT CUCTEMU
Puc. 5. ViccnepoBaHune oTka3oyCcTOMYMBOCTY pacnpeieneHHON CUCTEMbI
Fig. 5. Study of failure-proof operation of distributed system

Hageneni pe3ynbratt MOJEMIOBaHHS € QYK€ Majlol0 YaCTKOIO MPOBEACHUX TECTYBaHb MOJIEINI 1 JOCITi-
JUKeHb. bynu TpoBenmeHi MOCHTIDKEHHS BIUIMBY 3alli3HCHb, «HABUAHHSI» €JICMEHTIB, 3MIHH OOCSTIB
«PHHKIBY», ITOsIBa HOBUX e€JIeMeHTiB Ta iH. [1ix ui gocmimkeHHs BiANOBiAHO MoAH(DIKyBaIUCs porpama 1a
iHTEepdeiic.

OcHoOBHaq 4acTb

Llenib aHHoU cmambu — co3faHne 6a3oBo CMCTEMbI MOAENMPOBAaHUS, KOTopas NPUrofHa Kak ans
nccnefoBaHUs M ONTUMU3ALIMM anropUTMOB YNpaBneHns UHPOPMALMOHHO-BLIYNCTIUTENBHBIMU CETAMM,
Tak U AnA NPOrHO3MPOBaHUA PasBUTUA pacnpefeneHHbIX NMPou3BOACTBEHHbLIX CUCTEM, B TOM YUCHE U
TaKUX OMHAMUYECKUX U HepasaenbHbIX KOHTNIOMepPaToB 3MeKTPOHUKKM, MHopMauumn, busHeca u obLle-
HWS1, BO3HMKaloLWmMX B MHTepHeTe. BasoBasa cuctema MoOenupoBaHus — CTPYKTypa, COCTosLIas U3 UH-
Tepdeiica 1 YyHUPULMPOBAHHBLIX Modyre: «MPOU3BOACTBOY, «CMPOCY, «aHanu3 1 NPUHATUE PeLLEHUIY,
«y4yebar, «HeonpeOeneHHOCTb», KOTOpble MOXHO 3aMeHsATb, MoaMdUuUMpoBaTh. B aTolt cTaThe npea-
cTaBneHa nepsas 4acTb pa3paboTky — OeTEPMUHMPOBAHHAA MOAEb.

MocTaHoBKa npob6nemsl

3apaya ontumansHoro pacnpegeneHns M BuaoB 0606LeHHbIX pecypcoB mexay N anemeHTamun ns-
BECTHa [aBHO, AN Hee He MOoryYeHHbl peLleHns MeTogamm NMHENHOro U HENMMHENHOro NPorpaMMMpoBa-
Hua. OgHako Ans COBPEMEHHbIX pacnpeaeneHHbIX CUCTEM XapaKTepHbl BblCOKast AUHAMWYHOCTb, HecTa-
LMOHApHOCTb XapaKkTepucTnk — «ydebay, «ocBoeHuey». Knaccuueckoe HenvHerHoe nporpammmpoBaHve
He JaeT paauKanbHbIX pelueHun ang paboTbl ¢ 3agavyamMuy BbICOKOW pa3MepHOCTH, U BOOGLLE HENPUIrogHO
Onsi COBpeMeHHbIX 3adad, rae ycnosus KyHa-Takepa oObI4HO He BbIMOMHSATCA. B pamkax knaccuyeckmx
MOCTAaHOBOK MPOCTO HEBO3MOXHO MOMYYUTb KOPPEKTHbIe pe3ynbTaTbl ANs MEeTOAOB ONTMMM3auuM Ans
pacnpeneneHHbix cucteM. CerogHs HEBO3MOXHO Takke pasgenvTb paspaboTky mogenu v nporpammbl,
MO3TOMY HYXXHbl paLMOHanbHble TEXHONOrMn BbICTPON pa3paboTkM pabodmx mogenen, He Tonbko pabo-
TaloLWWX, HO U NPUrOAHbIX 4SS BCTPaMBaHWsA B pearbHble CUCTEMbI MPOrHO3MPOBAHUS U YIPaBMEHUs.
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I'Ip06nema CUHTE3a yI'IpaBJ'IeHVIVI, TO €CTb aJllrfOPUTMOB pacnpeneneHnsa onpenerieHHbIX 0606LLEHHBIX
pecypcoB n obmeHa onpeaernieHHbIMun 0606LLEeHHbIMM pecypcamu, KOTopasda BO3HUKIA B nocnegHne rogbl,
Bbi3BaHa MMEHHO Hay4YHO-TEXHUYECKMM nporpeccom: noBbileHnemMm OUHaMUYHOCTU, CKOpPOCTWU pacnpo-
CTpaHeHusA VIHC*)OpMaLI,VIVI, WHTEHCUBHBIM NOTOKOM MHHOBaUWiA. B uenom Bo3MOXXHOCTH NPOrHo3mpoBaHnA 1
ynpasneHua pacnpeneneHHbiMi cucteMamMimy Ha 6ase TPaAUUNOHHBIX CTaTUCTUYECKMX MeTOoAO0B CyLlecCT-
BEHHO YMEHbLUUITUCD. COBpeMeHHbIe CUCTEMbI ODbIYHO HE UMEIoT npoToTUNOB, HE UMEKT CTaTUCTUKK, NO-
3TOMY BbI6VIpaeM noaxoa Ha 6ase KOHCTPyMpoBaHUA MmateMaTn4eCknx mMogenen ad hoc — ans KOHKpeT-
HbIX aKTyarnbHbIX 3a4a4, Kak npaBnio, HOBbIX, HE MMEKLLNX NPAMbIX MPOTOTUMNOB.

AHanus nocnegHuUxX uccnenoBaHUii U Nyonukauumn

OnTuMu3aumm pacnpegeneHms o606LLEeHHbIX PeCypCoB 1 MOAENMPOBaHWIO NPOLIECCOB pacnpeaene-
HWsi NOCBSALLEHO MHOro paboT. HasoBem 34ech TOMbKO Te, MAeun M pesynbTaTbl KOTOPbIX UCNOMNb30BaHbI
B AaHHou paboTe. 370 Tpyabl A. LunkuHa (naen nocTpoeHusa Ans pelleHus onTMMM3auMOHHbIX 3adad
crneumanbHbIX HEMUHENHbIX afanTUBHbLIX MMNYNbCHbIX cuctem) [1], I'. Mewensa (MeTogonorns noctpoe-
HWsi MaTeMaTUYeCKMX Mogenewn, B YacTHOCTU, Moaernen pa3suTus) [2], 0. Wpengepa, (obwecmctemMHble
NPVHUMMbI U CBOWCTBA 3BONIOLUMOHMpPYOLWNX cuctem) [3], A. ABRNoHCKoro (aHanm3 CBOWCTB aKTMBHbIX
cuctem) [4], B. Ononuesa n B. BypkoBa (uccrnegoBsaHve METOAOB yNpaBneHUst B aHCambnax gMHammye-
Cknx cuctem) [5, 6]. OcobeHHOo cnegyeT oTMeTUTL paboTbl Hay4Hol Wkonbl O. Camapckoro [7] B oTpac-
N TEOPUN U NPAKTUKW BbIYUCIUTENBLHOIO 3KCNepuMeHTa. B 4acTHOCTU, OHWM OTKPLINW B BblYUCTIUTENb-
HbIX 3KCMNEpPMMEHTax Ha MOAensx, a 3aTeM yXe B HaTypHbix 0o0pasuax CyllecTBOBaHME TEMNMOBbIX
NpoLEeCccoB C KOHUEeHTpaumen Tenna B nnasme. Okasanock, YTO 3Ta OTHOCUMTENbHO NPOCTas MoAenb XO-
pOLLO OMUCLIBAET pa3BUTUE HAy4YHOM LIKOMbl. OTMETUM eLle oaMH BaXHbIN METOAONOrMYecknin pesynb-
TaT wkonbl O. Camapckoro — HoBasi POpMynNMpoBKa 3adadn, Beayllas K CyLeCTBEeHHOMY YMEHbLUEHNIO
obbema BbluMcneHun. CerogHst aTo0 Hay4YHOe HarnpaBreHne SBNAETCA BaXHbIM AN OpraHn3auni, KoTo-
pble 3aHMMalKTCA MOAENMPOBaHMEM M NPOrHO3MPOBAHMEM CETEBbLIX M ApYyrMx GonblUMX pacnpeaeneH-
HbIX CUCTEM.

MocTaHoBKa 3apaun

PaccmatpuBaetcs cuctema us N anemeHToB, npoussogswmx M «npogyktoe». O6bem nNpon3BoacCT-
Ba Kakdoro npoaykta orpaHuyeH. [naHoBO UM CTUXMIAHO MPOU3BOACTBO MPOAYKTOB pacnpenensetcs
Mexay 3rieMeHTaMu cucTeMbl. ECTECTBEHHO caenaTh 3TO pacnpegeneHme Takum, YTobbl oHO Obino on-
TMMasnbHbIM AN CUCTEMbI B LIENIOM M A5si KaXKO0ro 31EMEHTa, a Takke ObIfio CTOMKMM K BO3MYLLIEHUSIM.
dopmanbHO 3TO 3ajaya ONTUManbHOro pacnpegeneHnss 0606LEeHHbIX PeCypCoB B pacnpeaeneHHON
cucTeme, aNeMeHTbl KOTOPOW a) ABMAOTCH akTUBHbIMU (MMEIOT coBCTBEHHbIE Lienn, MOryT obydaTtbes);
©) moryT 6bITb MHOTOOYHKUMOHaNbHbIMK. pn onpeaeneHHbIX NpaBuiax B3anMogencTBUS SN1IEMEHTOB U
onpefeneHHbIX anropuTmMax ynpaereHusi pacrnpefefieHHas cucTtema sIBMsieTCs CTOMKOW, a COCTOsiHME
paBHOBECUSI SIBMSIETCSI ONTUMAribHBIM U AN CUCTEMbI B LENOM M AN Kaaoro anemMeHTa. CyTb Takux
[eLEeHTPanu3oBaHHbIX CUCTEM B TOM, YTO 3fIEMEHTbI B3aMMO3aBUCUMbI, HO KaAblA KOHTpONMpyeT
TONbKO OAHY MEPEMEHHYIO YNpaBreHns U ONTUMU3NPYET CBOW COBCTBEHHbIV KpUTepui. [ns TeXHUKO-
3KOHOMUYECKUX CUCTEM 3TO O3HAYaET, YTO CMCTEMA «camMa cebsl ONTUMU3NPYET» — HE HYXKHO AN Kax-
[Oro anemMeHTa YTo-TO KOHTPONMPOBaTb U PacCYUTbiBaTb. 3a TAKOM CXEMOW MOXHO OpraHu3oBaTb Bbl-
YNCIUTENbHBIA anropuTM peLLEeHUs] onpeaerieHHoro knacca 3agay HenMHEWHOro NporpaMMUpOBaHKS.
MoTeHumnanbHbIN 3chdEKT anroputMa B TOM, YTO 3a4advy HaxoXaeHUs akcTpeMyma N nepeMeHHbIX Mbl
3ameHsieM Ha N napannenbHbIX 3aga4 OgHOMepHOW onTuMmsaunn. CerofHsl rnaBHasi 3agada 3Toro Ha-
npaBreHnst Teopumn ynpaBfieHnst U Teopum oNTMMU3aLMN — pacrnpocTpaHeHNe MeTOA0B ONTUMU3ALMN
Ha 6a3e obmeHa 0006LLEHHBIMU pecypcamMmn Ha criydai NpOou3BOSIbHbLIX LENeBbIX U MPOU3BOACTBEHHbIX
YHKUMIA 3NIEMEHTOB.

PaspaboTka pabouyeit Mmogenu pacnpegeneHHov CUCTEMbI

[eatenbHOCTb anemMeHTa MOXHO CBECTU K TpeM yHKumaM: 1) nponssogcTBo npoaykumu; 2) peanu-
3auma NPOAYKUUM Ha «pblHKe»; 3) pacnpeaeneHne pecypca Mexay npov3BoacTBaMu OTAENbHbBIX BUOOB
npoaykumn. Belbnpaem gna otobpakeHns aTux yHKUMIA Takme mogenu nepeoro npubnumxeHus (pabo-
yre pyHKUMOHabHbIEe MOAENM), KOTOPble NMOTOM He «pa3BanAaTcsi» nof rpy3oM aeTanusauuv, Moaudu-
Kauui n maclwtabupoBaHus. HanoMuHaem, 4To TEPMUH «PbIHOKY, «MPOU3BOACTBO» HE TOXOECTBEHHbIE
COOTBETCTBYHOLLMM KaTeropusiMm 3KOHOMUKU. B crniyyae BbIMMCIIUTENBHOW CETU 3TO MPOCTO NMapamMeTpbl
anropuTma ynpasneHusi npoueccoM. Kak 0oBLENOHATHYIO UHTeprpeTauuto 6epeM TEXHUKO-3KOHOMU-
Yyeckylo — «cuctema npoussogutenen». OaHaKko 3TOT MaTepuan UMEET K S3KOHOMUKE TaKOe Xe OTHO-
LUEHWE, KaK NCKYCCTBEHHbIE HEMPOHHbIE CETU K HATypasibHbIM.
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Mopenb «pblHKa»

B mopenu nepBoro npubnuxeHus Ans Kaxaoro npoaykta 3agaeTcs NOCTOSIHHbI 06beM pbiHKa No
Kakgomy npoaykty (1).

Taikke cuMTaem, 4TO BCe MPOM3BOAUTENMW ONPEAENEHHOrO j-ro NPoAyKTa NPOM3BOAAT ero C 0AMHaKo-
BbIM YPOBHEM MONE3HOCTU U KayecTBa, U €AMHCTBEHHON LIEHOW Npoaaxu, MO3TOMY PbIHOK pacnpeaens-
eTCcsi NponopLUoHanbHO o6bemam Bbinycka (MPOM3BOACTBEHHBIM MOLLHOCTSIM MPOM3BOAUTENEN).

Mopaenb «<npou3sBoacTBa»

JeTepMnHMpoBaHHOE NPOM3BOACTBO OMULLEM M3BECTHOW MOAENbBI0 POCTa C OrpaHUYeHeM: NPUpPoOCT
Npon3BOACTBa MPOMNOPLUMOHANbHBIA JOCTUTHYTOMY YPOBHIO U HE3amnofHEHOCTW pbiHKa (KO3MULMEHT
NPOMopLIMOHANbHOCTN MOXET ObITb U OTpUUaTenbHbIM), U 06beMy uHBecTUUMIA. CunTaeM Takxke, UYTO B
pasBuUTUE NPOM3BOACTB UHBECTUPYETCH B TEKYLUMIA Nepuoa BCe, YTO «3apaboTaHo» B NpedblayLumi ne-
pvog. Jlorvka mogenu NnponsBOACTBa: 06beM MPOM3BOACTBA BO3pOCTan Obl 3KCMOHEHLMANbHO Npu He-
orpaHvu4yeHHoOM obbeMe pblHKa. PaHo nnm no3gHo cymmapHoe npov3BOACTBO BCEX (OMPM 3aronHUT pbi-
Hok. Ecnn cymmapHoe npov3BoACTBO MpeBbillaeT 0O6beM pbiHKa, TO NMPOU3BOACTBEHHbIE MOLLHOCTU
OyayT cokpallaTbCs, U Ans 3TOro ToXe MOryT OblTb HYXHbl pacxofbl. TN paccyxaeHnst Moxem oTobpa-
3UTb HENIMHEWHbLIMX Pa3HOCTHbIMU paboynmm ypasHeHusaMu (2), (3).

Mopenu nokanbHOro ynpasneHusa

EcTecTBeHHbIM rnobanbHbIM KpUTEPUEM CUCTEMBI B LIENOM SIBMSIETCA TEMN CyMMapHOro npousBog-
CTBa, UNN HaKoOMNMEHHOe 3a onpeferNieHHbI Nnepuos CyMMapHoe nponsBoacTBo. B gaHHom criyvae pac-
cMaTpuBaeM TOMbKO NOKanbHOE ynpaBreHue: pacnpegeneHve 3NeMeHTOB UHBECTULIMIA MeXAy Npouns-
BOACTBaMM pasHbIX NMPoAyKTOB. Beibupaem Takyio AeTepMMHUPOBaHHYHO MOAEINb pacnpeneneHvs: ans
Ka)xgoro npogykta npousBOAMUTENb OLEHUBAET NMEPCNEeKTMBHOCTb pacluMpeHusi npov3BoacTsa. Mepoi
NepCneKkTUBHOCTU SIBNSIETCS ONpenesieHHbI KPUTEPUA — «yCrex» Kaxaoro npogykra. 3gecb MoryT
ObITb Takne anbTepHaTMBbI:

1 — cornacHo ycpefHeHHOMY 3a onpefeneHHbIn NeEPUoA «ycrnexy» Kakaoro NnpoaykTa;

2 — cornacHo cymme YCpeAHEHHOro ycrnexa v Temna ycnexa; (Temn — CUHOHVUM NPOu3BOLHON)

Buibepem anbTepHaTuBy 2. dopMUpyeM MOAYMb «CKonb3swee cpegHee» (4).

[enaem aHanormyHbIn Mogysb ANS NpypalleHns Temna Bbinycka (5).

MapameTpbl crnaxuBaHns BbIGUpaTCA B 3aBUCUMOCTU OT CKOPOCTU M3MEHEHUIA NPOLLECCa U YPOBHS
LwymoB. BosmoxxHoe ncnonb3oBaHve ApYrnx METOAO0B CriaxuBaHusa v dunbTpauun. OueHKky nepcnek-
TMBHOCTM npogykTa (6) dopmmpyeM Kak nmHenHyto popmy ot (4) u (5).

Bo3moxHbI ABE anbTepHaTUBbI NPUHATUS PELLEHWIA:

a) TeKkyLnin pecypc genutcsa nponopumoHanbHo (7).

6) BeCb TEKYLLNN pecypc OTAaeTcs NpoayKTy, UMetoLeMy Makcumym efp;;.

Mporpamma mogenupoBaHusa 6asupyeTcsa Ha ypaBHEeHUsX (2)—(6) 1 3a cyeT MCMONb30BaHUSA BEKTO-
pvi3auun BbIYMCIIEHMI MEET elle yAO0BNeTBOPUTENbHOE BbICTPOAECTBME ANSl Pa3MepHOCTER CUCTEMbI
N = 30, M = 30. OcobeHHOCTN TEXHONOMNN KOHCTPYMPOBaHUS Modenen — ogHOBPEMEHHOe HacTpavBa-
HVe mMogenu, NporpaMMbl MOAENUPOBAHMS U MOMYYEHUs] HOBbIX 3KCTMIEPTHBIX 3HAHWIM O CBOWCTBaX 0Ob-
ekTa. MHTepdenc nporpammel (puc. 1) paspaboTaH Tak, 4Tobbl yA0BNETBOPUTL 3TN TpeboBaHus.

Pe3ynbTaTbl MOAENMPOBaHUS

PaspaboTaHHass ©a3oBasi Mofernb Okasanacb HacTOsILLMM reHepaTopoM pesynbTtatoB. Ha puc. 2
NnpeacTaBneH Mpouecc pasBUTUS CUCTEMbl Ansi criyyYaeB 3 anemeHTa, 3 npoaykta M 3 anemeHTa,
4 npogykTa. 3agaHbl HebonbLune pasHuUbl B 3P(EKTUBHOCTAX MHBECTULNIA U CTAPTOBbLIX YPOBHSIX NPO-
n3BoAcCTBa.

B 3TMx ycnoBusix BO3HUKAIOT BOMHbI OCBOEHUS OMNpeaeneHHoro Buaa npoaykumm, Npouecchl passu-
TUSI CUCTEMbI MOXXHO Ha3BaTb 0600LLEHHBIMW NTOTMCTUYECKUMW 3aBUCMMOCTSMMU.

Ha puc 3. nokasaHbl (B ABOWHbIX norapudmuydecknx Maclwitabax) paHroBble pacnpegeneHus pvpm
no apheKTUBHOCTN MHBECTMLMIA M goxoaam. Buaum, 4to 3T pacnpeneneHus npu onpeaeneHHbIX yc-
NOBMAX JOCTATOYHO BNN3KM K acuMnTOoTaMm C HakrnoHamu B1 = -2, B2 = —1.

M3BecTHO, YTO paHroBble pacrnpeaeneHns «Beca» dNeMEHTOB aKTUBHbLIX CUCTEM SABMSATCA rmnep-
bonnyecknMn — B ABONHbIX NorapudmMmyeckmx mMmacwrabax ato npubnusantenbHo npsmble. MHaukaTo-
pamu CTOMKOCTU 1 ONTUMYMa 3TUX pacrnpeaeneHnin No KpUTepMIo CyMMapHOro Npon3BoAcTBa B CUCTEME
SIBNSIOTCA onpeferneHHble HaKMOHbI aCMMMNTOT PaHroBbIX pacnpegeneruin: 1 = —2 (NPOU3BOACTBEHHbIE
cuctemsl), B2 = — 1 (Hayka, pacnpegeneHns croB B TeKCTax). M3BeCTHbI BEPOSATHOCTHbIE U AEeTEPMUHU-
pOBaHHble MaTeMaTU4eckMe MOAenn «MexaHW3MOBY», MOPOXAalollMe paHroBble pacrnpederneHusl B ak-
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TMBHbIX cuctemax [3, 4]. NMpegnoxeHHaa 6a3oBasi MO4EeNb TOXE NPW onpedeneHHbIX YCNOBUAX NMOPOX-
naet runepbonuyeckne pacnpegeneHns. B yactHocTn, oTMeTUM onpegeneHHoe CBOWCTBO MOBeAEHUs]
mMogenu: yBenudeHne obbema pecypca («pblHKa») Ha oAuvH anemeHT (B gaHHom cnydae ot 10 go
20 eguHML) yBeNuUMBaeT HaKNoOH acumnToTbl (0T —1 go —2).

MoxHo Takke BuAeTb, YTO runepbonuyeckue paHroBble pacrnpeeneHust ManodyyBCTBUTENbHbIE K
U3MEHEHWIO KONMUYECTBa ANIEMEHTOB. YCNOBUEM BO3HWKHOBEHWS rMNepOONMYEecKnX paHroBbIX pacrnpe-

AeneHuni B 4eTepMUHNPOBaHHOW CUCTEMe SIBMSieTCA cTapToBas pasHuua efij B 9dheKkTMBHOCTAX arne-
MeHTOB. Hebonbluas pasHuua adhdekTMBHOCTEN 3nemMeHToB B 3—5 % nopoxxagaeT 60nbLuyto pasHuly B
YCTaHOBMBLUMXCS TEMMAxX CyMMapHOro (Mo BCEM NpoAykTam) Npou3BoAcTBa.

CTpyKTypa YyCTaHOBMBLLETOCS pacnpefeneHnsi pbiHKOB pasHbIX MPOAYKTOB MeXAy 3NeMeHTamn siB-
nsieTcs ToXke HepaBHOMeEpPHOW. Ha pwuc. 4 nogaHbl rpadvku TEMMNOB YCTaHOBUBLLErOCS MPOWM3BOACTBA
ONs nyywero u xyawero no 3geKTMBHOCTN 3N1IEMEHTOB CUCTEMbI COBMECTHO C PaHroBbIM pacnpefe-
neHnem ob6beMOB PbIHKOB MPOAYKTOB. MOXHO BUAETb, YTO JydlUMe NPOM3BOAUTENW UMEIOT OGonblune
[0nM Ha BonbLUNX PbIHKaX, ayTcanaepbl UMEKT yBENUYEHHbIE A0NM HAa MEHbLUMX PbIHKax. OTO CBOWCTBO
ONTMMAasbHbIX MO KPUTEPUIO CYMMApPHOro NPOU3BOACTBa pacnpeneneHnii.

Mpumep

PaccmoTpuMm npyvmep onpeaeneHms onTMManbHOro pacrnpegerneHns npoussBoacTea B permoHanbHoOm
cucteme npomussoacTea xnebonpoayktos «10 npoussoauTenen, 10 npogykToB». [Ina Takoro nponsBoa-
CTBa Ha NepBOM MraHe eCTb CoumanbHble acnekTbl, B YAaCTHOCTU, HE3aBUCUMOCTb 0bbeMa CHabxeHus
OT cnyvavHbIx ¢akTopoB. PaspabotaHHas nporpamma MogenupoBaHus Gbina pacluvMpeHa Ans ydeta
CrnyyavHbIX COObITUA — OCTaAHOBKW onpeAeneHHbIX NPoM3BOAUTENEN U NOSBMNEHUS HOBbIX NPOM3BOAU-
Tenen. Ans gemMoHcTpaumm addeKTMBHOCTU pacnpegeneHHon CucTemsl ynpasneHns paccMaTpusaeTcs
OYHKLUMOHMPOBAHME CUCTEMbI B HECTALMOHAPHOM pexnme pa3sutus. Ha puc. 5 nokasaHbl Tpu peanu-
3aumm npouecca PyHKUMOHUPOBaHMSA cuctembl. MNocnegHas peannsaunss — 6a30BbIi IKCNEPUMEHT —
dOYHKUMOHMPOBAHME B AE€TEPMUHUPOBAHHbIX YCIOBUSAX.

Moxem BugeTb, 4TO cucTeMa nocrie NepexofHbIX NpPoueccoB, ANUTENbHOCTb KOTOPbIX 3aBUCUT OT
napameTpoB 3MdPEKTUBHOCTM pacLUMPEeHUs NPON3BOACTBA, NPUXOAUT K HYXXHOMY YPOBHIO CYMMapHOro
npousBoACTBa.

MpuBeOeHHble pe3ynbTaTbl MOLENUPOBaHUA ABMIAIOTCA OYEHb Manown 4acTuuen NpoBeAeHHbIX Tec-
TUPOBaAHMI MOLENWN N UccneaoBaHuin. bbinu npoBedeHbl UCCNeAoBaHNS BUSIHUS ONo3daHni, «y4eobiy
3MNEMEHTOB, U3MEHEHNs1 OOBEMOB «PbIHKOBY», NOSBMEHNE HOBbIX 3anemMeHToB 1 Ap. Mo 3T nccnenosa-
HUSA COOTBETCTBEHHO MoAuMUMpoBanuce NporpaMmma u nHtepdenc.

Main part

The aim of the given paper is to elaborate basic systems of modeling, suitable, both for inves-
tigation and optimization of control algorithm of information — computing networks, and for predic-
tion of development of productive systems, including dynamic conglomerates of electronics, in-
formation, business, communication emerging in the Internet. Basic system of modeling is a
structure consisting of unified modules “production”, “demand”, “analysis and decision making”,

“training”, “uncertainty”, which can be replaced, modified, and interface. The given paper contains
the first part of research — deterministic model.

Problem setup

The problem of optimal distribution of types of aggregated resources among the elements has
been known for a long time; but the solutions of the problem have not been obtained applying
methods of linear and nonlinear programming. Modern distributive systems are characterized by
high dynamics, their characteristics are not stationary, namely — “study”, “mastering”.

Classical non-linear programming does not provide radical solutions for operation with high di-
mensional problems and is not suitable at all for the solutions of modern problems where Kune —
Thaker conditions are not performed. Within the frame of classical statement it is impossible to ob-
tain the correct results for methods of distributive system optimization.

Nowadays it is also impossible to separate the elaboration of the model and the program that
is why we need rational technologies of rapid elaboration of operation models, not only function-
ing but to be built-in real systems of control and forecast.

The problem of management synthesis, that is, algorithms of distribution of certain aggregated
resources and exchange of certain aggregated resources, which has emerged in recent years is
due to scientific progress: increase of dynamics, speed of information spread, intensive flow of in-
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novations. In general the possibilities of forecast and management of distributive systems on the
basis of conventional statistic methods are rather limited. As a rule, modern systems do not have
prototypes, do not have statistics, that is why, we choose the approach, based on construction of
mathematical models ad hoc — for certain actual problems, which do not have direct prototypes.

Analysis of latest research and publications

Numerous publications are devoted to the problem of optimization of aggregated resources
distribution and modeling of distribution processes. We shall mention only publications the ideas
and results of which are used in the given paper. The works of J. Tsypkin (ideas of construction of
special non-linear adaptive pulse systems, intended for solution of optimization problems) [1],
Y. Peshel (methodology of construction of mathematical models in particular, models of develop-
ment) [2], Yu. Shrader (general principles and properties ofdeveloping systems) [3], A. Yablonskiy
(analysis of active system properties) [4], V. Opoitsev_and V. Burkov (study of management
methods in the sets of dynamic systems) [5, 6]. Special attention should be paid to investigations,
carried out by the representatives of scientific school, headed by O. Samarskiy [7] in the sphere
of theory and practice of computational experiment.

In particular, they revealed, performing computational experiments on the models and later in
natural samples, the existence of thermal processes with concentration of heat in plasma. It
turned out, that this rather simple model describes well the development of scientific school. One
more important methodological result of the school, headed by O. Samarskiy should be men-
tioned — new formulation of the problem, leading to considerable reduction of the volume of
computations. Today this scientific direction is very important for scientific institutions, dealing
with modeling and forecasting of networks and other large distributive systems.

Task setup

Systems, comprising N elements, manufacturing M “products” are considered. Volume of
manufacturing of each product is limited. Manufacturing of products is distributed among the ele-
ments of the system either in a planned manner or randomly.

It is quite natural to make this distribution optimal for the whole system and for each element
of the system and make it stable to disturbances. Formally it is the problem of optimal distribution
of aggregated resources in distributive system, elements of which: a) are active (have their own
aims, can be taught); b) can be multifunctional. Observing certain rules of interaction and certain
algorithms of management distributive system is stable, and equilibrium state is optimal both for
the whole system and for each element. The main feature of such decentralized systems is that
the elements are interdependent but each element controls only one variable and optimizes its
own criterion.

For technical economic systems it means that the system “optimizes itself” — there is no need
for each element to control something and calculate. Using such scheme we can organize com-
putational algorithm intended for solution of certain class of problems of non-linear programming.

The potential effect of the algorithm is the problem of determination of N variables extremum
we replace by N parallel problems of 1 — D optimization. Today the main problem of such direc-
tion of management theory and optimization theory is spreading of optimization methods on the
basis of generalized resources exchange in case of arbitrary efficiency functions and production
functions of elements.

Elaboration of functioning model of distributive system

Operation of the element can be reduced to three functions: 1) manufacturing of products;
2) selling of the product at the “market”; 3) distribution of the resource among producers of sepa-
rate kinds of products. For presentation of these functions we will take the models of the first ap-
proximation (operation functional models), these models must remain stable after decomposition,
modification and scaling. Note, that the terms “market”, “production” are not identical to corre-
sponding categories of economy. In case of computational network they are only the parameters
of management algorithm of the process. As generally accepted interpretation we take technical
economic — “system of producers”. But this material has to economy the same reference as arti-
ficial neural networks to natural networks.

Model “market”

In the model of the first approximation for each product constant volume of the market
by each product is preset (1). We also assume, that all producers of certain j-th product
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manufacture it with the same degree of usefulness and quality and unique selling price, that is
why the market is distributed proportionally to the volume of output (production capacities of
manufacturers).

Model “production”

Deterministic production we will describe by the known model of growth with limitation: incre-
ment of production is proportional to the reached level and emptiness of the market (proportion-
ally factor could be negative), and volume of investments. We think that everything that was
earned in previous period is invested in production development. Logic of production model vol-
ume of production would grow exponentially in case of limitless volume of the market. If total pro-
duction exceeds the volume of the market, then production capacities will decrease, and expendi-
tures are also needed for this purpose. These ideas can be presented by non-linear difference
operational equations (2), (3).

Models of local management

Natural global criterion of the system is the rate of aggregated production or. total production
accumulated during certain period of time. In the given case we consider only local management:
distribution of the elements of investments among manufacturers of various products. Let us
choose deterministic model of distribution: for each product the producer evaluates the perspec-
tive ness of production expansion. The measure of perspective ness is certain criterion — “suc-
cess” of each product. Here some alternatives exist:

1 —in accordance with the averaged “success” of each product during certain period;

2 — according to the sum of averaged success and rate of success (rate is the synonym of
derivative.

Let us select the alternative 2.

Form the module “sliding average” (4).

The same module we make for the increment of production rate (5).

Parameters of smoothing are selected depending on the rate of process changes and noise
level.

Application of other methods of smoothing and filtration are possible. Evaluation of product
perspective ness (6) is formulated as linear form of (4) and (5).

Two alternatives of decision-making are possible:

1) current resource is divided proportionally (7).

2) the whale current resource is given to the product having maximal efp;;.

The program of modeling is based on equations (2)—(6) and at the expense of application of
vectorization of computations has still satisfactory fast acting for dimensions of the system N = 30,
M = 30.

Characteristic features of model design technology are simultaneous adjusting of the model,
program of modeling and obtaining new expert knowledge regarding the properties of the object.

Interface of the program (Fig. 1) is developed to meet these requirements.

Results of modeling

The developed basic model turned out to be real generator of results. Fig. 2. shows the proc-
ess of system development for cases of 3 elements, 3 products and 3 elements, 4 products.
Small difference in investments efficiencies and starting levels of production is set.

In such conditions waves of certain type of products mastering emerge, processes of system
development can be called generalized logistic dependences.

Fig. 3 shows (in logarithmic scales) grade distributions of firms in accordance with efficiency of
investments and profits.

It is seen that these distributions at certain conditions are rather close to asymptotes with
slopes 1 =-2, p2 = -1.

It is known that grade distributions "weights" of active systems elements are hyperbolic — in
binary logarithmic scales they are nearly straight. Indicators of stability and optimum of these distri-
butions by criterion of aggregated production in the system are certain slopes of asymptotes of rank
distributions: p1 = -2 (production systems), f2 = —1 (science, distribution of words in texts).

Probabilistic and deterministic mathematical models of “mechanisms” generating grade distri-
butions in active systems [3, 4] are known.

Suggested basic model under certain conditions also generates hyperbolic distributions. We
should note certain property of model behavior: increase of volume of resource (“market”) by one

BicHuK BiHHMLBKOrO NOMiTeXHiYHOro iHCcTUTyTyY, 2006, Ne 2



IHPOPMAL|IIHI TEXHONOT Ii TA KOMITIOTEPHA TEXHIKA

element (in the given case from 10 to 20 units) in creases of asymptote slope (from —1 to -2).

We can also observe that hyperbolic grade distributions are not very sensitive to changes of
elements quantity.

The condition necessary for emergence of hyperbolic grade distribution in deterministic sys-
tem is the initial difference efi; in elements efficiencies, minor difference of elements efficiencies in
3—5 % leads to important difference in established rates of aggregated (regarding all products)
production.

The structure of established distribution of markets of different products among the elements
is not uniform. Fig 4 shows graphs of established production rates for the best and for the worst,
regarding the efficiency elements of the system along with rank distribution of products markets
volume. It can be seen that the best producers have greater shares on greater markets, outsiders
have increased shares on smaller markets. This is the property of optimal by criterion of aggre-
gated production distributions.

Example

Let’'s consider the example of determination of optimal distribution of production in regional
system of bakery products production "10 producers, 10 products".

For such production the main aim is social aspect, in particular, independence of supply vol-
ume on random factors.

Elaborated program of modeling was extended taking into consideration random factors-
outage of certain producers, emergence of new producers. In order to demonstrate the efficiency
of distributive management system the operation of the system in non stationary mode is consid-
ered. Fig. 5 shows three versions of system operation process. The last version — basic experi-
ment — is functioning in deterministic conditions. It can be seen, that the system after transient
processes, their duration depends on parameters of production expansion efficiency reaches the
required level of aggregated production.

The results of modeling represent only the smallest part of tests and research carried out.

Influence of delay, "study" of elements, volume of market changes, emergence of new ele-
ments was investigated. Program and interface were modified in the course of the research.

BucnoBku

OtpumaHo poOOdy MOJEINb, SIKa BUKOHYE MPOTHO3YBAaHHS PO3BUTKY PO3MOALIEHHX CHCTEM MEBHOTO
Kjacy. Mogenb € CyTT€BO HENiHIHHOI0. YCTaJeHWH CTaH CHCTEMH CYTTEBO 3aJIEKHUTH BiJ MOYAaTKOBHX
ymoB. Buxonano moamdikaunii 6a30Boi Mopmeni, mo MiATBEpAWIN i MPUAATHICTH IO PO3LIMPEHHS 1
YTOYHEHHS, OTPUMaHi HOBI pe3yJbTaTH, 30KpeMa, — JETEPMIHOBaHI MEXaHI3MH YTBOPEHHS CTIHKHX
PaHTOBHX PO3MOJILTIB.

Mertoro naHoi craTTi Oyna modynoBa «iHCTPYMEHTY» — MaTeMaTH4HOi MOJeJi MEeBHOI PO3NOAiIEHOT
cUCTEeMH. 3a pe3ysibTaTaMi BUIPOOYBaHb MOJIENb MOXe OyTH €(DEKTUBHHM aNrOPUTMOM 3HAXOJ[KEHHSI
ONTUMAJILHOTO 33 KPUTEPIEM CYMapHOTO «BHPOOHMLTBA» PO3MOIULY «pECypcy» B CHCTeMax Kiacy «N
€JIEMEHTiB, M MPOAYKTiB» BUCOKOI PO3MIPHOCTI.

BbiBOAbI

Mony4yeHHa paboyasi Mogenb, BbINOMHALLAS NPOrHO3UMpOBaHWe pa3BUTUsS pacnpedeneHHbIX CUCTEM
onpegeneHHoro knacca. Mogenb sBNAeTCs CyWeECTBEHHO HENVHENHOW. YCTaHOBMBLUEECS COCTOsIHUE
CUCTEMbI CYLLECTBEHHO 3aBUCUT OT HayvarbHbIX YCNOBWUA. BbinonHeHbl Mogudukauumn 6a3oBon Mogenu,
noaTeepauBLLNE €€ NPUro4HOCTb K PacLUMPEHUIO U YTOYHEHMIO, NOMYyYeHbl HOBbIE pe3ynbTaThbl, B YacT-
HOCTU, — AeTEPMUHMPOBaHHbIE MeXaHU3Mbl 06pa3oBaHWsa CTOMKUX PAHrOBbIX pacnpegeneHuii.

Llenbio aaHHOM cTaTbM BbINO NOCTPOEHNE KUHCTPYMEHTa» — MaTeMaTU4YecKon Mogenu onpeaeneH-
HOW pacnpefeneHHon cuctemsl. [1o pesynbTatam UCNbITaHUA Mogenb MOXeT ObiTb 3pdeKTUBHBLIM an-
rOPUTMOM HaXOXOEHUA ONTMMAarnbHOro Mo KpUTEPUIO CyMMapHOro «npou3BoAcTBa» pacrnpeneneHns
«pecypca» B cuctemax knacca «N anemeHToB, M NpoAYyKTOB» BbICOKOM pa3MepPHOCTMU.

Conclusions

Operating model intended for prediction of certain class of distributive systems has been ob-
tained. The model is practically non-linear. Established state of the system considerably depends
on initial conditions. Modifications of basic model carried out proved its fitness for expansion and
correction new results have been obtained, namely, — deterministic mechanisms of stable grade
divisions creation.
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The aim of the given paper is to create the "tool" — mathematical model of certain distributive
system. By the results of tests the model can be an efficient algorithm intended for searching of
optimal by criterion of aggregated "production" distribution of "resource" in systems of class "N
elements, M products" of high dimensionality.
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