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VI. Ñàêðàëüíîå óðàâíåíèå

1. Ïðÿìîå ïðîèçâåäåíèå êîðòîâ æåíñêîãî è ìóæñêîãî ðîäà

2. Ðåïðåçåíòàòîðû φ(α, i) � âåùåñòâåííîçíà÷íûå ôóíêöèè äâóõ íå÷èñëîâûõ ïåðå-
ìåííûõ

3. Âåðèôèêàòîð Φ � âåùåñòâåííîçíà÷íàÿ ôóíêöèÿ s ·r âåùåñòâåííûõ ïåðåìåííûõ
4. Ñàêðàëüíîå óðàâíåíïå ðàíãà (s, r)

5. Ñàêðàëüíîå óðàâíåíïå ðàíãà (2, 2)

6. Ðåøåíèå Êóëàêîâà (1961)

7. Ìåõàíèêà. Çàêîí Íüþòîíà

8. Ýëåêòðîäèíàìèêà. Çàêîí Îìà äëÿ ó÷àñòêà öåïè

9. Ñàêðàëüíîå óðàâíåíïå ðàíãà (2, 3)

10. Ðåøåíèå Ìèõàéëè÷åíêî

11. Ýëåêòðîäèíàìèêà. Çàêîí Îìà äëÿ âñåé öåïè

12. Ïðîåêòèâíàÿ ãåîìåòðèÿ

13. Îïòèêà. Òîëñòûå ëèíçû

14. Íàó÷íûé ïîäâèã ìîåãî àñïèðàíòà Ãåííàäèÿ Ìèõàéëè÷åíêî

15. ×åòûðå ðåãóëÿðíûõ è äâà ñïîðàäè÷åñêèõ ðåøåíèÿ Ìèõàéëè÷åíêî

n

K
00
α1...αn;i1...in

(
n−1

a ) =

∣∣∣∣∣∣∣
n−1

a α1i1 . . .
n−1

a α1in

. . . . . . . . . . . . . . . . . . .
n−1

a αni1 . . .
n−1

a αnin

∣∣∣∣∣∣∣ ≡ 0

n−1

a αi= ξ(α)1x
1(i) + . . .+ ξ(α)n−1x

n−1(i)

n

K
01
α1...αn;i1...in+1

(
n−1

u ) =

∣∣∣∣∣∣∣∣
1 . . . 1

n−1

u α1i1 . . .
n−1

u α1in+1

. . . . . . . . . . . . . . . . . . . .
n−1

u αni1 . . .
n−1

u αnin+1

∣∣∣∣∣∣∣∣ ≡ 0

n−1

u αi= σ(α) + ξ(α)1x
1(i) + . . .+ ξ(α)n−1x

n−1(i)

n

K
10
α1...αn+1;i1...in

(
n−1

v ) =

∣∣∣∣∣∣∣
1

n−1

v α1i1 . . .
n−1

v α1in

. . . . . . . . . . . . . . . . . . . . . . . . .

1
n−1

v αn+1i1 . . .
n−1

v αn+1in

∣∣∣∣∣∣∣ ≡ 0

n−1

v αi= s(i) + ξ(α)1x
1(i) + . . .+ ξ(α)n−1x

n−1(i)

1



n

K
11
α1...αn+1;i1...in+1

(
n−1

w ) =

∣∣∣∣∣∣∣∣
0 1 . . . 1

1
n−1

w α1i1 . . .
n−1

w α1in+1

. . . . . . . . . . . . . . . . . . . . . . . . . . .

1
n−1

w αn+1i1 . . .
n−1

w αn+1in+1

∣∣∣∣∣∣∣∣ ≡ 0

n−1

w αi= s(i) + σ(α) + ξ(α)1x
1(i) + . . .+ ξ(α)n−1x

n−1(i)

◦ •

◦
n

K 00(
n−1

a )
n

K 01(
n−1

u )

•
n

K 10(
n−1

v )
n

K 11(
n−1

w )

Ñïîðàäè÷åñêèå ðåøåíèå ñàêðàëüíîãî óðàâíåíèÿ.

◦ • i k

α 1 pαipαk pαi pαk

β 1 pβipβk pβi pβk

γ 1 pγipγk pγi pγk

δ 1 pδipδk pδi pδk

pαi =
ξαxi + σα

xi + ζα

i k m n

◦ 1 1 1 1

• qαiqβi qαkqβk qαmqβm qαnqβn

α qαi qαk qαm qαn

β qβi qβk qβm qβn

qαi =
ξαxi + yi
ξα + zi

16. Ðàñùåïëåíèå ïåðâîãî ðåãóëÿðíîãî ðåøåíèÿ ðàçðÿäà n = 1 ðàíãà (1, 1) íà ïðî-
èçâåäåíèå äâóõ îáú¼ìîâ:
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17. Ðàñùåïëåíèå âòîðîãî ðåãóëÿðíîãî ðåøåíèÿ ðàçðÿäà n = 1 ðàíãà (1, 2) íà ïðî-
èçâåäåíèå äâóõ îáú¼ìîâ:
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19. Ðàñùåïëåíèå ÷åòâ¼ðòîãî ðåãóëÿðíîãî ðåøåíèÿ ðàçðÿäà n = 1 ðàíãà (2, 2) íà
ïðîèçâåäåíèå äâóõ îáú¼ìîâ:
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20. Ðàñùåïëåíèå ïåðâîãî ðåãóëÿðíîãî ðåøåíèÿ ðàçðÿäà n = 2 ðàíãà (2, 2) íà ïðî-
èçâåäåíèå äâóõ îáú¼ìîâ:
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21. Ðàñùåïëåíèå âòîðîãî ðåãóëÿðíîãî ðåøåíèÿ ðàçðÿäà n = 2 ðàíãà (2, 3) íà ïðî-
èçâåäåíèå äâóõ îáú¼ìîâ:
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2

v (α, i) = s(i) + ξ(α)x(i) + η(α)y(i).

23. Ðàñùåïëåíèå ÷åòâ¼ðòîãî ðåãóëÿðíîãî ðåøåíèÿ ðàçðÿäà n = 2 ðàíãà (3, 3) íà
ïðîèçâåäåíèå äâóõ îáú¼ìîâ:

4.

2

K
10
αβ γ;i km

(
2

w) =

∣∣∣∣∣∣∣∣∣∣∣

0 1 1 1

−1
2

w (α, i)
2

w (α, k)
2

w (α,m)

−1
2

w (β, i)
2

w (β, k)
2

w (β,m)

−1
2

w (γ, i)
2

w (γ, k)
2

w (γ,m)

∣∣∣∣∣∣∣∣∣∣∣
=

=

∣∣∣∣∣∣∣∣∣
1 ξ(α) η(α)

1 ξ(β) η(β)

1 ξ(γ) η(γ)

∣∣∣∣∣∣∣∣∣ ·
∣∣∣∣∣∣∣∣∣

1 1 1

x(i) x(k) x(m)

y(i) y(k) y(m)

∣∣∣∣∣∣∣∣∣ = W̃αβ γ · W̃i km,

2

w (α, i) = σα + s(i) + ξ(α)x(i) + η(α)y(i).

24. Ðàñùåïëåíèå ïåðâîãî ðåãóëÿðíîãî ðåøåíèÿ ðàçðÿäà n ðàíãà (n, n) íà ïðîèçâå-
äåíèå äâóõ îáú¼ìîâ:

4



1.

n

K
00
α1...αn;i1...in

(
n

a) =

∣∣∣∣∣∣
n

aα1i1 . . .
n

aα1in

. . . . . . . . . . . . . . . .
n

aαni1 . . .
n

aαnin

∣∣∣∣∣∣ =

=

∣∣∣∣∣∣∣∣∣∣
0 1 0 . . . 0
−1 0 0 . . . 0

0 0
n

aα1i1 . . .
n

aα1in

. . . . . . . . . . . . . . . . . . . . . . . .

0 0
n

aαni1 . . .
n

aαnin

∣∣∣∣∣∣∣∣∣∣
=

=

∣∣∣∣∣∣∣∣∣∣
0 1 0 . . . 0
−1 0 0 . . . 0
0 0 ξ(α1)1 . . . ξ(α1)n
. . . . . . . . . . . . . . . . . . . . . . . . . . .
0 0 ξ(αn)1 . . . ξ(αn)n

∣∣∣∣∣∣∣∣∣∣
·

∣∣∣∣∣∣∣∣∣∣
1 0 0 . . . 0
0 1 0 . . . 0
0 0 x1(i1) . . . x1(in)
. . . . . . . . . . . . . . . . . . . . . . . .
0 0 xn(i1) . . . xn(in)

∣∣∣∣∣∣∣∣∣∣
=

=

∣∣∣∣∣∣
ξ(α1)1 . . . ξ(α1)n
. . . . . . . . . . . . . . . . . . .
ξ(αn)1 . . . ξ(αn)n

∣∣∣∣∣∣ ·
∣∣∣∣∣∣
x1(i1) . . . x1(in)
. . . . . . . . . . . . . . . . . .
xn(i1) . . . xn(in)

∣∣∣∣∣∣ = Vα1...αn
· Vi1...in

,

n

aαi= ξ(α)1x
1(i) + . . .+ ξ(α)nx

n(i)

25. Ðàñùåïëåíèå âòîðîãî ðåãóëÿðíîãî ðåøåíèÿ ðàçðÿäà n ðàíãà (n, n+ 1) íà ïðî-
èçâåäåíèå äâóõ îáú¼ìîâ:

5



2.

n

K
01
α1...αn;i1...inin+1

(
n

u) =

∣∣∣∣∣∣∣∣
1 . . . 1 1

n

uα1i1 . . .
n

uα1in

n

uα1in+1

. . . . . . . . . . . . . . . . . . . . . . . . .
n

uαni1 . . .
n

uαnin

n

uαnin+1

∣∣∣∣∣∣∣∣ =

=

∣∣∣∣∣∣∣∣∣∣
0 1 . . . 1 1
−1 0 . . . 0 0

0
n

uα1i1 . . .
n

uα1in

n

uα1in+1

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .

0
n

uαni1 . . .
n

uαnin

n

uαnin+1

∣∣∣∣∣∣∣∣∣∣
=

=

∣∣∣∣∣∣∣∣∣∣
0 1 0 . . . 0
−1 0 0 . . . 0
0 σ(α1) ξ(α1)1 . . . ξ(α1)n
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
0 σ(αn) ξ(αn)1 . . . ξ(αn)n

∣∣∣∣∣∣∣∣∣∣
·

∣∣∣∣∣∣∣∣∣∣
1 0 . . . 0 0
0 1 . . . 1 1
0 x1(i1) . . . x1(in) x1(in+1)
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
0 xn(i1) . . . xn(in) xn(in+1)

∣∣∣∣∣∣∣∣∣∣
=

=

∣∣∣∣∣∣∣∣
1 0 . . . 0

σ(α1) ξ(α1)1 . . . ξ(α1)n
. . . . . . . . . . . . . . . . . . . . . . . . . .
σ(αn) ξ(αn)1 . . . ξ(αn)n

∣∣∣∣∣∣∣∣ ·
∣∣∣∣∣∣∣∣

1 . . . 1 1
x1(i1) . . . x1(in) x1(in+1)
. . . . . . . . . . . . . . . . . . . . . . . . . . . .
xn(i1) . . . xn(in) xn(in+1)

∣∣∣∣∣∣∣∣ =
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∣∣∣∣∣∣∣∣
1 ξ(α1)1 . . . ξ(α1)n
. . . . . . . . . . . . . . . . . . . . . . . . . .
1 ξ(αn)1 . . . ξ(αn)n
1 ξ(αn+1)1 . . . ξ(αn+1)n

∣∣∣∣∣∣∣∣ ·
∣∣∣∣∣∣∣∣

1 . . . 1 1
x1(i1) . . . x1(in) x1(in+1)
. . . . . . . . . . . . . . . . . . . . . . . . . . . .
xn(i1) . . . xn(in) xn(in+1)

∣∣∣∣∣∣∣∣ =
= W̃α1...αnαn+1

· W̃i1...inin+1
,

n

wαi= s(i) + σ(α) + ξ(α)1x
1(i) + . . .+ ξ(α)nx

n(i)

Ðàñùåïëåíèå ÷åòûðåõ ðåïðåçåíòàòîðîâ íà ÷åòûðå �ñóïåðâåêòîðà� æåíñêîãî è
ìóæñêîãî ðîäà

◦ •

◦ (0 0) (0 σ) âåêòîð êðèïòîâåêòîð

• (1 0) (1 σ) òî÷êà êðèïòîòî÷êà

◦ •

◦
(
0
0

) (
s
0

)
âåêòîð êðèïòîâåêòîð

•
(
0
1

) (
s
1

)
òî÷êà êðèïòîòî÷êà

1.
n

K
00
α1...αn;i1...in

(
n

a) = Vα1...αn
· Vi1...in

.

Ðàñùåïëåíèå âåðèôèêàòîðà
n

K 00(
n

a) íà ïðîèçâåäåíèå äâóõ îáúåìîâ ñèìïëåêñîâ, ïî-
ñòðîåííûõ íà n-âåêòîðàõ â n-ìåðíûõ ïðîñòðàíñòâàõ.
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2.
n

K
01
α1...αn;i1...inin+1

(
n

u) = Ṽα1...αn
·Wi1...inin+1

.

Ðàñùåïëåíèå âåðèôèêàòîðà
n

K 01(
n

u) íà ïðîèçâåäåíèå îáúåìà ñèìïëåêñà, ïîñòðîåííîãî
íà n êðèïòîâåêòîðàõ è îáúåìà, ïîñòðîåííîãî íà n+1 òî÷êàõ â n-ìåðíîì ïðîñòàðíñòâå.

3.
n

K
10
α1...αnαn+1;i1...in

(
n

v) = Wα1...αnαn+1
· Ṽi1...in

.

Ðàñùåïëåíèå âåðèôèêàòîðà
n

K 10(
n

v) íà ïðîèçâåäåíèå îáúåìà ñèìïëåêñà, ïîñòðîåííîãî
íà n + 1 òî÷êàõ è îáúåìà ñèìïëåêñà ïîñòðîåííîãî íà n êðèïòîâåêòîðàõ â n-ìåðíîì
ïðîñòðàíñòâå.

4.
n

K
11
α1...αnαn+1;i1...inin+1

(
n

w) = W̃α1...αnαn+1
· W̃i1...inin+1

Ðàñùåïëåíèå âåðèôèêàòîðà
n

K 11(
n

w) íà ïðîèçâåäåíèå îáúåìîâ äâóõ ñèìïëåêñîâ, ïî-
ñòðîåííûõ íà n+ 1 êðèïòîòî÷êàõ â n-ìåðíûõ ïðîñòðàíñòâàõ.

Âåðøèíà ìàòåìàòèêè (Ýéäîñîëîãèÿ)

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S

Ýéäîñ

?? ?
êîðòû

?? ?
íàòóð. ÷èñëà

?? ?
ãîáåëåíû

?? ?
ñàêðàëüíûå óðàâíåíèÿ

?? ?

- �

ìàòåìàòèêà

Îñíîâàíèÿ ìàòåìàòèêè

Îêåàí
ìàòåìàòèêè

Îêåàí
ìàòåìàòèêè
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