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AnnoTamus

B pabore npuBogsaTcst OpMYIUPOBKY: BAPUAITMOHHON MOEIN KO-
JIOTUYECKOTO COODIIECTBa, TEOPEMBI CYIECTBOBAHUS W €IWHCTBEHHO-
CTH, TEOPEMBI CTPATU(DUKAIINY JIJIsT COOTBETCTBYIOIEN BapUAIMOHHOMN
3ajgaun. JlyisT 9KOJOTMIEeCKUX TPUIOKEHUN [JOKA3bIBAETCS “TeopeMma
T'u6b6ca” — araIOr TEPMOAMHAMUIECKOTO yTBEPKIEHUS 00 SKBUBAJIEHT-
HOCTHU 3aJ[a9d Ha MaKCUMyM SHTPONNM Tpu (DUKCHUPOBAHHOM YPOBHE
SHEpPruu 3ajade HA MUHUMYM SHEPTUH TPHU (DUKCHPOBAHHOM YPOBHE
sarpormu. Popmyupyercs u JOKA3BIBAETCS CBONCTBO MOHOTOHHOTO
BO3pacTanusd (PyHKIHOHAIA 0D0OIIEHHON SHTponny Kak (PyHKIUA II0-
TpebJieHHbIX cO0bIImecTBOM pecypcoB. B ciydae, Korma 4ucyio TuMuATH-
PYIOIIUX PECYPCOB DOJIBINE YUCJIA, BUJIOB, JJIsl OTHICKAHUS YUCIIEHHOCTH
OPraHW3MOB JIOCTATOYHO 0AJIAHCOBBIX OrpaHWYeHuil Ha pecypcbl. Haii-
JIEHO COOTHOIIIEHWE MEX]Iy PECypCaMu, TPU KOTOPOM COOTBETCTBYIO-
mas CHCTEMa ypaBHEHWM coBMmecTHA. ONMCHIBAIOTCS CBONCTBA perie-
HUY BapUAIMOHHONW 33Ja4u Jid AByX “Oyim3kwmx”’ BUJOB, T.€. BHUJOB C
“mouTu” MPOMOPIMOHAIBLHBIMU TOTPEOHOCTIMH.

1 Bsenenne

OmHUM U3 BO3MOXKHBIX METOJI0B MOJIEIMPOBAHUS B 9KOJOTHH COOOIIECTB SB-
JIsleTcsl IPUMeHeHne BapuaIlmoOHHOI0 TOAX04a. B yacTHOCTH, 3KCTpeMaJIbHbIH
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IPUHIUI MOYXKET ObITh UCIIOJIb30BaH JIjisl OIIMCAHUS COOOIIECTBA OHOKJ/IETOY-
HBIX OPIaHU3MOB, MOTPEOJSIONIMX B3aMMOHE3AMEHUMbIE PECYPChl M HaXOJIsl-
IMUXCSA B YCJIOBUSAX HAKOMUTEJTHLHOTO KyJIHBTHBUPOBaHUsA. B paMKax ommchiBa-
eMOii MOJieI BO3MOXKHO JeJleHhe M CMePTHOCTDb KJIeTOK, HO He UX CJIHUIHUE;
Jo6aB/IeHNE UJTU U3bATHE PECYPCOB U MHUKPOOPTAHU3MOB B IIPOIECCE KYIbTH-
BUPOBAHWS B MOJIeJIM He paccMaTpuBaeTcd. V3ydaercsa pa3sBUTHE TOJIUKY -
TYPHI JI0 OCTAHOBKH POCTA, BBI3BAHHON MCYEpIIaHUEeM OJHOTO U3 PECYPCOB, HO
He KAKUMU-TU00 MHBIMU IPUYMHAMH.
@opmysupyercss BapUaIlMOHHAS 33/1a4a HA YCJIOBHBIN sKcTpemyM [1, 2|:

H(ny,...,ny) = (f: n;) ln(i n;) — f: n; Inn; — max;
i=1 i=1 i=1
Sogbn < LF, k=Tm; (1)
i=1
n; > 0, 1= 1,w,

e n; — KOHeYHble MCKOMbIe YHCJIEHHOCTH KasKIO0TO U3 BUJOB i qF — KOJH-
4ecBO k - TO pecypca, OTpebJIeHHOe MOMYJIAIel BUIa ¢ U3 CPe/ibl B pacdeTe
Ha OJIHY KJIETKY K MOMEHTY OCTAHOBKH POCTa; 1M — 00Iee KOJUIECTBO B3aU-
MOHE3aMEHUMBIX PECYPCOB, MOTPEOJIsIEMBIX COOOIIECTBOM; W — YUCJO BUJIOB
B coobmectse; L* — mauannpHoe comepkanme pecypca k B cpese (L"” > O).

Bamaua (1) aBasercs MaTeMaTudeckoil popMamu3anmeil TOCTyIMPYEMOro
SKCTPEMaJbHOTO TPUHITUIIA, COTJIACHO KOTOPOMY IWHAMUYecKas CHCTeMa W3
3aJIAHHOTO COCTOSIHUS TIEPEXOJIUT B COCTOSTHUE C SKCTPEMATIbHOM (B mpejienax,
JIOIYCTUMBIX UMEIOIMMUCS pecypcaMu) cTpyKrypoit [1, 3.

[TpuBeseM HEKOTOPbIe BO3MOXKHBIE mHTepuperanuu dbyHkiuuonana H (i)
1 chOpPMYJTHPOBAHHOTO FKCTPEMAJIHHOTO TPUHIIMIIA.

1. DHTpOmHUs MOXKeT PacCMaTPUBATHCI KaK Mepa “‘CTPYKTYPUPOBAHHOCTH
HEKOTOPOTO COCTOSTHUS, WU — MePa OTKJIOHEHU S, “yIaJJeHHOCTH CTPYK-
TYDBI COCTOSIHHSI OT €ro GecCTPYKTYPHOTrO aHajora [4].

2. DHTponud, JUHERHO YNOPSI0YNBAsg CAMHU CTPYKTYDPBl M OIHMCHIBaeMbIe
MaTeMaTUIeCKUMHU CTPYKTYDAMH COCTOSHUS €CTECTBEHHBIX CHCTEM, B
OTIpeJIe;IEHHOM CMBIC/Ie B paMKaX (DyHKTODHOTO MeTO/ia CPaBHEHUS Ma-
TEMATUIeCKUX CTPYKTYp [1| 06obmaer nousTHe “KOIMYECTBO SJI€MEH-
TOB” JIJIsi KOHEUHBIX CTPYKTYpupoBaHHBIX MHOXkecTB [4]. Tem cambim
SKCTPEeMaJIbHBII IPUHIUI Pean3yeT MAKCUMYM SKCIAHCHU COOOIIECTB
JKUBBIX OPraHU3MOB [3].



3. DHTPOIHMIO CHCTEMbI MOXKHO PACCMATPUBATH KaK KOJMYECTBO HHMOpMa-
IIUU, CBA3aHHONW CO CTPYKTYPO# CUCTEMBbl, II03TOMY BBEJCHHBIN 3KCTPe-
MaJIbHBIN MPUHIUI MOYKHO WHTEPIPETHPOBATh U B MHGMOPMAIIMOHHBIX
repmuHax [1].

4. Kak Oyzer moka3aHO B pasjiesie 2 HACTOsIIEH pabOThl, SHTPOMUIHBI
9KCTPEMAJIbHBI IPUHIMII C OIPAHMYEHUSIMHU 10 PECypcaM pPaBHOCHUJIEH
NPUHIUIY MUHUMAJIBHOTO HOTPEOJIeHUs JII0OOTO U3 JTUMUTHUPYIONTUX
JIMHAMMKY PECYPCHbIX (DAKTOPOB C OIDAHUYEHUSIMM HA HAUMEHbIITYIO
JOIYCTUMYIO BEJIMYUHY SHTPONUHHON XapaKTePUCTUKU CUCTEMBI.

5. DkcrpemasnbHOCTh byHKIMOHANA H (71), TOPOKIAIOIIEro INHAMUKY CO-
o0I1ecTBa, MOXKHO MHTEPIPETUPOBATH U KaK TpeOOBaHME MaKCUMaJIb-
HOT'O Pa3HOOOpa3Md CUCTEMbl, OIPAHUYCHHOTO JOCTYIIHBIMU PECYPCAMU

cpegpl [5].

[Tpu uccienosanun cHOPMyYIUPOBAHHOI FKCTpeMasbHON 3a1aun (1) mpu
YCJIOBAH w > m ObLI TOJIyYeH Psiji CTPOTUX PE3Y/IBTATOB, CPEIu KOTOPHIX [2]:

1. Makcumym B 3amaue (1) mocruraercss B Touke, viae n; > 0, 1 = 1, w.
2. Teopema cyImecTBOBaHUS W €IUHCTBEHHOCTH: JIJIsI JIIOGOTO BEKTOPaA
LeERT={LeR™|LF>0,k=T1m}

perrenne 3ama4n (1) cyImecTByeT, e TMHCTBEHHO U 3aJaeTcst hbOpMYJIoit
BUJIOBO# CTPYKTYPHI

n; = nexp(—A\,q¢), i=1w, (2)
w

rie ¢; = (qf,...,q¢"), a o0mas 4YUCAEHHOCTH 1 = Y. 7N; U BEKTOP
i=1

A = (AL,...,\™) ecTb pemeHus cHCTeMbl anre6paMdecKux ypaBHe-




3. Teopema crparudukaiuu: Bce MpOCTPAHCTBO
R"= {L=(L'...,L™)| LF> 0, k= T,m}

aBjiseTcs o0beMHeHNeM HelepecekarIumxcs nojamuoxkects S7 (crpa-
TOB), HAXOJSIIMXCS BO B3AUMHO OJIHO3HAYHOM COOTBETCTBUY C HEILyCThI-

Mu mojMHOXKecTBamu J MHOXKectBa {1,2,...,m} B TOM CMBICJIe, YTO
eciu HeKoTopbiit BekTop L = (L',... L™) upuHajiexuT 10JAMHOKe-
crBy R'?, coorBercrBytomemy J € {1,2,...,m}, T0 A/ 9TOr0 BeKTOpA

3a/a4a (1) SKBUBaJIEHTHA 33/a9e ¢ PABEHCTBAMHU

H(1) — max;
Sqni=1L, jeJ; (4)
i=1

n; > 0, 1=1,w,

rae i = (N1, ..., Ny).

Bamerum, 4T0 3a1a4a ¢ HepaBeHcTBaMmu (1) cBomurcs (peLynupyercs)
K 2™ — 1 3amauam (4) ¢ paBeHCTBaMHU M B KaxkjoM crpare S’ pere-
HUe 33/1a49u (2) 3aBUCHT TOJIBKO OT PecypcoB (u morpeGHOCTel B HUX),
NPUHAJIEKAUX TOAMHOXKeCTBY J. IIpruem mMeHHO TH pecypchl (u
TOJIBKO OHHU ) TIOTPEOJISIOTCS TTOJTHOCTBIO (SIBJISIIOTCS IMMATUHDPY IOIIMMH ),
T.e. COOTBETCTBYIONIME HEPABEHCTBA U3 OrPAHMYEHH T 0OPAIIAIOTCS B Pa-
BEHCTBaA.

B nacrosieii pabore hpopMyIupyIOTCs U JIOKA3bIBAIOTCsI HEKOTOPHBIE CBOIi-
crBa 3amaun (1), dyukmuonana obobmennoi surponuu H(77) u pemenus 3a-
naun (1) B cayuae w < m.

2 “Teopema I'mb6ca”

Haszpanue teopembl u ee opMynnpoBka ObLiM HpeioxKeHsl B pabore [6].
Teopema. ITycts mbl umeem Bektop A = (Al ..., A\™), coorsercrByiompuii

m
pemenuio (2) zazaun (1), u nycrs ¢ = >, A\*L*. Tlycts nannbiii BekTop pe-
k=1

cypcos L* npunaniesxknt nekoropomy crpary S7, npuaem \¥ > 0 masg k € J,



N =0 nns k ¢ J. PaccMOTpUM ClIeyIONIyIo 3KCTPEeMabHYIO 3a1a4dy:

S gln; — min, j€.J;
i=1
H(7) > ¢ (5)

@
Il
—

Torna pemenue (2) 3amauu (1) ABIIETCS OMHOBPEMEHHO PEIIEHUEM CHCTEMBbI
(5). BepHo u o6parHOe yTBepXKIEHUE: eCJu BEKTOD 71 = (N1, ..., N,,) — pere-

. w .
Hue cucrembl (5), To BeKTOP 71 Oyaer u pemenunem 3amaqu (1) ¢ L = 3 ¢/n;.
i=1

[TockoIbKY B TepMOJIMHAMUKE aHAJOTHIHOE YTBEPK IeHNe 00 SKBUBAJICHT-
HOCTH 33J[a4¥ Ha, MAKCUMYyM SHTPOIUH 1P (PUKCUPOBAHHOM yPOBHE SHEPTUU
3a/[a4e Ha, MUHUMYM SHEpPruu npu (PpUKCUPOBAHHOM yPOBHE SHTPOIMHU BBEJI
'u66e 7], ro chopmynmpoBannoe yrBep:KIeHUE OBLIO HA3BAHO “TEOpPEMOit
'u66ca” [6).

Hoxazameavcmeo. Sanumem GyHkiuu Jlarpan:ka u He0OXOAUMBIE YCJI0-
Bust 9KcTpemyMa 3a1a4 (1) u (5).

Hnst 3amaun (1):

£ = ul=H@) + 3N (S o - 24). ©

k=1 i=1
G 2H@) SN =0, i=Tw
N k=1
(Z%m ¥y =0, k=T,m; (7)

)\k>0 k=0,m.

Ecau muoxkutesns g pasen 0, To 1 Bce ocTajibHbie MHOXKUTE U Jlarpanxa
Nk =1, m 10/KHBI GBITH HYJEBBIMH, YTO IPOTHBOPEYHUT CYIIECTBOBAHUIO
HeHyJIeBOTO BeKTopa MHoxkuTeseit Jlarpan:xka. [losromy npumem A\g = 1. To-
rJa HeoOXOJAUMBIE YCJIOBUST SKCTpeMyMa 3aj1a4u (1) uMeroT Buj

a]gé )+Z PN =0, i=T,w;
(E%m LH:Q k=T1,m; (8)

>\k>0 kE=1m.



Hns 3apaqau(5) dynkuus Jlarpanxka umeer Buu:

w m m w
L= gn+V (D NLF —H®@) )+ > vF adni—LF) . (9)

i=1 k=1 k25 \i=l
AHasoruuHbBIe PACCYKIEHUs MPUBOAAT K BO3MOXKHOCTH npuuaATh /) = 1. B

9TOM CJIyvae HeOOXOIMMBbIE YCJIOBUSI SKCTpeMyMa 3aaadu (5) 3aJal0rcs CH-
CTeMOil ypaBHeHUil

_9H(#) + > ¢+ =0, i=T, w;
ik

S AFLF — H(77) = 0;
k=1
I/k

(fﬁ qini — L’“)
i=1
vF>0, k=1 m.

(10)

0, k’:l,—m, k%]a

Bamerum, UTO NpH TOJACTAHOBKE (DOPMYJbI BHJIOBON CTPYKTYpHI (2) B

m
dbopmyny mns H (i) nomyuaem H(7) = . ALF r.e. Bropoe ypasuenne cu-
k=1
crembl (10) BepHO, a ocTagbHble ypaBHeHus cucteM (10) u (8) coBmamaior ¢
TOYHOCTBIO 10 0003HaueHnii MHOKUTe el Jlarpanxka (MCKIOYas U3 CHCTe-
Mol (8) ypaBuenue mist k = j). Takum ob6pasom, perrenue 3amaqn (1) siB-
JisteTcst FKcTpeMasibio 3amadn (5). Kpome TOro, mpu BBIMOJTHEHNH PABEHCTBA
. W CSw . .
L’ = 3" ¢/n; nony4aem, uro Beipakenue N | > q/n; — LJ> PaBHO HYJIIO JJIs
=1 i=1
BCeX 3HaueHHil A, a ocTajbHble HEOOXOAUMBIE YCJIOBHSA SKCTPEMyMa 3aauu
(1) coBagaoT ¢ COOTBETCTBYIOMUMH YCAOBHIMH 331341 (5) ¢ TOYHOCTBIO JI0
obo3HaveHnit MHOKHTE el Jlarpamxka U/ u .
w
[lockoIbKY JMHElHbIE KOMOMHAIMY ) ¢n;, k = 1,m u bynxkuusa -H (77)

=1

SIBJISTIOTCS. BBIIYKJIBIME (DYHKIMSIME, 3 MHOXKHUTEM JlarpanKa Ipu KCTpe-
Mu3upyeMbix GyHKImax 33mad (1) u (5) omimunsl or Hynst (MHOXKHUTENb
¥ # 0, Tak Kak eMy cOOTBeTCTBYeT MHOKuTenb N > 0, j € J), To, coracHo
treopeme Kyna-Takkepa (8|, HaiiieHHbIe SKCTpEeMATH SIBJISIFOTCS PEITEHUSIMU
COOTBETCTBYIOIINX BapUAIMOHHBIX 3a/a4.



3 TeopemMa 0 MOHOTOHHOM BO3pPaCTaHUU IHTPO-
TN

Teopewma. /Ina dyukmmonana H (1) (n = n(E)) BBITIOJTHSIETCST CBOMCTBO:

oH

— >0, k=1m.

OLF
Aoxaszamenavcmeo. CorytacHO TeopeMe CTPATU(MUKAINY, TPUBEIEHHO B pa3-
nesie 1, Bce IpOCTPAHCTBO

R” = {L=(L',...,L"™) | LF> 0, k= T,m}

pacmajaerca Ha 2™ — 1 Henepecekatorquxca nogmuoxects S7,J C {1,...,m}.
B kaxjaom crpate S’ 3amada ¢ HepabencTBamu (1) SKBUBaJeHTHa 3ajaue

o
c pasencramu (4). Pacemorpum S7 — BHyTpenHocTh crparta S7, KoTopas
BhIesIgeTcs yeaosuem N > 0, j € J [2]. Jag skcrpemanbHON 3amadu ¢

o
OrpaHWYEHWsIMY B BUjie paBeHCTB (4) B S BEIMIONTHEHO:

0OH : 0OH
— \J 4 _
aLj—)\,jEJ u aLk—O,kgéJ,
rne M — cooTBercTByIOmmit MHOXKHUTeNDb Jlarpanzxka. [IpuBeseM JoKa3aTe b
CTBO 3TOr0 (pakTa coryacHo TeopeMe O auddepeHIITPOBAHNN IKCTPEMESUPY-
eMbIx dyHkumii [9)].
Pacemorpum cucremy ypaBHeHMi

- 9 i anz' - Lj)
O(—H (1)) <z’=1 ' : :
+ M=0, i=1w;
on; Z on; (11)

jeJ

quni:[/j—i-lj, jeJ

=1

[Tycts 71" — pemenne 3amadm (4), a \* — MHOJKHTENDb JIarpaHiKa, COOTBeT-
cTByfomuit 3ToMy pemntennio. Torga permenneM cucrembl ypaBrenuii (11) ot-
HOCHTEJIHHO  TNepeMeHHbIX (71, X, l_j siBisiercst  Touka (1%, X, 0)
(7 = (n1,...,ny), & KOMIOHEHTH BeKTOPOB A u [ ectb X u [ j € J coor-
BETCTBEHHO), TIOCKOJIbKY B 9TOM cjiyuae cucreMa (11) mpespamiaercst B HE0O-
XOJIUMBIE YCJIOBUSI SKCTpeMyMa 3aaa4u (4).
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[Tpumenenue Teopembl 0 HesiBHOW yHKIwK K cucreme (11) (obocHOBaHME
BO3MOXKHOCTU IIPDUMEHEHUdA JIAHHOM TeOpeMbl MOXKHO HaWTW B LUATUDPYEMON
pabore [9]) maer caeayomuii pesyabTar: cymecrsyer § > 0 u dynkmun n; (1)
u X(1), i = T,w (ni(l) € C*, Ai(I) € C* ma S(0,0)) raxme, aro

<§: qfnl(l_j - Lj)

o(=H[r()]) H[ = .
—i—Z)\J : =0, i=TLw (12)
jeJ 8nz
u w
qunl(l_j —-L=V, jel (13)
i—1

IIpu srom 72(0) = 7%, X(0) = \*.
Ucnonb3ys (12), MOXKHO 3a11MCATh BbIPAXKEHUE

S e — L
an; (1) 6( oni(1) (El ditha ) _ L
oI ]Ze;] Bl o, =0, 71=1Lw keJ
nJn
7 (1) 7 9 i gn; — L7
O(—H[a(l)]) _ Oni(l) \; = <i:l i ) -
a JXE;] o N (1) oy L i=Tw keJ (14)

C mpyroit cotoponsl, auddepennupys (13), moayaum

S do (TN T S G T
0% gin(l L)_%p@nmzL)

i=1

wal@ o on; ’ (15)
on; 0 (Z @i - Lj)
0= S L jeli#k
O6benunsis (14) u (15) nosyyaem:
0 L= ~
g (CHIW]) = =X (1), (16)

PaccmorpuM nmepemennyio z¥ = L¥ 4 [F. VIMeloT MecTo cieyromue cooT-
HOIIIE€HU:
OH 0H 02" 0OH 0HO9:F 0H 0H\O0l* 97

g _ — k
OLF ~ 0FOLF O X OFF' OLF  0F\OFOLF
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[¢]
[Tockombky B S7 muOoxkuTeqm Jlarpanka pemenus 3anaun (4) TOI0XKH-
TebHbl N > 0,5 € J, a B S? 3amaun (1) u (4) SKBUBAJEHTHBI, TO MMeeM

OH /aLk >0, k=1msU S’/ ana sagaunm ¢ orpaHNYeHNSIMH B BHJIE
J

HepaseHcTs (1).

Ormerum, 4To npu uHTEpUperanuu pecypcos LF xak merabosinuecko-
ro Bpemenu cucremsl [10| nokazanmas Teopema craHoBAUTCs aHasorom H-
TeopeMbl BosibiiMaHa 0 BO3pacTaHUM SHTPOIUU CTATHCTUIECKOH CHCTEMBI MO-
HOTOHHO I1apaMeTPy BPEMeHH.

4 BapuanuoHHag 3aJa4a JJad caydad w < m

[Tpex e, yem chopmyIupoBaTh YTBEPXKIAEHWE, TIPUBEIEM eIlle pa3 Olpe/ieie-
HUe HeOOXOAMMOTO TOHATHSA. JIMMUTHDPYIOIUM Ha3bIBAETCSA Pecypc, moTpeod-
JISIEMBI# COODIIECTBOM M3 CPEeIbl TIOJTHOCTHIO, YTO HA, MATEMATUYECKOM SI3BIKE
O3HAYaeT 0OpalleHue COOTBETCTBYIOIIETr0 UCXOIHOIO 0aJIaHCOBOTO OIpaHHYe-
Hus 3a7a4u (1) B paBencTBo. Tem cambiM, TeopeMa CTpaTUhUKALNY 03BO-
JIIeT B KaxKJI0# 00JIacTH IPOCTPAHCTBA, PECYPCOB YKa3aTh Te, KOTOPHIE SIBJIS-
0TCS TUMUTHPYIOTTAMU.
YrBepKaeHue. PaccMoTpuM BapuaInmoHHYIO 33/1a9y

H(7) — max;

> qing < LF, kb =Tom; (17)
i=1

n; > 0, ), = 1, w.

Torna, ecid YUCI0 JUMUATUDYIOIUX PECYPCOB (T.€. TeX, JJIsi KOTOPhIX Hepa-
BEHCTBA TPEBPAINAIOTCS B PABEHCTBA) 0OJIbINE WM PABHO YHUCIY BUIOB CO-
00IIecTBa, TO peIlleHue 33JaYu CYIIECTBYET, NMPU YCIOBUU BHITIOJIHEHUS CO-
OTBETCTBYIOIIUX YCJIOBUII COBMECTHOCTU CUCTE€MBbl OIDAHUYEHUl, U 3a74aeTCs
cucTeMoi U3 w 0AJIAHCOBBIX YPABHEHUIA.

oxazameavcmeo. B cuTyanum, Korga 9UCI0 JUMUTHPYIOMUX (HaKTOPOB
GOJIbITIE UM PABHO YHC/Y BUIOB, BapHalMOHHAs 330a4a (17) TepsieT cMBbIC,
MTOCKOJTbKY COOTBETCTBYIOIINE HEPABEHCTBA CTAHOBATCI PAaBEHCTBAMM, U YHUC-
JIEHHOCTH OPTaHU3MOB ONPEJEIAI0OTCSI CHCTEMOU OrpaHUYeHUil, TPU YCJIOBUAH
ee COBMECTHOCTH



Sqn=L, jedJc{lL2...m}, w<m|J]>w;
i=1

n; >0, 1=1w.

(18)

Boimuiem ycsioBusi COBMECTHOCTH CHCTEMbI OTDAHUYEHUM, ITPU BBIIOJHEHUN
KOTOPBIX mMeeT MecTo 3a1aua (18). 13 mobsix w ypaBHEHUI BBHIPAXKAIOTCS
YUCJEHHOCTH N;, 1 = L,w: n; = Q;/Q, rae () — onpemeJuTeb MATPHUIIHI,
COCTaBJIEHHOW M3 3HaYeHWi MOTpeOHOCTEeH W BUJIOB B BHIOPAHHBIX W PECyp-
cax, (); — OmpeieJIuTe/Ib MATPUIIBI, B KOTOPO#l HA i - M MECTe CTOUT CTOJIOEII,
cocrap/ieHHblil U3 Habopa pecypcos L, k =iy, ... i, (BbiOpanHbie w pecyp-
COB), & OCTaJbHbIE CTOJIOIBI COCTABJIEHBI U3 COOTBETCTBYIOIIMX IIOTPEOHOCTEH
(HAIIOMHKMM, YTO B YCJIOBHSIX PACCMATPUBAEMOIN MOJIEJIM 3HAYEHUsT TOTPEOHO-
cTeit BUJI0B JUHENHO HGSaBI/ICI/IMbI).

[ToxcTaBuB Moy YeHHbIE YUCTEHHOCTH N; B OCTaBIuecs |J|—w ypaBHeHui
CHCTEMbl OIPAHUYEHU, OJTYIHNM UCKOMBIE COOTHOIIEHUS MEXKJIy PecypcaMu

l Ql 1 Qw 1 . .
qla +qw—Q :L, l:Zw—i—l;--'aZU\—w'

TakuMm 00pa3oM, B CIydae, KOIJA YUCJIO BHIOB W MEHbBIIE HJIU PABHO
ancsy pecypcos m crparhi S’ pazmeproctu |J| > w 3amaroTes yeaoBrem
COBMECTHOCTU CUCTEMbl ypaBHEHUN

w .
Joo i i
Zq n, =L, je€J|J>w.

%
i=1

VI3 9T0ii crCTeMBbl HAXOASATCS YMCJIEHHOCTH BHJIOB Ha CTAIMOHAPHOI CTaIuu
pocra. Crpater S7 pasmepnocTn |J| < w HAXOAATCS MO aJITOPUTMY, 3a/1aBa-
eMoMy TeopeMoii ctparudukanuu |2, 11|, a unciaennocTs BUIO0B 10 hopmyte
BUJIOBOIl CTPYKTYPHI (2).

5 3ajgada o “Oam3knx’ BUIAX
[IycTh cOOOIIECTBO COCTOUT U3 ABYX BHUJIOB OPTaHU3MOB, MOTPEOISIONTNX IBA

pecypca L' u L?. Kpome Toro, mycTh nMOoTpeOHOCTH BUJIOB OJM3KU K IPOIOP-
IUOHAIBHBIM, T.€. ¢l /g3 = d , ¢?/q5 = d+¢, te € < d. CorlacHO Moy YeHHbIM
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AJrOPUTMaM HAXOXKJAEHUsT 00J1acTell JIMMUTHPOBAHUS U OTHOCUTEIbHBIX YUC-
JIEHHOCTE! BUJIOB HA CTAIMOHADHON crajgum pocra [2| koadduimenrsr yria
HAKJIOHA, MPSMbIX, OIPAHMYUBAIOIIMX CTPATHI, BBIUYUCASIOTCS 110 OPMYJIaM

1 1 2 2
L Az +ary v + ay (19)
- 1 19 - 2 29
@yt + g Yot + a3y

T7ie Ty — KOpeHb YpaBHEHUS 2422 =1, a Yo — KOPEHb ypPaBHEHUS yq% —i—yq% =
1.

OtHOCUTETbHBIE YUCJEHHOCTH BUJIOB HA CTAIIMOHAPHON CTAIUU POCTA 3a-
JAI0TCs BhIpazkeHusamu [11]

1 1

%:xgl,%:ng,npni—;<y;
n in 3 1
=, W= ySQ,IHpH Ly >
ny _ BX — 9o (20)
n = 2 T 1 7

Q2X_€{2 +q11_Q1X
ng _ 4 — 42X - < L' ~

= puv < <.

ngx — g a — X L

Bnecy x = L'/ L2
OmnwuieM CTpaThl ¥ OTHOCHTEIbHBIE YHCACHHOCTH BUIOB, IIOTPEOHOCTH KO-
TOPHIX 06JIa1AI0T YKA3aAHHBIME BhIIIIe CBOHCTBOM, HCIOJIL3Yysi dhopmysibl (19)

u (20).

1

1 1,.,..4

q q5€X
V:V(Qf>e):_§_ ! = ! PN
@ @(dry + xy® + exyt)

1 1,41

q d2 €Yo
77:77((]5376):_3_ 22 2 PR

L g3(dyg' +yo® + eyo')

n BX — ¢ ny  dgy —dgix — gixe

n (1-d)(@x—a)—axe n  (1—d)(@x—a)—aGxe

Haﬁ;[eM OTHOCHUTEJIbHbIE YUCJIEHHOCTU BUAO0B Ha I'PaHUIE CTPATOB!:

1 1

1.9 1,9
ny - q3€X . q3€X _a ni ot
- X=v — 1 1 1 1
n 1, .91 1,.92 1 a3 q5
G2€xy + €G3 ga€(xg" + 10°)

0> ;|X=77_y0 )
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%) q %) a2
v 0 0
n X ) X=n
Paccmorpum npenen npu € — 0:
1
. . ds
limy =limn = -3,
e—0 e—0 q5

2 1 2 1
q a . q q
Kpome Toro, mpu € — 0 yo' = zy', yp° = xj°, IOCKOJIBKY Yo U T UILYTCA U3

ypaBaeHuil 9 + 1% =1 u y® + y% = 1.

Taxkum obpaszoM, B caaydae, KOT/Ia TTOTPEOHOCTH BUJIOB B pecypcax “ouTu’
IPOLIOPIMOHAJIbHBI, 00JIACTh JIMMUTUPOBaHUS JIBYX (PaKTOPOB C/MBaeTCs B
JIY4, a OTHOCUTEJIbHbIE YUCJICHHOCTHU BUAOB 6JII/13KI/I K IIOCTOAHHBIM

ny ¢ N2 @
— 1 — 2
=z, = xy.
n n

ABTOpBI PaboTHl BHIPAXKAIT TIyOOKYyIO mpusHareabHocTh B.JI. Asekce-

€BY 3a MHOTOYHUCJEHHBbIE WM, UCIOTb30BaHHbIE B HAacTodIell pabore, u 3a
ILJIOJOTBOPHBIE 00CY K IEHUSI.
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Problems and theorems of variational modeling in ecology of communities
A.P. Levich, P.V. Fursova

Abstract

The are formulations of variotion problem of ecological community, the
theorems of existence and uniqueness of the variation problem solutions
and the stratification theorem in this article. For ecological application “the
Gibb’s theorem” is proved — it’s an analogue of equivalence of maximum
entropy with fixed energy level task and minimum energy with fixed entropy
level task. Monotone increasing property of extended entropy functional is
formulated and proved. In case, when the number of limiting resourses is more
then the number of species, balance equations are enough for population size
finding. The compatibility condition for corresponding system is found. The
property of variation problem for “close’species, i.e. spesies with “almost”
proportional quots are described.

Key words: variational modeling, entropy, ecology of communities, size of
population, limiting resourses
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