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SIX DEGREES 1929: Frigyes Kartinthy

1929: Minden ’I' van (Everything is Different)

Lagszemek (Chains)

“Look, Selma Lagerlof just won the Nobel Prize for Literature, thus she
is bound to know King Gustav of Sweden, after all he is the one who
handed her the Prize, as required by tradition. King Gustav, to be sure,
is a passionate tennis player, who always participates in international
tournaments. He is known to have played Mr. Kehrling, whom he must
therefore know for sure, and as it happens | myself know Mr. Kehrling
quite well.”

"The worker knows the manager in the shop, who knows Ford; Ford is
on friendly terms with the general director of Hearst Publications, who
last year became good friends with Arpad Pasztor, someone | not only
know, but to the best of my knowledge a good friend of mine. So |
could easily ask him to send a telegram via the general director telling
Ford that he should talk to the manager and have the worker in the
shop quickly hammer together a car for me, as | happen to need one."

Frigyes Karinthy (1887-1938)
Hungarian Writer



Stanley Milgram
(1933-1984)

Milgram, S., The
small world
problem,
Psychology Today
2, 60-67 (1967).




Milgram’s Six Degrees

The first chain letters
The destination: Boston, Massachusetts
Starting Points: Omaha, Nebraska & Wichita, Kansas

SIX DEGREES

AW
IR Vi
<7 N , k/

Travers and Milgram, Sociometry 32,425 (1969)
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SIX DEGREES 1991: John Guare

- Six Degrees of
Separati

| \ Ihlcl’\' }'v
John Guare

"Everybody on this planet is separated by only six other people. Six
degrees of separation. Between us and everybody else on this planet.
The president of the United States. A gondolier in Venice.... It's not just
the big names. It's anyone. A native in a rain forest. A Tierra del
Fuegan. An Eskimo. | am bound to everyone on this planet by a trail of
| six people. It's a profound thought. How every person is a new door,
opening up into other worlds."




Six Degrees of Separation

Movie

“SIX DEGREES OF

SEPARATION”

[epOnHA 3TOro puabma roBopuT:

A roe-To ynTana, YTo KaxAabln Ha
Halwewn NnaHeTe OTAeNEH OT APYroro
Yye/IoBeKa TONbKO LWECTbIO NIH0AbMMU.
LLlecTb cTyneHen otaeneHums...
Mexay Hamu n ntobbim Apyrnm Ha
nnaHerte. MNpe3ngeHTOM
CoegunHeHHbIX LWTaTtoB. lToHAONbEPOM
B BeHeuun. ....He obA3aTenbHO
n3BecTHble MMmeHa. C 1106biM. MOKHO
HAWUTWN POBHO LLECTb NHOAEN, YTOObI
YCTAQHOBUTb CBA3b. Ty3emuem B
OMKYHIAAX. DCKUMOCOM. ...KaxKaas
NepcoHa Kak HOBaA ABepb,
pacnaxHyTaa B OCTa/ibHOMN MuUP.

“CAN A SEARING SOCIAL COMMENTARY ALSO BE

UPROARIOUSLY FUNNY? YES = RUNTO SEE THIS MOVIE

A DAZZLER! SELDOM 1) WE GET FILMS
\0 llﬂlblﬂ AND SO (D\lll.

o Vend Mt v eunan

*.’*** S ReOR

.k g e -.......-

“ONE OF THOSE JIMUNTING MOVIES YOU CANT GET
o OUroRyoLRMSR
“HLEGANTIY HILARIOUS COVEDY OF ANVERS..
TREMENDOLSEY MOVNG

. -

HROMDOUNENE WL ASKE  SOMLD WTHIRLNG




D.J. Watts and S.H. Strogatz, Nature (London) 393, 440,
1998

Steven Strogatz Duncan Watts




Barabasi, A.-L. and Albert, R., Emergence of scaling in
random networks, Science 286, 509-512 (1999).

Laszlo Barabasi Reka Albert




Number of nodes with k links

Bell Curve

Most nodes have
the same number of links

No highly
connected nodes

Number of nodes with k links

Power Law Distribution

¢
}T Very many nodes
» with only a few links
“
* \
N\
A few hubs with

! (> large number of links

Reprinted from Linked: The New Science of Networks by Albert-Laszlo Barabasi
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Complex network structure of musical compositions: Algorithmic
cgeneration of appealing music

Xiao Fan Liu*, Chi K. Tse, Michael Small

XF,Liu et al./ FhysicaA 380 (2010) 126-132
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NETWORK SCIENCE | The science of the 21st century

Barabasi 1999
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NETWORK SCIENCE is the part of
statistical physics

International Conferences on
statistical physics



YPEAHU3ALMUA



* [lepBble ropoaa Bo3HUKAM 6onee 5000 net Ha3az
M UMEHHO B HUX BO3HUKIN W CTa/IN PAa3BUBATHLCA
HayKa 1 TeXxHO/10rmu, onpegenvslume Bce
AanbHeunwee pa3BuTme Yenoseyectsa. [lons
ropoAcCKuX Xuteneu yxxe aoctmurna 50% ot Bcen
YMC/IEHHOCTU HaceneHna 3eMnn n Npoao/IxKaet
yBennumBaTbCcA. KaXayto Heaento HaceneHme
BCEX ropogoB Mnpa ysennvymBaeTcs
npubAn3nNTEeNbHO Ha OAUH MUIZTMOH YENOBEK, a
CymmapHaa naowaab atux ropoaos K 2030 rogy
npesbIcUT Naowaab PpaHumnn, lepmaHmnn un
cnaHum BmecTe B3ATbIX.



OBLWECTBEHHbIV TPAHCMOPT MOCKBbI
KAK C/TOXXHAA MHOTOC/TOMHASA CETb
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Betweenness Centrality — HarpysKa y3na

 Betweenness centrality measures the extend
to which a vertex lies on path between other
vertices.



3arpy*eHHOCTb aKTepa

* Hanpumep, 3arpy>KeHHOCTb aKTepa i B CETU aKTepoB (MexKay AByMSA
aKTepaMm KMHO UMEETCA CBA3b, €C/IN OHU CHANIUCL B OAHOM dUbMe)
onpeaensaeTca Kak CYMMapPHOE YNCNO0 KPaTyanLnx NyTen mexay Bcemm
OCTa/IbHbIMM aKTepamu (y3namu), KOTopble NPOXoaAT Yepes akTepa (ysen)

I

Bii)=) o,(i)/0,.
il

rae 0, (1) —4uCa0 KpaTyaiiiX MyTel W3 y31as B y3ea f uepes y3en I W ¢, — obuiee 4ieio Kpar-

YAHIIHX NYTEH MEXTY BCEMH MapaMu 5 H 1.



CTaHIIMM MOCKOBCKOI'O METPO

Ne Crannng Betweenness centrality
1 | KneBckas 2919.18
2 | Ox1a0pecKad 2678.03
3 | Kypckad/UkanoBckas 2647.69
4 | BappukanHad/KpacHomnpecHeHcKas 2420.67
5 | Tarasckag/MapKCHCTCKAA 2382.95
6 | [Tapk KyneTypr 21606.47
7 | TpetpaxoBckad/HoBOKY3HENKAA 1956.88
8 | [laBenenkas 1823.54
O | Menneneesckad/HoBocnoGoackas 1722.70
10 | OxotHetH pan/ TeatpansHadg/Tlnomans Pepomromun | 1607.79




Hanbonee BaxHble CTaLMM MOCKOBCKOro MeTPO MO KPUTEPUIO

betweenness centralit (3arpyme|-||-|oc1b)

CraHuua Betweenness centralit
KneBckan 3068,15
OKTABpbCKas 2948,08
Kypckas/Ykanosckas

2668,96
2510,02
2359,48
2127,92
2120,51

TaraHckan/MapKcucTcKan
BappurKkagHaa/KpacHonpecHeHcKasn

Mapk KynbTypbl

MNaBeneuKan

TpeTbAKoBCcKasa/HOBOKy3HeLKan

Neo
8 |
3
a4
=
e
e




[padunK nameHeHus 3arpykeHHocTn (betweenness centrality)
NNA KOMbLEBOM cTaHUKUM «BenopyccKkasa» B npouecce pa3BmUTUA
MOCKOBCKOIoO MeTPONO/INTEHA

&
Ll
L

&
ke

o
Pl
0y

=
Pt

0,15

o
g

Betweenness Centrality

0,05

1950 1960 1970 1930 19490 L OO0 JO10 2020
rog,




[PadUK N3MEHEHUA 3arpyXeHHOCTM BCEX CTaHL NI
KONbLEBOU IMHUN MOCKOBCKOIro MeTponoanTeHa
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[PadUK 3aBUCMMOCTU YMCNA CTAHL MM MOCKOBCKOTO
METPOMNO/IMTEHA OT 3HaYeHMA KX 3arpyeHHoctn (betweenness
centrality)
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Betweenness centrality




AccopTaTHBHOCTE & B Tabauue 2 COy®kuUT MEPOi TEHICHIMH Y310B CETH 0KA3aThCA COETHHEH-
HBEIMH C JIPYTHMH Y37aMH C OJIHHM H TEM e 9HCI0M cBA3ci. Ero MoxHo onpenennTs Kak Koa(puiin-
ent [Tupcea:

L L

LZ .Jﬂ'k:' o Z J;

i=l i=1

=

-

L

L L
-3 -
=120
i=1 i=l
3neck L — 9HCao cBA3CH B CceTH. a jM Kk, — YHCI0 CBA3CH Y y310B HA 000MX KOHIIAX cBA3H 1. Ecam

y3ael ¢ DOABIIMM YHCIOM CBA3EH (xalwl) cea3aHbl apyr ¢ ApyroM. To r=1_ Ecau y3nel ¢ Donbmmum
YHCAOM CBA3CH CBA3AHEI C y31aMH ¢ HEOOIBIIHM YHCIOM CBA3EH. TO r=—1_



MULTIPOINT DEGREE CORRELATIONS

P(k): not enough to characterize a network

Large degree nodes tend to connect to large
degree nodes
Ex: social networks
Large degree nodes tend to connect to small
degree nodes

; —9 Ex: technological networks




DEGREE CORRELATIONS IN NETWORKS

|

Assortative: Neutral: Disassortative:
hubs show a tendency to nodes connect to each Hubs tend to avoid
link to each other. other with the expected linking to each other.

random probabilities.

Quantifying degree correlations (three approaches):
—> full statistical description (Maslov and Sneppen, Science 2001)
—> degree correlation function (pPastor Satorras and Vespignani, PRL 2001)
—> correlation coefficient (Newman, PRL 2002)

Network Science: Degree Correlations warch 7, 2011



ACCOPTATUBHOCTb

Tabmuua 1. ACCOPTATHBHOCTE COLHANMBHEIX, TEXHONOIHUECKHX H DHOMOTHUSCKHX CETeH.
A nantTHpoaHo W3 [Newman, 2003 ]

Tum cetH CeTh Pasmep ceTH | ACCOPTaTHRHOCTE F
COABRTOPOR 10 PHIHKE 52909 0,363
COABTOPOB 10 DHOIIOTHH 1520251 0,127
N COABTOPOR 110 MaTeMATHKE 253339 0,120
COTPYIHHYECTBA AKTEPOB KHHO 449913 0,208
JTHPEKTOPOR KOMITAHHI 7673 0,276
aJIpecoR EKTPOHHON MOYTEI 16 881 (0,092
CeTh WIeKTPOCTAHIIHI 4941 —0,003
Texunonoruyeckue | Murepuer 10697 0,189
«BCeMHpHad nayTHHay (WWW) 269 504 0,067
BIAMMOIeHicTRHIT DelkoOR 2115 0,156
MeTaboIHYecKas cerTh 763 —0,240
EHOLOMHTECK e HeHpOHHAA CEeTh 307 0,226
MOpPCKas IHIIERas CeTh 134 —0,263
PeCHOBO/IHAA MHIICBAA CeTh 92 0,326
CeTh CO0DIIeCTRa JeNbPHHOB 62 0,044




CeTb meTpo MNeTepbypra TakKe MMeeT NONOXKUTE/IbHYIO
aCCOPTAaTUBHOCTb
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CETb ABTOBYCHDbIX
MAPLUPYTOB MOCKBDbI



ABTObOYCHaA ceTb MOCKBbI




ABTObOYCHaA ceTb MOCKBbI




CeTb aBTO6YCHbIX MapLipyToB MeTepbypra TaKKe UMeeT NONOXKUTE/IbHYIO
accopTaTUBHOCTb




TponnenbycHaa cetb MOCKBbI

‘75




CeTb 06L1ECTBEHHOrO
TpaHcnopTa MNeTtepbypra

. KpynHeim y3nam coomeemcmeyrom
mMapwpymel € 8bICOKUM
nokasamesnem betweenness
centrality, y manvix y31068 amo
3Ha4yeHue masno. PacKkpacKka epagha
coomeemcmeayem 0esneHuro
mpaHcnopmHoli cemu Ha
coobwecmsa. Cmpykmypa }
coobuwecme ompaxcaem v
aoOMUHUCMPAMUBHO-
meppumopuanbHoe 0eseHue 20po0d. I




MOHOLIEHTP -
NO/IULIEHTP

NPUBTU3IUTENbH
O IMHENHAA
3ABMCUMOCTb
YNCNA LEHTPOB
OT YUCNTIEHHOCTU
HACE/TEHWNA
FOPOLA

ko~ | —
P*







IlopOXKHble ceTn ropoaos

OCHOBHbIe cTaTUCTUYecKue
XapPaKTEPUCTUKMK



e JlopOrKHble CEeTU NpUHaANEeKaT K ocobomy Knaccy
C/IOXKHbIX CETEN — NPOCTPAHCTBEHHbLIM CETAM. ITU
CETU BCTPOEHDbI B ABYXMEPHOE NN TPEXMEPHOE
€BK/INA0BO NPOCTPAHCTBO, a CBA3MN MEeXAY
y3/1aMU NpeacTaBasatoT cobon peanbHblie
du3nyeckme coegnHeEHuUs, B OTiIndMe, Hanpmumep,
OT CBfi3eM B CETAX COTPYAHNYECTBA aKTEPOB KMHO
NN y4YeHbIX. [Tpnmepamm NpPoCcTPaHCTBEHHbIX
CeTen MOTyT CNYKUTb HEMPOHHbIE CETU MO3ra,
CEeTUN 3NEKTPOCTaHUMNIN, ceTU 0OLLECTBEHHOIO
TpaHcnopTa (aBTobyCcHble, TponnenbycHbie,
MEeTPO) U T.M.






Table 1. Characteristics of the urban road networks of the 21 largest German cities mn the original and the proo
number of nodes N, links N}, and cells N. mn the network. The quantity N}" corresponds to the content of the origina
with partially directed links, whereas N; reflects the number of links in the reduced undirected network data base. 1
the spatial density p,, of nodes in the processed data 1= given.

Rank City Population  Area Original Processed
(km?) Nn N; N N: Na N; Ne ()

] Berlin 3392425 291 37020 87705 50632 13545 19931 33000 12929
2 Hamburg 1728 806 753 19717 43819 25641 5867 0044 14603 5458
3 Munich 1234692 311 21393 49521 28579 7074 11058 17934 6737
4 Cologne 068 639 405 14553 20350 18182 3602 5305 8724 32590
3 Frankfurt 643726 249 0728 18104 12366 2622 3011 6394 2445
& Dortmund 500 831 281 10326 22579 12512 2176 3281 5249 1923
T Stuttgart DEBATT 208 10302 21934 12748 2414 3612 HE4R 2164
8 Essen 585481 210 11337 24537 14124 2704 4093 6598 2444
) Dusseldorf 571 856 218 B23T 16773 10377 2114 3124 5099 1922
10 Bremen 542987 318 10227 21702 12748 2477 3827 6106 2198
11 Hannover 517 810 204 1580 3463 1856 266 411 640 225
12 Duisburg 508 664 233 6300 14333 8141 1832 2837 4573 1710
13 Leipzig 494 795 293 0071 21199 11643 2561 3753 6137 2355
14 Nuremberg 493 397 187 B768 18639 11157 2339 3543 5762 2141
15 Dresden 480228 328 0643 22307 11977 2321 3346 488 2109
16 Bochum 388 869 146 6970 15001 B437 1455 2213 3555 1276
17 Wuppertal 363 522 168 3681 11847 6560 1177 1750 2803 1029
18 Bielefeld 324815 259 8250 18280 9880 1613 2546 4035 1461
19 Bonn 308921 141 6365 13746 762 1381 2094 3365 1238
20 Mannheim 308 750 145 5819 12581 T607 1765 2674 4364 1652
21 Karlsruhe 281334 173 5505 11866 7004 1488 2204 3594 1366




Ape3peH
a) U3oxpoHbl 1:2:3 B) Yncno nepeKkpectkoB /ceK
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Shortest paths in the road network of Dresden. The width of the links
corresponds to the respective loadness, that is an approximate measure of the
amount of traffic on that roads




The distribution of the node betweenness centrality obeys the
power-law with the exponent 1.355 for Dresden (dotted line)
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Figure 5. (a) Frequency distribution of neighbourhood degrees k. of the cells in
the road network of Dresden. The predomination of cells with four neighbours was
found in all 20 German road networks. (b) The frequency distribution of the cell’s
surface areas A. obeys the scale-free power-law P(A.) ~ A_“ (dotted line) with
the exponent o = 1.892 for the road network of Dresden.
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CETHATOCTb
MESHEDNESS

B0 MHOTHX CIIOHBIX CeTAX BaAHBIM CBOHCTBOM ABIASTCA TONOIOIHA KOPOTKHX IHKIOB. 14 3T0r0
Heo0X0IHMO OIeHHBAaTh KOJIHYSCTBO IHETIOB oOINpedeléHHOH ¢opMEL OyIb TO TpeyrOIBHHKH
(1mHHA UHETIa L = 3). KBagpatsl (peryidpHad ceTka ¢ L= 4) uiH B BHIe ¢oT (L = 6). 114 nepBoro
crydad (L= 3) IDOCTaToYHO BBMMHCIATE KO3p(QHUHEHT KIacTepH3alHH C, KOTOPBIH IOKAa3bIBAaeT
KOJIHYeCTBO TPeyIOINBHHKOB B CeTH. g §onee CIOAKHBIX LHKIOB TAaKOH MeTOI OKaxeIcd
Decrmonae3HbIM, MOCKOMBKY KO3pHIIHEHT KilacTepH3allHH OyIeT JaBaTk HYIeBOe 3HaUeHHe 714
modoro mHEna ¢ L # 3. TTostoMmy OBUTO BBEIEHO MOHATHE KO3(PDHIHEHTa «CeTUYATOCTH». KOTOPHIH

[MIOZBOJIACT OLICHHTIB CTPYVETVPY CCTH C ONHEIAMH IIPOH3BOJIBHBIX ITHH.



CETHATOCTb
MESHEDNESS

Koa@HrHeHT ceT9aToCTH onpenenserca no popmyite M=F/F.,. rie F — koIH4YecTBO rpaHeH (0e3
BHeIlIHeH I'PaHH) IIAHAPHOIO Ipada ¢ KOJIHYSCTBOM BepIIHH N H KOIHYeCTBOM pédep K. KoTOpoe
MO:KeT OBITH BRIPA’KeHO depe3 (popmyny IHmepa F=K-N+1. Fmax — 3T0 MakCHMAaIbHO BO3MOKHOE
YHCIIO TPaHeH B CBAIHOM IIZIAHAPHOM rpade ¢ TeM K& KOMHYeCTBOM BePIIHH N H. COOTBETCTBEHHO.
KonHIecTBOM pébep Kmax=3N-6. (Tak Kak cBA3HBIH I'pad — 3T0 Ipad. B KOTOPOM BCe BepIIHHEI

cBA3aHEI). TakuM oOpazoM. Fmax=2N-5 H 3HadeHHe KO3((HIHeHTa ceTIaTOCTH MOXkeT IPHHHMATE

3HAUYEeHHe OT HyIA (IpPeBOBHIHAA CIPYKIypa) IO €IHHHNBI (CBA3HEIH rIpad). 3HAYHI. IOpH
yBeIHIeHHH KO3 HIIHEHTa CeTIaTOCTH, CIIOKHOCTE CTPYKTYPEL CeTH YBeIHIHBACTCA.
J1714 KOJTHYIeCTBeHHOI0 ONHCAHHA JOPOKHEIX ceTeH KakIOoro ropoa MoICTHTaeM JHCI0 IHKTIOB

GT . GT
. Cs

- C . GT
IOTHHEI TPH. YeTEIPe H MATE, 0003HATHE HX COOTBETCTBEHHO (3, Cy. CsH G577, Cy iy &

cooTBeIcTBYIOWEro GT rpada.



TaGmuua 1. JIokanbHEIE CBOHCTBA IOPOKHBIX ceTeH HeKOTOPBIX TOPOIOB MHpa.

Honep Topox M C3C3%T CyCsSt CsCs™
1 Axyenadan 0.262 0.023 0.042 0.020
2 bapcenoHa 0.275 0.019 0.101 0.019
3 bomnoHbA 0.214 0.015 0.048 0.013
4 bpazumnua 0.147 0.029 0.027 0.012
5 Kanp 0.253 0.020 0.043 0.019
6 IpeHH 1 0.085 0.035 0.022 0.005
7 peHH 2 0.014 0.007 0.004 0.001
8 Jloc-AHTReneC 0.211 0.002 0.075 0.011
9 JIoHIOH 0.249 0.011 0.060 0.020
10 Hero-lenn 0.154 0.011 0.020 0.011




9 JIOHIOH 0.249 0.011 0.060 0.020
10 Hero-/lenn 0.154 0.011 0.020 0.011
11 Hero-Tlopk 0.348 0.024 0.136 0.028
12 TMapux 0.241 0.028 0.063 0.016
13 PumvoHI 0.279 0.034 0.068 0.022
14 CapaHHa 0.322 0.002 0.111 0.026
15 Ceyn 0.253 0.021 0.051 0.021
16 Can-®paHIHCKO 0.309 0.003 0.148 0.003
17 Benennsa 0.152 0.016 0.030 0.010
18 BeHa 0.242 0.007 0.063 0.018
19 BammHATTOH 0.293 0.026 0.132 0.022




CETHATOCTb

20 VomHoT-KpHE 0.084 0.000 0.011 0.003
21 Mocksa (LIeHTD) 0.248 - - -
22 Hopaa Mockga 0.174 - - -

[ToTydaeTcsa. 9T0 JopokHEIe ceTH Heio IMopka. Can PpaHmncko H CaBaHHAa HMEOT HaHGOTee
CIIOKHYE) KapTHHY — HX K03 (uIHeHT ceTaaTtocTH M mpeBrimaeT 0.3. T'opoxa HpBHH H YomaHAT
Kpuk HMeroT HaHOO7Iee MPOCTVIO APEBOBHIHYIO CIPYKTYPY H HX K03 ¢uuHeHT M Menpme 0.1. B
CeMHAIIATH ropoJax H3 IBaIIaTH CyCs°" = C3C:°" 1 ToMBKO B bpasunua. Hpeuue 1 H HpeHHE 2
MBI BHIHM MpeBalHpPOBAHHE TPEYTOIBHHKOB (IHKIOB IJHHBI TPH) Had KBadpaTamMH. B Jloc-

Anxenece. CapaHHe H Bene — C 5_.-C.'55T = [‘;_.-C.‘;GT.




MacwTtabHass MHBAPMAHTHOCTb KUBbIX
OpPraHM3MoB

LOG METABOLIC RATE (keal/day)
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YHUBEPCA/IbHbl€ KO/IMYECTBEHHbIE
XapPaKTEPUCTUKN FTOpPOJ0B

YncneHHOCTb HaceneHua — onpeaensatoLLas
XapaKTepUCTUKA

[1pOCTPaHCTBO, NpUxoaALLeeca Ha Xutensa

Temn coumanbHO-3KOHOMMYECKOro nporpecca
BBI1 Ha aywy HaceneHus, cpeaHeayLeBon A0X0.,
I nvHa AOPOXKHO-TPAHCNOPTHONO NOKPbLITUA
YpoBeHb NpecTynHOCTH

CpeaHee Bpema B nNyTu

BbibpocC yr/iekMcnoro ra3a Ha XuUtens

[JnvHa nnHUK aneKkTponepeaav



MacwTtabHaa MHBAPMAHTHOCTb
ropogos CLLUA

PREDICTABLE CITIES

Data from 360 US metropolitan areas show that metrics such as
wakes and crime scale in the same way with population size.
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3aBMCUMOCTb N/I0WAAN ropoaa OT
YMCNEHHOCTU HaceneHms




3aBMCUMOCTb AJIMHbI AOPOT OT
YMCNEHHOCTU HacesieHns
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Yncno UeHTPOB aKTUBHOCTU: CKEUNUHT




JBOOUMNA YINYHO-O0POXKHbIX
ceTen ropoos

YPEAHU3ALMUA



MHoOro4yncneHHble
NCCNeno0BaHMA YKa3blBatoT,
YTO AOPOXKHbIE CETU ABNAIOTCA
Ba*KHENLWMM GaKTOPOM
3BONOLUMK ropoaos [4].
Emanuele Strano at al. [11]
nccnenoBanm
KO/IMYECTBEHHbIE
3aKOHOMEPHOCTM 3BOIIOL UM
AOopOoXHOW ceTn MunaHa u
TEPPUTOPUU U3BECTHOM KaK
[poaHa (Groane ) Ha ceBepe
MwunaHa, nnowaabto 125
KBaZpaTHbIX KWJIOMETPOB, 33
nocneaHue novtn 200 net ¢
TOYKU 3PEHUA TEOPUMN
CNOXHbIX CETEN.

Milan







POCT HACENTEHNA U YHUCTIA
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The Backbone of a City

bbina M3ydeHa TaKXe CBA3b MeXAay BO3pacToM yauL U KX
3arpy*KeHHocTblo. Hambonee 3arpy)keHHble yAuUbl, KaK Mpaswuao,
OKasanmcb Haubonee pgpeBHUMKU. B yacTHOCTU, yAuubl U A0POrWY,
cywectsoBaswme a0 1833 ropa, oOKasasmcb HamHoro  bonee
3arpy*KeHHbIMMK, YeM nosaBuBLIMECA no3aHee. bbl10o 3ameveHO TaKXKe, YTo
NCTOPUYECKNE PaMOHbl ropoda B OCHOBHOM coBnagatoT ¢ Haubonee
3arpyeHHbimun yanuamm 2007 roga. ITU *Ke panloHbl BO MHOTUX CAy4aax
OKa3bIBAlOTCA LEHTPaMM AEN0BOM W TOProBOM aAKTUBHOCTM ropoaa a
TaKXXe MecTamu, Haumbonee npuBNeKaTeNbHbIMM  ANA  TYPUCTOB.
[NonyyeHHble pe3ynbTaTbl BbIABAAIOT OCHOBY, «CTAaHOBOM xpebeT»
JOPOXHOMN  CTPYKTYpbl ropoda, ¢GopmMuUpyolWEeNca ewe B  €ro
AONAYCTPUANBbHbLIA MEepUoa, HO SABAAKOWMACA 3apoabliem byayliero
npouecca ypbaHusauymu.



«CtaHoBou xpebeT» MOCKBbI

I e
KpemneBckasa Hab. u MaHexHasn y.
- nn. Apbatckme BopoTa 1 yn. 3HaMeHKa
3y60BCcKuit 6yn. 1 yn. OCToXKEHKa

MpeuncreHckan HabepexkHaa 1 COMOHOBCKMIA Np. 0.10623580




B 3BONOLUMN AOPOXKHOM CETU MHOTUX KPYMHbIX FOpPOA0B
MOXHO BblAENUTb [BE OCHOBHbIE 3aKOHOMEPHOCTU:
CamoopraHmsauma UamM «opraHMyecKkoe», ecTeCTBeHHOoe
Pa3BUTUE KaK pe3ynbTaT OA4HOBPEMEHHOTO BO34ENCTBUA Ha
rOPOACKYIO Cpeay MHOXKECTBA Pa3/INYHbIX GaKTOPOB
(3KoHOMUYECKUX, reorpadpuyecKkmx, coumanbHO-
Aemorpaduyecknx u apyrux).



* LUeHTpann3oBaHHOE NAAHUPOBAHUE WU
Nna1aHUpoBaHMe cBepxy BHU3 (top-down
planning) obbi4HO cBOAALLEECA K AENCTBUAM
oAHOro nmua. Npumepom MOXKeT CAYHKUTb
Pa3BUTUE JOPOKHOM ceTu ueHTpa lMapuxa B
19 BeKe noa pykosoacTBom b6apoHa OcmaHa
(baron Haussmann) kotopomy HanoneoH Il B
1852 rogy nopy4ynn moaepHU3npoBaTb
TPAHCNOPTHYO cnuctemy lapurka, Ha3Ha4mB
npedpekTom genaptameHTta CeHa.



[MAPUX
bapoH OcmaH (Haussmann)







HOPMAH ®OCTEP
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HopmaH docTep, JIoHAOH
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Millennium footbridge, London
Architect Lord Norman Foster,
sculptor Sir Anthony Caro










NHPOPMALMOHHbIE M HABUTALMOHHbIE aCNEKTbl 3BOJTHOLIUK
NOPOXKHOWM CeTU, a TaKKe OrpaHNUYEeHnA Ha Pa3BUTHE
ropoaa, HaknaablBaeMblX OKPYKAtoLLEN Cpeaon,
nccnenoBanunch B pabotax [3.4] Ha npumepe pa3BUTUA
ueHTpa JIoHaoHa (Tak Ha3biBaemoro, bonblioro JIoHAoOHa —
Tepputopumn naowaabto 1600 KB.KM.) 3a nocneaHue
npumepHo 200 net. [10pOKHbIe CeTU rOpoaAO0B KaK
NNaHapHble rpadbl, pasymeeTca, He ABNAIOTCA
6e3macwTabHbimn. OaHAKO, €CnN B Ka4ecTBe Y3/10B B3ATb
VIUUbI, U €CTN AaHHbIM ABYM Yy3/1aM COOTBETCTBYHOT YIULbI
ropoaa, KOTopble NepeceKkarTcs, TO 3TK ABa Y313
COeAUNHAOTCA CBA3bIO. [10/1yYatoLLLAACcA CETb TaKXKe He
ABnAeTcA 6besamaclutabHon, Ho obnanaeT CBOMCTBOM
«TECHOro Mmpa».



[TpoCcTpaHCTBEHHOE pacnpeaeneHune
Hanbonee Ba*KHbIX Y3/10B
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na petanbHOro nlyyeHmsa asoatoUMn ropoda, Ha
BCexX AeBATU AOPOXKHbIX KapTax boablworo JIoHAOHa,
cooTBeTcTBytowmx 1786, 1830, 1880, 1900, 1920,
1940, 1965, 1990 n 2010 ropam Bbiaennnun 4YeTbipe
TUMNa aopor

ABTOCTpaabl
Iloporn Knacca A
Iloporun Knacca B

BTOpOCTeI'IEHHbIe, MmeJsikne A0poru
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* BOMPOC KO3BONOLMU NPOLLECCOB POCTA AOPOXKHOMU CETU U
pPOCTa HaceneHuna bansnexkawmx tepputopuin. C ogHoM
CTOPOHbI, AOPOXKHAA CETb A0/IKHA PA3BMBATLCA, YTOObI Ay4Lle
CNYXUTb pacTylemy HaceneHuto gaHHoro permoHa. C gpyrou
CTOPOHbI, AOPOXKHAA CeTb BAUAET Ha AOCTYMNHOCTb U
NPMBAEKATE/IbHOCTb Pa3/IMYHbIX 06/1aCTEN 3TOrO perMoHa u
NPUBOAMUT K POCTY LLEH HA XKWUNbe U YC/IYTN, YTO CAEPKMBaeT
X AasbHENLWNX POCT U pa3suTme. Ha PucyHKe 3 MOXKHO
BUAETb, YTO POCT YMC/1a NepeKpecTKoB B UeHTpe JIOHA0Ha
COMNPOBOXAA/ICA NPOLLECCOM POCTa HACeNeHUA 3TOro pamoHa.
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* BOMPOC KO3BONOLMU NPOLLECCOB POCTA AOPOXKHOMU CETU U
pPOCTa HaceneHuna bansnexkawmx tepputopuin. C ogHoM
CTOPOHbI, AOPOXKHAA CETb A0/IKHA PA3BMBATLCA, YTOObI Ay4Lle
CNYXUTb pacTylemy HaceneHuto gaHHoro permoHa. C gpyrou
CTOPOHbI, AOPOXKHAA CeTb BAUAET Ha AOCTYMNHOCTb U
NPMBAEKATE/IbHOCTb Pa3/IMYHbIX 06/1aCTEN 3TOrO perMoHa u
NPUBOAMUT K POCTY LLEH HA XKWUNbe U YC/IYTN, YTO CAEPKMBaeT
X AasbHENLWNX POCT U pa3suTme. Ha PucyHKe 3 MOXKHO
BUAETb, YTO POCT YMC/1a NepeKpecTKoB B UeHTpe JIOHA0Ha
COMNPOBOXAA/ICA NPOLLECCOM POCTa HACeNeHUA 3TOro pamoHa.



CMNACUBO |

Mabno Mukacco. MNoptpet.y=2.43, C=0.343




