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I [;man nexkuum

1l unomeswvl Bonomeppa.

Ananocuu ¢ xumuuyeckou KUHEemuKolu.
Bonvmepposckue mooenu
83AUMOOeUCMEUII.

Knaccugpuxayus munos 3aumooeiicmsuil
Konkypenuusa. Xuwmnuk-scepmaea



Ooobuennvle Mmooenu 83aumooetucmeus
8UO08.

Mooenv Konamozcoposa.

Mooenv 83aumooeticmsusi 08yx 8uU008
Hacekomvix Makapmypa.

llapamempuueckuu u gpazosvie nopmpemaoi
cucmembvl bazvikuna.
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Buto B(E)JZIHBTepra

Vito Volterra. Lecons sur la Theorie
Mathematique de la Lutte pour la Vie. Paris, 1931).

Pycckuii nepeBon kunru Bonereppa Boimien B 1976 r. nox Ha3Ba

«Marematuueckas Teopusi 00pbObI 3a CYIIIECTBOBAHUE)
M., Hayka, 1976
W3 PXJT, 2004

B.BOABTEPPA
[Tocnecnorue FO.M. Cupexena,
B KOTOPOM pacCMaTpuBaACTC UCTOPHUA PA3BUTHUA MaTeMaTH4YeCKOU
sKojoruu B nepuona 1931-1976 rr. 4 GOl THORALRAE




I'unmoressr BosabTeppa (1)

m |. Ilmma 1mmbo uMeeTcs B HEOTPAaHUUYCHHOM
KOJIMYECTBE, JIMOO €€ IOCTYIUICHUE C TEUCHHUEM
BPEMEHM KECTKO PErjiaMeHTHUPOBAHO.

m 2. OcoOu KaxJaoro BHAa OTMHUpPAIOT TaK, YTO B
CAUHULY BPEMEHU MHOTrM0aeT MOCTOSHHAS HOJIs
CYIIECTBYIOIIUX OCOOEH.

m 3. XumHble BHUJBI I10€HAIOT KEPTB, MPUYEM B
CAUHUIY BpPEMEHH KOJMYECTBO CBHEIACHHBIX
KEpTB BCerja MNPONOPIHOHAIBLHO BEPOSTHOCTU
BCTpEUM 0cCco0eld ATUX JBYX BHJIOB, T.€.
POU3BEACHUIO  KOJHUYECTBA  XHUIIHUKOB  Ha
KOJIMYECTBO JKEPTB.



I'unore3nl BouabTeppa (2)

4. Ecnu uMeeTcs IUIa B OTPAaHUYEHHOM KOJMYECTBE M HECKOJBKO
BUJOB, KOTOpBIE CIIOCOOHBI €€ NOTpeOJIsATh, TO MHOJS IIHIIH,
noTpediisieMoit BHAOM B €IUHHUIY BPEMEHH, IIPOMOPIMOHAIbLHA
KOJIMYECTBY 0OCOOEM J3TOro BHAA, B3SITOMY C  HEKOTOPBIM
K03 UITUEHTOM, 3aBUCSIINM OT BHUA

5. Ecim BuJ mOUTAETCA MUIIEH, HMMEIOIIEHCI B HEOTPAHUYEHHOM
KOJIMYECTBE, MPUPOCT YMCIECHHOCTH BHJA B €IUHUIY BPEMEHU
IIPOIIOPIIMOHAJIEH YUCIICHHOCTH BU/IA.

6. Ecim Bua mnuTaeTcs MNUINEH, HWMEIOIIEHCS B OTPAaHUYCHHOM
KOJMYECTBE, TO €ro Pa3MHOXEHUE PETYIUPYETCA CKOPOCTHIO
MOTPEOJCHUST MHUINM, T.€. 3a E€IUHMIY BpPEMEHM MPUPOCT
MIPOIIOPIIMOHAJIEH KOJIMYECTBY ChE€AECHHOM MUIIH.
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Knaccuuxanus TUIOB
B3alMO/IeiicTBHIi B TepMnHax
apaMeTPOB YPABHEHUI

N; — YUCIIEHHOCTD JKEPTB
N, - YUCIIEHHOCTDH XUI[HUKOB

dN,

- 2
" g Koa(p(pmfneHTH 1 :511N1 +b12]\/'1N2 _Cljvl ,
COOCTBEHHOM CKOPOCTH pOCTa dt
BUJIOB,
M C, - KOHCTaHTHI d]vz 9)
l —_— —_
CaMOOTI'PaHNYCHUS o azN 2 +b2 ljle 2 CzN 2
YUCJICHHOCTH (BHYTPH 4

BUJO0BOW KOHKYPEHIIUH )

u bl.j - KOHCTAHTHI B3aUMO-

NEUCTBUA BUJOB, (I, j=1,2).



THIIBI BBAI/IMOI[EI/ICTBI/I}I_BI/II[OB N

CHUMbHNO3
KOMMEHCAJIN3M
XNITHUK-)KEPTBA
AMEHCAJIN3M
KOHKYPEHIIN A

HEWUTPAJIN3M

+ —+ b12»b21>0

—I— O b12>0, bzl_O
4 b,,>0, b,,<0
O b,,=0, b,,<0
- b12’ b21<0
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YpaBuenuas KOHKYPEHILIWMN

dx ,
dt
dx ,
dt

= x,(a, —b,x, —c,x,),

= X,(a, = by x, —c,x,)
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CTaHHOHapHBIG pCIHCHI/I}I
CUCTEMBI «KOHKYPEHIIHS

x" =0, x, =0
(1).

Hauao koopimHaT npu Jr00bIX ITapaMeTpax CUCTEMBbI
IpeJICTaBIsICT COOON HEYCTONYMBBIN Yy3€ll.

) — (2 a
2 -0, ¥, =L
C,

).

cenno mnpu a,>b,, /¢,

yCTONYMBBIN y3€el Ipu a,<b,, /c,
DTO yCIIOBUE 03HAYAET, YTO BHUJ BBIMUPAET, €CJIM €r0 COOCTBEHHAs
CKOPOCTh POCTa MEHbIIIE HEKOTOPOU KPUTUUYECKON BEIIUUUHBI.



3). a,

(3) —cemno npu  a,>b,,/c,
YyCTOMYMBBIN y3€1 IpU a,<b,,/c,

a.c. —a-b c.b..,—b.,. a
(4).x:12 212.x:112 21 %1
! b.b. 7
CiCy — D, 0y

¢,c, — b, b,
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Vciosne COCYIHGCTBOB&HI/IH

BUJIOB

_alblz a,C,

¢, b,

Mg, - K0OO(PQUIMEHTHI COOCTBEHHON CKOPOCTH POCTa BUJIOB,

B C, - KOHCTaHThl CAMOOTPAHNYEHUS YUCICHHOCTH (BHYTpH
BU0BOM KOHKYPEHIIUH )

| bl.j - KOHCTaHTbI B3aUMOJACHCTBUS BUJIOB, (I, j=1,2).
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b ,b, <c,c,,

IIpoussedenue koaghpuyuenmos
MENCNONYIAUUOHHO20 B3AUMOOCUCTNBUSL MEHbLLE
npou3eedeHUs Ko puyuenmos 6Hympu
NONYNIAUUOHHO20 B3AUMOOEUCBUSI.

IIycTh ecTeCTBEHHBIE CKOPOCTH pOCTa JBYX
paccMaTpUBaEeMbIX BHUIOB a,, A, OIMHAKOBBL Torma
HEOOXOIMMBIM JIJISl yCTOMYMBOCTH YCIOBUEM OYJIET

C2 > b12’ Cl > b21'
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OA30OBBIE ITOPTPETDBI koHKypeHIIMM

[IpsiMble — HYJIb -U30KJINHBI

—b,x, —¢x,),

— by x, —¢,x,)




KOHKypeHHI/IH Yy IMATOMOBBIX BOJOPOCIIC. 4"~ IPH BRIPALIMBAHNH B MOHOKYNILTYpE .
Asterionella Formosa BIXOauT Ha HOCTO}IHHB‘h;'ﬁDOBeHB MIOTHOCTH U [TOTACPIKNBACT = -
KOHIICHTPAIIMIO pecypca (CHJINKaTa) Ha TOCTOSHHO HU3KOM YPOBHE. 0 - IIPH BBIpAIIMBaHUN
B MOHOKYJIbType Synedrauina BeaeT ceOsi CXOIHBIM 00pa3oM U MOAACPKUBACT
KOHIICHTPAIIMIO CHIIMKATa Ha elle 001ee HU3KOM YPOBHE. 6 - TP COBMECTHOM

KyJIbTUBUPOBAHUU (B ABYX MOBTOPHOCTAX) Synedruina BeitecHsaeT Asterionella Formosa.
(Tilmanetal, 1981)

Monoxkyaetrypa Asterionella Monokynerypa Syrnedra
a o

10

Cumxarsi, MM

101 L P SO PO IS |
0 10 20 30 40 50 ° 0 10 20 30 40 50

Bpems, CyT Bpema, cyT

ILnoTHOCTD MOMY.TSIIMH,
YHCI0 KICTOR Ha 1 M
]

MesxkBunoBasi KOHKY PEHLIUs
6

Asterionella O——0O BpeMﬂ, CyT

Synedra o—&



OTHOCHTE ILHAS ILTOTHOCTD oY/ ISIHH

a - KpuBble pocTa NOIMyJISIIUN IBYX B(ﬁl'.[OB Parametium-8-0fHOBUIOBBIX.
KyJbTypax. UepHsie kpyxku — P Aurelia, 6ensbie kpyxku — P. Caudatum

6 - Kpusbie pocta P Aurelia u P. Caudatum B cMelIaHHOM KyJIBTYpE.
ITo Gause, 1934

>

BpPEMSsL, JIHHA



“THIIBI BBAI/IMOI[EI/ICTBI/I}I_BI/II[OB N

CHUMbHNO3
KOMMEHCAJIN3M
XNITHUK-)KEPTBA
AMEHCAJIN3M
KOHKYPEHIIN A

HEWUTPAJIN3M

+ —+ b12»b21>0

—I— O b12>0, bzl_O
4 b,,>0, b,,<0
O b,,=0, b,,<0
- b12’ b21<0




Cucrema XHNINTHUK+KXEPTBA

dx,

dr
dx,
dt

= x,(a, —b,x, —¢,x,),

= X,(a, + by X, —¢,x,)



CTranmoHapHBIC COCTOSHHUS

xM=0,x" =0

dx
1
—=x,(a, —b,,x, —c x,)
a 14y = OpAy =G ),
xP =0,x =2 dt
¢
. dx, A
xP =21 4B =, P X,y (ay +byx, —c,x,)
G

4) _ ¢ — a,b,, MO a,c, +a,b,,

X = —
1 > X7
c,c, +b,b,, ¢,c, +b,b,,
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N30Kk11HEBI HA (DPA30BOM HOPTPETE
XUIITHUK-KEPTBA




Poct Parametium
caudatum W XUIITHOMN
uHdy3opuu Dadinium
nasutum.

M3: Gause G.F. The
struggle for existence.
Baltimore, 1934.
['.®.I"'ay3e. boprba 3a
CYIIICCTBOBaHME.
MockBa-Mxesck, 2002

Yucjio ocoden

100

! | P caudatum ,
a0l ¢ a
. | OnuoponHast
\.‘ cpena
a0} .
\. D. masutum
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40+
30f
P caudatum 0
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60 ¥ vy oy 6
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Fayse Feopruit dpanmesi
(1910-1986)

B COBETCKHI OMOJIOT, BHEC BKJIAJ B CAMbIE pa3Hble 00JIACTH
OMOJIOTHMH YU MEJIMIIUHBIL: UCCIIEA0BAJ IMPOOJIEMBI
9KOJIOTUH, SBOJIIOIIMOHHON TEOPHUU U LIUTOJIOTUH,
ABJIIETCSA OJHUM U3 OCHOBOIIOJIOKHUKOB COBPEMEHHOTO
ydeHus 00 aHtuOnoTukax. B 1942 r. I'.®. 'ayze u M.T.
bpaXHUKOBa OTKPBIIN MEPBBIM B HAILIEU CTPAHE
OpUTHMHAJIbHBIA aHTUOUOTUK IpamMuliuanH C (COBETCKHI),
KOTOPBIN ObLII BHEAPEH B MEIUIIMHCKYIO IPAKTUKY U
MCIOJIb30BAJICS 115 JICYSHUS U IPOPUIAKTHKHA PaHEBBIX
nH(peKkui B nepuoj Beankoi OTeuyecTBEHHON BOMHBI.



Mogenb A.H.Koamoroposa: (193 5)

KOHMOFOpOB A H. KaquTBeHH()e HsyquI/Ie MaTeMaTUYECCKUX MOI[GJIGI/I
OMHaMUKH nonyisuui. // IIpoodnemsl kudbepuetuku. M., 1972, Bein.S.

kl (x)x o L(x)ya

ky(x)y.

Anjapei Hukosnaesuu Kosamoropos (1903-1987)
BEJIMKUH COBETCKUU , OJIMH U3 OCHOBOIIOJIO)KHUKOB COBPEMEHHOU
. IM nostydensl pyHaaMEHTaIbHBIE PE3YJIbTaThI B

M 5 5

U psJie APYTUX 00JIaCTel MaTEMAaTUKH U €€
NpUIOKEeHU. MHOTO cenan Jjisd MaTeMaTU4eCcKoro oo0pa3oBaHus 1

IMOITYJIAPU3allU MATCMATHUKU.



i

.xv-ﬁ...z’z': ...,:r
--I

(Ipemonomenmaige . ..
MOI[eHI/I d_ — kl (X)x —L(X)y,

dt
Koamoropona 1

d
;f =k, (x)y.

1) XHIIHUKH HE B3aUMOJICHCTBYIOT APYT C APYIOM,
T.€. KOO((PUIUEHT Pa3sMHOXEHUsS XULIHUKOB k, U
4UCI0 KEepTB L, HCTPEOISIEMBIX B CAMHUILY
BPEMEHHU OJITHUM XHUIIHUKOM, HE 3aBUCHT OT .

2) IIpupocT yncna xkepTB NPU HATUYUU XUITHUKOB
pPaBE€H IIPUPOCTY B OTCYTCTBHUE XMUIIHHUKOB MMHYC
YUCJIO  JKEPTB, HUCTPEOISIEMBIX  XHUIHUKAMH.
Oyukiuu k(x), k, (x), L(x), - HENpepbLIBHbI U
OIIPEJICIICHBI HA MOJIOKUTEIbHOM MOJIYOCH X, V =>0).

s ,‘-.'v‘:'/E
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B MOIend
oze Bk x— L)y,
Konmoropona 2

dt

d
= = ky(xX)y.

dt
3) dk/dx<0. Drto o3Hadaer, uro Kod(HIKEHT
Pa3MHOXKEHHS KEPTB B OTCYTCTBHE XHIIHMKA MOHOTOHHO
yOBIBACT C BO3pPacCTaHHEM YHCICHHOCTH JKEPTB, YTO
OTpakaeT OTPAaHUYEHHOCTD MHUIIEBBIX U UHBIX PECYPCOB.
4) dk, / dx>0, k, (0) <0 <k, ().
C pocTOM  YHUCIEHHOCTH  KEepTB  KOA(P UIHUEHT
pPa3MHOKCHUSI ~ XWUIMHAKOB  MOHOTOHHO  BO3pacTaecT,
Iepexofs OT OTPHUIATCILHBIX 3HAYCHHM, (KOorga HEYero
€CTh) K MOJIOKUTEIIbHBIM.
5) Uwmcao XepTB, HUCTPCONSICMBIX OOHHM XHUITHHUKOM B
eaquHuIy BpeMeHu L(x)>0 mpu x>0, L(0)=0.



o b e RN YT

¥ - l _«1-3:;"-; . "".""f‘
L‘ ‘ y

‘|
t
.‘_‘g
f\.

,_‘_5'{;- A8 %

s iy ]
i P
RPN, b g s .pr
R T . e A S «?&&d— .
ot 2y Lt e o, x‘*f\i
¢ e N

CranyoHapHbBIC PEUICHUS ?’: =k, (x)x — L(x)y,

B MoJienid KonmmoropoBa

V
— =k (x)v.
i 2( )y

(1). x=0, y=0.
Hauvano kxoopauHar mpu Jr0OBIX 3HAYEHUSAX MapamMeTpoB
IPEICTaBIISIET COOOM CEIII0

(2). x=A4, y=O0.
A onpenenseTcs u3 ypaBHCHUS:
k, (4)=0.

CramuonapHoe pemenue (2) - cenno, eciu B<A4
B onpenensaercs u3s ypasHenus k,(B)=0
eciii B>A, (2) - yCTOWYUBBINA y3€II.
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CTanmoOHapHBIC PEIICHUS

B Mozenu Konmoroposa (2) & _ ;. 100y
dt ’

(3). x=B, y=C d
=k ().

Bennuuna C onpenensiercsa u3 ypaBHECHUM:

k,(B)=0; k,(B)B—- L(B)C =0

Touka (3) — okyc uauM y3en yCTOMYMBOCTHb KOTOPBIX 3aBUCHUT OT 3HAaKa
BEIINYHUHEI G

o°=—k, (B) — k, (B)B+L(B)C.

Ecin 6>0, Touka ycronumsa, ecinu 6<0 - TOYKa HEYCTOMYNBA, U BOKPYT HEE
MOT'YT CyII€CTBOBATh MPEEIIbHBIE IUKIIBI
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da30BbIE TOPTPETHL B MOJENNA
Koamoroposa

% — b (0)x - L(x)y,
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hdogeﬂb
PozennBenra-
Makaptypa (1965)

MachpTyp i S
PoGept PO3EHIIBéI71F
(MacArthur Robert, dx ?gigeﬁ]zge'ig
1930-1972) N f(x) — yL(x), Michael L.)
d l— [Tpodeccop.
AMEpUKaHCKUU YHuBepcurera
OMOJIOT, DKOJIOT. Apusona, CIIIA

Padotns! 110 dy OCHOBATEJb U

[JIABHBIN PEIAKTOP
g —— =—ey + kyL(x). o
HOITYJIAALINN U d Z. “Evolutionary
Pa3zHO00pa3uIo Ecology” (c 1986)

YKOJIOTMYECKUX
COOOIIIECTB
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OYyHKIIMU XAITHAYECTB

Knaccudukamnus XoaauHra
dx

L(x) = f0) =L ()

— =—ey + kyL(x).

| — nuHerHas QyHKOUA
(KyCO4YHO-JIMHENHAA)

L(x)= bx
L(x)=b (1 _ e‘“X) 2 — HACBIIICHHE XHIHUKA “Trox
B 3-anpTepHATHBHBIN HCTOYHUK
L(x) =
1+ ax+ o’ TTMTAHUS WM HATMYUE YOexKMIL

KEPTB



Moz[e.m) BzanMoz[eHCTB;;l IBYX BUIOB
HACEKOMBIX

MacArtur

R. Graphycal analysis of ecological systems// Division of
biology report Princeton University. 1971

dx

jt = x(k, _kzx_x2 +k3y—k4xy—y2),
dy 2
Z:y(ks —key — Ky X + kgXy + kox”)

% = ()~ yL(x),

dy
— =—ey + kyL(x).
P kyL(x)



Mozenb
B3aUMO/ICUCTBUS
JIBYX BUJIOB
Makaprypa

dx

E — _X'(kl —kzx_xz +k3y _k4xy_y2)9
dy 2
Z = y(kS — k6y — k7x + kgxy + kg-x )

[IepBoe ypaBHeHue. Hacekombie BHa X mOenarOT JUYMHOK BHUIA
Y (umen + kyy), HO B3pocCible 0COOM BUAA Y NMOEAAIOT JTUYUHOK
BHUJa X MPU YCJIOBUH BBICOKOW YHCJICHHOCTH BHJIOB X WM y WA
obonx BUIOB (WieHBI — k, xy, — »* ). IIpu ManbIx x CMEpTHOCTH
BHUJIa X BBIIIEC, YEM €I0 €CTECTBEHHBIN MPUPOCT:

(k— k,x — x* < 0 mpu ManbIX X).
Bo BTropoM ypaBHEHMHM 4Yj€H Kk,  OTpa)kaeT €CTECTBEHHBIN
IPUPOCT BUIA ), —ky — CaAMOOIPAHUYEHHUE DTOrO BHIA, —k X —

MOEJAHUE JTUYMHOK BHJA ) HACEKOMBIMU BUIA X, kg X, kgx? —
IpUPOCT OHMOMACChl BHJA y 3a CYET IOCJAaHUS B3POCIBIMU
HACEKOMBIMH BHUJA ) TUYMHOK BHUA X.
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da30BbIU
IOPTPET - -
MOJEIH

Makaptypa

-
adl P
Il .

3Ha4YeHUs napameTpoB: k, =9, k, =5,k =11, k,= 1,
ks="T,ki=4,k, =8, kg=2



buodusnka B3auMoI€HCTBYIOIINX
nonyJsinu. M., Hayka, 1985;
: Henunennasga nunamuka

; B3aUMOJEUCTBYIOIIUX
E > L nonyJsinu. M., KU, 2003
1 Nonlinear dynamics of interacting
populations. World Scientific. 1998

Anekcanap JImurprueBud

ba3bIknH dx Bxy )

1940-1994 — = Ax — — Ex~,
dt 1+ px

Poccuiickuii Onosior u

oo U3k @ = —Cy + Dxy — My2

Pa0oThI 110 1TMHAMUKE dt 1 + px

MIOTYJIALIU A
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Mogens ba3sikrHa B 0€3pa3MEpHBIX
ePEMEHHBIX

X—XA/D)x; y—XA/D)y;t—(1/A)t; v=c/A;
a=PD/A; e=E/D; u=M/B

@ — x — Xy _g x2 : Mopens Koamoroposa
dt l+ax dx

— =k (x)x — L(x)y,
dy Xy , dt
y,. — /YT —HY dy
dt l+ax ==k, (x)y.

dt
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Cna = -

[TapamMeTpHYeCKHii IOPTPET CUCTEMBI ba3bIKMHA
pyu (PUKCUPOBAHHBIX Y U MAJIBIX €

d.
Do y? :
B cucteMe BO3MOKHBL: dt l1+ax
1) omHO yCTOMYMBOE paBHOBecue (00macTu d X
) ofHO y p ( LS. A
1 u)s); dt l1+ax

2) OAWH YCTOWYMBBIM TPEACIbHBIN IIHKII
(obnactu 3 u 8);

3) JiBa yCTOMYUBBIX PABHOBECHS

(obnacts 2)

4) yYCTOWYMBBIA TIPEACAbHBIA ILUKI U
HEYCTOWYMBOE PABHOBECHUE BHYTPU HETO
(obmactu 6, 7, 9, 10)

S) yCTOWYMBBIM NpPEACHbHBIA 1IMKI H
YCTOMYUBOE PABHOBECHUE BHE €TI0

(obmacTsb 4).




Hab6op ¢azoBbix
IIOPTPETOB
CUCTEMBI
BO3MOXHBIX B
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Da30BbIM TOPTPET CUCTEMBI JJIS TAPAMETPUUYECKOU
obiactu 6. O0macTh NpUTsKEHUA B, 3amTpuxoBana




®a30BbIi NOPTPET «CIOUCTOM» CUCTEMBI: “‘UIAPHK B JIOKOMHE
C AByMs JIyHKamu . TeMHBIM 0003Ha4Y€Ha 001aCTh
NPUTSHKCHUS CTAlMOHAPHOIO COCTOSIHUSA (+1)

(J1.C.YepHaBcKHuin)
v _
-
ﬂz—ay+b(x—x3)
dt
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du,

dt
du,
dt
du,

dt

CTpaHHBIN
aTTPaKTOp B
CHCTEME XUII[HUK
— JIBE KEPTBHI

=u,(a —u, —6u, —4u,),
=u,(a ,—u, —u, —10u,),

=u,(=14+0.25u, +4u, —u,).

Cucrema, onuchIBaKOIIAs B3aUMOJICHCTBHE TPEX BUJIOB: XUIIHUK - JIBE KEPTBBI

(A. . bazeikun, E.Anonuna, FO.Annionun, 1985). IIpu ymMeHbIIeHHN TapaMeTpa
CKOPOCTH POCTa MEPBOU KEPTBBI IPOUCXOAUT YCIOKHEHUE TPACKTOPUHU
(mocaeaoBaresibHOE YABOCHHE TIPEIesIbHOTO UKIIA) a —2. KonebarenbHast fuHamMuKa

MNEPEXOIUT B KBA3UCTOXACTUYCCKYIO
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du,

dt
du,
dt
du,

dt

CTpaHHBIN
aTTPaKTOp B
CHCTEME XUII[HUK
— JIBE KEPTBHI

=u,(a —u, —6u, —4u,),
=u,(a ,—u, —u, —10u,),

=u,(=14+0.25u, +4u, —u,).

Cucrema, onuchIBaKOIIAs B3aUMOJICHCTBHE TPEX BUJIOB: XUIIHUK - JIBE KEPTBBI

(A.d. bazeikun, E.Anonuna, FO.Anionun, 1985). IIpn ymMeHbIIeHHN TapaMeTpa
CKOPOCTH POCTa MEPBOU KEPTBBI IPOUCXOAUT YCIOKHEHUE TPACKTOPUHU
(mocaeaoBaresibHOE YABOCHHE TIPEIesIbHOTO UKIIA) a —2. KonebarenbHast fuHamMuKa

MNEPEXOIUT B KBA3UCTOXACTUYCCKYIO
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Moienm 3aMKHY ThIX
3KOCHUCTEM

B.B.AnekceeB, Kpoimen 1.1.,
Ca3zpixkuba T.I.

Ddu3snyecKkoe U MaTeMaTHYECKOE
MOJICJIMPOBAHUE YKOCHUCTEM

BsiuecsiaB BukTopoBu4
AnekceeB (1940-2007)

®Du3MK, IKOJIOT, TeOPH3HUK.
JIlnHamuKa nmpouneccoB B
3aMKHYTBIX 9KOCUCTEMaX.
Bo3o0HoBisieMbIe
HMCTOYHUKH DHEPTUHU
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Cucrema ypaBHCHUU IJIS TPEX
TPO(PHUIECCKUX YPOBHEH

dM?” | dt =— "M +yO MM, pacTeHus

n
. N A
dMY | dt =" MPM; =) MY MY, tpasosie
k=l

n
(1) . (gt (k) A £(D) A (D)
dMY | di =—&"My + ) pPOMPMY,  xummcn

n

dM,,/dt ="

i—1

k=1

n
@) A2 (ik) ik (@) A (k) i ()
& M +Z(7/2 — 73 )]\/[2 M -y MM, |
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OO0ylacTH CTOXAaCTHYHOCTH (INTPUXOBKA) JJIS
CHUCTEMBbI JBa XMUIIHUKA — JIBE KEPTBEI
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B.B.Anekcees, A.1O.JlockyToB. O BO3MOXHOCTH YIIPABICHUSI CUCTEMBI CO CTPAHHBIM
arTpakTopoM. [IpoOieMbl SKOIOrHYe€CKOro MOHUTOpUHra, 1985
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