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PO3PAXYHOK BUBYXOHEBE3IEUHHNX 30H VY PA3I ABAPIMHOI
EMICIi AMIAKY

Mera. 115 pobota nepenbauae po3poOKy MaTeMaTHYHOT MOJICI JJIsl pO3PaxyHKy BHOYXOHEOE3MEYHUX 30H Y pa-
31 aBapiitHoi emicii amiaky. SIk mpuKiIan po3risIHYTO aBapiliHy €MICilo aMiaky Ha TepUTOpii HACOCHOI CTaHIil, 10
3ailicHIOe nepekadyBaHHA. Metoauka. [ po3B’s3aHHS MTOCTAaBICHOI 3a7adi BUKOPUCTAHO PIBHSIHHS UL MOTOKY
HEB’s3KO1 HECTHCIINBOI PIJMHU — PIBHAHHA AJIS MOTEHIIATY MBHAKOCTI. YnceabHe PO3B’A3aHHA BOTO TPHBUMIPHO-
TO PIBHSHHS IPOBEAEHO 3a J0MOMOroo Meroxy Piuapacona. Ilicis Bu3HaueHHS MOTEHIIaTy MIBUIKOCTI po3paxoBa-
HO TI0JIE IIBHJKOCTI HMOBITPSIHOTO TOTOKY. {1 mporHo3yBaHHS BHOYXOHEOE3NEUHHX 30H BUKOPHCTAHO YHCETHbHE
PO3B’si3aHHS TPUBUMIPHOTO DIBHSHHS MacomepeHocy amiaky. [li 4ac BHKOpHCTaHHS i€l MaTeMaTHYHOI MOJEi
BpaxoBaHO HEPIBHOMIpHE MOJE IIBHUAKOCTI BITPOBOTO MOTOKY, 3MiHY BEPTHKAIBHOTO KoedimieHTa aTMocgepHOi
Jdys3ii 3 BUCOTOIO, IHTEHCHUBHICTB eMicii amiaky, Miclle BUKUIly XIMiYHO HeOe3NeuHoi pedyoBUHHU. [[i1s yucenbsHOro
PO3B’si3aHHS PIBHSAHHS IIEPEHOCY amMiaky B aTMOC(EpPHOMY IMOBITPI BUKOPHCTAHO PI3HHULEBY CXEMY PO3LICTIIICHHS.
Ha xoHOMY KpoLi po3ILEIJICHHs HEBiJIoMe 3HAUeHHsI KOHLIEHTPALlil aMiaky BU3HAUEHO 3a SIBHOIO CXEMOO OKy4O-
ro paxyHky. Pe3dyabraTtu. Ha ocHOBI po3po0ieHoi MaTeMaTHUHOT MOJIel MPOBEEHO OOUNCITIOBAIBHHN €KCIIepH-
MEHT JUIsl OL[IHKH JIMHaMiku (opMyBaHHSI BUOYXOHEOE3NEeUHNX 30H Ha TEPUTOPIl HACOCHOI CTaHIii, 110 NmepeKayye
amiak. OTpumaHo iHpOpMamito mpo (GopMyBaHHA 30H XIMIYHOTO 3apakeHHS Ha TEPHUTOPii HACOCHOI CTaHIIIi.
HaykxoBa HoBU3HA. P03p0o0iieHO MaTeMaTHYHy MOJIETb, 10 JO3BOJISIE OIIEPATUBHO PO3PaXxOBYyBaTH JUHAMIKY (op-
MyBaHHS BHOYXOHEOE3IEeUHHX 30H Ha TEPHUTOPii XiMiYHO HeOe3medHoro 00’eKTa B pa3i BHHUKHEHHS HaJI3BHYAHHOT
curyaii. L{s Mogens Moxe OyTH BUKOPHCTaHa JUIS OLIHKH PHU3UKY TOKCHYHOTO ypasKeHHS JIIoAeH Ha XiMidHO Hebe-
3MEYHOMY O0’€KTi MiJl Yac BUHUKHEHHS aBapiiiHuX cutyarii. [IpakTuuna 3HaunmicTs. Ha 0a3i po3pobieHoi un-
CeJIbHOT MOJIeJi CTBOPEHO KOMIT IOTEPHY IIPOrpamy, 110 JO3BOJISIE IPOBOIUTH CEPiliHI 00UYHMCIIOBAIbHI eKCIIEPUMEH-
TH 3 BH3HAUEHHs JUHAMIKK (OPMYyBaHHS 30H XIMIYHOTO 3apaskeHHs aTMoc(epHOro noBiTps. [ BUKOpUCTaHHS
PpO3po0bIIeHOT mporpamMu HeoOXiIHI CTaHAapTHI BXiaHI AaHi. Po3pobieHa uncenbHa MOJICb MOXKe OyTH BUKOPUCTaHA
JUIsl IPOBEJICHHS CepiHUX po3paxyHKiB miJ yac po3pobku [IJIACy (mnan mikBixauii aBapiiiHOT cuTyarii) ais Ximi-
YHO HeOe3MeUHNX 00’ €KTIB.

Kntouosi crnosa: xiMidHe 3a0pyTHEHHSI aTMOC(EpH; aMiak; YHCeIbHE MOACTIOBAHHS

Beryn najiKax HaJ3BHYalHUX CHUTYyalliil Ha XIMIYHO HeOe-
3neuHnx 00’exTax abo tepaktis [1, 2, 4, 6-9]. [lo
TakuX 00’€KTiB B YKpaiHi HaJeKUTh aMiaKoIpo-
Bog «Tonbsrri — Onmecay. Llei 00’ ekt € moTeHIia-

VY Ham yac 3HauHy yBary NpHBEpPTalOTh 3aaadi
OLIIHKK 3a0pYAHEHHSI HABKOJHIIHHOTO MPHPOHO-
T'O CEepeIOBUINA Ta PU3KKY YPaXKEHHS JII0JIeH y BU-
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JILHUM JDKEPENIOM HeOe3Neku, 00 y BUMAJKy aBa-
pifiHOi cutyamii B atMmocdepHe TOBITPS MOXKeE IOT-
paruIATH 3HAYHA KUTBKICTH TOKCHYHOI PEYOBHHHU.
Jlo KoMIUIeKCy 3a/1a4, SKi PO3risAaloTh y pasi Mo-
JKITMBUX aBapiii Ha TaKWX XIMIYHO HEOE3MeUHHX
00’€KTax, HaJeKaTh 3a/1a4i 3 BU3HAYCHHI BHOYXO-
HeOe3neuHux 30H. Lli 300U hopMyrOThCs 011 Mic-
I BATOKY XIMIYHO HE0E3IMeYHOT PEUOBUHH, a PO3-
MipHd 30H 3MIHIOIOTBCS 3 4YacoM. Jlis mpakTHKu
BaXXJIMBO MaTH HalidHy iHopmanito moao ¢op-
MyBaHHS BHOyXOHEOE3MEeYHHX 30H Oinst 00’ekTa
3 METOK 3HIKCHHS PH3HKY YPaXKCHHS JIOJCH.
Crnig mIKpEeCHTH, M0 OCOOJHMBO BAXKIMBO MaTH
Taky iH(opMaliro s HACOCHHUX CTaHIlH, 1O Te-
pekauytoTh amiak. Lle moB’sa3aHo 3 THUM, IO HA Te-
puTOpii HACOCHHUX CTaHIN MepeOyBarOTh JIOIH,
1 MOXKJIMBI cUTYallil, 32 SiIKux OyJe MaTtu BUOYX Cy-
MilI «aMiak+MmoBITPsI».

Juis po3B’si3aHHS 33729 HOTO KJacy HeoOXia-
HO IIBUAKOPO3PaxyHKOBI MaTeMaTHU4Hi MOJEIi,
IO JA03BOJISIIOTH Y PaMKax 0OMEKEHOTo 4acy, Mmpo-
BOJIMTH cepiitHi po3paxyHku [10-14].

Meta

VY umiii poboTi MU mependavyaEMo pPoO3poOUTH
YUCCIbHY MOZACIbL JIs OIICPATHUBHOI'O IIPOTHO3Y-
BaHHS BUOYXOHeOE3MeUHNX 30H i Yac aBapiiHoOl
emicii amiaky.

MeTtoauka

[Mporiec MOIMIMPEHHsI amMiaKy y BHIAIKy HOTo
aBapiifHOro0 BHKHUIY OyJeMO pO3paxOByBaTH Ha
0a3i HACTYIHOTO PiBHIHHS MacornepeHocy [2, 3, 5]:

oCc auc avc o(w-wy)C
— A —+—+
o ox oy oz

+0C =
=div(ugradC)+

-3 (08(-%)3(y = )8(z-

ne C — xoHIEHTpalisg amiaky; U,V,W — KOMIIOHE-
HTH BEKTOpa IIBUAKOCTI BITPOBOTO IOTOKY;

8(x—x)8(y—y;)d(z-z) -
Hipaka; pu= ( oty uz) — koe(iieHTH TYpOyIIeH-
THOT udysii; X, Vi, Z

z), (1)

JenbTa-QyHKITis

— KOOpAWHATHU JKEpEila BU-

KUy aMiaKy; G— KOC(QII[i€HT, 1[0 BPaXOBYE XiMi-
YHUA PO3Maj JOMIIIKW, BUMHBAHHS OIaJaMu;

Q — IHTEHCHUBHICTh BHUKHAY aMiaxy; W, — IIBHA-

KIiCTh I'paBiTaIlifHOrO OCiIaHHs JOMIIIKH; t — Yac.
KpaifoBi yMOBU Uil piBHSHHA MacoOIEpPEeHOCY
po3risHyTI B [5].
[lix gyac mpoBemeHHs po3paxyHKiB OyIeMo Bpa-
XOBYBAaTH HEPiBHOMIPHICTh BEPTHKAIBHOTO Koedi-
uienTta nudysii Ta MBUIKOCTI TOBITPS MO BUCOTI

z P z "

U=u | — | 1 =k|—1,
2, ’ z
l’lx:“y:kou’ (2)

ne p=0,15; m=1; k;=0,2; k, =0,1+1.

Jns gucenpHOTO iHTerpyBaHHS piBHSHHS (1)
OyZIeMO BHKOPHCTOBYBATH KiHIIEBO-Pi3HHIIEBI Me-
tonu. [lonepeaHpbo 3AIHCHUMO PO3IICIUICHHS PiB-
HsHHA (1) Ha MOCTINOBHICTH PO3B’SA3aHHS HACTYII-
HUX PiBHSHB!

oC ouC 8( j
_+ [ —

ot  ox oX

Ay
a oy oy

§+ a(W—Wg)C 0 ( ac)
ot oz oz oz

&5 +0C =20, (03(x- % 1)3(y - 0). 3

JIJis 9MCeNIbHOTO 1HTErpyBaHHS MEPUINX TPhOX
PIBHSIHb BHUKOPHUCTOBYIOTh HESIBHY IMOMEPEMiHHO-
TPUKYTHY PI3HUIICBY CXEMY.

PosriissHeMo moOy0By 1i€l pi3HUIIEBOT CXEMHU.
BukonaeMo HacTyIHi niepeTBopeHHs [5]:

ouC _ ou'C N ouC.
X X ox
ovC _ 8v+C ov C.
oy oy oy
owC _ ow'C N ow C
oz oz oz
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2 2 2
oV e we
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Jlayii BUKOHAa€EMO anpOKCUMAIII0 TOXITHUX TaK

[5]:
5 (u acj . Cliix —Citk
X X

ox\ " ox AX®
1 1
_HX ClnTkA S'an k =M: Cn+1 + M Cn+l
X
2, )., Clix —Ciljk
ay y ay y AyZ
1 1
_uy Cln;rkA S'n]r 1,k =M= CI’H—l + M Cn+1
Yy
2 6C C|nT]i(+l Clnﬁ(
a\"teo) " AZ*
1 1
_HZ C|nIrkA C2:|nJ+k -1 — M Cn+1+ M Cn+1
z

JUtst  anpokcuMarlii KOHBEKTHBHHX IOXIJHHX
BUKOPHUCTOBYEMO Bupasu [3]:

ou'C uitrlj Cln;rlk :j,kcilz,lj,k +n+l .
x AX =hL&
ou C u|+lJ kclTllj | j, kcln;rlk —A~n+l .
L= o - e,
X
ov'C N Vi+,j+l,kCi,j,k _V:j,kCi,j—l,k _ e
oy Ay o
8v8yC N Vi,j+1,kCi,j+1£ Vi, kC _ L;,C”*l ,
Yy
8W+C Wi kaCiik =W kG ik i
oz AZ =LCT

aW_C W i, k+lCi,j,k+l _WI i, kC
oz Az

— L CI’]+1

PisHnneBy cxemy, 3a JONOMOTOI SKOI BH3HA-
YJal0Th KOHIICHTPAIlil0 XIMIYHO HEOE3MeYHOI pedo-
BHHH, PO3MIBTHEMO HA TPUKIIAII TUTBKH TIEPIIOTO
piBHsHHs i3 cuctemu (3). PisHumeBa cxema mae
BUTJISI:

—  HA MepIIOMY KpOIli pO3IIETICHHS:

k n
Ciise =Ciin L,C* =M CK+M_C"; (4)
At

— Ha Apyromy KpOHl PO3IICTIIICHHA:
Cn+1 C
i,j.k (] + L—XC n+l

=M;C"+M_,C". (5)
At

Ti cami Aii mpoBOANMO IUIsL APYTOTO Ta TPETHO-
T'O PIBHSHHS i3 CHCTEMH PiBHSHB PO3IICTICHHS.

3naueHHs1 koHIEHTpanii C Ha KOXHOMY KpOITl
PO3ILETIIEHHS 3HAXO0IUMO 3a (OPMYJIOI0 «pO3paxy-
HKY, 0 OLKUTB». OCTaHHE PIBHSHHS 13 CHCTEMH
(3) po3B’si3yemo 3a momomororo Merony Eitnepa.

JInst MaTeMaTH4HOrO MOJICIIOBAHHS ITOJIS BiT-
pOBOTO TOTOKY Ha TEPUTOPii MPOMHUCIOBOTO
00’€KTa, e Ma€ Miclie BUKHAJ XIMIYHO HEOE3EYHOI
pevoBHHH, OyJia BUKOpHCTaHAa MOJETh Tedii inea-
TBHOT pinuHu. MozentoBaibHe PiBHSHHS B IIbOMY
BUIMAJKy Ma€ BUTsiz [5]:

o°P . o°P . o°P
ox2  oy?  or?
Jie P — noTeHIjai mBUIKOCTI.

KoMmnoHeHTH MBUAKOCTI MOBITPSHOTO MOTOKY
BU3HAYAIOTh TaK:

=0, (6)

oP oP oP

U=s—V=—" W=—., @)
X oy oz
I'pannyHi ymoBH a5t piBHSHHSA (6) TaKi:
oP
1) P 0 Ha HENMPOHMKIMBHUX T'PAHMILIX Ta HA
n

BEpXHiil MOBEPXHI pO3paxyHKOBOI 30HH,

oP . .
2) a—an Ha TpaHWulll, J€ TMOTIK BXOIUThb
n

y pO3paxyHKOBY 30Hy, V., — BiJjoMa HIBHIKiCTh

n
MOBITPS;

3) P = const — Ha rpaHuUIli «BUXOAY» TOTOKY i3
30HH.

Jiist uncenbHOTO po3B’si3aHHs piBHSAHHSA (6) BU-
KOPHCTOBYIOTh MeToJ] PidapicoHa, Tomy 1e piB-
HSTHHSI TPUBOJIUMO JIO BUTJISIAY:
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oP _o°P 0°P O°P
— =ttt (8)
ot ox° oy° oz
ne t — dikTuBHMIA Yac.

Po3paxyHKOBY 3aJeKHICTh JAJsl BHU3HAYCHHS
MOTEHIIi Ty IBHIKOCTI 3aIMCYyEMO TaK:

n n n
N+l _pn At Pivjk — 2Bk + B«
ik = Fijk 2
n n n
LAt Pk — 2Pk + Bk
Ay?
P", . —2R" +P"
okt k T Fijk—
+AL y M (9)

AZ?

Po3paxyHok 3a 3anexHicTio (9) 3aKiHUyeThCH,
KOJIM BUKOHYETHCS YMOBA!

n+1 n

ik~ i,j,k‘sgi (10)

Jie € — Majie Yucio; N — HoMep iTepallii.
KoMInoHeHTH BeKTOpa IIBHIKOCTI BU3HAYAIOTh

TaK.:

Rk PR, Rk Rk
Uik = s Vijk = ;
AX Ay
Bk =Rk
Wi = Az

Ha 6a3i po3risiHyTHX pi3HUIEBHUX PiBHSHB Oyiia
CTBOpEHa KOMIT'I0TepHa nporpama. J{ist ko/yBaH-
HS PI3HUIEBUX PiBHSAHB BUKOpUCTaHO DopTpaH.

PesyabTaTtn

Ha 6a3i po3po6ienoi yucensHoi Mojeni Oyio
MPOBEJCHO PO3pPAaxXyHKH 3 BH3HAYCHHS BHOYXOHE-
0e3nevHnX 30H Ha TEPUTOPii HACOCHOI CTaHIIi1, 10
nepekauye amiak. Ilig 4ac mpoBeneHHsT 0OYUCITIO-
BAIBHOTO EKCIEPHMEHTY B3STO, IO IIBHUJIKICTH
BITpY MAOpiBHIOE 3 M/C, IHTEHCHBHICTh BHKHIY

100 xr/c, Wy _1CM/C, c=0,

Po3paxyHkoBa cxemMa MPOMHCIOBOTO 00’ €KTa
(MonenbHa 3ajaya, CTaHINS MEepeKadyBaHHsS amia-
Ky) Ta Miclle BUKHIY aMiaKky Ha TepUTopii 00’ exTa
MoKa3aHo Ha puc. 1.

Ha puc. 2, 4 moka3aHo 30HY XIMIYHOIO 3apa-
KEHHSI aTMOC(EpHOTO MOBITPSl HA TEPUTOPII Haco-
CHOI CTaHIii, e Mae Miciie BITOK aMmiaKy. 3Ha4eH-

HSl KOHIIGHTpalil amiaky HaBeleHO B 0e3po3Mmip-
HOMY BUITIAI, KOKHE YHCJIO HA IIMX PHCYHKax
MIpeICTaBIsIE KOHIICHTPAIIIID aMiaKy y BiJICOTKax
BiJl MaKCHMAaJIbHOTO 3HAYCHHs KOHLEHTpamii Ha
KOHKPETHHI MOMEHT Jacy B ITiif 30Hi.

v

Puc. 1. Po3paxynkoBa cxema:
1 — OyziBii Ha TepUTOPIT HACOCHOT CTaHIIIT;
2 — Micie BUKHAY aMiaky; 3 — TIOJI0KEHHS peLenTopa

Fig. 1. Sketch of computational region:
1 — ammonia pump station buildings;
2 — spot of ammonia emission; 3 — receptor position

Puc. 2. 3oHa 3a0pyaHeHHs: aTMOC(HEPHOT0 MOBITPS
(piBens Z = 2m, t = 35c¢)

Fig. 2. Computed zone of chemical contamination
(level z=2 m, t = 35sec)

Sk 6aunmo 3 puc. 2, 4, Ha TEpUTOPii HACOCHOT
CTaHIl JyXe IMBUAKO (OPMYETBCS BENHKA 30HA
XIMIYHOTO 3apakeHHs. J[JIs NpakTUKH BaXKIMBO
MaTH iH(popMaLio Ipo po3Mipu BUOyxoHeOe3mey-
HUX 30H, IO 3’ABISIOTHCA y BHIAJAKY aBapiiiHHX
curyaniid. Y po3poOieHili KoM 10TepHii nporpa-
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Mi HasiBHA OMepallis MI0A0 JAPYKY BUOyXoHeOe3me-
YHUX 30H Ha TEpUTOpii XIMIYHO HEOEe3IMeuHOro
o6’exta. Y 1pOMYy BHMAIKy BHOyXOHeOe3ledHa
30Ha — II¢ 30HA JIe¢ KOHIIEHTpAIlis amiaky mnepely-
Bana B miamasoni 106-198 r/m3. Komm’rotepHa
porpaMa BHJIIISE TaKy 30HY IPYKOM duciia «99y».
e no3Boissie Ayxe MBUAKO MpoaHali3yBaTH pO3-
Mipu BHOYXOHEOE3NMEYHHX 30H Ha TepUTOpil
00’eKkTa TiJ Yac TPOBEACHHS OOYHCITIOBAILHOTO
eKCIEpUMEHTY ¥ OLIHIOBAaTH 3MiHYy IIMX 30H i3 4a-
coMm. Tak, Ha puc. 3, 5 HaBeneHi BuOyxoHeOe3mey-
Hi 30HM JIJIS1 PI3HUX MOMEHTIB 4acy IMicIs MOYaTKy
aBapiifHOTO BUKUAY aMmiaKy. 30HH ITOKa3aHi 3a J0-

0 "X

Puc. 3. BuOyxone0e3neyHa 30Ha:
1 — mexa 30nu (piBens Z = 2Mm, t = 35¢)

Fig. 3. Computed zone of possible explosion:
1 — zone boundary (level z =2 m, t = 35sec)

Puc. 4. 3ona 3a6pyaHEeHHS aTMOC(EPHOTO TOBITPA
(piBenn Z = 2m, t = 55¢)

Fig. 4. Computed zone of chemical contamination
(level z =2 m, t = 55sec)

0 0 099 99

Puc. 5. Bubyxonebe3neuna 30Ha:
1 — mexa 30HU (piBeHb Z = 2M, t = 55¢)

Fig. 5. Computed zone of possible explosion:
1 — zone boundary (level z =2 m, t = 55sec)

3 anamizy puc. 3, 5 MOXHa 3p0OUTH BHCHOBOK,
0 y BUMAJKYy aBapiifHOrO BUKHJIY amiaky Ha Te-
puTOpii HACOCHOI CTaHLii AyXe MBUAKO (HopMy-
€ThCcsl BUOYyXOHeOe3meuHa 30Ha O OyiBimi Haco-
cHoi cranmii. Llg 30Ha «oxormurtoe» OyIiBIIO HACO-
CHOI CTaHIil, OCKUIBKH BHOYX MOXXe OyTH SK Ha
HaBITPSHIN, Tak 1 Ha MABITPAHINA CTOPOHI OymiBIL.

Ha puc. 6 HaBeneHa KOHIIEHTpAIlisl aMiaKy Oijst
OyJIMHKY HACOCHOI CTaHIIil, e MaB MiCIle aBapiii-
HUIA BUTIK (piBeHb Z = 2M). 3Ha4YCHHs KOHIICHTpa-
il MpUBENICHO JUIsl TOYKH, IO MOKa3aHa Ha puc. 1
SIK MICIIE TTOJIOKEHHS PEIeTopa.

C,r/m3
180
170
160
150 - [‘___ —
140
130 /
120 4
110 {
100
90
80
0 10 20 30 40 50 t, C

Puc. 6. Konnenrpauis amiaky 611st OyaiBii
(piBenb z = 2m)

Fig. 6. Computed ammonia concentration
near building (level z=2 m)

Creative Commons Attribution 4.0 International
doi: https://doi.org/10.15802/stp2019/181478

© JI. B. Amenina, O. B. Bepios,
M. I'. Maurorin, 3. M. SIky6oBceka, 2019

11


http://creativecommons.org/licenses/by/4.0/

ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayxka ta nporpec Tpacnopty. Bicaux /IHinponeTpoBcskoro

HAL[IOHAJILHOTO YHIBEPCUTETY 3alli3HHYHOr0 TpaHcnopty, 2019, Ne 5 (83)

EKOJIOI'I TA IIPOMUCJIOBA BE3IIEKA

Sx Gaunmmo 3 puc. 6, Oinst OyaiBmi Bxke 3a 7 ¢
Oyne Matu Mmicuie BUOyxoHeOe3leuHa KOHIIEHTpa-
i cyMilmi, B pa3i BHHUKHEHHS JDKepena Teria —
BUOYX.

Crmim 3a3HAYUTH, IO JUIS PO3B’SI3aHHS 3amadi
MOTPiOHO OYII0 5 ¢ KOMIT IOTEPHOTO Yacy.

HaykoBa HOBU3HA i IpaKTUYHA
3HAYNMICThH

Po3pobnena uucenbHa MOJENb JTO3BOJISIE OIIe-
paTUBHO TMPOTHO3YBaTH AWHAMIKY (opMyBaHHS
30H XiMIYHOTO 3apa)XeHHSI aTMOC(EPHOro MOBITPS
y BUNIQJIKY aBapiifHOTO BUTIKY amiaKy Ha TEpPHUTOPIi
HACOCHOI CTaHIlii, A€ BiIOYBa€ThCsl MOTrO TMepeKa-
yyBaHHs. OCOOJUBICTIO MOJEII € MOMJIUBICTh
OTIEPaTHBHOTO MPEICTABICHHs iH(OpMaIii momo0
po3MipiB BUOYXOHEOE3NMeuHuX 30H Ha TEPHUTOpii
00’eKkTa 1 iX 3MiHa 3 YacoM, MiCIs aBapii.

Mogens 103BOJISIE IIBUAKO TPOBOAWUTH IIPO-
THO3HI PO3paxyHKH Ha KOMIT FOTepax Maioi Ta ce-
penHboi MOTyKHOCTi. BoHa BpaxoBye HaHOinbIn
cyTTeBi Pi3nuHi akTOpH, IO BIIMBAIOTH Ha (HoOp-

MyBaHHS 30H XiMIYHOTO 3apa’keHHsI, a came: IIBU-
JIKICTh TIOBITPS, MOTYXXHICTH JDKEpena emicii, aT-
MocdepHy TypOyieHTHY nudy3ito, HasBHICTH Oy-

niBenmb Ha TepuTopii XiMi4HO HEOE3MeYHOro
00’€eKTa.

Mopnens Moxke OyTr BUKOpHCTaHa Tif] 4ac po3-
pooku IUUIACy gmnst  ximiuHO  HeOe3meuHux

00’eKTiB. Y mMoAanblIOMy MOTPiOHO PO3POOIATH
MaTeMaTHYHy MOJENb AepOAMHAMIKH, IO BPaxo-
BY€ B’SI3KICTh MOBITPSL.

BucHoBku

1. 3anpornoHoBaHO MaTeMaTU4HY MOJIENb ISt
OIIHKU PO3MipiB BHOYXOHeOE3MeuHnX 30H y pasi
aBapifHUX BUKHIIB aMiaKy.

2. Po3po0iieH0 KOMIT'IOTepHY Mporpamy i
MIPOBEJIEHHS EKCIPEC-PO3PAaXyHKIB 13 BU3HAYECHHS
JUHAMIKH (OPMYBaHHS 30H XIMiYHOTO 3apa’keHH:
ITiJ] Yac aBapiiHUX BUKHIIIB aMiaky.

3. BukoHaHO mporHO3 po3MipiB BHOYXOHEOE3-
MEYHUX 30H Y BUIIAJIKY aBapiiiHOTO BUKUIY aMiaky
Ha CTaHIIii epeKavyBaHHSI.

CIIMCOK HCIIOJIb3OBAHHBIX NCTOYHUKOB

1.  AnsvmoB, B. T. TexHoreHHbIil puck. AHaIU3 U OICHKA : y4eO. mocobue mist By3oB / B. T. Aneimos, H. I1. Ta-
pacoBa. — Mocksa : Akanemknura, 2004. — 118 c.

2. Benser, H. H. 3amuTa 31aHuii OT MPOHUKHOBEHUS B HUX OIMACHBIX BemiecTB : MoHorpadus / H. H. benses,
E. 10. T'ynbko, H. B. Poctounno. — Inenponerposck : Axuent I1I1, 2014. — 136 c.

3. Mapuyk, I 1. MaTtemarudeckoe MOJEIUpOBaHHE B IpodOieme okpykaromeid cpemsr / . M. Mapuyk. —
Mocksa : Hayka, 1982. — 320 c.

4, OI_[eHKa TEXHOI'CHHOI'O pUCKA IIPHU SMHUCCHHU OMMACHBIX BCHICCTB HA KCJIC3HOAOPOKHOM TPAHCIIOPTE / H. H. Be-
nses, E. 0. I'ynbko, I1. C. Kupuuenko, JI. . MynTsan. — Kpusoii Por : P. A. Kosnos, 2017. — 127 c.

5.  UYwuciaeHHOE MOICIMPOBAHHE PACIPOCTPAHCHHUS 3arpsi3HCHHsS B OKpyskaromied cpemxe / M. 3. 3rypoBckwuii,
B. B. Cxomnernkuii, B. K. Xpymi, H. H. benses. — Kues : Hayk. gymka, 1997. —368 c.

6. Barret, A. M. Mathematical Modeling and Decision Analysis for Terrorism Defense: Assessing Chlorine
Truck Attack Consequence and Countermeasure Cost Effectiveness : Degree of Doctor of Philosophy / Antho-
ny Michael Barret ; Carnegie Mellon University. — Pittsburg, Pennsylvania, 2009. — 123 p.

7. Berlov, O. V. Atmosphere protection in case of emergency during transportation of dangerous cargo /
0. V. Berlov // Hayka ta nporpec tpancrnopty. — 2016. — Ne 1 (61). — C. 48-54. doi: 10.15802/stp2016/60953

8.  Biliaiev, M. M. Numerical Simulation of Indoor Air Pollution and Atmosphere Pollution for Regions Having
Complex Topography / M. M. Biliaiev, M. M. Kharytonov // NATO Science for Peace and Security. Series C:
Environmental Security. — Dordrecht, 2012. — P. 87-91. doi: 10.1007/978-94-007-1359-8 15

9. CEFIC Guidance on safety Risk Assessment for Chemical Transport Operations [Enexrponnuii pecypc] //
Croner-i. — Pexum  gocrymy:  https://app.croneri.co.uk/news/cefic-guidance-safety-risk-assessment-
chemicaltransport-operations?product=139 — Hassa 3 expana. — Ilepesipeno : 15.10.2019

10. Development of advanced mathematical predictive models for assessing damage avoided accidents on poten-
tially-dangerous sea-based energy facility / Aleksandr Tumanov, Vasily Gumenyuk, Vladimir Tumanov // IOP
Conf. Series: Earth and Environmental Science. — 2017. — Vol. 90. doi: 10.1088/1755-1315/90/1/012027

Creative Commons Attribution 4.0 International
doi: https://doi.org/10.15802/stp2019/181478

© JI. B. Amenina, O. B. Bepios,
M. I'. Maurorin, 3. M. SIky6oBceka, 2019

12


http://creativecommons.org/licenses/by/4.0/

ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayka Ta nporpec tpancrnopty. BicHuk J{HIIponeTpoBcbKOro
HAL[IOHAJILHOTO YHIBEPCUTETY 3alli3HHYHOr0 TpaHcnopty, 2019, Ne 5 (83)

EKOJIOI'I TA IIPOMUCJIOBA BE3IIEKA

11. Effect of barriers on the status of atmospheric pollution by mathematical modeling / Zahra Naserzadeh, Fa-
riden Atabi, Faramarz Moattar, Naser Moharram Nejad // Bioscience Biotechnology Research Communica-
tion. —2017. — Vol. 10 (1). — P. 192-204.

12.  Multi-Objective Optimization Model of Emergency Organization Allocation for Sustainable Disaster Supply
Chain / Cejun Cao, Congdong Li, Qin Yang, Fanshun Zhang // Sustainability. — 2017. — Vol. 9. — Iss. 11.
doi: 10.3390/su9112103

13. Protective Action Criteria. A Review of Their Derivation, Use, Advantages and Limitations [Enexrponmwii
pecype] /I Environmental Public Health Science Unit, Health Protection Branch, Public Health and Compli-
ance Division, Alberta Health. — Edmonton, Alberta, 2017. — Pexum nocryma: http://open.alberta.ca/
publications/9781460131213 — Ha3zga 3 ekpana. — [lepesipeno : 15.10.2019

14. The analysis of the use of mathematical modeling for emergency planning purposes / Ondrej Zavila, Pavel
Dobes, Jakub Dlabka, Jan Bitta // The Science for Population Protection. — 2015. — No. 2.

JI. B. AMEJIMHA'", A. B. BEPJIOB?", M. I'. MAJIIOT'MH?*", 3. M. IKYBOBCKA 51**

MKad. «'uapaBnuka u BOJ0CHA0XeHHEY, JIHUMPOBCKHI HAIMOHATLHEIM YHABEPCUTET HKeJIE3HOA0POKHOTO TPAHCIIOPTA HMEHH

akanemuka B. Jlazapsina, yi. Jlazapsina, 2, luunpo, Ykpanna, 49010, Ten. +38 (056) 273 15 09,

9J1. mouTa water.supply.treatment@gmail.com, ORCID 0000-0002-8525-7096

Kad. «B5e30MacHOCTh XU3HEAATENbHOCTH», [ BY3 «IIpuaHenpoBckas ToCy1apCTBEHHAs aKaJeMHUs CTPOUTENBCTBA U ApXUTEK-
TypbI», yi1. UepHsieBckoro, 24a, Jlnunpo, Ykpauna, 49600, ten. +38 (056) 756 34 57, sn. moura berlov@pgasa.dp.ua,

ORCID 0000-0002-7442-0548

¥"Kad. «b5e30macHOCTh KM3HEAEATENLHOCTHY, T BY3 «IIpuaHenpoBcKas ToCy1apCTBEHHAs aKaleMUsl CTPOUTENILCTBA U APXUTEK-
TYpBI», yi1. UepHbieBckoro, 24a, Jlnunpo, Ykpauna, 49600, ter. +38 (056) 756 34 57, sn. moura pa9@bigmir.net,

ORCID 0000-0001-9422-8265

YKa¢. «Pusnka», YKpauHCKHii rOCY1apCTBEHHbI XMMUKO-TEXHOJIOTHYECKHI YHUBEpCUTET, TIp. ['arapuna, 8, Jlaumnpo, Ykpau-
Ha, 49000, Tet. +38 (056) 753 56 38, >1. mouta physics@udhtu.edu.ua, ORCID 0000-0002-9893-3479

PACYET B3PbIBOOIIACHBIX 30H ITPU ABAPUMHON YMUCCHUH
AMMMAKA

Hensn. [lanHas paboTta mpeaycMaTpuBaeT pa3pabOTKy MaTeMaTU4eCKOH MOJEIHU s pacdera B3pPhIBOOMACHBIX
30H IIPHU aBapuHHON SMUCCUM aMMMaka. B kauecTBe npumepa paccMoTpeHa aBapuiiHasi SMUCCHS aMMHaKa Ha TeppHU-
TOpPUH MEpeKauuBaroIIed HAacOCHOM craHuuu. Meroauka. (s pemieHusl MOCTABIEHHOM 3alayd MCIOJIb30BAHO
YpaBHEHHE JJIsl MOTOKA HEBSI3KOW HEC)KUMAEMOM >KMJIKOCTH — ypaBHEHHUE Ul MOTEHIMala CKOpocTU. YHcIeHHOe
pelIeHne TaHHOTO TPEXMEPHOIO YpaBHEHUS IPOBEJEHO ¢ oMolIbio MeTosa Puuapacona. Ilocie onpeaenenus no-
TEHLUaa CKOPOCTH PACCUYUTAHO IOJIE€ CKOPOCTH BO3AYIIHOTO MOTOKA. J{JIl MPOTrHO3UPOBaHUs B3PHIBOOMACHBIX 30H
HCIOJIb30BaHO YUCJIEHHOE PELIEHUE TPEXMEPHOI'0 ypaBHEHUS MaccolepeHoca aMmmuaka. [Ipu ncnonb30BaHUM 3TOR
MaTeMaTHYEeCKOH MOACIN YUYTCHBI HEPABHOMEPHOC ITOJIE CKOPOCTU BETPOBOTO IMOTOKA, UBMCHCHHUE BEPTUKAJIBHOT'O
ko3 dunueHTa arMochepHOi TUPPY3Un ¢ BHICOTON, HHTCHCHBHOCTh IMHUCCHH aMMHaKa, MECTO BhIOpOCa XUMHUYE-
CKHM OIaCHOTO BelIeCTBa. J[Jsi YMCIIEHHOTO pelleHHs YpaBHEHHUs IIepeHoca aMMHuaka B aTMOC()EPHOM BO3JyXe HC-
MOJIb30BaHA Pa3HOCTHAs cXxeMa pacuierieHns. Ha kaxoM mmare paciieruieHus] HeM3BECTHOE 3HaUeHHe KOHIEHTpa-
LMW aMMHaKa OTpEJIEICHO 1O SIBHOW cxeme Oeryiero cuera. Pesyabrarbl. Ha ocHOBe pazpaboTaHHON MaTeMaTu-
YEeCKOH MOJENH MPOBEICH BHIYHCIHTEIBHBIA AKCIIEPUMEHT 110 OI[CHKE JHHAMUKH (POPMUPOBAHUS B3PHIBOOTIACHBIX
30H Ha TEPPUTOPHH HACOCHOW CTaHIWMH, IepekaynBaroneii ammuak. [lomydena nadGopMarmst o GopMHUPOBAHUH 30H
XAMHUYECKOTO 3apa)KCHHS Ha TEPPUTOPUH HacocHOW craHumy. Hayunasi HoBu3Ha. Pa3paborana maremarmdeckast
MO/JIeJNb, TTO3BOJISFONIAS OTIEPATUBHO PACCUMTHIBATH TUHAMUKY (POPMHUPOBAHUS B3PHIBOOIIACHBIX 30H Ha TEPPUTOPHU
XAMHWYECKH OTTACHOTO 0OBEKTa MPU BOSHUKHOBCHHUH UPE3BBIUANHON CHTyallu. JTa MOJEIb MOXET OBITh UCITONIB30-
BaHa JIJIs OICHKH PUCKA TOKCHUYECKOTO MOPAKCHUS JIFOJeH HA XUMHYECKH OMACHOM OOBEKTE MpPU BOZHUKHOBEHHUH
aBapuiiHbIX cuTyanuii. [IpakTHyeckas 3HauuMocTh. Ha 0asze pa3paboTaHHOW YHCICHHON MOAENH CO3daHa KOM-
IBIOTCpHASA IporpamMma, IMO3BOJIAOINAsA MPOBOJIUTH CepI/II\/’IHHe BBIYHUCIIUTEIBHBIC SKCIIEPUMECHTBI 110 OIIPEACIICHUIO
JTUHAMUKHA (OPMHPOBAHUSA 30H XUMHUYECKOTO 3apaKeHHs aTMocdepHoro Bosayxa. s mcmomb3oBaHUs paspado-
TaHHOU IIporpaMMbl HeO6XOIII/IMI)I CTaHAApPTHBIC BXOJHBIC TaHHBIC. Pa3pa60TaHHa;1 YUCJICHHAsI MOACJIIb MOXET OBITH
HCTIONB30BaHa JJIs IPOBEJCHNS CEPUIHBIX pacueToB mpu pa3padotke IIJIACa (mmaH TUKBUAANN aBapUHHON CUTY-
alum) ISl XAMUYECKH OMTACHBIX OOBEKTOB.

Kutouesvie cnosa: Xummdaeckoe 3arps3HEHHE aTMOC(EPBI; aMMUAK; YHCICHHOS MOJICIIUPOBAaHUC
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CALCULATION OF EXPLOSIVE ZONES IN EMERGENCY EMISSION
OF AMMONIA

Purpose. This work involves the development of a mathematical model for the calculation of hazardous areas
during emergency ammonia emissions. As an example emergency ammonia emissions at the pumping station are
considered. Methodology. To solve this problem, we used the equation for the flow of ideal liquid — the equation for
the velocity potential. The numerical solution of this three-dimensional equation is carried out using the Richardson
method. After determining the velocity potential, the air velocity field is calculated. To predict explosive zones,
a numerical solution of the three-dimensional equation of the ammonia mass transfer is used. When using this math-
ematical model, the non-uniform field of the wind flow velocity, the change in the vertical coefficient of atmospher-
ic diffusion with height, the intensity of ammonia emission, and the place of release of the chemically hazardous
substance are taken into account. To numerically solve the equation of ammonia transport in atmospheric air, a dif-
ference splitting scheme is used. At each step of the splitting, the unknown value of ammonia concentration is de-
termined by the explicit formula of the point-to-point computation. Findings. Based on the developed mathematical
model, a computational experiment was conducted to assess the dynamics of the formation of explosive zones in the
territory of a pumping station that pumps ammonia. Information was obtained on the formation of chemical contam-
ination zones at the pumping station. Originality. A mathematical model has been developed that allows you to
quickly calculate the dynamics of the formation of explosive zones in the territory of a chemically hazardous object
in case of emergency. The developed mathematical model can be used to assess the risk of toxic damage to people at
a chemically hazardous facility in case of emergency. Practical value. On the basis of the developed numerical
model a computer program was created, which allows to carry out serial computational experiments to determine the
formation dynamics of the chemical contamination zones of atmospheric air. Standard input data are required to use
the developed program. The developed numerical model can be used for serial calculations in the development of
the emergency response plan for chemically hazardous facilities.

Keywords: chemical pollution of the atmosphere; ammonia; numerical simulation
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PREDICTION OF ATMOSPHERE POLLUTION IN CASE OF EMISSIONS
FROM MAIN MINE FANS

Purpose. Emissions from mine ventilation system can create intensive atmosphere air pollution. As a rule,
a huge amount of dust from mine fan enters atmosphere low layers. An important task is the development of meth-
ods to assess levels of the atmosphere pollution near mines and settlements. To solve this problem it is important to
have physically proved mathematical models. Nowadays to predict the atmosphere pollution near settlements which
are effected by mine fan the empirical model OND-86 is used. This model does not take into account many im-
portant physical factors. So, the purpose of this study is the development of quick computing mathematical model to
predict the atmosphere pollution in case of dust emissions from mine fan. Methodology. To predict levels of the
atmosphere pollution in case of mine fan work 3D equation of dust convective — diffusive flow was used. This equa-
tion takes into account gravity fallout, wind velocity, atmosphere turbulent diffusion, location of dust emission
source. To sole modeling equation the implicit difference scheme of splitting was used. Findings. Developed math-
ematical model allows quick prediction of the level of atmosphere pollution in case of dust emissions from mine
ventilation fan. The models allow to obtain zones of contamination near settlements which are situated in vicinity of
mine. Originality. The developed mathematical model takes into account a number of physical factors, which at the
present time are not considered on the days when prediction of the atmosphere pollution in settlements near mine is
carried out. Practical value. On the basis of the developed mathematical model program code was created. This
code can be used for evaluation of atmosphere pollution in settlements which are effected mine fan emissions.

Keywords: atmosphere pollution; mine fan; mathematical modelling; humerical model

ture is 14 000 m*/min. The concentration of dust in
the gas-air mixture is 5.5 mg/m?, methane — 0.1 %
per ton of produced coal. When unloading coal and
storing it in a warehouse, coal dust is emitted into
the atmospheric air. When coal moves through
a closed gallery, the rocks are periodically cleaned
and spilled, which is dumped through the hatch.
Inorganic dust containing silicon dioxide enters the
atmospheric air. With the passage of the mine
workings, a large part of the rock mass (90 %) is
removed to the rock heap, and a small part (10 %)

Introduction

The task of assessing the level of air pollution
from the different techno sources of emission (ac-
cidents, industrial chimneys, main fans at mines,
dumps of wastes, etc) [1, 2, 3, 6, 7-13] has a huge
interest. The main pollution of the atmosphere by
coal mining enterprises occurs during coal mining.
The gas — methane released from the formations
together with coal dust is emitted through the dif-
fuser of the ventilation shaft into the atmosphere.

The volumetric flow rate of the dust-gas-air mix-

is used for laying the worked-out space. When
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loading and unloading the rock and forming the
dump by the bulldozer, inorganic dust with a high
content of silicon dioxide enters the air.

Significant role in air pollution is performed by
the main ventilation fans (MVF), as they operate
around the clock, discharging the exhaust mine air
into the atmosphere. Mine air emissions contain
gaseous impurities (CO, CO,, NOy) and solid parti-
cles of coal and rock dust. The dust emissions of
the «West Donbas Miney are about 2000 tons/year.

The pathogenic effect of dust is determined by
the mass of dust, the time of its impact, the materi-
al composition and dispersion.

The material composition of coal and rock dust
is determined by the composition of coal rocks.
The host rocks contain: quartz, mica, hydromica,
calcite, dolomite, magnesite, sulfides.

The degree of dust dispersion is influenced by
the physical and mechanical properties of coal,
loading and transportation of rock, the degree of
turbulence in ventilation flows. The dispersed
composition of dust is not constant and can vary:
5 mkm — 12 %; 5-10 mkm — 23 %; 10-30 mkm —
59 %; more than 30 mkm — 6 %.

The maximum permissible concentration for
the most harmful types of industrial dust is in the
range of 0.01 — 10 mg/m?, depending on the char-
acteristics of the dust and the silicon dioxide con-
tent of SiOy; for the settlements, this concentration
is lower and amounts to 0.5 — 1.5 mg/m®,

Currently, to calculate the concentration of im-
purities in atmospheric air experimental, empirical,
analytical, numerical methods are used.

Experimental methods are effective, but they
allow to take into account only accomplished
events with specific meteorological parameters,
they are performed locally, they require high-
guality expensive equipment, and material and
time costs.

Most computer programs regarding the calcula-
tion of pollutant transport in the surface layer of
the atmosphere from various sources are based on
the model of M. E. Berland — OND-86. This tech-
nique is very simple to implement, but it is difficult
to use it to calculate the dynamics of the process,
since it uses the dimensionless and empirical coef-
ficients obtained on the basis of average annual
values of the parameters of the pollution source.
The results obtained by this method are somewhat

underestimated, their error increases with increas-
ing distance from the source of emission.

Analytical methods of solving allow solving
differential equations taking into account real
physical parameters: wind speed, diffusion coeffi-
cient, particles sedimentation rate, ejection source
power. However, all these solutions are obtained
according to the introduced simplifications, since
the analytical solution of the three-dimensional
transport equations is rather complicated.

Numerical methods of calculation take into ac-
count all the factors listed, are implemented on the
basis of the Navier-Stokes equations or by finite
difference methods. These methods are operation-
al. They have a smaller calculation error, but re-
quire skills of numerical simulation.

Thus, there is a shortage of operational control
methods, in particular, dust emissions, which does
not allow them to assess objectively, promptly
identify the reason for their increase, select the de-
sired mode of operation based on the dust factor or
carry out dust suppression measures.

—

Fig. 1. West Donbas Mine:
1 — main ventilation fan

Emissions from MVF pose a threat of dust pol-
lution of atmospheric air in the areas adjacent to
the mine. To assess the impact of these emissions
on air pollution, it is necessary to have effective
mathematical models. On the basis of such models,
it is possible to predict the change in the quality of
atmospheric air for different weather situations
characteristic of a particular region and for differ-
ent intensity of coal dust emission, which may vary
during the operation of the mine.

At present, the forecast of the atmospheric air
pollution level is being carried out on the basis of
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simplified models that do not take into account the
velocity profile of the wind flow. In addition, the
OND-86 model used in practice, the Gauss model
and the Berland model carry out a forecast only for
a permanently operating source of emissions. For
practice, it is important to have mathematical mod-
els of wider use.

Purpose

The purpose of this work is to create a numeri-
cal model and software for the rapid conduct of
computational experiments to analyze and predict
the level of air pollution by dust emissions from
the main ventilation fan. On the basis of such an
assessment, the risk for the population in the zone
of influence of emissions from this fan is analyzed.

Methodology

In this paper, the solution of two problems is
considered related to the simulation of atmospheric
air pollution from dumps.

The process of dispersion of dust from the fan
was modeled by the following equation [1, 4, 5]:

6C ouC avC a(w-w,)C
—+ + + =
ot x oy oz

0 ), 0 T, 0
x ! Ty ey e

+Qp (1)3(X = %9)(Y — ¥p)d(z — Z,). (1)

where C — dust concentration (mg/m3); u, Vv,
w — airflow components (m/s); ws — dust settling
rate (m/s); u = (ux, py, uz) — turbulent diffusion
coefficients (m/s2); x0, y0, z0 — the coordinates of
the point source of the main ventilation fan MVF
(m); QO — the averaged value of the dust intensity
at the location of the point source of emission
(mg/s); 8(x — x0)d(y — y0)d(z — z0) — Dirac's delta-
function, which is used to simulate the arrival of
dust from MVF. The values of the diffusion coeffi-
cient is calculated by dependencies ux = (0.1-1)-U,
uy = (0.1-1)-U, pz = k(z/z1)m, where U — wind
speed (m), z — height above ground level (m), z1 —
height, where wind speed is given U (m), m = 1,
k=0.2.

oC
—)+
(1, = )

The composition of the dust is not uniform, tak-
ing into account the settling of individual fractions
of dust is achieved by setting a different sedimen-
tation rate ws for each fraction, so the calculation
on this model must be performed for each fraction.
This parameter is calculated using the Stokes for-
mula (2) or is given from epy known experimental
data.

4d(p, —
wlc, = (pgp Pa)d |
a

where d — the equivalent particle diameter of the
pollutant (m); pp, — particle density of the pollutant
(mg/md); pa — air density (mg/m®); cx = 24/Re +
4/\JRe —the dependence of the drag coefficient on
the Reynolds number.

An extremely important feature of this model is
taking into account the stability of the atmosphere
due to the task according to M.E. Berland of dif-
ferent values of the vertical diffusion coefficient
uz. It should be noted that the normative methodol-
ogy of OND-86 does not allow to take into account
the different stratification of the atmosphere.

Two approaches are used.

The first approach is based on splitting of the
model equations into four fractional steps. At each
splitting step, two physical processes are taken into
account: convective transport and atmospheric dif-
fusion; in addition, at each splitting step, the influ-
ence of the dust emission source on the formation
of the contaminated zone is taken into account.

To build a numerical model, an implicit alter-
nating triangular difference scheme is used, ap-
proximating the modeling equation (1). It is built
on a rectangular differential grid. The concentra-
tion is determined in the center of the difference
cells, the components of the air velocity vector are
set at the boundaries of the difference cells [5]. For
approximation of time derivatives the formula is
used:

(2)

oC _ Ci?k+l - Ci?k
at At

Prior to discretization, convective derivatives
are written as the sum of signed variables:
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Difference approximations of the first deriva-
tives are written as:

n+1 n+1
u|+ljkC|Jk - IjkCI -1jk

ou'C
5 ~ o LXC n+11
X
- n+l n+l
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oy AX ’
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oV C  VipGipak — Vigbik L;C'”l
oy AX ’
n+1 n+1
a\N+C lek+lCIJk lekcuk -1 L+Cn+1
oz Az ‘ ’
n+1 - n+l
ow C Wuk+1C|jk+l Wi Coie L
0z AX ’
where
n+l n+l
L-; I+ljkCIjk uIJkCI —1jk
AX ’
Cn+l Cn+1 ) -
L = Ui G~ Ui i etc. — notation for dif-

AX
ference operators in the approximation of convec-
tive derivatives.

Difference approximations of second order
derivatives are written this way:

a( acj . Clii —Cit
ox\ ox X AX?
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- 1 1
=M O M,

X
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AZ?

The following notation is used to shorten the
writing of difference equations:

n+1 n+l
Cuk CI -1jk
AX?
n+l n+1
CI+1jk Cljk

AX?

+ = —
Mxx_ X '

MXX: X

Applying the introduced notation of difference
operators, the transport equation takes the
following form:

Cn+1 C
IJkAt ijk +LXCn+1+LXCn+1+Lnd+1

+ Lyc n+1 + I7Cn+1 + |7cn+l+ CInJJrkl —
=M, C" + M, C"" + |\/|y+yc:“+l + |\/|y—yc:“+l +
+MEC™ 4+ M_C" +q(t)s.

At the next stage of the construction of the dif-
ference scheme, the splitting of this difference
equation into four steps is performed with integrat-
ing over the time interval dt:

—in the first splitting step k = 1/4:

n+k
Cuk

Ik 1 +~k
e ! +2(LXC +LC*+L5CH) +— C,Jk—

——(M CK+MLCK+M, C"+

— A~n +/~N e all . q(t)l
+M_C"+M;C"+M_,C )+ZTS,.

1=1
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— in the second splitting step k = n + 1/2;
c=n+1/4
Cilj(k_cijk k Kk
A—t (LXC +L,C +LCY)+— CIJk

:%(M;Xck+M;XC°+M;ka+

=z

Zq—

=

+M,,C°+M,C" + M},

— in the third splitting step k = n + 3/4;
c=n+1/2:
Ci;(k—Cijk +k k
T (LC +L,C +L,C*+= C,Jk—

=%(M;XC° +M; C* +M;ka +

+ ~C -k +~C \ C_I(t)l
+M; C°+M_C"+M;,C )+ZTSI.

1=1

— in the fourth splitting step k = n + 1,
c=n+3/4
Cilj(k_cijk k kp+
A—t (LXC +L,C +LCY)+= C“k

1 - c - (~c
=Z(MXXC"+M;XC +M,C* +
+M:C*+M_ C*+M)C iq—

vy 2z

In discrete form, the Dirac delta function is
«distributed» to a single difference cell so as to
preserve the total amount g of the contaminant that
is placed in the cell. Moreover, the function o, that
is used in difference expressions is not zero only in
the cells where the source of dust emission is lo-
cated. Using the above splitting scheme allows us
to obtain difference equations of a simpler form,
which makes it possible to carry out their software
implementation.

The initial condition for each splitting equation
is as follows [10-11]:

=C(x,y,z,tn), E’

t=t"

1 k-]
C = \

t=t?

t=t"

k=234, c(x,y,z,t"+1)=é

t=t

1 k 4
whereC ,C ,C — is the impurity concentration
value at one or another calculation step.

The boundary condition of non-leakage is real-
ized due to the use of dummy cells. Based on the
constructed numerical model, the software package
«Dust source pollution 3D» has been developed.

In addition to the considered difference
scheme, a different numerical model is used, its
feature is the splitting of the modeling equation so
that at each fractional step only one physical pro-
cess is taken into account: convection, atmospheric
diffusion, action of the emission source.

aC_auC  nC  ow-w)C
o X oy oz

oC

TR

ot ox X ox ) @)

L, Sy 2w,
oy Yy T

% = Qo (D3(x —X)3(Y — ¥6)3(2 — Z,) -

Such splitting allows you to calculate separate-
ly the process of dust dispersion when there is
calm, in this case it is necessary to solve the sec-
ond equation from system (3).

Findings

The developed program allowed to carry out
computational experiments to calculate the dust
dispersion in the atmospheric air contained in the
emissions of the fan of the main airing in the
«West Donbas Mine» based on the following
characteristics of the MVF and its release:

— emitted substance — coal dust;

— dispersed composition — polydisperse dust
with particle sizes from 1 mkm too 60-100 mkm;

— the average density of the dust substance —
1900 kg/m3;

— temperature of emission is 24°C, so cold
ejection is considered;

— the intensity of dust emission Qo = 61.6 g/s;
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— height of the mouth of the diffuser above
ground level — 6.5 m;

— the width of the mouth of the source — 6 m;

— the length of the mouth of the source — 6 m;

— average ejection velocity — 11.9 m/s;

— the volume of gas-air mixture 430 m%/s.

The calculation was performed with the follow-
ing parameters: the size of the computational area
was 4 km by 2 km, the wind speed was U = 4 m/s
with the direction indicated by the arrow (Fig. 2).

Lermontova Street ~ 10.46

7.92
g A Maiakovskoho Stref

Secondary School 4
1.81

Spaska Street

Kharkivska Street

Dniprovska Street

Ternivska Sch Robocha Street

City amusemen par Ivana Franka Street

Peremohy Street

Ternivka

Fig. 2. Distribution of dust concentration from MVF of
the «West Donbas Mine», C [mg/m?®]

As can be seen from Figure 2 zones of air
pollution cover nearby villages. Obviously, when
the meteorological situation changes, the position
of the pollution zones will change, but these
territories will fall to some extent into the pollution
radius.

Figure 3 shows the concentration distribution at
1.7 m, which corresponds to the position of the
human respiratory system. As can be seen from
this figure, if we take MPCgust = 10°mg/m3, then at
a distance of 300°m there is a violation of the
MPC. When the MPC is reduced to 10°mg/m?3, the
unfavorable zone increases.

Originality and practical value

Numerical models were developed to predict
atmosphere pollution from main ventilator fan. The
model is based on equation of dust convective —
diffusive transfer. For the numerical integration of
modeling equation, the implicit difference scheme
of splitting was used. The developed model can be
used for quick computing of influence of mine
ventilator fan on the settlements, which are situated
near mines.

100
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.
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0 400 800 1200

)
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Fig. 3. Distribution of dust concentration along the
plume axis, C [mg/m?®]

Conclusions

As a result of research we obtained the follow-
ing.

1. Developed numerical model for predicting
the level of air pollution in the zone of influence of
MVF based on the three-dimensional impurity
transport equation, which is solved by finite-
difference methods.

2. The forecast can be performed on the basis of
two numerical models. The models differ in the
used splitting patterns. Both splitting schemes al-
low to calculate quickly the concentration of dust
in ambient air. Calculation time is 10 s.

3. The developed numerical models take into
account almost all the physical factors affecting the
formation of pollution zones in the event of emis-
sion from MVF.

4. These models are implemented in the form of
the «Dust Source Pollution 3D» program code, in
which the transition to the calculation using one
model for any meteorological conditions and the
other, which is realized in the case of a calm situa-
tion, is foreseen.

Carrying out this class of calculations is a nec-
essary tool for the practical assessment of a safe
environmental situation during the operation of
a public year survey, whose activity is related to
the entry of dust into the atmosphere.
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INPOI'HO3YBAHHA 3ABPYJIHEHHA ATMOC®EPU B PA3I BUKU/IIB
3 OCHOBHUX HMAXTHUX BEHTHJIATOPIB

Mera. Buknan i3 cucTeMy BEHTWIALII IIaXTH MOXYTh CTBOPIOBATH IHTCHCHUBHE 3a0pyJHEHHS aTMOC(EpHOTro
MOBITPs. SIK MIPaBMII0, BEIMUYE3HA KUIBKICTh MIITY 3 MIAXTHOTO BEHTHIIITOPA MOTPAIUIIE B aTMOC(EPY B TPU3EMHHIX
mapax. Baxxnueum 3aBmaHHAM € po3poOKa METOIIB OIIHKHU PiBHS 3a0pyIHEHHA aTMOc(epy MoOIu3y maxT i Hace-
JICHUX MyHKTiB. J{y1s BupilieHHs 1i€i npobieMu BayIMBO MaTu (Gi3M4HO 0OIPyHTOBaHI MaTeMaTU4Hi MOJIENi. Y Hall
Yac JIst MPOTHO3YBaHHsI 3a0pyJHEHHS aTMOCc(epy MAaXTHUM BEHTHIISITOPOM MOOJIM3Y HACEIICHUX MYHKTIB, BUKOPHUC-
TOBYIOTH eMmipuuHy mMonesis OND—86. List Mmozens He BpaxoBye Oarato BaxnBHX ¢iznunux Qakropi. Tomy me-
TOI0 HANIOTO JOCIIKEHHS € po3po0Ka IIBUIKOJIIOUOi MaTeMaTHYHOI MOJEINI /sl IPOTHO3yBaHHS 3a0pyaHEHHS
aTMocdepu B pa3i BUKHMIIB MUy 3 IIAXTHOTO BeHTHIsITopa. Mertoanka. [[is nporHo3yBaHHs piBHS 3a0pyIHEHHS
aTMocdepu mijJ 4yac poOOTH MIAXTHOTO BEHTUWIIATOPA BUKOPHUCTAHO TPUBUMIpHE PIBHSHHS MHJIOBOTO KOHBEKTHBHO-
mudysiitHoro MoTOKY. Lle piBHAHHA BpaxoBye TpaBiTaliliHI BUIaJaHHS, IIBUIKICTH BITPY, TYpOYJIeHTHY nu(y3ito
B aTMoc(epi, po3TalryBaHHs PKepelia BUKUIIB MITy. SIK €JMHE MO/IeNIbHE PiBHSAHHS BUKOPUCTAHO HESBHY Pi3HHUIIE-
By cxeMmy posmersieHHs. PesyabTarn. Po3poOneHa maremaTndHa MOJIENb JIO3BOJISE IIBHIKO IPOTHO3YBATH
piBeHb 3a0pynHEeHHs aTMOocdepH B pa3i BUKHUIIB MUITY BiJl IIAXTHOT'O BEHTHIIATOpA. MOAENb H03BOJISA€ BUSIBUTH 30HA
3a0pyIHEHHS TOONM3y HACeNIEHUX ITyHKTiB, $Ki 3HaXOMAThCS B Oe3MocepeiHild ONM3BKOCTI BiX MIAXTH.
HaykoBa HoBH3HA. Po3po0ieHa MaTeMaTH9HA MOJIENTb BPaxoBYye psia PpisnuHuX (HakTopis, siKi Hapasi He OepyTh 10
yBaru B JHi, KOJH 3IiHCHIOIOTh IIPOTHO3 3a0pyIHEHHS aTMOC(epH B HACEIEHUX IMYHKTaX, pO3TAIIOBAaHUX MOOIN3Y
mwaxty. [Ipakruyna 3HaunmicTb. Ha ocHOBI po3po0ieHoi MaTeMaTH4HOi MOJIeli CTBOpEHO nporpamuuii kon. Llei
KOJl MOXe OyTH BUKOPUCTaHMH JUIsl OLIIHKK 3a0pyJHEHHs aTMOC(epH B HACEJIEHUX MYHKTAaXx, Ji¢ BiJOyBalOThCS BH-
KM BiJl IIAXTHUX BEHTHJISITOPIB.

Kniouosi cnoea: 3abpynHeHHs atMocdepH; IIAXTHAH BEHTHISITOP;, MaTeMaTH4HE MOZEIIOBAaHHS; YHCEIbHA
MOJIETIb
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HNPOI'HO3UPOBAHMUE 3AT'PA3HEHUA ATMOC®EPBI B CJIYUAE
BBIBPOCOB U3 OCHOBHBIX IHAXTHBIX BEHTHJIATOPOB

Hens. BEIOpock! U3 crCcTeMBl BEHTWIALNWN IIAXTHl MOTYT CO3/IaBaTh HHTCHCHUBHOE 3arpsi3HCHUE aTMOC(EpHOTrO
Bo3ayxa. Kak mpaBuito, orpoMHOE KOJIMYIECTBO TBUTH M3 MIAaXTHOTO BEHTHIIATOPA IOTAagaeT B atMocepy B MpHU3eM-
HBIX cJI0sIX. BaxkHOi1 3amadeii sSBisseTcs pa3pabdoTKa METOIOB OIICHKH YPOBHS 3aTrPsA3HEHHS aTMOC(EpPhl BOIN3U IaXT
U HACEJICHHBIX MYyHKTOB. J[JIs1 pemieHus 3TOH MpoOIeMbl BaXKHO UMETh (YU3NIECKH 0OOCHOBAaHHBIC MaTeMaTHUCCKUE
Monenu. B Hacrosiiee Bpemsl Ui MPOTHO3UPOBAHMS 3arPsS3HEHHUsT aTMOC(Ephl MIAXTHBIM BEHTHIATOPOM BOJIH3H
HACEJICHHBIX MYHKTOB, HCIOJIB3YIOT IMIUpUIEcKyt0 Moaens OND—-86. DTa Moienbs He YUUTHIBAET MHOTHE BaKHBIE
¢usnyeckue paxkropsl. [loaTOMY 11€1BI0 JAHHOTO UCCIENOBAHMUS SIBIIIETCS pa3paboTka ObICTpoeiCTBYIOIIEH MaTe-
MaTHYECKON MOJICIHU ISl POTHO3UPOBAHUSI 3arps3HeHUs aTMOc(hepsl B cliydae BHIOPOCOB IMBLIM M3 IIAXTHOTO BEH-
Tunsropa. Meromuka. [Ijiss MPOrHO3UPOBAHUS YPOBHSI 3arpsi3HeHHs aTMOC(epsl pH paboTe MAaXTHOTO BEHTHIISATO-
pa HCIONB30BAHO TPEXMEPHOE YPABHEHHUE IMBUICBOTO KOHBEKTHBHO-TU(P(GY3HOHHOTO IMTOTOKA. DTO YpaBHEHUE YIH-
THIBaeT TPABUTAIIMOHHEIC BHIMAICHUS, CKOPOCTH BeTpa, TypOyneHTHYI0 auddysnuio B atMochepe, pacroioKeHHe
HCTOYHHKA BRIOPOCOB MBUTH. B kKaduecTBe eMHCTBEHHOTO MOJICIIFHOTO YpaBHEHUs UCIIONb30BaHa HEsIBHAS PAa3HOCT-
Has cxeMa pacuieruieHus. Pe3yabTarel. PazpaboTanHas MaTeMaTndeckas MOJIEIh MO3BOJSET OBICTPO MPOTHOZUPO-
BaTh YPOBEHB 3arps3HEHUS aTMOCQEpHI PH BRIOPOCAX MBUTH OT MIAXTHOTO BEHTHIISATOpa. MO IeNb MO3BOIISET Ompe-
JIEJIATh 30HBI 3arpsI3HCHUS BOJIM3M HACEIICHHBIX MYHKTOB, KOTOPBIE HAXOIATCS B HEMOCPEICTBCHHOW ONHM30CTH OT
miaxtel. HayuHasi HoBu3Ha. Pa3paboranHas MaTeMaTHyecKasi MOJICNb YUUTHIBACT sl Gu3ndeckux (HakTopos, KO-
TOpbIE B HACTOsIIIIEE BPEMsi HE YUYUTHIBAIOTCS B JHH, KOTJIa OCYIIECTBISIOT MPOTHO3 3arpsi3HEHUs: aTMOchepbl
B HaCeJCHHBIX MyHKTaX, pacrojOKeHHBIX BOMM3H maxThl. [IpakTuyeckasi 3HauuMocTb. Ha ocHOBe paspaboTraH-
HOM MaTeMaTUYeCcCKON MOJIENN CO3/IaH MPOTPAaMMHBINA KOJI. DTOT KOJI MOKET ObITh MCIIOB30BaH JIJIsl OIICHKH 3arps3-
HeHust aTMOoc(hephl B HACEIICHHBIX MyHKTAaX, TJI€ MPOUCXOAAT BEIOPOCHI OT MIAXTHBIX BEHTHIISTOPOB.

Knrouesvie cnosa: 3arpsa3Henue atMocdepsl; MIaXTHBIH BEHTWIATOP; MATEMaTHYECKOE MOJICITHPOBAHUE; YHUCIICH-
Hasi MOJICTb
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COMPUTER SIMULATION OF DEAD-END MINE WORKING
VENTILATION

Purpose. The important problem in the field of ecological safety and industrial safety is providing of normal
microclimate in dead-end mine working. In these regions of the mine methane gas can be accumulated and as a re-
sult explosion may take place. So, to avoid these accidents it is important to ventilate appropriately dead-end mine
working. The purpose of the work is development of quick computing mathematical model to obtain information
about dead-end mine working ventilation process. Methodology. The process of dead-end mine working ventilation
computing is separated in two stages. At the first stage the velocity flow field is computed in the dead-end mine
working. We consider the situation when the suction tube is situated in this region. To solve this problem the fluid
dynamics model of inviscid gas flow was used. At the second stage of the computational modeling the convective-
diffusive equation of admixture transfer was used. The equation takes into account non-uniform flow field in the
dead end mine workings. Findings. The developed numerical model was coded using FORTRAN language. The
developed computer code allows to perform numerical experiment to assess the efficiency of suction tube imple-
mentation to decrease methane gas concentration in dead-end mine working. Originality. The developed numerical
model takes into account physical factors, which are not considered nowadays in the empirical models, which are
used for solving the problems of dead-end mine working ventilation. It allows taking into account the geometrical
form of the dead-end mine working. Practical value. The developed computer program allows to perform calcula-
tions to assess the efficiency of suction system used for the ventilation of the dead-end mine working.

Keywords: air pollution; dead end mine workings; mathematical modelling; numerical model

connection, it is necessary to know how the impu-
rity concentration changes in the process of airing
the mine working. Airing of underground workings
is one of the most urgent problems of aerology in
the mining industry. As part of this problem, the
task of developing forecasting methods for calcu-

Introduction

The development of the mining industry is
based on increasing the intensity of work in the
mine workings, which leads to an increase in dust
and gas emission [2, 6, 9, 11]. This problem is

connected with risk assessment [10, 12]. This plac-
es high demands on the efficiency of the ventila-
tion system. The increase in the volume of clean-
ing space and the intensity of mining operations
causes an increase in the volume of air, and this
requires rational use of the supplied air. In this

lating the ventilation time of underground work-
ings should be highlighted [1, 2].

In recent years numerical models, computational
fluid dynamics models are widely used by engineers
to solve different problems [3-7]. Numerical simu-
lation of the aerodynamics of air flow in under-
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ground workings helps to optimize the process of
efficient air circulation and the removal of pollution.

Unfortunately, the development of numerical
models for solving problems of ventilation of un-
derground workings is carried out in Ukraine is not
as active as abroad. The current approaches in
Ukraine to calculate the parameters of the ventila-
tion workings are based either on theoretical as-
sumptions that require experiments to determine
empirical coefficients, or use the values of average
velocity over the mine working cross section and
constant  coefficients of turbulent diffusion
throughout the volume. It is not possible to deter-
mine the concentration fields of pollutants at any
given time, and thus control the process of ventila-
tion.

Purpose

The aim of the work is to develop computing
numerical models to assess dumps influence on air
pollution and to solve the problem of choosing of
rational dump location.

Methodology

An underground dead end mine working of
a given size is considered, in which the air envi-
ronment is polluted with fine dust of a known con-
centration. The space ventilation is carried out by
supplying clean air through the discharge duct. The
task is to develop a mathematical model for the
operational calculation of the process of ventilation
of the dead end mine working using suction of pol-
luted air.

Modeling equations. To compute the velocity
field in the underground dead end mine working
when the suction of polluted air takes place, the
potential flow model is used. In this case, the gov-
erning equation has the following form [1, 6, 8]:

o°P  0°P
_—t —— =
X2 8y2
where P — is velocity potential, x, y — are Cortesian
coordinates, m.
When applying this equation, it is assumed that
the Y axis is directed vertically upwards.
To solve the equation (1) the following
boundary conditions is used [4]:

0, @)

1) on the walls of the dead end mine working,
as well as on other solid surfaces located inside it,
a boundary condition is set: 6P/on = 0, where n —is
unit vector of external normal to solid wall;

2) at the inlet boundary the boundary condition
is oP/on = Vy, where V, — is known airflow veloci-
ty, m-s;

3) at the outlet boundary the boundary condi-
tion is: P = Po +const, Po — is an arbitrary number
(Dirichlet condition).

To simulate the dispersion of dust in the
underground mine, the mass transfer equation is
used [3, 8]:

oC ouC ovC 0 oC

AT T = () +

ot ox oy oX OX

0 oC

+@(uy EHZQ@(X—XOSW— Yi),

where C — is pollutant concentration in the air,
ug'm3; u, v — are airflow velocity components in
the mine working, m-s™*; u=(ux, py) — are turbulent
diffusion coefficients, m?-s*; (xi, yi) — are emission
source coordinates, m; Q; — is pollutant emission
rate at the point (xi, yi), pg-s™; 8(x — x)d(y — yi) —
are Dirac's delta function, which is used to
simulate the entry of a pollutant into the mine
working.

Boundary conditions for (2) are discussed in [3,
4]. The initial condition is C=C,, for t = 0. Here,
Co is known concentration of pollutant in dead end
mine working.

Numerical model. Numerical integration of
modeling equations is carried out using a rectangu-
lar difference grid.

Before a numerical solution of equation (2), it
was splitted, at the differential level, as follows [3]:

)

oC ouC ovC
—+—+—=0,
ot oX oy
ocC 0 oC, 0 oC
— =)+, =), @)
ot ox ox" oy oy

%:Zq (O3(x— X )3(y - y; (1)).

The construction of a numerical model is carried
out by applying the following procedure.
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Convective derivatives are represented as [4]:

ouC ou'C N oauC oC ov'C N ov C

OX oX X oy oy oy
where
_usl] _u-fy
ut = , U =—,
2 2
LoV vl
o2 2

The approximation of these derivatives is car-
ried out according to the formulas [4]:

1 1
ou'C _ Uiy G~ — U Cl; _rent
ox AX ST
_ - 1 - 1
ouC ui+1,jcin+1j _uijCi;'H _Lcm
ox AX T
ov'C ViJ,ri*-lCiriHl _VJCIan +~n+l
ay ~ A = Lyc s
y
v C ViCiia-v%Ci"
Y ~ A =LC"".
Yy
The time derivative is approximated as follows:
1
ac_G"-C
ot At

To approximate the second derivatives, the fol-
lowing formulas are used [4]:

- ~n+l + ~Nn+l
M, C™+M,C,

o oc, . Ci-cit
— )= ——
OX OX AX
ot
o AX?
Q(M §)=ﬁ —Cir'}i_ci?ﬂ
ay y 8}/ y Ay?_

n+1 n+1
Cij - Ci,j—1

- +1 + +1
=M,,C"* +M, C""™.

The two-dimensional dust transport equation is
written in a difference form [4]:

cit-c’
ij ij 1 - 1 1 - +1
T LCT H LC e A L

=(M,C™ + M C™ + M C™ + M C") +
+Qij8ij' (4)

In this equation, a symbol &; means either «1»
or «0», depending on whether or not there is
a source of dust emission in the differential cell
«ij». Value Qj is calculated as:

.. — Qk
Y Axay

where Qx — the intensity of the emission of the k-th
point source of dust emission, which is located in
the difference cell «ij».

The splitting of difference equation (4) is car-
ried out as following [4]:

1)on the first step of splitting k = 1/4 the differ-
ence equation has the appearance:

n+k n

1 +k +~k
+=(LC"+LC")=
A > (L yC")

+Z%8|; (5)
1=1

2)on the second step of splitting k = n + 1/2;
¢ = n + 1/4 the difference equation has the appear-
ance:

k c

Ci—Ci 1, . -~k
T ek ek =
A 2(x L,CY)

1 - + - +
=Z(|\/|chk + M, CE+M CX+ My C)+

+Z%6,; (6)
1=1

3)on the third step of splitting k = n + 3/4;
¢ = n + 1/2 the difference equation has the appear-
ance:
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k c
SC Lk ey =
At 2 g

1. . 2 - ¢
ZZ(MXXC +M;C*+M, CF+ M C)+

+Z%6|; (7)
1=1

4)on the fourth step of splitting k = n + 1;
¢ = n + 3/4 the difference equation has the appear-
ance:

Ci'J-(—CE 1 k k
———+=(LC*+LCY=
A 2( .C"+L,CY)

1 - + - +
:Z(MXXCK +M;,CE+M CE+M CH)+

+Z%5,. (8)
1=1

From equations (5) — (8) unknown value of the
dust concentration on the highest time layer is cal-
culated by explicit formula of running calculation
[4]. The initial condition for these equations is
written as:

C'=C(x,y,t"),ck =Cc*?.

To construct the boundary condition on the solid
walls of the form 6C/on = 0 fictitious cells are used.

In conclusion, we note that the applied differ-
ence schemes have an important advantage — the
calculation of the unknown value of the dust con-
centration in the working area is carried out using
explicit formulas, which ensures a simple software
implementation of these formulas.

For the numerical integration of this equation,
the method of total approximation is applied. To
consider the two-dimensional equation for the ve-
locity potential, first of all, this equation in evolu-

tionary form is written [11]:
2 2
®_FP &P ©
ot ox° oy

where t — fictitious time (dimensionless).

It is known, that when t — oo the solution of
this equation will approach to the Laplace equation
solution for the velocity potential. In the numerical
solution of equation (9), it is necessary to specify
the potential field at t = 0. For example, before
starting the calculation, you can take P = 0 in the
entire computational domain for t = 0.

The solution of equation (9) is carried out on
a rectangular grid, the function P is determined in
the center of the difference cells. The solution of
this equation is split into two steps. Difference
equations at each step of the splitting are written
as:

net net n+= n+= n+=
Rl 2R | R *-Ryj Pi * R
At AX? Ay? '
net
Pijn+l _ Pij 2 ~ PIJr:I:JL _ Pijn+1 PlTIll _ Pijn+l
A | A | Ay? |

At each splitting step, the unknown value of the
velocity potential is determined by the explicit
running calculation formula. The calculation is
terminated when the following condition is ful-
filled:

n+l n
R - R

<g, (120)
where ¢ — is small number (e.g., € =0.001); n — it-
eration number.

We also used Libman method for numerical in-
tegration of equation (1). In this case the calcula-
tion formula is as follows

|:Ii+1,j Ii—l,j Ii,j+1 i,11:|
+
P.=

AX? Ay?
i Z

where Z :[LZJFLJ
AXE Ay

After determining the velocity potential field,
the components of the air velocity vector are calcu-
lated by dependencies:
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The components of the air velocity vector are
calculated on the sides of the difference cells (con-
trol volumes), which makes it possible to construct
a conservative difference scheme for the dust
transport equation (2).

To code the difference formulae of the devel-
oped numerical model Fortran language has been
used.

Findings

The developed numerical model was used to
simulate the air cleaning in the dead-end mine
working. To clean the air suction of the polluted air
takes place. The suction opening is situated as it is
shown in Figure 1.

To make all parameters dimensionless, we have
chosen the following scales:

1)vw is the air velocity at the left boundary,
vw=2m/s;

2)Lm, m is the length of the dead-end mine
working;

3)CO, pug-m-3 is the initial dust concentration in
the dead-end mine working for t=0.

The dimensionless parameters are calculated as
following:

1) t=tp-vw/Lm, where tp is time, s;

2)C=Cp/CO0, where Cp is dust concentration,

pg-m-3;

3)L=Lp/Lm, where Lp is length, m;

4)v=vp/vw, vp is local air velocity, m/s.

At the initial moment of time throughout the
mine working, a uniform impurity concentration is
set C=1 (in dimensionless form). Air supply for
ventilation is carried out through the duct (Fig. 1).
The length of the dead-end mine working is L=1
(dimensionless), the width is W=0.3 (dimension-
less). The length of the computational domain
Lx=2.5, the width of the computational domain is
Ly=1.5.

The computational experiment was carried out
in two stages. At the first stage, the calculation of
dead end mine working ventilation was carried out
without the suction system.

In Figures 2 — 4 the change of the polluted zone
in the dead end mine working for different time is
shown. Time is dimentionless. In Figures 2-4, 6-7
the arrow indicates the wind flow direction.

air flow
e e

—— ——

N
L \ :
suction
U
N~
1 W 2

Lx

Fig. 1. Scheme of calculation zone:
1 — dead-end mine working; 2 — suction inlet

Y

0 ] X
Fig. 2. Dimensionless dust concentration field in mine
working, t = 22 (no suction of dust, time is

dimensionless):
1-C=0.68

0 X

Fig. 3. Dimensionless dust concentration field
in mine working, t = 58 (no suction of dust,
time is dimensionless):
1-C=0.2
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Y

0 S X

Fig. 4. Dimensionless dust concentration field in mine
working, t = 105 (no suction of dust, time is
dimensionless):
1-C=0.05

In Figure 5 the maximum dust concentration
change in the mine working during time is shown.

C
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0.6 A\

X
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N
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r
0 20 40 60 80 100 120 140 160

Fig.5. Dimensionless maximum dust concentration in
mine working vs time (no suction of dust, time is
dimensionless)

From Figure 5 it is seen that the process of con-
centration decrease takes part very slowly. It de-
pends upon the aerodynamics process of ventila-
tion: in this case the local speed in the dead-end
mine working is very small. This results in small
intensity of dust evacuation from the dead-end
mine working. So, to increase the intensity of dust
evacuation from dead-end mine working it is nec-
essary to imply “external” impact. For example,
we can use suction of dust from dead-end mine
working.

It is well known, that suction application can be
efficient if the suction opening is situated properly
in the dead-end mine. The process of dust suction
strictly depends on the length from the walls of the
dead-end mine, coal heaps to the suction opening.
Obtaining the proper position of the suction open-
ing is possible by numerical experiment.

0 X

Fig. 6. Dimensionless dust concentration field in mine
working (suction of dust, suction speed is 2.2 m/s),
t = 22 (time is dimensionless):

1-C=0.14
Y
. .
U
0 X

Fig. 7. Dimensionless dust concentration field
in mine working (suction of dust, suction speed
is 2.2 m/s), t = 41 (time is dimensionless):
1-C=0.016

In Figure 8, for this scenario, the maximum
dust concentration change in mine working during
time is shown.
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25 30 35 40 45 50
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Fig. 8. Dimensionless maximum dust concentration
in mine working vs time (suction of dust,
time is dimensionless)
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From Figures 6-8 one can see that the process
of ventilation is rapidly increased when suction of
dust takes place.

In conclusion, it should be noted that the calcu-
lation took 10 seconds of computer time.

Originality and practical value

Fluid dynamics numerical models were devel-
oped to predict the efficiency of dead-end mine
working ventilation. For ventilation the suction
system was used. The models are based on equa-
tion of pollutant dispersion and equation for poten-
tial flow. Difference schemes were used for numer-
ical integration. The developed models can be used

Conclusions

An effective numerical model was developed
for calculating the process of ventilation of dead-
end mine workings. The calculation of the aerody-
namics of air flow is based on the model of poten-
tial flow. The process of dispersion of impurities is
modeled on the basis of the mass transfer equation.
Practical implementation of the model requires
small amount of computer time. The model makes
it possible to improve the quality of engineering
calculations. Further development of this direction
is associated with the creation of a three-
dimensional numerical model of the process of
ventilation of underground workings.

on the stage the ventilation system development.
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KOMIT’IOTEPHE MOJEJIOBAHHS BEHTUJIAIII IHAXTHOI
BUIMKH

Merta. BaxxniBoto npo6iieMoro B raify3i €KOJIOTIYHOT Ta IMPOMHUCIOBOI OE3MeKH € CTBOPEHHS! HOPMAaJIBHOTO MiK-
POKIIIMAaTy B TYNUKOBiH MaxXTHIH BUIMII. Y Hilf 30HI MAXTH MOKE HAKOITUYYBATHCS Ta30MOIOHNI MeTaH, 10 B pe-
3yJIbTATI MIPU3BOIUTE 10 BUOYXy. ToMy, 0O YHHKHYTH HEIACHUX BHIIAJIKIB, BaXKJIMBO HAJIC)KHIM YHHOM IIPOBIT-
PUTH MIaXTHY BUIMKY. MeTolo poOOTH € po3po0Ka IMBUAKOIIIOY0T MaTeMAaTHYHOI MOJIENI UTA OTPUMaHHS iHQopMa-
il Mpo MpoIec BEHTHIIAMIT TYITUKOBOI maxTHOI BuiMku. MeToauka. [Iporiec po3paxyHKy BEHTHIIAMI] MIaXTHOI BU-
iMKH po3miiieHO Ha nBa eramd. Ha mepriomy erami OOYHCIIOIOTH IMOJIE IMIBHAKICHOTO TMOTOKY B IIAXTHIA BHIMIIL.
PosrisgaemMo cuTyalliro, KOJau YCMOKTYBaJbHa TpyOa 3HAXOIUThCS B 1ii 30H1. [1J1s1 pO3B’sA3aHHS 33724l BUKOPUCTAHO
TipOANHAMIYHY MOJIeb OTOKY HEB’si3Kkoro rasy. Ha apyromy erami 00UMCIIIOBAIBHOTO MOJIEIIOBAHHS BUKOPHCTAHO
KOHBEKTUBHO-M(Y3iiHe PIBHSIHHS IEPEeHOCY NOMIIIKH. PIBHSHHS BpaxoBy€ HEPIBHOMIPHE IOJIE MOTOKY Y BHIMIIL.
PesyabTraTn. Po3pobnena uncensHa Mojaeib Oyia 3akozoBaHa 3 BukopuctanHsM mMoBu FORTRAN. CrBopeHwuii
KOMIT FOTEPHUI KO JI03BOJISIE IIPOBECTH YUCENIHUN €KCIIEPUMEHT JIJIsl OLIHKHK €()eKTHBHOCTI 3aCTOCYBaHHS BCMOK-
TyBaJbHOI TPYOM 3 METOIO 3HM)KEHHS KOHIEHTpallii MeTany B TynukoBii BuiMii. HaykoBa HoBu3Ha. Po3pobiieHa
YyHuceNbHa MOJENb BpaxoBye Takui (isnuHMil ¢akTop, SKMH Yy Hall 4Yac HE BPAaXOBYIOTb B EMITIPUYHHUX
MOJIENIAX, 3aCTOCOBYBaHUX IS PO3B’sA3aHHS 3a7adl BEHTIIAIIl IIaXTHOI BUIMKH, — e ii reoMeTpudHa (opMma.
IIpakTuuna 3HauYMMicTh. Po3pobiieHa KoMITIOTepHA porpama J03BOJIsIE IPOBOIUTH PO3PaXyHKH JUIS OLIHKHY ede-
KTUBHOCTI CHCTEMH BCMOKTYBAHHSI, BAKOPHUCTOBYBAHOT JJIsl BEHTWIIALIT ITAXTHOI BUTMKH.

Kniouosi crosa: 3abpynHeHHS MOBITPA; IIaXTHA BUIMKa; MaTeMaTHIHE MOJICJIIOBaHHS; YHCEIbHA MOJIETb
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KOMIIBIOTEPHOE MOJEJIMPOBAHUE BEHTUJISILIUU IHAXTHOM
BBIEMKHA

Hens. BaxHoit mpobiemMoii B 00J1aCTH SKOJIOTHYSCKON U IIPOMBIIUICHHOH 0€30I1aCHOCTH SBIIACTCS 00ecIIedeHNE
HOPMaJIBHOTO MHUKPOKJIMMAaTa B TYIHKOBOH IIaXTHOW BbIEMKE. B 3T0if 30HE MIaXThl MOKET HAKAIUIMBATHCS Ta3000-
Pa3HBIH METaH, YTO B PE3yJIbTaTe NMPUBOAUT K B3pbIBY. I103TOMY, 4TOOBI M30€XKaTh HECHACTHBIX CIIy4aeB, BasKHO
HaJUIeKaIIUM 00pa3oM IIPOBETPUTH LIAXTHYIO BEIEMKY. Llenpro paboTs! sBisieTcs pa3paboTka ObICTpOASHCTBYIOMIEH
MaTeMaTHYeCKOH MOJENH AJIsl MOJTyYeHHs MH(GOPMAIMH O ITPOIECcCe BEHTW MU TYNHKOBOM IIAXTHOW BBIEMKH.
Metoauka. [Iporecc pacdyera BEHTHISIINY IIAXTHOM BBIEMKH pa3/ielieH Ha /1Ba 3Tana. Ha mepBoM 3Tare BBIYHCIIS-
0T TI0JIe CKOPOCTHOTO TOTOKA B IIaXTHOH BhleMKe. PaccmaTpuBaeM cHTyaluio, KOT/ia BcachIBaromas Tpyba Haxo-
JUTCA B 3TOI1 30He. [l pereHns 3aga4uu Oblia HCIOIb30BaHA THAPOIMHAMUYECKAs MOJIENb TIOTOKA HEBA3KOTO rasa.
Ha BTOpOM 3Tane BBIYHCINTEIHHOTO MOJEIUPOBAHMUS HCIOJIB30BAHO KOHBEKTUBHO-IN((Y3HOHHOE YpaBHEHHUE Iie-
peHoca nmpuMecH. YpaBHEHHE YUHTHIBA€T HEPaBHOMEPHOE Iojie IOTOKa B BBIEMKE. Pe3yabTaThl. Pa3zpaboranHas
YHUCIIeHHas MOJieNib Obula 3akoaupoBaHa ¢ ucrosib3oBaHueM si3bika FORTRAN. Co3naHHBIN KOMIBIOTEPHBINA KO
MO3BOJISIET MPOBECTH YUCICHHBIM IKCIEPUMEHT IS OLEHKU 3()()EeKTHBHOCTH NMPHMEHEHHs BCACHIBAIOLIEH TPyOBI
JUISl CHWDKEHMSI KOHIIGHTpAIlMK MeTaHa B TyHNHKOBOH BbhleMke. HayuHasi HoBu3Ha. PazpaboTaHHas yucIeHHast MO-
JIeNb YIUTBIBAET TakoW (pU3MUecKuil (hakTop, KOTOPHII B HACTOSIIEE BPEeMsI HE YUUTHIBAIOT B SMIIMPUIECKUX MO/Ie-
JSIX, UCTIONB3YEMBIX ISl PEHICHHs 33/a4d BEHTWISIWM IIaXTHOW BBIEMKH, — 3TO €€ reoMerpuyeckas Qopma.
IIpakTHyeckas 3HaunMOcTh. Co3/1aHHAS KOMITBIOTEPHAS ITPOTrpaMMa IT03BOJISIET IPOBOIUTE PacyeTsl Ul OLIEHKH
3¢ (PEKTUBHOCTH CUCTEMBI BCACBIBaHMS, NCTIOIB3YEMOH JUIsl BEHTHIISLIMN MaXTHOW BBICMKH.

Kniouesvie cnosa. 3arps3HeHHE BO3yXa; IIAXTHAs BBIEMKA; MaTeMaTHYECKOE MOJETHUPOBAHUE; YHUCIEHHAS MO-
piShi
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MOJEJIOBAHHA OYUIIEHHA BOAU Y 'OPH30OHTAJIBHOMY
BIACTIMHUKY

Mera. IlinBumieHHs eheKTUBHOCTI pOOOTH OYMCHUX CHOPYI Y CHCTEMax BOJOIMOCTaYaHHS Ta BOJOBIIBEICHHS
€ BOKJIMBOIO TCXHIYHOIO 3a1aucto. J[is aHamizy e()eKTHBHOCTI OUMIIICHHS BOJM KOHKPETHOI CIIOPY/IH, Ha €Talli mpo-
eKTyBaHHS, OTPIOHO MaTH CHeHiaNbHI MaTeMaTH9HI MoJeli. MeToro 1iei poOOTH € po3poOKa YMCEeNBbHOI MOJei
MpoIleCy MacomepeHOCy Yy TOPH3OHTAIFHOMY BIIACTIHHUKY JUIsI OIIHKA e(eKTUBHOCTI Horo poOoTu.
Metoauka. I[Ipomec po3moBcioKeHHS 3a0pyAHIOBaYa B OYHCHIH CHOpyAi (BIACTIHHKY) pO3paxoBYIOTh Ha 0asi
PIBHSHHS PO3MOBCIOUKEHHS AOMIIIKH, IO BUPAXa€ 3aKOH 30€peKeHHS MacH. MoJentoBabHE PiBHSIHHS BPAXOBYE
KOHBEKTHBHHUI MEPEHOC JIOMIIIKK Ta MEPEHOC AOMIMIKH 32 paxyHOK TypOyJieHTHOI nudy3ii. MaremaTnaHa Mozelb
BpaxoOBYy€ HEPIBHOMIpHE I10JIe MIBUAKOCTI IMOTOKY B criopyxi. it BU3HaUSHHS 1bOTO HEPIBHOMIPHOTO OIS IIBHU/I-
KOCTI MOTOKY BUKOPHUCTAHO MaTeMaTH4Hy MOJiesb Tedil ifeanbHol piguuu. [Ipu 1pboMy BpaxoBaHO BUXPOBY MPUPO-
Iy 1oToKy. Pe3ynbraTn. Po3B’sa3aHHS MOJENOBAILHUX PIBHSAHb 3HAN/IEHO YUCENbHUM HUIIXOM. /ISl yMCenbHOro
IHTErpyBaHHS MOJEIOBAIBHOIO PIBHSIHHS MEPEHOCY B CIIOPY/l BUKOPHCTAHO PI3HMIEBI CXeMH po3iueruieHHs. ba-
30B€ PIBHSHHS MacOIEpPEeHOCY MOMepPeTHhO PO3IIEIIIICHO Ha PIBHSHHS, 110 BPAXOBYE PYX JOMILIKH Y BiICTIHHUKY 32
paxyHOK KOHBEKIIii, Ta Ha PiBHSIHHS, 1[0 BPAXOBYE MEPEHOC AOMILIKH 32 paxyHOK aAudy3ii. /s yncenbHOro iHTer-
PYBaHHS MOJEIIIOBAJIILHUX DPIBHSAHD Tedii HEB’S3KOi PIAMHHM BHKOPHCTAaHO HESBHI PI3HHMIEBI CXEMH PO3IICTICHHS.
UucenpHU po3paxyHOK 3IiHICHEHO Ha MPSMOKYTHIN pi3HUIEBiH ciTii. HaykoBa HoBH3HA. OCOOIHBICTIO pO3p00-
JIeHOI MaTeMaTHYHOI MOZENI € MOXKJIMBICTh BU3HAYEHHS I10JIS1 MIBUAKOCTI Ta MPOIECY MEPEeHOCY AOMIMIKH 3 ypaxy-
BaHHSAM T'€OMETPHYHOI ()OPMHU BiACTIHHUKIB Ta MO>JIMBICTIO BUKOPUCTaHHS B HUX IUIACTHH, IO BIUIMBAIOTH HA Tijl-
POAMHAMIKY ITOTOKY B CIIOpPY/Ii, @ 3HAYUTh — Ha e()eKTUBHICTH ounmeHHs Boax. IIpakTuyHa 3HaunMicTh. Yac pos-
paxyHKy OJJHOTO BapiaHTa 3aBJaHHS Ha 0a3i o0y JOBaHMX MaTeMaTHYHHUX MOJIENIEH CKIIaae Kilbka ceKyHa. Moneni
MOJKHa BHKOPHMCTAaTH Ul OTPUMAaHHS €KCHEPTHOI OIL[IHKM POOOTH OYHMCHHX CIIOpPY[, SIKI MPOEKTYIOTh. 3a3HaueHO
pe3yJbTaTH MPOBEIEHOI0 OOYHCIIOBAILHOTO EKCIIEPUMEHTY 3 BU3HA4YeHHS e(eKTHBHOCTI poOOTH BiicCTiiiHMKA
3 JIBOMa IUIACTUHAMH.

Knrouosi cnosa: ouvieHHs BOU; MaTeMaTH4YHE MOJICITIOBAHHS; OUYUCHI CIIOPYIH

OYMCTKH CTIYHHX BOJ BUKOPHCTOBYIOTHCS TOPH30-
o o HTaJbHI BiACTIHHUKA. [[1s1 OWiHKYM edeKTUBHOCTI

BIICTIAHAKH BIUTPAIOTH CYTTEBY POJb Y CHC-  0GoTH BiACTIHHMKIB 32 PI3HHX HABAHTAXKEHD, IIO-
TeMax BOJONOCTaYaHHA Ta BojobinBeneHHs. Ha  1piGno marn marematwumi mMomeni, mo s03BOMS-
TPAKTHILi BUKOPUCTOBYIOTE Pi3Hi THIIM BIACTIHHM- 101y, pusHawaTH CTYTiHb OMHMINCHHS CTIYHHX BOJ
KiB, anl¢ B CHCTEMaX OYMLICHHS JYKE YaCTO MU njg KoHKPETHHX YMOB ekcrutyaranii [1-3, 5, 7-9].
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Jlst po3B’si3aHHS 3a/1a4 3 OIIHKY €(heKTHBHOCTI
po0OTH OYMCHUX CIOPYJ BUKOPUCTOBYIOTh MaTe-
MaTH4HI Mojeli, a came emmipuuni [4, 11] i ana-
mitvadi [3, 4, 7, 9, 10, 12]. HegomikoM mux Moze-
Jiell € HEMOKIIMBICTh ypaxyBaHHS HEPIBHOMIPHOTO
MOTOKY B CIIOPY/Ii Ta TEOMETPUIHOT (POPMU CITOPY-
. Tomy OibIn eheKTUBHUMU € YUCENTbHI MO
[1, 2, 6, 13], 110 A03BOJISIFOTH MPOBOMTH PO3PAXY-
HKH 3 ypaxyBaHHIM F€OMETPUYHOI (POPMHU CITOPY/I.
AJie HEMOJIIKOM HUX MOJIENEH €, Y AeIKUX BHIAJI-
Kax, 3Ha4YHI BUTPATH KOMII IOTEPHOTO Hacy iX Ha
npakTH4Hy peatizario [13].

Meta

3Bakal0uy HA BUKJIAJZICHE, METOIO HAIIOi poOo-
T € PO3po0Ka YHCENbHOI MOEIN MPOIecy Maco-
MEPEHOCY Y TOPH30HTAJIBHOMY BIJCTIHHUKY JUIS
OIIIHKH €(DEKTHBHOCTI HOTr0 pOOOTH.

MeToanka

Bynemo posrnsgaté pyx BoAW 3 JAOMIIIKAMH
B OYHCHIN CHOpyai, HanpuKiIaJ, y TOPU3OHTAIIb-
HOMY BiAcTiiiHUKY. CTaBUMO 3amady pO3pOOKH
MaTeMaTHYHOI MOJENi, IO O03BOJISIE BH3HAYATH
e(EeKTHBHICTh POOOTH CHOPYAH 3 YpaxyBaHHAM ii
reoMeTpUYHOI (POPMU Ta T1IPOJUHAMIKY TOTOKY.

Mooens cidpoounamiku. HaiiBaxnuBimorw 3a-
Jlauero IiJ] 9ac po3paxyHKy OYMCHHX CIIOPYJ] CHC-
TEM BOJIOTIOCTA4YaHHS Ta BOJIOBI/IBEJICHHS € BH3HA-
YeHHsS II0JIl IIBUJAKOCTI BOJHOTO TOTOKYy. lle
MOB’S13aHO 3 THUM, HIO PYX JOMIIIIOK y CIOPYAL BH-
3HAYAETHCS IEPEBAXKHO, KOHBEKIi€w0. Tomy rmif
4ac CTBOPEHHS MOJeNiell OIliHKKA eQeKTUBHOCTI
poOOTH OYHMCHHX CHOPYJ PO3B’S3aHHA 3a7adi Tij-
POIMHAMIKK TIOCTAa€ Ha MepuIoMy Mmicii. Y poOoTi
Oy/ieMO BUKOPUCTOBYBaTH MOJIENb PiBHIHb HaB’e—
Crokca ansi po3B’si3aHHS 3ajadi TiAPOIWHAMIKH.
MoenroBaibHi PIBHIHHS MalOTh BUTJIS;

do o vo_ 1[% oo

=— + ; 1
ot ox oy Re 6X2 ayz @
2 2
6—;’+a—‘2" _— @)
OX oy

. V,L
ne y — byHkuis motoky; Re=-2— — uncmno Peii-

v
ov au . oy
HOIIBJICa; =— —— — 3aBUXOPEHICTh; U=—,
ox oy
oy .
V= arvie KOMIIOHEHTH BEKTOpa MIBUKOCTI BOJI-
X

HOTO TOTOKY; L — XapakrepHuii JiHIHHHNA pO3MIp;
V, —XapakTepHa IIBH/KICTb.

[TocTaHOBKY TpaHMYHHAX YMOB JJISI CHCTEMH Pi-
BH:HB (2)—(3) HaBeneHo B poOoTi [2].

PosrnsinemMo moOyZoBy pi3HHMLEBHX CXeM IS
YHCENBHOrO 1HTerpyBaHHA piBHAHb Hap’e—CTokca.
[IpencTaBUMO MBUIKICTD MOTOKY B TAKOMY BHTJIS-
T

BuxoHaemMo 3aMiHy KOHBEKTHBHHX TMOXITHHUX
tak [1]:

ou*m

OX zA;(D:(ui:l,j(Di,j_uiJTJ(Diflvl')/AX;

ou” ® - - -

ox > A0 = (Ui 0t 5 — U0 ) /AX;

(3)

ov o

% zA;(D=(Vi+,J'+lmi,j_V:Jwivi—l)/Ay;
oV ®

oy A o= (ij+1°°i,1+1 ~Vi i )/Ay.

st anpokcumaltii Ipyrux NOXiIHUX BHKOPHC-
TOBY€EMO 3ajiexHocTi [1]:

2
ZT(ZD ~Lo-Lo=

:(_(Di,j T Oy )/AXZ +(mi+1,i O )/AXZ;
82_0)

+ - —
>~ Lyyco—Lyy(o—

:((Di,j—l — 0 )/Ay2 +(03i,j+1 — 0 )/Ayzv (4)
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Ie B TONANBIIOMY  Di3HHUIIEBI  OIepaTtopu
+ - + - :
Ly Lo Ly, Lyy BH3HAYATHMYTBCS HA PI3HUX PO3-

PaxyHKOBHX Iapax. 3aMiHIOIOYH MOXITHI PO3/iie-
HUMH pisHUIAME (3)—(4), OTPUMYEMO HACTYNHY
pi3HHIEeBY cxemy [8]:

n+1 n
i O

(o i)
At

N
+(A: + AL +A +A;)((o”+1§+ (1—§)mn)=
:%(L;X FL + L+ 5y ) (0™ + (1-8)o" ). (5)

abo
((E+At§)(A; +AL+AL A ) -

At
Re

gL+ Lo+ Ly + L, )jm"“
=(E—At(1—<g)(/\; FALHAL A )+

At
+ _

— (1-8)( Ly + L+ Ly + L, )jm”. (6)

Cxema (6) 3a &=1/2 mae apyruii Hopsiiok To-

YHOCTI 3a Y4aCOBOIO KOOpAMWHATOIO, OJJHAK JIsd BU-

3HAYECHHSA HEBIIOMUX ot HEOOXIIHO

PO3B’sI3yBaTH CHUCTEMY alreOpaiyHUX PiBHSHB Be-
JIUKOi PO3MIPHOCTI.

Jlaxni 3anmucyeMo pi3HHIEBY CXeMy PO3ILIEIIICH-
ms [1]:

(Bl ) Jor -
:(E—%(AX+Ay)+%(LXX+LW)jm”;

At
2Re

(E+%(A;+A;)— (L;X+L;y)jco”+l

:(E —%(A; +A;)+ZAF;(L;X + L;y)jm”*%. @)

Po3paxyHOK HEBITOMOTO 3HaYEHHS ® Ha KOX-
HOMY KpOLi PO3IICIUICHHS BU3HAYAEMO 32 METO-
JIOM O1KYYOTO paxyHKY.

JlJis 9ucenbHOTO IHTETPYBAaHHS PIBHSHHS IS
($yHKLIT TOTOKY BUKOPHCTOBYEMO METOJI iTepaLliil.
Huns uporo piBHsHHS Ilyaccona mpuBommmo 10
BHTJIATY:

v _dv oy
ooy

ne M — ¢ixtuBauii yac. Oynkuis y(X,Y,n), Oy-

(8)

+o,

Iydd PO3B’S3KOM HECTAI[IOHAPHOTO PIBHSHHS
(3.14), 6ynme pos3s’sizkoM piBHsHHA [lyaccona 3a
n—o0.

Bukopucrana pisauiieBa cxema mMae BUrIsiz [1]:

()

\V:fl _‘lf:j
An
1+1 |
N
+(L§y + Lyy) 5

- 1
(D” :Z((DIJ +(Di—1,j +(Di,j—1+u)i—1,j—l) .
CxeMa po3MICIICHHS Ma€ BUTIIS!

\|II+%=\|II +(‘bﬂ

(- (Lrty) | v -
:(E+A—2”(L;X+L;y)] Vaeck

) ¥
:(E+A—;(L;X+L;y)j v

gyt = \VH% + (TJA—Zn : (10)

(+2 (+3
3HavueHHS (QYHKII MTOTOKY A , A

BHU3HAYAaEMO METO/0M OiXKYydOro paxyHKy Ha JIpy-
rOMY Ta TPETbOMY KPOKaX PO3IIETIIICHHS.
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KoMmonenTn BEKTOpa I]_IBI/II[KOCTi BHU3HaA4Ya€MO
TaK.

Ujj Z(\Vi,j+1_‘lfij )/Ay; Vij Z_(\I’m,j — Vi )/AX-

Jus popmyBaHHS BUTIIALY PO3PaxXyHKOBOI 00-
JacTi BUKOPUCTOBYEMO MapKepH.

Mooenv maconeperocy y 6i0CmiliHUKY.

[Ticns po3paxyHKy HEPIBHOMIPHOTO TIOJS IIBU/I-
KOCTi MIOTOKY Yy BiICTIHHMKY HEOOXiZHO po3paxyBa-
TH PyX AOMIIIKU. J[JI MATEMaTUYHOTO OMHUCY Tepe-
HOCY JOMIIIIKK B OYHCHIN criopy/ii OyZeMo BUKOPH-
CTOBYBATH PiBHSHHS Oanancy Macu [1, 2, 6, 13]:
oC ouC N o(v—w)C

ot oX

+oC=0, (11

ne C — KOHLEHTpAIlis TOMIIIKHY; U, V — KOMIIOHCH-
TH BEKTOpa LIBHJKOCTI IMOTOKY B HAmNpsIMKy ocei
X 1y; W — rpaBitaiiiifHa MBHIKICTh OCaKEHHS J0-
Mimky,; x, y — JlexkaproBi koopauHaTH; 6 — Koedi-
LIIEHT, 10 BPaxOBYE HpoIiec QUIOKYJIALIT 1 po3namy
YaCTHHOK, a TAaK0K 010XIMIYHE OKHMCIIEHHS.

Kpaiioi ymoBu st piBHsiHHs (11) posrisiHyTO
B [11].

Jlnst aucenbHOrO iHTErpyBaHHs piBHsHHS (11)
BUKOPHCTOBYEMO HESIBHY 3MIHHO-TPUKYTHY CXEMY
posueruierns [11].

PesyabTaTtn

Ha ©6a3i moOymoBaHOi dYWCeNnbHOI Mopeni
CTBOPEHO makeT nporpam. OCHOBHI MOAYAl LbOTO
MaKeTa HACTYITHI:

D) mianporpama EVORZ — po3paxyHOK moJist
BUXOpY Ha 0a3i piBHsHb Has’e—Crokca;

2)mignporpama EFUZ- pospaxyHok ¢yHKIT
MoToKy Ha 6a3i piBHsHb HaB’e—CtoKCa,

3)mignporpama ECOZ -  pospaxyHOK
KOHIICHTPAIIii JOMIIIIKH! Y BiJICTIHHUKY;

4)nimnporpama EPRZ — npyk pesynbraris
0OUYHUCITIOBAIEHOTO EKCIIEPUMEHTY.

Ha puc. 1 mokazaHo pos3momin AOMILIKK Yy
TOPHU30HTAIBHOMY BIACTIHHUKY. OOUMCIFOBAIBHUN
eKCIIepuMEeHT Ha 0a3i moOy/0BaHOi YHCENBHOT
MOJISJTI TIPOBENIEHO JIJIS BIJICTIMHHKA, 110 Ma€ JyXKe
CKJIanHy reoMeTpuyHy ¢opmy. Sk Bimomo, mms
TaKUX PO3PaxXyHKOBUX OONacTel pSAJ] YMCENbHUX
METOIiB BTpayae CTiHKICTh, ajie Mo0yJoBaHa
YrcelbHa MOJENb HE Ma€ Takoro Hemomniky. Yucna

Ha puic.]l TIOKa3ylTh y MPOIEHTAX KOHIICHTPAIiIO
JIOMIIITKY Bijl 3HAYCHHST KOHIICHTPAIlii JOMIIIKH Ha
Bxoxai y Biacriitnuk (C = 99 %). Ha 6as3i Taxoi

TEXHOIIOTIi MOXKHA IIBUIKO aHYyJi3yBaTH, SKa
KOHIIGHTpAIiss  JOMIIMKKH  Oyme Ha  BHXOmI
3 BIACTIHHHUKA.

4

0 X

Puc. 1. KoHneHTpatiss TOMIIIKA Y TOPU30OHTAIHHOMY
BIZICTIHHHUKY

Fig. 1. Impurity concentration in a horizontal settler

Ak mm Oaummo 3 puc. 1, edexTHBHICTH
OUMIIIEHHS BOM B I1ili criopyxi Oyzae 6mu3pko 90 %.

Big3Haunmo, moO 4dYac pO3paxyHKY CKJaB
6mu3bKo 15 cek.

HayKOBa HOBM3HA TA IIPAKTUYIHE
SHAYCHHHA

3anponoHOBaHO YHCENIBHY MOAENb, 110 0a3y-
eTbest Ha piBHsAHHI HaB’e—Crokca Ta piBHSHHI Iie-
pEHOCY NOMINIKH y TOPU3OHTAIBHOMY BiJICTIHHU-
Ky. Po3poGiena wmonens m03BOJSE€ ONEPAaTHBHO
pO3paxoByBaTH HEPIBHOMIPHE I10JIe IIBUIKOCTI
MIOTOKY B CHOPY/I Ta PO3MOJIIA KOHIEHTpAIIil J10-
MIIIKK B criopyai. Mogens Moxe OyTH 3aCTOCOBa-
Ha Ha eTani NPOeKTyBaHHSIM OYHCHUX CIOPY/ CHC-
TEM BOJIOBIBEIECHHS.

BucnoBku

VY cTarTi pO3IJSHYTO YHCENbHY MOJEJNb, IO
JIO3BOJISIE  OTIEPATUBHO OILIIHIOBATH €(PEKTHBHICTD
po0OTH TOPHU3OHTAILHUX BiACTIHHUKIB. Moenb
0a3yeTbcsi Ha BUKOPUCTAaHHI (yHAaMEHTaIbHUX
PIBHSHB MEXaHIKH CYyITFHOTO CEPEIOBHIIA.

Ilopanpmivii po3BUTOK ILOTO HAyKOBOTO Ha-
OpSAMKY CJIiJ] IPOBOAMTH B rany3i crBopeHHs 3D-
MojIeei sl OIIHKY e(hEeKTUBHOCTI POOOTH OYHC-
HUX CTHIOPY/I.
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MOJEJUPOBAHUE OUUCTKHU BOJAbI B TOPU3OHTAJIBHOM
OTCTOMHUKE

Hens. IloBeimmenne 3((GeKTHUBHOCTH pPaOOTHI OYHCTHBIX COOPY)KEHHH B CHCTEMaX BOJOCHAO0)KEHUS
1 BOZOOTBEJCHMS — Ba)kKHasl TeXHUUYECKas 3amada. {1t aHamm3a 3QEKTUBHOCTH OYHCTKH BOJABI KOHKPETHOTO CO-
OpYXXEHUsI, Ha 3Tale MPOCKTHPOBAHMS, HY)KHO UMETh CIeNHaIbHbIC MaTeMaTHdeckue Moaenu. Llenpro qanHO# pa-
0O0THI sIBISIETCSl pa3pabOTKa YHCICHHOH MOJAENHM MpOILEcca MAacCONepeHOCa B TOPHU30HTATBHOM OTCTOMHHMKE IS
oneHKH 3¢ GeKTUBHOCTH ero padbotel. Meroauka. [Ipomecc pacipocTpaHeHHUs 3arpsA3HATENS B OYUCTHOM COOPYXKe-
HUH (OTCTOMHHMKE) PacCCUMTHIBAIOT Ha 0a3e ypaBHEHHUS PacHpOCTPAaHEHHs IMPHUMECH, YTO BBIPaXKaeT 3aKOH COXpaHe-
HUs Macchl. MoJenupyrolee ypaBHEHUE YIUThIBAET KOHBEKTUBHBIN NEPEHOC MPUMECH U NEPEHOC MPUMECH 3a CUET
TypOyJaeHTHOH anddy3nn. MatemaTndyeckasi MOJIeib YYUTHIBAET HEPABHOMEPHOE I0JI€ CKOPOCTH MOTOKA B COOPY-
XKeHUU. /[ ompeneneHus 3Toro HEpaBHOMEPHOI'O MOJIsI CKOPOCTH MOTOKAa UCHOJIB3YIOT MaTeMAaTUUECKyI0 MOEIb
TEYECHUS UICAIBHOMN XKUAKOCTU. [Ipu 3TOM yuHTBIBAIOT BUXPEBYIO pupoAy noroka. Pesyiabrarsl. Pemienue moze-
JUPYIOIUX YpaBHEHUH HalJ€HO YHCICHHBIM IyTeM. J{JIs YMCICHHOTO MHTErPUPOBAHMS MOJCIUPYIOIIEr0 ypaBHe-
HUSI TIEPEHOCA B COOPYKEHUH MCIIOJIb30BAHBI PA3HOCTHBIE CXEMBI pacienieHus. bazoBoe ypaBHeHHE MaccomepeHo-
ca MPEeIBAPHUTENIFHO PAcUICIUICEHO Ha yPaBHEHHS, YIUTHIBAIONIIE ABMKEHIE IPUMECH B OTCTOMHUKE 3a CUET KOHBEK-
MM, U HA YpaBHEHHS, YYUTHIBAIOUINE MEPEHOC MpUMecH 3a cdeT auddysun. [ 4HCICHHOrO MHTETPHPOBAHUS
MOJIETIMPYIOIIUX YPaBHEHUI T€UCHMS HEBSI3KON *KUAKOCTH HCIIOJIB30BAHBI HESIBHBIC PA3HOCTHBIE CXEMBI paclierlie-
HUs. UNCTICHHBII pacyeT OCYIIeCTBICH Ha MPSIMOYTOIBHON pa3HOCTHOH ceTke. Hayunass HoBu3HA. OcOOEHHOCTEHIO
pa3paboTaHHOHW MaTeMaTHYECKOH MOAENH SIBIISETCS BO3MOXKHOCTD OINIPEAEIICHHUs MO CKOPOCTH W TIpoIiecca Iepe-
HOCa IPUMECH C Y4E€TOM I'€OMETPHUUECKOil (POPMBI OTCTOMHUKOB M BO3MOYKHOCTBIO MCIIOJIb30BaHUS B HUX IUIACTHH,
BIMSIOIINX Ha THIPOJMHAMHMKY IIOTOKa B COOPY)XEHHH, a 3HAauUT — Ha S(QQEKTUBHOCTH OYHCTKH BOJIBI
IIpakTHyeckas 3HaYUMOCThb. Bpems pacuera oJJHOro BapuaHTa 3aJaHusi Ha 0a3e MOCTPOCHHBIX MaTeMaTHYECKUX
MojieNelt CocTaBIsgeT HECKOJIBKO CEKYH. Moean MOXKHO IPUMEHHUTD JUIS TOIYy4eHHUs SKCIIEPTHOIN OLIEHKH paboThI
MIPOEKTUPYEMBIX OYUCTHBIX COOpY>KeHHH. ONHCaHbl pe3yabTaThl IPOBEJCHHOTO BBIYMCIUTEIBHOTO 3KCIIEPUMEHTa
1o ompeeneHuto 3pHeKTUBHOCTH pabOTHl OTCTONHMKA C IBYMSI IJIACTHHAMH.

Kniouegvie cnosa: 04ucTKa BOJBI; MATEMAaTHIECKOE MOACINPOBAHUE; OUNCTHBIE COOPYKEHUS
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WATER CLEANING MODELING IN A HORIZONTAL SETTLER

Purpose. Improving the efficiency of wastewater treatment plants in water supply and sanitation is an important
technical task. To analyze the effectiveness of water treatment of a particular structure, at the design stage, you need
to have special mathematical models. The work is aimed to develop a numerical model of the mass transfer process
in a horizontal settler to assess its performance. Methodology. The spread of the pollutant in the treatment plant
(settler) is calculated on the basis of the distribution equation of the impurity, which expresses the law of mass con-
servation. The modeling equation takes into account the convective transfer of impurities and the transfer of impuri-
ties due to turbulent diffusion. The mathematical model takes into account the uneven flow velocity field in the
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building. To determine this uneven flow velocity field, a mathematical model of the flow of an ideal fluid is used. In
this case, the vortex nature of the flow is taken into account. Findings. The solution of modeling equations is found
numerically. For numerical integration of the modeling transport equation in the structure, difference splitting
schemes were used. The basic mass transfer equation is preliminarily split into equations that take into account the
movement of an impurity in a settling tank due to convection, and into equations that take into account the transfer
of an impurity due to diffusion. For numerical integration of the modeling equations of the inviscid fluid flow, im-
plicit difference splitting schemes are used. The numerical calculation is carried out on a rectangular difference grid.
Originality. A feature of the developed mathematical model is the possibility of modeling the velocity field and the
process of impurity transfer taking into account the geometric shape of the settlers and the possibility of using plates
in them, which affect the flow hydrodynamics in the structure and, therefore, the efficiency of water treatment.
Practical value. The calculation time for one version of the task based on the constructed mathematical models is
a few seconds. The models can be used to obtain an expert assessment of the operation of treatment facilities de-
signed. The results of a computational experiment in determining the efficiency of the settler with two plates are
presented.
Keywords: water treatment; mathematical modeling; wastewater treatment plants
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THE ROLE OF UKRAINIAN RAILWAY TRANSPORT IN MODERN
LOGISTIC PROCESSES

Purpose. As Ukraine actively develops its transport and logistics network taking into account the modern
changes, the ever-increasing trade volume between the Europe and Asia, presents a good opportunity for increasing
interoperability for the networks of international railway transportations. The study is aimed to consider in detail
main components of railway interoperability and possible ways for achievement of their interaction.
Methodology. The idea of interoperability was taken as a basis as a part of logistic system at railway. The crossing
of different types of gauges was analyzed on the example of collaboration of Ukraine with European and Asian
countries due to the increased freight traffic volume between them. Findings. Taking into account the basic tech-
nical parameters unifying the railway operation we found out the following principles: to agree upon a set of tech-
nical parameters, essential for the interoperability of the entire region; to determine the values and methods for
agreement of the technical parameters to achieve technical interoperability; to decide on gradual implementation of
technical interoperability, starting from the international corridors in a coordinated way depending on the priorities
of international transportations. Originality. We considered the value of interoperability as a part of railway logistic
systems. Practical value. The obtained results of search can be used during implementation of common platform of
Ukraine’s collaboration with other countries related to the railway interoperability by establishing common base for
work in prospective collaboration.

Keywords: interoperability; track gauge; logistic systems; supplies chains

a significant increase in mobility and higher levels
of accessibility [16]. Ukraine can take the right
steps to seize this opportunity by enhancing devel-
opment of interoperability in railways through ini-
tiatives such as support the investments in railway
infrastructure to achieve technical interoperability,
harmonization of the regulatory framework for the
railway industry (mainly common safety rules),

Introduction

In rail transport, the concept of interoperability
appeared along with the implementation of Euro-
pean Directives relating to the establishment of the
rail market and the increase in the possibility of the
transfer of transport by rail between countries [3,
10]. Interoperability of railway transport develop-

ment is not only a matter of achieving Ukraine’s
potential but also ensuring the country’s access to
international markets. Movements of people, goods
and information have always been fundamental
components of human societies. Contemporary
economic processes have been accompanied by

regulation of the border crossing procedures to fa-
cilitate international traffic and implementation of
the commercial and legal framework for interna-
tional rail transport [3, 13].
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Purpose

The article is aimed to streamline the study by
suggesting that we could offer a common platform
of collaboration of Ukraine with other countries for
activities related to the railway interoperability
subject, preserving common data base for member
countries.

Methodology

The contemporary transportation market re-
quires from the railway transport of Ukraine the
high level of quality, regularity and reliability of
transport services in field of logistics [4]. In the
conditions of market economy one of the main fac-
tors that contributes to the establishing and secur-
ing a leading position at the transportation market
is the competitiveness of railway transport in dif-
ferent kinds of traffic volumes. In addition, the
transport infrastructure state of Ukraine should
comply with the requirements of the European Un-
ion (EU) [13]. Under the existing state of the
Ukrainian railways technical equipment that needs
renewals at almost 80%, there also arises the prob-
lem of optimization of the passenger complexes
functioning process to achieve the effective organ-
ization of transportation process [17]. This is nec-
essary in order to obtain economic effect, which
will yield the possibility to gradually update the
carrier’s rolling stock in our days.

Transportations must not be only convenient
and affordable, but they should also meet the re-
quirements of safety and high-speed delivery in
order to ensure the competitiveness of the railway
transport with logistics methods [4]. In view of the
extent and complexity of the rail system, it has
proved necessary, for practical reasons, to break it
down into the following subsystems: infrastructure,
control command and signaling, energy, rolling
stock, operation and traffic management, mainte-
nance for freight services. For each of these sub-
systems the essential requirements must be speci-
fied and the technical specifications and interfaces
to meet these essential requirements [3].

The railway transport improvements should be
sent generally on maintenance of trains and wag-
ons. The main improvement tasks regarding the
technology of the trains and wagons processing are
the reduction of technological operations duration,
the decrease of the interoperable downtime dura-

tion for minimizing transportation costs, ease of
the wagons and trains replacement during the cir-
culation in the places of destination [15]. One of
the means for the achievement of the interoperability
is the division of the European railway system into
sub-systems:

— infrastructure (rails, switches, constructions),

— energy (electrification equipment, overhead
trolley lines),

— control, command and signaling (equipment for
ensuring the safety, control and regulation of the
movement of trains),

— interface (current collectors, wheel-rail inter-
face, etc.) [25].

The idea of interoperability it is a part of lo-
gistic system work in the world. To implement in-
teroperability into Ukrainian’s railway logistic sys-
tem and around the world means to eliminate the
operational barriers in developing flawless interna-
tional transport services. To make railway interop-
erable with other railways means to harmonize the
technical parameters, operational procedures and
the legal environment of the two entities. It is
a complicated goal, as it depends on the interoper-
ability of many other entities in the countries to
which the two railways belong. International expe-
rience shows that achieving railway interoperabil-
ity may become in some cases an exceptionally
difficult task, as it requires strong political support
and active involvements from all involved coun-
tries to harmonize national policies and practices
[10]. Railway interoperability can be achieved
through a coordinated approach of the member
countries in three major directions shown in
Figure 1. There are unified contractual obligations
vis-a-vis customers from origin to destination;
common technical parameters of railways infra-
structure and rolling stock; harmonized operational
practices over an entire international route.

Operational Interoperability

Technical Interoperability

Legal Interoperability

Fig. 1. Components of railway interoperability

Technical interoperability is usually the most
expensive component to be achieved compared
with the operational and legal components of in-
teroperability. It requires very large investments.
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Most major railway corridors connecting between
two and more railways will include at least one
exchange of gauge and so the common technical
parameters must be agreed upon the technical
means necessary to allow trains to continue their
routes through destination, running over different
gauge of railways. Possible list of countries where
Ukraine can have a common platform of collabora-
tion is shown in Table 1 [16].

Currently, when large railway networks are al-
ready built on different track gauges, the efforts are
directed to develop and implement technical and
operational procedures for increasing the interop-
erability between the existent different track rail-
ways by reducing the operating time in the track
changing stations and diminishing the operating
costs of railway transport from origin to destina-
tion.

Collaboration is the highest level of decision
making. It involves political alliances between
heads of state, parliaments, and governments along
the corridor. Cooperation is mutual support by
ministries and agencies. Management refers to the
effective running of the corridor. An agreement
refers to any form of document, binding or not,
that reflects the willingness and commitment of the
parties concerned by the development of the corri-
dor and endorsed by them, including a memoran-
dum of understanding, a convention, a treaty, or
other types of agreements [20]. Joining the existing
international railway conventions is the only way
to comprehensively address the legal issues of in-
ternational rail transport across the entire continent
and in relationship with Europe. After joining one
of the existing international railways conventions,
neighboring countries or all countries along a cor-
ridor may sign subsequent bilateral or multilateral
agreements for joint implementation of their
agreed up on obligations for managing internation-
al railway transport services, but only in the gen-
eral framework established by the international
convention they belong to [19]. Figure 2 presents
schematically the cascade of agreements in their
logical order: governmental agreements, agree-
ments of state institutions involved in border cross-
ing procedures, agreements of neighboring rail-
ways for handing over the train at border, agree-
ments between railways along the corridor for
providing joint transport services.

Table 1
List of countries —Track Gauges
Nr Country Track gauge [mm]
1676 1520 1435
1 Ukraine
2 Belarus
3 Poland
4 Slovakia
5 Romania
6 Moldova
7 Bolgaria
8 Turkey
9 Georgia
10 Armenia
11 | Azerbaijan
12 Russian
Fed.
13 | Kazahstan
14 | Uzbekistan
15 Mongolia
16 Pakistan
17 Nepal
18 India
19 China

Bilateral / multilateral agreements /
contracts among railways along the corridor

Subsequent agreements between the
neighboring railways

Subsequent agreements between border
police, customs, sanitary, phytosanitary...

Bilateral border crossing agreement
between governments

Membership to one of International Rail Conventions

Fig. 2. Layers of legal interoperability

As customers are interested in door to door
transport solutions, railways must develop ade-
quate interfaces with road, water and air transport
to become part of logistic chains. It should be
a vital objective for the railways, knowing that the
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decision of choosing the routes and modes of
transport is usually made not by shippers, but by
logistic operators. Any transport corridor will at-
tract traffic and trade only when it will be competi-
tive in the context of supply chains. The needs of
specific supply chains, the flexibility of the inter-
modal services and the provided value-added ser-
vices will play paramount roles in the logistic deci-
sions. These requirements do not apply to particu-
lar sections of the international routes, but to entire
transport-logistic chains. However, infrastructure
alone would not facilitate the movement of people
and goods between countries if non-physical im-
pediments are not removed. Efforts to facilitate
transport are paramount to the smooth movement
of goods and people especially in international
traffic, as transport facilitation contributes to the
diminishing of the economic distance to markets.
Transport facilitation can only serve its purpose if
based on harmonized legislation, institutions, and
practices, at national, sub-regional, regional and
international level [2].

Findings

The reality illustrates that it is not easy to de-
fine and to put in place a harmonized concept for
improving the interoperability of railways across
the region. One of the main difficulties is the huge
diversity of countries and railways in region. But
presently, all European countries are members of
The Convention concerning International Carriage
by Rail (COTIF) and a lot of barriers to the in-
teroperability of railways, are eliminated. The
railway traffic between the European countries is
based on these rules and regulations. Also, the Or-
ganization for Cooperation of Railways (OSJD)
was established as the equivalent of the Interna-
tional Union of Railways to create and improve the
coordination of international rail transport. Con-
cerning especially the transports between Europe
and Asia, it has helped develop cooperation be-
tween railway companies and with other interna-
tional organizations. The members of this organi-
zation created an international transport law [19].
Following from our search work we assumed that
both of these organizations can be used as a ground
to collaboration of all countries from the list in Ta-
ble 1 guided by the principles of interoperability
set forth in this work.

TN

iy
EG (2 SA\\\\\\\\§§

‘ COTIF + OSJD COTIF Associate Member

lCOTIF
Fig. 3. COTIF / OSJD membership

Poso

As we see in Figure 3 Ukraine is a member of
both organizations what gives geographically great
opportunity for development in interoperable field
in the direction with Europe and Asia. Interopera-
bility can use its worldwide influence to invite the
experts from OSJD, COTIF and from other relevant
international entities to support the efforts of the
railways of the regions in this direction. To become
competitive on international railway transport is
a very challenging task which requires cooperation
of countries, adaptability of railways to the market
demands and continuous improvement of the quali-
ty of railway transport services. Once a system is
interoperable it opens the door to new markets, and
not just in Europe. Railways have always needed to
conform to standards and with an assurance regime
to certify that products and systems comply. The
EU interoperability regulations provide a common
system for verification and approval across all of
Europe [2]. The implementation of the interopera-
bility may help the member countries to achieve
this objective in a coordinated approach and using
working methods adapted to the needs and possibil-
ities of each country.

Originality and practical value

The competitiveness of the international railway
transport is a matter of active participation in a co-
ordinated approach of all involved parties, as in all
cases of logistic chains, the quality of operation of
international traffic along a certain route is defined
by the possibility of interactions of transport modes
on the way between countries, optimized material
and informational flows also. Conducted research
on the example of Asian and European countries
gave us the opportunity to consider Ukraine as
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a possible participant in interoperable work with
Asian countries in connection because of the growth
of freight traffic volumes to the country. Presently,
maritime transport is by far the dominating mode of
transport in the Euro-Asian trade. However, by inte-
grating railways as part of the logistic chains, land
transport maybe come an important complement to
shipping services and may increase the reliability of
high-value and time-sensitive supply chains using
all the basics of interoperability. That means the
ability of a rail system to allow the safe and uninter-
rupted movement of trains which accomplish the
required levels of performance for these lines. This
ability depends on all the regulatory, technical and
operational conditions which must be met to satisfy
the essential requirements.

In the conducted studies, the analysis of possible
variants of transportation logistics from Eastern
Ukraine to Poland was made. For comparison, sev-
en possible variants of transportation and a new pro-
ject solution is selected. Based on the SWOT analy-
sis, as well as marketing and logistics research on
project variants, it has been proved that the pro-
posed direct rail route can compete on an equal foot-
ing with existing variants of transport [1].

Recently, the demand for international trans-
portation and transport services has increased sig-
nificantly among Ukrainians and residents of Eu-
rope. But nowadays, the clients most often act as
a logistician of their transportation, without having
complete data on the reliability and safety of
transport networks, rolling stock of different
modes of transport, schedules and routes.

The introduction of logistic approaches to the
development of Ukraine's transport system will
allow the client to make his own decision about the
option of a trip depending on the most important
factors and characteristics of transport service for
him. Ukrzaliznytsya (UZ) and Polish Railways
(RKR) have a unique opportunity to assist clients
in providing information and logistic services, as
well as in selecting the most favorable transporta-
tion options. For this purpose, it is necessary to
organize traffic between the largest cities of Eu-
rope and to enable goods to cross the border con-
veniently and quickly. Therefore, one of the most
promising ways of solving this problem is to diver-
sify the activity of railway transport in the market
of transport and international transportation ser-
vices. Expanding the network of international rail

routes will attract goods from other modes of
transport, as well as increase the percentage of
tourists who plan to visit popular corners of both
Ukraine and other EU countries [12, 16].

Conclusions

Opening the railway market for services requires
the implementation of the interoperability condi-
tions, to integrate railway systems and enable the
movement of passenger and freight trains without
unnecessary restrictions arising from the technical
and organizational differences in these systems. Al-
lowing access of interoperable trains to interopera-
ble networks is preceded by activities that allow the
assessment of the fulfillment of all basic conditions
in terms of technical compatibility, performance,
and organization of the trains [11]. Taking into con-
sideration the huge financial impact of eliminating
the existing technical barriers in railway transporta-
tion system, it is highly advisable to develop a strat-
egy for achieving the technical interoperability in
stages, starting with the major railway corridors.
Railway in the region must be aware that the
smooth interoperation of different modes of
transport will facilitate more efficient use of the ex-
isting infrastructure and will increase the efficiency
of transport system. Finally, high-performance
transport corridors using intermodal transport chains
and integrated routes will facilitate more rapid eco-
nomic growth. All these challenges require further
harmonized efforts of the member countries to iden-
tify appropriate solutions to complex issues, as:
a) intermodal trans-shipment terminals and logistics
centers; b) trans-shipment technologies; ¢) electron-
ic fare management systems across different
transport modes; d) transport management across
different modes of transport. The rail transport
mode is the more effective and efficient by the fact
it connects the most populated areas at increasingly
high speeds, providing social cohesion at national,
European and international level. The interoperabil-
ity and resilience of the rail systems are the key
challenges to strengthen the competitiveness of rail
products and operations. Moreover, the increasing
speed opens the door to new services, crossing bor-
ders [7]. This issue is highlighted as the next essen-
tial step for enhancing the railway transport compet-
itiveness, once the railway interoperability is
achieved.
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POJIb 3AJII3BHUYHOI'O TPAHCIIOPTY YKPATHU B CYUYACHHUX
JIOI'ICTUYHUX ITPOLHECAX

Meta. Ockinbku YKpaiHa akTHBHO PO3BUBA€E CBOIO TPAHCIIOPTHO-JIOTICTHYHY MEPEXY 3 ypaxyBaHHAM Cy4acHUX
3MiH, 00CST TOPTIBIi MiXk €BpOIIOIO i A3i€l0, IKUI MOCTIHHO 3pOCTae, MPEACTABISIE TAPHY MOYKIUBICTD TTiABUIIICHHS
(YHKIIOHATBHOT CYMiICHOCTI MEPEX U MiDKHAPOTHUX 3alli3HUYHUX IePEeBEe3CHb. Y OCITIKEHHI IepeadadeHo ae-
TaIBHO PO3MJIIHYTH OCHOBHI KOMIIOHEHTH CYMIiCHOCTI 3QJIi3HHI(h 1 MOJMIIMBI IIISXH JOCSITHEHHS IX B3a€MOJII.
Mertoanka. 3a ocHOBY Oyna B3sTa ifies IHTEpOIepaOdeIbHOCTI K CKJIAAOBOI JOTiCTUYHOI CHCTEMH Ha 3alli3HUII.
[IpoananizoBaHO IepEeTHHAHHS PI3HUX THIIIB KOJiH Ha MPUKIAIL CIIBIIpani YKpalHu 3 kpaiHamu €Bpomu it Asii de-
pe3 30inbleHHs] TOBapooOiry Mk HUMH. Pe3yabraTn. 3 oy Ha 3arajibHi TEXHIUHI apameTpH, ski 00'€IHYIOTh
po0OOTY 3aii3HHIb, MU 3’SICYBaJIM TaKi MPUHIMIIK: Y3rOAUTH HaOIp TEXHIYHUX MapaMeTpiB, HEOOXIAHUX JIJIsl B3aEMO-
Ji1 B yCbOMY pETiOHI; BUSBUTH 3HAYECHHS i METO/IM y3TOJPKEHHSI TEXHIYHHUX MapaMeTpiB JUIsl JOCSITHEHHS TEXHIYHOT
CYMICHOCTI; TPHUUHITH pIlIEHHS IPO IIOCTYNIOBE BIPOB3KEHHS TEXHIUYHOI CYMICHOCTI, IOYMHAIOYU
3 MDKHapOAHUX KOPHIOPIB, CKOODJMHOBAaHO 3aJie)KHO BiJ MPIOPUTETIB MDKHAPOJHHUX  IEPEBE3CHb.
HaykoBa HoBHU3HA. Y po0OTi OyJI0 PO3MIISHYTO 3HAYEHHS CYMICHOCTI SIK YaCTHHHU 3QJII3HUYHUX JIOTICTUYHUX CHC-
teM. [IpakTyna 3HaunMicTb. OTpUMaHi pe3ynbTaTH MOUIYKY MOKYTh OyTH BUKOPHCTaHI ITijl 9ac BIPOBAIKCHHS
3arajipHOI ITaT(OPMHU CIIIBIIpali YKpalHu 3 iHIMUME KpaiHaMU, IMOB'I3aHIMH 3 SKCILTyaTaliiHO CYMICHICTIO 3alli-
3HUIIB, IUITXOM CTBOPEHHSI 3araJIbHOi 0a3H U1 poOOTH B IEPCIIEKTHBHOMY CITiBPOOITHHIITBI.

Krouosi crosa: iaTeponiepabenbHICTh; KOS, JOTICTHYHI CHCTEMH; KaHAIN TIOCTaYaHHS
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POJIb KEJIE3HOJOPOXHOI'O TPAHCIIOPTA YKPAUHDBI
B COBPEMEHHBIX JJOTHCTUYECKUX ITPOLHECCAX

Hean. ITockonpky YKpanHa akTUBHO Pa3BUBAET CBOIO TPAHCIIOPTHO-TOTUCTUUECKYIO CETh C YYETOM COBPEMEH-
HBIX U3MEHCHHH, ITOCTOSHHO PacTyIINi 00BbeM TOProBiuu Mexay EBpomoii n A3neil mpenocTaBisieT XOpOouIyo BO3-
MOXXKHOCTb MOBBIMIECHUS (PYHKIIMOHAILHON COBMECTUMOCTH CETEeH AJISI MEeKIYHAPOAHBIX KEIE3HOJOPOXKHBIX IIEPEBO-
30K. B mccienoBanny nperycMOTpEeHO MOAPOOHO pacCMOTPETh OCHOBHBIEC KOMIIOHEHTHI COBMECTUMOCTH XKEJIE3HBIX
JIOPOT 1 BO3MOJXKHBIE IIyTH JOCTIDKCHUS MX B3auMmozeiicTus. Meroauka. Kak ocHoBa Obuta B3sTa WIEs HHTEPOIE-
pabenbHOCTH KaK 4acTH JIOTHCTHYECKOI CHCTEMBI Ha XeJe3HOH nopore. [IpoaHani3upoBaHo nepecedeHre pasind-
HBIX THIIOB KOJIEH Ha IIpUMEpe COTPYAHHYECTBA YKpauHBI CO CTpaHaMU EBpomnbl U A3uU B CBA3H C yBEIHYCHHEM
IpYy30II0TOKa MEXIy HUMH. Pe3yjbTarbl. YuuThiBas oOLIME TEXHUYECKHE MapaMeTpbl, 0ObEAMHSIIONINE PadoTy
KEJIE3HBIX JIOPOT, MBI OTPEEIIMIIN CIIEYIOIUE IPUHIMIBI; COTIacoBaTh HA0OP TEXHUYECKUX MTapaMeTpoB, HEOOX0-
JTUMBIX ISl B3aUMOJCHUCTBUS BO BCEM PETHMOHE; BBIABUTH 3HAYCHMS M METOJBI COTIACOBAHUSA TEXHHYECKUX Mapa-
METPOB JJIs TOCTHKEHUS TEXHHUYECKOW COBMECTHUMOCTH; NPHHATH PELICHHE O MOCTEIICHHOM BHEIPEHUU TeXHHYe-
CKOW COBMECTMMOCTH, HauWHAasl C MEXAYHAPOJHBIX KOPHIOPOB, CKOOPAMHUPOBAHHBIM 00pa30M B 3aBHCHMOCTH OT
MIPUOPHUTETOB MEXIyHapOIHBIX epeBo3ok. Hayunasi HoBu3Ha. B paboTe ObLIO paccMOTpEHO 3HaYCHHE COBMECTH-
MOCTH KaK 4acTH KeJIE3HOIOPOXKHBIX JOrHcTHUeCKUX cucTeM. IIpakTHyeckas 3HauMMoOCTh. [lonydeHHbIe pe3yiib-
TaThl IOMCKA MOTYT OBITH MCHONB30BaHbI IPH BHEAPEHUH OOIIEH MIaTGOPMBI COTPYAHUYECTBA YKpPAHHBI C OPYTH-
MU CTpaHaMH, CBSI3aHHBIMH C SKCIUTYyaTallHOHHOH COBMECTUMOCTBIO JKEJIE3HBIX JIOPOT, ITyTEM CO3/1aHHs 001el 6a3bl
Jutsl pabOTHI B IEPCHEKTUBHOM COTPYIHHYECTBE.

Kniouegvie cnosa: nHTEpONIEpabEIbHOCTD, KOJIES; JIOTHCTHUECKHE CUCTEMBI; KaHaJIbl TOCTaBOK
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JAOCJIKEHHSI BIIMIHHOCTEM YKPAIHCBKOI TA
€BPOIEMCBHKOI 3AJIBHUYHOI IHOPACTPYKTYPH

Mera. Y po0Gori nepenbdaueHo npoaHasi3yBaTH OCHOBHI BiIMIHHOCTI YKpPaiHCHKOI 3a1i3HUYHOI 1HQPACTPYKTYpH
BiJl iHPACTPYKTYpH KpaiH, 3 IKUMU YKpaiHa MeXye Ha 3aXiJIHOMY KOPJIOHI, Ta KpaiH, 0 SKUX MOXe OyTH 3aBeieHa
kouist 1 520 MM, BpaxoBYyIOYH HANpPsIMOK OCHOBHOT'O BaHTa)XOMOTOKY 31 Cxony Ha 3axin. Takox nepenbaueHo Haaa-
TH KUIBKICHY Ta SIKICHY OL[IHKY TEXHIYHOI CYMICHOCTI Ta 1HIIMX IMOKa3HUKIB 3aJi3HUYHUX MEPEX BiJIHOCHO TEPHUTO-
pii  VYkpaimm. Mertoauka. Jlng oOTpuMaHHS JaHUX MIOAO IHPPACTPYKTypu U 0OCATIB TepeBe3cHb
B OKpECIICHNX 3aBIAaHHIM KpalHaX ITPOBEJCHO OTJIS/ CBITOBOI JITEpaTypH 3 TEMH POOOTH 3 BUKOPHUCTAHHSAM IOBHO-
TEKCTOBHX 1 CTATHCTUYHUX 0a3 maHuX. Meronuka nepepdadae aHami3 i CHCTeMaTH3aIlii0 OTpUMaHoi iHpopMarii s
BCTaHOBJICHHS BIATIOBIHUX 3aJIC)KHOCTEH, BUCHOBKIB i mpono3uliii. Pe3yabpTaTn. J[oBeneHo, mo MiXHAPOIHI ITe-
PEeBE3eHHS, SIKi 3MIHCHIOIOTHCS Yepe3 TePUTOPir0 YKpalHH, MalOTh MEBHI OCOONMBOCTI. 3MiHA CTaHAAPTIB 3aTi3HIY-
HOI KOJIiT Ha KOPJIOHI 3 €BPONEHCHKUMH KpalHaMK 3MYIIY€E NIYKaTH HaHOIIbII palioHaIbHI MapLIPYTH AJIsl TPAHCIIO-
PTYBaHHS BaHTaxIB (ypaxyBaHHsI AaJbHOCTI, TEXHIYHOTO CTaHy W IapaMeTpiB MIKHAPOIHOTO TPAHCIOPTHOTO KO-
punopy (MTK), mBHAKOCTI JOCTaBKHU TOIIO) 1 palliOHAJIbHI TEXHOJIOTIT Nepe/iadl BAHTaXIB Ha IPUKOPJOHHUX MYHK-
Tax, 0 JO3BOJKMTH BUBECTH IIi MIEPEBE3CHHS HA IHHOBAIIMHUI MUIIX po3BuTKy. HaykoBa HoBu3Ha. ba3zytouncs Ha
MO3UTHBHOMY JIOCBiJIi Hacammepe] kpain €Bporneiicbkoro Cor3y, aBTOpH MOKa3alu, 10 32 YMOBU HasiBHOCTI eek-
TUBHOT TPAHCIIOPTHOT MEPEXi Ta PO3BUHYTOT CHCTEMH Iepeiadl BAHTAXIB y MMyHKTaX 3MIHHM CTaHAApPTIiB 3aJ1i3HUYHOT
THPPACTPYKTYpH 3HAYHO TiIBUIIYIOTHCS SK BHYTPIIIHI, TaK 1 TPAH3UTHI BAHTa)KOTIOTOKH, IO Ja€ MOXKJIHBICTh 30i-
JBIIUTH TPUBAOIHUBICTh KpaiHA B MKHAPOAHIN cucTeMi nepeBe3eHb. IIpakTuuHa 3HaunMicTs. Ha ocHOBI oTpu-
MaHHX Pe3yNbTaTiB MTOKa3aHO, 10 3aJI3HUYHUI TPaHCTIOPT YKpaiHNW MOXKe OyTH IHTErpOBaHHUH y €BPONEHCHKY Tpa-
HCIIOPTHY MEpEKy 3a YMOBH. BUKOHAHHS MOJIEpHi3amii KOJii, ITYYHUX CHOPYA Ta iHIIMX NPUCTPOIB, IO BXOJIATH
JI0 iHppaCTPYKTYpH 3alli3HUIL; YIIPOBAHPKCHHSI HOBOTO PyXOMOTO CKJIaJly, IO 3a0€311eUNTh NEPEeBE3CHHS MacaXKHpiB
JIEHHUMU TI013[]aM1 3 HEOOXiTHIM KOM(OPTOM i MaKCHMaJIbHO BCTAHOBIICHOIO MIBHIKICTIO.

Kniouosi croea: 3ami3HUYHUN TpaHCTOPT; 1HOPACTPYKTYpa 3aIi3HUIN; TEXHIYHA CYMICHICTh 3alli3HUIb; IIBH/I-
KICTh PyXy; MXKHApOJHUI TPAHCIIOPTHUIT KOPUIIOP

Beryn BUTiIHE TeorpadivyHe TONOXKEHHs, MOoB’s3aHe 3 1l
ONMU3BKICTIO 10 CBITOBUX, 30KpeMa LEHTpaJbHO-
1 3aximqHOeBponerchkux, puHKiB [20]. OqHak BHTi-
JIHE, 3 TIOTJISIIy TPAHCIIOPTHUX TePEeBE3CHb, T'e0I0-

3anmizHUYHA Mepeka YKpaiHu OpPraHidyHO BITH-
CyeTbes y eBporeicbky uepes [lompmry, CrnoBau-
ynHy, Yropumay, Pymynito, MonnoBy, bonrapiro
(mopomHa mepemnpasa). YKpaiHa Ma€e Haa3BUIAHO
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3AJIIBHMYHA KOJIII TA ABTOMOBUIBHI JOPOI'

JITUYHE PO3TallyBaHHS YKpaiHU HE BUKOPUCTOBY-
€THCS TIOBHOIO Miporo [23].

CrpateriyHuM 3aBJaHHSM HAyKOBO-TEXHIYHOI
MIOJIITUKA B Tay3l TPaHCHOPTHOI CHCTEMH YKpai-
HHU € BUXiJ Ha CBITOBHH PiBEHB 32 TCXHIYHUMH T1a-
paMeTpaMu Ta SIKiCTIO TOCIYT, IO Peaji3yloThCs
TPaHCHOPTOM. Y 3B’SI3Ky 3 LIUM NEPIIOYEPrOBUM
1 TIPIOPUTETHUM 3aBIaHHSM ISl TPAHCIIOPTHOI Ta-
Ty3i € pO3IMIUPEHHs] HAYKOBHUX JOCIHiIKEHb S3 MPO-
O5eM CTBOpPEHHSI MPOTPECUBHUX TEXHOJOTIH opra-
Hi3aIlil MDKHApOJIHUX BaHTAKHHUX IEpEBe3eHb, (HO-
pMyBaHHS Ta 3a0e3neueHHs GyHKIIOHYBaHHSA ede-
KTUBHOI ~ TPaHCIOPTHOI  CHCTEMH, PO3poOKa
MPUHIUIIOBO HOBUX CHCTEM YIPAaBIIiHHS 3 BUKOPH-
CTaHHAM TMPOTPECUBHUX 1HPOPMAIITHUX TEXHOIO-
Tifi.

HlupuHa 3ami3HUYHOT KOJii Y BCbOMY CBiTi po-
3BHBAJIACH TMO-PI3HOMY 3 PI3HUX ICTOPUYHHX TPH-
yuH., SKII0 OUIBLIICTh HEHTPATBbHUX 1 CXITHHX
KpaiH BUKOPUCTOBYIOTh MEPEXy KOJiii cranmaprt-

Hol mupuHE 1 435 MM, To kpainm CH/I Buxopuc-
TOBYIOTb IIMPOKOKONIMHY Mepexy 3 KOII€
1520 mm.

CroronHi HasgBHAa IMTHPOKOKOJIHHA Mepexa
1520 MM ¢akTHUHO 3aKIHIYETHCS HA CXITHOMY
KOpaoHiI €Bpocoro3y. Jlesiki IMpOKOKOIiHHI KOpH-
JOpH 3aXOJATh HA TEPUTOPiI0 €BPOCOI03Y, HATIPH-
kiman, 3 Ykpainu mpo Karogite B Ilombmii, 3 Ykpai-
HU 10 3ax0Hi B YTOpIIMHI, 1 3 yKpaiHCBKOTO MicTa
Yxropon no Kommne i go Yepna-Han-Tucoro
B CrioBayunHi (puc. 1, puCyHOK CTBOPEHO Ha OC-
HOBI BimkpuToro BukopucTtanus Google Kapr).

[lepma cnpoba cTBOpeHHs1 Oe3nepepBHOTO 3a-
J3HAYHOTO MIMPOKOKONIHHOTO CITONydeHHS MIiXK
Aziero Ta €Bpomoro 3amodatkoBaHa 2001 poxky,
KoM YKpaiHa mifnucana MeMOpPaHIyM PO y4acThb
Yy MDDKKOHTUHEHTAJILHOMY TPaHCIIOPTHOMY MPOEKTI
cromitTs. [Ipoekt mependayaB MPOTOBKUTH 3aJi3-
HuuHy Koo (113 km) mo ct. Borymin (Yexis) [1].
Ha sxanb, 1ieli IpoeKT He BAAIOCS 3MIHCHUTH.,
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Puc. 1. YkpaiHa i cymixHi 3 Het0 KpaiHu

Fig. 1. Ukraine and its neighboring countries

UYepes necars poKiB MOBEPHYIHCH JIO ijei mo-
JIOBXXEHHS IIMPOKOKOJIIHHOTO 3aJ1i3HUYHOTO KOpH-
nopy. HlupokokomniiiHoro 3amizauneto 3 Kormwmie
(CnoBayurHa) 3arjlaHOBaHO 3’€IHATH JIBI CTOJIHIII
neprkaB-wieHiB €Bpocoro3y — Binens (ABcTpis) Ta

BparucnaBy (CrnoBauunna). Lleit perion npencras-
Jsi€ MDKHApOAHUI LEHTpP NepeBe3eHb 3 i7ealbHuM
pO3TalIyBaHHSAM Ha MEPETHHI KUIBKOX €BPOIEHCH-
KHX TPAHCIIOPTHHX JIiHIH, HAIIPUKIAJ, TIPiOPUTET-
HuX JiHIH TpaHc’eBponeHCbKUX TPaHCTIOPTHUX
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mepexxk TEN17 (ITapmx — Binens — bparncnasa /
BynamemT), TEN22 (Adiam — Bimens — Hiops-
oepr) i TEN23 (I'mancek — Binens — Tpiecr).

Jus peamizamii TpOEKTy IIHPOKOi KOMii 0
Binasa moTpibHO, m06 3ami3HYHa iHppacTpyKTypa
Oyna mpuBenena a0 crangaptie €C Ha TepuTopii
VYkpainu, a Takox y CioBau4uHi BiJ YKpaiHCEKOTO
koproHy no Kommwmp. 3aranpanii yac mepeBe3eHHs
Bix CxigHoro Kwuraro mo BiguHa craHoBuTHME
15 ni6. Takuii yac € 3HAYHO KOPOTIIUM TOPIBHSHO
3 CHOTOAHINIHIMH 3aTI3HHYHUMH TIePEBE3CHHIMM,
10 TPHUBAIOTH 23 MOOW, Ta MOPCHKUMH TIEPEBE3CH-
HSMH, 1110 TPUBAOTH Bijx 25 10 45 mi6 [3].

3Ba)karouM Ha BUIIEBHUKIAJCHE, TOCIIIHKEHHS
BiIMIHHOCTEH yKpaiHChKOI 3aJi3HUYHOI i1H(pa-
CTPYKTYPH PO3IJISHYTO SK JUIS KpaiH, 3 SKUMHU YK-
paiHa MexXye Ha 3aXiTHOMY KOpPAOHI, TaK i JJisl Kpa-
iH, 70 AKUX MOXKe OyTH 3aBeJCHa IIMPOKAa KOJif
(ABcrpis, Yexis).

Meta

Y poboti nmepenbdadeHo mpoaHami3yBaTH OCHO-
BHI BIJIMIHHOCTiI YKpaiHCBHKOI 3ami3HUYHOI iH}pa-
CTPYKTYpH Bix iHQPACTPYKTypH KpaiH, 3 SKUMH
VYkpaiHa MeKye Ha 3aXiIHOMY KODPJIOHI, Ta KpaiH,
o sSKuX Moxe Oyt 3aBemeHa komist 1520 mm,
BPaxOBYIOUM HANpPsIMOK OCHOBHOTO BaHTa)KOIOTO-
Ky 31 Cxony Ha 3axin. Takox mependavueHo HaaaTu
KIUIBKICHY Ta SIKICHY OIIIHKY TEXHIYHOI CYyMiCHOCTI
1 IHIIMX MTOKa3HWKIB 3aTI3HAYHUX MEPEX BiIHOC-
HO TepUTOPii YKpaiHH.

MeToanka

Jlnst oTpYMaHHS JAHWX MION0 IHPPACTPYKTYpH
i 0OCATiB TIepeBe3eHb B OKPECICHHX 3aBJIaHHSIM
KpalHax aBTOpPHU MPOBEIM OIS CBITOBOI JIiTepary-
pu 3 TeMH pOOOTH 3 BUKOPUCTAHHSAM MOBHOTEKCTO-
BUX 1 CTaTUCTUYHUX 0a3 JaHuX. MeToauka nepei-
Oayae aHayi3 1 cUCTeMaTH3allil0 OTpUMaHol iHpOp-
marii JUId BCTAHOBJIEHHS BIAIMOBIIHUX 3aJI€KHOC-
Tel, BUCHOBKIB 1 IPOTIO3HUIIIH.

Ascmpiticoki Geoepanvhi 3anizHUYi
(Osterreichische Bundesbahnen — OBB). Ascpis,
TEPUTOPIsl AKOT BUTATHYTA Y BUIJISAI KJIIMHA, CHIIEHO
3BY)KEHOTO JIO 3aXOJly, 3aiiMae Hebarato Miclsl Ha
Kapti €Bponw, ii mioma craHoBuTh 83,871 THC. KB.
kM. ['eorpadiune monoxeHHs ABcTpii cnpusie ii
CHIBIpaIli 3 I1HIIMMH €BPOINCHCHKIMHU KpaiHaMmH,

Oe3mocepeTHFO BOHA MEXKYE 3 CiMOMa JIep>KaBaMH.
Haii6inpim BaXkinBa 3a €KOHOMIYHMM IOTEHLIaJI0M
1 HalHOIIBII TyCTOHACEIEeHa CXiJHa YacTWHA KpaiHH
Mae kopaoH i3 Yexiero i CroBaq4MHOIO, HA MBHOYI
3 YTOpImHO0, Ha MiBJEHHOMY cX0i 31 CIIOBEHi€0.
Le 3abe3neuye ABCTpii COPHUATIUBI TPaHCHOPTHO-
reorpadiuHi yMOBH JiJIsl B3a€EMOBUTITHOT TOPTIiBI i3
CYCITHIMHU KpaiHaMH.

Ha 3axoxi ABctpia mexye 3i LlIBetinapieto i Tic-
HO TOB’s13aHKUM 3 Hero JlixTeHmreiiHoM. Ha miBHIU-
HOMY 3ax0/li ¥ miBIHI 10 HEl mpuMuKaoTh Himed-
ypHa ¥ Itamis. PosramryBamHs B 1eHTpi €Bporu
pooUTH ABCTpito MepexpecTsiMm pany
TpaHC’ €BPONIEUCHKUX MEPUAIOHAPHUX MUIAXIB (31
CKaH/IWHABCHKUX KpaiH i nepxas LleHTpansHOi €B-
pol  udepe3  abIilChKi mepeBaid  bpeHHep
i 3emMmepiHr B Itanito Ta iHII KpaiHu).

TpancmopTHa cucteMa ABCTpii MpekpacHO po3-
BUHEHA i eekTuBHA. [IpOTSHKHICTD 3ai3HUIB CTa-
HOBUTBH 5 624 kM, 3 HUX 56,9 % enexkTpudikoBaHi.
Ha niHisfX 3 €IeKTPUYHOIO TATOI MIMPOKOI KOl —
omHo(azumit ctpym 15 kB, 16,7 I'n. Ha By3pKOKO-
JIAHKX JiHIAX — ogHO(a3Huii ctpym 6 kB, 25 I'm.
Crioci® cTpymMo3HIMaHHSI — BiJl KOHTaKTHOTO IIPO-
BOJIy 3 JIAHITIOTOBOKO MABICKO0. 3ai3HUYHA Mepe-
*Ka ABCTpii CKIaaeThcsi 3 MariCTpalbHUX JIiHIH:
Binens — Jlinn — 3ansudypr — [HcOpyk, Binens —
I'pan, Bigenp — ®imnax. Yotupy 3ami3HUYHI JTiHIT
MIEPEeTHHAIOTh AJIBIIA: OJHOKOJINHA IiHIS Yepes
TayepH, nBokomiiiHi 4epe3 bpennep, 3eMmepiHr,
[oGep.

[IpoTspKHICTD MPUBATHUX 3aJII3HHULB CTAHOBHUTH
omm3pko 600 kM. 3araipHa KUIBKICTH TSATOBOTO
CKJIJy ABCTPIMCBKUX (e/iepalibHAX 3ali3HUIb —
noHan 1,6 Tuc. onuHuk, 30kpema nonay 700 enek-
TpoBO3iB 1 Om3bk0 500 TeruioBosiB. 13 30 THC. omu-
HHIb PYXOMOTO CKJIay JIEp’KaBHUX 3aili3HHIb Maii-
e 25 THC. OJMHHLb CKJIAJal0Th BAHTAXKH] BarOHM.

Hanpuknan, y 2016 p. mo aBCTpilChbKUX 3aili3-
HUIISIX TTepeBe3eHo Maibke 85 MitH T BaHTaxiB. [Ipu
LBOMY Ha IEPEBE3CHHS y BHYTPIIIHBOMY CIIOTY-
yeHHI npunazano noHany 30 %, Ha TpaHCIOPTHE
00CITyrOBYBaHHS 30BHIIIHHOTOPTOBEIHLHOTO BaHTa-
k000iry — Maibke 50 %, a Ha TpaH3HUTHI NEepeBe3CH-
Hs — npubm3Ho 20 %. Ilacakupchki mepeBe3eHHs
CTaHOBJIATH Maibke 188 mitH macaxxupis [21].

3ai3HUYHUA TPAHCIIOPT HEPEeHTAOEeNbHUNA IIe-
penyciM y 3B’SI3Ky 31 30MTKOBOIO EKCILTyaTali€ro
3aTI3HUYHUX KOJIM MICIIEBOrO 3HA4YeHHsS. ABCTpis
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Ma€ 3aJ1i3HUYHE CIIOTYYeHHS 3 OUTBIIICTIO €BPOTIEH-
CBKHX KpaiH. Mepexa 3ami3HuIb ABCTpii HE Taka
BEJIMKa, sIK y OaraTteoX iHIMX KpaiHax €spomi. [1o-
SICHIOETBCA 1€ TUM, 110 3HAYHY YacTUHY TEpUTOPIl
ABcTpii 3afiMaroTs TopH. [IpoTe moi3m 3aaumaeThes
Ha3pYYHIIIUM 3acO000M TepecyBaHHSA, OCOOJIHMBO
Ha BEJIMKI BIACTaHI.

Ha nponosxenni xopumopy B 0ik CrioBaudnHU
PYX MacaXUpChKUX MOi3AIB OYyJI0 MEepeKIioueHo Ha
HOBY JiHit0 Binens — bparucnara uepes [lapanopd
— KirtT3e, MakcumanbHa MIBUAKICTE PYXY TOi3/1iB Ha
sKiit gopiBHIOE 160 KM/TOA. 3aBASKH IIHOMY TpPHBa-
JICTh MOI3AKM MIBUAKHUM IOI3[0M 33 MapLIpyTOM
Binenr — IliBnenna — bparucmaBa — Ilerpxanka
3apa3 CTAaHOBUTh YChOro 45 XB, IO Aa€ MOi3Ay HO-
MiTHy TepeBary Iiepell aBTOMOOLIEM, OCOOJHBO
3 ypaxyBaHHSM TPUBAJIOTO OYiKyBaHHS TP Tepe-
THHI KOPJIOHY 110 aBTOMOOLIBHIM 10po3i [2].

Honvewxi Oeporcasni 3aniznuyi (Polskie Koleje
Panstwowe — PKP SA). TIpotsoxHicTs miHid 19,290
THC. KM, 30KpeMa MaricTpaibHux Komiid 4 235 kwm,
nepwopsanaux 10 551 km, apyropsanux 3 815 km,
NUISTHOK MiclieBoro 3HayeHHs 2 561 kM. Yacrtka Bu-
KOHYBaHOI eKCIUTyaTaliiHoi poOOTH BiAMOBIAHO
CTaHOBHTE: 43,6; 48,6; 6,4; 1,4 % [15].

OcHOBHI 3ai3HAYHI CTaHIi 1 By3au: Bapriasa,
Omneiitu, Katosine, Bporyias, ['mancek, Kpakis,
JIro6min. IlpukopmoHHI TIepexoau i IMyHKTH Tepe-
BAaHT)KEHHS 3 YKPAiHCBKUMHM 3ali3HULAMHU: Menau-
ka — Mocruceka, Jloporycbk — Slroaun; 3 Oinopy-
chKuMH 3ani3HuIIME: Manamesnd — bpecrt, Cems-
HyBKka — Cicnoy, Ky3ns — JlococHa; 3 naTBiiicbko10
saisnuiero: Tpakimki — MolikaBa; 3 HIMEIbKUMU
samizHuIsMU: Katosine — @pankdypr-ua-Onepi ta
iH.; 3 YECHKUMHM 3ai3HUILSIMU: [ MiHA 3e0KUI0Bile
— [erpoBuiie Ta iH.; 3 pyMyHCHKHMH 3aJTi3HUISIMU:
Mymmna — [TnaBed Ta iH.

MakcuManbpHa TEXHIYHA MIBHAIKICTH 1 YacTKa
BHKOHYBaHOI €KCILTyaTalliiiHoi poOOTH BiJIMOBITHO:
monax 120  xm/rog (7,6 %), 120-80 xm/rox
(65,8 %), 79-50 wm/rom (21,2 %), MeHmie Hix
50 km/rox (5,4 %).

[Mapk pyxomoro ckiagy MICTUTh MpPUOIH3HO
92 THC. BaHTQXHHMX BaroHiB, 30KpeMa IiBBAaroHiB
68,9 %, xputux 13,2 %, mnarpopm 15,2 % 1 He3Ha-
YHY KUIBKICTh pedprkepaTopHUX i IIUCTEpPH.

VY 2016 p. nepeBezeHo 222,2 TUC. BaHTaXIB, 30-
KpeMa BHYTpIIIHI TiepeBe3eHHs cTaHOBWIN 61 %,
ekcnoptT — 22 %, imnopt — 14,4 %, Tpanzut — 2,6 %.

OcuoBHi BanTaxi: Byrims (48 %), KaMiHb 1 TCOK
(10,1 %), pyma (7,2 %), vadra i HAPTOMPOIYKTH
(7,0 %), meranmu 1 Bupobu 3 HuX (7,6 %), iHTEpMO-
JTBHI TIEPEBE3CHHS BAHTAXIB CTAHOBWIJIM Maiike
1%.

[lapk macaXWpchKUX  BaroHiB  CTAHOBWTH
5917 ogunutp. Y mapKy JOKOMOTHUBIB: BaHTXKHUX
enekTpoBo3iB — 1263, macaxxupcbkux — 507, Term-
noBo3iB — 2 062.

bnmspko 19 THC. KM 3ai3HUYHUX JiHIH MalOTh
komito 1 435 MM, mie JiHiIS 3 IIHPOKOIO KOJIEIO
(1520 mm) I30B — I'py6erniB — CnaBkys IliBneHHHi
(m. Karogine). Mix [lonbmiero i LlBeniero mpaiitoe
MIOPOMHA TIepeTIpaBa.

ABTOOIOKYBaHHAM ocHamieno 2 108 km, 17 cra-
HI# 13 312 crpioynnMu niepeBofaMu 1 95 mepeis-
TB, SIKi KEPYIOTHCS KOMIT FOTEPHHMH CUCTEMaMH.

[Tombepki 3ami3HHUII 30€piraroTh TMEPIIOPSTHI
MO3HIIii B ePEBE3CHHAX Ha BHYTPIIIHHOMY PHHKY,
CHUCTEMATUYHO MiATPUMYIOTH 1 MOJIMIIYIOTH [isi-
JMBHICTh HA MDKHAPOJHUX TPAaHCHOPTHHUX KOPHIIO-
pax [6].

[Nonpia Mae mIaHu OO0 OpraHizalii BUCOKO-
HIBUAKICHOTO pyXy MOi3MiB. BymiBHUIITBO BHCOKO-
IIBHUJIKICHOI 3ai3HI4HOI JiHil Bapmasa — Jlogss —
[No3nanp — Bpomas Oyze, 6€3cyMHIBHO, OHUM i3
HaWOITBIINX 1HpacTPpyKTypHUX TpoeKTiB y Iloib-
mi B MaiiOyTHROMY necatumiTri. Maibke 450 kM
HOBOI, 1MOOyMOBaHOI 3 HyIS JiHIi Oe3rmocepenHbo
3’€IHAIOTh MICHKI aryioMepailii, 110 HaJi4yrTh I10-
Han 4,5 v sxurenis [10].

VY Ham Yac TOJIbCbKA 3aJli3HUYHA KOMIIaHIsA
BBaXKAEThCA JIPYroro B €Bpori 3a o0csraMu BaHTa-
KHUX TIepPeBe3eHb. X04a MOPIBHIHO 3 YKpaiHOO 1Ii
MOKa3HUKH  BHUIJSIAIOTH  JIyXKe CKPOMHO.
Tak, 3a pesynpratamu 2017 poky, BaHTQXKHHNA TTiJI-
po3uin PKP Cargo mepesiz 119 miiH T BaHTaxiB,
TOJI K «YKp3ai3HUIS» Maibke B 3 pa3u Oinblie —
339 MyIH T.

Pymyncoxi zaniznuyi (Cdile Ferate Romadne —
CFR). PymyHis po3ramnioBaHa Ha MiBICHHOMY CXOJIi
€Bponu. Mexye Ha MiBHOYI 3 YKpaiHO0, Ha 3aX0i
3 YropuuHoo, Ha TiBIeHHOMY 3axoji — i3 Cep0i-
€10, Ha miBaHI — 3 Bonrapiero, Ha cxomi — 3 Pecry0-
nikoto Momngoga i Ykpainoto. Kopzaon i3 Bonrapi-
ero, Cep0Oiero 1 Hoproropiero Ghopmye pidka JlyHai,
sIKa yTBOPIOE NpHW BIaJiHHI B YOpHE MOpE BEIUKY
nensTy. llpoTspkHicTs KopnoHiB: i3 bonrapiero —
608 kM, i3 Yropmuaoto — 443 kM, i3 Monaasiero —

Creative Commons Attribution 4.0 International
doi: https://doi.org/10.15802/stp2019/184497

© M. b. Kypran, B. I'. Bep6unekuii, JI. M. Kypran, 2019

55


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.15802/stp2019/184497

ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayxka Ta nporpec Tpancnopty. BicHuk J{HiponeTpoBcbKoro

HAL[IOHAJILHOTO YHIBEPCUTETY 3alli3HHYHOr0 TpaHcnopty, 2019, Ne 5 (83)

3AJIIBHMYHA KOJIII TA ABTOMOBUIBHI JOPOI'

450 kM, i3 Cepbieto — 476 kM, 3 YkpaiHOO —
531 kM. 3aranbHa ioina kpainu 238,4 THC. KB. KM.

PymyHiss Mae MikHapoJHe 3ali3HHYHE CIIOTY-
YeHHs 3 yciMma cycigHimu kpaiHamu (Cepbieto, YTo-
pmmHOI0, YKpainoro, bonrapiero, MonmoBor), Ki-
JIbKOMa KpaiHamu €Bpocoro3y (Hampukiaa, ABCTpi-
€10), P® i1 Typeuunnoro [16]. Excruryaraniiina no-
B)KHHA 3a1i3HALE — 10,766 THC. KM, 3 HUX 4 THC. KM
(36,9 %) enexTpudikoBaHO HA 3MIHHOMY CTPYMi.

3anizanuHa cdepa € OCHOBOIO TPAHCHOPTHOI
cTpykTypu PymyHnii. CepenHst mBHIKICTH aBTOOyCA
Ha PYMYHCBKHX JIOporax cTaHoBUTH 60 km/rof. I'o-
JIOBHMMH 3QJII3HUYHUMH BY3JaMH BBa)KaOTHCS
Sccn, Koncranma, Pemnina, byxapect, [amam. 13
Byxapecra po3xoauTbcs YOTHPH OCHOBHMX Hampsi-
mu: Byxapect — Koncranna; Byxapect — [Tnoemrti —
Bpamos — Tupry — Mypem 1 gani va Kiryx — Hano-
ka, Apax, Timomoape, Carty-Mape; byxapect —
[Tnoewrri — Bysey — bakey i nani Ha Sccu it Cy4ay;
Byxapectr — KpaiioBa — Timomoape. Bin nux Ha-
mpsMKiB 1 byxapecta po3XoauThcs Ie KinbKa Ha-
mpsiMKiB. Mi>k co00r0 BOHH 3’€HAaHI BEIMKOIO Ki-
JIBKICTEO POKATHUX JIiHIMH.

PymyHist peani3oBye JOBrOCTPOKOBI MPOTpaMu
MoJiepHizarii iHppacTpykTypu. {0 BEMUKHX TIPOEK-
TiB PO3BUTKY 1H(OPACTPYKTYpU HaleKaThb JBa, SKi
MOB’sI3aHi 3 TaK 3BaHUMH KPUTCHKHMHU KOPHIO0PaMHU.
PymyHCBKa ninstHKa JOBXKHHOIO 888 KM, 1110 € CKIa-
J0BOIO Kopuzaopy IV, mpoxonuts 3i cxony Ha 3axiz
Bifl YTOPCBKOTO KOPAOHY J0 YOPHOMOPCHKOTO TIOp-
Ty KoHcTaHma; minsHKa JOBXKHHOK 585 KM KOpH-
nopy IX miBHIY — niBaeHsb 0B’ s13y€e Ykpainy 3 bon-
rapiero 1 I'peniero. Kopumopu IV 1 IX yxe iHTeHCH-
BHO BHKOPUCTOBYIOTh JUTSI MDKMICEKUX TTEPEBE3CHb.

PexoHCTpyKLis 703BONMIA MiJBUIIMTH MAaKCH-
MaJlbHy MIBHJIKICTh MacaXUpChkux moizmiB 31 120
no 160 km/rox 1 Bantaxkuux i3 80 mo 120 km/rop.
OOMeskeHHS! IIBUAKOCTI 30€eperimcs Ha OKPEMHX
ninsakax 'y Kapnarax, ne yxumu nocsrarots 27 %o, 1
B KpUBHX Majioro pauiyca. Kpim pexoHcTpyKii Ko-
it i3 3amMiHOI0 200 MOCHJIEHHSAM IITYYHHUX CHOPY,
nepeadaYeHo PEMOHT KOHTAKTHOI MepeXi 3MiHHOTO
CTpyMy Hampyroro 25 kB.

MexaHizatlist po0iT 3 yrpuMaHHs iHQPACTPYKTY-
PH J03BOJIMJIA CKOPOTHUTH YHMCENBHICTh MEPCOHATY
1o 37,5 Tac. OUiKyeThes, 10 CKOPOUYCHHSI Yacy Mo-
13/1KM 32 paxyHOK IIiIBUIIEHHSI MaKCUMaJIbHOI [IBH-
IKOCTI pyxy a0 160 km/ron mpuBene 10 30iibIIeH-
HSI KUJIBKOCTI MTaCa>KUpiB.

3 2016 poky xommanis CFR Calatori Bukonana
MTOJIOBUHY TMACaXHUPOOOIry y BHYTPINIHIX CIIONTY-
YEeHHsIX, 1HIIA MOJOBHHA MPHIAa€ Ha aBTOMOOLIb-
HUH 1 TIOBITPSHUEN TpaHCHOPT. TEHACHINS cepiio3-
HOTO 3HIDKEHHS 00CATY IepeBe3eHb, M0 CIIOCTEepi-
ranacst B KiHii XX cT., 3ynuHeHa. [liniiom HarioHa-
JHHOT €KOHOMIKH CTaB TOLITOBXOM /O 3POCTaHHS
repeBe3eHb. [lacaxupoolir mocsr 4 460 MaH mac.-
KM.

Tak, y Byxapecti no noizna Kuis — Codist uin-
JISTIOTH Pi3HI BaroHW €BPOIICHCHKHUX Ta0apuTiB, SKi
npsiMytoTh y bonrapito # Typewunny (byxapect —
Codiss, Byxapect — dumutposrpan, byxapect —
CramOym).

[lepciekTiBY PO3BUTKY 3a1i3HUYHOIO TPAHCHO-
PTY TIOB’s13aHI TaKOX 13 BUKOPHCTaHHSIM Cy4acHUX
BUCOKOIIBUAKICHUX moi3aie  tunmy ICE  abo
Pendolino B cmomydenni 3 Bimaem i ['pemiero. Ha
camiti ipem’epiB LleHTpanproi Ta CxigHol €Bpornu,
a Takox Kwuraro, mo mpoxomus y benrpazi, Oymno
TIOBiTOMJIEHO, 10 PymyHist i MomngoBa po3nodHyTh
HaHOIMKINM 9acOM KOHCYIBTAIIi 3 TTUTAHb CITiJIh-
HOTO OYMIBHHUIITBA 3aJIi3HUII JJIsI BUCOKOIIBUIKIC-
HOTO PyXy TOi3/IiB 1 BUKOHAIOTh HEOOXiIHI JTOCIi-
JOKEHHS y CITIBIIpaIli 3 KUTaCHKOI CTOPOHOH0. K-
Taii, y CBOIO Yepry, TOTOBHI MOOYAyBaTH IIBUJIKIiC-
HY 3aJII3HHMIIIO, sKa 3B’ shke MosoBy i PymyHiro.

AHaITZYIOTh MOYJIMBICTh OYIBHAIITBA IIBHIKI-
cHOI 3aii3HML 3a MapuipyTom byxapect — Scen —
KummHiB  Ta TUIaHYIOTh  TiJATOTOBKY —TEXHIKO-
€KOHOMIYHOTO 0OIpyHTYBaHHS OyIiBHHIITBA
(puc. 2).

[lepeBesenns BaHTaxiB 1o PymyHii 3 kpain
CHJI i y 3BOPOTHOMY HampsMKy 3/iHCHIOIOTH 3a
TaKOIO CXEMOIO:

— 3ai3HUYHI TIEPEBE3CHHS 3 MOJAueIo i Ha-
BaHTakeHHs1 BaroHiB CH/I mo mupokiit komii mpsimo
Ha Jeski cTaHIii PyMyHCBKHMX 3ami3HWI, Kyad
MIPOKJIAJIEHO KoJIito mmpuHo0 1 520 MM, 110 103BO-
nse mopaBatk Baronun CHJI mig HaBaHTaKeH-
HS/BUBAaHT)XEHHA W JOCTaBISITH BaHTaX y Pymy-
Hito 0e3 3MiHM Tapu BaHTaxy. Jlo Takux craHmii
Hanexarb [anan, Kpicremrs XKuxist i Cokona (mic-
to Sccwn/lasi), Jopremtn 1 Xanmey.

— 3ai3HUYHI TIepeBe3eHHS 3 MEPEBATKOI0 TOBA-
pIB 3 €BpOBaroHiB ab0 aBTOTPAHCIIOPTY y BaroHU
CH/l a6o y 3BOpOTHOMY HampsMKy. 3a3BU4ail Iie-
pPEeBaIKY BaHTaXy 3IIMCHIOIOTh Ha 3aJIi3HULI, L0
npuilMae BaHTaX, KPiM BHUMAJKIB, KOJIU HE IOTO-
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JDKEHO iHIe. SIKIo CTOpOHOI0, IO TMPHAMAE, € Py-
MYHCBKa 3QJTI3HHUIS, TO BOHA i 31MCHIOE TTEPEBANIKY
BaHTAXIB Ha CBOIX CTAHIISX.

— 3ami3HUMYHI TIepeBe3eHHs 3 4d B PymyHiro
3 MEPECTAHOBKOIO KONICHUX Tap. Y TaKWX BHUITAJKAX

Baronn CHJI mepecTaBisitoTh Ha Bi3KH €BPOIICHCH-
KOl KOuii, 1 fai BOHM B CYNPOBOJII BAaroHIiB IPHK-
pUTTSI TOpAMYIOTH Ha CTaHIIO 3aBaHTa)KEH-
HS1/pO3BaHTaXeHHS B0 PymyHil.

2y W
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Puc. 2. [lepcriekTiBH pO3BHTKY BHCOKOMBHAKICHOT MaricTpaii (BIIIM) Byxapect — Kumunis — Kuis

Fig. 2. Development prospects of high-speed mainline Bucharest — Chisinau — Kyiv

Cnosayvxi  3anisnuyi  (Zelznice  Slovenskej
Republiky — ZSR). Ekcmiyaramiiina noBXHHA
3626 kM. Opran ymnpapJiHHS — KEPYIOUHHA PaIoro
Ta ['eHepanbHU JUPEKTOp, BUKOHABYMU OpraH —
TeHepallbHa JUPEKIlis, sika Kepye poOOTOO Bifli-
JICHb, IITBOBHX 1 CIICIiaIbHUX Miapo3autiB. Komep-
niiHo-riepeBi3Hi ynpasmiaHsa (y Komme, bpatu-
cmaBi, JKumumi i 3BOJICHI) HamalOTh KOMILIEKCHI
MOCIYTH 3 YCIX MUTaHb JEPXKABHOTO W MIXHApPOI-
HOTO TPAHCIOPTY. 3ali3HWYHA KOJIiSl IIHUPHHOIO
1 435 MM Mae TPOTSDKHICTD OJXHOKOJIMHWX JIiHIH
68,7 %, neokomitinux — 28,2 %. KpiM Toro, By3bKo-
KONMWHMX 3ami3Huns —50 KM, JHIH 3 KOJIEH0
1520 mm — 100 xm. EnexrpudikoBano 1 587 km,
30kpema 51 % Ha nocrifiHomy ctpymi 3 kB 149 %
Ha 3MiHHOMY cTpymi 25 kB, 50 I'u. Ha 3amisanuHii

Kouii jie 6mu3pKo 10 THCSY CTPLTOYHHX MEPEBO/IIB;
npairoroTh 402 cranmii. Pyxomuii cknan: 1 159 mno-
KoMoTHBIB, 17,9 Thc. BaHTakHux i 1,1 THc. maca-
JKUPCHKUX BaroHiB. 3amizHumi CroBarpkoi Pecmy6-
JIIKA MalOTh PO3BHHEHY 1H(PPACTPYKTYpY JJIs opra-
Hi3alil KOMOIHOBaHMX II€PEeBE3CHb.  3aJTI3HMIIS
B OCHOBHOMY TIPOKJIaJIeHa B3JIOBXK PIYOK 1 MiX Tip;
HaliBHIla TOYKAa TpacH po3TalioBaHa y Bucoxmx
Tarpax Ha Bucoti 1 320 M Hag piBHEM MOps, Haii-
Hwk4a — y Cxigniii CnoBauumHi Ha Bucoti 101 M.
Uepes ripcbkuit taHAmadT 252 KM rojJoBHHUX KOMiH
MaroTh KpuBi pagiycom mermie 300 m, 814 kM ma-
o1e yxuia 10 %o. Ha 3ami3Huigx mnoOyaoBaHO
2 285 MOCTIB 3arajbHOIO JOBXHMHOIO Maike 50 KM
1 76 Tynemnis (43,3 kxm).
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OcHoBHI 3ami3HUYHI By3nu: bparucnasa, XKumi-
Ha, 3BoneH i Kommmme; npukopmonHi craniii: Kyrn,
UYama, Komapao, Pycoriax, [lesinceka HoBa Bec,
[lmaBew; mepeBaHTaXyBaybHI cTaHIii: MarboBie
1 Uiepna-mag-Tucoy. ToproBensHUiI 1 mepeBaHTa-
KyBanbHUI 1eHTp YiepHa-Han-Tucoy 3abesneuye
KOMEpLiiHYy NisSUIbHICTb, MEPEBaHTAXKCHHS TOBApiB
3 BaroHiB mupokoi komii 1520 MM y BaroHm s
komii 1 435 MM 1 HaBIMaKu, a TaKOX JOJATKOBI IOC-
JYTH, PEMOHT TEXHIYHMX 3aco0iB, KOHTakT 3 Op-
raHam JiepkaBHoro yrpasiiaas [10].

YacTka 3aTi3HHIN B TPAHCIOPTHHUX ITEPEBE3CH-
HSIX Kpaiau ctanoBuTh 19,8 %. lllomo 3abe3neyeHHs
KpalHM TpPaHCIIOPTHUMH TIOCIyTaM¥, 3aJTi3HHLI
CrnoBarnpkoi PecrryOmiku (ZSR) Hamexats 10 Haii-
OinbII e(heKTUBHO JIIF0UMX 3aJTi3HUI Y €BPOTIi.

VY MiXHapOAHOMY MacaKUPCHKOMY CIIONy4YeHHI
KypcyroTh moi3nu kateropii «EBpociti», «lHTEpci-
Ti», «Ekcmpecy, a TakoX IMIBHIKi, NPHCKOPEHi
W macaKMpchbki. MakcuMallbHa WIBHAKICTH Iaca-
xKHUpchkoro  moizma 140 km/rom,  cepemHs
120 xm/Ton.

HoBwuii iMmyIsc 17151 3a1i3HUYHUX TIEPEBE3CHB SIK
CrnoBayumHH, TaKk 1 YKpaiHM MOXKE HaJaTH MPOEKT
ctBopenHs komii 1 520 Big Kommne no Bimas. Imes
MPOJIOBKEHHS IUPOKOI Komii A0 kpain LlenTpans-
HOi €Bpomu Bhepiie Oyia MyOlmiYyHO O3BYYEHA
B TpaBHi 2006 poky i 9ac MiXXHApOIHOTO (popymy
«Crpateriune naptaepctBo 1 520». ¥V 2008 poui Ha
MmijicTaBi MaTepiaiiB, MpPEACTABICHUX ABCTpI€IO,
Pociero, Ykpainoto ta CrnoBauy4nHOIO0, pO3pOOICHO
npoekT «OOIpyHTYBaHHS 1HBECTULIH y OyAiBHHUIIT-
BO 3aJII3HUYHOI JiHii 3 mmpHHO Komii 1 520 MM
Kommrie — Bparucnasa — Bigens» [11].

3aBIsIKM MPOKJIAIaHHIO IUPOKOT Kouii 1o BinuHs
Oyne chopMOBaHMIA CYXOIyTHUH  3aJIi3HUYHUN
NUISIX, aJTbTEPHATHBHUI MOPCHKOMY MapIIpyTy MiXK
kpainamu Jlanekoro Cxoxy # 3axigHoi €Bpormy, o
npoxoauTs 4depe3 Cyeunpkuil kaHan. Ilpm nmpomy
OJIHI€I0 3 OCHOBHHX IIEpeBar HOBOTO MapIIpyTy
€ Te, IO NEpeBe3eHHs KOHTEHHepa Oyne 3aiiMaTu
Bchoro 13-14 ni6, y Toii 9ac sk TIepeBe3eHHST MOp-
CbKUM HUIIXOM — Maibke 30 xi0. Jlinis Kommne —
BijieHs MOXKke MaTH BayJIMBE 3HAYCHHS JIJIsl TPAH3H-
THUX KOHTEHHEpHHUX IepeBe3eHb i3 KpaiH A3ii 1o
€Bpornm.

KoHkypcHa JOKyMEHTalliss MICTHTh TEXHIUHI
YMOBH Ha IPOEKTYBaHHS HOBOI JIiHii. Y HUX € KiJb-
Ka MpuHOMNOBUX MoMeHTIB. [lo-nepme, 3adikcoBa-

HO, IO JIiHisA Oyae MaTH mHpoKy Koiiro 1 520 mm.
[lo-gpyre, BCcTaHOBIEHO, IO MaricTpaib MOTPIOHO
OynmyBatu 3a HOpMamu ¥ cranmapramu kpain CHJI.
Lle, 30kpema, BHW3HA4Ya€ BUKOPHCTAHHA Ta0apuTy
HabmkeHHs criopyn. KpiM Toro, BU3Ha4eHo i Tex-
HiYHI mapameTpu HoOBOI JiHii. Tak, BiAmoBiAHO 10
MIPOTHO30BAaHUX PO3MIPIB IEPEBE3CHb, 3aTI3HHUISA
Hajexuth 1o 1l xateropii. 3rimHo 3 11 MpU3HAYCH-
HAM 1 oOcsiraMH TiepeBe3eHb, 3aTI3HUI TMOBHHHA
OyTH OTHOKOJIIHOIO 1 eNeKTpU]iIKOBAHOIO.

3aniznuyi Yeopwunu (Magyar Allamvasutak —
MAV). Bani3auili YTOpiiyH sSBISIOTE COO0K0 TYCTY
MEPEeXKY, [0 PO3TaTYKYEThCS HA BC1 HAIPSMKH BiJl
Bynanemra.

Cran OaraThOX 3aJIi3HUYHHX JiHIA B YTOpIIWHI
HE BIJINOBIIa€ Cy4aCHHUM BHUMOTaM. PeKOHCTpyKIis
Marictpani benrpan — Byaanemr, siky 31iHCHIOIOTH
3a yYacTI0 KUTaWCHKUX KOMIIaHIH, € OMHUM 3 Haii-
OibIMX 1HGPACTPYKTYpHUX NpoekTiB LleHTpas-
Hoi Ta CxigHoi €Bpomnu [14].

JeprkaBa 3MIHCHIOE YIIPaBIIiHHS TPAHCIIOPTHOIO
iHppacTpyKTyporo depe3 MiHICTEpCTBO HaIliOHAb-
HOTO PO3BUTKY. llepeBe3eHHs1 BHKOHYE Iep)KaBHa
kommaHis MAV. B Vropmusi Jie Tako CIHijbHA
3 ABcrpieto 3amizanyHa kommaHis AT «3anizamni
Hpiiop — Lomnpon — EGendypt», sika 3a TOBKHUHOIO
JHIA Ta oOcsramMu poOOTH Ma€e JAPYropsaHe 3Ha-
yenHs (YropuwHi Hamexars 60 % akmiii, ABcTpii
maibke 30 % 1 mpubnmuzHo 10 % — iHmmM axiioHe-
pam). 3amizHnuHa Mepexka MAV  posjpijieHa Ha
7 mupekuiit: bynanemrceka, JleOpenencbka, Murtii-
komblbKa, [leucbka, Ceremcbka, ComoOarxeiichka
i 3axoHchKa (TlepeBaHTaXXKyBalbHa KOMeEpIiifHa JH-
PpeKitis).

Excruryaramiiina noexxunaa 3amizHUIG (2016 p.)
7,829 kM (27-me micnie y ceiti) [10]. Hupuna xomii
B OCHOBHOMY 1 435 MM; IIUPOKY KOJIiIO0 MarOTh 3a-
nmizHuLi B 3axoHCbKOMY By3ii (36,5 kM), pasom 3i
CTaHIIMHAMHU KOJisIMA X 3arajbHa MPOTSIKHICTh
craHoBUTh 149,6 ¥M. Ha wMepexi mnpamooTh
736 craHIiid. YTOpChKi 3aIi3HUI MarOTh 26 CTHKO-
BUX IYHKTIB i3 3aJi3HMISIMU CYCITHIX KpaiH, 30K-
pema 3 YkpaiHoto (3axoHp — Yom, Emnepemrke —
BatboBo), 3 Pymyniero, Xopsartieto, CrioBeHi€ro,
Agcrpieto, CIIOBaYUHHOIO.

SamizauI YTOPIIUHA BUKOHYIOTH 29,3 % Ban-
TakHEX 1 39,0 % nanbHIX MacaXMpPChKUX TepeBe-
3eHb y KpaiHi. TepuTopiero Yropmuau yepes 3aii3-
HUYHY MEPEXKy MPOXOAATh MIXKHAPOAHI TPAaHCIOPT-
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Hi kopuzopu: IV, V, Va, Vb, Vv/10a [19]. 3a 11iib-
HICTIO 3aJTI3HAYHOI Mepeki YropimpuHa He TOoCTyma-
€TBCSI CEPEAHBOEBPOIICHCHKUM TTOKa3HUKAM; TEXHi-
YHA OCHAINEHICTh € TPOXHW HIKYOI0. JIBOKOiiHI
miHil MaroTh nomkuay 1292 kM (16,6 %), 39,5 %
3arajbHOI MPOTSHKHOCTI 3aJi3HULB eleKTpudikoBa-
HO; O€3CTHKOBA KOJIisl CTAaHOBUTH 45,5 %; Maiike Ha
35 % 3ai3HUNB peasi3yeThesi MaKCHMalIbHA JIOITYC-
tiMa 1uBHAKICTE 100-120 km/roa, Ha omHiil miHii
(Bymanemr — XeapemrxanoM) MBUAKICTE — 10 160
KM/Tozl. ABTOOJIOKYBaHHAM 00nanHaHo 35 % JiHIMH.
I3 TsaroBux 3acobiB 33,3 % ckiagaloOTh €IEKTPOBO-
su; 1,7 % — enexrponoizmm; 43,9 % — terioBo3u
121,1 % — nqu3enp-moizau.

VY 2016 pomi mepeBeseHo 109 miH macaxupis
1 35,9 MaH T BaHTaXiB; MAacaXUPOOOIr CTAHOBUB
5,7 Mipa mac. KM, BaHTaX000ir — 7,5 MIpA T-KM.
VY BaHTax)000ITy BHYTPIIIHE MOBiIOMJICHHSI CTaHO-
BUTH 2,3; ekcriopT — 1,5; iMnopt — 2,4; TpaH3uT —
1,2 mipa T-kMm. CepefiHs AaIbHICTh BaHTOKHUX I1€-
peBesenb 171 kM, cepeiHsl Maca BaHTa>XXHOT'0 0i311a
939 T; cepenniii 00ir BaHTaXXHOTO BaroHa 3,8 mib.
3a [IOMIOMOTOI0  E€JNEKTPUYHOI TITH BUKOHYIOThH
83,4 % BaHTax)000Iry (HETTO).

VY mporeci po3BUTKY 3aTi3HIYHOTO TPAHCIIOPTY
3’BWJIACST HEOOXIMHICTh MacOBOTO IEPEBaHTAKCH-
HS Ha KOpAoHI Yropmuau. s mporo B CXimHid
YacTUHI YTOPIIMHU B PaiioHi CT. 3aXOHB IMOETAITHO
OyB CTBOpEHM MOTYKHHUI IepeBaHTAKyBaITbHUI
KOMIUIEKC — OJIMH 13 HaWOUIBIINX «CYXOITyTHHX
noptiB» Cepennpoi i CxinHoi €Bpomy, y PO3BUTOK
SIKOIO BKJIAJIAIOTh 1HBECTHULII 3 METOK 301IbIICHHSA
nepepoOHOT CIIPOMOYKHOCTI paiiOHy, CTBOPEHHS MH-
THHUX CKJIAJiB 3araJIbHOTO KOPHCTYBAaHHS U 3aXHCTY
HaBKOJIUIIHBOTO CEPEIOBHUILA.

Yecwri saniznuyi (Ceske Drahy — CD). Yecrka
PecmyGutika po3ramoBana B meHTpi €Bpornu Ha To-
PIBHSHO HEBENWKIiH TEpUTOPii — Maibke 79 THC. KB.
KM. 1 € OJIHI€IO 3 PO3BUHYTHUX IHAYCTPiaIbHAX KpaiH
cBity. Uexist Mae crijibHI KopaoHu 3 Himeuuunoro,
CrnoBauunHOO, ABCTpi€ro i [lombieto.

amizaumi  Yexii MaroTh 3araibHy JOBXKHHY
9,567 TuC. KM IiHii HOpMaITBLHOT KOJIii 1 96 KM By3b-
Koi, enektpudikoBano 3 237 kM (34,2 %). Yexis
nparHe /0 SKOMOra IIBHIIIOI iHTerpaiii B €Bpo-
MEeWChKi eKOHOMIUHI CTPYKTYpH U yXe € acoliioBa-
HAM wieHoM €Bporetickkoro Corosy. Tomy Bci ra-
Jy31 HalllOHAJIBHOI €KOHOMIKH MPUBOAATH Y BiAIO-
BigHIiCTBH 10 BUMor €C.

[NapnamenT Yexii parndikyBaB 3aKOH MPO 3ai-
3HHULI, BIANOBIAHO 40 sAKoro Yecbkl 3ali3HULI
OTpUMAaJIM CTaTyC aKLiOHEPHOI KOMIIaHii, IO Iie-
penbadae miIBUIIEHHS SIKOCTI YIIPABIiHHS, a TAKOX
YCYHEHHS TEPENIKO UII CTBOPEHHS CIUTFHUX M-
MPUEMCTB i3 mpuBaTHUMH Qipmamu [17].

Y HOBOCTBOpPEHY KOMIAHIIO 3aiydeHi KBamii-
KOBaHI YIPaBIIHCHKI KaJpu 3 MPHUBATHOTO CEKTOpa
LUTSIXOM TpoAaxy akiid. OJHak Ha MepuioMy eTarni
nepkapa 30eperiia 3a coodoro 100 % axiiiif; 3ami3Hu-
4yHa iH(PACTPYKTYpa, PyXOMHUH CKJIAJ Ta iHIIIE Maii-
HO 3anmmmcs y BrnacHocti CD. Okpewmi niHii 31a-
Hi B OpeH/y MpPUBAaTHUM EKCIUTyaTalliiHUM KOMIIa-
HisIM, IO TTOBHMHHO OYJIO MPHBECTH IO TOCHJICHHS
KOHKYPEHIIii Ha 3aJli3HUIHOMY TpaHCHopTi. [3 mepe-
BeneHHssM CD B mpuBaTHY akIioHEpHY eKCILTyarta-
uiitny kommasio (2002 p.) mpaBo Ha BOJOAIHHS
BIIACHICTIO ¥ KEpIBHUITBO iH(PACTPYKTYpOIO
OTpUMYE HOBHWI JEpXaBHUM opran — Sprava
Zeleznicni Dopravni Cesty (SZDC).

Uechbki 3ai3HUII OyNH TEPIIMMH CepeJl HOBHX
Kkpaid-wieHiB €C, AKi moyany mporec eBporeichKoi
iHTerpauii B raxysi 3a1i3HUYHOTO TpaHcopTy. [Ipu
IBOMY TH(PACTPYKTypa 3ali3HUIL OyJa IMOJiJIeHa
Mix Yexiero i CTOBaYYMHOIO BIATIOBIAHO 0 TEPH-
TOpiaJbHUX KOPIOHIB, a PYXOMHH CKJaj Ta iHIIE
pyXoMe MaifHO — MPOMOPIIIHO YHCENLHOCTI HAace-
JICHHS IBOX HOBHUX JIeprKaB, Y CITiBBiTHOIICHH] 2:1.

Uechki 3ai3HUII HAa CHOTOJHI € aKIIOHEPHUM
TOBApPUCTBOM, IIPU IbOMY HAHOUTBITUM OTIEpaToOpoOM
i3 TIepeBe3eHHS BCiX BHUIIIB BaHTAXIB Ha CBOIH TepH-
TOpil BiTHOCHO iHIMMX BHUIIB TpaHcmopTy [13]. T'o-
JIOBHOIO TIPOOJIEMOIO B TMACaXUPCHKUX TepPEeBE3CH-
HSIX € MOJI0JIAHHS KOHKYPEHIIT 3 00Ky aBTOOYCHOIO
TpaHCTIOPTY (HANpHKIaJ, Ha HanpsMKy I[lpara —
BbpHo).

Ha ¢opmysannst TpancropTHol cuctemu UYexii
BIUIMHYJIO 11 reorpadiyHe mojaoxeHHs B 1eHTpi €B-
poru, xapakTep TepUTOpii # HEoZHOpa3oBa 3MiHa
CHPSAMOBAHOCTI 11 EKOHOMIYHHX 1 MOJITHYHHX
3B’513KiB. YCi HAWKOPOTII LUIAXU CHOIYYSHHS MiX
MIBHIYHUMH €BPOIEHCHKIMHU KpaiHaAMH M KpaiHaMH
[MiBaenno-CxinHoi €Bporny, a TakoX baJkaHChKOTO
MiBOCTPOBA MPOXOIATH Yepe3 Yexito. 3ami3HuIli 1ie-
PETHMHAIOTh JAEPXKABHUM KOPAOH Oimble HIX
20 paziB, a mIOcCeiHi aBTOJOpOTH — OLIBIIE HIXK
40 pazis.

OnHuM 3 NUTIXiB 30€pekeHHs CBOIO CTAaHOBHILA
3aTI3HULI  PO3IJIAAIOTh PO3LIMPEHHS 3MiIaHUX
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HepeBe3eHb, 30KpeMa i y MDKHAPOIHHUX CIOJTy4YeH-
Hax. [Ipukimamom Moxke OyTH BIIKPUTTS PETYISPHO-
ro pyxy KoHTeiiHepHHX moi3AiB Mix JloBocuie
1 JIpe3nerom.

Y mmaHax mependaueHa MOMAEPHI3aIlisl 3aiiz-
HUIIb, IO BXOJATH y MKHAPOJHI TPAHCHOPTHI KO-
punopu. Hamionanpuuii TpansutHuii xopugop 11
3B’s13aB Himeuunny (HropaOepr) i3 [oxbpmiero gepes
[lpary. 3aranbHi BUTpaTH CTaHOBWJIM MPUOIHM3HO
42 mapa kpoH i Ha 70 % nokpusanuck CD. Tpanzu-
THUH HamioHATEHUN Kopumop IV (BapricTs poObitT
26,6 mipa kpoH) 3B’s13aB Jpesned i3 JliHmeM depe3
[Ipary i Yecbke—byneiiosine. lle naifikopoTimii
musix Bim Ilparm no moptiB AnpiaTeku depes
SanprOypr i ®Pinmnax. 3aranpHa JTOBXKHAHA HaIllOHA-
JTHHUX KOPUIOPIB CTaHOBUTH 1 962 kM, 3 sikux 73 %
migsiranu  pexoHcTpykmii. [lepmi Tpu kopumopu
B TIEPCIEKTHBI YBIHAYTh 1O TpaHC €BPOIEHCHKOT
Mepexi TEN. Cepen HUX BUIUISETHCS JTBOKOJIMHA
enextpudikoBana minisg B Cxinniit Yexii Bix Komina
no bpuo uepe3 ['aBmiukyB—bpox, mo sxiit OymyTs
TIEPEBO3UTH MEPEBAKHO TPAH3UTHI BaHTAXI. 3TiTHO
31 CTaTUCTHKOI0, Maibke 34 % BCIX 3aM3HUYHHX
nini Yexii enextpudikopani, nonaa 20 % aBoko-
miviHi, npubmmsHo 40 % obnagHaHi Cy4yacHHUMH
npuctposimu CLIb.

3ai3HU4YHI 3B’S3KM 13 CYMDKHMMH KpaiHamu:
ABctpis — 3MiHa Hampyru (25 kB/15 kB 3minHOTO
crpymy); Himeuunna — 3mina Hanpyru (3 kB moc-
TiliHOTO CcTpyMY/15 KB 3minHOTrO); Ilombiia — Ha-
npyra 3 kB nmocriiiHoro crpymy; CiioBauunHa — Ha-
npyra 3 kB nocrtiitHOTO cTpymMy abo 25 kB 3miHHO-
ro.

[Mnan nepcnexktuBHOro po3Butky CD: piunwMii
o0csr mepeBeseHb — 90 MUIH T, BaHTaXK000Ir —
20 MIIpJ T-KM; 00CAT MAacCaKHUPCHKUX MEpeBe3eHb Ha
piBai 200 MJIH macaxwpiB 3a piK; Macaxupoooir —
8 muipa mac. kM. SIKIIo 1 3ami3HULIb OyAyTh CTBO-
PEHi piBHI 3 aBTOTPAHCIIOPTOM YMOBH KOHKYPEHIL1,
CD MOXyTh OTpUMYBaTH XOPOIIi eKCIUTyaTariiHi
TTOKAa3HUKH Yy pa3i 301IbIIeHHS TPaH3UTHUX TIepeBe-
3€Hb.

«Yxpaincvra saniznuysy (¥3). Ykpaidcbki 3aii-
3HHUII MaroTh EKCIUIyaTalidHy AomxuHy 19,8 THC.
KM, 30KpeMa eleKTpU]iKoBaHuX JiHIH 9,4 THC. KM,
a6o 47,3 % s3aragbHOI OBXHHH TOJIOBHHMX KOJIIMH.
[linbHicTs Mepexi — 32,8 kv Ha 1 000 xMm? TepuTo-
pii. Ilupuna xomnii 1 520 mm. HoBxuHa JiHiH, 00-
JaJHaHUX aBTOOJIOKYBaHHSIM 1 JHCIETYEPCHKOIO

[IEHTpATI3aIle€r0, CTAHOBUTH 12,2 THC. KM. 3alli3HU-
YHAWA TPaAHCIIOPT YKpaiHM € TMPOBIAHOIO TaTy33i0
EKOHOMiKH, BUKOHYE 82,9 % BaHTax000iry i 36,4 %
MacayKUPOOOIry BCixX BUAIB TPAHCIIOPTY (32 JaHUMHU
HepxxcraTty 6e3 ypaxyBaHHS TPYOOIPOBIIHOTO Tpa-
HCTIOPTY Ta AaHUX aHEKCOBAHOI TepUTOpii ABTOHO-
MHoi Pecrry6uiku Kpum i M. CeBacrtorosb), Ha Bin-
MiHy Binl Kpain €Bpomelicekoro Coro3y, /ie 9acTka
3ali3HUYHHUX TepeBe3eHb CTaHOBUTH 6-8 % maca-
xupcbki i 10 20 % — BanTaxkHi. OCHOBHI 00CSTH
BAaHT@)KHUX 1 MACAKUPCHKUX IEpeBE3E€Hb Ha I04a-
tok 2017 poky HaBeneHi B Ta0. 1 3a manumu [4].

[HBeHTapHUIT MapK PyXOMOTO CKIaxy Hajiuye
1,7 Tuc. enekTpoBo3iB, 2,1 THC. TEMIOBO3iB, 5,1 THC.
macaKupchkux BaroHiB 1 104,3 ThC. BaHTaXHUX.
Haii0i1p110t0 3arpo3010 cTajaoMy (QyHKI[IOHYBaHHIO
3aJTi3HUYHOTO TPAHCIOPTY € MaiHOBUH 3HOC HOTro
OCHOBHHUX (POHIIIB, OCOOIMBO PyXOMOTO CKJIa[Ty, 110
nepesumms 90 % [7].

JJIs MOJabIloro YCIHiNIHOTO PO3BHTKY 3ali3-
HUYHOTO TPAHCIIOPTY HEOOXiTHO MPOBECTH TEXHIY-
HYy MOJIEpHIi3alil0 1HQPACTPYKTYpH 3alli3HUYIHUX
KOPHUIIOPIB, PECTPYKTYPYBAaTH MAaCAKUPCHKE TOCIO-
JapCTBO, BIOCKOHAINTH OPTaHi3alliio i TEXHOJIOTiIo
MacaXUPChKUX 1 BAaHTAKHUX NEPEBE3EHb, CTBOPUTH
PYXOMH# CKJIa]] HOBOT'O MOKOMiHHs [12].

Sk i B MUHYNI POKH, YMOBH POOOTH YKpaiHCh-
KUX 3aji3HULb 3aJIMIIAIOTECSA OIIBII CKJIAJIHHMH,
HiXK €BpOINEHCHKUX 3aii3Huimb. EkcruryarariiifHa
JIOBXKMHA 3aJIi3HUIIL 32 OCTaHHI POKM HE3HAYHO
CKOpOUYETbCS B yCiX KpaiHax €Bpomu, 30Kpema
1 B YkpaiHi: 3a octanHi 10 pokiB el MoKa3HUK 3HU-
3UBCA B cepenHboMy Ha 1 % 1 Ha MOYaTOK
2017 poky cranoButh 19,8 tnc. kM. Bupobitok Ha
OJTHOTO TIpaIliBHUKA 3aITi3HUII — 753 THC. 3BEICHUX
TOHHO-KIJIOMETPIB Ha PIiK, YOMY CIPHSJIO CKOPO-
YEeHHS 32 OCTaHHI JIECSTh POKiB Maii)ke Ha TPETHHY
KIIBKOCTI TIPaIliBHUKIB OCHOBHOI JiSUTBHOCTI.

CroroaHi peasi3yroTs nporpamy peopMyBaHHS
3aTi3HUYHOTO  TPAHCHOPTY, PO3PaxoBaHy  JIO
2020 poky. LlenTpansHuii opraH yrpaBIiHHS 3aJ1i3-
HUYHHUM TPAHCIIOPTOM 3arajlsHOr0 KOPHCTYBaHHS —
AT «Ykp3ani3HuL», Mae BEJIUKI TpaBa 010 PO3-
BUTKY 3ali3HM4HOTO TpaHcnopry. o ckmagy AT
«YKp3ali3HULL» BXOIATH perioHansHi ¢inii «/lo-
HeLbKA 3aII3HULY, «JIbBIBChbKA 3ai3HULEDy, «One-
ChbKa 3ai3HUIlsDy, «[IpUIHINPOBCHKA 3aTi3HUL,
«ITiBnenno-3axigna 3ami3HuLsy, «[liBaeHHa 3ai3-
HULISD.
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MonepHizariist #1 pPEeKOHCTPYKINS 3ali3HHYHHX
Ko, enekrpudikamis Mepexi, OymiBHUITBO APY-
T'MX TOJIOBHHMX KOJIi — TUIAHOBI 3aBIaHHS JUIs 30i-
JBIIEHHSI TIPOMYCKHOI CHPOMOXKHOCTI 3aTi3HHUI,
YIPOBaHKEHHS MIBUAKICHOTO PYyXy O3B K yMO-
BU peaizallil reonoiTUIHUX MepeBar Y KpaiHu.

HeoOXiqHO MpOTSKHICTh APYroi KOJii TOBECTH
no 35-40 %, enekTpudikoBaHUX 3aTi3HUIB — JIO
50-55 %, 3anmi3HUIB, OONAIITOBAHMX aBTOOJIOKY-
BanusMm 1 JILI, — no 80 % Bix excrutyaTamiiHol J10-
BxxuHH [9].

Pe3yabTarn

OCKiJIbKM OCHOBHHMM 3aBJaHHSM Ha Tepiof JI0
2030 poky € iHTerpalisi 3aTi3HIYHOTO TPAHCIIOPTY
VYkpainu 10 €BponencKoi TPaHCHOPTHOI CHUCTEMH
[12], To BMHHWKAaE MUTAHHSI, a IO SBISIOTH COOOIO
ChOTOJIHI YKPaiHCBKi 3ajli3HMI. 332 MPOTSHKHICTIO
BOHHM 3aiiMaroTh 11-Te MicIie y cBiTi Ta 4-Te MicIie y
€ppori micns Himeuunnu, ®pannii, [lonemi. 3a
IUIBHICTIO 3anmi3ananoi komii (0,037 kv Ha 1 km?)
HaOMIDKAIOThCS IO HAMOLIBII pPO3BHHEHHX €BPO-
neiicekux kpain (Himeuunna — 0,128, Bennkobpu-

tanis — 0,078, IToneima — 0,074, ®paniris — 0,066)
[9].

Ane ymoBH poOOTH 3aii3HHIL YKpaiHU 3ajH-
MAIOTHCS ORI BaKKMMH, HIK 3aKOPIOHHHX, Ha-
BITHb 3a 3HIDKEHHS OOCSTIB IEepeBE3eHb 3a OCTaHHI
poku. CkazaHe MiATBEPAKYETHCS HacamIiepes Be-
JMYMHOK0 CTATHYHOTO HABAaHT)KEHHS HA Bich [22],
CEPeTHROI0 MACOI0 BAaHTAXKHHMX IIO0i3iB, IHTEHCHB-
HICTIO TIepeBe3eHb [5], HasiBHICTIO Oap’€pHUX MICIIb,
10 YHEMOKJIMBIIIOIOTh MOCTiiHYy peaii3alilo BCTa-
HOBJIeHOI mBHIKOCTI [18].

OCHOBHUMH BiJIMIHHOCTSIMH 3aJIi3HUITH € ITHPH-
Ha KOJIil i Hampyra B KOHTAaKTHIH Mepexi. Y €Bpo-
NEUCHKUX KpaiHaX, 10 MEXYIOTh 3 YKpaiHOk, IIH-
puna komii 1 435 MM, a B Ykpaini 1 520 mm. B ABc-
Tpii, [Tonbiri, Yropmuni Ta Yexii Hampyra B KoHTa-
KTHi Mepexi 3 kB mocriiiHoro crpymy, 15 kB
3MiHHOTO CTpyMmy 4actororo 16,7 I'm, a B8 CnoBad-
ynHi i1 YKpaiHi Hanpyra B KOHTaKkTHil Mepexi 3 kB
MOCTIHHOTO cTpyMYy 1 25 KB 3MiHHOTO cTpymy Yac-
tororo 50 I'm.

OCHOBHI TOKa3HUKH POOOTH 3aITi3HUIIH BUINE3a-
3HAYCHUX KpaiH HaBeJleHO B Ta0:. 1 1 Ha puc. 3, 4.

Tabnuus 1
IMoka3HuKU po6OTH 3aTi3HUL
Table 1
Performance indicators of railways
= <
TToka3HUKH 5 = = 3 i g, 5
M o = M 15} 1 =
< = A = S >
O

[Toma, THC KM? 83,9 312,7 2384 49,0 93 603,7 78,9

Hacenenns, MJIH 4OJI. 79 38,4 21,6 54 10,3 42 .4 10,3
Excrutyarariitna noBxuHa
3aJ113HULb, KM 5620 19 210 10 777 3626 7829 19791 9 487
JoBxuHa
enekTprdikoBaHNX
3aJi3HUIb, KM 3200 11831 3979 1587 3090 9350 3240
Yactka enexTprdikoBaHUX
3aJIi3HUIb, % 56,9 61,6 36,9 43,8 39,5 47,3 34,2
[NepeBe3eno nacaxupis,
MJIH T1ac. 187,9 2925 52,9 65,61 109 393,6 179,2
[Macaxupoobir, Mipx

ac.kM 7,97 19,181 4,46 3,193 57 28,0 8,84
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[ponomxenue Tabx 1

Continuation of Table 1

= =
= | g = = 2 =
ITokasHUKH E % 2 § g § s
< = & e £ > =
QO
[lepeBe3eHO BaHTaKIB,
MJIH T 85,4 222,0 24,5 35,6 35,9 343,4 98,0
BaHTaxx000ir, MIpJ T'KM 12,7 50,6 8,6 7,1 7,5 191,9 15,5
UwcenbHICTh MPaliBHUKIB,
THC. YOIL. 40,3 123,5 375 32,6 37,1 219,1 38,1
[TixpHICTH MEpEXKi 3a
wiomero, kmM/1 000 km? 67,0 61,4 45,2 73,9 84,2 32,8 120,2
[TixpHICTH MEpEXKi 3a
KIJIBKICTIO HACEJIEHHS,
kM/1 MJIH 4oII1. 711,4 500,3 498,9 673,4 760,1 466,8 921,1
BaHTtaxoHanpy»eHiCTb,
MJIH T'KM/KM 3,7 3,6 1,2 2,8 1,7 13,1 2,6
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Puc. 3. IlinpHicTh Mepexi 3ani3auip, kM/1 000 kM2 ruromyi Tepuropii

Fig. 3. Railway network density, km/1000 km2 of area

AHalizyrouu HaBeJleHy BUIIIE JiarpaMmy, MOKHa
3pOOMTH BUCHOBOK, IIO 3HAYEHHS IIUIBHOCTI Me-
pexi 3ami3uuib Actpii, CioBauundu Ta Ilosbimi
Omu3bKi MK co00r0, YKpaiHu — y 2 pa3u MeHIIle,
a INUIBHICTH 3aii3HM4HOI Mepexi Yexil maibke
B 4 pas3u Ounbplua 3a IMUTBHICTH Mepexi YKpaiHu,
y 3 pa3u Oinbplna 3a MUIBHICTE Mepexi PymyHii,

y 1,5 paza Oinplna HiX MIJIBHICTE Mepexi YTop-
mmHY 1 CroBayumHM 1y 2 pasu Oinblia 3a MIiib-
HiCTh Mepexi ABcTpii Ta [lonbmii.

Takox po3rJISHEMO Jiarpamy IMiJIBHOCTI 3a1i3-
HUYHOT MEPEeXi II0JI0 HACENICHHS BKa3aHUX KpaiH,
HaBeJICHY Ha puc. 4.
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Puc. 4. l1linbHICTh Mepexi 3aii3HHLb, 111010 HacesneHHss kM/1 000 kM2 mtomnyi TepuTopii

Fig. 4. Railway network density relative to the population of km/1000 km2 of area

I3 miarpamu BHOHO, IO Cepex MOPIBHIOBAHHX
kpain mjizepom € Yexis, a B VYkpaini, [lonpmi
i PymyHiil el moka3HWUK OJMM3bKUH 32 3HAYCHHSIM
1 Maibke y 2 pa3u MeHIIWH, HiX y Yexii.

3a BiIHOCHOIO INIJBHICTIO 3aJIi3HUYHOI MEpexi
UYexis 3aiimae ogHe 3 mepmux Micip y €Bpori
B PpO3paxyHKy K Ha Jyoly HacelleHHS
(0,92 m/ocoby mpotu 0,76 B Yropuiuni, 0,71 B AB-
crpii, 0,67 y CrnoBauuuHi), Tak 1 Ha OJHMHUIIIO
wromi (120 m/kM2 mpotu 0,84 B YropmwuHi, 0,74

B CroBauuwnHi, 0,67 B ABctpii). Takuii, Ha mepmuit
TIOTJISI/T, CIPUSATIIMBHNA CTaH TMOB’SI3aHUMA, OJTHAK, 31
3HAYHUMH (PIHAHCOBUMH TPYIHOIIAMH, OCKIJIBKU
EKCIUTyaTyBaTH IF0 MEPEXKY, CTYIIHb 3aBaHTAXCH-
HS SIKO1 HEOJHAKOBUM ISl Pi3HUX JiHIH, €KOHOMI-
YHO HEBUI'1IHO.

[NopiBHsHHS eneKTpU(]IKOBAaHUX 3aTi3HHYHHX
JiHIN eBpoIeichbKUX KpaiH, 10 MEXYIOTh 3 YKpai-
HOI0, HABEJICHO Ha puC. 5.
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Puc. 5. IIpoTspkHicTh enekTpr(ikoBaHHUX 3ai3HHUIL

Fig. 5. The length of electrified railways
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I3 BHImEeHaBeIEeHOT MiarpamMul BHIHO, IO HaKOi-
JIBINA TIPOTSDKHICTE CICKTPU(IKOBAHUX 3alli3HUITh
y Hompmi ( 11,8 tuc. xm) i Ykpaini (9,4 Tc. km),
IO CTAaHOBUTH BigmosigHo 61,6 1 47,3 %. B ABct-
pii mmTroMa Bara eJIeKTPH(IKOBAHUX 3alli3HUITL
cTaHoBUTh 56,9 %, ane B JNiHIHHUX BUMIpax Ie
3,2 THC. KM  BiJl  eKCIUIyaTalliiiHOT  JOBKWHU
5,6 tuc. kM. Lle oauH 13 HAWOLIBII BaKIUBUX II0-
Ka3HHUKiB, 00, HaNpUKJaJ, B YKpaiHi mUTOMa Bara

EIeKTPUYHOI TSATH B 3arajJbHOMYy BaHTaXK000Iry
cranoBuTh 89 % [4].

[opiBHIOIOUM BaHTaXKOHANPYKEHICTh 3aJTi3HU-
YHOI Mepexi YKpaiHu i3 CyCimgHIMH KpaiHaMu
(puc. 6), 6aunumo, 1110 HAKOITBIIA BaHTAXKOHAIIPY-
XKeHicTh B Ykpaini. B ABctpii # [lonpmi ueit mo-
Ka3HMK MeHIuH y 3 pas3u, y CnoBauunHi i Yexii —
y 4,5 pa3za, B YropmmuHi — y 5 pa3i, a B PymyHii —
Mmaiixe B 10 pasis.

Yexia

YKpaiHa

[ Y
w
=

YropwuHa

CnoBavumHa

PymyHis ‘- 1.2

MonbLia

ABCTpiA

6 8 10 12 14

BaHTa)XXOHaNpy»KeHICTb, MJIH T-KM/KM

Puc. 6 BantaxxoHanpyXeHiCTb 3aJ1i3HHUIb

Fig. 6. Freight traffic density of railways

[MosicHUTH TaKy CHUTYyalil0 MOXKHAa THM, IO 3a-
mizHuni [omemmi # Yexii opieHTOBaHI MepeBa)XKHO
Ha TacaXUPChbKi W TpaH3WTHI nepeBe3eHHs. [lore-
HIiaJl MOJANIBIIOT0 3POCTaHHS TIEPEeBE3CHb IHX
KpaiH 1MoB’si3aHUIl 13 PO3BUTKOM 3MIIIAHUX CIOJTY-
4eHb 13 kpainamu CxigHoi €Bponu.

3amizHuuHmMic TpaHcnopT PymyHii pedopmoBa-
Huit y 1998 poui. HamionansHe TOBaprUCTBO pyMy-
HCBKHX 3aJi3HUIL OYJI0 pO3JiJieHe Ha I1'SITh KOM-
naHid i3 He3ajnexxHuM ynpasiaiHasam: Compania
Nationala de Cai Ferate «CFR» SA (National
Railway Company «CFR» — koHTakT 3 iHdppacTpy-
krypotro), CFR Cilatori (CFR Passenger Services —
omepaTop nacaxxupcbkux mnoizaie) , CFR Marfa
(xommanig 3 BaHTaxomnotoky), CFR Gevaro (moc-
nyru BaroHiB-pectopaHiB), i SAAF (koHTakT i3
PYXOMHM CKIIQJIOM, SIKHi OyJie TpoJIaHO, OPEH[I0-
BaHO a00 meperisiHyTo). [licast nporo dinaHcoBuiA
CTaH PYMYHCBKUX 3JII3HULb 3HAYHO MOKPALIUBCA.
3ami3HUYHUIA TPAHCTIOPT CTAB IMOBHICTIO BIJIOBI-

JaTH €BPOMENCHKill Moneni peopMyBaHHS: PO3Ii-
neHi iHppacTpykTypa i ekcruryaranis [8]. Pedop-
MYyBaHHSI 3aJ1I3HUYHOTO TPAHCIIOPTY Y KpaiHU Tijib-
KH pO3M0Yajiocs, a TOMy BUKJIMKA€E iHTEpEC MOpiB-
HSIHHS TIOKa3HUKIB POOOTH 3a1i3HUYHOIO TPAHCIIO-
pTy PymyHii Ta Ykpainu.

YcTraHOBNIEHO, 10 TPOTSDKHICTH — 3aJTi3HUID
B PymyHii y 2 pa3u MmeHma, Hix B YKpaiHi, npu
OMY BiJICOTOK eJNeKTpu(iKOBaHUX JiHIN cTaHO-
BUTH 37 mpotu 47; macaxxupoodir y PymyHii meH-
mwmii y 7 pasiB, a BaHTax000ir — y 21 pa3 nopiBHs-
HO 3 YKpaiHO0; 00CST BaHTAXKHUX 1 MACAKUPCHKUX
nepeBe3eHb B YKpaiHi BUIIUi, HixX y PymyHii Bin-
noBiaHo B 141 7,5 pasa.

[lupoke BHOpOBaJUKEHHS MexaHizamii pooiT
3 yTpUMaHHs 1HQPACTPYKTYpH 3alli3HUIb O3BO-
U0 B 0araTthoX €BPONEHCHKUX KpaiHaX CKOPOTH-
TH YHCEJIbHICTh MpPaliBHUKIB, L0 NPU3BEIO [0
301IBLICHHS] TAaKOTO IMOKAa3HMKA, SIK BUPOOITOK Ha
oaHy oco0y 3a pik (puc. 7).

Creative Commons Attribution 4.0 International
doi: https://doi.org/10.15802/stp2019/184497

64

© M. b. Kypran, B. I'. Bep6unekuii, JI. M. Kypran, 2019


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.15802/stp2019/184497

ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayxka Ta nporpec Tpancnopty. BicHuk J{HiponeTpoBcbKoro

HAL[IOHAJILHOTO YHIBEPCUTETY 3alli3HHYHOr0 TpaHcnopty, 2019, Ne 5 (83)

3AJIIBHMYHA KOJIII TA ABTOMOBUIBHI JOPOI'

Yexia

I ¢/0

YKpaiHa

I 100

YropwwmHa

CnoBavumnHa

PymyHis

Monbwa

ABCTpin

200 400

o

600 800 1000 1200

Bupo6iToK Ha 1-ro npauiBHMKa 3ani3HULi 3a piK, TUC. 3Be4,. T*KM

Puc. 7. BanTa)xoHaIpy>KeHiCTh 3aJ1i3HULb

Fig. 7. Freight traffic density of railways

HaykoBa HOBU3HA Ta NPAKTHYHA
3HAYHMICTh

ABTopH 11i€i poOoTH, 6a3yIOUNCh HA MO3UTHUB-
HOMY JOCBiJli Hacamrepea KpaiH €BpONEHCHKOro
Corozy, mokazany, 0 3a YMOBH HasBHOCTI edek-
THUBHOI TPAaHCTIOPTHOI MEpEeXi Ta PO3BHHYTOI CHC-
TEMH Tepeadi BAaHTaXIB Y MyHKTaX 3MiHU CTaH/Ia-
PTiB 3aNi3HUYHOI iHGPACTPYKTYpH, 3HAYHO IIiIBH-
IIYIOTBCS SIK BHYTPIIIHI, TaK i TpaH3WUTHI BaHTa-
JKOITOTOKH, II[0 Ja€ MOXJIUBICTL 3OLIBIIATH
MpuBaOIMBICTh KpaiHM B MIKHApOIHIN cucTeMi
nepeBe3eHb.

Ha ocHOBI oTpuMaHHX pe3ylbTaTiB yCTaHOBIIE-
HO, TIO 3aJI3HUYHUH TpaHcropT YKpaiHH Moxe
OyTH IHTErpOBaHMH Yy €BPONEHCHKY TPaHCHOPTHY
MEpPEKy 3a YMOBH BHKOHAHHS MOJEPHI3allii KoJIii,
HMITYYHUX CIOPYJ Ta iHIIUX MPUCTPOIB, IO BXO-
TSITh 10 1HPPACTPYKTYPH 3aITi3HHMIN, YIIPOBAKEH-
HSl HOBOTO PYXOMOTO CKJafy, 110 3a0e3Me4nTh Ie-
pEeBE3CHHS MacaXUpiB JIEHHUMH IMOI31aMH 3 HE00-
XiIHUM KOM(OPTOM 1 MaKCHUMajbHO BCTaHOBIIE-
HOIO HIBHJIKICTIO.

VYpaxoByroun 3Ha4Hi 00CSTH TIepeBEe3eHb y Ha-
npsMky Cxin — 3axij, a TakoX BHTiHE reorpadi-
YHE TOJIOXEHHS YKpaiHH, MOXKHA CTBEPKYBAaTH,
0 CTBOPEeHHsI e()EKTUBHUX CIIOCOOIB OpraHizarii
TPAaHCHOPTYBaHHS BaHTAXKIB y MDKXHAPOAHOMY

CTHONyYeHHI 3 KpaiHamMu €BpOCOIO3Y JI03BOJHUTH
3ay9UTH JOAATKOBI OOCSTH TPAaH3UTHUX BaHTa-
KOIOTOKIB.

BuchHoBku

amizaumi YKpailHH Ta €BpOMEHCHKUX KpaiH
MaloTh Pi3HI YMOBH €KCIUTyaTallii, BiIpi3HAIOTHCS
TEXHIYHUM CTaHOM, OCHAIIEHHSM, MapaMeTpaMH
npodinto i miany, a TOMy, 3Ba)KalouH Ha pi3Hi 00-
CATH ¥ BapTICTh POOIT i3 PEKOHCTPYKINii HAsIBHUX
3aJli3HUIb, MOTPEOYIOTh J0JATKOBOTrO (DiHAHCY-
BaHHS — HE TUIBKU JepXKaBHOIO, aje i Bijg €Bpo-
neficekoro Coro3sy.

Ilig yac mepeBe3eHHs BaHTaXIB y KpaiHax, IO
MEXYIOTh 3 YKpaiHOIo, 3alli3HUYHUI TpaHCIOPT
BHKOPHUCTOBYIOTh Ha 16—20 % mopiBHSHO 3 aBTO-
MOOLUTEHUM, 32 BUHATKOM ABcTpii (51,2 %) i Yk-
painu (84,6 %). lllono nepeBe3eHb Macaxupis, 1ei
MMOKa3HUK CTaHOBHUTL 6—13 %, 3a BuHsaTkoM Cro-
BayunHU (37,0 %) ¥ Ykpaiau (49,3 %). ko ans
3aJi3HUIB OYJyTh CTBOPEHI PiBHI 3 aBTOTPAHCIIOP-
TOM yYMOBHM KOHKYpEHIIii, TO €BpOIEHChKI KpaiHu
3MOXXYTh OTPHUMYBATH XOPOII eKCIUTyaTawiiHi
MOKa3HUKH 32 30UIbIICHHS 00CATIB TPaH3UTHHUX
nepeBe3eHb.

3a BIJTHOCHOIO TYCTOTOKO 3ai3HUYHOI MEpexi
oJHe 3 mepmux Mmicub y €Bpormi 3aiiMae Yexis —
y  pO3paxyHKy SK Ha JIyoly HacelleHHS
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(0,92 m/ocoby tipotu 0,76 B Yropiui, 0,71 B AB-
ctpii, 0,67 B CrnoBauyumHi), Tak 1 Ha OIWUHHITIO
wiomi (120 m/km?> npotn 84 B VYropumwuni, 74
y CnoBayumHi, 67 B ABcTpii). OgHaK 1e CIpUIH-
Hs€ 3HA4HI (DIHAHCOBI TPYIHOIII, OCKIIBKH €KC-
IUTyaTyBaTh MEPEeXy, CTYHIHb 3aBaHTaXXEHHS SKOI
HEOJIHAKOBUH JJIs Pi3HUX JIiHIN, CKIAJHO W MOXeE
OyTH €KOHOMIYHO HEBHTiIHO.

BuxoHanu#i aHani3 mokasas, 1o JJis KpaiH, sKi
MEXYIOTh 3 YKpaiHOlo, MUTOMA Bara enekTpudiko-
BaHUX 3aJi3HUIL CTAHOBUTH y cepenabomy 50 %,
a came: y llompmi 61,6 %, ABctpii 56,9 %, Crno-
BauumHi 43,8 %, B Yropuwusi i Pymynii neit moka-
3HHUK HabmmwkaeTses 10 40 %, B Ykpaini — 47,3 %.
Ile oauH i3 Ba)KJIMBHUX IOKA3HUKIB, IKUI BU3HAYAE
MUTOMY Bary BHKOPHUCTaHHS EJICKTPHUYHOI TATH
B 3araJlkHOMY BaHTa)k000iry kpain (B Ykpaini —
89 %).

[NopiBHIOIOUM BaHTaKOHANPYKEHICTh 3aJTi3HHU-
YHOT Mepeki YKpaiH| 13 CyCiiHIMHU KpaiHaMu, CIIij
BI[3BHAYNTH, IO HAWOINbIIA BaHTAXOHAIPYXKe-
HICTH came B Ykpaini, B ABctpii i [lompmi meit
MOKa3HUK MeHmuid y 3 pasu, y CrnoBayuuni
i Yexii — y 4,5 paza, B Yropmuui — y 5 pa3is,
a B Pymynii — maiixe B 10 paziB. To6To B Ykpaini
Oyna ¥ 3amuIraeThcsi OUIBI BUCOKA IHTEHCUBHICTh
BUKOPUCTAHHS 3JII3HUIb U TEepeBe3eHb BaHTa-
XKiB 1 TACAKUPIB.

CrporozHi 3ami3HWYHA KOHKYPEHTOCIPOMOXK-
HIiCTh JepkaB-wieHiB €C 00MeXyeThCs BiIMIHHO-
CTSIMH B YCTaTKyBaHHI, TEXHOJIOTisIX, CHTHAJI3allil,
MpaBuUiIaX OE3MEeKH, y CUCTEMIi TaJlbMyBaHHS, TATO-
BOMY CTpPYMi, a TaKOX 3a MBUKIcTIO. Taka cutya-
1isl BUMArae, oo MiHapOJIHI MOI3H, 10 MPOXO-
IISITh Yepe3 KiJlbKa KpaiH, 3yMUHSIINCS Ha KOPJIOHI.
TexHiuHl BiIMIHHOCTI MK JI€p)KaBaMHU CKJIAJIUCS
ICTOPUYHO ¥ MOB’sI3aHi 3 HEOOXIAHICTIO 3aXMCTUTH
BIIACHI iIHTEpECH.

Uepes BiIMIHHOCTI B TEXHIYHHX BHMOTax JO
PYXOMOTO CKJay, 3aJli3HUYHOI KOJii Mmij| 4ac op-
rafizamii Oe3lepeBaHTaXyBaJbHUX IIEPEBE3CHb

HEOOXiTHO BUPIMIUTH HU3KY TEXHIYHUX NHUTaHb.
YactrHa nuTaHb 3 iHQPACTPYKTypu W pyxoMomy
CKIagy periamentoBana B TSI, yactuHa —
y mam’satkax UIC i OC3, ane Oararo 3 HAX 3aiTH-
IAI0THCS HEBUPIIMIEHUMHU TTOBHOIO Miporo (IITHPHHA
Kouii, oOprcu GaHIaXiB KOJIC PyXOMOTO CKIJIamy,
rabapuTHi pO301KHOCTI, TapMOHI3aIlisl BUMOT JIO
XOJIOBUX YaCTHH, 3UIMMHUX TPHUIAAiB, BIIMIHHOCTI
raJIbMiBHUX cucTteM Tomno). L{i mpoGieMHi muTan-
HSl IOTPEOYIOTh J0AAaTKOBHUX JOCIIIKEHb 1 palio-
HaJbHUX PIMICHb.

HamionanpHi 3ami3HWYHI KOMMaHil YKpaiHu
it TTonbmni — AT «Yxp3amizuauiis» i «Polskie Koleje
Panstwowe» Spolka Akcyjna (PKP SA) — maroth
CXO0Xi1 prucH i npobiemu. Ilepin 3a Bce B OCHOBHO-
My €KCIUTyaTylOTh CTapHii MapK PyXOMOTO CKIaay
i iHppacTpyKTypy.

['o710BHI BiIMIHHOCTI — 3HAYHE BHUIIEPEIKESHHS
MOJILCHKOT TPyNH B poBesieHHi pedopM. B ocran-
Hi POKU MOJBCHKY 3ai3HHII0 aKTUBHO MOJEpHi-
3ytoTh. [lompia mMae OINBIN TYCTy MEpexy 3ali3-
HUIb 1 OUTBIIMIA BiICOTOK €NEeKTPU(IKOBAHUX JIi-
HiH. Y [UIOMY Il BIaCTUBO PO3BUHEHUM KpaiHaM
€C. Ykpaina € yigepom y €Bpomi i 3HaYHO Tiepe-
Bepirye PKP SA 3a o6csiramu BaHTa)XXKHHX TIepeBe-
3€Hb.

3akoHONpoekT «IIpo 3ami3HUYHWE TpaHCHOPT
VYkpainm» Ne 7 316 mpornoHye HOBY MOJI€Th PHHKY
3aJiI3HUYHUX TI€PEBE3EHb, 110 BPaxOBYE €BPOIICH-
ChbKE€ 3aKOHOJIABCTBO, YCTaHOBIIOE NPHUHIMI PiB-
HOIIPaBHOT'O JOCTYILY 10 MOCIYT iH(PacTPyKTypH,
MIOIIUPIOETHCS HA BCiX 0OCi0, 3aIliKaBIeHUX B OTPH-
MaHHI TaKUX TOCIYT. Y 3B’S3Ky 3 MOOY/J0BOIO HO-
BOT CTPYKTYpH B3a€EMOBITHOCHH Ha 3aJII3HUYHOMY
TPAHCIIOPTi B MPOEKTI 3aKPIIlJIeHi OCHOBHI BUMOTH,
00OB’sI3KM W TIpaBa omeparopa iHQpPacCTPyKTypH,
NepeBi3HUKa, IpaBa i 000B’s3KH MacaXupa, OCHO-
BHI BUMOTH J0 PYXOMOI'O CKJaJy Ta OCHOBHU Iisi-
JBHOCTI  OTEpaToOpiB  3ali3HUYHOTO PYyXOMOTO
CKJIaJy, HOPMH 3 YIpaBJiHHA 00’ekTamu iH}pa-
CTPYKTYPH TOLIO.
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UCCJEJTOBAHHUS PA3JIMYMA YKPAMHCKOM U EBPOIIEHCKOM
’KEJIESHOJOPOXHOM UHO®PACTPYKTYPBI

easb. B paboTte npenycMOTpeHO MPOAHATH3UPOBATh OCHOBHBIC Pa3UUMsl YKPAHMHCKOH KEIe3HOIOPOXKHON HH-
(bpacTpyKTypbl 0T HHYPACTPYKTYPHI CTPAH, C KOTOPHIMH YKpanHa UMEET 3alajHbIe TPAHUIIBI, U CTPAH, K KOTOPHIM
MoxeT ObITh 3aBeneHa kojes 1 520 MM, y4uuThIBas HampaBleHME OCHOBHOTO rpy3oloToka ¢ Bocroka Ha 3aman.
Taxoxe MpeaAyCMOTPCHO aThb KOJMYCCTBCHHYIO M KaUCCTBCHHYIO OLICHKY TEXHUYECKOH COBMECTUMOCTU U ApyTrux
IIOKa3aTesel KeNe3HOJOPOKHBIX CETE B CpaBHEHUU C Teppuropueil Ykpaunsl. Meroguka. s noiaydeHus naH-
HBIX 00 UH(PACTPYKTYpe U 00beMaM NMepeBO30K B 0003HAUECHHBIX 3a/laHMEM CTPaHaX BBIIOJIHEH 0030p JIUTEPATYpHhI
10 TCMC pa60T1)1 C MCIIOJIb30BAHHUEM ITOJHOTEKCTOBBIX M CTAaTUCTHUECKHX 0a3 JaHHBbIX. MeTO}II/IKa npeaycMaTrpuBacT
aHAJIHU3 U CHCTEMAaTH3AIMIO MTOJYYEHHON NHPOPMAaINH JUI yCTAHOBIICHUS COOTBETCTBYIOIINX 3aBUCUMOCTEH, BBIBO-
JI0B 1 mpeanoxeHnid. Pe3yabTaTrsl. OO0CHOBAaHO, YTO MEX/yHApOJIHBIE NTEPEBO3KH, KOTOPBIE OCYIIECTBIIIOTCS He-
pe3 TeppUTOPHIO Y KpanHbl, HIMEIOT ONpe/ieIeHHbIe 0COOCHHOCTH. VI3MEeHeHNEe CTaHAapTOB KEIEe3HOJOPOXKHOTO Iy-
TH Ha TPAHUIIE C €BPONECHCKUMH CTPaHaMH BBIHYX/IAa€T UCKAaTh HanOOJIee PalloHAIbHBIC MapIIPYThI JJIs1 TPAHCIIOP-
THUPOBKH TPY30B (C YUIETOM JATbHOCTH, TEXHHYECKOTO COCTOSHMS M ITapaMETPOB MEXIYHAPOIHBIX TPAHCIIOPTHBIX
KOPHIOPOB, CKOPOCTH JOCTAaBKHU | Ip.) M pallMOHAJIbHbIE TEXHOJIOTHH IIepeJjadll IPy30B Ha IPUTPAHUIHBIX ITyHKTaX,
YTO MO3BOJIUT BBIBECTH 3TU NMEPEBO3KU HaA I/IHHOBaHI/IOHHHﬁ IIyTh pa3BUTUA. Haquaﬂ HOBH3HA. Ba31/1py;101> Ha I10-
SUTUBHOM OIIBITC IMPEKAC BCCTO CTpaH EBpOHeﬁCKOFO C0}03a, ABTOPbI TIOKa3aJii, YTO HNPpHU YCJIOBHUU HAJIUYHUA
3¢ QEeKTUBHOI TPAHCHOPTHOM CETM U Pa3BUTON CHCTEMBI NEpeAadyd Tpy30B B IYHKTaX M3MEHEHHUS CTaH/IapTOB
HKEJIC3HOJOPOKHON MHPPACTPYKTYPHI 3HAYUTEIBHO MOBBIIIAIOTCS KaK BHYTPEHHHUE, TAK M TPAH3UTHBIC IPY30I10TO-
KM, 4YTO Aac€T BO3MOXHOCTH YBCJIUYUTL MPUBJICKATCIbHOCTL CTPaHbBI B MG)KI[yH&pO}IHOﬁ CHUCTEME TICPEBO3OK.
IpakTnyeckas 3Ha4MMOCTb. Ha 0CHOBE MOITy4eHHBIX PE3yIbTATOB MIOKA3aHO, YTO SKENE3HOAOPOKHBINA TPAHCIOPT
YKpauHbl MOXKET OBITh MHTETPHPOBAH B €BPONEHCKYIO TPAHCIOPTHYIO CETh NP YCIIOBHH. BBIITOJHEHUS] MOJEPHH-
3aIlMM ITyTH, UICKYCCTBEHHBIX COOPY)KCHHH U JPYTHX yCTPOWCTB, KOTOPBIE NMPECTAaBISIOT HHYPACTPYKTYPY KeJe3-
HOHM ZI0pOTH; BHEJAPEHNSI HOBOTO ITOJIBH)KHOTO COCTaBa, YTO OOECTIEUNT IEePEBO3KH MAacCAKUPOB JHEBHBIMHU MOE371a-
MU ¢ HeOOXOJMMBIM KOM(pOPTOM ¥ MaKCHMaJIbHO YCTAHOBJIEHHOH CKOPOCTEIO.

Kniouegvie cnoea: ene3HOTOPOKHBIH TPAHCHOPT; MHPPACTPYKTYpPa JKEJIE3HOH NOPOTH; TEXHHYECKash COBMeE-
CTUMOCTbD XK€EJIE3HBIX JOPOT; CKOPOCTh JABUKEHUS; MEXKIYHAPOAHBII TPAHCIIOPTHBIA KOPUIOP

M. B. KURHAN!, V. G. VERBITSKII?, D. M. KURHAN?*

!Dep. «Roads Design and Constructiony, Dnipro National University of Railway Transport named after Academician

V. Lazaryan, Lazaryana St., 2, Dnipro, Ukraine, 49010, tel +38 (056) 373 15 48, e-mail kunibor@gmail.com,

ORCID 0000-0002-8182-7709

2Dep. «Automated Systems Software», Zaporizhzhia State Engineering Academy, Sobornyi Av., 226, Zaporizhzhia, 69006,
tel. +38 (061) 227 12 31, e-mail oxsidan@ukr.net, ORCID 000-0002-1039-8548

¥Dep. «Track and Track Facilities», Dnipro National University of Railway Transport named after Academician V. Lazaryan,
Lazaryana St., 2, Dnipro, Ukraine, 49010, tel. +38 (056) 373 15 42, e-mail kurhan.d@gmail.com,

ORCID 0000-0002-9448-5269

Creative Commons Attribution 4.0 International
doi: https://doi.org/10.15802/stp2019/184497 © M. b. Kypran, B. I'. Bep6uupkuit, /[. M. Kypran, 2019

68


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.15802/stp2019/184497

ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayka Ta nporpec tpancropry. Bicuuk J{HinponeTpoBcbKoro
HAL[IOHAJILHOTO YHIBEPCUTETY 3alli3HHYHOr0 TpaHcnopty, 2019, Ne 5 (83)

3AJIIBHMYHA KOJIII TA ABTOMOBUIBHI JOPOI'

DIFFERENCE RESEARCH OF UKRAINIAN AND EUROPEAN
RAILWAY INFRASTRUCTURE

Purpose. The article is aimed to analyze the main differences of the Ukrainian railway infrastructure, comparing
both with the neighboring countries at the western border and with the countries to which the 1520 mm track can be
drawn, taking into account the direction of the main freight traffic volume from East to West. It is also aimed to
provide quantitative and qualitative assessment of technical compatibility and other indicators of railway networks
in relation to the territory of Ukraine. Methodology. To obtain data on infrastructure and transportation volumes in
the mentioned countries, a world literature review on this subject was performed using full-text and statistical data-
bases. The methodology involves the analysis and systematization of the information obtained to establish relevant
dependencies, conclusions and proposals. Findings. It is proved that international transportations through the territo-
ry of Ukraine have certain features. Changing the railway track standards at the border with European countries
forces to search for the most rational routes for cargo transportation (taking into account the distance, technical con-
dition and parameters of international transport corridors, delivery speed, etc.) and rational technologies for the
goods transfer at border points, which make it possible to take these transportations to an innovative path of devel-
opment. Originality. Based on the positive experience, first of all of the European Union countries, the authors have
shown that with the presence of efficient transport network and a developed system of cargo transfer at the points of
changing the railway infrastructure standards, both domestic and transit freight traffic volumes significantly in-
crease, which makes it possible to increase the attractiveness of the country in the international transportation sys-
tem. Practical value. Based on the obtained results, it is shown that the Ukrainian railway transport can be integrat-
ed into the European transport network, providing the modernization of track, engineering structures and other facil-
ities included in the railway infrastructure, the introduction of new rolling stock, which will ensure passenger trans-
portations by day trains with the required comfort and maximal set speed.

Keywords: railway transport; railway infrastructure; technical compatibility of railways; movement speed; inter-
national transport corridor
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TH®OPMALUIHHO-KOMYHIKAIIMHI TEXHOJIOT'
TA MATEMATHUYHE MOJIEJIOBAHHS

V]IK 656.21.07

O. B.TOPBOBA!"

MKad. «Komm’roTepHi indopManiiiHi TexHomorii», J[HIMPOBCHKHI HalliOHANTEHHII YHIBEPCUTET 3aTi3HUYHOTO TPAHCTIOPTY iMeHi
akazneMika B. Jlazapsina, Byn. Jlazapsina, 2, Jlainpo, Ykpaina, 49010, ten. +38 (056) 373 15 35,
en. morura alexandra.gorbova@gmail.com, ORCID 0000-0002-5612-2715

POPMAJIIBALISI TEXHOJIOI'TYHUX HPOHECIB 3AJIIBHUYHUX
CTAHIIIM HA OCHOBI IOETAITHOT'O MOJAEJIFOBAHHSA

Mera. /Iy npencTaBieHHs TEXHOJIOTIYHOTO HPOLECY, IO BUKOPHCTOBYE METOJIOJIOTIIO TOETAITHOTO MOJIEIIO-
BaHHs1, HEOOXiJHO 3aCTOCYBAaTH CIielliali3oBaHe Nporpamue 3ade3neyeHHs. Gopmanizaliisi TEXHOJIOTTYHOTO MPOLECy
€ OJTHIEI0 3 OCHOBHMX 3aJ1a4 Ha eTarll MPOCKTYBaHHs abo onTHMi3allii poOOTH 3aTi3HUYHOI CTaHIii. Y CTaTTi mepe -
0ayeHO PO3POOUTH METOAMKY (popMaIi3allil TEXHOJOTIYHUX MPOIIECIB HA OCHOBI METOy MOCTAITHOTO MOJIC/TIOBAaH-
Hs. MeToauKa. 3aBIsKi METOIMII OETAITHOTO NMPOEKTYBaHHS BUKOHAHO MMOOYAOBY BXiJHOI, BHYTPILIHBOI Ta BUXi-
JTHOi MOJETI MPOeKTYBaHHS POOOTH 3aTi3HHYHOI CTaHIiI. BXimHa Moaeap yTBOpeHa AiarpaMaMu IpereIeHTiB, cTa-
HIB 1 JisTIPHOCTEH, IO TOOYJOBaHi 3a TOTIOMOTO0 IHCTPYMEHTIB mporpamMuoro komruiekcy IBM Rational Rose. Ls
MOJIeNb 3a0e3Meuy€e MOXKIUBICTh Tpad)0aHATITHIHOTO MIPEACTABICHHS TEXHOJIOTIYHUX IPOIIECIB 3aIi3HIYHOI CTaHIII1
3 HOTro Bi3yaJlbHUM KOHTPOJIEM, SIKUH TO3BOJISIE YHUKHYTH TPYIOMICTKOTO PY9HOTO KOJyBaHHS Ta 3HM3UTH HMOBIp-
HICTP TTOSIBH TIOMIUTOK. HaBezieHi qiarpaMu OMUCYIOTh TEXHOJIOTIYHHIA MPOIIeC 3ai3HUYHOI cTaHMii Ha 6a3i iepapXi-
YHHUX Jliarpam IOCIiJJOBHOCTI poOIT pi3HOTO CTyMNeHs JieTanizamii. A BUXiJHa Ta BHYTpILIHS MOJeli o0ya0oBaHi 3a
JIOTIOMOT010 yHi(pikoBaHoi MOBU MoemoBantss UML. MeTogaMu JOCTIIKEHHS € METOAHM 00’ €KTHO-OPIEHTOBAHOI'O
NPOEKTYBaHHS, CKIHUEHHNX aBTOMATIB 1 CHCTEMHOI'0 IporpamyBanHs. Pe3yabraTu. 3ampornoHoBaHa METOUKA J10-
3BOJISIE 32 JIOTIOMOTOIO Jiiarpam Xaperna OyyBaTH iMiTaliiHi MoJelNi 3ali3HHYHUX cTaHlii. LI Mozeni sBisOTH CO-
0010 iepapXxiyHO OPraHi30BaHy CYKYMHICTh B3a€MOJIIOYMX CKIHUCHHHX aBTOMATIB, MPH I[bOMY CKJaJHA MOJEIb Ha
KOKHOMY PiBHI ie€papxii 30epirae mpocty i IOCTYNHY IS OTJISIAY CTPYKTYpy. CHrHAIU PO MOYATOK 1 3aKiHUCHHS
poOiT, sAKi TEHEPYIOTh ITiJ Yac MEePEeXOiB MiXK CTaHAMM, JO3BOJITIOTH CHHXPOHI3YBaTH POOOTY MOEIi, a BUKOpHUC-
TaHH JIiH i 9ac ONMHCaHHA CTaHIB 1 CHTHANIB (PO3MIMPEHHS, M0 HagaeThesi MOBOI0 UML) mo3BoJIsie BUKOPHUCTOBY-
BaTH 30BHIMIHI aJTOPUTMH TaM, ¢ 3BUYaiHUIT/aBTOMAaTHUHA (hopMalli3M CTae He3pYIHHM. METOHOIIOTis, MO peari-
30BaHa 3acobamu MoBn UML, 103BoJsiE ICTOTHO MOJETIIMTH MPEACTAaBICHHS W CIPUHHATTA MOJENi CTaHMil.
HaykoBa HOBH3HA. YIOCKOHAJICHO METOIWKY IPEACTABICHHS (YHKIIOHATHHOI MOJEIN 3aTi3HHYHUX CTaHINH i3
3aCTOCYBaHHSIM METOIB Bi3yaJbHOTO NMpoeKkTyBaHHs. IIpakTM4yHa 3HAYMMicTh. 3alponoHOBaHa METOJMKA IIPU3-
HaueHa Juisi rpad)0aHaliTUYHOTO MPEJCTABICHHSI TEXHOJIOTIYHOrO Tpoliecy poOOTH 3ai3HUYHOI CTaHIii, 0 BUKO-
PHUCTOBYE MMoeTaHe MozearoBaHHs. [1i yac MoaemoBaHHs Ha 0a3i rpadiuHOoi BXiJHOI MOETI BUKOHAHO MOOYI0BY
BHYTPIIIHBOI Ta BUXIIHOT MO/IENIEH, @ TAKOXK MTPEACTABICHHS METOMIB X IEPETBOPEHb.

Kniouosi crosa: TEXHOIOTIYHHUMA TPOIIEC; JAiarpama CTaHiB; Jiarpama JisNIbHOCTEH; Jiarpama npeneeHTiB; opie-
HTOBHHI rpad; moBa UML; 3ami3HUYHA CTaHIIisl; MOJEIb POOOTH CTAHIIIT

Beryn JISKUTh MOJICIIOBaHHs mpeaMmeTHoi oOmacti. Ilpu
bOMY HEOOXiJTHO MaTH I[iTiICHE, CHCTEMHE YsB-
JICHHSI MOJIEJNI, sika MOBMHHA BiJoOpa)kaTd BCi ac-
neKTH QYHKI[IOHYBaHHS MallOyTHBOT crctemu. [Tix

B ocHOBiI mpoekTyBaHHSI TeXHIYHOTO 3abe3me-
YEeHHS! aBTOMATH30BaHUX CHCTEM YIPaBIiHHS, PO3-
pOOKHM PI3HOMAHITHHUX TEXHOJOTIYHHUX IPOIECIB
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MOJIEJUTIO TIPEIMETHOI 00JacTi pO3yMilOTh CHCTe-
My, IO IMITy€ CTPYKTypy a0o (yHKIIOHYBaHHS
nocmipkyBanoi i€l oomacti [10]. Ominai acmexTn
MOJICITIOBAaHHS TPEAMETHOI 00JIacTi IOB’s3aHi
3 BU3HAYCHHSAM €()EKTHBHOCTI BIPOBAKCHHS aB-
TOMAaTHU30BaHUX MPOILECIB HAa 00’€KTi aBTOMaTH3a-
1ii [14]. IIpobneMy MOJETIOBAHHS TEXHOIOTIYHHX
MPOIIECiB JOCHIHKyBaIH 0arato BYEHHX, IO Bi0-
Opa’keHO y BEJIMKIH KUJIbKOCTI BITUM3HSIHHX Ta 3a-
PYOiKHUX POOIT.

MopemoBaHHSI TEXHOJIOTIYHHX TIPOIECiB Ha
0a3i aBroMatiB Mypa Tta Mini [6] moka3ye 1ocHTh
BUCOKHI PIBEHb PO3YyMiHHS PO3B’sI3yBaHOI 3ajaui,
npoTe TYT BiACyTHS opmalizalisi mpomecy mpoe-
kryBaHHA. ONIMCAaHHA i, 0 Peasli3oByIOTh aBTO-
MaTH, € CKJIaJHUM JJIs IPOSKTyBaJbHUKA 0€3 Bij-
MOBIAHOT KBaTi(piKalrii.

VY [5] posrasiHyTo pO3pobKy iH(pOpMaIiiHOl
CHCTEMH W mpolenypy MOOYJOBH JeTyKTUBHOI
MoJelni mporecy. JocniKeHHsT BUKOHAHO B paM-
Kax JTWHAMIYHOTO MOJENIOBaHHS, MPOTE 30BCIM HE
ormucaHo (HOpMaIbHOTO MiIXOAY 0 MOOYAOBHA MO-
JIeJTi TEXHOJIOTIYHOTO TIPOIIECY.

V [12] nomano moHATTA i Ki1acudikaliro MeTo-
TliB MOJIETIFOBAHHS TEXHOJIOTIYHUX IPOIIECIB, TTOKa-
3aHO OCHOBHI €Tamy pO3pOOKM TEXHOJIOTIYHHX
MPOLIECIB 13 MO3UIliT CUCTEMHOTO Miaxoay. Po3ris-
HyTO (hopMaibHi MiAXOIU A0 OMHCAHHS MaTeMaTH-
YHHUX MOJIENICH Ta TOKa3aHO MOJICIIOBAHHS TEXHO-
JIOT1YHUX O0’€KTIiB, IO PO3PI3HIIOTHCS CTYIEHEM
JeTatizarii mporecis.

V [13] posrasHyTo muTaHHSA (opmaizarii
1 aBTOMaTH3Aallil BAKOHAHHS CUHTE3y MOJICICH CH-
CTeM aBTOMATHUYHOTO YIPAaBIIHHS TEXHOJIOTiYHU-
MU nporecamu. [IpeacraBneno miaxia no moOymo-
BU MOJICNI, IO BKIIOYAE TakKi eranu, sk (izuuHe
MOJISJIIOBAHHSI, MaTEMaTHYHE MOJICIIOBAHHS, JIHC-
KpeTHe KOMIT I0TEpPHE MOJETIOBAaHHS Ta iMiTalliifHe
MOJIETIFOBAaHHS. YBEJEHO MOHSATTS METO/AY IOeTarl-
HOTO MOJICJIIOBaHHS TEXHOJOTIYHUX mpoiieciB. Te-
XHOJIOTISl MOETAIHOTO MOJIE/IOBaHHs Iepeadavae
moOyIOBY TEXHOJIOTIYHOTO TMPOIECY Ha JIEKLTHKOX
PIBHSIX: BIiJ] 3araJlbHOT0 aJrOPUTMYy MPOIECY O
NEeTaTbHUX aJTOPUTMIB OKpeMHuX omepamiid. B oc-
HOBI TaKOro MiJIXOAYy JIEKUTh METOJ MOKPOKOBOI
nmeramizanii.

[lig yac MOJEIIOBaHHS TEXHOJIOTTUHUX IMPOILIE-
CiB 3aCTOCOBYIOTh Pi3HI MeToqu i miaxomu. Yci
BOHM MalOTh CBOi 0COOJIMBOCTI, IPOTE 0 MOJEIIO-

BaHHS MPEIMETHOI 00J1acTi BUCYBAIOTHCS TaKi BH-
MOTH:

— OAHO3HAYHHUN OIUC CTPYKTYpU NPEAMETHOI
obmacri;

— 3pPO3YMUTICTD PE3yNbTaTiB MPEIIPOEKTHOTO
0OCTeXeHHsI Uil 3aMOBHHKIB 1 PO3pOOHHKIB Ha
OCHOBI 3acTOCyBaHHsI TpadiuHux 3acobiB Bimo-
Opa’keHHS MOJIEITI;

— peai30BaHICTh, i AKOO

MpPO3yMilOTh HasBHICTh 3ac00iB ¢iznuHoi pea-
mizarmii Momeni mpeaMeTHoi oOnacti B iH(opMma-
IAHUX CHUCTEMaX;

— 3a0e3mnedeHHs] OLIHKH e(EeKTHUBHOCTI peaji-
3amii Moje HpeAMEeTHOI 00J1acTi Ha OCHOBI IEB-
HHUX METOJIIB Ta 00UMCIIIOBAHUX TOKA3HUKIB.

EdextrBHUM criocoOoM omnvcaHHs QyHKIIOHY-
BaHHs 00’€KTIB, 110 3a0e3meuye BUCOKY iH(opMa-
THUBHICTh Ta IHTYITHBHO 3pO3yMiJie MIPEICTaBICHHS
iHdopmMmartii, € BizyanmbHe MopaemoBaHHs. llim dac
Bi3yaJIbHOTO MOJEJIOBaHHS KOXKEH €JIEeMEHT BHPO-
OHHMYOTO TMPOILIECy 300paXXKyIOTh Y BUTIISAII Tpadid-
HOTO TI03HaYeHHs. |'padiuHy MOJenbp MOXHA CTBO-
PIOBaTH SIK Ha MarepoBHUX HOCISIX, TaK 1 3a JOTIOMO-
TOI0 CIEIiaJIi30BaHOr0 MPOrPaMHOro 3a0e3neyeH-
Hs1 Ha EOM. BigoOpakeHHs HaSBHUX BHPOOHUYHX
MPOIIECiB Y BUIJISIII MPOCTUX Jiarpam i KOPOTKUX
OMHUCIB JIOTIOMAarae JOCATTH €QMHOTO PO3YMiHHS
YUHHUX HOPM Ta OTNEPATHBHUX INPOIEIAYpP MiX po-
3pOOHMKOM 1 3aMOBHHMKOM TIPOEKTIB PO3BHUTKY 3a-
JII3HUYHUX CTAHIIIN.

Meta

OCHOBHOIO METOIO IIi€i cTaTTi € opMamizaris
MPEJICTABICHHST TEXHOJIOTIYHOTO MPOIECY 3 BHKO-
PHUCTaHHS METOJIOJIOTIT TIOETAITHOTO MO/ICITFOBAHHSI.

MeTtoauka

[IpencraBieHHs] TEXHOJOTIYHOTO TPOLIECY BH-
kopuctoBye MoBy UML Ta ii rpadiuny inTepnpe-
Tarito. BkazaHuii migxis 3po3yMiiauid st po3poo-
HHKa TEXHOJIOTIYHOTO Mpolecy W He mnoTpedye
CrelnialbHUX HAaBHUOK POOOTH 3 KOMIT IOTEPOM.

ITix "yac moeTanmHOro MOJICTIOBAHHS TEXHOJIOT-
YHOTO Mpolecy poOOTH 3alli3HUYHOI CTaHLil 3a-
CTOCOBYIOTh BXiJIHY, BHYTPIIIHIO Ta BUXIJHY MO-
JIelTi IPOEKTYBaHHS, a TAKOX METOJH 1X MEepeTBO-
pens [1]. KoxHa 3 mpejacraBieHHX Mojelneil Ie-
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pendadae HasSBHICTh BXITHMX 1 BUXITHUX HaHUX,
a TaKOXK MPaBHJII IX 0OPOOKH.

Bxigny Monens cranmii 3a0e3neuyroTs rpadid-
Hi CXeMH TpeIcTaBlieHHS cepenoBuma [BM
Rational Rose [11]. Cucrema Ma€ MOKIMBOCTI
rpadiyHOTO BBEJEHHS TEXHOJOTIYHUX IPOIECIB
pI3HUX CTYyNEHIB AeTami3awii 3 Bi3yaJbHUM KOHT-
posem, SKUH J03BOJISIE YHHKHYTH TPYIXOMICTKOTO
PYYHOTO KOIyBaHHS W BUKJIIOUUTH ITOSIBY TOMH-
nok. ['padiuHe BBeJEHHSI TEXHOIOTTYHOTO MPOLIECY
JIOTIOBHIOIOTH ITapaMeTPHU3aIli€lo eIIEMEHTIB (Tepe-
JIiK BUKOHABIIIB, YaC BUKOHAHHS Ta iH.).

BuyTpimHs Mozenn 3a0e3nedye MOXKIUBICTD
ABTOMATUYHOTO BiIOOPaXCHHSI TEXHOJIOTIYHOTO
Mpollecy U TEepeTBOPEHHS OPIEHTOBHOTO Tpada
y CIUCKHU iHIEHAEHTHOCTI. Taka Mojenb mpHu3Ha-
YeHa IS aBTOMAaTHYHOTO PO3PaxyHKY OCHOBHHX
napaMeTpiB pooiT 3ai3HUIHOT cTaHIii [1].

BuxigHa Moaenp MOXKe CITy’KUTH OCHOBOIO JIJIS
BUPIIICHHS] HIMPOKOTO KOJIA 3aBJaHb, Y TOMY YHCII
W ang (yHKIIOHATBHOTO MOJIENIOBaHHS POOOTH
CTaHIIA 13 METOW OAEepKaHHA IX TEXHIKO-
TEXHOJIOTTYHOI OLIIHKH.

Po3pobka TexHONOTriYHOrO Tpolecy 3aii3HUY-
HOI CTaHIN1 i CTBOpPEHHS ii BXiMHOT MOMemi Xapak-
TEPU3YEThCS HAMOLIBIIMM PIBHEM B3a€EMOJIT TEX-
Hosnora Ta EOM. Jlnst popMyBaHHS BXiZHOT MOAETi
JOLITFHO  BUKOPHCTOBYTH cepenoBuiie [BM
Rational Rose.

Bxiona mooenv npeocmasnenus mexHono2iuno-
20 npoyecy. CTBOpeHHsS BXiZHOI MOJeINi Xapakre-
pU3YETHCSA TOOY0BOK €hEeKTUBHOTO TpadidHOTO
MpeJCTaBICHHs, OPIEHTOBAaHOIO Ha Bi3yaii3allilo
Ta GopMai3aiilo TEXHOIOTIYHOTO MPOIIECY.

Ha mpomy erami Habip miarpam dopmamizamii
TEXHOJIOTIYHOTO MPOIeCy MPEICTABUMO Y BHUIJISII
MHOKHHU Tpadiunux 00’extiB Qgy . IIpu oMy
BUJILJIEH] TUITA 00’ €KTIB:

— Dp — JiarpaMa IpeleieHTIB;

- DSCd — Alarpama CTaHI1B;

- Dact — Alarpama AisiJIbHOCTCH.

KoxHiit 13 HaBeJeHUX JiarpaM CTaBUMO Y Bij-
MOBITHICTh HA0Ip THCTPYMEHTIB s X rpadigHOTOo
BiJOOpakeHH.

Hiarpama npeuenenriB (Use—Case Diagram),
MpeICTaBIeHa y BHUIJIAAI OpiEHTOBHOrO rpada,
MoO3Ke OyTH ONHCaHa TaKOI CTPYKTYPOIO:

_ p p p p
Dp_{ld,v EP P

v

end

p

ne |4 — yHiKanbHMI HOMep JiarpaMu Ipelie-

nentiB; VP — crmcok BepuuH giarpamu npeuese-
uriB; EP — cmmcok mepexonis giarpamu mperene-
HTIB; fbpv

egin

— MOYATKOBA BEPIIMHA MEPEXOy Jiar-
pamu npeneneHris; f pdf
XOIly AiarpaMu TIperefeHTiB, VI — (QyHKIS TUIy
MEPEexo.Ty Jiarpamu MpereCHTIB.

Bu3HauMMO MOYATKOBY Ta KIHIEBY BEpIIMHU
MEPEeXOoy:

KiHIIEBa BEpIIMHA TIepe-

fbfgin:Ep—>Vp; fenpd:Ep—>Vp; (2)
vt:VP VT, (3)
VT ={actor, entity, function}. 4

Iadopmarnis npo giarpamy mictuTbes y daiini B
TaKiid Mozemi:
— nepenik Bepumn — aktopis (V). VP omu-
act act

Cy€ BEpIINHY, sIKY BU3HaYae ii yHIKaIbHUI HOMED,
mone quid Ta mome Stereotype, BiH BH3HAUEHHIA
(GyHKIIER0 Vi, KOXHHUA aKTOp MOXKE MaTH CITMCOK
napamerpiB. CnHmcok TmapaMeTpiB  BH3HAYAE
class_attribute_list, KOXKHHIA aTpuOyT
— ClassAttribute;

— TepetiK BepmuH — QYyHKIl pr , III0 BU3HA-
unc

YeHi YHIKaJbHUM HOMEpOM, iM’siM, rojiem quid ta
JIOJIATKOBOIO PSAKOBOIO iH(GOpMAITI€ET;

— cmmcok pedep EP . PeGpo BusHaueHe TUIIOM
3B’s13Ky Association, yHiKaJbHUM HOMEPOM, iM’sM,
monem quid, momem roles, cmmckom i3 aBOX
00’extiB Role. Jlns koxxHOro pebpa € CIHUCOK i3
JIBOX BEPILIUH — KIHIIEBOI Ta IIOYaTKOBOI.

Hiarpamy cranis (StateChart Diagram) omcy-
€MO TaKOI0 CTPYKTYpPOIO:

D .=

scd

{chd ,V scd , Escd ’V;id ,V scd , f scd , f scd f scd }, (5)

stop begin * Tend

15 — yHikanbHuil HOMEp jiarpamMu CTaHiB;

aec
scd : T scd
\ — MHO>XHHa BEPIIUH JlarpaMu CTaHI1B; E>™ —

CIIMCOK NEPEXOJIB JiarpaMu CTaHiB; Vtsctd — Bep-
starf
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IIMHA [IOYaTKOBOTO CTaHy JiarpaM CTaHiB;
Vscd _

stop

BCpIIMHHA KiHHeBOI‘O CTany I[ial"paMI/I

CTaHiB; fbsc_df MOYAaTKOBA BEPIIMHA MEPEXOY
egin

JiarpaMu CTaHiB; fsjd— KiHLIEBa BEpIMHA Tepe-
en

5 _ ¢ynxuis, mo cra-

BUTH y BIAIMOBIAHICT Yac BUKOHAHHS Oleparlii Ha
JiarpaMu CTaHiB.

BusHaunMo MOYaTKoOBY Ta KiHIEBY BEpIIMHH
nepexony:

XOJly JiarpaMu CTaHiB;

fod ysd R (6)

Indopmariis mpo miarpamy, 1mo BigoOpaxeHa y
¢aiini, y Mozeni CKIagaeThes 31 CTPYKTYP:

— mepetiK BepIInH — Ha3Bu pobit. VS ommcye
BEpIIVHY, SIKy BU3HA4ae i yHIKAIbHUH HOMeEp —
mojie quid Ta mome type, IO MiCTHTH PSIIOK
StartState, cniricok aTpuOyTiB IpeACTaBIEHO Y MO
actions, KOXHHIA €IEMEHT L[LOTO CIIUCKY — aTPHOYT
BEpIINHH, [0 Ma€ Ha3BY, YHIKaIbHUNA HOMED 1 IT0-
ne ActionTime. ITone ActionTime mMicTUTh aTpUOYT
BUKOHAHHS omepalii y BepmuHi rpada 3HaueHHS
mHuoxuuan W,

— CHHCOK pebep BH3HAUYEHHH moseM transitions
i cmyx6oBum cioBom list transition_list, koxxHe
pebpo — ctpykryporo object State_Transition, yHi-
KaJbHUM HOMepoM, mosiem label. Kinnesa Bepinu-
Ha pebpa BU3HaYeHa ciyx60BuM ciioBoM supplier,
supplier_quidu — yHikanbHHII HOMEp KiHIIEBOI Be-
pumHn. [loyaTkoBa BepuiMHa peOpa BHU3HAYCHA
ciyx6o0Bum cioBom client, client_quidu — ywika-
JILHUI HOMEp MOYaTKOBOI BepiinHu. PeOpo xapak-
TepHU3y€EThCsl BUKOHAHHSM [l Mijl 4ac mepexony Ta
Bu3HaueHe noseM Event. ITome Event xapakrepu-
3y€ThCs HA3BOIO THUITY PSJIOK, YHIKaJbHUM HOME-
pOM Ta CIIy)KOOBHM HOBiIOMIICHHSIM, 1[0 BU3HAYE-
HO moinem SendEvent, a mosigoMileHHs Mae CBill
YHIKaJIbHUHA HOMED;

— BEpIIMHH [OYaTKOBOTO CTaHy Jiarpamu
npejcTaBieHi y ¢aiini yepe3 mose object State Ta
nosHaueHi psakom $UNNAMEDSO0, uepes mone
type StartState BepiivHa BH3HA4YeHA SIK MOYATKO-
BUIi cTaH Juis rpada.

— BEpIIMHHU KIiHIIEBOTO CTaHy JiarpamMu Ipej-
craBieHi y (aiim uepes mome object State i mosna-
ueni psakom SUNNAMEDS$1. Yepes more type

EndState BepmmHa Bu3HAueHa, SK IIOYATKOBMIA
KiHIIeBUH cTaH 1y rpada.

Hiarpamy nisiibHOCcTe#  (Activity Diagram)
OTIICYEMO TaKOIO CTPYKTYpOIO:

D..=

act
_J[yad yyad Fad ysad \jad fad fad d
B { Isd ’Va ’Ea ’Vstaan 'VsZp ! f : ! fbjgiﬂ ! fjd ’S}’ (7)

ne 129 — yHikanbHUi HOMEp JiarpaMu JisTbHOCTI;

V3 _ cnmcok BepumH (CTaHiB) Iiarpamu [isulb-

HOCTi; S — CIHMCOK MapayielbHUX BUKOHABLIIB Jiiar-
pamu gisuieHocTi; E* — crmcok mepexomiB miar-

. . d
paMu JTiSUTBHOCTI; Vf‘n — BEpIIMHU II0YaTKOBOTO
stal
CTaHy JiarpamH JisUTbHOCTI; Vf‘d — BEpUIVHHU KiH-
stop

[IEBOTO CTaHy Jiarpamu MisTbHOCTI; fbad — Tmovar-
egin

KOBa BEPIIMHA Jiarpamu JisibHOCTI; f a: — KIHIIEe-
ent

Ba BepIIMHA jiarpamu misumsHocTi; f 2 — yHKiis,
0 CTaBUTh y BIJIMOBIIHICTh YaC BUKOHAHHS KOXK-
HOI omeparlii giarpaMu JisUTEHOCTI.

Juis ciicky BEpIIMH CIPaBEJIHBO:

V& =VA VC VDVG, (8)

ne VA — MHOXWHA BEpIIUH TEPEXOJiB BEpIIHHA
nmiarpamu  gisuteHOCTi; VC  — MHOXMHa BepIIMH
YMOBHUX TI€PEXO/IiB BEPIIUHA JiarpamMu HisTEHOC-
Ti; VD — MHOXHHa BEpUIMH TEPEXOJiB TOYOK
po3’enHaHHA Aiarpamu AisuibHOCTI; VG — MHOXH-
Ha BEpIIMH IEPEeXO0/iB TOUOK CKJICIOBAHHS Jiarpa-
MU JiSUIbHOCTI.

Muoxunu VA, VC, VD, VG mnonapuo ne mne-

peruHaroThes. Y MHOXKUHHM VD Moxe OyTH TiibKu
OJIMH BXiJ y peOpo, 1110 Ha0yBae BUTJISAY:

(weVD)Card{ecE®, 1% (e)=v}=1 (9)
(vveVD)Card{ecE*, * (e)=v}=1, (10)

s:v¥ 5. (11)

Iadopmanis npo aiarpamy, mo BigoOpakeHa
y (aiini, y Mogeni ckiafaeTbes 31 CTPYKTYp:

— MepeJiiK BepIIMH — Ha3BH podiT abo mepexo-
JIiB CHEIiaJIbHOTO THUILY;
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— mepexin Ty State;

— YMOBHHIA TIEpeXis;

— TMepexil TOYKU PO3’€AHaHHS Ta CKICIOBAHHS
turry SynchronizationState Bu3Ha4yeHuit yHiKab-
HOM HOMepoM Ta momeM quid. Jlius Touku
po3’€lMHAHHA XapaKTEpHUM € CIIHCOK pedep
po3’ennanag.  CIOMCOK  BHM3HAYCHUH  TOJIEM
transitions (list transition_list) Ta cimmckom pebep
i3 mosem object State_Transition. Koxna Bepiinna
BU3Ha4YCHa mojieM (uid, yHIKaJTbHUM HOMEpPOM pe-
Opa Ta crickoM pebep MOYaTKOBOTO CTaHy W KiH-
1eBux. Pebpa moyaTkoBi ommcani momem supplier,
BOHM MICTSTh TIOCHWJIAHHSI Ha IIOYAaTKOBUH CTaH
rpada Ta KiHuesi, onucani nmonem client. Yci nepe-
XOJY MalOTh CBOi YHIKaJIbHI HOMEPH Ta TOJIIO0 TIe-
penayi JaHuX MiJ] Yyac 3A1MCHEHHS TIePEXO/IiB;

— BEPUIMHM MTOYATKOBOI'O Ta KIHIIEBOTO CTaHIB,
CIHMCOK pebep 1 CTaHiB JiarpaMu OIMUCaHi 3a J0TO-
MOTOIO CITy>KOOBHX CIIiB;

— CIIMCOK BHKOHABIIIB S BU3HAYCHWU Yy Jiar-
pami sik po3zia partitions (list  Partitions).
Crucok BUKOHABIIB iHiliioBaHMii moieM oObject
Partition, mae Ha3By, yHiKaJIbHUH HOMEp BU3HAYE-
uuit momem quid. Tone class mictuTs mami Ha mO-
CWJIaHHS HAJICKHOCTI IO CYTHOCTI JiarpaMu mpe-
LIE/ICHTIB, MOJIe PErsistence Bu3Ha4Yae THUI CYTHOC-
Ti.

VY nizomy mMozenb SBisie cOO0I0 CIHMCOK rpadi-
YHUX 00’ €KTIB, IO 3aIIMCaHi B IEBHOMY HOPSKY.

TakuM 4wHOM, Yy BXiJHIN MOl 3amporioHo-
BaHO OMHUCAHHS TpaoaHATITHYHOTO MPE/CTaBICH-
HsI TEXHOJIOTTYHOTO MPOIECY 3ali3HUYHOI CTaHIII,
1110 BUKOHAHO B cepenosuiii IBM Rational Rose.

Buympiwmns modenv npedcmasnenus mexHo-
noeiunoeo npoyecy. Po3risiHyTI miarpamu CTaHiB
1 MisUTbHOCTEH BH3HAYAIOTh MpaBuia (QYHKIT MO-
neml samizHuuHOol cradmii. CraHiis sBise co00ro
CYKYIIHICTh aBTOMATIB, 10 B3aEMOJIIOTH MIXK CO-
0010 B qUCKpeTHOMY 4aci. YacTuHa aBTOMATIB ic-
HY€ BECh 4ac poOOTH Mojeli (TIOCTiiHI), a YaCTHHY
CTBOPIOIOTH 1 3HUIMYIOTh Y IpOLeci poOoTH (THM-
4acoBi).

[TocTiiiHi aBTOMAaTH BIAIOBIIAIOTE pecypcam
craHuii (MaHEBPOBi JIOKOMOTHBH, KOJii, Opuragu
IITO Ta in.). TuMyacoBUM aBTOMaTaM BiAIOBiAA-
IOTh MOI3/1U.

[NocriitHuii aBTOMAT MPUIMAE 3aITUTH BiJ] TUM-
4acoOBOTO aBTOMATa Ha BUAUIEHHS peCypcy, SKIIO B
HOTo PO3IMOPSHKEHHI € JIOCTAaTHS KUIbKICTh OfM-

HUIB pecypciB Ilicns 3akiHdeHHS poOOTH THMYa-
COBOTO aBTOMaTa BUBUIBHSETHCS 3aJisTHUI pecypc
MOCTIHOTO aBTOMATA.

TruMuacoBHii aBTOMAaT CTBOPIOETHCA B pasi ak-
THBaIii By3Jla a00 BEPIIMHU «IiarpaMy IpeneieH-
TiB». ANTOPUTM BUKOHAHHS HACTYIHUX Jii OIH-
CYIOTh BIAIMOBITHOIO Jiarpamoto craHiB. Ilicis 3a-
BEpIIEHHS pOoOIT, M0 BiANOBINAIOTH MOTOYHOMY
CTaHy THUMYacOBOTO aBTOMaTa, BiH 3MIHIOE CBil
CTaH IIiJ] 9ac TepeXoy B HOBY aKTHBHY BEPIIHHY.

ko 3 omHi€l BEpIIMHA BUXOIUTH ACKiIbKa
IyT, TO Tepexim BimOyBaeThCS Y3AOBXK OMIHIET
3 Hux. [IpaBwiio, mo mo3Boisisie obOpatu pedpo,
€ arpu0OyToM BepimHU. PoGoTa TMMYacoBOro aB-
TOMarta 3aKiHUy€eThCS, 1 BIH 3HUIIYETHCS MICTS JI0-
CATHECHHS KiHIICBOTO CTaHY.

3anaua nependadae MOAETIOBaHHS POOOTH CTa-
HI[I1, KOJMM THMYAaCOBHHA aBTOMAT 3HAXOJUTHCS
B OJHiH 13 BepmuH giarpamu ctadiB. Lliii BepmmHi
MOCTaBJICHa y BIIMOBIAHICTH JiarpaMa aisuIbHO-
CTeH, BepIINHM SIKOI ONMCYIOTH TPYIHU POOIT, pU
4oMy JesiKi poOOTH MOXXYTh BUKOHYBATHCS Iapa-
JIENBHO.

BHyTpiliHs MoJellb TOBUHHA OYTH OCHOBOIO
IUISL pO3pOOKH €(hEeKTHBHUX METOIB (hYHKITIOHATE-
HOTO MOJICNIIOBaHHS poOotu crauiiil. [ToOymoBy
BHYTPIIIHBOT MOZIEIIi 3/[ICHIOIOTh aBTOMAaTHYHO Ha
OCHOBI BXigHOT Mojemni 3a gormomororo UML — mia-
TpaM: IPeTe/IeHTIB, CTaHIB 1 TisTIbHOCTEH.

Ha migcraBi giarpamu mpeneneHriB GopMyIOTh
CIUCKMA BHMKOHaBIIB E Ta maGmoniB 00’ektiB D,
KOXKHUH EIIEMEHT SIKHX OINUCYIOTh HACTYITHOO
CTPYKTYPOIO JaHUX:

e ={i., R},

ne i, — yHIKaJgbHUH HOMep BHKOHaBLs;, P,— crm-

(12)

COK MapaMeTpiB BUKOHABIIS.
[11a6si0H 00’ €KTa dy eD

d,={i,,R,E, A} (13)

nei, — yHiKaJdbHUH HOMep mabiaoHa 00’exra; P

4

MHOHHA BJIIACTHBOCTEW 00’ €KTa 31 3HAYCHHSIMHU 32
3aMOBYyBaHHsM; E,— crmucok BuUKoHaBIIB, HE0O-
XiIHUX i oOciayroByBaHHs 00’ekta; A — CKiH-

YEHHHUH aBTOMAT, IO ONHUCYE TOPSIOK BUKOHAHHS
TEXHOJIOTIYHUX OTeparlii 3 00’ €KTOM.
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dopMyBaHHS CKIHUEHHOTO aBTOMATa, II0 OIH-
Cy€ TOPSIIOK BUKOHAHHS TEXHOJOTIYHHX OTepariiit
3 00’exkTOM, 3OIHCHIOIOTH Ha MiACTaBi Aiarpamu
cTaHiB. /Iy onucaHHs aBTOMAaTa BUKOPHCTOBYIOTh
OpPIEHTOBHUH TMMapaMeTpUUHUN Tpad, BEPITHHU
SIKOTO BiJITIOBIJJAIOTh CTaHAM CKiHYCHHOTO aBTOMa-
Ta, a Iyru — rnepexoaaM. [l onucaHHs CTPYKTypU
rpad)a BHUKOPHCTOBYIOTH CIIMCKH IHIMACHTHOCTI
BepivH. [Ipy IbOMY KOXEH CTaH aBTOMAaTa OIIH-
CYIOTh CTPYKTYPOIO

s, ={i,, R, X},

ae i,— YyHIKaIbHMH HOMEp CTaHy aBTOMATa;

(14)

R — texHounoris 06cinyroByBaHHs 00’€KTa B OKpe-
Miil ¢a3i TEXHOJOTIYHOTO MPOIECY; X — CIHCOK
MepPexo/1iB aBTOMATA.

EnemeHT crnmcky mepexofiB OMHUCYIOTh CTPYK-
TYpOIO

X, ={z, iy, T}, (15)

ne Z — Bxinuuii curnan; f,— Gynkuis nepexony.

Texuomorist o0cayroByBaHHsSI 00’€KTa B OKpe-
MUX (azax TEXHOJOTIYHOrO mporecy hopMyeThCs
Ha MIJICTaBl JiarpaMu JisUTbHOCTI. MOJEIUII0 TeX-
HOJIOTIi € OpieHTOBHMIA Tpad

T={0,G} (16)

Bepmmnam rpada 0; € O Bignosizarots Tex-

]
HOJIOTIYHI omeparii, a TaKoX TOYKH ITOYaTKy Ta
3aKIHYEHHS TEXHOJIOTIYHOrO TIPOIeCy, pOo3rajy-
KEHHSI, 3IUTTS Ta NPUUHATTS pilieHb. 30Kpema,
TEXHOJIOTIYHI oOmeparlii MpeaCcTaBIsIOTh CTPYKTY-
pamu:

qi :{iq'iqn, fS’ fd’ fe' Eq};

e |q — YHIKaJIbBHUU HOMCPp BCPIIHNHH, an — YHIKa-

17)

npHMI HOMep HactynHoi BepmuHy; f,, f, — QyHK-
111, SIKi BAKOHYIOTh BiJIIIOBiTHO HA TIOYATKy Ta TIiC-
1 3aKiH4eHHs onepauii; f, — gyHkid, mo Bu3Ha-

Yyae TpUBAJiCcTh onepauii; E, — cnucok BHKOHaB-

q
miB. KokeH  eleMeHT CHHCKY  BHKOHABIIIB
BU3HAYAIOTh CIIELIaIi3ali€l0 BUKOHABIS, HEOOXi-
HOIO IS TIOYaTKy poOOTH, 1 mapaMeTpoM, IO BKa-
3y€ Ha TOPSJIOK #oro 3BuUTbHEHHS. [lpu 1pomy
MPUHHATO, MO SIKIIO BEpIIMHA, sSKa IOB’s3aHa i3

3a3HAYCHOIO, PO3MIIIY€ETHCS HA TiH JKe€ JOPIKIN BU-
KOHABIIA, IO ¥ OJTHA 3 TIOB’SI3aHUX 13 HEIO BEPIITHH,
TO TICJIA 3aKiHYEHHsS BHKOHAHHS OIepallii BUKOHA-
BEllb 3AIMIIAETLCA 3alHATHM 00 €KTOM, IHAKIIE
BHKOHABEIb 3BIILHICTHCS.

PesyiabTaru

3amponoHoBaHAa METOIWKA JO03BOJUTH 3a JO-
ITOMOTOIO0 JiarpaM TPEIeAeHTIB, CTaHIB 1 TiSUTBHO-
creit moBu UML Oyaysatu imiTariiiiai Mozaeni 3a-
J3HWYHHUX CTaHIIA. TIEPEeBarol0 MOJENi € Te, 0
BOHa SIBJSIE COOOIO0 i€papXiyHO OpraHi3oBaHy Cy-
KYIHICTh B3a€MOMIIOYMX CKIiHYEHHUX aBTOMATIB,
Npy IOMY CKIIQJHA MOJENb Ha KOXKHOMY piBHI
iepapxii 30epirac mpocTy i AOCTYNHY IUIS OTIISILY
CTPYKTYpY.

HaykoBa HOBU3HA Ta NPaKTUYHA
3HAYNMICTEH

HayxoBa HOBU3HA pOOOTH MOSITae B PO3poOIi
(YHKITIOHATBHOT MOZENi 3alli3HAYHUX CTaHIIN i3
3aCTOCYBaHHSIM METOMIB Bi3yaJbHOTO IPOEKTY-
BaHHS, IO JJO3BOJISIE 3MEHIIUTH BHTPATH 4Yacy Ha
eTari mapamMeTpu3arii Mozeli.

Mogens poOOTH 3ai3HHYHOT CTaHIIii J03BOJISIE
BUPIILIYBaTH 3aBIAaHHS ONEPATUBHOIO TUIAHYBaHHS
ii poboTn.

BucHosku

VY i cTarTi 3ampornoHOBaHO METOAMKY (op-
Mauri3allii onvcaHHs TEXHOJOTIYHUX IPOLECIB 3a-
JM3HWYHHUX CTaHIId Ha OCHOBI METOJIB Bi3yaJbHO-
ro MporpaMmyBaHHs. AJIJalITOBAHO JiarpaMy CTaHIB
1 mistmeHOCTI UML 17151 ipencTaBieHHsT TEXHOMOT 11
pobotu 3amizanyHuX craHmii. [lix yac dpopmaniza-
1iT OMKMCaHHs JiarpaMu CTaHiB 3aJII3HUYHOT CTAHIIT
ONKCYIOTh 3MiHY (ha3 0OCIyroByBaHHsS 00’ €KTIB
y TIpOlleCi BUKOHAHHS IIOTO TEXHOJIOTIYHOTO TIPO-
necy. JliarpaMa cTaHiB sIBJisi€ COOOI0 CKIHYCHHUUN
aBTOMAT, SKWH MOJEIIOE IOCTITOBHOCTI 3MIHM
craHiB 00’ekTa. [leramizaiito MOBEIIHKU 00’ €KTIB,
AKi 0OCIIyTOBYIOTh Ha 3ali3HWYHUX CTaHLIiSX, BU-
KOHYIOTh 3a JIOIIOMOI'OI0 jiarpam IisUTbHOCTI. Ix
BUKOPHCTOBYIOTh Il  ()OPMAIbHOTO OIMMCAHHS
TEXHOJIOTIYHUX omepaniii 3 00’ €KTaMu Ta BUKOHA-
BIIIB, 1110 1X 320€31EUyIOTh.
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POPMAJIN3BALNA TEXHOJTOT'HYECKHUX ITPOIECCOB
KEJE3HOAOPOXHBIX CTAHIIMU HA OCHOBE ITO3TAIIHOI'O
MOIEJHUPOBAHMUSA

Hens. [l npencTaBieHns TEXHOIOTHIECKOTO POLECCa ¢ MCTIONB30BAHIEM METOJOJIOTHH TO3TAITHOTO MOJIEIHPO-
BaHU HEOOXOIMMO NPUMEHATH CIIEHAIN3APOBAHHOE MpOorpaMMHoe obecrieueHre. Popmanu3anis TEXHOIOTHIECKOTO
Tporiecca SBISIETCS] OJJHOM U3 OCHOBHBIX 33/1a4 Ha 3Talle MPOSKTUPOBAHMS WM ONTHMHU3ALIN PabOTHI KEJIE3HOZOPOKHON
cTaHimy. B crathe mpemycMoTpeHO pa3padoTaTh METONUKY (hOpMaM3aIMi TEXHOJOTHYECKHX IIPOIECCOB HA OCHOBE
MeTo/ia MO3TAHOro MojenupoBaHus. Meroauka. C TIOMOIIBIO METOJUKH MO3TAHOTO IPOCKTHPOBAHUS BBINOIHEHO
MIOCTPOCHHUE BXOJHON, BHYTPEHHEH M MCXOIHOM MOJENN MPOESKTHPOBAHMUS pabOThI JKEeJIe3HOIOPOXKHOM cTaHImu. Bxon-
Hasi MoJieJIb 00pa3oBaHa IUarpaMMaMHy MPeLeICHTOB, COCTOSIHUN U JeSTENIbHOCTEH, OCTPOSHHBIX C IIOMOIIBIO HHCTPY-
MEHTOB TporpamMmHoro komiurekca IBM Rational Rose. Dta Mozens obecrniednBacT BO3MOKHOCTh Pa(oaHATHTHIECKOTO
MPEJICTABICHHUS TEXHOJOTHYECKHUX IPOLIECCOB IKENE3HOAOPOXKHOW CTAHIIMM C €ro BH3YallbHBIM KOHTPOJIEM, KOTOPBIN
TO3BOJISIET U30€XKAaTh TPYAOEMKOIO PYYHOTO KOAMPOBAHHMS U MCKIIIOUUTS MOsIBJICHHE OMIMOOK. [IpuBeaeHHbIe THarpaMMbl
OITKCHIBAIOT TEXHOJOTHMYECKUI TPOLIECC HKENE3HOJOPOXKHON CTaHIMK Ha 0a3ze MepapXH4YecKHX JIuarpamMM MocieioBa-
TETIbHOCTH padOT Pa3NYHON CTENEHN NETANM3AIMN. A NCXOJHAS M BHYTPEHHSS MOJIEIH MOCTPOSHBI C IIOMOIIBIO YHHU-
¢umpoBanHOTO s1361Ka MozenupoBanuss UML. B kauecTBe METOIOB MCCIIEOBAHMS HCIIOJIB30BAHBI METOBI OOBEKTHO-
OPHEHTHUPOBAHHOTO ITPOESKTUPOBAHHS, KOHEYHBIX aBTOMATOB U CHCTEMHOTO nporpamMupoBanust. Pesyibrarsl. I1pemio-
KEHHas METOJMKa ITO3BOJIACT C MOMOIIBI0 AWAarpamMM Xapeia CTPOWTh MMHUTALIOHHBIE MOJIEIN SKEJIE3HOIOPOXKHBIX
CTaHIMH. DTH MOJEIH MPECTaBIIOT cO00H NepapXUUECKH OPTaHN30BAaHHYIO COBOKYITHOCTD B3aHMMOJICHCTBYIOIIUX KO-
HEYHBIX aBTOMATOB, TIPX 3TOM CJIOXKHAsI MOJIENb Ha KaXJOM YPOBHE MEPAPXUH COXPAHSET MPOCTYIO M AOCTYITHYIO I
ocMoTpa CTpyKTypy. CUrHaJIBI 0 Hauajie ¥ OKOHYaHUH paboT, KOTOPbIE TEHEPUPYIOT MPH HEPEX0Ie MY COCTOSTHUSIMH,
MO3BOJISIIOT CHHXPOHHM3UPOBATh PabOTy MOJEIH, a MCIOJIb30BaHKE JCHCTBUI MpPU OMUCAHHUA COCTOSHHUN M CHUTHAJIOB
(pacmmpenue, mpenoctaBimsieMoe Ha si3bike UML) To3BOJISIET MCMONB30BAaTh BHEIIHWE AITOPUTMBI Tam, TA€ OObIU-
HBII/aBTOMAaTHBIH (JOPMaT3M CTAHOBUTCS HEYAOOHBIM. MeTozosIorus, peanu3oBaHHas cpeacTBami sizbika UML, no3Bo-
JISIET CYIIECTBEHHO OOJIErYUTh NPEACTABICHHE W BOCTIPHATHE MozeNH cTaHiy. Hay4uHast HOBU3HA. Y COBepILIEHCTBOBA-
Ha METOJIMKa IIpe/IcTaBIeHns (DYHKIMOHAIBHOM MOJIENH IKEJIE3HOIOPOXKHBIX CTAHIMH C MPUMEHEHHEM METOJIOB BH3Y-
anbHOTO IpoekTupoBanys. [IpakTuyeckas 3HauuMocTh. [IperioskeHHass METOIMKA TIpeTHA3HAueHa I rpadoaHati-
THUYECKOTO TPEJICTABICHUS TEXHOJOTMYECKOro Mpolecca padOThl JKEIE3HOJOPOXKHOW CTAaHIMM C HCIIONB30BAHUEM
METO/IOJIOTHH TIO3TAITHOTO MojienpoBanus. [Ipu MonermpoBanin Ha 6a3e Tpaduueckoil BXOJHON MOJIETH BBINOIHEHO
TIOCTPOEHHUE BHYTPEHHEH 1 NCXOAIIEH MOJIENeH, a Takoke PEACTaBISHHE METOJIOB UX MPE0Opa3OBaHHUMA.

Kniouegvie cnosa: TEXHONOTMUECKUH TIpolecC; AMarpaMma COCTOSHMHN; AuarpamMMa JeHCTBHI; AuarpaMma mpe-
neneHToB; 136k UML,; sxene3HomopokHast CTaHIMsT; MOAENb PabOThI CTAHIMN
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FORMALIZATION OF THE TECHNOLOGICAL PROCESSES AT
RAILWAY STATIONS BASED ON THE STEP-BY-STEP MODELING

Purpose. Specialized software must be used to represent the technological process using step-by-step modeling
methodology. Formalizing the technological process is one of the main tasks in the design or optimization phase of
a railway station. The article proposes to develop a methodology of formalizing the technological processes based
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on the step-by-step modeling. Methodology. Using the methodology of stage-by-stage design, the input, internal
and initial model of the railway station's operation were constructed. The input model of the proposed method is
formed by the use case diagram, the statechart and activities diagrams, which are constructed using the tools of the
IBM Rational Rose software. This model provides a graphoanalytic representation of the technological processes of
a railway station with its visual control, which avoids time-consuming manual coding and eliminates errors. The
diagrams below describe the technological process of a railway station based on hierarchical diagrams of the se-
quence of works of different detail degrees. Both initial and internal models are constructed using a unified UML
modeling language. The methods of object-oriented design, finite state machines and system programming are used
as research methods. Findings. The proposed methodology will make it possible to construct simulation models of
railway stations using Harel statecharts. These models represent a hierarchically organized set of interacting finite
state machines, while the complex model at each level of the hierarchy retains a simple and accessible structure. The
start and finish signals generated by the state transition allow the model to be synchronized, and the use of state and
signal description actions (UML extension) makes it possible to use external algorithms where the usual/automatic
formalism becomes inconvenient. And the methodology implemented by means of the UML language, significantly
facilitates the presentation and perception of the station model. Originality. The methodology of presenting a func-
tional model of railway stations with the use of visual design methods has been improved. Practical value. The pro-
posed method is intended for semigraphical representation of technological process of railway station operation,
using the methodology of step-by-step modeling. Modeling on the basis of a graphical input model constructs inter-
nal and output models, as well as presents the methods for their transformations.

Keywords: technological process; statechart; activity diagram; use case diagram; UML language; railway sta-
tion; railway station operation model
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OPTIMAL ROUTE DEFINITION IN THE RAILWAY INFORMATION
NETWORK USING NEURAL-FUZZY MODELS

Purpose. Modern algorithms for choosing the shortest route, for example, the Bellman-Ford and Dijkstra algo-
rithms, which are currently widely used in existing routing protocols (RIP, OSPF), do not always lead to an effective
result. Therefore, there is a need to study the possibility of organizing routing in in the railway network of infor-
mation and telecommunication system (ITS) using the methods of artificial intelligence. Methodology. On the basis
of the simulation model created in the OPNET modeling system a fragment of the ITS railway network was consid-
ered and the following samples were formed: training, testing, and control one. For modeling a neural-fuzzy net-
work (hybrid system) in the the MatLAB system the following parameters are input: packet length (three term sets),
traffic intensity (five term sets), and the number of intermediate routers that make up the route (four term sets). As
the resulting characteristic, the time spent by the packet in the routers along its route in the ITS network (four term
sets) was taken. On the basis of a certain time of packet residence in the routers and queue delays on the routers
making up different paths (with the same number of the routers) the optimal route was determined. Findings. For
the railway ITS fragment under consideration, a forecast was made of the packet residence time in the routers along
its route based on the neural-fuzzy network created in the MatLAB system. The authors conducted the study of the
average error of the neural-fuzzy network’s training with various membership functions and according to the differ-
ent methods of training optimization. It was found that the smallest value of the average learning error is provided
by the neuro-fuzzy network configuration 3—12-60-60-1 when using the symmetric Gaussian membership function
according to the hybrid optimization method. Originality. According to the RIP and OSPF scenarios, the following
characteristics were obtained on the simulation model created in the OPNET simulation system: average server load,
average packet processing time by the router, average waiting time for packets in the queue, average number of lost
packets, and network convergence time. It was determined that the best results are achieved by the simulation net-
work model according to the OSPF scenario. The proposed integrated routing system in the ITS network of railway
transport, which is based on the neural-fuzzy networks created, determines the optimal route in the network faster
than the existing OSPF routing protocol. Practical value. An integrated routing system in the ITS system of railway
transport will make it possible to determine the optimal route in the network with the same number of the routers
that make up the packet path in real time.

Keywords: routing; OSPF protocol; simulation model; hybrid system; term; membership function; sample; error

solve the routing problem is the Hopfield's net-
Introduction work, which is able to operate in real time, but in
the case of using it one needs to conduct additional
studies of the transfer functions of neurons and the
energy function of the neural network [4, 8, 11,
18].

In turn, fuzzy neural networks (hybrid systems)
are designed to combine the benefits of neural
networks and fuzzy inference systems [13, 17].
This makes it possible to develop and submit the
systems models in the form of fuzzy product rules
to construct which the capabilities of the neural

At present, various scientists have been search-
ing for a solution of the routing problem in the
computer networks based on the use of neural net-
works [1, 3-4, 6, 14, 19]. The first such attempt
was made by Hopfield to solve the traveling
salesman problem [11]. Pavlenko M. A. analyzed
the possibilities of some neural networks: multi-
layer perceptron, Hopfield network, RBF network
for organizing routing of five routers [6]. It has
been established that the most promising way to
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networks are used. For example, the Adaptive—
Network—Based Fuzzy Inference System (ANFIS)
implemented in the MatLAB Fuzzy Logic Toolbox
application [9-10]. In the work [2], in particular,
Kovalenko T. A. determined the route in the com-
puter network based on the neural fuzzy network,
to the input of which the following parameters are
supplied: number of transitions, data transmission
speed; as a resultant characteristic the time of the
packet residence in the route was taken. But it is
appropriate for the railway ITS network to consid-
er a change in the traffic intensity rather than a data
transmission speed that requires the construction of
a neural network of another structure. In addition,
based on the estimated packet transmission time in
the network, it is advisable to determine the route
itself, provided the same number of routers on the
paths of the packet, which also requires the crea-
tion of additional neural network.

Previously, the authors of the works [7, 15-16,
20] have already presented the results of studies of
the use of intellectual means in the railway ITS
network: Hopfield network and multi-layer neural
network, ant and genetic methods. In addition, the
possibility of using the RIP protocol in the
Prydniprovska Railway network on a software
model was investigated. But nowadays, new mod-
eling systems have emerged that allow us to create
simulation models of networks and conduct re-
search on them. Among them, the OPNET Model-
er system [5, 12], which combines analytical
methods and simulation tools.

Purpose

In our work, we envisage for the railway ITS
network to develop a methodology for determin-
ing the optimal route based on the use of fuzzy
neural networks. For their modeling to generate
samples on a simulation model of the railway ITS
network fragment created in the OPNET Modeler
system.

Methodology

Problem statement. Today, the railway
transport ITS network, the fragment of which is
presented in Fig. 1, is being constructed based on
an optical transport network. Conceptually, to con-
struct a single data network of Ukrzaliznytsia, Cis-
co network equipment was selected, which is

a single hardware and software complex. At the
present stage in the railway ITS network, the router
performs OSPF (Open Shortest Path First) pro-
tocol, as it is a common standard supported by var-
ious network equipment manufacturers and avoids
closed loops during development of the data
transmission networks at the railway transport of
Ukraine.

Given that the packet transmission time on the
network channel is much shorter, it is only advisa-
ble to consider the packet residence time on the
routers that make up its path in the ITS network.
Given that the packets are received by the router
according to the Poisson law and the distribution of
processing time is exponential, we have the
M/M/1model. Then the packet residence time on
the router is calculated in the following way:

where t; — package residence time on the i-th rout-
er, us; t" — packet waiting time in the queue on the

i-th router, ps; t” — packet processing time by the
i-th router, ps.

In turn, the processing time of packet by the i-
th router can be calculated by the well-known for-
mula:

Lpac
tPr = , 2
= @

where LP* — packet length, byte; V — the rate of
data staging by the router, Mbps (in particular for
Fast Ethernet 100 Mbps).

The number of packets processed by the i-th
router will be:

Pi = A 'tipr ) (3)

where A; — the intensity of packets receipt to the i-

th router, packet/s.

Then the calculation of the packet waiting time
in the queue on the i-th router is calculated by the
following formula:

P
ot @
~Pi
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where K — is the number of intermediate routers
that make up the packet path.

It is necessary to determine the optimal route of
packet in the railway ITS network provided that:

®)

K
Dt —>min,
i=1

Myzhnodniprowvsk-\uzal

rywyi Rih

o 5 <
<3

ki

Y

PROXY SMTR WA

Fig. 1. The structure of the railway ITS network fragment under consideration:

@— router; % — switch; @ — workstation; @ — server

Creating a simulation model. In the OPNET
Modeler simulation system a simulation model of
the ITS railway network fragment was created, the
structure of which is presented in Fig. 2, according
to the structure of the ITS network (see Fig. 1).

Two scenarios have been created on the Fast
Ethernet simulation model at the ITS of
Prydniprovska Railway: RIP and OSPF protocol.
The study (within five minutes) of the following
characteristics was performed: average load of the

server located in Kyiv; average packet processing
time by the router in Dnipro; average waiting time
for packets in the queue (Dnipro—Synelnykove sec-
tion); average number of packets lost with the fol-
lowing parameters: packet length is 6000 bits, traf-
fic intensity is 10 packets/sec. Some characteristics
obtained (from 2 min 00 sec to 3 min 00 sec) on
the simulation model of the network are shown in
Fig. 3.
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Fig. 2. Simulation model in the OPNET Modeler:

ﬂ — router; E -

Fig. 3 shows that the worst results are obtained
by the network simulation model according to the
RIP scenario: server load increases rapidly (on av-
erage, about by 3 times per minute); packet pro-
cessing time by the router takes much longer (ap-
proximately by 0.5 times per minute); the packet
waiting time in the queue is always greater (about
by 1.6 times per minute); packet losses increase
rapidly (on average by 3.5 times per minute); the
network convergence time is almost twice as large.
As an example, the average waiting time of pack-
ets in the queue and the average number of packets
lost on the router are shown, Fig. 3. Regardless of
the routing protocol (RIP or OSPF): the longer the
waiting time for packets in the queue (Fig. 3, a),

3
switch; @ — workstation

the higher the number of lost packets (Fig. 3, b).

Determining the packet residence time on
the routers based on the use of Neural Fuzzy
Network (NN1). The following variables are used
as the input parameters: x, — packet length (LM,
LC, L); x, — traffic intensity (AM ,AMb, AC,
ACb, A); %3 — number of transitions (number of
intermediate routers that make up the packet route)
(K1, K2, K3, K4). The packet residence time in the
routers on the route of its transmission in the ITS
network (T1, T2, T3, T4) is taken as the resultant
characteristic y. The values of the term sets used
for linguistic evaluation of input and output varia-
bles are summarized in Table 1.
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Fig. 3. The experiment results on a simulation model:
a —the average waiting time for packets in a queue; b— the average number of packets lost on the router
Table 1
Linguistic evaluation of input and output variables for NN1
Input variables Output variable
bytes packet/s sitions s '
AM :10-200
K1l:1 T1: -14
LM: 70 - 500 AMb : 201 — 400 5,6-140
K2:2 T2: 141 - 275
LC:501-1000 AC : 401 -600
L- 1001 — 1500 K3:3 T3:276 - 410
' ACb : 601 - 800 K4: 4 T4: 411 — 545
A 801-1000
The number of fuzzy product rules depends on The structure of the corresponding NN1 is
the number of input variables and the number of shown in Fig. 4. Layer 1 contains neurons that rep-
terms and is 3-5-4=60rules. The rule base frag- resent membership functions of the input fuzzy

ment is presented below:

if x,=LMI
if x,=LMI
if x,=LMI
if x,=LMI
if x,=LMI
if x,=LMI
if x,=LMI
if x,=LMI
if x,=LMI

X, =AM T X;= K1, theny = T1,

X, =AM T X;=K2, theny =T3;

X, =AM T X; = K3, then y = T1,
X, =AM T X;= K4, theny = T4,

X, =AMD I X;=K1, theny = T1;
X,=AMD I X;=K2, theny = T3;
X, =AMD I X;=K3, theny =T1;
X, = AMD I X;=K4, theny = T4;
X,=AC T X;3=K1, then y = T1.

variables and perform the operation of fuzzifica-
tion (making fuzzy) of the input data. Layer 2 con-
tains neurons that store the correct values for the
rules that make up the knowledge base created by
the model's training; these neurons may contain
any variant of the realization of the t-norm opera-
tion, which is a fuzzy analogue of «<AND» (logical
operation «AND»). Neurons of the layer 3 contain
the results of calculations of rules, taking into ac-
count the weight of each rule. Neurons of the layer
4 contain the final results of the rules’ calculations,
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layerl

layer?2

layer3
Br

layer4

layer5

which are grouped into fuzzy classes. Layer 5 con-
tains only one neuron that calculates the final mod-

O P PR . es the :
1 @S @ et @ el output by performing a defuzzification (making
Lo\ e -0 clear) by determining the centers of fuzzy classes.
\ WA Formation of samples for the NN1. The fol-
VW @ : :
R 0 lowing samples for the NN1 were formed: a train-
J\M'. L 4 . - -
oy > 0 ing sample of 60 examples (a fragment of which is
TN ‘ given in Table 2), a test sample of 24 examples and
2 @ _\\C;: i /1 s X a control sample of 12 examples (Table 3).
A"' 1& :,:§|' ,'.
J \"\.!‘;' @
@ e @
3 .- ] 'I(;’ | ! +'
|m"' 2 ;." "
@ -
Fig. 4. NN1 structure
Table 2
Fragment of training sample for the NN1
Num-
Packet . Number | Packet time in the Packet ] ber of | Package time in
length, _Traffic | of transi- | routers on the length, Traffic tran- | the routers on the
bytes intensity, tions route, ps bytes intensity, Si- route, us
packet/sec packet/sec | tions
70 10 1 5.6 70 1000 1 5,6
500 10 1 40 500 1000 1 42
1000 10 1 80 1000 1000 1 87
1500 10 1 120 1500 1000 1 136
70 10 2 11.2 70 1000 2 11
500 10 2 80 500 1000 2 83
1000 10 2 160 1000 1000 2 174
1500 10 2 360 1500 1000 2 273
70 10 3 16.8 70 1000 3 17
500 10 3 120 500 1000 3 125
1000 10 3 240 1000 1000 3 261
1500 10 3 360 1500 1000 3 409
70 10 4 22.4 70 1000 4 23
500 10 4 160 500 1000 4 167
1000 10 4 320 1000 1000 4 348
1500 10 4 480 1500 1000 4 545
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Table 3
Test and control samples for the NN1
Test sample Control sample
Packet ; Package time in Packet Traffic Package time in the
length, | ; Traffic Number of | 6 vouters on the | length, | intensity, | NUMPEr O\ 15 er on the route,
b Intensity, | transitions transitions
ytes packet/sec route, s bytes packet/sec us
500 300 1 40 500 500 1 41
1000 300 1 82 1000 500 1 83
1500 300 1 124 1500 500 1 128
500 300 2 81 500 500 2 82
1000 300 2 163 1000 500 2 167
1500 300 2 373 1500 500 2 255
500 300 3 121 500 500 3 122
1000 300 3 245 1000 500 3 250
1500 300 3 373 1500 500 3 383
500 300 4 162 500 500 4 163
1000 300 4 328 1000 500 4 333
1500 300 4 498 1500 500 4 511
500 700 1 41
1000 700 1 85
1500 700 1 131
500 700 2 82
1000 700 2 169
1500 700 2 393
500 700 3 123
1000 700 3 254
1500 700 3 393
500 700 4 165
1000 700 4 339
1500 700 4 524

Training and testing the NN1. The Neural
Networks Toolbox, which is a part of MatLAB,
has more than 160 different functions that make it
possible to create, train, and research neural net-
works. In addition, the ANFIS for MatLAB sup-
ports almost complete automation of the NN crea-

tion process, which allows to construct the NN
configuration 3-12-60-60-1, using the Sugeno
algorithm. 100 cycles (Epochs) are set for NN1
training; the error of the NN1 training according to

the hybrid method is 8.4873-107"° sec.
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On the network simulation model, constructed
in the ORNET, with a packet length of 550 bytes,
traffic intensity of 10 packets/sec and three transi-
tions, the packet residence time on the routers in
the ITS railway transport network is 0.000132 sec.
To test the constructed NN1, let us run it with in-

put data that are not in any of the samples. The
simulation is displayed in a graphical window
(Fig. 5), where the path of the logical inference by
each rule, the resultant fuzzy set are presented, and
the deffuzzification procedure is performed.
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Fig. 5. System of fuzzy output NN1

Each rule of the knowledge base is represented
as a sequence of horizontally arranged curves. The
resulting fuzzy set is shown in the lower rectangle
of the last column of the graphical window. In the
same rectangle, the red vertical line corresponds to
the clear value of the logical inference obtained
from the deffuzzification. According to the input
data [550; 10; 3] the NN1 displays the packet resi-
dence time on the routers according to the path of
its transmission, equal to 0.000132 s (Fig. 6). That
is, NN1 is properly constructed and trained.

Route definition based on the use of a neural
fuzzy network (NN2). The following variables are
used as input parameters: x, — is the packet resi-
dence time on the routers according to the packet
transmission route (Tmin, Tavg, Tmax); X, — is the
total queue delay on the routers on the route A
(ZAmin, ZAma, ZAavg, ZAam, ZAmax); X; — IS
the total queue delay on the routers on the route B
(ZBmin, ZBma, ZBavg, ZBam, ZBmax) ; y — is the
optimal route: 1 (path A), 2 (path B). All values are
summarized in Table 4.

Creative Commons Attribution 4.0 International
doi: https://doi.org/10.15802/stp2019/184385

88

© V. M. Pakhomova, Y. S. Mandybura, 2019


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.15802/stp2019/184385

ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayxka Ta nporpec Tpancrnopty. BicHuk J[HiIponeTpoBchKoro
HAL[IOHAJILHOTO YHIBEPCUTETY 3alli3HMYHOTO TpaHcmopty, 2019, Ne 5 (83)

HOOPMALIIMHO-KOMYHIKALIMHI TEXHOJIOI'Ti TA MATEMATUYHE MOJIEJTFOBAHHS

Linguistic evaluation of input and output variables for NN2

Table 4

Input variables Output variable
Packet residence time in the Total queue delay on the routers Total queue delay on the routers Route
routers on the route, pus on the path 4, ps on the path B, us
Tmin: 5.6 185 z4 lejmlrz];ogAlg; 28 zB Zlimlrz]:?oz;s; 28 4:1
. gk ma: 14 — 27; ZAavg: 28 — ma: 14 — 27; ZBavg: 28 — :
Tavg: 186 — 365; 41; Z4am: 42 —55; 41; ZBam: 42 — 55; B:2
Tmax: 366 —545 ZAmax: 56 — 70 ZBmax: 56 — 70
The number o_f fuzzy product rules depends layerl  layerz layer3 layord  layers
on the number of input variables and the number .
of terms, this value is 3-5-5=75 rules. The rule Trin o e . O b
base fragment is given below: " Qﬁg\ : @
if X,=Tmin1X, =ZAmin I X;=ZBmin, then y=5; @\ s A\
if X, =Tmin I X, =Z4min I X,=ZBma, then y=B; . A\
if X, =Tmin I X, =ZAmin I X;=ZBavg, then y=B; Zrin @ 0\
. . . z " —0
if X,=Tmin1X, =Z4min I X;=ZBam, then y=B; z;i}j. / ~ 2N
if X,=Tmin IX, =ZAmin I X;=ZBmax, then y=B; 2 @ ~ ;_4:? ?. s X
if X, =Tmin I X, =Z4ma I X, =ZBmin, then y=A; ZWA:. |
if X,=TminIX,=Z4mal X;=2Bma, then y=B; / @
if X, =Tmin I X, =Z4ma I X,=ZBavg, then y=B; . ’., /]
if X,=TminIX,=Z4ma I X;=ZBam, then y=B. e >4 >:__
The structure of the corresponding NN2 is xs .zs'g. _._-:,-
shown in Fig. 6. ' & “w-§ ! o
Formation of the samples NN2. The fol- T o 9 @

lowing samples were formed: a training sample
of 75 examples, a test sample of 20 examples
and a control of 10 examples (Table 5).

Fig. 6. NFN2 structure

Table 5
Samples fragments for NN2
Training sample Test sample Control sample
. Total queue Packet resi- Total queue Packet resi- Total queue
Packet resi- delay, ps dence time delay, ps dence time delay, ps
dence time on Route Route Route
the routers us path path on the rout- path path on the rout- path path
’ A B ers, us A B ers, s A B
5.6 0 14 A 7 4 20 A 10 11 69 A
5.6 14 0 B 80 20 4 B 68 69 11 B
185 15 29 A 150 20 38 A 126 15 50 A
185 29 15 B 190 38 20 B 184 50 15 B
365 29 44 A 260 30 50 A 190 35 55 A
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Continuation of Table 5

Training sample Test sample Control sample
. Total queue Packet resi- Total queue Packet resi- Total queue
Packet resi- delay, ps dence time delay, ps dence time delay, ps
dence time on Route h Route h Route
the routers, us | Path | path ontherout- | path | path ontherout- | path | path
’ A B ers, Us A B ers, Us A B
365 44 29 B 360 50 30 B 225 55 35 B
455 7 63 A 370 45 60 A 275 50 65 A
455 63 7 B 385 60 45 B 300 65 45 B
545 45 65 A 470 56 70 A 375 57 68 A
545 65 45 B 540 70 56 B 460 68 57 B
distribution; sigmoid curve; quadratic and cubic
Findings curves. The values of the learning errors of NN1

Study of the average learning error of the
NN1. MatLAB's Fuzzy Logic Toolbox includes 11
built-in membership functions that use the follow-
ing basic functions: piecewise linear one; Gaussian

for different membership functions are presented in
Table 6. It can be seen from the table that the
Gaussian membership function gives the smallest
value of the NNL1 error.

Table 6
Average error of NN1 according to different membership functions
Membership function Designation | Average NFN error, 101 sec
triangular trimf 8.75
trapezoidal trapmf 10.23
bell-shaped gbellmf 9.16
symmetric Gaussian gaussmf 8.49
two-sided Gaussian gauss2mf 10.03
the product of two sigmoid membership functions pimf 13.86
Curvilinear trapezoid membership function psigmf 10.32
the difference between two sigmoid membership functions dsigmf 10.63

The following methods of training optimization
are implemented in ANFIS: backpropagation
(method based on the ideas of the quickest descent
method); hybrid (hybrid method that combines the
backpropagation method with the least-squares
method). When using the backpropagation method,

the NN1 learning error is 9.6501-10'° sec and the

hybrid method — 8.4873-10%° sec. That is, the
error of learning the NN1 in the case of using the

hybrid method is about 13 % less than in the case
of the backpropagation method.

Evaluation of the work of the NN1. The NN1
simulation was performed with the following pa-
rameters: packet length — 3 850 bytes; traffic inten-
sity — 10 packet/sec; number of transitions — 3. The
packet time on the route (from Fedorivka junction
to Dnipro junction) received in the ORNET Mod-
eler system on the Fast Ethernet simulation model
in the ITS of Prydniprovska Railway under the
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OSPFE protocol is 0.0010285 sec. (Fig. 7), and
based on NN1 — 0.000924 sec. (Fig. 8). That is, the
use of NN1 allows approximately 10 % faster de-
termination of the route in the ITS network of

Prydniprovska Railway (for the fragment under
consideration) as compared to the OSPF protocol
on the simulation model.

- . i i
Ba Top Objects: Ethernet.Delay (sec) - ‘ n I
All objects in "Enterprise Metwark”
Object Name Minimum | ~. Awerage Mazdmum Std Dev J
0.0010254 0.0010285 0.0010422 0.000003615
Find top |1 statistics whose
|;'—'wemge ﬂ | > ﬂ |E'.D
I [v lgnore views
Find Object

Fig. 7. Packet time on the route (from Fedorivka to Dnipro) obtained on the simulation model
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Fig. 8. Packet time on the route (from Fedorivka to Dnipro) obtained on the NN 1

Originality and practical value

The simulation model of Fast Ethernet network
based on the OSPF scenario and the neural fuzzy
networks (NN1, NN2) can be the basis for the in-
tegrated routing system in the ITS network of
Prydnprovska Railway, the general structure of
which is shown in Fig. 9 (Lpac — is the packet
length; A — is the traffic intensity; K — is the num-
ber of intermediate routers that make up the path of

the packet; Tpac — the packet residence time in the
routers according to its path in the network; Z_A —
total queue delay in the routers on the path 4; Z_
B — total queue delay in the routers on the path B).
The operation of the integrated routing system
is demonstrated for those fragments of the Fast
Ethernet network in the ITS of Prydniprovska
Railway, where it is possible to choose the route
with the same number of intermediate routers on
different paths (Table 7: path A — to the right).
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Fig. 9. General structure of the integrated routing system in the ITS network of railway transport:

______ — preparatory stage;

Nyzhnodniprovsk—\Vuzol — Dnipro fragment.
A packet of 500 bytes, with a traffic intensity of 10
packets/sec and 2 transitions is transmitted from
the node V1 (lhren) to the node V6 (Dnipro). The
packet residence time on the routers is predicted by
NN1 and is 80 ps. For example, depending on the
values of the time received, the total queue delay in
the routers on the path 4 (4 us) and the total queue
delays in the routers on the path B (13 ps) the op-
timal route is chosen based on NN2: path A. The
graph showing the fragment «Nyzhnodniprovsk-
Vuzol — Dnipro» shows this route in red:
V1-V2—-V4—-V6.

Horiainove fragment. A packet of 1000 bytes,
with an intensity of 10 packets/sec and 4 transi-
tions, is transmitted from the node V1 (Kami-
anske—Pas) to the node V10 (Dnipro). The packet
residence time in the routers is predicted by NN1,
it is 320 ps. Depending on the values of the time

— real time work

received, the total queue delay in the routers on the
path 4 (29 ps) and the total queue delay in the
routers on the path route B (20 us) the optimal
route is chosen based on NN2: path B. The graph
showing the fragment «Horiainove» shows this
route in red: V1-V2—-V7—-V8—V9—-V10.

Kryvyi Rih fragment. A packet of 1500 byte,
with an intensity of 10 packets/sec and 2 transi-
tions, is transmitted from the node V1 (Vechirnii
Kut) to the node V6 (Dnipro). The packet residence
time in the routers is predicted by NNL1, it is 240
us. For example, depending on the values of the
time received, the total queue delay in the routers
on the path 4 (30 ps) and the total queue delay in
the routers on the path B (50 ps) the optimal route
is chosen based on NN2: path A. The graph show-
ing the fragment «Nyzhnodniprovsk-Vuzol
Dnipro» ~ shows  this route in  red:
V1-V2—-V3—-V6.
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Table 7
Consideration of the ITS fragments of Prydniprovska Railway
‘ NN1 ‘ NN2 Fragment structure Designations
Nyzhnodniprovsk-Vuzol — Dnipro fragment
Input pa- 500 80 us (vs) V1 — Ihren;
rameters bytes BS = V2 — llarionove;

10 4 us /__v//’ = _ V3 — Nyzhnodniprovsk-
pack- (vs) (V1) Vuzol;
et/sec i V4 — Synelnykove -2;

V5 — Nyzhnodniprovsk;
2 13 us N .
E6 =) V6 — Dnipro
Result 80 us 1
(path 4) E2
'lr/ \'GR( v )
~— E3 N
Horiainove fragment
Input pa- | 1000 | 320 ps — e V10 V1 — Kamianske—Pas;
rameters | bytes (Vo = . T V2 — Bahlii:

10 29 s Es (ve) V3 — Verkhnod-
pack- < l s niprovsk;
et/sec 23 | (v V4 — Sukhachivka;

4 20 us . h l o V5 — Diivka;

Result 320 5 =7 1 (o) V6 — Horiainove;
u ~ x. wa i
H (path 5) W) o V7 — Verkhivtseve;
P I E3 V8 — Vilnohirsk;
E2 —_— P _pi i
(o ) V9 Platykhatky,
7 o T V10 — Dnipro
Kryvyi Rih fragment
Input pa- 1500 240 ps (vs ). V1 — Vechirnii Kut;
rameters | bytes T TN V2 — Saksahan:

10 30 ps 7 U V3 — Piatykhatky:
pack- va ) ' V4 — Mudrona;
et/sec V5 — Kryvyi Rih;

2 50 ps V6 — Dnipro

Result 240 ps 1
(path A)
Creative Commons Attribution 4.0 International
doi: https://doi.org/10.15802/stp2019/184385 © V. M. Pakhomova, Y. S. Mandybura, 2019

93


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.15802/stp2019/184385

ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayxka ta nporpec TpancnopTy. Bicaux J{HIIponeTpoBCEKOro

HaLliOHAJBHOTO YHIBEPCHTETY 3alli3HHYHOTO TpaHcnopTy, 2019, Ne 5 (83)

HOOPMALIIMHO-KOMYHIKALIMHI TEXHOJIOI'Ti TA MATEMATUYHE MOJIEJTFOBAHHS

Conclusions

1. According to the structure of the ITS net-
work of Prydniprovska Railway, a corresponding
Fast Ethernet simulation model (according to the
RIP and OSPF scenarios) was created in the
ORNET Modeler system, which defines the fol-
lowing characteristics: average server load; the
average time of packet processing by router; aver-
age waiting time for packets in the queue; the av-
erage number of lost packets. It is determined that
the worst results are obtained by the simulation
model according to the RIP scenario: server load
increases rapidly (on average, about by 3 times per
minute); packet processing time by router takes
much longer (approximately by 0.5 times per mi-
nute); the waiting time for packets in the queue is
always greater (about by 1.6 times per minute);
packet losses increase rapidly (on average by
3.5 times per minute); the network convergence
time is almost twice as large.

2. To determine the packet residence time in
the routers on the route by its transmission in the
ITS network of the Prydniprovska Railway NN1
was created, to the input of which the following
parameters are supplied: packet length (3 term
sets); traffic intensity (5 term sets); the number of
intermediate routers in the route (4 term sets). The
following samples were formed on the simulation
model of the ITS network of Prydniprovska Rail-
way: training (60 examples), test (24 examples)
and control (12 examples). It has been estimated
that for the considered fragment of the railway ITS
network, in particular Prydniprovska Railway, the

packet time on the route based on NN1 decreased
by about 10% compared to the OSPF protocol on
the simulation model.

3. On the created NN1 the study of the aver-
age error of its training for different membership
functions was performed: triangular; trapezoidal;
bell-shaped; symmetric and two-sided Gaussian
and by different methods of training optimization
(hybrid and backpropagation). It is determined that

the lowest value of the average error 8.4873-107%°
sec NN1 gives in the case of using the symmetric
Gaussian membership function according to the
hybrid optimization method.

4. To determine the packet path in the ITS
network of Prydniprovska Railway (provided the
same number of routers that make up the path), the
NN2 was created, to the input of which the follow-
ing parameters are supplied: the packet time in the
routers on the path of its transition, the total queue
delay in the routers on the path 4; the total queue
delay in the routers on the path B. Using the simu-
lation model of the ITS network of railway
transport the following samples were formed:
training (75 examples), test (20 examples) and con-
trol (10 examples).

5. Based on the created Fast Ethernet simula-
tion model and neural fuzzy networks (NN1 and
NNZ2), an integrated routing system was proposed
in the ITS of Prydniprovska Railway was pro-
posed. Using this system, for example, the optimal
route for the fragment «Nyzhnodniprovsk-Vuzol —
Dnipro» is determined: path A (lhren, llarionove,
Synelnykove—2, Dnipro)».
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BU3HAYEHHS OITUMAJIBHOI'O MAPIIPYTY B IHOOPMAIIVHINA
MEPEXKI 3AJIBHUYHOI'O TPAHCIIOPTY 3 BUKOPUCTAHHSIM
HEUPOHEYITKUX MOJIEJIEN

Meta. CyvacHi aaroputMu BHOOpPY HAHKOPOTLIOTO MapUIpyTy, HampuKiaa, airoputMmu bemnmana—®opna
i JleiikeTpy, sIKi B JaHWI Yac IIMPOKO BUKOPHCTOBYIOTH y mpotokonax Mapupyrusanii (RIP, OSPF), ne 3aBxnu
NPU3BOIATE 10 €(pEeKTUBHOTO pe3ynbrary. ToMy BUHHUKAE HEOOXITHICTD JOCIIHKEHHSI MOKIMBOCTI opraHizamii ma-
pupytusanii B Mepexi iHpopmariiHo-TenekomyHikamiitnoi cucremu (ITC) 3ami3HUYHOrO TPaHCHOPTY 3a JOMOMO-
TOI0 METOMIB MITY4HOTO iHTeNnekTy. Meroauka. Ha ocHOBI cTBOpeHoi B MonemoBanbHid cuctemi OPNET imita-
miftHoi Mozeni po3risHyTo dparmeHT Mepexi ITC 3ami3HHIHOTO TpaHCTOPTY W chOPMOBAHO HACTYIHI BHOIpKH:
HaBYAJIBHY; TECTYBaJbHY; KOHTpONbHY. [l MonmenroBanHs B cucteMi MatLAB netiporneuiTkoi mepexi (TiOpum-
HOI CHCTEMHM) Ha BXiJ MOJAI0TH HACTYIHI MapaMeTpH: JOBKHHA MakeTa (3 TepM-MHOKHHH); iIHTCHCHBHICTE Tpadika
(5 TepM-MHOXUMH); KiJbKICTh MPOMDKHUX MapUIPYTH3aTOPIB, IO CKIaqar0Th Mapmpyt (4 TepM-MHOXKHHH). 3a pe-
3yIBTYIOUY XapaKTEPUCTUKY B3SITO 9ac NepeOyBaHHS MaKeTa B MapHIPYTH3aTOPAX 32 MapIIPyTOM HOTO MPOXOMKCH-
us B Mepexi ITC (4 tepm-mHOXuHHM). Ha OCHOBI BH3HA4YEHOTO Yacy Iepe0yBaHHs MaKeTa B MaplIPyTH3aTOPax
1 3aTPUMOK y 4ep3i Ha MapLIpyTH3aTOpax, IO CKIAAAI0Th Pi3HI HUIAXH (3 OJHAKOBOIO KiIBKICTIO MapIIPyTH3aTO-
piB) BU3HaYeHO onTuMaibHuil MapuipyT. PesyabraTn. [ns posriasayroro ¢pparmenta ITC 3ami3HUYHOTO TpaHCIIO-
PTY 3AiiiCHEHO POrHO3 Yacy nepeOyBaHHs ITakeTa B MapLIPyTU3aTOpax 3a MapUIPYTOM HOTo MPOXOJKEHHs Ha OC-
HOBI HEMPOHEUITKOT Mepexi, 110 cTBopeHa B cucteMi MatLAB. IIpoBeieHO nociiKeHHs cepeJHbOT IIOXUOKH HaB-
YaHHs HEHPOHEUITKOT Mepexi 3a pi3HMX (YHKLIH HaIeKHOCTI W 3a PI3HUMHM METOJaMH ONTHMIi3alii HaBYaHHS.
BusBiieHo, mo HaliMeHIE 3HAYEHHS CEpeAHbOI MOXWOKM HAaBYAHHSA HaJae HEHpPOHEUiTKa Mepexa KoH(Iiryparii
3-12-60-60-1 B pa3i BUKOpHCTaHHA CUMETPUIHOI ["ayciBcbKOi (DYHKIIT HaJIG)KHOCTI 32 TIOPUIHAM METOIOM OIITH-
Mizanii. HaykoBa HoBmu3na. 3a cuenapismu RIP ta OSPF Ha cTBOpeHiii B MopemoBanbHil cucteMi OPNET imira-
LilfHIF MO/eTi OTpUMaHi HACTYITHI XapaKTEPHUCTHKH: CepelHE HaBaHTAXKEHHS cepBepa; cepenHiil uac o0poOku maxe-
TiB MapIIpyTH3aTOPOM; CEPEIHIN Yac OYiKyBaHHS MAaKETIB y Uep3i; cepeqHs KUTbKICTh BTpPAUYCHHX IAaKETiB; Yac KOH-
BepreHmii Mepexi. BuzHaueHo, Mo Halkpaili pe3yibTaTH HaJae iMiTamiifiHa MOJens Mepexi 3a cueHapiem OSPF.
3anpornoHoBaHa iHTerpoBaHa cucreMa MapiipyTtusanii B Mepexi ITC 3a1i3HUYHOTO TPaHCHOPTY, B OCHOBY SIKOT
MOKJIQJIGHO CTBOPEHI HEWPOHEUiTKI Mepexi, BHU3HAYa€ ONTHMAIbHHHA MapUIpyT y Mepexi LIBHAIIE HOPiBHSHO
3 HagBHUM mpoTokonoMm MapupyTtuszanii OSPF. IIpakTuyHa 3HaYuMicTh. [HTerpoBaHa cucTeMa MappyTu3amii
B ITC 3ayi3HUYHOTO TPAHCHOPTY IO3BOJIUTH Y PEaJbHOMY 4aci BU3HAUYUTH ONTUMAJIBHUI MapLIpyT y Mepexi 3a
OJIHAKOBOIO KUIBKICTIO MapIlIpyTHU3aTOPIB, 0 CKJIAJAI0Th IUISIX NPOXO/KEHHS ITaKeTa.

Knouosi crosa: mapmpyrusais; npotokosn OSPF; iMitariitna Moaens; riOpumHa cucrema; TepM; (QpyHKIiS Ha-
JISKHOCTI; BUOIpKA; IIOXHOKA
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OIIPEJEJEHWE OIITUMAJIBHOT O MAPIIIPYTA

B HHOOPMAIIMOHHOM CETH KEJE3HOJOPOKHOI'O
TPAHCIHIOPTA C HCIIOJIb30BAHUEM HEHPOHEYETKHNX
MOJIEJIEA

Heab. CoBpeMeHHbBIE aITOPUTMEI BEIOOpA KpaT4aIero MapumpyTa, HampuMep, anroputMel bennvana—®opaa
u JIeWKCTphI, KOTOPBIE B HACTOSIIEE BpeMs ITUPOKO HCIIONIB3YIOT B poTokonax mapmpyrtusanuu (RIP, OSPF), ne
BCerjia NpUBOIAT K 2 HEKTUBHOMY pe3yipTaTy. [103ToMy BO3HHKaeT HEOOXOMMOCTh HCCIIEIOBAHNS BO3MOKHOCTH
OpTraHM3aIMH MAPIIPYTH3AIHUN B CETH HHOOPMAIIMOHHO-TeJIeKOMMYyHUKanoHHo! cucteMsl (UTC) sxene3Honopox-
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HOTO TPaHCIIOpPTa C MOMOILBI0 METOAOB MCKYCCTBEHHOro MHTemIekTa. Meroauka. Ha ocHOBe co3naHHOM B Mose-
mupytomeit cucteme OPNET wumuranuonnoid monenu paccmorpeH ¢parment cetn UTC jxene3HONOpPOXKHOTO
TpaHCTIOpPTa U chOpPMHUPOBAHBI CIEAYIOIINE BEIOOPKH: 00ydaromIas; TECTUPYIOIas; KOHTposIbHas. st Monenuposa-
Hus B cucteme MatLAB HeipoHedeTkoil cetn (rHOpuAHOI CHCTEMBI) Ha BXOA MOAAIOT CICAYIOIINE MapaMeTpHI:
JUHA TakeTa (3 TepM-MHOXKECTBa); HHTEHCUBHOCTH Tpaduka (5 TepM-MHOXKECTB); KOIHYECTBO MIPOMEKYTOTHBIX
MapIIpyTH3aTOPOB, COCTABILIIONINX MapIpyT (4 TepM-MHOXeCTBa). B kauecTBe pe3ynbTupPYOLMIEH XapaKTepUCTUKI
MIPUHATO BpeMs NpeOBIBaHUS ITaKeTa B MapIIpyTH3aTOpax 1Mo MapmpyTy ero ciemoBanus B cetd UTC (4 tepm-
MHOXecTBa). Ha 0cHOBe mosy4eHHOTo BpeMeHH NpeObIBaHMs ITaKeTa B MapIIpyTH3aTopax 1 3aepKeK B ouepeu Ha
MapIIpyTU3aTOpax, COCTABIJIAIONUIMX PA3IUUHbIE TyTH (C OJUHAKOBBIM KOJHMUECTBOM MapUIpyTHU3aTOPOB) ONpeneneH
ontuManbHbIN MapipyT. Pesyabrarsl. s paccmatpuBaemoro ¢pparmenta UTC jxene3HoI0poKHOTO TpaHCIOpTa
OCYIIECTBIICH IIPOTHO3 BPEMEHH MPeObIBAHMUS MTAKeTa B MAapLIPYTH3aTOPax 10 MapIIpyTy €ro cie0BaHUs HA OCHOBE
HeWpoHe4YeTKO! ceTu, co3nanHoi B cuctemMe MatLAB. IIpoBesieHo rccnenoBanue CpeaHei MOrpeHOCTH 00y YeHHs
HEHPOHEYETKOW CETH NPH Pa3NUYHBIX (YHKIMAX MPHUHAIJICKHOCTH W PAa3HBIX METOJOB ONTUMM3AIMK OOy4YEeHUSI.
OOHapyXeHO, YTO HaNMEHbIIee 3HAUCHHE CPEAHEH MOrpeIIHOCTH OO0YYEHUs MPEIOoCTaBIsET HEHpPOHEUeTKas CeTh
koHpurypamun 3-12-60-60—1 mpum HCHIONB30BaHHM CHMMETPUYHON ['ayccoBCKOW (PYHKIMHM TpPHUHAIICKHOCTH
¢ THOpuIHEIM MeTostoM onTuMm3anui. Hayunas HoBmu3Ha. [lo cuenapusm RIP m OSPF na cozmannoi# B Momemnu-
pytomieli cucreMe OPNET uMuTauMoOHHOW MOJENN MOJIYYEHBI CIEAYIOIINE XapaKTEPUCTUKU: CPENHss Harpyska
cepBepa; cpenHee BpeMsi 0OpabOTKH MAKETOB MapIIPyTH3aTOPOM; CpelHEe BpeMs OKHIAHHWS ITAaKETOB B OUYEpeIy;
cpeqHee KOIMYECTBO MOTEPSIHHBIX MAKETOB; BpEMs KOHBEpPreHIMU ceTH. ONpeeNneHo, YTO HalTyYIlline pe3ynbTaThl
JlaeT UMHUTALMOHHAs Mozenb cetu 1o creHaputo OSPF. IlpennoskeHHas MHTErpupoBaHHAs CHCTEMa MapIIpyTH3a-
un B cet UTC xene3Ho0poKHOTO TPAHCIOPTa, B OCHOBY KOTOPOI MOJIOXKEHBI CO3JaHHbBIE HEMPOHEUETKHUE MO-
JIeNTH, ONpeNeNIsieT ONTUMAIbHBIH MapluIpyT B CETH OBICTpee M0 CPAaBHEHHUIO C CYIICCTBYIOIIUM IIPOTOKOJIOM Maplil-
pytuzanuu OSPF. IlpakTuyeckas 3HauMMoCTh. IHTerpupoBanHas cucrema Mapipyrusanuu B UTC xenesHono-
PO’KHOTO TPAHCIOPTA MO3BOJIUT B PEAJIbHOM BPEMEHHU ONPEAETIUTh ONTUMAIBHBIN MapuIpyT B CETH C OJMHAKOBBIM
KOJINYECTBOM MapUIpyTH3aTOPOB, COCTABIAIOIINX ITyTh IPOXOXKACHUS IIaKeTa.

Kniouegvie cnosa: mapmpyruzanus; npotokon OSPF; mMutanuoHHas Mozenb, THOpPHIHAsS CHCTEMaA; TEpM,
(GYHKIMSA TPUHAAIECKHOCTH, BHIOOPKA; MOTPEITHOCTD
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IHTEI'PAJIBHA OLIIHKA CTAHY BE3IEKH PYXY IOI3/1B HA
SAJIIBHULI I YAC TEXHIYHOI'O AYIUTY

Merta. [locnijkeHHs CIIpSMOBaHO Ha po3poOKy IHTErpajbHOI OIIHKY CTaHy Oe3leKH pyxy MOi3/iB Ha 3ali3HUI
i 9ac TIPOBEICHHS TEXHIYHOTO ayauty. MeToauka. i po3poOKH iHTETpallbHOI OIIHKY CTaHy O3IEeKH pyXy MO-
3/1iB Ha 3aJI3HUII IMiJl 9Yac MPOBEACHHS TEXHIYHOTO ayAHTY 3aIPOIIOHOBAHO BUKOPHUCTOBYBATH BaroBi KOCQIIi€eHTH,
SIKi TIPOTIOPIIiiiHI BIUIMBY HETATHMBHUX HACIHIIKIB KaTacTpod, aBapiil, iHIMICHTIB, IO XapaKTePU3YIOTh CTaH MOPY-
HIeHHS Oe3neKku pyxy. Takok 3amponoOHOBAaHO OpPI€HTYBAaHHS Ha OCHOBHI NOKa3HWKH Oe€3NeKH pyxy moizmiB AT
«YKpalHChKa 3ali3HUI», IO SKUX BiTHECEHO: MaTepialbHU 30UTOK, KUTBKICTh OPYIICHb OE3IEeKH PYXY Ta BiIMOB
TEeXHIYHHX 3ac00iB. Pe3yJbTaTn. ABTOPH PO3POOMIIN IHTEIPANBHY OIIHKY CTaHy OC3IeKH PyXy IOi3[iB B yMOBax
AT «YxpalHchka 3aJi3HHL», KA SBJIsSE€ COO0I0 KOMIUIEKCHY BEJMYUHY, NPU3HAYEHY Ul OL[IHIOBAHHS 3arajbHOTO
PpiBHS O€3IeKH pyXy ITiji 4ac MPOBEJICHHS TEXHIYHOTO ayauTy. Takox copMyBanu Moeni Ajs IHTerpajibHOT OLIHKU
6esmeku pyxy moi3niB B AT «YKpaiHChKa 3aIi3HUI» 3 BAarOBUMH KOoedillieHTaMHu, 110 J03BOJISIOTH OIIBIIN aIeKBaT-
HO BizioOpaxkatu craH Oe3neku. Lli Mojeni MokHa BUKOPUCTATH i/l 4ac MPOBEICHHs TEXHIYHOTO ayAuTy BCiei 3aii-
3HUIII Y¥ 11 OKPEMOTo MiIPHUEMCTBA sl 3’ICYBaHHS PEeabHUX 3arpo3 1 PU3HUKIB, sIKi BKe BUHUKIIM 1 Ha sIKi HEOOXi-
JTHO 3BEpHYTH yBary Uil TapaHTyBaHHS BUILOTO PiBHS Oe3nexu pyxy moi3znis. HaykoBa HoBu3HA. ABTOpH Briepiie
3alpONOHYBAJIH I/l Yac MPOBEJICHHS TEXHIYHOIO ayAWTy BUKOPHCTOBYBATH PO3pOOIJICHI MOJENi Ul iHTerpaabHOI
omiHKH Oe3meku pyxy moizmiB AT «YkpaiHChKa 3ali3HUIL» 3 BarOBUMH Koe(illi€eHTaMu, SKi JO3BOJSIOTH BUKOHY-
BaTH OL[IHIOBAHHS 3arajJbHOTO PiBHS OE3MEKH pyXy Ta BCTAHOBIIIOBATH Yy MPOLEC] ayJUTy peabHi 3arpo3Hu il pHU3HKH.
IIpakTuuna 3HaunmicTs. Ha 0CHOBI OTpUMaHNX Mozesel A iHTeTrpanbHOi OMIHKK O€3MeKH pyXy HOI3/iB MOXHA
MPOBECTH TEXHIYHUH aynuT yciel 3ami3HUML 9¢ ii OKpEeMOTo MiAPO3aUTY i3 3alpOoNOHYBaHHAM peati3amii BiIImoBi-
HHX 3aXOJIiB BIUIMBY Ha HasiBHI JpKepea HeOe3NeKH 3 METOI 3HMKEHHS PU3HKIB i MMiJBUIIECHHS JIOKAJIBHOI'O YH 3a-
rajJbHOTO PiBHS O€3MeKU pyXy MOT3/iB.

Kniouosi crnosa: 6e3nexa pyxy Moi3[iB; TEXHIYHUN ayJMT; iHTErpajbHa OLIHKA; PU3UKH; TPAHCIOPTHI MOIi; 3a-
JI3HUYHUH TPaHCTIOPT

Beryn BHYTPIIIHI Ta 30BHIIIHI TPaHCHIOPTHO-EKOHOMIiYHI
3B’3KM U TOTpeOM HACENeHHS Yy IepeBe3CHHSIX.
EdexTuBHiCTS HOro OisUIBHOCTI 3HAYHOIO MipOIO
BIUIMBa€ Ha (QYHKIIIOHYBaHHS BCIX rayry3eu cycii-
JBHOTO BHPOOHMLTBA, COLIJIBHUM Ta €KOHOMid-
HUM PO3BUTOK 1 3MIIHEHHS OOOpPOHO3AAaTHOCTI
JiepKaBH, a TAKOXK HA MDKHAPOJHE CIIBPOOITHHIIT-
BO.

[Ticnsa 3100y TTS He3aIeKHOCTI YKpaiHa, ogHa 3
HebaraThOX KpaiH KOJMIIHBOTO PamsHcekoro Co-
103y, OTpUMaJa y CHaJioK JIoOpe pO3BUHEHY 3ai3-
HUYHY I1HQpAcCTPyKTypy Ta BiITHOCHO HeEIOTaHe
MaTepiaabHO-TEeXHIYHE OCHAIICHHS 3aJIi3HUIb.

Bynyuu onHi€ero 3 6a30BHX raiy3eil eKOHOMIKU
Ykpainu, 3ali3HHYHUIA TpaHCIOpT 3abe3nedye i
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B3aemogiroun 3 iHIMMH BHAaMH TPaHCIOPTY,
MiAIPUEMCTBA 3aJi3HAII 3a0€3MeYyI0Th CBO€YAC-
HICTb 1 SIKICTh TMIEPEBE3CHHS MacaXUpPiB i BaHTAXIB,
PO3BUTOK Ccepr TPAHCIIOPTHOTO OOCITYyTrOBYBaHHS
i Oesmeky pyxy. Came Oe3nedHICTh € OIHUM i3
TOJIOBHUX NPUHLMMIB (PYHKIIOHYBaHHS 3ai3HHY-
Horo TpancmopTy B Ykpaini [10-13]. Hopmu yun-
HOTO B Taly3i 3aJi3HHYHOTO TPAHCIOPTY 3aKOHO-
naBcTBa OE3MeKy pyXy BHU3HAYAIOTh SK KOMIUIEKC
OpraHi3allifHuX 1 TEeXHIYHMX 3aXOiB, CIPSIMOBa-
HUX Ha 3a0e3medeHHs Oe3aBapiiftHOT poOOTH H yT-
pUMaHHA B TIOCTIHHIA CIPAaBHOCTI 3alli3HMYHUX
CTHOpYH, KOJii, pyXOMOTrO CKJIaay, OONagHaHHS,
MexaHi3MiB i pucTpoiB [7, 12]. 3 ornsiay Ha oOpa-
HUN YKpaiHOIO Kypc O €BpOiHTerparlii, i3 Bpaxy-
BaHH;IM pedopMallifHUX 3MiH, SKi 3apa3 BinOyBa-
IOTBCSl B Taily3i 3ali3HUYHOTO TPAHCIOPTY, BHHU-
Ka€ HEOOXiTHICTh BIPOBA/DKEHHS HOBHUX ITIXOIIB
JI0 TapaHTyBaHHs OE3MEeKH pyXy, a TAaKOK HOBUX
MIIXO/IB JI0 OIIIHKY O€3MeKU PyXy MOI3IiB.

3rimHo 3 ynHHUM [lomokeHHSIM TIpO cUCTEMY
ynpaBIiHHS 0€3MeK0I0 PyXy MOi3/IiB Ha 3aTi3HUIISIX
VYkpainu [6, 7] ans OUiHKM cTaHy Oe3leKu pyxy
Moi3/1iB 3aCTOCOBYIOTH abCOJIOTHI i MUTOMI TOKa-
3HHKH. Sk aOCOMOTHI MM Yac MPOBENCHHS MOPid-
HOTO aHaJlizy craHy Oe3mneku pyxy B cTpyktypi AT
«YkpaiHChbKa 3aJi3HHLSD) BUKOPUCTOBYIOTH CTaTH-
CTHYHI TMOKa3HUKH, a came: KiJIbKICTh TPaHCIIOPT-
HUX TIOMIM Ta KiIbKICTh MOCTPAXKAAIUX OCiO, 10
3arvuHyJU a00 OyJIM TPaBMOBAHI.

Ockinbky HasBHAa MeETOIMKa He 3alesmneuye
KOMIUIEKCHOTO IJIXOJy B OIHIII PiBHS Oe3neKn
PYXy MOi3/iB, TeMa PO3pOOKH METOIB, MoJIelei Ta
IMIJIXO/IIB JI0 OLIIHKH CTaHy O€3IeKH, SIKi I03BOJIAThH
BUSIBUTH piBeHb (AaKTUYHOI Ta NPOrHO30BAHOL
Oe3meku, HaOyBae Bce OUbIIOI akTyaiabHOCTI. Ho-
BUM KOMIUIEKCHUH MiXiJ J0 OLIHKK PiBHS Oe3re-
KM PyXy NOi3/iB Ha 3aJTi3HULIIX MOXKHA 3aCTOCYBaTH
i/l 9ac MPOBEIEHHS TEXHIYHOTO ayAWTy, SIKMH Ha-
OyB IIMPOKOTO 3aCTOCYBaHHS B IHIIMX Taly3sx Ha-
poxHoro rocriogapctea [3, 4, 8, 9, 12].

Meta

VYpaxoByloun BHIE3rajiaHe, METOI pPOOOTH
€ po3po0Ka IHTErpajabHOI OI[IHKKA CTaHy Oe3MeKH
pyXy TOi3AiB Ha 3aTi3HUII il 4ac MPOBEACHHS
TEXHIYHOTO ayJIUTY.

MeTtoauka

Cran 0Oe3nexu pyxy Ha 3aMi3HUILIX YKpaiHu
MPUHHATO OLIHIOBATH YKCIOM TPAHCHOPTHHUX IIO-
nivt. BigmoBigHo mo kmacudikarmii 2017 poky, mo
TaKUX HaJeKaTh KaTacTpodu, aBapii, iHITMICHTH.

Ha ocnoBi Bukopucranns kiacugikamii TpaHc-
MOPTHUX TOJIN SK MOpYLIEHHS Oe3MeKHu pyxXy IMo-
i34iB MO’KHA HAJAaTH OIIHKY 3arajlbHOTO CTaHy Iii
PiBHS 3 PO3pOOJIEHHSM Ta BIPOBAKCHHSIM 3aX0-
IiB, HaMpaBJIeHNX HA YCYHEHHS MOIJIMBUX Tepel-
YMOB YH 3MEHIICHHS PU3UKY IX BUHUKHEHHS UL
TPAHCIIOPTHUX TMOIIH, IO BXKe BiAOYIHCS.

[HTerpanbHy OLIHKY pHU3HKIB ab0 piBHS Oesre-
KH pyXy TOi3/iB MO>KHA 3MIMCHUTH B pasi BUKOPH-
CTaHHS BaroBUX KOEQIIIEHTIB O KOXHOTO BUIY
TPaHCIOPTHOI MO/Ii1, 8 TAKOX Y pa3i BUKOPUCTAHHS
JaHWUX MPO KUTBKICTh HAsIBHUX MOPYLICHb O€3MEeKH
pPyXy MOI3iB BiAMOBITHO MO BCTAHOBIEHOI KIIACH-
¢ikanii Ta iX CyKymHUX MOKa3HHKIB, HAIPUKIA],
BEJIMYMHU MaTepiaJbHUX 30UTKIB 3aJli3HUII, Kib-
KOCTi XepTB ab0 TOCTpaXKAATMX, KUTBKOCTI Bij-
MOB, HAaHECEHHsI IIKOAM HaBKOJHIIHBOMY CEpeao-
Buily. OCKUTBKM TPaHCHIOPTHI MOJIl Ha 3a1i3HUY-
HOMY TPAHCIIOPTi, fIKi KIacU(iKoBaHO Ha KaTacT-
podu, aBapii, iIHIUIEHTH, € HEPIBHOLIHHUMH SK 32
CTYIIEHEM HEOE3IIeKH, TaK 1 TSKKICTIO MOMJIUBUX
HACJIIJIKIB, TO 1X 3BMYAliHE JOJaBaHHS ITOKAa3ye 3a-
TaJIbHY KiTbKICTh TPaHCIOPTHHX TOIH 1 HE Moaae
3arajibHOl KapTHHM CTaHy O€3leKH pyXy MOi3liB Ha
3aiti3HULAX. TOMy Ui TpeAcTaBiIeHHS aJeKBaTHOI
KapTUHY TIPO CTaH OE3MeKu pyXy Moi3aiB HeoOXia-
HO /7151 KO’KHOTO BHUIY TPAaHCIIOPTHOI MOJii BHKO-
pUCTOBYBaTH BaroBi Koe(illieHTH, sKi OYyIyTh
MPOMOPIIHHUMH BIUIMBY HETaTHMBHHUX HACJIIKIB
karactpod, aBapiii, iHmuaeHTiB. [logamo e TBep-
JDKEHHSI y BUTJISII HACTYITHOTO BUpasy, 1o Oyje
SIBIISITH COOOF0 1HTETpajibHy OI[IHKY O€3MeKH pyXy
HOI3/1iB HA 3aJ13HULAX:

I =a N +a,N, +o,N,, (1)

ae o,,0,,0,; — BaroBi KOeQillieHTH TPAHCTIOPTHUX
TIOJTiiA: KaTacTpod, aBapiil, IHIIUACHTIB Bi{IIOBITHO;
N,,N,, N, — KiJIbKICTh TPaHCHOPTHMX NOMIH —
karactpod, aBapii, IHIIUACHTIB BiIIOBIIHO.
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Pe3yabTarn

Buznauenns Baroux kKoe(diIlieHTIB MOXKHa 3a-
MPOTIOHYBATH, BUXOASIYM 3 MaTepialibHUX 30UTKIB
YHACIHiJOK TOPYIIeHHA Oe3leKu pyxy IMOi3[iB Ha
3a113HULIX. BiAMOBIAHO 10 CTATUCTHYHUX JAaHHUX,
cepe/iHs BapTiCTh 30MTKIB BiJ] O/IHI€T TPAHCTIOPTHOL
momii AT «YkpaiHceka 3amizHuipsn» 3a 2015-
2017 pp., srimmo 3 [1], ckiamae: iHIMICHTY
7,01 tuc. rpH, aBapii — 122,43 THc. rpH, KaTacTpo-
¢u — 3 060,6 Tuc. rpH.

Toni, y3sBIIM 32 OJAWHUIIO CEPEIHE 3HAUCHHS
MartepianbHUX 30WMTKIB s iHOuAeHtiB (o; =1),
3HaiiieMo iHm BaroBi KoeQillieHTH o, 0, , SKi,
BHUXOJSTYM 3 I[OTO, OyIyTh MaTH TaKi 3HAYCHHS:
o, =436,6;a, =17,46.

Bupas (1) 1y HaBejeHUX 3HaYeHb BaroBUX KO-
ediieHTiB Ha0y/Ie HACTYITHOTO BUTJIISY:

| =436,6N,_ +17,46N, + N.. )

HaBenemo Ha puc. 1 3aranbHy KiJIbKiCTh TpaH-
cnopTHUX mofiit 3a 2015-2017 pp. Ta iHTErpabHy
omiHKy Oesmeknu pyxy moiznmiB AT «YkpaiHchka
3aJTI3HULIS», 0 PO3paxoBaHa 3a BUPa3oM (2).

2500
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KINBKICT, O/,

1000

1
‘________,__—-—4}
2016

Powuia

500
2015

2017

Puc. 1. Cran Ge3neku pyxy noisiis
AT «YxpaiHCcbKa 3aIi3HULISD
y 20152017 pp.:
1 — 3a 3araJIbHOIO KIIBKICTIO TPAHCIOPTHHX MO/IH;
2 — iHTerpaspHa olliHKa 6e3NeKH pyxy Moi3MiB,
0 po3paxoBaHa 3a BUpa3zoM (2)

Fig. 1. Train safety condition
of Ukrzaliznytsia
JSC in 2015-2017:
1 — by the total number of transport accidents;
2 — integral assessment of train traffic
calculated by expression (2)

3 HaBenmeHOro puc. 1 MokeMo Oa4yuTH, IO iH-
TerpajibHa OIiHKa Oe3neku pyxy moizmiB AT «Yk-
painceka 3amizamnsg» y 2015-2017 pp. ckiagae
BWIII 3HAYEHHS TOPIBHSIHO i3 3araJIbHOIO0 KiJIBbKicC-
TIO TPAHCIIOPTHUX IOMIiH, TOOTO po3pobIIeHa iHTe-
rpajbHa OIliHKA 3 BATOBUMH KOe(illieHTaMU OLIbII
a/IeKBaTHO BiZjoOpakae cTaH Oe3leKu pyxy Moi3aiB
Ha 3aTi3HUIX. TakuM 9uHOM, BHpa3 (2) MOKHA
BUKOPHUCTATH MiJ] Yac BUKOHAHHS TEXHIYHOTO ay-
Uty okpemoro mianpuemctsa un AT «YkpaiHcbka
3aJi3HULA» 3arajoM Ui 3’ACyBaHHS peajbHUX
3arpo3 1 pHU3HKIB, sKi BXXKE BHHHKIHM 1 Ha sSKi HEOO-
XiIHO 3BEpHYTH yBary AJisl TapaHTYBaHHS BUIIOTO
piBHS O€3MeKu pyxy MOi3AiB.

TexHiuHMA aymuT HE MOXe BimOyBaTucs 0e3
KOMIUIEKCHOT OI[IHKH PiBHA Oe3leku pyxy ado pu-
3UKy, IO CYNPOBOJDKYETHCS TAKOXK PO3BHTKOM
y cucTeMi oOJiKy ¥ aHami3y 3araibHOTO PiBHS 0€3-
MEeKH pyxy. Y HaIll Yac MiJl yac MPOBEACHHS TeXHi-
YHOTO ayIUTy KUIBKICHY OLIHKY O€3MeKd pyxy
MOT3/1iB MOYKHA XapaKTepU3yBaTH YUCIOM abo M-
TOMHM TTOKa3HUKOM TPAHCIIOPTHUX MOJIN, BifHE-
CEHUX JI0 OJMHMIII BUKOHAHOI 3a1i3HUYHUM TPaHC-
oproM poOoTu. OAHAK IiJ] Yac TEXHIYHOTO ayIu-
Ty Taka OIliHKa HE J1a€ MOXJIMBOCTI BUKOHYBaTH
00JIIK yCiX KaTeropiil MOKa3HHUKIB, IO XapaKTepH-
3yIOTh piBeHb Oe3mneku pyxy moi3zai. Tak, Hampu-
KJIaJ], He BpaxOBaHi KiIbKiCTb BiMOB, MIOPYIICHHS
TEXHOJIOTIYHOTO TIPOIeCy BUKOHAHHS POOIT, JFOI-
ChKOrO (hakTopa IiJ Yac YIpaBiIiHHS PyXOM IOi3-
IiB, 1110 € MEPLUIONPUYNHOI0 BUHUKHEHHS TPaHCIO-
pTHHX moAiii — aBapiit i katactpod. Kpim Toro,
y KOMIUICKCHIM OILiHIII Oe3leKku pyxy MOi3diB Io-
BUHHI OyTH BpaxoBaHi (iHAaHCOBI BTpaTu B pasi
HACTaHHS TPAHCIIOPTHUX MO, Taki K Marepia-
JBHI 30WMTKH, 110 BHHUKAIOTH IIiJi 4ac MOPYIICHb
0e3MeKHu pyXy.

dopMyBaHHS TaKO1 KOMIUIEKCHOT OLIIHKH MOX-
JIMBE HA OCHOBI METOJiB HEMAapaMeTPUYHOI CTaTH-
CTHKH, 3a JIOTIOMOTOIO SIKOi JIesIKi XapakTepHi pi3-
HOMAHITHI HOKA3HWKHA 3BONATHCA IO OMHIET OHu-
HUIIl BUMIpYy, MO0 HajaTHh iHTErpajbHY OIlIHKY
pU3MKIB a00 cTaHy O€3MeKH pyXy MOI3IiB.

BuxigHi naHi MOKa3HUKIB OE3MEKH PyXy IMOi3-
niB AT «Yxkpainceka 3amizHuts» 3a 20062016 pp.
JUIST BU3HAYCHHsI IHTErPaJbHOT OIlIHKKA HaBeIeHI
B Tabm. 1.
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Tabmums 1

Buxinni noxka3zuuku 6e3nexku pyxy noizaiB AT «Yk-
paiHcbKa 3agi3auus» 3a 20062016 pp.

Table 1

Initial train safety indicators of Ukrzaliznytsia JSC
for 2006-2016

MarepianbHuit L

. KinpkicTh

30MTOK Bij . .
KinpkicTh mo- BiJIMOB Te€X-
MOPYIICHb .

pYIIEHb OE3MEeKH HIYHUX 3a-

Pix 0e3meKu pyxy . . .
.. pPyXy noi3zis co0iB,
MOT3iB, THUC.
OJI/MIIH TKM
IpH

X1 X2 X3
2006 1 229,58 891 30
2007 11601 882 28
2008 1011 852 28
2009 2534 820 34
2010 1650 818 31
2011 1412 766 26
2012 2152 764 27
2013 2015 718 27
2014 6 025 673 28
2015 3264 602 23
2016 24 649 550 22

OCKiJIbKM aHaJII3yeEMO CTaH OE3MEKH pPyXy 3a
JIEKiJIbKa POKIB, TO BUKOHAEMO BHU3HAYCHHSI KiJib-
KOCTi DiBHIB i3 BUKOpHCTaHHSIM (opmynu Crep-
mkeca [2, 5]

n=1+3,22IgT, 3
ne T — aHanizoBaHWIA MEPiof Yacy,
n=1+3,22lgl1=4,3.

KinpkicTh piBHIB OKpYIJISEMO ¥ MpHAMaEMO
Nn=4. Jns BciXx HaBeJAECHUX MOKA3HUKIB y Tabm. 1
Mepioj] yacy OJIHAKOBHUH, Y 3B’SI3KY 3 UMM KUIbKICTh
TpyN TakoX OyJie OJJHAKOBA.

BusHaunmo miama3oH IMOTPIOHOTrO 1HTEpBAIy
BigmoBiaHO 10 [2]:

h=2—5 4)

max ,,min
e Xi , Xi

— MakcHMajbHE 1 MiHIMaJbHE 3Ha-
YeHHS {-TO MMOKa3HUKa CTaHy Oe3MeKH pyXy MOi3/iB
BIJIIIOBI1HO.

Ha ocnoBi HaBeneHoi ¢hopmymnu (4) BUKOHAEMO
PO3paxyHOK Jianma3oHIB yCiX IiHTEpBaNiB JOCHi-
JDKYBaHUX TIOKAa3HHKIB O€3leKu pyxy TOi3MIiB,
a pe3yNbTaTH HaBeJeMo B Tab. 2.

TabOnums 2

Hdiana3zoHu iHTepBaJIiB J0CTIIKYBAHUX
NMOKA3HUKIB 0e3leKH pyXy Nnoi3ais

Table 2
Ranges of intervals of the studied
train safety indicators
X1 X2 X3
5909,5 85,25 3

Ha mincraBi nmiama3zoHiB iHTEpBaTIB JOCITIIKY-
BaHUX MMOKa3HUKIB OC3MEKH pyxy MOi3iB MOOYIy-
€MO 3AJICKHICTh 30MTKY 32 POKaMHU 3 PO3IOJIiICH-
HsIM 32 piBHsAMH. Pe3ynbraTi HaBeneHi Ha puc. 2.

24649

IV pigeHb

18739,5
11l piBeHb /
12830

/\ Il piBeHb /
6920,5 \[
1011

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

| pigeHb

36MTOK Bif NOpyLWeHb Be3NeKn pPyxy, TUC. FPH.

Puc. 2. 3anexxHicTh MaTepialbHOTO 30UTKY BiJ MOPY-
meHs Oesnekn pyxy moi3miB AT «YkpaiHchka 3aimi3-
HUILS» 38 POKaMH 3 PO3MOALICHHSAM 32 PIBHAMHU

Fig. 2. Dependence of material damage on violations of
train traffic safety of Ukrzaliznytsia JSC by years with
distribution by levels

Takok TOOYAyeEMO 3aJ€XKHICTh KIILKOCTI IIO-
pyIIeHb O€3MEeKH PyXy MOi3/iB 32 POKAMHU 3 PO3IIO-
JIJICHHSM 3a PIBHSAMH, PE3YyJIbTAaTH SKOi HaBEIEMO
Ha puc. 3, 1 3aJISKHICTh KIJIBKOCTI BIZIMOB TEXHIY-
HHUX 3ac00iB (pHc. 4).
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891

N

V|piseH

805,75

Il piBeH

Il piBeH \
550

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

720,5

635,25

| piseH

KinbKicTb nopyweHb besnekn pyxy noisais

Puc. 3. 3anexHiCTh KITBKOCTI OPYIICHB
oesnexn pyxy noizmiB AT «YkpaiHchKa 3aTi3HHUIISY
3a pOKaM¥ 3 PO3MOAUICHHSM 32 PiBHAMHI

Fig. 3. Dependence of number of train safety
violations of Ukrzaliznytsia JSC by years
with distribution by levels

34

IV piseHb

31

Il piseHb

28

Il piseHe

OA/MAH. TKM

| piBEHB

KINBKICTL BIAMOB TEXHIYHKK 33cobis,

22
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Puc. 4. 3anexHICTh KITPKOCTI BiIMOB TEXHITHUX
3ac00iB AT «YkpaiHChKa 3alli3HUI» 32 pOKaAMH
3 PO3IOAICHHSM 32 PiBHIMHU

Fig. 4. Dependence of the failure number
of technical means in Ukrzaliznytsia JSC
by years with distribution by levels

J1J1s BCTAHOBJICHHSI €JMHOTO 3HAYCHHS MTOKA3HU-
ka Oe3neku pyxy moizniB AT «YkpaiHcbka 3aii3HU-
I1»« BUKOPHCTAEMO TIPHHITUI KPUTEPI0 MIHIMyMY
Horo amcnepcii, ypaxyBaBIly TPy IIbOMY Koedillie-
HTH Bard JiJIsl BCiX, HaBeJCHUX y Ta0j1. 2, MOKa3HU-
KiB /i1l BUKOHAHHS IHTErpaJbHOI OIHKH IIiJ| 9ac
MIPOBENIEHHSI TEXHIYHOTO ayauty. [IpuiiHsaTo BBaxa-
TU [5], 110 IHTErpaJbHOMY IMOKA3HUKY XapaKTepHa
JesiKa JiHIMHA KOMOiHAI BiIHOBIHUX BCTAHOBJIE-
HUX DIBHIB ITOKa3HUKIB O€3MeKn pyXy IMOI3MiB, Ky
MOJKHA 3aITUCAaTH HACTYITHUM YHHOM:

Ip:BIXI+BZX2+"‘+BHXFI:Zn)3ixi’ ©)

ne P; — BaroBi Koe(ili€eHTH PiBHA Ul BIANOBIJ-
HOTO i-TO MOKa3HWKa Oe3IMeKHu PyXy IMOI3MiB, IpH-

n
4oMy ZBi =1, N — KINBKICTh AOCIHIIKYyBaHUX
(i=1)
MOKa3HMKIB OE3MEKH PyXy MOi3/iB.

KoxxHuil moka3HUK X; XapaKTepH3YeTbCS Bif-
MOBIHOIO OI[IHKOK) 3HAYYIIOCTI, SIKY BH3HAYaIOTh
pamKyBaHHSAM 32 CHAJaHHAM (U1 TPUAHSATHX
1 PO3IIAHYTHX IOKA3HHUKIB X, > X, > X5, 13 HACTy-

ITHUM BH3HAYEHHAM BaroBUX KOe(ILIEHTIB f3; .
Barosi koediuieHTH [; MOXyTh OyTH BH3HA-
4eHi 3a gomomororo mkanu dimbepna [5]:

2(n—i+1).

i = n(n+1)

(6)

Toni, BIANOBIIHO JO HaBEACHOTro Bupasy (6),
BaroBi Koe(ilieHTH 1151 0OMEKEHHNX PiBHIB TPHOX
rmapameTpiB JIOPIBHIOBATUMYTb: B, =0,5;
B,=0,33, B;=017.

3a OTpUMaHWUMH JAHUMH PO PiBHI JOCHIKY-
BaHWX NOKa3HUKIB Oe3nekn pyxy noizniB AT «Yk-
paiHceKa 3ami3HuI» (puc. 2—4) i po3paxoBaHUMH
3HAYCHHSIMH BaroBUX KoOC(IillieHTIB BHUKOHAEMO
OoOYHCIIEHHS IHTETpalbHOI OIHKH pPH3UKY abo
KOMIUICKCHOTO IIOKa3HUKa CTaHy Oe3leKku pyxy
noi3aiB i3 BukopuctanusMm ¢opmynu (5). Pesyins-
TaTH TOPIBHSIHO 13 3araJbHOIO0 KiBKICTIO TPAHCIIO-
praHux momii AT «YkpaiHChka 3alli3HUIIT» HaBe-
JIEHO Ha puc. 5.

%00 ;
0
o
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w00

300 1

3aranbHa KiNbKICTb TPAHCNOPTHAX NoAiiA
IHTerpaneHa ouiHKka Geanekn pyxy noisaie

200
100
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Puc. 5. 3anexxHicTh iHTETpaTBFHOI OLIHKHA KOMIDIEKCHOTO
MOKa3HUKa CTaHy Oe3IeKH pyXy MOi3/iB MOPIBHIHO
13 3araJbHOIO KiJBKICTIO TPAHCHOPTHUX MO
AT «YkpaiHChKa 3aJTi3HHLIS

Fig. 5. Dependence of the integral assessment
of complex indicator of the train safety state
in comparison with the total number of transport
accidents of Ukrzaliznytsia JSC
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I3 puc. 5 BuAHO, IO iHTErpajbHA OITiIHKA KOM-
TUIEKCHOTO TIOKAa3HWKA CTaHy Oe3MeKH pyXy Moi3-
JIB BIIPI3HAETHCS Bij] 3arajibHOI KiJIBKOCTI TpaHC-
roptHHX mofiit AT «YkpaiHChKa 3aTi3HHUID», 0CO-
6muBo y 2016 porli, OCKITBKH MaTepiaibHI 30UTKH
BiJ MOpyLIeHb Oe3MeKH pyXy MOi3NiB HaOynu Hai-
OLIBIIIOTO 3HAYCHHSI.

KpiMm Toro, cmim Bim3HAYWUTH OIBII TOYHE
i y3araipHeHe BiloOpakeHHs CTaHy Oe3NeKu pyxy
MOT3/[iB Ha OCHOBI IHTETrPAILHOI OI[IHKH.

HaykoBa HOBU3HA Ta IPAKTUYHA
3HAYUMICTh

ABTOpH 11i€1 poOOTH BIIEpIE 3aNPONOHYBATH
TiJ] Yac MPOBEACHHA TEXHIYHOTO ayAUTy BUKOPHC-
TOBYBAaTH PO3POOJICHI MOAETl s IHTEerpajibHOI
ominku Oe3mexu pyxy moizmiB AT «YkpaiHchka
3aJII3HUL» 3 BaroBUMM Koe(illieHTamMu, sKi J10-
3BOJIIIOTh BHKOHYBaTH OIIIHIOBAaHHS 3arajbHOTO
piBHS O€3MeKH PyXy Ta BCTAHOBIIOBATH B IPOIIECi
ayJMTy peanbHi 3arpO3H 1 PU3UKH.

BucnoBku

IaTerpanpHa oriHKa cTaHy Oe3meKu pyxy IMoi3-
niB B ymoBax AT «YkpalHCbKa 3ai3HUIIS SIBJISIE
co0OI0 KOMIUIEKCHY BEIMYHMHY, SKa TpU3HaucHa

JUTSL OIIHIOBAHHS 3arajlbHOTO PiBHS OE3MEeKH PyXy
ITi]] 9ac MPOBEICHHS TEXHIYHOTO ayAHTY.

Po3pobinieni mMozeni s iHTErpaibHOT OIIHKH
6esnexn pyxy moizniB AT «YkpaiHChka 3aii3HU-
IS» 3 BaroBUMH KoeQiIlieHTaMH HO3BOJIIIOTH
OUIBII alleKBaTHO BiJIOOpakaTh CTaH OE3MCKU. Ix
MO>KHa BHKOPHCTATH TiJl 4ac MPOBEJCHHS TEXHiu-
HOTO ayAWTy BCi€l 3aTi3HMII, 11 OKPEMOTo MiaIpH-
€MCTBA UM OpraHizamii Ui 3’sICyBaHHS pealbHUX
3arpo3 i PU3HKiB, SIKi BKE€ BHHUKIH 1 Ha sIKi HE0O-
X1JTHO 3BEpPHYTH yBary sl TapaHTYBaHHS BHIIOTO
piBHS O6e3MeKu pyxy Moi3AdiB.

VY pa3i opieHTyBaHHS HAa OCHOBHI IOKa3HHKH
oesnexn pyxy moizniB AT «YkpaiHChka 3aii3HU-
Is1», 0 SKUX y poOOTi BimHECeHI MaTepianbHHUN
30UTOK, KUIBKICTh TOpPYIICHb OE3MEeKH pyXy Ta
BiZIMOB TEXHIYHHUX 3ac00iB, MOKHa POOWUTH TEBHI
BUCHOBKH ITiJI YaC MPOBEACHHS TEXHIYHOTO ayIUTy
i, 32 HEOOXiAHOCTi, MPOIOHYBATH JI0 PO3POOKH
W peaizallii BIAMOBIIHI 3aX0/IM BIUIMBY HA HasBHI
JoKepena HeOe3MeKH y BIAMOBITHUX CTPYKTYPHHX
MiPO3/iIax 3ai3HAND 13 METOI0 3HWDKEHHS PH3H-
KIB Ta IIJBUINEHHSA JOKAWILHOIO 4YM 3arajibHOIO
piBHS O€3MEKH PyXy MOI3MiB.
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HHTEI'PAJIBHASA OINEHKA COCTOAHUSA BE3OITACHOCTH
JIBUKEHUS IMOE310B HA KEJIE3HOM JOPOT'E ITIPU
TEXHUYECKOM AY/JIUTE

Hens. MccnemoBanne HaMpaBICHO HA pa3pabOTKy WHTETPATHHOMN OICHKH COCTOSHUS 0€30IMacHOCTH JIBIKCHIS
ITOE3/I0B Ha JKEIIE3HOW JOPOTe MPH MPOBEICHUN TeXHIUUECKOTOo aynuTa. MeToauka. J{i1st pa3paboTku HHTETpaIbHOMI
OIICHKH COCTOSTHUS OE30MaCHOCTH JBIDKEHUS TTOE310B Ha JKEJIe3HOH JIopore IpH MPOBEICHIH TEXHUIECKOTO ayAnuTa
MIPEUTOKEHO HCITONB30BaTh BECOBBIC KOA((OHUIMEHTHI, MPONOPIHUOHATIBHEIC BIHMSIHUIO HETaTUBHBIX MOCICICTBHI
karactpod, aBapuii, MHIUACHTOB, KOTOPbIE XapaKTEPU3YIOT COCTOSIHUE HAPYyIIEHUsT 0€30MacHOCTH IBUXKeHUs. Tak-
JKe TIPEJUI0KEHO OPUEHTHPOBAHHE Ha OCHOBHBIE TMOKa3aTeln 0€30MacHOCTH JIBMKEeHHS moe3oB AO «YkpauHCKas
JKeJe3Hasi IOpora», K KOTOPhIM OTHECEHBI: MaTepUANIbHBIN yIIep0, KOMMUECTBO HAPYIIEHUH 0€30MacHOCTH JIBHXKE-
HUS M OTKa30B TEXHUYECKHUX CPEJCTB. Pe3yjbTarhl. ABTOPHI pa3padoTany UHTETPATIbHYIO OIIEHKY COCTOSIHHS 0e3-
OTNIACHOCTH JIBMXKEHUSI MOE37I0B B ycloBUsX AO «YKpauwHCKas Kelle3Has J0poray, KOTopas MpelacTaBiseT co0oit
KOMIUIEKCHYIO BCINYUHY, MMPECIHAZHAUYCHHYTO JJId OLICHKHU O6H16F0 YPOBH: 6€3OHaCHOCTI/I JABMIKEHUS BO BpEMs IIPO-
BEJICHUS TEXHHUYECKOTO aynuTa. Takke copMUpOBAIH MOJCTH IS WHTETPATLHOW OIEHKHA 030MacHOCTH JIBHIKE-
Hus moe3n0B AO «YKpanHCKas JKeJIe3Has JOPora» ¢ BECOBBIMH KO3 GHUIIHMEHTaMHU, TIO3BOJISIONIHE OoJiee aJIeKBaTHO
OTpakaTh COCTOSIHHE O€30MACHOCTH. DTH MOJEITH MOXKHO HCIIOJIF30BaTh MPU MPOBEICHUU TEXHUYECKOTO ayauTa
BCEH KEJNEe3HOW TOPOTH UJIIHU €€ OTIACIBHOIO MPENPUITHS JIs1 BBIICHEHUS peaibHBbIX YIPO3 U PUCKOB, KOTOPHIE yiKe
BO3HHUKJIA M Ha KOTOPBIE HEOOXOIUMO OOpaTHTh BHUMaHHE I oOecriedeHus Ooiee BRICOKOTO YPOBHS 0e30macHO-
CTU ABW>KEHHUA noe3os. HayuyHasi HOBU3HA. ABTOpBI BIIEPBbIE NIPEJIONKWIN IIPU IPOBEACHUN TEXHUUECKOTO ay -
Ta WCIOJL30BaTh pa3pabOTaHHBIE MOJENTW MJs HWHTETPAIBLHOW OIEHKHM O€30MacHOCTH JBHIKEHHUS TI0€3/I0B
AO «YkpamHCKas Xejle3Hasi JAOpora» C BECOBBIMH KO3(h(UITMEHTAMH, KOTOPHIE MO3BOJSIOT BBIIOIHATH OIEHKY
001ero ypoBHs1 0€30MaCHOCTH JBW)KCHHUS ¥ YCTAaHABIMBATh B IPOIECCE ayaWTa peallbHbIe YIPO3bl U PHCKH.
IMpakTuyeckasi 3HAYUMOCTh. Ha OCHOBE TIOy4EeHHBIX MOJIEIICH JIJIS1 HHTETPATLHOM OIIEHKH 0€30MacHOCTH JIBHUKE-
HUS TI0€3]I0B MOXXHO TPOBECTH TEXHUYECKHH ayIUT BCEH KEJIE3HOW MOPOTH WM €€ OTIEIBHOTO MOApa3aesicHUs
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C TMPEUIOKEHNEM pealn3alliil COOTBETCTBYIOUIMX MeEp BO3JCHCTBHS HA CYIIECTBYIOIIHE HCTOYHHKH OMACHOCTH
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INTEGRAL ASSESSMENT OF THE STATE OF RAILWAY TRAIN
SAFETY DURING TECHNICAL AUDIT

Purpose. The research aims at developing an integrated assessment of the state of train safety at the railway dur-
ing technical audit. Methodology. To develop an integrated assessment of the safety condition of train traffic at the
railway during technical audit, it was proposed to use weight coefficients proportional to the impact of the negative
consequences of catastrophes, accidents, incidents that characterize the state of train traffic safety violations at the
railways. It was also suggested an orientation to the main indicators of train traffic safety in Ukrzaliznytsia JSC,
which include: material damage, the number of traffic safety violations and technical equipment failures.
Findings. The authors have developed an integrated assessment of the train safety state in the conditions of Ukr-
zaliznytsia JSC, which is a complex value designed to assess the overall level of traffic safety during technical audit.
The authors also obtained models for the integrated assessment of train safety in Ukrzaliznytsia JSC with weight
coefficients that allow more adequately reflecting the state of safety. These models can be used during technical
audit of the entire railway, its individual enterprise or organization to find out the real threats and risks that have
already arisen, and which need to be paid more attention to ensure a higher level of train safety. Originality. The
authors firstly proposed, when conducting a technical audit, to use the developed models for an integrated assess-
ment of train safety in Ukrzaliznytsia JSC with weight coefficients that allow us to assess the overall level of traffic
safety and establish real threats and risks. Practical value. Based on the obtained models, for an integral assessment
of train safety, technical audit of the entire railway or its separate unit can be performed with the proposal to imple-
ment appropriate measures to influence existing sources of danger in order to reduce risks and increase the local or
general level of train traffic safety.

Keywords: train safety; technical audit; integrated assessment; risks; traffic accidents; railway transport
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MOJEPHI3AIISA EJJEMEHTIB T'AJIbMOBOI BAXKIJIBHOI TEPEJIAUI
BI3KIB BAHTA’KHUX BAI'OHIB

Mera. Lle nocmimKeHHs crpsMOBaHEe Ha MOJICPHI3alil0 eEMEHTIB IajJbMOBOI BaXKUILHOI Mepeaadi Bi3KiB BaH-
Ta@)XHUX BaroHiB. MeToanka. BukoHaHO TeopeTnyHI Ta eKcIuTyaTauiliHi JOCIHIIKEHHS, SIKi CTOCYIOTBCS KOHCTPYK-
TUBHHMX OOMEXEHb MOSIBM HEHOPMATHBHOI'O 3HOCY Ha TallbMOBUX KOJIOAKAaX BaXKIJIbHUX IepeJad BaHTAXKHUX Baro-
HiB. BukopucTaHo aHANMITHYHIN MAXig 10 OOTPYHTYBaHHS TEXHIYHOTO I TEXHOJOTIYHOTO CIIOCO0Y BIOCKOHAICHHS
HasBHOI KOHCTPYKIIii ralbMOBOI BaXiTbHOI Iepenadi. HaBemeHo pexoMeHaarii moao MoJepHi3allii po3mipox TpiaH-
TeliB BAHTAKHUX BaroHiB. Pe3yjbTaTH. YCTaHOBIEHO HENOCTATHIO €()EKTHBHICTH POOOTH HAasBHUX TallbMOBHX
BaXKIJTBHUX Iepead, 0 OB’ I3aHO0 3 HAXWJIOM 1 IIPUTHUCKYBAHHSAM BEPXHIX OKPaHOK KOJIOJIOK JI0 TIOBEPXOHb KOUYCH-
HS KOJIC MiJ 4ac pyxXy moi3niB 0e3 raneMyBanHA. [lIKigmiBe TepTs 3 YTBOPSHHAM MOABIHHOTO (GPUKIIHHOTO 3HOCY
pobodoro Tina MpU3BOAUTH 0 CTAHY, KOJH 32 PaXyHOK €KCIEHTPHYHOI Aii IMHAMIYHUX HaBaHTaXeHb 10 95 % 3a-
rajJbHOI KUIBKOCTI KOJIOJOK 3HAXOMASAThCS Y MOLIKOXKEHOMY CTaHi. 3alporoHOBaHi pillleHHS, IOA0 BiIHOBIECHHS
HasiBHUX KOHCTPYKLiil TpiaHreniB. Bubpana mpocrora cnoco0y peMOHTHHX POOIT MOJISITa€ B TOMY, IO Micle po3-
TalllyBaHHS TEXHOJIOTIYHOTO OTBOPY B PO3MipKax TPiaHTEeNiB MEPEHOCATh Y palliOHalbHE Miclie. 3anpornoHOBaHUMN
y po0OoTi crocid MonepHi3alii 3BOAMTHCS 10 TOrO, L0 3a CleliaJbHUMU PO3paxyHKaMu B HasBHIM po3mipii TpiaH-
reJst mij yac i BiIHOBJICHHS BUKOHYIOTh MiHIMalbHY KUIBKICTh peMOHTHHX omnepauiii. HaykoBa noBu3sna. Teope-
THUYHO JTOBE/ICHO, II0 B TPiaHTeli yTBOPIOETHCS IIKIIIMBUNA KPYTHHH MOMEHT BiJf AMHAMIYHUX CHJI, SKUH € IPUYIH-
HOI0 HEHOPMAaTHUBHOT'O 3HOCY TalbMOBHX KOJIOJOK. PO3paxyHKOBHM CHJIOBHM aHaJli30M 3 ypaxyBaHHIM 3a3HAUCHUX
(akTOpiB BUSBIICHO BKAa3aHWI TOJIOBHUU HEIOJIK 1 BU3HAYEHO MOKIIMBICTH HOTO NiKBimamii. Ymepine po3poOieHo
MOJIETIb 3MEHIICHHSI HCHOPMATHBHOTO 3HOCY TaJIbMOBHX KOJIOJIOK 32 PAXYHOK paliOHAIBHOTO CHOCO0Y MOJEpHi3a-
i1 po3MipKH TpiaHrens. AZaNTOBAaHO MaTeMaTHYHI PO3paxyHKH 10 (YOPMYIIOBAHHS CHIJIOBHX HABAHTAXKEHb €JIEMCH-
TiB TAJIbMOBUX Ba)XKUIBHUX II€pelad, 0 HAXWIAIOTh TPiaHTeNb 10 BIUPAHHS BEPXHIMH OKpaiiKaMi KOJO/IOK Y MOBe-
pxHi Ko4eHHs Koiic. [IpakTHYHA 3HAYMMICTh. Pe3ynpTaTd MpoOBEACHUX MOCIIIKEHb anmpoOOBaHO HA PyXOMOMY
ckiaai. ChopMylibOBaHO NMPAKTHYHI PEKOMEHallil, sIKl JIOUITbHO BUKOPHCTOBYBATH IIiJ] 4ac MPOEKTYBaHHSI, MOJIep-
Hi3auii i eKCIuTyaTalii raJJbMOBHX CUCTEM SIK €KCILTyaTaliifHOro mapKy, Tak i TPbOXeJIeMEHTHHX Bi3KiB HOBOTO I10-
KOJIIHHSI.

Kniouosi cnosa: HEeHOpPMATHBHUN 3HOC; TajJbMOBa KOJIOJKA, rajbMoBa BaxinbHa mnepenada (['BII); posmipka;
TpiaHrelb, BAarOH;,; MOMEHT CHJIM; JMHAMIYHI CHJIH; PAIliOHAIBHUHN CI10Ci0; MOACpHI3allis

moa0 3HOCY TrajJIbMOBHUX KOJOJOK piBHHX THIIIB

Beryn . .
BaHTaKHUX BaroHiB CBiAYaTh, 110 y HUX BHHUKAE

ExcriepuMeHTaIbHO-TEOPETUYHI  TOCIHIKEHHS
OCTaHHIX POKIB CIPSMOBAaHO Ha pallioOHAIbHE
KOHCTPYIOBAaHHS TaJIbM BaHT)XKHUX BAaroHIB 3aji3-
HUYHOTO TPAHCIIOPTY, a caMe Ha MOJEpHi3allilo
PO3MIPKK TpiaHreNs KOJIOJKOBOTO TajibMa, IO
MpaIioe B PeXHMax 3HAYHUX CHIIOBHX HaBaHTa-
JKEHb 1 BiOparriii.

Cepen nmpuyMH BiIMOB TYT NEPEBaXXalOTh MPH-
pOJIHA BPA3IUBICTh €JIEMEHTIB CUCTEM TaJbMyBaH-
HS 3 MIIBUILEHHSM BaHTAXHOCTI W IIBUAKOCTI pYy-
Xy Cy4YacHHUX BaHTAKHHMX MOI3IiB 1 TpUOOTEXHiu-
HUI 3HOC MEXaHIYHUX JeTajell raJbMOBHX Baxi-
npaux nepexad (I'BIT). Ekcruryaraniiiai  jgani

HEHOPMATUBHMI 3HOC — KJIMHOMOMIOHUI 1/a00 1y-
anpHuid. lle BimOyBa€eThCs MiJ BIUIMBOM 0araTthox
(hakTOpiB, MO MaTh SIK JETEPMIHOBaHWH, TaK
i croxacTuuHmid xapakrep [2, 8]. V 1bomy 3B’s3Ky
32 OCTaHHI JECATHPIYYS CTaH TajJbMOBOI0 00Jaj-
HaHHS PyXOMOTO CKJIaJy BaHTa&KHHX BaroHis B AT
«YKp3aJIi3HUL» ICTOTHO MOTIpIIMBCA W CTaB CyT-
TEBUM MaKpOEKOHOMIYHUM (haKTOpPOM, SIKUH CTpU-
Mye€ 30UIbIICHHS OOCATIB BaHTQXXHUX IEPEBE3CHb
Ha 3aJTI3HUIIX 1 MiABHILYE 1X cOOIBapTICTh.

TakuM 4YHMHOM, cTa€ BKpail AakTyaJIbHUM 3a-
BJIaHHS TIOLIYKY IUIAXIiB IIiJABHIICHHS HaIiHHOCTI
H mpane3aTHOCTI TajlbM BaHTKHUX MOI3[iB, 30K-
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pemMa TaabMOBUX KOJIOJOK, YTOUHIOBAHHS (DYHKIIi-
OHAJIbHHUX 3aJIe)KHOCTEH MK IpoOiramu, HaBaHTa-
KEHHSIM 1 CEpeAHbOI0 IIBUAKICTIO PYXY BaroHis,
0 BaXKIIUBO JIJISI CBOEYACHOTO PEMOHTY i Oe3red-
HOI ekcruryararlii. HextyBanHa numMu oOCTaBHHA-
MU MOXE€ TPU3BECTU N0 aBapiii i karactpod. [lo-
MiX MM y pa3i JOCTOBIpHOT'O BU3HAHHS TEPMiHiB
MpaIe31aTHOCTI KOJIOMOK, TOTPUMAHHS IIPAaBIII
eKCIUTyaTallii i PeMOHTY, a TAaKOX 3a pallioHalb-
Horo kKoHctpytoBaHHs ['BII MoxHa mogoBxkutu ix
Oe3reyHe BUKOPUCTAHHS.

Crig 3a3Ha4mTH, IO 3arajoM y Bi3KaX BaHTaX-
HUX BaroHiB 3acTOCOBYIOTH Oinpime HiX 1,0 miH
TpiaHTeNiB, SKUM MOTPIOHO BUKOHATH PEMOHT a0o
MOJIEpHI3aIlif0 pO3MipKH, TOOTO 3MIMCHUTH Tepe-
HECEHHSI TEXHOJIOTIYHOTO OTBOPY Ha 3a/aHy BiJic-
TaHb y pamioHanbHe Micie. Lle macte MOXIMBICTH
36KOHOMHUTH COTHI MiILHOHIB TPHBEHbh HAa MaTepi-
anax Juisl BUTOTOBJICHHS HOBHX TpiaHrelniB, a Ta-
KOX Maike BIBIYl TOJOBXHUTH TEPMIH CIIyXOu
TaIbMOBUX KOJIOJIOK 3a PaxyHOK 3/iiCHEHHS 3ra-
JaHOi MOJIEpHi3aIlii.

[Ipocrimmii 3arajbHOBIIOMUIN CHOCIO 3armo0i-
TaHHS HEepPiBHOMIPHOTo 3Hocy netanei ['BII — me
«3aMiHa 3HOLICHUX €JIEMEHTIB Ha HOBI» 3 JOCSI-
HEHHSIM TOTPiOHOT BPIBHOB&KEHOCTI TpiaHTes.
OnHak 1ie moTpedye BUKOHAHHS CKIIaHUX PEMOHT-
HUX pOOIT, OB’ A3aHNX HE TUTBKH 13 3aMiHOIO KOJIO-
JIOK yu 1HmmMX 3HomeHux eneMmedrtis ['BII Ha HOBI
a0o Ha 3a37ajeriap BiipeMoHTOBaHi. ToMy, Ha Hall
MOTJISAT, 3 TOYKH 30py PEMOHTHOI NPHUAATHOCTI,
0e3reKn Ta eKOHOMIKH JOIIIEHO PO3pOOISTH MUIS-
XM CTBOPEHHsI HOBHX KOHCTpyKwii Tpianrens ['BII,
npo 1o #aerbes y [12]. 3anponoHoBaHa KOHCTPYK-
il Ma€ CHemialbHy CKOOy, IO BEPXHBOI YaCTH-
HOIO HaBINIYEThCS HA PO3MIPKY TpiaHTeNsl B 3aMKY,
a HWKHBOIO YAaCTHHOKO OXOILTIOE PO3IIPKY U yTpH-
Mye i1 pa3oMm i3 BEpTHKAIFHIUM Ba)KeIeM Yy BHBaXe-
HoMy crtaHi. Taka MoziepHi3allis Ha JAesKuid Jac 30i-
JIBIIIY€E JIOBIOBIYHICTh, HAMIMHICTH 1 OE3MEUHICTh
raJlbMOBO1 CHCTEMH BaHTA)KHHX BaroHiB.

[Ipore meit crmoci6 mix yac BUKOHAHHS JIESKAX
PEMOHTHHUX OIlepalid 3 MOJEpHi3alii Mae JesKi
Heponiku. [lpucrpiii y BUMISAl ckobu moTpedye
CHELIAbHOTO BHUTOTOBJICHHS HOBHX JeTaned 10
TpiaHTens, sSKi MPUEIHYIOTBCS JI0 HhOTO. SIK ToKa-
3ajia TpaKTHUKa, TaKUK crocid MojepHizaiii 3a0e3-
nedye JMIIe HETpUBaly IOBIOBIYHICTH 1 Hamaiid-
HICTh TaJIbMOBOI CHCTeMH BaroHiB. Lle moscHIoeTh-

Csl THIM, IO IIiJ] 9ac PyXy BaroHa BUHWKAIOTH 3HAY-
Hi BiOpamiifHi HaBaHTaXEHHS, SKi HETaTUBHO
BIUIMBAIOTh Ha HaBillleHy CKOOy ¥ po3mipky, Je
BHACJIIOK AWHAMIKH PyXy 3’ SBISETHCS MiCIIEBUN
3HOC pO3MipKu. TOMy BHHUKAIOTH 3aJUINKOBI Je-
(hopmMariii BUIIIeBKa3aHOT CKOOH, a caMme: 3a JJOBKH-
HOWO 11 po3MipH 30UIBIIYIOTHCS, 1 BOHA TepecTae
BHKOHYBAaTH CBOIO OCHOBHY (YHKIIifO — 3a0e3rme-
YyBaTH PiIBHOMIPHHI 3HOC KOJIOJIOK.

Le#i HEmOIK YaCTKOBO MOXHA YCYHYTH 32 JI0-
ITOMOTOI0 BUKOPUCTAHHS TIPUCTPOIO IS PiBHOMIp-
HOTO BiJBEICHHS raJbMOBUX Konomok [10], sxwmii
Ma€ JBa JKOPCTKi, 3aKpilJieHI 3 OJHOTO KiHIIS
CTPWXHi, AKi MPOXOIATh B OTBOPH KPOHILITEHHIB,
MIpUBApeHUX IO TpiaHTels. B oTBOpW KpOHIITEMH-
HIB BCTAHOBJIIOIOTh 3HOCOCTIHMKI TMOJIIMEPHI BTYJI-
kd. [ yTpuMaHHS BiJ BUNaJaHHA Ha KOXKHUHN
CTPWXEHb YCTaHOBIIOIOTH CKOOH, SIKi TMiATWHAIOTH
J10 1X TOJIOBOK.

OpHak y UbOMY DIillICHHI € IPUYMHY, SIKi TIepe-
[IKO/DKAIOTh OTPUMAHHIO Oa)kaHOTO TEXHIYHOTO
pesynbraty. TyT, siK 1 paHimie, MaHye TpaTuIliiHIA
CHoci0 «3aMiHM 3HOIICHUX €JCMCHTIB Ha HOBI.
Kpim Toro, MosiepHi30BaHUI TAKUM YHHOM IIPHCT-
piif Mae qBa JKOPCTKI CTPYDKHI, SIKi IPOXOMISTH Ye-
pe3 BiciM OTBOpPIB y YOTUPHOX KPOHIITEHHAX, ITPH-
BapCHUX JI0 TPIaHTEIIiB, IO SBJISIE COOOK CKIAIHY
KOHCTPYKIIifo. JIo TOro >k B OTBOpax KpOHIITEHHIB
BHHUKAIOTh 3HAKO3MIiHHI TO3/IOBXKHI TepeCyBaHHS
CTPMXHIB, 1[0 BUKIUKAE IHTCHCUBHE TEPTS U Jie-
(dhopMmariito KpoOHIITEHHIB 13 TepeaYacHUM BUXO-
JIOM 13 JIa/Ty TaTbMOBOI CHCTEMH.

OmHrM 13 BapiaHTiB BHUPINIEHHS NPOOIEMH,
€ TIPUCTPIH ISl PIBHOMIPHOTO 3HOCY KOJOJOK [5,
6]. ®yHKIA [Or0 MPHCTPOIO — 1€ CIHIBIAIiHHS
ocell MAapHIPHOTO 3’€HAHHS BEPTUKAIBHUX BaXKe-
JIB 1 pO3MIPOK TpiaHTeNiB i3 BicsMH Iard, Ha SKUX
HiABIMIEH] TAIBMOBI OamMaky 3 Kojioakamu. Konce-
TPYKTHBHE BUKOHAHHS I[LOTO MPUCTPOIO JA€ 3MOTY
B JICKUIbKa pa3iB IMiJBUIIUTH JOBIOBIUHICTh W Ha-
IiHICTE POOOTH TabMOBOI CHCTEMH BaHTaKHHUX
BaroHiB. [lJi1 1IbOTO pO3MIPKH TPiaHTeINiB BUKOHY-
FOTh 31 3MIIICHHSAM TEXHOJIOTIYHUX OTBOPIB B IHIIIE
(OLIBLI «IIPUIATHE») MICIIE, 10 JO3BOJIIE 3MEHIIIN-
TH JiI0 JucOallaHCy HEBPIBHOBAKEHOCTI TpiaHTEIs
Ta 4iTKO (IKCYBaTH HOro PO3TAlIyBaHHS Y TOMY-
menoMy crani raisMa (puc. 1). Takok gocaraeTbest
OaxaHe BiJIBEJCHHS i yTpUMaHHS TaJlbMOBUX KO-
J0A0K Oe3 MIKiTMBOTO CIIMpaHH iX Ha KoJieca.
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Koncmpyxmusnuii euenso npucmporo. Ha puc.
1 300paskeHO TPHUCTPiH, AKUHA TPU3HAYCHUH IS
PIBHOMIpPHOTO 3HOCY TalbMOBHX KOJOJOK. BiH
CKJIQJIa€ThCS 3 BepTHKANbHUX BakeniB 10, ski Ha-
BIYIOTHh Yepe3 MuTiHApudHi mapHipu 11 Ha Mo-
JIEPHI30BaHI PO3IIPKU 3 MEPSHECEHUM TEXHOJIOTi-
9HUM OTBOpoM 19 TtpianreniB 14 TakuM 4YWHOM,
o0 1eHTp mapHipa 11 Ha MoaepHi3oBaHIN po3Ii-
pui 1 TpianremiB 14 posramoByBaBcs Ha OAHIN
npaMiid yMOBHIN JiHii migBimryBanHs (Ha puc 1, 6
ITOKa3aHO OCHOBOIO JIiHIEI A—A) TICHTPIB HIKHIX
mapHipiB miaeicku 12, ragpmoBux OarimakiB 16,
PO3TAIIOBAaHUX HAa MPOTHISKHUX KIiHIAX 000X -
Bicok 13 xoxHOTO Tpianrens 14.

a—a

Mix maporo TpianremiB 14 y cepenHix ix wac-
THHAX PO3TAIIOBAHO HAMPSMHUN KPUBOJIIHIHHIMN
CTpHKeHb 15, KiHIi SIKOTO BXOAATH y HHUIIHIAPHYHI
KOB3YHH 17, ®OPCTKO MpHUETHAHHI Y3IOBXK /10 PO3-
mpoKk 1 CHMETpUYHO BiMHOCHO TEXHOJOTIYHOTO
otBopy 19 posmipku numiHgpu4HOTO mapHipa 11.
BennunHa ekcUEHTpPHUCUTETY € MOBUHHA OyTH HE
MEHIIIE HIXK MaKCHMaJbHO JOIMYCTUME 3MIIIECHHS
BHU3 HaapecopHoi Oanku 18 3anmexHO Bin 3aBaH-
Ta)KCHHS BAHTQ)KHOTO BaroHa, a YaCTUHH CTPYOKH,
BHTHYTI BEpTHUKaJIbHO BHHU3, PO3TAIIOBYIOTH OIS
TOPIIB MWTIHAPUYHIX KOB3yHIB 17.

18

-10
17

Puc. 1. Burnsia 360Ky (a) i 3Bepxy (6) NPUCTPOIO JJIsi PIBHOMIPHOTO 3HOCY FAJIbMOBHX KOJIOJIOK

Fig. 1. Side view (a) and top (b) of the device for uniform wear of the brake pads

Y posmipili BIiANOBIAHO JO TaKOro PilIEHHS
3MIHCHO 3a CIelliaIbHUMHU TMiJpaxyHKaMu po3Ta-
IIyBaHHS TEXHOJOTIYHOTO OTBOPY JJISI BCTAaHOB-
JICHHS IWJTIHAPUYHOTO IIapHipa, SIKUi 3’€IHy€E Be-
PTHKaIbHHUN BaXiJlb 13 PO3IIPKOIO TpiaHTeNs Tak,
II0 IIEHTP BKA3aHOTO IIApHIpa PO3TALIOBYETHCS Ha
OJIHIN TIPSIMIH 13 IIEHTpaMH IIApHIPiB IMiIBICOK Ta-
JBMOBUX OalIMakiB Ta BIPOBAKYETHCS HAIPIM-
HUIM KPHUBOJIHIMHUN CTPW)KEHB, KiHII SKOTO Imap-
HIPHO 3aKpiIUIeHI B MWJIIHAPHYHUX KoB3yHaX. KoB-
3YHH JKOPCTKO TPUETHAHI Y3I0BXK J0 PO3MiPOK
JIBOX CYMDKHUX TpIiaHTelliB CHMETPUYHO BiJJHOCHO
HWIIHAPUYHOTO IIAPHIpa, SIKUil MPHEAHYE BEPTH-
KaJbHi Baxeni. g Hemonymenns nedgopmanii Big
3aBaHTAKEHOCTI BaroHa y KPUBOJIHIHHOMY CTpH-
JKHI BUKOHaH1 paJliycH 3TUHY KOJIH TaKHM YHHOM,
IO BEIMYMHA EKCLEHTPUCUTETY € JIOPIBHIOE BEIH-
YHHI MaKCHUMAJIbHO MOXKIIMBOTO 3MIIIICHHS BHH3

HaJipecopHoi OaNku Bi3ka, a BEPTUKAIbHI HOTO 4a-
CTHHHU pO3TaloBaHi Oe3nocepeaHbo Ol TOPIIiB
LWIIHAPUYHUX KOB3YHIB. 32 paXyHOK TakHUX 0c00-
JIUBOCTEH KPUBOIIHIWHUI CTPHUIKEHDb YTPUMYETHCS
BiJl MO3/IOBXXHBOTO 3CYBY Ta BHUIIQJaHHS IJI 4Yac
pPyXy Barosa.

Le#t mpucTpiit y Ham 4ac 3aCTOCOBYIOTH SIK J[O-
CJIITHUIIBKMN 3pa30K Ha Bi3KaX BaHTAXXHHX Baro-
HiB. | X0ua 1e Jja€ momnepeHi MO3UTUBHI Pe3ysibTa-
TH, MPOTE TOTpeOy€e 3HAYHUX KOIITIB: IO-TIepIIe,
JUISL TIbOTO MOTPIOHO BUTOTOBHTH MOTO HAa BaroHo-
Oy/;iBHOMY 3aBOJIi 3 TOJAJBIIUM TPaHCIIOPTYBaH-
HsSM Ha BaroOHOPEMOHTHI MiANPUEMCTBA JJIS 3aMi-
HU IIiJ] YaC BUKOHAHHS PEMOHTHHUX POOIT Y TphO-
XCJIEMEHTHHMX BI3KaX BaHTAKHUX BaroHIB, II0-
JIpyre, MOTpiOHA 4YiTKa OpraHizaiis CUCTEMH TeX-
HIYHOro OOCIIyrOBYBaHHS Ta PEMOHTY B YMOBax
eKCIUTyaTalii.
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Cepen aHANOTiYHKX KOHCTPYKIid y mpami [11]
3apONIOHOBAHO TPHUCTPIN I BIABEICHHS KOJIO-
JIOK Y Bi3KaX BaHT&KHHX BaroHiB 3 aBTOMaTHYHUM
KOPEr'yBaHHAM iX B3a€EMHOI'O MOJIOXKEHHS BITHOCHO
MTOBEPXOHb KOYCHHS KOJiC. AJle Takud MPUCTPii
ycknangaioe ['BIT it morpeOye B yMOBax eKcIurya-
Talii Hemepen0adYeHUX TPYIOMICTKUX PEryIro-
BaHb, Yepe3 1€ HOro 3acTOCYBaHHs CTANO HEIOLI-
JILHUM.

VY mpaui [15] npoananizoBaHo AWHAMIYHI 3y-
CWIIJIS, IO JIIOTh Ha HECYYy KOHCTPYKIIIO Ky30BiB
BaHTA)XHUX BaroHiB 1 TOB’s3aHi 3 TapaHTYBaHHIM
Oe3meku pyxy HiA yac eKciulyaTalii B MiKHAapoO[-
HOMY CIOJy4YeHHi, aje Mpu I[bOMY JAHHaMIKy Ta-
JIEMOBOI CUCTEMH TPHOXEJIEMEHTHHUX Bi3KiB HE PO-
3TIISIHYTO.

3 iHdopmarlii Ipo KOHCTPYKIiIO Bi3Ka KHUTal-
cpkoro BupoOHmnTBa (Mox. ZK1) [13] moxHa 3a-
3HAYMTH, 10 3MiHa KPIIUICHHs TpiaHTeNsl CMpaH-
HSIM Ha CIICIiaIbHO BIJIUTI B OOKOBHX paMax Bi3Ka
HampsIMHI KpPOHIITEHHH MAa€ CYTTEBI HEIOJIKU.
Bonu moB’s3aHi 3 iCTOTHIM BTpY4YaHHSIM Y KOHCT-
PYKIiI0 HAWOUIBII BaXXIIMBUX HECYYHX YaCTHH Bi3-
Ka — auTuxX OokoBUX pam. [lo TOro x HamiiHICTH
YKa3aHUX HPWINTHX KPOHIUTEHHIB 32 YMOB JHMHAa-
MiKM HaBaHTaXEHb Y HEMiAPECOPEHUX YaCTHHAX
Bi3Ka, IO JiIOTh BiJ rajibMOBOI CUCTeMH, OyIe
3HIDKEHOIO TIOPIBHSHO 13 3araibHOI0 HAIIHHICTIO
OOKOBHX paM. Y MicLSX KOHTAKTY IIUIA TPiaHT eI
3 OOKOBOIO PaMOI0 MOXKYTh BHHHUKATH BTOMHI Tpi-
LIMHY, OI0 TaKOXX CTBOPIOE 3arpo3y Oe3memi pyxy.
Kpim Toro, y mporieci ekcruryaTarii MOXHa Ipo-
THO3YBaTH MiJBUINEHUA 3HOC TYMOBHX BTYJIOK
1 3MeHmIeHHs iX pecypcy. Take kpirutenns ['BIT
Y BI3KY 3arpo’Ky€ BiIpHBOM i ITaJIiIHHSAM TpiaHTeIliB
Ha KOJIFO.

3axoau mOJ0 3abe3medyeHHs Oe3leKku pyxy
KOMOIHOBaHWX TPaHCHMOPTHHUX 3aCO0IB 3apPOIIOHO-
BaHi B mpami [3]. OmHak mpu 1OMY 3aBIaHHS
3 ynockonanenns ['BIl, sika € ojHi€0 3 HaWBIAIO-
BiJIAIBHIIIUX BY3JIiB BiJ] HAIIHHOCTI SKOi 3aJIe)KHUTh
Oesneka pyxy Ha 3ali3HUYHOMY TPaHCIIOPTI,
B POOOTI HE BUBYAIHCS.

Agtopu y po6oti [1] BU3HAYaOTh OCHOBHI Xa-
PaKTEpUCTUKH T'ajibMa BaHTR)KHOTO BaroHa HOBOTO
MOKOJTiHHS, SIKi OI[IHIOIOTh HOTO TaJIbMOBY e(peKTH-
BHICTb. [IpoTe nuTaHHs, OB’ sI3aHi 31 301IBIICHHSIM
rajJbMOBOTO IIIUISIXY 33 3MEHLICHHS IJIOMII KOHTaK-
Ty TaJbMOBHUX KOJOAOK Yy pe3yJbTaTi HElpaBUIIb-

HOI poOOTH TPHCTPOIB I PIBHOMIPHOTO 3HOCY
KOJIONOK dYepe3 iX IMIKITUBANW BEPXHIM 3HOC TIif
yac pyxy Oe3 raabMyBaHb B pOOOTI He po3risija-
JIHCA.

Y npoaHaaizoBaHUX 3aKOPIOHHUX POOOTax Ha-
JlaHa mepeBara eKCIepUMEHTAIbHUM IiX0aM, AKi
0a3yloTbcsI Ha JOCTIDKEHHSIX TPUOOTEXHIYHUX
1 TeMmepaTypHHX TIIOKa3HHKIB MIpame3IaTHOCTI
CJIEMEHTIB TaJIbMOBHX CHCTEM PYXOMOTO CKJIamay
[16, 19], a mesiki 30cepe/KeHI HA BUKOPHUCTAHHI
CreliaIbHUX YaBYHHUX TaIbMOBHUX KOJIOMOK [17].

Y poboti [14] BuKOHAHO aHAJI3 HAIPYKEHB,
[0 BUHUKAIOTh Y TAJIBMOBIH KOOI, 1 TepMiYHHN
aHalli3 13 BHKOPHUCTAHHSM MpOrpamMHOro 3abesre-
yerHss SolidWorks, a Takox 3ampormoHOBaHO aib-
TEpHATHBHE PIillIEHHS MO0 YIOCKOHAJICHHS Mate-
piayry TanbMOBHX KOJIOJOK 1 30UTBIIEHHS 1X pecyp-
cy.

ABtopu crarti [18] HaBOAATH PpI3HOMaHITHI
(GpuKLiliHI TaTbMOBI MPUCTPOI, SKI BUKOPHUCTOBY-
IOTh TIiJ] 9aC MEXaHIYHOTO rajgbMyBaHHS. 3a3Hade-
HO, M0 (PUKIIHAHI TaTbMOBI MEXaHI3MH, Yy SKHUX
BUKOPUCTOBYIOTh TallbMOBI KOJIOJKH, HETaTHBHO
BIUIMBAIOTh Ha MOBEPXHIO KOUEHHS KOJIIC, OCKiJIb-
KM BUHHUKAIOTh BHCOKI TEMIIEPAaTypy B 30HI TepTs
«KOJIOJIKa—KOJIeCo», TOMY TepeBary HaJaaroTh JHC-
KOBUM TaJlbMaM.

3 aHaizy 3aKOpAOHHHX JITEPATYPHUX JDKEPET
BUJIHO, IO mpoOyieMaM eKCIUTyaTalil rajJbMOBHX
CHCTEM TPHbOXEIEMEHTHHUX Bi3KiB, Y SIKMX BilOyBa-
€THCSI HEHOPMATHBHUI 3HOC TaJbMOBUX KOJIOJIOK,
yBard NpuIiIeHo He 0YII0.

Merta

e nocnimpkeHHs CIpsIMOBaHE Ha aKTyasi3alliro
MOJIEpHi3allii MPUCTPOIO JUIS IiJBUIICHHS JOBTO-
BIYHOCTI ¥ HaIIMHOCTI MEXaHIYHOI YAaCTUHHU Iallb-
MOBOI CHCTEMH BCHOT'O EKCILTyaTalifHOro mapky
BaHTQ)XHHUX BaroHiB IUIAXOM ITOHOBIEHHS PO3IIip-
KU TpiaHTes.

st pocsirHeHHs 3a3Ha4YeHOl MeTH HEOOXiTHO
BHPIIIATHU TaKi 3aBIaHHS:

— BUKOHATU JOCJTI/DKEHHS NPUYMH BUHUKHEH-
HsS HEHOPMATHBHOTO 3HOCY TaJIbMOBUX KOJIOIOK
y MpoILIeCi eKCIUTyaTallii BAHTQKHUX BaroHiB;

— 3ano0irTH sSBUNTY BUHUKHEHHS HEHOPMATHB-
HOTO 3HOCY TajbMOBHX KOJIOJIOK Ha yBECh perya-
MEHTOBaHHMH TEPMiH eKCIUTyaTarii Bi3ka BaHTaXK-
HUX BaroHiB 3a paXyHOK yPiBHOB)KEHUX JeTayiel
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1 BUKOHaHHS Jil, TIOB’s3aHUX 13 OalaHCyBaHHSIM
TpiaHTeNs B OCSAX HOT0 3’€THAHB;

— 3aIpONOHYBATH HAWOIIBII MPOCTUH, JTOCTY-
ITHAW JJ11 BATOHOPEMOHTHHX ITiAPUEMCTB CIIOCiO
MOJIEpHI3aIlii pO3MpKH TpiaHTelsT Ha HasBHIN TeX-
HOJIOTIUHIH enleMeHTHill 0a3i 3 peMOHTY MeXaHiu-
HOI YaCTUHHU TaJbMOBOI CUCTEMH BaHTAXXHUX Ba-
TOHIB, SIKUI CYTTEBO JJO3BOJIUTH 36KOHOMUTH JECS-
TKY TUCSY TPUBCHb.

MeToauka

Bimomo, mo tunosi I'BII BaHTa)XHHX BaroHiB
SK TOJIOBHI pOo0OYi eNeMeHTH MaloTh TpiaHTell
3 JIOJIATKOBUMH JICTAJISAMH, SIKI BPIBHOBaXKCHO ITiJI-
BileHi Ha OOKOBUX pamax Bi3KiB. KoHCTpykTHBHE
BukoHaHHs ['BII 3 Tpianremsimu mepembadae pi-
HOMIpHE BIJIBEJICHHSI TaIbMOBUX KOJIOJOK Bij IO-
BEPXOHb KOYEHHS KOJIC 3a MOMYLICHOTO CTaHy
rajbpMa Ta iX YyTpUMaHHS Ha HOpMAaTHBHIiH BifcTaHi
mig yac pyxy moizma. OcTaHHE, cepell iHIIUX BU-
MOT, Ma€ 3a0e3MeUnTH JOBrOBiYHY Ta 0€3BiIMOBHY
pobOTy TaIBMOBUX HPHUCTPOIB, @ TaKOX JOTPHU-

MaHHS  HOPMAaTUBHOTO  3HOCY  €JIEMEHTIB
I'BII [2, 4].
VYHacnimgox KOHCTPYKIIITHO-TEXHOJIOTTYHUX

0COONMBOCTEH eKCILTyaTalii TpiaHTeliB Ta MPHET-
HaHMX JI0 HUX Yepe3 PO3MpPKU CKIaJOBUX eJeMEH-
TiB cTaTUyHa BpiBHOBaxkeHicTh ['BII koxkHOTO Bi3-
Ka Moyke mopyuryBatucs. JliicHO, sIK BUIHO 3 pUC.
2, a, Wi Hac pyxy BaroHa, y pasi IMpOXOKEHHS
KOJNIICHUX TMap 1O HEpIBHOCTAX PEWKOBOi KOl
(«cTHk peiiok»), Ha neHtp TsokiaHs (C), KUl 3Ha-
XOJUTHCSI Ha PO3MIPIl TpiaHTels, Jli€e BepTHKAIbHA
cuna (P+Py), IO CKIAAAETHCS 3 BarW JeTaieit

—sing, —COSQ, 1
G =| cosp, —sing, 0 ;
0 0 lgc, -sinB

Toni po3B’sI30K piBHSHHS MOXXHA BUKOHATH 32
dhopmynamu Kpamepa:
A, A

N,=—; T, =—=; 8&T=—7, 3
LN A 3)

tpianrenst (P) # aumHamidHOro M0AATKY (Pam),
SIKUM 00yYMOBIIEHUN BEPTHKAIBHUM MIPUCKOPEHHSIM
Bi3ka (Z) 3a yMOBM HaDK/KaHHs Ha BKa3aHy Hepi-
BHICTE. ToOTO 3 1X miero Ha turedi lo (puc 2, a) Bu-
HUKAa€ MIKIUIMBAA KPYTHUH MOMEHT Mp, IO TIO-
pyurye BpiBHOBaXkeHicTh. lIpu 1bOMy TpiaHTenb
(Ha puc. 2, 6 HOro yMOBHO 300pa)KCHO SIK CTPH-
JKEHb MITPUXITYHKTHPHOIO JIIHIEI0) 3MIITYETHCS IO
KOoJeca BIOPHUTYJ 1 CTa€ IAPHIPHO HEPYXOMOIO
OTIOPOI0 3 MOKJIMBICTIO MOBEPTaHHA, SIK MOKA3aHO
Ha puc. 2, a. Y NMOJaNbIINX YHCETFHUX PO3paxyH-
Kax I[IM MTOBEPTAaHHSIM MOXHA 3HEXTYBAaTH.

3i cxemu HaBaHTakeHHs mpaBoi yactuHu ['BII
(puc. 2, 6) mix yac TaIbMyBaHHS MAaeMO CHCTEMY
PIBHSHB!

T, + 6T — N,sing, —T,cosp, =0;
N,cosg, —T;sing, —F,,, =0; 1)
Ty lgc, -SiNB+3T -lgc -sinp—M;y =0,

ne M, — MOMEHT, 1[0 yTBOPIOEThCSA MiJ] Yac HaTU-
CKaHHI KOJIOJIKM Ha KOJeCO, HOro BH3HAYaIOTh 3a
BupasoM My =T, -l -sinB; P, — cnna inepuii,

HAH
mo BuHUKae B I'BII minx gac Haizmy xoneca Ha He-
PIBHICTD THITy «CTUK PEHOK» 1 MPUTHCKAE TpiaH-
relib 13 KOJOAKAaMHU JI0 KoJieca. 3TiHO 3 OpPiEHTOB-
HUMHU po3paxyHKamu, ii O6epemo 3 koedimieHTOM
nunamivnocti 2, P, =1xH.

['eoMeTpryHI mapaMeTpH JIAHIFOIOBOI CHCTEMHU
I'BII HaBeneno B tadi. 1.

ITeperBoproemo cucteMy piBHsHB (1) y BeKTOp-
Huit Burisy (2):

UH * (2)
To -(IAcl —IBlcl)-sinB

ae G=G ( N,,T ,ST) — BEKTOP HEBIJOMHUX 3yCHJIb;
R —  BEKTOP-CTOBNYMK  NpPaBUX  YaCTHH,
A, A,, A; — BU3HAUYHUKU MATpUllb, y SKUX 3Tij-

HO 3 1HJIEKCOM CTOBITYMKA MATPHII CUCTEMH 3aMi-
HEHO CTOBITYMKOM IPaBOi YaCTHUHHU.
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a—a 6—-b

Puc. 2. Cxema BIUIMBY CHJI Ha TpiaHTeIb 010 BU3HAYECHHS PaIliOHAIEHOTO MICIISI OTBOPY B PO3MIpPIIL
3 METOO JIKBiaIlii KPYTHOT'O MOMEHTY, SIKUH CIIPUYUHSIE HCHOPMATHBHUN 3HOC TaIbMOBHX KOJIOJIOK:
a — YTBOPEHHS] HCHOPMaTHBHOTO 3HOCY BEPXY KOJIOAKH MiJl 4ac pyxy 0e3 rajbMyBaHHS; 6 — CUHJIOBE HaBaHTa)KCHHS IIPABOTO
tpianremns I'BII 3 ypaxyBaHHSIM BIUIUBY IHHAMIYHOI CHIIM Pum 3 MOTPiOGHMM po3TalryBaHHAM neHTpa Mac Tpianrers (lo=0);
P — 3ycunis Bix Baru peraneii Tpianrens; My — KpyTHHIt MOMEHT; 1 — po3mipka 3 TpiaHresiem; 2 — MapHip 3 TEXHOJIOTIYHIM
0TBOpOM; 3 — MasTHUKOBA IiJBiCKa; 4 — raJJbMOBa KOJIO/KA; 5 — KoJieco; R — peakitis, 10 BUKOHYE (DYHKIIIO0 ONOPY CHIN
KOHTAKTY KOJOJKH 3 KostecoM; N1 — 3ycHiuIs B HepIIii MasTHUKOBIH minBicii; To — 3ycHIus, IO MepeacThest Bil TAIbMOBOTO
LITiHAPa; T1 — peakIist BiJl HATHCHEHHS KOJIOJOK Ha KoJeca IepIroi KoJTicHOT mapy; 071 — 3yCHIUIS B 3aTsDKLI BEPTHKAIBHHUX
BakeniB; B1, E1 — Touku npuknanenns peakuii N1 i quHamMiqHOi cuinit Puw; A, C1 — mapHipH 3°€JHAHHS BEPTHKAIFHOTO BayKeIst

Fig. 2. Diagram of the effect of forces on the brake beam to determine the rational location of the opening in the
strut in order to eliminate the torque, which causes abnormal wear of the brake pads:
a — formation of abnormal wear of the top of the pad when running without braking; b — power loading of the right brake strut
taking into account the influence of the dynamic force P With the desired location of the brake beam mass center (lo=0);

P — effort from the weight of the brake beam parts; My, — torque; 1 — brake strut; 2 — pivot with service opening; 3 — pendulum
suspension; 4 — brake pad; 5 — wheel; R — a reaction that performs the function of the resistance of the contact force of the pad
and the wheel; N1 — efforts in the first pendulum suspension; To — the force transmitted from the brake cylinder; T1 — the reaction
from pressing the pads on the wheels of the first wheel set ; 671 — efforts in the truck lever connection; B, E1 — points
of application of reaction N1 and dynamic force Pxu; A, C1 — connection pivot of the upright lever

Tabomuus 1
I'eomeTpuyHi mapamMeTpu 10 PO3PaxXyHKIiB 32 JAHUMHU POOOUYMX KpecjieHb
Table 1
Geometric parameters for calculations according to the working drawings
ITo3HaueHHs 3HaYCHHS, MM 3HadYeHHS, M BiamnoBiHICTh KPEeCICHHIO
l, 320 0.32 Bincrans Bin ninii aif cumu T, 1o 1. O11 02
I 434.1 0.4341 Bincranb Bia ninii aii cumm T, no 1. 011 0;
Bincrans Mk Toukamu O1 1 Oz € mieuem [utst POeKITii
l 680 0.68 Z, i Z,, BinrocHo Touok O; i O3
1 2
l, 612 0.0612 Bincrans Bin ninii aii cumu Ty 1o 1. 011 0;
I 450 0.45 Bincrans Bix ninii aii cumu 8T, 1o 1. O1
I 480 0.48 Bincrans Bin ninii aii cumu 8T, 1o T. O2
|Blcl 160 0.16 Bincrans Big miHii gii cunu 6T nmo 7. B
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[ponopxenHs rabmumi 1

Continuation of Table 1

Io3HaveHns 3HaueHHs, MM 3Havenns, M BimoBiHICTE KpeCTeHHIO
o) 10° cosp, =0.984 sing, =0.1736
0, 10° cosp, = 0.984 sing, =0.1736
0y 10° cosp, = 0.984 sing, =0.1736
Py 10° cosp, =0.984 sing, =0.1736
Ps 358'=3.97" cosgpy =0.997 Kyt naxuny cumn 8T, 10 oci X
Qg 3'58'=3.97" cosgp, =0.997 Kyt Haxuny cumu 8T, 10 oci X

Busnaueni 3ycuwmns Tpeba oOdmcImOBaTH 3a
BIMMOBIAHUMHU (OpMylIaMHd MIHIMYyM IS JBOX
MOMEHTIB Yacy, HampuKial, IJii MOMEHTY dyacy,
KOJIM AMHAMIYHI 3yCHIIJIS TOBAaHTaXKYIOTh 1 PO3BaH-
TaxytoThb enemenT I'BIL.

BekTop HeBimoMux 3ycuib A =(Nl 1,07 ),

moao Martpumi cuctemu G, 3 BEKTOpOM-
CTOBITYMKOM IPaBOT YACTUHH PiBHAHb MA€ BUTIISAL;

cos(90°-¢,) cosp, 1 -T,
G =] sin(90°-¢,) sing, 0 , R= 0 4
0 0 g xsinp Ty (lac, —lgc,) -sinp

Jpyruil po3paxyHOK BHKOHYIOTH JJI 3BOPOT-
HOT XBWJIi Jil AMHAMIYHOI CHIIH, i3 HalpaBJIeHHSIM
y MPOTWIIEKHY CTOpPOHY (iHIIMK BapiaHT MPUCKO-
peHHs 1ieHTpa mac Tpianrens). @opmynu Ta pos-
PaxyHKHM 1IeHTHYHi. Y Ci pe3ysbTaTh Il 3py9HOC-
Ti TOPIBHSJILHOTO aHAJIi3y 3BEACHO JI0 TalI. 2.

KouTtpoabuuii NPUKJIAA. Posrnanaemo
OCTaHHIH KaJp aHIMAIliiHOTO IUIaHY IIOJIOKEHb

I'BIT mixg yac ranpmyBanHHs (y 3aKirouHii (asi)
BI3Ka BaHTaxHOro BaroHa moz. 18—100. Yci HeoO-
XiHI BUXiJHI JaHi JJIs OTpUMaHUX PIillIeHb HaBe-
neno B Tabn. 1. Kopucryrounch nporpamMHuM 3a-
6esneuennsm MathCad, Busnauaemo cuiioBi ¢ax-
TOpH, SKI Hif0Th y ckiamoBux ememeHtax [BII
TPhOXEJIEMEHTHHX Bi3KiB (Ta0II. 2).

Tabmuus 2
IlopiBHSAHHA BU3HAYEHUX 3yCHJIb, AKI Ail0TH B ejemeHTax ['BII
Table 2
Comparison of the identified efforts in the brake lever transmission elements
3ycuis, sKi BU3HAYAIOTh
Cxema, JuIs K0T
BUKOHYIOTH PO3pPaxXyHOK Tl , «H T2 , «H Nl , xH N2 , xH
Tumnosa 46,0 46,0 — —
l'iopunHa 45,53 45,53 8,03 8,03
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[IpongoBxeHHs Tabnumi 2

Continuation of Table 2

3ycHIIs, SKi BU3HAYAIOTh
Cxema, Jy1s sIKOT
BUKOHYIOTh PO3PaxyHOK T . xH T, .«H N, . cH N, cH

Tibpunsa 3 numawixoio, 45,93 45,93 9,119 9,119
BapianT 1 ' ' ' '

T'ibpunma 3 nunamixoro, 46,278 46,278 7,148 7,148
BapiaHT 2

Ipumimka: Ty =13400H i P, =1000 H 3anano opientoBHO 3 MipKyBaHb KoedilieHTa AHHAMIUHOCTI, SIKHii

JTIOPIBHIOE TBOM OMHHIISIM

Pe3yabTaTn

Ha mincraBi mpoBeneHUX MOCIHIKEHb YCTaHO-
BJICHO, IO CITUPAHHS KOJOAOK Ha KoJjieca Iif Jac
rajJbMyBaHHS 3IIHCHIOETHCS BEPXHIMH OKpalKaMH
B 30HI iX 3iTKHEHHS 3 KOJIECaMH, IO CYIPOBOIKY-
€ThCsI JIi€r0 peakiii R (puc. 2, a), sika moYnHae BH-
KOHyBaTH (YHKI[Il0 MOMEHTY OIOpY CHJIH SK
Yy peXuMi TrH, Tak i BUOITY. Y pe3ynbTaTi IbOro
BiJOYBa€ThCsl 1HTEHCHBHE TEPTS 1 3HOC BEPXHIX
KIHIIIB TaJIbMOBUX KOJIOZOK (332 CTaTHCTUKOIO, Ma€e
Mmicie y Oinpme HiK y 80 % BaroHiB ekciutyara-
MIHHOTO TIAPKYy BaHTXHHX IMOI3MiB). A Ha KiHIe-
BUX YacTHHAX POOOYMX MalJIaHYMKIiB TaIbMOBHX
KOJIOJIOK IHTEHCHUBHO 3pOCTa€ MiclleBa CTEPTiCTh
1 BUHMKA€ OCEPeNOK X HEHOPMAaTHBHOIO (ayalib-
HOro a00 KIMHOIOAIOHOr0) 3HOCY. YHACIHIJIOK
IBOTO YTBOPIOETHCS IIe Oinbllla HEBPIBHOBaXKe-
HICTh TpiaHTeINs, MO CYTTEBO BILTUBAE (3MEHIIYE)
HOPMAaTUBHUHA TEPMiH eKcIUlyaTalii rajJbMOBOI
cUCTEMH B LiJoMy. Take CTaHOBHIIE HE CHpHSE
HaJIMHOCTI ¥ JOBrOBIYHOCTI €KCILTyaTallii raibMo-
BUX CHCTEM, a 3 TOUKH 30pYy HEJIOTPUMaHHs Oe3re-
KM pyXy Ha 3ajJi3HUYHOMY TpPaHCIIOPTi B3aralii He-
nomyctuMe. KpiM 11b0ro, iCTOTHO 30UIBIIYIOTHCS
CyMapHi eKCIUTyaTamiliHi BUTPATH 3aJi3HUYHOI iH-
(bpacTpyKTypH Ha BaHTaXHI TiepeBe3eHHs [8, 9].

CyTh HOBOT'O MPHUCTPOIO IS TiABUIICHHS TOB-
FOBIYHOCTI ¥ HAamIMHOCTI MEXaHIYHOI YacCTHUHH
I'BI1 BaHTa)XHHX BaroHiB MOSCHIOETHCS CXEMaMH,
sSIKi HaBezieH1 Ha puc. 3 [7].

[IpuHoun po3B’si3aHHsS MOCTABICHUX 3aBlaHb
0a3yeTbCsl Ha CHELiaJbHUX PO3PAXYHOK IMOLIYKY

paIioHaTIBbHOTO MICIS PO3TAIlyBaHHS OTBOPY JIS
MIApHIPHOTO 3’ €THAHHS PO3MIPKH TPiaHTeNs 3 Bep-
tukanbHUM BaxeneMm ['BIL. ToOro myis MoaepHiza-
1ii MexaHI4HOi raJbMOBOI YaCTHMHU BaHTAXHHUX
BaroHiB y KOHTEKCTi C(OpMYyIbOBaHMX 3aBlIaHb
HEOOXiZJHI PEMOHTHI poOOTH, SKi MOTPIOGHO BHKO-
Hatu Ha HasBHUX [BII. Ili pobGotu momnsraroTsh
y TOMY, IO MICIIsl pO3TalllyBaHHs BKa3aHUX OTBO-
PiB y TEXHOJOT1YHO-paI[iOHANILHUIA CIOCIO 3MiITy-
IOTHCS B THX K€ PO3MipKax TpiaHTeNiB y HalOLmbII
MIpHUIaTHE MicCIle, K 3HAXOATh BIAIIOBITHO IO pPO-
3paxyHKiB.

Texnonoziuni MIpKy8anHs wooo MooepHizayii
po3nipxu mpiaueens. 3anpoNOHOBaHUN y poOOTi
croci6 MoJiepHi3alii mojsrae B TOMy, IO 3a CIie-
MiaTbHUMH PO3paxyHKaMH B HasBHiM THUIOBiH po-
3MIpIi TpiaHTeNs, M Yac il MoJAepHi3alli, BHUKO-
HYIOTh Taki peMOHTHi omeparii (puc. 3): mo-
TiepIe, BUPi3alTh CEpEeANHHNN QparMeHT po3Iip-
KH 3 HaSBHUM TEXHOJIOTIYHUM OTBOPOM, IIO MOCH-
JIEHUH «OOOMIIKOIO»; MO-ApyTe, BUpi3aHui (par-
MEHT pO3MipKH MoBepTatoTh Ha 180° y BepTHKaIb-
Hili a00 TOPU3OHTAJIBHIN IJIOIIMHI Ta BCTAHOBIIO-
I0Th MOMIX THX YaCTHH PO3Pi3aHOi PO3IMipKH, IO
3aJMILIMINCS; TO-TPETE, y IbOMY CTaHi CepeauH-
HUI (parMeHT po3MipKH NPUBAPIOIOTH JI0 JIiBOI Ta
MpaBoi YacTWH IO Tepepisax JiHid mBa, 3Haie-
HUX Yy pO3paxyHKoBHi croci0. ['eomerpito mniHii
nepepisy JiBOpyd i mpaBoOpyd BiJl OTBOpPY po3Ta-
[IOBYIOTh TaKUM YHHOM, IO TIiCIS TIOBEPTaHHS
BUPi3aHOTO (parMeHTa i HOTr0 MPUBAPIOBAHHS Te-
XHOJIOTIYHUH OTBIp 3aiiMae palioHajbHE Micle Ha
PO3MIpIIi TpiaHTeNs.
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Puc. 3. Cxema po3mipKu TpiaHTels ralbMOBOI BaXKUIBHOT Hepeaadi:
a — 10 MOZIepHI3allii; 6 — micas MOAepHi3amii

Fig. 3. Diagram of the brake strut:
a — before modernization; b — after modernization

Po3spaxynxu cnocoby 3anpononosarnoi moodep-
Hizayii. Jlns peanizamii 3anpONIOHOBAHOTO CITOCOOY
(puc. 3) mix 4Hac «mepeHeceHHS» OTBOPY B HaH-
OLTBII MPUIATHE Miclle Ha PO3MIPII TpiaHTeNs BH-
3HAYal0Th Taki MicLsl BUKOHAHHS IMONEPEYHHX IIe-
pepiziB A-A4 i B—B (puc. 3, a), mo0 BupizaHuil 3a
UMM JIiHISIME CepelMHHUN (DparMeHT PO3MipKH
3 OTBOPOM, IicJsl TIOBEPTaHHS BiTHOCHO BEpTHKa-
TpHOT 200 ropu3oHTaNBHOI oci Ha 180°, mo3BONMUB
MEPEMICTUTHCS TEXHOJIOTIYHOMY OTBOPY 3 TOYKH
C1y Touky C> Ha BU3HAYEHY PO3paxyHKaMH Bijic-
TaHb:

A, = 0G - 0G, ®)
ne OC, — BifcTaHb BiJ MOoYaTKy KoopauHat O 10
[IEHTpa MOJEPHI30BAaHOTO OTBOpY po3mipku Co;
OC: — Biacranp Bin modaTky koopamHat O [0
LIEHTPa HAsIBHOTO OTBOPY po3mipku Ci.

Take 3wmimeHHS 3a0e3MeYnTh MEPEeMIilllCHHS
LIEHTpa MMOBEPTaHHS TPiaHTels 3 PO3MIPKOIO JO OCi
IIBICKHA BCHOT'O TPIaHres B IIJIOMY.

SKmo BHU3HAYATH TMOTPiIOHE Miclle po3Tamry-
BaHHsI TEXHOJIOT1YHOTO OTBOPY Ha pO3MipLi TpiaH-
rens 3 eHTpoM B Toulli Co, sika TOBUHHA 3HAXOH-
tucst Ha Biactani OC, 3a Biccro OX Bij mMo4atky
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koopauHat O, TO 3a HECKJIATHUMHU MaTeMaTHIHU-
MH JisSMH MOKHa 3HAHTH T€OMETpPII0 Ta pO3MIpH
PO3MIPKH BiAHOCHO PO3TallyBaHHS mepepi3iB 4—A
1 B-B, mo 3a6e3neuyBaTUMyTh MOXKIIUBICTH TIepe-
HECEHHS IIEHTPa HasiBHOTO TEXHOJIOTIYHOTO OTBOPY
3 Toukn Ci Ha TOTpiOHE (BU3HAUEHE) MiCIle 3 IICeH-
TpoM y Touni C> 3 MOBEPTaHHIM BHPI3aHOTO cepe-
nuaHOTO (pparmenTa Ha 180°. Llel po3Mip 3HAXO-
JIIMO 32 BUPa30M:

dx = m-A,,, (6)

Ie dx — BiAcTaHb BiJ LEHTpa MEPEeHECEHOr0 OTBO-
py Ciposmipku g0 nepepizy A—A4; M — BixcTaHb Bix
IIEHTpa HasBHOTO OTBOPY C1 PO3MIPKH JI0 Tepepizy
B-B; A1> — BiaCTaHb, Ha Ky IEPEHOCSTH LICHTP
OTBOPY PO3IIiPKH.

Juis Toro, mo6 BUpi3aHW cepenuHHMIA (par-
MEHT PO3IIPKH 3a IUMH pO3paxyHKaMu 3abesrie-
yuB (micist foro moepranHs Ha 180°) mepeHeceH-
HS TEXHOJIOTIYHOTO OTBOPY B 3a3HAYEHE MicIe
3 HeHTpoM (>, MOTPIOHO CHOYATKY BU3HAYUTH PO-
3Mip dx 1 BIIMOBITHO 0 cxeMu (pHc. 3, @) 3poOUTH
Ha po3mipui nepmmid nepepi3 A—A. PamionanbHa
BEeIMYMHA PO3MIPY dX y HAIIOMY BHIIAQAKy 3aje-
JKUTh BiJl BIZICTaHI MK MICIIEM PO3TalllyBaHHS Iie-
PEHECEHOro TEXHOJOTIYHOTO OTBOPY 3 HeHTpoM C
CEepeqMHHOTrO (parMeHTa pO3MIPKA SK YaCTKU
mBesiepHoi Oanku. L{g BijgcTaHb HEBEIWKA, TOMY
BEIMYMHY dX MOTPIOHO B3SITH SIKOMOTa MEHIIOIO.
Ane, BUXOAS/YM 3 OOMEXEHb 3a MIIHICTIO PO3IIip-
KH, po3Mip dx TIOBUHEH OyTH HE MEHIIEe HiK BEJH-
4yrHA po3Mipy &' — pasgiyca 600umiku (To6To dX > I).

3HaliIeHnil 32 MaTEMaTUYHHMHU PO3paxyHKaMu
po3mip dx (puc. 3, 6) ciix BinkmacTu Big Touku Co
y OiKk IIBenepa, TOAl OTPUMAEMO MiCIle pO3Tallly-
BaHHs JIPyroro mnepepizy B—B, skuii 32 BUKOHAHU-
MH MaTEeMaTHYHUMH PO3paxyHKaMH 3a0e3revyBa-
TUME TIEPEHEeCEHHS TEXHOJIOTIYHOTO OTBOPY PO3IIi-
Pk 3 OOOUIIIKOIO Y BIJIOBIIHE MICIIE, MiC/s TOBE-
pranas Ha 180° BHpI3aHOTO CEPETUHHOTO
(parMeHTa Ta Horo 3’emHaHHS (3BApIOBaHHIM) 3a
MicCIleM po3TalyBaHHs nepepiziB A—A4 i B—B.

Poboma pospobnenoco npucmporo. Ilpuctpiit
npairoe TakuM yrnHoM (puc. 1). Ilim wac Bigmycky
raneM Tpianreni 14 i3 raneMoBuMHU OanimvakaMu 16
1 KoytoaKamMu 9 pyXarThes i €0 TPaBITALlIHHUX
cuil Ha migBickax 13 Tak, 110 BIABOIATH rajJbMOBI
KOJIOJKH BIiJ{ HOBEPXHI KOYECHHS KOJIC. 3aBIsSKH
BPIBHOB@)XEHOCTI TaJIbMOBOI CHUCTEMH BIJIHOCHO

HmapHipiB miaBicok 13, raasMoBi Komoaku 9 Bigxo-
IITH BiJI KOJIIC PIBHOMIPHO. Y BHITQJKy TOSIBH BH-
MaJIKOBUX 3YCHJIb BiJl KOJIMBaHb Ta HAXWIIIB BaroHa
i 9ac pyxy Mpaimroe KPUBOIIHIMHUNA CTPHKEHB
15, sxkuii 3a paxyHOK 3HAXOPKEHHS HWOTO KiHIIB
y WWIIHAPUYHUX KOB3yHaX 17 He mae MOKIMBOCTI
HaxwisATHUCI  Tpianremro 14, a  3HAYWTH,
1 TATEMOBHM KOJIOJKaM 9 JI0 CIIHpaHHS BEPXHBOIO
a00 HIWKHBOIO YAaCTHHOIO Ha Kojeca. Y KOB3yHaX
17 y ueit yac CTBOPIOIOTbCA PEAKTHUBHI CHIIH, SIKi
3aBJIIKK CUMETPHUYHOMY PO3TAIlyBaHHIO KOB3YHIB
BIIHOCHO OTBOpYy mmapHipa 11 ypiBHOBaXyIOTHCS
Ha THUX YaCTUHAX KPWBOJIHIMHOTO CTPWIKHS, fKi
3HAXOJATHCS B KOB3yHaX. A posmipka 1 TpiaHrens
14 3ano6irae HaKONMWYEHHIO BTOMIJICHUX HaIlpy-
KEHb, 10 TMOJOBXKYE TEPMIH eKcIuTyartamii yciel
KOHCTPYKIIiT TpiaHTenas B LijgoMy. YacTUHH CTpH-
JKHIB, 1[0 BUTHYTI BEPTUKAIBHO BHHU3 1 PO3TAIIO-
BaHi OuIs TOPUIB UMIIHAPUYHUX KOB3yHIB 17,
YTPUMYIOTh CTPHXEHb BiJl TIO3JJOBXKHBOTO 3CYBY
¥ BUmamaHHs BiI Oii HA HHOTO HO3MO0BXKHIX CHJI MiJT
Yyac TajJbMyBaHb 1 Jii BUMAAKOBUX 3YCHJIb BiJ KO-
JIUBaHb 1 HAXWIIIB Ky30Ba BaroHa.

HaykoBa HOBH3Ha Ta MpaKTHYHA
3HAYUMICTD

TeopeTHyHO JOBEICHO, IO B TPiaHTENi yTBO-
PIOETBCS IIKIUIMBUI KPYTHH MOMEHT BiJ JTUHA-
MIYHHUX CHJI, SIKHH € MPUYNHOI HEHOPMATHBHOTO
3HOCY T'aJIbMOBHX KOJIOJOK. PO3paxyHKOBUM CHIIO-
BUM aHANI30M 3 ypaxyBaHHAM 3a3HaueHHUX (axTo-
piB BHSBIEHO BKa3aHUIl TOJIOBHUI HEIOINIK i BH-
3HAYEHO MOXIIMBICTH WOT0 IMiKBifamii. Ymepiie
PO3pO0IIEHO MOJIENb IS 3MEHIICHHS! HEHOpMaTH-
BHOI'O 3HOCY TaJIbMOBHX KOJIOJIOK 32 PaxyHOK pa-
LIOHAJILHOTO CIOCO0Y MOJIepHi3amii po3mipKu Tpi-
aHreys. AJanTOBaHO MAaTEMAaTUYHI PO3PaxXyHKH JI0
(hopMyITIOBaHHS! CHJIOBUX HaBaHTa)KEHb €JIEMEHTIB
raJbMOBHX BXUIBHUX TI€peAad, IO HaXWISIOTh
TpiaHreJb 0 BIHMPAHHS BEPXHIMH OKpaiKaMH KO-
JIONOK y TOBEPXHI KOYEHHs KoJjic. PesynbraTi
MPOBEICHUX JIOCHIPKEHb alpoOOBaHO Ha PyXOMO-
My cknaai. CopMynp0BaHO MPaKTHYHI PEKOMEH-
Jarfii, SKi JOIUILHO BUKOPUCTOBYBATH IIijJ dac
MPOEKTYBaHHS, MOJEpHi3amii # ekcruryararii ra-
JBMOBUX CHUCTEM SIK €KCIUTyaTaliiHOrO MapKy, TaK
1 TPhOXEJIEMEHTHHX Bi3KiB HOBOT'O TIOKOJIIHHSI.
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BucHoBku

1. JloBeaeHO, M0 OCHOBHOK MPHYMHOK HEHO-
PMaTHBHOTO 3HOCY TaJIbMOBHX KOJIOJJOK BaHTaX-
HUX BaroHiB CTa€ HEBPIBHOBAKEHICTh KOHCTPYKIIIT
TpiaHresst 3 IPUEIHAHUM BEPTUKAIBHUM BaKelIeM
BiJIHOCHO MasSTHUKOBOTO IiJBIIIIyBaHHS, Yepe3 IO
MiJ] 4ac TMOIYyCKaHHS TajdbM BiOYyBA€ThCS HAXH-
JITHHS TPlaHTesIs 10 BIMPAHHS i TEPTS BepXiBKaMu
raJIbMOBHUX KOJIOJIOK 00 TOBEPXHi KOYCHHS KOJIIC.

2. AHATITUYHO BHW3HAYCHO pAIliOHATILHE MiCIe
pO3TallyBaHHSI OTBOPY MPHUETHAHHS BEPTHKAILHO-
T0 BaXKENI IO PO3MIPKH TpiaHTems, J¢ MOXKHA TIO-
CATTH BPIBHOBRXCHOCTI Mac JeTalicll BiIHOCHO
MasiITHUKOBOT'O MiBINTYBaHHS ¥ 3HEIIKOIUTH KPY-
THUH MOMEHT cWJ Ha Tpianreni. lle BukopucraHo
JUIS. MOZIepHi3allii TaJbMOBOI BaXUIbHOI mepeaaui
TPHOXEJIIEMEHTHOT'O Bi3Ka BAHTaXKHOT'O BaroHa.

3. TeopeTnuHO MAOBEACHO, IO JOBIOBIYHICTH
CJIEMEHTIB TPiaHTEINiB, SIKi 3HAXOAATHCS B EKCILTya-

Tarii, maBuIyeThes 0 1,3 pasa, a peMOHTOMPH-
nmataicTh — 10 100 %.

4. 3n1iliCHEHO KOHCTPYKTHUBHE NEPEHECEHHS Te-
XHOJIOTIYHOTO OTBOPY PO3MIPKH TpiaHTENs B KOHK-
PETHOMY BHMAJKy TEXHIYHO JOCTYIHHM Ta €KO-
HOMIYHO JIOIJILHUM CIOCOOOM B yMOBax BaroHO-
PEMOHTHOTO MiANPUEMCTBA HA HAsBHIH eJIeMEHT-
HiH 0a3i 3 PEMOHTY MeEXaHIYHOI YaCTHHHU
raJbMOBUX CHCTEM BaHTAXHHUX BaroHiB, IO He
noTpedye KamiTalbHUX BKJIAJCHb.

5. Po3B’s13aH0 3aBmaHHs 3ammo0iraHHs HeHOpMa-
TUBHOMY 3HOCY TaJIbMOBUX KOJIOJIOK Y Bi3Kax BaH-
T@)XHUX BAaroHiB Ha yBECh PErIaMEHTOBAaHUN Tep-
MiH eKCIDTyaTallii Bi3ka 32 paXyHOK YPiBHOBa)eH-
HS TpiaHTeNsl B OCSAX MiABINIyBaHHS, 3 (iKcali€ero
HOTOo po3TallyBaHHS y MOMYIIEHOMY CTaHi TanbMa,
3 PIBHOMIPHHUM BiJIBEJICHHSIM KOJIOJIOK 0€3 HEKOHT-
POTBHOBAHOTO TX CIIUPaHHS Ha Kojeca.
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B. I'. PABJIFOKY"

Kag. «BaroHsl», YKpauHCKUH rOCy1apCTBEHHbIN YHUBEPCUTET JKENE3HOA0POKHOTO TpaHCHopTa, . Deliepbaxa, 7, XapbKoB,
Vxpauna, 61500, Tex. +38 (057) 730 10 35, s1. moura ravvg@ukr.net, ORCID 0000-0003-4818-9482

MOJEPHU3AIIASA DJIEMEHTOB TOPMO3HOM PBIYAXKHOM
HHEPEJAYM TEJEXEK I'PY30BbIX BAI'OHOB

Ieab. /laHHOE HCCIEN0BaHUE HAIIPABICHO HAa MOJEPHU3ALMIO 3JIEMEHTOB TOPMO3HOM PBhIYaXXHOM Iepefauu Te-
JIEXKEK I'PY30BbIX BaroHOB. MeTOAUKA. BBINOIHEHB! TEOPETUUECKUE U IKCIUTyaTallMOHHbIE MCCIIEIOBaHUs, Kacaro-
IMUECA KOHCTPYKTHUBHBIX OI’paHI/I‘IEHI/Iﬁ TOSABJICHHUA HCHOPMATUBHOI'O U3HOCA HAa TOPMO3HBIX KOJIOAKAX PbIYaXHBIX
nepeaayd rpy3oBbIX BaroHOB. Hcnonp30BaH aHATUTHYCCKOM noaxoJ K 000CHOBAaHHUIO TEXHUYECKOI0 U TEXHOJIOrHYE-
CKOTO CTI0c00a yCOBEPIICHCTBOBAHMUS CYIIECTBYIOIIEH KOHCTPYKIIMH TOPMO3HON phIYaxHOH nepenaun. [IpuBeaeHs
PEKOMEHIALUY 110 MOACPHU3ALUU PACIIOPOK TPUAHTENIEH IPy30BbIX BArOHOB. Pe3yJibTaThl. YCTaHOBIIEHA HEOCTA-
ToyHast 3PPEKTUBHOCTH PAaOOTHI CYIIECTBYIOIIMX TOPMO3HBIX PBIYQKHBIX IIEpeiad, YTO CBS3aHO C HAKIOHOM
1 HOXaTHEM BEPXHHUX KPOMOK KOJIOJIOK Ha TOBEPXHOCTH KaTaHHs KOJEC BO BPEeMs JIBI)KEHHMS ITOE3]I0B O€3 TOpMO-
xeHus. BpenHoe TpeHne ¢ oOpa3oBaHHEM JBOWHOTO ()PUKIMOHHOTO M3HOCA pabodyero Tena MPUBOIMT K COCTOS-
HUIO, KOT/Ia 3a CYET 3KCLUEHTPUYHOTO AECHCTBUS NMHAMHYECKHX HArpy3ok 10 95 % oOmieil 4iciIeHHOCTH KOJIOM0K
HaXOJATCS B MOBPEXKJIECHHOM COCTOSIHHU. [Ipe/ioKeHbl pelieHus 0 BOCCTAHOBIICHUIO CYILECTBYIOIINX KOHCTPYK-
il Tpuanreneii. M36pannas mpocrora crocoba peMOHTHBIX padoT 3aKiI0YaeTcss B TOM, 9YTO MECTO PACIIONOKEHHUS
TEXHOJIOTHYECKOTO0 OTBEPCTHSl B paclopkax TpUaHreJed NEepeHOCIT B palnuoHaibHOe MecTo. [lpennoxxeHHbIi
B paboTe cmoco0 MOIECpHHU3AIMK CBOJUTCA K TOMY, YTO IO CIEHHAIBHBIM pacderaM B CYIIECTBYIONIEH
pacCrnopke TPUAHICIIA IPU €ro BOCCTAHOBJICHHUH BBINOJIHAKT MHHHUMAJIBHOC KOJIUYECTBO PEMOHTHBIX onepaum‘/’l.
Hayunasi HoBu3Ha. TeopeTruecky T0Ka3aHo, YTO B TPUAHTEIe 00pa3yeTcsl BpEAHBIN KPYTAIIMA MOMEHT OT JIWHa-
MHYCCKHX CHIJI, KOTOpHﬁ SABJISICTCA HpH‘IHHOﬁ HEHOPMATHUBHOI'O M3HOCA TOPMO3HBIX KOJIOIOOK. PacueTHBIM CHIIOBBIM
aHAJIM30M C YYETOM YKa3aHHBIX ()AKTOPOB BBISBIICH TJIaBHBIA HEIOCTATOK M OIpE/eIeHa BO3MOKHOCTh €r0 JIHKBHU-
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nmanuu. BriepBeie paspaboTana MOJETbh YMEHBIICHHUST HCHOPMAaTHBHOTO H3HOCA TOPMO3HBIX KOJIOAOK 3 CUET pammo-
HaJIbHOTO cIIoco0a MOIEPHU3AIMN PACHOPKH TPHUAHTeNns. AJanTHPOBAaHBI MaTeMATHUECKHE PAacdeThl K OIpeere-
HHIO CHJIOBBIX Harpy30K 3JIEMEHTOB TOPMO3HBIX PBIYaKHBIX Mepead, KOTOPhIE HAKIOHSIOT TPHAHTENb 10 YIHPAHUS
BEPXHUMH KPOMKaMHU KOJOJOK B MOBEPXHOCTh KaTaHMs Kojec. [IpakTuueckasi 3HaUMMoOCTh. Pe3ynpTaTsl mpose-
JICHHBIX MCCJICIOBAaHUI arpoOMpoBaHbl Ha TOABMKHOM coctaBe. ChopMynupoBaHbl MPAKTUUECKHE PEKOMEHIALNH,
KOTOpBIE 11eJeCO000pa3HO UCIOIb30BATh IPU NPOEKTUPOBAHUH, MOJIEPHU3AIUY U IKCIUTyaTallil TOPMO3HBIX CUCTEM
KaK 9KCIUTyaTallHOHHOTO MapKa, TaK ¥ TPEXIIEMEHTHBIX TEJIEeKEK HOBOTO MOKOIECHUS.

Kniouesvie cnosa: HeHOpMaTUBHBIN H3HOC; TOPMO3HAs KOJIOJKA; TOpMO3Has perdaxxsas nepenada (TPII); pac-
MIOpKa; TPUAHTENb; BArOH; MOMEHT CHJIbI; TUHAMHYECKHE CUIIBL; PAllMOHAIBHBIN CII0CO0; MOICPHU3AIHS
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“Dep. «Cars», Ukrainian State University of Railway Transport, Feuerbach Sq., 7, Kharkiv, Ukraine, 61500,
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THE MODERNIZATION OF THE ELEMENTS OF THE BRAKE LEVER
TRANSMISSION OF FREIGHT CARS BOGIES

Purpose. This study seeks to identify a rational way to modernize the brake lever transmission elements of
freight car bogies. Methodology. Theoretical and operational studies concerning the structural limitations of the
appearance of abnormal wear on the brake pads of the lever transmission of freight cars have been performed. The
analytical approach to the justification of the technical and technological way of improving the existing design of
the brake lever transmission is used. The recommendations of the modernization of the brake struts of the freight
cars are given. Findings. Existing performance of existing brake lever transmissions has been found to be inefficient
due to the inclination and pressing of the upper edges of the pads on the rolling surfaces of the wheels while running
of trains without braking. Harmful friction with the formation of double friction wear of the working fluid leads to
a condition where, due to the eccentric action of dynamic loads, up to 95% of the total number of pads are in a dam-
aged state. The solutions for the restoration of existing brake beams designs were proposed. The chosen simplicity
of the method of repair work is that the location of the service opening in the brake struts is transferred to a rational
place. The method of modernization offered in the work is reduced to the fact that according to special calculations
in the existing brake strut, at its restoration the minimum number of repair operations is performed. Originality. It is
theoretically proved that in a brake beam a harmful torque from dynamic forces is formed, which causes abnormal
wear of the brake pads. Calculated force analysis, taking into account these factors, identified the main disadvantage
and identified the possibility of its elimination. A model was developed for the first time to reduce the non-
normative wear of the brake pads due to the rational way of upgrading the brake strut. Mathematical calculations
have been adapted to the formulation of the force loads of the elements of the brake levers, which tilt the brake beam
to rest against the upper edges of the pads at the rolling surface of the wheels. Practical value. The results of the
research were tested on real rolling stock and received practical recommendations, which should be used in the de-
sign, modernization and operation of brake systems of both operating fleet and three-element bogies of the new gen-
eration.

Keywords: abnormal wear; brake pad; brake lever transmission (BLT); strut; brake beam; car; moment of force;
dynamic forces; rational way; modernization
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Bukiag 0CHOBHOT0 MaTepiajy CTaTTi IOBUHEH MaTH TAKi eJleMeHTH:

—  BCTYIH: IIOCTaHOBKA NTPOOJIEMH, aHANI3 OCTaHHIX JOCIIKEHb;

—  Mery,

—  MeTOAMKY: BHKJIaJ OCHOBHOTO Marepiaily JOCIHiKCHHS 3 HTOBHIUM OOIPYHTYBaHHSAM OTPUMAHUX HAYKOBUX
pe3ynbTatiB. JIoKIagHO OMUCYIOTh 3arajlbHy METOIUKY AOCIIKEHHS, 1100 HOro pe3yabTaTh MOTIH OyTH BiATBOpeE-
Hi: OITUCYETHCA MOCTIIOBHICTh BUKOHAHHS JOCIIIKEHHS, 00T pYHTOBYETHCSI BHOIp BUKOPHCTOBYBAHUX 1 BUKIIAJA€Th-
s CyTh IIPOIIOHOBAHUX METOJIIB 1 MOJIeJIel, 3MICTOBHO BU3HAYAETHCS, 1110 CaMe JIOCIIIKYBaJIOCs KOXKHUM METOJIOM;

—  Ppe3yJbTaTH: MICTATh €KCIIEPUMEHTANIbHI YM TEOPETHYHI J[aHi, OTpHUMaHi B poOoTi, AJIs JeMOHCTpalii Toro,
110 OTPUMAaHO HOBE pillIeHHs POOJIeMH, 1 0 poOOTa € 3HAYHUM KPOKOM BIIEpe/1 y MOPIBHSAHHI 3 MONEPEHIMH J0C-
mipkeHHsMu. Jlani nogaroteest y opmi tabnuis, rpadikis, giarpam, piBHsAHb, GoTorpadiil, puCyHKIB, CTaTHCTHY-
HUMH OLIiHKaMu. Pe3ynbTaTi MOBMHHI OyTH BHKJIJIEHI KOPOTKO 1 YiTKO, NPU IIbOMY MICTHTH JOCUTH iH(popMarii
JUIsl OL[IHKK 3pOOJIEHMX BUCHOBKIB, TAKOX Ma€e OyTH OUEBHIIHO, YOMY JUIsl aHaNi3y oOpaHi came 1 JaHi;

—  HAYKOBY HOBH3HY Ta MPaKTH4YHY 3HAUYMMicTh. HaykoBa HOBH3HA OTPHMAaHMX PE3yJIbTaTiB BUKIIAIA€THCS
apryMEeHTOBaHO, KOPOTKO i 4iTko. JIo HaykoBOI HOBHM3HM HE MOXXHA BITHOCHUTH NMPUKIAIHI PE3yNbTaTH (crocobw,
MIPUCTPOI, METOJUKH, CXEMH, aIrOpuT™Mn). IIpakTnuHe 3HAYEHHS OTPUMAHUX PE3yJbTATiB CTAHOBIATH BiJIOMOCTI
PO BUKOPHUCTAHHS PE3YJIBTATIB TOCITI/DKEHb 00 peKoMeHallii 3 iX BUKOPHCTaHHS,

—  BHCHOBKH: HEOOXiTHO HABECTH JOCSATHYTI KUTBKICHI Ta SKiCHI IOKa3HUKH JOCHIHKCHHS, BUKIACTH PEKO-
MEH/IAIT 3 TX BUKOPHCTAHHSL.

3 ycix nuTaHb 3BepTaiiTecs 10 peaakiii ;KypHaJ1y 3a aJpecoro:
HaykoBo-TexHiuna 0i0mioteka (aya. 166),
JIHITpOBCHKHI HAITIOHATBHUH YHIBEPCUTET 3aTi3HUYHOTO TPAHCTIOPTY iMeHi akanemika B. JlazapsHa,
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