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Annomayua. lonynauus peid B BoJjoeMe MMOABEP)KEHA Pa3IMYHBIM BO3JICHCTBUAM
OKpy’Karoleil cpeapl, CYIIECTBEHHYIO POJIb WIPAeT aHTPOIOIE€HHOE BIMSHUE, B
TOM 4YHCJIe NPOMBICIOBoe. B pabore mpociexuBaeTcsi AWHAMHMKA pa3MEpHOMR
CTPYKTYpHI MOMYJISIHHA B YCIOBUIX W3MEHEHHUS Cpelbl 0e3 MpOMBICTa H MO €ro
Bo3zaelicTBreM. llonmyssiunoHHBIE XapaKTEPUCTUKU COOTBETCTBYIOT MEJIarHueCKUM
WIA MOJYNeNarndeckuM pbl0aM, OJM3KUM MPHUMEPOM SBJSIIOTCS IOMYJISLUH
muHTass Theragra chalcogramma, oburaroniue B MOpSIX CeBepHOW vactu Tuxoro
okeaHa. /[lng wuccnenoBaHWs IPOMBICIOBBIX BO3ICHCTBUI pelaeTcs 3ajgada
ONTUMM3ALUHN PEXHMa cOOpa yposkas MO KPUTEPUIO MaKCHUMH3aLUHM A0XO0Ha 3a
paccMaTpuBaeMblil epuo BpeMeHU. MccienqoBaHo BO3ACHCTBUE MOMOJHEHUS HA
MOMYyJSIMOHHYIO JWHAMHKY W BBUIOB. BBISBICH criiakuBalommid dPQeKT
pa3sMepHON CTPYKTYpbl 1O OTHOIIEHHIO K M3MEHEHHSIM cpenbl OOUTaHUS H
npoMeicy. Ce30HHBIC U3MEHEHUS B Cpeie OOMTaHUS CITIOCOOCTBYIOT ellle OOJbIIeit
yCTOI\/'I‘II/IBOCTI/I MOIYJIALIH.

Knrouesvie cnosa: mamemamuueckas MO()e]lb, nonyuaiayus, ONMUMATIbHbBLL C50p ypoortca,
OUHAMUKA YucjieHHocmu, pbl60ﬂ060m60, npombwliceil.

BBEJIEHUE

B pabGote mnpenmpuHATa NOMBITKA JOCTaTOYHO MOAPOOHOr0 aHajaM3a IMpOMbICTA B
HNOMYJSIIMKM PhI0 U BO3MOKHBIX NOCIEACTBUM MPOMBICIA AJI MOMYJISILIUK, €€ COCTOSHUSL U
¢dynkunonupoBanus. MccnenoBanue mogoOHON mpoOieMbl CpeicTBAaMH MaTeMaTHYecKOro
MOJIEJIMPOBAaHUSl BEChbMa IIOJIE3HO JJIsi MOCTPOoeHUs 3(P(EKTHUBHONW CUCTEMBI YIPaBICHUS
PBIOHBIM MPOMBICIIOM. MBI HCCIIEyeM MPOMBICIOBYIO MOMYIISALUIO C UCIIOIb30BAaHUEM OJIHOU
U3 JIOCTYIHBIX JUISl M3YyYEHHUs MOMYJSALHUOHHBIX CTPYKTYp — pa3MmepHoil. Peub wuzmer o
JUHEHHOM pazMepe ocoOu — XapakTepHOW JuHe. [ pbid 3TO 0/1HA U3 JIETKO U3MEPSeMbIX
XapaKTepUCTHK, OHA SBJISIETCS CYIIECTBEHHOM XapaKTepUCTUKOM 0coOu.

[IpupoaHble MONYISUUU MOABEPrarOTCs aHTPONOTEHHBIM BO3JEHCTBUAM pa3HBIX BHJIOB,
Cpelu KOTOPBIX HauboJiee YacThIMH SIBJISIFOTCS 3arpsi3HeHue u cOop ypoxkas [1-3]. Dtu
BO3/ICUCTBUS MOXKHO TPaKTOBaTh KakK YIpapisiome. B mpuMeHeHMH K OMOIOTMYECKUM
CHUCTEMaM 3aJjaud YIpaBJICHUS U ONTHUMU3ALMK Yalle BCEro CYIIECTBEHHO HEIMHEHHBI, YTO
CO3/1aeT TPYAHOCTH B MPUMEHEHHM H3BECTHBIX METOJIOB MpHU HCCIEeIOBAaHUM MpobieM
CYIIECTBOBAHMS IOMYCTUMBIX M ONTUMAIBHBIX pelieHuii. BMecTe ¢ TeM, Takue 3aauu UMEIOT
rI1yOOKHe TPUIOKEHUS B M3YYEHUH OHMOJIOIMYECKMX MPOIECCOB, YTO OBLIO, B YACTHOCTH,
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ABAKYMOB, U3PAUJIbCKUI

YEeTKO IPOJEMOHCTPHUPOBAHO €II€ TOJBEeKa Ha3ad MpU 3apOoKICHHUM MaTeMaTHYecKOu
ouonoruu [4].

[Ipu wuccnemoBanumu mpodirem cOopa ypokasi, PHIOHOIO NPOMBICIA B YACTHOCTH,
3 PEKTUBHO HCIOIB30BAHHE MATEMAaTHYECKOTO MOJCITUPOBAHUS Ul M3YYCHHS PA3TUYHBIX
crnoco0oB cOopa W HMX NOCHCICTBHHA s TOMyMSOUM WM coobmecta. [lomynsmun
MOJICTMPYIOTCS B Pa3HbIX BapHaHTax: 0e3 ydeTa MOIMYJSIIUOHHBIX CTPYKTYp WM K€ CO
CTpYKTypaMu. Mopenu SBISIOTCA TUCKPETHBIMU WJIM HENpPEPBHIBHBIMU 1O BpeMeHH. s
nomyianuii 6e3 ydera CTpyKTyp ¢ KpUTepHEeM MaKCHMHU3AIMHU 10X0J1a OT COOPaHHOTO yporKast
BBISICHEHO CYIIECTBOBAaHHE CBOWCTB MAruCTPAJIbHOCTH MO AHAIOTHMH C  MOJEISIMHU
9KOHOMHYECKOW IuHaMuKu [5-7]. BBeneHue AUCKOHTHPYIOIIEro CBOMCTBA J0X04a OT
COOpaHHOTO ypoO’Kas, KAa4eCTBEHHO U COJEpPXKATEIIbHO OOOCHOBAaHHBIC OTPAHMYCHUS Ha
pelICHHE HE MEHSIOT CBOMCTBA ONTHMAIIBHOTO pereHus [5].

Cpenu CTpyKTyp uaimle BCEro paccMaTpHBaeTcs BoO3pacTHas. BimsHue pasmuuHbIX
IPOIIECCOB HccienoBaiocsk B padorax [8-10]. B marpuunoii momenu P.H. Leslie [11]
ONTUMAJILHOE PELIeHHE 00J1a1aeT CBOCOOPA3HBIM CBOMCTBOM MAarvuCTPalIbHOCTH MO HOMEpaM
coOupaeMbix B ypoxkail Bo3pacTHbIX KiaccoB [10]. CrioxHbie IMHAMHUYECKHE PEXHUMBI MIPU
IIPOMBICIIE JIJISl TOMYJISILMK C JIBYMSI BO3PACTHBIMM KJlaccaMu HccieayroTcs B padote [12].
Mopenupyercss IMHAMHKa TII0JIOBOM CTPYKTYPbI, BIUSHHE TE€HHOH CTPYKTYpHl Ha
IBOJIIOLIMOHHOE pa3BUTHE momyssinuu [13, 14].

Heckounbko rpynm paboT MOCBSIIEHBI NCCIEIOBAHHIO MATEMAaTHYECKUX CBOMCTB MOJIETeH
U UX PEIICHHUH B Cy4ae, KOTJa OHU OIMUCHIBAIOTCS YPABHEHUSMHU B YAaCTHBIX MPOU3BOIAHBIX
(KBa3WJIMHEHHBIX WIM MapaboJIMYecKoro THUMA) C OrPaHWYCHUSIMHU, BBIPAKACMBIMH, B TOM
YKclie, UHTETPAJIbHBIMU OIlEepaTopaMu. DTHU pabOThl KacaroTcsl MOJENEN Il HOMyJIALUNA ¢
Bo3pactHor  [15-20] wmmm  pasmepuoii  [21-23]  crpykrypamu.  OmnuchiBaeTcs
IPOCTPAHCTBEHHOE paclpeneienne ocodeld momymsanuu. Pedb wmeT o MareMaTHYeCKHX
CBOMCTBaxX 3a/a4 M HMX pelieHuil. B mepByro oyepens, 3T0 MPOOJIEMBI CYHIECTBOBAHHS H
€IMHCTBEHHOCTH peIleHUs. PaccMaTpUBAKOTCS MEPHOAMYECKUE PEXHUMBbl [24], nuHamMHKa
BO3PACTHOM CTPYKTYpBl M MPOCTPAHCTBEHHOrO pacmpezencHus nomynsnuil. VMcnonb3yroTres
napaboMyecKre YpaBHEHUS C WHTETPAJbHBIMH (YHKIMOHAJIAMH — KPHUTEPUSMH KadecTBa
perrenus [13]. PesynbraTel uccieoBaHHN KacaroTCsl YCJIOBHI CYIIECTBOBaHHsS PEIICHUI B
CJIO’KHBIX ONTHMH3AIMOHHBIX 3a/1a4aXx.

Pri0on0BCTBO MpeacTaBisieT co0oi OOMMpPHYIO 00JacTh UYEIOBEYECKOM AEATeNbHOCTH.
Mopckoe U OKeaHHYECKOE PHIOOIIOBCTBO CBSI3aHO CO MHOTHMH MPOOJIEMaMH, B TOM YHCIE U
uHpopMaIoHHoro xapakrepa [25]. B mepByro odepesb CKa3bIBaeTCsi HEIOCTATOK 3HAHHUN O
OMOJIOTHYECKHX pecypcax, UX COCTOSHUU W (DYHKIHMOHUpOBaHWHU. [JI1 PHIOHBIX TMOMYISIIAN
TPYAHO ONpENENsieMbIMU XapaKTEPUCTUKAMU SIBIISIOTCS HMX MPOCTPAHCTBEHHO-BPEMEHHas
JIMHAMHKA, €CTECTBCHHAs CMEpPTHOCTh W (opmupoBaHue mnomnoaHeHus [26]. Haydnbie
HKCHEIUINH, TPOMBICIIOBAs CTATUCTHKA U MHBbIE MCTOYHUKU MH(OpMAIMM JIMIIL YaCTUYHO
BOCTIOJIHSIFOT 3TH TpoOenbl. COOTBETCTBYIONIYIO O0JIaCTh HMCCICIOBAHUNA  M3BECTHBIN
CHeLHaINCT B 00JaCTU aHalu3a BOAHBIX OMOPECYpPCOB U YNpPaBJIEHUS PHIOHBIM MPOMBICIOM
C.W. Clark na3pan «Bioeconomics» [5].

Jlpyroii mpo6iemMoit peIO0IOBCTBA SIBJISAETCS caM mpolecc npombicia. C 3K0IOrn4ecKkoi
TOYKHA 3pPEHHS BaXXKHBI MPOOJIEMBI TEXHOJOTHH TpoMbicia (B YacTHOCTH, TIOTEpH
HEHCIIOJIb3YeMO YacTH BBUIOBA) M HKOJIOTHYECKUE IOCIEACTBUS U3BATHS Ouopecypca. B
Teopuu puIOoIOBCTBA [5, 26] pa3paboTaHbl pa3iMyHbIC BApUAHTHI CTpATErHil MpoMbicia. B
OOJIBIIMHCTBE CIy4aeB OHM OINHUCBHIBAIOT KAaKOE-THOO 3aKOHOMEPHOE COCTOSIHHE MOMYIISINUN
WA CcOOOIIecTBa, HapHUMeEp, PaBHOBECHOE, WM KaK-THOO COOTBETCTBYIOIIEE H3BECTHBIM
XapakTepucTukam pbi0. Ecim ke paccmMarpuBaTh JUHAMUYECKUNA PEXHUM, TO CUCTEMA MOXKET
HaXOJUTBHCSI B COCTOSHUM, IAJIEKOM OT pPaBHOBECHOTO, YTO CYIIECTBEHHO BIHSIET Ha
JUHAMUKY — TONYJSIHUM, pe3yldbTaThl IPOMBICAA U TOCHEACTBUS  MPOMBICIOBOTO
Bo3eiicTBus [27]. IMeHHO THaAMHUYECKHEe CIIEHAPHH Mbl pacCMaTpHBaeM B 3TOil pabore.

192

Mamemamuueckas buonozus u 6uoungopmamura. 2016. T. 11. Ne 2. doi: 10.17537/2016.11.191



DPPEKTBI [IPOMBICIIOBOIO BO3AEHCTBHA HA PBIBHYIO TOITVIIALHIO
MOJEJIb PBIGHOI'O ITPOMBICJIA

CocrosiHue TOMYJISIUH ONUChiBaeTcS QyHKIer Y(t,X) TIIOTHOCTH OOMIIHS B 3aMKHYTOM

OrpaHMYEHHOM (KOMIIAKTHOM) MHOXecTBe D cR" wu3MeHeHHMs POCTPaHCTBEHHOM
nepeMeHHOM X B 3aBucuMoctu oT Bpemenu t, teT =[0,T]. Ilepemennas X o3Hayaer
MOJICIIUPYEMbIC  XapaKTEPUCTHUKH  0ocobeil. 1o  Moryr  OBITh  XapaKTEPUCTUKH
MNPOCTPAHCTBCHHOI'0  PAaCIIOJIOKCHUA, BO3pacCTa, pasMepa, MaccChl, MOp(bOHOFI/I‘IGCKI/IX
OCO6GHHOCTeﬁ nin (bHSHOJ'IOFI/I‘leCKOFO COCTOsIHHA OpraHUu3MOB, U MHOI'O€ ApYroe€.
JlnHaMHKa TUIOTHOCTH OOWIIUSI TOMYJISIIUU OIMMCBHIBACTCS MapaOOIUYeCKUM YpPaBHECHHEM
[28, 29]
0,y +V-(vy) =A(y)+F(t,x,y,u) 1)

HpI/I HaYaJIbHBIX U I‘paHI/IlIHbIX YCJIOBI/ISIX
¥(0,%) =Y, (), Y, %) _,=Y(tX). (2)

Yepes 0D oOo3HaueHa riajikas rpaHulla KoMrnakTHoro MHoxectBa D. Bekrop v = v(t,X)
O3Ha4YaeT CKOPOCTh HANpaBJICHHOTO JBWXKEHUs (mepeHoca) ocobeit B MHOkecTBe D. CumBon
«-» O3Ha4aeT ckajaspHoe npowmsBeneHue. CumBon V, Kak 0OBIYHO, 0003HAYaET OmNEpaTrop
B3SITUS TPOM3BOJHOM IO TMEpeMEHHOW X (rpaaueHrt), a omepatop A ONUCHIBAET
muddysunonnsie mporeccel u umeet Bua A(y)=V-(k Vy), roe k = k(t,x) — xoaddurment

muddy3un. Cuctema ympapIisieTCss BO3IACHCTBHSIMHE, OIMHCHIBAEMBIMH CKAJISIPHOW KYCOYHO-
HEMPEPhIBHON (C paspblBaMH IEPBOrO pPOJAA IO IJIAJKAM MHOTO0Opa3HsiM MeEpbl HYJIb)
¢yukmmeir U=u(t,xX), ueU cC(T xD;R). Ilome3sHOCTh yIpaBIe€HHsS ONPEACIACTCS

¢ynkimenn  ngoxoma  ¢(t,X,y,U), B KauecTBe KpUTEPHS ONTUMH3ALUU  BBICTABISICTCS
MaKCHUMM3alus J0X0/a 3a Iepuo]] pomMbicia T:

I o(t, X, y,u)dtdx - max . 3)
™D ueU
B oejIoM 3agayda co61/1paeTc;1 B CJICAYIOINYIO CUCTEMY MAaTECMAaTUUCCKUX COOTHOIICHHH:

I o(t, X, y,u)dtdx — ma
TxD

0,y +V-(vy) =A(y)+F(t,x y,u) : 4
y(0,%) =Y, (x), Y(t,X)| _, =Y:(t,X)

Ora 3aja4ya NPUMEHSIETCS HaMU K HM3Y4YEHHMIO PBIOHOrO mpombicia. s pbld ogHON U3
BKHBIX M JIETKO OIPEACISEMbIX XapaKTEPUCTHK SIBISCTCS JTHHEHHBIA pa3smep ocodu [24].
O0603HaunM 4epe3 X HOpMUPOBAHHBIN pa3Mep 0COOM — B IOJIAX K HAUOOJIbIIEMY BO3MOKHOMY
pa3Mepy, KOTOPBII NPUHAT 3a enuHuIly. B aTom cimydae MHOXecTBo D mpexncraBnsier coboii
npomexxytok D =[0,1]c R. ®yukius V xapakTepu3yeT CKOPOCTb pOCTa, BUJA TaKOH
(GYHKIMM TOCTYJIUpPYETCs HMXTHOJIOTaMH B pamMKax Teopuu peibonoBctBa [30] u
COOTBETCTBYET OOIIMM MpeJCTaBIeHUIM O pocTe opranu3MoB. Kosbounuent k auddy3un
orpenenser pazdpoc MpH pocTe OCOOHM, €ro NpuMeM paBHBIM KoHcTaHTe. DyHkius F
OTpefieNiieT CKOPOCTh JIOKAIBHOIO M3MEHEHHUS OHoMacchl, COOTBETCTBYIOLIYIO (DYHKIIHIO
BbIOEpEM HIKE U3 MHOXKECTBA UCIIOJIb3YEMBIX 3aBUCUMOCTEH B MAaTeMaTHYECKON HKOJIOTHH H,
B YAaCTHOCTH, B TEOPHH PbIOOTIOBCTBA. Eciu peub uaeT o 3a7aue ONTUMH3ALUHU [TPOMBICIIA 110
00BbeMy coOHpaeMoro KoimdyectBa ocodei, To (PyHKIUS ¢ MOJIE3HOCTU MPOMBICIIA SBISETCS
CTPOrO BOTHYTOH 1O (YHKIMM HMHTEHCUBHOCTH TIPOMBICIA, KOTOpas U  SBISETCS
yrpasisitonei GpyHkiuen U. Bpems usmensercs B npomexxytke t € T =[0,T]. Torna 3aga4a

IMPUHHUMACT BU:
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ABAKYMOB, U3PAUJIbCKUI

I o(t, x, y,u)dtdx — sup

TxD ueu
0,y +0,(vy)=koly+F(t,x,y,u),
y(0,X) = y,(x), %)

y(t,0) =y, (1),
y(t.D) =y, ().

3nech Y(t,X) - IIOTHOCTh YUCIEHHOCTH 0c00€eii B MOMEHT BpeMeHu . BennuuHy momoaHeHHs
3amaem Qyskuueit Y, (t) BHe cBs3u ¢ 3amacom. B cimydae ppid ¢ BBICOKOH IIOJOBUTOCTBIO
YUCJICHHOCTh HAPOXKJIAIOLIEr0Cs] MOKOJEHUSI 3aBUCUT HE CTOJIBKO OT ATOW IJIOJIOBUTOCTH,
CKOJIBKO OT YCIIOBHU CPElIbl Ha PAaHHUX CTaJUSAX Pa3BUTHS OT MKPUHKH K JIMYMHKE M JaJiee K
MajibKy. Hanmpumep, KpUTHUUYECKUM SBIISIETCSI MOMEHT BBIKJIEBA TUUMHKU U3 UKPUHKU: €CJIH B
9TO BpeMsl HET AOCTATOYHOTO MHUTAHMs, HEMOAXOASIIME TeMIepaTypHble WIH (U3HUKO-
XUMHUYECKHE YCJIIOBUS CPEIbl, TO HACTYMaeT MaccoBas THOENbh JWIMHOK. CHeIHaluCThI
OTMEUAKOT CIIadyi0 CBsA3b MEXKAY 3amacoM W momnojHeHueM st poido [31]. Ilpexmonaras
JIOCTAaTOYHOE KOJIMUECTBO MKPHI HA HEPECTE (3amac He MOJA0PBaH), MOKEM 3aJ]aBaTh BEIMUUHY
IONOJIHEHUST yKa3aHHBIM oOpazoM. @Dynkumio VY, (t) B nmanpHeiimem OyneM HasbIBaTh
byHKIMEH MONOTHEHUS.
Cucrema onTUMAaJIbHOCTH JUIs 3a/1a4u (5) umeet Buj [32]:

8ty_i_ax(vy) = kaiy-i_ F(t) X’ y,U),

O +VO A =KooA = —0,L(t,x,4,y,}),

y(0,%) =y, (x), y(t0)=y,(t), y(t.1)=y,(t),
AT,x)=0, A(t,0)=A(t,1)=0,

G(t,x) =argmax L(t, x,u,Vy,7),

uel

riae ¢pynkuus Jlarpanka BelauciseTcs no Gopmyie:
L(t, X, y,u,2) = @(t, X, y,u) + ML X)F (L, X, y,u) .

B cBOMX BBIUHCICHHUSX MBI HUCIOJB3YEM 3Ty CHCTEMY ONTUMAIbHOCTH HIIH TPHMEHSEM
OJIHY M3 CTAHJAPTHBIX POrPAMM IMPSIMOM ONITUMHU3AINH 33124 (5) TOCIIe TUCKPETH3AIMH 110
BpEMEHH U mpocTtpaHcTBy [33, 34].

MOJAEJIbHAA ITOITYJIALIUA PbIb

B kadecTBe HaYaJILHOTO COCTOSIHUS BBIOMpPAaeM PaBHOBECHOE COCTOSIHUE MPH OTCYTCTBUHU
npombicia. J[Jisg mogydeHuss COOTBETCTBYIONIMX COOTHOIIEHUN W3 CUCTEMBI ypaBHEHUU (5)
clleflyeT cuuTaTh (DYHKIIHMIO Y HE 3aBHUCALIeH OT BpeMeHHU t. Pasmep X u3mepsiercs B yCIOBHBIX
eIMHUIAX pa3Mepa, MJIOTHOCTh YUCIEHHOCTH Y COOTBETCTBEHHO H3MEpSETCS B €IMHUIAX
YHUCICHHOCTH Ha €IUHMIlY pa3Mepa. Bpems usmepsieM B rojaax. PazmepHOCTH OCTaJIbHBIX
BEJIMYMH SIBIISTIOTCS POU3BOIHBIMH OT TIEPEYHCIICHHBIX.

[Tpu onvcannu mpomeicia peid Ml ipuMeM QyHKIHIO0 F B Buze [5]

F( X y,u) =—m(x)y’ —a(x)u(t,x)y, (6)

IIPpU BBIYMCIICHUH PABHOBECHOTO PEIICHHS] MHTEHCHUBHOCTH MPOMBICTA U TMOJIOXKUM PaBHOM
Hymo. Yepe3 m(X) o6o3HaueHa ylelbHasl €CTECTBEHHAs CMEPTHOCTh. [10CTOSHHBIN mapameTp
Y YKa3bIBaeT Ha HEIMHEHWHYIO 3aBUCHMOCTh OOIIEel €CTeCTBEHHOW CMEPTHOCTH OT TUIOTHOCTH
YUCJICHHOCTH TOMYJISAINMA, TOJ00HBIE BapHUAHTHI YacTO HMCIHOJB3YIOTCA APYTHMH aBTOpaMu
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[5]. dynkums ((X) 0603HAYAET YIaBIUBAEMOCTh 0COOCH pa3mepa X opynusmu JioBa. Ee Buj
OIKCHIBACTCS B CIIEIYIOIIEM paselie.
OTcroa 1y1sl BBIYMCIICHUS! PABHOBECHOTO HAYAIbHOTO COCTOSHHS ITOJTy4aeM 3a/1auy:

0, (vy) =kozy —m(x)y’ @)
C YCJ'IOBI/IHMI/I

y(0) =Y,(0), y(®)=0. (8)

Koapdunuenr muddysun Kk (pazdbpoc ckopocreil pocta mo pasmepy) Mpeanosaracres
MOCTOSIHHBIM, 3TO COTJIacyeTcs ¢ (PU3HOIOrnYecKMMHU XapakTepucTukamu poio [30].

Pa3mep ocobu X cBsKEM € BO3PAcTOM T, YUUTHIBAsI, YTO BO3PACT U3MEHSETCS CHHXPOHHO C
peanbHbIM BpeMeHeM: O,T =1. OTcrona cienyer

0. X =V(X). )

Pemenne mnocnennero ypaBuenuss npu ycinoBuu X(0) =0 maer 3aBucumocth X(T) B
PaBHOBECHOM PEIICHHU.

Konkperusiii BuJ (QYHKIMEA JUIS pacdeToB OIpeaeieH cieayomum obpasom [26, 30]:
v(X)=Vv,(X), tme v,(X)=@Q-x)*, ae[0,1), m(x)=mym(x). OOGocHOBaHUS:
KOHKPETHOTO BBIOOpA MPHBEICHBI HIKE 110 X0y OMHUCAHUS MOJICIIH.

N3 ypaBuenus (9) mosyyaeM 3aBUCHMOCTb pa3Mepa X OT Bo3pacta T:

1-(1-x)"
0.X=V(X)= B V,T. Ortcrona, B YaCTHOCTH, ClleyeT
—a
1-(L—x,)" 1 y y
————=V,T,, V,T, =——. 30eCh X, — CpeAHHI pa3Mep ocoOeil IpH BCTYIUICHUH B

1-a 1-a
IIOJIOBYIO 3pEJIOCTh B Bo3pacTe T,. Ecim Mbl 3aduKcupyeM cpelHuil pa3Mep X, BCTYIUICHHS B

MOJIOBYIO 3pEJIOCTh, MapaMeTp O CKOPOCTH POCTa M MPEACNIbHBIA BO3pacT (HAMOOIBIINI
BO3MOJKHBIH BO3pacT) T, , TO HalxeM V,, T,./dmst dyakoun Y, (X) 3amaHo ycioBue:

Yo (Xo) = 8yo (O) . (10)

Ha ocHoBe kauecTBEeHHBIX omucaHuii nxtuoioroB [1, 26, 30] dynkuus m,(X) mpuHsATa
Hamu B Buje (puc. 1): ¢ HOpMHUPOBKON HAYaJILHOTO 3HAUYEHUS HA €IMHUILY, MUHUMYMOM IPU
pasMepe X, BCTYIJICHUS B MOJOBYIO 3PEIOCTh, HE3HAUYNTEIbHBIM YBEIHUYEHHEM CMEPTHOCTH
1o pazmepa X = 0.8 u mocaenyromumM yctpemiaeHueM QyHKIuH K o nmpu X — 1. Jlo pa3mepa

X = 0.8 0cobu 3HaYMMO NMPHUCYTCTBYIOT B MOMYJISILIMU, TIPU OOJIBIIMX pa3Mepax UX KOJIUYECTBO
HeBenuko. Hanbonbmmii (mpenenbHblil) pazmep X = 1.0 He nocTuraercs.

Puc. 1. 3aBucumocTs GyHKIMU My(X) yASITBHONW €CTECTBEHHONH CMEPTHOCTH OT pa3Mepa 0codu.
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Torna ycnosue (10) coBmecTHO ¢ perienueM 3anaun (7)—(8) mo3BosseT HalTH mapameTp
M, ¥ HadajbHOE pacnpeseneHne Y,(X) 4UCIEHHOCTH PHIO 1O pa3Mepy.

Janee OyneMm paccMaTpuBaTh TUHAMHUKY MOMYJISIUH O€3 MpOMBbICIA WM C IPOMBICIOM
IpU TIAJKOM HM3MEHEHHHM YHWCJICHHOCTH IIOMOJIHEHHS B COOTBETCTBHHM C MEJJICHHBIM (B
TEYECHUE JECSITUIICTUI) U3MEHEHHUEM YCIIOBHI OOUTAHUS:

V() =Y, (0)(1+sin$) - (11)

Hakonen, npunumaem orpanudeHue Y,(t) =0. OHO ecTecTBEHHO BBITEKaeT U3 BUIA

(GYHKIIMM €CTECTBEHHOM CMEPTHOCTH (puc. 1).
Havanphyto uncnenHocts Y,(0) mpu pacuerax npumeMm paBHoil 100, pasmep BCTyIuieHUs

B TIOJIOBYIO 3peJiocTh paBeH 1/3 oT MakcumaibHOrO pasmepa, npunstoro 3a 1. [Tapamerp o
ckopoctu pocta paBeH 0.75, MOCTOSHHBIN MapameTp Y B GyHKIMH CMepTHOCTH paBeH 1.1, a
ko3 unuent auddysun k = 102, [IpenenpHBIA BO3pACT >KH3HH MPUHUMAEM pPaBHBIM 25
rojaM, a BpPEMEHHOW MPOMEXKYTOK MCCIEAOBAHUS MOMYJISLUN PAaBEH YIABOECHHOMY
npesenbHOMY Bo3pacTy. Bee 3Tu mapameTpbl BbIOpaHbl ¢ OPUEHTHUPOM Ha MOIMYISILIMIO PBIO
muHTast Theragra chalcogramma, umeroiero o0mupHbIe MecTa OOUTaHUSI B CEBEPHOI YacTH
Tuxoro okeaHa W IIMPOKO mHoaBepraemoro mpombicity [35]. M3meHeHue mapameTpoB B
UHTEpBAJIaX MX I[PaBIONOAOOHBIX 3HAYEHWH HE BIUAIOT HA KayeCTBEHHbIE CBOMCTBa
pewenuid. IloaToMy Ham MOAENbHBIM aHANIM3 Mbl CUMTAEM CHpPABEIJIMBBIM I JIFOOOH
IIPOMBICIIOBON MOMYJISILIUH PBIO.

HyneBoil Bo3pacT B Hamed MOJEIHM COOTBETCTBYET BO3pPACTy MajbKa, a CTAJUH HKPBHI,
JUYUHKU HEe paccMmarpuBarorcsa. [loaToMy B MozenM CpaBHUTEIbHO HEBEJIWKH 3HAUEHUS

Y,(0) HauyanpHO#l IJIOTHOCTH YHCIEHHOCTH Ocobeil HyleBoro pasmepa (M BO3pacTa).

CkopocTh pocTa, B OTIMYME OT KJIACCHMUYECKUX 3aBUCHUMOCTEH [26], HEMUHEHHO 3aBUCUT OT
camoro pasmepa: o <1. Kiaccuyeckas 3aBucuMocTh (00 = 1) COOTBETCTBYET BO3MOXHOCTH
HEOTPAaHUUYEHHOTO MPEeAEeNBFHOr0 Bo3pacTa. Hair ciydail cormacoBaH ¢ yKa3aHHON KOHEUHOM
BEJIMUMHON MpeAeNnsHOro Bo3pacTa. 3HaueHue KodpduiumeHnta AudQy3un COOTBETCTBYET
MPEJICTABICHUIO O CPABHUTEIBHO HEOONBIIOM pa3dpoce CKOpocTeil pocTta. XoTs, TaK Kak
cormacHo [36] cpeaHereomMeTpuveckuii paaMyc p aKTUBHOCTH 0co0Oeil CBs3aH C

koddpdurmentom auddysun cootHomenmeM p =2k ~0.063, To TaKoii pa3bpoc B
W3MEHCHUH pa3Mepa 3a TOJ M0 CPaBHEHHIO C MakCHMaiabHbIM pazmepoM 1.0 mocratouHo

3aMCTCH.

3aBUCHMOCTh €CTECTBESHHOM CMCPTHOCTHU OT YHUCJICHHOCTHU IMOMYJSAIUNA ONPEHACIIACTCIA HE
paBHbIM CIAUWHHUILIC ITapaMETPOM 'Y>1 TeM caMbpIM MBI YUUTbhIBACM c1a00 HEIUHEHHOE

BJIMSIHUE YMCJICHHOCTH Ha cMepTHOCTh [37]. Tlepuon mopenupoBanus OepeM yIBOCHHBIM IO
CPaBHEHUIO C IIPEe/IeIbHBIM BO3PACTOM KU3HU pblO: T =271, .

ITAPAMETPBI IPOMBICJIA

Jlig omMcaHus TPOMBICTIOBBIX IPOLIECCOB B MOAENU (5) HCHOJB3YIOTCSA ClEQyoIne

byHKINN.
®ynkuus F (T, X, y,U) cMepTHOCTH M IIPOMBICIOBOTO U3bATHS UMeeT BUJ (6). DyHKuus

JI0X0J1a OT MIPOMBICIIA MIPeCTaBIeHa (POPMYJIION:

o(t, X, y,u) = p(x)qu(t, x)y —c(x)u’(t, x) . (12)
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B ornuume ot OonbimMHCTBA Mojenel cOopa ypoxas [4] 3arparekl Ha NpOBEACHHE
TIIPOMBICTIA TIOCTYIMPOBAHBI HEMHEHHOH 3aBHCHMOCTBIO OT MHTeHcuBHOCTH: C(X)u’(t,X).
OTO OAMH W3 TPUMEPOB TOMOOHON HEIMHEWHON 3aBUCHUMOCTH, HCIIONB3YyEeMOW TaKKe B
MOJICIIAX SKOHOMHUYecKoM auHamMuku [38]. Caydaii JTHHEHHON 3aBHCHMOCTH OT U HM3YyYeH
BECbMa OCHOBAaTeNbHO, B JITOM Cjydae yIpaBieHUE HMeeT BuI bang-bang, nmpunHumas
MUHUMAJbHbIE WM MaKCUMajbHble 3HAUEHUS U SBISAACH KYCOYHO-TOCTOSHHOM (yHKIMEH
Bpemenu [5]. Ham mpezacraBiisieTcs, 4To Takoe pa3pbIBHOE YIPABICHUE TPYIHO PEaM30BaTh
JUIsL ppIOHOTO TIPOMBICIIA.

OyHKIUS yIaBIMBAEMOCTH BBIOpaHa B JOCTATOYHO TPAJUIMOHHOM [26] BHIE KyCOUHO-

0,a<0
nocrosHHOM Qynkuum: q(X) =q,0(x—X,) (3mecy 6(a) = la»0 ¢bynkuusa XsBucaiina).
,a =
Kosddunuent ynapnuBaeMOCTH NPH 3TOM IIOJIaraeéM pPaBHBIM MaKCHMAIIBHOH YACIBHOI
CMepTHOCTH:  (, =M,. @yHKuMs jgoXxoma OT MPOMBICIA  KyCOYHO-JIMHEHWHAs:

1—
p(Xx) = p, 1—X9(X— X,). OOe (QyHKIMM ONKMCHIBAIOT CHUTYalMIO, KOTAA IPOMBICEIN

OCYILECTBIIsICTCSI B MecTax HepecTa pbl0. OH BO3MOXKEH TOJIBKO Ui IMOJIOBO3PEINBIX PbIO,
KOTZla OHU KOHIIGHTPUPYIOTCSI B MecTax Hepecrta. [IpombIcen HENMOJIOBO3pENBIX 0coOei
3anpenieH. MHOTUE pbIObI B MOPSIX MPOMBILUISIFOTCS KIMEHHO TaKuM 00pazom [26], Mbl Takxke
paccMaTpuBaeM TaKylo CXeMy IIPOMBICIIA.

®yHKIM 3aTpaT Ha MHTEHCHBHOCTH NPOMBICIIA BBIOpaHa MOCTOSIHHOM: C(X) =C,. s

ONpEAEIEHHOCTH TapaMeTp 3arpaT Ha WHTEHCUBHOCTb IIPOMBICIA BBIYMCISEM U3
COOTHOHIEHUS C, = Py0, CBA3M C JOXOJIOM H YIaBJIMBAEMOCTbIO. 3HAUYEHHE C, BBIYUCIICHO
npu 6a30BOM 3HaueHUM P, =4. B nanpHeillieM Mbl AenaeM BapHaHTHBIE PAacdeThl HpH
pasIMYHBIX 3HAYECHUAX P, . Ho mapamerp C, ocraercs HEM3MEHHBIM.

DyHKIMIO YIpaBICHUs MpearonaraeM 3aBucsiield Tojapko ot Bpemenn: U(t, X) =u(t).
OTO COOTBETCTBYET pealusiM pPBIOHOTO IPOMBICIA, KOT/Ia YHPABISATh MOXHO TOJBKO
KOJIMYECTBOM IPOMBICIOBBIX YCHJIMH. A M3MEHEHUE paclpeneseHus] TPOMBICIOBBIX YCUIUI
10 XapaKTEePUCTHKaAM pbI0 TpeOyeT KOHCTPYKTHUBHBIX M3MEHEHUI OpyAUii JIOBa, UTO SIBJISETCS
JUINTETIbHBIM U JIOPOTOCTOSAIIUM  IPOLIECCOM, C€Jab0 MOAJAIOLIUMCS  ONEPaTUBHOMY

yIpaBIeHUIO, KOTOPOE MBI 3JIeCh paccMaTpuBaeM. Y Hac pachlpeesieHue YCUJIHMM 1o
pa3mepam 0cobeit OTpakeHO B (PYHKIIUHU yJIaBIMBAEMOCTH.

PE3YJIBTATBI

[InoTHOCTH uHMCIEHHOCTH pbI0 0€3 MpoMbICIAa B CBOEM H3MEHEHHMM CIEIyeT 3a
KOJIEOAHUSMHU YHMCICHHOCTH IONOJHEHUs, HO C ropa3/lo MEHBIIUMH TpaJUEHTaMU, YeM Yy
nonoiHeHus. [loa mpoMbICIOBON YacThbio MOMYJSALMK MOHMMaeM Bcex ocoleil pa3mepa He
MeHee Xo. YUCIIEHHOCTh MTPOMBICIIOBOM YacTH MOMYJISIUK (ITPOMBICIIOBAsT YACIEHHOCTD) €Ie
MeHee U3MEHUYMBA, YeM IIJIOTHOCTh O0MIEeH YMCIeHHOCTH (puc. 2).

Ha pucynkax 2-9 y BepTUKaJbHBIX OCEHl 3ayacTyi0 HPHUCYTCTBYIOT O0OO3HAUYECHMUS
UHTETPAJIOB IO TMepeMeHHOW pa3mepa X. OHM HamOMHMHAIOT O (QOpMyJax BBIYHUCICHUS
YHUCIIEHHOCTH, MPOMBICIOBON YHCIEHHOCTH, 00BbEMa BBUJIOBA U JPYIHX XapaKTEepPHCTHUKAaX.
OnyIeHHbIe Y HHTETPAIOB MTPOMEXYTKH MHTEIPHUPOBaHMs PaBHBI, Kak npasuio, [0,1]. Eciu
HIDKHHUHN TIpeJie]l OTIIMYAeTCsa OT HyJsA, TO OH yKa3aH ABHO (HampuMep, X, IJIs IPOMBICIOBON

YUCJIEHHOCTH).
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Puc. 2. /luraMuka IUTOTHOCTH YHCJICHHOCTH PBIO 1O pasMepy (ciieBa) W MPOMBICIOBON YHUCICHHOCTH
(cmpaBa) P OTCYTCTBHH MPOMBICIIA.

MHTeHCHBHOCTb  IIpOMBICIIA TIpH  0a30BOM 3HadeHHMH P, =4  k03hdHULUEHTA

MaKCUMaJIbHOTO JI0XOJa OT IPOMBICIA OJHOW OCOOM W pe3yibTaThl MpoMbicia (puc. 3) B
CBOCH JIMHAMHKE TAKIKE «CICAYIOT» 33 JMHAMHUKOM MOTIOJHEHHS.

09

0.8

N
T

Ja(x)u(t)y(tx)cx

ol L b b b b b b b 1l ol L by 1 il NI WA WA W) J
5 10 15 20 25 30 35 40 45 50 5 10 15 20 25 30 35 40 45 50
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Puc. 3. /IluraMuka HHTEHCHBHOCTH MPOMEICTIA (CJIEBa) U BBIIOBA PEIO (cIipaBa).

ITon nelicTBUEeM mpoMebicia nMpu 0a30BOM 3Ha4eHUHU K03 duimeHTa 10Xo1a MpoMbICIOBas
YHUCIIEHHOCTh YyMeHbInaercs B 3—4 pasa (puc. 2,4). B pgomosnHeHune K €eCTECTBEHHOMU
CMEPTHOCTH MOMYJISALUSA «ITPUOOPETAET MIPOMBICIOBYIO CMEPTHOCTh, KOTOPAsi 3HAUUTEIbHBIM
o0Opa3oMm BiuseT Ha ee QyHKIMOHUpoBaHHE. CpeqHU YPOBEHb YHCICHHOCTH TPOMBICIIOBON
YaCTH MOMYJALNN YMEHbIIAETCS IPUMEPHO B YETHIPE pasa.

B 1menom mioTHOCTE YHCIEHHOCTH TI0 pa3Mepy CHIDKAeTCs, HO KadyeCTBEHHasl CTPYKTypa
ocraercs noxoxxked. [loa BiAMsHHEM MPOMBICIA MIOTHOCTh YMCICHHOCTU HW3MEHSETCS MOYTH
MIPOTOPIIMOHAIIBHO TI0 BPEMEHH U pa3Mepy, CpeaHuil pazmep ocobeii (M BO3pacT) HECKOJIBKO
yMeHb1aercs (puc. 4), Tak Kak IPOMBICIIOBOE U3bATHE MPOM3BOJIUTCS, HaUMHAs C pa3Mmepa
BCTYIUICHUSI B TIOJIOBYIO 3penocTb. Hambombiee naBieHHE MPOMBICIA OCOOM HCIBITHIBAIOT
Opy BCTYIUIEHUM B MPOMBICIOBBIA 3amac. COOp yposkasi COCpeIOTOYeH, B OCHOBHOM, Ha
pBI0axX HavaJ bHBIX TIOJIOBO3PENBIX pa3MEpPoOB, C YBEIMYCHHEM pa3Mepa MPOMBICIOBOE
JlaBJieHUe YObIBaeT, HO, Kak MPaBUJIO, B MOMYJSALUN HAONIOJAETCSd YMEHBUICHUE CPEIHEro
pasmepa ocobeit. IToT 3¢ dekT maBHO oT™MedeH uxtrosgoramu [1, 30].
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Puc. 4. /luraMnka INIOTHOCTH YHCIEHHOCTH PBHIO 1O pa3Mepy (cieBa) M NMPOMBICIOBOW YHCICHHOCTH
(cmpaBa) mpy ONTUMATEHOM HIPOMBICTIE.

Crtpemiienue coOuparh OONBIION ypokall MPUBOAUT K YAOPOKAHHUIO 3aTpaT Ha €IUHUILY
cobpannoro yposkas. Ilpum yBemmuenum kodddurmmenta P, MaKCHMaIbHOTO A0XO0Ja OT

npomeicia B 100 pa3 HMHTEHCHMBHOCTb IpoMbIcia yBenuuuBaercs B 8—10 pas, BbUIOB
yBennumrBaeTcs Beero B 1.2—1.5 pasa (puc. 5).

I

Iqxpuft)y(tx)dx

I \ / \ J
ol ‘..‘l.l.u.ll.\\k’l
5 10 15

20 25 30 35 40 45 50

Puc. 5. UaTeHCHBHOCTB TIpOMBICIIa (ClIeBa) U AMHAMUKA BBUTOBA (CrpaBa) Ipu pa3nuvHbix PO (3HaueHHS
p0 yka3aHBI cripaBa).

OTO 03HAyaeT, 4YTO OWOJIOTUYECKHE XapPAKTEPUCTUKU MOMYJSALUH  ONPEACISIOT
IIPOMBICJIOBBIE BO3AEUCTBUS U PE3YJIbTAThl IPOMBICIIA B 3HAYUTEIBHO OONIbIICH CTENeHH, YeM
SKOHOMHUYECKHE ycnoBus. [lomymsiiuu pbld AOCTATOYHO YCTOWYMBBI IO OTHOILIEHUIO K
IIPOMBICIIOBBIM BO3JEHCTBUAM.

Henuneiinocts QyHkuuu aoxona (12) OT MHTEHCHBHOCTH MPOMBICIA KapAWHAIBHO
MEHsIET CBOWCTBAa (YHKIMU YIpPAaBICHUS — HHTEHCHUBHOCTH IpPOMBICHA. JTa (QYyHKUIHUA
CTAaHOBUTCS HENPEpPBHIBHOM W peanu3yeMoil, B OTIMYME OT pa3pblBHOIO YIPABIECHUS B
nuHerHoM citydae [10].

Wrak, ppiOHasi momymsiiusi o] BO3JCHCTBHEM IMPOMBICIIA MOKET CHJIBHO MEHSTH CBOIO
IPOMBICIIOBYIO YHCJIEHHOCTh. [lomynsnus OMOJaXXHBaeTCsl — CPEeJHHM BO3pacT ocobei
cTaHoBUTCA MeHblIe. Ho, ecnu He mopopBaH penpoAYKTHBHBIN MOTEHIMAN MOMYJSALUU, TO
OHa cTabuIM3UpyeT ceds NpU pe3KUX BO3AEHCTBHSX Cpeapl MM denoBeka. [lomymsnus
CTJIAKMBAET PE3KHE BO3JIEHUCTBHS, CBOEH CTPYKTypOod OOecleunBaeT CTa0MIN3aIUIo.
[Ipombicen B ONTHMAalIbHOM peXHME emie 0ojiee CIIOCOOCTBYET TaKOMY CIVIQXKMBAHMIO.
[Tomynsiust afeKBaTHO pearupyeT Ha IMPOMBICIOBOE JaBJIEHUE, CTIIaKMBasg €ro JTUHAMHUKON
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CBOEH CTPYKTYpbL. /[l CpaBHEHHMS paccMaTpuBaeM BapUaHTbl HEONTUMAJIbHOI'O BbLIOBA.
BbI10B MOXET OKa3aTbCsi ropa3fio MEHEee 3HAuYMTENbHBIM, a yiepO [Uid MOMyNIsIlUU BechbMa
CyllecTBEHHBbIM. IIpy 1MOCTOSAHHONM MHTEHCUBHOCTM TIpoMbiciia U =1.5 uIOoTHOCTH
YHUCJICHHOCTH MONYJSLUU B IPOMBICIOBOM YacTH CYILIECTBEHHO CHH)KAETCSA, a JOXOXA OT
IIPOMBICIIa CHM)KAETCSl HA MOPSAJOK M B MHBIE T'OJbl CTAHOBUTCS OTPULIATENbHBIM (AMHAMUKa

0X0/1a ID¢(t,X, y,u)dx Ha puc. 6 cmpaBa). COOTBETCTBYIOIIUEC 3HAYCHHS CYMMAapHOI'O

noxona (3) ¢ mogsiHTErpaibHOM GyHkiuei (12) pasusl: 408, 387, 306, 39.
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Puc. 6. /liHaMuKa IUIOTHOCTH YHCICHHOCTH PHIO 1O pa3Mepy (cieBa) U AMHAMHKA JOXOJa OT MPOMBICIA
(cpaBa) py ONTHMAaTBHOM ITPOMBICIIE U TIPH MTOCTOSTHHOW HHTEHCUBHOCTH mpoMeicia U = 0.5, 1.0, 1.5.

PaccMoTpuM BapuaHT € YY€TOM CE30HHOCTH Hepecta © mpombicia. Ce30HHOCTh
npomeIcia 00yclIoB/eHa BpeMeHeM HepecTa poi6. Beogum dynkuuio wy(t) = b, {tF @ —{t})*,
HOPMHUPYIOIIMHA MHOXXUTENb b, mogoOpan Tak, yro uHTerpai ot Gpynkunu Y, (t) momonHeHus

[0 IPOMEKYTKY BPEMEHHM MOJEIMPOBAHMs IPOMBICIA HE 3aBHCUT OT y4e€Ta CE30HHOCTH.
Yepes {t} oOo3HaueHa npoOHas uyacTh uyucna t. DyHknus y(t) UMUTUPYET CE30HHOCTh

HepecTa U, CcJeloBaTelbHO, MpoMbicia. BHocuM ce30HHBIM 3¢pdexkT B  QyHKUIUIO

.4
MHTCHCUBHOCTH TMoOsABIeHHs mortomctBa Y, (t) =Y, (0) [1+ sin Tnt}y(t), B OMHCaHUE

npomeiciioBoid  cmeptHOocTH  F (L, X, y,u) =—m(X)y" —q(X)u(t, X)y(t)y u B QyHKIHIO
noxoza @(t, X, y,u) = p(X)g(x)u(t, X)y(t)y —c(x)u®(t, X) oT BHLIOBA.
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Puc. 7. JluraMuka IUIOTHOCTH YHCIIEHHOCTH PBHIO 1O pasMepy (cieBa) M MPOMBICIOBOM YHCICHHOCTH
(cpaBa) ipu y4eTe CE30HHOCTH HEPECTA B OTCYTCTBUE MPOMBICTA.
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B OTCYTCTBHUC ITPOMBICIIa CC30HHLIC PE3KUC U3MCHCHUS TTOIMOJIHCHUA CKA3bIBAOTCA TOJIBKO
MIPU MaJIbIX pa3Mmepax ocobeit. [IpompicioBas yacTh nmonyssuun dHPEKT CEe30HHOCTH yKe HE
omrymiaer (puc. 7). BeposTHo, cka3bplBaeTCs CIIaKMBAaHHE PA3MEPHOTO pacHpeleNieHHs 3a
cuer auddy3un CKOPOCTH pocTa Mo pasMmepy. boree Toro, rpaQukud MNpOMBICIOBOI
YHUCICHHOCTH C YY€TOM CE30HHOCTH Hepecta W 0e3 TaKoBOTO WACHTHUYHBI (puc. 2,7 B
CPaBHEHHMH). DTO WILTIOCTPUPYET TOT (HaKT, YTO NMPU MOJCIUPOBAHUU JUHAMUKH MOMYJISIUI
nu COO6H.[CCTB Ba’KHO YUYHUTBIBATH CYIICCTBCHHBLIC BJIUAIOMIUMC HA JTUHAMUKY PACCMATPUBACMBIX
napaMeTpoB Mpolecchl U ¢akTopbl. MoJenupoBaHue HE3HAYUMBIX (AKTOPOB MPHUBOIUT K
W3JIMIIHUM 3aTpaTaM YCWJIMH I@pU MOJCIMPOBAaHUMU. B JaHHOM ciydae CE30HHOCTb
OKa3bIBAETCS] TAKMM HE3HAUYUMBIM (DAKTOPOM.
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Puc. 8. [lunamMnka MHTEHCUBHOCTH TPOMBICHIA (ClI€Ba) W BBIJIOBAa PBIO (CIpaBa) MpU y9IEeTe CE30HHOCTH
HepecTa U IIPOMBbICTA.

Ho oOpatum BHMMaHuE Ha pa3Iuyus MPOMBICIA MPU €ro Ce30HHOCTH U 0e3 TaKOBOW.
MaxkcnmansHbBIe 3HAUCHUST MHTCHCUBHOCTH M CKOPOCTH H3bATHUA HCCKOJIBKO BBIIIC, YEM IIPHU
UX pacnpoCTpaHEHUH Ha Bech rof (puc. 8 B CpaBHEHHUHM C pUC. 3), YTO ecTeCTBEHHO. B To xe
BpeMs BO3/ICIICTBUE MpPOMBICIA Ha MOIMYJALMIO OKa3biBaeTcs Oosiee cinabbiM, yeMm Oe3 yuera
CE30HHOCTHU.
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Puc. 9. /luHamMMKa IJIOTHOCTH YUCIIEHHOCTH DPBHIO 1O pa3Mepy (clieBa) M NMPOMBICIOBOM YHCIEHHOCTH
(cripaBa) mpH yueTe CE30HHOCTH HEpecTa U MPOMBICIa.

ITpu ydere CE30HHOCTH MPOMBICIA IJIOTHOCTh YHMCIEHHOCTH OKAa3bIBAETCSl HECKOJIBKO
BbIILIE, & CyMMapHas IPOMBICIIOBasi YHCIEHHOCTh CYIIIECTBEHHO BBIIIE, UeM 0€3 TaKoro yuyera
(puc. 9 B cpaBHeHuu ¢ puc. 4). I[IpombiciioBast YUCIEHHOCTh OKa3bIBaeTCs Ooyiee 4eM B JBa
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pa3a BbIlIe, YeM 0e3 ydeTa Ce30HHOCTH. [IpHuuHBI 3TOTO CBS3aHBI C MEHBIIUM OOBEMOM
BBLIOBA, HECMOTPS Ha BO3POCUIYIO B MMKOBbIE MEPUO/Ibl HHTEHCUBHOCTbH IPOMBICIIa (puc. §).

3AK/IIOYEHUE

[Ipombicen CHIBHO MEHSET NOMYJISALNUI0. Y TMONYJSLHUM YBEIWYUBACTCA YZAEJIbHAs
€CTECTBEHHAsl cMEPTHOCThb. CpenHsAs NpPOAOIKUTENBHOCTh KU3HU yMeHbliaercsa. CpenHuit
pasMep ocoOell yMeHbIIAeTCsi, B CpeOHEM pblda CTAaHOBUTCS Mesbue. Mbl MoiydyaeM
HOIYJISILIMIO C UHBIMHU CBOHCTBaMHU.

B 10 ke BpeMs npu HaTM4YMU IPOMBICIIA 3aMETHOE U3MEHEHHUE €r0 XapaKTEPUCTUK YKE HE
UMeEET JUIsl MONYJISLUN ONPEAEIAIOIEero 3HaueHus. Vi3MeHeHne MHTEHCUBHOCTU MpOMbICia
MEHSIET €ro pe3yJbTaThl CPaBHUTEIBHO Majlo, M3MEHEHHE Kod(p(UIUEHTa J0X0/a Mayo
BIMSET Ha MpoMbIces. Pa3MepHas CTpyKTypa NONYJSIMM AeMI(UPYET BIUSHHE CpPEIbl
oOuTaHusl U BO3JEHCTBUE MpOMbICcIa. B TO ke BpeMsi HEONTHMAJbHBIA PEXHUM MPOMBICIA
MOXET JlaTh CYHIECTBEHHO MEHBIIMK JO0XO0J Npu Oojee 3HAYUTEIBHOM yiepOe ams
MO YJISALIUH.

Ce30HHOCTb HEpeCTa CIIIaXXKUBACTCS B IPOMBICIIOBOM YaCTU MOMYJIALMU. YUYET CE30HHOCTH
B IPOMBICIE MPUBOAUT K JIyUIIEMY COXpaHeHUIo nomyisiuuu. CKa3pIBaeTcs HENOJIHAS
JOCTYIHOCTh TOMYJSALMK JJIi IpOMBbICIa B TedeHHE Troja. VHTEHCHMBHOCTH IpOMBICIA
CPaBHUTEJIBHO BeEJIMKa B IIMKOBOE BpEMs HEPECTa, HO MOJIy4aeMbld ypoKail MEHbIe, a
IIPOMBICIIOBAsl 4YacThb TOMYJSALKMKU OCTAaeTCs JOCTAaTOYHO MHOTOYMCIeHHOW. B  mernom
UCCJIEIOBAaHUE CE30HHBIX 3(P(HEKTOB MPUBOIUT K BBIBOAY, YTO MX y4YeT MPU MOJEITHPOBAHUU
He oueHb >PdexTrBeH. Ho OH mo3BoysieT caenaTth BBHIBOA O OOJbIIeH CTaOWIBHOCTH
MOMYJISIIIUKA TIPU CE30HHBIX U3MEHEHMSIX HEpecTa U MPOMBICIA, CBA3AHHBIX C OCOOCHHOCTSIMH
YKU3ZHEJEATEIIbHOCTH MOMYJISIIUH PHIO.
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