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Èñêóññòâåííàÿ íåéðîííàÿ ñåòü

Îïðåäåëåíèå
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I RNi � åâêëèäîâî ïðîñòðàíñòâî ñòîëáöîâ âûñîòû Ni, i = 0, . . . , L+ 1,

I W (i) � ëèíåéíûé îïåðàòîð RNi → RNi+1 (ìàòðèöà Ni+1 ×Ni), i = 0, . . . , L,
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I fi � íåëèíåéíàÿ ôóíêöèÿ
:::::
îäíîé

::::::::::::
ïåðåìåííîé

::::::::
R→ R, äåéñòâóþùàÿ

::::::::::::::
�ïîýëåìåíòíî�:

fi
(
(y1, . . . , yNi)

T
)
= (fi(y1), . . . , fi(yNi))

T



Ne URO

FUzzY

Ãðàôè÷åñêîå ïðåäñòàâëåíèå íåéðîííîé ñåòè
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Ãðàôè÷åñêîå ïðåäñòàâëåíèå íåéðîííîé ñåòè
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Ïåðöåïòðîí Ðîçåíáëàòòà: L = 1
F. Rosenblatt, “The perceptron. a perceiving and recognizing automaton (project para)”,

Cornell Aeronautical Laboratory, Inc., Tech. Rep. 85-460-1, Jan. 1957
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Èñêóññòâåííûé íåéðîí
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Ìíîãîñëîéíûé ïåðöåïòðîí: L > 1

x = x1 x2 · · · xn

f1

(
F

(0)
ANN

(x)
)
= x

(1)
1 x

(1)
2 x

(1)
3

· · · x
(1)
N1

f1(·)

W (0) ·+b(0)

f1

(
F

(0)
ANN

(x)
)
= x

(2)
1 x

(2)
2 x

(2)
3

· · · x
(2)
N2

f2(·)

W (1) ·+b(1)

...

fL

(
F

(L−1)
ANN

(x)
)
= x

(L)
1 x

(L)
2 x

(L)
3

· · · x
(L)
NL

fL(·)

F
(L)
ANN

(x) = y1 y2 · · · ym

W (L) ·+b(L)

x

f1(·)

f2(·)

...

fL(·)

y



Ne URO

FUzzY
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Ìíîãîñëîéíûé ïåðöåïòðîí: L > 1
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Àïïðîêñèìàöèÿ ôóíêöèé ìíîãèõ ïåðåìåííûõ
ôóíêöèÿìè ìåíüøåãî ÷èñëà ïåðåìåííûõ

I 13-ÿ ïðîáëåìà Ãèëüáåðòà (II Ìåæäóíàðîäíûé êîíãðåññ ìàòåìàòèêîâ, 8 àâãóñòà
1900 ã.). Î ïðåäñòàâëåíèè ôóíêöèé íåñêîëüêèõ ïåðåìåííûõ â âèäå ñóïåðïîçèöèé
ôóíêöèé äâóõ ïåðåìåííûõ. Ðåøåíà Êîëìîãîðîâûì è Àðíîëüäîì â 1956-1957 ã.

I Êîëìîãîðîâ. Î ïðåäñòàâëåíèè íåïðåðûâíûõ ô-öèé íåñêîëüêèõ ïåðåìåííûõ â âèäå
ñóïåðïîçèöèé íåïðåðûâíûõ ôóíêöèé îäíîãî ïåðåìåííîãî è ñëîæåíèÿ. 1957 ã.

I Óíèâåðñàëüíàÿ òåîðåìà àïïðîêñèìàöèè. Òðè íåçàâèñèìûå ðàáîòû â 1989 ã.:
I Öûáåíêî,
I Ôóíàõàøè (Funahashi),
I Õîðíèê, Ñòèí÷êîìá, Óàéò (Hornik, Stinchcombe, White).

I 1998 ã. Ãîðáàíü. Îáîáù¼ííàÿ òåîðåìà àïïðîêñèìàöèè. Àïïðîêñèìàöèÿ ñ ïîìîùüþ
ëèíåéíûõ ôóíêöèé, ñóïåðïîçèöèè è îäíîé ïðîèçâîëüíîé íåïðåðûâíîé íåëèíåéíîé

ôóíêöèè îäíîé ïåðåìåííîé.
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Ïðèíöèï äîêàçàòåëüñòâà òåîðåìû àïïðîêñèìàöèè
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Ïðèíöèï äîêàçàòåëüñòâà òåîðåìû àïïðîêñèìàöèè
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1 Êóñî÷íî-ïîñòîÿííàÿ ôóíêöèÿ �
ïåðöåïòðîí Ðîçåíáëàòòà [0, 1]→ R,
èìåþùèé k íåéðîíîâ íà ñêðûòîì ñëîå.

2 [0, 1] ðàçáèâàåòñÿ íà k èíòåðâàëîâ:
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Òåñò

Ïðè ïðîõîæäåíèè òåñòà óêàæèòå e-mail è ôàìèëèþ, èìÿ, îò÷åñòâî, êîòîðûå âû
óêàçàëè ïðè ðåãèñòðàöèè íà êóðñ. Ïî ýòèì äàííûì áóäóò ñóììèðîâàòüñÿ ðåçóëüòàòû âñåõ
âàøèõ òåñòîâ â ñåìåñòðå. Ïîñëå îòâåòà íà òåñò âàì íà ïî÷òó äîëæíî ïðèéòè ïèñüìî ñ
âàøèìè îòâåòàìè.

https://docs.google.com/forms/d/e/
1FAIpQLSfdtetaaUntxVZ_yBdXQHhd9SvLrFmB5FWfT7bfVQcBtHW-cg/viewform

https://neurofuzzy.phys.msu.ru/redmine/projects/ai_in_natural_science/news
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Äâóìåðíûé ñëó÷àé
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I [0, 1]× [0, 1] ðàçáèâàåòñÿ íà k2 êâàäðàòîâ:

Iij =

[
i− 1

k
,
i

k

)
×
[
j − 1

k
,
j

k

)
, i, j = 1, . . . , k

I f
(
kx1 − (i− 1) + x2 − (j − 1)/k

)
=

=

{
1, (x1, x2) ∈ Iαβ, α > i è β > j

0, èíà÷å

n-ìåðíûé ñëó÷àé

I Êîëè÷åñòâî íåéðîíîâ íà ñêðûòîì ñëîå � kn.

I Äëÿ èçîáðàæåíèÿ n � ýòî êîëè÷åñòâî ïèêñåëåé (∼ 106 � ìåãàïèêñåëü). Ñëåäîâàòåëü-
íî, íåîáõîäèìî ∼ 210

6
íåéðîíîâ, ÷òî áîëüøå, ÷åì êîëè÷åñòâî àòîìîâ âî âñåëåííîé.


