
ÓÄÊ 517.5

Àíàëîã àñèìïòîòè÷åñêîãî ðÿäà Áåññåëÿ äëÿ ôóíêöèé ßêîáè

Í.Ï. Âîë÷êîâà

� 1. Ââåäåíèå

Ïóñòü F (a, b; c; z) � ãèïåðãåîìåòðè÷åñêàÿ ôóíêöèÿ Ãàóññà, ò.å. àíàëèòè÷åñêîå ïðîäîë-
æåíèå ñòåïåííîãî ðÿäà

∞∑

l=0

(a)l (b)l

(c)l l!
zl, |z| < 1,

ãäå
(α)l =

Γ(α + l)

Γ(α)
− ñèìâîë Ïîõãàììåðà, Γ− ãàììà-ôóíêöèÿ.

Â ðàáîòå [1] (ñì. òàêæå [2, ãë. 6, ï. 198], [3, ãë. 2, ï. 2.3, ôîðìóëà (17)]) Ã.Í. Âàòñîí ïîëó÷èë
ñëåäóþùåå àñèìïòîòè÷åñêîå ðàçëîæåíèå:

F

(
α + λ, β − λ; γ;

1− µ

2

)
∼ Γ(λ− β + 1) Γ(γ)

π Γ(γ − β + λ)
2α+β−1 (1− e−ζ)1/2−γ ×

× (1 + e−ζ)γ−α−β−1/2

(
e(λ−β)ζ

∞∑
s=0

cs Γ(s + 1/2)

λs+1/2
+

+ e∓πi(1/2−γ) e−(λ+α)ζ

∞∑
s=0

c′s Γ(s + 1/2)

λs+1/2

)
. (1)

Ýòî ðàçëîæåíèå ñïðàâåäëèâî ïðè áîëüøèõ |λ| è

−π

2
− ω2 + ε < arg λ <

π

2
+ ω1 − ε, ε > 0;

â e∓πi(1/2−γ) âåðõíèé èëè íèæíèé çíàê áåðåòñÿ ñîîòâåòñòâåííî â ñëó÷àÿõ Im λ > 0 è
Im λ < 0 è ïðè ýòîì

1− eζ = eζ (1− e−ζ) e∓πi.

Â ýòèõ ôîðìóëàõ
µ = ch ζ = ch (ξ + iη),

ω2 = arctg
η

ξ
, −ω1 = arctg

η − π

ξ
, η ≥ 0,

ω2 = arctg
η + π

ξ
, −ω1 = arctg

η

ξ
, η ≤ 0.

×èñëà cs â (1) òàêîâû, ÷òî

c0 = 1, c1 =
L + M eζ + N e2ζ

2 (1− e2ζ)
,
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ãäå
L = (α + β − 2γ + 1)2 − α + β − 1

2
,

M = −2(α + β − 1)(α + β − 2γ + 1),

N = (α + β − 1)2 + α− β +
1

2
.

×èñëî c′0 òàêæå ðàâíî åäèíèöå, à c′1 ïîëó÷àåòñÿ èç c1 èçìåíåíèåì çíàêà ζ. Îáùàÿ
ôîðìóëà äëÿ êîýôôèöèåíòîâ cs àâòîðó íåèçâåñòíà.

Èç (1) ñëåäóåò ïîäîáíîå ðàçëîæåíèå äëÿ ôóíêöèé ßêîáè ïåðâîãî ðîäà

R
(α,β)
λ (t) = F

(
−λ, λ + α + β + 1; α + 1;

1− t

2

)
. (2)

Ôóíêöèè ßêîáè òåñíî ñâÿçàíû ñî ñôåðè÷åñêèìè ôóíêöèÿìè íà ñèììåòðè÷åñêèõ ïðîñòðàí-
ñòâàõ ðàíãà îäèí (ñì. [4, ãë. 4]). Ñôåðè÷åñêèå ôóíêöèè íà åâêëèäîâûõ ïðîñòðàíñòâàõ ëåã-
êî âûðàæàþòñÿ ÷åðåç êëàññè÷åñêèå ôóíêöèè Áåññåëÿ [4, ãë. 4]. Ôóíêöèè Áåññåëÿ ïåðâîãî
ðîäà Jν(z) èìåþò ïðè z →∞, | arg z| ≤ π − ε (ε ∈ (0, π)) àñèìïòîòè÷åñêîå ðàçëîæåíèå

Jν(z) ∼
√

2

πz

[
cos

(
z − νπ

2
− π

4

) ∞∑

k=0

(−1)k(ν, 2k)(2z)−2k −

sin
(
z − νπ

2
− π

4

) ∞∑

k=0

(−1)k(ν, 2k + 1)(2z)−2k−1

]
, (3)

ãäå
(ν, m) =

Γ
(

1
2

+ ν + m
)

m! Γ
(

1
2

+ ν −m
)

(ñì. [3, òîì 2, ãë. 2, � 29, ôîðìóëà (29.4)]). Ðàçëîæåíèÿ òàêîãî òèïà ñ ÿâíûìè ôîðìóëàìè
äëÿ êîýôôèöèåíòîâ èãðàþò âàæíóþ ðîëü â ðÿäå âîïðîñîâ àíàëèçà (ñì., íàïðèìåð, [5]�[8]).

Â äàííîé ðàáîòå èññëåäóþòñÿ àñèìïòîòè÷åñêèå ñâîéñòâà ôóíêöèé

ϕλ,α,β(r) = F

(
α + β + 1 + λ

2
,
α + β + 1− λ

2
; α + 1; sin2 r

)
(4)

(α, β ∈ C, α 6= −1,−2, . . . ; 0 < r < π/2) ïðè λ → ∞. Â ñèëó (2) è (4) îíè ñâÿçàíû ñ
ôóíêöèÿìè ßêîáè ðàâåíñòâîì

R
(α,β)
λ (cos 2r) = ϕ2λ+α+β+1,α,β(r).

Ðàçëîæåíèå (1) è ôîðìóëà Ñòèðëèíãà äëÿ ãàììà-ôóíêöèè ïîêàçûâàþò, ÷òî

√
π (sin r)α+1/2(cos r)β+1/2

2α+1/2Γ(α + 1)
ϕλ,α,β(r) =

cos
(
λr − π

4
(2α + 1)

)

λα+1/2
+ O

(
er|Imλ|
λα+3/2

)
.

Íàøà öåëü � ïîëó÷èòü îáùåå ÿâíîå ðàçëîæåíèå äëÿ ϕλ,α,β(r), àíàëîãè÷íîå àñèìïòîòè÷å-
ñêîìó ðÿäó (3).
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� 2. Ôîðìóëèðîâêà îñíîâíîãî ðåçóëüòàòà

Ïîëîæèì

a0(r) = 0, a2k(r) =
(−1)k+1

2(2k)!
, a2k−1(r) =

(−1)k

2(2k − 1)!
tg r, k ∈ N, (5)

d0(r) = 0, d2k(r) =
(−1)k

(2k + 1)!
, d2k−1(r) =

(−1)k

(2k)!
ctgr, k ∈ N, (6)

ck =
∑

l1+2l2+...+klk=k

(1/2 + β)l1+···+lk(1/2− β)l1+···+lk

l1! . . . lk! (1/2 + α)l1+···+lk

al1
1 (r) . . . alk

k (r), (7)

c∗k =
k∑

j=1

(1/2 + β)j(1/2− β)j

j! (1/2 + α)j

∑

l1+···+lj=k

al1(r) . . . alj(r), (8)

γk =
∑

l1+2l2+...+klk=k

(−1)l1+···+lk(1/2− α)l1+···+lk

l1! . . . lk! (sin r)1/2−α
dl1

1 (r) . . . dlk
k (r), (9)

γ∗k =
k∑

j=1

(−1)j(1/2− α)j

j! (sin r)1/2−α

∑

l1+···+lj=k

dl1(r) . . . dlj(r). (10)

Íèæå áóäåò ïîêàçàíî (ñì. ëåììû 5, 6), ÷òî ck = c∗k, γk = γ∗k .
Îñíîâíûì ðåçóëüòàòîì äàííîé ðàáîòû ÿâëÿåòñÿ ñëåäóþùåå óòâåðæäåíèå.

Òåîðåìà 1. Ïóñòü Re α > −1

2
. Òîãäà ïðè λ → ∞, | arg λ| ≤ π − ε (0 < ε < π) èìååò

ìåñòî àñèìïòîòè÷åñêîå ðàçëîæåíèå

ϕλ,α,β(r) ∼ 2 cos
(
λr − π

4
(1 + 2α)

)
ei π

4
(1+2α)

∞∑
ν=0

Γ
(
2ν + α + 1

2

)

(2ν)!

A∗
2ν

(iλ)2ν+α+ 1
2

+

+2 sin
(
λr − π

4
(1 + 2α)

)
ei π

4
(3+2α)

∞∑
ν=0

Γ
(
2ν + α + 3

2

)

(2ν + 1)!

A∗
2ν+1

(iλ)2ν+α+ 3
2

.

Êîýôôèöèåíòû A∗
k ìîãóò áûòü âû÷èñëåíû ïî ôîðìóëå

A∗
k =

2α−1/2Γ(α + 1) sin−2α r√
π Γ(α + 1/2) cosβ+1/2 r

Ak, (11)

ãäå

Ak = k!
k∑

m=0

γmck−m = k!
k∑

m=0

γ∗mc∗k−m. (12)
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Ñëåäñòâèå 1. Ïóñòü α, β ∈ C. Òîãäà ïðè λ → ∞, | arg λ| ≤ π − ε (0 < ε < π) èìååò
ìåñòî àñèìïòîòè÷åñêîå ðàçëîæåíèå

√
π (sin r)α+1/2(cos r)β+1/2

2α+1/2Γ(α + 1)
ϕλ,α,β(r) =

cos
(
λr − π

4
(2α + 1)

)

λα+1/2
+

+

(
1

4
− α2

)
ctg r +

(
β2 − 1

4

)
tg r

2
·
sin

(
λr − π

4
(2α + 1)

)

λα+3/2
+ O

(
er|Imλ|

λα+5/2

)
. (13)

Îòìåòèì, ÷òî ðàçëîæåíèå èç ñëåäñòâèÿ 1 ñîäåðæèòñÿ â [9, ïðåäëîæåíèå 7.8]. Îòíîñè-
òåëüíî äðóãèõ ÷àñòíûõ ñëó÷àåâ òåîðåìû 1, ñì. [2, ãë. 6], [7, ÷àñòü 2, ãë. 3], [10, ÷àñòü 1,
ãë. 4, ïðåäëîæåíèå 4.5], [11].

� 3. Âñïîìîãàòåëüíûå óòâåðæäåíèÿ

Ëåììà 1. Åñëè h0 ∈ C∞[a, b], 0 ≤ a < b, Re c > 0, Re d > 0, òî ïðè λ →∞, | arg λ| ≤ π−ε
èìååò ìåñòî àñèìïòîòè÷åñêîå ðàçëîæåíèå

b∫

a

eiλt(t− a)c−1(b− t)d−1h0(t)dt ∼

eiλa+icπ

∞∑

k=0

(−1)k Γ(k + c)

k!
Ak(iλ)−k−c + eiλb

∞∑

k=0

(−1)k Γ(k + d)

k!
Bk(iλ)−k−d,

ãäå
Ak =

dk

dtk
(
(b− t)d−1h0(t)

)∣∣∣∣
t=a

,

Bk =
dk

dtk
(
(t− a)c−1h0(t)

)∣∣∣∣
t=b

.

Óòâåðæäåíèå ëåììû 1 ÿâëÿåòñÿ ÷àñòíûì ñëó÷àåì ðåçóëüòàòà, ïîëó÷åííîãî â [12, ãë. 2,
òåîðåìà 10.2]).

Ëåììà 2. Åñëè Re α > −1

2
, òî

ϕλ,α,β(r) =
2α+1/2Γ(α + 1)√

π Γ(α + 1/2)
(sin r)−2α(cos r)−β−1/2×

r∫

0

cos(λx)(cos x− cos r)α−1/2×

F

(
1

2
+ β,

1

2
− β; α +

1

2
;
cos r − cos x

2 cos r

)
dx.
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Ïðè α = β óêàçàííàÿ ôîðìóëà ñîâïàäàåò ñ èçâåñòíîé ôîðìóëîé Ìåëåðà-Äèðèõëå
(ñì. [3, ãë. 3, ï. 3.7, ôîðìóëà (27)]). Â îáùåì ñëó÷àå óòâåðæäåíèå ëåììû 2 ñîäåðæèòñÿ
â [9, ãë. 7].
Ëåììà 3. Äëÿ ëþáûõ α, β ∈ C ñïðàâåäëèâî ðàâåíñòâî

cos2 t

Γ(α + 1)
ϕλ,α,β(r) =

sin2 r

4Γ(α + 3)

(
(α− β + 3)2 − λ2

)
ϕλ,α+2,β−2(r)+

1

Γ(α + 2)

(
α + 1− (α− β + 2) sin2 r

)
ϕλ,α+1,β−1(r). (14)

Äîêàçàòåëüñòâî. Â ñèëó îïðåäåëåíèÿ (4) èìååì

ϕλ,α+1,β−1(r) = F

(
α + β + 1 + λ

2
,
α + β + 1− λ

2
; α + 2; sin2 r

)
, (15)

ϕλ,α+2,β−2(r) = F

(
α + β + 1 + λ

2
,
α + β + 1− λ

2
; α + 3; sin2 r

)
. (16)

Èñïîëüçóÿ (4), (15), (16) è ôîðìóëó
c (c− 1) (z − 1) F (a, b; c− 1; z) + c [c− 1− (2c− a− b− 1) z] F (a, b; c; z)+

(c− a) (c− b) z F (a, b; c + 1; z) = 0.

(ñì. [3, ôîðìóëà 2.8 (30)]), ïîëó÷àåì (14).
Ëåììà 4. Äëÿ ïðîèçâîäíîé ïîðÿäêà p îò ñóïåðïîçèöèè äâóõ ôóíêöèé èìååò ìåñòî
ôîðìóëà

(f(τ(t)))(p) =

p∑
m=0

f (m)(τ(t))

m!

m∑

k=0

(
m

k

)
(−1)k(τ(t))k(τm−k(t))(p), p ≥ 0. (17)

Óêàçàííîå óòâåðæäåíèå ñîäåðæèòñÿ â [13, äîêàçàòåëüñòâî òåîðåìû 2.11].
Ñëåäñòâèå 2. Åñëè τ(0) = 0, òî

(f ◦ τ)(p) (0) =

p∑
m=1

f (m)(0)

m!

∑

k1+···+km=p

p!

k1! . . . km!
τ (k1)(0) . . . τ (km)(0), p ≥ 1. (18)

Äîêàçàòåëüñòâî. Ïîñêîëüêó τ(0) = 0, èç (17) èìååì

(f ◦ τ)(p) (0) =

p∑
m=1

f (m)(0)

m!
(τm)(p) (0), p ≥ 1. (19)

Òåïåðü âîñïîëüçóåìñÿ ôîðìóëîé Ëåéáíèöà

(f1 . . . fm)(p) =
∑

k1+···+km=p

p!

k1! . . . km!
f

(k1)
1 . . . f (km)

m .

Ïîëîæèâ â ýòîé ôîðìóëå f1 = . . . = fm = τ , ïîëó÷èì

(τm)(p) =
∑

k1+···+km=p

p!

k1! . . . km!
τ (k1) . . . τ (km), m ≥ 1. (20)

Êîìáèíèðóÿ (19) ñ (20), ïðèõîäèì ê ðàâåíñòâó (18).
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Íàì ïîòðåáóþòñÿ òàêæå ñëåäóþùèå ôîðìóëû, ñâÿçàííûå ñ ïîäñòàíîâêîé ðÿäà â ðÿä
(ñì. [14, ïðèëîæåíèå 1, � 1.3, ï. 1.3.6]):

∞∑

l=0

bl

( ∞∑

k=1

ak zk

)l

=
∞∑

k=0

ck zk, |z| < R1,

∞∑

k=1

|ak zk| < R2, (21)

ck =
∑

l1+2l2+...+klk=k

(l1 + · · ·+ lk)!

l1! . . . lk!
bl1+···+lk al1

1 . . . alk
k . (22)

Â ÷àñòíîñòè,
c0 = b0, c1 = a1 b1, c2 = a1 b2 + a2 b1,

c3 = a3 b1 + 2 a1 a2 b2 + a3
1 b3,

c4 = a4 b1 + 2 a1 a3 b2 + a2
2 b2 + 3 a2

1 a3 b3 + a4
1 b4.

Ëåììà 5. Ïóñòü

f1(t) =

(
cos(t− r)− cos r

t

)α− 1
2

,

Òîãäà
f

(k)
1 (0) = k! γk = k! γ∗k,

ãäå êîíñòàíòû γk è γ∗k îïðåäåëåíû â (9), (10).

Äîêàçàòåëüñòâî. Èñïîëüçóÿ ðàçëîæåíèå êîñèíóñà è ñèíóñà â ñòåïåííîé ðÿä, èìååì

cos(t− r)− cos r

t
= sin r

(
1 +

∞∑

k=1

dk(r) tk

)
, (23)

ãäå êîýôôèöèåíòû dk(r) îïðåäåëåíû ðàâåíñòâîì (6). Ïîñêîëüêó

f(z) := (1 + z)α− 1
2 =

∞∑

l=0

(−1)l
(

1
2
− α

)
l

l!
zl,

òî èç (23) è (21), (22) íàõîäèì

(
cos(t− r)− cos r

t

)α− 1
2

= (sin r)α− 1
2

(
1 +

∞∑

k=1

dk(r)t
k

)α− 1
2

=

= (sin r)α− 1
2

∞∑

l=0

(−1)l
(

1
2
− α

)
l

l!

( ∞∑

k=1

dk(r)t
k

)l

=
∞∑

k=0

γk tk,

ãäå êîýôôèöèåíòû γk îïðåäåëåíû â (9). Òàêèì îáðàçîì, f
(k)
1 (0) = k! γk.

Äàëåå, ïîëîæèì

τ(t) =
∞∑

k=1

dk(r) tk.
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Òîãäà τ(0) = 0 è f1(t) = (sin r)α− 1
2 f(τ(t)). Ó÷èòûâàÿ, ÷òî

τ (k)(0) = k! dk(r), f (k)(0) = (−1)k

(
1

2
− α

)

k

,

ïî ñëåäñòâèþ 2 ïîëó÷àåì f
(k)
1 (0) = k! γ∗k. Ýòî çàâåðøàåò äîêàçàòåëüñòâî ëåììû.

Ëåììà 6. Ïóñòü

f2(t) = F

(
1

2
+ β,

1

2
− β; α +

1

2
;
cos r − cos(t− r)

2 cos r

)
. (24)

Òîãäà
f

(k)
2 (0) = k! ck = k! c∗k,

ãäå êîíñòàíòû ck è c∗k îïðåäåëåíû â (7), (8).

Äîêàçàòåëüñòâî. Àðãóìåíò ãèïåðãåîìåòðè÷åñêîé ôóíêöèè â (24) ìîæíî ðàçëîæèòü ñëå-
äóþùèì îáðàçîì:

τ∗(t) :=
cos r − cos(t− r)

2 cos r
=

(1− cos t) cos r − sin t sin r

2 cos r
=

=
1

2 cos r

( ∞∑

k=1

(−1)k+1

(2k)!
t2k cos r +

∞∑

k=0

(−1)k+1

(2k + 1)!
t2k+1 sin r

)
=

=
∞∑

k=1

(−1)k+1

2 · (2k)!
t2k +

∞∑

k=0

(−1)k+1

2 · (2k + 1)!
t2k+1 tg r =

=
∞∑

m=1

am(r)tm, (25)

ãäå êîýôôèöèåíòû ak(r) îïðåäåëåíû â (12). Ñîãëàñíî ðàçëîæåíèþ ãèïåðãåîìåòðè÷åñêîé
ôóíêöèè â ñòåïåííîé ðÿä

F (z) := F

(
1

2
+ β,

1

2
− β; α +

1

2
; z

)
=

∞∑

l=0

bl z
l, (26)

ãäå

bl =

(
1
2

+ β
)

l

(
1
2
− β

)
l(

1
2

+ α
)

l
l!

. (27)

Èç (21), (22) è (25)�(27) ïîëó÷àåì

F

(
1

2
+ β,

1

2
− β; α +

1

2
;
cos r − cos(t− r)

2 cos r

)
=

=
∞∑

l=0

bl

( ∞∑
m=1

am(r)tm

)l

=
∞∑

k=0

ck tk.
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Îòñþäà f
(k)
2 (0) = k! ck. Äàëåå, ïîñêîëüêó τ∗(0) = 0, τ

(k)
∗ (0) = k! ak(r),

F (l)(0) =

(
1
2

+ β
)

l

(
1
2
− β

)
l(

1
2

+ α
)

l

,

èç ñëåäñòâèÿ 2 ïîëó÷àåì f
(k)
2 (0) = k! c∗k. Òàêèì îáðàçîì, ëåììà 6 äîêàçàíà.

� 4. Äîêàçàòåëüñòâî òåîðåìû 1

Ïî ëåììå 2 èìååì ðàâåíñòâî

ϕλ,α,β(r) =
2α−1/2Γ(α + 1)√

π Γ(α + 1/2)
(sin r)−2α(cos r)−β−1/2 I(λ), (28)

ãäå

I(λ) = 2

r∫

0

cos(λx)(cos x− cos r)α−1/2×

×F

(
1

2
+ β,

1

2
− β; α +

1

2
;
cos r − cos x

2 cos r

)
dx.

Ïðåäñòàâëåíèå äëÿ I(λ) ìîæíî çàïèñàòü â âèäå

I(λ) =

r∫

−r

eiλx (cos x− cos r)α−1/2×

×F

(
1

2
+ β,

1

2
− β; α +

1

2
;
cos r − cos x

2 cos r

)
dx =

= e−iλr

2r∫

0

eiλt (cos(t− r)− cos r)α−1/2×

×F

(
1

2
+ β,

1

2
− β; α +

1

2
;
cos r − cos(t− r)

2 cos r

)
dt =

= e−iλr

2r∫

0

eiλt tα−1/2 (2r − t)α−1/2

(
cos(t− r)− cos r

t (2r − t)

)α−1/2

×

×F

(
1

2
+ β,

1

2
− β; α +

1

2
;
cos r − cos(t− r)

2 cos r

)
dt.

Èç àñèìïòîòè÷åñêîãî ðàçëîæåíèÿ èíòåãðàëîâ Ôóðüå (ñì. ëåììó 1) èìååì
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I(λ) ∼ e−iλr

(
eiπ(α+ 1

2)
∞∑

k=0

(−1)k Γ
(
k + α + 1

2

)

k!

Ak

(iλ)k+α+ 1
2

+

e2iλr

∞∑

k=0

Γ
(
k + α + 1

2

)

k!

Ak

(iλ)k+α+ 1
2

)
,

ãäå

Ak =
dk

dtk

((
cos(t− r)− cos r

t

)α− 1
2

×

F

(
1

2
+ β,

1

2
− β; α +

1

2
;
cos r − cos(t− r)

2 cos r

))∣∣∣∣∣
t=0

, k ≥ 0. (29)

Îòñþäà

I(λ) ∼ 2 cos
(
λr − π

4
(2α + 1)

)
ei π

4
(2α+1)

∞∑
ν=0

Γ
(
2ν + α + 1

2

)

(2ν)!

A2ν

(iλ)2ν+α+ 1
2

+

2 sin
(
λr − π

4
(2α + 1)

)
ei π

4
(2α+3)

∞∑
ν=0

Γ
(
2ν + 1 + α + 1

2

)

(2ν + 1)!

A2ν+1

(iλ)2ν+α+ 3
2

. (30)

Ïðè ýòîì äëÿ êîýôôèöèåíòîâ Ak èç (29) ñïðàâåäëèâî ñîîòíîøåíèå

Ak =
k∑

m=0

k!

m! (k −m)!
f

(m)
1 (0) f

(k−m)
2 (0) =

= k!
k∑

m=0

γmck−m = k!
k∑

m=0

γ∗mc∗k−m (31)

(ñì. ëåììû 5, 6). Èñïîëüçóÿ (28), (30) è (31) ïîëó÷àåì óòâåðæäåíèå òåîðåìû 1.
Â çàêëþ÷åíèå îòìåòèì, ÷òî ðàçëîæåíèå (13) ïðè Re α > −1

2
ÿâëÿåòñÿ íåïîñðåäñòâåí-

íûì ñëåäñòâèåì òåîðåìû 1. Â îáùåì ñëó÷àå (13) ïîëó÷àåòñÿ îòñþäà ìåòîäîì ïðîäîëæåíèÿ
ïî ïàðàìåòðó ñ èñïîëüçîâàíèåì ëåììû 3 (ñì. [12, ãë. 2, � 10, ï. 10.3, äîêàçàòåëüñòâî ôîð-
ìóëû (10.61)]).

9



Ñïèñîê ëèòåðàòóðû
[1] G.N. Watson, "Asymptotic expansions of hyperheometric functions", Trans. Cambridge.

Philos. Soc., 22 (1918), 277�308.

[2] Å.Â. Ãîáñîí, Òåîðèÿ ñôåðè÷åñêèõ è ýëëèïñîèäàëüíûõ ôóíêöèé, ÈË, Ì., 1952. � 476 c.

[3] Ã. Áåéòìåí, À. Ýðäåéè, Âûñøèå òðàíñöåíäåíòíûå ôóíêöèè, I, II: Íàóêà, Ì., 1973.

[4] Ñ. Õåëãàñîí, Ãðóïïû è ãåîìåòðè÷åñêèé àíàëèç, Ìèð, Ì., 1987.

[5] M. El Harchaoui, "Inversion de la transformation de Pomp�eiu locale dans les espaces
hyperboliques r�eel et complexe (Cas de deux boules)", J. Analyse Math., 67 (1995), 1�37.

[6] M. Berkani, M. El Harchaoui, R. Gay, "Inversion de la transformation de Pomp�eiu locale
dans l'espace hyperbolique quaternique � Cas des deux boules", J. Complex Variables, 43
(2000), 29�57.

[7] V.V. Volchkov, Integral geometry and convolution equations, Kluwer, Dordrecht, 2003.

[8] Âèò.Â. Âîë÷êîâ, Í.Ï. Âîë÷êîâà, "Òåîðåìû îá îáðàùåíèè ëîêàëüíîãî ïðåîáðàçîâàíèÿ
Ïîìïåéþ íà êâàòåðíèîííîì ãèïåðáîëè÷åñêîì ïðîñòðàíñòâå", Àëãåáðà è àíàëèç, 15:5
(2003), 169�197.

[9] V.V. Volchkov, Vit.V. Volchkov, Harmonic analysis of mean periodic functions on
symmetric spaces and the Heisenberg group, Springer-Verlag, London, 2009.

[10] V.V. Volchkov, Vit.V. Volchkov, O�beat integral geometry on symmetric spaces,
Birkh�auser, Basel, 2013.

[11] Í.Ï. Âîë÷êîâà, "Àíàëîã àñèìïòîòè÷åñêîãî ðÿäà Áåññåëÿ äëÿ ôóíêöèé Ôåððåðñà",
Òðóäû ÈÏÌÌ ÍÀÍ Óêðàèíû, 20 (2010), 34�38.

[12] Ý.ß. Ðèåêñòûíüø, Àñèìïòîòè÷åñêèå ðàçëîæåíèÿ èíòåãðàëîâ, I: Çèíàòíå, Ðèãà, 1974.

[13] R.J. Nessel, E. Wickeren, "Local Multiplier Criteria in Banach Spaces", Mathematica
Balkanica. New Series, 2:2-3 (1988), 114�132.

[14] Ïðóäíèêîâ À.Ï., Áðû÷êîâ Þ.À., Ìàðè÷åâ Î.È., Èíòåãðàëû è ðÿäû. Ñïåöèàëüíûå
ôóíêöèè, Íàóêà, Ì., 1983. � 750 ñ.

10



Àííîòàöèÿ

Í.Ï. Âîë÷êîâà

Èçó÷àþòñÿ àñèìïòîòè÷åñêèå ñâîéñòâà ãèïåðãåîìåòðè÷åñêîé ôóíêöèè Ãàóññà. Ïîëó÷åí
àíàëîã àñèìïòîòè÷åñêîãî ðÿäà Áåññåëÿ äëÿ ôóíêöèé ßêîáè ïåðâîãî ðîäà.

Êëþ÷åâûå ñëîâà: àñèìïòîòè÷åñêèé ðÿä, ôóíêöèè ßêîáè, ñèììåòðè÷åñêèå ïðîñòðàí-
ñòâà

Áèáëèîãðàôèÿ: 14 íàçâàíèé.

11



Abstract

N.P. Volchkova

We study asymptotic properties of the Gauss hyperheometric function. An analog of the
Bessel asymptotic expansion for the Jacobi functions of the �rst kind is obtained.
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