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Ãëàâà 1. Îñíîâíûå îïðåäåëåíèÿ

x(3x−1)2y ′′′(x)+(81x2−36x+3)y ′′(x)+(162x−36)y ′(x)+54y(x) = 0

y(x) =
∞∑

n=0

vn (x + 1)n = C0+C1(x + 1) + C2(x + 1)2+

+

(
9

16
C0 −

33

16
C1 +

5

2
C2

)
(x + 1)3 + · · ·

16n(2− n)(n − 1)vn+40n(n − 2)(n − 1)vn−1−
33n(n − 2)(n − 1)vn−2 + 9n(n − 2)(n − 1)vn−3 = 0

y(x) =
∞∑

n=0

vn xn = C0+C1x +(6C1−9C0)x2+(27C1−54C0)x3+· · ·

(−n + n3)vn + (−6n3 + 6n)vn−1 + (9n3 − 9n)vn−2 = 0
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x(3x−1)2y ′′′(x)+(81x2−36x+3)y ′′(x)+(162x−36)y ′(x)+54y(x) = 0

Ñ.À. Àáðàìîâ, Ì. Ïåòêîâøåê [1996, 2000]
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∞∑

n=0

(C0 + n C1)

(
x +

2

3

)n

vn+1

vn
∈ K(n) :

∞∑
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∞∑
n=0

3n

(
C0 +

1

3
C1n

)
xn; C0

∞∑
n=0

(−3)n

(
x − 1

3

)n

Ðÿáåíêî Àííà Àíäðååâíà 3/20



(x − 1)y ′(x)− (x − 2)y(x) = 0

Ñ.À. Àáðàìîâ, Ì. Áàðêàòó [2009]

x0 6= 1 : C0

∞∑
n=0

(
1 +

n−1∑
k=0

(1− x0)k+1

(k + 1)!

)
(x − x0)n

(1− x0)n
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x(3x−1)2y ′′′(x)+(81x2−36x+3)y ′′(x)+(162x−36)y ′(x)+54y(x) = 0

Ñ.À. Àáðàìîâ [1997, 1998, 2000]
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v2n

(
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)2n

v2n − 36v2n−2 = 0

C1
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6

)
+
∞∑
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(
x − 1
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)2n+1
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∞∑
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Öåëü ðàáîòû

Ðàçðàáîòêà íîâûõ è ðåàëèçàöèÿ (êàê íîâûõ, òàê è èçâåñòíûõ)
êîìïüþòåðíî-àëãåáðàè÷åñêèõ àëãîðèòìîâ ðåøåíèÿ ñ ïîìîùüþ
ôîðìàëüíûõ ñòåïåííûõ ðÿäîâ ëèíåéíûõ îáûêíîâåííûõ äèôôå-
ðåíöèàëüíûõ óðàâíåíèé ñ ïîëèíîìèàëüíûìè êîýôôèöèåíòàìè,
îäíîðîäíûõ è íåîäíîðîäíûõ.
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Ãëàâà 2. Íåîäíîðîäíîå ë.î.ä.ó.

Ïóñòü
Ly(x) = f (x),

ãäå L ∈ C[x ,D] è ∃M ∈ C[x ,D]: Mf (x) = 0.
Òðåáóåòñÿ íàéòè

y(x) =
∞∑

n=0

vn(x − x0)n.

M f (x) = 0 ⇒ f (x) =
∞∑

n=0

fn(x − x0)n

⇓ ⇓
M ◦ Ly(x) = 0 R2vn = fn

⇓
R1vn = 0

ordR1 > ordR2.
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Ïðåäëîæåíèå 1
Åñëè äëÿ íåîäíîðîäíîãî äèôôåðåíöèàëüíîãî óðàâíåíèÿ ñ ïîëè-

íîìèàëüíûìè êîýôôèöèåíòàìè è ïðàâîé ÷àñòüþ òàêîé, ÷òî èç-

âåñòåí àííóëèðóþùèé åå äèôôåðåíöèàëüíûé îïåðàòîð ñ ïîëè-

íîìèàëüíûìè êîýôôèöèåíòàìè, êàêàÿ-ëèáî îáûêíîâåííàÿ òî÷êà

ÿâëÿåòñÿ ãèïåðãåîìåòðè÷åñêîé, òî è âñå îáûêíîâåííûå òî÷êè ÿâ-

ëÿþòñÿ ãèïåðãåîìåòðè÷åñêèìè.
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Ãëàâà 3. m-ðàçðåæåííûå ðåøåíèÿ è m-òî÷êè

Ñ.À. Àáðàìîâ [1997, 1998, 2000]

y(x) = x + x2 +
1

360
x6 +

1

1814400
x10 +

1

43589145600
x14 + · · ·

ÿâëÿåòñÿ ðåøåíèåì Ly(x) = 0, ãäå

L =− (x4 + 4x3 + 12x2 + 16x + 9) + (x5 + 5x4 + 16x3 + 28x2 + 25x + 9)D−
(x4 + 4x3 + 8x2 + 8x + 1)D2 + (x4 + 4x3 + 12x2 + 16x + 9)D4−
(x5 + 5x4 + 16x3 + 28x2 + 25x + 9)D5 + (x4 + 4x3 + 8x2 + 8x + 1)D6.

Êîýôôèöèåíòû ðÿäà, äëÿ n > 6, óäîâëåòâîðÿþò

n(n − 1)(n − 2)(n − 3)vn − vn−4 = 0.

y(x) = x +
∞∑

n=0

x4n+2

8n

n−1∏
k=0

1

(4k + 5)(2k + 3)(4k + 3)(k + 1)
.

D4 − 1 ÿâëÿåòñÿ ïðàâûì äåëèòåëåì L.
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Ïîñòðîåíèå m-ðàçðåæåííîãî ïðàâîãî ìíîæèòåëÿ

Äëÿ L, ordL = 6.

m 2 3 4 5 6
L′ D4 − 1 1 D4 − 1 1 1

ìîäóëÿðíûé

àëãîðèòì
.040 .016 .028 .008 .004

âû÷èñëåíèÿ

ñ ïàðàìåòðîì
.076 3.888 .028 1.940 .156

Çäåñü è äàëåå ïðèâîäèòñÿ âðåìÿ (â ñåê.) ñ÷åòà â ñèñòåìå êîìïüþòåðíîé

àëãåáðû Maple 14, Ubuntu 8.04.4 LTS, AMD Athlon(tm) 64 Processor

3700+, 3GB.
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Äëÿ L ◦ L, ordL2 = 12.

m 2 3 4 5 6
L′ D4 − 1 1 D4 − 1 1 1

ìîäóëÿðíûé

àëãîðèòì
.260 .032 .296 .032 .992

âû÷èñëåíèÿ

ñ ïàðàìåòðîì
227.683 39402.790 264.121 13672.842 6486.574

Ìîäóëÿðíûé àëãîðèòì ïîèñêà äëÿ äèôôåðåíöèàëüíîãî îïåðàòîðà
ñ ïîëèíîìèàëüíûìè êîýôôèöèåíòàìè åãî m-ðàçðåæåííîãî ïðà-
âîãî äåëèòåëÿ ñ ïîñòîÿííûìè êîýôôèöèåíòàìè ïîëó÷àåò òîò æå
ðåçóëüòàò, ÷òî è àëãîðèòì, îñíîâàííûé íà âû÷èñëåíèÿõ ÍÎÄ ñ
ïàðàìåòðîì, çà ëó÷øåå âðåìÿ.
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Ïîèñê êîíå÷íîãî ìíîæåñòâà m-êàíäèäàòîâ

L = (x8 − 4x6 − 2x4 + 4x2 + 1)D2 + (4x7 − 24x5−4x3 − 8x)D+

(2x6 − 18x4 − 18x2 + 2)

Äëÿ m = 2. Ñóùåñòâóåò îäíà 2-òî÷êà: x = 0.

Ïîèñê êàíäèäàòîâ ñ ïîìîùüþ GCRDpar (Ï.Å.Ãëîòîâ[1998]): çà
âðåìÿ 1.724 ïîëó÷àåì ìíîæåñòâî èç N = 5 çíà÷åíèé.
Ïðèìåíåíèå ìîäóëÿðíî-âåðîÿòíîñòîãî àëãîðèòìà

k 1 2 3 4 5 . . . 26

t .272 .580 .728 .868 1.044 6.817
N 45 25 5 5 5 5 5

p(k) .905 .930
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Ãëàâà 4. Ýêñïîíåíöèàëüíî-ëîãàðèôìè÷åñêèå ðåøåíèÿ

6x3y ′′(x) + 2x2y ′(x) + (5x + 8)y(x) = 0

Àëãîðèòì ìíîãîóãîëüíèêîâ Íüþòîíà, àëãîðèòì Ôðîáåíèóñà.
Ý. Òóðíüå [1987], Ý. Ïôëþãåëü [1996]

x(t) = −4

3
t2, y(t) = e−

2
t t

7
6

∞∑
n=0

vnt
n

−144nvn + (−113− 36n2 + 36n)vn−1 = 0

y(t) = t
7
6 e−

2
t

(
1− 113

144
t +

20905

41472
t2 − 6877745

17915904
t3 + O(t4)

)

y(t) = t
7
6 e−

2
t C0

∞∑
n=0

(
− 1

144

)n n−1∏
k=0

(
113 + 36k + 36k2

k + 1

)
tn
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(x2 + 1)x y ′′(x) + (7x2 + 1) y ′(x) + 8x y(x) = 0

x =
1

t
, y(t) = t2

(
ln(t)

∞∑
n=0

v0,nt
n +

∞∑
n=0

v1,nt
n

)
(n2 − 2n)v0,n + n2v0,n−2 = 0

(n2 − 2n)v1,n + n2v1,n−2 + (2n − 2)v0,n + 2nv0,n−2 = 0

y1(t) = t2(t2 − 2t4 + O(t6))

y2(t) = t2

(
−1

2
+ (1 + ln(t)) t2 +

(
−3

2
− 2 ln(t)

)
t4 +O(t6)

)

y(t) = t2

(
−C0

∞∑
n=0

n(−1)nt2n − C1

(
ln(t)

∞∑
n=0

n(−1)nt2n +
1

2

∞∑
n=0

(−1)nt2n

))
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Ãëàâà 5. MAPLE-ïàêåò Slode

FPseries, FTseries � ïîñòðîåíèå ðåøåíèÿ â âèäå ñòåïåííîãî
ðÿäà â çàäàííîé òî÷êå

candidate_points, candidate_mpoints � ïîñòðîåíèå
ìíîæåñòâà òî÷åê êàíäèäàòîâ

polynomial_series_sol, rational_series_sol,
hypergeom_series_sol, dAlembertian_series_sol �
ïîñòðîåíèå ðåøåíèÿ â âèäå ðÿäà ñ êîýôôèöèåíòàìè çàäàííîãî
òèïà

msparse_series_sol, mhypergeom_series_sol � ïîñòðîåíèå
ðàçðåæåííûõ ðåøåíèé

hypergeom_formal_sol, mhypergeom_formal_sol,
dAlembertian_formal_sol � ïîñòðîåíèå ôîðìàëüíûõ
ýêñïîíåíöèàëüíî-ëîãàðèôìè÷åñêèõ ðåøåíèé ñ
êîýôôèöèåíòàìè çàäàííîãî òèïà

http://www.maplesoft.com/support/help/
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Ïóáëèêàöèè ïî òåìå äèññåðòàöèè:

Ìàòåðèàëû äèññåðòàöèè îïóáëèêîâàíû â 10 ïå÷àòíûõ ðàáîòàõ,
èç íèõ 7 ñòàòåé â ðåöåíçèðóåìûõ æóðíàëàõ èç ïåðå÷íÿ ÂÀÊ è 3
ñòàòüè â ñáîðíèêàõ òðóäîâ êîíôåðåíöèé.
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Îñíîâíûå ðåçóëüòàòû:

1. Àëãîðèòìû ïîñòðîåíèÿ ðåøåíèé â âèäå ðÿäîâ è àëãîðèòìû ïî-
èñêà òî÷åê äëÿ ñëó÷àÿ îäíîðîäíîãî ë.î.ä.ó. ïåðåíåñåíû íà ñëó÷àé
íåîäíîðîäíîãî óðàâíåíèÿ.

2. Ðàçðàáîòàí ìîäóëÿðíî-âåðîÿòíîñòíûé àëãîðèòì ïîñòðîåíèÿ
ìíîæåñòâà m-êàíäèäàòîâ äëÿ îäíîðîäíîãî ë.î.ä.ó.

3. Ðàçðàáîòàí àëãîðèòì ïîèñêà ãèïåðãåîìåòðè÷åñêèõ è äàëàìáå-
ðîâûõ ðåøåíèé ñèñòåìû ðåêóððåíòíûõ ñîîòíîøåíèé, âîçíèêàþ-
ùåé â çàäà÷å ïîñòðîåíèÿ â îñîáîé òî÷êå ë.î.ä.ó. ôîðìàëüíûõ
ýêñïîíåíöèàëüíî-ëîãàðèôìè÷åñêèõ ðåøåíèé.

4. Â ñèñòåìå êîìïüþòåðíîé àëãåáðû MAPLE ðåàëèçîâàí ïàêåò
Slode.
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Ïðèìåð èñïîëüçîâàíèÿ Slode

x − y2 − 1 = 0

(x − 1)
1
2

−RootOf(1− a + _Z 2)

2
√
π

∞∑
n=0

Γ

(
n − 1

2

)
(1− a)n Γ(n + 1)

(x − a)n

(−1− x6 + 2 x3) y2 + (−2 + 2 x3) y + x11 − 2 x8 + x5 − 1 = 0

y(x) = −x
5
2 −

∞∑
n=0

x3n
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