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Buto Boabreppa

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

Pycckuii niepeBo kuuru Bonbreppa Boiien B 1976 r. moa Ha3BaHUEM:

«MaremaTndeckas Teopust OOpbOBI 3a CyIIIECTBOBAHUEY
M., Hayka, 1976 B.BOABTEPPA
N3n. PX]I, 2004

MatemaTHaECKAS
TEOPUS
ITocnecnosue HO.M. CBupexena, BOPbLEbI
v 3A CYIIECTBOBAHME
B KOTOPOM pacCMaTpUBAETCS UCTOPUS Pa3BUTUS MATEMATUYECKOM ‘ e

skosioruu B epuoxa 1931-1976 rr.



I'unore3nl BosbTeppa (1)

m 1 Iluma nubo umeeTcss B HEOrPAaHMYCHHOM KOJIMYECTBE, JIHMOO €€
MOCTYIUIEHHUE C TEYUEHUEM BPEMEHM KECTKO PErJIAMEHTUPOBAHO.

m 2. OcoOM KaxJOro BHJIAa OTMHPAKOT TaK, YTO B €JIWHUIY BpPEMEHHU
Oru0aeT MOCTOSTHHAS JIOJIS CYIIECTBYIOIINX OCOOEH.

m 3. XuIHbIE BHALI IOCAAIOT KEPTB, HNPUYEM B CAUHUIY BpPEMEHHU
KOJIMYECTBO CHEICHHBIX XEPTB BCEra MNPOMOPIMOHAIBHO BEPOSTHOCTH
BCTpEUYM OCOOEH ATHUX JBYX BHJOB, T.€. IMPOHM3BEACHUIO KOJIWYECTBA
XUAIIHAKOB Ha KOJIUYECTBO KEPTB.
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I'unote3nl BoabTeppa (2)

4, Ecniu uMeeTcsl nuia B OTPaHUYEHHOM KOJIMYECTBE M HECKOJIBKO BHJAOB, KOTOPHIE
CIIOCOOHBI €€ IOTPEOIATh, TO JOJIS MUIIH, TOTPEeOIIeMO BUAOM B €IMHMILY BPEMCHH,
IPOIOPIIMOHAJIbHA KOJMYECTBY OCOOEM JTOro BHJAA, B3SITOMY C HEKOTOPbIM
KO3 (PUITUEHTOM, 3aBUCAIIIUM OT BHUIA

5. Ecau Buja muTaeTcs muUIe, UMEIOMICHCS B HEOTPAHUYCHHOM KOJIMYECTBE, IPUPOCT
YHUCJIICHHOCTH BH/IA B €IMHUILY BPEMEHU IPONOPIIMOHAJIEH YMCIICHHOCTHU BHA.

6. Eciu Bujg mumTaeTcs IUINEH, MMEIOIICHCS B OrpaHUYCHHOM KOJIMYECTBE, TO €ro
Pa3MHOKEHHUE PEryJIMPYETCS CKOPOCTHIO MOTPEOICHUS UIIH, T.C. 3a €AUHUILY BPEMEHHU
IIPUPOCT MPOIMOPIUOHAIIEH KOJIUYECTBY ChEICHHOU MHUIIIH.

/. Eciin ocobu OJHOTrO WJIM pa3HbIX BHUJOB KOHKYPUPYIOT 3a MHUILNY U Jp. PECYPCHI,
OTPHUILIATE]ILHOE BO3JCHCTBUE KOHKYPEHIIUM MPONOPLUMOHAILHO IIPOM3BEACHMUIO YHCA
0C00€M KOHKYPHUPYIOIIUX TPYIII
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Kiaaccudukanus TUIIOB B3aUMOJAEHCTBUM B
TePMHUHAX MAPaAMETPOB YPABHCHUH

N; — YMCIIEHHOCTB KEPTB

N, - YMCIEHHOCTh XUIITHUKOB d N
1 _ 2
B 2 - KoOOG(UIUEHTHI COOCTBEHHON o al N 1 T b12 N 1 N 2 Cl N 11
CKOpPOCTH POCTa BUJIOB, t
m  C - KOHCTaHTBI CAMOOTPaHUYCHHUS
YUCIICHHOCTH (BHYTpH d N

2 2
BUJIOBOYW KOHKYPEHIIWH ) - — a2 N y) + b21 N 1 N 7 CZ N 2

0 bij - KOHCTaHTHI B3aUMO- t
aercTBus BUIOB, (I, j]=1,2).
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TUIIbI B3AUMOJIEVCTBUA BU10OB dN 5
d—t2 =a,N, +b,N,N, —C,N,

CUMBUO3 4+ biby>0

KOMMEHCAJIN3M O D0 ba

XUITHUK-KEPTBA 0,,,>0, b,,<0

AMEHCAJIN3M b,,,=0, b, <0

© + + +
|

KOHKYPEHLIMSI b,,, b,,<0

HEWTPAJIU3M 0 O P ba0
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Ypasuenugs KOHKYPEHLIMNA

d
d—)il = X (a'l — b12 Xy — C1X1)’
dx,

dt

= X, (az — b21)(1 — szz)
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CranmoHapHBIC pGHIeHI/I}I
CUCTEMBI «KOHKYPCHIIVS

G — D
X =0, X =0
(D). 1 2

Hauano koopauHart npu gr00bIX ITapaMeTpax CUCTEMBI MPEACTABIACT COO0M HEYCTOMYMBBIN y3€l.

— (2 — (2
@), X, =0, X0 =—%
cemio npu a,>b,, /¢, C,

ycTONuuBBIN y3en npu a,<b,, /c,
OTO yCIIOBUE 03HAYAET, UTO BUJ BBIMUPAET, €CIIA €r0 COOCTBEHHAs CKOPOCTh POCTA MEHBIIIE
HEKOTOPOUW KPUTHUUECKOW BEJIUUYUHBI.
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3). a,

(3) —cemno mpu  a,>b,,/c,
ycToH4MBbIN y3e1 mpu a,<b,,/c,

a,C, — a2b12 Cy — C1b12 B b21a1

(4)'X1:cc b.b. * cc,—b.b,
1v2  MoM21 1v2  MoM21



2a 6, — a2b12 o Clb12 _b21a1

Xl y Ny i
C1C2 ol b12 b21 C1C2 L b12 b21

Y ClIOBHE COCYIIIECTBOBAHUS BHUIOB
b a,C
C2 b 21

B3, - KOG (GUIUEHTHI COOCTBEHHOM CKOPOCTU POCTa BUOB,

W C, - KOHCTaHTbl CAMOOTPAaHUYEHHUS YUCIIEHHOCTH (BHYTpH
BUJOBOW KOHKYPEHIIUH )
- bij - KOHCTaHTHI B3anMoaeicTBys BUAOB, (I, ]=1,2).
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lIpouzsedenue Ko3hPuyueHmos MedCnoOnYIAUUOHHO20 83AUMOOEUCBUSL MEHbULE
npou3eedeHUss KO3(huyueHmos sHympu NONYVIAUUOHHO20 83AUMOOEUCMBUSL.

IIycTh €CTECTBEHHBIE CKOPOCTH POCTA JBYX PACCMaTPMBAEMBIX BHIOB &y, &, U HX
KO?3(DUIIMEHTHl CAMOOTPAHUYEHHS C; C, OJWHAKOBBL, Torma HEOOXOIMMBIM A
YCTOMYHUBOCTH YCIOBUEM OYyIET

c2> Dby, b,,.



OA3OBbLIE
[TOPTPETDbI
KOHKYPEHIIUU
IIpsimbie —

HYJIb ~-U30KJIUHBI

d
_Xl — Xl(ai — b12X2 - Clxl)’

— =X, (az — b21X1 - szz)




KoHKypeHIUS y TMaTOMOBBIX BOAOPOCIICH. @ - IPH BhIpAlIMBaHUU B MOHOKYJIBType Asterionella Formosa BbIXOIUT Ha MOCTOSHHBIA YPOBCHb
TUIOTHOCTH | TIOJJICPKUBAET KOHIICHTPAIIMIO pecypca (CHIIMKaTa) Ha IMMOCTOSHHO HU3KOM YPOBHE. O - TIPH BBIPAIIMBAHUNA B MOHOKYJIBTYPE
Synedrauina BezaeT ce0s CXOIHBIM 00pa30M M MOJJCPKUBACT KOHIICHTPAIUIO CHIIMKATa Ha ellle 0oJiee HU3KOM YPOBHE. 6 - P COBMECTHOM
KyJIbTHBUPOBAaHMH (B IBYX MOBTOpHOCTAX) Synedruina BerrecHsier Asterionella Formosa. (Tilmanetal, 1981)

Monokynbsrypa Asterionella  MoHokynbsTypa Syredra
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a - KpuBble pocTa momymsnuii AByX BUAOB Parametium B 0THOBHIOBBIX KyJIbTypaX. UepHbie KpyKKku — P

Aurelia, 6ensre kpyxku — P. Caudatum
6 - Kpussle pocta P Aurelia m P. Caudatum B cMeImranHoO KyJIBTYpE.

ITo Gause, 1934

OTHOCHTEILHAS IVIOTHOCTD ONYJISIIH

>

BpeMsi, JHH

Gause G.F. The
struggle for existence.
Baltimore, The
Williams and Wilkins
Company, 1934

['ay3ze [.®.boprOa 3a
CYIIIECTBOBAHHUE.
M3a. PXJ[ 2002



TI/IHI)I BBAI/IMOI[EI/ICTBI/IH BI/IZ[OB—‘J ",r

3 ea{«,g

dN,

‘ é é’&"?' dt
dN,
CUMBHO3 + b,,,0,,>0 dt
KOMMEHCAJIN3M + b12>01 b21:O
XUIIHUK-)KEPTBA + b,,,>0, b,,<0
AMEHCAJIN3M 0 b,,,=0, b, <0
KOHKYPEHILIUA _ b,,, b,,<0
HEWTPAJI3M 0 by, b,,=0

—L=a,N,+b,N,N, —¢,N/,

—2=a,N, +b,N,N, —c,N
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Cucrema XHUIIHUK+-KEPTBA

d
_Xl = X (al — b12 Xy — C1X1)’

dt

dx
d'[z = X, (az T b21x1 — szz)




CranyoHapHBIE COCTOSHUS

1 _ 1) _
xV =0,x5" =0 dx,
. Xl(al — l:)12)(2 — Clxl)’
. dt
(2) 2 _ &
X7 =0,x"=—+ dx
2 _
© dt = X, (az T b21X1 - szz)

@ _ 4 3 _
X7 =—=,%X, =0,
Cl

X(4) _ a,C — a2b12 X(4) _ a,C, + a1b21
1 _ ’ 2
CC, + b12 b21 CC, + b12 b21
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N30KI1HBI HA cpa:aOBOM HopreTe
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IIOPTPETHI JJISA
clIy4Jas B
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I 'ay3e | eoprun dpanieBuy
(1910-1986)

B COBETCKHM OMOJIOT, BHEC BKJIaJ B CaMbI€ pa3HbIC 00J1acTH
OMOJIOTMH U MEJIUIIUHBL: UCCIEI0BaI IIPOOJIEMBI
9KOJIOTHH, YBOJIOLIMOHHON TEOPHUM Y [IUTOJIOTHH, "
SBJISICTCS OJJHUM M3 OCHOBOIIOJIOKHHUKOB COBPEMEHHOT'O
y4eHHUs 00 aHTHOMOTHKAX.

m B1942r. I'.®. I'ayze u M.I'. bpakHukoBa OTKpBLIN
IIEpBBIM B HAIIE CTpaHe OPUTHHAJIbHBIA aHTUOUOTHUK
rpaMutiuuH C (COBETCKUI), KOTOPBIN ObLII BHEAPEH B
MEIUIMHCKYIO MPAKTUKY Y UCIOJIB30BAJICS IS JICUCHUS
U Npo(HUIAKTUKH PaHEBBIX MHPEKIUK B iepruoa Bennkoi
OTEe4eCTBEHHON BOVHBI.




‘Monens A.H.Koamoroposa (1935); -
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Kommoropos A.H. KauecTBeHHOE M3y4eHNE MAaTEMATUYECKUX MOI[GJICI/I I[I/IHaMI/IKI/I
nonyysuui. // [Ipo6aemsl kubepHeTuku. M., 1972, Bein.S. 3 :

k1(X)X o L(X)y,

ﬂ K, (X)Y.

Anapeii Hukosaaesuu Kosamoropos (1903-1987)

BEJIMKUU COBETCKUM MATEMATHUK, OJIUH U3 OCHOBOIIOJI0)KHUKOB COBPEMEHHOU
TEOpUU BEPOATHOCTEN. DyHAAMEHTAILHBIE PE3YJIbTAThl B TOIOJIOTUH,
MaTeMaTUYECKOM JOTUKE, TCOPUHU TYPOYJICHTHOCTH, TEOPUHU CIOKHOCTH
aJTOPUTMOB U APYTUX 0OJACTAX MaTEMaTUKHU U €€ MPUI0KEHUM. MHOTO

caciall JIsI MaTCMaTH4YCCKOI'O O6pa3OBaHI/IH U IOIIYJIPpU3all MATCMATHUKH.
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dx
IIpeamonoxenus B s kl(x)x - L(x)y,
MOJEIIN dy
Kommoropona 1 Jl

1) XumHauKn HE B3aUMOACHUCTBYIOT IPYTr C APYTroM, T.€. KO3(hHIIUECHT
Pa3MHOKEHUS XUIIHUKOB K, U 4MCIO kKepTB L, ncrpebisieMbix B enuHUIy
BPEMCHHU OJHHM XHIITHHUKOM, HE 3aBHUCHT OT Y.

2) Ilpupoct umcia >XEpTB MPU HAIMYUH XHUITHHUKOB PAaBCH IPUPOCTY B
OTCYTCTBHE XHUIIHUKOB MHHYC YHCJIO JKEPTB, UCTPEOISIEMbIX XUIIHUKAMHU.
Oynxnun - K((X), K, (X), L(X), - HempepblBHEI U OIpeleNeHbl Ha
OJOXKUTEIILHON oiayocH X, Y >0.
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IIpe ﬁoﬂomeﬁnﬁ dx

P X k()X LX)y,
B MOJIEIHU at
Koamoropona 2 Z—i’ =k, (X)y.

3) dk,/dx<0. Dto o3Hayaer, uTO KOIDPHUIHEHT DPa3MHOKECHHS JKEPTB B OTCYTCTBUEC
XMIITHAKAa MOHOTOHHO YOBIBAaC€T C BO3pacTaHHEM YHCICHHOCTH JKEPTB, YTO OTpakaeT
OTPaHWYCHHOCTbH THILEBHIX U HHBIX PECYPCOB.

4) dk, / dx>0, k, (0) <0 <Kk, ().

C poCTOM YHCJICHHOCTH >XEPTB KOA(D(HUIMEHT pa3sMHOXKCHUS XHIIHHUKOB MOHOTOHHO
BO3pacTaeT, Iepexoas OT OTPHUIATCIbHBIX 3HAYCHUM, (KOIJa HE4Yero ecTh) K
TIOJIO’KUTEITHHBIM.

5) Yucio xepTB, UCTPeOIICMBIX OMHUM XHUIITHUKOM B equHHUITY BpeMeHHu L(X)>0 npu X>0;
L(0)=0.
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CranroHapHBIC PEIICHUS % =k, (X)x — L(X)y,

dt
B Moaenu KoiMoropona dy
=k, (X
. . ¢~ e (Y.
(1). x=0; y=0.
Hadano xoopauHar mpu JHOOBIX 3HAYEHUSAX MAapaMETPOB
IPEICTABIISIET COOOM CEII0

(2). x=A, y=0.
A oripenensieTcs U3 ypaBHEHMUS:

k, (A)=0.

CramuonapHoe pemrerue (2) - ceayo, ecimm B<A
B onpenenserca uz ypasaenus K,(B)=0
eciau B>A, (2) - ycToWUHBEIT y3e.
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CrauyoHapHEIC PEIICHUS

B Mmojesim Koiamoroposa (2) oy, (X)X — L(X)y
dt |
(3). x=B, y=C. dy
= =k, (X)y.

Bennunna C onpenensercs u3 ypaBHEHUN:

k,(B) =0; k,(B)B — L(B)C =0

Touka (3) — dokyc miam y3ead YCTOHYMBOCTH KOTOPBIX 3aBHUCHUT OT 3HAaKa
BEJIMYHMHBI G

o?= -k, (B) -k, (B)B+L(B)C.

Ecnu 6>0, Touka ycroituuBa, eciu 6<0 - Touka HEyCTOMYMBA, U BOKPYT HEe
MOT'YT CYIIIECTBOBATh IIPECIbHBIC ITMKJIIbI
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da30BbIc NOPTPETHI B MoAean KoaimMoropona
.V? 6
=K (X - L(9Y,
at
dy
> _k
A )| . dt 2 (X)Y
A X
" 6 (1). x=0; y=0
(2). x=A, y=0
Y (3). x=B, y=C

O
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Po3eHiBeunra-
Maxkaptypa (1965)

DOyHKINUA XUITHAYECTBA

\ ’ . .' )/ ¥ o " » -
d X > R B N YEIE T
y ]

MaxAptyp PoGepr (MacArthur d t fg;g:g:,ig; ﬁ?ﬁﬁﬁ.ﬂ'
Robert, L.)
1930-1972)

d y [Tpodeccop.

YHuBepcutera Apru3oHa,
AMEpPHUKaHCKHN OMOJIOT, KOJIOT. E— —ey —I— y L X . CIIA ocHoBarens u
PaboThI 110 JUHAMUKE d t IJABHBI PEIAKTOp
N xypnana “Evolutionar
HOMYJISALANA U pa3HOOOpa3UIo yP volutionary

Ecology” (c 1986)
HKOJIOTUYECKHX COOOIIECTB
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OyHKIUH XUIIHAYIECTBA
Knaccudpukamus XoJUIMHTA
L(x)

L(x)=b(1-e*)

L(x) = bx?

1+ ax + cx?

0D
— = T(X) = yL(x),
at
C
o —ey + kyL(x).
at
1 — nunHelHas QyHKIusA
(KyCOYHO-JIMHEHHAs)
2 — HACBIITICHNE XUIITHUKA L(x) = : bx
+CX

3-aJIbTepHATUBHBINA UCTOYHUK
NUTAHKS WM HAJIM4IUe YOC KHUIIL
KEPTB
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Moaeab B3aMMOAEHCTBHUA JIBYX BH/I0B
HACEKOMBIX

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

dx
dt
dy
dt

= X(k, —k,x—X* + K,y — K, Xy — y?),

= Y(k5 - k6y - k7X T ksxy T kgxz)

dx
dt
dy
dt

= 1(x) = yL(x),

= —ey + KyL(X).
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Moneis 0 — = X(k, —k,x—x* +k,y —k,xy — y*),
B3aUMOICUCTBUS dt

JIByX BHJIOB dy

Makaptypa dt—y(k —k,y -k, x+K xy+kx)

IlepBoe ypaBHeHue. Hacekomble BHAa X MOENAlOT JIMYMHOK Buzaa y (uieH + Kyy), HO
B3POCIBbIE 0COOM BHAA ) MOSHAIOT JIMYMHOK BHJIA X HPH YCIOBHHU BBICOKON YHCISHHOCTH
BHJIOB X WJIM Y WM 000MX BHUJOB (WiIeHBI — K, XYy, — y? ). [Ipr ManbeIx X CMEpPTHOCTb BHIA X
BBIIIIE, YEM €TO €CTECTBEHHBIU IIPUPOCT:

(k,— k,X — x* < 0 mpu MaybIX x).

Bo BrOopoM ypaBHeHHMH 4leH K. OTpakaeT €CTECTBEHHBI NpHpocT BUaa Y; —Ky —
CaMOOIPaHUYEHUE 3TOTO BUMA, —K,X — MoelaHNe TMYUHOK BUJA y HACEKOMBIMU BUJA X, Kg XY,

KX — mpupocT OHMOMacchl BHIa y 3a CYET MOEAaHUs B3POCIBIMH HACCKOMBIMH BHIA V
JIAYMHOK BH/]IA X.



da30BbIM1
MOPTPET
MOJIEJIN
Makaprypa

—
|

BnaueHus mapamerpos: K, =9, k, =5, k; =11, k, =1, ke =7, ks = 4,
k. =8, kg =2



Anekcanap JimurprueBud
ba3bikvH

1940-1954

Poccuiickuii Onosor u 0Mo(pU3UK
PaboThl o [MHAMUKE TTONYJISALUN
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A.Jl. ba3sikuH
buodusrka B3anMOICMCTBYIOIIMUX MTONYJIAUN. M.,
Hayka, 1985;

HenuHenHas 1uHaMUKa B3aUMOJIEUCTBYOIIUX
nonyJsiiun. M., KU, 2003

Nonlinear dynamics of interacting populations. World
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Mogpens ba3zsikrHa B 0€3pa3MEpHBIX IEPEMEHHBIX

X—(A/D)X; y—=>(A/D)y;t—>(1/A)t; y=c/A,
a=PD/A; e=E/D; 1=M/B
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IlapamMeTpryeckum IOPTPET CUCTEMBI ba3bIKMHA
IpU (PUKCUPOBAHHBIX Y X MAJIBIX € aX Xy )

B cucreme BO3MOXKHBI:

1) omHO ycroiiunBoe paBHOBecHe (oOmacTu 1 u 5);

2) OJIMH YCTOMYMBHIN MpeaeabHbIN ITUKI (00macTu 3 u 8);
3) ABa YCTOMYMBEIX PABHOBECHS

(oOmacTh 2)

4) yCTOWYMBBIA TPEACHbHBIA IMKI W HEYCTOMYUBOC
paBHOBEcHE BHYTpH Hero (ob6nactu 6, 7, 9, 10)

5) yCTOWYMBBIM MpEACIbHBIM IMKI H YCTOHYMBOC
PaBHOBECHUE BHE €T0

(oOmacTs 4).
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Habop dazoBbIX mopTpeToB
CUCTCMbI BOBMOXHBIX B KOHeqHOﬁ v v v
HaCTH IICPBOI'O KBAJZIpaHTa U
COOTBETCTBYIOIIMX 00JIACTSIM > >
1 0 1 O HapaMeTpruaCCKOIo ®az3o0BbIe TOPTPETHI U300PAKEHBI B TIOJIOKHUTEIHHOM
v nByyroiasHuke cepsl [lyankape. beckoHeuHOCTD
0TOOpakaeTcs Ha BHYTPEHHOCTh CPepbl KOHEYHOTO
noprpeta (ba3bikun, 1985) Camyea
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da30BbIN IIOPTPET CUCTEMBI IS HapaMETpUUYECKON o0nacTu 0.
OO6nacts nputskenus B, 3amrpuxosana




Da30BBIN IMTOPTPET «CIOUCTOM» CUCTEMBI: “NIAPHK B JIOKOWHE
C IByMs JIyHKaMu . TeMHBIM 0003Hau€Ha 00J1aCTh
IMPUTSHKSHUS CTAlIMOHAPHOTO COCTOSHUS (+1)

(J1.C.YepHaBckuii)
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By, ST du
401 40T d: =U1(05 1—U1—6U2—4U3),
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du,
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Cucrema, onMChIBaKOIIas B3aUMOJICHCTBUE TPEX BUJIOB: XUIITHUK - JIBE KEPTBBI
(A. . bazeikun, E.Anonuna, FO.Anonun, 1985). [Ipu yMeHbIlIeHHHN TapaMeTpa
CKOPOCTH POCTa MEPBOM KEPTBBI MPOUCXOJIUT YCIOKHEHUE TPACKTOPUHU
(mocJienoBaTelIbHOE YABOCHUE MPEICIIBHOTO IUKIIA) a — 2. KonebarenbHas TuHAMUKa
MIEPEXOJIUT B KBA3UCTOXACTUUECKYIO
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Moienu 3aMKHYTBIX
AKOCUCTEM

B.B.Anekcees, KpBILHGB .., Bsiuec1aB BukropoBuy

Ca3LH(I/IHa TT AnekceeB (1940-2007)

®dusuK, SKOJIOT, TeOPHU3HK.

dusnuyeckoe U MareMaTHdYeCcKoOeE ranRae
MOJICJIMPOBAHUE DKOCUCTEM 3aMKHYTBIX JKOCHCTEMAX.

Bo0300HOBIIIEMBIE
UCTOYHUKH YHEPTUH
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Cucrema ypaBHEHMHU I TPEX
TPO(PUIECKUX YPOBHEN

d|\/|1(i) [dt = —gl(i)l\/l O 7/1(i)|\/| OM ), pacTCHUS

dM© / dt = &M
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10 L Adexkcanap IOpbeBuy

JlockyToB (1960 —2011)

IIpodeccop pusndeckoro
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B.B.Anekcees, A.IO.JlockyToB. O BO3MOXXHOCTH YIIPABIIEHUSI CUCTEMBI CO CTPAHHBIM
arTpakTopoMm. IIpoOaeMpbl 3KOJIOrHYeCcKOro MOHUTOpUHra, 1985
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Borpochl

m Kak Brl nymaere, B ueM Ononorudeckas
11eJIECO00PA3HOCTH

o K0Je0aTeIbHbIX UBMECHECHUN XapaKTEPUCTHK
OMOJIOTMYECKHUX CUCTEM?

o XaO0THYECKHX M3MCHCHHUH XapaKTePUCTUK OMOJIOTrHYECKUX
cucrem?



