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Y cmammi posensdaemoca npoéaema mode-
JH0BAHNA NPOUECi8 PYHKUIONYEAHHA CKAAOHUX
eupobHUMUX cucmem. 30ilicheno 6idodpadicen-
HSl OCHOBHUX eJleMEHMI8 KOHUENUii <UmyuHo-
20 JHCUMMSA> HA NPOUECU HCUMMEBO20 UUKTY
eupobnunux nionpuemcme. Buxonana op-
Manizayis 0CHOBHUX CKAAOOBUX AN20pUMMY
MO0eI08AHHA MA U3HAYMEHT eleMeHmU PYHK-
uionanvHoi Hasanmasicenocmi 06°ekmie mooe-
N0BAHHS
Kmiouoei caosa: <wmyune scummss>, nio-
npuUEMcmeo, Mo0en06ants e60J0Uii, Helpo-

mepeilxica
[m, u]

B cmamve paccmampusaemcs npoérema
MOOeUPoBanUsL nNpoueccos Qynxkuuonuposa-
HUA CIOJNCHBIX NPOU3BOOCMBEHHBIX CUCMEM.
Ocywecmeneno omobpajicenue 0CHOBHBIX e~
MEHMO8 KOHUENUUU <UCKYCCMEEHHOU HCUIHU>
HA NPoUeccol JNHCUSHEHHO020 UUKIA NPOMbLUL-
JlenHvlx npeonpusmuii. Boimoanena gopma-
AU3AUUA OCHOBHBIX COCMABAAIOUUX ATLZOPUM -
Ma MOOeaUPo8anus u onpeoeenvt nemeHmol
Pynxyuonanvroi nazpyicennocmu 006svexmos
Modenupoeanus

Knwouesvie caosa: <uckyccmeennas
HCU3HBL>, npeonpusmue, MoOeIUPOBAHUE IBO-
atouuu, Heupocemo

=, u |
In this paper the modelling problem of funct-
ioning processes for complex industrial systems
is considered. Display of "artificial life> conc-
eption basic elements on processes of industrial
enterprises life cycle is carried out. Basic com-
ponents formalisation for modelling algorithm is
executed and elements of functionality modelli-
ng objects are defined

Keywords: <artificial life>, enterprise, evol-
ution modelling, neural network

o o

1. Beryn

[lnanyioum cTBOpeHHs HOBOTrO MiJNIPUEMCTBA, 3Jiiic-
HIOIOYY TIPOEKTYBaHHs ab0 yHpaBJiHHS IIPOIECOM HOTO
GyHKIIOHYBaHHS, BifuyBaloYn HEOOXIAHICTH MOAEPHi-
3allil 4u 1mepexo/y Ha BUIYCK HOBOI IIPOAYKILii, 0coba, 110
npuiimae pireHHs, 000B’I3K0BO 311ITOBXYEThC 3 IPObJIe-
MOIO <IIOTJISI/IY 32 TOPU3OHTS.

Taxnil «morsisan» o3Hadae pos3BA3aHHA 3ajadi 1mpo-
FHO3YBAaHHS HPOIECIB KUTTEBOTO IUKJIY IiJAITPUEMCTBA
HAa TOMY YU iHITOMY eTami. Y GibIiocTi BUNAAKIB Take
MPOrHO3yBaHHS TOBsSI3aHe 3 BUKOPUCTAHHAM iMeHTUdI-
KOBAHUX 3aJIE;KHOCTEHN Pe3yIbTyI0OUNX XapaKTEePUCTUK BiJT
BXiZHUX (haKTOPiB.
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Ha Bupob6uunue nignpuemcrso (BII) saiiicHiO0OTDH
BIIJINB YHMCJEHHI PI3HOPO3MipHi (hakTOpH pi3HOI NPUPOIH,
10 SIKMX BiJIHOCATDH BIJIMBU 30BHINIHBOTO CEPEOBUIILA,
BHYTPIIIHI IapaMeTpH Ta iX AMHaAMiKky. BpaxyBaTu BciO
MHOXNHY TaKUX (GaKTOPiB HEMOXKJIMBO YepPe3 «IIPOKJIATTS
PO3MIpPHOCTI», Ta B I{bOMY i HEMa€ HeoOXiAHOCTI, OCKiNbKN
3HaYeHHs 0araThOX i3 HUX BUBHAYAIOTHCS 3 TIOMIIKAMH, i
3Ha4YHa KiJbKiCTb BpaXoBaHUX (PaKTOPiB IIPU3BOAUTD JI0
Gispiux noMusok. Taki 0co6IMBOCTI BKA3yIOTh HAa aKTY-
QJIBHICTH 3aCTOCYBAHHA HOBUX IT11X0/iB /10 MOJICTTIOBAHH ST
nporeciB pyHkiionyBanus BII.

Jlng BuBYEHHS CKJIAJHUX CHCTEM TPajauIliliHO 3a-
CTOCOBYETbHCSI KOMIT'IOTepHe MojenioBanus [1], ckiuamo-
BIUMH GKOTO € aHaJITHU4YHe, iMiTalliiHe Ta eBOJIliliHe



MozenoBannd. llpu anamiTuyHOMY MOZENIOBaHHI BUB-
yalThcs MareMaTHuHi (aOcTpakTHi) Mojesi peaJbHUX
00’ekTiB y BUrIAAl anrebpaiunux, AudepeHitiaJibHuX Ta
IHIIMX PIBHSIHbB, 4 TAKOXK MepeadayaloTh BUKOHAHHS OJHO-
3HAYHUX OOUYUCIIOBATIBHUX MPOIEAYP, 110 IPUBOAUTH JI0
OJlepsKaHHS TOYHOTO PO3BSI3KY. 3 BUKOPUCTAHHAM iMi-
TAI[IITHOTO MOJETIOBAHHS OYAYIOTHCS Ta [OCJiKYIOThCS
MaTeMaTUyHi MOJIeJii Y BUTJISA/1 QJITOPUTMIB, 110 IMITYIOTh
(byHKIiOHYBaHHS AOCTIKYBAHOI CUCTEMHU MIJTSIXOM TIO-
CJIJIOBHOTO BUKOHAHHS BEJIUKOI K1JIBKOCTI eJleMeHTapHUX
omnepaiiii. [Ipn eBostorifiHOMy MO/IeTIOBaHHI CTBOPIO-
I0THCS CUCTEMU sIKi € 6i0JI0TiuHO GiJBIT peamicCTUYHUMHY,
Hix iHmi cuctemu |2, 3]. [lo HbOTO BiIHOCATD 1 KOHIENI[ITO
<IITYYHOTO KUTTS». Pesynbratu momepejnboro anamuisy
CBilUaTh MPO Te, MO cepell yCiX eBOMIONINHNX Mapagurm
HallKpamuM YMHOM BiATOBifa€ 3amadi MOJeTIOBAHHS
CKJA/HUX ITYYHUX CUCTEM CaMy KOHIEIILis «IITYYHOTO
suttst (Artificial Life)» [4].

2. AHani3 KOHIeMIiii ,[ITYYHOTO KUTTS”

«[Mryune xurrss» (IIK) € MixkaucuumiiHapHow 06-
JIACTIO, TOCJI/IKEHHS B SAKil CIPSAMOBAHI Ha CTBOPEHHS
JKUTTENOAIOHUX CTPYKTYP y pisHux obaactsax (obuuc-
JIOBaJIbHIN, GioxiMiuniil, Mexaniuniii Tomo). Ksinrecen-
11is1 Ipollecy MOJIETIIOBAaHHS — peaJisalliss eMep/sKeHTHUX
(hopM KUTTH, TAKUX SIK CAMOPENPOAYKILis, PiCT, PO3BUTOK,
€BOJIIOIiS, HABYAHHA i azanTuBHa nosejinka. He 3Baxka-
1091 Ha TPUBAJI AOCJIKEHHS, mepiia KoHpepeHIlis 1o
K BinbGynack Tiabku y 1987 poui i Gysna opranizosana
yuenum K. Jlaurronom [5], Ha sikiii Bit i 3anpomoHOBYBaB
ocHoBHI Hanpsamkn pocaipxerns K. Konnermia 11K
Habyna po3BuTKy B poborax [Ixona Kouses [6], Jlappi
Arepa[7], 1. Exaii M. Jlittmana [8], a Takox pociiicbKux
Buenux M.C. Bypnesa, P.B. I'ycapesa, B.I. Pexbpka [9].
[cHy€e npUIIyIIeHHs, sIKe MiATBEPAKYEThCs HaraTbma J10-
CJIJIKEHH MU, XOU i € €eBPUCTUKOIO, IIPO T€, 1110 TOJTOBHUMU
byHKIIAMU MO3KY JIOAMHU € TTaM’aTh i IPOTHO3YBaHHI
[10]. Bei momeati THIK y Tiit um immmiit mipi 6a3yoThes Ha
TaKOMY IPUIyHIeHHI. BUKJIIOYeHH CKJaa Julie MoJesb
«Kutrtsa» [xxona Komnes:, sika mpejcTaBiena sk rpa Ha
KJITKOBOMY TIOJIi 3 MEBHUMU MPaBUJIAMU. 3ayBa’KNMO,
0 KOHCTPYKILii, AKi Oy/iu ogepsKaHi 3 i1 BUKOPUCTAHHAM
cksanu iHpopManiitHuil Mmarepiaj As JocaiKeHb y Oa-
raTbox HayKax.

Takum unnom, I[IIJK — ne we mo inme, gk cnpoba BUB-
YUTHU caMe KUTTH, KUBI CUCTEMH, IX eBOJIOIII0 32 /[010-
MOTOI0 nporpam po3pobieHux JoganHoKw [3]. OcHOBHOK
npobaemoro i sapnanusm 1K e crBopenns obunciio-
BaJIbHUX CUCTEM 1 MojieJield, o AioTh Ha 6asi 6io0riuHnX
Ta eBOJIIOIIWHUX TTPUHITNATIIB.

Jlani npoBegemMo Gibln AeTaabHUT OTJISL 0COOJTMBO-
creit kosxHOI i3 koHmenmii K, BigzHaunmo ix HELOMIKK
Ta TepeBarn i Ha OCHOBI TAKOTO aHAJi3y 3alPOINOHYEMO
HOBUM MiAXiJZ 70 MOJEJIOBAHHS €BOJIONIT BUPOOHUYMX
MiANPUEMCTB i3 MOBEAIHKOIO, 1[0 0a3yeThCsl Ha Bpaxy-
BaHHi 30BHINTHIX (paKTOPiB i MOTUBATII].

Mogneas ,IToxicir” Jlappi frepa

Moyjiesib MOKHA YIBUTH STK 0OMEKEH W TTPOCTIp, B SIKO-
My ICHYIOTDb IITYy4HI inguBifan. Bonun MaioTh BaIacTUBOCTI
PyXy, CIO’KMBAHHS eHeprii Ta pempoayxkiii. [Ipu 3ycTpiui
BOHMU BCTYIAIOTh Y 60poThOY 3a iCHYyBaHHs, IPUIOMY TIe-
peMOJKeHUH iHANBI/ TepeTBOPIOETHCS Ha JIPKepesio eHeprii

JUUIS TIePEeMOsKI. ABTOP MOJIeJi Ha/laB iHAUBIIaM I1iKaBy
0CO06JMBICTD — BCI BOHKM MaIOTh KOJIIpP i Pi3HOKOJbOPOBHii
3ip. Hanpukiaz, inausin, axuii Bcrynae y 60poTn0y, ctae
YEPBOHUM.

Bxaszani BiiacTuBOCTi 103BOJISIOTH TOMYJISIiT iHAWBI-
JiB €BOJIONIOHYBaTH. 3a JOMOMOTOI0 MOjiesi OyJI0 BeTa-
HOBJIEHO, IO MOKJHMBUM € eBOJIOIiliHE GOpMyBaHHI
Tpbox cTpareriii. [lepury crparerito peasi3yoTs iHAUBI 11,
SAKi pyXaioThCcsd MPAMOJIHINHO 3 MAKCUMAJIbHOIO MIBHU]I-
KicTIO, i crnokuBaoTh yci Buau eHeprii. O6paBiu Apyry
cTpaTerifo, iHANBI/ 3aJUIMIAETHCSI HA MICIi, a Penpomay-
Ky€eThcst abo BeTymae B 60poThOy 3 iHIIUMK iHAWBITaMU
Jiiiie 32 yMOBU 1X HaGuuskeHHs1. Tpers crpareris 3ycTpi-
YaJjlach TiJIbKU B JICIKUX €KCIIEPUMEHTAX, B AKNUX IHAUBI-
U IUPKYJIOBaAN 3a a0 MPOTH TOAMHHUKOBOI CTPIIKH
y310BK Gap’epiB, 10 00MEKYIOTHh KUTTEBUIT 11pocTi. 1le
MPUBOIMIIO 10 TIEBHUX TlepeBar, OCKiJbKU TYT iHAUBIAN
yacTille, Hi)kK 3a3BUYall, 3HaXOAMJIN IHIIUX IHAUBIIIB, 3
SIKIMH MOKHA GyJI0 B3AEMOIiSITH.

3 1IeBHUM JIOITYCKOM MOKHA CTBeP/KyBaTH, 1o Jlappi
Arep 3a gonomororio ,IlosicBiTy” peasnizyBas He 1110 e,
SK IIPUPOAHUI BiAOIp iHAMBIAIB i came 11e BiH MaB Ha yBasi
i/t TepMiHOM <«eBoJOIis1» B, [ToicBiTi”. ¥ pedysbrari Mo-
JIeTIOBaHHS 3p06JIEHO BUCHOBOK IPO T€, 1[0 KOJbOPOBUI
3ip Mir copmMyBaTUCh y TIPOIECi €BOJIOIIT, a TAKOXK 11PO
Te, 110 IHAWBIIN MOXKXYTh MaTH Pi3Hi cTpaTerTii MOBEIiHKM.
OcobauBICTIO MOJIEJI € BifICYTHICTD TaM’ATi B iHANBIAIB,
OCKIJIbKM 3MiHa KOJIbOPY BiZ0YBA€ThCsl BUKJIOYHO 3a
dakTom ix 3ycTpiui.

Mognenn , Interaction between Learning and Evoluti-
on” JI. Exui i M. Jlirrmana. B mozenti mepenbauero, 1o if-
JUBIU ICHYIOTb B 0OMEKEHOMY JIBOBUMIPHOMY HPOCTOPI
KJIITKOBOI CTPYKTYypH. KpiM HUX, Y HABKOJTUIIHBOMY CBiTi
€ lepeBa, X1Kaku, TpaBa i KaMiHHA. BiinoBiiHO, IHAUBI 11
— TIe TOJIOBHA «OIMHUIIST» CBITY, a BCI iHIII B3a€EMO/IIIOTH 3
HMMU Ta BIIJINBAIOTH HA HUX.

[MoBeninka cyGekriB cBiTy € Takoi. XWMKaku ara-
KYIOTb iHAWBIAIB, npuyomy 3 GiJbLIOK eHeprielo, Hixk
IHIUBIAM XUsKaKiB. 3acO060M /ISl 3aXUCTY Bijl XMIKaKiB
CJIYyKaTh JiepeBa, SIKIO Ha HUX HEMae€ iHIIOro iHAWBIAA.
IMocriiine mepebyBaHHsI Ha JlePeBi € HeOE3MeUHUM, OCKiJIb-
KU JlepeBa 3 4acOM IMHYTh, BOMBAOYM 1HAMBI/AA, 1110 3HA-
XOAUTHCS HA HHOMY.

IloBeginka iHMBiLIB BU3HAYAETHCI 1X ,MO3KOM”,
¢ynk1ii gxorOo BUKOHYE HelipoHHA Mepeska. Ha ii Bxinx
MONIAETHCSA BUAMMA KapTUHA CBITY i BHYTPilIHIN CTaH
IHAUBIAIB: KiJAbKicTh eHeprii Ta i1 AKicTh (370pOB’sT).
InauBigu cupuiiMaiorTh cBiT HaBKOJO cebe Ha BigcrTami
10 4 KIITUHOK y 4-X HanmpsaMmkax. [loBexinka iHANBIAIB
BU3HAYAETHCS BUXOAAMHU iX HEpOHHOI Mepexi. OcKimb-
KU 3a TIPUITY HIEHHSAM CBIiT PO3BUBAETHCH Y AUCKPETHOMY
yaci, To Ha KOKHOMY HOTO TakTi HelipoHHA Mepeska BU3-
Hayvae il inAuBija, SKi MOJATAIOTh Y PyCi B OJJTHOMY 3 4O0-
TUPbOX HanpsiMKiB. Ilicis BuGopy aii nmoBexiHka iHau-
Bi/la B HACTYIHUI TAKT Yacy O/JHO3HAYHO BU3HAYAETHCS
THUM, 1110 € y IiJAbOBIH KAITHHII (KJIITUHIN 32 HAIPSIMKOM
pyxy). MoxanBi BapiaHTH € TaKUMW: IHAWBiZ MTPOCTO
nmepeMilaeThcsl B IiJAbOBY KJIITUHKY (SKIO KJIITHHKA
MOPOKHS), 3'i1a€ B KAITUHI TPpaBy (SKIIO BOHA TaM €),
nepeMiliaeThes Ha iepeBo (SKIO B MiJbOBiH KIITHHIL €
JIePEBO i Ha HbOMY HEMA€E IHUBiIa), MOXKE BAAPUTUCS 00
KaMiHb, OYyTH ylapeHUM iHITUM IHAMBIZ0M 200 XUKAKOM
TOIIO.

Heiiporna Mepeska iHANBIIa MiCTUTD Ba 6JTOKIM:



— OJIOK MOBEIHKH, B IKOMY BU3HAYAIOTHCS i1 1H/NBI-
l1a B KOKHUI TaKT yacy;

— B6JI0K OIIHKM [ii, 1110 (hOPMYE Iiab MOBEAIHKU 1HAU-
Biza.

Taxi 610K1 JI03BOJISIIOTD OEHATH B MOJI€JI1 HABYAHH ST
Ta eBOJIOIi0. BoK oiHku ail «BUpobIIsie> HaBYAIbHMIL
curHaJ [Jist 6JIOKA MOBEiHKH, SIKU, B CBOIO YepPTY, BU3-
Hadae aii ingusiga. CaMm curHa Moske Oy TH MO3UTUBHUM,
KO0 OJIOK OIIHKU <«BBaskac», 10 KOMaHAa GJOKY T0-
BEJIHKU CIPSIMOBAaHA HA ONTHUMIi3alio (pyHKIIIOHYBAHHS
inauBina, abo HeraTUBHUM, AKIIO HaBIAaKU. TaK1M YHHOM,
micJisl psAAy BAAJIUX Ta HEBAAJUX il iHAWBiA HOTO Hell-
pOHHA Mepeska HaBYAEThC | IpUMae 3a TUX JKe 0OCTaBUH
«BipHi» pimienus.

Y nporneci penpoaykilii ABoX iHAMBIAIB, iHopmartis,
10 MICTHTHCS B IX HellpoMeperkax, mepefaeTbes Halal-
KaM — TaK 3/1iiICHIOETHCS €BOJIIOINiS B MOJIEJII.

Ha Biaminy Bin ,Ilonicsity”, momean [[.Exai ta M.
JlirtmMana 6a3yeThest Ha [BOX CTPATETisIX — HABYAHHS Ta
epoJtonii. TosmoBHuMu 1i 0COOJIUBOCTAMU € HAaABHICTD
maM’sATi B IHAWBIAIB Ta 1i HACHiAyBaHHS HaIlaJKaMMU.
[l ajmexkBaTHOrO pearyBaHHS HA 30BHIIIHI IOJPa3HIO-
Badi i JOCATHEHHS T/ IHAWBIAN MAIOTh KePYIOUUil TpH-
CTPill — HEHPOHHY MePEeXKY, 3/[aTHY 710 3aTlaM SITOBY BAHH
Ta HaBYaHHS. ABTOPM MOJeJi B3a€MOJII MOKa3aJu, 10
HAsgBHICTh KOMTIIO3WIIii HAaBYAHHS Ta €BOJIIOINIl 3HAYHO
MPOIOBKYE KUTTH iHAMBIIA, HA BIIMiHY BiJl IX OKpeMol
peasizartii.

Mopneas «Kysueunk». Haiibibin agekBaTHO BUKOHA-
TU MOJICJIIOBAHHS JKUTTEMIIIBHOCTI TPUPOAHUX CUCTEM 13
ypaxyBaHHAM, KPiM 3BUUYAUHUX €BOJIONIHIX MTPOIIECiB,
nte it pakTopa morusanii Baasocs M.C. Bypuesy, P.B. I'y-
capesy Ta B.I. Pexpky B Mmogmeni «Ky3sneunks».

J17141 5kUBUX OpraHi3MiB BJIACTUBA I[1JIECIIPSIMOBAHICTH
NOBEAIHKHU, TOOTO MparHeHHs JOCATTH MeBHOI MeTu. Jlns
TBapUH — Ile HailyacTrine BUXKUBAHHSA 1 PO3MHOXKEH-
Hs. Y poborti [9] aBTOpm HamaraioThCs 3a JOMOMOTOI0
KOMIT'IOTEPHO1 MOJlesli BiZIMOBICTH Ha MUTAHHI: «SK IIi-
JieclipgMOBaHa MOBeiHKAa MOTJIa BUHUKHYTU B TIpolleci
eBOJITOIIT JKUTTS Ha TIaHeTi 3emus?». Brmepime cepen
ycix konnennin 7K Bukopuctano nmousaTtss MoTHBaIlii,
OCK1JIbKM MOTHBallis )KMBOI iCTOTH, 1O MOTPAILILE B TY
abo iHmry curyaniio, ctumyaioe Bubip
npaBUJbHOrO pimeHHs. Bukopucro-
BYIOUM MOTHBAIli0, B MOJEJi IOCJifI-
JKYETHCI MOKJIWBUI MEXaHi3M BUHUK-
HEHHS I1JIeCTTPSIMOBAHOI TOBEIiIHKN B
MpoIIeci eBOTIOI .

€ nonynguis iHAUBIAIB, AKi MAIOTh
moTpeby B eHeprii Ta poamMuokenti. Bei

CeHcopHi
CHUrHAIH 13

penoBuii, po3dUTOMY Ha KJIITUHKH. Y
KJIITUHKAX 3 MMeBHOI0 HMOBIPHICTIO PO-
cTe TpaBa. EHeprisa inauBiza BuTpava-
€THCS TIPW BUKOHAHHI HACTYNMHUX [iH,
MIPUYOMY HA BUKOHAHHS PI3HUX il
BUTPAYAETHCS Pi3HA KiJMBKICTh €HEPTii:

— 6yTH B cTaHi crokoio (Bigmoynsa-
TH) — HaliMeHIa KiJbKiCTh eHeprii;

—icTu (MOTIOBHIOBATY CBill eHEPreTUYHUI pecypc) — B
IBa pasu OiJiblie eHeprii;

— pyxarucsi, TOGTO TepeMilaTiCs Ha OAHY KIITUHKY
BIIPaBo abo BJAIBO — II[e B JBa pasu Oijbllle BUTPAT €HEPTii,
HiX Ha XapuyBaHHSI;

BHYTPILLIHEOTO
cepesoBHINa

30BHIIIHLOTO
M1 pO3TOPTAIOTHCSA B OOMEKEHOMY Ce- Ta —> .

— crpubaru yepes3 AEKiJIbKa KJIITHMHOK y BUNALKOBY
CTOPOHY — B 5 pasiB GiJble BUTpaT, Hixk pu pyci;

— 3AIIICHIOBATU PENPONYKIi0 — B 5 pasiB Oijblie Bu-
TpaT eHeprii, HiK IpH pyci.

Kosna morpeba iHaAMBi1a XapaKTePU3YEThCs KiTbKic-
HO MoTuBalieo. Hanpukiasu, SKio iHAUBIA ciocTepirae
TOPSIZT iHIIOTO iHAWBIA i 1OTO eHepreTHYHHUI pecypc J0-
CTaTHIN [JIsi POBMHOMKEHHs, BiH noMivae cebe KOIbOpOM
SIK TOTOBOTO JI0 PO3MHOKEHHS, i, SIKIIO APYTUH IHANBIA
pobuTh Te XK came, — BiAOyBaE€ThCsA penpoayKilis. B pe-
3yJbTaTi 3'IBJISETHCS HOBUI IHAMBIJ, SKUH yCIaJKOBYE
YaCTHUHY €HEePreTHYHOro pecypcy Bia 6Garbkis. Kosken
IHWBI/L YyIIPaBJSETbCS 32 JIOIIOMOTOIO CBO€EI HEMPOHHOI
MepeKi, sKa Ma€ creliajabHi BXOIN BiJl MOTUBAILiiA.

Heiliponna Mepesxa iHAUBIZIAa MICTUTD OJUH IIAp HEM-
poniB (puc. 1). Ha Bxonn HeliponHOI MepeXi HAAXOIATH
CUTHAJIU BiJI CEHCOPHUX BXO/iB. BXoau i HelipoHu mos’si-
3aHi 3a MPUHIUIIOM <«BCi 3 yciMa», TOOTO KOXKeH HepOoH
OTPUMYE CUTHAJM Bij ycix BxoxiB. Heiipouu gopmyoTsb
BUXI/[HI CUTHaAJM, 9K1 BU3HAYAIOTh /il iHAuBia. Po3rmus-
HeMO BXi/IHI CUTHAJIM HEHPOHHOI MepesKi.

Binomo, 1110 iHAUBIL OTPUMYE 13 30BHIIIHBOTO CEPEIO-
BUII[A HACTYNIHY iHpOpMaIio:

— HAsBHICTH TPABU Y BCiX KJIITUHKAX TIOJIS 30PY;

— YU € IHAUBIJ B KJAITUHI 3J1iBa;

— 49U € iHWBI/ B KJIITUHII CTTPaBa;

— iHTEHCUBHICTb CUHBOTO KOJIbOPY (110 XapaKTepPU3ye
MOTHBAIIIIO 0 PENMpPOAYKIIii) CyCifiHIX IHAWBIAIB y KJIi-
TUHKAX 3JIiBa i cripasa.

Kpim Toro, 3 BHyTPilIHBOTO cepe/loBUIIIA iHANBI/ OT-
pumye indopmariiiio mpo iforo motusaiii. Takum duHOM,
Maemo 3+1+1+2+2 = 9 Bxignux curHajiB HeHPOHHOI Me-
pexi.

[ITap HeiipoHiB BU3HAaUa€ CyKYIHICTD Aill iHauBiAa. [H-
JIUBIJ B TIEBHUI TAKT 4acy BUKOHYE TY /Ii10, SKa 1MOB'sI3aHa
i3 HEIPOHOM 3 MAaKCMMAaJbHUM BUXIJHUM CUTHAJOM. [H-
JIUBIJI MO’Ke BiZ[ITOYMBATH, PyXaTHUCh Y CYCITHIO KJIITHHKY,
cTpubaT yepes JeKiibKa KIITUHOK, ICTH, PO3MHOKYBa-
Tuch. bepyuu no yBaru, 1o feski il MaloThb JiBa BapiaHTH,
HelipOHHA Mepeska iHAMBi/la MiCTUTh 7 HEWPOHiB. Bxoam
i HelpoH¥W MAIOTh MOBHI MiKIITAPOBI CUHANITUYHI 3B’SI3KH,
TaKuM YUHOM, € 7*9 = 63 BaroBux Koedilienru.

Bxoaun Wap

HeHpoHIB

Mii arenra

L

7 X

Puc. 1. CtpykTypa HEMPOHHOI MepeXKi

3a paxyHOK HEWPOHHOI Mepexki BigOyBacThCs SAK
yIpaBJiHHA IHAUBIOM, Tak i fioro eBosionia. [enom (1a-
6ip BaroBUX KoehilMiecHTIB HEHPOHHOI Mepeski) HalagaKa
GopmyeThCs y pe3yabTaTi pernpoaAyKIlii Ha OCHOBI T€HO-
Ma 6arbkiB 3a gomoMoroi pekomOGinamii i myTaiii. [pu



3MEHIIEHHI Pecypcy /10 HyJsd — iHAUBiJ BMUpae. ABTopu
MOJIeJTi IOCTiINJIN /IBA BapiaHTH: iIHANBIIN 3 MOTHBAIIIE€IO
i imauBign 6e3 MOTUBAIIi i3 3aJaHMMU PIBHUMU 3HAYECH-
HSMHU HIMOBIPHOCTI BUTTAZIKOBOI MTOSIBY TPABU B KOJKEH TaKT
yacy. Pe3ysibratit MO/Ie/IIOBAHHS 3aCBIIUUIIH, 11O TTOIYJIS-
1isg iIHAMBI/IB, K1 MAIOTh MOTUBAIII1, Kpale aJJallTyEThCS
710 HABKOJIMIIHBOTO CE€PEIOBUINA, IPUYOMY TP CepeiHii
KisibkocTi Tki (fiMOBipHicTb TpaBu B KaitTunii P=1/200)
MOIYJIAIIS IHANBI/IB 3 MOTUBAIIIEIO «3HAXOAUTb» I0CTAT-
HbO eeKTUBHY CTPATEril0 BUKMBAHHS, a MOMYJIsIist 6e3
MOTHBAIli il BUMHUPAE MOBHICTIO.

Pesysbpratun BKasyioThb Ha Te, 110 IPU BiJICYTHOCTI
MOTHBAIi iHANBIN 1epebyBatOTh y CTaHi CIMOKOIO, a iH-
IUBI/IN 3 MOTUBAILIEIO PYyXalOThCA 1 3HAXOAATD JIPKepesia
XapuyBaHHS.

Monenb «KysHeunk» moeanye B cobi Bei nomnepeni
BJIACTUBOCTI MojeJiell (B3a€MO/IiI0, HABYAHHS Ta €BO-
JIONI0) I MOTUBAIIIO, IO A03BOJISAE HANOIIBII TOYHO Ta
aIeKBAaTHO IMITyBaTHU isJIBHICTD CKJIATHUX €BOJTIONI HHNUX
CUCTEM.

CaMi iHAMBIAM XapakTepU3yOTbCS OiJBIIOK Kijb-
KICTIO MOKJMBUX Aifl Ta GiJIbII PO3YyMHOIO MOBEAIHKOIO,
HAasBHICTIO TaM’sITi Ta 3/IJaTHICTIO /10 TporHo3yBanHs. [lns
BUPOOHUYHUX TiJIIPUEMCTB 1€ [O3BOJUTH €KCIIEPUMEH-
TaJIbHO BU3HAUUTU e(DeKTUBHICTD iX AisIBHOCTI B yMOBax
KOHKYPEHIIii Ta 3a3/1aJ1eTi/ib 3a/[aHuX [1apaMeTpax HaBKO-
JIMIITHBOTO CEPEOBUIIA.

3. Mopmasisaiisi OCHOBHHX CKJIQ/IOBHX aJTOPUTMY
MO/IEJTIOBaHHS

MonemoBaHHIO eBOJOTI] MTYYHUX cucTeM |3, 12] me-
peaye iHiliaaisaiis KUTTEBOTO npocTopy. Posragnaoun
CIIPOIIIEHY CXEMY, BBEJIEMO TaKi YMOBHI ITO3HAUEHHSI.

Hexaii € mesika mpsiMoKyTHa 00Jactb L, 1O € JKUT-
TEBUM IIPOCTOPOM, i BOHA MA€ KJITKOBY IPAMOKYTHY
cTpykrypy. Kinbkicrs kaitunok gopisaioe k. B obiacri
) iCHY€ YOTHPU TUIIU eJIEMEHTIB!

— 6upobHuUUl NIONPUEMCMEa PV={pV1,pV2,...,an‘}—
MHOKMHA eJIEMeHTIB, sIKi 3a aHaJsoriefo 3 inauBigamu 117K
eBOJTIOMIOHYIOTE, iX BAACTHBOCTI: AKepesoMm emeprii EM
€ eqeMeHTH 3 MHOXXnHN M (MaTepiaibHi pecypcn); mxe-
pesom ereprii EX € emementn 3 muoxnan R (xazposi
pecypcn); axepesaom eneprii E € eeMeHTH 3 MHOKIHN
S (croskuBaui); BOHU caMi € JsKepesaoM eneprii EN7 s
€JIEMEHTIB 3 MHOKMHU R; MaloTh 3/1aTHICTD 10 PO3MHO-
skeHHst (yTBOpeHHst (Piiif, po3mupeH s BUPOOGHHUIITBA);

— poboua cuna R= {r1,r2,...,rnz}— MHOKHHA eJleMeHTiB,
iX BJacTUBOCTI: € Jkepesom eneprii Efy s eseMentin

Re

3 MHoxunu PV, onepxyioTs eneprito ELy Bix esnemenTiB

MHOXXUHKU PV Ta omnocepenkoBaHo ESR“ BiJl eJIeMEeHTIiB
MHOXKUHU S;

— pecypc mamepiaiie M:{m1,m2,...,m }— MHOKMHA
eJIeMEHTIB, X BIACTUBOCTI: € JskepesioM eneprii Ehy s
eJleMeHTiB 3 MHOXUHU PV ;

— CHONCUBAUL Sz{s”sQ,...,snA}— MHOXHIHA eJIeMCHTIB,

S—

iX BJIaCTUBOCTI: € JxkepesioM eHeprii Ep, nus enemeHTiB

ny

3 MHOXKUHU PV.

KoskHuil eleMeHT Ma€ BiAMOBIAHI aTpUOY TH, 3HAYEHHSI
AKNX 3MIHIOETHCS 3 4ACOM.

Bes 0OMeskeHHSsT 3araJbHOCTI PO3IJISIHEMO ITiJIIPUEM-
CTBA, SIKi He € MOHOTIOJIiCTaMu y cBoeMY perioni. [Ipomecn
iX JKUTTEBOTO MUKy TMOAIOHI, Y AESKOMY CEHCI, €BOJIO-
miHUM Tpotecam y xxuBiii npupoai [3]. Tak, mpupoxumit
Bi6Ip 3A1ICHIOETHCS, BUXOAAUN i3 ePeKTUBHOCTI pobOTH
nignpueMcTBa, a 60poThba 3a iCHYBaHHS BiANOBIJaE 3a-
KOoHaM (DYHKI[IOHYBaHHS PUHKY, 30KpeMa 3aKOHY PiBHOCTI
nmonuty Tta mporo3uilii. CragkoBiili 3MiHHOCTI, BHACJIi-
JIOK SKOI B TPUPO/i BUHUKAIOTH HOBI BUAW, B MITYYHUX
cucTteMax BIJIOBijla€ TepeopieHTallid HAa BUIIYCK HOBOIL
npoaykiii. TakmM umHOM, TimoTesa Mpo 3acTOCyBaH-
HS 1 ajlanTaiio 3aKOHIB QYHKI[IOHYBAHHS MPUPOAU /IO
MOJIEJIIOBAHHS TPOIeciB (DYHKILIOHYBAHHS IIiIIIPUEMCTB
6a3yeTbCsi Ha BUIEBKA3aHOMY KOHIENITYaJbHOMY 1 eJie-
MEHTHOMY Oasuci.

Bupuennsa mozeneit IIIK 1o3Bonsge po6uTn BUCHOBKN
Mpo pi3Hi eTanu i 4acoBi MPOMIiXKKM €BOJIOIIT TPUPOIHUX
OpTaHi3MiB, a caMe, BUCYBATH 1 MePeBipsATH TillOTe3H Mpo
yac icHyBaHHs JIOACTBA i yac rubeJii AnHO3aBpiB i BUMHU-
paunsg mamouTiB. O4eBUIHO, 1O iX aJeKBATHICTD TTOBUH-
Ha 6asyBaTych Ha MPABAOMOAIOHUX MPUIYIIECHHSIX TPO
rapaMeTpy MOJIEJIOBAHHS, 30BHIIHBOIO CepejoBUINA Ta
MMOBEIHKY 1HIUBIIiB.

Posrisnemo nesni acnextu azanrainii izeit K 1o
MozesmoBantsa dynkiionyBaunsa IIII. 3okpema, mignpu-
€MCTBO MOJKHA IIPEJCTABJATH y JCAKOMY CEHCI K iH-
nuBig. HeoOGXigHO BUBHAYMTH, AKHM CYTHOCTAM Oyie
BiZIOBi/IaTH TIOHSATTS KBAHTYBAHHS Yacy, BAKOPUCTAHHS
Ta HaOyTTs eHeprii, penpoAayKilii, HaBYaHHs, €BOJIOI],
YACOBUX XapPaKTEPUCTUK KUTTEBOTO LIUKJY, IKi € aTpuly-
TaMU eJIEeMEHTIB JKUBO1 TPUPOIU.

[linnpuemcTBO He € 3aMKHEHOIO CUCTEMOIO, Ha HbOTO
3MIMCHIOIOTD BIJIMB CHCTeMHU OiJIbIl BUCOKOTO PiBHS ie-
papxii (puc. 2). ¥ nepiy 4epry Jio HUX BiJJHOCUTBCS CBi-
TOBa €KOHOMIiKa, SKa i CHCTEeMOI0 BUIIOTO PiBHA i€papxil
JUTS WiAMpUEMCTBA. [ BITMB BHpa)kaeThes y AMHAMII
BAJIIOTHUX KYPCiB, IliH Ha eHeproHOoCcii i, y e IKUX BUIal-
Kax, MOMUTI HA TOBApPH, [0 BUPOOJISIE T ATPHUEMCTBO, Ta
inmux dpaxkropax. Huskumii piBeHb IpeCcTaBIISAE CUCTEMA,
sgKa € 6e3M0cepeIHiM HABKOJUIIHIM CepeJoBUILeM s
BII. /o nei BiHOCATHCS AMHAMiKa 3aKOHOJaB4o0l 6asu,
eJIeMEHTU KpeAuTHOI Ta (hiHAHCOBOI MOJITUKY, MaTepi-
aJibHa Ta KajpoBa 6asa, HiAIMPHEMCTBA-TIOCTAYATbHIKH
1 crmokmuBaui, HMiAIPUEMCTBA-KOHKYPEHTH. Bakiunpoio
BHYTpimHbOI0 ckaazoBoio Bll € BuyTpimui mapameTpn,
CTPYKTYPpa, KAJAPOBUIi TOTeHI[iaJ, (hiHAHCOBUY CTAH iHIII
napamMeTpH.

KBanT yacy @pynkiionyBauHs miMpUEMCTBA Bi/MTOBI-
JIa€ MPOMIJKKY 4acy, Ha SIKOMY He Bi0yBa€ThCs AUCKpPeT-
na3mina crany BII, nanpukiaz, He HajXoAUTh CHPOBUHA,
He BIZIBAHTaKYEThCI BUPOOJIECHUIT TOBAp 10 CIIOKNBAYiB,
He 3MiHIOIOTHCS CYTHOCTI CHCTEeM BUIMUX piBHIB Toto0. Ha-
Oy TTs1 eHeprii 03HavaE, 0 HAJXOJAUTH CUPOBIHA, MaTepia-
s, eHepris Ta indopmarnis va BII, BigOyBaeTbcest npuiiom
HOBOTO CITiBPOGITHHKA Ha pOOOTY, O/IePKAHHSI TLJIATEXY 32
nocrasjeHuii Topap. Exepris Moske OyTu BUKOPUCTAHOIO
Ha IJIaTexXi 3a MOCTaBJICHY CUPOBUHY, MaTepiaJiy, eHepriio
Ta indopmMalliio, Ha aMOPTHU3allil0 OCHOBHMX 3ac00biB, Ha
BUPOOHUIITBO IIPOAYKIII.

Ax cmiBBigHecTH ejeMeHTH TPHPOJHOI €BOJIOII],
TaKi IK penpoAyKIlis ra MyTaiis po6ori BII? EBontowis
e npupoauuM npomecom pyxy Bll mo eranax sxxurresoro
HUKJIY 1 MO€e BKJIOYATH DPO3LMIUPEHHS BUPOOHUIIT-
Ba, MOTO 3TOPTaHHS, 3BIJIbHEHHS TPAIliBHUKIB, 3MiHY



NnocTavyaJbHUKIB Tomo. EjeMeHT penpoayKIlii MoXKHA
PO3YMITH SIK CTBOpeHHS (iTiaxiB, JOUipHIX KOMTAHIM.
Taxwuii nmpoiec moBuHeH BigOYyBaTUCh TPU BUKOHAHHI
KOMIIJIEKCY YMOB SIK CHCTeM OiJIbIIl BHCOKOTO PiBHS ie-
papxii, Tak i Ipy BU3HAYEHUX 3HAYEHHSIX BHYTPINIHIX
rmapaMeTpiB.

Haii6iapmr BaskJAWBUM 3 TO3HUINT MOKJWBOI peai-
3anii € nponec HaByaHHs. [lignpuemcTBO ysABIIEMO SIK
migicHui 06’€KT, M0 Ma€ maM’sITh Ta (GYHKIII0 MTPOTHO3Y-
BaHH4. Y 3B’9I3KYy 3 MM BUHUKAIOTH 3aj1a4i, PO3B’I3aHH
SKUX 0asyeThCss Ha NPUIYIIEHHI 1IPO HasBHICTH BU-
xigHoi indopmarii B mam’sari, abo ii BizcyTHicTh. Cama
MOJleJIb TIaM’siTi opraHi3oBaHa sIK HellpOHHAa Mepexa,
KiJIBKiCTh BXOIB SKO1 ZIOPIiBHIOE KiJIBKOCTI MaTepiasb-
HUX, eHepreTUYHUX Ta iHpopManiinux ¢GaxkTopis, IO
3/11cHIOTH BB Ha BII, KiJibKicTh BXOIB CIIBIIAA€E
3 YMCJOM IPOJYKTIB PI3HOrO THILY, 1[0 € PE3YJAbTATOM
pPOOOTH MiANPUEMCTBA.
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Puc 2. B3aemogis enemMeHTiB WTYYHOro cepefoBuLLA

4. BucHOBKH

Y pesyabrari nposepenoro orasany mozesaeit 17K
BU3HAYEHO IepeBarn Ta HEAOJIKM KOXXHOI KOHIIeMIIii.
OpnepskaHi BUCHOBKM JIO3BOJIMJIM BUKOHATHU iHimianiza-
it eJeMeHTHOI 6a3u MOJEJIBAHHS NPOLeCciB QYHKILI-
oHyBaHHsI BUpoOGHUYUX mignpueMcTB. Po3pobiena Mo-
JleJib Y HepuioMy HaOJIMKEeHH] 03BOJIUTH IIPOTHO3YBATH
NiABHICTh CYKYITHOCTI OMHOTUITHUX ITiIIIPUEMCTB, IO €
KOHKYPEHTaAMU Ta BU3HAYATU HapaMeTPH iX ONTUMAJIbHOI
TMOBEJIIHKY Ha PUHKY. Bukonano Ttakox dopmasizaiio

CKJIAJOBUX QJTOPUTMY MOJEJNIOBAHHS, 3alIPOIOHOBAHO
ejeMeHTH (YHKIIOHAJIbHOIO HaBaHTa)XeHHsS CyO'eKTiB
MOJIEJTIOBAHHSI.
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