ADMINISTRATION, MANAGEMENT AND CONTROL

/YI[K 625.7/.8

WUrops TAPAPbIYKWUH

Igor A. TARARYCHKIN

Structure and Functions of Inter-
Regional Transport Systems

(TekcT cTartbu Ha aHI1. 3. — English text of
the article — p. 183)

Pa3paboTaH meTos aHann3a CBOWCTB
MeXpernoHasbHbIX TPAHCMOPTHbIX
CUCTEeM, OCHOBAHHbIN Ha ONpeneneHnn
KOJIN4eCTBEHHOro coctaBa noTpe6HbIx
CTPYKTYPHbIX YPOBHEH. OnTumMmnusaymio
(PYHKLUNOHNPOBaAHNS TAKUX CUCTEM
npeanaraeTcs ocyw,ecTBisTh
nocsenosaresibHO Ha KaXXaoM
YCTaHOBJ/IEHHOM YPOBHE U C y4€TOM
ocobeHHocTel B3anmoaeicTens
oTAesIbHbIX 3/IEMEHTOB.

KrtoyeBbie csioBa: TpaHCrnopTHas cucTema,
CTPYKTYpa, KnacTep, y3es1, rpy30roToK,
TDAH3UT.

® MWP TPAHCIOPTA, Tom N24,C. 174-189 (2015)

CTpykTypa n @yHKUUMN
MeXXpPernoHasnbHbIX
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POU3BOACTBEHHBIE CBSI3U XO3SCTBY-

IOILMX CYOBEKTOB B IPAHULIAX OT/IE/b-

HBIX TEPPUTOPUI OCYILIECTBISIOTCS
Ha OCHOBE CYIIECTBYIOIIMX U CO3AAIOIIUXCS
TPAHCMOPTHBIX CUCTEM Pa3JIUYHOTO YPOBHS
CJIOXXHOCTHU U Ha3HavyeHwus. [Ipu aToM cucre-
MBI JJIS1 pellieHus] TPAHCIMOPTHBIX 3a1ay
Ha MECTHOM YPOBHE B MPOLIECCE €CTECTBEH-
HOTO Pa3BUTUSI OOBbEAUHSIOTCS HA PETMOHAITb-
HOM YpPOBHE, UTO CO3[aeT HeoOXOoauMble
MNpPEeaNnOChUIKA K AajJbHEWIIeMy Pa3BUTUIO
pervioHos [1, 2].

Kpome toro, popmupoBaHue TpaHCTIOPT-
HBIX CUCTEM MPOUCXOAUT U C YYETOM MapIlpy-
TOB MPOXOXIEHUSI TPAH3UTHBIX TPY30MOTO-
KOB, UTO TpeOyeT MPUHSATUS COOTBETCTBYIO-
IIMX YIPABAEHUECKUX PELIeHUI, CBI3aHHBIX
¢ obecrnieueHrueM 3(PHEeKTUBHOTO DYHKIIMO-
HUPOBAHUS CJIOXXHBIX MHOTOYPOBHEBBIX CUC-
TeM [3, 4].

OHAKO MPUXOIUTCS KOHCTaTUPOBATh, YTO
MOMBITKY ONTUMU3ALNY (DYHKIITMOHUPOBAHUS
MHOTOYPOBHEBBIX CUCTEM TOKa HE JAIOT XKe-
Jlaemoro pesyiabrata. I o0bsIcCHSIETCST 3TO KakK
CJIOXKHOCTBIO UX CTPYKTYPHOTO aHaJIU3a, TaK
U OTCYTCTBUEM TOCTYIHBIX MPAKTUKE yIIpaB-
JICHUSI METOAOB OPraHU3aLINU.

C 3T0li TOYKM 3peHUsT aKTyaTbHOM TTpesk/ie
BCEro MpeacTaBiiseTcsl pa3paboTka MeTona



Puc. 1. dparmeHT Tepputopumn, Ha KOTOPOJ PacrosioXeHbl TPU NMPOU3BOACTBEHHbIX KlacTepa, KaXabli
N3 KOTOPbIX COAEPXMUT NPeanpusTisl, CBSI3aHHbIe MeXay cO00¥ TPaHCIMOPTHLIMU NYTSMMU.

aHaAJIN3a CTPYKTYPBI U OCOOEHHOCTEN MexXpe-
TMOHAJIbHBIX TPAHCIIOPTHBIX CUCTEM, BbISIB-
JICHUE COCTAaBa U XapaKTEPUCTUK OTAEJIbHBIX
CTPYKTYPHBIX YPOBHEH i1 TOCJEAYIOLLEH
ONTUMU3ALNY UX DYHKIIMOHUPOBAHUSI.

KJIACTEPbl " BBAUMOCBYA3U

MexpernoHajibHbIC TPAHCIIOPTHBIE CHC-
TEeMBI OOBIYHO (POPMUPYIOTCS HA OCHOBE MH-
Terpamru CeTeBBIX CTPYKTYP MECTHOTO U pe-
THOHAJIBLHOTO YPOBHEH C yIeTOM ITOTPEOHOCTH
B TIPOJABMIKEHMY TPY30BBIX TOTOKOB BHIOJIb
TPaHCIIOPTHBIX KOPUIOPOB.

DT0 03HAYAECT, YTO IIEPBUIHBIM JIEMEHTOM
CHCTEMBI SIBJISIETCST COBOKYITHOCTh TPAHCITIOPT-
HBIX ITyTelf MECTHOTO YPOBHSI, HATMINE KOTO-
PBIX TTO3BOJISIET OCYIIECTBIISITh TPY30BBIC TTe-
PEBO3KH MEXKITY XO3SIMCTBYIOIINMU CyOBEKTa-
MU B TpaHMIIAX OTIOCIbHBIX ITPOM3BOICTBEH-
HBIX KjacTepoB. Tak, Ha puc. 1 cXxeMaTU4HO
MOKAa3aHO PAaCIIOJIOKEHNUE TPeX KJIACTEPOB.
Kaxnaplit n3 HUX QyHKIMOHUPYET TaKUM
00pa3oM, 4TO B €r0 TPAaHMIIAX BBITOJTHSIETCS
OCHOBHOIT 00BEM TPAaHCIIOPTHOM padOTHI TPU
YIOBJIETBOPEHUU TTOTPEOHOCTEI B TPY30BbIX
TepeBO3KaxX MEXIY OTACIBbHBIMU 3JIEMEHTaAMU
(TOYKaMM KJ1acTepa).

To ecTb MeCTHBII YpOBEHb TPAHCIIOPTHOM
cucteMbl (popMHUpyeTcs Ha 0a3e KJIacTepoB,
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KaXKIBII 13 KOTOPBIX COAEPXKUT IPYITITY IIPOMN3-
BOJICTBEHHBIX M CKJTAACKUX OOBEKTOB, CBSI3aH-
HBIX MEXIy cOOOl TpaHCHOPTHOM CEThIO IS
YIOBJIETBOPEHMST MIOTPEOHOCTEH B TPY30BBIX
repeBo3Kax. B KauecTBe CTPYyKTYpHBIX JIEMEH-
TOB TAKOM CETH CJICYeT PACCMATPUBATh UCTTONb-
3yeMble TTyTH, 0003HaUYaeMbIe B JaJIbHEMIIIeM
a,.* , TIIe 1 — LIeJIOYMCIIEHHBIN NHAEKC, 0003Ha-
YaIOLLUI MOPSIIKOBBII HOMED 3JIEMEHTA.

Torma mist mokazaHHOTO Ha puc. 1 dpar-
MEHTa TEPPUTOPUU C TPEeMsI KJIacTepaMu 00-
11ee YMCII0 IeMEHTOB CUCTEMbI HA MECTHOM
YPOBHE OyJIeT YeThIPpHA/IIIATh, 8 MHACKC i TPH-
HUMaeT 3HayeHud 1, 2 ... 14.

COBOKYMTHOCTh pacCMaTPUBAEMBbIX dJIe-
MEHTOB a: 00Opa3yeT MHOXECTBO A, XapakTe-
pusylolee CTPYKTypy CUCTeMBbl HA MECTHOM
YPOBHE.

TTockonbKy npouecc GyHKIIMOHUPOBAHMS
TPAHCIIOPTHOU CUCTEMBI CBSI3aH C HEOOXOIM -
MOCTbBIO B3aMOJIECTBUS OTIETHLHBIX COCTaB-
HBIX YacCTell, TO pacCMaTpUBaeMble KJIacTePhl
K1, K2 n K3 1oJkKHBI OBITH COETUHEHBI
TPAHCIIOPTHBIMU ITyTSIMU COOTBETCTBYIOIINM
00pa3oM, HalpuMep Tak, Kak 3TO MOKa3aHO
Ha puc. 2.

TpaucroptHsie iyt b, , b, u b, , mpen-

Ha3HauYeHHBIE 11 (DOPMUPOBAHUS PETUO-
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Puc. 2. ®dparmenTt
TeppuTopun, Ha KOTOPOIi TPU
npoun3BO/ACTBEHHbIX KNnacTepa
cBsI3aHbl Mexay co6oii obLyeri
TPAHCMOPTHOM CeTbIO.

HaJIBbHOTO YPOBHS CUCTEMBI, 00pa3yl0T MHO-
JKECTBO 2JIEMEHTOB B” 1 00eCIeunBaloT BO3-
MOXHOCTb IOCTaBKU I'PY30B IMPU B3aUMOJEIA-
CTBUU TNPEANPUATUNA, HAXOASUIUXCS
B COCTaBE Pa3TUYHBIX KJIACTEPOB.

B stoMm cnydae hopmupyemast Ha OCHOBE
kiactepoB K1, K2 u K3 tpancnoptHas cuc-
TeMa SIBJISIETCSI IBYXYPOBHEBOIA, a B €€ cocTa-
Be UMeIoTCs 14 271eMEHTOB MECTHOTO YPOBHS

(4, a,..a,) Vi TPH NEMEHTa PErMOHATb-
. e
bZ ’ b3 )

Ecnu q — 270 BeTMurHAa CyMMapHOTO Ipy-
30M0TOKA B IBYX TPOTUBOIOJIOKHBIX HAIPAB-
JIeHUSIX, HaOmonaemast npu QyHKIIMOHUPO-
BaHWU aHAJIM3UPYEMOrO 3JIEMEHTa B TEUEHUE
3aIaHHOTO MTeproja BpeMEeHHU, a | — neiicTBu-
TeJIbHAsl IJIMHA 3JeMeHTa (TPaHCIOPTHOTO
MyTH), TO KaXIbliA U3 MEPEUYUCICHHBIX dJIe-
MEHTOB CUCTEMBI MOXXHO PacCMaTpUBaTh KaKk
TOYKY C KoopauHataMu q [T/cyT.] u | [km]
Ha jtockoctu q0l.

B Tom cityuae, eciiu hparMeHT TpaHCIIOPT-
HOW CHCTeMBbI JOJKEH 00ecreuynBaTh MpPOXo-
KIEHUE TPAH3UTHBIX TPY30BbIX TOTOKOB, Xa-
paKTep COEAUHEHUS KJIACTEPOB MOXET OBbITh
WHBIM, C YI4E€TOM HE0OXO0AUMOCTU (hOPMUPO-
BaHUS MEXPETMOHAIBHOTO YPOBHS U COOTBET-
CTBYIOLLIETO KOPUIOpa, 00ecreunBaloIiero
TPAaH3UTHOE JBIXKEHUE.

Tak, Ha puc. 3 nokazaH (parMeHT TpeX-
YPOBHEBOW MEXPETMOHAIbHOM TPAHCTIOPTHOM
CHCTEMBI, KOTOPAsi KPOME SIEMEHTOB 4@, (i=1,

Horo yposHsi (b

2,... Nywub (i=1,2,.. N,) comepxur

® MWP TPAHCIMOPTA, Tom 13, N2 4, C. 174-189 (2015)

K3

* .
B CBOeM cocTase asieMeHThI ¢, (i=1,2,... N.),

obpasyronine MHOXecTBO C* 1 obecreunBaro-
e BO3MOXHOCTh PYHKIIMOHUPOBAHUS
TPAHCIIOPTHOTO KOPUI0PA.

Takum o6paszom, B 0011IEM ClTyyae MeXpe-
TMOHAJIbHASI TPAHCTIOPTHAS CUCTEMA XapaKTe-
pu3yeTcs HaJTMIUeM B3aUMOCBSI3aHHBIX JIe-

* * *
MEHTOB 4;, b, 1 ¢;, onpeIesIoUX CBOICT-

1

Ba CUCTECMbI HA MECTHOM, PErMOHaJbHOM
1N MCXKPETUOHAJIBHOM YPOBHAX.

ONPEAEJIEHUE YUCJIA YPOBHEW
XapakTepuCTUKON KaXJa0TOo BJeMeHTa
CUCTEMBI SIBJISIETCS CyMMapHasi BeJIuYnHa
HaO0JI01aeMOTO TPAHCIIOPTHOTO MOTOKA (
U yTMHA MapiipyTta l. OTo o3Hayvaert, 4To co-
BOKYITHOCTb BCEX 3JIEMEHTOB TPAHCTIOPTHOM
CHCTEMBI MOXET OBITh OMKCAaHA C UCITIOTbh30-
BaHUEM CJIETYIOIIEro Habopa XapaKTePUCTUK:

a,'* (l[A*:in*) (i=1, 2’NA)
b,'* (liB*’ qu*) (l =1, 2, NB)
¢ (,q7)  (i=12..N,).

Mycrte [ — MakcuMalbHOE 3HaYE€HME
JUTMHBI TPAHCTIOPTHOTO TTYTH CPEIN BCeX dJie-

A B C.
mentoB [, I7, I ;

1

[ . — MUHMMalbHOE 3HAY€HUE TMHBI
MyTH;
q,, — MaKCUMaJbHas BEJIMYMHA FPY30M10-

. .

A B c.
TOKA CPEIU BCEX DJIEMEHTOB ¢; , ¢4; , 4;

D in — MHWHUMAJIbHOE 3HAYCHUE I'PY30I10-
TOKa.
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Puc. 3. PparmeHT
TpexypoBHeBOW
MeXpernoHasbHoi
TPaHCMOPTHOV CUCTEMBI.

BoinoaHum HpeO6pa3OBaHI/I$I KoopauHat
OTACJTbHBIX 3JICMCHTOB B COOTBCTCTBUMU
CO CJICAYIOIIMMU 3aBUCUMOCTAMM

B B
a aneMeHTHl b, (X, , ¥, ) — Kak IpUHaIjIeX)a-

e MHOXecTBY B. AHaJlorMUYHBIM 0Opa3oMm
MHOXkecTBO C OyzeT comepkaTh COBOKYITHOCTb

T

e ﬁ saeMeHTOB ¢ (X, ). IIpeo6pasoBaHHbIE

PR SJIEMEHTHI a,, b, ¢, C 6e3pa3MEPHBIMU KOOPAM-

yiA =M; HaTtaMu o0Opa3yloT Ha ruiockoctn YOX tpu

Dinax ~ Dimin MmHoxecTBa A, B u C, B 1Mo1HO# Mepe xapak-

L 1Pl TEPU3YIOIIME COCTAB U CBOMCTBA aHAIU3UPY-

X, =———m eMOoIi TpaHCIIOPTHOM cucTeMbl. MIcrionb3oBa-

v =i HME [MOJTy4EHHBIX B PE3Yy/IbTaTe BBIIOJIHEHHbBIX

= " -q.., : peoOpa3oBaHUIl 2JIEMEHTOB CUCTEMBI C Oe3-

g~ pa3MepHBbIMM XapaKTepPUCTUKAMM YIIPOLIAET

o MpOBeIeHUE ;[aaneumuero aHajau3a U orpe-

xC = lli - llmin JieJIeHUe Y1CIlia ypOBHE TpaHCIIOPTHBIX CHC-
o TEM.

o Ecaun nonyyeHHbIe B pe3y/bTaTe BBIITO-

yic = w HEHHBIX IPe0OPa30BaHMUIi SJIEMEHTBI a, b ¥ ¢,

inax ~ Gmin obpasytoT Ha ruiockoct YOX Tpu He mepe-

Torna npeoﬁpasoBaHHHe 9JIEMEHTBhI  KPbIBAIOLINUXCS MHOXECTBA, KOTOPbIC MOIYT

A A
cHCTeMa pacCMaTPUBAETCS B JaTbHENIIIEM KaK

HaJjiexalime HeKOTOPOMY MHOXECTBY A
o m poMy ¥ A, TpexypoBHeBas (puc. 4a).

Puc. 4. Cxema BO3MOXHOIro
pacnosoxeHns MHo)XxecTB A, Bu C
A1 calyqasi TpexypoBHeBOVi (a)
yn ogHOYpoBHEBO#i (6) TPAHCNOPTHBIX
cucrem.

® MWP TPAHCIOPTA, Tom 13, N2 4, C. 174-189 (2015)
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0,75

Puc. 5. PacnonoxeHnune Ha nnockoctu YOX annemeHTOB
MHOXecTBa A u COOTBETCTBYIOLLEro Kpyra anameTpom
D, c ueHTpoM B To4ke S,.

0.75 /.T¥_
ki

a)

0,5 0,75 X

0,75 =

6) < "

0 025 0.5 0,75 X

Puc. 6. [MonoxeHune Ha nnockoctu YOX 3/1eMeHTOB a,
u kpyra anameTpom D, fnst MHOXeECTB, coaepxaLumnx
18 To4ek (a) n 21 Touky (6).

Ecnu Xe oTaebHbIE 3JIEMEHTBI PACITONO-
JKEHBI TaK, YTO pa3IeuTh MHOXecTBa A, Bu C
3aTPYAHUTEIBHO WUJIM HE TpPeACTaBIsAETCS
BO3MOXHBIM, TO aHAJIU3UpyeMasi CUCTeMa
OKa3bIBACTCSI OMHOYPOBHEBOI (pucC. 40).

Takum 06pa3oM, IpoLIeLypa ONpeaeIcHUST
YUCTa CTPYKTYPHBIX YPOBHEN CUCTEMBI U CO-
CTaBJISTIOLIMX 3TH YPOBHM 3JIEMEHTOB CBsI3aHa
C HEOOXOMMMOCTBIO pa3pabOTKU ajiropuTrMma
OLICHKHY B3aMMHOT'O PACITOJIOKEHHSI MHOXECTB
A, Bu C Ha muitockoctr YOX.

OBbEOUHEHUE MHOXECTB

B nanbHeiiem noa nuametpom D )  MHO-
XecTBa A OyaeM MOHUMATh HanubOoJbIIEe €B-
KJTUJIOBO PACCTOSTHUE MEXY €T0 DJIEMEHTaAMU,
a B Ka4eCTBE LIEHTPA MHOXECTBA OIMpPEAeTIUM
LEHTPOM]I, KAKOBBIM CTAaHET TOYKA S, Ha TLJIO-
ckoct YOX ¢ KoopnuHaTamu:

NA NA

A A

in _ Zy,«
_ =l _ =l

NA s Vu= NA

X4

TIpenmonoxum, 9T0 MHOXECTBO A COCTO-
WUT U3 23 37€MEHTOB, KOOPIANHATBI KOTOPBIX
npeacTaBieHbl B Tabauue 1. [MonoxeHue
Kpyra 1uamMmeTpoM D, ¢ LEHTPOM B TOYKE S,
JIUIST paCCMaTPUBAEMOM CUCTEMBI JAHHBIX I10-
Ka3aHo Ha puc. 5.

BunHo, 4TO IMpM NCNIONIB30BAHNM YKa3aH-
HOTO aJITOPUTMa OIpeAesIeHNs TPaHULl MHO-
JKeCTBa Ha TUIOCKOCTH 3a MpeieiaMi InaMeTpa
D, MOXET HaXOAUTHCS HECKOJILKO TOYEK.

PaccMoTpuM Tereph B KauecTBe IIpUMepa
MHOXECTBO A, cocTosiiee 13 18 Touek Ha IJ10-
ckocTH (puc. 6a).

KoopanHaThl 3;1eMEHTOB, COCTABIISIOLLINX
3TO MHOXKECTBO, NPUBEIEHBLI B TadIuIe 2.
Eciu B cocTtaB Takoro MHOXecCTBa 100aBUTH
TPY TOYKM € KoopaumHaramu a,,(0,6; 0,6),
a,(0,525;0,575), a,,(0,575;0,55), To nuameTp
D, BO3pacTeT MpaKTUYECKH BABOE, a LIEHTPO-
un S , CMECTHTCSI 10 HATIPABJIEHUIO K nobas-

Taommuua 1
KoopauHaTe! 3J1eMEHTOB MHOKECTBA A

i 1 2 3 4 5 6 7 8 9 10 11 12

x, (0,7 0,625 (0,675 (0,775 0,55 0,6 0,65 0,725 10,7 0,75 0,625 0,675

y, |04 0,375 (0,375 (0,375 (0,35 0,35 0,35 0,325 0,3 0,3 0,275 0,275

i 13 14 15 16 17 18 19 20 21 22 23

X; 0,5 0,525 (0,575 (0,6 0,475 10,525 |0,5 0,55 0,5 0,575 0,525

Y, 0,25 0,225 (0,225 0,2 0,175 {0,175 |0,15 0,15 0,5 0,475 0,55

® MWP TPAHCIMOPTA, Tom 13, N2 4, C. 174-189 (2015)
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Tabumua 2

KoopauHaThl 3;1eMEHTOB MHOXKECTBA A

i 1 2 3 4 5 6 7 8 9 10 11 12
10,2 0,3 0,275 10,325 1025 10,35 0,225 0,275 [0,325 |0,2 025 0,3
. 10,8 0,8 0,775 10,775 0,75 0,75 0,725 0,725 0,725 0,7 0,7 0,7
i 13 14 15 16 17 18
X, 0,35 0,225 [0,3 0,25 0,175 [0,3
Y, 0,7 0,675 0,675 0,65 0,625 0,6
Taoamua 3
KoopauHatsl 3;1eMEeHTOB MHOXKECTBA A

i 1 2 3 4 5 6 7 8 9 10 11 12
X, 0,55 0,575 10,65 0,625 0,6 0,675 0,7 0,775 10,725 0,75 0,75 0,85
y, 10,975 10,975 10,95 0,925 109 0,925 109 0,875 10,825 (0,825 (0,8 0,8
i 13 14 15 16 17 18 19 20

! 0,825 0,8 0,875 0,9 0,95 0,875 0,95 0,95

i 0,775 0,75 0,725 0,65 0,65 0,625 0,6 0,55

Y Y —
. ' . .+ ._

0,75 — 0,75 .

0.5 // 0.5
0.25 0,25

0 0.25 0.5 0,75 X 0 0.25 0.5 0,75 X
a) 6)

Puc. 7. MHo)xecTBa To4yek Ha nnockoctu YOX, cocToswmne n3 geaauatv (a) v 4Baguatm Tpex 3/1eMeHToB (6).

JIEHHO#1 rpymIe To4yek (puc. 66). [Tpu aTtom
BCE TOYKU 100aBJICHHOM IPYIIITHI OKA3bIBAIOT-
csl 3a mpenaesiaMu 00JIaCTU, OrpaHUYEHHOMI
KpYyrom auameTpom D,

Ecan nonosHUTeIbHO BBEIEHHBIE TOYKHU
paccMaTpuBaTh KaK «BbIOPOCHI» M3-3a YIaJIeH -
HOCTH OT OCHOBHOI'O COCTaBa MHOXKECTBaA A,
TO CJIeAYeT 3aK/IIOYUTh, YTO UX BBeIEeHUE
B COCTaB MHOXKECTBA He 00513aTeJIbHO COMPO-
BOXIAETCA yBeIndeHueM auamerpa D .

PaccmoTpuMm Temepb MHOXECTBO A
(puc. 7a), coctosimiee u3 20 3JIeMEHTOB, KO-
OpAMHATHI KOTOPBIX IPUBEAECHBI B TA0IMIIE 3.

Eciu B cocTaB TaKOro MHOXKECTBA BKJIIO-
YUTh JOIOJHUTEIbHYIO TPYIIITY U3 TPEX TOYEK
¢ KoopauHaramu a, (0,55; 0,75), a,,(0,5; 0,7)

® MWP TPAHCIOPTA, Tom 13, N2 4, C. 174-189 (2015)

na,(0,575;0,675), To ntnametp MHOXecTBa D,
HE U3MEHUTCS, & LEHTPOML S, JINILb HECKOJIb-
KO CMECTHUTCS B HAIlpaBJIeHUU JOTIOJHUTE b~
HO1 TPYIIITBI TOUEK (puc. 70).

OTcio1a eCTb OCHOBaHUE CUUTATD, YTO JIJIsT
oIrpeieIeHuUsI MOJ0XKEHMS U TPAHULI MHOXKE-
cTBa Ha TuIocKocTH YOX MCITOb30BaHUE Ta-
KUX XapaKTepucTtuk, kak S,(x,,y,) u D )

SIBJISIETCSI BO3MOXHBIM M C MMPaAKTUYECKOM
TOYKHU 3PEHMSI 11eJIeCO00Pa3HBIM.

OlleHKa B3aMMHOIO pacHoOJOXEeHMs
HECKOJIbKMX MHOXECTB Ha IIJIOCKOCTH U Xa-
PaKTEepU3YIOLIMX 3TO MOJIOKEHHUE 00IacTei,
orpaHWYeHHbIX nuamerpamu D, D, u D,
JIJISI COOTBETCTBYIOIINX MHOXeCTB A, Bu C,
IMO3BOJISIET CAEIATh 3aKJIFOYEHUE O KOJIMYE-
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YQ

0 2 0 5

8.1 @

Puc. 8. Cxema B3aUMHOIo nepeKkpbITUs MHOXXECTB AJ1s1
ABYXypOBHEBbIX (a, 6, B) u 0O4HOYpPOBHEBOJi (r) cuctem.

0

CTBE CTPYKTYPHBIX YPOBHEI paccMaTpuBa-
€MOI TpaHCHOpPTHO# cuctembl. Ha puc. 4
yXe ObLJIO MOKa3aHO BO3MOXHOE Paciojo-
JKEHHUE He MEePEeKPbIBAIOIIMXCS MHOXECTB
A, B u C, moaTrBepxXaaloux Haludyue
Yy MEXPerMOHaJIbHOI TPaHCIIOPTHOM CHUC-
TeMbl TpeX ypoBHeli. [Ipu 3TOM oroBapuBa-
JINCh YCJIOBUSI, KOT/1a KOJIMYECTBO YPOBHE M
COKpallaeTcs: 10 OJHOTO.

Ha puc. 8a, 86, 8B neMoHcTpUpyloTCcs
BO3MOXHbIC BAPUAHThl B3aUMHOTO PACIIO-
JIOKEHHUSI MHOXECTB, 00J1aCTH KOTOPHBIX
YaCcTUYHO IepeKpbiBatoTcs. [IpuyeM B 3TOM
cllyyae BO3HUKAET CUTYyallMsl, MO3BOJISIO-
1ast CyIMTh O HAJIMYUM CTPYKTYPHBIX 0CO-
OEHHOCTEI Y pacCMaTpUBaeMbIX JIBYXYPOB-
HeBbIX cucteM. Eciiv ke B aHaIu3upyeMoi
cucTeMe HabJiIogaeTcs MepeKphiTHE BCEX
TpeX MHOXKeCTB (pHUc. 8T), TO €€ CTPyKTypa
OlLICHMBAETCs Jajiee Kak OJJHOYpOBHEBasI.

Crourt ellie pa3 NOAYEPKHYTh, YTO OIpe-
JleJIeHUe YKuciaa CTPYKTYPHBIX YPOBHEM
MEXpEeruoHaJbHOW TPAHCIIOPTHOM CUCTE-
Mbl — OTBETCTBEHHBII 3Tall CTPYKTYPHOTO
aHajaM3a, a ONTUMU3AIUSA PYHKIIMOHUPO-
BaHUsI TAKOM CUCTEMbI JOJIXKHA OCYILECTB-
JISIThCS TyTEM I10CJIeIOBATEILHOTO pellie-
HUSI COOTBETCTBYIOIIMX 3TOM LieJIU 3amay
Ha KaXX/JIOM YCTaHOBJICHHOM CTPYKTYPHOM
YPOBHE.

ITockonbKy mpoueaypa o0beAMHEHU
MHOKECTB IIPeAyCMaTPUBAET ONpPeaeicHUE
CTPYKTYPHBIX OCOOEHHOCTE TPaHCIIOPT-
HOI CUCTEeMBbI, aHaJIU3 BO3MOXKHBIX Bapu-
AHTOB TaKOTO 00bEIMHEHUS TIPEACTaBIsIET
NMPaKTUYECKUIA MHTEpPEeC M MMEEeT CBOM
MPOCKIIUH.

® MUP TPAHCIOPTA, Tom

CTPYKTYPHbIE OCOBEHHOCTHU
ABYXYPOBHEBbIX CUCTEM
C OBbEAUHEHHBIM MHO>XECTBOM
SJIEMEHTOBAUB

Ecnu Ha miaockoctu YOX MHOXecTBa
A 1 B mepekpbIBaOTCS, TO CTPYKTYypHBIE
0COOCHHOCTH CUCTeMBI OyIyT CBSI3aHbI C Ha-
JIn4rueM o0beIMHEHHOTO MHOXecTBa A 1 B
C COOTBETCTBYIOIIMM HaOOPOM 3JIEMEHTOB
(a&b)., ob1Iee KOMMYECTBO KOTOPHIX OyaeT
i=N,+ N, Torga cama npoueaypa oobeau-
HEHMS OKaXKeTCsI COTPsIKeHa ¢ BKIIIOUEHUEM
B cOCTaB MHOXecTBa A U B a71eMeHTOB,
MpUHAIJIEXKaBIINX paHEe MECTHOMY U PETH -
OHAJILHOMY YPOBHSIM, YTO OYIET COMpPOBO-
XaaTbesl GOopMUpOBaHUEM JABYXYPOBHEBOM
CUCTEMBI.

Tak, HaJTM4YKe yKa3aHHBIX 0COOEHHOCTEM
Yy CUCTeMBI, TOKa3aHHOI Ha puc. 9a, TpUBO-
IUT K TOMY, YTO MHOXECTBY 2J€MEHTOB
A 1 B peallbHO COOTBETCTBYET OOBEANHEH -
Hb1i kiactep KO ¢ HOBBIMU TpaHUIIAaMU
M COCTaABJSIOUIMMU €ro 3JeMeHTaMu
(puc. 906).

TE )KE OCOBEHHOCTHU
C OBbEOUHEHHbBIM MHOXXECTBOM
AUC

Ecnu ocobeHHOCTH (PYHKITMOHUPOBAHUS
TpaHCIIOPTHOM cucTeMHl (puc. 10a) mo3Bo-
JISI0T 0O0BEIUHUTH MEePEeKPbIBAIOIINECS
MmHOoxXecTBa A 1 C ¢ TToclIeIyIommmM oopa3o-
BaHMEM HOBOTro MHOXecTBa A 1 C, To cxema
TaKoi IBYXypOBHEBOI CUCTEMBI OyIEeT UMETh
BUI, TTOKa3aHHBIN Ha puc. 100.

BupgHo, 4To B 9TOM ciiyyae oTneJibHbIE
anmeMeHTHI KimactepoB K1, K2 u K3 oka3bl-
BAIOTCS BKJIIOYEHHBIMU B COCTaB TPAHCIIOPT-
HOTO KOPUIOpa C TPAH3UTHBIM IBUKCHUEM,
IpU 3TOM YUCJIO CTPYKTYPHBIX YPOBHEH
TaKo# cucteMbl OyaeT paBHO ABYM. [1om1006-
HOTO pojia CUTyallMd BO3HMKAIOT, KOTJa
00BEMBI TPAaH3UTHBIX TPY30IIOTOKOB BIOJIb
KOPUIOPOB HEBEJIMKU U B 1IEJIOM COU3MEPU -
MBI C 00BEMaMU MePEeBO30K MEXIY OTHEIb-
HBIMU 2JIEMEHTaMU KJIaCTePOB HA MECTHOM
YpOBHE.

TE )KE OCOBEHHOCTHU
C OBbEAUHEHHbBIM MHOXXECTBOM
SJIEMEHTOBB U C

TIpenmonoxum, 4To 0COOEHHOCTH (DYHK-
LIMOHUPOBAHUS TPAHCIIOPTHOM CUCTEMBI 00-
YCJIOBJIEHBI T€M, YTO PACCTOSIHUSI U OOBEMbI
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a)

Puc. 11. dparmeHT
ABYXypOBHEBOW
TPaHCMNOPTHOM CUCTEeMbI
Ao (a) unocne (6)

npouenypsl o6ben Kl

K2 K3

MHoxecTB Bu C.

6)

IPY30BBIX MEPEBO30K MEXIY OTACIbHBIMU
y37aMU Ha perMOHaJbHOM U MEXPEruoHab-
HOM YPOBHSX OJu3KM Mexay coboii. Toraa
npouenypa o6beqUHEHUSI MHOXECTB
B u C npuBOIUT K TOMY, UTO yYaCTKHU, COSTU-
HSIIOIIME MEeXITy cOO0I TPaHCIIOPTHbBIE Y3JIbI
OTIEJbHBIX KJIACTEPOB, OMPEACISIIOT OJHOB-
PEMEHHO U TMOJIOXEHUE TPAaHCIIOPTHOTO KO-
pugopa sl MPOXOXAEHUS] TPaH3UTHBIX I10-
ToKOB (puc. 11). B aTom ciyuae aHanusupye-
Masl cucTeMa Takxke OyaeT IBYXypOBHEBOM,
a onTUMU3alMI0 €€ YHKIIMOHUPOBAHUS
cJienyeT BBIMOJHSTH MOCIen0BaTeIbHO, CHA-
yaja Ha YpOBHE KJIaCTepOB, a 3aTeM Ha peru-
OHAJIbBHOM U MEXPEeTrMOHaIbHOM YPOBHSIX.

Takum o6pa3zom, 0COOEHHOCTU (PYHKIIU -
OHUPOBAHUSI MeXpEeruoHaJbHbIX TPaHC-
MOPTHBIX CUCTEM OOYCJIOBJIEHBI, C OAHOU
CTOPOHBI, X CETEBOI CTPYKTYPOM, a C Apy-
roit — cBSI3aHbI ¢ 0ObeMaMU OCYIIIECTBIISIC-
MBIX TPY30BbIX MIEPEBO30K.

BbiBO4bl

Pa3paboTtaHHbIi MeTOI aHaIN3a CTPYKTYPhI
U CBOMCTB MEXPErMOHaIbHbIX TPAHCIIOPTHBIX
CHCTEM OCHOBAH Ha OIpe/ieIeHUN KOJTMYECTBEH-
HOTIO COCTaBa CTPYKTYPHBIX YPOBHEN C y4eTOM
0COOEHHOCTEN B3aUMOIEMCTBUS OTAETbHBIX
CHUCTEMHBIX JIEMEHTOB. Pe3ynbraThl CTpyKTYyp-
HOTO aHaJli3a CO3A0T MNPEANOChUIKY K pellie-
HUIO 33]1a4 ONTUMM3aLNUN (DYHKIIMOHMPOBAHUS
MHOTI'OYPOBHEBbBIX TPAHCHIOPTHBIX CUCTEM.
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STRUCTURE AND FUNCTIONS OF INTER-REGIONAL TRANSPORT SYSTEMS

Tararychkin, Igor A., East-Ukrainian National University n.a. V. Dahl, Lugansk, Ukraine.

ABSTRACT

A method for analyzing the properties of inter-
regional transport systems is developed, based on
determining the quantitative composition of required

structural levels. It is proposed to conduct optimiza-
tion of functioning of such systems consistently at
every set level and taking into account the pecu-
liarities of interaction between individual elements.

Keywords: transport system, structure, cluster, junction, freight traffic, transit.

Background. Production tides of business enti-
ties within the boundaries of certain territories are
carried out on the basis of existing and developing
transport systems of various levels of complexity and
purpose. Systems to solve traffic problems at the
local level in the process of natural development are
united at the regional level, which creates prerequi-
sites for further development of regions [1, 2].

In addition, the formation of transport systems is
carried out with account of transit traffic routes, which
requires making appropriate administrative decisions
related to ensuring the effective functioning of comp-
lex multi-level systems [3, 4].

However, it must be noted that attempts to opti-
mize the functioning of multi-level systems do not give
the desired result. And this is due to the complexity of
their structural analysis as well as the lack of organiza-
tion methods available for management practice.

From this point of view the actual task is primarily
to develop a method of analyzing structure and
characteristics of inter-regional transport systems,
identifying composition and characteristics of indi-
vidual structural layers to further optimize their ope-
ration.

Objective. The objective of the author is to con-
sider structure and features of inter-regional transport
systems, using the concept of structural levels.

Methods. The author uses general scientific
methods, comparative analysis, evaluation approach,
graph construction, simulation.

Results.

Clusters and interrelations

Inter-regional transport systems are usually
formed by integrating network structures of local and

regional levels, taking into account the need for pro-
motion of freight traffic along transport corridors.

This means that the primary element of the system
is a set of transport routes at the local level, the pre-
sence of which provides freight transportation be-
tween business entities within the boundaries of
certain industrial clusters. Thus, Pic. 1 schematically
shows an arrangement of three clusters. Each of them
functions so that within its boundaries the bulk of
transport operation is carried out during meeting the
needs for cargo transportation between individual
elements (points of the cluster).

That is, the local level of transport system is
formed on the basis of clusters, each of which con-
tains a group of manufacturing and storage facilities,
interconnected via transport network to meet the
needs for freight transportation. As structural ele-
ments of the network routes being used should be

considered, hereinafter referred to a; , whereiis the
integer index indicating the ordinal number of the
element.

Then for shown in Pic. 1 fragment of the territory
with three clusters, the total number of elements of
the system at the local level will be fourteen, and the
index i takes the values 1, 2, ... 14.

The totality of these elements a,-' forms a set A",
which characterizes the structure of the system at the
local level.

Since the process of functioning of the transport
system is connected with the necessity of interaction
of individual components, then these clusters C1, C2
and C3 must be connected by transport routes in a
proper way, such as shown in Pic. 2.

Pic. 1. Fragment of the territory in which there are three industrial clusters, each of which comprises enterprises
connected with each other by transport routes.
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Table 1
Coordinates of elements of the set A

i 1 2 3 4 5 6 7 8 9 10 11 12

X, 0,7 0,625 10,675 0,775 0,55 0,6 0,65 (0,725 [0,7 0,75 10,625 [0,675
Y, 0,4 0,375 10,375 0,375 |0,35 0,35 0,35 0,325 (0,3 0,3 0,275 10,275

i 13 14 15 16 17 18 19 20 21 22 23

X, 0,5 0,525 (0,575 0,6 0,475 10,525 [0,5 0,55 (0,5 0,575 0,525

y, 0,25 10,225 (0,225 (0,2 0,175 (0,175 (0,15 [0,15 [0.5 0,475 10,55

Pic. 2. Fragment of the territory, in which three industrial clusters are linked by a common transport network.

Pic. 3. Fragment of three-level inter-regional transport system.

Transportroutes b, , b, and b; , designedto form

regional level of the system, form a set of elements
B and provide the delivery of goods in the interaction
of enterprises located in various clusters.

In this case, formed on the basis of clusters C1,
C2and C3transport system is a two-level system, and

it comprises 14 elements of the local level( a, , a, , ...
a,, ), and three elements of the regional level ( b,
by, b;).

If q is the volume of total freight traffic in two op-
posite directions, observed in the operation of the

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 13, Iss. 4, pp. 174-189 (2015)

element being analyzed for a predetermined time
period, andlis actual length of the element (transport
route), each of these elements of the system can be
considered as a point with coordinates q [t/ d] and |
[km] on a plane qOlI.

If the fragment of the transport system should
ensure the passage of transit cargo flows, the char-
acter of connection of clusters may be different, tak-
ing into account the need to form inter-regional level
and relevant corridor, providing transit traffic.

Thus, Pic. 3 shows a fragment of a three-level
interregional transport system, which except for the

elements a; (i=1,2,... N,)and b (i=1,2,... N;)

Tararychkin, Igor A. Structure and Functions of Inter-Regional Transport Systems



Table 2

Coordinates of the elements of the set A

i 1 2 3 4 5 6 7 8 9 10 11 12
X, 0,2 0,3 0,275 10,325 0,25 [0,35 0,225 |0,275 {0,325 [0,2 0,25 10,3
v, 0,8 0,8 0,775 10,775 10,75 |0,75 0,725 |0,725 [0,725 |0,7 0,7 0,7
i 13 14 15 16 17 18
X, 0,35 0,225 0,3 0,25 0,175 0,3

i 0,7 0,675 0,675 0,65 0,625 0,6

Table 3
Coordinates of the elements of the set A

i 1 2 3 4 5 6 7 8 9 10 11 12
X, 0,55 10,575 0,65 (0,625 |0,6 0,675 10,7 0,775 0,725 0,75 0,75 0,85
v, 0,975 (0,975 0,95 (0,925 |0,9 0,925 0.9 0,875 0,825 [0,825 |0,8 0,8
i 13 14 15 16 17 18 19 20
X, 0,825 0,8 0,875 0,9 0,95 0,875 0,95 0,95

i 0,775 0,75 0,725 0,65 0,65 0,625 0,6 0,55

Y Y

Pic. 4. Scheme of possible location of

sets A, B and C in the case of a three-

level (a) and single-level (b) transport
systems.

a) b)

contains in its structure elements ¢, (i=1,2,... N.)

forming a set C" and providing an opportunity to the
functioning of the transport corridor.

Thus, in general, inter-regional transport system
is characterized by the presence of interrelated ele-

ments a;, b and ¢/, determining the properties of the

system at local, regional and interregional levels.
Determination of the number of levels
The characteristic of each element of the system
is the total value of the observed traffic flow q and the
length of the route I. This means that the set of all
elements of the transport system can be described
using the following sets of characteristics:

a3 q")  (=12..N,)
b: (l,-B;q,-E*) @i=1, 27-"NB)
U (=12, N,).

Let’s | is a maximum length of the transport
route among all the elements I, ¥, I
1 . is a minimum length of the route;

min

4,..xIS @ maximum value of freight traffic among
all the elements 4", ¢, |

q,.., IS @ minimum value of freight traffic.
Let’s convert coordinates of individual elements
in accordance with the following dependencies:
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Pic. 5. Position on the plane YOX of elements of the
set A and the corresponding circle of diameter D,
centered atS, .
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a) b)
Pic. 6. Location on the plane YOX of elements a,and circle of the diameter D, for sets containing 18 points (a) and
21 points (b).
Y Y
o -
075 0.75 B
0.5 . 0.5 /

a)

Pic. 7. The sets of points on the plane YOX, consisting of twenty (a) and twenty-three elements (b).

Y Y
O ©
X X
0 a) 0 b)
Y Y
N )
- ‘!;
X X
0 c) 0 d)

Pic. 8. Scheme of mutual overlapping of sets for two-level (a, b, c) and single-level (d) systems.
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b)

Pic. 9. The block diagram of the transport system prior to a procedure of combining clusters C1, C2, C3 (a) and
after their combining into a cluster CO (b).

o+
xiC — li _lmin
lmzx _lmin

o
¥ = 9 ~win_

nax ~ Dmin

Then converted elements a,(x,y!') may be re-
garded as belonging to some set A and elements
b, (x!, ") - as belonging to set B. Likewise, the set C

will contain a set of elements ¢, (x*,¥¢). The con-

verted elements a, b, ¢, with dimensionless coordi-
nates form on the plane YOX three sets A, B and C,
fully characterizing the composition and properties of
the analyzed transport system. Using obtained as a
result of transformations of the system elements with
dimensionless characteristics simplifies further
analysis and determination of the number of levels of
transport systems.

If obtained as a result of transformations elements
a, b, and c,form on the plane YOX three non-overlap-
ping sets, which can be visually differentiated, then
the system is considered further as three-level
(Pic. 4a).

If individual elements are located so that to split
sets A, Band Cis difficult or not possible, the analyzed
system is a single-level (Pic. 4b).

Thus, the procedure for determining the number
of structural levels of the system and constituent ele-
ments of these levels is associated with the need to
develop algorithm for estimation of mutual location of
sets A, B and C on the plane YOX.

Union of sets

In the future, under the diameter D, of the set A
we mean the largest Euclidean distance between its
elements, as well as we determine the center of the
set as a centroid, what would be the point S, on the
plane YOX with coordinates:

NA NA
4 4
X _ Vi
=l . i=1
xa=E—;y,=5—
Ny Ny

Suppose that the set A consists of 23 elements,
the coordinates of which are presented in Table 1.
The position of the circle of the diameter D, cen-
tered at S, for considered data system is shown in
Pic. 5.

It can be seen that when using the algorithm for
determination of boundaries of the set several points
may be located on the plane outside the diameter D,.

Let’s consider now as an example a set A consist-
ing of 18 points on the plane (Pic. 6a).

The coordinates of the elements constituting this
setare shown in Table 2. If in the composition of the
set three points are added with coordinates a,( 0,6;
0,6), a,(0,525; 0,575), a,(0,575; 0,55), then the
diameter D, will increase by almost twice, and cen-
troid S, will shift towards added group of points
(Pic. 6b). At the same time all the points of the
added group are outside the region bounded by a
circle with a diameter D,.

If added points are considered as «outliers» be-
cause of the remoteness from the basic structure of
the set A, then we must conclude that their introduc-
tion into the set is not necessarily accompanied by an
increase in the diameter D,.

Let’s consider now the set A (Pic. 7a) consisting
of 20 elements, the coordinates of which are given in
Table 3.

If the composition of such a group includes an
additional group of three points with coordinates
a, (0,55, 0,75), a,(0,5; 0,7)and a,,0,575; 0,675),
then the diameter D, of the set will not change, and
centroid S, will slightly shift towards additional groups
of points (Pic. 7b).

Hence, there is reason to assume that to deter-
mine the position and boundaries of set on the plane
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Pic. 10. Fragment of two-level transport system before (a) and after (b) combining the sets A and C.

YOX the use of characteristics suchas S,(x,,y,) and

D, is possible and appropriate from a practical point
of view.

Evaluation of mutual arrangement of several sets
on the plane and characterizing this location of areas,
limited by the diameters D,, D, and D . for correspond-
ing sets A, Band C, allows to conclude on the number
of structural levels of the considered transport system.
Pic. 4 has already shown possible arrangement of not
overlapping sets A, Band C, confirming the presence
ofthree levels of inter-regional transport system. This
specifies the conditions when the number of levels
reduces to one.

Pic. 8a, 8b, 8c show possible options of mutual
position of the sets, the areas of which overlap par-
tially. And in this case there is a situation that allows to
judge on the presence of structural features of consid-
ered two-level systems. Ifin the system under analysis
overlapping of all three sets is observed (Pic. 8d), its
structure is evaluated further as one level.

It is necessary to stress once again that the defi-
nition of the number of structural levels of inter-re-
gional transport system is an important stage of
structural analysis and optimization of functioning of
such a system should be carried out by successive
solution of tasks relevant to this purpose at each es-
tablished structural level.

Since the procedure of uniting sets involves de-
termining structural features of the transport system,
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the analysis of possible options for such a union is of
practical interest and has its own projections.

Structural features of two-level systems with
a united set of elements A and B

If on the plane YOX the sets A and B overlap, then
structural features of the system will be associated with
the presence of united sets A and B, with a correspond-
ing set of elements (a&b), the total number of which is
i=N,*+N,. Then the procedure of uniting will be interfaced
with the inclusion in the sets A and B of elements, for-
merly belonging to local and regional levels, which will
be followed by the formation of a two-level system.

Thus, the presence of these features in the sys-
tem, shown in Pic. 9a, leads to the fact that the set A
and B actually correspond to the combined cluster
CO with new boundaries and its components (Pic. 9b).

The same features with united set A and C

If the features of the functioning of the transport
system (Pic. 10a) allow combining overlapping sets
Aand C, followed by the formation of a new set A and
C, the scheme of such a two-level system will have a
form shown in Pic. 10b.

It is evident that in this case individual elements
ofclusters C1, C2and C3 are included in the transport
corridor with transit traffic, the number of structural
levels of this system will be equal to two. Such situa-
tions occur when the volume of transit traffic along
the corridors are small and generally commensurate
with the volume of traffic between individual elements
of clusters at the local level.

Tararychkin, Igor A. Structure and Functions of Inter-Regional Transport Systems
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Pic. 11. Fragment of two-level transport system before (a) and after (b) combining the sets B and C.

The same features with united set of elements
BandC

Assume that the features of functioning of the
transport system are due to the fact that the dis-
tance and the volume of freight transportation
between individual junctions at the regional and
interregional levels close to each other. Then the
procedure of uniting the sets B and C leads to the
fact that sections interconnecting the transport
junctions of individual clusters, determine simul-
taneously the position of the transport corridor for
transit flows (Pic. 11). In this case, the system
under analysis will also be two-level, and optimiza-
tion of its functioning should be carried out in se-
quence, first at the cluster level, and then at re-
gional and interregional levels.

Thus, features of the functioning of inter-region-
al transport systems are due, on the one hand, to their
network structure, and on the other hand they are
associated with the volume of freight traffic carried.

Conclusions. The developed method of analysis
of the structure and properties of inter-regional trans-
port systems is based on determining the number of
structural levels, taking into account peculiarities of

the interaction of individual system elements. The
results of the structural analysis create preconditions
for solution of the task to optimize functioning of multi-
level transport systems.
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