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VEpalHChKUH JepiKaBHUN YHIBEPCUTET 3aJII3HUYHOTO TPAHCIOPTY

3AJIIBHUYHUI BY30JI 9K CKJIATHA TEXHOJIOTTYHA CUCTEMA

Awnorania. O0rpyHTOBaHA JOIMIBHICTD YIOCKOHAJIEHHS IIPOIECY YIIPABJIIHHSA BATOHOIIOTOKAMU Ta (DYHKITIOHY-
BaHHA 1H(QOPMAIIHHNX MACHCTEM B YMOBAX 3aJIISHUYHUX BY3J1iB. HaBemeHi ommmcy TEXHOJIOTIYHOI CTPYKTYPH
PO3BHHEHOT0 3aJII3HUIHOrO ByaJla 10 CKJIaJy SKOTO BXOAATH [Bl OCHOBHI IL/ICHCTEMH: IIACAKUPCHKOL 1 BAHTAMK-
HOI pofoTH. Ipencraseno BIJIIOBITHE MATEMATAYHUN OIUC 3AJTI3HUYHOTO By3JIa 3 ypaxyBaHHAM HIAMHOMKAH
eJIeMEHTIB 1 I/IMHOKKH ix xapaxrepucTuk. [loxasanuii rpad TexHosoriaHol yiHil IepepoOKH MiCIeBOro Baro-
HOIIOTOKY B PO3BUHEHHX By3JIaX, KU MICTUTb MATeMaTHYHI O4iKyBaHHS IHTePBAJIIB IPUOYTTS (BIAIPABIICHH:)
MICIIeBHX BATOHOIIOTOKIB IIJICUCTEM By3JIa, MATEMATHYHI OUIKyBAHHST KIJIBKOCTI MICIIEBAX BATOHIB B IPyNax, Kl
HpI/I6yBaIOTB (BlL[HpaBJIHIOTbCH) B (3) m,uCI/ICTeMy (I/I) By3JIa, & TaKOMXK 0eaJTiul TIpOIeciB HA BXITHUMN TEXHIYHOI,
BAHTAKHUHN 1 BUXITHOI TEXHIYHOI CTAHITISAX By3JIa BIAIIOBIIHO.

Karogosi ciroBa: TpaHcIiopTHA cHCTEMA, 3aI13HUYHUHN By 30JI, BATOHOIOTIK, TEXHOJIOTYHA CUCTEMA, TEXHOJIOTIUHA
CTPYKTypa, MaTeMaTUYHI MOJEJTI.
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RAILWAY AS COMPLEX TECHNOLOGICAL SYSTEM

Summary. It is noted that the priority task of integrating the Ukrainian transport system into the European
one is the corresponding development of the national network of international transport corridors and their
transport and communication infrastructure, as well as the development of logistics systems. It was pointed
out that one of the ways to increase the profit of the country's railways is to reduce their operating costs by
improving the operational work and rational use of technical means. The expediency of improving the pro-
cess of wagon traffic management and the functioning of information subsystems in the conditions of railway
junctions is substantiated. At the same time, large railway junctions are the most complex technical and
technological systems. By their work, they significantly influence such an important indicator as the turnover
of a freight wagon. A structural analysis of this indicator shows that more than 80% of the total turnaround
time of a wagon is idle at freight and technical stations, which are usually components of developed railway
junctions. Most of these downtime are caused by the fact that the cars are idle in anticipation of technological
operations. This situation indicates a significant reserve for improving the quality of railways by improving
the technology of railway junctions and speeding up the processing of local cars at the junctions. Descriptions
of the technological structure of the developed railway junction are given, which include two main subsystems:
passenger and freight work. The corresponding mathematical description of the railway junction is presented
taking into account subsets of elements and subsets of their characteristics. Shows a graph of the processing
line for processing local wagon traffic in developed nodes, which contains the mathematical expectations of the
intervals of arrival (departure) of local wagon flows of subsystems, mathematical expectations of the number of
local wagons in groups arriving (departing) to (from) subsystem (s) processes at the input technical, cargo and
source technical stations of the node, respectively.

Keywords: transport system, railway junction, car flow, technological system, technological structure,
mathematical models.

HOCTaHOBRa npobGsemu. Ax morasye cBi-
TOBUI JIOCBII 3aJ/II3HHUIN PO3BMHEHUX Kpa-
iu ceity (Baxiguoi €ppomwm, IliBHIuHOI AMepurw,
Amowii) Ha BiAMIHY Bl 3a/II3HUIL YKpaiHM Ta 1H-
mux kpaia CHJI, B ymoBax sKOpCTKOI KOHKYpPEHITi
(Ax y cepemuHl Mepe:kl, TaK ¥ 3 1HIIMMH BHOAMU
TPAHCIIOPTY), IO CKJIAJIACH ICTOPUYHO 13 MOMEHTY
CTBOPEHHs 3aJII3HUIb, OLIBII ONEPATHBHO peary-
I0Th Ha PUHKOB1 3MiHHU Ta npobsemu. OnHak 1pio-
PUTETHUMH MMUTAHHAMY y OLIBIIOCTI BUITAIKIB 34-
JIUIITAIOTHCA TAKl K, K 1 Ha 3aJII3HUIEX YKpaiHu:
CTPOKHM BUKOHAHHS IIePeBe3eHb, IIIBUIKICTL JOCTAB-
KU, 30epeskeHH BAHTAKIB, 3SMEHIIeHH eKCILIyaTa-
IMAHUX BUTPAT Ta KOHKYPEHTOCIIPOMOKHICTD [1-9].
3a pospaxyHKamu (paxiBIliB, yiKe HA IIOYATKy XXI
CTOJIITTS BAHTA000ir €BpasificbKOro TPaHCIIOPT-
HOTO KOopumopy crtaHoButume 20—30 MJITH. TOHH 3a
pik. Buxomgaum 3 1poro, MoMKHa KOHCTATyBATH, IO
EepIIOYeproBO0 3aJ4a4ver0 1HTerpalii ykpaiHCbKOi
TPAHCIIOPTHOL CHCTEMH B €BPOIIEMCHKY € BIIIOBI-
HUM PO3BUTOK HAIIOHAJIBLHOI Mepeski MimxHapoHux

TPAHCIIOPTHUX KOPHUIOPIB Ta IX TPAHCIIOPTHO-KOMY-
HIKAINMHOL 1H(QPACTPYKTYpPH, a TAKOXK Ppo30ymoBa
jorictnyHux cucreMm. lle mmoBuHHO 3abesmeuynTH
30LIBIIIEHHS TPAH3UTHHUX TA €KCIIOPTHO-IMIIOPTHHX
HOTOKIB HPH CYTTEBOMY IMIBHUINEHH] SKOCT1 00CITy-
roByBaHHs (IIBHIKOCTI Ta HAIIMHOCTI II€pEBE3€Hb,
piBHSA cepgricy Toro) [10].

Anania ocrauHix mocaimskeus i myOaikarin
[I0Ka3aB, 110 B yMOBAaX [EP:KaBHOIO PeryJoBaHHS
GAraThOX ACIIEKTIB ISIBHOCTI 3aJII3HUIT, OTHUM 13
3aco0iB 301IIBIIEHHS X MPUOYTKY € SHUKEHHS eKC-
IJIyaTAI[MHUX BUTPAT 34 PAXyHOK BIOCKOHAJICHHS
eKCILIyaTaIlifHol pobOTH Ta PAaIlOHAJBFHOIO BUKO-
PUCTaHHS TEeXHIYHHX 3aco01B. Beismkl samsHuamHl
BY3JIM, IO € HAWOLIBII CKJIAJHUMN TEeXHIYHUMN
Ta TeXHOJIOMYHUMHA CHCTEMAMHU, CBOEI POOOTOIO CyT-
TEBO BILIMBAIOTH HA TAKUN BAYKJIMBUHN ITIOKA3HUK, K
000pPOT BAHTAMKHOI'O BATOHA.

CTpyKTypHUH aHAJI3 JAHOTO ITOKA3HUKA ITIOKA-
3ye, 1o 6uibire 80% 3arajgbpbHOrO vacy o0Iry Barox
POCTOI0E Ha BAHTAKHMUX TA TEXHIYHMUX CTAHII-
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SIX, SKl, 3a3BUYAM, € CKJIAQJOBUMH PO3BUHEHHUX 34-
J3HUYHUX By3JiB. Binbima vacTWHA TaKWUX IIPO-
CTOIB BUKJWKAHA THUM, IO BATOHU IIPOCTOIIOTH
B OYIKYBAHHI BUKOHAHHSA TEXHOJIOTIYHUX OIleparii
[11; 12]. Taka cutyariis cBIIYUTH ITPO 3HAYHUMN pe-
3€pB y MIJIBUIIEHH] SKOCTI pOOOTH 3aJII3HUIIL Yepe3
BIOCKOHAJIEHHSI TEXHOJIOTIHl POOOTH 3aTI3HUYHUX
BY3JIIB Ta IIPUCKOPEHHS ITepepodKH MICIIEBUX BATO-
HIB y By3JIax.

Buninenus HeBupimeHux pauHinie dactuH
3araapHOI nmpoOsiemu. OCHOBHUMHU IIPUYNHAMU
BUHUKHEHHS 3aTPUMOK Y IPOCYBAHHI MICIIEBUX Ba-
TOHIB y By3JiaX €. IHTEHCUBHUH PyX, Yy TOMY YHCJI1
MMacaskupPChbKUX IOI3/IB TAa BEJINKA 3aBAHTAKEHICTD
migcucTeM By3Jya (CTAHINM, MUIBHHILL, TOINO). Ilo-
3HAYAETHCA TAKOMK CE30HHA Ta J000BA HepiBHOMIp-
HOCTI 1 HEpUTMIYHICTD HAAXOIKEHHS MICIIEBHX Ba-
TOHIB HA TEeXHIUH1 CTaHui'l' By3na. Yepes Il Ta 1Ml
IPUYUHU [POCTiH MICLEBUX BATOHIB IIiJi HAKOIIM-
YeHHAM 1HOL[1 nepesurnye 40 rogux [11-16]. ,Z[aHa
CHTyalisl CBIAYATE IPO iICHYBAHHS pPe3epBy y Mif-
BUIIEHHI STKOCTI POOOTH 3a/I13HUIb, TKUM MOYKHA
BHUKOPHCTOBYBATH Uepe3 MPUCKOPEHHS IIepepooKu
(30Kpema TexXHIYHOI) MICIIEBHUX BATOHIB B 3aJI13HUAY-
HUX By3JIaX.

Mera i 3aBmamHs mocJiimskenHsa. Bpaxoy-
I0YM BUINECKA3aHe, MOMHA CTBEPKYBATH, IO Ha
CY4acHOMy eTalll pO3BUTKY # dpyHKumHyBaHHl ra-
JIy3i TOTpi0eH TmeperJisii TeXHOJOTiHi 00poOKU Mic-
IIeBUX BATOHIB Y BEJIMKUX 3ATI3HUYHUX BY3JIaX, Kl
€ CKJIATHUMHU TEXHOJIOTIYHUMHU CHUCTeMaMu. ToMmy
BUKJIAJIEHI B CTATTI MaTeplagd € aKTyaJbHUMU
Ta 3aTpedyBaHUMU

Burnageunsa ocHoBHOro marepiaiay. Bpaxo-
BYIOUN CRJIa,HHiCTL IpPOIIECIB yCepearHl PO3BUHE-
HUX By3JIIB, BUHHKAE 110Tpeda y 61JIBH_I rIGoKOMy
BUBYEHH] [IPHYNHHO-HACIIIKOBUX 3B A3KIB TE€XHO-
JOrivHMX mponeci. Yepes Te, mpu IOCILKEHHI
By3JB 0yJI0 BUKOPHCTaHO CHCTeMHHME mizxin. 3a
IPU3HAYEHHAM BeJIMKI BY3JIH, AK CKJIAIHI CHCTe-
MU, BITHOCATHCS J0 AKTUBHUX (I11JIECTIPSIMOBAHUX),
IITYYHO CTBOPEHHX JIIOJHUHO-MAIIUHHUX CHUCTEM
BIIKPUTOTO THUITY, III0 HA IIPOTSI31 BCHOTO Yacy ic-
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HYBaHHS IITYYHO 3MIHIOBAJINCS Ta BIOCKOHAJIIOBA-
JIMCA BIOMOBIAHO T0 MeTH. Bymyum camocTiiHEMN
Ta HedpopMaannMH (bismannMu) cucremamu, Bys-
I BOIHOYAC € MiJICHCTeMaMU MIKHApO/IHOI Ta Ha-
IIOHAJBHOI Meperki 3a/II3HHUIL Ta TPAHCIOPTHHX
By3JiB YEKpaimwm. 3a cTymeHeM OpraHi30BaHOCTI
€ 1o0pe OpraHi30BaHUMH CUCTEMaMU, OCKLJIbKY Ma-
I0Th YiTKe IO/IIJIEHHS BY3JI0BO1 poOOTH 3a TEXHOJIO-
TIYHUMHU 0COOJIUBOCTSIMU, TA POIIMOAIICHHIM Ti M1K
crrerriasizoauumMu crauiismu [17-19]. Mesxkamu
CHCTEMHU € MeiKl eKOHOMIYHOrO perioHy abo Hace-
JIEHOTO IyHKTy obcityrosysanss. Jlo criany By3/14
BXOOATH OBl OCHOBHI IIJCHCTEMH: IIACAMKHPCHKOL
Ta BaHTaxkHOI poboru (puc. 1).

DYHKIIOHYBAHHSA CHCTEMH XapaKTePU3yEThCs
Bxiguumu (Y/) ta suxigaumu (Y//) mororamu (ma-
TeplaJbLHUMHU Ta 1HQOPMAIIHHUMHN) 3 HAIPIMKY X,
e x € X, X — sarajgbHa KUIBKICTh BXIJTHHX T4 BH-
XITHMX KAHAJNB CHUCTEMH (TUILHUIL IPHUMAKAHHSI
By3JIa), T4 3araJIbHUM IIPOIlecoM (PYHKIIIOHYBAHHS
Byasa (puc. 1). MaTtepiaibHI IIOTOKH BU3HAYAIOTHCS
IHTEHCHUBHICTIO — 1HTEPBAJIOM HPHOYTTS (BIOIpasB-
JIEHHs) Ta KUIBKICTIO BAaroHIB y rpymax (moismax),
mo npubyBamTh (BIAIPABIAITHCA). Buximuwuii 1mo-
TIK € ITOX1JHOI0 BiJ BXIJHOTO IIOTOKY Ta MHOKUHU
IPOIIECIB CHCTEMIU:

Yx”:f(Yx' ,H), <1>
ne Y/ — BXigHuil IOTIK;

Y// — BUXiTHWIA MOTIK;

I — MHOKMHA TIPOIIECIB CHCTEMH.

BigmosigHo 1m0 Teopll MHOMKHH, MHOMKIHOK TeX-
HOJIOTIYHUX ITACHCTEM BYy3JIa € 3aJII3HWYHI CTAHIII],
SKl, Y CBOIO Yepry, € CYKYIIHOCTIMH €JIEMEHTIB —
eJIeMeHTaPHUX BUPOOHUYNX OJUHUIIb: MAHEBPOBUX
JIOKOMOTHBIB, OpHUraJ TeXHIYHOrO Ta ROMepuiI‘/'IHoro
OIJIANY, KOJIIM y CTAHIIMHUX Imapkax Ta iHire. Oop-
MAJIBHO 3AJII3HUYHUMN BY30JI SIK CHCTEMA:

M=Uw, )

ne W, — migcucremu (3aTisHUYHI CTAHIINT) ByaJa,

uel,

Po3Bunenmii 3a;i3HUYHMI BY30.1

,ZZa/zeKe CHOJIYYEHHA

Bxionuu

Micyese cnonyuenns

Buxionuii

nomik

Ilpumicvke chonyuenus

nomik

Tpanzumnuii

bes nepepooxu

Yo = (Y 00)

8a20HONOMIK

3 nepepobkoro

Micyesuii sacononomix

|:> - inopmaniiiHmii MOTIK
‘ - MaTepiabHUI MOTIK

______ - MEKI MIACUCTEM
— .« — - MEXa CHCTEMHU

- M1 TEXHOJIOTTYHHMX JIHIiI

Puc. 1. TexHomnoriuyna cTpykTypa pO3BUHEHOTO 3aJIi3HUYHOIO By3J1a
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Bxidna
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Buxiona
MNEXHIMHO CRNIH IR

M{(L)=fiM(1,),IT,) M{T)=f{M(T.),TT,)

E] uu:*?
Mimy)=fiM{m), 11y

Mim;) ﬁ‘ Mimy, 14

{} — Mex1 migcucTeM Ta BClEl CHCTEMM;

M(,), M(I,), M(1,), M(IO) MaTeMAaTHIHL cno,uiBaHHH IHTEepBAaJIB IIPUOYTTA (BIIIPABJICHHS)
MICIIEBUX BaTOHOIIOTOKIB JI0 IIJICHCTEM BY3J1a;
M(my), M(my), M(m,), M(ms) — maTeMaTHYHI CHOAIBAHHS KIJBKOCTI MICIIEBUX BATOHIB y IpyIIax,
10 TpubyBaIOTh (Bl,E[HpaB.TIHIOTBCH) o (3) l'Il,E[CI/ICTeM By3J1a;

Hl; HZ, HB

MHOKHHN Hpouecm Ha BXl,Z[HlI/I TeXHl‘IHlI/I BaHTAKHINA Ta BHXl,HHlI/I

TeXHIYHIN CTAHIAX By3JIa BIIIIOBLIHO.
Puc. 2. I'pad Texnos0riuHoil J1iHi mepepodOKN MiCIIeBOT0 BATOHOMOTOKY Y PO3BMHEHUX By3JIax

U — saranpHa KUJIBKICTH INfcucTeM (3asI13HMUY-
HUX CTAQHIIIHN) y CHCTEMI.

Kosxna mpacrcerema Mae HaOlp BJIACHUX €JIEMEHTIB
Ta iX XapaKTEePUCTUK 1 MOKe OyTH IIpe/icTaBJIeHa STK:

W, =G, (K, K} (K K)o (K 2 Ko

(K,:K)\ h=1,2, ., H )

’

ne G, — enemenTy migcucreMm, d € D;

D — KINBbKICTH €JIeMEeHTIB y KOMKHIM MiIcHrcTeMi
(3ami3HMYHIM cTaHII);

Ki: K, K, K, Ks: K, .. Kh K, — Hablp BIOIIOBII-
HUX XapaKTepPUCTHUK eJIeMeHTiB, h € H;

H — xiIbKiCTD XapaKTEPUCTUEK KOMKHOTO eJIeMeH-
Ty IiICUCTEMHU.

Tomi, 3aI3HUYHUI BY30JI € CYKYITHICTIO II1IMHO-
SKIH eJIEMEHTIB Ta IIAMHOMKNIH 1X XapaKTepPUCTHK:

Mo, {UG (K K}, {Kz:Kz},{lg:K3},...,{K,,:Kh}}},
u=1 (4)
h=12, .., H.

EdextuBre QpyHKITIOHYBAHHS PO3BUHEHOTO BY3-
J1a, SIK CKJIaIHOI TeXHOJIOTIYHOI cCuCTeMu Mae Psif 00-
MesKeHb Ta YMOB. [[IIMHOKUHN PISHUX MHIICHCTEM
(3a/I3HUYHMX CTAHIIIN) He MOKYTh MATH 3araJIbHUX
enemeHTiB. [linMHOMKHHN ejleMeHTIB KOKHOI 3 IIif-
CHCTEM MOJKYTH MATH 3araJIbHI €JIEMEeHTH 3 1HIIINMH
HIIMHOMKHMHAME JTAHOI IijcucreMu. BaplanTu ciil-
IyBaAHHS PI3HUX 32 IPpU3HAYEHHAM 1HQOPMAITIHHIX
IIOTOKIB y CHCTeMI1 He MAlOTh IIPUHITUIIOBUX BIIMIH-
Hocreit. OmHaK pyx MaTeplaJabHHUX IIOTOKIB (II0i3111B
Ta IPYI BATOHIB) Mae JIedKl 00OMesKeHHS B1IIIOBIIHO
10 HAJIESKHOCTI 10 TeXHOJIOTIYHUX JIIHIN.

[Tpu mobymo0B1 MaTeMaTHIHOI MOJIEJTI BPAXOBYBA-
JICS HACTYIIHI 00OMEesKeHHI:

Cnoucoxk jgireparypu:

WOW,=1,i= ,Uj=12..,U0

GNG,#,i=12..,D;j=1,2..,D
N :aHT;OTp N :a;aﬂBH (5)

N 6-22 S Nncu 622

Nracar 2-6 < Nscan 22-6

e NI N;HT“" — moTpiOHa Ta HasABHA IIPO-

HyCRHl CIIPOMOYKHOCTI BAHTAMKHOIO XOIy BY3Ja IJIS
BAHTAKHUX II0I31B BIAIIOBIIHO;
NB norp NB HasiBH NB noTp

nacax 6-227 nacax 6-22 7 nacax 22-6 2

B—HasiBH 3
Nnacam 22-6 HOTpl6'

Hi Ta HasBHI IPOILyCKHI CIIPOMOKHOCTI IIACAMKUPCHKO-
ro Xofy Byasja JJIs BAHTQKHHX IOI3JIB y Iepiof 13
06 mo 22% ta 13 22 no 06 rogUHM BIAIOBIIHO.

3 paxyBaHHSM TOrO, IO OCHOBHA yBara HaJe-
SKUTH TEXHIYHIHN I1epepoOIil MICIIEBOr0 BATOHOIIOTOKY,
IPOIECH BAHTAKHUX CTAHINHN JOINJIBHO PO3TJISIATHA
38 TIPUHIAIIOM METOAY «IOPHOI CKPUHBKID (puc 2).
Hanwmit meror mepenbavae NOCITIIPKEHHS BXITHHEX
Ta BHUXLIHHUX IOTOKIB BLIIOBLIHOI IIJICHCTEMH Ta,
Ipy HEOOX1THOCTI, Ha iX OCHOBI BCTAHOBJICHHSI IIPUH-
IUIIiB PYHKINOHYBAHHS 00 €KTa, 110 JOCIIIMKYEThCS.

BucuoBxkn. Hasenene omicaHHsa TeXHOJIOTTYHOL
CTPYKTYPH POSBUHEHOIO 3aJI3HUHOIO By3JIa, a TAKOM
IIpEeJICTaBIIeHIH Tpad) TeXHOJIOTTIHOL JIHII IIepepodKH
MICITEBOT'O BATOHOIIOTOKY Y PO3BUHEHUX BY3JIaX MOYKYTh
3aCTOCOBYBATHCS IIPH IIPOBEIEHH] HAYKOBO-IOCIIIHIIX
POOIT 3 yIOCKOHAJIEHHS eKCILIyaTAIHOI pobOTH Ta pa-
ITIOHAJIFHOIO BUKOPHMCTAHHSA TEXHIYHUX 3aC00IB HA 3a-
JO3HUIAX YKpaiHU. HpI/I ITHOMY OTPHUMAaHi Pe3yIbTaTh
BKa3yITh HA HASBHICTb 3HAYHOIO Pe3epBy y IOKpa-
IIEHH] eKCILIyaTALIAHOI POOOTH 3AII3HUYIHOIO BY3JIa.
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