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Abstract. In this paper, taking into account the size, age structure and pregnancy of
females, the model, which describes the evolution of non-migrating limited panmiction
population, composed of two-sexes, is considered. In case, where reproductive period
is equal or less than gestation period, death rates and fecundation function depend on
population size, the unique solvability of the model is established.
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1. Problem formulation. The unique solvability for the model, which de-
scribes the evolution of non-migrating unlimited (demographic functions are
independent of population size) panmiction population, was studied by Ska-
kauskas (1994) taking into account age of individuals and pregnancy of the
females. In this paper by neglecting destruction of the foetus and organism
restoration period after delivery the unique solvability for the model describing
the evolution of non-migrating limited population is proved. We consider the
case, where reproductive period is equal or less than gestation period, death
rates and fecundation function depend on populanon size.

Suppose that:

N(t) is population size (total density) and y(¢, 7)), (¢, 7z), 2(t, 7y, 7z, T2)
are numbers density for males, single and fecundated females respectively,
where ¢ is time, 7, 7, 7, are ages for males, females and embriou’s, respec-
tively;

p(t, 7y, 7z, N) is fecundation function and »¥(¢,7,,N), v®(t,7:,N),
v*(t, 7y, Tz, Tz, N) are death rates for males, single and fecundated females,
respectively;

0:(7:) = (Tie + T2, Toe + T2). 0y = (T1y, T2y], 02(0) are reproductive
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intervals for males and females, respectively, and o, = (0,7] is gestation
interval;

o =0y x0z(T), E={(1y,7c,7:) € 0y X 02(7) X 0, };

EY = {(t,7y) € RF = (0,00) x (0,00)}, E® = {(t,7) € (0,00) x
((O;W)\iélfi)}, E* = {(t, 7y, 7,72) ¢ (t,7y,7:) € (0,00) X 0y X 0,7 €
02(7:)}, whete 1y = 715, Ty = Toz, T8 = Tio = T1o+ T, T4 = Tog = Tox + T}

[z(t, ;)] is a jump of the function z at the line 7, = 7;

2-1/2pyy 2-1/2pzy 3-1/2D%; represents diréctional derivative along
the positive direction of characteristics of operators

5. 8 5. 0 5
Y= — 4 — T — =L 4 -
B=sten Y=ato, D=V

respectively. The system

DVy=—-y¥ in EY, (1)
D’z = —ad*+ X in E®, (2)
D’z =—-zv* in E?, ' (3)
0, 7z & 02(0),
d*=v° + n“l f yp dTg, Tr € 0'1'(0)7 (43)
Ty
n= [yin, (4b)
0, Tz ¢ a'z'(T))
x= ./z(':T) dTya Tz € a,(T), (5)
Ty
o0 oo
N= /xdrx+/ydry +/zdryd1',dr,, (6)
0 0 E

subject to conditions

o-,0)= [Wa(, T dndr, | )

z(-,0) = /b’z(-,T) drydrg, (8)
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2(+,0) = n"'zyp, 9)
[z(-,m)] =0, i=174, (10)
¥(0,-)=14°, (0,-)=2° 2(0,-)=2° (11)

governs the population evolution. Here point argument represents obvious ar-
guments of the functions. In general case of limited populations the birth rate
of females 5° and males ¥ descendants depend on ¢, 7, 7., N(t—T'). Hence
for t € [-T, 0] the function N must be given. Under respective restrictions, as
will be seen later, the dependence 5%, b on N will not influence on unique
solvability of the problem (1)—(11). Thus it is assumed, that both vital rates
b® and b¥ are given functions of arguments ¢, 7, 7,. Moreover, it is assumed,
that functions 2°(7;), y°(ry), 2°(7y,7s,7.) satisfy reconcilable conditions,
1. €., (7)-(10) conditions for ¢t = 0. Demographic v¥, v*, v*, p, b*, b¥ and
initial 4°, z°, 2° functions are non-negative. As it follows from the biological
meaning y, z, z must be also non-negative functions.

2. Unique solvability. We shall study the existence and the uniqueness of
non-negative solution of the equations (1)—(11). Denoting
z(t) = z(¢,0),
3(t) = y(t,0),
Z(t, 1y, 7z) = 2(t, Ty, 7, 0), |

&=, & =0,

(12a—e)

Fi(7) = ¥(r§) exp {—/d’(ﬁ, N) d’?}
0

+]X(rz)exp{-/t‘”<r3, N)dn} da, . (13)
; ¢

X(r)) =0, vy=y, 2z

Fy(y, u) = y(h}) exp {—/d”(hz, N)dn}

+/X(h1) exp {-—/ d'(h7, N)dn} da, (14)



V. Skakauskas 363
X(hY) =0, vy=y,2;

from (1) — (3), (11) we have integral representations of functions y, z, z, i. e.:

_ {Fl(y), y(r) =4°(ry - 1), 0<t<r, )
FZ(y: 0)7 y(’,"g) = y(t - Ty)a 0 < Ty < t’
Z1 = Fl(Z), 2(7'6) = 20(Ty; Tz — t, Tz — t))
0t 7,
2= (16)
29 = Fz(z, O), z(h‘a) = E(‘t — Tz, Ty, Te — Tz),
q 0 <t,
(Fi@), ()= -1),
po _ 0<t< 7 -7, Tz €(T, Tisa), an
F2(x’ Ti)’ t>1—T, Tz€ (Tiy TH-I];
\ z(hi) =zt —-1), t> 7, €[0, nu];

here i=0,4, =0, s =00 and v =(n,n+7 —1), hi = (n+t—
78,77)’ s=z,0Y, r’z’ = (U,Tyafl‘f'Tz—t,’?'i‘Tz _t)1 hi) = (n+t_TZ’Tyvn+
Ty — Tz, M) are sets of arguments written in brackets. In (13), (14) argument of
N coincides with the first argument of ry, hJ, respectively.

Using (15)- (17), (12)-(14), (7)-(9) we obtain

N =ny +nz +n,, (18)
where
t oo
ny =/F2(y, 0) dry +/F1(y) dry, (19)
0 t _
4 ai(t) Tit1
Ng =E / FZ(:L') 7’i)d7'1:+ / Fl(x)dT:v ’ (20)
=0 n ai?)

A(t)

n, = / dr, / Fy(z, 0)drs d7y

0 0 (Ts)X0y
T

+ / dr, / Fi(z)dry dry, (21)
B(t) 02(7:)X0y
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where o;(t) = min(t+7;, 7i41), B(t) = min(¢, T'). Using step by step method
we shall prove, that (18) is integral equation for N.

Let ¢t € (0, T]. From (16a) we obtain function z = z; = 2z(N), which
together with (5), (7), (8), (12a,b) determines X (N ), Z(N), Y(N). Taking into
account these functions from (15), (4), (17) we get y(N), n(N), d*(N), z(N).
Substituting y(N), z(N) into (9), (12c) and using (16b) we obtain z = z; =
z(N) for t < 7, +T. Finally, knowing z(N), y(N), z(N), from (19)-
(21) we obtain ny(N), ny(N), n.(N), substituting which into (18) we get
an integral equation N = Vi(N). Here 2(N), Z(N), H(N), d°(N), X(N),
z(N), y(N), n(N), ny(N), ng(N), n,(N), Vi(N) are right-hand sides
of equations (16), (8), (7), (4a), (5), (17), (15), (4b), (19), (20), (21), (18),
respectively.

Let t € (T,27]. Knowing relation z = 2z, = z2(N) fort < 7. + T
allows us to repeat analogous argumentation and to obtain an integral equation
N = V3(N) and so on.

As a result of our argumentation we derive an integral equation N = V(N)

for t € (0, 00).
Let
max / sup b® dr, = B*, sup z°=a,
s=8y t,7y Tz €[0, T4]
02(T) R
/sup 20 dry = aq/B", sup p=rp",
Tr,Tz t,Ty, Tz, N
Oy
sup ¥ =¥, inf V=07,
t,Ty,N 1,7z,
inf v¥ =¥, inf  v* =7,
t,7y,N 1,7y, Tz, Tz, N
o0 [e o]
/yod‘ry:ng, /modrxzng,
0 0
0dr, =n®, h,= <
y ary =n-, s =To—7 T,
Oy

Y=Y+ + 7

Yr = ahy + max (ng - / 2%dry, a(l+ q)/uf),
o (T)
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Ty = max(ng,aq/l/s{) , Vy = ahgp*Tmax(1,q/p"B*).

If region is not shown, sup and in f must be taken according to shown argu-
ments from function definition region. Let'C,y = {N(t) : N € C([0,00)), 0 <
N < v}.

Theorem 1. Assume that: 1) 4°, 20, 20, p, v®, V¥, v are non-negative
continuous functions, b* and b¥ are bounded non-negative and contin-
uos in t and piecewise continuous functions in 7 = (1y,7:), 2) B*, a,
p*, v¥*, v, vf, vZ, ng, n) are positive constants, 3) B*p* exp{—Tv}} <

g < min(1, v?B*). Then operator V acts in space C, and estimates

P (ry —t)exp{-trl}, 0<t< 7y <oo,

0<y(N) < agF*ttexp {—-myui}, krs <t — 7y < (k+1)74, (22)
' 7y € [0, 00),
( IO(T’: - t) exp{_tljf} b 0 < t < Tz E [Oy 1-3]’
a, : 0<t< 1p €[73,74),
(1, —t)exp {-tvF}, 0Kt 1 — 1,
Tz € [14,00),
0< z(N) < { ad*texp{-mvi}, kry <t =1 < (k+ )7, (23)
Tr € [0,'7'3],
ag®t?, kg <t—1p < (k+ 1),
Tz € [13, 74},
ag® exp {—vi(r, — 14)}, (k—1)1a <t —17 < kmy,
\ Tz € [T4,00),
k=0,1,...,
0< na(N) < 7ey 0< ny(N) < %, o0

are true.

Proof. We shall consider the case T < 71; arguments for the opposite case
are similar. Let N € C,. From (19), construction of operator V' and assump-
tions of theorem it is clear, that 0 < nyexp{—tv¥*} < ny(N) € C([0, 00),
0 < V(N) € C([0,00)). We shall prove the validity of estimates (22)~(24)
using step by step method.
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Let t € (0,T]. By (7), (8), (12a,b), (5) and assumptions of theorem we get
estimates

XM <o, max (supE(V), swpFN)) €0 ()

From (15), (17), (25) we derive following inequalities

YN < Y(ry —t)exp {-tr¥}, 0<t< 7y < oo, 26)
=
agexp {—Tyi}, 0Ky <t,
) < 2%, —t)exp {—tvF}, 0<t< 7 <73, @)
z ,
h agexp {—mV¥}, 0T <t, T <130

Taking into account the condition 3) of theorem, estimates (25)—(27) and
Gronwal’s lemma we get following estimates

z(N) < a, Tz€ [T37T4], (28)

20(ry, —t)exp {—tv7}, 0t < — 7,
(VM) < = € [ra,0), (29)
z
h aexp {—vi(mp —714)}, 1> 75 — T4
T € [14,00).

Let ¢ € (T, 2T]. By (27) and condition 3) of theorem from (7), (8), (12a,b),
(5) we find

WO X(N) < p*(wf) texp {~mppi}a(t - T, 7 —T)
, Te <t 30
o (30)
1, 2t

max (sgp E(N),szlpy(N)) < p*aB*exp {-Tv{} < aq. (31)

Thus we obtain the estimates (25), but for t € (T,2T]. Therefore the
estimates (26) — (29) are valid for ¢ € (¢, 27).

Repeating these arguments yields (30), (31) and (26) - (29) for 27 < t < 73.
The estimates (26), (27), (29) hold for r5 < t £ 74, while (28) must be changed

by estimate
q, T3 < Tz < t)
x() < (32)
1, 7>t
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For t € (74,74 + T] we get estimates

maX(Sgp E(N),sgpﬂ(N)) <ad’,

z(N)<aq, 75 €[ms,m].

(33)

Using (33) and repeating our argumentation, we obtain (22), (23). From
here and by (18)-(21) one can easily deduce estimate (24), which proves
the theorem. Note that V(N) < v if though N € (0,00). Let ||N|| =
sup [N, v« = min(v{, V7, V7).

Theorem 2. Assume that: 1) assumptions of Theorem 1 hold, 2) func-

tions v®, v¥, v*, p are Lipshitz continues in N with constants x;, %y, %,
T2

%y, respectively, 3) f(t) = n(N)~! [ z(N)dr < fo = const for N € C,,.
T

1
Then ||Vi(N2) — V;(N1)|| € €||N2 — Ni|, where e(v«) — 0 monotonically
when v, — o0.

Proof. Let N, € C,, s =1,2. Assume, that: 1) s({)vis bounded positive
monotonically converging to zero function when § — oo; 2) C is a positive
constant, independent of v%, v¥, v?; 3) F(N,) = F,, s = 1,2, F,—F, = AF;

U
4) P = exp{— [ v} dn}, v] = v(IJ, N,), IJ = r], h}, where argument

of function N, is tfhe same as the first that of the collection /].

Note that function Z(t — T, 7y, 7, — T) = 27 fort € ((i — 1)T,iT}, i =
2,3,... is expressed by values of functions z, y, N fort € ((: — 2)T, (i —
1)T], which must be found by solving equation N = V;_1(N). Therefore for
consideration of solvability of the equation N = V; N function zZ holds to be
known. »
We shall get estimate of norm ||V;(N2) — V;(Ny)]| for ¢t € ((i — 1)T,T7.
Throughout the rest of this paper we shall use the estimate

|APY| = Py — Py Sexp {—(u—&v]}(u— Ery[lAN]|
<e()|AN],

e(W]) =xy/ev], €<,

without refering to it.
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From (7), (8), (5), (16) we deduce folowing estimates
/byz"]Aqu drydr,, 0<t<T

4

|A7] < < agx. T||AN], (34)
/ vzT|APT*|drydr,, t>T
o
|AZ| < agx, T||ANY, (35)
[AX|< CllANY, (36)

as from (15), (22), (34) we get

oo

t
Ayl < [0 |APP|dn+ [ (3 |aPP) + P 1871} dr
(] 0

< e(w)||AN]). .‘ (37)
4 Tit1
We shall evaluate the sum |An,| = l J Azdr;|. For 7, € (0, 71] from
i=0 t
(17), (23), (35) we deduce inequality ’
z%(m; — )|A P, 0<t< 7,
\Az| < ( AP <t
T2|AP=%| + P |AZ], t> s,
< w)AN], (38)
z0(7, —t)x e;/’, 0<t <7,
Q(t,‘fa:)-: ( i ) z‘/ * -\ -"" Se(l/,..)
aq exp{~7VZ (%7 + %.T), t> 7z,

Thus ,
| / Az]drs < ()| AN]]. (39)
0

Consider [ |Az|dr,. Using (2), (10) for Az we obtain the estimate

1

(¢
[s@oleaeplzie,  o<t<n-n,
0
A=Y 5% ey m) (10212 (40
+ [ 55,9 [@ladplag] de, *> 7™
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Here and in the rest S%(t,¢) = exp{—yf(t‘— H}, [g|r§] = g(r§), [g|h“E’] =
g(hf). By (4), (37) and assumption 2) of theorem we get

|Ad”| < (C +n7le(w)) AN, (41)

which together with (40), (23) gives the estimate
‘ 1+got,f , 0t 7p — 11,
|Az| < [|ANle(v.) () j (42)
1+t )+ F(t, 1), t> 71—,

where

o(t, 1) = / §°(4,€) [(21(n1)~1) |r2] dt,

Wt = [ 57,8 [(ma(m) ) ] d,

eF(t, 7z) = S%(1e, 1)Q(hT,) < 5% (72, T1)e(wa).

Using Assumption 3) of Theorem 2 and estimate (42) enables us to deduce,
that

T2

/]A:cldrx

T1

< [|AN|je(vy) {1+/(F(t,r,) +Y(t,12)) drz +/Lp(t,‘r,) df,,}

U

i ]
< |ANle { 1+2 / S*(4,€)£(¢) dé + / Fdn,}
0 [

<ew AN, @)

where u = min(t + 71, 72).
T
Consider f3 |Az|dr,. Using (17) and (23) one can write the inequality

T2

2%, — )| AP
0 0 < t < Te — T2,
[Az| < <)z’ (- = HJAN]], (44)

S (15,m2) [|Az||hZ,] + alAPEE], 1> 7 -,
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which shows that

T3 t

/ |Az|dr, < e(m)IAN] + / 57(t, @)lAzl], .,y do
T2 m |
m =12+t —min(t + 73, 73).

This relation together with (42) enables us to deduce the estimate

(

[ 18sldn, < w1+ R,

where

t
B = [ (0, 72), 0< o< he, <
f _/S ¢.0) {¢(e,fz)+F(e,Tz), e > hg, de <)+ R,

\ .
Iz 90(957'2): OQQth,}

Ri= | S°(¢ )

! / ( ,Q) {1/)(977.2), o> h,,-, dQ

m

For an estimate R; we consider two cases hy = T —h; < hy and hy > h,.

If hy < h then Ry = Ry, Riy, Ris, Rig fort € [0,h1], (hy,he],
(h-’l': T]’ (T) 00), respectively, where

1 t
R11=/¢'dg, R1g= / pdo,
: 0 t—hy

he t
R13=/¢'dg+/wde, Ris= / ¥ de,

t-—hl h, 1—h1

here and throughout the rest of this paper & = (g, 72)S5%(t, o), b= ¥(0,72)
t

5%(t,0). As f < fo, then max{Ri1, Ri2,1/2R13, R1a} < [ S%(t, 0)f(e)de <
0

(v+)~1, and R; < e(w).
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If hy > hg, then Ry = Ri1, Ris, Ri3, Ryjs fort € [O,hz], (hz-,h]_],
(h1,T), (T, c0), respectively, where

1 R 1
Rn=/¢d9, R1z=/¢de+/lzd9,
0 0 h.z:
hax t 1
Ris= / ¢'d9+/f£de, Riy= / ¥ do.
t=hy hy t‘—hl

; .
As f < fo, then max(Ri1, Risa, 1/2R12, 1/2R13) < [ S®(t,0)f(0)de <
0
(vs)7%, and Ry < e(wi).
Thus

/ |Az|dr, < (va)||AN]]. (45)

Consider | |Az|dr,. By (17), 23), (36) for A one can deduce the estimate

T3

t
|Az| < o |AP| + / {X1 |APE| + PEIAX|} dE < e(wa)l|AN]|
) .

for0 <t < 1, — 73 and

|As| <a[AP7E| + 57 (12, ) [|Ac]|A2, ]

Tz

+ / {S’(t,£)|AX|+‘X1 ’Apgﬂ }d§

<87 (7e,73) [|Az][hE,] + e(wa)|AN|

fort > 7, — 3.
Thus

0, 0t 7 — 713,

46
Sz(TI’Ta) [lAiIf”h%] ’ t> 7 — T3, ( )

|Az| < e(wa)llAN] + {
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T4 u v
/ |Az|dr, < e(v.)|AN]| + / §% (12, 75) [|Az][h2] dre

T3 T3

< e )IAN] + Ry,

. t
Rg = / S-"»‘(t, Q)|A:c| l(g,'rs) do,

m=13+1—u, u=IIﬁh(t+T3,T4).

Taking into account (44), (42) we get

3 t=h 0, ~h1 <n<0, )
Fo <lANfet) + [ s az| ., n>0, dn
m—h; (ﬂ,"'z)

<e(l+Ry)llaN]),

t=h 0, —h1 < n< 0,
Re= [ st elnm) 0<n<he, dn
11’(77, T2)7 n > hz;

m—h;

But R2 = 0) R21> RZZ’ R23 fOI't € [O;hl]’ (hliﬂ’ (T5T+ h:ﬂ]a (T+
hz, 00), respectively, where

t—-hl ’I: t—hl t_hl

Ru= [ pde, Ru= [ e+ [ Gdo Ru= [ Jde

0 t-T ha t-T

t—hy

Roi < / S°(4,€) F(€) dE, k=13,
0
t—h,

he
Ra < / 5°(t,6) F(E)de + / 5% (1,€) F(€)de,
0 ) 0

f < fo, then R, < e(vy). Hence

T4

/ |Azldr, < e(v)|AN]]. (47)

T3
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o
Consider [ |Az|d,. Using (17), (46), (23) we get
T4

z%(r, — t)|APE|, 0t — 1y
|Az| < { a|APT|
+ 5% (72, 74) [|Az] |h$4] ,
o0
/ |Az]dr, < e )|AN|| + Bs,
Ta
t—hy

t> 1 — 14,

~ 0, —h; < n<0,
Rz = / S%(t,n) { |AZ”(,, ray? n>0Q, | } dn.

x

Taking into account (44), (42) we deduce

0, 0<t<h,,
~ ] ew)lAN|
3 X -
+t/TS’(t ){0’ —h1<g<0,}d t>h
Jg . Q’ Ty
A IAw”(e,rzz)’ >0,

Rs <e(m)|AN||(1 + Rs),

0, 0<t<T,

‘ t-T
R3 = T ‘P(Q; 1'2)’ 0 S 0 < hz‘;
O/S (t’ Q) {¢(Q7T2)7 Q> hz; }dg’ t> T.
But R3 =0, Ra;, Rsp fort € [0,T], (T,T + h;], (T + hy, o0), Tespectively,

where
t=T hy t-T

Ra= [ Gdo FRu=[pde+ [ Tdo
0 hx

o

Since

t=T
Rar < / S°(4,6)£(€) de,
0

he t-T
Rz < / 5% (1, €)F(€)dE + / S (1,E)f(€) dE, f< o,
0 0 .
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the estimate R3 < €(v,) is obtained. Thus

/ Azdrs < (w)|AN]). (48)

T4

Accounting (39), (43), (45), (47), (48) one can deduce following estimate
- |Ang| < e(w)||AN]). (49)

Consider |An,|. By (21) we get |An,| < I; + I, where

T

L = /drz / |AF,|dry dry,
g ox(T:) X0y
B

I = /drz / |AF,|drpdry.
0 0. (T:)X0y

But I; < e(w)||AN]||.
Consider I;. Denoting u = ¢ — min (¢, 7)) and using obtained above esti-
mates, we get

t

12 = 152 S/df/dry / {Izl - zzlylplnl'ngf

v o=(0)
+ 2op1nT L P lyr — w2l + 22020y P Ip1 — p2

+ zayapany ! |PE — Pf5| + zayapany 'ny ' P |ny — n2l}d7'z

t
Q/{P* / [z1 = z2]dT, +P~/|y1—yzld7'yn1-1 / zad7,

u . 02(0) Ty 7.(0)

+ %|| N1 ~ Nzllah,nl_l/y2d7'y

Oy

+ 3,04 || N1 — Nal|(t — €)ahgnT?! / YodTy+

Ty
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+pnit [ fszxEHNl—Nzll}sz(t,f)dﬁ
0:(0)

S/{ (1+nanT) e + mpahynony?

u

+ %, paahy(t — E)ngnT! + Engnfl}Sz(t,f)dEHNl — Nof|

<e(wa)(1+ sup (n2n7?) )|INy = No||.

By equation 132 = J2! we get another estimate
I? < e(w) <1 + sup (nlnz'l)) [|[N1 — Na||.
These estimates show, that I < e(v4)||AN||. Hence
|An,| < e(v)||AN]|. (50)
Using (18), (37), (49), (50) one can deduce the estimate
[Vi(N2) = Vi(M)| < e(wa)l|AN],
which completes the proof of our theorem.

Let 7, be solution of equation e(v,) = 1.

Theorem 3. Assume that: 1) assumptions of Theorem 2 are ‘satisfied,
2) vs« > V. Then equation N = V(N) has unique solution in C.,.

Proof. If € < 1, then operator V; is contractive. Since ¢ is independent of
1, successive consideration of equations N = V;(N), ¢ = 1,2,... proves the
Theorem 3.

CoRroLLARY. If assumptions of Theorem 3 are satisfied, then problem
(1) - (11) has unique non-negative cotinuous solution, such that estimates (22),
(23) hold and DYy, D?z are continuous in EY, E“*, respectively, while D%z
is piecewise continuous in EZ.

NoTE. Assuption 3) of Theorem 2 holds, f. e., if v*(t, 7, N) > v¥(t, 7, N),
b*(t, 1y, 7o) S V(¢ 7y, 7o) V (8,7, N), (t,7y,7:) and 2°(7) < y%(7) for €
[0,7@]. '
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Using the same method in case h, > T it can be shown that analogue of
Theorem 1 and Theorems 2, 3 are true. However it is not clear when the basic
condition 3) of Theorem 2 is satisfied.
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NEMIGRUOJANCIOS LIMITUOTOS PANMIKSINES
POPULIACIJOS EVOLIUCIJA

Vladas SKAKAUSKAS

Nagrinéjama nemigruojancios limituotos populiacijos evoliucija, kai demografinés
funkcijos priklauso nuo populiacijos dydZio. Populiacija sudaro dvi lytys. Be to, pri-
imamas démesin individy amZius. Patelés gali biiti pastojusios arba ne. Nepaisoma
patelés vaisiaus Zuvimo bei pateliy reabilitacijos intervalo po gimdymo. Reproduk-
tyvieji individy laikotarpiai laikomi baigtiniais. Populiacijos evoliucijos modelj sudaro
integrodiferencialiniy lyg&iu sistema triikiais koeficientais su integralinémis salygomis.
Kai demografinés (mirtingumo, gimstamumo, apsivaisinimo) funkcijos tenkina specialias
salygas, jrodytas uZdavinio vienintelio klasikinio sprendinio egzistavimas bei gauti spren-
dinio jvertiai.



