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Òðóäíîñòè ïðè îöåíêå CTR

Ïîçèöèîííûé ýôôåêò

I Click-Through Rate (CTR) íà ïîèñêîâîé âûäà÷å

I T. Joachims et al. (2002)
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Òðóäíîñòè ïðè îöåíêå CTR

Âçàèìíîå âëèÿíèå îáúÿâëåíèé

I Xin et al.,2012
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Òðóäíîñòè ïðè îöåíêå CTR

Êëèêîâûå ìîäåëè

I Ìîäåëèðóþò ïîâåäåíèå ïîëüçîâàòåëÿ

I Ïðèìåíåíèå
• Ïðåäñêàçàíèå CTR

Óëó÷øåíèå NDCG

Âûáîð ðåêëàìíûõ îáúÿâëåíèé

. . .

• Îöåíêà ðåëåâàíòíîñòè äîêóìåíòîâ

Çàìåíà ïîëüçîâàòåëüñêèõ îöåíîê

Ôàêòîðû äëÿ ðàíæèðîâàíèÿ

. . .
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Examination Hypothesis User Browsing Model

Examination Hypothesis

I Click ⇐⇒ Examined AND Relevant

P (C = 1|q, u, i) = P (C = 1|u, q, E = 1)︸ ︷︷ ︸
ru,q

·P (E = 1|i)︸ ︷︷ ︸
xi

I UBM (User Browsing Model) (G. Dupret et al. 2008)

I Ó÷èòûâàåò ïðåäûäóùóþ êëèêíóòóþ ïîçèöèþ l

P (C = 1|q, u, i, l) = P (C = 1|u, q, E = 1)︸ ︷︷ ︸
ru,q

·P (E = 1|i, l)︸ ︷︷ ︸
xi,l
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Examination Hypothesis User Browsing Model

P (E = 1|i, l)
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Cascade Hypothesis

Cascade Model

I N. Craswell et al. (2008)

I Ïîëüçîâàòåëü ïðîñìàòðèâàåò ññûëêè ñâåðõó âíèç

I Ïîñëå êëèêà ñåññèÿ çàâåðøàåòñÿ
• P (E1 = 1) = 1
• P (Ei+1 = 1|Ei = 0) = 0

• P (Ei+1 = 1|Ei = 1, Ci) = 1− Ci

• P (Ci = 1|Ei = 1) = rui,q
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Cascade Hypothesis

Click Chain Model (CCM)

I F. Guo et al. (2009)

I Ðàñøèðåíèå Cascade Model
• P (E1 = 1) = 1
• P (Ei+1 = 1|Ei = 0) = 0

• P (Ei+1 = 1|Ei = 1, Ci) = 1− Ci

• P (Ei+1 = 1|Ei = 1, Ci = 0) = α1

• P (Ei+1 = 1|Ei = 1, Ci = 1) = α2(1− rui,q) + α3rui,q

• P (Ci = 1|Ei = 1) = rui,q
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Cascade Hypothesis

Click Chain Model (CCM)
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Cascade Hypothesis

Dynamic Bayesian Network (DBN)

I O. Chapelle, Y. Zhang (2009)

I Ðàñøèðåíèå Cascade Model
• P (E1 = 1) = 1
• P (Ei+1 = 1|Ei = 0) = 0

• P (Ei+1 = 1|Ei = 1, Ci) = 1− Ci

• P (Ei+1 = 1|Ei = 1, Ci = 0) = γ

• P (Ei+1 = 1|Ei = 1, Ci = 1) = γ(1− sui,q)

• P (Ci = 1|Ei = 1) = rui,q
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Cascade Hypothesis

Dynamic Bayesian Network (DBN)
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Cascade Hypothesis General Click Model

General Click Model (GCM) � Âíåøíÿÿ ìîäåëü
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Cascade Hypothesis General Click Model

GCM � Âíåøíÿÿ ìîäåëü

I Âåðîÿòíîñòè ïåðåõîäà çàâèñÿò îò íåïðåðûâíûõ ñëó÷àéíûõ
âåëè÷èí
• P (E1 = 1) = 1
• P (Ei+1 = 1|Ei = 0) = 0
• P (Ei+1 = 1|Ei = 1, Ci = 0, Bi) = I(Bi > 0)
• P (Ei+1 = 1|Ei = 1, Ci = 1, Ai) = I(Ai > 0)
• P (Ci = 1|Ei = 1, Ri) = I(Ri > 0)
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Cascade Hypothesis General Click Model

GCM � Âíåøíÿÿ ìîäåëü
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Cascade Hypothesis General Click Model

GCM � Âíóòðåííÿÿ ìîäåëü

I Ôàêòîðû ïîëüçîâàòåëÿ:
• fuser

1 , fuser
2 , . . . , fuser

s
• çàïðîñ
• ðåãèîí
• user-agent
• ìåñòíîå âðåìÿ
• IP-àäðåñ
• äëèíà çàïðîñà
• . . .

I Ôàêòîðû URL-à íà ïîçèöèè i:

• furl
i,1 , f

url
i,2 , . . . , f

url
i,t

• URL
• êàòåãîðèÿ URL-à
• êëþ÷åâàÿ ôðàçà
• . . .
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Cascade Hypothesis General Click Model

GCM � Âíóòðåííÿÿ ìîäåëü

I Êàæäîìó çíà÷åíèþ f êàæäîãî èç ôàêòîðîâ ñîîòâåòñòâóåò òðè
íîðìàëüíûõ ñëó÷àéíûõ âåëè÷èíû θAf , θ

B
f è θRf

• Ai =
s∑
j=1

θAfuser
j

+
t∑

j=1

θA
furl
i,j
+ err

• Bi =
s∑
j=1

θBfuser
j

+
t∑

j=1

θB
furl
i,j
+ err

• Ri =
s∑
j=1

θRfuser
j

+
t∑

j=1

θR
furl
i,j
+ err
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Cascade Hypothesis General Click Model

Îáó÷åíèå

I Online one-pass îáó÷åíèå

I Áàéåñîâñêèé âûâîä ñ ïîìîùüþ
Expectation Propagation (Tom Minka)

I Ðåàëèçîâàí â ôðåéìâîðêå Infer.NET îò Microsoft Research

Âÿ÷åñëàâ Àëèïîâ (ÂÌÊ 2014) Ãðàôè÷åñêèå ìîäåëè äëÿ ïðåäñêàçàíèÿ CTR ðåêëàìíûõ îáúÿâëåíèé íà ïîèñêå11 ìàðòà 2014 ã. 21 / 45



Ó÷åò âçàèìíîãî âëèÿíèÿ îáúÿâëåíèé
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Ó÷åò âçàèìíîãî âëèÿíèÿ îáúÿâëåíèé Conditional Random Field

Ñõîæåñòü òåêñòîâ

I CTR çàâèñèò îò ïîõîæåñòè íà îáúÿâëåíèÿ-ñîñåäè
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Ó÷åò âçàèìíîãî âëèÿíèÿ îáúÿâëåíèé Conditional Random Field

Èçìåíåíèå CTR îò ïîõîæåñòè íà ñîñåäåé
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Ó÷åò âçàèìíîãî âëèÿíèÿ îáúÿâëåíèé Conditional Random Field

Conditional Random Field

I Y � âåêòîð CTR'îâ/log odds CTR'îâ (logodds(p) = log
(

p
1−p

)
)

P (Y |X) =
1

Z(X)
exp

∑
i

h(yi, X;w) +
∑
j>i

βg(yi, yj , X)
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Ó÷åò âçàèìíîãî âëèÿíèÿ îáúÿâëåíèé Conditional Random Field

Conditional Random Field

I h(yi, X;w) = −(yi − f(xi;w))2 = −(yi − xTi w)2

I g(yi, yj , X) = −sij(yi + yj),
ãäå sij � ïîõîæåñòü òåêñòîâ îáúÿâëåíèé i è j

P (Y |X) =
1

Z(X)
exp

∑
i

−(yi − xTi w)2 +
∑
j>i

−βsij(yi + yj)
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Ó÷åò âçàèìíîãî âëèÿíèÿ îáúÿâëåíèé Conditional Random Field

Îáó÷åíèå è ïðåäñêàçàíèå

I îöåíêà w è β ñ ïîìîùüþ MLE

I îïòèìèçàöèÿ ïðàâäîïîäîáèÿ ãðàäèåíòíûì ñïóñêîì

I Y ∗ = arg max
Y

P (Y |X)
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Êîððåêòèðîâêà ïðåäñêàçàíèé ñ ïîìîùüþ CRF ìîäåëåé
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Êîððåêòèðîâêà ïðåäñêàçàíèé ñ ïîìîùüþ CRF ìîäåëåé Ïîñòàíîâêà çàäà÷è

Ïîñòàíîâêà çàäà÷è

I Ïóñòü èìååòñÿ àëãîðèòì ïðåäñêàçàíèÿ CTR äëÿ êàæäîãî
îáúÿâëåíèÿ íåçàâèñèìî

CTR
def
= P (C = 1|ad,user,query)

I Äëÿ ïîêàçà îòîáðàëè 3 êîíêðåòíûõ îáúÿâëåíèÿ ñ ïðåäñêàçàíèÿìè:

X =

P (C = 1|ad1,user,query)
P (C = 1|ad2,user,query)
P (C = 1|ad3,user,query)


I Ìîæíî ëè óòî÷íèòü ïðîãíîç, çíàÿ òîëüêî X?

I ... çíàÿ äðóãèå õàðàêòåðèñòèêè îáúÿâëåíèé?
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Ïîñòàíîâêà çàäà÷è

I Ïóñòü èìååòñÿ àëãîðèòì ïðåäñêàçàíèÿ CTR äëÿ êàæäîãî
îáúÿâëåíèÿ íåçàâèñèìî

CTR
def
= P (C = 1|ad,user,query)

I Äëÿ ïîêàçà îòîáðàëè 3 êîíêðåòíûõ îáúÿâëåíèÿ ñ ïðåäñêàçàíèÿìè:

X =

P (C = 1|ad1,user,query)
P (C = 1|ad2,user,query)
P (C = 1|ad3,user,query)



I Ìîæíî ëè óòî÷íèòü ïðîãíîç, çíàÿ òîëüêî X?

I ... çíàÿ äðóãèå õàðàêòåðèñòèêè îáúÿâëåíèé?
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Ïîñòàíîâêà çàäà÷è

I Ïóñòü èìååòñÿ àëãîðèòì ïðåäñêàçàíèÿ CTR äëÿ êàæäîãî
îáúÿâëåíèÿ íåçàâèñèìî

CTR
def
= P (C = 1|ad,user,query)

I Äëÿ ïîêàçà îòîáðàëè 3 êîíêðåòíûõ îáúÿâëåíèÿ ñ ïðåäñêàçàíèÿìè:

X =

P (C = 1|ad1,user,query)
P (C = 1|ad2,user,query)
P (C = 1|ad3,user,query)


I Ìîæíî ëè óòî÷íèòü ïðîãíîç, çíàÿ òîëüêî X?

I ... çíàÿ äðóãèå õàðàêòåðèñòèêè îáúÿâëåíèé?
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Ïîñòàíîâêà çàäà÷è

I Ïóñòü èìååòñÿ àëãîðèòì ïðåäñêàçàíèÿ CTR äëÿ êàæäîãî
îáúÿâëåíèÿ íåçàâèñèìî

CTR
def
= P (C = 1|ad,user,query)

I Äëÿ ïîêàçà îòîáðàëè 3 êîíêðåòíûõ îáúÿâëåíèÿ ñ ïðåäñêàçàíèÿìè:

X =

P (C = 1|ad1,user,query)
P (C = 1|ad2,user,query)
P (C = 1|ad3,user,query)


I Ìîæíî ëè óòî÷íèòü ïðîãíîç, çíàÿ òîëüêî X?

I ... çíàÿ äðóãèå õàðàêòåðèñòèêè îáúÿâëåíèé?
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Ïîñòàíîâêà çàäà÷è

I Y � âåêòîð CTR'îâ/log odds CTR'îâ

I Ìîäåëèðóåì óñëîâíîå ðàñïðåäåëåíèå

P (Y |X) =
1

Z(X)
exp[−E(Y |X)]

I (Xq, Yq)
n
q=1 � îáó÷àþùàÿ âûáîðêà

I Yq � êëèêè/CTR/logodds(CTR)
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Êîððåêòèðîâêà ïðåäñêàçàíèé ñ ïîìîùüþ CRF ìîäåëåé Ïîçèöèîííàÿ ìîäåëü

Ïîçèöèîííàÿ ìîäåëü

I Äîáàâëÿåì óíàðíûå ïîòåíöèàëû

E(Y |X) = (Y −X)T (Y −X) +W TY

I W íàõîäèòñÿ êàê MLE

I Îïòèìàëüíîå ïðåäñêàçàíèå

Y ∗ = X − 1

2
W = X − 1

n

n∑
q=1

(Xq − Yq)
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Ïîçèöèîííàÿ ìîäåëü

I Äîáàâëÿåì óíàðíûå ïîòåíöèàëû

E(Y |X) = (Y −X)T (Y −X) +W TY

I W íàõîäèòñÿ êàê MLE

I Îïòèìàëüíîå ïðåäñêàçàíèå

Y ∗ = X − 1

2
W = X − 1

n

n∑
q=1

(Xq − Yq)
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Êîððåêòèðîâêà ïðåäñêàçàíèé ñ ïîìîùüþ CRF ìîäåëåé Ïîçèöèîííàÿ ìîäåëü

Òåñò

I Âûáîðêà èç ïîêàçîâ çà ôåâðàëü 2014

I Îáó÷àþùàÿ âûáîðêà: 5 ìëí. ïîêàçîâ

I Òåñòîâàÿ âûáîðêà: 2 ìëí. ïîêàçîâ

Ìîäåëü LL RMSE AUC Precision@1

Ïîçèöèîííàÿ +0.11% -0.04% +0.38% +2.36%
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Êîððåêòèðîâêà ïðåäñêàçàíèé ñ ïîìîùüþ CRF ìîäåëåé Êâàäðàòè÷íàÿ ìîäåëü

Êâàäðàòè÷íàÿ ìîäåëü

I Ó÷èì áèíàðíûå ïîòåíöèàëû âèäà wijyiyj

E(Y |X) = (Y −X)T (Y −X) + Y TWY

I W íàõîäèòñÿ êàê MLE

I Îïòèìàëüíîå ïðåäñêàçàíèå

Y ∗ = [I +W ]−1X

I Ìîæíî âûó÷èòü ëèíåéíûå ÷ëåíû, äîáàâèâ èçìåðåíèå ê X è Y
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Êâàäðàòè÷íàÿ ìîäåëü

I Ó÷èì áèíàðíûå ïîòåíöèàëû âèäà wijyiyj

E(Y |X) = (Y −X)T (Y −X) + Y TWY

I W íàõîäèòñÿ êàê MLE

I Îïòèìàëüíîå ïðåäñêàçàíèå

Y ∗ = [I +W ]−1X

I Ìîæíî âûó÷èòü ëèíåéíûå ÷ëåíû, äîáàâèâ èçìåðåíèå ê X è Y
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Êîððåêòèðîâêà ïðåäñêàçàíèé ñ ïîìîùüþ CRF ìîäåëåé Êâàäðàòè÷íàÿ ìîäåëü

Òåñò

Ìîäåëü LL RMSE AUC Precision@1

Ïîçèöèîííàÿ +0.11% -0.04% +0.38% +2.36%

Êâàäðàòè÷íàÿ +0.10% -0.03% +0.34% +2.21%

I Â 40% ñëó÷àåâ ïîðÿäîê ñîðòèðîâêè ïî Y îòëè÷àåòñÿ îò ïîðÿäêà
ïî X!
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Òåñò

Ìîäåëü LL RMSE AUC Precision@1

Ïîçèöèîííàÿ +0.11% -0.04% +0.38% +2.36%

Êâàäðàòè÷íàÿ +0.10% -0.03% +0.34% +2.21%

I Â 40% ñëó÷àåâ ïîðÿäîê ñîðòèðîâêè ïî Y îòëè÷àåòñÿ îò ïîðÿäêà
ïî X!
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Êîððåêòèðîâêà ïðåäñêàçàíèé ñ ïîìîùüþ CRF ìîäåëåé Îáîáùåííàÿ ëèíåéíàÿ ìîäåëü

Îáîáùåííàÿ ëèíåéíàÿ ìîäåëü

I Ó÷èì âåñà ïðè ñóììå CTR'îâ äâóõ îáúÿâëåíèé êàê ëèíåéíûå
ôóíêöèè îò ôàêòîðîâ ïàðû îáúÿâëåíèé

E(Y |X) =

(Y −X)T (Y −X) +
∑
i<j

f(xi, xj ;w) · (yi + yj) =

(Y −X)T (Y −X) +
∑
i<j

(w1f1(xi, xj) + · · ·+ wmfm(xi, xj)) · (yi + yj) =

(Y −X)T (Y −X) +WTAT (X)Y

aik(X) =
∑
j 6=i

fk(xi, xj)

I W íàõîäèòñÿ êàê MLE
I Îïòèìàëüíîå ïðåäñêàçàíèå

Y ∗ = X − 1

2
A(X)W
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Îáîáùåííàÿ ëèíåéíàÿ ìîäåëü

I Ó÷èì âåñà ïðè ñóììå CTR'îâ äâóõ îáúÿâëåíèé êàê ëèíåéíûå
ôóíêöèè îò ôàêòîðîâ ïàðû îáúÿâëåíèé

E(Y |X) =

(Y −X)T (Y −X) +
∑
i<j

f(xi, xj ;w) · (yi + yj) =

(Y −X)T (Y −X) +
∑
i<j

(w1f1(xi, xj) + · · ·+ wmfm(xi, xj)) · (yi + yj) =

(Y −X)T (Y −X) +WTAT (X)Y

aik(X) =
∑
j 6=i

fk(xi, xj)

I W íàõîäèòñÿ êàê MLE
I Îïòèìàëüíîå ïðåäñêàçàíèå

Y ∗ = X − 1

2
A(X)W
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Îáîáùåííàÿ ëèíåéíàÿ ìîäåëü

I Â ìîäåëü ëåãêî äîáàâëÿåòñÿ ó÷åò ïîçèöèîííîñòè

E(Y |X) = (Y −X)T (Y −X) + [A(X)W1 +W2]
TY

Y ∗ = X − 1

2
[A(X)W1 +W2]
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Êîððåêòèðîâêà ïðåäñêàçàíèé ñ ïîìîùüþ CRF ìîäåëåé Îáîáùåííàÿ ëèíåéíàÿ ìîäåëü

Òåñò

Ìîäåëü LL RMSE AUC Precision@1

Ïîçèöèîííàÿ +0.11% -0.04% +0.38% +2.36%

Êâàäðàòè÷íàÿ +0.10% -0.03% +0.34% +2.21%

Îáîáùåííàÿ ëèíåéíàÿ +0.12% -0.04% +0.38% +2.37%

I Â êà÷åñòâå ôè÷åé ïîêà � ôóíêöèè îò ïðåäñêàçàííûõ CTR'îâ xi
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Îáîáùåííàÿ ëèíåéíàÿ ìîäåëü

I X � ìàòðèöà ¾îáúåêò-ïðèçíàê¿

E(Y |X) = (Y −XU)T (Y −XU) +WTAT (X)Y

I Ìîäåëü ïîõîæåñòè òåêñòîâ � ÷àñòíûé ñëó÷àé∑
i

(yi−xTi w)2 +
∑
i<j

βsij(yi + yj) = (Y −XW )T (Y −XW ) +βTST (X)Y

I Íî òîãäà ìîäåëü èç ñòàòüè íåâåðíà!
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Îáîáùåííàÿ ëèíåéíàÿ ìîäåëü

I X � ìàòðèöà ¾îáúåêò-ïðèçíàê¿

E(Y |X) = (Y −XU)T (Y −XU) +WTAT (X)Y

I Ìîäåëü ïîõîæåñòè òåêñòîâ � ÷àñòíûé ñëó÷àé∑
i

(yi−xTi w)2 +
∑
i<j

βsij(yi + yj) = (Y −XW )T (Y −XW ) +βTST (X)Y

I Íî òîãäà ìîäåëü èç ñòàòüè íåâåðíà!
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Îáîáùåííàÿ ëèíåéíàÿ ìîäåëü

I X � ìàòðèöà ¾îáúåêò-ïðèçíàê¿

E(Y |X) = (Y −XU)T (Y −XU) +WTAT (X)Y

I Ìîäåëü ïîõîæåñòè òåêñòîâ � ÷àñòíûé ñëó÷àé∑
i

(yi−xTi w)2 +
∑
i<j

βsij(yi + yj) = (Y −XW )T (Y −XW ) +βTST (X)Y

I Íî òîãäà ìîäåëü èç ñòàòüè íåâåðíà!
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Îáîáùåííàÿ ëèíåéíàÿ ìîäåëü

I Ïðè íàáëþäàåìîì X ðàñïðåäåëåíèå ôàêòîðèçóåòñÿ ïî yi

E(Y |X) = (Y −XU)T (Y −XU) +W TAT (X)Y =

= (Y −XU)T (Y −XU) + V (X)TY =

=

k∑
i=1

(yi − xTi ui)2 +

k∑
i=1

vi(X)yi =

=

k∑
i=1

[
(yi − xTi ui)2 + vi(X)yi

]
=

=

k∑
i=1

log Φ(yi|X)
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Îáîáùåííàÿ ëèíåéíàÿ ìîäåëü

I Çàäà÷à îáó÷åíèÿ ñâîäèòñÿ ê ÌÍÊ è ðåøàåòñÿ àíàëèòè÷åñêè
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=
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I Èëè îáó÷àåì ëþáîé äðóãîé êëàññèôèêàòîð ñ íîâûìè ïàðíûìè
ôè÷àìè

y∗i = F (xi, ai(X); Θ)
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Ðåçóëüòàòû

Ïëàí

1 Òðóäíîñòè ïðè îöåíêå CTR

2 Examination Hypothesis
User Browsing Model

3 Cascade Hypothesis
General Click Model

4 Ó÷åò âçàèìíîãî âëèÿíèÿ îáúÿâëåíèé
Conditional Random Field

5 Êîððåêòèðîâêà ïðåäñêàçàíèé ñ ïîìîùüþ CRF ìîäåëåé
Ïîñòàíîâêà çàäà÷è
Ïîçèöèîííàÿ ìîäåëü
Êâàäðàòè÷íàÿ ìîäåëü
Îáîáùåííàÿ ëèíåéíàÿ ìîäåëü

6 Ðåçóëüòàòû

7 Ïëàíû
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Ðåçóëüòàòû

Ðåçóëüòàòû

I Ñìîäåëèðîâàí ïîçèöèîííûé ýôôåêò ñ ïîìîùüþ CRF

I Ñîñòàâëåíà è ðåøåíà ìîäåëü ñ ìóëüòèïëèêàòèâíûìè
âçàèìîäåéñòâèÿìè ìåæäó CTR îáúÿâëåíèé áëîêà

I Ôîðìàëèçîâàí êëàññ ëèíåéíûõ ìîäåëåé ñ ïîïàðíûìè
âçàèìîäåéñòâèÿìè

I Íàéäåíî àíàëèòè÷åñêîå ðåøåíèå äëÿ ýòîãî êëàññà ìîäåëåé
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Ïëàí

1 Òðóäíîñòè ïðè îöåíêå CTR

2 Examination Hypothesis
User Browsing Model

3 Cascade Hypothesis
General Click Model

4 Ó÷åò âçàèìíîãî âëèÿíèÿ îáúÿâëåíèé
Conditional Random Field

5 Êîððåêòèðîâêà ïðåäñêàçàíèé ñ ïîìîùüþ CRF ìîäåëåé
Ïîñòàíîâêà çàäà÷è
Ïîçèöèîííàÿ ìîäåëü
Êâàäðàòè÷íàÿ ìîäåëü
Îáîáùåííàÿ ëèíåéíàÿ ìîäåëü

6 Ðåçóëüòàòû

7 Ïëàíû
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Ïëàíû

Ïëàíû

I Íàéòè èíôîðìàòèâíîå ìíîæåñòâî ïðèçíàêîâ äëÿ îáîáùåííîé
ëèíåéíîé ìîäåëè
• ôóíêöèè îò ñóùåñòâóþùèõ ïðèçíàêîâ
• ïðèíöèïèàëüíî íîâûå ôóíêöèè îò ïàðû îáúÿâëåíèé

I Èññëåäîâàòü äðóãèå øòðàôû çà îòêëîíåíèÿ îò ïðîãíîçà

I Îáó÷èòü ñâîé óíàðíûé ïîòåíöèàë âìåñòî ïðîãíîçà áàçîâîãî
àëãîðèòìà

I Ñðàâíèòü ðåçóëüòàòû ñ îáó÷åíèåì îòäåëüíîãî êëàññèôèêàòîðà ñ
íîâûìè ïàðíûìè ôè÷àìè

I Èññëåäîâàòü ìóëüòèïëèêàòèâíûå ïàðíûå ïîòåíöèàëû

I Èññëåäîâàòü áîëåå ñëîæíûå k-íàðíûå ïîòåíöèàëû
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Ñïàñèáî çà âíèìàíèå!

Âîïðîñû?
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