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Kakue ObIBarOT CETEBRLIE B3aMMOICHCTBUA?

[MonoxntenbHas obpaTHas CBA3b

BASA JAHHBIX GENENET:

®OPAMMEHT FrEHHOW CETU JUO®EPEHUWMP OBKWM M CO3SPEBAHUA
IPHUTPOLATOB

MpoLeE cua. SIS snma L
BaMnsY BBIKOERIrD %
MApENSTRS CHCT8Mh
g
MaAoMHTeNLH A of pATHIA SBAIL




oTpuuarteribHas O6paTH dsA CBA3b

BASA JAHHLIX GENENET:

LIEHTPANBHBLIA ®PArMEHT TEHHOW CETU BUOCUHTESA
XONECTEPUHA B KNETKE (PEMYNALUMA MO MEXAHU3MY
OTPUUATENBHOW OBPATHOW CBA3K)

MpuHUUNUansEHaA cxema
PErYNATOPHOIO KOHTYPa C
oTpuuaTensHoi obpaTHOM
CBA3LID
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OT OOMHOYHOTO K CETHU B3aUMOJJIENUCTBUN; BUABLI aKTUBAIIUN

OUKINYCCKast

Generate Aandom Network | Find Al Stable Stages of G, N | \|>| b ||

Clst || Blonmrats Random Notwerk

#r. GeneNetwa les\palyanov. 000\Deskiop\2002\GeneNetwork... [BI[E] B3

Saveas Bererate Flardom Netwoik | Fing all Stable Stages i 5. H_| [ |

Clsi | Generste andom Network | Find All StebieStages of &,




KacceTHasa aktuBauus

Ha6n}0/1aeMoe VS CYHICCTBYIOLICC,; TMCPCKIOYCHUA PCIKUMOB
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OCHOBHBIE CTPYKTYPHBIEC XaPaKTEPUCTUKHU Y3JIOB U CETEU

CTeneHb BEPIIVHBI - YUCIIO COCAUHEHUM C COCEISIMU

['eone3nyeckoe pacCTOAHUE - KPATUAUIIUN ITyTh MEXKIY
BEpUIMHAMU, CPEAHEE IO CETU HA3BIBACTCSA JUAMETPOM

Koad duipeHT kaacTepusalnu — BEPOSTHOCTh OBITh COCEISIMU JIJIs
BEPIIIMH, UMEIONIUX OOIIEro cocea

Pa3zMep ruraHTCKO KOMIOHEHTHI — YUCJIO BEPIIUH B HAUOOJIbIIEM
KJIaCTepe



IIpocTelimmas MoJielib CETH — rpadbl CO CAyYaliHBIMU
CBSI3IMHU (Dpjem 1 PeHnbn)

JIBa mapamerpa CeTu:
N — yncIo y37108B

P — BeposATHOCTH CBA3H

Yucno ceazeit pN(N-1)/2

buHOMHManbHOE pacnpeaesCHUE MO YUCITY COCENIEH, CPEIHEE YMCIIO CBA3EH Ha
BepuHy <k>=p(N-1)

[Topor nepkossiiun <kc>=1

Huamerp?



[IpocTeinrast Moaiellb CETH — rpadbl CO CIIy4alHBIMHU

CBSI3IMHU (Dpjem 1 PeHnbn)
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IIporeoma E.Coli: 1870 6enkoB u 2240
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HCCHGI{OB&HHBIG Oe3MacIITa0OHbIC CETU

- OMOJIOTUYECKHE: HEMPOHHBIC, MUIIEBbIS, YKOJIOTHYECKHUE,
MEeTa00INYeCKUEe, TCHHBIC

- A3BIKOBBIC

- COLMAJIbHBIC: IUTUPOBAHUS HAYUYHBIX CTATEH, COABTOPOB,
COJMPEKTOPOB, AKTEPOB, MOJOBBIX KOHTAKTOB (CETH IPYKOBI —
HKCIOHEHIHAIBHBIE, TOYEMY?)

- KOMMYHMKAIITMOHHbBIC: HHTEPHET, WWW
- PaIUORJIEKTPOHHBIE U DJICKTPUUECKUE
-[IPOTPaMMHOTO 00€eCTIEUEeHUS

- KOH(QOPMAIIMOHHOE MPOCTPAHCTBO MAKPOMOJIEKYJ

KaHHUOAaIM3M



Yro Takoe Oe3pa3MepHas CeTh
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['1aBHast KOMIIOHEHTA rpada CeTH B3auMOICHCTBUS
Hay4HbIX paO0THUKOB B MHcTHTYTE CaHTa-de

Agent-based
Models

Mathematical
Ecology

Statistical Physics

i\ Structure of RNA



Xapaktepuszanus nporeomsl E.Coli

a) kapTa 0eJ10-0eNIKOBBIX B3aMM 0 IeHCTBHII; HAaHOOJIBIINI KIacTep coIepKUT 78% OesKoB

0) pactipeesieHIe CBI3HOCTH

B) 3aBUCHUMOCTD YHCJia CyIJ.IeCTBeHHBIX6CIIKOB OT UX CBA3HOCTH
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CroBapHBIEC CETH

(a)
tall blonde
John Mary
drinks ;
water wine
(b)
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Jlnarpamma knaccoB Java Development Framework 1.2

Cumulative frequency
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[lapameTphl peanbHBIX CETEU

Network N T4 C Crand,

movie actors 225226 | 3.65 | 0.79 | 0.00027
neural network 282 2.00 | 0.28 0.05

power grid 4941 13.7 | 0.08 | 0.0009




Pacnpenenenue CBA3HOCTH

peaJIbHBIX CETEMN

WHTEPHET
COaBTOPCTBO
anekrpoceTs CILIA u Kananpt

conuajibHass CETb MOPMOHOB
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Average length of relevant cycle

[{uKJIBI B META0OJIMUECKUX CETSIX

em=2
om=3
em=4
Am=5
Yym=6

FADH2

TABLE I: Cycle Structure of Metabolic Networks.

Model |C] 3 4 5 6 7 8 9 X
Ecolil MCB 282 51 19 20 3 5 1 381
R 379 114 90 83 5 36 16 723
S 379 56 24 42 2 14 16 533
AB MCB 78 158 124 20 0.4 0.01 0 380
R 81 285 527 161 5.5 04 0 1060
S 81 273 414 144 5.5 04 0 918
ER MCB 18 58 163 131 11 04 0 381
R 18 61 212 528 82 3.2 0 904
S 18 61 205 311 68 3.2 0 666
SW1 MCB 15 46 131 167 21 1.1 0.03 381
R 15 48 157 427 151 7.1 0.2 805
S 15 48 155 301 108 6.5 0.2 634

MALACP
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XapaKTepI/ICTI/IKI/I KJIACTCPHU3AllMHU B TPCX CCTAX

Network Clustering C

Theory Actual
Company directors 0.590 0.588
Movie actors 0.084 0.199
Biomedical authors 0.042 0.088

US corporate directors: 7,673 company directors linked by joint membership on 914 boards of
the Fortune 1,000 companies for 1999. Movie actors: 449,913 actors linked by mutual
appearances in 151,261 feature films, as specified by the Internet Movie Database
(www.imdb.com) as of 1 May 2000. Biomedical collaborations: 1,388,989 scientists linked by
coauthorship of at least one of 2,156,769 biomedical journal articles published between 1995
and 1999 inclusive, as listed in the MEDLINE database. The clustering coefficient C is defined as
the probability that a connected triple of nodes is actually a triangle; here nodes correspond to
people, as in the unipartite representation shown in Fig. 7b. Intuitively, C measures the likelihood
that two people who have a mutual collaborator are also collaborators of each other. The results
show that the random model accurately predicts C for the corporate director network, given the
network’s bipartite structure and its degree distributions; no additional social forces need to be
invoked. For the networks of actors and scientists, the model accounts for about half of the
observed clustering. The remaining portion depends on social mechanisms at work in these
communities (see text). (Adapted from ref. 91.)



frequency p(z) [arb. units]

CTpyKTypa Hay4HBIX COOOIIECTB

1 _ —
Oastrophysics " 10 b L -
O condensed matter — < F
£ high—energy i g
7 computer science - ,g g ’/’ 1
E E >
o *
% Ll oo,.// ]
g i o °
§ 40 A 4 ]
E : ::E?I;r[':éll subjects)
g 2 - 4 arxiv.org (individual subjects) —|
g r A SPIRES
[ - ¥ NCSTRL
G e ot s setas plsa ptaun ol
e 0 2 4 6 8 10
i HH log Nflog z
number of collaborators z
Los Alamos e-Print Archive
MEDLINE complete astro-ph cond-mat hep-th SPIRES NCSTRL
total papers 2156769 98502 22029 22016 19085 66652 13169
total authors 1388989 52909 16706 16726 8361 56627 11994
first initial only 1006412 45685 14303 15451 7676 47445 10998
mean papers per author 5.5(4) 5.1(2) 4.8(2) 3.65(7) 4.8(1) 11.6(5) 2.55(5)
mean authors per paper 2.966(2) 2.530(7) 3.35(2) 2.66(1) 1.99(1) B.96(18) 2.22(1)
collaborators per author 14.8(1.1) 9.7(2) 15.1(3) 5.86(9) 3.87(5) 173(6) 3.59(5)
cutoff z: 7300(2700) 52.9(4.7) 49.0{4.3) 15.7(2.4) 9.4(1.3) 1200(300) 10.7(1.6)
exponent T 2.5(1) 1.3(1) 0.91(10) 1.1(2) 1.1(2) 1.03(7) 1.3(2)
size of giant component 1193488 44337 14845 13861 3835 49002 63006
first initial only 892193 39709 12874 13324 5593 43089 6706
as a percentage 87.3(1)% 85.4(8)% 89.4(3) 84.6(8)% T1L4(3)% 88.7(L.1)% 5T.2(1.9)%
2nd largest component 56 18 19 16 24 69 42
mean distance 4.4(2) 5.9(2) 4.66(7) 6.4(1) 6.91(6) 4.0(1) 9.7(4)
maximum distance 21 20 14 18 19 19 31
clustering coeflicient 7 0.072(8) 0.43(1) 0.414(6) 0.348(6) 0.327(2) 0.726(8) 0.496(6)

TABLE 1. Summary of results of the analysis of seven scientific collaboration networks. Numbers in parentheses are standard

errors on the least significant figures.
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PacnipenenieHrue CBA3HOCTH B
METa0O0INUECKUX CETIX Pa3HbIX
OpraHu3MOB

CBoHicTBa META00JIMUYECKHUX CEeTEN

rucTorpamma JumH onoxuMudeckux myteit E/Coli
cpenmHsis Ha Ty TH (43 opraHn3Ma)
yAeIbHOE CPEHEE YHCIIO BBIXOIIHX U BXOJALINX CBA3CH

3 dekr ynanenus cyoctpata B ceti E/Coli



DJIEKTPUUECKUE YCTPOMCTBA

I'pad aHanoroBoro

TeJICBU30pa 2
l Ll S
10° | 2
a ey 10 \g\* Pacnpenenenue cBA3HOCTH
- r o a 0 ‘\ I |‘ o
g | . T8, o | B B MaJIbIX ycTpoiicTax (3
1L N\ - - Ll
0 ’ LS Y " reneBu3opa)
> ) S
A S
) Y i N MaKCHUMyM IpH
2 v CBA3HOCTH=4, BEPXHMIA
s 0 O
10 L "% 30 nopor - 25-30
. 10t $ Kﬂ\}
s ®
10 ¢ Y © |5 %, IYyHKTHD - IyacCOH
[ 10_6 o g
2 ® o 10 10
g10* ¢ '}\ Pacnpenenenue cBI3HOCTH
L = O [V
o | 33 Og&;&’. . B 0OJIBLINX YCTPOMCTBAX
= [ ]
L h N O ®T O o _
o L cg-ogoga\.n" e BepxHui nopor - 100
C L AN N L LN N J
10° -u ] ' 2
10 10 10
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PEICHpGI[CJIeHI/Ie CBA3HOCTHU B CJIOBAPHBIX CCTAX

Maunbiid Mup (2-3)

Oe3maciTabHOe panpe/ieicHIe CBSI3HOCTH
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CBolicTBa 0€3pa3MEpPHBIX CETEM

- «MaJIbI MUP» (KOPOTKHE ITyTH, CBOMCTBO
APYTHUX CIIY4alHBIX TpadoB)

- KJIacTepu3alus (MHOIO OOILIUX COceAcH )

- YCKOpPEHHME pacIpOCTPaHECHHUS CUTHAjIa
- CUHXPOHHOCTb

- MapaJJIETIN3M «BBIYHACIICHUN

JlerkocTh KOMMYHUKAIIUM BCEH CETH Yepe3 KaHaJTbl

—+

robanbpHas KOOpJIMHa A IIOTOKOB I/IH(bOpMaI_II/II/I

CTPYKTYpa

ITMHAMUKA
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Moaenp pacnpoCTpaHEeHUs YIUAECMUAM B «MaJIOM MHUPE»
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Pacrymue ceru

DKCHOHEHIINAILHAS CETh:
4) n00aBUTH y3€Il

5) cay4aliHO CO€AUHMTH C IPYTHAMU

besmacinraOHas ceThb:

8) 100aBUTH y3€I

9) 2



Hpez[nhoeHHe B CBsA3bIBAHNU

Popularity 1s attractive!

CiencrBue: The oldest 1s the richest



CTpyKTypHbIE SIBJICHUS B PACTYIIMX 0e3pa3MepHBIX CeTAX

KonneHcamus pedep
Koppensuusa mexay CTeneHs MU COCENEn
Yckopenue pocta (wWww, Internet, citation)

Jlexcuueckoe sapo (1000)



CeTun: noBegeHMe NMPU ATAKAX U COOSIX

9KCI’ZOH€H74MCUZbel€ cemu IOBPCKAAOTCA OAMHAKOBO

besmacuumabnvie cemu:

Y CTONYMBBI K COOSIM M UyBCTBUTEIIbHBI K aTakaM (C YBEINUYECHHUEM
MHTECHCUBHOCTH aTAKH - POCT AUAMETPa, NCYE3HOBEHNE TUTAHTCKOM
KOMIIOHEHTBI) — II0YEMY ?

IMUIAEMUN:
[TepKOJSIMOHHBIN XapaKTep I IKCNOHEHUUAIbHBLX cemell

HyneBoi mopor ai1s beamacumabHbvlx cemell ¢ «TOJCThIMU
XBOCTaMI», MMAaHAESMHHU

NMmmyHu3amus sapa
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CBolicTBa 0€3pa3MEpPHBIX CETEM

- «MaJIbI MUP» (KOPOTKHUE ITyTH)
CTPYKTYpa
- KJacTepu3anuys (o0IIue cocen)

- YCKOpPEHHUE pacIpOCTPaHECHHUS CUTHAjIa

ITUHaAMHKa
- CHHXPOHHOCTbD

- MapaJJIETIN3M «BBIYHACIICHUN

JlerkocTh KOMMYHUKAIIUM BCEH CETH Yepe3 KaHaJTbl
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robanbpHas KOOpJIMHa A IIOTOKOB I/IH(bOpMaI_II/II/I



