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AJITOPUTM UCCJIEJTOBAHUSI MOJIEJIEN
HEJIMHEHHOW JMHAMUKH

A”HOTAUMA. AkmyarbHocms u yenu. B Hactosiiee BpeMsi MHOTHE pealIbHbIE MPO-
LIECCHI OIMCHIBAIOTCS HENMMHEHHBIMH (D (epeHMaIbHBIME YPaBHEHHAMHU. B cBs3m
C 9THM OJIHOM M3 Ba)KHEHIINX MpoOJieM, BOSHUKAIONINX B 3a/auaX MaTeMaTHYecKo-
IO MOJEIHPOBAHMS, ABISIETCS MPOOJIEMa HCCIENIO0BAHUS YCTOHUMBOCTU COCTOSTHUN
pPaBHOBECHS ¥ M3YyUCHHS] aCHMITOTUYECKUX CBOMCTB PEUICHUH Takux cucteM. Jlis
OIMCAHUs PA3IMYHBIX NPOIECCOB U HCCIEAOBAHUS JUHAMUYIECKUX CHCTEM HE00Xo-
MM MaTeMaTHYeCKHH amnmapar, CBS3aHHBIM C HEJIMHEHHBIMU cucTeMamu audge-
pEHIMANbHBIX ypaBHeHHH. [103TOMy mosiBIseTcs HEOOXOOMMOCTH B Pa3sBUTHU Me-
TOJIOB HCCIICZIOBAHUSI TAKUX CHCTEM W CO3JIaHMM HOBBIX 3(P(EKTUBHBIX METOIOB
aHanu3a. Bo3HMKaeT 3ajaua KaueCTBEHHOTO aHaIM3a HEMMHEHHBIX CHCTEM, I03BO-
JISIFOIETO  ONPENeIATh YCJIOBHS YCTOWYHMBOTO WX (PYHKIMOHUpOBaHUS. BaxHyro
poJb B pEIIEHUU 3TOM 3aJaud UrpaeT pa3paboTKa MaTeMaTHYECKHX METOJOB HC-
cienoBaHus cucteM. llemsiMu aHHOW paboTHI SBIISIOTCS: ITOCTPOCHHE ANTOPUTMA
HCCIIEOBAaHUS CUCTEM YPaBHEHUIl BOIBTEPPOBCKOTO BHUJIa METOJOM CPaBHEHHUS; Ka-
YECTBEHHOE HCCIIE0OBAaHHE MAaTEMaTUYECKHX MOJENIEH BOJIBTEPPOBCKOIO THIA, OC-
HOBOH KOTOPBIX SIBIISIOTCS HENMHEIHBIC CHCTEMBI OOBIKHOBEHHBIX I (hepeHIy-
IBHBIX YPAaBHEHUI; MPOBEICHNE YHCIEHHOTO 3KCIIEPUMEHTa HAa OCHOBE JITOpPUTMa
UCCJIEIOBAaHUS CHCTEM YpaBHEHHUH BOJIBTEPPOBCKOTO BUIA. Mamepuansl u Memoobi.
Maremarnueckue MOJAEIH HETMHEHHONW AWHAMUKHU HCCIIEIYIOTCSl METOJOM CpaBHe-
nust E. B. BockpeceHnckoro, KoTopsiii  mpeacTaBisier co0oi 0000mieHne MeToaa
¢ynknuii JIsmyHoBa u siBisieTcst 3G QeKTHBHEIM METOIOM HCCIIEIOBAHMS JMHAMUYE-
CKHX TIpolieccoB. B Hactosmeit pabore HenmHelHbIe AuddepeHnantbHpe ypaBHe-
HUSI HWCCIIENYIOTCSl CIeqyIomuM obOpa3oMm. [IJisi MCXOAHOTO ypaBHEHMS CTPOUTCS
ypaBHEHHE cpaBHEeHHUs. [Ipenmonaraercs, YTO IOBEAEHHE DEIICHHUsS YpaBHEHHS
cpaBHeHHUs u3BecTHO. [lanee uyepe3 STaIOHHYIO (PYHKIMIO CPAaBHUBAIOTCS PEIICHMS
JIByX O3THX YpaBHEHHH. YIauHBI MOIOOp YpPaBHEHHS CpaBHEHHUS U ATAaJOHHOU
(YHKIMY CpaBHEHUSI Ja€T BO3MOKHOCTB JUISl PEILICHUS] CAMBIX Pa3MYHbBIX 33134 Ka-
YeCTBEHHOH Teopuu AnuGQepeHIHaIbHbBIX YPaBHEHHH, HCCIeNOBaHUS MOBEICHUS
pemeHnit tuddepeHMaNbHBIX YPaBHEHUH U, YTO CaMoe Ba)KHOE, MO3BOJIIET pe-
IaTh 331241 TEOPUU YCTONYMBOCTH B KPUTHUECKUX cilydasx. Pesyrbmamut. Pa3pa-
00TaH aNrOpPUTM HCCIEAOBAHUS CHCTEM YPaBHEHHH BOJIBTEPPOBCKOTO BHIA METO-
oM cpaBHeHUs. [IpoBejeHO KauecTBEHHOE MCCIEJOBaHHE MAaTEMAaTHUECKUX MOJie-
JIe BOJIFTEPPOBCKOTO THUIA METOAOM CpaBHEHHA. Bwuigoowi. IlocTpoeH BbrUMCIHN-
TENbHBI QJITOPUTM C MCIOJIB30BAaHUEM METOJa CPaBHEHUs, pPa3pabOTaHHOTO
E. B. Bockpecenckum. IIpencraBaeHHBIH alrOpUTM pealn30BaH Uil KOHKPETHOU
MOJIENTH BOJIBTEPPOBCKOro Tuna. ChaenaHsl BBIBOJBI 00 aCHMITOTHYECKOH yCTOHUH-
BOCTH CHCTEMBI YPAaBHEHHUH 110 OTHOILIEHUIO K YacTH IIEpeMEeHHBIX. [laHHbIE pe3yJIb-
TaThl HUCCIIEIOBAaHUN YCTOMYMBOCTU MOJENU «XUIIHHK-XEPTBaY, IOJIyYEHHBIC Me-
TosoM cpaBHeHus E. B. BockpeceHcKkoro, aHallornIHEI BEIBOAAM, ITPEJICTABICHHBIM
aBTopamu Yuejian Jie, Yuan Yuan.

KaioueBble cioBa: cucremMa OOBIKHOBEHHBIX IU(QEpeHIHANbHBIX YpaBHEHUH,
ACHMIITOTHYECKass YCTOWYMBOCTh MO YacTH NEPEMEHHBIX, MOJIENb «XHIIHUK-
KEPTBAY.
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T. F. Mamedova, A. A. Lyapina

THE ALGORITHM OF THE NONLINEAR
DYNAMICS MODELS STUDY

Abstract. Background. Nowadays, a lot of real processes are described by nonlinear
differential equations. In this regard, one of the most important problems in mathe-
matical modeling is the problem of studying stability of equilibrium states and as-
ymptotic properties of such systems solutions. There is necessity of mathematical
apparatus associated with nonlinear systems of differential equations to describe
various processes in dynamical systems. Therefore, it is necessary to develop meth-
ods of studying such systems and to create new effective methods of the analysis.
We are faced with the challenge of analysing nonlinear systems that should allow us
to determine the conditions of sustainable operation. It is also essential to develop
mathematical methods to study these systems. The purpose of this paper is to con-
struct an algorithm of studying the Volterra type equations by using the comparison
method; to study the Volterra type mathematical models which are based on nonlin-
ear systems of ordinary differential equations; to conduct numerical experiments
based on the algorithm of studying the Volterra type equations. Materials and
methods. Mathematical models of nonlinear dynamics are investigated by using the
E. V. Voskresensky’s comparison method, which is a generalization of the Ye. Lya-
punov’s functions method and is an effective method of studying dynamic process-
es. In this paper, we investigate nonlinear differential equations in the following
way. The comparison equation is built for the original equation. It is assumed that
we know how to solve the comparison equation. Next, using the method of standard
functions we compare the two solutions of the equations. The proper selection of the
equation of comparison and the reference comparison function allows us to solve
various problems of the qualitative theory of differential equations, to study the be-
havior of differential equations solutions and, what is more important, allows us to
solve problems in the theory of stability in critical cases. Results. The algorithm of
studying systems of the Volterra type equations by using the comparison method
has been developed. A qualitative study of mathematical models of the Volterra type
equations by the comparison method has been done. Conclusions. The computation-
al algorithm based on the E. V. Voskresensky’s comparison method has been devel-
oped. The algorithm has been implemented for the Volterra type model. The as-
ymptotic stability of the equations system in regard to variables has been stated. The
outcomes of the study of the "predator-prey" model stability are similar to the find-
ings presented by the authors Yuejian Jie, Yuan Yuan.

Key words: the system of ordinary differential equations, asymptotic stability in re-
gard to variables, the "predator-prey" model.

BBenenune

B macTosmee BpeMst 601bIII0€ BHUMAHHE YISISIETCS U3YICHHIO METOIO0B HIC-
CJIEZIOBaHUSA MOJEJIe HEIWHEWHOW NMHAMHUKH, B TOM YHUCJE OJHOM W3 LIEHTpalb-
HBIX TIPOOJIEM — YCTOMYHMBOCTH, CTAOMIBLHOCTH CHUCTeM. Ha ceromHs cymiecTByeT
MHOXXECTBO pa3pab0TaHHBIX MTOJXO0I0B PEIICHUS JaHHOU 3a/1a4u.

MaTeMaTI/IT-IeCKI/Ie MOIOCIN MHOTHUX peaHBHBIX HpOHeCCOB OITUCBIBAKOTCA HE-
nuHeHbIME TuddepeHnnaIbHPIMI YPaBHEHUSIMH, [TO3TOMY OJHOM M3 Ba)KHEHUIIIIX
3aga4 ABJIACTCA 3aJada I/ISY‘ICHI/IH ACUMIITOTHUYCCKUX CBOf/’ICTB peIHeHI/Iﬁ TaKHUX
ypaBHeHuil. [Ipryem odeHb dacTo OBIBa€T HOCTATOYHO 3HATH O CBOWCTBAX JIHIIH
OTIETHHBIX KOMITOHEHT perieHui nudQepeHnnaabHbIX ypaBHCHHM.
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Kak u3BecTHO, peryiasipHbIii ciiydai, T.e. KOrja XapakTepuCTUYECKue MoKa-
3aTeJu MepBOTO MPUOIIKEHUS ATl HeMMHEHHOTO AndepeHITnaTsHOT0 YpaBHEHUS
OTIIUYHBI OT HYIA, s TuddepeHIInanbHbIX YPaBHEHUHA C TIIaJKUMH BO3MYIIICHH-
SIMH MICCIIEIOBAJICS MHOTHIMH aBTOpPaMH, B TOM duciie knaccukamu A. Ilyankape u
A. M. JlamynoBeiM. OHAKO Naxe peryspHBIA CiIydai, KOT/aa Bce XapaKTepUCTH-
YecKHhe MoKa3aTelld OTPHULATENIbHBI, He TapaHTHPYET YCTOMYNBOCTD TPUBHUAIBHOTO
pemreHus. 31ech HEOOX0IUMa PaBHOMEPHOCTh IKCTIOHEHITMATBHBIX OIEHOK pellie-
HUH 10 OTHOIIEHUIO K BO3MYIIEHUIO HAYAIbHBIX JaHHBIX. TOJIBKO B 3TOM cilydae
MOJKHO TOBOPHUTH O MPHUMEHHMOCTH MEPBOTO MeTona JIAmyHoBa Ui HETHHEHHBIX
muddepeHnanbHbIX yYpaBHEHNH. Eciu e MMeroTcsl HyJeBble XapaKTepHCTHYe-
CKM€ TIOKAa3aTeNr, TO HETOCPEICTBEHHO 4epe3 XapaKTEPHUCTHUECKHE MOKa3aTelu
npobiieMa YCTOWIMBOCTH HE PEIIaeTCs.

Jannas pabora mocssieHa n3ydeHuio MetogoMm cpasHeHus E. B. Bockpe-
ceHckoro [1] mporeccoB M3MEHEHHS COCTOSTHUN CHUCTEM, ONMCHIBAEMBIX HEITHHEH-
HBIMHA OOBIKHOBEHHBIMH Au(epeHnaasHpIMi ypaBHEHUAMH. [IpuMeHnM 3TOT
METOJl K HCCIIEIOBAHUIO YCTOWYMBOCTH DPEUICHWHA CHUCTEMBI Au(epeHIIHaTbHBIX
ypaBHEHUH BOJIETEPPOBCKOTO THIIA.

1. IlocTanoBKAa 3aga4u

Hccnenyercss onHa M3 OCHOBHBIX 3a7ad CHUCTEMHOH IOUHAMHKH — OLIEHKA
YCTOMYMBOCTH CUCTEMBI.

CraBurcs 3aa4ya U3y4eHUs IPOLECCOB U3MEHEHUS COCTOSHUM CUCTEM, OIH-
CBHIBAEMbIX HEJMHEHHBIMU OOBIKHOBEHHBIMHU IU((epeHINANTbHBIMI YPAaBHECHUAMH,
MeronoM cpaBHeHus E. B. BockpeceHnckoro.

B Hactosmel paboTe acHMOTOTHYECKHE METOABI IOIYYaOTCs 10 CIEAYIO-
mei cxeme. [l vccneayeMoro ypaBHeHHsI CTPOUTCS TaKk Ha3bIBa€MOE ypaBHEHUE
cpaBHeHus. [Ipennonaraercs, 4To NOBEACHUE PELICHUS] yPAaBHEHUS CPABHEHUSI U3-
BECTHO. 3aTeM uepe3 3TANIOHHYI0 (YHKIHUIO CPaBHEHHs CPaBHUBAIOTCS PEIICHUS
9THX JABYX YPaBHEHHH U JEJaeTCsl BBIBOJ O MOBEACHUH PEIICHHS UCXOIHOIO ypaB-
HEeHHs. Y IauHBIA 1MON00p ypaBHEHHS CPaBHEHHs M 3TAIOHHOW (yHKIMM cCpaBHe-
HUSI TIO3BOJISIET PELIaTh caMble Pa3IHyYHBbIC 33/1a4M KadeCTBEHHOW Teopuu audde-
PEHLMAIBHBIX YPAaBHEHUI M HUCCIEN0BATh ACUMITOTHYECKOE ITOBEIEHHUE PELICHUI
G hepeHITnaTbHBIX YPaBHEHHN.

2. AJTOPUTM HCCJIeI0BAHUS U PellIeHHUs
CHCTeM HeJIUHeHHBbIX I depeHunaNbHbIX YPABHEHUH

AJTOPUTM pelieHus TOCTaBICHHON 3aja9i BKITIOYAET JIBE YaCTH:

1. HccnemoBanue HEIMHEHHONW NMHAMHYECKONH CHCTEMBI AuddepeHITnaIb-
HBIX YpaBHEHUHN HA yCTONYUBOCTD.

2. Haxoxnenue pemreHns HeIMHSWHON TUHAMHUYIECKOW CUCTeMBI nuddepeH-
LUAJIbHBIX YPAaBHEHUM.

ITocTpouM BBIYUCIUTENBHYIO CXEMY METO/IA.

Paccmotpum muddepeninanbubie ypaBHEHUS:

x=A@)x+ f(t,x), (1)
y=A@)y, (2)

e A():[T,+e0) > Hom(R",R"), fe COV(RLxR" R").
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Iycts peenne x(:fy,X) ypaBHeHust (1) CyliecTByeT [Uisi BCeX Hadailb-

HBIX ycnoBHi (1), xg)€ TXR" wte T, T =[0,+e).
[IpenmnonoxuM Takxke, 9ro ypaBHeHue (1) umeet pemenue x(¢)=0.
Aaropurm. [lycte 3anano uccienyemoe ypasHenue (1). Ilepsast acTs ai-
TOPUTMA BKJIFOUAET BHIOOP YpaBHEHUsI CpaBHEHUs (2) M MMPOBEPKY YCIOBHI METOJa
CPaBHEHUS1, BO BTOPOW YaCTH Peain3yeTCsl KOHKPETHBIN YHUCICHHBIH METO/.
ITepBas yacTs.
1. Beibop ypaBHeHHUs1 cpaBHEHUS (2).
2. [loctpoeHne ¢GyHIAMEHTANTBHOW MATPUIBI PEIICHUH CcUCTeMBbl (2)

Y(6)=(y; (1), i,j=Ln, Y(tg)=E, tye[Ty,+e), Ty=T.
3. IToctpoenne oOpaTHOI MaTpuIBl Y _l(s) =( yj ! (), i,j= Ln.

4. OueHka HENMHEWHOHM 4YacTH CcHUCTeMbl. PaccMoTpuM MHOXecCTBa
NocMcMycMyc N, N={1,2,...n}. Ilycts

‘fj (t,xl,...,xn)

S?\.J(t,x

qu )a VjEN, {]Ia,]q}zMO,
A [T 40X R — Ry, Ry =[0,+e0), A ;€ C([T,+o]xRY),

kj(t,rl,..., ,. )<k (1 T Ty )s 1 ST, izﬁ pH Beex ¢ € [T,4o0).

5. Beruncnenue JTanoHHbIX (yHKIMHA cpaBHeHUs. [lycTh HenpepbIBHEIC

dynxumn p; [T ,+o0) — R}L, m; [T ,Ho0) — R}r YIOBIIETBOPSIIOT HEPABEHCTBAM:

yij(t)}a

a) ecaM MHOXeCTBO N, He IycTo, TO ul-(t)Zmax{
JeNy

TO Sto <t<+oo, iEMO;

6) eciu MHOXecTBO Ny mmycto, To W; ()20, i€ M.

Iycte m; ()2 max {Jrgjag; vii (1)

,].Li(t)}, TO SIO St<+4oo, iGMo.
0
[IycTh |(p,-(t)|$cm,-(t), i=l,q, g C([T,+oo),R”).

6. OLIGHKa paBHOMepHOﬁ CXOOUMOCTH HEeCOOCTBEHHBIX HUHTCTpaJIOB B
BBIPa’>KCHUH

J00)=] 3 vy ()7, (00— | 3 e (037 (511 (50(5)) s

tOJEM t JeN
keB keM

mo ¢ npu ¢—0, W;(¢)—>0, Vie|[T,+), Vie M, Ha n060M KOMIAKTE W3
[T;+e0), tne B=N\M .
7. IloctpoeHue ypaBHEHUS! CPaBHEHHUS:

-y ‘ ‘ (t,2m(1)). 3)

k,jeN
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BrisBienne cymiectBoBaHHs pelieHHi ypaBHeHUs (3), ONpeleNeHHBIX Ha
moGom komnakTe u3 [T;+eo).

8. BeimonHenue myHKTOB 2—7 g ypaBHeHu# (1) u (2) rapaHTUpyeT acUMII-
TOTHYECKYI0 3KBUBAJIEHTHOCTH 110 bpayepy. Ilepexo ko BTOpoil 4acTu anropurMa.

9. Ecnu myHKTHI 2—7 1711 ypaBHeHui (1) u (2) He BBITOTHSAIOTCS, TO CTPOUM
HOBOE YpaBHEHHE CPaBHEHUS, T.€. IEPEXOINM K IMYHKTY 1.

Bropyio wacte amroputma paccMOTpuM Ha mpuMmepe ypaBHeHHs (1)

¢ HauaIbHBIMU JaHHbIME X (1) =X, ¥ (fy)=yg, Tae

0 —
A(t):(al J, f(t,X,y)Z( ’Yleyj.
0 -a T21%y
[Ipencrasum cuctemy (1) B BUIe
z=A(t)z(1). 4)

1. HaxoxneHue perieHus: ypaBHeHHUs (4):

t
z(1)=exp| [ 4(t)dr |
l
2. IlocTpoeHne UTEPALTMOHHON CXEMBI PEILICHUM:

t t
%o () =exp| [y (1)t |, v, (1) =exp| [ Vo () |,
fo l
rae un_l(t)=a1 —ylzyn_l(t), vn_l(t)=—a2 —721xn_1(t); n — IIar uTepaluH.

3. TIpoBepka cXOIMMOCTH UTEPALIMOHHON CXEMBI C IOMOIIBIO COOTHOIICHUN
BHIA

”xn _xn—1||<81= Yn _yn—1||<82,

4. Ecny BEIIOIHSETCS yCJI0BUE 3, TO BBIBOJ PE3YJILTATOB.

3. UncnenHasi peaju3anus aJropurMa Ha MpuMepe ucciae10BaHus
MaTeMaTH4YeCKOH Mo/IeJIM BOJIbTEPPOBCKOI0 THIIA

PaccmoTpum Mozieb B3aMMOCHCTBUS IBYX COOOIIECTB [2]:
dx

= ax Py -y

dy (%)
—=kPBxy —my,

" Pxy —my

rac x,y — YUCICHHOCTH HOHy.TI?II_II/Iﬁ KEPTBBI U XUIMHUKA COOTBETCTBEHHO. Ecmn

MOMYJISIINA XUIIHUKOB OTCYTCTBYET, TO pa3Mep MOMYJISALHUU KEPTB pacTeT IKCIO-
HEHIIMAJIBHO CO CKOPOCTBIO (L ; TOTJAa KaK B OTCYTCTBHE IHOIYJISLUU KEPTB CMEPT-
HOCTh MOIYJISIIIAA XHUIIHAKOB [3 pacTeT 3KCroHeHIHanbHo. ClieqoBaTeabHO, KO-

sddunmeHTam o u B COOTBETCTBYET BHYTPUBHAOBAs CKOPOCTh POCTa YHUCICHHO-
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CTH KEepPTB U BHYTPHUBHJIOBasl CKOPOCTh CMEPTHOCTH XHIIHHUKOB COOTBETCTBEHHO;
v>0, yx3 OINHCHIBAET BHYTPUBUAOBYIO KOHKYPEHIIHIO.
[ uncneHHol peanusanuy BeIOEpeM CIeLyoUIe IapaMeTphl:

o=-0,15; B=2,5; y=0,1; £ =0,2; m=0,008.

1. Torma cucrema (12) mpumeT B

d
;’t (6)

Touxka (0,016; 0,0131) — moyoxeHUE paBHOBECHUS CUCTEMEI (6).
CraenaeM 3aMeHy nepeMeHHbIX ) =x; +0,016, y, =x, +0,0131, Torna cu-

crema (6) IpUMET BHIT

% =-0,1799x; —0,04x, —2,5x;x, +0,0048x7 +0,1x —0,1,
t

92 0,006x; +0,5xx,.
dt

I[TepeiieM K UCCIECIOBAHUIO HYJIEBOTO PEILICHHS COOTBETCTBYIOIIETO TIEPBO-
IO JIMHEHHOTO HpI/I6HI/I)KCHI/I$[, KOTOPOC NMECT BU

DU _0,1799x —0,04xy,
dt

(7)
dif =0,006x;.

2. ®dyHgaMeHTanbHas MaTpuIa cuctemsl (7) UMeeT BT

0,0338¢ 0177 _,975,-0:00141

3. OOpaTtHas MaTpula K (QyHIaMEHTaIbHOH MaTpuue cucTeMbl (7) HMeeT
BUJ

B [—1,00860’177S —0,226e0’177SJ
Y “(s5)= .

4. Muoxectso N ={1,2}, My =N, Torna cnpasemssl onexku [1]:

I (%)) < ‘—Z,lexz +0,0048x% +0,1x) —0,1029‘ <J [[a) = 24 (s a )

).

| /2 (2.x)]| 10,5002 < 2] = R ([ ez

nosromy Mo ={1,2}, M =M,, B=N-M ={0}.
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5. Torma 3TaJOHHbIE dhyHKIIIN CpaBHEHUS W [T ,Ho0) — R}r,
m; [T, +o0) — R YIOBJIETBOPSIIOT HEPABEHCTBAM W; > m?\;( vii ()5
JENg

Ty<ty<t<+eo, ieMy, ecm Ny#0; ecmm N;=0, T0o W;=0,

m; (1) 2 max{ max |y

JeEM,

W (I)} , Ty <t <+oo, i€ M, u GyayT UMETh BHJ

(1))

(z)}} =0,99¢7 %177t

t)= 1),
m (1) max{g%ﬂhl()

iy (¢) = max {|J’11 (¢):312 (f)|} =0,99¢ %177,
JEN,

b2 (1) = max vz (0), v (1) = 0,975 000141,

()]s

6. PaccMoTpuM cnemyromiee BEIpaKeHHUE:

J‘Z)’lk (s) /7 (s.0(s) dS—_[ Zylk (5) £ (5.:0(s))ds .

ty JEN t JEN
keB keM

(t)}} =0,975¢ 0014

t)= 1),
s (1 max{%ﬂm()

Beipaxenue J;(7,¢) cymecryer Vie N, ce R! u Ji (t.9)=o0(w; (1))
npu ¢ — +oo . HecoGCTBEHHBIE HHTETPANIBI CXOAATCS PABHOMEPHO IO ¢ HA JIFOOOM
KOMIIaKTE U3 [T ; +oo) :

oo
1 12 21 2
|J1(f,<P)|=—J.(‘J/11y ‘f1+‘y12y ‘fl""ylly ‘f2+‘y12y ‘fz)ds:
t

+oo oo
2—0,956_0’177t J' 6_0’0014Sds+O,42€_O’0014t J' 6—0,0014sds_

t t

~+oo +oo
_0’21e—0,177t I 6—0,177Sds +0,2le—0,0014t J‘ e—0,177SdS;

t t
“+oco
12 12 21 2
|J2(Z,(P)|:—_[ (‘ymy ‘fl +‘)’22y ‘fl +‘)’21y ‘fz +‘)’22y ‘fz)ds:
t
+oco +oo

:—0,0066_0’177t J' 6_0’0014Sds—0,2e_0’0014t J‘ 6_0’0014sds+

t t
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“+oo

t

+oo
+O, 00096—0,177f '[ e—0,177sds _ 0’ 966—0,0014t .[ 6_0’177Sds.
7. Bce pellieHus ypaBHEHUs

t
dz

T X R (eam()
keN, jeN
OMpPEACJICHBI HA KOMITAKTC [TO’tO] :
%: Z yjk ([)‘}\,J ([,Zm(t)) :057496_0’34t +0,88€_0’17l,
i, ~
eN, jeN

z=-2,2¢"03% _ 51347017
8. Beimonnenue nyHKTOB 2—7 1ia cucteM ypaBHeHui (6) u (7) rapanTupyer
aCHUMITOTHYECKYIO SKBUBAJICHTHOCTH pellieHni no bpayepy.

cTeMsl (6) mpeacTaBiieHa Ha puc. 1, 2.

Ilepetinem ko BTOpoit yactu anroputMa. CorjiacHO MyHKTaM ajJropuTMa pe-
anvM3oBaHa mporpamMma Ha s3bike C++. ['padudeckas wmrocTpanus penieHuin cu-

Prey biomass

Predator biomass

xdy

Puc. 1

3akiouenue
poBckoro Tuma [2].

IIpencraBiieHHBIN aIrOPUTM PEAIM30BAH JJI1 KOHKPETHOM MOJEIN BOJIBTED-

[Tomyueno, yTo, Tak Kak cucreMa ypaBHEHHH (7) acCUMIITOTUYECKH YCTOMYH-
Ba 110 IIEPEMEHHBIM X|, X, , CII€J0BATENILHO, TPUBUATIBHOE PEIIEHUE CUCTEMBI ypaB-
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N3secmus sbicuiux y4ebHbIx 3aeedeHull. [osoccKulli pe2uoH

HeHuit (6) 00NagaeT STUM e CBOMCTBOM 110 BceM mepeMeHHbIM. [lomyueHHbIi anro-
PHUTM SIBJIAETCS 00OOIICHUEM HCCIICIOBAHUM, HAYaThIX B CTaThe [2].

X

Puc. 2

JlaHHbple pe3yJbTaThl HCCIEAOBAaHUI yCTONYMBOCTH MOJENN «XHUITHUK-
JKepTBa», MOJyYeHHbIE METOJIOM cpaBHeHUd E. B. BockpeceHckoro, aHaJIOrHYHbI
BBIBOJIaM TIPEJICTaBIICHHBIM aBTopamu Yuejian Jie, Yuan Yuan [3].
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