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The idea of determination of a scienti�c journal reputation by measurement of its citations, was
for the �rst time o�ered in the work P. Gross & E. Gross (1927). Before the second half of the 20th
century metrics like the impact factor ignored the network when ranking scholarly journals and only
counted incoming links. In the pioneer work D. Price (1965) a network structure is considered as a basis
of the bibliometric analysis. It was shown that the distributions of citation frequencies (in and out)
approximately follow a power law. This observation let to formulate the hypothesis that the network
growth can be modelled as a preferential attachment process.

Modern tools of the citation network analysis are grounded in graph and social networks theories,
for example, node centrality measures for �nding out of in�uential persons or key players. Technique
of spectral ranking of scienti�c journals introduced in F. Pinski & G. Narin (1976) and C. Bergstrom

& J. West (2008) uses the dominant eigenvector of an adjacency matrix of a citation network. Thus
the foundation for identi�cation of authoritative journals and the structure of scienti�c �elds in terms
of network have been established.

Now the journal is considered as a set of articles published in a certain period. This work studies

di�erent variants of networks consisting of scienti�c journals archived in the bibliographic database.

A journal citation network is modelled by valued digraph G = (V,E), journals correspond to vertices

V = {v1,v2,...,vn}, and citations to arcs E ⊆ V × V, e = (vi, vj) ∈ E if a journal i contains articles
that have references to articles (cite) of a journal j. Edge weights are represented by a function
w : E → N+, which assigns each edge the number w(e) = wij that indicates the number of
references from the articles of i journal to the articles of j journal.

In accordance with M. Kessler, (1963), two journals are said to be bibliographically coupled
if at least one cited source appears in the bibliographies or reference lists of articles published
in both journals. So, coupling states the similarity between journals. On the base of the
bibliographical coupling relation Rbic a network can be constructed that is modelled by the
valued undirected graph G = (V,E), with journals corresponding to vertices V ={v1, v2,...,vn},
and edges E∈V×V, e=(i, j)∈E, if iRbicj. A vector-space model G. Salton & M. McGill (1983)
is used for de�ning edge weights. Co-citation relation Rcoc H. Small (1973) and independently
I. V. Marshakova (1973) can be seen as the counterpart of bibliographic coupling. Co-citation
of two journals means that both are cited together by other journals. Thus co-citation network
can be constructed on the base of Rcoc.

Three bibliometric networks of journals retrieved from the bibliographic DB RePEc were
analyzed. The average distance D. Watts (1999), the edge density S. Wasserman & K. Faust

(1994), the radius and diameter F. Harary (1973) were calculated. The results are presented in
the form of tables and diagrams.

Key words: valued digraph, valued average distance, valued density, valued radius and
diameter.
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Èäåÿ îïðåäåëåíèÿ âàæíîñòè íàó÷íîãî æóðíàëà ïóòåì èçìåðåíèÿ åãî öèòèðóåìîñòè âîçíèêëà â
1927 ã. Èäåÿ ïîëó÷èëà ðàçâèòèå: íà îñíîâå èíôîðìàöèè î öèòèðîâàíèè æóðíàëîâ, ñòàòåé è äðó-
ãèõ íàó÷íûõ åäèíèö ñòðîÿòñÿ ñåòè öèòèðîâàíèÿ, à ñòðóêòóðà ñåòåé ðàññìàòðèâàåòñÿ êàê îñíîâà
äëÿ áèáëèîìåòðè÷åñêîãî àíàëèçà. Ïðè ýòîì ïðèìåíÿþòñÿ êîíöåïöèè è ìåòîäû, èñïîëüçóåìûå
â òåîðèè ãðàôîâ è ñîöèàëüíûõ ñåòåé. Â ñòàòüå ðàññìàòðèâàåòñÿ ñåòü öèòèðîâàíèÿ íàó÷íûõ
æóðíàëîâ, ìîäåëèðóåìàÿ âçâåøåííûì îðèåíòèðîâàííûì ãðàôîì, à òàêæå ìîäåëè ïðîèçâîä-
íûõ ñåòåé � êîöèòèðîâàíèÿ è áèáëèîãðàôè÷åñêîãî ñî÷åòàíèÿ. Èññëåäîâàíû ìåòîäû, ïîçâî-
ëÿþùèå âû÷èñëÿòü ïàðàìåòðû ñðåäíåå ðàññòîÿíèå, ïëîòíîñòü, ðàäèóñ è äèàìåòð äëÿ ñëó÷àÿ
ñëàáîé ñâÿçíîñòè è/èëè âçâåøåííîñòè ãðàôà. Íà îñíîâå ðåàëüíîé èíôîðìàöèè, èçâëå÷åííîé
èç ðàñïðåäåëåííîé áèáëèîãðàôè÷åñêîé áàçû äàííûõ RePEc, âû÷èñëåíû çíà÷åíèÿ óêàçàííûõ
ïàðàìåòðîâ äëÿ ãðàôà öèòèðîâàíèÿ è ïðîèçâîäíûõ ñåòåé. Ðåçóëüòàòû àíàëèçà ïðåäñòàâëåíû
â âèäå òàáëèö è ðèñóíêîâ.

Êëþ÷åâûå ñëîâà: ñåòü öèòèðîâàíèÿ íàó÷íûõ æóðíàëîâ, âçâåøåííûé îðèåíòèðîâàííûé
ãðàô, âçâåøåííîå ñðåäíåå ðàññòîÿíèå, âçâåøåííàÿ ïëîòíîñòü, âçâåøåííûå ðàäèóñ è äèàìåòð.

Ââåäåíèå.Íàó÷íûé æóðíàë (ÍÆ) ïðåäñòàâëÿåò ÷èòàòåëþ êîëëåêöèþ íàó÷íûõ ñòàòåé
(ÍÑ) è ÿâëÿåòñÿ äîìèíèðóþùèì èíñòðóìåíòîì ðàñïðîñòðàíåíèÿ ðåçóëüòàòîâ èññëåäîâà-
íèé. ÍÆ ðàçëè÷àþòñÿ ïî òåìàòèêå, ðåïóòàöèè è ïðîèçâîäèòåëüíîñòè (îáúåìó), ò. å. ÷èñëó
îïóáëèêîâàííûõ ñòàòåé çà âðåìÿ ñâîåãî ñóùåñòâîâàíèÿ. Ýìïèðè÷åñêèé çàêîí Ñ. Áðýä-
ôîðäà (Samuel Bradford, 1878�1948) óñòàíàâëèâàåò çàêîíîìåðíîñòü ðàñïðåäåëåíèÿ ÍÑ, ñî-
ãëàñíî êîòîðîé â ñïèñêå ÍÆ, ðàñïîëîæåííûõ â ïîðÿäêå óáûâàíèÿ ÷èñëà ñòàòåé ïî çà-
äàííîé òåìå, ìîæíî âûäåëèòü òðè çîíû, ñîäåðæàùèå ðàâíîå ÷èñëî ÍÑ. Ïðèíèìàÿ âî
âíèìàíèå ãèïîòåçó î òîì, ÷òî âñå îïóáëèêîâàííûå ñòàòüè èìåþò îäèíàêîâóþ âåðîÿòíîñòü
áûòü ïðîöèòèðîâàííûìè, áóäåì ñ÷èòàòü, ÷òî ÷åì áîëüøå ñòàòåé æóðíàë îïóáëèêóåò, òåì
÷àùå îí áóäåò óïîìèíàòüñÿ ïðè öèòèðîâàíèè.

Èäåÿ îïðåäåëåíèÿ âàæíîñòè ÍÆ ïóòåì èçìåðåíèÿ åãî öèòèðóåìîñòè âïåðâûå áûëà
ïðåäëîæåíà â ðàáîòå [1]. Àâòîðû íóæäàëèñü â êðèòåðèè ðàíæèðîâàíèÿ æóðíàëîâ õèìè÷å-
ñêîãî ïðîôèëÿ. Îíè ïðîàíàëèçèðîâàëè 27 íàèáîëåå öèòèðóåìûõ æóðíàëîâ, äëÿ êîòîðûõ
ïîäñ÷èòàëè ÷èñëî öèòèðîâàíèé íà ïÿòèëåòíèõ èíòåðâàëàõ â ïåðèîä 1871�1925 ãã. Â ðå-
çóëüòàòå áûëî âûÿâëåíî íåðàâíîìåðíîå ðàñïðåäåëåíèå öèòèðîâàíèé ïî æóðíàëàì: ïÿòü
íàèáîëåå öèòèðóåìûõ æóðíàëîâ ïîëó÷èëè 47% îò îáùåãî ÷èñëà öèòèðîâàíèé. Îòìåòèì,
÷òî àâòîðû àíàëèçà íå ó÷èòûâàëè ñàìîöèòèðîâàíèå æóðíàëîâ.

Êîëè÷åñòâåííûì èññëåäîâàíèÿì öèòèðîâàíèÿ ÍÑ ïîñâÿùåíà ðàáîòà [2], àâòîð êîòîðîé
îáíàðóæèë, ÷òî èñõîäÿùèå è âõîäÿùèå öèòèðîâàíèÿ ÍÑ èìåþò ñòåïåííîé çàêîí ðàñïðå-
äåëåíèÿ. Íà îñíîâå ýòîãî íàáëþäåíèÿ áûëî ñôîðìóëèðîâàíî ïðåäïîëîæåíèå î òîì, ÷òî
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òåìï ïðèîáðåòåíèÿ íîâûõ öèòàò ïðîïîðöèîíàëåí ÷èñëó óæå èìåþùèõñÿ, ïîäòâåðæäàþ-
ùåå çàêîí ïðåäïî÷òèòåëüíîãî ïðèñîåäèíåíèÿ. Â ýòîé ïèîíåðñêîé ðàáîòå ñåòåâàÿ òîïîëî-
ãèÿ ðàññìàòðèâàåòñÿ êàê îñíîâà äëÿ îïðåäåëåíèÿ âàæíîñòè æóðíàëîâ è ñòðóêòóðû íà-
ó÷íûõ îáëàñòåé, ÷òî, â ñâîþ î÷åðåäü, ïîçâîëÿåò îïðåäåëèòü ñîñòàâ ôðîíòà èññëåäîâàíèé.
Äî âòîðîé ïîëîâèíû ÕÕ â. èíäèêàòîðû íàó÷íîãî âëèÿíèÿ, ïðèïèñûâàåìûå æóðíàëàì, íå
ó÷èòûâàëè ñòðóêòóðó ñåòè (íàïðèìåð, èìïàêò-ôàêòîð [3]).

Ñîâðåìåííûé èíñòðóìåíòàðèé äëÿ èññëåäîâàíèÿ ñåòåé öèòèðîâàíèÿ áàçèðóåòñÿ íà êîí-
öåïöèÿõ è ìåòîäàõ, èñïîëüçóåìûõ â òåîðèè ãðàôîâ è ñîöèàëüíûõ ñåòåé, íàïðèìåð, ïðè
îöåíêå öåíòðàëüíîñòè óçëîâ äëÿ îïðåäåëåíèÿ âàæíûõ ñåòåâûõ àêòîðîâ. Â ðàáîòàõ [4, 5]
áûëè ïðåäëîæåíû ñïåêòðàëüíûå ìåòîäû ðàíæèðîâàíèÿ ÍÆ, îïèðàþùèåñÿ íà âû÷èñëåíèå
ñîáñòâåííîãî âåêòîðà ìàòðèöû ñìåæíîñòè ãðàôà öèòèðîâàíèÿ. Çíà÷åíèÿ ýëåìåíòîâ âåê-
òîðà òðàêòóþòñÿ êàê âåñîâûå êîýôôèöèåíòû, îïðåäåëÿþùèå �âëèÿíèå� êàæäîãî æóðíàëà.
Îäíà èç îñíîâîïîëàãàþùèõ ðàáîò [6] ñîäåðæèò áàçîâûå ïîíÿòèÿ è îïðåäåëåíèå èçìåðè-
òåëüíûõ ìåð, êîòîðûå ìîãóò ïðèìåíÿòüñÿ íå òîëüêî äëÿ ðàíæèðîâàíèÿ ñåòåâûõ îáúåêòîâ,
íî, êàê ïîêàçàíî â ðàáîòå [7], ìîãóò ñëóæèòü äëÿ âûÿâëåíèÿ îñîáåííîñòåé ñåòè öèòèðîâà-
íèÿ æóðíàëîâ. Àêòóàëüíûé îáçîð íà ýòó òåìó îïóáëèêîâàí â êíèãå [8].

1. Ñåòè öèòèðîâàíèÿ æóðíàëîâ. Â äàííîé ðàáîòå èçó÷àþòñÿ ñòðóêòóðû áèáëèî-
ìåòðè÷åñêèõ ñåòåé, îáðàçîâàííûõ ðàçìåùåííûìè â ÁÄ RePEc ÍÆ [9]. Áóäåò âûäåëåíà
ãëàâíàÿ ñåòåâàÿ êîìïîíåíòà ñåòè öèòèðîâàíèÿ ÍÆ è îïðåäåëåíà åå ñòðóêòóðà. Äàëåå íà
åå îñíîâå áóäóò ïîñòðîåíû ìîäåëè ñåòåé êîöèòèðîâàíèÿ è áèáëèîãðàôè÷åñêîãî ñî÷åòàíèÿ
è ïðåäñòàâëåíû àëãîðèòìû âû÷èñëåíèÿ ïàðàìåòðè÷åñêèõ õàðàêòåðèñòèê ñåòåé. Íà îñíîâå
ðåàëüíîé áèáëèîìåòðè÷åñêîé èíôîðìàöèè áóäóò âû÷èñëåíû çíà÷åíèÿ ñåòåâûõ ïàðàìåò-
ðîâ: ñðåäíåå ðàññòîÿíèå, ïëîòíîñòü, ðàäèóñ è äèàìåòð. Ðåçóëüòàòû îôîðìëåíû â âèäå
òàáëèö è ðèñóíêîâ.

Íàó÷íàÿ ñòàòüÿ ïðåäñòàâëÿåò îïèñàíèå ðåçóëüòàòà íàó÷íîãî èññëåäîâàíèÿ ëèáî îáçîð
ñòàòåé, ñâÿçàííûõ îáùåé òåìîé. Îáû÷íî ÍÑ öèòèðóþò äðóãèå ïóáëèêàöèè, â òîì ÷èñëå
äðóãèå ñòàòüè, â ðåçóëüòàòå âîçíèêàåò ñâÿçü ìåæäó �öèòèðóþùèì� è �öèòèðóåìûì� îáú-
åêòàìè, ïîñòðîåííàÿ íà èíôîðìàöèè, ñîäåðæàùåéñÿ â ïðèñòàòåéíûõ ñïèñêàõ ëèòåðàòóðû.
ÍÆ � ýòî ïåðèîäè÷åñêîå èçäàíèå, ïðåäñòàâëÿþùåå ñîáîé ìíîæåñòâî ÍÑ, ïîñâÿùåííûõ,
êàê ïðàâèëî, îäíîé íàó÷íîé äèñöèïëèíå. ÍÆ, ïîìèìî íàçâàíèÿ, èìååò ìåæäóíàðîäíûé
ñòàíäàðòíûé ñåðèéíûé íîìåð (ISSN), ïîçâîëÿþùèé èäåíòèôèöèðîâàòü åãî.

1.1. Ñåòü öèòèðîâàíèÿ æóðíàëîâ (ÑÖÆ). Ïóñòü J = {j1, j2, . . . , jn} � íåïóñòîå ìíî-
æåñòâî æóðíàëîâ, îïóáëèêîâàííûõ çà íåêîòîðûé ïåðèîä T . Æóðíàë ðàññìàòðèâàåòñÿ êàê
àãðåãèðîâàííîå ìíîæåñòâî âñåõ ñòàòåé, îïóáëèêîâàííûõ çà ýòîò ïåðèîä. Íà J çàäàíî áè-
íàðíîå îòíîøåíèå R:

jk R jl ≡ jk öèòèðóåò jl, (1.1)

îïðåäåëÿþùåå ñåòü N = (J,R), â êîòîðîé æóðíàëû ÿâëÿþòñÿ óçëàìè, a öèòèðîâàíèÿ �
ñâÿçÿìè ìåæäó íèìè. Åñòåñòâåííûì ñïîñîáîì ìîäåëèðîâàíèÿ ñåòè N ÿâëÿåòñÿ ïðåä-
ñòàâëåíèå åå â âèäå îðãðàôà G = (V,E), â êîòîðîì æóðíàëû ñîîòâåòñòâóþò âåðøèíàì
V = {v1, v2, . . . , vn}, à îòíîøåíèÿ öèòèðîâàíèÿ � äóãàì E ⊆ V × V, e = 〈vi, vj〉 ∈ E, åñëè
âûïîëíÿåòñÿ (1.1). Åñëè i = j, òî îòíîøåíèå (1.1) íàçûâàåòñÿ ñàìîöèòèðîâàíèåì, îáîçíà-
÷èì åãî jselfi . Íà ìíîæåñòâå äóã îïðåäåëåíà ôóíêöèÿ w : E → N+, òàêàÿ ÷òî w(e) = wij
ðàâíà ÷èñëó öèòèðîâàíèé, ïîëó÷åííûõ æóðíàëîì j îò æóðíàëà i. Ïî ïîñòðîåíèþ ÑÖÆ
ÿâëÿåòñÿ âçâåøåííûì îðãðàôîì (îðèåíòèðîâàííûì ìóëüòèãðàôîì). Åñëè èñêëþ÷èòü ñà-
ìîöèòèðîâàíèÿ, ýòî áóäåò ãðàô áåç ïåòåëü. Äàëåå íå áóäåì ðàçëè÷àòü ïîíÿòèÿ �ñåòü� è
�ãðàô�, à âåðøèíû ãðàôà çàíóìåðóåì.
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self

k l

Ðèñ. 1.1. Ïðèìåð âçàèìîäåéñòâèÿ æóðíàëîâ jk è jl

Îáðàòíûé ãðàô G′ = (V,E ′) èìååò òî æå ìíîæåñòâî âåðøèí, ïðè ýòîì e = (i, j) ∈ E
òîãäà è òîëüêî òîãäà, êîãäà e′ = (j, i) ∈ E ′. Ýòî ïðåîáðàçîâàíèå ýêâèâàëåíòíî çàìåíå
íàïðàâëåíèÿ äóã íà îáðàòíîå. Òàêèì îáðàçîì, äóãà (i, j) ∈ E ′ îçíà÷àåò, ÷òî j öèòèðóåò
i. Ïóòè â îáðàòíîì ãðàôå îòðàæàþò ðàñïðîñòðàíåíèå èíôîðìàöèè îò öèòèðóåìîãî ê öè-
òèðóþùåìó. Äëÿ îðãðàôîâ âûïîëíÿåòñÿ ïðèíöèï äâîéñòâåííîñòè: ñâîéñòâà îðãðàôà G
èçìåíÿþòñÿ íà ñîîòâåòñòâóþùèå (äâîéñòâåííûå) ñâîéñòâà îðãðàôà G′: âõîäÿùàÿ ñòåïåíü
âåðøèíû � èñõîäÿùàÿ ñòåïåíü âåðøèíû; èñòî÷íèê � ñòîê; èçîëèðîâàííîñòü � èçîëèðî-
âàííîñòü è ò. ä.

Ïðèìåð âçàèìîäåéñòâèÿ æóðíàëîâ jk è jl, öèòèðóþùèõ äðóã äðóãà, ïðåäñòàâëåí íà
ðèñ. 1.1. Çäåñü wkl � ÷èñëî öèòèðîâàíèé, ïîëó÷åííûõ jl îò jk, wlk � ÷èñëî öèòèðîâàíèé,
ïîëó÷åííûõ jk îò jl, à wll è wkk � ÷èñëî ñàìîöèòèðîâàíèé.

Çàìåòèì, ÷òî â îòëè÷èå îò ñåòè öèòèðîâàíèÿ ñòàòåé (ÑÖÑ) [10], êîòîðàÿ ìîäåëèðóåòñÿ
àöèêëè÷åñêèì îðãðàôîì áåç ïåòåëü, ÑÖÆ íå îáëàäàåò ýòèìè ñâîéñòâàìè. Â áîëüøèíñòâå
ñëó÷àåâ äóãè îðãðàôà G ÿâëÿþòñÿ äâóíàïðàâëåííûìè, ïîñêîëüêó â ïåðèîä T æóðíàëû
ìîãóò öèòèðîâàòü äðóã äðóãà. Äèíàìèêà ðîñòà ÑÖÑ è ÑÖÆ òàêæå èìååò ñóùåñòâåííûå
îòëè÷èÿ: íàïðèìåð, â ÑÖÆ äóãè ìîãóò èñ÷åçàòü ñî âðåìåíåì, ïîñêîëüêó êàêîé-ëèáî æóð-
íàë ìîæåò ïåðåñòàòü âûïóñêàòüñÿ.

Ãðàô G = (V,E), ìîäåëèðóþùèé ÑÖÆ, áóäåì ïðåäñòàâëÿòü ñ ïîìîùüþ äâóõ ìàòðèö:
ìàòðèöû ñâÿçåé A ðàçìåðà |V |, êàæäûé ýëåìåíò êîòîðîé:

A(i, j) =

{
1, åñëè iRj,
0, â ïðîòèâíîì ñëó÷àå,

è ìàòðèöû âåñîâ W ðàçìåðà |V |, êàæäûé ýëåìåíò êîòîðîé:

W (i, j) =

{
wi,j, åñëè iRj,
0, â ïðîòèâíîì ñëó÷àå.

1.2. Ñåòü áèáëèîãðàôè÷åñêîãî ñî÷åòàíèÿ æóðíàëîâ (ÑÁÑÆ). Â ðàáîòå [11] ïðåäñòàâ-
ëåí ìåòîä �áèáëèîãðàôè÷åñêîãî ñî÷åòàíèÿ�, îñíîâàííûé íà ïðèíöèïå âûäåëåíèÿ âçàè-
ìîñâÿçè ìåæäó íàó÷íûìè ïóáëèêàöèÿìè, öèòèðóþùèìè îäèí è òîò æå äîêóìåíò. Ýòîò
ïîäõîä ðàñïðîñòðàíèì íà ìíîæåñòâî æóðíàëîâ. Íà îñíîâàíèè îòíîøåíèÿ áèáëèîãðàôè-
÷åñêîãî ñî÷åòàíèÿ Rbib ÑÖÆ ïðåîáðàçóåòñÿ â ÑÁÑÆ, êîòîðàÿ ìîäåëèðóåòñÿ âçâåøåííûì
íåîðèåíòèðîâàííûì ãðàôîì Gbib.

Ïóñòü Mi � ìíîæåñòâî èäåíòèôèêàòîðîâ ðàçëè÷íûõ æóðíàëîâ, íà êîòîðûå èìåþòñÿ
ññûëêè â àãðåãèðîâàííîì ìíîæåñòâå ñòàòåé æóðíàëà i. Åñëè äëÿ æóðíàëîâ i è j âûïîë-
íÿåòñÿ Mi ∩Mj 6= ∅, òî ãîâîðÿò, ÷òî æóðíàëû áèáëèîãðàôè÷åñêè ñî÷åòàþòñÿ, ò. å.
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iRbibj ≡ (∃k) iRk & jRk. (1.2)

Â ÑÁÑÆ æóðíàëû ïðåäñòàâëÿþòñÿ ìíîæåñòâîì âåðøèí V = {v1, v2, . . . , vn}, à îòíî-
øåíèÿ Rbib ìåæäó íèìè âûñòóïàþò â ðîëè íåîðèåíòèðîâàííûõ ñâÿçåé (ðåáåð) E ⊆ V × V,
e = (i, j) ∈ E, åñëè èìååò ìåñòî iRbibj. Äëÿ îïðåäåëåíèÿ âåñà ðåáåð ãðàôà Gbib, ò. å. ñòå-
ïåíè ïîäîáèÿ æóðíàëîâ, ïðèìåíÿåòñÿ âåêòîðíàÿ ìîäåëü [12], ñîãëàñíî êîòîðîé æóðíàë i
ïðåäñòàâëÿåòñÿ âåêòîðîì, à ñòåïåíü ïîäîáèÿ bib(i, j) èíòåðïðåòèðóåòñÿ êàê êîñèíóñ óãëà
ìåæäó âåêòîðàìè, ñîîòâåòñòâóþùèìè i è j. Â äàííîì ñëó÷àå æóðíàëó i ñîîòâåòñòâóåò
âåêòîð, ñîñòîÿùèé èç ýëåìåíòîâ ñòðîêè i ìàòðèöû W , è ñòåïåíü ïîäîáèÿ îïðåäåëÿåòñÿ
êàê:

bib(i,j) =

∑
k

wikwjk√∑
k

w2
ik

√∑
k

w2
jk

. (1.3)

Òàêèì îáðàçîì, íà ìíîæåñòâå ðåáåð îïðåäåëåíà ôóíêöèÿ ϕbib : E → R+, òàêàÿ ÷òî
ϕbib(e) = bib(i, j). Ìàòðèöó ñìåæíîñòè âçâåøåííîãî ãðàôà ÑÁÑÆ îáîçíà÷èì W bib. Çà-
ìåòèì, ÷òî ïðè âû÷èñëåíèè (1.3) ó÷èòûâàåòñÿ íå òîëüêî ìîùíîñòü ïåðåñå÷åíèÿ |Mi ∩Mj|,
íî è ÷èñëî ññûëîê íà êàæäûé èç æóðíàëîâ. Áåç ó÷åòà ÷èñëà öèòèðîâàíèé ìåæäó æóð-
íàëàìè æóðíàëó i ñîîòâåòñòâóåò âåêòîð, ñîñòîÿùèé èç ýëåìåíòîâ ñòðîêè i ìàòðèöû A;
íîðìèðîâàííàÿ ñòåïåíü ïîäîáèÿ îïðåäåëÿåòñÿ ôîðìóëîé, àíàëîãè÷íîé (1.3).

1.3. Ñåòü êîöèòèðîâàíèÿ æóðíàëîâ (ÑÊÖÆ). Â ðàáîòàõ [13, 14] ïðåäëîæåí ìåòîä
àíàëèçà áèáëèîìåòðè÷åñêîé èíôîðìàöèè, îñíîâàííûé íà îòíîøåíèè êîöèòèðîâàíèÿ Rcoc,
ñîñòîÿùåãî â òîì, ÷òî îäèí äîêóìåíò îäíîâðåìåííî öèòèðóåò äâà äðóãèõ. Ýòîò ìåòîä
òàêæå ïåðåíåñåí íà ìíîæåñòâî æóðíàëîâ. Æóðíàëû i è j íàõîäÿòñÿ â îòíîøåíèè êîöè-
òèðîâàíèÿ Rcoc, åñëè çà ðàññìàòðèâàåìûé ïåðèîä õîòÿ áû îäèí æóðíàë ñîäåðæèò ññûëêè
îäíîâðåìåííî íà æóðíàëû i è j, ò. å.

iRcocj ≡ (∃k) kRi & kRj. (1.4)

Íà îñíîâàíèè îòíîøåíèÿ êîöèòèðîâàíèÿ Rcoc ÑÖÆ ïðåîáðàçóåòñÿ â ÑÊÖÆ, êîòîðàÿ ìî-
äåëèðóåòñÿ âçâåøåííûì íåîðèåíòèðîâàííûì ãðàôîì Gcoc. Æóðíàëû ïðåäñòàâëÿþòñÿ åãî
âåðøèíàìè, à îòíîøåíèå êîöèòèðîâàíèÿ � íåîðèåíòèðîâàííûìè ðåáðàìè E ⊆ V × V ,
e = (i, j) ∈ E, åñëè èìååò ìåñòî iRcocj. Êàê è â ñëó÷àå Rbib, æóðíàë i ïðåäñòàâëÿåòñÿ
âåêòîðîì, â äàííîì ñëó÷àå ñòîëáöîì ìàòðèöûW , è ñòåïåíü ïîäîáèÿ coc(i, j) îïðåäåëÿåòñÿ
êàê:

coc(i,j) =

∑
k

wkiwkj√∑
k

w2
ki

√∑
k

w2
kj

. (1.5)

Òàêèì îáðàçîì, íà ìíîæåñòâå ðåáåð îïðåäåëåíà ôóíêöèÿ ϕcoc : E → R+, òàêàÿ ÷òî
ϕcoc(e) = coc(i, j). Ìàòðèöó ñìåæíîñòè âçâåøåííîãî ãðàôà ÑÊÖÆ îáîçíà÷èì W coc. Áåç
ó÷åòà ÷èñëà öèòèðîâàíèé ìåæäó æóðíàëàìè æóðíàëó i ñîîòâåòñòâóåò âåêòîð èç ýëåìåíòîâ
ñòîëáöà i ìàòðèöû A, íîðìèðîâàííàÿ ñòåïåíü ïîäîáèÿ îïðåäåëÿåòñÿ ôîðìóëîé, àíàëîãè÷-
íîé (1.5).

2. Îáùèå ïàðàìåòðû. Â ýòîì ïàðàãðàôå ïðèâåäåíû ìåòîäû èçìåðåíèÿ ñëåäóþùèõ
ïàðàìåòðîâ ÑÖÆ: ñðåäíåå ðàññòîÿíèå, ïëîòíîñòü, ðàäèóñ è äèàìåòð.
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2.1. Ñðåäíåå ðàññòîÿíèå. Ñîãëàñíî ðàáîòå [15], ñðåäíåå ðàññòîÿíèå ìåæäó âåðøèíàìè
ñâÿçíîãî ãðàôà G = (V,E) îïðåäåëÿåòñÿ êàê àðèôìåòè÷åñêîå ñðåäíåå âñåõ ðàññòîÿíèé â
ãðàôå, ò. å.:

Lavg(G) =
1

|V |(|V | − 1)

∑
i 6=j∈V

d(i,j), (2.1)

ãäå d(i, j) � ðàññòîÿíèå îò âåðøèíû i äî âåðøèíû j. Äàëåå îïðåäåëåíèÿ ïðèâåäåíû äëÿ
ãðàôîâ áåç êðàòíûõ ðåáåð è ïåòåëü. Åñëè ãðàô íåñâÿçåí, òî èçìåðÿþòñÿ ïàðàìåòðû ìàê-
ñèìàëüíîé ñâÿçíîé êîìïîíåíòû. Äëÿ ñëó÷àÿ, êîãäà íå âñå ïàðû G ñâÿçíû, ðàññìîòðèì äâà
âàðèàíòà:

a) äëÿ ñâÿçíûõ ïàð Lavg(G) âû÷èñëÿåòñÿ ïî ôîðìóëå:

Lavg(G) =
1

l

∑
i 6=j∈V,

0<d(i,j)<∞

d(i,j), (2.2)

ãäå l � ÷èñëî ñâÿçíûõ ïàð;
á) åñëè èç i â j íåò ïóòè, òî áóäåì ñ÷èòàòü, ÷òî d(i, j) = 0, è Lavg(G) âû÷èñëÿòü ïî

ôîðìóëå

Lavg(G) =
1

|V |(|V | − 1)

∑
i 6=j∈V

d(i,j). (2.3)

Ïàðàìåòð Lavg â ðàáîòå [15] ïîçèöèîíèðóåòñÿ êàê îäíà èç õàðàêòåðèñòèê �ìàëîãî ìèðà�
[16], äëÿ êîòîðîãî õàðàêòåðíî ìàëîå çíà÷åíèå Lavg ïðè äîñòàòî÷íî áîëüøîì çíà÷åíèè n è
íåáîëüøîì çíà÷åíèè ñòåïåíè âåðøèí k � n, n = |V |.

Îòìåòèì, ÷òî äëÿ âçâåøåííîé ñåòè ïðèâåäåííûå âûøå ôîðìóëû âû÷èñëåíèÿ Lavg íå
èìåþò ñìûñëà, ïîñêîëüêó â ïîäîáíûõ ñåòÿõ ïîíÿòèå êðàò÷àéøåãî ïóòè ïðåòåðïåâàåò èç-
ìåíåíèå. Òðàäèöèîííî äëèíà ïóòè âî âçâåøåííîì ãðàôå ðàâíà ñóììå âåñîâ ðåáåð. Â òàêîì
ñëó÷àå ìåæäó äâóìÿ ñèëüíî-ñâÿçíûìè âåðøèíàìè ðàññòîÿíèå áóäåò áîëüøå. Ïîýòîìó, êî-
ãäà ðå÷ü èäåò î êðàò÷àéøèõ ïóòÿõ, â êîòîðûõ âåñ îòðàæàåò ñèëó ñâÿçè óçëîâ, âìåñòî
ðàññòîÿíèÿ d(i, j), (i, j) ∈ E áóäåì èñïîëüçîâàòü îáðàòíóþ âåëè÷èíó 1/d(i, j) [17], ò. å.:

dw(i, j) = min

(
1

win0

+
1

wn0n1

+ · · ·+
1

wnkj

)
, (2.4)

ãäå vn0 , vn1 , . . . ,vnk
� ïðîìåæóòî÷íûå âåðøèíû íà ïóòè èç i â j (ìèíèìèçèðóåòñÿ ñóììà

îáðàòíûõ âåñîâ äóã). Äðóãèå âàðèàíòû ïðåîáðàçîâàíèÿ ìîæíî íàéòè â ðàáîòå [18]. Îáîá-
ùåííàÿ ôîðìóëà ðàññòîÿíèÿ, ó÷èòûâàþùàÿ ÷èñëî ïðîìåæóòî÷íûõ âåðøèí, ïðèâåäåíà â
ðàáîòå [19]:

dwα(i, j) = min

(
1

(win0)
α +

1

(wn0n1)
α + · · ·+

1

(wnkj)
α

)
, (2.5)

ãäå α� ðåãóëèðóþùèé ïîëîæèòåëüíûé ïàðàìåòð, ïîçâîëÿþùèé àäåêâàòíî âûáèðàòü êðàò-
÷àéøèå ïóòè. Åñëè α = 0, òî óðàâíåíèå (2.5) çàäàåò ðàññòîÿíèå â íåâçâåøåííîì ãðàôå,
åñëè α = 1, òî çíà÷åíèå ñîâïàäàåò ñî çíà÷åíèåì, îïðåäåëÿåìûì óðàâíåíèåì (2.4).

Ïðèâåäåì ïðèìåð âëèÿíèÿ ïàðàìåòðà α íà âûáîð ïóòåé ìåæäó âåðøèíàìè a è b ñ
ðàçëè÷íûìè ñóììàìè âåñîâ è ðàçíûì ÷èñëîì ïðîìåæóòî÷íûõ óçëîâ (ðèñ. 2.1, òàáë. 2.1).
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c

ba

d e

½½

1

Ðèñ. 2.1. Òðè ïóòè ìåæäó a è b

Òàáëèöà 2.1

Äëèíû ïóòåé äëÿ ñåòè (ðèñ. 2.1)

Ïóòü
dwα(a, b)

α = 0 α = 0,5 α = 1 α = 1,5

[a, b] 1 1,0 1 1,0
[a, c, b] 2 1,4 1 0,7
[a, d, e, b] 3 1,8 1 0,5

Äëÿ âñåõ òðåõ ïóòåé dw(a, b) = 1, ò. å. ñîãëàñíî (2.4), âñå ïóòè îäèíàêîâû. Â òàáë. 2.1
óêàçàíû ðàññòîÿíèÿ dwα(a, b) ìåæäó âåðøèíàìè a è b, ðàññ÷èòàííûå ñîãëàñíî (2.5) äëÿ
ðàçëè÷íûõ çíà÷åíèé α.

Èç òàáë. 2.1 âèäíî, ÷òî ïðè α = 0,5 êðàò÷àéøèì ïóòåì ÿâëÿåòñÿ [a, b], à ïðè α =
1,5 êðàò÷àéøèì ÿâëÿåòñÿ ïóòü [a, d, e, b]. Òàêèì îáðàçîì, åñëè 0 < α < 1, òî êîðîòêèå
ïóòè (ñ ìåíüøèì ÷èñëîì ïðîìåæóòî÷íûõ âåðøèí) ñî ñëàáûìè ñâÿçÿìè (ìàëûìè âåñàìè
äóã) áóäóò ïðåäïî÷òèòåëüíåå äëèííûõ ïóòåé (ñ áîëüøèì ÷èñëîì ïðîìåæóòî÷íûõ âåðøèí)
ñ ñèëüíûìè ñâÿçÿìè. Åñëè α > 1, òî, ïîñêîëüêó ÷èñëî ïðîìåæóòî÷íûõ âåðøèí èãðàåò
ìåíüøóþ ðîëü ïî ñðàâíåíèþ ñ ñèëîé ñâÿçåé, ïóòü ñ áîëüøèì ÷èñëîì ñèëüíûõ ñâÿçåé
áóäåò ïðåäïî÷òèòåëüíûì.

×òîáû ñðàâíèòü ñðåäíèå ðàññòîÿíèÿ âçâåøåííûõ ñåòåé, èìåþùèõ ðàçíûå äèàïàçîíû
çíà÷åíèé âåñîâ ðåáåð, âîñïîëüçóåìñÿ ñïîñîáîì íîðìàëèçàöèè, ïðåäëîæåííûì â ðàáîòå [19].
Âåñ êàæäîãî ðåáðà äåëèòñÿ íà ñðåäíèé âåñ ðåáåð ãðàôà:

wij =
wij∑

ij

wij/|E|
=
wij × |E|∑
ij

wij
, (2.6)

ýòî çíà÷åíèå èñïîëüçîâàíî â (2.4), (2.5). Ñðåäíåå ðàññòîÿíèå, îïðåäåëåííîå òàêèì îáðàçîì,
îáîçíà÷èì Lwavg.

2.2. Ïëîòíîñòü. Ïóñòü deg(i) � ñòåïåíü âåðøèíû i íåâçâåøåííîãî ãðàôà G; outdeg(i) �
èñõîäÿùàÿ ñòåïåíü âåðøèíû i; indeg(i) � âõîäÿùàÿ ñòåïåíü âåðøèíû i; mean(.) � ñðåäíåå
çíà÷åíèå ñîîòâåòñòâóþùåé ïåðåìåííîé. Ïàðàìåòð ðåáåðíàÿ ïëîòíîñòü ãðàôà îïðåäåëåí
â ìîíîãðàôèè [20]. Äëÿ îðãðàôà áåç êðàòíûõ äóã è ïåòåëü ýòîò ïàðàìåòð âû÷èñëÿåòñÿ ïî
ôîðìóëå:

∆d(G) =
|E|

|V | (|V | − 1)
=

∑
i

∑
j 6=i

aij

|V | (|V | − 1)
=
mean(outdeg(.))

|V | − 1
; (2.7)

äëÿ íåîðèåíòèðîâàííîãî ãðàôà

∆u(G) =
2|E|

|V | (|V | − 1)
=

∑
i

∑
j 6=i

aij

|V | (|V | − 1)
=
mean(deg(.))

|V | − 1
. (2.8)

Äëÿ âçâåøåííûõ ãðàôîâ âìåñòî ñòåïåíè âåðøèíûâôîðìóëå ó÷àñòâóåò ñèëà ñâÿçåé si
âåðøèíû i [21], êîòîðàÿ äëÿ íåîðèåíòèðîâàííîãî ãðàôà îïðåäåëÿåòñÿ ñ ïîìîùüþ ìàòðè-
öûW :
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si =
n∑
j=1

wij. (2.9)

Ñîîòâåòñòâåííî, äëÿ îðãðàôà îïðåäåëÿþòñÿ: in_si, out_si. Âçâåøåííàÿ ñòåïåíü âåð-

øèíû íåîðèåíòèðîâàííîãî ãðàôà íà îñíîâå �ñèëû ñâÿçåé�, ñîãëàñíî [20], îïðåäåëÿåòñÿ èç
âûðàæåíèÿ

degw(i) =
si

(deg(i)
, (2.10)

ò. å. êàê óñðåäíåííàÿ �ñèëà ñâÿçåé� èíöèäåíòíûõ ðåáåð. Ñîîòâåòñòâåííî, äëÿ îðãðàôà
îïðåäåëÿþòñÿ:

indegw(i) =
in_si

indeg(i)
; outdegw(i) =

out_si

outdeg(i)
. (2.11)

Âçâåøåííàÿ ðåáåðíàÿ ïëîòíîñòü îðãðàôà, ñîãëàñíî [20, 22], îïðåäåëÿåòñÿ ïî ôîðìóëå:

∆dw(G) =

∑
i

∑
j 6=i

wij

|V | (|V | − 1)
=

∑
i

outsi

|V | (|V | − 1)
=
mean(out_si)

|V | − 1
. (2.12)

Ñîîòâåòñòâåííî, âçâåøåííàÿ ðåáåðíàÿ ïëîòíîñòü íåîðèåíòèðîâàííîãî ãðàôà:

∆uw(G) =

∑
i

∑
j 6=i

wij

|V | (|V | − 1)
=

∑
i

si

|V | (|V | − 1)
=
mean(si)

n− 1
. (2.13)

Åñëè âåñà ïðåäñòàâëåíû öåëûìè ÷èñëàìè, òî ãðàô ìîæíî ðàññìàòðèâàòü êàê ìóëüòè-
ãðàô, òîãäà (2.12)�(2.13), êàê è â ñëó÷àå (2.7)�(2.8), çàäàåò îòíîøåíèå ñðåäíåé ñòåïåíè ê
÷èñëó âåðøèí ìèíóñ åäèíèöà. Îïðåäåëåíèå âçâåøåííîé ðåáåðíîé ïëîòíîñòè ìîæíî èíòåð-
ïðåòèðîâàòü êàê îòíîøåíèå óñðåäíåííîé �ñèëû ñâÿçåé� âåðøèíû ê ÷èñëó âåðøèí.

2.3. Ðàäèóñ è äèàìåòð. Äëÿ íåîðèåíòèðîâàííîãî ãðàôà è ñèëüíî-ñâÿçíîãî îðãðàôà ýêñ-
öåíòðèñèòåòîì âåðøèíû i (îáîçíà÷àåòñÿ ecc(i)) â ñâÿçíîì ãðàôå G = (V,E) íàçûâàåòñÿ
ìàêñèìàëüíîå ðàññòîÿíèå îò âåðøèíû i äî äðóãèõ âåðøèí ãðàôàG, ò. å. ecc(i) = max

j∈V
d(i, j).

Ðàäèóñîì ãðàôà (îáîçíà÷àåòñÿ rad) íàçûâàþò ìèíèìàëüíûé ýêñöåíòðèñèòåò ñðåäè âñåõ
âåðøèí, ò. å. rad(G) = min

j∈V
ecc(i). Äèàìåòðîì G (îáîçíà÷àåòñÿ diam) íàçûâàþò ìàêñè-

ìàëüíûé ýêñöåíòðèñèòåò ñðåäè âñåõ âåðøèí: diam(G) = max
i∈V

ecc(i) [23].

Îïðåäåëèì ïàðàìåòðû �ðàäèóñ� è �äèàìåòð� äëÿ ñëàáî-ñâÿçíûõ îðãðàôîâ, ñîãëàñíî [24],
ïðèíèìàÿ âî âíèìàíèå (2.4) èëè (2.5). Ïóñòü Reach(i) � ìíîæåñòâî âåðøèí, äîñòèæèìûõ
èç âåðøèíû i. Îïðåäåëèì:

ecc(i) = max
j∈Reach(i)

d(i,j), ecc(i) = 0, åñëè Reach(i) = ∅; (2.14)

rad(G) = min
i∈V (G),
ecc(i)6=0

max
j∈Reach(i)

d(i,j); (2.15)
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à á
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1.5
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0

j

out-cit

Ðèñ. 3.1 Ðàñïðåäåëåíèå âõîäÿùèõ (à) è èñõîäÿùèõ (á) öèòèðîâàíèé ÑÖÆ

diam(G) = max
i∈V (G),
ecc(i) 6=0

max
j∈Reach(i)

d(i,j). (2.16)

Òàêèì îáðàçîì, ecc(i) ðàâåí ìàêñèìàëüíîìó ðàññòîÿíèþ îò i äî äîñòèæèìûõ âåðøèí,
à ïðè îïðåäåëåíèè ðàäèóñà è äèàìåòðà ó÷èòûâàþòñÿ òîëüêî âåðøèíû ñ íåíóëåâûì ýêñ-
öåíòðèñèòåòîì.

3. Èñõîäíûå äàííûå. Ïðåäìåòîì àíàëèçà ÿâëÿåòñÿ ÑÖÆ, ïîñòðîåííàÿ íà îñíîâå
áèáëèîãðàôè÷åñêîé èíôîðìàöèè î ÍÆ 2001�2016 ãã. èçäàíèÿ (T ), äîñòóïíîé â ðàñïðåäå-
ëåííîé ÁÄ RePEc [9]. Íà ìîìåíò èçâëå÷åíèÿ äàííûõ áàçà ñîäåðæàëà èíôîðìàöèþ î 1731
ÍÆ 609 èçäàòåëüñòâ. Ìàêñèìàëüíîå ÷èñëî ÍÆ � 177, � ïðåäñòàâëåíî èçäàòåëüñòâîì
Springer. Îáùåå ÷èñëî ÍÑ, îïóáëèêîâàííûõ âî âñåõ ÍÆ, ðàçìåùåííûõ â ÁÄ, ñîñòàâëÿåò
1 079 934. Íàèáîëüøåå ÷èñëî ñòàòåé � 20 063, � ñîäåðæèò æóðíàë �Physica A: Statistical
Mechanics and its Applications� èçäàòåëüñòâà Elsevier.

Èíôîðìàöèÿ î öèòèðîâàíèè: ÷èñëî ÍÆ, öèòèðóåìûõ ÍÆ, ñîñòàâëÿåò 1617; ÷èñëî ÍÆ,
öèòèðóþùèõ ÍÆ, � 1436; íå öèòèðóþò íè îäèí æóðíàë 295 æóðíàëîâ; íå ïîëó÷èëè öèòè-
ðîâàíèÿ 114 æóðíàëîâ. Ïîëó÷àòåëåì ìàêñèìàëüíîãî ÷èñëà öèòèðîâàíèé � 939 � ÿâëÿåòñÿ
æóðíàë Energy Policy (Elsevier). Èñòî÷íèêîì ìàêñèìàëüíîãî ÷èñëà öèòèðîâàíèé æóðíà-
ëîâ � 787 � ÿâëÿåòñÿ æóðíàë Renewable and Sustainable Energy Reviews (Elsevier).

Õàðàêòåðíîé ÷åðòîé ÍÆ ÿâëÿåòñÿ çíà÷èòåëüíûé óðîâåíü ñàìîöèòèðîâàíèÿ, ò. å. öè-
òèðîâàíèÿ ìåæäó ñòàòüÿìè æóðíàëà. Êàæäàÿ íàó÷íàÿ äèñöèïëèíà èìååò õàðàêòåðíûé
óðîâåíü ñàìîöèòèðîâàíèÿ, íî íå ñóùåñòâóåò ïðåäîïðåäåëåííîãî óðîâíÿ, ÿâëÿþùåãîñÿ ïðè-
åìëåìûì. Óçêîñïåöèàëèçèðîâàííûå æóðíàëû èìåþò áîëåå âûñîêèé óðîâåíü ñàìîöèòèðî-
âàíèÿ ïî ñðàâíåíèþ ñ ìóëüòèäèñöèïëèíàðíûìè. Â ÁÄ RePEc ýòîò óðîâåíü ñîñòàâëÿåò
59,73%. Ïîñêîëüêó àíàëèçèðóþòñÿ ñâÿçè ìåæäó æóðíàëàìè, òî äàííûå î ñàìîöèòèðîâà-
íèè èñêëþ÷åíû èç ðàññìîòðåíèÿ.

Íà ðèñ. 3.1, à, á ïðåäñòàâëåíî ðàñïðåäåëåíèå âõîäÿùèõ è èñõîäÿùèõ öèòèðîâàíèé ÍÆ,
â ëîãàðèôìè÷åñêîì ìàñøòàáå. Ïî îñè àáñöèññ óêàçàíî ÷èñëî âõîäÿùèõ (à) è èñõîäÿùèõ (á )
öèòèðîâàíèé; ïî îñè îðäèíàò � ÷èñëî æóðíàëîâ ñ ñîîòâåòñòâóþùèì ÷èñëîì öèòèðîâàíèé.

4. Ðåçóëüòàòû èçìåðåíèÿ ïàðàìåòðîâ.

4.1. Ïàðàìåòðû ÑÖÆ íà ìîìåíò T . Èññëåäóåìàÿ ÑÖÆ ÿâëÿåòñÿ ñëàáî-ñâÿçíûì [23]
îðãðàôîì G = (V,E), |V | = 1729, |E| = 135702; ìàêñèìàëüíàÿ ñèëüíî-ñâÿçíàÿ êîìïîíåíòà
êîòîðîãî èìååò 1278 âåðøèí.
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4.1.1. Ñðåäíåå ðàññòîÿíèå è ïëîòíîñòü. Âçâåøåííîå ñðåäíåå ðàññòîÿíèå Lwavg(G) èçìå-
ðåíî â âàðèàíòàõ (2.2) è (2.3). Âåñà äóã íîðìèðîâàíû ñîãëàñíî (2.6), äëèíû ïóòåé âû÷èñëå-
íû ïî ôîðìóëå (2.5) äëÿ äâóõ ðàçëè÷íûõ çíà÷åíèé α. Ïåðåõîä íà îáðàòíîå çíà÷åíèå âåñà
äóãè ìîòèâèðîâàí òåì, ÷òî âåñ àññîöèèðóåòñÿ ñ ñèëîé ñâÿçè ìåæäó æóðíàëàìè, à âûáîð
α ≥ 1 � òåì, ÷òî áîëüøîé ïîòîê öèòèðîâàíèÿ ìåæäó æóðíàëàìè ðàññìàòðèâàåòñÿ êàê
ïðåäïî÷òèòåëüíûé äàæå â òîì ñëó÷àå, êîãäà ïðîìåæóòî÷íûõ ñâÿçåé îòíîñèòåëüíî ìíîãî.
Äëÿ íàõîæäåíèÿ äëèíû êðàò÷àéøèõ ïóòåé èñïîëüçîâàëèñü àëãîðèòì Äåéêñòðû [25] è ïà-
êåò igraph [26]. Ñëîæíîñòü àëãîðèòìà ðàâíà O(|V ||E| log |E|+|V |). Åñëè ðàññòîÿíèÿ ìåæäó
âñåìè ïàðàìè èçâåñòíû, òî ñðåäíåå ðàññòîÿíèå âû÷èñëÿåòñÿ çà âðåìÿ O(|V |)2. Ðåçóëüòàòû
âû÷èñëåíèÿ ïðåäñòàâëåíû â òàáë. 4.1.

Ïàðàìåòð �ïëîòíîñòü� ãðàôà âû÷èñëåí äëÿ âçâåøåííîãî è íåâçâåøåííîãî ñëó÷àåâ. Ïà-
ðàìåòð ∆dw(G), ñëåäóÿ (2.6), (2.9), (2.12), ðàâåí 0,454. Ïðè âû÷èñëåíèè �âçâåøåííîé ïëîò-
íîñòè� âåñà íîðìèðîâàëèñü è ó÷èòûâàëñÿ ñóììàðíûé âåñ äóã. Ïàðàìåòð ∆d(G), ñîãëàñíî
(2.7), ðàâåí 0,0454.

Òàáëèöà 4.1
Ïàðàìåòð �ñðåäíåå ðàññòîÿíèå� ãðàôà G

Lwavg(G)

(2.2), (2.5), (2.6) (2.3), (2.5), (2.6)

α = 1 α = 1,2 α = 1 α = 1,2

5,734 8,095 4,319 6,097

Ïàðàìåòðû �ñðåäíåå ðàññòîÿíèå� è �ïëîò-
íîñòü� íå çàâèñÿò îò òîãî, äëÿ êàêîãî ãðàôà îíè
îïðåäåëÿþòñÿ: äëÿ G èëè îáðàòíîãî G′, òàê êàê
ïëîòíîñòü çàâèñèò îò ÷èñëà äóã, à äëÿ ñðåäíåãî
ðàññòîÿíèÿ ðàññìàòðèâàþòñÿ êðàò÷àéøèå ïóòè
ìåæäó ñâÿçíûìè ïàðàìè. Ïðè ýòîì, åñëè ïóòü
p(i, j) èç âåðøèíû i â âåðøèíó j ÿâëÿåòñÿ êðàò-
÷àéøèì â G, òî ïóòü p′(j, i) èç j â i, ñîñòîÿùèé
èç îáðàùåííûõ äóã, ÿâëÿåòñÿ êðàò÷àéøèì â G′,
ò. å. ñóììà âåñîâ êðàò÷àéøèõ ïóòåé è ÷èñëî ñâÿçíûõ ïàð íå èçìåíÿòñÿ.

4.1.2. Ðàäèóñ è äèàìåòð ãðàôîâ G è G′. Äëÿ ãðàôîâ G è G′ âû÷èñëåíû ïàðàìåòðû �ðà-
äèóñ� è �äèàìåòð� ñ èñïîëüçîâàíèåì íîðìèðîâàííûõ âåñîâ äóã è âçâåøåííûõ ðàññòîÿíèé
ìåæäó âåðøèíàìè (2.5), (2.6). Ðåçóëüòàòû ïðåäñòàâëåíû â òàáë. 4.2. Äèàìåòðû ïðÿìîãî è
îáðàòíîãî ãðàôîâ ðàâíû, òàê êàê äèàìåòð � ýòî ìàêñèìàëüíîå ðàññòîÿíèå ìåæäó ïàðà-
ìè âåðøèí; åñëè â ãðàôå G ìàêñèìàëüíûì ÿâëÿåòñÿ ðàññòîÿíèå îò i äî j, òî â ãðàôå G′

ìàêñèìàëüíûì áóäåò ðàññòîÿíèå îò j äî i.
Òàáëèöà 4.2

Ðàäèóñ è äèàìåòð ãðàôîâ G è G′

rad(G) diam(G) rad(G′) diam(G′)

(2.5) (2.6) (2.15) (2.5), (2.6) (2.16) (2.5) (2.6) (2.15) (2.5) (2.6) (2.16)

α = 1 α = 1,2 α = 1 α = 1,2 α = 1 = 1,2 α = 1 α = 1,2

30,086 47,594 51,076 80,164 3,333 4,241 51,076 80,164

4.2. Ïàðàìåòðû ñåòè áèáëèîãðàôè÷åñêîãî ñî÷åòàíèÿ. Íà îñíîâå äàííûõ î öèòèðîâàíèè
ÑÖÆ è ñîãëàñíî îïðåäåëåíèÿì èç ï. 1. 2, ïîñòðîèì ñåòü áèáëèîãðàôè÷åñêîãî ñî÷åòàíèÿ,
êîòîðàÿ ìîäåëèðóåòñÿ ãðàôîì Gbib = (V bib, Ebib). Ìàêñèìàëüíàÿ ñâÿçíàÿ êîìïîíåíòà Gbib

èìååò ñëåäóþùèå ïàðàìåòðû |V bib| = 1432, |Ebib| = 844 476. Ðàñïðåäåëåíèå âçâåøåííûõ
ñòåïåíåé âåðøèí Gbib, âû÷èñëåííûõ ñîãëàñíî (2.11), ïîêàçàíî íà ðèñ. 4.1, à.

4.2.1. Ñðåäíåå ðàññòîÿíèå è ïëîòíîñòü Gbib. Âçâåøåííîå ñðåäíåå ðàññòîÿíèå Lwavg(G)
èçìåðåíî â âàðèàíòàõ (2.2) è (2.3). Âåñà äóã íîðìèðîâàíû ñîãëàñíî (1.3), äëèíû ïóòåé
âû÷èñëåíû äëÿ äâóõ çíà÷åíèé α (ñì. 2.5). Ðåçóëüòàòû ïðåäñòàâëåíû â òàáë. 4.3.

Ïàðàìåòðû ïëîòíîñòè ãðàôà âû÷èñëåíû äëÿ âçâåøåííîãî è íåâçâåøåííîãî ñëó÷àåâ.
Ñëåäóÿ (2.5), (2.9), (2.13), �âçâåøåííàÿ ïëîòíîñòü� ãðàôàGbib, ∆uw(Gbib) = 0,0606. Ñîãëàñíî
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Òàáëèöà 4.3
Ïàðàìåòð �ñðåäíåå ðàññòîÿíèå� ãðàôà Gbib

Lwavg(G
bib)

(1.3), (2.2), (2.5) (1.3), (2.3), (2.5)

α = 1 α = 1,2 α = 1 α = 1,2

4,9 6,030 3,491 4,297

Òàáëèöà 4.4
Ðàäèóñ è äèàìåòð ãðàôà Gbib

rad(Gbib) diam(Gbib)

(1.3), (2.5) (2.15) (1.3), (2.5), (2.16)

α = 1 α = 1,2 α = 1 α = 1,2

34,409 69,825 61,417 117,567

à á

0

Ðèñ. 4.1. Ðàñïðåäåëåíèå âçâåøåííûõ ñòåïåíåé âåðøèí ãðàôà Gbib (à) è Gcoc (á)

Òàáëèöà 4.5
Ïàðàìåòð �ñðåäíåå ðàññòîÿíèå� ãðàôà Gcoc

Lwavg(G
coc)

(1.5), (2.2), (2.5) (1.5), (2.3), (2.5)

α = 1 α = 1,2 α = 1 α = 1,2

5,912 7,273 4,952 6,093

Òàáëèöà 4.6
Ðàäèóñ è äèàìåòð ãðàôà Gcoc

rad(Gcoc) diam(Gcoc)

(1.5), (2.5) (2.15) (1.5), (2.5), (2.16)

α = 1 α = 1,2 α = 1 α = 1,2

51,943 114,453 65,740 133,207

(2.8), ïëîòíîñòü íåâçâåøåííîãî ãðàôà ∆u(Gbib) = 0,8242. Òàêèì îáðàçîì, òîïîëîãè÷åñêàÿ
ïëîòíîñòü âûñîêà.

4.2.2. Ðàäèóñ è äèàìåòð Gbib. Äëÿ ãðàôà Gbib èçìåðåíû ïàðàìåòðû �ðàäèóñ� è �äèàìåòð�
ñ èñïîëüçîâàíèåì íîðìèðîâàííûõ âåñîâ ðåáåð (1.3) è âçâåøåííûõ ðàññòîÿíèé ìåæäó âåð-
øèíàìè (2.6). Ðåçóëüòàòû ïðåäñòàâëåíû â òàáë. 4.4.

4.3.Ïàðàìåòðû ñåòè êîöèòèðîâàíèÿ.Íà îñíîâå äàííûõ î öèòèðîâàíèè ÑÖÆ è ñîãëàñ-
íî îïðåäåëåíèÿì èç ï. 1.3, ïîñòðîèì ñåòü êîöèòèðîâàíèÿ, êîòîðàÿ ìîäåëèðóåòñÿ ãðàôîì
Gcoc. Ìàêñèìàëüíàÿ ñâÿçíàÿ êîìïîíåíòà Gcoc = (V coc, Ecoc) èìååò ñëåäóþùèå ïàðàìåòðû:
|V coc| = 1582, |Ecoc| = 820982. Ðàñïðåäåëåíèå �âçâåøåííûõ ñòåïåíåé� âåðøèí Gcoc, âû÷èñ-
ëåííûõ ñîãëàñíî (2.11), ïðåäñòàâëåíî íà ðèñ. 4.1, á.

4.3.1. Ñðåäíåå ðàññòîÿíèå è ïëîòíîñòü ãðàôà Gcoc. Âçâåøåííîå ñðåäíåå ðàññòîÿíèå
Lwavg(G

coc) èçìåðåíî â âàðèàíòàõ (2.2) è (2.3). Âåñà ðåáåð íîðìèðîâàíû ñîãëàñíî (1.5), äëè-
íû ïóòåé âû÷èñëåíû äëÿ äâóõ çíà÷åíèé α (ñì. 2.5). Ðåçóëüòàòû ïðåäñòàâëåíû â òàáë. 4.5.

Ñëåäóÿ (2.5), (2.9), (2.13), �âçâåøåííàÿ ïëîòíîñòü� ãðàôà Gcoc ðàâíà ∆uw(Gcoc) = 0,0342.
Ñîãëàñíî (2.8), ïëîòíîñòü íåâçâåøåííîãî ãðàôà ∆u(Gcoc) = 0,6564.

4.3.2. Ðàäèóñ è äèàìåòð Gcoc. Äëÿ ãðàôà Gcoc âû÷èñëåíû ïàðàìåòðû �ðàäèóñ� è
�äèàìåòð� ñ èñïîëüçîâàíèåì íîðìèðîâàííûõ âåñîâ ðåáåð (1.5) è �âçâåøåííûõ ðàññòîÿíèé�
ìåæäó âåðøèíàìè (2.6). Ðåçóëüòàòû ïðåäñòàâëåíû â òàáë. 4.6.
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