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The idea of determination of a scientific journal reputation by measurement of its citations, was
for the first time offered 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 finding out of influential persons or key players. Technique
of spectral ranking of scientific 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 identification of authoritative journals and the structure of scientific fields 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
different variants of networks consisting of scientific 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,...,u,}, and citations to arcs E C V x V,e = (v;,v;) € E if a journal ¢ 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) = w;; that indicates the number of
references from the articles of ¢ 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 RY a network can be constructed that is modelled by the
valued undirected graph G = (V, E), with journals corresponding to vertices V ={vy, vq,...,0, },
and edges E € VXV, e=(i,j) € E, if iR"j. A vector-space model G. Salton & M. McGill (1983)
is used for defining edge weights. Co-citation relation R H. Small (1973) and independently
L 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 R

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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NuCcTUTYT BHIYUCIUTEIBHON MaTeMaTuku n Maremarndeckoit reopmsnkn CO PAH
630090, HoBocubupck, Poccus

VIIK 001.12+303.2

W nest onipeiesiennst BaXXHOCTH HAYYHOT'O YKy PHAJIA IIYyTEM U3MEPEHUS €r0 IIUTUPYEMOCTH BO3ZHUKJIA B
1927 1. U nea monyumnia pa3suTue: HA OCHOBE MH(MOPMAIINY O MUTUPOBAHNY XKYPHAJIOB, CTATel U APY-
IUX HAYYHBIX €JINHUIL CTPOATCS CETH IMTUPOBAHUS, & CTPYKTYPa CeTell pacCMaTpUBAeTCs KAaK OCHOBA
g oubsimoMeTprudeckoro anaan3a. [Ipu 3ToM npuMeHar0TCd KOHIEIIINY U METObI, UCIIO/IB3YEeMbIe
B Teopuu rpadoB U COIUAJIBHBIX ceTeil. B crarbe paccMaTpuBaeTcd CETb IIUTHUPOBAHUS HAYUHBIX
2KYPHAJIOB, MOJEIUPYEMasd B3BEIIEHHBIM OPUEHTUPOBAHHBLIM rpadOM, & TAKXKE MOJIE/H [POU3BOI-
HBIX CeTell — KOMUTUpOBaHuA u Oubmorpacdumaeckoro coderanus. VccsemoBaHbl METOIBI, TO3BO-
JISTEOTIIE BBIUUC/ISITH TTAPAMETPHI CPEJIHEE PACCTOSIHUE, IJIOTHOCTh, PAIUYC U JAUAMETD Il CIIydast
caaboit casrocTr n/wan p3semennoct rpada. Ha ocroBe peasbroil nHdopmannm, n3BaedeHHONR
u3 pacrpenenentoit bubsmnorpadudeckoit 6azbl ganabix RePEc, Boranciensr 3Hadenns yKazaHHBIX
mapaMeTpoB Aad rpada IUTUPOBAHWS W ITPOM3BOMHEIX ceTeil. Pe3ynbraThl anamn3a mpeICcTaB/IeHb
B BuUJe TabJUIl U PUCYHKOB.

KumroueBbie cjioBa: ceThb IUTHPOBAHUS HAYUYHBIX 2KYPHAJIOB, B3BEIIEHHBIH OPUEHTUPOBAHHBIHN
rpad, B3BEIIEHHOE CPEIHEe PACCTOAHNE, B3BEIIEHHA IJIOTHOCTD, B3BEIICHHBIE PAINYC U JIMAMET].

Beeneune. Hayunsiit x)xypuas (HZK) npencrabisier auraresito KOMIEKIHIO HAY IHBIX CTaTel
(HC) u siByisieTcst TOMHHUPYIOIMIAM HHCTPYMEHTOM DACTIPOCTPAHEHUs PE3YJIBTATOB HCCJIEI0Ba~
auit. HZK paziuyaiorces o remMaTuke, peiyTanuy U MPOU3BOAUTENLHOCTH (00beMY), T. €. YUCTY
onyOJIMKOBAHHBIX CTaTeil 3a BpeMsl CBOEro CyliecTBOBaHus. dmuupudeckuii 3akon C. Bpaj-
dbopna (Samuel Bradford, 1878-1948) ycranaBiuBaer 3akOHOMepHOCTE pacupeenenns HC, co-
r1acHo KOTopo#t B cnucke HZK, pacrnosiokeHHBIX B TOpsijike YObIBaHWUS YHCJIa CTAaTEll 1O 3a-
JIAHHOU TeMe, MOYKHO BBIJIENUTh TPU 30HBI, cofepzKkamue paHoe unciao HC. Ilpuammas Bo
BHUMAaHUE TUIOTE3Y O TOM, YTO Bce OMyOJUKOBAHHBIE CTATHH UMEIOT OJUHAKOBYIO BEPOSTHOCTH
ObITH LPOIUTUPOBAHHBIMU, OY/JIEM CUNTATh, YTO 4eM OOoJibllie cTareil XKypHaJl OlyOJIMKYyeT, TeM
qare OH OyJIeT YIOMUHATHCS MMPU ITUTUPOBAHUH.

Nnesa onpenenenns Baxknoctu HZK myTem uamepenus ero MuTHUPYEMOCTH BIepBble ObLIa
npeiozkena B pabore [1]. ABTOpBI HyZKIaJIUCh B KDUTEPHH PAHKUPOBAHUS YKYPHATIOB XHMA -
ckoro npoduiad. OHU TpoaHAIN3UPOBAIN 27 HanOoJee IMUTUPYEMBIX YKYPHAJIOB, I KOTOPBIX
MOJACYNUTAN YUCTO MATHPOBAHMUI Ha MATHICTHUX WHTepBasgax B mepuwoa 1871-1925 rr. B pe-
3yJibTare ObLI0 BBISBIEHO HEPABHOMEDHOE pacIpejiejieHue MUTUPOBAHUN 10 YKypHAJIaM: IIATh
HambOoICe UTUPYEMBIX KypHAI0B nouyduan 47 % or obmero uncia nuruposanmii. OTmeTnm,
9YTO aBTOPHI aHAJIN3a HE YUYHTBHIBAJIH CAMOIMUTHPOBAHNE YKYPHAJOB.

KonngecrBenubiM uccsegopanusm muruposanus HC nocesiimena pabora [2|, aBrop kotopoii
OOHAPY KU, UTO UCXOAdIIHe u BXoadanme rmutupoanus HC uMeoT cTemeHHON 3aKOH pacipe-
nesienus. Ha ocHoBe 3roro mabmogenus ObL10 chOPMYJIMPOBAHO IIPEIIOJI0KEHUE O TOM, YTO
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TeMIT TPUOOPETEHNsI HOBBIX IUTAT MPOMOPIUOHAJIEH YUCTY yXKe UMEIOIUXCS, TTOATBEPIK A0~
mee 3aKOH HpPEe/INOYTHTE/IFHOrO Ipucoeunennd. B aToit nuonepckoit pabore cereBas TOIOJIO-
I'dsl PacCMaTPUBAETCS KaK OCHOBA JJIsd OIpeJie/IeHHs Ba*KHOCTU »KYPHAJIOB M CTPYKTYPHI Ha-
YVUIHBIX 00J1acTel, 9T0, B CBOIO OUYepelb, MO3BOJSIET OIPEIeTUTh COCTAB (PPOHTA MCCIeTOBAHMIA.
Jlo Bropoii oioBuHbl XX B. HHAUKATOPHI HAYYHOTO BJIMSHUS, TPUIUCHIBAEMBIE KYPHAJIAM, HE
YIUTHIBAIH CTPYKTYDPY ceTn (Hampumep, nmnaxT-daxktop [3]).

CoBpeMeHHBIt HHCTPYMEHTAPWI JIJTsT UCCJIeTOBAHNS CETell IUTUPOBAHNS OA3UPYeTCsT Ha, KOH-
HEIIAAX U MEeTOJaX, UCHOJIb3YeMbIX B TEOPHUHU I'PadpOB M COIMHUAJIBHBIX CeTell, HAIIpUMeEp, NpH
OIEHKEe TEHTPAJIBHOCTH Y3JI0B JIJIs ONpeJie/ieHus] BAKHBIX CETEeBBIX aKTOpoB. B paborax [4, 5|
ObLIN TTPEIOXKEHBI CIIEKTPaJIbHbIe MeTOIbl parkupoanus H2K, onupatomuecst na Beraucjienue
COOCTBEHHOTO BEKTOPA MATPHILI CMEXKHOCTH rpacda muTupoBanus. 3HAYEHUS SJIEMEHTOB BEK-
TOpa TPAKTYIOTCS KaK BeCOBbIe KOIMDMUITUEHTHI, ONPE/IE/TAIONIe “BAUSHIE KayK/IOTO KYypPHAJIA.
OJiHa W3 OCHOBOMOJIATAIONIMX PAbOT [6] comepkuT 6az0BbBIE MOHATHS W ONpE/IeJeHIe U3MEepPH-
TEJbHBIX Mep, KOTOPbIe MOT'YT IPUMEHATHCS He TOJIBKO JIJI PAHXKHPOBAHUS CETEBBIX 0OBEKTOB,
HO, KaK 110Ka3aHo B pabore |7], MOryT cilyzKuTh jiJist BbISIBJICHUS OCOOEHHOCTE CeTH IUTHPOBA-
HHUsI JKyPHAJIOB. AKTyalabHbINH 0030p Ha 3Ty Temy onyOJauKoBaH B KHUTE [8].

1. CeTu nmuTUpoOBaHUd >KYyPHAJIOB. B nanHoil paboTe M3ydaTcss CTPYKTYpbl OubIno-
MeTPHUYECKHX ceTeil, obpazoBanubix pasmenienubiMu B BJI RePEc H2K [|9]. Byner Bbiaesena
IJIaBHas ceTeBasd KOMIOHeHTa ceTu mutupoBanus H2K u onpenenena ee crpykrypa. lajee na
ee OCHOBe OYIyT MOCTPOEHBI MOJENN CeTell KOMUTUPOBAHUA U OUOIHOTPpadUIECCKOr0 COTETAHMS
U [PEeJCTABICHBI AJTOPUTMbI BBIYUCIEHUS TAPAMETPHIECKIX XapakTepuctuk cereii. Ha ocroBe
peajibHOil OubMOMeTprYecKoil mHdOpManuu OyyT BBIYUC/ICHBI 3HAYEHUS CETEBHIX HapaMer-
POB: cpejiHee pacCTOsdHHE, ILIOTHOCTh, pajuyc U guameTp. Pesyibrarsl opopMiieHBI B BHJE
TabJIMI] B PUCYHKOB.

Hayunag craThs mpeacTaBigeT oNHCAHUE pe3yJbTaTa HAYUHOI'O HCCJIEIOBAHU JITO0 00630p
craTeil, cBsa3aHHBIX 00Ieil Temoit. O6biuno HC muTupyor apyrue myOguKaium, B TOM YHCIE
JIPYTHE CTATbU, B PE3YJIbTATE BO3ZHUKAET CBA3b MEXKJIY “HHUTUPYIONIUM ¥ “IUTHPYEMBIM 00b-
eKTaMU, MMOCTPOeHHasd Ha NH(MOPMAIINH, COJEPKAIIEiicd B IPUCTATERHBIX CIIICKAX JUTEPATYPHI.
H2>K — s10 nepuoaudeckoe usnanue, mpeacrapisioniee coboit muoxkecrso HC, mocBgmmennbIx,
KaK IIPaBUIO, OJHON HaydHoU mucruminne. HZK, moMumo HaszBaHHsI, ©UMeeT MeKIYHAPOIHBIH
cranaapTHbiii cepuitabiii Homep (ISSN), mozBossionuit naeHTHGUIUPOBATH €ro.

1.1. Cemv yumuposarus scypruanros (CIIZK). Tlyers J = {ji, jo,. .., Jn} — HEIyCTOE MHO-
JKECTBO KYPHAJIOB, ONMYyOJUKOBAHHBIX 33 HEKOTOPHIH nepuos 1. 2KypHaja paccMarpuBaeTcs Kak
arperupoBaHHOEe MHOXKECTBO BCeX cTaTeil, OMyOJMKOBAHHBIX 3a 3TOT mepuoi. Ha J 3amano 6u-
HapHOe OTHOIIeHue R:

Jk R ji = jr umrupyer ji, (1.1)
onpenessitoriee cetb N = (J, R), B KOTOPOii *KyPHAJIbI SIBISIIOTCS y3J71aMi, a IIMTHPOBAHUS —
CBA3IMH Me:KJIy HEMHU. EcrtecTBeHHBIM crocobom MojeaupoBanus cetu N sBideTcd IIpe-
crapienne ee B Buae oprpada G = (V, E), B KOTOPOM KYPHAJBI COOTBETCTBYIOT BEPITHHAM
V = {v1,vs,...,v,}, a oTHOmeHUs nuTupoBanug — ayram £ CV x V, e = (v;,v;) € E, ecn
soinosusiercs (1.1). Ecom ¢ = j, To ornomenue (1.1) HassiBaeTcs caMONUTHPOBAHHEM, 0603HA-
anm ero 7. Ha muoxecrse ayr onpenenena dyukuus w : £ — N, takas uro w(e) = Wi
paBHA YHCIY IUTHPOBAHWI, MOJYIEHHBIX KYPHAJIOM j OT KypHaJaa ¢. llo moctpoermro CLIZK
SIBJIsIeTCsl B3BellleHHbIM oprpadoM (opueHTHpOBaHHBIM MyJabTHIpadoM). Ecin uckmodnTs ca-
MOITUTHPOBaHUS, 3T0 OyIeT rpad O6e3 merenb. lanee me OGymem pa3andarh HOHATUS ‘ceTh’ H
“rpad”, a Bepuunbl rpada 3anymepyem.
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Puc. 1.1. IIpumep B3auMoieficTBAA KYPHAJIOB Jr U Jj

O6patusiit rpad G' = (V, £') umeer 10 Ke MHOXKECTBO BEPINUH, MpH 3ToM € = (1,j) € E
TOrJIa M TOJBKO Torfa, koraa € = (j,1) € E’. 910 npeobpa3oBaHue SKBHBAJEHTHO 3aMeHe
HampapjeHust ayr Ha obparHoe. Takum obpasom, ayra (i,7) € E’ o3nadaer, 4To j IMUTHPYeT
i. Ilytu B obparHOM rpade oTparkalT paclpocTpaHeHre HHMOPMAIUH OT NAUTHPYEMOTO K IIH-
tupyiomiemy. s oprpadoB BBIIOIHAETCA TPUHIAI deoticmeeniocmuy: cBolicTBa oprpada G
M3MEHSIOTCS Ha COOTBETCTBYIONINE (IBOHCTBEHHBIE) cBOicTBA Ooprpada G': BXOAdIIas CTelneHb
BEPIIUHBI — UCXOJAIIAsA CTEIeHb BEPIINHBI; HCTOYHUK — CTOK; W30 IMPOBAHHOCTH — H30JIUPO-
BAHHOCTH U T. .

[Ipumep B3auMOmeRCTBHUS KYPHAJIOB jr U J;, MUTHPYIONUX JAPYT JApyra, HpeicTaB/IeH Ha
puc. 1.1. 31ech wy; — YUCI0 MATUPOBAHUM, MOJIYUEHHBIX J; OT ji, Wix — YUCJIO MUTHPOBAHUHI,
MOJYYEHHBIX ji OT J;, & Wy U Wiy — YUCTO CAMOIUTAPOBAHUI.

Bamerum, uTo B oramdue ot ceru nuruposanus crareii (CLIC) [10], koropast Mmogeaupyercs
anukanaeckuM oprpadom 6e3 nerenp, CIIZK He ob0aamaer stumu cpoiicrBamu. B 601bImmHCTBE
ciaydaeB Jayru oprpada G ABIAIOTCH JBYHAIPABIEHHBIMHU, TTOCKOJBKY B Tepuoj 1’ yKypHAJIbI
MOI'YT HUTUPOBATHL JApyr apyra. Junamuka pocrta CHC u CHZK Tak:Kke umeeT cyliecTBeHHBIE
ornmunst: HanpuMmep, B CLIZK ayru MmoryT ucde3ars co BpeMeHeM, MOCKOIbKY KaKO#-Iu00 Kyp-
HAJI MOXKET HEPECTATh BBIITYCKATHCS.

I'pad G = (V, E), mogemupytomuii CIIZK, Gymem mpeacTaBisTh ¢ OMOIIBIO JBYX MATPUIL:
maTpuibl cBsazeil A pazmepa |V, kaxapiil ajeMenT KOTopoii:

Ai, ) = 1, ecom iRy,
1= o, B IIPOTHBHOM CJIy4ae,

u Marpuibl BecoB W pasmepa |V, kazx bl s/1eMeHT KOTOPOi:

Wi, j) = w; 4, ecan 11y,
0, B IPOTUBHOM CJIyYae.

1.2. Cemuv 6ubauoepaguueckozo covemanus scypranos (CBCZK). B pabore [11] mpeacras-
JleH MeToj “OubnorpaduueckKoro codeTaHus’, OCHOBAHHBII Ha NPHUHINIE BBIIEJICHUS B3aM-
MOCBSI3M MEKJy HAYYHBIMH TMyOJUKANUAME, MUTUPYIOMUMEA OJUH U TOT K€ JOKYMEHT. DTOT
MOJIX0/T PACIPOCTPAHUM Ha MHOYKECTBO KypHaJsioB. Ha ocnoBanum oruoinenus oudaunorpadu-
geckoro coueranua R CIIZK mpeobpasyerca B CBCZK, KoTopasi MOJeIIpPyeTcs B3BEITeHHBIM
HEOpPHEeHTHPOBAHHBIM rpacoy G,

[Iycts M; — MHOXKecTBO HAeHTHU(MUKATOPOB PA3JIUYHBIX KYPHAJIOB, HA KOTOPbIE UMEIOTCS
CCBLIKH B arpermpoBaHHOM MHOYKECTBe cTarell KypHasa . Ecan ajis XKypHAJOB ¢ U J BBIIOJ-
ugerca M; N M; # &, 10 roBOPAT, 4TO KypHaJbl 6ubanorpadgudeckn codeTaiorcs, T. e.
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iR"™j = (3k) iRk & jRk. (1.2)

B CBCZK KypHaJbl MpeICTaBIAOTCS MHOXKeCTBOM BepiuH V' = {vy,v,...,v,}, & OTHO-
menns R Mexkly HUMHI BBLICTYHAIOT B POJIM HEODHEHTHPOBAHHBIX cBasell (pebep) £ C V x V,
e = (i,7) € E, ecin umeer mecto iR*Pj. Jlna onpenenenna eca pebep rpada G . e. cre-
eHn 110A00KsT XKy PHAJIOB, IPUMEHSIETCsT BEKTOPHAsT MoJiehb 12|, coryacHo KOTOpOil KypHAJ i
IPEJICTABJISIETCST BEKTOPOM, a CTerneHb mogobust bib(i, j) MHTepIpeTupyeTcst Kak KOCHHYC YIJia
MEZKJIY BEKTOPaMH, COOTBETCTBYIOIIMMU ¢ U j. B jmamHOM ciydae »KypHaJIy ¢ COOTBETCTBYET
BEKTOP, COCTOSINHI M3 JIEMEHTOB CTPOKH ¢ MaTpuilbl W, u creneHb Mogo0us ONpeIe/IseTcs
KaK:

E Wik Wk

. ¢2w¢z wik

Takum 06pa3oM, Ha MHOXKecTBe pebep ompegenena dynkmus ¢ : F — RT, takag 4ro
" (e) = bib(i, j). Marpuiy cmexxnoctn B3senrentnoro rpada CBCXK obozmaumm W, 3a-
METHM, ITO HpH BbIIHCIeHHN (1.3) yuuTBIBaeTCH HE TOJIBKO MOITHOCTD Iepecedenns |M; N M|,
HO M YHCJIO CCBUIOK Ha KayKABI M3 XKypHAJIOB. Be3 ydera 4mcia DUTHPOBAHMI MEXKIY Kyp-
HaJIAMH KyPHAIY i COOTBETCTBYET BEKTOP, COCTOANIMI M3 JEMEHTOB CTPOKH 7 MaTpUIbl A;
HOPMUPOBAHHAsI CTeNeHb 110100us onpeensercsa dhopmy.ioi, anamornanoii (1.3).

1.3. Cemv koyumuposarus scyprnaros (CKIIZK). B paborax [13, 14| npenioxken meron
aHa/in3a OubjimoMeTpuyuecKoil nHMOpPMaIMi, OCHOBAHHBIN HA OTHOIIEHUHM KOUMTUPOBaHUs [R°°,

bib(ij (1.3)

COCTOSIIET0 B TOM, 9TO OJMH JOKYMEHT OIHOBPEMEHHO MUTHPYET JIBA JAPYTUX. ITOT METO/T
TaKKe MePeHeceH Ha MHOYKECTBO YKypHao0B. 2KypHasbl ¢ ¥ j HAXOAATCH B OTHOIIEHUU KOIU-
TUpoBaHuA R°, ecu 3a paccMaTpUBAEMBbIil EPUOJL XOTdA OBl OJIMH XKYPHAJI COACPIKUT CCHLIKH
O/THOBPEMEHHO Ha KYPHAJIBI ¢ U §, T. €.

iR“¢j = (3k) kRi & kRj. (1.4)

Ha ocunoBanwmu oruomenus kornuruposanus R CI[ZK npeobpasyerca B CKIIZK, koTopas mo-
JIeJTUPYeTCsT B3BENTEHHBIM HEeOPHEeHTUPOBAHHBIM rpadom G°. ZKypHaabl peIcTaBIsiiOTCs ero
BEepIIMHAMHE, & OTHOIIEHHE KOIMUTHPOBAHUA — HEOPUEHTHUpOBAHHBIMU pebpamu E C V x V.,
e = (i,j) € E, ecim umeer Mecto iR“%j. Kax u B caydae R, :kypHas i npejicrabisercs
BEKTOPOM, B JIAHHOM CJIydae CTOJIONoM MaTpuibl W, u crenennb mogobust coc(i, j) onpemessercs
KaK:

Z Wi Wi
coc(i,j

j) = -
VRIS

Takum obpasoMm, Ha MHOXKecTBe pedbep omnpejenena (pyHKIHA @ E — RT, takag 4ro
©¢(e) = coc(i,j). Marpuiy cmexuocru B3perrennoro rpada CKIZK oboznauum W, Bes
ydera 9ucaa MUTHPOBAHUI MEXK Y KyPHAJTAMHI KYPHAIY 4 COOTBETCTBYET BEKTOD U3 SJIEMEHTOB
cTOJIONA 7 MATPUIEl A, HOpMUpOBaHHASI CTENeHDb MOM00uUsT onpeiesieTcss (hopMyIoil, aHATOTHY-
noit (1.5).

2. O6mue mapamerpsbl. B 3ToM maparpade TpuBeIeHbl METOIBl H3MEPEHUsT CJIE Y IOTINHX
napamerpoB CIIZK: cpeannee paccrosinue, MIOTHOCTD, PAJIUYC U THAMETD.

(1.5)

coc
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2.1. Cpednee paccmosanue. Cormacuo pabore [15], cpeduee paccmosnue Mexkty BeprimHAMA
cesizroro rpada G = (V, E) oupenensiercss Kak apudMeTHdeckoe cpejiHee BCeX PACCTOSTHUIT B

rpade, T. e.:
1

Lo @) = v =)

(i j), (2.1)

rie d(i,j) — paccTosiHue OT BEPINUHBI i 0 BEPUTHHBL j. [lajee ompeesieHust MpuBeIeHbl JIJsI
rpacoB 6e3 KpaTHbiX pebep u meresb. Kean rpad HecBgA3€H, TO U3MEPAIOTCH HapaMeTpPbl MaK-
CUMAJIBHOM CBS3HOM KOMIOHEHTHI. JIJIs1 cirydas, Koraa He Bce maphl (3 CBA3HBI, PACCMOTPUM JIBA,
BapUAHTA:

a) JIUIs CBASHBIX Tap L,y (G) BeIMmCaseTCs TI0 hopMmyIIe:

1 .
Lavg(G) = 7 Z d<lvj)v (22)
i#JEV,
0<d(i,j)<oco

rje [ — YuC/I0 CBA3HBIX T1ap;
6) ecam u3 i B j HeT mytH, TO Oymem cumtarb, IT0 d(i,j) = 0, ¥ Layy(G) BBIUHCIATS 1O

dopmyite
1

Lo @) = 0= D)

d(i,j). (2.3)

[Tapamerp Lgy, B pabore [15] HO3HIMOHNPYETCs KAK OJHA U3 XAPAKTEPHCTUK “MAIOTO MUpa”
[16], mast KOTOPOrO XapakTepHO Maoe 3HAYCHHE Ly, IPU JOCTATOIHO OOJIBIIOM 3HAYCHHN N U
HeOOJIBIIOM 3HAYeHNH cTenenn Bepmun k < n, n = |V|.

OTmeTnM, 9TO 1715 B3BENIEHHON CeTW MPHUBeJeHHEIe BBITIe (DOPMYILI BRIYACACHUST Lo,y He
IMEIOT CMBIC/IA, IIOCKOJIBKY B IOJOOHBIX CeTAX MOHATHE KPATYafIIero myTH IpeTepleBaeT m3-
MeHeH#re. Tpa uImoHHO IIMHA IyTH BO B3BEIIeHHOM rpade paBHa cyMMe BecoB pebep. B Takom
cJydae MeK/1y JIByMsl CUJIbHO-CBSA3HBIME BePIIMHAMU paccroguue oyaer 6osbiie. [Toaromy, Ko-
rJ1a pedb WJAET O KPAaTHadIlnX HyTAX, B KOTOPBIX BEC OTParxKaeT CHJIY CBA3U y3JI0B, BMECTO
paccrostaus d(i,j), (i,7) € E 6ynem ncnoipzoBarh obparnyto Beawauny 1/d(i, ) [17], . e.:

1 1 1
+ ot : (2.4)

Wing  Wngmy W,

d“(i,7) = min

[A€ VUpg, Unys - - - U, — HPOMEKYTOUHbIC BEDIIHHBI HA IMyTH U3 { B j (MEHHHMH3HPYETCS CyMMa
oGpaTHBIX BecoB jiyT). JIpyrue BapuaHThl peobpa3oBaHus MOKHO HaiiTh B pabore [18]. O606-
merHasg GopMyJia PACCTOSHU, YIATHIBAOIIAA YUCI0 MPOMEYKYTOYHBIX BEpIIUH, IPUBeIeHa B
pabore [19]:

1 1 1
(wmo)a " (wnom)a " " (wnkj)a

rJie (v — PEryJIUPYIONIHil MOJOKUTELHBIH apamMeTp, MO3BOALIONIN a/IeKBATHO BHIOUpATH KpaT-
gaiimue myru. Ecan o = 0, 1o ypaBHenue (2.5) 3a7aeT paccTosHe B HEB3BeNIEHHOM rpade,
ecaim o = 1, TO 3HAUEHWE COBMAIAELT CO 3HAUCHUEM, OIpeJieIsseMbIM ypaBHeHueM (2.4).
[IpuBenem mpuMmep BIMAHUS MapaMeTpa (¢ Ha BBIOOD TyTeil MeKIy BepITUHAMH a U b ¢
Pa3IMYHBIMU CYyMMaMH BECOB U PA3HBIM YHCJIOM IPOMEXKYTOUHBIX y3i0B (puc. 2.1, Tabm. 2.1).

: (2.5)

d“*(i,j) = min
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< Tabauua 2.1
%! %! Jnmuer nyreit aas cetn (puc. 2.1)
1 wa
a b d**(a,b)
Y v Wy = Ta=05 la=1a=15
V4 [a, ] 1 1,0 1 1,0
J p [a, ¢, b] 2 14 1 0,7
la,d,e,b] | 3 1,8 1 0,5
Puc. 2.1. Tpu nytn mexjy a u b
st Beex Tpex myreit d“(a,b) = 1, T.e. cornacuo (2.4), Bce myTH ojuHaKoBbl. B Tabm. 2.1

yKasaHbl paccroguust d*(a,b) Mexk1y BeplIMHAMI @ ¥ b, pacCUUTaHHBIE COTMIACHO (2.5) s
pa3JAuYHbIX 3HAYCHUNA (.

U3 raba. 2.1 Buaso, uro npu « = 0,5 Kpardaiimmm myrem siBasiercs [a,b], a upm a =
1,5 kparuaiimum siBasiercst myTh [a, d, e, b]. Takum obpasom, ecim 0 < o < 1, To KOpoTKHe
yTH (C MEHBIIUM YUCJIOM MPOMEXKYTOUHBIX BEPIINH) €O CIAOBIME CBA3AME (MAJTBIMU BECAME
JyT) OYIyT MpeJnouTuTebHee JTHHHBIX yTeil (¢ GOTBITMM YHCIOM TPOMEKYTOIHBIX BEPIITHH )
C CHWJIBHBIMHU CBsi3siMu. Ecim o > 1, TO, MOCKOJIBKY YHCJIO ITPOMEXKYTOUYHBIX BEPIIUH HIPAET
MEHBIIYIO POJIb 0 CPAaBHEHUIO C CHJIOW CBsA3eil, MyTh C OOJBITMM YHUCJIOM CHJIBHBIX CBsi3eil
Oyaer mpearnouTuTeTbHBIM.

Y100bI CpAaBHUTH CpeJIHUE PACCTOSHUS B3BEHICHHBIX CeTeil, MMEIONUX Pa3Hble JUAIA30HbI
3HAYEHWI BeCOB pebep, BOCIIONb3YeMCsl COCOOOM HOPMATU3AIINH, IIPEIJIOKeHHBIM B padore [19].
Bec kaxoro pedbpa jiesinrcst Ha cpejiauii Bec pedep rpada:

Wy . Wij X |E‘

Y wy/|Bl Y wy
ij ij

(2.6)

wij

9TO 3HAYEHMe UCMOIB30BaHO B (2.4), (2.5). CpeHee paccrosiHue, ONpeieleHHOe TAKUM 00pa3oM,
obozuaunm L, .

2.2. [Inomnocmo. llycrs deg(i) — cremenb Bepimuubl ¢ HeB3BenieHHoro rpada G; outdeg(i) —
HCXOJISIAs CTeHeHb BEPITHHEI 1; indeg (i) — BXOasiIas cTeneHb BepImuHbl i; mean(.) — cpejuaee
3HaYEHNe COOTBETCTBYIONIEH nepemennoii. [lapamerp pebeprnas naommuocms rpada onpejeiexH

B Mororpadun [20]. st oprpada 6e3 KpaTHBIX IyT U TeTeIb STOT TTapaMeTp BhIUUCISETCs 110

dopmy.e:
> 2 aij

|E| T i mean(outdeg(.))
AYG) = = = ; 2.7
U (Rl 2 (12 Y R (27)
JIJIg HEOPUEHTHPOBAHHOIO rpada,
agy - BT mean(deal) o)
VIIVI—D) - W(VI=D V-1 '

Jlns B3BeNIEHHBIX I'PadOB BMECTO CTEIEHU BEPIIUHLI B (DOPMYyJie yIACTBYET CUAG C8A3ET S;
BepIIUHbL i [21], KOTOpast /I HEOPUEHTUPOBAHHOTO Tpada OMpeesIseTcst ¢ MOMOIIBI0 MATPHU-

el W



bpeduzun C. B., Jlanynose B. M., Hlepbaxosa H. I 9

j=1

CooTBeTcTBEHHO, I/ oprpada onpegensdiores: in_s;, out _s;. Basewennas cmenens eep-
WuHb, HEOPUEHTHPOBAHHOTO I'pada Ha ocHOBe “cuiibl cBs3eil”, coracHo [20], onpesensercsa u3

BbIPaKCHNA
Si

(deg(i)’

T. €. KaK yCpeJIHeHHas “‘cuyia cBsa3eil’ MHIMAEHTHBIX pebep. CooTBETCTBEHHO, I oprpada
OIIPEIE/ISIIOTCS:

deg” (i) = (2.10)

. w/ - n_s; W/
indeg” (i) = m; outdeg® (i) =

out s;

outdeg(i) (2.11)

Bssewennas pebepras naomuocms opepaga, cormacuo |20, 22|, oupemensierca no dopmyie:

Wi :
222w ;Omsl _ mean(out_s;)

dw _ i A -
R 7 Ny Rl 1Y (177 ) R 17 B R (212)

CoOTBETCTBEHHO, 836EUEHHAL PEOEPHAA NAOMHOCTIL HEOPUEHMUPOBAHH020 2Pada.:

2.2 2.5 mean(s;)

ww 1 i _ ;
S Ty Rl (17 B Ao i (2.13)

Ecian Beca mpeacTaBieHbl MEIBIMH YUCIAME, TO I'pad MOXKHO PacCMAaTPUBATH KAK MYJIbTH-
rpad, Torna (2.12)—(2.13), kak u B ciayudae (2.7)—(2.8), 3amaer oTHONIEHNE CPEJIHEH CTEMEHH K
YUCJIY BePIIHH MUHYC equauIa. Onpeie/ieHne B3BeneHHoi pebepHOil JIOTHOCTH MOYKHO HHTED-
HPETHPOBATH KAK OTHOIIECHUE YCPEIHEHHON “CHJIbI CBA3eil” BePIIMHBI K YHC/IY BEpPIIH.

2.3. Paduyc u duamemp. st HeOPHEHTUPOBAHHOIO rpada U CHILHO-CBA3ZHOIO oprpada skc-
yenmpucumemom Bepinunbl i (oboznauaercs ecc(i)) B caznom rpade G = (V,E) naspiBaercs

MaKCHMAaJbHOE PACCTOSTHIE OT BEPIUHbI ¢ 10 Apyrux Beprnnd rpada G, T. e. ecc(i) = max d(i, j).
JjeV

Paduycom epaga (0603HauaeTcss rad) HA3BIBAIOT MUHUMAJBHbBIH SKCHEHTPUCHTET CPEJH BCEX
BepriuH, T. e. rad(G) = minecc(i). Juamempom G (obosnagaercss diam) Ha3HIBAIOT MaKCH-
jev
MAaJIBHBIH KCHeHTpucHTeT cpean Beex Beprunn: diam(G) = max ecc(i) [23].
i€V

Onpegesnm napamerpsl “paanyc’ u “auamerp” s caabo-cBs3HBIX oprpadoB, coryacto [24],
npunuMast Bo sunManue (2.4) win (2.5). [lycrs Reach(i) — MHOXKeCTBO BepPIINH, JOCTHKHMBIX
u3 BepiuHsl {. Onpegennm:

ecc(i) = jeg;%{l(i)d(i,j), ecc(i) =0, ecan Reach(i) = &; (2.14)
rad(G) = min  max d(i,j); (2.15)

1€V (Q), j€Reach(i)
ecc(i)#0
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a o
2.5 2.5
2.0 2.0
=3
o
o°
]5 = o 15 -1 ° o
°
° gz;)g °° ° o 02%020 R
1.0 B0, 1.0 H o @ﬁg&)o&
B o%oFEo Ho8
a0 0o o 05 4 000 C00C0000E00AO 0
0 5 - O COOCO000ACO0AC0A Q0000 O ° 000033300000 0000 0 00
oo 00 © °
T T T T
0 ] 2 ' ‘ 0 1 2 3 4 5

4. .5 .
in-cit out-cit

Puc. 3.1 Pacmpenenenne Bxoggamux (a) u ucxonsmux (6) nuruposarnit CLIZK

di G) = d(i,7).
iam(G) ier?/z(%{% jEII%I;gc)i(z(i) (2.)
ecc(i)#£0

(2.16)

Taxum 06pazom, ecc(i) paBeH MAKCHMATBLHOMY PACCTOSTHUIO OT § JI0 JOCTHKUMBIX BEDIIHUH,
a TPHU ONPEJIeIEHNN PAINyCa U JUaMeTPa YUIATHIBAKOTCS TOJBKO BEPIINHBI ¢ HEHYJIEBBIM JKC-
MEHTPUCUTETOM.

3. Ucxonubie mauusbie. [Ipenmerom ananuza ssiasercs CIIZK, mocrpoennasi Ha ocHOBE
oubsmorpaduaeckoit nadopmannu o HZK 2001-2016 rr. uznanus (1), gocTynHoii B pacmpejie-
neunoit B/T RePEc [9]. Ha MmomenT u3Biiedenns qaHubix 6a3a cojepzkania uHbopMaimo o 1731
H2K 609 m3aarenbcts. MakcumanapHoe gmeso H2K — 177, — mpencraBiieHO U3IaTeJILCTBOM
Springer. O6imee aucao HC, onybnukoBanubix Bo Becex H2K, pasmemennnix B B/, cocrapiser
1079 934. Haubonrwmiee uncio crareit — 20063, — comepzxkur kxypuaa “Physica A: Statistical
Mechanics and its Applications” uznarenscrsa Elsevier.

Nudopmarus o mutupoannn: yncao H2K, mutupyemerx H2K, coctasaser 1617; uncao HZK,
nurupyionux HZK, — 1436; ne murupytor uu ojun KypHaj 295 Ky pHAJIOB; HE TOJIYYUIH UTH-
poBanug 114 xypuasos. [Togyuaresem MaKCHMaILHOTO YUCAa TUTUPOBaHNl — 939 — aBisiercs
Kypaai Energy Policy (Elsevier). cToYHHKOM MaKCHMATIBHOIO YUCJIA TUTUPOBAHUI YKYpPHA-
0B — 787 — aBasiercs xKypHast Renewable and Sustainable Energy Reviews (Elsevier).

Xapaxrepuoit ueproit HZK apisiercs 3nauntebublii ypOBEHb CAMOIUTUPOBAHUS, T. €. IH-
THPOBAHUS MeXKJIy CTaThbdAMH KypHasa. KaxKiad HaydHasd JUCIUILIMHA UMeeT XapaKTepHBIN
YPOBEHb CAMOIIUTUPOBAHUS, HO HE CYIIEeCTBYeT MPeIONPeIeIEHHOTO YPOBHS, ABJISIONIEr0Cs MPH-
eMJIEMBIM. Y3KOCIeNNaTu3NPOBAHHbIE KYPHAJIBI UMEIOT 00JIee BBICOKHIT YPOBEHb CAMOITUTHPO-
BaHus 110 cpaBHenuio ¢ mysbrupuctuiinaapabivu. B Bl RePEc aror yposenb cocrasiser
59,73 %. TlockonbKy aHAIM3UPYIOTCA CBA3U MEXKY KypHAJIAMU, TO JAHHBIE O CAMOIUTHPOBA-
HUU WCKJIFOUEHBI U3 PACCMOTPEHUS.

Ha puc. 3.1, a, 6 npejcrabjieHO pacipejie/ieHue BXOISIUX U UCXOaAuX nurupopanuit HZK,
B torapudmuaeckom Maciirabe. [To ocn abenumee ykazano 9ucsio Bxogasiux (a) u uexomnsiux (6)
MUTUPOBAHMIT; IO OCH OPJAMHAT — YUCJIO KYPHAJIOB C COOTBETCTBYIONINM YHCJIOM MUTHPOBAHUIA.

4. Pe3yabTaThl N3MepeHNs MapaMeTPOB.

4.1. Hapamempo, CL2K na momenm T. Uccaenyemast CLIZK ssasiercs: ciiabo-cBsizubiM 23]
oprpadom G = (V, E), |V| = 1729, |E| = 135702; MakcuMaabHas CHIBHO-CBA3HAS KOMIIOHEHTA
KOTOPOTO uMeeT 1278 BepIuH.
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4.1.1. Cpednee paccmoarue u niomuocmo. Basemennoe cpenee paccrosune Ly, (G) nsve-
peno B BapranTax (2.2) u (2.3). Beca ayr nopMupoBansl coriacuo (2.6), MIHHbL My Teil BHIYucIe-
Hbl 110 hopmyste (2.5) ajs ABYX pasiudHbIX 3HadeHuil . [lepexos Ha ofpaTHOe 3HAYEHHE Beca
JIyTH MOTMBHMPOBAH TEM, 9TO BEC aCCOIUUPYETCS ¢ CUIOH CBA3M MeXKIY *KypHAJaMH, a BHIOOD
a > 1 — 1eM, 4yro GOJIBIION MOTOK HUTUPOBAHUS MEXKJY KyPHAJaMH PACCMATPUBAETCH KaK
IPEeNOUTUTE/IbHBIN JIazKe B TOM CJIydae, KOrJa MPOMEKYTOUHBIX CBA3eH OTHOCHTEIbHO MHOIO.
JIist HAXOKIeHUsT JITTMHBI KPATYANTITNX MyTel HCmoah30BaINCh aaroputy Jleitkerpsr [25] u ma-
ket igraph [26]. Cioxknocts anropurma pasua O(|V||E|log |E|+|V|). Ecau paccrosmnus Mex Ty
BCEMH MapaMI M3BECTHBI, TO CpejiHee paccrogune Beraucasgercs 3a spemsa O(|V )2 Pesyabrars
BBIUKC/ICHUS 1TpejcTaB/ienbl B Tabu. 4.1.

[Tapamerp “miaorHOCTL” rpada BLIYUCIEH /i B3BEIIEHHOTO U HEB3BeIIeHHOro ciaydaes. [la-
pamerp AW (G), cremys (2.6), (2.9), (2.12), pasen 0,454. TIpn BeIYHCICHTN “B3BEMEHHOMN TI0T-
HOCTH” Beca HOPMHPOBAIMCH U yYMTHIBAJICA cyMMaphblii Bec ayr. Ilapamerp A?(G), cornacho
(2.7), pasen 0,0454.

[Tapamerpnl “cpejinee paccrosinne” u “mJ0OT-

HOCTBH  HE 3aBUCAT OT TOTO, JIJId KAKOTO rpada onu Tabauya 4.1
onpeaensiiorcs: g G wam obparnoro G, Tak kak  llapamerp “cpennee paccrognune” rpacda G
IJIOTHOCTH 3aBHCHT OT YHCJA YT, a JJIs CPeIHEro L (@)

PacCCTOSIHUA PACCMATPHUBAIOTCA KpaTdaiinme myTH (2.2), (2.5), (2.6) ‘ (2.3), (2.5), (2.6)
MEKIY CBSI3HBIME mapamu. lIpm sToMm, ecan myTh a=1] a=12 a=1] a=12
p(i,j) W3 BEpUIMHBI § B BEDIINHY j ABJAAETCA KpaT- 5 734 8,095 4319 6,007

qaiimum B G, 10 myTh p'(j,4) U3 j B i, cocToamuii
13 OOpalleHHbIX JYT, ABjgeTcsa Kpardaiimum B G,
T. €. CYMMa BecOB KpaT4YallluX MyTell W YUCJI0 CBI3HBIX Tap He W3MEHTCs.

4.1.2. Paduyc u duamemp 2pagos G u G'. g rpacdo G u G’ BIUKCIEHBI TapaMeTphl “pa-
juyc’ u “nuaMerp’ ¢ MCHOJIb30BaHUEM HOPMUPOBAHHBIX BECOB JIyI' M B3BEIIEHHBIX PACCTOSHUT
Mexk ity BeprtuHamu (2.5), (2.6). Pesyabrarsl npencraiensbr B Tabia. 4.2. lnamMerpsl IpsMoro u
obpatHOro rpadoB paBHBI, TAaK KaK JUAMeTP — 3TO MAKCUMAJbHOE PACCTOSHUE MEXKIY Iapa-
MU BepiluH; ecan B rpade G MaKCHMAaJIbHBIM SBJISETCS PACCTOSHHE OT i 10 j, TO B rpade G’
MaKCHUMAJIbHBIM OyJIeT pacCTOSHHE OT j JIO i.

Tabauua 4.2
Paanyc n muamerp rpacdos G u G’
rad(G) diam(QG) 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)
a=1|a=12 | a=1| a=12 |a=1 =1,2 a=1|a=12
30,086 | 47,594 | 51,076 | 80,164 | 3,333 4,241 51,076 | 80,164

4.2. Hapamempo, cemu bubauozpapuueckozo covemanus. Ha ocHOBe JaHHBIX O IIUTHPOBAHUT
CH2K u coryracHO onpejie/IeHUAM U3 II. 1. 2, MOCTPOUM ceTh Oubnorpadpuieckoro coueranns,
KoTopas Mojemupyerca rpadom G = (Vb Eb) MakcumaibHas casnag KommoHenTa G
uMeeT cieayomue mapamerphl |V = 1432 |EY®| = 844 476. Pacupejenenue B3BeNeHHBIX
creneneii Bepmun G, BLIYHCIEHHBIX COTTACHO (2.11), nokazano na puc. 4.1, a.

4.2.1. Cpednee paccmosnue u nromuocms G, Bapemennoe cpeanee paccrosuue LY, (G)
m3Mepeno B Bapuantax (2.2) u (2.3). Beca ayr mopmuposambl coriacuo (1.3), JyuHbl myTeit
BBIYUCJICHBI JJIs IBYX 3HaueHuil o (eMm. 2.5). PesysbraTsl npejcrasieds B Tab. 4.3.

[TapameTpsl IOTHOCTH Tpada BLIYHCIEHBI JIJIsT B3BEITEHHOTO W HEB3BEIIEHHOTO CJIyJaes.

Cuaenyst (2.5), (2.9), (2.13), “B3semennas mwiornocrs” rpadga G A" (GY) = 0,0606. Cornacuo
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Tabavua 4.3 Tubauuya 4.4
[apamerp “cpemnee paccrosiaue” rpada GV Pajuyc u auamerp rpacda G0
Lg’vg(Gb"b) rad(G¥?) diam(G¥?)
(1.3), (2.2), (2.5) (1.3), (2.3), (2.5) (1.3), (2.5) (2.15) | (1.3), (2.5), (2.16)
a=1| a=12 |a=1 a=1,2 a=1| a=12 | a=1 a=1,2
4.9 6,030 3,491 4,297 34,409 | 69,825 | 61,417 | 117,567
a 7]
90
oo 120 4 88 8g8 8
80 838 8
70 8 8 100 .
i . ° 8
60 oo g 0 8 80 4 o 8
50 ] o 8 8 o
40 - T’ 60 1 o
_ 8
30 ° 40 +
8
209 8 8
10 - o8 1. °
0 T T T T T . 0 T T T T T
0.05 0.1 0.15 0.2 0.25 0.3 0.05 0.1 0.15 0.2 0.25 0.3
Puc. 4.1. Pactpeesienne B3BeIeHHEIX cTereneii sepmms rpada G (a) u G° (6)
Tabauya 4.5 Tabauya 4.6
[Tapamerp “cpermree paccrogane’ rpacda G Panuyc n muamerp rpada G
Lg(G*) rad(G°) diam(G)
(15), (2.2), (2.5) (15), (2.3), (2.5) (1.5), (2.5) (2.15) | (1.5), (2.5), (2.16)
a=1] a=12 [a=1 a=12 a=1]a=12 ]| a=1]| a=12
5,912 7,273 4,952 6,093 01,943 | 114,453 | 65,740 | 133,207

(2.8), mnoTHOCTDH Herswemennoro rpada AY(GPP) = 0,8242. Takum 06pa3oM, TONOTOITIECKas
IJIOTHOCTH BBICOKA.

4.2.2. Paduyc u duamemp G, Jlna rpacda G usmepensl mapaMeTpsl “paanyc’ n “npameTp”
C MCTIOJb30BAHNEM HOPMUPOBAHHBIX BeCOB pebep (1.3) U B3BENIEHHBIX PACCTOSTHUI MeKIy Bep-
munaMu (2.6). Pesyabrarst npescrtasiaenst B Tabm. 4.4.

4.3. Hapamempo, cemu xoyumuposanus. Ha ocroBe ganabix o nuruposanun CIIZK u cormac-
HO ONpeJiesieHusIM U3 1. 1.3, OCTPOUM CeTh KOIUTHPOBAHUS, KOTOpas MOJAEIUPYETcsa rpadom
G°°. MakcnmanbHast CBsi3HAst KOMIIOHeHTa G° = (V¢ F°°°) mMeer ciielytolne TapaMeTphbl:
|Veoe| = 1582, | B¢ = 820982. Pacupesesenue “B3BemeHubx creneneii” pepiun G°, Bbranc-
JIEHHBIX cormacHo (2.11), mpejgcrasieno ua puc. 4.1, 6.

4.3.1. Cpeduee paccmoanue u niomnocmo 2paga G°. B3BelenHoe cpeiHee PacCTOSHHE
Ly, (G¢) mamepeno B BapuanTax (2.2) u (2.3). Beca pebep nopmuposans cornacuo (1.5), au-
HBI TIyTell BRIYUCAEHBI JJIs BYX 3HadeHnit « (M. 2.5). PesyabraTsl npegcrasienst B Tabi. 4.5.

Craenys (2.5), (2.9), (2.13), “B3Bemennas maoTHocTh rpada G pagra A (G¢) = 0,0342.
Cormacuo (2.8), wiotHocTh HeB3Bemennoro rpada A (G%) = 0,6564.

4.3.2. Paduyc u duamemp G°. Hdna rpada G° BuIYUCIEHBI HapaMmeTpbl “pajuyc’ u
“muamerp” ¢ WCIOJNB30BAHUEM HOPMUPOBAHHBIX BeCOB pebep (1.5) u “B3BeIeHHBIX PAcCTOSTHUIT
mexk iy Bepimuaamu (2.6). Pesyabrarsl npegcraBienst B 1a0J1. 4.6.
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