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PO3BUTKY 3AJIEXKHOCTI CYCIIIVIBCTBA BII ICUXOAKTUBHUX
PEYOBHUH

IIpoananizosano OUHAMIKy pO36UMKY 3ANEHCHOCMU BI0 NCUXOAKMUBHUX DEUOBUH 34
ocmanui poku 8 cycninbcmei. Posensinymo 6a306i peepecusHi mooeni OI0N02TUHUX CUCTEM.
Obrpynmosano 6ubip mooeni MIDCHONYIAAYIUHUX 83AEMOOIL, SIK OCHOBU OJisl MOOENO8AHHS.
enidemii 3anedxdcHocmi 8i0 NCUXOAKMUBHUX peyosun. I[Ipoeedeno oyinky npedcmasienoi
MoOeii. 3anponoHo8aHo Memoou YCYHeHHsi HeOdoniKie mooeni. Po3pobneno ancopumm i
npoepama ona nakema MatLab. Ompumani pesyriomamu npeocmaeieni y uensioi epagixis i
@yukyii Kpusux Opyzo02o nopsaoky. byna nposedena excmpanonayisi GuXiOHUX OAQHUX.
Busnaueno nanpsamox nooanvuux 0ocniodicerw.

Kniouosi  cnosa:  ncuxoakmueni — peuouHu,  mamemamuyHe — MOOENOBAHHS,
HAPKO3ANeHCHUCTb, pecpecilina MoOelb, modenb Jlomku-Boremeppa.
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MATEMATHYECKAS MO/JEJIb ITPOI'HO3UPOBAHUA PAZBUTUSA
3ABUCUMOCTHU OBHIECTBA OT IICUXOAKTHUBHbBIX BEIIIECTB

Ilpoananuzupoeana OuHAMUKA pA3GUMUSL  3A6UCUMOCIIEN. OM  NCUXOAKMUBHBIX
sewecme 3a nocieonue 200bl. Paccmompenvi  6azosvie  pecpeccUoHHble  MOOenu
ouonocuyeckux cucmem. QOOCHOBAH 8bIO0P MOOEIU MEHCNONYAAYUOHHBIX 83AUMOOEUCNEUL,
KAaK OCHOBbl OJisl MOOEIUPOBAHUS INUOEMUU 3ABUCUMOCU OM NCUXOAKIMUBHBIX GeUjeCms.
Ilposedena oyenka npedcmasnennou moodenu. Ilpednodcenvt Mmemoosvl ycmpaHeHus
Heoocmamkos mooenu. Paspaboman ancopumm u npoecpamma Oasn naxkema MatLab.
Ilonyuennvle pezynbmamsl npedcmasienvl 6 sude epaguko8 u @GYHKYUti Kpugblx 6mopozo
nopsaoka. bvina nposedena sxcmpanonayus ucxoOnvix Oanuvix. OnpeodeneHo HanpasieHue
OanbHeUuux Ucci1e008anul.

Kniouegvie  cnosa: ncuxoakxmueHvie — gewjecmeda, MamemMamuyeckas — MOOeib,
HAapKO3a8UCUMOCTb, Pe2PeCCUOHHASL MOOelb, MoOelb Jlomku-Bonvmeppa.
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MATHEMATICAL MODEL FORECASTING DEVELOPMENT OF DEPENDENCE
IN SOCIETY FROM PSYCHOACTIVE SUBSTANCES

In order to achieve a slowdown in the rate of dependence on psychoactive substances
(PSS), scientific development of effective territorial prophylaxis programs should be carried
out on the basis of the combined efforts of interested state, scientific, medical, law
enforcement, pedagogical, sports institutions, and community groups. The dynamics of
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dependence on psychoactive substances development in the society in recent years has been
analyzed. analysis of existing methods of mathematical and geometric modeling of biological
systems for the description of epidemic processes associated with the spread of dependence
on drugs and other PSSs in predicting the dynamics of morbidity in drug addiction and
alcoholism in Ukraine as a whole and in its individual regions. When analyzing methods, it is
necessary to take into account the specificity of the perception of modeling results by medical
personnel, which requires an expanded and adequate visualization of the results of
simulation. Thus, the dynamics of the development of populations dependent on PSS varies
with time depending on the set of social and medical factors. The choice of a mathematical
model was carried out on the basis of the initial analysis of the system. In accordance with the
object and goals, mathematical models in biology can be divided into two large classes. The
incompleteness of data and a significant number of external factors of the biological system
under study does not allow the use of simulation models. In this regard, basic regressive
models are subject to study. One of the fundamental assumptions underlying all growth
models is the proportionality of the population growth rate of its population. For complex
biological systems, reproduction occurs under a more complicated law, but in the simplest
model one can assume that the rate of reproduction of a population is proportional to its size.
The basic regression models of biological systems are considered. The choice of the model of
interpopulation interactions as the basis for modeling an epidemic of dependence on
psychoactive substances is substantiated. The evaluation of the presented model is carried
out. The methods of elimination of model shortcomings are proposed. An algorithm and
program for the MatLab package are developed. The obtained results are presented in the
form of graphs and fuccits of curves of the second order. Extrapolation of output data was
carried out. The direction of further research is determined.

Keywords: psychoactive substances, mathematic model, drug addiction, regression
model, model Lotka-Volterra.

IlocTanoBka npodJjemu

B Vxpaini mopiuno peectpyerbest moran 40000 HOBMX BUMNAAKIB 3aXBOPIOBAHHS Ha
ankoroiisMm. He3Bakarouu Ha Te, IO CIIOCTEPITaeThCs SBHA MepeBara XBOPUX Ha ajKOTroJIi3M,
HapKOMaHisi 3a TEMIIaMU 3pPOCTaHHS 3aXBOPIOBAHOCTi, TMOIIMPEHOCTI, MEAWYHHX Ta
COIIAIbHUX HACTIJKIB BUXOJWTh Ha TMepiie Miciue. HapkoTHKM CTaroTh Bce OLIBIN
JOCTYITHUMH, AaCOPTUMEHT IX PpO3IIMPIOETHCSA, a CIOXKHWBAa4 MOJIOJIE, CMEPTHICTh Bij
nepeo3yBaHHsl HAPKOTHKIB 30UIbIIyeThCs. Bukinkae 3aHENOKOEHHS cTaH (i3MYHOTO 1
MOpAJILHOTO 3JI0POB' TPOMAISIH KpaiHH, HECTaOUIBHICTH cycmiiabcTBa. J[ng Toro 1mod
JIOMOTTHUCSI YIOBUIBHEHHSI TEMIIIB TOIIMPEHHS 3QJIEKHOCTI BiJl TICUXOAKTUBHUX PEUYOBUH
(ITAP), HeoOXigHO 31IHCHIOBATH HAYKOBY PO3pOOKY €(EKTUBHUX TEPUTOPIAIBHUX MPOTpam
npodiJaKTUKK Ha OCHOBI 00'€MHAHHS 3yCWJIb 3aIllKaBJICHHX JEP)KaBHUX, HAYKOBUX,
MEIWYHHUX, [PABOOXOPOHHUX, IMEJAaroridyHuX, CIIOPTUBHUX YCTaHOB, T'POMAJCHKUX
dbopmyBanb. Bigomo, mo Oynab-sKa MOJITHKA, CHOPSAMOBaHA HAa MPOTHIIIO IMOJATHIIOMY
MOIIMPEHHIO CcTaHy 3ayiexkHOCTi Bif [TAP, Moxe OyTH yCIHIIIHOIO TUIBKM Y TOMY BHIAJKY,
SKII0O BOHA TIPYHTYETbCS Ha HAMIMHUX €IMiIeMIOJOTIYHUX JOCTIDKCHHSIX, HAyKOBO
OOIpYHTOBaHMX  METOJAX MPOTHO3YBaHHS Ta OLIHKH  pe3ylbTaTiB  IPOBEIECHUX
npodigakTHYHUX 3axofiB. KpiM Toro, cydacHuii HAyKOBO OOTPYHTOBaHUHN MiAXiT MO
MPOTHO3YBAaHHS PO3BUTKY EMiJIEMIYHUX TMPOIECiB Tependadac CTBOPEHHS aJeKBaTHHX
MaTEeMaTUYHUX MOJIeJel Ha OCHOBI BHUBYEHHS JOCTAaTHHOTO MAacHBY JaHUX IMPO JUHAMIKY
3a3HaYCHMUX MPOLECIB Y MHUHYJIOMY, a TaKoX (PaKkTopiB, II0 BIUIUBAIOTH HAa HHUX. Po3pobOka
aJIeKBaTHUX MaTeMaTUYHUX MOJeNeld 3a BKa3aHUMHU EMiJIEMIYHUM IpolecaM, MOrIHOUTh
3HaHHS MPO MEXaHI3MHU MOIUpPeHHs 3ajexHocTi B [TAP i cTBOpuTh HAyKOBY OCHOBY ISt
(dhopmyBaHHS €hEKTHUBHOI JEPKABHOI MOJIITHKH, IIOAO0 CIIOKMBAHHS HAPKOTHKIB, AJIKOTOJIIO 1
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TIOTIOHY, & TaKOK CTBOPUTH YMOBH ISl CTBOPEHHSI €()EKTUBHUX METOJIB KOHTPOIIO SKOCTI
npo(dITAaKTUIHUX 3aXO/IiB.
AHAaJi3 ocTaHHIX J0CTiTKeHb 1 myOJaikaniii

OCHOBYIOUMCH Ha aHali3l CydyacHOI JTepaTypH Ta CTaTUCTHYHUX JAHUX IpO
emiiemionoriuny curyamniio 3anexHocTi Big IIAP B Vkpaini Oyna mocraBieHa 3ajaua
CTBOPEHHSI aJCKBATHOI MOJIEJI TOIIMPEHHSI ajKO- Ta HAPKO3AJIEKHOCTI Yy CYCHUIBCTBI.
Cratuctuuni JaHi Oynu OTpUMaHi 31 3BITY MPO HAYKOBO-IOCHIAHY poboTy "Po3poOieHHs
MaTeMaTHYHUX METOJIB MOJIEIIOBAHHS €MiJEMIYHUX IMPOLECIB, MOB’I3aHUX 13 MOUIMPEHHIM
3QJIEKHOCTI BiJl HAPKOTHKIB Ta I1HIIUX TNCUXOAaKTHBHUX peudoBuH", mmudp temun HAMH
C3.2d.14 (xkepiBauk HJIP: 3aB. BigaisioM KJIiHIYHOI Ta COLIaJbHOI HAPKOJOTii, TOKTOP
Mennyaux Hayk O. MiHKO; BIJNOBiJaJbHUA  BUKOHABEIb: IPOBIIHUNA  HAYKOBHUH
CITIBpOOITHUK, KaHAWAAT MeIUnYHUX Hayk JI. Mapko3oBa).

Merta gocaixkeHHsI

Memow cmammi € aHai3 ICHYIOUMX METOIB MaTeMAaTHYHOTO Ta T€OMETPUYHOTO
MOJICTIIOBaHHSI OIOJIOTIYHUX CHUCTEM JJisi ONHUCY CMiJeMIYHUX TMPOIECiB, TOB'I3aHUX 3
MOIIMPEHHSIM 3aJICKHOCTI BiJl HApKoTWKIB 1 iHmMX [IAP mpu nporHo3yBaHHI IWHaMIKK
3aXBOPIOBAHOCTI Ha HAPKOMaHIi 1 aJKOTrodi3MOM sIK B YKpaiHi B LIJIOMY, TaK 1 OKpeMHX il
perionax. [Ipu aHaii3i MeTOiB HEOOX1THO BPaxoByBaTH CHEIU(DIKY CIPUHUHATTS PE3yIbTaTiB
MOJICJIIOBAHHSl MEIMYHUMM TpalliBHUKaMH, IO BHMarae po3IIUpPEeHoi 1 aJeKBaTHOI
Bi3yautizallii pe3yinbTaTiB MOJACITIOBAHHS.

BuxknaneHHs1 0CHOBHOI0 MaTepiay J0CTiIxKeHHS

Po3BuTok momyrsiii XBopux, abo po3BUTOK emifemii 3anexxHocti Bif ITAP, moxHa
pO3MIISIIATH SIK OKPEMUM BHUMAIOK PO3BUTKY Oynb-sKO1 momyssiii. 3 ogHOro 00Ky, KOXKEH
3anexxHuil Big [IAP XBopuil mpoOTSAromM CBOrO JKUTTS PEKPYTYE IMEBHY KUIBKICTh HOBHX
CTIIOYKMBAYiB aJKOTONI0 a00 HAPKOTHKIB (€KBIBaJCHT PO3MHOXKEHHS), 3 1HIIOTO — ICHYIOTh
00CTaBUHH, AKI OOMEXKYIOTh 3POCTaHHS UYMCEIBHOCTI TaKOi MOMyJsiiii. TakumMu € 3yCcHuiuis
JepKaBH, CHPSMOBaHI Ha TNPOPINIAKTUKY CTaHIB 3&JIEKHOCTI, JIKYBaHHS XBOPHUX
HAPKOJIOTIYHOTO MPOQ IO Ta HOT0 SIKICTh, 3arubdenh XBOPUX, 00pOTHOA 3 HE3AKOHHUM 00iroM
HapKOTHUKIB 1 MPOJIAYKOM aJKOTOJII0 HEMOBHOJITHIM, IHIII aJMIHICTPaTHBHI Ta €KOHOMIYHI
(baxTopH, 110 BIACTHBI TAaHOMY COLIIYMY 1 CyIPOBOKYIOTh IPOLIEC MOIMIKUPEHHS eIiieMil.
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Puc. 1. lunamika eminemii 3aj1e;kH0CTi Bi ajKoroJro.
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Puc. 2 Tunamika B3aemopii monyasiuiii ajko- i HapKo3aJesKHUX.

Ha HaBemenmx rpadikax [OaHUX CTATUCTUKH HAOYHO TIOKA3aHO HEOIHOPITHUHN
pO3BHUTOK momyismiii 3anexxaux Bin [IAP. SIBHO BHIHO, 10 KOJMBAJIBHHH MPOIEC Ma€
MakcumMyM y 1999 poui qns puc.1 1y 2008 pori anst puc.2. MiHIMyM KOJIMBaJIBHOTO HPOLIECY
st puc. ] npunamae Ha 1992 Ta 2010 poku. [IpudoMy, KiTbKICTh XBOPUX B I1I POKH 3HAYHO
PIZHUTKCS, IO BKA3y€ HA 3MiHY XapaKkTepy KOJMBaHb 10 1 Micis TOYKA MakcuMymy. Ha puc.2
CIIOCTEPITaeThCsl OAMH 3arayibHuil MiHIMyM y 1993 porui. MiHiMyM KOTUBaJIbHOT KPUBOT MiCIIs
TOYKHA MaKCUMYMY JUJIs pUcC.2 HE BU3HAYEHUH, aje 3a xapaktepoMm KpuBux 3 1994 mo 2008 pik
132008 o 2013 pix MO’KHA MPUITYCTUTHU BIIMIHHICTh KOJIMBAIHHUX MPOIICCIB.

TakuM 4YMHOM, JMHAMIKa PO3BUTKY MOMyJslid 3aynexHux Bix IIAP 3miHIO€ThCS 3
4acoM Y 3aJIeXKHOCTI BiJ O€3/1141 COLaIbHUX 1 METUIYHUX YNHHUKIB.

Bubip maremaTu4yHOi Momesni 3iHMCHIOBABCS Ha IMiJICTaBl MPOBEJACHOTO MEPBUHHOTO
aHayizy cucTteMu. Y BIJMOBIAHOCTI 3 00'€KTOM 1 MMM, MaTeMaTH4HI Moeli B Oionorii
MO>KHA IIOIIJIATH Ha JBa BEJIUKI KJIACH.

[lepmmit — perpecuBHI MOHENl BKIIOYAIOTH EMITIPUYHO BCTAHOBJICHI 3aJICKHOCTI
(popmynu, mudepeHIianbHl Ta PI3HHUIEB] PIBHSIHHS, CTAaTUCTUYHI 3aKOHH TOMIO), IO HE
MPETEHAYIOTh Ha PO3KPUTTS MEXaHIi3My JocHipKyBaHoro mpomecy. Koedimientn B
perpeciiHuX MOJENSIX 3a3BUYail BHU3HAYAIOTHCSA 3a JOTIOMOTOI0 TPOIEAyp iaeHTU(IKaIi
nmapaMmeTpiB  MoOJeNeid 3a eKCIepUMEHTAIbHUMHU JaHuMu. llpu 1poMy, Haigacrimie
MIHIMI3YETBCS CyMa KBaJIpaTiB BIAXWJICHb TEOPETUYHOI KPUBOI BiJl EKCTICPUMEHTAIBHOI JIJIst
BCIX TOYOK BHMIPIOBaHb, TOOTO KOEQIIEHTH MOJENl MiAOUPAIOTHCA TaKUM YHUHOM, 00
MiHiMi3yBaTH (YHKIIiO:

F=YwX - % a...a,)] ()

i=1

TYT | — HOMEp CHOCTEPEKEHHs B BEKTOPI JaHUX; X, —eKCIIEPMMEHTAJbHI 3HAYEHHs 3MiHHUX;
X{ — TEOPETHYHi 3HAYEHHS 3MiHHHX; @;,,,..., &, —TIAPaAMETPH, IO HiUIAraloTh OLIHI; W, —
Bara i-oro crioctepeskeHHs; N — 4HCII0 CIIOCTePEIKEHb.
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Jpyruii kjac — iMiTaIiifHi MOAENI KOHKPETHUX CKIAIHUX JKHUBUX CHCTEM, SIK MPABUIIO,
MaKCUMaJbHO BpaxoBYIOTh HasBHY iH(popmalito mpo oO0'ekr. ImiTariiini  momeni
3aCTOCOBYIOTBCSL JJIi OMHCY OO'€KTIB pPi3HOro piBHSA opraxizamii >kuBoi Mmarepii — Bix
O0loMaKpOMOJIEKYT A0 Mojeseil OioreorneHo3iB. B ocTaHHbOMY BHMAAKy MOJENI TOBHHHI
BKJIIOYATH OJIOKH, IO OMHUCYIOTh SK JKWBi, Tak 1 "ckicHi" kommoHeHTH. OO4YHCIIeHa Ha
KOMI'IOTepl KapThHA ">KUTTA" CUCTEMH J03BOJISIE MPOCTSKUTH, K 3aKOHH MPOSBISIOTHCS Y
(¢ yHKIIIOHYBaHHI 010J0T1YHUX 00'€KTIB.

HemoBHoTa manux i 3Ha4HA KUTHKICTh 30BHIMIHIX (PaKkTOpiB 610J0TIYHOT CUCTEMH, 11O
JOCTIKYEThCS, HE JO3BOJSIOTH BHKOPHUCTOBYBATH IMITaIliiHI MOJENi. 3Bakalouu Ha IIe,
BHBYCHHIO ITIJISTAIOTh 0a30B1 PErpecUBHI MOJIENI.

Bci 6ionoriuni cucteMu pi3HOTO PiBHS OpraHizailii, IOYMHAIOYX Bil 010MaKpOMOJIEKYJT
70 TOMYJSiHN, € TepPMOJIMHAMIYHO HEPIBHOBAXHUMH, BIAKPUTHUMHM UIS MOTOKIB iH(opMaIii,
pedoBuHU 1 eHeprii. ToMmy HEMHINHICT — HEBII'€MHA BJIACTHBICTh 0a30BUX CHCTEM
MareMaTuyHoi Oiosorii. He3Baxkaroun Ha BeTMUYE3HY PI3HOMAHITHICT JKUBUX CUCTEM, MOXKHA
BUJIUIUTH JCSIKI HAWBOXJIMBINI MPUTaMaHHI 1M  SKICHI BJIACTUBOCTI:  3POCTaHHS,
caMOOOMEIKEHHS 3pOCTaHHS, 3/IaTHICTh J0 TMEpeMHUKaHHs (ICHyBaHHS B JBOX a00 NEKIIBKOX
CTAIllOHApHUX  PEXKHMMax),  aBTOKOJWBAJIbHI  peXuMu  (OIOpUTMH),  MPOCTOPOBY
HEOJTHOPIIHICTh, KBa31CTOXACTIYHOCTh. Bcel i BIACTUBOCTI MOXKHA MPOJIEMOHCTPYBAaTH Ha
MOPIBHSHO MPOCTUX HETIHIWHUX JUHAMIYHUX MOJENAX, SKI 1 BUCTYMAIOTh B poii 0a30BUX
MoOJeJIEH MaTeMaTUYHOI 010J10r1].

Onne 3 (QyHAaMEHTATBPHUX TMPHUIIYIIEHb, IO JIGKHTh B OCHOBI BCIX Mojenen
O10JIOTIYHUX CHCTEM PO3MHOXEHHS BiJOYBa€ThCA IO OLIBIN CKIAAHOMY 3aKOHY, ajieé B
HalmpocTilmi MojeNni MOXHa MPUIYCTUTH, IO IMIBUAKICTH PO3MHOMKEHHS TOMYJIALIi
npomopitiiiHa ii uncenpHOoCTI. Lle# nporec onucye popmyna ManbsTyca, sika JiHiIHA BITHOCHO
3MIHHO{ X, III0 XapaKTepU3ye YHCEIbHICTh (KOHLEHTPAIII0) OCOOUH y MOy

9 =RX. )
dt

Tyr R B 3aranpHOMYy BUNAIKy MOKe OyTH (DYHKIIIEIO SK caMOi YHCEIBHOCTI, TaK 1
yacy, abo OyTH 3aJeKHOIO BiJl IHIIMX 30BHIIIHIX 1 BHYTPIIHIX (akTopiB. SAKio xoedimieHT
nporopiiHocTi R=r=const (ax me mnpumyckaB MajbTyc), YHUCEIBHICTh 3pOCTaTHME
HEOOMEKEHO IO €KCIIOHEHT:

X=XX"X =X; t=0. (3)

Jlnst GLIbIIOCTI MOMMALiN ICHYIOTh 0OMEXYBaIbHI (PaKTOPH, TOMY 3 THX YH 1HIIUX
NPUYMH 3pOCTaHHS MOIMYJSINii MPUNUHAETHCS. ba3oBoro Momemtio, sika onmucye oOMeKeHHH
3pocTaHHs, € MojeTb DepxronbeTa:

dx X
E = FX(I —E] . (4)

Tyr mapamerp K 3Berbcst "eMHiCTh HONyJAMil" 1 BUPaXAeThCS B OIMHULAX
grcenpbHOCTI (200 KoHIeHTpallii). BiH He Mae Oyap-sSKoro mpoctoro ¢izmuHOro adbo
010JIOTIYHOTO CEHCY 1 HOCHUTh CHCTEMHHMH XapakTep, TOOTO BH3HAYAETHCS IIIJIOI0 HHU3KOIO
pi3HUX (haKTOPIB, SIKI HEMOKJIMBO BPaxXyBaTH B MOJEII.
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Puc. 3 Cucrema 3 00MeKeHUM 3POCTAHHSM
a) — 3a/1eKHICTh MBUAKOCTI MIPUPOCTY Bil YHCEJIbHOCTI;
0) —3aJIesKHiCTH YHCeJIbHOCTI Bif yacy

Opnniero 3 TpUYMH OOMEXKEHHsI 3pPOCTaHHS MOXKE OYyTH HEIONIK >KUBHJIHHOTO
cepenoBuINa (TIMITYBaHHS 1O cyOcTpaTy Ha MOBI Mikpobiosorii). Mikpobionoru naBHO
MIIMITHIIA, 110 B YMOBaX OOMEKEHHS M0 CyOCTpaTy MBHAKICTH POCTY 3pOCTA€E MPOIOPIliiHE
0 KOHIIEHTparii cyOcTpaTy, a SKIIO0 CyOCTpaTy BIOCTallb, TO BUXOAWUTHHA TOCTIHHY
BEIIMYMHY, SIKA BU3HAYAETHCSI TEHETUYHMMH MOXIMBOCTSIMHU TOmylsmii. BBaxkaeTscs
JOBEACHUM, IO CEpe]a JIOJEH TUIbKM YacTHHA CXWJIbHA JIO 3aJIeKHOCTI BIJ HAPKOTHKIB 1
QIKOTOMI0. 3 eMieMIOJIOTIYHOI TOYKH 30py BOHHM € CYOCTPAaTOM PO3BUTKY 3aJICKHOCTI Bij
ITAP. IlpoTaroM AESKOr0 Yacy YHCENBHICTh MOMYJSLii 3pOCTae €KCHOHEHIIaTbHO, MOKH
IIBUJIKICTh 3POCTaHHS HE IMOYMHAE OOMEXyBaTHCS OyIab-sKUMH 1HIUMU (aktopamu. Lle
O3Hayae, M0 3aJICKHICTh IMBUIKOCTI pocty R y dopmyni (2) Big cyOcTpary mMoxke OyTH
OIHMCaHa y BUTJISI]IL:

S
R(S):ﬁ. (5)

TyT Ks —KOHCTaHTa, piBHa KOHIIEHTpaLii cyOCTpaTy, IpU AKii MBUAKICTH POCTY TOPIBHIOE
MOJIOBMHI MaKCUMANTBHOI, £/, —MaKCHUMaJlbHa MIBUJKICTH POCTY.

3MIHIOBAaTH 3pOCTaHHS TOMYJALIi MOXYTh HE TIIbKM (PAKTOpPH 30BHINIHBOTO
cepeloBHINa, a i BIUIMB 1HIIOI momynsuii. [IpuiHATO BHUILISATH TPU OCHOBHUX THUIHU
MDKIIONYJIAMHHUX BigHocuH: "+ +", "—" Ta "+-". [Ipn npoMmy 3HaKOM "TJIHOC" TTO3HAYAETHCS
MO3UTUBHUHM, CHPHUATIUBUA BIUIMB OnHI€] momymsiuii Ha iHOIY, a 3HaKoM "MiHyc"
HECTIPUATIUBUNA. BiAMOBIIHI THIIM MIKTIOMYJISAIIHHAX B3aEMUH OTPUMAJIH HAaliMEHYBaHHS:

"++" — mpoTokoomnepariisi, MyTyaiizm abo cumM0103;

"—" — B3aeMHE KOHKYPEHTHE IO/IaBJICHHS a00 KOHKYPEHIIis 3a 3arajlbHUN pecypc;

"+ —" — BiIHOCHHU THUITY XM)KaK-)KepPTBa a00 MMapa3uT-rocroiap.

Kpim TOro, mpuiHSITO BHAUIATH JBa THMH BITHOCHH, NPH SIKUX OJHA TOIYJISIIis,
poOJIsTuM MO3UTHBHUN a00 HEraTWBHUM BIUIMB Ha iHINY, camMa HE BiauyBae 3 ii OOKy HISKOTo
BIUTUBY (BimHOCHHU THTTY "+ 0").

3naku "+" 1 "-" B Uill cUMBOUIIL, KPIM 3arajJbHONPUNHHATOrO MEeTaOPUIHOTO CEHCY,
MaloTh KOHKPETHHA MaTeMAaTHUYHUHN CceHC. SKIo AWMHaMiKa TBOX B3a€MOMIFOYMX IOMYJSIIN
OTHCYETHCSA CUCTEMOIO TU(EPEHITIAIbHUX PiBHIHB:

x=xt(x;y) y=yg(xy) (6)
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ne moxiaui df/dy i dg/dx MaroTh MOCTIHHUI 3HAK MTPH BCIiX 3HAYEHHSIX 3MIHHUX, TO ITOETHAHHS
3HAKIB WX TMOXIJHUX BU3HAYAE€ XapaKTep MUKIOMYJISAIIWHUX BITHOCHH BIAMOBIIHO 10
3arajbHONPHUIHATOI Kiacudikarii.3 1i€i TOUkH 30py BiIHOWIEHHS THITY «+ 0» € BUKIIOYHOIO,
BHPOKCHOIO CUTYAITIEIO.

VY 3aragpHOMY BHIJISAI B3aEMOJISI MDK TOMYJSIISIMA  OMHUCYETHCSI  CHUCTEMOIO
nuQepeHiaTbHUX PiBHSAHb!

%: alNl +a.12N1N2 +a11N12;
N ?
2 = a2N2 +a21N1N2 +a22N225

ae, Ny, N, —IIykaHi 3Hau€HHs 4MClIa NOMYJALIN, a &, &;, I, ] =1,2 — mapaMeTpu CUCTEMH,
JesIK1 3 IKMX MOXYTbh MpUAMaTH 3Ha4eHH (.

3a mapameTpamMH MOKHA CYAMTH PO MDKIOMYJISAIIHI B3a€MOIIi:

1) a; jN;N; — BianmoBinae MiKIOMYIALIAHINA KOHKYPEHIIII.

Takum 4UHOM:

- AKmo ;<0 — Mae Miclle KOHKYPEHIIis;
- aKkmo ;> 0 — cumbios;
— SKIIO @, 1 &,, MAIOTh MPOTHJICKHI 3HAKH — MA€ MICIIe MOJICNIb XHUKAK-KEPTBA,;

2) a;N{ — MmOKasHHK BHYTPIIIHBOBHIOBOI KOHKypeHIii. JlaHHil OZAHOK Ma€ CEHC
TUTbKH TipH a;;<0;

3) a;N; — BiamoBigae MOKa3HUKY BITLHOTO PO3MHOKEHHS TOIMYJIALIT (CHIa MOMYJIAIii):

—  sKmo, @ >0 — MomyJsIIis CXUIbHA JI0 POCTY;
- #AKmo, & <0 — BUMUpaHHSI.

[Tpu pi3HKUX 3HaYEHHSIX KOe(ilieHTiB OyayTh BUXOAUTH Pi3HI rpadiku QyHKIIT, SKUMU
MOJKHA THTEPIIOJIIOBATH €KCIIEPUMEHTANbHI JaHi. TakoX IiKaBO Te, 0 OLIHIOIYH OTPUMAaHi
Koe(irieHTH, MOKHA 3pOOUTH BUCHOBOK ITPO B3AEMOJIIFO TTOTYJISIIIN.

[Ticns omiHKM 3amadi MOJENIOBaHHS OYB 3pOOJIEHHWI BUCHOBOK IPO BIJCYTHICTH
BHYTPILUIHBOBHI0BOT KOHKYpeHIIii. Takum yuHOM, puiiMaeThcs 8; =0 1 OTpUMYy€EMO:

%: N, +a,N;Ny;
o ®)
2 =3.2N2+6121N1N2.

JlaHa cuctema piBHAHB NPHU KoeQillieHTax a;, 1 @, NPOTUJICKHUX 3HAKIB € MOJEIUIIO
Jlotku-BonbsTeppa (xmkak—xkepTBa). B OoCHOBY Momeni TMOKJIAIEHO Taki ijeanri3oBaHi
YSIBIIGHHSI TIPO XapaKTep BHYTPIIIHBOBHIOBHX 1 MIKBUJOBHUX BIJTHOCHH B CHUCTEMi XMXKaK—
KepTBa:
1) mimg yac BiICYTHOCTI XMKaKa TOITYJIAIIS KepTBa PO3ZMHOXKYETHCS BIAMOBITHO 10
MPUHIHITY ManbTyca — eKCIIOHEHITIaIbHO;

2) momyJIAIis XMKaKa i yac BiICYTHOCTI )KEPTBU €KCTIOHCHITIAIbHO BUMHUPAE;

3) cymapHa KUTBKICTh JKE€PTB, SIKI CIIOKUBAETHCS HACEJIICHHSIM XFDKaKa B OJMHHIIIO
qacy, JIHIHHO 3aJie)KHUTh 1 B IIUTBHOCTI MOIMYJISIIII KEPTBH, 1 BiA IIUTLHOCTI
MOMYJIAIIT XMKaKa,;
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4) crokuTa XHKAKOM OloMaca KEPTBH 3 MOCTIMHUM KOE(IIIEHTOM MepepoOIIeThCs
B 0ioMacy XMKaka;
5) Oynpb-sKi 10AaTKOBI (PaKTOPH, 110 BILTUBAIOTH HA AWHAMIKY TOIMYJISIIIH, BiICYTHI.
UucenpHICTh XepTB OyAe 30UIBIIYBATHCS THM TOBUIBHIIIE, YUM OUIbIIE 1CHYE
XWKaKiB, a YHCENIbHICTh XWKaKiB — TUM IIBHUIIC, YAM OUIBII YHUCENbHI XKEPTBU. Takum
YMHOM, KOE(II[IEHTH MPUPOCTY BiAMOBITHO JOPIBHIOIOTh:

(51 —7/1N2)' o (_ & —7’2N1),

ne N; 1 N, — yHcenbHICTh MOMYJIAMIN KEPTBU 1 XMKaKa; & — MBUAKICTb PO3ZMHOKEHHS
KEPTBH B BIJICYTHOCTI XIJKaKa; &, — MPUPOJHA CMEPTHICTh XMXKaKa, J; 1 ¥, — Koe]imieHTH,
BiJIMOBIAHI MOTPEOH B 1K1 JJIsl KOKHOTO 3 IBOX BHJIIB.

3pobiieHi TPUITYIICHHS NPU3BOAATH J0 CHUCTeMH IU(EpeHIaTbHUX PIBHSIHD IS
OIMCY YHUCEIBHOCTI MOMYJISALIN B MOAET XHUKAK—KEePTBa:

dN,

—= Nl(gl +71N2) ;
dl\(ljzt )
dt :_Nz(gz +]/2N1).

PosrnsiHyra MoJenb MUKIOMYNSALIAHOI B3a€EMOAIl € JOCTaTHbO THYYKOIO JUIS
MOJIETIFOBAHHS CKJIQJHUX €I1JeMIOJIOrIYHHUX MPOLEeCiB. AZIEKBATHO MiAi0paHi KOeDILIEHTH & |

B1I0OPaKAIOTh B3a€MOJIII0 MK PO3TIITHYTHMH MOMYJISAIISIMU: 3aJI€KHI — 3/T0POBI, AJIKOTOJIIKH
— "HapkomaHu. [Ipu mpaBuIBLHOMY EMIIPUYHOMY BHU3HAYCHHI KOEQIIIEHTIB MOXHA 3pOOUTH
BUCHOBKHM TIPO XapakTep MDKIOMYJSALIMHUX BiTHOCHH, TOOTO arpecHMBHOCTI KOXHOI 13
B3aEMOJIIFOYMX TOMYJISIiH okpeMo. OTpumaHa iHpopMaIlis € OCHOBOIO /I KOPOTKOYACHOTO 1
poJIOHroBaHoro nporxHody. Koedimientu @ HecyTb B co0i iH(popMaIiio mpo CTiHKIiCTh
JOCITIDKYBAHUX TOMYJISIINA IO 30BHINTHBOTO CEPENIOBUINA. Y CHUCTEMI, IO MOJICIIOETHCS, 11€
BijIoOpakae pi3Hi colianbHi, FOPUINYHI, 11€0NOTI4HI, (PIHAHCOBI Ta 1HII YHHHHUKH.

Bapro nmomatm, mo 06a3oBa MOAENb MDKIOMYJAIMIAHUX B3aEMOMIN MOXe OyTH
MoaudiKoBaHA TiJ BIACTUBOCTI Ti€i YW IHIIOT CHUCTEMH. TakUM YHHOM, IS MOJETh €
BapiaHTOM BUOOPY 7151 BUPIIICHHS 331241 MO/ICTIOBAaHHS MTOIIMPEHOCT] 3ai1exHOCTI Bix I[TAP.

BucHoBknu

PosrnsiHyTO 3a1a9y MOACTIOBaHHS PO3BUTKY €ITiIeMii 3aI€KHOCTI Bl ICHXOAKTHUBHUX
PEUOBHH 1 MIPOBEAICHO MEPBUHHUI aHaJi3 cUcTeMH. PO3IIITHYTO OCHOBHI perpecuBHi MoJjemi
po3BUTKY momyssmii. [TokazaHo, mo 06a3oBa MoOAENb MIKIOMYJISAIIMHOI B3a€EMOJIi MOXeE
JSATTH B OCHOBY BHpILIEHHS TOCTaBJleHOI 3agavi. HampsMkoMm moaanmpImIMX AOCTIIKEHb €
Momudikamis oOpaHoi wmozeni 1 po3poOKa METOAY BU3HAYEHHA  KOEQIIi€HTIB
nudepeHIiaTbHUX PIBHSIHD.
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