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ÃIÏÅÐÏËÎÙÈÍI ~2b-ÏÀÐÀÁÎËI×ÍÎ�I CÈÑÒÅÌÈ
Îäåðæàíî iíòåãðàëüíå çîáðàæåííÿ îäíîãî êëàñó ðîçâ'ÿçêiâ ~2b-ïàðàáîëi÷íî�� ñèñòåìè ç

ñèëüíèì âèðîäæåííÿì íà ïî÷àòêîâié ãiïåðïëîùèíi. Öi ðîçâ'ÿçêè çàäîâîëüíÿþòü ïî÷àòêîâó
óìîâó iç ñïåöiàëüíîþ âàãîâîþ ôóíêöicþ.

The integral representation for a class of solutions of ~2b-parabolic system with strong
degeneration on the initial hyperplane is obtained. These solutions satisfy the initial condition
with a special weight function.

Ñèñòåìè ðiâíÿíü, ÿêi ðîçãëÿäàþòüñÿ â
ñòàòòi, íàëåæàòü äî ~2b-ïàðàáîëi÷íèõ ñèñòåì
Ñ.Ä.Åéäåëüìàíà, â ÿêèõ êîæíà ïðîñòîðîâà
çìiííà ìîæå ìàòè ñâîþ âàãó âiäíîñíî ÷àñî-
âî�� çìiííî�� i ÿêi ìiñòÿòü ïåâíîãî òèïó âè-
ðîäæåííÿ íà ïî÷àòêîâié ãiïåðïëîùèíi. Òå-
îði�� ~2b-ïàðàáîëi÷íèõ ñèñòåì áåç âèðîäæåíü
ïðèñâÿ÷åíî ðÿä ïðàöü, çîêðåìà ïðàöÿ [1].
Ïàðàáîëi÷íi çà Ïåòðîâñüêèì ñèñòåìè ç âè-
ðîäæåííÿì íà ïî÷àòêîâié ãiïåðïëîùèíi äî-
ñëiäæóâàëèñü ó [2�4]. Ðåçóëüòàòè ïîáóäîâè
é äîñëiäæåííÿ âëàñòèâîñòåé ôóíäàìåíòàëü-
íî�� ìàòðèöi ðîçâ'ÿçêiâ (ô.ì.ð.) çàäà÷i Êî-
øi äëÿ ñèñòåì, ÿêi òóò ðîçãëÿäàþòüñÿ, íà-
âåäåíi â [5]. Ó öié ñòàòòi âîíè âèêîðèñòîâó-
þòüñÿ äëÿ îäåðæàííÿ iíòåãðàëüíîãî çîáðà-
æåííÿ ðîçâ'ÿçêiâ ç ïåâíîãî êëàñó.

1. Âèêîðèñòîâóâàòèìåìî òàêi ïîçíà÷åí-
íÿ: n, b1, . . . , bn, N−çàäàíi íàòóðàëüíi ÷èñ-
ëà; ~2b ≡ (2b1, . . . , 2bn); s - íàéìåíøå ñïiëüíå
êðàòíe ÷èñåë b1, . . . , bn; mj ≡ s/bj, qj ≡
≡ 2bj/(2bj−1), 1 ≤ j ≤ n; q

′ i q′′ - âiäïîâiäíî
íàéìåíøå i íàéáiëüøå ç ÷èñåë qj, 1 ≤ j ≤ n;

M ≡
n∑

j=1

mj; ÿêùî x ∈ Rn, òî x1, . . . , xn � êî-

îðäèíàòè x; ||k|| ≡
n∑

j=1

mjkj, ÿêùî k � ìóëü-

òèiíäåêñ; T � çàäàíå äîäàòíå ÷èñëî; ΠH ≡
≡ {(t, x)|t ∈ H, x ∈ Rn}, ÿêùî H ⊂ R; I �
îäèíè÷íà ìàòðèöÿ ïîðÿäêó N, Chp � ñóêóï-
íiñòü óñiõ ìàòðèöü ðîçìiðîì h×p, åëåìåíòà-

ìè ÿêèõ c êîìïëåêñíi ÷èñëà; α: [0, T ] → R i
β : [0, T ] → R � íåïåðåðâíi ôóíêöi��, äëÿ ÿêèõ
α(t) > 0, β(t) > 0 ïðè t ∈ (0, T ] i α(0) β(0) =
= 0, ïðè÷îìó ôóíêöiÿ β ìîíîòîííî íåñïàä-
íà;

A(t, τ) ≡
t∫

τ

dγ

α(γ)
, B(t, τ) ≡

≡
t∫

τ

β(γ)

α(γ)
dγ, 0 < τ ≤ t ≤ T ;

Ec(t, τ, x) ≡

≡ exp

{
−c

n∑
j=1

(B(t, τ))1−qj |xj|qj

}
,

Ed(t, τ) ≡ exp{dA(t, τ)},
Ed

c (t, τ, x) ≡ Ec(t, τ, x)Ed(t, τ),

0 < τ < t ≤ T, x ∈ Rn, c > 0, d ∈ R;

p(x, ξ) ≡
(

n∑
j=1

|xj − ξj|2/mj

)1/2

−

~2b-ïàðàáîëi÷íà âiäñòàíü ìiæ òî÷êàìè x i
ξ ç Rn (óìîâà Ãåëüäåðà ïî x âñþäè äàëi
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ðîçóìicòüñÿ âiäíîñíî öic�� âiäñòàíi);

d(x, ξ) ≡
(

n∑
j=1

|xj − ξj|qj

)1/q
′′

−

ñïåöiàëüíà âiäñòàíü ìiæ òî÷êàìè x i ξ â
ïðîñòîði Rn; K(x,R) ≡ {y ∈ Rn | d(x, y) ≤
≤ R}, KR ≡ K(0, R), R > 0.

Ðîçãëÿíåìî ñèñòåìó N ðiâíÿíü âèãëÿäó

(α(t)I∂t − β(t)
∑

0<||k||≤2s

ak(t, x)∂k
x−

−a0(t, x))u(t, x) = f(t, x), (t, x) ∈ Π(0,T ], (1)

äå ak : Π[0,T ] → CNN , ||k|| ≤ 2s; u, f :
Π(0,T ] → CN1.

Äëÿ êîåôiöicíòiâ ak, ||k|| ≤ 2s, ââàæàòè-
ìåìî âèêîíàíèìè òàêi óìîâè:

1) iñíóc òàêà ñòàëà δ > 0, ùî p-êîðåíi ðiâ-
íÿííÿ

det


 ∑

||k||=2s

ak(t, x)(iσ)k − pI


 = 0

çàäîâîëüíÿþòü íåðiâíiñòü Re p(t, x, σ) ≤
≤ −δ

n∑
j=1

σ
2bj

j äëÿ äîâiëüíèõ (t, x) ∈ Π[0,T ] i

σ ∈ Rn;
2) ôóíêöi�� ak, ||k|| ≤ 2s, îáìåæåíi é íå-

ïåðåðâíi ïî t (ïðè öüîìó íåïåðåðâíiñòü ak ç
||k|| = 2s ðiâíîìiðíà ïî x ∈ Rn), à òàêîæ çà-
äîâîëüíÿþòü ó Π[0,T ] ðiâíîìiðíó óìîâó Ãåëü-
äåðà ïî x ç ïîêàçíèêîì λ ∈ (0, 1);

3) iñíóþòü îáìåæåíi é íåïåðåðâíi ïî t ïî-
õiäíi ∂k

xak, ||k|| ≤ 2s, ÿêi çàäîâîëüíÿþòü ðiâ-
íîìiðíó óìîâó Ãåëüäåðà ïî x ç ïîêàçíèêîì
λ.

2. ßêùî âèêîíóþòüñÿ óìîâè 1 i 2, òî (äèâ.
[5]) iñíóc ô.ì.ð. Z(t, x; τ, ξ), 0 < τ < t ≤ T,
{x, ξ} ⊂ Rn, çàäà÷i Êîøi äëÿ ñèñòåìè (1),
äëÿ ÿêî�� ïðàâèëüíi îöiíêè

∣∣∂k
xZ(t, x; τ, ξ)

∣∣ ≤

≤ C(B(t, τ))−(M+||k||)/(2s)Ed
c (t, τ, x− ξ),

0 < τ < t ≤ T, {x, ξ} ⊂ Rn, ||k|| ≤ 2s, (2)

äå C > 0, c > 0, d ∈ R � äåÿêi ñòàëi.

ßêùî, êðiì óìîâ 1 i 2, âèêîíócòüñÿ ùå
óìîâà 3, òî ô.ì.ð. Z ìàc âëàñòèâiñòü íîð-
ìàëüíîñòi. Öå îçíà÷àc, ùî ìàòðèöÿ

Z∗(τ, ξ; t, x) ≡ Z̄
′
(t, x; τ, ξ),

0 < τ < t ≤ T, {x, ξ} ⊂ Rn, (3)

c ô.ì.ð. çàäà÷i Êîøi äëÿ ñèñòåìè

(L∗v)(τ, ξ) ≡ −∂τv(τ, ξ)−

−β(τ)

α(τ)

∑

0<||k||≤2s

(−∂ξ)
k(āk

′
(τ, ξ)v(τ, ξ))−

− ā0
′
(τ, ξ)

α(τ)
v(τ, ξ) = 0, (τ, ξ) ∈ Π[t0,t), (4)

ïðè äîâiëüíèõ t0 i t òàêèõ, ùî 0 < t0 <
t ≤ T. Òóò i äàëi øòðèõ îçíà÷àc òðàíñïîíó-
âàííÿ, à ðèñêà � êîìïëåêñíå ñïðÿæåííÿ.

Çàóâàæèìî, ùî äèôåðåíöiàëüíèé âèðàç
L∗ ç (4) c ñïðÿæåíèì çà Ëàãðàíæåì ç âè-
ðàçîì

(Lu)(t, x) ≡

I∂t −−β(t)

α(t)

∑

0<||k||≤2s

ak(t, x)∂k
x−

−a0(t, x)

α(t)

)
u(t, x), (t, x) ∈ Π[t0,T ]. (5)

3. Ñôîðìóëþcìî îñíîâíèé ðåçóëüòàò
ñòàòòi. Äëÿ öüîãî ðîçãëÿíåìî íàáið ôóíêöié

~k(t) ≡ (k1(t), . . . , kn(t)), kj(t) ≡

≡ c0aj

(
c
2bj−1
0 − (T −B(T, t))a

2bj−1
j

)1−qj

,

1 ≤ j ≤ n, t ∈ [0, T ],

äå c0 � ôiêñîâàíå ÷èñëî ç ïðîìiæêó (0, c), c �
ñòàëà ç îöiíîê (2), à ÷èñëà aj, 1 ≤ j ≤ n,
òàêi, ùî 0 ≤ aj < c0T

1−qj . Êîæíà ç ôóíê-
öié kj, 1 ≤ j ≤ n, ìîíîòîííî çðîñòàc âiä
çíà÷åííÿ kj(0) äî kj(T ) i ìàc òàêó âëàñòè-
âiñòü:

∀ {x, ξ} ⊂ R ∀ t ∈ {t, τ} ⊂ (0, T ], τ < t :

−c0(B(t, τ))1−qj |x−ξ|qj+kj(τ)|ξ|qj ≤ kj(t)|x|qj .
(6)
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ßêùî çàïðîâàäèòè ïîçíà÷åííÿ

Ψν(t, x) ≡

≡ exp

{
ν

n∑
j=1

kj(t)|xj|qj

}
, (t, x) ∈ Π[0,T ],

ν = ±1, òî ç (6) âèïëèâàc íåðiâíiñòü

Ec0(t, τ, x− ξ)Ψ1(τ, ξ) ≤ Ψ1(t, x),

0 < τ < t ≤ T, {x, ξ} ⊂ Rn. (7)

Äëÿ ôóíêöié u : Π(0,T ] → CN1 ââàæàòè-
ìåìî

‖u(t, ·)‖~k(t) ≡ sup
x∈Rn

(|u(t, x)|Ψ−1(t, x)) .

Ïðèïóñòèìî, ùî äëÿ ñèñòåìè (1) ìàc ìi-
ñöå ñèëüíå âèðîäæåííÿ, àëå ç äîäàòêîâèì
îáìåæåííÿì, òîáòî âèêîíócòüñÿ òàêà óìîâà:

4)

T∫

0

dγ

α(γ)
= ∞,

T∫

0

β(γ)

α(γ)
dγ < ∞.

Òåîðåìà. Ïðèïóñòèìî, ùî âèêîíóþ-
òüñÿ óìîâè 1 � 4 i d � ñòàëà ç îöiíîê (2).
Íåõàé ôóíêöiÿ u : Π(0,T ] → CN1 íåïåðåðâíà
i çàäîâîëüíÿc òàêi óìîâè:

à) ∃C > 0 ∀t ∈ (0, T ] :

‖u(t, ·)‖~k(t)Ed(T, t) ≤ C;

á) ôóíêöiÿ u c ðîçâ'ÿçêîì ñèñòåìè (1) ç
íåïåðåðâíîþ ôóíêöicþ f : Π(0,T ] → CN1, äëÿ
ÿêî�� çáiãàcòüñÿ iíòåãðàë

T∫

0

‖f(τ, ·)‖~k(τ)Ed(T, τ)
dτ

α(τ)
;

â) lim
t→0

(u(t, x)Ed(T, t)) = ϕ(x), x ∈ Rn.
Òîäi ïðàâèëüíå çîáðàæåííÿ

u(t, x) =

∫

Rn

Z0(t, x; ξ)ϕ(ξ)dξ+

+

t∫

0

dτ

α(τ)

∫

Rn

Z(t, x; τ, ξ)f(τ, ξ)dξ,

(t, x) ∈ Π(0,T ], (8)

äå
Z0(t, x; ξ) ≡ lim

τ→0
(Z(t, x; τ, ξ)E−d(T, τ)).

Çàóâàæåííÿ 1.Çàäà÷ó ïðî çíàõîäæåííÿ
ðîçâ'ÿçêó ñèñòåìè (1), ÿêèé çàäîâîëüíÿc
óìîâó â) òåîðåìè, ïðèðîäíî íàçâàòè
óçàãàëüíåíîþ çàäà÷åþ Êîøi, à ìàòðèöþ
(Z0, Z) � ìàòðèöåþ Ãðiíà öic�� çàäà÷i.

ßê ïðèêëàä ðîçãëÿíåìî ðiâíÿííÿ

α(t)∂tu = β(t)(∂2
x1
− ∂4

x2
)u + du,

â ÿêîìó n = 2, d ∈ R, à ôóíêöi�� α i β çàäî-
âîëüíÿþòü óìîâè ç òåîðåìè. Ôóíäàìåíòàëü-
íèé ðîçâ'ÿçîê çàäà÷i Êîøi äëÿ öüîãî ðiâíÿ-
ííÿ âèçíà÷àcòüñÿ ôîðìóëîþ

Z(t, x; τ, ξ) = (2π)−2×

×
∫

R2

exp{i(x− ξ, σ)−B(t, τ)(σ2
1 + σ4

2)+

+dA(t, τ)}dσ, 0 < τ < t ≤ T, {x, ξ} ⊂ R2,

çâiäêè, çãiäíî ç [6, ñ. 207], îäåðæócìî âèðàç

Z(t, x; τ, ξ) =
1

2π
√

2
(B(t, τ))−3/4×

× exp

{
dA(t, τ)− (x1 − ξ1)

2

4B(t, τ)

}
×

×
∞∫

0

exp{−r4}J−1/2(r(B(t, τ))−1/4×

×|x2− ξ2|)r1/2dr, 0 < τ < t ≤ T, {x, ξ} ⊂ R2,

äå J−1/2 - ôóíêöiÿ Áåññåëÿ ïåðøîãî ðîäó ïî-
ðÿäêó −1/2. Ëåãêî áà÷èòè, ùî

Z0(t, x; ξ) =
1

2π
√

2
(B(t, 0))−3/4×

× exp

{
−dA(T, t)− (x1 − ξ1)

2

4B(t, 0)

}
×

×
∞∫

0

exp{−r4}J−1/2(r(B(t, 0))−1/4×
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×|x2 − ξ2|)r1/2dr, 0 < t ≤ T, {x, ξ} ⊂ R2.

Çàóâàæåííÿ 2. Ç òåîðåìè âèïëèâàc
cäèíiñòü ðîçâ'ÿçêó óçàãàëüíåíî�� çàäà÷i Êî-
øi â êëàñi ôóíêöié, ÿêi çàäîâîëüíÿþòü óìî-
âó à) òåîðåìè.

4. Ïðè äîâåäåííi òåîðåìè êîðèñòóâàòèìå-
ìîñÿ òàêîþ ôîðìóëîþ Ãðiíà-Îñòðîãðàäñü-
êîãî [1]:

t2∫

t1

dτ

∫

Ω

(
v̄′Lu−

��
(L∗v)′ u

)
(τ, ξ)dξ =

=

∫

Ω

(v̄′u)(τ, ξ)
∣∣∣
τ=t2

τ=t1
dξ+

+

t2∫

t1

β(τ)

α(τ)
dτ

∫

∂Ω

n∑
j=1

Bj[v, u](τ, ξ)νjdSξ, (9)

äå t1 < t2, Ω � îáìåæåíà îáëàñòü ó Rn ç ãëàä-
êîþ ìåæåþ ∂Ω, (ν1, . . . , νn) � îðò çîâíiøíüî��
íîðìàëi äî ∂Ω, L i L∗ � äèôåðåíöiàëüíi âè-
ðàçè ç (4) i (5), à

Bj[v, u] ≡ −
∑

0<‖k‖<2s

kj−1∑
rj=0

(−∂x1)
k1 · · · ×

×(−∂xj−1
)kj−1(−∂xj

)rj(v̄′ak)∂
kj−rj
xj

∂kj+1
xj+1

· · · ∂kn
xn

u,

1 ≤ j ≤ n,

ïðè kj = 0 âiäïîâiäíà ñóìà äîðiâíþc íóëåâi.
Íåõàé t0 � äîâiëüíî âçÿòå ÷èñëî ç ïðî-

ìiæêó (0, T ); GR ≡ (t0, T ] × KR; θ � ôóí-
êöiÿ ç ïðîñòîðó C∞([0,∞)) òàêà, ùî θ = 1
íà [0,1/2], θ = 0 íà [3/4,∞) i θ′ ≤ 0; (t, x) �
äîâiëüíî ôiêñîâàíà òî÷êà ç GR̄/4, äå R̄ > 0
� ôiêñîâàíå ÷èñëî. Âiçüìåìî ó ôîðìóëi (9)
çàìiñòü t1, t2, Ω, u(τ, ξ) i v(τ, ξ) âiäïîâiäíî t0,
t−ε, KR, u(τ, ξ) i θR(ξ)Z∗(τ, ξ; t, x), äå R ≥ R̄,
0 < ε < (t − t0)/2, θR(ξ) ≡ θ(d(ξ, 0)/R), à u
� ôóíêöiÿ, ÿêà çàäîâîëüíÿc óìîâè òåîðåìè.
Âèêîðèñòàâøè âëàñòèâîñòi ôóíêöi�� θR, ðiâ-
íiñòü (3) i òå, ùî Lu = f/α, îäåðæèìî

∫

Rn

Z(t, x; t− ε, ξ)θR(ξ)u(t− ε, ξ)dξ =

=

∫

Rn

Z(t, x; t0, ξ)θR(ξ)u(t0, ξ)dξ+

+

t−ε∫

t0

dτ

α(τ)

∫

Rn

Z(t, x; τ, ξ)θR(ξ)f(τ, ξ)dξ−

−
t−ε∫

t0

dτ

∫

K3R/4\KR/2

______________
(L∗(θR(ξ)Z∗(τ, ξ; t, x))′ ×

×u(τ, ξ)dξ,

à ïiñëÿ ïåðåõîäó äî ãðàíèöi ïðè ε → 0 ïðè-
éäåìî äî ðiâíîñòi

u(t, x) =

∫

Rn

Z(t, x; t0, ξ)θR(ξ)u(t0, ξ)dξ+

+

t∫

t0

dτ

α(τ)

∫

Rn

Z(t, x; τ, ξ)θR(ξ)f(τ, ξ)dξ−

−
t∫

t0

dτ

∫

K3R/4\KR/2

______________
(L∗(θR(ξ)Z∗(τ, ξ; t, x))′ ×

×u(τ, ξ)dξ ≡
3∑

j=1

I
(R)
j . (10)

Ïåðåéäåìî â (10) äî ãðàíèöi ïðè R →∞.
Iíòåãðàë I

(R)
1 ïðè öüîìó ïðÿìóc äî

I1 ≡
∫

Rn

Z(t, x; t0, ξ)u(t0, ξ)dξ.

Ñïðàâäi, çà äîïîìîãîþ íåðiâíîñòåé (2) i (7)
òà óìîâè à) ìàcìî

|I1 − I
(R)
1 | =

∣∣∣∣∣∣

∫

Rn

Z(t, x; t0, ξ)(1−

−θR(ξ))u(t0, ξ)dξ

∣∣∣∣ ≤ C(B(t, t0))
−M/(2s)×
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×
∫

Rn\KR/2

Ed
c−c0

(t, t0, x− ξ)×

×(Ec0(t, t0, x− ξ)Ψ1(t0, ξ))(|u(t0, ξ)|×

×Ψ−1(t0, ξ))dξ ≤ C‖u(t0, ·)‖~k(t0)×
×Ψ1(t, x)Ed(t, t0)×

× exp

{
−c− c0

2
(B(t, t0))

λ

(
R

4

)q′′
}
×

×
∫

Rn

(B(t, t0))
−M/(2s)×

×E(c−c0)/2(t, t0, x− ξ)dξ →
R→∞

0,

áî äëÿ x ∈ KR̄/4, ξ ∈ Rn \KR/2 i R > R̄

n∑
j=1

(B(t, t0))
1−qj |xj − ξj|qj ≥

≥ (B(t, t0))
λ|d(ξ, 0)− d(x, 0)|q′′ ≥

≥ (B(t, t0))
λ (R/4)q′′ ,

äå λ = 1− q′ ïðè 0 < B(t, t0) ≤ 1, i λ = 1− q′′

ïðè B(t, t0) > 1.
Àíàëîãi÷íî äîâîäèòüñÿ, ùî

I
(R)
2 →

R→∞

t∫

t0

dτ

α(τ)

∫

Rn

Z(t, x; τ, ξ)f(τ, ξ)dξ.

Òåïåð äîâåäåìî, ùî I
(R)
3 →

R→∞
0. Îñêiëü-

êè L∗Z∗ = 0, òî âèðàç L∗(θR(ξ)Z∗(τ, ξ; t, x))
ÿâëÿc ñîáîþ ñóìó äîáóòêiâ âèðàçiâ âèãëÿäó

β(τ)

α(τ)
Dm

ξ (ā′k(τ, ξ)Z
∗(τ, ξ; t, x)) i Dk

ξ θR(ξ),

1 ≤ ‖k‖ ≤ 2s, ‖m‖ < 2s iç ñòàëèìè êîåôi-
öicíòàìè. Âèêîðèñòàâøè ðiâíiñòü (3), îöií-
êè (2) i âëàñòèâîñòi ôóíêöi�� θR, ïðè R ≥ 1
îäåðæèìî îöiíêó

|L∗(θR(ξ)Z∗(τ, ξ; t, x))| ≤

≤ C
β(τ)

α(τ)
(B(t, τ))−(M+2s−1)/(2s)Ed

c (t, τ, x− ξ).

Ç äîïîìîãîþ öic�� îöiíêè i íåðiâíîñòi (7)
òàê, ÿê i ïðè îöiíþâàííi |I1 − I(R)|, ìàcìî

|I(R)
3 | ≤ C

t∫

t0

(B(t, τ))−1+1/(2s) β(τ)

α(τ)
dτ×

×
∫

K3R/4\KR/2

Ed
c−c0

(t, τ, x− ξ)×

×(Ec0(t, τ, x− ξ)Ψ1(τ, ξ))(|u(τ, ξ)|×

×Ψ−1(τ, ξ))(B(t, τ))−M/(2s)dξ ≤

≤ CΨ1(t, x)(B(t, t0))
1/(2s)E−d(T, t)×

×
∫

Rn

E(c−c0)/2(t, τ, x− ξ)×

×(B(t, τ))−M/(2s)dξ exp

{
−c− c0

2
×

×(B(t, t0))
λ

(
R

4

)q′′
}

→
R→∞

0.

Îòæå, ïiñëÿ ïåðåõîäó â (10) äî ãðàíèöi
ïðè R →∞ îäåðæèìî

u(t, x) =

∫

Rn

Z(t, x; t0, ξ)u(t0, ξ)dξ+

+

t∫

t0

dτ

α(τ)

∫

Rn

Z(t, x; τ, ξ)f(τ, ξ)dξ. (11)

ßêùî òåïåð, âèêîðèñòîâóþ÷è óìîâè òåî-
ðåìè, ïåðåéòè â (11) äî ãðàíèöi ïðè t0 → 0,
òî îäåðæèìî ïîòðiáíó ôîðìóëó (8).
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