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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 fonnulation. The unique solvability for the model, which de­

scribes the evolution of non-migrating unlimited (demographic functions are 

indepe~dent 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 popUlation size. 

Suppose that: 

N(t) is population size (total density) and y(t, 'Ty), x(t, Tx), z(t, Ty, Tx , Tz) 
are numbers density for males, single and fecundated females respectively, 

where t is time, Ty, Tx , Tz are ages for males, females and embriou's, respec­

tively; 

p(t,Ty,Tx,N) is fecundation function and vY(t,Ty,N), vx(t,Tx,N), 
VZ(t,Ty,TX,Tz,N) are death rates for males, single and fecundated females, 
respectively; 

O'x(Tz) = (Tlx + Tz,T2x + Tz). O'y = (Tl y,T2y], 0'",(0) are reproductive 
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intervals for males and females, respectively, and {1'z = (0,11 is gestation 
interval; 

{1' = {1'y x (1'z(T), E = {(Ty,Tz,Tz) E {1'y x (1'z(Tz) X {1'z}j 

EY = {(t,Ty) E Rt = (0,00) x (O,oo)}, EZ = {(t,Tz ) E (0,00) x 
4 

((0,00) \.U Tin, EZ = {(t, Ty,Tz , Tz) : (t,Ty,Tz) E (0,00) x {1'y X {1'z,Tz E .=1 
(1'z(Tzn, where T1 = T1z, T2 = T2z, T3 = riz = Tb +T, T4 = T2z = T2z +T; 

[x( t, Ti)] is a jump of the function x at the line Tz = Tj; 

2-1/2DYy, 2-1/2D z x, 3-1/2D:z represents directional derivative along 

the positive direction of characteristics of operators 

{) {) 
LY=-+-, 

at OTy 

respectively. The system 

DYy = -yvY in EY, 

DZx =:= _xdz + X in EZ, 

DZz = _zvz in EZ, 

{ 
0, Tz ~ (1'z(O), 

dZ = VZ + n-1 J ypdTy, Tz E (1'z(O), 
U II 

{ 

0, Tz ~ (1'z(T), 

X= jz(.,T)dTy, Tz E{1'z(T), 

U II 

00 00 

N = j X dTz + j Y dTy + j Z dTy dTzdTz , 
o 0 E 

subject to conditions 

U 

x(· ,0) = j bZ z(· , T) dTydTz, 
U 

(1) 

(2) 

(3) 

(4a) 

(4b) 

(5) 

(6) 

(7) 

(8) 
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z(.,O) = n-1:cyp, 

[:c(. ,7"i)] = 0, i = 1,4, 

y(O, . ) = yO, :c(0,.) = :co, z(O, . ) = zO 

(9) 

(10) 

(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 bll: and males bll descendants depend on t, 7"11' 7"11:, N (t - T). Hence 

for t E [-T, 0] the function N must be given. Under respective restrictions, as 

will be seen later, the dependence bll:, bll on N will not influence on unique 

solvability of the problem. (1) - (11). Thus It is assumed, that both vital rates 

bll: and bll are given functions of arguments t, 7"11' 7"11:' Moreover, it is assumed, 

that functions :cO (7"11:)' yO (7"11)' zO (7"11' 7"11:, 7"z) satisfy reconcilable conditions, 

i. e., (7) - (10) conditions for t = O. Demographic 1111 , 1111:, IIz , p, bll:, bll and 

initial yO, :co, ZO functions are non-negative. As it follows from the biological 

meaning y, :c, z. must be also non-negative functions. 

2. Unique solvabUity. We shall study the existence and the uniqueness of 

non-negative solution of the equations (1) - (11). Denoting 

z(t) = :c(t, 0), 

y(t) = y(t, 0), 

z(t, 7"11' 7"11:) = z(t, 7"11' 7"11:, 0), 

dll = 1111 , dZ = IIz , 

F'(7) = 7(r6) exp {-i ar(r~, N) d.} 

(12a-e) 

+ i X(rZ) oxp {-i ar (r~, N) dq } do>, - (13) 

X(r~) = 0, 'Y = y, z, 

F,( 7, ~) = 7(h;) exp { -1 ar(h~, N) dq} 

+ 1 X(hZ) oxp {-1 ar(h~, N)dq} do>, (14) 



V. S1cakauskas 363 

X(h~) = 0, "'( = y, z; 
from (1) - (3), (11) we have integral representations of functions y, z, :c, i. e.: 

{ 
F1(Y), y(rg) = yO(Ty - t), 0 ~ t ~ Ty, 

y= (15) 
F2(y, 0), y(~g) = yet - Ty), 0 ~ Ty < t, 

{ 
Z1 = F1(Z), z(~) = ZO(Ty, Tx - t, Tz - t), 

o ~ t ~ Tz , 
z= (16) 

Z2 = F2(Z, 0), z(h~) = z(t - Tz , Ty, Tx - Tz), 
0:':;; Tz < t, 

:c(r5) = :cO(Tx - t), 
o ~ t ~ Tx - Ti, Tx E (Ti' Ti+l], 

t > Tx - Ti, Tx E (Ti, Ti+dj 
(17) 

:c(ha) = z(t - Tx), t> Tx E [0, Tl]j 

here i = 0,4, TO = 0, Ts = 00 and r~ = ('11, 'I1+T, -t), h~ = ('I1+t­
T" '11), s =:c, y, r~ = ('11, Ty, '11+ Tx -t, 'I1+Tz -t), h~ = ('11 +t - Tz , Ty, '11+ 
Tx - Tz, '11) are sets of arguments written in brackets. In (13), (14) argument of 

N coincides with the first argument of r~, h~, respectively. 

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

N = ny + nx + nz, (18) 

where 

t 00 

ny = J F2(y, 0) dTy + J Fl(y) dTy, (19) 

o t 

n. = t, {tF'(Z' 'l)dT. +.2' F,(z)dT. }, (20) 

f3(t) 

nz = J dTz J F2(z, 0) dTx dTy 

° u..,(r.)xu y 

(21) 
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whereai(t) = min(t+Ti' Ti+d, f3(t) = min(t, T). Using step by step method 

we shall prove, that (18) is integral equation for N. 
Let t E (0, TJ. From (16a) we obtain function z = Zl = z(N), which 

together with (5), (7), (8), (12a,b) determines X(N), x(N), y(N). Taking into 

accountthesefunctionsfrom(15),(4),(17)wegety(N), n(N), dX(N), x(N). 
Substituting y(N), x(N) into (9), (12c) and using (16b) we obtain z = Z2 = 
z(N) for t :::::; Tz + T. Finally, knowing x(N), y(N), z(N), from (19)­

(21) we obtain ny(N), nx(N), nz(N), substituting which into (18) we get 

an integral equation N = Vl(N). Here z(N), x(N), y(N), dX(N), X(N), 
x(N), y(N), n(N), ny(N), nx(N), nz(N), V1(N) are right-hand sides 
of equations (16), (8), (7), (4a), (5), (17), (15), (4b), (19), (20), (21), (18), 

respectively. 

Let t E (T,2T]. Knowing relation z = Z2 = z(N) for t :::::; Tz + T 
allows us to repeat analogous argumentation and to obtain an integral equation 

N = V2(N) and so on. 

As a result of our argumentation we derive an integral equation N = V(N) 
for t E (0,00). 

Let 

max J supbs dTx = B*, 
s=x,y t,Ty 

q",(T) 

sup xo = a, 
T",e[O, T4J 

sup v y = v Y*, inf V X = v:, 
t,Ty,N t,7':z:,N 

inf vy = v;, 
t,Ty,N 

00 

J yOdTy = n~, 
o 

J yOdTy = nO, 

"I = "Ix + "Iy + "Iz, 

"Ix = ahx + max ( n~ - J xO dTx, a(l + q)jv:) , 
q",(T) 
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IY = max{n~,aq//I.n, /lz = ahxp*Tmax(1,q/p*B*). 

If region is not shown, sup and in! must be taken according to shown argu­

ments from function definition region. LeCC'Y = {N (t) : N E C( [0, 00 )), 0 < 
N ~ I}' 

Theorem 1. Assume that: 1) yO, xO, zO, p, /Ix, /lY, /lz are non-negative 

continuous functions, bX and bY are bounded non-negative and con tin­

uos in t and piecewise cpntinuous functions in 1" = (1"y, 1"31), 2) B*, a, 

p*, /lY*, /I~, /I;, /I;, n~, n~ are positive constants, 3) B*p* exp{ -T/I:} ~ 
q ~ min(1, /I; B*). Then operator V acts in space C'Y and estimates 

are true. 

a, 

o ~ t ~ 1"y < 00, 

k1"4 < t - 1"y ~ (k + 1)1"4, (22) 
1"y E [0,00), 

o ~ t ~ 1"x E [0,1"3], 

o ~ t ~ 1"x E [1"3,1"4], 

o ~ t ~ 1"x - 1"4, 
1"x E [1"4,00), 

k1"4 < t - 1"x ~ (k + 1)1"4, (23) 
1"x E [0,1"3], 

k1"4 < t - 1"x ~ (k + 1)1"4, 
1"x E [1"3,1"4], 

aqk exp { - /I; (1"x - 1"4)}, (k - 1 )1"4 < t - 1"x ~ k1"4, 

1"x E [1"4,00), 

k = 0,1, ... , 

o ~ nx(N) ~ IX, 0 < ny(N) ~ IY, 

o ~ nz(N) ~ IZ, 0 < V(N) ~ I 
(24) 

Proof We shall consider the case T ~ 1"1; arguments for the opposite case 

are similar. Let N E C'Y' From (19), construction of operator V and assump­

tions of theorem it is clear, that 0 < n~exp{-t/.lY*} ~ ny(N) E C([O,oo), 
0< V(N) E C([0,00)). We shall prove the validity of estimates (22)-(24) 

using step by step method. 
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Let t E (0, T]. By (7), (8), (l2a,b), (5) and assumptions of theorem we get 

estimates 

(1I;)-i'X(N) ~ a, max (S~PX(N), S~PY(N)) ~ a. (25) 

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

{ 
yO( 1"v - t) exp {-tlln , 

y(N) ~ 
aq exp{ -1"vlln , 

o ~ t ~ TV < 00, 

o ~ TV < t, 

o ~ t ~ 1"., ~ 1"3, 

o ~ 1'., < t, 1"., ~ 1"3. 

(26) 

(27) 

Taking into account the condition 3) of theorem, estimates (25) - (27) and 

Gronwal's lemma we get following estimates 

o ~ t ~ 1"., - 1'4, 

1"., E [1"4,(0), 

t> 1'., - 1"4, 

1"., E [1"4,(0). 

(28) 

(29) 

Let t E (T, 2T]. By (27) and condition 3) of theorem from (7), (8), (12a,b), 

(5) we find 

(v;)-l X(N) ~ p*(v;)-l exp {-1".,II:} :c(t - T,1"., - T) 

{ 
q, 1'., < t, 

~ 
1, 1'.,;;;: t, 

(30) 

max(s~pX(N),s~pY(N)) ~p*aB*,exp{-Tv;}~aq. (31) 

Thus we obtain the estimates (25), but for t E (T,2T]. Therefore the 

estimates (26) - (29) are valid for t E (t, 2T]. 
Repeating these arguments yields (30), (31) and (26) - (29) for 2T < t ~ 1'3. 

The estimates (26), (27), (29) hold for 1'3 < t ~ 1'4, while (28) must be changed 

by estimate 

{ 
q, 1"3 ~ 1"., ~ t, 

X(N) ~ a 
1, 1"., > t. 

(32) 
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For t E (1'4, 1'4 + T) we get estimates 

max ( S~P"f"( N), s~p y( N)) ~ aq2, 

x(N) ~ aq, 1'r E [ra, 1'4]. 
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(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) ~ r if though N E (0,00). Let IINII = 
sup 1Nl, v .. = min(v!, v;, v;). 

t 

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

tions vr , vY , v Z , p are Lipshitz continues in N with constants Xr , xy, Xz , 
1"2 

Xp, respectively, 3) I(t) = n(N)-l J x(N) d1' ~ 10 = const for N E C"Y' 
1"1 

Then 1IV;(N2) - V;(Ndll ~ e:IIN2 - NI 11, where e:(v .. ) --+ 0 monotonically 
when v .. --+ 00. 

Proof. Let N. E C"Y' S = 1,2. Assume, that: 1) e:(e) is bounded positive 
monotonically converging to zc;ro function when e --+ 00; 2) C is a positive 

constant,independentofv;, v!, v;; 3)F(N.) = F., s = 1,2, F2-FI = l!.F; 
u 

4) p;."Y = exp{- J vI d"7}, vI = v"Y(q, N.), q = rJ, h~, where argument 
e 

of function N. is the same as the first that of the collection q. 
Note that function z( t - T, Ty , 1'r - T) = zT for t E « i-I )T, iT), i = 

2,3, ... is expressed by values of functions x, y, N for t E «i - 2)T, (i-
1)T), which must be found by solving equation N = V;-I(N). Therefore for 

consideration of solvability of the equation N = V; N function zT holds to be 

known. 

We shall get estimate of norm 1IV;(N2) - V;(NI)II for t E «i - l)T, iT]. 
'Throughout the rest of this paper we shall use the estimate 

Il!.Ptl::;: IP;i - Pt? I ~ exp {-(u - e)vn (u - e)I£"YII~NII 

~e:(vnlll!.NII, 

e:(vZ) =1£"Y/evJ, e ~ u, 

without refering to it. 
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From (7), (8), (5), (16) we deduce folowing estimates 

/'!'zOItl.PJzldTydTIt:, O:E:; t:E:; T 
(1 

(1 

Itl.zl :E:; aqHzTlltl.NII, 

Itl.XI:E:;CII~NII, 

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

ltl.nYI :E:; J yO Itl.P~YI dTy + j {ill ltl.p;IIYI + p;~Y Itl.ill} dTy 

° ° :E:; E(II .. )IItl.NII· 

(35) 

(36) 

(37) 

We shall evaluate the sum /tl.nlt:l = Lt 71 tl.:cdTIt:I. For Tit: E (0, Tl] from 

(17), (23), (35) we deduce inequality 

/tl.:c/ :E:; , { 
:cO(TIt: - t)/tl.P'otlt:/ 0 :E:; t :E:; Tit:, } 

Z21tl.P; .. It:/ + P;ilt:/tl.z/, t > Tit:, 

(38) 

Tl 

j /tl.zldTIt: :E:; E(lI .. )IItl.NII· (39) 

° T2 

Consider J ltl.zldTIt:. Using (2), (10) for tl.:c we obtain the estimate 
Tl 

t 

j Slt:(t,e) [(zlltl.~l)lr[] de, 

° 
sit: (Tit:, Tl) [ltl.zllh;xl (40) 

T .. 

+ j'SIt:(TIt:,e) [(zlltl.dlt:l)lhe-] de, 
Tl 
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Here and in the rest Sr(t,e) = exp{-II;(i- en, [girll = g(rf), [gihe] = 
g(hf). By (4), (37) and assumption 2) of theorem we get 

(41) 

which together with (40), (23) gives the estimate 

ILlxl ~ IILlNllc{II.) {
I + ip(t, 1"r), 0 ~ t ~ 1"r - 1"1, 

l+tf;(t,1"r) + F{t,1"r), t>1"r-1"l, 
(42) 

where 
t 

<p(t,1"r) = J Sr(t,e) [(x1(n1)-1) ire] de, 
o 
T", 

tf;{t,1"r) = J sr(1"r, e) [(x1(nd- 1) ihe] de, 
Tl 

cF(t, 1"r) = SX(1"r' 1"l)Q(h~J ~ sr(1"r, 1"l)C(II.). 

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

T, 

.; IIANII,(v.) { 1+ 1 (F(t, r.) + ~(t, r.» dr. + 1 <pet, r.) dr. } 

qANII' { 1+ 2 i S' (t, e)/(e) dH 1 F dr. } 

~ c(II*)IILlNII, (43) 

where u = min(t + 1"1,1"2). 
T3 

Consider J ILlxl d1"r. Using (17) and (23) one can write the inequality 
T2 

(44) 
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which shows that 

~ t J 1.!1:c1 dTII: ~ e(V.)II.!1NII + J SII:(t, e)I.!1:cIl(I/,T2) de, 
~ m 

m = T2 +t - min(t + T2,T3). 

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

Ta J 1.!1:c1 dTII: ~ e(V.)(l + RI)II.!1NII, 
T2 . 

where 

For an estimate RI we consider two cases hI = T - hll: ~ hll: and hI > hll:. 
IT hI ~ hll: then RI = Ru, Rn, R13, RI4 for t E [0, hI], (hI, hll:], 

(hll:'7'], (T, 00), R:spectively, where 

t 

Rn = J cpde, 
o 

t 

RI2 == J cpde, 
t-h 1 

h~ t t 

R13 = J cpdU+ J {PdU, R14 = J {pde, 
t-hl h~ t-hl 

here and throughout the rest of this paper cp = cp(e, T2)SII:(t, e), {P = 'IjJ(e, T2) 
t 

SII:(t, e)· As I ~ 10, then max{Ru, R12 , 1/2RI3, R14} ~ J SII:(t, e)/(il)de ~ 
o 
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If hl > hx, then Rl = Ru , R12, R13, R14 for t E [0, hx], (hx, h1], 

(h1, T], (T, 00), respectively, where 

t 

Ru = J ipde, 
o 

h", t 

R12 = J ip de + J :;j de, 
o hili 

h", t t 

R13 = J ip de + J;j de, R14 = J :;j de. 
t-h 1 h" t-hl 

t 

As I ~ 10, then max(Ru, R14 , 1/2R12, 1/2R13) ~ J SX(t, e)/(e)de ~ 
o 

Thus 
T3 

J l~xldTx ~ c(/I.)II~NII· (45) 

T4 

Consider J l~xldTx' By (17), (23), (36) for ~x one can deduce the estimate 
T3 

t 

I~xl ~ a l~pJxl + J {X11~prl + pf~l~xl} de ~ c(/I*)II~NII 
o 

for 0 ~ t ~ Tx - T3 and 

I~xl ~a l~p;;xl + SX(Tx, T3) [I~xllh~J 
T", 

+ J {sX(t,e)I~XI + Xl I~p[",xl} de 
T3 

for t > Tx - T3. 
Thus 

o ~ t ~ Tx - T3, 

t > Tx - T3, 
(46) 



372 Non-migrating limited panmiction population 

~ u J l~xldTx ~ c(v.)II~NII + J SX(Tx,T3) [I~xllh;3] dTx 
T3 T3 

~ c(v.)II~NII + R2, 
t 

R2 = J SX(t, e)l~xll(e'T3) de, 
m 

m = T3 + t - u, u = mi'n (t + T3, T4). 

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

-hI ~ 'TJ ~ 0, } 
'TJ >0, d'TJ 

But R2 = 0, R2b R22 , R23 for t E [0, hI], (hI, T], (T, T + hx ], (T + 
hx, 00), respectively, where 

t-hl h., t-h 1 t-h 1 

R2I = J fide, R22 = J fide + J ;jde, R23 = J ;jde. 
o t-T h., t-T 

As 
t-h 1 

R2k~ J Sx(t,e)/(e) de, k=1,3, 
o 

h., t-hl 

R22 ~ J S"(t,e)/(e)de + J 5"(t,e)/(e)de, 
o 0 

I ~ 10, then R2 ~ c(v.). Hence 

T4 

J l~xldT" ~ c(v.)II~NII· (47) 
T3 
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00 

Consider J I~Xld7"zo. Using (17), (46), (23) we get 
T4 

00 f l~xld7"zo ~ c(v.)II~NII + Rs, 
T4 

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

Rs~ 

Rs ~ c(v.)II~NII (1 + R3), 

{ 

0, . ° ~ t ~ T, 

Rs = ft-Tszo (t, e) { r.p(e, 7"2), 
. 1/J(e, 7"2), 

o 
But Rs = 0, Rs!' RS2 for t E [0,11, (T, T + hzo], (T + hzo, 00), respectively, 
where t-T h", t-T 

RS1 = f rpde, . RS2 = f fjde + f ;jde. 
o 0 h", 

Since 
t-T 

RS1 ~ f SZO(t,e)J(e) de, 
o 
h", t-T 

RS2 ~ f SZO(t,e)l(e)de + f SZO(t,e)l(e) de, I ~ 10, 
o 0 
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the estimate R3 ~ c(lI.) is obtained. Thus 

00 f ILlxldTx ~ c(lI.)IILlNII· ( 48) 

Accounting (39), (43), (45), (47), (48) one can deduce following estimate 

( 49) 

Consider ILlnzl. By (21) we get ILlnzl ~ h + h where 

T 

h = f dTz f ILlFlldTxdTy, 
{3 O"",(T.)XO"y 

{3 

12 = f dTz f ILlF21 dTxdTy. 

o O"",(T.)XO"y 

But h ~ c(lI.)IILlNII· 
Consider 12 • Denoting u = t - min (t, T) and using obtained above esti­

mates, we get 

t 

12 = Ii 2 ~ f de f dTy f {IXI - x21YIPln11 p/t 
U O"y 0"",(0) 

+ x2Plnl1 PWYI - Y21 + X2Y2 nt l PWPI - P21 

+ x2Y2P2 nl 1 Ipet - pl~ I + x2Y2p2n~ln21 PWnl - n21 }dTx 

t 

~ f {P* f IXl - x2ld1"x + P* J IYI - Y2ldTyn;1 J x2dTx 
U . 0"",(0) O"y 0"",(0) 

+ xpIINI - N211ahxnl1 f y2dTy 

+ xzp.IINI - N211(t - e)ahxnl1 J Y2 dTy+ 
O"y 



V. Skakauskas 

+ p.n1l J X2drx c:IINl - N211 }SX(t, e)de 
0'",(0) 

t 

~ J { (I + n2nll) c: + xp ahxn2nll 
u 

+ xzp.ahx{t - e)n2nll + c:n2nl l }sX(t,e)deIINl - N211 

~c:(v.)(l + sup (n2nll) )IINl - N211. 
t 

By equation IF = I~l we get another estimate 

Ii 2 ~ c:(v.) (1 + s~p (nln;-l)) IINl - N211. 

These estimates show, that h ~ c:(v.)II~NII. Hence 

Using (18), (37), (49), (50) one can deduce the estimate 

which completes the proof of our theorem. 

Let'il. be solution of equation c:(v.) = 1. 
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(50) 

Theorem 3. Assume that: 1) assumptions of Theorem 2 are 'satisfied, 

2) v. > 'iI •. Then equation N = V(N) has unique solution in C"(. 

Proof. If c: < 1, then operator Vi is contractive. Since c: is independent of 

i, successive consideration of equations N = Vi(N), i = 1,2, ... proves the 

Theorem 3. 

COROLLARY. If assumptions of Theorem 3 are satisfied, then problem 

(1) - (11) has unique non-negative cotinuous solution, such that estimates (22), 

(23) hold and DY y, DZ z are continuous in EY, EZ, respectively, while DX x 

is piecewise continuous in EX. 

NOTE. Assuption 3) of Theorem 2 holds, f. e., ifvX(t, r, N) ~ vY(t, r, N), 
bX(t,ry,rx) ~ bY(t,ry,rx) 'if (t,r,N), (t,ry,rx) and xD(r) ~ yD(r) for rE 

[0, r2]. 
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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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NEN.UGRUOJANCIOSL~OTOSPANN.UKSINES 
POPULIACDOS EVOLIUCUA 

Vladas SKAKAUSKAS 

Nagrinejama nemigruojan~ios limituotos populiacijos evoliucija, km demografines 
funkcijos priklauso nuo populiacijos dyd!io. Populiacijl\ sudaro dvi lytys. Be to, pri­
imamas demesin individq a~ius. Pateles gali bUti pastojusios arba ne. Nepaisoma 
pateles vaisiaus ~uvimo bei pateliq reabilitacijos intervalo po gimdymo. Reproduk­
tyvieji individq Iaikotarpiai laikomi baigtiniais. Populiacijos evoliucijos modeij sudaro 
integrodiferencialiniq lyg~iq sistema triikiais koeficientais su integralinemis sl\lygomis. 
Kai demografines (mirtingumo, gimstamumo, apsivaisinimo) funkcijos tenkina specialias 
sl\lygas, jrodytas uMavinio vienintelio kIasikinio sprendinio egzistavimas bei gauti spren­
dinio iver~iai. 


