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MarepialbHOr0 30HMTKY 1 BCTaHOBJCHHS (IHAHCOBUX MEX MK HAsJIBHAMH BHUJIAMH TPAHCIOPTHUX IOJIH.
Metoanka. Y Haml Jac Ha 3aNli3HUINX Y KpaiHU TPaHCIOPTHI MOMii KIIacH(piKyIOTh 32 TSDKKICTIO HACTIAKIB 1 BHpa-
JKaIOTh y HATYpAJTbHUX BeIMIMHaX. HasBHA cucTeMa Kiacu(ikallii mocTynaeTbesl CHCTEMI Kitacudikarii TpaHCIopT-
HUX TIO/IiH, sika Jiie Ha TepuTopii kpain €Bponeiicbkoro Coro3y (€C). TpancnoptHi noaii B kpainax €C knacudiky-
I0Th SIK 32 THIIOM, TaK 1 3a KpUTEpiEM MaTepiaabHOro 30UTKy. JlJist po3moniieHHst TPAHCIIOPTHHX TOJIN Ha 3ali3HH-
X YKpaiHU 32 KaTeropisiMH 3aJIeKHO Bi TSDKKOCTI HACHIIKIB BUKOPHUCTOBYIOTh METOJ HaiOmmk4oro cyciga. Bin
ypaxoBye CepeiHi 30MTKU BiJl TPAHCHOPTHOI MOil, HOr0 OCOOJMBICTIO € MOXJIMBICTh BCTAHOBJICHHS (DiHAHCOBUX
Mex. PesysnbTarn. 3anpornoHoBaHuii epeKTUBHUI METO PO3IOUIEHHS! TPAHCIIOPTHHUX MOJIiH Ha 3ai3HULAX YKpa-
{HM 3a KAaTErOpisAMH 3aJIC)KHO B TSHKKOCTI HACHIIKIB 13 BUKOPHUCTAHHSIM KIIaCTepHOro anamisy. [IpeacrasieHi pe-
3yJbTaTH PO3PaXyHKIB JO3BOJISIOTH PO3MOAUIATH TPAHCIIOPTHI MOii HA TPY IPYIH Ta BCTAHOBHUTH (hiHAHCOBI MEXi
Mix HUMH. HaykoBa HOBH3HA. Y IOCKOHAJICHO METOAMKY PO3MOJIICHHS TPAaHCIIOPTHUX TOMIN 3a KaTeropisiMA 3a-
JISKHO BIJI MaTepiadbHUX 30MTKIB BiJ HUX. BiqmoBigHO 10 HEl TpaHCIIOPTHI MOAIl MOiIEHI HA TPU TPYyNH. YTepIie
OyJM 3amporoHOBaHi (hiHAHCOBI MEXi MK I'pyllaMd TPAHCHOPTHUX moxii. [Tomamemm AOCHIIKEHHS TPOIOHYEMO
CHpsIMYBaTH Ha HiATBEPKEHHS Po3MipiB (iHaHCOBUX Mek. [IpakTHYHA 3HAYMMICTh. Y pe3yibTaTi JOCIHIIKEHb
3’SIBUJIACS MOMJIMBICTh OLIHUTH TPAHCIOPTHI MOJIT HE TUTHKH 32 TSDKKICTIO iX HACHINKIB, a i 3a KpUTEpieM MaTepia-
nmpHOTO 30MTKY. Lleit minxin mae 3MOTy TaKOXX OIIHWTH CTaH Oe3NeKH PyXy Ha OKPeMHUX AUISTHKAaX, CTAHIIAX 9H JTU-
pexmisx 3ami3Huii. Ha OCHOBI OTpHMaHUX pe3ynbTaTiB MOMJIMBUHN MONANBIINA PO3BUTOK CHCTEMH Kiacupikamii
TPAHCHIOPTHHUX MO/Iii, a TAKOX 1 IHTETPYBaHHS B €BPONEHCHKY CHCTEMY KiIacH(iKkariii.

Kntouosi cnosa: xiacudikarmist TpaHCHOPTHUX MOiH; 3aJII3HUYHAN TPAHCIIOPT; MaTepiadbHi 30UTKI

TSOKKOCTI  HAcCHigKiB  (HACHiJKU  BHpaKeHi
Beryn B HAaTypaJIbHil BENMYMHI, TOOTO B KUTBKOCTI 3aru-
Oymx abo TpaBMOBAHUX JIIOJACH, IMOIIKOKEHOTO
PYXOMOTO CKJIaay, TeXHIYHUX 3aco0iB Ta iH.). [lei
miaxix YKp3adi3HUIS 3aCTOCOBYE ISl YKIIaJaHHS
LIOPIYHHX 3BITiB, SKI XapaKTepU3yIOTh CTaH Oe3-
MEKH PyXy ¥ MMoAaroTh iH(GOPMAIiI0 MPO KUIbKICTh

3 METOI0 aHali3y W OLIHKH piBHA Oe3NeKu is-
JBHOCTI cy0’€KTIB MepeBe3eHh Ha 3ali3HHIX YK-
paiHH Bci TPaHCIOPTHI MOIT MiuIraloTh Kiacudi-
Kamii 3ajie)KHO Bij o3Hak. HasgBHUNM miaxix mono
knacu(ikalii TPaHCHOPTHUX MOJIiH 0a3yeTbcsi Ha
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HAVKA TA ITPOI'PEC TPAHCIIOPTY

TPaHCHOPTHUX MOJIH, IO TPAaNWIKCS Ha MiANpPH-
€MCTBAX YCiX 3aJIi3HHIIb.

BigmoBigro mo nHaka3ly MinictepcTBa iH(pa-
CTpYKTypH VYkpainu Bix 25 mumus 2017 poky
Ne 235 «IIpo 3arBepmxenns IlomoskeHHs PO Kita-
cudikarito TpaHCIOPTHHUX MOJIIN Ha 3ATI3HAYHOMY
TpaHcmopti» [4], TpancnoptHi moxii kiracudiky-
I0Th sIK KatacTpodu (aBapii i3 cepilo3HUMH Hac-
JKaMu), aBapii Ta iHIMIESHTH.

BiamorigHo 10 BUIE3a3HAUEHOTO HaKa3zy, Ka-
Tactpoda (aBapis i3 CepHO3HUMHU HACTIAKAMH) —
TPAHCIIOPTHA TIOJisA, IO TpH3BeIa 0 TOXKEeXKI Ha
PYXOMOMY CKJIaJi 3aTi3HHIHOTO TPAHCIOPTY, 3iT-
KHEHHsI PYXOMOTO CKJaay 3 IHIINM PYXOMHUM
CKJIaJiOM, TPAaHCIIOPTHUMHU 3ac00aMH, CXOIKEHHS
PYXOMOTO CKJIay Ha IMeperoHi Y CTaHIIil, i1 Jac
noizHoi abo MaHeBpPOBOi pOOOTH, eKimipyBaHHS
TOIIO, YHACTIIOK SIKOI 07Ha abo0 Oijbline ocib 3aru-
HYJIH, II’ITh 1 OinbIme oci® TpaBMOBaHO, Ta/abo
CIpUYMHMIIIA TOIIKO/DKEHHS PYXOMOTO CKIIaay,
1HOPACTPYKTYpH 3ali3HHYHOTO TpaHCHOpTy abo
3aBJajia IIKOAW HAaBKOJHMIIHBOMY IPHUPOTHOMY
CEPEIOBHUIITY, a TaKOXK Oyab-iKi 1HII CXOXKi aBapii
3 OYEBHJHHMM BILIMBOM Ha PETYIIOBaHHS OE3MEKH
Ha 3ali3HMYHOMY TpPaHCIOpPTi abo ympaBliHHSI
0e3mneKoro.

Onuuunero BUMIpy, sika Bipi3Hse KaTtacTpody
BiJ| aBapii, € KUIBbKICTh 3aru0JIMX 1 TPaBMOBaHHX
0ci0, CTyIiHb TOIIKOKEHHS TPAHCIIOPTHUX 3aCO-
6iB. OgHAK 3a po3Mipamu 30MTKiB, SIKi BUpaKEHi B
TPOIIOBUX OJMHUILX, KIacu(ikyBaTH TPaHCIIOPT-
Hi moAil Ha 3ali3HUIAX YKpaiHH HE BUIAETHCS
MO>KJIMBUM.

B ocHOBy cuctemu Kiacudikarii TpaHCTIOPT-
HUX TIOAiH Ha 3am3HuIX kpain CHJl moxmagenmit
TaKOX MPHUHIUI TSHKKOCTI HACTI/IKIB, 0 BUHUKIIA
B pe3ysbTatri TpaHcnopTHol moaii. Ha 3ami3Huisx
Pocii, BianoBigHo 10 Haka3zy MiHicTepcTBa TpaHC-
nopty Pocilicexkoi ®epepauii Big 18 rpyans
2014 poxy Ne 344 «IIpo 3arBepmxenHs [lonoxen-
HSl TPO KJIAcU]IKaIliio, TOPSIOK PO3CIHiTyBaHHS
TPaHCHOPTHUX Ta IHIIMX MOAiH, SIKi MOB’sA3aHi 3
MOPYIIEHHSIM MpaBUi O€3MeKH PyXy i ekciuryara-
il 3aJi3HUYHOTO TPAHCHOPTY» B PpENaKIii Bij
29 smunas 2016 poky [5], TpancnopTtHi mozil Kia-
cU]IKYIOTh, SIK KatacTpodH, aBapii 1 TpaHCTIOPTHI
moAil, SKi BUHUKIW Tl 9ac TepeBe3eHHs (TpaHC-
MIOPTYBaHHA) HeOE3MEeUHNX BaHTaxiB. Sk 1 Ha yK-

PalHCBKUX 3aMi3HUIX, MPEACTaBIeHi TPaHCIOPTHI
ol XapaKkTepu3ylThCA KUTBKICTIO 3arudiamx abo
TPaBMOBaHUX OCi0, CTyNEeHEM IOIIKOHKEHHS Py-
xoMmoro ckmany. Ha samisnuisix Kaszaxcrany gie
Kimacudikaris TpaHCIIOPTHUX TOMIA 3a TaKUM XKe
npuHOUOM. BiamoBigao no Hakazy Minictpa Pe-
cnyomiku Kazaxcran Big 26 Oepesns 2015 poky
Ne 334 «IIpo 3atBepmxenns IlpaBun Oe3neku Ha
3aJTI3HHYHOMY TpaHCIOpTi» [6], TpaHCHOPTHI MOl
MOJUIAIOTE HAa KaTacTpodu, aBapii, TPaHCIOPTHI
nofii W 1HIMIACHTH. 3a KpPUTEpiEM MaTepiajJbHOTO
30uTKy Kiacu(]pikyBaTH TPaHCIOPTHI MOl HEMO-
JKIJTHBO.

Ha 3amiznumsx kpain €Bpomneiicbkoro Coro3y
(€C) tpancroptHi moxii KIacH(piKyOTh SK 33 TH-
[IOM TPAHCIIOPTHUX TOiH, TaK 1 32 KpUTEPieEM Ma-
TepiaibHOrO 30UTKY. Hampukian, sk 3a3HavaroTh
3BiTH [15], mpOTATrOM TPHBAJIOrO Yacy Ha 3ai3HHU-
uax  llompmi Bemu TONBIMHY —TOKYMEHTAIIIIO
y cdepi Oe3mekn, sika kinacudikyBaia TPaHCIIOPTHI
oJIii B MEPIIOMY BUIAJAKY BIiAMOBIAHO JI0 HAI[iO-
HaJbHUX BUMOT (3ITKHEHHS, CXOJDKEHHS Ta IOMil
Ha Tiepei3iax), a B [pyromMmy — BiATIOBITHO /IO €BPO-
MEeHCbKUX BHMOT, 3a3HaYCHUX Yy AMPEKTHBaX i3
0e3MeKHu pyXy.

BigmosimHo mo Jupexktusu 2004/49/€C [11]
i upextuBu 2009/149/€C [10] €Bpormeiicbkoro
[NapnaameHnTy, TpaHCIIOPTHI MOJIT KIACH(DIKYIOTH 32
TSDKKICTIO HACHIJIKIB, SIKI B CBOKO YEPry BHpPaKEHi
y TpomoBOMY eKkBiBajieHTi. OCHOBHMMH BHUIAMH
TPaHCIIOPTHUX MOJIH y HUX € 3Ha4YHa aBapis Ta
cepio3Ha aBapid. 3Ha4YHA aBapis XapaKTepU3yeTh-
csl 3arajdpbHUMH 30MTKamu ToHay 150 Tuc. eBpo,
a cepiio3Ha aBapis — moHax 2 MiH. €Bpo. [lomana
knacuikallis IpocTo # HA0OYHO PO3MOLISE TPaH-
CHOpPTHI mozii, mo poOuTh ii HAWOUIBII 3PYUHOIO
Yy BUKOPHUCTAHHI.

UuHHI IUPEKTUBH MICTATH PEKOMEHIAIII 111010
rapMOHi3aIlil 3aIi3HUYHOI CHUCTEMH, YBOISAThH 3ara-
JIbHI MTOKa3HUKM ¥ KpuTepil Oe3neKH, a TaKoXK Me-
TOJM ii JoTpuMaHHA. 1Sl TOCSITHEHHS UX TOKa3-
HUKIB KpaiHu-wieHn €C MOXyTh BUKOPUCTOBYBa-
TH 1HIMBiIyaJbHI 1HCTPYMEHTH, SIKi € HalOUIbII
JIEBUMHU JUUIsl HUX. [3 METOI0 OIIHKH JOCSTHEHb
3arajibHUX KpUTepiiB Oe3neku aepkaBu-wieHn €C
30MparoTh iH(GOPMALII0 MPO 3araibHi MOKa3HUKH
Oe3ITeKH 3a JOMOMOTOI0 IIOPIYHUX 3BITIB MiATPH-
€MCTB 3JTI3HIYHOTO TPAHCIIOPTY 3 IUTAaHb OC3TECKH.
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HAVKA TA ITPOI'PEC TPAHCIIOPTY

[IpoTe mpouec OLIHKH PU3UKIB TPAHCIIOPTHHUX
oAt Ha 3ami3HUIX KpaiH €C He BCTAaHOBIIOE
KOHKPETHHX KPHUTEpiiB aHaNi3y PU3HKIB 1 I1a€ Mo-
JKITMBICTD T TMOAAIBIINX HocTimkens [7, 9, 12,
13, 14].

VY poboti [1] aBrop Kiacu(ikye TpaHCHOPTHI
MOJiH 32 KpUTEpieM MaTepialbHOro 30MTKY, BHKO-
PHUCTOBYIOUM KpHTepiii po3outTs. OHAK MmiJ 4ac
BCTaHOBIIEHHS (DIHAHCOBMX MEX BiH HE BPaxoBY€
TPAHCIOPTHI MOl 3 MAKCUMAJIbHUMH 1 MiHIMaTb-
HUMU 3HAYCHHSIMU 30HUTKIB.

[lix gac po3noiTy TPaHCIIOPTHUX TOIN 32 Ka-
TEropisIMH MOXXYTh BUHUKHYTH TPYTHOII 3 OIliH-
KOO CepeIHIX MaTepiaibHuX 30UTKIB Bij| 3aruoerti
U TpaBMYBaHHSM JIIOJCH Ta 3aBJAHHS IIKOIU Ha-
BKOJIUIITHEOMY MPUPOTHOMY CEpPEIOBHIILY.

Jlyis oriHKK OyzAe MOLUIBHO MEPEHHATH JAO0CBIT
kpain-wieniB €C. Y pasi 3aru6eni i TpaBMyBaH-
Hi monedt Ha 3ami3HUIEX €C BUKOPHCTOBYIOTH
MOHATTS «TOTOBHiCTH TutaTuTh» [10], sike mepen-
0ayae BU3HAYCHHS MPSMHX 1 HEMIPSIMUX €KOHOMid-
HUX BHUTPAT BiJl MOJii, KA TPANMIACS 3 JIOIUHOIO.
HepxaBa-uien €C OIiHIOE BapTiCTh MEIUYHOI Ta
peabuTiTaliiftHOT TOTIOMOTH, BapTICTh FOPUIUYHOTO
CyIly, BUTPATH Ha TOJIIEHCHKI, MPUBATHI PO3CIIi-
JTyBaHHS, aBapiiiHi CIIy»KOu # aMiHICTpaTUBHI BH-
TpaTH CTPaxyBaHHS, a TAKOXK BUPOOHUYI BTPATU —
LIHHICTh JUIS CYCIiJbCTBA TOBapiB 1 MOCIYT, SIKi
Moru 6 OyTH BUPOOIIEHI TIOAMHOIO, KA IMTOCTPaXK-
naina Bij karactpodu abo aBapii.

MartepianabHi 30MTKH BiJl 3aBJaHHS IIKOIU Ha-
BKOJIMIITHBOMY TIPUPOJHOMY CEPEIOBHIIY — 1€ BHU-
TpaTH 3alli3HUIl, OIliHeHI Ha TifcTaBi ii JOCBimy,
Ha BIJHOBJICHHS IOIIKO/PKEHOT TEPUTOPIT 10 TaKO-
TO CTaHy, B IKOMYy BOHa TiepeOyBaia Jio TpaHCIIop-
THOI noail Ha 3aJII3HUIL.

Y pob6ori [8] aBTOp HaroJomye, 1110 B pa3i 3a-
rubeli JIOMUHKA MOTPIOHO BPaxOBYBATH HE TIIBKH
OUYEBHUIHI €KOHOMIYHI 30UTKH (CIaJ MPOyKTHBHO-
CTi, BUIUIATH POJMHI), aie i BTpadeHy BapTiCTb
CaMoro JKHUTTs, TOOTO BapTICTh KiJIKOCTI POKIB,
SIKi HE JJOYKWJIA JIFOJIMHA JIO BIKY CEpellHbOI TpHBa-
JIOCTi KUTTH.

VY mpani [2] aBTOp KpUTHKYE TiAXim, BiamoBis-
HO JI0 SIKOT'O I[iHA KUTTS JOPIBHIOE BEJIMUYUHI JIFOJI-
chkoro Kamitanmy. OCKIIBKH B TaKOMY BHITQIKYy
IIiHA KUTTSI OHOTO MUTbsIpIEpa MOXKE JOPIBHIOBA-
TH I[iH1 )XUTTS HEBEITUKOTO ITOCENIEHHSI.

VY nopanemiomy ciiJi OPUAIIIATH yBary po3poo-
Il OIIIHKK CEepPeAHIX MaTepiaIbHUX 30WTKIB Bif 3a-
rubeni i TpaBMyBaHHSM JIOJIEH Ta 3aBIaHHS IIIKO-
I¥ HaBKOJHMIIHHOMY TNPHPOJHOMY CEpEIOBHILY,
OCKINBKH 115 mpo0iemMa B cTaTTi He Halyja po3r-
TSy

Merta

Bynp-sixa TpaHcnopTHa mofist moB’sizaHa 3 ¢i-
HaHCOBMMH 30WTKaM{ Ha yCYHEHHS ii HaCIiJKiB.
[Micnsa anamizy HasiBHUX BHIIB Kiacudikalii TpaH-
CIOPTHUX TOMAIH MOXXHa 3pOOUTH BHUCHOBOK, IO
HaHOIBI 3pyYHOI0 Y BUKOPUCTAaHHI € Kiacudika-
ig 32 KPUTEpiEM MaTepianbHOTO 30MTKy. MeToro
HAIIIOI CTATTI € pO3pPOOKa METOJUKU PO3IOIICHHS
TPAHCIIOPTHUX TMOMAIA 332 KPUTEPIEM CEePeaHBOTO
MaTepiaabHOTO 30MTKY Ta BCTAHOBIIEHHS (piHAHCO-
BUX MCK MIX HajgBHUMU BHUJaAMH TPaHCIIOPTHUX
MOii.

MeToanka

VY Hall 4yac Ha 3aJi3HUISX YKpaiHH TPaHCIIOp-
THI Tofii KIacuiKylOTh 32 TSDKKICTIO HACTIJKIB 1
SIKI BUPQXAIOTh Y HATYPabHUX BelnW4yuHaxX. Hass-
Ha cucTeMa Kiacudikalii MOCTyHaeTbCsl CHCTEMI
knacu(ikailii TpaHCIIOPTHUX MO/, SKa JIi€ Ha Te-
puropii kpain €Bponeiicbkoro Coro3y (€C). Tpan-
cnopTHi nofii B kpaiHax €C kmacuikyroTh sK 3a
THUIIOM, TaK 1 32 KpUTEPiEM MaTepiaibHOrO 30MTKY.
Jiist po3noAiNieHHsT TPAaHCIIOPTHUX MO Ha 3aii3-
HUISIX YKpalHU 32 KaTeropisiMU 3aJIeKHO B TSDK-
KOCTI HACIIIKIB BHUKOPHUCTOBYETHCS METOH Haii-
ommkyoro cycima. BiH ypaxoBye cepeiHi 30UTKH
BiJl TPAHCIIOPTHOI MOJii, HOr0 OCOOIMUBICTIO € MO-
JKJIMBICTh BCTAHOBIICHHSI (DIHAHCOBHUX MEX.

PesyabTaTn

Po3nozin TpaHCcopTHUX TOJiH 3a KpHTEpieM
MaTepiaJbHOrO 30MTKY MPOBOJISATH HA OCHOBI Kiac-
tepHoro ananizy [3]. Hexaii (i =1,...,n) — BIO-
PAAKOBaHI 3a BEJIMYMHOIO JaHi, a caMe CepejHi
MaTepiaiibHi 30MTKH Bif i-i TpaHCIOPTHOI MOl
(puc. 1). Hpu mpomy 1; > 1; ,ockinbku i> .

Buxigai gani HaBemeHo B TabOin. 1. OcKiIbKH
TOYHI JaHi Mpo cepeaHi 30UTKHU BiJ TPAaHCIIOPTHUX
MOMIM BIZCYTHI, TO BEJIMYMHA 30MTKIB Oylia BCTa-
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HOBJICHA €KCIIEPTHUM HUIsIXOM. Ha mizcTasi mopi- HicTe aBapiii 1 karactpod), 2013 i 2014 poku
YHHX 3BITIB YKp3ami3HUIl. 3a po3paxyHKOBUH me- (OCTaHHI POKH 3 HASBHUMH IIOPIYHUMH 3BITAMH).
piox Oymu B3siTi: 2007 pik (0OpaHuii depe3 HasB-

Tabmnums 1

Hani AT «Yxkp3aaizanus» 3a 2007, 2013 i 2014 pp. npo TpaHcnopTHi moaii Ta 30UTKH Bil HUX
Table 1

Data of PJSC "Ukrzaliznytsia" for 2007, 2013, 2014 about traffic accidents and losses from them

Ne Ha Cepenni

rpadi- HaiimenyBaHHS TpaHCIIOPTHHUX MO 30UTKH,
Ky THC. TPH
1 Karactpoda 1 267,93
2 ABapis 566,23

3iTKHEHHS MACAKUPCHKUX a00 BAHTAXKHUX MOT3/1IB 3 IHIIMMHU MOi3[aAMU YU PYXOMUM
3 CKJIaJIOM, CXOJ[’KCHHS pyXOMOTO CKIIaJy B ITOi3/1aX HA MEPErOHaX i CTAHIIIAX, SKi HE 381,49
HAJIeKATh JI0 aBapiil 3a CBOIMH HACITiKAMU

4 [Ipoi3x 3a00pOHEHOT0 CUTHATY, TPAHUYHOTO CTOBITYMKA 200 CHTHAJIBHOTO 3HAKa 136 61
«Mesxa CTaHII» '

5 Buxin pyxoMoro ckiiajty 3a1i3HHYHOTO TPAHCIIOPTY HA MapUIPYT MPUHMaHHS 8770
(BiAmpaBIeHHS) TOi3/1a, TIEPETiH !

6 PoszBanroBaHHS BaHTaXy MiJ 9ac pyXy 3 MOPYIICHHSAM Ta0apuTy 157,31

7 [MamiaHs getanei pyXoMOTo CKIIany MacakupChKOTO MO131a Ha KO0 22,70

8 CaMopo34eIIeHHS], PO3PUB aBTO34eITy 00 'BUHTOBOI CTSXKKH MiXK BarOHaMH B T1aca- 4401
JKUPCHKOMY TIOi3Ti '

9 [TepeBeneHHs cTpiiku a0 PyXOMOTO OCEp/isi XPECTOBHHHU, 110 BXOJMTH JI0 TIOT3HOTO 35 63
MapuIpyTy I Hoi3aoM '

10 3iTKHEHHS UM CXOJDKEHHS PYyXOMOTO CKJIa/ly 3aJIi3HUYHOTO TPAHCIIOPTY Iijl 4ac BUKO- 455.26
HaHHA MaHEBPOBOI poOOTH '

11 IepeBeeHHs CTPIIKK IMiJl MAHEBPOBUM CKJIa10M 64,83

12 CaMopo3uerIeHHs, PO3pUB aBTO34ely a00 FBUHTOBOI CTSKKH y BAaHTQXKHOMY TOT311 1792
Ta MiX JJOKOMOTHBOM 1 MEPIIMM BarOHOM MacaKUPCHKOTO MOi3/1a !

13 Po3pi3 cTpinku (pyxomMoro oceplisi XpeCTOBHHN) 9,79
14 35maM periKu i eIEMEHTIB CTPIIOYHUX TIEPEBOIIB 195,88
IMosiBa HecIpaBHOCTEH JIOKOMOTHBA, MOTOPBATOHHOTO PYXOMOTO CKIiany abo creria-

15 JIBHOTO PYXOMOTO CKJIaJly, BarOHiB, HecipaBHOCTeH Koumii, mpuctpois CLIb Ta 3B’s3Ky, 306.12

1

KOHTaKTHOI MEpExXi, ElEeKTPOIOoCTauaHHsI, SIKi PU3BEIH J0 3aTPUMKH I0i3/]a Ha repe-
roHi 4K ctaHuii Ha 1 rox. ¥ Oinble MoHax rpadikoBoro yacy

3nam 60Kk0BO{ (hepMH Ky30Ba BAHTAXKHOTO BaroHa, KOJIICHOT mapu a0o i eleMeHTIB,
16 OOKOBMHHM Bi3Ka pyXOMOT'O CKJIaJy, Ha[peCOpPHOI YK XpeOTOBOT OaloK MacaXUPChKUX 77,14
1 BaHT@)KHUX BaroHiB abo TpimuHu 0aJoK Bi3KiB MaCaKMPCHKUX BaroHiB

17 [MpuiimManHs ¥ BignpaBiaeHHs 1M0i3/1a 32 HEMIPABUIIBHO MiJATOTOBICHUM MaplIpyTOM 56,96
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I[MpoagoBxkenus tabm. 1

Continuation of Table 1

Ne Ha .
. N . Cepenni 30uT-
rpadi- HaiiMeHyBaHHS TpaHCIIOPTHUX HOA1H
KH, THC. TPH.
Ky
Hesunpmaua monepemkeHs Ha MOT311, KOJIM HEOOXiAHO 3MEHIITUTH IIBUAKICTH a00 3yIIH-
18 HUTHCA Ta (a00) HE OTOPOKEHHS CUTHAJIAMH HeOe3[IeTHOTo MicIisl A7 pyXy HOi3iB 227,03
i1 Yac BUKOHAHHS poOiT
[MopymeHHs TpaBMII PO3MILICHHS 1 KPIIUICHHS BaHTaXYy, AKi HE COPUYNUHIIN BUXI1]
19 BaHTaXXy 32 BCTAHOBJICHI Ta0apuTH HABaHTa)KEHHS, aJie PU3BEIH 10 3aTPUMKH I0131a 167,31
Ha 2 roj. i Oiible
20 HenpaBuibHi gii mpaniBHUKIB, 10 IPU3BEIH 0 3aTPUMKH 10i31a Ha 1 To. i Oinbne 208,71
21 HecBoegacHe 3akiHueHHS POOIT y «BIKHOY, IO TIPU3BEIHN 0 3aTPUMKH IT013/1iB HA 56 05
1 ropx. i OinbIe !
29 Iepexin Ha iHMI 3ac00M CUTHATI3AIIT 1 3B’ 3Ky AJIS OpraHi3alii pyXy moi3ziB Ha 8 ro. 154 86
i OlyplIe Yepe3 HeCIPaBHICTh TEXHIYHUX 3aCO01B '
HecnpaBnicts OykcH 200 iHIII TEXHIUHI HECIIPABHOCTI BaroHiB, JOKOMOTHBIB, CEKITiit
23 JIM3€Jb-TI0I3/IIB Ta eNEKTPOCEKII Y1 HeNPaBHIIbHI Aii NPUUETHUX NPaLiBHUKIB, 1110 136,29
MPU3BEI JI0 BiUEIUICHHSI PyXOMOT'0O CKJIay BiJl 01312 Ha LUIAXY HOTO NPsIMYBaHHS
24 Hai3x Ha cTopoHHI peIMeTH, JieTalli BepXHbOi Oy/I0BU KOJii, BI3KH, 130J1F0BaJIbHI 92 16
3HOMHI BHIIKH, TaJbMiBHI OallIMaKH TOIIO '
o5 [TepexpuTTs 1O3BUIHLHOTO TIOKA3aHHS CUTHATY Ha 3a00pOHHE, 1110 BUKJIMKAJIO P03 183 11
3a00pPOHHOTO CHTHAITy Ha CTaHIISIX '

3arallbHIMHU O3HAKAMU 3aJi3HHYHHUX TPAHCIIOP-
THHUX IOJIH, 110 BUHHUKIIU il 9aCc PyXy PyXOMOIo
CKJIany y HasBHIA kiacudikamii e: 3arudens abo
TpaBMyBaHHS JIIOJICH; TOIIKO/PKEHHS PYXOMOTO
CKJIaly W TEeXHIYHHMX 3ac00iB; MopymeHHs rpadika
pyXy TOIi31iB; 3aBJaHHS MIKOIU HABKOJHITHHOMY
npuUpoAHOMY  cepenoBuiny.  I[lpencraBieHuit
y CTarTi miaxix a0 kiacudikaiii TpaHCIOPTHUX
MOJIN 332 KpUTEpiEM MaTepialbHOro 30UTKYy Oa3sy-
€TBCSI HA CepelIHIX MaTepiallbHUX 30MTKaX BiJ MOIL-
KOJDKEHHSI PYXOMOTO 3aJIi3HUYHOTO TPaHCIIOPTY H
TEXHIYHUX 3aCc00iB, MOPYIICHHS Ipadika pyxy Mois-
TiB, SIKi B CBOIO YEPry MO>KHA OLIIHUTH OJTHO3HAYHO.

Ha puc. 1 300pakenuii po3noaisn TpaHCIOPTHUX
nmoifi 3a MaTepiasibHUMU 30uTKamu. Hymepariiero
BiZl 1 10 25 mo3HauYeHO HOMEpP TPAHCHOPTHOT MOl
BiaNoOBiAHO 10 TaOu. 1. HaitGinbmmi cepemHi 30UTKH
Oysu cripuurHeHi karactpodoro (1267,93 tuc. rpH),
1l BOHM MMO3HAYCHI OJMHUICIO Ha puc. 1. HaiiMenri
30UTKH B po3Mipi 9,79 Tuc. TpH. Oynau cIpUYMHEHI
PO3pPi30M CTPUIKU (PYXOMOTO OCEepAsi XPECTOBHHHU),
BOHH TI03HAYEHI HAa PUCYHKY I1ig HoMepom 13.

Cxema Kiactepuzallii 3a IPUHIIUIIOM HaHOIK-
4YOro Cycijia Moke OyTH OIHMCaHa HACTYITHHM 4YH-
HoM. Posrmsuemo {l,1,,...,1,} Sk MHOXMHY Kiac-

tepiB {I, }.{I,}.....{l,}. Bubepemo npa 3 nux — I,

Ta | , AKi € HAOUIBII OJMU3BKUMH 1 00’ €THAEMO TX

i
B oauH kiactep. HoBa MHOkMHA KiactepiB Oyje
CKJIaIaTHCSl BXe 3 n — 1 KiacTepiB i MaTH BUIIISA
{4 AL 15} {1} Tlosroproroun mporec,
OTPUMAEMO TIOCTIJIOBHY MHOXXHHY KIJIACTEpiB, SKi
CKJIIatoThest 13 N—2, N—3 1 T. 1. knacrepis. Ha-
NPUKIHIOI TPOLEeIypy KilacTepu3alii OTPHUMAEMO
MOTPIOHY KiJIBKICTh KJIACTEPIB, SIKI CKIIAJIAFOTHCS 13
N 00’€eKTIB 1 30irar0THCs 3 NEPBUHHOIO MHOXHHOIO
I ={lI,1,,...1,}. Y sxocTi Mipu BixcTani npuiime-

MO 3BUYAIHY €BKITI/IOBY BijicTanb d;;

d;; = (% _Xj)zv

M

Je X; Ta X; — 3HaueHHs O3HaKU-TO ( ] -rO)

00’€KTa.
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Puc.1. Po3nonin BUIIB TPaHCIIOPTHUX TIO/1iH 32 MaTepialbHUMHU 30UTKaMHU
Fig.1. Distribution of types of transport accidents by material losses
Po3paxoBaHa MaTpuiis BijcTaHel jii 00’€KTIiB  IpeJCcTaBlieHa B Ta0JI. 2.
TPAHCIIOPTHUX TOJIiH, PO3MOIIIIEHUX 33 30MTKaMH,
Tabmuus 2
Marpuus BiacraHeil, KpoOK nepmi
Table 2
Matrix of distances, step one
Ne kia-
cTepa 1 2 3 4 5 22 23 24 25
1 0 701,7 | 886,44 | 1131,3 | 1180,2 1113,1 | 1131,6 | 1175,7 | 1084,8
2 701,7 0 184,74 | 429,62 | 478,53 411,37 | 429,94 | 474,07 | 383,12
3 886,44 | 184,74 0 244,88 | 293,79 226,63 | 245,2 | 289,33 | 198,38
4 1131 | 4206 | 2449 | 0 | 4891 1825 [1082 | 4445 | 465
5 1180 478,5 293,8 48,91 0 67,16 48,59 4,46 95,41
6 1111 408,9 2242 20,7 69,61 2,45 21,02 65,15 25,8
7 1245,2 | 543,53 | 358,79 | 113,91 65 132,16 | 113,59 | 69,46 | 160,41
8 1223,9 | 522,22 | 337,48 92,6 43,69 110,85 | 92,28 48,15 139,1

doi: 10.15802/stp2018/124466
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IIponosxxenus tabmn. 2

Continuation of the Table 2

Ne Kna-
crepa 1 2 3 4 5 22 23 24 25
9 1232,3 530,6 345,86 | 100,98 52,07 119,23 | 100,66 56,53 147,48
10 812,67 | 110,97 73,77 318,65 | 367,56 300,4 318,97 363,1 272,15
11 1203,1 501,4 316,66 71,78 22,87 90,03 71,46 27,33 118,28
12 1250,7 | 549,01 | 364,27 | 119,39 70,48 137,64 | 119,07 74,94 165,89
13 1258,1 | 556,44 371,7 126,82 77,91 145,07 126,5 82,37 173,32
14 1072,1 | 370,35 | 185,61 59,27 108,18 41,02 59,59 103,72 12,77
15 961,81 | 260,11 75,37 169,51 | 218,42 151,26 | 169,83 | 213,96 | 123,01
16 1190,8 | 489,09 | 304,35 | 59,47 10,56 71,72 59,15 15,02 | 105,97
17 1211 509,27 | 324,53 79,65 30,74 97,9 79,33 35,2 126,15
18 1040,9 339,2 154,46 90,42 139,33 72,17 90,74 134,87 43,92
19 1100,6 | 398,92 | 172,78 30,7 79,61 12,45 31,02 75,15 15,8
20 1059,2 | 357,52 | 172,78 72,1 121,01 53,85 72,42 116,55 25,6
21 1211,9 | 510,18 | 32544 | 80,56 31,65 98,81 80,24 36,11 | 127,06
22 1113 4114 226,6 18,25 67,16 0 18,57 62,7 28,25
23 | 11316 | 42004 | 2452 |[0:82 | 4859 1887 | 0 | 4413 | 4682
24 1175,7 | 474,07 | 289,33 44,45 4,46 62,7 44,13 0 90,95
25 1084,8 | 383,12 | 198,38 | 46,5 95,41 28,25 | 46,82 90,95 0
3 Tabn. 2 BUAHO, WI0O HaWMEHIIA BIJCTaHb HIOE PI3HUII KUTBKOCTI CIIOCTEPEXKEHb (y HAIIOMY

— 1 2
d, ,3 =0,32 mix 00’ektamu |, Ta |, omke dop-

MY€MO 3a J0IOMOrorw |, Ta l,; HOBUM Kiactep —
K23 ={l4: 153} . Pospaxyemo noBy (25-1)*(25-1)
MAaTpHIIIO BificTanel, Tabn. 3. Psaku s miei mat-
pHILI MOXHA B3ATH 3 IONEPEIHbOI, OJHAK PSAOK,
- b bl . .
skuil 00’ enHye 06’extu 1,1 1,5 moTpiGHO Mepepa-
XyBaTH 3aHOBO. I3 MaTpuui Bigcranei (Tad. 3) BU-
JHO, o 00’ekTH |7 1 |,; € HAMOIIbII OIM3BbKUMH,
ToOMy iX O00’€OHYIOTh B OJUH -
Kizo1 ={li7: 1} . Y pesynbrati
OCTaHHBOT'O KPOKY KjlacTepu3alii Bci 00’ekTu Oy-
OyTh 00’€mHaHI B OAMH KiacTep. AJie ONTHMallb-
HOIO BBaKAETHCS KIBKICTh KJIACTEPIB, sIKA JOPiB-

KJIacTep
BUKOHAHHA

BUTIAJIKY 25) 1 KUIBKOCTI KPOKIB, TICIS SIKMX BiJic-
TaHb 00’€IHAHHS 3pOCcTae CTpUOKOINOAiIOHO (y Ha-
oIoMy BUIAAKy — 22).

I'padix o00’emHaHHS TPAHCIOPTHUX MOMIH Yy
KJIACTEpU 3a KPHUTEPIEM MaTepiallbHOTO 30UTKY
MIpeCcTaBIeHNH Ha puc. 2.

HaiikpammMm BapiaHTOM € PO3MOAIJICHHS TpaH-
CTHIOPTHUX MOJIi 32 KPUTEPIEM MaTepialbHOro 30u-
TKy Ha TpH kiacrepy, a came: K; ={l,}, K, ={l,},
K; o5 ={l5_55}. Lle miaTBepmKyeThCst TAKOK MpaK-
TUKOI0, sIKa CKJIANAcsi BIJJHOCHO PO3MOJIICHHS
TPaHCIOPTHHUX MOJIH 32 TSHKKICTIO iX HACIiAKIB Ha
karactpodu, aBapii i IHIUACHTH.
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Tabnuus 3
MaTpuus BigcraHeii, Kpok apyrui
Table 3
Matrix of distances, step two
No xna-
crepa 1 4,23 16 17 21 25
1 0 1131,3 1190,8 | 1211 1211,9 1084,8
2 7017 429,62 489,09 | 509,3 510,18 383,12
3 886,44 245,2 3044 3245 325,44 198,38
4 1131 0 59,15 79,33 80,24 46,5
5 1180 48,59 10,56 30,74 31,56 95,41
6 1111 20,7 80,17 100,4 101,26 25,8
7 1245,2 113,59 54,44 34,26 33,35 160,41
8 1223,9 92,28 33,13 12,95 12,04 139,1
9 1232,3 100,66 41,51 21,33 22,63 147,48
10 812,67 318,65 378,12 | 398,3 399,21 272,15
11 1203,1 71,46 13,31 7,87 8,78 118,28
12 1250,7 119,07 59,92 39,74 38,83 165,89
13 1258,1 126,5 67,35 47,17 46,26 173,32
14 1072,1 59,27 118,74 138,9 139,83 12,77
15 961,81 169,51 228,98 | 249,2 250,07 123,01
16 1190,8 59,15 0 20,18 21,09 105,97
17 | 12110 | .. | 7933 | .. [ 2018 | o L foer | . [ 1615
18 1040,9 90,42 149,89 | 170,07 170,98 43,92
19 1100,6 30,7 90,17 110,35 111,26 15,8
20 1059,2 72,1 131,57 | 151,75 152,66 25,6
2 [1n9 | . [s024 [ . | 2100 @] 0 .. | 127,06
22 1113 18,25 71,72 97,9 98,81 28,25
24 1175,7 44,13 15,02 35,2 36,11 90,95
25 1084,8 46,5 105,97 | 126,15 126,06 0
doi: 10.15802/stp2018/124466 © 0. M. Orap, O. B. Pocoxa, T'. B. llariosar, 0. B. Cmaunio, 2018
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Puc. 2. O6’eqHaHHS TPAHCHIOPTHUX MO Y KITACTEPH 32 KPUTEPIEM MaTePialbHOTO 30UTKY

Fig. 2. Clustering of transport accidents according to criterion of material damage

3a pe3ynabTaTaMy KiIacTepu3ailii BU3HAYHMO
3Ha4YeHHs (hIHAHCOBUX MEX BHJIIB MOPYIICHb 0€3-
MEeKH PyXy MiX TpboMa rpynamu (tad. 4).

Tabnuus 4

3HauyeHHs (PiIHAHCOBMX Me:XK MiJl Yac po3NoAiTeHHs
TPAHCNOPTHUX MOl HA TPHU KJIACTepH

Table 4

Value of financial limits in the distribution of
transport accidents into three clusters

3na4yeHHs ¢i-

No knacrepa HaHCOBOI MeXi,

THC. TPH.
1 812,7
2 601,7

VYci MOXIIMBI BHNAAKM THOPYIIEHHS O€3MeKH
PYXy MOXHa MOJUIMTH HA TpU Tpymnu. [Ipononye-
MO BCTAHOBJICHHS (DIHAHCOBUX TIpaHHUIb Y TaKUX
po3Mipax: Iepiia rpyna — nofii, MarepiajibHi 30u-
TKH BiJ skux ckianu Merie 500 tuc. rpH. Y apy-
riif Tpyni + po3Mip 30MTKIB Biji TPAHCIIOPTHUX TI0-
niil BapitoeTbcsi B mpomikky Bim 500 tmc. 1o
1 muH TpH. Tpets rpyna — nofii, Bij SIKUX MaTepi-
abH1 30UTKH TIEPEBUIIIIIA CYyMY B 1 MIIH TpH.

[opiBHSHO 3 HasIBHOIO CHCTEMOIO Kiacudikarii
TPaHCHOPTHUX TOAINM Ha 3aNi3HHULAX YKpaiHU 3a-

MIPOTIOHOBAHUHM TIAXiJ N1a€ MOXIIMBICTH OIIHUTH
TPaHCIOPTHI MOJii He TUTBKHM 3a TSHKKICTIO 1X Hac-
TMAKIB, @ W 332 KpPUTEpiEM MarepiabHOTO 30UTKY.
[Ticns ominky po3Mipy MaTepialbHUX 30UTKIB Iel
MHIIXIJ JAacTh MOKJIMBICTH OJHO3HAYHO BIIHECTH
IO TPAHCIIOPTHY MO0 J0 OJHIET 3 TPHOX 3arpo-
MOHOBAHUX TPYII.

HaykoBa HOBHU3HA Ta IPAKTUYHA
3HAYMMICTH

Y pob6oTi BIOCKOHAIEHO METOIHMKY PO3IOJIi-
JICHHS TPAHCIIOPTHUX TIOJIIH 32 KaTeropisMu 3aie-
HO BiJ] MaTepianbHuX 30UTKIB BiJ HUX. Yci TpaH-
CHOPTHI MOJii MONiJIeH0 Ha Tpu Tpymu. Jlomins-
HICTh TAaKOTO PO3NOJiJICHHS MiATBEPIKECHA HasIB-
HOI0O Kiacu(ikaliero TpPaHCIOPTHUX TMOAIH Ha
3aII3HULIAX YKpalHH, sika 0a3yeThCs Ha TSHKKOCTI
HacHiakiB. Ha OCHOBI OTpHMaHHX pe3yJbTaTiB
MO>KJIMBUH MOAANBUINNA PO3BUTOK CHCTEMH KJlacu-
¢ikamii TpaHCIIOPTHHUX MOJil, @ TaKOX 11 IHTEerpy-
BaHHS B €BPOIEHCHKY CHUCTEMY Kitacudikarlii.

BucHoBku

OcTaToYHUM pe3yabTaToOM Oy/Ab-sIKOi TPaHCIO-
pTHOI moxii € (iHAHCOBI BHTpPATH Ha YCYHEHHS
30uTKiB Big Hei. Haif0inbln mepcrieKTUBHUM € Ba-
pianT kmacuikanii 3aTi3HUYHUX TPAHCTIOPTHHUX
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MOJiH 3a KpUTEpieM iX cepeHbOTO MaTepiajJbHOTO
30uTky. Lled miaxin mae 3Mory OIiHUTH CTaH 0e3-
MeKH PyXy Ha OKPEMHUX IUISTHKAX, CTAHIIISAX YU JH-
PEKIISAX 3aJT13HHMIIL.

[Ticns mpoBeAcHHS KiacTepw3allii 3a MPHHIIH-
ITOM HaWHOIMKIOTO CyCina TPAaHCIOPTHI MOii po3-
MOJINEH] Ha TPU KiacTepu. AKTYalbHICTh KiacTe-
puszamii TpPaHCIOPTHUX TOMAIA MiATBEPIKYETHCS
YMHHAM Haka3oM MiHicTepcTBa 1HPPACTPYKTYypH
VYkpainu Big 25 mumas 2017 poky Ne 235 «Ilpo
3aTBep/pkeHHs [lookeHHs Tpo  KiIacUdikalio
TPAHCIIOPTHUX TOMAINA Ha 3aMTI3HUYHOMY TPAHCTIOP-
Ti», 32 SKAM yCi TPaHCHOPTHI TMOAil TOMIIAIOTH
TaKOXX Ha TpU rpynu: Karactpodu (aBapii i3 cep-
HO3HUMHU HACITIIKaMH), aBapii i 1HIIUIEHTH.

PosButok cucremn kiacudikarii TpaHCTIOPT-
HUX TIOJIH BiJMOBIIHO JO 3alpPOIOHOBAHOTO B
CTaTTI MigXxoay 0a3yeThCs Ha BCTAHOBJICHHI (piHAH-

coBux Mex. [lomambin AOCHIIKEHHS MOTPIOHO
CIpsSMYBaTH Ha MiATBEPIKEHHS 1X PO3MIpiB.

s po3poOKu 3armporioHOBaHO1 Kiacudikariii
ABTOPU BUKOPUCTAIM OOPOOKH CTATUCTHYHI JIaHi,
OTpUMaHi 3i 3BITIB MpO CTaH Oe3MeKu pyxy 3aii3-
Hunb. OMHAK ACSKi 3BITH HE MICTATH JOCTOBIPHOL
iHpopmalii Mpo BiAMOBH TEXHIYHUX IPHCTPOIB,
30KpeMa MPO TEXHIYHI BiJMOBHM BaroHHUX YIIOBi-
JMBHIOBAYiB. Y 3BiTax Taki BIIMOBH MaibKe HE 3a-
3HAYaI0Th, a [1¢ CYNePEUnTh OCHOBHOMY MPHUHIHITY
Oe3neKu 1 CBIMYUTH MPO BIACYTHICTH i€aIbHOT
Oe3nednoi cuctemu. ToMy mesiki 3BITH MOXKHA TIO-
CTaBUTH TIiJ] CYMHIB.

3Ba)karouM Ha IIe 3alpOIIOHOBAHWUEI METOJ| Kiia-
cudikamii TpaHCIIOPTHUX TOJIA MOKHA BHUKOPHC-
TOBYBaTH TLTBKH 32 HASIBHOCTI JOCTOBiIpHOI iH(}O-
pMatii npo X KUTBKICTh 1 30MTKH BiJ HUX.

10.
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PACIIPEJEJEHUE TPAHCIIOPTHBIX IPOUCIIECTBUM HA
KEJIE3HBIX 1OPOI'AX YKPAUHDI 110 KATEI'OPUSAM B
3ABUCUMOCTH OT TAKECTHU MMOCJEACTBUI

Hean. Crares mpemycMaTpuBaeT pa3pabOTKy METOJIUKH PACHpENeNICHHs] TPAHCIOPTHBIX ITPOMCIIECTBUH IO
KPHUTEPHUIO CPEAHETO MaTepualibHOTO yiiepOa M yCTaHOBJICHHS (PMHAHCOBBIX MPAHMI] MEX/Y CYIIECTBYIOLUIMMH BH-
JlaMH TPaHCTIIOPTHBIX IpoucimecTsuil. Meroauka. B Hamie BpeMs Ha jkeJ€3HBIX J0porax YKpauHbl TPaHCHOPTHBIE
MIPOMCIIECTBUS KJIACCUPHUIMPYIOTCS MO TSXKECTH MOCIEICTBUH M BBIPAXKAIOTCSl B HATYPaJbHBIX BennunHax. Cymie-
CTBYIOIIAsl CHCTEMa KIACCU(PHUKAINN YCTYIMaeT CUCTeMe KIacCH(HUKAIINH TPAHCIIOPTHBIX MPOUCIIECTBHH, KOTOpas
neiictByet Ha Tepputopun ctpaH EBponerickoro Coro3a (EC). Tpancnoprasle mpoucmectsus B crpanax EC kiac-
CHHUIMPYIOT KaK MO TUITY, TaK U IO KPUTEPHUIO MaTepHAIBHOTO yiiep6a. [y pacrpeneneHus TpaHCTIOPTHBIX TPo-
HCIIIECTBHH Ha JKEJIE3HBIX JOPOTrax YKpauHBI 0 KaTETOPUSIM B 3aBUCHMOCTHU OT TSDKECTH IOCIEACTBUIN MCTIONB3YIOT
Mmeron Onmmkaimero cocena. OH y4nTHIBAE€T CPEAHUE YOBITKM OT TPAHCIIOPTHOTO NPOMCLIECTBHS, €r0 OCOOEHHO-
CTBIO SIBIISIETCS BO3MOXKHOCTh YCTAHOBKM (DMHAHCOBBIX TpaHui. Pe3yiabTaTsl. [IpemroxkeH 3¢ ¢exkTHBHBIN MeToq
pacnpeneneHust TPaHCIIOPTHBIX MPOUCIIECTBUI Ha JKEJIE3HBIX JOPOrax YKpauHbI 0 KaTeropusM B 3aBUCHMOCTU OT
TSXKECTU MOCIEICTBUHA ¢ MCIOIB30BAHUEM KIACTEpHOro aHanusa. [IpencTaBieHHBIE pe3ylbTaThl PacyeTOB MO3BO-
JSIFOT paclpeieNnTh TPAHCIIOPTHBIE MTPOMCIIECTBUSI Ha TPH I'PYINIBI U YCTAHOBUTh (DMHAHCOBBIE T'PAHMIIBI MEXIY
Humu. HayyHass HOBH3HA. YCOBEpIICHCTBOBaHA METOAMKA PAaCHpeAeTIeHNs TPAaHCIIOPTHBIX MPOMCLIECTBUI MO Ka-
TEropHsiM B 3aBUCUMOCTH OT MaTepHalbHOTo yiep6a ot Hux. CorylacHO el TpaHCIIOPTHBIE IPOUCILIECTBUS paszese-
HBI Ha TPU TPYIIbL. Briepssie ObUTH MPeIUIOKEHBI (PMHAHCOBBIC TPAHUIIBI MEXIY TPYIIAaMH TPAHCIOPTHBIX IIPOHC-
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nrecTBui. JlanbHeWe UCCe0BaHusI MPEIIaraeM HAMpPaBUTh B MOATBEPXKICHUE Pa3MEPOB (DUHAHCOBBIX T'PAHUIL
IpakTuyeckass 3HAYMMOCTh. B pe3yibrare HCCIIEA0BAHUM MOSBUIACH BO3MOXHOCTH OIEHHUTH TPAHCIIOPTHBIE
MIPOMCIICCTBHUSL HE TOJBKO IO TSHKECTH WX MOCIECTBHM, HO U TI0 KPUTEPHIO MaTepHAaIbHOTO yiiepoa. DTOT TOIX0.1
MO3BOJISIET TAKXKE OIIEHUTH COCTOSIHUE O€30MaCHOCTH IBUKECHUS HAa OTACIBHBIX YUaCTKAX, CTAHITHSX WITH IUPEKIHUAX
XKeye3Hoi moporu. Ha ocHOBe MONyYeHHBIX pe3yIbTaTOB BO3MOKHO JalIbHEHIIIEE pa3BUTHE CHCTEMBI KTacCH(pHKa-
IIMH TPAHCTIOPTHBIX TIPOHCIIECTBHH, a TAK)KE €€ MHTETPAIMH B EBPOTIEHCKYIO CHCTEMY KIACCH(PUKAIIHH.

Kniouesvie cnosa: xnaccupukaiys TpaHCTIOPTHBIX MPOUCIIIECTBHI; KEIEe3HOMOPOKHbIM TPAHCIIOPT; MaTepHallb-
HBIN yIiepo
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TRANSPORT ACCIDENTS DISTRIBUTION AT UKRAINIAN
RAILWAYS ACCORDING TO CATEGORIES DEPENDING ON
SEVERITY OF CONSEQUENCES

Purpose. The article aimed at developing a methodology for transport accisents distribution according to criteri-
on of average material damage and establish financial limits between the existing types of transport accidents.
Methodology. Nowadays, at the Ukrainian railways, transport accidents are classified according to the severity of
consequences which are expressed in physical quantities. The existing classification system is inferior to the classi-
fication system of transport accidents, which operates in the territory of the European Union (EU). Transport acci-
dents in the EU countries are classified both by type and by criterion of material damage. To distribute transport
accidents by categories depending on the severity of the consequences at the Ukrainian railways the method of the
nearest neighbor is used. It takes into account average losses from transport accident, its feature is the possibility of
establishing financial limits. Findings. The article proposes an efficient method for distributing transport accidents
at the Ukrainian railways according to the categories depending on the severity of consequences using cluster analy-
sis. The presented results of calculations allow us to distribute the transport accidents into three groups and establish
the financial limits between them. Originality. It was improved the method of distribution of transport accidents by
categories depending on material losses. According to it, transport accidents are divided into three groups. For the
first time, financial limits were proposed between groups of transport events. We propose further research to con-
firm the size of financial limits. Practical value. As a result of research, it was possible to evaluate transport acci-
dents not only by severity of their consequences, but also by the criterion of material damage. This approach also
enables us to evaluate the state of traffic safety at certain sections, stations or railway directions. On the basis of ob-
tained results, further development of classification system of transport accidents, as well as its integration into the
European classification system, is possible.

Keywords: transport accident classification; railway transport; material damages
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3D YUCJIEHHASA MOJIEJIb UIs1 ONEHKU TEPPUTOPHUAJIBHOI'O
PUCKA IIPU TEPAKTE

Hens. Pabora npeamnonaraer pazpadorky 3D yucneHHON MO AJis OLIGHKH TEPPUTOPHUATBEHOTO PUCKA B CITY-
yae TepakTa C UCIOJIb30BaHUEM XMMHUYECKOTo areHTa. Meroauka. [[ns onucanus mpolecca paccenBaHusi B aTMO-
chepe XMMHYECKOTO areHTa, BEIOPOIICHHOTO B ClIyyae TePakTa, HCIOJIb3yeTCsl TPEXMEPHOEe ypaBHEHUE Maccomepe-
HOCa MPUMECH B aTMOC(EepPHOM BO3AyXe. YpaBHEHHE YUUTHIBACT MOJIE CKOPOCTH BETPOBOTO IMOTOKA, aTMOCHEPHYIO
Tu(Py3ur0, THTCHCUBHOCTh SMUCCHM XUMHUYCCKOTO areHTa, HAIMYKME 3J]aHUN BO3JIE MECTa BBHIOPOCAa XUMHUUCCKU
OTacHOTO BemiecTBa. J[IsI YUCIIEHHOTO HWHTETPHUPOBAHMS MOJCIHPYIOMIETO YPaBHEHHS HCHOJIB3YeTCS KOHEYHO-
pasHocTHBIH MeTon. OcoOEHHOCTRIO pa3padOTaHHOH YHCICHHOW MOIETH SBISACTCS BOZMOXKHOCTH OIICHKH TEPPUTO-
PpHATBFHOTO PHCKA B CITydae TEPaKTa MPH Pa3IMIHBIX METECOYCIOBHAX M HAJMYWH 30aHui. J{J1s pacdera moJs CKOpO-
CTH BETPOBOTO IIOTOKA B YCIOBHSAX 3aCTPOWKH IPUMEHSIETCS TPEXMEpHOE ypaBHEHHWE IS MOTEHIMalla CKOPOCTH.
PesyabsTarsl. Pa3paboranHas uncieHHass MOJENb U TTAKET IPOTPaMM MOTYT OBITH HCIIONB30BAHbI IJISI OIICHKH Tep-
PUTOPHAIBHOTO PUCKA KaK B ClIydae TePaKTOB C MPUMEHEHHEM XMMHUYECKUX areHTOB, TaK U B CIydae dKCTpeMallb-
HBIX CUTyallMii Ha XMMHYECKH OIMACHBIX 00BEKTaxX M TpaHcmopTe. [lOCTpOCHHAsI YHCICHHAS MOJIENIb MOXET OBITh
peann3oBaHa Ha KOMIIBIOTEpAaX Majod WU CpeAHEeW MOUIHOCTH, YTO MO3BOJISIET IIMPOKO MCIOJB30BaTh €€ s
peleHus 3ajad paccMaTpUBAaeMOro Kiacca, MpH pa3paboTke TUlaHAa JUKBUJAIMH aBapUHONW CHUTYyaIlHH.
[IpencraBneHsl pe3yabTaThl BEIYUCIUTEILHOTO SKCIIEPUMEHTA, MO3BOJISIONINE OIIEHUTh BO3ZMOXKHOCTH MPEIJIOKEH-
HOTO METO/Ia OLEHKH TEPPUTOPHAIBLHOTO PHCKAa B CiIydae TepaKTa C HCIMOJb30BaHMEM XUMHUYECKOTO areHra.
Hayunasi HoBu3Ha. [Ipemiokena 3¢ dekTuBHAs YUCICHHAS MOJCIH UIsl OIICHKH TSPPUTOPHAIBFHOTO pUCKA B CIY-
gae TepakTa ¢ MPUMEHECHHEM XUMHUUYECKH OTIACHOTO BellecTBa. MeTo MOKeT OBITh MCITONTB30BAH ISl OLICHKH Tep-
PUTOPHAIBEHOTO PHCKa B YCIOBHAX TOPOICKOH 3aCTPOHKH, UTO IMO3BOJSAET IOIYyYaTh aJeKBaTHBIC JaHHBIE O BO3-
MOJKHBIX 30HaX TOpaKeHHsI. MEeToI OCHOBaH Ha YHCICHHOM WHTETPUPOBAHUH (PYHAaMEHTAIHFHOTO YpaBHCHHS Mac-
COIIEPEHOCa, BRIPAXKAIOMICTO 3aKOH COXPaHCHHS MAacchl B kuakod cpene. IIpakTudeckass 3HauyuMocTsh. [Ipemmo-
JKCHHBI METOJ OLICHKH TePPUTOPHATBHOTO PHCKA B CIIydae TEPaKTa C MPUMEHCHHEM XHMHUYECKOTO areHTa MOXKET
OBITH UCIIOJI30BAH JJISl pacueTa 30H MOPaKEHHUS BO3JIE aIMUHUCTPATUBHBIX 3aHHUMN, IIEHTPOB U APYTUX COIMAILHO
3HAYUMBIX 00BEKTOB.

Kniouegvle cnoea: TEppUTOPUAIBHBIN PHUCK; TEPAKT; XUMHUECKOE 3arpsi3HEHUE; YUCICHHOE MOICTIMPOBAHKE; 3a-
TpsSI3HEHUE BO3IYIIIHON CpeIbl
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BBenenue

TepakTsl ¢ IpUMEHEHHEM XUMHUYECKHX (OHOI0-
THYECKUX) areHTOB TPEACTaBIIOT Co00# yke pe-
QIBHYIO YIpo3y Ui HAceJICHHS pPa3HBIX CTpaH
[1-4, 6, 7-9, 11]. B kauecTBe areHTOB MOTYT OBITH
WCTIOJIb30BaHbl KaK XWMHYECKH OMNAcHbIC Bellle-
CTBa, MPHUMEHSAEMBbIC B Pa3IMYHBIX OTPACIAX IPO-
MBIIIJIEHHOCTH (XJIOp, aMMHaK H T. [OJ.), TaK U
crienuaibHbIe, pa3paboTaHHBIE I OOEBOTO MPH-
MeHeHus. Eciin paccMaTpuBaTh TEPakT B CENHUTE0-
HOW 30HE, TO OCOOEHHOCTBIO €ro SBJSETCS Orpa-
HUYEHHBIN 10 Macce W IO BPEMEHH BBHIOPOC areH-
Ta, T. €. AMHUCCHUS — TIOIyHENIpepbIBHAs. DTO CBs3a-
HO C TeM, 49YTO HE3aMETHO IIOCTaBHTh B
CeNUTEOHYIO 30HY OOJbIIME €MKOCTH C XHMHYE-
cKkuM (OMOJOTHYECKHM) areHTOM JIOCTATOYHO
crnoxxHo. Hampumep, eMKOCTBIO 11 OMACHOTO Be-
IIECTBA MOXET SBISATHCA OANIOH JUIsl TOIUIMBA,
I/ICHOHB?:yeMBII\/'I Ha aBTO3allpaBOYHBLIX CTAaHOHUAX,
HO 3aMOJHEHHBIN MOPAXKAIOIINM areHTOM.

Ecnu TepakT UMeeT MECTO Ha MPOMBIIUICHHOM
00BEeKTE WIH B TPAHCIOPTE, TO BHIOPOC OMACHOTO
BEIIECTBA SIBIISICTCS O0JIee MOIIHBIM U TIPOUCXOIUT
3HAYHTENILHO JOJIBIIE TI0 BpeMeHH. B cimydae Tep-
aKTa, COMPOBOXMAIONICTOCS SMHUCCHEH XWUMHUe-
ckoro (OWoJIOrMYecKoro) areHra, B arMocdepe
(dbopmupyeTcsl 30HA 3arps3HEHUS, WHTCHCUBHOCTD
KOTOPO# B Pa3IMYHBIX TOYKAX OOJACTH pa3InvHA.
B OIMPEACJICHHBIX MECTaX U B OMNPECACIICHHLIC MO-
MCHTBLI BPpEMCHU 3HAYCHUC KOHIICHTPAIIMM arcHTa
OyJleT BBINIE HEKOTOPOTO MOPOTOBOTO 3HAUYCHHUS
(HampuMep, CMepTeNbHON KOHLEHTpaluu). IJTa
nopakaromasi KOHLIEHTpalus OyIeT 3aBHUCETh B
MEPBYIO OYepelb OT MOIIHOCTH BBIOpOCA U OT Me-
TEOYCIIOBUU.

AKTyanbHOI MpoOJeMoil SBIseTCS MPOTHO3
pHYCKa TOPaKeHUS JIIOJCH B CENUTEOHOM 30HE MPH
BO3MOXHBIX TEpakTaXx € MNPHUMEHEHUEM XHMHUYe-
ckux (OMOJOrMYeckux) areHToB. Takoil MpPOTHO3
MOJXKET OBITh BBIITOJHEH TOJILKO METOJIOM MaTema-
THYECKOTO MOJICITUPOBAHNSI.

Hean

OCHOBHO# 1ENBI0 JaHHON paOOThI SBISAETCS
paspadoTka 3D YHCIIEHHOW MOIEIH IS OLICHKH
TEPPUTOPHAIIBHOTO PUCKA MPH TEPPOPUCTUIECKON
aTake, CONPOBOXKIAMOIICHCS 3MUCCUEH XUMHUYe-
CKOTO areHTa B yCIIOBHSIX 3aCTPOIKH.

B nactosimee Bpemss B YKpauHe JJisi OIIEHKH
pa3MepoB U MHTEHCUBHOCTU 30H XHMMHUYECKOTO 3a-

pakeHHs HCIob3yoT MeToauky OHJI-86, mero-
UKy TPOTHO3a TOCJEICTBUI aBapwii Ha XHUMHYE-
CKH OINACHBIX OOBEKTaX M TPAHCIOPTE, MOJCIb
l"aycca. 3a pybexoM OIEHKY 30H MOPaKEHUS TIPO-
BOJAT 4Yaile Bcero mo mozaenu [aycca [4, 10], me-
togom CFD-monenmupoBanus [2, 3, 12]. Cnenyer
OAYEPKHYTh, 4TO IIPUMEHEHUE CFD-
MOJICJIUPOBAHMS J1aeT BO3MOXXHOCTH IIOJIy4aTh
MPOTHO3HEIE JIJAaHHBIE C YY€TOM TaKOro Ba)KHOTO
(dakTopa, KaKk HAJIW4YUE 3JaHUN B 30HE pacceuBa-
HUS OINAcHOro BemiecTBa. 3a pybexom CFD-
MOJIETT OCHOBaHBl Ha TNPUMEHEHHH YpPaBHEHUH
HaBbe—CTOKCa COBMECTHO C ONpEAEICHHON MOJe-
JIBIO TYpOYJIEHTHOCTH, 4YTO MNPHUBOIUT K 3HAYM-
TEJIHHBIM 3aTpaTaM KOMIIBIOTEPHOTO BPEMEHH, Ja-
e TpU peanu3aniy Mozeliell Ha MOIIHBIX 3apy-
OCKHBIX KOMITbIOTEpax. PacueT OJHOro BapuaHTa
3aJla4d MOXKET JIIMThCS HECKOJIBKO CYTOK, YTO HE-
yA00HO TpY IPOBEACHUN CEPUIHBIX PACUETOB.

MeTtoauka

Coszpanne 3D CFD-monenu HeoOXOIWUMO IS
pacuera adpOJAMHAMHKH OOTEKaHWs 31aHHi |
OIIEHKH TEPPUTOPUATBHOIO PUCKa IPU TEPaKTe Ha
ypOaHU3UPOBAHHOM TEPPUTOPHH.

Ilpu oleHKE TEPPUTOPUATBHOTO PUCKa Oyaem
YUYHUTHIBATH, YTO 30HA 3apaKCHUS pas3iddHa st
pasmuunbix Mereocutyaumii P (W, ). ITox ompene-

JICHHOW MeTeocuTyalueil OyneM MOHMMAaTh KOH-
KpETHOE 3HA4YC€HHUE CKOPOCTH U HampaBlICHUS BET-
pa.

BeposTHOCTh peann3aniui KOHKPETHON MeTeo-
CUTyallul B PETUOHE U3BECTHA U OMPEIEISICTCS MO
3aBucuMoOcCTH [1]:

P(W;)=N,/T, @)

rae N — 4mcio qHel (4acoB), COOTBETCTBYIOIINX
ONpEeAENeHHON MeTeoCuTyalul; 1 — TepHoj
HAOJIIOIEHUH.

JI1s OLIEHKHM TOTEHITUATBHOTO TEPPUTOPHATH-
HOTO pHUCKa HEOOXOJWMO OIICHHTH BEPOSTHOCTH
JJIS 4YCJIOBEKA, HAXOMSIIEroCsd B KaXKJIOM TOYKE
00JIacTH BO3JIE aTaKyeMoro OOBEKTa, OKa3aThCs
oA NeWCTBHEM muIieda XUMHUYECKH OIMAcHOTO
BCIICCTBA.

BeposTHOCTh TIOManaHus YEJIOBEKa IOf JCH-
CTBHEC mUIeH(a XUMHUYIECKH OITACHOTO BEMIECTBA
OTIPEICIISAETCS CICAYIOIIMM 00pa3oM:
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P(W)z =2 P(W), (2)

n
i~0
roe P(W )Z — cyMMapHas BEpOSTHOCTh BCEX pac-

CMaTPUBAEMBIX METEOCUTYaIlMid, MPH KOTOPBIX
YeJIOBEK IOMAIAeT B 30Hy BO3/ICHCTBUS HCTOUYHHKA
SMHCCHUH U TOIYy4aeT TOKCUIHOE 3apaKeHHUE.
Pacuer 30HBI 3apaskeHus U1 KaKAOTO (BEPOSIT-
HOTO) METEOYCJIOBUS BBITOJIHAETCS Ha 0asze Tpex-
MEpHOTO ypaBHEHHs1 MaccoriepeHoca [2, 3, 5, 8]:

o ox oy 0z

:g( @}3 x +£( £j+
o Ty )T\ M e
£ Q (1)3(x—x1)3(y - vi(®)8(z~2z), (3)

rae C — KOHIICHTpAIUs XUMHYecKoro (Omosoru-
YEeCKOro) areHra B aTMOc()epHOM BO3OyXe; G-—
KO3 (UIMCHT, YYHUTHIBAIONIMKA pachaj arcHTa;
U, V, W — KOMIIOHEHTHI BEKTOpPa CKOPOCTH BO3-

AYLIHOI'O MOTOKA, WS — CKOpPOCTb I'paBUTAITUOHHO-

d(w—wg )C
ac+am+aw;+(w W ) foC =

ro OcelaHus IpUMECH; uz(px, My uz) — K03(-

¢duimeHTsl aTMocdepHoi TypOyieHTHOH auddy-
3ur; Q — UHTCHCHBHOCTH BBIOpOCAa arcHTa;

6(X - X )(y -V, )(Z - ) — npenbra-QyHkuus [u-
paka; X;, Y;, Z; — KOOpAHMHATH MCTOYHHKA DMHMC-
CHHM areHTa;  — Bpems.

Iockonbky paccMaTpuBaeTcsl TEPaKT B CEIUTE0-
HOM 30HE WJIM B TIPOMBIIUICHHON 30HE BOIHM3M 311a-
HUI, TO BO3HHUKAEeT HEOOXOIMMOCTh pacdeTa IOJIs
CKOPOCTH BETPOBOTO IMOTOKa (MapameTpsl U,V,W).
Jis aToro pacueTa MpH HATWUYWU 3MaHUNA Oynem
HCIIOJIb30BATh MOJEIb OTEHIUAIBHOTO TEUECHUS:

yP+§P+yP_
ox* oy ar?
rae P — noTeHuuai CKOpoCTH.
[locne ompeneneHus: moJsl MOTEHIIHAIA CKOPO-
CTU OCYUIECTBIISICTCSI PacueT KOMIIOHEHT BEKTOpa
CKOpPOCTH BO3IYIIHOTO IIOTOKA:
oP oP oP
U=s—; V=—; W=—o1.
OX oy oz

ITocTaHOBKa KpaeBbIX YCIOBHM I MOJCIHPY-
1oIUX ypaBHeHui (3, 4) paccmoTpena B [2, 3, 5].

0, (4)

Jisl 9MCIeHHOTO MHTETPUPOBAHUS YPaBHEHUS
(4) ucrons3yercst Meron Puuapiacona, a ISt dmc-
JICHHOTO WHTETPUPOBAHUS ypaBHEHUS IepeHoca
MPUMECH MIPUMEHSIETCS] HesIBHAsI pa3HOCTHAS cXeMa
pacmeruienus [2, 5].

Pacuyem meppumopuanvnozo pucka. Taxum
o0pa3oM, IpH MNPOTHO3MPOBAHHHM XHUMUYECKOH
aTaku TEeppopHcTa HEOOXOAMMO AJsl KOHKPETHOH
TOYKM KOHKPETHOW oOnacT (TI0JsI) BBIOJIHUTH
pacuetsl mo ¢opmyne (5). Jns ux BbIOTHEHUS
MpeaBapUTEIbHO HEOOXOAUMO PacCUUTaTh 3Haye-
HUE KOHIIEHTPAIIMH XMUMHUYECKOTO arcHTa B TOYKE
PAacIONIOKEHHsI KOHKPETHOTO YeJIOBEeKa, JJIsi KOH-
KpETHOW METEOCUTYaIlNH, U ONPEACITUTh, HACKOIb-
KO 9Ta BEJIMYHMHA MPEBOCXOJUT 3aIaHHBIN MOPOTo-
BbII YPOBEHb.

Aneopumm pewenusn. OUEHKY TEPPUTOPHAIB-
HOTO pHUCKa (ITPOTHO3 TIOCIENCTBUI) TIPH TEpaKTe
U IIPU BEPOSITHOM METEOPOJIOTMUECKON CHUTyaluu
PW Oynem ocymiecTBIsATh B TaKOH IOCIIEIOBa-
TenpHOCTH [3]:

1) Ha nmepgom dTame pemieHWs ~— 3ajJa4d
¢dopmupyeTcst  OJIOK  JAaHHBIX  OTHOCHTENHHO
WHULAAPYIOIMIETO COOBITHSA (BO3MOXKHOE MECTO
SMHUCCHHM  XHUMHYECKH  ONAcHOTO  BEIIeCTBa,
WHTEHCUBHOCTb, PEeKUM SMHCCHUH, BUJ
XUMUYIECKOTO areHra);

2) Ha emopom dTame GopMHPyETCS OJIOK
JaHHBIX ~ OTHOCHUTENBHO  BEPOSITHBIX  METEO-
curyauit PW,, xapakTepHbIX 1 oOyacTu, rae
HaXOAHUTCA aTaKyeMbI 0OBEKT;

3) Ha  mpemvem  dTale  PACCUUTHIBACTCS
YPOBEHb XUMHYECKOTO 3apaskeHHsI AJIs1 BEPOSTHBIX
MeTeocuTyaluuid (Ha 3TOM JTame MPOBOAMUTCS
YUCJICHHOS MHTETrpupoBanue ypaBHeHui (1) u (3)
JUIs1 KOHKPETHOM METEOCHUTYALHH);

4) Ha uemeepmom dTaIe ONMPEACISIOTCS 30HbI,
rIe  KOHIIGHTpAIWs  TPEBBIIAET  IOPOTOBOE
3HAaYeHUE (HAlpUMeEp, CMEpPTENbHYI0 KOHIICH-
TPALMIO) IPU KOHKPETHOM METEOCUTYALNH;

5)Ha  mamom  dTame  OCYIIECTBISIETCS
MOCTPOCHUU TOJSI PHUCKA JUIS PaccMaTpUBACMOTO
00BEeKTA.

JlaHHBIA aNTOpUTM OLEHKH PUCKA PEANM30BaH
B pa3paboranHoM koze «RISK-3D Q».

PesynbTartsl

PazpaGoranubiii kox OBLT HCIONB30BaH TS
peuieHus creayrolmed MoAeNbHON 3amauu. Pac-
CMaTpHBAETCs CLIEHApUH aTaku, KOI/a BO3JE JBYX
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3aHUIl TIPOUCXOJUT SMUCCHS XJIOpa B JIBYX Me-
crax. [lonmaraercsi, YTo HA MOMEHT aTaKd BO3MOXK-
HbI TAKHE 3HAYCHUSI CKOPOCTH BeTpa: 3 M/c 1 6 M/C.
Ha puc. 1 noka3aHbl U30JMHUH KOHIEHTPAIIUH
xJiopa juis MoMeHTa Bpemenn 110 ¢, mpu ckopoctu
BeTpa 6 M/c (ypoBeHb Z = 2M). M3 maHHOTO pHCYH-
Ka BHJIHO, YTO TIPU SIMHUCCHH XHMHUYECKH OMACHOTO
BemecTBa (OPMHUPYETCS 30HA 3apaKeHHS, KOTOpas
OXBaThIBaeT 00a 37aHHMs U CO3MaeT YIrpo3y s
JIOJIEH, HAXOASIIUXCS Ha 000 CTOPOHE 37aHUN.

D+ =mARS000

8.152E+81
8.346E+81

8.167E+A3

coordinate x

Puc. 1. 30Ha XUMHYECKOTO 3apasKEeHUS
NPH aTake TeppopHcTa

Fig. 1. Zone of chemical contamination after
the chemical attack of a terrorist

OT0 0CcOOCHHO XOpOIIO BUIHO U3 PHC. 2, THAC
MPEJICTaBICHA MAaTPHUIA TEPPUTOPUATHHOTO PUCKA
B pailioHe XHMHMYECKOH arakd (MOMEHT BpeMEHH
110 c) mpu BEpOSITHBIX METCOCHTyalusaX. Bepost-
HOCTb 3apaXCHHS JIFOJCH BO3JIC 3[aHHS IMOKa3aHa B
nporeHTax. llpuHumaercs, 4ro 3apaxeHHe HacTy-
MaeT, €CJIM KOHIIEHTpAIUs XJIOpa B pacueTHOU
TOYKE MpeBbIIIaeT 3 Mr/M’.

Kak BugHO 13 puc. 2, 30Ha 3apaxkeHus (PUCK JI0
99 %) dopmupyeTcst He TOJNBKO BO3Ie 37aHUM, HO
1 32 HUMU. To €CTh I paccMaTpUBAEMOTO CIie-
Hapwsi 3[IaHUS HE BBIMOJHSIOT 3allUTHYIO (YHK-
uto 0apnepa.

OTMmeTuM, 9TO BpeMs pacdyera COCTABIIAET I10-
panka 10 cexk.

Puc. 2. MaTpuiia TeppuTOPHAIBLHOTO PUCKa
(ypoBeHb 3 M) Ipy XUMHYECKOW aTaKe TePPOPHUCTA

Fig. 2. Matrix of territorial risk (level z=2m)
after the chemical attack of a terrorist

HayuHnasi HOBU3HA U NPaKTHYecKasi
3HAYUMOCTD

Paspaborana 3D wumciaeHHas Mo[enb, MO3BO-
JSIONIAsl OIICHUTHh BEIMYMHY TEPPHTOPHAIBLHOTO
pHUCKa B ciiyyae TepakTa ¢ MPUMEHCHHEM XHMUYEC-
CKOT'O areHTa B YCJIIOBHSX 3aCTpOiKH (cernuTeOHas
30Ha WJIM TPOMBIIUICHHAS TUTOMIAJIKA).

OCOOEHHOCTBIO TIOCTPOSHHON MOJENH SBIISET-
Cs WCIOJb30BaHWE CTAHJAPTHOW HMCXOTHOW WH-
dbopmartiy, OBICTPOTAa B MOIYYECHUM MPOTHO3ZHBIX
JNaHHBIX W YAOOCTBO JJIsi aHaiu3a IOJIy4aeMbIX
PE3yIbTaTOB.

BriBoabI

B pabote npencrasinena 3D-mMomenb 1ist OLIEH-
KA TEPPUTOPHATIBHOTO PUCKA MPH aTake TeppopH-
CTa C NMPUMEHEHWEM XMMHYECKH ONAcHOTO Bellle-
CTBa U pPACCCMBAHHMECM XHMHUUYCCKOI0 arcHra B
YCIIOBHSIX 3acTpodku. B ocHOBy pacuera pucka
MOJIOKEHO YHUCICHHOE MOJCIIMPOBAHUE pPacCEeuBa-
HHSI OIIACHOT'O BELIECTBA B YCJIOBUSX 3aCTPOMKHU C
MOCIENYIOIEN OLEHKON pa3MepOB 30H MOPaKEHUS
JUTSL KOKIOW BEPOSITHOH METEOCUTYAIIHH.

JanbHelilee cCOBEpIICHCTBOBAaHHE BEIOPAHHOTO
HAay4YHOI'0 HarpaBJICHUA CJICAYET IMPOBOAUTL B 00-
mactu cozmanus 3D-monenu s pacdera TeppH-
TOPUATBHOTO PHCKa Ha 0a3e ypaBHEHUH, OIHCHI-
BaIOMINX BSI3KOE IBMKCHUE BO3AYIIHOTO OTOKA.
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3D YUCEJIBHA MOJEJIb JJId OINIHKU TEPUTOPIAJIBHOI'O
PU3UKY IIPU TEPAKTI

Mera. Po6ora nepenbadae po3podky 3D ducensHOI MOZIEI IUIs OLiHKK TEPUTOPIaAIbHOTO PU3HKY B Pasi Tepo-
PHUCTHUYHOT'O HaNaxy 3 BUKOPHCTAHHAM XiMiyHOTrO areHra. Meroauka. i onucy nporecy po3citoBaHHS B aTMOC-
¢epi XiMIYHOTO areHTa, BUKMHYTOTO y BHIAJKY TEPAaKTY, BUKOPHCTOBYETHCS PIBHAHHS MAacONEPEHOCY AOMIIIKH
B aTMoc(hepHOMY TOBITpi. PiBHSAHHS BpaxoBy€e MIBHIKICTH BITPOBOTO MOTOKY, aTMOC(EpHY OUPY3if0, iIHTCHCHBHICTD
emicii XiMIYHOTO areHTa, HasBHICTh OyiBelb 01 MICII BUKUAY XIMIYHO HeOe3meuHoi peuoBUHH. J{JIst YyrcenbHOTro
IHTErpyBaHHS MOJIEIIFOIOYOT0 PIBHSHHSI BUKOPHCTOBYETHCS KiHIIEBO-pi3HUIEBUH MeTo . OcobmuBicTIO po3pobiieHol
YHCENLHOT MOJIEITi € MOJKIIUBICTB OI[IHKHM TEPUTOPIaIbHOTO PU3MKY B pa3i TEPaKTy MPH Pi3HUX METEOYMOBax Ta Has-
BHOCTI OyniBenb. 11 po3paxyHKy IT0JIS IIBUAKOCTI BITPOBOTO IMOTOKY B yMOBaX 3a0yJI0BH BUKOPUCTOBYETHCS TPH-
BUMIpHE DIBHSHHS JJIsl NMOTEHLiaNy MIBHUAKOCTI. PedyabTaTn. Po3pobiena creunianizoBana 4ucelibHa MOJEIb Ta
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MaKeT Iporpam MOXKyTh OyTH BUKOPHCTaHI JJIsl OLIHKK TEPUTOPIaIbHOTO PU3KKY SIK Y BUIAAKY TEPAKTIB 13 3aCTOCY-
BaHHSM XIMIYHMX areHTiB, Tak i B pa3i eKCTpeMaJbHUX CUTYyalill Ha XIMIYHO HeOe3NeyHHX 00'€KTax 1 TpaHCHOPTI.
Metox Moxe OyTH peati3oBaHHI Ha KOMIT'IOTEpax MaJioi Ta CepeqHb0] MOTYKHOCTI, IO JO3BOJISIE IMPOKO BUKOPH-
CTOBYBATH HOTO JJIsI BUPIIIEHHS 33/1a4 JaHOTO Kiiacy. IIpencraBieHi pe3yabTaTn 00UYNCIIOBAIEHOTO eKCIIEPHUMEHTY,
10 TO3BOJISIFOTH OI[IHATH MOJKJIMBOCTI 3aIIPOTIOHOBAHOT'O METOY OIIIHKH TEPUTOPiaIbHOTO PU3HKY B pa3i Tepopuc-
THYHOTO HAamajay 3 BHUKOPHCTAHHSAM XiMigHOro arcHra. HaykoBa HOBH3HA. 3amponoHOBaHO €()EeKTHBHUI METOJ
OIIIHKH TEPUTOPIaJIHHOTO PU3UKY B Pa3i TEPaKTy 31 3aCTOCYBAHHSAM XiIMIYHO HEOE3MEYHOi pedOBHHH. METOI MOXe
OyTH BUKOPHCTaHMH ISl OLIHKK TEPUTOPIAIbHOTO PU3UKY B YMOBaX MiChKOI 3a0y/IOBH, IO J03BOJISIE OTPUMYBATH
aZeKBaTHI JaHi NP0 MOXJIMBI 30HM ypakeHHs. MeToJ 3acHOBaHMH Ha YHCEIBHOMY IHTErpyBaHHI
(yH/IaMEHTaIbHOTO PIBHSHHS MacOIEpPEeHOCYy, IO BHpaXKae 3aKOH 30EpEeKEHHS Mach B PIJIKOMY CEpEIOBHIII.
IIpakTHyHa 3HaYMMIicTh. 3aNPOIIOHOBAaHMI METOJI OLIHKH TEPUTOPIAIBEHOIO PU3UKY B Pa3i TEPOPUCTHYHOTO HaIa-
Jly 31 3aCTOCYBaHHSIM XIMIYHOT'O areHta Moe OyTH BUKOPHCTaHUH ISl PO3pPaxyHKY 30H ypasKeHHs OlIsi aJMiHICT-
paTHBHUX OYIiBEIb, IICHTPIB Ta IHIIUX COLIAIHHO 3HAYYIIUX 00'EKTIB.

Knrwouosi cnosa: TeputopianbHUN PU3HK; TEPAKT; XiMiYHE 3a0pyIHEHHS; YHCEIIbHE MOJCIIOBAHHS; 3a0pyIHEHHS
HOBITPSIHOTO CepeOBHIIA
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3D NUMERICAL MODEL FOR TERRITORIAL RISK ASSESMENT
AFTER TERRORIST ACT

Purpose. The paper deals with the development of 3D numerical model for a territorial risk assessment in a case
of a terrorist attack with usage of a chemical agent. Methodology. To describe the process of chemical agent disper-
sion in the atmosphere, emitted in a case of a terrorist attack, authors used three-dimensional equation of mass trans-
fer of an admixture in the atmospheric air. The equation takes into account a velocity of the wind flow, atmospheric
diffusion, an intensity of chemical agent emission, a buildings presence near a place of a chemically hazardous sub-
stance release. For numerical integration of the modeling equation, a finite difference method is used. A feature of
the developed numerical model is possibility of a territorial risk assessment in a case of a terrorist attack under dif-
ferent weather conditions and buildings presence. For calculation of wind flow velocity field in a case of building
presence 3D equation for potential of velocity is used. Findings. The specialized numerical model and software
package can be used for a territorial risk assessment, both in a case of terrorist attacks with usage of chemical agents
and in a case of extreme situations at chemically hazardous facilities and transport. The method can be implemented
on small and medium-powered computers, which allows it to be widely used for solving this class of problems,
when developing an emergency response plan. The results of a computational experiment are presented that allow
estimating possibilities of the proposed method for assessing a territorial risk in a case of a terrorist attack with us-
age of chemical agent. Originality. The effective method of a territorial risk assessment in a case of a terrorist at-
tack with usage of a chemically hazardous substance is proposed. The method can be used to assess a territorial risk
in an urban environment, which allows obtaining adequate data about possible affected areas. The method is based
on numerical integration of the fundamental mass transfer equation, which expresses the law of conservation of
mass in a liquid medium. Practical value. The proposed method for a territorial risk assessment in a case of a terror-
ist attack with usage of a chemical agent can be used to calculate the affected areas near administrative buildings,
centers and other socially significant facilities.

Keywords: territorial risk; terrorist act; chemical pollution; numerical modelling; air pollution
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OIITHKA HAJ3BUYAWHUX MO/III NI YAC MEPEBE3EHHS
HEBE3IMEYHUX BAHTAXKIB Y KOHTEKCTI TEXHOTEHHOTO
HABAHTAKEHHS PETTOHIB

Meta. OCHOBHOIO METOIO CTATTi € aHaJi3 Cy4acCHOTO CTaHy O€3MeKU PyXy Ha 3aIi3HUIHOMY TPAHCTIOPTI i Yyac
nepeBe3eHHs HeOe3MeYHNX BaHTaXiB, a TAKOX OI[IHKA HAJA3BMYallHUX MOAIH i piBHA O€31eKH HA OCHOBI CTATUCTHY-
Horo aHanizy. Meroauka. [locTaBineHa mMera JOCSTAETHCS 3a JIONIOMOTOI0 TEOPETUYHOIO y3arajbHEHHs M aHaizy
Cy4acHHX 3HaHb Ta YSBJICHb IIPO IPOTHO3YBaHHS aBapiil 3 HeOe3MeUHUMH BaHTakaMu. J{J1s aHai3y Cy4acHOro cTa-
HY HEpeBe3eHHsI HeOEe3NEeYyHHX BAaHTAXKIB 3aJI3HMYHMM TPAHCIOPTOM BHKOPHUCTAHO reoiH(opMaliiiHi cucTeMu.
Pesyabrarn. [IpoananizoBaHo BUAM IHIMACHTIB, 110 CTAINCS Ha YKp3ali3HUII MPOTIATOM OCTaHHIX pokiB. Bussie-
HO TOJIOBHI NPUYMHU BUHUKHEHHS aBapiiHUX CHUTYalliil: TEXHIYHA HECIPAaBHICTh BAaroHiB, HAJA3BHUYaWHO BHCOKHI
3HOC OCHOBHHUX (DOH/IB, HEIOJIIKHA OpTraHi3aliifHOi pOOOTH i Yac MepeBe3eHHs BaHTAXIB, IOPYIICHHS IPaBIII Oe3-
MEeKH BaHTAXKHUX POOIT, BTpy4aHHS CTOPOHHIX 0ci0 mix gac mepeBe3eHHs Tomo. OmHIE0 3 HAUTOIOBHIMINX MPHIHH
HeOe3NMeYHNX MMOAiN € HaJ3BUYAiHO BHCOKUI 3HOC OCHOBHHX (OHIB. Po3p0o0ieHo kapTy MOTeHIiHHIX HeOe3IeK Ta
aBapifHUX CHUTYyaIliil Mg Jac mepeBe3eHHs HeOe3leYHNX BaHTaXIB i3 BUKOPUCTAHHIM IreoiH()OPMAIifHUX TeXHOJIO-
riif. Haronomeno Ha HEOOXiTHOCTI MPAKTUYHOTO BHPIMICHHS MpoOJeM IiIBHIICHHS Oe3MeKH 3alli3HUYHUX NepeBe-
3eHb B YMOBax HaJ3BHYalHUX CHUTyalii. be3neku nepeBe3eHHs HEOE3NMEUHUX BAHTAXKIB MOXKHA JOCSITH 33 TaKHX
YMOB: AOCII/KEHHsI IMOBIPHOCTI BUHUKHEHHS HaJ3BUYAHUX CHUTYyallili; MiJABUIIEHHS ONEPATUBHOCTI MPHUUHSITTS
pillieHb 100 JIIKBiAAIil HACTI/IKIB aBapiif; po3poOKka TEXHOJIOTI JIIKBiAALIl HACIIAKIB aBapiiiHUX CHUTYyaIliif; BIpO-
BaJDKEHHSI CUCTEMHM CYyNyTHUKOBOI Hagiramii. HaykoBa HoBH3HA. Y po0OOTi MOaHO HAYKOBE OOIPYHTYBAaHHS U pO3-
pOOKYy OCHOB NPOTrHO3YBaHHS HaJ3BHMYAMHMX CHUTyallill Ha 00’€KTax 3aJi3HUYHOro TpaHcropry. HamaHo ouiHky
NPUYMHAM BUHUKHEHHS MOAIN 13 HeOe3neuHnmu BaHTakamu. CKilaJleHo KapTy YKpaiHU 3a KUIBKICTIO NOAIN Ta 3a-
JIS)KHO BiJl BUIIB IHIIMJCHTIB Ha YKp3amizauili. [IpakTuyHa 3HaYuMicTh. BUKOpUCTaHHS 3aIpONIOHOBAHOTO TIi/IX0-
Iy TO3BOJIUTH BH3HAYUTH SIKICTh OyIb-5KOI CHCTEMH NPUHHSTTS pillieHb, 0COOIHMBO i Yac IIAHyBaHHS aBapiifHO-
pATYBaIBHUX POOIT, GOopMyBaHHS CHII i 3ac0o0iB I JIOKamizamii Ta JikBimamii aBapiftHmx cutyamiil. [Ipaktudna
LiHHICT POOOTH TOJISTaE B OTPUMaHHI HAYKOBO OOIPYHTOBAHOI i BOJHOYAC MPUIHATHOI JUIA MPALiBHUKIB METOIU-
KM OLIHKK CTaHy CTaOLTBHOCTI NEepEeBi3HOTO MPOIECy Ha OKPEeMHX IUITHKAX 3aJli3HUIb, @ TAKOX y pPo3po0Ii pexo-
MEH/IAIiH U JUISTHOK 13 IMiJBUIIEHOO aBapiiHICTIO.

Kniouosi cnosa: mepeBe3eHHs] HEOE3MEUHNX BaHTAXIB; 3aJI3HUYHUN TPAHCHOPT, HAJ3BUYANHI MOJIT; HOXEXKa,
reoinopmaliitHi TeXHOJIOT1T

Beryn BUHUKHCHHS HAJ3BUYAWHUX CHUTYAIlill i3 BEIUKOIO
KIUIBKICTIO MOTEPIIINX, 3HAYHUMHU MaTepialbHUMU
30WTKaMH, HACTAHHSIM HECIPHUATINBUX EKOJIOTid-
HHUX 1 caHiTapHO-TirieHiyHux HacmiakiB [1]. [lo
HeOe3NMeYHnX Hajae)KaTh BaHTaXl, AKI BiAIOBIIa-
10Th KpuTepisim «[IpaBun nepeBe3eHHs HeOe3mneu-

Jlo ocHOBHHX (aKTOpiB PHU3UKY Ha 3aJi3HHY-
HOMY TPaHCIIOPTi HaJECKUTh NEPEBE3CHHS BEIUKOI
KUTBKOCTI, 10 3 926 HaliMeHyBaHb, HEOC3IMEUHUX
BaHTaXIB [2]. BOHM € MOTEHIIHHUM JPKEPEIOM

doi 10.15802/stp2018/134347 © 10. B. Bym, O. B. Kpaiiniox, JI. C. Kozozmoit, B. B. bapbammu, 2018

27



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

Hayxka Ta nporpec Tpancnopry. Bichuk J{HinponeTpoBchKoro

HALIOHAIIBHOTO YHIBEPCUTETY 3alli3HHYHOro Tpancnopty, 2018, Ne 3 (75)

EKOJIOI'I HA TPAHCIIOPTI

Hux BaHtaxis» [6], JICTY 4500-3:2008 «Banraxi
HeOesneuni. Kiacudikanis», JCTY 4500-5:2005
«BanTaxi HeOe3zneuni. Mapkysanus». Tpancmop-
THa cTpateris Ykpainu Ha mepiog mo 2020 poky
[10] Bu3Hayae ogHKMM 3i CBOIX OCHOBHHMX HAITPSIM-
KiB YZIOCKOHAJICHHS i PO3BUTOK JICPKABHOI CUCTE-
MU TapaHTyBaHHS OC3MEKH MiJ Yac MPOBEACHHS
orepaliii, moB’s3aHUX 13 IEPEBE3CHHIM HeOe3ney-
HUX BaHTaXiB, PO3pOOJIEHHS BiANOBIAHUX HOpMa-
THUBHO-TIPABOBHX aKTiB, CTBOPCHHS PEECTpy Hebe3-
MEYHUX BaHTAXKIB.

Po3pobky TexHoJIOTIT IepeBe3eHb HeOe3MEeUHUX
BaHTaXIB JOCTIKYBald BITYM3HIHI HAYKOBIIL:
Mysukina C. 1. [4], dy6osiu 1. A. [3], PoakeBuu
O.T. [8], PankeBuu A. B. 3 xomeramu [7], 3apy6i-
xHi BueHi [12-14] ta in. IluTanus 3abe3neyeHHs
edekTUBHOro  (YHKUIOHYBaHHS TPAHCIOPTHUX
CHUCTEM pO3TJBIIAIOTECA Yy 0araTboX HayKOBUX
mpaisx, aje npoodjieMa KOHTPOJI 3a Oe3NEYHOI0
JIOCTABKOIO BAHTAXIB Ha 3aJI3HUYHOMY TPaHCIIOP-
Ti MOBHICTIO HE BUPIIICHA.

Meta

OcHOBHA MeTa CTATTI — MpoaHai3yBaTH Cy-
YacHUIl cTaH Oe3MeKu pyxy Ha 3alli3HUYHOMY Tpa-
HCIIOPTI MiJi Yac TNepeBe3eHHs HeOE3MEeUYHUX BaH-
TaxiB, a TaKOXX TPOBECTH OIIHKY HaI3BHYANHIX
Mmoii i piBHA O€3MEeKH Ha OCHOBI CTATUCTUYHOTO
aHai3zy.

MeToauka

ITocTaBneHa MeTa AOCATAETHCS 3a JOHNOMOIOO
TEOPETHYHOTO y3araJbHEHHsS W aHalli3y Cy4acHHX
3HaHb Ta YsBICHb NPO MNPOTHO3YBaHHS aBapiit
3 HeOe3MeYyHHMHU BaHTaxaMu. st aHamizy cydac-
HOTO CTaHy IepeBe3eHHS HeOe3MeuyHUX BaHTaXiB
3ali3HMYHAM TPAHCTIOPTOM BHUKOPHCTAaHO TEOiH-
(dbopmMarriiiii cuctemu.

Pe3yabTarn

KinpkicTe Ham3BHUaHUX MOMIN MiJl 9ac mepe-
BE3CHHS HEOC3MEYHMX BaHTAXIB O€3MOCepeIHbO
3aJIeKUTh BiJl 00CSTy MepeBe3eHb BaHTAXIB 3ali3-
HUIEI0, KUK y 3B 53Ky 3 €KOHOMIYHOIO W ITOJTi-
THUHOK cutyaniero y 2013-2014 pokax pi3zko
3MeHIuBcs, npore y 2015 p. crocrepiraersbest Ho-
ro cyrreBe 3poctaHHs (puc. 1). Cepen BaHTaxiB,
IO TePeBO3ATHCS, BEIMKY YaCTKy CKIANaoTh
1 moTeHUiiHO Hebe3neuHi (puc. 2). OcKinbku Onu-
3pK0 15 % Bij 3aranbHOTO OOCITY IEpeBE3cHb Ba-
HTaXIiB 3aJI3HUYHAM TPAHCIIOPTOM CTaHOBIATH
HeOe3neuHi BaHTaxi (BUOyxoHeOe3leuHi, Mmoxe-
JKOHeOe3MeuHi, XiMiuHi Ta iHIi PEYOBHHH), TO MO-
TeHIIHa HeOe3IeKa Bij IMepeBe3eHbh TaKMX BaHTa-
XKIiB Jy’Ke BUCOKa [5].

MarepianbHi 30MTKH BiJl TPaHCIIOPTHHUX MOIiH
3a 2016 pik craHOBAATH 24 MiH 649 THC. TpH,
3 AKMX Juire 559 tuc. rpH, abo 2,3 %, BiAIIKOI0-
BaHO. [3 3aranbHOi KiNBKOCTI TPAaHCTIOPTHHUX MOJIH
408 Bumazkis, ado 74,2 %, MOB’s13aHi 3 BILUIMBOM
«IIOACHKOTO» YnHHUKA [9].

500
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300 -
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100 -
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Puc. 1. IlepeBe3eHHs BaHTaXIiB 3aji3HULEI0, MIH T (32 ganumu [9, 11])

Fig. 1. Transportation of goods by rail, million tons (according to [9, 11])
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Puc. 2. O6csaru nepesezeHb BaHTaxiB Ykp3amizHuuero y 2016-2017 pokax, MiaH T
(ckimameno 3a manumu [10])

Fig. 2. Volumes of cargo transportation by Ukrzaliznytsia in 2016-2017 years, million tons
(compiled according to [10])

HesBaxkaroun Ha 4YHCIIEHHI 3aXOQu IIOAO MiA-
BUIIICHHS O€3MeKH MepeBe3cHb, MPOBEACHUN aHa-
J3 IHIHUOEHTIB 13 HeOe3[eYHUMH BaHTAXXaMH BH-
SIBUB 3HAYHI KOJMBAaHHS IIOKa3HHUKIB KIJBEKOCTI
HaJ3BUYAMHUX MMOAIA HA PI3HUX 3aJII3HUIISLX.

Amnainizyroun Hag3BU4alHI moxii Ha Ykp3aniz-
Huni 3a 20162017 poku, ciifg BiI3HAYUTH, IO
y 2016 pomi HaiOimbIIA iX KiJIBKICTH MpHIIANa Ha
perionanbHy  Qimito  «/loHempka  3aNmi3HUIS»
(39 %). Ha IlpuaninpoBchbKii 3ami3HuLI BiIOynocs
22 %, na Onecekiii — 17 %, na ITiBnenno-3axigaii
Tta JIpBiBCBKill — mo 11 % HamsBuYaiiHMX MOmii
(puc. 3, 5). Ha IliBgeHnniii 3amizaumi He 3adikco-
BaHO JKOJHOTO IHIUACHTY IiJ 4Yac TepeBE3CHHS
HeOE3MEYHNX BAHTAXKIB.

VY 2017 poui cnocTepiraerscs iHIIA CHUTYaLisl.
Ha Ogecekiii 3amizaumi cranocst 32 % HeOesmneu-
HUX Toxid, Ha [IpUAHINPOBCHKINA 3alli3HMII —
22 %, na IliBnenno-3axiguii 3amizauii — 19 %,
3MEHIIWIACAd KUIBKICTh HAI3BHYAMHUX MONIN Ha
JIeBiBChKii 3amizHumi — 10 10 %, ane 3adikcoBano
HeOe3neyHi 1HIUAeHTH Ha [liBAeHHIN 3ali3Hunl —

10 %. 3MeHMIacs KUIbKICTL HEOE3MEUHUX MOMiH
Ha Jloneupkiii 3amizuui (7 %) (puc. 3, 5).

Oco6nuBy yBary ciif OpUAUTUTH aHAJi3y He-
Oe3neunux noxii Ha [IpumHinporcekii Ta Omech-
Kiii 3ami3HuIsX, Ha skux sk y 2016, Tak
i B 2017 pomi BimMiueHa yMMalna KiJbKiCTh MOAi0-
HUX BUITAJKIB.

3a xapaktepom noaid y 2016 poui iHIHAECHTH
PO3MOIUTHINCS HACTYITHUM YHHOM: HaiiOinbIa
KITBKICTB TTOJTiY TIOB’sI3aHa 31 CXO/PKEHHSM BaroHiB
abo TeroBo3a 3 Kol — 72 %, BUTIKaHHS BaHTaXy
(OeH3uHy ab0 JAM3ENILHOrO MaJbHOI0) CKJIAJIO
11 %, BigUeIJIEHHS BaroHiB, IMOXexa — mo 6 %,
BUTIKaHH cipyaHoi kuciota — 5 % (puc. 4).

Y 2017 pomi 3HA4YHO 30UIBLIMIIACH KIJTBKICTh
BHITIAJIKIB BUTIKaHHS OCH3WHY W JAM3EIHHOTO Mallhb-
HOTO 13 BaroHiB-mucTepH — A0 17 %. CxomkeHHs
BaroHiB cknano 27 %, ATII Ha nepeizgax — 38 %;
3a(hiKCOBaHO BHUIAJKH BUTIKaHHS Cip4aHOi KHCIO-
1 (3 %), cepen 1HIINX MO/IN — BUTIKAHHA OCH30ITY
i MeTaHouy, 1o ckianuy o 1 % (puc. 4).

doi 10.15802/stp2018/134347

© 10. B. By, O. B. Kpaiintok, /1. C. Kozonoii, B. B. bap6amun, 2018

29



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

Hayka Ta nporpec tpancropry. Bicuuk J{HinponeTpoBcbKkoro
HAL[{OHAJIHOTO YHIBEPCUTETY 3alli3HHYHOro TpaHcopry, 2018, Ne 3 (75)

EKOJIOI'I HA TPAHCIIOPTI

Hoxeusxa
2anizHMUA

E:g}elii\ag%\\\\\\\\\\\

Nbeiscbra
3anisHMuA
11%

Opecoua
3anisHAUA
17%

MNpuprinpoecoka
3anizHMuA
22%

2016

Nisgerro-3axigHa
2aniaHMLA
11%

IIngiBCBKA
_ 3anizHWuA

Opeckka

Puc. 3. [nuuaentu 3 HeOE3MEUHMMH BaHTaKaMu 3a MicieM moii, %

Fig. 3. Incidents with dangerous goods at the place of event, %
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Fig. 4. Emergency events involving dangerous goods (according to [9])

[IprynHamMy BUHMKHEHHS aBapiiHUX CHTYyaliit
€ pi3Hi (aKTOpH: TeXHIYHA HECHPABHICTH BaroHis;
HA/J3BUYAMHO BHCOKHI 3HOC OCHOBHUX (DOHIIB,
HEJIOJIIKM OpraHi3aiiifHol poOOTH IIiJl Yac repeBe-
3€HHS BaHTaXiB, MOPYIICHHS MpaBui Oe3MeKu Ba-
HT@KHUX POOIT, BTPYYaHHS CTOPOHHIX OCIO mij
Yac MepeBe3eHHs TOLIO.

BBaxxaemo, 1110 OJIHI€IO 3 HAWTOJOBHILIUX MIPH-
YMH HeOE3NMEeYHUX MO/ € HA/J3BHYAHO BUCOKWI
3HOC OCHOBHHUX (poHIB (puc. 6).

HaykoBa HOBH3Ha Ta MPpAKTHYHA
3HAYUMICTh

3Ba)karoun Ha BHUIECKa3aHE, MOXKHA 3aIpoIo-
HYBaTH OCHOBHI 3aXOJH JJIS IiIBUIICHHS O€3MeKn
TPaHCIIOPTYBaHHs HEOC3MECUHUX BaHTAXKIB!

— 3aMiHa 3acTapijioro pyxoMoro CKJIaay i KOH-
TeWHEpiB Ha CYYacHI, IO BIINOBIJAIOTh YCIM BH-
MoraM 0e3MeKH TPaHCIIOPTYBaHHS,

— MiABWINEHHS pIBHA HATIAHOCTI TEXHIYHHUX
1 TEXHOJIOTIYHMX 3aCO0IB OC3MEKH B LIJIOMY;

— TOJIMIIEHHS TEXHOJIOTII MePEeBi3HOrO MpoIie-
cy HeOe3MeuyHNX BaHTaXiB;

— MOBCIOJIHE  BIPOBAKEHHA  €JIEKTPOHHOTO
JOKYMEHTOOOITYy Ta HOro MmocTiliHe BIOCKOHAJCH-
HS;

— TiABHINEHHS KBamiikarii mpariBHUKIB 3ali-
3HUYHOI ranysi;

— MPOBEACHHS PO3’SCHIOBAJIBHOI Ta MPOCBIT-
HUIBKOT poOOTH 3 HACEIIEHHSM PO il MpH BUHH-
KHEHHI Ha/I3BUYaiHUX CUTYyaIliil.
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Puc. 5. Anani3z Hag3BuyaiHux noxiit Ha Ykp3anisuuui npotsirom 2016 ta 2017 pokis
(CTOBMUACTOIO JiarpaMoro BiMiueHa KiTbKICTh IMOJIN Ii/T 4ac IepeBe3eHHs HeOC3MEYHUX BAHTAXKIB,
KPYTOBOIO — MO/Iii 32 BUAAMH iHIH/CHTIB, %)

Fig. 5. Analysis of emergency events at Ukrzaliznytsia during 2016 and 2017
(stacked chart shows the number of events in the transportation of dangerous goods,
circular — events by type of incidents, %)
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Fig. 6. Depreciation of the existing park (compiled according to [10])
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EKOJIOI'I HA TPAHCIIOPTI

Bapro 3a3HaumTH, 1m0 A 3HAYHOTO IOJII-
IICHHS CUTYyallii B TPAHCIOPTHINA cdepi BCiX IUX
3aX0[1B  HEOOXIMHO  BXXMBATH  KOMIIIEKCHO
1 TIEHTpaITi30BaHO.

besneky mepeBe3eHHs HEOE3NMECYHMX BaHTAXKIB
3aJi3HUYHUM TPAHCIIOPTOM HEOOXiJTHO CHCTEMHO
PO3BUBATH Y HACTYITHUX HAIPSIMKaX:

— JOCIIDKeHHsT (haKTOpiB, IO BIUIMBAIOTh Ha
0e3neKy nepeBe3eHb, TOOTO Ha WMOBIPHICTh BUSIB-
neHHs (aKTy BUHUKHEHHS Ha/J3BUYAHUX CHTYa-
uiit (HC);

— MiJBUILIEHHS ONEPATHBHOCTI W MPaBUIILHOCTI
MPUHHATTS pilleHh WIOAO JIKBIAIll HACIHiAKiB
aBapiiHOI cUTYyaLii;

— po3poOka Oe3rmeyHoi TEeXHOJIOTIT JIiKBimaIli
HACJIIJIKiB aBapiiiHUX CUTYaIliif;

— BNPOBA/KEHHS CUCTEMHU MOHITOPUHTY Hebe-
3[I€YHUX BAHTAXKIB,

— BHKOPHCTaHHS CYIyTHUKOBOI HaBirarii.

BucHoBku

Ha ocHOBI aHamizy NpWUYHH HAI3BUYAMHHX
TPaHCHOPTHUX MOAIN MiA yac mepeBe3cHHs HeOe3-
[EYHUX BAHTAXKIB MOXKHA 3pOOUTH BUCHOBOK, ILO
3HaYHA YacTKa TaKWX TOIiN BigOyBaeThCs depes
KOMEpLIiifHI HECIIPaBHOCTI i KaTtacTpodiuyHuid 3HOC
OCHOBHHX (OHAIB. Ajle MPUYMHAMH BHUHUKHEHHS
HaJ3BUYAMHUX TMOAIA Ha 3aJi3HUYHOMY TPaHCIIOP-
Ti € TAKOX TIOPYIICHHS BUMOT O€3MeKH, SAKi TpU3-
BOJATH A0 3HAYHOI MaTepiayibHOi MKOAU. Tomy
MUTaHHS BJOCKOHAJICHHS caMe TeXHOJIOTI1 repeBe-
3eHHS HeOe3NeYHUX BAaHTAXKIB HA PI3HUX JIaHKAX
MpoIecy TPAaHCIIOPTYBAaHHS Ha CHOTOAHI € HAaA3BU-
YaliHO BaXKJIMBUM. SIKicHe MiABHILEHHS O€3MEeKH
nepeBe3eHh HeOE3MEeYHUX BaHTaXIB, 110 0OYMOB-
JIPHO CY4YaCHHMH BHUMOTaMH, MOXXJIHMBE JIUILIE 3a
YMOBHU BIOCKOHAJICHHS yCiX YMHHMKIB IEpPEBI3HO-
T'0 TPOIIECY: OpraHi3aliifHO-TEXHIYHOTO, TEXHOJIO-
riuHoro, iHhopMaliiHoro, KaJ[poBOro Ta iH.

CIIMCOK BUKOPUCTAHUX JIUKEPEJI

1.  AnamiTHYHWIA OIJISAM CTaHy TEXHOTEHHOI Ta MPHUPOJHOI Oe3neku B Ykpaini 3a 2016 pik. — KuiB : [IepxaBHa

ciyx0a Haa3BUUalHUX cutyanii, 2017. — 228 c.

2. JIOpOXHBO-TPAHCIIOPTHI TIPUTO/IH, aBapii Ta iHIUICHTH Ha 3ai3HUIHOMY TpaHcropTi [Enextpornwuii pecype] /
HepxaBHa ciyx06a Ykpainm 3 Oe3nekd Ha TpaHCmopTi. — Pexkum moctymy: http://dsbt.gov.ua/storinka/
dorozhno-transportni-prygody-avariyi-ta-incydenty-na-zaliznychnomu-transporti — Hassa 3 ekpana. — Ilepesi-

peHo : 13.06.2018.

3. yb6osiy, I. A. Cy4acHi exoi0ro-eKOHOMI4HI TPOOJIEeMH TpaHCHIOPTYBaHHS HeOe3neyHuX BaHTaxXIB JIbBIBCH-
koto 3amizauneio / I. A. Jlyoosiu, M. B. Pyna // Hayk. Bica. HJITY VYkpainu : 30. Hayk.-TexH. mp. / Harr. mico-
TeXH. yH-T YKpainu. — JIpBiB, 2012. — Bun. 22.9. — C. 66-71.

4.  Mysukina, C. I. Ananiz Oe3neku pyxy mij yac rnepeBe3eHHs] HeOe3[eYHNX BaHTaXKIB HA 3aJII3HUYHOMY TpPaHC-
noprti / C. 1. My3ukina // BicH. Akan. mutHOI ciyx6u Ykpainu. Cepist: «Texniuni Haykn». — 2014. — Ne 1 (51).

- C. 135-130.

5. TlosicHIOBaNbHA 3aMnCKa 10 KOHCOJIIIOBAaHOTO MPOeKTy (inancoBoro miany [TAT «Ykpainchka 3ami3HHL Ha

2016 pik [Enextponnuii pecypc] /

M-Bo

iHppacTpykTypn YkpaiHn. — Pexum gmocrymy:

https://mtu.gov.ua/news/26510.html — Hassa 3 expana. — IlepeBipero : 13.06.2018.
6. IlpaBmma mepeBeseHHs HeOesmeyHMX BaHTaXiB [EmexrponHmit pecypc] : Haka3 M-Ba Tpancm. Ta 3B’S3KY

Vkpainn Big  25.11.2008 p. Ne 1430

pen. Big 16.03.2018]. - Pexum moctymy:

http://zakon3.rada.gov.ua/laws/show/z0180-09 — Ha3ga 3 ekpana. — I[lepeBipeHo : 13.06.2018.

7. Pankesuu, A. B. [locnikeHHs] HEOOXIHOCTI CTBOPEHHSI aBapidHO-PATYBaIbHUX MiIPO3/ALTIB JepKCIETPaHC-
CJIy)kOU JJIs1 ONIepaTUBHOTO pearyBaHHs Ha aBapiifHi cuTyauii Npu nepeBe3eHH HeOe3MeYHNX BaHTAXKIB 3aiIi3-
HUYHUM TpaHcnoptoMm / A. B. Pagkesuu, C. O. fkosnes, O. 1. [llanTtana // Bicu. {xinponeTp. Hall. YH-TY 3a-
Ji3H. TpaHCI. iM. akan. B. Jlazapsina. — TninponerpoBerk, 2009. — Bun. 26.— C. 134-136.

8.  PoakeBud, O. I'. 3akoHOMIpHOCTI Ta BUKOPUCTaHHS (aKTOPiB epEeKTUBHOCTI CHCTEMHU IIepeBe3eHHs Hebe3mey-
HUX BaHTaXIB : aBTOped. AMC. ... KaHI. TexH. HayK : 05.22.01 / PogkeBny Oxkcana ['puropiua ; Jlepx. €KOH.-

TEXHOJI. YH-T TpaHcir. — Kuis, 2013. — 25 c.

9.  Craructuunwmii mopiuauk Ykpainu 3a 2015 pik / 3a pen. I. M. XKXyk. — Kuie : JlepkaBHa Ciry:k0a CTaTUCTHKH

VYkpainu, 2016. — 575 c.

10. Crarucruusi gaui npo Ykpaidceki 3anizuui [Exextpornnit pecype] / M-Bo indpactpykrypu Ykpainu. — Pe-
xuM poctymy: https://mtu.gov.ua/content/statistichni-dani-pro-ukrainski-zaliznici.html — Hassa 3 ekpana. —

[epesipeno : 13.06.2018.

doi 10.15802/stp2018/134347

32

© 10. B. By, O. B. Kpaiintok, /1. C. Kozonoii, B. B. bap6amun, 2018


http://irbis-nbuv.gov.ua/cgi-bin/irbis_nbuv/cgiirbis_64.exe?Z21ID=&I21DBN=REF&P21DBN=REF&S21STN=1&S21REF=10&S21FMT=fullwebr&C21COM=S&S21CNR=20&S21P01=0&S21P02=0&S21P03=A=&S21COLORTERMS=1&S21STR=%D0%A0%D0%BE%D0%B4%D0%BA%D0%B5%D0%B2%D0%B8%D1%87%20%D0%9E$

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

Hayka Ta nporpec tpancropry. Bicuuk J{HinponeTpoBcbKkoro
HALIOHAIIBHOTO YHIBEPCUTETY 3alli3HHYHOro Tpancnopty, 2018, Ne 3 (75)

EKOJIOI'I HA TPAHCIIOPTI

11. TpancmoptHa cTpareris Ykpainu Ha niepioa no 2020 poxy [Enekrponnwuii pecypc] : posnopsmk. Kabd. MinicT-
piB Vkpaiau Bix 20.10.2010 p. Ne 2174-p. — Pexxum noctymy: http://zakon2.rada.gov.ua/laws/show/2174-2010-
%D1%80 — Hassa 3 expana. — [Iepesipeno : 13.06.2018.

12. Borghetti, F. Road accessibility model to the rail network in emergency conditions / F. Borghetti,
G. Malavasi // Journal of Rail Transport Planning & Management. — 2016. — Vol. 6. — Iss. 3. — P. 237-254.
doi: 10.1016/j.jrtpm.2016.10.001

13. Conca, A. A Risk Assessment for Road Transportation of Dangerous Goods: A Routing Solution / A. Conca,
C. Ridella, E. Sapori // Transportation Research Procedia. — 2016. — Vol. 14. — P. 2890-2899.
doi: 10.1016/j.trpro.2016.05.407

14. Solc, M. The Importance of Dangerous Goods / M. Solc, M. Hovanec // NaSe more. — 2015. — Vol. 62. —
Iss. SI. — P. 181-186. doi: 10.17818/nm/2015/si17

10. B. BYLL, E. B. KPAMHIOK?, JI. C. KO30J1011*", B. B. BAPBALLIMH*

1Ka(1). «[IpupomnooxpaHHbIE TEXHOJIOTHH, 3KOJIOTHUSI U 0€30MaCHOCTh JKU3HEESITEIbHOCTH», XapbKOBCKUI HAIIMOHAJIBHBIN KO-
Homuueckuii yHuBepeuteT uMenn Cemena Kysuena, np. Hayku, 9A, XapbkoB, Ykpanna, 61166, Ten. +38 (050) 683 08 99,

ai1. moura butsyura@ukr.net, ORCID 0000-0003-0450-2617

Kad. «MeTpoIorus i Ge30macHOCTh KI3HECATSIHHOCTH, XaphKOBCKHH HAIMOHATBHbIHA aBTOMOGHIBHO-OPOKHEI YHHBEp-
curer, yi. 5. Myaporo, 25, Xapskos, Ykpauna, 61000, ren. +38 (050) 404 26 73, »n. moura alenauvarova@ukr.net,

ORCID 0000-0001-9524-040X

¥IlenTp crienManbHOro 06yUeHHs PAGOTHHKOB CYOBEKTOB EPEBO3KH ONACHBIX TPY30B, Y KPAMHCKHIA TOCYIAPCTBEHHBIH YHHBED-
CHTET XKEJIE3HO0POKHOTO TpaHcnopTa, mi. Meiiepbaxa, 7, Xapbkos, Ykpauna, 61000, texn. +38 (066) 519 47 31,

911 mouta dmitry_1980@ukr.net, ORCID 0000-0003-3615-1815

“Kag. «Oxpana Tpy/a i 6e30MaCHOCTb KU3HEACATEIBHOCTHY, XapbKOBCKHH HAIHOHATBHbIA YHHBEPCHTET TOPOICKOTO X03sH-
crBa umerd A. H. bekerosa, yi. Mapiuana baxatnosa, 17, XapbkoB, Ykpauna, 61002, tex. +38 (099) 786 73 15,

ait. moura barbachyn@ukr.net, ORCID 0000-0003-3262-8305

OIIEHKA YPE3BBIYAMHBIX COBBITHI ITPU IIEPEBO3KE
OIIACHBIX T'PY30B B KOHTEKCTE TEXHOT'EHHOM HAT'PY3KHN
PETMOHOB

Leab. OCHOBHOM 1IENbIO CTaThU SBJSIETCS AHAJIM3 COBPEMEHHOI'O COCTOSIHMSI OE30MacHOCTH JIBMKEHHUS Ha JKe-
JIE3HOJIOPOKHOM TPAHCIIOPTE MPU MEPEBO3KE OIACHBIX I'PY30B, & TAKXKE OIEHKA YPE3BBIUAHHBIX COOBITHH M YPOBHS
0e30macHOCTH Ha OCHOBE CTaTucThdeckoro aHamm3a. Meroauka. [locraBneHHas [eNnb JIOCTHTaeTCs
C MTOMOIIBIO TEOPETUIECKOTO 0OOOIEHNS U aHATN3a COBPEMEHHBIX 3HAHUI M MPEACTABICHUI O MIPOrHO3UPOBAHNHT
aBapHil C OITaCHBIMHU rpy3amu. /i1 aHaIu3a COBPEMEHHOIO COCTOSIHUS IEPEBO3KHU OMACHBIX IPY30B JKEJIE3HOIOPOXK-
HBIM TPAHCIIOPTOM HCIIOIb30BaHEl reoMH(OpPMAMOHHbIE cucTeMbl. Pe3yibTarel. [Ipoana-mu3upoBaHbl BUABI UH-
HUICHTOB, IPOU3OIIEAIINX Ha JKEIE3HON JOpOore B MOCIAEIHUE TObl. BBISBICHBI INIaBHBIE IPUYHMHBI BOSHUKHOBEHUS
aBapUHHBIX CHTYyaIlMi: TEXHHYECKash HEHCIPAaBHOCTh BaroHOB, YPE3BBIUAIIHO BBHICOKMII M3HOC OCHOBHBIX (hOHIOB,
HEJIOCTATKU OPraHnu3allMOHHON paboThl PU NEPEBO3KE IPy30B, HAPYLICHUE MTPaBUII OE30II1aCHOCTH TPY30BBIX padoT,
BMEIIATEILCTBO MOCTOPOHHUX JIMI] BO BPEMsI IIEPEBO3KH U TOMY 110Jj00HOe. OJIHOH U3 INIaBHBIX IPHYMH ONACHBIX
COOBITHH SIBJISIETCSl YPE3BBIUANHO BBICOKMIT M3HOC OCHOBHBIX (OHIIOB. PazpaboTaHa kapTa NOoTEeHIUAIBHBIX OMAaCHO-
CTell W aBapuIHBIX CUTYyallWii NIPH IIEPEBO3KE ONACHBIX I'PY30B C MUCIOJIb30BAHHEM I'€OMH(OPMAIIIOHHBIX TEXHOJIO-
ruil. OTMe4YeHa He00X0IMMOCTh NPAKTHYECKOTO PELICHUs! MPOOJIeM MOBBILICHHS 0€30MaCHOCTH JKEJIE3HOIOPOKHBIX
MEPEBO30K B YCIOBHAX YPE3BbIYANHBIX CUTyalni. be30macHOCTH NMepeBO3KH ONACHBIX IPY30B MOXKHO JOCTUYB MPH
CIEYIOUINX YCIOBHSX: MCCIEIOBAHNE BEPOSTHOCTH BO3HHUKHOBEHUS YPE3BBIYAMHBIX CUTYalWi; MMOBBIIICHUE OIE-
PaTUBHOCTH NPHHATHS PEIICHHUH 1O JUKBHIALMH TOCICACTBHN aBaphii; pa3paboTKa TEXHOJOTUH JIMKBHAAIUH TO-
CIIEJICTBUIl aBapWHHBIX CUTYaIlHii; BHEIPEHHUE CHUCTEMBI CITyTHUKOBOW HaBuranuu. Hayunas HoBu3Ha. B pabore
JIaHO Hay4YHOEe 000CHOBaHME M pa3pabOTKy OCHOB IPOrHO3MPOBAHMS YPE3BBIUAMHBIX CUTYalni Ha 0OBEKTax JKeye3-
HOJZIOPOKHOTO TpaHcropTa. /laHa olleHKa MpUYMHAM BO3HMKHOBEHHMS COOBITHH ¢ omacHbIMM Ipy3amu. CocTaBieHa
KapTa YKpawHBl 10 KOJMYECTBY COOBITHH M B 3aBUCHMOCTH OT BHJOB HHIIMJCHTOB Ha YKpP3aJU3HBIIE.
IIpakTHyeckasi 3HAYMMOCTD. VcrIoab30BaHNE MPEIOKEHHOTO MOAX0a MO3BOJIUT ONPEAEIUTh Ka4eCTBO JT000H
CHCTEMBI IPUHATHA PEIIeHNH, 0COOEHHO IPH IIAHUPOBAHUM aBapUITHO-CIIacaTeIbHBIX PaboT, (OPMUPOBAHNUHU CHIT
U CPE/ICTB TS IOKAJM3AINK U JTUKBUAAINHN aBapHHHBIX cuTyanuil. [IpakTudeckas eHHOCTh pabOTHI 3aKITI0YAETCS B
MOJTyYCHUH Hay49HO O0OOCHOBAaHHOM M OJHOBPEMEHHO NMpHUEMIIEMON AJsi paOOTHUKOB METOAUKU OLIEHKH COCTOSTHHS
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cTaOMIIBHOCTH TIEPEBO30YHOTO MPOIecca Ha OTHACIBHBIX y4acTKaxX JKENE3HBIX JAOPOT, a TakkKe B pa3padoTKe peKo-
MEHJIALMI 17151 yYaCTKOB C TIOBBIIIEHHOW aBApUUHOCTHIO.
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EVALUATION OF EMERGENCY EVENTS AT THE TRANSPORTATION
OF DANGEROUS GOODS IN THE CONTEXT OF THE TECHNOGENIC
LOAD IN REGIONS

Purpose. The paper aimed at analysis of the current state of railway traffic safety at the transportation of dan-
gerous goods, as well as the assessment of emergency events and the level of security based on statistical analysis.
Methodology. The objective is achieved through theoretical generalization and analysis of modern knowledge and
ideas about the prediction of accidents with dangerous goods. Geo-information systems are used for the analysis of
security systems for transportation of dangerous goods by rail. Findings. Authors analyzed the types of incidents
that occurred on the railway in recent years. The main causes of emergencies are: technical malfunction of cars; ex-
tremely high depreciation of fixed assets, deficiency in organizational factors in the transportation of goods, viola-
tion of safety rules for cargo operations, interference of unauthorized persons during transportation and the suchlike.
One of the main causes of dangerous events is the extremely high depreciation of fixed assets. A map of potential
hazards and emergencies has been developed for the transportation of dangerous goods using geo-information tech-
nologies. The results of the research are aimed at practical solutions to the problems of improving the safety and
stability of rail transport in emergency situations. The transportation safety of dangerous goods should be developed
by: investigating the likelihood of emergency threat; increase the efficiency of decision-making for the elimination
of the consequences of accidents; development of technology for liquidation of consequences of emergency situa-
tions; implementation of the satellite navigation system. Originality. The paper presents the scientific substantiation
and development of the basis for forecasting emergencies at railway transport facilities. The reasons of occurrence
of events with dangerous cargoes are estimated. The map of Ukraine is drawn up according to the number of events
and depending on the types of incidents on the railway. Practical value. The use of the proposed approach will al-
low determining the quality of any decision-making system, especially when planning rescue operations, planning
forces and facilities for the localization and elimination of emergency situations. The practical value of the work
consists in obtaining a scientifically based and at the same time acceptable methodology for practical workers in
assessing the stability of the transportation process on individual sections of the railways, as well as developing rec-
ommendations for road sections with increased accidents.

Keywords: transportation of dangerous goods; railway transport; emergency incidents; fire; geo-information
technologies
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OYUCTKA BOJI OT OCTATKOB JIEKAPCTBEHHBIX ITPEITAPATOB

Henb. OcHOBHAS LeNb CTaThH — MPOAHAIN3NPOBATh HAJIMYME B BOJAC YKPAaWHBI M MHAPA OCTATOYHBIX KOJINIECTB
JIEKapCTBEHHBIX TIPENapaToB, a TaKK€ Ha OCHOBAHWH MHPOBOTO M COOCTBEHHOTO OIBITa HPEJIOKHTH METOMBI
OYMCTKH BOJ OT JiekapcTB. MeToauka. VccieoBaHus BbINOJIHEHB! HA OCHOBAaHUU aHAIN3a HAYYHBIX UICTOYHUKOB U
OTYETHHIX JaHHBIX O HAJIMYWH JIEKapCTB B BOAE YKpauHbl, eBponerickux crpas, CIIIA (1999-2017 rr.). Pe3yasTa-
Thl. [IpoaHannu3upoBaHHbIE UCTOYHUKU CBUAETEILCTBYIOT, YTO OCHOBHOM 3KOJIOIMUECKON Yrpo30il MMpPOBOTO Mac-
mrada sBISETCS HAIMYKE JIEKapCTB B MUThEBOU Bojie. OUNCTHBIE COOPY)KEHHS HE MPUCIIOCOOJIEHBI Uil 0OHapyxe-
HUSI M Pa3JIOKEHUs JICKapCTBEHHBIX cpelcTB. Bo BceM Mupe He mpenycMoTpeHa 00ps0a ¢ JaHHBIMH BEIECTBAMH.
ABTOpBI MPECTABIAIOT PE3YIbTaThl KOMIUIEKCHOTO PACCMOTPEHHS BOIIPOCOB, CBSI3aHHBIX C ONPEAEICHUEM HaTHIUsL
JICKAapCTB B pas3/IMYHbIX BOAaX, UX KOHLIGHTpaLlI/Iﬁ n Han6onee OINAaCHBIX JICKAPCTBCHHBIX IMPCIapaTOB-TOKCUKAHTOB.
MenukaMeHThl MOTYT HAKAIUTMBATHCSI HE TOJBKO B OPraHU3ME JIFOJICH U )KUBOTHBIX, HO M B MOPCKO# U PeYHOH phiOe
u T. mon. Bo3zneiicTBre maxke CIENOBHIX KOJIHYECTB HEKOTOPHIX JIEKapCTB (HAPKOTHKH, TOPMOHAJBHEIE CPEACTBA)
MOJKET OKa3bIBaTh HETATHBHOE BIMSHHUE HA 3[J0POBbE OoJiee yA3BHMEBIX CIIOEB HACEIEHHUsS, OCOOCHHO NeTel. Ycra-
HOBJIEHO, YTO TJIaBHBIM BUHOBHUKOM TOPMOHAJILHOT'O 3arpsi3HEHUS BOJbI ABJSETCS CEBCKOE XO35HUCTBO, & IMEHHO
JKUBOTHOBO/ICTBO. Hayunasi HoBu3Ha. B pabote 0000IIEHB MMEOLINECS U MPEICTABICHB HOBBIE METOIBI H TEX-
HOJIOTHH OYUCTKH BOJBI, TAKHE KaK: JJIEKTPOXUMUICCKAN, MEMOpaHHEIH, afcopOIns Ha OCHOBE aKTUBHPOBAHHOTO
VT, yIBTPa3ByKOBasi 00paboTKa B MPUCYTCTBUH KaTaIH3aTOPOB, 00paboTka Boa pepMeHTaMH U TepcyibdaTraMu.
Kak BTOpOI1 MyTh CHMXEHMS KOJIMYECTBA JEKAPCTB B BOJE MPEIOKEHO CO3AaHUE IKOJOTMYECKH YUCTHIX JIEKapCTB.
IIpakTHyeckasi 3HAYUMOCTh. BoHbIe POOIEMBI ABISIOTCSA TIAaBHBIMHE BO BCEM MHUpPE M B YKpauHE B TOM UHCIIE.
HyxHO mpeaycMOTpeTs NONOJHUTEIbHOE (MHAHCHUPOBAHME VIS PEIIEHHs MPOOIEeMBI OYMCTKH BOJBI OT JEKap-
CTBCHHBLIX IIPENapaToB HE MO OCTATOYHOMY IIPUHIUITY, 4 TI0 OCHOBHOMY (bI/IHaHCI/IpOBaHI/IIO, Y4uThIBadg TO, 4YTO BOJa
— 3TO OCHOBA JKH3HH Ha 3eMJI€, U OT Ka4eCTBa BOJBI 3aBUCHUT 3J0POBBE U )KU3HB YEJIOBEYECTRA.

Kniouesvie cnosa: 3arpsi3HeHUE BOJ JIE€KAPCTBEHHBIMU IpenapaTaMy; OCHOBHBIE JEKApCTBA-3arpA3HUTENH; Me-
TOZABI OUUCTKHU BOJ OT JIEKAPCTB

KapCTBEHHBIX CPECTB JIMIIb HEABHO CTAIH TEMOMH
Benenune Hay4YHbIX HHTEepecoB [19].

Memabonumer NeKapCTBEHHBIX IPENapaToB —
3TO TOJIAPHBIE BOJIOPACTBOPUMBIEC BEIIECTBA, KO-
TOpble 00pa3yrTCs BCCACTBHE (U3UKO- U OHO-
XMMHYECKUX TPOIecCOB. B OoJbIIMHCTBE CiyyaeB
OHH SIBIIIIOTCS TIEPBOHAYAIBLHBIMH COCTHHCHHUSIMH.
Kak mpaBmio, MeTaGOIHUTHI JIEKapCTBEHHBIX Mpe-
naparoB (B JaipHelIIeM OyJaeM Ha3bIBaTh JIeKap-
CTBa) HE SBJIAIOTCS TOKCUYHBIMHU 110 CPAaBHEHUIO C
UX TEPBOHAYAIBHBIMH COCJMHCHUSMH. TeM He
MeHEee HEKOTOphle METa0OJUTHI MOTYT OKa3aThCs
Oonee aKTUBHBIMH, YeM WCXOJHBIC JIEKapCTBa,
BBEJICHHBIC B Opranmsm [3].

BriepBele 3arps3HEHUs] OKpYKarolield Cpeibl
(apMalieBTHUECKUMH TIpenapatamMu OblIM OOHa-

JlexapcmeeHnnbie cpedcmea — 3TO CPEACTBa, KO-
TOpBIE COCTOAT M3 (PapMaKOIOTMUYECKH aKTHBHBIX
BEIIECTB W CIYXKaT sl MPOPUIAKTHKH, THATHO-
CTUKH W JicUeHHs 3a0oJieBaHWU. JleKapCTBEHHBIC
npenapatsl, uMes (apMaKoJOTHYECKYIO aKTHB-
HOCTB, 00J1aIal0T CBOWCTBaMHU U3MEHATH (YHKIIU-
OHalIbHOE cocTostHue opranu3ma [15]. Kak mpasu-
JI0, TIPEXk /1€ YeEM BHECTH JIEKAPCTBEHHBIE Ipenapa-
THl B MEOULMHCKYIO MPAaKTHKY, HX TOOOYHBIE 3(¢-
(eKThl Ha 3I0pOBHE 4UEIOBEKA W IKHUBOTHBIX
THIATENFHO M3yYaroTcs. TeM He MeHee MOTEHIIH-
aJIbHBIC 3KOJIOTWYECKUe HccieqoBaHus (apmares-
TUYECKOTO MPOU3BOACTBA W HCIIONB30BAHUA JIE-
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pyxensl B 1970-e rr. JlexkapcTBa ObLIM HaiineHBI
B CTOYHBIX BOJAaX OYHCTHUTEIBHOTO COOPY>KEHHUS
«Big Blue River» B Kanzace (CLIA) B 1976 r. [18,
21]. JlekapcTBa C HMCTEKIIUM CPOKOM XpaHCHHS
WM TIpenapaTsl, UCTIONb30BaHHBIE HE MOIHOCTHIO,
MOTYT OBITH OOHAPYKEHBI Ha CBAJIKaX, MMOCKOJIBKY
YTUIM3HUPYIOT UX BMECTE C XUMHUUECKUMH OTXO0Ja-
mu. Ho B GonbmIMHCTBE CJlydacB BBIBOJUMBIC U3
opraHu3Ma ¢ MO4Yoi M (heKanusMHU YeloBeKa Jie-
KapcTBa MOMNaJaloT B CTOYHBIE BOJBI, a 3aTeM Ha
OYHNCTHBIE COOpYXEHUs. JlaHHBIE MEAMKaMEHTEHI
camH 10 ceOe SIBISIOTCST OMOTOTMYECKH aKTUBHBI-
MU JJIeMEHTaMU B OpraHusMme denoBeka. Jlekap-
CTBa MOTYT OBITh YCTOHYMBBIMU BO BHEILIHEH cpe-
Jie, ¥ OHU He BCeraa aJcopOUpyrOTCs WM paspy-
MIAKOTCS TIONHOCThIO B opranusme [18, 21].
B nHacrosiiiee BpeMst HET OYHCTHBIX COOPYXKEHHIA,
KOTOpBhIE MOTYT YJAISTh METaOONUTHI JIEKapCTB
WM JPYTUX HEPETryJIUPYEMBIX 3arps3HUTENIEH, Ta-
KHX KaK CpPEJICTBa JMYHOW TMTUEHBI. X UMUYECKHE
peakuuu MeTabOJIMTOB B BOJHON DKOCHCTEME IO
CUX IIOp IIOJIHOCTBIO HE u3ydeHbl. HyKHO yd4uThI-
BaTh, YTO JICKAPCTBa MEPBOHAYAIBLHO pa3pabaThl-
BafOT C BBICOKOI OMOJOTHUYECKON aKTUBHOCTHIO, H,
KakK IpaBujio, OHU UMCIOT BBICOKYIO yCTOI\/'ILII/IBOCTI)
B OKpyxatomei cpeae. [lockoibky BO MHOTHX
CIlydasx OHH HE TOAI0TCS OMOJIOTHIEeCKOMY pas3-
JIOKEHUIO, NaXke HHU3Kas KOHIICHTPAIHWS JEKapCTB
U UX METAa0OJIMTOB MOXET aKKyMYyJIUPOBaThCS B
OpraHu3Me JIIOJIeH, JKUBOTHBIX U PbIO [17].

Bo Bcex cTpaHax Ha CErogHSUIHUI JEHb HIIET
WHTEHCUBHOE pa3BUTHE (papMaleBTHYECKOH IMpo-
OYKLIUH, U 3TO YBEIMYUBAECT PHCK MPOU3BOJICTBA
00JBIIOTO  KONMMYECTBA  (habCU(UITMPOBAHHOM,
HEKA4YE€CTBEHHOM, POCPOYEHHOU mpoaykuuu. bo-
Jiee TOro, MOTYT BO3HHKATh PUCKH TI0 HECOOIIoe-
HUIO WM HAPYUICHWIO YCIOBUN XpaHEHWs, HECo-
OTBETCTBUIO 000PYyAOBaHUS OOJBIINHCTBA MEIH-
UUHCKUX MPEINpUsITUH COBPEMEHHBIM TpeOOBaHU-
sIM DKOJIOTHYEeCKOH Oe3omacHocTH. B oTnuume ot
JIPYTUX TOKCHUYHBIX 3arpsi3HUTENIEN OKpyKarolieu
Cpelbl, TAKUX KaK TsDKEJIble METaJlIbl, IeCTHLIU/IbI
U Jp., IeKapCcTBa CeUUaTU3UPOBaHbI Il HHANBU-
IyaJpbHOTO MPUMEHEHUs, U UX TIOMaJaHnue B OKPY-
KAOIYI0 cpelly He UMeeT reorpauyeckux, K-
MaTHYECKHX U IPYTrux orpaHuueHuid. CymecTByeT
00JbIIIOE KOJIMYECTBO MYyTEH, KOTOPHIMH JeKap-
CTBa TOCTYMAIOT B MOBEPXHOCTHBIE BOABI. OCHOB-
HBIMH U3 HHUX SIBISAIOTCSI: CTOYHBIE BOABI (hapma-

HEBTHYECKUX 3aBOJIOB, TOPOJICKHE OYUCTHBHIE CO-
OpYKEHHs1, OOJTBHUIIBI ¥ CBAJIKH.

Ha cerogusmauii JieHb Jiydille BCEro HU3y4deH
MpoILecC MOCTYIUICHHS JICKAPCTB B OKPYKAIOIILYIO
cpeny d4epe3 MYyHHUIMIAJIbHBIE OYHCTHBIE COOPY-
eHusi. Brepeeie crerpanuctsl Touro University
(CHIA) [15] ycTaHOBHIH, YTO HE TOJIBKO TYaleET,
HO W BaHHA, W CTUPAJbHAS MAIIUHKA CIYXAaT KC-
TOYHUKOM 3arpsi3HEHUsI 03€p, PEeK M OKEaHOB 3a
CUCT CMBIBAHHA B KaHaAJIM3allUIO OCTATOYHBLIX BEC-
IIECTB JICKAPCTBEHHBIX KPEMOB, JIOCHOHOB, Ma3eil
u renei. Tak Ha3bIBacMble aKTUBHBIC (apMaries-
TUYECKUE WHTPETUCHTHI TIOMAAI0T B BOJOCTOKH U
MMOTCHUHAJIBHO 3arpA3HAIOT BOAY U IIOYBY. K Ta-
KHM BEIIECTBAM OTHOCSTCS CTEPOMbI (HAIpUMED,
KOPTH30H M TECTOCTEPOH), CpPEACTBA OT aKHE
U Jpyrue mnpenaparbl. Takxke OTMEYEHO, 4TO, B
OTJINYKE OT BHYTPEHHETO IPUMCHEHHUs, HApy KHBIE
JICKApCTBEHHBIC CPEJICTBA, CMBIBAEMBIC C BOJIOW,
coziep)KaT HeMeTaboIN3UPyeMbIC JICKapcTBa B CBO-
eit nonHo# (opme [12].

dapmounnyctpuss 1O 000pPOTYy HAXOIUTCS
B MEPBBIX psimax OusHeca [2], 060poT MHUPOBOTO
(bapMareBTHIECKOro pBIHKA COCTaBJISICT
850 900 mupa omIapoB B TOA, U C KaXKABIM TOAOM
BeIpacTaeT Ha 3 %. [21]. OGiee KOJHYECTBO Jie-
KapCTBEHHBIX CPEJICTB U MX KOMOWHALUH B MHpe
yxe npesbimaet 200 teic. [10]. 3a oquH rox veno-
BEYECTBO MPUHUMAET MUJUTMOHBI TOHH Pa3IUYHBIX
JieKapcTB. boblioe KoIn4ecTBo JIeKapcTB Hacee-
HHE HE UCIONb3YeT, U OHO MOMAJacT B MyCOPHBIC
KOHTeHHephl. MeT HakoIUIeHHEe JIEKapCTB, U 3TO
npeacTasisieT yrpo3y. Hy)XHO HauWHATh TyMaTh O
’KM3HCHHOM IIMKJIC JIEKApCTB TaK, KaK MBI JlyMaeM
0 )KU3HEHHOM LIUKJIC MAIIUH WK OJICHK/IBL.

MenunuHCKAE OTXOJbl 3HAYMTENBHO OTIINYa-
I0TCS OT OCTaJbHBIX M TPeOYIOT K cebe ocoboro
BHHMAaHHMS M3-32 IOCTOSIHHOTO HAJMYMs B MX CO-
cTaBe BO30OyIHTENCH pa3IMYHBIX WH(CKITHMOHHBIX
3a00JICBaHUI, TOKCHYECKHUX, a HEPEIKO M PaJvo-
aKTHBHBIX BEIIECTB, YTO CO3JAaCT OMACHOCTH JUIS
YeNoBeKa.

HenpaBunbHast yTunuzanus JeKapcTB MPHBO-
JIMT K TIOSIBJICHUIO HEYS3BUMBIX BUPYCOB-MYTaHTOB
[1]. MukpoyacTHIbl Ja)Ke CaMbIX HOBBIX aHTHOHO-
TUKOB HWJIM IIPOTHUBOBUPYCHEBIX IIpEIIapaToOB 4Y€pPE3
HEKOTOpOE BpeMsI MOXKHO OOHapyXHTh B TIOYBE,
BOJIE M IaXKe MPOJyKTax mutaHus. OTTyaa MUKPO-
JI03bI JICKAPCTB HEM30EXKHO IMOMANAI0T B HAII Op-
TaHu3M U «TPEHHPYIOT» OakTepuu u BUpYCHI. lle-
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YabHBI UTOT — TIOSIBICHHE HEYSI3BUMOH cymep-
0aKTepuu WM BHpPYyCa-MyTaHTa, 00Jamaromux ad-
COJIIOTHOM YCTOHYMBOCTBIO K CaMbIM Pa3IHYHBIM
aHTUOMOTHKAM M AaHTUBUPYCHBIM IIpemaparam.
B bocToHCKOM 1eHTpe ananTaliOHHON T€HETHKU
YCTaHOBWJIM, YTO KOHIIGHTpAIMsl aHTHOWOTHKOB B
TPYHTOBBIX BOJAaX B THICSIYM pa3 MNPEBBILIAET TOT
MUHHMAJIBHBIA yYPOBEHb, C KOTOPOro y OakTepuii
HauWHAET pa3BUBATHCSA YCTOMYMBOCTH K JieKap-
ctBaM. COTpyIHHUKH J1a0OPaTOPUK HEMELKOIo ro-
pona Bucbanena [22] nmpoBepiiin IpyHTOBBIC BOIbI
I'epmannu Ha Hamumume 60 Hambosee pacmpocTpa-
HEHHBIX B EBpomne nekapcts. MTor uccienoBanuil
ykacaet — B kKax1o# (!) mpoOe BoIbI conepxaaoch
6osee 30 (!) u3 npoBepsieMbIX JICKApCTB B OMACHBIX
JUIsL 370pOBBsI KOHIeHTparusax. Cpenu HUX CHO-
TBOPHBIE, CEpPACYHO-COCYAUCTHIE, IPOTHBO3aYa-
TOYHBIC, TPOTHBOSMMJICITUYCCKUE MpPEnapaThl.
A Xorjga XUMHYeCKHE BEIIECTBAa MOTPEOIISIOTCS
BMECTE, HPOUCXOJHUT YCHJICHHBIH 3(deKT, KoTo-
pBIi M3BECTEH Kak cHHepru3M. llommmo 3TOTO,
WCCIIEIOBATENN HE 3HAIOT, KAKOEe BIHMSIHUE Ha Op-
TaHW3M OKa3bIBalOT KOMOMHAIMM (hapMarieBTH4e-
CKHX TIPETiaparos.

Jis aHanmu3a CTOYHBIX WM MUTHEBBIX BOJ Ha
WACHTU(QHUKALMIO JIEKApCTB, MPUCYTCTBYIOIINX
B OYCHb HM3KHX KOHIICHTPANHUSX, UCTIONB3YIOT J0-
porocrosimue METOJbI, TaKue Kak BBICOKOA((DEK-
THUBHAsI Ta30’KUAKOCTHAs XpoMaTtorpadus U macc-
criektpoMeTpuss. CTOMMOCTh ONpeNeNieHns] HEeKO-
TOPBIX JIEKapCTB B BOJE COCTAaBIISIET HECKOJBKO
THICSIY JIOJUIAPOB. 37€Ch HE 00XOMUTCS O3 BiHs-
HUS KPYHHBIX (apManeBTHYeCKHX GUpM, TO-
CKOJIbKY CKaHIAJ BBIHYIWJI OBl MX HadaTh LENYIO
MHBECTHUIIMOHHYIO KaMITAaHUIO TI0 TMEepeBOIYy BCel
uHAYCTpUU ¢ 00beMoM mpogax 150 mupa mosa-
POB Ha HOBBIE PENbCHI, Pa3padOTKEe M BHEIPEHHIO
9KOJIOTUYECKH OE30TaCHBIX JIEKaPCTB.

Hean

[IpoGiieMbl, CBA3aHHBIE ¢ KAYECTBOM IMHTHEBOM
BOJbl, BOJHYIOT MMWUIMOHBI JIOAEH B YKpauHe
Y MHUpE, HE3aBUCHMO OT PETHOHOB, B KOTOPBIX OHU
MTPOXKHUBAIOT.

CeromHsi ©IeT MHTCHCUBHOE 3arps3HEHHE 3eM-
1 METUITMHCKAMHM TIpernaparamu. B xoxe mccie-
JIOBAaHUM ITOCIEIHMUX JET OBLIO HaiiAeHO OOJIbIIOE
KOJIMYECTBO MEIUIIMHCKUX W BETEPUHAPHBIX IIpe-
IapaToB BO MHOTHX JKOCHUCTEMax 3€MHOTO Imapa
Y JTae B TAKUX JTaJI€KUX MECTHOCTSX, KaKk ApPKTH-

ka. Ha Ham B3ruisii, ecid He MPUHUMATh CEphE3-
HBIX MEp, TO BpeIl OT JICKApCTB MOXET IMPEB30HTH
WX TONb3y. Heobxoammo mepexonuTh Ha MPOU3-
BOJICTBO JKOJOTHYECKH YHUCTHIX JIEKAPCTB (IKOJIO-
TUYeCKH 0€30IacHBIX) U COBEPIICHCTBOBATH METO-
JIBl 1 TEXHOJIOTHIO OYUCTKH BOJI.

VYuyuTeIBas 3TO, IEJbIO0 HAINICH CTAaThU SIBIISICTCS
aHaIU3 HaJIu4us B BOAE YKpauHbl U MHpa OCTa-
TOYHOT'O0 KOJIMYECTBA JIEKAPCTBEHHBIX MPENapaToB,
a TakKe Ha OCHOBAaHWU MHPOBOT'O M COOCTBCHHOI'O
ombITa pa3paboTKa METOJOB OYMCTKH BOJ OT Je-
KapcCTB.

MeToanka

s mostydeHust TOJaHOW MH(OpMalMU O Mac-
mTabax 3arpsi3HEHHs BOJBI JIEKAPCTBEHHBIMH TIpe-
naparaMu ObUT MIPOBEJICH aHAIN3 HAYYHBIX UCTOY-
HUKOB M JJa0OPATOPHBIX OTYETOB KaK YKPAUHCKHUX,
Tak U 3apyOeKHBIX u3naHuid. Takum oOpaszom,
TEOPETHUYECKON 0a30i WCCIIeJOBaHUN CTall HO-
Beifmue Hay4Hbele paszpabotku (1999-2017 rr.),
B KOTOPBIX OTOOpPaXEHO, KaKHEe HMEHHO JieKap-
CTBEHHBIC Mpenaparbl U B KaKUX 033X MNPUCYT-
CTBYIOT B CTOYHBIX BOJaX, a TaKXK€ B MIUTHEBOM
BOJIE, ITOCTABISIEMOM HACEJICHUIO.

Pe3yabTathl

[IpoBenennsrit HaMu WHGOPMAITMIOHHBIA MTOUCK
nokasain, 4ro koHel XX — Hagajgo XXI Beka MOX-
HO CMEJIO Ha3BaTh «BPEMEHEM HOBBIX JIEKAPCTBY:
6osee 90 % Bcex MEAMKAaMEHTOB, KOTOPBIE CEro-
JHA Bpauu Ha3sHA4YarOT CBOMM IMallMCHTaM, I1OsBH-
muck B nociieanue 30 yer. CoBpeMenHbie (apma-
KOJIOTHYECKUE CIPaBOYHHUKU coaepkat a0 10 Thic.
HAaVMEHOBAaHWH MEIULMHCKHX MPEnaparoB. Yixe
HE TOJNBKO B OBITY, HO U B MEAWIHMHE HIMPOKO
NPUMEHSIIOTCS. MCKYCCTBEHHO CO3[aHHBIC Bellle-
CTBa, HE UMEIOIINE aHaJIOroB B npupoze. K xoniy
XX Beka mupoBas (apMaleBTUUEcKas MPOMBIII-
JIEHHOCTH Tipou3Boamia Oonee 200 THIC. TEKapCTB.
CrarucTuyecKkue IaHHbIE CBUAETENBCTBYIOT, UYTO
COBPEMEHHOE 4EJIOBEYECTBO 3a OAMH I'oJl NPHUHU-
MaeT MWUIMOHBI TOHH pa3JIMYHBIX JIEKAPCTB.
B CIIIA, manpumMep, HacelleHUE MPUHUMAET TOJb-
ko acrmpuHa 20-30 T B JE€HB, TO €CTh OoJjee
10 muH kr B roa. [20]. B psne mraros CILA B Bo-
JOTIPOBOJHOM BOjAE OOHApyKeH ciel JeCATKOB
JIEKapCTB, YTO NPUBOJIUT K IOSBJICHUIO HEU3BECT-
HBIX Oone3Hell. OKOJI0 TpeTH JeKapcTB, MpoJaBae-
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MBIX HaceJCHUIO B BalMHrTOHEe, KaXKOBIH TOA
OCTAIOTCSI HEHCIIOJIb30BAHHBIMH, YTO COCTABISET
okoyio 33 MiH KoHTelHepoB. JlekapcTBa, BHIOpO-
LICHHBIE B MYCOpPHBIH KOHTEHHEp, SIBISIOTCS XH-
MHYECKH aKTUBHBIMH. OHHM MOTYT IIONAacTh
B OKPYXKAIOIIYIO CPely, TaKXkKe MOTYT ObITh Haiine-
HBI JIETBbMHU WM JOMAIlHUMHU XKMBOTHBIMU. HukTO
panee He oOpamasi 0co0OT0 BHHMAaHHS Ha TOT
(daxT, 4TO MPUHSITHIE HAMH AHTHUOMOTHKH, TOPMO-
HBl ¥ JpYyrde aKTUBHBIE JEKapCTBEHHBIE KOMIIO-
HeHTHl (AJIK), moKkuHYB Hall OPraHU3M C MOYOH U
(dexanusamu, B JanbHEeNUIeM onaaloT Ha CTaHIUH
OYKCTKH BOJI, 000PYZ0OBaHHE KOTOPBIX HE CIOCO0-
HO Pa3JIOKUTh 3TH CTOWKHE COeNWHEHHs Ha 0e3-
OTIACHBIE COCTABJISIONIE.

Uwucno cMepTenbHBIX CclydaeB OT MOOOYHBIX
a¢dexToB nekapctB B CLUA nocturio 125 Teic. B
roji, IpUYeM 3Ta MPHYMHA CMEPTH BBIIUIA Ha 4-¢
MecTo mociie 3a00NieBaHui cep/lla, OHKOJIOTHH H
UHCYNbTOB [4]. Bojee mojoBHHBI ynoTpeOIeHHBIX
JIEKapcTB MOKUAAIOT OPraHu3M B OMOJOTMYECKH
akTuBHOU popme. B 2008 romy Obu1a oOHapooBa-
Ha I0-HACTOSAILIEMY HMIOKUPYIOIIas HHPOpMaLus: B
MaJbIX J103aX T€ WM WHBIE JIEKapCTBa (Cpeay HUX
AQHTUOMOTHKH, AaCNHUpPUH, AaHTUACTIPECCAHTHl |
CpeACTBa ISl CHIDKEHHS IaBJICHUS) COMEPIKATCS B
BOJIONIPOBOJTHOM BOJIE MPAaKTHYECKH BO BCEX Hace-
nennbix myHktax CIHIA  (http://e-news.com.ua/
print/366317.html). U xots conepkanue nekapcT
OKa3aJoch MUHMMAJIBHBIM, HU OJMH Bpad HE MO-
KET TOYHO CKa3aTh, KAaK IOBJIHAET HAa OpPraHH3M
YeloBeKa ynoTpeOsieHHe Takoil BOIBI B TEUYEHHUE
MHOTHX JeT. HapkoTuku Obuti oOHapy>KeHBI B M-
TbeBo#l Boje 24 ropoaoB mTatoB oT FOxHOo# Ka-
mudopuun g0 Ceseproro Heio-/[xepcu. B CIHA
n Kanane Boma BONM3M BCeX KPYHHBIX TOpPOJIOB
CHJIBHO 3arpsI3HEHA JIEKAPCTBAMH.

B bepiuHe B BOZONPOBOJHOM BOJAE YYCHBIE
OOHApYX U OPTOKHCIIOTY, KOTOpasi HCIOIb3yEeTCsI
IpU MPOU3BOJCTBE JIEKAPCTB, CHWKAIOMIUX YpO-
BEHb XoyilecTepuHa. Ha OYHMCTHBIX COOPYKEHHAX
I'érebopra (LLBenust) obHapyskeHo 14 mpemaparos
B KOHLEHTpAalMAX, KOTOpble BapbUPOBAIU OT
HAaHOTPaMMOB 10 MuumurpamMmoB Ha mutp [10].
[Iupoko mpuMeHseMOe HPOTHBOBOCIIATHTEIBHOE
u OoJieyTONSIONIEE CPEeNCTBO HOynpodeH ObLIo
00Hapy)XCHO B HAWOOJNbBIIECH KOHIICHTpAIruu — 7
mr/nm’. Bonee 180 u3 3 000 paspelieHHBIX AKTHB-
HBIX BEIIECTB yke OOHapykeHbl B Bomax I'epma-
uun [10], B TOM umciie aHTHOMOTHKH, TICHXOTPOII-

HblE M TPOTHBO3a4YaTOYHBIE CPEICTBA, >KEHCKHUE
nojoBble ropmMoHbl. IloBepxHOCTHBIE BOJIBI Iep-
MaHHHU COZEPkKAT OKOJIO 2 MI/J )KEHCKOr0 TO0JIOBO-
r'0 TOPMOHA 3CTPOTeHa.

B BenukoOpuTaHuu B MUTHLEBOM BOAE OOHApY-
XKEeH OCH30WJIDKIOHHH — BEUIECTBO, HAXOJSIIEeCs
B MouYe Tociie ynoTpebieHus kokaumHa. I[lomumo
OEH30MJIPKTOHMHA B BOZE TaK)Ke OBUIO OOHapyke-
HO 3HAYHTENILHOE KOJIMYeCTBO Ko(enHa, MOympo-
(eHa U MPOTHUBOAMMIICTITUUECKOTO JIEKapCTBa Kap-
6amasenuna [18].

®apMalleBTHYECKUE 3aBOAbl MHANM XOpPOHST
6OHLIHO€ KOJINYECTBO OIIACHBIX XUMHWYCCKHX OT-
xonoB. llIBeackue wuccnenoBaTeNy OOHAPYKHUIU
B 2007 rony B Xatinapabane (MHaus) O4eHb BBICO-
KHNE KOHUCHTpAIUun aHTI/I6HOTI/IKOB u Opyrux Jie-
KapCTB B OYMINEHHBIX CTOYHBIX BOAax (hapmaries-
THUYECKUX Tpennpustuii [16].

B w3paunnckoli Boje B NPHOPEkKHOM parioHe
Besp-TyBun oOHapyXeHbI TOPMOHBI U aHTHOMOTH-
Kd. ['OpMOHBI Moy B BOJY M3 KOPOBBHX JKCKpe-
MEHTOB. DTH JKUBOTHELIE MOJIy4aroT TOPMOHAJILHBIC
Mpenaparsl JUIs YIy4IIeHHs Ka4yeCcTBa MOJIOKA.

[TomzemHbIE TUTHEBBIE UCTOYHHUKH B KypoOpTax
ANBIl OTpaBlieHBl TPUALATHIO BHIAMH Haubolee
pacnpoctpanéHHbIX JekapcTs [10].

B pamkax npoexta BASE mpoBoauTcsi MOHU-
topuHT pek llerepbypra u JleHoOmacTi Ha comep-
KaHWe B HUX JICKapCTB W Iactuka. [loka skoo-
TOB MHTEPECYET HAIMYHE B BOJE JABYX IpemapaToB
— mukinopenaka u sctpanuona [17, 25]. Pesysbra-
ThI HACTOPAXUBAIOT: OYNCTHBIE COOPYKEHHUS TIPaK-
TUYECKU HE 33/ICP’KUBAIOT JICKApCTBa. 3HAYUTENb-
HOE CcoJiepKaHHue JeKapCcTB 0OHapykeHo B Jlamoxk-
CKOM o03epe.

B Tabn. 1 mpencraBneHbl HEKOTOpBIE OOHApPY-
JKEHHBIE B BOJIE JICKAPCTBEHHBIE BEIIECTBA U HX
(dhapmakonorndyeckoe neticteue [6]. JlekapctBa
NEeUCTBYIOT Ha ()OHE APYIHX KCEHOOMOTHUKOB (OT
Iped. «UYXIBIH» U «KHU3HB»), KOTOPBIE B CBOIO
odepenbr MOTYT OKa3blBaTh HETaTHBHOE BO3/CH-
CTBHE Ha YeJIOBEKa M THMAPOOHOTY, a TaKkKe OBITH
CHUHEPTUCTaMH JICKapCTB U UX METaOOIUTOB.

Ceituac peamusyercs mpoekT «Medical Waste»
— «OKoNoTHYecKass yTUIN3AIHs OMACHBIX MeEIH-
OUHCKUX OTXOJOB B TPAHCIPAaHUYHOM pPETHOHE
(Ocronms—JlarBusi—Poccus) [14].

Kak Buamm wu3 xparkoro o03opa, JiekapcTBa
B BOJIE W IOYBE NMPHUCYTCTBYIOT BO BCEX CTpaHax
Azun, EBponibl 1 AMEpUKH.
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Tabnuma 1
KoHueHTpanus JieKapCTBEHHBIX BelllecTB B BogoeMax Poccuu
Table 1

Concentration of medicines in the reservoirs of Russia

.HeKapCTBeHHOC BCHICCTBO (DapMaKonorI/Iqecxoe Z[eﬁCTBHe KOHHCHTpaHHﬂ, MI‘/IIM3 Mecto 06Hapy)KeHI/I$[
N-Oytun-6enzoncynsdamun | IIporuBorpndkoBoe, mpoTu- 0,026 Pexa Mocksa
BOOIIyX0JIeBO€E (JieueHHe
paxa mpocTarhl)
1,3,7-TpUMETHIKCAHTHH IcuxocTUMyIHpyIOLICE, 0,026 Pexa Mocksa
(xoenn) aHaJIeNTUYECKOEe 0,027* NBAHBLKOBCKOE BO-
JIOXPAHUITUIIE
13-10K03eHaMuU I Panosaxxusinsoniee 0,006 Pexa MockBa
0,024 HBaHBKOBCKOE BO-
JIOXPAHUITUILE
0.012 Hcrpunckoe Bono-
L
XpaHUIIHILE
12-merarerpagekaHoBas IIpoTHBOOITYX0JICBOE 0,038 MBaHBKOBCKOE
KHCJIOTa BOJIOXPAHUIIUILE
Byran-1,2,3,4-teTpaon JleueHre OCTPBIX HEBPOJIO- 0,0022 MBa"bKOBCKOE
(3puTHOMN) THYECKHX PacCTPOUCTB, BOJIOXPaHUJTHUIIE
HEHPONPOTEKTOP 0.002 Hctpunckoe
1
BOJIOXPAHUITUIIE
Bera-cutoctepon IIpoTHBOBOCHIANUTENBHOE, 0,005 VYruHckoe
OPOTHBOBUPYCHOE, JICUCHHE BOJIOXPaHMIIUILE
PacCTpPOMCTB MPOCTATHI 0.234% VBaHBKOBCKOE
1
BOJIOXPAHUITUIIE
[Ipumedanue . B cmydae mpoObI JOHHBIX OTIIOKCHHM, KOHIICHTPAIUS B MKT/T
3aepssnenue 600 u nous rekapcmeamu ¢ Ykpa- — aHTHIENPECCAHTh, 00e300JUBalOIIMe, a TakkKe

une. Brictynas Ha FM-pammo «3pa» 7 nexalps
2017 roma (18-00), ucnonHsrOmAas 00A3aHHOCTU
MunncTpa OXpaHBl 3/I0pOBBS CKazaja, YTO B
VYkpaune ucnosnbsdyercs 16 ThiC. JIeKapcTB, U3 KO-
TopbIX 76 % mpousBoaurcs B Ykpause. [IpaBu-
TEILCTBO YKpawmHBI COBMECTHO ¢ l'ocymapcTBeH-
HBbIM DKCHOPTHBIM LIEHTPOM MUHHCTEpPCTBA OXpa-
HBI 370pOBbsS pabOTaeT HaJ CO3JaHHEeM IPO3pad-
HOTO €JMHOI0 HOMEHKJIATypHOIO peecTpa BCeX
JIEKapCTBEHHBIX MPENapaToB.

UccnenoBanue, mnposenéHHoe HMHcTUTyTOM
XUMHUU BOJIBI HAH YkpauHbl
(http://www.vetom.com.ua/news/url/antibiotiki_v_
vode) (2011 r.), mokasaio, 4TO NMHUTHEBas BOJA,
MoCTaBisieMasl YKpauHIaM, COACPKUT MHOMXKECTBO
(apMalleBTHYECKUX MpernapaToB, BKIOYAs aHTH-
OMOTHKH, TOJIOBbIC TOPMOHBI, YCIIOKOUTEIIbHBIC U

MHOTHE ApPYTHE, OTIyCKaeMbIe 10 PElenTy Bpaya.
KoHneHTpamnus 3TUX JIEKapcTB B NMUTHEBOW BOJE
HAYTOKHO Majia, OJHAKO YYEHBIX OECIOKOSAT BO3-
MOJXKHBIE TIOCIIEACTBHSA JUIMTEIBHOTO YyHoTpebie-
HUS ITyCTh M HE3HAYMTENBHBIX 1103 JekapcTs. [lo-
gyt 70 % mMOTPeOIAEeMBIX JICKApCTB BBIBOJUTCS
€CTECTBEHHBIM ITyTEM H IOMAaeT B KaHATU3AIIUIO.
CrouHble BOJBI, TIPOHAS HEOOXOIUMYIO OYHCTKY,
BHOBB TIOMMAJAIOT B PEKH, 03epa U MOYBHL. OUHCT-
HBbIC COOPYXKCHHUS B YKpauHe HE CIOCOOHBI yia-
JUTH U3 BOJIBI JIEKAPCTBA, a 00e33apakuBaHUE BO-
Bl XJIOPOM YCHIIMBAE€T TOKCHYHOCTH HEKOTOPBIX
COZIEpXKAILMXCSI B HEW JIEKAPCTB. YUEHBIE IOJIara-
0T, YTO IO TPOIIECTBUM JECATKOB JICT HEraTHB-
HBI 9QPEKT OT 3arpsS3HEHHON TaKUM 00pa3oM BO-
JIbI TIPOSIBUTCS B TTOJTHOM Mepe.
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buonor A. Illnakos [15] yrBepxnaer, uTo Jie-
KapcTBa, TOHHAMM IOIJIOLIaeMble B OOJIBIINX TO-
ponax, momagaroT BMECTE CO CTOKaMH B BOJHBIE
CHCTEMBI, HAKAIJIMBAIOTCA TaM U CO3JAI0T 3HA4Yu-
TEJIbHYIO ONACHOCTb Ul 370pOBbi. JlinTenpHoe
BpeMs ObLJIO IPUHATO CUUTATh, YTO IIOCIIE UCIIOJIb-
30BaHMs JIEKApCTBA IIOJIHOCTBIO pPa3pyLIaloTCs.
Tenepb ycTaHOBJIEHO, 4TO OoJiee MOJOBUHBI YIIO-
TpeOJICHHBIX JIEKAPCTB TOKUAAIOT OpPraHu3M B
OMOJIOTUYECKH aKTUBHOH (opme, T. €. IpakTHue-
CKU HE TEpSIOT CBOMX CBOUCTB. OHM B OOJBIIOM
KOJINYECTBE IMONAAAl0T B CTOYHBIE BOJIBL, a OTTYya
B UCTOYHHKH ITUTHEBOH BOJIBI.

ABTOpBI 3TOH CTaThu OOHAPYXHUIU B BOAAX pe-
KM /[Henp u BOAOIIPOBOJHON BOJE MHOXKECTBO Jie-
kapctB [1, 2]. Hamm OYHCTHBIE COOPY)KEHHS HE
NPUCIOCOONIEHBI JJIs1 ONPENCIICHUSI M Pa3I0KEHHS
JIEKApCTBEHHBIX CPEACTB, OTCYTCTBYIOT HOPMATUB-
HO-TIPAaBOBBIC JIOKYMEHTBI, PETJIAMEHTUPYIOIINE
cOpoc B BOJIHBIE OOBEKTHI OPIraHUYECKUX MUKPO3a-
rpszautenein (OM3). [lo Hacrosimero BpeMEHH B
VYkpanHe npoGiieMa 3arpsi3HEHUS] TPUPOIHBIX BOA
OM3 He paccMarpuBajiach HM Ha OQHUIHAIHLHOM,
HU Ha aKaJIeMHYECKOM YPOBHSIX.

[Tony4yeHHble NaHHbIE MOHHTOPHHTA KadecTBa
BOJIBI B PAa3IMYHBIX CTpaHAX MHUpa MOKa3allv, 4TO
OHa 3arpsi3HEHa JIEKAPCTBaMU B TOW WJIM UHOH CTe-
TeHU, HO OCOOEHHO BOJIa 3arpsi3HEHa BOJM3M BCEX
KPYIHBIX TOpoaoB. CHTyalsi HACTOJIBKO ILIOXA,
YTO XUMHYECKHE CTOKH (hapMalleBTUKU CTABAT OA
yrpo3y Oynayiiee XKH3HH Ha Hamnel miuaHere. Cle-
IIbl JIEKApCTB MPUBOIAT K TOSIBICHUIO HEH3BECT-
HBIX OoJie3Hel. BcemupHas opraHu3zaius 3apaBo-
OXpaHEHMsl YCTaHOBMJIA, YTO HAIllE 3/I0POBbE 3aBU-
cut: Ha 50 % — or oOpasza xm3HH, 20 % - oT
HAaCJeACTBEHHOCTH, 23 % — OT 3KOJOTHYECKOM 00-
CTaHOBKM M TOJIBKO 7 % — OT 3ApaBOOXpaHEHu,
T. €. OT METUIKHEI [4].

VYueHble Bcex CTpaH 0OHApYy>KWIIM B PeKax, 03e-
pax u rIyOOKHX BOJOHOCHBIX IIacTax pa3jMyHbIe
TPyMIIBI JIEKAPCTB:

— aHTHOHMOTHKHU;

— MPOTHBOBOCHAINTEILHEIE;

— CTepOUHbIE TOPMOHBI;

— IIPOTHBO3a4aTOYHbIE CPEICTBA;

— CEepAECUHO-COCYIUCTBIE;

— IIPOTHBORIUIECIITHYECKUE;

— JUTA CHIDKEHUS Beca U O0PBHOBI C OXKUPEHHUEM;

— BBICOKOTOKCHYHBIE MIPOTHBOOITYXOJIEBEIC
npenaparsl;

— MPOAYKTHI KOCMETHKH U Map(roMepuu;

— QHTUJACNPECCAHThl, ICHUXOTPOIHBIE, CHO-
TBOPHBIE;

— KOHTPACTHBIE BEUIECTBA, UCIOJIb3YEMBIE NPU
PEHTI€HOUAarHOCTHUKE;

— MPOTHBOTPHOKOBBIE CPEICTBA.

B xyprane «TOKCHKOIOTHS ¥ XUMHS OKpYXKa-
IolIeH cpenpl» MUKpoOuonor AHupec XapTMaH W3
[IBeiiapckoro ¢enepajbHOr0 MHCTUTYTa TEXHO-
goruu (ITfopux) cooOIaer, 9YT0 MHOTHE aHTHOHO-
THUKH «Ha BBIXOJIe» M3 OpraHuW3Ma IOYTH HE U3Me-
HSIOTCSL M, COXpPaHssd CBOIO YOOiHyI0 cumily, morma-
JAl0T B BOJOEMBI, U3 KOTOPBIX MBI 3aTE€M MbEM BO-
Iy, OKa3bpIBAIOTCS B MsCE JOMAIIHEr0 CKOTa, B
oBomiax u ¢pykrax [15]. TTocTosSHHO cOCyIEeCTBYs
B MIPUPOZIE C MUKPOOaMH, aHTUOMOTHKHU JEJIal0T UX
HEBOCIIPUUMYKBBIMU K JIEKQPCTBaM, H TOTOMY CO-
BEPIICHHO HEYSI3BUMBI JJIsl HUX. ABTOPBI 9TOM cTa-
THH MPEATNONaralT, YTO aHTUOMOTHKH, MONaAasi Ha
COOpY)KEHHSI OHOJIOTMYECKOW OYMCTKHU (a3POTCHKH,
O0nopuIbTPEl 1 OMOPEaKTOPHI), BIMAIOT Ha paboTy
aKTUBHOTO WJIa W OHWOTUICHKY, TTIOHIKas ux d(dek-
THUBHOCTb. YUEHbIE Pa3HBIX CTPaH MHpa Mpeaynpe-
JKAAIOT, YTO PETYIAPHO TMOMaAaloie B BOJIY Jie-
KapCcTBa MEHSIOT 3KOJIOTHIO BOJOEMOB, 00YCIIOBIH-
Basi y ux obOuTareneii rmy0oKne W3MEHEeHWs Ha Te-
HetnueckoM  ypoue  [13].  CrhemosarensHo,
HEOOXOMMO YCKOPHTH pPa3pabdOTKy M BHEApEHHUE
9KOJIOTUYECKH O€30I1aCHBIX JIEKapCTB M METOMOB
JIOOYHCTKH CTOYHBIX BOJ OT JIEKapCTB. DKOJIOTHYE-
CKHM YHCTBIE JIEKapcTBa — 3TO Tpenaparbl, KOTOPbIE
IIOCJIC OKa3aHUs YEIOBEKY HEOOXOAMMOH ITOMOIIH
OyayT OBICTPO pa3pymIaThes, MpeBpamasch B OHo-
JIOTUYECKH HEAaKTUBHBIE «OCKOJKW» €lle A0 TOro
MOMEHTa, KaK OKMHYT Opranu3M. B kpaiinem ciy-
Yyae 3TO JOJDKHO IIPOMCXOIUTH B OYEHb KOPOTKHUE
CPOKH TIOCJI€ UX TONAAaHHs B IPUPOTHYIO CPEy.

Eme ner npecars Ha3ajg mpu JeUSHUU DPasiny-
HBIX WH(EKITMOHHBIX 3a00JIEBaHUHA MOXKHO OBLIO
ucronb3oBaTh 15-20 anTmOmormkoB. Ceifuac pe-
anbHO 3(dekTuBHBl 5-6, a mo mporHozam BO3,
eme depe3 jer 10-20 mpakTHYECKH BCe CyIIle-
CTBYIOLIME MHKPOOPraHU3Mbl IIPUOOPETYT YCTOM-
YUBOCTb K aHTHOMOTHKaM. CoBpeMeHHble OakTe-
pUM HAaYMHAIOT UTHOPHPOBATH JIEKAPCTBA yXKe 4e-
pe3 2-3 roaa nociie ux nosiBieHus [2].

B bocToHCKOM IIEHTpe aAanTalMoOHHOW TeHe-
TUKW YCTAHOBWJIM, YTO KOHIIEHTPALMsI aHTUOUOTHU-
KOB B IPYHTOBBIX BOJIaX B THICSYM Pa3 MPEBHIIIACT
TOT MUHUMAJILHBIA YPOBEHb, C KOTOPOTO y OaKTe-
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pHil HauyMHAET Pa3BUBATHCS YCTOMYMBOCTH K Jie-
kapctBam [10].

B urone 2002 r. [10] MunucrepcTBO OKpyXa-
touteii cpensl (bepnuH) 0OHapYXKII0, YTO MOBEPX-
HOCTHBIE BOJIBI ['epMaHuyu cofepkaT OKOJI0 2 Mr/i
’KEHCKOTO TIOJIOBOTO TOPMOHAa 3CTPOre€Ha. OTOT
TOPMOH SIBJIIETCSI OCHOBHBIM KOMIIOHEHTOM IIPO-
THBO3a9aTOYHBIX TaOneTok. OHU yCBaWBAIOTCS
OpraHM3MOM JKCHIIMHBI TOJbKO Ha 10-15 %,
OCTaJIbHOE TIONAJacT B KaHAIU3ALMIO. 2 MI/J )KeH-
CKHX TOPMOHOB B NHTHEBOH BOZE... MHOro 3TO
i Mano? 0,5 Mr/a 3Toro BelecTsa B BOJAE depe3
6 Mecs1eB BBI3BIBAET y PbIO MYXKCKOTO T0JIa mepe-
POXIEHHE B )KCHCKHI U NaJeHUE Pa3MHOKEHHS Ha
90 %.

Uccnenosarenu Pypckoro ynusepcurera bo-
XyMa YCTQHOBWJIM IPSMYIO 3aBHCUMOCTH MEXIY
ACTPOTeHaMH B THTHEBOH BOJIE W TEHICHIHMEH K
MOHW)KEHUIO KOJIMYECTBa CIIEPMATO30UI0B Y MYXK-
YHH, CHIDKEHHIO CEKCYalIbHOTO BIICUCHUS, a TaKKe
TIOBBIIICHHIO 3a00JIEBaHUI paKa IOJIOBBIX OPraHOB
[10].

YcTaHOBNIEHO, YTO KOMMepuecKas OyTHINpo-
BaHHas Boja B Vcnmanwm comepixkat 6onee 50 dap-
MaKOJIOTHYECKH aKTHBHBIX BEIECTB, a TAKXKE BBI-
3BIBAIOIIUI TpUBBIKaHUE HUKOTHH. CojepikaHue
HUKOTHHA B BOJIE BaphUPOBAIOCH OT 7 1m0 15 Hr/n
[9].

HanmoHnanbHBIM MHCTUTYTOM OOILIECTBEHHOTO
3mopoBhsi Yemickoit PecnyOnmuku ObIM coOpaHBI
00pasiel u3 92 UCTOYHWKOB NMUTHEBOW BOABI IS
UCCIIEIOBaHNH, B X0JIe KOTOPBIX OBUIO OOHapysxe-
HO BBICOKOE coOjJiepkaHue HOymnpodeHa, kapbama-
3enMHa, HallpoKceHa U aukiopenaka. Konmenrpa-
1us BaperpoBanack ot 0,5 no 20,7 ur/m [11].

UccnenoBarenu u3 HunepnannoB oOHapyKuiIu
B MCTOYHHMKAaX BOJBI 12 JexapcTB M 7 MPOAYKTOB
npeoOpa3zoBanus (Merabonutel). lllBemckue wc-
caenoBatenu Mexay 2007 u 2009 rogamu npote-
cTHpoBaiM 4eThipe Bojoema B Monpeane (Kana-
na). OHE OOHApPYKWIH, HaApsAy C TepOHIHIAMU,
3HAUYUTENILHOE colepaHue KoermHa W psaa Jie-
KapcTB: KapOaMa3enuH, HapoKceH, reMpuopo3ui,
TPUMETOIIPOM, a TaKKe DCTPOH M dcTpamuon [21].

Pe3ynbTaThl NpoBEpOK KauecTBa MUTHEBOW BO-
Ibl YAMBUJIM JaXKe OTBITHBIX OPUTAHCKUX MHCIICK-
TOPOB — B XUAKOCTH OBUTH OOHAPYKEHBI CIICIBI
KOKaWHa, TOYHee OCH30MJIPKIOHMHA — BEIECTBa,
HaXOJSIIEroCsl B MOUE MOCIe YHOTpeOIeHHs KOKa-
una [14]. Kpome Toro, Obut 0OHApYKEHBI 3HAYH-

TEeNbHbIE KOIMYECTBa KO(EHHA, OOJICYTOISIOMIET0
noynpodeHa U MPOTHBOAMUIECHITHYECKOTO JieKap-
cTBa — KapbamazennHa. Bo3neiicTBue maxe cieno-
BBIX KOJMYECTB HAPKOTHYECKHX CPEJCTB B BOJIE
MOJKET OKa3aTb HeraTMBHOE BJIMSHHUE HA 310POBBE
Oosee ysA3BUMBIX CIIOEB HACEJICHHMs, TAKUX KaK Jie-
TH. EMUHCTBEHHBIN CMIOCOO PEIUTh MPodsieMy 3a-
KIIIOYaeTCs B MHBECTUPOBAHUH B JIyUIIYIO OYUCTKY
CTOYHBIX BOJ OT (hapMalleBTUUECKUX CPEACTB.
Boga B miacTukoBBIX OyThUIKax OIacHee BO-
nonpoBoaHO#t [6]. K TakoMy BBIBO/Y MPHIILTH, KO-
raa oOHapyXuiu B Bojae OucheHonm A, KOTOPHIH
MOXO0 Ha MEHCKUIl TOPMOH 3CTPOTeH. Y JIOAEH,
KOTOpBIE YIIOTPEOIISIOT BOAY H JPYTUe HATUTKH W3
IUTACTUKOBBIX OYTBUIOK, HaJM4WEe TOPMOHOB MpHU-
BOJUT K Pa3BUTHIO CEPIAEYHO-COCYAUCTHIX 3aboiie-
BaHMI U TuabeTa, ¥ JaKe K MOPaKEHHUIO MTEYCHH.
JlekapcTBa B cucTeMe BOJOCHAOXKEHUS MOTYT
SBJISITbCS IPUYMHON Pa3BUTHS ayTU3Ma y IE€HETH-
YeCcKH YSI3BUMBIX Jofiei. K Takomy BeIBoay mpu-
IIUTA SKCTIepThI U3 YHUBEpcHUTETa mTaTta AWgaxo B
Boiice (CIIIA) [24]. Uccnenosanue moKa3aio, 4To
JOCTaTOYHO JAaXe OYeHb HM3KHX YPOBHEH Jie-
KapcTB — AHTHJCTPECCAHTOB B BOJE, YTOOBI BBI-
3BaTh 3TO paccTpoircTBo. IIcuxoTpomHbie JeKkap-
CTBa LIMPOKO HCHOJB3YIOTCSI B COBPEMEHHOH Me-
munuHe. He uckimoueHo, 4To MpW MOMaJaHud B
CHUCTEMY BOJIOCHAOKEHHSI OHU CTAHOBSITCSI TIPUYH-
HOI HApyIIEHUH B ICUXUYECKOM Pa3BUTHUH JIFOJICH.
CornacHo  uccrnepoBanusiM  ['eteboprckoro
yHuBepcuteTta B IlIBenum, kmorpumason (Jexap-
CTBO, KOTOPOE NPUMEHSETCS AJIsl JIEYSHUs IPUOKO-
BbIX WH(EKIHH) 3arpsA3HAET DKOCHCTEMY OKeaHa
[21]. dns sxcnepuMeHTa OBUTH MCTIONB30BAHbI CO-
o0I1ecTBa €CTECTBEHHBIX MUKPOBOAOPOCIEH — me-
puduron. Mx mnoxasepraiu pa3iuYHbBIM KOHIIEH-
TpauusiM KJIOTpuMasona B TeueHue 4 gueil. B pe-
3yJIbTaTe HUCCIeNOBaHUSI OBbIJIO OOHAPYXKEHO, YTO
KJIOTPHUMa30J1 HapylaeT MeTa0oJIiu3M BOJIOPOCIIEH,
KOTOpBIE HAxOIATCSl B HIDKHEH YacTH IHIICBON
uenu okeaHa. Jleno B TOM, YTO OJHOKJIETOYHBIE
MHUKpPOBOJIOPOCIIM  SBJISAIOTCS  (yHAAMEHTaIbHOM
OCHOBO IIMIIY ¥ IOINaJlaHue B HUX KJIOTpHUMa30ja
MOKET MOBIUATH Ha BCIO SKOCUCTEMY OKEaHa.
Juxinodenak — OHOIOrMYECKH aKTUBHOE Bellle-
CTBO, BXOJIAIIIEE B COCTAaB psAJa MIMPOKO PacIpo-
CTPAaHEHHBIX MPOTHBOBOCHIAJIMTENBHEIX U Ooue-
yToJsIFOIMX cpeacts [14]. YcraHoBIeHO, YTO TUK-
noeHaKk TOKCHUYEH sl PbI0, OH Hapymaet paboty
uX TMo4eK. DTOT ke dhdeKkT HabIronaeTes u y JIo-
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Jell KaKk OHO W3 TMOOOYHBIX JEHCTBHIA MPU M-
TEJNBHOM IIpueMe mnpenapata. CrnenuanucTsl npea-
JIararoT MOJHOCTBHIO 3alPETUTh €ro M3-3a yBeluue-
Hus (mpumepHo Ha 40 %) pucka HHPapKTOB U Ipy-
I'MX CEPIIeYHO-COCYIUCTHIX 3a00IeBaHUH.

Hayqﬂaﬂ HOBUM3HA U MPAaKTHYECCKas1
SHAYUMOCTDH

JlekapcTBa B MUTHEBOM BOJIE — 3TO, MO CIIOBaM
coBpemeHHoro 3kojiora Tomaca Tepue (2016 r.),
cTpaiHasi yrpo3a MupoBoro maciirabda [3]. Jns
pelIeHus 3Tol MpoOIEeMbl €CTh JBa IyTH: MEePBBINA
— 9TO CO3[aHUE KOJOTHUECKU YHUCTBIX JICKAPCTB;
BTOPOH — COBEPILICHCTBOBAaHUE JCHUCTBYIOIIUX WU
co3/1aHre HOBBIX 3()()EKTUBHBIX METOJIOB U TEXHO-
JIOTHI JJ11 OYUCTKHU BOJ OT JICKApPCTB.

MCTOI[I)I OYUCTKHU BOJ ACIATCA Ha MEXaHUYC-
CKHe, XUMHYECKHe, (PU3MKO-XMMUYECKUE, OMOI0-
rUYecKne U KoMOMHUpoBaHHbIE. [[puMeHeHre Toro
WM MHOTO METOJIa B Ka)KIOM KOHKPETHOM CIIydae
OTIpE/IETISICTCST XapaKTepoOM 3arpsi3HEHUs], CTere-
HBI0O BpEAHOCTH TmpuMeced, 3(PPeKTHBHOCTHIO
OYMCTKH W JAPYTMMHU I10Ka3aTCIIAMMU. Mexanunue-
CKas OYKMCTKa — 3TO Ipydas O4MCTKA, KOTOpas 3a-
KIIF0YaeTcs TJIaBHBIM 00pa3oM B OYHCTKE BOJA OT
B3BCIICHHBIX BCHICCTB, HCPACTBOPAIONIUXCA B BO-
ne. MHorue JiekapcTBa — 3TO pacTBOPUMBIC B BOJIC
XUMHAYECKUE Tpenapathl, U IS HUX HTPUMEHUMBI
XUMHAYECKHE, (U3UKO-XUMHUYECKHE, HEKOTOphIC
OMONIOTMYeCKUEe M KOMOWHHPOBAHHBIE METOJbBI
(puc. 1).

XYAMHUYECKYIO0 OYHCTKY MPUMEHSIOT B TeX CIIy-
yasx, KOrjJa BbIJICJICHUE 3arPsI3HEHUH, B TOM UHCIIE
JIEKapCTB, BO3MOXHO TOJIBKO B PE3YyJIbTaTe XUMHU-
YEeCKOW peakluyd MEXAY MPUMEChI0 (JIEKapCTBOM)
W peareHToM C¢ oOpa3oBaHMEM HOBBIX BEIIECTB,
KOTOpBIC JIETKO YAQIUTh W3 BOAbL J[lis Takoi
OYMCTKH HCIONB3YIOT PEAKIUH OKHCICHUS WIIN
BOCCTAHOBJICHHS, HEUTpaNnU3ann, IepeBo Bpe-
HBIX TNpUMecel B Oe3BpeaHble, 00€3BPSKHBAHUC
METOJIOM O30HUPOBAHUS, XJIOPUPOBAHUS U JP.
DTOT Meron, HapsAny ¢ QU3NKO-XUMHYECKHMHU
Y KOMOWHUPOBAHHBIMU, HAXOJUT HAUOOJIEE IIHPO-
KOE€ MPUMEHEHUE B MPAKTHKE OYKMCTKH BOJ| OT Jie-
KapCTBEHHBIX IIPETapaToB.

OcTaHoBUMCSl Ha TPAAWIMOHHBIX OHWOIOTHYE-
CKHX METOJ[aX OYMCTKH CTOYHBIX BOJ. OHU UMEIOT
Pl MPEHMYNIECTB IEpel MHOTUMH  (U3HKO-
XUMHYECKUMH METOJaMH, TOCKOJIBKY 3KOJIOTHYE-
CKU 4YHIIE, HE TPEOYIOT CIIOKHOTO almapaTypHOTo

MIPUMEHEHHUS, UMEIOT HHU3KHE JSKCIUTyaTal[iOHHBIC
pacxonasl. Hapsiny ¢ 6eccriopHBIMU TOCTOMHCTBaMHU
TPaJUIIMOHHBIX METOJIOB, Y HUX €CTh CEephE3HBIE
HemoctaTku. OHM HENPUTOMHBI JUISI OYHCTKU CTO-
KOB, C OYEHb BBICOKUM XHMMHUYECKHUM IOTpeOICHH-
em kucnopoga (XITK), a takke CTOKOB, CoJepiKa-
IIMX TOKCHYECKHE WM TPYAHOpa3jiaracMble CO-
CIMHEHHS, K KOTOPBIM OTHOCSTCSI MHOTHE JIeKap-
cTBa. AHaJIM3 HAYYHBIX MCTOYHUKOB TOKA3aJl, YTO
TOJIBKO B PEIKUX CIIydasX Ui OYHCTKH CTOYHBIX
BOJI OT JIGKapcTB OBUIM HCIOJIH30BaHBI MeMOpaH-
Hble OMOpPEaKTOPBI, METaH-PEAKTOPHl U OHODUITB-
TPBI, Ha 3arpy3Ky KOTOPBIX OBLIM MMMOOHIN30Ba-
HbI aKTHBHBIC (PEPMEHTEHI.

Osonuposanue.  OKHCIUTEIHHO-BOCCTAHOBH-
TEJIHHBIN MOTEHITUAIl 030HA BBIIIE, YEM Y KHUCIIOPO-
Jla U XJIopa, BCJIEJICTBUE 4ero oH obianaeTr Oonee
BBICOKUM OKHCJIMTENbHBIM W OaKTepUIIMIHBIM
neiictBueM [7]. Ciaeayer oTMETUTD, 4TO 00paboTKa
BOJIBI O30HOM WJIH YIbTPa(UOJIETOBHIMHU JIyUYaMH
MPaKTUYECKH TIOJHOCTHIO BBITECHWIIA XJIOPUPOBA-
HUE Ha CTaHIMSIX OYMCTKH BOABI BO MHOTHX CTpa-
Hax 3amaanoii Espomsr [21]. B Vkpaune npume-
HEHHE 3THX JKOJOTUYECKH SPPEKTHBHBIX TEXHO-
JIOTUIA OrpaHUYEHO H3-3a BBICOKOW CTOMMOCTH Iie-
peoOopymoBaHWsI M PEKOHCTPYKIUH  BOJO-
OYHMCTHBIX CTaHIMH, HO 3TO JOJDKHO OBITH Cliela-
HO. B mocneaHue TobI MOSIBUIINCH HOBBIE MpOIIEC-
CBI Ha OCHOBE HOBBIX OKHCIHTEIHHBIX TEXHOIOTHUH
[10].

K o30HHpOBaHHMIO OTHOCSTCS KaK MPOLECCHI
MPSIMOTO OKHICTICHHSI OPTaHWYECKUX COCIMHEHUN
i o0e33apakuBaHNs PACTBOPEHHBIM B BOJIE 030-
HOM, TaK M OKHCIUTEJIbHBIE MPOLECCHl, MpOTEKa-
IOIUE TPH YYaCTUU THAPOKCHIBHBIX PaJIUKaJIOB,
00pa3yomuxcst B pe3ynbTaTe XUMUIECKHUX TPaHC-
(dopmaruii conell. IMEHHO TMOCIIEHUE TPOIECCHI
paccMaTpUBAIOT B YKCJE HOBBIX OKHCIUTEIBHBIX
TexHonoruil. Ilpu 3TOM ecnu cTaHJapTHBIA BOC-
CTAaHOBHUTENIBHBIN TTOTCHIMAN 030Ha paBeH 2,07 B,
TO y THIPOKCWIIBHBIX PaIUKAIOB 3TOT IMOKa3aTelb
nocturaetr 2,8 B. OOpa3oBaHme THIPOKCHIBHBIX
panuKanoB B pe3yibTaTe TpaHCHOpPMAIUM O30HA
B BOJHOW Cpeie yBEIMYMBAETCS B MPHCYTCTBUH
MEPOKCHIA BOJOPOAA, KaTaln3aTOPOB, aKTHBHPO-
BaHHOTO YIJISA, MPU COBMENICHWH O30HHPOBaHUS
C ynbTpadroNeTOBBIM OOJIyYEeHHEM M YIIBTPa3BY-
KOBOI1 00padoTkoii [10].

doi 10.15802/stp2018/134675

© JI. ®. lonuna, O. I1. CaBuna

43



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

Hayxka ta nporpec Tpancnopty. Bicauk /IHIIponeTpoBcsKoro

HAI[IOHAJIBHOTO YHIBEPCUTETY 3aUIi3HHYHOr0 TpaHcnopty, 2018, Ne 3 (75)

EKOJIOI'lI HA TPAHCIIOPTI

ueAseze *A URIDIWLBPRIY Ja)je paweu Jodsuel |
Aemjiey Jo Ausianiun feuoneN ysaonadoidiug ul padojansp ‘suonesedald [ea1paw Jo sanpisal Wody sanbiuydal Buiues]d Jaxepn T Bi4

eHEdRER][ "g BIMWOTENE HHOWH BldonoHBdL OJOHXO0dOTOHEIIrOX 1AL

-uodoguHA WoHdrreHoulreH woxogodronoduon|; € oraHHeLOgRdeRd ‘goredenadi XIIHHOELOARNALr 40MLBLIO LO YOd UMNLOUMKO I9TOLJJA ' "OUJ

BILA
M HHET EUD aUh WOl g
SNRMEO DA YHITEND T
gafog gl gods
-qun AHHEIOETUOLIN]

011 xERdolBEUAGHE
*XEIMHIUOQ I I0I2UEAL
MIHIIENTAID AMHE TS0

e LEparirdarn
nmweieddad Doa exrogedogn

godo1BSHIE LEY MHE 1o LAondir
219009 ex10gedgo pegoaiasedigr g

EMHARAISH-G §
IO o EImIAd 12a T

IMHETIDHIdIZa g0
a0draRImNda T

IO RMENS

efodorornd shEDOn
1dlI EXINHMRO EEMDSRITI N0 dIMa g

1g32amodn
AR RMINIELENOL0G

abog goxsernindadanis
9 AMHA I

EXIMRO EEHHOMI] doz ong

efacedigrd u mmesodiHoso
AMHEIOSIIOLII 2 0HIDANE0 )

(4V) MaLIA MIHTIINE MHILD
-LAondu 3 anHEIodHHOS)

T 1AL
-LAondln 3 MMHARATG0-5 4
ndn armezodiHozy

MMHARAIG0-G 4
ndu ammezodiniosy

AIIHH B0 dIEIIgD o

MAILIA XTTHIHMINE 23
-0HDO EHEMIgdoo Oy

aiHezod 19 oHE

somzo maHIedon

EHO IHa& doamod]] _

oty mrarsLiondn
4 aMHEIodIHOL))

rrmegodimoso
230HI0 BH 19322modl]

_ EMTEIIINES G IN I

_ EHUENTod I3 Ig:

EMMEILIE00d 143 I

WOLEI
WI9HIHE 030 3HH Lr2Inay

sHrEnfodmare
HIIHHEd QT

edorx
OO O SIHS D)

edododoz
orInE dall 310 U0

1o DodoIroied aMH U0 _

SILIRRITAT X-0MHEE

AL RO,

© JI. ®. lonuna, O. I1. CaBuna

doi 10.15802/stp2018/134675

44



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

Hayxka ta nporpec Tpancnopty. Bicauk /IHIIponeTpoBcsKoro

HAI[IOHAJIBHOTO YHIBEPCUTETY 3aUIi3HHYHOr0 TpaHcnopty, 2018, Ne 3 (75)

EKOJIOI'lI HA TPAHCIIOPTI

Os3onuposanue 6 npuCymcmeuu nepokcuoa 60-
dopooa (npoyecc «llepoxcony). KoHIEHTpammio
o3oHa u H;0O, mnoabuparoT >KCIEPUMEHTAIBHO
B 3aBHCHUMOCTH OT THIIA 3arpsA3HCHUH (JIEKapcTB)
U UX UcXoaHo KoHueHtpaiuu. [Iponecc «llepok-
COH» TIOMYYWJ JOCTaTOYHOE pAaCIpOCTpaHEHHUE
BCJIC/ICTBHE €T0 MPOCTOTHI, IPH 3TOM B LIEJIOM PSJC
CITydJacB BBIIIENT HA YPOBEHb MIJIOTHBIX UCTIBITAHHN
1 NPOMBIIUIEHHON peanu3auuu. [JaHHbBIN ITpouecc
MOXET OBITh MPOBEIECH B OOBIYHOM pEaKTOpe AJIs
030HHpOBaHUs [8], TpeOyeTcs JMIIb YCTaHOBKA J0-
3aTopa MepoKcHaa Bojopona. Ero mpuMeHstoT npu
OYHCTKE TIHTHEBOW BOJABI OT XJIOPOPTaHHUUYECKHX
BEIECTB, anu(paTUYECKUX COCIMHEHUH, CIUPTOB,
IIpU yaaneHuu 6akTepuit, BUpycoB, IUcT. [lepokcun
BOJIOPO/Ia OOBIYHO JOOABISIOT TOCIE MPOBEICHUS
030HHPOBaHUsL, puueM Oojee 3P HeKTHBHBIM SBIIS-
eTCsI CTYTICHYaTOe JI03UPOBAHHE.

O3onuposanue npu yrompaguonemosom oo.y-
yenuu. B maHHOM Tporecce aerpaganmus 3arpss-
HSFOIIMX BEIIECTB MPOUCXOAMT B Pe3yibTaTe Hpsi-
Moro (oTonu3a, MPSIMOro O030HUPOBAHUS M B3au-
MOJEHCTBUSA C TUAPOKCUIBHBIMU paaukaiaMu. [1o-
crenHre o0pa3yloTCsl IPH TpaHCHOpMALUK 030HA
mox Bo3zzaeciicTBueM Y®D-00iydeHuss uepe3 mpome-
KyTOYHOE 00pa3oBaHHe EPOKCHAA BOJOPOAA.

IMpeumymiecta mporiecca [10] mo oTHOMmIEHHUIO
K TpaIuIMOHHOMY O30HHPOBAHUIO BBISBIICHBI
B MHOTOYHCIICHHBIX HCCJIEOBaHUSIX IO Jerpana-
IIMM BEIIECTB C TOPMOHAIBHOIN aKTUBHOCTBIO, Me-
THJIMeTaKpuiara, (ranaTtoB, (eHaHTpPEeHa, HUTPO-
OeH3071a, PEHONBHBIX coenuHeHui ((PEeHOIIBI, XI10-
podeHoIbI, HUTPODEHOIIBI, KPE30Jbl, KCHUICHOJIBI,
KaTexuHbI). Bo Becex ciydasx IOCTHraeTcs MakCH-
MaJTbHasi MUHEPaJIM3aLHs 3ar pSI3HAIOIINX BEIIECTB,
B TOM YHCJIE U JIEKAPCTB.

O30Hupoganue npu yivmpa@uonremosom o0iy-
YeHUU 8 NPUCYMCMmEUU Nnepoxcudd 6000poda. ITo
BecbMa 3(h(EKTUBHBIN METOA Jerpajallid U MUHE-
paiM3aliy BEUIECTB B CTOYHBIX BOJAX C BBICOKOH
CTeneHbIo 3arpsi3HenHus. [IpoBeieHb! neceoBaHus
NpPUMEHEeHUs] JTaHHOTO Tpoliecca U Aerpajanuu
¢eHona, OEH30MHON KUCIIOTHI, HUTPOTOIYOINa, pe-
30pIIMHONA, METa-, OPTO- U Mapakpes3ona, 2,3-, 2,5-,
2,6-numeTnndenona, S-mermipesonuna. [Ipumepor
MOJTHOMACIITaOHOW pean3aliy METOAa HEMHOTO.

O30Huposanue 6 npucymcmeuu Kamaaiu3amo-
pos. Vcrionb3yloTcss TOMOTCHHBIC KaTald3aTOPhI
B Buze nono meraiuio (Mn (I1), Fe (1), Cs (111),
Ag (1), Cu (1), Co (II), CD (Il)) u rereporeHnsie

KaTaau3aTopbl B BUJIC PA3IMYHBIX HEPACTBOPUMBIX
dhopm psga mMeramioB (okcuasl U np.). Hemocrar-
KOM TMpolecca SBISETCS MPUCYTCTBHE B BOAHOM
(haze mociie 06pabOTKN MOHOB TSHKEIBIX METAIIIOB.
Hcnonb3yercs B MPOMBINUICHHOCTH JIJISI Y IAJICHUSI
XJIOPUPOBAHHBIX YTIJIEBOJIOB W3 TOJI3EMHBIX BOJI
u ¢unpTpaTa noiauroHos ThO.

O30Hupoganue 8 NPUCYmcmeuu aKmueuposa-
Hoco yensa (npoyecc «Kapbozowy). JlaHHBIA TIPO-
Lecc SBISETCS CPAaBHUTEIBHO HOBBIM, HO BeCbMa
MEPCHEKTUBHBIM CPEId HOBBIX OKHCIMTEIBbHBIX
nporeccoB. Pesynbrathl moctmxumel ipu pH BbI-
me 6. Ilpu ouncTke BOJ OT KpacUTENIEeH U apoMa-
TUYECKUX CYNIb()OHUEBBIX COCTUHEHHN OBLTU TIO-
JyYEeHBI XOPOIIIUE Pe3YIbTAThI IerpaialliH.

Cosmecmnoe UCHOABL30BAHUE — O30HUPOBAHUS
u ynompaseyka (npoyecc «Conoszony). YiabTpa-
3BYKOBBIC BOJIHBI B JKHJIKOW Cpe/ie BHI3BIBAIOT SIB-
JICHHUsI KaBUTAIMH ¥ MHUKPOTYpOYJIIEHTHOCTH, CIO-
COOCTBYIOIIIME JIETpajaliid MOJIEKYJ 030HA U 00-
Pa30BaHUIO THUAPOKCHIBHBIX PAJUKaioB. B mpu-
CYTCTBHM YJbTpPa3ByKa pacxoJ] O30Ha MOXKET
cokpamatecss Ha 60-70 %. Bbutn momy4eHsl Xo-
polire pe3yabTaThl TPH OYHCTKE BOJ OT OpraHH-
YECKMX BEIIECTB, aPOMATHYCCKHX COCAMHEHHI,
TEKCTHIIBHBIX KpacuTene, (heHoa, OUUCTKE CTOY-
HBIX BOJ JIMKEPO-BOJOYHBIX 3aBOJIOB. OHAKO Me-
TOJ| SIBISICTCS JOCTATOYHO 3aTPATHBIM, YTO Tpe-
MSATCTBYET €ro MIMPOKOMY MPHUMEHEHHIO.

Ilpoyecc ®enmona. ITOT TIPOIIECC OCHOBAH Ha
WCTIONB30BaHNK peareHTa DeHTOHA, T. €. cMecu
comn Fe®* (karammsatopa) M IEpOKCHIa BOIOPOLA
(oxucmurens) [9, 10]. TIpouecc denToHa yckopsi-
eTcs IpU BO3JCHCTBUU CBETa, YTO MOBBIIIACT CTe-
NEHb MUHEpPAIN3ald OPTaHUYECKUX BEILECTB
W CHM)KAET IKCIUTYaTaAl[IOHHBIE PACXO/IbI.

[IpumepoB mpoBeAeHUS 3KCIEPUMEHTOB pas-
JUYHOTO MacmTada Mo MCIOJIb30BaHMIO Mpolecca
@EeHTOHa B CXEMax OYHCTKH BOJIbI YPE3BBIUYANHO
MHOT0.

Tak, B mponiecce denrona npu pacxozae Fe (1)
20 mr/n u monspaoM cootHorennu H,O, /Fe (1)
2,5 JOCTHTHYTa TIONHAsl JECTPYKIHUsS JICKapCTB
B CTOYHBIX BOJAAX: aleTaMHUHO(EHA, aTEeHOJOIa,
aTpa3uHa, kapOamasemnruHa, METOIPOJIOia, IWJIaH-
THHA, TUKI0(eHaKa, MeHTOKCU(PUIIMHA, OKCUOCH-
3o;ma, KogewnHa, (QayokcetuHa, remduoOposuia,
nbynpodena, Hompomuaa, HarpoKceHa, MPOIpa-
HOJIOJNA, cynb(ameTokcazona, oucdenona
A u tpumeronpuma. CHIKEHHE COIEpX aHHs 00-
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LIET0 OPraHWYEeCKOro yriieposa B 3TOM Clly4yae Co-
craBmger 30 %. llommas pectpykums u  95-
MPOLEHTHAs MUHEpaIu3auus repOuLuaa Me30Tpu-
oHa nocturuyta npu pH 3,5. UnTepecHsie pe3yinb-
TaTHI TOJTYYEHBI IPU OTPAOOTKE CXEMBI JOOUHCTKH
(Tmocme OMONOTUIECKOW OYMCTKH B CHCTEME C aK-
TUBHBIM WJIOM) MYHHIIMIIAJIBHBIX CTOYHBIX BOJI,
cOopacsiBaeMbix B JKeneBckoe o3epo (JlozanHa,
[Ise#imiapust). 3mech HA OYUCTHBIX COOPYKEHUSIX
yIanoch TOOUTHCS CHWKEHUS copepkaHus 32 op-
TaHUYECKUX MHKpO3arps3HEeHUH (JeKapcTBa, WH-
THOUTOPEl KOppo3uH, mecTunuap) Ha 97-98 %
MPU UCIOJBb30BaHUH (POTOKATATUTHYECKON CHCTe-
Mbl DeHTOHa ¢ O0OMydYeHHEM YIbTPadUOIETOM
(254 uM) mpakTUYecKH B HEHTpanbHON cpene.
Kpome sToro, BBUIY COfep:KaHUsl B CTOYHBIX BO-
nax oxenmesa (1,5 Mr/m), okazajgoch BO3MOXHBIM
WCKITIOYUTH UCTIOIB30BaHUE ATOTO PeareHTa.

[lpy wWcmonb30BaHUM MPOIECCOB  JIEKTPO-
®entoH u  PorodnekTpo-DEeHTOH TOCTHTHYTa
94-98 % nmecTpykumu B BOAE HApKOTHYECKOTO
mpemnapaTta aneTaMuHOpeHa W B CTOYHBIX BOAAX
MPOTHBOMHUKPOOHOTO Tpernapata GpiuyumMyipia [5].

Oxcuoanmuulii 2a3. B oTnndme oT uCTONb3ye-
MBIX B HacTosIlee BpeMsl B YKpauHe CHCTEM, IMpH-
MeHSIOMUX XJiop, B cucremax OXI| mpumensiercs
YHHKaJIbHAS TEXHOJIOTHS TTOTYYEeHUS! OKCHIAHTHOTO
ra3a — ONTUMAIFHONH CMECH OKUCIUTEIBHBIX T'a30B
(xyopa, IHOKCHIA XJIOpa, MEPEKHCH BOJAOPOJA,
aromaproro kucioposna) [14]. Cucrema pabotaer
M0 TPUHIMITY SIEKTPOIUTHYECKOTO Pa3IOKESHUS
pactBopa noBapennoi coiu (NaCl) ¢ ucnons3ora-
HHEM HOHOCEJIEKTHBHOW MEeMOPaHHOH TEeXHOJIOTHH.
Memb6pana ot Dupont high-tech sBnsiercst kimowom
K yCIIeXy BCEro mpoliecca MOITydIeHUs] OKCHIAaHTHO-
ro raza. Cucrema OXI| — anekTponuTuyueckas ycra-
HOBKa MEMOPaHHOTO THIA, KOTOpas MO3BOJISET T0-
JMy4aTh OKCHIAHTHBIA Ta3 JIOKAJBHO, TO3MPOBAHO
HamMpaBJIATh €r0 B BOAY M KOHTPOJIMPOBATH MPOIIECC
00e33apasKUBaHusI M OUUCTKH BOJIBI aBTOMATUYECKH.

l'azorenepupyromias ycTaHOBKa MO TPOM3BOJI-
cTBy okcupantHoro raza OXI| cocToutr u3 ABYX
MOJIMBUHWIIXJIOPUAHBIX ~ OTHEJNEHUH, aHOJHOTO
M KaTOJTHOTO, COSAUHEHHBIX MEXITy co00il. AHOM-
HOE OTHEJECHUE COAECPKUT TUTAHOBBIM CETYATHII
BNIEKTPOA, a KATOAHOE OTAEJCHHWE — CeTYaThIid
3JIEKTPOJ] U3 HepKaBerolel ctainu. Mexnay AByms
JNIEKTPOJIaMH  YCTAaHOBIIeHa mephOopUpOBaHHAS
MeMOpaHa, KOTopasi Cioco0Ha MPOIycKaTh TOJIBKO
MO3UTUBHO 3apsKEHHbIE NOHBL. OKCHIAHTHBIN Ta3

noJlaeTcsi, o0 Mepe HeoOXOAMMOCTH, HANPSIMYIO B
Boay (Oe3 pe3epByapa) [uist ee oOpadoTku. OH 00-
nagaet 3pGEKTUBHBIM JIEHCTBHEM B OKHCIHMTE/Ib-
HBIX TPOIIECccax MPH OYUCTKE BO/I.

Ouucmka 600bl KUCIOpooom — 3PPEKTUBHBIN
METOJ YAaJeHUs BPEAHBIX ISl 3/I0POBbS YEIOBEKa
XMUMUYECKUX COCIAMHEHHH, B TOM YHCJIC JICKapCTB.
Kucnopon — camplii JOCTYNHBIA 3KOJIOTHYECKHUI
okucnutenb. OH MONAETCs B HAIOPHYIO BOJOMPO-
BOJIHYIO MarucTpayib MpU MOMOIIH a3pariOHHOTO
PKEKTOpa WM KOMIIpEccopa Ui a’paldd BOJbI.
OuuncTKa BOJABI KUCIOPOJAOM MOXKET ObITh JABYX BU-
JIOB: OE3HATMOPHAs a’palysl U HArlopHAast a3pallusl.

Oxkucnenue ouokcuoom xaopa (ClO,) Ocoben-
HOCTBIO ATOTO METO/A SIBISIETCS TO, YTO JIUOKCH]T
XJIOpa OTTAJKHBAET BCE AJIEKTPOHBI M HUKOT/IA HU
c yemM He KomOmHHpyercs. OH paspymiaercs
B mporecce. TakuM 00pa3oM, 3TO «4UCTasi TUKBU-
JANUsDy. ¥ BEIIECTBO, KOTOPOE YHHUUTOXKEHO, U JIU-
OKCHJI XJIOpa HE OCTaBISIOT HUKAKUX HOBBIX XH-
MHYECKUX COEAMHEHHH Tociie ceOsl.

Qusuxo-xumuueckue u KOMOUHUPOBAHHbIE Me-
moowi. Kak ykazaHo BbIllle, TIPU O30HHUPOBAHUH
BOJBI HCTIOTb30BAIACH IpyTue METOIBI
(Y®-00aydenue, ymbTpa3ByK, aKTHBUPOBAHHBIN
yroyiib U Ap.) JUIsl MOBBIMCHHUS 3()(HEKTHBHOCTH U
SKOHOMUYHOCTH TpoIleccoB. B pesynbrate mpume-
HEHUS KOMOMHHPOBAaHHBIX CXEM MOTYT OBITh 3Ha-
YUTEIbHO CHW)KEHBI JKCIUIyaTallMOHHBIC PAaCXOIbI
MpU BBICOKOU 3(PPEKTUBHOCTH OYMUCTKH BOJBI IO
CPaBHEHHIO C WHAMBUAyaATbHBIMH MeToaaMu. Ilo-
jaraeM, 4YTO TI0O Mepe pa3BUTHUS Hay4dHO-
HUCCIIENOBATEILCKUX HUCHBITAHUNA B JAaHHOIH 00I1a-
CTH YHCJIO MPOMBIIIJICHHBIX YCTAHOBOK, WCIIOJb-
3YIOIUX KOMOWHHPOBAHHBIE METOJBI M CXCMEI
OYMCTKHU CTOYHBIX BOJI, OYAET pacTu.

Aocopoyus. Omua u3 Hanbomee 3PPEeKTUBHBIX
METOJIOB TITyOOKOW OYHMCTKH BOJABI OT PacTBOPCH-
HBIX BEIIECTB M JIeKapcTB. [IpenmyIiecTBOM MeToaa
SIBJISICTCSL BO3MOYKHOCTD TIOTJIONICHHS BEIIECTB MHO-
TOKOMIIOHEHTHBIX CMECEH, a TaKKe BBICOKAas CTe-
MEHb OYHCTKH, OCOOCHHO CIa0OKOHIICHTPUPOBAH-
HBIX CTOYHBIX BOJI. B KadyecTBe COpOCHTOB MpUMe-
HSIOT PAa3JIMYHbIC WCKYCCTBCHHBIE W IPUPOJHBIC
MOPUCTBIC MaTepuasbl (aKTUBHPOBAHHBIA YTOJIb,
LEOJIUTHI, 3011y, Topd U 1p.). DpdexTHBHOCTD -
copOIoHHOM ouncTku nocturaeT 80-95 %.

HccnenoBaHbl KHHETHYECKUE 3aKOHOMEPHOCTH
agcopouuu jekapctB crpentoruaa (CeHgN,0,S),
HOpCYJb(a3ona (CgHgN;30,S,), MIPOKarHa

doi 10.15802/stp2018/134675

46

© JI. ®. lonuna, O. I1. CaBuna



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

Hayxka ta nporpec Tpancnopty. Bicauk /IHIIponeTpoBcsKoro

HAI[IOHAJIBHOTO YHIBEPCUTETY 3aUIi3HHYHOr0 TpaHcnopty, 2018, Ne 3 (75)

EKOJIOI'lI HA TPAHCIIOPTI

(C13Y20N,0,), xopenna (CgH1oN4O,), neBamuzona
(C11H12N,S) Ha akTMBHOM yTiIe pasHON MOPHCTOH
CTPYKTYpHL. B KadecTBe cOpOEHTOB HCIIOIB30BAIIH
aktuBHBINA yroib KAY (koctoukoserit), F400 (Ou-
TYMUHO3HBIN) W akTUBHBIHA aHTpanutT (AA). KoH-
HEHTPAIUIO JIEKAPCTB ONPEJENISUIH Ha CIIEKTPOdO-
tomerpe Shimadzu UV-2450 ¢ TOYHOCTBIO [0
0,2 MF/JIMS 10 MaKCUMyMy TOTJIOIIEHUsI B
Y®-ob6nacTy mpu aiuuHE cBeTa: 258 HM — A
cTpenTonua U Hopcynbhazona, 272 HM — I KO-
¢denna, 289 u 212 HM — COOTBETCTBEHHO AJIS MPO-
KamHa W JjeBamuzoia. CKopocTh ajcopOumm Je-
KapcTB yOBIBaeT B ALYy CTPENTONHI—KOMEHH-
MPOKAaMH—HOPCYJIb(a30JI—TIeBaMHU30JI U CHUKACTCS
C YBEJIMYEHUEM JIOJIM MHKPOIIOP B CTPYKTYpE COp-
6entoB. McnonszoBanue 50 % copOIMOHHON eMKO-
CTH aKTHUBHOTO yriis nocturaercs 3a 10 % BpemeHu,
HEOOXO0AUMOro AJIsl YCTAaHOBJICHUS aJICOPOLIMOHHO-
ro paBHoBecus. KnHeTnka ajacopOIH HEKOTOPHIX
nexapcTB (aneraMuHOeHa, KapOamaseruHa, K-
nogenaka, rempuodpo3mwia, nOynpopena, KeTonpo-
¢ena, cynbpdamerokcasona, TpuMmeronpruma) Oblia
W3y4yeHa Ha TPaHyIMPOBAHHOM ME30MOPUCTOM COp-
6enre SBA-15 (GMS), kodenna u guxiopeHaxka —
Ha F400. M3yueHa BO3MOXXKHOCTh MIPUMEHEHUS TIep-
CIIEKTUBHOTO cOpOEHTa Ha OCHOBE CKOPIYIHI KOKO-
cosoro opexa PICACTIFTE.

IIpokanH — OJUH W3 MIHUPOKO KCIOIB3YEMBIX
MECTHBIX aHecTeTuKoB. [Ipu ero rumponmnse obpa-
3yeTcs mapaamuHOOeH30iHas kucinota ([IABK) u
JTVATHUIIAMHHOITAHON. J[JIs1 4eloBedeckoro opra-
Hu3Mma Oomeinoe komudecTBo I[IABK moxer BbI-
3BaTh MOBpEXJeHUE IMedeHHu. [loaromy ¢akTuue-
CKH TIOJIHOE €T0 YalICHUE U3 BOJIBI SBJISCTCS aKTy-
anpHOM 3amaueii [11].

[Ipu ouncTke BOJ OT MOBEPXHOCTHO-AaKTUBHBIX
BerectB ([TAB), XJ0p- U HUTPOMPOU3BOAHBIX (he-
HOJIOB, Kpacutenel u (papManeBTHUECKUX CPEJICTB
UCTIONB3YIOT OMOCOpOIIMOHHBIE MeTOABl. Hemayro
POJAb MPHU 3TOM UTPAIOT MHUKPOOPTaHU3MEI, 00pa-
3yIOIMe OHMOTUICHKY Ha MOBEPXHOCTH aKTHBHOTO
yris (AY).

Obpabomka peppamamu u nepcyivgamami.
depparthbl ABISIOTCS OJHUMHU U3 HAUOOJIEE CHITbHBIX
MU3BECTHBIX OKUCIUTeNel. B kucioi cpene Boccra-
HOBUTEJIbHBIN MOTeHIMAT HOHOB FeO%, (2,2 B) BbI-
IIIe 3HAYCHUS 3TOTO ToKa3zatens it 030Ha (2,07 B).
Ilon BnmsiHuEM (eppaToB CIOCOOHBI AETPaAUpPO-
BaTh MHOTHE TOKCHYHBIC BEIIECTBA, B TOM YHCIE
JIEKapCTBa, 0 MAaJOTOKCHYHBIX mpoxykroB [10].

®depparthl SIBISIOTCS AOCTATOYHO JIOPOTUM pearcH-
TOM, JUISI MX TIONYYEHHS HPUMEHSIOT MHOTOCTY-
MeHYaThli cuHTe3. [IpH M00YHMCTKE CTOYHBIX BOI
OT JIEKapCTB, CPENICTB JMYHOW TUTUEHBI OBLIH TIO-
JIy4eHBl XOPOIIUE PE3YJIbTAThl: CTCNEHb OYMCTKH
HaxojuiIack B mpeaenax 67-88 %, a pacxon dep-
paToB coctaBua 2,5 mr/am° B mepecuere Ha Fe.
JpyriM CHIIBHBIM peareHTOM C OKHCIHTEIHHBIM
noteHuranom 2,1 sistores nepeyasharer S,0g7 .

Dnexmpoxumuyeckue npoyeccvl (31eKmpooua-
JU3, INEKMPOKOALYIAYUS, BHYMPEHHUU MUKDOIJIEK-
mpoau3 u 0p.). XapakTepru3yIOTCs HE3HAYUTEITHHBIM
BIMSIHHEM Ha OKPYXKAIOIIYI0 CpEedy, THOKOCTBHIO
MpUMEHEeHus1, 0€30MacHOCThIO, 00JIee BRICOKOH peH-
Ta0eabHOCTBIO. B TmocienHee BpeMs IPOBEACHBI
MHOT'OYHCJICHHBIE SKCIIEPUMEHThI Pa3HOI0 MacIlTa-
0a 10 OYMCTKE aHOJHBIM OKHCIIEHHEM CHHTETHYe-
CKUX PAacTBOPOB M CTOYHBIX BOJ| OT JIEKApCTB C HC-
ronb3oBanueM JIBAA, a Takke IJIaTHHOBOTO U TH-
TaHOBOTO (C TOKPHITHEM W3 OKCHJIOB OJIOBA, PyTe-
uus u wpuaus) awomoB [10]. JIBAA - »sto
JOMTUPOBAHHBIA OOPOM ajMa3HbIM aHOJ. DIEKTPO-
JIbl U3 3TOT'O MaTepualia, HalpuMmep, 00J1a1ar0T BbI-
COKHM TIepeHaINpsHKEHUEM BBIICTICHUST KHCIOPOIa U
BOJIOPOJIa B BOJHBIX 3JICKTpOJUTaxX. JlaHHbIC 3J1€K-
TPOZBI XOPOIIO 3aPEKOMEHJIOBAIM CeOS B HOBBIX
00JTacTSIX MPUMEHEHUS], TAKUX KaK 3JIEKTPOXUMHUYIE-
ckoe o0e33apaKMBaHUE BOJBI, YIAJICHHE XHUMCO-
€IMHEHUI C TOPMOHAJIbHON aKTUBHOCTBIO, CTOMKHUX
OpPTaHMYECKNX BemecTB (PEeHONBHBIX COEINHEHHH,
kpacureneit [IAB u np.). B I'epmannu mpoBeneHs
WCTBITAHUS TI0 OYMCTKE MPOMBIILUICHHBIX CTOYHBIX
BOJI C UCTIOIb30BaHUEM aHOJI0B [IbAA.

BrIiBOaBI

Kak Bunnm u3 aHanmza ucciiefoBaHUN MOCTe-
HUX JIET, MHOTHE 3KOCHCTEMbI 3€MHOIO Ilapa 3a-
IpsA3HEHB! OOJBIINM KOJIMYECTBOM MEAWIMHCKHX
U BETEPUHAPHBIX MPETapaToB.

Brimmyckaempie  apMamneBTHICCKOM TTPOMBIIII-
JICHHOCTBIO JIEKapCTBa YCBaWBAIOTCS 4eJIOBede-
CKMM M JKMBOTHBIM opranm3smoMm Ha 10-20 %,
a OCTallbHOE YXOJHUT B 0TX0nbl. Kpome 3toro, Jie-
KapcTBa pa3padaThIBAlOTCS C BHICOKOW OHOIIOTHYe-
CKOHM aKTHBHOCTBIO, OHM UMEIOT BBICOKYIO yCTOM-
YMBOCTb B OKpYXAIOLIEH cpee.

Oco0OeHHO 3arps3HeHa BojAa JIEKapCTBaMHU
BOJIN3M KPYIHBIX TOPOJIOB.

HccnenoBanusi moKaszajid, 4TO IOCTaBiseMast
BOJIa B YKpanHe COICPKUT MHOXKECTBO (hapMaries-
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TUYECKUX TIPETNapaToB, BKIIOYAas aHTUOWOTHUKHU,
MIOJIOBBIE TOPMOHBI, YCIIOKOUTEJIBHBIE M TPOTHBO-
CYIOpOXKHBIE  TpemapaTsl,  00e300JnBaroImue,
a Takke MHorue npyrue. KoHueHTpanus 3Tux Je-
KapCcTB pasHas, HO B IIEJIOM HEBENNKa, OIHAKO
YUYCHBIX BCEpbe3 OECHOKOAT BO3MOXKHBIE IOCIEN-
CTBHSA JUIUTENILHOTO YIOTPEeOIeHUs yCTh U HE3HA-
YHUTENBHBIX JI03 JIEKAPCTB C MUTHEBON BOIOM.
Haubonpimas onacHOCTh OT HAJIWYMsI JICKApCTB
B BOJE COCTOUT B TOM, YTO BCE OTH XMMHYECKHE
BelllecTBa NMOTpedstoTes BMecTe. MccnenoBaTenu
HE 3HAIOT, KaKOe BIIMSHUC Ha OPTaHWU3M OKa3bIBa-
10T KOMOMHAIMH (hapMaIleBTUIECKUX MPEnapaToB.
U3 uccnenoBaTenbCKuX METOAOB OYHCTKH BO-
Ibl OT JIEKapCTB HamOoyiee MEePCICKTUBHBIMU SIB-
JSIOTCS:  XUMHYECKHE, HEKOTOpble  (U3UKO-
XMUMUYecKHe M KoMOuHHpoBaHHbIe. OOpaboTKa
BOJIbI HOBBIMHM METOJAaMH O30HMpOBaHUS win Y D-
JMy4aMHu MPaKTUYECKU MOJTHOCTBIO BBITECHUIIA XJIO-
pHpOBaHUE HA CTAHIMAX OYHCTKH BOJ BO MHOTHX
crpaHax. B YkpanHe npuMeHEHHE 3THX IKOJIOTH-
yeckd dPPEKTUBHBIX TEXHOJIOTHH OIPaHHYCHO W3-
3a BBICOKOH CTOMMOCTHU HepeoOOpyHOBaHUS U pe-
KOHCTPYKIIUH BOJJOOYHCTHBIX CTAHIHH.

B nocnennue roap! mosBUINCH HOBBIE ITPOLIECCHI
Ha OCHOBE OKHCJIMTEJIHbHBIX TEXHOJIOTHI: Impouecc
«[lepoxcon», ozonupoBanue mpu Y D-o0myyeHuny,
o30HUpoBaHue Tipu Y P-00IydeHUH B PUCYTCTBUU
nepokcuaa Bogopona, npouecc «Kap6o3on», mpo-
necc «COHO30H», OKHCIEHUE OKCHAAHTHBIM Ta30M,
npouecc @DeHTOHA, OKHUCIEHHE B CYIEpPKpUTHYE-
CKOH Bojze, (POTOKATATMTUUECKHE MPOLECCHl U AP.
U3 pu3uKo-XxuMUUECKHX U KOMOMHUPOBAHHBIX Me-
TOJOB OYMCTKHU BOJ OT JIEKAPCTB MOI'YT OBITh PEKO-
MEHJIOBaHBbI CJICIYIOLINE:

— JJIEKTPOXMMHUYECKHE (MeMOpaHHBIH 3JeK-
TPOAMAIN3, SIEKTPOAKTHBALMS, 3JICKTPOXHUMUYE-
CKasi OYMCTKA MIPU HOoAaue KUCIOPOaa);

— afcopOLMs Ha OCHOBE aKTUBHBIX YIJIEH;

— MeMOpaHHble (HaHOQWIbTpanus + oOpaTHBIN
0CMOC U Jp.);

— yIbTpa3ByKoBas 00pabOTKa B TPHCYTCTBUU
KaTann3aTopoB;

— oOpaboTrka Boj (hepMEeHTaMH U mepcyibdha-
TaMH.

Kpome Toro, mist yctpaHeHus 3arpsisHEHUS BO-
Il (hapManeBTUYECKUMHU TIpernaparaMu HeoOxo-
JMMO NEPEXOAUTh Ha IPOU3BOACTBO IKOJOIMUECKH
0e30IacHBIX JICKapCTB.
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OYMIIEHHA BOJ BIJ 3AJIMUIKIB JIIKAPCBKHUX ITPEITAPATIB

MeTta. OcHOBHaA M€Ta CTaTTi — IPOAHATI3yBaTH HAsIBHICT y BOJII YKpaiHU Ta CBITY 3aJIMIITKOBUX KiTbKOCTEH JIi-
KapChKUX MpernapariB, a TaKOX Ha I1JICTaBi CBITOBOTO Ta BJIACHOTO JJOCBi/LYy 3alpOIIOHYBaTH METOIH OYMILEHHS BOJ
Bix nikiB. MeTommka. Jlocni/pKeHHsST BUKOHAHI Ha MIiJICTaBi aHAi3y HAYKOBUX JDKEPEN 1 3BITHUX JaHHX PO HasB-
HICTB JIKIB y BoAl YKpainu, eBporneiicekux kpait, CLLIA (1999-2017 pp.). Pe3yasraTu. [IpoananizoBaHi pxepena
CBiIYaTh, [0 OCHOBHOIO E€KOJIOTIYHOIO 3arp030I0 CBITOBOTO MaciiTaly € HasBHICTH JIKiB y MUTHIH Boxi. O4ucHi
CHOpPYJIY HE MPUCTOCOBAHI JJIsl BUSBJICHH 1 pO3KJIaIaHHs JIKapChKUX 3aco0iB. Y BChOMY CBITI He nependaueHa 6o-
poTh0a 3 MM PEYOBHMHAMH. ABTOPH INPEICTABIISIOTH PE3yJbTaTH KOMIUIEKCHOTO PO3IIISIAY MUTaHb, ITOB'SI3aHUX 13
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BU3HAYCHHSIM HasIBHOCTI JIKIB Yy PI3HMX BOJax, iX KOHLEHTpALii Ta HAWOLIbII HeOe3NeuyHHUX JIKapChbKUX Ipernapa-
TiB-TOKCHKaHTiB. MeInKaMeHTH MOXXYTh HAKOITMIYyBATHCS HE TUTBKK B OpPTaHi3Mi JIIOAEH 1 TBapWH, a i Y MOPCHKii
Ta piuKOBid puobi ¥ T. moa. HasBHICTh HABITH CIIIB NEAKUX JIiKiB (HAPKOTHUKH, TOPMOHAILHI 3aCO0M) MOXKE YHHHUTH
HETaTHBHHUH BIUIMB HA 37I0POB'S HAHOUIBII ypa3MBUX BEpCTB HACENCHHS, TAKUX AK IiTH. BcTaHOBIEHO, IO rOJIOB-
HUM BHHYBaTLEM TOPMOHAIBHOTO 3a0pyIHEHHS BOOH € CLIbCBKE TOCIIONApCTBO, a CaMe TBAPUHHUIITBO.
HaykoBa HoBH3HA. Y po0OTi y3arajdbHEHO HAsBHI i MMOJaHO HOBI €(DeKTUBHI METOIM i TEXHOJIOTI] OYMIIECHHS BO-
ITH, TaKi sIK: eIeKTPOXiMidHIH, MeMOpaHHNH, aicopOIlis Ha OCHOBI aKTHBOBAHOTO BYT1JUIA, YIBTPa3ByKOBa 00poOKa
B MPUCYTHOCTI KaTalizaTopiB, 00poOka Box (hepMeHTaMH i mepcyiabdaraMu. STk qpyrui nuisX 3HWKEHHS KUTBKOCTI
JIKIB y BOJI 3aIPONIOHOBAHO CTBOPEHHS €KOJIOTiYHO 4HcTHX JiiKiB. [IpakTHuHa 3HaumMicts. Boani npobiemu
€ TOJIOBHHMH B YChOMY CBiTi i B YkpaiHi B Tomy uuncii. [ToTpiOHO nependaduTy gonaTkoBe (hiHaHCYBaHHS AJsl BU-
pillieHHs! TPOOJIEeMH OYMILEHHS BOJM BiJ| JIIKAPCHKUX NpENapariB He 3a 3aJMIIKOBUM IIPHHIMIIOM, a 3 OIJISIy Ha Te,
1110 BOJIa — [1€ OCHOBA )KUTTS Ha 3€MJIi, i BiJI IKOCTI BOJIM 3aJI€)KUTh 3/I0POB'SI Ta XKHUTTS JFOJICTBA.

Kmiouosi croea: 3a0pyaHEHHsI BOJ JTiKapChKUMU TpeniapaTaMu; OCHOBHI JIIKKU-3a0pYIHIOBAYl; METOAU OYHILICHHS
BOJI BiJ JIIKIB
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WATER CLEANING FROM RESIDUES OF MEDICINAL
PREPARATIONS

Purpose. The paper aimed at analyzing the presence of residual quantities of medicinal preparations in the water
of Ukraine and the world. Based on the world and own experience to propose methods for waters cleaning from
medicines. Methodology. The research was carried out on the basis of analysis of scientific sources and reporting
data on the availability of medicines in the water of Ukraine, European countries, the USA (1999-2017).
Findings. Analyzed sources inform that the main environmental threat of a global scale is the presence of medicines
in drinking water. The treatment facilities are not suitable for the detection and decomposition of medicinal prepara-
tions. The fight against these substances is not envisaged all over the world. The authors present the results of
a comprehensive review of issues related to the determination of the medicines availability in various waters, their
concentrations and the most dangerous medicinal preparations - toxicants. Medications can be accumulated not only
in the body of humans and animals, but also in marine and river fish, etc. The impact of even trace amounts of cer-
tain medicines (drugs, hormones) can have a negative effect on the health of more vulnerable segments of popula-
tion, such as children. It was found that the main culprit of hormonal water pollution is agriculture, namely animal
husbandry. Originality. The paper summarizes available and presents new methods and technologies for water
cleaning, such as: electrochemical, membrane, adsorption based on activated carbon, ultrasonic treatment in the
presence of catalysts, treatment of water with enzymes and persulfates. As the second way to reduce the number of
medicines in the water, it is proposed to produce environmentally friendly medicines. Practical value. Water prob-
lems are the main ones all over the world and in Ukraine as well. It is necessary to provide the additional financing
to solve the problem of water cleaning from medicines not on a residual principle, but considering that water is the
basis of life on the earth, and in general the health and life of mankind depends on the quality of water.

Key words: water pollution with medicinal preparations; basic medications-pollutants; methods of water clean-
ing from medicines

REFERENCES

1. Andryushchenko, Y. (2017). Lekarstva travyat pityevuyu vodu. Dnepr vecherniy, 49(13211), 23. Retrived from
http://dv-gazeta.info/vechyorka/zdorovje/lekarstva-travyat-pitevuyu-vodu.htm (in Russian)

2.  Bakterii obzavelis immunitetom (2014). Sankt-Peterburgskie Vedomosti, October 16. Retrieved from:
https://spbvedomosti.ru/news/obshchestvo/bakterii_obzavelis_immunitetom/ (in Russian)

doi 10.15802/stp2018/134675 © JI. @. Jonuna, O. I1. CaBuna

50


http://dv-gazeta.info/vechyorka/zdorovje/lekarstva-travyat-pitevuyu-vodu.htm

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

Hayka Ta nporpec tTpascropry. BicHuk J{HIIpOneTpoBCbKOro
HAI[IOHAJIBHOTO YHIBEPCUTETY 3aUIi3HHYHOr0 TpaHcnopty, 2018, Ne 3 (75)

EKOJIOI'lI HA TPAHCIIOPTI

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Barenboym, G. M., & CHiganova, M. A. (2015). Zagryazneniye prirodnykh vod lekarstvami. Moscow: Nauka.
(in Russian)

Belousov, Y. B., Moiseev, V. S., & Lepakhin, V. K. (1997). Klinicheskaya farmakologiya i farmakoterapiya.
Moscow: Universum Pablishing. (in Russian)

Korzh, Y. A., Klimenko, N. A., Smolin, S. K., & Reshetnyak, L. R. (2016). Biosorbtsiya prokaina na
biologicheski aktivnom ugle. Journal of Water Chemistry and Technology, 38(5), 519-530. (in Russian)

Voda v butylkakh opasnee vodoprovodnoy (n.d.). Retrived from https://www.epochtimes.ru/content/
view/69576/7/ (in Russian)

Dolina, L. F. (2003). Novye metody i oborudovaniya dlya obezzarazhivaniya stochnykh i prirodnykh vod:
monografiya. Dnepropetrovsk: Kontinent. (in Russian)

Dolina, L. F. (2001) Reaktory dlya ochistki stochnykh vod: uchebebnoe posobie. Dnepropetrovsk: Standart.
(in Russian)

Korzh, Y. A., Smolin, S. K., & Klimenko, N. A. (2016). Kinetika adsorbtsii farmatsevticheskikh veshchestv iz
vodnykh rastvorov na aktivnykh uglyakh. Journal of Water Chemistry and Technology, 38( 4), 342-353. (in
Russian)

Kofman, V. Y. (2013). New advanced oxidation technologies of water and wastewater treatment (part 2)
(foreign publications review). Water Supply and Sanitary Technique, 11, 70-77. (in Russian)

Lekarstva i lekarstvennaya bolezn (n.d.). Retrived from http://www.medn.ru/statyi/lechenie-solyu-skipidarom-
kerosinom/lekarstva-i-lekarstvennaya-bolezn.html (in Russian)

Livshits, V. (n.d.). Lekarstva kak ekologicheskaya problema. Retrived from http://proza.ru/2013/02/27/1830
(in Russian)

Danilov-Danilyan, V. I., Poroykov, V. V., Chiganova, M. A., Kozlov, M. N., Filimonov, D. A., & Barenboym,
G. M. (2013). Otsenka biologicheskoy opasnhosti organicheskikh ksenobiotikov v istochnikakh
vodosnabzheniya. Water Supply and Sanitary Technique, 10, 17-24. (in Russian)

Farmatsevticheskie sredstva v pitevoy vode. (n.d.). Retrived from
http://www.who.int/water_sanitation_health/emerging/info_sheet_pharmaceuticals/ru/ (in Russian)

Shpakov, A. (1999). Antibiotiki i steroidy otravlyayut stochnye vody: Smert iz kanalizatsii. Komersant, 110.
Retrived from https://www.kommersant.ru/doc/220792 (in Russian)

Al-Khazrajy, O. S. A., Bergstrom, E., & Boxall, A. B. A. (2017). Factors affecting the dissipation of
pharmaceuticals in freshwater sediments. Environmental Toxicology and Chemistry, 37(3), 829-838.
doi: 10.1002/etc.4015 (in English)

Boxall, A. B. A. (2004). The environmental side effects of medication. EMBO Reports, 5(12), 1110-1116.
doi: 10.1038/sj.embor.7400307 (in English)

Domercq, P., Praetorius, A., & Boxall, A. B. A. (2018). Emission and fate modelling framework for
engineered nanoparticles in urban aquatic systems at high spatial and temporal resolution. Environmental
Science: Nano, 5(2), 533-543. doi: 10.1039/c7en00846e (in English)

Fent, K., Weston, A., & Caminada, D. (2005). Ecotoxicology of human pharmaceuticals. Aquatic Toxicology,
76(2), 122-159. doi: 10.1016/j.aquatox.2005.09.009 (in English)

Williams, R. (Ed.). (2005). Human Pharmaceuticals: Assessing the impacts on aquatic ecosystems. Pensacola:
SETAC.

Desbiolles, F., Malleret, L., Tiliacos, C., Wong-Wah-Chung, P., & Laffont-Schwob, I. (2018). Occurrence and
ecotoxicological assessment of pharmaceuticals: Is there a risk for the Mediterranean aquatic environment?
Science of the Total Environment, 639, 1334-1348. doi: 10.1016/j.scitotenv.2018.04.351 (in English)

Probe: Pharmaceuticals In Drinking Water (n.d.). Retrived from https://www.cbsnews.com/news/probe-
pharmaceuticals-in-drinking-water/ (in English)

Sumpter, J. P. (2010). Pharmaceuticals in the Environment: Moving from a Problem to a Solution. In
Kummerer, K., & Hempel, M. (Eds.), Green and Sustainable Pharmac (pp.11-22). Berlin: Springer-Verlag.
(in English)

Dolina, L. F., Mashykhina, P. B., Karpo, A. A., & Mishchenko, A. A. (2017). Waters reality in Ukraine
worldwide. Science and Transport Progress, 5(71), 7-18. doi: 10.15802/stp2017/113695 (in English)

Cmamus pexomenoosana Kk nyoauxayuu 0.m.4., npog. H. H. Bensesvim (Yxpauna)

[ocrynuna B peaxoiieruio; 06.03.2018
[Tpunsra x megatu: 07.06.2018

doi 10.15802/stp2018/134675 © JI. @. Jonuna, O. I1. CaBuna

51


https://www.epochtimes.ru/content/view/69576/7/
https://www.epochtimes.ru/content/view/69576/7/
http://www.medn.ru/statyi/lechenie-solyu-skipidarom-kerosinom/lekarstva-i-lekarstvennaya-bolezn.html
http://www.medn.ru/statyi/lechenie-solyu-skipidarom-kerosinom/lekarstva-i-lekarstvennaya-bolezn.html
http://proza.ru/2013/02/27/1830
https://www.cbsnews.com/news/probe-pharmaceuticals-in-drinking-water/
https://www.cbsnews.com/news/probe-pharmaceuticals-in-drinking-water/

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

Hayxka ta nporpec Tpancnopty. Bicauk /IHIIponeTpoBchKoro
HAI[lOHAJBHOTO YHIBEPCUTETY 3ali3HHYHOrO TpaHcopty, 2018, Ne 3 (75)

EKOJIOI'ls1 HA TPAHCIIOPTI

YK 533.27:519.63:504.054

I0. A. CKOBY, M. JI. YTPIOMOB?"

1*Ka(b. «MHapopmaTrka», XapbKOBCKUH HallMOHAIBHBIA adpokocMudeckuil yausepcuret uM. H. E. XKykosckoro «X ANy,
yi1. Ukanoa, 17, XapekoB, Ykpauna, 61070, Ten. +38 (057) 315 11 31, su. moura yuriy.skob@gmail.com,

ORCID 0000-0003-3224-1709

ZKad. «u(popMaTnKay, XapbKOBCKHil HALIMOHANBHBIH a3pokocMudeckuii yrausepenter uM. H. E. XKykosckoro « XA,
yi1. Ukanosa, 17, Xapwkos, Ykpauna, 61070, ten. 38 (057) 315 11 31, sx1. noura m.ugryumov@khai.edu,

ORCID 0000-0003-0902-2735

MATEMATHYECKOE MOJAEJIMPOBAHUE MOCJIEJICTBUM UCIIA-
PEHUSA ABAPUUHOI'O ITPOJIMBA TOKCHYHOI'O BEHLIECTBA HA
KEJIE3HOAOPOKHOM TPAHCIIOPTE

Heab. OCHOBHOM 1eNbI0 PaOOTHI SBISETCS pacdeT MPOCTPAHCTBEHHBIX TOJEH pachpeesieHnsT YCIOBHON BEPO-
SITHOCTH JIETaJBHOTO MOpa)keHMUs 00CITYy)KMBAIOIIETO TIEPCOHANA JKEIe3HOI0POKHONW CTAHIINH, BBI3BAHHOTO HMHTAJISI-
e TOKCHYHOTO Ta3a, KOTOPHIH paccemBaeTcs B MPHU3EMHOM CII0€ aTMOC(ephl B yCIOBHAX 3aJaHHOW BETPOBOI
00CTaHOBKH, U YHCIEHHOW OIEHKH YpPOBHS O€30MacHOCTH TEXHOTeHHOro oObekra. Metoamka. Pazpaborana
TpexMepHas MaTeMaTH4IecKas MOJIENb MPOIECCOB NCIAPEHHUS TOKCHYHOTO XHMHYECKOTO BEIIECTBA C IMMOBEPXHOCTH
[ITHA TPOJIUBA B pe3yJibTaTe aBapUHHOTO Pa3pyUICHHs] €MKOCTH XPaHEHHs! WU TPAHCHOPTHUPOBKU CHKHKEHHOTO
ra3a W NAJbHEHINEro pacceMBaHUs T'a30BOM MPUMECH B MPU3EMHOM CIIO€ aTMOC(EpBl C yYETOM 3arpOMOKIACHUS
MPOCTPAHCTBA 3IaHUsAMU. Takke pa3paboTaHa BBIYMCIUTEIbHAS TCXHOJIOTUS ONPEACICHUS YCIOBHON BEPOSITHOCTH
MOPaXXEHUsI YeJIOBEKa TOKCUYHBIM T'a30M Ha OCHOBE IPOOMT-aHaJIM3a CTEIIEHH BO3/ICHCTBYSI [TOpaXKalouiero Gpaxkropa
(MHTaNIAIMOHHOM TOKCO/03Bl) Ha OpraHU3M 4esioBeka. [ aBTOMaTH3alluy BEIYUCIUTEIBHOTO Mpoliecca Tabnu4Has
3aBHCUMOCTb «MPOOUT-QYHKIUS — BEPOATHOCTh MOPAXKEHHS» 3aMEHCHa OO0OONICHHBIM KYCOYHO-KYOMYCCKIM
crutaitHoM. Pe3yabTaThl. Ha ocHOBaHMM pa3pa0OTaHHBIX MOJENEH MOJMYYEeHBl pe3yNbTaThl PacdeToB IMPOCTpPaH-
CTBCHHO-BPEMCHHBIX TMOJICH YCIOBHON BEPOSATHOCTH CMEPTEIBHOTO MOPaKCHHs IIepCoHaNa KeJIe3HOHOPOKHOM
CTaHIWH, KOTOPBIA IOIBEPrcs HWHTAIIMOHHOMY BO3ICHCTBHIO O0Nlaka Ta3000pa3HOTO IIMAHHUCTOTO BOJIOPOJA.
OmnpeneneHo, 9TO HaJTMYWE 31aHUI HA IIyTH PacCEMBaHHUS TOKCHYHOTO O0JIaka YBEIMYMBACT IUIOMIANh KOHIICHTpA-
UM | BpeMsI IIPOXO0XKICHIUS 00Jlaka 0 PacyeTHOW 00IacTH, YTO, COOTBETCTBCHHO, YBEIIMIUBACT BPEMs IKCTIOZUITUHI
00CIy)KHBaIOIETO TIepcoHaa BpenHoMmy Bo3zzeiicTBuio. Hayunasi HoBu3HA. B pa3paboTaHHON MaTeMaTHYecKOi
MOJIEIM YYUTHIBAIOTCS: CXKUMAEMOCTh ITOTOKA, CIOXHBIM penbed MECTHOCTH (3aTPOMOKICHHE PACYETHOrO IIpo-
CTPAHCTBA 3aHUAMHU TEXHOTCHHOTO 00BEKTA), TPEXMEPHBIN XapakTep Mpolecca paccestHus ra3000pa3Hoil mpumMecH,
HaJIMYUC UCTIApCHUA C IIATHA MPOJMBA TOKCUYHOI'O BEIIECTBA C nepeMeHHoﬁ HUHTCHCUBHOCTBHIO B 3aBUCHUMOCTH OT
BETPOBOH 0OCTaHOBKH, (PM3MYECKUX XApPaKTEPUCTHK IMPUMECH M Kiacca IIEpPOXOBATOCTH NPHU3EMHOTO CIIOSI aTMO-
cteppl. MaTemMaTiueckasi MOJENb IO3BOJIAET IOIy4aTh HMPOCTPAHCTBEHHO-BPEMEHHBIE PaCIpEIC/IEHUs] OMacHOTO
mapamMeTpa — OTHOCHTEIBHOH MacCOBON KOHIIGHTPAIIMH TOKCHYHOTO ra3a U Mopakaromero (pakropa — MHTaISIHOH-
HOW TOKCOJI03bI, KOTOPBIE HEOOXOIUMBI JUIS OTIPEACICHUS HECTAIMOHAPHBIX TPEXMEPHBIX IOJICH YCIOBHOU BEPOST-
HOCTH TIOpPaKCHHS OOCTYXKHMBAIOIIETO IEPCOHANA TEXHOI'CHHOTO O0BEKTa Ha OCHOBE almapaTa MpoOHT-aHau3a.
I[pakTudeckasi 3HAYNMOCTD. Pa3paboTaHHas BEIYUCIUTEIbHAS TEXHOJIOTHUS TIO3BOJIACT DKCIEPTY HA dTarle IPUHSI-
TUSL PELIEHUs] OCYLIECTBIISTh aBTOMATU3UPOBAHHBIM YHCIEHHBIM aHAJIU3 U MPOTHO3 BO BPEMEHH U MPOCTPAHCTBE
YCIIOBHOHM BEPOSITHOCTH CMEPTEIHHOI'O MOPAKEHUsI 00CITYKHBAIOIIETO TEPCOHANA, KOTOPBIA MOJBEPracTCs HHIANS-
IIMOHHOMY BO3JICHCTBHIO TOKCHYHOTO Ta3a Kak COCTABHOM YacTH MOKa3aTelsl 0€301MacCHOCTH TEXHOTEHHOTO OOBEeKTa —
WHIUBHIYAIFHOTO PHCKA.

Kniouesvie crosa: ra3oBble cMecH; YHCICHHBIE METOBI; Iu(epeHIaIbHbIe YPABHEHNS ¢ YACTHBIMHU MIPOU3-
BOJIHBIMU; BO3/ICHICTBHE BPEIHBIX BEIIECTB; 3arpsI3HCHHE

OTpaBNISIOIIUX XuMHYeckux BemecTB (OXB)
Brenenue B cxmkenHoM cocrossuuu [10]. Hapymienue mpa-
BWJT 3KCIUTyaTaluy 000pyI0BaHUS IPUBOJUT K €T0
0TKa3aM, KOTOPBIC COIMPOBOXIAIOTCS BBIOPOCOM
B atMochepy OXB ¢ o0pa3oBaHHEM TOKCHYHBIX
o6makoB [13]. OmunM u3 Hamboylee OMACHBIX BH-

TexHonoruyeckue TMpoLEcChl  MNPEaNpPUATHN
ABUAIIIOHHOW MPOMBIIUIEHHOCTH BKIIOYAIOT HC-
MOJIb30BAHUE, TPAHCIOPTUPOBKY U  XpaHEHHUE
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JIOB TEXHOT€HHOM aBapHM SBISAETCS pa3pylIeHHE
€MKOCTH XPaHEHHsS WIM TPAHCIOPTUPOBKU CKU-
skeaHoro ra3a (CI') ¢ oOpa3oBaHueM MSATHA TIPOJIH-
Ba [15] (puc. 1). MaccoBasi KOHLEHTpAIHsl TOK-
CHUYHOI'O Ia3000pa3HOro BELIECTBA B Ia30BO3AYLI-
HOW CMEeCH XapaKTepHU3yeT HEraTUBHOE OTKJIOHE-
HUE OT HOPMAJIBHOIO XHUMHYECKOTO COCTaBa
BO3JyXa M Hapsay C SKCIO3UIMEN SBISAETCS omac-
HBIM TapaMeTpoM JUIsi OOCTYKHBAIOMIETO Mepco-
Haja, OKa3aBIIErocd B MpeAesax 30Hbl TEXHOICH-
HOM aBapuH.

Okcno3unus  00CIY)KUBAIOIIEro  IEepCcoHasa
MIPOMBIIIJICHHOTO OOBEKTa OINpeAeNeHHBIM KOH-
uentpauusiM OXB ¢opmupyer nopaxkaromuii pax-
TOp — MHTAJSIIMOHHYIO TOKcono3y. IIpeBrlienue
MTOPOTOBBIX 3HAYEHUH TOKCOJO03BI MPHUBOJUT K CO-
LIUATBHBIM MOCIEACTBUSIM — OTPABICHUIO Pa3iIvy-
HOW CTENEHHU TSDKECTU W YeJIOBEYECKUM JKEPTBaM.
[losTomy ompeneneHue pucKa TPEANPUATHS IS
TaKOTO POJia aBapUU SIBJISICTCS BaKHOW M aKTyallb-
HOU MH)KEHEPHO-TIPAKTUYECKON 3aauei.

ArpapiiiHoe paspyllcHHS
eMECCTH Xpanerna OXDB

v

Brbpoc smnxoii dase uz
obopyI0EaHIA

v

Obpazoeamue npomea OXB

v

HCHEPEI—EIE AHOKOCTH

v
Otpaenemmie OXB

Puc. 1. Pa3Butue TexHOreHHOM aBapuu
Fig. 1. Development of technogenic accident

OneHka TIOCIIEACTBUIl TEXHOTCHHOW aBapuH
BKJIIOYAET B ce0sl OompeesieHHe BEpOsITHOCTU II0-
paskeHHs] 00CIIyKUBAIOILEro MEpCcoHana, KOTOPBIN
MOKeT ObITh MoABEprHyT BozaehcTBuio OXB, Ha
OCHOBE MaTEeMaTH4YeCKOro MOJCITHUPOBAaHUS pacce-
SIHUSL TOKCHYHOM rpuMecH B atMocdepe [8].

MaremaTHyeckoe MOAETUPOBAHNE PU3MUECKUX
MPOIIECCOB BHIOpPOCA M paccesHUs BPEAHOM IpuMe-
CH B TIPU3EMHOM CJI0O€ aTMoc(ephl I03BOJIAET

OCYIIECTBUTh IPOTHO3 TOJEH MaccOBOM KOHIIEH-
tparmn OXB, ompenenuts WHTAMSIUOHHYIO TOK-
COJIO3y M BEPOSTHOCTH MOPAKEHUSI 0OCITyKUBAIO-
iero nepconania [5, 17, 18].

MaTemaTHIeCcKad MOTETh
{uzIreckoro npouecca

v

OnacHele mapaMeTprl

v

Topaxaronngi dakTop

v
TTpobuT-hymamsa
MOPAKANIIET0 PaKTopa

v

BepoATHOCTE NOpaEeHHs

Puc. 2. Cxema BepOSTHOCTHOH OLCHKH
NOCIEACTBUH aBapuu

Fig. 2. Scheme of probabilistic assessment
of accident consequences

Hean

YuuThiBasi BBIIEU3IOKEHHOE, IEIBI0 JTaHHOU
paboTHl sABISETCS pa3paboTka ameKBaTHOW Mare-
MaTHUYeCKOH MOJIENIM TIpoIlecca HCMApeHUs TOK-
CHUYHOW NPHMECH C MOBEPXHOCTH TISITHA MPOJIMBA
B pe3ylbTaTe TEXHOTCHHOW aBapuu, (OpMHpOBa-
HUS TOKCUYHOTO 00JIaka M ero JallbHEHIIero pac-
MIPOCTPAaHEHUS B MPU3EMHOM CIJIO€ aTMOCQEphI s
MOJIY4EHUS] IPOCTPAaHCTBEHHO-BPEMEHHBIX I0OJIEHN
MOpaXxaroIIero (pakTopa UHraIsIIMOHHONW TOKCOJTO0-
36l U ONPEEIICHUS TMOJIeH BEPOATHOCTU IOpaxKe-
HUS 4€JIOBEKAa Ha OCHOBE TIPOOUT-aHATIN3A.

Ananuz nyoauxayui. AIECKBaTHOE OIHCAHHUE
(hM3UYECKUX TIPOIECCOB CMEIIEHUSI Hepearupyro-
IIMX Ta30B C BO3AYXOM MU JaJIbHEHIIEro pacrpo-
CTPAHEHMs CMECH IIPU UCTEYECHUU CTPYHU B OTKPBI-
TOE TMPOCTPAHCTBO WIIM 3aMKHYTOE MOMEIICHUE
C TIPUHYAUTENLHON (MM €CTECTBEHHOMN) BEHTHIISA-
MeH BO3MOXKHO TOJIBKO C HCIIOJIb30BAHUEM CH-
CTeMbl  HECTAIMOHAPHBIX ypaBHeHWil HaBbe-
Crokca st cxumaemoro raza. OrpaHuveHHbBIC
BO3MOXKHOCTH COBPEMEHHBIX KOMIIBIOTEPOB HE
MO3BOJISIIOT A(PQEKTHBHO OCYIIECTBISTH MPSIMOE
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YHCJICHHOE pelleHHe 3TUX ypaBHeHUH. B HacTos-
mee BpeMs YHCIEHHOE MOJCTHpPOBAaHHE TypOy-
JICHTHBIX TEYECHUH OCYILIECTBIISIIOT IIyTEM PELICHUs
ocpeqHeHHbIX 1o PeliHonbacy-®PaBpy ypaBHEHUH
HaBre-CTokca, AOMONHEHHBIX MOJETBI0 TYypOy-
neatHoctd [11]. OmHako GOJBIIMHCTBO MOJIENEH
TypOyJIEHTHOCTH HE ONMCHIBAIOT C OJAMHAKOBOMN
CTENEHBbIO aJCeKBATHOCTH PAa3IUYHBIE THIBI TEde-
Huil. OCOOEHHO 3TO Kacaercs TEUEHHH C WMHTEH-
CHUBHBIMH OTPBIBAMH IOTOKa W/WIM OONBIINMH
TpafieHTaMH JaBJICHHUS TEMIIEPaTyPhI.

B pa6ore [2] yka3zaHO, 4TO COBpEMEHHBIC Me-
TOAUKH IPOTrHO3a IOCJIECACTBUN aBapuil Ha XHUMHU-
YeCKH OIAacHbIX OOBEKTaX W TPAHCHOPTE TUIA
«Tokcu» [4, 6], «Ammuax», «SLAB» [9] peanu-
3yIOT Mojieb [aycca WM aHaMTHYecKOoe pelie-
HHUE ypaBHEHHUS] MAcCONEPEHOCa U HE YYUTHIBAIOT
3aCTPOMKY PacdyeTHOro MPOCTPAHCTBA 3IaHHUAMHU.
[IpuMeHeHne YHCICHHBIX KHHEMAaTHYECKUX MOJIe-
aeit [19] misi OLEHKH TEepPUTOPUATIBHOTO PHCKA
TaK)K€ OTPaHUYEHO CiydasMu paccenBanus OXB
HaJ pOBHON MOBEpPXHOCTHIO. B HEKOTOpHIX pabo-
TaX YYHUTHIBAIOT CIIOKHBIM penbed MECTHOCTH
B IIpoOILiecCe PEIICHUs YpPaBHEHHS MaccolepeHoca
KOHEYHOPA3HOCTHBIM MeTo0M [2, 9], HO He GepyT
BO BHHMaHHE JIMOO TPEXMEpHBIH Xapakrep ooOre-
KaHus 3maHuil [2], 6o sddekr cxumaemocTu
TEYEHHs, YTO HE MO3BOJISIET UCIOIb30BATh AT Ma-
TEMaTU4YeCKUe MOJIENIN Uil pacueTa MOCIEACTBUI
BO3/ICHCTBHSA JPYrUX MOPaXKAIOMHX (aKTOPOB
(B3pBIBHOW yHAapHOW BOJHBI, TEIIOBOTO H3ITyde-
HUSI), KOTOpPBbIE MOTYT TPHCYTCTBOBATH OIHOBpE-
MEHHO NP TEXHOTCHHBIX aBapusAX Ha TPAHCIOPTE.

Kpome Toro, coBpeMeHHbIE METOJUKH OLIEHKU
3arpsA3HEHUsI B OCHOBHOM 0a3MpyIOTCSI Ha JAeTep-
MHHUPOBaHHOM mojxozae [1], a mpu BeposTHOCT-
HOW OIICHKE IIOCIIEZICTBHIA TOPaXKEHUS OOCITYKH-
BAIOIIEr0 IIEPCOHANa HAa OCHOBE IPOOUT-aHAIHM3a
WCTIONB3YIOT 3aBHCUMOCTh BEPOATHOCTH OT IPO-
OUT-(OYHKIIUY B TAOJIMYHOM BHUJIE JIJIS SKCIIEPTHOTO
anamusa [4, 16, 18]. DTo He O3BONIIET IPUMEHUTE
JAHHBIA MOAX0J aBTOMAaTUYECKH B KOMIBIOTEPHOIH
cUCTEeME ISl MOJyYeHHs] HEeCTAllMOHAPHBIX TMOJIEH
HopaXkaromux (akTOPOB U BEPOSTHOCTH TOpake-
HUS, TIOATOMY TPeOYeT yCOBEPIIEHCTBOBaHUS BbI-
YHUCIIUTEIBHON TEXHOJIOTUH.

B cBsi3M ¢ 3THM cymecTByeT HE0OXOAUMOCTD
MOCTPOCHUSI HOBBIX MAaTEMAaTUYECKUX MOZEJCH U
PAaCUEeTHBIX CXEM AJIS1 YUCIEHHOT'O MOJEIUPOBAHUS
TPEXMEPHBIX TEUCHUH MHOTOKOMIIOHEHTHBIX ra30-
BBIX CMeceil C y4eToM (akTopa 3arpOMOKICHHS

MPOCTPAHCTBA TOCTPOHKaMH, d(PPEKTOB CIKHUMae-
MOCTH U XUMHNYECCKOTO BSaHMOHeﬁCTBHH. Onu 1o3-
BOJISIIOT OIPENE/IATh MOJIHBIA HA0Op OMACHBIX IMa-
paMeTpoB MOTOKA JJIsl Pa3IMYHBIX CIICHApHEB pa3-
BUTHS TEXHOICHHOM aBapuu, paCCUUTBIBAaThL Iopa-
xarome (GakTopel (B TOM HYHCIE W TOKCOIO3Y)
U CTPOHUTh IPOCTPAHCTBEHHO-BPEMEHHBIC TIOJIS
YCIIOBHOHW BEPOSITHOCTH TIOPaKeHUSI OOCIY)KHBa-
IOLIEr0 IepCOHada, HEOOXOAUMBIC JJI OLICHKH
MHIVBHUIYaJIbHOTO PUCKA.

MeTtoanka

Ilocmanoexa 3adauu pacceanus OXB. Pac-
cMOTpUM (OPMUPOBAHHWE M JBIKEHHE TIa30BOM
CMECH Ha OTKPBITOW MPOMBIIIJICHHOW TJIOMIAJIKE,
Ha KOTOpOH MpOHM3OIILI0 aBapUlHOE pa3pylLIECHUE
E€MKOCTH XpaHEHUs CKIIKEHHOTO rasa (puc. 3).

P

v

s I_I/lu

Puc. 3. Cxema TeXHOT€HHOI aBapuu:
1 — nsaTHO TpONKBa; 2 — IOTOK BO3yXa,
3 — npuMeck; 4 — ra3oBoO3ayLIHOE 00TaKO

Fig. 3. Scheme of technogenic accident:
1 — spillage spot; 2 — air flow; 3 — admixture;
4 — air-gas cloud

Pacuernas oGmacte mpencraBisieT coOOW mma-
pajutesienunes ¢ MPSMONMHEHHBIMUA 00pa3yIon-
MH, PaclojOKECHHBIMH B NPaBOW JEKapTOBOH CHU-
creme koopamHat (X, Y, Z) ¢ OCHOBaHHWEM B ILIOC-
koctn XOZ (ocb Y OpHEHTHpOBaHa B HampaBiie-
HUH, TPOTHUBOIOJIOKHOM ACUCTBHIO CHJ TSKECTH
3emin). Oty o0macTh pa3buBacM Ha MPOCTPaH-
CTBEHHBIE SUEHKH, IIPUYEM pa3Mepbl I'paHed MoJ-
OupaeM B COOTBETCTBHH C XapaKTEPHBIM pa3MepoOM
ocobeHHOCTEW 007acTH (LIEpOXOBATOCTBIO 00TE-
KaeMol IOBEPXHOCTH, Pa3MEPHOCTHIO 00TEKaEMBIX
o0bexToB). Ilog BiMsiHHEM OKpy:Karoiel cpemsl
CI' ucnapsiercst ¢ TsTHA NPOJIMBA M MOCTYIAeT
B IIPU3EMHBIN cJIoi aTtMocdepbl ¢ CyMMapHON HH-
TeHCUBHOCTBIO Gy. CBexnil BO3yX cO CKOPOCTBIO
BETpa MOCTYNAET Yepe3 BXOAHYIO IPaHb PACUETHON
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o0acTu, MmepeMenuBacTCs ¢ MPUMEChI0, 00pasys
ra30BO3IYyIIHOE 00JAKO C MAaccOBOW KOHIIEHTpa-
nueit Q.

Jnst ymporieHuss MaTeMaTHYeCKOW MOICTU U
YCKOpPEHUSI KOMIBIOTEPHBIX BBIYUCICHUI NPUHU-
MaeM IPEeoI0KeHHE, YTO (PU3UIECKHE ITPOLIECCH
mepexoJia BHIOPachIBAEMOTO B TPH3EMHBIN CIIOU
atMoc(epsl BemecTBa (BCKUMAHHUE) W3 YKHIKOTO
COCTOSIHMSI B Ta3000pa3Hyto a3y MpPOXOIST MIHO-
BEHHO M B OSCKOHEYHO-TOHKOM IO BBICOTE CIIOE.
OTO IOMyLIEHWE HECKOJBKO OrpyOJIsieT pacueTsl,
HO B OOIIEM JOCTaTOYHO aJCKBAaTHO IIO3BOJIACT
OmHcaTh MPOIECC IOMANaHUs Ta30BON IIPUMECH
B BO3/[yX OKPYKAIOIIETO MPOCTPAHCTBA.

TeueHue ra30B0i cMecH B PacUETHOH 00JIACTH
OyJeM OmpeeiaTh IMapamMeTpaMH OKpPYKaroIekh
atMocepsl, IJIOMIAbI0 TSTHA TPOJIMBA, TapaMeT-
pamMu Ta30BOi MPUMECH, TTOCTYMAIOIIEH B Pe3yJib-
TaTe ucrmapenus B arMmocepy. B kakoii-ro MOMEHT
BPEMEHH HCIIAPEHHE MOXET MPEKPATUTHCS, U TIO-
CTYIUICHHS TPUMECH B 00JIaCTh HE OYJIeT.

OcHogubie ypagHeHus MamemamuyecKol Mo-
Oenu. Tlpenmonaraem, 4TO OCHOBHBIM (DakTOpOM,
BIUSIONIMM Ha (DU3MYECKHE MPOINECChl CMEIICHUS
ra3oBBIX TMPUMECEH C BO3AYXOM H JaJbHEHIIee
pacnpocTtpanenne cmecu Tmpu ucnapenuu CI
B OTKPBITOE MPOCTPAHCTBO, SBISACTCS KOHBEKTHB-
HBI TIEPEHOC MacChl, UMIyJbca U 3Hepruu. [lo-
ATOMY JOCTaTOYHO WCIOIB30BaTh YIIPOIICHHEIE
ypaBHeHusi Hapbe-CTOKca, KOTOpBIE IMOJYYCHBI
0oTOpachIBAaHUEM BSI3KUX UICHOB B YPaBHEHHSX
JBIDKEHUS Ta30BOM cMecH (MIIepOB TOJIXOJ C HC-
TOYHHKOBBIMHU WieHamHu) [5].

[lomHnas cucrema ypaBHEHUH, OMMCHIBAOIIASL
HECTAIlMOHAPHOE TPEXMEPHOE TEYCHHE IBYXKOM-
NOHEHTHOH CMECH Ta30B B JAaHHOM IIOCTAaHOBKE
umeer Buz [5]:

8—a+@+a—c+@=p1?, (1)
ot ox oy oz

rae @, b, ¢, d, f —BekTop-cTONOIKBI BHIA:
— T
a=[p, pu, pv, pw, EJ, )

Bz[pu, P+pu?, puv, puw, (E+P)u]T, 3)

= 2 T
c=[pv, pvu, P+pve, pww, (E+P)v] , (4)

d= [pw, pwu, pwv, P+pw®, (E+ P)WT ,(5)

f =[0,0,-9,0,—gv]', (6)

rae T —Bpems; U, V, W — COCTaBIISIIOLIUE BEKTO-
pa ckopocti (; P, p — JaBleHHE U MIOTHOCTS;

E — monHas sHeprusi eIWHUIEI 00beMa Ta30BO3-
JIYIIIHOM CMECH:

E=p(e+%(u2+v2+wz)), (7

rae € — BHYTPCHHsISI JHEPrus €IWHHIBI MacCChI

ra3a; KOMIIOHEHTHI BekTopa; f — cyTh mpoekiuu
pacnpesieieHHBIX O00BEMHBIX HCTOYHHUKOB; ( —
YCKOpeHHe CBOOOTHOTO Ta/ICHUSI.

3aKoH MepeHoca KOMIOHEHTB CMECH C YIETOM

ckopoctu quddys3un umeer Bua [12]:

9(pQ) , 9(puQ) . 9(pvQ) . A(pWQ) _ Po. (8)
ot X oy oz
rac Q — OTHOCHUTCIJIbHAas1s MacCOBas IINIOTHOCTb

npuMecH (OTHOIICHHWE IUIOTHOCTH Ta3000pa3HOTO
BEIIECTBA TMPUMECH K IUIOTHOCTA  CMECH),

pQ — MHTCHCUBHOCTb U3MCHCHUS INIOTHOCTHU IIPH-

Mecu BeneacTBHe IH(D(GY3UH B COOTBETCTBHH C
3akoHOM DuKa pg =div(p8DgradQ) (k03¢ pu-

uueHT quddysnn 3, onpenesics 1Mo MeTOAUKE,

npemtoxkernoit M. E. Bepmsauamom [18]).

Cucrema ypaBHenuii (1-8) sBnsercs Hesa-
MKHYTOH. JlOMONHMM €€ YypaBHEHUSIMH, OIpele-
JSIIOIIMMU  TEIUIO(HU3UYECKHEe CBOWCTBA KOMIIO-
HEHTHl cMecu. [ WMAeaTbHOTO TOJUTPOIHOTO
rasa BeJIMYMHA € cBsi3aHa ¢ P u p cmecu 3aBu-

P
( k — 1) p

I'panuunvie ycnosus. Ha Bxone Oynem 3a1aBathb
TPaHUYHEIE YCIIOBHUS HAa TIOBEPXHOCTSIX TEX TPaHEH,
KOTOpPBIE MMPUMBIKAIOT K TPAaHHUIIAM PacueTHOW 00-
JIACTH U 4Yepe3 KOTOPhIE B PaCUETHYIO 00JIACTh TO-
cTynaer aTMocdepHblii Bo3ayx. Haberaromuii mo-
TOK Ha BXOJIC OIPE/IEIIACTCS BETMINHAMU:

— TOJIHOW DHTAJIBIINU

CHMOCTBIO: € =

k P

u? +v2 +w?
00 = + ;
k-1p 2

, )

— (YHKIAHA SHTPOITUH.

doi: 10.15802/stp2018/133637

© 10. A. Cko0, M. JI. Yrpromos, 2018

55



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

Hayxka ta nporpec Tpancnopty. Bicauk /IHIIponeTpoBchKoro

HALIOHAJIBHOTO YHIBEPCUTETY 3alli3HHYHOro Tpancnopty, 2018, Ne 3 (75)

EKOJIOI'ls1 HA TPAHCIIOPTI

(10)

— HANpaBJICHHEM BEKTOpa CKOPOCTH IIOTOKA
(yrnamu o, oy, @, );

— OTHOCHUTEIBHOM  MaccOBOH

npumecu Q .

IIJIOTHOCTBIO

[TapaMeTpsl TMOTOKA Ha BXOJIE ONPEIEISIOTCS
u3 paseucte (9, 10) ¢ yueroM 3amaHHBIX
Oy, 0Ly, O, C MPHUBJIECYEHUEM COOTHOIIEHUS JIA

«eBoro» mHBapuanrta Pumana [19]. Ha menponu-
[AEMBIX y4YacTKaX, OrPaHHYMBAIOIINX PACUETHYIO
00J1aCTh TOBEPXHOCTEH, BBITIOIHAIOTCS YCIOBHS
«HempoTeKaHus»: (; =0, rae i — BEeKTOp HOpMa-

JIM K paccMaTpuBaeMol rpanuiie. Ha moBepxHoctu
WCTIApCHUsST BBICTABIISICTCS YCJIOBHUE MPOTEKAHUS
MPUMECHOT0 Ta3a ¢ 3aJaHHOW HMHTEHCHBHOCTHIO.
I'pannuHbIe YCIIOBHS Ha BbIXOjae OyIeM 3a/1aBaTh
Ha  TOBEPXHOCTAX TEX TpaHed  KOHEYHO-
Pa3HOCTHBIX SYECK, KOTOPhIC MPHUMBIKAIOT K Tpa-
HUIIAM pacueTHOHW O0O0JIaCTH W Yepe3 KOTOphIe
MPEoJIaraeTcsl BRITEKAHNE WIIM BTEKAHUE CMECH.
B BeIXOmHBIX 007acTAX, KpoMmMe aTMoc(hepHOro
nasinenus P, , 3agaBaeMoro ambo B3ATOrO M3 JKC-

MEPUMEHTa, HCIOJIb30BAIIUCh COOTHOLIEHMS IS
«paBoro» uHBapuanTa Pumana [20].

Hauanvuvle ycnosus. B HadalbHBIA MOMEHT
BPEMEHH BO BCEX «Ta3000pa3HBIX» SUEWKax pac-
YeTHOW 00JacCTH NMPUHUMAIOTCS MapaMeTphl OKpY-
JKaronied cpeabl. B sdeiikax ¢ ucnapeHueMm Wid
WCTEYEHUEM Ta3a 3a/1aeTcs 3aKOH M3MEHEHHs pac-
X0J1a IPUMECH.

Aneopumm uucaennozo peuwienus. BekTopHOe
ypaBuenue (1) siBsieTcs CieACTBHEM 3aKOHOB CO-
XpaHEHUs! Macchl, UMITyJIbCa M 3HEPTHH, KOTOPbIE
MOTYT OBITh IPEJCTaBJICHbl B HHTErpaNbHON (op-
M€ 1 KaXKJ0M pacueTHOM STYEHKU:

gﬂjadv +fpAds=[[[ptav, (1)

rae V — o0beM diieMEeHTapHON pacueTHOH sUeiKH;
G — OrpaHdYMBaIOUIas TOBEPXHOCTb JaHHON
SAYeHKH, KOTOpas HMEET BHEIIHIOK HOpMalb
N (6=oh); A — TeH30p IIOTHOCTH TOTOKA KOH-

CEpBAaTUBHBLIX NECPEMCHHBIX a , CTOH6I_IaMI/I KOTO-

poro sBJSIOTCA BekTOopbl b, €, d COOTBETCTBEH-
HO.

3aKkoH mepeHoca KOMITIOHEHTHI cMecH (8) MokeT
OBITH TaK)Ke MPEACTABIICH B HHTETPAILHON (hopme
JUISL KQKJIOW pacyeTHOM sSTYeHKu:

Z[[fpQav +fppQado=[[pqav. (12)

Memoo pacuema. KoOMIIBIOTEpHOE peIICHUE
cucrteMbl (QyHIAMEHTANbHBIX YPaBHEHHH Tra30BOH
JUHAMHMKH JJI1 CMECH, JOIOJIHEHHOW 3aKOHaMHU
COXpaHEHUs Macchl TPUMECE B HMHTErpaIbHOM
tdhopme, momryaeno siBHBIM MeTtoaoM C. K. ['omyHo-
Ba [19]. nst anmpokcuMaimu ypaBHEHWE Diiiepa
MPUMEHSAETCS KOHEYHOPA3HOCTHAS CXeMa MEPBOTO
nopsaka. LlenTpanpHble pa3HOCTH BTOPOTO TOPSI-
Ka MCHoJb3ytoTcs A Auddy3HOHHBIX HCTOYHU-
KOBBIX WICHOB B YPaBHEHHSIX COXpPaHEHUS MpHMe-
ceil. [IpocTass MHTEPNONAIMS AaBIECHUA TTPUMEHS-
€TCcsl B BEpTHUKaIbHOM HampasineHun. Meron [N'ony-
HOBa XapakKTepH3yeTcs POOACTHBIM AITOPUTMOM,
YCTOHYMBBIM K OOJBIIUM BO3MYILEHHUSAM IapaMeT-
POB ITOTOKA (HampuMep, 1aBJICHUS).

B ocHoBe mMeTona pacueTa JIeXHUT UAes UCTIOJb-
30BaHUs JUIsl IOCTPOEHUSI PA3HOCTHOM CXEMBI TOU-
HbIX  pEUIeHUM  ypaBHEHUH C  KyCOYHO-
MOCTOSIHHBIMM HA4aJbHbBIMUA JAaHHBIMH. s TU-
nepOOoIMYECKOll CUCTEMbI TAaKUE pELICHHs pacra-
JTAIOTCS HAa COBOKYITHOCTH HE3aBUCHUMBIX U CpPaB-
HUTENBHO MPOCTO pPACCUUTHIBAEMBIX JeTajeil —
«pacmajzioB pa3pbIBOBY.

Vpaeuenus (11, 12) momyckaioT BO3HHKHOBE-
HUE M CYIIECTBOBaHME IOBEPXHOCTEH pa3pbiBa
IBYX BHJOB: yOapHBIX BOJIH M TaHM€HIHMAIBbHBIX
pa3pbiBOB. DYHKIMH, YIOBJIETBOPSIOMIUE ypaBHE-
Husm (11, 12), MOKHO paccMaTpuBaTh B Ka4eCTBE
0000IIEHHBIX pEeNIeHni ypaBHEHWH Ta30BOM au-
HamMMKH. VIcronb30BaHME MHTErPAIbHBIX 3aKOHOB
COXpaHEHHs MAacChl, UMIYJbCa, SHEPTUU U KOH-
HEHTPAalUU Ta3000pa3HON MPHUMECH B KadecTBeE
UCXOIHBIX UIS IOCTPOCHMS PA3HOCTHBIX YypaBHe-
HUI 00ecIieunBaeT OCTPOSHHE Pa3phIBHBIX pellie-
HUiA 0€3 BBIIEICHUS Pa3phIBOB.

COBOKYITHOCTh Ta30JUHAMHYECKUX MapamMerT-

POB BO BCEX sUeiikax B MOMEHT BpeMenu t" mpej-
cTaBisieT co0OW M3BECTHOE pEICHHE Ha BpPEMEH-

HOM CJIO€ C MHIACKCOM nN. HapaMeprI B MOMCHT

Bpemenn t"" =t"+1 (ma cmoe n+1) paccumTh-

BaJIMCb MOCPECACTBOM MNPUMCHCHUS SBHBIX pas-
HOCTHBIX aHHpOKCI/IMaLII/Iﬁ JUIsL COOTHOIIICHUH
B paMKax MHTETPO-MHTCPHOJAOUOHHOIO METOda
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C. K. T'onynosa [20]. Ha nepBom 3Tame Hemnpe-
PBIBHOE pacHpeiesICHUE NapaMeTpoB 3aMEHSIETCs
KYCOYHO-IIOCTOSIHHBIMH ~ CPEAHEUHTErpaJIbHBIMU
3HAUEHWSIMH B KaXXJI0M pacdeTHoW sueiike. Ilpm
ATOM TPaHUIIBl STYCHKU MPEACTABISIIOT COOOH He-
YCTOMUMBBIE [TOBEPXHOCTH IIPOU3BOIBHOTO Pa3phl-
Ba, KOTOPHIE paclaJaloTCsl HA YCTOWYUBBIE BOJIHO-
BBIE 3JIEMEHTHI: YIapHYIO BOJIHY, KOHTaKTHYIO IO-
BEPXHOCTh M BOJIHY pa3pexeHus. s Kaxmaoro
TAKOT'O pa3pblBa OMNPEIENAIOTCA MOTOKH MAcCChl,
HMMITyJIbCa U SHEPTHUU Yepe3 IPAHU Ta30BBIX SYCEK.
VY CTONYNBOCTh KOHEYHOPA3HOCTHOH CXeMbI obec-
MEYNBACTCS BEIOOPOM BEIIMUYMHEI IlIara 1o BpeMe-
HU T.

Mooenuposanue ucnapenusi. B pesynbTare
JUCKPETH3alUN PacyeTHOH 00JacTH MOBEPXHOCTD
matHa nponuBa CI' Takxke pazOuBaeTcs Ha psija KO-
HEYHOPA3HOCTHBIX A4YEEK Y 3€MJIM B IUIOCKOCTH
XOZ (puc. 4).

A-A 4
Y A Gs :
G.
H ‘ 5”/ 1
1
2
HH 7
A A
O >Z

Puc. 4. luckpernzanws MaTHA MPOJIUBA:
1 — 3emuist; 2 — sIYCHKY MISATHA TIPOJINBA; 3 — STUCHKH
aTMocdepsl; 4 — cyMMapHBIN pacxo]] ra3a yepes IATHO Mpo-
nuBa; 5 — pacxo] raza uepes OJHy sUCHKY ISITHA IPOJIUBA

Fig. 4. Discretization of spillage spot:
1 - earth; 2 — spillage spot cells; 3 — atmosphere cells;
4 —total gas flow through spillage stain;
5 — gas flow through one cell of spillage spot

[Ipu paBHOMEpHOM pa30MEHNN B HANPABICHUHU
oceit OX n OZ momany rpaHeil «HUCIapsIOIInX»
sYeeK ofMHaKoBbl. ClenaB JOMyIIEHHE O PaBHO-
MEpPHOCTH TOTOKA C MSATHA MPOJIMBA, MOKHO OMpe-
JIeTTUTh WHAWBUIYaIbHBIN 3aJlaHHBIA pacXoj rasza
UL KaXk10i u3 sdeex «ucnapenmws» G, =Gg /K,

rae K — KoJMuecTBO sYeek, MPUMBIKAIOIINX K TIST-
HY TIPOJTUBA CXKIKEHHOTO Ta3a.

JlonmycTrM, UMeeTcs ra3oBas cpefia, Uil KOTO-
poii TepMOJUHAMHYECKUE BEIMYUHBI — JIABJICHUC
P, mimoTHOCTh p, BHYTPEHHSS DHEPTUS CIUHHUIIBI
Macchl € — MOMYHHSIOTCS YPaBHEHUIO COCTOSIHUSI.
[IpenmonoxxuM, 9T0 B HaYalIbHBIII MOMEHT BpeMe-
Hu t s meBoro momympoctpancTBa X<0 cpena
XapaKTepu3yeTcsl 3HAYCHUsIMHU MapaMeTpoB Py, py,
Uj, a JuIs mpaBoro mosynpoctpanctea X>0 — 3Ha-
yeHussMu Py, p, Uy (31eCh U — KOMITOHEHTa BEKTO-
pa CKOpOCTH B HaNpaBICHUH KOOPJIUHATHI X,
a IpyTHue ee¢ KOMITOHEHTHI PaBHBI HYIIO) (pHC. 5).

Puc. 5. Pacuernas cxema JJI1 onpeaACTICHU

pacxoja ucrapeHus rasa:
1 — pukTHBHAS BEIUMCINTENEHAS SYCHKA CO CTOPOHBI IISITHA
HPOJINBA; 2 — IPAHHLA «TIPOJIMB—BO3IYX»;
3 — BO3/LyIIHAs pacyeTHas sueika

Fig. 5. Calculation model for determining
the gas evaporation rate:
1 — fictitious computational cell from the side
of spillage stain; 2 — spillage-air boundary;
3 —air calculated cell

doi: 10.15802/stp2018/133637

© 10. A. Cko0, M. JI. Yrpromos, 2018

57



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

Hayka Ta nporpec tTpascropry. BicHuk J{HIIpOneTpoBCHKOro
HALIOHAJIBHOTO YHIBEPCUTETY 3alli3HHYHOro Tpancnopty, 2018, Ne 3 (75)

EKOJIOI'ls1 HA TPAHCIIOPTI

Ecnu npuBecTH B CONMPUKOCHOBEHHE JIBE MAaCChI
rasa, cxartbie /10 pa3inyHbIX aaBieHuii (P; — mas-
JIEHWE CO CTOPOHBI MATHA MPOJNBa, P, — naBieHue
CO CTOpOHBI aTMoc(epsl), U yOpaTh MEPETOPONIKY
MEXIy HHUMH, TO TIOBEPXHOCTh WX COMPHUKOCHOBE-
HUsl OyZeT OBEPXHOCTHIO pa3phlBa B HAYaJIbHOM
pacnpezeneHun AaBieHus. HavanbHBIA pa3pbhiB
pacnanaeTcs Ha HECKOIIBKO pa3pbIBOB, KOTOPHIE C
TEYCHUEM BPEMEHHU OyAyT OTXOAMThH APYT OT APY-
ra. Ha KOHTakKTHOM pa3pbIBe UCIBITHIBAET CKAYOK
IUIOTHOCTh, @ 3HAYUT, W BHyTpeHHss dHeprus (Ry,
E; — nns newoit u Ry, E; — st mpaBoit obnacreit), a
naBieHue P u momepedyHas KOMIIOHEHTa CKOPOCTH
U wmenpepsiBHEI. B cBoIO ouepenb, 3TH obOiacTu
OTJIENIEHBI OT HEBO3MYIIEHHBIX OO0JIacTeil ¢ mapa-
metpamiu (Pi, pi, Up) cHE3Y («cieBay) u (Py, pa, Up)
CBepXy («CIpaBay) WIH yIapHO# BoiaHOW YB, mmm
BOJIHOM pa3pexenus BP.

Pemas 3amady pacmaga paspbiBa Ha TpaHd KO-
HEYHOPA3HOCTHOW SYEHKH, TPUMBIKAIOIIEH K BEH-
TWISIIUOHHOMY TPOeMY, MOJKHO OIIpPEIeIHnTh
IUIOTHOCTH R ¥ CKOpOCTh U, a 3HAYUT, U UHIUBU-
nyanpHBIA pacxop ra3za G; yepe3 paccMmarpuBac-
MYyI0 rpaHb. VICNonb3yd METOJl UTepanuid, MOKHO
nonobpaTh naBieHue P, Takum 00pa3oM, 4TOOBI
pacdeTHbIN pacxon ra3a Gj oTiHyalcs OT 3a1aHHO-
ro G, Ha Hamepen 3aJJaHHYI0 Malyl0 BEIUYHHY €
(puc. 6). TecTHpOBaHHE TAKOTO HTEPAIIMOHHOTO
aNropuTMa IoKa3ajao OBICTPYI0 CXOAMMOCTH IIPO-
recca noadopa JaBJICHUS «HUCIIAPCHUS» W HE3HA-
YUTEIHHOE YBEIMYCHUE OOIEro BpEeMEHH HeCTa-
LIMOHAPHOTO pacyeTa IBMKEHHS T'a30BOl CMECH B
pacueTHO o6Onmactu. Tak kak wuHbOpMaIHI O
MIPENbIYIIEM IlIare UTEepaluyd MO0 BPEMEHH 3aro-
MUHAETCS B CHEIHUAILHOW CTPYKTYpE HaHHBIX, TO
UTEPAIMOHHBIA TIPOIIecC MOJI00pa MPOTHUBOIABIIE-
HUS B IIpo1iecce 0OIIero pacyera yCKopseTcs.

Humepnonayua ¢ynkyuu unmeHcusHoCmu uc-
napenus. [Ipy MOAETUPOBAaHUH NCTIAPEHUS C MATHA
MPOJIBa MHTEHCUBHOCTH «BBIOPOCA» MIPUMECH B
ra3oBoil (paze B aTMocdepy OOBIYHO NMPUHUMAIOT
mocrosiuHoi G = const (puc. 7).

Ecnu umeercs cymmapHas Macca m MpOJIUTOTO
CT" u Bpems 1; Hagama u t, KOHITA mpoIecca ucma-
peHMs, TOT/Aa TeKyIas MHTEHCUBHOCTh MCIIAPEHUS
MOJKET OBITh HaliJIcHa U3 COOTHOIICHHUS:

G=m/(t, —t,)=const. (13)

Hcxoanbie mapaMeTpsl
notoka (P, p1, Ug) u (P2, p2,
U,); 3amarnbIi pacxon G,

A

Pacnan pa3peiBa Ha rpaHu sT9eHKU

\4

Pacuer nmoroka Maccel rasa G;
4yepes rpaHb STYeHKu

na

HCT

Hosoe 3Hauenue napnenus P,

—b( Komnerr nukna )

Puc. 6. UtepaumonHslii anroput™ nogbopa
MPOTUBOJAABIECHUS B TEKYILIMA MOMEHT BPEMEHU
npoliecca UCapeHus

Fig. 6. Iterative algorithm of selection of counterpres-
sure at the current time of the evaporation process

Gf [ 3
KI/C
—————— I
G; . .
i i
i i
| |
i H I.C
i i =
0 11 i2

Puc. 7. TlocTosiHHBIH 3aKOH
WHTEHCUBHOCTH UCITAPEHUS:
t1, t, — Bpems Hauasia ¥ KOHLA NpolLiecca UCIIapeHus;
G,, — 3aaHHasi HHTEHCUBHOCTD MCIIAPECHUS

Fig. 7. Constant law of evaporation intensity:
t;, t, — time of beginning and end of evaporation process;
G,, —specified evaporation intensity

WNHorma 3akoH WHTCHCHUBHOCTH HWCIAPEHUS
G, =f(t) (puc. 8) 3aman TabnuuHOH (yHKUMEH,
KOTOpasi MoJjTyyeHa JIM00 U3 PKCIEPUMEHTA, JIN0O ¢
MOMOIIBIO aHATUTHYECKON MOJieu. B aToM ciiydae

BO3HHKAET MpoOIeMa MHTEPIIOMPOBAHUS TaOIHd-
HO 3ajaHHoi (yHKIMH. [Ipu BEIOOpE mMOmXOIAIIC-
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ro METOJa MHTEPIIONIUPOBAHUS CICAYET YUUTHIBATh
BO3MOXKHBIN CJIOXKHBEIN XapakTep GYHKINA U He-
PaBHOMEPHOCTH PACTIOJIOXKECHHS y3JI0B HHTEPIIOJS-
uu [14].

G, r/(c*m?)
"-.
71 -
1 +'«,1.
3] : .,
I i
! 1
54 -
1
1
PN KA . — | T—
0 1 2 3 4 3 6 tc

Puc. 8. IHTepnionmpoBanie MHTEHCUBHOCTH
UCTIapeHHs KyCOYHO-KYyOUYeCKUM CILIAHHOM:!
1 — Havaso ucnapeHus; 2 — KOHeL[ UCTIapeHUsI

Fig. 8. Interpolation of the evaporation intensity by
piecewise-cubic spline:
1 — evaporation beginning; 2 — evaporation end

10. K. Yepnsites B padote [7] mpoBen aHanu-
THYECKHH 0030p Hanboliee W3BECTHBHIX METOJIOB
HMHTEPIIOJNPOBaHUA (METOJ KOH(GOPMHBIX OTOO-
paXEHUW, SPMHUTOBBI CIUIAHBI, CIUTaliH besbe),
paccMoTpen WX MpenMyIIecTBA M HEIOCTATKU
Y TIPUIIEI K BBIBOMY, YTO HanboJee MoaAX0 MU
SIBIISIIOTCS. KyCOYHO-KyOHMYECKHE SPMUTOBBI CILIaii-
HBI, B OCHOBE KOTOPBIX JISKHUT MeTouKa X. AKu-
MBI TIOCTPOEHHS HETMHEHHBIX MPUOIMKEHUN Tep-
BOM NPOM3BOAHOM B Yy3JaX MHTEPIOIMPOBAHUS
u ee 0000menus [12]. beliu BBeAEHBI TOMOIHU-
TEJIbHBIE TPOMEXKYTOUHBIC Y3JIbI WHTEPIOJISAUH
U JIOKa3aHO, YTO JAHHBIA MPUEM YCTpaHseT KoJie-
0aHus 3HaKa BTOPON MPOU3BOTHOH.

IInouans npoiuBa F (M%) MOXHO OIpeenuTh
TI0 CIIeIyroIeH Gpopmyie:

X r X
po MM =M, (14)
0,05p,,

rac p, — INIOTHOCTb KHUAKOIO OIACHOI'o BeEILIC-

cTBa, Kr/M>; M™ — cymMmapHas Macca HpPOJHTOrO

JKHUJKOTO ONACHOTO BelecTsa, Kr/M°, M'— macca

OTACHOTO BellecTBa, epexoisiias B ra3oBym (a-
3y B MEPBUYHOC 00JIAKO NP MIHOBEHHOM BCKHIIA-
HUM TEPErpeToro  OMACHOTO  BEIIEeCTBA, KT

M — Macca OHAacHOTO BEIIECTBA, IEPEXOAAMIAs
B a3p030J1b B IEPBUYHOE 00JIAKO, K.

CkopocTh UCIapeHusi C MOBEPXHOCTH TPOJIHBA
¥ pacxoj aMMHakKa BO BTOPHYHOM obOJake, oOpa-
3yIOIIeMCsl Ha CTaaud WCIApPSHUs] W3 TPOJIHBA,
ompenenseM 1o Gopmyie [3]:

= Fu10°(5,38 + 4,1upy, )P,

— MOJIIpHasA MacCa OIaCHOro BCIICCTBA,

, kr/c,(15)

rme p

Kr/MOnb; Ug,e, — HadanbHas >pQexTuBHas CKo-

pPOCTh BTOpPHYHOTO oO0OJiaka, OOpasymomerocs Ha
CTaJMU MCIIAPEHUs W3 NpONuBa, M/c; P, — nasie-
HHUE HACBIIEHHOr'O I1apa ONACHOTO BEILECTBA NP
TEMIIEpPAType BO3AYXa, MM PT. CT., KOTOPOE MOXHO
OTIpeaeNIuTh 1o hopMyIe:

P, =760exp| AH_. 1 1t , (16)
TKnn BO3JT
rae T, — Temmeparypa Bosayxa, K; T =~ — Tem-

niepaTypa KHUIEHHS )KHJKOrO ONAacHOrO BELIECTBA
Mpu JaBICHUM B OKpyXKarmomeh cperae Py (mpu
HOPMaJbHBIX YCIIOBUSX TNPHHMMAETCS PaBHBIM
101 325 Ia), K; AH_,, — TennoTa ucnapenus (Ku-

TIEHUS) KUIAKOTO OMACHOTO BeIlecTna, J[K/Kr.
Beposmuocmuas oyenxa 6ezonacnocmu. B pe-
3yJIbTaTe MOJCIUPOBAHUS PACCESTHUS TOKCHYHOU
ra3oBOi MPUMECH B aTMoc(epe MOXKHO HOITYIUTh
(YHKITMH U3MEHEHHSI BO BPEMEHH M MTPOCTPAHCTBE
MaccoBoi KoHIeHTpanuu npumecd Q. Ha ocHo-

BaHWW JTOTO OIpENeNsieTCsl OMacHOCTh BO3ZEH-
cteus OXB Ha o0OCTyXUBaOmMUNA TEPCOHAT
(puc. 2).

PaccMOTpuM  BBIYMCIHUTENBHYIO TEXHOJIOTHIO
OTIpEeIETICHUsI BEPOSITHOCTH mopakeHus. llycTts
WHTETpalbHasl CTENEeHb BO3JCHCTBUS 1 sBIseTCA
CIy4ailHOM, YJIOBIETBOPAIONIEH HOPMAJILHOMY
3aKOHY pacIpeleNieHrs ¢ MaTeMaTHYECKHM OXKH-
JaHWeM paBHBIM 5 W jaucnepcueld paBHoM 1.
B sTOoM cnywyae BenmumHaA BEpOSTHOCTH IOpaXe-
Hus P (u3MmepsieTcs B AONSAX €OMHUIBI) MOXKET
OBITH OLIEHEHA 10 cleayouei GopmyIe:

p- A(t5) gt

17

@I

C npyroil CTOPOHBI, MHTETPAIBHYIO CTEICHB
BO3JEHCTBUS t MOXKHO OLIEHUTH C IIOMOIIBIO
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ypaBHEHHUs1 perpeccur Buaa t=a+b f(;(), rie

X={X,} — KONMYECTBCHHBIC OLEHKH OPAXKAIO-

mux QakropoB; a, b — xodapduuueHTH ypaBHe-
HUS PErpecCHu.
3amaBasi BepxHuil mpenen wuHTerpana (18)

(mpobut-pynxuuto P, =t|; ), MOXHO OTpPEICITUTh

BEpPOATHOCTh ToOpaxkeHus. llpu Bo3zgeiicTBUM
OTpaBJIsIIOIIero0 XuMHudeckoro Bemectsa (OXB) Ha
MEPCOHANT TEXHOTEHHOTO 00BEKTa OCHOBHBIM IIO-
paxaromuM (GaKTOPOM SBISCTCS MHTASIMOHHAS
Tokcogo3a D — wmHTerpan mo BpeMEHH KOHIICH-
tparuu OXB B Bo3myXe:

D= [Q"dr, (19)
0
rae T, — BpeMs DKCHO3ULUM (Bpems, 3a KOTOpoe

HaOWpaeTcsi WHTaSIIIMOHHAs — TOKCOZA033), C;
Q - mpocTpaHCTBEHHO-BPEMEHHOE 3HAYCHHE Mac-

coBoii konuenTpauuu OXB, ppm; n — TabnUYHBIHA
kod(purmeHT (HanpuMep, IS ITHAHUCTOTO BOJIO-
poma n=1).

[TpoOut-hyHKIMS TSI TTOPaKCHHS YeIOBEKa
BCJIEICTBHE BO3JICHCTBUS MHTATSIIIMNA CMEPTEIbHOM
TOKCOZ03bl OTPAaBJISIIOIIETO XUMHYECKOTO BeIlIe-
CTBa B 00IIEM ciTy4dae onpeersiercs mo Gopmyie:

P, =A+B-In(D), (20)

rie A u B — tabnauyHble NOTY3MITMPUYECKUE KO-
3¢ ¢uIMeHTs (HanpuMep, Uil UAHUCTOTO BOZO-
poma A=-37,98; B=-3,7).

OOBIYHO B MH)KEHEPHOW MPaKTHKE MOIyuYeHHE
BEPOSITHOCTU MOPAXEHUS MPOUCXOAUT BU3YaJIbHO
C WCIIOJb30BaHUEM TAOJIMIBI 3aBUCHMOCTH BEpO-
SATHOCTH OT MPOOUT-PYHKIUH MOpakaromero hak-
TOopa. DTO HEYAOOHO M HE TMO3BOJSIET MCIOJB30-
BaTh JQHHBIHA aImapaT WHTETPUPOBAHHBIM B KOM-
NBIOTEPHOM CHUCTEME HJIsl OLICHKM TEXHOTCHHOMN
6e3onacHoctu. [loaTomMy 11 aBTOMaTH3aIMU MPO-
necca CBsI3b MPOOUT-QYHKIIMM W BEPOSATHOCTH
CMEPTENHLHOTO MMOPAKEHUsI YeJI0BEKa TIPOUHTEPIIO-
JUPYeM KyCOYHO-KyOHMYECKHUM 3PMHUTOBBIM CILIa-
HOoM, 0006mieHHbM 0. K. YepHbiieBsim (puc. 9).

PesyabTarsl

Anpobayus mamemamuyeckoi modenu. Ilpen-
JIOKEHHBI aJITOPUTM U METOJl ydeTa IepeMeHHON
WHTEHCUBHOCTH HCIIAPEHUs COKIKEHHOTO TOKCHY-

HOTO Ta3a ¢ MOBEPXHOCTU IMATHA MPOJHBA B MPO-
necce BBIOpOCa Ta3oBOM MPHUMECH B TPU3EMHBIH
ciioi aTMocdepbl ObUT peaiu30BaH B BUJE IMOJCHU-
CTEMbI HCCJIEIOBATEILCKOTO MPOrPAMMHOTO KOM-
iekca «Fire». KoMruieke mo3BosisieT mpou3BOIUTh
TPEXMEPHbI aHAIN3 PACCESHUsI TOKCUYHBIX a30-
00pa3HbIX MpUMeEce BO BPEMEHU M MPOCTPAHCTBE
B MPAKTHYECKH MPUEMIIEMOE BPEeMs U JIeJaTh Mpo-
THO3 PHUCKOB JIETAJIHHOTO MCXO0J]a BCIIEACTBUE BO3-
JICHCTBUST MCHAPCHUH TOKCHYHOTO Ta3a Ha opra-
HU3M 4enoBeka (puc. 10, 11).

TectupoBanue pa3paboTaHHON WHGOPMAIUOH-
HOM TEXHOJIOTUU U aHaIu3 3(P(HEKTHBHOCTH ayro-
pUTMa TPOBOJMIIMCH HA MPUMEPE MOJCTHUPOBAHUS
ucnapenus: 6925 Kr CKMKEHHOTO ITHAHUCTOTO BO-
Jopoaa (TOKCHYHOTO B3pPBIBOOIMACHOTO BEIUIECTBA
MIOTHOCTEIO 689  Kr/M°, MonspHOi  Maccoit
0,027 kr/monb, TemmnepaTypoil kumeHus 298,6 K,
teroTor ucnapenus 933 kJK/Kr) ¢ ISATHA IPOJIK-
Ba B (OopMe OKpYKHOCTH pamuycoM R, oOpaso-
BAaBIIIETOCSA B PE3yJAbTAaTe PA3PYIICHUS TUCTECPHBI
B pailoHe KEJIe3HOJOPOKHON CTaHIMU B 4YepTe
HACEJICHHOTO IyHKTa C OOJBIMMH 3MaHUSIMHU (KO-
3 PUIMEHT CTENEHHOI 3aBHCUMOCTH IS aIlpoK-
CHMAIIMU CKOPOCTH B aTMOC(EPHOM CJIOE HaJ I10-
BepxHocThiO 3emiti K = 0,4) (puc. 10).

F p—

S0 f'

80
70

&0 I
50 ,

40 !
30 I

20

10 .f

0 i
2 3 4 5 & 7 Pr

Puc. 9. lHTepnionmpoBanye 3aBUCUMOCTH
BeposITHOCTH P mopaskenust ot npoOuT-QpyHkmu Py
nopaxarorniero gakropa

Fig. 9. Interpolating the dependence of P lesion proba-
bility on the probit-function P, of the adverse factor

LleHTp OKPY)KHOCTH MSTHA MPOJIMBA PACIOJIa-
rancs Ha pacctosHuu XC =16 M, ZC=16 M ot
Hayana KOOpAMHAT B pacueTHOH obiactu ¢ rada-
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putamu LxxLyxLz = 85x10x85 M u BapuanToMm 1o
KOJIMYECTBY SYEEK BJOJNb KOOPAWHATHBIX OCEH
85x10x85.

Ha paccrossann Xa=30Mm u Za=28wm ot
Hayajga KOOPAMHAT pAcIojarajoch 3[JaHUE CTaH-
1uu ¢ radapuramu DXxxDyxDz = 15x5%25 m.

Betep naberaer co ckopocTeio 3 M/c HOA yT-
som 45° k ocn OZ na Beicote 0,5 M. B 3TOM citydae
HadanbHas S(QQEKTHBHAS CKOPOCTh BTOPUYHOTO
o06aka, 0Opa3yIoIIerocsi Ha CTaJul UCIAPEHUs U3
mpoJjvBa, coctapsuia 1,19 m/c.

Ecmu mpenebpeur Maccoil ra3oBoil (pakiuu

M" mepBu4HOrO OOJaKa, 0Opa3oBaBIIErocs B pe-

3yabTaTe aBAPUHHOTO Pa3pyIIeHHs EMKOCTH,
M YYecTb, YTO TEeMIepaTypa KHIICHUS BELISCTBA
BBIIIE TEMIIEPATYPhl OKpYKaromeil cpeasl (Macca
ONIaCHOTO BEIIECTBA, MEpPEeXOoAdIlas B a’po30Jib
B nepBruHOe obmako M =0), mo dpopmyne (14)
MOXXHO OIpPEACIHUTh IUIOUIAJh IMSTHA IPOJIUBA
201 M° M COOTBETCTBYIOLIMII pajHyc ISTHA
R =8 M. Torma B coorBercrBuu ¢ popmyioii (15)
MHTEHCUBHOCTh MCHAPEHUS UAHUCTOTO BOAOPOJIA

C IIsITHaA HpOJ‘II/IBa 6y}:LeT COCTAaBJIATH
0,00106 kr/c/m>.
F 3
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e
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Puc. 10. Kapra 00beKTOB y 3eMJIH:
1- BEKTOP CKOPOCTHU BETpPA, 2 — IATHO npoJjmBa;
3 — 3naHue

Fig. 10. Map of objects near the ground:

1 — vector of wind speed; 2 — spillage stain;
3 — building

CunTtanoch, 4TO UCHApEHUEC HAYUHAIIOCH C MO-
MeHTa BpeMeHH t; =0 ¢ ¥ TpUHYIUTENBHO Tpe-
Kpamanoch mo wucredennto {, =5 ¢, Hampumep,
C TIOMOIIIBIO 3aJIUBKH TATHA TPOJIMBA CHCIIHATHHON
TeHOH. BpeMst OKOHYaHMsI pacyeToB OBLIO MPUHS-
TO TaKWM, YTOOBI Ta30BO3AYIIHOE TOKCHYHOE 00-
JIAKO TIOKUHYJIO MTPEIEIbl pACYETHON 00IaCTH.

Bru10 BEIMONHEHO /1Ba BapuaHTa pacuera: 1-if —
0e3 ydera HaIWYMs 3IaHUS IKEIC3HOAOPOMNKHON
CTaHIIMU U 2-i — C YYETOM 3arpOMOXKJICHUsl 00Jia-
cTH pacyera 3nanueM (puc. 11, 12).

AHanmu3 U3MEHEHUs! ToJied MacCOBOW KOHIICH-
TpallM¥  [HMAHUCTOTO  BOAOPOJA  HPOBOJHUIICS
B mockoctd XOZ B ci10€ BBIYUCIUTENBHBIX SUSEK
y 3emu. Ha puc. 11, a npencraBieHa nuHaMuKa
pacrpocTpaHeHUSI TOKCUYHOTO BEIIeCTBa 6e3 yde-
Ta TMPHUCYTCTBHUA 3MaHWsA. BumgHO, 4To 00Opa3oBas-
eecs Mocje UCIapeHus: 00JIako OeCIPersITCTBeH-
HO TOKHJAET pacyYETHYI 00JIacTh, MOCTEMEHHO
paccenBasiCh.

BrusiHue 3arpoMokeHusl pacueTHONW 00JIacTé
3JJaHUEM CYIIECTBEHHO M3MEHSET KapTHHY pacce-
WBaHUSl OTPABJISIONICT0 XUMHUYECKOTO BEIIECTBA
(cMm. puc. 11, 6). TokcuuHoe 00aK0 MeHsET (op-
My M pa3Mepbl B COOTBETCTBHH C TEUYCHHUEM Ta30-
BOHM CMecH, KOTOPOE BhIpadaThIBACTCS B MPOIIECCE
oOrexanus 3qaHust. Hannmuue npensTcTBUA yBENH-
YUBAeT HE TOJHKO MaKCHMaJbHBIE 3HAYCHHS] Mac-
COBOM KOHIICHTPAIlMM TOKCUYHOTO BEIIECTBA, HO
M BpeMs TIPOXOKJIeHUsT o0JlaKa Mo pacuyeTHOM 00-
JACTH, a 3HAYUT W BPEMS IKCIO3UIMHA OOCTYXH-
BaIOIIEr0 MIepCOHaja BpeAHOMY BO3AECHCTBHUIO.

HecranuonapHublie 1moJisi MaccoBOM KOHIIEHTpa-
MU [TUAHKCTOTO BOJIOPO/Ia MOKHO PacCMaTpUBATh
KaK MPOCTPAHCTBEHHO-BPEMEHHOE PACIIPE/ICICHIC
OIMacHOTO TIapaMmeTpa UccleryeMoro (Gu3n4eckoro
mporiecca. TH TaHHbIC UCTIONB3YIOTCS JJIs pacye-
Ta TOKCOJIO3bl KaK MOpakawiero ¢akropa, mpo-
OUT-OYHKIMH [T IHAHUCTOI'O BOIOPOJA U, COOT-
BETCTBEHHO, YCJIOBHOH BEPOSTHOCTH JIETAIbHOIO
WCXOJa JJI YelNOoBeKa NpPU HMHTAIALNWU JTAHHOTO
TOKCHYHOTO BeriecTsa (puc. 12).

Hcnonp3yeM 1jisi CpaBHEHHS PacCMOTPEHHBIX
BapUAHTOB BBIYHUCIUTEIHHOTO DSKCIIEPHMEHTa Xa-
pPaKTepHYIO IUIOMAAh SX pacdyeTHOr o0jacTu y
3eMJTH, KOTOPYIO 3aHHMAaEeT 30Ha C YCIIOBHOW BEpo-
SITHOCTBIO JieTanbHOro ucxona 50 % u BeIIIe.

B ciyuae yuera 3arpomoxaeHus (puc. 12, 6)
XapaKTepHasi OMacHasi 30Ha cocraBisima 1290 M,
YTO CYIIECTBEHHO OOJIbIIE, YeM B TIEPBOM BapHaH-
Te pacyeta (puc. 12, a) — 1001 m2.
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o

30

10

Puc. 11. ITosst OTHOCHTEIEHOM MacCOBOM
KOHIIEHTPAIUXA TOKCUYIHOH MPUMECH B MOMEHT
Bpemenu t = 20 C mociie Havyana ucnapeHus:
a — 0e3 37aHus; 6 — CO 3JaHHEM

Fig. 11. Fields of relative mass concentration of toxic
content at the moment t = 20 sec after
the beginning of evaporation:
a — without building; b — with building

KadecTBeHHBI M KOJWYECTBEHHBIM aHAIU3
MPEACTABICHHBIX TMOJCH YCIOBHOM BEPOSTHOCTH
JIETaIbHOTO UCXO0J1a BCIEACTBUE MOPAKEHUS YENO0-
BEKa MHTAIALMOHHON TOKCO0301 MO3BOJIAET cle-
JIaTh BBIBOJI O CYLLIECTBEHHOM BIIMSIHUM 3arpPOMOXK-
JIEHUS MPOCTPAHCTBA 31aHUEM Ha PACIIOJIOKECHUE U
(hopmy omacHoOM 17151 00CTYKUBAIOIIETO TIEpCOHATA
30HBI, YTO OOOCHOBBIBAET HEOOXOIUMOCTh yUeTa

Puc. 12. Tlone ycaoBHOW BEPOSTHOCTH JIETAIBHOTO HC-
XOfIa 9eJI0BeKa y 3eMIH, %o:
a — 0e3 37aHus; 6 — CO 3JaHUEM

Fig. 12. The field of conditional probability of a per-
son’s death at the ground, %:
a — without building; b — with building

JIAHHOTO (haKTOpa MPH aHAIW3E U MPOTHO3E Pa3BH-
THS TEXHOTEHHOW aBapHU PAcCCMOTPEHHOTO THIIA
Ha MPEINPUATHAX C IETbI0 BHIPAOOTKHA PEKOMEH-
JTAIAil 10 CHIKEHHIO PUCKOB JIETATBHOTO UCXOJa.

Hayuynasi HOBU3HA U paKTHYecKast
3HAYUMOCTD

B wmaremaTtudeckoi MOJENM YYWUTHIBAIOTCA:
CKUMAEMOCTh TMOTOKA, CIOXHBIN penbed) MEeCTHO-
cTH (3arpOMOXKJICHHE MPOCTPAHCTBA 3IAHUSIMH),
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TPEXMEPHBIA  XapakTep MpOoLEecca paccesHus,
HaJU4re UCTIAPCHIS C MATHA TPOJIMBA TOKCHYHOTO
BEIIIECTBA C MEPEMEHHON WHTEHCUBHOCTHIO. Mo-
Jedb TO3BOJISIET TONAy4YaTh MPOCTPAHCTBEHHO-
BPEMCHHEIE PACTIPECICHUS OIACHOTO IapamMeTrpa
— OTHOCHUTEIBHON MacCOBOM KOHIIEHTPAIlUU TOK-
CUYHOTO Ta3a U MOpaXkarmero (pakropa — WHrals-
LIMOHHOW TOKCO03bI, HEOOXOAUMBIE 1T aBTOMa-

CHYHOTO XMMHYECKOIO BEIIECTBA B YCIOBHSAX 3a-
CTpPOMKH. B 0OCHOBY MeTO1a ITOJIOKEHA TPEXMEPHAS
MaTeMaTH4YeCKass MOJIENb IIPOlecca HCIapeHus
C 33JJaHHON MHTEHCUBHOCTBIO CKMKEHHOTO TOKCH-
YeCKOro ra3a ¢ ISITHa MpPOoJIHMBa, 00pPa30BaBLIErOCS
B pe3yibTaTe paspyLIeHUs] EMKOCTH TPaHCIOPTH-
POBKHM WM XpaHEHUS, U €r0 PacCesiHUsI B MPHU3EM-
HOM ciyioe aTMocdepsl. Moaens Mo3BOJSET MOTy-

qaThb I10JI4 PIHFZU'DIHPIOHHOIZ TOKCOAO03bI U C IIOMO-
LIbI0 MPOLEAYPHI MPOOUT-aHAIN3A YHUCIEHHO OLe-
HUBAaTh YCJIOBHYIO BEPOSITHOCTh  IOPaKCHUS
IEPCOHANA, KOTOPBII MOABEPraercs: BO3IECHCTBHIO
TOKCHUYHOI'O ra3a Kak IIOKa3arensi 0e30MacHOCTH
TEXHOTEHHOr0 o0bekTa. JlanpHeiilmee coBepIIeH-
CTBOBAHHUE JJaHHOTO METOJa JIEKHT B 001acTu pac-
CMOTpEHHsI KOMOWHAIIMM aBapHUHBIX CLIEHAPHEB
C Pa3IMYHBIMH HOPAKAOLMMHU (HaKTOPaMHU.

TU3UPOBAHHOT'O OHNPCACIICHUA HCCTAIMOHAPHBIX
TPEXMCPHBIX IoJICH BCPOATHOCTU NOPAKCHUSA 00-
CJIY’KHMBAIOIICTO IIEpCOHAJIa Ha OCHOBC Hp06I/IT-
aHaJIu3a.
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MATEMATHUYHE MOJIEJIFOBAHHSA HACJIIAKIB BUTIAPOBYBAHHSA
ABAPIFMHOTI'O ITPOJIMTTSI TOKCUYHUX PEUYOBHH HA 3AJII3HAY-
HOMY TPAHCIIOPTI

Meta. OCHOBHOIO METOIO pOOOTH € PO3paxyHOK MPOCTOPOBUX TOJIIB PO3MOAITY YMOBHOI HMOBIPHOCTI JieTallb-
HOTO YpaXCHHS OOCIYTOBYIOUOTO NEpPCOHANY 3ali3HHYHOI CTaHIi, BUKIWKAHOTO IHTAJAIEI0 TOKCHYHOTO Ta3y,
SIKHH PO3CIIOETHCS B IPU3EMHOMY IIapi atMocdepr B yMOBax 3aJaHol BiTpOBOi 0OCTaHOBKH, AJISl YHCEIBHOI OIliHKH
piBHS Oe3IeKn TeXHOTeHHOTo 00’ ekTy. MeToauka. Po3po0iieHo TpHBHMipHY MaTeMaTHYHY MOJENb POIIeCiB BHIIA-
POBYBAaHHS TOKCHYHOI XiMIYHOI PEYOBHHH 3 MOBEPXHI IUIIMHU MPOJIUTTS B PE3yibTaTi aBapiifHOTO pyHHYBaHHS €M-
HocTi 30epiranHas abo TPaHCIOPTYBAHHS 3PIHKEHOTO Ta3y 1 MOJANBIIOr0 PO3CiFOBaHHS Ta30BOI JOMIIIKH B IPU3EM-
HOMY IIapi atMocdepH 3 ypaxyBaHHIM 3axapalieHHs NpocTopy OymiBisiMU. Takok po3po0iieHO 0OYUCIIOBAIBHY
TEXHOJIOTII0 BU3HAYCHHS YMOBHOI HMOBIPHOCTI ypasKCHHs JIOJWHU TOKCHYHHM Ta30M Ha OCHOBI MPOOIT-aHANi3y
CTYIICHS BIUIMBY Bpaxkarouoro (akropa (iHraasiiiiHol TOKCO031) Ha OopraHi3Mm mroauHu. J{ins aBToMaTu3anii oouu-
CIJIIOBAJIHOT'O MPOIECy TaOINYHY 3aJI€KHICTh «IPO0IT-PYHKIIsSE — HMOBIPHICTh ypa)KeHHs» 3aMIHEHO y3arajlbHEeHUM
KyCOUHO-KyOiYHMM cruiaiiHoM. Pe3yabraTn. Ha ocHOBI po3po0ieHux Mojesnell oTpuMaHi pe3ysibTaTi po3paxyHKiB
MIPOCTOPOBO-YACOBUX IOJIB YMOBHOI IMOBIPHOCTI CMEPTENIFHOTO ypa)KeHHs NEPCOHATY 3aJi3HUYHOI CTaHIii, SKUH
MiAaBCs IHTAIAMIHHOMY BIUIMBY XMapH Ta30IMoIi0HOTO IiaHicTOro BOAHIO. Br3HaueHO, M0 HAasgBHICTH OyAiBENh Ha
[UIAXY PO3CIFOBaHHSA TOKCHYHOI XMapH 30UIBIIyeE TUIONTY KOHIICHTPAIIl Ta Yac MPOXOIKEHHS XMapH MO pO3paxyH-
KOBilf 00NacTi, 10, BigNOBITHO, 30UIBIIyEe Yac EKCIO3HUIlI OOCITYrOBYIOUOTO IEPCOHANY IIKiJIHBOMY BIUIHBY.
HaykoBa HoBH3HA. Y po3po0IeHiit MaTeMaTHYHIIl MOJeli BpaXOBYIOTHCS: CTHCIHMBICTH IOTOKY, CKIQIHUAN perbed
MICIICBOCTI (3aXapaleHHs PO3paxyHKOBOTO MPOCTOPY OYIIBISIMH TEXHOTEHHOTO 00’ €KTY), TPUBHUMIPHHN XapaKTep
MIpOIIeCy PO3CIIOBAaHHS Ta30N0Ai0HOT JOMIMIKH, HASIBHICTH BHIIAPOBYBAHHS 3 TUIIMHU HPOJUTTS TOKCUYHOI pEYOBUHH
31 3MIHHO IHTEHCHBHICTIO B 3aJIS)KHOCTI BiJ BITPOBOI 0OCTAHOBKH, (DI3HUHUX XapaKTEPHCTHK JOMIIIKH 1 KJIacy
HIOPCTKOCTI MPU3EMHOT0 Iapy arMocdepr. MaremMaTudHa MOZEIb JI03BOJISIE OTPUMYBATH ITPOCTOPOBO-YACOBI PO3-
MOUTA HeOE3MEYHOTo MapamMeTpa — BIJHOCHOT MacoBOI KOHIICHTpAIli TOKCHYHOI'O a3y i Bpakarodoro ¢axropa —
IHTaJIIiHHOT TOKCO03H, SKi HeoOXiIHI A7 BU3HAUYCHHS HECTalliOHAPHUX TPUBUMIPHUX IOJIiB YMOBHOI HMOBipHOC-
Ti ypaXeHHS OOCIyTOBYIOWOTO IIEpCOHANy TEXHOI€HHOro o00'€eKTy Ha OCHOBI amapary TmpoOiT-aHalizy.
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IpakTuuna 3HaunMicTb. Po3pobiieHa o0UHCITIOBaIbHA TEXHOJIOTIS JO3BOJISE €KCIIEPTY Ha eTari MPUHHATTS pi-
IIEHHS 3/[IHCHIOBATH aBTOMATH30BaHWI YUCEJILHUN aHai3 i MPOTHO3 B Yaci Ta MPOCTOPi YMOBHOI HIMOBIpHOCTI cMe-
PTENBHOTO ypakeHHs 00CIYrOBYIOUOTO MEePCOHANY, SIKUM MiJIA€ThCs IHrASIIIHHOMY BIUIMBY TOKCHYHOTO a3y siK
CKJIaJIOBO1 YaCTHHHU NOKAa3HHUKA OE3IeKH TEXHOTCHHOTO 00'€KTy — iHIMBITyallbHOTO PHU3HKY.

Kniouosi crosa: Ta3oBi cymimti; 9ucensHi MeTOH; AudepeHianbHi PiIBHAHHSA 31 YaCTHHHUMH TIOX1IHUMH; BIUTHB
IIK{ITTNBUX PEYOBUH; 3a0pyAHEHHS
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MATHEMATICAL MODELING OF EVAPORATION CONSEQUENCES
OF TOXIC SUBSTANCE EMERGENCY SPILLAGE AT RAILWAY
TRANSPORT

Purpose. The main purpose of the article is calculation of spatial distribution fields of the conditional probability
of lethal damage to the railway station personnel, caused by the inhalation of toxic gas, which is dissipated in the
surface layer of the atmosphere under the conditions of a given wind situation, for a numerical assessment of the
safety level of the technogenic object. Methodology. The authors developed a three-dimensional mathematical
model of the evaporation processes of toxic chemical substance from the surface of the spillage stain as a result of
emergency destruction of the storage or transportation capacity of liquefied gas and further dispersion of the gaseous
admixture in the ground layer of the atmosphere, taking into account the cluttering of space by buildings. Also it
was developed a calculation technology for determining the conditional probability of human injury by toxic gas on
the basis of probit-analysis of the impact degree of damaging factor (inhalation toxodose) on human body. To auto-
mate the calculation process, the tabular dependence «probit-function-injury probability» is replaced by a general-
ized piecewise cubic spline. Findings. Based on the developed model we obtained the results of calculations of the
space-time fields of the conditional probability of lethal injury to the railway station personnel who underwent inha-
lation exposure of a cloud of hydrogen cyanide gas. We also determined that the presence of buildings on the way of
the toxic cloud dispersion increases the concentration area and the time of cloud passage along the calculated area,
which, accordingly, increases the exposure time of station personnel to harmful impact. Originality. The developed
mathematical model takes into account: the flow compressibility, the complex terrain (cluttering of the calculation
space by the buildings of technogenic object), the three-dimensional nature of dispersion process of the gaseous ad-
mixture, the evaporation of a toxic substance with a variable intensity depending on the wind conditions, physical
characteristics of admixture and the roughness grade of atmosphere surface layer. The mathematical model makes it
possible to obtain spatio-time distributions of a dangerous parameter — the relative mass concentration of toxic gas
and the damaging factor — inhalation toxodose, which are necessary to determine the nonstationary three-
dimensional fields of the conditional probability of injury to the technogenic object personnel on the basis of the
probit-analysis apparatus. Practical value. The developed calculation technology allows the expert at the decision-
making stage to perform automated numerical analysis and forecast in time and space of the conditional probability
of lethal injury to service personnel exposed to the inhalation effect of toxic gas as an integral part of the safety in-
dex of a technogenic object - individual risk.

Key words: gas mixtures; numerical methods; partial differential equations; exposure to harmful substances;
pollution
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FORMATION PECULIARITIES OF FINANCIAL RESOURCES OF PJSC
«UKRAINIAN RAILWAY»

Purpose. The need for technological modernization of the railway industry in Ukraine, creation of favorable
conditions for investment and introduction of innovations in the industry require significant financial resources. The
purpose of the article is investigation of possible sources of attracting financial resources necessary for development
of Ukrainian railway transport, in particular, during further organizational arrangements and procedures for the rail-
way industry corporatization to search for ways to optimize them. Methodology. During research the methods of
comparison, scientific search, analysis and synthesis were used to study the existing sources of financing for corpo-
rations abroad and at Ukrainian enterprises. Findings. Analysis of the existing and search for more efficient sources
of financial resources necessary for financing Ukrainian railway transport modernization in the process of the rail-
way industry corporatization is carried out. The growth of the financial results share in the amount of internal own
resources is achieved by taking measures to increase profits. A significant part of the economic activities financing
can be provided by issuing corporate bonds with the presence of positive effect of the financial leverage. Accounting
of the financial leverage effect is an efficient tool for optimizing the structure of the share capital and determining
the expediency of loan resources. In the process of corporatization, PJISC «Ukrzaliznytsia» should create an efficient
system of financial resources that fully takes into account the specifics of its activities, motivates to increase labor
productivity with the ultimate purpose of ensuring the external competitiveness of the Ukrainian railway industry.
Originality. Based on the study of scientific and methodological sources, as well as the analysis of sources
for financing the economic activities of railway transport, the ways of their optimization are proposed.
Practical value. Introduction of the proposed approaches will make it possible to justify the economic feasibility
and proportionality of internal and external sources of the railway transport financing under the conditions of corpo-
ratization.

Keywords: railway transport reforming; railway corporatization; source of financing; corporate bonds; equity;
loan capital; financial leverage effect

the formation of final structure of PJSC
Introduction «Ukrzaliznytsia» — a vertically-integrated holding
company like German state railway Deutsche Bahn
[13] at the third stage of their reforming (2017-
2020). At the same time, one of the urgent tasks of

Transition of Ukrainian railway to the joint-
stock form of management and formation of PJSC
«Ukrzaliznytsia» at the end of 2015 [10] foresees
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reforming the railway industry is the formation of
favorable conditions for investing in order to at-
tract and manage efficient financial resources.

The existing structure of railway transport
management, the state of technical base of Ukrain-
ian railways and the technological level of
transportation organization do not meet the
growing needs of society and world standards of
transport services quality. The complexity of the
situation is aggravated by the fact that at present
PJSC «Ukrzaliznytsia» does not have a clear plan
of actions to improve and renovate the state of
fixed assets. The main obstacle in developing such
plan is the lack of financial resources necessary for
capital investment, therefore the key direction in
solving this issue is the search for sources of
funding for the railway investment activity. Due to
the incomplete correspondence of the existing
forms and methods of the Ukrainian railway indus-
try financing to the requirements of the modern
market environment, study of the formation issues
of the financial resources for PJSC «Ukrzalizny-
tsia» is one of the most important directions.

In different periods of transition of Ukrainian
economy to market relations, the problem of
railway industry reforming, including its funding,
the issue of investment development and financial
support for railway transport, as well as the
consequences of the reforming process were solved
by many domestic and foreign scientists and
specialists. In particular, they are I. M. Aksonov,
H. Aleksandersson [14], Ye. |. Balaka,
Yu. S. Barash, O. M. Hnennyi, V. P. Hudkova [1],
A. O. Diehtiar [2], O. H. Deineka [3], V. L. Dykan,
N. M. Kolesnykova, V. V. Kompaniiets  [4],
M. V. Kondratiuk, Yu. F.Kulaiev, P. V. Kurenkov,
M. V. Makarenko, V. V. Matviienko [5],
Yu. L. Mokhova  [6], V. Nikitinasa  [15],
I. P. Petrenko, L. O. Pozdniakova, O. M. Pshinko,
Ye. M. Sych, V. V. Skalozub, N. S. Sokolovska,
L. Tompson [16], Yu. M. Tsvietov, V. V. Chornyi,
V. V. Shemaiev [13] and others.

However, despite a large number of studies, the
search for reliable and efficient sources of financial
resources for the railway industry in Ukraine needs
further analysis and revision.

Purpose

The main purpose of the research is to identify
the main organizational and economic aspects of

the formation of financial resources of PJSC «Ukr-
zaliznytsia» and their management in the process
of corporate transformation of the railway industry,
as well as the development of measures to optimize
the structure of financial resources and search of
the most efficient corporate sources of financing.

Methodology

The purpose is achieved by using the
comparative, scientific search, synthesis and
analysis methods. The research of financial
resources formation of the PJSC «Ukrzaliznytsia»
has been carried out on the basis of analysis of the
existing funding sources of the corporations
activity abroad and at the enterprises of Ukraine.
Analysis of scientific works in the part of positive
experience of railway transport reforming shows
that the choice of the most efficient corporate fund-
ing sources foresees optimization of the financial
resources structure taking into account the railway
industry specifics.

Findings

At the present stage, the efficient functioning of
Ukrainian railway transport is complicated by the
influence of a number of factors of the external and
internal environment: the crisis state of the country's
market economy, low level of liquidity and financial
stability of the railway, substantial wear of its fixed
assets, lack of significant investment resources,
reduced transportation quality, expenditures excess
of the industry over its income.

Some experts argue that introduction of
a market paradigm in Ukraine has led to total
degradation of the economy and railway transport.
The years of «shock» reforms have led to a deep
economic crisis: the volumes of transportations and
revenues of railway transport have decreased. The
wear of active part of fixed assets exceeds 90%,
the profit-making industry has become unprofita-
ble. Only for the period from 2010 to October 1,
2016 the number of employees decreased by 25%
[4]. According to V. Balchun, former chairman of
the board of PJSC «Ukrzaliznytsia» (stickler of
market reforms), the system is on the brink of col-
lapse. However, according to the reform project,
the same V. Balchun planned to increase the labor
productivity by 40% and reduce operating costs by
34.8% from 2017 to 2025 [11]. However, Ukraine
has chosen the European way of economic devel-
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opment. Therefore, the issue of further reforming
the domestic railway transport of Ukraine is expe-
dient and relevant one.

Experience of developed countries shows that
corporatization and functional separation of
railways is the most promising way of railway
transport reforming and solving the problems of
financing its future transformations. In the process
of corporatization of Ukrainian railway transport,
the state restricts its functions as a business entity,
but, on the other hand, it strengthens its role as
a regulator of market relations. In addition, the
state retains responsibility for the transport process
safety, provision of transport services in those sec-
tors and segments of the railway activity, where
the market relations are virtually absent or not yet
sufficiently developed.

In general, the foreign experience of railway
reforming does not clearly confirm that corpora-
tization and functional separation of railways is the
best form of railway transport management, but it
clearly indicates that each model, like every form
of ownership, has its advantages and disad-
vantages. This is due to the influence of many fac-
tors, for example, the difference in the stages of
economic development of countries, orientation on
the management of the industry, the need to attract
investments, etc. Although one of the most im-
portant reasons for the infrastructure allocation is
the strengthening of the railway transport positions
in competition with other transport modes and, first
of all, with road transport [20].

The world-wide practice in economically
developed countries shows that these countries,
unlike Ukraine, have approached to the railway
reforming already with a stable economy, having
sufficient financial resources for transformation in
the organizational structure of railways and the
renewal of their infrastructure. Thus, the reform
model of German railway (which is an example for
PJSC «Ukrzaliznytsia») provided creation of
public joint-stock company «Deutsche Bahn AG»
based on the state enterprises. The state had 100%
of this company stock. Individual joint-stock
companies were created to manage the railway
infrastructure. The third stage of the German rail-
way reforming was a partial privatization of the
company «Deutsche Bahn AG». Some of the com-
pany's shares are to be sold to private investors,
provided that the controlling interest is held by the
«Deutsche Bahn AG». Thus, Germany has com-

plied with the EU legislation on the delimitation of
the delivery of railway services from the railway
infrastructure management [18]. However, already
in the first year, the German state has invested in
the railway infrastructure renovation more than
100 billion euros. At present, in the budget of
Ukraine there are no such reserves.

Another way of financing PJSC «Ukrzalizny-
tsia» may be the experience of reforms in the
railway industry in Sweden, in which the
infrastructure and operation companies remained
state-owned, but operate on a commercial basis. As
a result of the reform, the quality of services in
passenger and cargo transportations has been
significantly improved, and the railway position in
the transport market has been strengthened. In
parallel, corporatization of passenger and cargo
transportation management took place. In 2001, the
corporatization of railway units took place. Since
2009, the market has been completely open for
other railway operators [14]. However, this way of
the railway industry reforming required significant
financial investments from Sweden in updating its
infrastructure.

Ukrainian railways corporatization and the sep-
aration of transportation services from railway
infrastructure  management can provide an
opportunity to increase the efficiency of decision-
making in corporate governance, accelerate the
investment  programs  implementation, and
facilitate the attraction of additional financial
resources for the modernization of the infrastruc-
ture [7]. At the same time, the existing program of
the Ukrainian railway industry reforming provides
for a complex of measures to bring its financial
system in line with the requirements of the interna-
tional community in the basic issues of economic
activity organization. First of all, it is the issues of
transparent formation and distribution of its finan-
cial results and financial resources by the types of
railway transport enterprises, optimization of reve-
nues and expenses, creation of bases for improve-
ment of financing conditions the railway develop-
ment projects [8].

Art. 10 «Sources of Investment Financing» of
the Law of Ukraine «On Investment Activity» [9]
defines the following sources of financing of the
economic activity of Ukrainian enterprises,
including PJSC «Ukrzaliznytsia»:

— own financial resources of the investor
(profit, depreciation, reimbursement of losses from
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accidents, natural disasters, monetary
accumulations and savings of citizens, legal ent?-
ies, etc.);

— loan funds of the investor (bond loans, bank
and public budget loans);

— attracted financial resources (funds received
from the sale of shares, ownership and other
contributions of citizens and legal entities);

— budgetary investment allocations;

— uncompensated receipts and charitable
contributions,  donations  of  organizations,
enterprises and citizens».

Thus, all sources of investment resources of
PJSC «Ukrzaliznytsia» can be divided into internal
own funds and external funds.

The main internal own funds (internal sources
of own financial resources) of PJSC traditionally
include reinvested profits and amortization.

The main external (loan) funds (external
sources of own financial resources) of the PJSC
belong to the funds received by its owners due to
the initial and additional issues and the use of the
PJSC shares.

The most widespread loan funds of the investor
(sources of loan financial resources) of the PJSC
include bank and budget loans, corporate bond
loans, financial leasing.

Receiving financial resources from various
sources allows to increase the amount of
investment in PISC «Ukrzaliznytsia».

Experience of the developed countries shows
that the basis of economic activity of any
enterprise, including the railway transport
enterprises, is its own financial resources. Since
the basis of their formation is the financial results
in the form of profit, in order to ensure the
efficiency of economic activity, the rational
formation and management of financial results is a
topical task. In addition, dynamic development of
the economy in general, as well as the railway
corporatization by means of the railway cor-
poratization increase the role of indicators of the
economic activity results.

Managing corporate  financial  resources
involves tight control of the own financial results.
The research of the corporations activities shows
that in many corporations the structure of internal
own financial resources is not optimal: a signifi-
cant proportion is amortization, and less significant
is their own financial resources, which are formed
by the corporation profits. Such situation is also

characteristic for the internal financial resources of
the railway transport enterprises. Therefore, in or-
der to increase the share of financial results of the
railway in the total amount of the own internal fi-
nancial resources, certain measures to increase net
profit are required. For example, such measures
include the use of preferential taxation mechanisms
for the industry to be reformed, the provision of
state guarantees for long-term bank loans, etc.

However, the railroad profitability at the
moment is too low to ensure sufficient deve-
lopment only at the expense of its own financial
resources. This is caused by the fact that not all
directions of the railway activity are profitable. In
the part of amortization, the possibilities are also
limited. Therefore, in order to ensure the effective
functioning of the amortization mechanism, it is
expedient to use such a method of its calculation,
which would ensure a fair distribution of the
amount of deductions over the years, so that infla-
tionary processes and other factors of cost increase
do not create a deficit of financial resources.

In most European countries, the own funds of
the railway industry (profits, amortization) are the
predominant source of financing. For today, for
objective reasons, PJSC «Ukrainian Railway» does
not have sufficient own investment sources. It con-
tinues to be in the range between the upper level of
the tariffs that the state indexes according to infla-
tion rates and rising price pressures from suppliers
and contractors, which is much higher than infla-
tion. It continues to cover losses from passenger
transportations from the financial result obtained
by the company from freight transportations and
other types of activities. It is also forced to direct
a part of its own resources to the development of
non-commercial objects of state importance, such
as border crossing, approaches to ports, railway
stations, etc [12].

Since the currently limited financial resources
of PJSC «Ukrzaliznytsia» do not make it possible
to renovate its fixed assets by purchasing or
constructing new facilities in the required volumes,
in some cases, the problem of their capital repairs
become important. Attracting funds from external
sources of own financial resources in the condi-
tions of further railway transport reforming be-
come urgent.

The main source of funding for the railway
industry upon the condition of corporatization
could be financing at the expense of external own
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sources through the issue of shares, the benefits of
which are: the perpetual attraction of these funds;
lack of supporting for the issue of shares; absence
of Issuer Covenants to repay the value of these
shares, etc. In case of formation of PJSC, all 100
percent of whose shares are fixed in state
ownership, corporatization can not be considered
an efficient own external source of railway
transport financing, primarily in terms of capital
investment.

If PJSC «Ukrzaliznytsia» will be the main
company in the holding with the functions of eco-
nomic management, the controlling stake of PJSC
may be left to the state, and the rest can be sold to
the interested legal entities and individuals. At the
same time, it is appropriate to build the system of
internal economic management of the state PJSC
on the principles of holding management.

Corporatization of the country railway industry
could in the future solve many problems concern-
ing upgrading and modernizing its infrastructure.
However, the corporate form of economic man-
agement organization is quite efficient and pro-
vides for the possibility of accumulation of signifi-
cant amounts of money only in cases of involving
not only of the state funds, but also the funds of
institutional investors and individuals. It should be
noted that in countries with a market economy,
households’ funds are the main external financing
sources of public joint stock companies. However,
currently in Ukraine, the mechanism for attracting
such investments in railway transport is unsolved.

The financial resources needed to finance the
railway industry could be provided by institutional
investors, including foreign investors. However,
the policy of attracting such resources on the
Ukrainian railway is absent, which is due to the
lack of investors interest in the industry. At the
railway, depending on its specificity, the long-term
projects are mainly implemented, while it is the
speed of the invested funds turnover is topical for
investors. Quite high financial expenses of the
railway are also unfavorable conditions, which,
even in the presence of large amounts of income
and operating profit, significantly reduce or bring
to nothing the net profit of the railway.

One more temporary measure to increase the
efficiency of the financial resources formation of
the PJSC «Ukrzaliznytsia» may be activity in the
system of public and private partnership. But the
development of such relations involves the transfer

of the part of shares of PJSC to a private investor,
who requires organization of an adequate control
system from the state as the owner of a controlling
stake.

It should also be noted that the formation of
own financial resources of the railway transport
from external sources can provide in PJSC
«Ukrzaliznytsia» necessary additional financing
for future transformations. However, this is the
most expensive source of financial resources of
a joint-stock company from all possible sources of
corporate financing. That is why it is necessary to
search for cheaper and at the same time efficient
external sources of financing, for example, in the
part of loan capital.

The loan capital is very importatnt in the
railway financing. At present, the credit rating of
PJSC «Ukrzaliznytsia» is bank loans, eurobonds,
financial leasing and corporate bonds. Thus, bank
loans are the most significant. The experience of
European countries shows that banks, as active
investors, focus significant amounts of attracted
financial resources. But the possibilities of the
banking system of Ukraine are limited. On the
other hand, in case of high interest rate for bank
loans and low level of profitability of operating
activities at PJSC «Ukrzaliznytsia», the use of
bank loans is impractical.

A large railway joint-stock company, which is
PJSC «Ukrzaliznytsia», as well as other large
enterprises of corporate type, can provide
a significant part of financing of its economic
activity by forming of borrowed financial
resources by issue of corporate bonds. They are the
source of financial resources cheaper than stocks,
and therefore it is promising. In addition, loan
capital, if used efficiently, for example, due to the
effect of the financial leverage, makes it possible
to increase the return on equity of PJSC «Ukr-
zaliznytsia». That is why corporate bonds should
become an important source of financial resources
for the railway and increase the return on equity of
PJSC «Ukrzaliznytsia».

For the PJSC «Ukrzaliznytsia», today the issue
of bonds may be of interest not so much as
a source of attraction of relatively cheap loan
funds, but as the prospect of obtaining such
a source in the future. It is possible that the first
issue of bonds will not give the PJSC a telling
economy in comparison with obtaining a bank
loan. However, the issue of bonds will now make it
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possible for the PJSC in future to actually attract
more financial resources without bond, more
cheaply than through banks [17].

Attraction of financial resources of PJSC
«Ukrzaliznytsia» through the use of stock market
instruments is the most promising direction of
financing. The railway has already issued bonds to
attract loan financial resources at lower interest
rates than the interest rate for bank loans or the
dividend rate for shares. However, the liquidity of
the Ukrainian bond market remains rather low,
inferior to the liquidity of the stock market, which
reduces the acceptability of bonds as an investment
instrument. But due to the high bond reliability,
their issue for the railway industry can become
a powerful source of investment to finance the re-
newal of its fixed assets.

Under conditions of insufficient budget
financing of PJSC «Ukrzaliznytsia» as a state
corporation and insignificant internal sources,
a certain source may be the mixed funding with a
focus on financial leasing. However, leasing can-
not provide for the construction of new tracks, the
electrification of operating railways, and solving of
other problems of renovating the fixed assets of the
PJSC infrastructure.

Within the framework of the traditional
neoclassical economic model, the main conceptual
purpose of management of the economic activity
of a public joint stock company is the steady
increase in the welfare of its owners
(shareholders). A generalizing criterion for the ef-
ficiency of the taken financial decisions is the max-
imization test of the equity capital, that is, the mar-
ket value of ordinary shares [19].

The stock market environment determines the
rate of return of alternative investment options,
which directly affects the value and structure of the
capital of PJISC «Ukrzaliznytsia».

In general, the choice of specific sources of
financing the PJSC «Ukrzaliznytsia» should be
based on the purpose of using financial resources,
the degree of riskiness of investments and many
other factors. One of the main factors that should
be taken into account is the value of capital from
alternative sources of financing, which determines
the capital structure of PJSC.

The capital structure of any enterprise, on the
one hand, characterizes its financial stability and
financial risk, and on the other hand — determines
the degree of use of the financial leverage effect.

The calculation of the financial leverage effect is
one of the efficient tools for optimizing the equity
structure and determining the expediency of at-
tracting loan capital [15].

The availability of loan capital of PJSC
«Ukrzaliznytsia» allows ensuring profitability of
own capital above the profitability of operational
activity of the PJSC, which is adjusted for the val-
ue of the financial leverage effect taking into
account the taxation of profits.

The effect of financial leverage is determined
by the existing tax adjustor for a particular
enterprise, the financial leverage differential (the
difference between operating activity profitability
and the average weighted interest rate on loan) and
the coefficient of financial risk (ratio of loan
capital to the enterprise equity). If the enterprise
has a loan capital, exceeding the profitability of
operating activities of the enterprise above the av-
erage weighted interest rate on the loan provides an
increase in the return on equity. Conversely, if the
profitability of the operating activity of an enter-
prise is less than the loan interest rate, the availa-
bility of loan capital reduces the return on equity.
Therefore, the main condition for the efficient at-
traction of loan capital is the excess of operating
profitability over the average weighted interest rate
(the value of the loan capital attracted by the enter-
prise).

Thus, for PJSC «Ukrzaliznytsia» the main
source of increase its financial results is the
increase of stock returns, and a promising
additional source — the use of loan resources in the
form of corporate bonds of the railway with the
positive effect of the financial leverage.

Originality and practical value

Based on the analysis of normative, scientific
and methodological sources on financing the
economic activity of enterprises of corporate type,
as well as based on the analysis of the existing and
possible sources of financing the economic activity
of Ukrainian railway transport we proposed the
ways of their optimization.

The use of the proposed approaches to
financing the PJSC «Ukrzaliznytsia» will make it
possible to substantiate economic expediency and
the most optimal proportions of internal and
external sources of Ukrainian railway transport
financing in the conditions of its further reforming.
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Conclusions of efficient system of organizational-economic,
financial,  methodological ~and information
measures to improve the management of existing
and future financial resources.

3.In order to increase the share of financial
results in the total amount of internal own financial
resources of the railway, certain measures are
needed to increase net profit, for example, the use
of preferential taxation mechanisms for the indus-
try to be reformed, state guarantees for long-term
bank loans, etc.

4. A railway public joint stock company can
provide a significant part of financing of its own
economic activity by forming a loan financial
resource by issuing corporate bonds.

5.Increase in return on equity of PJSC
«Ukrzaliznytsia» is possible due to the efficient
use of loan capital, for example, due to the
financial leverage effect, but only on the condition
of its positive value, which requires gradual
increase of the profitability of the railway
operating activity.

1. Lack of own funds of PJSC «Ukrzaliznytsia»
and lack of budget financing, inability to attract
non-state investments in the current economic
system have led to dangerous increase in physical
deterioration and moral aging of fixed assets, loss
of suburban and freight transportations share.
Therefore, introduction of the efficient elements of
corporate financing in the economically justified
model of Ukrainian railway reforming becomes an
extremely important factor in the implementation
of strategic tasks of the industry development.

2.The main condition for increasing the
profitability of the economic activity of PJSC
«Ukrzaliznytsia» is the efficient use of its financial
resources. And the rational organization of
financial resources management determines its
place on the transportation market. In order to
maintain and develop competitive positions
transportation market in Ukraine and abroad, the
PJSC management should ensure the development
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MeTta. HeoOXimHICTh TEXHOJIOTIYHOI MOJIEPHI3AIlil 3aJi3HHYHOT TalTy3i YKpaiHu, CTBOPEHHS CTPUSATIMBUX YMOB
JUTA IHBECTYBaHHS Ta BIIPOBAKEHHS iHHOBAIIK y raiy3i HoTpeOyoTs 3HAaUHUX (piHAHCOBHX pecypciB. Bukopucran-
HS Ha 3QJII3HAYHOMY TPaHCIIOPTi e()eKTUBHIX METO/IB (iHAHCYBaHHS Ha0yBa€ O0COOMMBOI aKTyalbHOCTI B IpOIeci
peaizanii cTparerii po3BUTKY ramysi. MeTow cTaTTi € AOCHDKEHHS] MOXJIMBUX JUKEpes 3aJlydeHHs (iHaHCOBHX
pecypciB, HEOOXITHUX JUIS PO3BUTKY 3aJII3HUYHOTO TPAHCHOPTY B YKpaiHi, 30KkpeMa, Mij 4ac NpOBEACHHs MOAab-
LIMX OpraHi3aliifHUX 3aXO0iB 1 MIPOLEAYP 00 aKLIOHYBaHHs 3aI3HUYHOT Taly3i 3 METOI0 MOIIYKY IUIAXIB IX OI-
TuMizanii. Meroguka. Y mporeci JOCTIPKeHHsT BUKOPHCTAHI METOIU MOPIBHSAHHS, HAYKOBOTO MOIIYKY, aHAI3y
W CHHTE3y /ISl BUBUCHHS HasIBHUX JDKepen (iHaHCYyBaHHS AiSUIEHOCTI KOpIopamii 32 KOpAOHOM Ta Ha ITiIpPHEMCT-
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Bax Ykpainu. PesynstaTu. [IpoBeneHo aHaniz HassBHUX i MOIIYK OiiblI eeKTUBHUX mKepen GopMyBaHHs (iHaH-
COBHUX pecypciB, HEOOXiAHUX st PiHAHCYBaHHS MOJIEPHI3aLlil 3aJ1i3HUYHOTO TPAHCIIOPTY B YKpaiHi B IpoLeci akii-
OHYBaHHS 3aJIi3HUYHOI ramy3i. 3pOoCcTaHHS YacTKU (hiHAHCOBUX PE3YNbTATIB Yy CyMi BHYTPIIIHIX BIACHHX PECYypCiB
JOCATAETHCS MIJIIXOM IPOBEISHHS 3aX0/iB 31 30UIBIICHAS YUCTOTO MPUOYTKY. 3HAYHY YacTHHY (iHAHCYBaHHS IoC-
MOTAPCHKOT AiSTFHOCTI MOKHA 3a0€3IEeYNTH 32 PaXyHOK eMicii KoprmopaTHBHUX 0OJIiramiif 32 yMOBH HAasgBHOCTI I10-
3UTHUBHOTO e(peKTy (hiHaHCOBOTO BaXkels. Y paxyBaHHS e(eKTy (iHaHCOBOTO BaXkelsd € €(PEeKTUBHUM 1HCTPYMEHTOM
ONTUMI3aIlil CTPYKTYpH aKIiOHEPHOTO KaliTady Ta BH3HAUEHHS OUITHHOCTI 3alydeHHsI ITO3UKOBHX DPECypCiB.
VY mpoueci akiionyBanus [TAT «YkpaiHcbka 3ali3HULS» TOBUHHA CTBOPUTH €(EKTUBHY cUCTeMy (piHAHCOBHX pe-
CypciB, sika O MOBHOIO MipOIO BpaxoByBajia 0COOJIMBOCTI ii AisIIBHOCTI, MOTHBYBaJIa JIO MiIBUILEHHS POAYKTHBHOC-
Ti mpaui 3 KiHIEBOIO METOI — 3a0e3NEeYUTH 30BHIIIHIO KOHKYPEHTOCHPOMOKHICTh 3aJi3HUYHOI Taimy3i YKpaiHu.
HaykoBa wnoBu3Ha. Ha OCHOBI BHBUCHHS HAYKOBHUX 1 METOJMYHHMX JDKEpeNll Ta Ha 0a3i aHamily pKepen
(biHaHCYBaHHS TOCIOJAPCHKOT MiSJIBHOCTI 3aJIi3HUYHOTO TPAHCHOPTY 3allpONOHOBAHI HUISXM IX ONTHMI3alll.
IIpakTHyHa 3HAYMUMIiCTb. YIPOBaKEHHS 3aIIPOIIOHOBAHUX MIIXOIB JJO3BOJIUTH OOIPYHTYBAaTH €KOHOMIYHY JOLIi-
JBHICTB 1 IPOTIOPIIiT BHYTPIIIHIX Ta 30BHIMTHIX JpKepel (iHAHCYBAaHHS 3ai3HHIHOTO TPAHCIIOPTY B YMOBaX KOPIO-
paTm3amii.

Kouosi crosa: pehopMyBaHHS 3alli3HHYHOTO TPAHCHOPTY; aKIMiOHYBaHHS 3alli3HUI; kepeno (iHaHCYBaHHS,
KOPITOpATHBHI 00JIiraiii; BIacCHUN KaIiTaj; MMO3NKOBHHA KarliTal; eQeKT (hiHaHCOBOTO Ba)Kels
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OCOBEHHOCTHU ®OPMHUPOBAHUSA ®PUHAHCOBBIX PECYPCOB
IHAO «YKPAUHCKAA XKEJE3HASA TOPOI'A»

Heab. Heo6X0auMOCTh TEXHOJIOTHYIHON MOJCPHU3ALNH JKEIE3HOIOPOKHONW OTpaciiv Y KpawHbl, co3naHue OJa-
TONPUATHBIX YCIIOBUH JJIsi NHBECTUPOBAHUS U BHEAPEHHE HHHOBALMI B OTPACIH TPEOYIOT 3HAYUTEBHBIX (PHHAHCO-
BBIX pecypcoB. Lleib cTaTbi — HeciefoBaHue BO3MOXKHBIX HCTOYHUKOB NPHBIICUCHUS (GPUHAHCOBBIX PECYPCOB, HEOO-
XOJIMMBIX JUISl Pa3BUTHS KEJIE3HOJOPOKHOIO TPAHCIOpTa YKpauHbI, B YaCTHOCTH, IPH TPOBEICHUN AATbHEHIITNX
OpraHU3aIMOHHBIX MEPONPHUATHIA M NMPOLEAYp aKIMOHUPOBAHUS JKEIE3HOJOPOKHON OTpaciy C LEIbI0 MOUCKa ITy-
Teit ux ontumuzauuu. Meroauka. B npornecce rccieoBanus UCIOIb30BaHbl METObI CPAaBHEHHS, HAYYHOT'O TIOUC-
Ka, aHaJIM3a U CUHTE3a JUIS U3y4YEHUsI CYIIECTBYIOINX HCTOYHUKOB (PMHAHCHPOBAHUS KOpIiopanuii 3a py0exoM 1 Ha
npeanpusaTHiX Ykpaussl. Pe3yabTartsl. [IpoBeneH aHann3 CyIIECTBYIOIIMX M MOUCK Oojiee 3P (PEKTUBHBIX MCTOY-
HHUKOB (popMHpOBaHMsl (PUHAHCOBBIX PECYPCOB, HEOOXOJUMBIX AJsl (PMHAHCUPOBAHUSI MOJEPHU3AIMU XKEJIE3HOJ0-
POXKHOTO TpaHCHOpPTa B YKpauWHe B IIpoLecce aKIIMOHUPOBAHUS JKEJIe3HOAO0POXKHOM oTpaciu. Poct nonu ¢unanco-
BBIX PE3YJIbTATOB B CYMME BHYTPEHHUX COOCTBEHHBIX PECYPCOB JIOCTUraeTcs IyTeM IPOBEACHUS MEPOIIPUSATHH 110
YBEJINYCHUIO NPHOBUTH. 3HAUYUTENLHYIO YacTh (UHAHCHPOBAHMS XO3SMCTBEHHON AEATEIHFHOCTH BO3MOXKHO obecrie-
YUTH 32 CYET SMHUCCHU KOPIIOPATUBHBIX OOJIUralvii IPH HAJIMYHH MTOJ0XUTENBHOTO 3 (dekTa puHaHCOBOrO phIyara.
Vyer a¢pexra GpunaHcOBOro peryara siBisercs 3QpHEKTUBHBIM HHCTPYMEHTOM ONTHMHU3ALUH CTPYKTYPHI aKLHOHEP-
HOTO KaIlMTaja ¥ ONpPEACIICHHUS LeliecO00pa3HOCTH MPUBJICYCHHS 3aeMHBIX pecypcoB. B mpouecce akIMOHUPOBaHUS
IMTAO «YxpauHcKas yKeJie3Hasi 10pora» JI0JDKHA co3AaTh dPPEKTUBHYIO CUCTEMY (PMHAHCOBBIX PECYpCOB, KOTOpas
OBl B MOJIHOW Mepe y4UThIBaIa 0OCOOCHHOCTH €€ AESATeIbHOCTH, MOTUBHPOBAJIA K MOBBILICHUIO POU3BOAUTEILHOCTH
TpyZa ¢ KOHEYHO LEebI0 — 00ECIeYNTh BHEIIHIO KOHKYPEHTOCIIOCOOHOCTD JKEJIE3HOI0OPOXKHOM OTpaciu YKpau-
Hbl. Hayunast HoBu3Ha. Ha ocHOBaHMM M3y4YeHUsI HAYYHBIX U METOJIUUECKHX UCTOUYHUKOB, @ TAKXKE aHAJIN3a UCTOY-
HUKOB ()MHAHCHPOBAHHUS XO3SHCTBEHHOW JAEATEIHHOCTH JKEJIE3HOAOPOIKHOTO TPAHCIIOPTA IMPEJIOKEHBI MYTH HMX
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ontuMuzaiuu. IlpakTudeckas 3HAYMMOCTh. BHepeHne NpeiosKeHHBIX MO0IX0/I0B MTO3BOJIUT 000CHOBATH HKOHO-
MHUECKYIO 1eJIecO00pPa3sHOCTh U IPONOPLHMOHANBHOCTh BHYTPEHHMX W BHEIIHMX HCTOYHHUKOB (DMHAHCHPOBAHUS
XKEJIC3HOIOPO’KHOTO TPAHCIIOPTA B YCIOBHAX KOPHOPATH3ALUH.

Knrwouesvie crosa: pedopMupoBaHHE KEJIE3HOJOPOXKHOTO TPAHCIIOPTA; aKIMOHHPOBAHHUE JKEJE3HOH IOpOTrH;
HNCTOYHMK (PHMHAHCHPOBAHWS; KOPIIOPATHBHBIC OOJHTraIliy; COOCTBEHHBIM KAIWTAN, 3a€MHBIA KamuTall; 3PQexT
(bMHAHCOBOTO phHIUara
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PHYSICO-TECHNOLOGICAL ASPECTS OF WORK OF LUBRICANT
FILMS IN THE TRIBOSYSTEM «OVERHEAD LINE - CURRENT
COLLECTOR CONTACT STRIP»

Purpose. The article aimed at comprehensive analysis of the processes occurring in the lubricant films of the
friction surfaces of the tribosystem «overhead line — current collector contact strip» (OLCCCS) and identification of
the features of such systems. Methodology. The systematic analysis was used as the main methodology for studying
the physico-technological aspects of work of the lubricant films in the tribosystem «overhead line — current collector
contact strip». Findings. The theory of electro-friction interaction is now at such a stage that is characterized by
a large amount of accumulated empirical data, hypotheses and models that cannot adequately represent phenomena
in a sliding, high-current electrical contact. The sliding electrical contact of the tribosystem «overhead line — current
collector contact strip» during the operation is affected by many factors, one of which is the processes in the lubri-
cating layers of the friction pair. The work leads to a new level of understanding of the peculiarities of the processes
occurring in the lubricating layers and their effect on the work of a sliding, high-current electrical contact, which can
become the guarantee of significant increase in the efficiency of such systems and, as a consequence, substantially
increase the reliability and safety of the work of the electric stock. Originality. It is proposed to consider the pro-
cesses of electro-friction interaction of electrical contacts from the position of synergy using the theory of fractals as
the core one for the quantitative description of self-organizing structures. Practical value. Taking into account the
empirical experience of operation of the tribosystem «overhead line — current collector contact strip» in combination
with theoretical knowledge allows us to propose three possible directions for solving tribological problems in high-
current sliding electrical contacts. They are: 1) change in contact geometry and surface topography, for example, the
use of regular macrorelief of contact surfaces; 2) development of conductive composites which are characterised
with self-lubrication, for example the use of composite materials containing solid conductive lubricants; 3) devel-
opment of effective lubricants for electric high-current sliding contacts, which may require some complication of the
component design.

Keywords: contact pair; current collection; overhead line; wear rate; limit friction; contact transient resistance;
current collector contact strip

exposed to multiple sliding friction, heating, ero-
sion, etc., which makes the evolution of the contact
quite complicated. An important role in the sliding
contact operation is played by the antifriction lu-
brication.

Introduction

The «current collector — overhead line» system
has an important task of transmitting energy from
the power grid to the vehicle board. Consequently,
a reliable electrical contact between the current

collector and the overhead line is directly related to Purpose

the reliability of operation and the safety of train
movement. During operation, the overhead line
and the contact strip of the current collector are

The main purpose of the work is a comprehen-
sive analysis of the processes in the lubricant films
of the friction surfaces of the tribosystem «over-
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head line — current collector contact strip»
(OLCCCS) and the identification of features of
such systems.

Studies aimed at determining the peculiarities
of the processes occurring in the lubricating layers
of the friction surfaces of the tribosystem of
OLCCCS should be considered relevant in scien-
tific and practical terms, since taking into account
these features can provide a significant increase in
the efficiency of tribosystems of this class [3, 4,
14, 15].

Methodology

To achieve the purpose set forth in the work, it
is envisaged to study the physico-technological
aspects of the work of the lubricating layers in the
tribosystem «overhead line — current collector con-
tact strip». The system method is used as the main
methodology.

Findings

The theory of friction and wear of surface lay-
ers under conditions of boundary lubrication was
studied in the works by Kostetsky B. 1. [7],
Bauden F. P. and D. Tabor [5], Kragelskiy I. V. [8]
Ahmatov O. S. [2], Chichinadze A. V. [13].

It is known that the work of sliding contacts is
closely related to friction and wear. Therefore, it is
necessary to consider not only the electrical prop-
erties of the sliding contacts, but also the phenom-
enon of friction and wear. In the general case, if
the two purified surfaces are brought into contact
at the interatomic distance, then the same gravity
forces as in the volume of the material act between
them. Several types of forces can be distinguished:

— ionic bond occurs between anions and cati-
ons that are held by electrostatic forces;

— covalent (homopolar) bond between neutral
atoms is accomplished by overlapping their elec-
tron fields, which leads to the emergence of
a strong bond;

— metallic bond is characteristic of all metals
and is due to the presence of electrons, which
move freely between the ion lattice sites;

— Van der Walsh bond can occur between any
atoms or molecules due to dipole-dipole interaction.

Each atom in the material volume interacts with
its closest neighbours by means of the above forces.
The specific energy associated with this interaction
is called cohesive energy and it plays an important
role in the processes of friction and wear. Atoms on

the surface have fewer neighbours, respectively,
they do not have bonds outside the body (Fig. 1)
[10]. For this reason, the surface of the solid has
some impractical energy, which determines the
surface's ability to form adhesive compounds.

The presence of surface energy causes the in-
teraction of the surface with the environment (in-
cluding with lubricants), which is called adsorption
and leads to the formation of boundary layers. As a
result of adsorption on the surface there are always
elements of adjacent phases.

Layer thickness

Fig. 1. Energy of boundary layer Us when
contacting two phases 1 and 2, having the surface
energy U1 and U2 (by Kashchev)

Physical adsorption is characterised with Van
der Walsh interaction of adsorbate with the body
surface. The polymolecular adsorption layers
formed on the surface are relatively easily re-
moved.

In the process of chemical adsorption, the ener-
gy of interaction is quite large, and on the surface
there is usually formed a monolayer that is difficult
to remove.

Thus, the adsorption activity of surfaces leads
to the fact that they form a thin boundary layer,
which differs in structure and properties from the
surface (transition) layer of a solid. The physical
state of matter of such a boundary layer may be
different and depends both on the parameters of the
state (temperature, pressure, etc.) and on the nature
of the interaction with the solid phase.

Adhesion of the rubbing surfaces in many re-
spects determines the patterns of friction and wear.
Surface layers undergo various changes during fric-
tion; these changes can be both inverse and irreversi-
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ble, causing wear, seizure and other phenomena.

The primary source of these processes, and in
some cases the main reason, is the stress-deformed
and the thermal state of frictional contact.

Friction in the conditions of boundary lubrica-
tion is accompanied by the formation between the
working surfaces of a thin layer of lubricant, which
acquires the properties of the «third body» (accord-
ing to Kragelskyi 1. V. [5, 8]).

According to DSTU 2823-94, the term «bound-
ary friction» is to be understood as «lubrication in
which conditions of friction and wear of surfaces
moving in relation to one another are determined
by their properties, as well as by the properties of
the lubricant, which differ from the bulk viscosity
of the lubricant material».

The term «lubricating layers» of lubricants still
has no unambiguous interpretation within the lim-
its of DSTU, but in generalized form it is interpret-
ed as follows: the lubricating layers of lubricants
on solid lyophilic surfaces are «quasicrystalline
molecular layers with a multimmolecular epitro-
pon-liquid-crystalline structure» [1].

The lubricant in the boundary layer is aniso-
tropic, so the molecular layers in the tangential direc-
tion slip one relative to the other. In the normal di-
rection to the surface of friction the bearing capacity
of the boundary layer is high and the deformation of
its compression is within the limits of elasticity.

Friction with a semifluid lubricant occurs in the
case of simultaneous action of liquid and boundary
lubrication. The normal load is balanced by the
compression resistance of the lubricant film in
contact spots and the forces of hydrodynamic pres-
sure in the layers of lubrication. The share of the
reaction of boundary or liquid lubricant depends on
the load, the speed of the mutual slip of the surfac-

es, the state of the surfaces, as well as the amount
and viscosity of the lubricant. The hydrodynamic
effect of the lubricant is manifested when it enters
the macrogeometric gap between the friction sur-
faces.

To date, a wide range of models of tribological
systems (friction without transmission of electric
current) has been considered in detail, and a sys-
tem of indicators of contact interaction, as well as
methods for their determination, has been devel-
oped. The geometric characteristics of surfaces are
introduced: macro-deviation, wavelength, rough-
ness, submicroroughness; characteristics of contact
areas — visible, contour, actual; types of contacts —
elastic, elastic-plastic, plastic, etc. [13].

One of the contact elements (overhead line) is
made of metal in the friction pair of OLCCCS, the
main material of the second contact element (cur-
rent collector contact strip) is solid-lubricating
electrically conductive compositions of four basic
types: metal graphite, graphite, carbon graphite and
electro-graphite. Such compositions are characte-
rised with the formation of friction of transferred
films on a metal counterbody.

Experimental studies have shown that the
thickness, composition and structure of the trans-
ferred films are interrelated with the external pa-
rameters of the sliding contact (load, speed), com-
position of the composite, counterbody and the
environment [11]. At the same time, the film de-
termines the mechanism of passing the current,
and, respectively, the electrical characteristics of
the contact, the nature and intensity of heat dissipa-
tion. The film thickness and the degree of coating
of the metal counterbody inequality are, from this
point of view, the most important factors of its
effect, as illustrated in Fig. 2.

Fig. 2. Models of transition layer on the metal surface oxidized when working in pairs
with self-lubricating contact material:
1 — self-lubricating contact material; 2 — transferred material; 3 — film of oxides; 4 — metal; 5 — areas
with tunnel-conductive or destroyed oxide film
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The electric current can be considered as an ad-
ditional external parameter of the tribosystem,
which affects all characteristics of the sliding con-
tact. This effect in many cases is so significant that
the concept of «lubricating action» of electric cur-
rent (reduction of frictional force with increased
current density) and «electrical» wear (excessive
wear of elements of a sliding contact in compari-
son with so-called mechanical wear in the absence
of current) are specially introduced.

In carbon graphite and electro-graphite over-
lays, the increase in the current density, which
passes through the contact, as a result of heat dissi-
pation, reduces the strength of the surface layer
and its shift resistance that results in the effect
similar to the lubricant introduction into the con-
tact. This effect is reversed.

For graphite brushes having a relatively high
(up to 25% by weight) content of non-carbonated
(polymeric) binder, the «lubrication effect» above
a certain critical current density is irreversible and
is expressed rather sharply, since heat dissipation
causes the destruction of the binding material and
composition.

When applying metal-graphite materials with
high metal content (weight percent — up to 90%),
the effect of current density on the friction coeffi-
cient is practically non-existent and only with high
current density (more than 20 A/cm?) the friction
coefficient increases slightly. In such materials, the
amount of transferred material on the counterbody
is insignificant, and the frictional behaviour of
such compositions is close to the behaviour of
metals.

It is difficult to predict the intensity of contact
wear by the current density magnitude due to the
variety of current factors and the complex nature of
their interconnection. The main factors of wear in
the absence of electric sparking and arc formation
are as follows: oxidation of the metal element of
friction pair; growth of adhesion due to the disso-
ciation of films of water or organic matter under
the action of current; oxidation of the composite
element of friction pair and weakening of its
strength; emergence of shock-thermal stresses in a
dynamic contact due to the uneven distribution of
the current density in it [9, 11, 12]. All factors can
act simultaneously and their main root cause is the
heat release on the transient contact resistance. In
the case of sparking or arc formation, the listed

factors are added with electroerosion and emis-
sions of contact material in the arc discharge,
which increase the intensity of wear.

In the contact, the total surface of the section is
divided into many individual spots. In this connec-
tion, when the energy flow passes through such
a surface there is the additional resistance intro-
duced by the violation of the homogeneity of the
flow lines — the constriction resistance. It is added,
in general, with resistance of the films of the fol-
lowing varieties: adhesive films, passive films,
tarnish films (oxide, sulfide), water films, films
from wear products [6].

Each component of the heterogeneity of the
contact zone corresponds to the component of the
total constriction resistance [6]. Holm proposed to
take into account the two components, correspond-
ing to the constriction to the group of spots and
constriction within the boundaries of this group.
For bodies with the same specific resistance p,
which have one group of round, uniformly distrib-
uted spots, the following expression is obtained:

R.=R +R,=p- i+i ,
2na 2a,

M)

where n — total number of contact spots; a — spot
radius; a, — radius of circle encompassing the

contact spots; R;, R, — components of resistance,

which correspond to the constriction of spots and
their groups.
Greenwood [16] clarified the second term of
expression (1):
], )

and it is shown that its value is practically the same
for any placement of contact spots in the general
group.

The Greenwood formula has also been expand-
ed by members that take into account the asym-
metry of the distribution of groups of spots on each
other, as well as the distribution of groups on the
nominal area [18].

In the process of current collecting, the over-
head line and the contact element are heated, with
the importance of the relationship between the
energy of the losses (A)) and the heat dissipation
(Ang) that is released into the environment. With

1 16
—+
2na  3n’a,

RC=R1+R2=p~[
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a certain limit value AA= Al - Ahd, the
preconditions are created, which leads to plastic

deformation of the contact surfaces with
subsequent melting.
r+10°,0nm
30 \\
10 \—-...
0 T —
20 40 60 80 P,N

Fig. 3. Dependence of transient resistance
on the pressing force for different materials

One of the main indicators of the quality of
electrical contact is the drop in voltage AU on it:

AU=1I-r, 3

where | — current through contacts, r — transient
resistance of the contact pair.

Of course, the value of the transient resistance
of the contact pair of OLCCCS is affected by the
contact press; the change of the contact pressure
even within the permissible limits is accompanied
by a change in the transient resistance, illustrating
the dependence on Fig. 3 [11].

Increasing the transient resistance of the contact
pair, for one reason or another, leads to growth of
AA.

An increase in the actual contact area in the
friction pair helps to reduce the transient resistance
r. Thus, using contact resistance and topography
relationship data, we can give recommendations
for constructing contacts, for example, the use of
a regular macrorelief of contact surfaces.

From the standpoint of materials, several meth-
ods are used to improve the reliability of sliding
contacts and their life extension. Common to them
is the use of contact materials with a thin transition
layer, for example the use of composite materials
containing solid electrically conductive lubricants.
The problem of developing lubricants for sliding

contacts with relatively high speeds is currently not
resolved.

The theory of electro-friction interaction is now
at such a stage that is characterized by a large
amount of accumulated empirical data, hypotheses
and models that cannot adequately represent phe-
nomena being studied. To date, the theory of self-
organized systems — synergetics and the theory of
fractals — self-similar evolutionary structures are
rapidly developing, which are not described within
the framework of Euclidean geometry.

Synergetics studies the processes of self-
organization, stability and decay of structures of
different nature, which are formed in open sys-
tems, an ordered state associated with the coordi-
nated behaviour of subsystems. This leads to the
formation of organized structures as a result of the
exchange of energy and matter with the environ-
ment, when the equilibrium between production
and reduction of entropy is established. The theory
of fractals is the basis for the quantitative descrip-
tion of self-organizing structures [17, 19].

Originality and practical value

So far there is no single point of view concern-
ing the problem of the mechanism of transmission
of electric current through a sliding contact.

The qualitative development of the theory of
electrical contacts can give consideration to the
processes of electro-friction interaction from the
position of synergy and the theory of fractals.
Since the sliding electric contact is an open system,
and in the transition layer, the evolutionary pro-
cesses of the origin and collapse of conductor clus-
ters take place.

In the technological aspect, three main direc-
tions of solving tribological problems in electrical
contacts can be distinguished: change in contact
geometry and surface topography; development of
conductive composites for which self-lubrication is
characteristic; development of effective lubricants
for electrical contacts.

Conclusions

The work leads to a new level of understanding
of the peculiarities of the processes occurring in
the lubricating layers and their influence on the
work of the moving electrical contact.

doi: 10.15802/stp2018/133323

82

© D. V. Ustymenko, 2018



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

Hayka Ta nporpec tTpascropry. BicHuk J{HIIpOneTpoBCbKOro
HaLOHAIIBHOTO YHIBEPCUTETY 3alli3HHYHOro Tpancnopty, 2018, Ne 3 (75)

EJIEKTPUYHUI TPAHCIIOPT

Consideration of the processes of electro- tures, will contribute to the qualitative develop-

frictional interaction of sliding contacts from the ment of the theory of electrical contacts, which in
position of synergetics, where the theory of fractals practical terms can ensure the significant perfor-
is the basis for the quantitative description of struc-  mance enhancement of such systems.

LIST OF REFERENCE LINKS

1.  Anroms, b. A. CrpyKkTypupoBaHHbIE HPHIIOBEPXHOCTHBIC CJIIOM HOPMaJbHBIX ankaHoB / b. A. Anroms,
C. B. Kupusn // Umxenepro-¢dus. xxypH. — 2010. — T. 83, Ne 3. — C. 608-613.

2. Axwmaros, A. C. MonexyisipHas ¢pusuka rpannanoro tpenusi / A. C. AxmaToB. — Mocksa : ®uz-matrus, 1963.
—-472c.

3. bombmakos, 1O. JI. [locimkeHHs BIaCTUBOCTEH CTPYMO3HIMAIBHHUX €IEMEHTIB Ta IX BIUIMBY Ha €()EKTHUBHICTD
poboTu TprdoCHCTEMH «KOHTAaKTHUH NMPOBix — ByrineHa BctaBkay / FO. JI. Bonpmaxkos, A. B. AnTonos // Hay-
Ka Ta porpec Tparcropty. — 2015. — Ne 6 (60). — C. 35-44. doi: 10.15802/stp2015/57006

4,  Bompmakos, FO. JI. ITigBuieHHsT pecypcy BYTiIbHUX CTPYMO3HIMAILHUX BCTABOK CTPYMOTIPUHMAYIB MIBUIKI-
CHOTO eJIEKTPOPYXOMOTO CKJIaay B yMoBax exciryaTaii / FO. JI. bonsmakos, A. B. Antonos // Hayka Ta mpo-
rpec tparcmopty. — 2015, — Ne 4 (58). — C. 57-70. doi: 10.15802/stp2015/49205

5. boymen, ®. II. Tpenue u cmazka tBepasix ten / @. I1. Boynen, . Teitbop. — MockBa : MammHOCTpOCHHE,
1968. — 543 c.

6. Konumn, B. B. TpuGorexnuka osnextpuueckux koHTakroB / B. B. Konumn, B. B. Memkos,
B. B. MbiuikuH ; nox pex. B. A. benoro. — Munck : Hayka u Texnuka, 1986. — 256 c.

7.  Kocrernxkuii, b. Y. U3nococtoiikocts aetaneit mamms / b. Y. Kocrenkuii. — Kues : Marirus, 1950. — 168 c.

8.  Kparensckuii, 1. B. OcHoBbl pacueroB Ha TpeHue u uszHoc / M. B. Kparenbckuii, M. H. JloObrumH,
B. C. Komb6anoB. — Mocksa : MamuHocTpoenue, 1977. — 526 c.

9. Merononorusi KOMIUIEKCHOW OLEHKH JKCIUIyaTAl[HOHHBIX KaueCTB HAKIAJOK TOKOINPHEMHHKOB 3JIEKTPOIO-
nmBekHOTO cocraBa / B. JI. 'opober, H. A. babsx, A. Spmaxk, A. M. bongapes // BicH. CXigHOYKp. Hall. yH-TY
im. B. Tams. — 2015. — Ne 1 (218). — C. 297-302.

10. Mpemxun, H. K. Tpenne, cmazka, m3Hoc. Ou3ndeckre OCHOBHI M TEXHUYECKHE MPHIIOKEHHUS TPHOOIOTHH /
H. K. Mbiikus, M. U. Ilerpoxosen. — Mocksa : @uzmatnur, 2007. — 368 c.

11. Cupnopos, O. A. UccnenoBanue U NpOrHO3MPOBAHUE M3HOCA KOHTAKTHBIX Map CHUCTEM TOKOCHhEMA C HKECTKUM
TokonpoBojoM : MoHorpadust / O. A. Cumopo, C. A. CrymakoB. — Mocksa : ®I'BOY «YuebHo-
METOJIMYECKHH LIEHTP 10 00pa30BaHMIO Ha )KEJIE3HOJOPOXKHOM TpaHcropTey», 2012. — 174 c.

12. Cwunopos, O. A. K Bompocy 0 NporHo3MpoOBaHWU M3HOCA IJIEMEHTOB KOHTAKTHBIX AP YCTPOICTB TOKOCHEMa
anekTponoaBmwxHoro cocrasa / O. A. Cumopos, B. M. ®unumnmnos / MexayHap. )KypH. MpUKIaa. d GyHIa-
MeHT. uccienoBanuii. — 2015. — Ne 12-8. — C. 1393-1397.

13. CupaBounnk no TpudoTexHuke : B 3 T. / mox oomr. pen. M. Xe6xap1, A. B. UnunHamse. — Mocksa : MammuHO-
ctpoenue, 1989. — T. 1: Teoperuueckue ocHoBbI. — 400 c.

14. VYcramenko, /. B. CywacHuii cTaH mTpoOIeMH CTPYMO3HIMAHHS Ha eJNeKTpH(iKOBaHUX 3aJi3HUIAX /
. B. Ycrumenko // Enextpudikaris tparcmopty. — 2016. — Ne 12. — C. 71-75.

15. Evolution of the electrical contact of dynamic pantograph—catenary system / Guangning Wu, Wenfu Wei,
Guogiang Gao, Jie Wu, Yue Zhou // Journal of Modern Transportation. — 2016. — Vol. 24. — Iss. 2. — P. 132—
138. doi: 10.1007/s40534-016-0099-1

16. Greenwood, J. A. Constriction resistance and the real area of contact / J. A. Greenwod // British Journal of
Applied Physics. — 1966. — Vol. 17. — Iss. 12. — P. 1621-1631. doi: 10.1088/0508-3443/17/12/310

17. Janahmadov, A. K. Synergetics and Fractals in Tribology / Ahad Kh Janahmadov, Maksim Y Javadov. —
Cham : Springer, 2016. — 381 p. doi: 10.1007/978-3-319-28189-6

18. Jeng, D. R. Thermal Contact Resistance in Vacuum / D. R. Jeng // Journal of Heat Transfer. — 1967. — Vol. 89.
—Iss. 3. — P. 275-276. doi: 10.1115/1.3614382

19. The Synergetic Effects of Surface Texturing and MoDDP Additive Applied to Ball-on-Disk Friction Subject to
Both Flooded and Starved Lubrication Conditions / Linging Bai, Yonggang Meng, Zulfigar Ahmad Khan,
Varian Zhang // Tribology Letters. — 2017. — Vol. 65. — Iss. 4. — P. 115-127. doi: 10.1007/s11249-017-0949-y

doi: 10.15802/stp2018/133323 © D. V. Ustymenko, 2018

83


https://doi.org/10.1088/0508-3443/17/12/310
http://cds.cern.ch/search?f=author&p=Janahmadov%2C%20Ahad%20Kh&ln=ru
https://doi.org/10.1115/1.3614382

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

Hayka Ta nporpec tTpascropry. BicHuk J{HIIpOneTpoBCbKOro
HALOHAIIBHOTO YHIBEPCUTETY 3alli3HHYHOro Tpancnopty, 2018, Ne 3 (75)

EJIEKTPUYHUI TPAHCIIOPT

1. B. YCTUMEHKO"

"Kag. «EnexTporexnika Ta eneKTpoMexamikay, JHIIpOIeTpOBCHKIA HAIOHATLHII yHIBEPCHTET 3a/Ti3HIEHOTO TPAHCIIOPTY
imeHi akanemika B. Jlazapsna, Byin. JlazapsiHa, 2, [lHinpo, Ykpaina, 49010, Ten. +38 (056) 373 15 47,
ei. morrra Ustimenko.1979@gmail.com, ORCID 0000-0003-2984-4381

®I3MKO-TEXHOJIOITYHI ACHEKTH POBOTH 3MALLLYBAJIbHHAX
IIIAPIB Y TPUBOCUCTEMI «kKOHTAKTHHUM ITPOBI/I - KOHTAKTHA
BCTABKA CTPYMOIIPUNMAYA»

Merta. ['osi0BHOIO MeTOIO pOOOTH € BCceOIUHMI aHali3 MPOLEciB, 10 Bi0yBalOThCs B 3MAIyBaIbHUX IIapax Mo-
BEPXOHb TEPTSI TPUOOCHCTEMHU «KOHTAKTHHUI MPOBiI — KOHTAaKTHA BcTaBka crpymonpuiimada» (KIIKBC) ta BusB-
JIEHHSI 0COOJIMBOCTEH, XapaKTEepHUX JJIs CUCTEM LbOro kiacy. Meroamka. [t BUBYEeHHs (Di3MKO-TEXHOJIOTTYHUX
aCIIeKTiB POOOTH 3MallyBaJIbHUX IIApiB y TPHOOCUCTEMI «KOHTAKTHHH NPOBIJ — KOHTAKTHA BCTaBKa CTPYMOIPHIA-
Mada» B SKOCTI OCHOBHOI METOJOJIOTI] 3aCTOCOBY€EThCS CUCTEMHUI aHaii3. Pe3yabTaTu. Teopis enexTpoppukiiii-
HOi B3aeMoIii 3apa3 mepedyBac Ha TaKOMY €Talli, SKAH XapaKTePHU3YEThCS BEJIMKOIO KUNBKICTIO HArpoOMaKCHHUX
EeMITIPUYHMX JaHUX, TIIOTE3 1 MOJeINeH, KOTpi HE MOXKYTh a/IEKBaTHO MPEACTABUTH SBHIIA B KOB3HOMY CHIBHOCTPY-
MOBOMY EIEKTPHIHOMY KOHTaKTi. KOB3HNMII eNeKTpHIHMI KOHTAKT TPUOOCHCTEMH «KOHTAaKTHUH MPOBiA — KOHTAKT-
Ha BCTaBKa CTPYMOIIpHIMaday MijJ yac eKCIUTyaTallii miIgaeThCs BIUIUBY 0aratbox (akTopiB, OMHHUM i3 SIKUX € MPO-
LlecH B 3MAllyBalbHUX IIapax napu TepTs. Po3yMiHHS 0cOONMBOCTEH MPOIECIB, IO MPOTIKAIOTh B 3MAlyBaJILHUX
miapax, Ta iX BIUIMBY Ha pOOOTY KOB3HOTO CHJIBHOCTPYMOBOI'O EJIEKTPHYHOTO KOHTAKTY MOXKE CTATH 3alOpPYKOIO
3a0e3MneueHHs] CYTTEBOTO IMiIBUIICHHS MPAIE3aTHOCTI TAKUX CHCTEM 1, SIK HACIHIJOK, CYTTEBO MiJBUINUATH HaJlii-
HiCTh 1 Oe3neky poOoTH enekTpopyxomoro ckiany. HaykoBa HoBu3Ha. [IponoHyeThCS pO3IiIsgaT NPOLECH €JIeK-
TPOPPUKIIMHOT B3a€EMOJIT ENEKTPUYHUX KOHTAKTIB 3 TO3MUILIi CHHEPIeTHUKH, 3aCTOCOBYIOUM TEOpilo (pakTaliB
B IKOCTI ©a30BOI ISl KUIBKICHOTO OIHCY CTPYKTYp, 110 caMoopraHizytorscs. [IpakTuyHa 3HAYUMicTh. YpaxyBaH-
HSl EMITIPUYHOTO JIOCBIAY EKCIUTyaTalii TPHOOCHCTEMH «KOHTAKTHHUHM MPOBIJ — KOHTAKTHA BCTaBKa CTPyMOINpHiMa-
Ya» B HOEJHAHHI 3 TEOPETHUHIMH 3HAHHSIMH JIO3BOJISIE 3aIPOIIOHYBATH TPH MOJIMBUX HANpPSIMKU BUPILICHHS TPH-
00JIOTIYHHX POOIIEM Y CHIIFHOCTPYMOBHX KOB3HHX €JICKTPUYHUX KOHTaKTax. A came: 1) 3MiHy reoMeTpii KOHTaKTy
it Torrorpadii MOBEpXOHB, HAIPUKIIA]], BAKOPUCTAHHS PErYISIPHOTO MaKpOpense]y MOBEPXOHb KOHTAKTY; 2) PO3pO-
OKy €JEeKTPONPOBITHAX KOMIIO3UTIB, UM SIKHX XapaKTEpHE CaMO3MAllyBaHHS, HAIPUKIAJ, BUKOPHCTAHHSI KOMIIO-
3ULIHHIX MaTepiatiB, IO MICTATh TBEP/i €IEKTPOIPOBIIHI MacTmia; 3) po3poOKy e(peKTUBHUX MACTHII IS €JICKT-
PUYHHX CHIIBHOCTPYMOBHX KOB3HHX KOHTAKTIB, III0 MOJKE MOTPEOYBATH NESIKOTO YCKIaTHEHHS KOHCTPYKIIi By37a.

Kniouosi crosa: KOHTaKTHA Napa; CTPyMO3HIMaHHS; KOHTAaKTHUI NPOBi; IHTEHCUBHICTD 3HOLIYBAaHHS; TPaHUYHE
TEPTsI; NePEXiAHUH OIip KOHTAKTy; KOHTAKTHA BCTABKa CTpyMOINIpHiMaya

1. B. YCTUMEHKO"

"Ka. «mexrpoTexmiKa i 3MeKTPOMEXaHnKay, J{HeIpONeTPOBCKHiT HAMOHANBHBI YHHBEPCHTET JKEIE3HOLOPOIKHOTO TPAHC-
nopta nMeHH akanemuka B. Jlazapsna, yn. Jlazapsna, 2, {uaunpo, Ykpauna, 49010, ter. +38 (056) 373 15 47,
a11. moura Ustimenko.1979@gmail.com, ORCID 0000-0003-2984-4381

PU3UKO-TEXHOJTOI'MYECKHUE ACIIEKTBI PABOTbBI CMA30OYHbIX
CJIOEB B TPUBOCUCTEME «KOHTAKTHbBIA ITPOBO/JI -
KOHTAKTHASA BCTABKA TOKOIIPUEMHUKA»

Hensn. ['maBHO# 1eNBI0 PabOTHI SBJISETCSI BCECTOPOHHUI aHATH3 MPOIIECCOB, MIPOUCXOIAIINX B CMa30YHBIX CIIO-
X MOBEPXHOCTEN TPEHUS TPUOOCUCTEMBI «KOHTAKTHBIN TPOBOJ — KOHTAKTHAsI BCTaBKa Tokonpuemunka» (KITKBT)
U BBISBJICHHUE OCOOCHHOCTEH, XapaKTEpHBIX JUIS CHCTEM 3Toro kiacca. Meromumka. [Ipu wm3ydyenuu ¢usmko-
TEXHOJIOTUYECKUX ACTICKTOB Pa0OThI CMa30YHBIX CIIOCB TPHOOCUCTEMBI «KOHTAKTHBIN MPOBOJ] — KOHTAKTHAS BCTABKA
TOKOIPUEMHHKA» B KAa4€CTBE OCHOBHOM METOJOJOTHMU NPHUMEHSETCS CUCTeMHBIM aHanu3. Pedyawrartbl. Teopus
ANEKTPOPUKIIMOHHOTO B3aMMOJCHCTBHS ceidac HaXOAWTCS Ha dTare, XapaKTepu3yeMoM OOJIBIINM KOJIWIECTBOM
HaKOTJICHHBIX SMIIMPUYECKUX NAaHHBIX, THIIOTE3 M MOJeNeil, KOTOphIe He MOTYT aeKBaTHO MPEICTaBUTH SBJICHUS B
CKOJIB3AIIEM CHIIFHOTOYHOM DJIEKTPUYECKOM KOHTaKTe. CKONB3AMMNA DICKTPUISCKANH KOHTAKT TPHOOCHUCTEMBI

doi: 10.15802/stp2018/133323 © [1. B. Yctumenko, 2018
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«KOHTAaKTHBII MPOBOJ — KOHTAKTHAas BCTaBKa TOKONPHEMHUKA» B MPOLECCE IKCILTyaTalluU MOJBEpraercs: BO3JAeH-
CTBHIO MHOTHX (DaKTOPOB, OJJHUM M3 KOTOPBIX SIBJISIOTCS MPOLECCH B CMAa304HBIX CIIOSX Mapsl TpeHus. [lonnmanne
0COOEHHOCTE MPOIECCOB, MPOTEKAIOIINX B CMa30UHBIX CIOSX M MX BIMSHHS Ha paboTy CKOJB3SIIEr0 CHIILHOTOY-
HOTO 3JIEKTPUYECKOTO KOHTAKTa, MOXKET CTaTh 3aJOTOM OOECHEUEeHNUs CYIIECTBEHHOTO MOBBIMIEHUS pabOTOCIOCO0-
HOCTH TAaKHX CHUCTEM M, KaK CIEJCTBHE, CYIIECTBCHHO IIOBBICUTh HA/IEKHOCTDh M 0€30MaCHOCTh PabOTHI INIEKTPOIIO-
IBIDKHOTO coctaBa. HayuHas HoBu3Ha. [Ipeanaraercs paccMaTpuBaTh MPOLECCH MEKTPO(MPUKIIMOHHOTO B3aHMO-
JEUCTBHSA IEKTPHIECKUX KOHTAKTOB C MO3UIMH CHHEPTETHKHU, MPUMEHSS TeOpuio (PpakTanoB B KadecTBe 0a30BOI
JUTSl KOJTMYECTBEHHOTO OMHICAHMS CaMOOPTaHU3YIOINXCS CTPYKTYp. IIpakTHYeckasi 3HAYMMOCTh. YUET SMIUpHIC-
CKOTO OIBITa 3KCIUTyaTalluy TPHOOCUCTEMBI «KOHTAKTHBIN NMPOBOJ] — KOHTAaKTHAs! BCTaBKa TOKOIIPUEMHHUKA» B COYeE-
TaHWU C TEOPETUUECKMMU 3HAHMSMU MO3BOJISIET MPEJUIOKUTH TPH BO3ZMOKHBIX HAIPABIICHUS! PELICHUs] TPUOOJIOTH-
YEeCKUX NPOOJIeM B CHIBHOTOYHBIX CKOJIB3SALIMX JJIEKTPUUECKHX KOHTaKTaX. A MMEHHO: 1) U3MEHEHHEe reOMETPUH
KOHTaKTa W ToIorpauu MOBEpXHOCTEH, HANpHMeEp, MCIOJIB30BAHUE PETYISIPHOTO Makpopeibeda MmoBepxHOCTei
KOHTaKTa; 2) pa3paboTKa JIEKTPONPOBOIIIIUX KOMIIO3UTOB Ul KOTOPBIX XapaKTepHO CaMOCMa3bIBaHME, HaIpH-
Mep, UCIOIb30BaHUE KOMITO3UIIMOHHBIX MaTepHUaoB, COAEPIKAIIUX TBEPJIbIe JIEKTPONPOBOASIIINE CMa3Ky; 3) pas-
paboTka 3(pGEeKTUBHBIX CMa30K [UISl AJIEKTPUUECKUX CHIIBHOTOYHBIX CKOJIB3SIIUX KOHTAKTOB, YTO MOXET HNOTpeDo-
BaTh HEKOTOPOTO YCIIOKHEHUSI KOHCTPYKIIHH y3I1a.

Kniouegvie cnosa: KOHTaKTHas Mapa; TOKOChEM; KOHTAKTHBIH POBOJI; HHTCHCUBHOCTh U3HOCA; MPEAEIBHOE Tpe-
HHE; TIEPEX0AHOE CONMPOTHBIICHNE KOHTAKTa; KOHTAKTHAs! BCTABKA TOKONIPHEMHHNKA
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SPECIFIC ASSESSMENT METHOD OF RAILWAY BALLAST
PARTICLE DEGRADATION BASED ON UNIQUE LABORATORY TEST

Purpose. There are specific, standardized laboratory test methods to assess railway ballast particle degradation;
they are the Los Angeles (EN 1097-2) and the Micro-Deval abrasion (EN 1097-1) tests. These testing methods can’t
take into consideration the real railway stress-strain circumstances of ballast materials, and they particles. In this
paper the authors represent a specific laboratory fatigue breakage test of railway ballast materials. With this kind of
testing method, the deterioration process of railway ballast particles can be assessed more realistic and precisely.
Methodology. A special layer structure is built-up with elastic sublayer system and 30 cm thick ballast samples (from
two different type andesite base rocks) that is loaded by dynamic, pulsating forces. Particle size distribution functions
have to be recorded before and after a more million cycle fatigue test, but intermediate measurements are also execut-
ed. The measured data should be processed, and different parameters have to be calculated that are offered by interna-
tional literature and researches. The test doesn’t consider the particle breakage due to hand-made and machine-made
tamping, but it can simulate particle degradation due to more years’ railway traffic in laboratory circumstances.
Findings. There is a development after the R&D work made and published in 2014: in 2017 and 2018 years the ballast
particle deterioration process is given according to more intermediate fatigue cycles with individual measurements, that
show more precise «picture» about the full particle degradation, i.e. breakage process. The authors give more precise
correlation functions between the calculated parameters and load cycles during fatigue. Originality. The paper
summed up the results of a specific developed laboratory test method for assessment of the breakage process of railway
ballast particles according to two different railway ballast materials from andesite base rocks. Practical value. The
results help with the calculation of approximate time interval of required ballast screening (cleaning) work in the future.
This research is supported by the UNKP-17-4 New National Excellence Program of Ministry of Human Capacities.

Keywords: railway ballast material; particle degradation & breakage; specific laboratory test method; dynamic
fatigue test

nowadays practice it is obvious aspect that re-
Purpose quired quality ballast [3, 5, 13-22] is achievable in

In the EU’s 2014-2020 Finance Programme requJesttﬁd ?ul?m't.y' the auth it 1o th .
Hungarian railway construction and rehabilitation In the Toflowings the authors point o those cri-
projects can be financed by more than thousand teria because of that the future view is more shad-
billion Hungarian Forints, from which quantity of eﬂ, ‘?”dtWth'C*L areA prelscrlbe((jj l\t/lhat slgeuall rSCk
money important railway projects can be executed. physics tests (Los Angeles and Micro-Deval abra-

The important part of these projects is the ballast S|on_tests) are highly suggested W.'th more  real
that is the most component of superstructure. In loading conditions than the standardised tests con-

sidering available stone-rock qualities’ limits.
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The grains’ original — base rock-dependent —
abrasion properties can be hardly modified by tech-
nology methods, these are mostly depending on
«aggregate asset» and rocks’ mechanical character-
istics. In professional events more and more presen-
tations are made about the fact that environmental,
nature-reservational, heritage-protective, etc. regula-
tions hitting the stone-mining industry aggravated
year by year generally mean such restrictions [13,
14] on the access of the natural wealth that might
lead to problems in base material supply and in-
creasing quality hazard on the medium term.

The authors think it a base problem that the
ability for railway ballast material is internationally
required the Los Angeles abrasion and Micro-
Deval abrasion tests [15, 16] in the product stand-
ard [17]. These laboratory tests are not able to sim-
ulate the real evolved stresses of railway ballast (it
should be mentioned that in case of e.g. asphalt
and concrete road pavements’ «stone skeleton» [1,
10, 11] these laboratory tests are not the optimal
solution, either). For the objective judgement of
conformability special laboratory breakage test has
to be used that consider the more real operation
circumstances and stresses.

After the international literature review, the au-
thors represent the own, unique solution for a spe-
cial laboratory test procedure (method) that is able
to simulate the stresses more realistic. The results
are comparable to the conventional, standardised
abrasion (degradation) tests [15, 16], the degrada-
tion qualifying parameters used internationally [8, 9,
12], as well as required cycle of ballast cleaning
work [2, 12].

Methodology

In 2014 an R&D was made with the finance
support of Colas Eszakkd Ltd.; the public infor-
mation were published in [6, 7]. Below these re-
sults are shortly detailed:

— there is no strong correlation between any
degradation parameters and their change, as well as
the measured and calculated rock mechanic param-
eters. This result wasn’t unexpected because of the
base assembly of laboratory tests (rotating steel
drum filled with ballast particles with or without
steel balls vs. a «box» filled with ballast, pulsated
by dynamic cyclic force),

— in the article [4] the particle degradation due
to tamping technology was examined in the labora-

tory, the authors of this paper weren’t able to veri-
fy neither physical nor mathematical correlation
between the Los Angeles abrasion value of the
samples and the particles shape parameters,

— the time interval values of ballast cleaning-
screening work were determined according to ear-
lier experience data of MAV (Hungarian Railways)
and international literature [2, 12].

The authors have supplementary plans com-
pared to the research executed in 2014: more accu-
rate measurement of the variation of ballast grains’
degradation as a function of pulsating cycles (or
elapsed time during the fatigue test) with the man-
ner detailed below:

— testing of minimum two types of ballast
samples with different rock mechanic properties
(ballast samples from Colas Eszakké Ltd.),

o ballast sample #1: LAgs=19%,
MpeRB=17%,

o ballast sample #2: LAgrg=16%,
MDERB=4%,

— fatigue tests connected to railway ballast ma-
terial samples, definition of PSD (particle size dis-
tribution) before and after fatigue tests with the
following load cycles: 0.1 million; 0.2 million; 0.5
million; 1 million and 1.5 million; 3 million and 5
million (the authors modified the initial plan and
they will execute measurements with maximum 5
million cycles, but in this way they don’t have the
opportunity to make measurements with 3 separate
measures),

— separate ballast sample should be for each fa-
tigue test, i.e. the test series will be like the follow-
ing:

o hballast sample should be cleaned and
washed (the particles more than 22.4 mm are
needed for the tests),

e PSD should be determined (BP - be-
fore pulsating test),

e 0.1 million loading cycles should be
utilized,

e PSD should be determined (AP — after
pulsating test),

o the ballast sample has to be thrown
away,

e another (new) ballast sample should
be cleaned and washed (the grains more than
22.4 mm are needed for tests),

e PSD should be measured (BP - before
pulsating test),

doi: 10.15802/stp2018/134655
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e 0.2 million loading cycles should be

used,

e PSD should be determined (AP — after
pulsating test),

o the ballast sample has to be thrown
away,

o etc. until 5 million loading cycles.

— Fv [12], BBI [9] parameters have to be de-
termined,

— grain quantity d<22.4 mm, d<0.5 mm,
d<0.063 mm, the ratio dgy/d;9, moreover M and A
[8] parameters should be defined,

— the goal is to effort determine mathematical-
physical trends and correlation between character-
istics (see above point) and loading cycles of fa-
tigue test.

The noticed measurements are also performed
using of fresh railway ballast samples from andesite
base rocks, as these measurements were executed in
the research in 2014. The dynamic fatigue test series
were able to be begun in March, 2018, the full re-
sults is able to be published in June, 2018.

Findings

In this paper the authors are able to sentence
the results until 3 million loading cycles, because
the measurements with fatigue tests are done as
follows:

— ballast sample No. 1: 0.1 million; 0.2 million;
0.5 million, 1.5 million and 3 million;

— ballast sample No. 1: 0.1 million; 0.2 million;
0.5 million, 1 million and 3 million.

Fig. 1-8 represent the calculated parameters as
a function of number of loading cycles (all the par-
ticle size distribution functions are not published
because of the limited content only the calculated
parameters that can be calculated from that).
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Originality and practical value

According to the Fig. 1-8 the following results
can be determined, that are not the final results of
the research, and they consider the maximum 3-
million-fatigue cycles (not the 5 million):

— there are significant correlation (R>>0.8) re-
lated to four calculated parameters from the eight
(as a function of number of loading cycles), the
regression functions are power regression function:

e Fy, i.e. the parameter that can forecast
the necessity of ballast bed screening, this
parameter is recommended by the South Af-
rican Railways [12],

sating and before pulsating, respectively).

— The regressions are not significant (neither
with linear, nor with power regression functions)
related to the other four calculated parameters,

— in detailed analysis (considering only the
significant correlations) the authors can highlight
the fact, that «speed» of the breakage (the tangent
of the functions) is higher related to ballast sample
#2 than ballast sample #1, that is very interesting
because both the LArg and MpeRB parameters are
better (lower) for ballast sample #2,

— to be able to sentence final results the miss-
ing measurements are needed (i.e. the measure-
ments until dynamic fatigue with 5 million loading
cycles).

Conclusions

This article introduces a research’s results (but
not the final results) supported by UNKP-17-4 New
National Excellence Program of Ministry of Human
Capacities. The accurate topic in the UNKP project
is the «Innovative breakage test method of railway
ballast material». In the authors’ earlier paper the
up-to-date international research achievements were
resulted related to conventional (standardized) and
non-conventional (non-standardized), additionally
seperate laboratory breakage and abrasion test
methods and DEM simulations of ballast materials.
The research plan was introduced and detailed for
2017 and 2018 years, it can be scored as the en-
hancement of the earlier research. The authors sen-
tenced the results of the laboratory tests in the con-
sideration of the maximal 3 million fatigue cycles
for the two different andesite railway ballast sam-
ples. The developed method seems to be adequate
for evaluating of the degradtion process of railway
ballast material according to railway.
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CNELIAJBLHU METOJI OLIHKY PYIHYBAHHS YACTOK
3AJIIBHUYHOT O BAJIACTY HA OCHOBI YHIKAJILHOT'O
JABOPATOPHOI'O BUIIPOBYBAHHSI

Merta. IcHyl0Th crieniaigbpHi CTaHAApPTH30BaHI METOIM J1A00paTOPpHUX BUIIPOOYBaHb JUIsl OLIHKM PYHHYBaHHS 4a-
CTMHOK 3aJi3HUYHOTrO 0alacTHOrO Imapy — ue BurnpoOyBaHHs Ha crupanHs Jloc-Anmxkenec (EN 1097-2) i Mikpo-
Jesanp (EN 1097-1). Lli MmeTonu BUIIpoOyBaHb He BPaxOBYIOTh pealibHi YMOBHU HarpyXeHoi Jaedopmarii 3ami3Hud-
HUX OanacTHHUX MatepianiB. OCHOBHOIO METOIO poOOTH € creniaibHe JabopaTopHe BUNPOOYBaHHS HA yTOMHE PYy#H-
HYBaHHS 3aTI3HAYHUX OanacTHUX MarepiamiB. Takuil MeTon BHNPOOYBaHHS MO3BOJISE OLNBIN peasliCTHIHO i TOYHO
OIIIHATH TIPOIIEC 3HOCY YACTOK MaTepialxy 3ali3HHIHOTro OanmactHoro miapy. Metoamka. CriemianbHy mapyBary
CTPYKTYPY, YKPITUIEHY IPY>KHIM HIDKHIM IIapoM i GamacTHUMH 3pa3kamMi TOBIIHHOIO 30 cM (i3 IBOX Pi3HUX MOpif
aHJ/IC3UTOBOTO MICOCHIO), HABAHTAXKYIOTh AHHAMIYHUMH, ITyIbCylounMu critamu. Corin 3ammcatu QyHKII po3noairy
PO3MipiB YaCTOK A0 i MiCIIA MPOBEACHHS OLIbIIEC Hi’K MiJTbHOHA TECTIB Ha IUKIIIYHY BTOMY, a TAKO>K BUKOHATH TIPO-
MDKHI BUMiptoBaHHs. [1oTpiOHO ompaifoBaTi BUMIpsIHI JaHi i po3paxyBaTH pi3Hi NapaMeTpH, 3arpoloHOBaHi B Mi-
YKHAPOJHUX HAYKOBHX JOCIHIKEHHSIX. BUIipoOyBaHHs He BpaxoBye pyWHYBaHHS 4aCTOK BHACIIIJIOK MEXaHIYHOTO Y1
py4HOTO miIoMBaHHA OanacTy, ajie 103BOJISIE B JJAOOPATOPHUX YMOBaX IMITyBaTh pyHHYBaHHS 4acTOK BiJ OaraTopi-
yHOI [il 3aii3HUYHOrO pyxy. Pesynbraru. Ilicias HaykoBO-IOCHIIHUX 1 JOCIHIAHO-KOHCTPYKTOPCHKHUX PO3POOOK
pylinyBaHHs OanactHoro mapy B 2014 porii 0yio omy0nikoBaHO HaykoBe gociimpkenHs. B 2017-2018 pokax gociti-
JUKEHHS TIPOLieCy pyHHYBaHHs 4acTok Oanacty OyJM MpeACTaBlieHi 3 ypaXyBaHHAM OLIbII CKIaJHUX LIUKJIIB HAaBaH-
Ta)XCHHS, SKI MalW 1HAWBIdyaJlbHE OIiHIOBaHHA. Lle 1ae OiIbIN TOYHE YSBJICHHS NMPO MOBHE MOIIKOKEHHS YaCTOK
OarmacTHOro Matepiany, TOOTO PO MpoIrec pyHHYBaHHS. ABTOPY MOJAIOTh YTOYHEHI KOpeAUiiHI (GyHKIIT MiX po3-
PaxyHKOBHMH NTapaMeTpaMH i IUKJIaM1 HaBaHTAXXEHHS ITiJ yac BUNpoOyBaHb Ha BToMy. HaykoBa HoBH3HA. Y miit
po0OoTi miACYyMOBaHiI pe3yabTaTH PO3POOIICHOTO TabOPATOPHOTO METOAY BUIPOOYBAaHb JJIsI OLIHKHU MPOIECY PYHHY-
BaHHS 9aCTOK 0allaCTHOTO MaTepialy 3ali3HHYHOTO IOJIOTHA i3 JBOX Pi3HUX IMOpif aHAe3uToBOro medeHro. Ipak-
THYHA 3HAYMMICTh. Y NOJANbIIOMY PE3yIbTaTH MOXKYTh OyTH BUKOPUCTaHI Uil OOYMCIIEHHS PHOIN3HOTO Yaco-
BOTO iHTEpBaLy, HEOOXITHOTO JUIsi BUKOHAHHS POOIT 13 ounienHs 6anacty. Lle mocmimkeHHsS BUKOHAHE BiJIIOBiIHO
710 HarioHanbHoi mporpamu BaockonanerHs UNKP-17-4 MixicTepcTBa MOXKINBOCTEH JTIOXMHH.

Kniouosi cnosa: 3anizHNYHAN OanmacTHUN MaTepiaj; MOIIKOMKECHHS M pyHHyBaHHS 9acTOK; CIEIiallbHII METO
1a00paTOPHUX JOCHIKEHB; BUIIPOOYBAaHHS HA JHHAMIYHY BTOMY
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CIIEIIUAJIBHBIN METO/I OUEHKH PA3PYIIIEHWS YACTHII
KEJE3HOAOPOKHOI'O BAJIVIACTA HA OCHOBE YHUKAJIBHOI'O
JIABOPATOPHOI'O UCIIBITAHUA

Henp. CymecTByOT CIeMUalbHBIE CTAaHAAPTU3WPOBAHHBIC METOIB! JTAOOPATOPHBIX HCHBITAHWNA UISL OLEHKH
pa3pyLIeHUsT YacTHUI] JKEJIe3HOAOPOXKHOTO OayuTacTHOTO CIIOSI — 3TO WCIBITaHHS Ha uctupanue Jloc-AmHmxenec
(EN 1097-2) u Mukpo-Jlesams (EN 1097-1). JlaHHbIE METOABI WCIBITAHMNA HE YIWTHIBAIOT pealbHBIE YCIOBUS
HaTIpSDKEHHOW NTeopManni KeJIe3HOJOPOXKHBIX OalTacTHRIX MaTepraioB. B pabore mpencTaBieHO crenuaibHOE
71a00paTOPHOE HCIBITAHUE HA YCTATOCTHOE Pa3pyICHUE KEJIC3HOJOPOKHBIX 0AIaCTHBIX MaTtepuaioB. Takoi me-
TOJI MCIIBITAHUS MO3BOJISIET 00JIce PEATUCTUYHO U TOYHO OIICHUTH MPOIIECC M3HOCA YAaCTHUI] MaTepHalia XKeJIe3HOI0-
poxkHOrO OaymtacTHoro cinosi. Meronuka. CrieliaabHas CJIOUCTAs CTPYKTYpa, YKPCIUICHHAS YIIPYTUM HIDKHHM CIIO-
eM U OayutacTHBIME OOpasiamMu ToIuHO#M 30 cM (M3 ABYX pa3HBIX MOPO aHIC3UTOBOTO IEOHs), HATPYKACTCS JTU-
HAMHYECKUMH, TYJIbCUPYIOIIMMYU criiamu. CleayeT 3anucaTh GYHKIUHN PacpeeIICHIs pa3Mepa YacTHIL 0 U MOCTe
MMpOBEACHUA 60.]'166 YyeM MWLIMOHA WCIIBITAHUM Ha HUKIIMYECKYIO YCTAJIOCTDh, @ TAKXKC BBINIOJIHUTH MPOMEKYTOUYHLIC
n3Meperus. Heooxommumo 00paboTaTs m3MepsieMble JaHHBIE W PACCUUTATEH PA3IMIHBIC MapaMeTPHI, IPEI0KEHHBIE
B MEXAYHAPOTHBIX HAYYHBIX HCCIENOBAaHUAX. VIcIIBITaHNE HE YYUTHIBACT pa3pylICHUE YacTHUIl B Pe3ylbTaTe Mexa-
HUYECKOW WIM PYYHOH MONOWBKH Oaiiacta, HO IMO3BOJIET B TAOOPATOPHBIX YCIOBUSX WMHUTHPOBAThH pa3pyIICHUE
4acTUI] OT MHOTOJICTHETO JCHCTBHS JKEJIe3HONOPOKHOTO JABIKeHHs. Pedyabrarel. [locrme HaydHO-
HCCIICAOBATEILCKUX U OMBITHO-KOHCTPYKTOPCKHX pa3paboTok paspymeHus OammactHoro cios B 2014 romy Obuto
OMmyOJUKOBaHO Hay4dHOe mccienoBanue. B 2017-2018 rogax wcciaemoBaHus Mpoliecca pa3pyluicHHs YacTHIl Oasia-
cTa 6I)IHH MNpCACTaBJICHBI C YUCTOM 60.]'[63 CJIOXKHBIX IMUKJIOB HArpy3ku U UMEJIM NUHAUBUAYAJIbHOC OLICHUBAHUEC. 9TO
Jaet 0oJiee TOYHOE MPECTABICHUE O MMOJIHOM MTOBPEXKICHUH YacTUI[ 0aNITACTHOTO MaTepuaa, T. €. O mpoIiecce pas-
pylieHus. ABTOpaMH NpeICTaBICHbl YTOUHEHHbIE KOPPEISIIIMOHHbIE QYHKIIMU MEXy pacyETHBIMH MapaMeTpamMu 1
LUKIaMH Harpy3kd BO BpeMs HCIBITaHHUS Ha ycranocTe. HayuyHast HoBu3HA. B naHHOI paboTe MOIBITOKEHBI pe-
3yJIbTaThl KOHKPETHOTO pa3pabOTaHHOIo JabOpaTOPHOTO METO/Aa UCIBITAHWN IS OLCHKH IMPOIeCcca pa3pyIICHHsI
gacTuI 0AJUTACTHOTO MaTepHalia ’KeJIe3HOJOPOKHOTO MOJOTHA U3 JBYX PA3MYHBIX MTOPOJ aHAC3UTOBOTO MICOHS.
I[pakTHyeckasi 3HAYUMOCTD. B manpHEHIIEM pe3ylbTaThl MOTYT OBITh HCIIOJIB30BAHKI U BEIYUCICHHUS MPUOIH-
3UTEIEHOTO BPEMEHHOTO WHTEpBaJla, HEOOXOIMMOTO JUTS BBITIOJHEHHUS pabOTHI O O4YHCTKe Oamtacta. [laHHOE WC-
CJIEI0BAaHUE BBHINOJIHEHO B COOTBETCTBHM C HALMOHAJIBHON MPOrpaMMOM COBEpLIEHCTBOBAHUS UNKP-17-4 Musu-
CTepCTBa BO3MOXKHOCTEH YETIOBEKA.

Kniouesvie cnosa: xene3sHOOOPOKHBIN OanIacTHRIA MaTepHall; HOBPEKACHNE U pa3pyIICHHE YaCTHIL, CIICIHAIIb-
HBIA METOJI JTADOPATOPHBIX UCCIICAOBAHUIA; UCTIBFITAHUE HA JUHAMHYCCKYIO YCTAIOCTh
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PROCEDURE FOR DETERMINING PROCESS CHARACTERISTICS OF
FRICTION STIR WELDING

Purpose. The study is aimed at improving the procedure for determining the optimum radius of the shoulder of
a special tool for friction stir welding (FSW) of aluminum alloys and its change depending on the variations of base
metal thickness. Methodology. The friction stir welding process was carried out on specially designed equipment.
The material for the studies were 1.85 mm thick plates made of aluminum alloy AMg3 with a chemical content of
alloying elements within the range of the brand composition. The temperature in the welding zone and the pressure
from the tool on the edges of the welded joint were determined using a specially designed research stand. The press-
ing force of the tool to the base metal during welding was measured with a dynamometer type DC-0.1 with the indi-
cator head. Findings. During the research, the degree of metal heating and the quality of the welded joint formation
were determined at various ratios of the rotation frequency of the working tool and the normal pressure to the join-
ing edges. The research allowed determining the influence of FSW process parameters on the temperature of metal
heating in the action zone of the working tool shoulder. Originality. The experimental studies allowed to determine
the effect of the working tool rotation speed and the magnitude of its pressure on the welded metal during welding
on the temperature in the weld zone. Increasing the tool rotation frequency allows to reduce pressure of the working
tool during welding, which results in more efficient and high-quality welding process. It has been established that it
is possible to obtain better welded joints at a temperature of about 0.7 Tm and to determine the optimal temperature
range in the welding zone. Practical value. The study resulted in determination of the conditions for achieving the
permanent softening effect during friction stir welding and the optimum temperatures in the welding zone for the
tested alloy. The main technological parameters of the working tool are calculated and their influence on the genera-
tion of thermal energy in the welding zone is determined. The thermal analysis of the welding process resulted in
development of the procedure for determining the technological parameters of the working tool and its rotation fre-
quency depending on the weld metal thickness.

Keywords: friction stir welding; thermal energy; working tool; welding modes; aluminium alloys; optimum
temperature

with the simultaneous development of innovative
Introduction methods of their processing.

When making the structures of intricate shapes,
welding is accompanied by certain difficulties. The
aluminium alloys ability to weld is complicated by
the formation of refractory foils, high thermal con-
ductivity and castability, the tendency to form hot
cracks, cavities and others.

Almost all of these disadvantages can be elimi-
nated or significantly reduced when using welding
without metal melting. Such methods are types of

One of the directions of the progressive devel-
opment of rail transport is the introduction of new
metal materials for the manufacture of various
structures. The main advantages include small spe-
cific gravity, strength, corrosion resistance, ease of
recycling, etc.

Aluminium alloys are constantly improved, as
well as their mechanical and physical properties,
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welding by pressure (Fig. 1), with the localization
of heat dissipation in near-surface layers of the
edges caused by transformation of mechanical en-
ergy (frictional forces) into the heat one.

Fig. 1. Friction welding process schemes:
a — traditional; b — vibro friction; ¢ — of sheet workpieces
using a blade; P — pressing force

Similarly, during the friction stir welding
(FSW) [10], the heat source is the friction forces
that arise between the surfaces of the welded edges
and the working part of the special tool [5, 12-17].

The FSW process parameters include:

— Rotation frequency of the welding tool
around its own axis;

— Speed of welding (speed of movement of the
welding tool along the welding edges);

— Angle of the tool relative to the welded sur-
face normal;

— Force of pressing the tool to the edges;

— Geometrical dimensions and shape of the
working part of the welding tool.

The above characteristics have a different effect
on the welding process and the quality of the weld
joint [7, 13]. At the same time, the high sensitivity
of FSW process to changes in process parameters
makes it difficult to support stable welding condi-
tions. For example, the rotation frequency of the

tool and the speed of its movement along the edges
allow for a wide range of changes in conditions of
metal heating and connection. Another matter
when it refers to geometric dimensions and tool
shape. The intricate form of the elements of the
tool significantly complicates its use when chang-
ing the range of products under the conditions of
friction stir welding (Fig.2, a).

Each of the tool parts provides not only the
transformation of mechanical energy into heat, but
also its specific distribution along the intersection
of the weld seam [17]. The action of the shoulder
brings up to 90% of the total energy [12], the re-
mainder is due to the pin. The above correlation
indicates the main impact of the shoulder on the
stability of FSW process.

In some cases, the working surfaces of the tool
may have grooves, flutes, spirals [11], etc., which
allows a high level of destruction of the oxide foil
of aluminium alloy surfaces and increase in degree
of diffusion between the weld metal, which in turn
improves the mechanical properties of the joint [1,
12, 14, 15].

The working tool pin is intended for the distri-
bution of thermal energy over the thickness of the
welded joint, the crushing of the oxide foils of the
ends of the welding surfaces and their activation,
ensuring diffusion during welding.

The shape of the working tool pin can vary
considerably depending on its diameter, the tool
inclination angle during welding, the thickness of
the base metal and its chemical composition, which
in turn will affect the quality of the welded joint.
Similarly to the surface, the shoulder pin may have
a groove that helps control the flow of plasticized
metal and direct it to the sealing of certain seg-
ments of the seam, which reduces the likelihood of
the lack of root fusion.

Compared to the technologies of partial or full
melting, the use of friction stir welding can signifi-
cantly reduce the degree of overheating of the met-
al in the zone of thermal impact and, accordingly,
the resulting deformation of the welded joint and
the product as a whole [1, 2, 7].

Purpose

Improvement of the procedure for determining
the optimum radius of the shoulder of a special
tool depending on the variations of base metal
thickness.
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Material and methodology
of the research

The FSW process (Fig. 2, a) was carried out on
a specially designed laboratory equipment using a
variety of welding modes [2, 6, 12, 17].

The welding tool (fig. 2, b) was made of P9
grade high-speed steel, which retains its mechani-
cal properties to the melting temperatures of alu-
minium-based alloys. The tool was used after a
special heat treatment hardening.

For the purpose of high-quality metal filling,
the axis of the working tool is located at an angle
of 1...3° relative to the normal to the metal surface.
Normal effort was chosen under the conditions of
immersing the tool into the billet to a depth of up
to 10% of the weld edge thicknessThe shoulder
had a diameter of 12 mm and 1.72 mm long cone-
shaped pin with a diameter of 3.4 mm.

Fig. 2. FSW process of two workpieces (a) and
working tool (b):
1A, 1B — workpieces; 2 — stick; 3 — working tool; 4 — pin;
5 — shoulder; 6 — source of rotation (engine);
7 — direction of welding

The speed of the tool rotation was changed in
the range of 800...1600 min™, with the force of
pressing on plates not higher than 1.4 kN. The
speed of tool movement along the seam was main-
tained constant — 50 mm/min.

Materials for researches were 1.85 mm thick
plates of AMG3 alloy with the content of alloying
elements within the brand composition.

The temperature and pressure from the tool in
the welding zone were controlled in a specially de-
signed stand mounted on a vertical cutting bench.
The force of working tool pressing to the edges was
measured by a dynamometer of type DS-0.1.

The metal heating temperature was measured
by thermocouples of chromel-aluminium type with
an arrangement at different distances from the axis
of the weld seam.

Findings

In different ratios, the working tool rotation
speed and its pressing to the connecting edges
changed the degree of metal heating.

Fig. 3 shows the research results of the influence
of the FSW process parameters on the metal heating
temperature under the shoulder of the working tool.
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Fig. 3 — Experimental curves of dependence
of the alloy edge heating temperature under
the shoulder on the speed of rotation
o and the pressing force P of the working tool
(Vy = const):
1-o0=2800rpm; 2 - =1250 rpm; 3 — ® = 1600 rpm
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The analysis of the type of the ratio 7 = f(P)

resulted in determination of the optimal tempera-
ture of the heating of the metal edges. First, a qual-
itatively different form of dependence correspond-
ed to a change in the structural transformations in
the metal edges. Regardless of the rotation speed
of the tool and its pressing force, the minimum
temperature was in the relatively narrow range of
70...85°C (Fig. 3, points A, B, C). Taking into ac-
count possible uncontrolled deviations with the
support of stable conditions of the welding process,
to simplify the analysis of the thermal balance, the
average temperature value of 76...78°C was adopt-
ed, which corresponded to the moment of change
in the ratio type.

Estimation of the initial recrystallization tem-
perature (Tg) for single-phase metallic materials
(Tr = 0.4:Ty, where Ty is the metal melting point)
showed a sufficiently qualitative coincidence with
the values of 76...78°C.

A detailed analysis of the shape of the curves
T = f(P) (Fig. 3), taking into account the existing
qualitative changes in structural transformations
under hot compression, suggests that from the
moment of formation of the horizontal section
(A-D; B-E; C-F) to a sharp reduction of the
pressing force (point D, E, F), the processes of in-
ternal alloy reorganization are due to the develop-
ment of dynamic polygonization and recrystalliza-
tion.

On this basis, the moment of formation of the
horizontal section should be considered as a limit
on the minimum temperature of the FSW process,
and a sharp decrease T — as the maximum accepta-
ble value.

The shape of the curves and the qualitative
change points in the ratio 7= f(P) indicate the

dependence of conditions for the achievement of
the metal superplastic state on the FSW process
parameters. Indeed, if the initial plasticization tem-
perature remains practically independent of the
ratio of ® and P, then the achievement of the su-
perplastic state (P decrease area) is more or less
determined by the value o .

Sufficiently complex character of the simulta-
neous influence of several technological parame-
ters of the FSW process on plastic properties de-
manded to estimate the required energy (Q) for
heating the metal to a temperature of 0.7Ty. The

value Q was determined by the ratio of type [9],
taking into account the experimental conditions:

Q=R-T-(Mm-InP-Inw), y

where o - tool rotation frequency; P — pressing
force of the working tool, T - temperature (K),
R — power characteristic, m — exponent.

The calculation of Q was carried out according
to experimental data (Fig. 3) for the alloy plates
under steady state conditions: ® = 13.3 sec™
(800 min™), P=1kN; o =20.8 sec™*
(1250 min'), P = 0.59 kN and ® = 26.7 sec™
(1600 min™), P = 0.275 kN. The temperature in the
edge zone was 0.7 Ty. The result of the Q estimate
depending on o for points J, H, G is shown in
Fig. 4
Q)
kJ J
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Fig. 4 — Q dependence on the simultaneous influence
of @ and P (points J, H, G) under conditions
of temperature reach of 0.7 Ty,

The given dependence (Fig. 4) shows a rather
complex simultaneous impact on Q from P and
® . On this basis, it is a definite interest to evaluate
the impact of any one characteristic. The result of
the calculation of Q depending on ® with
P =const (0.275 kN) is shown in Fig. 5.

The analysis of the results shows that in the
case of constant pressing force, the double change
of o leads to Q change at the range of 10...12%,
which corresponds to the average value of Q
(Fig. 4, point G).

The result of o impact on Q, in comparison
with the pressing force, has a definite confir-
mation. The fact is that the change interval of ® is
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2 times against the change of P more than
3.6 times. Thus, the experiment plan showed a dif-
ferent effect of the FSW technological parameters
on the processes of heating the connecting edges.

Q,
kJ
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30

900 1100 1300 1500 @.rpm

Fig. 5 Change of Q depending on ®
with P=0.275kN

20l
700

The combined analysis of the Q calculated val-
ues (Figs 4, 5) indicates the need to determine the
optimal energy for friction stir welding and possi-
ble dependence on the geometric dimensions of the
working tool. Taking into account the contribution
of the shoulder to the energy balance of the FSW,
an attempt was made to estimate the optimal diam-
eter of the work tool shoulder for different thick-
nesses of the connecting edges. To this end, the
relationship between the thermal balance of the
friction welding process and the main technologi-
cal parameters [3] was used:

2
Nzg-n-u-p-m-RS. 2
where N - energy characteristic;u — friction
coefficient; p —specific normal tool pressure;

o — angular speed of rotation; R; — radius of the
tool shoulder.

Given that the relation (2) includes unchanged
values, the expression should be simplified:

2
A==.n-u-p, 3
PR (3)

where A4 — constant coefficient.
Then the expression (2) will look like:

N=4-0-R, (4)

From the relation (4), R; is equal to:

N
Ao’

R =% (®)
The calculation results for R, according to (5)

using the experimental data [8] and the random

values of Q for the studied change intervals P and

® are shown in Fig. 6.

Rt |

mm

20 30 40 50 60

Fig. 6 — Diagram of selecting the working
tool shoulder radius R; for P=0.275 kN,
dependingon :

1 - 800; 2 — 1250; 3 — 1600; 4 — 2000 min™*
e — Experimental data Q from Fig. 4

Q. kJ

The analysis of the results (Fig. 6) shows the
existence of a correlation between the energy Q in
the welding zone and the size of the working tool
shoulder radius R;. At higher speeds of the tool
rotation (Fig. 6, curves 3 and 4), the same values of
Q are achieved with decreasing R;.

In the process of welding, holding the tool at an
angle of 1...3° relative to the normal to the blank
provides the necessary conditions for filling of the
weld bath with the metal. The expected unevenness
of temperature distribution along the plane of the
contact spot (shoulder) occurs only in the initial
stages until reaching the optimal welding condi-
tions. After this, completely homogeneous condi-
tions for the heat energy release process are
achieved.

When designing a working tool, it should be
borne in mind that excessive increase in the shoul-
der diameter will increase the load on the equip-
ment and undesirably increase the width of the
weld, as well as using high frequency rotation of
the tool can lead to overheating of the weld con-
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nection, which negatively affects its mechanical
properties.

In addition to the influence of these factors, the
choice of welding mode depends on the chemical
and phase composition of the alloy, the morpholo-
gy and location in the matrix of the particles of the
second phase. Of particular importance is the
thickness of the metal edges.

In order to take into account the influence of
the welded metal thickness and its thermal proper-
ties on the achievement of optimal conditions, it is
proposed to use the similarity criterion [4]:

N
AT-8

where N - characteristic, similar to Q from (2);
A — thermal conductivity; & — thickness of the met-
al edges; T — temperature in the welding zone, K.

By relation (6), for a particular alloy, under un-
changed conditions A and 7" (optimal heating tem-
perature of edges in FSW), the value  varies in

a very small range of values, which is confirmed
by the data [4] and experimentally in the work.
Given that the thickness of the welded metal can
vary in a wide range, the calculations of R, are lim-
ited in thicknesses from 1 to 10 mm, which are the
most common in the industry.

The value of the energy Q for any thickness of
the base metal is estimated by the following ex-
pression:

Y= (6)

Q=Y A-T-3, ()
The relation (7) taking into account (8)
B=WYgpn AT, ()
where B is constant, takes the form:
Q=83, 9)

Taking into account (1), the same level of Q
can be achieved by different combinations of
and P . Then, for (9), Q is in fact the mean for the
range of changes of ® and P, that has a definite
confirmation. So, for the thickness & = 1.85mm,
the received energy value by the ratio (9) and the
average value Q under the three modes (40 kJ)
have a qualitative coincidence (Fig. 7).

200}

150

100

50

0 2 4 6 8 O,mm

Fig. 7 — Dependence of the required amount
of energy Q by (9) for the established process
of welding on the metal thickness &

The given dependence allows us to determine
the optimal conditions for friction stir welding for
plates of different thicknesses. For example, for
d = 3mm the required amount of heat energy
should be of about 70 kJ. Further, for this energy
value, for a particular equipment with a specified
power, we determine the optimal rotational speed
of the tool and the corresponding radius of the
shoulder.

Determination of the value R;, subject to the
simultaneous consideration of the tool pressing
force, the rotation speed and the metal thickness, is
proposed by the ratio:

B-5

Ao’ (10)

R =3

The calculation results for (10) are given for the
thicknesses 1<6<10 mm in Fig. 8

The constructed diagram for (10) corresponds
to the conditions of constant pressing force
(0.275 kN), although the optimal Q level for weld-
ing (FSW) is determined by the combination of ®
and P.

The verification of the dependence (Fig. 8) was
carried out experimentally. So, under the constant
pressure conditions (0.275 kN) for welding the
3 mm thick edges with ® = 1250 min™, the tool
radius should be 9...10 mm, and for the frequency
of 1600 min™ — approximately 8...9 mm.
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R; 4
mm

9 Jdmm

1 2 3 4 5 6 7 8

Fig. 8 — Diagram of determining the optimal working
tool shoulder radius R; to achieve the established weld-
ing process at:

P =0.275 kN, Vg, = const:

1-800; 2 - 1250; 3 — 1600;

4 -2000; 5 - 2500; 6 — 3000 min™

Under conditions when the justified necessity
of finding the optimal welding mode is based on
changing the working tool pressing force, the cal-
culation of Ry is carried out according to another
diagram, for a specific value of P.

Thus, according to the estimates, it is possible
to improve the process of finding the optimum
welding conditions for the friction stir welding.

Originality and practical value

The research determined the effect of the work-
ing tool rotation speed and the magnitude of its
pressure on the welded edges on the temperature in
the weld zone. The increase of ® allows reducing
the pressure of the working tool during welding.
The conditions for the achievement of the super-
conducting state of the metal in the welding zone
and the optimal temperature range have been de-
termined.

Conclusions

1. It has been established that it is possible to
obtain welded joints at a temperature of about
0.7 T,, during the friction stir welding.

2. At different ratios of the working tool rota-
tion speed and pressing to the connecting edges,
the conditions for achieving the effect of constant
softening of the alloy have been determined.

3. The main technological parameters of the

working tool have been calculated and their influ-
ence on the generation of thermal energy in the
welding zone has been determined.
4. The thermal analysis of the welding process
resulted in development of the procedure for de-
termining the technological parameters of the
working tool depending on the weld metal thick-
ness.
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METO/IUKA BUSHAUYEHHSA TEXHOJOI'TYHUX XAPAKTEPUCTHUK
HPOLIECY 3BAPIOBAHHS TEPTSAM I3 HIEPEMIITYBAHHAM

Mera. JlocnimkeHHs nependadae yaI0CKOHAJICHHS METOAWKN BH3HAYCHHs ONTHMAIbHOI BEJIMYMHM pajiyca 3a-
IUTEYHKa CTEHiaTbHOTO {HCTpYMEHTA IiJ 9ac 3BapioBaHHA TepTsAM i3 mepemimyBanHsaM (3TII) cmmaBiB Ha ocHOBI
ITFOMIHIIO Ta HOTO 3MiHY 3aJIeXKHO BiJ 3MiHH TOBIIMHHA OCHOBHOTO MeTaly. Meroauka. [Iporec 3BaproBaHHS Tep-
TSM 13 IepeMillyBaHHSM BHKOHAHWH Ha CIIEI[ialIbHO po3pobieHomy obnamHanHIl. MaTepiamoM A JOCHiHKEeHb Oy-
JIM TUIACTUHHU TOBLIMHOWO 1,85 MM 3i crutaBy amoMiHito AMr3 3 XiMiYHEM BMICTOM JIETYBJIBHHX €JIEMEHTIB y Me-
Kax MapoyHOro ckiamy. Temmeparypy B 30HI 3BaplOBaHHS Ta THCK BiJl IHCTpyMEHTa Ha KPOMKH 3BapHOTO
3’€THaHHs BU3HAYaJIU 32 JIOTIOMOT'OI0 CIELialIbHO pOo3po0JICHOTO NoCHiqHOro cTeHaa. Cuiry NpUTHCKaHHS poOoYoro
IHCTpYMEHTa JI0 OCHOBHOTO METally IiJl 4ac 3BaprOBaHHs BHMIpIOBAJIM 3a JAONOMOTor0 auHamomerpa tuiy JC-0,1
3 IHIMKAaTOPHOIO ToJIOBKOI0. Pe3yabraTn. Y mporeci AOCiKeHb 3a Pi3HUX CIIBBIJIHOLIEHb 4acTOTH OOepTaHHS
poboYOro IHCTpYMEHTA Ta HOPMAJILHOTO NPUTHCKAHHS J10 3 €IHYBaHUX KPOMOK BH3HAUY€HHH CTYMIHb PO3IrpiBy Me-
Tally, a TaKOXK SIKICTh ()OPMYBaHHS 3BAPHOTO 3’€HAHHS. 3’SCOBAHHMU BILUIUB TEXHOJOTIYHUX MApaMeTpiB MpoLECy
3TII Ha TemmepaTypy po3irpiBy MeTaxy B 30Hi Aii 3amiednka pobodoro iHcTpymenTa. HaykoBa HOBU3HA. 3 ekcrre-
PUMEHTAIFHUX OCTIKCHb OylI0 BU3HAYCHO, IO TEMIIepaTypa B 30Hi 3BapIOBaHHS 3aJI€KUTH B MIBUAKOCTI 00ep-
TaHHS poOOYOro IHCTPYMEHTAa Ta BETMYMHU MOTO THUCKY Ha 3BaprOBaHWM MeTall. 30UTBIICHHS 9acTOTH OOepTaHHS
IHCTpyMEHTa JI03BOJISI€ 3MEHIITYBaTH HOTO THCK, IO Ja€ 3MOTY OiNbII e(peKTHBHO Ta SIKICHO MPOBOAWTH IPOIIEC
3BapIOBaHH]. BCTaHOBIEHa MOXJIMBICTE OTPUMYBAaTH OUTBII SKICHI 3BapHi 3’€JHAHHSA 3a TEeMIIEpPaTypH,
ska npubau3Ho jgopiBHioe 0,77}, BU3HAYCHMI ONTHMAJbHHI Aiana3oH TEMIEPAaTyp y 30HI 3BApIOBAHHS.
IIpakTHuna 3Ha4YMMicTh. BusHaueHi yMOBH JOCSTHEHHs e(eKTy MOCTIHOrO MOM’SKIIEHHS MMl 4ac 3BaplOBaHHS
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TEPTSM 13 MEPEMIIYBAHHIM Ta ONTHMANIbHI TEMIICPATYPH B 30HI 3BapIOBAHHS ISl JOCIIIPKYBAHOTO CIUIABY. 3iiic-
HEHHI PO3PaxyHOK OCHOBHHUX TEXHOJIOTIYHMX IapaMeTpiB poOOYOro iHCTpyMEHTA Ta BU3HAYCHUI iX BIUIMB HA re-
HEpYBaHHS TEIUIOBOI €Heprii B 30HI 3BapioBaHHA. Ha OCHOBI TETIOBOTO aHaIi3y MpoOIecy 3BaplOBaHHS po3po0iieHa
METOJIIKa BU3HAUEHHS TEXHOJOTIYHUX MapaMeTpiB poOOYOro iHCTpyMEHTa Ta YaCTOTH HOTO OOCpTaHHS 3alIe)KHO
BiJl TOBIIMHH 3BapIOBAHOTO METATY.

Kniouosi cnoea: 3BapioBaHHS TEPTSIM i3 TEPEMIlIyBaHHSIM; TEIUIOBA €HEPTis; poOOUYMil IHCTPYMEHT; PEeXUMH
3BapIOBaHHS; CIUTaBM Ha OCHOBI aJIFOMiHIIO; OTHMaIbHA TEMITEpaTypa
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"Kag. «([Ipukammas MexaHuKa i MATEPHATOBEICHIE, JIHEIPOIIETPOBCKHI HAMOHATHEI YHHBEPCHTET XKEIE3HOIOPOKHOTO
TpaHCIopTa UMeHH akajemuka B. Jlazapsna, yi. Jlasapsina, 2, launpo, Ykpauna, 49010, tex. +38 (056) 373 15 56,
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METO/IUKA OIPEAEJEHUSA TEXHOJJOI'MYECKHUX
XAPAKTEPUCTHUK ITPOIECCA CBAPKH TPEHUEM C
HEPEMEIINBAHUEM

Hean. MccnenoBanue npegycMaTpuBacT yCOBEPIICHCTBOBAHNE METOJUKH OTPEIEIICHHS ONTUMAIbHON BEINIH-
HBI paJiyca 3aIiedrKa CIEHaIbHOT0 HHCTPYMEHTA IpH cBapke TpeHueM ¢ nepememmBanueM (CTII) cnnaBoB Ha
OCHOBE aJIOMHMHUS M €ro H3MEHEHHE B 3aBUCUMOCTH OT U3MEHEHHs TONIIUHBI OCHOBHOTO METajia.
Metoauka. [Iponecc cBapku TpeHHEM C IepeMEIINBAaHUEM BBIITOJIHSIICS Ha CHELUaIbHO pa3padoTaHHOM 000pyI0-
BaHMU. MaTepuanoM Juisl Ucciae0BaHui OB IUTaCTHHBI TONIMHON 1,85 MM M3 crutaBa amroMuHus AMr3 ¢ Xxumu-
YECKHM COJEp’KaHHEM JICTUPYIOIIMX 3JIEMEHTOB B IIpeJesiax Mapo4yHOro cocraBa. CBapOUHBIH MHCTPYMEHT HU3rO-
TaBJIMBAJICS C MCIOJIb30BaHUEM OBICTPOpEXYIEH cTamu Mapku P9 u moasepraics crienuaibHONH TepMOoOpaboTKe.
TemmepaTypy B 30HE CBapKH M JJaBJICHHE OT MHCTPYMEHTa Ha KPOMKH CBAapHOTO COCIAMHEHHUS ONPEEISUTH C ITOMO-
IIBIO CHENNAIBLHO pa3pabOTaHHOTO HCCIEOBATENHCKOTO cTeHAa. Cuila mprkuMa pabodero MHCTPYMEHTa K OCHOB-
HOMY MeETajllly IpH CBapKe H3Mepsiach ¢ nomoupio auHamomerpa tuna JC-0,1 ¢ MHAMKAaTOPHON TIOJOBKOM.
Pesyabrarsl. B nponecce nccnenoBaHuid Mpy pa3iIMYHBIX COOTHOIIEHHSX YacCTOTHI BpaIIeHHUs pabOdero MHCTPY-
MEHTa W HOPMAaJBHOTO TPIKMMa K COSAWHHUTEIFHBIM KPOMKaM OIPEACIMIN CTETIEHb Pa30rpeBa MeTalla, a TaKke
Ka4ecTBO ()OPMHUPOBAHKSI CBAPHOTO coeAnHEeHus. Onpenenmin BIUsSHAE TEXHOJIOTMYECKUX MapaMeTpoB Ipolecca
CTII Ha TemnepaTypy pa3orpeBa MeTalljia B 30He JeHCTBUS 3aruieunka pabodero nucrpyMmenta. Hayuynasi HoBu3Ha.
W3 skcriepuMeHTaIBHBIX UCCIEN0BaHUN OBIJIO OINpEesieHO, YTO TeMIepaTypa B 30HE CBApPKH 3aBUCUT OT CKOPOCTH
BpalieHus pabouero MHCTPYMEHTAa M BEJIMYMHBI €r0 JAaBJICHUS HAa CBapUBAcMbINl MeTall. YBEIHYCHHE YacTOTHI
BpalleHHsi HHCTPYMEHTA T03BOJISIET yMEHbBIIATh €ro JaBjIeHHe, YTO JIaeT BO3MOXKHOCTh Ooiiee () (EeKTUBHO U Kade-
CTBEHHO IPOBOJUTH MPOLIECC CBAPKU. Y CTAHOBJICHA BO3MOXKHOCTH IONTy4yaTh 0o0Jiee KaueCTBEHHbBIE CBapHBIE COETH-
HEHMs [IPU TeMIleparype, npuMepHo paBHoii 0,7 Ty, onpeieneH onTUMAaNbHBIN IHANa30H TEMIICPATYp B 30HE CBap-
ku. IIpakTHyeckast 3HaYMMOCTb. OmnpeneneHsl yCIOBHA AOCTIDKCHHS 3((EKTa IOCTOSIHHOTO CMSTYEHHS HpHU
CBapKe TPEHHEM C NEPEMEIINBAHMEM W ONTHUMAJIbHBIE TEMIIEPATYPHl B 30HE CBAaPKM IS HCCIENYEeMOTO CIIaBa.
OcyIecTBIEH pacueT OCHOBHBIX TEXHOIOTHYECKHX ITaPaMEeTPOB Pab0OUero HHCTPYMEHTA U ONPEIENICHO UX BIUSHNC
Ha reHepHpOBaHUE TEIUIOBOIT PHEPTUU B 30HE cBapku. Ha ocHoOBe TemioBoro aHanmsa nporecca cBapku pazpadoTa-
Ha METOJIMKa ONpPEAEICHHs TEXHOJOTMYECKUX MapaMeTpoB pabovyero HHCTPYMEHTa M YacTOThI €T0 BPAICHUS B 3a-
BHUCUMOCTH OT TOJIMHBI CBAPUBAEMOT0 METalIA.

Kniouesvie cnosa: cBapka TpeHHEM C I€pEMEIIUBAHUEM; TEIUIOBAs dHEPIUs; pabO4YMii MHCTPYMEHT; PEXUMBI
CBapKH; CIUIaBbI HA OCHOBE aJIFOMUHMUS; ONITUMAaJIbHAs TeMIepaTypa

REFERENCES

1.  Vakulenko, I. O., Plitchenko, S. O., & Nadegdin, Y. L. (2012). Use of technology of friction stir welding for
aluminum alloys. Visnyk Dnipropetrovskoho natsionalnoho universytetu zaliznychnoho transportu imeni
akademika V. Lazariana, 41, 230-233. (in Ukranian)

2. Vakulenko, I. O., Mitiaiev, O. A., & Plitchenko, S. O. (2014). Pro strukturni peretvorennia pry zvariuvanni
tertiam z peremishuvanniam aliuminiievoho splavu. Novi materialy i tekhnolohii v metalurhii ta
mashynobuduvanni, 1, 8-10. (in Ukranian)

doi 10.15802/stp2018/133168 © S. O. Plitchenko, 2018

103



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

Hayka Ta nporpec tpancropry. Bicuuk J{HinponeTpoBcbKkoro
HALIOHAIIBHOTO YHIBEPCUTETY 3alli3HHYHOro Tpancnopty, 2018, Ne 3 (75)

MATEPIAJIO3HABCTBO

3. VWyll, V. Y. (1970). Svarka metallov trenyem. Leningrad: Mashinostroyeniye. (in Russian)

4. Yerokhin, A. A. (1973). Oshovy svarki plavleniem. Fiziko-khimicheskie zakonomernosti. Moscow:
Mashinostroenie. (in Russian)

5. Makarov, E. L., Korolev, S. A., Shtrikman, M. M., Kashchuk, N. M. (2010). Modelirovanie teplovykh
protsessov pri friktsionnoy svarke. Svarka i diagnostika, 3, 21-25. (in Russian)

6.  Vakulenko, I. O., Plitchenko, S. O., & Nadegdin, Y. L. (2012). UA Patent No. 75698. Kyiv: Ukrainskyi insty-
tut intelektualnoi vlasnosti (Ukrpatent). (in Ukranian)

7. Poklyatskiy, A. G., Klochkov, I. N., & Motrunich, S. I. (2015). Nekotorye preimushchestva stykovykh soedi-
neniy tonkolistovykh deformiruemykh alyuminievykh splavov AMg5M i AMg6M, poluchennykh svarkoy
treniem s peremeshivaniem, po sravneniyu s TIG. Avtomaticheskaya svarka, 7, 18-23. (in Russian)

8. Vakulenko, I. O., Plitchenko, S. O. (2017). Determination activation energy of friction stir welding. Proceed-
ings of the 9th International Conference Young Scientists Welding and related Technologies, May 23-26,
2017, 54-58. (in English)

9. Hayes, R. W., & Hayes, W. C. (1982). On the mechanism of delayed discontinuous plastic flow in an age-
hardened nickel alloy. Acta Metallurgica, 30 (7), 1295-1301. doi: 10.1016/0001-6160(82)90148-1 (in English)

10. Thomas, W.M., Nicholas, E.D., Needham, J.C. & et al. (1991). GB Patent No. 9125978.8 (Int. Pat. Applica-
tion Ne PCT/GB 92/02203). (in English)

11. Colligan, K. (2003). US Patent No. 6,669,075 B2 (Int. Pat. Application Ne 10/140,797). (in English)

12. Li, D, Yang, X., Cui, L., He, F., & Zhang, X. (2015). Investigation of stationary shoulder friction stir welding
of aluminum alloy 7075-T651. Journal of Materials Processing Technology, 222, 391-398.
doi: 10.1016/j.jmatprotec.2015.03.036 (in English)

13. Mishara, R. S., & Mahoney, M. W. (Eds.) (2007). Friction stir welding and processing. Ohio: ASM Interna-
tional. (in English)

14. Xiao, Y., Zhan, H., Gu, Y., & Li, Q. (2017). Modeling heat transfer during friction stir welding using a mesh-
less particle method. International Journal of Heat and Mass Transfer, 104, 288-300.
doi: 10.1016/j.ijheatmasstransfer.2016.08.047 (in English)

15. Su, H., Wu Song, C., Bachmann, M., & Rethmeier, M. (2015). Numerical modeling for the effect of pin pro-
files on thermal and material flow characteristics in friction stir welding. Materials & Design, 77, 114-125.
doi: 10.1016/j.dt.2015.05.001 (in English)

16. Shneider, J. A. (2007). Temperature distribution and resulting metal flow. In J. A. Shneider (Ed.), Friction stir
welding and processing, (37-49). Ohio: ASM International. (in English)

17. Villegas, J. F., Dominguez, J. V., Ochoa, G. V., & Unfried-Silgado, J. (2017). Thermo-Mechanical Modeling

of Friction-Stir Welding Tool Used in Aluminum Alloys Joints. Contemporary Engineering Sciences, 10 (34),
1659-1667. doi: 10.12988/ces.2017.711156 (in English)

Prof. I. O. Vakulenko, D. Sc. (Tech.) (Ukraine) recommended this article to be published

Received: March 21, 2018
Accepted: April 22, 2018

doi 10.15802/stp2018/133168 © S. O. Plitchenko, 2018

104



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

Hayka Ta nporpec tTpascropry. BicHuk J{HIIpOneTpoBCbKOro
HaLOHAIIBHOTO YHIBEPCUTETY 3alli3HHYHOro Tpancnopty, 2018, Ne 3 (75)

MOJEJIFOBAHHA 3ATAY
TPAHCIIOPTY TA EKOHOMIKH

VJIK 004.41/.42

B. 5. HEUAIY, JI. O. BOJIOILIUH?", O. I. HEXXYMIPA®

"Kad. «Komm’1otepui indopmariiini Texmoorii», JHIIpONeTpOBCHKHHA HAIOHATBHII yHIBEPCHTET 3a/Ti3HHUHOTO TPAHCIIOPTY
imeHi akanemika B. Jlazapsina, Byin. Jlasapsina, 2, [THinpo, Ykpaina, 49010, Ten. +38 (099) 904 29 64, en. nomra Vnechay@i.ua,
ORCID 0000-0001-5358-4335

ZKad. «Komm’rotepHi indopManiiini TexHomorii», JHIIPONeTpoBChKHil HALIOHATBHIH YHIBEPCHTET 3a3HIYHOTO TPAHCIIOPTY
iMeHi akazgemika B. Jlazapsina, By:1. Jlasapsna, 2, [Ininpo, Ykpaina, 49010, ten. +38 (093) 311 37 22,

ei1. mourra dmtro.voloshyn@gmail.com, ORCID 0000-0003-1250-3206

¥Kad. «Kom’rotepsi indopMartiitii TexHOIOrii», JHIIPONETPOBCHKHIT HAIOHAIBHIH YHIBEPCHTET 3aIi3HUIHOTO TPAHCIIOPTY
imeHi akanemika B. Jlazapsua, Byn. Jlasapsina, 2, [Tninpo, Ykpaina, 49010, Ten. +38 (066) 572 48 18,

ei. morrra nezhumira.ok@gmail.com, ORCID 0000-0002-3905-2591

AOCTIIKEHHSI TPAHUYHHUX YACOBUX IOKA3ZHUKIB
IHPOI'PAMHUX CEPEJOBHUILI OITEPAINIMHUX CUCTEM
PEAJIBHOI'O YACY

Mera. binbm HixX JBaAUATHPIYHUNA TSPMIH JOCIIIPKECHHI OIIHKK HAWTipIIoro yacy BukoHaHHs nporpam (Worst
Case Execution Time, WCET) nmpusgiB 10 po3poOku 6aratbox MeToiB. [lo HpOro yacy HemMa€e OCTaTOYHUX BHCHOB-
KiB IIIOJI0 3aCTOCYBaHHS TOTO YH iHIIOTO METOy. TOoMy METOIO Hamoi poOOTH € BU3HAUYEHHS MOMIIMBOCTI BUKOPHC-
TaHHs riopuaHoro Metony g ominku WCET y cuctemax peansHoro yacy. Meroauka. 3’scysanns oninku WCET
U TIOPUIHOTO METOMY IMOJISTaE B TOMY, II00 NMPOBECTH CHHTAKCHYHHIN aHAJTi3 BXiJHOTO KOy MOBOIO IPOrpamy-
BaHHA C++ Ta, moOyayBaBmm rpad MOTOKY KEpyBaHHSI, OTPUMATH YaC BUKOHAHHS HOTO 0a30BUX OJIOKIB. 3HAHIIOB-
M HAaHIOBIIWH MIISIX Tpada, OMIHATH Yac BUKOHAHHS IbOT0 NUIIXy W orpuMatH oiinky WCET. lns momyky Haii-
JTOBIIIOTO 33 YacOM BHKOHAHHS IUIIXy OyB oOpaHmit 3BopoTHHUH anroputMm Jlelikcrpu. Ilicms goro Oyno BUKOHaHE
MOPIBHSHHS TPAHMYHHUX YaCOBUX OLIHOK, OTPUMAHUX CTATHYHUM i TIOPHIHMM METOJAMH, a TAKOX aHalli3 po30ixk-
HOCTI IIUX pe3yJsibTatriB. PedyabraTH. Bi3HaueHHS HaWTipIIoro yacy BUKOHAHHS IPOTrpaM HAHOLIBII BasKJIMBE IS
3aj1a4 «OKOPCTKOTO peajbHOro yacy». HenoomiHka 1bOro NOKa3HMKa MOXKE ITPU3BECTH JI0 KaTacTpopiuHUX HACII-
KiB. A mepeoliHka — 10 CyTTeBOI niepeBuTparu pecypcis. Tomy Oyina nmpoBenena ouinka WCET 3a mormomoroto cra-
THUYHOTO i IMHAMIYHOTO METOJIB, SIKa JIa€ 3MOT'Y BU3HAYMTH, L0 PE3yJIbTaTH, OTPUMaHi IBOMa METOJIaMH, HeTora-
HO KOpemroThes. [ po3raHyToro kinacy 3anad yac BukoHanHs WCET Moxke OyTH BU3Ha4eHHIT 32 JOTIOMOTOIO
riopunHoro metoxy. JomaBaHHSA JOAaTKOBOTO dacy B posMipi 15-20 % mo pesynbTariB, OTpUMaHUX TiOpHIHUM
METOZIOM, J03Bosie oTpuMatu Oe3neuny ominky WCET y cucremax peanpHoro yacy. HaykoBa HoBu3Ha. [iopun-
HHUI METOJ ICHY€ B)Ke NEBHUI 4ac, ajle HaAildHICTh HOro BUKOpUCTaHHS Lie He Oynia 10CTaTHRO BHBYeHa. JlaHe moc-
JDKeHHS POOHUTH KPOK y BH3HAYCHHI MPAKTUYHOI 3aCTOCOBAHOCTI TiOPUIHOTO METOIY ISl 9acOBOI OILIHKH 3a7a4
peanpHoro yacy. IlpakTuuna 3HaYMMicTh. Pe3ynbTaTi JOCIHIDKEHHS NO3BOJIAIOTH IiHTH BHCHOBKIB, IO riOpun-
HU#l MeTox MOXke OyTH BuUKOpucTaHuil mis orpumanis ominku WCET y 3amadax <«0KOPCTKOTO PEaibHOTO Yacyy.
A JesKuil HEBIIOMUI Ha JaHWH MOMEHT BIUIMB CE€PENOBHINA ONepamniiHoi cucteMu peansHoro yacy (OC PY) moxe
OyTH BpaxOBaHUii J01aBaHHSAM JIOJATKOBOTO Yacy.

Knrouosi crosa: rpannunnii yac BukoHanHs nporpam; WCET; onepaniiini cucteMn pealsHOTo dacy; 3anadi pe-
AJIBHOTO Yacy; TiOpUAHUI METOJI; CTATUYHUI METOJ]; TMHAMIYHHHA METO]

Beryn yBard MpUIUISIETHCS ONEPaLliiHUM CHCTEMaM pea-
JpHOrO dYacy. Taki CHCTeMH MOXYTb KepyBaTH
MPUCTPOSIMU SIK 30BHI, Tak i OyTn BOyZOBaHUMHU.
[Ipu npoMy Bci po3B’si3yBaHi 3a4adi MOXKHA IMOJi-

OcTaHHIM YacoM i3 TONMTUPEHHSIM aBTOMAaTH3a-
uii KepyBaHHs (pi3MUHMMU TIpOLlecaMu Bce Oinblie
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JUTH HA TPU KaTeropii: 3aadi He KPUTHYHI 0 4a-
Cy iX po3B’si3aHHs, 33124l M’ SKOTO PEATLHOIO Yacy
(Komm TIepeBHUITICHHS Yacy PO3B’s3aHHS HeOaxaHe,
ajie TPUITYCTHME) 1 3a7adi KOPCTKOTO PEeaTbHOTrOo
yacy (KOJIH MIePEBUIIICHHS Yacy pO3B’sI3aHHSI MOXE
MIPU3BECTH N0 KaTacTpoidHUX HACTIIKiB). Tomy
OIlIHKAa TIPaHUYHUX YACOBHX  XapaKTCPUCTHK
WCET nin yac po3poOKH mporpam peaisbHOro 4a-
cy € 000B’A3K0BOIO MpoIIeIyporo [6].

WCET € oaniero 3 1iseit mporecy Bepudikarii
cepTH(]IKOBaHOTO aBialiHOTO MPOrpPaMHOTO 3a-
OesneueHns kBamidikamiiaux sumor DO-178B/C,
SIKi BUKOPUCTOBYIOTh Y BChOMY CBiTi. P03B’s13aHHs
i€l 3amayi ay)ke CKIIaaHe, a 1HOAI i HEeMOXIIMBE.
3miiicHeHi CcrpoOuW TPU3BENH A0 IOSBU METOIIB
orinkun WCET. Jlo BciX METO/IIB CTaBJIATh JIBi BH-
moru: ouinka WCET He Moxxe OyTH MEHIIOI 3a
BiJIBEJICHHI 4ac, a ii CyTTEBE MEPEBUIIICHHS MOXE
MPU3BECTH JO 30UTBIICHHS 3arpaT Ha PO3pOOKY
nporpamHoOro 3abesnedeHHs [5].

Vci meronu oninkn WCET moningrors Ha cra-

TUYHI ¥ AuHaMivHi. Yac BHKOHAHHS MpOrpam Mo-
JKHA 3HAWTH 3 BUKOPUCTAHHSIM MOJENei 00UnCITIo-
BaJBHUX CEpelOBHII (CTaTW4YHI MeTonu) abo 3a
JIOTIOMOT'O0 BUMIPIB, SIKi IPOBOJASATH MiJl Yac BHKO-
HaHHS TiporpaM (auHamivHi). HemockoHamicTs mux
MIXOMIB TpU3BeJa 10 MOSBH TiOPHIHUX METOIIB,
[0 MOETHYIOTh Y COOl €JIEMEHTH JIBOX IMOMEpE/-
Hix. [lomyk meronis ominku WCET TpuBae monas
JBAJIIATh POKiB. Y poboTi [2] HaBemeHi pe3ysbra-
TH OIJISiZly HAasBHUX METOJIB, sIKI BiloOpakeHi Ha
puc. 1.

TpagumiiiHuM METOIOM OIIIHKK YacOBHX Xapa-
KTEPUCTUK € JUHAMIYHUHA MeTOA (CTaTUCTUYHHIA
aHaJIi3 pe3yabpTaTiB 0araTboxX BUMPOOYBaHb POOOTH
MporpaMu 3a pi3HUX BXimHWX maHuX). Lleit meton
HE 3aBX/M T'apaHTy€e OTPUMAHHS TPAHUYHUX OIli-
HOK 4acy, OCKUJIbKY BCi MOXKJIMBI KOMOiHAIIi1 BXij-
HHUX JaHUX MOXYTb OyTH HeBimomi [9]. Takox BiH
€ JIOCHUTPH 3aTpaTHUM Yy pa3i crpoOu 3abe3nedeHHs
JOCTaTHBOT'O TIOKPHUTTS KOIY.

MeToH BH3HAUCHHSA
WCET

CTaTHyuHI METOMM, IO
BHKOPHCTOBYIOTE MOICIIL
OGUHCITIOBANBHUX CEPEIOBHIIT

JlueaMIuEHI METOIH,
34CHOBaHI HA BUMIPAx

T'i6punni MmeTOmH

Amnam3 noTokie

KepyBaHHA

_| AHam3 KOHTEKCTY |

_| OO0UHCIeHH O HKH |

_| CuMBONLHE 00UHCICHHS |

CerMeHrarmis
MPOTPaMH 1
reHeparis
TECTOBHX JaHUX

Buxonanus
BHMIPIOBAHb

OouncIeHHs

TToenuannasg
CTATHCTHYHHX 1
IMHAMIYHHX METO/IIB
B Pi2HHX KOMOIHAII X

_| TlapameTpryHa OMIHKA |

OINHKH

Bursar indopmami
3 POTPaMHu

CrarucTHyHl

MCTOOH

Puc. 1. Meroau Buznauenus WCET
Fig. 1. Methods for determining WCET

CraTu4HUE METOJ| JO3BOJISIE OILIHWUTH HAKTip-
TN Yac BUKOHAHHS 3a JIOTIOMOTOI0 aHaJli3y BUXi-
JTHOTO KONy TPOTpaMH W OIIIHKHA BCIX NUIAXIB il
BUKOHAHHS. 32 HUM MOJKHA OIIIHUTH YacOBI Xapak-
TepUCTUKH 0e3 BMKOHAHHA CaMoOl MPOTrpamu, aie
oMy MOTPiOHI TSl BOTO KOMITIEKCHI a0CTpaKTHI
MOJIeJIi anapaTHUX 1 MporpamMHuX 3aco6iB. Hemoni-
KM METOJTy HACTYIIHI:

— HeaJleKBaTHI MOJIeNli MOXYTh JaBaTu HeOe3-
reuni ominku WCET;

— MOJeNIi HE BPaxOBYHIOTh YCIX BIIACTUBOCTEH
Cy4YaCHHX TPOIIECOPIB;

— YCKJIQJIHEHA IIEPEHOCUMICTh IIHX
MEHTIB y pi3Hi cepenouina [2].

I'OpunHuil MeTox MOETHYE TEepeBaru AMHAMI-
YHOTO W CTATUYHOTO METO/IIB 1 JI03BOJISIE OTPUMATH

IHCTPY-

doi: 10.15802/stp2018/133384

106

© B. {. Heuait, [I. O. Bonomus, O. 1. Hexxymipa, 2018



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

Hayxka ta nporpec Tpancnopty. BicHuk /IHIIponeTpoBChKOro

HaLOHAIIBHOTO YHIBEPCUTETY 3alli3HHYHOro Tpancnopty, 2018, Ne 3 (75)

MOJETIOBAHHA 3AJIAY TPAHCIIOPTY TA EKOHOMIKI

HaOJIMKEHY 4YacoBY OIlIHKY 0€3 BHKOPUCTAHHS
CKJIaIHUX a0CTPAKTHUX MOJICIICH.

Crertudika riOpuIHOr0 METOIY OLIHKHM I'PaHu-
YHUX YaCOBHX XapaKTEPUCTHK TOJIATAE Y 3aCTOCY-
BaHHI TaKUX TEXHIK: TWHAMIYHI TEXHIKH BHKOPHC-
TOBYIOTh JIJIsi BU3HAYCHHS 4acy BUKOHAHHS OKpe-
MHUX CETMEHTIB, 3 SIKHX CKJIAJIa€Thcs Tporpama, a
TEXHIKM CTATUYHOTO aHANi3y — JUIs MOIIYKYy Haii-
JTOBIIIOTO IIIJISXY BUKOHAHHS, BPaXOBYIOYM OI[IHKH
OKpEMHX CEeTrMEHTIB NUIsXy, SKi OyInu OTpHUMaHi
nHaMiYHUME TexHikamu [8]. ['onoBHOIO mepesa-
T'OI0 TIOPUAHOTO METOAY HaJl AMHAMIYHHM € T€, 10
riOpUAHUN METOJT JO3BOJISE OTPUMATH HAMTOBIIMHA
IUISX BUKOHAHHS MPOTpaMHu, a TUHAMIYHUHN HE aae
takoi rapanrii. IlepeBara x riOpugHOTO METOAY
HaJ CTaTUYHUM IOJNATa€ Yy BIACYTHOCTI MOTpeOH
BUKOPHCTOBYBAaTH aOCTPaKTHI MO, L0 JO3BO-
JIsiE HE TPUB’SI3YBaTHCS 710 KOHKPETHOI amapaTHo-
MporpaMHoi KoH(Iryparrii.

OCHOBHOIO TIPOOJIEMOIO TIiJ] YaC BUKOPUCTAHHS
TiOpUIHOTO METOAY € HEeCTaTHYHAa MPHUpPOJa IPo-
TPaMHOTO CEpelOBHINA OMEpaliifHOl CHCTEMH,
B sIKi#i BUKOHyeThCs Tiporpama [11]. Ockigbku 1i6-
PUIHUI METOJ 3aCTOCOBYE TUHAMIYHI TEXHIKH IS
BHU3HAYCHHS YaCy BUKOHAHHS OKPEMHUX CETMECHTIB,
BiH HE MOXXE TapaHTyBaTH, III0 HA MOMEHT BHKO-
HaHHA 3aMipiB CTaH cCHCTeMH OyB HaHTipIIWii
3 ycix mMoxumBuX [3]. OmHak Ha TpakTUIl, Uit
OTpUMaHHA O€3MeYHOi T'PAaHWUYHOI OIIHKH, BILITHB
UX JUHAMIYHHX XapaKTEPUCTHK CEPEIOBHIIA
MoOXKe OyTH HIBEJILOBaHUI JTOJJAaBaHHSAM JIO OTpH-
MaHOTO 4Yacy BHKOHAHHS JOAATKOBOTO Yacy IIOT-
pilIHOCTI.

Meta

Ha migcraBi NOpiBHAJIBHOTO aHali3y pe3yibTa-
TiB TIOPUIHOTO i CTATUYHOTO METOJIiB Ha TECTOBIN
BUOIpIi TporpaM y KOHKpPETHIH orepamniifHiil cuc-
TeMI Ha 3aJIaHOMY arapaTHOMY 3a0€3ICUcHHI BH-
3HAYUTH MOXJIMBICTh 3aCTOCYBaHHS TiOpHUIHOTO
METOJIy B CEPEIOBHIII OMNEpaIliiHUX CHUCTEM pea-
npHOTO yacy (OC PY) anst oninku WCET.

O0’eKkTOM [AHOTO JOCHTIDKEHHS € TiOpHIHHI
METOJ, SIKHl BUKOPUCTOBYIOTh JIJISl OLIIHKKM TPaHU-
YHOT'O Yacy BUKOHAHHS MMPOrpaM, OPIEHTOBAHUX Ha
oTIepaIliiiHi CHCTEMH PeabHOTO Yacy.

IIpeamMeToM MOCHTIKEHHS € YacOBi MOKa3HUKH
BUKOHAHHS TpPOrpaM, OTPHMaHi B CepelOBHUIII
OC PY pizHumu 3acobamu.

MeTtoauka

OTpuMaHHS 4acoBOi OLIHKM Inependavae pos-
pOOKy BJIaCHOTO MPOrpaMHOro MpoaykTy. basoBuii
ITOPUTM POOOTH TaKOI MPOrpaMH Ma€ HACTYIIHI
KPOKH:

— MPOBECTH NMapcHHT BuxigHoro C++ xoxy;

— noOynyBaTH rpad MOTOKY KepyBaHHS;

— OTpHMAaTH Yac BUKOHAHHA 0a30BUX OJOKiB
rpada mOTOKY KepyBaHHS;

— MPHUCBOITH Yac BUKOHAHHSA OJIOKIB SK Bary
ayr y rpadi;

— 3HAUTH HAWAOBIIMK NUIAX Tpada, BUKOPH-
CTOBYIOUH BiJIOMi QJITOPUTMH;

— OIIIHUTH Yac BUKOHAHHS IBOTO LUIAXY W OT-
pumatu ominky WCET.

Pe3yabTarn

JocmimkeHHs: piBHA BIUIMBY HPOTPaMHOTO Ce-
peIoBHIA ONEpalifHUX CHUCTEM pEealbHOro dacy
1 3aCTOCOBAaHOCTI T1OPHIHOTO METOAY HJIS OIIHKH
TPaHUYHOTO Yacy BHUKOHAHHS MPOTPaM 3BOAUTHCS
JI0 TIOPiBHSIHHSI PO301KHOCTI Pe3yJIbTaTiB OLIHKU
WCET cratngauMm i TiOpuIHAM METOIaMH Ha TecC-
TOBil BHOIpII mporpam.

CratnuHuii METOJI BUKOPHCTOBYIOTh AJIsI OTPH-
MaHHs Oesmeunoi orinku WCET, ska BpaxoBye
BIUIMB amapaTHO-IIPOIPaMHOro 3a0e3IeUeHHs 1 Bi-
JnoOpakae peanbHU MaKCHMalIbHO MOXKJIMBUI 4Yac
BUKOHAHHS Tporpamu. /Iyt OTpUMaHHS OLIHKHU CTa-
TUYHUM METOJIOM BUKOPHCTOBYIOThH IHCTPYMEHT ai T
Bix kommanii AbsInt [12]. Ockinbku craTdHmit Me-
TOA TOTpeOy€e HASBHOCTI aOCTPaKTHOI MOJEINI arma-
patHOro 3a0e3nedeHHs, B KOCTI TECTOBOTO CTEHAA
Oyna oOpaHa KOHQIrypailis 3 MPOLECOPOM, KU
€ B CIIMCKY 3MOJIeThOBaHuX, a came ARM?7.

[Mapcunr BuxinHoro xoxy C++ HaJeXHUTh 110
3aja4 TEKCTOBOi 00poOku iHopmauii. OgHuM i3
HaAMOIBII THYYKUX 1 3pYYHHX 3ac00iB 0OpOOKH
i po3mi3HaBaHHs TEKCTOBOI iH(opMaIlii € perys-
PHI BHpasH, ane Ui CHHTAaKCHYHOT'O aHali3y Ipo-
FPAMHOIO0 KOAYy iX MOXJIMBOCTEH HEIOCTaTHBO.
Jnist Takux 3a/1a4, SIK PO3Mi3HABAHHS MPOTPAMHOTO
KOJly, BUKOPHUCTOBYIOTh mapcep-rereparopu [10].
Tomy mis peamizauii po3mi3HaBaHHS BHXiAHOTO
KOy C++ Oyna oOpaHa 0i0ioTeka
Boost. Xpressive, sika MO€IHYe THYYKICTH 1 3pyd-
HICTh PETYyJSIpHUX BHpa3iB i MOTYKHICTh Hapcep-
TeHepaTopiB, 10 JO3BOJHUTH MOOYIyBaTH 3pYydHY
1 HETPOMI3JIKY TPaMaTUKYy JUIs PO3Mi3HABAHHS KOy
C++.
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[Nomyk HaiAoBHmIOrOo MIIAXYy 3a JIOMOMOTOIO
CTaTUYHOTO METOLY MOKe OyTH BUKOHAHUII 3a aj-
TOPUTMOM, BKasaHuM y [1].

[ToOynoBa rpada MOTOKY KepyBaHHs Bia0yBa-
€TbCS MiCHsl PO3Mi3HABaHHS KOAY 3 BHUKOpPHCTaH-
HAM pPO3Mi3HAHMX TOKEHIB (CJIIEMEHTIB MOBH)
1 KOHTEKCTY TMEPeXOiB JUIsi BU3HAUCHHS 0a30BUX
OJIOKIB SIK BEpIIMH Ta iX MOJAJBIIOrO 3B’SI3Ky MiX
coboro myramu (puc. 2).

foo(x,1):
A: while(i < 100)
B: if (x > 5) then
Gs X = X¥23
else
D: X = X+2;
end
E: if (x < 0) then
F: b[i] = a[1i];
end
G: i = i+l
end

Puc. 2. TToOynoBa rpada moToKy KepyBaHHS
Fig. 2. Constructing a control flow graph

3agada OIIHKK Yacy BHKOHAHHS 0a30BHX 0J10-
KiB Tpadya IOTOKY KepyBaHHS B TiOpUAHOMY METO-
Il Moxe OyTu BHpillleHa 3a JOIOMOIOI0 3aMipiB
gacy Ha CTapTi 1 B KiHII IbOro 0JIoka abo depe3
BU3HAYEHHs KiJBKOCTI MPOLIECOPHHUX TAaKTIiB, fAKi
HEeoOXi/THI JJ1s1 BUKOHAHHS 1Iboro Onoka [8].

[Tig yac peamizarii TiOPUIHOTO METOAY HaJaHa
nepepara JpyromMy Croco0y, OCKiJIbKH BiH € OljIbIil
THYYKHM 1 Kpallle TiAXOAUTh AJIsl BpaxyBaHHS I10T-
pitrHocTi yacoBoi ominku (puc. 3).

foo(x,1i):
A: while(i < 100)
B: if (x > 5) then
e X = X*2;
else
D: X = X+2;
end
E: if (x < 0) then
F: b[i] = a[i];
end
G: i = d+1;
end

Puc. 3. CFG 3 po3paxoBaHHMH OLIIHKaMH

Fig. 3. CFG with calculated estimates

Otpumanuii tpad moroky kepysanHs (CFG)
1 4aCOBI OLIIHKH 0a30BUX OJIOKIB JIO3BOJISATH 3HANTH
HaWIOBIIMKA 3a 9acoOM NUIIX BUKOHaHHS [4]. s
IIOT0 MOXKHA BUKOPHUCTATH OYIb-SIKHA 3BOPOTHHI
QITOPUTM TIOIIYKY HAHKOPOTIIOTO INUIIXY y 3Ba-
JKEHOMY oOpieHTOoBaHOMY rpadi. Jlas BupilIeHHS
3amayi OyB oOpaHuil 3BOpOoTHUH anroputm Jlewkc-
TpH (puc. 4).

[end| (continue)

Puc. 4. TTomyk Haiimosmoro nuiixy B CFG
Fig. 4. Searching for the longest way in CFG

[Tlicnsa 3HaxoMKeHHS HAWIOBIIOTO HIISAXY, MO-
’KHAa OLIHUTH TPaHMYHHUN Yac BUKOHAHHS MpOrpa-
MH. |1 1Ih0T0 BU3HAYAIOTH BXIAHI TapaMeTpH, sSKi
CHPUSAIOTh NPOXOKEHHIO HAaWIOBIIOrO0 LUIAXY B
rpagi, a MoTIM HPOBOAATH OaraTopasoBi 3aMipH
yacy BUKOHAHHS ITbOTO NIISXY HA IITLOBOMY 00-
najHaHHI. 3 ycix 3amipiB BUOMPAIOTh HANOLIBIIH,
JI0O HBOTO JI0AAI0Th JI0aTKOBUH Yac, i OTpUMaHUN
cyMapHuil yac Oyne BioOpakaTH pO3paxoBaHy
riopuaaum MetogoM oriHky WCET mis 3amanoi
MPOTPaMH.

Jani 11 mociimkeHHs: OyAyTh SIBISATH COOO0I0
HaO0Ip po3paxOBaHUX CTATUYHUM 1 TIOPHIHUM Me-
togamu WCET o1iHOK /1 TeCTOBOT BUOIPKH TIpO-
rpam. TecToBi mporpamMu Ta yMOBH, B SIKHX iX Oy-
JyTh BUKOHYBATH, IMiJiOpaHi Tak, M100 MakchUMma-
JBHO BHUJIUIATH PI3HHIIIO0 MK TEOPETHYHHM 1 (hak-
TUYHUM IPAaHUYHUM YacOM Ha BUOIpKU Iporpam 3a
pi3HHMU crieHapisiMu BuKoOHaHHsS. [Ipoanani3yBa-
BIIH PiBEHb BIIXUJICHHS BUMIPSHOTO Yacy BiJl T€O-
PETUYHOTO Ta BU3HAUMBIIKM KOPEJAIII0 MK HUMH,
MO’KHa 3pOOMTH BHCHOBOK IIOAO 3aCTOCOBAHOCTI
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riOpugHOro METOAy U 4acoBOl OLIHKH H edek-
TUBHOCTI BHKOPHUCTAaHHS JOJATKOBOTO dYacy IIOT-
PIOTHOCTI IJIS TOKPUTTS BIUIMBY IPOTPAMHOTO Ce-
penoBurra OC PY Ha yac BUKOHAHHS IPOTPaM.

OTpuMaHi CTaTHYHUM i TIOPUAHUM METOJaAMHU
ouinku WCET mns TecroBanux mporpam [7] Hase-
neHi B Tadm. 1.

[opiBHsTbHMIA aHai3 TeOpeTHYHOTO i (akTu-
YHOTO Yacy BUKOHAHHS MPOTpaM JI03BOJIHUB OLiHU-
TH PIBEHb BIUTUBY MPOTPAMHOTO CEPEAOBUINA OTe-
palliifHuX CHUCTEM pealbHOTO Yacy Ha 4Yac BUKO-
HaHHA Mporpam. 3a pe3yJibTaTaMi MOXKHa 1o0adu-
TH, MO pPiBEHb PO30IKHOCTI YacOBUX OIIHOK
y CTaTUYHOMY U TiOpUIHOMY METO/aX MaibKe He

3aJeKUTh BiJl CKJIAQZHOCTI TECTOBOI MpPOrpaMu
I 3aranpHOro 4acy ii BUKOHaHHS. {1 po3risHy-
TUX TPUKIAJIB MPOrpaM piBeHb PO3ODKHOCTI HE
nepesutrye 15 %. ToMy BIUIMB HpPOTPaMHOTO cCe-
penosumia OC PY, xou i Mae AuHAMiYHY IPUPOAY,
MOJKe OyTH PUOJIM3HO HIBEIHOBAHUH JHOAATKOBUM
gacom y po3mipi 15-20 % Bix orpumanoi ribpun-
HUM METOZIOM OLIHKH. I AeSKUX MporpaM Takuil
MOKAa3HUK BUSIBUTHCS [JOBOJI IECHMiCTHYHUM
1 TIpHU3BeAe J0 3aiBOTO PE3epBYBaHHS PECYpPCiB,
aJie 1e € BUMPABIAHOIO TUIATOIO 3a Oe3edHy yaco-
By OIIIHKY B pa3i HEMOXJIHMBOCTI BHKOPHCTAHHS
CTaTHYHUX METOJIB.

Tabnuns 1
Ouinku WCET, orpumani craTH4HMM i TiOpuaHuM MeTogaMuU
Table 1
WCET estimates obtained by static and hybrid methods
TecroBa nporpama KinbkicTs By3niB WCE T gatic WCEThybrig Po36ixHiCTh

Constant Loop-1 3 221 194 +12 %
Constant Loop-2 3 88 79 +10 %
Branches-1 4 41 39 +3 %
Branches-2 6 51 48 +4 %
ContextLoop-1 5 686 634 +7 %
ContextLoop-2 5 695 640 +8 %
CntSumMat 8 26 572 23118 +13 %
MatMult 7 523 599 466 003 +11 %

HaykoBa HOBU3Ha Ta MPaKTHYHA
3HAYHUMICTD

HeoOximHicTh BUKOPUCTAHHS aOCTPAKTHUX MO-
Jeneil 1 HasBHA BENMKa PiI3HOMAHITHICThH amapar-
HUX 3ac00iB Ta OMeEpamiiHUX CUCTEM pPeaTbHOIro
gacy iHKOJM POOJIATh Maibke HEMOKIMBUM BUKO-
PHUCTaHHS CTAaTMYHUX METOJIB AJISl OLIHKU HaWTip-
IIOTO Yacy BUKOHAHHS MporpaM. ToMy Ha mpaKTHIl
JUISL OIL[IHKA BHUKOPHCTOBYIOTH MEHII TOYHI JUHA-
MIiYHI METOAM 3 3amipaMu 4acy. B skocTi anbrep-
HaTHBM CTaTHYHOMY MeTony OyB po3poOieHuit
riOpugHuii METOJ| OIIHKH, aje HOoro 3acTocoBa-
HICTb JJIs OIIIHKK KPUTHYHUX JIO Yacy BUKOHAHHS
CHCTEM HEIOCTaTHHO BU3HAYCHA.

HayxkoBa # mpakTu4Ha 3HAYUMICTH IIHOTO JIOC-
JDKCHHST TIOJISTae B TOMY, IO HOTO pe3yJbTaTH
JIO3BOJIAIOTH  OTPHUMATH y3arajlbHCHE YSBJICHHS
I[0I0 CTYMEHS BIUTMBY MPOTPAMHOI0O CEpeIOBHIIA

OTEpaIlifHUX CHCTEM HA Yac BHKOHAHHS MPOrpam
1 JAar0Th BIAIIOBIAL OO MOXKJIMBOCTI Ta HaIIHO-
CTI BUKOPUCTAHHS TiOPUIHOTO METOMY 3 JIO/aBaH-
HSIM JIOJJATKOBOTO Yacy JJisl OTPUMaHHs Oe3meqHol
OLIIHKY HAMripIioro 4acy BUKOHAHHS MPOTpaM JUist
OC PU.

BucHoBku

IMpoBeneHe MOCHIIKEHHS A0 PEKOMEHMAIl
IIOJI0 3aCTOCYBaHHS T1IOPUIHOTO METOAY 4acoBOI
ominku WCET. Byno Bu3HaueHO, 10 BIUIMB MPO-
rpamuoro cepenouma OC PY, xou i Mae quHami-
YHY MPHUPOIY, MOKe OyTH KOMIICHCOBaHUI J0aaT-
KOBHM HYacoM MOTpilrHocTi B po3Mipi 15-20 % Bix
OIIHKH, OTPUMAaHOI TiOpHIHUM MeToAOM. Takum
YUHOM, TiIOpUIHWN METOJ i3 TOJaBaHHSAM JOJaT-
KOBOT'O 4acy JJO3BOJISE OTPUMATH OE3MEeYHY OL[iHKY
WCET, i fioro MO>kHa 3aCTOCOBYBATHU IS 9aCOBOT
Bepudikarii 3a7a9 peagbHOTO Jacy.
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WCCJEJTOBAHUE NMPEJAEJBHBIX BPEMEHHBIX IIOKA3ATEJIEN
ITPOI'PAMMHBLIX CPE/Jl OIIEPAIIMOHHBIX CUCTEM PEAJIBHOI'O
BPEMEHU

ean. bonee yem nBaanaTUIETHUI CPOK MCCIICIOBAHUS OLICHKN HaMXy/IIEro BPEMEHHU BBIIOJIHEHHS IPOTrPaMM
(Worst Case Execution Time, WCET) npuBen x pa3paboTke MHOTHX METOIOB. JI0 CHX MOp HET OKOHYATEIbHBIX
BBIBOJIOB OTHOCHTEINILHO ITPUMEHEHHSI TOTO WJIM MHOro Meroja. [loaToMy 1ienbio Hamrel paboThl SBISIETCS OIpese-
JIEHUE BO3MOYKHOCTH HMCTIOJBb30BaHUs TuOpugHoro Mmerona ais omeHkn WCET B cucreMax peallbHOTO BPEMEHH.
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Metoauka. Beisicnenne onenkn WCET au1st ruOpuaHoro MeTosa 3akiro4aercst B TOM, YT0ObI IPOBECTH CHUHTAaKCH-
YeCKUil aHaJM3 Ha s3bIKe NporpammupoBanusi C++ u, mocTpous rpad MmoToka yrnpasieHUs, MOJIYYUTb BPEMs BbI-
NOJIHEHHsT ero 0a30BbIX OjokoB. Haiins camblil AaMHHBIN IyTh Tpada, OLEHUTh BpPEeMs BBIIIOJHEHHS 3TOTO ITyTH
n nostyuuts ouenky WCET. [[ys nmoucka caMmoro JUIMHHOTO 110 BPEMEHHU BBITIOJIHEHUS ITyTH OBbUT BEIOpaH 0OpaTHBII
anroput™ Jleiikctpbl. Ilocne 4ero OBIIO BBINOJHEHO CpaBHEHHE NpE/ENbHBIX BPEMEHHBIX OLEHOK, MOITYYSHHBIX
CTaTHYECKUM U THOPUIHBIM METOJIaMH, a TAaK)Ke aHAJIHU3 PACXOXKICHUS STHX pe3yiabTaToB. PesyabTarhl. Onpenene-
HHE XYyJIIEro BPEeMEHH BBINOJHEHHS NPOrpaMM Hauboyiee BaXKHO MJIS 33a1a4 «OKECTKOTO PEaJbHOTO BPEMEHM».
Henoonenka 3Toro mokasartelsi MOXKET MPHBECTH K KaTacTPO(HUYESCKHM MOCICICTBHAM. A IEpeoleHKa — K cylie-
CTBEHHOMY Iiepepacxony pecypcoB. [Tostomy Opina nposenena onenka WCET ¢ moMompio cTaTHIeCKOTro U JAWHA-
MHYECKOT0 METOJOB, KOTOpasi Jajla BOSMOXKHOCTh OIPENENIUTh, YTO PE3YNIbTATHI, MOJTYYSHHBIC IBYMS METOIAMH,
HEIUIOX0 KoppenupyroT. s paccMatpuBaeMoro kiacca 3anad Bpems oinoiaeHnss WCET mosxer ObITh onpeneie-
HO C MOMOIIBI0 THOpUAHOTO MeToAa. JloGaBieHne AOMOTHUTEIFHOTO BpeMeHH B pasMepe 15-20 % k pesynbraTam,
MOJYYCHHBIM THOPHIHBIM METOJIOM, IIO3BOJISIET MOAY4YHTh Oe3omacHyto orienky WCET B cuctemax peaibHOTO Bpe-
mend. Hayunass HoBu3Ha. ['MOpHAHBIH METOJ CYLIECTBYET YK€ HEKOTOPOE BpEMs, HO HAJEKHOCTh €ro
UCIIONIb30BaHMs ellle He ObUla J0CTaTOYHO H3ydeHa. JlaHHOe uccie/oBaHME JeflaeT Imar B ONpelesieHUH
NPaKTHYECKOW TPUMEHHUMOCTH THOPUIHOTO MeTo/Aa [UIsi BPEMEHHOH OLEHKH 3aja4 pEalbHOr0 BPEMEHH.
IIpakTHyeckasi 3HAYMMOCTDb. Pe3ynbTarTel UCCIENOBaHMS IO3BOJISIIOT CHEJIATh BBIBOJBI, YTO THOPHUIHBIA METO[
MOXeT ObITh Hcnonb3oBaH i nonyderus WCET B 3amayax «oKecTKOTO pealbHOro BpeMeHH». A HEKOTOpOe Hens-
BECTHOE Ha JaHHBI MOMEHT BJIHMSHHE CPE/bl ONEpPallMOHHBIX cHcTeM peaibHoro Bpemenu (OC PB) moxer ObITh
Y4YTEHO JOOABIICHUEM JOIIOJHUTEIBHOTO BPEMEHH.

Knrwouesvie crnosa: npenensHoe Bpems BeinosiHeHus nporpamm; WCET; onepanyioHHbIE CHCTEMBI PEeabHOIO
BpEMEHH; 3aJa4y PeajbHOT0 BpeMEHH; THOPUIHEIA METO; CTATHYECKUI METO; TUHAMHUYECKUI METOx
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RESEARCH OF LIMIT TIME INDICES OF SOFTWARE
ENVIRONMENTS OF REAL TIME OPERATING SYSTEMS

Purpose. More than 20 years of the Worst Case Execution Time (WCET) studies have led to the development of
many methods for its evaluation. So far, there are no definitive conclusions about usage of these methods. There-
fore, the purpose of this paper is to determine the possibility of using a hybrid method for estimating WCET in real-
time systems. Methodology. The approach for evaluating WCET for a hybrid method is to parse the input code in
the C++ programming language and, after constructing the control flow graph, get the execution time of its base
blocks. After finding the longest way of the graph, to estimate the time of execution of this way and get the WCET
evaluation. To find the longest-running way, the reverse Dijkstra algorithm was chosen. After that, there was made
a comparison of the limiting time estimations that were obtained by static and hybrid methods, as well as an analysis
of the discrepancy between these results. Findings. Determining the worst execution time of programs is most im-
portant for «hard real-time» tasks. Underestimation of this indicator can lead to catastrophic consequences. An over-
estimation — to a significant overexpenditure of resources. Therefore, WCET was evaluated using static and dynam-
ic methods. It was determined that the results obtained by the two methods correlate well. For the class of tasks that
are under consideration, WCET execution time can be determined using a hybrid method. Adding an extra time of
15-20 % to the results, obtained by the hybrid method, allows getting a foolproof estimate of WCET in real-time
systems. Originality. The hybrid method has been existing for some time, but the reliability of its use has not been
sufficiently studied yet. The given study makes a step in determining the practical applicability of the hybrid method
for time estimation of real-time tasks. Practical value. The results of this research allow us to conclude that a hybrid
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method could be used for obtaining WCET in "hard real-time" tasks. Furthermore, some unknown at this moment
influence of the OS RT environment can be taken into account by adding extra time.

Keywords: worst case execution time; WCET; real-time operating systems; real-time tasks; hybrid method; stat-

ic method; dynamic method
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PEAJIU3ALIMNSA TUHAMWYECKHUX, KOHKYPEHTHBIX H HEYETKHUX
MOJAEJIEM IIVTAHUPOBAHUSA MHOT'OITPOAYKTOBBIX ITOTOKOB
B TPAHCIIOPTHBIX CETAX

Hens. ['maBHOW LENbI0 CTAThU SBISETCS pa3pabOTKa HOBOHM YHU(PUIMPOBAHHOW MPOLENYpH! IUIAHUPOBAHUS He-
YETKUX MHOTONPOAYKTOBBIX U JUHAMUYECKUX, a TAKXK€ KOHKYPEHTHBIX IIOTOKOB B TPAaHCHOPTHBIX CETAX M CETEBBIX
nH(OpMaMOHHBIX cucTeMax. IIpomeaypa ocHOBaHA Ha HCIOJNB30BAHHWH MApaJUICIbHBIX CHHXPOHHBIX alrOPHUTMOB
pacuera HEOJHOPOJHBIX MaKCUMaIbHBIX NMOTOKOB. MeToauka. B paboTe npersioxena kiaccupukanys MateMaTuye-
CKUX MOJieNel 3a7ad Mo IJIAaHWPOBAHUIO TOTOKOB B TPAHCHOPTHBIX ceTsAX. MccaenoBaHbl BOZMOXKHOCTU UCIIOJIB30Ba-
HUS YHUUIMPOBaHHOW NPOLEIYPHI U NTAPAJUICIIbHOTO CHHXPOHHOTO aJITOPUTMa pacyeTa MaKCHUMaJIbHBIX HEOTHOPO-
HBIX TIOTOKOB JIJIsl pEANT3aLNH 33424 IUITAHNPOBAHHS MHOTOIIPOIYKTOBBIX, HEUETKHIX, ANHAMIYIECKIX W KOHKYPEHTHBIX
MOTOKOB. Pe3yjbTarbl. D()h(HEKTUBHOCTD M YHUBEPCAILHOCTD MPEAJIOKEHHBIX METOJOB IUIAHUPOBAHUS HEOTHOPOA-
HBIX MTOTOKOB YCTaHOBJICHA ITyTEM CPaBHEHUS MOMYYEHHBIX B CTAThE PE3YJIbTATOB PACUETOB C M3BECTHBIMH B JIUTEpa-
Type. Pazpaborana yHuumpoBaHHas NMpOIENypa M MapaieIbHbIH CHHXPOHHBIM aJTOPUTM ISl TUIAHUPOBAHMS
HEYETKHX MHOTOIPOAYKTOBBIX, TMHAMUYECKNX M KOHKYPEHTHBIX IIOTOKOB B TPAHCIIOPTHBIX CETAX, a TAKXKE Pean30-
BaHBI 33JaYH ONTHMAIBHOTO PACIIPENCNICHNS 3THX MOTOKOB B TPAHCTIOPTHBIX ceTsx. HayuyHasi HoBu3Ha. B craThe
pa3paboraHa HOBas YHH(MIMPOBAHHAS INPOLIEAYPa IUIAHUPOBAHHMS HEYETKUX MHOTONPOIYKTOBBIX, JHMHAMHUYECKUX
U KOHKYPEHTHBIX HOTOKOB B TPAHCIIOPTHBIX CETSIX MH(POPMALMOHHBIX CHCTEM, HCIIOJB3YIONIasl MapajieibHble CHH-
XPOHHBIE AJITOPUTMBI PaCUETOB MAKCUMAJIBHBIX TIOTOKOB. IIporieypa nmo3BoiseT BEIUUCIUTD JOKAIbHbIE SKCTPEMYMBI
MoJieJIed ONTUMAJIBHOTO pactperenaeHus noTokos. [IpakTudeckas 3HaUMMOCTh. [IpakTHdeckas IEHHOCTh MOJTy4YeH-
HBIX PE3YJIbTATOB ONPEAENeTCS YHU(PHUIMPOBAHHBIMU BO3MOXKHOCTSIMU M 3()(EKTUBHOCTHIO HPOLEAYpHl M Hapai-
JIETHHOTO CHHXPOHHOTO ITOPUTMAa, MPEIHa3HAYCHHOTO JUI pacueTa MaKCHMAaJIbHBIX MHOT'OIPOIYKTOBBIX TIOTOKOB B
TPaHCHOPTHBIX ceTsiX. PaspaboTanHas mpouexypa oOecrieunBacT BOZMOXKHOCTh PELICHUS 3a]ad aHaIn3a U IIaHUPO-
BaHUS MHOTOIPOJYKTOBBIX ITOTOKOB B CETAX I ANHAMHYECKHX, HEUCTKHX M KOHKYPEHTHBIX MOJENel pacmpesene-
HUS TPAHCIIOPTHBIX U HH(OPMAIIMOHHBIX TOTOKOB.

Kniouegvie coga: TpaHCTIOPTHBIC CETH; MOJEIH IUIAHUPOBAHMS, MAKCUMAJIbHBIE HEOHOPOAHBIC TIOTOKH; HEUET-
KH€ ¥ INHAMHYECKHE TIOTOKH; KOHKYPEHTHBIE HH(OPMAIIMOHHBIE TIOTOKH; apauICIbHBIE alTOPUTMEI

BBenenue napamerpamu (TIPOIYCKHasi CIIOCOOHOCTh pedep
CETH, JICHCTBHUTEIILHBIC YCIOBUS Tepeayd IOTO-
koB [2, 13]). HeogHOpomHbIE TIOTOKK B CETAX MO-
TYT COAEpKaTh OOBEKTHI C PAa3TUYHBIMU CBOH-
CTBaMH 10 (DYHKIMOHAJIBHOMY HA3HAYCHUIO, Tpe-
OOBaHHSAM K TPOIIECCY TPAHCIIOPTHPOBKH, CEPBU-
cam u Ap. [3, 4]. Pa3Butue ceTeBBIX TEXHOJIOTHUI
TaKke TpeOyeT COBEpPIICHCTBOBAHHS METOJIOB
YIpaBJICHUS OTOKAMH.

B cBsi31 ¢ HEOOXOMMOCTEIO TIepeaadu U o0pa-
OOTKHM BCE BO3pACTAOUINX 00HEMOB WHPOPMAIUH
Ba)XKHOE 3HAUCHHE NPHOOPETAIOT BONPOCHI OPraHu-
3al[Md U ONTUMHU3AIMU (DYHKIIHOHUPOBAHUS CETe-
BeIXx HH(popmarmonnsix cuctem (CHUC) [2, 11].

doi: 10.15802/stp2018/133742 © B. B. Ckanosy0, JI. A. Ilanuxk, 2018

B pa3nuyHBIX COBpEMEHHBIX cepax AesiTeNb-
HOCTH (TPaHCTIOPTHBIE, SHEPTETUICCKUE U CETCBBIC
HH(GOPMAIIHOHHEIE CTPYKTYPHl U T. 4. [6, 8, 12])
YpE3BBIYAHO MIUPOKO PACTPOCTPAHCHHBIMU SIB-
JSIOTCS 33/1a49H aHAIN3a ¥ ONTHMAIBHOTO TIaHU-
pOBaHMS W YIIPAaBJICHUS TOTOKaMH B ceTsaX [2, 3,
14] wnu 3amaun, TpUBEACHHBIC K HUM. OTMETHM,
YTO Ha MPAaKTUKE BO MHOTHX CIIydasiX MOTOKH
B TPAHCIOPTHBIX U APYTUX CETIX SABIISIOTCS HEOI-
HOPOJHBIMH, JUHAMUYCCKAMHU (CYIIECTBEHHBIN
CPOK Iiepelayd, U3MEHCHUE MapaMeTPOB CETH IO
nepuojam cytok [2, 7, 11]), ¢ HeompeneneHHbIMH
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B CHUC upucyTcTBYeT HEOIPEACICHHOCTh, BBI-
3BaHHAS PAOM (PaKTOPOB: HEBO3ZMOXKHOCTHIO TOY-
HBIX M3MEPEHUH 3HaYeHUN WHGOPMAIIMOHHEBIX T10-
tokoB (MII); BimsHME BHENTHEH cpenpl Ha IMmapa-
MeTpbl 311eMeHTOB cTpyKTypsl CUC; npu oneHkax
¢ynkunonupoBanuss CHUC HeusBecTHB TpeOOBa-
Hus nonk3oBarenei k nepemxade UII [4]. Tlpu us3-
MEHSIOIINXCS TPEOOBaHUAX K MPOIECCY Nepeaadn
UIl Buytpu CUC, a Takke KOHQUIMKTaX MEXIY
WII, cumxaercs 3pPeKTHBHOCTL (PYHKIIMOHUPOBA-
Hust CUC. Tlouck »QQeKTUBHBIX pacnpeneieHuit
UIl B CUC (c yuetom TpeOOBaHMH MHOXKECTBa
KJIMCHTOB, JUHAMHYECKHX IapaMeTPOB ITOTOKOB,
HEOIPEIEICHHOCTH TPOIYCKHBIX CIIOCOOHOCTEH
anemenToB CUC, o0beMOB mepenaBacMbIX HH-
(hOpMaITMOHHBIX TIOTOKOB W Jp.) SBIISIETCH aKTy-
anbHO# 3anauelt ynpasnenuss CUC. B [2] pa3pabo-
TaHa TpoleaypHas Monenb pacrpeneneans Ul B
CHUC Ha OCHOBE COBMECTHOTO MCIOJIb30BAHHUS
BIHOJIHE TOJIMHOMHUAJIBHON anmnpOKCUMallMOHHOU
cxembl (FPTAS) [8] u reHeTHUeCKOro ajiropuTMa.
Mopnenp obecrieunBaeT pelieHre 3aJadd Ompere-
JIEHUs] MaKCHMaJhbHOTO KOHKYPEHTHOTO ITOTOKa
MyTeM pa3pelieHnss KOHPIUKTOB MEXIy MOTOKa-
mu. B [2, 11] wmccrmenoBaHbl ONTHMHU3AIMOHHEIE
3ala4d O TIOTOKaX B HEYETKUX CETAX TMPUMEHH-
TEIPHO K TPAHCIOPTHBIM U JHEPIETHUYECKUM
CTPYKTypam.

3amaun HaXOXJEHHsS] MaKCHMAallbHOTO ITOTOKa
Y MOTOKAa MUHUMAIBHOU CTOMMOCTU B TPAHCIIOPT-
HbiX cersix (TC) mmpoko ocemanucs [6, 10, 14].
[Ipu ydere dakTopoB HEompeaeneHHOCTH (TIPo-
MMyCKHBIE CIIOCOOHOCTH, CTOMMOCTH TEPEBO30OK
W JIp.) BO3HUKAIOT MEHEe MCCIIeOBaHHBIE MOTOKO-
BbIC 3a/1a4M B HeYeTKUX ycmoBusx [7, 11, 14]. Tlpu
ydere 3aTpaT BpEMEHH, a He MTHOBEHHOTO IIPO-
XOXJAEHHSA IOTOKAa MO JyraM CeTH, MOJy4aroT
«CTallMOHAPHO-TUHAMHYECKHE» MOJENH  3a4ay
[2, 11], a nmpu usmeHeHmsx mapamerpoB TC Bo
BPEMEHU MONYYalOT JUHAMUYECKUE MOJETH 3a/1a4
o morokax. B [7] uccrnenoBana 3amaua pacuera mo-
TOKa MMUHMMAJIBHON CTOMMOCTH B HEYETKOM NMHa-
muueckoir TC, koTopas pemaeTcss Ha OCHOBE
MPEJIOKEHHOTO aBTOPaMU alTOpUTMa U TPOIIC/TY-
pPBI «pacTsDKeHUs BepIIMH Tpada BO BPEMEHW.
B munammueckoir TC TpeGoBaioch MepeMECTHTH
ONpPEAENIEHHOE YHCIO E€IUHMIl [OTOKa C MHHH-
MaJbHBIMU 3aTpaTaMH TaK, YTOOBI IOCIETHUN
JJIEMEHT BOIIEN B CTOK B MOMEHT BPEMEHH HeE
MO3IHEE 33JJAaHHOTO.

Heasn

Pa3BuTHE METOJIOB M CPEJICTB aHAM3a CBOWCTB
3JIEMEHTOB TIOTOKOB, & TAKXKE CO3JIaHUE COBPEMEH-
HBIX HH()OPMAIMOHHO-KOMMYHHKAIIMOHHBIX TeEX-
HOJIOTMH M CHCTEM Jar0T BO3MOXHOCTBH JUIS BCE
0oJiee MOJHOrO ydyeTa TpeOOBaHMH OTICIBHBIX Ka-
TEropuii  OOBEKTOB TPAHCIOPTHBIX IOTOKOB,
a TaKXke MapaMeTpoB UX B3aUMOICHCTBHS.

Lenpto craThu sBNsETCA pa3paboTKa HOBOM
YHUGHULIUPOBAHHOH MPOLEAYpHl IUIAHUPOBAHUS He-
YETKUX MHOTONPOAYKTOBBIX M JHHAMHUYECKHX,
a TaK)Ke KOHKYPEHTHBIX TIOTOKOB B TPaHCIIOPTHBIX
CeTsIX U CEeTEeBbIX MH()OPMALIMOHHBIX cucTemMax. Jlis
JOCTHKEHUSI TTOCTABJICHHOHN LIeJM HEOOXO0AUMO pe-
IIMTH CJCAYIOIINE 3aJaui: pa3padoTaTh KiacCcugpu-
Kalio MOjIeNell B3aMMOJEHCTBUSL TPAaHCIIOPTHBIX
MOTOKOB; pa3paboraTh YHHU(PHUUUPOBAHHBIH Hapa-
JIETbHBI CUHXPOHHBIM alIrOpUTM pacueTa MaKCH-
MaJIBHOTO MOTOKA B TPAHCIIOPTHBIX CETSIX; Pealu30-
BaTh HEYETKHE JUHAMUYECKHE MOAEIH IJIaHUPOBa-
HUSI MHOTOIIPOJYKTOBBIX IOTOKOB B TPAHCIIOPTHBIX
ceTsix; pa3paboTaTh KOHKYPEHTHBIE MOJEIH TUIaHH-
POBaHHUSI MHOTOTIPOAYKTOBBIX TIOTOKOB.

MeTtoauka

AHanu3 myOJIMKanuid TO3BOJIMII KIIACCH(UIIH-
pOBaTh MaTEMaTHYECKUE MOJIETH B3aUMOJICUCTBUS
TPAHCIIOPTHBIX TIOTOKOB.

B Tabn. 1 mpuBenena knaccudukanus mMaTema-
TUYECKUX MOJIECH 3a/1a4d 0 MOTOKaX B TPAHCIIOPT-
HBIX CETSAX C YUETOM YHCIIA «CEPBEPOB» U «KIIHEH-
TOB» (OTIENbHBIX TTOTOKOB WJIH MTPOIYKTOB).

Hpyrumu XapaKTePUCTUKAMHU Mozenen
(Tabin. 1) ABASIOTCS CBOWCTBA WX MapaMeTpoB (me-
TePMUHUPOBAaHHBIE, CTOXaCTHYECKHE, HWHTEPBaJb-
HBbIC, HEUCTKUE, HEOTHOPOTHO-HEOMPEIeIeHHbIE |3,
4]), BpeMeHHbIE XapaKTEPUCTHKH (CTaTHYECKHE,
CTAIMOHAPHO-THHAMUYECKUE, THHAMUYCCKHUE).

Yder crnenmududecKux KaTeropuil TpeOoBaHUIA
WIA CBOHCTB OOBEKTOB TPAHCIOPTHBIX MOTOKOB
CYIIIECTBEHHO BIHSIET HA COJNIEPKAHUE U CI0KHOCTD
COOTBETCTBYIOIINX MOZEJIEH U METOAOB X aHAII3a
Y wianupoBanus [3, 6, 12]. B Tabm. 2 npencrasie-
Hbl JaHHBIC, XapaKTEPU3YIOLIUE BO3PACTAIOLIYIO
CIIO)KHOCTh MaTeMaTHYeCKUX MOJEIEH JIeTepMUHH-
poBaHHBIX MOTOKOBBIX 3aaa4y B TC. Kiaccel mone-
JIe MOXKHO Pa3BHBATh, YYWUTHIBAS JTUHAMHYECCKHC
cBoiictBa TC, pa3nuuHble BUIBI YCIOBHA HEOMpe-
nenenHoctr napametpoB TC u JaHHBIX.

doi: 10.15802/stp2018/133742
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Tabmnuma 1
Kaaccnpukanus Mopesieil B3anMo/AeiicTBHsSI TPAHCHOPTHBIX IOTOKOB
Table 1
Classification of models of transport flows interaction
Tun BsaHMoneﬁiingTBa HHq()(I:):;;gin;ypa KnterT! (noToki) Hpmveper Mozercit

T, 1 1 OIHOMPOYKTOBBIE TIOTOKU
T, 1 n MHoOronpoayKTOBbIE TOTOKH
T3 m 1 KoHkypeHIus 3a moToKu
Ty m n Koomneparus (moe3ka ¢ mepecaakamu)

[IpencraBnenHas knaccudukalms 3agad aHa-
7132 TPAHCIIOPTHBIX TTOTOKOB UCXOJMT U3 CBOWCTB
MaTEeMaTHYECKUX MOJEICH W aJrOPUTMOB pealid-
3aiuu. Bce mocienyromme Kiacchl BKITHOYAIOT
TpeOOBaHUs MPEABIIYIINX, TOMOJHAS HX CHELH-
aNbHBIMH YCIIOBHSIMH, yKa3aHHBIMH B TaOil. 2.
B wuccrnenoBanmsx [10, 12, 14] omucan mmMpokuid
KPYT aJrOPUTMOB aHaJM3a M IIAHUPOBAHHS TTOTO-

KOB B TPAHCHOPTHBIX U APYTIHUX CCTAX, CPEANU HUX
TAKXE YKa3aHbl aJlrTOPUTMBI pacdy€Ta MaKCUMaJlb-
HBIX IIOTOKOB. JTH HUCCICIOBAaHHUA B OOJILIIMHCTBE
paccMaTpuBarOT OJHOPOAHLBIC IMOTOKH. B 10 xe
BpEMs OTMCHACTCA, UYTO 3aJa4u COBCPHICHCTBOBA-
HUA W Pa3sBUTUA METOJOB aHAIM3a U IIJIAHUPOBA-
HUA HCOAHOPOAHBIX ITOTOKOB B TC craHOBsTCS BCE
Ooiee AKTyaJIbHbIMH.

Tabnuma 2
Kiaccebl MaTeMaTHYeCKUX MojieJieid 3a1a4 aHAJIU3a TPAHCTIOPTHBIX MOTOKOB
Table 2
Classes of mathematical models of traffic flow analysis tasks
Kiacc monenu Hassanue YcnoBust MOTOKOB CBoiicTBa Moenb
MuHuMaTbHBIN
K1 OIHOMIPOTYKTOBBIS U; <d; Hepa3zpsIBHOCT MOTOKA
paspes
K . MuHIManbHOE
Zu.. <d. MHOXeCTBO ceTeif st
K2 MHoronpoayKkToBbie ij =i paszensmonee
k MOTOKA
MHO>KECTBO
k < d k
Ujj = djj
K3 Kommnpomuccubie MHOTO- CemnapabenpHOCTh Kommnpomuce no-
MIPOYKTOBBIE d¥ = £ (u OTpaHUuYEHUIN TOTOKOB TOKOB Ha JTyrax
i = fi(uy)
d;=f (UiI;) K
Ka CrtpykTypHbIe TpeOOBaHUS HecenapabenbHOCTH H uj = 0
K MOTOKaM MPOJyKTOB d = f(u. CBs3€il B MOTOKaxX k
i = fuy)

Cpenu 3anad aHanM3a M TUIAHUPOBAHUS MOTO-
koB B TC BbIIensercs 3amaya 1Mo OIPEICIICHUIO
MaKCHMaJbHBIX MOTOKOB B Ka4eCTBE OCHOBBI NPHU
tdhopmupoBannu u ananmze TC, pe3ynbpTaThl KOTO-
poOii IMKUPOKO MPUMEHSIOTCS Ha mpaktuke [1, 6, 10,
14].

B cBsI3u C BCECTOPOHHUM Pa3BUTHUEM CETEBBIX
TEXHOJIOTHH, CO3JaHneM H ()YHKIMOHHPOBAHHEM
WHTEJUIEKTYaNbHBIX TpaHcnopTHeIX cucteM (MTC)
[3] dopmupyroTCcst HOBBIE 3aadM ONTHMAIBLHOTO
IUIAaHUPOBAHUSI  HEOJHOPOAHBIX  TPAHCHOPTHBIX
MOTOKOB (MHOTONPOAYKTOBBIE, MHOTOKPUTEpHAIIb-

doi: 10.15802/stp2018/133742
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HBIE, C yYeTOM HWHAMBHIyaJIbHBIX MOTpeOHOCTEH
AJIECMEHTOB-HOCHUTENCH TOTOKOB U 1ip.) [3, 4], ko-
TOpBIC BCE OOJIBIIIE YYHUTHIBAIOT TPEOOBAHMS OT-
JENbHBIX YYaCTHUKOB IOTOKOB. Pernenme Takmx
3agau OasupyeTcs Ha ONpeaeieHUH HabOpOB KO-
JIMYECTBEHHBIX M Ka4eCTBEHHBIX OLIEHOK CBOWMCTB
cereil. Peanuzanusi MHOTONPOAYKTOBBIX, KOMITPO-
MHUCCHBIX, TUHAMHUYECKUX U JIp. MoJelnell IMiaHu-
posanus motokoB B TC [1, 5, 6] ucnoms3yer pac-
YC€Thl MAKCHUMAJIBHBIX IIOTOKOB, IIOTOKOB MMHHH-
MaJIBHOW CTOMMOCTH, aHaJH3 Pa3JelIONINX MHO-
xectB pedbep TC wm T.4. [1, 2], uto Tpebyer
MMPUMCHCHHUA OTACIbHBIX YHCJIICHHBIX MCTOAOB U
anroputMoB. B paGote [5] mpemnokeH HOBBIA
YHU(UIUPOBAHHBIA MapauIeIbHBIA CHHXPOHHBIN
QITOPUTM aHallM3a ¥ IUIAHUPOBAHUS MOTOKOB
(IICAII) B TC, npuroasslil A peanuszalnuu pas-
JUYHBIX KJACCOB MOJENIe TOTOKOB. DTOT airo-
PUTM TIpUMEHEH JUIsl pacyeTa MaKCUMAIIbHBIX Of-
HO- ¥ MHOTOTNPOAYKTOBBIX NMOTOKOB. B mpesarae-
moit cratbe [ICAIl npumensieTcst 11t uccienoBa-
HUS HEUETKUX IUHAMHYECKUX W KOHKYPEHTHBIX
MoOJieTiell TUTaHWPOBaHUS MHOTOIPOAYKTOBBIX IIO-
TokoB B TC.

3amaya pacyera MakcuManbHOTO ToToka (MII)
B TC sBnsieTcss JOCTAaTOYHO 3aTPATHOM, TaKXe Cy-
LIECTBYIOT OIpEJENICHHbIE CTPYKTYpBI CETeH, IUIs
KOTOPBIX HM3BECTHBIE JITOPUTMBI UMEIOT Cclalyro
cxomumocTh [1, 10]. OTmeTnM, uTO B HacTosIIEe
BpeMsl CYILECTByeT Ooiiee ABaaUaTH alrOpUTMOB
oJid pacdy€Ta MaKCUMaJIbHBIX IIOTOKOB B CCTIX,
cpeau KOTOpBIX Hamboliee pacpoOCTPaHEHbI alro-
putmbl  Dopaa—DPankepcona, Iamonaca—Kapma,
Huunna [1]. [lpu anHanmm3ze MHOTONPOTYKTOBBIX
(HEOTHOPOHBIX) TTIOTOKOB CIIOKHOCTH MTOCTPOCHUS
¥ peanu3alid alTOPUTMOB OIICHKH IapaMeTpoB
MaKCUMaJIbHBIX MOTOKOB CYIIECTBEHHO BO3pacTa-
ot [2, 6, 8].

®opmansHo TC — 3TO OpUEHTUPOBAHHEIN Tpad
G = (V, E), B koTopoMm kaxaoe pedpo (U, V) umeer
MOJIOKHUTENbHYI0O  MPOMYCKHYIO  CIOCOOHOCTD
¢ (u,Vv) >0 u moroxk f (u, v) [1, 6]. Beimensror aBe
BEpIIMHBI (MCTOK S M CTOK t) Takue, 4TO Jro0as
IpyTas BEpIIMHA CETH JIOKHUT Ha MYTH U3 BEPIIUHBI
S k BepunHe t. O603HauUM depe3

G=(\V,E),c s t)} (1)

TPAHCIIOPTHYIO CETh (Jajmee ceTh), B KOTOPOM
¢ (u, v) — mpomyckuas crmocobrocts; f (U, V) — mo-

TOK yepe3 pedbpo (U,V); V — MHOXKECTBO Y3JIOB,
E — MHOXECTBO pebep.

[TapannenbHbIii CUHXPOHHBIN alrOPUTM aHaIH-
3a MapaMeTpoB MAaKCHUMAaJbHBIX IOTOKOB B CETAX
(IICAII), nogobno anroput™my Damonzaca—Kapmna
(A-DOK) [1], ucmonb3yeT CTpaTeruto MOUCKa B IIIH-
PHUHY TIpH OJTHOBPEMEHHOM OTIPE/ICIICHUH BO3MOXK-
HBIX MyTEH MOTOKOB Yepe3 CeTh C M3BECTHBHIMH Ha
OTIPEIICJICHHOM IlIare pacyera MpOIMYCKHBIMHU CIIO-
cobHocTsamMu ayr (pebep) ocrarounoit cetu (OC).
OC dopMupyeTcss UTepallusiMH, KaK CETh, IPO-
MyCKHBIE CIIOCOOHOCTH pebep KoTopoi mMoaudu-
MUPYIOTCS HA OCHOBE BEJIMYMH ONPE/ICICHHBIX U
yBenuuuBaromux mnorokos [1, 6]. B A-DOK Ha
KaXI0M HTEepaluy B IMOCTPOCHHOM JIepeBE BO3-
MOJKHBIX TIyTel BBIOMpAETCS KpaTYAUIIHA 10 YHC-
ny pebep MmyTh, MO KOTOPOMY IPOMYCKAaeTCs J0-
MOJIHUTEbHBIN YBEIWYUBAIOWIUNA MTOTOK. B oTnu-
yuy 0T A-DJ] 1 ApyTruX NOJ0OHBIX aIrOPUTMOB, B
npeniaraemoM [ICAIl 3a cuer CHHXpOHM3ALUU
nporeccoB (GpopMuUpoBaHUS Y3JIOB JepeBa B HUX
TaK)Xe OJHOBPEMEHHO BBINOJHSIETCS aHAJIU3 BO3-
MOJKHBIX 3HAa4YE€HUH [OTIOJHUTENbHBIX, YBEIUYHU-
BalOIIMX MOTOKOB, KOTOPhIE MOTYT paclpocTpa-
HATBCS o cnexaytommmM pebpam OC. Ilpu sToMm
BO3HHMKAET BO3MOXKHOCTbH MAapajuIeJIbHO (Ha OJHOM
WTEpaluy) BIIOTHATH aHAIN3 HECKOJIbKUX YBEJH-
yuBaIMUX NoToKoB yepe3 OC.

B pabote mpuHATO, YTO y3JIOBBIE HPOLEAYPEI
MOTYT BBITIOJIHATBCS, €CIIM K HUM TI0 CXEME CETH
(1) moctynunu Bce BXoAdIIKeE MOTOKU. 1 ynpas-
JCHUA MpOLEecCaMM CHHXPOHM3ALUHU  Y3JIOBBIX
MPOLEYp BBOAWUTCS LIATOBBIM IapameTp MOCTYI-
neHus notokoB (t) . 3HaueHHe mapameTpa yKasbl-

BacT «UIMHY B marax (t) » myTu oT UCTOKa JI0 CO-

oTBeTCcTByIOIIEro y3ma B OC. Y3igam TpaHCcHopT-
HOW ceTH Ha3HA4aloT COCTOSHUS B 3aBUCIMOCTH OT
3TaIoB pacyera MoTokoB. CHavyana Bce y3Jbl UMe-
10T cocrosiane «Oxumaet». Ecnu Ha stame t k
y3Illy TOCTYIHJ HEKOTOPBIH BXOJHOHN MOTOK, Y3€Il
MEPEXOANUT B COCTOSIHHE «AKTHBHBIN», a MPH TO-
CTYIUICHHH BCE€X BXOJHBIX IOTOKOB CTaHOBUTCS
«l"otoB». Ilpu 3TOM mapajieNbHO BBIMOJHIETCA
BBI30B BCEX BBIXOAHBIX Y3JIOB, IIeperaBasi UM pac-
CUMTaHHBIC TIApaMETPhl BO3MOXKHBIX IMOTOKOB II0
cooTBeTcTBYIOMMM TyTsM. [locne mepenaun moto-
KOB caM y3ell IEPEXOJHUT B cocTosHue «Bpimonne-
HO», a YHMCJIO AaKTUBHBIX y310B B cetH N, (t)

YMCHBIIIACTCA HA CAUHUILLY. Cucrema CUHXpPOHH3a-
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[[MH KOHTPOJHMPYET YHCIIO aKTHBHBIX Y3JIOB Ha IIIa-
re (t). ITo mapamerpy N,(t)>0 Takxke BBINONHSI-

€TCSl KOHTPOJIb BO3MOXKHOTO OJIOKMPOBaHUS IPO-
mmeccoB (opmupoBanus MapripyToB uepes OC.
BrokupoBka CHHXPOHWU3UPOBAHHBIX MMOTOKOB BO3-
HukaeT, eciii B TC HET HU OAHOTO y371a, K KOTO-
pomy Ha mrare (t) MOCTYMWIIM BCE BXOAIINE TIO-

TOKH, TO €CTh B coctosHuu «['oToB». B Takom
cilydae MpeayCMOTPEHa Irepenada CUHXPOHU3UPY-
IOIIETO MMOTOKA «HYJeBOro» oObhema. Beibop y3ma
JUIS Pa30JIOKUPOBKH CHHXPOHU3UPOBAHHBIX IOTO-
KOB ONpEJENAETCS MO CICAYIONIMM TPU3HAKAM:
MUHUMAIIEHOE KOJIMYECTBO OTCYTCTBYIOIIMX BXOJ-
HBIX TIOTOKOB, NPH PAaBEHCTBE — MHHUMAIHLHOCTH
HOMepa I1ara akTUBU3aluu Tpoueaypsl (1), mpu

PaBEHCTBE ATHX MapaMeTPOB — MEHbIEe KOoJInde-
CTBO BBIXOAHBIX Y3710B. BO3HUKHOBEHHE OTMEYEH-
HBIX IIPOICCCOB OJIOKUPOBKM MOXKET OBITH IpPHU
aHaJi3e MHOTOIIPOAYKTOBBIX MOTOKOB. B  mainb-
HEHIINX mpoueaypax CHHXPOHU3UPYIOLIUM MOTOK
YUUTBIBAETCS B aJITOPUTME, KaK U BCE OCTaJIbHBIE.
B cratbe [5] pazpaboTanbl napaiieiabHbIe CHH-
XPOHHBIE ANTOPUTMBI, & TAK)KE MPUBEACHBI IPHMe-
pBl pacuera MaKCHUMAallbHBIX OJIHOMPOAYKTOBBIX
1 MHOTOnpoAykToBeix moTokoB (MIICAII) B TC.
AJrOpUTMBI pacueTa MHOTOIPOIYKTOBBIX TIOTOKOB
9acTo GOPMHUPYIOT PEIICHHS ITyTEM MO0YEPETHOTO
pacuera obmero noroka uepe3 TC [6]. Tlpumep
KOMIIPOMHUCCHOTO ~ IIOTOKa  JIByX IPOJYKTOB
(puc. 1) moka3bIBaeT IOMOTHUTEIBHBIC BO3MOYKHO-
ctu npumenenusi IICAII, KoTopwlii BBIONHSAET
OJHOBPEMEHHBII aHalIW3 MOTOKOB BCEX MPOAYK-
TOB. 3a CYET 3TOr0 MOXHO MPUMEHSTH Pa3IHYHbIC
MOJIEJIN KOMIPOMHCCHOTO aHaJIn3a IOTOKOB IPO-
nyktoB Ha pebpax TC. Ha puc. 1 npuBesnena cxema
ceTu JUisl MPOIyCKa ABYX MPOAYKTOB C 3alaHHBIMH
BEJIMYMHAMH MTPOMYCKHBIX CIOCOOHOCTEH JIYT.

20 + 15 -

4 2

Puc. 1. Cxema cetu 11 pacuera MaKCUMaJIbHOTO
Y KOMIIPOMHUCCHOIO MOTOKOB JBYX MPOAYKTOB

Fig. 1. Network diagram for calculating
the maximum and trade-off flows of two products

IIpy npuMeHEeHUM KIACCHYECKHUX aITOPUTMOB
[1, 6] nomyyaroT pa3nuyHBIE CTPYKTYPHI MaKCH-
MaJIbHBIX IIOTOKOB IPOAYKTOB S1 u S2 B 3aBHCH-
MOCTH OT OYEpPEJHOCTH MX paCHpeeeHHUs.
Hanpumep, MakcuManbHBIA TOTOK MPOXYKTOB Pl
(S1) u P2 (S2) npu pacuere ot Sl siBisiercst cie-
JYIOIIAM:

P1:
{[V (S1,ul) = 20]; [V (u1,u3) =15];
[V (uL,u2) =5]; [V (u2,u3) = 5];
[V (u3,t1)] = 20]};

{lv(S2,u) =5];[V (uL,u2) = 5];
[V(S2,u2) =10];[V (u2,ud) =15];
[V (u4,t2) =15]}.
IIpu pacuere or S2, MakCHMajbHBIA IBYX-

MPOAYKTOBBIN MOTOK CIEAYIOIINH:
P1:

P2:

{[V(S1,ul) =107; [V (u1,u3) =10];
{IV (u3,t1) =10]};

{[V(S2,ul) =5]; [V(S2,u2) = 20];
[V (ul,u3) =5]; [V (u2,ud) =15];
[V (u2,ud)=5]; [V (u3,u4) =10];

[V (u4,t2) = 25]}.

B o6oux BapmanTax MaKCHMAaJbHBIN ITOTOK Ye-
pe3 TC paBen 35, HO UMeeT CYIICCTBEHHO Pa3IHy-
HYIO CTPYKTYpy. Takue BapuaHTBl MOTYT OBITH HE
MIPUEMJIEMBIMHU B YCIIOBUSX KOHKYPEHIIUY ITOTOKOB
mpoaykToB P1 (S1) u P2 (S2). Iloatomy maxke st
JIBYX TPOAYKTOB TMPUMEHEHHUS H3BECTHBIX ajro-
PUTMOB B YCIIOBUSIX MOJIENH KOMIIPOMHCCA Kak
PABHOIICHHOCTH JaeT CYNIECTBEHHO Pa3HbIe, MHO-
rosHaunsle, pemenus. Anroputm MIICAII no3so-
JISIeT OJHOBPEMEHHO (POPMHUPOBATH PELICHUS ISt
BCEX MPOJYKTOB OT/AEIBHO, a MPH aHAIH3e KOM-
MIPOMICCHOTO MHOXKECTBa pebep
{((u1,u3); (uLu2); (U2,ul)} TPUMEHSATH HYXHbIC

MOJENIM BBIOOpa pemreHud. Peanmmsanmuio KOMIIpo-
MHUCCHBIX TIOTOKOB TIPEACTaBICHO B CIEAYIOIINX
paszenax.

P2:

PesynbTartsl

Paccmorpum mpumenenne MIICAIT k Hedet-
KOIl MHOTONPOAYKTOBOM MOJENN IUTAaHUPOBAHUS
notokoB B TC (puc. 1).
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Tabmnuma 3
Heuerkue nponyckHble CIOCOOHOCTH AYT
Table 3
Fuzzy carrying capacities of the arcs
Heuerkue npomnyckHbie ClIOCOOHOCTH 110 AyraMm rpada aij , €.
(Sx) | (X)) | (Sox) | (Sx) | (%) | () | (%) | (%) | (t) | (X8)
0 (154,2) | (12,2,2) | (20,3,3) | (10,2,2) | (511 | (1511) | (10,2,2) | (40,4,5) o0
81 = - {15,1.2) -3 (2045) i Fig. 4. Network diagram for calculating fuzzy
AT A maximum flow for the second product
Wl ~ A # A

)’\}}}/ 5 9> S [Ipu s3TOM MakcUMaIbHBIN HEUETKUI MMOTOK JUIS
32,./-'/ bisEs) Y e ! & ., ~ TpojykTa P2 pasen (25,3,3), 94T0 COOTBETCTBYET

Puc. 2. Cxema cetn Jy1g pacdera MaKCUMaIBHOTO
HEYETKOTO U KOMIIPOMHCCHOT'O IOTOKOB JIBYX
MPOJIyKTOB

Fig. 2. Network diagram for calculating the maximum
fuzzy and trade-off flows of two products

MakcumanbHblii IOTOK mponykra Pl (S1) mns
HEYETKUX TPOIYCKHBIX CIIOCOOHOCTEH MpescTaB-
nmeH Ha puc. 3. Takum oOpa3om, MaKCHMAaJbHBII
HEYeTKHUi moTok s npoaykra Pl pasen (20,2,3).

(20,2,3) 1 (15,1,2) 3 (20,2,3)

S1 t1

» -
~ " /'/
/ b \3\/
e ¥ S’)‘
/,/’ g
-~ /
S2 2 t2

Puc. 3. Cxema cetu 11 pacuera HEUETKOTO
MaKCHUMAaJIbHOTO TIOTOKA JJISl IIEPBOTO MPOAYKTA

Fig. 3. Network diagram for calculating fuzzy
maximum flow for the first product

MakcumanbHbIi IOTOK mponykra P2 (S2) mns
HEYETKHUX MPOMYCKHBIX CIOCOOHOCTEH IpencTaB-
JIeH Ha puc. 4.

§1 1 5:1.1) 3 t

\/\Q)ﬁ/ o al g
e P& N

P
-~
(15,1,1) >

5,11
2,
\

e
2 (15,1,1) (25,3,3)

Puc. 4. Cxema ceTtn Ju1g pacdera HEUETKOTO
MaKCHUMAaJIbHOTO TIOTOKA JJIsi BTOPOTO MPOIyKTa

pe3ynbTatam pacuetos [11].

3amaun HaXOXJCHUSI MaKCHUMAaJbHOTO TOTOKA
¥ TIOTOKa MUHMMAaJIHHOW CTOMMOCTH B TPaHCIOPT-
HBIX CETAX MOTYT COAEpXarTh MHapaMeTphl (TIpo-
MYCKHBIE CIIOCOOHOCTH, CTOMMOCTH HEPEBO30K H
IIp.), 3HAYEHHSI KOTOPBIX U3BECTHBI HE TOYHO B CH-
JIy pa3IuYHbIX BHJIOB HeoIpeaeiacHHoCTH [2, 9,
11]. Jins aHanmm3a TakuX MOTOKOB MOTYT OBITh HC-
nosib30BaHbl Mojienin TC B HEUSTKHX yCIOBHSX [7].
[Ipu ydere BpeMeHU MPOXOKJICHUS IOTOKA IO Y-
raMm, a Takke BO3MOXKHOCTU M3MEHEHUS MapaMeT-
poe TC BO BpeMeHU TOIYYarOT MaTeMaTUYECKHE
MOJIENIN TIOTOKOBBIX 3a1ad B jauHammyecknx TC
npu Heyetkux ycnoBusx (ATCHY) [2, 11]. B pas-
Jlelle  pacCMOTPEHO TNPHUMEHEHHE  aJrOpUTMa
TIICAII nnst HaxoXKIEHUS MaKCHMAaJbHOI'O IMMOTOKA
MHMHUMAaJbHOM CTOMMOCTH B HEUETKOH THHaMU4Ye-
CKOH TpaHCHOPTHOW ceTH. A MMEHHO: TpeOyercs
OpOMyCcTUTh V(P) CIUHHI[ MOTOKA ¢ MHHUMAIb-
HBIMU 3aTpaTaMy B JMHAMHUYECKOW TPaHCIOPTHOU
CETH TakK, YTOOBI MOCIEIHSS SAMHUIIA ITOTOKA BO-
[uia B CTOK B MOMEHT BPEMEHH HE MO3/Hee 3aaH-
HOTO P .

MaremaTtnueckas noctaHoBka 3agaun JJTCHY,
cnenys [11], umeer Bun:

Minimizezp: > ¢ xE;0), (2)

0=0(x;,x;)eA

> 3 £ (0) &, (07, (O)]-H(p) =0, (3)

=0 x;eX
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Z [%ij(e)_gji(e_rji(e))]zéi X #s,1,0€T, (4)

XjeX

> 3 5, (0)-E, (0-<, (O)]+(p) =0, (5)

0=0 x;eX

(6)

CoracHo (2), TpebyeTcss HAaWTH MAHUMAJIBHBIH
MapIIpyT MEePEeBO3KH MaKCHMAaJIbHOTO KOJIMYECTBA
enunuIl motoka B TC 3a 3aaHHOE YMCIIO MOMEH-
TOB BPEMEHH [), YTO PABHO MOTOKY, BBIXOJSIIEMY

0<E;(0)<0;(6),V(x,X;) € ABeT.

p

W3 UCTOYHHKA Zésj (0) (3). YpaBuenus (5) obec-
0-0

HEYHBAIOT HEMPEPHIBHOCTh MOTOKA: MAKCUMAIIBHOES

YHCIIO CIMHUI] TIOTOKa P 3a P MEPUOJOB PAaBHO

HOTOKY, BXO/SIILIEMY B CTOK 3a P HEPUOJIOB BpeMe-
P P .

HU Zéjt (0—1y); morok Zz’;js(e—rjs) , BXod-
0=0 0=0

Ui B MCTOYHHUK 3a P MEPHOJOB, PABEH IOTOKY,

P
MOKHJIAIOIIEMY CTOK Zétj (6).
6-0

Puc. 5. McxoxHsnii amHAMUYecKuii rpad G
Fig. 5. Initial dynamic graph G

YpaBuenus (4) o0ecrieunBarOT YCIOBUS HETPe-
PBIBHOCTH MOTOKA JUTA KaXKIOTO y3/1a X, M KaxJo-

T0 MOMEHTa BpeMeHH 0, KpOMe UCTOYHUKA U CTO-
ka. HepaBeHcTtBa (5) orpaHM4mMBaIOT MOTOKH TIPO-
MyCKHBIMU criocoOHOoCTsiMu ayT TC.

Anroput™ pemenus 3amgaun (2—6) [11] ocHo-
BaH Ha MMEpeXojie K «pacTIHYyTOMY BO BpeMEHM» Ha
P MHTEPBAJIOB HEUYETKOMY CTATHUECKOMY TIpady

C;p =(X,, Ap) Ilepexos BBIMOMHACTCS MyTEM CO-

31aHUSI OTHEIbHOM KONMM Ka)KIOM BEpILIHMHBI
X; € X B KaXABIM DPacCMAaTPUBAEMBIA MOMEHT
Bpemenn 6 eT . [lompoOHas npornemypa popmupo-
BAHMSI SKBUBAJICHTHOM CTATHUYECKOM MOJEIHU 3a]a-
g JITCHY, a Takxke npumep pacdera ONTHMAalb-
HBIX TlapameTpoB ucxoxHou TC mpuBeneHsl B [7,
11]. PaccmoTpuM peanm3ariiio dTOW 3a7add Ha
ocHore anroputma [ICAITI [5]. Ha puc. 5 mokazana
4acTh KEJIC3HOJIOPOKHOM CEeTH, Najee MpeCTaB-
neHHas B ¢opme Heuetkord TC. 3mech BepivHa
X, — 9TO MCTOYHHMK, BEpIINHA X; — CTOK. HeueTkne
MPOITYCKHBIE CIIOCOOHOCTH M CTOMMOCTH, a TaKXe
napaMeTpsl BPEMEHU TPOXOXKICHHUS IOTOKa TIO0
Iyram, 3aBHCAIINE OT MOMEHTAa OTHpPAaBIECHHS IO-
TOKa, TIPEICTaBleHbl B BuAe Tabmwm 4, 5 u ©.
HeoOxomumo HalTH MHHHMAaIbHYIO CTOUMOCTH
MEePEeBO3KH MAaKCHMAaJBHOTO YHCIIa €IMHMII TOTOKA
v(p) . IlpaBuna onepupoBaHusi C HEYSTKUMH Tpe-
YrOJBHBIMY YHCIAMH TPEICTABICHBI B [2].

Ha puc. 6 mokazaHa ocrtarodHasi ceTh IOCIeE
HaxOXJEHHUsS IMOTOKa coriacHo (2-6). B ormmume
or [11], MakCUMaJIbHBIA TOTOK MHHHMAILHOU
croumocts (puc. 6) Ha ocHoBe [TCAII monydveH 3a
omHy wrepanuio. OtOpaceiBas HCKYCCTBEHHBIC
BEPIIMHBI U OYTH C TOTOKOM, COETUHSIONINE HX
C APYyTUMU BEPITUHAMH, TTOTy4aeM MaKCUMAabHBINA
notok (33,5,4) eauHMII MUHUMAJIBHON CTOMMOCTH

(3525,1184,1072) ycnoBHbIX eaunull. [lepexomst k
quHaMpueckoMy rpady G OT «pacTSHYTOro BO
BpPEMEHN» CTaTHYecKoro rpada ép, HoJTy4aem,
4T0 MaKkcUManbHbIH motok (33,5,4) 3a 3 uHTepBa-
Jla BPEMEHHU PaBEeH IOTOKY, BBIXOIAIIEMY U3 Iap
«BepmmHa-BpeMs» (%,0) u (X,1) u Bxoxsmemy
B Iapy «BeplIMHa-BpeMs» (Xs,3). Takum oOpa-
30M, MOJly4yaeM HEYETKUH JWHAMHYECKUH MOTOK
B (33,5,4) eaunun c myreMm X — X, — Xg, KOTO-
pBIi  OTmpaBisieTcss B MOMEHT BpemMeHn 0=1
¥ TpuObIBaeT B CTOK B MOMEHT BpeMeHH 0=3,
a TaKKe IMyTeM X, —> X, —> X, —> X5, KOTOPBIA OT-
npasisieTcs B MOMeHT Bpemenn 0 =0 u npuObiBa-
€T B CTOK B MOMEHT 0=3.
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Tabnuua 4

Heuerkue, 3aBucsiliie 0T MOMEHTA OTIIPaBJIeHUs MOTOKA, NponyckHble ciocodnoctu TC

Table 4
Fuzzy, depending on the moment of flow departure, network capacity of the TN
MoMeHT Heuertkue npomyckHble clocOGHOCTH 110 iyram rpada Gij , el
Epemexn O (X, %,) (X, X5) (X, %,) (X, %s) (X5, %) (X4, %s)
0 (12,1,2) (18,3,3) (25,4,5) (30,5,6) (25,4,5) (30,5,6)
1 (21,4,2) (15,3,2) (21,4,2) (25,4,5) (25,4,5) (25,4,5)
2 811 (18,3,3) (25,4,5) (26,1,2) (20,3,4) (31,4,5)
3 (10,1.5,2) (18,3,3) (18,3,3) (30,5,6) (20,3,4) (25,4,5)
Tabnuua 5
HequKne, 3aBHCAIIIHEC OT MOMEHTA OTIIPABJICHHUS MMOTOKA, CTOUMOCTH
Table 5
Fuzzy values, depending on the moment of flow departure
Moneirr HeueTkue CTOMMOCTH 10 Ayram rpada C;; , yCTOBHbIE €1,
ppeveer 0 (¢, x,) (%,%) (%1 %,) (%1 %) (%.%,) (X6 %)
0 (40,8,8) (50,9,8) (60,10,9) (70,10,10) (50,9,8) (80,15,15)
1 (30,7,6) (30,7,6) (40,8,8) (55,9,9) (35,7,7) (25,5,5)
2 (60,10,9) (40,8,8) (50,9,8) (75,11,12) (50,9,8) (30,7,6)
3 (30,7,6) (70,10,10) (60,10,9) (60,10,9) (50,9,8) (60,10,9)
TabOnuma 6
IMapameTpbl BpeMeH NMPOX0KAeHUsI MOToKa mo axyram TC
Table 6
Times parameters of the flow passing along the transport networks arcs
Mowment Bpems nmpoxoskIeHus MoToka 1o gyram rpada Tjj » €/I. BPEMCHH
BpemeHu 0
(%) | (uxg) | (X)) | (X Xs) | (KX)o (X0 %)
0 1 4 4 2 5 1
1 1 3 1 4 4 4
2 3 1 3 1 3 1
3 2 1 3 2 3 1
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ITepuoorvi epeseri
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Puc. 6. Ocrarounas ceTb G; [IOCJIE HaXOKIEHUS ITIOTOKA

Fig. 6. Residual network ég‘ after flow finding

[Ipusenennsnii Boime anroput™m IICAIT aBms-
eTcid NPUTOAHBIM W ISl MCCIIEAOBAHUS KOMIIPO-
MUCCHBIX (I€TepMUHUPOBAHHBIX U HEUETKHUX) MO-
Jeneil MIaHupOBaHHS MHOTOMPOIYKTOBBIX ITOTO-
KOB. B paznene npuBoauTcs npouenypa U pes3yib-
TaThl IUIAHMPOBAHMs IIOTOKOB TpeX HPOIYKTOB
(mst cetnt Ha puc. 1, UICTOYHHK TPOJyKTa 3 — S2,
a ctok — t1) Ha OCHOBe MpHUHIMIIA KOMIIPOMHCCA!

Fo(V)=max(@=min(V, /D)) =6c.  (7)

rac Vk — BCJIMYMHA KOMIIPOMUCCHOI'O IIOTOKa

k-oro mpoaykra, a D, — ero MakcHManbHbIH 10-

Tok B cetn (puc. 1). Vkaxkem, urto B TC moxker
OBITH HECKOJHKO MaKCHMAaJIbHBIX ITOTOKOB, (PYHK-
uust (7) sBiserca HeaudhepeHIUpPOBaHHON, UIMEET
HACKOJIBKO JIOKANbHBIX 3KCTpeMyMOB. [loaTomy
B obmem ciaydae Ha ocHoBe IICAII m mpuBeneH-
HBIX HIDKE MPOLEAYP HAXOAMTCS JOKAIbHBIA SKC-
tpemyM (7) nns TC Ha puc. 1.

Peanmuzanms monenu manupoBanus (7) kiacca
K3 (ta6:m.2) Ha ocHoBe IICAII BhImONHAETCS 1O
cienytomum npouenypam (I1).

I11. Ha ocnoBe IICAIl mapamiensHBIMH BBI-
YHCJICHUSIMA HE3aBUCHMO PACCUHUTBHIBAIOT MaKCH-
MaJbHbIE MOTOKH KaK10T0 U3 poaykroB D, . Ilpu

ATOM TaKXe ONPECISIOT AEPEBbs MOTOKOB KaXI0-
ro MpoayKTa Tr,, BETBU KOTOPBIX ITOMEYAIOT BeE-

JMYMHAMHU COOTBETCTBYIOMMX 1oToK0B (V, (i, j)) .

[12. PacyeT MakCUMalbHOI'O MHOTOIPOIYKTO-
Boro noroka Vy(D,)mo ceTw myTreM HaloKeHHs

nepeBbeB BennuuH 10TokoB (V| (i, j)) . IIpu stom
ayram mnoroka Vy(D,) npHcBauBalOT BEITHMYMHBI
notokoB (Vi (i, J) = m;’m{\/k (i, )}). B nepeswsx

Tr,, Ha KOTOpBIX HE OBLI pealM30BaH MaKCUMyM
Vi (i, ), TOTOKM NPOJAYKTOB YMEHBIIAIOTCS Ha
3HaueHus V, (i, j), KOPPEKTUPYs Ha DTy BEJIMYHHY
onenkn Dy =D, -V, (i, j). B pesymbraTe BbIIONI-
HEHHUS TIPOLEAYPHI D,
paBHBI KOMIIPOMHUCCHBIM OLIEHKaM IIOTOKOB IIpO-

TyKTOB «k», a UX cymMMa — 00IeMy MaKCHMallhb-
HoMy noToky Vi (Dy).

HAJIO)KCHUS BCIMYMUHBI

I13. MakcumansHoe 3HauyeHue (7) paccuuThI-
BaloT cornacHo O =V (Dg)/ > D, . Manee pe-
k

IIAI0T 3ajady pa3felicHus CyMMapHOTrO IOTOKa
’ .
V, (Dy) B cootBeTcTBHH ¢ O, U Habopom {D,}:

V(K):VE /D, =0g; DV =Vi(Dy).  (8)
[14. Ha ocHOBE COIOCTaBJIICHHUS ICPEBBHEB TIO-
TOKOB T, BBIIETSIIOT ~ MHOXECTBO YT

Ripq ={(i,Jg)}:p,aeA) Tpancnoprroil cern,

Ha KOTOPBIX TpeOyeTcs pa3feluTh KOHKYPHUPYIO-
1Ue MOTOKU MPOIYKTOB. 371eCh 3HAK A COOTBET-
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CTBYET MHOXECTBY JYT TPAHCIIOPTHOMN CETH.
I15. Ha ocHOBe pemieHusi CUCTEMbl JTUHEHHBIX

ypaBHeHHH Uit ayr R, o) pasiensiouero MHOKe-

BaeT OrPaHMYCHHs IIPOIYCKHBIX CIOCOOHOCTEH
ayr {(i,, j,)} n nmeer Bu:

ctBa (PM) BBITIONIHSIOT pacyeT BETUIMH KOMITPO- v(k): Z V(kp,q) /D¢ =8¢;
MHUCCHBIX TIOTOKOB HpOAYKTOB «k» II0 ayram (p.)
TpaHCcIOpTHOH ceTu. IIpu 3TOM CTpyKTypa cucTe- . K
MI;:I ypaBI;IeHHfI I[eTaJ'II/ISII)/IpyeT (3), EII)}"II“EIK};E)C YUUTHI- V(.)€ Rpg) '%V(p'q) ~Mea ©
Tabmnuma 7
HﬂaHl/IPOBaHﬂe KOMIIPOMHUCCHBIX MHOTOIMMPOAYKTOBBIX IOTOKOB
Table 7
Planning trade-off multi-product flows
Cers | W(Gj) | PL | P2 | P3 Pc(1) Pc2) | P22) | P3(2) | P3-K4 | Pck4
Wsl1,1 50 20 0 0 10 10 0 0 0 9,2668
W1,3 15 15 10 12 15 15 0 8,5 12 13
W1,2 5 5 0 5 3,5 0 0 5
W2,3 5 5 5 15 0 5
W2,4 7 0 7 0 7 7 7 0 7
W34 10 0 10 15 15 15 0 0,8666
Ws2,1 12 0 10 12 10 8,5 0 8,5 12 8,7332
Ws2,2 20 0 7 5 7 8,5 8,5 0 4 7
W3 tl 50 20 17 18,5 18,5 0 8,5 16 17,1334
W4,t2 50 0 17 0 8,5 8,5 8,5 0 0 7,8666
Vmax 20 17 17 27 27 8,5 8,5 16 25
0,5 0,5 0,4627

B ypashenwsix (9) mapamerpbl W, ;) PaBHbI

HPOITYCKHBIM CIIOCOOHOCTSIM COOTBETCTBYIOIINX YT

Peanuzaums npouenyp II1-IIS 3aBepiiaet
KOMIIPOMHCCHOE TUTAHUPOBAHHUE MHOTOIIPOAYKTO-
BbIX NoTOKOB Ha ocHoBe [ICAII. Ilpusenem mnpu-
MEphl IUIAHUPOBAaHUsS MOTOKOB COIJIACHO MOZEIH
(7) nis TpaHCTIOPTHOM ceTH Ha puc. 1.

B Tabn. 7 nmpuBeaeHs! pe3yNabTaThl IIAHUPOBA-
HUS COTJIAcHO (6) TIOTOKOB TPEX MPOIYKTOB JJIS Ce-
TH Ha puc. 1. 3aech B cronbie «CeTh» yKa3aHbI JTy-
ru, B cronone W(i, J) uX mporyckHble CriocOOHOCTH,
a B CTpOKax BeJIMYMHBI MOTOKOB. B ctpoke Vmax
yKa3aHbl MAKCUMAIILHBIE TIOTOKH MPOayKToB P1, P2,
P3, a Takxe KOMIOPOMHCCHBIE 3HaYECHHS (CTOJIOLBI
Pc (1), Pc (2), Pc—K4), a on HUMH JaHbl 3HAYCHUSA
nokazareneii komnpomucca (7). Pemenus P3-K4
u Pc—K4 cootBeTcTBYIOT MomensM trma K4, (tabm.
2), ocTaJbHBIC MOJICNH COOTBETCTBYIOT Kiaccy K3,
JIOTYCKAIOIIEMy HE3aBUCHMBINA pacdeT KaKIoro U3
MoToKoB npoaykToB. Ctonbmsr Pc (1) u Pc (2) mo-
Ka3bIBAalOT BO3MOYKHOCTH CYIIIECTBOBAHMSI HECKOJb-

KHX KOMIPOMHUCCHBIX petenuii (7). Ctonoust P2 (2)
u P3(2) comepxar BeIMYMHBI KOMIPOMHCCHBIX TO-
TOKOB TIPOIYKTOB ThMa 1Ba (P2) u tpu (P3), KOTO-
pBIE UMEIOT CYIIECTBEHHBIE OTIMYMS OT OTHEIHHBIX
MaKCHMAaJIbHBIX MOTOKOB P2, P3. OrmeTHM, 4YTO
3HaveHue (7) COOTBETCTBYET ypaBHEHUSIM (8).
Pewenusa nns mopeneit kinacca K4 momydeHsl
MpU 3aJaHUH YCJIOBHBIX TMPOIMYCKHBIX CHOCOOHO-
CTEW IyT, 3aBUCAIIMX OT 3HAYEHWUW BEJIIMYMUH pa3-
JINYHBIX MOTOKOB. DTO CBOMCTBO MOJENIU HE IMO3-
BOJISIET BBITIOJHATH PAacyeT MaKCHMAIBHBIX TOTO-
KOB KaxI0ro u3 «k» TPOIYKTOB HE3aBHCHUMO OT
npyrux, a Tpedyer npumenenus [ICAII ko Bceit
COBOKYITHOCTH  OAHOBpeMeHHO. Kak ykazaHo
B TabiwIe, HATUNYNE HECKOJIBKUX MOTOKOB YMEHbB-
HIWIO TPOMYCKHYI cnocoonocth nyru W(1,3)
Y TIPYBEJIO K YMEHBIIEHUIO 00IIero moToka 1o 25.
Paccmorpum Bompocs!l 1utaHupoBanust MII Ha
ocHose anroput™a [ICAII B CUC, ucnons3ys no-
CTaHOBKY [2]. B aToli paboTe pemaercst 3a1a4a 1e-
penaun W11 n3BeCTHBIX BENWYHH MEXIy HaOOpamu
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aboOHEHTCKMX map (MCTOK—CTOK). Tpebyercst pac-
NpeAenuTh pecypc npoiryckHoi cnocoonoct CUC
TakuM 00pa3oM, YTOOBI B MAKCUMAITEHO BO3MOYKHOM
CTCTICHH YAOBJICTBOPHUTH TpeOOBaHUSIM Bcex abo-
HeHTckuX map B meperade UII (kak mpomykToB),
MIPU YCIIOBHHU YIOBJIICTBOPSHHUS OTPAHUYCHUSAM TIPO-
MYCKHOM crocoOHocTH. 3amada pacrpeieneHus U
nepepacnpeaencaus NI B CUC o0bHO cBOUTCS
K PELICHHUIO 33/1a4l O MaKCUMAaJIbHOM IOTOKE B Ce-
TH. MHOFOHpO]IYKTOBLIe IMOTOKOBBIC 3aJa4n MOT'YT
OBITH pEIICHBI 3a TIOJIMHOMUAIILHOE BPeMsi METO/1a-
MU JTMHEWHOTO TIPOTPaMMHPOBAHHUSL.

[Ipu HemOCTATOYHOCTH MPOIYCKHOM CIIOCOOHO-

ctu 3neMeHToB cTpykTypel CHUC TpeGoBaHus
MOJIb30BaTENIE HE MOTYT OBITh YAOBJIETBOPEHBI
B MIOJIHOHM Mepe.

Puc. 7. CtpykTypa ceTu nepeaadn cooOIeHni

Fig. 7. Structure of the messaging network

Tabnuma 8
XapakTepuctukn pedep rpada ceTn nepegaq JaHHBIX
Table 8
Characteristics of graph edges of the data transmission network
ri(ui, vi) Ci ri(ui, vi) Ci pi(si, t;) d;
ri(1,2) 200 ri0(2,1) 190 p1(1,5) 150
r2(2,3) 220 ri1(3,2) 280 p2(1,6) 100
r3(2,4) 250 ri2(4,2) 290 p3(7,2) 50
r4(2,7) 200 r13(7,2 210 p4(8,3) 100
r5(2,8) 250 ri4(8,2) 270 p5(5,1) 110
ré(3,5) 260 r15(5,3) 290 p6(2,4) 70
r7(3,6) 300 ri6(6,3) 210 p7(5,1) 140
r8(3,7) 210 ri7(7,3) 200 p8(2,7) 100
ro9(6,8) 230 r18(8,6) 240
Tabnuna 9
Pe3y.m,TaT1,1 IVIAHUPOBAHUA KOMIIPOMHUCCHBIX nyTeii M BCJIUYHUH INIOTOKOB
Table 9
The results of planning trade-off ways and flow values
pi(sii t) Wi Zi z; Id; (%)
p1(1,5) 1-2-6 120 80,00 %
p2(1,6) 1-4-17-7 80 80,00 %
p3(7,2) 17-7-9-14 50 100,00 %
p4(8,3) 18-16 100,00 100,00 %
p5(5,1) 15-11-10 83,6 76,00 %
p6(2,4) 3 70 100,00 %
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p7(5,1) 15-7-9-14-10
p8(2,7) 5-18-16-8
[TosTOMY paccuMTHIBaIOT pacmlpeneieHue Io-
tokoB B CUC, koTOpOE HE AUCKPUMUHUPYET a00-
HEHTCKHUE Napbl M HAWITYYIINM 00pa3oM UCTOJIb3Y-
€T BCE UMEIOINECS PECYPCHl CETH — CYNEPKOHKY-
PEHTHBI MYIBTHUIOTOK. Jlnsi pemreHus 3amaun
B [2] pa3paboTaH CHELHMAIM3UPOBAHHBIA T€HETH-
YeCKHll aTOPUTM, a PEe3yNbTaThl IOJNyYeHBI 3a
CYeT OCpEIHEHUsS MHOTOKpPATHBIX pacyeToB. Ha
puc. 8 mpuBeIeHA CETh Iepefavyd COOOIICHUA,
rpa¢ xoropoil umeer 8 BepmiuH u 9 pebdep, KOTO-

pBIM cooTBETCTBYIOT 18 myr. Hauano Uj i xoHer Vj
KaXIOM AyTH [, a TaKKe UX MPOIYCKHBIE CIIOCO0-

HOCTH Cj yKa3aHsl B Ta0II. 8.

Yepes cethb (puc. 7) HEOOXOIUMO MPOMYCTHTH
MHOTOIIPOTYKTOBBIH IMOTOK, B HAMOOJBIIICH CTele-

HU BBINOJHSIOMHNN 3aMpockl 8-MH MPOIYKTOB Pij,

MCTOYHHUKH Sj, CTOKH tj 1 TpeOoBanus dj KOTOPBIX
MpHUBEICHBI B Ta0. 8.

ITonydyeHHBI KOMOPOMMCCHBIM MOTOK C TIO-
momisio anroputma MIICAII B pamkax mporueayp

[T1-I15 mpencrasnex B Tabma. 9, rae Wj — myTh Ais
Mmapel y3JI0B, MEXIy KOTOPBIMU TIEPEAArOTCS CO-
obmenus. B mnpuMmepe HauMeHbIIas BeTUYMHA

kpurepust (7), cooTHoulIeHHe MOTOK/3ampoc Zj/dj,

umeroT mapel Ne5 u Ne 7 (zj/dj = 76,00 %). Pe-
3yJabTaThl IUIAHUPOBaHUA pactpenenenus MIT oc-
moBe MIICAII (tabm. 9) MOTHOCTBRIO COBIAmAIOT
¢ paboToii [2], YTO HMOATBEPKAAaET AOCTOBEPHOCTh
1 3G GEKTUBHOCTD Mpe/IaraeMbIX METOOB pacue-
Ta MHOTOMPOTYKTOBBIX TIOTOKOB.

Hayqﬂaﬂ HOBU3HA U MPaAKTHYECCKasd
SHAYUMOCTDH

B pabore Ha ocHOBe aHann3a U3BECTHBHIX IIO-
CTaHOBOK 3a/1a4 O TIOTOKaxX B TPAHCIOPTHBIX CETSIX
MpeIJIOKEeHBI J[Ba BHJA KiacCU(pHUKAIMH MaTema-
TUYECKUX MOJIENIeN TaKUX 3a7ad: Ha OCHOBE ydeTa
quciia «CCPBEPOB» U KKIIUCHTOB)» (OTJICHLHBIX 10~
TOKOB HWJIM TPOAYKTOB); UCXOAS M3 CTPYKTYPHBIX
CBOMCTB MaTEMAaTHYECKUX MOJIENEH U allrOPUTMOB
peanmzanmu. B kmaccudukanmm Bce MOCIETYIO-
e KIJIacchl MoJeNieil BKJIIOYal0T TpeOOBaHUS

106,4 76,00 %

100 100,00 %

MPEIBIIYIINX, JOMOIHAS UX CIIEHUAIbHBIMU yCIIO-
BHSAMU. YKa3aHO, YTO JPYTHMHU XapaKTEPUCTUKAMU
MPEJIOKEHHBIX KJIACCOB MOJIENIEN SIBISIFOTCS CBOM-
CTBa MX IapaMmeTpoB (IEeTEPMHUHUPOBAHHBIC, CTO-
XaCTUYECKUE, NHTEPBAIbHbIC, HEUETKNE), a TAKXKe
BpEMEHHBIE XapaKTePUCTUKH (CTaTWYecKHe, CTa-
LMOHAPHO-TUHAMUYECKHE, AMHAMUYECKHUE U JP.).

B nanHOl cTaTtbe BhepBBIE pa3pabOTaHHBII
HaMU NapajuielbHbIIl CHHXPOHHBINA alrOpUTM ObLI
WCIIONIBb30BAaH ISl pean3alliil HeUeTKUX Mojenet
IUIAaHUPOBAHUS ~ MHOTONPOOYKTOBBIX  IOTOKOB
B TPaHCHOPTHBIX ceTsX. Takxke Ha ocHoBe IICAII
ObUIM pean30BaHbl HEYETKUE JUHAMHUYECKHE MO-
JeNY TJIAaHUPOBAHMS MHOTOIIPOYKTOBBIX IIOTOKOB.
[Ipu 3TOM 32 cueTr mpouenyp pacnapaieIuBaHuUs
OBUI TMOJYYECH BBIYMCIUTEIBHBIA 3 (EKT Mo Cpas-
HEHUIO C U3BECTHBIMH PE3yJIbTaTaMHU.

B crarse paspaborana HOBas mpouexypa Iuia-
HUPOBAHUS KOHKYPEHTHBIX IIOTOKOB B CETSAX WH-
(OpMALIMOHHBIX CHUCTEM, HWCIONB3YIOIIas Mapa-
JIeNIbHBIE CUHXPOHHBIE aJTOPUTMBI PacueTOB MakK-
CHUMaJbHbIX IIOTOKOB. IIpuMeHeHHe npouexypsl
IUTAHUPOBAHUS TO3BOJISET BBHIYHMCIUTH JOKAJIbHBIC
9KCTPEMYMBl MOJIENIM PACHpPEEIEHUs] TOTOKOB.
OT0 00BACHAETCS TeM, 4TO (YHKIHS pacrpeserne-
HUSI KOHKYPEHTHBIX MOTOKOB siBiseTcst Heandde-
PEHIIMPOBaHHON, KpPOME TOr0 BO3MOYKHO CyIIe-
CTBOBAaHHE HECKOJbKHUX MAaKCHMAaJbHBIX ITOTOKOB
B TPAHCIIOPTHBIX CETSX.

[IpakTndeckas LEHHOCTb PE3yJILTATOB PabOTHI
onpenensercss YHUQUUUPOBAaHHBIMH BO3MOKHO-
crsmu [ICAIT mnst ¢ dekTHBHON pean3ariiy 3a-
Jla4 aHaJIu3a U IUIAHHPOBAHUSA MHOTOMPOTYKTOBBIX
MIOTOKOB B CETAX Ha OCHOBE JUHAMHUYECKUX, HE-
YETKUX M KOHKYPEHTHBIX MOJIeJIeH pacnpeeseHus
TPAHCHOPTHBIX U UH()OPMAIIMOHHBIX IOTOKOB.

BriBoabI

B crathe wuccnenoBaHbl BOIIPOCH aHaIu3a
U IUIAaHUPOBAaHMUS MHOI'OIPOMYKTOBBIX IIOTOKOB
B CETAX Ha OCHOBE JAMHAMUYECKHX, HEUETKUX HU
KOMITPOMHUCCHBIX MOJIEIel TPaHCIOPTHBIX IMOTO-
KoB. /{1 pacdyera onTUMaBHBIX TOTOKOB YKa3aH-
HBIX KaTeropuil paspaboTaHa yHH(UIHPOBaHHAS
MpoLEAypa Ha OCHOBE MapaJlIeNbHBIX CHHXPOH-
HBIX aJITOPUTMOB Pacue€TOB MaKCHMAJIbHBIX TOTO-
KOB ¥ [IOTOKOB MUHUMAJIbHOW CTOMMOCTH.
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[pemnoxkena HoBas KiaccupUKaIMs MaTeMa-
TUYECKUX MOJEJNEH aHaIM3a U ONTUMANBHOTO Ila-
HUPOBAHUS TPAHCTIOPTHBIX TOTOKOB.

BrmmonHenHple Ha OCHOBE pPa3padOTaHHBIX
Opolesyp U YHH(QHIMPOBAHHOTO MapaljIeIbHOTO
CHHXPOHHOTO aJlrOpUTMa pealu3alliid HEYETKHX

MoJieJIell IUIAHUPOBAaHUSI MHOT'OIPOJIYKTOBBIX IIO-
TOKOB B TPAaHCHOPTHBIX M HMH(POPMALMOHHBIX Ce-
TAX, a TAK)KE HEUETKUX TUHAMHYECKUX U KOHKY-
PEHTHBIX MOJEJeH pacrupeneseHus MOTOKOB MOKa-
3aau 3((EKTUBHOCTb W YHUBEPCAIBHOCTb MpE.-
JIO’)KEHHBIX METOJIOB.
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PEAJIIBALIA JUHAMIYHUX, KOHKYPEHTHHUX I HEUITKHUX
MOJEJIEM IIVIAHYBAHHS BAT'ATOITPOAYKTOBHUX ITIOTOKIB
Y TPAHCIIOPTHUX MEPEXKAX

Merta. ['0JI0OBHOIO METOIO CTaTTi € pO3poOKa HOBOI YHI(iKOBAHOT MPOIIEAYPH TUIAHYBAHHS HEITKAX OaraTompoIyK-
TOBHX, THHAMIYHMX, & TAaKOX KOHKYPEHTHHX ITOTOKIB y TPAHCIIOPTHUX Mepekax 1 MepexeBuX iH(OPMAIIHIX CHCTe-
Mmax. [Iporienypa 3acHOBaHA Ha BUKOPHCTAHHI MapajeIbHUX CHHXPOHHHUX AITOPHTMIB PO3PAXyHKY HEOTHOPITHNX MaK-
CHUMaJbHUX TTOTOKIB. MeToauka. B poboti 3anmponoHoBana knacugikaris MaTeMaTHIHAX MOJIeNIel 3a1ad i3 IIaHyBaH-
HS TIOTOKIB y TPaHCIIOPTHHUX Mepexax. JlocIimkeHo MOXKIIMBOCTI BUKOPHUCTAHHS YHi(iKOBaHOI MPOIEIypH 1 mapajeib-
HOTO CHHXPOHHOTO JITOPUTMY PO3PAXYHKY MaKCHMAJIbHUX HEOTHOPIIHUX MTOTOKIB I peati3amii 3aBJaHb INIaHyBaHHS
0araTornpoIyKTOBUX, HEUITKMX, AMHAMIYHUX | KOHKYPEHTHHX MOTOKIB. Pe3yabraTn. EQexkTuBHICTS 1 YHIBEpCAIBHICTH
3aIPOTNIOHOBAHUX METOJIIB IUIAaHYBaHHS HEOAHOPIAHMX MOTOKIB BCTAHOBJICHA IIUISIXOM MOPIBHSHHS OTPUMAaHUX y CTaTTi
pe3yJbTaTiB pO3paxyHKiB 13 BIZIOMUMH B JiTeparypi. Po3pobneHo yHidikoBaHy npouenypy i napaieabHUi CHHXPOHHUN
JITOPUTM ISl IUTAaHYBaHHS HEYITKUX 0araTorpoJyKTOBUX, IMHAMIYHHUX 1 KOHKYPEHTHHX IOTOKIB Y TPaHCIIOPTHUX Me-
pexax, a TakoXK peali3oBaHO 3aBJAHHS ONTHMAJIBFHOTO PO3MOALTY IIMX IOTOKIB y TPAaHCHOPTHUX Mepekax. HaykoBa
HOBHU3HA. Y cTarTi po3po0iieHa HOBa yHi(ikoBaHa Ipoleypa IIaHyBaHHs HEYITKUX 0ararorpoJyKTOBUX, ANHAMIYHUX
1 KOHKYPEHTHUX TIOTOKIB Y TPAHCIIOPTHUX Mepekax iHPOPMAIiHHAX CHCTEM, 110 BUKOPHCTOBYE MapajielbHi CHHXPOHHI
ITOPUTMHU PO3PAXYHKIB MAaKCHMaJbHHUX TOTOKIB. [Iponemypa m03Bossie OOUMCIUTH JIOKAIBHI €KCTPEMYMH MOJeneh
ONTHMAIBFHOTO po3noAity noTokis. IlpakTuyHa 3HaYMMicTh. [IpakTHyHA LIHHICTH OTPUMAHHX PE3yJbTATiB BH3HAYA-
€ThCS YHI()IKOBAHIMH MO>KIJIMBOCTSIMH Ta €(EKTHBHICTIO TPOLEIYpPH 1 MapaeNbHO CHHXPOHHOTO alTOpPUTMY, IIPH3HA-
YEHOTO VISl PO3PaxyHKYy MaKCHMaJbHHX 0araTonpoayKTOBHX HMOTOKIB Y TPaHCIIOPTHHX Mepekax. Po3pobiena mpore-
Iypa 3a0e3reuye MOKIIMBICTh BUPIIICHHS 3aBIaHb aHAJI3Y 1 IUIaHyBaHHS 0araTorpoayKTOBUX MOTOKIB y MEpexkax ULl
JIMHAMIYHMX, HEYITKHX 1 KOHKYPEHTHHUX MOJIeJIeil PO3MOALTy TPAHCIIOPTHHUX Ta iH(QOpMALIHIX MOTOKIB.

Kmiouosi crnosa: TpaHCTIOPTHI MEPEXKi; MOJEII TUTAHYBAaHHS, MAKCUMaJIbHI HEOIHOPIAHI MMOTOKH, HEYITKI i 1u-
HaMiuHi TOTOKH; KOHKYPEHTHI iH(opMaIliiiHi TOTOKH; MapajesbHi arOpUTMH
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IMPLEMENTATION OF THE DYNAMIC, COMPETITIVE AND FUZZY
MODELS FOR PLANNING OF THE MULTI-PRODUCT FLOWS IN
TRANSPORT NETWORKS

Purpose. The purpose of the article is to develop a new unified procedure for planning of the fuzzy multi-product,
dynamic and competitive flows in the transport networks and in the information network systems. The procedure is
based on the use of the parallel synchronous algorithms for inhomogeneous maximum flows calculating.
Methodology. The paper proposes the mathematical models’ classification of the tasks for planning the flows in
transport networks. The possibilities of using the unified procedure and the parallel synchronous algorithm for calculat-
ing the maximum inhomogeneous flows for implementation of the tasks for planning multi-product, fuzzy, dynamic and
competitive flows are investigated. The efficiency and universality of the proposed methods for the planning inhomoge-
neous flows is established by comparing the results of the calculations obtained in the article with the known results.
Findings. The article proposes classification of the mathematical models for the planning inhomogeneous flows in the
transport networks. The unified procedure and the parallel synchronous algorithm for planning fuzzy multi-product, dy-
namic and competitive flows in the transport networks have been developed. The tasks of the optimal distribution of the
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fuzzy multi-product, dynamic and competitive flows in the transport networks are realized. Originality. The article de-
scribes the new unified procedure for planning fuzzy multi-product, dynamic and competitive flows in the transport and
information systems, using the parallel synchronous algorithms for calculating maximum flows. The procedure allows us
to calculate the local extrema of the optimal flows distribution models. Practical value. The practical value of the ob-
tained results is determined by the unified capabilities and the procedure efficiency, as well as the parallel synchronous
algorithm designed to calculate the maximum multi-product flows in transport networks. The developed procedure pro-
vides the possibility to solve the analysis and planning problems of the multi-product flows in the networks for dynamic,
fuzzy and competitive models for the distribution of the transport and information flows.

Keywords: transport networks, planning models for maximum inhomogeneous flows, fuzzy and dynamic flows,
competitive information flows, parallel algorithms
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HECTAIIOHAPHI PEKUMU POBOTHU I'OJTOBHOTI'O ITPUBOJJA
KAPYCEJIBHOI'O BEPCTATA JJUIAA OBPOBKU CYHIVIBHOKATAHUX
SAJIIBHUYHUX KOJIIC

Meta. Y po6oTi nependadeHo BU3HAYUTH YMOBH CTBOPEHHS JMHAMIYHOTO TIEPEBAHTAXCHHS TIPUBOLY KOJIECOO-
OpoOHOTO BepcTaTa B Pi3HUX HECTAIlIOHAPHUX PEXMMaxX eKCIUTyaTallii i 3alporoHyBaTH CII0cOO HOTo 3MEHIICHHS.
Mertoauka. IlocTaBnena 3amada BHUpINIyBanacs MOUITXOM CTBOPEHHS NWHAMIYHOI pO3pPaxyHKOBOI OaraToMacoBoi
JIAHIIOTOBOT MPYKHOI MOAENI 3 MOJAIBIIAM MaTEeMaTHIHUM MOJIENIOBAHHAM 11 HABaHTa)XKEHHS 30BHIIIHIMHU CHJIO-
BAMH (aKTOpaMH, 3HAYCHHS SKUX OYJIHM OTpUMaHi aHAJMITHYHIMH W eKCTIEpUMEHTAIFHIMH MeTonamMu. Po3B’s13aHHS
PIBHSIHB pyXY 3 BU3HAYEHHSIM HaBaHTAXKCHHS IPHUBOJY B IIEPEXIHOMY PEXKHUMI PO3TOHY Ta B PeXKHUMI Bpi3aHHS 311~
cHIoBasioch 3acobamu MathCad. Pe3yabraTn. Po3paxyHkoBa cxema MpHUBOAY 00CPTANLHOTO PYXY IUTAHIIAWON Bep-
CTaTy MpeACTaBJICHA JIIHIHHOIO TPUMACOBOIO PSJAHOIO CUCTEMOIO 3 IBOMa NPYXHUMH 3B’sI3KaMH 1 3 TpbOMa abCcoIIto-
THUMHU CTYINECHSAMH BUIBHOCTI. AHaJITHYHE BH3HAYEHHS MOMEHTIB CHJIM pi3aHHS BPaxOBYE 3MiHH KiIHEMAaTHUHHX
napameTpiB pexxuMy pi3aHHs MmiJ yac oOpoOKM Pi3HMX AUITHOK MPOQuI0 YalmKoBUM pisueM. [IpuiinsaTuil Halirip-
IMI BUNIAJIOK NPUKIAJAaHHS HABAHTAXKEHHS 32 OJJHOYACHOTO BPi3aHHS IHCTPYMEHTIB. EKBiBaJeHTHHI MOMEHT CHJI
pizaHHS BU3HAYCHHH SIK CyMa MOMEHTIB BiJl KOXKHOTO 3 iIHCTPYMEHTIB 32 YMOBH OaraTopi3iieBoi 00poOku. BuszHaueHi
MOMEHTH IPY>KHOCTI 3B’sI3KiB y CTallilOHAPHOMY CTaHi MPUBOAY BepcTaTa. JJMHAMIYHI IepeBaHTaXeHHS 3 Koedimie-
HTaMH JUHAMIYHOCTI Y 3B’s13Kax Ky, = 1,13 1 Kj,; = 1,04 B pexxumi BpizaHHSI HE3HAYHI ¥ MIBUAKO 3MEHIIYIOTh CBOE
3Ha4eHHSA. AOCONIOTHI 3HAYeHHS KPYTHOTO MPY)KHOTO MOMEHTY y HaBEACHOMY 3B’S3Ky penykropa Cpz B PEXHMIi
ITyCKYy HECYTT€EBI ¥ 3HAYHO MEHIII BiJl BEJIMYUH CTAI[IOHAPHOTO HABAHTA)XXEHHS. 3a JOMOMOTOI0 METOAY PO3PaXyHKY
I eKCIIepIMEHTAIBHUX JIOCIIPKEHb BCTAHOBJICHE CYyTTEBE JIMHAMIUHE NIEPEeBaHTaKEHHS IIPHUBO/Y BEPCTaTa B PEXUMI
PEOCTAaTHOrO IYCKY €JIEeKTPOABUTYHOM IOCTIHHOrO cTpyMy. PeakTnBHHMH Npy>KHMH MOMEHT HEpiOAMYHOI 3MiHU
y 2,7 paziB nepeBuIye HOMIHAIEHIA MOMEHT CTalliOHApHOTO pexxumy o6poOku. HaykoBa HoBu3Ha. byna cTtBope-
Ha NpYyXKHa JMHaMiYHa MOJENb NPUBOAY KosecooOpoOHoro Bepcrara. CkialieHi 1 po3B’si3aHi Mojerni W po3B’s3aHi
PIBHSIHHSI pyXy Mac Ta BH3HA4€HE HaBaHTa)XKEHHS 3B’S3KiB. 3’sCOBaHI TEOPETHYHI YMOBH 3HIKCHHS! HaBaHTa)KCHHS
B npuBofi. [IpakTuyna 3HaunmicTh. Ha nincraBi MoJenroBaHHs MepexXiJHOTO MPOLECy MyCKy IPHUBOAY BH3HAYEHI
CYTTEBI TIEpEeBaHTAXKEHHS HOTO €IEMEHTIB, SIKi B JIEKiJIbKa pa3iB IMEPEeBUIIYIOTh PEAKIil0 MPYKHUX 3B A3KiB IIiJ] 9ac
pizanss. /g 3amobiraHHS IBOMY PEKOMEHIOBAHO 3MIHHTH PEXHM 0araToCTyIIEHEBOTO 3aIlyCKy IBUTYHA 3i 3HH-
KCHHSIM ITyCKOBOTO CTPYMY MiHIMYM y IBa pa3u 10 BenwduHA He Oinbrre 1 200 A.

Knrouogi cnosa: 3anisHUYHE KOJieco; KOJecOOOpOOHUI BEpCTaT; MPUBIJ BepcTaTa; KOJIWBAHHS; JMHAMIUHI HaBa-
HTa)KEHHST;, IEPEXiIHi IpOoLecH

CEJILHOT'O THUITY, OCHAIICHI €JIeKTPOKOMIIOBAILHIUMHU
Betyn MPUCTPOSIMU 200 MPUCTPOSIMU YUCIOBOTO KEpyBaH-
ust (puc. 1). Ile Baxkke oOJagHAHHS BHPOOJISIOTH
MpOBiIHI cBiTOBI KommaHii: «Hegenscheidt — MDF»
(Himeuunna), «<SIMMONS», «OKUMA» (CIIA),
«Kreven», «Dorries Scharmann» (Benuko0Opura-

Hns macoBoi MexaHIUYHOT OOpOOKH pi3aHHAM
MPOKATaHUX 3ATI3HUYHUX KOJIIC Ha TEXHOJOTIYHUX
JHISAX METaTypriiHOro BHPOOHHUIITBA BHUKOPHUCTO-
BYIOTh CIICLliaJibHI KOJICCOTOKApHI BEPCTaTH Kapy-
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His), «tO3TC» (Pocis), «Rafamet» ([lombmia),
«Morandoy, «Mario Carnaghi» (Iramis),
«Sculforty (®dpanmisn), «TOSHULIN» (Yexis),
«BOST» (Icnanis).

[lepBuHHA YopHOBa 00POOKA 31 3HAUHUMHU TJIH-
OMHaMU pi3aHHA Ta CYTTEBO HECTALlIOHAPHUM IIPHU-
MYCKOM BHKJIMKAE TIEPEBAHTaKEHHs BY3JiB Bepc-
TaTa 1 3HOLIYBaHHs i pylHYBaHHS JeTanel rojaos-
HOTO MPHUBOAY M MPUBOIB Nogad. Taki quHaAMIuHI
MEPEeBAaHTAXXECHHS B NPUBOJAX I10J1a4 Ta OCOOJIMBO-
CTi KOHTYpHOI 00poOKH (hacOHHUX AeTaned Ipu3-
BOJSATH 10 TMOXUOOK (HOPMOYTBOpPEHHS MPOdiI0
KoJieca i MOBTOpHOTo neperouyBaHHs [11].

Hebaxani xoauBajIbHI IPOLECH B MPYKHIN CH-
CTEMI TIPUBOMY TOJOBHOTO Pyxy (oOepTaHHs 3aro-
TOBKH) CTAalOTh NIPHYMHOIO HE TITBLKH PYHHYBaHHSI
Horo neraynei, ane W MPAKTUYHO 3aBXKAM 3HMXKY-
I0Th CTIMKICTD pi3albHOrO iHCTpyMeHTa. 3adikco-
BaHI CHCTEMAaTH4HI pPYHHYBaHHS IIiAIIAITHUKIB
1 MOCaJKOBHUX MICIb BaJliB MPHUBOAY, MOCIA0ICHHS
3aTSHKOK OOJITOBUX KpiIUieHb (DaHLEBUX 3’ €JHAHB,
a B pa3l yTBOPEHHS MOHAJIHOPMATHBHUX 3a30DPiB
y KOHIYHIA Tepenadi 3 KPYroBUM 3yOOM pyx
IUTaHIIAaioN cTae pUBKOMOAIOHMM. CTpPyKTYpHUM
aHaJIi3 MPUBOAY 3 TOLIYKOM 1 YCYHEHHSIM IIKiJJIU-
BUX HQIJIMIIKOBHUX 3B’S3KiB BUKOHAHHW y POOOTI
[3], Ha iioro ocHOBI pPO3pOOJICHI MPAKTHYHI PEKO-
MeHaarl.

Puc. 1. 3aranbHuii BUIIIA] KOJIECOOOPOOHOTO
BepcTara mojeni 15502C

Fig. 1. General view of the wheel-processing
machine model 15502C

JluHamika MPUBOLY METAJIOpi3albHUX BepcCTa-
TiB 13 ypaxyBaHHSM TPYKHOCTI 3B’S3KiB BHCBIT-
moBanacs B poborax Pisima E. 1., Gegg B. C.,
[Tyma B. 3., KoxesnikoBa C. M., Keapoga C. C.,
Brecher C., Opauxosa M. JI., Ilerpakora 0. B.,
Crpyruscekoro B. B. ta in. Monorpadii, miapy4-
HHUKH 1 CTATTI 3 i€l TEMAaTHUKHU 3aBKINA MICTSTH IIe-
penyMOBY aHali3y pyXy CKJIaJaHHS HaBeIeHOI po-
3paxyHKOBOI JIAHIIOTOBOI cxemu mpuBony. Llei
eTan MiArOTOBKH aHaNi3y HaWOiJbII BiANIOBiTaIb-
HUH 1 moTpedye CKPYyMyiIbO3HOCTI W TOYHOCTI, 00
MoXMOKKM Ha I[BOMY €Talli CTaloTh BUPIIIATbHUMU
Ha eTari aHaji3y pe3yJbTaTiB pilleHHS piBHSHb
PyXy 1, BiOMOBiAHO, PO3POOKH PEKOMEHIALIM.
Oco6MBO BTpaTa TOYHOCTI y BU3HAYCHHI BIACHUX
4acTOT TPUBOJY POOUTH TOJANBINI PO3PAXYHKH
MapHUMH. BU3HAa4YeHHs MpPy)KHO-MAcOBHX Xapak-
TEPUCTUK MAIIMHHUMHU 3aC00aMH 32 JJOMOMOTOO
3D-MozenoBaHHs TaKoX IMOTpeOye KPUTUYHOTO
KOHTPOJIIIO BUKOHABIIS.

MeTtoarku po3paxyHKiB 3MYLICHUX 1 BIJIbHHX
KOJINBaHb TPUBOJIB Bepcraris [4, 5, 7, 8, 13-20]
MaroTh 3arajbHUM XapakTep, 1X po3poOJsIM s
YHiBEpCabHUX BEPCTATIB 13 IIHUPOKUM Jialla30HOM
3a0e3MeUeHHs] PeXUMiB 0OpoOKu # 0e3 00Ky
crienu(ikd HaBaHTAKEHHS, BJIACTHUBOI CIICIlialb-
HUM BepctataMm. [IuTaHHsIM MOJeTIOBaHHS PiBHSIHD
JUHAMIKA TEXHOJIOTIYHUX MAaIIWH, y TOMY YHCIi
METAJOPi3abHIX BEPCTATIB, Y PEXHMMI HecTaIlio-
HApHOTO HaBaHTaXEHHs 1 mpobieMam jaeMndy-
BaHHsI KOJIMBaHb MPUCBsSYEHI poboTH [6, 9, 14].

[lepeBaHTaXXeHHS Y TOJIOBHOMY IPUBOJI 00€ep-
TAJILHOTO PYXY 3arOTOBKH (pHC. 2, @) BUKIHKAIOThH
pyHHYBaHHS 3y0uyacTUX KOJiC, BadiB 1 MiJIINIHHU-
KiB, IPU3BOJATH O YTBOPEHHS Ta 301JbILCHHS 3a-
30piB, SIKi CYTTEBO 3arOCTPIOIOThH JUHAMIYHY peak-
LiI0 MPHUBOLY Ha 30BHIIIHE 30yproBaHHsS. Y mepe-
XITHUX pEeXHMax PO3rOHY Ta TaJbMYyBaHHS B CHC-
TeMi TOJOBHOTO TPHBOAY 3pOCTaE€ aMIDIITyna
npyXHUX AedopMariii 3B’s3KiB 1 30UTBIIYETHCS
B HUX BEJIMYMHA PEAKTUBHUX MOMEHTIB.

VY HaBezeHil cxemi MOMEHTH iHepIii Mac /'y
kM2 cknanaroTs: I, = 2,04, ,= 1,387, I;= 1,781,
1,=1;=0,006, I5=0,0013, /s= 1,,= 0,002,

Ig = [1() = 111 = 0,001, 112 = 0,026, 113 = 0,004

Koedimieatn sxopctrocti 3B’s3kiB C 'y H-m:

C;=1,174-10°, C,=58-10°, C;=34,9-10%,
C,=6,711-10°, (Cs=73,6-10°, (s=5,865-10°
C,=21,3-10% Cg=1,757-10°, Co=56-10°,

Cio=69,2:10* Cy;=32-10°, Cy, = 78,3-10%
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6—C
AN
l, C, L, C,; L
2 \E !
i
K, k23

Puc. 2. Po3paxyHKoBa cxeMa IPUBOLY
KOJIECOOOpOOHUX BEpPCTATIB:
a — KIHEeMaTU4Ha; 6 — HaBe/ICHA 10 Bally IBUTYHA,
6 — CIIpoNICHa HaBE€ACHa

Fig. 2. Design scheme of the drive unit of the wheel-
processing machine:
a — kinematic; b — reduced to the motor shaft;
¢ — simplified is presented

MoMeHT iHepiii poTopa JBHUTYHA Ta BEAY4OTO
IIKiBa racoBoi nepeaadyi ;= 34,24, MOMEHT iHepIii
peayKTopa Ta BEIEHOTO IIKiBa MacoBOi mepemadi
I;= 18,12, momeHT iHEpIil TUIaHIIaiou i3 3aroTo-
Bkow [;;=0,32; KOpCTKICTh MacoBoi Imeperayi
Cpp= 58-103, JKOPCTKICTh peaykropa Cp = 20-10°.

Merta

3a OCHOBHY METY CTATTi CTaBUTHCA BU3HAUCHHS
YMOB CTBOPCHHS IMHAMIYHOTO IEPEBAHTAKCHHS
OpUBOLY B PI3HUX peXHMax eKCIUTyaTraril
1 OIIYK c11oco6iB HOro 3MEHIICHHSI.

MeToauka

Po3B’s13aHHS MOCTaBICHOT 3a1a4i 3MIHCHIOETHCS
3a JOMOMOTOI0 aHaJi3y PIBHAHb PyXy METOJaMU
IH)KCHEPHOI JMHAMIKM MaIllMH Ta IMITaIliitHOIO

MO/JICJTFOBAHHSI HABAHTAXKCHHS MPUBOLY. Moento-
BaHHS HABAHTA)KEHHS MPUBOAY B IEPEXiTHOMY
PEXKMMI PO3rOHY Ta B PEXKHMI BpI3aHHS 31HCHIO-
BaJIOCH 3a J0moMororo 3acobis MathCad.

PesyabTaTn

Jnsi BU3HA4YCHHS MOBEIIHKU TPYKHOI CHCTEMH
MPUBOAY BEpcTaTa CKIaJeHa pO3paxyHKOBa cxema
(puc. 2). Po3paxyHKOBHM METOIOM OyJid OTpHMaHi
3HAYEHHS MOMEHTIB 1HEpIIil 00epTOBUX Mac, KPyTH-
JBHUX JKOPCTKOCTEH €JIEeMEHTIB NMpHUBOLY, HaBexe-
HOI 10 KPYTHWJIBHOI JKOPCTKOCTI MacoBoi Ta 3ybdac-
THX Tepe/iad, KOHTAKTHOI KOPCTKOCTI IIIMIOHKOBHX
Ta NLTIBOBUX 3’€IHAHb 1 3TMHAJIBHOI MKOPCTKOCTI
BaJIiB Ta omop. Ha erami ckiagaHHs po3paxyHKOBOT
CXEMH CHUCTeMa po3TJisiaanacs sk JiiHilHa, X04a KO-
HTAaKTHA >KOPCTKICTh B3a€MOJIl JeTajiell MPUBOAY
3/1e0IIBIIOTO HETiHIKHA 1 301TBIIYETHCS 31 3pOCTaH-
HSIM CTaTUYHOTO HABaHTaXXCHHS. [IpHAHSTO, IO
30CepeKeHI MOMEHTH 1HEpIlil Mac He MarOTh BJIac-
TUBOCTEH TPYXXHOCTi, a BajlM HeBaromi. 3a IWX
YMOB CKJIaJieHa TIOBHA JaHIloroBa 13-macoBa po3-
paxyHKOBa cxeMa NPHBOMAY 3 JBAaHALSATHMA CTyIIe-
HSIMH BUIBHOCTI y KyTOBHX KOOpJAMHATaX (puCc. 2, 0).

ExcriepuMeHTanbHI JOCTIHKEHHS BepcTaTa BU-
3HAYMJIM TPaHWYHY BEIUYUHY YaCTOTH CHI 30Y-
penns (o, = 125 p/c), M0 BUKIMKaHa HEBPIBHOBA-
JKEHICTIO 00epTOBHX Mac 1 BIAMOBIZa€ YacTOTI
obOepranns asuryHa. Ll wacrora HasBHa y BCix
pexuMax eKcIuTyararii BepcraTy. BucokodacToTHi
MIPOIIECH BTPATH CTIMKOCTI TiJ 4Yac pi3aHHS dYaIl-
KOBHUM pi3LeM 3a 3HAYHOI JOBXHHHU KOHTAKTy pi3-
s 3 JeTalio, sKi TeX Oynn 3adikcoBaHI €KCIle-
PUMEHTAIIFHO, BIUTMBAIOTH JIMIIE HAa CTIMKICTh iH-
CTpYMEHTa 1 IMIOPCTKICTh OOpOOIEHOI TOBEPXHi.
HeoOxigna mopctkicte 0Opo0sieHoT MoBepXHi 3a
Bumoramu JICTY T'OCT 10761:2016 [2] He mepe-
Bumnye R,80, a Bux 0OpoOKHU BiTHOCSTH 0 YOPHO-
Boi. ToMy B cHEKTpi 3 IBaHAIISITH BIACHUX YaCTOT
CHCTEMH TPaKTHYHHUN 1HTEpeC MPEJICTABISE TOBE-
JiHKa TMMPUBOAY Ha mepmux nBox. Ha Ginpir Buco-
KHX 4acTOTax, A€ aMIUTITyJy KOJWBaHb HE3HAUHI,
JMHAMIYHE HABAaHTAXXCHHS NMPHUBOJIY HECYTTEBE. 3a
MeToanKkoro [14] cxema Gysa cripoleHa 10 TpuMa-
coBOi 3 gaBoma cryneHsmu ButbHOCTi  [10]
(puc. 2, 8).

HaBenennsi mpyXKHUX 1 MacOBHX €JIEMCHTIB
3MIIACHIOBAJIOCS JI0 BaJla MPUBIAHOTO JIBUTYHA 0€3
ypaxyBaHHs JAeMII(QyBaHHS Ta MOPCTKOCTI ENEeKT-
POMArHiTHOIO 3B’s3Ky B IBUI'YHI. HacTOTHHMI aHAai3
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i€l cxemu BUKoHaHWW y poOoTi [10], B skiii 3a Ki-
JEKICHIMH 3HAYEHHSIMH TTapaMeTpiB CXEMH BH3HA-
YeHI  BJIACHI  YaCTOTH  BUIBHHUX  KOJIMBaHb
B1=169,53 p/c i B, = 252,32 p/c, mapuiajibHi 4acTo-
™ Ny = 69,96 p/c 1 N, = 252,20 p/c, koedilieHT iHe-
PIIHHOTO 38’s3ky v =0,107, KOoe(iIlieHT
3B’s13aHOCTI maprianpHux cucreM o = 0,064, 3Ha-
YeHHs y3arainbHeHoro mapamerpa [1] ckmaio 0,066.
Pyx TpumacoBOi KOJMBaJIbHOI CUCTEMH BHUpa-
3UMO B a0CONIOTHUX KOOpIMHATaX 3a JOIIOMOTOIO
CHUCTEMH JIHIMHNX AU(EPEeHIIHNX PIBHSIHB!

y 1.B,0
Lo +Cpp ((Pl —(Pz)"‘ Iil

14 I 8 ! !
1,02+Cy, ((Pz - (P1)+%((P2 -t

IIIBZ6
I

(01— 95)=M,;

1-3)

+C23((Pz _(P3)+ (@) — 93)=0;

14 I B 8 ! !
103 +Cp ((Ps - (P2)+%((P3 —0y)FM .

TyT: 0 — nmorapupMivyHU AEKPEMEHT KOJVBAHbD;
M, My — MOMEHT IBUTYHA Ta 30BHINIHIN MOMEHT
CWJI pi3aHHS HA TUTAHINAKOI BiIIIOBITHO.

MareMaTU4HUN OIUC TEXHOJOTIYHMX HaBaH-
Ta)XEHb 3IIHCHEHUN 3a pe3yibTaTaMi 3aBOACHKUX
CKCIICPUMCHTIB Ta aHATITUYHHUX y3arajllbHEHb, SKi
OTpUMaHi B pe3yJIbTaTi 3iCTaBICHHA MACKIJIBKOX
cxeM (opMOYTBOpEHHS TOBEpXOHb Koyieca. Ha
puc. 4 peacTaBlieHa cXxeMa YOTHPHUPi3LEeBoi 00po-
OKM 3aJ1i3HUYHOTO KOJIeca, IKa BUKOPHUCTOBYETHCS
B Ykpaini. Cynoprom 1 mizpi3yerbest Topelp 1 00-
TOUYETHCS 30BHINIHS TOBEPXHS MATOYUHH 13 30B-
HIITHBOI CTOpPOHHU Koneca. Ilo oOpobieHOMy TOp-
IO KOJIECO JOJATKOBO MpUTHCKaeThes. [lomanpia
00poOKka BeneThes cynoptamu 2, 3, 4 0JIHOYACHO:
OlyHMM CYHOpTOM 2 OOTOYYETHCS MOBEPXHA KO-
YeHHs1, OIYHUM CYNOpTOM 3 — Topelb 000aa 3 BHY-
TPIIIHBOT CTOPOHU KoJieca i rpebiHb, JIBUM CYIO-
pTOM 4 Tijpi3yeThes TOpelb i BHYTPIIIHS TOBEPX-
Hs1 000712 3 30BHINTHBOT CTOPOHH KOJIeca.

Puc. 3. Cxema 00poOKH KOJIeca Ha BEpCTaTax
moxeneit 15502, 15502C, 1B502

Fig. 3. Scheme of wheel processing on machine tools
models 15502, 15502C, 1B502

[MapameTtpu, 1m0 BU3HAYAOTH BEITUYUHY OCHOB-
HOI CKJIAQJOBOi CHJIM pi3aHHS, HE € CTAJMMH. 3a
BECh LIMKJI 00pPOOKH BCiX MOBEPXOHb KOJIeca CyTTeE-
BO 3MIHIOETBCSI CEepelHs INMOWHA, IIBHIKICTH pi-
3aHHS, T0/1aYa HA KPUBOIIHIHHUX MUIIHKaX 00po-
OKH 1 BiJIcTaHb BiJl Pi3Ls 10 OCi 0OepTaHHS KoJieca
Ha TaHmaioi. HaiOinpmunii BIMB Ha 3MiHY CHIIH
pizaHHsS Mae 3MiHa TIIMOWHHW pi3aHHA, sIKa BUKIIH-
KaHa 3MIHHICTIO TPUITYCKy Ha 00poOky. Koseco
MOKe OyTH BCTAHOBJICHE 3 €KCLIEHTPUCHTETOM Ha
mranmaioi (t; =0...1,5 MM), a TakoX Mae OrpaHio-
BaHHs TpeThoro poxy (t, = 1,3...1,6 Mm) micis 06-
pPOOKH THCKOM Ha KOJECONpOKaTHOMY cTaHi [12].
Tomy rnmbuHa pizaHHS HAa OKPEMHUX IiISAHKaX 00-
pOOKH ITPOGILII0 3MIHIOETHCS 3a 3AJICHKHICTIO!

t=t, +t18in(0,333n~n~t)+t28in[(0,1n-n-t)+(p], 4

ne o — cepenHst TIMOMHA pi3aHHS AUISTHKH Mpodi-
mo; t, — aMIIiTY]a XBUICYTBOPIOBaHHS (OTpaHIO-
BaHHS); T — MOTOYHHHA Yac, ¢; ¢ — (a30BHil 3CyB
MK €KCIICHTPUCHUTETOM 1 XBUJICYTBOPIOBAHHSIM.

MoMeEHT cuil pi3aHHS BU3HAYMMO SIK CYMY MO-
MEHTIB BiJI KO)KHOTO 3 iIHCTPYMEHTIB i 4yac Oara-
TOPI31IeBOi 0OPOOKH:

My=M+M,+M,+M,=

:P21‘R1+Pzz‘R2+st‘R3+Pz4'R4a(5)

ne R — morouHi BijcTaHi Bif oci oOepTaHHs Koyeca
JI0 1HCTPYMEHTa KOXKHOTO CYIOpTa; MOMEHT JIBH-
TyHa Y  HOMIHAJIbHOMY  pexuMi  pobOoTH
M = My, + Mgsin(®,°7), M, — HOMIHAIBHUHA MOMEHT
IBUTYHA, My — cepeiHiii MOMEHT BijJ] HEBPIBHOBA-
JKEHOCTI 00epTOBMX Mac. 3MiHA MOMEHTY Ha dac-
TOTI OOEpTaHHS JIBUTYHA HE BUKIWKA€E PE30HAHC-
HUX TiJICHIIOBAaHb, TOMY III0 4YacTOTa BIUIMBY
3HAXOAUTHCS Yy MIKPE3OHAHCHIA 30HI BITHOCHO
BnacHuX  4vactor cuctemu (P = 69,53 p/c,
B2 = 252,32 p/c) i y micnspe3oHaHCHi# 30HI BigHO-
CHO 4aCTOT 3MiHH MOMEHTIB pizaHHs(®; = 3,14 p/c,
®; = 9,42 p/c). 3po3ymiso, 1o i He3piBHOBa)Ke-
HOTO MOMEHTY CHJI iHepuii 00epTOBHX Mac MOXe
OyTH BUKIJIIOUCHA OaaHCYBaHHSIM.

MoMeHTH TIPY>KHOCTI 3B’SI3KiB Y CTaIliOHapHO-
My cTaHi mpuBofdy [6], koiM BiACYTHI JOAATKOBI
TapMOHIYHI CKJIaJIOBI HaBaHTAXXEHHS HAa BIACHUX
4acToTaX, BU3HAYMMO 3a 3aJICHKHOCTSIMHU:
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Mm:M|(II||+II|||)-’I-M|||I|;

I+ II+ m

M, (l,+1,)+M|]I ®)

M23C= m 1 " [ .
II—{_III_‘_IIII

Y nuHaMiYHO aKTUBHUX CHCTEMaX MOMEHTH CHUT
MPY>KHOCTI  CTaIiOHAPHOTO ¥ HECTAI[iOHAPHOTO
CTaHy BIIPI3HAIOTHCS OAWH Bif omHOro. Ymm 0i-
JBIIA TS Pi3HUISL, TUM OLIBII AWHAMIYHO HEIOC-
KOHAJIOIO € MaIlliHA.

Junamiuni Hasaumaoicents npusody nio uac
epizanns incmpymenmie. llin wac Bpi3aHHs iH-
CTpyMEHTa B JeTallb CHJIM Pi3aHHS 3MiHIOIOTHCS
JyXKe IIBUAKO, TOMY JTUHAMIYHI €(peKTH MOXKYTh
OyTH 3HAYHUMH, TIPU IIBOMY KpyTHa jaedopmarris
MIPUBOJy HE HACTAE MUTTERO.

[lin yac Bpi3aHHSA KOXXKHOTO 3 PIi3I[iB MOMEHT
CWJI pi3aHHS MPUHAHATAN JHIHHO 3POCTAIOYMM JIO
HOMIHAJILHOI BETTMYMHU 3a Yac Bpi3aHHS, Jalli MO-
MEHT 3MIHIOETHCS BiAMOBIAHO 0 3MiHH OCHOBHHX
napamMeTpiB CHWJIM pi3aHHA (B OCHOBHOMY 3MiHH
rnubun). Ha puc. 4, a npeacraeneni rpadiku
OKpPEeMHX MOMEHTIB pi3aHHS Ta CyMapHOTO MOMEH-
Ty. MomMeHT M, 3MIHIOETHCS OIrapMOHIMHO, BiAIO-
BIIHO JIO 3MiHHM TIPHUITYCKY 3a 3aJIeKHICTIO (4), MO-
MeHTH My, M3, i M, 3MIHIOIOTECS 3 YaCTOTOIO 00e-
pTaHHs 3aroToBKH. [IpuHHATHN Halripmmii Buma-
JIOK TPUKJIAJaHHS HaBaHTaKEHHS 32 OJTHOYACHOTO
Bpi3aHHA iIHCTPYMEHTIB.

[IpyxHa peakiist cMiCTeMH B MOMEHT Jii oOme-
JKEHOTO JIHIMHO 3pOCTAl0uoro HaBAHTAKCHHS THM
OiJIbllia, YUM MEHIIE BiTHOILICHHS Yacy Tp Bpi3aHHs
IHCTpyMEHTa JI0 TIEPiOAY BJIACHUX KOJIMBaHb CHC-
temu T. Haiibinpmre 3nadenus (mBa) xoeQiltieHT
auHaMigHOCTI HaOyBae 3a To/T =0 i 3MiHIOETBCS
Big 2 go 1 B miamasoni 0 <1o/T < 1, momaibi J0-
KaJdbHi MaKCUMYMH HAacTalOTh 3a To/ I KpaTHOTO
1,5. Tlogadi cymopTiB 3HAXOmATHCS B Jiana3zoHi
24...36 MM/XB, TIepioA BIaCHUX KOJUBAHb HEPIIOL
¢opmu 71 = 0,09 ¢, ToMy Ans MoAentOBaHHS TpH-
MHATe BigHOmeHHs To/T; = 1,5, To610 179 = 0,135 C.
Jlorapudmiuanii TeKpEeMEHT KOJIMBAHb MPUIHHATHI
6=0,118, 13, 14].

Ipyxuuit Mmoment y 3B’s3ky Cio (puc. 4, 6)
3MIHIOETBCA 3 TIEPIIOI0 BIACHOIO YaCTOTOIO 3 Mak-
CUMAJILHOKO aMIUTITY/IOK TEPIIOTO IIiBIEPioay
Miomax = 1 159 H-M, 3HaYCHHS MOMEHTY CTallioHa-
pHoOro ctany My, = 1023 H-m, koediuieHT nuHa-
MIYHOCTI CTaHOBUTE K15 = Miomaxd M1z = 1,13.

1200
Hwm

1000

1200

Hm hﬂ23

1000

6—C
12
p/c o3
..‘ a3
J 7,C
-0.4
P2

=05

Puc. 4. Pe3ynbpTatt MOJICTIOBaHHS JUHAMIYHOTO
HaBaHTaXCHH: IIPUBOAY BEPCTATa 3a OTHOYACHOTO
Bpi3aHHs piswis 2, 3 i 4 (3a puc. 3):

@ — 30BHIIIHE HABAHTAXKEHHS; § — MPY)KHA PEAKILsl y 3B’ s3KaX
C1,1 Cy3; 6 — BITHOCHA BIOPOIIBUIKICTH 3MiHH MPYKHOTO
MOMeHTY B 3B’si3kaX Cip1 Co3

Fig. 4. Simulation results of dynamic
load of the machine drive unit with simultaneous tie-in
of tools 2, 3 and 4 (according to Fig. 3):
a — external load; b — the elastic reaction in connections Cy,
and Cys; ¢ — relative vibration velocity of the change in the
elastic moment in connections Cy, and Cy;
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[Mpyxuuit MmomeHT y 3B’s3ky Co3 (puc. 4, 6)
3MIHIOETHCS 3 APYTOI0 BIACHOIO YaCTOTOIO 1 Mak-
CUMaJbHOIO aMIUTITYI0I0 TIEPIIOTO MIiBIEPiOqy
Mozmax = 1 110 H-M, MOMEHT CTaIliOHApPHOTO CTaHy
ckimagae My, = 1063 H-M i He BiApi3HIETHCS Bif
MOMEHTY HaBaHTaXCHHS My, a Koe(iIlieHT TuHa-
MIYHOCTI  CTaHOBHUTh K3 = Mosma/ Mo, = 1,04.
JluHaMiuHi epeBaHTaXCHHS y 3B’ 53Ky HE3HAYHI i
IIBU/IKO 3MEHIIIYIOTh CBOE 3HAYECHHS.

Jlunamiuni HasanmaoiceHusi npusody nio yac
nYCcKy 08USYHOM ROCHiliHO20 cmpymy. SIK Bimomo,
HABaHTA)XCHHS BEPCTATIB y MEPEXiTHUX PEKUMAX
MOXYTh TIEPEBUIIYBaTH HABAHTAXKEHHsI B CTaIliO-
HapHOMY peXHMi poOoTH. Y BU3HAUEHHI HaBaHTa-
KEHHSI TIPUBOJIy B IIEPEXIJIHOMY TIPOIECi MYyCKYy
€JIEKTPOJIBUTYHOM TOCTIHOTO CTpyMy 3 mapale-
JBHUM 30YMKEeHHAM Oyna MpUHHATA 3MiHA ITyCKO-
BOT'O MOMEHTY, MPOMNOpUiHA CHIII CTPYMY IYCKY
3a eKCIIePUMEHTAILHIUMHU TaHUMH (pHc. 4).
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Puc. 5. ®parMeHT ocIiIorpaMu mepexiTHOTO
HpOLECY JBOCTYIIEHEBOTO PEOCTATHOTO IIYCKY
NIPUBOJIY BepcTaTa JABUTYHOM MOCTIHHOTO CTPyMY
(n — xyToBa WBHAKICTH OOEPTAHHS [UIAHIIANOH,
| — cuna crpymy ABUryHa, HOMiHaNIbHa CHIIA
cTpymy ckianae 511 A, HOMiHaTbHUNA MOMCHT
nsuryna — 955 Hwm)

Fig. 5. An oscillogram segment of the transient
process of a two-stage resistor start
for the machine drive unit with a DC motor
(n —angular velocity of the faceplate rotation,
I — motor current, rated current is 511 A,
the nominal motor moment is 955 Nm)

Jnisi MOIeNioBaHHS HABaHTAKEHHS B LBOMY
pexxumi B piBHAHHAX (1-3) MOMEHT CHI pi3aHHS
My =0, a MoMeHT nBWryHa M; TipencTaBiIeHUN
JIiHeapu30BaHOI0 (DYYHKINIEIO 3TIHO 3 BHINE HaBe-
JCHOI0 OCLWJIOTPaMOI0 3MiHH CTpyMy. Peakuis
IPY)XKHOI CHCTEMM IPHBOAY Ha Take 30ypeHH:
MIpEeACTaBJICHA Ha PHC. 5.

a—a

Puc. 6. Pe3ynbTaTt MOICITIOBaHHS HABAHTAKCHHS
MIPUBOJY il Yac MEPEXiTHOTO MPOIeCy
MyCKy BepcTara:
a — 30BHIIITHE HABAHTAXKCHHS i TIPY)KHA PEaKIlisaxX
y 3B’s13kax Cqp 1 Cps; 6 — BiIHOCHA BIOPOUIBUAKICTD 3Mi-
HU MPYKHOTO MOMEHTY B 3B’s13kaX Cip 1 Cy3

Fig. 6. Simulation results of the drive unit load during
the transition process of the machine start:
a — external load and the elastic reaction in the connections
Cy, and Cy3; b — relative vibration velocity of the change in the
elastic moment in connections C, i Cyg

Sk BHOHO, 3a Yac MycKy B 000X MiIcucTeMax
IBid4l 30YIKYIOTBCS BiJIbHI KOJNMBAHHS 3HAYHOI
aMIDTITYId TUTBKM Ha TIEPIIi BIacHIA dYacToOTi
3 mepiogoM 7;. MakcuMalibHi aMIUTITYAH TPYKHO-
ro MOMEHTY Y 3B 513Ky Cjp Ha MepuIoMy eTari re-
pexigHoro mpouecy (puc. 6, a) GimbII HiX y aBa
pasu (Mismax = 2093 H-M) mepeBHINYIOTh BEIUYH-
HY HOMIHaJIBHOTO MOMEHTY NIBUTYHA 1 OUIBII HiX
y 2,5 pasu (M1omax = 2589 H-M) — Ha apyromy. A6-
COJIIOTHI 3HAYEHHS KPYyTHOTO NPYKHOTO MOMEHTY
y 3B’s13Ky Cp3 HECYTT€BI i 3HAYHO MEHIII BiJ Be-
JMYUH CTallioOHAPHOTO HABAHTAXKCHHSI.

Taki CyTTeBiI TepeBaHTAKEHHS CTAIOTh IPUIH-
HOIO pyHHYBaHHS JIeTaleil MpUBOAY, a OaraTOLMKIi-
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YHI 3MiHHI MEXaHiYHI HANpPY>KEHHS MPU3BOAATH /0
iX BTOMHOrO pyHHyBaHHs. KpuTH4YHE HAKOMMYEHHS
BTOMHHX HAarmpy>K€Hb HACTa€ JOBOJI IIBHIKO, OCKi-
JBKH KUTBKICTh OOpOOJICHHX KOJMIC 3a 3MiHY csirae
40. TepeximHuX peKUMIB IyCKY III¢ OUTBIIE 3a pa-
XYHOK BHKOPHUCTaHHS PEXHMY «IIOIITOBX» ITiCIIA
0azyBaHHSI Ta 3aKpiIUICHHS KoJieca Ha TUIAHIIaHOi.
Sxmo mepBuHHe Oa3yBaHHs Kojeca 3/iHCHEHE 31
3HAYHUM OWTTSM 3arOTOBKH, TO il PO3KPIILIIOIOTH
1 0a3yI0Th TIOBTOPHO, NMPH LIFOMY IUIaHILIAi0a moBe-
PTaEThCSI HA YaCTUHY 000POTY KOPOTKOYACHHUM iM-
MyJbCOM, SIKMH BHKJIUKA€ MOMIOHUIN 70 BHIICHABE-
JICHOTO TIepeXiAHui mporiec. Peakiiis Moxke OyTH 111e
OUIBLIOO, SIKIIO 3aIlyCK MPHUBOAY 3AIHCHIOETHCS 3a
BIZIKPHTHUX 3a30piB y 3y0UacTUX Tepeaadax Ta CTH-
kax. Toxl 1oYaToK HAaBaHTAXXKEHHS 31MCHIOETHCS 34
HEHYJbOBHX IIOYAaTKOBHX YMOBaX, II0 BHUKIHKAE
JI0IATKOBE 3pOCTaHHS PYKHUX MOMEHTIB.

OueBuiHO, IO TaKe MEPEeBaHTAKECHHS IPUBOTY
BEJIMKMM ITyCKOBHM MOMEHTOM HeJoIycTume. lc-
Hy€e peajbHa MPAKTUYHA MOKJIMBICTH 3HIKEHHS
MyCKOBUX MOMEHTIB 32 PaxyHOK 3aCTOCYBaHHS
0araTocTymneHeBOro PeoCTaTHOrO MYCKY, Jie Mak-
CUMajbHa BEIMYMHA CTPYMYy HE IEpEeBHIyBaia
6 1200 A. lle 30impImMTh Yac PO3TOHY HPHUBOIY
BJIBiYi, ajie 3poOUTh HOTro OiBII MJIABHUM 1 3MEH-
LIUTh IEPEBAHTAKECHHS.

HaykoBa HOBH3HA Ta IPAKTHYHA
3HAYMMICTB

VY Xxomi mociimkeHHs Oylia CTBOpPEHA MpY>KHA
QUHAMIYHA MOJEIh NPHUBOAY KOJIecOo0OpoOHOTO

Bepcrara. CkmazeHi i po3B’si3aHi PIBHSHHA PyXy
Mac Ta BU3HAYCHE HABaHTAXKCHHS 3B’ SI3KiB.

3a JONOMOTOI0 MOJENIOBaHHS TEPeXigHOro
Mpollecy MyCcKy NMPHUBOAY BU3HA4YEHI CYTTEBI mepe-
BaHTA)KCHHS MOTO €JIEMEHTIB, SIKi B ICKiJIbKa pa3iB
MEPEBUILYIOTh PEaKIiio MPYKHHUX 3B’SA3KIB MiJ yac
pizanHs. Tomy 3amyck ABWUTyHA MOBHHEH OyTH Oa-
raTOCTYIIEHEBUM, MOXKJIIHMBO, 13 JOIATKOBUM Iie-
PEAMYCKOBUM TMEPiOIOM, 31 3HHKEHHSIM ITyCKOBOTO
CTpyMy MiHIMyM y JBa pa3H A0 BEITUYHHU HE Oi-
neie 1 200 A.

BucHoBku

[lix yac TOYiHHS PI3HUX NIISHOK MPOKATAHOTO
3QTI3HUYHOT'O Kojieca 3a OaratopisiieBoi 00poOKu
3MIHIOIOTHCSI BEJIMUMHA i XapaKTep MOMEHTIB CHJI
pizaHHSL.

Ha migcraBi MonentoBaHHS BU3HAUYEH1 SKICHI
} KUIBKICHI 3HAYEHHS AMHAMIYHOI'O HaBaHTa)KEHHS
MPUBOLYy BepcTaTa y MEpexiiHuX pekuMax 3amyc-
Ky Ta Bpi3aHHS IHCTPYMCHTIB.

3a JOIOMOI0I0 PO3PaXyHKOBOIO METONLY Ta €K-
CHEPUMEHTAIBHUX JIOCTIKEHb BCTaHOBJICHE CYT-
TEBE AUHAMIYHE MEPEBaHTAKCHHS HMPUBOIY Bepc-
TaTa B PEKUMI PEOCTATHOTO MYCKY €IEeKTPOIBHTY-
HOM TOCTIHHOTO CTpyMy. PeakTUBHMI TpyKHUIA
MOMEHT NepioAuyHOl 3MiHM y 2,7 pa3iB NepeBu-
1Iye HOMIHAJBHUH MOMEHT CTaI[lOHAPHOTO PEXH-
My 0OpOOKH.

st 3amo0iranHs [bOMY 3alpOIIOHOBAHUH CHO-
ci0 3HWKEHHs NepeBaHTaXKEHHsI MPUBOIY IMiJ 4ac

MyCKY.
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P. I1. IOTPEBHAK!"

1*Ka(b. «[Ipuknagnas mexanukay, HanmonanbHas MeTautyprudeckas akajgeMus Ykpaussl, 1p. ['arapuna, 4, lnunpo, YkpauHa,
49005, ten. +38 (056) 743 32 76, +38 (095) 499 75 54, an1. noura pogrebnyakk@ukr.net, ORCID 0000-0002-4685-1818

HECTAIMOHAPHBIE PEXKXUMbI PABOTbBI I'NIABHOI'O
ITPUBOJA KAPYCEJIbHOI'O CTAHKA JJI51 OBPABOTKH
HEJIBHOKATAHBIX KEJIESHOJOPOYKHbBIX KOJIEC

Hens. B pabore npenycMaTpeHO ONPEAENUTh YCIOBHs 0Opa30BaHMS JMHAMUYHOW IEPErpy>KEHHOCTH IPHBOJA
KO0JIecO00pabaThIBAIOLIEr0 CTaHKa B Pa3HbIX HECTAIIMOHAPHBIX PEXKMMax JKCIUTyaTalld M MPEAIOKHUTh CIIOCOObI ee
yMeHblIeHuss. MeToauka. 3agaya periajach MyTeM CO3JaHUsl TUHAMHYECKOW PacyeTHOW MHOIOMAacCOBOM LEMTHON
MOJIENN C TOCIIeTYIOIUM MOJEINPOBAHUEM €€ Harpy>XeHHs BHEIIHUMH CHWJIOBBIMH (DaKTOpaMu, 3HaYEHUs KOTOPBIX
OBLIM MOJTYyYEeHBl aHATUTHYECKUM U DKCIIEPUMEHTAIBHBIM METolaMu. Perienne ypaBHeHUI ABM)KEHUS C ONpeeIeH -
€M Harpys3KH IPHBOJA B IIEPEXOIHOM PEXHMME Pa3rOHAa M B PEKMUME BPE3KH OCYIIECTBILUIOCH cpencTBamu MathCad.
Pesyabrarel. PacuerHast cxema mpuBoza BpamIaTeNFHOTO IBIKCHHUS TUIAHINAMOBI CTAHKA INPEICTaBIICHA JTMHEHHOM
TPEXMACCOBOH PSAHON CHCTEMOM C IBYMS YIIPYTUMH CBSI3SIMH U C TPeMs aOCOIOTHBIMH CTEIICHSIMH CBOOOIBI. AHAIH-
THUYECKOE ONpPEETICHIE MOMEHTOB CHJIbI PE3aHMs YIUTHIBACT U3MEHEHHS KHHEMAaTHIECKHUX MTapaMeTPOB PEXUMa pe3a-
HUA TIpA 0OpabOTKe Pa3NIMYHBIX YYaCTKOB HaIlleuHbIM pe3noM mpodmrst. IlpuHAT Xymammil cirydail NpHIoKeHHST
Harpy3Kkd IpU OJHOBPEMEHHOM Bpe3Ke MHCTPYMEHTOB. DKBHUBAJICHTHBI MOMEHT CHII Pe3aHMs OIpesiesieH Kak cyMMa
MOMEHTOB OT Ka)KJIOr'0 U3 HHCTPYMEHTOB IPH MHOTOPE3NOBOI 00padoTke. OnpeeseHbl MOMEHThI YIPYTOCTH CBs3ei
B CTAallMOHAPHOM COCTOSHHU MMPUBOAA CTaHKa. I[I/IHaMI/I'-IeCKI/Ie Harpy>KeHus ¢ KOS(b(i)I/IHI/IeHTaMI/I JUHAMHWYHOCTHU B CBA-
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3ax Ky, = 1,13 u Kjp; = 1,04 B pexrMe Bpe3KU HE3HAUUTEIIBHBIC M OBICTPO YMEHBIIIAIOT CBOC 3HAUYCHHE. AOCOIOTHEIC
3HAYEHHUS] KPYTALIETO YIPYroro MoMeHTa B CBs3U Cp3 B PeKUME IYCKa HECYLIECTBEHHbIC U 3HAYMTEIbHO MEHbILIE Be-
JUYUH CTanroHapHON Harpy3ku. C IIOMOIIBI0 METOJa pacueTa W AKCIIEPUMEHTAIBHBIX HUCCIEIOBAaHUN yCTAHOBIICHA
CYIIIECTBEHHAs JHHAMHIYECKas Ieperpy3Ka MPUBOJIa CTAaHKA B PEKIIME PEOCTaTHOTO ITyCKa AIIEKTPOIABUTATENIEM ITOCTO-
SIHHOTO TOKa. PeakTHBHBIN ypyruii MOMEHT MEePHOIIMYECKOTO U3MEHEHHS B 2,7 pa3a MPEeBBIIIaeT HOMHHAIBHBIN MO-
MEHT CTaI[MOHApHOTO peknMa o0paborku. Hayuynass HoBu3Ha. Beia cozmana ynpyras AnHaAMHUYecKas MOJCIh MIPH-
BOJIa CTaHKa JJIsi 00pabOTKH KeJIe3HOMOPOKHBIX KoJiec. COOTBETCTBEHHO MOJIEIIM COCTABIICHBI U PELICHB! YpaBHEHUS
JIBUKEHUSI Macc U HarpyxkeHus cBszeil. OnpeeneHbl TEOPETUUECKUE YCIOBUSI CHIDKEHHsI Harpy>KEHHOCTH MPHUBOA.
IIpakTHyeckas 3HaYMMOCTh. Ha 0oCHOBaHMM MOJENMPOBaHUS MIEPEXOTHOTO Tpoliecca MycKa MPUBOJA ONpeeseHbI
3HAYUTENIbHBIE TIEPErPY3KH €ro AJIEMEHTOB, KOTOPbIE B HECKOJIKO Pa3 MPEBBILAIOT PEAKINIO YINPYTHX CBA3CH MpHU
pesanun. s mpeaoTBpalieHus] 3TOr0 PEKOMEHJOBAaHO M3MEHUTh PEKMM MHOTOCTYIEHYATOTO IyCKa JBHIATeNs C
YMEHBIIIEHUEM ITyCKOBOTO TOKa MUHUMYM B J[Ba pa3a 10 Benn4yuHbl He 6onee 1 200 A.

Kiouesvie cnosa: xene3HONOPOKHOE KOJIECO; KOJIECOOOpadaTHIBAIONIMK CTAHOK; MPHUBOJ CTAHKA; JMHAMHYC-
CKHe Harpy3Ku, KoJieOaHs; IepexX0JHbIEe ITPOIECCHI

R. P. POGREBNYAK?!

YDep. «Applied Mechanics», National Metallurgical Academy of Ukraine, Gagarin Av., 4, Dnipro, Ukraine, 49005,
tel. +38 (056) 743 32 76, tel. +38 (095) 499 75 54, e-mail pogrebnyakk@ukr.net, ORCID 0000-0002-4685-1818

UNSTEADY OPERATING MODES OF THE MAIN DRIVE UNIT OF A
MACHINE-TOOLS FOR SOLID RAILWAY WHEELS PROCESSING

Purpose. The paper deals with determining the conditions of the dynamic overload formation for a drive unit in
the wheel-processing machine in various unsteady operating modes and suggests ways to reduce it.
Methodology. The problem was solved by creating a dynamic computational multi-mass chain model followed by
modeling of its loading by external force options, the values of which were obtained by analytical and experimental
methods. The solution to equations of motion with determining the load of the drive unit in the transient acceleration
mode and in the tie-in one was carried out by means of MathCad. Findings. The design scheme for the drive unit of
the rotational movement of the machine faceplate is represented by a linear three-mass row system with two elastic
connections and with three absolute degrees of freedom. The analytical determination of the cutting force moments
takes into account changes in the kinematic parameters of the cutting regime when machining the different sections
of the profile with cup-tip tool. The worst case of load application is accepted with simultaneous insertion of tools.
The equivalent torque of the cutting forces is defined as the sum of the moments from each of the tools at multi-cut
machining. The moments of elasticity of bonds in the steady state of the machine drive unit are determined. Dynam-
ic loads with coefficients of dynamism in the bonds Ky;, = 1.13 and Kyp; = 1.04 are insignificant in the tie-in mode
and rapidly decrease their value. Absolute values of the twisting elastic moment in the C,; bond in the start-up mode
are insignificant and much less than the values of the steady load. Using the method of calculation and experimental
research, a significant dynamic overload of the machine drive unit in the mode of rheostat start-up by a direct-
current motor was established. The reactive elastic moment with the periodic change is 2.7 times higher than the
nominal moment of steady processing regime. Originality. Authors created the elastic dynamic model of the ma-
chine drive unit for the processing of railway wheels. In accordance with the model, the equations of mass motion
and bond loading are compiled and solved. The theoretical conditions for reducing the drive unit loading are deter-
mined. Practical value. Based on the simulation of the transient drive start-up process, significant overloads of its
elements have been determined. They are several times higher than the response of elastic bonds during cutting. To
prevent this, it is recommended to change the mode of multistage starting of the engine with a decrease of the start-
ing current by at least two times up to a value of not more than 1 200 A.

Keywords: railway wheel; wheel-processing machine; machine drive unit; dynamic loads, vibrations; transition-
al processes
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KOMILIEKCHUHA PO3PAXYHOK BUKOHAHHS KPUIIIKHA JIOKA
HAIIIBBAT'OHA 3 PI3BHOTHUITHUX MATEPIAJIIB I3 TPOMIKHUM
HI-ITIOAIBHUM OBB’A3YBAHHAM

Mera. 3anporoHoBaHe AOCIHIPKEHHS CIPSIMOBAHE Ha BU3HAUCHHS MOKA3HUKIB MIITHOCTI KPHIIIKH JIFOKa yHiBepca-
JHHOTO HAITiBBaroHa, BUKOHAHOTO 3 MpoMiKXHAM [1I-mtoni0HIM 00B’I3yBaHHAM i3 pi3HOTHITHUX MaTepialiB, 3a eKCILTy-
aTaniifHAX cxeM HaBaHTaXeHb. MeToauka. [[is nocsSrHeHHs 3a3Ha4eHOi METH CTBOPEHA MPHUHIIMIIOBO HOBA KOHCTPY-
KISl KPUIIIKY JIFOKa HaIliBBaroHa, 0COOJIMBICTIO SIKOT € Te, 110 BOHA CKJIA/IA€ThCS 3 JIBOX JIUCTIB, 110 TIO IEPUMETPY B3a-
emoziroTh yepes llI-noniGne oOB’si3yBanHs. [IpocTip, sIKMil yTBOPIOIOTH JIMCTH Ta OOB’SI3yBaHHS, a TAKOX IEPUMETP
KPHIIIKY JIIOKA 3aI0BHEH] MPYXKHOIO (TIPY>KHO-B’13K00) pedoBrHO0. [ToOynoBaHa mpocTopoBa MOJIENb 3aIpOIIOHOBA-
HOT KOHCTpPYKIIT KPHILIKH JIFOKa, IPOBEACHNUI po3paxyHOK i MirtHOCTi. Po3paxyHoK 3/ifiCHEHHIT 32 METOJJOM CKiHUECH-
HHX €JIEMEHTIB y cepeZoBulli nporpamuoro 3adesmeucHus CosmosWorks. PesynbraTu. OTprMaHO MOKa3HUKA Mill-
HOCTI BJJOCKOHAJICHOT KOHCTPYKIIii KPHIIIKK JTFOKA 33 €KCIUTyaTalliiHUX cXeM 11 HaBaHTakeHHs. [0 yBaru B3siTi OCHOBHI
CXeMH HaBaHTa)XCHHs KPUIIIKH JIFOKA HAIliBBarOHA BiIOBIIHO 0 HOPMAaTHBHHUX JOKYMEHTIB, a TAaKOX HOAATKOBi. J[o
JOJATKOBHX BiTHECEHO: IMITaIlisl PO3KPHUTTS KPHUIIKH JIFOKA ITiJ] Yac eKCIUTyaTaIllifHuX HaBaHTa)XeHb — Oe3TopciitHnit
(6e3 ypaxyBaHHsI poOOTH TOpPCiOHY (-iB) HEOIHOYACHHUH (CMIOYATKY HA ONUH i3 YIOPIiB) yAap KPHUIIKA JIFOKa 00 yIopu
MPOMDKHHX OJOK paMy BaroHa 3 MaKCHMAaJbHHM KyTOM BiIKPHUTTS; HEOAHOYACHE BIIKPUTTS 3aKUAOK — CIIMPAHHS
KPHILKY JIFOKa 3aBaHTA)KEHOTO BaroHa Ha OJHY 3aKHAKY 33 OJJMH KPOHIITEHH (BUIAOK, KOJIHM BXKE BUOWIN ONHY 3aKH-
JIKY, a IHIIY IIe He BCTUIJIN); MIATATYBaHHS (3aKPUTTS) KPUILIKH JIFOKA BUBAHTa)KEHOTO BaroHa JIOMHUKOM. BcraHoBie-
HO, [0 MIIHICTh KPHIIKH JFOKa 3a0e3neuyerhcs. HaykoBa HoBH3HA. Po3pobieHa MoieNib MIIHOCTI BJOCKOHAJICHOT
KOHCTpPYKIIi KPHUIIKH JIFOKa YHIBEpCAIbHOIO HaIliBBaroHa J03BOJISIE OTPUMATH IOKAa3HUKHM 11 MIIIHOCTI 3a eKCIuTyaTa-
LIMHUX CXeM HaBaHTaXeHb. Pe3ynbTaTH MPOBEJICHHUX JOCITIIPKEHb MOXKYTh OyTH BUKOPHCTAHI Iijl 4ac MPOEKTYBaHHS
HECYYHX KOHCTPYKIIIi Ky30BiB YyHIBEpCAJbHUX HAIIBBArOHIB HOBOTO TIOKOJIHHS 3 MOJIMIICHUMH TEXHIKO-
€KOHOMIYHUMH MoKa3HHKamMH. [IpakTHYHA 3HAYMMICTh. YpaxyBaHHS OTPUMAaHHUX PE3yJbTaTiB CHPUITHME 3a0e3re-
YEHHIO MIITHOCTI KOHCTPYKIIITHAX €eMEHTIB Ky30BiB HAIIBBATOHIB ITiJI 4aC EKCILTyaTaIlil.

Kniouosi crosa: HaniBBaroH; KpHIIKa JIIOKA; YAOCKOHAJICHA KOHCTPYKIiS; MOAETIOBAHHS MIITHOCTI; €KCIUTyaTa-
[iiTHI HABAaHTAXXCHHS; CKBIBaJICHTHI HAIIPYKCHHS

Beryn CKJIAIOBOIO SIKOI € 3aJi3HWYHUHA TpaHcmopT. s
3abe3neueHHs Oe3nepeOiiHOro TMepeBi3HOTO MPo-
LHeCy B PO3MOPS/KEHHI 3alli3HUIb Mae OyTH
CIIpaBHUI pyXOMUH CKJIA/I.

Po3BUTOK 30BHINIHHOEKOHOMIYHUX 3B S3KIB
VYkpaiHu sK TPaH3UTHOI JIepP:KaBU 3HAYHOIO MipOIO
3QJICKUATh BiJl TPAHCTIOPTHOI Tamy3i, MPOBITHOIO
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3a ocTaHHI POKHM IMAapK BaHTAaXHUX BaroHiB
[TAT «Yxp3ani3HuLs», a TakKoK MPOMHUCIOBUX ITi-
JIMPUEMCTB MaJIO OHOBIIIOBABCS yepe3 HecTauy ¢i-
HaHCOBUX pecypciB. ToMy Ha ChOTOmHI 3HAYHA
YaCTHHA BaroHIB 3aJIC)KHO BiJl TUILY 1 MPU3HAYCHHS
B cepenHboMy Ha 80 % BHUepmnana TepMiH CITyXk-
OW, BCTaHOBJIICHUI HOPMATHUBHO-TEXHIYHUMH JO-
KYMEHTaMH.

Bigomo, mo HaiiOinpm 3aTpeOyBaHUM THIIOM
BaroHiB B €KCIUTyaTallii € yHiBepcallbHI HaliBBaro-
HU. AHai3 CTATHCTUYHUX JaHUX CIIPAIIOBAHHS
HaIliBBaroHiB JI03BOJIUB 3POOUTH BHCHOBOK, IO
3HAYHA YaCTKa IOIIKOKEHb MPUNAa€ Ha KPULIKU
JIIOKIB.

Jnsa edexTUBHOCTI (PyHKIIOHYBaHHS HamiBBa-
TOHIB HEOOXiTHOO € PO3poOKa 3aXOIB MIOJO0 Y/I0-
CKOHAJICHHS KPHIIIOK JIFOKIB SIK OJTHOTO 3 HAMOIIbII
HABaHTA)KYBaHHUX EJIEMEHTIB HECY4YO0i KOHCTPYKIIiT
Ky30Ba IIiJ1 9Yac eKCInTyaTarlii.

Oco0muBoCTI onTuMmizarii BUKOHAHHS CTIHOK Ta
00B’SI3KM Ky30Ba HaIliBBaroHa IIiJIBUIIICHOI BaHTa-
KO IHOMHOCTI HaBeJieHi B poboTi [4]. Anaii3 mpo-
BEJICHHI1 CTOCOBHO TITyXOJIOHHOTO HaIliBBaroHa.

JlocmimpkeHHsT MIITHOCTI 3HIMHOTO JIaXy HalliB-
BaroHa omucane B ctatti [3]. Bukonani po3paxyH-
KM Ha MIIHICTh Jaxy B MPOrPaMHOMY KOMILIEKCI
FEMAP no3Bonuiu 3poOUTH BUCHOBOK IPO JOITi-
JBHICTh IPUHHATHX PillIeHb.

AHamizy MIIHOCTI YAOCKOHANIEHOi Hecydol
KOHCTPYKIIii Ky30Ba HalliBBaroHa MPHUCBSYEHA PO-
oora [12]. Po3paxyHKu NpoOBEICHI /s BUIAAKY
HOro mepeBe3eHHs Ha 3aJi3HUYHOMY IMOPOMi MO-
pem.

MogentoBaHHA MITHOCTI HECYYHX KOHCTPYKIIiif
Ky30BiB BaHT&)XHHUX BaroHiB i3 ypaxyBaHHSM 3a-
CTOCYBaHHS B HUX y SKOCTI HECYyYMX EJIEMEHTIB
TPYO Kpyrjioro mepepisy BHKJIaaeHe B mparisax [9,
18].

[TuTanHs MPOEKTYBAaHHA PyXOMOTO CKJIAIy IUIS
NepEeBe3eHHs BEJMKOBAarOBIX BaHTAXIB PO3TIIHYTI
B crarti [7]. JIoCHiKEHHS JUHAMIKHA Ta MII{HOCTI
3MIACHEHE 3a JIOIOMOTOI CyYacHUX 3aco0iB mpo-
rpamMHoro  3abe3neueHHs  ProMechanica Ta
CosmosWorks. Ilim 4ac mpoekTyBaHHS HeCydol
KOHCTPYKITi TpaHCHOpTEpa TPOBEICHE JOCHi-
JDKEHHSI IIOJI0 MOXKIIMBOCTI HOTO BUKOHAHHSI 3 Pi3-
HOTHUITHUX MaTepiaiib.

BrumB moka3HUKIB TEPTS MiXK Ky30BOM Ta Bi3-
KOM Ha JUHaMi4Hi MIOKa3HUKH PyXy BaroHa JOCIi-
JoKeHH y ctatTi [16]. MoaentoBaHHs IPOBOAMIO-

csl 3 BUKOPHCTAHHSIM MaTEeMaTHYHUX METOJIB pO3-
PaxyHKy 3a JOTOMOI'OI0 MPOTrPaMHOI0 KOMILJIEKCY
DYNRAIL.

JlocmimKeHHsT TMHAMIKA BaroHa 3 BUKOPHCTAH-
HSM METOJiB MyJbTHTLIAa HaBeaeHi y [13]. Po3pa-
XYHOK MPOBEAEHUH y MpOorpaMHOMY 3a0e3nedeHHi
MSC Adams.

Y po60Ti BU3HAYCHUH BIIUB KOHCTPYKITIHHUX
0cO0JIMBOCTEH KOJICHUX Hap Ha PyX TPaHCIOPT-
HUX 3ac001B i 9ac IPOXOKEHHS KPUBUX Bipi3-
kiB xomii [10].

KoHcTpykmifini  0coONMBOCTI  HaImiBBaroHiB
npoaHaii3oBaHi B crarti [14], po3risHyTi nepesa-
T Ta HEJOJIKH MEePCHEKTUBHUX KOHCTPYKIIM Ha-
MiBBAaroHiB, a TAKOX TCHJCHIIIT iX YJOCKOHAJICHHS.

JocnipkeHHsT MIHOCTI HeCcy4doi KOHCTPYKIII
MOAM(IKOBAHOTO BAHTAKHOI'O Bi3Ka HaBEJICHI
B poboTi [8]. ITix wac moOymOBM MOJEN MIIlHOCTI
JI0 yBaru MPUHAHSATI HOPMATHBHI BEITUYMHU HaBaH-
Ta)XK€Hb BIJIMOBIJIHO 10 HOPMATUBHHUX JOKYMEHTIB.

CraTTs TpUCBAYEHA aHANII3Y TEOPETUYHHX Ta
EKCIIEPUMEHTAIBHUX JOCITIDKEHh MIIHOCTI KY30-
BiB BaroHiB [5]. TeopeTnyHi po3paxyHKH INpOBe-
JIEHI 3a METOJOM CKIHUEHHMX €JIEMEHTIB, a €KCIIe-
PUMEHTAIIBHI 32 JIOTIOMOTO0 BUTIPOOYBaHb.

JocnimkeHHsT MIITHOCTI 3BaprOBAIBHUX IIIBIB
y HECy4HX KOHCTPYKIiSIX Ky30BiB BAaroHiB 3a Me-
TOJIAMH MaTeMaTHYHOTO MOJICIIOBAHHS OIUCaHE
B pobori [6].

Y crarri HaBeJeHHWH PO3PAaXyHOK CTaTUYHO
W JMHAMIYHO HANPY>KEHOTO CTaHy HECY4YHMX KOHC-
TPyKLil BaroHiB [15], a Takox mpejacTaBieHi pe-
3yNbTaTH BiOpAIifHOTO aHaNi3y BaHTAXKHOTO Ta
MacakKUPChKOTO BaroHIB.

OpHaK y po3risiHYTUX po00Tax HE HPUIIISIETh-
Csi yBaru JOCIHiPKEHHIO ITOKA3HUKIB MIITHOCTI
KPHILIOK PO3BAaHTaXXyBaJIbHHX JIIOKIB HaIliBBaroHis,
SKi SIK CJIEMEHTH HEeCy4oi KOHCTPYKINI Ky30Ba
CHpUHAMAIOTh HAWOUTBINI HABAaHTAKEHHS IIiJ dYac
eKCILTyaTartii.

Oxpim 1poro, y podorax [11, 17] Bu3HayeHi
MEPCIEKTHBH BUKOPUCTAHHS HOBUX TPOTPECUBHUX
MaTepiajiB, IPOTe y HAX HE MOPYIIYETHCS MUTAH-
HSl BIIPOBADKCHHS [IUX MaTepiajliB y KOHCTPYKLIH-
Hi €JICMCHTH KY30BiB BAHTQ)XHHX BaroHiB.

Meta

OCHOBHOIO METOIO JIOCJII/DKCHHS € BU3SHAYCHHS
MOKA3HUKIB MIITHOCTI KPUIIKU JIFOKa YHIBEpCalb-
HOTO HAaITiBBaroHa, BHKOHAHOI 3 PI3HOMAaHITHUX
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MatepianiB i3 npomikHuMm  [ll-nogiOHUM
00B’s3yBaHHSM, MiJ €0 SKCIUTyaTallifHUX HaBa-
HTaxkeHb.  llocraBnena  mMera  mepeadauae
PO3B’sI3aHHS HACTYITHUX 3aB/IaHb.

1.ITobynoBa mpoCTOPOBOI KOMIT FOTEPHOI MO-
JIeNli yIOCKOHAJICHOT KOHCTPYKUii KPUIIKH JIFOKa
HaliBBaroHa.

2. JlocmipkeHHsT ~ MIIIHOCTI  YIOCKOHAJIEHOT
KOHCTPYKLil KPHIIKHM JIFOKa HaIiBBaroHa Iija yac
eKCIUTyaTal[ifHIX HaBaHTaXXCHb.

MeTtoauka

JlocrmimpkeHHsT MIIIHOCTI KPHIIKH JIFOKa TUTIOBOT
KOHCTPYKIIii JTO3BOJIWIM 3POOWTH BUCHOBOK, IO
a—da

MaKCHMaJlbHI €KBIBAaJCHTHI HAINPYyXXCHHsS 3a Je-
SIKUX CXEM 11 HABaHTaXXCHHs B YMOBaX €KCILlyaTa-
uii mepeBUINyIOTH fomycTumi. Lle 3ymoBmoe He-
OOXIIHICTh YJOCKOHAJICHHS KPHIIKH JIFOKA HaIliB-
BaroHa.

Jns 3abe3nevyeHHsT MIHOCTI KPHILKK JIIOKA
MPOMOHYEMO CTBOPHUTH 1i MPUHIIMIIOBO HOBY KOHC-
TPYKIIO 3 PI3HOTUITHUX MaTepiajiiB 31 CTaHAapT-
HHUM KpiluieHHsIM (puc. 1), eneMeHTH sIKO1 BUKOHA-
Hi HACTYITHAM YAHOM:

— IOJIOTHO KPHIIKH JIIOKA BUKOHAaHE 3 BEpX-
HBOI'O Ta HIKHBOTO JIUCTIB, HPOCTIP MIX SKUMH
3aMOBHEHUI TPYXKHOIO (IPY’KHO-B A3KOI0) peyo-
BUHOIO;

6-b

Puc. 1. TIpocTopoBa KOMIT FOTepHA MOJIEINb YAOCKOHAJICHOT KOHCTPYKIIi1 KPUIIIKY JTFOKa HATliBBAaroHa:
a — BUJ 3HU3Y; 6 — BUJI 3BEPXY; 6 — PO3MIIIEHHS MIPYKHOTO €JIeMEHTA B KPHUIIIIi JIFOKa

Fig. 1. Spatial computer model of the improved hatch cover design of the gondola car:
a — bottom view; b — top view; ¢ — placement of an elastic element in the hatch cover
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— BEpXHiIM TOoQpPOBaHWNA JUCT MA€E€ TOBIIUHY
2,5 Mm;

— HwkHiit rodposanuit mucT — 2,5 Mm. Moro
roppu BiII3EPKATIOIOTE TOPPH BEPXHHOTO JHCTA
Ha JIONYCTUMUX J1JISTHKAX;

— o0B’s3yBanHa BukoHaHe 3 Ill-moxiGHOTO
npodiIo, THYTOTO 3 JIMCTAa TOBHIMHOIO 5 MM, i 3a-
MTOBHEHE MPYKHOIO (TIPY’KHO-B’S3K0I0) PEYOBHHOIO
[0 TIEPUMETPY KPHILIKH JIIOKA, & TAKOXK y CepelHii
yacTuHi. Moro BHCOTa ajanToBaHa 10 BCTAHOB-
JICHHS CJIEMEHTIB CTaHIAPTHOTO KPIIUICHHS [0
XpeOTOBOT Oallk Ta HIKHBOI OOB’SI3KM HAIliBBaro-
Ha,

— MeTJIi KPUIIKH JIIoKa (EIeMEHTH B3aeMOil
3 XpeOTOBOIO 0anKow) KpIMIATbCA 10 KPHLIKH
JIFOKA 3BapIOBAHHSAM (HE 3aKIICTIKOBE 3’ €THAHHS);

— KpOHIITEWHW  KPIIUIATBCS /IO  HIDKHBOT
00B’s13KM OOKOBHX CTiH TUIIOBOT KOHCTPYKIIii.

Jnist BU3HAYEHHS! ONTUMAJIBHOTO 3HAYEHHS KO-
PCTKOCTI KpUIIKM JIIOKa HaliBBaroHa J0 YyBaru
B3SIT€ HaWOLIbIIe 11 HaBaHTaXXEHHS IIiJ Yac €KC-
IuTyatalii, a caMe MaJgiHHA Ha Hei BAaHTaXy Macoro
150 kr 3 Bucotu 3 000 mm [1, 2].

PesyabTarn

Ha mingcraBi mpoBeeHHX pPO3paxyHKIB OTpH-
MaHO rpadoaHaNiTHYHY 3aJleKHICT  (pHC. 2),
3 SKOi MO)XHa 3pOOWTH BHCHOBOK, IO MiIHICTh
KPHIIIKH JTIOKA 3a0€3MeYyeThCS 32 YMOBH )KOPCTKO-
CTi TIPY’KHOTO €JIEMEHTa y BEPTUKAIEHOMY Harmpsi-
MKy 18 000 (H/m)/m%
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Puc. 2. 3anexxHicTh MaKCUMabHUX €KBIBaJEHTHUX HAIIPY)KEHb Y KPHUILII JIFOKa

HaITliBBaroHa BiJI )KOPCTKOCTi po

3MIIIEHOTO TMPYXKHOT'O €JIEMEHTA

Fig. 2. Maximum equivalent stresses in the hatch cover
of the gondola car and the rigidity of the placed elastic element relationship

Mopenb MIITHOCTI KPHUIIIKH JIFOKAa HaBeACHA Ha
puc. 3, a. [lnst po3paxyHKy 3acCTOCOBaHHUN METOJ
CKIHUEHHHUX EJIEMEHTIB. Po3paxyHOK mpoBeaeHUN
y cepenoBuii ImporpamHoro 3adesmeuyeHns COS-
mosWorks.

Kpumika nrokxa Oyna 3akpituieHa 3a BYIIKa Iie-
Tejb. BpaxoByBajocs, 1110 BOHA HaBaHTa)KeHa Bjia-
CHOIO Barow. Marepian KOHCTPYKIIiI — cTalb Map-
ku 09[2C 31 3HAYCHHAM MEXI IUIMHHOCTI
345 MIla.

CKIHYEHHO-EJICMEHTHA MOJICIb KPHIIKH JIIOKa
HaBejleHa Ha puc. 3, 6. B AKOCTI CKiHUEHHUX ere-
MEHTIB BHKOPHCTaHi i30MapaMeTpHyHi TeTpaeapu.
OnTuMalbHa KUIbKICTh €JIEMEHTIB CITKM BU3HAYE-

Ha 3a JIOTMOMOrON rpadoaHaTiTUIHOTO METOMY,
KUTBKICTh eleMeHTiB ckianma 115171, Bys3nmiB —
36 363. MakcumanbHHH PO3MIP €JIEMEHTa CITKH
nopiBHioe 80 MM, MiHiManbHUH — 16 MM, MakcH-
MaJIbHE CHIBBIIHOIIECHHS OOKIB €JIEMEHTIB
2,75-105, BIZICOTOK €JIE€MEHTIB 31 CIIBBIIHOIIEHHIM
OOKIB MEHIIIE TPhOX — 26, Oinblie gaecsata — 5,81.
Pe3ynmpraTi po3paxyHKy HaBeneHi Ha puc. 4, 5.
MakcuManbHi €KBIBaJICHTHI HampyXeHHS BU-
HHUKAIOTh y TETIAX, a TaKOK KIHIEBHX YacTHHAX
rodp, po3milieHux i3 OOKy IeTesb, Ta CKIaJaloTh
omu3pko 220 Mlla. MakcuManbHi IepeMilLIeHHS y
By3JIaX KOHCTPYKUii 3agikcoBaHi y 3aIlipHUX
KPOHIIITEHHAX Ta CKJIAZaloTh OJIM3bKO 13 MM, Mak-
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cumaibHi gedopmanii cknamu 5,91-10" . To6to 3a
3a7aHO0T CXEMH HABAHTAXCHHS MII[HICTh KPUIIKH
JoKa 3abesmeuyerses [1, 2].

Takox mpoBeZicHe BU3HAYCHHS MOKA3HUKIB Mi-
ITHOCTI KPHIIKH JFOKA YIOCKOHAICHOT KOHCTPYKIIiT
i Ji€I0 CTATUYHUX HaBaHTAKEHb.

MakcuMalnbHi €KBIBAJICHTHI HANpPY)KCHHS Bif
Iii Ha KPUILIKY JIHOKa 3a 11 IUIONICI0 PIBHOMIPHO

po3mojineHoro HaBaHTaxeHHs P, =69,9xH Bu-

HUKAIOTh y TETJSAX, a TAKOXK KIiHIIEBUX YaCTHHAX
rodp, po3milieHux i3 OOKy IeTesb, Ta CKIaJaloTh
omu3pko 150 MITa. MakcumaibHi EpeMIICHHS Y
By3JIaX KOHCTPYKUii 3adikcoBaHi y 3amipHHUX
KPOHIITEHHAX, BOHU CTaHOBJISITH ONHM3BKO 13 MM.
Makcumanbhi gepopmanii cknamu 5,34-107°".

6-b

Puc. 3. MojentoBaHHs MII[HOCTI YI0CKOHAJICHOI KOHCTPYKIIIT KPUILIKY JFOKA HAMiBBaroHa:
a — MOJENb MIITHOCTI; 6 — CKIHYEHHO-€JIEMEHTHA MOJEb

Fig. 3. Simulation of the strength of the improved hatch cover design of the gondola car:
a — model of strength; b — finite element model

[lix niero po3mOniNEHOro B LEHTPI KPUIIKH
JMOKa 3a  Imiomiero  25x25cM  HaBaHTa)KCHHS
P =50kH wMakcumanbHi €KBIBaJIEHTHI HaImpy-
xKeHHs ckianatoTh Omm3pko 130 MIla. Bonu Bu-
HUKAIOTh y TETIISAX Ta KIHIICBUX YacCTHHAX Todp,
po3MilleHuX i3 OOKy meTesib. MaKkCHMallbHI mepe-

4= 4 638 Ma

218.4 MIla

MilIeHHS y BY3J7ax KOHCTPYKLii BigOyBaroTbCs y
3allipHAX KPOHIUTEHHAX 1 JOPIBHIOIOTH OJIM3BKO
10 mm. MakcumaneHi  gedopMaiiii  CKIIanH
6,87-10".

OTxe, 3a 3aJaHUX CXEM HaBaHTAKCHHS Mill-
HICTh KPHIIKH JIOKA 3a0€3MeUy€eThCS.
6-b

1.3 MM

Puc. 4. PesynbraTs po3paxyHKy BAOCKOHAJIEHOI KOHCTPYKIIii KPUIIKH JTIFOKA
HalliBBaroHa IiJ JIi€fo Ha Hel y/lapHOTO HaBaHTa>KeHHS:
a — HaTpyXXEHHUH CTaH; 6 — MePEeMIILIeHH y By3J1ax

Fig. 4. Results of calculation of the improved hatch cover design
of the gondola car at buffing loading effect:
a — stress state; b — moving in nodes

Po3paxyHOK MIIHOCTI KPHIIKH JIFOKA YIOCKO-
HaJICHOT KOHCTPYKIIIi Ha BTOMY IIiJ JI€F0 LAKJIIY-
HUX yIOapHUX HaBaHTakeHb (500 LUKIIB) TaKOX
JTIO3BOJIMB 3POOUTH BUCHOBOK MPO JAOTPUMAHHS

MMOKA3HUKIB MIITHOCTi B MEXaX JIOIYCTUMHUX.

OKpiM OCHOBHHMX CXEM EKCIUTyaTalliiHUX Ha-
BaHTAXXEHb YJIOCKOHAIIEHOT KOHCTPYKIIT KPHIIKH
JIFOKA, JI0 yBaru B3STi JJOAATKOBI:
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1)imiTaltiss pO3KpUTTS KPHWIIKH JIFOKA I 9ac
BUBAaHTaXCHHS BaHTaXy — Oe3ropciitnuii (0e3 ypa-
XyBaHHS pOOOTH TOpCiOHY (-iB) HEOAHOYACHHIA
(coyaTKy Ha OJMH i3 YIOpPIB) yAap KPHIIKH JIFOKa
00 ynmopu mpoMiKHHX 0alloOK pamMH BaroHa 3 Mak-
CUMAJIbHUM KYTOM BiJIKPUTTS,

2) HEOHOYACHE BIiIKPHUTTS 3aKHIOK — CITHPaH-
HSl KPUIIKH JIIOKa 3aBaHTaKEHOTO BaroHa Ha OAHY
3aKMJKY 32 OJWH KPOHIUTEHH (BUMANOK, KOJIH BXKE
BUOWIIH OJTHY 3aKUJIKY, a iHIIy 1Ie HE BCTUIIIH);

3)miaTATYyBaHHS (3aKPHUTTS) KPUIIKU JIFOKA BU-
BaHTAKEHOTO BaroHa JIOMHUKOM.

Puc. 5. PosmonineHHs MakCHMaJIbHUX €KBIBaJCHTHUX HANPYKEHB Y OMEPETHOMY
HepEeTHHI BEPXHBOTO JINCTA KPHUILIKY JIFOKa (30Ha PO3MIIIEHHS KIHIIEBUX YaCTHUH rodp)
I €0 YIaPHOTO HaBaHTaKCHHS

Fig. 5. Distribution of maximum equivalent stresses in transverse
crossing the top leaf of the hatch cover (area of placement of corrugation end portions)
at buffing loading effect

VYCcTaHOBJIEHO, IO MaKCHMMaJlbHI €KBIBaJICHTHI
HaInpy>KeHHS TIiJ Jac Oe3TOpCiHHOTO HEeoaHOYaC-
HOTO yAapy KPHIIKH JIIOKAa 00 YIOpH MPOMINKHUX
0aoK paMH BaroHa BUHUKAIOTh Y METJIAX Ta CKJIa-
naroTh 0au3bko 120 MIla. MakcuManbHi mepemi-
LICHHS Y By3JlaX KOHCTPYKUii 3adikcoBaHi B 3ari-

a—a

71.8 MIla
124,1 MIIa

62.3 MIla

PHOMY KpOHIITEHHI, 10 PO3MIIICHUN 3 MPOTHIIC-
)KHOro OOKy BiA yHapy, CKJIagaloTh OJM3bKO
4 vMM.  MakcumaneHi  gedopmanii  cKiamu
8,5-107 (puc. 6).

1,58 MM

Puc. 6. Pe3ynbTati po3paxyHKy BIOCKOHAIEHOT KOHCTPYKIIT KPHIIIKH JFOKa HalliBBaroHa
B MOMEHT 0€3TOPCIHHOTO HEOJHOYACHOTO yaapy 00 yrmopu NpoOMiKHHUX OaJlOK paMH BaroHa:
a — Halpy>XeHUH CTaH; 6 — ePeMIIeHHS y By3JIax

Fig. 6. Results of calculation of the improved hatch cover design of the gondola car
at the moment of torsion-free non-simultaneous impact on the supports of the intermediate car frame beams:
a — stress state; b — moving in nodes
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VY Bumaaky 0€3TOPCIHHOIO OJHOYACHOIO yAapy
KPHILKY JIIOKa 00 YHOpPH MPOMDKHUX OalloK pamMu
BaroHa MaKCHUMaJlbHI CKBIBAJICHTHI HAIpPY>XCHHS
BUHHUKAIOTh Y KIHIIEBUX YaCTHHAX CEPeIHiX rodp,
po3MilieHnx i3 OOKy meTeslb, BOHH JOPIBHIOIOTH
omu3pko 60 Mlla. MakcuManbHI mepeMillieHHsS Yy
BYy3JIaX KOHCTPYKIIi1 BiIOYBatOThCS B CEpE/IHil Ya-
CTHHI BEPXHBOTO JIUCTA 3 OOKY PO3MIIICHHS 3arip-
HUX KPOHIUTEHHIB 1 CKIafgaroTh OJU3BKO 3 MM.
Makcumanbhi gedopmarii ckranu 6,7-107.

VY pa3i HEOAHOYACHOTO BIIKPHUBAHHS 3aKHUIOK
(criMpaHHs KPHILKH JIIOKa 3aBaHTQ)KEHOTO BaroHa
Ha OJHY 3aKHKY 3a OAMH KPOHIUTEHH) MakcHMa-
JIbHI €KBIBAJICHTHI HAINIPY)KEHHS BUHUKAIOTH Y KiH-
LEBUX YacTUHAX Todp, po3mimeHux i3 OoKy Ie-
Tenp (IO AiaroHajii O 3amipHOrO KPOHIITEHHA,
MEXaHi3M SKOT'0 3HaXOAWUTHCS y 3aKPUTOMY MOJIO-
KeHHi), 1 ckianaroTh 0113pk0 200 MITa (puc. 7).

MakcuMaibHi TEPEeMILICHHS y By3J1ax KOHC-
TpyKUii 3a¢ikcoBaHi y 30HI PO3MILIEHHS 3aipHOTO
KpOHIITE{HA, MEXaHi3M SIKOro 3HaXOAMTHCS Yy 3a-
KPUTOMY TIOJIOKEHHI, Ta CKIQJaloTh OJM3bKO
144 mm. MakcuManbHi  gedopMariii - CKIIamu
52-10".

Y BHUIMaIKy MiATATYBaHHS (3aKPUTTS) KPHUIIKH
JIFOKa BHBAHTa)KCHOTO BaroHa JIOMHKOM MaKCHMa-
JIbHI €KBIBAJICHTHI HANPY>KCHHSI BUHUKAIOTH Y TIET-
JIX 1 ckiIagaoTe Omm3pko 75 MIla. MakcuManbhi
MEPEMIIIICHHS Y By3/1aX KOHCTPYKIIiI 3ahikcoBaHi B
30HI PO3MILICHHS 3aMipHUX KPOHIITEHHIB 1 CKIa-
naroTh 5,1 MM. Makcumanbhi gedopmanii ckiamu
2,24-107.

OTke, MILHICTh KPHUILIKHU JIIOKA 32 JOJATKOBUX
CXEM HaBaHTAXXCHb 3a0€3Meuy€eThCs.

198.5 MIla

104.8 Mlla

Puc. 7. PesynbTaT po3paxyHKy MIlTHOCTI KPHIIIKH JIFOKA HaIliBBAroHa
TIi]T 9aC HEOTHOYACHOTO BiIKPUBAHHSI 3aKUIOK:
a — Halpy>XeHUH CTaH; 6 — ePeMIIeHHS y By3JIax

Fig. 7. Results of the calculation of the hatch cover strength of the gondola car
at non-simultaneous opening of door latches:
a — stress state; b — moving in nodes

HaykoBa HOBU3Ha Ta MPaKTHYHA
3HAYUMICTD

Po3pobriena Moaens yAOCKOHANEHOI KOHCTpPY-
KUii KpUIIKH JIIOKAa YHIBEPCAJbHOTO HamiBBaroHa
JIO3BOJIIE OTPUMATH TIOKA3HMKH ii MIIIHOCTI 3a
eKCIUIyaTalllfHUX CXEM HaBaHTa)KeHb. Pe3ynbraTu
MPOBEIEHUX IOCIIIKEHb MOXYTb OyTH BHKOpHC-
TaHi MiJ] Yac MPOEKTYBaHHS HECYYHX KOHCTPYKIIiH
Ky30BiB yHIBEpPCaJbHUX HaIiBBArOHIB HOBOTO TIO-
KOJIHHS 3 TOJINIIEHUMH TEXHIKO-€KOHOMIYHUMU
MOKa3HUKAMHU.

VYpaxyBaHHsS OTPUMaHHX pPE3YJbTaTiB CHpUS-

TUMe 3a0e3MEeUeHHI0 MILIHOCTI KOHCTPYKUIHHUX
CJIEMEHTIB KY30BiB HaIBBAroHiB ITiJl Yac eKCILTya-
Tarii.

BucnoBku

Ha mimcraBi mpoBemeHUX MOCHIHKEHb MOYHA
3pOOUTH BUCHOBKH:

1. 3anporoHoBaHi 3ax0y MIOJ0 BIOCKOHAJICH-
HS KOHCTPYKIIT KPHIIKH IFOKa YHiBEpPCaJbHOTO
HaIiBBaroHa 3a0e3MneuyyoTh i1 MIIHICTh 33 eKCILTY-
aTaliiHUX CXEM HABAHTAXXCHb.

2. Po3paxyHOK MOKa3aB, 110 MOKA3HUKH MIIHO-
CTI YyJIOCKOHAJICHOI KOHCTPYKIIIi KPHIIKU JIIOKA 3a
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eKCIUTyaTallifHuX CXeM HaBaHTaKeHb 3abe3nedy- 3. YIpoBapKeHHS 3alIPOIIOHOBAHOI KOHCTPYK-
1oTecs. [IpuTOMy MakcuMambHI €KBiBaJICHTHI Ha-  Lii KPHUILKM JIIOKAa HamiBBaroHa B EKCILTyaTalilo
NpYKEHHs] BUHUKAIOTh Y MOMEHT MaJiHHA Ha Hel  O3BOJMTH 3MEHIIUTH KiJIbKICTh MOIIKOHKEHb KY-
BaHTa)xy Macoro 150 kr 3 Bucotu 3 000 MM i1 CKJIa- 30BiB 1 CHPHUSITHME IMiJIBUIICHHIO €(PEKTUBHOCTI
naroTh 0m3pko 220 MIla, ToOTO He MEPEBUIYIOTh ~ BUKOPHUCTAHHS HaIliBBAarOHIB.
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KOMILJIEKCHBIN PACUYET BBIIOJHEHUS KPBIIIKH JIIOKA I10-
JIYBATOHA U3 PASHOTHUIIHBIX MATEPHUAJIOB C IIPOMEXKYTOU-
HOM II-OBPA3HOU OBBSI3KOM

Heas. IlpeanoxkeHHOe HCCIENOBaHUE HAMPABICHO HA ONpPEJENICHUE IMOKa3aTeNlei NMPOYHOCTU KPBIMIKK JHOKA
YHUBEPCAJIBHOTO IOJyBaroHa, UCIOJIHEHHOTO ¢ poMexxyTouyHoi 111-o06pa3Hoi 00BsA3KOI M3 pa3HOTHITHBIX MaTepH-
aJloB NPH JKCIUTYaTallMOHHBIX CXeMax HarpyxkeHusa. Meroauka. [ DOCTHXKEHHs NOCTABIEHHOM LEIH CO3JaHa
MPUHONIHAITEHO HOBAas KOHCTPYKLUS KPBIIIKH JIFOKA IOJyBaroHa, 0COOCHHOCTBIO KOTOPOH SIBISIETCSI TO, YTO OHA
COCTOHT U3 JBYX JIUCTOB, KOTOPBIE MO NMEPUMETPY B3aMMOJeHCTBYIOT uepe3 LI-o00pas3Hyro 06Bsa3Ky. IIpocTpancTso,
KOTOpOoe 00pa3yIoT JHCTHL M OOBS3KA, a TaKKe MEPUMETP KPBIIIKHU JIFOKA, 3aMOTHEHBI YIPYTUM (YIPYTO-BSI3KHAM)
BeniecTBOM. [TocTpoeHa npocTpaHCTBEHHAS MOJIEND MPEIIOKEHHON KOHCTPYKIMH KPBILIKH JIFOKA, IPOBEJEH pacueT
ee MmpouyHOCTH. Pacuer ocymiecTBieH MO METOXy KOHEYHBIX JJIEMEHTOB B CpElE MPOTrPaMMHOTO OOECHEeUCHUS
CosmosWorks. Pesyabrarhl. [lomydeHbl moKa3aTean MPOYHOCTH YCOBEPIICHCTBOBAHHOW KOHCTPYKIMH KPBILIKH
JIFOKA TPU IKCIUTYaTallUOHHBIX CXeMax ee Harpy»keHus. K BHUMaHHIO B3SITHl OCHOBHBIE CXEMBI Harpy>KEHUS KPBIIIKU
JIIOKA TOJIyBaroHa COOTBETCTBEHHO HOPMATHBHBIM JOKYMEHTaM, a TakXKe JOMONHUTeNbHbIE. K IOMONHUTETBHBIM
OTHECEHbI: UMHTAIMSl PACKPBITHS KPBIIIKK JIFOKa MPU JKCIUTyaTallMOHHBIX HarpyeHHsix — 0e3TOpCHOHHBIN (0e3
ydacTusi paboThl TOpcHOHA (-0B) HEOTHOBPEMEHHBIH (CHAauana Ha OJJMH U3 YIOPOB) yJap KPBIIIKHU JIOKA 10 yIopam
MIPOMEXXYTOUHBIX OAJIOK paMbl BaroHa ¢ MAKCUMAJIBbHBIM YTJIOM OTKPBIBaHMUS; HEOJTHOBPEMEHHOE OTKPHIBAHUE 3aKH-
JIOK — OTIMPaHME KPBIIIKH JIIOKA 3arpy>KeHHOTO BaroHa Ha OJHY 3aKWJKY 332 OAWH KPOHINTEHH (Ciydai, Koraa yxxe
BBIOWJIN OJIHY 3aKHIKY, a IPYTylo €lle He YCIIeJN); MOATATUBAHNE (3aKpBIBAaHWE) KPBIMIKH JIIOKA BHITPY>KEHHOTO
TIOJTyBaroHa JOMHKOM. Y CTaHOBJIEHO, YTO NPOYHOCTh KPBIIIKK JIfoKa obecnieunBaercs. Hayunas HoBu3Ha. Paspa-
0oTaHHAsE MOJIENIb TIPOYHOCTH YCOBEPIIEHCTBOBAHHON KOHCTPYKIMH KPBIIIKH JIFOKA YHHBEPCAIBHOTO MOJyBaroHa
MO3BOJISET MOIYYUTh IIOKA3aTENH €€ MIPOYHOCTHU MIPH IKCIIIYaTAllMOHHBIX CXeMaxX Harpy:keHus. Pe3yabTaTsl mpose-
JCHHBIX HCCIIEIOBAaHMH MOTYT HCIIONB30BAThCA MPH IPOCKTUPOBAHMH HECYIIMX KOHCTPYKIMH KYy30BOB
YHHUBEPCAJbHBIX IOJYBarOHOB HOBOTO IOKOJCHHSA C YIYYIIEHHBIMH TEXHHKO-KOHOMUYECKHMH IIOKa3aTeNIIMU.
IIpakTHyeckasi 3HAYUMOCTb. VICIONB30BaHNE MOJIYYCHHBIX PE3YNbTAaTOB OYyIeT CIIOCOOCTBOBATH 00ECICUCHHIO
MIPOYHOCTH KOHCTPYKITMOHHBIX 2JIEMEHTOB Ky30BOB ITOJIyBarOHOB B SKCILTyaTaIlUH.

Kntouegvle cnosa: TOTYBaroH; KPHIIIKa JIOKA; YCOBEPIIEHCTBOBAaHHAS KOHCTPYKILHMSA; MOJACIUPOBAHHE IPOYHO-
CTH; KCIUTyaTaI[HOHHAs HAaTPYKEHHOCTh; SKBUBAJICHTHBIC HATIPSHKCHUS
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COMPLEX CALCULATION OF HATCH COVER OF GONDOLA CAR
FROM POLYTYPIC MATERIALS WITH INTERMEDIATE S-SHAPE
STRAPPING

Purpose. The proposed study is aimed at determining the strength indicators of the hatch cover of universal
gondola car with intermediate S-shaped strapping made of polytypic materials under operational loading schemes.
Methodology. To achieve this goal, it has been proposed to create a fundamentally new hatch cover design for
a gondola car. A feature of the hatch cover is that it consists of two leaves, which along the perimeter interact
through the S-shaped strapping. The calculation was carried out using the finite element method implemented in the
software environment of CosmosWorks. Findings. The strength indicators of the improved hatch cover design are
obtained under operating schemes of its loading. The basic schemes of loading the hatch cover of the gondola car in
accordance with the normative documents have been adopted, as well as additional ones. To the additional the fol-
lowing are classified as: simulating the opening of the hatch cover during operating loading - the torsion-free (with-
out operation of the torsion (s)) non-simultaneous impact on the supports of the intermediate car frame beam with
the maximum opening angle; non-simultaneous opening of the door latches - the hatch cover of the loaded car is
supported by door latch for one bracket (the case when one has already knocked out one door latch and the other has
not yet had time); pulling (closing) the hatch cover of the unloaded gondola car with a crowbar. It is established that
the strength of the hatch cover is ensured. Originality. A developed strength model of the improved hatch cover
design of the universal gondola car makes it possible to obtain indicators of its strength under operational loading
schemes. The results of the carried out research can be used at designing of bearing designs of bodies of universal
gondola cars of new generation with the improved technical and economic indicators. Practical value. The results
of the research will contribute to ensuring the strength of the structural elements of the gondola car bodies in opera-
tion.

Key words: gondola car; hatch cover; improved design; strength modeling; operational loading; equivalent
stresses
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oAl

ENGINEER OF THE THIRD MILLENNIUM

The annual International Student Scientific
Conference "Engineer of the third Millennium" has
been held in Dnepropetrovsk National University
of Railway Transport named after Academician
V. Lazaryan for the seventeenth time. The
university is always hospitably open to students,
young scientists, graduates from Ukraine and
foreign countries so that they can join the scientific
community and highlight their achievements in the
corresponding sections of the conference.

The organization of such an important event in
the life of young people has become a good
tradition of the Philology and Translation
Department of our university which was the first
one in Prydniprovia region to launch such an
essential scientific forum in foreign languages
(English, French, German) as working ones. The
multilingual status of the conference undoubtedly
contributes to the developing international
relations, strengthening the positions of young
scientists in the international space; it is essential
for the European integration processes of our
country.

Currently, the conference is open to the
students from almost all technical and most
humanitarian universities of the region, a lot of
Ukrainian cities (in particular Kiev, Kharkiv,
Zaporozhye, etc.) and foreign countries (Germany,
the Netherlands, Iran, Cameroon, Poland, China,
etc.).

The conference "Engineer of the third
Millennium™ has two main goals: firstly,
elucidating innovations in science and technology,
and secondly, popularization of studying foreign
languages, in particular English, for further using
them in the researcher's scientific work and the
engineer's practice. In the rapidly changing global
world, it is hard to imagine any specialists who do
not speak English, the language of international
science and globalization.

Various urgent issues of environmental
protection, modern information technologies and

their application in medicine, agriculture, industry,
problems of genetic engineering, bridge
construction, educational issues, and problems
related to the solution of transport infrastructure,
social and economic situation, issues of language
competency of students, teaching foreign
languages, the role of translators in the modern
world were discussed during the conference. They
aroused a lively discussion among the audience,
young science enthusiasts, and experienced
teachers who attended the conference.

Most of the speakers supplied their
presentations with multimedia, videos, animations,
drawings, diagrams. This provides the opportunity
for the speakers to visualize some aspects of their
works while presenting them to the audience.

The conference always pays a considerable
attention to current problems in the field of railway
transport because it is the basis of the national
economy and transport system of Ukraine. Its
stable and efficient functioning is a prerequisite for
ensuring the country's defense capability, national
security and integrity.

Among the main problems of this field, which
are considered by the participants of the
conference, are the imperfections of regulatory acts
of rail transport activity, its low competitiveness in
the external and internal market of transport
services; insufficient level of investment and
financing of technical and technological
modernization of transport infrastructure.

The moderators of the conference were also
selected from the student community; they played
an important role introducing the speakers and
inviting the guests of the conference.

Oleksandr M. Pshinko, doctor of technical
sciences, professor, rector of the Dnipropetrovsk
National University of Railway Transport named
after Academician V. Lazaryan is the chairman of
the scientific committee of the conference. Among
the members of the scientific committee are
leading  scientists of our university -
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Sergiy V. Myamlin, doctor of technical sciences,
professor, vice-rector of the Dnipropetrovsk
National University of Railway Transport
named after Academician V. Lazaryan and
Tetyana I. Vlasova, doctor of  philosophy,
professor, head of the Philology and Translation
Department of Dnipropetrovsk National University
of Railway Transport named after Academician
V. Lazaryan and others.

By the decision of the scientific and organizing
committees of the conference, the best speakers
were awarded with honorary diplomas. But the

most important thing they got was an invaluable
experience of communicating with the irrepressible
seekers for new ideas, experienced instructors who
attended the conference.

The members of the scientific committee of the
conference noted the high level of preparation of
the speakers, and also expressed their readiness to
continue giving the opportunity to each one who
wishes to share scientific ideas in the fields of such
conferences in Dnipropetrovsk National University
of Railway Transport named after Academician
V. Lazaryan.

Instructor of the Philology and Translation Department
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