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Pa6otbl A.A.JlIsnyHOBa B MOAEJIMPOBAHUU BOAHbIX

AKOCUCTEM.

Anekceun AHppeeBuu cchopMynMpoBasi OCHOBHble KubepHeTnueckue npobnemboi
B 6uonornn. B 4acTHOCTHU, COBMECTHO C coTpyaAHMKaMmM MHCTUTYTa OKeaHOJ1I0rmMm
AH CCCP paspaboTtan mogesnib OKeaHM4YeCKOro LueHo3a. 3ta Mmoaesib A0CTAaTOUYHO
AeTasibHO paccMaTpuBaeT OCHOBHble 6uosiormyeckume npouecchbl B OKeaHe.
MopaenunpoBaHue 6b1J10 CONPSAXKEHO C SKCNEPUMEHTAJNIbHbIMU UCCNIef0BaHUAMMU B
xoae 44-ro penca nccneaoBaTesibCKOro OKeaHoJ1I0rm4eckoro cyaHa «Burasb>». B
xopae peuvca 6bin BbisiBJIeHbl HEAOCTaTKN MOAeNIN B ONUCaHUN OKEaHNYeCKUX
3KOCUCTEM U MNOJIE3HOCTb MOAEeJIM B YCTAaHOBJIEHMU B3aUMOCBA3en Mexnay

MccnenoBaHMSAMM pa3HbIX HanpaBJIEHUN.
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ans saton mogenu. Npu nposeaeHnn 3amepoB O6Hapy>xuiacb CyllecTBeHHas
HEeOAHOPOAHOCTb NPOCTPAHCTBEHHOrO pacnpeaeneHns 6MoTbl B okeaHe. 3ToT pakT
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MakpoMoaenu ansa MOQCKOﬁ IKOCUCTEMDI

(coBMecTHO C K.(p.-M.H. E.E.N'mpnueBon)
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(nepBuYHas NpoayKUUA) COCTaB/ISIeT OCHOBHYHIO YacCTb BCei NpoAyKLMMN SKOCUCTEMDI.
BMONpPOAYKTUBHOCTb 3KOCUCTEMbI MO>XHO OLleHUBaTb MO NEePBUYHON NPOAYKLUMUMN.
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7th—components model of the Bering Sea ecosystem
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5th—components model of the Bering Sea ecosystem
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MuHepanbHOe NUTaHWe U TemnepaTtypa

Ba3oBas mogenb

Mopgenu c BHYTPUKINETOYHbIM cOogepXxXaHneM BellecTB
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Byaem npeanonaratb, 4To pyHkumun AL;;,V;,M;,I; onpepeneHbl n HenpepbIBHO
avddepeHUMpyeMbl HA MHOXXECTBaxX HeoTpuLuaTesibHbIX 3HAaUYeHUN CBOMUX
apryMeHToB.

Nyctb yHkumn  Hij:M;, i crporo BospacraioTr no cBouMm aprymeHTtam, a
yHKUMM V;  CTPOro BO3pacTaioT Mo Z; M CTporo y6biBaioT no

Toraa Mmoaenb C BHYTPUKIIETOUHbIM coaep)>XaHUeM BellecTB MMeeT Henycrtoe
MHOXXeCTBO NMOJI0OXXUTEJIbHbIX PaAaBHOBECHbIX pel.ueHuﬁ, onpeapaenaeMbiX CUCTEMOM

-

Zi+) 0¥ +5=C
-1
<“i(qi)_ej(yj):0
> ey, Jayy, —ni(s,)=0
1 |
Vii( 2,05 )—1;(0; )0 =0 Hi (qj)_mim 4 (0;)

KOOpAMHATbl paBHOBECUN ABNAIOTCA PYHKLMNAMUN BEKTOpa c=(c,...,C,)

NnoJIoXKUTesibHbIX NapamMeTpoB. B 6a30B0o# MoAenun COOTBETCTBYHOLME paBHOBecuUs
NIOKaNIbHO YCTOMUMBbLI. B MOaenu c BHYTPUK/IETOUHbIM colep>XaHNEM YCTOMUYNBOCTb
pPaBHOBECUI OKa3biBaeTCA B pAAe YAacCTHbIX CJlyyaes.
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MpoTOYHbIE MOAENU

(coBMecTHO ¢ B.A.CunkuHbiM, J1.A.lMMayTOBOMW)

Ocean'’s surface (dyi

=l -2,y 0,

D
da..
\ —— \% = Vjj (Zj i )_ Oij mjin My (qij)

Life zone for phytoplankton
at “spring - summer - autumn” period

N

Thermocline

zj -concentration of nutrient type,
g/m3

Q: -concentration of nutrient type
in cells of phytoplankton species,

Y. -biomass concentration
i g/g wet mass

of phytoplankton species, g/m3

i — index for phytoplankton species j — index for nutrient type



Properties of solutions.

Proposition

Non-negative steady-state solution of basic model has the follow properties.

1. Common mass M. of the substance j in equilibrium is I\/I’; =7

J jO'

The steady-state solution satisfy of the equations:

(minp; (g, )=D fory, >0
J
m . (*)
ZQini +Z; =175

i=1

.

kVij( Z;,0;)= mjin w; (05 ) - g

2. For each i existj with condition Zf > 7. when steady-state solution is
= T
stable.
3. The inequalities Z’; < Zij are right for some i and each j with equality

*

Z j = Zij for some j when inequality y? >0 is true.



Functions

The functions qij - qij( zj ) are defined from equilibrium conditions (*).

We define functions 'l]ij( Z, )= 1 ( aij ( Z, )

m,n

and matrix 7 =(Z; )\,

with formulas 7z, =1;*(D)

m
We denote common mass Mj = Zqij Yi+Z; for substance j.
i=1
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Modelling experiments
for Noth-Eastern Part of Black Sea.
Figures 1 -5

Phytoplankton species: Emiliania (i=1), Pseudonitzschia (i=2), P.alata
(i=3), C.curvisetus (i=4).

Nutrient: nitrogen N (j=1), phosphorus P (j=2).

Flow rate D is 0.1 (1/day)

Figures 1, 2. Initial concentration of substance on base nitrogen N is 0.002,
of substance on base phosphorus P is 0.0009 (g/m3).

Figures 3, 4. Initial concentration of nitrogen N is 0.024, of phosphorus P is
0.0009 (g/m3).

Figures 1, 3. Initial concentration of phytoplankton: Emiliania,
Pseudonitzschia - 0.2, P.alata, C.curvisetus — 0.001 (g/m3).

Figures 2, 4. Initial concentration of phytoplankton: Emiliania,
Pseudonitzschia, P.alata, C.curvisetus — 0.2 (g/m3).

Figure 5. Recurrent (one during one weeks) wind-wave mixing results.
Initial concentrations are as fig. 3.



Values of the model’s parameters

Coefficients Species
Emiliania Pseudonitzschia Proboscia Chaetoceros
huxleyi pseudo- alata curvisetus
delicatissima
Domax/ 9, 30.0 50.0 70.0 40.0
Anmasx/ AN 4.5 4.0 8.0 3.0
Hpax NOs day! 1.92 2.70 1.44 3.75
Hoax PO, day-! 1.55 1.84 1.22 2.56
K NO, g/m3 0.00140 0.01000 0.02000 0.01000
v NO, g N/(day-g wet mass) | 0.00053 0.00108 0.00168 0.00100
K PO, g/m3 0.03600 0.01600 0.02700 0.03000
v PO, g P/(day-g wet mass) | 0.00450 0.01800 0.01680 0.02000
dn g N/g wet mass 0.00150 0.00300 0.00300 0.00300
dp g P/g wet mass 0.00010 0.00020 0.00020 0.00020
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Fig. 1. Initial concentration of nutrients:
N - 0.002, P - 0.0009 (g/m3)
Initial concentration of phytoplankton:
Emiliania, Pseudonitzschia,

P.alata, C.curvisetus - 0.2 (g/m3)
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Fig. 2. Initial concentration of nutrients: N -
0.024, P - 0.0009 (g/m3)
Initial concentration of phytoplankton:
Emiliania, Pseudonitzschia,

P.alata, C.curvisetus - 0.2 (g/m3)
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Mass dynamics of phytoplankton’s species
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Fig. 5. Initial concentration of nutrients: N - 0.024, P - 0.0009 (g/m3) with
periodic influence. Initial concentration of phytoplankton: Emiliania,

Pseudonitzschia - 0.2, P.alata, C.curvisetus — 0.001 (g/m3)
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Conclusion.
Modelling experiments and observe
in North-Eastern Part of Black Sea

When nitrogen concentration is low (less than 0.002 g/ m3)
Coccolithophores Emiliania win the competition (fig. 1, 2). We observed
such a picture in spring and in the beginning of summer 2004 - 2006.

Increase of nitrogen concentration results in appearance of Pseudonitzschia
in dominating complex (fig. 3, 4). This species is present in leading complex
of phytoplankton community in late summer and autumn period.

Increase of initial concentration of phytoplankton gives a chance for P. alata
and C. curvisetus to be leading species, and then the leadership passes to
Emiliania or Pseudonitzschia (fig. 2, 4). Such a structure of community was
observed on shelf in May-June, 2007.

Recurrent (one during one weeks, or two during two weeks) wind-wave
mixing results in a complex structure of phytoplankton: Coccolithophores
Emiliania is in the lead at the first stage; P. alata and Pseudonitzschia are
leading later (Fig. 5). We observed such a succession in spring and summer,
20009.
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PacnpepneneHme dpurtonJaHKToHa B cTon6€e BOoAbI

(coBMecCTHO C K.T.H. HO..U3pannbCKnum)
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YcnoBusa cpeabl
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OnTuManbHbIN CGOQ YPpOX>Xafd B nonyadauum

(coBMecCTHO C K.T.H. HO..-U3pansibCKUM)

\ j(p(t, X, U, y)dtdx — max
TxD =

%+V-(Vy) =A(y) + F(t, x,u,y)

y(0,%) = Yo (X), Y(t.,X)|, ., = Y1 (t, X)

\

A(Yy)=V-(k-Vy)



Ycnosus

O6nacTb U3ME@HEeHUA NPOCTPAaHCTBEHHOM NepeMeHHOMU npeanosiaraercsa
3aMKHYTbIM ¥ OFrpaHU4YE€HHbIM OAHOCBA3HbIM MHOXECTBOM D —R™ ¢
rnagkou rpaHuuen oD. MHO>kecTBO U BO3MOXHbIX (PYHKLUMIN ynpaBieHun
npeanoJsiaraeTcs BbiNMyKJ/ibiM U 3aMKHYTbIM.

Bce 3afjaHHble U UCKOMbIe (PYHKLIMN HenpepbiBHbl U 06/1a4a10T rMaaKoOCTbIO
Heo6xoanMoro nopsaka.

Ona ka>xaoro AonycruMoro ynpasneHums u audpcdepeHumanbHoe ypaBHEHUeE
(1) c ycnoBusmu (2) nMmeet eanMHCTBEHHOE pewieHue y(t,x), npnueM pyHKUMNA
y NOKaJIbHO IUMLIMLIEBA NO NEPEMEHHON U, TO €CTb B Ka)XXA0 OKPECTHOCTH
HenpepbiBHOM AOoNyCTUMOMN (PYHKLMUN U BbINOJIHAETCA ycnoBue Jimnwuuya:
HéyH <M Hé‘uH NpU HEKOTOPOi KOHCTaHTe M ansa 3Toii okpecTHocTu. Moa dy
noHMMaeTcs npupauieHme ¢pyHKUMM y, Bbi3BaHHOE 3afjaHHbIM AO0NYCTUMbIM
npupauweHueM ou pyHKUMU U.

DYyHKLUMNSA @ CTPOro BOrHyTa no u, a pyHkumsa F nMHenHa no u npu Bcex t, x,

y-
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CucremMa onTMmMasibHOCTMU

%+v~(vy)=A(y)+F(t,xﬁ’y)

O\ oL(t,x,u,y,A
SV (VA)+A(R) = ( ayy )
y(0,x)=yo(x),y(t,x)|, . = yy(t,x)
MT,x)=0,A(t,x) __ =0
u(t,x)=argmaxL(t,x,u,y,\)

ueU

L(t,x,u,y,A) =o(t, x,u,y)+A(t,X)F(t, x,u, y)



buomMacca nonynauvm

be3 ypoxxasn C ypo>xaem

y(t,x)

y(t.x)
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BcnblillKa YNC/TIEHHOCTHU
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BcnblillKa YNC/TIEHHOCTHU

YnpaBJsieHne — MHTEHCUBHOCTb Cbopa yporxasn
p=4 p=40
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