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AHHOTAIIMA

B pa6oTe npuBoaaTCH GOPMYIMPOBKH BAPHALIMOHHOH MOLENH 3KOJOIHYECKOIO
co0611ecTBa, TEOPEME CYyUIECTBOBAHHA M €IMHCTBEHHOCTH, T€OPEMhI CTpaTH()UKa-
unM A1H COOTBeTCTBleIHeﬁ Bap]rlau]rlOHHOEI 3agaqdu. ,[[ﬂﬂ IKOJOI'MYeCKHNX nopHIo-
AEHHH [oKa3uBaeTcs «Teopema ['u66car aHAAO0r TePMO JHHAMUYECKOTO YTBED-
KICHHUA 06 3KBUBaJEHTHOCTH 3aga4v1 Ha MaI(C]/lMyM 3HTPONINH ankQ)HI{CHpOBaHHOM
VpOBHE PHeprlUU 3aa49¢ Ha MUHHMYM SHEPTUH NPpH (PHKCHPOBAHHOM Y PGBHE 3HTPO-
uun. PopMyaupyeTcs M [OKA3KBAETCA CBONCTBO MOHOTOHHOI'O BO3PACTAHUA Dy HK-
nuoana 0606 MEHHOM SHTPOMHN KaK GYHKIHNH NOTPeGASHHBIX cO06IeCTBOM pecyp-
coB. B caydae, korga 4ncao MMMHTHUPYIOUHUX pecypcoB Go/blie YHC/ia BAAOB, J1d
OTHICKARHA YUCAECHHOCTH OpFa}lI/IaMOB AoCTATOYHO 6aﬂal'lCOBhIX OlﬂpaHH“leH}il"‘i 1Ha pe-
cypch. llaligeHo cooTHOIIENHE MEXK Y PECY DPCAMH, TPH KOTOPOM COOTBETCTBYIOIIAA
clicTeMa ypaBHeHHH coBMecTHa. ONMUCHBAOTCA CBONCTBA pelleHUA BAPUALMOHHOL
aga4vMU O OBYX «BIN3KUX» BHIOB, T. €. BHIOB C «IIOYTH» IIPOITOPUHUOHAALHKRIMH
l]O‘TPeGHOCTﬂ]\«II/I.

Abstract

A. P. Levich, P. V. Fursova, Problems and theorems of variational modeling in
ecology of communities, Fundamentalnaya i prikladnaya matematika, vol. 8 (2002),
no. 4, pp. 1035-1045.

The formulations of variation problem of ecological community, the existence
and uniqueness theorems of the variation problem solutions and the stratification
theorem are given in this article. ['or ecological application «the Gibb’s theoremy is
proved —— it is an analogue of equivalence of maximum entropy with fixed energy
level problem and minimum energy with fixed entropy level problem. Monotone
increasing property of extended entropy functional is formulated and proved. In the
case, when the number of limiting resources is greater than the number of species,
balance equations are sufficient for finding the population size. The compatibility
condition for the corresponding system is found. The property of variation problem
for «close» species, 1. e. species with «almosts proportional quotas are described.
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1. Beegenne

OAUMM U3 BOIMOXKHBIX METOJOB MO IEANPOBAHHSA B SKOJIOTHH COOBMECTB ABAA-
eTcd IpUMeHeHHe BapUAIMOHHOrO NOAX0da. B 9acTHOCTH, SKeTpeMadbHELL IPHH-
LI MOKET GBITL HCIOMBIOBAH [UIA ONMCAHWA coOBIIeCTBA OJHOKACTOTIHEIX Opra-
HU3MOB, MOTPeOAANIAX BIanMOHe3aMeHIMEIE PecypPChl H HaXOAIIAXCH B YCAOBHAX
HAKONUTENRHOTO KYALTHBHPOBaHuA. B paMkax omichiBaeMoll MOeNH BO3MONHO
JeJleHie W CMePTHOCTh KJeTOK, HO He WX CAHAHHE; AobaBleHWe HAM WILATHe pe-
CYPCOB H MHKDOOPIaHH3MOB B HpOIlecce KyJIbTHBUDOBAHAA B MOJeld He PaccMa-
TpuBaeTca. HaygaeTcs pa3BuTHe MOJAKYALTYPhL IO OCTAHOBKH POCTA, BHI3BAHHOM
HCYepHaHneM OJHOTG H3 PeCYpCOB, HO HE KaKHMHA-ARG0 HHBIMH IPRYHHAMU.

dopmyaupyeTcs BapHaUNOHHAA 1alada Ha YCIOBHHIL okcrpemym [1,2]:

H(ny,...,ny) = (i ni) ln(i m) - inilnni —> max,

i=1 i=1 i=1
w
quniélk‘ k=1 m; (1)
i=1
n 20, 1=1w,

TAe n;  KOHeYHBIe MCKOMLIC 9HCACHHOCTH KaX0T0 Ud BUAOB i; ¢F  KoamuecTBo
k-ro pecypca, moTpebaéinoe TONyIAnded BUAa 7 H3 CPEAEl B PACYETe Ha OJHY KJICT-
Ky K MOMEHTY OCTAHOBKH POCTa; m —— ofllee KOMHYeCTBO BIANMMOHE3AMEHUMBIX
pecypeoB, MOTPeBAAeMbIX coOGMIeCTBOM; W €UCAO BUAOB B coobmecrse; [P
HauaaLHOe cofepxanne pecypca k B cpege (L% > 0).

Jagada (1) Apaderca MaTeMaTH4ecKoh (GopMatudaliesd HOCTYIHPYEMOTO DKC-
TpeMaJbIIoro TPUHIANA, COTVIACHO KOTOPOMY AHHAMUYECKAA CHCTeMAa U3 3aaHHO-
IO COCTOAHHA TEPEXOUT B COCTOSHHE C DKCTPEMAbHOI (B Ipejenax, JOmyCTHMEIX
UMeIoEMHCA pecypcamit) cTpykrypol [1,3].

TIpuBeaeM HeKOTODBIE BO3MOXHBIE WHTepnperanuun dyuxiunonata H(#) u
CPOoPMYITUPOBAHHOT'O 3KCTPEMATBHOIO NPHHITHIA.

L. DuTponna MoKeT paccMaTpUBATLCH KaK MeDa (CTPYKTYPHPOBARHOCTHY HC-
KOTOPOTO COCTOAHNA WIA Mépa OTKJIOHEHHS, «yAANE€NHOCTAY CTPYKTYPHI CO~
cTOAHBA OF ero GeccTPYyKTYPHOro aHajaora [4].

2. JDUTpOrUA, JTHHEUHO YNOPAAOYNBAA CaMH CTPYKTYPH M OIHCHIBAeMBlE Ma-
TEMaTHYeCKUMH CTPYKTYPaMU COCTOAHUA €CTeCTBEHHLIX CHCTeM, B ONpe-
NeJEHHOM CMBICTEe B paMKaX (DYHKTOPHOIO MeTO/a CPABHEHNA MaTeMATHYe-
cknx cTpykTyp [1] 0606maeT DoOHATHE «KOIUYECTBO DIEMEHTOBY Ui KOHEY~
HBIX CTPYKTYpPMpPOBaHHBIX MHOKeCTB [4]. TeM caMbiM DkcTpeMaibiblil TpaH-
LHI Peala3yeT MaKCHMYM DKCIAHCHH COOBINECTB AHBBIX OpraHniMOB [3].

3. DHTPOLHIO CUCTEMBbl MOXKHO PAaCcCMaTPHBATE KAK KOIHYeCTBO MH(pODMAIINH,
CBA3BAHHON €O CTPYKTYDPOH CHCTeMbl, MOHTOMY BBEJEHHBIN HKCTPEMALHBIH
HPIHGUI MOXHO HATEPIpPeTHPOBATE H B HH(POPMANHOHHEIX TepMuAaX {1].

4. Kax OygeT moKasaHO B pa3/iefie 2 HaCTOAIMER paboThl, SHTPOIAIHBIA SKCTPe-
MaJbHLIA TIPHHOKII ¢ OCPaHUYeHHAMHA N0 PECYPCaM PaBHOCWIEH MPUHUUTY
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MUBHMAJALHOT 0 NOTpeGIeH N M060T0 U3 TUMETHPYIOMUX JHHAMHKY pecypc-
HLIX (DaKTOPOB C Or pAHWICHHAMH HAa HAAMEHLHIYIO MOMYCTHMYIO BEAHIUHY
DHTPOTHHHON XapAKTEePHCTHKH CHCTEMEL.

5. DkerpemasbliocTh pyHKIHOHANA H (), TOPOXKAAIOWEr O NHHTAMUIKY coobime-
CTBA, MOXKHO HHTEPHPETHPOBATL H KaK TpeGOBaHHe MAKCAMAJBLHOTO PA3HO-
06PasHA CHCTEMEL, OTPAHHYEHHOT'O JOCTYIHBIMH pecypcaMu cpejbl [5].

[Ipu nccaegoBarnu chopMyTUPOBAHHON DKCTpeMadbiion 3agatd (1) npu yeno-
BUH w > m Obll HOAYYeH DAL CTPOTHX PEIYALTATOB, CPEAH KOTOPBIX CJIeHyIO-
miwe [2].

1. Maxcuyym B 3agade (1) gocTuraerca B rouke, rae n; > 0, i = 1, w.

2. Teopema cynlecTBOBaAHHA U €JUHCTBEHHOCTH: A NI06OI'0 BEKTOPaA
LeERP={LeR™|LF>0 k=Tm
+
peterre 3agaun (1) cyliecTByer, eIMHCTBEHHO U 3ajaércsa HOPMYIIOH BHIO-

BOU CTPYKTYPHI

n; = nexp(~A,¢), i=1,w, (2)
ut
rae ¢ = (q},...,¢), a obwaa dYHCAEHHOCTH N = 3. n; W BEKTOP
X= (AL, ... A™) ecTb peilleHHA CHCTEME adreGpaniecKHX ypaBHEHHI
o
E exp(=X. @) = L;
=1 W — L
( L of exp(=X. ) - 1K) =0, k=Tom; (3)
} , k=1 m.

3. Teopema cTpaTHdGUKALHHK: BCE MPOCTPAHCTBO
m={L=(L'.... L") |L* >0, k=T.m)

ABNACTCH 06’136,I[HH€HH€M HelepeCceKawinxca MOAMHOXKEeCTB S‘] (CTI)&TOB),
Haxo AlUuMXcd BO B3AUMHO-OAHOIHAYHOM COOTBETCTBHU ¢ HEMYCTBIMH IIOI-

maoxkecTeamy J MpoxecTBa {1,2,...,Mm} B TOM CMBICIe, YTO €CAH HEKOTO-
pelit Bekrop L = (L',..., L™) npunajaexuT noamuoxectsy R, coorset-
craylomweMmy J € {1,2,...,m}, To g4 3Toro BekTopa 3agada (1) >KBHBAa-

JIEH'THA 3ajade ¢ paBeAcTBaMu

H (i) = max;

w

Equ"a:”, jed; (4)
1=
n; 20, i=1w,

rae = (ny,..., Ny).
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3ameTnmM, 9To 3ajgada ¢ HepaseHcTBamu (1) cogmTes (pegymmpyercs) K
2™ — 1 sagagam (4) ¢ paBeHCTBaAMM H B KaxkJoM cTpaTe S7 pemenrne sa-
JAa4n (2) 3aBHCHT TOIBKO OT PecypcoB (d moTpeGHOCTeH B HYMX), NMpHHAI-
Jexamux noaMuaoxectsy J. lpudéMm uMeHHO >TH pecypehl (M TOJLKO OHI)
NOTPe6IATCA NOMHOCTEIO (ABIAIOTCA IMMITHPYIOMMMI ), T. €. COOTBeTCTBY-
OIlHe HEPABEHCTBA U3 OTpAHH4YeHHU o6panjaioTca B PaBeHCTBA.

B nacrosiiei paGoTe GOPMYIHPYIOTCA M JOKAIEIBAIOTCH HEKOTOPLIE CBOHCTBA
sajasn (1), pyuxumonana 06o6weHHON suTponuu H (i) u pewenus 3agaau (1)
B caydae w < m.

2. «Teopema I'mb66ca»

Haspanue TeopeMbl 1 €€ (OpMYIAPOBKa GLIIH IpeAloxenEl B paboTe [6].

Teopema. [lycrs Mbl HMeeM BeKTOp )= (AL, ..., A\™), cooTeTCcTBYIOIIIIT pe-
m
memmo (2) sagaan (1), u nyers ¢ = Y. N L*. Hycrs gasssui sexrop pecypcon L*
k=1
npuHagiexuT HexkoTopomy crpaty S, mpuaém N > 0 qua k e J, A = 0 gas
k ¢ J. PaccMoTpnm cAefyIOLyIo JKCTPEMAaIbHYIO 3a4ady:

woo
Y ¢ln; 5 min, jeJ;

i=1

H(A) > o (5)
& —_—

Z‘ﬁ"ig[f, k=1m, k+#j

1=1

Torga pemenne (2) saga4n (1) ABIdeTca ofHOBPeMeHHO pelteHneM cHeTeMbl (D).
Bepro u o6paTHoe yTBepKgeHHe: ecai BekTop it = (ny,...,ny,) — pemenye ci-

. woo,
ctemsr (5), To BekTop 7l GydeT o pemenneM 3ajaan (1) ¢ L7 = 5 ¢ln;.
i=1

llockonapky B TepMOAHHAMHKe AHAJOI'WYHOE YTBep:KJeHHe 06 DKBHBAJICHTHO-
CTH 3a/a4y Ha MAKCAMYM DHTPONHH IIpU PUKCHPOBAHHOM YPOBHE DHEPTUU Jagade
HA MHHHMYM DHePrau 0pH GHKCHPOBAHHOM YpoBHe yHTponuu BBéA ['M66¢ 7], TO
cpOpPMyARPOBAHHOE YTBePK geHue GLII0 HAIBAHO «TeopeMolt 1'nb66car [6].

HokazaTensctTBo. JanuimeMm ¢yuxknun Jarpamka o #HeoOXogHMble YCIOBUS
okeTpemyma sagag (1) u (5).

Ja sapagu (1):
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- . m
N HEL L SN =0, i=Tw
k=1

/\“(iqﬁ‘m—Lk) =0, k=1m; (M)
=1

A >0, k=0,m.

Ecan MuoxnTens Ag paBed (), To B Bce ocTalbpHble MHOXATENN Jarpamxka AR

k = 1,m, gonxuel 6LITH HYJEBEIMH, 9TO HPOTHBODEUUT CYIIECTBOBAHHIO HeMyJle-
Boro sexropa MaoxuTeaed Jarpanxa. [looromy mpumem Ay = 1. Torga meobxo-
JHMEIE YCIOBHA DKCTPeMyMa 3aadu (1) HMEIT BAJ

Jna sagaqu () dynknua Jarpanxa uMeeT BHJ

~I/Oiq n + v <Z/\"L"—H 71)—}—21/ (qun, > (9)

i=1 k=1 k#j i=1

AHaIOTUTHbIe PACCYIKAEHRA IPHBOJAT K BOIMOKHOCTH npnuaTh ' = 1. B pTom
caydae HeoOXOAMBIE YCAOBHUA DKCTPeMyMa 3ajadn (5) 3afal0Tca CHCTEMOl YpaB-
HEHHN

aH(n)

+ Z gk =0, =T, w
k#j

S ARLE — H(7) = 0

A=L (10)
yk( ¢hn; — L“"):O, k=T,m, k#j:

z:l
vE>0, k=T m.

3aMeTuM, 9TO IpH moAcTaHoBKe (GOPMYIbLl BAAOBOH cTPYKTYPH (2) B dopmy-
m
ay aas H (i) noaysaem H(R) = 5 AL, 7. e BTOpOe ypasHeuNe cHCTeMEL (10)
k=1
BEPHO, A ocTalbHble ypabHeuna cucreM (10) m (8) coBmagamoT ¢ TOYHOCTBIO 70
obosnavennit MHoxkuTesell Jlarpanxa (dckatouan uz cucremel (8) ypasHeHue s
k = j). Taxum o6pazom, pemrerne 3agaqu (1) siBageTca dKeTpeManbio sagadan (5).
w .
Kpoae roro, npu BrmonHenus paBerctsa L) = Y ¢!n; moaydaem, 9To0 BLpaxeHne
=1

w

A ( 3 ging — LJ> paBHO HYJIO IJd BCeX 3HadeHnit A, a ocTajbHble 1Ueo6X0 uMEle
i=1

yCAOBHA DKeTpeMyMa 3afgadu (1) coBIAalT ¢ COOTBETCTBYIOMMMMU YCAOBHAME 34~

Aa4n (B) ¢ ToYHOCTEIO J0 0603HAYeHri MHOXUTe€eR Jlarpanka 7 u A
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uw
Ilockoapky AnHedHEIE KOMOHHALAN Y a¥ni, k=T, m, u pynxuun H(A) apia-
IOTCS BHITYKILIMY (PYHKIUAMA, a MHO‘/K;I*II‘(‘JIH Jarpamxa 1pn SXCTPEMUIHPY eMBIX
(dyrrnaax sagag (1) u (5) orandnw o Hyat (MEokuTednL V0 # 0, Tak Kak emy co-
OTBETCTBYET MHOXKHTENb M>0j e J), To, cornacto TeopeMe Kyna-Takxepa. [8],
Hal JeHHLIE DKCTPeMaJill SBISIOTCH PEIIEHHAME COOTBETCTBYIOIIHX BAPHAIIMOHHBIX
Jajad.

3. Teopema 0 MOHOTOHHOM BO3PACTAHHH SHTPONHH

Teopema. Jug pyuxguonana H(A) (n = n(E)) BBITOTHACTCA CBOHCTBO
0H —
— >0, k=1,m.
oLk = 7

Jdokasareabcrpo. CornacHo TeopeMe cTpaTudHKANIN, TPHBeFEHHON B pas-
gede 1, BCE MpoCTpaHcTBO

T={L=(L'...L™)|LF>0, k=Tm}
pacniafaerca Ha 2™ — | memepecekaommxcs mogMuoxects SY. J C {1,...,m}.
B xax oM cTpare SY 3agjada ¢ HepaBercTBamu (1) SKBUBATEHTHA 3a4a9e ¢ PABEH-

o
creavn (4). Pacemorpum SY — pHyTpennocTs crpata S7, xoTopas BHLgedseTcA
‘ y :
caoBuem A > 0, 7 € J [2]. dna skcTpeMalIbHORA 3a4a49¥ ¢ OTpaHAYeHAAMA B BH e
Yy y J

)
pasercts (4) B S7 BLimOAHEHO

0H : 0H
— =M, jedJ n —/=0,k¢J
QL J € gLk £
rie M — coormeTcrBylomEi MHOXHTeNb Jlarpamka. [IpuBegém mokasaTelb-

CTBO 5>TOro GaKTa cOraactHo TeopeMe 0 JUMhEPEHIHPOBAHHE JKCTPEMHIHPYEMEIX
dbyuxrmui [9].
PaccMoTpry cicreMy ypaBHeHRi

0( i q;’n,—L’)

WHA) oSy = N =0, i=TLu
e e " (11)
w .
ogni=L"4+1, jed
i=1

ITyets 7% — pelnenne 3aaaqu (4), a X* — MHOKHTEND JarpaHxa, COOTBETCTBY-
101 DToMy pemenmo. Torga pewennem cucremu ypasaenuit (11) oTHocuTensno
nepeMeHHsx (7, X,f) ABAAETCA TOYKA (ﬁ*,x‘, 0) (= (n1,...,ny), @ KOMIOHEHTEL
BeKTOPOB Xulects M oa b, J € J, COOTBETCTBEHHO), TTOCKOABKY B DTOM clydae
cucrema (11) npeBpaijaeTca B HeoGX0JHMEIE YCIOBHA DKCTpeMyMa sajadn (4).

ITpameHedue TeopeMel o HeABHOM yHKNIH K cucreMme (11) (o6ocHoBaHHe BO3-
MOKIIOCTH UPHMEHEHHA JafHOW TeopeMbl MOKHO HAlTH B IUTHPYeMoi paGoTe [9])
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- —

AaeT creAylolni peayabTaT: cymecTsyeT 6 > 0 u dyuxuun n; (1) u M(l), i = 1w
(ni(l) € €7, M) € CY ma 5(0.6)), Taxwe wTO

o(-HE) oL ani@ - 1)

_;_ )\] F 1= — ;i — — .
ony + Z () Ony 0. i=1uw, {12)
1€
u
w ) . ‘ .
qun,-(l) L=y, jeJ (13)
i=1

Mpu >rom 7(0) = 7@*, A(0) = A*.
Henoapsya (12), MOKHO JANHCATh BBEIPaKeHHe

= , S i — L
Oni(l) O(~H(A)) oni(l) | ; "0<i; gni— L ) o
it + X (1 0 i=Tw kecJ
dlx ang e 3tk On; ) , w, \
VI
. = = 0(%(]1??1—[1.’)
o(=H[(D)) ons(l) ;-\ 5 7 o
=~ M 1= 1= ) .
aly J; ik () o ,i=lw, ked o (14)

(' apyroit cToponH, guddepenuupys (13), nonyaum

a( 3 qin.(f)-L7)
_— 1=1

8( .§1 ?fn,—L’)

=2 ] g = o
I = ol = # TN , JeJ, j=k (15)
s E)(szfn.—LJ)
O=5p—%57— JEJ JiFk
OGweauuss (14) u (13), noay<aem
0 0D (7 »
E)IT(‘H[H(I)]) = a/\k(l). (16)

PacceMorpiy nepeMennyio ¥ = LF +15. UmeroT MecTo cieyomue cOOTHOILIe-
HWA:

DLF T 9=k LR Ok T 9Lk QI QLF T 9k \OIF OLF

OH  OH 02  9H  9H 9z  OH _ OH\9IF 8¢

o
Hockonbxy B 57 muoxnTenn Jlarpamka petieHds 3ajadd (4) HONOKWTEALHEL,
M >0,j€J, asS? sagam (1) u (4) oxsupanenTHsl, To kMeem JH/IL* > 0,

0
k=TmsJS’ a1 vasaqn c orpanudennimyl B Buje HepaBeHCTB (1).
J

OTMeTHM, 9T0 TIpH HHTEPIPETAIRE pecypcoB LF Kak MeTaGoaudecKoro BpeMe-
nu cacremur [10] gokazadnas TeopeMa cTaHOBHTCA aHamorom H-teopembr Bosbn-
MaHa O BO3PACTAHHH PHTPOIMH CTATHCTHYECKON CHCTEMB MOHOTOHHO lapaMeTpy
BpeMeHW.
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4. BapuannoHHada 3ajada AJA CAydaa w < m

[Ipeacae 4em copMyInpoBaTh yTBEPX feHHE, IPHBEIEM €IUE pas oupejeleHne
HeoOxo AHMOro 1oHATUA. JUMUTHDYIOUWINM HalBLIBA€TCA Pecype, MOTpebaseMBId
coo0uIecTBOM U1 CcpeAbl MOAHOCTHIO, YTO HA MaTEMaTHIECKOM H3bIKe O3HAadaeT
oGpaillende COOTBETCTBYIOINIET O HCXOJHOTO 6a/laHCcOBOT 0 O paHMYeHAA 3a5a4n (1)
B paBeHCTBO. Tem caMbiM TeopeMa CTpATHGHKAIMH O3BOAAET B KakJoi obracTu
NMPOCTPAHCTBA PECYPCOB YKalaTh Te, KOTOpbLle ABASAIOTCH JTUMHTUPY IOLIITMIL.

YrBepxkagenue. PaccMoTpUM BADHAUMOHHYIO JaJady
H(7) - max;

w
Zqﬁ"ning, E=1,m; (17}

i=1
1 ; 0) i = 1) w.

Torga ecan YHCI0 THMATHDYIOMIHX PECYPCOB (T. €. TeX, AJAA KOTOPHIX HEPABEHCTBA
OPEBPAIIAIOTCA B PABEHCTBA) GOJbIIEe HIH PABHO 4HCIY BUJOB COO6UIECTBA, TO pe-
menge 3a,Ja9H cylgecreyeT, IpH YCAOBHH BLINMOJIHEHHA COOTBETCTBYIOLIHX }'(’./JOBHJ(]
COBMEeCTHOCTH CHCTeMbI O[‘paHH‘IeHHﬁ, H Bar.’j(a.é"T(‘ﬂ CHCTG}WOI‘i H3 w 6aJaHCcoBbIX
YDAaBHEHHII.

JokazaTeabcTso. B curyanun, xorga 4ucio IUMETHPYIOOIEX (haKTOPOB
GOJBIe WA PABHO IMCAY BHAOB, BApHALHOHHAA 3agada (17) TepdeT cMmblci, 1O-
CKOALKY COOTBETCTBYIONTHE HEPABEHCTBA CTANOBATCA PABEHCTBAMM I THCIEHHOCTH
OPraHUIMOB OINpeAeNAIOTCA CACTEMOU Ol DAHAYEHHM, IIPH YCIOBHH €€ COBMeCTHO-
CTT:

wo )
5 qgn,' =L, jeJ, JC{L2,...,m}, wm, |J|> w; (18)
i=1

n; 20, =1 w.

BuinmmmeMm ycaoBus COBMECTHOCTH CHCTEMBI OT PaHMYeHH I, NPH BEIMTOJHEHHH KOTO-
pHiX umeet Mecto sagada (18). U mobelx w ypaBHEeHUH BIPAKAIOTCH YICIEHHO-
eth g, 1= Lw: n; = Q;/Q, rae ) — onpeAeuTeNb MATPUIEL, COCTABICHHON
U3 3HAYEHAM NOTpebHOCTeH W BHJAOB B BLIODaHHBIX w pecypcax, @; -— oIpe-
JeuTedb MATPHIIL, B KOTOPOM Ha i-M MecTe CTOHT CTONGEl, COCTABICHHEIN M3
nabopa pecypeos L¥ k =iy, ... iy (BLIGpAHHEE w PecypCOB), a OCTATLHEIE CTOMNG-
11bl COCTABJACHBI H3 COOTBETCTBYIONINX TOTPpeOHOCTER (HAMOMHIM, YTO B YCIOBUAX
pACCMATPHBAEMOW MOJeN] JHATEHHA NOTPeGHOCTER BHIOB MTHHEHHO HEJABUCKHMEL).

HoacTaBuB noayyeHHble YHCAEHHOCTH n; B ocTaBmnecs |J| — w ypabiennii cu-
CTEMLI OF PAHHYeHH, NOAY UM HCKOMble COOTHOUICHHS MEX Y pPecypcaMu:

{ Ql ! Qw -l . .
ql'a-}-...-}-qw—a‘:l/, l:lw-i-])--'a’[.ll—uw

Takum oGpasoM, B ciydae, KOrja IHCIO BMJOB w MEHBIIE WM DABHO YHCIY

pecypcon m, crpara SY pasmeproctu |J| 2 w 3agaloTCA yoAOBHEM COBMECTHOCTH
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CHCTeMBI YpaBHEHHH
us
E gdni=L, jelJ, |J|zw.
i=1

Ho oroit cieTeMbl HAXOJATCA YHCJICHHOCTH BH/OB Ha CTAIMOHAPHON CTaJHI PO-
cra. Crparor 7 pasmeprocTu |J| < w HAXOMATCA N0 AJrODHTMY, 3a/[ARAEMO-
My Teopemoil cTpaTndukaunu [2,11], a YrcaenRocTH BUAOB Mo dhopMyde BHAOBOR
cTpy&Typsl (2).

5. 3aga4da o «6JIM3KUX» BHAAX

IycTek coofmecTBO COCTOUT U3 ABYX BHEOB OPPaHU3MOB, MOTPeb/AIOMINX jBa
pecypea Lt u L?. Kpome Toro, nycTs noTpeGHOCTH BHAOB GAHSKH K OPOMOPHH-
oHATBHLIM, T. €. ¢1/q3 = d, ¢3/¢} = d+ ¢, rje ¢ € d. CornacHo mOTy4eHmbIM
AJITOPAUTMAM HaXOX IeHHA o6IacTel TUMATHPOBAHAA H OTHOCHTEABHEIX HCICHHO-
cTeil BHJOB Ha CTaMOHAPHOH cTafum pocta [2], KodDhHImeHTE yTria HakIoHA
OPAMDIX, OTPAHHYMBAIOIINX CTPATHI, BEIYUCAAIOTCA NO HOPMYIaM

1 1 2 2
1.9 1.9 24 92
v = gy + ‘Iz-lo2 ) _ Q}yol + ‘l%}yo (19)
- ql 5 qi ] - qz q'z il
dixg +a3eg gty + 3o’

1 1 2 2
e o — KOpeHb ypaBHeHus r9 4192 = 1, a yp — xopenb ypasHenus y7 +ydz = 1.
OTHOCHTENbHBIE YUCACHHOCTY BH/IOB Ha CTANMOHAPHOM CTAJNH POCTA 3a,1aI0T-
cst BRIpazennaMu [11]

1 it 1
n1 4 na _ 92 L .
T dg ., =y npu 77 < Vv;
2 2 1
ny o 41 na _ 42 L : y
n Y 0w T Y IpH 73 >, (20)
2 1 1 1 1

ny _ 92X~ ny _ 91 —92X )

= o, = 5—Ar—— upa v L <.
n a3x—aite—gix ' n Ex—altai—gix PRV S IT R

3aecn \ = LY/L2
OnurmresM ¢TPaThl 1 OTHOCHTENBHBIE YHCAEHHOCTH BHAOB, MOTPEGHOCTH KOTO-
pEIX 00aaJAI0T YKAJAHHBIMH BHIIE CBOMCTBOM, MCoabdys GopMyaer (19) o (20).
1
1 1...%
— ko T2 g2ty
V_I/(qu‘)_'—z— N gt a PO
2 gi(degt + 2 +exgt)

1 1.4

N SRS | 92¢Y%0

n=mnle;,e) = q: 9,47 43 g7y’
2 gi(dyt + o’ +eyp')

mpr v(¢f e) < x < nlgk.9)

ny By~ ¢ na dg} — dg3x — ¢3xe

n o (L=d)(gdx~a)—a;xe’ n (I-d){gix —ai) —d3xe
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Haiigém oTHOCHTeNbHBIE YHCACHHOCTH BHA0B Ha TPAaHHUIe CTPATOB!

1.0 10
ny _ gafxy _ g2y’ _.a m _ a5
n T4l L oa a0 =Yoo
= 11 = 2 p 11 9 =
NIV gagxg’ +Eq5x gze(zg' +2¢°) X=1
no 1 ny 2
2 _ .4 2 _ .
— =zry’, — =Y0 -
n Ix=v n ly=y
Pacemorpny npegen npu € — 0:
1
. . qs
limv =limn=-%,
£—=0 e—=0 q3
ai a4 2
kpoMe Toro, mpu £ — 0 y)' = 25", ¥g° = xy°, TOCKOABbKY Yo U &y HUIyTcA U3

ypaBHEHM P e ydqg + ng =1

Taxum o6paszoMm, B caydae, Korja NOTPeGHOCTH BHJOB B PECYypPCax «MOUTHH
NPONOPIHAOHATBHEL, 00JACTh JUMHTHPOBAHUA ABYX (PaKTODOB CAHBAETCA B Jayd,
a OTHOCHTENbHBIE YACICHHOCTH BHAOB OJN3IKH K TOCTOSHHBIM:

ny

1 no pe!
“:xg] —_.I‘h

y = .
n 0

ABTOPBL PaboTH BeIpaxKaloT rayboxyo npusgaTeasHocTs B. JI. AnexceeBy 3a
MHOT OMHCAeHHBIE HAeW, HCTIOAb30BaHHEIE B HACTOAIIEH paboTe, H 3a W0 JOTBOPHBIE
oOCy M ACHAA.
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