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In the previous paper [12] we investigated the co-authorship network (N ca) represented by an
unweighted graph: nodes correspond to authors, and two authors are considered connected if they are
coauthors of at least one publication. Basic network properties are: existence of the giant component
(includes 90% of authors), �small worldness� [24] and a power-law �tting of the distribution of
coauthors. In this paper we focus on centrality measures in order to identify key authors on the
base of the weighted co-authorship network. Using co-authorship data from the distributed database
RePEc [13] we construct two weighted networks that di�er in the way of computing edge weights.

Let P (|P | = l) be the set of publications and assume that each publication in P has at least
two authors. Let V (|V | = n) be the set of authors of these publications and aij = 1 if i is the
author of the publication j. For the network N ca

T the strength of the collaborative tie (the edge weight)

between the authors i and j is equal to the number of joint papers (T -method): w (i,j) =
l∑

k=1

aik · ajk.

For the network N ca
F the edge weight between the authors i and j depends not only on the number

of coauthored papers, but also on the number of other coauthors of these papers (F -method [7]):

w (i,j) =
l∑

k=1

aik · ajk
nk − 1

, where nk is the number of authors of the publication k.

The raw data processing procedure is presented in [12], as a result the number of authors
|V | = 32 434 and the number of coauthored publications |P | = 91 113. For each of the network N ca,
N ca

T , N
ca
F four measures of centrality such as degree, closeness, betweenness and eigenvector have been

calculated and the tables (tabs. 2�4) containing the names of the authors with the highest ranks are
provided. It should be noted that these authors have high h-index values (according to Google Scholar
search engine or IDEAS ranking system [25] based on all publications of the authors).

In order to study the dependence of author ranks on the method of calculating the contributions of
authors to publications we calculated Pearson's correlation coe�cients and Spearman's rank correlation
coe�cients for the same centrality measures for the networks under consideration. It was shown
that regardless of how the edge weights are calculated the same centrality measures have signi�cant
correlation with each other. The most signi�cant correlation according to both coe�cients is �xed for
the betweenness centrality, the least � for the eigenvector centrality, which determines the �prestige�
of the network actor.

To illustrate the studied ways of calculating edge weights and the dependence of node ranks on
the method and a node location, we considered the 12-node component of N ca and applied four
centrality measures to its weighted representations. We see that the ranks of authors di�er depending
on the method of edge weights calculating. On the base of node ranks we calculated node weights
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and presented new ranks of authors (tab. 10) within any component representation and centrality
measure used. It is noted that the high ranked authors are the in�uential persons with a large number
of citations.

The purpose of further research is to identify the relationship between key authors and the number
of citations of coauthored publications. The question of interest is whether collaborative publications
receive more citations than single author publications.

Key words: bibliometry, co-authorship network, centrality measures, key authors.
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Èçó÷àþòñÿ âçâåøåííûå ñåòè ñîàâòîðñòâà, ïîñòðîåííûå íà îñíîâå èçâëå÷åííîé èç áèáëèîãðà-
ôè÷åñêîé ÁÄ èíôîðìàöèè. Óçëàìè ñåòåé ÿâëÿþòñÿ àâòîðû íàó÷íûõ ïóáëèêàöèé, à ñâÿçè óñòà-
íàâëèâàþòñÿ íà îñíîâå áèíàðíîãî îòíîøåíèÿ ñîàâòîðñòâà. Ðàññìàòðèâàþòñÿ äâà ìåòîäà óñòà-
íîâëåíèÿ âåñîâ ðåáåð, îòðàæàþùèå âêëàä êàæäîãî ñîàâòîðà, åñëè ýòè ñâåäåíèÿ íå óêàçàíû
ÿâíî. Âû÷èñëåíû ìåðû öåíòðàëüíîñòè ïî ñòåïåíè, áëèçîñòè, ïîñðåäíè÷åñòâó è ñîáñòâåííîìó
âåêòîðó. Ïðèâåäåíû ðåçóëüòàòû ðàíæèðîâàíèÿ àâòîðîâ, èññëåäîâàíà èõ çàâèñèìîñòü îò âû-
áîðà ìåòîäà íàçíà÷åíèÿ âåñîâ. Ïîêàçàíî, ÷òî ìåðû öåíòðàëüíîñòè èìåþò âûñîêèé óðîâåíü
êîððåëÿöèè, íàèâûñøèé äëÿ öåíòðàëüíîñòè ïî ïîñðåäíè÷åñòâó.

Êëþ÷åâûå ñëîâà: áèáëèîìåòðèÿ, ñåòü ñîàâòîðñòâà, ìåòîäû îïðåäåëåíèÿ âêëàäîâ àâòîðîâ,
ìåðû öåíòðàëüíîñòè.

Ââåäåíèå. Îäíèì èç íàïðàâëåíèé èçó÷åíèÿ íàó÷íîãî ñîòðóäíè÷åñòâà ÿâëÿåòñÿ àíà-
ëèç ñåòåé ñîàâòîðñòâà, êîòîðûå êîíñòðóèðóþòñÿ íà îñíîâå èíôîðìàöèè, èçâëåêàåìîé èç
áèáëèîãðàôè÷åñêèõ ÁÄ. Âàæíûì ÿâëÿåòñÿ òîò ôàêò, ÷òî àêò íàó÷íîãî ñîòðóäíè÷åñòâà ÿâ-
íî çàäîêóìåíòèðîâàí â ñîâìåñòíûõ ïóáëèêàöèÿõ àâòîðîâ. Óçëàìè ñåòè ñîàâòîðñòâà (N ca)
ÿâëÿþòñÿ íàó÷íûå ïóáëèêàöèè (ÍÏ), à â êà÷åñòâå ðåáåð âûñòóïàþò ïàðû àâòîðîâ ÍÏ
(ñîàâòîðû), êîòîðûå ñ÷èòàþòñÿ ñâÿçàííûìè, åñëè îáà ÿâëÿþòñÿ àâòîðàìè õîòÿ áû îäíîé
ñîâìåñòíîé ÍÏ. Ñåòåâîé ïîäõîä ïîçâîëÿåò çàôèêñèðîâàòü ðàñòóùóþ ñòðóêòóðó íàó÷íî-
ãî ñîîáùåñòâà â îïðåäåëåííûé ìîìåíò âðåìåíè è îöåíèòü âêëàä îòäåëüíûõ ó÷åíûõ â åå
ñîçäàíèå.

Ïðîáëåìà âûÿâëåíèÿ êëþ÷åâûõ èãðîêîâ â ñîöèàëüíûõ ñåòÿõ â çíà÷èòåëüíîé ìåðå áû-
ëà èçó÷åíà â ðàáîòàõ Ô. Áîíà÷è÷à è Ë. Ôðèìàíà ïåðèîäà 1972�1979 ãã., êîòîðûå ââåëè
ïîíÿòèå �öåíòðàëüíîñòè� óçëîâ è ðàçðàáîòàëè ìåòîäû, ïîçâîëÿþùèå åå âû÷èñëÿòü. Òàêèì
îáðàçîì ïîÿâèëàñü âîçìîæíîñòü îöåíèâàòü ñòðóêòóðíóþ âàæíîñòü ó÷àñòíèêîâ ñåòè. Â ðà-
áîòå [1] îïðåäåëåíèÿ �ñòàíäàðòíûõ� ìåð ñåòåâîé öåíòðàëüíîñòè îòäåëüíûõ àâòîðîâ (ñòå-
ïåíü, áëèçîñòü, ïîñðåäíè÷åñòâî) ðàñøèðåíû íà ãðóïïû àâòîðîâ, ÷òî ïîçâîëÿåò îòâå÷àòü
íà âîïðîñ î òîì, íàñêîëüêî öåíòðàëüíîå ìåñòî â ñåòè çàíèìàåò òà èëè èíàÿ ãðóïïà. Ðàç-
âèòèå ïðåäëîæåííûõ ïîíÿòèé ïîçâîëèëî îöåíèâàòü öåíòðàëüíîñòü (èëè ïåðèôåðèéíîñòü)
ãðóïï óçëîâ è èõ âàæíîñòü äëÿ ñåòè â öåëîì [2]. Ñòàòóñ íàó÷íîãî æóðíàëà (ÍÆ), êàê
ïðàâèëî, îïðåäåëÿåòñÿ äâóìÿ ôàêòîðàìè: îáùèì ÷èñëîì ïîëó÷åííûõ öèòèðîâàíèé (ïîïó-
ëÿðíîñòüþ), êîòîðûå ïîëó÷àåò ÍÆ, è ïðåñòèæåì öèòèðóþùèõ ÍÆ. Àâòîðû ñòàòüè [3]
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ðàçâèâàþò ïîíÿòèå ñòàòóñà äëÿ ïîëó÷åíèÿ ýêñïåðòíîé îöåíêè ÍÆ. Ðàáîòà [4] äåìîíñòðè-
ðóåò ðåçóëüòàòû ïðèìåíåíèÿ ðÿäà ìåð öåíòðàëüíîñòè óçëîâ äëÿ àíàëèçà ìåæäèñöèïëè-
íàðíûõ íàïðàâëåíèé è ñîñòàâëåíèÿ êàðò íàóêè. Â ñòàòüå [5] àïïàðàò ìåð öåíòðàëüíîñòè
ïðèìåíÿåòñÿ äëÿ èññëåäîâàíèÿ îðãàíèçàöèîííûõ ïðèíöèïîâ, ëåæàùèõ â îñíîâå ðàçâèòèÿ
ñåòåé öèòèðîâàíèÿ ÍÆ.

Èçó÷åíèå ñòàòèñòè÷åñêèõ ñâîéñòâ N ca-ñåòåé, ïîñòðîåííûõ íà îñíîâå èíôîðìàöèè, èç-
âëå÷åííîé èç ðàçëè÷íûõ áèáëèîãðàôè÷åñêèõ ÁÄ, íà÷àòî â ñåðèè ðàáîò Ì. Íüþìàíà [6�8].
Îïèðàÿñü íà ðåçóëüòàòû èçìåðåíèÿ ìåð öåíòðàëüíîñòè, àâòîð ïðåäëàãàåò ðÿä ìåòîäîâ,
ïîçâîëÿþùèõ àðãóìåíòèðîâàííî îòâå÷àòü íà âîïðîñ î òîì, êòî èç ó÷åíûõ â ñâîåé îáëàñòè
èññëåäîâàíèé îáëàäàåò íàèáîëåå øèðîêèìè ñâÿçÿìè. Â ñòàòüå [9] ðàññìàòðèâàåòñÿ ïðî-
öåññ ðîñòà êîíêðåòíîé ñåòè N ca ñ öåëüþ èçó÷åíèÿ øàáëîíîâ ñîàâòîðñòâà. Îñíîâûâàÿñü
íà ðåçóëüòàòàõ âû÷èñëåíèÿ ìåð öåíòðàëüíîñòè, àâòîðû ïðèõîäÿò ê çàêëþ÷åíèþ î âûñî-
êîé ñòåïåíè êîððåëÿöèè ïîëó÷åííûõ çíà÷åíèé ñ ÷èñëîì öèòèðîâàíèé. Âçàèìîñâÿçü ìåð
öåíòðàëüíîñòè ñ ýôôåêòèâíîñòüþ ÍÏ èçó÷àåòñÿ òàêæå â êîëëåêòèâíîé ðàáîòå [10]. Àâ-
òîðû ðàáîòû [11] ñî÷åòàþò ìåòîäû áèáëèîìåòðè÷åñêîãî è êëàñòåðíîãî àíàëèçîâ äëÿ èçó-
÷åíèÿ ìåæäèñöèïëèíàðíûõ îáëàñòåé êóëüòóðíîé ýâîëþöèè. Äëÿ èññëåäîâàíèÿ òåíäåíöèé
ñîòðóäíè÷åñòâà è êîëëåêòèâíîé ïðîäóêòèâíîñòè èñïîëüçóþòñÿ äâå ìåðû öåíòðàëüíîñòè �
ïî áëèçîñòè è ñîáñòâåííîìó âåêòîðó � êàê â áîëüøåé ñòåïåíè îïðåäåëÿþùèå ñòðóêòóð-
íûå èçìåíåíèÿ â ñåòè. Ðåçóëüòàòû èññëåäîâàíèé ïîäòâåðæäàþò ïîÿâëåíèå ðàçíîîáðàçíûõ
ìåæäèñöèïëèíàðíûõ îáëàñòåé.

Â íàñòîÿùåé ðàáîòå, ÿâëÿþùåéñÿ ïðîäîëæåíèåì ðàáîòû [12], èññëåäóåòñÿ âëèÿíèå ñïî-
ñîáîâ îïðåäåëåíèÿ âêëàäîâ àâòîðîâ íà öåíòðàëüíîñòü óçëîâ ñåòè ñ èñïîëüçîâàíèåì ÷åòû-
ðåõ ìåð öåíòðàëüíîñòè: ïî ñòåïåíè, áëèçîñòè, ïîñðåäíè÷åñòâó è ñîáñòâåííîìó âåêòîðó.
Âû÷èñëèòåëüíûé ýêñïåðèìåíò îñíîâàí íà áèáëèîãðàôè÷åñêîé èíôîðìàöèè î ÍÏ, ïðîèí-
äåêñèðîâàííûõ â ÁÄ RePEc [13].

1. Ìåòîäû àíàëèçà. 1.1. Èçìåðåíèå âêëàäîâ àâòîðîâ Âåñà ðåáåð ñåòè ñîàâòîðñòâà
áàçèðóþòñÿ íà âåñîâûõ ñõåìàõ, îòðàæàþùèõ âêëàäû àâòîðîâ â ÍÏ. Â äàííîì ñëó÷àå ïðè-
ìåíÿþòñÿ äâà âàðèàíòà îïðåäåëåíèÿ âêëàäîâ àâòîðîâ: ïîëíûé (ñòàíäàðòíûé) è ÷àñòè÷-

íûé, êîòîðûå îáîçíà÷èì T-ìåòîä è F-ìåòîä ñîîòâåòñòâåííî. Ïðè èñïîëüçîâàíèè T -ìåòîäà
ïðåäïîëàãàåòñÿ, ÷òî âåñ ÍÏ, âûïîëíåííîé â ñîàâòîðñòâå, ðàâåí ñóììå âêëàäîâ âñåõ ñîàâ-
òîðîâ èç ðàñ÷åòà ïî åäèíèöå äëÿ êàæäîãî ñîàâòîðà, ò. å. âåñ ÍÏ ðàâåí ÷èñëó ñîàâòîðîâ.
Â ñâîþ î÷åðåäü, ïðè èñïîëüçîâàíèè F -ìåòîäà ïðåäïîëàãàåòñÿ, ÷òî âåñ âûïîëíåííîé â ñî-
àâòîðñòâå ÍÏ k ðàâåí ñóììå äðîáåé 1/nk, ãäå nk � ÷èñëî ñîàâòîðîâ ÍÏ k. Òàêèì îáðàçîì,
ïðè ðàñ÷åòå âåñà íàó÷íîé ïóáëèêàöèè F -ìåòîäîì âñå ÍÏ èìåþò îäèíàêîâûé âåñ, ðàâíûé
åäèíèöå.

Ïóñòü V (|V | = n) � ìíîæåñòâî àâòîðîâ, à P (|P | = l) � ìíîæåñòâî ïóáëèêàöèé,
àâòîðàìè (ñîàâòîðàìè) êîòîðûõ ÿâëÿþòñÿ àâòîðû èç V . È ïóñòü A = (aij) � ìàòðèöà
àâòîðñòâà ðàçìåðà n× l, aij = 1, åñëè i ÿâëÿåòñÿ àâòîðîì ÍÏ j. Ìàòðèöó àâòîðñòâà ìîæ-
íî ðàññìàòðèâàòü êàê ìàòðèöó ñìåæíîñòè îðèåíòèðîâàííîé äâóäîëüíîé ñåòè ïóáëèêàöèé
(àâòîðñòâà) Npub = (V,P,E), ñâÿçûâàþùåé àâòîðîâ ñ èõ ïóáëèêàöèÿìè. Ïóñòü U = (uij) �
ìàòðèöà ñîàâòîðñòâà ðàçìåðà n × n, ýëåìåíò uij ðàâåí ÷èñëó ñîàâòîðñêèõ ñâÿçåé ìåæäó
ó÷åíûìè i è j, ò. å. ÷èñëó ÍÏ, àâòîðàìè êîòîðûõ ÿâëÿþòñÿ i è j. Òîãäà

uij =
l∑

k=1

aik · ajk. (1)
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Â ìàòðè÷íîé íîòàöèè: U = A · A>.
Òàêèì îáðàçîì, ìàòðèöó ñîàâòîðñòâà ìîæíî ïîëó÷èòü ïóòåì óìíîæåíèÿ ìàòðèöû àâ-

òîðñòâà íà òðàíñïîíèðîâàííóþ ìàòðèöó àâòîðñòâà. Äèàãîíàëüíûé ýëåìåíò uii ìàòðèöû U
ðàâåí ÷èñëó ÍÏ, â êîòîðûõ ó÷àñòâîâàë àâòîð i. Ââèäó òîãî ÷òî åäèíñòâåííûé àâòîð ÍÏ
íå ñ÷èòàåòñÿ ñâîèì ñîàâòîðîì, äèàãîíàëüíûå ýëåìåíòû ìàòðèöû U óñòàíàâëèâàþòñÿ ðàâ-
íûìè íóëþ. Ìàòðèöó U ìîæíî ðàññìàòðèâàòü êàê ìàòðèöó âåñîâW = (wij), wij = uij ñåòè
ñîàâòîðñòâà N ca = (V,E,W ), ñâÿçûâàþùåé àâòîðîâ íà îñíîâå ñîàâòîðñòâà â ÍÏ. Âû÷èñëå-
íèå âåñîâ ðåáåð ïî T -ìåòîäó îñóùåñòâëÿåòñÿ ñîãëàñíî (1). Ïðè èñïîëüçîâàíèè ýòîãî ìåòîäà
ìîæíî ïðèìåíÿòü íîðìèðîâàíèå, íàïðèìåð, ñîãëàñíî ñõåìå Ñîëòîíà, âåñ ðåáðà (i, j) ðà-

âåí wij =
uij√
|Pi |·|Pj|

, ãäå Pi, Pj � ìíîæåñòâî ïóáëèêàöèé, àâòîðàìè êîòîðûõ ÿâëÿþòñÿ i, j

ñîîòâåòñòâåííî.
Ïåðåéäåì ê F -ìåòîäó, êîòîðûé áûë ïðåäëîæåí â ðàáîòå [7]. Ìàòðèöó ñîàâòîðñòâà îáî-

çíà÷èì U∗ = (u∗ij). Çíà÷åíèå u
∗
ij, óêàçûâàþùåå íà ñîàâòîðñòâî ìåæäó ó÷åíûìè i è j, îïðå-

äåëÿåòñÿ òàê:

u∗ij =
l∑

k=1

aik · ajk
nk − 1

, (2)

ãäå nk � ÷èñëî àâòîðîâ ÍÏ k. Îòìåòèì, ÷òî â çíàìåíàòåëå (2) èç nk âû÷èòàåòñÿ
åäèíèöà, ïîñêîëüêó àâòîð íå ñ÷èòàåòñÿ ñâîèì ñîàâòîðîì ([14]). Â ìàòðè÷íîé íîòàöèè:
U∗ = A · diag(A>1 − 1)−1 · A>, ãäå diag(v) � äèàãîíàëüíàÿ ìàòðèöà ñ ýëåìåíòàìè âåêòî-
ðàv, ðàçìåùåííûìè íà ãëàâíîé äèàãîíàëè, 1 � âåêòîð-ñòîëáåö, âñå n ýëåìåíòîâ êîòîðîãî
ðàâíû 1. Ýëåìåíòû íà ãëàâíîé äèàãîíàëè ìàòðèöû ñîàâòîðñòâà U∗ óñòàíàâëèâàþòñÿ ðàâ-
íûìè íóëþ. Ìàòðèöó U∗ ìîæíî ðàññìàòðèâàòü êàê ìàòðèöó âåñîâ W = (wij), wij = u∗ij,
ñåòè ñîàâòîðñòâà N ca = (V,E,W ). Âû÷èñëåíèå âåñîâ ðåáåð ïî F -ìåòîäó îñóùåñòâëÿåòñÿ
ñîãëàñíî (2).

1.2.Ìåðû öåíòðàëüíîñòè. Äëÿ îïðåäåëåíèÿ àâòîðîâ, èãðàþùèõ êëþ÷åâóþ ðîëü â ñåòè,
èñïîëüçóåì ÷åòûðå ìåðû öåíòðàëüíîñòè âåðøèí ãðàôà, ïðåäñòàâëÿþùåãî ñåòü (ñì. ãë. 4
ìîíîãðàôèè [15]). Ðàññìîòðèì íåîðèåíòèðîâàííûé ñâÿçíûé ãðàô G = (V,E), |V | = n, áåç
êðàòíûõ ðåáåð è ïåòåëü ñ ìàòðèöåé ñìåæíîñòè A = (aij).

1.2.1. Öåíòðàëüíîñòü ïî ñòåïåíè [16] îïðåäåëÿåòñÿ ÷èñëîì ñâÿçåé (ðåáåð) óçëà ñ åãî
íåïîñðåäñòâåííûìè ñîñåäÿìè. Öåíòðàëüíîñòü CD(i) óçëà i îïðåäåëÿåòñÿ ðàâåíñòâîì

CD (i) =
n∑

j=1

aij. (3)

Êàê ïðàâèëî, óçëû ñ áîëüøèì ÷èñëîì èíöèäåíòíûõ ðåáåð ÿâëÿþòñÿ íàèáîëåå âàæíûìè
è èìåþò ïîòåíöèàëüíóþ âîçìîæíîñòü âëèÿòü íà áëèæàéøèõ ñîñåäåé è îïîñðåäîâàííî íà
îñòàëüíûå óçëû. Çàìåòèì, ÷òî â êà÷åñòâå òàêîãî óçëà ñåòè N ca ìîæåò îêàçàòüñÿ àâòîð ÍÏ,
èìåþùåé çíà÷èòåëüíîå ÷èñëî ñîàâòîðîâ ëèøü îäíîé ÍÏ.

Âçâåøåííàÿ öåíòðàëüíîñòü ïî ñòåïåíè Cw
D (i) óçëà i, ñîãëàñíî [17], îïðåäåëÿåòñÿ ðàâåí-

ñòâîì

Cw
D (i) =

n∑
j=1

aij · wij. (4)

1.2.2. Öåíòðàëüíîñòü ïî áëèçîñòè CC(i) óçëà i îïðåäåëÿåòñÿ íà îñíîâå ñóììû ãåîäåçè-
÷åñêèõ ðàññòîÿíèé îò i äî îñòàëüíûõ óçëîâ ñåòè (èëè îò âñåõ óçëîâ äî óçëà i). Ýòà ìåðà
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óêàçûâàåò, êàê i âëèÿåò íà îñòàëüíûå óçëû, èñïîëüçóÿ êðàò÷àéøèå ïóòè. Â òåðìèíàõ
ïåðåäà÷è èíôîðìàöèè CC(i) ìîæíî èíòåðïðåòèðîâàòü êàê ñêîðîñòü åå ðàñïðîñòðàíåíèÿ.
Ñîãëàñíî [18], ìåðà CC(i) îïðåäåëÿåòñÿ êàê ÷èñëî, îáðàòíîå ê ñóììå ðàññòîÿíèé:

CC (i) =
1∑

j

dji
, (5)

ãäå dji � ðàññòîÿíèå îò óçëà j äî óçëà i.
Îòíîñèòåëüíàÿ öåíòðàëüíîñòü ïî áëèçîñòè, ñîãëàñíî [19], îïðåäåëÿåòñÿ ðàâåíñòâîì

C
′

C (i) =
n− 1∑
j

dji
. (6)

Äëÿ âçâåøåííîãî ãðàôà ðàâåíñòâî (5) ôîðìóëèðóåòñÿ òàê:

Cw
C (i) =

1∑
j

dwji
, (7)

ãäå dwji � âçâåøåííîå ðàññòîÿíèå.
1.2.3. Öåíòðàëüíîñòü ïî ïîñðåäíè÷åñòâó CB (i) áàçèðóåòñÿ íà ÷èñëå êðàò÷àéøèõ ïóòåé,

ïðîõîäÿùèõ ÷åðåç óçåë i. Óçåë ñåòè ñ áîëüøèì çíà÷åíèåì ïàðàìåòðà ìîæåò ðàññìàòðèâàòü-
ñÿ êàê ìîñò, ñâÿçûâàþùèé ðàçëè÷íûå ãðóïïû óçëîâ. Â òåðìèíàõ ïåðåäà÷è èíôîðìàöèè
ïàðàìåòð ìîæíî ðàññìàòðèâàòü êàê óçåë, êîíòðîëèðóþùèé åå ðàñïðîñòðàíåíèå. Ñîãëàñíî
[20, 21], ìåðà CB (i) îïðåäåëÿåòñÿ ðàâåíñòâîì

CB (i) =
n∑

j=1

n∑
k=1

gjk (i)

gjk
(i 6= j 6= k) . (8)

Çäåñü gjk � ÷èñëî âñåõ êðàò÷àéøèõ ïóòåé ìåæäó óçëàìè j è k, gjk(i) � ÷èñëî òàêèõ ïóòåé,
ïðîõîäÿùèõ ÷åðåç óçåë i. Äëÿ âçâåøåííûõ ñåòåé ïðè âûáîðå êðàò÷àéøèõ ïóòåé ó÷èòû-
âàåòñÿ ñåìàíòèêà, âëîæåííàÿ â îïðåäåëåíèå âåñà ðåáðà. Òàê, åñëè ïðåäïî÷òèòåëüíûìè
ÿâëÿþòñÿ áîëüøèå çíà÷åíèÿ âåñîâ ðåáåð (îòðàæàþùèõ êà÷åñòâî ñâÿçåé), òî ïðè âû÷èñëå-
íèè äëèíû ïóòè âìåñòî âåñîâ ðåáåð, êàê ïðàâèëî, èñïîëüçóþòñÿ îáðàòíûå âåëè÷èíû (wij

çàìåíÿåòñÿ íà 1/wij).
1.2.4. Öåíòðàëüíîñòü ïî ñîáñòâåííîìó âåêòîðó CE (i) îïðåäåëÿåò �ïðåñòèæ� óçëà i â

ñåòè. Ýòà ìåðà ïðèñâàèâàåò îòíîñèòåëüíûå îöåíêè âñåì óçëàì â ñåòè íà îñíîâå òîãî ïðèí-
öèïà, ÷òî ñîåäèíåíèÿ ñ óçëàìè ñ âûñîêèìè îöåíêàìè âíîñÿò áîëüøèé âêëàä â îöåíêó
ðàññìàòðèâàåìîãî óçëà, ÷åì ðàâíûå ñîåäèíåíèÿ ñ óçëàìè ñ íèçêèìè ïîêàçàòåëÿìè. Â ÷àñò-
íîñòè, öåíòðàëüíîñòü ñîáñòâåííîãî âåêòîðà óçëà ïðîïîðöèîíàëüíà ñóììå öåíòðàëüíîñòåé
ñîáñòâåííûõ âåêòîðîâ åãî ñîñåäåé:

CE (i) =
1

λ

n∑
j=1

aji · CE (j) , (9)

ãäå λ � êîíñòàíòà.
Íà ïðàêòèêå çíà÷åíèÿ CE (i) îïðåäåëÿþòñÿ ïóòåì âû÷èñëåíèÿ ñîáñòâåííîãî âåêòîðà,

ñîîòâåòñòâóþùåãî íàèáîëüøåìó ïîëîæèòåëüíîìó ñîáñòâåííîìó çíà÷åíèþ ìàòðèöû ñìåæ-
íîñòè [22]:
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Òàáëèöà 1

Áàçîâàÿ èíôîðìàöèÿ î ñîàâòîðñòâå

×èñëî àâòîðîâ 32434
×èñëî ÍÏ, îïóáëèêîâàííûõ â ñîàâòîðñòâå 91113

Ìàêñèìàëüíîå ÷èñëî ñîàâòîðîâ ó ÍÏ 17

Ñðåäíåå ÷èñëî ñîàâòîðîâ, ïðèõîäÿùèõñÿ íà îäíó ÍÏ 2,3

Ñðåäíåå ÷èñëî ÍÏ, ïðèõîäÿùèõñÿ íà îäíîãî àâòîðà 2,8

CE (i) = ei =
1

λmax

n∑
j=1

aji · ej. (10)

Çäåñü λmax � ìàêñèìàëüíîå ñîáñòâåííîå çíà÷åíèå; e = (e1, e2, . . . , en)� ñîáñòâåííûé âåêòîð
ìàòðèöû ñìåæíîñòè, ñîîòâåòñòâóþùèé λmax.

2. Âû÷èñëèòåëüíûé ýêñïåðèìåíò. 2.1. Èñõîäíûå äàííûå. Ðàññìàòðèâàåìûå ñåòè
ñîàâòîðñòâà ñêîíñòðóèðîâàíû íà îñíîâå èíôîðìàöèè, èçâëå÷åííîé èç ÁÄ RePEc. Â ðà-
áîòå [12] ïðåäñòàâëåíà ïðîöåäóðà ôèëüòðàöèè �ñûðûõ� äàííûõ è îïðåäåëåíèÿ ìíîæåñòâà
àâòîðîâ, èìåþùèõ ïóáëèêàöèè â ñîàâòîðñòâå. Êðàòêàÿ èíôîðìàöèÿ î ðàññìàòðèâàåìûõ
äàííûõ ïðèâåäåíà â òàáë. 1.

Ê îñíîâíûì ñâîéñòâàì ñòðóêòóðû íåâçâåøåííîé ñåòè ñîàâòîðñòâà N ca, èññëåäîâàí-
íîé â ðàáîòå [12], îòíîñÿòñÿ ìàñøòàáíàÿ èíâàðèàíòíîñòü (ðàñïðåäåëåíèå ñòåïåíåé ñëåäóåò
ñòåïåííîìó çàêîíó) è ïðèíàäëåæíîñòü ê �ìàëîìó ìèðó� (íåáîëüøîå ñðåäíåå ðàññòîÿíèå
ìåæäó óçëàìè [23] è ñðàâíèòåëüíî âûñîêèé ëîêàëüíûé êîýôôèöèåíò êëàñòåðèçàöèè [24]).

Öåëüþ äàííîé ðàáîòû ÿâëÿåòñÿ îïðåäåëåíèå êëþ÷åâûõ àâòîðîâ è âûÿâëåíèå çàâèñèìî-
ñòè ðàíãîâ àâòîðîâ îò ìåòîäà îïðåäåëåíèÿ èõ âêëàäîâ â ïóáëèêàöèè è ïðèìåíÿåìûõ ìåð
öåíòðàëüíîñòè. Ïðåäìåòîì èçó÷åíèÿ ÿâëÿþòñÿ òðè ñåòè ñîàâòîðñòâà:

ñåòü N ca = (V ca, Eca) � íåâçâåøåííàÿ ñåòü ñîàâòîðñòâà;
ñåòü N ca

T = (V ca, Eca,WT ), WT = (wt
ij), âåñ w

t
ij îïðåäåëåí T -ìåòîäîì;

ñåòü N ca
F = (V ca, Eca,WF ), WF = (wf

ij), âåñ w
f
ij îïðåäåëåí F -ìåòîäîì.

Ñåòè N ca, N ca
T è N ca

F èìåþò îäèíàêîâûå ðàçìåðû (n= |V ca|= 32434,m= |Eca|= 73969)
è ðàçìåðû ìàêñèìàëüíîé êîìïîíåíòû (|V | = 29270, |E| = 71780, âêëþ÷àåò 90% àâòîðîâ).
Äàëåå áóäåì âû÷èñëÿòü ìåðû öåíòðàëüíîñòè äëÿ ìàêñèìàëüíûõ êîìïîíåíò ñåòåé ñîàâòîð-
ñòâà è èñïîëüçîâàòü äëÿ íèõ îáîçíà÷åíèÿ N ca, N ca

T è N ca
F .

2.2. Ïðèìåíåíèå ìåð öåíòðàëüíîñòè ê ñåòÿì ñîàâòîðñòâà. Äëÿ ñåòåé N ca, N ca
T è N ca

F

âû÷èñëåíû ÷åòûðå ìåðû öåíòðàëüíîñòè, ïðèâåäåííûå â ï. 1.2. Â òàáë. 2�4 äëÿ êàæäîé
ìåðû öåíòðàëüíîñòè ïðèâåäåíû 10 àâòîðîâ, èìåþùèõ íàèâûñøèå ðàíãè â ðàìêàõ ñîîòâåò-
ñòâóþùèõ ñåòåé ñîàâòîðñòâà.

Â ñîâîêóïíîñòè â òàáëèöàõ 2�4 çàôèêñèðîâàí 61 àâòîð, 39 èç íèõ âõîäÿò â 5%
àâòîðîâ, èìåþùèõ ìàêñèìàëüíîå çíà÷åíèå h-èíäåêñà ñîãëàñíî ñèñòåìå ðàíæèðîâàíèÿ
IDEAS/RePEc [25], 15 èç îñòàâøèõñÿ àâòîðîâ, ñîãëàñíî ïîèñêîâîé ñèñòåìå Google Scholar,
èìåþò h-èíäåêñ â äèàïàçîíå 5�58 (ïóáëèêàöèè ïîñëå 2016 ã.). Òî åñòü áîëüøèíñòâî àâòîðîâ
èìåþò âûñîêèé èíäåêñ öèòèðîâàíèÿ.

Ðàíãè áîëüøèíñòâà ïðåäñòàâëåííûõ â òàáë. 2�4 àâòîðîâ ðàçíÿòñÿ â çàâèñèìîñòè îò ñïî-
ñîáà âû÷èñëåíèÿ âêëàäîâ àâòîðîâ â ïóáëèêàöèè.Îöåíèì âçàèìîñâÿçü ìåæäó îäíîèìåííû-
ìè ìåðàìè öåíòðàëüíîñòè äëÿ ñåòåé N ca, N ca

T è N ca
F ñ èñïîëüçîâàíèåì êîýôôèöèåíòîâ êîð-

ðåëÿöèè Ïèðñîíà r è ðàíãîâîé êîððåëÿöèè Ñïèðìåíà ρ. Ðåçóëüòàòû ïðèâåäåíû â òàáë. 5.
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Òàáëèöà 2

Àâòîðû ñåòè N ca, èìåþùèå íàèâûñøèå ðàíãè

CD(i) CB(i) CC(i) CE(i)

Rangan Gupta John List Philippe Aghion Timo Wollmersh äuser
Jacques Thisse Klaus F. Zimmermann John List Wolfgang Nierhaus

Philippe Aghion Jacques Thisse Jacques Thisse Wolfgang Meister

John List F. G. Schneider Richard Blundell Ste�en Henzel

Richard Blundell Philippe Aghion Klaus F. Zimmermann Kai Carstensen

Peter C. B. Phillips Richard Blundell Thierry A. Verdier Klaus Wohlrabe

Klaus F. Zimmermann Ronald MacDonald Daron Acemoglu Christian Breuer

Jason Shogren Rangan Gupta F. G. Schneider Ste�en Elstner

Ronald MacDonald Peter C. B. Phillips Harald Uhlig Tim Oliver Berg

Peter Nijkamp Monica Roman Pierre Cahuc Christian Grimme

Òàáëèöà 3

Àâòîðû ñåòè N ca
T , èìåþùèå íàèâûñøèå ðàíãè

Cw
D (i) Cw

B (i) Cw
C (i) CE(i)

Rangan Gupta Luis Alberiko Gil-Alana Jan-Egbert Sturm Timo Wollmershäuser
Jan-Egbert Sturm Jacques Thisse Hans-Werner Sinn Wolfgang Nierhaus

Hans-Werner Sinn Rangan Gupta John Hassler Ste�en Henzel

Timo Wollmershäuser Jan-Egbert Sturm Gilles Saint-Paul Wolfgang Meister

Luis Alberiko Gil-Alana G. M. Caporale Michael P. Devereux Kai Carstensen

Michael McAleer Thierry A. Verdier Xavier Vives Christian Breuer

Peter Nijkamp Yves Zenou Giancarlo Corsetti Klaus Wohlrabe

Peter H. Egger Michael McAleer Edward John Dri�ll Nikolay Hristov

Pierre Pestieau Jean Tirole Thierry A. Verdier Michael Kleemann

Wolfgang Nierhaus John Gibson Harold James Ste�en Elstner

Òàáëèöà 4

Àâòîðû ñåòè N ca
T , èìåþùèå íàèâûñøèå ðàíãè

Cw
D (i) Cw

B (i) CC(i) CE(i)

Michael McAleer Jacques Thisse Jacques Thisse P. K. Narayan
Rangan Gupta L. A. Gil-Alana Thierry A. Verdier Russell Smyth

Peter Nijkamp Rangan Gupta Yves Zenou Seema Narayan

Luis Alberiko Gil-Alana Jean Tirole Jean Tirole Vinod Mishra

Peter H. Egger Michael McAleer Jean-Jacques La�ont Hooi Hooi Lean

Peter C. B. Phillips Thierry A. Verdier A. J.-L. de Palma Susan Sunila Sharma

Pierre Pestieau Yves Zenou Alberto Bisin Mita Bhattacharya

Jacques Thisse Jean-Jacques La�ont Jess Benhabib Joakim Westerlund

Jean Tirole A. J.-L. de Palma Simon Anderson Ingrid Nielsen

G. M. Caporale Jess Benhabib Drew Fudenberg Anthony Makin
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Òàáëèöà 5

Êîððåëÿöèÿ ìåð öåíòðàëüíîñòè ñåòåé N ca, N ca
T , N ca

F

PPPPPPPPPÑåòè
Ìåðà

Cw
D (i) Cw

B (i) Cw
C (i) Cw

E (i)

N ca
T −N ca

F r = 0,9353 r = 0,9239 r = 0,9180 r = −0,0007
ρ = 0,2948 ρ = 0,5783 ρ = 0,2280 ρ = 0,5780

N ca −N ca
F r = 0,8638 r = 0,6916 r = 0,7764 r = −0,0007

ρ = 0,4229 ρ = 0,5005 ρ = 0,2208 ρ = −0,0656

N ca −N ca
T r = 0,8797 r = 0,6957 r = 0,8457 r = 0,8853

ρ = 0,2566 ρ = 0,5135 ρ = 0,2295 ρ = 0,0195

 4 

3 

2 

1 

0 
0,5 1,0 1,5 2,0 

Ðèñ. 1. Ðàñïðåäåëåíèÿ çíà÷åíèé öåíòðàëüíîñòè óçëîâ ñåòåé N ca

T è N ca

F ïî ñòåïåíè

Íà ðèñ. 1 ïðåäñòàâëåíû ðàñïðåäåëåíèÿ çíà÷åíèé öåíòðàëüíîñòè óçëîâ ñåòåé N ca
T è N ca

F

ïî ñòåïåíè (êðàñíûé è ñèíèé öâåòà ñîîòâåòñòâåííî, ëîãàðèôìè÷åñêèé ìàñøòàá).
Òàêèì îáðàçîì, â ðàìêàõ ñåòåé ñîãëàñíî êîýôôèöèåíòó r ìåðû öåíòðàëüíîñòè ïî ñòå-

ïåíè, áëèçîñòè è ïîñðåäíè÷åñòâó èìåþò çíà÷èòåëüíóþ ñòåïåíü êîððåëÿöèè íåçàâèñèìî îò
ñïîñîáà îïðåäåëåíèÿ âåñîâ. ×òî êàñàåòñÿ êîýôôèöèåíòà ðàíãîâîé êîððåëÿöèè, òî íàèáîëü-
øàÿ áëèçîñòü îòìå÷àåòñÿ äëÿ öåíòðàëüíîñòè ïî ïîñðåäíè÷åñòâó. Åñëè îáðàòèòüñÿ ê òàáë.
2�4, ìîæíî çàìåòèòü, ÷òî ñîñòàâ àâòîðîâ â êîëîíêå Cw

B íàèáîëåå áëèçîê (7 àâòîðîâ) äëÿ
ñåòåé N ca

T è N ca
F , îäíàêî ðàíãè ïîëîâèíû îáùèõ àâòîðîâ ðàçíÿòñÿ.

3. Ïðèìåð. Ïðîèëëþñòðèðóåì ìåòîäèêó âû÷èñëåíèÿ âåñîâ ðåáåð è ðàíæèðîâàíèÿ óç-
ëîâ ñîãëàñíî ìåðàì öåíòðàëüíîñòè íà ïðèìåðå îäíîé èç êîìïîíåíò íåâçâåøåííîé ñåòè
ñîàâòîðñòâà N ca (ñì. [12], òàáë. 2), ñîñòîÿùåé èç 12 óçëîâ (r1,r2, . . . ,r12) è 15 ðåáåð, êîòî-
ðóþ îáîçíà÷èì C12 (ðèñ. 2). Ñïèñîê àâòîðîâ, ñîñòàâëÿþùèõ ìíîæåñòâî óçëîâ êîìïîíåíòû,
ïðåäñòàâëåí â òàáë. 6.

Ïðåäñòàâèì ñõåìó âû÷èñëåíèÿ âåñîâ ðåáåð êîìïîíåíòû C12 ñ ïðèìåíåíèåì T - è F -
ìåòîäîâ íà ïðèìåðå ôðàãìåíòà êîìïîíåíòû C12, âêëþ÷àþùåé àâòîðîâ r4, r5, r7. Óêàçàí-
íûå àâòîðû çàäåêëàðèðîâàëè â ÁÄ ïÿòü ïóáëèêàöèé, îáîçíà÷èì èõ p1, p2, . . . , p5. Íà ðèñ. 3
ïðåäñòàâëåí ôðàãìåíò ñåòè ïóáëèêàöèé (ñì. ï. 1.1), ïîÿñíÿþùèé ñîîòâåòñòâèå ìåæäó ðàñ-
ñìàòðèâàåìûìè àâòîðàìè è ïóáëèêàöèÿìè.

Ñõåìà âû÷èñëåíèÿ âåñîâ ðåáåð, w(i,j) � âåñ ðåáðà (i,j):
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Ðèñ. 2. Êîìïîíåíòà C12

Òàáëèöà 6

Ñïèñîê àâòîðîâ êîìïîíåíòû C12

Óçåë Èäåíòèôèêàòîð Àâòîð ×èñëî ÍÏ
àâòîðà â ÁÄ

r1 4164 P�eter Földv�ari 15
r2 4165 Bas van Leeuwen 15

r3 9336 Bas J. P. Van Bavel 1

r4 9337 Jan Luiten van Zanden 9

r5 9346 Tine De Moor 5

r6 9354 Jieli Li 1

r7 9369 Jaco Zuijderduijn 4

r8 16760 Maarten R. Prak 1

r9 17012 Kostadis J. Papaioannou 1
r10 17279 Leticia Arroyo Abad 3
r11 22039 Elwyn Davies 1

r12 30535 Pablo Astorga 1

T − w(r4, r5) = 2 (äâå ñîâìåñòíûõ ÍÏ: p1, p2);
F − w(r4, r5) = 1,5 (äâå ñîâìåñòíûõ ÍÏ: p1, äâà ñîàâòîðà; p2, òðè ñîàâòîðà);
T − w(r4, r7) = 1 (îäíà ñîâìåñòíàÿ ÍÏ: p2);
F − w(r4, r7) = 0,5 (îäíà ñîâìåñòíàÿ ÍÏ: p2, òðè ñîàâòîðà);
T − w(r5, r7) = 4 (÷åòûðå ñîâìåñòíûõ ÍÏ: p2, p3, p4, p5);
F −w(r5, r7) = 3,5 (÷åòûðå ñîâìåñòíûõ ÍÏ: p2, òðè ñîàâòîðà; p3, p4, p5 ïî äâà ñîàâòîðà).
Íà ðèñ. 4 ïðåäñòàâëåíû âçâåøåííûå âàðèàíòû ðàññìàòðèâàåìîãî ôðàãìåíòà êîìïîíåí-

òû. Âåñà ðåáåð ðàññ÷èòàíû äâóìÿ ìåòîäàìè ïî ñõåìå, ïðåäñòàâëåííîé âûøå.
3.1.Ìåðû öåíòðàëüíîñòè óçëîâ C12. Äëÿ óçëîâ êîìïîíåíòû, ïðåäñòàâëåííîé â òðåõ âà-

ðèàíòàõ: íåâçâåøåííûì (îáîçíà÷åí UW), âçâåøåííûì ñîãëàñíî T -ìåòîäó (îáîçíà÷åí TW)
è âçâåøåííûì ñîãëàñíî F -ìåòîäó (îáîçíà÷åí FW) ãðàôàìè, âû÷èñëåíû ìåðû öåíòðàëüíî-
ñòè (ï. 1.2) è îïðåäåëåíû ðàíãè óçëîâ. Â òàáë. 7 ïðåäñòàâëåíû ðàíãè óçëîâ, óñòàíîâëåííûå
ñîãëàñíî çíà÷åíèÿì ìåð CC (ï. 1.2.2), CB (ï. 1.2.3) è CE (ï. 1.2.4). Åñëè íåñêîëüêî óçëîâ
èìåþò îäíî è òî æå çíà÷åíèå ìåðû öåíòðàëüíîñòè, òî êàæäîìó èç íèõ ñîîòâåòñòâóåò
äèàïàçîí ðàíãîâ, ðàçìåð êîòîðîãî ðàâåí ÷èñëó òàêèõ óçëîâ. Òàáë. 7 èëëþñòðèðóåò ðàç-
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Ðèñ. 3. Ôðàãìåíò ñåòè ïóáëèêàöèé

T -ìåòîä F -ìåòîä

Ðèñ. 4. Âçâåøåííûå âàðèàíòû ôðàãìåíòà êîìïîíåíòû C12

Òàáëèöà 7

Ðàíãè óçëîâ ñîãëàñíî ìåðàì CB(·), CC(·), CE(·)

Ðàíã ñîãëàñíî CC(ri) Ðàíã ñîãëàñíî CB(ri) Ðàíã ñîãëàñíî CE(ri)
Óçåë

UW TW FW UW TW FW UW TW FW

r1 2�4 4�5 4�5 3�4 4�5 4 2�3 3�4 5�6

r2 2�4 4�5 4�5 3�4 4�5 5 2�3 3�4 5�6

r3 8�10 8�10 7�9 5�12 6�12 6�12 9�11 7�9 8�10

r4 1 1 1 1 1 1 1 1 1

r5 6�7 3 3 5�12 2�3 2�3 6�7 11 11

r6 11 12 12 5�12 6�12 6�12 8 10 7

r7 6�7 6 6 5�12 6�12 6�12 6�7 6 4

r8 8�10 8�10 7�9 5�12 6�12 6�12 9�11 7�9 8�10

r9 8�10 8�10 7�9 5�12 6�12 6�12 9�11 7�9 8�10

r10 2�4 2 2 2 2�3 2�3 4 5 3

r11 5 7 11 5�12 6�12 6�12 5 2 2

r12 12 11 10 5�12 6�12 6�12 12 12 12

íèöó ðàíãîâ â çàâèñèìîñòè îò âàðèàíòà ïðåäñòàâëåíèÿ êîìïîíåíòû. Îòìåòèì, ÷òî òîëüêî
óçåë r4 èìååò îäèí è òîò æå ðàíã íåçàâèñèìî îò ñïîñîáà îïðåäåëåíèÿ âåñîâ ðåáåð äëÿ âñåõ
ìåð öåíòðàëüíîñòè.

Â òàáë. 8 ïðåäñòàâëåíû ðàíãè óçëîâ (àâòîðîâ) â ñîîòâåòñòâèè ñ ìåðàìè CB (îáîçíà-
÷åíà B), CC (îáîçíà÷åíà C), CE (îáîçíà÷åíà E) äëÿ UW-âàðèàíòà êîìïîíåíòû C12. Ðàíã
ïîìå÷åí çíàêîì �+�, åñëè íåñêîëüêî óçëîâ èìåþò îäèí è òîò æå ðàíã. Äëÿ êàæäîãî óçëà
âû÷èñëÿåòñÿ åãî âåñ, ðàâíûé ñóììå îáðàòíûõ çíà÷åíèé ðàíãîâ. Àíàëîãè÷íî âû÷èñëÿþòñÿ
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Òàáëèöà 8

Ðàíãè è âåñà óçëîâ Ñ12 (UW-ïðåäñòàâëåíèå)
Таблица 8 – Ранги и веса узлов С12 (UW-представление) 

r1 r2 r3 r4 r5 r6 r7 r8 r9 r10 r11 r12 
Ранг

 B C E B C E B B C E B C E B C E B C E B C B C E B C E B C E B C E B C E
1 + + + 
2 + + + +  + +  + + + + 
3 + + + + + + + + + + + + + 
4 + +  + +  + +  + +  + + 
5 + + + + + + + + + 
6 + + + + +   +  + + 
7 + + + + +   +  + + 
8 + + + +  + +  + +  + + 
9 + + + + +  + + + + + + + + 

10 + + + + +  + + + + + + + + 
11 + + + +  +  + +  + + + 
12 + + + + + + + + + 

Вес 1,019 1,019 0,329 3,000 0,426 0,334 0,426 0,329 0,329 1,083 0,518 0,285 
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Òàáëèöà 9

Óïîðÿäî÷èâàíèå àâòîðîâ C12 ñîãëàñíî âåñàì (UW-âàðèàíò)

Óçåë Ðàíã Àâòîð

r4 1 Jan Luiten van Zanden
r10 2 Leticia Arroyo Abad

r1 3�4 P�eter Földv�ari
r2 3�4 Bas van Leeuwen
r11 5 Elwyn Davies
r5 6�7 Tine De Moor
r7 6�7 Jaco Zuijderduijn
r6 8 Jieli Li

r3 9�11 Bas J. P. Van Bavel
r9 9�11 Kostadis J. Papaioannou
r8 9�11 Maarten R. Prak
r12 12 Pablo Astorga

Òàáëèöà 10

Óïîðÿäî÷èâàíèå àâòîðîâ ñîãëàñíî ñóììàðíûì âåñàì

Ðàíã Àâòîð (óçåë)
Ñòåïåíü óçëà ñîãëàñíî âàðèàíòó

h-èíäåêñ
h-èíäåêñ

UW TW FW
ñ 2016 ã.

1 Jan Luiten van Zanden 9 11 9 53 36
2 Leticia Arroyo Abad 3 4 3 11 10
3�4 P�eter Földv�ari 3 16 15 16 12
3�4 Bas van Leeuwen 3 16 15 21 17
5 Tine De Moor 2 6 5 24 18
6 Jaco Zuijderduijn 2 5 4 10 8
7 Jieli Li 2 2 1
8 Elwyn Davies 2 2 1 5 5

9�10 Bas J. P. Van Bavel 1 1 1
9�10 Kostadis J. Papaioannou 1 1 1
11 Maarten R. Prak 1 1 1
12 Pablo Astorga 1 1 1

âåñà óçëîâ äëÿ âçâåøåííûõ (TW, FW) âàðèàíòîâ ïðåäñòàâëåíèÿ êîìïîíåíòû C12. Òåïåðü
óçëû ìîæíî óïîðÿäî÷èòü ñîãëàñíî âåñàì, ò. å. ïðèñâîèòü èì íîâûå ðàíãè.

Â òàáë. 9 ïðèâåäåíû àâòîðû, óïîðÿäî÷åííûå ïî âåñàì ñîîòâåòñòâóþùèõ óçëîâ äëÿ
UW-ïðåäñòàâëåíèÿ êîìïîíåíòû C12. Àâòîðàì ïðèñâîåíû íîâûå ðàíãè, ó÷èòûâàþùèå çíà-
÷åíèÿ òðåõ ìåð öåíòðàëüíîñòè: CB, CC è CE.

Â òàáë. 10 óêàçàíû ðàíãè àâòîðîâ, ó÷èòûâàþùèå âåñà, âû÷èñëåííûå íà îñíîâå çíà÷åíèé
òðåõ ìåð öåíòðàëüíîñòè (CB, CC , CE) ïî òðåì âàðèàíòàì (UW, TW, FW) ïðåäñòàâëåíèÿ
êîìïîíåíòû C12. Òàêæå ïðèâåäåíû ñòåïåíè óçëîâ è çíà÷åíèÿ h−èíäåêñîâ àâòîðîâ (ñîãëàñ-
íî GoogleScholar), îòäåëüíî âû÷èñëåííîãî äëÿ ðàáîò, îïóáëèêîâàííûõ íå ðàíüøå 2016 ã.
Ñëåäóåò çàìåòèòü, ÷òî h-èíäåêñ âû÷èñëåí ñ ó÷åòîì ÍÏ àâòîðîâ, áîëüøèíñòâî èç êîòîðûõ
íå âîøëî â ðàññìàòðèâàåìîå ìíîæåñòâî ÍÏ.

Òàáë. 10 äåìîíñòðèðóåò, ÷òî ëèäèðóþùèå àâòîðû èìåþò âûñîêèå çíà÷åíèÿ ñòåïåíè
ñîòðóäíè÷åñòâà è h-èíäåêñîâ.



Ñ.Â. Áðåäèõèí, Â.Ì. Ëÿïóíîâ, Í. Ã. Ùåðáàêîâà 15

Çàêëþ÷åíèå. Íà îñíîâå äàííûõ, èçâëå÷åííûõ èç áèáëèîãðàôè÷åñêîé ÁÄ RePEc,
ïîñòðîåíû äâà âàðèàíòà âçâåøåííûõ ñåòåé ñîàâòîðñòâà � N ca

T , N ca
F . Ñåòè ðàçëè÷àþòñÿ

ñïîñîáîì âû÷èñëåíèÿ âåñîâ ðåáåð, çàâèñÿùèì îò ïîäõîäà ê îïðåäåëåíèþ âêëàäîâ àâòîðîâ
â ïóáëèêàöèè. Â ñëó÷àå ïðèìåíåíèÿ �ïîëíîãî� (T) ìåòîäà ñèëà ñâÿçè äâóõ ñîàâòîðîâ
îïðåäåëÿåòñÿ êàê ÷èñëî ñîâìåñòíûõ ïóáëèêàöèé, â ñëó÷àå �÷àñòè÷íîãî� (F) äëÿ êàæäîé
ñîâìåñòíîé ïóáëèêàöèè ó÷èòûâàåòñÿ äîëÿ âêëàäà, ïðèõîäÿùàÿñÿ íà êàæäîãî ñîàâòîðà.
Äëÿ óçëîâ ìàêñèìàëüíîé êîìïîíåíòû ñåòåé N ca

T , N ca
F , à òàêæå äëÿ íåâçâåøåííîé ñåòè N ca,

ðàññìîòðåííîé â ðàáîòå [12], âû÷èñëåíû ìåðû öåíòðàëüíîñòè ïî ñòåïåíè, áëèçîñòè,
ïîñðåäíè÷åñòâó è ñîáñòâåííîìó âåêòîðó. Ïðèâåäåíû ñïèñêè àâòîðîâ, çàíèìàþùèõ êëþ÷å-
âûå ïîçèöèè â ðàìêàõ ðàññìàòðèâàåìûõ êîìïîíåíò ñåòåé (ñì. òàáë. 2�4). Îòìå÷åíî, ÷òî
êëþ÷åâûå àâòîðû èìåþò âûñîêèå èíäåêñû öèòèðóåìîñòè. Ïðîâåäåíî ñðàâíåíèå çíà÷åíèé
îäíîèìåííûõ ìåð öåíòðàëüíîñòè íà îñíîâå êîýôôèöèåíòîâ êîððåëÿöèè Ïèðñîíà è
ðàíãîâîé êîððåëÿöèè Ñïèðìåíà (ñì. òàáë. 5). Çíà÷èòåëüíàÿ êîððåëÿöèÿ ñîãëàñíî îáîèì
êîýôôèöèåíòàì îòìå÷åíà äëÿ öåíòðàëüíîñòè ïî ïîñðåäíè÷åñòâó, íàèìåíüøàÿ � äëÿ
öåíòðàëüíîñòè ïî ñîáñòâåííîìó âåêòîðó, îïðåäåëÿþùåé �ïðåñòèæ� óçëà ñåòè. Ïðèìåð íà
îñíîâå êîìïîíåíòû C12 èëëþñòðèðóåò ðàçíèöó â âû÷èñëåíèè âåñîâ ðåáåð ñ ïðèìåíåíèåì
T - è F -ìåòîäîâ è ðàçíèöó ðàíãîâ óçëîâ â çàâèñèìîñòè îò âûáîðà ìåðû öåíòðàëüíîñòè è
ñïîñîáà íàçíà÷åíèÿ âåñîâ ðåáåð.
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