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B.H. IIuaunuyk, C.A. Boakosa
AHAJI3 ONHIEI Y3ATAJIBHEHOI MOJEJI
EKOJIOTIYHOI KOHKYPEHIIII

AHomayis. Po32ns0aemsca HeniHiliHa OUHAMIYHA cucmema 3 iMNyJ/bCHOK Oi-
€l0. CKNaoHicms MamemMamuyHo20 (popMyntoBaHHA npobaemu 014 aHanimuy-
H020 00C/IOXeHHS cucmemM 3 IMNYJIbCHUMU BNJUBAMU 0OYMOBIEHA He 2/1a0KI-
cmio BiON0BIOHUX OUHAMIYHUX npoyecis. Lle npuzsodums 00 HeobxiOHoCmi
po3znadamu 3amMicme OOHIEI cucmemu piBHAHb Yinoi cepii cucmem (8 npomix-
Kax M iMnyabcamu). AnbmepHamusHul Wisx noas2ac y 88e0eHHT 8 PIBHAH-
HA CUH2YNIAPHO20 (YHKYIL, W0 MO Mb IMNYIbCU, T pO32/1Sidy PIBHAHbL K
IHMe2panbHUX momoxHocmel 8 pamkax meopii po3nodiny. A ye sumazae 0o-
0amKosuUX MameMamuy4Hux o6rpyHmMyB8aHb 8 HeJiHiliHOMY BUNAOKY.

Knwo4osi cnosa: HeniHiliHI cucmemu, iMNy/bCHI BNJUBU, He2nadKe nepemso-
peHHsA apaymeHmy, pyHkuia Jipaka.

Beryn

Tpaguilifiai migxoam OO0 MOAEJNIOBAHHSA iIMIYyJIbCHMX BILJIMBIB Tak
Yy iHaKIIe 3BOAATBLCA OO0 IBOX HanmpAMKiB. BigmoBigHo mo mepimoro,
iMomyascHI  mil  MOmeNoThL TaK, IO KOOpAMHATH 1 IIIBHUAKOCTI
ODiIKOPAITHECA AOJATKOBMM YMOBAM B OKOJIMIIL TOYOK JIOKaJisarrii
imMmoynsciB. Hanpukiazx, saBgaHHAM cTpUOKA IIBUAKOCTE B MOMEHT mii
iMIIyJIBCiB

Jdpyruii HanpAMOK CIIMPaEThCcA Ha TeOpPilo y3arajJbHeHUX (PYHKILIN.
B nroMy BumajakKy iMIyJabcHi aii MOJETIOIOTHCA 3a MOIIOMOTOI0 BBEIEeHHS B
PiBHAHHSA CUHTYJIAPHOTO WJeHiB Tumy o-¢pyHkiii lipaka.

OcHOBHa IlepeBara IMepIIOTo CIIOCO0Y MOJEJIIOBAaHHS IIOJISITA€ B TO-
MYy, IIIO ONMUCYIOTh cUcCTeMy audepeHIiadbHi PiBHAHHA TaKi K, AK 1 mIpu
BigcyTrHocTi immynasciB (Camoitnenko A.M., Ilepectok M.O., Axwme-
ToB M.V.). OmHak 11i pPiBHAHHSA PO3IIANAIOTHCA OKPEMO Ha KOXHOMY 3
iHTepBaJiB MiK iMIIyJabcaMu i, TaKMUM YMHOM, 3aMiCThb ONHi€l cucTeMu MO-
BOJUTBHCA BUPINIYBATU I[1JIy HOCJHIAOBHICTH CHUCTEM.

Hpyruit cmoci® MoaenOBaHHA [Oa€ €IUHY CHUCTeMYy pPiBHAHBb Ha
BCbOMY 4YacOBOMY iHTepBaJii 0e3 BBeIeHHSA B3raJaHWX BHIIEe YMOB Ha
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3MiHHi, aJjie BiATIOBiAHMI aHaji3 IMOBMHEH OYyTHM BUKOHAHUI KOPEKTHO B
paMKax Teopil ysaraapHeHux @Qyukiin (Baagumipos B.C., Keu B.,
OmenwnanoB I'.A., IsanoB B.K., Macsos B.Il.), mo Bumarae y HesiHiAHUX
BUIIaJKaX JOJAaTKOBOTO MATEeMaTHUUYHOTO OOI'PDYHTYBaHHI.

Y nmamiit poboTi gaa MOAeJIOBAHHS IMHOYJBCHHX IIPOIECiB
3aCTOCOBYETHCA MeToHd, chopmyaboBanuil Ilmammuykom B.M. [1-3] i 3a-
CHOBaHUU Ha HeIJIaJKy IlepeTBOpeHHi aprymeHTy (uacy). Tarkuit moxing
J03BOJISIE, 3 OJHOTO OOKY, IIOOYAYyBaTH MaTeMATHUUYHY MOIEJb, AKa MiCTUTH
O-pyukuii Iipaxka, a 3 iHIIOro, oTpuMaTHu ii pillleHHSa y BUTJIALL €IUHOTO
aHAJITUYHOTO BUPaXXE€HHA Ha BCbOMY YaCOBOMY iHTepBaJi.

Croig 3a3dHaunTH, 10 BUKJIOUEHHS «BHYTPIIIHIX» ymapiB 3a momo-
MOTOI0 HETJIaAKUX IIePETBOPEHDb IIPOCTOPOBHX KOOPAMHAT 3aCTOCOBYBaB
HypaBaroB B.®. Ileit merToxn, mo-BuammMomy, 0Oe3mocepeqHBbO 3aCTOCYEMO
TiIBKKM [0 BiOpOyZapHUX CHUCTEM i CHCTEM 3 JKOPCTKHMMHU He YTPUMYETLCS
3B'a3Kamu. IIpu IIbOMY, IIE€PETBOPEHHIO IIiITA€THCSA IIPOCTOPOBA KOOPIU-
HaTa, a He 4yac. ¥ BHKOpuUcTaHoMy B poboti meroxi (meron Ilmammuy-
kKa B.M.), ocHOBHOMY 00 €KT IIEpPETBOPEHHS - 4ac, a He IIyKaHa (PYyHKIid.

MogeaoBaHHA HEJIHINHMX CHCTEM
3a TOMOMOTIOK HErJAaIKOr0 MEPETBOPEHHA Yacy

Inesa meTomy HerJiafKOro IIePeTBOPEHHSA apryMeHTy, cpopMyaboBa-
HOro Ilmnunuykom B.H. [1-4] monsarae B Tomy, mI0 AiA iMIyJibCciB Ha cuc-
TEMY MOJEJIIOIOTHCSA 3a JOIIOMOTIOI0 APYrol y3arajabHeHOl IMOoXigHOI QyHKIIiL
(t: @)

t

=112,

1-0
r(t+4)=(t)

Ie © - mapaMeTp, IO AO3BOJISE MOAEJIOBATU Pi3HOr0 THUMOAa iMOYJIbCHi mii.

—1-O+4k<t<1+0O+4k

1+O+4k<t<3-O+4k

TobTOo MOmeNIIThCA JABa BUAM IMOYJIbCHUX BIJIMBiIB: PiBHOBiAmaIeHUX
(© =0) i me piBHOBiggansenux (0# 0). IIpu © = 0 ¢pyuknia t©(t;0) crae cu-
MEeTPUUYHOIO, i rpadik cKJIagaeThcd i3 CKJAeeHUX Bimpisanp (puc.l).
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1 l 2 3 4 [
Pucynox 1 - I'padgix nmuakomoaioHoi GyHKITil t(t;@) ra ii ODOXiTHUX

Ilepima moximHa Mae BUTJISAM:

1

. ——, —1-0+4k<t<1+0O+4k
o1;0) = dz(0) |1+ e

di %, 1+ @ +4k <1<3-O+4k

Hpyra noxigna:

A7ele) _delt) 2§15 4110 dk)- 51— 1-0-4k)]

di? dt 1-02 4%

t(t; 0)

KBagpar mnoximmoi Bim QyHKIil € KYCKOBe - IIOCTiiHAa
byHKIiA 3 mepiogMuYHOIO cepiero po3puBiB mepmroro poxy. Tobto wmae

Miciie cmiBBigHOmEeHHA [1]
Ldel)_1 jae

e —x+pe “ar 2Par w=1/0-0H f--20/0-09)

OT:xe, IepHINi eTall PO3POOKU MOmAesel OJsd HeJiHIiMHUX cHucCTeM 3
IepioAUMUYHMMHN MUTTEBUMHU [JiAMH IIOJATa€ B CIeIiaJbHOMY ONMCi

de(t;®)

iMIOyJIbCiB 3a JOMIOMOT0I0 (PYHKITi1 di

Hpyruit etan mnoJssirae B NOOYAOBI MaTeMaTW4YHOI Momesi, II10
BpPaxoOBYy€ THMYACOBY JIOKaJIi3allifo iMmyJabciB, ajie [0 He MiCTHUTh CHHTY-
JAPHUX uieHiB. MjeThcs NIpo cTBOpeHHi exmHOi, "KoMmakTHOI" Momei,
TOOTO MOjeJi, IO OMUCYEe AMHAMIKY CHUCTEMH Ha BCbOMY THUMYacOBOMY
inTepBasi. Po3poOKa Takoi Mozesii 3acHOBaHA Ha MeTOHi HErJIaZKoro Iepe-

t =1}
TBOPEeHHA uacy ( 7

r=X(1)+ V(1) e, (2)
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TaxuM UYMHOM, HEpPiBHe II€PEeTBOPEHHS aApryMeEHTY TO3BOJISE MHOO0Y-
OAyBaTU MaTeMaTHUUYHY MOJeJb yV BUIJIAAL KpaioBOoi YMOBM Ha CTaHIAPTHO-
My iHTepBaJi, B X0l pPo3B’A3aHHA AKOI BU3HAYAIOThCA HeBimoMi (pyHKILil
X,Y . ®dyakmii X(7) ta Y(7) € menepepBHuMUu. IlepeBara moOymoBaHOi
MOJZleJli B MOPiBHAHHI 3 BUXIAHUM PIBHAHHSM, IOJIATAE B TOMY, IIIO BOHO
He micTuth (yukrmin Hipaky. KpiMm Toro, ockinbku HOBa 3MiHHA 7 € He
aumnie obmeskenoio (-1 < 7 < 1), anme i mepioguuuoio mo t, Te Po3B’A30K
KpaiioBol 3a/Jaui MOKHA NPOJOBKUTHU Ha BCIO UHCJIOBY BiCh.

IloO6ymoBa ys3araadbHeHOI MaTeMaTHYHOI MOZeJi eKOJOTiuHOoil
KOHKYPEeHIIil

PosrisaemMo maTeMaTU4YHY MOAeJdb KOHKYPEHIlil onHiel i3oab0BaHOl
TOMYJIAITil

xX=y,

pe gy 24 i[&(t—t;)+5(t—t,§)]x—ex3

Ii posB’asok 6yayemo y Buraaxni (2).
Ilepmra moxigma GyHKHII x(t) Mae Buran
f=a¥'+(X'+ ﬂY')e+Y'%

Hpyra noxigua ¢pyakrmii x(t) mae Burasang
i :(X’+/3Y')%+05(X"+,B’Y”)+(,BX”+(/32 +a)Y")e

de
Haasuictp GyHKIiI dt y OCTaHHbOMY BHUpasi 1 B piBHAHHI
3arajJbHOI MOJeJi J03BOJIsIE BUKJIOUNTH Ieil ujeH i moOyayBaTH MaTeMa-
TUYHY MOJeJb Y BUIVISAAI KpaioBoi 3amaui, 10 HEe MIiCTUTh O - (pYyHKIILiIO,
BigHOCHO X,Y- KOMIIOHEHT.

BBeI[eMO HaCTYHHi IIOBHAYEeHHd:

1,=(-0*f x* +3(1-0" x> —207"
R =(-07f3x°v =66 (1-0*)xv* +(1+30°) "

IIpupiBHIOIOUM HYJIO OKPEMO Koe(illieHTH npu 7 Ta €, OTPUMYEMO
MaTeMaTU4YHY MOJeJb, 10 ONHNCY€E IOBEeNiHKY CHUCTEeMHU B 3arajbHOMY BU-
nagKy

(1—83)X" —29Y" + (1 — 9> VPpX = —¢[1- 8°)°R; @
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(1+36%7" — 26801 —§%) X" = (1—4%)2py

Pasom 3 ymoBamu

} |T::1 = O (5)

(X' +gX) =zq = [20Y + 6% (X' + X)) o4

CuiBBigmomenua (4)—(5) yTBOpPHOIOTh KpaiioBy 3amauy IJs BU3HA-
yeHHA QyHKIIN X 1 Y.

He guBnsunch Ha (POPMAaJbHO CKJIATHINIMN BUIJAL, OTPUMaHa MO-
nesb (4)—(5) He MicTUTH CUHTYJAPHUX YJIEHIB, i B IIbOMY il OCHOBHA IIlepe-
Bara. Iisg iMmysbcHOTO 30yAKE€HHS BUSBJIAETHCA B KPAalOBHUX yMOBax 3
napamerpom (. IIpu q=0 immoyabcu Ha cucremy He Ail0Tb. P03B’A30K
dagaudi (4)—(5) moxke OyTU 3HAWIEHO B KJIACUYHOMY BUTJISAII.

BucHoBku

1. IloGymoBaHa maTeMaTWYHa MOJEJb BHYTPIITHBOI KOHKYPEHILil y
3aJIeKHOCTI BiJ HApOIKyBaHOCTi, 3arubejib OCOOMH ITOMYJIAIMil, 0OMeKeHO-
CTi IPUPOTHUX pecypciB Ta cTpykTypu monyJtsaiii [5],[6]. Moxenb micTuTh
¢dyukuii [ipaka, AKi oIUCYIOTh MUTTEBY 3MiHY UMCEJNLHOCTI momyJaArii (y
MOMEHT 4acy t; =3 —0+ 4k,k = 1,2,..0, Big0yBacTbcaA 30iIbIII€HHA YUCEIb-

HOCT1 IOWYJNANil; TP t =1+ 0@+ 4k,k = 1,2,..0 — il 3MEeHIIEHHS.

2. 3a DomoMOTroOI0 HErJIaJIKOTrO IIePEeTBOPEHHS apryMeHTy BUKOHAHO
mepexin Bix mogeni, mo micturs 0 - dyHKIIl Ko KpaiioBoi 3axaui 6e3 dy-
kit Iipaka. Bukamouennsa ¢yukimiii [lipaka npoBeleHe 3a paxyHOK
KpalioBUX YMOB.

PosraanyTo aABa BUIIaAKU:

- «MaJoro AedinmuTy» IPUPOIHUX pecypciB (e<<1);

- “JKOpPCTKOI” BHYTPIIIHBOBUJIOBOI KOHKYpeHIIii (e>1).

Y mepiiomMy BUIIAAKY PO3B’sI30K 3HAWIEHO 3a JHOIIOMOIOI0 aCHUMIITO-
TAYHAX MeTOAiB. ¥ JIpyromMy — BUKOPHUCTAHO UuceJbHUN MeTon Pyure-
Kyrra.

3. IIpoBemeHo aHaJi3 i MOPIiBHAHHA pe3yJbTaTiB TouHOro (O =0, ¢
- Oynb-aKe), acuMmnToTuyHOoro (® %0, £<<1) i UMCEIBHOTO PO3B’A3BKY
(@20, & - 0Oyab-sgKe).

4. B pesysabTaTi 4YMCENBHOTO PO3PaxyHKY BCTAHOBJIEHO TPU TUMH
pyXy: nepioguuHi, KBasinmepiogmuHi i xaotmuHi. IIpy nmpomy Bu3HaUaJIb-
HUMM IlapaMeTpaM¥ cucTeMu € mnapamerpu £ (KoedirienT sarmbesi oco-

O6uH) i mapamerp O (BigHOIIEHHA Mi’K HaApPOIKYyBaHICTIO i 3armbesiiro0 oco-

OUH IIOITyJIAIil).
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5. Ilpu B O6ausbkoMy gm0 HyJasa (MAEMO MIPUPOAIKEHY INBUIKICTH

pocty momyaAlii) i B8=1 (KinbKicTh 3armbaMX Ta HAPOIYKEHUX OCOOWH Ofi-

HAKOBa) CIIOCTEPiraioThCsa MEePioAWYHI pPeXuMU, TOOTO UMCEJbHICTHL MHOMIY-
NAIil He 3MEeHITYEThCS.

6. PesynbTaTm 4YmMCEJIBHOTO MJOCJIIKEHHSA MOMeJIi IIOKasaJju, IO
MiJBUINleHA iHTEeHCHUBHICTH 3arudesi € icTOTHO 3MiHIOE TUHAMIKY YHCEJIb-
HocTi momynsaIrii. Mozenps AOIyCKae iCHYBaHHA XAOTUUYHUX PeXUMIB, AKi
HEMOKJIMBI IIPH JOCHUTb «BHCOKiii» mpmerocoBanocti (p=(2n)®) oco6uu mo-
nyaAmnii. XaoTUYHI peKMMU BUHUKAIOTH IPU MTOCUTH «HUB3BbKiN» mpucTo-
COBaHOCT1 (p=r[2) 0COOMH HOIIYJAILii.

IlizBoagsium mWiACYMOK IIPUMBEAEHOTO aHaJidy Pi3HUX PEeKUMIB, II0-
PO KEeHNX HeJiHiflHOI MOIeJ/LII0 AWHAMIKKM IIONYJAIil, MOXXHA 3PO0UTU
BuBogu. OfHA Ipymna sSIBUII OB A3aHA 3 iCHYBAHHAM PEryJIsaAPHUX i BIIOPS-
IKOBAaHUX IIPOIlECiB THIIA TPAHUYHUX TOYOK a00 IIUMKJIB. ¥ TaKMUX CHUCTE-
MaX € IIOPSAOK, IO JO3BOJISE IlepeabadaTy ManOyTHe. IHITY rpymy ckJja-
IAl0Th XaO0TUYHI IIPOIeCH, MOKJIMBOCTI, IIepeadaueHHsa AKX O0OMerKeHi.

Kpim Toro,

e B3aEMOJiA ocoOWH (HAIPUKJIAML, 3HAXOMKEHHA «ILIIOOHUX» IIap)

MOXKe IIPUBECTHU 0 KOJUBAHb UMCEJbHOCTI MOMYJIAIil.

e IpU HeBeJUKOMY 3HaueHHiI KoedinieHra ManabTyca ¢ (BeaumdymHa
iMonyascHOI mii He BeJamKa) icHYIOTHL ImepiogmuHi 1 KBazimepiomgmuHi
pos3B’sizKku. I3 3pocranuam Koedinmienra MaabTyca (aMILIITYyau iMIIyJIBCHOL
Iil q) cucTeMa BTpauae CTiliKicTh, IepioguuHi i KBa3imepiogmyHi pexuMu
3HUKAaIOTh, 1 BUHMKAIOTh CKJIAJHI IPOIlECH.
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