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MATEMATHUYHA MOJEJIb IIPOI'HO3YBAHHA
PO3BUTKY 3AJIEXKHOCTI CYCHIJIBCTBA BIJ IICUXOAKTUBHUX
PEYOBUH

Ilpoananizoéano OUHAMIKY PO3BUMKY 3ANEHCHOCMU 8I0 NCUXOAKMUBHUX PEUOSUH 3d
OCMaHHI poKu 8 cycninbcmei. Posensinymo 06a306i pecpecusHi mooeni OI0N02TYHUX CUCTEM.
Obrpynmosano eudip mooeni MIDCHONYIAYIUHUX 83AEMOOIl, K OCHOBU OISl MOOENOBAHHS
enioemii 3anedcHocmi 8i0 NCUXoaxkmusHux pevyosut. I[Ipoeederno oyinky npedcmaenenoi
MoOeni. 3anponoHo8aHo Memoou YCYHeHHs Hedouikie mooleni. Po3pobneno anzopumm i
npoepama ona nakema MatLab. Ompumani pesynomamu npeocmasieni y euensioi epagixis i
@yukyii  Kpusux Opyzoco nopaoky. byia nposedena excmpanonayis uXiOHUX OGHUX.
Busnaueno nanpsamok nooanvuux 00ciodiceHw.

Knrwouosi  cnosa.  ncuxoakxmueni  peuosuHu,  mMamemamuyHe — MOOENI0BAHHS,
HAPKO3ANeHCHUCNDb, pecpecitina MoOenb, modenb Jlomku-Boremeppa.

1.0. HUIIbIH, O.C. CUJOPEHKO

HanuonanbHbIN TEXHUYECKUHA YHUBEPCUTET
"XapbKOBCKUI MOJUTEXHUUECKUN YHHUBEpCUTET"

MATEMATHUYECKASA MO/JEJIb ITPOI'HO3UPOBAHUA PA3BUTUA
3ABUCUMOCTHU OBHIECTBA OT IICUXOAKTHUBHbBIX BEIIIECTB

IIpoananuzupoeéana OUHAMUKA pPA3BUMUS  3AGUCUMOCTIEL. OM  NCUXOAKMUBHBIX
sewjecms 3a nocieonue 200vl. Paccmompenvi  6azosvie  pecpeccuoHHble  MOOenu
ouonocuueckux cucmem. OOOCHOBAH BbIOOP MOOENU MENCNONYIAYUOHHBIX B3AUMOOEUCMBULL,
KAK OCHOBbl OJisl MOOENUPOBAHUS INUOEMUU 3ABUCUMOCIIU OM NCUXOAKMUBHBIX GeUjecma.
Ilposedena oyenxka npedcmasnenHou mooenu. Ilpednodcenvt Mmemoobl yCmpaHeHus:
Hedocmamkos mooenu. Paspaboman ancopumm u npocpamma Oons naxkema MatLab.
Ionyuennvle pezynomamol npedcmasienvl 6 6ude 2pagukos u QYHKYull Kpusblx 6mopoco
nopsaoka. bvina npoeedena sxcmpanonayus ucxoouwvix oanuvix. OnpedeneHo HanpasieHue
O0aNbHeUUUX UCC1e008aHUl.

Kniouesvie  cnosa: ncuxoakmuguvie —Gewjecmeqa, MamemMamudeckas — MOOeb,
HAPKO3A8UCUMOCTb, pecPecCUOHHAs MOOelb, MoOerb Jlomku-Bonvmeppa.

D. NITSYN, O. SYDORENKO

National Technical University
"Kharkiv Polytechnic Institute"

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

DOI 10.32782/2618-0340-2018-2-105-113
105



ITPUKIIAJTHI TUTAHHA MATEMATHYHOI' O MOAEJTIOBAHHA Ne2, 2018 p.

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.

ITocTanoBka nmpodJieMu

B VYxkpaini mopiuno peectpyerbest moran 40000 HOBMX BUMAAKIB 3aXBOPIOBAHHS Ha
ankoroiisM. He3Bakaroum Ha Te, IO CIIOCTEPITaEThCs SIBHA MEepeBara XBOPUX Ha alIKOT0JIi3M,
HapKOMaHisi 3a TEMIIaMH 3pOCTaHHS 3aXBOPIOBAHOCTi, MOIIMPEHOCTI, MEIWYHHUX Ta
COIiaIbHUX HACHIAKIB BUXOJWTh Ha Tmepuie Micue. HapkoTuku cTaroTh Bce OUTBII
JOCTYITHUMH, AaCOPTUMEHT iX pO3MIMPIOETHCSA, a CIOXKHUBAaY MOJIOJIE, CMEPTHICTh BiA
nepeao3yBaHHsl HAPKOTHUKIB 30UTbIITYyeThCs. BHKIMKae 3aHEMOKOEHHS cTaH (i3MdHOTO 1
MOpPaJIbHOTO 370pPOB'S TPOMAISH KpaiHH, HECTaOUIBHICTH CychiabcTBa. J[nsg Toro 1mo6
JIOMOTTHCS YIOBUTHHEHHSI TEMIIIB TOIIMPEHHS 3aJIEKHOCTI BiJl TICUXOAKTUBHUX PEUOBUH
(ITAP), HEoOXiqHO 3MIHCHIOBATH HAYKOBY PO3POOKY €(PEKTHUBHHX TEPUTOPIAIbHUX MPOrpam
npodiTaKTUKK Ha OCHOBI 00'€THAHHS 3yCWJIb 3aIlIKaBJICHHX JEPKaBHUX, HAyKOBUX,
MEIWYHUX, MPABOOXOPOHHHUX, IMEAAroriyHuX, CIOPTUBHUX YCTaHOB, TI'POMAJCHKUX
dbopmyBanb. Bigomo, mo Oynb-ska MOJITHKA, CHOpsIMOBaHA HAa MPOTHUIIIO TMOJAIBIIOMY
NOLIMPEHHIO CTaHy 3anexxHocTti Bif [IAP, Moxxe OyTu yCHIIIHOIO TIIBKM Y TOMY BHIIAJIKY,
SAKIII0O BOHA TIPYHTYETHCA HAa HAOIMHUX CMiJEMIONOTIYHUX JIOCTIIPKEHHSIX, HayKOBO
OOIPYHTOBaHMX  METOJaX MpPOTHO3YBaHHSA Ta  OWIHKH  pe3yjibTaTiB  IPOBEACHUX
npodinakTiyHuX 3axoxiB. Kpim Toro, cydacHuid HaAyKOBO OOTIPYHTOBAaHHMH MAX1J 10
MPOTHO3YBAaHHSI PO3BUTKY CIMiJIEMIYHUX TMPOIECIB mepeadadae CTBOPEHHS aJIEKBAaTHUX
MaTeMaTUYHUX MOJieJel Ha OCHOBI BUBYEHHS JOCTAaTHHOTO MAacHBY JaHUX IPO JWHAMIKY
3a3HaYCHHUX MPOLECIB Y MHUHYJIOMY, a TaKoX (PakTopiB, 110 BIUIMBAIOTh Ha HUX. Po3poOka
aJIeKBaTHUX MaTeMAaTUYHUX MoOJeleld 3a BKa3aHWMHU EMiJIEMIYHUM IpolecaM, MOrIHOUTh
3HAHHS PO MEXaHI3MHU MOIIUpPEeHHs 3ajexHocTi Bi [IAP i cTBOpUTh HAyKOBY OCHOBY IS
dbopmyBaHHS €EKTHBHOI JIePKABHOT TOJITUKH, 100 CIOKUBAHHS HAPKOTHKIB, AJIKOTOJIIO 1
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TIOTIOHY, & TaKOK CTBOPUTH YMOBH JUIsI CTBOPEHHSI €()EKTUBHUX METOJIB KOHTPOIIO SKOCTI
npodUTAaKTUIHHIX 3aXO/TiB.
AHaJi3 ocTaHHIX J0CTiKeHb i myOJikaniii

OCHOBYIOUMCh Ha aHajdi3l CydacHOi JIITEpaTypd Ta CTaTHUCTUYHUX JaHUX TIPO
emizieMionoriuny curyamito 3aiexHocti Big ITAP B VYkpaini Oynma mocraBieHa 3agada
CTBOPCHHS QJICKBaTHOI MOJIEJNIl TOIIMPEHHS ajKO- Ta HApKO3AJIEKHOCTI Yy CYCITUIBCTBI.
CratuctuyHi JaHi Oynu OTpuUMaHi 31 3BITY HPO HAYKOBO-AOCHIAHY poOoTy "Po3pobienHs
MaTeMaTHYHUX METOJIIB MOJIETIOBaHHS €MiJeMIYHUX IMPOLECIB, MOB’I3aHUX 13 MOUIMPEHHIM
3QJICKHOCTI BiJI HAPKOTHKIB Ta IHIIWX TICUXOAKTHUBHUX pedoBuH", mmdp temn HAMH
C3.20.14 (xepiBauk HJIP: 3aB. BinailioM KJIiHIYHOI Ta COLIaJIbHOI HAPKOJOTii, JOKTOP
mennyHux Hayk O. MiHKO; BIANOBiAaJbHUIA  BHKOHABEIb: MPOBIAHMNA  HAayKOBUH
CHIBpOOITHUK, KaHAUAAT MeIUIHUX Hayk JI. Mapko3oBa).

Merta nociizkeHHs

Memow cmammi € aHaji3 ICHYIOUMX METOJIB MAaTeMAaTHYHOTO Ta T€OMETPHYHOIO
MOJICTTIOBaHHSI OIOJIOTIYHUX CHCTEM JJsi OMHCY eMiJeMiYHHX IPOIECiB, TMOB'I3aHUX 3
MOIIMPEHHSM 3JIEKHOCTI BiJ HApKOTWUKIB 1 iHmMX [IAP mpw mporHo3yBaHHI JUHAMIKH
3aXBOPIOBAHOCTI Ha HAPKOMaHIi 1 alKOroii3MOM sIK B YKpaiHi B LIJIOMY, TaK 1 OKpeMHX ii
perionax. [Ipu anami3i MeTo/1iB HEOOX1THO BpaXOBYBAaTH CHEIU(DIKY COIPHIUHATTS pe3yIbTaTiB
MOJICNIIOBaHHS MEAMYHHMM TMpalliBHUKaMM, [0 BHMAarae pO3IIUPEHOi 1 aJeKBaTHOL
Bi3yastizallii pe3yybTaTiB MOICITIOBAHHS.

BukJ/aieHHs1 0CHOBHOI0 MaTepiaaxy q0CTiIKeHH S

Po3BuTok momysnAwii XBopux, abo po3BUTOK emifemii 3anexxHocti Big ITAP, moxHa
pO3MIsAATH SIK OKPEMHM BHUIIQOK PO3BUTKY OYAb-sIKOI MOMyJsAIii. 3 0JHOTO OOKY, KOXXEH
3anexxHuil Bin IIAP XBopuil MpOTSATOM CBOTO JKHUTTS PEKPYTYyE NEBHY KUIBKICTh HOBHX
CIIO’KMBAYIB aJKOTONI0 a00 HAPKOTHKIB (€KBIBAJCHT PO3MHOXKEHHSI), 3 1HIIOTO — ICHYIOTh
00cTaBUHH, SKi OOMEXYIOTh 3pOCTaHHS YHUCEIBHOCTI TaKOi MOMyJsii. TakuMu € 3yCHIUIs
JepKaBM, CIPSAMOBAaHI Ha MNPO(ITAKTUKY CTaHIB 3aJeKHOCTI, JIKYBaHHS XBOPUX
HAPKOJIOTIYHOTO MPOQLII0 Ta HOTO SIKICTh, 3aru0enbh XBOPHUX, 00POTHOA 3 HE3AKOHHUM 00iroM
HApKOTHUKIB 1 MPOJIAKOM aJKOTOJI0 HEMOBHOJITHIM, IHIINI aJMIHICTPAaTHBHI Ta €KOHOMIYHI
(akTopH, 110 BIACTUBI JAHOMY COILIYMY 1 CYIIPOBOJIKYIOTh MPOLIEC MOIIMPEHHS eMiieMii.
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Puc. 1. lmnamika emigemii 3a;1e:KHOCTI Bil aIKOT0JII0.
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Puc. 2 Ilunamika B3aeMopii monyasauii ajko- i HapKo3aJesKHHUX.

Ha HnaBemenmx rpadikax MaHMX CTATUCTUKM HAOYHO TIOKA3aHO HEOIHOPITHUN
po3BUTOK momyismii 3anexxaux Bix [IAP. SIBHO BHIHO, 1m0 KOJMBAJIBHHEI MPOIEC Ma€
MakcuMyM y 1999 pori mist puc.1 1y 2008 pori ans puc.2. MiHIMyM KOJTUBAJIBHOTO IPOLIECY
s puc.] mpunagae Ha 1992 ta 2010 poku. [IpudoMy, KUTBKICTh XBOPHUX B Il POKHA 3HAYHO
PIZHUTHCS, IO BKA3y€e Ha 3MiHY XapaKTepy KOJHMBaHb JI0 1 Mics TOYKA MakcuMmymy. Ha puc.2
CIIOCTEPIraeThCs OJMH 3araibHUi MiHIMYM y 1993 poui. MiHiMyM KOJUBaJIbHOT KPUBOI MIiCIIs
TOYKH MaKCUMyMY JIJIsl pyc.2 HE BU3HAUCHUH, aje 3a xapakTepoM KpuBux 3 1994 mo 2008 pik
132008 mo 2013 pix MO>KHA MPUITYCTUTH BIIMIHHICTh KOJTMBAIHHUX MPOIIECIB.

TakuMm 4YMHOM, AMHaMiKa PO3BUTKY HOMysAlid 3anexxHux Big IIAP 3MiHIOETBCH 3
YacoM Y 3aJICKHOCTI BiJ 0€3/1141 COLIaIbHUX 1 MEUYHUX YNHHHUKIB.

Bubip maremaTtuyHOi Mojeni 3A1HCHIOBABCS Ha IMJICTaBl MPOBEACHOTO MEPBUHHOTO
aHai3y cUcTeMHU. Y BIAMOBIAHOCTI 3 O0'€KTOM 1 IUISIMH, MaTeMaTHU4HI Mojeni B Oiojorii
MO>KHA IIOIUINTH Ha [ABa BEJIUKI KJIACH.

[lepmuit — perpecuBHI MOENI BKIIOYAIOTH EMITIPUYHO BCTAHOBJICHI 3aJICKHOCTI
(popmynu, nudepeHmianbHI Ta PI3HUIECBI PIBHSIHHS, CTATUCTUYHI 3aKOHU TOIIO), IO HE
NPETEHAYIOTh Ha PO3KPHUTTS MeEXaHI3My JociiipkyBaHoro mpouecy. Koedimientn B
perpeciiHuX MOJENsIX 3a3BHYaii BU3HAYAIOTHCA 3a JIOMOMOTOI0 Tpoueayp imeHTudikarii
nmapaMeTpiB  MoOJeNeld 3a eKCIepUMEHTAIbHUMHU JaHuMu. llpu 1poMy, Halfgacrime
MIHIMI3YETBCSI CyMa KBaJIpaTiB BIAXHIJICHb TCOPETUYHOI KPUBOI BiJ €KCIIEPUMEHTAIBLHOI JIJIS
BCIX TOYOK BHUMIPIOBaHb, TOOTO KOEQIIIEHTH MOJET MiAOMPAIOTHCA TaKUM YHUHOM, II100
MiHIMI3yBaTu (QYHKIIIIO:

F=SwlX - x(@,a..a) . (1)

i=1

TYT | — HOMEp CIOCTEPEKEHHS B BEKTOPI JaHUX; X, —eKCIIEPMMEHTAJbHI 3HAUEHHS 3MiHHUX;
X{ — TEOPETUYHi 3HAYEHHS 3MiHHMX; @;,a,,..., &, —TapaMeTpH, IO [ UIAraloTh OLIHI; W, —
Bara I-oro criocrepeskeHHs; N — 4HCII0 CIIOCTEPEIKEHbD.
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Hpyruit kiac — iMiTariitHi MOJeNIl KOHKPETHUX CKIIATHUX KUBUX CHUCTEM, K TIPABHUIIO,
MaKCUMaJIbHO BpaxoOBYIOTh HasBHY 1H(popmalito mpo oO0'ekr. Imitamiiini  momeni
3aCTOCOBYIOTBCSL JUIi ONHUCY OO'€KTiB pI3HOro piBHSA oOprasizamii >kuBoi Martepii — BiA
OGlomMakpoMOJIeKyl 70 Mojeliel OioreoneHo3iB. B ocraHHbOMY BHMNAAKy MOAENI TOBHHHI
BKJIFOYATH OJIOKHW, IO OMUCYIOTh SK UBi, Tak 1 "ckicH1" kommoHeHTH. OO4YHClIeHa Ha
KOMIT'IOTEpl KapTUHA "KUTTA" CHCTEMH J03BOJISE MPOCTEKUTH, K 3aKOHU NPOSABISIOTHCS Y
(G yHKIIIOHYBaHHI 010710T1YHUX O0'€KTIB.

HemoBHoOTa MaHMX 1 3HAYHA KUIBKICTh 30BHIMIHIX (DaKTOpiB 010J0TIYHOT CUCTEMH, IO
JOCTIKYEThCSI, HE JO3BOJISIOTh BHUKOPHUCTOBYBATH IMITalliiHI MOJAENi. 3Ba)Kalouu Ha IIe,
BUBYCHHIO MISITaIOTh 0a30B1 PErpEeCUBHI MOJIEII.

Bci GiosoriuHi cucteMu pi3HOTO PiBHsI OpraHi3allii, MOYMHAIOUN BiJl 010MaKpOMOJIEKYJT
710 TIOTYJISALIN, € TEPMOJMHAMIYHO HEPIBHOBAXHUMHU, BIAKPUTHUMHM Ul MOTOKIB iH(OpMaIlii,
pedoBuHU 1 eHeprii. ToMy HEMHINHICT — HEBIT'€MHA BJIACTHBICTh 0a30BUX CHCTEM
MaTeMaTuyHoi Oiosorii. He3Baxkaroun Ha BeTWYE3HY PI3HOMAHITHICTh JKUBUX CHUCTEM, MOKHA
BUJUINTA JIeIKI HAWBAXIMBINI TPUTAMaHHI 1M  SKICHI  BIIACTUBOCTi:  3POCTaHHS,
CcaMOOOMEKEHHSI 3pOCTaHHs, 3AaTHICTh 10 NEepeMHUKaHHs (ICHyBaHHS B JBOX a00 JCKIIBKOX
CTAIllOHAPHUX  PEXHMMax),  aBTOKOJMBAIbHI  peXuMH  (OIOpUTMH),  MPOCTOPOBY
HEOJHOPIIHICTh, KBA31CTOXACTIYHOCTh. BCl i BIaCTUBOCTI MOXKHA NMPOJEMOHCTPYBATH Ha
MOPIBHSHO MPOCTUX HETIHIMHUX AUHAMIYHUX MOJIENAX, sIKI 1 BUCTYMAIOTh B poii 0a30BUX
MOJeJIEH MaTeMaTUYHO] 010J10T1].

OnHe 3 ¢yHAAMEHTAJIBHUX TMPHUIYIIEHb, IO JEXUTh B OCHOBI BCIX MoOAeJeH
3pOCTaHHS — MPOMOPILIHHICTh IMBUAKOCTI POCTY MOMyJAMii 1i uncenbHOCTI. [ CKIIamHuX
O10JIOTIYHMX CHUCTEM PO3MHOXEHHS BiOYBAa€ThbCS MO OLIBII CKIAQTHOMY 3aKOHY, ajie¢ B
HaMmpocTilni MoJeNni MOXHA MPUITYCTUTH, IO IMIBUAKICTH PO3MHOXKEHHS IMOIYJISLIi
nporopiriiiHa ii yucenpHOCTI. Llew nporec onucye popmyna ManbTyca, sika JiHiHA BIITHOCHO
3MIHHOI X, III0 XapaKTePU3ye YUCETbHICTh (KOHLIEHTPAIil0) OCOOMH y MOMYJIALIi:

o =Rx. (2)
dt

Tyr R B 3aranpHOMY BUNAAKYy MOK€ OyTH (YHKIIEIO SK camMOi YHMCEIbHOCTI, TakK 1
yacy, ab0 OyTH 3aJIe)KHOIO BiJl 1HIIMX 30BHIIIHIX 1 BHYTPIMIHIX (hakTopiB. SKmo KoedimieHT
npornopiidHocTi R=r=const (ax me mnpumyckaB MaibTyc), YHCEIBHICTh 3pPOCTaTUME
HEOOMEKEHO 10 eKCTIOHEHTI:

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

Jist GLIbIIOCTI MOMYIALIN ICHYIOTh 0OMEXYBalIbHI (PaKTOPH, TOMY 3 THX UM 1HIINX
NPUYMH 3pOCTaHHS MOMYIALii NMpUnuHseThcs. ba3oBoio mMozpemtio, sika onucye oOMeXeHHUH
3pocTaHHsl, € Moaenb Depxionbera:

dx X
—=rx|1-—. (4)

dt K

Tyr mapamerp K 3BeTbcst "eMHICTh TOMYJAMil" 1 BUPAXAETHCS B OJUHMILIX
yucenbHOCTI (200 KoHIeHTpalii). BiH He Mae Oymb-SKOro mpocrtoro (isM4HOrO ado
010JIOTIYHOTO CEHCY 1 HOCHTh CHCTEMHHMH XapakTep, TOOTO BH3HAYAETHCS IIJIOK0 HU3KOKO
pi3HUX (haKTOPIB, SIKI HEMOKJIMBO BPaxyBaTH B MOJIENI.
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Puc. 3 Cucrema 3 00MeKeHUM 3POCTAHHSIM
a) — 3aJIeXKHICTh IBUIKOCTi MPUPOCTY BiJl YHCEJBHOCTI;
0) —3aJIesKHiCTH YHCeIbHOCTI Big yacy

Onniero 3 NpUYMH OOMEXKEHHS 3pOCTaHHS MOXE OyTH HEIOTIK >KHUBUIBHOTO
cepefoBuIa (TMITYBaHHS 1O cyOcTpaTy Ha MOBI MikpoOiosorii). Mikpobionoru IaBHO
MIIMITHAIIH, 110 B YMOBax OOMEXEHHS 10 CyOCTpaTy MIBHAKICTH POCTY 3POCTAE MPOIOPIIiiHE
JI0 KOHIIEHTparlii cyOcTpaTy, a SKIIO CyOCTpaTy BIOCTallb, TO BHUXOJIWUTHHA IOCTIHHY
BEIMUMHY, SKa BU3HAYAEThCS TEHETUYHUMU MOXIUBOCTSIMH TONyJsmii. BBaxkaeTnbcs
JIOBEJICHUM, IO Cepeja JI0JIed TUIBKM YacTHHA CXHJIbHA J0 3aJeKHOCTI BiJl HAPKOTHKIB 1
AJKOTOJI0. 3 €MiZIEeMIOJIOTTYHOI TOYKHA 30py BOHHM € CyOCTpPaToM PO3BHTKY 3aJ€KHOCTI Bif
[TAP. IlpoTaroM AesKOro 4acy 4YHCENbHICTh MOMYJSMii 3pOCTae €KCHOHEHIIaIbHO, MOKH
MIBUIKICTh 3POCTaHHS HE IMOYMHAE OOMEXyBaThUCS Oyap-skuMH 1HIIUMHU (akTtopamu. lle
O3Hayae, MO 3aJEKHICTh MBHAKOCTI pocTy R y dopmyni (2) Big cyOcTpaty Moxke OyTH
OIHMCaHAa y BUTJISIII:

0O
RE)= s (5)

TyT Ks —KOHCTaHTa, piBHA KOHIIEHTpAIii CyOCTpary, Ipu SKii MBUAKICTb POCTY JOPIBHIOE
MOJIOBUHI MAKCUMAIIBHOI, L)) —MaKCHMallbHA IIBHJIKICTh POCTY.

3MiHIOBAaTH 3pOCTaHHS TOMYJAIIl MOXYTh HE TUIBKA (PakTopu 30BHINTHBOTO
cepenoBuIla, a W BIUKMB 1HMIOI nomynsuii. [IpulHATO BHUIIIATH TPU OCHOBHUX THUIHU
MDKIIONYJISAMIHHUX BigHocHH: "+ +", "—" Ta "+-". [Ipn npoMy 3HaKOM "TJIIOC" TO3HAYAETHCS
NO3UTHUBHUM, CIPHUATIMBHMA BIUIMB OJHi€l momymsauii Ha iHOIy, a 3HaKoM "MiHyc"
HECTIPUATANBUNA. BiAMOBIIHI TUITH MKTIOMYJSIIIIHHAX B3aEMHUH OTPUMAIH HAtMEHYBaHHS:

"++" — mpoTokoomeparis, MyTyatizMm adbo cumM0103;

"—" — B3a€EMHE KOHKYPEHTHE I10/1aBJIeHHs a00 KOHKYPEHIIis 3a 3aralbHUui pecypc;

"+ —" — BIIHOCWHU THUITY XM)KaK-)KepTBa ad0 Mmapa3uT-rocroap.

Kpim TOro, mpuiHATO BHUIAUIATA JIBa THUIM BIJHOCHH, MPU SKWAX OJHA IOMYJIAILI,
poOIIsuM MO3UTHBHUK a00 HEraTUBHUU BIUTUB HA iHIY, camMa He BiauyBae 3 ii OOKy HisSKOTO
BIUTUBY (BigHOCHHU THITY "+ 0").

3naku "+" 1 "-" B 1ill cUMBOJIII, KPIM 3aralbHONPUHHATOTO METaQOPHUHOTO CEHCY,
MalOTh KOHKPETHUN MaTeMaTU4YHUI ceHC. SIKIO AMHaMiKa JBOX B3a€MOJIIOYUX IOMYJISIiN
OTUCYETHCS CUCTEMOIO TH(EPEHITIATHPHUX PIBHIHB:

x=xt(xy) y=ya(xy) (6)
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ne moxiaui df/dy i dg/dx maroTh MOCTIHHMI 3HAK MPH BCIX 3HAYEHHAX 3MIHHHX, TO IMOETHAHHS
3HAKIB WX TMOXIAHUX BHU3HAYAE XapaKTep MUKIOMYJIAIIWHUX BIJHOCHH BIAMOBIIHO 10
3araJibHONIPUMHATOI KiIacu@ikarii.3 1i€i Touku 30py BiIHOWEHHS TUIY «+ 0» € BUKIIOYHOIO,
BHUPOJ/KEHOIO CUTYAITIEIO.

Y 3aranpHOMY BWIJISAI B3a€EMOMIS MK TIOMYJSISIMA OIMHUCYETHCS CHUCTEMOIO
TuQepeHIiaTbHIX PiBHSAHB!

d(;\:l =aN; +a,N;N, +allN12;

(7)
sz = a2N2 + a21N1N2 +a~22N22;

ne, N;, N, —ImykaHi 3HaueHHs 4yMcla NOMYJALIN, a &, &, I, ] =1,2 — mapaMeTpu CUCTEMH,
JIesIK1 3 IKUX MOXYTh MpUuiMaty 3HadeHHs (.

3a mapameTpamMH MOKHA CYIUTH PO MIKIOMYJISIIHHI B3a€MOII:

1) a; jN;iN; — BiamoBinae MiKIOMYIALIHHINA KOHKYPEHIIIi.

Taxkum ymHOM:

- sKmo @;; <0 — Mae Miclle KOHKYPEHIIis;
- AKWo @ ;> 0 — cumobio3;
— SAKOIO @, 1 @,, MAlOTh MPOTUJICKHI 3HAKH — MA€ MICIIe MOJIENIb XMKaK-KEPTBa,;

2) aj Ni2 — TIOKa3HWK BHYTPINTHBOBUIOBOT KOHKYypeHIii. JlaHuii J0aHOK Mae CeHC
TUTbKH Tipu a;;<0;

3) a;N; — BiImoBigae MOKa3HUKY BITLHOTO PO3MHOKEHHS TOMYIIALIT (CHIa MOMYJISAIii):

- sKmo, & >0 — momymsIis CXUiIbHA 10 POCTY;
- ko, & <0 — BUMHUpaHHSI.

[Tpu pi3HUX 3HaUYEHHAX KOe(DIIIEHTIB OyIyTh BUXOAUTH pi3HI rpadiku QyHKINT, IKUMHU
MO>KHA 1HTEPIOIIOBATH €KCIIEPUMEHTAIbHI aHi. TakoxX IiKaBo Te, IO OLIHIOIYH OTPUMaHi
Koe(iIieHTH, MOKHA 3pOOUTH BUCHOBOK ITPO B3aEMOJIIIO TTOMYJISIIIM.

[Ticnss omiHKK 3amadi MOJENIOBaHHS OyB 3poOJieHWH BHCHOBOK IPO BIJACYTHICTh
BHYTPIITHHOBHI0BOI KOHKYpeHIIii. TakuM YuHOM, IpuiiMaeThes &; =0 1 OTpUMYy€EMO:

an, =a N, +a,N;N,;
o ®)
dtz = a2N2 + 821N1N2 .

Jlana cucrema piBHAHb IpU KOe(illieHTax @, 1 &) NPOTHIICKHUX 3HAKIB € MOJCIUIIO
Jlotku-BonbsTeppa (xmwkak—kepTBa). B oCHOBYy Mojeni TMOKIaAeHO Taki ifeaii3oBaHi
YSBIIEHHS PO XapakTep BHYTPIIIHBOBHJIOBHX 1 MIKBHUJOBHUX BIJIHOCHH B CHCTEMi XMXKaK—
KepTBa:

1) mig yac BiICYTHOCTI XWKaKa TOITYJIAIS KePTBa PO3MHOXKYETHCS BIAMOBIAHO 10
npuHIKMITY ManbTyca — eKCIIOHEHITIaTbHO;

2) momyJsIisl XMKaKa I yac BIICYTHOCTI KEPTBU €KCIIOHEHITIAIbBHO BUMHPAE;

3) cymapHa KUTBKICTh JKEPTB, SIKi CIIOKMBAETHCS HACEIICHHSIM XIJKaKa B OJMHHIIIO

yacy, JIHIHHO 3aJIeKHUTh 1 BiJ HIUIBHOCTI MOMYJSAIil >KEPTBH, 1 BiJ HIUIBHOCTI
MOMYJIAIIT XMKaKa,;
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4) croxuTa XMKaKoM Olomaca )KEPTBU 3 TMOCTIHHUM KOE(IIIEHTOM TepepoOIIIe€ThCS
B 0ioMacy XWKaka,
5) Oynb-siKi 10AaTKOBI (haKTOPH, IO BILTUBAIOTH HA JUHAMIKY TOIYJISIIIH, BiICyTHI.
UucenbHICTh XepTB Oyae 30UIbIIYBaTUCS THM TOBUIBHIIIE, YUM OUIbINE 1CHYE
XWKaKiB, a YUCEJBHICTh XIKaKiB — TUM MIBUIIIEC, YUM OUIBII YHCENbHI XEpPTBU. Takum
YHHOM, KOE(II[IEHTH PUPOCTY BiMNOBITHO JOPIBHIOIOTh:

(81 —7/1N2), ey (—82 —j/le),

ne N; 1 N, — 9ucenbHICTh MOMYJALIN XEPTBU 1 XM)KaKa; & — IIBUAKICTb PO3MHOMKEHHS
KEPTBU B BIJICYTHOCTI XIDKaKa; &, — MPUPOJIHA CMEPTHICTh XMXKaKa, J; 1 ¥, — KOe]ilieHTH,
BiJIIOBITHI MOTPEOH B TKi JUISI KOXKHOTO 3 IBOX BH/IIB.

3pobneHi TpUIyIIEeHHsT MPU3BOAATH N0 CHCTeMHU IU(EPEHIIaTbHUX PIBHSHD IS
OIKCY YHCEIBHOCTI MOMYJISALIN B MOAETI XM)KaK—KepTBa:

dN
—tl: Nl(gl +71N2);

d
9)
dN (
dt2 = —Nz(gz +}/2 N])

Posrnsinyra Mojzenb MUDKIOMYNSALIAHOI B3a€EMOAIl € JOCTaTHBO THYYKOIO JUIS
MOJICTIOBAHHS CKJIJHUX €I1EMIOIOrTYHHX MPOLeciB. AJEKBATHO MiAi0paHi KOSMILIEHTH & |

B1JIOOpaKAIOTh B3AEMOJIII0 MK PO3TJITHYTUMH TOMYJISAIISIME: 3aJICKHI — 37J0POBI, aJTKOTOJIIKH
— HapkomaHu. [Ipu mpaBUILHOMY EMITIPUYHOMY BH3HAYCHHI KOE(IIIEHTIB MOXKHA 3pOOHUTH
BUCHOBKHM TIPO XapakTep MDKIOMYJSIIMHUX BiTHOCHH, TOOTO arpecHBHOCTI KOXXHOI 13
B3aEMOJIIFOYHMX MOMYJISALiN okpemo. OTpumaHa iH(opMaIlis € OCHOBOIO JIJIsi KOPOTKOYACHOTO 1
IpoJIOHroBaHoro nporHody. Koedimientn @ HecyTh B co0i iH(popMmaliio Hpo CTIHKICTh
JOCJTIDKYBAHUX TOMYJIAIINA /10 30BHIMIHBOTO CEPEAOBHINA. Y CHUCTEMI, IO MOJETIOETHCS, 11€
BimoOpaskae pi3Hi colliaiabHi, FOPUIUYHI, 171€0I0T14HI, (DiHAHCOBI Ta 1HIII YUHHUKH.

Bapro nmomarm, mo 06a3oBa MOAENb MDKIMONYJAMIMHUX B3aEMOMIM MOXE OyTH
MoaudikoBaHa TiJ BIACTUBOCTI Ti€i YW 1HIIOI CUCTEMH. TakuM UYMHOM, IS MOJEIb €
BapiaHTOM BHOOPY JUIsl BUPIIIEHHS 3a/1a4l MOJICIIOBaHHS MOIIMPEHOCTI 3anexxHocTi Big [TAP.

BucHoBkHu

PosrasiHyTo 3agady MoIeIIOBaHHS PO3BUTKY €MieMii 3a7eKHOCTI Bl ICUXOAKTUBHUX
PEUOBHH 1 MPOBEACHO NMEPBUHHUN aHali3 CUCTeMH. PO3MIIIHYTO OCHOBHI perpecuBHi Mojaemi
po3BuTKy monyismii. [TokasaHo, mo 0a3oBa MOAEIb MIDKIMOMYJSALIMHOI B3a€EMOIIT MOXeE
JATTA B OCHOBY BHpILIEHHS MOCTaBJiE€HOI 3ajadi. HampsMkoMm momaibIIMX AOCTIIKEHb €
momudikamiss oOpanoi wmomeni 1 po3poOka MeToAy BU3HAUCHHS  KOEQiIi€HTIB
nudepeHIiaTbHUX PIBHSHbD.

CnucoK BUKOPHUCTAHOI JIiTepaTypu
1. ba3spikun A. [I. HenuHeitHas nuHamMuKa B3aMMOJEHCTBYIOIIMX Monyssinuid. Mocksa:
HNHcTuTyT KOMIBIOTEpHBIX HccaenoBanui, 2003. 367 c.
2. Mappu [x. Henuneiinsle mauddepeHunanbupie ypaBHEeHUs B Ouonoruu. Jlekuuu o
mozensax. Mocksa: Mup, 1983. 397 c.

DOI 10.32782/2618-0340-2018-2-105-113
112



ITPUKIIAJTHI TUTAHHA MATEMATHYHOI' O MOAEJTIOBAHHA Ne2, 2018 p.

3. Modelling Drug Use: Methods to Quantify and Understand Hidden Processes. / F. Sharp,
R. Neaman (Ed.) Luxembourg: European Monitoring Centre for Drugs and Drug
Addiction, 2001. 245 c.

4. Heiimapk FO. 1. Marematnueckue Moaenu B ectecTBo3HaHUM U TexHuke. H. HoBropos:
Hwxeropoackuii yausepcurer, 2004. 281 c.

References

1. Bazyikin, A. D. (2003) Nelineynaya dinamika vzaimodeystvuyuschih populyatsiy.
Moscow: Institut kompyuternyih issledovaniy.

2. Marri, J. (1983) Nelineynyie differentsialnyie uravneniya v biologii. Lektsii o modelyah.
Moscow: Mir.

3. Sharp F., & Neaman R. (Ed.) (2001) Modelling Drug Use: Methods to Quantify and
Understand Hidden Processes. Luxembourg: European Monitoring Centre for Drugs and
Drug Addiction.

4. Neymark, Yu. L. (2004) Matematicheskie modeli v estestvoznanii i tehnike. N. Novgorod:
Nizhegorodskiy universitet.

DOI 10.32782/2618-0340-2018-2-105-113
113





