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HEYCTOMYUBOE KPUTUYECKOE PABHOBECHE
B AUHAMMUKE CAOXXHO-CTPYKTYPUPOBAHHOM NOMYASILIUU
OCETPOBbIX Pblb

Canxm-Ilemep6ypeckuti uncmumym ungopmamurxu u aemomamusayuu PAH (CIIHUPAH)

B cmamve paccmampugaomes nocaedcmeus Cywecmeosanuust 0CoObIX COCMOSHUL, ONPedessioWux CmpeMumenb-
HbLI Xapakmep OdIbHee20 pa3eumusi NONYIAYUOHHbLX NPOYECco8. Beposmua c653b NOOOOHBIX KPUMUYECKUX COCMO-
AHULL ¢ ONMUMATLHOLU YUCTEHHOCMbIO CYONONYIAYUOHHBIX 00beOUHeHULL, 00PA3YIWUXC NPU I80TIOYUOHHOU A0anma-
Yuu 8UOA ¢ 0SPAHUYEHHBIM OOCIYNOM K pecypcam 0is pasmuodcerus. Ilpednoscena mooenb nonyisyuoHHO20 npoyec-
ca, opmanusyowas eiusHUe HEPAGHOMEPHOU CKOPOCMU POCMA Y O8YX PA3IUUHBIX DPEenpOOYKMUGHBIX 2PYNN Hd
CMEPMHOCb MUSPUPYIOWUX PblO 8 8EHAIbHBII NEPUO0 pazeumus. B ebiuuciumenbHoll cpede uccied08ana cubpuo-
Has cucmema, Onuchleawas Nocie0Cmeus Cyuecmeo8anus Os NONYISYUYU CUMYAyul HenponopYUOHAIbHO20 CHU-
JICEHUs. Mucpupyrouetl Moioou 8 pexe, YCMAHOBIEHHOU HAMU NO OAHHbIM CIPEMUMENIbHO20 COKPAWEHUs. Hepecma
60119ICCK020 0cempa. JIsi IKCNIyamupyemo nNonyiayuu Nopo2ogslil hGexm nocie Heycmouuugo2o pagHOBecUs ¢ Mu-
HUMATbHO HEe0OX00UMOUL 0151 O1A20NONYYHO20 PAZMHONCEHUS UOA YUCTIEHHOCHIbIO CILYICUM OMCYEeMOM Peanru3ayuu
«xonnancay. Mzeecmen pso npumepos nodobH020 0co6020 cyeHapus OIUMenbHol deepadayuu Haubonee YeHHoU O
nPoOMbICAA penpoOyKmMusHoU epynnul. [IoMuMO 16HO20 pe3K020 COKpAujeHUs: dPHEKMUBHOCTU B0CNPOUIBOICMEA, NO-
PO208bLIL dhpexm npu Koaiance ompaicaemes 8 HebAA2oNPUINMHOM NPOSAGIEHUU OOMUHUPOBABULE20 PAHEE IBONIOYU-
OHHO20 MPEHOA OlI5 BLINCUBAEMOCHIU OMOCTbHBIX YOPM IHCUSHEHHO20 YUKIA PblO 8 YCI08USLX PeOPSAHUZAYUU NPOMBIC-
na. Uumepecro, umo 07151 60124CCKOU cespiocu HAOM00aemcs uHas YopmMa HeIUHeUHOCmU No c8edeHuiM 00 d¢hdexmus-
HOCMuU Hepecma.

Knrwuesvle cnosa: mooenu nonyﬂ}mm?, penpodykmuel—lblﬁ YUK, KpumudecKkue coCmosnusl, cuenapuﬁ Kojsanca npombslc-

JlOBbLX 3anacoe

BBenenune

Ha umnpoBuznpoBanHOM (prioreHeTHn4eckoM
JIp€BE METOJUK MOCTPOSHUS JUHAMUYECKUX MO-
Jiesielt BBIIENAIOTCS TpU KpyHble BeTBU. McTopu-
YeCKHM TIepBOE HampaBlieHHe (OopMaln3yeT B3au-
MOJICHCTBHE KOHKYPUPYIOLIUX MOMYJISALUNA Ha OC-
HOBE CHUCTEM OOBIKHOBEHHBIX auddepeHiraib-
HBIX ypaBHEHMI nepBoro nopsjaka. x pacummpe-
HUEM SBIISIIOTCSI CHCTEMBI C BBEJICHHEM OTKIIOHS-
romerocs mo Bpemenu aprymenta N(t — t). buo-
cucTeMa B MOJO0OHBIX MOJEISIX IOMUMO SKOJIOTH-
YECKHUX XapaKTePUCTHK 00J1a1aeT MPUIHCAHHBIMI
el MaTeMaTHYeCKUMHU CBOMCTBAMM: 3KBUBAJICHT-
HOCTH | 110A00Ms, T. €. Jr00as Majast 4acTh MOIy-
JSIIMK WM OMoMacchl COXpaHseT LETUKOM BCe
MIPUCYIIUE CBOMICTBA.

Tperbro BETBb JIUCKPETHBIX MOJENEH, OpUEH-
TUPOBAHHYIO HA OMpEJeIEHHE MEXaHHU3MOB BHY-
TPEHHEW PETYJSAINH YMCICHHOCTH TPU OTPaHU-
YMBAIOLIEM BJIMSHUU BbIIEICHHBIX BHELIIHUX (hak-

TOpPOB, 0003HAUYNM KaK MOJICITMPOBAaHNE YKU3HEH-
HOTO IWKJa. [leTanu3upoBaHHbIE MOJIENH Pa3BU-
THs OyIyT MHTEPECHBI, €CIIM BOSHUKAET IpolieMa
paszfeneHus MOMYJSIUN B apeaje Mo pa3MepHO-
BO3PACTHBIM, TEH/ICPHBIM, WMMYHOIOTHYECKUM,
PacoBBIM M TIPOYUM CYIIECTBEHHBIM TPHU3HAKAM.
Hexkoropsie npu3HaKku City>kaT 3HAYMMOMN HBOJIFOIU -
OHHOMW amamnrTanueil CyOrmomyIIuii Ha dTare BU-
JI000pazoBaHMs, HO HE BCETJa MOTYT TapaHTHPO-
BaTh YCHEIIHOCTh T'PYMIIBI IO OTHOIIEHHUIO K aH-
TPOIIOTCHHOMY BMCHIATCIILCTBY. BwmemarenscTBO
HE BCErna HOCHUT alpHOpH MAaryOHBIA NI BHIA
XapakTep, Kak HallpuMep OpraHu3alus HCKYyC-
CTBEHHOTO BOCTIPOM3BOICTBA, HO HAPYIIIAET ecTe-
CTBCHHYIO YaCTOTY BCTPEHACMOCTH aJIJICJIIbHBIX
TCHOB.

PerJISIpHO BO3HHMKAIOT BAXKHBIC HETIPCABUACH-
HbIC CliICHaJIUCTaMU ABJICHUA. HpaKTI/I‘IeCKa}I op-
raHu3alys PalMoOHAIBHO HUCIONb30BaHUsl OHope-
CypCcOB Ha OCHOBE MaTeMaTHuYECKOro armapara
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PErpecCHOHHBIX MOjeNIe MpU pPacCMOTPEHUH
XO/la Pa3BUTHsI CHTyallMil KIacCHPUIUPYEMBIX
KaK «KOJIJIAIIChI 3a[1acoB» OLIEHWBAETCS KaK TPYII-
Hopeanu3yemas. BoccTaHoBineHne prIOHBIX 3ara-
COB TIOCJIE MX UCTOIIEHHS IPOUCXOAUT HE TaK OblI-
CTPO, KaK OXHUAanoch. TeMnbl He coracyoTes
C PacCUNTaHHBIMHU paHee MOMYJISIIUOHHBIM Xapak-
TepUCTHKaM, Oylb TO OceTpoBble Bonru, HUIb-
CKHMH OKYHb 03. BUKTOpUSI, CEBEpPOATIIAHTUYECKAS
Tpecka Kanane! [1] unm angoyc B 30HE mepyaH-
CKOT'O arBeJUINHTA.

[Tagenue BBIJIOBa KOHCTATUPOBAJIOCH COBEP-
LIEHHO HEOKHMJAHHO i JKcnepToB. B cospe-
MEHHOH aHIVIOA3BIYHOM JIUTEpaType yTBEPAWIICS
aCTPOHOMHUYECKUH TepMUH «collapse» m3Havab-
HO O3HAYaBIIUH TPaBUTAIIMOHHOE CXJIOTIBIBAHUE
00BEKTa M OTIIMYHBIN [0 CMBICITY OT YHOTpPEOIsIB-
mierocst panee «overfishing» — nepenos. [Tono6-
HBbIE CTEeUU(HUYECKUE BapUaHThl Pa3BUTHUS IPO-
LIECCOB OTJIMYAIOTCS PE3KOMl CMEHOM HECTalMo-
HapHBIX PEKUMOB U TPeOYIOT I IPOTHOCTUYE-
CKOTO OIHCAHMs COBEPIICHCTBOBAHHS MaTeMaTH-
yeckoro anmapara. Cpenu 00cyKaaBUIMXCs Bapu-
AQHTOB MbI MOTJIM ObI BBIICJIIUTH HEMPEPHIBHO-CO-
ObITHiHOE (TMOpUAHOE) pacUIMpeHre BBIYUCIH-
TeNbHOTO 0a3zuca Kak HauOonee OMONOTHYECKH
000CHOBaHHOE.

BrluepribiBaHie UCTOLMICHHBIX O(QHINAIEHBIM
JIOBOM OCTaTKoB oceTpoBbIXx Kacmwuiickoro mops
U TPOAOJDKEHUE HENErallbHOrO WX UCTpeOIeHust
CETOHSI MOYKHO OOBSICHHTH COLMAIbHBIM HeOa-
romoyureM peruoHa. OQHaKo, KOJUIANChl PIOHBIX
3aracoB OTMEYaJIHCh HE pa3 B CTpaHax CoO CTa-
OMJIBHOM DKOHOMHYECKOW CHTyallel, pa3BUTHIM
9KOJIOTUYECKUM CO3HAHUEM OOILECTBA, NEHCTBY-
fouell HayYHO-0OOCHOBaHHOM CHCTEMOH ydeTa
W peryinupoBaHMs JIOIyCTUMOrO BbLIOBa. B cra-
ThE HAMU TMPEJIAraeTCsi MOJENb ISl OOBSICHEHUS
OPOroBOro A(QeKra B CKOPOCTH BOCIIOJIHEHUS
3aracoB, YCTaHOBJEHHOTO IO aHAJIN3y AAHHBIX
HaOIIOICHUH O BOCTIPOM3BOJCTBE BOJKCKOTO OCe-
Tpa, UMEIOILETo JIB€ HE TOJTHOCThIO MU30JIMPOBAH-
HBIE PENPOAYKTHUBHBIC TPYIIIIHI.

1. Hetnneilinas peanu3amnusi penpoayKTHB-
HOIl AKTUBHOCTH

OnuH u3 GaxTopoB pa3BUTHUS KoJularica — 3a-
BBILLIEHHE TPOMPA3BEAKON peaIbHON BEIMYHUHbI
3aracoB. B ciydae ¢ 3amo3nano ocTaHOBIEHHBIM
B 2010 1. mpoMBbICIOM OCETpOBBIX PbIO Kacmus
Ba)KHBIH HIOAHC B TOM, 4TO He OBLIM ONpaBIaHbI
OXMJAHUSL OT PBHIOOBOAHBIX MepomnpusTtuii. Cre-

[UAIHUCTBl OPHUEHTHUPOBAINCH Ha CYIIECTBEHHO
3aBBINICHHBIC TIOKa3areiu 3(PPEKTHBHOCTH UC-
KyCCTBEHHOT'O BBIITyCKa 3aBOJICKON MOJIOTU TPEX
BUJIOB. BeposTHO, CKpBIThHIE HETraTUBHbBIE (aKTO-
PBI KPOSITCSI B 9BOJIIOIIMOHHO CIIOKUBIIIEMCS JKU3-
HEHHOM IIMKJIE aHAAPOMHBIX PHIO.

ITosyunTs omMcaHue MOPOTOBBIX COCTOSHUMN
PEANUCTUYHO B paMKaX Pa3BUTOU B IIPOMBICIIOBOU
MXTHOJIOTUHM CUCTEMHOM KOHIIETIMU (haKTOPOB 3a-
BHCHMOM OT TUIOTHOCTH BBDKHBaeMOCTH [2]. AHa-
JIN3 UHTEPIIPETALMH BBIBOJIOB U3 MOJIyYEHHBIX pa-
Hee Mojiesied MOKa3bIBaeT, YTo TeOpHs GpopMHUpPO-
BaHUSI 3allacoB PbIO yXe MpU TEePBOHAYAILHOM
cBOEM 000CHOBaHHH TpeIoaraina HeOYeBUAHYIO
CHENHaINCTaM 3KOJIOTaM HEIMHEHHYI0 TUHAMUKY.
[Tpobnema ka3anack TOJIBKO B MPaBHIBHOM OIIpe-
JeneHn ee (popMBI MO0 W3BECTHBIM JIaHHBIM Ha-
Omronenuid. J{71st momy4eHust KpUBBIX BOCTIPOU3BOI-
CTBa OXKUJIAEMOM KyTOJI000pa3HO (pOpMBbI Mpe;iia-
TaJliCh JIOBOJIBHO CIIOKHBIE MPeoOpazoBaHMs HC-
XOJIHBIX JAHHBIX HAOIIOCHUHN C HMCIOJIb30BaHUEM
Jorapu()MHIECKUX PErPECCHi MO CIICIUAILHO BBO-
JUMBIM HHJAEKCAM POAUTENILCKOTO 3amaca M Jpy-
THE 3aMBbICIIOBaThIe TIOCTPOCHHUSI.

IIpumep NONBITKM NOCTPOECHUS KPUBOM BOC-
MPOM3BOACTBA PHKepoM MO JeTepMUHHPOBAHHBIM
JaHHBIM (pHC. 1) UHTEpPECEH C TOUKU 3PEHHs Xao-
tuueckolt quHamuku [3]. [To ocu abcruce — 3anac,
M0 Op/IMHAT — TIONOJIHEHNE, OCTaBlIeHbI J1aThl, CO-
OTBETCTBYIOILIME 3HaUCHUSIM Ha Tpaduke. Touku
B TUTOCKOCTH 3aITacxIOMNOJIHEHHE JIeXkKaT TOYHO T10
CTpelKaM TpPaeKTOpHH, TPOBEAECHHBIM HaMHU OT
OMCCEKTPUCHl KOOPAMHATHOTO YINa TeoMeTphye-
CKOTO MecTa CTaI[MOHapHBIX TOYeK (auarpamMma
«iectHuna Jlamepes»), Tak Kak TyT aHaJIU3HpPOBa-
JICh JTAaHHBIE O YUCJIEHHOCTH TUXOOKEAaHCKOM rop-
oy Oncorhynchus gorbuscha ¢ TByXJISTHUM KU3-
HEHHBIM LIUKJIOM.

Puc. 1. Anmpokcumanusi anepuoguvecKux TaHHBIX B [3]
KPHUBOH BOCIIPOU3BOJICTBA
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Konebanus 4ncieHHOCTH TOpOyIIr MO UMEro-
[UMCS JaHHBIM, HauuHas ¢ Toukd 1930 ©. B cTpo-
rOM cMbIcie anepuoandeckue. OgHAKO HapUCO-
BaHHAs M aNpOKCUMAIMOHHAs KpUBasi 001agaeT
€MHCTBEHHOM CTallMOHAPHOW TOYKOM Iepeceye-
HUsl ¢ Ouccekrpucoil. Todka MO TNPUBEIECHHOMY
rpaduKy A0KHA OBITH YCTOMYMBOM IS CUCTEMBI
oA IEWCTBUEM UTEPALMM, TaK KaK HAKIJIOH Kaca-
TENbHON K KPUBOM B TOUKE IEPECEUECHMSI SIBHO
Menble /4. Konebanuii ¢ 60NbIION aMILIHTYI0H
MIpOBE/IEHHAss KpUBas IpeJICKa3blBaTb HE MOXKET,
TaK KaK TOYKH JIOJDKHBI ObUTH OBl TPYIIIIUPOBATHCS
B HEKOTOPOM OTPaHWYEHHOM pajuyce OT Ouccek-
TPUCHl KOOPAMHATHOTO yIa WM JEMOHCTPHUPO-
BaTh [0 KpaiHEl MEpe HalpaBICHUE CTATUBAHUSL.
MOKHO MPEATIONOXKHUTE, YTO IS TOPOYIIHN Xapak-
TEPHO CEMEHCTBO MapaMEeTpPUYECKH 3aBUCHMBIX
KpPUBBIX C OJHUM MaKCUMYMOM U TOYKOM Ieperu-
0a, HO Touka 34 oTOOpaXkaeTcs MPsIMO Ha Iepece-
YCHUU C TPOBEACHHOW Pukepom OmccexTpucoi
(MecToM cranmMoHapHBIX Touek). Jlamee TpaekTo-
pus pe3ko oTkioHsieTcs. Hanbonee BeposTHO, 4TO
JUIsl JAaHHOM CUCTEMBI HE CYLIECTBYET yCTOMYMBBIX
CTallMOHAPHBIX TOYEK, U B TOM 4YHCIE MpUHAJIe-
JKaIUX IIUKJIaM KOHEYHOT O Nepuoja.

Bosnukia Teopust 0 pa3nuuHbIX QakTopax pe-
TYJISLUA CMEPTHOCTH U ONTHUMAJIbHOM COOTHOIIIE-
HUH TJIOTHOCTH MPOM3BOAWTENEH Ha HEpeCTUIIH-
max. Teopus moMorana OOBSCHUTH HECTaOWIIb-
HBIA XapakTep BOCIPOM3BOICTBA OOJABIMBACMBIX
MOMYJSIUNA PHIO, MPEkKIE BCEr0 MUTPUPYIOLIHX
JUId pa3sMHOXEHHS B peku. OTCYTCTBHE CTpOroi
MIPONOPLMOHATBHON 3aBUCHMOCTH MEXIYy Hepe-
CTOBBIM 3aI1aCOM U C€30HHBIM TIOIIOJTHEHHEM YacTo
CTaBWJIa B TYIIHK SKOHOMHKY PBIOHOTO MPOMBICIIA.
Kananckuit uxtuonor V. E. Pukep, paccmarpupast
MIPUYMHBI YMEHBIIEHHS TIOMOTHEHMS IPU BO3pac-
TaHUU HEPECTOBOTO CTaja, MPEATIOKUI TEOPETH-
YECKyI0 KOHLEMIMIO O CYIIECTBOBAHHUU 3aBHCH-
MOCTH 3araca M nomnoiHeHus. Torga B UXTHOIO-
THH JIOMUHHUPOBAJIHN TPEACTABICHHUS O TOM, YTO
B pa3peKEHHOW MOMYNSALUU PE3KO YIydIIAIOTCS
MHAUBHIyaJbHBIE MMOKa3aTenu pocta. Kak cneny-
€T M3 TMIOTEeTHYeCKON KpHBOil Ha puc. 1. cunta-
JI0Ch, YTO BOCTIPOM3BOJCTBO CIIOCOOHO CTPEMHU-
TEJILHO BO3pacTarh MO Ayre TUIEepOOIbI BBIXOIS
Ha monoroe miato. [loromy Pukep B [3] mpemio-
KT TIPOCTYIO0, KaK Ka3aJloch, (Gpopmyiy Ijsl BBI-
YUCIICHUS YUCICHHOCTH mononHeHus R = f(S) ot
HCXOJTHOTO 3araca:

£(S)=aSexp(-bS), (1)

e S — oT «stock» BeNMYMHA HEPECTOBOTO 3ara-
ca, b — xoadpunment, orpaxaromuit BelIuUUHY,
00paTHYI0 KOJMYECTBY BBHIMETAHHON HWKpPBI MPH
KOTOPOM YHCJIO BBDKHBILIEH MOJOANW MaKCUMallb-
HO, COOTBETCTBEHHO b << 1; a — penpoayKkTHBHAS
xapaktepuctuka. Jlns (1) umeem KymnoiooOpas-
HYIO KPUBYIO BOCIPOHM3BOJCTBA C €IUHCTBEHHBIM
HETPUBHAJIBHBIM IEpeceueHNeM ¢ OMCCEKTPHCOM
KOOpAWHATHOTO yria R = S ¥ eTMHCTBEHHOH TOY-
KOl meperuoa.

[o3nuee Pukep HECKONBKO MEpECMOTpEN HC-
XOJHbIE 0a30BbIe TUIIOTE3bI O PONU KaHHUOATH3-
Ma B THOETH MKPBI JIOCOCEBBIX U MPEATOIOKHI,
YTO KpHBas BOCIIPOM3BOACTBA CIOCOOHA HMETH
Oosiee oHOTO MakcMMyMa. B wacTHOCTH OH clie-
JIaJl BBIBOJL O HEBO3MOYKHOCTH TOJ/IEPKUBATh MaK-
CHMAJTBHO JIOITyCTHMBIE YJIOBBI HECKOJIBKO JIET TOJI-
PSII M O BaKHBIX JIJIS TOJITOBPEMEHHOM dKCILTyaTa-
MM TIOMYJISLUH CIIEICTBUAX CTYIICHYATON 3aBHUCH-
Mmoctu [4]. B pabote [5] onucan 3¢dekt, Ha3BaH-
HBIH MM «JIe3BUE HOXa» JUUIsl OUeHb PE3KOTro mepe-
naaa B 3 QEeKTUBHOCTH BOCIIOIIHEHUS, HO MHOTO-
YHCIIeHHBIE paOOTHI M0 ONTHUMHU3AIMH MTPOMBICTIA
npogomkanu 6parsk (1) kKak 0CHOBOTOJIATAIOIIYIO
(dbopMy mpu pacueTe MPOMBICTIOBOTO BO3Bpara.

[Momumo ynoOcTBa pacuera ONTUMANIBHOTO
BBUJIOBA, B BUJE OTCEUCHHS 3axOIIEro Ha He-
PECT U3NUIIKa, TpU IpUMeHeHnH Moaenu (1) Bo3-
HUKAET psj cinoxHocTel. [lpu yBennueHun Komnu-
YecTBa OTIIOKEHHOW MKPBI BBKHBAEMOCTH MOJIO-
I Oyaer cTpeMuThes K Hymo. CBOHCTBO MpoTH-
BOPEUUT HAOMIONCHUSM HaJ aKBAPUYMHBIMH I10-
NYJSOUSIMH, T TOIOJHEHHE YMEHBLIAETCS [0
Q > 0 = const. /{7151 KOMIBIOTEPHOTO MOJICITHPOBA-
HUS COOOIIECTB rUAPOOHOHTOB (1) 4aCTO MCIIONb-
30Bajiach Kak KyCOUHO-TNajkas. [Ipu mpeBblie-
HUH 33JaHHOTO KPUTHYECKOTO KOJM4ecTBa S > S,
KOJIMYECTBO BBDKMBLICH MOJIOAW JHPEKTHBHO
yCTaHaBIIMBAJIM KOHCTAHTOH Q.

[Ipy HU3KUX YHCIEHHOCTIX MPOU3BOAUTEICH
(1) mpenckassiBaeT yBenuueHue 3hHEKTHBHOCTH
BOCTIpon3BoCTBa. [Ipu cTpemsiiemMcs K HYIO KO-
JMYECTBE OTIIOKCHHOW UKPBI, BEKUBAEMOCTD TI0-
TIOJTHEHUSI CTPEMUTCSI K TIPENeIbHOMY 3HauUEHHIO
BBDKHUBAEMOCTH:

Z—§ =aexp(—bS)(1-bS),
lim aexp(—bS)(1-bS) =a.
S—0

ITomo6HOE CBOWCTBO HE COOTBETCTBYET (yH-
JIAMEHTAJILHBIM MPEACTABICHUSIM 3KOJIOTHHU O CY-
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LIECTBOBAHUM HWXXHEH KPUTUYECKOM YHUCIEHHO-
CTH y MOMYJSALMA MO3BOHOYHBIX KUBOTHBIX. He-
OJHOKPaTHO TIOATBEPXKIANOCH ISl HE 3a00Ts-
IIUXCS. O TIOTOMCTBE BUJIOB, YTO CYIECTBYET OI-
TUMaJIbHBIM I BOCIIPOM3BOACTBA JHANa30H
YUCJIEHHOCTH PENPOAYKTUBHOM YacTH MOIMYJIs-
. [Tpu yMeHbIIeHHN YHuCIeHHOCTH 3 dexTHB-
HOCTb BOCIIPOM3BOZCTBA MHOTHX BHJIOB MUTPUPY-
IOHIMX PHIO C HE CTalHBIM MOBEICHHEM JOJDKHA
CHIDKAThCSI, TaK KaK YMEHBILIAETCS] BEPOSATHOCTD
BCTpEYH 0COOEH pa3HOro Mosa B MPUTOIHBIX IS
Pa3MHOXEHHS y4acTKax pekK.

2. UTepannoHHbIe CTPYKTYPbI Xa0THYeCKOM
AUHAMUKH

B pa3zBuBaeMoM moaxonie «KprBasi BOCIIPOU3-
BOJICTBa» 3TO 0a30BBI (B TOM CMBICIIE, YTO JOJI-
JKEH TIpeJToNaraTh paciupeHue MOAEIH JUIS yde-
Ta HMCKYCCTBEHHOTO BOCIPOM3BOJICTBA 3allacoB
pBIO) omeparop SBOJIIOLMH UTEPAllMOHHOW AWHA-
MUYecKor cucteMbl. Monens (1) obnamaeT uHTe-
pPEeCHBIMU CBOMCTBaMH, O KOTOPBIX HE 3HAJI €€ pa3-
paboTUYMK M TOTOMY HE MPEANIOKHI I HUX
a/ICKBaTHOW  OHMOJIOTHYECKOH HMHTEpIpETALNU.
AHAIIOTUYHBIMU CBOMCTBAMH TMHAMHUKH 00Jaja-
10T KpuBble BocmpousBoacTa lllemapna u Ky-
muHra. VlHaye nBUTaeTcsd TPaeKTOPUS MOJAEIH
nonosHenus: buBeprona-Xonra. Hccnenoanue
BO3HHKHOBEHHUSI OM(ypKanui NPUBOAUT K MBIC-
JIM, 4YTO MaTeMaTHYeCKHe CBOWCTBA TUCKPETHBIX
BBIUMCIIUTENBHBIX CTPYKTYp JHIIb B HE3HAYH-
TENbHOM YacTHU JUKTYIOTCS 3aJI0KEHHBIMH B OC-
HOBE MOJIeJIel SKOJIOTHUECKUMH TUrnore3amu. Pas-
JIMYYe TUIIOTE3 He TapaHTHPYeT OTIANYMi B Kade-
CTBEHHOM I[IOBE JEHHM TPAaeKTOPHUH MOJEIH.
Benp cymectByer Bcero Tpu THna Oudyprauuii
(IpsIMBIX ¥ OOpPAaTHBIX) U TPH TOMOJIOTHYECKUX
THUIIA aTTPAKTOPOB JUISI TAKUX MOJETIEH.

[IpencraBum mpoiiecc M3MEHEHHS COCTOSHUS
MOTYJISILINH, OTIpEeNiesIeMbIi 3aBUCMMOCTBIO 3aria-
ca ¥ IOJy4YaeMOro B CE30HE IOIOJHEHNE B BUJIE
JUHAMWYECKONH CHCTEMBI, MaTeMaTHYECKOr0 00b-
eKTa, JJIs1 KOTOPOTO MOYKHO yKa3aTh HA0Op Belu-
YUH: TUHAMHYECKHUX TEPEMEHHBIX, XapaKTepu3y-
IOLINX COCTOSIHME CHCTEMBbl. 3HaUEeHUS MepeMeH-
HBIX B MOCJIEAYIOUINI MOMEHT BPEMEHH paccyu-
THIBAIOTCA U3 TEKYIIMX 3HAYEHUH IO OIpeJeeH-
HOMY TpaBMTy (Ha3bIBAEMOMY OIIEPaTOPOM 3BO-
morun). JlnHaMudeckas: cuctemMa MpeicTaBisieT-
Csl TPOMKOU <M,T,\|J> , cocrosiiei u3 Gha3oBo-
ro mpocTpaHcTBa M, BpeMeHu 1, oneparopa 3BO-
mouuu Y. B ciydae HempephlBHOTO BpEMEHHU

st VX € M; Vt, s € T BBIIOJHAETCS YCIOBUE:
w(y(x,t),s)=wy(x,s+t). B auckpetHom mpen-
CTaBJICHUH OTIEPaTOp BOJIOLUH 33/1a€T OTOOpake-
Hue (a30BOro MPOCTPaHCTBa B cedst: y: M —> M.
B rubpunmHoMm citydae Ham OymyT HYKHBI JIBE He-
papXuu MpeCTaBICHUS MOJIEIbHOTO BPEMEHH: He-
MIPEePBIBHBIE KaJIPBl U COOBITHS.

Muoskecto {y" (X)},., mpencrasnsercs da-
30BOM TpaekTopueil Touku X. ['paduyecku 3Bo-
JIIOIUS JUCCUIIATUBHON NUHAMUYECKONU CUCTEMBI
BO BPEMEHHU NPEACTABISAETCS IBWKEHHEM TOYEK
B (0a30BOM IPOCTPAHCTBE K aTTPaKTOpPy, MOJMHO-
xKecTBy (haszoBoro mpocrpanctea 4 M wHBa-
puaHTHOE OTHOCUTENBHO dBomonuu: ' (A4) = 4
JUTst BceX ¢ € T W Takoe, 4TO CYIIECTBYET OKPecT-
HOoCcTh U MHOXKECTBA 4, B KOTOpO# Jytst Becex Yy €U
BBITIOTHSIETCA:

lim y® (y) = 4.
t—w

PerynsipHble arTpakToOphl YCTOHYMBOE COCTO-
SHHE PaBHOBECHS C HEMOBIKHON TOUKOH X' i
KOTOpPOW BBIMOJIHAETCS }iﬁn;wm(y) =X, u ycToii-
YMBBIA LIWKJ, OTBEYAIOMINN PEXHUMY MEpPHOINYE-
ckux aprokone6anmit: ' (X) =y (X"). Muoxe-
CTBO TOYEK, PUBOSIINX 32 KOHEYHOE BpeMs K He-
KOTOPOMY 3aMKHYTOMY MHOXKECTBY A, €CThb €ro
obnacTh npuTsxKeHus €2 ;.

PaccmoTpuM IUCKpeTHYIO CUCTEMY 3a/IlaHHYIO
dbysKIMOHATEHBIMU HTepamsavu {y'} j»0- B BbI-
YHMCIMTENBHOM cpene HabmonaeM Ry, Ry, R, ...
MOCJIEI0BATEILHOCT TOUEK ONPENEIeHHBIX YCII0-
BueM R, =WY(R,;),Vj =0 onuceiBarommmu Ie-
pectpoeHus cucteMbl. @a30BbIM POCTPAHCTBOM
uccieoBaHus TuHaMHKH (1) mpumeM HHTepBaj
M = [O,a(bexp(a/e) + 1)_l :

KauecTBeHHOE mOBeAEHHE 3aBHUCHUT OT IIapa-
METpa 4, OH SIBJIeTCs ynpasisitomuM. Jlo ompe-
JIEJICHHOTO 3HAa4€HUs &8, HE NPEBBIILIAIOIIEro Ou-
(dypKaLMOHHOE, TPAEKTOPHSI CTPEMHUTCS K TOYeU-
HOMY aTTpakTopy A=R =In a/b . TepBeiii MeTa-
Mop($03 MOBEIEHHS NPOUCXOAUT, KOTAa IPOU3BO-
JHasl, BBIYUCIICHHAs B HEMIOABMKHOM TOYKeE, Iepe-
CTaéT YNOBJETBOPATh KPUTEPUIO YCTOHYMBOCTH.
Jns (1) 3To TPOUCXOANT MPH BHITIOIIHEHUH yCIIO-
BUsA @>€:

V' (R) =ae "™ —bRae™",

Ina

V(R)=ae ® —b

Ina
ln—aae_bT _ a(l-Ina) _

b elna
=l-Ina.
l-lna=-1, a=¢e’.
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Puc. 2. [lunamuxka (1) mpu yBenMueHHH PENPOLYyKTUBHOM XapaKTePUCTUKHU

[Mapamerp b He BAHMSET HA TOMOJIOTHYESCKHE
XapakTepucTHKH (hazoBoro noprpera. Junamude-
CKasi CCTeMa CTPEMHUTCA B yCTOWYMBOE ITUKIIHYE-
CKOE COCTOSIHHE C TIEPHOAOM 2: ToOaIbHBIA ar-
TPaKTOP, COCTOSIIUI U3 IBYX NEPUOANIECKUX TO-
yeK. DakT, 9To X, = axne*bxn uMeeT B O0NIbLIOM
JMara3oHe rmapaMeTpa UK, TOBOPUT O TOM, YTO
HE CTOMT OT MOCTPOCHHOTO IO SMIHUPUYECKUM
JAHHBIM TpaduKa 0XKHJIATh XapaKTEePHOH KYIIOJI0-
00pa3HOW KPUBOH.

Ecnam manee yBennuuBaTh mapamerp «, Oymer
MIPOMCXOUThH YBEIUICHNE aMIUTUTYbI KoJieOaHHH,
1 110 JJOCTIDKEHHIO TIOPOTOBOTO 3Ha4eHwst a > 12,51,
npon3oiinér Oudypkanus ynBoeHHs MepHoaa U
ycTaHoBUTCS nuka p =4. Ilpu nanpHeiimem yBe-
JTYeHuN a OyleT MPOUCXOIUTh Kackaa oudypka-
nui yaBoeHwus nepuona. Ilpu 3madennn a > 14,8
HEBO3MOXHO BBIJIEIUTh YCTOMYMBBIX TOYEK MU
3aMKHYTOTO LuKia. [IpomcxomuT aeTepMuHHPO-
BaHHBIN XaoC, HAIIOMHHAIOIIMN CTOXaCTUUCCKHI
MIPOIIECC OYEHb UYBCTBHUTEIBHBINA K HadaJbHBIM
ycnoBusAM. TpaeKTopusi IPUTATHBAETCS K TIOIMHO-
xecTBY (ha30BOTO MPOCTPAHCTBA, MOTYYHBIIEMY
M3-32 CBOMX I€OMETPHYECKHUX CBOWCTB Ha3BaHWE
«CTpaHHBIN aTTPAKTOP». YHUBEPCAIBHBIM CLICHA-
pueM mepexoaa K xaocy uepe3 OeCKOHEUHBIN Ka-
CKaJl yIBOCHHH, ONTMCAaHHBIM Ha IMPUMepe KBajapa-
THYHOM UTepanuu Xn,; = AXp(1 — X,) Deiirenday-
MOM [6], CieKTp HeJIuHEHHBIX 3¢ (EKTOB HE Orpa-
HUYMBAETCA. B OrpaHWYEeHHBIX AMANA30HAX IPHU
a > 14,8 BO3HUKAIOT OKHA EPUOJUIHOCTH.

B X, =axX,e ™" HabmioaeM MoCieIoBaTeb-
HOCTh KacaTeJbHbIX OudypKalmii ¢ MosBICHUEM
YCTOIMUMBBIX UKIIOB repuosioB p = 2' . JIu u Mopk
B 1975 r. B crarbe «Period three implies chaos»
JI0Ka3aJ, 4TO eCiiu urepauus pyHkunu R;,; =
W(R;) mpH HEKOTOPOM 3HA4YCHHH OJHOIO 3 mapa-
METpPOB MMEET IHUKJI mepuoma p =3, To orobpa-
KEHUE UMEET U OECKOHEUHOE MHOXKECTBO IIMKIIOB
IpyTUX TIEPUOJOB, U KOHTHHYYM HENepHoaude-

CKMX TpaeKTopuil. Eciu [u1s1 HEKOTOPOH pUKEPOB-
CKOW TOMYNALMU YJAanock Obl peasu3oBarh IO-
CJIEJIOBAaTEeNIbHOE yBEIUYEHHE PEMPOTYKTUBHOM
XapaKTepUCTHKH (8 — 3TO OTOCPEOBaHHBIN Tapa-
METp) TO €¢ BPEMCHHAas JTUHAMHUKA TTOXOMUIIA ObI
Ha puc. 2. Ha nmpumepax HCKyCCTBEHHOTO BBIITY-
CKa MOJIOAM MOJOOHBIX M3MEHEHWH He oTMeua-
sock. [Togo6HBIH MEeTON IMCKPETHRIX TapaMeTpH-
YeCKUX WTepauuii ogHOW (YHKIMH TMPHHIUIIN-
aJbHO HE TOAXOAMT JJISI ONMHCAHMS MCKYCCTBEH-
HOTO BOCIIPOM3BOJICTBA.

[losiBeHMIO p = N MPEIIECTBYET SIBJICHUE «I1e-
peMekaeMOCTH» Kak TOABHJ XaOTUYECKOTO JIBH-
keHus. IlepeMexaeMOCThIO Ha3bIBAIOT PEXKUM
yepeZ0BaHUs BO BPEMEHH MOYTH PETyISPHBIX KO-
nebanuii (MamuHapHas (aza) ¢ *HTEpBaIaMU Xao-
TUYECKOTo moBeneHus (TypOyneHTHas dasa). Ile-
pen MOsIBIEHUEM IMKINYECKHUX TOUeK Tpu olma-
cTi OIM3KHE K JKCTpeMyMam Tpaduka Tperbeit
utepanuu GyHKIuK f°(S) 00pasyloT Tak Ha3bl-
BaeMbIe KaHaJIbl OJIN3KKE K OucceKTpuce (Ha puc. 3
yKa3aHbl CTpeJIKaMH), MO0 KOTOPHIM M3 OJIHOTO
JIpyroil B CTPOTOM MOCIEeNOBAaTEIbHOCTH JOJTO
JIBUKETCS TPAEKTOPHS, YTO COOTBETCTBYET JaMHU-
HapHO#l ¢a3ze. BrIXompl TpaekTopuM W3 KaHaja
3HAMEHYIOT KOpoTkue TypOyneHTHbie (aspl. Cu-
Tyaluy, KOTJla peryaspHas JMHaMHUKa pepbIBaeT-
Csl pe3KHMMH MHTEpBaJaMH HECTaOWJIBHOCTH, I10-
SIBJISIFOTCSL B PE€AJIbHOW MOIMYJISIITUOHHON JUHAMH-
K€, B YaCTHOCTH 3TO XapaKTepHO JUIsI HACEKOMBIX.
ITomoGHBIe TypOyNEeHTHBIE BCIIBIIIKA BpeauTeneit
no pasMaxy (QiIykTyamui NpPEeBOCXOASAT CTaIHo-
HapHble PEeXHMMBL. B JMHaAMUKE YHUMOZAIBHBIX
utepaiuii (haza nepemMexaromieiics TypOyIeHTHO-
CTH OTpaHMYeHa JMANa30HOM MEXIy HadalaMu
Y3KMX KaHAJIOB JBI)KEHUS TPAaeKTOPUH BCeETnAa
HUXKE.

[lepemeskaeMOCTh M OKHA MEPHOAUYHOCTH HE
MCUEPIIBIBAIOT BCE BO3MOKHOCTH MOBEJCHUS Tpa-
eKTOpHH, U MeTaMop(o3bl €IWHCTBEHHOTO TIJIO-
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Puc. 3. Tpetss utepauus f(f(f(S))) dyukiuu (1) nepen mosiBJIeHUEM UKIIA 3

Puc. 4. O6paboTka JTaHHBIX O BOCIPOU3BOJICTBE OCETPa

0aNbHOTO aTTPaKTOpa Y UTEpalHii NPOCTON PyHK-
u (1). AHanu3 npyrux 3QQeKToB yxe He yKiia-
JIBIBACTCSl B paMKU KpaTKoro 0030pa.

3. IIpodiema nmopora B 3¢()eKTUBHOCTH BOC-
NPON3BOACTBA

OOmieli 3amaueil HAIIMX MCCIEIOBAHUN SIBIISI-
eTCsl aHaJlu3 Ha OCHOBE BBIYHCIMTEIBHBIX MO-
JEeNBbHBIX CLIEHAPHEB aHTPONOTeHHO-00yCIIOBIICH-
HBIX IPOLECCOB Jerpajaluu OHOpecypcoB BO-
JOHBIX dKocucTteM. He mist Bcex peIO akTyasibHa
TEOpHs MOTOJHEHUS, B Topa3no OoJbIlel cTere-
HH €€ METOJbl 000CHOBAHBI JIsl aHAJIPOMHBIX BH-
JIOB, 3aXOfIINX M3 MOpeH IJisi HepecTa Ha ped-
HOM TIpyHTe. [ KacnmuiCKUX OCETPOBBIX UME-
IOTCSl MUHTEpPECHBIE JJaHHbIE O MHOTOJETHEM Ipo-
IyCKe Ha HEPecT INPOU3BOAUTENEH BOJIKCKOTO
OCeTpa M CEBPIOTH MOCIIE 3apery/IMPOBaHUs CTOKa
Bouru B [7]. OcHOBHBIM (hakTOpoM 3P HEKTUBHO-
CTH HEpEeCcTa CUUTAJICS THIPOIOTMYECKUN PEeXUM
pexu [8], Hapymennsiii ¢ 1960 r. mpu ruapoctpo-
utenbcTBe Kackana ['DC. M3yuenue perpocrek-
TUBHBIX OIMCATENbHBIX HCTOYHHKOB O PBHIOHOM
npombiciie Huxuelt Boiru u pexume cyaoxos-
CTBa INPEACKa3bIBAIOT CYIIECTBOBAHHE U IPYTUX

MEXaHU3MOB perymsinuu. Yacras nmoBTOpsIeMOCTh
MaJIOBOJHBIX JIET, HApyIIaBIIas PeYHOE CYI0XO/I-
CTBO U KpacOYHO OIMCaHHas B 3aMeTKaxX AJamMoM
Omneapuem B cepenune XVII Beka He moapeiBaia
obue IpoMBICTa.

BEISBUTE HeNMHEHHBIE KPUTHYECKUE 0COOCH-
HOCTH B (pOpMHPOBaHUH MTOTIOIHEHHS TTO3BOJIHIIH
00paboTaHHBIC HAMU METOJIOM CKOJIB3SIILEH cpel-
Hell (puc. 4) cBeeHUS O KOJUYECTBE CKaThIBAIO-
mieiica B peke mMononu ocerpa. Koiuuectso mpo-
MyLIEHHBIX Ha HepecT B Bonry mpousBoguteneit
3a rmepuo]] HaOMIOEHUH N3MEHSUIACh CYIIICCTBEH-
HO: oT 2500 TBIC. 3K3. B 1979-81 1. 1O 25 THIC.
B 2000-x rr. [9]. B HacTOsIIIEE BpEMSI MBI HE HIME-
€M JIOCTOBEPHOI MH(pOPMAIK O HBIHEIIHEM CO-
CTOSIHUM nonynsiuuu Acipenser gueldenstaedtii
Y YHUCIIEHHOCTH HepecToBoil ee wactu. C 2010 .
BCE KaCIHUIICKHeE MOMYJIALNN OCETPOBBIX BHECEHBI
B «KpacHyto kHUTY» U Tipombicen 3ampenieH. Cy-
HIECTBYET Mpo0iieMa BBISBICHHUSI BOZMOXXHOTO 00-
pa3oBaHuA JOKAJIBHBIX CTaJ] OCETPOBBIX, KOTOPHIE
MOXHO WACHTH()UIUPOBATH N0 HCIOIB3YIOIINM-
csi peibamMu Uil Pa3MHOXKEHUSI HEPECTOBBIM pe-
KaM. B oTim4me OoT J0COCEBBIX PHIO y CEBPIOTH
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y oceTpa HabIrogaeTcs 3aX0/1 B PeKy, Kak BECHOH,
TaK U OCEHBIO, UTO OMPEAETSACT BBIJECIECHUE O3U-
MO penpoAyKTUBHOU pachl, CO3PEBAHUE KOTOPOU
MIPOUCXO/NT TI0 XOJIy MUTPAIX B MIPECHOM BOJIE.
OnyOnuKoBaHHBIE B PA3IMYHBIX HCTOYHUKAX CBE-
nerus ¢ 1968 r. 06 oO1ieit YUCIeHHOCTH 0CEeTPO-
BbIX Kacnus 1o naHHBIM TpajoBOTo yyeTa MHOTH-
MH CIEHUANNCTaMH OICHUBAIOTCA KaK COMHHU-
TENIbHBIE W MEHee JIOCTOBEpHbIE, YeM HH(pOopMa-
IIUS O TIPOXO/IE TPOM3BOAUTENEH HA HEPECTUIIHIIIA
B cTBOpe peku. OueHKH 0011eil YNCIeHHOCTH T10-
Jy4aJICh TyTEM O3KCTPAaloJIALUU YIOBOB C OT-
JIEJIbHBIX KBaJIpaTOB HA BCIO aKBAaTOPHUIO MPH Tpa-
JIOBBIX O0JIOBaX, MEpPECUUTaHHBIE C MCIOIH30BaA-
HUEM JIOCTaTOYHO HHTEPBAIBHO BAPBUPYEMOTO
nokasaresisi — KoauireHTa yIoBUCTOCTH Tpaia.

BbIIBIIEH CTaTUCTUYECKU JOCTOBEPHBIM IO-
poroBsiii a3pdekT ckaukooOpazHoro nepexozna 3¢-
(EeKTHBHOCTH BOCTIPOM3BOJICTBA HA HEKUH OTINY-
HBIA OT Hy/Id MUHHUMAaJIbHBIA ypoBeHb. Kpupas
BOCITPOM3BOJICTBA OceTpa (Ha puc. 4 cpemaHee 1o
TpeM ONIDKaNIINM) XapaKTepHu3yercsi Kak H3Jo-
MaHHasi KynosooOpa3Hasi. Mbl MOXeM BOCCTaHO-
BUTH OTUETIIMBO KyCOYHO-TJIA/IKYIO KPHBYIO, a HE
CTYIIEHHE TOYEK, TaK KaK MOMyJIAIHUOHHAs JHHA-
MHKa ONpenessiiack B OOJbIICH CTENeHH Mpo-
MBICJIOBOM CMEPTHOCTBIO, YEM HCKOMOW 3aBHCH-
mocteio R = f(S) 3anac-Bocmnonnenue. IlyH-
KTUPHOM CTPEIIKOW yKa3aH CABUI, KOTZA IpHU MIPO-
MyCKe MEHee 350-10° wr. HEIMPOIOPIIHOHATIEHO
PEe3KO YMEHBIIIAeTCs KOJMNYECTBO CKAaThIBAIOIIEH-
cs B Mope mosoau. Ot 500 g0 1500-10° Mb1 Gy-
JIeM CYUTAaTh AMANa30HOM ONTHMAaJIbHO-pPaBHOBEC-
HOTO COCTOSIHUS 3amaca R . CILIONIHO# CTPeNKoi
orMedeH 3((deKT nmaneHus BOCIPOU3BOACTBA Be-
POATHO CBSI3aHHBIN C TEPENOTHEHHEM HEPEeCTH-
JIUIIL IIOCIIE NEPEKPBITUS CTBOpa Bousrorpaiackoit
I'DC. KonnyecTBo MONOAM OT O3UMBIX U SIPOBBIX
MIPOU3BOUTENEH B UMEIOIINUXCA JAaHHBIX HE pas-
nenanoch. Vcrtopuuecku o3uMasi penpomyKTHB-
Has paca JOMHHHPOBaJIA MO OHONPOAYKTHBHO-
cti. CKoIIeHHe Ha HepecTWIMIIaX MpPUBEIO Ha
pyoexe 1980 rr. mpu ornpeaeacHnd 00beMa 00IuX
JOITYCTUMBIX YJIOBOB K IIPEACTABICHHUSIM «O HEJ0-
UCTIOIb30BAaHHOCTH» IPOMBICIIOM 3aIllacoOB O3H-
MOH penpoayKTUBHOU rpymmsl. B urore npu mno-
IBITKE COXPAHUTH SPOBBIX PHIO /17151 BOCIPOU3BO/I-
CTBa peaju30BalICs JINTEIbHON nepenoB. Peskoe
CHIDKEHHE BbUIOBa npousornuio B 1989-90 rr, Tak
KakK BTOPOTO MOPOTa KPUBOM HUKTO U3 CIEIHATHU-
CTOB HE MOT O’KHJATh.

4. Pa3paboTka MojeJii BOCHPOM3BOACTBA
€ POCTOBBIMH XapaKTePUCTHKAMH

3amadeil pa3pabOTKHM HOBOW MOJENH 3arac-
BOCIIOJTHEHHE OTPEIETICHO CO3/IaHne THOKOTO Ma-
TEMaTHYeCKOTO armapara Ijsl COTIaCOBAaHHSA Xa-
pakTepa MOBENEHUS WMHUTAIIIOHHOW MOJEIH JH-
HAMUKH TOMYJIALNNN CO CTaTUCTUYECKUMHU TaHHBI-
MU O YUCIIEHHOCTH MOJIOIN BOJDKCKUX OCETPOBBIX
B pa3NW4HbBIE TOABl. B paMkax mpoexra mHTepec-
HBI HOBBIE TUTIOTE3HI O PUYNHAX PE3KUX HU3MEHe-
HUU BHE Juana3oHa ONTHUMAJIBHON YHCIEHHOCTH
HEPECTOBOTO CTaja.

B coBpeMeHHBIX yCIOBHSIX Ha MpHUMEpE Oce-
TpoBbIX Kactmsa odeBHIHO, YTO COKpaIlIeHHe 3a-
raca He CHJIBHO TIIOBBINIAET WHINBUAYAIbHYIO
YOUTaHHOCTh MHUTPHUPYIOMIUX ITPOW3BOAUTENEH.
KopMmonast 6a3a ocerpoBrix B CeBeproM Kacrmm
MOCJIE CTOJNb PE3KOTO COKpAaIlleHHs MX 3araca He
MPOIEMOHCTPUPOBAJIA CTPEMUTEIHHOTO YBETHYe-
aus [10]. B ouepemHoil pa3 He MOATBEPAWCH Ha
MIPaKTHKE WA Moenel (HOPMbI «XUITHUK-KEPT-
Ba». OOBSICHEHHE 3aKIIFOYAETCSI B TOM, YTO PETy-
TS JKU3HEHHOTO IIMKJIa BUIa-pecypca ajar-
THBHA K ero morpeduremo. M. I. Kapnuuckwmii
JIaJT OYeHb WHTEPECHOE HBOJIOIMOHHOE O0BSICHE-
HHE TOMY, YTO COKpAIleHWe IMOTpeduTeneil He
MIPUBENO K Pa3BUTHIO JOHHOW KOPMOBOU (hayHBI.
BunoobpazoBannie B H30JIMPOBAHHOM BOJOEME
[IUT0 10 MYTH aJanTaliil CTPATEerHH Pa3MHOXeE-
HUS K TIPecCy BBIeNaHUs phlOamMu.

KonkypeHTHBIE (haKTOPBI CMEPTHOCTH Yy Ta-
KHX KPYITHBIX pbIO, HE MMEIOIINX €CTeCTBEHHBIX
BparoB, NEHCTBYIOT Ha CaMBIX PAHHHUX CTaJHSX
pasputusa. OHU BeIpaXKaroTcs B THOEH OT achuk-
CUU JIMYMHOK W 3aMENJICHUH Pa3BUTHS MOJIOIH,
MIPOXOXKJEHUS CTaIui )KU3HEHHOTo nukKia. IToro-
My HET 0co00ro cMpIciia B HOBOM MaTeMaTHde-
CKOM OITMCAHWH PACIpPOCTPAHATH Ha BECh HETO-
JIOBO3PEINBIA 3Tall JKW3HEHHOTO IIMKJIA HETaTHB-
HBI€ (DaKTOPBI, aTPETUPOBAHO BHIPAKEHHBIE OTPH-
[aTeJIbHBIM II0Ka3aTejeM CTerneHn D B momenu
Puxkepa. IloBeaenue Mojieny 3aBUCUT OT MareMa-
THYECKUX OCOOCHHOCTEH BBIOpaHHON (QyHKIHNH
BOCHPOM3BOACTBA. MOXKET ITOKa3aThCsl HEOXKH-
JTAaHHBIM, HO Ha pean3anuio oudypraruii BimsieT
KOJIMYECTBO TOYEK Tepernda KpUBoii.

Hanmuane orpaHnyYeHHBIX MHINEBBIX PECYPCOB
B HEABHOM BHJIE€ YUHTHIBAIIOCH W3BECTHHIMH MO-
nensmya. Bce W3BeCTHBIE AWCKPETHBIE MOJIENH
BOCIPOM3BOJCTBA HMEJIH [0 C HESIBHBIMH,
0000IIeHHBIMH, a0CTPAaruPOBAHHBIMH TI0 CMBICITY
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napaMeTpaMu. Mbl TIOCTaBUJIM 33a4y HCIIOJIb30-
BaTh HETIOCPE/ICTBEHHBIE TOMYIISIIOHHBIE Xapak-
TepUCTUKA B UG (GEepPeHINATBHBIX YPaBHEHHSIX
BBDKHBAEMOCTH.

OO0mMM HETOCTATKOM CYIIECTBYIONIUX JIHC-
KpPETHBIX MOJIEJIeH SIBIISIETCS UTHOPHUPOBAaHUE Jie-
KOMITEHCAIIMOHHOTO (hakTopa cMmepTHOcTH. [le-
KOMITCHCAI[MOHHBIC (PaKTOPhI — YBEIIMYUBAIOIINE
CMEPTHOCTh NMPH YMEHBUICHUH TUIOTHOCTH OCO-
0eii OOBIYHO OTMEYAIOTCS UIS JKUBOTHBIX C KO-
JICKTUBHBIM TIOBEACHUEM. Y MUTPUPYIOIIUX aHa-
JIPOMHBIX BHJIOB CHMXaeTCs 3()(HEKTUBHOCTh He-
pecTa u3-3a YMEHbBIIIEHHUS O PEeaTbHO MCIIONb-
30BaHHOM B PEMPOAYKTUBHOM IHKIIE OTIIOKEHHOH
HKPBI IPH S << S OT Tpe/IonaraeMoro ee KoJIH-
gecTBa. [ MOKMit cr1oco0 yuera BIUSHUSA TaKUX SIB-
JICHHIA 3TO OYEBUIHAS HEOOXOIUMOCTb IPH MOJIE-
JUPOBAHUM BOCIIPOU3BOJICTBA TOABEPTAIOIIUXCS
JUTUTEIILHOMY TIePEIIOBY 3aIacoB PhIO.

Bo3MOXHBINA AOMOTHUTENBHBIA KOHTYP OIOC-
PEIOBAaHHOTO BIUSHUS HAa BHDKUBAEMOCTh COCTO-
UT B M3MCHCHUM IHINEBBIX MOTPEOHOCTEH I10
Mepe pa3BHTHS Ha PAHHAX CTAaIWAX Pa3BUTHA.
HecornacoBaHHOCTh 3BOJNIOIMOHHO CIIOKHBIIIE-
rocsl HU3HCHHOTO IUKJIA U COBPEMEHHOW THIPO-
JIOTHYECKOM CHTYallud MOXET IPUBECTH K TOMY,
YTO MUK Havaja MUTPAIH MOJIOIU OCETPOBBIX
MOJKET OBITh CABHHYT K Ha4ally CE30HHOTO YMEHb-
LICHUS €¢ KOPMOBO# 0a3bl.

Ha BaxxHBIl BOIIPOC 0 BKIIFOYEHUH HEIIOCPEN-
CTBEHHO HcXonHON uncieHHocTH HKpbl N(0) B mpa-
BYIO YacTh YPaBHCHHS BBIKHBAEMOCTH MOJIOIU
MbI OTBETUM OTPHULIATEIILHO.

Qdopmanu3yeM yBEITHYEHHE IHIIEBBIX I10-
TpeOHOCTel Monomu. Jlo 3aperynupoBaHus pycia
MOJIOJIb O3MMOM T'PYHIIbl CKAaThIBAJIACH K MOPIO
Oonee KpYMHOW, B3HAYUT MJONTANA 3aTpaTHBINA
MapuIpyT MATPalii ObLT OTIpaBAaH JIyYIIeH Ku3-
HECTOMKOCTBIO IOTOMCTBA. YMEHBIIIEHHE BECa MO-
JIOJM MOXKET CKa3aTh OTPHUIIATEIBHBIM (haKTOPOM
JUIs albHeiel BbbKUBaeMocTu. [loromy Jno-
TUYHO BBECTH B YpaBHEHUE HEKOTOPOE OTITUMAIIb-
HOC 3HAYCHHE Pa3MEPHOTO Pa3BUTHS W, TEKYIIEES
KBaJI[paTUYHOE OTKIIOHCHHE BBECTH B YpaBHEHHE
yObUIM YUCIIEHHOCTU. BylemM UCXOAWUTh U3 TOTO
(akra, 4TO CKOPOCTh POCTa HAXOAUTCS B 00Opar-
HOW 3aBHCHMOCTH OT YHCJIEHHOCTH ITOKOJEHHS,
HO HE B 00paTHO MPOMOPIIMOHATBHON. DTO cora-
CYeTCsl ¢ JaHHBIMH HaOIOJICHUI MXTHOJIOTOB 3a
MHOTUMH pBIOAMH, HO HE BCErAa BBHIMOJHAETCS
B BBIPOCTHBIX IPyJaX MPHU UCKYCCTBEHHOM BBIpa-

IIMBAaHWU MOJIOAX oceTpoBbIX [11], rme mpu yBe-
JMYCHUU TUIOTHOCTH MOXET BO3HHMKATh JIBa OT-
YEeTIMBBIX MakcuMyMma pacnpeneneHus. Omuchl-
BaTh yOBUT, umcieHHOCTH mokomenus N(t) Ha
uHTepBaje mopensHoro Bpemenu [0, 7] Oymyt
crenyromue o0beTUHEHHBIE B cucTeMy nudde-
peHLMaNbHBIE YpaBHEHHUS (O, 3, ¢ — KOHCTAHTBI):

B —{afimtr-m7 v o o

dw g 0(S) = 1
1 —exp(—CS)

o N

rae: S — BeJIMYMHA HePeCTOBOro 3amnaca, w(t) — ot-
pakaeT YpOBEHb pa3MEPHOTO Pa3BUTHS ITOKOJIECHHS,
BIMSIIONIMN Ha YBEIWYCHUE MUIEBBIX MOTPEOHO-
CTel; g — mapameTp, YUUThIBAIOIIUN OrpaHUYCH-
HOCTbh KOJIMYECTBA JOCTYNHBIX A MOJIOAM KOp-
MOBBIX OOBEKTOB. YOBIBaroIIast PyHKITHSI ®(S) -1
orpaxaer aerictue 3ddexra Ommu. Kak mbl ot-
Meyalld BbIIIE, NPH CYIIECTBEHHOM CHUXCHUH
BEJIMYMHBI 3amaca S pe3ko cokpamaercs d¢pdex-
TUBHOCTh BOCIIPOM3BOACTBA, YTO OBLJIO yCTAaHOB-
JICHO JAJIS TIOMYJSIIMHA BOJKCKOM CEBPIOTH U pyc-
CKOro oceTpa. { — mapameTp, YIUTHIBAIOIIUN Oorpa-
HUYEHHE TEMIIOB Pa3BUTH HE 3aBUCSILEE OT YHC-
JICHHOCTH; KO(PQUIMEHT JaBICHUS] CKYYEHHOCTH
BapbHpyercst B npezienax 2 < k < 3; A — cpenusist
IJIOJOBUTOCTE 0CO0€H; o — KOA(D(GUIIUEHT KOM-
TIEHCAIIMOHHONH CMepTHOCTH; [ — Ko3(dunneHT
JIEKOMIIEHCALIMOHHOM cMepTHOCTH; ¢ €[0,7] uH-
TepBal YSI3BUMOCTH; C — IapaMeTp, XapaKTepu3y-
IOLINH cTeneHs aeiicTBus s¢dexra Omu, He mpo-
SIBJIICTCSI €CJIM YHCIEHHOCTh B3pPOCIION MOmyIns-
LM COOTBETCTBYET S, OJHAKO CYIIECTBEHHBII JUIsT
oceTpoBbIx. Haganpueie ycnoBus (2) w(0) = wy,
N(0) = AS, rae 3amac BbIpaKaeTCsl BHIYMCICHHEM
S=N(T).

Monens (2) nccnenoBangach ¢ MPUMEHEHHEM
paspaborannoit B Cankr-IleTepOypre wuHCTpY-
MEHTaJIbHOH cpenbl MoaenupoBanus AnyLogic-5,
NPEAOCTABIISIONIEH BEIOOP YNCIIEHHBIX METOAOB C
W3MEHSIONIMMCS [IarOM WHTETPUPOBAHUS AT pa-
60teI ¢ cucremamu OJ]Y mepBoro mopsiaka 3amu-
canabiMi B ¢popme Komn. ['paduk nomyuen B un-
CTPYMEHTAJIFHON cpenie U3 IMOCIeI0BaTeIbHOCTH
YHCIEHHOTO pemieHuit 3aaaun Kommw (2) nist BBI-
YHCIICHHS] YHCIEHHOCTH BBDKHMBIIUX 0CO0EW Io-
KOJIGHUS] K MOMEHTY BpeMeHH 1. 3aBUCHMOCTBIO
HOBOM MOZENH SIBISETCS KPUBas CO CIIIAXKEHHbBIM
KyCOYHO-TJIAZIKUM KYIOJIOM M yMEHBIIAIOIIUMCS
HaKJIOHOM HUCTAAAI0LIel IpaBol BETBH.

2

CUCTEMHBbIN AHAJIN3 U MPUKITALHASI UHOOPMATUKA

1,2016



CucmemHbll aHanu3

19

Puc. 5. MoznenpHas kpuBasi BOCIIPOU3BOJCTBA

KpuBasi mmeeT HEHYJIEBYIO TOPU30OHTATLHYIO
acuMIITOTY (pHC. 5), ABE HETPUBUAILHBIC TOUKU
TepeceUcHs] C OMCCEKTPHUCON KOOPIMHATHOTO
yoia R =S (Ha puc. 5 yka3aHbl cTpesikamu). Touka
MIEPBOTO TEPECCUCHUS HAXOAUTCS 3HAYUTEIHLHO
JTAJTBIIE OT TIIABHOTO MaKCHUMyMa, €M BTOpasi CTa-
[IMOHAPHASI TOUKA U HAKJIOH KacaTelbHON B 00eHX
TOYKax OoJbIe 94eM T/4.

3aKIIoueHue

da30Boe MPOCTPAHCTBO B Cilydae THOPUIHOM
TUHAMIYECKOW CHCTEMBI Ha OCHOBE CHCTEMEI (2)
paszmernsieTcss Ha J1Be o0NacTH MPUTSHKEHUS: €
u ,. ['panntieit Mexx1y HUMU SBISIETCS HEYCTON-
yuBasi 0co0ast TOUKa MEePBOTO MEPEeCceUCHNs KPH-
BOH ¢ OMCCEKTPHCO KOOpIWHATHOTO yIja. AHa-
JIM3 YCTOWYMBOCTH HETTOBMIKHBIX TOUYEK JIMHAMMU-
YECKOW CHUCTEMBbl, peaIu30BaHHON B MHCTPYMEH-
TaJbHON Cpefe MOJEIMPOBAHUS, MOYKHO IPOBO-
JIUTH C UCIIOJIb30BAHUEM CBOWCTBAa BTOPOM UTEpa-
1 y*(S). HeoOX0aMMBIM U 0CTaTOYHBIM YCIIO-
BHEM YCTOHUYMBOCTH HEMOBIKHOH TOUKH X OfI-
HOMEPHOTO OTOOpaKeHHS SBISETCS HEPABEHCTBO
BTOpOIt uTeparuu y2(X) > X mpu X <X 1 y2(X) < X
npu X > X'. ATTPaKTOpOM 00NacTH MPUTSHKEHUS
), y urepanuii MOIyYeHHON MOJEITBHON 3aBHCH-
MOCTH SABJISIETCS IIUKIT U3 JIByX IHUKINYECKUX TO-
gek. Kaszajgoch OBl MOBTOpSIETCS CIIGHApUH Ou-
(hypKanmmoOHHBIX U3MeHeHni Moaenu Pukepa. Ox-
HaKo, IMOJIy9eHHas! 3aBHCHMOCTh XapaKTepu3yeT-
CsT HETIOCTOSTHCTBOM 3Haka y muddepeHimainHo-
ro unBapuanra IlIBapia. s coxpaHeHus: BCIOAY
OTPHIIATEIIFHOTO 3HaKa MIBapIliaHa HEeOOXOIUMO
He Oosiee ogHON TOUKH Tepernda. CormacHo KpH-
Tepusm CHHTepa OTPHIIATENbHBIA 3HAK BEIUYH-
HBI MIBapIliaHa CITY)KUT KPUTEPUEM pealln3alliu
OCCKOHEIHOTO YABOCHHS ITUKJIOB [12].

IToBenenue TpaeKTOpUU JIUHAMUYECKOW CH-
CTEeMBI, C HCIIOJIb30BAaHNEM B KaueCTBE oreparopa

IBOJTIOTINH (2), KQYECTBEHHO OTIMYACTCS OT CH-
cTemMbl Ha OCHOBE (1) BO3MOXKHOCTBIO TPUTSIKE-
HUS K IByM aTTPaKTOpaMm M, COOTBETCTBEHHO, Ha-
JUYreM JBYX o0OJacTed NMpUTSHKEHWs, TpaHHIeH
MeXJTy KOTOPBIMH CITY’KUT peresiep — HeyCTOM-
yuBas 0co0asi TOYKa MEPBOTO MEPECEUCHHs KPH-
BOH ¢ OMCCEKTpHUCON KoopauHaTHOTO yria. Tpa-
eKTOPUH C HadaJbHBIMHU YCIOBHUSIMH, pa3/eiieH-
HBIMH pETeNIepoOM, TTOKHIAIOT €ro OKPECTHOCTh
Y TpUOIKAIOTCSA K Pa3sHbIM arTpakropaM. OnuH
n3 arrpakTopos Touka (0,0) Ha mmockocti RyXR,,, 1.
Ecnu uucneHHOCTh MOIMyIAIuN COOTBETCTBYET 00-
JIACTH TIPUTSDKEHUS 3TOTO aTTpakTopa, MpON30ii-
JIeT BBIMHpaHue Momynsnuu. JlanHoe CBOICTBO
OTpakaeT HAJTM9YMe MUHUMAJIBHO JIOTTyCTUMOM JIJIst
MIPOIOJKUTEIHFHOTO CYIIIECTBOBAHUS OMOJIOTHYe-
CKOTO BHU/Ia YHCIICHHOCTH.

ITomoOHas puc. 5 KpuBasi Ha CaMOM JIeJie OUeHb
OnmarompusTHAa JUISI TPOMBICTIA TIPU PaIMOHAIb-
HOM OTHONICHMH K 3amacam. [lpm opranmzanuu
WHTEHCHBHOTO TPOMBICIIA TIOMYJISALUSA C KPUBOM
BOCIIPOM3BOJICTBA TIPEJIOKESHHON HAMH MOAETH
MOYKET 3HAYUTEILHO BPEeMS MO/IIEPKUBATh YCTOM-
YUBBIEC BBICOKHE YIOBBI. [1epBblil IepenoB kacnuii-
CKHX OCETPOBBIX IPOU30IIIe] K Hayainy XX Beka,
YTO OTPAKEHO HE CyXOW CTaTHCTHKOH, a Kpacod-
HBIMH OITMCAHUSMH PBIOHOTO M300mMus Ha Hrmk-
Heit Bonre 1860 1. B 3anmckax Anekcanzpa J{roma.

Ecnu ypoBeHb U3BSATHSA 3aKPUTHUYECKHUM, TO
MOCJIe MaKCHMAJIbHOTO BBUIOBA YJIOBBI HAYWHAIOT
MEJICHHO W HEYKJIIOHHO COKpAaIlarhcs, YTO HE
BHYIIIAET OMACEHHWH OJKCIepTaM 3a Ccyas0y mpo-
MbIcna. Kak mokaspIBaeT mpakTHKa, CIIeIIHaIuCThI
MXTHOJIOTH MOTYT 00OCHOBAaTh BPEMEHHOE yXY/I-
IIIEHWE BOCIPOU3BOJACTBA YXyAlIeHHeM Omaro-
MIPUATHOCTH OOIIEH THAPOTIOTHIECKOI 00CTaHOB-
KW, 3arPS3HEHNEM M HHBIMH HE CBSI3HBIMU C Upe3-
MEpHBIM TPOMBICIOM TpuuuHamHu. [locie kaxy-
IIeTOCs YPaBHOBEUIMBAHUSA TPOM30HIET pPEe3Koe
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Puc. 6. Cuenapuii cTpeMUTENbHON Jerpajalluy P HE3HAUUTEIILHOM IepeJoBe

1 HEOXXMJIAHHOE JJIsl CHEIMAIMCTOB COKpaIleHHe
ya0BoB. Temmbl BOCHONHEHHUS 3amaca MOTepSIoT
3G PEKTUBHOCTh, W MOMYJISALUS PE3KO IMOTEPSET
MIPOMBICIIOBOE 3Ha4YeHUE. B BHIUMCINTETBHOM 3KC-
nepuMenTe puc. 6 (BpemeHHasi quarpamma u Jla-
Mepest) IO U3BSITUSL BCETO Ha COTYIO IIPEBBICHIIA
3aKpPUTHYECKOE 3HAYECHHE.

[lo Takomy cuieHapuIO OTPOMHBIN MHOTOJET-
Huii Kacnuiickuil mpombicen pyxHYd B KOHIIE
1980-x, xorga pexopaHble YioBbl Obutn B 1977—
78 rr. lonynsauuu pexu Kypa nerpanuposani ere
panbiie. Moaens nokassiBaeT, uro aaxe 0,8 mpo-
MBICJIOBOTO M3BSTHS MOIYIALUS CIIOCOOHA BBI-
JepxkuBath, HO npu uzbsaTHH 0,81 mpounzoiiner
CTpeMHTeNbHas U HeoOpaTumas Aerpajarsl.

Pazpaborannas Mmoaens popMUpOBaHUs TOKO-
JeHus BUAocnedruyIHa 11t BOIDKCKOTO 0CETpa C
JBYMsl peNponyKTUBHBIMU pacamu. B HacTtosiee
BpeMsl TOJBKO pa3padaThbIBalOTCsS MMMYHOXHMHU-
YECKHE METOAbl MACHTU(HUKALUU CyOIOMmyJIsu-
OHHBIX TPYNMUPOBOK oceTpoBbiX [13]. Cucrema
ypaBHeHu# (2) He mpeasaraeTcs Ha poib 0000-
hiaroueid Mogenu B TeopuH (HOPMHUPOBAHHMS TIO-
MOJTHEHUSI TIPOMBICIIOBBIX pBIO. [lMHaMuUKy Hepe-
cTa ropOyIy Ha puc. | HEBO3MOXKHO OMKUCATh UC-
10JIb30BABIINMUCS PaHEEe ABYMs TOMOJIOTMUYECKH-
MU THUIIAMM aTTPAKTOPOB UTEPAIMOHHBIX CHCTEM
[14]. Tpetunii TOMONOrMYECKUN TUII TOMUMO KaH-

TOPOBCKOT'O MHOYKECTBA M MPEAEIBHOTO [IUKIA HE
MIPUMEHSLJICS B ITOMYJISIIIUOHHBIX MOJICIISX.
JlaHHBIE O BOCIIPOM3BOACTBE BOJIKCKOH CEB-
PIOTH TIOKa3bIBAIOT MHOM BUA 3aBucumocTH. [Ipu-
CYTCTBYIOT JIB€ pa3ielIeHHbIE IKCTPEMYMOM PE3KO
BOCXOJSIIIME BETBM 0€3 HHUCHAJarolleil JeBOH.
[TomoOHBIl XapakTep MOXKET OBITh Pe3yIbTaToOM
00beAMHEHNsT AaHHBIX MO JBYM PENPOLYKTHBHO
W30JIMPOBAHHBIM TPYIITIaM CO CPaBHUMOW YHCIICH-
HOCTBIO. [IpoBOAMMEBIE HAIMMM KOJJIETAaMH HM-
MYHOXMMHUYECKHE CPaBHEHHsI TIO3BOJISIIO MIPEIIO-
Jarath HaKOIJICHWE CYIIECTBEHHBIX (DPU3MOIOTHU-
yecknx omnunil y cesproru FOxxHoro Kacrnms [15].
Hns onmcanust 3aBucUMOCTH f(S) Kaxmoro
BUJIa OCETPOBBIX PbIO B OJHOM apeajne OOMTaHHS
TpeOyercsi coOCTBEHHas: BHOCIEeNU(UIHAS MO-
nenb. Harra nmpakTuka mokasblBaeT, 4TO pa3BUTHC
MHBAa3HMOHHOTO MPOILEcca OJHOTO BHJA B Pa3HOM
OMOTHYECKOM OKPY>KEHHH MPOTEKACT Pa3IMyHbI-
MU nyTsamu. [Ipu Bcem pazHooOpasuy BapHaHTOB
0COOEHHOCTEH PEenpOAYKTUBHOIO IUKIA (GopMma-
JU3AIUI0 PA3JIMYHBIX PETYIUPYIOIUX (PaKTOpOB
MOXHO MPOBOAUTH JOCTAaTOYHO YHHBEPCAJIbHBIM
METOJOM OpraHu3allMi HEMPEePHIBHO-COOBITHI-
HBIX Mojenei [16].
Paboma evinonuena npu noodepoicke PODU.
IIpoexm Ne 16-37-00028 ons monodsix yuenvix.
Pyxosooumens x. m. n. Conosvesa T. H.
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Dubrovskaya V. A., Solovieva T. N., Perevaryukha A. Yu.

UNSTABLE CRITICAL EQUILIBRIUM IN THE DYNAMICS
OF COMPLEX STRUCTURED POPULATION OF STURGEON

St. Petersburg Institute for Informatics and Automation of RAS (SPIIRAS)

The article deals with the consequences of the existence of special conditions that determine the character of the rapid
further development of population processes. The most probable connection of these critical conditions deals with the optimal
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number of subpopulation groups. These groups are formed by the evolutionary adaptation of the form of restricted access to
resources for reproduction. We have proposed a model of population processes, which formalizes the influence of uneven
growth rate for two different groups of reproductive sturgeon mortality of migratory fish in the juvenile period of Acipenser
gueldenstaedtii development. In the computing environment was investigated the hybrid system, which simulates the effects of
the existence of the situation for the population of migrating juvenile disproportionate reduction in the river. Such cases are
established by us according to the rapid decline in sturgeon spawning the Volga. For the exploited population threshold effect
after the unstable equilibrium with the minimum necessary for the well being of the form number is the count in the
implementation of the «collapsey». The phenomenon of collapse detached among all scenarios the most valuable long-term
degradation of the reproductive group. In addition to the apparent sharp reduction in reproductive performance, threshold
effect is reflected in the adverse events previously dominated evolutionary trend for the survival of certain forms of the life
cycle of fish in terms of reorganization of the fishery. Informative, that the Volga stellate sturgeon Acipencer stellatus observed
some form of non-linearity in the efficiency of spawning and require a different kind of fish-specific mathematical model.

Keywords: population models, reproductive cycle, critical states, collapse of the Caspian sea sturgeon stocks.

dyopoBckasi Buktopusi AujapeeBHa

B 2014 1. oxonumna Cankr-IleTepOyprckuii ToCyqapCTBEHHBIN YHHBEPCUTET
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