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Information for speakers

Our expectations. We like understandable talks. In any case we prefer to
hear and understand a small amount of information than to hear a large
number of incomprehensible information. We feel good about the fact that
we are reminded of all the de�nitions. We do not treat the talk as a
formality.

We prefer to learn about proofs. It is much more important for us to
understand the ideas of the proof than to understand the technical details.

We do not like very fast presentations. It is important that the audience
would have the opportunity to ask questions before the topic changes
cardinally.
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First guess, then prove.
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Âòîðîé ïðåïðèíò



Äçåòà-ôóíêöèÿ Ðèìàíà

ζ(s) = 1−s + 2−s + · · ·+ k−s + . . .

Ýòîò ðÿä Äèðèõëå ñõîäèòñÿ â ïîëóïëîñêîñòè Re(s) > 1, íî
îïðåäåëÿåìàÿ èì ôóíêöèÿ ìîæåò áûòü àíàëèòè÷åñêè ïðîäîëæåíà íà
âñþ êîìïëåêñíóþ ïëîñêîñòü çà èñêëþ÷åíèåì òî÷êè s = 1, êîòîðàÿ
ÿâëÿåòñÿ åäèíñòâåííûì (è ïðîñòûì) ïîëþñîì ìåðîìîôíîé ôóíêöèè
ζ(s).

Ãàðìîíè÷åñêèé ðÿä
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Äðóãîå îïðåäåëåíèå äçåòà-ôóíêöèè

Òåîðåìà (Òîæäåñòâî Ýéëåðà [1737]).

ζ(s) = 1−s + 2−s + · · ·+ k−s + . . .

=
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Áåñêîíå÷íîñòü ìíîæåñòâà ïðîñòûõ ÷èñåë

Òîæäåñòâî Ýéëåðà:

1−s + 2−s + · · ·+ k−s + . . . =
∏

p � ïðîñòîå

1

1− p−s

Òåîðåìà (Åâêëèä). Ñóùåñòâóåò áåñêîíå÷íî ìíîãî ïðîñòûõ ÷èñåë.

Äîêàçàòåëüñòâî (Ýéëåð). Åñëè áû êîëè÷åñòâî ïðîñòûõ ÷èñåë áûëî
êîíå÷íûì, òî ãàðìîíè÷åñêèé ðÿä èìåë áû êîíå÷íóþ ñóììó:
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Ñêîëü ìíîãî ïðîñòûõ ÷èñåë?

π(x) � êîëè÷åñòâî ïðîñòûõ ÷èñåë, íå ïðåâîñõîäÿùèõ x

C. Gauss: π(x) ≈ Li(x) =
∫ x
2

1

ln(t)dt

Òåîðåìà (Riemann [1859]).

π(x) = Li(x)− 1

2
Li(x

1

2 ) +
∑

ζ(ρ) = 0

Re(ρ) ̸= 0

Li(xρ) + (ìàëûå ñëàãàåìûå)



Âå÷íàÿ ïðîáëåìà

Ãèïîòåçà Ðèìàíà (1859)
Ïðîáëåìà Ãèëüáåðòà (1900)
Ïðîáëåìà òûñÿ÷åëåòèÿ (XXI âåê)

Âñå íåâåùåñòâåííûå (íàçûâàåìûå

íåòðèâèàëüíûìè) íóëè ôóíêöèè ζ(s)
ëåæàò íà êðèòè÷åñêîé ïðÿìîé

Re(s) =
1

2

Ýêâèâàëåíòíàÿ ôîðìóëèðîâêà.

π(x) = Li(x) + O(x
1

2 ln2(x))



Ïðèëîæåíèÿ ãèïîòåçû Ðèìàíà

Òåîðåìà (Manindra Agrawal, Neeraj Kayal è Nitin Saxena [2002].
Ñóùåñòâóåò äåòåðìèíèðîâàííûé àëãîðèòì, êîòîðûé ðàñïîçíà¼ò,
ÿâëÿåòñÿ ëè äàííîå ÷èñëî p ïðîñòûì èëè íåò, çà ïîëèíîìèàëüíîå
âðåìÿ.

Ïåðâîíà÷àëüíîå äîêàçàòåëüñòâî: çà âðåìÿ O
(
ln12+ϵ(p)

)
Carl Pomerance è Hendrik W. Lenstra [2006]: çà âðåìÿ O

(
ln6+ϵ(p)

)
Òåîðåìà (Gary L. Miller [1976]. Ñóùåñòâóåò äåòåðìèíèðîâàííûé
àëãîðèòì, êîòîðûé ðàñïîçíà¼ò, ÿâëÿåòñÿ ëè äàííîå ÷èñëî p ïðîñòûì
èëè íåò, çà âðåìÿ

O
(
ln4+ϵ(p)

)
,

åñëè âåðíà (ðàñøèðåííàÿ) ãèïîòåçà Ðèìàíà.



Ãèïîòåçà Ðèìàíà è ôèçèêà

Joint online seminar of Saint Petersburg State University and
Peking University. Thursday, November, 14 at 3-5 PM Moscow

Lecture 2. Real-Valued Spacetime Dimensions, Black Hole Dualities, and
the Riemann Zeta Function

Speaker: Irina Aref'eva (Steklov Mathematical Institute, Moscow)

Abstract: ... This talk will also address the emergence of negative
dimensions, which appear when attempting to describe black hole
thermodynamics using quantum statistical models. ... To assign
mathematical meaning to geometrical objects in negative dimensions, we
use analytical continuation and properties of the Riemann zeta function.

I. Aref'eva and I.Volovich, �Violation of the Third Law of Thermodynamics
by Black Holes, Riemann Zeta Function and Bose Gas in Negative
Dimensions�, Eur. Phys. J. Plus 139, 300 (2024)



Ïåðåôîðìóëèðîâêè ãèïîòåçû Ðèìàíà

Kevin Alfred Broughan

Equivalents of the Riemann Hypothesis

Volume 1. Arithmetic Equivalents (325 pp, 2017)
Volume 2. Analytical Equivalents (491 pp, 2017)
Volume 3. Further steps towards resolving

the Riemann hypothesis (684 pp, 2024)

Encyclopedia of Mathematics and its Applications

Cambridge University Press

Vol. 1, p. 241: �A subset T ⊂ N is computable if there
is an algorithm to determine in a �nite number of steps
whether or not an arbitrary given natural number is a
member of T [44]. From the theory of algorithms it
follows that RH is decidable, i.e. its truth or negation
are able to be proved.�



Ãèïîòåçà Ðèìàíà � ýòî î÷åíü ïðîñòî!

Òåîðåìà (A. Turing [1939])

RH ∈ Π0
2

RH ⇔ ∀x1 . . . xm∃y1 . . . ynϕ(x1, . . . , xm, y1, . . . , yn)

Òåîðåìà (G. Kreisel [1958])

RH ∈ Π0
1

RH ⇔ ∀x1 . . . xmψ(x1, . . . , xm)



Ãèïîòåçà Ðèìàíà äëÿ øêîëüíèêîâ
Òåîðåìà (Ìàòèÿñåâè÷ [2018]). Ãèïîòåçà Ðèìàíà âåðíà åñëè è

òîëüêî åñëè ñëåäóþùàÿ ïðîãðàììà íà ÿçûêå Python 3 íå çàâåðøàåò

ðàáîòó:
from math import gcd
d=m=p=0
f0=f1=f3=n=q=1
while p**2*(m=f 0 )< f3 :

d=2*n*d=(=1)**n* f 1
n=n+1
g=gcd (n , q )
q=n*q//g
i f g==1: p=p+1
m=0; q2=q
while q2>1:

q2=q2 //2 ; m=m+d
f1=2* f 0
f 0=2*n* f 0
f 3=(2*n+3)* f 3



https://scottaaronson.blog/?p=2741



Äçåòà-ôóíêöèÿ íå ïðîñòà

D.Hilbert [1900]
Íàïðèìåð, ðàññìîòðèì êëàññ òåõ ôóíêöèé, êîòîðûå ìîæíî
õàðàêòåðèçîâàòü äèôôåðåíöèàëüíûìè óðàâíåíèÿìè, îáûêíîâåííûìè
èëè â ÷àñòíûõ ïðîèçâîäíûõ. Êàê ìû ýòî ñåé÷àñ óâèäèì, â ýòîò êëàññ
íå âõîäÿò ôóíêöèè, êîòîðûå ïîðîæäàþòñÿ òåîðèåé ÷èñåë è
èññëåäîâàíèå êîòîðûõ äëÿ íàñ ÷ðåçâû÷àéíî âàæíî. Íàïðèìåð,
óïîìÿíóòàÿ óæå ôóíêöèÿ ζ(s) íå óäîâëåòâîðÿåò íèêàêîìó
àëãåáðàè÷åñêîìó äèôôåðåíöèàëüíîìó óðàâíåíèþ, êàê ýòî ëåãêî
óñìîòðåòü èç èçâåñòíîãî ñîîòíîøåíèÿ ìåæäó ζ(s) è ζ(1− s) ïîëüçóÿñü
ïðåäëîæåíèåì, äîêàçàííûì Ã¼ëüäåðîì, î òîì, ÷òî ôóíêöèÿ Γ(x) íå
óäîâëåòâîðÿåò íèêàêîìó àëãåáðàè÷åñêîìó äèôôåðåíöèàëüíîìó
óðàâíåíèþ.

V. E. E. Stadigh [1902]
Ä. Ä. Ìîðäóõàé-Áîëòîâñêîé [1914]
À. Ì. Îñòðîâñêèé [1920]



Çíàêîïåðåìåííàÿ äçåòà-ôóíêöèÿ

ζ(s) =
∞∑
n=1

n−s

η(s) =
∞∑
n=1

(−1)n+1n−s

η(s) = (1− 2× 2−s)ζ(s)



Íåäîñòèæèìàÿ àìáèöèîçíàÿ öåëü

Íàéòè ëèíåéíûé ìíîãî÷ëåí

P(y0, y1, . . . , yN−1) = y0 + c1y1 + · · ·+ cN−1yN−1 − b

ñ ÷èñëåííûìè êîýôôèöèåíòàìè

b, c1, . . . , cN−1

òàêîé ÷òî äëÿ âñåõ êîìïëåêñíûõ a

P
(
η(a), η′(a), . . . , η⟨N−1⟩(a)

)
= 0.

η(s) =
∞∑
n=1

(−1)n+1n−s



Íåäîñòèæèìàÿ àìáèöèîçíàÿ öåëü

P(y0, y1, . . . , yN−1) = y0 + c1y1 + · · ·+ cN−1yN−1 − b

... òàêîé ÷òî äëÿ âñåõ êîìïëåêñíûõ a

P
(
η(a), η′(a), . . . , η⟨N−1⟩(a)

)
= 0.

A = {a0, . . . , aN−1} � êîìïëåêñíûå ÷èñëà â îáùåì ïîëîæåíèè

η(a0) + c1η
′(a0) + · · ·+ cN−1η

⟨N−1⟩(a0)− b = 0

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

η(aN−1) + c1η
′(aN−1) + · · ·+ cN−1η

⟨N−1⟩(aN−1)− b = 0

b(A), c1(A), . . . , cN−1(A) � ðåøåíèå ýòîé ñèñòåìû



Òåñòîâûå ìíîæåñòâà

A1 A2



Ðåøåíèÿ ñèñòåìû

A = A1 A = A2

c1(A) 7.30910 . . . − 0.26348 . . . i 7.35147 . . . − 0.23197 . . . i
c2(A) 23.85173 . . . − 1.81924 . . . i 24.15410 . . . − 1.61238 . . . i
c3(A) 45.96860 . . . − 5.55318 . . . i 46.92441 . . . − 4.95964 . . . i
c4(A) 58.22426 . . . − 9.89546 . . . i 59.99059 . . . − 8.91557 . . . i
c5(A) 50.94334 . . . − 11.42336 . . . i 53.05986 . . . − 10.39502 . . . i
c6(A) 31.43810 . . . − 8.94113 . . . i 33.15830 . . . − 8.22831 . . . i
c7(A) 13.68711 . . . − 4.81140 . . . i 14.64820 . . . − 4.48445 . . . i
c8(A) 4.11913 . . . − 1.75935 . . . i 4.48375 . . . − 1.66349 . . . i
c9(A) 0.81560 . . . − 0.41866 . . . i 0.90549 . . . − 0.40230 . . . i
c10(A) 0.09551 . . . − 0.05857 . . . i 0.10851 . . . − 0.05731 . . . i
c11(A) 0.00500 . . . − 0.00365 . . . i 0.00583 . . . − 0.00365 . . . i

b(A1) = 0.99999999999999430995...+ 0.00000000000000951329...i,

b(A2) = 1.00000000000000637109...+ 0.00000000000003070321...i.



Ðåø¼òêè

AG(a, δ1, δ2,N1,N2) =

= {a+kδ1+ℓδ2 | k = 0, . . . ,N1, ℓ = 0, . . . ,N2}

A1 = AG(−2.5+ 5i, 2+ i, 1+ 2i, 2, 3)

A1



Ðåøåíèÿ ñèñòåìû äëÿ ðåø¼òîê

A = AG(a, δ1, δ2,N1,N2) = {a+ kδ1 + ℓδ2 | k = 0, . . . ,N1, ℓ = 0, . . . ,N2}

a δ1 δ2 N1 N2 N |b(A)− 1|
−200+ 15i 50 50i 5 5 36 1.0523 . . . · 10−57

−5+ 15i 5 5i 5 5 36 5.7251 . . . · 10−64

30i 0.0001 0.0001i 5 5 36 1.1424 . . . · 10−53

0.25+ 30i 0.0001 0 59 0 60 5.3809 . . . · 10−98

0.5+ 30i 0 3i 0 59 60 2.0739 . . . · 10−56

−200+ 10000i 50 50i 5 5 36 3.8883 . . . · 10−51

N = (N1 + 1)(N2 + 1)



Äèñêðåòíûå êðóãè

AC(c , r ,N) = {c+e2πik/N r | k = 0, . . . ,N−1}

A2 = AC(0.5+ 7i, 3+ 2i, 12)

A2



Ðåøåíèÿ ñèñòåìû äëÿ äèñêðåòíûõ êðóãîâ

AC(c , r ,N) = {c + e
2πik/N r | k = 0, . . . ,N − 1}

c r N |b(AC(a, r ,N))− 1|
10i 10−5 24 1.2861 . . . · 10−32

−1+ 20i 10−3 36 6.2669 . . . · 10−52

0.25+ 30i 10−1 60 5.4442 . . . · 10−98

0.6+ 40i 1 72 1.1660 . . . · 10−121

1+ 50i 10 80 4.6580 . . . · 10−138

2+ 60i 102 96 4.5686 . . . · 10−225

70i 103 120 3.9966 . . . · 10−1623



Ïðàâèëî Êðàìåðà

A = {a0, . . . , aN−1} � êîìïëåêñíûå ÷èñëà â îáùåì ïîëîæåíèè

η(a0) + c1η
′(a0) + · · ·+ cN−1η

⟨N−1⟩(a0)− b = 0

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

η(aN−1) + c1η
′(aN−1) + · · ·+ cN−1η

⟨N−1⟩(aN−1)− b = 0

b(A), c1(A), . . . , cN−1(A) � ðåøåíèå ýòîé ñèñòåìû

b(A) =

∣∣∣∣∣∣∣
η(a0) η′(a0) . . . η⟨N−1⟩(a0)
...

...
. . .

...

η(aN−1) η′(aN−1) . . . η⟨N−1⟩(aN−1)

∣∣∣∣∣∣∣∣∣∣∣∣∣∣
1 η′(a0) . . . η⟨N−1⟩(a0)
...

...
. . .

...

1 η′(aN−1) . . . η⟨N−1⟩(aN−1)

∣∣∣∣∣∣∣
≈ 1



Õàðàêòåðèñòè÷åñêèå ìíîãî÷ëåíû

L(A) =

 η(a0) η′(a0) . . . η⟨N−1⟩(a0)
...

...
. . .

...

η(aN−1) η′(aN−1) . . . η⟨N−1⟩(aN−1)



M(A) =

1 η′(a0) . . . η⟨N−1⟩(a0)
...

...
. . .

...

1 η′(aN−1) . . . η⟨N−1⟩(aN−1)


P(A) = det(L(A)− λEN) = VN(A)λ

N + · · ·+ Vn(A)λ
n + · · ·+ V0(A)

Q(A) = det(M(A)− λEN) = WN(A)λ
N + · · ·+Wn(A)λ

n + · · ·+W0(A)

V0(A)

W0(A)
= b(A) ≈ 1

V1(A)

W1(A)
≈ 1

V2(A)

W2(A)
≈ 1 . . .



Îòíîøåíèÿ êîýôôèöèåíòîâ õàðàêòåðèñòè÷åñêèõ
ìíîãî÷ëåíîâ

n Vn(A1)
∣∣∣ Vn(A1)
Wn(A1)

− 1
∣∣∣

0 −2.8932 . . . ·10−48−5.1873 . . . ·10−49
i 1.1085 . . . ·10−14

1 1.1853 . . . ·10−33+2.1097 . . . ·10−34
i 8.6263 . . . ·10−13

2 −2.2690 . . . ·10−22−1.6178 . . . ·10−22
i 5.1025 . . . ·10−11

3 4.0262 . . . ·10−14+8.4755 . . . ·10−14
i 3.6813 . . . ·10−9

4 −3.7956 . . . ·10−8 +2.0698 . . . ·10−7
i 1.7175 . . . ·10−7

5 1.5216 . . . ·10−3 +8.8240 . . . ·10−3
i 8.2908 . . . ·10−6

6 3.7984 . . . ·100 −4.2877 . . . ·100i 1.0541 . . . ·10−4

7 −3.0090 . . . ·102 +4.8652 . . . ·102i 2.3986 . . . ·10−3

8 −1.8858 . . . ·103 +4.2625 . . . ·102i 1.8282 . . . ·10−2

9 −1.1127 . . . ·103 +9.0420 . . . ·102i 5.7323 . . . ·10−2

10 −5.2122 . . . ·101 +2.1236 . . . ·101i 1.0387 . . . ·100
11 1.0390 . . . ·101 −7.6856 . . . ·100i 5.2691 . . . ·10−1



Ðåøåíèÿ ñèñòåìû äëÿ ðåø¼òîê (ïîâòîð)

A = AG(a, δ1, δ2,N1,N2) = {a+ kδ1 + ℓδ2 | k = 0, . . . ,N1, ℓ = 0, . . . ,N2}

a δ1 δ2 N1 N2 N |b(A)− 1|
−200+ 15i 50 50i 5 5 36 1.0523 . . . · 10−57

−5+ 15i 5 5i 5 5 36 5.7251 . . . · 10−64

30i 0.0001 0.0001i 5 5 36 1.1424 . . . · 10−53

0.25+ 30i 0.0001 0 59 0 60 5.3809 . . . · 10−98

0.5+ 30i 0 3i 0 59 60 2.0739 . . . · 10−56

−200+ 10000i 50 50i 5 5 36 3.8883 . . . · 10−51

b(A) =

∣∣∣∣∣∣∣
η(a0) η′(a0) . . . η⟨N−1⟩(a0)
...

...
. . .

...

η(aN−1) η′(aN−1) . . . η⟨N−1⟩(aN−1)

∣∣∣∣∣∣∣∣∣∣∣∣∣∣
1 η′(a0) . . . η⟨N−1⟩(a0)
...

...
. . .

...

1 η′(aN−1) . . . η⟨N−1⟩(aN−1)

∣∣∣∣∣∣∣



Ïðàâèëî Ëîïèòàëÿ

lim
ε→0

f (a+ ε)− f (a)

g(a+ ε)− g(a)
= lim

ε→0

(f (a+ ε)− f (a))/ε

(g(a+ ε)− g(a))/ε

=
limε→0(f (a+ ε)− f (a))/ε

limε→0(g(a+ ε)− g(a))/ε

=
f ′(a)

g ′(a)



�Ïðàâèëî Ëîïèòàëÿ� äëÿ îïðåäåëèòåëåé

b(A) =

∣∣∣∣∣∣∣
η(a0) η′(a0) . . . η⟨N−1⟩(a0)
...

...
. . .

...

η(aN−1) η′(aN−1) . . . η⟨N−1⟩(aN−1)

∣∣∣∣∣∣∣∣∣∣∣∣∣∣
1 η′(a0) . . . η⟨N−1⟩(a0)
...

...
. . .

...

1 η′(aN−1) . . . η⟨N−1⟩(aN−1)

∣∣∣∣∣∣∣
a0 = a a1 = a+ ε a2 = a+ 2ε . . . aN−1 = a+ (N − 1)ε

bN(a) = lim
ε→0

b(A) =

∣∣∣∣∣∣∣∣∣
η(a) η′(a) . . . η⟨N−1⟩(a)

η′(a) η′′(a) . . . η⟨N⟩(a)
...

...
. . .

...

η⟨N−1⟩(a) η⟨N⟩(a) . . . η⟨2N−2⟩(a)

∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣
η′′(a) . . . η⟨N⟩(a)
...

. . .
...

η⟨N⟩(a) . . . η⟨2N−2⟩(a)

∣∣∣∣∣∣∣
?

≈ 1



Ïðåäåëüíûå çíà÷åíèÿ

|bN (a) − 1|
a N = 20 N = 70 N = 200

−6 3.9870 . . . · 10−18
1.7014 . . . · 10−105

3.7560 . . . · 10−368

−3 4.7492 . . . · 10−22
6.5289 . . . · 10−111

6.8468 . . . · 10−375

−1 1.2054 . . . · 10−24
1.6130 . . . · 10−114

2.2057 . . . · 10−379

−1 + 300i 2.8175 . . . · 10−16
1.5955 . . . · 10−98

1.0048 . . . · 10−378

−0.8 6.6429 . . . · 10−25
7.0318 . . . · 10−115

7.8416 . . . · 10−380

−0.8 + 50i 4.9124 . . . · 10−24
1.6522 . . . · 10−115

4.8600 . . . · 10−380

0 6.1439 . . . · 10−26
2.5409 . . . · 10−116

1.2527 . . . · 10−381

50i 5.1433 . . . · 10−25
6.3145 . . . · 10−117

7.8169 . . . · 10−382

300i 1.4208 . . . · 10−17
2.4131 . . . · 10−100

6.6292 . . . · 10−381

1500i 3.5498 . . . · 10−14
3.8431 . . . · 10−80

3.1958 . . . · 10−307

0.2 + 10i 2.4939 . . . · 10−26
1.0349 . . . · 10−116

4.3685 . . . · 10−382

0.2 + 100i 1.6846 . . . · 10−21
3.3113 . . . · 10−117

8.0859 . . . · 10−383

0.5 1.3906 . . . · 10−26
3.1908 . . . · 10−117

9.4420 . . . · 10−383

0.5 + 50i 1.2520 . . . · 10−25
8.2073 . . . · 10−118

5.9166 . . . · 10−383

0.5 + 1500i 6.7418 . . . · 10−15
1.0285 . . . · 10−80

4.0432 . . . · 10−308

0.8 5.7069 . . . · 10−27
9.1900 . . . · 10−118

2.0017 . . . · 10−383

0.8 + 300i 1.1103 . . . · 10−18
7.2488 . . . · 10−102

1.1928 . . . · 10−382

0.8 + 1500i 2.7648 . . . · 10−15
4.2959 . . . · 10−81

1.0755 . . . · 10−308

1 + 10i 2.3862 . . . · 10−27
3.7524 . . . · 10−118

6.9829 . . . · 10−384

1 + 50i 3.0417 . . . · 10−26
1.0666 . . . · 10−118

4.4787 . . . · 10−384

1 + 300i 5.7549 . . . · 10−19
2.9804 . . . · 10−102

4.3682 . . . · 10−383

2 + 10i 1.2736 . . . · 10−28
5.9438 . . . · 10−120

3.9701 . . . · 10−386

2 + 1500i 1.3975 . . . · 10−16
7.2077 . . . · 10−83

1.7403 . . . · 10−311



Ïðåäñêàçàíèÿ

Ãèïîòåçà 1. Äëÿ âñåõ êîìïëåêñíûõ a, êðîìå, áûòü ìîæåò, ñ÷¼òíîãî

êîëè÷åñòâà çíà÷åíèé,∣∣∣∣∣∣∣∣∣
η(a) η′(a) . . . η⟨N−1⟩(a)

η′(a) η′′(a) . . . η⟨N⟩(a)
...

...
. . .

...

η⟨N−1⟩(a) η⟨N⟩(a) . . . η⟨2N−2⟩(a)

∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣
η′′(a) . . . η⟨N⟩(a)
...

. . .
...

η⟨N⟩(a) . . . η⟨2N−2⟩(a)

∣∣∣∣∣∣∣
→

N→∞
1



Ïðåäñêàçàíèÿ

Ãèïîòåçà 2. Äëÿ âñåõ êîìïëåêñíûõ a, êðîìå, áûòü ìîæåò, ñ÷¼òíîãî

êîëè÷åñòâà çíà÷åíèé,

b!N(a) =

∣∣∣∣∣∣∣∣∣∣∣

η(a)
0!

η′(a)
1! . . . η⟨N−1⟩

(N−1)!
η′(a)
1!

η′′(a)
2! . . . η⟨N⟩(a)

N!
...

...
. . .

...
η⟨N−1⟩(a)
(N−1)!

η⟨N⟩(a)
N! . . . η⟨2N−2⟩(a)

(2N−2)!

∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣
η′′(a)
2! . . . η⟨N⟩(a)

N!
...

. . .
...

η⟨N⟩(a)
N! . . . η⟨2N−2⟩(a)

(2N−2)!

∣∣∣∣∣∣∣∣
→

N→∞
1



×èñëåííûå çíà÷åíèÿ â ïîëüçó ãèïîòåçû 2∣∣b!N(a)− 1
∣∣

a N = 70 N = 200 N = 700

−2 6.6474 . . . · 10−3 4.2041 . . . · 10−5 1.0842 . . . · 10−13

−1 9.9362 . . . · 10−3 8.6712 . . . · 10−6 1.8735 . . . · 10−14

−0.8 1.1821 . . . · 10−2 1.0637 . . . · 10−5 1.2612 . . . · 10−14

0 1.2694 . . . · 10−2 1.5834 . . . · 10−6 2.3561 . . . · 10−15

50i 9.9046 . . . · 10−2 5.6900 . . . · 10−5 1.0808 . . . · 10−14

0.2 3.9934 . . . · 10−3 8.0428 . . . · 10−7 3.7177 . . . · 10−14

0.2+ 10i 9.6420 . . . · 10−4 1.1453 . . . · 10−6 4.8160 . . . · 10−15

0.5 1.2866 . . . · 10−3 3.1413 . . . · 10−7 8.2725 . . . · 10−16

0.8 4.8940 . . . · 10−4 1.6870 . . . · 10−7 3.1938 . . . · 10−16

0.8+ 10i 2.5509 . . . · 10−4 2.6686 . . . · 10−7 7.1105 . . . · 10−16

1+ 10i 3.4554 . . . · 10−4 2.3766 . . . · 10−7 4.4841 . . . · 10−16

1+ 50i 8.7300 . . . · 10−2 4.6678 . . . · 10−6 4.5817 . . . · 10−16

2+ 10i 2.4417 . . . · 10−4 1.4395 . . . · 10−7 2.5638 . . . · 10−17



Ïðåäñêàçàíèÿ

Ãèïîòåçà 1 (ïîâòîðåíèå). Äëÿ âñåõ a, êðîìå áûòü ìîæåò ñ÷¼òíîãî

êîëè÷åñòâà çíà÷åíèé,∣∣∣∣∣∣∣∣∣
η(a) η′(a) . . . η⟨N−1⟩(a)

η′(a) η′′(a) . . . η⟨N⟩(a)
...

...
. . .

...

η⟨N−1⟩(a) η⟨N⟩(a) . . . η⟨2N−2⟩(a)

∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣
η′′(a) . . . η⟨N⟩(a)
...

. . .
...

η⟨N⟩(a) . . . η⟨2N−2⟩(a)

∣∣∣∣∣∣∣
→

N→∞
1



Ïðåäñêàçàíèÿ

Ãèïîòåçà 1 (ïåðåôîðìóëèðîâêà). Äëÿ âñåõ êîìïëåêñíûõ a, êðîìå,
áûòü ìîæåò, ñ÷¼òíîãî êîëè÷åñòâà çíà÷åíèé,

det(LN(a))

det(MN(a))
→

N→∞
1,

ãäå

LN(a) =


η(a) η′(a) . . . η⟨N−1⟩(a)

η′(a) η′′(a) . . . η⟨N⟩(a)
...

...
. . .

...

η⟨N−1⟩(a) η⟨N⟩(a) . . . η⟨2N−2⟩(a)

,
à ìàòðèöà MN(a) ïîëó÷àåòñÿ èç ìàòðèöû LN(a) âû÷¼ðêèâàíèåì
ïåðâîãî ñòîëáöà è ïåðâîé ñòðîêè.



Ïðåäñêàçàíèÿ

Ãèïîòåçà 1 (îáîáùåíèå). Ïóñòü I = {i1, . . . , ik} è J = {j1, . . . , jk} �

êîíå÷íûå ìíîæåñòâà ïîëîæèòåëüíûõ öåëûõ ÷èñåë, îòëè÷íûõ îò 1. Äëÿ
âñåõ êîìïëåêñíûõ a, êðîìå áûòü ìîæåò ñ÷¼òíîãî êîëè÷åñòâà çíà÷åíèé,

det(LI ,J,N(a))

det(MI ,J,N(a))
→

N→∞
1

ãäå LI ,J,N(a) � ìàòðèöà, ïîëó÷àþùàÿñÿ èç ìàòðèöû
η(a) η′(a) . . . η⟨N−1⟩(a)

η′(a) η′′(a) . . . η⟨N⟩(a)
...

...
. . .

...

η⟨N−1⟩(a) η⟨N⟩(a) . . . η⟨2N−2⟩(a)

,
âû÷¼ðêèâàíèåì ñòîëáöîâ ñ íîìåðàìè i1, . . . , ik è ñòðîê ñ íîìåðàìè
j1, . . . , jk , à ìàòðèöà MI ,J,N(a) ïîëó÷àåòñÿ èç ìàòðèöû LI ,J,N(a)
âû÷¼ðêèâàíèåì ïåðâîãî ñòîëáöà è ïåðâîé ñòðîêè.



∣∣∣∣ det (LI,J,N (a))

det (MI,J,N (a))
− 1

∣∣∣∣
I J N = 40 N = 150

{2} {2} 1.5705 . . . · 10−57
4.1503 . . . · 10−273

{2, 4} 1.5883 . . . · 10−56
1.4302 . . . · 10−271

{4, 6} 4.4938 . . . · 10−57
4.2342 . . . · 10−272

{2, 4, 6} 1.9855 . . . · 10−55
5.9628 . . . · 10−270

{2, 4, 5, 6, 8} 6.3476 . . . · 10−53
1.9159 . . . · 10−266

{2, 4} {2} 1.5883 . . . · 10−56
1.4302 . . . · 10−271

{2, 4} 1.6076 . . . · 10−55
4.9296 . . . · 10−270

{2, 3, 4} 1.0726 . . . · 10−53
1.0420 . . . · 10−267

{4, 6} 4.5482 . . . · 10−56
1.4593 . . . · 10−270

{2, 4, 5, 6, 8} 6.4409 . . . · 10−52
6.6060 . . . · 10−265

{2, 3, 4} {2} 1.0588 . . . · 10−54
3.0229 . . . · 10−269

{2, 3, 4} 7.1626 . . . · 10−52
2.2028 . . . · 10−265

{4, 6} 3.0343 . . . · 10−54
3.0848 . . . · 10−268

{2, 4, 6} 1.3430 . . . · 10−52
4.3452 . . . · 10−266

{2, 4, 5, 6, 8} 4.3085 . . . · 10−50
1.3968 . . . · 10−262

{4, 6} {2} 4.4938 . . . · 10−57
4.2342 . . . · 10−272

{2, 4} 4.5482 . . . · 10−56
1.4593 . . . · 10−270

{4, 6} 1.2867 . . . · 10−56
4.3204 . . . · 10−271

{2, 4, 6} 5.6898 . . . · 10−55
6.0849 . . . · 10−269

{2, 4, 5, 6, 8} 1.8219 . . . · 10−52
1.9556 . . . · 10−265

{2, 4, 6} {2} 1.9855 . . . · 10−55
5.9628 . . . · 10−270

{2, 4} 2.0112 . . . · 10−54
2.0554 . . . · 10−268

{2, 3, 4} 1.3430 . . . · 10−52
4.3452 . . . · 10−266

{2, 4, 6} 2.5183 . . . · 10−53
8.5712 . . . · 10−267

{2, 4, 5, 6, 8} 8.0783 . . . · 10−51
2.7554 . . . · 10−263

{2, 4, 5, 6, 8} {2} 6.3476 . . . · 10−53
1.9159 . . . · 10−266

{2, 3, 4} 4.3085 . . . · 10−50
1.3968 . . . · 10−262

{2, 4, 6} 8.0783 . . . · 10−51
2.7554 . . . · 10−263

{2, 4, 5, 6, 8} 2.6003 . . . · 10−48
8.8624 . . . · 10−260
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