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ÄÈÔÅÐÅÍÖIÀËÜÍÎ-ÔÓÍÊÖIÎÍÀËÜÍÈÕ ÐIÂÍßÍÜ ÍÅÉÒÐÀËÜÍÎÃÎ

ÒÈÏÓ

Ðîçãëÿíóòî ñèñòåìó ëiíiéíèõ äèôåðåíöiàëüíî-ôóíêöiîíàëüíèõ ðiâíÿíü íåéòðàëüíîãî òè-
ïó, ùî íå ìiñòèòü ñèíãóëÿðíî¨ ñêëàäîâî¨. Ïîáóäîâàíî òà îáãðóíòîâàíî ñõåìó àïðîêñèìàöi¨
òàêî¨ ñèñòåìè ïîñëiäîâíiñòþ ñèñòåì çâè÷àéíèõ äèôåðåíöiàëüíèõ ðiâíÿíü.

We considered a system of linear di�erential-functional equations of neutral type, which does
not contain a singular part. An approximation scheme of such a system is constructed and grounded
by a sequence of the systems of ordinary di�erential equations.

Ñõåìè àïðîêñèìàöi¨ ëiíiéíèõ äèôåðåí-
öiàëüíî-ðiçíèöåâèõ ðiâíÿíü (ÄÐÐ) ïîñëiäîâ-
íiñòþ ñèñòåì çâè÷àéíèõ äèôåðåíöiàëüíèõ
ðiâíÿíü âïåðøå áóëè çàïðîïîíîâàíi â ðî-
áîòi [1]. Äëÿ íåëiíiéíèõ ÄÐÐ çàïiçíþþ÷î-
ãî òèïó òàêi çàäà÷i âèâ÷àëèñü â [2-4], à
äëÿ ÄÐÐ íåéòðàëüíîãî òèïó â [5]. Ñõå-
ìà àïðîêñèìàöi¨ ëiíiéíèõ äèôåðåíöiàëüíî-
ôóíêöiîíàëüíèõ ðiâíÿíü (ÄÔÐ) ðîçãëÿíóòà
â [6]. Ìåòîþ äàíî¨ ðîáîòè ¹ ïîøèðåííÿ ñõå-
ìè àïðîêñèìàöi¨ [6] äëÿ ëiíiéíèõ ÄÔÐ íåé-
òðàëüíîãî òèïó.
1. Ïîñòàíîâêà çàäà÷i. Îçíà÷åííÿ òà

äîïîìiæíi òâåðäæåííÿ.
Íåõàé Rn � äiéñíèé n-âèìiðíèé ëiíié-

íèé âåêòîðíèé ïðîñòið ç äåÿêîþ âåêòîðíîþ
íîðìîþ | · |. Äëÿ r ≥ 0 ïîçíà÷èìî C =
C([−r, 0], Rn) � ïðîñòið íåïåðåðâíèõ ôóí-
êöié, ùî âiäîáðàæàþòü [−r, 0] â Rn, ç ðiâ-
íîìiðíîþ íîðìîþ |φ| = sup

−r≤θ≤0
|φ|. Ïðèïó-

ñòèìî, ùî g, f íåïåðåðâíi ôóíêöi¨, ÿêi âiä-
îáðàæàþòü [r,∞) × C → Rn òà âèçíà÷åíèé
ôóíêöiîíàëüíî ðiçíèöåâèé îïåðàòîð D(·) :
[r,∞)× C → Rn,

D(t)φ = φ(0)− g(t, φ). (1)

Äèôåðåíöiàëüíî-ôóíêöiîíàëüíèì ðiâíÿ-
ííÿì íåéòðàëüíîãî òèïó íàçèâàòèìåìî ðiâ-
íÿííÿ

d

dt
D(t)xt = f(t, xt), (2)

äå xt ∈ C âèçíà÷à¹òüñÿ ðiâíiñòþ xt(θ) =
x(t+ θ),−r ≤ θ ≤ 0.

Îçíà÷åííÿ 1 [7]. Äëÿ áóäü-ÿêèõ φ ∈
C, σ ∈ [r,∞), A ≥ 0, ôóíêöiÿ x(t, φ) âèçíà-
÷åíà íà [σ−r, σ+A] íàçèâà¹òüñÿ ðîçâ'ÿçêîì
ðiâíÿííÿ (2) íà [σ, σ +A] ç ïî÷àòêîâèì çíà-
÷åííÿì φ â òî÷öi t = σ, ÿêùî x− íåïåðåðâíà
íà [σ− r, σ +A]; xσ = φ;D(t)xt− íåïåðåðâíî
äèôåðåíöiéîâíà íà [σ, σ + A] i çàäîâiëüíÿ¹
ðiâíiñòü (2) íà [σ, σ + A].

Äèôåðåíöiàëüíî-ôóíêöiîíàëüíi ðiâíÿí-
íÿ íåéòðàëüíîãî òèïó ¹ ìàòåìàòè÷íèìè ìî-
äåëÿìè âàæëèâèõ ïðèêëàäíèõ çàäà÷ â òåî-
ði¨ àâòîìàòè÷íîãî êåðóâàííÿ, â åëåêòðîäè-
íàìiöi, áiîëîãi¨, ìåäèöèíi òà â áàãàòüîõ ií-
øèõ ïðèêëàäíèõ çàäà÷àõ.

Îñíîâè òåîði¨ öèõ ðiâíÿíü, çîêðåìà òåîðå-
ìè iñíóâàííÿ, ¹äèíîñòi òà íåïåðåðâíî¨ çàëå-
æíîñòi ðîçâ'ÿçêiâ âiä ïî÷àòêîâèõ äàíèõ äî-
ñëiäæåíi â ðîáîòàõ [7-10].

Ó äàíié ðîáîòi äîñëiäæóâàòèìåìî ïî÷à-
òêîâó çàäà÷ó äëÿ ëiíiéíèõ äèôåðåíöiàëüíî-
ôóíêöiîíàëüíèõ ðiâíÿíü íåéòðàëüíîãî òèïó

d

dt
[x(t)−G(t, xt)] = P (t, xt), t ∈ [0, T ], (3)

x(t) = φ(t), t ∈ [−τ, 0]. (4)

äå G(t, xt), P (t, xt) � ëiíiéíi îáìåæåíi ôóí-
êöiîíàëè, ùî íå ìiñòÿòü ñèíãóëÿðíî¨ ñêëà-
äîâî¨ âèãëÿäó

G(t, xt) =

p∑
i=1

Gi(t)x(t−τi)+
0∫

−τ

H(t, θ)x(t+θ)dθ,
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P (t, xt) =

p∑
i=0

Pi(t)x(t−τi)+
0∫

−τ

Q(t, θ)x(t+θ)dθ,

Gi(t), Pi(t), i = 0, p � n × n � íåïåðåðâíi ìà-
òðè÷íi ôóíêöi¨ ïðè t ∈ [0, T ], H(t, θ), Q(t, θ)
� ìàòðè÷íi ôóíêöi¨, êîìïîíåíòè ÿêèõ íå-
ïåðåðâíi çà ñóêóïíiñòþ çìiííèõ ôóíêöi¨ íà
[0, T ]× [−τ, 0], 0 < τ0 < τ1 < . . . < τl = τ.

Ïîçíà÷èìî KG = max
k=1,p

max
t

||Gk(t)||, KP =

max
k=0,p

max
t

||Pk(t)||, KH = max
t,θ

||H(t, θ)||, KQ =

max
t,θ

||Q(t, θ)||, ωQ(
τ
m
) = nmax

i,j
ω(qij,

τ
m
),

ωH(
τ
m
) = nmax

i,j
ω(hij,

τ
m
), äå ω(qij,

τ
m
),

ω(hij,
τ
m
) - ìîäóëü íåïåðåðâíîñòi ôóíêöié

qij(t, θ), hij(t, θ), i, j = 1, n, t ∈ [0, T ].
Ïðèïóñòèìî, ùî äëÿ ñèñòåìè (3) ñïðàâ-

äæó¹òüñÿ íåðiâíiñòü

pKG + τKH < 1. (5)

2. Îáãðóíòóâàííÿ ñõåìè àïðîêñèìà-
öi¨. Íåõàé m, p ∈ N . Ïîñòàâèìî ó âiäïîâiä-
íiñòü ðiâíÿííþ (3) ñèñòåìó çâè÷àéíèõ äèôå-
ðåíöiàëüíèõ ðiâíÿíü äå âèêîðèñòàíî çàìiíó
iíòåãðàëiâ çà ôîðìóëîþ ëiâèõ ïðÿìîêóòíè-
êiâ ç êðîêîì h = τ

m
.

d
dt
[z0(t)−

p∑
i=1

Gi(t)zli(t)−

− τ
m

m−1∑
i=0

H(t,− τ(m−i)
m

)zm−i(t)] =

=
p∑

i=0

Pi(t)zli(t) +
τ
m

m−1∑
i=0

Q(t,− τ(m−i)
m

)zm−i(t),

dzj(t)

dt
= m

τ
(zj−1(t)− zj(t)), j = 1,m,

t ∈ [0, T ], li = [mτi
τ
].

(6)

zj(0) = φ(−τj
m

), j = 0,m. (7)

Áóäåìî ãîâîðèòè, ùî ñèñòåìà çâè÷àé-
íèõ äèôåðåíöiàëüíèõ ðiâíÿíü (6) àïðî-
êñèìó¹ ñèñòåìó ëiíiéíèõ äèôåðåíöiàëüíî-
ôóíêöiîíàëüíèõ ðiâíÿíü íåéòðàëüíîãî òèïó
(3), ÿêùî ñïðàâäæóþòüñÿ ñïiââiäíîøåííÿ

||x(t− τj
m
)− zj(t)|| → 0, j = 0,m, t ∈ [0, T ]

ïðè m→ ∞.
Äîñëiäèìî ïèòàííÿ ïðî áëèçüêiñòü

ðîçâ'ÿçêiâ ïî÷àòêîâî¨ çàäà÷i (3)-(4) òà ðîç-

â'ÿçêiâ çàäà÷i Êîøi (6)-(7).
Ðîçãëÿíåìî çîáðàæåííÿ zj(t) = z

(1)
j (t) +

z
(2)
j (t), äå z(1)j (t) òà z(2)j (t) - ðîçâ'ÿçêè òàêèõ
çàäà÷ Êîøi

τ
m
z′

(1)
1 (t) + z

(1)
1 (t) = x(t), t ∈ [0, T ],

τ
m
z′

(1)
j (t) + z

(1)
j (t) = z

(1)
j−1(t), j = 2,m,

z
(1)
j (0) = x(− jτ

m
), j = 1,m;

(8)

τ
m
z′

(2)
1 (t) + z

(2)
1 (t) = z0(t)− x(t), t ∈ [0, T ],

τ
m
z′

(2)
j (t) + z

(2)
j (t) = z

(2)
j−1(t), j = 2,m,

z
(2)
j (0) = 0, j = 1,m.

(9)

Îöiíèìî ðiçíèöi zj(t)− x(t− jτ
m
), j = 1,m

âðàõîâóþ÷è ñòðóêòóðó ñèñòåì (8)-(9) òà íå-
ðiâíiñòü ||zj(t) − x(t − jτ

m
)|| ≤ ||z(2)j (t)||+

+||z(1)j (t)− x(t− jτ
m
)||.

Âðàõîâóþ÷è ïîçíà÷åííÿ zj(t) =
(zj1(t), ..., zjn(t)), x(t) = (x1(t), ..., xn(t)),
ïðåäñòàâèìî zji(t), j = 1,m, i = 1, n ó
âèãëÿäi ñóìè z

(1)
ji (t) + z

(2)
ji (t), äå z

(1)
ji (t) i

z
(2)
ji (t) ¹ ðîçâ'ÿçêàìè òàêèõ çàäà÷ Êîøi

τ
m

dz
(1)
j1 (t)

dt
+ z

(1)
j1 (t) = xi(t), i = 1, n,

τ
m

dz
(1)
ji (t)

dt
+ z

(1)
ji (t) = z

(1)
j−1,i(t), j = 2,m,

(10)

z
(1)
ji (0) = xi(−

jτ

m
), j = 1,m, i = 1, n; (11)

τ
m

dz
(2)
j1 (t)

dt
+ z

(2)
j1 (t) = z0i(t)− xi(t),

τ
m

dz
(2)
ji (t)

dt
+ z

(2)
ji (t) = z

(2)
j−1,i(t), j = 2,m,

(12)

z
(2)
ji (0) = 0, j = 1,m, i = 1, n. (13)

Íåõàé

Nj(t) = max
0≤s≤t

n∑
i=1

|xi(s− τj
m
)− zji(s)|,

j = 0,m, t ∈ [0, T ].
(14)

Âðàõîâóþ÷è âèãëÿä ñèñòåì (10) òà (12)

äëÿ ðiçíèöi
n∑

i=1

|xi(t − τj
m
) − zji(t)| ìà¹ìî íå-

ðiâíiñòü

n∑
i=1

|xi(t− jτ
m
)− zji(t)| ≤

n∑
i=1

|z(2)ji (t)|+

+
n∑

i=1

|xi(t− jτ
m
)− z

(1)
ji (t)|.

(15)
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Ïîêàæåìî ìåòîäîì ìàòåìàòè÷íî¨ iíäó-
êöi¨, ùî äëÿ ïåðøîãî äîäàíêó â ïðàâié ÷à-
ñòèíi (15) ñïðàâåäëèâà îöiíêà

n∑
i=1

|z(2)ji (s)| ≤ N0(t), j = 1,m, t ∈ [0, T ].

(16)
Äëÿ ðîçâ'ÿçêó çàäà÷i Êîøi

τ

m

dz
(2)
1i (t)

dt
+ z

(2)
1i (t) = z0i(t)− xi(t),

z
(2)
1i (0) = 0,

ìà¹ìî çîáðàæåííÿ

z
(2)
1i (t) =

m

τ

t∫
0

(z0i(ξ)−xi(ξ))exp(
m(ξ − t)

τ
)dξ.

Çâiäñè

n∑
i=1

|z(2)1i (t)| ≤
m

τ

t∫
0

(max
0≤s≤t

n∑
i=1

|z0i(s)− xi(s)|)×

×exp(m(ξ − t)

τ
)dξ ≤ N0(t).

Ïðèïóñòèìî, ùî íåðiâíiñòü (16) ñïðàâ-

äæó¹òüñÿ ïðè j = k :
n∑

i=1

|z(2)ki (t)| ≤ N0(t).

Ïîêàæåìî, ùî äàíà íåðiâíiñòü áóäå ñïðà-
âåäëèâà ïðè j = k + 1. Ìà¹ìî îöiíêó

n∑
i=1

|z(2)k+1,i(t)| ≤

≤ m
τ

t∫
0

(max
0≤s≤t

n∑
i=1

|z(2)ki (s)|) exp(
m(ξ−t)

τ
)dξ ≤

≤ N0(t).

Îòæå, íåðiâíiñòü (16) ìà¹ ìiñöå.
Âðàõîâóþ÷è âëàñòèâîñòi ðîçâ'ÿç-

êiâ ïî÷àòêîâî¨ çàäà÷i äèôåðåíöiàëüíî-
ôóíêöiîíàëüíîãî ðiâíÿííÿ (3) [8, 11] ìà¹ìî,
ùî ôóíêöi¨ xi(t) ∈ C[−τ, T ], i = 1, n � òîìó,
çàñòîñîâóþ÷è òåîðåìó 1 [12], äëÿ ðiçíèöi
|xi(t− jτ

m
)− z

(1)
ji (t)| äiñòà¹ìî îöiíêó

n∑
i=1

|xi(t−
jτ

m
)−z(1)ji (t)| ≤ γ(

τ√
m
), lim

δ→0
γ(δ) = 0.

(17)

Íåðiâíiñòü (17) ñïðàâåäëèâà äëÿ âñiõ t ∈
[0, T ], òîìó âðàõîâóþ÷è (14), ìà¹ìî

Nj(t) ≤ γ(
τ√
m
) +N0(t), j = 1,m. (18)

Ñôîðìóëþ¹ìî îäåðæàíèé ðåçóëüòàò ó âè-
ãëÿäi òàêîãî òâåðäæåííÿ.

Ëåìà 1. . Íåõàé âõiäíà ôóíêöiÿ x(t) â ñè-
ñòåìi (8) ¹ íåïåðåðâíîþ ïðè t ∈ [0, T ], òîäi
äëÿ ðîçâ'ÿçêiâ çàäà÷ Êîøi (8)-(9) ñïðàâäæó-
¹òüñÿ ñïiââiäíîøåííÿ (17), äå Nj(t) âèçíà-
÷à¹òüñÿ ðiâíiñòþ (14).

Äëÿ îöiíêè ðiçíèöi ||x(t) − z0(t)||, ïðåä-
ñòàâèìî ðiâíÿííÿ (3) òà (6) â åêâiâàëåíòíié
iíòåãðàëüíié ôîðìi

[x(t)−
p∑

i=1

Gi(t)x(t− τi)−
0∫

−τ

H(t, θ)x(t+ θ)dθ]

−[x(0)−
p∑

i=1

Gi(0)x(−τi)−
0∫

−τ

H(0, θ)x(θ)dθ] =

=
t∫
0

p∑
i=0

Pi(t)x(t− τi)dt+

+
t∫
0

m−1∑
i=0

−τ+(i+1) τ
m∫

−τ+i τ
m

Q(t, θ)x(t+ θ)dθdt;
(19)

[z0(t)−
p∑

i=1

Gi(t)zli(t)− τ
m

m−1∑
i=0

H(t,− τ(m−i)
m

)×

×zm−i(t)]− [z0(0)−
p∑

i=1

Gi(0)zli(0)−

− τ
m

m−1∑
i=0

H(0,− τ(m−i)
m

)zm−i(0)] = (20)

=
t∫
0

p∑
i=0

Pi(t)zli(t)dt+

+
t∫
0

m−1∑
i=0

−τ+(i+1) τ
m∫

−τ+i τ
m

Q(t,− τ(m−i)
m

)zm−i(t)dθdt.

Âñòàíîâèìî äåÿêi âëàñòèâîñòi ðîçâ'ÿçêiâ
çàäà÷i Êîøi (6)-(7). Íåõàé ïî÷àòêîâi óìîâè
äëÿ ñèñòåìè (6)-(7) çàäîâîëüíÿþòü íåðiâíî-

ñòi
n∑

i=1

|zji(0)| < δ, j = 0,m. Ïîçíà÷èìî

M(t) = max
s∈[0,t]

[δ,
n∑

i=1

|z0i(s)|]. (21)

Iç âåêòîðíîãî ðiâíÿííÿ
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dz1
dt

= m
τ
(z0(t)− z1(t)) îäåðæèìî

z1i(t) = z1i(0)exp(
−mt
τ

) + m
τ

t∫
0

z0i(s)×

×exp(m(s−t)
τ

)ds.

Çâiäñè

n∑
i=1

|z1i(t)| ≤M(t)(exp(
−mt
τ

)+

+m
τ

t∫
0

exp(m(s−t)
τ

)ds) =M(t).

Àíàëîãi÷íî, îäåðæó¹ìî

n∑
i=1

|zji(t)| ≤M(t), j = 1,m. (22)

Âðàõîâóþ÷è ðiâíiñòü (20), ìà¹ìî

||z0i(t)|| ≤ ||
p∑

i=1

Gi(t)zli(t)||+

+ τ
m
||

m−1∑
i=0

H(t,− τ(m−i)
m

)zm−i(t)||+ ||z0i(0)|+

+||
p∑

i=1

Gi(0)zli(0)||+ τ
m
||

m−1∑
i=0

H(0,− τ(m−i)
m

)×

×zm−i(0)||+
t∫
0

||
p∑

i=1

Pi(s)zli(s)||ds+

+
t∫
0

||
m−1∑
i=1

−τ+(i+1) τ
m∫

−τ+i τ
m

Q(s,− τ(m−i)
m

)×

×zm−i(s)dθ||ds ≤ KG

p∑
i=1

n∑
l=1

||zli,l(t)||+

+ τ
m
KH

m−1∑
i=0

n∑
l=1

||zm−i,l(t)||+ ||z0i(0)||+

+KG

p∑
i=1

n∑
l=1

||zli,l(0)||+

+ τ
m
KH

m−1∑
i=0

n∑
l=1

||zm−i,l(0)||+

+KP

t∫
0

p∑
i=1

n∑
l=1

||zli,l(s)||ds+

+ τ
m
KH

t∫
0

m−1∑
i=1

n∑
l=1

||zm−i,l(s)||ds ≤

≤ ||z0i(0)||+ (pKG + τKH)M(t)+

+(pKG + τKH)M(0) + (pKP + τKQ)
t∫
0

M(s)ds.

Ñóìóþ÷è îäåðæàíi íåðiâíîñòi, äiñòà¹ìî
n∑

l=1

||z0l(t)|| ≤
n∑

i=1

||z0i(0)||+

+n(pKG + τKH)M(t) + n(pKG + τKH)M(0)+

+n(pKP + τKQ)
t∫
0

M(s)ds.

Îòæå,

M(t) ≤ δ + n(pKG + τKH)M(t)+
+n(pKG ++τKH)M(0) + n(pKP+

+τKQ)
t∫
0

M(s)ds.
(23)

Âèêîðèñòîâóþ÷è ëåìó Ãðîíóîëëà-Áåëëìàíà
òà ïîçíà÷åííÿ (21), ìà¹ìî

M(t) ≤ (δ + n(pKG + τKH)M(t) + n(pKG+

+τKH)M(0))en(pKP+τKQ)T = KZ . (24)

Iç ðiâíîñòåé (19),(20), âðàõîâóþ÷è âëà-
ñòèâîñòi ìàòðèöü Gi(t), Pj(t), i = 1, p, j =
0, p, H(t, θ), Q(t, θ), òà (24), äiñòà¹ìî

||x(t)− z0(t)|| ≤
p∑

i=1

||Gi(t)|| · ||x(t− τi)−

−zli(t)||+ ||
0∫

−τ

H(t, θ)x(t+ θ)dθ−

− τ
m

m−1∑
i=0

H(t,− τ(m−i)
m

)zm−i(t)||+
p∑

i=1

||Gi(0)||×

×||x(−τi)− zli(0)||+ ||
0∫

−τ

H(0, θ)x(θ)dθ−

− τ
m

m−1∑
i=0

H(0,− τ(m−i)
m

)zm−i(0)||+

+
t∫
0

p∑
i=0

||Pi(t)|| · ||x(t− τi)− zli(t)||dt+

+
t∫
0

m−1∑
i=0

−τ+(i+1) τ
m∫

−τ+i τ
m

||Q(t, θ)x(t+ θ)−

−Q(t,− τ(m−i)
m

)zm−i(t)||dθdt ≤ pKG(γ(
τ√
m
)+

+N0(t) + nω( τ
m
)) + τ [KH(nω(

τ
m
) + γ( τ√

m
)+

+N0(t)) +KZωH ] + pKGnω(
τ
m
)+

+τ [KHnω(
τ
m
) +KZωH ] + T (p+ 1)KP×

×[γ( τ√
m
) + nω( τ

m
)] + (p+ 1)KP

t∫
0

N0(s)ds+

+Tτ [KQ[nω(
τ
m
) + γ( τ√

m
)] +KZωQ]+

+τKQ

t∫
0

N0(s)ds.

(25)
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Îäåðæàíà íåðiâíiñòü ñïðàâåäëèâà äëÿ
âñiõ t ∈ [0, T ], òîìó âðàõîâóþ÷è íåðiâíiñòü
(5) ìà¹ìî

N0(t) ≤ α + β

t∫
0

N0(s)ds,

äå

α =
[γ( τ√

m
) + nω( τ

m
)] · [pKG + τKH + TτKQ+

[1− pKG − τKH ]

+T (p+ 1)KP ] + τKZωH + pKGnω(
τ
m
)+

[1− pKG − τKH ]

+τ [KHnω(
τ
m
) +KZωH ] + TτKZωQ

[1− pKG − τKH ]
,

β =
[(p+ 1)KP + τKQ]

[1− pKG − τKH ]

Ñêîðèñòàâøèñü òåïåð íåðiâíiñòþ
Ãðîíóîëëà-Áåëëìàíà, îäåðæó¹ìî

N0(t) ≤ α(
τ

m
)eβ, t ∈ [0, T ], (26)

Îñêiëüêè γ( τ√
m
), ω( τ

m
), ωH → 0 ïðè m →

∞, òîäi
lim

m→∞
α(
τ

m
) = 0.

Iç îñòàííüîãî ñïiââiäíîøåííÿ âèïëèâà¹,
ùî ðîçâ'ÿçêè çàäà÷i Êîøi (6)-(7) àïðîêñè-
ìóþòü ðîçâ'ÿçêè ïî÷àòêîâî¨ çàäà÷i (3) ïðè
m→ ∞.

Òåîðåìà 1. Íåõàé Gi(t), Pi(t), i = 0, p �
n × n � íåïåðåðâíi ìàòðè÷íi ôóíêöi¨ ïðè
t ∈ [0, T ], H(t, θ), Q(t, θ) � ìàòðè÷íi ôóíêöi¨,
êîìïîíåíòè ÿêèõ íåïåðåðâíi çà ñóêóïíiñòþ
çìiííèõ ôóíêöi¨ íà [0, T ] × [−τ, 0], 0 <
τ0 < τ1 < . . . < τl = τ i âèêîíó¹-
òüñÿ óìîâà (5). Òîäi ðîçâ'ÿçîê çàäà÷i Êîøi
äëÿ ñèñòåìè çâè÷àéíèõ äèôåðåíöiàëüíèõ
ðiâíÿíü (6),(7) àïðîêñèìó¹ ðîçâ'ÿçîê ïî÷à-
òêîâî¨ çàäà÷i äëÿ ñèñòåìè äèôåðåíöiàëüíî-
ôóíêöiîíàëüíèõ ðiâíÿíü íåéòðàëüíîãî òè-
ïó ðîçâ'ÿçîê (3) ïðè m→ ∞ i t ∈ [0, T ].
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