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CUHTYNISAPHI NPOCTOPOBO PO3MOAINEHI AU®Y3INUHI 3BYPEHHA
OAHOro KJIACY AMHAMIYHUX NPOLIECIB

3anponoHOBaHO Mani NPOCTOpPOBi 3MiHM AUHaMIYHUX NpoLeciB Bpaxo-
ByBaTu WwWnsaxom audysiiHoro 36ypeHHs BiaNoBiAHMX BUPOMKEHUX AU~
HaMiyHux cucteMm. NMobyaoBaHi acCMMNTOTUYHI PO3BMHEHHSA PO3B’'A3KIB
BiANOBIAHUX CUHTYNAPHO 30ypeHux 3apay. HaBepeHi pesynbtatn unc-
NOBUX EKCMEePUMEHTIB, WO XapaKTepu3yTb BNaMB audysinHoro 36y-
PEeHHSA Ha BUPOMAXKeHi AMHAMIYHi CUCTEeMM 3i CTano iIHTEHCUBHICTIO Ha-
AXOMKEHHA 0COGMH y cepefoBMLLEe, @ TAKOXK Y BUNAAKaXxX, KON AeMo-
rpadiyHi cknapoBi npouecy onucyrTbca MmogenaMu ManbTyca, @ep-
xwonbcTa Ta Onni.

Knrwo4oBi cnoBa: AMHaMiYHI npouecu, CUHrynapHo 36ypeHi AMHaMIYHI
CUCTEMMU.

Beryn. [JocnigXeHHs gMHaMiYHMX NpoLeciB MeTogaMm MaTeMaTuy-
HOro MOAEsOBAaHHA MAae OABHIO Ta HAaCMYeHy pe3ynbTaTaMu icTopito. Ha
CbOrogHi iCHyYe [OCUTb BeJIMKA KiNbKicTb [obpe BMBYEHUX OUHAMIYHUX
Moenen pisHMX NPoLeciB, WO 3HANLWIM CBOE 3aCTOCYBAHHS Y HAaNpPi3HO-
MAHITHILWMX raay3sx HayKoBOro Mi3HaHHS.

B ictopuuHOMy acnekTi ¢popMyBaHHA ysiBNeHb NP0 AWMHAMIYHI Npo-
LLlecu noB’'si3aHe nepu 3a BCe 3 A0CNIOKEHHAMN MEXAHIYHUX CUCTEM, PyX
AKUX ONUCYETbCS andepeHuianbHUMKN pPiBHAHHSAMU. Pe3ynbTatn gochni-
OXXeHb ANHAMIKN TaKUX MEXAHIYHMX CUCTEM BUSABUNUCH [OCUTb ePEKTU-
BHMMW ONS aHaNi3y pi3HUX eBOMOLIMHUX npoueciB B 6aratbox Bionoriy-
HUX, EKONTOMYHMX, XIMIYHUX, CoLianbHUX Ta iIHWKX cucTemax [1-4].

Jo yncna HanbinbLW BaXxXNMBUX 3aBAaHb OOCNIAXKEHHSA BioNOriYHKX,
eKOoNOorivYHKMX, AeMorpadiyHnx Ta iH. CUCTEM MOXKHA BigHeCTN epeKTuBHe
MO EeN0BAHHA NONYyNsUiMHOT oMHaMiku. paBunbHO obpaHa Modenb 3a-
6e3neyye MOXK/NBICTb IKICHO NPOrHO3yBaTK ANHAMIKY 3MiHU KiNbKiCHUX
napaMeTpiB TaKMX CUCTEM Ta OTPUMATU HU3KY iHLINX BAXKINBUX pPe3ynb-
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TaTiB. [lpMHarigHo 3a3Ha4yMMo, WO ceped HanbinbLl NOWMPEHUX Kacuy-
HUX MoAesnien nonynsauil BapTo BKa3aTu NorictuuHy pyHkuito Pepxronbe-
Ta, KA OMUCYE PICT YNCENbHOCTI i301bOBAHOI Nonynauil 3 camoperynsui-
€0 6e3 ypaxyBaHHA Ti npocTopoBoi opraHisauil [5]. 3acTocyBaHHA Takoi
Moaeni o6MeXyeTbCa BMMagKaMu, KONM AOCAIOXKYBaHUM npouec Biaby-
BA€ETbCS B AOCUTb Masi 061acTi y NOPIiBHAHHI 3 MOXXIMBOI 06/71aCTHO aK-
TMBHOCTI OKpeMuMx 0co6uH. [opyLUeHHS X L€l yMOBU 3yMOBOE HEOBXia-
HiCTb BBEAEHHSA Y MOAeNi A0OAaTKOBMX CKA[0BUX, WO ONUCYOTb NPOCTO-
poOBY Mirpaduito.

YpaxyBaHHSA Yy Mogenax nonynsuinHol AWHAMIKU NpPOCTOPOBUX
CKNnapoBux, 30KpeMa, Auodysil, CyTTEBO YCKNALHIE MOWYK i aHanis
PO3B'A3KY BiANOBIAHUX MogenbHUX 3apaad [6; 7; 8. MNpoTe, y BMnaakax,
Konu andys3inHi CKNagoBi € MasIMMKN Y NOPIBHSAHHI 3 iIHLWWMN CKNag0BUMMU
npouecy edeKTUBHUM € 3aCTOCYBaHHS acMMNTOTUYHUX MeTogis [9; 10;
11] po3B’ss3aHHA BigNOBIAHMX CUHTYNSAPHO 30ypeHMX 3a4au.

MateMmaTtuyHa Moaenb AMHAMIKK nonynsuii 3 ypaxyBaHHAM Manux
npocTopoBo po3noaineHnx AudysinHux 36ypeHb. Buxogsum 3 Bulle
CKa3aHoro NpocTopoBO-4acoOBY OMHAMIKy OKpemol nonynsauii B 3arasnb-
HOMY BMMNAQKYy ONULIEMO TAaKOK CUHIYNSIPHO 30ypeHo MoAesibHOK 3a-
Aadelo:
u(xt)=cu_(xt)-yu (xt)+F(uxt), 0<x<l, 0<t<+oo; (1)
u(x,0)=u.(x), 0<x</; u (0,t)=u_(l,t)=0, 0<t <+, (2)
ne u(x,t) — KinbKicTb 0co6UH nonynauii (KoHUeHTpauis, 6iomaca, ryctv-
Ha KJiTUH, XIMIYHUX eNeMEHTIB TOL0) B TOYLI X B MOMEHT Yacy t; € — Koe-
¢diuieHT npocTopoBo-AnUdY3iNHOMO «NOLWNPEHHS» 0COBUH nonynauii (Ma-
NMIA napameTp); y — WBUAKICTb Mirpauii ocobuH nonynauii; F(u,x,t) -
OOCTaTHE 4yucno pas gudepeHuUinoBaHa YHKLiNA, WO ONUCYE XapaKTep
3MiHU YncenbHOCTI nonynauil; u,(x) — AesKa 3afaHa pisHoro poay rnag-

KocTi (30KkpeMa, po3puBHa) GYHKLUIA, WO XapaKTepu3ye No4aTKOBUIA po3-
nopin ocobuH nonynsau,il.
3asHauumMo, akwo B (2) 3apaHa po3puBHa byHKUiA u,(x), TO Aani

ANpPOKCUMYEMO 11 AeSKOK A0CTaTHbO rnagkot ¢yHkuierw. Hanpuknag, y
BMNaAKYy, Konu GyHKUifa u,(x) Mae Burnag

0, 0<x<a,
u,(x)=|u", a<x<b, (3)
0, /[>2x=>b,

11 MOXXEeMO anpoKCMMYBaTK AESAKOK rnagKoto GyHKUIE TNy
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ot (o)

ne g(x) - MOHOTOHHO 3pocTatoyva HenapHa ¢YHKLUiA Taka, LWo

2
g(x)=——=->1,2(0)=0, (Hanpuknag, g(x)=—arctg(x),
: Vs

ZZ

\/j_ﬂje 24z, g(x)= ZX—: i T.N.); u — neskuin koediuieHT (B3a-
0

g(x)=

rani Ka<yuu, Manui napametp), Wwo Ao3Bonse 3abe3neynTn HeobxigHU
CTYNiHb HabnvxeHHs GyHKUii i, (x) po u,(x) (puc. 1).

i.(x)

V><

a= ;
Puc. 1. ®yHkuis i1, (x)

Po3B’a30K 3apauvi (1)-(2) 3HanaemMo y Burnagi 36ypeHHa po3B’'a3Ky
BiANOBIAHOI BUPOAXKEHOI 3aau4i, a caMe:

u(x,t) =Y eu(x,0)+ ) eu(x,0)+ Y u,(%,0)+R,(x,1,6), (4)
i=o0 i=0 i=0

ne R (x,t,&)— 3anvwWKoBi YneHu; u,(x,f) — YNeHN perynspHol YacTUHM
acumntoTukm; u,(x,t), u,(X,t) — pi3HOro pogy MOMNpaBKM B OKOMax
x=0,x=1; x=x/e, X=(I—x)/& - 3minni posrary [9; 10; 11].

Micna nigctaHoBky (4) B (1) i (2) Ta BUKOHaHHA cTaHAapTHOI npoue-
AypW NpuUpiBHIOBAHHA KoedilieHTiB Npu ogHakoBux cteneHax ¢ [9; 10;
11], 3 ypaxyBaHHaM po3knagy ¢yHkuii F(u(x,t),x,t) B psap Teinopa B
okoni u(x,t) =u,(x,t)

F'(uy(x,1),x,t) y

F(uy(x,t)+ eu, (x,t) +...+ "u, (x,0) +...,x,t) = F(u,(x,1),x,) + T

x(su,(x, )+ ...+ &"u, (x,0)+..)+

FH
M(eul(x,t)+...+8”un(x,t)+...)2 .

2!
OTPUMaEMo, TaKi 3apadvi Ans BU3HayeHHs yHKUIN u,(x,1), u(x,1),
u,(x,t), ..
uy, (x,t) = F(uy(x,1),x,t), u,(x,0)=u.(x);
u, (x,0) =u,  (x,0)+ F'(u,(x,8), x,t) - u,(x,1), u,(x,0)=0;
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Uy, (X,8) = F"' (1 (X,0),%,8) 14, (2,) +5 - F" (14 (3,8),30, )14, (30, ) +uy (3,2), 1,(x,0)=0;

i T.0.
[ns ycyHeHHs HEB'A30K, SIKi BHOCATbLCS Yy rPaHUYHi ymMoBM nobyno-

n
BaHOK TAKWM YMHOM PErynsipHOK 4YacTUHOM Zs’ui(x,t), B OKOJax
i=0
x=0, x=/ 3HaxoAuMo pi3Horo poay nonpasku u,(x,t), u,(x,t). Hanpu-
Knag, BBiBLIM 3MiHHY po3Tary X=(/—x)/& Ta BUKOPUCTOBYOUM CTaHAAP-

THUIM cnoci6 NpupiBHIOBAHHSA, OTPMMAEMO TaKi 3apadi Ana BU3HAYEHHS
nonpasok i, (X,t) [9; 10; 11]:

Uz (X, 1) + yitg (X,8) = 0, 12,:(0,2) = —u:(0,2), u,(x,2) > 0;
X—>00
U (X, 1)+ yu, . (X,t) =1, (X, 1)+ F(ti,(x,1),%,t), ,.(0,¢) =—u,.(0,1), ,(X,1) - 0.
ﬁzﬁ(f,t)—kyﬁzf(f,t)=L71t()f,l‘)—kF'(ﬂO(i,l‘),)?,t)-ﬁl()?,t), i,.(0,t)=—u,.(0,1), it,(x,t) = 0;

i T.A4.

XapaKTepHi BMMaaKu AUHAMIKU YMCEeNbHOCTI OKpeMoi nonynsuii.
Po3rnsaHeMo pani gekinbKa xapaKTepHUX TUMNiB PyHKLIOHANbHOT 3anex-
HocTi F'(u(x,t), x, ) 3MiHM YncenbHOCTI OKpeMoi nonynsuii.

1.Y Bunaaky, Kkonu aemorpadiyHi (Hapoa)keHHsA Ta cMepTi 0Co6MH) i
MirpauinHi CKNagoBi NoNynsaWiNnHOI ANHAMIKKW € HACTINbKU Mi3epPHUMN, LLO
HAMU MOXHa 3HexTyBaTu (3okpema, ¥ =0), a 3MiHa u4ucenbHOCTI
NoB'si3aHa nuwe 3 HaAX0OoXKEHHAM (BUYyYeHHsIM) 0co6MH B cepenoBMLLe,
MaeMo TaKy byHKUioHanbHy 3anexHicte F(u,x,t) = f(x,t), pe f(x,t) -
bYHKLiA wWinbHOCTI mxepen (CTOKiB), AKa XapaKTepPU3YE iHTEHCUBHICTb
HaAX0AXKeHHS (BUNYyUYeHHs) 0COBUH.

06MexXMMocb BUNAAKOM, KOIM OMHAMIYHUIK npouec BigbyBaETbCs y
HeoOMeXKeHOMYy cepefoBMLLI 3i CTaNoOK IHTEHCUMBHICTIO HaOXOOXKEHHS
ocobuH nonynauii f(x,t) =c =const (¢ >0), a pyHKuia u,(x) ix noyar-
KOBOro po3noginy mae surnag, (3), Aky gani anpoKCMMyeMo GYHKLIELD:

ﬁ*(x)zu—(arctgﬂ—arctgx—_bj. (5)
T H H

Topi nicna niactaHoBku (4) B (1) i (2) Ta BUKOHAHHA CTaHAApPTHOI
npoueaypu NpupiBHIOBaHHA KoedilieHTIB NPU 0AHAKOBMX cTeneHax ¢ [9;
10; 11], oTpMaeMo Taki 3apjaudi ANs BU3Ha4YeHHs YHKUIA u,(x,t) Ta
u,(x,t) (mns 3pyvHocTi BUKNAAOK 0BYMCNIEHHS 06MeXMMOCh NinLle of-

HWUM YNIEHOM aCUMNTOTUKM):
uy, (x,t)=c, u,(x,0)=1u.(x); (6)
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u, (x,t) =u,_(x,t), u(x,0)=0. (7)
Po3B'a30K 3aaau (6), (7) ogepxumo y Burnagi:

uo(x,t)zc-t+u—(arctgﬂ—arctgx—_bj, (8)
™ M M
2’ xX—a x—=b
) =— - ‘1. (9)
=== ((ﬂ2+(x_a)2)2 (u2+<x—b>2)2j

Ha puc. 2, a npencrtaBneHo 306pa*eHHs OTPMMAHOr0 PO3B'A3KY
MOAeNbHOI 3afadi ANA Takoro BUNagky y nnowwmHi (x, t). Ha puc. 2, 6
npeacTaBfeHO PO3B'A30K BigNOBIAHOI BUPOAXEHOI 3aaavi. Bnnue guoy-
3iMHOro 36ypeHHsa Ha BUPOAXKEHY ANHAMIYHY CUCTEMY Y AAHOMY BUNAAKY
NPOSIBNSAETbCSA XapaKTEPHMM PO3LUNPEHHAM Ta «PO3MMBAHHAM» 3 4acoM
rpaHuUb apeany NowMpeHHs 0cobuH nonynsauil.

Puc. 2. QnHamika ogHi€el nonynsauii y cepefoBULLI 3i CTaNOK iHTEHCUBHICTIO Ha-
OXOOXKEHHS 0COOMH:
a) 3 ypaxyBaHHaM gudysinHoro 36ypeHHs; 6) 6e3 ypaxyBaHHS
AndysinHoro 36ypeHHs

[na ouiHKM 3anuwWKoBOro uneHa R(x,t, &) CKOPUCTAEMOCH PiB-
HaHHsM [9;10; 11]:
R (x,t,e)=&R_(x,t,&)+&%u,  (x,1). (10)
BpaxoBytouu (9), oTpMaemo Taky ouiHKy ans u, (x,t):

75 .45 -2 u't u't
T~ 1.486-— .
RV NG VAR ) yz

OTXe, 3riAHO NPUHLMMY MaKCUMYyMy NPU HanexHoMmy Bubopi ¢ <?
Ta yMoBU R(x,0,&)=0 pAnNa 3a7MLIKOBOro 4sieHa OTPUMAEMO OLIHKY

R(x,t,)=0(&%).
58
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2. PosrnaHeMo Tenep ANHaMiKy nonynsauii, B Kih y HeobMexxeHoMy
cepepoBuLLi MakwTb Micue K gemorpadiyHi, WO oNuUCYyTbCA MOAENI0
T. Manbtyca [5] (F(u,x,t) = a-u), Tak i Mmani guoysinHi cknagosi (TyT i
[ani BBAaXKAeMo, L0 Mirpauis BiacyTHs, To6To ¥ = 0) npouecy po3noBcto-
OXXeHHs 0cobMH, a came:
u,(x,t)=au+eu_(x,t), u(x,0)=u,(x), —0<x <+, 0<t<+o0, (11)
[ile NMOYaTKOBUI Po3nofin 0cobuH u,(x), K i paHile, anpoKCUMYETLCS
oyHKuieto (5).

AHanoriyHo o nonepeaHboOro, po3s’aA3oK 3agayi (11) 3Hangemo y
Burnaai 36ypeHHs (4) po3s’aA3Ky BignosigHoOI BUpoaXeHol 3agaui. MNicns
CTaHOApPTHOI nNpoueaypu NPUpPIBHIOBAHHA KoediuieEHTIB Npy O4HAKOBUX
CTerneHsX & OTPMMAEMO TaKi 3afadi ANA BU3HaYeHHS PyHKLIN u,(x,t) Ta
u,(x,t):

u,, (x,t) = auy(x,t), u,(x,0)=1u.(x),
u,(x,t) =ou(x,t)+u,_ (x,t), u(x,0)=0,

Ta IX pO3B'A30K: u,(x,t) :u—(arctgﬂ—arctgx—_bj-e‘”. (12)
T H
7 \(u +(x=a) ) (4 +(x=b)")

306parkeHHs1 po3B'A3KY MoAeNnbHOI 3a4ayi y naowwmHi (x,t) ana Ta-
KOro BMMagKy npeactasfieHo Ha puc. 3:a) a <0; B) a>0. Ha puc. 3:
6) a <0;r) a>0, npeactasneHi po3s'A3KM BiANOBIAHMUX BUPOOXKEHNX
3adad. Ak i B nonepegHboMy BUNaaky, BNAnB amdysinHoro 30ypeHHsa Ha
BUPOMAXKEHY AMHAMIYHY CUCTEMY MaNbTy3iaHCbKOrO TUMY NPOSIBNSETLCSA
XapaKTePHUM PO3LIMPEHHAM Ta «PO3MUBAHHAM» 3 YAaCOM FPaHULb NoYa-
TKOBOIO apeany NownpeHHs nonynsuil.
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Puc. 3. lnHaMika ogHiel nonynsauii 3 neMorpadivyHo CKNagoBo npouecy
ManbTy3iaHCbKOMO TUMY:
a) a <0;B) a >0 - 3ypaxyBaHHAM ANPY3iiHOro 36ypeHHs;
6) @ <0;r) o >0 — 6e3 ypaxyBaHHs ANPy3iiHOro 36ypeHHs

AHanoriyHo o nonepegHbOro, CKOPMCTAaBLIUCh PIBHAHHAM
R (x,t,&)=&R_(x,t,&) +aR(x,t,&) + &’u, (x,t)
oTpumMaemo: u, _(x,1) <1.486-u’te™/u* , a npn HanexwHomy BuGopi ¢ <7
Ta yMmoBi R(x,0,£)=0 o0AepXuWMO OUIHKY AN 3aJULIKOBOro 4neHa
R(x,t,8)=0(e?).
3. Akwo pemorpadiyHi CKNapgoBi AMHAMIKM oKpeMol nonynsuil B
HeobMeXXeHoMy cepefoBulLi onucyoTbca Mogennio M. Pepxionbera [5]

(F(u,x,t)=a-u—f-u’) Ta MawThb Micue Mani oudysiitHi cknamosi npo-
Llecy po3noBCIOAMXKEHHS 0COOUH, TO:
u,(x,t) = au— pu’ +¢eu_(x,t), u(x,0)=1d,(x), —0<x<+0, 0<t<+w.(14)
K i paHiwe, po3s'a30K 3aaaui (14) 3 TouHicTio O(g”) 3Hanmemo y

Burnaai 36ypeHHs (4) po3s'aA3Ky BignoBigHOI BUpoAyKeHoi 3agayi. AHano-
riYHo oo nonepeaHbLOro, OTPMMYEMO TaKi 3a4aui ONA 3HAXOOXKEHHSA QYH-
KUuin u,(x,t) Ta u,(x,1):

uy, (x,1) = au, (x,t) — Bul (x,1), uy(x,0)=1i.(x),

ult (xat) = ((Z - 2ﬂl/l0(x,t)) ) ul(xs t) + qux(xat)a MI(X,O) =0 '
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Ta iX PO3B'A30K: uy(x,t) = af?*(x) e , (15)
a+ Bi.(x)-(e” —1)
w(xt)= i a’e” . aza,,(zx)“ 28 .(5’7*”))2.,_
(a+pi.(x) (e -1)) Ox oa—p-i.(x) Ox (16)
~ 2 .(8”7*(”)2.1,1 o+ Bi(x) (e ~1)
i(x)(a—p-u.(x)) Ox a '

Tunoei 306pa)eHHsA PO3B'A3KY MOAENbHOI Ta BUPOOKEHOT 3a4ay y
nnowmHi (x, t) Ans sunagKy gemorpadidyHol cKknagoBol npouecy ¢pepxio-
NbCTIBCbKOrO TUMNY NpeacTaBfieHi Ha puc. 4, a i 6. Y uboMy BuMNapKy
BNAMB Andy3inHoro 30ypeHHa Ha BUPOOXKEHY OMHAMIYHY CUMCTEMY Mpo-
ABNSAETHCA GiNbll WBMAKMM PO3LIMPEHHSM NMOYATKOBOro apeasy nowu-
PeHHs nonynsauil.

u(x, t)

Puc. 4. InHamika ogHiel nonynsuii 3 geMorpacdivyHo CK1agoBo npouecy
$epxNbCTIBCbKOro TUNYy:
a) 3 ypaxyBaHHsM audysintHoro 36ypeHHs; 6) 6e3 ypaxyBaHHa AndysiiHoro
30ypeHHs

OuiHKy 3anuLWKOBOro YneHa R(x,t,&) ANA TaKOro BUNagKy 3Ainc-

HIOEMO TaK CaMo, SIK | B NonepeaHix BUnagKax.
4. Beakatumemo, wo gemorpadiyHi CKNagoBi AMHAMIKM OKpeMol
nonynsauii B HeobMexxeHoMy cepefoBuLLi onucytTbea Mogennw Y. Onni

[5] (F(u,x,z‘)za-u—ﬂ-u3) Ta MawTb Micue Mani audysinHi cknaposi

npoLecy po3noBCOAXKEHHSA 0CO6UMH, TOOTO:

u,(x,t) = omu— B’ +eu_(x,t), u(x,0)=i,(x), —0<x<+0, 0<t<+0.(17)
Po3B’si30k 3agauvi (17) 3 ToyHicTiO 0(52) 3Hanaemo y Burnsapgi 36y-

peHHs (4) po3B’A3Ky BignoBigHOT BUpoaXKeHoi 3apadi. AHanoriyHo go no-
nepenHboOro, OTPMMYEMO TaKi 3a4adi ANa 3HaxXoOoKeHHs GyHKLIN uo(x,t)
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Ta u,(x,1):
uy, (x,t) = ouy(x,t) - ,Bug (x,1), uy(x,0)=1.(x),
u,(x,t)=(a-3 ﬂug (x,0))-u, (x, 1) +u, (x,1), u,(x,0)=0,

aii: (x)- e 2

Ta IX PO3B'A30K: ,t) = , (18)
u(t) = ate” ~ aza*gx) Y _(aa*(x)f .
(a + Bil(x)-(e’* —1))> ox 2a-i.(x) | ox (19)

1 2 2at 1 a + fil(x)- (e 1)
X -1 + S (x)- -1))+ -1 .
{ﬂﬁf(x) n{a+ A0 =) o — pil(x) n( 2
Ha puc. 5, a i 6 npencraBneHi 3006pakeHHA po3B’'sA3Ky MOAeNbHOI Ta
BMPOMKEHOI 3agay y nnowumHi (x, t) ana sunaaxky aemorpacdiyHoi ckna-
[oBoi npouecy tuny «0nni».

Pwuc. 5. IlnHamika ogHiel nonynauil 3 gemorpadivyHO CKIAA0BO NMpoLecy Tuny
«0nni»: a) 3 ypaxyBaHHsM andysiHoro 36ypeHHs; 6) 6e3 ypaxyBaHHA
AndysinHoro 36ypeHHs

BucHoBKK. TaknuM 4YMHOM, ypaxyBaHHS Manux NPOCTOPOBMUX 3MiH
nonynsuinHOl AMHAMIKM MPOMNOHYETLCA 3OIMCHIOBATU WNAXOM audysin-
HOro 36ypeHHs BigNOBIOHMX BUPOAXKEHUX OUHAMIYHUX cucTeM. OTpuMaHi
B po0OTi pO3B’'A3KM TUMOBUX MOAENIbHMUX 3a4a4 NONYNALIMHOT AUHAMIKN 3
ANPY3iMHUMKM CKNAag0BMMU Ta pe3ySbTaTh YNCIOBUX EKCMEPUMEHTIB 3a-
CBiAYYOTb AOCTAaTHIO ePEKTMBHICTb 3aCTOCYBAHHA aCMMNTOTUYHUX METO-
AiB PO3B'A3aHHSA BIANOBIAHUX CUHTYNAPHO 30ypeHMx 3agay y BMNagKax,
Konu andysinHi CKNagoBi € MasIMMKN Yy NOPIBHSAHHI 3 iIHLWWMN CKNag0BUMU
npouecy.

lNepcneKTUBHMM € OOCNIOXKEHHSA BNAINBY NPOCTOPOBO PO3MNOAINEHMX
36ypeHb Ha CTiNKICTb PO3B'A3KiB Pi3HOr0 poay MoOEeNbHUX 3afay nony-
NAUINHOT AMHaMIiKM Ta BidypKauito BIiANOBIAHUX ANHAMIYHUX CUCTEM.
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SINGULAR SPATIAL DISTRIBUTED DIFFUSION PERTURBATIONS OF
ONE CLASS OF DYNAMIC PROCESSES

Small spatial changes of dynamic processes are proposed that be
taken into account by diffusion perturbations of the corresponding
degenerate dynamical systems. Asymptotic development of the
solution of the corresponding singularly perturbed problem in the
general case is constructed. The results of numerical experiments
characterizing the effect of diffusion perturbations on degenerate
dynamic systems with a constant intensity of flow of individuals into
the environment, as well as in cases where demographic components
of the process are described by the models of Malthus, Verhulst, and
Ollie, are presented. The obtained solutions of typical model problems
of population dynamics with diffusion components and the results of
numerical experiments (including computer estimates of the residual
terms) show that asymptotic methods for solving the corresponding
singularly perturbed problems are very effective in cases where the
diffusion components are small in comparison with other components
of the process. The results of numerical experiments confirm that if
the initial condition is sufficiently smooth for the rational
consideration of small diffusion perturbations, it suffices to add one or
two terms of the regular part of the corresponding asymptotic series
to the solution of the degenerate problem. In this "inaccuracies"” are
localized only in the area of abrupt changes or discontinuities of the
functions that determine the initial distribution of populations.
Keywords: dynamic processes; singularly perturbed dynamic systems.

BoMm6a A. ., A.T.H., npodeccop (HaumMoHanbHbIN YyHUBEPCUTET BOOHOMO
X035CTBa U NpUpoaonoNib3oBaHus, r. PosHo), BapaHosckui C. B., K.T.H.,
noueHT (PoBeHCKUI rocyfapcTBEHHbIW 'YMaHUTaPHbIA YHUBEPCUTET,

r. PoBHo)
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@ i
CUHIYNNAPHDbIE NPOCTPAHCTBEHHO PACNPEOEJIEHHDIE
ONODY3UOHHDLIE BO3BYXXAEHUA OOQHOI0 KJIACCA

ANHAMUYECKUX NPOLIECCOB

MNpenno>keHo Manbie NPOCTPAHCTBEHHbIE U3MEHEHUSA AMHAMUYECKUX
npoueccoB yYuTbiBaTh nyTeM An¢¢Py3smoHHOro BO3MYyLLEHUSA COOTBETC-
TBYHOLMX BbIPOXKAEHHbIX AMHAMUYecknx cuctem. MocrpoeHbl acumnTo-
TUYECKUE PassioXKeHUN pelleHUn COOTBETCTBYOLUMX CUHTY/IAPHO BO3-
MYLLEeHHbIX 3aaad. lpuBeaeHbl pe3ynbTaTbl YUCNIEHHbIX 3KCNEePUMEeH-
TOB, XapaKTepu3ywwme BnmsaHne audpPysmoHHOro BO3MyLLLEHUSA Ha
BblPpOXXAEHHbIe AUHAMUYECKUEe CUCTEMbI C MOCTOAHHON MHTEHCUBHOC-
TbI0 NOCTYNJIEHMA 0co6el B cpeay, a TaK)Ke B caiy4asXx, Koraa AaeMo-
rpadpuyeckue cocTaBnsowme npouecca onucbiBaloTca moaenamm Ma-
nbtyca, Pepxionbcra n Onnn.

KnrwueBble cnoBa: pUHaMU4YeCKue NpoLeccbl, CAHIYIAPHO BO3MYLLUEH-
Hble AUHAMUYECKUe CUCTEMBbI.
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