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In this paper we investigate the structure of scienti�c collaboration based on co-authorship in
publications retrieved from the RePEc database. The main attention is paid to the co-authorship
network: nodes correspond to authors, and two authors are considered connected if they are coauthors
of at least one publication. The network is represented by the undirected unweighted collaboration
graph.

The co-authorship in articles provides a window on patterns of collaboration within the academic
community. The study of scienti�c collaboration networks is carried out in two main directions.
Empirical measurements provide detailed characteristics of the network: statistical properties of the
distribution of degrees of nodes, global network parameters, nodes centralities (Newman 2001a; 2001b;
2001c). The study of the dynamic properties of real networks and network models makes it possible to
identify the structural principles that govern the evolution of networks; dynamic properties, in turn,
can explain static ones (Barabasi et al., 2001; Savi�c et al., 2017).

Co-authorship networks are used to identify research groups and the most important researchers
and to predict their scienti�c success; to classify journals by degree of co-authorship and to make maps
of science. Co-authorship networks can be constructed for di�erent components of analysis, such as
researchers, institutions, and countries. We use a researcher as the unit of analysis.

Let P be the set of publications under consideration and V � the set of the authors of these
publications. We assume that each publication in P has at least two authors. For i, j ∈ V let us de�ne
the binary relation of co-authorship Rca: i Rcaj ≡ (∃p ∈ P ) the author i is one of the authors of p and
the author j is one of the authors of p. The co-authorship network is the weighted undirected network
N ca = (V,E,w), V � the set of the authors, E ⊆ V × V � the set of weighted edges, e = (i, j) ∈ E,
if iRcaj. In the simplest case, w(e) = 1, regardless of how often these authors are coauthors and how
much each contributed to coauthored publications, that is, the network can be considered unweighted.
Then the graph corresponding to the unweighted network is represented by the (0, 1) adjacency matrix
U = (uij).

The articles used in this study were retrieved from the RePEc database (REPEC). In order to
identify authors uniquely and to infer actual author identity we use the author

”
pro�le“ that authors

create basing on the Author Service provided by the RePEc database (similar to Google Scholar).
So we have |P | = 91 113 publications with more than one author and |V | = 32 434 authors of these
publications. In total, these authors have published 364 979 articles. The publications refer to the
period from 1954 to 2019.

We presented the base statistics such as papers per author, authors per paper, maximal authors
per paper and collaboration indices CI, DC, CC, MCC. We also measured the network parameters
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such as the size of the largest component, network density, average distance, maximal distance and
clustering coe�cient. It was found that the distribution of numbers of coauthors for authors follows
power law with exponent γ = 1.3.

The study showed that in the collection of publications under consideration the fraction of
coauthored publications is small (25%) and the prevailing trend is the presence of two coauthors
in a publication (77%). The most authors are indirectly connected to each other - the maximum
component includes 90% of authors. The co-authorship network under consideration is scale-free and
shows the

”
small world“ e�ect.
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Èññëåäóåòñÿ ñòðóêòóðà ñîòðóäíè÷åñòâà íà îñíîâå ñîàâòîðñòâà â íàó÷íûõ ïóáëèêàöèÿõ. Íà
îñíîâå èíôîðìàöèè, èçâëå÷åííîé èç áèáëèîãðàôè÷åñêîé áàçû äàííûõ, ïîñòðîåíà ñåòü ñî-
àâòîðñòâà è èçìåðåíû åå îñíîâíûå ïàðàìåòðû. Ïîêàçàíî, ÷òî ñåòü ÿâëÿåòñÿ ìàñøòàáíî-
èíâàðèàíòíîé è îáëàäàåò ñòðóêòóðîé, ñâîéñòâåííîé

”
ìàëîìó ìèðó“. Âû÷èñëåíû èíäåêñû ñî-

òðóäíè÷åñòâà, îòðàæàþùèå âîâëå÷åííîñòü ó÷åíûõ â ñîâìåñòíóþ äåÿòåëüíîñòü.

Êëþ÷åâûå ñëîâà: áèáëèîìåòðèÿ, ñåòü ñîàâòîðñòâà, èíäåêñû ñîòðóäíè÷åñòâà.

Ââåäåíèå. Îäíèì èç êëàññîâ êîìïëåêñíûõ ñåòåé ÿâëÿþòñÿ
”
ñåòè ñîòðóäíè÷åñòâà“,

â êîòîðûõ àêòîðû ñâÿçàíû ìåæäó ñîáîé áëàãîäàðÿ ÷ëåíñòâó â íåêîòîðîé ãðóïïå, íàïðè-
ìåð, ñïîðòñìåíû, çàíèìàþùèåñÿ îäíèì âèäîì ñïîðòà, àêòåðû êèíî, ó÷àñòâóþùèå â îáùåì
ôèëüìå; ãðóïïû àâòîðîâ, ñîâìåñòíî ïîäãîòîâèâøèõ îáùóþ íàó÷íóþ ïóáëèêàöèþ (ÍÏ) �
ñîàâòîðû.

Åñëè áîëåå îäíîãî àâòîðà ðàçäåëÿåò îòâåòñòâåííîñòü çà ÍÏ, ñîäåðæàùóþ ðåçóëüòà-
òû êîíêðåòíûõ èññëåäîâàíèé, òî ïðåäïîëàãàåòñÿ, ÷òî ñîàâòîðû êàêîå-òî âðåìÿ ðàáîòàëè
ñîîáùà. Ñîàâòîðñòâî ÿâëÿåòñÿ äîñòàòî÷íî õîðîøî äîêóìåíòèðîâàííûì òèïîì íàó÷íîãî
ñîòðóäíè÷åñòâà ó÷åíûõ. Îáùàÿ îòâåòñòâåííîñòü çà ïóáëèêàöèþ â ñîëèäíîì íàó÷íîì æóð-
íàëå ðåäêî âîçìîæíà áåç êàêîé-ëèáî ôîðìû ñîòðóäíè÷åñòâà, êîòîðîå, êàê ïðàâèëî, ñïî-
ñîáñòâóåò ýôôåêòèâíîìó ðåøåíèþ ïîñòàâëåííûõ â ÍÏ ïðîáëåì, ñîêðàùàÿ ÷èñëî çàáëóæ-
äåíèé è îøèáîê.

Îáçîðû ôàêòîðîâ, ñïîñîáñòâóþùèõ ïîâûøåíèþ ðîëè, êîòîðóþ èãðàåò ñîòðóäíè÷åñòâî
â íàó÷íûõ èññëåäîâàíèÿõ, à òàêæå ïîáóæäàþùèõ ê íåìó ìîòèâàöèé, ìîæíî íàéòè â ðàáî-
òàõ [1, 2], à òàêæå â êíèãå [3]. Àíàëèç ñåòåé ñîàâòîðñòâà ïîçâîëÿåò îöåíèòü ñòåïåíü âçà-
èìîïðîíèêíîâåíèÿ èäåé, çíàíèé è òåõíîëîãèé è õàðàêòåðèçóåò ñòðóêòóðó íàó÷íîãî ñîîá-
ùåñòâà. Ïðè ýòîì ìîãóò ðàññìàòðèâàòüñÿ ðàçëè÷íûå óðîâíè ñîòðóäíè÷åñòâà: ìåæäó ñòðà-
íàìè, â ïðåäåëàõ îäíîé ñòðàíû, ñðåäè ñîòðóäíèêîâ îðãàíèçàöèè, ìåæäó íàó÷íûìè íàïðàâ-
ëåíèÿìè, âíóòðè îäíîãî íàïðàâëåíèÿ, â ðàìêàõ æóðíàëà èëè òðóäîâ êîíôåðåíöèè è ò. ä.

Ñåòè öèòèðîâàíèÿ è ñåòè ñîàâòîðñòâà ïðåäñòàâëÿþò ðàçíûå âçãëÿäû íà ìàññèâ ÍÏ.
Èñòî÷íèêîì èíôîðìàöèè î ÍÏ, êàê ïðàâèëî, ÿâëÿþòñÿ áèáëèîãðàôè÷åñêèå áàçû äàííûõ.
Ïðè èçó÷åíèè ñåòè öèòèðîâàíèÿ ÍÏ ÿâëÿþòñÿ åå óçëàìè, à îðèåíòèðîâàííûå ñâÿçè ìåæäó
óçëàìè ñòðîÿòñÿ íà îñíîâàíèè öèòèðîâàíèÿ. Â ñåòÿõ ñîàâòîðñòâà óçëàìè ÿâëÿþòñÿ àâòî-
ðû ÍÏ, à íåîðèåíòèðîâàííûå ñâÿçè ñòðîÿòñÿ íà îñíîâàíèè òîãî, ÷òî àâòîðû ÿâëÿþòñÿ

Èññëåäîâàíèÿ âûïîëíåíû â ðàìêàõ ãîñóäàðñòâåííîãî çàäàíèÿ ÈÂÌèÌÃ ÑÎ ÐÀÍ (0251-2021-0005).
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ñîàâòîðàìè. Òåì íå ìåíåå, íàáëþäàåòñÿ âçàèìíîå âëèÿíèå ïðàêòèê ñîòðóäíè÷åñòâà è öè-
òèðîâàíèÿ ([4�6]). Íàïðèìåð, ðåçóëüòàòû àíàëèçà ïàðàìåòðîâ ñåòè ñîàâòîðñòâà ïîçâîëÿþò
îïðåäåëèòü, íàñêîëüêî ÷àñòî àâòîðû öèòèðóþò ñâîèõ ñîàâòîðîâ ïî ñðàâíåíèþ ñ äðóãèìè
öèòèðóåìûìè àâòîðàìè. Ñåòè ñîàâòîðñòâà èñïîëüçóþòñÿ ïðè âûÿâëåíèè ãðóïï ó÷åíûõ è
íàèáîëåå âàæíûõ íàïðàâëåíèé èõ äåÿòåëüíîñòè è äëÿ ïðîãíîçèðîâàíèÿ óñïåõà, ïîçâîëÿþò
êëàññèôèöèðîâàòü æóðíàëû ïî ñòåïåíè ñîàâòîðñòâà, ñîñòàâëÿòü êàðòû íàóêè.

Èçó÷åíèå
”
ñåòåé ñîòðóäíè÷åñòâà“ âåäåòñÿ ïî äâóì îñíîâíûì íàïðàâëåíèÿì. Ýìïèðè-

÷åñêèå èçìåðåíèÿ ïðåäîñòàâëÿþò äåòàëèçèðîâàííóþ õàðàêòåðèñòèêó ñåòè: ñòàòèñòè÷åñêèå
ñâîéñòâà ðàñïðåäåëåíèÿ ñòåïåíåé óçëîâ, ãëîáàëüíûå ïàðàìåòðû ñåòè, öåíòðàëüíîñòü [7�
9]. Èññëåäîâàíèå äèíàìè÷åñêèõ ñâîéñòâ ðåàëüíûõ ñåòåé è èõ ìîäåëåé ïîçâîëÿåò âûÿâèòü
ñòðóêòóðíûå ïðèíöèïû, óïðàâëÿþùèå ýâîëþöèåé ñåòåé; äèíàìè÷åñêèå ñâîéñòâà, â ñâîþ
î÷åðåäü, ìîãóò îáúÿñíèòü ñòàòè÷åñêèå [10, 11].

Äàííàÿ ðàáîòà ñîäåðæèò ìåòîäû è ðåçóëüòàòû èçìåðåíèÿ ñòàòè÷åñêèõ ïàðàìåòðîâ ñåòè
ñîàâòîðñòâà, ïðåäñòàâëåííîé íåîðèåíòèðîâàííûì íåâçâåøåííûì ãðàôîì, ïîñòðîåííîì íà
îñíîâå èíôîðìàöèè, èçâëå÷åííîé èç áèáëèîãðàôè÷åñêîé áàçû äàííûõ (ÁÄ) RePEc [12].
Ñîàâòîðñòâî èññëåäóåòñÿ â ðàìêàõ îäíîé íàó÷íîé îáëàñòè.

1. Ñåòü ïóáëèêàöèé è ñåòü ñîàâòîðñòâà. Îáîçíà÷èì P = {p1, p2, . . . , pm} ìíîæåñòâî
ÍÏ, ñîäåðæàùèõñÿ â ÁÄ, |P | = m; V = {v1, v2, . . . , vn} � ìíîæåñòâî àâòîðîâ ÍÏ, |V | = n.

Ñåòü ïóáëèêàöèé (ñåòü àâòîðñòâà) Npub = (V, P,Epub) � ýòî äâóäîëüíàÿ ñåòü ñ óç-
ëàìè, ðàçäåëåííûìè íà äâà íåïåðåñåêàþùèõñÿ íåçàâèñèìûõ (ò. å. íèêàêèå äâà óçëà íå
ÿâëÿþòñÿ ñìåæíûìè) ìíîæåñòâà V è P , ïðè ýòîì äóãà e = (vi, pj) ∈ Epub, åñëè vi ÿâëÿåòñÿ
àâòîðîì èëè ñîàâòîðîì ÍÏ pj.

Ìàòðèöà ñìåæíîñòè (ìàòðèöà àâòîðñòâà) A = (aij) ãðàôà, ñîîòâåòñòâóþùåãî N
pub,

ÿâëÿåòñÿ ìàòðèöåé ðàçìåðà (n ×m), ñòðîêè ñîîòâåòñòâóþò àâòîðàì, à ñòîëáöû � ïóáëè-
êàöèÿì:

aij =

{
1, åñëè vi ÿâëÿåòñÿ àâòîðîì pj,
0 â ïðîòèâíîì ñëó÷àå.

(1)

Äëÿ vi, vj ∈ V îïðåäåëèì áèíàðíîå îòíîøåíèå ñîàâòîðñòâà Rca:

viR
cavj ≡ (∃ p ∈ P ) , àâòîðàìè p ÿâëÿþòñÿ è vi, è vj. (2)

Cåòüþ ñîàâòîðñòâà áóäåì íàçûâàòü âçâåøåííóþ íåîðèåíòèðîâàííóþ ñåòü N ca =
(V,E,w), â êîòîðîé V � ìíîæåñòâî àâòîðîâ, E ⊆ V × V � ìíîæåñòâî âçâåøåííûõ ðå-
áåð, e = (vi, vj) ∈ E, åñëè âûïîëíÿåòñÿ viR

cavj. Óçëàìè N ca ÿâëÿþòñÿ àâòîðû ÍÏ, à â
êà÷åñòâå ðåáåð âûñòóïàþò ïàðû àâòîðîâ, ÿâëÿþùèõñÿ ñîàâòîðàìè ïî êðàéíåé ìåðå îäíîé
ÍÏ. Â ïðîñòåéøåì ñëó÷àå w(e) = 1 íåçàâèñèìî îò òîãî, íàñêîëüêî ÷àñòî àâòîðû vi è vj
ÿâëÿþòñÿ ñîàâòîðàìè è êàêîé âêëàä âíåñ êàæäûé àâòîð, ò. å. â ýòîì ñëó÷àå ñåòü N ca ìîæíî
ñ÷èòàòü íåâçâåøåííîé.

Òîãäà ãðàô, ñîîòâåòñòâóþùèé íåâçâåøåííîé ñåòè, ïðåäñòàâëÿåòñÿ (0, 1)-ìàòðèöåé
ñìåæíîñòè U = (uij),

uij =

{
1, åñëè viR

cavj,
0 â ïðîòèâíîì ñëó÷àå.

(3)

Ìàòðèöó U ìîæíî ïðåäñòàâèòü â âèäå ïðîèçâåäåíèÿ A · A> ñ çàìåíîé âñåõ íåíóëå-
âûõ ýëåìåíòîâ íà åäèíèöó. Çäåñü A � ìàòðèöà ñìåæíîñòè Npub (1). Çàìåòèì, ÷òî ñåòü
ñîàâòîðñòâà íå âñåãäà ìîäåëèðóåòñÿ íåîðèåíòèðîâàííûì ãðàôîì. Íàïðèìåð, åñëè ïîä÷åð-
êèâàåòñÿ ëèäåðñòâî ïåðâîãî àâòîðà â ñïèñêå ñîàâòîðîâ, òî ñåòü ñîàâòîðñòâà ìîæåò áûòü
ïðåäñòàâëåíà îðãðàôîì [13, 14].
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Âîçìîæíî, ïåðâûì ñëó÷àåì èñïîëüçîâàíèÿ ñåòåâîãî ïîäõîäà ê ïîíÿòèþ ñîàâòîðñòâà
ìîæíî ñ÷èòàòü âû÷èñëåíèå òàê íàçûâàåìûõ ÷èñåë Ýðäåøà (Erdös numbers) � ðàññòîÿíèÿ
â ñåòè N ca îò êàêîãî-ëèáî ó÷åíîãî, ðàáîòàþùåãî â îáëàñòè ìàòåìàòèêè, äî âåíãåðñêîãî
ìàòåìàòèêà P. Erdös (1913�1996), àâòîðà îêîëî 1525 ÍÏ. Íåïîñðåäñòâåííûå ñîàâòîðû Ýð-
äåøà, èõ 511, èìåþò ÷èñëî Ýðäåøà, ðàâíîå åäèíèöå.

Èññëåäîâàíèå íåâçâåøåííûõ N ca-ñåòåé ïîêàçàëî, ÷òî òèïè÷íîå ñðåäíåå ðàññòîÿíèå
ìåæäó óçëàìè ïðèáëèçèòåëüíî ðàâíî øåñòè, ÷òî ñîîòâåòñòâóåò ñðåäíåìó ðàññòîÿíèþ â ñå-
òè ñîöèàëüíûõ çíàêîìñòâ [9]. ÑåòüN ca ìîæíî îòíåñòè ê ñåòÿì

”
ìàëîãî ìèðà“, äëÿ êîòîðûõ

ñðåäíåå ðàññòîÿíèå L(N) ðàñòåò ëîãàðèôìè÷åñêè ñ ðîñòîì ÷èñëà óçëîâ, L(N) ∝ log(n), à
ðàññòîÿíèå l ìåæäó ïàðîé ïðîèçâîëüíî âûáðàííûõ àâòîðîâ ðàñòåò ïðîïîðöèîíàëüíî log(l).

2. Èñõîäíûå äàííûå. Ïðîáëåìà èäåíòèôèêàöèè àâòîðîâ íà îñíîâå òåêñòà ÍÏ äëÿ ÁÄ
çíà÷èòåëüíîãî ðàçìåðà ïðèçíàíà äîñòàòî÷íî òðóäîåìêîé è çàâèñÿùåé îò òîãî, íàñêîëüêî
õîðîøî äîêóìåíòèðîâàíà áàçà äàííûõ. Òàê, íàïðèìåð, òðóäíîñòè âîçíèêàþò ïðè ðàñïîçíà-
âàíèè àâòîðîâ ÍÏ, èìåþùèõ êîðîòêèå îáîçíà÷åíèÿ ÔÈÎ, ÷òî ïðèâîäèò ê íåîáîñíîâàííûì
ñîâïàäåíèÿì è îøèáî÷íûì âûâîäàì. Ïîäõîä ê èäåíòèôèêàöèè àâòîðîâ íà îñíîâå àíàëèçà
çàãîëîâêà ñòàòüè, ñîäåðæàùåãî ñïèñîê àâòîðîâ, ìåñòà èõ ðàáîòû è ñòðàíû (ñ èñïîëüçî-
âàíèåì áèáëèîòåêè Python di�ib library) ìîæíî íàéòè â ðàáîòå [6]. Â íàøåì ñëó÷àå ïðè
îòáîðå àâòîðîâ è ÍÏ áûëà èñïîëüçîâàíà èíôîðìàöèÿ, ñîäåðæàùàÿñÿ â ÁÄ. Âî èçáåæàíèå
ïóòàíèöû, âîçíèêàþùåé èç-çà ðàçëè÷íûõ ôîðìàòîâ ïðåäñòàâëåíèÿ èíôîðìàöèè îá àâòîðå
â ÍÏ, àâòîðû ñîçäàþò

”
ïðîôèëè“ íà îñíîâå ñåðâèñà Author Service, ïðåäîñòàâëÿåìîãî ÁÄ

RePEc (ïîäîáíî Google Scholar). Â ïðîôèëå àâòîðà óêàçàíû ÍÏ, ðàçìåùàåìûå â ÁÄ, àâòî-
ðîì èëè ñîàâòîðîì êîòîðûõ îí ÿâëÿåòñÿ. Íà ìîìåíò 2020.01.31 ÷èñëî çàðåãèñòðèðîâàâøèõ
ñåáÿ àâòîðîâ ñîñòàâëÿåò 70 549, ñðåäè íèõ ïðèñóòñòâóþò è íå çàäåêëàðèðîâàâøèå íè îä-
íîé ÍÏ. Óíèêàëüíûõ èäåíòèôèêàòîðîâ ÍÏ 470 333. Íàó÷íûõ ïóáëèêàöèé, çàäåêëàðèðî-
âàííûõ íåñêîëüêî ðàç � 138 882, ýòè ÍÏ ïðåäïîëîæèòåëüíî èìåþò áîëåå îäíîãî àâòîðà.
Äåñêðèïòîðîâ ÍÏ, èìåþùèõ áîëåå îäíîãî àâòîðà è çàäåêëàðèðîâàííûõ òåì æå ÷èñëîì
àâòîðîâ, ñêîëüêî óêàçàíî â äåñêðèïòîðå, 91 113. ×èñëî àâòîðîâ ýòèõ ÍÏ 32 434. Âñåãî ýòè-
ìè àâòîðàìè çàäåêëàðèðîâàíî 364 979 ÍÏ (â òîì ÷èñëå è èìåþùèõ îäíîãî àâòîðà). Ýòè

”
ôèëüòðîâàííûå“ äàííûå âçÿòû çà îñíîâó ïðè ïîñòðîåíèè ñåòè ñîàâòîðñòâà. Ïóáëèêàöèè
îòíîñÿòñÿ ê ïåðèîäó ñ 1954 ïî 2019 ãã. Ñëåäóåò îòìåòèòü, ÷òî äàòà ñîçäàíèÿ ÁÄ RePEc
îòíîñèòñÿ ê 1997 ã.

Ââåäåì îáîçíà÷åíèÿ: S � ìíîæåñòâî àâòîðîâ, èìåþùèõ ïóáëèêàöèè â ñîàâòîðñòâå;
Pa � ìíîæåñòâî ïóáëèêàöèé, èìåþùèõ a àâòîðîâ; P+ � ìíîæåñòâî ïóáëèêàöèé, èìåþùèõ
áîëåå îäíîãî àâòîðà; P � ìíîæåñòâî âñåõ ïóáëèêàöèé, P = P1 ∪ P+; |P | =

∑
j

|Pj|; q �

ìàêñèìàëüíîå ÷èñëî ñîàâòîðîâ ïóáëèêàöèé èç ìíîæåñòâà P .
Áàçîâàÿ ñòàòèñòè÷åñêàÿ èíôîðìàöèÿ î ñîàâòîðñòâå â ðàññìàòðèâàåìîì ìíîæåñòâå ÍÏ

ïðåäñòàâëåíà â òàáë. 1. Òàêèì îáðàçîì, ñðåäíåå ÷èñëî àâòîðîâ ÍÏ ìíîæåñòâà P+ ðàâíî 2,3,
à èìåííî ïðèáëèçèòåëüíî 77% âñåõ ÍÏ ìíîæåñòâà P+ èìåþò äâóõ àâòîðîâ, à ïðèìåðíî
20% � òðåõ. Íà îñòàëüíûå ãðóïïû ïðèõîäèòñÿ îêîëî 3% ìíîæåñòâà âñåõ ÍÏ, âûïîëíåí-
íûõ â ñîàâòîðñòâå. Çíà÷åíèå äàííîãî ïàðàìåòðà çàâèñèò, â ÷àñòíîñòè, îò ðàññìàòðèâàåìîé
îáëàñòè íàóêè (â äàííîì ñëó÷àå � ýêîíîìèêà). Ïðèìåð äëÿ íàèáîëåå çíà÷èìûõ ðàçìåðîâ
ñîàâòîðñòâà âûãëÿäèò òàê (÷èñëî ñîàâòîðîâ, ÷èñëî ñòàòåé): (2, 70 399); (3, 18 073); (4, 2245);
(5, 251).

Ñðåäíåå ÷èñëî ÍÏ â ñîàâòîðñòâå, ïðèõîäÿùèõñÿ íà êàæäîãî àâòîðà, ñîñòàâëÿåò 2,8. Íà
ðèñ. 1 ïðèâåäåíî ðàñïðåäåëåíèå ïðîäóêòèâíîñòè àâòîðîâ ìíîæåñòâà S, îïóáëèêîâàâøèõ
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Òàáëèöà 1

Áàçîâàÿ èíôîðìàöèÿ î ñîàâòîðñòâå

Ïàðàìåòð Çíà÷åíèå

×èñëî àâòîðîâ, èìåþùèõ ÍÏ â ñîàâòîðñòâå |S| = 32 434

×èñëî ÍÏ, èìåþùèõ áîëåå îäíîãî àâòîðà |P+| = 91 113

×èñëî ÍÏ ìíîæåñòâà P , èìåþùèõ îäíîãî àâòîðà, äëÿ àâòîðîâ èç A |P1| = 273 866

Ìàêñèìàëüíîå ÷èñëî ñîàâòîðîâ ïóáëèêàöèé èç ìíîæåñòâà P q = 17

Ïîñëåäîâàòåëüíîñòü çíà÷åíèé ÷èñëà ñîàâòîðîâ ïóáëèêàöèé {2,3, . . . ,12,15,16,17}
Ñðåäíåå ÷èñëî àâòîðîâ ÍÏ èç ìíîæåñòâà P+ 2,3

Ñðåäíåå ÷èñëî ÍÏ èç ìíîæåñòâà P+, ïðèõîäÿùèõñÿ íà îäíîãî àâòîðà 2,8

ÍÏ â ñîàâòîðñòâå. Ïî îñè àáñöèññ óêàçàíî ÷èñëî ÍÏ, ïî îñè îðäèíàò � äîëÿ (â ïðîìèëëå îò
îáùåãî ÷èñëà) àâòîðîâ, îïóáëèêîâàâøèõ óêàçàííîå ÷èñëî ÍÏ, øêàëû ëîãàðèôìè÷åñêèå.
Ðàñïðåäåëåíèå ñëåäóåò ñòåïåííîìó çàêîíó px ∼ x−γ ñ ïàðàìåòðàìè xmin = 6, γ = 1,64
(âû÷èñëåíî ñ ïîìîùüþ ïàêåòà igraph), ò. å. áîëüøèíñòâî àâòîðîâ èìååò íåçíà÷èòåëüíîå
÷èñëî ÍÏ, âûïîëíåííûõ â ñîàâòîðñòâå.

Îòìåòèì, ÷òî îáùåå ÷èñëî ÍÏ ðàñòåò ñî âðåìåíåì, â òîì ÷èñëå ðàñòåò è ÷èñëî ÍÏ,
îïóáëèêîâàííûõ â ñîàâòîðñòâå, (ïåðèîä, ÷èñëî ÍÏ): (1954�1989, 3964); (1990�1999, 10 781);
(2000�2009, 33 288); (2010�2019, 42 941).

3. Ýìïèðè÷åñêèå õàðàêòåðèñòèêè.
3.1.Ìåðû ñîòðóäíè÷åñòâà. Äëÿ îöåíêè ñòåïåíè ñîòðóäíè÷åñòâà è îïðåäåëåíèÿ òðåíäîâ

â ðàçâèòèè ñîòðóäíè÷åñòâà ðàçðàáîòàí ðÿä ìåð. Ðàññìîòðèì íåêîòîðûå èç íèõ, èñïîëüçó-
åìûå äëÿ àíàëèçà ñîàâòîðñòâà â ÍÏ, îòíîñÿùèõñÿ ê îäíîé îáëàñòè íàóêè.

Èíäåêñ ñîòðóäíè÷åñòâà (Collaborative Index [15]) îïðåäåëÿåòñÿ êàê

CI =

q∑
a=1

a · |Pa|

|P |
. (4)

Ýòî ñðåäíåå ÷èñëî àâòîðîâ ïóáëèêàöèé èç ìíîæåñòâà P . Çàìåòèì, ÷òî CI íå ðàâåí íóëþ,
åñëè âñå ÍÏ èìåþò îäíîãî àâòîðà.

Ñòåïåíü ñîòðóäíè÷åñòâà (Degree of Collaboration [16]) îïðåäåëÿåòñÿ êàê

DC = 1− |P1|
|P |

. (5)

Ýòî äîëÿ ÍÏ, èìåþùèõ áîëåå îäíîãî àâòîðà, ïî îòíîøåíèþ êî âñåìó ìíîæåñòâó ÍÏ ýòèõ
àâòîðîâ. Ìíîæåñòâî çíà÷åíèé ëåæèò â èíòåðâàëå [0, 1]. Èíäåêñ ðàâåí íóëþ, åñëè âñå ÍÏ
èìåþò îäíîãî àâòîðà, è èìååò òåì áîëüøåå çíà÷åíèå, ÷åì áîëüøå ÍÏ ïîäãîòîâëåíû â
ñîàâòîðñòâå.

Êîýôôèöèåíò ñîòðóäíè÷åñòâà (Collaborative Coe�cient [17]) îïðåäåëÿåòñÿ êàê

CC = 1−

q∑
a=1

|Pa| /a

|P |
. (6)
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Òàáëèöà 2

Èíäåêñû ñîòðóäíè÷åñòâà äëÿ ìíîæåñòâà P

Ìåðà ñîòðóäíè÷åñòâà Çíà÷åíèå

Èíäåêñ ñîòðóäíè÷åñòâà (4) CI = 1,315768

Ñòåïåíü ñîòðóäíè÷åñòâà (5) DC = 0,249639

Êîýôôèöèåíò ñîòðóäíè÷åñòâà (6) CC = 0,134959

Ìîäèôèöèðîâàííûé êîýôôèöèåíò ñîòðóäíè÷åñòâà (7) MCC = 0,134963

Ðèñ. 1. Ïðîäóêòèâíîñòü àâòîðîâ N ca Ðèñ. 2. Ðàñïðåäåëåíèå ñòåïåíåé óçëîâ ñåòè

Êîýôôèöèåíò ðàâåí íóëþ, åñëè â êîëëåêöèè P íåò ïóáëèêàöèé â ñîàâòîðñòâå. Äèôôåðåí-
öèðóåò óðîâíè ñîàâòîðñòâà (2, 3 àâòîðà è ò. ä.). Çàìåòèì, ÷òî CC íå ðàâåí åäèíèöå ïðè
ìàêñèìàëüíîì ñîàâòîðñòâå, êîãäà âñå àâòîðû ÿâëÿþòñÿ ñîàâòîðàìè ëþáîé ïóáëèêàöèè
êîëëåêöèè.

Ìîäèôèöèðîâàííûé êîýôôèöèåíò ñîòðóäíè÷åñòâà (Modi�ed Collaboration Coe�cient)
[18, 19] îïðåäåëÿåòñÿ êàê

MCC =
|S|
|S| − 1

CC. (7)

Ýòî íîðìèðîâàííûé êîýôôèöèåíò ñîòðóäíè÷åñòâà. Ïðåäïîëàãàåòñÿ, ÷òî |S| > 1. Êîýô-
ôèöèåíò ðàâåí åäèíèöå ïðè ìàêñèìàëüíîì ÷èñëå ñîàâòîðîâ è íóëþ, åñëè âñå ÍÏ èìåþò
îäíîãî àâòîðà.

Â òàáë. 2 ïðèâåäåíû çíà÷åíèÿ ðàññìîòðåííûõ èíäåêñîâ ñîòðóäíè÷åñòâà, âû÷èñëåííûõ
íà îñíîâå àíàëèçà ìíîæåñòâà ïóáëèêàöèé P . Ñîãëàñíî çíà÷åíèÿì èíäåêñîâ, óðîâåíü âî-
âëå÷åííîñòè â ñîâìåñòíóþ ðàáîòó àâòîðîâ ïóáëèêàöèé ìíîæåñòâà P íåâûñîê.

3.2. Ïàðàìåòðû ñåòè ñîàâòîðñòâà. Ïðè ïîñòðîåíèè ñåòè ñîàâòîðñòâà ìû ðàññìàòðè-
âàåì ìíîæåñòâî àâòîðîâ S è ìíîæåñòâî ïóáëèêàöèé P+, êàæäàÿ èç êîòîðûõ èìååò áîëåå
îäíîãî àâòîðà. Â íåâçâåøåííîé ñåòè ñîàâòîðñòâà N ca = (V,Eca) âåðøèíàì ìíîæåñòâà V
ñîîòâåòñòâóþò ýëåìåíòû ìíîæåñòâà S, ðåáðî e = (i,j) ∈ Eca, åñëè âûïîëíÿåòñÿ (2) äëÿ
P ≡ P+. Ðàçìåðû ñåòè: n = |V | = 32 434, m = |Eca| = 73 969. Ìàòðèöà ñìåæíîñòè U = (uij)
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Òàáëèöà 3

Ïàðàìåòðû, îïðåäåëÿþùèå ñòðóêòóðó N ca

Ïàðàìåòð Çíà÷åíèå

Ðàñïðåäåëåíèå ñòåïåíåé óçëîâ N ca (÷èñëî ñîàâòîðîâ) px ∼ x−γ , xmin = 4, γ = 1,3 (ðèñ. 2)

Ñðåäíåå çíà÷åíèå ñòåïåíåé óçëîâ 〈k〉 = 〈deg(·)〉 ∼ 4,6

×èñëî ñâÿçíûõ êîìïîíåíò 1242

Ðàçìåðû ìàêñèìàëüíîé ñâÿçíîé êîìïîíåíòû N = (V,E) |V | = 29 270, |E| = 71 780, 〈k〉 ∼ 4,9

Âòîðàÿ ïî ÷èñëó óçëîâ ñâÿçíàÿ êîìïîíåíòà 25 óçëîâ

Ðåáåðíàÿ ïëîòíîñòü â ìàêñèìàëüíîé êîìïîíåíòå [20]: ∆U (N ca) = 0,000168

∆U (G) =
2 |E|

|V | (|V | − 1)
Ðàäèóñ [21]: rad (G) = min

x∈V (G)
max
y∈V (G)

d (x,y) rad(N ca) = 13

Äèàìåòð [21]: diam (G) = max
x∈V (G)

max
y∈V (G)

d (x,y) diam(N ca) = 25

Õàðàêòåðèñòè÷åñêàÿ äëèíà ïóòè (ñðåäíåå L(N ca) = 6,577475
ðàññòîÿíèå) [22]:

L (G) =
1

n (n− 1)

∑
x∈V

∑
y 6=x∈V

d (x,y)

Â ñëó÷àéíîì ãðàôå Lrand = lnn/ ln〈k〉 Lrand ∼ 6,739148

Ëîêàëüíûé êîýôôèöèåíò êëàñòåðèçàöèè [23]: CC(N ca) = 0,264428

CC (i) =

∑
j,h

uijuihujh

deg (i) (deg (i)− 1)
; CC (N) =

1

n

∑
i
CC (i)

Â ñëó÷àéíîì ãðàôå Crand = 〈k〉/n Crand ∼ 0,000141

ñåòè N ca îðãàíèçîâàíà â ñîîòâåòñòâèè ñ ðàâåíñòâîì (3). Â òàáë. 3. ïðåäñòàâëåíû îñíîâíûå
ïàðàìåòðû, õàðàêòåðèçóþùèå ñòðóêòóðó N ca.

Íà ðèñ. 2 ïðèâåäåíî ðàñïðåäåëåíèå ÷èñëà ñîàâòîðîâ ó àâòîðîâ ìíîæåñòâà S. Ïî îñè àáñ-
öèññ óêàçàíî ÷èñëî ñîàâòîðîâ, ïî îñè îðäèíàò � ÷èñëî àâòîðîâ, èìåþùèõ óêàçàííîå ÷èñëî
ñîàâòîðîâ. Øêàëû ëîãàðèôìè÷åñêèå. Ðàñïðåäåëåíèå ñëåäóåò ñòåïåííîìó çàêîíó px ∼ x−γ

ñ ïàðàìåòðàìè xmin = 4, γ = 1,3.
×èñëî óçëîâ â ìàêñèìàëüíîé êîìïîíåíòåN ca ñîñòàâëÿåò ïðèìåðíî 90% îò âñåãî ìíîæå-

ñòâà óçëîâ. Îñòàëüíûå êîìïîíåíòû èìåþò íå áîëåå 25 óçëîâ. Òàêèì îáðàçîì, áîëüøèíñòâî
àâòîðîâ ê ðàññìàòðèâàåìîìó ìîìåíòó âðåìåíè îïîñðåäîâàííî ñâÿçàíû äðóã ñ äðóãîì. Ðå-
áåðíàÿ ïëîòíîñòü äîñòàòî÷íî íèçêàÿ. Ïàðàìåòð L(N) ïîçèöèîíèðóåòñÿ â ðàáîòå [22] êàê
îäíà èç õàðàêòåðèñòèê ñåòåé

”
ìàëîãî ìèðà“ [24], äëÿ êîòîðûõ õàðàêòåðíî ìàëîå çíà÷åíèå

L(N) (ñðàâíèìîå ñî ñðåäíèì ðàññòîÿíèåì â ñëó÷àéíîì ãðàôå) ïðè äîñòàòî÷íî áîëüøîì
çíà÷åíèè n è íåáîëüøîì ñðåäíåì çíà÷åíèè ñòåïåíåé âåðøèí (〈k〉 � n). Òàêèå ñåòè òàê-
æå õàðàêòåðèçóþòñÿ áîëåå âûñîêèìè, ïî ñðàâíåíèþ ñî ñëó÷àéíûìè ãðàôàìè, çíà÷åíèÿ-
ìè ëîêàëüíûõ êîýôôèöèåíòîâ êëàñòåðèçàöèè. Ñðàâíåíèå çíà÷åíèé ïàðàìåòðîâ L(N ca) è
CC(N ca) ñ ñîîòâåòñòâóþùèìè çíà÷åíèÿìè ïàðàìåòðîâ ñëó÷àéíîãî ãðàôà ïîçâîëÿåò çà-
êëþ÷èòü, ÷òî ðàññìàòðèâàåìóþ ñåòü ñîàâòîðñòâà ìîæíî îòíåñòè ê ñåòÿì

”
ìàëîãî ìèðà“.
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Çàêëþ÷åíèå. Àíàëèç N ca ïîêàçàë, ÷òî â ðàññìàòðèâàåìîé êîëëåêöèè ÍÏ RePEc
äîëÿ êîìàíäíîé ðàáîòû íåâåëèêà è ñîñòàâëÿåò ïðèáëèçèòåëüíî 25%. Ïðè ýòîì ïðå-
îáëàäàþùåé òåíäåíöèåé ÿâëÿåòñÿ íàëè÷èå äâóõ ñîàâòîðîâ (77 % ÍÏ). Áîëüøèíñòâî
àâòîðîâ îïîñðåäîâàííî ñâÿçàíî äðóã ñ äðóãîì � ìàêñèìàëüíàÿ êîìïîíåíòà ñâÿçíîñòè
âêëþ÷àåò 90% àâòîðîâ. Ñåòü ñîàâòîðñòâà ÿâëÿåòñÿ ìàñøòàáíî-èíâàðèàíòíîé è îòíîñèòñÿ
ê ñåòÿì

”
ìàëîãî ìèðà“. Äàëüíåéøåìó èññëåäîâàíèþ ïîäëåæèò âçàèìîñâÿçü ìåæäó

ñîàâòîðñòâîì è öèòèðîâàíèåì, à èìåííî, ïîëó÷àþò ëè ÍÏ, îïóáëèêîâàííûå â ñîàâòîð-
ñòâå, áîëüøå öèòèðîâàíèé, ÷åì îïóáëèêîâàííûå îäíèì àâòîðîì. Èíòåðåñ ïðåäñòàâëÿþò
òàêæå ïàðàìåòðû âçâåøåííîé ñåòè ñîàâòîðñòâà, íàïðèìåð, óñòîé÷èâîñòü àâòîðñêèõ ãðóïï.
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