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Ïðåäìåòîì èçó÷åíèÿ ÿâëÿåòñÿ ñåòü öèòèðîâàíèÿ, îòðàæàþùàÿ âçàèìîñâÿçü æóðíàëüíûõ ñòà-
òåé èç êîëëåêöèè áàçû äàííûõ RePEc. Èçó÷åíû õàðàêòåðèñòèêè ìíîæåñòâà ïóáëèêàöèé è
âû÷èñëåíà ìåðà

”
öåíòðàëüíîñòü ïî ïîñðåäíè÷åñòâó“ âåðøèí âçâåøåííîãî ãðàôà êîöèòèðîâà-

íèÿ äëÿ íîðìèðîâàííîãî è íåíîðìèðîâàííîãî ñëó÷àåâ. Âûïîëíåíî ðàíæèðîâàíèå êîëëåêöèè
ñòàòåé íà îñíîâå ýòîé ìåðû.

Êëþ÷åâûå ñëîâà: ñåòè öèòèðîâàíèÿ è êîöèòèðîâàíèÿ, ìåðà
”
öåíòðàëüíîñòü ïî ïîñðåä-

íè÷åñòâó“, àëãîðèòì Áðàíäåñà.
Subject of studying is the citation network re�ecting the structure of interrelations between

journal articles of the database RePEc collection. Characteristics of a publication set are studied
and betweenness centralities for vertices of the weighted cocitation graph are �nded for normalized
and unnormalized cases. The journal articles ranking based on that measure is executed.

Key words: citation and ñîcitation networks, betweenness centrality measure, Brandes
algorithm.

1. Îïðåäåëåíèÿ.
”
Öåíòðàëüíîñòü àêòîðà“ ÿâëÿåòñÿ êëþ÷åâîé êîíöåïöèåé ñåòåâîãî

àíàëèçà, ïðåäíàçíà÷åííîé äëÿ îïðåäåëåíèÿ çíà÷èìîñòè ïîçèöèè àêòîðà â òîïîëîãèè ñå-
òè. Èíòóèòèâíûå ïîäõîäû ê îïðåäåëåíèþ öåíòðàëüíîñòè ïðèìåíèòåëüíî ê ñîöèàëüíûì
ñåòÿì èññëåäîâàíû â ðàáîòå [1]. Ðÿä âàæíûõ ìåð öåíòðàëüíîñòè, ðàññìîòðåííûõ ñ òî÷-
êè çðåíèÿ ïðîõîæäåíèÿ ïîòîêîâ òðàôèêà ÷åðåç ñåòü, ïðåäñòàâëåí â ðàáîòå [2]. À èìåííî,
òðàåêòîðèé ïðîõîæäåíèÿ (êðàò÷àéøèå ïóòè, öåïè èëè ìàðøðóòû) è ñïîñîáà ïåðåäà÷è èí-
ôîðìàöèè (øèðîêîå âåùàíèå, êîïèðîâàíèå èëè òðàíñëÿöèÿ ïî âûáðàííîìó ìàðøðóòó).
Òàê, ðàññìàòðèâàåìàÿ çäåñü

”
öåíòðàëüíîñòü ïî ïîñðåäíè÷åñòâó“ (betweenness centrality,

äàëåå CB) îñíîâàíà íà èäåå ïåðåäà÷è ñîîáùåíèé ìåæäó âåðøèíàìè èíôîðìàöèîííîé ñåòè
ïî êðàò÷àéøåìó ïóòè, âûáðàííîìó ñëó÷àéíûì îáðàçîì [3].

Êàê ïîêàçàíî â ðàáîòå [4], íà îñíîâàíèè äàííûõ î öèòèðîâàíèè äîêóìåíòîâ ìîæíî
ïîñòðîèòü ñåòü öèòèðîâàíèÿ è ïðåäñòàâèòü åå â âèäå îðèåíòèðîâàííîãî ãðàôà. Ðàññìîòðèì
ìíîæåñòâî D, ñîñòîÿùåå èç n äîêóìåíòîâ, íà êîòîðîì çàäàíî îòíîøåíèå R ⊆ D ×D

d1Rd2 ≡ d1 öèòèðóåò d2,

êîòîðîå îïðåäåëÿåò ñåòü öèòèðîâàíèÿ N(D,R). Çäåñü ïîä òåðìèíîì
”
öèòèðóåò“ áóäåì

ïîíèìàòü íàëè÷èå öèòèðóåìîãî äîêóìåíòà â ñïèñêå ññûëîê öèòèðóþùåãî. Â ãðàôå G =
(V,E), ïðåäñòàâëÿþùåì ñåòü öèòèðîâàíèÿ, àêòîðû (âåðøèíû) ñîîòâåòñòâóþò äîêóìåíòàì,
à ìíîæåñòâî E ñîñòîèò èç íàïðàâëåííûõ ðåáåð (äóã), òàêèõ ÷òî äóãà (d1,d2) ∈ E òîãäà è
òîëüêî òîãäà, êîãäà âûïîëíÿåòñÿ îòíîøåíèå d1Rd2. Ýòîò îðèåíòèðîâàííûé àöèêëè÷åñêèé
ãðàô áåç êðàòíûõ ðåáåð íàçûâàåòñÿ

”
ãðàôîì öèòèðîâàíèÿ“ èëè

”
ñåòüþ öèòèðîâàíèÿ“.
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Ìàòðèöà ñìåæíîñòè ãðàôà G, êâàäðàòíàÿ ìàòðèöà Ñ ðàçìåðíîñòè n, òàêàÿ, ÷òî ýëåìåíò
ýòîé ìàòðèöû cij = 1, åñëè äîêóìåíò di ïðîöèòèðîâàë äîêóìåíò dj, íàçâàíà ”

ìàòðèöåé
öèòèðîâàíèÿ“.

Íà îñíîâå äàííîãî ãðàôà G ìîæåò áûòü ïîñòðîåíî íåñêîëüêî ãðàôîâ ïóòåì íàëîæå-
íèÿ îãðàíè÷åíèé íà ìíîæåñòâî D (íàïðèìåð, òîëüêî äîêóìåíòû, îòíîñÿùèåñÿ ê îïðåäå-
ëåííîìó âðåìåííîìó ïåðèîäó) è íà îòíîøåíèå R (íàïðèìåð, öèòèðîâàíèÿ òîëüêî ìåæäó
äîêóìåíòàìè îïðåäåëåííîãî òèïà). Ïðåîáðàçîâàíèå ãðàôà ïóòåì îáúåäèíåíèÿ íåñêîëüêèõ
âåðøèí â îäíó (íàïðèìåð, ïî ïðèíöèïó ïðèíàäëåæíîñòè ê îäíîìó ïåðèîäè÷åñêîìó èçäà-
íèþ) äàåò ñåòü öèòèðîâàíèÿ íîâûõ àêòîðîâ. Íà ìíîæåñòâå D ìîæíî òàêæå îïðåäåëèòü
íîâîå îòíîøåíèå.

Ïîñòðîèì îòíîøåíèå R1, òàêîå ÷òî

d1R1d2 ≡ (∃d3)d3Rd1&d3Rd2.
Ýòî îòíîøåíèå íàçâàíî îòíîøåíèåì

”
êîöèòèðîâàíèÿ“ (co-citation, cocitation) [5, 6]. Äâà äî-

êóìåíòà íàõîäÿòñÿ â îòíîøåíèè êîöèòèðîâàíèÿ, åñëè ñóùåñòâóåò õîòÿ áû îäèí äîêóìåíò,
öèòèðóþùèé îáà ýòè äîêóìåíòà. ×àñòîòà ïîÿâëåíèÿ ïàðû äîêóìåíòîâ (d1,d2) â ñïèñêàõ
ëèòåðàòóðû ðàçëè÷íûõ äîêóìåíòîâ õàðàêòåðèçóåò ñòåïåíü âçàèìîñâÿçè ìåæäó íèìè. Ñî-
ãëàñíî [7], áóäåì íàçûâàòü ýòó ÷àñòîòó êîýôôèöèåíòîì êîöèòèðîâàíèÿ (ÊÊÖ). Òàêèì
îáðàçîì, ÊÊÖ äîêóìåíòîâ d1 è d2 � ýòî ìîùíîñòü ïåðåñå÷åíèÿ ìíîæåñòâ Ω1∩Ω2, ãäå Ω1 è
Ω2 � ìíîæåñòâà äîêóìåíòîâ, öèòèðóþùèõ äîêóìåíòû d1 è d2 ñîîòâåòñòâåííî. Îòíîøåíèå
R1 ìîæåò ðàññìàòðèâàòüñÿ êàê îòíîøåíèå áëèçîñòè ìåæäó ïàðîé äîêóìåíòîâ.

Îòíîøåíèå R1 îïðåäåëÿåò ñåòü êîöèòèðîâàíèÿ (ÑÊÖ) N(D,R1). Â ïðåäñòàâëåíèè ñåòè
â âèäå íåîðèåíòèðîâàííîãî ãðàôà îòíîøåíèþ d1R1d2 ñîîòâåòñòâóåò ðåáðî (d1,d2). Åñëè
ñèëà ñâÿçè ìåæäó äîêóìåíòàìè íå ó÷èòûâàåòñÿ, ãðàô áóäåò íåâçâåøåííûì, â ïðîòèâíîì
ñëó÷àå â êà÷åñòâå âåñà ìîæåò âûñòóïàòü ÊÊÖ (w = ÊÊÖ). Ôîðìóëà âû÷èñëåíèÿ ÊÊÖ äëÿ
äîêóìåíòîâ di è dj, (i 6= j):

n∑
k=1

ckickj =
(
C>C

)
ij
.

Ìàòðèöà ñìåæíîñòè âçâåøåííîãî ãðàôà êîöèòèðîâàíèÿ CC ìîæåò áûòü ïîëó÷åíà èç
ìàòðèöû ñìåæíîñòè Ñ ãðàôà öèòèðîâàíèÿ:

CC ′ = C>C

ñ ïîñëåäóþùèì îáíóëåíèåì ãëàâíîé äèàãîíàëè ìàòðèöû CC ′ (òàê êàê (CC ′)ii � ýòî êîëè-
÷åñòâî öèòèðîâàíèé äîêóìåíòà di). Íà ðèñ. 1 ïðèâåäåí ïðèìåð ñåòè öèòèðîâàíèÿ è ñåòè
êîöèòèðîâàíèÿ, ïîñòðîåííûõ íà îäíèõ è òåõ æå äàííûõ î öèòèðîâàíèè: äîêóìåíò d1 öè-
òèðóåò äîêóìåíòû d2 è d3, äîêóìåíò d4 öèòèðóåò äîêóìåíòû d2 è d5, äîêóìåíò d6 òàêæå
öèòèðóåò äîêóìåíòû d2 è d5.

2. Öåíòðàëüíîñòü ïî ïîñðåäíè÷åñòâó. Ïóñòü G = (V,E) � ñâÿçíûé íåîðèåíòè-
ðîâàííûé ãðàô è w � ôóíêöèÿ âçâåøèâàíèÿ ðåáåð, òàêàÿ ÷òî w(e) > 0 (e ∈ E) äëÿ
âçâåøåííûõ ãðàôîâ è w(e) = 1 äëÿ íåâçâåøåííûõ ãðàôîâ. Îïðåäåëèì ïóòü îò âåðøèíû
s ∈ V äî âåðøèíû t ∈ V êàê ïîñëåäîâàòåëüíîñòü íåñîâïàäàþùèõ âåðøèí è ðåáåð (v1, e1,
v2, e2, . . . , en−1, vn), íà÷èíàþùóþñÿ â s (s = v1) è çàêàí÷èâàþùóþñÿ â t (t = vn), òàêóþ
÷òî êàæäîå ðåáðî ñîåäèíÿåò ïðåäøåñòâóþùóþ âåðøèíó ñ ïîñëåäóþùåé. Åñëè â ãðàôå íåò
êðàòíûõ ðåáåð, òî ïóòü ìîæíî ïðåäñòàâëÿòü â âèäå ïîñëåäîâàòåëüíîñòè âåðøèí. Äëèíà
ïóòè p � ýòî ñóììà âåñîâ åãî ðåáåð:
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d1

d2
d3

d4
d6

d5

d1

d2
d3

d4
d6

d5

w=1

w=2

Ðèñ. 1. a � ñåòü öèòèðîâàíèÿ; á � ñåòü êîöèòèðîâàíèÿ

w(p) =
n−1∑
i=1

w(ei).

Ðàññòîÿíèå ìåæäó âåðøèíàìè s è t, dG(s, t) � ýòî ìèíèìóì ñðåäè äëèí ïóòåé, ñîåäè-
íÿþùèõ s è t. Ïî îïðåäåëåíèþ dG(s, s) = 0, dG(s, t) = dG(t, s). Ïóòü ìåæäó âåðøèíàìè s è
t, äëèíà êîòîðîãî ðàâíà ðàññòîÿíèþ ìåæäó s è t, íàçûâàåòñÿ êðàò÷àéøèì.

Ïóñòü σst � êîëè÷åñòâî êðàò÷àéøèõ ïóòåé îò âåðøèíû s ∈ V äî âåðøèíû t ∈ V .
Ïîñêîëüêó ãðàô íåîðèåíòèðîâàííûé, σst = σts. Äëÿ íåîðèåíòèðîâàííîãî ñëó÷àÿ ÷åðåç σst
áóäåì îáîçíà÷àòü êîëè÷åñòâî ïóòåé ìåæäó s è t ((σst + σts)/2). Ïóñòü σst(v) � êîëè÷åñòâî
êðàò÷àéøèõ ïóòåé ìåæäó s è t, ïðîõîäÿùèõ ÷åðåç v ∈ V . Òîãäà èíäåêñ CB(v) [3] äëÿ
âåðøèíû v îïðåäåëÿåòñÿ ñëåäóþùèì îáðàçîì:

CB(v) =
∑

s 6=t6=v∈V

σst(v)

σst
.

Îáîçíà÷èì ÷åðåç

δst(v) =
σst(v)

σst

äîëþ êðàò÷àéøèõ ïóòåé ìåæäó s è t, ïðîõîäÿùèõ ÷åðåç v. Ýòó âåëè÷èíó, êîòîðóþ íàçîâåì
ïàðíîé çàâèñèìîñòüþ (s è t îò v), ìîæíî òàêæå èíòåðïðåòèðîâàòü êàê âåðîÿòíîñòü òîãî,
÷òî ñëó÷àéíî âûáðàííàÿ ñâÿçü ìåæäó s è t ïðîõîäèò ÷åðåç v. Äëÿ àäàïòàöèè îïðåäåëåíèÿ
â ñëó÷àå, êîãäà íå ñóùåñòâóåò ïóòè ìåæäó s è t (÷èñëèòåëü σst(v) è çíàìåíàòåëü σst ðàâíû
íóëþ), ïðèíÿòî ñîãëàøåíèå: δst(v) = 0.

3. Ìåòîä. Ñ èñïîëüçîâàíèåì îïðåäåëåíèÿ ïàðíîé çàâèñèìîñòè ìåðó
”
öåíòðàëüíîñòè“

âåðøèíû v ìîæíî ïðåäñòàâèòü ñëåäóþùèì îáðàçîì:
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CB(v) =
∑

s 6=t6=v∈V

δst(v).

Ïðîöåäóðà âû÷èñëåíèÿ òðàäèöèîííî ñîñòîèò èç äâóõ øàãîâ: à) íàéòè âñå êðàò÷àéøèå
ïóòè ìåæäó âñåìè ïàðàìè âåðøèí; á) ïðîñóììèðîâàòü âñå ïàðíûå çàâèñèìîñòè.

Â ðàáîòå [8] ïðåäëîæåí ïîäõîä, â êîòîðîì òåõíèêà àêêóìóëèðîâàíèÿ çíà÷åíèé öåí-
òðàëüíîñòè èíòåãðèðîâàíà ñ ïîèñêîì êðàò÷àéøèõ ïóòåé. Ïîäõîä îñíîâàí íà ðåêóðñèâíîé
ôîðìóëå, óñòàíàâëèâàþùåé ñâÿçü ìåæäó çàâèñèìîñòÿìè âåðøèí è èõ ïðåäøåñòâåííèêîâ.

Çàâèñèìîñòü (dependency) åäèíè÷íîé âåðøèíû s ∈ V îò âåðøèíû v ∈ V îïðåäåëÿåòñÿ
êàê

δs.(v) =
∑
t∈V

δst(v). (1)

Òîãäà Cb(v) ìîæíî ïðåäñòàâèòü â âèäå:

CB(v) =
∑
s∈V

δs.(v). (2)

Îáîçíà÷èì ÷åðåç Ps(v) ìíîæåñòâî ïðåäøåñòâåííèêîâ (predecessors) âåðøèíû v ∈ V íà
êðàò÷àéøèõ ïóòÿõ èç s ∈ V :

Ps(v) = {u ∈ V : (u,v) ∈ E, dG(s,v) = dG(s,u) + w(u,v)} .

Ñâÿçü êîëè÷åñòâà êðàò÷àéøèõ ïóòåé îò s äî v (s 6= v ∈ V ) ñ êîëè÷åñòâîì ïóòåé äî
ïðåäøåñòâåííèêîâ:

σsv =
∑

u∈Ps(v)

σsu. (3)

Äëÿ âû÷èñëåíèÿ çíà÷åíèÿ çàâèñèìîñòè âåðøèíû s ∈ V îò ëþáîé âåðøèíû v ∈ V ìîæíî
ïðèìåíÿòü ñëåäóþùóþ êëþ÷åâóþ ðåêóðñèâíóþ ôîðìóëó:

δs.(v) =
∑

w : v∈Ps(w)

σsv
σsw

(1 + δs.(w)). (4)

Àëãîðèòì âû÷èñëåíèÿ öåíòðàëüíîñòè âñåõ âåðøèí îñíîâûâàåòñÿ íà âû÷èñëåíèè äëÿ
ëþáîé âåðøèíû s ∈ V çàâèñèìîñòåé îò îñòàëüíûõ âåðøèí. Äëÿ ýòîãî âûïîëíÿþòñÿ äâà
øàãà:

a) ïðîèçâîäèòñÿ ïîäñ÷åò äëèí è êîëè÷åñòâà êðàò÷àéøèõ ïóòåé îò s ∈ V äî âñåõ îñòàëü-
íûõ âåðøèí è çàïîìèíàåòñÿ ñîñòàâ ïóòåé;

á) âû÷èñëÿþòñÿ çàâèñèìîñòè s îò âñåõ âåðøèí íà ïóòÿõ ñ èñïîëüçîâàíèåì (1), (3), (4)
è ñóììèðóþòñÿ ñî çíà÷åíèåì öåíòðàëüíîñòè, ñîãëàñíî (2).

Â ðåçóëüòàòå èòåðàöèè áóäóò ðàññìîòðåíû âñå ïàðû âåðøèí è ïðîñóììèðîâàíû ïàð-
íûå çàâèñèìîñòè. Ãðàô íåîðèåíòèðîâàííûé, ïîýòîìó çíà÷åíèå äåëèòñÿ íà äâà, òàê êàê
êðàò÷àéøèå ïóòè ìåæäó ïàðîé âåðøèí ðàññìàòðèâàþòñÿ äâàæäû. Ñ äåòàëÿìè ìîæíî
îçíàêîìèòüñÿ â ðàáîòå [9], òàì æå ïðèâåäåí àëãîðèòì âû÷èñëåíèÿ CB äëÿ âçâåøåííûõ
ãðàôîâ.
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Ðèñ. 2. Çàâèñèìîñòü ìåæäó çíà÷åíèåì ÊÊÖ è êîëè÷åñòâîì ïàð,

êîöèòèðóåìûõ ñ äàííîé ÷àñòîòîé

4. Çàäà÷à è äàííûå. Çàäà÷åé íàñòîÿùåé ðàáîòû ÿâëÿåòñÿ âû÷èñëåíèå çíà÷åíèÿ ìå-
ðû CB äëÿ âåðøèí ãðàôà, ïðåäñòàâëÿþùåãî ÑÊÖ, ïîñòðîåííóþ íà èíôîðìàöèè î öèòè-
ðîâàíèè, èçâëå÷åííîé èç ðàñïðåäåëåííîé áàçû áèáëèîãðàôè÷åñêèõ äàííûõ (äàëåå ÐÁÁÄ)
RePEc [10]. Öåëüþ ÿâëÿåòñÿ ðàíæèðîâàíèå (óñòàíîâëåíèå îòíîøåíèÿ ëèíåéíîãî ïîðÿäêà)
ìíîæåñòâà ñòàòåé èç íàó÷íûõ æóðíàëîâ íà îñíîâå ýòîé ìåðû. Â ÐÁÁÄ íà ìîìåíò èçâëå÷å-
íèÿ íàñ÷èòûâàëîñü 5811 êîëëåêöèé äîêóìåíòîâ ïî ýêîíîìèêå, èç íèõ 1708 æóðíàëîâ. Îá-
ùåå ÷èñëî ñòàòåé â æóðíàëàõ � 435 026; èç íèõ ñîñòîÿùèõ â îòíîøåíèè êîöèòèðîâàíèÿ �
323 159. ×èñëî ïàð ñòàòåé, ñîñòîÿùèõ â îòíîøåíèè êîöèòèðîâàíèÿ � 13 875 461, ìàêñèìàëü-
íûé ÊÊÖ=687 èìååò îäíà ïàðà ñòàòåé: ArellanoM., Bond S. Some tests of speci�cation for
panel data: Monte Carlo evidence and an application to employment equations // Review of
Economic Studies. 1991. Blundell R., Bond S. Initial conditions and moment restrictions in
dynamic panel data models // Journal of Econometrics. 1998.

Íà ðèñ. 2 ïðåäñòàâëåíà çàâèñèìîñòü ìåæäó çíà÷åíèåì ÊÊÖ è êîëè÷åñòâîì ïàð ñòàòåé,
êîöèòèðóåìûõ ñ äàííîé ÷àñòîòîé. Ïî îñè x � çíà÷åíèå ÊÊÖ, ïî îñè y � êîëè÷åñòâî ïàð
ñòàòåé â ëîãàðèôìè÷åñêîì ìàñøòàáå. Äëÿ àïïðîêñèìàöèè òî÷å÷íûõ çíà÷åíèé â ïðåäïî-
ëîæåíèè, ÷òî çàâèñèìîñòü èìååò ñòåïåííîé õàðàêòåð (f(x) = ax−λ), èñïîëüçîâàëñÿ ìåòîä
íàèìåíüøèõ êâàäðàòîâ. Â äàííîì ñëó÷àå λ=3,171.

5. Âû÷èñëèòåëüíûé ýêñïåðèìåíò. Äëÿ ñîêðàùåíèÿ âðåìåíè âû÷èñëèòåëüíîãî ýêñ-
ïåðèìåíòà ðàññìîòðèì íåñêîëüêî âàðèàíòîâ ðåäóöèðîâàíèÿ äàííûõ.

5.1. Ïîðîã ïî öèòèðîâàíèþ. Â íà÷àëå ýêñïåðèìåíòà áûë ââåäåí ïîðîã íà öèòèðóå-
ìîñòü, ðàâíûé 58. Â ðåçóëüòàòå êîëè÷åñòâî ðàññìàòðèâàåìûõ ñòàòåé ñîêðàòèëîñü äî 4008.
Ñ÷èòàåì ýòî ìíîæåñòâî èñõîäíûì è íåì ðàññìàòðèâàåì îòíîøåíèÿ öèòèðîâàíèÿ è êîöè-
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Òàáëèöà 1

Ñòàòüè ìíîæåñòâà P1, ïîëó÷èâøèå íàèâûñøèé ðàíã

Ðàíã CB Ñòàòüÿ

1 595 563 La Porta R., Lopez-de-Silanes F., Shleifer A., Vishny R.W. Law and Finance //
J. of Political Economy. 1998

2 472 148 Newey W.K., West K.D. A Simple, Positive Semi-de�nite, Heteroskedasticity and
Autocorrelation Consistent Covariance Matrix // Econometrica. 1987

3 334 876 Hansen L. P. Large Sample Properties of Generalized Method of Moments
Estimators // Econometrica. 1982

4 285 395 Bollerslev T. Generalized autoregressive conditional heteroskedasticity // J. of
Econometrics. 1986

5 282 655 White H. A Heteroskedasticity-Consistent Covariance Matrix Estimator and a
Direct Test for Heteroskedasticity // Econometrica. 1980

6 214 823 Arellano M., Bond S. Some Tests of Speci�cation for Panel Data: Monte Carlo
Evidence and an Application to Employment Equations // Review of Economic
Studies. 1991

7 213 099 Levine R., Zervos S. Stock Markets, Banks, and Economic Growth // American
Economic Review. 1998

8 199 276 Jensen M.C. Agency Costs of Free Cash Flow, Corporate Finance, and Takeovers
// American Economic Review. 1986

9 172 694 Fama E. F., MacBeth J.D. Risk, Return, and Equilibrium: Empirical Tests // //
J. of Political Economy. 1973

10 165 942 Fama E. F., French K.R. Common risk factors in the returns on stocks and bonds
// J. of Financial Economics. 1993

11 163 688 Lucas R. Jr. On the mechanics of economic development // J. of Monetary
Economics. 1988

12 148 304 Mehra R., Prescott E.C. The equity premium: A puzzle // J. of Monetary
Economics. 1985

òèðîâàíèÿ. Â ðàìêàõ ýòîãî ìíîæåñòâà 2512 ñòàòåé ñîñòîÿò â îòíîøåíèè êîöèòèðîâàíèÿ.
Êîëè÷åñòâî êîöèòèðóåìûõ ïàð � 45 214, ìàêñèìàëüíûé ÊÊÖ=17 èìååò îäíà ïàðà ñòà-
òåé: LevinR., Zervos S. Stock markets, banks, and economic growth // American Economic
Rev. 1998. La PortaR., Lopez-de-Silanes F., ShleiferA., VishnyR.W. Law and Finance // J. of
Political Economy. 1998.

Ðàññìàòðèâàåòñÿ íåíàïðàâëåííûé âçâåøåííûé ãðàô G ñ 2512 âåðøèíàìè. Ýòîò ãðàô
ðàñïàäàåòñÿ íà íåñêîëüêî ñâÿçíûõ êîìïîíåíò, ïåðâàÿ èç êîòîðûõ ñîäåðæèò 2479 âåðøèí,
îñòàëüíûå � íå áîëåå ïÿòè âåðøèí. Îáîçíà÷èì ïåðâóþ êîìïîíåíòó ÷åðåç G1, à ìíîæåñòâî
ñòàòåé, ñîîòâåòñòâóþùèõ âåðøèíàì ãðàôà, ÷åðåç P1. Âû÷èñëèì çíà÷åíèÿ öåíòðàëüíîñòè
ïî ïîñðåäíè÷åñòâó äëÿ âåðøèí ýòîãî ãðàôà. Íàñ èíòåðåñóþò ïóòè ñ áîëüøîé ñóììîé êî-
öèòèðîâàíèÿ, à ïðè âû÷èñëåíèè öåíòðàëüíîñòè ïî ïîñðåäíè÷åñòâó ðàññìàòðèâàþòñÿ êðàò-
÷àéøèå ïóòè, ïîýòîìó â êà÷åñòâå âåñà ðåáðà èñïîëüçóåòñÿ çíà÷åíèå 1/ÊÊÖ. Ñòàòüè ñ íàè-
âûñøèì çíà÷åíèåì CB ïðèâåäåíû â òàáë. 1.

5.2. Ïîðîã ïî êîöèòèðîâàíèþ. Ââåäåì ïîðîã ïî êîöèòèðîâàíèþ äëÿ âñåãî ìíî-
æåñòâà æóðíàëüíûõ ñòàòåé, ðàâíûé 30. Êîëè÷åñòâî ñòàòåé, äëÿ êîòîðûõ ÊÊÖ ≥
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30, ðàâíî 2976, êîëè÷åñòâî ïàð � 6533. Ââåäåíèå ïîðîãà íà êîöèòèðîâàíèå ïðè-
âåëî ê òîìó, ÷òî ñâÿçíûé ãðàô ðàñïàëñÿ íà ðÿä êîìïîíåíò. Â ðàáîòå [11] ýòè
êîìïîíåíòû èíòåðïðåòèðóþòñÿ êàê íàó÷íûå ñïåöèàëüíîñòè èëè ðàçäåëû ñïåöèàëü-
íîñòåé. Â íàøåì ñëó÷àå ïîëó÷èëîñü ìíîæåñòâî íåáîëüøèõ êîìïîíåíò è îäíà êîì-
ïîíåíòà, ñîñòîÿùàÿ èç 1981 âåðøèíû. Îáîçíà÷èì ýòó êîìïîíåíòó ÷åðåç G2, à
ìíîæåñòâî ñòàòåé, ñîîòâåòñòâóþùèõ âåðøèíàì ãðàôà, ÷åðåç P2. Âû÷èñëèì çíà÷å-
íèÿ CB äëÿ âåðøèí ãðàôà G2. Ñòàòüè ñ íàèâûñøèì çíà÷åíèåì ìåðû ïðèâåäåíû
â òàáë. 2.

Òàáëèöà 2

Ñòàòüè ìíîæåñòâà P2, ïîëó÷èâøèå íàèâûñøèé ðàíã

Ðàíã CB Ñòàòüÿ

1 535 937 Fama E. F., French K.R. Common risk factors in the returns on stocks and bonds
// J. of Financial Economics. 1993

2 454 085 Jensen M.C., Meckling W.H. Theory of the �rm: Managerial behavior, agency
costs and ownership structure // J. of Financial Economics/ 1976

3 442 380 Arellano M., Bond S. Some Tests of Speci�cation for Panel Data: Monte Carlo
Evidence and an Application to Employment Equations // Review of Economic
Studies. 1991

4 388 977 La Porta R., Lopez-de-Silanes F., Shleifer A., Vishny R.W. Law and Finance //
J. of Political Economy. 1998

5 345 607 Newey W.K., West K.D. A Simple, Positive Semi-de�nite, Heteroskedasticity and
Autocorrelation Consistent Covariance Matrix // Econometrica. 1987

6 322 555 Bollerslev T. Generalized autoregressive conditional heteroskedasticity // J. of
Econometrics. 1986

7 311 038 Mankiw N.G., Romer D., Weil David. N.A Contribution to the Empirics of
Economic Growth // The Quarterly J. of Economics. 1992

8 277 215 Johansen S. Statistical analysis of cointegration vectors // J. of Economic Dynamics
and Control. 1988

9 271 734 Hansen L. P. Large Sample Properties of Generalized Method of Moments
Estimators // Econometrica. 1982

10 242 100 Black F., Scholes, M. S. The Pricing of Options and Corporate Liabilities // J. of
Political Economy. 1973

11 193 761 Im K. S. Pesaran M.H., Shin Y. Testing for unit roots in heterogeneous panels //
J. of Econometrics; Elsevier; 2003

12 185 934 Kahneman D., Tversky A. Prospect Theory: An Analysis of Decision under Risk
// Econometrica. 1979

Ïðè ñðàâíåíèå òàáëèö 1 è 2 âèäíî, ÷òî 7 èç 12 ñòàòåé ïðèñóòñòâóþò â îáåèõ òàáëèöàõ.
Åñëè ðàññìîòðåòü 20 ñòàòåé ñ íàèáîëüøèì çíà÷åíèåì CB, òî 10 èç 20 ñòàòåé ïîïàäàþò â
îáå òàáëèöû.

5.3. Íîðìèðîâàíèå ïðè âû÷èñëåíèè ÊÊÖ. Íà çíà÷åíèå ÊÊÖ âëèÿåò êîëè÷åñòâî öè-
òèðîâàíèé, òàê êàê âåðîÿòíîñòü èìåòü áîëüøåå çíà÷åíèå êîýôôèöèåíòà âûøå ó ïàðû ñ
áîëüøèì êîëè÷åñòâîì öèòèðîâàíèé. Ïðè ðàññìîòðåíèè îòíîøåíèÿ ïîäîáèÿ îáúåêòîâ ïðè-
íÿòî íîðìèðîâàòü ñûðûå äàííûå [12] è [13]. Ñóùåñòâóåò ðÿä ïðèåìîâ íîðìèðîâàíèÿ, îò
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Òàáëèöà 3

Ñòàòüè, ïîëó÷èâøèå íàèâûñøèé ðàíã â íîðìèðîâàííîì ñëó÷àå

Ðàíã CB Ñòàòüÿ

1 425 380 Loughran T., Ritter J. R. The New Issues Puzzle // J. of Finance. 1995

2 395 680 Gompers P., Ishii J., Metrick A. Corporate Governance And Equity Prices // The
Quarterly J. of Economics, 2003

3 391 108 Geert B., Campbell R.H. Foreign Speculators and Emerging Equity Markets // J.
of Finance. 2000

4 381 992 Rajan R.G., Zingales L. Financial Dependence and Growth // American Economic
Review. 1998

5 380 188 La Porta R., Lopez-de-Silanes F., Shleifer A., Vishny R.W. Law and Finance //
J. of Political Economy. 1998

6 378300 Merton R.C. An Intertemporal Capital Asset Pricing Model // Econometrica. 1973

7 378 218 Mehra R., Prescott E.C. The equity premium: A puzzle // J. of Monetary
Economics. 1985

8 370 688 Bekaert G., Harvey C.R., Lundblad Ch. Does �nancial liberalization spur growth?
// J. of Financial Economics. 2005

9 322 224 Calvo G.A. Staggered prices in a utility-maximizing framework // J. of Monetary
Economics. 1983

10 304 130 Breeden D.T. An intertemporal asset pricing model with stochastic consumption
and investment opportunities // J. of Financial Economics. 1979

11 303 456 Hayne E. L. Agency Costs, Risk Management, and Capital Structure // J. of
Finance. 1998

12 299 186 Ferson W.E., Harvey C.R. The Risk and Predictability of International Equity
Returns // Review of Financial Studies. 1993

âûáîðà êîòîðûõ çàâèñèò ðåçóëüòàò èññëåäîâàíèÿ. Â ðàáîòå [14] ïðîâåäåí àíàëèç ÷åòûðåõ
÷àñòî èñïîëüçóåìûõ ìåòîäîâ íîðìèðîâàíèÿ:

a) êîýôôèöèåíò àññîöèàòèâíîñòè

SA(cij,si,sj) =
cij
sisj

, (5)

á)
”
êîñèíóñíàÿ“ ìåðà

SC(cij,si,sj) =
cij
√
sisj

,

â) èíäåêñ âêëþ÷àåìîñòè

SI(cij,si,sj) =
cij

min(si,sj)
,

ã) èíäåêñ Æàêêàðà
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SJ(cij,si,sj) =
cij

si + sj − cij
,

ãäå si � âñòðå÷àåìîñòü îáúåêòà i (â äàííîì � ñëó÷àå êîëè÷åñòâî öèòèðîâàíèé), cij � ñîâ-
ìåñòíàÿ âñòðå÷àåìîñòü îáúåêòîâ i è j (â äàííîì ñëó÷àå � êîýôôèöèåíò êîöèòèðîâàíèÿ).
Ïîêàçàíî, ÷òî èìååòñÿ ñóùåñòâåííîå ðàçëè÷èå ìåæäó êîýôôèöèåíòîì àññîöèàòèâíîñòè è
îñòàëüíûìè ìåðàìè. Êîýôôèöèåíò àññîöèàòèâíîñòè ëó÷øå êîððåêòèðóåò ýôôåêò ðàçìå-
ðà. Ïîýòîìó äëÿ íîðìèðîâàíèÿ íàøèõ äàííûõ èñïîëüçóåòñÿ ìåòîä (5).

Ïðè ñðàâíåíèå òàáëèö 2 è 3 âèäíî, ÷òî òîëüêî îäíà èç 12 ñòàòåé ïðèñóòñòâóåò â îáåèõ
òàáëèöàõ. Èç 20 ñòàòåé ñ íàèáîëüøèì çíà÷åíèåì CB äâå ñòàòüè ïîïàäàþò â îáå òàáëè-
öû. Ïåðåñå÷åíèå òðåõ òàáëèö � ýòî ñòàòüÿ La Porta R., Lopez-de-Silanes F., Shleifer A.,
Vishny R. W. Law and Finance // J. of Political Economy. 1998, èìåþùàÿ ðàíãè 1, 4 è
5 ñîîòâåòñòâåííî. Äëÿ ñðàâíåíèÿ çíà÷åíèé CB ñòàòåé êîëëåêöèè P2 â íîðìèðîâàííîì è
íåíîðìèðîâàííîì ñëó÷àÿõ âû÷èñëåí êîýôôèöèåíò êîððåëÿöèè Ïèðñîíà (0,315), à òàêæå
êîýôôèöèåíò ðàíãîâîé êîððåëÿöèè Ñïèðìåíà (0,868).

Çàêëþ÷åíèå. Â ðàáîòå ïðèâåäåí îïûò ðàíæèðîâàíèÿ æóðíàëüíûõ ñòàòåé íà îñíîâå
äàííûõ îá èõ öèòèðîâàíèè ñ ó÷åòîì ñòðóêòóðíûõ îñîáåííîñòåé ñåòè êîöèòèðîâàíèÿ, à
èìåííî,

”
öåíòðàëüíîñòè“ åå âåðøèí. Èñïîëüçóåòñÿ ìåðà

”
öåíòðàëüíîñòü ïî ïîñðåäíè÷å-

ñòâó“, äëÿ âû÷èñëåíèÿ êîòîðîé ïðèìåíåí ìåòîä Áðàíäåñà. Ïîêàçàíî âëèÿíèå ñïîñîáîâ
ôèëüòðàöèè äàííûõ íà ðåçóëüòàòû ðàíæèðîâàíèÿ.
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