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The work describes the mathematical model of an infectious disease, which is presented as
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Èñõîäíûå ïðèíöèïû ìàòåìàòè÷åñêîãî ìî-
äåëèðîâàíèÿ èíôåêöèîííûõ çàáîëåâàíèé áû-
ëè ñôîðìóëèðîâàíû àêàäåìèêîì Ã.È. Ìàð-
÷óêîì ïðè ïîñòðîåíèè áàçîâîé ìîäåëè èí-
ôåêöèîííîãî çàáîëåâàíèÿ â 1975 ãîäó [1].
Â ìîäåëè íà îñíîâå ñèñòåìû íåëèíåéíûõ
äèôôåðåíöèàëüíûõ óðàâíåíèé ñ çàïàçäûâà-
þùèì àðãóìåíòîì ðàññìàòðèâàåòñÿ äèíàìè-
êà ïîïóëÿöèé âèðóñîâ, çðåëûõ ïëàçìàòè÷å-
ñêèõ êëåòîê, àíòèòåë è õàðàêòåðèñòèêè ñòå-
ïåíè ïîðàæåíèÿ îðãàíà-ìèøåíè. Â ýòîé ìî-
äåëè ïðåäïîëàãàåòñÿ, ÷òî ïðîèçâîäèòü àíòè-
òåëà ìîãóò òîëüêî çðåëûå ïëàçìàòè÷åñêèå
êëåòêè. Îäíàêî ñîãëàñíî ðàáîòàì [2�4] íåçðå-
ëûå ïëàçìàòè÷åñêèå êëåòêè, êîòîðûå çàòåì
ðàçâèâàþòñÿ â îêîí÷àòåëüíî äèôôåðåíöèðî-
âàííûå çðåëûå ïëàçìàòè÷åñêèå êëåòêè, óæå
ïðîèçâîäÿò àíòèòåëà. Êðîìå òîãî, ñòîèò îò-
ìåòèòü, ÷òî ïàòîãåííûå (ñïîñîáíûå ïîðà-
æàòü îðãàí-ìèøåíü) àíòèãåíû, ïîïàâøèå â
îðãàíèçì, íà÷èíàþò îòðàâëÿòü åãî ïðîäóêòà-
ìè ñâîåé æèçíåäåÿòåëüíîñòè è ðàñïàäà (òîê-
ñèíàìè). Â áàçîâîé ìîäåëè íå ó÷èòûâàåòñÿ
òîò ôàêò, ÷òî ïîñëå íåéòðàëèçàöèè àíòèãåíà
àíòèòåëàìè òîêñèíû äàííîãî àíòèãåíà ìîãóò
îñòàâàòüñÿ â îðãàíèçìå åù¼ íåêîòîðîå âðå-
ìÿ (ïðîìåæóòîê âðåìåíè τm), îêàçûâàÿ ïà-
òîãåííîå äåéñòâèå.

Ó÷åò âñåõ ýòèõ ôàêòîðîâ ïðèâîäèò ê
ñëåäóþùåé ñèñòåìå èíòåãðî-äèôôåðåíöè-
àëüíûõ óðàâíåíèé

dV

dt
= (β − γF (t))V (t), t,> 0,

dC

dt
=

t∫

t−τ

αg (t− s) ξ (m (t))V (s)F (s)ds−

− µc (C(t)− C∗) , t > 0,

dF

dt
= ρC(t)− (µf + ηγV (t))F (t), t > 0,

dm

dt
= (1−m (t))

t∫

t−τm

f(t− s)V (s)ds−

− µmm (t) , t > 0, (1)
ãäå V (t) � êîëè÷åñòâî ðàçìíîæàþùèõñÿ ïà-
òîãåííûõ àíòèãåíîâ â îðãàíèçìå â åäèíèöå
îáúåìà â ìîìåíò âðåìåíè t; F (t) � êîëè-
÷åñòâî àíòèòåë â åäèíèöå îáúåìà â ìîìåíò
âðåìåíè t (¾äåòè¿ ïëàçìàòè÷åñêèõ êëåòîê
è ðåöåïòîðû B-ëèìôîöèòîâ); C (t) � êîëè-
÷åñòâî àíòèòåëîîáðàçóþùèõ êëåòîê â åäè-
íèöå îáúåìà â ìîìåíò âðåìåíè t (íåçðåëûå
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è çðåëûå ïëàçìàòè÷åñêèå êëåòêè, à òàêæå
B-ëèìôîöèòû); m (t) � äîëÿ ïîðàæåííûõ
êëåòîê îðãàíà-ìèøåíè â ìîìåíò âðåìåíè t
(0 6 m < 1); τ � âðåìÿ, â òå÷åíèå êîòîðîãî
îñóùåñòâëÿåòñÿ ôîðìèðîâàíèå êàñêàäà ïëàç-
ìàòè÷åñêèõ êëåòîê; g (s), f (s), ξ (m) ÿâëÿþò-
ñÿ èçâåñòíûìè íåîòðèöàòåëüíûìè ôèíèòíû-
ìè ôóíêöèÿìè, êðîìå òîãî, ξ (m) ÿâëÿåòñÿ
äèôôåðåíöèðóåìîé. Âñå ïàðàìåòðû ìîäåëè
ïðåäïîëàãàþòñÿ ïîëîæèòåëüíûìè âåëè÷èíà-
ìè.

Ê ñèñòåìå óðàâíåíèé (1) ïðèñîåäèíèì íà-
÷àëüíûå äàííûå íà îòðåçêå [−max (τ ; τm) ; 0]:

V (t) = φ1(t); Ñ(t) = φ2(t);
F (t) = φ3(t); m(t) = φ4(t),

(2)

ãäå φ1(t) > 0, φ2(t) > C∗ > 0, φ3(t) > F ∗ > 0,
0 6 φ4(t) < 1 � èçâåñòíûå íåïðåðûâíûå
ôóíêöèè, C∗ è F ∗ � íåíóëåâûå óðîâíè àí-
òèòåëîîáðàçóþùèõ êëåòîê è àíòèòåë â çäî-
ðîâîì îðãàíèçìå, ñîîòâåòñòâåííî.

Cèñòåìà (1) ñ íà÷àëüíûìè óñëîâèÿìè (2)
è ïðåäñòàâëÿåò ñîáîé ìàòåìàòè÷åñêóþ ìî-
äåëü, îïèñûâàþùóþ ïðîöåññ ïðîòåêàíèÿ èí-
ôåêöèîííîãî çàáîëåâàíèÿ.

Äëÿ çàäà÷è (1), (2) èìååò ìåñòî ñëåäóþ-
ùåå óòâåðæäåíèå.

Òåîðåìà 1. Ñèñòåìà (1) ñ íà÷àëüíûìè
óñëîâèÿìè (2) èìååò åäèíñòâåííîå ðåøåíèå
ïðè âñåõ t > 0, ïðè÷åì îíî íåîòðèöàòåëüíî.

Äîêàçàòåëüñòâî. Çàìåòèì, ÷òî ñèñòåìó
(1) ìîæíî çàïèñàòü â âèäå

x′ (t) = f (t, x (t))+

+

t∫

0

G [t, s, x (t) , x (s)]ds, (3)

ãäå x (t) = (V (t) , C (t) , F (t) ,m (t))T è
f (t, x), G [t, s, x, y] èçâåñòíûå ôóíêöèè ñâîèõ
àðãóìåíòîâ.

Ïðîèíòåãðèðîâàâ óðàâíåíèå (3), ïîëó÷èì
èíòåãðàëüíîå óðàâíåíèå, ðåøåíèå êîòîðîãî
ñóùåñòâóåò â íåêîòîðîé îêðåñòíîñòè òî÷êè
t = 0. Ýòî ðåøåíèå ÿâëÿåòñÿ ÷àñòüþ íåïðî-
äîëæàåìîãî ðåøåíèÿ.

Äàëåå ïîêàæåì, ÷òî ðåøåíèå íåîòðèöà-
òåëüíî âñþäó, ãäå îíî îïðåäåëåíî. Èç ïåðâîãî
óðàâíåíèÿ ñèñòåìû (1) ñ ó÷¼òîì íà÷àëüíîãî
óñëîâèÿ (2) ïîëó÷àåì, ÷òî

V (t) = V (0) e

t∫
0

(β−γF (s))ds
> 0, t > 0.

Èç ïîñëåäíåãî óðàâíåíèÿ ñèñòåìû (1) èìååì

m (t) = m (0) e
−

t∫
0

[
µm+

s∫
s−τm

f(s−θ)V (θ)dθ

]
ds

+

+

t∫

0

e
−

t∫
s

[
µm+

ω∫
ω−τm

f(ω−θ)V (θ)dθ

]
dω

×

×
s∫

s−τm

f (s− θ)V (θ) dθds > 0, t > 0.

Ïîêàæåì, ÷òî è F (t) > 0, t > 0. Òàê êàê
F (0) > 0, òî F (t) > 0 â íåêîòîðîé îêðåñò-
íîñòè òî÷êè t = 0. Åñëè F íå âñþäó ïîëîæè-
òåëüíà, òî îáîçíà÷èì ÷åðåç t1 � ïåðâóþ òî÷-
êó, â êîòîðîé ýòî íåðàâåíñòâî íàðóøàåòñÿ.
Òîãäà F (t1) = 0 è F ′ (t1) 6 0. Â ñèëó òðåòüåãî
óðàâíåíèÿ ñèñòåìû (1) C (t1) = 1

ρF ′ (t1) 6 0.
Ïóñòü t2 � ïåðâàÿ òî÷êà, â êîòîðîé íà-

ðóøàåòñÿ íåðàâåíñòâî C (t) > 0. Òàê êàê
C (0) > 0, òî t2 ∈ (0; t1) è C (t2) = 0,
C ′ (t2) 6 0. Íî â ñèëó âòîðîãî óðàâíåíèÿ ñè-
ñòåìû (1)

C ′ (t2) =

=

t2∫

t2−τ

αg (t2 − s)ξ (m (t2))V (s)F (s) ds+

+ µcÑ∗ > 0.

Ïîëó÷èëè ïðîòèâîðå÷èå, ñëåäîâàòåëüíî,
ïðåäïîëîæåíèå íåâåðíî, òî åñòü F (t) > 0,
t > 0.

Íàêîíåö, èç âòîðîãî óðàâíåíèÿ ñèñòåìû
(1) ñ ó÷¼òîì íà÷àëüíîãî óñëîâèÿ (2) ïîëó÷à-
åì, ÷òî

C (t) = (C (0)− C∗) e−µct+

+ e−µct

t∫

0

eµcs

s∫

s−τ

αg (s− θ) ξ (m (s))×

× V (θ)F (θ) dθds + C∗ > 0, t > 0.

Åñëè ïðåäïîëîæèòü, ÷òî íåïðîäîëæàåìîå
ðåøåíèå îïðåäåëåíî íå ïðè âñåõ t > 0, òî íàé-
äåòñÿ òàêîå T , ÷òî ïðè t ∈ [0;T ) ðåøåíèå x (t)
çàäà÷è (1), (2) íåîãðàíè÷åííî.

Ïóñòü t ∈ [0;T ). Òîãäà

0 6 V (t) = V (0)e

t∫
0

(β−γF (s))ds
6

6 V (0)eβt 6 V (0)eβT .
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Îòêóäà V ′ 6 βV 6 M . Èç ýòîãî íåðà-
âåíñòâà è îãðàíè÷åííîñòè V ñëåäóåò, ÷òî
lim
t→T

V (t) = lim
t→T

V (t), òî åñòü ñóùåñòâóåò
lim
t→T

V (t).
Èç ïåðâîãî óðàâíåíèÿ ñèñòåìû (1) èìååì

γF (t) V (t) = βV (t)− V ′ (t) ,

îòêóäà ïîëó÷àåì, ÷òî F (t) V (t) îãðàíè÷åííà.
Îòñþäà

C (t) = (C (0)− C∗) e−µct+

+ e−µct

t∫

0

eµcs

s∫

s−τ

αg (s− θ) ξ (m (s))×

× V (θ) F (θ) dθds + C∗ 6 C̄.

Ýòî âëå÷åò çà ñîáîé, ÷òî

F (t) = F (0) e
−

t∫
0
(µf+ηγV (s))ds

+

+

t∫

0

e
−

t∫
s
(µf+ηγV (θ))dθ

ρC (s)ds 6 F̄ .

Òàêèì îáðàçîì, ïîëó÷èëè, ÷òî ðåøåíèå çà-
äà÷è (1), (2) îãðàíè÷åííî íà [0;T ). Çíà-
÷èò, íåïðîäîëæàåìîå ðåøåíèå îïðåäåëåíî
ïðè [0;∞).

Òåïåðü ïîêàæåì åäèíñòâåííîñòü äàí-
íîãî íåïðîäîëæàåìîãî ðåøåíèÿ x (t) ïðè
t ∈ [0;∞). Âîçüìåì ïðîèçâîëüíûé îòðå-
çîê [0; t1]. Íà ýòîì îòðåçêå ðåøåíèå çàäà-
÷è Êîøè äëÿ óðàâíåíèÿ (3) îãðàíè÷åíî, íà-
ïðèìåð, íåêîòîðîé êîíñòàíòîé C. Â îáëà-
ñòè Q = {(t, x) , t ∈ [0; t1] , ‖x‖ ≤ C} ôóíê-
öèÿ, îïðåäåëÿþùàÿ ïðàâóþ ÷àñòü ñèñòåìû
(3), èìååò îãðàíè÷åííûå ÷àñòíûå ïðîèçâîä-
íûå ïî êîìïîíåíòàì ðåøåíèÿ x (t). Ïðèìåíÿÿ
ê äàííîé ôóíêöèè òåîðåìó Ëàãðàíæà, ïîëó-
÷àåì âûïîëíåíèå äëÿ íåå óñëîâèÿ Ëèïøèöà
ïî x. À ýòî, â ñâîþ î÷åðåäü, è âëå÷åò åäèí-
ñòâåííîñòü ðåøåíèÿ çàäà÷è (1), (2) íà îòðåç-
êå [0; t1]. Â ñèëó ïðîèçâîëüíîñòè âûáîðà îò-
ðåçêà [0; t1] çàäà÷à (1), (2) èìååò åäèíñòâåí-
íîå íåïðîäîëæàåìîå ðåøåíèå ïðè t ∈ [0;∞).
¤

Ñëåäñòâèå 1. Ïðè âûïîëíåíèè óñëî-
âèé òåîðåìû 1 ñïðàâåäëèâî íåðàâåíñòâî
C(t) > C∗ ïðè t > 0.

Ñëåäñòâèå 2. Åñëè â óñëîâèÿõ òåîðåìû
1 V (t) = φ1 (t) > 0 ïðè t ∈ [−max (τ, τm) ; 0],
òî ðåøåíèå çàäà÷è (1), (2) ïîëîæèòåëüíî äëÿ
âñåõ t > 0.

Äàëåå ïðèñòóïèì ê èçó÷åíèþ ñòàöèîíàð-
íûõ ðåøåíèé ñèñòåìû (1) ñ ìàëûì ïîðàæåíè-
åì îðãàíà-ìèøåíè, òî åñòü êîãäà ïîðàæåíèå
îðãàíà íå îêàçûâàåò âëèÿíèå íà àêòèâíîñòü
îðãàíîâ, îáåñïå÷èâàþùèõ ïîñòàâêó èììóíî-
ëîãè÷åñêîãî ìàòåðèàëà. Ïî ïðåäïîëîæåíèÿì,
ñäåëàííûì ïðè ïîñòðîåíèè ìîäåëè, ýòî îçíà-
÷àåò, ÷òî ξ (m) = 1. Â ýòîì ñëó÷àå ñèñòåìà
(1) äîïóñêàåò äâà ñòàöèîíàðíûõ ðåøåíèÿ.

1.

V1 = 0, Ñ1 = Ñ∗,

F1 = F ∗ =
ρC∗

µf
, m1 = 0.

(4)

Äàííîå òðèâèàëüíîå ñòàöèîíàðíîå ðåøåíèå
îïèñûâàåò ñîñòîÿíèå çäîðîâîãî îðãàíèçìà:
âèðóñîâ â îðãàíèçìå íåò (V1 = 0) è îðãàí çäî-
ðîâ (m1 = 0).

2.

V2 =
µcµf [β − γF ∗]
β [αρK − µcηγ]

,

C2 =
αβµfK − ηγ2µcC

∗

γ [αρK − µcηγ]
,

F2 =
β

γ
, m2 =

LV2

LV2 + µm
,

(5)

ãäå

K =

τ∫

0

g (s)ds, L =

τm∫

0

f (s)ds.

Ýòî ðåøåíèå ìîæíî èíòåðïðåòèðîâàòü
êàê õðîíè÷åñêóþ ôîðìó çàáîëåâàíèÿ ïðè
óñëîâèè V2 > 0. Äîñòàòî÷íûì óñëîâèåì
ïîëîæèòåëüíîñòè ýòîãî ðåøåíèÿ ÿâëÿåòñÿ
âûïîëíåíèå îäíîãî èç ñëåäóþùèõ óñëîâèé:
αρK > µcηγ, β > γF ∗ èëè αρK < µcηγ,
β < γF ∗.

Òåîðåìà 2. Åñëè β < γF ∗, òî ñòàöèîíàð-
íîå ðåøåíèå (4) ýêñïîíåíöèàëüíî óñòîé÷èâî.

Äîêàçàòåëüñòâî. Ïóñòü (V (t) , C (t) , F (t) ,
m (t))T � ðåøåíèå ïðèâåä¼ííîé ñèñòåìû ïî
ñòàöèîíàðíîìó ðåøåíèþ (4). Òîãäà ïîñëå çà-
ìåíû

eεt (V (t) , C (t) , F (t) ,m (t))T =

=
(
Ṽ (t) , C̃ (t) , F̃ (t) , m̃ (t)

)T
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ïðèâåäåííàÿ ñèñòåìà áóäåò èìåòü âèä

x̃′ (t) = Ax̃ (t)+

+

t∫

0

K (t− s)x̃ (s) ds + f (t, x̃ (t))+

+

t∫

0

G [t, s, x̃ (t) , x̃ (s)]ds, (6)

ãäå ε � ìàëîå ïîëîæèòåëüíîå ÷èñëî,

x̃ (t) =
(
Ṽ (t) , C̃ (t) , F̃ (t) , m̃ (t)

)T
,

A =




a11 0 0 0
0 a22 0 0

−ηγF ∗ ρ a33 0
0 0 0 a44


 ,

a11 = β − γF ∗ + ε, a22 − µc + ε,

a33 = −µf + ε, a44 = −µm + ε,

K (t) =




0 0 0 0
αF ∗ḡ(t)eεt 0 0 0

0 0 0 0
f(t)eεt 0 0 0


 ,

x = (x1, x2, x3, x4)
T ,

f (t, x) =




−γe−εtx1x3

0
−ηγe−εtx1x3

0


 ,

G [t, s, x, y] =




0
αḡ(t− s)eε(t−s)e−εsy1y3

0
−f (t− s) e−εsx4y1


 .

Êîðíè õàðàêòåðèñòè÷åñêîãî óðàâíåíèÿ
det

[
zI −A− K̂ (z)

]
= 0 ñèñòåìû (6) èìåþò

âèä: z1 = β − γF ∗ + ε < 0, z2 = −µc + ε < 0,
z3 = −µf + ε < 0, z4 = −µm + ε < 0.

Åñëè ñäåëàòü çàìåíó m = 1 − e−u, òî ïî-
ëó÷èì ñèñòåìó â ñòàíäàðòíîé ôîðìå, äëÿ êî-
òîðîé ìîæíî ïîêàçàòü, ÷òî íåëèíåéíûå ÷ëå-
íû óäîâëåòâîðÿþò óñëîâèÿì ìàëîñòè â òåî-
ðåìå îá óñòîé÷èâîñòè ïî ïåðâîìó ïðèáëèæå-
íèþ [5].

Â ñèëó ýòîé òåîðåìû òðèâèàëüíîå ðåøå-
íèå ñèñòåìû (6) óñòîé÷èâî. Îòêóäà íåïîñðåä-
ñòâåííî è ñëåäóåò ýêñïîíåíöèàëüíàÿ óñòîé-
÷èâîñòü ñòàöèîíàðíîãî ðåøåíèÿ (4). ¤

Óñòîé÷èâîñòü ñòàöèîíàðíîãî ðåøåíèÿ (5)
èçó÷àåòñÿ ïîäîáíî òîìó, êàê ýòî äåëàåòñÿ äëÿ
ðåøåíèÿ (4). Îäíàêî òåõíè÷åñêè îíî äîâîëü-
íî ãðîìîçäêî è ïîòîìó áóäåò äåïîíèðîâàíî â
ÂÈÍÈÒÈ.

Òåîðåìà 3. Åñëè ïðè íà÷àëüíîì óñëîâèè
V (t) = φ1 (t) > 0, C (t) = C∗, F (t) = F ∗,
m (t) = 0, t ∈ [−max (τ ; τm) ; 0], è β < γF ∗
âûïîëíÿåòñÿ óñëîâèå

0 < φ1 (t) 6 V (0) 6 V ∗ =
µf (γF ∗ − β)

βηγ
,

òî V (t) óáûâàåò ïðè t > 0, ïðè÷åì V (t) → 0
ïðè t →∞.

Äîêàçàòåëüñòâî. Çàìåòèì, ÷òî
V ′ (0) = (β − γF ∗) V (0) < 0 ïî óñëîâèþ òåî-
ðåìû. Ñëåäîâàòåëüíî, V (t) óáûâàåò â íåêî-
òîðîé îêðåñòíîñòè òî÷êè t = 0.

Åñëè V (t) íå âñþäó óáûâàåò, òî îáîçíà-
÷èì ÷åðåç t = t̄ > 0 - ïåðâóþ òî÷êó, â êî-
òîðîé íàðóøàåòñÿ óáûâàíèå ôóíêöèè V (t).
Òîãäà V ′ (t) 6 0 ïðè t < t̄ è V ′ (t̄) = 0.

Çàìåòèì, ÷òî â ñèëó ñëåäñòâèÿ 2 èç òåî-
ðåìû 1 V (t) > 0 ïðè t > 0.

Òàê êàê V ′ (t) 6 0 è V (t) > 0 ïðè t < t̄,
òî F (t) > β

γ ïðè t < t̄, à òàê êàê V ′ (t̄) = 0 è
V (t̄) > 0, òî F (t̄) = β

γ . À ýòî â ñâîþ î÷åðåäü
îçíà÷àåò, ÷òî F ′ (t̄) 6 0. Ñ äðóãîé ñòîðîíû,
ðàññìàòðèâàÿ òðåòüå óðàâíåíèå ñèñòåìû (1)
è èñïîëüçóÿ ñëåäñòâèå 1 èç òåîðåìû 1, íåðà-
âåíñòâî V (t̄) < V (0) è óñëîâèå V (0) 6 V ∗,
ïîëó÷àåì

F ′ (t̄) = ρC (t̄)− µfF (t̄)− ηγV (t̄) F (t̄) >

> ρÑ∗ − µf
β

γ
− ηγV ∗β

γ
=

= ρÑ∗ − µfβ

γ
− µfF ∗ +

µfβ

γ
= 0.

Òàêèì îáðàçîì, ïðåäïîëîæåíèå î ñóùå-
ñòâîâàíèè òî÷êè t = t̄ > 0, â êîòî-
ðîé íàðóøàåòñÿ óáûâàíèå ôóíêöèè V (t),
íåâåðíî, ñëåäîâàòåëüíî, ôóíêöèÿ V (t) óáû-
âàåò ïðè t > 0. À ýòî îçíà÷àåò, ÷òî
β − γF (t) 6 0 ïðè t > 0. Èç ÷åãî ñëåäóåò, ÷òî

V (t) = V (0) e

t∫
0

(β−γF (s))ds
→ 0 ïðè t →∞. ¤

Çàìå÷àíèå 1. Ïðè âûïîëíåíèè óñëî-
âèé òåîðåìû 3 â ñèëó òåîðåìû 2 ðåøåíèå
{V,C, F,m} ïðè t → ∞ ñòðåìèòñÿ ê ñòàöè-
îíàðíîìó ðåøåíèþ (4).

Çàìå÷àíèå 2. Òåîðåìà 3 äà¼ò îöåíêó ìà-
ëîñòè ϕ1 (t) ïðè t ∈ [−max (τ ; τm) ; 0], ïðè
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êîòîðîé ðåøåíèå ìîäåëè íàõîäèòñÿ â îáëà-
ñòè ïðèòÿæåíèÿ ñòàöèîíàðíîãî ðåøåíèÿ (4).
Âåëè÷èíà V ∗ > 0 íàçûâàåòñÿ èììóíîëî-
ãè÷åñêèì áàðüåðîì îðãàíèçìà îòíîñèòåëüíî
äàííîãî òèïà àíòèãåíîâ. Óñëîâèå òåîðåìû 2
β < γF ∗ ãàðàíòèðóåò ñóùåñòâîâàíèå èììóíî-
ëîãè÷åñêîãî áàðüåðà. Ãîâîðÿò, ÷òî èììóíîëî-
ãè÷åñêèé áàðüåð àíòèãåíàìè íå ïðîéäåí, åñ-
ëè ϕ1 (t) 6 V ∗, t ∈ [−max (τ ; τm) ; 0], è ïðîé-
äåí � â ïðîòèâíîì ñëó÷àå.
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