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B cTaThe NpOBOIMTCA CPARHHTENEHEI aHATHI HIMEHEHHA MPOCTPAHCTEE

Teil MpoBENEH MO OCHOBHEIM 3TANAM DAZBHTHA HX TOMONOTHYECKHY
KH, pazpabotanHoit K. Kanckum u CA. TapxoseiM. CeTH METPOMO
KHM KIYEBERM TOMONOTHYECKHM MOKAZATENAM: KOTHUECTRY
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VETYD CETEH METpOIo-
MEMDT CAMEIR BRICOKHIA

HCTIONE3OBAHHEM METOIH-
PABHHEATHCE 10 HECKOME-
HCHEHOCTH LIHENT00DpazoBa-

mutenoB lanxan, Tlexuna, Ceyna, Tokwuo, lownona 1 Heio- Mopka.
YDOBEHE MPOCTPAHCTEEHHOM CIOXHOCTH CPEH BCEX METPOTIONHTEHOR TH3 TpaHChopMaLMH ce-
c

HHA; THCIY TOMOMOTHYECKHX ADYCOBR: KOMHYECTBY LIHEJIOR

H3 HHX; paiMepaM miomanei

LH
B K
TOTIIOTHYECKHY ADYCOB H TUIOIIATH HKTHYECKOrO OCTOBA; C OLIATH LHKIA B KA#I0M TOMOI0-
IH

THYECKOM APYCe; HHIEKCY cBA3HOCTH Kanekoro (anwda); mHm
BOMHITO OGHADY XHTE 0CODEHHOCTH H3IMEHEHHS NMPOCTPAH
ARNEHEl EPETOMHEIE BpEMEHHEIE TOUKH (00pazoBaHHe

ocTH Kanekoro (GetTa). BTo no3-
CTDYETYD B NpouUecce pazeuTHA. Br-
ONOTHYECKOTD APYCa B IHETHYECKOM

H
OCTOBE) B CTPYETYDPHOH TpaHcdopMaliHe ceTe Memnnaﬁﬂ, 0OHAPYAEHO OTCYTCTBHE KODDEIALHA

MEXIY IHAYEHHAMH MToKazaTeneil cBA3HOCTH H 00WEH LK

HO HECKOMEKO HX THITORB.

Karoueerie caosa: ceTH THHHI METPONOIHTEHOR, TP

o

DOL: 10.31857/52587556620010161

MNOCTAHOBEA TTPOBIEMEI
OcHoBHas LENL MPOBEAEHHOTO HCCIEI0 —

BELIABIEHHE 3aKOHOMEPHOCTEH 3BOIIO
HA¥YMET

CTPAaHCTBEHHEIX CTPYKTYP ceTeil KpynH -

pononuteHos Mupa. [lns ee noctixken H pe-
LIEHEl CNEIYIOLUIHE 3A0AYH:

— BEIIENEHE OCHOBHBIE 3TANLl 3 HH TIpO-
CTPAHCTBEHHEIX CTPYKTYD s 3 paccMmar-

PHBAaEMEIX CETEIH;
— NpOBENEHO CPABHEHWE Cegilid 1
noMopdonorHuecKkHM NoKas 4
— OMNpefeleHa B3aHMOCEERESERTY MOKAIATENA-
MH CBA3IHOCTH H obuei UecKoi pasBHTOCTH
CETH;

HOBHBIM TO-

— BHIIENEHO HECKOI PEMYHEIX THIIOB CETei,
HA OCHOBE KOTOPEI O NMPOBEIEHHE THIIONO-
THH BCEX METPOT B MHpA.

Ha nepsmiit Bar.
KAK H TI00LIe
HEIE CHCTEMEI,

Bro 6eL10 OB

H, UTO METPOIIOJIHTEH I,

. ecH Dbl Takas NpPOCTPaHCTBEH-
ObL1a 3aTUTaHMPOBaHA C CAMOTO Ha-
M JIENIE WX CTPYKTYPEI Pa3BHBAIOTCH
no sagyMaHo wiHavaneHo. [logpo6-
Lecca IBOMIOLMH TPAHCTIOPTHEIX Ce-
 ceTeii METPOTIONIMTEHOB, B YaCTHOCTH,
, UTO OHH CaMOOPraHH3y IDLHECH
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KO pA3BHTOCTH CETEH, A4 TAKXE BRIIENE-

l@ﬂl‘ﬁﬂ[—lﬂﬂ.ﬂ CTPYKTYpa, TEOpHA rpados

CTPYKTYPEI, HMEIOLIHE OJHHAKOBLIE 3aKOHOMEPHO-
CTH (POPMHPOBAHHSA, a MPOLECC HX IBOMIOLIHHA HOCHT
KBa3sHecTecTBeHHEIH xapaktep. eransHuiit pasbop
MPOLIECCA IBOMIOLHH CETH METPOIONHTEHA HA IPHME-

pe merpononuteros Heio- Mopka u Manpuna npuse-
neH B pabore C.A. Tapxosa [1, c. 191-200].

METOIHWKA UCCIELOBAHHUA

Yr1obsl noHATE H 00BACHHTE MEXAHHIMEL (DOPMH-
pPOBaHMA M PA3BHTHS CETeil METPOTIONIHTEHOB, Heob-
XOMMO M3YUHThH 3BOJIOLMI0 HX MIPOCTPAHCTBEHHLIX
crpyktyp. [lns sToro nydine BCero HMCNoNb30BaTh

Teopuio rpadoB!, B COOTBETCTBHM C KOTOpOii B HC-
CNeNOBAHNH CTAHLHMH NpeofpasyloTcs B BEPLIHHEL, 4
COEIHHSIOUIHE UX [TeperoHsl — B pedpa.

Teopus rpacos IWIHPOKO NMPHUMEHSIACE H TIPHMe-
HSAETCH 1A H3YYEHHS CTPYKTY DBl TPAHCTIOPTHEIX Ce-
teit. K. Kanckuii 8 1963 r. 8 cBoeii paGoTe snepssie
NPUMEHWI €€ [UIS aHaln3a JOPOXKHON ceTH, paspa-
BOTaB HECKONBKO MHIEKCOB, KOTOPHIE MO3KE CTAIH
HasuBaThCcA HHAekcamu Kanckoro (o, B, yu ap.) [5].
K Teopun rpador obpawanuce 3. Taadde [9],
T. lam u X. Ulynep [7], . larryzo 1 3. Mupuenno

I I'pad — ynpomennas cxeMa-uepTex B3aHMOPACTIONOXEHHA
TOUSK M THHHH, COBOKYITHOCTE HEMYCTOID MHOKECTEI BEPIITHH

(V) m vabopos nap sepums (pedep) (E), G= (¥, E).
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[3]. C. Tapxos [1], A. Macco u B. Byunx [8], C. lep-
putn u K. Kennenu [2], I1. Xarrer u P. Yopnu [4].

B uenom uayueHue H MOAENMPOBAHHE IBOMTIOLMH
TPAHCMOPTHERIX ceTell JABHO NPHANEKANO BHUMAHHE
reorpados. H.I'. Kons 8 1841 r. coanan tpancnopt-
HO-MepapxHueckyio Monens. JI. Jlannan, npoanamain-
POBAB PA3BHTHE XENe3HOOOPORHEIX ceTeil MpaHIuK,
Anrnun 1 CIIA, BeISBEMI HECKONIBKO 3aKOHOMEPHO-
creil yonoskHeHus crpykTyphl cetH. AM. Hxuumn B
1938 r. paspaboTan cTagHANBHYI0 MOIETE POCTA TOPOI-
ckoii TpaHcnoptHoit cetw. D. Taade, Moppun u
I1. T'yng 8 1963 r. cosgany cTATHANLHYID MOIENE PO-
CTa TPaHCMOPTHRIX CeTeil MpHOpEeXHLIX TeppHTOPHI B
npouecce ux konouuzauun. I Xarrer u P. Yopnu B
1969 r. obobIHIH BCE MpeIEUIYIIHE MOIENH H BhIIE-
KA obLIHe CTAAHH Pa3BHTHA TPAHCIIOPTHEIX CeTel.

C.A. Tapxos na 6asze metonukn K. Kanckoro pa3-
paboTan MeTOIHKY aHANTH3A MPOCTPAHCTBEHHOMH B0~
JIOLMH TPAHCTIOPTHEIX ceTell. DT1a MeTonHKa No3Bo-
JHNA TIPOBOOWTE OETANBHBIN AHATHI BHYTPEHHETO
ycTpoiicTea TpaHcnopTHoil cetu. OHa M nerna B oc-
HOBY JAHHOTO HCCIIEI0BAHMS.

Ilpeobpasosanue TpaHcnopTHOH ceTH B rpad
JHAYUTENEHO 0BNeryaeT aHATH3 €€ TOMONOTHYECKO
crpyktyphl. CpaBHenue cereil TMHHI MeTpononuTe-
HA OCYLIECTRIAETCH MyTeM COMOCTABIEHHS PHCYHKA
uX KOHUTYypaumii, a TakKe KONHYeCTBeHHEIX 3HAYe-
HHH cregyrumux TonoMopdolorHYeCKHX napaMer-

POB. KOMTHYECTBA LI,I{IU[EIBI, HHTEHCHBHOCTH LHHETO-

DEFHEGBHI-IHH, YHCIA TOMOWIOIHYECKHX H].'!}"EUBS, KOZ
JIHYECTEA LIHENOB B KaxITOM H3I HHX, pPa3Me
ﬂJID]]J,ﬂ.ILBﬁ TOMOJIOTHYECKHX HAPYCOB H ILIO

LIMKJIHYECKOTO OCTOBa®, cpenHeil nuomanu uu
KAXIOM TOMOMOTHUECKOM SIpyCe, 3HaueHH i
ceasHocTH Kanckoro (aneda), mHoekca cgs
Kanckoro (Gerra).

B manHoMm MccnenoBaHWH KIACC CET
eTCsl UHCIIOM TOTIONOTHIECKHX SPYCOB,
TOMOJIOTHYECKHM SPYCOM — 3TO CE
oByMs sipycaMM — 2-ro knacca, T
puc. 1 mokasano npeobpazoBaHu
TeHa B rpad ¢ BEgENeHHEM TOII
B LIHEJTHYECKOM OCTOBE.

OcHOBHEIMH CTPYKTYPHEL
CITYXAT YHCIIO BEPILIHH U
CPaBHMTENEHOIO aHAMKM3a
KAK OTPAXAIT TONLKO
dopManuu o N pa
NHHHIi MeTponon
NPHMEHSIOTCH [T
rHUECKMX apaMe

ANONPHUIOTHEL, TAK
HTENBHYH YACTE HH-
HOH CTpPYKTYype ceTeil

€ BCETD 3TH NapaMeTphl
Bonee CIOKHEIX TOMOIO-
OTOPEIE HCIIONB3Y KOTCH 15

HTVPEI I0POr B CETH, T.2. hHrvpw, ob-
M TPAHCIOPTHEIMH JIHHHAMH B dhopme

PYC — SAMKHYTAH KEOLUE0DPAsHAN NOmoca
HHE NPEBECHBIX KOJEL HA Cpese cpyhIeHHoro
TAKANA, YTO B HEE MOMATAIT IHKTE, HMEK-
@y o0y 10 BEPUIMHY WK pefpo ¢ BHemHed ero
AHHEBIH TepyiH Gt paspaborad C.A. Tapxossi.
il OCTOE — KOMIAKTHOE CEOIUIEHHE LHKIOE.

H3BECTHA PAH. CEPHA TEOTPADHYECEAd M |

cpaBHeHus ceTeil. [na MccnenoBaHMs YIOMAHYTHIX
BELILIE IIECTH METPOMOIMTEHOB HAMH OLLTg3yIeHa

IHHAMMKA CIEeAyIOIIHX MoKasaTenei 3a | HC-
a UHKIOB, HHTEHCHBHOCTH LIHEIN M,
COOTHOLIEHHA UIomageii Tononor APYCOB
UMKTHYECKOTO OCTOBA, CPEmHEii LMKIA B
PATHUHEIX TOMOIOTHYECKHN APY BHA CBA3-
HocTH. luknel — 310 BazoBrie HCTBEHHEIE
anemeHTHl ceTH. Onu dopMup OJIOTHUECKHE

it ocTOB — A0~
eil mpoBoOWICH
BHOCTH: LIHKI—TOMO-

fIPYChl, KOTOPEIE 0OpasyioT UK
po cetu. [losTomy ananu3
COITIACHO JaHHOH MOCIeno
JIOTHYECKHIi APyC—CeTh

PE3VIILTAT ENOBAHMA
BazoprM nok M, OTpaXAOLWHM 00Uy
MpPOCTPAHCTBEH HTOCThL CETH, SIRIAETCH Y-

MOXHO PACCYMTATE 10 thopmy-
I'HC-nporpaMmel nossonsoT

A0 WHKADE B CET]
Ji€, HO COBpPEME

MOOCYHTATE HIJIOB B CETH HANPAMYIO C rpa-
tha. B tabn CTARIEHO YHCIO UHKIOB I8 BCEX
H3yuaeMm HA MOMEHT JOCTHXEHHHA HMH Cle-
Iy FOLLIX BHEH TOMONOTHYSCKOH CNOXHOCTH.

Mo CTBY LIHKJIOB MOXHO CYIHTh 00 ypoBHE
yCTOil H M HANEKHOCTH CETH, MOCKOIBKY TIPH
H moboro pefpa NMyHKTEI OCTAlOTCA CBA3AH-
H exny coboit gpyrumu peBpamu. Cooteer-
CTEEHHO, YBENHUYEHHE YHCIA LHKIOB B CETH CBHIE-

BCTBYET O POCTE YPOBHH €€ YCTOHYHBOCTH M

pPHO# HANEAHOCTH, H, OTC/IEKHBAA IHAYCHHS

OrD YMCId, MBI MOXEM HaOIomaTs 3a €€ 3BOJ-
HeH.

HauGoneiee kKOMHUECTBO UMKIOB XAPaKTEPHO
nns certeit nuHui MetpononuteHos Heio-Hopka u
Tokuo. Yucno UHKIOB B OCTANLHEIX CETHX METPONO-
JNMTEHA HAXOOHTCH MPHMEPHO Ha OIHOM YPOBHE, HO
yepes HecKonbko neT Hx uncno B [lekune u [anxae
npeseiciT 60. Pasymeercs, aTo npouzoiimer npu
YCIIOBHH, YTO BCE CYLIECTBYIOUIHE HBIHE MJIAHEL MO
CTPOMTENLCTEY HOBRIX THHHH OyIyT peanv3oBaHEL
Taxxe u3 Tabn. 1 oueBMIHO, YTO YHCIO LHKIOB B Ce-
six [lexuna u llanxan B MOMEHT nepexoma CeTH BO
2-it knacc oKazanochk 3HAYHTENbHO DOMblIE, YeM y
BCEX OCTANBHLIX CeTeil. DTo rOBOPHT O TOM, YTO, KO-
roa cetd [exkuua v Ulanxas Bt UHKIHUECKHMH
cersiMH 1-ro Knacca, oHH PacCKPLUTH CBOH MOTEHI[HA
TONOJIOTHYECKOH CNOXHOCTH B Donbleil creneHw,
YyeM BCE OCTANBHEIE CETH.

Ilnsi oLiEHKH HHTEHCHBHOCTH POCTA CETH MCIIOMb-
IyeTCH MOKA3ATENbL WHMENCUSHOCU WUKAooOpasoea-
#ug. OH pacCUMTBIBAETCH KAK OTHOLIEHHME 4YHCIA
LMKIIOB B CETH K YHCITY JIET, NPOLLEIUIEMY C MOMEHTA
oOpasoBaHKs B CETH MEPBOTO LHKIA 00 JOCTHRSHHS
CEThI0 MAKCHMAILHOTO YPOBHHA Pa3BUTHA. JTOT Mo-
KA3aTeNb OTPakaeT 0Oy 0 CKOPOCTh POCTA H YaCTO-
TY H3IMEHEHHH MPOCTPaHCTBEHHOH CTPYKTYPHI CETH,
4 TAKKE MO3BOIHET OLEHHTh MOTEHLHATBHYID BO3-
MOXHOCTh JanbHeimero pocra ceTH. PacueTsl BhI-
ABH/IH YETKOE pa3ieNeHHe ceTel Mo HHTEHCHBHOCTH
oOpasoBaHMs UMKIOBE B CETHX METPONOIHTEHOB!

2020
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Hlanxait — 4.3, Texun — 3.5, Ceyn — 2.7, Tokno — |
2.5, Heo-Hopk — 1.5, Jlonnon — 1.4. B nanbonee
CTApEIX CeTHX UMKNo0OpaIoBaHWe LUI0 HAMMEHee
uHTeHcHBHO. Cetn MeTpononutesa Toxmo u Ceyna
XAPAKTEPH3YIOTCH CpefiHeil MHTeHCHBHOCTBID LIMK-
noobpazosanud, a B Haubonee Mononkx M BeicTpo
pactyurnx cersax [lexuna n lllanxan sToT nokasatens
makcumanen. Yem Oonblue 3HaueHWe MokazaTensl, |
TeM BHIIIE MOTEHLIHATEHAS BOIMOXKHOCTE JATEHeH-
LIETD PA3BMTHSA CETH, T.€. BEPOATHOCTE 00pazoBaHMs
HoBwix HHENOB B llanxae wiu [lexuue snaunrensHo
Goneine, uem B Jlonnone.

Cnenyiommii KOTHUECTBEHHEIH MOKA3aTENL — CO- |
omHOoWERe naowadell omoeabHBX MONOADZUMECKHX
apycog ceth. OH oTobpaxaer NpocTpaHCTBEHHEIE
oCcoDEHHOCTH BHYTPEHHEro YCTpoiicTBa LHKIHuE-
CKOI0 OCTOBA CETH W MO3BOJNSET COENATE IPOTHOCTH-
YECKYID OLEHKY XapakTepa JansHeiiero uuioob-
pasoBaHHA.

H3 tabn. 2 sugHo, Kakywo gonio B obuei moma-
oM LIHKITHUECKOrD OCTOBA 3aHHMAKT pPa3HLIE TONO-

nornueckue sapycul. lons 3-ro Tononoruueckoro B 2-it TO eckuil spyc |

sipyca HM B ogHo#H 13 ceteil He npesriwaeT 10%. B ce- -2 riueckuit Apye |

ax Jlongona u Ceyna mons 3-ro ToNoNOrHYECKOro 1 OTHUECKHil ApyC | M‘h
SIPYCA 3HAYHTENBHO HIXKE, YEM B IPYTHX: IPH 3TOM B —

ceru Jlonnoxckoro METPOMOIHTEHA BRIOEMHAETCH TH- etk MeTpononuTeHna [exuua 8 2016 r. Cocras-
nepTpodHpoBaHHLIN MO MPOCTPAHCTBEHHBIM PasMe- M no gaHHsm OSM.

pam 1-ii, a 8 Ceyne — 2-if Tononornueckuii apyc. 9to

CEMIETENLCTBYET O COKpAalleHHM HWHTEHCHBHOCTH

uuKnoobpazosaHus nocie oOpaloBaHUA B CTPYKTYPE 0 BIMMAHYTE Ha pacnpefeineHue LHKI0B M0 To-
ceTel COOTBETCTEYIOIIMX SIPYCOB. OrHYeCKHMM APYCaM B H3IYUEHHBIX CETHX.

Taxﬂe pacnpefeneHHe MO3BONAET COENATE N np}i CPpdaBHEHHH nepoi H "pamﬁ yacTei Tﬂﬁ.T[. 3
THOCTHYECKYH) OLIEHKY ﬂaﬂh]{ﬂﬁmﬂm u“m{xﬁ YETKO BHIHKI Hanbosee M HAMMEHEE PA3BHTEIE TOITO-
BaHHS M YCIOXHEHHH MPOCTPaHCTBEHHO nornueckue apyckl. B Jlonnoune w Ceyne 3-it Tonono-
pH ce'reﬁ’ ecliiH OHO nm“mﬁﬂ;‘m_ B cetn M — THYECKHIT ApPYC MMEET HAHMEHBIIEE YHCIO LHHKITOB,
JIHTEHA Ce}rﬂa OHO G}rlne']' MIPOMCXOIHT eT H, XOTH IO MNI0IATH OHH OYEHb PA3JTHYHEI {BHQH.EG—
npobneHus 2-ro TomonorHYeckoro apycal a M HE MX MIOLIAAL HaMMEHbIIas W3 Boex, a B Ceyne —
smeTpononuteHa Jlongona — gpobnexu Tono- Haubonbulas), 3TO FOBOPHT O CTENEHH HX HEPa3BH-
noruueckoro sipyca. [lpu sTom e L mane- TOCTH. Y 3-ro Tononoruyeckoro sipyca B ceth Ceyna,
HeHwero Pa3BHTHA OAHHEIX ceTel walee B OTIITHYHE DT.[[GH,U,QHH, BoneHii MNOTEHLHAN Pa3BH-
BpeM#, HCXOIA H3 Tabm. 2’ HEBEIH THH, TAK KdK YHCIO LHHEKIOB B HEM MOXET YBEITHYH-

Yem HONBIIE B TONOMOTHIES ce uMiIop w  BATBCH 3a cueT ApobneHus ero camoro, a B Jlonnone —
UeM MEHBILIE MX TUIONIAE, TEM ee croxken ¢ JMIIb 33 CUET H3MEHEHHS] CTPYKTYPBI APYTHX TOMO-
TONONOTHYECKDH TOUKH 3peHl. cnoxkHee Apyc, JOTHUECKHX SPYCOB.

Tem Doslee OH YCTOHUME K EIM HAPYLIEHHAM [Inomans uMKIOB B 3-M TOMONOTHYECKOM SIpyCe
CTPYKTYpHO#i uenocTHoCT{ M #M MeHuine BeposT- CeTH lllanxas noutw B 2 pasa meHblle, YeM B ceTH
HOCTE Mbﬂeﬁmem B HOTO u“mmﬁ]}am_ I-.[BKHHE, XOTH OHH OUEHE NMOXOXH MO YHCTY LHEITOB.
BaAHHMA 33 CUeT 'upoﬁueﬂ € CYLIECTRYIIIIHX LIHK- 1o CBHAETENBCTBYET O TOM, YTO Ha 3TOT MOMEHT 3-it
noB. ¥YeennueHue yiicn OB B TakoM sipyce Bo3- Tononornwueckuii apyc B llanxaiickoii cetn Gonee
MOXHO TONBKO B pazoBaHMsA HOBRIX LIMKJIOB ycroiiuns, uem B ceTn [lexuna.

B JPYTHX Spycax: HET NMPHBECTH K TMEPexXony Tpernit apyc B cerax merpononureHa Tokuo u
LMKIOB M3 aKTHBHO pasBUBalouIerocs sipyca B Gonee  Huio-Mopka mmeer cxoxme xapakTepucTnku: oHm
YCTOHYHBRIH Takum obpazoM, HanGonbirrM  GIH3KH M O YMCIY UHKIOB, H 0 HX CPEOHel mno-
MOTEHLHATOM pHelimeMy uMKIoooOpazosa- wanH. boneinoe uncno UMKIOB BKyNe © HX Hebonb-
HHIO 001 uBOIbIIME IO MAOMIANYM APYCEL C  LIHM PA3MEPOM MO3BONHAET CAENAThL CAeIYIOUHHA BhI-
HeDon b YECTBOM LIHKIIOB. Boa;: 3-i Tononornueckuii apyc B cersix Helo-Hopka

H it WcTH Tabn. 3 BMOHO, Kakosa qons io- M Tokno — Hanbonee cloXHEIH M3 paccMaTpHBae-
LA, HETA B KAXI0M H3 TOMOIOTHYECKHX MEIX HAMH IIECTH CHCTEM METPOINIOIHTEHA.

SIPYCOB MaTpuBaeMuIX HaMu ceTed. Onnako ne- [Mpu ananmze UMKIOB BO 2-M TONONOTHYECKOM
pel TeM, IeNaTh KakHue-nubo BHIBOALL, HEOGX0-  SIPYCe MBI BHAMM CXOXKYIO KAPTHHY: 110 YHCIY LIHKIOB

H3BECTHA PAH. CEPHA F’EOIPATLHYECKAA Ml 2020
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Tabanua 1. Yscno GHENIOE E CETHX METPONONIHTEHOBE™

r Crangus
R 1-it knace 2-it knace 3-#t knace r.

Hrio- Mopk: 2 (18&1) 18 (1911) T0(1920)

Jlonnon 2 (1871) 16 (1907) 53 (1999) 53
Ceyn 3(1984) 10 (1989) 36 (2001) 45
Mexun 2 (2000) 27 (2012) 51 (2016) 51
HIanxait 3 (20000 28 (2011) 56 (2016) 56
Toxuo 6 (1964) 19 (1973) 36 (1989 T8

CocTarneHo no pacueTaM agTopa.

* B cxobrax VEAZAH MyJl, KOrld B IHKITHYeCKOM OCTORE CETH NOABHICH HOBLIR TOMOMOTHYSCKHH apycs

cetu Huio-Mopka u Tokuo npesocxonaT ocTanbHee,
a cpegHAA MI0ILALE IMKIA B HUX MPEBLIILIAET M0 pas3-
mepam nuk ceTk Jlongona. Tlpuuuna Takoil manoit
wiowmanu umukna B cetn Jlongona — runeprpodupo-
BaHHO pasBUTeIA |- Tomonornueckuii spyc, cuemo-
BaTeNnbHO, W 2-H Tomonorudeckui spyc Hambonee
pa3euT B ceTax Tokno n Heo-Hopka.

B cersix nuumil OCTANBHEIX METPONIONHTEHOB Ha-
Gnwogaercs Ta e ocobeHHOCTE pacnpenene s IHK-
0B, uTo Obina obHapyxeHa npu aHanuse 3-ro Tono-
noruueckoro spyca. Jlongon u Ceyn xapakrepusy-
I0TCH HAMMEHBIUMM YHCIOM LHKIOB, MPH 3TOM
wiomwans unkia 8 JlongoHcko# ceTH — HaHMeEHb-
masi, a 8 Ceyneckoii — Hanbonsmwan. [anxait no
YHCIYy UMKIOB Heckonwko npesocxonuT I[lexun,
yCTyNasi eMy MpPH 3TOM N0 CpeaHeil Iiomany HKia.

[lpu ananw3e nepBbIX TOMONOTHYECKHX S
BpocalTcs B ra3a HEKOTOPEIE OTIHYHS OT Mpef,
wux sapycos. CpenHsas Wiomank HHKIOB B CETH
pononuTeHa JloHIoOHA pe3ko yBENTHUHMBAETCH H
socxoguT Tokno u Hewo-Hopk, npu stom n
LHKJIOB OHA YCTYNaeT o6eHM STHM CETHM. o-

PHMT O cnabbix yCTOHYHBOCTH H HANEHKH TO-
nosorHueckoro spyca cetd Jlonmona. TOTO-
noruueckue apychl ceteit Tokuo u He OpKa HMe-
0T CXOJHBIE XAPAKTEPHCTHKH: HaW € YHCIO
UHKJIOB ¢ HeDoNBIOH MIoLAaTkID, CKHH MeT-
PONOJHTEH MO YHCIY LHKIOB O T METPOTIO-

nureHs! [lexuua u Hlanxan, Ho,
wanu. Takum obpasom, oH
HOE NON0XKEHHE.

Ha ocHoBe aHanmaa K Y BEHHRIX Bapnauul‘i
ITHX IBYX HDK&SﬂTﬂﬂBﬁ@ EJEHHHA HHEIOB MO

" MPOMERYTOU-

Tabauma 2. Hona TOMOMOTHYECKOTD ApYCca B

TUIOMIAAH LHEJTHYED Ba, %, 2016 T.

[opon 1-it Apye 2-it apye 3-it spye
Hrio- Mopk 0.1 23.5 6.4
Joxmon 93.1 6.8 0.1
Ceyn 67.5 204 3l
Mexn 69.9 228 74
la 76.1 19.3 4.6
Toxwo 73.0 18.1 8.9
Cocragne pacueTaM ABETOPA.

H3BECTHA PAH. CEPHA T'EOIPAMHYECKAd M |

penHeii Mnomany HHK-
HEKOTOPEIE TPOMERY-
TEelbHO PAcCMATPHBAEMEIX
mu ceteil Hero-Hopk i To-
CIIOXHYIO MPOCTPAHCTEEHHYIO

TOMONOTHYECKHM APY
Jia B APYCE) MOXH
TOUHEIE BLIBO/HI
cereil. M3 nayue

KHO HMEIOT Ha

CTPYKTYPY: aubonbliiee YHCAO LHMKIOB, H
IOWATE 3 KJIOB OTHOCHTENBHO HEBETHKA.
OcrantHul BHTEI B HEIOCTATOUHOH CTENEHH:
UHCIIO 1 HHX, 110 HALIEMY MHEHHIO, C/THIIIKOM

MATO paemoi uMu mowmwanu — Ceyna u [e-
KHMHa B bonweii, [lanxas — p MeHbLIETH
CcTe : aums c JloHnoHOM HeomHO3HAYHAN: TH-

ne HpoBaHHEIH 1-#1 Tomonormueckuit spyc
cHN HCKaxkaeT obulyw kapTuHy — B l-M sipyce

KJIOB MHOTO, HO OHH MMEIT BONLIIYEID MIOLALE,

TOMOJOTHYECKHI #IpyC B IUlaHe LUHKIHYecKOoi

BHUTOCTH BHYTpeHHell cTpyKTyphl cnabo ycTynaeT
Toxuo n Hrio-Hopxky, a 3-it Tononormueckuii spyc
HMEET CIHIIKOM MAIO LIHKIOB B CPABHEHHH C IPYrH-
MH CETAMH, XOTS HX MNOLANE H HEBETHKA.

Ins nmonyueHHs1 MONHOH M UENOCTHOI Xapakre-
PMCTHKHM TIPOCTPAHCTBEHHOH CTPYKTYpPH CETH HC-
MONBE30BAHHEIN HAMM NApPAMETPOB HELOCTATOUHO.
HeofBxonumo npoaHATH3IHPOBATE YPOBEHL CBAZHO-
CTH pACCMATPHBAEMELIX CeTeil, a [1sl 3TOro IyuLLe BCe-
ro noaxonat uHaekckl Kaunckoro. [leperiM mMu1 mc-
MOIL30BATH MOTH(PHIIHPOBAHHBIH HHASKC ankda (o):

a=u/(G-(v=1), me ¢ = (v (v=2)!*2)),

rae || — YHCI0 UHKIOB B CETH, ¥V — YHCIO BEPIIHH.
Bror koadduuHeHT oTODpaXAET OTHOLIEHHE MEX Iy
(haKTHUECKMM YMCIOM HE3aBMCHMEIX 3aMKHYTHIX
LMKIIOB B TUIOCKOM Tpade H MaKCHMAITLHO BO3MOXK-
HEIM YHC/IOM LHKIIOB NIPH JaHHOM KOJIHYECTBE BEp-
wuH. OH nokassiBaeT 06Uy IO CBA3HOCTB CETH, HCXO-
Isl M3 MAKCHMAIBHO BO3MOMXHOTO KOMHYECTBA L{HK-
nos. Yem Gonsine sHaueHue 3Toro kKosdwpuuneHTa,
TEM BEILIE YPOBEHb PACKPEITHS MOTEHLIHANA CETH.
W3 tabn. 4 ouesngHa yetkan nudwepeHIIHALIHNA:
HanGOoIBLUIErD 3HAYEHHA 3TOT KOMPPHUMEHT TOCTH-
raeT B ceTax [lexuna u lanxas (y aux nponsowen
pe3kHii poct nocne obpasoBaHus 3-TO TOMOIOTHYE-
CKOTO sipyca): B Hanboee LHKIHIYECKH Pa3BHTRIX Ce-
Tix — Tokno u Heio-Wopka — anauenne koaddmmm-
€HTa cpejHee, a HauMeHblee oHo y cetedl Ceyna u
Jlonmona. B nenom Bo Bcex ceTsx HabMOIATOCE MO-
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Tabauma 3. PacnpeaeneHue YMcaa MHEIOR M CPETHER MOMH HX MIOMATH MO CETIM IHECTH MeTpononHTeHos B 2016 .

CpegHana 1omA MIOMIATH LMKTa B o0me# PacnipeneneHse yHCna AT
lNopon TUIOMATH HEIHYECKOTO ocToRa, %, 2016 1. M0 TOMONOTHYECKHM ApycaM, 2

1-it sapye 2-ft apye 3-it spye 1-# "apye 2-ift apye

Huio- Hopk 21 0.78 0.35 36 ¥

Jlounon 2.60 0.32 0.06 30 21

Ceyn 246 1.85 1.54 27

MMexknn n 1.56 .92 22

HTanxaii 2.78 0.93 46 26

ToxHo 2.07 0.67 57 35

CocrarneHo no pacueTaM aBTOpa.

BHILIEHHE YPOBHSA CBAIHOCTH mocne obpazoBaHus
TPETLErD TOMOIOTHYECKOrD APYCca, HO POCT B CETHX
MNexnna u Manxas 6ein Hanbonemum. BTo No3so-
NSIET BLIABHHYTE MPEANOIOKEHHE, YTO YBEIHUYEHHE
oDLIEro YHcna HHKIOR B CETH JANEKO HE BCETNA BEOET
K NpONOpPUHOHANIEHOMY POCTY CBA3HOCTH, XOTH He-
OOCTATOK LHKIOB B APYCE MOCHe ero obpasoBaHMs
(kax 30 Habmwonaerca B cetax Ceyna u Jlonnona)
TAKKE JAMELIHET POCT CBAIHOCTH.

Bropoii MHOEKc, WCNONB3IOBAHHEIN HaMH 1S
aHanM3a cBA3HOCTH ceTeil, mugexc Gerra (f). Ou
PACCUMTHIBAETCH MO (hopMyJie:

p==

*

v

rae e — uncno pebep, v — uncio sepuus. Mupexc B
NOKa3LIBAET OTHOLIEHHE YHCaa pebep K uuciy Bep,
wHH B rpade. QueBHOHO, YTO, YEM Bhille Ko3ddb,
LHEHT BeTTa, TEM BEILLIE CPEAHSAS CTENEHE BEPIU
B rpadhe ¥ TEM JIyUllie BEPUIHHE CETH (T.€. cTa
CBf3aHBI MeATy coboil.

Bapwauun 3Hauenwii 3TOro Ko Ta
(tabn. 5) aHANOrHYHLI BAPHALIHAM 3HAYE eK-
ca ansta. CeTs THHMI MeTpPONONIUTEHA &a TaK-
e XapakTepHsyeTcs Hanbonbiuei HOCTBIO, a
ceTk JloHgoHa — HAMMEeHBIIEH. HLB%H Toxkno
HMMEIOT CPeIHHE 3HAYEHHHA M0 BS3HOCTH.
Buinenserca cers Ceyna ¢ moka BEILLIE CPEll-
HETO.

B uenom ananus ronomnor
Teil MO3BOIHA PAa3NENHTh BC
NIOJIMTEHA 110 YPOBHIO CBSI
1) ¢ HAMBRICIIHM YPOBHEM
cpenHum yposHeM (He
kuM yposHeM (Ceyfu

CBH3HOCTH Ce-

b CHCTEM METPO-
Ha TPH KaTErOpHH:
H 1 [anxait); 2) co
pl; u Tokuo); 3) c Hu3-
H).

PE3YJILTATOB

BEHHEIX CTPYKIYP paccMaTpHBae-
e/THITH HA OCHOBE JOMHHWDYIOIIIHX

H3BECTHA PAH. CEPHA I'EOIPATLHYECKAA

16
16
20

7

Hukawvecku pasen Toxno u Heo- Hop-
Kad OTJIHYAKTCH Cpel bHBEIX HaubONBLIMMHE
IHAYEHHAMH  TOI ECKHX XapaKTEPHCTHK.
BTH ceTH NPeBOCXO, € OCTANBHBIE 110 YHCITY BEp-
wHH, pebep, unKB. Y HHX Hanbo/lee pa3BHTLIE TO-
MOJIOTHYECKHE ! UTO MOATBEPAKIAETCSH pacipe-

JAENMEHHEM L1 OUATHEIMH XapaKTEPHCTHEA-
MH TOMOJIO APYCOB H OTHOCHALLIMMCH K HHUM
LHHEKITOB. 3 fl MOKa3aTeNneil CBAIHOCTH ¥ HHX
CpEIHHE! HCHBHOCTB HH K.I]DGE‘].'!HBDB&HHH

HH3

Cadanp® cemu [lexuna w lanxan ornwuawoTca
cp H JHAYEHHAMH TOMOMETPHUECKHN XapaKTe-
pH OHu MMeloT 0YeHE BEICOKHE 3HAYEHHA Mo-

KazaTteneilt MHTEHCHBHOCTH HHKEDG'E!I}HBDHHHHH H
OKHE 3HaUYeHMA NOKa3aTeneil CEA3HOCTH.

/edhoprm poeannvie cemu Jlonnona n Ceyna otnm-
YAKOTCH HAMMEHLIIHMH 3HAYEHHAMH TOIMOMETpHYE-
CKHMX XApaKTEPHCTHK M3 BCEX CETeil; yCTynmaloT BCeM
CEeTSM MO YHCIYy BepliHH, pebep, LUHKIOB; HMEIOT
HAHMEHEE pa3BHTHIE TOMOJOTHYECKHE  SPYCHIL.
Crpykrypa 3Tix cereii uckaxena: B Jlongone 3a cuer
THOEPTPOMHPOBAHHO pa3sBHTOro l-ro Tomomordye-
ckoro apyca, B Ceyne — 3a cuer Gonbluoil rUIomEALH
LHKIOB. 3HAYEHHs [TOKA3ATENeH CBAIHOCTH Y HHX HH3-
kue. MurencueHoCTE IMKN00OPa30BaAHMS — CPEIHSIS.

OCHOBHBIE BEIBOJIEI

[MpencraBnenune ceTH METPONIONUTEHA B BH/E IPa-
tha nmossonsieT abcTparHpoOBaTHCH OT BHEIIHHX (ak-
TOPOE (3KCTEpPHANHIE) M PELIHTL HEoOXOOHMEIE A
HCCIIEIOBaHMHS 3a0a4H: H3YUHTh KAYECTBEHHEIE H KO-
JIHYECTBEHHBIE CBOHCTBA CETH, MPOLECC €€ IBOII-
LIHH, OLEHHTE BO3MOXKHOCTH JATbHEeHIIErO POCTA.

Hayuennsle cer METPONOIHTEHOR POCIH H pa3-
BHBANKCEL B pa3HOe BpeMsl, B pa3HLIX reorpadmuue-
CKHMX ¥ HCTOPHYECKHX YCIAOBHAX M COBEPIIEHHO pa3-
HEIMH NYTAMHM C HCNONBIOBAHMEM PAITHYHEIX TeX-
Honoruii. Tem He MeHee NpHM MX aHANH3IE HAMM
BHISIBNEH psifi ODIIMX NPOCTPAHCTEEHHEIX 3aKOHO-
MEPHOCTEH.

HaunGonee pasBHThIE TOMONOTHYECKHE APYCHI Xa-
paKTepHbl 1718 ceTeii ¢ BoNbLUIMM KOIHIECTBOM LIHK-
noB. B ceTsx ¢ MankiM KONIHYECTBOM LMKIIOB BHYT-

Mel 2020
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Tabanua 4. [JuHaMHEKa H3IMEeHEHHA SHaYeHHH Ko3dbuim- AHATH3 OCHOBHBIX TONOMETPHYECKHX MOKa3aTe-

€HTA O [IPH POCTE CETEl neit cetH W pacueT mHOexkcos Kanckoro BOJTHII
Crangua BEIIEIHTE TPH OCHOBHEIX THNA ceTeil Me HTE-
T'opon T Themes | 6L HOB: HaWDoNee IHMKIHYECKH pa3Bb HEMOOmEE
CBA3HBIE M AehOPMHPOBAHHEIE CETH.
Huio- Hopk 0.22 0.26 0.33
OTH THNEl BEUIEAEHEI HAMM MMy ocTanne-
Jég;fﬂﬂ gg g%g ggf} HHA 4YHCTa UHEIOB, pmnm%omuecxux
Thexsini EIJE‘J 0'3? 0'3? APYCOB, IUIOIIANHEIX XapaKTe TOTMONOrHYe-
e 9‘2? I]JEE l]LEG CKHX APYCOB H LHKIOB, TOK ii CBAIHOCTH 3a
R 0.23 0.27 0.32 160 net ux cymecTeoBaHMA HeflleM MIaHH-
pyeTcH co3gaTh Gosee mod THIIONOTHIO, OXBATHI-
CocTarneno no pacueTasm aETopa. BAIOLIYIO BCE METPOTION upa.
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very important role in development of modern cities. Their spatial structure changes
and transfo m grows. Subway networks are key components in evolution of cities’ spatial structure.

It must be ment that current design of the most world's subways doesn’t match with their original plan.
In this artighe we make a comparative analysis of spatial structures’ evolution for world’s biggest subway net-

Subway syste

works in i, Beijing, Tokyo, Seoul, London, and New York. Analysis is based on comparing the
guanti qualitative properties of networks. Methodology used in this research is based on the works
of K. and S. Tarkhov. The key component of the research is transforming of network to 1grapl'l using

IS nilogies. Networks were compared on several topological indicators. The results let us find the key

f networks’ spatial structures development and divide them into several groups.
subway networks, spatial structure, graph theory
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