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OUYHUCTKA CTOYHBIX BOJI TPOMBIIIJIEHHBIX ITPEJNPUSATUANR
HNPUPOJHBIMU METAJIVIAMHA

Hens. B pabote HE0OX0AMMO U3yUUTh BIISHAC BUAA TalbBAaHONAPHI (BpeMeHH 00paboTKu U Apyrux (HaKkTopoB)
Ha yAaJCeHHE Maciia, CHHTETHYECKHUX MOBEPXHOCTHO-aKTHBHEIX BemiecTB (CIIAB), xpoma u T. II. U3 OTpaOOTaHHBIX
TEXHOJIOTUYECKUX PacTBOPOB, IPUMEHSAEMBIX IIPH MeTauioodpadorke. IIpeacTaBuTh 0030p TEXHOJIOTHIT OYHCTKU
CTOYHBIX BOJ OT MOHOB TSDKENBIX METAJJIOB, OCHOBAHHBIX Ha (DM3MKO-XUMHYSCKHX Ipoueccax. Meroauka. [l
BOCCTAHOBJICHUSI LIECTHUBAJICHTHOTO XJIOPa JI0 TPEXBAJICHTHOTO OBLIO MPHHATO PEIISHUE MCIOJIb30BATh CYLIECTBY-
IOIUH YCPEJHUTENb KHUCIOTHOLIETOYHBIX CTOKOB B KauecTBE CBOEOOPA3HOIO TajbBAHOKOATYIATOPA, IJIS 4Ero
B HETO 3aChINAJIMCh XKeJIe3Hasl CTPYXKKa M KOKCOoBas Kpouika. Pe3yabTarhl. VccienoBaHbl CTOUHBIE BOJBI AJIEKTPO-
TEXHUYECKOH IPOMBIIIIEHHOCTH U OCBEILEHbI COPOLIMOHHBIE METOJbI MX OYMCTKH C IPUMEHEHHUEM KOaryJsiHTOB,
HOHHOTO oOMeHa. PaccMOTpeH HOBBIN rajibBaHOKOAryJSIIMOHHBIA CIIOCOO OYMCTKH OT MOHOB TM (MBIIIbsIKa, XpO-
Ma, [[BETHBIX METAJUIOB), a TAKXKE HE(TEIPOAYKTOB M PACTBOPEHHBIX B BOJE OpraHMYeckux BemiecTB. [IpuBeneHbl
JOIyCTHMbIC BETMYHMHBI MOKA3aTeNiel KadyecTBa CTOYHBIX BOJA M BOABI BOAOEeMOB. JlaHa kiaccu(UKaLus TPy Ts-
JKEJBIX METAJUIOB TI0 CTENICHH TOKCHYHOI0 BO3/eicTBHA. PacCMOTpEeHO MX BIMSHUE HA OpraHu3M 4esoBeka. [Ipume-
Henue peakropa «JIOTOC» B TEXHOJNOIHYECKOM MPOLECCEe OUYMUCTKH rabBaHOCTOKOB IO3BOJISIET: 00padaThIBaTh HX
B €JMHOM IIOTOKE, OTKa3aThCs OT CHELHAIBHBIX PEareHTOB JUISl OYUCTKH CTOKOB OT IISCTUBAJICHTHOTO XpOMa M IHa-
HHUJOB, HCKIIOYHTh HEOOXOIUMOCTH IOIKHCICHUS CTOKOB, YMEHBLIMTH HCIIOJB30BaHHE ILEJNOYHBIX DPEarcHTOB
BIUIOTH /10 IIOJIHOTO OTKa3a OT HMX, COKPATHTh KOJMYECTBO OOOPYHOBAHHS M YHCICHHOCTH IPOM3BOJICTBEHHOIO
TIepCOHANa, OCHOBHON (DYHKIIHEH KOTOPOTO SIBISETCS OUMCTKA PACTBOPOB, COACPIKAIIMX 10 | I/IM’ IIECTHBANCHT-
HOro xpoma. PeakTop cocToMT U3 YHH(UIMPOBAHHBIX MOJYyJEH, CMOHTUPOBAHHBIX B E€IMHOM KapKace.
Hayuynasi HoBu3Ha. Ha oCHOBaHMHU IKCIIEPUMEHTAJIBHOW HAy4YHO-MCCIIEA0BATENBCKONW paboThl ObLIa yCTaHOBJIEHA
NPUHLIMIHANEHAS BO3MOXKHOCTh O0E3BPEKMBAHMS BCEX MCCIIENOBAHHBIX JKUIKOCTEH METOJOM rajbBaHOKOATYJIsi-
uu. Croco0 3akiroyaeTcsl B KOHTAKTe CTOYHBIX BOJ OJHOBPEMEHHO C MEJHOM M CTAIbHOW CTPYXKOH (CKparom)
0e3 MCTI0Ib30BaHMs BHEIIHETO HCTOYHUKA 3J1eKTpoToKa. [IpakTHdyeckas 3HauMMoOcTh. B cTathe paccmaTpuBaroTcs
aKTyalbHbIE BOMPOCHl OYMCTKH CTOYHBIX BOJ OT COJICH TSDKEJIBIX METaJIOB, KOTOpas HEoOXOomuMa B CaAHHUTApHO-
9KOJIOTHYECKHX LemsiX. [Ipeuiararotcs cOBpeMeHHbIe SHeprocOeperaroiye 1 MalOdHEProEMKHE HECIOKHBIC METO-
IIbl, TAKAE KaK METOJ TalbBaHOTeXHUKH. COBpEeMEHHas YCTAaHOBKa INMPOKO HMPUMEHSETCS B NPOMBIIUICHHOCTH,
raJbBaHOTEXHUKE ¥ B METH3HOM Ipon3BoAcTBe. ONMCAaHHBIE METOIbI MMEIOT PSAJ HOJIOXKUTEIBHBIX CBOMCTB B KO-
HOMHYECKOM U 9HEPreTHYeCKOM OTHOIICHUX. COJHM TSIKENBIX METaJIOB SIBIAIOTCS OIACHBIMU 3arpSI3HUTEISIMU KaK
CTOYHBIX, TaK ¥ IMHUTHEBBIX BOJ. I103TOMY OYMCTKA BOZ SBJIAETCS OYEHb BAXKHOH MpoOiIeMoil B 00JIACTH DKOJIOTUH
HAaIei cTpaHsl U 3a pyoesxxom. Dddext ounctkn gocturaercs B npeaenax 95...98 %.

Kntouesbvle cio6a: NOHBI; TSXKEIbIE METANIbI; FaJbBAHOKOATYJISLIMS; CTOYHBIE BOJIBI; TajbBaHONapa
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BBenenue

B cratee paccmarpuBaioTCcsi aKkTyalbHBIE BO-
MIPOCHI OYUCTKH CTOYHBIX BOJI OT COJIEH TSKEIBIX
MetayioB. OuuCTKa HEOOXOJMMa B CaHUTAPHO-
IKOJIOTHYECKUX Temsx. [Ipenmaratorcsi coBpeMeH-
HbIe dHeprocOeperaronme 1 MajJodHEproéMKHue He
CJIO)KHBIC METOJBI, TaKHe, KaK METOJ| TajbBaHO-
TexHUKH.  OPPekT  OouucCTKM  JocTUTraeTCs
95...98 %.

OnacHOCTh 3arpsi3HEHHS CPE/Ibl TSHKEIBIMU Me-
TajylaMu OOBSICHSIETCS TEM, YTO OHU BEYHBI (MO0
B OTJIMYHE OT OPTaHWYECKHUX 3arps3HUTENEi) OHU
HE DPa3pymaroTcs, a JHUIIb MepeXOisIT W3 OTHON
(hOpMBI CYIIECTBOBaHUS B APYTYH), B YaCTHOCTH,
BXOJISIT B COCTAB COJIEH, OKCHIOB, METAITIOOPTaHH-
YECKUX COCTMHEHH, XeJIaToB H JIp.

K «rsxensim» Metamuiam (TM) otHocsT Gonee
40 XUMHYECKUX DJIEMECHTOB IEPHOJUYECKON CH-
CTEMBbl C aTOMHBIMM Maccamu cBblme 50 a.e.m.
nHorga TM Ha3bIBaIOT AJIEMEHTHI, KOTOPHIE UMEIOT
IJIOTHOCTb GoJibIe 7...8 ThIC. KT M~ (Kpome Ga-
TOPOIHBIX U peaknx). O0a onpeneseHnus yCIOBHBI,
u nepeyar TM 1o >TuM (HOopManbHBIM MPU3HAKAM
HE COBMANAIOT. M XOTS TEPMHUH «TSXKEIbIC METall-
JIbD» HEYNAa4eH — UM NPUXOIUTCS IOJb30BAThCS,
TaK KaK OH MPOYHO BOIIET B 3KOJOTHUECKYIO JIH-
Teparypy. ['pynna snemMeHnToB, 0603Ha4aeMbix TM,
AKTUBHO y4YaCTBYIOT B OMOJIOTHYECKHX IpOLeccax,
MHOTHE W3 HHUX BXOJST B COCTaB (PEepMEHTOB.
Habop «TshxenbIx MeTanioB) BO MHOTOM COBIaJIa-
€T C MepeUuHeM «MHUKPO3JIeMEHTOB». [log Mukpo-
JJIEeMEHTaMH TOJIPa3yMEBalOTCA TaKHe XHMHYe-
CKHE 3JIEMCHTBI, OOJIMTaTHBIC (00s3aTebHBIC) JUIS
PACTHUTEIBHBIX M YKUBBIX OPTaHU3MOB, COJICPKAHKE
KOTOPBIX  HM3MEPSACTCS  BEJIMYMHAMM  IOPSIKA
7107 -n-10" %.

K 4gucny TSOKENBIX METaJZIOB OTHOCST XPOM
(Cr), mapranen (Mn), xene3o (Fe), kobanst (Co),
Hukenb (Ni), menps (Cu), K (Zn), rammii (Ga),
repmanuii (Ge), momubnen (Mo), kammuii (Cd),
osioBo (Sn), cypemy (Sb), Temuyp (Te), Bonbdhpam
(W), pryre (Hg), Tammwmii (T1), cBuner; (Pb), Buc-
Myt (B1).

YnotpeOnsieMplii HHOTA pPEaKTOp, OCHOBHOM
(YHKIIHEH KOTOPOro SIBJISICTCS OYMIICHHE PacTBO-
pOB, cojepkamux 10 | T/IM’° IHMIECTHBAIEHTHOrO
XpoMa, COCTOMT W3 YHU(DUIIMPOBAHHBIX MOJIYJICH,
CMOHTHPOBAHHBIX B €IMHOM KapKace.

Ha ocHoBaHMM Hay4YHO-HCCIIEIOBATEILCKOM
paboThI ObLIA YCTAaHOBIICHA MPUHIUIHATILHAS BO3-

MOXKHOCTh O0€3BPEKHBAHUS HUCCIICAYEMBIX >KUJI-
KOCTEl METOIOM TalbBaHOKOATYISALNU. DTOT Me-
TOJI 3aKJIFOYAETCS B KOHTAKTE€ CTOYHBIX BOJ OJIHO-
BPEMEHHO C METHOU U KEJIE3HOH! CTPYKKOU (CKpa-
moM) 0e3 WCIIONIb30BaHUSI BHEIIHETO HMCTOYHUKA
ToKa. O(P(DEeKT OUMIIeHHS MO METOAY TallbBaHO-
TEXHUKHU JocTuraeT 95...98 % [18].

lanbBanm4eckoe MNPOU3BOJCTBO SIBISETCA OJ-
HUM U3 KPYIHEHIINX MOTpeduTeneil BOABI, a ero
CTOYHBIE BOJBI — OJHUMH U3 CAMBIX TOKCHYHBIX
U BPEIHBIX.

lampBaHOTEXHMKA — TIPOIECC TONYYCHHS Ha
TTOBEPXHOCTH W3NS WM OCHOBBI ((DOPMBI) CIO-
€B METaJUIOB M3 PACTBOPOB MX COJIEM moAa Ae-
CTBHEM ITOCTOSTHHOTO 3JIeKTprdeckoro Toka. Cyrm-
HOCTh METOJ]a 3aKI0YaeTCcs B TOTPYKEHUH II0-
KPBIBAEMBIX M3JIEJIMN B BOJHBIA pacTBOp BJIEKTPO-
JINTA, TJIABHBIM KOMIIOHEHTOM KOTOPOTO SIBJISFOTCS
COJIM WJIH JIPYTHE PACTBOPUMBIE COCTUHEHS — Me-
TaJUTOMTOKPBITHS.

K »>TuM mnpeampusTHsSM OTHOCATCS 3aBOJBI
ANEKTPOMAITTHOCTPOESHUS, anmapaToCTPOSHUS,
TpaHc(POpMaTOCTPOCHUS, KOHIIEHCATOPOCTPOCHHUS,
XUMHUYECKUX (aKKyMYJIATOPHBIX) UCTOYHUKOB TOKa
U AJIEKTPOU3OISIIUOHHBIX MAaTEPHAJIOB.

Henn

Wzyuuth BAMsSHUE BHJIOB TajibBaHONAP, BpeMe-
HU 00paboTKH U ApYTruX (pakToOpoB Ha yAaJCHUE W3
OTpaOOTaHHBIX  TEXHOJOTHYECKHX  PAaCTBOPOB,
NPUMEHSEMBIX TPH METAUI000padoTKe, Maced,
CHUHTETHYECKHX ITOBEPXHOCTHBIX aKTUBHBIX Be-
mects (CITAB), xpoma u mip.

MeToanka

ABTOpaMHu HCCIEIOBaHbl CTOYHBIE BOJIBI JJIEK-
TPOTEXHUYECKOM MPOMBIIIIEHHOCTH U IIPEIJIOKE-
HBI METO/IBI 110 UX OYMCTKE.

K XxumMudeckuM HCTOYHMKAM TOKa OTHOCSITCS
AKKyMYJISITOPBI Pa3HBIX THUIOB (KHCJIOTHBIE M IIIE-
JIOYHBIE) M TaJbBAHUYECKUE DBIIEMEHTHI Pa3HbIX
CUCTEM.

151 M3roTOBIEHUST KUCIIOTHBIX aKKyMYJIITOPOB
HCIIONB3YEeTCs. CBUHEL, pa3lIM4Hble XUMUKATHI,
CepHas U COJIsiHAasi KHUCIOTHI, a JUIsl IIECJIOYHBIX —
JKEJe30, HUKENb, APYTHE METAJUIBI, a TaKkkKe Mie-
JI04b. BOJBIIMHCTBO TrajabBaHUYECKUX 3JIEMEHTOB
H3TOTOBJIMBACTCS U3 YTOJIbHBIX 3JIEKTPOJIOB, JINTU-
€BBIX WIH KaJMUEBBIX U JIPYTUX PA3IUYHBIX KOM-
IIOHEHTOB.
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3arpsi3HEHHbIE CTOYHBIX BOJ Ha 3aBOJIaX, U3rO-
TOBJIMBAIOIIUX LIEJIOYHbIE AKKYMYJIATOPHIL, 00Opa-
3yIOTCA B LIeXaxX OOOralleHus! KeJIe3HOH pyabl, OT-
pULIaTeTbHON MacChl U HUKETUPOBKH COCYJIOB, J€-
Tajey U JICHT.

Ha akxymymsaropuom HIIK «Mcra» (r. dne-
MIPOMETPOBCK) MpPH BBITyCKE 13 BUAOB aKKyMyJIs-
topoB (1,3 MiH. mTYyK B TojJ) oOpa3yercs 10
10 M’/aac umm 240 MP/CyT 3arpsi3HEHHBIX CTOYHBIX
BoA (MO TEXHOJIOTMH HEMENKOro KOHLEpHa
«VARTAY).

TOKCHYHOCTBIO Ha3bIBAETCS CIIOCOOHOCTH pas-
JMYHBIX XUMHUYECKHX IEMEHTOB WM UX COEIIMHE-
HUI OKa3blBaThb BPEJHOE BO3JICUCTBUE HA MHKPO-
OpPTaHU3MBbl, pAacTEHHs, JKUBOTHBIX, YEJIOBEKa
[1, 2]. TloHATHE «TOKCHYHOCTB» OTHOCHTCS HE
K OIpEIENCHHBIM 3JeMeHTaM, Hanpumep TM,
a K JOOBIM XMMHYECKUM 3arps3HSIOUIAM Bellle-
CTBaM, IIOCTYMAIONIMM B OWocdepy B BBICOKHX
KOHIIEHTpanusx. B Hacrosimee Bpems oOImienpu-
3HAHHBIM SIBIISICTCS YTBEP)KICHUE, YTO HET TOKCH-
YECKHUX BEILECTB — €CTh TOKCHYECKHE KOHIICHTpA-
LUH.

TM noapa3aensitoT Ha TPYIIbL:

— OYeHb TOKCHYHBIE — OKAa3bIBAIOT BpEIHOE
BO3CHCTBHE Ha TECTOPIaHU3MBbI IPH KOHIEHTpA-
muu B pactope MeHee 1 mr- ' (Ag’, Be*', Hg™,

Sn*', Co®", Ni**, Pb*’, CrO ;" );

— YMEpeHHO TOKCHYHBbI€ — OKAa3bIBAIOT WHTH-
Oupyromiee BO3ACHCTBHE TIPU KOHIICHTPAIHIX
1-100 mr- ™' (As, Se, Al, Ba, Cd, Cr, Mn, Zn, ap-
CeHaThI, IEPMAHTaHAThI, MOJIUOIATHI, CEJICHATHI);

— ¢J1200TOKCHYHbIE — PEIKO OKA3bIBAIOT HH-
rUOUpYIOlee BO3ACHCTBUE MPH KOHICHTPAIMSIX
3Ha4UTeNbHO Bbime 100 mr- o1 (Ca2+, Mg2+, K,
Na', xj10pus1, GPOMUIBI, CYIbGATHI U JIp).
Bo3zaeiicTBue TSHKENBIX METAILIOB HA YEJIOBEKA

Paznuuator aBa Buaa BozneiictBuidi TM Ha op-
FaHU3M YeJIOBeKa:

— cnenuduyeckoe, NpUBOAIIIECE K BOZHUKHO-
BEHHUIO ONPE/CIICHHBIX 3a00JICBaHUI B Pe3yJIbTaTe
M30MPATETHbHOTO BO3JEHCTBHS HAa OpPraHbl M CH-
CTEMBbI OpPraHu3Ma;

— Hecneuuduueckoe, Mpu KOTOPOM JENUCTBUE
3JIEMEHTOB CIIOCOOCTBYET POCTY OOJE3HEU, CBS-
3aHHBIX C IpYTrUMH (haKTOpaMHu.

Crietuduyeckoe JCHCTBUE MNPOSABISCTCS IMPH
3HAUMATEIBHBIX n03ax TM, Hecmerudpuyeckoe —
mpu Hm3KuX. Crnenuduyeckoe IeiCTBHE Xapak-
TEepHO I OoibImMHCTBA TM, B TOM 4mcie i

PTYTH, KaJMus, CBHUHIIA, MbIIbika. [lopaxeHue
pPBIOBI PTYTHIO B SITOHWM BBI3BAJIO TSDKEIYIO 0O-
JIe3Hb MUHAMara.

OOmeTokcHyeckoe IecTBHE BBICOKUX 103 TM
Ha YeJIOBEKa WIJIA JKUBOTHBIX MPUBOAWT K TIOpaXKe-
HUIO WIM W3MEHEHWIO JEATENIbHOCTH TaKhUX Bax-
HEWIIMX CHUCTEM OpraHu3Ma, KakK I[IEeHTpajbHas
u nepudepuyeckas HEpBHASI CUCTEMa, KPOBETBOpE-
HUS, OpraHbl BHyTpeHHeW cexpenuu. TM Hapsmy
C OOILETOKCHYECKUM BO3ACHCTBHEM 00IafatoT Crie-
UU(PUUECKUM  BIUSHUEM Ha  PENPOSYKTUBHYIO
(hyHKIIMIO, CTIOCOOCTBYIOT BO3HHKHOBEHHUIO 3JI0Ka-
YeCTBEHHBIX HOBOOOpA30BaHWH, HAPYIICHHUIO aIla-
para HacnencTBeHHOCTH. Kammmuii, Xpom, HHKENb,
CBUHEI, PTYTh BIUSIOT Ha ITOJIOBBIE KIIETKH, a TaK-
XKe crierudrueckoe KaHIIeporeHHoe JAeHCTBHE OKa-
3BIBACT MBIIIBSK, KOOAJIBT, KAJIMUN, XPOM, HUKEJIb,

TM u30uparenbHO HAKAIUTMBAIOTCS B pa3iiHy-
HBIX OpraHax W TKaHSX YeJIOBEeKa W IKUBOTHBIX
[1 — 5, 6]. OOBIYHO OHM aKKyMYJIUPYIOTCS B Opra-
HaxX ¢ WHTCHCHBHBIMH OMOXUMHYECKHMHU IPOIEC-
caM¥ — B TI€YEHH, MTOYKAX, SHAOKPUHHBIX Kelle3ax.

U3 s10B, peryispHO MOMATIONINX B OPraHU3M
yenoBeka, 70 % — momamaeT ¢ nunier, 20 % — u3
Bo3nyxa u 10 % — c Bogoii [2, 12].

JeTtn — rpymnma NOBBIIIEHHOTO 3KOJIOTHIECKOTO
pucka. Ctusen ['encon (Oduc 3amuTel 300pOBbs
nereit AOC CIIA) B cBOeM JOKJIa/ie HA CEMUHAPE
(Kues, 1998 r.) 00BSCHWI 3TY CUTYAIHIO TaK: AETH
BJIBIXAIOT BO3yX OJIMKe K 3eMile, ITO3TOMY OIlac-
HOCTh PECHHMPATOPHOIO 3arpsi3HEHHS OpraHu3Ma
BBIIIIE; JIETH BCE TSAHYT B POT; JIETH YIMOTPEOISIIOT
0OoJIbIlIe TTUINY W BOJABI Ha KHIIOTPaMM Beca; y Jie-
Tel 0oJiee MHTEHCHBHBIE MPOLIECCHl METa0OoIU3Ma
B opranusme; TM momnagaroT B OpraHu3M peOeHKa
€IIe JI0 €r0 POXKICHUS — OT MaTepH K peOeHKY.

Jiist BOJBI YCTaHOBIICHBI IMPEJeNbHO JIOMYCTH-
Mmas konuenTpanus (ITJK) s 6onee uem 960 xu-
MUYECKUX COEIMHEHUH, KOTOphle OOBEeIUHEHBI
B TPHU TPYMIHI MO CIEAYIOIUM JIUMUTHPYIOIIAM
nokazatensiMm  Bpennoctu  (JIIIB):  canuTapHOo-
TOKCHUKOJIOTHYECKOMY (C-T); 0OIIecaHUTapHOMY
(o6m1.); opranonenTuueckomy (opr.), (tabm. 1) [2,
3,7, 16].

Haunbonee mepcrieKTHBHBIM METOJOM OYHCTKH
CTOYHBIX JKHJKOCTEH OT XpOoMa, IIBETHBIX U TSKE-
JIBIX METAJUIOB SIBIISIETCS TaJIbBAHOKOATYIISIIHS, UTO
UMeeT B JINTepaType MHOTOYHCIICHHBIE IOJTBEp-
sxkaenust [4-8, 10, 11]. lanpBaHokoarynauus He
TpeOyeT 3JEKTPOIHEPTUU OT BHEIIHET0 UCTOUYHUKA
1 HE CBsI3aHa C Pacxo/I0M JIMCTOBOTO MeTaJla.
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Takum 00pa3oM, HU3yueHUE BIMSHUS BUJOB
raJlbBaHOTApP, BpEMEHU 00pabOTKA M APYrux (hak-
TOPOB HA yJIaJeHHEe M3 OTPaOOTaHHBIX TEXHOIOTH-
YECKUX PacTBOPOB, MPUMEHIEMBIX TPU METaJLIO-
obpabdotke, macen, CIIABoB, XxpoMa 1 T.1. SIBISICT-
Csl aKTyalITbHOW 3a/iadyeid, KoTopas U Obuia permieHa

Jns Hay4yHOTO HCCIEIOBAaHUS HCIOJIB30BATN
crnenyromue  raigpBaHomapel:  Fe—C, Al —-C,
Al —Cu, Fe—Cu. B xauectBe »xene3a BbIOpain
CTPYXXKY M3 cTanu Y 8-A, a B KauecTBe yriepoja —
rpadUTOBYIO KPYIIKY, KOKC M YIOjlb, B KauecTBE
QIIOMUHUS — CTPYKKY M TPaHyJibl, B KAUeCTBE Me-

[10, 11, 13]. 1 — CTPYKKY U IIOPOLIOK.
Tabnuma 1
JdonycTumble BeJIMUYMHBI OKa3aTe/ed Ka4ecTBa CTOYHBIX BOJ U BOJAbI BO0EMOB
Table 1
Permissible values of the quality indicators of waste water and water in reservoirs
Haumenosanue | JIK TM B cTouHBIX OpueHTUPOBOYHAS I[IJK TM B Bozie BOJHEIX 00BEKTOB
™ BOAAX, KOTOPBIC >hdexTuBHOCTD Yia- xo3siictBenHo | JIIIB KJ1acc pBI0OXO- JITIB
TIOCTYNAIOT Ha co- | jieHns TM Ha coopy- [IUTHEBOTO OIACHO- | 3SIMCTBEHHO-
OpyIKeHHUs ouoo- HKEHMAX ouonoruye- BOTOCHAbKe- - R—
THYCCKOH OYHNCTKH, CKOH OYHUCTKH (B J0- 3 3
e I HUS, T/M HUS, T/M
ATroMIHHN 5 0,90 0,5 Cc-T 2 0,04 TOKC
Bbapuit 10 0,95 0,1 Cc-T 2 2,0 opr
Keneso 2,5 0,50 0,3 opr 3 0,05 TOKC
(obmiee)
Kanmuia 0,01 0,60 0,001 C-T 2 0,005 TOKC
Kob6ansT 1 0,50 0,1 C-T 2 0,005 TOKC
Maprauen 30 - 0,1 opr 3 0,01 TOKC
Menp 0,5 0,40 0,1 opr 3 0,005 TOKC
Mbimbsak 0,1 0,50 0,05 C-T 2 0,05 TOKC
Monnbnen M 0,40 0,26 C-T 2 — —
Hukens 0,5 0,50 0,1 C-T 3 0,01 TOKC
OmoBo 10 - — — — 1,25 TOKC
PryTh 0,005 0,60 0,0005 C-T 1 0,0001 TOKC
CBuHeIL 0,1 0,50 0,03 C-T 2 0,1 TOKC
Cenen 10 0,50 0,01 C-T 2 0,0016 TOKC
CrpoHuuii 26 0,14 7,0 C-T 2 10,0 TOKC
Turan 0,1 - 0,1 o011 3 - -
Xpom (+3) 2,5 0,50 0,5 c-T 3 - -
Xpom (+6) 0,1 0,50 0,05 c-T 3 0,001 c-T
uanumst 1,5 0,70 0,1 C-T 2 0,05 TOKC
07030 1,0 0,30 1,0 00111 3 0,01 TOKC

-
IIpumeuanue: — )

—JIaHHBIC B HOPMATHUBHBIX TOKYMEHTAX OTHOCUTEIBHO JaHHOTO TAXKEIIOTO METAIJIa OTCYTCTBYIOT
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Oo6e3Bpe:xkuBaromue xuakoctu. Orpaboran-
weie COX Ha ocHOBe sMyinbcona T, BRIOMpaeMbIe
HETIOCPEACTBEHHO M3 CTAHKOB II€PE] UX YAaJCHU-
eM H Hu3 COOpPHOH €MKOCTH, B KOTOPYIO CIMBaJIH
0TpabOTaHHbIE PACTBOPBl CHHTETHYECKHX MOIO-
IIUX CPEACTB, NMPUMEHSAEMbIE AJSl MBIThbSI I10JIOB
B pacTBope coaepxanu 5...20 oobeMHBIX % Mac-
ma, 0,1...0,5 r/n CITAB, noHs! xene3a, Meau, TH-
TaHa, XpOMa, B3BEILICHHBIEC YACTHLIBI.

Ob6e3xupuBaromuit pacTBop COJIEPKHUT
10...15% wmoromero cpeactBa CM-37 (53 %
NaCO;, 6,8 % SiO,, 7 % IIAB, pH = 10,5 + 12).

IIpombiBatomne BOABI TpoLEcca XPOMHPOBa-
HUS conepxat xpom 10 200 mr/m.

Ha ocHoBanuu 3kcreprMeHTOB Obl1a yCTaHOB-
JIeHa NPUHLUIHNAIbHAS BO3MOXHOCTh O0E3BpPEXKHU-
BaHHUsA BCEX HCCIICAOBAHHBIX )i(I/IIlKOCTCI;'I METOAOM
ranpBaHokoarysmu [17, 19-21].

B 3aBucumoctu ot Buga COX u yciaoBuil mpo-
1ecca rallbBaHOKOATYJISIIMK CoJiepKaHue Hedre-
IPOAYKTOB cHmXanock ¢ 50...160 r/nm’ 10
0,05...15,6 mr/m.

YcTaHOBNIEHO, YTO BCE HCCIEIOBAHHBIC Tallb-
BaHOIAPEI (Al-C, Al-Cu, Fe—C, Fe—Cu)
MOKHO Hcronb30BaTh 111 ounctkn COX ot
He()TENPOAYKTOB, OIHAKO KAadecTBO (UIBTpATa,
ocajika M IPyrue UX TEXHOJIOTHUECKUE XapaKTepH-
CTHKH CYIIECTBEHHO Pa3JIn4aoTCsl.

Pe3yabTarbl

Jlyamme pe3ynbTaTtbl MO  00€3BpEKHBaHHIO
COX B nenom ObUTH MOJTYYEHBI NPH HCTIONH30BA-
Huu TaneBaHonapsl Fe—C . Ilpu ontumasbHOM
BpeMmeHu 00paboTku 10...20 MWH, OCaJoK MONY-
YaJicsl IOCTaTOYHO IJIOTHBIM, cozepKaHue Hedre-
MPOAYKTOB B OOJBIIMHCTBE OIBITOB COCTABIISUIO
menee 0,5 Mr/mm.

[Ipu cogeprkaHMM HOHOB XpOMa B UCXOAHBIX J10
MpoMBIBarOIKX Boaax a0 60...100 mr/n ramsBaHo-
KOaryJsiHoHHast 00paboTka B TeUeHHe
10...20 MuH TO3BOJMJIA CHU3UTH UX COJAEp)KaHUE
B OJITHOM JIUTPE A0 HECKOJIBKUX MUJUTUTPAMMOB, a
P HEKOTOPBIX OIBITAX OHU HCYE3IH MOIHOCTHIO.

Cr1oco0 OYHMCTKH CTOYHBIX BOJ OCHOBAaH Ha KC-
MOJIb30BaHUM B MPEIJIOKEHHOM TEXHOJIOTHYECKOM
mporecce peakropa «JIOTOC», ocHOBHOM (PyHK-
IIUe KOTOPOTO SIBJISETCS] OYUCTKA PAacTBOPOB, CO-
fepxamux 10 1 r/aM’ IecTHBAJIEHTHOrO Xpoma
[4-7, 9, 15]. PeakTop cocTout u3 yHupUIUPOBaH-
HBIX MOJIyJIeH, CMOHTUPOBAHHBIX B €JJMHOM KapKa-

ce. OH mpencTaBnsieT coOOH €MKOCTb, 3alOJTHEH-
HYI0 OTpeIeNIeHHBIM KOJMYEeCTBOM HACBHIITHOTO
peareHTa, B Ka4yecTBe KOTOPOTO MCIIONB3YIOTCA
OTXO/JIbI HEKOTOPBIX ITPOU3BOICTB.

HacbeinHoil peareHT sBISIETCS Majopacxomye-
MBIM KOMIIOHEHTOM. Ero cpenHecyTOUYHBIN pacxon
cocraBiager 0,001...0,1 % oOmero KoauuecTBa
W 3aBHCUT OT 00beMa U cocTaBa oOpadaThbIBaeMbIX
TaJlbBaHOCTOKOB. PeareHT mo0aBisIOT OOMH pa3
B Mecsl. OOpaboTka raJbBaHOCTOKOB B PEAKTOPE
HemnpepbiBHA. Pe3ynbTaThl OYMCTKH CTOYHBIX BOJ
MIPUBEICHBI B Ta0M. 2.

Tabnuma 2

Pe3yJ’leaTbI OYHUCTKHU CTOYHBIX BOJ1

Table 2
Wastewater treatment results

Tokasaremu Jo ouncTku HocnngqHCT'
LUAHUIBI CN™' 13,10 0,08
JKEIIE30 Cotiy 151,00 0,07
Me€b Cu™ 1,10 0,02
HHKEJIb Ni*? 13,20 0,02
<pomt € 404,60 0.00
XpoM cr® 4,92 0,07
o 926,00 0,03
KaIMHH cd* 2,88 0,01

IIpumenenne peaktopa «JIOTOCy» (puec. 1)
B TEXHOJIOTMYECKOM IPOLIECCE OYMCTKH TajbBaHO-
CTOKOB II03BOJIIET 00pabaThIBaTh UX B €IUHOM IIO-
TOKE, OTKa3aThCs OT CHELHAIbHBIX PEareHTOB IS
OYHUCTKH CTOKOB OT IIECTHBAJIEHTHOTO XpOMa M IH-
AHMOB, UCKIIIOYUTH HEOOXOAUMOCTD ITOJKUCICHUS
CTOKOB, yMEHBIIUTh WCIOIb30BAaHUE IIEITOYHBIX
peareHToB, BIUIOTH JI0 TIOJIHOTO OTKa3a OT HHUX, CO-
KpaTUTh YHCII0 00OPYHOBaHUs, COKPATUTh YUCIICH-
HOCTb NPOU3BOJICTBEHHOI'O IIEpCOHANA. Y CTaHOBKY
MOJKHO JIETKO BCTPAMBATh B CYIIECTBYIOIINE CXEMBI
OYUCTHOTO OOOpPYIOBaHMS C MHHUMAIBHBIMH 3a-
Tpatamu. [Ipu ncnons3oBanun peakropa «JIOTOC»
MOKHO OpPTaHM30BAaTh 3aMKHYTHIA UKI BOZOMOIb-
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30BaHHMS W COKPATUTh OOBEMBI 00Pa3YHOIIUXCS
raJbBaHOIIIAMOB 33 CUET CHIDKCHHUSI 00BEMOB IpU-
MEHSIEMBIX PEarcHTOB U JIp.

OunineHHass BOJIa MCIIOJIB3YETCS B 00OPOTHOM
BOJIOCHA0)KEHHH TaTbBAHUYECKOT0 TIPOU3BOICTBA.

[omomHeHWe BOJABI TMPOU3BOAMUTCS B 00BEME,
PaBHOM €€ TEXHOJOTUYCCKUM TOTEPSIM U 00beMam,
yxoasmmm co nuramamu. OOIIMe moTepy BOJIBI HE
mpeBsimaoT 12...15 % mepBoHayanmpHOTO 00BEMA
CTOYHBIX BOJI.

Kucnerie
Xpomcoaeprkamie
CTOKH

l

Haxonurenu
CTOKOB

Hacoc

Ycpennutenu
CTOKOB

Peaxrtopsr
00€e3BpeKUBaHUSL

TTomaua
peareHToB

[Tnomane, 3aHUMaeMas OJHUM pPEaKTOPOM
«JIOTOCy», mnpomyckHoit crmocobHOCTRIO 2,0 M
raJbBaHOCTOKOB B 4ac, coctasisier 0,2 M° TP BEI-
core 1,5 m. IloBbllieHHE NPOU3BOIUTEIHLHOCTH
peakTopa BO3MOXKHO 32 CUET YBEIMYEHHS €ro BbI-
coThl. [loTpebiaeHune MIeKTPOIHEPTHH OTHUM Peak-
TopoM mpH 06paGoTke 2,0 M’ TragbBAHOCTOKOB
B yac cocrasjsieT okoio 0,5 kBT.

[enounsie
Ilnanconepaxarye
CTOKH

l

Haxonurenu
CTOKOB

Hacoc

Peaktop
00€e3BpexRUBaAHUSL
IIHaHUTIOB
«JIotoc»

XpomMaTroB

«JloTtocy
[

Cwmecurelb

»

147 ITonaua pearenroB

OTCTOWHUK

Lo

Braaxunocts 98%

OunbTp
JOOUHCTKU

[nam

COpOLIMOHHBII

Crycrurens

C6poc nnn
HCIIOJIb30BAaHUE B
obopote

Baaxxunocts 95%

[Inam

'~ ®unpTpar

O06e3BOKEHHBIH
iam

BIIaXKHOCTBIO 80%

Puc. 1. Texnonorndeckasi cxeMa OYHUCTKHA CTOKOB TajbBaHUYECKOIO IIPONU3BOJICTBA
C UCTIOJIb30BAHUEM pCaAKTOpa «JloToc»

Fig. 1. Technological scheme for the effluent treatment of the electroplating industry
using the «Lotus» reactor
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Panee HelTpanuzanMs CTOYHBIX BOJA OCY-
LIECTBIISAJIACh U3BECTKOBBIM MOJIOKOM C AajbHEH-
LIMM OTCTaMBAHUEM B TOPU3OHTAJIBHBIX OTCTOMHU-
Kax HemnpepslBHOro aeWcreus. IIpu HeWrpanusa-
nuna ctokoB 10 pH = 8+ 8,5 comepkaHne WOHOB
HUKeJII B HUX CcHWxagocs ¢ 40...50 o
5...15 mr/am® npu I1JIK 0,5 mr/mm’. Yo ke Kaca-
€TCsl IIECTUBAJIEHTHOIO XpOoMa, HPUBHOCHMOTIO
B CTOYHBIE BOIBI B IIPOLIECCE XPOMATHPOBAHUS
LIMHKOBBIX MOKPBITUH, TO OUYUCTKA OT HETO CIEIH-
aJbHO HE MIPOBO/NIIACK.

Js1s1 BOCCTaHOBJICHHUS IIECTUBAJIEHTHOTO XJIOpa
IO TPEXBAJEHTHOIO OBUIO MPUHSTO pEIICHHE HC-
M0JIb30BaTh CYLIECTBYIOLIUI YyCpEeIHUTENb KHC-
JIOTHO-ILIEJIOYHBIX CTOKOB B KayecTBE CBOEOOpas-
HOTO TaJbBaHOKOATYJISITOPA, AJsl Yero B HEro 3a-
CBINAJIKCh JKeJIe3Has CTPY’KKa U KOKCOBask KpOIIKa.
[Ipu pacTBOpeHUM XKene3HOH CTpYKKH U 00pa3o-
BaHUM B CTOKax HOHOB JBYXBAJIGHTHOTO »eJe3a
LIECTUBAJIEHTHBIM XpOM BOCCTAaHaBIMBAICA [0
TPEXBaJICHTHOr0, a JajlbHEeHIIas O4YHCTKa MpPOBO-
Iuiach IyTeM HEUTpanu3auud U OTCTaWBaHUS
THIPOOKHCH XpOMa B OTCTOMHHMKAax IEpHOIUYe-
CKOI'O JEHCTBUS.

Wucturytom  «KasmexaHoOp»  paspaboTtaH
rajJbBaHOKOATYJIALIMOHHBIA CIIOCOO OYHMCTKU OT
noHoB TM (MbllIbsiKa, Xpoma, LBETHBIX MeTal-
JIOB), a TaKKe He(TENPOAYKTOB M PAaCTBOPEHHBIX
B Bojie opranmyeckux BemiectB [7, 14]. Cnoco0
3aKJII0YaeTCsl B KOHTAKTE CTOYHBIX BOJ OIHOBpE-
MEHHO C MEJTHOHM U CTaIhbHOU CTPYXKKOU (CKparmom)
0e3 HCIOJIb30BaHUSI BHELIHEI'O HCTOYHHKA HIIEK-
TpoToka. [lpu OTCYTCTBMM MeIu B OUYMILEHHOMN
BOJIE BMECTO METHOW CTPYKKH MOXKHO HCIOJIB30-
BaTh Tpadur ¢ pazmepom 3eper 10...20 mm. O6pa-
0OTKa OCYILECTBISIETCS. BO BPAILAIOIINXCS PEaKTo-
pax GapabanHoro tumna. Koarynstop OapabGaHHBIN
(Kb-2 u Kb-6) npenna3zHaueH Ui HETIpephIBHON
OYHMCTKHA CTOYHBIX BOJA B METANIyprU4eCKOM, Xu-
MHYECKOH, TOPHOW MPOMBIIUIEHHOCTH U Ap. D-

(heKTUBHOCTH TEXHOJOTMYECKOTO TMpolecca Ha
ypoBHe 95...99 %. Pacxom cTokoB g0 60 M/u.
Pacxoy sxene3Horo ckpana — 10 kr/m’. 3arpyska
pa3oBasi JKEJIE3HOTO M MEJHOTO CKpama — B COOT-
HommeHwH 2,5:1=4,55 1. Pacxom sneKkTpodHeprun —
0,3...0,5 kBr-u/M’. PaGounii o6bem KopIyca —
6,5 m’. Koarymstop KB-2 paGoTaer B KMCIIOi, ciia-
OOKHCIION, HEUTPAILHOW MM IISIOYHOM cpelie Ha
OTKPBITOM BO3JyX€ NPU TEMIIEPAType OKPYKako-
et cpenst ot — 40 no +45°C. OnTumanbHoe Bpe-
Ms 00paboTku B Oapabane — 20 MuH. DPPEKT yBe-
JMUYABACTCS TIPH TIPEABAPUTEIILHOM HaTrpeBaHHUH
cTouHbIX Bog 110 40...60° C.

Hay4yHasi HOBU3HA U NpaKTHYeCKast
3HAYUMOCTh

Ha ocHOBaHMM 3KCIEpPUMEHTAIBHON Hay4YHO-
HCCIIeIOBATEIhCKOW PabOTHl ObLIa YCTaHOBJICHA
MNpUHOUIIKMAJIbHAA BO3MOXHOCTbH O6e3Bpe)KI/IBaHI/IH
BCE€X HCCICAOBAHHBIX )KI/I)Z[KOCTGI\/'I METOAOM Trajib-
BaHOKoarymsmuu. Crnocod 3akimovaeTcss B KOHTaK-
TE CTOYHBIX BOJ OJHOBPEMEHHO C METHOM
U CTaTBHON CTPYXKOU (CKpanoM) 6e3 HCrojb30Ba-
HHSI BHEIITHETO HCTOYHHKA JIEKTPOTOKA.

BriBoabI

Bce HCCIIEIOBAHHBIE rajabBaHOIAPbI
(Al-C, Al—Cu, Fe—C, Fe—Cu) wMoryT OBITh
ucnonb3oBanbl g ourctku COXK ot Hedrenpo-
JOYKTOB, OJIHAKO KadecTBO (MiIbTpara, oOcajka
U JIpyTHe TEXHOJOTHYECKHE XapaKTEPUCTHKH Cy-
LIECTBEHHO Pa3JIn4atoTCsl.

[ BoccTaHOBNIEHUS IIECTUBAIIEHTHOTO XJIopa
JI0 TPEXBAJCHTHOTO OBUIO MPUHSTO pPEHICHUE HC-
MOJIb30BaTh CYIIECTBYIOLUIMH yCpPETHHUTENb KHC-
JIOTHOWIEJIOYHBIX CTOKOB B Ka4E€CTBE CBOECOOPA3HO-
ro TaJbBaHOKOATYJISATOPA, AJIS Yero B HEro 3achl-
TIAJIMCh XKeJle3Has CTPY’KKa M KOKCOBast KPOIIIKa.
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OYUIIEHHA CTOKIB ITPOMUCJIOBUX NIJAITPUEMCTB
IHPUPOAHUMU METAJTAMU

Merta. Y po6oTi He0OXiZTHO BUBUMTH BIUIMB BHJY rajbBaHonapu (dacy oOpoOku Ta iHmIHMX (akTOpiB) Ha BUIA-
JIEHHSI Macjia, CHHTETHYHUX MOoBepXHeBo-akTHBHUX pedoBHH (CITAP), xpomy i T. 1. i3 BipanboBaHUX TEXHOJIOTI-
YHUX PO3YMHIB, 1110 3aCTOCOBYIOThCS IPH MeTa1000pooui. [IpencTaBuTu orisa TEXHOIOTIH OYMIEHHS CTIYHUX BOJ
BiJl 10HIB Ba)XXKKMX METaliB, OCHOBAaHHX Ha (hi3WKO-XIMIUYHHX Tporecax. Meroauka. /11 BiTHOBJICHHS IIIECTHBA-
JICHTHOTO XJIOPY IO TPUBAICHTHOTO OYJIO MPUUHATO PIlICHHS BUKOPHUCTOBYBATH ICHYIOUHI yCEpEIHIOBAY KHCIIOT-
HO-JTY)XKHHX CTOKIB Y SKOCTi CBOEPIIHOTO TalbBaHOKOATYIIATOPA, JJIS YOTO B HBHOTO 3acHUITajiacs 3aii3Ha CTPYXKKa
i KoKkcoBa KpuxTa. Pesyabrarn. JlocmipKeHO CTiUHI BOIU €IEKTPOTEXHIYHOI IIPOMHUCIIOBOCTI Ta OCBITIIEHI COpOIIiii-
Hi METO/IY OYMIIECHHS 31 3aCTOCYBaHHAM KOAryJsHTIB, iIOHHOTO 00MiHY. PO3TIIsTHYTO HOBHI TajbBaHOKOAT YIS HHUH
croci6 oummeHHs Bif ioHiB BM (MuUm'sky, XxpoMy, KOJbOPOBHX METATIB), a TAKOXX HAPTOMPOIYKTIB i pO3UNHEHUX
Yy BOJIi OpraHiyHMX pedoBHH. HaBemeHo MOMyCTHUMi BEJIMYHWHU MOKA3HUKIB SKOCTI CTIYHUX BOJ 1 BOJW BOJONMMUIIL.
Hana xnacudikaiisi Tpyn BaXKHX METaJiB 32 CTYINEHEM TOKCHYHOIO BIUIMBY. PO3MIsHYTO 1X BIUIMB Ha OpraHiam
moaund. 3actocyBanHs peaktopa «JIOTOC» y TEXHOJIOTIYHOMY MPOIIECI OYHMINEHHS TajlbBaHOCTOKIB J03BOJISE:
00pOoOIIATH TX Y €IMHOMY IMOTOII, BiIMOBHUTHUCS BiJl CICILiaJbHAX PEATCHTIB YIS OYHUINCHHS BiJl MIECTHBAJICHTHOTO
XpOMY 1 I1iaHi/iB, BUKITIOYUTH HEOOXITHICTh MiJIKUCIICHHSI CTOKIB, 3MEHIIMTH BUKOPUCTAHHS JIY)KHUX PEarcHTiB ax
JI0 TIOBHOT BIIMOBH Bijl HUX, CKOPOTUTH KiJIbKICTh O0JIaTHAHHS { YHCENBHICTh BAPOOHUYOTO MEPCOHATY, OCHOBHOIO
(YHKIi€I0 SKOTO € OUHMINEHHS PO3YMHIB, IO MICTATH 10 1 T/IM’ IIECTMBANEHTHOrO XpoMy. Peaktop ckiamaeThcs
3 YHI(IKOBaHMX MOAYJIiB, SMOHTOBaHUX y €IMHOMY Kapkaci. HaykoBa HoBu3Ha. Ha mincraBi excriepuMeHTaIbHOT
HAYKOBO-JIOCIiTHOI poO0TH OyJia BCTAHOBJICHA MPUHIIMIIOBA MOJIUBICTh 3HEUIKO/PKCHHS BCIX JOCIIKCHUX PiIUH
METOJIOM TajJbBaHOKOAryusimii. Crocid momisrae y KOHTaKTi CTIYHHX BOJ| OJHOYACHO 3 MIiJHOIO i 3ai3HOI0 CTPYK-
KOO (CKparmoM) 0e3 BUKOPUCTAHHS 30BHIMIHBOTO JDKepelia eneKTpocTpyMmy. IIpakTHyHa 3HAYUMIiCcTh. Y CTaTTi po-
3TIAJAI0THCSA aKTyalbHI MATAHHS OYHMIICHHS CTIYHMX BOJ BiJ] COJIEH Ba)XKKMX METAJliB, AK€ HEOOXiJHE B caHITapHO-
eKOJIOTIYHMX HUIIX. [IpomoHyIOThCA cydacHi eHepro30epirarodi Ta MaJOCHEPTOEMHI HECKNIAIHI METOIH, Taki SK
MeToJ| rambBaHOTexHikH. CydacHa YCTaHOBKAa IIMPOKO 3aCTOCOBYETHCS B INPOMHCIIOBOCTI, TaJbBAHOTEXHHI Ta
B KOPZI0OBOMY BHUpOOHMITBI. OnrcaHi METOIM MAIOTh PsiJ] IO3UTUBHUX BIACTUBOCTEH B EKOHOMIYHOMY Ta CHEPTE€TH-
yHOMY BimHOCHHaX. CoJli BaXXKHUX METAJIiB € HEOE3MEYHNMH 3a0pyIHIOBAYaMH K CTIYHHX, TaK 1 TUTHUX BOA. ToMmy
OUHIIEHHS BOJI € JIy’Ke Ba)XJIUBOIO MPOOIEMOI0 B 00J1acTi eKkoorii Hamoi Kpainu 1 3a kopaoHoM. Edext ounineHHs
JocsAraeThes B Mexxax 95 ... 98 %.

Kniouosi cnosa: i0HM; BaXKKI METaJIH; TaJIbBAHOKOATYJIALlIS; CTOKHU; TalbBaHOMIapa
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WASTEWATER TREATMENT OF INDUSTRIAL ENTERPRISES BY
THE NATURAL METALS

Purpose. The paper deals with the galvanic coupling effect (time of treatment and other factors) on the removal
of oil, synthetic surface active substances (SSAS), chromium, etc. from waste process solutions used in metalwork-
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ing. It presents an overview of wastewater treatment technologies from heavy metal ions based on physicochemical
processes. Methodology. To restore hexavalent chlorine to trivalent, authors decided to use the existing averager of
acid-alkaline effluents as a kind of galvanic coagulant, for which it was filled with iron turnings and crushed coke.
Findings. Authors researched wastewater of the electrotechnical industry and highlighted sorption methods for their
purification with the use of coagulants, ion exchange. They considered a new galvanocoagulation method for purifi-
cation from heavy metal (HM) ions (arsenic, chromium, non-ferrous metals), as well as petroleum products and or-
ganic substances dissolved in water. Permissible values of the quality indicators of wastewater and water in reser-
voirs are given. The classification of heavy metal groups according to the degree of toxic effect is presented. Their
influence on the human body is considered. The use of the «LOTOS» reactor in the technological process of elec-
troplatings wastes cleaning allows: to process them in a single stream, to abandon special reagents for cleaning ef-
fluents from hexavalent chromium and cyanides, to exclude the need for acidification of effluents, to reduce the use
of alkaline reagents up to complete rejection of them, to reduce the equipment rate and number of production per-
sonnel (their main function is to purify solutions containing up to 1 g/dm’ of hexavalent chromium. The reactor con-
sists of unified modules, mounted in a single frame. Originality. On the basis of experimental research work, it was
established possibility in principle of treatment of all liquids under research by the galvanocoagulation method. The
method consists in contacting of wastewater simultaneously with copper and steel shavings (scrap) without using an
external source of electric current. Practical value. The article highlights the topical issues of wastewater treatment
from salts of heavy metals, which is necessary for sanitary and ecological purposes. We propose modern energy-
saving and low-energy-consuming simple methods, such as the galvanic technique. The modern plant is widely used
in industry, electroplating and metalware production. The described methods have a number of positive properties in
the economic and energy relations. Salts of heavy metals are dangerous pollutants for both sewage and drinking
water. Therefore, water treatment is a very important problem in the field of the environment of our country and
abroad. The cleaning effect is achieved within 95 ... 98%.
Keywords: ions; heavy metals; galvanocoagulation; wastewater; galvanic coupling

REFERENCES

1. Airapetian, T. S., Telyma, S. V., & Oliynik, O. J. (2017). A modeling of the oxygen regime in bioreactors-
aerotanks at the purification of waste waters from organic pollutants. Reports of the national academy of sci-
ences of Ukraine, 6, 21-27. doi: https://doi.org/10.15407/dopovidi2017.06.021. (in Ukranian)

2. Malovanyi, M. S., Zhuk, V. M., Levchyshyn, V. P., Odukha, M. S., Zozulia, 1. 1., Sereda, A. S., &
Shadrovych, V. T. (2015). Biohaz iz osadiv stichnykh vod munitsypalnykh kanalizatsiinykh ochysnykh sporud
v Ukraini. Perspektyvy vyrobnytstva. Khimichna promyslovist Ukrainy, 6, 34-39. (in Ukranian)

3. Rylskiy, A. F., Dombrovskiy, K. O., Krupey, K. S., & Petrusha Y. Y. (2016). Biologicheskaya ochistka
livnevykh stochnykh vod promyshlennogo predpriyatiya immobilizovannymi mikroorganizmami i gidrobion-
tamy. Journal of Water Chemistry and Technology, 38(4), 420-430. (in Russian)

4.  Verbol, V. S., Zapariy, M. M., & Kozlov, V. V. (2001). Methods of Purification of Galvanic Effluents. Ecolo-
gy and Industry of Russia, 2, 7-8. (in Russian)

5. Seminska, O. O., Kucheruk, D. D., Balakina, M. M., & Goncharuk, V. V. (2015). The use of reverse osmosis
and nanofiltration in wastewater purification from phosphates. Reports of the national academy of sciences of
Ukraine, 7, 150-156. doi: https://doi.org/10.15407/dopovidi2015.07.150. (in Ukranian)

6.  Vronska, N. Y., Malovanyi, M., S., & Popovych, O. R. (2015). Ochyshchennia stichnoi vody metodom ultrafi-
oletovoho oprominiuvannia. Khimichna promyslovist Ukrainy, 6, 29-33. (in Ukranian)

7. Gruzinova, V. L., & Novikova, A. K. (2017). Analiz raboty ochistnykh sooruzheniy predpriyatiy
zheleznodorozhnogo transporta. Railway transport of Ukraine, 1, 53-60. (in Russian)

8. Dolina, L. F. (2004). Proektirovanie i raschet sooruzheniy i ustanovok dlya fiziko-khimicheskoy ochistki pro-
izvodstvennykh stochnykh vod. Dnepropetrovsk: Kontinent. (in Russian)

9.  Dolina, L. F. (2008). Sovremennaya tekhnologiya i sooruzheniya dlya ochistki stochnykh vod ot soley tya-
zhelykh metallov: Monografiya. Dnepropetrovsk: Kontinent. (in Russian)

10. Zaytsev, E. D., & Ivanov, A. V. (2002). Investigation of the Process of Galvanocoagulation. Ecology and In-
dustry of Russia, 9, 10-14. (in Russian)

11. Zaitsev, E. D. (2000). Improvement in the method of galvanocoagulation of detrimental impurities in industrial
wastewaters. Izvestiya Vuzov. Tsvetnaya Metallurgiya, 2, 69-75.

12.  Zubko, A. L., Shtonda, Y. I., Shalyapina, T. S., Shalyapin, S. N., & Shtonda, I. Y. (2016). Kompaktnaya
ustanovka modulnogo tipa dlya ochistki khozyaystvenno-bytovykh stochnykh vod MOKSA.
Vodopostachannia ta vodovidvedennia, 4, 53-57. (in Russian)

doi: 10.15802/stp2018/129531 © JI. ®. Tonuna, T. I1. Pemretnsik, 2018

16


https://doi.org/10.15407/dopovidi2017.06.021
http://dopovidi-nanu.org.ua/en/search?f%5Bauthor%5D=1321
http://dopovidi-nanu.org.ua/en/search?f%5Bauthor%5D=1322
http://dopovidi-nanu.org.ua/en/search?f%5Bauthor%5D=1323
http://dopovidi-nanu.org.ua/en/search?f%5Bauthor%5D=1324
https://doi.org/10.15407/dopovidi2015.07.150

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

Hayxka ta nporpec Tpancnopty. BicHuk /IHIIponeTpoBchKkoro
HaL[lOHAJIIBHOTO YHIBEPCHUTETY 3ali3HUYHOro TpaHcnopty, 2018, Ne 2 (74)

EKOJIOI'sI HA TPAHCIIOPTI

13.

14.

15.

16.

17.

18.

19.

20.

21.

Krot, A. P., Rovenskiy, A. 1., & Konev, V. V. (2017). Modernizatsiya protsessov ochistki stochnykh vod i
ustanovlennogo oborudovaniya na ochistnykh sooruzheniyakh promyvochno-proparochnykh stantsiy vagon-
nogo depo. Car Fleet, 3/4, 39-43. (in Russian)

Feofanov, V. A., & Zhdanovich, L. P. (1991). Ochistka stochnykh vod metodom galvanokoagulyatsii. Alma-
Ata: Kazmekhanobr. (in Russian)

Shamanskyi, S. 1., Boichenko, S. V., & Matvyeyeva, I. V. (2017). Technological Foundations of Environmen-
tally Friendly Organization of a Sewage System. Energy Technologies and Resource Saving, 2, 59-66. (in
Russian)

Shatohina, Y. (2015). Assurance of Control of Wastewater Quality. Metrology and Instruments, 5, 67-71. (in
Ukranian)

Abdel-Shafy, H. 1. (2015). Chemical Treatment for Removal of Heavy Metals from Industrial Wastewater.
Egyptian Journal of Chemistry, 58(1), 1-12. doi: 10.21608/ejchem.2015.293. (in English)

Lee, C.-G., Song, M.-K., Ryu, J.-C., Park, C., Choi, J.-W., & Lee S.-H. (2016). Application of carbon foam for
heavy metal removal from industrial plating wastewater and toxicity evaluation of the adsorbent. Chemo-
sphere, 153, 1-9. doi: 10.1016/j.chemosphere.2016.03.034. (in Ukrainian)

Mansourri, G., & Madani, M. (2016). Examination of the Level of Heavy Metals in Wastewater of Bandar
Abbas WastewaterTreatment Plant. Open Journal of Ecology, 6(2), 55-61. doi: 10.4236/0je.2016.62006. (in
English)

Nguyen, D. D., Ngo, H. H., & Yoon, Y. S. (2014). A new hybrid treatment system of bioreactors and electro-
coagulation for superior removal of organic and nutrient pollutants from municipal wastewater. Biorsource
Technology, 153, 116-125. doi: 10.1016/j.biortech.2013.11.048. (in English)

Zeitz, P., Orr, M. F., & Kaye, W. E. (2002). Public health consequences of mercury spills: hazardous
substances emergency events surveillanct system. FEnvironmental Health Perspect, 110(2), 129-132.
doi: 10.1289/ehp.02110129. (in English)

Cmamus pexomendosana Kk nyonuxayuu 0.m.H., npogh. H. H. bensiegvim (Yrpauna)

[octrynuna B peaxomeruto: 03.01.2018
[Ipunsita B neuars: 04.04.2018

doi: 10.15802/stp2018/129531 © JI. ®. Tonuna, T. I1. Pemretnsik, 2018

17


https://doi.org/10.21608/ejchem.2015.293
https://doi.org/10.1016/j.chemosphere.2016.03.034
https://doi.org/10.4236/oje.2016.62006
https://doi.org/10.1016/j.biortech.2013.11.048
https://doi.org/10.1289/ehp.02110129

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

Hayxka ta nporpec Tpascnopty. BicHuk /IHIIponeTpoBchkoro
HaL[iOHAJIIBHOTO YHIBEPCHTETY 3alli3HUYHOro TpaHcnopty, 2018, Ne 2 (74)

EKOHOMIKA TA YIIPABJIIHHA

YK 338.47:656.13

L. T. ABEPHIXIHA", H. B. BAJIEHIOK®, T. O. CYBOTIHA®"

"Kag. «Pinanci», Hamjionansha Meranypriiina akagemis Yipaisu, op. [arapina, 4, uinpo, Ykpaina, 49600,
teit. +38 (068) 905 15 45, en. momra irina.abernihina@gmail.com, ORCID 0000-0003-0692-1276

TKad. «Dinancu», Hamionansua Meranypriiina akagemis Yipaimu, np. Darapina, 4, Juinpo, Ykpaina, 49600,
teit. +38 (066) 951 11 67, en. momra NatalyaValenuk@i.ua, ORCID 0000-0001-6433-6177

3*Kad. «Dinancu», Hamjionansua Meranypriiina akagemis Yipaimu, np. arapina, 4, Juinpo, Yipaina, 49600,
ten. +38 (067) 557 75 59, en. momta ann777ua@gmail.com, ORCID 0000-0002-9130-2156

HIABAUIEHHSI PEHTABEJIBHOCTI INATPUEMCTBA TAJIY3L
ABTOMOBIJIBHUX ITEPEBE3EHD 3A HAITPAAIMAMM KOMEPHINHOI
JAIAJIBHOCTI

Mera. JlociimKeHHS IPUCBAYCHO aHATI3Y MOXKJIMBHX NUISXIB IiBHUIICHHS PSHTA0CIBHOCTI MiANMPHEMCTBRA, IO
3aliMa€eThCsl aBTOMOOUIbHUME NiepeBe3eHHAMU. L1Insaxy minBUIEHHsS! peHTa0e bHOCTI NependadaeTbesi O0IpyHTYBa-
TH 32 HalpsMaMu KOMEpLIHHOT IisUIbHOCTI MiANPUEMCTBA. ['0JIOBHOIO METOI0 POOOTH € PO3paxyHOK BapTOCTi KOHK-
PETHHX 3aXO0[iB MiJBUIICHHS peHTa0eIBbHOCTI 3 00IPYHTYBAaHHIM MOXKJIMBUX JpKepel iX (iHaHCyBaHHA. MeToauKa.
VY cratTi 3AiHCHEHO aHalli3 CTPYKTYPH PHHKY TPAHCIOPTHUX MOCIYr YKpaiHu. BcTaHOBIIEHO 00CAT BaHTa)KHHUX IIC-
peBe3eHb JOCIIIKYBAaHOTO IiANpHeMcTBa. [IpoaHanizoBaHO YaCTKX BUTPAT 32 HANpsIMaMH KOMEPILIHHOI MisITbHOCTI
Ta BIATIOBiIHI IM YacTKH MPHUOYTKY, IO OTPUMYE IiIMPUEMCTBO BiJl KOHKpeTHOro Hampsmy. PesyabraTu. [Ipoe-
JIEHUH aHaNi3 TOKa3aB, M0 HAHOUTBII 3HAYHIMH i PUOYTKOBUMH € JIBa HANIPSIMH KOMEPIIHHOI MisSUTBHOCTI: TpaHc-
MIOPTYBaHHS Ta €KCIIeUPyBAaHHs BaHTaXiB. PEMOHT i 00CIyroByBaHHS aBTOTPAHCIIOPTY B 3arajbHii CTPYKTYypi 3a-
HMaroTh TaKOXX 3HAYHE, aJic He JOCUTH NMPUOYTKOBe Miciie. HaiOinbIn 3aTpaTHO0 YaCTHHOO MISUTHHOCTI ITiIPHUEMC-
TBa € IPOJAX 3alaCHUX YAaCTHH Ul aBTOTPAHCHOPTY. [HIN HANpsSIMKH OiSIBHOCTI, Taki K OpeH/a, MUTTS aBTOMO-
O1J1iB, MOCJIYTH CTPaXyBaHHs TOLIO 3aiiMalOTh JIOCUTh HEBEJHMKY YacTKy, aje MaloTh NEPCIEKTHBU PO3BHUTKY. Jliist
KOXKHOT'O HarpsiMy KOMEPLiHHOT AisUIbHOCTI MiINPUEMCTBA 3aIPOIIOHOBAHI 3aX0/M, CIPSMOBaHI Ha IiJBUIIEHHS 1X
e(eKTUBHOCTI. ABTOPH TPONOHYIOTh OLIBLI IETaJIbHO 3BEPHYTH yBary Ha IMyHKT «yCT@HOBJIEHHS Cy4acHHUX 3ac00iB
KOHTPOJIIO Ta MOHITOPHHTY». JIJIsl BCIX MIANPHUEMCTB TPAHCIOPTHOT rajy3i [OCTA€ MUTAHHS €KOHOMIT BUTpAT yepe3
CTpiMKe i mocTiiiHe 3pocTaHHs BapTOCTi nmanuBa. [Iporpama ekoHOMIi 1aHOT CTaTTi BUTpAT JAOCHThH aKTyajbHa JUIs
MATPHEMCTBA aBTOMOOITBEHIX TiepeBe3eHb. HaykoBa HoBH3HA. Ha ChOTOHI MIAPHEMCTBO, AisUTBHICTD SKOTO PO3-
TJISIHYTa B JJOCIHIKEHHI, He BUKOpHCTOBYe cucteMy GPS-kxonTpomo. ToMy 3 MeTOI0 3HIKEHHS! BUTPAT Ha MaJlBO
Ta KOOpAMHALIT JisTTBHOCTI MIANIPUEMCTBA Y CTATTI 3alIPOTIOHOBAHO W PO3PaxOBaHO BapTiCTh BIPOBAKEHHS CHCTE-
Mu GPS-kontponro. [lpakruyna 3HaunMicTs. Lle BOpoBa/KeHHS TO3BOJIUTH 3HWU3UTH BUTPATH HA €HEPTeTHYHI
pecypcu, o MO3UTHUBHO BIUIMHE Ha cO0IBapTIiCTh ITOCIHYT, SIKi HaJla€ MIATPHEMCTBO. 3HHKEHHS COOIBapTOCTI MOCITYT
JTO3BOJIMTH OTPUMATH OLTBIIHIA TPUOYTOK, IO MPHU3BEIE 0 3pOCTaHHS MOKA3HUKIB PEHTa0CIEHOCTI.

Kntouosi cnosa: aBTOMOOUTBHI TEpEeBE3eHHs; PEHTA0CNIBHICT MiIIPUEMCTBA; TPAHCIIOPTHI MOCIYTH; JpKepela
(biHaHCYBaHHS 3aXO0/IiB

piBEHb CIIOKMBYMX 1 MPOMHUCIOBUX IliH. HeoOxiz-
Beryn HICTh MOZEpHi3alii TPaHCHOPTHOI 1H(PACTPYKTY-
PH TSI TPOCYBAHHS ITOCTYT aBTOMOOIJIBHOTO TpaH-
CIIOpTYy 0OyMOBIIEHA MTOCWJICHHSIM TIPOIIECIB 1HTET-
parii HamioHAJIBHOI TPAHCIIOPTHOI CHCTEMH Y €B-
pomleiicbKy, 110  COpPUSATAME  MiJABUIIEHHIO

PuHOK mocnyr aBTOMOOIIBHOTO TPaHCHOPTY
€ BAKJIMBOIO CKJIaJOBOIO TPAHCIOPTHOI Traiy3i
VYkpainu 1 notpedye JiepKaBHOT MIIATPUMKH depes
HEPO3BUHEHICTh TPAHCIIOPTHOI iH(PACTPYKTYPHU Ta
3HAYHE 3HOIIEHHS OCHOBHMX 3ac00iB, BHCOKHI
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e(eKTUBHOCTI Ta KOHKYPEHTOCITPOMOKHOCTI Taly-
31 aBTOMOOLIEHOTO TpaHCopTy [2].

VY cyuacHHX yMOBax TOCIOJapIOBaHHS Halak-
TYaNBHIIIOI TPOOIEMOI0 € TIiABUIIEHHS e(peKTHB-
HOCTI JiSUTHHOCTI BCIX Taly3ei, OCKITBKH €KCTEeH-
CHBHI YMHHHUKH POCTY CYCIHiJIbHOTO BHPOOHHUIITBA
CTaIOTh Bce OUTBINT OOMeXeHUMH. BomHodac puH-
KOBI YMOBHU T'OCIIOAAPIOBAHHS IMOCWIIOIOTH POJb
1 3HaueHHS  YIOCKOHAJICHHS  BUPOOHUYMX
BITHOCHH Ta TOCHOJAapChKOrO MexaHi3My B ¢op-
MyBaHHI €(pEeKTUBHOTO KOHKYPEHTOCIPOMOXHOTO
BHPOOHUIITBA, 3JaTHOTO 3a0e3MedyBaTH MPOIOBO-
npdy Oe3meKy KpaiHM W HapollyBaTH eKCIOpT
OKpEeMHUX BUIIB MPOAYKIi Ta MPOJOBOILCTBA, IO
301IBIINTH BHECOK B EKOHOMIKY Kpainm [1].

3pocranHs OyIb-IKOTO MOKa3HUKa PeHTa0elNb-
HOCTI 3aJICKUTh BiJl 0araThb0X YMHHHKIB, 30KpeMa
BiJl CHCTEMH YTPABIIHHS IiJIPUEMCTBOM, IIiJBH-
HICHHS €(QEeKTHBHOCTI BUKOPHCTAHHS pECYypCiB,
CTaOUILHOCTI B3a€EMHUX PO3PaxyHKiB 1 CHCTEMH
PO3paxyHKOBO-TUIATDKHUX BITHOCHH 13 OaHKamw,
MmocTavallbHUKaMHd W TOKymisiMd. HaiiBaknmusi-
mHUMH  (aKTopaMHu 3pOCTaHHS MPUOYTKY € 3poc-
TaHHS 00CATY BHPOOHUIITBA ¥ peaizariii mpomayK-
11ii, BOpOBa/KEHHS HAYKOBO-TEXHIYHAX PO3POOOK,
MIJBUIICHHS MPOAYKTUBHOCTI Tpalli, 3HWKCHHS
co0iBapTOCTI, HOMIMIIEHHS SKOCTI MPOoAYKii [8].

[Ipobmemy  migBUIIEHHS  peHTaOETHHOCTI
MINPUEMCTB JIOCIIDKYE Oarato HaykoBIliB. Bek-
TOPHU JOCIIKEHHS OXOIUTIOIOTh TaKi IMUTAaHHSA: Jia-
THOCTHKA peHTa0eIpHOCTI HiSUTBHOCTI MiAIpUEMC-
TBa Ta OIiHKAa (PAKTOPIB BIUIMBY Ha peHTaOEb-
HicTh mianpuemcrsa [1, 8], HUISAXHM IMiIBUIICHHS
piBHS TMpHUOYTKOBOCTI Ta JI€BOCTI YIpaBIiHHS
MpuOyTKOM BITYM3HAHUX MIANPUEMCTB [3, 5, 6,
11], ananiz npubyTKy Ta peHTabeIbHOCTI SIK MOKa-
3HUKIB e(eKTUBHOCTI BUpOOHMITBA [ 12], po3podka
CTpaTerii opraHizamii BaHTaXHUX IEePEBE3EHb
Yy KOHTEKCTI MiJBHINEHHS iX MoximgHocTi [7], mep-
’KaBHA IOJIITHKA PO3BUTKY 1HPPACTPYKTYpH PUHKY
aBTOMOO1JIEHOTO TpaHCIIOPTY [2, 4, 9].

Meta

3a MeTy craTTi MM CTaBHMO IpOaHaIi3yBaTH
MOJKJIMBI IUISXHU MIJABUINEHHS PEHTA0CIbHOCTI Ii-
INPUEMCTBA 38 HAIpsSMaMH HOro KOMepLiiHOi -
STTBHOCTI, & TAaKOX MPOBECTH PO3PAaXyHKH BapTOCTI
KOHKPETHHMX 3aXOJiB IiBUIICHHS PEHTA0EIbHOCTI
3 OOIPYHTYBaHHSIM MOXJIMBHX JKepen iX QiHaH-
CYBaHHS.

MeToauka

Jis oTpuMaHHS eMIIPUYHHUX JaHUX aBTOPaAMU
301MCHEHO KOMIUIEKCHHMI aHajl3 MiJIbHOCTI IiM-
pUEMCTBa Tamy3i aBTOMOOITPHUX II€pEeBE3eHb 13
OIIIHKOI0 TEXHIYHUX XapaKTEPHUCTHUK TMAapKy aBTO-
MOOLTIB, CTPYKTYpHU 1 TUHAMIKKA BaHTaKHHUX Tepe-
BE3€HBb 3a OCTaHHI POKH, i3 BUAUICHHIM HAMPSIMiB
WOTO KOMEpINHHOI MisUTBHOCTI Ta 3a3HAYCHHSIM
YaCTKH MPHOYTKY 332 KOXKHUM HarpsamMoM. OKpim
TOT0, BUKOHAHO OIJISAJ] HAYKOBOI JIiTepaTypu 3 Te-
MU JOCII/PKEHHS 3 BUKOPHCTAHHSAM TOBHOTEKCTO-
BuX 1 pedepatuBHHX 0a3 maHUX. TeopeTHIHOIO
0a3010 JTOCITIPKCHHS CTaJIM HAYKOBI CTATTI NIEPioAy
2013-2017 pp.

Pe3yabTaTtu

BaHTaxkHi Ta macakupchKi aBTOMEPEBE3CHHS —
3HaYHWU CErMEHT YKpaiHChKOro Oi3Hecy, alke
TPAaHCIIOPTHHMH IOCITyTaMU KOPUCTYIOTHCS TpaK-
TUYHO BCl Tay3i HAPOJHOTO TOCMOJApCTBA Ta Iie-
peBakHa OUIBIIICTh HACEIICHHS.

CrorozHi Ha pUHKY KOMEpIIHHUX IEepeBe3eHb
YkpaiHu 3OIHCHIOIOTh MiANPUEMHUALBKY  JisUTh-
HICTh Maiike 56,2 THC. IepEeBi3HUKIB, SIKi BUKOPHUC-
TOBYIOTH Oinbmie 154 THC. TpaHCTIOPTHHUX 3acO0iB.
Ha puc. 1 momgano po3nofin TpaHCHOPTHHUX JIICH-
31 32 BUJIJaMU TIEPEBE3CHb.

OOcsr nepeBe3eHb HA CyYaCHOMY PUHKY TpaH-
CIIOPTHUX TOCIYT, KU 32 CBOEIO MPHUPOJIOI0 Ma€e
3aJI0BOJILHATH MOTPeOY HACEJICHHS Ta CYCIHiJIbHOTO
BUPOOHUIITBA B MEPEBE3CHHIX BAHTAXIB, CYTTEBO
CKOPOTHBCSI 4Yepe3 EKOHOMIYHYy HecTaOlIbHICTh
y KpaiHi, 3HauHe TiJABUINEHHS I[iH Ha MMaJuBO, IO
B TEpIy Yepry BUKIMKAHO MaJiHHAM Kypcy Halli-
OHAJILHOI BaJIIOTH Ta iHIIe. BapTo BpaxyBaTH Mic-
1€ TPAHCIIOPTHUX MOCIYT Y CTPYKTYpl PUHKY JIOTi-
CTHKH Ta CIEIliali3alliio KOMIaHi#, o peati3yrTh
(GYHKIIIO TIepeBe3eHHs: IS BIACHUX IMOTPeO 4M
JUISL HaJaHHS TIOCIYT CTOPOHHIM Cy0’€KTaM eKo-
HOMIYHOI JISUIBHOCTI. Y MM CTaTTl JOCIHIIHKEHO
JUSUIBHICTD MIANPUEMCTBA, IS SIKOTO (DYHKITIS TIe-
peBe3eHb € TPO(MUIEHOI Ta BHU3HAYAIBHOIO
B OTPUMAaHHI IPUOYTKY.

TOB «M» — TpaHCIIOPTHO-EKCIICAMIIIHE TTi III-
PHEMCTBO, SIKE YCIIIITHO 1 KOHKYPEHTOCIIPOMOMXKHO
MpaLioe Ha PHUHKY TPAHCIOPTHHUX IMOCIYT YXKe
moHax 6 pokiB. OCHOBHOW0 CHEpOI0 MisIbHOCTI
MiANPHUEMCTBA € BAaHTAXKHI IIEPEBE3CHHS aBTOMOOI-
JBHUM TPAHCIIOPTOM Ha MDKMICBKHX Ta Mi>KHapo-
JHUX HanpsMax.
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Puc. 1. CtpykTypa YHHHHAX TPaHCHOPTHUX JineH3ii [10]
Fig. 1. Structure of valid transport licenses [10]

TPAHCIIOPTHI 3ac00H, PiK BUPOOHHUIITBA SIKHUX — I10-
yaTtok 2000-x pokiB. Y Tabaumi 1 mogaHo TexXHIYHI
XapaKTepUCTUKN TPAHCIOPTHUX 3aco0iB  AOCITi-
JKYBAHOTO MIPUEMCTBA.

ABTOMapK MIANPHEMCTBA  CKIIAZAETHCST 13
48 TPaHCIOPTHUX OJUHHIIL BAHTAXOIIIJHOMHICTIO
BiJ 2 1o 52 ToHH. Pik BHITyCKy TpaHCHOPTHUX 3a-
c00iB TOCHUTPH Pi3HUHN: 31€0LIBIIOTO Ie TPAHCIIOPT
HE cTapiliiii HiXK 5 pOKiB, ale € i AOCUTH cTapi

Tabaums 1
TexHiYHi XapaKTePUCTUKH TPAHCIIOPTY
Table 1
Technical characteristics of the transport
Po3mipu ky30Ba, M
— tosa | £ | B | 2| siowen | SO | S,
aBTOMOOLIIS = = 8 > 00’em, M
§( E E T mT
DAF Tent 13,6 2,45 2,8 22 86 12
Cherau Pedprxepartop 13,4 2,45 2,6 20 86 8
MAN I30Tepm 13,4 2,45 2,6 21 92 6
Volvo ucrepna 13 2,45 2,8 22 25 8
CRYO AB ucrepna 12,6 2,45 2.8 18 20 9
Goldhover [Tnarpopma 16 2,7 1,3 52 - 2
Brochus [Tnarpopma 13,6 2,7 1,3 40 - 2
DAF Kpan-maninynstop 13 2,45 3,8 22 96 1

AHati3 BaHTaKHHUX IepeBe3eHb mianpueMcTna 3a 2016—2017 poku mogano B Tabmwmi 2.
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Tabnums 2
O6csar BanTa:xxuux nepesesenb TOB «M» y 2016-2017 pokax
Table 2
The structure of freight transportations by automobile transport LLC «M» in 2016-2017 years
P— 2016 pik 2017 pik
TOHH % TOHH %

3aranpHUIA BaHTAX, ¥ T. 4. 24 346 100 % 29930 100 %

IOPHINYHI 0c00n 16 556 68 % 23 046 77 %

JiepKaBHI yCTaHOBU 5356 22 % 5387 18 %

¢hizugHI 0cOOH 2 435 10 % 1 496 5%
3arajapHa BiACTaHb, THC. KM 1219 1332

JuHaMiKy BaHTa)XHHX IE€peBE3eHb aBTOTPaHC-
nmoprom mignpuemcTsa B 2016-2017 pokax mogaHo
Ha puc. 2.

[IpoBeneHuit aHami3 MisUIBHOCTI MiJPUEMCTBA
MoKa3aB, IO 4Yepe3 MOoJii, sSKi BiIOynucs B KpaiHi
y 2014 pori, crad ¢iHaHCIB KOMMIaHii y HACTYITHI
POKHM HE 3a3HaB 3HAYHOTO POCTY, a 3a ACSIKHUMU
BUJAMHU TEePEBE3CHb CYTTEBO 3HU3MBCS PAJ MOKa3-
HukiB. Tak, y 2016 pori kommaHis 3AificHAIA TIe-
peBesenHst 24 346 T BaHTaXiB, IpU IBOMY BijC-
TaHb, MOJOJIAHA TPAHCIOPTOM KOMIIAHII, CKIaia
1219 xm. IopiBusiHO 3 2013 poxom me Ha 32 %
MeHIIEe 3a BaHTaxeM Ta Ha 30 % MeHIe 3a Bijc-
tanH10. [le BigOymocs yepe3 pakTUUHy BTpaTy 4a-
CTKH puHKY Teputopiit AP Kpuwm, wactunm Jlyran-
cbkoi 1 JloHenpkoi 00J1., HECTAOINbHUNA TMONITHY-
HUH Ta (iHAHCOBUM CTaH y KpaiHi MPOTATOM JIeKi-
JBKOX  pOKIB  Ta  3Ha4YHE CKOpOUYCHHS
IHBECTUILIITHUX MOXJIMBOCTEMN.

Hactynnuit 2017 pik ctas ayist TOB «M» 3Ha-
KOBHUM, OCKIJIbKH B IIbOMY POLIi IiJIPUEMCTBO T10-
Ka3aJIo JIesKe 3POCTaHHS OOCSTIB ITiIPUEMHHIIb-
KOi JisSTTbHOCTI, a TOJIOBHE — ITiIITPHUEMCTBY BAAJIO-
csl 30eperTi KOHTPAKTH 3 KIOYOBUMHU KIIIEHTAMHU.
[opiBasiHO 3 2016 pokOoM 3pocTaHHS OOCSTIB Tie-
pEBE3EHb 3a BaHTaXeM CKialo Maibke 23 %, 3a
3arajpbHOI0 BIJICTAaHHIO BifOyNOCS 3pOCTaHHS Ha
9,3 %. OOcsru TepeBe3eHb 3pOCITH 3a PaxyHOK
301IBLICHHS] MacH BaHTaXy Ha KOKHY TPaHCIIOPT-
Hy omuHuNp0. Tak, y 2016 pori mocTiitHO 3aisHi
Oynu 42 OAMHUIII TPAHCIIOPTY, IO CKJIAJIO0 MaiKe
580 1 Ha KOXxHY oauHuIko. Y 2017 pori 1eit moka-
3HHMK CKJIaB 767 T Ha KOXHY OJMHHMIIO, IPUTOMY
MOCTIHHO 3aaiTHUMU Oynu 39 ONMHUIL TPaHCIIOP-
THHX 3ac00iB. TakyuM YHHOM, MOXXHA BIJ3HAYUTHU

3arajbHy TCHJICHIIIO JI0 EKOHOMIT KJIIEHTaMHU CBOIX
BUTpAT, 30KpeMa BUTpAaT Ha TPaHCHOPTYBAHHS.
Tax, y monepenni 2009-2013 poku mocutb Oarato
KJIIEHTIB MOTJIM COO1 JIO3BOJIUTU 3aMOBJIATH TEpe-
BE3EHHS 3 HEMOBHHM 3allOBHEHHSM KOPHCHOTO
00’emy. Hepigkumu Oynmu BHUTIAAKH, KOJH 3aMOB-
HUK TIEpEeBE3CHHS BiJBAaHTa)XyBaB HaIliBIIOPOKHIO
MAallluHY, TPUTOMY BapTiCTh MOCIYT CIUIaYyBaJlach
SIK 3a MOBHE mepeBe3eHHs. Y mepion i3 2014 mo
2017 pix Takux mepeBe3eHb Maibke He 0yJo, a sK-
0 ¥ TPAIUISUTUCS TaKi BUMAJKHU, TO KIIEHTH CILIa-
yyBaIM JHUIIe 3a (aKTHYHO TEPEeBE3CHYy Bary
(puc. 2).

Amnauni3 o0csrie nepesesenb y 2016-2017 po-
Kax ToKa3aB, 10 OCOOJIMBUX 3MIiH HE BiIOY/OCH.
Tak, JacTka IOPUIAWYHHUX OCI0, SIKi CKOPUCTAINCS
nocayramu TOB «My, € nmepeBakHOIO 1 CKiIagana
68 % y 2016 ta 77 % y 2017 p. YacTka mepeBe-
3¢Hb Ha 3aMOBJICHHS ICP)KaBHUX YCTaHOB JEILIO
ckopotmiack i3 22 % y 2016 poui mo 18 % y Ha-
CTYIIHOMY, ajic¢ B a0COJIIOTHOMY BUMIpi CYTTEBUX
3MiH He BigOynocs: 5356 T y 2016 pomi mpoTH
5387 Ty 2017 poui. lUloxgo ¢izuuanx ocid, To
MOJKHA 3a3HAYUTH, IO YaCTKa i€l IpynH KITi€HTIB
CKOpOTHIIACS Maiike BIIBIYi sIK y pakTHUHOMY 3Ha-
yeHHi — 2 435 1 npotu 1496 1, Tak i y BiACOTKO-
Bomy — 10 % y 2016 poui npotu 5 % y 2017 poui.
s TenaeHiis crocTepiraeTbcs 3 modatky 2014
POKY 1 yacTka nepeBe3eHb Ha 3aMOBJICHHs (i3uy-
HUX 0ci0 mocTiiiHO magae. OCHOBHUM (DaKTOpPOM,
SKUH BIUTMBA€ HA TaKi MOKAa3HUKH, € €KOHOMIYHA
CUTyallisl B KpaiHi, ska HE J03BOJsE (I3MUHUM
oco0aM BUTpavaTH JOAATKOBI KOIITH HA IOCIYTH
nepeBe3eHb.
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Fig. 2. Dynamics of freight transportations LLC «M» in 2016-2017 years

Ha cyuacrHomy ertami eQeKTHBHICTH MisITBHOCTI
MiANPUEMCTB XapaKTEPU3Y€EThCSI BIAHOCHOIO JO-
XIJIHICTIO, SIKA BH3HAYAETHCS, HANPUKIAMA, MOKa3-
HUKOM peHTa0eIhbHOCTI MPOIYyKIlii, TOOTO CIiBBij-
HOILICHHSM MpHOYTKY 3 BUTparamu. DiHaHCOBUI
CTaH MiAnpueMcTBa Tpeba cucTeMaTHYHO i yceOi-
YHO OIIHIOBATH 3 BUKOPUCTAHHSM PI3HUX METOJIB
i mpuiiomiB aHamzy. HeedexTuBHicTh BUKOpHC-
TaHHs (PiHAHCOBHX PECypCiB MPU3BOIUTH A0 HU3b-
KOi TIATOCTIPOMOXKHOCTI 1, SIK HACTIAOK, A0 3HH-
JKEHHsSI PEHTa0ENbHOCTI MiANMPUEMCTBA. A peHTa-

OeNBHICTH MANPUEMCTBA 3aTIEKHUTD BiJl PIBHA HOTO
MpUOYTKY.

[IpoananizyBaBiiM OCHOBHI HampsiMH KOMeEp-
uinoi mismbHOCTI TOB «M» 32 20162017 pokn,
CHIBBIIHICIIM JTOXOMU Ta (hiHAHCOBI BUTpATH 3a
KO)KHUM HAampsiMOM, MOXXHa 3pOOMTH BHCHOBOK,
10 pi3Hi HAPSAMU JTOAAIOTH 0 OIOKETY KOMITaHii
HenmponopIiitHi npudytku. Y Tabnwimi 3 HaBemeHi
OCHOBHI HanmpsIMU KOMEPIUIHHOI [isUTbHOCTI Ta Jac-
TKa MPHOYTKY, sIKa OTPUMaHa BiJ HUX MiIIPHUEMC-
TBOM.

Tabauns 3
AHaJni3 HanpaMiB komepuiiiHol aissibHOCTI TOB «M» y 2017 poui
Table 3
Analysis of directions of commercial activity, LLC «M»x in 2017 year
i\i HanpsM koMepLiiHOT AisIbHOCTI Hacrka BHTP;: Ha HampsM, | YacTka Hpﬂﬁi’]’n%’ BiZl HAnpsi-
1 TpaHcropTyBaHHS BaHTaXXiB BIIACHUM 35 42
TPaHCIIOPTOM

2 ExcrniemupyBaHHs BaHTaXIB 20 33
3 PeMoHT i 00cIyroByBaHHS aBTOMOOLTIB 13 14
4 IIponax 3anacHUX 4acTUH 28 8
5 J000508:)701051 4 3

I3 Tabaumi BHAHO, 110 HAHOLIBII 3HAYHUMH Ta
NpUOYTKOBUMH € JIBa HANpPSIMU: TPAHCIIOPTYBAHHS
Ta eKCIeJJMpyBaHHs BaHTaXiB. PeMOHT i 00Ocmyro-
BYBaHHSl aBTOTPAHCIIOPTY B 3aralibHiil CTPYKTYpi
3aliMae TeX 3HayHe, aje He JOCUTh NMPHOYTKOBE
Micrie. Hali0inbi 3aTpaTHOI YaCTHHOIO JisUTBHOC-
Ti MIANPUEMCTBA € MPOJAXK 3aMacHUX YaCTHH JJIst

aBTOTpaHCHOpTy. YacTKa BUTpaT Ha Leil BUA Iis-
JILHOCTI 3HauHa i ckianae 28 %, aje JacTka IpH-
OyTKy B 3arajibHii cymi cknajae nuiie 8 %. Inimi
HaTPSMH JisUTBHOCTI, TaKi K OPeHJIa, MUTTS aBTO-
MOO1TIB, MOCIYTH CTPaxyBaHHsS TOLIO CTAHOBISTDH
HEBEIIMKY YacTKy, aJleé MalOTh TEPCIIEKTUBHI MOXK-
JIUBOCTI JUISl PO3BUTKY.
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J1 KOXKHOTO HAIMpsIMy KOMEPLiHHOI AisITbHOC-
Ti MAOPUEMCTBA MOKHA 3alPOTIOHYBATH HACTYIHI
3aX0Jl, HAINpPABJICHI Ha MiJBUIICHHS iX e()EeKTHB-

HocTl. Y Tabmumi 4 MmogaHoO IUISXYA IIiABUILECHHSI
pEeHTa0eIBHOCTI Ta OUYiKyBaHWI pe3ynbTar BiJ 3a-
MPOTIOHOBAHMX 3aXO/IiB.

Tabnuns 4
Hlnaxu migBUIIeHHA peHTadeaIbHOCTI 3a HanpAMaMu AisiibHOCTi TOB «M»
Table 4
Ways to increase the profitability in the directions of LLC «M» activity
Ne Hanpsim 1Disaxu migBUIEHHS . .
. . . OuikyBaHUi pe3ynbTaT
3/m JISUIBHOCTIL peHTabeNnbHOCTI
Jl03BONMTH 3HU3UTH MaTepiajibHi BUTPATH Ha PEMOHT,
AHai3 TeXHIYHOTO CTaHy | 3MEHIIHMTH Yac IPOCTOI0 B PEMOHTHIH 30HI, 32 paXyHOK
TPAHCHOPTY MiIPUEMCT- | HYOTO IiIBUIIUATHCS e()EeKTUBHICTD IEPEBE3CHHS Ha OH-
Ba HUIIIO TPAHCIIOPTY 1 3MEHIIUTHCS COOIBApTICTH TIepeBe-
3eHHA
1 TpancnopryBasHs JIikBigy€e HAATUIIKOBUI HEOOTPYHTOBAHUH MPOOIT TpaHC
BaHTAXKIB BcranoBnenHs cyyacHUX AYy€ Hall pyH p pal
32C06iB KOHTPOJIIO Ta TOPTY, SMEHIINTE BUTPATH HA TAIHBO Ta MACTHIIbH
) MaTepiay, YHaCIiI0OK 90T0 3MEHIIIUTELCS CO0iBapTiCTh
MOHITOPHHIY nepeBe3eHb
Onrumizalis ITaTHOTO 3MEHIINTH MOCTiiHI BUTPATH Ha OIUIATy Mpalli BOIIiB Ta
NepcoHaly BOAIiB MOJATKH, 3HU3UTh COOIBApPTICTh IEpPEeBE3CHHS
30inbIIeHHS PiI3HULI MK | 30UIBLIMTH PEHTA0ENBHICTh 32 PaXyHOK 301IbIICHHS PH-
Tapudamu 3aMOBHUKA OyTKy NpH 0JJHOUYACHOMY 3MEHIIICHH] BUTPAT KOMIaHi{
1 Buxonasis
) ExcnenupyBanHs
BAHTAIKIE YHEMOXIUBUTH «(DIHAHCOBHI PO3PUBY» Ta MIHIMI3yE MOT-
Onrumizaris BIICTPOUYKH | pedy BUKOPUCTaHHS KOPOTKOCTPOKOBOI'O KPEINTYBaHHS,
JIaTexXy 110 Y CBOIO YepTy MPHU3BEIE 10 3HIWKCHHS COOIBApTOCTI
OJIMHHUIII TTOCTYTH
PemoHT i1 06cTy- . 3pocte 000pPOT KOMIaHIi, IO 32 OJTHAKOBHX ITOCTIHHUX
Po3BuHEeHHS Mepexi .
3 | TOBYBaHHS aBTO- .o BUTPAT 30UIBIIUTH MPHOYTOK
. KITIEHTIB
MOO1LTIB
BrpoBamkenns crieriani- | J103BONHATH KOHTPOIIIOBATH TOBApHI 3aIIacH, TACTh MOXK-
30BaHOI IIPOTpaMu OOJIKY | JIMBICTH EKOHOMHUTH HAa BUTPATaX LIS MOTIOBHEHHS 3aIIa-
3a TOBapHHUMHU 3aracaMu ciB
4 Iponax 3amacHuX AHatis 06opoT JlacTb MOXITUBICTH 30aTaHCYBaHHS PiBEHb T4 aCOPTUMEHT
4acTUH poty 3amacy, 3¢eKOHOMHTH Ha BUTpATaX TUTHKU Ha HEOOXIiTHI Ta
3aracHUX YacTUH . .
BHUCOKOOOPTHI 3aracHi 4aCTUHU
CTpyKTypHi 3MiHH YHEMOXJIUBIISTH AyOIIOBaHHSI BUTPAT HA TIOTIOBHEHHSI
B YIpaBJIiHHI HANIPSIMOM 3amnaciB abo0, HaBIaKK, BAHUKHEHHS JeiluTy 3amacis

[IponioHyeMO OibII ETaTbHO 3BEPHYTH yBary
Ha MYHKT «yCTaHOBIJIEHHS CYy4aCHHUX 3ac00iB KOHT-
PoOJIt0 Ta MOHITOPUHTY». ChOrOAHI IS BCIX M-
PHEMCTB TPAHCIIOPTHOI Tay3i I[OCTAa€ HUTAHHSI
exoHoMmii BuTpar. l[IpuunHoOI0 HBOro ¢axTy crayo
CTpiIMKE W TIOCTIHE 3pOCTaHHS BapTOCTi IaJHBa.
IMporpama exoHoOMIi I1i€i cTaTTi BUTpAT MOCTIHHO
XBWJIIOE KEPIBHHULITBO HiANPHEMCTB NEPEBI3HUKIB,

OCKIUIBKM BOZil BUKOPHCTOBYIOTH TPAHCIOPT 1 IS
BJIACHUX NOTPEO, 1 «3IMBAIOTh» NaIUBO. JleKijabKa
POKiB B YKpaiHi CIOCTEPIraeThCs TEHIACHINS 0
BcTaHoBieHHs cucteM GPS-xoHTposo Ha minnpu-
€MCTBaX, AISUTBHICTH SIKUX TIOB’s3aHa 3 BHKOpHC-
TaHHSM TPAHCIOPTY i, BIJIOBIHO, TPAHCIOPTHU-
MU BHTPATaMH.
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Ha nanomy erami misierOCTI TOB «M)>» HE BU-
kopuctoBye cuctemy GPS-koHTpoIt0, TOMY 011~
TpHUM OyJle 3amponoOHyBaTH HWOMY BCTAHOBJICHHS
Cy4JacHHX 3ac00iB KOHTPOIIIO i MOHITOPHHTY 3 Me-
TOIO 3HM)KCHHS BUTPAT HA MAJMBO Ta KOOPIAMHALIT
TMisUTBHOCTI  mignpueMcTBa. lLle BIpoBajpKeHHS
BIUTMHE Ha COOIBApTICTh MMOCTYT, SKi HAMA€ MiAT-
prueMCTBO. 31 3HIKCHHAM IIi€l CTaTTi BUTPAT 3Mi-
HUTBCS PsIIl TTOKA3HUKIB, 30KpeMa 3pocTe Mpuoy-
TOK MiIMTPUEMCTBA 1, BiJIIIOBIIHO, TOKa3HUKH PCH-
TabeIbHOCTI.

IIpoBeneHe nOCTIKEHHS! Cy4acHUX TpPaHCIIOP-
THUX CHUCTEM KOHTPOJIIO TPU3BENIO A0 BUOOPY CHC-
temu GPS-xkonTpomo Tpancmopry «Cipiyc Hagi-
ratop». Ilpunag GPS-cnoctepexeHHS BCTaHOB-
JIOIOTh Ha aBTOMOOLT mepeBizHUKA. BiH dikcye
4ac, 1aTy, KOOpAWHATH, BUAKICT Ta iHII Xapakx-
TepucTUKh. [HpopMarllis 3 mpunaxy HaKOMUIYETh-
Cs Ha cepBepl JaHMX, 3BIKU HAIXOAWUTH JIO IMPO-
rpaMud KOpuCTyBaya. € BapiaHTH BHKOPHUCTAHHS
CUCTeMH SK OJHWM KOPHCTyBaueM, TaK 1 JEKillb-
KOMa B MeXax JIOKaThbHOI KOMII FOTEPHOI Mepexi
abo gepe3 lurepuer. OCHOBOIO CHCTEMH € MPOTpa-
MHuH Komruieke Navis. Cuctema Moxke OyTH agarn-
TOBaHA JUIS BHUKOPHCTAHHA JAaHUX B HasBHHUX

OyXraiaTrepchbKux Ta aHamiTHIHUX Tporpamax (1C,
Ta iH.). BoHa He moTpeOye cTBOpEHHS aHATI THYHUX
KOHTPOJIOIOUMX MiIPO3AUTiB HA MiANPHEMCTBI. 3a
YMOBHU IPaBWIBHOIO HAJAIITYBaHHS CHCTEMa HE
MPOCTO BUAAE OAraTOCTOPIHKOBI 3BITH 3 BEIIMKOIO
KUTBKICTIO TaHUX, a popMye miacyMKH 3a pakTamMu
BHSBIIEHUX IMOPYIICHb, [0 €KOHOMHUTH OE3IIHHUN
po6oUmii Hac mpariBHUKIB.

VYV macmtabHOMY TUTaHI €KOHOMIYHUH egeKT
BiJ ympoBamxenHs cucremu GPS-xoHTposnto TpaH-
CIOPTY TOJSITaTAME B TIIBUIIECHHI SKOCTI 00CITy-
TOBYBaHHS KIII€HTIB, 3HIKEHHI cO0IBapTOCTI IMOC-
nyr (i UiH Ha HUX) 1, K PE3yJbTaT, y MiABUIICHH]
KOHKYPEHTOCTIPOMOXKHOCTI Ha PHHKY, BUXOJi Ha
MIPOBIJIHI TMO3UIIi1, 3pOCTaHHI 00OPOTIB i, BiATIOBiA-
HO, TpUOYTKY. [Hakmie Kakydu, yNpOBaKEHHs
cuctremu GPS-koHTponto aBToTpancnopry «Cipiyc
Hagiratop» 103BONUTH MiABUIIUTH SKICTH JisiTb-
HocTi TOB «M» 1 ekoHOMIYHMIA €(PEKT Bif I[LOTO
BIIPOBAKCHHS BiJUyBaTUMETHCS Ha ITiANPHEMCTBI
MIPOTATOM TPHUBAJIOrO 4acy. Y Tabmwii 5 momaHo
TIepesTik Ta BapTICTh HEOOXIAHOTO OOIaJHAHHS AJIS
BIpOBaKEeHHs cucteMu GPS-xoHTpomo 3 po3pa-
XYHKY 48 MaIiH, o € B HassBHOCTI.

Tabnuus 5

Heo0xinni ckinagosi cuctemu GPS-konTposiio

Table 5

Necessary components of the GPS control system

HaiimeHnyBaHHs o0naHaHHS HeoOxiaHa KiJbKICTb, OJ1. Bapricts, rpH/01. 3aranpHa BapTiCTb, I'PH
Kommekce Navis 5 12 000 60 000
IIporpamue 3abe3neyeHHs 1 35000 35000
IIpunag GPS-cnocrepexenHs 48 2 800 134 400
Ycboro, rpH 229 400

Takum 4MHOM, 3arajbHa BapTiCTh OOJa HAHHS,
sIKe HeoOXiIHO MpuadaTH, cTaHoBUTH 229 400 rpH.
Jlo Toro » MiAMPUEMCTBO Ma€ CIUIATHTU 33 BCTa-

HOBJICHHS nipuiaiB criocrepesxkenns (100 rpu/om.),
mporpaMHe o0CIyroByBaHHS. Y TaOJUI 6 TOJaHO
BHIIE3a3HAYEHI POOOTH Ta iX BapTICTh.

Tabnuns 6
Heoo6xinni mocayru ta ix Bapricthb
Table 6
Necessary services and their cost
Bun nocnyr Bapricts, TpH
HanamryBanHs po6oTn 061aJHaHHS, TPH 2 000
Momntax ycix npmiaais GPS-ciocrepexenss, rpH 4 800
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MoskeMO TpPHITyCTUTH HACTYITHE: SKIIO B pe-
3yNIbTaTi 3alpPONOHOBAHUX 3aXO/IB CKOPOTUTHCS
CTAaTTsA BUTPAT HA MajbHE (32 CTATHCTUKOKO IMiCISA
MoMiOHUX 3aXOiB Iie cKkiafae mpuomms3ao 15-22 %
3a piK), 3HM3UTHCA I COOIBAPTICTH MOCITYT, SKi Ha-
nae mignpueMcTBo. [IpomoHyeMo 11t po3paxyHKiB
B3SITH HIKHIO MEXY CKOpOYeHHs BUTpaT — 15 %.

Cyma cob6iBapToCTi HaJaHWUX TOCIYT IiIAIpH-
emctBa 'y 2017 pomi cranoBuna 11 819,90 tuc. rpH.
Sk npaBuiIo, YaCTKa MaIbHOTO JUISl MiAIPUEMCTBA,
0 HajJla€ TPAHCIIOPTHI MOCITYTH, CTAHOBUTH Y 3a-
ranpHii cobiBapTocti mpubausHo 50 %. 3aranpHa
BapTICTh MAaJBHOTO, IO OyJa BUKOPUCTAHA MPOTSI-
TOM POKY, CTAHOBHJIA!

11 820 x 50 % =5 910 tuc. rpa/pik

MoxHa TPUIYCTHTH, IO €KOHOMisl BiJ BIIPO-
BaJPKEHHSI CUCTEMH KOHTPOJIIO CKJIaJaTHMe:

5910 x 15 % = 886,5 Tuc. rpu/pik

ChorojHi, B yMOBaX €KOHOMIYHOI KpH3H, TaKa
CYTTEBA €KOHOMIs € IPUBAOIUBOIO TSI Oy Ib-IKOTO
M IPUEMCTBA.

Otxe Ui BIPOBAPKEHHS 3alIPOIIOHOBAHMX 3a-
XOAiB HeoOXiHa cymMa B PO3Mipi BapTOCTI BCHOTO
oOyaHaHHS CHUCTEMU GPS-konTponto
(229 400 rpH), BapTOCTI HANAIMITYBaHHSA pPOOOTH
obomaguanas (2 000 TpH) Ta BapTOCTI MOHTAXKY
npwiangiB GPS-cnioctepexxenns ans Bcix 48 Ma-

muH (4 800 rpH). 3aranpHa cymMa MOYAaTKOBUX BH-
Tpat ctaHoButuMme 236 200 rpH.

[lepen miampueMCTBOM TOCTa€ MHUTaHHA — 3a
PaxyHOK SAKHX JDKeped 3AIACHUTH (hiHAaHCYBaHHS
HeoOX1THMX 3ax0/iB. MU IPOTIOHYEMO PO3TIISTHYTH
IHBECTULIHI pecypcH B Pi3HOMY CITiBBiJHOIICHHI
i obpatu Ty CTPYKTypy JmKepen (piHaHCYyBaHHA,
sika 3a0e3MeYnTh BIACHUKOBI MiHIMaJbHY iX Bap-
TICTh T4 MaKCHMalbHY PEHTA0EIbHICTh BIIACHHX
komTiB. Y Tabnuimi 7 MOJaHO pe3yNbTaTd po3pa-
XYHKY, 3 SKHX BHJHO, II0 ONTUMAJIBHOIO CTPYKTY-
OO IHBECTHIIIHHUX PEecypciB AJs 3ampOTOHOBa-
HOTO MpoekTy 3 Touku 30py ROE (pentabensHOCTI
BJIACHOI'O Kamitamy) € cTpykrypa 45 % x 55 %
(ROE pnopisntoe 25,60 %, edext pinancosoro Je-
Bepuky (EDJI) — 1,002 %), a 3 Touku 30py cepe-
IHBO3BaXKeHOI BapTocTi pecypcie (WACC =
24,3 %) ontumanbHOIO € cTpykTypa 50 % x 50 %.
Tox mAmpUeEMCTBO MOXKE 3IIHCHUTU (hiHAHCYBaH-
HSl 3alpONOHOBAHOTO TPOEKTY 31 BCTAHOBIICHHS
cuctemu GPS-KOHTpOIIO, HOTYYHBIIUCEH IO OTHIET
3 3allPOIIOHOBAaHUX CTPYKTYp (abo 50 % BmacHux
mxepen ta 50 % 1o3ukoBHX, abo 45 % BiacHUX Ta
55 % mo3uKOBUX Axepein). 3a JAaHUMH CTPYKTypa-
MU TiAPUEMCTBO MaTHME HalOIIbITy peHTa0e b-
HICTh BJIACHOTO KaIliTaJly Ta HaWMEHIIY BapTiCTh
KaIliTany IpoeKTy.

Ha puc. 3 Haouno mokasano 3anexHicts EDJI
BiJl CTPYKTYpH KamiTamty.

0.012
0,01002
0.01 — 90957
0,00984°7"

0.008
0.006 0.00633
0.004 0.00410
0,002

0 0, UUG T T T T T T T 1

100-0 8020 7030 6040 5545 50:50 4555 40:60 30:70

Puc. 3. 3anexuicts EDJI Bix cTpykTypH KamiTamy

Fig. 3. Dependence of the EFL on the structure of capital
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HaykoBa HOBH3HA Ta IPAKTHYHA
3HAYUMICTh

st miAnpreMCTBa, OCHOBHUM BUAOM JisUTBHO-
CTI SIKOTO € BaHTaXHI MEpPeBe3eHHs, yIepiie mpo-
BEIICHO aHami3 Ta po3pobJjicHO peKOMEeHmallii, Ha-
MpaBJICHI Ha MIiJBUIICHHSA HOT0 e(eKTUBHOCTI.
OmauM 13 TEPCIEeKTUBHUX 3aXOIIB IS IHOTO
MiIPUEMCTBA € BCTAHOBJICHHA Cy4YacHHX 3aco0iB
GPS-KOHTpOJIO Ta MOHITOPHHTY, SIKi JO CHOTOJHI
MiANPHUEMCTBO HE BHUKOPHCTOBYE. YTPOBAIKEHHS
3aIPOIIOHOBAHMX 3aXOJIB JIO3BOJIUTH CKOPOTHUTH
pSI BUTpaAT, 30KpeMa Ha TaJMBO, Kl IS ITiAIPH-
€MCTB JIaHOi Tally3l CKJIaJaloTh y CEperIHbOMY
50 % 3aranbHOi cobiBapTocTi. Bukopucranns cuc-
TeMu GPS-KOHTpOIIO NO3BOJNUTH CKOPOTUTU ILIE€i
BHJI BUTpAT HIoHaiiMeHie Ha 15 %, mo B rpomio-
BOMY BHUMIpi JUIS MiJIPUEMCTBA CTaHOBUTHME
886,5 Tuc. rpu/pik. BogHowac mimmpueMcTBy 3a-
MPOTIOHOBaHMIA 1 (hJiHAHCOBO OOTPYHTOBAaHUI BHOIp
ONTUMAJIBHOTO CIIBBIAHOIICHHS JUKEpen (iHaAHCY-
BaHHS 3a3HAYCHWX 3aXOJIB 13 TOYKM 30py Haii-
MEHIIIOi BapTOCTI pecypciB Ta OJHOYACHOI MaKCH-
Mi3alii peHTa0enbHOCTI BIACHOTO Karmitanmy. Yci
3aMpoIIOHOBaHI 3aXOMH, SKi paHille KepiBHUIITBO
HE BHKOPHCTOBYBAJIO, JO3BOJIATH BIACHUKAM
oTpuMaTH OiTbIMA NMPUOYTOK 3a PaxyHOK 3HU-
JKCHHSI BUTPAT Ha MajJIMBO (3a JIOTIOMOTOI0 BCTaHO-
BIIEHHS 3aC00iB KOHTPOJIO Ta MOHITOPUHTY), a Ii-
nibpaHa onTHMalbHA CTPYKTYpa JuKepen (iHaHCy-
BaHHsI JI03BOJIUTh OTPHMATH MaKCHMaJlbHY TPUOY-
TKOBICTh BJIaCHUX KOIITIB y po3Mipi 25,6 %.

BucHoBku

AHaJi3 TIAIPUEMCTB, [0 MAIOTh JIIIEH3110
Ha 3JIMCHEHHS TPAHCIOPTHUX IEPEeBE3CHb B
VYkpaiHi, mokaszaB, [0 3HAYHY YacTKy OXOII-
JIIOIOTh IMANPUEMCTBA, SKI CIIEIIaTi3yIOThCS
Ha TrepeBe3eHHl BaHTaxiB (27,45 % Bix 3ara-
JILHOI KUTBKOCTI TPAHCIIOPTHUX JiinieH3ii). [o-
ciipkyBanomy mianpuemctsy TOB «M» 3a-
MPOIIOHOBAHI 3aXO0/M, HANpaBleHI Ha IIiJBH-
IIEHHS HOT0 e€EeKTUBHOCTI, 30KpeMa MpHIiie-
HO yBary IYHKTY «BCTAaHOBIIGHHS CYYacHHX
3ac00IB KOHTPOJIIO Ta MOHITOPUHTY». 3ampo-
MOHOBAaHO  BCTaHOBUTH  cuctemy  GPS-
KOHTPOJIIO, 1110 MPHU3BEIE A0 €KOHOMII BUTpPAT
Ha majguBo B po3Mipi 886,5 Tuc. rpu/pik. Bap-
TICTh TpPUAOAHHS 1 BCTAHOBJICHHS CHCTEMH
ctaHoBuTh 236 200 rpH. Ha ocHOBI mpoBene-
HOTO aHaJi3y PI3HOTO CITiBBIAHOIICHHS JDKE-
pen ¢GiHaHCYBaHHS IOTO MPOEKTY MiANPHEM-
CTBY 3alpOIIOHOBAHO 3IIHCHUTH (piHAHCYBaH-
Hs 31 BcraHoBieHHs cuctemu GPS-xontposio,
JONYyYUBIINCH JO0 OJHI€I 13 CTPYKTyp: abo
50 % Bnacuux mxepen ta 50 % MO3UKOBUX,
a0o 45 % BaacHux Ta 55 % MHO3UKOBHUX KE-
peJl, OCKUTBKH 32 JAaHWUMH CTPYKTYpamul Miam-
PUEMCTBO MaTHMe HalOIbIy peHTA0ENbHICTh
BJIACHOTO KalliTaJly Ta HaWMEHIIy BapTICTh
KariTany IpOoeKTYy.
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IHHOBBIINNIEHUE PEHTABEJIBHOCTH ITPEAITPUATHUSA OTPACJ/IN
ABTOMOBUWJIBHBIX ITEPEBO3OK 110 HAITPABJIEHUAM
KOMMEPYECKOM JEATEJBHOCTH

Heas. MccnenoBanue nocBAIMIEHO aHATN3Y BO3MOKHBIX ITyTEH MOBBIMIECHUS PEHTA0EIBHOCTH MPENPHSTHS, KO-
TOpOE 3aHUMAaETCS aBTOMOOWIBLHBIMM NepeBo3KaMH. [lyTn MOBBIIEHHUS PEHTA0EIbHOCTH TPEIoaraeTcsi 000CHO-
BaTh IO HANpPaBICHUSIM KOMMEPUECKOW IeSTeNbHOCTH MpenpHsaTHsa. | TaBHOHM menpio paboThl SBISETCS pacueT
CTOMMOCTH KOHKPETHBIX MEPONPUSATHH IMOBBIIICHNS PEHTAa0ETbHOCTH ¢ 000CHOBAHWEM BO3MOXHBIX HCTOYHHKOB MX
¢uHancupoBanua. MeToauka. B craThe ocymiecTBICH aHAIH3 CTPYKTYPHI PBIHKA TPAHCIIOPTHBIX YCIYT YKPawHBL.
YcTaHoBIIeH 00beM TPY30BBIX IIEPEBO30K HCCIEAYEMOTO NpeanpusTus. [Ipoanann3npoBaH yAeIbHBIN BeC pacxo 0B
[0 HAIIPABICHUAM KOMMEPYECKOH AEATEIbHOCTH M COOTBETCTBYIONINA MM YAETBHBIN BeC MPUOBUIH, TOTydaeMOn
NPEATNIPUSTHEM OT KOHKPETHOTO HanpasiieHus. Pe3yabTarel. [IpoBeneHHbINH aHaMM3 TTOKa3all, YTO Hanboliee 3HaYH-
MBIMU U JOXOAHBIMHU SIBJIIOTCS [1BA HAIIPABIECHUS KOMMEPUECKON NEATEIbHOCTH: TPAHCIIOPTUPOBKA U 3KCIEIULINS
rpy30B. PeMOHT u 00ciyXnBaHHE aBTOTpaHCHOPTa B OOIIEH CTPYKType 3aHMMAIOT TaKKe 3HAYUTEIbHOE MECTO.
HawnGornee 3aTpaTHO# 4acThiO JESTEILHOCTH TPEIIPHUSTHS SIBISETCS MPOAAXKa 3aacHbIX YacTeH JUlsl aBTOTPAHCIIOP-
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Ta. [Ipodne HanpaBieHNS AEATEIBHOCTH, TAKHE KaK apeH/1a, MOWKa MAIIMH, YCIyTH CTPaXOBAHMUS 3aHUMAIOT HE3HA-
YUTENBHYIO 9acTh, HO HMEIOT IIEPCHEKTUBBI I Pa3BUTHUSL. [l KaXKJ0T0 HampaBICHUSI KOMMEPUYECKOH AesSTENbHO-
CTH TPEIIPHUSTHS MIPEATI0KEHB MEPOTIPHUATHSI, HAIIPABJICHHbBIC HA IOBBILICHHS UX 3QPEKTUBHOCTH. ABTOPHI Ipea-
JararoT oOpaTHTh BHUMAHHE HA IIYHKT «YCTAHOBKA COBPEMEHHBIX CPEACTB KOHTPOJISL M MOHHTOpHHTra». J[is Bcex
IpeNpUATUA TPAHCIIOPTHOW OTpaciiyd BO3HHUKAET BOIPOC 3KOHOMMHU PACXOAOB U3-32 CTPEMUTENIEHOTO U MOCTOSH-
HOTO pOCTa CTOMMOCTH TOIUIMBA. [IporpaMMa 3KOHOMHUU NaHHOHM CTAaThH PacXoJI0B OYEHb aKTyalbHa I NpeAnpHus-
TUSI aBTOMOOMIIBHBIX nepeBo3ok. Hayunas noBu3Ha. Ha ceronusimiHuil eHb HcCleayeMoe MpelpusiTHe He UC-
nonb3yeT cucteMy GPS-koHTponsd. IToaToMy ¢ 11eTbI0 CHUKEHHUS PACXO/0B Ha TOIIMBO U KOOPJMHAIUY JIESTeIbHO-
CTH TpEeANpUATUS B CTaTbe MpeIoKeHAa U MPOCUUTaHA CTOUMOCTh BHeApeHus cucteMel GPS-konTpoms.
IIpakTHyeckasi 3HaUMMOCTh. [IpennoxenHoe BHeApeHne cucteMbl GPS-KOHTPOIIS MO3BOIUT CHU3UTH PACXOMBI HA
9HEPreTUYECKHE PECYpPCHl. DTO IMOJOXKUTEIBHO IOBIUSAET HA CECOECTOMMOCTH IPENOCTABISIEMBIX IPEANPHATHEM
ycnyr. CHmXeHHe ce0ECTONMOCTH YCIIYT ITO3BOJIHT MOJIYYHTh OOJbIIE MPUOBLIH, 9TO B KOHEYHOM HTOTE MPUBEICET K
POCTY TOKa3aTenei peHTa0eIbHOCTH.

Kniouegvie cnosa: aBTOMOOWIBHBIE NEPEBO3KH; PEHTAOETBHOCTD MPEATIPUATHSA; TPAHCIOPTHBIE YCIYTH; UCTOY-
HUKH (PMHAHCHPOBAHUS MEPONIPHATHH
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INCREASE IN PROFITABILITY OF THE ENTERPRISE OF THE
AUTOMOBILE TRANSPORTATION INDUSTRY BY DIRECTIONS OF
COMMERCIAL ACTIVITY

Purpose. The study highlights the analysis of possible ways to increase the profitability of an enterprise that
deals with road transport. The ways of increasing profitability are supposed to be justified on the lines of the com-
mercial activity of the enterprise. The main purpose of the work is to calculate the cost of specific measures to im-
prove profitability with the rationale for possible sources of their financing. Methodology. The authors analyzed the
structure of the transport services market in Ukraine, established the freight transport structure of the enterprise un-
der investigation. The share of expenses in the areas of commercial activity and the corresponding share of profit
received by the enterprise from a specific direction were analyzed. Findings. The conducted analysis showed that
two areas of commercial activity are the most significant and profitable: transportation and freight forwarding. Re-
pair and maintenance of vehicles in the overall structure also occupies a significant place. The most costly part of
the enterprise is the sale of spare parts for vehicles. Other areas of activity, such as renting, car washing, and insur-
ance services occupy a small part, but have prospects for development. For each direction of the commercial activity
of the enterprise, measures are proposed to improve their effectiveness. The authors suggest paying attention to the
item «installation of modern control and monitoring facilities». At this stage, for all transport enterprises there is
a problem of saving costs. The reason for this fact was the rapid and constant increase in the cost of fuel. The pro-
gram for saving this expense item is very relevant for the road transport company. Originality. To date, the compa-
ny under investigation does not use a GPS monitoring system. Therefore, in order to reduce fuel costs, establish or-
der in the robot and coordinate in the enterprise, the article proposed and calculated the implementation of a GPS
monitoring system. Practical value. The proposed introduction of a GPS monitoring system will reduce the cost of
energy resources. This will positively affect the cost of the services provided. Decrease in the cost price of services
will allow receiving more profit that will eventually lead to growth of indicators of profitability.

Keywords: automobile transportations; profitability of the enterprise; transport services; sources of funding ac-
tivities
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ANALYTICAL SUPPORT OF FINANCIAL ANALYSIS AT THE
RAILWAY TRANSPORT

Purpose. The work is dedicated to systematization of basic directions for financial analysis taking into account
the specific features of railway industry. Methodology. In the course of the research there were used the methods of
analysis and synthesis to study the content and basic provisions of scientific publications on the chosen topic.
Findings. The railway industry has a specific system of financial relations. Knowing the objective development
laws of the industry technological system, you can create an appropriate mechanism for managing it and its re-
sources. The selection of the necessary method of analysis and system of indicators, which will provide a compre-
hensive study and representation of the enterprise activity, is fundamental for the adoption of management
decisions. Financial analysis is an important element of analytical work for the needs of modern management. With
the help of financial analysis it is possible to determine the place of the enterprise among other subjects of the indus-
try; to assess the structure of capital and the dynamics of enterprise development. Consequently, the quality of the
decisions taken completely depends on the analytical substantiation. Financial analysis is carried out according to
certain groups of economic indicators, which give an overall assessment of the financial condition of the enterprise,
the profitability of its activities and long-term solvency. The analysis of the financial and economic condition is an
important part of effective management of the formation, placement and use of rail transport resources. The features
of conducting and interpreting the analysis results of the financial condition at the structural units of PJSC «Ukr-
zaliznytsia» — regional branches, branch affiliates, production units (if they have a balance sheet), — are explained by
the specifics of their economic activities. Originality. The obtained results allow us to consider financial reporting
as an informational and analytical provision of financial analysis taking into account the specifics of the corporate
railway industry relations. The method of financial analysis should be consistent with the strategic objectives of the
business entity, which are determined by the system of strategic management and investment and financial planning
of the railway industry. Practical value. The assessment of the financial condition of an enterprise can be objective-
ly carried out using a system of indicators that take into account the technological specificity of the rail transport,
comprehensively characterizing the results of its activities and reflect the competence of management through the
quality of the decisions taken.

Keywords: financial reporting; analysis; analytical support; financial condition

Introduction the current operating realities of the railway indus-

The transportation industry is leading for any ty.
country, because it provides interaction of all other
industries. In the context of the corporatization of
rail transport, there is a clear need for financial
analysis of the company's activities in areas target-
ing the market segments. It should be considered
as an integral part of the overall financial planning
system, which will help to optimize the financial
performance of the business entities by increasing
their financial stability and liquidity, as well as
ensure efficient management of cash flows, capital

The railroad market requires, on the one hand,
reduction of the operating costs, and on the other
hand, improvement of the quality of transportation
and increase in traffic. The consolidation of pro-
duction (transition to a vertically integrated struc-
ture) and the associated concentration of capital
can contribute to an effective solution to these
problems.

Worldwide practice shows that large integrated
companies are the most influential in most sectors

and investments, which is especially important in

of the economy of developed countries. The incen-
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tive to approve such a structure is the market itself,
in which the subjects of management operate. But
large integrated companies require system ma-
nagement and financial planning, an important
element of which is financial analysis.

Purpose

The purpose of the work is to study, compare
and generalize information and analytical support
for the needs of financial analysis in the conditions
of corporatization of the railway industry.

Methodology

To achieve this purpose, we use methods of
comparison, scientific research, synthesis and
analysis in the work. We explored the approaches
to financial planning in railway transport. It has
been found that in the economic literature there is a
positive experience and the need for applying fi-
nancial analysis according to the financial report-
ing taking into account the specific features of the
industry.

Findings

Rail transport is a leader within the boundaries
of internal communication, and often also in inter-
national traffic when transporting products and raw
materials of most industrial branches. It is this
transport that provides transportation of mass in-
dustrial and agricultural cargoes (coal, metal pro-
ducts, grain, etc.) for long distances regardless of
the season and weather conditions.

58% of cargo turnover and 43% of passenger
traffic in Ukraine are provided by rail. Currently, it
has key importance for maintaining the export po-
tential of the state. The rail transport is also im-
portant for development of transit capacities in
Ukraine, since three out of ten European transport
corridors go through the territory of our country
[5].

Modern railway industry is a complex system
of interconnections of technological (industrial)
and organizational (administrative) structures of
the transportation process. Organizational struc-
tures are a reflection of the structures of technolo-
gical systems and are intended to ensure their func-
tioning and development.

A key direction for reforming the railway in-
dustry is the transition to a vertically integrated
structure, which involves:

— Transition from the regional organizational
structure, namely — vertical integration of the com-
pany's activities in the areas targeted for market
segments;

— Principles of budgeting and economically
justified mutual settlements between verticals;

— New system of tariff formation: separation
between the infrastructure and the traction compo-
nent of the tariff;

— New effective system of corporate gover-
nance: a clear division of functions between struc-
tural units and verticals with the definition of fi-
nancial and economic objectives for each vertical
and control over their implementation [5].

The management process of any entity is cy-
clic, which is reflected in the sequential repetition
of certain administrative actions in relation to the
object of management while changing the condi-
tions under which the object operates and changing
certain tasks relating to this object.

The main stages of each single control cycle are
as follows:

— Identification of conditions and circumstanc-
es that determine the need for the management of
the managing subject for the operation of the ma-
naged object;

— Formation of a problem in the activity of the
managed object in connection with certain condi-
tions and circumstances that need to be resolved;

— Preparation and approval of the management
decision;

— Organization of the practical implementation
of the decision;

— Analytical assessment of the current and final
results of the decision.

Understanding of the general financial condi-
tion of PJSC «Ukrzaliznytsia» (hereinafter PJSC
«UZ») (Corporate Centre), of separate regional and
branch affiliates (vertical) and timely and qualita-
tive analysis of their financial situation are the ba-
sis for the adoption of management decisions.

The selection of the necessary method of ana-
lysis and system of indicators, which will provide
comprehensive study and representation of the en-
terprise activity, is fundamental for making mana-
gerial decisions aimed at solving the question of
choosing the directions of activity and develop-
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ment of the enterprise, improving its efficiency,
competitiveness and profitability [8, p. 99].

The railway industry has a specific system of
financial relations connected with the fact that the
transportation of goods and passengers throughout
the network of railways of Ukraine is carried out in
accordance with a single technological process on
the basis of common network tariffs, although each
regional branch (railroad) and each company in a
vertically integrated structure of PJSC «UZ» has
an individual cost, justified by objective factors
and features of the railway.

Knowing the objective development laws of the
industry technological system, you can create an
appropriate mechanism for managing it and its re-
sources.

The modern mechanism of railway transport
management is considered as a set of strategic, tac-
tical and operational levels of management.

Thus, the tasks of the Corporate Centre are as
follows [5]:

— Ensuring the implementation of strategic
plans and achieving strategic goals and perfor-
mance targets of PJISC «UZy;

— Improving the quality of planning and ensur-
ing the transition from short-term planning to long-
term planning by goals;

— Formalization of business processes of PJSC
«UZ» and preparation of the plan for their trans-
formation in order to improve the management
system and significantly reduce the administrative
apparatus;

— Balancing the decision-making process to de-
termine the level of responsibility of each structural
unit of the Corporate Centre and business verticals.

At the strategic level there is coordination of all
resources and internal links, all goals, tasks and
areas of responsibility with the chosen strategy. At
this level, the necessary organizational changes are
taking place and the directions of activity of each
separate structural subdivision are developed. In
accordance with the selected organizational man-
agement structure, the financial structures are
formed. Also, the organizational support for ma-
nagement is formed, which is the basis for con-
structing the accounting policy and logistics strate-
gy management of economic entities.

At the tactical level, the selected strategies are
detailed to business plans, financial plans and
budgets. Financial analysis, based on accounting

data, and technical-economic analysis are among
the key elements when deciding on the effective-
ness of tactical programs in terms of achieving an
entity's strategic goals.

Achieving strategic goals means meeting the
needs of customers, shareholders and other busi-
ness entities. Therefore, at the operational level of
management, the focus is on creating value for
customers, shareholders and other stakeholders
through the efficient use of available resources.

The formation of three main levels of ma-
nagement: operational, strategic, tactical is associ-
ated with the creation of the necessary and suffi-
cient information support system. Virtually every
level of management creates its own integrated
information system with clearly defined streams of
information, the necessity and adequacy of which
need to be determined.

At the operational management level, cost cen-
tres that serve as sources of information generation
and initial processing are set up; this is essentially
the level of information and analytical provision of
the management process, therefore it requires
operational control of the primary data input accu-
racy. At the level of tactical management deci-
sions, it is expedient to form investment centres;
information provision of this level is formed on the
basis of consolidated accounting, internal reporting
of structural units and business segments. The level
of strategic management involves the emergence of
profit centres and is characterized by the intensity
of vertical and horizontal accounting flows.

Financial analysis is an important element of
analytical work for the needs of modern manage-
ment. Financial analysis, as a control element, al-
lows you to evaluate:

— property status of the business entity;

— capital adequacy for current activities and
long-term investments;

— need for additional funding sources;

— rationality of attraction of borrowed funds;
efficiency of the use of assets and capital;
state of the settlement discipline;

— financial results of activity;

— probability of bankruptcy.

The analysis of the financial and economic si-
tuation is an important part of effective manage-
ment of the formation, placement and use of rail
transport resources. The financial condition is de-
termined by the size, composition and structure of
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assets, equity and liabilities, certain ratios of which
are determined by the financial stability, liquidity
and solvency of economic entities.

But the railway industry is quite specific in terms
of building financial relations. Therefore, the use of
standard methods of financial analysis is conditional
and does not reflect the real financial state of re-
search objects. The peculiarities of conducting and
interpreting the results of the analysis of the financial
state of Ukrzaliznytsia PJSC's structural subdivisions
(regional branches, branch affiliates, production
units (if they have a balance sheet) are explained by
the specifics of their economic activities.

In the economic literature, for the formation of
the financial support mechanism, they use the di-
agnostics, which involves determining the compo-
sition and structure of the sources for financing the
production activities, with an assessment of the
degree of compliance of the sources structure with
the specifics of the industry.

Karacharova K.A. considers the diagnosis of
financial activity, namely — the diagnosis of finan-
cial security as the starting point for the formation
of the financial strategy of railway transport enter-
prises. Karacharova K.A. offers three basic criteria
for assessing the state of financial resources for the
implementation of such a diagnosis [3, p. 37]:

— Compliance of the capital structure with the
assets of the enterprise (here there are used such
indicators as equity to total assets ratio, assets im-
mobilization ratio, short-term debt ratio);

— Structure of current financing — level of fi-
nancial provision of current economic activity
(here there are used such indicators as own work-
ing capital, own working capital coverage ratio,
own inventories and expenses coverage ratio, days
payable and receivable outstanding);

— Structure of internal reserves and financial
results of the enterprise (profit or its absence, pro-
fitability, average interest rate on bank loans, in-
come and property growth rate, etc.).

Based on these criteria, an integral estimation is
formed that characterizes the quality of financial
support and is the basis for the adoption of an ap-
propriate management decision.

Such an approach, in our opinion, is appropri-
ate to use at the level of PISC «UZ», since the fi-
nancial plan is made by Ukrzaliznytsia and only
the indicators of the company as a whole comply
with the proposed method. But at the level of re-

gional affiliates, branch affiliates and structural
units, it often becomes necessary to carry out fi-
nancial analysis according to reporting indicators.
Taking into account the huge amounts under the
economic calculations, which, when drawing up
consolidated accounts at the level of regional
branches and PJSC «UZ» are withdrawn, we pro-
pose, when calculating the ratios, where the total
amount of receivables or payables is used, to de-
duct the amount of this indebtedness.

According to Bogomolova N. I.: financial prob-
lems of the functioning of the industry are mani-
fested in the inconsistency of the volume of financ-
ing regulatory requirements of the processes of
reproduction of basic productive assets due to the
reduction of the role of depreciation mechanism
(only 7.510% of fixed assets are replaced because
of depreciation) and a low level of investment ac-
tivity [1].

If an entity has the opportunity to attract finan-
cial resources from different sources, this allows it
to relatively freely manoeuvre with the structure of
these resources, choosing effective combinations.
However, the volume and structure of financial
resources are influenced by such factors as the or-
ganizational and legal form of the entity, owner-
ship, branch affiliation, internal financial policy,
etc. The structure of financial support sources af-
fects the balance between financial sustainability
and financial risk of activities.

Despite the fact that PISC «UZ» is a joint-stock
company and 100% of the shares of the economic
partners were introduced into its authorized capital,
all of these shares belong to the state. A system of
financial management of a state enterprise should
take into account the following features:

— Low profitability, in particular passenger
traffic, which is connected, first of all, with satis-
faction of social needs;

— Significant need for state support;

— Small opportunity to borrow due to low pro-
fitability;

— Influence of the state on tariff formation.

These features affect the indicators of the fi-
nancial state of the railway industry operator. And
the specific organizational structure of the branch
requires an appropriate approach to managing fi-
nancial resources and assessing the financial condi-
tion of certain divisions (affiliates) and subsidiaries
of PJSC «UZ» (Fig. 1).
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Ministry of Infrastructure of Ukraine (MIU)

Supervisory Board of PJSC «UZ»

Managing Board of PJSC «UZ»

Directors on various issues

Departments

11

Department of Accounting, Taxation, Reporting and Meth-
odology

Department of Property Policy

Department of Statistics

Department of Capital Investments

Department of Internal Audit and Control

Department of Treasury

Department of Corporate Management ...

@ ﬁ

Department of Economics, Planning and Budgeting ?

Separate structural divisions Legal entities (PrJSC)

(subsidiaries of PJSC «UZ»)

|

|

Regional
branches
(6 railways)

v

- PrJSC «Gnivan reinforced concrete plant»
- PrJSC «Dnipropetrovsk Diesel Locomotive

Branch affiliates
(40 enterprises
that were previ-

ously separate Plant, A . . .
legal entities) - PrJSC «Zaporizhzhia Electric Locomotive Repair
Works»

- PrJSC «Kyiv Electrical Carriage-Repair Plant»

- PrJSC «Kyiv Electrical Engineering Plant
«Transsignaly»

- PrJSC «Korosten Plant of Reinforced Sleepers»
- PrJSC «Lviv Locomotive Repair Plant»

Fig. 1. Organizational structure of PJSC «Ukrzaliznytsia»
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In the conditions of corporatization, the Board
of PJSC «UZ» is subordinated to Directors (14
persons) and Departments (currently there are 48
units). Figure 1 shows only eight of them, which in
our opinion should be involved in shaping the fi-
nancial strategy of the company, as it is assumed
that the general corporate services in the field of
investment and finance will be:

— Formation of financial plans and capital in-
vestment plan;

— Maintenance of accounting and financial re-
porting;

— Management of corporate accounts;

— Financial control;

— Attraction of investments for the needs of
structural units.

Among the financial problems, the most im-
portant is the assessment and analysis of the finan-
cial situation, which is shaped by the influence of
both external and internal factors. On the one hand,
it is the result of the business entity’s activities,
indicating its achievements, on the other hand, it
identifies the preconditions and reserves for the
development of the enterprise.

When conducting the analysis, the main atten-
tion is paid to internal factors that depend on the

technological specifics of the railway industry enti-
ties, which one can influence, correct their effect
and to a certain extent manage them.

In the railway industry, it is particularly im-
portant to determine the production efficiency,
since it is aimed at minimizing costs and maximiz-
ing profits. The effectiveness and usefulness of
assessing the efficiency of rail transport enterprise
activity depends on the quality of data base for-
mation for analysis needs. In particular, the data
base for the analysis of the activity efficiency of
the organizations of the branch enterprises of PJSC
«Ukrzaliznytsia» is the accounting, consolidated,
sectoral and statistical reporting (for the past and
previous to the past periods) [9, p. 85].

Between railway enterprises (PrJSC, which are
subsidiaries of PISC «UZ»), regional affiliates and
their structural subdivisions, as well as branch of-
fices, in connection with the territorial peculiarities
of the organization of transportation, there is a
complex mechanism for the formation of account-
ing information and financial statements with re-
gard to internal economic calculations.

Specificity of financial relations predetermines
the peculiarities of financial statements (Fig. 2).

) ) Information on assets and liabili- Structural units, re-
Financial - | ties of entity, its financial position, | gional branches,
statements performance branch affiliates,
subsidiaries (PrJSC)
c lidated Information specific to the finan-
onsolidate : e
U cial statements of a specific legal PISC «UZ»
financial state- | = entity and its affiliates (subsidia- =
ments ries) as a single economic entity
Information specific to financial
Summary fi- statements of business entities, PJSC «UZ», region-
nancial state- | = | which include separate balance [ al branches
ments sheet structural units

Fig. 2. Types of financial reporting on rail transport
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PJSC «UZ» forms consolidated financial
statements. The statements are prepared in
accordance with international accounting standards
and international financial reporting standards. In
addition to the usual forms of consolidated finan-
cial statements, PJSC «UZ» in the Notes details the
information by the following segments: «Freight
transport» — includes freight transportation services
provided by the industry; «Long-distance passen-
ger transportationy» — includes all services for inter-
regional passenger transportation; «Suburban pas-
senger transportation» — includes services for the
carriage of passengers within a single region;
«Subsidiary activities» — includes repair and
maintenance services for rolling stock and other
services; «All other segments» — includes services
related to freight transport, suburban transport,
construction, reconstruction and modernization of
railroad bed and transport infrastructure, repairs
and maintenance of various types of railway
equipment and other companies in the industry.

Separate railways (regional branches) provide
consolidated financial statements.

Railroad enterprises (factories, organizations)
and structural subdivisions that are part of each
railway, are allocated to a separate balance sheet
and are not legal entities make financial state-
ments.

The methodological principles for the compila-
tion of consolidated financial statements and dis-
closure in it are determined by the sectoral regula-
tory framework of rail transport.

According to the financial statements, an analy-
sis of the financial condition of the research object
is carried out.

The best financial condition of an entity is de-
termined by the elements of its economic activity:
profitability; the optimal distribution of profits re-
maining at the disposal of the entity after the pay-
ment of taxes and compulsory deductions; availa-
bility of own financial resources (fixed assets and
current assets) not lower than the minimum re-
quired level for the organization of the transport
process (in the conditions of rail transport); rati-
onal placement of fixed and circulating assets (own
and borrowed), liquidity of current assets. The sig-
nal indicator of the financial state is the solvency
of an entity, that is, its ability to timely meet the
payment requirements of suppliers of feedstock,
materials, technology in accordance with economic

agreements, to return bank loans, to pay staff,
make payments to the appropriate budget [8, ¢ .
97].

The assessment of the financial status of an en-
terprise can be objectively carried out using a sys-
tem of indicators that comprehensively
characterizes the results of its activities and reflect
the competence of management through the quality
of the decisions taken. The standard method of an-
alysing the financial condition involves several
aspects of assessment:

— Assessment of the financial stability and in-
dependence of the enterprise, which is to determine
the independence from external sources of financ-
ing;

— Analysis of the liquidity of the balance sheet
(assets, that is, enterprise’s property) and on this
basis the degree of solvency of the enterprise is
established:;

— Profitability analysis (i.e., degree of profi-
tability of activities, assets, capital of the
enterprise);

— Analysis of business activity of the enterprise
(i.e., efficiency of use of the entity’s working capi-
tal);

— Construction of predictive models and enter-
prise bankruptcy probability estimation [6, p. 111].

In practice, certain researchers suggest using
the following methods for assessing the financial
condition of an entity:

1.The complex assessment method analyses
and groups the indicators in two directions: stable
financial condition and unsatisfactory one. With
this method it is possible to separate the problem
areas in the enterprise and identify the causes. The
method is rather laborious; on its basis it is diffi-
cult to draw conclusions about the financial condi-
tion of the enterprise, because it has all the disad-
vantages and the coefficient method.

2. The integral method examines an assessment
of the financial condition of an enterprise based on
the calculation of the integral indicator, which is
formed into a generalized indicator in terms of le-
vels of solvency, financial independence and asset
quality.

3. The non-destructive method involves calcu-
lating the value of the operating leverage and as-
sessing the financial condition of the enterprise
with a financial stability indicator, but it does not
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give a complete assessment of the state of the en-
terprise.

4. Equilibrium method is based on the
achievement of the equilibrium between liquid
flows in the field of economic, investment and fi-
nancial enterprise [8, p. 98].

The given methods, in our opinion, should be
applied at the level of PJSC «UZ» as the main cor-
porate centre. For regional branches, branch affili-
ates and structural divisions, the notion of as-
sessing the financial condition according to the
existing methods is rather conditional.

Thus, PJSC «UZ» provides branches and units
with authorized capital, the management services
can transfer, evaluate and revalue the fixed assets.

In addition, the production units have specific
relations with the railways (now with the PJSC)
regarding financial flows and financial planning.

Thus, revenues from the main activities (ac-
cording to the Expenditure Nomenclature) of pro-
duction units are still accrued within the estab-
lished cost estimate, which determines the zero
profitability of these divisions by main types of
activity.

Financial results are generated only by auxilia-
ry and other activities [6].

Some of the expenses of the main activity can
be transferred to the service, distorting their size
and structure; receivables and payables arise as a
result of mutual settlements between services and
divisions [4].

When analysing the results of the activity of the
structural units of PJSC «Ukrzaliznytsia» it is ne-
cessary to take into account the fact that their fi-
nancial statements do not show enough infor-
mation for a complete and unbiased analysis. In
particular, the reporting has not enough infor-
mation to assess the liquidity and solvency of
structural units and their financial independence.
Nevertheless, it is not possible to assess these two
indicators negatively, since the structural units are
part of regional branches, and regional branches, in
turn, are part of PJSC «Ukrzaliznytsia». That is
why for the analysis of the activities of structural
units it is necessary to use those indicators, for
which there is enough reporting data for analysis
[2, p. 27].

It should be borne in mind that separate struc-
tural units of the railways (now — production struc-
tural units) could never carry out investment and

financial activities as ordinary commercial entities,
but had some autonomy in the adoption of current
business decisions.

But now, at the current stage of corporatisation
on the railway transport, production structural units
(such as transportation directorates, permanent way
divisions, locomotive service depots) have lost
even this independence and have no right to enter
into agreements with suppliers and contractors,
which complicates the organization of material and
technical supply, to hire employees, do not have
accounts in banks and the right to carry out finan-
cial transactions.

In addition, in the process of corporatization
and formation of PJSC «Ukrzaliznytsia», the au-
thorized (registered) capital of these divisions was
transferred to the authorized capital of PISC «Ukr-
zaliznytsia». Such processes are reflected in the
financial statements of the divisions and, of course,
affect their financial condition. Thus, now the pro-
duction units do not have the authorized capital,
but such a capital turnover has no contradiction
with the existing legislation.

Consequently, today's corporatization has con-
siderably complicated the performance of the cur-
rent economic activity of production units.

Any issues of logistics must be resolved by
such a unit through the PJSC authorities; therefore,
such a management structure is very cumbersome
and ineffective.

Taking into account the foregoing, one can de-
termine the following methodological problems of
financial analysis of rail transport enterprises:

1)peculiarities of conducting the coefficient
analysis and their interpretation;

2)contradictions between the results of the
analysis on certain aspects of financial analysis;

3)problems of assessing the financial condition
of regional branches and production structural sub-
divisions of PJSC «Ukrzaliznytsia» [6, p. 112-
113].

Another feature of assessing the efficiency of
the railway companies' operations is that at first the
assessment is carried out at the level of railways
(regional branches) and their production structural
divisions. The effectiveness of the structural units
of the railway is considered at the level of branch
services of management of regional branches.

Based on the reports received from the struc-
tural units, the specialists of the relevant services
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of the regional branch offices compile a summary
table for assessing the results of the work of subor-
dinated structural subdivisions. The tables compare
the indicators of each structural unit with the nor-
mative value of the indicator, as well as the aver-
age value of the indicator in the sectoral service.

By comparing the performance indicators of
structural units with normative values and average
indicators of service, the assessment of the finan-
cial condition of each structural unit and its classi-
fication into one of the groups is carried out.

The analysis of the performance indicators of
the production structural units of the railways is
made by the report on the branch service, observ-
ing the relevant requirements. The branch service
forwards this report, together with measures for the
improvement of structural units, to the financial
and economic service of the regional branch to
draw up measures on the railways and the head
office of PJSC «UZ» for monitoring implementa-
tion of measures on improvement of the manage-
ment of production and economic activity.

As a result of the analysis of the aggregate of
indicators, it is possible to identify the overall per-
formance of the enterprises of PJSC «UZ» and
their production structural divisions, as well as
make certain conclusions about the following:

— Efficiency of use of the resources in each en-
terprise of PJSC «UZy, in each regional branch
and their production departments;

— Efficiency of all branch services;

— Effectiveness of the decisions taken at all
stages of management.

At the same time, in general, both in Ukraine
and in railway transport, in particular, there is still
no universal system of indicators that would meet
international standards of economic activity and
provide an opportunity to carry out a transparent
analysis. Also, there is no single interpretation of
the concept of «rail transport performance indica-
tors», which would give a clear assessment of the
effectiveness of work, which meets the needs and
realities of the present [9, p. 87-88].

This leads to the need for constant, systematic
financial analysis at the enterprise and improve-
ment of its methods of conducting, building ma-
thematical models and forming forecasts of deve-
lopment prospects.

Consequently, the specifics of the railway
transport process and the complex financial and
organizational relations within PJSC «Ukrzalizny-
tsia» require the creation of their own methodology
for assessing the financial condition of regional
branches and their production structural divisions.
And in order to carry out the more informative
analysis of the indicators of financial and property
condition in the context of the industry reform it is
necessary to use the experience of European rail-
ways, railways of the Eurasian direction and Cana-
da[10; 11; 12].

Originality and practical value

The originality of the work is that the results al-
low us to consider financial reporting as informa-
tional and analytical provision of financial analysis
taking into account the specifics of the corporate
railway industry relations. The method of financial
analysis should be consistent with the strategic ob-
jectives of the business entity, which are deter-
mined by the system of strategic management and
investment and financial planning of the railway
industry.

The assessment of the financial condition of an
enterprise can be objectively carried out using a
system of indicators, comprehensively characteriz-
ing the results of its activities and reflect the com-
petence of management through the quality of the
decisions taken.

Conclusions

The imperfection of the methods of enterprise
financial condition assessment is not the only prob-
lem of the present. To date, there are also difficul-
ties in conducting the financial condition analysis
due to instability of the economy, crisis situation,
and political uncertainty. In the conditions of con-
stant change of information, many financial and
economic indicators, calculated for a certain time,
can continue to lose their value for analysis due to
the instability of the national currency.

The main direction of ensuring the achieve-
ment of the financial equilibrium of the railway
industry in modern conditions is to reduce the
amount of consumed financial resources. The list
of measures to improve the financial condition is
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individual for each of the branches and companies nagement systems, operational and administrative
and depends on the types of services provided, costs, technical and technological features and
market conditions, regional infrastructure, ma- other internal and external factors.

10.

11.

12.

13.
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AHAJIITUYHE 3ABE3IIEYEHHSA PIHAHCOBOI'O AHAJII3Y HA
SAJIIBHUYHOMY TPAHCIIOPTI

Mera. PoGora mpucBsueHa cucTeMaTH3alii OCHOBHUX HampsMiB (iHAHCOBOTO aHANI3y 3 ypaxyBaHHIM CIICITH-
¢ikn 3amizHu4gHOI ramy3i. Meroauka. Y mporieci AOCTiIKeHHsT BUKOPHCTAaHI METOAM aHANi3y W CHHTE3Y U BU-
BUCHHS 3MICTY i OCHOBHHUX IOJIOXKCHb MyOIIiKaIliii 332 00paHo0 TeMoio. Pe3yabrarn. 3ani3HUYHA Tany3b Mae crie-
uudivHy cuctemy (hiHAHCOBUX BiJHOCHH. 3HaIOYM 00’ €KTHUBHI 3aKOHOMIPHOCTI PO3BUTKY TE€XHOJIOTTYHOI CHCTEMH
rajy3i, MO>)KHa CTBOPUTH BiJIIOBIIHMI MEeXaHi3M KepyBaHHs Helo Ta ii pecypcamu. Bubip HeoOxinHOro MeTony aHa-
J3y Ta CHCTEMH NOKAa3HHKIB, IO 3a0e3Me4nTh yceOiuHe BMBUEHHS Ta MPEACTABICHHS AisUIBHOCTI MiJMPUEMCTBA,
€ OCHOBOIIOJIO)KHHUM JUISl IPUAHATTS YIPABIiHCHKHX pillleHb. BaXXJTMBUM €JIEMEHTOM aHaTITUYHOT poOOTH A TIOT-
ped cydacHOro MEHEKMEHTY € (hJiHAHCOBHIA aHali3, 33 JOMOMOI0OI0 SKOTO MOXKHA BU3HAYUTHU MICIIC MiAMPUEMCTBA
cepel iHIMMX Cy0’€KTiB raimy3i, OIIHUTH CTPYKTYpPY KalliTally W TUHAMIKYy pPO3BUTKY mignpueMmctBa. OTxe, SIKiCTh
YXBaJICHUX PIIICHB [UIKOM 3aJICKUTh BiJI aHANITHYHOTO OOTpyHTYBaHHS. DiHAHCOBWMIT aHANI3 3MiHCHIOIOT 32 JaHH-
MH TICBHHUX TPYI €KOHOMIYHUX MOKAa3HUKIB, SIKi JAFOTh 3arajibHy OIHKY ()iHAHCOBOTO CTaHY HiATIPHEMCTBA, IPHOY-
TKOBOCTI HOTO FisTIBHOCTI i JOBIOCTPOKOBOI INIATOCIIPOMOYKHOCTI. AHaI3 (hiHAHCOBO-€KOHOMIYHOTO CTaHy € BaXK-
JUBOIO CKJIAJIOBOIO €(PEKTHBHOTO YIPAaBIiHHSA (OPMYBaHHSIM, PO3MIMICHHSAM 1 BUKOPHCTAaHHIM PECYPCIiB 3aTi3HHY-
Horo TpaHcropty. OcoOIMBOCTI IPOBEACHHS Ta IHTEpIpeTaLlil pe3yNIbTaTiB aHai3y (iHAHCOBOTO CTaHy CTPYKTYp-
HuxX nigpo3ainis [TAT «Ykp3ani3HUL) — perioHaNbHUX, Taly3eBUX (i, BAPOOHUUUX MiAPO3IUTIB (32 HAIBHOCTI
B HHUX 0aJlaHCy), — MOSICHIOIOTBCS CHeln(iKo0 BeleHHs 1X rocnoaapchkoi missibHOCTi. HaykoBa HoBu3Ha. Otpu-
MaHi pe3yJbTaTd JO3BOJISIOTH PO3MIIAAATH (hiHAHCOBY 3BITHICTH SIK iH(OpMaIiiiHO-aHaTiTHUHE 3a0e3neueHHs di-
HAHCOBOTO aHAJIi3y 3 ypaxyBaHHSM CrelU(iKu KOPIOPaTUBHUX BITHOCHH 3aJ1i3HUYHOI ranysi. MeTtoauka ¢iHaHco-
BOTO aHami3y Mae OyTH Y3rojKeHa 31 CTpPaTeriyHUMM HIBIMH Cy0 €KTa TOCIOJApIOBAHHS, $Ki BH3HAYA€E
CHUCTeMa CTpATETiYHOTO MEHEIKMEHTY Ta IHBECTHIIHHO-(IHAHCOBOTO IUIAHYBAaHHS 3ali3HAYHOI Talysi.
[pakruyna 3Ha9nMicThb. OIHKY (iHAHCOBOTO CTAaHY HiANPHEMCTBA MOXKHA 00’€KTHBHO 3/IIHCHHUTH 32 TOTIOMOTOI0
CHCTEMH MMOKa3HHKIB, 1[0 BPAXOBYIOTh TEXHOJIOTIUHY CrielU(iKy 3ai3HUYHOTO TPAHCHIOPTY, KOMIUIEKCHO XapakKTe-
PU3YIOTH PE3YNbTAaTH HOTO MiSUTBHOCTI Ta BiZOOpakalOTh KOMIETCHTHICTH KEPIBHUIITBA Yepe3 SKICTh MPUHHATHX
PpIIICHB.

Kniouosi crosa: dhiHaHCOBa 3BITHICTH; aHANI3; aHANITUYHE 32a0e3MeYeHHs; (PiIHAHCOBHH CTaH
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AHAJIMTUYECKOE OBECIIEYEHUE ®UHAHCOBOI'O AHAJIN3A HA
KEJE3HOAOPOXXHOM TPAHCIIOPTE

Lean. PaboTa nocesiiieHa cucTeMaTn3au OCHOBHBIX HaIlpaBiIeHHH (PMHAHCOBOTO aHAJIM3a C y4ETOM CIICIH-
(UK KeIe3HOJOPOXKHOH oTpacnu. Meroauka. B mponecce mccienoBaHHs MCHONB30BaHBl METOJbl aHAIM3a
W CHHTE3a /ISl M3YYCHMs COJEP)KaHWS M OCHOBHBIX IIOJIO)KEHMH NyONMKamui 1o n30paHHOH TeMe.
Pesyabrarsl. XKenesHonopoxkHasi oTpacib UMEET CHeNU(PUUECKYI0 CUCTEMY (MHAHCOBBIX OTHOIIEHWH. 3Has 00b-
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€KTHBHbIE 3aKOHOMEPHOCTH DPa3BUTHUS TEXHOJOTHYECKOM CHCTEMBI OTpaciy, MOXKHO CO3/aThb COOTBETCTBYIOIIMH
MEXaHH3M YIPaBIICHHS €10 U ee pecypcamu. BriOop HE0OX0IMMOro MeTo/1a aHaIl3a U CUCTEMBI IIoKa3arteei, KoTo-
pble obecrieyaT BCECTOPOHHEE N3YyYCHUE U MPEACTABICHUE JEATEILHOCTH MPEANPHATHS, SBISIOTCS OCHOBOIOJIAra-
IOIINM JUISl TIPUHATHS YIPaBJICHUECKUX PEIIeHNH. BaXKHBIM 3JIEMEHTOM aHAIMTHYECKOW pabOTHI AJISI HYXKIl COBpe-
MEHHOT'O MEHEKMEHTA SIBIISIETCS] (PUHAHCOBBIN aHANIN3, C TOMOIIBIO KOTOPOTO MOKHO ONPENEIUTh MECTO IPENIPH-
STHUS CPEH IPYTUX CYOBEKTOB OTPACIH; OLICHUTh CTPYKTYPY KamuTaua U IUHAMHUKY PasBUTHA mpeanpusatus. Urak,
Ka4eCTBO NPHUHATHIX PEUICHUH LEIUKOM 3aBHCUT OT aHAINTHYIECKOTrOo 00OCHOBaHMSA. (DMHAHCOBBINA aHANMN3 OCY-
IIECTBIISIFOT Ha OCHOBaHWHU OINPEIEICHHBIX T'PYIII SKOHOMHYECKHX MOKa3aTelel, KOTOpPhIE TAr0T OOILIYI0 OIEHKY
(DMHAHCOBOTO COCTOSIHUS IIPEANPUATHS, TPHOBUIBHOCTH €r0 JEATEIbHOCTH U TOJITOCPOYHOHN INIATEKECIOCOOHOCTH.
AHanu3 (UHAHCOBO-KOHOMHUYECKOTO COCTOSHMS SBISIETCSI BayKHOM cocraBisitorieil addexkTHBHOrO ynpaBieHus
(dbopMupOBaHUEM, pa3MEILIEHHEM M HCIIOJIb30BAHHEM PECYpCOB JKEJIE3HOIOPOKHOTo TpaHcmopra. OcoOeHHOCTH
MIPOBEJICHUS ¥ MHTEPIPETALIMN PE3yJIbTaTOB aHali3a (PMHAHCOBOTO COCTOSIHUS CTPYKTYPHBIX moapasaeneHuid [IAT
«YKp3aJHM3HBIL» — PErHOHAIBHBIX, OTPACIEBBIX (PHIMATIOB, NPOU3BOJICTBEHHBIX IOApa3AeicHUIl (TIPH HATUYUH Yy
HUX OaslaHca), OOBSICHSAIOTCSA CIEeNU(UKON BeieHUsI UX XO03IHWCTBEHHOH AestenbHocTH. Hayunas HoBu3Ha. [lomy-
YEeHHBIC PE3yJIbTAaThl MO3BOJIIIOT PacCMaTpUBATh (MHAHCOBYIO OTYETHOCTh Kak MH(OpMaMOHHO-aHATUTHYECKOE
obecrieueHne (PMHAHCOBOTO aHAIN3a C YIETOM CIELH(HUKN KOPIOPATHBHBIX OTHOLICHUH JKEJIC3HOLOPOKHOMN OTpac-
. Meroauka (PMHAHCOBOTO aHaJM3a JOJDKHA OBITH COIVIACOBaHA CO CTPATETMYECKHUMH IENSIMH CyOBEKTa XO3sH-
CTBOBaHMS, KOTOPBIE ONpPENEIsieT CHCTEMa CTPATernYecKOro MEHEIKMEHTAa U WHBECTHLHOHHO-()MHAHCOBOTO IIa-
HUPOBAHMS JKEJIC3HONOPOKHOM oTpaciu. IlpakTuyeckass 3HaUMMOCTh. OLCHKY (PMHAHCOBOTO COCTOSIHHS Tpea-
MIPUSTHS MOKHO OOBEKTHBHO OCYIIECTBHTH C IIOMOIIBIO CHCTEMBI ITOKA3aTelNeH, KOTOPhIE YYUTHIBAIOT TEXHOJIOTH-
YECKyI0 CIelU(UKY JKeJIE3HOAOPOIKHOTO TPAHCIIOPTA, KOMIIEKCHO XapaKTepH3YIOT Pe3yJIbTaThl €ro AesiTeIbHOCTH
1 0TOOpaxar0T KOMIIETEHTHOCTh PYKOBOJICTBA IIOCPECTBOM KauecTBa MPHUHATHIX PEIICHUH.
Knrouesvie criosa: prHaHCOBas OTUETHOCTD; aHAIN3; aHATUTHYECKOE obecrieueHne; GUHAHCOBOE COCTOSIHUE
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PACITPEAEJEHUME NOABUXHOI'O COCTABA VIS OTCTOA
MEXAY NYTAMU OBIIEI'O U HEOBLIEI'O TIOJIb3OBAHUA

Hean. Ocobyro akTyaIbHOCTh B YCJIOBHSX YBEIMUYCHHS J0JIM PUBATHBIX BArOHOB IPUOOPETAIOT 3a1a4u BhIOOpa
ONTHUMAIIFHBIX PEKMMOB B3aMMHOU paboTHI MyTeit o0mmiero u HeoOIIero mons3oBaHusA. [1o3ToMy 1enbpi0 HacTOSIIECH
paboTHI ABIsIETCS pa3padoTKa MoIxoaa K 000CHOBAaHHIO BRIOOpA pekrMa B3aUMOICHCTBHS MAarCTPaIbHOTO U MPO-
MBIIIUICHHOTO JKEJIE3HOIOPOKHOTO TPAHCIIOPTA C TO3HIUU pacIpelleIeHUs] BaroHOB, HANpPaBIICMBIX B OTCTOM,
MEXKITy JKEJIe3HOJOPOKHBIMH ITyTSIMH OOIIET0 W HeoOImero noiap3oBanusa. MeToauka. s JOCTIKECHHUS MTOCTaBICH-
HOW IENM HWCIOJNB30BAaHBl METOABI HAyYHOTO aHAlM3a W CHHTE3a, TEOpWUH TpadoB, a TakKe IKCIIEPUMEHTAIHHO-
CTaTHCTHYECKUE METOJBI COCTaBICHUs Mojeneil. Pesyabrarpl. [lomydeHa 3aBHCUMOCTh MOTPEOHON BMECTUMOCTH
KEJIE3HOJOPOKHBIX HyTeﬁ, B KOTOpOﬁ YUYHUTBIBACTCA AO0JIA IMPUBATHBIX BAI'OHOB B O6H1€M TapkKe, MoCTynaromux Ha
Mecta HeoOuiero mnojp3oBanusi. IlpeanoxkeHa cxema BbIOOpa MecTa pa3MELICHHUs BaroHOB JjIsi OOOCHOBaHUS
BBHIOOpA peXuUMa B3aUMOACUCTBHS MAruCTPaJbHOTO ¥ MPOMBIIUICHHOTO JKENE3HOJOPOKHOTO TpaHCIOPTa
C y4eTOM HMEIOIErocsi B HAIWYHMK ITyTEBOTO OCHAIEHHS M IIeJIECOO0Pa3HOCTH €ro MajbHEWIIEero pa3BUTHA.
Hayunasi HoBu3Ha. 3aj7]a4a B TaKOW MOCTAHOBKE JI0 HACTOSIIETO BPEMEHH HE PEIlieHa, YTO U OINPENesIeT aKTyallb-
HOCTh U HOBU3HY HCCIICIOBAHMS B TaHHOM HarpaBieHud. [loaydeHHas ¢popmyiia mo onpeaeieHuIo moTpeoHoi Bme-
CTHUMOCTH JKEJIEe3HOJAOPOKHBIX ITyTeH, B OTIMYHE OT CYIIESCTBYIONIMX CIOCOOOB €e pacueTa, YUUTHIBACT BIIUSHUC
CIIydaifHOTO XapakTepa 0O0CITy)XKHBaHUS IEPEBO30YHBIX CPEIICTB HA MECTaX HEOOIEro IMOJIb30BAHUSA, a TAaKXKe JOITU
MPUBAaTHBIX BaroHOB B o0mIeM mapke. [IpemmoskeH MeTon BBIOOpa MecTa pa3MEIICHUS MPHBATHOTO TOIBIKHOTO
cocTaBa, UCIIOJIB3YEMBIH 111 000CHOBAHHS BBIOOpA PEXMMa B3aMMOACHCTBHUS MaruCTPaIbHOTO M IIPOMBIIUICHHOTO
KEIE3HOJOPOKHOTO TPAHCIIOPTA C YISTOM HMMEIOIIETO B HAJMMYUH ITyTEBOTO OCHAIICHUS U LEJIeCO00Pa3HOCTH €ro
JanpHeimero pa3sutusa. OTIHYNTENTFHON 0COOEHHOCTBIO MTPECTABICHHOTO METO/1a ABJISIETCA Y4eT HHTEPECOB IPy-
30BJIaJIeIbIIa, KAK CTOPOHBI, B HAHOOJIbIIICH CTEIICHN 3aMHTEPECOBAHHOM B 3()()EKTUBHON B3aMMHOM padoTe Kejes-
HOJIOPOXKHOTO TpaHCHOpTa obuiero u HeooOuero mons3oBanus. IlpakTuyeckasi 3HaunMocTh. Ha ocHOBaHuM pe-
3YyJbTAaTOB HCCJIECAOBAaHUA MOTYT OBITH TMOJYYCHBI PEKOMCHOAIIUUN I10 BI)I60py pexKuMa B381/IMOJIGIZCTBI/I$[ Maru-
CTPaAJILHOTO U MPOMBIIIIEHHOTO KeJIEe3HOA0POKHOTO TPAHCIIOPTA B YACTH paclpeiesieHUs] BATOHOB, HAMIPABIISIEMBIX
JJIA OTCTOA, MEXKAY KEJIC3HOAOPOKHBIMU MYyTAMU O6H16I‘O n HCO6HI€FO [MOJIL30BaHUA. DTO MO3BOJIUT YMEHLIIUTH
H3JICPKKHU TPY30BIAICIBIEB 38 CUCT MUHAMH3AUN SYKOHOMHYECKUX M BPEMEHHBIX MOTEPh U, KaK CICICTBUE, Cle-
JIaTh YCIYTH JKEJIE3HOIOPOKHOTO TPAHCIOPTa OoJiee TMPUBICKATEIEHBIMU ISl KIUCHTYPHI, YTO MPHUBEICT K HOBBI-
IICHUIO €r0 KOHKYPEHTOCIIOCOOHOCTH Ha PBIHKE TPAHCIIOPTHBIX YCIYT.

Knrouesvie cnosa: xene3HOMOPOKHBIA MyTh HEOOIIETO TOIB30BaHNS; IIPUBATHEBIA BarOH; Pa3MELICHUE; PEXHM
B3aUMOJIEHCTBUS

BBenenne BCEro, JKEJNE3HbIX JOpPOr C OpraHu3alUsIMU-
TPY30BIIAIENbIIaMH, COOCTBEHHUKAMU TTOABIKHOTO

BzanmopeiictBue KeJE3HOLOPOIKHOTO  TPaHC-
COCTaBa, MPOMBILIUICHHBIMU NPENPUSTUSIMU B 3HA-

MOpTa U APYTHX OTpaciell IpOU3BOACTBA U, IPEXk/IE
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YUTENEHOW Mepe OIpenesseT YPOBEHb Pa3BUTHS
TPAHCHOPTHOrO KOMILIeKca cTpaHbl. Kak n3BecTHO,
Cephe3HbIE HEJIOCTAaTKH B TIPaKTHKE B3aUMOIEH-
CTBHS MaruCTPaJbHOTO W MPOMBIIIICHHOTO KEJe3-
HOJIOPOXKHOTO TPaHCTOpPTa HAHOCAT 3HAUUTENbHBINA
ymep0d  SKOHOMHUKE  TOCYIOapcTBa,  MPHBOIAT
K HapylmIeHUsSM PHUTMHUYHOCTH M CPOKOB JIOCTaBKU
TPY30B, K BBIHYKJCHHBIM H3MCHEHHSM TEXHOJOTHU-
YEeCKOro IIpolecca IPOU3BOJACTBA MPEAIPUATHH,
K JONOJHUTENHHBIM TPYAOBBIM 3aTpaTraM Ha W3-
JUIITHIOIO TOTPY304YHYI0 paboTy, K MepenpocTosM
MOJIBM)KHOTO COCTaBa. Y CTpaHEHHE 3TUX HENOCTaT-
KOB SIBJISIETCSI BAXKHBIM PE3EPBOM OCBOSHHS 00bheMa
MIEPEeBO30K, CHIDKEHHS TPAHCIIOPTHBIX H3IEPIKEK
YYaCTHUKOB MEPEBO30YHOTO Mporiecca [8].

[IpoGiema 3¢ hekTUBHOI OpraHu3anuu padoThl
MPOMBINIICHHOTO ¥ MAaruCTPabHOTO JKEJIe3HO0-
POXHOTO TpPaHCHOPTa BCer/a Oblla B LIEHTPE BHU-
MaHUs TEOPUHU U MPAKTUKHU dKcITyaTanuu. Teope-
TAYECKHE OCHOBBI BOIIPOCOB B3aWMOJICHCTBHS ITy-
Tel 00IIero u HeoOIero MmoyIb30BaHus pazpabora-
Hbl akagemukoM B. H. O6pasnoBeiM B 50-¢ TozbI
Mpouuioro croyietuss. B mepuon c cepenuHsl 10
KoHIa 20-ro BeKa B 3TOM HANpPaBIECHUU MPOBOIU-
JUCh UCCICOBAHUS TaKUMH YUYCHBIMH, Kak
B. M. Akynunanues, H. I1. bepaun, O. B. bunory-
pos, A. K. T'omosany, A. T. lepudac, A. B. Koma-
pos, JI. C. Kpoxun, B. A. Kynpssues, B. K. Mu-
ponenko, B. . Herpeit, A. JI. OwmenpueHKo,
B. B. IloBopoxenko, H. B. Ilpasaun, U. b. Cotau-
KOB, A. A. CMexoB, I'. A. IlupkyHOB,
I1. A. SInosckuit, B. I1. Spomesuda u np. [7, 8, 11,
13]. Cpenu COBpEMEHHBIX YUEHBIX, 3aHUMAIOIIIUXCS
JAHHOW TIpOOJIEMaTHKON, MOXKHO BBIIECIUTH Ha
IIOCTCOBETCKOM ITpocTpaHcTBe P. B. Bepnuropy,
. H. Kazauenxo, II. B. bex, I'. 1. Hecrepenko,
N. A. Enosoro, JI. C. Kapuxosy, H. B. Xanunosy,
N. A. BapankoBy [2-5, 14, 15, 16], B cTpaHax Aaib-
Hero 3apyOexxpss M. Bababeik, M. M. Nasiri,
A. A. Khaled, Jin M., L. Mussone, Z. Zhang [17—
20].

[loe3nnas u rpy3oBast paboTa KENe3HBIX JOPOT
ctpan CoapyxectBa HezaBucumbix ['ocymapcts
B TOCJIEIHHE TOAbl HCIBITHIBACT 3aTPYAHEHUS
B CBSI3U C TEeper30bITKOM BAarOHHBIX IMApPKOB Ha
psine monuroHoB cetu. Tak, B mepuof pocrta Ipy-
30BBIX MEpeBo3ok, HaunHas ¢ 2003 roma, poccwii-
CKHUIl MapK I'Py30BBIX BarOHOB YBEIHYHUBAJICS TEM-
rmaM, B cpeaHeM B 4,3 pa3a onepekarouMei TEM-
TIBI npupocTa NPOTSHKEHHOCTH MIpHUEMO-
OTIPABOYHBIX U COPTHUPOBOYHBIX IIyTEH CTaHLIMMN.

OTo MpUBENO K TOMY, YTO C Ha4aJlOM CIaja mepe-
BO30K HAaXOXAEHHE Ha CETH HEBOCTPEOOBAHHBIX
MyCTBIX BaroHOB BBI3BAJIO MHOTOYHCIICHHBIC
HapylIeHds B3aUMOJICHCTBHSI pPaOOTHI CTaHIIUN
U YYacTKOB, HEBOCIIOJHUMBIE TIOTEPH MPOITYCKHOMH
CIIOCOOHOCTH, HEOIIpaBOaHHBIE pacxoibl. B cBs3u
¢ dgem mpodeccopamu A. D. boporwHEIM U
E. A. CoraukoBeiM B [1] pa3paboTaHa MeToamka
OLIEHKM B3aUMOCBSI3€Hl MEXIy BMECTHMOCTBIO Iy-
TEBOI'0 PA3BUTHUS IOJIUIOHOB, EMKOCTHIO BAarOHHBIX
MapKOB, MPOIYCKHOH CIIOCOOHOCTBIO M KaueCTBEH-
HBIMHU IIOKa3aTesIMU SKCIUTyaTallMOHHOW paboThl
1 OLIEHKA BO3MOKHOCTEH OTCTOSI MPUBATHBIX Baro-
HOB Ha CTaHUMSIX. XOTS palyOHANIbHBIE COOTHO-
IICHHUST BMECTUMOCTH ITyTel ¥ pabouero mapka pa-
TOHOB ONPEACIAIOTCA ISl MyTed CTaHLMOHHBIX
MapkoB (IPUEMO-OTIIPABOYHBIX, COPTUPOBOYHBIX,
COPTHPOBOYHO-OTIIPABOYHBIX, OTPY309HO-BHIIPY-
304YHBIX, BI)ICTaBO‘IHI)IX), BHCIIAPKOBLIX CTAaHIIMOH-
HBIX ITyTeH (TJIAaBHBIX B MpeieNiaX CTaHIUi, COemau-
HUTCIBHBIX, XOOOBBIX, BBITSKHBIX, a TAKKEC HYTeﬁ
IUIL OTCTOS BaroHOB M IIPOY.), OAHAKO JAHHBIHA
pacuer Ui KeNe3HOJOPOXKHBIX MyTed HeoOIIero
MOJb30BaHUSI METOAUKOM He mpenycmotrpeH. Ilo-
3TOMY aKTyaJbHBIMHU OCTArOTCS MpPOOJEMBI OIpe-
JIEJIeHUs TIOTPEOHO BMECTUMOCTH TyTel HeoOIIe-
T'0 IO0JIb30BaHUA B COBPEMCHHBIX YCJIOBHAX, 4 TaK-
JKe paclpeneseHusl IIyTEBbIX eMKOCTEH ISl OTCTOs
MIOJIBU’KHOTO COCTaBa MEXIY >KEIe3HOJOPOKHBIM
TPaHCIIOPTOM OOILEro ¥ HEOOLIEero MOIb30BAHUS.

Hean

UccnenoBanrio B3auMHON pabOTHI MPOMBIIL-
JIEHHOTO ¥ MarucTpajbHOTO JKEIEe3HOIOPOKHOTO
TPaHCIOpPTa BCETAA YAENIOCh HOBBILICHHOE BHU-
MaHHe, KaK CO CTOPOHBI MPAKTUKOB, TaK U CO CTO-
POHBI YYEHBIX-TPaHCHOPTHUKOB. PocT uHTEpeca
K 9TUM NpoOJIeMaM CO CTOPOHBI YYaCTHHKOB Tiepe-
BO30YHOI'O Ipoliecca B HacTosIIee BpeMms 00y-
CIJIOBJICH Pa3BUTHEM KOHKYPEHIIUH B cepe ornepu-
pOBaHUs IrPy30BBIMHA BaroHaMH M POCTOM KOJIMYE-
CTBa COOCTBEHHHKOB IIOJIBW)KHOTO COCTaBa Ha
(oHE HEHM3MEHHOTO COCTOSHHUS MHQPACTPYKTYPHI
myTeil HeoOIero MoJb30BaHUS, YHACIEIOBAHHON
ot Coserckoro Coroza. IloaTOMy nenpro HacTos-
meid  paboTel  sBIsieTcs  pa3paboTka  mojxojia
K 000CHOBaHHIO BHIOOpa pekMMa B3aUMOJECHCTBUS
MarucTpaIbHOI'O U MPOMBIIUIEHHOTO KeJIe3HOI0-
POXXHOTO TpaHCIIOPTa C MO3ULWHU pacHpeAesICHUs
OTCTOSI BarOHOB MEXIY XEIE€3HOJOPOXHBIMU IIy-
TSMH OOIIIEr0 U HEOOIIETO MOTb30BAHMS.
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MeToanka

I[J'I}l JOCTIDKCHHS IMOCTaBJICHHOM IIEIU npu
IIPOBEACHUN JAHHOT'O HCCIICAOBAHHA HMCIIOJIb30Ba-
HbI METOABI HAYYHOI'O aHaJIM3a U CUHTEC3a, TCOPUU
I‘pa(l)OB, a TaKXC OKCICPHUMCHTAJIbHO-CTATUCTU-
YEeCKUE METOIbI COCTABIICHUS MOJICIICH.

Pe3yabTarhl

B mnacrosmee Bpems Ha JKEJIE3HBIX JOPOrax
crpan CHI' HaGmiogaeTcs pocT KoimuecTBa Ipu-
BaTHOTO MOJBHXHOTO COCTAaBa U €ro J0JIH B 00IIEM
napke BaroHoB. VI3MeHEHHe CTPYKTyphl BaroHOIO-
TOKa, HCCOOTBETCTBHUEC TCXHOJIOT'UHU 06CJ’Iy)KI/IBaHI/ISI
MeCT HEOOIIEro IMOJb30BAHUS HX TEXHHYECKOMY
OCHAIICHUIO, 3HAYUTENIBHOE YBEJIMYEHHE KOIH4Ye-
CTBa OIEPATOPOB MOIBHKHOIO COCTaBa IPUBEIH
K pa3sMeIIeHHIO MPUBATHOTO MOABHXHOTO COCTaBa
Ha JKEJIe3HOAOPOKHBIX MyTsiX. OCHOBHBIC TPUYUHBI
OTCTOs NPUBATHBIX BAI'OHOB CBCJICHEI B Ta6m/1uy 1.

Tabnuna 1

HpH‘II/IHBI H MECTO OTCTOA NMPUBATHOTO
MOABMIKHOI'0 COCTaBa

Table 1

Causes and location of private rolling
stock parking

Mecto BpE- HpH‘-II/IHLI BPEMEHHOT'O pasMEIICHUA
MCHHOTO BaroHoB
pa3MeleHust
IPY’KEHBIX MyCThIX
XKenesno- HocraBka [To noroBopy Ha Bpe-
JOpPOXKHAs rpy3a «Tod- MEHHOE pa3MelleHHe
CTaHIHA HO B CPOK» IICTHIX BarOHOB
Kenesno- Hamnuune 1) Hamu4aue mpuopuTeTa
JOPOXKHBIN | TpHOpHTETa B 00CITy>)KNUBaHWUY NH-
yTh B 00CITyXH- BEHTapHBIX BarOHOB;
HeoO1iero BaHWH WH- 2) HOTOBOp Ha BpeMeH-
MOJTb30Ba- BEHTapHBIX HOE pa3sMellleHNe pas-
HUs BaroHos IPY)KEHHBIX BATOHOB;
3) He corIacoBaHHOCTh
MepeBO3KH 10 Tapupam

[IpuBaTHBIE BaroHbl pa3MECTUTh MOXHO KaK Ha
MyTSIX OOINEero, Tak M HeoOIero mob3oBanus. [Ipu
3TOM Biajener] HHQPaCTPyKTyphl 3a YCTaHOBJIEH-
HYIO TIJIaTy MOXET OTIaBaTh B apeHIy JKeJIe3HOJ0-
POKHBIE TIyTH COOCTBEHHHKY IMOJBHYKHOTO COCTaBa
[10]. OmHaKo, KOIMYECTBO TaKHUX ITyTeH OrpaHH4e-
HO, K TOMY € OHH TepPUTOPHAIBHO PaCCPenOTO-
YeHBI 10 ceTU benopycckoi xKene3Hoi JOpOry.

Jus ycraHoBneHUS MOTPeOHOW BMECTHMOCTH
KeNEe3HOAOPOXKHBIX MyTell HEeoO0XoguMo ompese-
JIUTh CPETHUN NPOCTON BaroHOB.

Ha nytu HeoOmiero nosip30BaHus 3a CyTKH IO-
CTYIIAeT BarOHOB B KOJINYECTBE

M, =24\, (1)

rie A — WHTCHCUBHOCTh TIOCTYIUICHHS BarOHOB,
Bar/J.

[loTpeOHass BMecTUMOCTh TyTeH HEOOIEro
MOJIb30BaHUsl TPU 3aJaHHOW WHTCHCUBHOCTU CO-
CTaBIISIET

m=»At 2)

cp ?

rze fp — CPEHHUI MPOCTONM BarOHOB HA IyTAX HeE-
00111ero moJIL30BaHMs, Y.

[Ipu 6e3HOMEpHOM cITOCOO€E ydeTa MpoCTos Ba-
TOHOB, KOTOpBIM NPUMEHSETCS, KaK IPaBUIIO, Ha
MecTax oOIIero, HeoOIIEero Mmoab30BaHUsI C Baro-
HOOOOpoTOoM 50 1 Goiee BaroHOB B CYTKH,

B B
t, = = , 3
® o+ O+VY @

rae B — BaroHo-yacel HaXOXXJCHHS BaroHOB Ha
myTsX HeoOImero monbp3oBanus, Bar-4; O, — ocra-
TOK BarOHOB Ha Ha4YaJiO0 OTYETHBIX CYTOK, BarOHOB;
I1 — Konnm4ecTBO MPHUOBIBIIMX HA MYTH HEOOILIETO
MOJIb30BaHUS BarOHOB, BaroHos; O, — 0CTaTOK Ba-
TOHOB Ha KOHEI[ OTYETHBIX CYTOK, BaroHOB;
Y — KkonuyecTBO YOBIBIIMX C IyTell HeoOIero
MOJIb30BAHUS BATOHOB, BAaTOHOB.

I[NonyyeHHoe 3HaueHUE f,, HPEJCTABIAET COOOH
CPEITHIOIO MPOJIOJDKHTEIIBHOCTD HaXOXK/ICHHST BarOHOB
Ha ITyTSX HEOOLIEro MoJIb30BaHMS, BKJIIOYas MPUBAT-
HbIE M MHBEHTAPHBIC YKEJIE3HOJOPOYKHBIE TIEPEeBO30Y-
HbIe cpezcTBa. Ecim 1011 npHBaTHBIX BaroHOB B 00-
IEM TapKe COCTaBJISET 0, TO MHTEHCUBHOCTH X TIO-
CTYIUICHHS] Ha MECTa HEOOIIET0 TOIb30BaHNUS

A, =Ao, 4)

COOTBETCTBEHHO JUISI TTOJIBUKHOTO COCTaBa MHBEH-
TapHOTO HapKa

knz}\’(l_ac)’ (5)

CrenoBaTeNnbHO, TTOTPEOHAST BMECTUMOCTD JKe-
JIE3HOJIOPOXKHBIX TYTEH i 0OCITy’)KWBaHUS Baro-
HOB IPUBATHOT'O TTapKa

C
m, =\t (6)

ccp ®
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WHBEHTApHOTO MapKa

my, =M1 —a, ),

(7

rae  to .ty
HAXOXKICHUS BarOHOB Ha MyTSIX HEOOIMIETo IMOIb-
30BaHHS COOTBETCTBCHHO BAaroHOB MPHUBATHOTO
Y UHBEHTAPHOTO MapKOB, 4.

Barono-4yacel HaxOXJCHUS BAaroHOB Ha TYTIX
HEOOIIEeTo MMOJIH30BAHMS OTIPEIEISFOTCS 10 (hopMyIie

B= Ztl.ml. ,

B npaktrke paboTel MecTa HEOOMIETO IMOJb30-
BaHuA [JIA MAHCBPOBBIX JIOKOMOTHBOB, KakK
1 (GPOHTHI MOTPY3KU — BBITPY3KH OOBIYHO TIpeIHA-
3HAYEHB! AJIS1 MIOTOKOB BaroHOB, pa3HBIX IO IpU-
HamnexHocTu. llpu mocrymnenun N BXoASIIMX
MOTOKOB C Pa3HBIMH MPHOPUTETAMH CpEIHEE Bpe-
Ms TIpeOBIBaHUS TO TPEOOBAHHIOPACCUNTHIBACTCS
KaK k-ro IpUOpUTETA B CUCTEME

P o 2
zil(vsxi +V06cni)

_ =l M
tk

- k-1 k
a _ij)(l _ij)
Jj=l j=1

CpeaHsad NOpOAOLKHUTCIBHOCTD

()

1
+—,
My

)

rje p; — 3arpyska oOCIyKMBAIOLIEr0 yCTPOHCTBa
TpeOOBAaHUAMH i-FO MOTOKA; V, . — KOIPPUIHEHT

Bapyaldy BXOMSIIETO i{-T'O MTOTOKA; V — K0d(-
(uIMeHT BapualMK MPOJOKUTEIIEHOCTH 00CTy-

JKUBAHUS I-TO IIOTOKa; W, — HHTCHCHUBHOCTb 00-

obci

CITy>KHBaHHSA 3aBKH i-OTO ITOTOKA, Bar/d,

1
Hita

obeini

(10)

rae ¢ — 3arpy3ka OOCITyKHBAIOLIETO YCTPOW-

obcmi
CTBa TpeOOBaHUSIMHU i-TO TIOTOKA [6].

[ns onpeneneHuss 3aKOHOMEPHOCTEH H3MEHe-
HUS K03()(UIMEHTOB BapHallM BXOJSIIETO MOTO-
Ka 1 00CITy>)KUBaHHS HA TIPUMEPE TTPOMBILILICHHOTO
NPEONpUATHS PacCMOTpEHa MPONOJDKUTENBHOCTD
BPEMEHHBIX COCTABIISIIOLINX CXEMBl JOCTaBKH IPHU
B3aMMOJICHCTBUM MarucCTpaJbHOTO M MPOMBIILICH-
HOTO >KEJIE3HONOPOXKHOTO TpaHcnopra. B pesyinb-
TaTte 00pabOTKH SMIMPUYECKUAX JAHHBIX OMpere-
JICHBI OCHOBHBIE CTAaTHCTHYECKHE MOKAa3aTelln HC-
CIIEZIyeMBIX CIlyYaiHbIX BEJIMYWH, KOTOPhIC CBEJIC-
HBI B Ta0aMLEI 2, 3.

TabGauna 2

YucaoBble XapaKTePHCTHKH HHTEPBAJOB BPEMEHH MEXKIy
MoJa4YaMH BaroHOB B Lle€Xa NpeInpusiTHs

Table 2

Numerical characteristics of the time intervals between car supply
to the shop floor of the enterprise

KonnuecTBeHHbIE XapaKT€PUCTUKU
TMoxkazatens lexos
Kap6o-mug-11 Cynbdar Benzon Masyt
MaremMaTmaeckoe 454 4 3322 641 560
OXKUTaHUE, MUH
Hucnepcus 89 121 64-10° 104-10° 155 10°
BEIOOPKH,
O0BeM BEIOOPKH 144 241 256 158
Koadpumuent 0,66 0,76 0,50 0,70
BapHaluu
Bribopoynas 2.1-10 7.6:10716 3,6-1076 4,810
OILIEHKA b
Bri6opounas 9.9-10™" 33-107° 4-10™M 9,5-10™"2
OILICHKA b,
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Tabnuma 3

YucjoBbie XApPaKTEPUCTUKU MPOAOIZKUTEC/IBHOCTH OKUAAHUSA
y60pKI/I BaroHoB M3 L€X0B NPEeANPUATUSA

Table 3

Numerical characteristics of the waiting time for cars removal
from the shop floors of the enterprise

3HAYCHHUS YHCIOBBIX XapaKTEPUCTUK I LIEXOB
II
OKa3aTelb KapGo-vm-I1 Cynbsdar Benszon Masyt
aMMOHMU
Maremaruueckoe 35,97 733 33,0 29
OXUJIAHKUE, MUH
Alueniepoms sioop- | 9475 48233 906 317
OO0BbeM BBIOOPKH 138 224 215 179
Koad¢puuumenr Ba- 0.86 0,95 0,91 0,61
puanuu
BribopouHast oeH- 3.77-10° 1.45-10™ 465107 7,610
Ka b]
B"I6°p‘l’;‘{ba" O 234-10° 144-10° | 2,85-10° | 15107
2

J1Jis TOTO 4TOOBI YCTAaHOBHUTH, K KAKOMY 3aKOHY
pacnpezesieHus] CJICAyeT OTHECTH CIIydaiHbIe Be-
JUYHAHBI, UCTIOJIB30BAHBI 00JACTH B THIOCKOCTH [3
U B, M pasNUYHBIX pachpeielieHuHd, KOTOpPbIC
OMPECISAIOTCS Ha OCHOBAaHWU BBIOOPOYHBIX Olle-
HOK b, 1 b,:

JE=#; (11)
my
b, “on ) (12)

TJIe m,, M3, My — COOTBETCTBEHHO BTOPOW, TPETHIA,
YeTBEpPTHIN IIEHTPAIIbHBIE MOMEHTBI OTHOCUTEIHLHO
MaTeMaTH4YeCKOro oxuIanus [9].

Janee momydeHHBIE PE3yIbTaThl BHIOOPOUYHBIX
OIIEHOK by, by, MOTYT OBITH TIpEJCTaBIIEHBI Ha Tpa-
¢duke, kak Touka A ¢ koopauHaramu (b; by) [12].
[Ipu 3tom, eciu Touka A OyAeT HaXOJIUTHCS Ha
JIOCTATOYHO OJIM3KOM PACCTOSHUHM OT KPUBOW HITU
o0nacTv, TpeACTaBICHHOW Ha rpaduke, TO 3TO
pacnpezieficHHe MOXET ObITh HMCIIOJIB30BaHO ISt
OIUCAHUS SMITMPUUYECKUX JJAHHBIX.

B xo/z1e BHINONHEHUS PacyeToOB MOJSyUYSHBI 3HA-
YeHHsI BBIOOPOUHBIX OLICHOK by U b,. Touku, mosy-
YyeHHbIE M3 KOMOMHaIMi 3HadyeHul b; u b,, HaHe-

CEHHbIC Ha rpaduK, OKa3aUCh B KDUTHIECKOI 00-
JIACTH, YTO TMO3BOJISIET CAETaTh BBIBOJ O TOM, YTO
HCCIIeAyeMbIE CIIy4aiHble BEJIHMYMHBI IPUHUMAIOT
HEIETePMUHUPOBAHHbIE 3HAUCHUSL.

[Ipy npuMeHEeHNH TaKOrO METOoJla OMHCaHUs
SMIIUPUYECKUX AAHHBIX HEOOXOAWMO YYUTHIBATDH
IIBa BaXKHBIX OTrpaHuyYeHHs. Bo-mepBbIX, mi1s Jito-
00ro MHOXKECTBA JAaHHBIX b; U b, ABIAIOTCS JIMIIE
OLIEHKaMH W TIO/IBEP>KEHBI KOJIeOaHUsIM OT BHIOOp-
KM K BBIOOpPKE, 3TH OLIEHKH OY€Hb UyBCTBUTEIBHEI
K HEOOJNBIIOMY YHCITy KpaHMX 3HAYeHHi, O3TO-
My JaHHBIH METOJI HEOOXOJMMO HCIOIb30BaTh
C OCTOPOXHOCTBbIO, OCOOEHHO, KOTJa YHCIIO
HaOIIIO/IEeHUI HeBenKo, Hampumep, MeHbie 200.
Bo-BTOpHBIX, B 001IEM ciydae (opma pacrpenene-
HUSI HE ONpeneNnseTcsi OQHO3HAYHO €ro HOPMHUPO-
BaHHBIMHM TI0Ka3aTeJsIMM AaCHUMMETPUM WU OCTpPO-
BepummHHOCTH [11].

Bonpiire BO3MOXXKHOCTH ISl ONMCAaHUs KoJie-
0aHuil cilyyaiiHBIX BeJIWYMH 0OECTeYrBaeT CHCTe-
Ma kpuBbIX [lupcoHna, 3amaBaemas auddepeHim-
ILHBIM YpaBHEHHEM:

dP(x)
dx by +bx+bx’

X—a

P(x), (13)
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rae a, by, b, b,
MpeaeNeHns], KOTOPbIe BBIYHUCIAIOTCS METOAOM
MoMmeHTOB [11].

OcHoBHble Tunbl KpuBbX [lupcona mpencras-
JIEHBl Ha HOMOTpamMMe MJisl OMpeleNieHHs] THIIa
KPUBOH B 3aBHCMMOCTH OT TapameTpoB [; u JB,
[11]. Onpenenenne mapameTpoB B; u 3, aHAIOTHY-
HO PacyeTy paHee PacCMOTPEHHBIX bi, b,. Toukw,
MOJy4eHHbIE N3 KoMOuHauui B u B, HaHeCEHHbIE
Ha HOMOTPaMMy, OKa3aJHCh OTIAJIEHHBIMH OT OC-
HOBHBIX THIIOB KpuBbIX Ilupcona, mpezncraBieH-
HBIX Ha HEH. DTO CBUAETENBCTBYET O TOM, 4YTO
n3y4yaeMble BPEMEHHBIE 3JIEMEHTBI CXEMbI 10CTaB-
KA TpPy30B IPUHUMAIOT HEAECTCPMUHHPOBAHHbIC
3HA4YCHUs, a OTKJIIOHCHUA OT UX CPCAHUX 3HaYCHUIN
HOCAT Clly4aillHbId Xxapakrep. laHHOE IMOJIOKEHUE
ObUIO TOXTBEPXKIEHO IIOCNE MPUMEHEHHS Ipo-
rpaMMHBIX mlakeToB Microsoft Excel, Statgraphics
K paccMaTpuBacMbIM CJ'Iy‘-IaI\/'IHI)IM BEINYHNHaM.

Kpome Toro, ananus coOpaHHBIX CTaTHCTHYE-
CKMX JaHHBIX IOKAa3ajl, YTO KaXI0E€ MECTO HEeoO-
LIETO TIOJNB30BaHMSI MMEET CBOE 3HAYCHHE KOI(-
(UIMEHTAX Vg, KOTOPOE, KaK MPaBUIIO, U3MEHS-
etcs B penenax ot 0,2 mo 0,4 [9].

Paccmotpen ciyuaii, koraa Ha MyTH HEOOIIETO
IMOJIb30BaHUA MMOCTYIIACT 2 TPAHCHOPTHBIX IMOTOKA:
BaroHsl NMPHUBAaTHOI'O, HHBEHTapHOro mapkoB. [Ipu
OJIMHAKOBOW HMHTEHCUBHOCTH OOpabOTKH TOCTY-
MaroIMnX TPeOOBaHUM (i =H,-() CPEAHSS 3arpy3Ka
YCTPOMCTBA, OOCIYKHBAIOLIETO IOTOKH IPHBAT-
HBIX BarOHOB

— TOCTOSIHHBIC MapaMeTphl pac-

ro
p.=2% _pa, (14)
u
I/IHBeHTapHLIX
AMl-—a
pm=¥:p<l—ac>. (15)

CJ'IC}Z[OBHTC.HBHO, Cp€aHAasa MPOAOKUTCIIbHOCTD
Hpe6BIBaHI/I$I IMPUBATHBIX BAI'OHOB B CUCTEMEC

p(Vi. +vi )

th =t one [l+ BXC obceic , (16)
L (-p)(1-par,)
WHBCHTApPHBIX
2 2
t,-ﬂ = 06CM[1+M]’ (17)

(I-p)

THC Vixes Vaxu — KOIQPHUITMEHT BapHUaiuyd BXOISIIC-
ro TIOTOKa BAaroOHOB COOTBETCTBEHHO MPUBATHOTO
W WHBEHTAPHOTO MAPKOB; Vogsenes Vosem — KOIPDHU-
[MEHT BapHAIlMH TMPOAODKUTEIBHOCTH OOCITYKH-
BaHHUs TIOTOKAa BaroHOB COOTBETCTBEHHO IPHUBAT-
HOTO M MHBEHTAPHOTO MapKOB.

Ha ocnoBanuu dhopmyn (2), (3), (6), (7), (16),
(17) ycraHOBIE€HO, YTO TOTPeOHAs BMECTUMOCTh
JKEJIC3HOAOPOKHBIX MyTeH IS OOJYy)KMBaHUS Ba-
TOHOB MPUBATHOTO TTApKa COCTABIISET

BXCI obcici

domit [+
_ o (=p)I-pa)
O; +11°

p(V2 . +Vvi )

Ao, ,(18)

HWHBCHTApHOTO

2 2
3t g1+ Pt Vs
"= d-p)

n

o, +11"

rie O;, O

" — OCTaTOK COOTBETCTBEHHO IIPHBAT-
HBIX ¥ HWHBEHTAPHBIX BarOHOB Ha HA4aj0 OTYET-
HBIX CYTOK, BaroHos; II°, II" — komuuecTBO mHpH-
OBIBIIMX HA IyTH HEOOIIEro IOJIb30BaHHs COOT-
BETCTBEHHO NPHBATHBIX W MHBEHTAPHBIX BaroHOB,
BaroHoB.

OO0mas norpedHast BMECTUMOCTD

(20)

m=m,+m,.

[MpumepHBbIii rpadK 3aBUCUMOCTH TOTPEOHOI
BMECTUMOCTHU KEJIE3HOIOPOKHBIX IIyTEH OT JOJIU
MPUBAaTHBIX BaroHOB B OOIIEM IOTOKE NpH pas-
JUYHBIX CPEJHMX 3HAa4YCHUsX Kod3(d¢uiueHTta Ba-
pUanMy BXOJSILErO IOTOKA Uy, IPEJICTABICH Ha

pucyHke 1.
60

50 V|
40 /

M, BaTOHOB
)
(=1

0 01 02 03 04 05 06 07 08 09 1
Oy

Puc. 1. I'paduk 3aBuCHMOCTH TOTPeOHOI

BMECTHUMOCTH ITyTEH OT TOJIM NPUBATHBIX

BaroHOB B O0OIIIEM ITOTOKE

Fig. 1. The dependence graph of the required capacity
of the tracks on the share of private cars in the total flow
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Kak BuaHO u3 pucynka 1, pocT nojiu npuBat-
HBIX BaTOHOB B OOLIEM MOTOKE BIICUET YBEIMUYCHHUE
CyMMapHOH TOTpeOHOW MIMHBI >KEIe3HOIOPOXK-
HBIX TyTed. PacueTHass moTpeOGHast BMECTUMOCTH

JKCJIC3HOJOPOKHBIX HyTCI‘/'I MOXKET 0Ka3aThbCAa
60J'ILIHC HMemmeﬁCﬂ B HAJIMUUKU HAa MECTax HCO6-
B 0
PEMRIHOS HoctarouHoe
pasMenieHue
TYTEBOE
TIPUBATHBIX
pa3BHTHE
BaroHOB

IIero Mojb30BaHMA. B Takom ciydae 9acTb mpu-
BaTHBIX BaroHOB CJIEAYET HANpaBIATh B OTCTOH, Ha
myTH OO0IIero mois30oBaHus. Ha pucyHke 2 mpen-
CTaBJICHBl BAPHAHTHl BPEMEHHOTO pa3MEIIeHHS
BaroHOB TPY300THpaBUTENICH, TPy30IOTydaTeneH.

BoamoxHbIe
MEpPOIPHATHSA

CTPOMTENBCTBO HOBBIX
| _—"  Kene3HOAOPOKHBIX MyTeH

PACIpEICTIEHHE MEXTY My TSIMH
001ero 1 HeEoBIIEro NONB30OBAHMA

CTPOMTENBCTBO HOBBIX
| " Kene3HOAOPOKHBIX HyTeH
¥ie BATOHOB Ha
MyTAX CTAHIHH «OTCTOD>

* 4

pa
)

* 5

Aa 6

Puc. 2. BapuaHTbl BpeMEHHOTO pa3MellleHUs] BATOHOB
Ipy300TIIpaBUTENEH, TPYy30I0IydaTenci

Fig. 2. Temporary location options of cars of consignors, consignees

B cooTBeTcTBUM C PUCYHKOM 2 IPUBATHBIC JKE-
JIE3HOOPO’KHBIE NEPEBO30YHBIE CPEACTBA pa3Me-
CTHTh MOXHO Ha IyTSAX 0OLIEero, HEOOLIEeTo MOJb-
30BaHus. Vcnonb30BaHne TEXHOIOTHYECKUX ITyTeH
o011ero 1 HeoOIIEeTo MONIb30BaHMs AJIsl OTCTOSI Ba-
FOHOB  TPY300TIIPaBUTENEH, TI'py30MOIydaTesien
BBI3BIBAET JIOTIOJIHUTEIBHYIO MaHEBPOBYIO paboTy
[0 IPUYMHE BPEMEHHOW HEBO3MOXHOCTH UX HC-
MOJIb30BAaHUS TI0 HA3HAYEHHIO WMJIM MX CIelHaIH-
3auuu. Pacmpenenenne mpuBaTHOTO MOJBHKHOTO
COCTaBa, HAIIPABIIIEMOr0 B OTCTOM, MEXTY XKeEIe3-
HOJOPOKHBIMH HIYTSIMH OOIIEr0 M HEOoOIIEero
MOJIb30BaHUsl TpeOyeT KOPPEKTUPOBKH OpraHu3a-
LMY B3aHMOJACHCTBUS TNPOMBIIIJIEHHOTO W Maru-
CTPaJbHOIO JKEIE3HOJOPOKHOIO TPAHCIOPTa, TO
€CTh U3MEHEHUSI WM BBIOOpA JPYroro pekuma ux
B3auMozeucTBus. IlpuueM B COBPEMEHHBIX YCIIO-
BUSIX PaOOTHI XKeNe3HOAOPOXKHOTO TPAHCIIOPTA MPH
000CHOBaHUM BBIOOpA pEKUMa CIIEyeT YIUTHIBATh
W3JIEPKKU TPY30BIAJeNblia B Mpezenax JIOTUCTH-
YEeCKOW CXEMBI OCTaBKH. Perenne 3ai1a4uu 1o BBI-
0opy pekrMa B3aUMHOM pabOThl MarkucTpaIbHOTO
¥ TPOMBIIUIEHHOTO >KEJIe3HOJOPOKHOTO TpaHC-
mopra C TO3WULHUHN pACHpPEAENICHUs] BaroHOB,
HaIpaBIIsIEMBIX B OTCTOM MEXIY MKEJIE3HOAOPOXK-
HBIMHU TTyTSIMH OOIIET0 ¥ HEOOIIETro MOJIb30BaHUS,
MTO3BOJIUT CBECTH K MUHUMYMY MaHEBPOBYIO pado-
Ty, TPOCTOM BaroHOB, a TAaKX€ TPAHCIOPTHO-
JIOTUCTUYECKUE HU3JEPKKU B LENoM. B cooTseT-

CTBUHM C PHUCYHKOM 2 pa3paboTaHa cxema BhIOOpa
MecTa BPEMEHHOTO pa3MeIIeHHs] BarOHOB H, COOT-
BETCTBEHHO, PEKUMa B3aUMHOHN pabOThl MPOMBIII-
JICHHOTO M MAarucCTPajbHOTO JKEIe3HOIOPOKHOTO
TpaHCIIOPTa, KOTOpas Ipe/CTaBIeHa Ha PUCYHKE 3.

CornacHo mpeJcTaBIeHHON Ha pUCYHKe 3 cxe-
Me BBIOOp peXrMMa B3aUMOJICHCTBHS OCYILECTBIISI-
eTCsl HA OCHOBAHUH PacyeTOB €ro OCHOBHBIX Iapa-
METPOB B COOTBETCTBHH C (YHKIUCH ONTHMH3a-
. HpI/I OTOM YUYHMTBIBACTCA UMCIOUICCCA B HAJIN-
YUY MYTEBOE OCHAIIECHHE U LeNecO00pa3HOCTh €ro
JaJbHEHIIero ucroabp3oBanus. OyHKIMS ONTHMH-
3alu JOJDKHA YYUThIBATH HWHTCHCHUBHOCTL IIO-
CTYIUICHHS ITOTOKA BarOHOB Ha JKEJIC3HOIOPOKHBIE
MyTH HEOOIIEero MoIb30BaHMs, 3arpy3Ky OOCITYKH-
BaIOIIMX YCTPOWCTB, HEPABHOMEPHOCTh MPOIIECCOB
BBIIIOJIHCHU A onepaum‘/'l B IIpe€aeciax JIOTUCTUYECKOUN
CXeMBbI J0cTaBKU. TakuMm 00pa3oM, 1eneBast (QyHK-
Usl, KOTOpasi NPEJICTaBIsIeT cO00H MHHHMAIILHBIC
U3ACPIKKU B IIpeaciiax JIOTUCTHYECKON CXEMBI J0-
CTaBKH MPOJYKIMU HA OJJHY TOHHY Tpy3a, B 00IIeM
BU/I€ BBIMTIIANT CIEAYIOIUM 00pa3oM:

F=Ap, %, Kye)—>min, 1)

rZie p — CPEAHsA 3arpy3Ka MaHEBPOBBIX JIOKOMOTH-
BOB, OOCIYXHBAIOLIMX MECTO HEOOIIEero MOJb30-
BaHUs; A — WHTEHCHBHOCTh TIOCTYIUICHHS ITOTOKA
BaroHoB Ha ITHIIL, Bar/4; K, — ko3duiueHT He-
PaBHOMEPHOCTH.
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CBPCMCHHOQ PasMenICHHe BaFOHOD

Y

| Ha myTsx HeoOIIEro MoIb30BaHAS |

JlocTaTOYHOE yTEBOE
pa3BUTHE

1lenecoobpasHo CTPOUTH TYTH

na

Ha nyTsax obmero nos30BaHAs

JlocTaTouHoe Ny TEBOS
Pa3BHTHE

B dynkiuu B dyHkuun
ONTHMH3ALAH HE ONTHMH3ALAR
crenyer cenyer
£11ecoo0pasHO CTPOUTE 11
YYHTHIBATH P bt YYHTHIBATH
HHBECTHITHOHHYIO HHBECTHIHOHHYIO
COCTABNAOLLYIO COCTABNAWULYIO

Ha NyTAX CTAHUUH KOTCTOSDY

!

\ 4

Pacuer mapamMeTpOoB B3aHMOAEH-
CTBHS B COOTBETCTBHY C QYHKIHEH
ONTHMH3AIHH JUIA BaPHAHTOB
TIOTAMICHHS HEPABHOMEPHOCTH

CpaBHenue u3jy

CXEMBI TOCTABKH ITO BapHAHTAM

epKEK B Ipefenax

A 4

EI0Op peXAMa B3aHMOICHCTBHA
HKENE3HONOPOKHOTO TPAHCTIOpTa
THETO0 H HEOOMET0 NOIE30B

Puc. 3. Cxema BbIOOpa MecTa BpEMEHHOTO Pa3MELIECHHs IPUBATHOTO IOIBIKHOTO COCTaBa

Fig. 3. Scheme for choosing the place of temporary location of private rolling stock

PykoBOACTBYsICh NPEACTaBICHHOW Ha PUCYHKE
3 cxemoi, MOTYT OBITH MOJYYEHBI PEKOMEHIAIIUH
10 BBIOOPY peXMMa B3aUMOJEHCTBUS MarucTpalib-
HOTO U HPOMBIIUIEHHOTO JKEJIE3HOIOPOKHOTO
TPAHCIIOPTa, @ UMEHHO, BAPUAHThI pacipeleIeHus
BaroHOB, HAINpPaBIISIEMBIX BO BPEMEHHOE pa3Mellie-
HUE MEXJYy JKEJIE3HOJIOPOKHBIMU IyTAMH OOIIEro
W HEOOIIeTro MOIb30BaHHS.

Hayqﬂaﬁ HOBHU3HA U MPAKTHYECKasA
3HAYUMOCTDb

Cnenyer OTMETHTh, UTO 3ajadya B IIpEJICTaB-
JIEHHOW TOCTAHOBKE /IO HACTOSIIETO BPEMEHH HE
pellieHa, 4eM U OIpEessieTcss HOBU3HA MCCIENo-
BaHUs B JaHHOM HarpasieHuu. Ilonydena dpopmy-
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J1a 110 OTpEeJIeNICHNI0 TTOTPEOHOM BMECTUMOCTH JKe-
JIE3HOAOPOXKHBIX MyTel, B OTIMYHE OT CYIIECTBY-
IOINX CIOCOOOB €e pacyera, YUYUTHIBACT BIHMSHHE
CIy4alfHOTO XapakTepa OOCIyXXHMBaHHS IIepe-
BO30YHBIX CPEJICTB Ha MECTax HEOoOLIEero MoJb30-
BaHUs, a TaK)Ke JIOJM MPHUBATHBIX BaroHOB B 00-
meM mapke. [IpemnmoxeH MeTox BeIOOpa MecTa
pasMelleHnsT MPUBATHOTO TOABMKHOTO COCTaBa,
WCTIONB3YEeMBIi 17151 000CHOBaHUSI BBIOOpA pekuMa
B3aMMOJICHCTBHS MarrCTPAILHOTO U TPOMBIIILICH-
HOTO JKEJIC3HOJOPOKHOTO TPAHCIOPTA C y4ETOM
UMEIOIETO B HAJIMYUU IIyTEBOTO OCHAICHUS
U IIeIeCO00Pa3HOCTH €T0 JATbHEHIIEro pa3BUTHSL.
OTnmauTenbHON 0COOCHHOCTHIO MPEICTABICHHOTO
METO/a SIBJISIETCSl Y4eT MHTEPECOB TIPy30BIIaJelb-
11a, KAK CTOPOHBI, B HAHOOJIBIIEH CTENICHH 3anHTe-
pecoBaHHO B d(h(dexTuBHON B3aMMHOI padoTte
JKEJIE3HOOPOKHOTO TPAHCIOPTa OOIIEro U HEoO-
IIETO TOJb30BaHHS.

[MpakTHyeckass 3HAYUMOCTH PAOOTHI COCTOWT
B TOM, YTO Ha OCHOBAaHHHU PE3YJIBTATOB HCCIIEIO0-
BaHUA MOXHO IOJIYYUTHh PECKOMCHIAAIIUU I10 BI)I60-
py pexuma B3aUMOJACHCTBUS MAarucTpabHOTO
U TIPOMBIIUICHHOTO JKEJIE3HOJIOPOKHOTO TPAHC-
MopTa B YacTH paclpeielicHUs] BarOHOB, HaIpaB-
JIAEMBIX OJId OTCTOA MCEXKAY KEJIC3HOAOPOKHBIMH
MyTAMHA OOIIET0 W HEOOIETO IONB30BaHUA. JTO
MIO3BOJIUT YMEHBIIUTD U3/ICPIKKH IPY30BIIaICIIbIICB
3a CUCT CBCACHUA K MHHHMYMY 3KOHOMHUYECKUX
¥ BPEMEHHBIX NOTEPh M, KaK CIIEJCTBHE, C/IENACT
YCIYTH KEJIE3HOJOPOKHOTO TpaHcmopra Oolee
MMPUBJICKATCIIBHBIMU JJI1 KIIMCHTYPBI, YTO IIpUBC-
JIeT K TOBBIIICEHUIO €r0 KOHKYPEHTOCIIOCOOHOCTH
Ha PBIHKE TPAHCIIOPTHBIX yCIyT

BriBoabl

[lo pesymbraTaM mpeAcTaBICHHBIX B padoTe
HCCIIEIOBAHUN MOXXHO C(OPMYJIUPOBATH CIIEAYIO-
M€ BBIBOJIBL:

1. I3MeHeHue  CTPyKTypbl  BAaroHONOTOKA,
HECOOTBETCTBUE TEXHOJIOTHH OOCTYKUBAHHUSI MECT
HEOOIEro TOJb30BaHUS TEXHUYECKOMY OCHAIIe-
HUIO, PEryJIMPOBAaHKEC MPHBATHBIX BaroHOB JKCIIe-
JMTOPOM, @ HE IUCIETYSPCKUM ammapaToM — BCe
3TO TPUBEIO K BO3HUKHOBEHHUIO (haKTOpPOB, 00Y-
CJIaBJIMBAIONIMX HEBEPHOE pa3MEIICHHUE MOJBIIK-
HOT'O COCTaBa Ha JKEJIC3HOTOPOKHBIX MYTSIX.

2. BbIsIBIIEHBI TPUYUHBI  OTCTOSI TIPUBATHOTO
MOJIBU)KHOTO COCTaBa, OCHOBHBIMH M3 KOTOPBIX
SIBIISTIOTCS: HATMYWE MTPHOPUTETA B OOCITYKHBAHUU
KEJIC3HOJJOPOKHBIX MEPEBO30YHBIX CPEICTB WH-
BEHTApHOTO TIapKa, JOCTaBKa TPYy30B «TOYHO
B CPOK», 3aKJIOUCHHE JOTOBOpa Ha pPa3MElICHHUE
MYCTBIX BarOHOB I'PY300TIPaBUTEJICH, TPy30M0ITy-
qaTtesnei, OTCYTCTBUE OKOHYATEIBHO COTJIacOBaH-
HBIX Tapu(OB Ha MEPEBO3KH.

3.Pa3paboran rpad BapuaHTOB OTCTOS IIpPH-
BaTHOI'O IIOABHMIKHOI'O COCTaBa, B COOTBCTCTBHUHU
C KOTOPBIM IKEJEC3HOJAOPOXKHBIC TEPEBO30YHBIC
Cpe/IcTBa Pa3MECTUTh MOXKHO Ha MYTAX OOIIEro,
HeoOllero mojb3oBaHus. PacmpesneneHue npuBaT-
HBIX BaroHoOB, HAaIIPpaBJIACMBIX i1 pPa3sMCIICHHUA
MEXKIY KEIC3HOJAOPOKHBIMH IMyTSIMH  OOIIEro
M HEOOIIEero MOJIb30BaHHs, TPEOYET KOPPEKTUPOB-
KN OopraHu3anuu B3aHMO[ICI71CTBPIH ITPOMBITIIJICHHO-
IO U MaruCTPaIbHOTO KEJIE3HOAOPOKHOTO TpaHC-
MOpTa, TO €CTh M3MEHEHHs CYIICCTBYIOMIETO BbI-
0opa JIpyroro pexuma ux B3auMOJICHCTBHSL.

4.TlpemiokeHa cxema BbIOOpa MecTa pa3Me-
IICHUSI BarOHOB M COOTBETCTBEHHO PEKUMa B3a-
UMHON paboThl MPOMBIIUIEHHOTO M MarucTpalb-
HOTO KEJIC3HOJOPOKHOTO TPAHCHOPTA, OTIUYH-
TEJILHOU 0COOCHHOCTBIO KOTOPOIi SIBIAETCS TO, UTO
BBIOOp peXKHMMa B3aUMOCHCTBUS OCYILECTBISICTCS
Ha OCHOBaHMUHU PACUETOB €ro OCHOBHBIX IMapameT-
POB B COOTBETCTBMH C (YHKIUEH ONTUMH3ALUU
HMEIOIIETOCs] B HAIMYMU TYTEBOTO OCHAIICHUS
U 11e71eCO00Pa3HOCTH €ro JalbHEHIIero mpuMeHe-
HUSL.
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PO3ITOAI PYXOMOTI'O CKUIAAY AJA BIACTOIO MIK LIVIAXAMMU
3AT'AJIBHOI'O TA HE3ATAJIBHOT'O KOPUCTYBAHHA

Merta. Oco6mBOi aKTyalbHOCTI B yMOBaX 30iIbIICHAS YaCTKH NMPHUBATHUX BarOHIB HAOYyBaIOTh 3aBIAaHHS BHOO-
Py ONTHMAaNBHUX PEXUMIB B3a€MHOI pOOOTH IUIAXIB 3arajbHOTO i HE 3arajlbHOT0 KOPHUCTYBaHHS. ToMy MeTOrO Ii€i
pobotu € po3podKa miAXoay 10 OOTpYHTYBaHHS BHOOPY PEKUMY B3a€MO/IiT MariCTPaIbHOTO Ta MIPOMICIOBOTO 3alli-
3HAYHOTO TPAHCIOPTY 3 IMO3UIII PO3MOIUTY BaroHIB, SKi HAMPABITIOTHCS Y BIACTIH, MiX 3aTi3HUYHIUMH KOJISMH
3arajJbHOIO i He 3arajbHOr0 KopucTyBaHHS. MeToauka. st TOCSATHEHHS IOCTaBJICHOI METH BUKOPHCTAHO METO/N
HAYKOBOT'O aHali3y, Teopii rpadiB, TEXHIKO-eKOHOMIUYHMX PO3PaxyHKIB i MaTeMaTHYHOI CTATUCTUKH, & TAKOXK EKC-
MepUMEHTAIBHO-CTATUCTHYHI METO/IU CKJIaJaHHs Mozeneil. Pesyabrarn. OTpuMaHo 3aIeXHICTh NOTPIOHOT MICTKO-
CTi 3aJI3HMYHUX HUIAXIB, B SKii BPaxOBYEThCS YacTKa IMPUBATHUX BaroHiB 3arajbHOMY MapKy, IO HAIXOSATh Ha
MicClis He3araJbHOTr0 KOPUCTYBaHHS. 3alpOIOHOBAHO CXEMY BHOOPY MicCIisd pO3MIIICHHS BaroHiB ISl OOIPYHTYBaH-
HS BHOOPY PEKHMY B3a€MOZIi MaricTpaabHOTO i MPOMHCIIOBOTO 3ai3HHYHOTO TPAHCIIOPTY 3 ypaxyBaHHSAM HasBHO-
T'O KOJIHHOTO OCHAIIEHHS Ta AOUUIBHOCTI HOro moAansuioro po3suTky. Haykosa HoBu3Ha. JlaHe 3aBJaHHS B Takii
MIOCTAHOBIII 10 TEMEPINIHBOr0 Yacy HE BHpILICHE, IO I BU3HAYAE aKTYalbHICTh Ta HOBU3HY JOCII/KCHHS B JAHOMY
HanpsaMKy. OTpumana GopMyia Mo BU3HAYCHHIO TOTPIOHOT MICTKOCTI 3aTi3HHYHUX KOJIiH, HA BIAMiHY BiJl iICHYIOUHX
croco0iB i po3paxyHKy, BpaXxOBY€e BIUIUB BUIIaJKOBOTO XapaKTepy 0OCIyroByBaHHS MPUBATHHUX MEPEBI3HUX 3aC00iB
Ha MICIIX HE3arajbHOTO KOPHCTYBaHHSA, a TAKOX YacTKy BAaroHIB BaHTAXKOBIANIPABHHKIB, BAHTAXKOOAEPKYBadiB y
3arajibHOMY HapKy. 3amporOHOBAHO METOJ BHOOPY MicCIls pO3MIIICHHS IPUBATHOTO PYXOMOTO CKIIany, SIKHM BUKO-
PHUCTOBYETBCS ISl OOIPYHTYBAHHSI BUOOPY PEXUMY B3a€EMOJIIT MaricTpajabHOTO 1 IIPOMHCIOBOTO 3aIi3HUYHOTO Tpa-
HCTIOPTY 3 YpaxyBaHHSIM HasBHOTO KOJIHHOTO OCHAIICHHS Ta JOIUIBLHOCTI HOr0 MOAaIbIIOro PO3BUTKY. BinMiHHOO
OCOOJTMBICTIO MPEICTABICHOTO METOJY € BPaxyBaHHs IHTEPECIB BaHTA)XKOBJIACHHKA, SIK CTOPOHH, HAHOLIBIIOK Mi-
poto 3arikaBieHol B eheKTHBHIN B3a€MHIil poOOTI 3alI3HUYHOTO TPAHCIIOPTY 3arajibHOTO 1 HE 3arallbHOr0 KOPHUCTY-
BanHs. IIpakTHyHa 3HaunMicTh. Ha mijgcrTaBi pe3ynbTaTiB AOCITIIKEHHS MOXYTh OyTH OTPUMaHI PeKOMEHIAIIIT 10
BHOOPY PEKUMY B3a€MOIIi MaricTpaabHOTO i MPOMHUCIIOBOTO 3ali3HUYHOTO TPAHCIIOPTY B YACTHHI PO3IOALTY Baro-
HiB, SKi HATIPABJSIFOTBCA Y BIACTIN, MK 3allI3HUIHUMHE KOJISMH 3araJlbHOTO 1 He 3aralbHOTO KopUcTyBaHHs. Lle mo-
3BOJIUTH 3MEHIIUTH BUTPATH BAaHTA)KOBIACHHKIB 32 PaxXyHOK MiHIMi3aIlii eKOHOMIYHHUX 1 THIMYacOBUX BTpaT i, 5K
HACITIIOK, 3pOOHTH TOCITYTH 3aJi3HUYHOTO TPAHCIIOPTY OUTHIT MPUBAOIMBUMU AJIS KIIEHTYPH, IO IPU3BEIE 10 ITiJI-
BUILECHHS OT0 KOHKYPEHTOCIPOMO>KHOCTI Ha PUHKY TPAaHCIOPTHHUX MOCIYT.

Kniouosi cnosa: 3ami3HWYHA KOJiSl HE3arajlbHOTO KOPHCTYBAaHHS; NPUBATHUH BaroH; PO3MILICHHS; PEXHUM
B3a€EMOII
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ROLLING STOCK DISTRIBUTION FOR PARKING BETWEEN PUBLIC
AND NON-PUBLIC RAILWAY TRACKS

Purpose. The tasks of selecting the optimal modes of mutual operation of the public and non-public tracks are
particularly relevant in the context of increasing the share of private cars. Therefore, the aim of this paper is to de-
velop an approach to the justification of the choice of the interaction mode between mainline and industrial railway
transport from the position of cars distribution sent to parking between public and non-public railway tracks.
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Methodology. To achieve this purpose, authors used the methods of scientific analysis and synthesis, graph theory,
as well as experimental and statistical methods of modeling. Findings. Dependence of the required capacity of rail-
way tracks was obtained. It takes into account the share of private cars in the general park arriving at places of non-
public use. We proposed a scheme for choosing the place of location of cars to justify the choice of the mode of in-
teraction between the main and industrial railway transport, taking into account the available track equipment and
the expediency of its further development. Originality. The task in this formulation has not been solved to date,
which determines the relevance and originality of research in this direction. The resulting formula for determining
the required capacity of railway tracks takes into account the influence of the random nature of servicing of private
conveyances at places of non-public use, as well as the share of carriages of consignors, consignees in the general
park. We proposed the method for choosing the location of private rolling stock, used to justify the choice of the
mode of interaction between the main and industrial railway transport, taking into account the available track
equipment and the expediency of its further development. A distinctive feature of the presented method is the con-
sideration of the interests of the cargo owner, as a party most interested in the effective mutual work of public and
non-public railway tracks. Practical value. Based on the results of the study recommendations can be received on
the choice of the mode of interaction between the main and industrial railway transport in the part of the cars distri-
bution sent to parking between public and non-public railway tracks. This will reduce the costs of cargo owners by
minimizing economic and time losses and, as a result, make railroad services more attractive to customers, which
will lead to an increase in its competitiveness in the transport services market.
Keywords: non-public railway track; private car; location; mode of interaction
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PROPOSALS FOR IMPROVING THE PROCESS OF FORMING
PROGRAMS OF REFORMING THE RAILWAY TRANSPORT
INDUSTRY

Purpose. The purpose of the work is to develop proposals for improving the process of forming measures and
programs for reforming the railway transport industry of Ukraine in the process of European integration based on
research, comparison and generalization of information. Methodology. A study of the content and the main provi-
sions of legal acts declaring the conditions for the reform of the railway transport was carried out using analysis and
synthesis methods. Methods of the system approach, comparison and generalization of the obtained data allowed
developing proposals for improving the process of the formation of activities and programs. Findings. The need for
reforming Ukraine's railway transport has been under consideration since 2006, but for a long time reform was lim-
ited only to the development of reforming plans and programs. Not being implemented within the framework of one
program, the measures were reflected in the next or parallel one, with the corresponding change in the terms. The
carried out analysis of their implementation does not allow talking about inactivity or denying the existence of posi-
tive changes, however, given the duration of the period 2006-2017, they occur very slowly. This situation requires
new approaches to the development of programs and activities, as well as assessing their implementation, one of
which is proposed in the work. Originality. The work justifies the need to evaluate the implementation of measures
and programs for reforming the railway transport industry by two criteria: legal and practical. The developed basic
principles for the formation of programs for reforming and developing the railway transport industry provide an
opportunity to receive timely and reliable information on the status of their implementation. Practical value. We
obtained the possibilities of constant monitoring of the state of financial support for reforms and directions of use of
funds, which will prevent their misuse and significantly accelerate the implementation of certain activities, and then
increase their effectiveness.

Keywords: railway transport; reforming; state of measures implementation; program formation principles; eval-
uation criteria

Introduction Additional factors contributing to the decline of
the industry were the rapid aging of fixed assets,
unfavorable investment climate and the use of
cross subsidies.

Against this background, in 2006, the first at-
tempts to reform railway transport were made.
They also continue today.

Since becoming independent, Ukraine had inher-
ited from the Soviet Union a well-developed railway
infrastructure and relatively good material and tech-
nical equipment of the railways. However, transition
to the market economy and the specific internal pe-
culiarities of the country's development required
rapid adaptation and changes in the organizational

. . Purpose
and managerial structure, and hence reforming of P

the industry. Due to the lack of these changes for 15
years (1991-2006), the industry continued to work
according to old principles that did not meet the cur-
rent world trends in the organization of railway
transport operation, which made its operation inef-
fective and complicated further development.

The work is aimed to develop proposals for im-
proving the process of forming measures and pro-
grams for reforming the railway transport sector of
Ukraine in the process of European integration
based on the research, comparison and generaliza-
tion of information.
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Methodology

The study of the content and the main provi-
sions of legal acts declaring the conditions for the
railway transport industry reforming were carried
out using the methods of analysis and synthesis.
The methods of systematic approach, comparison
and generalization of the received data allowed
developing proposals for improving the process of

Findings

Normatively, the first steps of reform were re-
flected in the Concept of the State Program for
Railway Transport Reform, approved by the De-
cree No. 651-r of December 27, 2006 of the Cabi-
net of Ministers of Ukraine [7]. The main stages
and objectives of the Concept are given in the
Fig. 1.

forming measures and programs.

creating a legislative framework for reforming;

] - formation of the state joint company as the only industrial-
First stage

(2007-2008)

— technological complex;

- separation of functions of state administration and management
of economic activity

-creating conditions for reducing cross-subsidization;
Second stage

(2008-2010)

—> - creation of the mechanism of legal regulation of carriers activities
and their interaction with the infrastructure of railways \

-withdrawal from the Company of non-core industries and
enterprises that are not related to rail transportation, their
destatisation

Third stage
(2011-2015)

5| - formation of enterprises for transportation of passengers in
distant and suburban traffic;

- creating a financial and economic model that will ensure a clear
and transparent distribution of financial flows by the type of
activity.

Fig. 1. Stages and tasks of the Concept of the State Program
for Railway Transport Reform for 2007-2015.

The reforming stages declared in the Concept
were not actually implemented: the required regu-
latory and legal framework was never created,
which made impossible implementation and fol-
lowing measures. Thus, the existing structure of
railway management, the state of the railway infra-
structure and the technological level of organiza-
tion of transportations for many parameters have
not been brought into line with the growing needs
of the society, European quality standards for the
provision of transport services. To a large extent
they interfered with improving the industry effi-
ciency.

The normative and theoretical basis for further
actions concerning the railway industry reform

were the Directives of European Parliament and
Council of the EU (which were approved by the
Cabinet of Ministers of Ukraine dated June 11,
2008, No. 821-r, and dated April 15, 2009, No.
408-r), as well as recommendations of the World
Bank, the European Bank for Reconstruction and
Development, other donors and private investors.

At the end of 2009, the Cabinet of Ministers of
Ukraine developed and approved the State Target
Program for Railway Transport Reform for 10
years (2010-2019 years) [6, 11]. The stages of im-
plementation and the main objectives of the Re-
form are shown in the Fig. 2.
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First stage (2010- the industry;

2012)

-improvement of the regulatory framework necessary for the reform of

-formation of the Society;
- implementation of the mechanism of distribution of financial flows
by the types of economic activity.

Second stage
(2013-2015)

—>

financial support;

-the formation of the vertically integrated manufacturing and
technological system of railway transport;

- improvement of tariff policy;

- creating the traffic control centers;

-creation of economic companies in the field of suburban and regional
passenger transportations, the introduction of a mechanism for their

-optimization of organizational structure of railway transport.

Third stage (2016-

2019) -ﬂeet;

stock;

distribution terminals.

- liquidation of cross-subsidization;

- formation of economic company in the field of passenger
transportations in distant and local traffic;

- increase in the number of private companies owning a passenger car

-formation of local railways with infrastructure facilities and rolling

- development of the network of logistic complexes, warehouse and

Fig. 2.

Stages and main tasks of the State Target Program

of Railway Transport Reform for 2010-2019.

Some measures of this Program, in a somewhat
generalized form, were duplicated in the Program
of Economic Reforms for 2010-2014 «Affluent
society, competitive economics, effective state» of
02.06.2010 with differences in terms of their im-
plementation.

Thus, in the section «Development of transport
infrastructure» the following problems of railway
transport development are defined:

- significant wear of fixed assets - 85%;

- inadequate use of transit potential of the
country, as a result of which Ukraine ranks 102-nd
among 155 countries according to the logistic effi-
ciency index (Russia — 94-th, Romania — 59-th,
Poland — 30-th).

In order to solve these problems, the program
provides for a list of measures to be implemented

in three phases.

The main
points:

— reduction of wear of fixed assets of railway
transport to 65%;

— rating increase of logistics efficiency of
Ukraine from the 102-nd to the 60-th place by
2014 [1].

The presence in the content of the program of
the concrete results to be achieved, in digital ex-
pressions, makes it possible to check the state of
their execution.

The dynamics analysis of the value of fixed as-
sets of PJSC «Ukrzaliznytsia» presented in the Ta-
ble 1, allows us to conclude that the achievement
of the first indicator in the prescribed time did not
take place [5, 9, 13].

indicators of success were two

Table 1
Dynamics analysis of the value of fixed assets of PIJSC «Ukrzaliznytsia»
for 2010-2015, UAH bin.
Year 2010 2011 2012 2013 2014 2015
Initial cost 3769.0 43453 53332 6 008.9 10 028.9 633 107.7
Wear 3693.7 4266.6 5247.5 59243 9 940.6 424 536.7
% of wear 98.0 98.2 98.4 98.6 99.1 67.1
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It should be noted that in 2015 there is a signif-
icant increase in the value of fixed assets and a
sharp wear decrease (32%). But the main reason
for these changes is to carry out an overvaluation
of fixed assets at their fair value, on the basis of the
results of the audit, and not in the rolling stock re-
newal [11].

160

Achievement of the next indicator of success
provided by the Program of Economic Reforms for
2010-2014 can be checked by the World Bank's
logistics efficiency rating [10], the sample of
which is shown in the Fig. 3.

140

120 -

100 -

80

60

40 -

According to According to According to the
efficiency of efficiency of local possibility of
custom processing logistic organization of
of cargo infrastructure international cargo
shipments
= 2010

According to the
quality of logistics

According to control According to ti.mely‘ According to the
and possibility of cargo delivery general index of
cargo tracking logistic efficiency

2012 =m2014 =m2016

Fig. 3. Ukraine position in the World Bank logistics
efficiency rating for 2010-2016

Using the data shown in the Fig. 3, one can see
that in 2014 Ukraine occupies the 61-st place in the
rating, which makes it possible to assert that the
goal has been achieved. However, already in 2016,
Ukraine was again at the 80-th place in the general
index of logistic efficiency, which indicates the
short-term success of the program's measures.

The modern strategy for railway transport de-
velopment is based on the reform of the manage-
ment system of the industry, its further demonopo-
lization, which in general will be an important step
towards solving the problem of the much-needed
rolling stock renovation, infrastructure moderniza-
tion for capacity increase, development of high-
speed traffic and, as a consequence, increase in
competitiveness on both the national and interna-
tional markets of transport services. The principles
of strategic development of railway transport are
set out in the relevant documents.

At the state level, the «Transport Strategy of
Ukraine for the Period up to 2020» was approved
of October 20, 2010, No. 2174-r, which defined the
main directions, purposes, principles and priorities

of the development of Ukrainian transport indus-
try, including the railway transport, to ensure im-
proving the efficiency of management, improving
the quality of transport services and energy con-
servation [8].

It should be noted that in spite of certain disad-
vantages of the current «Transport Strategy of
Ukraine for the Period up to 2020», this strategic
document is actively supported by the European
Union through the conclusion of bilateral programs
and participation in bilateral projects aimed at
strengthening the potential of the Ministry of Infra-
structure of Ukraine in solving the wide range of
issues of the transport sector [12].

Since almost all measures, in part or in full, are
reflected in each of the above-mentioned docu-
ments, they can be grouped together in key direc-
tions of industry development and one can evaluate
implementation at the current stage.

Taking into account the differences between the
legal and actual implementation, it is expedient to
evaluate these two criteria separately, as shown in
the Table 2.
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Table 2
The state of implementation of measures on the railway industry reform
Direction of devel- Evaluation criterion
Content of measures
opment legal actual
Bringing in line with the provisions of EU leg-
o islation in the field of railway transport by
Har.momzatlon of adopting a new version of the Law of Ukraine Not fulfilled Not fulfilled
national transport «On Railway Transport»
legislation
Creation of the legal .and regulatory framework Partially fulfilled Partially fulfilled
necessary for reforming the industry
Formation of the State Joint-Stock Company as
Separation of eco- the only productlpn-techngloglcal complex and Partially fulfilled Partially fulfilled
nomic functions the State Service of Railway Transport of
and functions of Ukraine
public administra- | Creation of financial and economic model that
tion will ensure a clear and transparent distribution Not fulfilled Not fulfilled
of financial flows by the type of activity
Technical re- Increase the capacity of the main lines Partially fulfilled Partially fulfilled
equipment of in- . . .
frastructure and Increasing the capacity of approach lines to Not fulfilled Not fulfilled
. sea-ports
rolling stock reno-
vation . . .
Rolling stock renovation Fulfilled Partially fulfilled
Development and implementation of technical
. regulations, standards and unification of re- Fulfilled Not fulfilled
Integration of g
railway transport quirements for carriers
into the European
and world Implementation of the automated system of
transport systems transition of railway rolling stock from the Not fulfilled Not fulfilled
wide to narrow track

An indicator of the implementation of the first
measure should be the adoption/amendment of a
number of regulatory acts, which will allow the
industry to be reformed, the key one among which
is a new version of the Law of Ukraine «On Rail-
way Transport». The law is not currently adopted;
however, the Verkhovna Rada of Ukraine contin-
ues to work on its project.

Along with the incomplete work on the new
version of the Law «On Railway Transport», it is
necessary to note the adoption of the Law «On the
Peculiarities of the Formation of a Public Joint-
Stock Company for Railway Transport of General
Purpose» of 23.02.2012. No. 4442-VI. It allowed
the corporatization of Ukrzaliznytsia and the intro-
duction of changes arising from the enactment of

the above-mentioned law to a number of legislative
acts, namely: the Land Code of Ukraine; The Law
of Ukraine «On Privatization of State Property»;
The Law of Ukraine «On the Permit System in the
Field of Economic Activity»; The Law of Ukraine
«On Environmental Audit» and others. Owing to
these actions, the overall implementation of this di-
rection can be estimated as a partial.

The state of realization of the next direction is
also partial. Creation of the State Joint-Stock Com-
pany as a single production-technological complex
and the State Railway Transport Service of Ukraine,
as well as the distribution of accounting of financial
results by the type of activity were determined as
implementation indicators. The first of these was
implemented by adopting the Resolution of the Cab-
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inet of Ministers of Ukraine No. 200 «On the For-
mation of the Public Joint Stock Company «Ukra-
inian Railways», which regulates the procedure for
the establishment of the Company. Thus, execution
of economic functions was entrusted to PJSC
«Ukrainian Railways», which was actually regis-
tered on October 21, 2015.

As for public administration, the preliminary list
of functions, the organizational scheme of the cen-
tral executive authority, which implements the state
policy in the field of railway transport, is defined,
and a draft resolution of the Cabinet of Ministers of
Ukraine «On the Establishment of the State Railway
Transport Service of Ukraine» has been developed,
which includes the draft Provision on the Service.

In addition, in the course of implementation of
this measure, a financial and economic model
should be created that will ensure a clear and
transparent distribution of financial flows by the
type of activity. However, today the finances of all
the enterprises that are part of PJSC «Ukrainian
Railways» are consolidated, but the distribution of
accounting of financial results by the type of ac-
tivity (freight transportations, infrastructure, trac-
tion, passenger transportations, etc.) is not ensured.

Evaluation of the implementation of the follow-
ing direction is complicated by formalizing the
presentation of the task content. In particular, for-
mulation of the first component of «increasing the
carrying capacity of the main lines» does not con-
tain a clear list of objects to be reconstructed.
«This situation makes it possible to ascertain only
positive changes. Thus, during 2016 a project was
implemented to increase the capacity of the section
Komysh-Zoria-Volnovakha. 36 speed restrictions
of trains were cancelled for the section 52.5 km,
the speed for passenger trains was increased to 100
km/h, and to 80 km/h for freight trains. The carry-
ing capacity at the Komysh-Zoria-Volnovakha sec-
tion has been increased to 27 pairs of trains.

During 2017, the project «Construction of the
second track on the Zachativska-Rozivka running
line in order to increase the carrying capacity of
the Komysh-Zoria-Volnovakha section» was im-
plemented. The carrying capacity has been in-
creased to 42 pairs of trains.

There are also difficulties in the evaluation of
the next component (rolling stock renovation),
since throughout the analyzed period, the period of
implementation of this measure is constantly
changing. Thus, according to the latest document

the deadline for implementation of the rolling
stock renovation of the PISC «Ukrzaliznytsia» is
2021 [13].

The next component of the direction is increas-
ing the carrying capacity of the access lines to the
seaports. The state of implementation can be con-
sidered unsatisfactory, as there is an imbalance in
the carrying capacity of ports (310 million
tons/year) and port railway infrastructure (125 mil-
lion tons/year) [2].

The railway transport integration into the Euro-
pean and world transport system involves the de-
velopment and implementation of technical regula-
tions, standards, unification of requirements for
carriers and the introduction of automated system
for the transition of railway rolling stock from
a wide to a narrow track.

Concerning the first measure: its legal execu-
tion is indicated by the adoption of the Law «On
Technical Regulations and Conformity Evalua-
tion» and approval of the Technical Regulations on
the Safety of Rolling Stock of Railway Transport
and the Technical Regulation for the Safety of
Railway Transport Infrastructure.

At the same time, it should be noted that the ac-
tual implementation will become possible after the
adoption of the new wording of the Law «On
Railway Transporty», since operators of locomotive
thrust, cargo and passenger transportations, as well
as infrastructure operators can provide services in
case of availability of the traffic safety manage-
ment system and security certificate, the procedure
for issuance of which is currently not regulated.

As for the introduction of the automated system
of the railway rolling stock transition from a wide to
a narrow track, there are certain problems. There is
a large number of different systems, the most devel-
oped of them are the Polish extendable wheel sets
SUW 2000, which for some time were also used on
Ukrainian railways [3]. However, the practice of
application points to the need for in-depth study and
analysis of the extendable wheel set systems, their
further development and the development of new,
more reliable structures [4, 12].

The analysis of the provisions of the State Pro-
grams of Reforming and Strategic Plans for of
Railway Transport Development based on the two
proposed criteria provides an opportunity to give an
adequate assessment of their implementation and
identify the main obstacles to their full implementa-
tion, namely:
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— formalization of the described measures and
the absence of clearly defined final result, which
greatly complicates the process of assessing the
state of their implementation;

— lack of consistency - despite the presence of
the staged planning of the implementation of
measures, in most cases it is chaotic in nature;

— lack of criteria for evaluation of the program
implementation, which leads to uncertainty in the
result. For example, the introduction of technical
regulations: the regulatory framework is formed,
but in fact it does not work;

— lack of clearly identified responsible persons;

— lack of transparency. Despite the fact that the
intentions and plans for reforming were declared in
the documents of several levels: the government
(programs and strategies approved by the Cabinet
of Ministers of Ukraine) and the executive (pro-
grams approved by PJSC «Ukrzaliznytsiay) there
is no report published on official sites.

In order to solve the above-mentioned prob-
lems, the authors consider it expedient to use the
following principles when developing the
measures for reforming and development of rail-
way transport, which are given in the Table 3.

Table 3

Basic principles of formation of programs for reforming and
developing the railway transport industry

Principle

Content

Conformity to plan
Efficiency

Responsibility

Transparency (publicity)

Clarity

Systematic nature

Application of the proposed basic principles
will improve the process of creation of measures
and programs for reforming the railway transport
industry in Ukraine, which will lead not only to
shortening the deadlines, but also to increasing
their efficiency.

Originality and Practical Value

The work substantiates the necessity of evaluat-
ing the implementation of measures and programs
for the railway industry reforming by two criteria:
legal and actual ones. The developed basic princi-
ples of the formation of programs for reforming
and developing the railway industry provide an
opportunity to receive timely and reliable infor-
mation on the state of their implementation.

A clearly defined sequence of actions to implement measures, the inability to proceed
to the next stage without completion of the first one

Determining the end result with a list of predicted success indicators

Determination of exhaustive list of persons responsible for the implementation of the

measure

Publication of materials on official internet resources (program, plan of implementa-
tion, periodic report with substantiated explanations for deviations)

The program should contain a clear wording of the list of works that will be executed
during its implementation

The list of measures is presented in such a sequence that the first attempt would make
it possible to perform the next one, and the implementation of the entire system of
measures automatically would allow to achieve the goal

The possibilities of continuous monitoring of
the financial support state for reforms and direc-
tions of the funds use have been obtained. They
will prevent their non-targeted use and significant-
ly accelerate the implementation of identified
measures with the subsequent increase in their ef-
ficiency.

Conclusions

The need for reforming the railway industry of
Ukraine has been considered since 2006, but for a
long time the reform was limited only to the devel-
opment of plans and programs of reforming. Being
not implemented within the framework of one pro-
gram, the measures were reflected in the next or
parallel document with the corresponding delay in
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terms. The analysis of their implementation does
not allow talking about inactivity or denying the
existence of positive changes, however, given the
duration of the period 2006-2017, they occur very
slowly. Such a situation requires new approaches
to the development of programs and measures and
evaluation of their implementation, one of which is

The use of the two proposed criteria will allow
an adequate assessment of the state of programs
and measures and identify the main obstacles to
their full implementation. The application of the
basic principles of their formation makes it possi-
ble to ensure the timely implementation of certain
measures.

proposed in the work.
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EKCIUIYATAIIS TA PEMOHT 3ACOBIB TPAHCIIOPTY

MPOMO3UIIII OO0 YIOCKOHAJIEHHSA ITPOIIECY ®OPMYBAHHS
ITPOI'PAM I3 PE@OPMYBAHHS I'AJTY31 3AJII3HUYHOI'O
TPAHCIIOPTY

Mera. Pobora craBuTh 32 MeTy po3pOOKYy MPOIMO3UIIH IOA0 YIAOCKOHAJIEHHS Hporecy (OpMyBaHHs 3aXO[iB Ta
nporpam i3 pedopMyBaHHS ray3i 3aJi3HUYHOTO TPAHCIOPTY YKpaiHM B IMpoLeci €BPOIiHTErparii Ha OCHOBI JOCIi-
JUKEHHSI, TOPIBHSHHS Ta y3arajbHeHHs iHpopManii. Meronuka. JlocniKeHHs 3MICTy i OCHOBHHUX IOJIOXKEHb IPaBoO-
BUX aKTIB, IO JIEKJIAPYIOTh YMOBH IIPOBEICHHS peopMyBaHHS Tayly3i 3aJi3HUYHOTO TPAaHCIOPTY, 3IIHCHIOBAIOCS
3 BUKOPHCTAHHSAM METOJIB aHANI3y i CHHTe3y. MeTOI! CHCTEMHOTO MiIXOIy, IIOPiBHSAHHS Ta y3aralbHEHHS OTpHMa-
HUX JaHWAX JO3BOJIIM PO3POOHTH MPOIO3MMii MIOAO YAOCKOHAJICHHS mporecy (opMyBaHHS 3aXOMiB 1 Iporpam.
PesyabraTn. HeoOxinHicTs pedopMyBaHHS ramy3i 3ai3HHIHOTO TPAHCHOPTY YKpaiHu posrismaetscs 3 2006 poky,
MPOTE MPOTATOM TPHBAJIOTO Yacy pedopMa oOMexyBasacs JIMIIEe po3poOKOI0 TUIAHIB Ta porpaM pedopmyBanHs. By-
IIy9H HEepealiz0BaHUMH B MEXKax OJHI€l MporpamMHu, 3aX0IH 3HaXOAWIN CBOE BiOOpayKeHHS B HACTYIHII abo mapaie-
JBHINA TporpaMax, i3 BiIHOBiTHOIO 3MiHOIO TepMiHiB. [IpoBeneHumit aHami3 X BUKOHAHHS HE JTO3BOJISIE TOBOPHUTH IIPO
0e3isUTBbHICTD 200 3anepevyBaTH HasBHICTh MO3UTHBHUX 3MiH, POTE, 3BAXKA0OYM TPUBATICTH nepioxy 2006-2017 pp.,
BOHH BifIOYBaIOThCs Jy)Ke MOBUTBbHO. Taka cUTyallis BUMarae HOBUX IIIXO/IB IO PO3pOOKH Mporpam Ta 3aXOjiB, a Ta-
KO OIIIHKH X BUKOHAHHS, OJIMH 13 SIKHX 1 3apONOHOBaHO B poOoTi. HaykoBa HoOBU3HA. Y po0OTI 0OIpyHTOBaHI He-
00XiTHOCTI OLIIHKK BUKOHAHHS 3aXOAIB Ta IPOTpaM i3 pe)OpMyBaHHs Taly3i 3aJli3HUYHOTO TPAHCHIOPTY 3a ABOMA KpH-
TepisIMU: FOPUAUYHUM i hakTHuHNM. Po3pobiieHi 6a30Bi npuHIMIKM GopMyBaHHS IporpaM peopMyBaHHS Ta PO3BUT-
Ky raiy3i 3ajJi3HHYHOTO TPAHCIOPTY BIIKPHUBAIOTh MOJIMBICTh OTPUMYBATH CBOEYACHY Ta JOCTOBIPHY iH(MOPMAILIO
mpo cTaH ix BukoHaHHA. [IpakTyHa 3HaYnMicTh. OTpHMaHiI MOKJIMBOCTI IIOCTIHHOTO MOHITOPHHTY CTaHy (hiHaHCO-
BOTO 3a0e3redeHHs peopM Ta HaNpsIMiB BUKOPUCTAHHS KOIUTIB, IO JO3BOJMTD MOIEPEIUTH 1X HELIILOBE BUKOPHC-
TaHHA Ta 3HAYHO [IPUCKOPHUTH Peatizallilo BH3HAUYCHHUX 3aXO0/IiB i3 HACTYITHUM ITiIBUIICHHSM X e()eKTHBHOCTI.

Knrwouogi cnosa: 3ami3HHYHUEA TpaHCIOPT; peGOpMyBaHHS; CTaH BUKOHAHHS 3aXOJiB; NPHHIMIHN (OpMYBaHHS
Iporpam; KpUTepii oIiHKI
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HPEJJOKEHUSA 10 COBEPIHEHCTBOBAHUIO ITPOLHECCA
OOPMHUPOBAHUSA ITPOT'PAMM PE@OPMHUPOBAHUSA OTPACJ/IN
KEJE3HOAOPOXKXHOI'O TPAHCIIOPTA

Ilean. Pabora craBuT cBoeil 1esbl0 000CHOBaHKE MPEATIOKEHHI 110 COBEPIICHCTBOBAHHIO TIpoIiecca pa3padboT-
K MEpONPHUATHI U IIPOrpaMM peOpMHUPOBAHHS OTPACIHN JKEJIE3HOJOPOXKHOTO TPaHCHOpTa YKpanHbl B Ipolecce
€BPOMHTETpalliil Ha OCHOBE MCCIIEOBAaHMs, CpaBHEHHS M 0000menns nHpopmanmu. Meroauka. MccienoBanne
COJICp)KaHMsl M OCHOBHBIX ITOJIOKEHUH IPaBOBBIX aKTOB, JICKJIAPHPYIOMINX YCIOBHS NPOBEACHHS PePOPMUPOBAHUS
KEJIe3HOJIOPOXKHOTO TPAHCIIOPTA, OCYIIECTBIISUIOCH C MCIIOIb30BAaHUEM METOIOB aHaIn3a M CHHTE3a. MeToxbl CH-
CTEMHOT'0 MOAX0/a, CPaBHEHUSI U 0000IIEHNS MOTYYEHHBIX JJAaHHBIX TO3BOJIMIIM pa3padoTaTh NPEIUIOKEHHUS 110 CO-
BEPIICHCTBOBAHMIO TIporiecca (OPMHUPOBAHUS MEpONpHUATHHA H mporpamMm. Pesyastarsl. Heo6xomumocts pedop-
MHUPOBaHHSA JKEJIE3HOIOPOKHOTO TpaHCTIOpTa YKpanHsl paccMatpuBaercs ¢ 2006 Toma, 0qHAKO B TEUCHHE TTUTEIb-
HOTO BpeMeHH pedopMa OrpaHNYHMBajIach TONBKO pa3pabOTKOH IUIAHOB M IMporpaMm pedopmuposanus. bynyun He
peaTM30BaHHBIMU B paMKaxX OJHOM MPOTPaMMBbl, MEPONPUATHS HAXOAWIH CBOE OTPaKEHHUE B CIEAYIOUIEH WM mMa-
paJUIeTHHON MporpaMMax C COOTBETCTBYIOIIMM H3MEHEHHEM CPOKOB. IIpOBeleHHBIN aHaIM3 WX BBIIOIHEHUS HE
MTO3BOJISIET TOBOPHUTH O OE3/1€ATENFHOCTH WM OTPHUIATh HAJTHYNE MOJOXHUTEIbHBIX H3MEHEHUH, OJJHAKO, YIUTHIBAS
MIPOJIOIDKUTENBEHOCTD nepuoga 2006—2017 rr., oHM MPOMCXOAAT OYeHb MeuIeHHo. Takas cutyanust TpeOyeT HOBBIX
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MOAXOJOB K pa3paboTKe MporpaMM M MEpOINPHATHIL, a TaKKe OLICHKH MX BBIOJIHCHUS, OJUH U3 KOTOPBIX U Hpeyia-
raercs B pabore. Hayunasi HoBu3Ha. B pabore 060cHOBaHa HEOOXOIMMOCTD OIICHKH BBHITIOJHEHHUS MEPOIPUSTHIA
U TIporpaMM peOpMHPOBAHHS OTPACIH SKEJIE3HOJOPOXKHOTO TPAHCIOPTA IO ABYM KPUTEPHUSAM: IOPUIMYCCKOMY
u Qaxrugeckomy. PaspaboranHsie 0a30BBIe NMPUHIUTBI (POPMHUPOBAHUS MPOTPaMM PePOPMUPOBAHHUI U Pa3BUTHSA
OTpACIH KEIE3HOAOPOXKHOTO TPAHCIOPTA MPENOCTABIAIOT BO3MOXKHOCTH ITOJyYaTh CBOCBPEMCHHYIO M JOCTOBEp-
HYI0 MH(OPMALIMIO O COCTOSHUM MX BbInojHeHus. [IpakTuyeckast 3HaYnMOCTh. [loydyeHa BO3MOXKHOCTD ITOCTO-
SITHHOT'O MOHUTOPUHTA COCTOSTHUS (PMHAHCOBOTO obecrieueHus peh)opM U HapaBJICHUH MCIOIB30BaHUS CPEICTB, YTO
TIO3BOJIUT MPEAYIPENUTh X HELEIeBOe UCIIOIb30BaHNE U 3HAUYUTENBHO YCKOPUTH Peali3aliio ONpPeAeIeHHbIX Me-
PONPUATHH € MOCIIEYIOIINM MOBBIIEHUEM UX 3()(PEKTHBHOCTH.

Kniouegvie crosa: xene3HONOPOKHBIA TPAHCIIOPT; peOPMUPOBAHHE; COCTOSHUE BBIMIOJHEHUS MEPOIPUSITHH;
NPUHOUIB (OPMHUPOBAHHMS IPOTPAMM; KPUTEPHUHU OLIEHKU
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EJJEKTPUYHUHA TPAHCIIOPT
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T. M. MILLIEHKO"
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INEHTHOIKALIA HAPAMETPIB MPUCTPOIB CUCTEM
EJEKTPUYHOI TAI'M METOAOM YACOBHUX PA/IIB

Merta. HaykoBa pobora nependauae po3poOKy Ta 0OIpyHTYBaHHsS HOBOI'O METOAY IapaMeTpUyHol ineHTudika-
il IPUCTPOIB ENEKTPUYHOT TSATH, M0 0a3yeThCS HA CUCTEMI OPTOTOHAIBHHUX (YHKIIH, a caMe — Ha OCHOBI YaCOBHX
creneHeBux psgiB. Meroauka. [[is po3B’si3aHHS MOCTABIEHOI 3a/1a4i BUKOPUCTOBYIOTBCS: TEOPIsl CTENEHEBUX PA-
JIiB; OCHOBHI 3aKOHHU TEOPETUYHOI €JIEKTPOTEXHIKH; EIEMEHTH CIIEKTPAILHOTO aHalli3y MepioANYHUX Ta HEeNepioau-
YHUX HECHHYCOIMHHMX (DYHKIIH eJIEKTpUYHUX BEIWYUH HANPYTH i CTPyMy; MaTpU4HI METOIH PO3B’SI3aHHS CHCTEMH
anreOpaiyHux piBHSAHB. Pe3yiabTaTH. Po3po0iieHo HOBUIT METO YACOBUX CTENEHEBHX PSIB, SIKMI MOXKE BUKOpPHC-
TOBYBATHCS U iIeHTH(IKALIT IPUCTPOIB K CHCTEMH TATOBOTO EIEKTPONOCTAYaHHA, TaK 1 €IEKTPOPYXOMOTO CKIIa-
Iy. Meron 6a3yeThCsl Ha CKIIalaHHI iHTETpo-Anu(epeHIlialbHIX PiBHAHB €JIEKTPOMArHiTHOTO CTaHy JOCIHIIKyBaHOT
€JIeKTPOTEXHIYHOI CHCTeMH. 3aaHi HAIllpyTa i CTPYM Y 3a3HaYCHUX PIBHSHHSIX allpOKCHMOBAHI CTEIICHEBUMH pPsjia-
MU, B SKi BXOJSTH ILIyKaHi IapaMeTpH eJIEKTPUYHOTO KOJIa CUCTeMH y BUIIIAl KoediuientiB. Kopucryrounucs pos-
pobieHuM MeToJIoM, Y po0oTi ineHTH]iKoBaHO enekTpoBo3u 3miHHOTro cTpymy JC3 i 2ECSK. BuznaueHo ix napa-
metpu R i L, 1o 3MiHIO0OTECS B 9aci Ha mpoTA3i Mepiofy NMPUKIaAeHoi cuHycoinHoi Hanpyru. [1o6ymoBano Ta npo-
aHanizoBano yacosi zanexuocti R(t) i L(t). Jaxe nosicHenHs moao AinsHOK i3 Bix’eMHOI0 iHgyKTHBHICTHO. [ToKasa-
HO, IO 3a3Ha4YeHi €JCKTPOBO3M MOXYTh OyTH ieHTH(IKOBaHI MACHBHHM JBOIOJIIOCHUKOM i3 TapaMeTPHIHUMHU
PE3UCTUBHUM Ta IHAYKTHBHUM eleMeHTamu. HaykoBa HOBHM3HA. [HHOBaIiifHICTE pOOOTH TOIIATaE, IO-TIEpIIE,
Yy po3po0I1i HOBOTO MeToAy iAeHTHdiKallii, mo-Apyre, Y MOKIMBOCTI 3aMiHH OyAb-SKOTO MPUCTPOIO ENEKTPUIHOI
Tsiru mapamerpamu RL — nBononmtocuuka. 1, Hapeniri, B ToMy, 00 3aMpONOHOBAHUN METOJ JO3BOJISE IUISIXOM YTOU-
HEHHS arnpoKcHMalii BXITHUX Ta BUXIJHMX HAIpyr i CTPYMIB OTPUMYBAaTH HaWOIJbLI TOYHI 3HAUEHHS NapaMeTpiB
R ta L inentudikaniiinoro asonomocuuka. llpakTuyna 3Ha4uMicThb. Po3po0ienuii METO H03BOJIAE OLIHIOBATH
B MacIITadi peajsbHOro 4acy IapaMeTpH IPHCTPOIB CUCTEM eNIEKTPUYHOI TATH, IO CIPHUSE HOro 3aCTOCOBYBaHHIO
MIPU MOJEINIOBAaHHI MEPeXiTHNX eIeKTPOMAarHITHUX MPOIECiB, SIKi BAHUKAIOTH IPU poOOTI JOCITIIKYBaHOI CHCTEMH
B aBapiiiHUX peKUMax.

Knouogsi cnosa: ineHTUdiKalist; CTETICHEBI PsIIU; €IEKTPOBO3; IHAYKTHBHICTH; PE3WCTOP; METOJ, Hampyra;
CTPYM; YacOBi 3aJIC)KHOCTI

Beryn. HOI TATW. 3a HAIIOI TYMKOIO, II0 3a1ady MOXIIHU-
MocTranoBka 3axaui BO PO3B’sI3aTH METOIaMu i1eHTH(DiKaIi1 [6].
KinpkicTh HaykoBHX ITyOIiKaliid 3a TEMOIO Me-
TONiB imeHTHiKaLil, y TOMy 4Hcai # B OCTaHHI
poku, noctatHeo Benuka [1-4; 9-12; 15]. 3okpe-
Ma, y [15] MeTomamMu 4acoBHUX PsIIB i HEUITKOI JI0-
TiKM BHU3HAYA€ThCsA HAOIp CIIOKHMBAYiB, SAKI Mi03-
PIOIOTBCS B KPAJ’KKaxX €JIEKTPOCHEPrii B eIeKTpH-
YHHUX Mepexax HU3bKOi Harmpyru. Ha ocHoBi aHaiti-
3y MEXaHi3My MOXJIMBOI TepeHanpyrda B MOBIT-

CyTTeBE CKIIaTaHHS B OCTaHHI POKH CHCTEM TH-
TOBOTO EJIEKTPOIIOCTAaYaHHS Ta EICKTPOPYXOMOTO
CKJIaJly, OCOOJNMBO THX, sIKi 3a0€3MeuyloTh BUCO-
KOIBHIKICHUH PyX MOi31iB, 00YMOBIIOE BiIIOBI-
HEe YCKJIATHEHHS iX KIACHYHUX MaTeMaTHYHHX
Moxeneit [5]. SIkpa3 ne rampmye po3poOKy Moje-
JIeH MPOTHO3YBaHHS €JICKTPOMArHIiTHUX Ta €JIEKT-
POCHEPIreTHYHUX MPOLIECIB Y CUCTEMAX EICKTPUY-
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psHiii TypOiHi aBTOpH podotu [10] 3anpomnonyBanu
MeTo A ieHTHdIKAIil mapaMeTpiB MPOIeCy OJTHO-
(ha3HOTO KOPOTKOTO 3aMUKaHHA. {7151 BCTaHOBJICH-
HSl IMOIIKOJUKEHOTo Qinepa mpu HOro BHCOKOOM-
HOMY 3aMHMKaHHI Ha 3eMit0 aBTopu pobortm [11]
BUKOPUCTOBYIOTh IMapaMETPUUHY 1JCHTH(IKAIIIO
JUTSL BU3HAYEHHS €MHOCTI (Dijiep—3eMIsl.

OpHak, aHaNmi3 ICHYFOUHMX MOJIEIEH 1 METOiB
imeHTrdikamii mokasye, Mo BOHU PO3POOISIOTHCS
0e3 ix ¢iznyHOro oOIpyHTYBaHHS, Ha (HOPMAIILHO-
MaTeMaTHYHOMY TIAXOMI 0 JOCIHIKyBaHOI CHC-
TeMu. MoJieli He MICTSTh «CTPYKTYPHUX» €lIeMEH-
TiB, 13 SIKUX CKJIaJa€ThCsA CHCTeMa, 00 BOHU B 3Ha-
YHil OLIBIIOCTI HE MAaKOTh «IIPHUB’SI3KW» JI0 TEBHOT
MPUKIANHOI BUPOOHHYOI ramysi. KpiMm mworo, sk
MPaBUIIO, 3aCTOCOBYIOTBCS METOJIM MTACHBHOI 1/1eH-
Tu(ikarii, B SKUX SIK TECTOBUH CHrHaN (IIPOIIEC)
BUKOPHUCTOBYIOTh «O1TMH TIIymM» a00 rapMOHIYHHN
nporec. Takuil MiaXiJl HE 3aCTOCOBYETHCS JO TO-
TY)KHUX TPOMI3JIKUX CUCTEM, SKHMH, HAMPUKIAL,
€ CUCTEMH CJICKTPUIHOT TArH. TOMY BUKITIOUESHHSIM
i3 3a3HaYCHUX BHIIE € podoTa [6], B siKiit 3amporo-
HOBAHO MOJEJI 1 METOJIU aKTHBHOI 1IeHTH]IKAIT
Jy’Ke BaXIHBOI MPUKIAIHOT ranysi, SKOK € CHC-
TeMa eNeKTpu4HOl Taru. [Ipu poMy aBTOp HEe 00-
MEXXHBCSl TCOPETHYHHMH BHUKJIAJKaMH, a W HAlIae€
BiJIOMOCTI TIPO MPaKTUYHE BIPOBAKEHHSI METO/IIB
inenTudikamii B Miroul Ha 3aNi3HANAX YKpaiHU
enextpoBosu JIC 3 ta 2EC5K.

Merta

VY 3B’s3Ky 3 BHIIEBUKIAJICHUM, METOIO POOOTH
€ po3po0Ka Ta OOTPYHTYBaHHS HOBOTO METOJY Ia-
pameTpu4HOi ineHTUdIKalli TPUCTPOIB ENeKTPUY-
HOI TATH, 10 0a3y€eThCsl HA CHCTEMI OPTOTOHAIb-
HUX (QYHKIIIHA, a caMe, Ha OCHOBI YaCOBUX CTEIEHe-
BUX PSIIiB.

MeToanka

Po3pobky MeToy 9acoBHX pAAIB 3MIACHIOBAIN
Ha OCHOBI 3aKOHIB TEOPETUYHOI EIEKTPOTEXHIKH Ta
METOIiB 1IeHTUdiKaIlii cucTeM y 0a3uci opToroHa-
mpHUX QyHKHOiIA [8], a came, METOIOM YacOBHX
creneHeBux psniB uum psaaiB @yp’e [12]. [Ipu npo-
My BBaXKaJii, IO CTPYKTypa CHUCTEMH, IO iJCHTHU-
¢bikyeTbes, BiloMa, 1 ii MOXKHA MIPEICTAaBUTH Tapa-
METPUYHUM TNACUBHHUM JABOIIOJIOCHUKOM 3 IIOCII-
JOBHUM 3’€THAaHHSAM pe3ucTtopHoro R(t), iHmyk-

tuBHOro L(t) ta emuicHoro C(t) ememenriB [3].

Toni omepatop Ii€i CHUCTEMH MPEICTABISIETHCS
B 3araIbHOMY BUTJISIII SIK

St)=R(t)...+[...L(1)]+ Tdt (1)

Y posrismyBaHid 3adadi BXiTHOIO (DYHKITIEIO
JI0 JBOTIONIOCHWKA € Hampyra U(t), a BUXiTHOIO —
crpym i(t),
CTaHy CHCTEMHU 3aIUCYEThCS K

TOAl PIBHSAHHS €JIEKTPOMArHITHOTO

u(t) = R(i(t) +i[i(t)L(t)] +
dl(t)

j (':((t)) dt = R@)i(t) + Ly I @)
dLe i)
A0 I o™

[pencraBumo Bimomi ¢ynkmii u(t) Ta i(t), a ta-
kox 1rykani mapamerpu R(t), L(t) ta C(t) cre-
NEeHeBUMHU psiamu [7]:

u(t) = iuktk; i(t) =2 It
k=0 k=0

Nr N
R(t) =Y Rt LE) =D Lt 3)
k=0 k=0
e
C(t)=>.C,t*
k=0
ne senmmannn U, (k=0,n,)ta I, (k=0,n) 3ua-

XOIATBCS IUIAXOM amnpokcumarii ¢ynkumiit u(t),
i(t), i ToMy BOHHM BiOMi i TOCTiiiHI (HE3MiHHI B
yaci), a Bemuuuan R, (k=0,nz), L, (k=0,n.),

C, (k=0,n; ) moTpiOHO BU3HAYUTH.

Jam ¢yukmii (3), a Takok HEoOXiaH1 iX moxia-
Hi Ta iHTErpand MiJCTAaBISIEMO B CHMBOJIHE PiB-
HSHHA (2), y pe3yabTaTi OTPUMYEMO TOTOXKHICTb
JUIS TOBUTBHOTO MOMEHTY 4dacy t e [0, T] . [Tpupis-
HIOIOYH B IIIF TOTOKHOCTI KOE(IIli€EHTH MPH OTHA-
KOBHX CTENCHAX 3MIiHHOI l, OTpHUMAaEeMO CHCTEMY
piBHsAHB JuId Bu3HaueHHA R, L., C,. Buxonduu
3 IIbOTO, PAHI' CUCTEMH He3aJISKHUX PiBHAHB JIOpi-
BHIOE Ng + N + N, Akl oTpuMyeTbcs BUOOPOM
BEJIMYUH N,, N;, TOOTO, 3aJIEKUTH B1J CTEIECHIB

anpoKCcUMAIlifiHuX moJiiHOMiB GyHKIiH u(t) Ta

doi: 10.15802/stp2018/130018

68

© T. M. Mimienko, 2018



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

Hayxka ta nporpec Tpancnopty. Bicauk /IHIIponeTpoBCsKOro

HALOHAIIBHOTO YHIBEPCUTETY 3alli3HHYHOro TpaHcnopty, 2018, Ne 2 (74)

EJIEKTPUYHUIA TPAHCIIOPT

i(t) . Tomy yMOBOIO MOKJIMBOCTI PO3B’sI3aHHS CHC-

TEeMHU piBHSHB, i THM CaMHUM BHU3HAYEHHS HapamMe-
TpiB, € BUKOHAHHS HEPIBHOCTI:

{ny MmN n =L ng - +1=ng +n +ng.

OxpiM 11pOTO, O2KaHUM € BHKOHAHHS TAaKOTO 00-
MEXXEHHS 32 aKTUBHOIO MOTYXHICTIO 3a TMEBHUH
mepiox T :

17 . 1t .,
= j u(t)i(t)dt== j R(1)i2(t)dt . (4)
Ts To
a-a
u, B T
40000 ‘
30000 fﬁ %\%
20000 7
10000 7 %
0p— 2
-10000 A\
-20000 ! i% :
-30000
-40000 %&J
-50000 i
0002 0006 _ 0010 _ 0014 _ 0018 tc
0,000 0004 0008 0012 0016 0020

PesynbTaTn

3acTocyemMo 3ampoIIOHOBAaHI BUIIE METOX 1 Me-
TOOWKY A imeHTH(]IKaIii HOBUX €JIEKTPOBO3iB
3minHoro crpymy tamy AC 3 i 2EC5K. [Ina uporo
CKOPHUCTAEMOCS OCHIWIIOTPaMaMH BXiJTHHX HATPYTH
u(t) icrpymy i(t) 3a omun nepion T =0,02C npu
PI3HUX HABAHTWKEHHSX: MPH JIFOYMX 3HAYCHHIX
crpymy | =20A ta | =100A (puc. 1 — 4) . Ha

UX PUCYHKax: 1 — eKCepuMEeHTaIbHO OTpUMaHa
KpHBa; 2 — allpOKCUMYIOYa 3aJICKHICTb.

i, A T T
|
30
20 %%qq
1

10

0
-10 2
-20 5 ﬁé;
-30

|

-40

-0,002 0,002 0,006 0,010 0,014 0,018 tc

0,000 0,004 0,008 0,012 0,016 0,020

Puc. 1. Ocumiorpamu Bxiguux Hanpyru (a) i crpymy (0)
enextpoBo3a JIC 3 npu crpymi HaBaHTaxeHHs /=20 A

Fig. 1. Oscillograms of the input voltage (a)
and current (b) of the electric locomotive DS 3
at a load current 1=20 A

u,B
40000

20000 b
0

-20000 %

ﬁ

-40000

6-b
i, A

o TN
o N
Y

-50

-100

0,000 0,002 0,004 0,006 0,008 0,010 0,012 0,014 0,016 0,018, ¢

-15 i i i
6},000 0,002 0,004 0,006 0,008 0,010 0,012 0,014 0,016 0,018, C

Puc. 2. Ocumnorpamu BXiguux Hanpyru (a) i ctpymi (6) enekrpososa JJC 3
Ipu cTpyMy HaBaHTakeHHs /=100 A

Fig. 2. Oscillograms of the input voltage (a) and
current (b) of the electric locomotive DS 3
at a load current 1=100 A
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a-a 6-b
u,B " i,A
40000 RN 30
30000 AY &&9% N%%
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-10000 % ff -10 jy
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-40000 gt ey
I
-50000 : -40 ;
-0002 0,002 0006 0010 0014 0018 tc 0,002 0002 0006 0010 0014 0018 tc
Puc. 3. OcumorpamMu BXigHUX HANPYTH (a) i ctpymy (6)
enektpoBo3a 2ECS5K npu crpymi HaBanTaxenHs /=20 A
Fig. 3. Oscillograms of the input voltage (a) and current (b)
of the electric locomotive 2ES5K at load current 1=20 A
a-a 6-b
u,B LA
] :
30000 ST, 150
20000 % o
/% 100
10000 %
al .
° ; 3
2 /
-10000 ! 0
\\}i 1
-20000 -50
-30000 %%% # 100 g o
-40000 i %@&w&
0,002 0,002 0006 0010 0014 0018 rc -150
0,000 0,004 0008 0012 0016 0020 0,002 0002 0006 0010 0014 0018 tc¢

Puc. 4. Ocumiorpamu Bxiguux Hanpyru (a) i crpymi (6)
enektpoBo3a 2ECS5K npu crpymy HaBantaxenns /=100 A

Fig. 4. Oscillograms of the input voltage (a) and current (b)
of the electric locomotive 2ES5K at a load current =100 A

[Ipy ubOMy €JEeKTPOBO3 3aMICTHMO MAaCHBHUM
R(t) — L(t) -nBOmOMIOCHUKOM 1 pO3IIISTHEMO [Ba

BapiaHTH B 3QJICKHOCTI BiJl alPOKCHUMAIIIHHUX T10-
aiHomiB U(t), i(t) Ta mpuiHATHX 3a’eKHOCTEH

R(t) i L(t) [8,13].

Bapiant 1: n, =4, nj=4, n, =2, n_ =2, tob6To:
u(t) =U, +U, -t" +U, -t* +U, - t%;
@)=l + 1t 1, 1%+ 1, -t
R(t) = R, + Rt";

L(t) = L, + Lt".

®)

ITicns miCTaHOBKM IIMX BEIWYMH Ta IX HOXIMI-
HUX y piBHSHHA (2) (6e3 ypaxyBaHHSI OCTaHHBOTO
IOJAaHKA IJII €MHOCTI) OTPUMYEMO CHCTEMY piB-
HSHB!

Uy=Ry Iy +R -0+ L1, +L - 1;
U =Ry-l,+R -l +L,-2l,+L -21;
U,=R,- I, +R - I, + L, -3l + L -31,;
U;=Ry-I;+R -1, +L;-0+L -4l,.
s cucrema piBHAHHA (6) € AificHOIO a1 000X

€JIEKTPOBO3iB 1 1 Oynp-sikoro mepiomy T s
3MiHHEUX U(t) Ta i(t), TOOTO I Oymb-IKOTO

(6)

ctpymy HaBaHTtaxkenss | [14]. Tomy umcensHO po-
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3paxyemo koepimientu R, 1 L, (po3p’sa3yroun
cuctemy (6)) y mrykanux mapamerpax R(t) i L(t)
1151 000X €NEeKTPOBO3iB 1 pH pi3HUX | .

Has enextpoBosy JAC 3 mpu | =100 A BxigHa

Hanpyra U(t) Oyna ampokcHMOBaHa 3TiJHO 3 OC-
ouIorpaMoro (puc. 2, a) i Bupaszom (5) Takum cre-

IICHCBUM pH,Z[OMi
u(t) =726,3+1,18-10"t +
+8,47-10%t — 4,76-10"t3, B,

a BxigHud ctpym i(t) — Tex psgom (3rigHO
3 puc. 2, 6):
i(t) = 40,39 + 40840, 66t —

—1,613-10°t? —1,302-10°t3, A\

Jlst 1isoT0 K enekTpoBosy, ane mpu | =20 A (3ri-
JTHO puc. 1) OTprMaHi OJIHOMHU:

u(t) =869,55+1,16-10"t +
+8,66-10%t? —4,74-10"t%, B.
i(t)=9,74+11579,84t —
~1,33-10°t* -1,05-10°t%, A.
s enextpoBo3y 2ECS5K BiamoBimHO MaEMO:
—mpu | =20A (3rigHO 3 ocHMIOrpaMaMu
puc. 3)
u(t) =6315,6 +1,3-10"t +
+5,12-10"t? — 4,035-10"t° B;
i(t)=-5,36+370,4t +
+2,92-10°t% - 4,9-10°° A
—mpu | =100A (3rizHO 3 oOcHMIOrpamMaMu
puc. 4:)
u(t)=-3891,2+1,2-10"t +
+5,2-10%t* — 3,97 -10"'t* B;
i(t) =-86,96 +60817,55t +
+8,08-10°t? -1,198-10°t° A.
[lincTaBnstoun B cUcTeMy piBHSHB (6) KoedilieH-
v ipu t B mosiHomax U(t) Ta i(t), i po3B’s3aBmu

CHCTEMY, OTPMMAaEeMO IIyKaHl KoediumieHTH R,
i L, y Bupasax mapamerpiB R(t) i L(t) mnsa nporo
BapiaHTa; iX 3HaYEeHHS NpuBeJeHi B Tabmuui 1.
BapianT 2: n, =6, n; =6, ny =3, n_ =3, T00TO:

u(t)=U, +U, -t" +U, -t +U, - t* +
+U, t* +U; - t%

i) =1+ 1t 2+ 1,2 @
H Y e P

R(t) =R, + Ryt" + Ryt’;

L(t) = L, + Lt" + Lt?.

[Micns mincranoBku (7) B (2) oTpuMaeMo cuc-
TeMy PiBHSHbB:

U, =9,73R, +11579,8L, +9,73L,,

U, =11579,8R, +9,73R, —
~0,265-10" L, +23159,68L, +19,47L,;

U, =-0,1323-10"R, +11579,84R, +
+9,73-R, —0,314-10°L, -

-0,397-10" L, +34739,5L,;

U, =-0,10489-10°R, - 0,1324-10'R, +
+11579,84R, +0,5524 10" L, — . 8
-0,4196-10°L, —0,5296-10" L,;

U, =0,1382-10"R, - 0,10489-10°R, —
-0,1324-10'R, —0,16898-10" L, +
+0,69-10"L, —0,5245-10° L,;

U; =-0,33796-10” R, +0,1382-10" R, —
-0,10489-10°R, —0,2028-10"L, +
+0,8287 10" L,.

Anpokcumaris u(t) Ta i(t) mana Taki creneHesi

psny (TIOTITHOMM).

s enexktporo3y JIC 3 BigmoBigHO MaeMo:
— mpu | =20 A:

u(t) =869,54+1,16-10"t +
+8,67-10%t* — 4,74 -10"t® B;
i(t)=9,734+11579,84t —
~1,324-10°t% —1,0489-10"t® A;
— npu | =100 A:
u(t) =726,3+1,18-10"t +
+8,47-10%t2 - 4,76-10"t° B;
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i(t) = 40,39 + 40840, 66t —
~1,613-10°t?> —1,302-10°t3 A.

s enexktpoBo3y 2ECS5K BiamoBimHO MaEMO:
—npu | =20 A:

u(t) =6315,6+1,3-10"t +
+5,12-10"t* — 4,035-10"'t* B;
i(t)=-5,36+370,4t +
+2,92-10%t% —4,9-10°t A,

u(t)=-3891,2+1,2-10"t +
+5,2-10%t% — 3,97 -10"t* B;

i(t) =—86,96 + 60817,55t +
+8,08-10°t? -1,198-10°t% A.

[MincTapnstoun B cucremy (8) xoedimienTd npu t
B TpuBeAeHUX Buine mnominomax U(t) Ta i(t),

OTpHUMAaEMO INyKaHi 3HaueHHs R, 1 L, —y Bupaszax
R(t) i L(t) ans BapianTa 2; 3HaYCHHS LUX Tapa-

— mpu | =100 A: METpiB NMpHUBeAeHi B Tabmwmi 1.

Ta6mums 1
3HauveHHs KoediunicHTiB y Bupa3ax napamerpis R(t) i L(t) inenTudikauniiinoro
aBomnoJgrocHuka s ejaekrpososiB JIC 3 i 2EC5K

Table 1
The values of the coefficients in the expressions for parameters R(t) and L(t)
of the identification impedor for electric locomotives DS 3 and 2ES5K
= Enexrposos JIC 3 EnexrpoBo3 2EC5K
jan
% Bapianr 1 Bapianr 2 Bapianr 1 Bapianr 2
§ I=20A | =100A | 1=20A | I=100A | I=20A | I =100A I=20A | =100A
EO ' -167,35 309,6 -611,3 312,38 -2116,9 51,36 -2130,9 66,49
M
ORl/’ 213 153,6 -4 885,4 —471 376,7 -10202,5 162 637,9 12 026,6 455 464,5 24 374,6
M/C
RZ ' - - -0,344-107 62353,2 - - - -92902,6
Om/c? ’ ' 0,12268-10’ '
Il:o ' -0,182 -0,279 0,021 -0,282 2,37 0,12 2,5 0,104
H
L. —473,75 -8,83 675,32 -9,282 10 102,56 80,36 1125,98 75,9
Tw/c
LZ ' - - —77 136,5 1678,95 - - —71 034,26 -3867,7
I'n/c?

Ha puc. 5 — 8 3a maHnMu Tabnwmii mooya0BaHO
4acoBi 3aJIOKHOCTI IIykKaHuX mapamerpiB R(t)

i L(t), 3a skumu iIeHTHQDIKYIOTBCS CIEKTPOBO3U
JC 31 2EC5K 3a mepiog T =20 -10~%c Ta 3a BXin-
HUMH JaHUMH Harpyr U(t) Ta ctpymy i(t).

OcTtaHHe y NOBHIH Mipi BiANOBiJA€ CYTi METOLY
imeHTUdIKAI] MapaMeTpiB TUHAMIYHOI CHCTEMH B
pexuMi ii HOpMaITEHOTO (QYHKITIOHYBaHHS.

HaykoBa HOBU3HA Ta NPaKTHYHA
3HAYHUMICTD

[onsrae, mo-mepie, y po3podui HOBOrO METO-
ny imentudikanii. [To-apyre, y MOXKIMBOCTI 3aMi-
HU OyIb-SKOTO MPUCTPOIO eNeKTpuuHOol Tsru RL -
JBOIOJIIOCHUKaMU. |, HapemTi, y ToMy, IO 3aIpo-
MOHOBAHUH METOJ JO3BOJISIE WLIISXOM YTOUYHEHHS
arpoKCcUMaIlii BXiJHUX 1 BUXIITHAX HANpPyT 1 CTPy-
MiB OTPUMYBATH HaWOIIBII TOYHI 3HAYEHHS Iapa-
MeTpiB R i L ineHTH(ikaniiiHOro JBOMOIIOCHHKA.
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Po3poOiiennii  MeTom  JO3BOJSE  OIIHIOBATH
B MacITadi pealbHOTO Yacy MmapaMeTpH MPUCTPOIB
B CHCTEM EJEKTPHUYHOTO TATH, IO POOHTH HOTO
3aCTOCOBYBaHHMM IIPH MOJICITIOBAHHI TEPEXiTHUX

R, OmM R, Om
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160 = . 1000
140 A’;ﬂ? %% 0
1

12052 0,002 0006 0010 0014 0018 T c o

Puc. 5. Yacosi 3anexnocti akTuBHOro onopy R enexr-
poso3y JIC 3 mpu 100 A — xpuBa 1 (mrkana siBopyu),
npu 20 A — kpuBa 2 (LIKana npaBopy4)

Fig. 5. Time dependence of the active resistance R
of the diesel engine DS 3 at: 100 A — curve 1(scale
on the left), 20 A — curve 2, (scale on the right)
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Puc. 6. Yacosi 3anexnocTi ingyktusHocti L enexrpo-
Bo3y JIC 3 mpu 100 A — kpusa 1 (wkana niBopyu),
npu 20 A — kpuBa 2 (1IKaja npaBopydy)

Fig. 6. Time dependencies of inductance L of electric
locomotive DS 3 at: 100 A — curve 1 (scale on the left),
20 A — curve 2 (scale on the right)

BucHoBku
1. Yaconi 3anexxHocTi akTUBHUX omnopiB R(t)

060X eTeKkTpoBO3iB y miamasomi t=0...20-1073¢c
3MIHIOIOThCS JIIHIHHO, HE3aJIeKHO BIJ CTEIEHS IO-
aiHoMiB U(t) Ta i(t), mpuitHATOTO BHUIIISIY CTerie-

HeBoro pany R(t) ta naBanTaxeHHs |.
Ile MOSCHIOETHCS THUM, IO TPETIH HOIATOK
B R(t), ToOTO thz , Y BapiaHTi 2 Ha JBa MOPSAKH

MeHImuUH, HDK Rit, OCKkiibkM, HE OUBISYMCH Ha

CJICKTPOMATHITHHUX TPOLECIB, SKi BUHUKAIOTH TPU
po0OTI IOCIIKYBAaHOI CUCTEMH B aBapidiHUX pe-
JKUMax.
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Puc. 7. Yacosi 3a1€XKHOCTi aKTUBHOTO omopy R enexr-
poBo3y 2EC5K mpu 100 A — kpuBa 1 (1rkana iiBopyu),
npu 20 A — kpuBa 2 (1IKaja IpaBopyy)

Fig. 7. Time dependences of the active resistance R of
the electric motor 2ES5K at: 100 A — curve 1, scale on
the left, 20 A — curve 2, scale on the right
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Puc. 8. Yacosi 3anexHnocTi ingyktusrocti L enexrpo-
Bo3y 2EC5K mpu 100 A — xpuBa 1( mkana iBopyu),
npu 20 A — kpuBa 2 (1IKajga IpaBopyy)

Fig. 8. Time dependencies of inductance L of electric
car 2ES5K at: 100 A — curve 1 (scale on the left),
20 A — curve 2 (scale on the right)

BEJIMKI 3Ha4eHHS Koe(ilieHTIB R,, BIH MHOXHTh-
cs ma 107 Ho Toro k, R, Mae BeluKe 3HaYEHHS,
. 2
1 ToMy noznatok Rt cyrreBo nmepepuirye R,t°.

2. Jlemo iHmia 3akoHOMIipHIiCTH 3MmiHM L(t).
Buxonsuu 31 3HaueHp koediuientis L, 1 L, y Ba-

. . 2

pianTi 2, nogarok Lt mepeBumye L,t° mecws mpu-
6mu3Ho B §...10 pasiB, i TOMy HeNniHIMHUN 10IATOK
L,t* po6uts cBiif BHecok B L(t) — came Tomy 1
3aJ1€)KHICTD Ma€ 3arajibHUN HEIIHIAHAN BUTIIA.
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3. linsHKH 3 BiJ’ €MHOIO iIHAYKTHBHICTIO B KPH-
Biit L(t) ms enexrpoBosza JIC 3 MOSCHIOIOTHCS Bi-
ICTalOYMM KyTOM 3CyBY (a3 ¢, TOOTO THM, IO
BXi/IHA Hampyra BiJICTa€ Bif cTpyMy (IIpoO IO CBiJ-
9aTh BIAMOBIMHI OCHWiIorpamu). Sk  Bigomo,
BiJl'€MHIH 1HAYKTUBHOCTI €KBIBAJICHTHA TEBHA €M-

HICTh. Y CBOIO Yepry, EMHICHUH XapakKTep eIeKT-
poro3a JIC 3, sk MmacuBHOTO JBOIIOIIOCHHUKA, MOXK-
Ha TOSICHUTH MEBHUMH (YHKIIOHATHPHUMH IIPOIIe-
caMH, WO TMPOTIKAKTh B YOTHPUKBAPAHTHOMY
nepeTBoproBauy 4QgS bOro eIEKTPOBO3Y.
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T. H. MULLIEHKOY

"Ka. «HTemIeKTyabHbIE CHCTEMBI SICKTPOCHAGKEHIs», [{HEIPOIETPOBCKHIl HAMOHATBHEI! YHUBEPCHTET KENC3HOIOPOXK-
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NJIEHTU®UKALIUS ITIAPAMETPOB YCTPOUCTB CUCTEM
AJEKTPUYECKOHU TAI'N METOAOM BPEMEHHBIX PA10B

Lean. Hayunas paGora npeaycmarpuBaeTr pa3padoTKy 1 000CHOBaHHE HOBOT'O METO/Ia apaMeTPUIECKON HJICH-
TUQUKAIUH YCTPOUCTB IEKTPUUSCKON TSITH, OCHOBAHHOTO HAa CUCTEME OPTOTOHAJBHBIX ()YHKIUH, a UMCHHO — Ha
OCHOBE BPEMEHHBIX CTENCHHBIX psAmoB. Meroamka. [ pemreHuss MOCTaBIEHHON 3aJa9d WCHOIB3YIOTCSA: TEOPHS
CTETIEHHBIX PAJOB; OCHOBHBIE 3aKOHBI TEOPETHUECKON IEKTPOTEXHUKH, HIIEMEHTHI CIIEKTPAIIFHOTO aHAIHN3a TIePHO-
IUYECKUAX W HETIePHOANICCKIX HECHHYCOUTAIBHBIX (DYHKITUHA IEKTPHUCCKUX BEIWYHH HANPSOKCHUS M TOKA; MaT-
pHUYHBIE METOMBI PEIICHHUS CHCTEMBI anreOpandeckux ypaBHeHuil. Pe3yabTarel. PazpaboTan HOBBIN METO/ BpEMEH-
HBIX CTCTICHHBIX PSIIOB, KOTOPHIA MOXET HCIIOIB30BATHCS I MACHTH(OHUKAINN YCTPOHUCTB, KaK CHCTEMBI TATOBOTO
JNEKTPOCHAOKEHUS, TaK W DJICKTPOIIOJBIKHOTO cocTaBa. MeTox OCHOBaH HA COCTaBICHHHW WHTETPO-
muddepeHManbHbIX ypaBHEHHH 3JIEKTPOMAarHUTHOTO COCTOSHHSI MCCIIEAYEMOH JJIEKTPOTEXHHUYECKOH CHCTEMBI.
3aﬂ,aHHLI€ Halps’)KEHUE W TOK B YKa3aHHBIX YPAaBHCHHUAX AIlIPOKCUMHUPOBAHBI CTCIICHHBIMU DPAJaMU, B KOTOPLIC
BXOJISIT UCKOMBIE ITapaMeTPhl HJIEKTPUYECKON 1IeNH CHCTEMbI B BHJE Kod(pduumeHToB. [Tonb3ysck pazpaboTaHHBIM
METOJIOM, B paboTe UACHTU(DHUIIMPOBAHBI 3JIEKTPOBO3bI nepeMernoro Toka JIC3 u 2EC5K. OnpeneneHsl ux napamer-
pel R u L, usmensiomuecst BO BpeMEHM Ha MPOTSHKEHHU MEPHOZA MPHIIOKEHHOTO CHHYCOUIAILHOTO HATIPSKEHUS.
ITocTpoeHs! 1 pOaHaIM3UpOBaHbl BpeMeHHble 3aBucumocty R(t) u L(t). JaHo 0ObsAcHeHHE /1 y4aCTKOB ¢ OTpHIIA-
TEJIFHON MHIYKTHBHOCTBIO. [l0Ka3aHO, YTO YKa3aHHBIC AJICKTPOBO3BI MOTYT OBITh UICHTU(HU-IMPOBAHBI TTACCHBHBIM
JIBYXTIOJIFOCHAKOM C MApaMETPUICCKUMH PE3UCTUBHBEIM U MHIYKTHBHBIM 37eMeHTamu. HayuHasi HoBu3Ha. lHHOBa-
LIMOHHOCTh Pa0O0THI 3aKIIIOYAETCSI, BO-TIEPBBIX, B pa3pab0TKe HOBOTO METOJa MIEHTU(HKALIMHN, BO-BTOPBIX, B BO3MOXK-
HOCTH 3aMEHbI JIF000T0 YCTPOUCTBA JNIEKTPHIECKO Taru napamerpamu RL — nByxnomocHuka. Y, HAKOHEL, B TOM, YTO
MPEATIOKEHHBI METOJ MO3BOJIIET ITyTeM YTOYHEHHS AaNlPOKCHMAIIMK BXOAHBIX W BBIXOAHBIX HANPSDKCHUI
W TOKOB TIOJNyYaTh HauOoJiee TOYHBIC 3HAYeHUS TapamMeTpoB R u L WACHTU(PHUKAIIMOHHOTO JBYXIIOIIOCHUKA.
[pakTHyeckas 3HAYUMOCTH. Pa3paboTaHHBI METO]] MO3BOJISIET OIEHWBATh B MacIITade peasbHOTO BPEMEHH Iapa-
METPBI YCTPOICTB CHCTEM DIIEKTPHUUECKOM TATH, UTO CIIOCOOCTBYET €r0 MPUMEHEHUIO MPH MOJIEITUPOBAHIH TIEPEXO0/I-
HBIX AJICKTPOMAarHUTHBIX TIPOIIECCOB, BOHUKAOIIIX MPH paboTe HCCIeTyeMOl CHCTEMBI B aBapUIHBIX PEKIMAaX.

Kniouegvie cnosa: nueHTNUKALUS; CTEIEHHBIE PS/bI; IEKTPOBO3; UHIYKTHBHOCTB; PE3UCTODP; METOJ, Harps-
JKCHHUE; TOK; BPEMEHHbIE 3aBUCHMOCTH
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V. Lazaryan, Lazaryan St., 2, Dnipro, Ukraine, 49010, tel. +38 (099) 136 96 25, e-mail mishchenko_tn@ukr.net,
ORCID 0000-0001-6336-7350

PARAMETERS IDENTIFICATION OF THREE-PHASE TO
CONTINUOUS CURRENT SYSTEMS DEVICES BY THE TIME SERIES
METHOD

Purpose. The scientific work provides for the development and justification of a new method for the parametric
identification of electric traction devices based on a system of orthogonal functions, hamely — on the basis of time
power series. Methodology. To solve this problem, we use: the theory of power series; basic laws of theoretical
electrical engineering, elements of the spectral analysis of periodic and non-periodic non-sinusoidal functions of
electrical quantities of voltage and current; matrix methods for solving a system of algebraic equations. Findings.
A new method of time power series is developed, which can be used to identify devices both traction power systems
and electric rolling stock. The method is based on the compilation of integro-differential equations of the electro-
magnetic state of the electrotechnical system under study. The given voltage and current in the indicated equations
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are approximated by power series, into which the required parameters of the electric circuit of the system enter in
the form of coefficients. Using the developed method, electric locomotives AC of DSC3 and 2ES5K were identified
in the work. Their parameters R and L, varying in time over the period of the applied sinusoidal voltage, are deter-
mined. Time dependences R(t) and L(t) are constructed and analyzed. An explanation is given for the regions with
negative inductance. It is shown that these electric locomotives can be identified by a passive two-terminal network
with parametric resistive and inductive elements. Originality. Innovation of work consists, first, in development of a
new method of identification, and secondly, in the possibility of replacing any device of electric traction with parame-
ters of RL- a two-terminal network. And, finally, the fact that the proposed method makes it possible, by improving the
approximation of input and output voltages and currents, to obtain the most accurate values of the parameters R and L
the identification two-terminal network. Practical value. The developed method makes it possible to evaluate the pa-
rameters of devices of electric traction systems on a real-time scale, which facilitates its application in modeling the
transient electromagnetic processes that arise during the operation of the system under study in emergency modes.

Keywords: identification; power series; electric locomotive; inductance; resistor; method; voltage; current; time
dependencies
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AOCTIIKEHHS TAPAMETPIB 3AJII3HUYHOI KOJIII ¥ IIJTAHI 3A
PI3BHUMHU METOJAMMU 3UOMKHU

Meta. OCHOBHOIO METOIO JaHOI POOOTH € aHajdi3 ICHYFOUMX METOJIB 3MOMKM KPUBMX Y IIJIaHI, JOCIIJUKEHHS
BIUIMBY IIOMMJIOK BUMIpIOBaHHS IapaMeTpiB IUIaHy Ha JOIYCTUMI IIBUJKOCTI PyXy IOi3iB, po3po0OKa Mporo3uiii
110/10 3HM)KEHHSI IHTEHCUBHOCTI PO3J1ajly KOJII 32 paxyHOK NPHBEIEHHs NapaMeTpiB KPUBHUX JI0 HOPMAaTHBHHUX BH-
MOT, IO JIiI0Th B YKpaiHi Ha HanpsMKax BIPOBA/PKEHHS IPUCKOPEHOTo W IMBUAKICHOTO pyXy moi3ai. [Ipobiema
nepeOyJ0BM KPUBUX HE OyJla TaKOI FOCTPOIO, MOKU HE 3'BUIacs HEOOXIJAHICT MiABHUIIEHHS IIBUAKOCTEH pyXy Ta
MOHITOPHHTY TEXHIYHOTO CTaHy IUIaHy Koiii. HemocToBipHe BU3HAUCHHS MapaMeTpiB KPUBUX MPHU3BOIUTH IO HEOO-
TPYHTOBAHOTO OOMEXEHHS IIBHIKOCTI pyXy a00 0 BEIHMKHUX OOCSTIB pUXTyBaIbHUX poOiT. MeToauka. Bukopuc-
TaHa B po0OOTI MeTOINKa Tiepeabdadae BceOiTHe i AeTalbHe BUBUCHHS PiI3HUX CIOCO0IB 3HOMKH 3ali3HUYHUAX KPUBUX,
CIpSAMOBaHE Ha PO3POOKY Ta BIPOBAIPKEHHS ONTHMAIBHHUX PIlIeHb MO0 IUIaHY 3aJi3HMYHOI Koiii. Ha croromui
ICHYIOTBH Pi3HI MOXIIMBOCTI Ui 3HOMKH HAaTypHOi reoMeTpii 3aimi3Hu9HOi KoJii. J{s TmpoBeneHHs IOCTiKeHb Ha
3HAYHIH KUTBKOCTI JUISHOK Ta 3a TPUBAJIMN TEPMIH €KCIUTyaTallii HaHOUIBII 3pydHHM, MEPII 3a BCE, BPAXOBYHOUHU
peryJIpHICTb 3ai3/1iB, 3aJMIIAETHCS CTPIUKa KOJNIEBUMIPIOBaJbHOTO BaroHy. OnHaK, 1eil crocid BUKOPHCTOBYETHCS
JUTSL OI[IHKHU CTaHy 3aJi3HHYHOI KOJIil, a HE JJI1 BU3HAYCHHS TOYHOTO TCOMETPUYHOTO MOJOXKeHHs. Tak, mpu crpooi
BU3HAYaTH 32 KOJIIEBUMIPIOBaJIBHOIO CTPIUKOIO A1HCHI 00OpHCH HepiBHOCTEH KOJlii BUHMKAE HU3Ka ckiagHocteil. [Ipu
noOyZ0BI MaTeMaTHYHOT MO/IEINI ICHYIOUOTO TUIaHY BUKOPUCTOBYETHCS IPUITYILICHHS: TIPUAMAETBCSL, IO TPH CYMiXK-
Hi TOYKHM KpPHMBOI JIe)aTh Ha koii. Ha TakoMy mpuHiumi noOyaoBaHa poOoTa BUIPABHO-IINOMBHO-PUXTYBAIBHHX
MamuH. Y pe3yibTaTi BUMIPaBHUX POOIT i3 METOIO 3MEHIICHHS 00CATIB 3CYBiB KpHBa HE BIIMOBiTa€ BUXITHUM I1ac-
mopTHUM JaHuM. Pe3yasTaTn. Hachinku poOOTH BUILUIMBAIOTH i3 aHANI3Y PI3HUX MIIXOIB 1 CIIOCOOIB 3HOMKH ILIa-
HYy JiHii, BIUINBY MapaMeTPiB KPUBUX HA BCTAHOBIICHHS JOMYCTHMOI IIBHAKOCTI pyXy moi3aiB. OTpuMmaHi B poOOTi
pEeKOMEHIALI] CHPUATHMYTh €(EKTUBHOCTI MPOEKTHHX pillleHb, BU3HAYATUMYTbH SIKICTh NPOEKTY PEKOHCTPYKIii
B [IJIOMY i TOUITBHICTE HOro peanizanii 30okpema. HaykoBa HoBH3HA. HaOynu moanemoro po3BUTKY HAYKOBI ITifI-
XO/IM 1010 OLIHKK CTaHy KPHBHX, BU3HAYCHHS IX MapaMeTpiB Ta AOIyCTUMOI IIBUIKOCTI pyXy Hoi3ziB. JlormoBHEeHa
CHCTEMa KpUTEpiiB OIIHKKH CTaHy KpUBHX, IO BIUIMBAalOTh HAa HAKONMHMYEHHS PO3JIANiB KOJii B IUIaHi.
IpakTuuna 3HauyumicTs. OTpuMaHi pe3ynbTaTH OyAyTb KOPHCHI JJIsl NMPOBEJECHHS 3aXOJIB MO0 ITiIBUIICHHS
LIBUAKOCTI, MOJIMIIEHHS IJIABHOCTI PyXYy IMOi3/iB Ta IiBHILIEHHS PiBHSA KOM(OPTAO0EIbHOCTI 13711 HA KPUBUX IS~
HKaX Kouii, 0coOIMBO Ha HampsIMKaxX BIPOBAKCHHS MPHUCKOPEHOTO ¥ MIBUIKICHOTO PYXY MOI3IIB.

Kniouosi cnosa: BUAKICHUN pyX TOI3/1iB; METOAN 3HOMKH KPUBHX; NapaMeTPU KPUBHX; IOXUOKH BUMIpPIOBaH-
Hs; IepeXiHa KpUBa; KPyroBa KpHBa, OITyCTHMa IMIBUIKICTE PyXy Ioi3za
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Beryn

Meroan, sIKi BUKOPHUCTOBYIOTHCSI CHOTOMHI Ha
TUCTAHITIAX KO JUTsl BU3HAUCHHS (PaKTUIHUX T1a-
pameTpiB KpUBHUX HE JOCKOHAII, TaK sIK B KiHIIEBUI
pe3yibTaT MPUBHOCHUTHCS CYO'€KTHUBHICTH, KBali-
(ikallisi BUKOHABI Ta iHII (pakTopu. ['eomerpuy-
Hi apaMeTpu KpUBHUX, 3a3Ha4YCHI Ha MO30BKHBO-
My mpodimi, 4acTo He BiANOBiOaIOTH (HAKTUIHUM
nanuM. s BUKOHAHHS POOIT 3 MPUBEACHHS KpH-
BUX JI0 MPOEKTHOI'O TOJIOKEHHS Ta JJIsl BU3HAYEH-
HSl IX TEeOMETPUYHHMX MapaMmeTpiB NMOBHHHI OyTH
BHUpIIIICHI TaKi MUTAHHS: SKAM CIIOCOOOM TPOBO-
JITH 3HOMKY KPHBHX 1 sika iH(popMallis € BUUEpII-
HOIO I0JI0 (PAKTUYHOTO CTAHY KPUBHX; SKHM Me-
TOJIOM BHKOHYBATH PO3PaXxyHKH 3 BHUIIPAaBKH KpU-
BUX; SIKi peajbHi MmapaMeTpu KpuBHX (pajaiycH, J0-
BXKWHA TIEPEXiTHUX KPUBUX 1 MPSIMHUX BCTABOK MiXK
KPUBUMH, MiJBUILEHHS 30BHIIIHBOT PEHKH, MOX-
JIUBI PO301KHOCTI BiJBOAIB MIJBHUILECHHS 30BHIIII-
HBOI PeKU Ta KPUBU3HH) BILUTMBAIOTH HA BCTAHOB-
JICHHS JOIyCTUMOT mBHAKOCTI pyxy [10, 12].

[IpoGiiema He Oyjia TakOK TOCTPOIO, TOKH HE
3'9BUIACS HEOOXIMHICTH IMIIBHUIEHHS IIBUIKOCTEH
pyXy Ta MOHITOPHHTY TEXHIYHOTO CTaHy IUIaHy
kouii [11, 15]. HemocToBipHe BU3HAUCHHS TTapamMe-
TPiB KPHBHUX NPUBOJUTH JI0 HEOOIPYHTOBAHOTO
0o0OMeXeHHS MIBUAKOCTI pyXy abo J0 BenuKux 00-
CSITIB pUXTYBAJIBHUX POOIT.

Merta

MerToto naHoi poOOTH € MOCHTIKEHHS BIUIMBY
MTOMIUJTOK BUMIPIOBaHHS MTapaMeTpiB IUIaHY JTiHI Ha
piBEeHb IIOMYyCTUMOI MIBHAKOCTI pyXy MOi3/iB Ta
PO3po0OKa MPOMO3HMIIIN HOJI0 3HWKCHHS IHTEHCHB-
HOCTI pO3Naay KOdil 3a paxyHOK NPHUBEICHHS Ta-
paMeTpiB KPHBUX J0 HOPMATHBHHUX BUMOT.

MeToauka

Crorogdi BioMi AlarHOCTUYHI KOMILJIEKCH, SIKI
JIO3BOJISIIOTH  3MIIMCHIOBATH JiarHOCTUKY OO'€KTIiB
iHPPaCTPYKTypH OE3KOHTAaKTHUM CHOCOOOM i3 3a-
CTOCYBAaHHSIM ONTHYHUX Ja3epHUX JAaTYMKIB 3i
mBuakicTio 1o 160 xkm/rox. Ilpm mpomy Moxke
MPOBOJUTHCS BUMIP [OJATKOBUX MapaMeTpiB —
KOHTPOJIb TIO3/IOBXKHBOTO Mpodisito, radaputy Ha-
OJIMKeHHS, 3HOCY PEeHOK, KOPOTKHX HEPIBHOCTEH,
BEPTUKAIBHUX 1 TOPU3OHTAIBHUX MPHUCKOPEHb TO-
mo. KpiM TOro, mpoBOAMTECS Bi€OCTIOCTEPEIKECH-

HA 3a BciMa 00'ekTaMu (KOJ€r0, KOHTAKTHUM JIPO-
TOM, OTIOpaMH KOHTaKTHOI MEpPEeXi i T.1I.) KamepaMu
3 BUCOKOIO PO3AUIGHOIO 3ATHICTIO 1 IPUB'A3KOIO 10
KOJIIIHOI KOOPIWHATH, IO JO3BOJHMTH OTPUMYBATH
JIOJIATKOBY iH(OpMaIlito mpo crad o0'ekriB. [Inany-
Banocs, nounHatoun 3 2014 poky, npuadatu niar-
HOCTUYHHUM KOMIUIEKC Ha KOXHY 3ai3HUIIO I
[IPOBEICHHS JOCIITHUX BHIIPOOYBaHb, PO3POOKHU
HEOOXiTHMX HOPMAaTHBIB 3 AMHAMIYHOIO BIUIMBY
PYXOMOIO CKJIaJy Ha KOJIO JjIsl OLIHKH e(EeKTHB-
HOCTI iX MOJAJIBIIOrO BIpPOBapKEHHS [8], ane ma-
HU 3JIUIIMIIICH HEe3IHCHEHUMH.

VY aockoHaeHHsI METOJIB BU3HAUEHHS Mapame-
TpiB TUIAHY KOJii TPUBA€E, YOMY CIPHUSIOTH CYYacHi
TEXHI4YHI JOCATHEHHsI, HAPUKIAJ, TaKi SIK CyMyT-
HUKOBa 3iioMKka [16]. HadmpoctimmM mxepenom
OTPHMaHHS JAHWX TPO KPHUBI JUISHKH KOJii Ha
CHOTOJHIIIHIA JICHb € KOJIEBHMIpIOBaJIbHA CTpPid-
Ka, Ha AKiil iHpopMarlis 3anucana 6e3ynuHHO. Ale
aCHMETpisl BUMIPIOBAILHOI CXEMH TPUBOJHUTH JI0
TOTO, IO Ha rpadiky KPUBU3HHU KOl MOIOKEHHS
MEePEexXiTHUX KPUBUX 3MIIIYETHCS BiJ] iICTUHHOTO,
a KOPOTKIi TpsIMi BCTaBKH MOXYTh y3araii 3HUKa-
Tu. Ile npuBOAMTE 10 HEOOXITHOCTI 3aCTOCYBaHHS
METOMIB «3TJaKyBaHHs», SKi HE TAPaHTYIOTh TO-
CTaHOBY KpPHUBHX Yy I'€OMETPHYHO MpaBUJIbHE IIO-
JIOKECHHSI.

CripoOu oTpuUMaTH JIaHi 32 CTPIYKOI KOJIiEBU-
MipioBada Mpo CTaH KPHBHX Ta iXHI MapaMeTpu
pobunrcs HeomHOpazoBo. Tak, y poboTi [9] poar-
nsiAanacs MOXIIMBICTh BUKOPHUCTAHHS JaHUX CTpi-
YOK KOJII€BUMIPIOBAIBHUX BaroHiB, MOTUBYIOYH II€
THM, IO Ha TPAKTHIN Ui OWIHKH CTaHy KPUBHUX
HaifuacTille BHKOPHUCTOBYIOTHCSI TMACHOPTHI JAaHi,
SIKi HE 3aBXKIM BiA0OpaKarOTh MIWCHI MapaMeTpH
KpHUBHX.

[Tpu moOGynoBi MaTeMaTUYHOI MOJIENi iCHYIOYO-
r0 IJIaHy BUKOPHCTOBYETHCS MaTEMaTH4HA MO
3 HHU3KOIO IPHUIYLICHb. TaK, BBAKAETHCA, IO TPU
CyCiJTHI TOYKH KpHBOi JekaTh Ha Koii. Ha Takomy
MIPUHIIAII — METO1 «3TIaJKyBaHHs» MOOYI0BaHa
poboTa  BHIIPaBOYHO-TIIOMBOYHO-PUXTYBAIHHIX
mamwH (BIIP). V pesympraTi BUKOHaHHS PHUXTY-
BaJbHUX POOIT 3 METOI0 3MEHIIEHHA 00CATIB 3Cy-
BiB KpUBa HE BIJINOBiZa€ BUXITHUM NACIOPTHUM
JIAaHWUM, 3 OJTHOPAJIIyCHOI MOYKE CTaTh OaraTopamiy-
cHoro (cknanenor) [10].

JocnimKyroud pe3epBH HiABUIIECHHS MIBUAKOC-
Ti pyxy, npod. M. ®@. Bepuro 3BepHyB yBary Ha
T€, IO PO3PAXyYHKU BUKOHYIOTHCS IS CKINaxiB,
[0 PYXalThCsAd HE MO peallbHId, a Mo iaeallbHIl
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KpHBIii, i 3alpOIIOHYBaB YBECTH B MPAKTHKY BCTa-
HOBJICHHS JIOITYCTUMHX MIBUAKOCTEH JJIsI KOKHOTO
KOHKPETHOTO THITy €Kilaxy 3a TaKHUMH IapameT-
pamu sIK 3Ha4CHHS HAIpPYy>XEHb B €JIEMEHTaxX KOHC-
TPYKIIA, 3HAYEHHS IUHAMIYHUX CHJI B3aeMOZIl
KOJII ¥ pyXOMOro CKjamy Ta iX CIiBBIAHOIICHHS
[1]. Amnamoriuni mnpomo3uuii HaBeleHI B poOOTI
[13]. Onnak, noTpUMaHHS KpUTEpiiB MIIHOCTI Ta
CTIMKOCTI KOJIii, 32 IKUMU BCTaHOBIIOIOTHCS YMOBH
obepTaHHs pyxoMoro ckiany [5], He BHUKIOUYae
BUXOAY 3 JIay OKPEMHUX €JEMEHTIB BEpXHbOI Oy-
JIOBH KOJIii 1, TOJIOBHE, HE OOMEXY€E IHTCHCHBHICTh
HAKOMWYEHHS PO3NajiB i 3HOITyBaHHS Komii. OT-
K€, BUHMKA€ HEOOXIHICTh B OLIHI{l IHTEHCUBHOCTI
HapOCTaHHs 3aJIMIIKOBUX JedopMariiii. SIkino take
MUTAHHS [IOCTAN0 Ha TOPAIKY ACHHOMY, TO BHHH-
Ka€ i HACTyIHE, MOB’s3aHe 3 OI[IHKOIO BILUIUBY Te-
OMETPUYHUX IMMapaMeTpiB Koiii Ha i gxedopmarus-
HICTb, SIKA TAKOX 3aJICKUTHh BiJ] MapaMeTpiB KpH-
BuX. Tak, HENpPaBUJIHHO BCTAHOBJIICHE ITiJIBUIICHHS
30BHINIHBOI PEWKH TMPU3BOAUTH OO0 3CYBIB KOJIi,
po3nazAiB IMPUHMA KOJIii, TMPUCKOPEHHS OiYHOTO
3HOCY peitok. CTBOpeHHs OaraTopajiyCHHX KpH-
BUX 3aMiCTh OJHOPAIiIyCHUX 3 METOI 3MCHIICHHS
00cATY 3CYBIB U PUXTYBaHHI HE TUTHKU IIBUAIIE
nectabiizye KoJiro, ane i BUKIHMKA€E TOSBY YHC-
JICHHHUX TIEPEeXiJHUX 30H, SKi MPHU HENPaBHIHLHOMY
yJamTyBaHHI TPENCTaBISIOTh 3arpo3y Oesmerri
pyxy noizmis [4].

PesyabTaTtn

Cnoci6  sumiproeanusi cmpin 6 cepeouHi
20-memposoi’ xopou. JJis OPIBHSHHS HATYPHOTO
MOJIOXKEHHS KPUBOI 3 TIPOCKTHUM Ha KOXHY KPHBY
CKJIaIa€ThCsl TEXHIUYHUI macnopT. HaBememo ana-
JIi3 MacMOPTHUX JaHWUX OJHI€] 3 KPUBUX HA JUISHII
CunenbHukoBe — Yarunae, 251-255 kM Ha Hena-
pHilt xoumii, 3a mepiog 3 2013 mo 2016 poxu. I'pa-
(ikM HATypHUX CTPLI BUTHHY IPEACTaBICHO Ha
puc. 1.

[TacmiopTHi XapakTepUCTHKN KPUBOi (KPUBU3HA,
I IBUINICHHS 30BHINIHBOI PEHKH, TOBXKHHA TIepe-
XiJIHUX KPUBHUX) TIOBHHHI 3a0e3redyBaTu Jis 3a-
JTAHOTO PIBHS MIBUIKOCTI ONTHUMAJILHY BEIMYUHY
HEIMOraleHnX MPHUCKOPEHb Ol , LIBHIKOCTI iX

3MIHM Y =0, / dt i BigBeIEHHS HiABUIIEHHS 30B-

mimueoi peiikn (h) 3a mHOBXKHMHOIO TEpeximHOl
kpusoi (1); i=dh/dl.

9
g
1
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Puc. 1. I'pacdiku HATYpHUX CTPiT BUTHHY
KpHUBOI B Pi3HI POKH
Fig. 1. Graphs of actual bends deflection of curve in
different years

OriHKka BIACTYNIIB y IUTaHI BHUKOHYyBajacs 3a
MMOKa3HUKAMU KOJIIEBUMIPIOBABHUX BaroHIB Bij-
MOBITHO JO HOPM YTpUMaHHS pPEHKOBOI KOl
LII1-0267 [7].

3a JaHWMU MacIopTa JUIss KPUBOI, IO HaBEIEHI
Ha puc. 1 (mepiox 2013-2016 pp.), Oynu BUKOHaHI
PO3paxyHKH IOKA3HUKIB PyXy, Pe3yJbTaTH SKHX
HaBEJICHO Ha puc. 2.

3a maHuMH macropTty KpuBoi B Tabn.l HaBene-
HO IMapaMeTpl KPUBOi 1 MijipaxoBaHa cyma CTpii
BUTHHY.

3aranbHUN KyT MOBOPOTY KPHBOi 0L, TOBH-
HEH 3QJIMIIATHCh OJTHAKOBUM, HE3aJEKHO BiJl TOTO

MPaBWIBHO yJallTOBaHAa KpPHWBa YM Ma€ 3CYBU Ha-
30BHI ¥ yCepenuHi, i JOPIBHIOBATH

2 N
a‘paﬂ :_Z fi (1)
aig
abo
2
a‘pau ZESBMM . (2)

Ockinbky KprBa po30UTa Ha BiPi3KU OAHAKO-
BOI IOBXHMHHU @, TO CyMa CTpin S, HOBUHHA Oy-

M
TH OJHAKOBOK. MAKTHYHO X Cyma CTPLI HE IOC-
Titia (Tabm. 1).

3rimHo 3 [2] Ha#OimbII iMOBiIpHE BiIXHIJICHHS
CyMH OOMIPIOBaHHX CTPLT BiA MIHCHOI CyMH IOpi-
BHIOE

|ASBHM| = T\/ﬁ !

Je T— TOYHICTh BHMIPY KOXHOI
1=1-1,5 Mmm; N — KiIbKiCTh TOYOK KPHBOI.

@)

cTpinu;
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a-a Ta6onums 1
08 | IlapaMeTpu po3paxyHKoOBoOi KPHBOL
3 08 Il s " Table 1
= 04 7R
> 02 | [ AT Parameters of the calculated curve
Y s A A g AR
? 2(2) N y E’T Y b HaiimenyBaHHs [TapameTpu kpuBO1 y BiATIOBIAHI POKH
® o4l _— noKasHuKa 2013 | 2014 | 2015 | 2016
pllL s Bt s s s
-0.6 Paniyc xpu-
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6-b Homepu Touok
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= ]
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Puc. 2. Henorarueni npuckopeHss (o, )
Ta 3MiHa IPUCKOPEHB y 9aci (Y ):
a—2013 p., 6 —2014., 6 — 2015 p., 2 — 2016 p.

Fig. 2. Unbalanced accelerations (o, )
and accelerations change in time (y ):
a-2013p., b-2014., c- 2015, d — 2016.

200 25 30

Homepu Touok

CTPUI BOX PI3HUX BUMIpiB (muB. TaO. 1) 3HaYHO
OinpIe JOMYCTHMOI, IO BUKIIMKAE CyMHIBU B SIKO-
CTI BUXITHAX JaHUX.

[ToxuOka y BU3HaYCHHI KyTa ITIOBOPOTY B MiHY-
Tax 3aJEeXHUTb BiJ] TOYHOCTI BHMIpIOBaHHS CTpPil
1 KUTBKOCT1 TOYOK KPHUBOI:

3
Aq, =500 wN @
2-180a
[licns  migCcTaHOBKM  3HAYCHb  OTPHMAEMO
Aa,,,=3,4'. ®akTHYHAa MOXMOKa IEPEBUILYE JI0-

mycTumy (auB. Tabm. 1).

Buznauenns napamempie xpusux no cmpivyi
KOJIEBUMIPIOBAIbHO20 8a20HY. Y NEIKNX poOoTax,
Harnpukiaz [8], 3BepTacThcs yBara Ha Te, IO BHU-
3HAYUTH (PaKTUYHUHN pajiyc KpHBOi KoJii, miaBuU-
IICHHS TIOJOXCHHS 30BHIIIHBOT PEHKH, JTOBKUHY
MEPexXiAHOT KPUBOI 3a 3alMcaMH Ha CTPIYIl KoJie-
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BUMIpPIOBAaJILHOTO BaroHy HenpocTo. OcolnuBo
CKJIAJTHO 3HAWTH PaJliyC KPyroBOi KPUBOI i MOTOY-
HUX 3HA4YCHb KPUBU3HH B MEXKaX MEPEXiTHOT KOJIii.

SKmo po3rggaTH TEOMETPUYHO MPaBHIBHY
KpHUBY, TO 3aJ1a4a 3BOJUTHCS JIO TOTO, 1100 3HAUTH
nepexin Bin cTpinmu BuruHy f,, sfka 3amipsHa
KOJIIEBUMIpPIOBAYEM BiJ 3aJHBOTO KiHLIA XOpIU
a (mas KBJI 1ie 4,109 ™), npu 1i gosxuui A (mas
KBJI A=21,495 m), no ctpimu f,,,, sKxa 3amipsHa
BcepenuHi xopau Ha Bigcrani | =20 M, npuitasToi
NpHU pyYHHUX BUMipax (puc. 3):

Puc. 3. TTonoxeHHsT XOpIu:
a — KOJEBUMIPIOBAILHUN BaroH; 6 — py4Hi BUMipH

Fig. 3. Chord position:
a — track-measuring car; b — manual measurements

Q)

ne K, — xoediuient nepexony Bia cTpiiM, BUMiprOBaHOT

fio = fakik,m,

Ha BIJICTaHi BiJ KiHIA XOpaU & , IO CTPiJH, BUMIPSHOT B
CepEe/INHI XOP/H, B MEKaX KPYroBOI KPHUBOT:

AZ

ky =m, (6)

ne k, — xoedilieHT mepexomy BiA CTpilu, BHMi-
PIOBAHOI B CepeivHi XOPH JOBXKHHOI A 10 CTpi-
JIM B CEPEIMHI XOPAU TOBKHUHOIO | :

k=—, (7

e M- MacmTal 3amucy Ha KOJIi€BUMIpIOBAIbHIM
CTpivIIi.

[Ipu po3ramryBaHHI KOJi€BUMipIOBaJIbHOTO Ba-
TOHY B MeXaX IepeXiTHOI KPUBOI UM YaCTKOBO Ha
HiH, a YaCTKOBO Ha KPYroBiil KpHBiil Koe]ilieHT
k, He Mae oqHO3HaYHOro BU3HA4YeHHs. Takox ¢o-
pmyna (5) cTae HemiCHOIO NPU HAsIBHOCTI BiJIXH-
JIEHb BiJI TEOMETPUIHO BIPHOTO TOJIOKCHHS KPUBOT
[14].

[ momepeqHixX po3paxyHKiB 3a 3amucoM, Mil-
BHINCHHS 30BHINIHBOI PEHKH 1 CTPUIA BUTHHY Ha
CTpIYI KOJIEBUMIpIOBaYa YCEPEAHIOIOTE. Y ITOMY
BUNAJIKy TOYHICTh BU3HAUEHHS F€OMETPHYHHX I1a-
paMeTpiB KPHMBHMX 3aJIe)KHTh BiJ TOr0, HACKUIbKU
MpaBWIBHO OYAyTh TOOYZOBaHI CepeiHi JiHIT 3a
3allMcaMy Ha CTPivlli KOJI€BUMipIOBaJIbLHOTO Baro-
Ha.

OTtpumaHi B pe3ynbTaTi po3mM(poOBKU KOJIi€-
BUMIPIOBAJIbHOT CTPIYKH XapaKTEPUCTUKU TOCTiI-
HOI KpUBOI HaBeJIeHI Ha pHUC. 4.

100

s 80 ay A
= 1 \\‘
5 60
o]
E 40
Z 2
=
-E_ 0 W [ ——1 —2 §’\..‘
! [

S 1Y T T ]

20
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Puc. 4. Ctpinu BUTHHY iCHYIOYOi i IPOEKTHOI KPUBOT:
1 — icHyroue HOJNIOKEHHST; 2 — IPOCKTHE
Fig. 4. Bends deflection of the existing

and design curve:
1 - existing position; 2 — design position

Pesynbratn po3paxyHkiB (rpadiku Hemorarie-
HHX MPUCKOPEHB Ta 3MiHU IIUX NPUCKOPEHb y Yaci)
TIPEACTABIICHO Ha PUC. 5.

Busnauenna napamempie Kpusux cnocobom
Tonixbepea. 3iioMKa KpHUBOi BHKOHYETHCS NiJISIH-
KaMH JOBXHHOI0, K mpaBmio 100 M, (3a BHKIIO-
YEHHSM Teplioi W OCTaHHBOI), MUIIXOM BUMIpY
TEOJI0JITOM KYTiB OBOPOTY Mi>K IPOMEHSIMH Bi3y-
BaHHs 1 CTpiJlaMH BHTHHY 3a PEIHKOIO, TOPU30HTA-
JIbHO TIOKJIaJICHOI0 Ha pelKy. BBaxaeTbcs, 10 J10-
CTaTHS AN NPAaKTUYHUX LIeH TOYHICTH Jocsra-
€TbCS TpU 3HOMII KPHBOI HE piAlle HiX 4Yepes
20 meTpiB.
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Puc. 5. Henoranteni npuckopenss (o, ) Ta 3MiHa
npucKopeHb y daci ()

Fig. 5. Unbalanced accelerations ( o, ) and
accelerations change in time ()

Sk ButuMBae 3 Tabn. 2, JOMYyCTUMI MIBUAKOCTI
IUIs1 KPUBOI 332 JAHUMH 3HOMKH 32 CIIOCOOOM CTpilL,
KOJII€EBUMIPIOBIBHIM BaroHoM i criocobom I oHi-
kOepra pi3Hi. BoHu BcTaHOBNEHI JUIsl O/HIET i Tiel
X KpuBoi 3a MeToanKoIo [6]. [Iprnunna oOMexeHHs
MIBUIKOCTI B TIEPIIOMY BHUIAAKY (3a CIOcoOoM
CTpiJ) — KPyTH3HA BiJABOAY MiJABHIIECHHS 30BHIIII-
HbO1 peiiku (100 xm/rox), y Apyromy (3a JaHUMHU
KOJIIEBUMIPIOBAIBHOI CTPIYKH) — 32 KPUTEPiEM He-
noramreHux npuckopens (100 km/ron) i B TpeTho-
My (cmoci6 ['onHikOepra) — 3a KpyTH3HOIO BiABOXY
migBuineHns (90 km/rox).

3 1UbOro ¥ IHIIOrO NPHUKIAIIB BHUILIHUBAE, IO
IUIsl TIPaBUJIBHOTO BUPIIIEHHS NMUTAaHb PEKOHCTPY-
Kuii Komil W KOJMMHUX cHopyx 3 MeTow 3abesme-
YeHHS HAa BHYTPIIIHIX TPAaHCIOPTHUX KOPHIOPax
mBuakocti 140—160 xM/rog HEOOXIAHO MPOBECTH
Ha CYy4aCHOMY PiBHI pOOOTH 3 mMacropTu3alii Kpu-
BUX 1 BCTAaHOBJICHHSI PEaJbHOI JOIMyCTUMOI LIBH/I-
KOCTi pyXy MO HHX.

HaykoBa HOBM3HA Ta IPAKTHYHA
3HAYHUMICTH

BpaxoBytoun pe3ynpTaTé MPOBEAECHOTO AOCHi-
JDKSHHS, MOYKHA KOHCTAaTyBaTH, IO HA CHOTOIHIII-
HIi JeHb iCHye 6arato crmoco0iB, sSIKi BUKOPHCTO-
BYIOTBCSL ISl BUMIPY MapaMeTpiB i CTaHy KPUBHX.
Came Bxe iCHyBaHHA Pi3HUX CIOCO0IB, IO MalOTh
HNpaKkTHYHE 3aCTOCYBAaHHS, TOBOPUTH PO TE, IO
KOXKEH 3 HUX Ma€ CBOI SIK MO3UTUBHI, TaK 1 HEraTu-
BHI sikocTi. Tomy ans BHOOpY TOro 4M iHIIOTO
cnoco0y Tpeba MaTH SIK CTATUCTUYHE, TaK 1 Marte-
MaTH4YHE OOTPYHTYBaHH:I.

KOHaHHS po3paxyHKiB. lle muTaHHs cTamo 0coo-
JUBO aKTyaJIbHUM IPU PEKOHCTPYKIIT TUIaHy Ji-
Hii U1 BOPOBAKCHHS IIBUIKICHOTO PYXY.

Tabnuus 2

3HaveHHs mapaMeTpiB KpPHUBOI i BixnmoBigna
AOMYCTHMA IBHIKICTL pyXy

Table 2

Values of the curve parameters and the
corresponding permissible speed of movement

3HaueHHs apaMeTpiB KPHUBOi, IO
IMapamerp OTpHMaHi pi3HUMHU criocobamMu
KpHBOi i gomy- BUMIiPIOBAHHS
CTHMA IIBHA- 6 KOJII€BHAMI- crrocio
KICTB PyXy eroct proBanbHa Ionix-
cTpin .
CTpiuKa Oepra
Kyrnosopo- | o706+ | 31058 | 30°11°
Ty,rpan
Paniyc, m 656 620 660
Tepwa nepe- | g, 100 60
XigHa, M
Kpyrosa, m 240,00 230,68 347,69
Jpyranepe- | 4 130 60
XigHa, M
ITinBuieHus
30BHIIIHLOT 100 90 100
peiiky, MM
OOMeKeHHs
WBMAKOCTI: | 106 100 106
-3a O,
—-3a Y 100 140 90
—3a i 124 132 120
Homyctuma
LIBUAKICTH 100 100 90
PYXY, KM/TOXT
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BucnoBku

1. OOMeXeHHS MIBUIKOCTI, 110 BCTAHOBJICHI 3a
HaKa30M HavaJIbHHKA 3aJI13HMII, HE 3aBXKIU BiAIO-
BiJIalOTh peallbHOMY CTaHy kpuBux. lleli dakt mo-
JKHA TTOSICHUTH THM, 0 B JUCTAHITIAX KO po3pa-
XYHKH BHUKOHYIOTBCS 3a CIIPOIICHOI0 CXEMOIO, HE
B MOBHOMY 00csi3i, sIK TOoro BumarawTth [IpaBuina
LI1-0236. Ilpm 3aizgax Baronis KBJI ocHoBHa
yBara MpHIUIIETbCS TPHOM MapaMeTpam — pajiiycy
KOJIii, MiABUIICHHIO 30BHIIIHBOI peiKH i KpyTH3HI
rioro BigBoy. DaKkTUYHO MPU BU3HAYCHHI MAKCH-
MaJIBHO JIOIYCTHMOI HIBUIKOCTI HE BPaXOBYIOThCS
napaMeTpH CIOJNYYCHHs, AKi IOBUHHI BU3HAYATHCS
JUTSL CyMDDKHUX 1 CKJIaJICHUX KPUBUX.

2.B ymoBax yKpaiHCBKHX 3aJi3HHIIb TPOOIeMH
IIBUAKOCTI B JBOX TPETHMHAX BUIAJKIB IOB’sA3aHI
HE 3 pajilycoM, a 3 JOBKHWHOK MEePeXiTHUX KPUBHUX
KOJII 1 MPSAMUX BCTABOK MK CyMI>KHUMU KPUBHMH,
a TOMYy TIpM BCTaHOBJICHHI MaKCHUMaJbHO JOMYC-
TAMOI IIBHIKOCTI PyXy Ha CKIQJHUX [IJISHKAX
IUIaHy 3aJli3HUIN  CIiJ] IPUIUIATA Olibllle yBaru
CYMDKHUAM KPUBHUM, SIKi MiANIQAAI0TH ITiJl KAaTeropito
3aJIe)KHUX, TOOTO TAaKHWX, KOJHM OHA BIUIMBA€E Ha
YMOBH PYXY T0i3/1a TIO iHIITiH.

3. AHami3 BUXITHUX JaHWX, OTPUMAHHUX Pi3HU-
MU CIIOCO0aMH 3MOMKH ILIaHy JIiHiI, MOKa3as, IO
JUIsl BU3HAYEHHSI MaKCHUMAJIBHO JIOMYyCTUMOT LIBH/I-
KOCTi HEOOXIZIHO MaTH JOCTOBIpHY iH(OpMaIlito
IIpo MapaMeTpu ¥ craH kpusuX. [lepen nposeneH-
HSIM PEKOHCTPYKIi 3aJi3HHYHUX HAMPSMKIB s
MiIBUIICHHS MIBUAKOCTI PyXy TOi3MiB, a TUM Oi-
JbIIE Ul BIPOBA/DKEHHS HMIBUAKICHOTO PyXYy, He-
00XI1/THO MPOBEJICHHS MACIIOPTH3AIliT KPUBHX.

4.5k mokazajia NpaKTHKa, YacTO BHKOPHCTO-
BYIOTBCSl 3aCTapisii JaHi MpoO IUIaH JiHii, a KPUBI
PO3TIANAIOTECS SIK TEOMETPUYHO TUIaBHI, 0e3 ypa-
XyBaHHA BiACTymiB B ix yrpumanhi. Hesiporin-
HicTh iH(pOpMAIi MOXe ICTOTHO BimoOpakaTucs
Ha pe3yJibTaTax po3paxyHKiB 3 BU3HAYCHHS JOMYC-
TUMHX IIBUAKOCTEH PyXy, IO OCOOIUBO BaXKIHBO
Ha MIBHUJIKICHAX MUISHKAX. Y 3B’S3KY 13 3HAYHUMU
PO30DKHOCTAMY MiX ITapaMeTpaMH IUIaHy KoJlii Ha
MO3I0BXXKHBOMY MpOQiii, y MacmopTi KpUBUX 3a
HAaTypHUMH BHMipaMH, TIPOTIOHYETbCS IPOBECTH
poboTH 3 macmopTh3amii KPUBUX 1 BCTAHOBJICHHS
peaspHO JOMYCTHMOI IIBUAKOCTI PyXy MO HHX
3 ypaxyBaHHSIM Cy4acHOTO CTaHy KOJii.
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NCCIEAOBAHUE NAPAMETPOB XKEJE3HOAOPOKHOI'O ITYTH
B IINTAHE HA OCHOBE PA3HBIX METO/10B CbEMKHA

Heab. OcHOBHO ENbIO JaHHOHM pabOTHI SABISIETCS aHAIN3 CYHIECTBYIOIINX METOAOB ChbEMKH KPUBBIX B IUIAHE,
HCCIIEJOBaHNE BINSHUSA OIMMOOK N3MEPEHNUS MTapaMEeTPOB IUIaHA Ha JIOMTyCKAaeMble CKOPOCTH ABMKEHUS, pa3paboTka
PEKOMEHIAIUI [0 CHU)KEHUIO PACCTPOMCTB IyTH 3a CUET NMPUBEACHUS MMapaMeTPOB KPHUBBIX K HOPMATHUBAaM, KOTO-
pble IeHCTBYIOT B YKpauHe Ha HAIpPaBJICHUSAX YCKOPEHHOI'O M CKOPOCTHOIO JBMO)KEHMs moe3zoB. IIpobnema mepe-
CTPOWKH KPUBBIX HE ObliIa TAKOH OCTPOIi, OKa HE MOSIBUIACH HEOOXOANMOCTD MOBBILICHUS CKOPOCTEH BIKEHUS U
MOHUTOPHHIa TEXHUYECKOTO COCTOSIHUA IUaHa myTH. HegocToBepHOE onpenenaeHrne napaMeTpoB KPUBBIX IPUBOJUT
K HEOOOCHOBaHHBIM OTPAHMYCHUSIM CKOPOCTH JIBIDKCHHS WJIM K OONBIIMM O0ObEMaM pPHUXTOBOYHBIX paloT.
Metoauka. Vcnons3zyemast B paboTe METOIMKA IPENTyCMaTpUBAeT BCECTOPOHHEE W IETAbHOE M3YYEHHE Pa3HBIX
CHOCOOOB CHEMKH JKEJIE3HOJOPOXKHBIX KPHBBIX, HAIPABICHHOE Ha Pa3padOTKy U IOJyYSHHE ONTHUMAJIBHBIX pelle-
HUH I10 IJIaHy JKEeJIe3HOMAOPOXKHOTO MyTH. Ha cerogusamHmil 1eHp CymecTBYIOT pa3Hble CIIOCOObI CheMKH HaTypHOH
TEOMETPHUH KEIE3HOJOPOKHOTO MyTH. IJ1sl IpOBEACHHS NCCIIEA0OBAaHUH Ha Pa3IM4YHbIX IO CIOKHOCTH y4acTKax M 3a
MIPOJIOJDKUTENFHOE BPEMsI SKCINTyaTallu JKeJIE3HOAOPOKHOTO MyTH Hanbojee yAoOHBIM, B IEPBYIO O4epelb, yUIH-
TBIBAsI PETYJSIPHOCTD 3a€3/10B, OCTACTCS JEHTA MyTEeH3MEPUTEIbHOro BaroHa. OQHAKO, 3TOT CIIOCO0 HCIIOIb3YeTCs
JUIS OLIEHKU COCTOSIHHSI KEIE3HOJOPOKHOTO IyTH, a HE IS ONPEAEICHUS TOYHOTO F€OMETPHUUECKOTO MOJIO0KECHUS.
Tak, npu NONBITKE ONPEAENECHUS MO MMyTEU3MEPUTENBHON JIEHTE NEHCTBUTENBHOTO OYEPTaHMs HEPOBHOCTEH MyTH
BO3HHUKAET psin cinoxkHoctel. [Ipu GpopmMupoBaHHM MaTeMaTHUECKOi MOJ/IENN CYIIECTBYIOIIETO IIaHa MCIOIb3YeTCs
JIOTYIIEHHUE. CYUTACTCA, YTO TPH CMEXHbIE TOUKHM Ha KPUBOI pacHojararoTcs 1o okpyxHocTH. Ha Takom nmpuHImme
mocTpoeHa padoTa BEINPaBOYHO-TIOAOMBOYHO-PUXTOBOYHBIX MAaIIMH. B pe3yneTaTe BBINPaBOUHBIX paboT ¢ LENbIO
YMEHBIICHNS 00bEMOB PUXTOBOK KPHBAsl HE OTBEYAET MCXOJHBIM NMAaCHOPTHBIM AaHHBIM. PedyiabTaThl. VTorm pa-
6OTHI BBITEKAIOT M3 aHAJN3a PA3HBIX MOJXOI0B M CIIOCOO0OB CHEMKH IUTaHa JIMHUH, BIMSHHA TapaMeTPOB KPUBBIX Ha
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YCTaHOBIICHUE JIOIIYCTUMOM CKOpOCTH IBWKeHMs. [lonydeHHBIe B paboTe pekoMeHgauuu OyayT criocoOCTBOBATH
MOBBIIIEHUIO () ()EKTHBHOCTH MPOEKTHBIX PEHICHHH W Ka4eCTBY PEKOHCTPYKIHH YKEIE3HOJOPOXKHOTO MYyTH B Iie-
nom. Hayuynasi HoBu3Ha. [lomydmnn nanpHelmee pa3BUTHE HAyYHBIE MOIXOIBI IO OIEHKE COCTOSHHSA KPUBBIX,
N3y4YEHUIO BIHMSHUS WX IapaMeTpoB Ha MAOIYCTUMYIO CKOPOCTh IBIDKCHHUS MOe370B. JlONONHEHA cHucTeMa
KPUTCPHUEB OLEHKH COCTOSIHMSI KPHBBIX, BIMSAIOIIMX HAa HAKOIUICHHE pacCTpPOiiCTB MyTH B IUIaHE.
IIpakTHuyeckasi 3HAYUMOCTb. [lorydeHHBIE pe3ynbTaThl OyLyT MOJE3HBI I MIPOBEACHUS MEPOIPUSITUI IO HOBBI-
IIEHUIO CKOPOCTH, YJyYIICHHIO MJIABHOCTH IBI)KCHHS ITOE3]I0B M YPOBHS KOM(OpPTaOEIBbHOCTH €31l Ha KPUBBIX
ydacTKax IMyTH, 0COOEHHO Ha HalpaBIEHUSIX YCKOPEHHOI'O U CKOPOCTHOTO JBMXKEHUS MOE30B.

Kniouesvie crosa: ckopoCTHOE NBHXKEHHUE TI0E3/10B; METOBI ChEMKH KPUBBIX; MapaMeTpbl KPUBBIX; OLIMOKH H3-
MEpEeHUs; IepexoJHast KpUBasi; Kpyronas KpUBasi; JOIIyCTUMAasi CKOPOCTb JBIDKEHHS IToe3/1a
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RESEARCH OF RAILWAY TRACK PARAMETERS IN THE PLAN
BASED ON THE DIFFERENT METHODS OF SURVEY

Purpose. The main purpose of this paper is to analyze the existing methods for surveying curves in a plan, to
study the influence of the errors in measuring plan parameters on the permitted speeds of motion, to develop re-
commendations for reducing road disturbances by bringing the parameters of curves to the standards that operate in
Ukraine in the directions of accelerated and high-speed train traffic. The problem of restructuring the curves was not
so acute until there was a need to increase the speed of motion and technical condition monitoring of the track plan.
Unreliable determination of the curves parameters leads to unjustified restrictions in the speed of motion or to large
volumes of straightening operations. Methodology. The methodology used in the paper provides for a comprehen-
sive and detailed study of different ways of railway curves survey, aimed at developing and obtaining the optimal
solutions for the railway track plan. To date, there are different methods of survey the actual geometry of the railway
track. To carry out research in various sections of complexity and for a long time of the railway track operation, the
most convenient, first of all, considering the regularity of arrivals, there is a tape of the track-measuring car. Howev-
er, this method is used to assess the state of the railway track, and not to determine the exact geometric position.
Thus, when trying to determine the actual outline of the track unevenness using a track-measuring tape, a number of
difficulties arise. When forming a mathematical model of the existing plan, the assumption is used: it is considered
that three adjacent points on the curve are located along the circumference. The work of track renewal trains is based
on this principle. As a result of track renewal operations with the aim of reducing the volume of flattening, the curve
does not correspond to the initial passport data. Findings. The results of the work come out of the analysis of differ-
ent approaches and methods of surveying the plan of the line, the parameters influence of the curves on establishing
the permissible speed of motion. The recommendations received in the work will help to increase the efficiency of
design decisions and the quality of railway track reconstruction as a whole. Originality. Scientific approaches to
assessing the state of curves, studying the influence of their parameters on the permissible speed of trains, have been
further developed. The system of criteria for assessing the state of curves that affect the accumulation of track dis-
turbances in the plan is supplemented. Practical value. The results obtained will be useful for carrying out measures
to improve speed, improve the smoothness of train traffic and the level of travel comfort on curved track sections,
especially in the areas of accelerated and high-speed train traffic.

Key words: high-speed train traffic; methods of curves survey; curve parameters; measurement errors; transition
curve; circular curve; permissible train speed
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SPECIAL LABORATORY TESTING METHOD FOR EVALUATION
PARTICLE BREAKAGE OF RAILWAY BALLAST MATERIAL

Purpose. There are special, standardized laboratory test methods to evaluate railway ballast particle breakage;
they are the Los Angeles and the Micro-Deval abrasion test. The authors opine that these methods aren’t the most
adequate methods to assess the real ballast particle degradation because in reality never occurs these kinds of stress-
es and strains (i.e. particles in a rotating drum with or without steel balls and with or without water). A new labora-
tory test procedure is needed. The authors attempted to configure an adequate one in 2014, it is detailed in the paper,
as well as the initial results and improvement possibility. This test method is related to dynamic pulsating test, the
particle size distributions (PSD) had to be determined before and after fatigue. In 2017-2018 the research is support-
ed by UNKP-17-4 program. Methodology. Multi-level steel box is utilized with a special layer structure, detailed in
the paper. Five different types of railway ballast samples were tested. PSDs were defined, and regarding to the re-
sults relationship between ballast particle degradation values (according to Los Angeles and Micro-Deval abrasion
tests, as well as this newly developed laboratory test method) was searched, as well as time interval between neces-
sity railway ballast cleaning work was also calculated. Findings. The authors sentenced the results regarding to the
self-developed laboratory test method that is able to assess the particle degradation and time interval between rail-
way ballast cleaning work more precisely related to the real railway operation circumstances. Relationship was de-
termined between particle breakage according to standardized and unique (non-standardized) laboratory test meth-
ods. Originality. The paper summarized the results a newly developed laboratory test method for evaluation of the
degradation of railway ballast particles. Practical value. It sentenced the possibility to improve the measurements
and assessments regarding to the research phase supported by the UNKP-17-4 project.

Keywords: railway ballast; particle degradation; particle breakage; special laboratory test method; dynamic fa-
tigue test

c)its texture ensures the relative simple geo-
Purpose metrical correction: either with manual or heavy
machines; the track geometry will be long-lasting;

The biggest part of railways in the world (ap- in case of obligation the ballast material is able to

proximately 98.8% that is circa 1.1 million kilome-

tre) has normal ballast bedded superstructure [59], be rgc_y cled, dampi f h be Ui
in this way the usage, mechanical bearing, as well ble h)iétrf energy damping perform has to be suita-

as long lifetime of railway ballast material has to
be handled with specific attention in the considera-
tion of following viewpoints [49]:

a) ballast bed solidly but flexibly supports ver-
tically the railway track, this layer assures the rele-
vant part of the longitudinal and transversal sup-
port with the help of friction and passive earth
pressure, all of these parameters affects the geo-
metrical and structural stability of the whole rail-
way track,

b)ballast bed assures the rapid flowing through
of water (i.e. precipitation) in the track and ballast
bed, relieving the rapid drainage,

e)it has to decrease the stress from the ties’
lower surface with prescribed volume in the ac-
cordance of the stress limit of subsoil.

Ballast bed material should have various tex-
tural parameters considering the above detailed
points, they are the followings without the re-
quirement of fullness:

i) it has to have continuous grading (PSD) ac-
cording to point a) because this texture is able to
guarantee the most excellent ability for compac-
tion, thus proportionately maximal load bearing
capacity,
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if)it has to have uniform grading according to
points b) and d) because the proportionately lot of
void between grains guarantees the rapid flowing
through of water in the structure, as well as the
larger energy damping [60],

iii) it has to contain sharp edge grains according
to points a) and c) because the largest inner particle
friction is able to be expanded, thus durable track
geometry (e.g. against vertical deformation) is able
to be obtained,

iv) grains with less deterioration (breakage)
characteristics have to be applied according to
point b), it can be obtained by usage of railway
ballast with low Los Angeles and Micro-Deval
abrasion values, or by recycled ballast material
(perchance by rounded grain material, i.e. river
grains) [16, 46],

v) it has to have required and adequate layer
width.

In search of relationship between above aspects
i) to v), the problem will be evident: using of only
granular materials (i.e. without chemicals and geo-
synthetics [19]) isn’t able to be perfect because ei-
ther of the base roles and requirements (points a) to
e) above) will be influenced, thus ballast bed is
able to be constructed regarding to these points. It
has to be noticed that bitumen stabilised ballast
material is also able to be applied [13].

The railway construction and maintenance pro-
fession generally prefers the technique below for
railway ballast [49]:

1)it is rather from deep magmatic base rock
(perchance sandy gravel or slag in secondary rail-
way lines),

2)it should be made of high strength and frost-
proof material,

3)it should have sharp edge, cubic grains with-
out cohesion texture,

4)it should contain proportionately low fine
particles and fines.

It should be contemplated that long-lasting
railway track geometry depends on contamination
of ballast material (it is 76% from grain degrada-
tion, 13% from underlying coarse-grained layer
[52, 54]). The deteriorated fine particles and fines
in the ballast bed effect seepage of the track, it also
responds on geometric stability of track (i.e. on en-
durance of track geometry). It is obvious that deg-
radation of ballast grains can be developed:

— the homogenous stress distribution in the in-
terface of bottom surface of tie and ballast bed, as

well as in the interaction of ballast grains is not ac-
curate at the dimensioning and design of track lay-
er structure and structural elements [25],

— grains aren’t loaded by static impacts but dy-
namic, repeating-pulsating (more million loading
cycles) impacts during railway operation, which
stress can be developed jerk-like stress (e.g. in case
of failures of rail ends, welts) and it is able to attain
the plurality of static stresses [31, 34]. It is able to
quicken the deterioration process [44],

— in real circumstances there are very large
stresses in the interface of ties and ballast grains,
including between grains that raises the degrada-
tion of grains [25],

— the contact stresses noticed above is able to
be reducted by using of e.g. under sleeper pads, or
PU foam or bitumen stabilised railway ballast [13].

In this article the authors present the quasi
newest international research results linked to rail-
way ballast grain deterioration, afterwards it the
laboratory tests’ results are detailed which tests are
performed in 2014 at SIU, Gy6r [20, 21] that pro-
vided motivation and research basis for the contin-
uance of the research in 2017 and 2018, as well.
Research plans are indicated that is able to consid-
er as the fulfilment and improvement of the re-
search executed in 2014.

The authors specify why the now utilized,
standardised railway ballast grain abrasion tests
should be examined and modified, and they sug-
gest introduction of other, different laboratory test
methods.

In the European Union’s 2014-2020 Programme
Hungarian railway construction and rehabilitation
projects is able to be financed by more than thou-
sand billion Hungarian Forints [57], from which
support important railway projects can be per-
formed. The very necessary part of these projects is
the ballast that is the heaviest component of super-
structure. In nowadays practice it is obvious aspect
that required quality ballast [9, 14, 35, 36, 39-43,
47,52, 58] is achievable in prescribed quantity.

In the followings the authors cite those criteri-
ons because of that the future view is more shad-
owed, and which are prescribed that special rock
physics tests (Los Angeles and Micro-Deval abra-
sion tests) are highly suggested with more real
loading conditions than the standardised tests con-
sidering available stone-rock qualities’ limits.

The particles’ original — base rock-dependent —
abrasion characteristics are able to be hardly al-
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tered by technology procedures, these principally
depends on «aggregate wealth» and rocks’ me-
chanical properties. In professional conferences
more and more presentations are made about that
environmental, nature-reservational, heritage-
protective, etc. regulations hitting the stone-mining
industry aggravated year by year generally mean
such restrictions [35, 36] on the access of the natu-
ral «asset» that may lead to complications in base
material supply and increasing quality risk on the
medium term.

The authors assume that it a base issue that the
ability for ballast material is worldwide required
the Los Angeles and Micro-Deval abrasion tests
[39, 40] in the railway ballast product standard
[43]. These kind of laboratory tests can’t simulate
the real developed stresses of ballast (it should be
noticed that in case of e.g. asphalt and concrete
road pavements’ «stone truss» [2, 27, 28] these la-
boratory tests are not the best choice). For the ob-
jective decision of conformability special laborato-
ry degradation test should be utilized that consider
the operation conditions and stresses in more real
manner.

Afterwards the international literature review,
own, unique solution for a special laboratory test
procedure (method) are represented that can simu-
late the stresses in more realistic method. The re-
sults are comparable to the standardised abrasion
tests [39, 40], the abrasion qualifying properties
utilized worldwide [23, 25, 32], including required
cycle of ballast screening work [5, 32].

Methodology

The research topics connected to railway ballast
material breakage have worldwide wide-ranging
bibliography. Fundamentally the researchers uti-
lized the following methods:

— laboratory testing [1, 4, 6-8, 10, 12, 15-18,
24, 26, 29, 30, 33, 38, 45, 47, 53, 55, 56],

— DEM (discrete element method) simulations
and/or 3D grain shape improvements [10, 11, 12,
22,24, 37,53, 55],

— FEM (finite element method) simulations
[10],

— field tests [3, 16, 46, 48, 50].

The noticed researchers behoved with the main
subfields without the requirement of fullness:

— relationship between ballast aggregate degra-
dation, additionally cohesion, inner friction angle

and the water permeability of material and its layer
was investigated [29],

— angularity breakage phenomenon [15, 37],

— relationship of PSD of ballast material and its
mechanical abrasion was examined, and newly
PSD was improved and induced according to more
real loading conditions [26, 56],

— volumetric and axial deformations, addition-
ally particle breakage were measured by laboratory
triaxial testing regarding to different stress values
(main stresses and deviator stresses) [8, 37],

— a special method was developed to be able to
define PSD of ballast aggregate with using of
ground penetrating radar (GPR) [4, 55],

— at DEM simulations more real particle shape
generation method was researched and DEM mod-
els were validated [11, 37, 53],

— laboratory and field tests were performed
with and without geosynthetic inclusions, ballast
material degradation was measured [10, 15, 38,
46],

— tyre derived aggregates (TDA) were tested in
case of sand fouled ballasted tracks [18],

— ballast grain degradation due to ballast tamp-
ing was investigated [1, 17],

— ballast structure with adhesive material was
examined [30].

The significant declarations are below without
the requirement of fullness:

— the maximum limit of Los Angeles abrasion
in Brazil is 40%, in Australia is 25%, in Canada is
20% [47], the difference between the European
ones and mentioned ones is very high,

— the water permeability values of the exam-
ined samples were 6.11x107, 2.07x107, 1.32x10™*
and 1.27x10™" cm/s connected to special Los An-
geles abrasion tests with 250, 500, 750 and 1000
revolutions, respectively [47]; the value for nor-
mal, relatively clean ballast is 3x10" cm/s [47],

— the higher the deterioration of the sample, the
lower the cohesion, but it doesn’t affect the inner
friction angle [29],

— the load bearing capacity values of both the
new and the recycled ballast samples depend on
the initial breakage [29],

— the cohesion of ballast samples was approx-
imately zero after 800 revolutions in the Los Ange-
les drum [29],

— to assess the load bearing capacity of the
mixed railway ballast sample (30% new + 70% re-
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cycled) is nearly the same as 100% new ballast
sample [29],

— angularity breakage signifies the break-off of
the edges and corners of grains that arises at lower
stresses [37],

— confining stress plays a relevant role in the
particle degradation, the larger the confining stress,
the larger the breakage [37],

— the connection between confining stress and
deviator stress is linear [37],

— the larger the confining stress, the larger the
dilation angle (y) [37],

— at low confining stress levels the dilation is
significant larger [37],

— the grain breakage develops first at the top
and the bottom surfaces of the ballast samples dur-
ing monotonic triaxial tests in the lab [37],

— the PSD of ballast is able to be defined with
70% accuracy by GPR [4],

— using of thermodynamically consistent hypo-
plastic model is suitable for assess of ballast deg-
radation, the easy tractability is the benefit of this
calculation method [6],

— the examination of the interface of half depth
ballast and half depth sub-ballast layer was per-
formed by cyclic triaxial test in the lab, this interface
reducts the axial and volumetric deformations at the
interface region [8] that will stop in case the initial
compactness and the confining stress raise [8],

— the degradation after compaction the labora-
tory samples was much larger than during and after
triaxial tests, the relevant part of the sample’s
breakage was observed during the first few hun-
dred cycles [8],

— in case the compactness reaches the 98% of
beginning compactness, the measured axial defor-
mation approximates the calculated results, the ef-
fect of interface on the axial and volumetric strains
reducts at 160 kPa confining stress level [8],

— five diverse grain breakage motifs were classi-
fied connected to cyclic triaxial laboratory test [8],

— correlated fresh ballast sample and samples
from railway track (used ballast) after 5-year oper-
ation, the used ones were not liable to break further
that is able to be clarified with the grain shape; the
inner friction was lower connected to used ballast
samples [16],

— the properties of ballast fouled with sand is
able to be improved by TDA: e.g. damping coeffi-
cient, plastic settlement, degradation; it should be

noticed that the best TDA content is 5% in the ac-
cordance with decreasing of grain breakage and
stiffness; the larger the sand content, the worse the
mechanical properties of the sample [18],

— special Los Angeles laboratory test series
without steel balls was executed with hard sand
stone railway ballast sample (22.4/63 mm grain
size, Los Angeles abrasion value is between 11 and
15%), PSDs of examined samples were defined af-
ter 100, 200, 300 and 400 revolutions [55]:

e rate of grains between (40) 50 and 63
mm decreased,

e rate of grains between 22.4 and 40
mm increased,

e rate of grains between 31.5 and 40
mm raised until 200 revolutions, but reduces
between 200 and 400 revolutions,

o rate of grains between 22.4 and 31.5
mm raised until 100 revolutions, after it was
stabilised,

o rate of grains below 22.4 mm raised
relevantly, between 100 and 400 revolutions
with nearly same speed, until 100 revolu-
tions more rapidly,

o the grain degradation was larger until
100 revolutions altogether, than afterwards,

o the rate of grains below 22.4 mm after
100 revolutions was more than 3% (mass
percentage), after 400 revolutions it was
more than 10%,

— the results of GPR measurements were rele-
vantly affected by the petrographic characteristics
of fouling and ballast material; the methods below
are suggested for analysis of GPR measurements
[55]:

o Fast Fourier Transformation (FFT),

o Wavelet Transformation,

e two and three dimensions discrete el-
ement simulations,

— according to the results of three dimensions
laser scanner tests of ballast grains before and after
Los Angeles tests it is able to be determined that
the most relevant degradation was at the grain cor-
ners; the maximal failure depth was circa 4-9 mm,
the average was circa 1 mm; the larger the particle
diameter the more important the degradation [24],

— the grain breakage is relevant at low and high
confining stresses during laboratory cyclic triaxial
tests, in the middle interval the degradation is min-
imum; there are three well divisible regions [10]:
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o dilatant unstable degradation zone
(DUD2),

e optimum degradation zone (ODZ),

e compressive stable degradation zone
(CSD2),

— the optimum confining stress is circa
30-75 kPa connected to cyclic laboratory triaxial
tests, it induces the minimum degradation, it is rel-
evant for maintenance [10],

— the relevant lowest degradation was observed
connected to cyclic triaxial laboratory tests accord-
ing to 1.8 coefficient of uniformity (C,), it is vali-
dated with 3D laser scanner measurements, as
well, in the consideration of this point new, better
PSD was determined [26],

— new, polymer-based rosin was examined, it
advances the mechanical behaviour of ballast ma-
terial (according to the structural and geometric
stability) [30],

— the grain breakage isn’t relevant in real rail-
way track until circa the 10,000th axle; in case the
value of Los Angeles abrasion value is raised from
24 to 12, the degradation decreases with 50%; in
case of used ballast the Los Angeles abrasion test
doesn’t provide fair results [45],

— fresh ballast material is able to bear nearly 40
tamping cycles without ballast cleaning (screening)
[45],

— in case of fresh railway ballast (C,=1.5) both
the strains and the breakage were larger than a re-
cycled material (C,=1.8); it can be clarified with
the developed contact stresses [5],

— ballast samples’ strains are able be chatego-
rised into three well diverse regions according to
DEM modelling and cyclic tests in lab [11, 53]:

o plastic shakedown,
o plastic creep,
e incremental collapse,

— in plastic shakedown zone the strain rate
quickly reduces below than 107, and there are
some broken grains [11, 53],

— in the plastic creep zone stable and persistent
strain is able to be evolved, there is some broken
particles; the region of plastic creep is expanded
when the confining stress raises [11, 53],

— in the incremental collapse region grain deg-
radation and plastic strain are able to be detected
that is mostly because of shearing failure [11, 53],

— at low level of confining stress, the testing
frequency doesn’t have affect factor, at larger con-

fining stress the larger the testing frequency the
smaller stress is needed to fail (collapse) [11, 53].

In 2014 a research report was written with the
finance support of Colas Eszakkd Ltd.; the public
parts were published in [20, 21]. Below these re-
sults are shortly detailed.

In the accordance with more real stresses,
strains and breakage of ballast material a creative
laboratory testing method was developed. Six
frames of the ten-level multi-level shear box was
used, in the lowest two frames there are 20-cm-
thick XPS sheets, above it is 10-cm-thick sand lay-
er and one layer of high strength non-woven geo-
textile with 1200 g/m? mass, all three in 1.0x1.0 m
surface (Figure 1-2).

=

2

Fig. 1. Steel box (six steel frames) and 1200 g/m
geotextile laid onto 10 cm sand layer

Fig. 2. The «box» built from wooden sleepers

On the geotextile there is 46x46x30 cm
(lengthxwidthxheight) rail-way ballast sample on
the center of the 1.0x1.0 m surface, between tim-
ber sleepers with 1200 g/m? geotextile coating
(Figure 3). 3 million-cycle dynamic pulsation force
is applied for each ballast sample. Five different
types of 31.5/50 mm, «A» type railway ballast
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samples (according to EN 13450:2002 standard, all Findings
samples were from andesite base rock) were exam-
ined (Table 1). Particle size distributions were de-
fined before and after the innovative fatigue tests.

PSD diagrams before and after the 3x10° pul-
sating cycles are published in Figures 4-5.

The measured ballast degradation parameters
and index numbers for the necessity of ballast siev-
ing were calculated, which were according to the
values in Table 2.

Particle size distribution

g

===511 - Before
» B
g% LR
— B
£ - B
2% e
E " pulsating test
Zu
Fig. 3. Geotextile layers glued onto wooden sleepers, o
and either ballast sample in the «box» i
T a b I e 1 0 0063 fl.I-E 025 0s 1 - 1 4 - L Ié- lZ.-l- s :10 :t:n-:: deves Imm; I““. “ul‘:l
) Fig. 4. Particle size distribution diagrams
Rock mechanics parameters of ballast samples of 511, 514 and 517 ballast samples before
(measured by Colas Eszakko Ltd.) and after pulsating test
No. of ballast LAgg (%) MpeRB (%) Particle size distribution
sample o == 521 - Before
a0 pulsating test
511 14.2 3.6 w822 Belore
g B rayv-
514 16.7 9.7 ; o pulsating test
517 23.8 16 <. pig ¢
521 18.6 16.7 fo
£ M
522 18.55 17 Z
Not only the Los Angeles (LArg%) and the "
Micro-Deval abrasion value (MpeRB%) were de- T mees i s 12 4 8 6 mius 0 9w

Size of sieves [mm;: log. scale]

termined, but particles quantity d<22.4 mm,
d<0.5 mm, d<0.063 mm, the ratio dgo/dyo, as well
as M and A parameters [23], as well.

Fig. 5. Particle size distribution diagrams of 521 and
522 ballast samples before and after pulsating test

Table 2
Measured and calculated ballast breakage
parameters
Measured and No. of ballast sample
calculated values 511 514 517 521 522
LAgg (%) 14.20 16.70 23.80 18.60 18.55
MpeRB (%) 3.60 9.70 16.00 16.70 17.00
LAgs+MpeRB 17.80 26.40 39.80 35.30 35.55
Fv (BP) (%) 1.535 1.434 3.510 0.880 3.561
Fv (AP) (%) 5.325 10.668 | 12.066 4.626 10.643
AF, (%) 3.790 9.234 8.556 3.746 7.082
doi: 10.15802/stp2018/130854 © S. Fischer, A. Németh, 2018
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End of the Table 2

Measured and No. of ballast sample
calculated values 511 514 517 521 522
d<22.4 mm (BP) 0.851 0.918 0.963 0.333 2.784
(%)
d<22.4 mm (AF) 2.812 5.739 5.197 2.535 6.188
(%)

Ad<22.4 mm (%) 1.961 4,821 4.233 2.202 3.404
d<0.5 mm (BP) (%) 0.153 0.116 0.408 0.108 0.246
d<0.5 mm (AP) (%) 0.253 0.417 0.841 0.241 0.572

Ad<0.5 mm (%) 0.100 0.302 0.432 0.133 0.326

d<0.063 mm (BP) 0.054 0.039 0.108 0.064 0.120

(%)
d<0.063 mm (AP) 0.118 0.150 0.328 0.082 0.234
(%)
Ad<0,063 mm (%) 0.064 0.111 0.220 0.018 0.114
BBI 0.018 0.248 0.149 0.077 0.195
deo/d1o (BP) 1.547 1.466 1.489 1.500 1.624
dgo/d1o (AP) 1.603 1.577 1.663 1.536 1.633
Adgo/dyo 0.057 0.110 0.174 0.036 0.008
M (BP) 271.74 | 281.02 | 258.69 | 256.86 | 287.53
M (AP) 273.38 | 308.21 | 278.44 | 268.11 | 307.74
A (BP) 1.072 1.109 1.020 1.013 1.134
A (AP) 1.078 1.216 1.098 1.058 1.214

In Table 2 «BP» and «AP» abbreviations signify
«before pulsating test» and «after pulsating test».

In Table 2 the d<22.4 mm, the d<0.5 mm, the
d<0.063 mm and the dg/dyo, as well as the calcu-
lated values of M and A parameters described in
literature [23], are indicated.

ot
1
b

- n + d=0.063 mm - BP
= 03 y = 0.0208x - 0.1943
z R? = 0.6022 B d<0.063 mm - AP
E
- 0.25 Delta mass %% d=<0.063
g 0.2 mm
= .. e Linear (d<0.063 mm -
- BP)
4 015 b = Linear (d<0.063 mm -
E 2 AP)
= 0l / Linear (Delta mass %
E 0.05 4 $ {0007y -0.0491 d<0.063 mm)
@ o * R? =10.5285
g 0
g 10 15 20 15
LAgg (%0)

Fig. 6. Parameters d<0.063 mm and Ad<0.063 mm as a
function of LAgg (%)

Breakage parameters in Table 1 in function of
LAgs (%), MpeRB (%), and ,,LAgg + MpeRB»
measured and calculated rock mechanics parame-
ters of the ballast samples were described in sever-
al graphs. Due to content limit only one graph will
be published (Figure 6).

According to the results, the following asser-
tions can be formulated:

— there is no considerable correlation between
any material characteristics related to grain break-
age and their variation, moreover the measured and
calculated rock mechanic properties. This result
wasn’t unforeseen because of the base assemblage
of laboratory tests (rotating steel drum full with
ballast grains with or without steel balls vs. a
«box» full with ballast, pulsated by dynamic cyclic
loads),
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— in the paper [17] the grain breakage due to
ballast tamping was investigated in the laboratory,
its authors couldn’t confirm correlation between
the Los Angeles abrasion value of the samples and
the grains’ shape characteristics,

— the needed cycle values of ballast screening
work were calculated in the accordance with the
earlier practice data of MAV (Hungarian Rail-
ways) and international bibliography [5, 33].

Originality and practical value

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 diverse rock mechanic properties,

— minimum three separate measures connected
to certain railway ballast material samples, defini-
tion of PSD 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 (the UNKP pro-
ject doesn’t finance the laboratory measurements
until 3 million loading cycles),

— separate ballast sample has to have for each
fatigue test, i.e. the test series will be like the fol-
lowing:

o ballast 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,

o 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),

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,

e etc. until 1.5 million loading cycles.

— grain quantity d<22.4 mm, d<0.5 mm,
d<0.063 mm, the ratio dg/d;o, moreover M and A
parameters should be defined,

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

The noticed measurements will also be per-
formed using of fresh railway ballast samples from
andesite base rocks, as these measurements were
executed in the research in 2014. The dynamic fa-
tigue test series will be able to be begun in March,
2018, the full results is able to be published in
May-June, 2018.

Conclusions

This article details a research’s introductory re-
sults (literature review) supported by UNKP-17-4
New National Excellence Program of Ministry of
Human Capacities. The exact topic in the UNKP
project is the «Innovative breakage test method of
railway ballast material». The up-to-date interna-
tional research achievements were resulted related
to standardized and non-standardized, additionally
seperate laboratory breakage test methods and dis-
crete element simulations of ballast materials. Af-
terwards these points the results of the research test
series performed at the Széchenyi Istvan Universi-
ty (SIU) in the year 2014 were shortly presented. It
provided a concept and research base for the exten-
sion of the research between 2017 and 2018, as
well. The new research plan was introduced and
detailed for the new R&D, it can be scored as the
enhancement of the earlier research. The authors
would like to prepare the continuation of this arti-
cle with the details of the fulfilled R&D.
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CHEI.IIAJII)I{HI& METO/ JIABOPATOPHUX BUITPOBYBAHD JIJISA
OHIHKU PYUHYBAHHS YACTOK MATEPIAJIY 3AJI3HUYHOI'O
BAJIACTY

Merta. IcHyl0Th crieniaigbpHi CTaHAAPTHU30BaHI METOAU J1IA00paTOPHUX BUIIPOOYBaHb JUIsl OLIHKM PYHHYBaHHS 4a-
CTOK 3aJI3HUYHOTO OanacTy: Ie yCTaHOBKH JUIS TecTiB Ha ctupaHHs Jloc-AHmxkenec 1 Mikpo-/leBaib. ABTOpH BBa-
KAaIOTh, 110 I1i METOJIM HE € JOCTATHBO aJEKBATHUMHU JUIS OLIIHKU peajlbHOTO PYHHYBaHHs 4acTOK 0ajacTy, OCKUIBKU
B iICHOCTI Taki HaMpyxeHHs i nedopmarii He BinOyBatoThes (K y GapabaHi, 10 obepTaeThes, 3 abo 6e3 cTaTbHUX
KyJBOK Ta 3 BOJOKO i O6e3 Boau). [ToTpibHa HOBa mpouenypa 1abopaTopHUX BUMPOOYBaHb, TOMY METOIO CTATTi € 00-
IPYHTYBaHHSI HOBOI NpoleypH LUX BUlpoOyBanb. Y 2014 poui aBropu 3poduim cnpoOy KoHpiryparii aiekBaTHO-
TO METOXy i ONPWITFOHIIIN TepIi pe3yasTaTti. Lleit MeTon BUIIpoOyBaHb MOB’A3aHUH 3 JHHAMIYHUAM ITyIBCYIOUUM
TECTOM, NPHUOMY po3mofireHHs po3MipiB dacTok (PPY) Bm3HawaeThCs SIK 70, Tak i micig nedopmamiii BTOMH.
B 2017-2018 pp. mocmimKeHHST OTPUMAaNN HOBHU pO3BUTOK 3a miaTpumMku nporpamu UNKP-17-4. Meroauka. AB-
TOPH 3aCTOCOBYIOTH 0araTopiBHEBY CTaNbHY KOPOOKY 31 CHemiadbHOIO CTPYKTYPOIO IIapiB, TOKIATHO OIHC HAJAHO
B po0Oori. Bymo BumpoOyBaHO I’ATh Pi3HUX THUIIB 3pa3KiB 3ali3HUYHOTO Oamacty. bynn BH3Ha4YeHI XapaKTepUCTHKH
PPY, B ToMy umcIi ¥ y BUTJISI CITIBBITHOILIEHHS MK TIOKa3HHMKAMHU pyWHYBaHHSI YaCTHHOK OajlacTy 3a IHIIMMHU Me-
tonamu (y BIAMOBIAHOCTI 10 BUNPOOYBaHb Ha CTUPaHHS B ycTaHoBkax Jloc-AHmkenec, Mikpo-/leBaib Ta HOBUM
PO3pO0JICHUM JTa00PATOPHUM METOZOM BUIPOOYBaHb). Takoxk OyI0 BU3HAYCHO YaCOBHIA iHTEPBAJ MiXK HEOOXITHH-
MH poOOTaMH 3 OYHMIIECHHS 0aNacTy 3aJi3HUYHOI JiNSHKY. Pe3yabTaTn. ABTOpH OTpUMAaNU pe3yibTaT, IO MMOKa-
3YIOTh HalpsMOK IMOJAJBIIOr0 PO3BHUTKY J1a0OPaTOPHOTO METOJY BHIIPOOYBaHb, SIKUH N1a€ MOXJIHMBICTH OLIHUTH
pYHHYBaHHS YaCTOK Ta BU3HAYUTH YaCOBUI IHTEpBaJ MK poOOTaMH 3 OYMIIEHHS OanacTy Ha 3aJIi3HUYHIA JUISHII,
G171 TOYHO OB’ SI3aHUN 3 PeAIbHUMHU YMOBAaMHM €KCILTyaTalii 3ami3HudHO1 Koii. [TokasHukn pyifHyBaHHS 4acTOK
HaBOJITHCA SK Y BIAMOBIIHOCTI IO CTAaHAAPTH30BaHUX METOJIB JIAOOPATOPHHUX BHIIPOOYBaHb, TaK i B YHIKAIEHOMY
(ue crarmaptuzoBanomy) sui. HaykoBa HoBH3HA. B po0oTi 00’ €1HAHI pe3ynbTaT po3podIeHOT0 MeToay labopa-
TOPHUX BHUIIPOOYBaHb ISl OLIHKK PYHHYBAaHHS 4acTOK 3aii3HWYHOro Oanacty. Ilpakruyna 3Haummicts. OOrpyH-
TOBaHO PEKOMEHAAII] II0JI0 MOJAIBIIOr0 BIOCKOHAJICHHS BUMIPIOBAHb 1 OTPHUMAHHS pPEajJbHUX OLIHOK B paMKax
MpoTpaMu AOCIHIIIKEHb 3a mATpuMKu npoekty UNKP-17-4.

Knmiouo6i cnosa: 3ami3HUYHHNA 0alacT; 3HOC YAacTOK; PyHHYBaHHS YacTOK; CIEIialbHUN METOJ JIabopaTOpHUX
JIOCTI/KCHB; AMHAMIYHUI TECT HAa CTHUPAHHSA
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CIIEIIUAJIBHBIN METO/I IABOPATOPHBIX UCIBITAHUM JJIs
OHEHKU PAZPYHIEHUA YACTULl MATEPUAJIA
KEJIE3HOAOPOKHOI'O BAJIVTIACTA

He.m,. CyIIICCTByIOT CrielaJIbHbIC CTAHAAPTU3UPOBAHHLIC MCTO/bI na6opaT0pme HCIBbITAaHUH JJId OLICHKH
pa3pyuicHud 4acTull KEJIC3HOAOPOKHOTO Oayutacra: 3TO YCTAaHOBKH Jid TE€CTOB Ha HCTUPAHUC .HOC'AH[[)KCJ'IGC
nu MI/IKpO-ﬂeBaHL. ABTOpLI MoJjiararoT, 4TO 3TU METOAbI HE ABJIAIOTCA AOCTATOYHO a/ICKBATHBIMU JJII OLEHKU pEaJib-
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HOTO pa3pyLIeHUs YacTHIl 0aacTa, IIOCKOJIBKY B ICHCTBUTEIBHOCTH JaHHbBIC BU/IbI HANIPsDKEHUI U nedopmannii He
MPOMCXOJAT (KaK BO BpallaromeMmcs: 6apabaHe cO CTaJIbHBIMHU LIapUKaMH WK 0€3 HHUX, U ¢ BOJON WM 0e3 BOJbI.
Heob6xoanma HOBast porieypa 1a00paTOPHBIX HCIBITAHUH, TOITOMY LENBIO CTAThH ABISIETCSI 0OOCHOBAHUE HOBOM
mpoueaypsl 3Tux ucnbiTaHuid. B 2014 romy aBTOpBI clenay MOMBITKY CKOH()HUIYpHUPOBATH aJCKBATHBIA METO[
1 OITyOJINKOBANIN NEPBOHAYAIBHBIE PE3YNBTATEL. JTOT METOJ] UCIBITAHUH CBA3aH C TMHAMHUYECKIM ITyIbCHUPYIOLIINM
TECTOM, IIpHUEM pactpeaeneHue pazmepos dactur (PPY) nomkHO onpenensaTees Kak 70, TaK U MOCIE YCTaIOCTHBIX
nepopmanmii. B 2017-2018 rr. wmccrenoBaHWS TOMYYIIIM HOBOE pa3BUTHE NPU TIOANCPKKE IPOTPaAMMEI
UNKP-17-4. MeTtoauka. ABTOpBI UCIIOJIB3YIOT MHOTOYPOBHEBYIO CTAIBHYIO KOPOOKY CO CIIEIHAIbHON CTPYKTYpPOH
CJIOEB, IIPEJICTABIAIOT OAPOOHOE ee ONKcaHue B cTaThe. [[pOBEAeHO UCTIBITAaHKE TIATH Pa3IMUHBIX THUIIOB 00pa3lioB
KEJIC3HOJOPOIKHOTO OaiacTa, onpenesieHsl xapaktepuctuku PPU, B ToM yuciie v B BHJIE COOTHOIICHHUS MEXITY T10-
KazaTeJsIMU pa3pyllIeHHs] 4acTHLl Oaiiacta 1Mo JPyrdM MeTojaM (B COOTBETCTBUM C UCHBITAaHUSMH Ha UCTUPAHHE
B yctaHoBKax Jloc-Anmxenec, Mukpo-JleBanb, 1 HOBBIM pa3pabOTaHHBIM Ja0OPaTOPHBIM METOIOM HCIIBITAHUI).
Taxoke ornpezeseH BpeMEHHOH UHTEpBall MEXy HEOOXOJUMbBIMU paboTaMy 10 OYHMCTKE Oajiacta eJIe3HO0POXK-
HOTO y4JacTKa. Pe3yabTaThl. ABTOPBI MOyYHIN PE3YIbTAaThl, OKA3bIBAIOIINE HANPABICHNE JaTbHEHIIETO pa3BH-
TSI TaOOPATOPHOTO METOJa MCIBITAHUH, KOTOPBIN JaeT BOZMOKHOCTh OLIEHUTH Pa3pyIICHHE YACTHI U ONIPEICIUTh
BPEMEHHON MHTEPBAI MEXy padOTaMH 110 OYHCTKE OautacTa Ha JKEJIe3HOAOPOKHOM yJacTKe 0ojee TOYHO B 3aBH-
CHUMOCTH OT PEIbHBIX YCIIOBHH 3KCIUTyaTallny jkene3Hoi noporu. [lokaszareny pa3pymeHus: 4acTHIl MPUBOISTCS
KaKk B COOTBETCTBHM CO CTaHAAPTU3UPOBAHHBIMUA METOAAMH JIA0OPAaTOPHBIX WCIBITAHUHA, TaK M B YHUKAILHOM
(me crammapTm3mpoBaHHOM) BHIe. HayuyHasi HoBm3Ha. B pabore 0000mICHBI pe3ymbTaThl Pa3paOdOTaHHOTO
MeToZa Ja0OpaTOPHBIX HWCHBITAHWN JUISI OLIEHKM pa3pylIeHHs dYacTHI[ >KEJIE3HOJOPOKHOrO Oamacra.
IpakTuyeckas 3HaUMMOcTb. OGOCHOBaHBI PEKOMEH/IAIIMH TI0 AIbHEHIIEMY YCOBEPLICHCTBOBAHUIO H3MEPEHUH 1
MIOJTyYCHUIO PEaJbHBIX OLEHOK B PaMKax IMPOrpaMMBI HCCIeI0BaHu, moaaepsxuBaeMoit mpoektom UNKP-17-4,

Kniouegvie cnoea: ene3HONOPOKHBIN 0alIacT; M3HOC YaCTULl; pa3pyLICHUE YaCTHIl; CIIEIUAIbHBINA METOA Ja-
0OpaTOPHBIX UCTIBITAHUH; TUHAMHYECKUHN TECT Ha HCTHPAHUE

REFERENCES

1.  Al-Saoudi, Namir K. S., & Hassan, Khawla H. (2013). Behaviour of Track Ballast Under Repeated Loading.
Geotechnical and Geological Engineering, 32(1), 167-178. doi: 10.1007/s10706-013-9701-z. (in English)

2. Ambrus, K., & Pallds, 1. (2012). Utépitési zazottkdvek és zlzottkavicsok aszfaltkeverékek gyartasahoz, feliileti
bevonatok készitéséhez. Retrieved from http://docplayer.hu/9502775-Utepitesi-zuzottkovek-es-zuzottkavicsok-
aszfaltkeverekek-gyartasahoz-feluleti-bevonatok-keszitesehez.html. (in Hungarian)

3. Anbazhagan, P., Bharatha, T. P., & Amarajeevi, G. (2012). Study of ballast fouling in railway track for-
mations. Indian Geotechnical Journal, 42(2), 87-99. doi: 10.1007/s40098-012-0006-6. (in English)

4.  Brancadoro, M. G., Bianchini Ciampoli, L., Ferrante, C., Benedetto, A., Tosti, F., & Alani, A. M. (2017). An
Investigation into the railway ballast grading using GPR and image analysis. 9" International Workshop on
Advanced Ground Penetrating Radar (IWAGPR): Conference Paper (Edinburgh, June 28-30).
doi: 10.1109/IWAGPR.2017.7996043. (in English)

5. Arangie, P. B. D. (1997). The influence of ballast fouling on the resilient behaviour of the ballast pavement
layer. Proc. of 6" Intern. Heavy Haul Railway Conference (Cape Town, April 6-10), 241-256. (in English)

6. Bajpai, P., & Das, A. (2017). Theoretical assessment of railway ballast degradation under cyclic loading.
Bearing Capacity of Roads, Railways and Airfields: Proc. of the 10" Intern. Conference (June 28-30, Athens,
Greece). doi: 10.1201/9781315100333-267. (in English)

7. Bearing Capacity of Roads, Railways and Airfields: Proc. of the 10™ Intern. Conference (June 28-30, Athens,
Greece). (2017). London. (in English)

8. Bian, X,, D, Sun, D., & Li, W. (2017). Experimental study on cyclic deformation and particle breakage of
railway ballast. Bearing Capacity of Roads, Railways and Airfields: Proc. of the 10" Intern. Conference (June
28-30, Athens, Greece), 1801-1809. (in English)

9. Claisse, P., & Calla, C. (2006). Rail ballast: conclusions from a historical perspective. Proceedings of the Insti-
tution of Civil Engineers-Transport, 159(2), 69-74. doi: 10.1680/tran.2006.159.2.69. (in English)

10. Christie, D., Nimbalkar, S., & Indraratna, B. (2009). The performance of rail track incorporating the effects of
ballast breakage, confining pressure and geosynthetic reinforcement. Bearing Capacity of Roads, Railways
and Airfields: Proc of the 8" Intern. Conference (June 29-July 2, Unversity of Illinois at Urbana, Champaign,
Illinois, USA), 5-24. (in English)

doi: 10.15802/stp2018/130854 © S. Fischer, A. Németh, 2018

99


https://doi.org/10.1007/s10706-013-9701-z
https://doi.org/10.1680/tran.2006.159.2.69

ISSN 2307-3489 (Print), ISSN 23076666 (Online)

Hayxka Ta nporpec Tpaucrnopry. BicHuk JIHIponeTpoBcbKOro
HAL[IOHAILHOTO YHIBEPCUTETY 3ali3HMYHOTO TpaHcmopty, 2018, Ne 2 (74)

3AJIIBHUYHA KOJIIA

11. Xiao, J., Zhang, D., Wang, Y., & Luo, Z. (2017). Cumulative deformation characteristic and shakedown limit
of railway ballast under cyclic loading. Bearing Capacity of Roads, Railways and Airfields: Proc. of the 10"
Intern. Conference (June 28-30, Athens, Greece), 1899-1904. (in English)

12. Indraratna, B., Sun, Q., Ngo, N. T., & Rujikiatkamjorn, C. (2017). Current research into ballasted rail tracks:
model tests and their practical implications. Australian Journal of Structural Engineering, 18(3), 204-220.
doi: 10.1080/13287982.2017.1359398. (in English)

13. D’Angelo, G., Presti, D. Lo, & Thom, N. (2017). Optimisation of bitumen emulsion properties for ballast sta-
bilization. Materiales de Construccion, 67(327), 124. doi: 10.3989/mc.2017.04416. (in English)

14. TL DBS 918 061: Technische Lieferbedingungen Gleisschotter (2006). Berlin, 2006/08. (in German)

15. Hossain, Z., Indraratna, B., Darve, F., & Thakur, P. K. (2007). DEM analysis of angular ballast breakage under
cyclic loading. Geomechanics and Geoengineering, 2(3), 175-181. doi: 10.1080/17486020701474962. (in
English)

16. Didgenes, D. F., Maia, R., & Castelo, V. (2017). Evaluation of the ballast aggregates shape properties using
digital image processing techniques. Bearing Capacity of Roads, Railways and Airfields: Proc. of the 10"
Intern. Conference (June 28-30, Athens, Greece), 2003-2008. (in English)

17. Douglas, S. C. (2013). Ballast Quality and Breakdown during Transport. 2013 Joint Rail Conference:
Conference Paper (Knoxville, Tennessee, USA, April 15-18). doi: 10.1115/JRC2013-2553. (in English)

18. Esmaeili, M., Aela, P., & Hosseini, A. (2017). Experimental assessment of cyclic behavior of sand-fouled bal-
last mixed with tire derived aggregates. Soil Dynamics and Earthquake Engineering, 98, 1-11.
doi: 10.1016/j.s0ildyn.2017.03.033. (in English)

19. Fischer, S. (2012). A vasuti zlzottkd agyazat ald beépitett georacsok vaganygeometriat stabilizal6 hatasanak
vizsgalata: PhD thesis. Gyér. (in Hungarian)

20. Fischer, S. (2015). A vasuti zuzottkdvek aprézédasvizsgalata egyedi laboratoriumi modszerrel. Sinek Vilaga,
57(3), 12-19. (in Hungarian)

21. Fischer, S. (2017). Breakage Test of Railway Ballast Materials with New Laboratory Method. Periodica Poly-
technica Civil Engineering, 61(4), 794-802. doi: 10.3311/PPci.8549. (in English)

22. Gaitskell, P., & Shahin, M. A. (2013). Use of digital imaging for gradation and breakage of railway ballast.
Australian Geomechanics, 48, 81-88. (in English)

23. Galos, M., Karpati, L., & Szekeres, D. (2011). Agyazati kéanyagok: A kutatds eredményei. 2 rész. Sinek
Vilaga, 55(1), 6-13. (in Hungarian)

24. Guo, Y. L., &lJing, G. Q. (2017). Ballast degradation analysis by Los Angeles Abrasion test and image analy-
sis method. Bearing Capacity of Roads, Railways and Airfields: Proceedings of the 10" International Confer-
ence (June 28-30, 2017, Athens, Greece), 1811-1815. (in English)

25. Indraratna, B., Salim, W., & Rujikiatkamjorn, C. (2011). Advanced rail geotechnology — Ballasted track. Lon-
don: CRC Press. (in English)

26. Indraratna, B., Sun, Y., & Nimbalkar, S. (2016). Laboratory assessment of the role of particle size distribution
on the deformation and degradation of ballast under cyclic loading. Journal of Geotechnical and Geoenviron-
mental Engineering, 142(7), 0401601601-0401601612. doi: 10.1061/(ASCE)GT.1943-5606.0001463. (in Eng-
lish)

27. Kausay, T. (2011). Adalékanyagok kozetfizikai tulajdonsigai. Ut- és hidépitési miszaki elsirasok és
alkalmazasi tapasztalataik. Budapest. Retrived from http://www.betonopus.hu/szakmernoki/kozut-2-
adalekanyag-kozetfizika.pdf. (in Hungarian)

28. Kausay, T. (2008). Ziuzott betonadalékanyagok kozetfizikai tulajdonsagai a szabalyozéasban. Mérndkgeoldgia
Kdgzetmechanika, 259-270. (in Hungarian)

29. Kolos, A., Konon, A., & Chistyakov, P. (2017). Change of ballast strength properties during particle abrasive
wear. Procedia Engineering, 189, 908-915. (in English)

30. Kondratov, V., Solovyova, V., & Stepanova, 1. (2017). The development of a high performance material for a
ballast layer of a railway track. Procedia Engineering, 189, 823-828. (in English)

31. Kurhan, M. B., & Kurhan, D. M. (2017). Railway track representation in mathematical model of vehicles
movement. Science and Transport Progress, 6(72), 40-48. doi: 10.15802/stp2017/118380. (in English)

32. Lichtberger, B. (2005). Track compendium: Formation, Permanent Way, Maintenance, Economics. Hamburg:
Eurailpress Tetzlaff-Hestra GmbH & Co. (in English)

33. McDowell, G., & Stickley, P. (2006). Performance of geogrid-reinforced ballast. Ground Engineering, Janu-
ary, 4-6. (in English)

34. Major, Z. (2013). Special problems of interaction between railway track and bridge. Pollack Periodica, 8(2),
97-106. doi: 10.1556/Pollack.8.2013.2.11. (in English)

doi: 10.15802/stp2018/130854 © S. Fischer, A. Németh, 2018

100


https://doi.org/10.1016/j.soildyn.2017.03.033

ISSN 2307-3489 (Print), ISSN 23076666 (Online)

Hayxka Ta nporpec Tpaucrnopry. BicHuk JIHIponeTpoBcbKOro
HAL[IOHAILHOTO YHIBEPCUTETY 3ali3HMYHOTO TpaHcmopty, 2018, Ne 2 (74)

3AJIIBHUYHA KOJIIA

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47,

48.

49.

50.

51.

52.

53.

54,

55.

A 102345/1995 PHMSZ eldiras 3. szamd modositasa (Modification 3 in MAV 102345/1995 PHMSZ.
’Railway substructure and ballast quality acceptance regulations instruction’), 5 MAV (2008). (in Hungarian)
A 102345/1995 PHMSZ eléiras 4. szami modositasa. (Modification 4 in MAV 102345/1995 PHMSZ. ’Rail-
way substructure and ballast quality acceptance regulations instruction’), 14 MAV (2010).
(in Hungarian)

Guixian Liu, Guoging Jing, Dong Ding, & Xiaoyi Shi. (2017). Micro-analysis of Ballast Angularity Breakage
and Evolution by Monotonic Triaxial Tests. Environmental Vibrations and Transportation Geodyna-mics,
133-144. doi: 10.1007/978-981-10-4508-0_12. (in English)

Ghataora, G. S., Burrow, M. P. N., Kamalov, R. S., Wehbi, M., & Musgrave, P. (2017). Migration of fine par-
ticles from subgrade soil to the overlying ballast. Railway Engineering — 2017: Conference Paper
(Edinburgh, 2017, June 21-22). (in English)

Kéanyaghalmazok mechanikai és fizikai tulajdonsigainak vizsgalata. 1. rész: A kopasallésdg vizsgélata
(mikro-Deval). (Tests for mechanical and physical properties of aggregates. Determination of the resistance to
wear (micro-Deval), 35 MSZ EN 1097-1:2012 (2012). (in Hungarian)

Koéanyaghalmazok mechanikai és fizikai tulajdonsagainak vizsgalata. 2. rész: Az aprozdodassal szembeni
ellenallas meghatarozasa. (Tests for mechanical and physical properties of aggregates. Methods for the deter-
mination of resistance to fragmentation), 35 MSZ EN 1097-2:2010 (2010). (in Hungarian)

Kéanyaghalmazok geometriai tulajdonsagainak vizsgalata. 3. rész: A szemalak meghatérozésa. Lemezességi
szam. 12 MSZ EN 933-3 (2012). (in Hungarian)

Kéanyaghalmazok termikus tulajdonsagainak és iddjaras-allosaganak vizsgalati mddszerei. 2. rész: Magneé-
zium-szulfatos eljaras.16 MSZ EN 1367-2 (2010). (in Hungarian)

Kéanyaghalmazok vasati agyazathoz. (Aggregates for railway ballast). 33 MSZ EN 13450:2003 (2003). (in
Hungarian)

Nagy, R. (2017). Description of rail track geometry deterioration process in Hungarian rail lines No. 1 and No.
140. Pollack Periodica, 12(3), 141-156. doi: 10.1556/606.2017.12.3.13. (in English)

Nélsund, R. (2017). Prediction of railway ballast service life. Bearing Capacity of Roads, Railways and
Airfields : Proc. of the 10" Intern. Conf. (June 28-30, 2017, Athens, Greece), 2055-2061.
doi: 10.1201/9781315100333-291. (in English)

Nimbalkar, S., & Indraratna, B. (2016). Field assessment of ballasted railroads using geosynthetics and shock
mats. Procedia Engineering, 143, 1485-1494. doi: 10.1016/j.proeng.2016.06.175. (in English)

Pavia, C. E. L., Pereira, M. L., & Pimentel, L. L. (2017). Study Of Railway Ballast Fouling By Abrasion-
Originated Particles. Railway Engineering: Proc. of the 14™ Intern. Conf. (Edinburgh, Scotland, UK,
21st-22nd June 2017). (in English)

Indraratna, B., Nimbalkar, S., Rujikiatkamjorn, C., Neville, T., & Christie, D. (2013). Performance Assess-
ment of Synthetic Shock Mats and Grids in the Improvement of Ballasted Tracks. Proc. of the 18" Intern.
Conf. on Soil Mechanics and Geotechnical Engineering, 1283-1286. (in English)

Fisher, S., Eller, B., Kada, Z., & Németh, A. (2015). Railway Construction. Gy6r: Universitas-Gy6r Nonprofit
Kft. (in Hungarian)

Xiao, L. Fu, J., Zhou, S., Zhang, D., Wang, Y., Liu, W., & Jiang, L. (2017). Roadbed improvement of an exist-
ing railway line located in cold region by reusing crushed deteriorated ballast. Bearing Capacity of Roads,
Railways and Airfields : Proc. of the 10th Intern. Conf. (June 28-30, 2017, Athens, Greece),
1845-1850. (in English)

Sadeghi, J. M., Zakeri, J. Ali, & Najar, M. E. M. (2016). Developing Track Ballast Characteristic Guideline In
Order To Evaluate Its Performanc. International Journal of Railway, 9 (2), 27-35.
doi: 10.7782/1JR.2016.9.2.027. (in English)

Selig, E. T., & Waters, J. M. (1994). Track Geotechnology and Substructure Management Ernest. London:
Thomas Telford. (in English)

Junhua Xiao, De Zhang, Kai Wei, & Zhe Luo (2017). Shakedown behaviors of railway ballast under cyclic
loading. Construction and Building Materials, 155, 1206-1214. doi: 10.1016/j.conbuildmat.2017.07.225. (in
English)

Shi, X. (2009). Prediction of permanent Deformation in Railway Track (PhD thesis). University of No-
ttingham, Nottingham. (in English)

Fortunato, E., Paixdo, A., Fontul, S., Pires, J. (2017). Some results on the properties and behavior of railway
ballast. Bearing Capacity of Roads, Railways and Airfields : Proc. of the 10" Intern. Conf. (June 28-30, 2017,
Athens, Greece), 1877-1884. (in English)

doi: 10.15802/stp2018/130854 © S. Fischer, A. Németh, 2018

101


https://doi.org/10.1016/j.proeng.2016.06.175

ISSN 2307-3489 (Print), ISSN 23076666 (Online)

Hayxka Ta nporpec Tpaucrnopry. BicHuk JIHIponeTpoBcbKOro
HAL[IOHAILHOTO YHIBEPCUTETY 3ali3HMYHOTO TpaHcmopty, 2018, Ne 2 (74)

3AJIIBHUYHA KOJIIA

56.

57.

58.

59.

60.

Sun, Y., Chen, C., & Nimbalkar, S. (2017). Identification of ballast grading for rail track. Journal of Rock Me-
chanics and Geotechnical Engineering, 9(5), 945-954. doi: 10.1016/j.jrmge.2017.04.006. (in English)

Szaloki, F. (2017). Mdlt, jelen, jové az EU-s tdmogatasok tiikrében. XVIII Kozlekedésfejlesztési és Beruhazasi
Konferencia (Bukfiirds, 2017, April 26-28). Retrived from http://ktenet.hu/download.php?edid=1484. (in
Hungarian)

Track ballast in Austria: Parts 1, 2, 3, 1-11. Retrived from https://www.plassertheurer.com/fileadmin/
user_upload/Mediathek/Publikationen/ri_12888990.pdf. (in English)

Weinreich, Z. (2011). Nagysebességii vasutak palyafenntartasi kitizése. Sinek Vilaga, 53(6), 27-31. (in
Hungarian)

Wichtmann, T., & Triantafyllidis, T. (2013). Effect of uniformity coefficient on G/Gmax and damping ratio of
uniform to well graded quartz sands. Journal of Geotechnical and Geoenvironmental Engineering, 139(1), 59-
72. (in English)

Ass. Prof. D. M. Kurhan, Dr. Sc. (Tech.) (Ukraine) recommended this article to be published

Received: Jan. 10, 2018
Accessed: April 04, 2018

doi: 10.15802/stp2018/130854 © S. Fischer, A. Németh, 2018

102


http://ktenet.hu/download.php?edid=1484

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

Hayka Ta nporpec Tpancrnopty. BicHuk J{HIIpomneTpoBcbKoro
HaL[lOHAJIIBHOTO YHIBEPCHUTETY 3aJIi3HUYHOr0 TpaHcnopty, 2018, Ne 2 (74)

MATEPIAJIO3HABCTBO

YK 621.78.04:621.775.2

B. 1. 3YPHADKU!", B. . EOPEMEHKO?", E. B. IVHAEB”, A. JIEKATY",
P. A. KYCCA™

l*Kacb. «MatepuanoBeicHUE U IEPCIIEKTUBHbIE TEXHOJIOTUN Y, [Ipra30Bckuii rocy1apCTBEHHBIN TEXHUUECKUN YHUBEPCUTET,
yn. YauBepcuterckas, 7, Mapuymonb, Ykpauna, 87555, ten. +38 (0629) 44 65 20, 1. noura vadim.zurnadzhy@gmail.com,
ORCID 0000-0003-0290-257X

2*Kaq). «Dusukay, [IpuaszoBckuil rocynapcTBeHHbIN TEXHUYECKUN YHUBEPCUTET, Y. Y HUBEpCUTETCKas, 7, Mapuynons, Ykpau-
Ha, 87555, Ten. +38 (0629) 44 61 31, an. mouta vgefremenko@gmail.com, ORCID 0000-0002-4537-6939

SMAT «MK «A30BCTAJIby, yi. Jlemopckoro, 1, Mapuymoins, Ykpauna, 87500, ten. +38 (0629) 44 61 31,

91, mouta eugeniy.dunaev@gmail.com, ORCID 0000-0002-6565-5564

YKag. «mKeHepHOe MaTepHATOBEICH e, YHIBepcHTeT SHnHSI, SunHa, [pers, 45110, . moura
angelikilekatou@gmail.com, ORCID 0000-0001-7951-4431

5*Kaﬂp. «MatepuanoBeieHUe U IEPCIEKTUBHbIE TEXHOJIOTUNY, IIpra3oBckuii rocy1apCcTBEHHBIN TEXHUUECKUN YHUBEPCUTET,
yi. YHUBepcureTckas, 7, Mapuynons, YkpanHa, 87555, ten. +38 (0629) 44 65 20, si1. mouta kussaroman 1 @gmail.com,
ORCID 0000-0001-9003-2003

HNOBBIIIEHUE OFBbEMHOM TBEPJIOCTU CTAJIbHBIX MEJIOIIUX
INAPOB IPUMEHEHHUEM Q-n-P TEPMUUYECKOM OBPABOTKH

Heab. B nannoif paboTe HEOOXOAMMO HCCIEAOBATH BO3MOXKHOCTH ITOBBIIICHUS KaYECTBCHHBIX ITOKA3aTeNeH
CTANPHBIX MeNIomMuX mmapoB amamerpoM 100 MM 3a cuer mpuMeHeHus Q-n-P tepmmdeckoit o0paboOTKH.
Metoauka. B xauecTBe MaTepHana HCIOIb30BAIN CTAJIbHBIC MEIIONIME mapsl aunamerpoM 100 MM, momydeHHBIC
MIONIepeYHO-BUHTOBON ITPOKaTKOW. Tepmuueckas o0paboTKa 3aKiiodanach B 3aKaJOYHOM OXJIAXKICHUH IIApOB
B ycTpoiicTBe OapabaHHOTO THIA MO PA3IMYHBIM PEeXHUMaM H MOCIEAYIOMEM OTITycKe. PeXXUMBI 3aKanku obecredn-
Ballv JJOCTHKEHUE CPEIHEMACCOBOM TEMIIEpaTyphl mapoB B npeaenax 120-240 °C, 4To HUKe MAPTEHCUTHON TOUKH
cranu. TTocne 3aKajku IWapel cpasy ke moasepraan ornycky npu 170-300 °C B teuenne 2—10 4. OGpabGoTaHHbIE
IIapsl MMOABEPTANH BH3YalIbHOMY OCMOTPY, MCIBITAaHMSIM Ha TBEPAOCTh M yIApOCTOMKOCTh. TBEpAOCTh M3MEPSITH
MeTojioM Poksesuia no mkaie «C», MEKPOTBEPIOCTh — Ha MUKpoTBepaoMepe «Affriy mpu Harpyske 50 r. Ymapo-
CTOMKOCTh IIAPOB OIICHWBAJIM Ha KOMPOBON yCTaHOBKE yAapoOM MAaJalolIero Tpy3a ¢ dHeprueu yaapa 6,8 kJ[x.
MUKpPOCTPYKTYpHBI aHANIH3 BEHIONHSIA C IMOMOIIBI0 ONTHYECKOTO0 MHKpockoma «Axiovert 40-M»y». Konmgectso
OCTaTOYHOI'0 ayCTEeHHWTa OmNpeaessuid ¢ nomolibio audpakromerpa [V-Pro Rigaku B memnom K, -m3mydeHun.
Pe3yabrarel. [lokazaHo, yto B mapax auamerpoM 100 MM M3 XpOMOMapraHueBOM CTajid B pe3yibTaTe TEPMH-
4ecKOW 00pabOTKH IO CTAHIApTHOMY PEXHMMY BO3HHKAIOT MOBEPXHOCTHBIE TpeUIWHBI. [IpuMmeHeHune TepMoobpa-
60TKH 110 Q-n-P-npuHIMITY MO3BOJSAET JOCTHYH BBICOKOH TBEPIOCTH IO BCeMy cedeHuIo (B mpenenax 54—57 HRC)
IIPY OTCYTCTBHH B Iapax 3aKaJOYHbIX TpeuuH. OOpaboTaHHbIE MO TAKOH TEXHOIOTHH MIAPHl UMEIOT BBICOKYIO Ya-
POCTOMKOCTb P MOBTOPHBIX yAapax ¢ sHeprueit 6,8 k/[>x. Hayunasi HoBu3Ha. ABTOpaMHU BIIEPBBIE HCCIIEAOBAaHA
1IeNIecO00Pa3HOCTh NUCIIONB30BaHUA Q-n-P-IprHIMIA B TEXHOJIOTHH TEPMUYECKOH 0OpPaOOTKH CTAIBHBIX METIOLINX
1apoB OOJBIIOrO AMAaMETpa M3 CTANH MOBBIMICHHON NMPOKaIMBAEMOCTH. Y CTaHOBJIEHO, 4TO Q-n-P-o6paboTka mo3-
BosisieT cymectBeHHO (Ha 10 HRC) moBeicuTh 00BEMHYIO TBEPAOCTH B mapax auamerpoM 100 MM, COXpaHUB HX
BBICOKYIO yJIapOCTOMKOCTB NMPH WCHBITAHUAX MaJalomMM rpy3oM. [lomydeHre Takux CBOWCTB 00ecrieunBaeTcs CHs-
THEM 3aKAJIOYHBIX HANPSDKEHUH M (OPMHUPOBAHHEM ABYX()Aa3HOM MapTEHCHTO-ayCTEHHTHOW CTPYKTYPHI C IIOBBI-
IeHHBIM KoJrmaecTBOM (25-30 %) octaTouHoro ayctenura. [lociemHee CTAaHOBUTCS BO3MOXKHBIM Onaromapsi mpo-
Leccy Iepepacrpe/iesieHnsl yriiepoja M3 MapTeHCHTa B ayCTEHHT C oborameHueMm nocienHero o 1,12 % C.
IIpakTuyeckas 3HauuMocThb. [lokazana nenecooOpasHocTh HmpuMeHeHHs Q-n-P-repmuyeckoil o0paboTku mpHu
IIPOM3BOJICTBE CTAIBHBIX MEJIOIIUX IAPOB BHICOKOW 00BEMHON TBEPIOCTH.

Kniouegvie cnosa: Q-n-P-o0paboTka; MeIIoIIHe maphl; TBEPAOCTh; yIapOCTOHKOCTh; MUKPOCTPYKTYypa
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BBenenue

Memntomuye mapsl  aKTUBHO — HCIIOJIB3YHOTCS
B FOPHO-METAJLTYPrU4E€CKOM, LIEMEHTHOM, DHEpre-
TUYECKOH U APYTHX mepepadaThIBAOIIUX OTPACTIX
npomblieHHocTH. lapel BEIMOMHSAIOT padoTy 1o
WU3MEJIBYCHUIO CBhIphSl (PyIbl, KJIWHKEpa, YIA
U T.1.) B 0apaOaHHBIX MEJBHUIIAX, OABEPrasich
B MPOIIECCE DKCIUTyaTallii HHTCHCUBHOMY H3HAIIU-
BaHmIO [4, 5]. YaenpHBIA pacxojl KPYITHBIX IIapoB
(mmamerpom 100-120 mMm) Ha roOpHO-OOOTaTH-
TENBPHBIX KOMOHMHATaX YKpauHbl JOCTHraeT He-
CKOJIBKMX KHJIOTPAMMOB Ha TOHHY KOHLIEHTpaTa,
YTO OTPULATENIFHO OTPa’KaeTCsl Ha SKOHOMHUUYECKUX
nmokazarensx mpoiecca nepepadotku [10]. Beico-
KHI pacxo[l MapoB CBS3aH C UX IMOHWKEHHOU 00b-
eMHOI1 TBepocThio. Kak mpasuiio, riryOuHa ympod-
HEHHOTO (3aKaJeHHOTO0) CJIOS B Iapax JHaMeTpOM
100 u 120 MM 3-i1 rpynmbl U3 PENbCOBBIX MapoK
cramu He mpeBbimmaer 10 mm [15, 16]; oObemHas
TBepaocTh IapoB coctaBisier 45—47 HRC. C 1e-
TBI0 CHIKEHUsI YIETBHOIO pacxoja KPYMHBIX IHa-
POB HEOOXOIUMO TIOBBICUTh HX OOBEMHYIO TBEp-
JOCTh, YTO TPeOyeT OCBOCHUS MIPOU3BOICTBA IIAPOB
W3 CTaJi C MMOBBIIICHHBIM YPOBHEM JITUPOBAHHSL.

[pu npou3BOACTBE CTANBHBIX KATaHBIX [IAPOB MX
MOABEPTatoT TEPMOYNPOUYHEHHIO C MPOKATHOI'O
HarpeBa IO CXeMe IpEepBaHHON 3aKajKi B BOJE
¢ camootiyckoM [7, 9]. 3akanky KpyIHBIX IIapoB
NPEeKpalIalnT OpH JOCTHXKEHUH CpPEeIHEMACCOBOM
temrepatypsl (T,,) B mpemenax 220-250 °C. Ilpu
3TOM TemmepaType Iapbl IMPOXOISIT CaMOOTITYCK,
MEIUICHHO OCTHIBasI B HAKOITUTENBHBIX OyHKepax [6];
3TO 00€CTIeUnBAET MOJTyYEHHE B HUX TIOBEPXHOCTHOH
tBepaocty He Hwke 50 HRC. Ilpm wmsrorornennu
1apoB OOJIBIIOTO JUaMeTpa U3 CTali MOBBIIIEHHON
MPOKAIMBAEMOCTH TEPMOOOpabOTKa MO TaKoi Tex-
HOJIOTMW TIPUBOAWUT K BO3HMKHOBEHHIO B HHX Tpe-
IIMH BCIIEJICTBIE HEOIArOMPUsTHOTO PACTIPE/ICIICHUSI
HanpspkeHnit B oObeme wu3zmenud. IIpobiema pac-
TPECKUBAHUS SIBJSIETCS. OJHOW M3 IVIAaBHBIX IIPHU IIPO-
W3BOJICTBE CTAJbHBIX MIapoB auameTpoM §0-120 mm
CO CKBO3HOI1 3aKaikoi Ha MmapTeHcut [3, 11].

Texnonorus Ttepmuueckoir 06paboTku Q-n-P
(Quenching and Partitioning) O3BOJISIET TOBBICUTH
KOMIUIEKC MEXaHHYECKUX CBOWCTB HH3KOJIETHPO-
BaHHBIX CTaJledl 3a CYeT yBEJIMYCHHS KOJIWYEeCTBa
0CTaTOYHOTO aycTeHuTa (Aor) B CTpyKType [12,
13, 17, 18]. Hpuanun Q-n-P mpemycmatpuBaeT
MPUOCTAHOBKY 3aKaJIOYHOTO OXJIaXKACHUS B HH-
TepBaje MeXIay Toukamu M, u M, u mocnenyro-

LU HarpeB JuId IepepacipeieleHus yriaepoaa u3
MapTeHCUTa B ayCTeHUT. Takas mocienoBaTelb-
HOCTh OIEpalliii BIIUCBHIBAETCA B CXEMY TEpPMO-
YIPOUHEHHUS] MENIOIIUX IIAapOB U MOXKET OKa3aTh
MIOJIOXKHUTENNBHOE BIMSHUE HAa HAIIPSKEHHOE COCTO-
SIHUE IIApOoB, MPEJOTBpalIlas MOSBICHUE TPELIHH.
VYnaunplii onbIT mpuMeHeHus: Q-n-P-oO0paboTku
NPUMEHUTENBHO K JUTBIM IIapaM JUaMeTpoM
80 MM U3 BBICOKOXPOMHCTOTO YyTryHa OIHCaH
B pabote [14]. B To xe Bpemsl, HCIIOIb30BaHUE
Q-n-P-npuHnuna B mpakTUKe TEPMOOOPAOOTKH
CTaJbHBIX MEJIOIMX ILIAPOB IO HACTOSAIIErO Bpe-
MEHH OCTaBaJIOCh HEU3BECTHBIM, YTO Ipeaonperne-
JIUIIO BBITIOJIHEHHUE TaHHOH pabOTHL.

Hean

Lenpro manHOW paboTHI sBIsSETCS OOHOBICHHE
ITIOBBIIICHUA O6’beMHOI7[ TBEPAOCTH KaTaHbIX MC-
momux mapoB auamerpoM 100 MM ¢ MOMOIIBIO
MIPUMEHEHUsT TepMUIeckoil o0paboTku mo Q-n-P-
MNPpUHIUITY.

MeTtoauka

B kauectBe Marepumana ObUIM HCIIOJIB30BaHbI
KaTaHple [Iapbl HOMUHAJIBHBIM  JIHAMETPOM
100 MM, HU3rOTOBJEHHBIE M3 XPOMOMAapraHIIEBOMH
cranu, copepxameit 0,7-0,8 % C. Ilaper ObutH
MIPOKaTaHbl Ha CTaHE IONEPEYHO-BUHTOBOH IPO-
KaTKM M TI0Clie TIPOKATKH OXJIAXAEHBI BOJOU
(20-22 °C) B ycrpoiictBe GapabaHHOro THMa [6] 1o
pasznuuHbIM pexkumam (Tabmn. 1). Pexxumer oTimya-
JIUCH JJTUTEIBHOCTHIO OXJIAXKICHHS, YTO TI03BOJISLIIO
W3MEHATh T, IMIapOB HAa BBIXOJAE W3 3aKaJOYHOTO
ycrpoiictBa. Pexum Ne 1 cooTBEeTCTBOBAN MOJIHO-
My OXJAXIEHHUIO IIapOB B BOJE, peKUMBI Ne 2—4
o0ecreynBain JOCTIKEHUE CPETHEMACCOBON TEM-
neparypsl B unTepBaie M,—M,, a pexum Ne 5 — Ha
ypoBHe M,, (cocrasiusier 227 °C st HCTIOIB30BaH-
HOM ctanmm). Ilox cpenHemaccoBoil TemmnepaTypon
MIPUHUMAJIHN TEMIepaTypy MOBEPXHOCTH 3aKajeH-
HOTO IIapa, ONPEAEICHHYIO IOCie 3aBEpLICHUS
nepepacnpeaeieHus Temna B oobemMe mapa (uepes
1-1,5 MuH TOCTIE €r0 W3BIICUCHUS W3 BOJBI). 1y
3aMepsUIH ONITUYECKUM ITHPOMETPOM.

Ilocne 3akanku mapsl B TeueHue He Oolee
10 MUH TOPSIYMMHU TIEPEHOCHIIN B IMIAXTHYIO DJIEK-
TPUYECKYIO Ieub, Tie ormyckanmu mpu 170-300 °C
or 2 o 10 9 (ompeneneHHyO 4YacTh 3aKaJIEeHHBIX
IapOB OXJTAKIAIN IOCIE 3aKaJKW Ha CIIOKOMHOM
BO3myxe 0e3 oTmycka). Takum 00pa3oM, pPeKUMBI
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Ne 24 coorBerctBoBamu  Q-n-P-mpunuumy,
a pexxuM Ne 5 UMUTUPOBAN CTaHAAPTHYIO TEXHO-
JIOTHIO TEPMOYIIPOYHEHUS IIapOB.

Hanuume TpemmMH Ha TOBEPXHOCTH ULIApOB
OINIpENEISUIA BU3yalbHO. MHKpPOCTPYKTYpY M pac-
MIpeNIeTIeHAEe TBEPJOCTU IO CEYECHHIO HCCIIEN0BAIN
Ha TEMIUIETaX, BBIPE3aHHBIX M3 IIAPOB aHOJHO-
MEXaHMUECKOH Pe3KOM W MpONUTU(OBAHHBIX IS
yAalneHus BIWSHUSA aHOOHOTO pe3a. TBeprocTsb
onpeaensuii MeTofoM Pokeenmna mo mxkane «Cy,
MHUKPOTBEPAOCTh — Ha MHUKpoTBepaomepe «Affrix»
mpu Harpyske 50 T. Y1apocToiiKocTh mapoB orle-
HUBAJIM Ha KOIPOBOW YCTaHOBKE yIapoM Iaaaro-
LIEro ¢ BBICOTHI 5,5 M rpy3a maccoil 125 kr (aHep-
rus ygapa 6,8 k/lx); HOpMaTHBHOE KOJHYECTBO
yaapoB — 8. MHUKpOCTPYKTYpHBI aHaau3 BBIIOJ-
HSJIM C TIPUMEHEHHEM ONTHYECKOr0 MHUKPOCKOIa
«Axiovert 40-My». Komu4ecTBo 0CTaTOYHOTO
ayCTEHUTAa ONpPENENAIN PEHTIEHOCTPYKTYPHBIM
METOJIOM C TOMOIIbi0 audpakTomeTpa I[V-Pro
Rigaku B memnom K, -m3mydennn.

PesyabTarsl

[Ipu wucmonb30BaHUM CTAaHIAPTHOTO PEXUMA
Tepmoynpounenus (¢ Ty, = 220-240 °C) B mapax

muamerpoMm 100 MM M3 CTanu MOBBIIEHHON MPO-
KaJMBA€MOCTH BO3HUKAIOT IOBEPXHOCTHBIE Tpe-
muHbl. [Ipy4nHON SBISETCS TO, YTO K MOMEHTY
MIpephIBaHMs 3aKaJIKH MapTEHCHUTHOE IpeBpallle-
HUE MPOTEKAeT JIMIIb B [IOBEPXHOCTHBIX CIIOSIX Ha
rryouHy 10 15 MM; BO BHYTPEHHHX CIIOSIX IIapa
elie COoXpaHseTcsl ayCTeHHWTHas CTpyKTypa [8].
[Ipu mocnenyromeM caMOOTIyCKE 3TOT ayCTEHHUT
TpeBparraercs JJu0o B OCHHUT, THOO B MapTCHCHT.
B mocnenHeM cnmyuyae mpeBpallleHHE ayCTeHHTa
MIPOMCXOAUT Ha 3aBEpIIAIOIIEH CTaJAuHd CamoOT-
IIyCKa WM IOCJE €ro 3aBEepLICHUs, KOrza eIe He
OCTBIBLIME IIAphl MEPErpyxarT H3 OyHKEpOB
B BaroHbl. Bo3HUMKalOMMH B LEHTPE MapPTEHCHUT
nehopMUpyeT MOBEPXHOCTHBIN CIIOHN IIapa, BHI3bI-
Bas B HEM BBICOKHE PACTATHMBAIOLINE HAIPSKECHUS.
Paspsinka 3THX HanpspKEHUH HE IPOUCXOJUT, I0-
CKOJIBKY K 3TOMY MOMEHTY B IIape CYIIECTBEHHO
CHIJKaeTcsl Temreparypa. HampsokeHus BBI3BIBAIOT
MIOSIBJICHHUE TIOBEPXHOCTHBIX TPEILINH; OHU BO3HH-
KaloT Ju00 cpasy IMociie TOJHOTO OCTHIBAHUS Ilia-
pa, 1ub0 Yepe3 HEKOTOopoe BpeMs (MHKYyOalnoH-
HBIA MEPUOJ TPEIIMHOOOPA30BAHUS MOXKET pacTs-
TUBATHCA HA HECKOJIBKO HENETh).

Tabnuma 1
Bausinue pexxuMa TepM0o00pPadoTKH HA CKJIOHHOCTH IIAPOB K PACTPECKMBAHUIO
Table 1
Influence of heat treatment mode on the tendency of balls to crack
Howmep CpenHeMaccoBast TeM- Hamnaue tpemmH Temmepatypa TBepaocTs*/Hanu4uue TpemmH
pexnma neparypa, °C (oXTaXkeHNe Ha BO3IyXe) ormycka (Tyrm), °C OCJIe OTITYCKa
1 20 ecThb - 61/ectb
2 110-120 170 58/ecth
200 57/wer
€CTh
250 55/uer
300 52,5/Her
3 125-135 200 57,5/uer
HET
250 55,5/uer
4 150-170 200 57,5/uer
HET
250 54,5/uer
5 220-240 eCcTh 250 55/ecth

*cpenHssi TBEPJOCTh MOBEPXHOCTH MOCIE OTITycKa B Teuenue 10 4.
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Takum 00pa3oM, CyIIeCTBYET ABE BO3MOXKHO-
CTH IIPEJOTBPALICHUS TPEIIUH B LIapax CO CKBO3-
HOM 3akankoi. IlepBas — obecieunTh MpoTEKaHKE
CaMOOTITyCKa [Iapa TakuM 00pa3oM, 4ToObI aycTe-
HUT LEHTPAIBHBIX CJIOEB MAaKCHUMAaJIbHO IIOJHO
MIpeBpaTWICA B HIDKHUN OCWHHUT 10 TOTO, Kak 00-
1as TeMmIeparypa Iuapa JOCTHTHET TOYKH Hadaja
MapTEeHCUTHOTO mpeBpamieHus (Touka M,). DT1o
TpeOyer co3maHusi B OyHKEpe YCIOBHH, OIM3KUX
K M30TEPMHYECKHM, U OYCHb JJIUTEIBHBIX BBIIEP-
KEK, YTO HEBO3MOXXHO OOECIECYHTh B YCIOBHAX
IIPOM3BOJCTBA.

BropriM HampaBiieHHEM SIBIAETCSI CHU)KEHUE
KOJIMYeCTBa ayCTEHWTa B IIEHTPE IIapa 3a cueT
YBEIUYEHHs! [UIUTEIILHOCTH 3aKalkd. B aTom ciy-
yae (OPMHUPOBAHHE MAapTEHCUTa B LIEHTPE LIapa
MPOM30HAET Ha CTaJWH 3aKaJIKH, TPUBOJS K BO3-
HUKHOBEHHUIO DPAaCTATHUBAIONINX HANpsDKEHUH Ha
MOBEPXHOCTH. YTOOBI pacTpecKUBaHHE IIAPOB HE
MPOMCXOJMIIO Cpa3y IMOcie 3aKalKu, cIelyeT pe-
TYIHpOBaTh COOTHOIIEHHE O0OBEMOB  «aycTe-
HUT/MapTEHCUT» B LEHTPAIBHBIX CJIOSX, T. €. CO-
XpaHATh ONPEACICHHYIO JOJII0 HENPEBPAICHHOTO
AyCTCHHUTa B MOMEHT MpPEpbIBAaHHUA OXJIaKIACHUSI.
VYuuThiBas pazauyus B yAEIbHOM o0BeMe aycre-
HHUTa U MapTEHCUTA, MOKHO CHU3UTh YPOBEHb pac-
TATHBAIOUINX HANpPsDKEHUH Ha MOBEPXHOCTH IIapa
W TIPENOTBPATUTh OBICTPOE TOSBICHUE TPELIHH.
Jlnst penakcanyy BO3HUMKIIMX HANPsDKEHUH U TOJ-
HOTO TIO/IaBJICHUSl TPEIIMHOOOPAa30BaHMS ILApHI
MocJjie 3aKaliKu JIOJKHBI MOJIBEPraThesi OTACIBHON
omepauuy OTIyCKa. YKa3aHHas TEXHOJOIHWS, IO
cytu, sBisercss Q-n-P-oO0paboTkoii, MOCKOJIBKY
TeMmIeparypa BO BCEX CIOAX IIapa JOJDKHA CHH-
3UTBCA HHNKE MapTeHCHTHOﬁ TOYKH CTalIHu, 3TO
o0ecrneynT Havyajlo MapTEHCUTHOTO NPEBpAILECHUs
B IICHTPAJIbHBIX CJIOAX IIapa.

IIpy peamu3anyy SKCHEPUMEHTAJIBHBIX PEXKH-
MOB TepM00OpabOTKH OBUIO YCTAaHOBJEHO, YTO
LIapsl, IOJHOCTBIO  OXJaXXAECHHBIE B  BOJC
(Ten=20 °C, pexxum Ne 1), pacTpeCKHBAIKCh B Te-
YeHHe 2—5 MUH 10CJE 3aBEPUICHNS 3aKaJIKH; UX HE
yAal0Ch NEPEHECTH B MEYb AJIS1 OTIyCKa 0 MOSB-
JIEHWS TPeIrH (TI0OKa3aHbl CTpeIKaMu Ha puc. 1).

B cayuae T.,=110-120 °C, mapsl B mporecce
JIOOXJIaX/ACHUsI Ha BO3AyXe 0e3 OTIIycKa pacTpec-
KHUBaJIMCh IIPU CHWKEHUU UX TEMIEPaTypbl MEHeEe
65-70 °C. Ornyck npu 170 °C HECKOJIILKO CHU3MII
YPOBEHb HAIPSKEHWH, HO HE TPeAoTBpaTHiI 00pa-
30BaHMs TPEUIMH: LIaphl, OTHYIICHHBIE B TEUEHHUE
2—4 4, pacTpeckanuch depe3 24 9, OTITyIICHHBIE

B TeueHue 10 u — yepe3 48 4 mocie 3aBeplICHUSA
OTIyCKa. YBEIMYCHHE TEMIIEpaTyphl OTIyCKa 0
200-300 °C mOJHOCTBIO TIPEIOTBPATHIIO PACTPEC-
KHMBaHUE Ja)ke MPH MUHUMAaIbHON MPOIOIDKUTENb-
HOCTH OTITyCKa; TPEIIMHBI HE MOSBIJIMCH Ha TAKHUX
mapax Jaxe CIIyCTS MECSI IOCHe 3aBepIICHHS

OTITyCKa.

Puc. 1. TpelmnHbl Ha MOBEPXHOCTH LIAPOB,
00paboTaHHEIX 10 pexuMy Ne 1

Fig. 1. Cracks on the surface of balls, treated
according to mode No. 1

B cnyuae peanuzanuu pexxumon Ne 3 u 4 Tpe-
LIMHBI HE TIOSBISUINCH B IIapax HU MPH OXJIaxIe-
HUU Ha Bo3ayxe (0e3 oTmycka), HU MOCJe OTITyCKa
npu 200-250 °C. TloBblmieHHE CpeIHEMACCOBOM
Temreparypsl mapos 10 220-240 °C (pexum Ne 5)
PE3KO U3MEHWIIO KapTHHY U MPHUBEJIO K paCTPECKH-
BaHUIO KaK IPU JOOXJIaXICHUM Ha BO3AYyXE, TaK U
nocite ormycka mpu 250 °C.

TBepIIOCTI) Ha MOBEPXHOCTU OTIYIICHHBIX IIa-
poB cocraBuia 57-57,5 HRC (200 °C),
54,5-55,5 HRC (250 °C), 52,5 HRC (300 °C).

Bce maps! pexxumoB Ne 2—4, oTnynieHHbIE IPU
200-300 °C, BBlAep)Kad¥ HUCIBITAHUS Ha YAApo-
CTOMKOCTh IPH § yJapax; HEKOTOpbIE MIapbl ObLIH
YCIEUIHO MCIBITaHBl IPU KOJUYECTBE YIApOB
B 2-3 pa3a Bblllle HOPMBI. PackosoB u mosiBieHus
TPELIMH Ha TOBEPXHOCTU IIAPOB 3a()UKCUPOBAHO
He Obut0. [lap pesxuma Ne 2 (ormyck mpu 170 °C,
10 49) c TOBEpXHOCTHOH TPEIINHOMN pa3pyIIIIICS HA
ceapMoM yaape. lllaper, oOpaboTaHHBIE IO PEXKU-
MaMm Ne 1 1 5 ¥ UMeBIINE TOBEPXHOCTHBIE TPELLIU-
HBI, pa3pylIaIuch Ha BTOPOM—4ETBEPTOM yJape.

IIpu uccnenoBaHum pacupeneaceHus: TBEpPILOCTU
[0 CEYEHUIO IApOB OBLJIO yCTAaHOBJICHO, YTO, HE3a-
BUCHUMO OT PEKUMa TepMOOOpaOOTKH, BCE IIAPHI
HUMEIOT CKBO3HYIO 3aKaJKy: MAKCHUMaJIbHBIN Iepe-
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naJi MeX/1y MPUIIOBEPXHOCTHBIM CIIOEM M LIEHTPOM
cocrapui 1,5 HRC (ormyck mpu 200-250 °C) u
4 HRC (ormyck mpu 300 °C) (tabm. 2). OOmmmii
YPOBEHb TBEPAOCTH U, COOTBETCTBEHHO, 0OBEMHasI

TBEPIOCTh CHIUKAKOTCS TI0 MEPE POCTA TEMIIEPATY-
pbl ormycka ¢ 56,9 HRC (170 °C) mo 49,6 HRC
(300 °C).

TabOnuma 2

Pacnpenesienne TBepIOCTH MO ceyeHUI0 H 00beMHasi TBepaocTh (HRC) TepmoodpadoTaHHBIX
apoB (ITUTEJIBHOCTH oTIycka — 10 u)

Table 2
Distribution of hardness by cross-section and volume hardness (HRC)
of heat-treated balls (tempering duration is 10 h)
Tepss °C Tom, °C PaccrosiHre OT MOBEPXHOCTH, MM Hys
5 10 15 20 25 30 35 40 50
0e3 OoTII. 62 62 61 61,5 60 60 59,5 59,5 60 61,0
170 57,5 56,5 57 56,5 56 57 57 56,5 56 56,9
110-120 200 57 56,5 56,5 56 56 55,5 55 57 55,5 56,4
250 55,5 55,5 55 54,5 53,5 54 54,5 54,5 54 54,9
300 52 50 49 48 48 47 48 47 47 49,6
0e3 OoTII. 61,5 62 61,5 62 61 61 62 61 61 61,6
125-135 200 57 56 57 57 56 56,5 56,5 57 56,5 56,7
250 54 54 53,5 54 53,5 54 54 53,5 53 54,0
0e3 OoTII. 59,5 59,5 61 60 59 59,5 60 59 60 59,8
150-175 200 56 56 56,5 57 56 55,5 56,5 56 56 56,2
250 54,5 54,5 55 55 54,5 55 54 55 54,5 54,7
220-240 250 54 55 54,5 54 53,5 54 53,5 53 52,5 54,2

[lpn w3y4eHUM MUKPOCTPYKTYpHI TEpPMOOOpa-
0oTaHHBIX 10 pexxumam Ne 2—4 miapoB ObLIO ycTa-
HOBJICHO, 4TO B Ooubleil dactu obbema (Ha Tiry-
Oune cBbimie 10 MM OT MOBEpXHOCTH) OHA HMEET
reTEepPOreHHOEe CTPOEHHE, COCTOALICE U3 Yepeaylo-
LIMXCSI TEMHBIX M CBETIBIX 30H (puc. 2, a). Temuble
30HBI UMEIOT CTPYKTYpY OTIYIIEHHOTO MapTeHCH-
Ta, KOTOpBIA, Onarojaps CHUJIBHONW TpPaBUMOCTH,
UMEET OJHOPOJHOE CTPOCHHE C IUIOXO Pa3IUyu-
MOH HIOJIBYATOCTBEO. B CcBeTNBIX  ydacTkax
HaOroaeTcss Wrojpvatas CTPYKTypa, XOPOIIO
pasznuunMasi Ha OejoM QoHe ayctenura (puc. 2, 0,
MOKA3aHO CTPEIIKOW).

[ToMUMO TEMHBIX/CBETIBIX 30H B CTPYKTYpe
HaOJIONAIOTCST OTHENbHBIE YepHBbIE YYAaCTKH TpPO-
octuTa (IIOKa3aHbl Ha pUC. 2, 6 IBOWHOW CTpe-
ko#). IloBepxHOCTHBIE cloW mapoB (HA TIIyOWHY
no 10 MM) WMEIOT OJHOPOJIHOE CTPOCHHE OTITY-
LIEHHOTO MrojbYaToro MapTEHCHTA; OCTATOYHBIN

AYCTCHUT BBISBIISIETCS JIMIIb B BUJC OTICIBHBIX
Pa3poO3HEHHBIX OCTPOBKOB (TIOKa3aHbI HA PUC. 2, 6
CTpEeJIKaMHu).

[IpucyTcTBre pa3mUyHOTO KOJIMYECTBA OCTa-
TOYHOI'O ayCTEHHWTa B pasHbIX CIOSAX IIApa, BBISB-
JICHHOE BU3YyaJbHO NPH MUKPOCTPYKTYPHOM HCCIIe-
noBaHuu [1], OBLIO TOATBEPXKIACHO C IMOMOIIBIO
PEHTTEHOCTPYKTYPHOTO MeToja. AHanm3 Judpak-
TorpaMM 00pa3IoB miapa, 00paOOTaHHOTO IO pe-
xumy Ne 3 (T, = 200 °C), mokasai, 4to o0ObeMHast
10J1s1 Ao COCTABIIACT: HA TIyOHHE 5 MM — 7,8 %, Ha
rinyoune 0,5 pagunyca — 24,9 %, B nentpe — 30,3 %.

[IpencraBieHHble pe3yibTaThl MOKAa3alld, YTO
pexumbl Ne 2—4 (3a MCKIIFOYEHHEM OTITyCKa MpPH
170 °C) obecreunnn TOCTHKEHHE OJUHAKOBO BBI-
COKOH TBEpAOCTH IO BCEMY CEUEHHIO IIAPOB IPH
OTCYTCTBHM 3aKaJIOYHBIX TpemuH. OO0beMHas
TBEPAOCTHh MPHU ITOM Bo3pocia 1o 54-56,7 HRC
(T4:n=200-250 °C), 1. €. moutu Ha 10 HRC mo
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CPaBHEHHMIO CO CTaHAApTHHIMU wiapamu. Llapsr
HMENU BBICOKYIO YIapOCTOWKOCTb, YTO BaXKHO
C Y4YETOM 3KCIUIyaTallUH IapoB B OOJIbIIETPY3HBIX
MenbHUIax. [lomydeHHBIE pE3yNbTaThl MOXKHO
OOBSICHUTh JOCTHKCHHEM ONTHMAJIBHOTO pacipe-
JEeNCHU MHKPOCTPYKTYpPBHl II0 CEUEHHIO IIapoOB
B MOMEHT NPEPBIBAHMS 3aKAIKU C HAJHYHEM Mpe-
HUMYIIECTBEHHO MapTEHCUTHOH CTPYKTYpHI B TIO-
BEPXHOCTHBIX CJIOSX M ayCTEHHTO-MapTEeHCUTHOM
CTPYKTYpHl B IIEHTPalbHBIX OObeMax. B wurore
BO3HHUKIIO  COaJaHCUPOBAHHOE  HAMpsDKEHHOE
COCTOSIHUE, XapaKTepu3yomeecs 00 OTCyTCTBU-
€M PpacTATMBAIOIIMX HANPSIKCHUH Ha IOBEPXHO-
CTH, MO0 UX HHU3KHM YPOBHEM, HE MPHUBOASIIIM
K BO3HMKHOBeHHIO TpemuH. Ilostomy mpu
Ten=120-170 °C miapsl He pacTPECKHBAIUCH HE
TOJILKO IOCTIe OTITYCKa, HO M NPH OXJIKACHUH Ha
BO3/yXe, T. €. 0e3 OTIycKa.

MOXHO NpeanoIoKUTh, YTO Ha CTaJUH OTILYyC-
Ka OTpeJic/ieHHAasl YaCTh ayCTEHUTA B IIEHTPATBbHBIX
CIIOSIX IIApOB mpeBpaTwiack B Oeitnut. Kpome To-
ro, Ipy OTIyCKE NPOUCXOIWIO Iepepacrpenerie-
HUE yriepoja U3 MapTeHCUTa B ayCTEHHUT (T. Has.
«cranus partitioning»), B pe3yabTaTe 4ero coaep-
KaHUE YTIIepo/ia B OCTATOYHOM ayCTCHUTE B IICH-
Tpe mapa MakCHUMalbHO MoBbicHiIock A0 1,12 %
(comepkaHme yriepoja pacCcUMTaHo AUGPAKTO-
rpaMMaMu 1o u3BecTHOH Mmetoauke [18]). O6ora-
LICHUE YIIEePOAOM CTaOMIM3UPOBAJIO ayCTEHUT
K OGHHUTHOMY INPEBPAILECHHIO, B PE3YNbTATE YEro
110 3aBEPIICHUHN OTIIYCKa OH YaCTHUYHO NPCBpaTUII-
Csi B MAapTEHCUT, COXPAaHHUBILUUCH B CTPYKTYpe
B 3Ha4YUTENbHOM KoaumdectBe (25-30 %). 3Oro
CcOPMHPOBAIO «CBETIIBIC» YYACTKU CTPYKTYPHI,
noka3zanHeie Ha puc. 1. [IocKONIbKY aycTeHUT nMe-
€T CYIIECTBEHHO MEHbBIIMH YAEIbHBIM 00bEM IO
CPaBHEHHIO C MapTEHCHUTOM, TO POCT JOMH Aoy
B HCHTPAJbHBIX CJIOAX JONOJHUTCIIBHO CHU3UII
YPOBEHb DACTATMBAIOIIMX HANPSOKEHUH Ha IO-
BEPXHOCTH, IPEJOTBPATHUB MOSIBIICHHE TPELIUH [2].
B moBepXHOCTHBIX CIIOSIX Aoy TOPA3I0 MEHBIIE,
T. K B HUX B IPOLIECCE 3aKaJKH TeMIIepaTypa CHH-
3WIach J0 MHUHAMAIBHBIX (I 1Iapa) 3HAYCHHH,
MO3TOMY 3/1€Ch OOJIbIIIasi YacTh ayCTEHUTA IpeBpa-
TUJIaCh B MAPTEHCHUT.

Takum o00pa3oM, HCHONB30BaHHWE IPHHIUIA
Q-n-P B TexHOIOIMM TEPMOYIIPOYHEHUS METOIIUX
Fig. 2. Microstructure of the ball, treated according IIApOB TIO3BONISIET PENINTH 3a/ady MOBBINICHUS
to mode No. 3 (tempering at 200 °C): a, b — center, 0GBEMHOI TBEPLOCTH KPYIHBIX 1IAPOB IIPH COXPa-

¢~ atadepth of 5 mm from the surface HEHHMHU UX BBICOKOW yapOCTOWKOCTH M OTCYTCTBUHU
3aKaJIOYHBIX TPELIHH.

uc. 2. I/IKpOCTpI(Ta pa, 06pa60TaHor o
pexumy Ne 3 (ormyck nipu 200 °C): a, 6 — uenrp,
6 — Ha TITyOMHE 5 MM OT MOBEPXHOCTH
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Hay4yHnasi HOBU3HA U MpaKTHYeCKasi
3HAYMMOCTh

BriepBeie mccnenoBaHa BO3MOXHOCTH IPHMeE-
HEHHUS TePMHYECKOH 00pabOTKH, OCHOBaHHOW Ha
Q-n-P-puHnmme, B MpOW3BOACTBE CTAIBHBIX Me-
JOMIUX IMapOB ITOBBIMICHHOH OO0BEMHOM TBEPIO-
ctu. [lokazaHo, 4To B ciiyyae peryJmpyeMoro 3a-
KaJIOYHOTO OXJaXICHHS C JTOCTHKEHHEM CpejHe-
MaccoBoil Temreparypsl B mpenenax 120-170 °C
U nocneayromero ormycka npu 200-250 °C B ma-
pax muamerpom 100 MM gocTUraercs CKBO3HAs
TBepaoCTh B mpenenax 54-57 HRC mpu BBICOKO#
YAapOCTOMKOCTH W OTCYTCTBHH 3aKAJIIOYHBIX Tpe-
IIMH. Y CTaHOBJICHO, YTO Takasi oopaboTka Gpopmu-
pPyeT MHKpPOCTPYKTYPY, YPaBHOBEIIMBAIOIIYIO 3a-
KaJIOYHBIC HANpsHKEHUS B 00beMe Iapa U odnama-
IOLIYIO TOBBINIEHHOH YAapOCTOMKOCTBIO Onarona-
psa Hammuuio 25-30 % OCTaTo4HOrOo aycTeHHUTa.
VYBenuueHne KOJIMYECTBAa OCTATOYHOTO ayCTEHHTA
MPOUCXOAMT OJiaroapsi ero 00OTalleHUIO YIIIepo-
JOM B Tpollecce IepepacrpeliesieHus yriepoaa
MEX/Ty MAPTEHCUTOM U ayCTEHUTOM TP OTITyCKe.

BriBoabI

1. Tepmuyeckoe yNpoyHEHHE KaTaHBIX MeEJo-
mux mapoB guamerpoM 100 MM U3 CTaidu MOBBI-
LMIEHHOW MpOKaJMBAa€MOCTH IO CTaHIApPTHOM TeX-

nosoruu (7,,=220-240 °C) npuBOAUT K MOsBIIE-
HUIO MMOBEPXHOCTHBIX TPEIIMH cpa3y MOcIie 3aBep-
IICHUST CAMOOTITYCKA.

2. Ucnonp3oBanve npuHnmna Q-n-P ¢ yaiuxe-
HUEM 3aKaJIKi, 00ECIeYHBAIONIMM CPEIHEMACCO-
BYIO TEMIIEpaTypy mapos B mnpezaenax 120-170 °C,
¢ mocaeayromum ormyckoM pu 200-250 °C u BbI-
JepKKOH He MeHee | 4, MO3BOJIsIeT 10CTHYb TBEp-
nmoctu B nipenenax 54-57 HRC mo Bcemy cedenuto
IpU OTCYTCTBUHM 3aKalouHBIX TpemuH. OOpado-
TaHHbIC MO TAKOH TEXHOJOTHHU HIAphl UMEIOT BBI-
COKYIO YAapOCTOMKOCTh TPH TMOBTOPHBIX Yylapax
¢ ’Hepruei 6,8 kJIxk.

3.B pesymerate Q-n-P-oOpaGoTku B 1mape
(dbopMUpyeTCsT TETepOreHHAs MHUKPOCTPYKTYpa,
COCTOSAIIAS U3 YYaCTKOB OTHYIIEHHOTO MapTeHCH-
Ta U aYCTCHUTO-MApPTCHCUTHBIX YYAaCTKOB IIOHH-
KEHHOW TpaBuMocTH. llepepacmpeneneHue yrie-
polia MeXIy MapTeHCUTOM U ayCTEHUTOM IPH OT-
MyCKe MPHUBENIO K YBETUUEHHUIO JOJIH OCTaTOYHOTO
aycrenuta 10 25-30 % mpu KOHLEHTpAIUH yrJe-
pona B Aoer 1,12 %.
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NIABUIIEHHS OB'€EMHOI TBEPJJOCTI CTAJIEBUX MOJIOJIBHUX
KYJb BUKOPUCTAHHSM Q-n-P TEPMIYHOI OFPOBEKH

Merta. B naniif poOOTi JOCIHiIKEHA MOJIIMBICTD ITIBUIICHHS SKICHUX ITOKa3HUKIB CTAJIEBUX MOJIOJBHUX KYJIb
niamerpoMm 100 MM 3a paxyHoOk 3actocyBaHHS Q-n-P Tepmiunoi 06poOku. Meroanka. Sk mMarepian BUKOPHCTOBY-
BaJl CTaJIeBI MOJIOJBHI Kyai giamerpom 100 MM, oTpUMaHi MOMEPEYHO-TBUHTOBOIO MPOKaTKo0. TepmiuHa 00podka
MoJIsiTajia B rapTyBaJbHOMY OXOJIOJKEHHI Kyl B HMPUCTpoi OapaOaHHOTO THIY 3a Pi3HUMH PeXUMaMH W MOJaib-
IOMy BiAmycKy. Pexxumu 3arapTyBaHHS 3a0e31eUyBajiil JOCSITHEHHS CEPEIHROMACOBOI TEMITEPATyPH KyJIb B MEXax
120-240 °C, mo HwKYe MapTEeHCUTHOI TOYKH ctami. [Ticmsa rapryBaHHs Ky Bixpasy xk Bigmyckamu mpu 170-300 °C
npotsirom 2—10 rox. O6po06iaeHi Ky migaaBaind Bi3yalbHOMY OTJISITY, BUIIPOOYBaHHSIM Ha TBEPHICTh Ta yIapOCTik-
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KicTb. TBepaicTh BUMipioBanu MetonoM PoxBesua 3a mkasno «Cy», MIKpOTBEPIICTb — Ha MiKpoTBepaoMipi «Affri»
npu HaBaHTaxeHHI 50 M. Y 1apoCTilKICTh KyJib OLIHIOBAJIM Ha KOINPOBIH YCTAHOBII YyAapoM Iajalodyoro BaHTaXy
3 eHepriero ymapy 6,8 x/[k. MikpocTpyKTypHHI aHalli3 BHKOHYBaJIH 3a JOTIOMOTOI0 ONTHYHOTO MiKpOCKOIIa
«Axiovert 40-My. KinpkicTe 3aJIMIIKOBOTO ayCTEHITY BH3HaYalH 3a gomomoror mippakromerpa IV-Pro Rigaku
B MigHOMY K, -BunpomintoBanHi. PesyabTarn. [lokasano, mo B kymsax aiamerpom 100 MM i3 XpomMomapraHueBoi
cTall B pe3ybTaTi TepMidHOI 0OpOOKH 32 CTAHAAPTHUM PEKUMOM BUHHKAIOTH IIOBEPXHEBI TPIIIUHA. 3aCTOCYBAHHS
TepMooOpoOKH 3TigHO Q-n-P-mpHHIKIY TO3BOJSE IOCATTH BHCOKOI TBEPAOCTI MO BCHOMY IEPETHHY (B MexXax
54-57 HRC) npu BiACYTHOCTI B KyJAX rapTiBHUX TpimuH. OOpoOiIeHi 3a TaKOI0 TEXHOJIOTIEI0 Kyl MarOTh BUCOKY
YAapOCTiHKICTh P MOBTOPHUX yAapax i3 eHeprieto 6,8 k/x. HaykoBa HOBH3HA. ABTOpaMH BIEpPILE JOCITIKEHA
JIOUUIBHICTh BUKOPUCTaHHS Q-n-P-npuHIMIY B TEXHOJIOTT TepMIYHOT 0OpOOKH CTAIIEBUX MOJIOJIIBHUX KYJIb BEJIUKO-
ro jaiamerpa 3i craji MiABMIIEHOI mporaproBaHocTi. Bceranosieno, mo Q-n-P-oOpoOka mo3Boise icToTHO (Ha
10 HRC) migsummty 00'eMHy TBEpIICTh y Kysx aiamerpom 100 MM, 30epiriiu ix BUCOKY yAapOCTIHKICTh NPH BH-
npoOyBaHHAX MaJarouiM BaHTakeM. OTpUMaHHs TaKUX BIACTUBOCTEW 3a0€3MeuyeThCsl 3HATTSIM T'apTiBHUX HAIPYT
i hopMyBaHHIM ABOX(a3HOT MaPTEHCUTO-AYCTEHITHOT CTPYKTYpPH 3 IiIBUILEHOIO KUIbKICTIO (25-30 %) 3anumikoBo-
ro aycteHiTy. OcTaHHE CTa€ MOXJIMBHUM 3aBISIKH IIPOLECY IEPEpPO3NOALTY BYIVICLIO 3 MapTeHCHTY B ayCTEHIT i3
30aradeHHsM octaHHbOrO 10 1,12 % C. IIpakrnuyna 3HauuMmicTh. [lokazaHa MJOITBHICTE 3aCTOCYBaHHS
Q-n-P-tepmiuHOi 00p0oOKH TIpH BUPOOHHIITBI CTATBHUX MOJIOJIEHHUX KYJIh BUCOKOT 00'€MHOI TBEPAOCTI.
Krouosi crosa: Q-n-P-o06poOka; MOJIONBHI KYJIi; TBEPIICTH; YAAPOCTIHKICTE; MIKPOCTPYKTYpa
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INCREASING VOLUME HARDNESS OF STEEL GRINDING BALLS
USING Q-n-P HEAT TREATMENT

Purpose. This study investigates the possibility of improving the quality of grinding steel balls with a diameter
of 100 mm by using Q-n-P heat treatment. Methodology. Steel grinding balls with a diameter of 100 mm, obtained
by transverse screw rolling, were used as a material. The heat treatment consisted of balls quenching in a drum-type
device according to various modes and subsequent tempering. The quenching modes provided the bulk temperature
of the balls in the range of 120-240 °C, which is lower than the martensitic point Ms of the steel. After quenching,
the balls were immediately tempered at 170-300 °C for 2-10 hours. The treated balls were visually examined, tested
for hardness and impact resistance. The hardness was measured according to the Rockwell method by scale "C", the
microhardness was measured with microhardness tester "Affri" at a load of 50 g. The impact resistance of the balls
was evaluated by impact of a dropped load with impact energy of 6.8 kJ. Microstructural analysis was conducted
using an optical microscope "Axiovert 40-M". The amount of residual austenite was determined using an "IV-Pro
Rigaku" diffractometer in copper K,-radiation. Findings. It is shown that, as a result of treatment of 100 mm diame-
ter balls of chromium-manganese steel according the standard mode, the cracks occur on balls surface. Using Q-n-P
heat treatment allows achieving higher hardness through the cross section (within 54-57 HRC) while quenching
cracks are absent on the balls. The Q-n-P-treated balls have high impact resistance under repeated impacts with en-
ergy of 6.8 kJ. Originality. For the first time the authors investigated the feasibility of using the Q-n-P heat treat-
ment for steel grinding balls of large diameter made of steel with increased hardenability. It has been determined
that Q-n-P-processing allows to significantly increase (by 10 HRC) the bulk hardness of 100 mm diameter balls,
while retaining their high impact resistance in tests with a dropped load. The obtaining of such properties is pro-
vided by the relaxation of quenching stresses and the formation of a two-phase martensitic-austenite structure with
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an increased amount (25-30 %) of retained austenite. The latter becomes possible due to the process of partitioning
carbon from martensite to austenite with enrichment of the latter to 1.12 % C. Practical value. The advisability of
Q-n-P-heat treatment in the production of steel grinding balls with higher bulk hardness is shown.

Keywords: Q-n-P-treament; grinding balls; hardness; impact resistance; microstructure
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IDENTIFYING THREATS IN COMPUTER NETWORK BASED ON
MULTILAYER NEURAL NETWORK

Purpose. Currently, there appear more often the reports of penetration into computer networks and attacks on
the Web-server. Attacks are divided into the following categories: DoS, U2R, R2L, Probe. The purpose of the article
is to identify threats in a computer network based on network traffic parameters using neural network technology,
which will protect the server. Methodology. The detection of such threats as Back, Buffer overflow,
Quess_password, Ipsweep, Neptune in the computer network is implemented on the basis of analysis and processing
of data on the parameters of network connections that use the TCP/IP protocol stack using the 19-1-25-5 neural net-
work configuration in the Fann Explorer program. When simulating the operation of the neural network, a training
(430 examples), a testing (200 examples) and a control sample (25 examples) were used, based on an open
KDDCUP-99 database of 500000 connection records. Findings. The neural network created on the control sample
determined an error of 0.322. It is determined that the configuration network 19-1-25-5 copes well with such attacks
as Back, Buffer overflow and Ipsweep. To detect the attacks of Quess_password and Neptune, the task of 19 net-
work traffic parameters is not enough. Originality. We obtained dependencies of the neural network training time
(number of epochs) on the number of neurons in the hidden layer (from 10 to 55) and the number of hidden layers
(from 1 to 4). When the number of neurons in the hidden layer increases, the neural network by Batch algorithm is
trained almost three times faster than the neural network by Resilient algorithm. When the number of hidden layers
increases, the neural network by Resilient algorithm is trained almost twice as fast as that by Incremental algorithm.
Practical value. Based on the network traffic parameters, the use of 19-1-25-5 configuration neural network will
allow to detect in real time the computer network threats Back, Buffer overflow, Quess password, Ipsweep, Nep-
tune and to perform appropriate monitoring.

Keywords: network traffic; threat; neural network; sampling; hidden layer; hidden neurons; training algorithm;
number of epoch; error

equipment [2—3]. Existing approaches are charac-
terized by a number of features that hinder their
use: low speed of work; poor accuracy [1, 13, 15].
To eliminate these shortcomings, a neural network
technology is proposed [1-4, 6-12]: multilayer
perceptron; Kohonen network; neuronetty network
(hybrid system).

Attacks are divided into the following cate-

Introduction

There have recently been increasingly fre-
quent computer penetration reports and attacks on
Web-server. Very often, intruders bypass estab-
lished protective devices. Attacks are carried out in
a very short time and the variety of threats is con-
stantly increasing, which prevents from detecting

and preventing them with standard protective

gories [2, 14—15]: DoS (Back, Land, Neptune, Pod,
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Smurf, Teardrop), U2R (Buffer overflow, Load-
module, Perl, Rootkit), R2L (Ftp_write,
Quess_passwd, Imap, Multihop, Phf, Spy, Warez-
client, Warezmaster), Probe (Ipsweep, Hmap,
Portsweep, Satan). DoS attack is characterized by
the generation of a large amount of traffic, which
leads to overload and lockup of the server; U2R
attack (User to Root) involves receiving by a regis-
tered user of administrator’s privileges; R2L at-
tacks (Remote to Local) are characterized by ac-
cess of an unregistered user to a computer from
a remote machine; Probe attacks include scanning
of ports in order to obtain confidential information.

At the present stage, various solutions are of-
fered for the modernization of existing computer
networks, in particular, in the information and tele-
communication system of the Prydniprovska rail-
way [5, 16].

Purpose

To develop a method for detecting threats in
a computer network based on network traffic pa-
rameters using a multi-layer neural network in the
Fann Explorer program.

Methodology

To detect threats we used 19 network traffic pa-
rameters (x;) [14]: package type (TCP, UDP,

ICMP and others); service type (http, telnet,
ftp_data, eco i, private); flag; number of bytes
from source to recipient; number of bytes from
recipient to source; number of hot indicators; suc-
cessful entrance; number of compromised condi-
tions; number of connections to the host for 2 s;
number of connections to one service for 2 s; per-
centage of connections to the service for 2 s; per-
centage of connection to different hosts; number of
connections to the local host installed by the re-
mote side for 2 s; number of connections to the
local host installed by the remote side, uses 1 ser-
vice; percentage of connections to this service;
percentage of connections to other services; per-
centage of connections to the host with the port
number of the source; percentage of connections
with a rej-type error for the recipient host; percent-
age of connections with a rej-type error for the ser-
vice. On the basis of the values of the set of the

attack features, it is necessary to carry out the clas-
sification conclusion (y,,¥>,V3,V4,¥5) of the

following  threats: Back, Buffer overflow,
Quess_password, Ipsweep, Neptune. Detection of
threats in a computer network is based on the anal-
ysis and processing of data on the parameters of
network connections using the TCP/IP protocol
stack. As initial data we used KDDCUP-99 data-
base of 5,000,000 connection records (the se-
quence of TCP packets for the final period, the
start and end points of which are clearly defined,
during which the data is transmitted from the send-
er's I[P address to the recipient’s IP address using
the defined protocol). As a mathematical tool of
problem solution we took the neural network (NN)
of the configuration 19-1-25-5, where 19 is the
number of neurons in the input layer, 1 is the num-
ber of hidden layers, 25 is the number of neurons
in the hidden layer, and 5 is the number of neurons
in the resulting layer.

Findings

Purpose and features of the Fann Explorer
program. Fann Explorer is portable graphical
environment for developing, training and testing
neural networks that supports animation training,
creation, provides an easy to use browser-based
interface for fast artificial neural network (Fann
library). FannKernel provides a neural network
with the kernel, which is a multi-threaded kernel,
so several neural networks can be studied and
explored at the same time. This program has a
fairly wide-ranging functionality for training and
researching neural networks. The View menu
allows you to open three main windows: Controller
(main panel, which defines all the parameters for
teaching the neural network), Error plot
(dependence graph of the mean square error on the
number of passed training epochs), Weight Graph.
On the Topology tab, you can get acquainted with
the main characteristics of the topology (Fig. 1).

The Testing menu allows you to check how
well the neural network is being trained and the
ability to edit incoming data. The test results are
presented as a comparison graph of the mean
square error with the reference value shown in
Fig. 2.
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W Topology

Meural network type

Connection rate 1

Mumber of input neurons 2

output neurons 1

Total nuwmber of neurons and =
Total number of connections 13
Total number of layers 3
Mumber of neurons in each layer 231

Mumber of bias in each layer 11,0

Fig. 1. Description of network topology

@ Testing

Currently reported mean square error 0.00099596:5324

Edit test data Reset error Test data

Execute on test data and compars output Execute
Select output neuron for plat 1 |
| S

1 Actual output from
the selected neuron

Desired output from

the selected neuron
0.4845

-0.0309

Fig. 2. Testing menu

Preparation of samples (preparatory stage).
The following samples were prepared: training
(430 examples), test (200 examples), control (25
examples). Since NN does not accept textual in-
formation, samples need to be processed by mark-
ing the text parameters with numerical values. The
changes apply to the first three columns of the
sample and the attack tags, namely: package type
(tcp — 1; icmp — 2); type of service (http — 1; telnet
— 2; ftp_data — 3; ftp — 4; eco_i — 5; private — 6;
smtp-7; nhsp-8; http_443-9); flag (SF-1; RSTR-2;
RSTO-3; S0-4; S3-5); Attack tag (Back — 000 0
1; Buffer_overflow —00 0 1 0; Quess pwd—00 1
0 0; Ipsweep — 01 0 0 0; Neptune — 1 0 0 0 0).
Sampling is given in any text editor (all values are
separated by spaces); file has extension .train. A
fragment of the processed training sample is shown
in Fig. 3

<> NM_19_1 25 Stest x King tisin Bng test_mo

1 430 195 |

2 11106454 0083142111211 1110100

3 00001

A 11105454 008314 21 122106722100500
5 10000

11105454 008314 21 14410441002500
7 ovoo1

8 11105454 008214 2114410441002500
o 00001

10 11105454 008314211441055100200

Fig. 3. Fragment of the processed training sample

Creating neural network in Fann Explorer.
Fann Explorer (Fann Artificial Neural Networks)
from Macromedia Inc is a portable environment
for the development, training and testing of neural
networks; supports animation of the training
process; implements multilayer artificial neural
networks; has a multi-threaded kernel that provides
computing. The Neural Network was created with
the participation of the student Mamenko D. V.,
setting of NN architecture is shown in Fig. 4

Create New Newral Network [xl

Network ype OLajer Hicden layers

Neurons in 15t hicden layer

Coonecson rate m Newrons in 2nd hidden Layer
Newrons in 2rd hicden Layer

Newrons in 40 hiccen layec

JEHE

Fig. 4. Setting of NN architecture

Training of neural network. The purpose of
NN training is to match such values of its
parameters, in which the error of training is
minimal. In the Fann Explorer program, the
network training options are set using the Train tab
(Training algorithm).

Incremental algorithm is a standard reverse
error propagation algorithm where weighting
factors are updated after each training period. This
means that weights are updated many times during
one training.

Resilent algorithm is a batch training algorithm
that provides good results for many tasks, the
algorithm is adaptive and does not use Training
rate for training.

Quick algorithm wuses the Training rate
parameter and gives good results when solving
problems.

Batch method is a standard reverse propagation
algorithm where the weights are updated after cal-
culating the mean square error for the entire train-
ing sample. Since the average square of the error is
calculated more correctly than in the sequential
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algorithm, some tasks will achieve more effective
solutions with this algorithm.

Error Function: Linear is a linear error function
that calculates it as the difference between the ac-
tual result given by the neural network and the ex-
pected value that the operator has set; Tangential
(Tanh) is a function of error, which makes a large
deviation during training. The idea of the function
is that it is better if 10 neurons have an error of
10% at the output, than one of them will have an
error of 100%. This function is the default error,
but it can lead to poor training outcomes if you set
the Training rate too high.

The functions of Hidden layer activation and
Output layer activation are as follows: Symmetric,
Asymmetric-Linear, Sigmoid, Stepwize, Thresh-
old.

The Training menu manages the training pro-
cess of NN, sets the adaptation parameters of the
NN link weight factors such as: the number of
training periods, the value of the mean square er-
ror, the initial values of the NN link weight factors
using the Initialize button.

Testing of neural network. Figure 5 shows a
graph of NN testing of 19-1-25-5 configuration
after training and testing on the appropriate sam-
ples. The bright line on the graph shows the ex-
pected response, while the darker one is the actual
response. The test error is 0.05868; the lines almost
coincide, so NN is well suited to the task.

Execute on test dsta and compare oulput

Select output neuron for plot s
1 rﬁ @
0.5
0 ————— -
1 100 200

Fig. 5. NN testing schedule

Analysis of the results. The NN of 19-1-25-5
configuration was trained according to the standard
algorithm for error propagation and the training

speed of 0.699. Activation function is sigmoid
(symmetric); error function is tangential. NN
passed 6,000 training epochs. After training (430
examples) and testing (200 examples), NN deter-
mined the error of 0.1066, as shown in Fig. 6

Mean Square Error Plot @
1.2966 @
0.7016
0.1066 ——— B S

1 3000 6000

Fig. 6. Error after NN training

But when testing on a control sample, which
consisted of 25 examples for each of the five
threats, NM determined an error of 0.322. Thus,
the NN copes well with Back, Buffer overflow
and Ipsweep attacks, but it does not recognize the
Quess_password and Neptune attacks. From the
test schedule on the control sample, it can be seen
that the first neuron responsible for detecting the
Back attack detected four of the five threats (the
darker line is an expected solution, and the lighter
is the actual one), Fig. 7 (a).

Also, NN recognized all five threats of Buff-
er_overflow type, fig. 7 (b). The lines on the chart
are almost the same, but also one of the threats of
Back type is incorrectly assigned by NN to the
Buffer overflow class. The obtained results of the
experimental study are presented in Table 1.

Study of network training time versus the
number of hidden neurons. The study was car-
ried out on NN with different number of neurons in
a hidden layer: from 10 to 55. Experiments were
carried out on the following models: Model No. 1
(Initialize Resilent Sigmoid Stepwise Algorithm),
Model No. 2 (Randomize Batch Sigmoid Symmet-
ric Algorithm). The results of studies are presented
in Table 2.
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- Fig. 7. Graph of the resulting neuron of the network:

a — the first one; b — the second one

Table 1
Results of NN operation on a control sample
Attack Number of Number of detected attacks Number of recognition errors
attacks
Back 5 4 1
Buffer overflow 5 5 1
Quess_password 5 2 5
Ipsweep 5 4 1
Neptune 5 1 5
Table 2
Dependence of NN training time on the number of hidden neurons
Number of neurons in Model No. 1 Model No. 2
the hidden layer Error Number of training Error Number of training
epochs epochs
10 0.1982 20 039 0.1996 6387
15 0.1994 253 0.2021 2 000
25 0.197 214 0.1993 33
35 0.196 170 0.1977 22
45 0.1964 116 0.1960 18
55 0.199 249 0.193 35

When increasing the number of neurons in the
hidden layer, the NN is trained faster, but in some
cases, when the optimal amount starts to exceed (>
45), the training rate falls. In addition, model No. 2
is trained much faster than model No. 1. The con-

structed graphs of dependence of the number of
epochs on the number of neurons in the hidden
layer under different training algorithms are pre-
sented in Fig. 8.
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NUMBER OF NEURONS IN THE HIDDEN LAYER

Fig. 8. Dependence of the number of epochs on the number of hidden neurons

Study of training time versus the number of
hidden layers. The study was carried out on NN
with a different number of hidden layers: from 1 to
4; 15 formal neurons in each. Experiments were
carried out on the following models: Model No. 3

(Incremental Training rate 0.4), Model No. 4 (Re-
silient Training rate 0.8). The initialization algo-
rithm was Randomize, activation function — sig-
moid (symmetric). The results of experimental
studies are listed in Table. 3.

Table 3

Dependence of NN training time on the number of hidden layers

Number of hidden Model No. 3 Model No. 4
layer Error Number of training Error Number of training
epochs epochs
1 0.1495 93 775 0.1694 164
2 0.1994 551 0.01394 178
3 0.1279 484 0.1413 224
4 0.1435 2272 0.1478 547

The graphs of the dependence of the number of
training epochs on the number of hidden layers
based on different training algorithms are plotted
and shown in Fig. 9.

From the figure it can be seen that when in-
creasing the number of hidden layers (> 3) in NN,
training accelerates only to a certain point, until the
layers become too many, then the network begins
to slow down. In addition, the model No. 4 is
trained almost twice as fast as the model No. 3, but
has a bigger error, which results from an increased
training rate.

Originality and practical value

The originality lies in the fact that there are
found dependencies of the training time (number
of epochs) of the multilayer neural network on the
number of hidden layers and hidden neurons ac-
cording to different training algorithms. The prac-
tical value is that the network traffic parameters,
using the 19-1-25-5 configuration neural network,
will allow in real-time to detect the threats of Back,
Buffer overflow, Quess password, Ipsweep, Nep-
tune on the computer network and carry out appro-
priate control.
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Conclusions

1. At the preparatory stage, based on the data
of the KDDCUP-99 database, the following sam-
ples were generated: training (430 examples), test
(200 examples), control (25 examples).

2. To determine the attacks (Back, Buff-
er_overflow, Quess password, Ipsweep, Neptune)
in the computer network, the Fann Explorer pro-
gram created NN of 19-1-25-5 configuration, with
19 network traffic parameters inputted; training,
testing (error 0.1) and evaluation of the received
results (error 0.3) on the corresponding samples
were conducted. In particular, the first neuron re-

sponsible for recognizing the Back attack detected
four of the five threats.

3. Experimental studies of the dependence of
the training time (number of epochs) on the num-
ber of hidden neurons (from 10 to 55) on NN were
conducted: Model No. 1 (Resilient algorithm),
Model No. 2 (Batch algorithm); the Batch algo-
rithm NM is trained three times faster than the NN
based on the Resilient algorithm. The experimental
studies of the dependence of the training time on
the number of hidden layers (from 1 to 4) on the
NN were conducted: Model No. 3 (Incremental
algorithm), Model No. 4 (Resilient algorithm); the
Resilient algorithm NM is trained almost twice as
fast as NN by the Incremental algorithm.
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BUSIBJIEHHS 3AT'PO3 Y KOMIT’IOTEPHIN MEPEKI HA OCHOBI
BATATOIIIAPOBOI HEMPOHHOI MEPEXI

Merta. OcTaHHIM YacoM Bce YacTille 3 sIBJISIOTHCS OBITOMIICHHS PO IPOHUKHEHHSI B KOMIT IOTEpHI Mepei Ta
aTaku Ha Web-cepBepu. Ataku HOAUAIOTE Ha HacTymHi kateropil: DoS, U2R, R2L, Probe. Meroto crarti € BUsB-
JICHHA 3arpo3 y KOMIT IOTEpHIH Mepexi Ha OCHOBI IMapaMeTpiB MepekHOro Tpadika 3 BHKOPHUCTAHHAM Helpomepe-
JKHOT TEXHOJOTIi, 110 JO3BOJIUTH 3aXUCTUTH cepBep. MeTroauka. BuspiieHHS B KOMIT'IOTEpHIN Mepexi Takux 3a-
rpo3, sk Back, Buffer overflow, Quess password, Ipsweep, Neptune 3aiiicHEHO Ha OCHOBi aHami3y Ta 00OpOOKH
JAHWUX TIPO apaMeTpH MEPEKHUX 3’ €THaHb, 10 BUKOPUCTOBYIOTH cTeK npoTtokonis TCP/IP, i3 3acTocyBaHHSIM Hel-
poHHOI Mepexi KoHpiryparii 19-1-25-5 y nmporpami Fann Explorer. I1ig yac moaemtoBanHs poboTH HeiipoHHOI Me-
pexi BukopucTaHi HaBdanbHa (430 npuxnanis), TectoBa (200 npukIaniB) Ta KOHTpOJIbHA (25 mpuKiIaniB) BUOIPKH,
o0 CcKIaJeHi Ha ocHOBi Bigkpuroi 0a3m manmmx KDDCUP-99 i3 5000000 3amuciB mpo 3’€QHaHHS.
PesyabraTn. CTBOpeHa HElpOHHa Mepeka Ha KOHTPOJIbHIN BuOipui BM3Ha4YMiIa noxuoOky B 0,322. BusHadeHo, mo
Mepexa KoHgirypamii 19-1-25-5 nobpe crpaBiserbest 3 TakuMu atakamu, sk Back, Buffer overflow Ta Ipsweep.
Hunst po3mizHanHA atak Quess password 1 Neptune HepocTaTHbO 3aBAaHHS 19 mapaMeTpiB MepekHOro Tpadiky.
HaykoBa HoBu3Ha. OTpuMaHi 3aJ€XHOCTI Yacy HaBYaHHS (KUTBKOCTI €110X) HEMPOHHOI MepeKi BiJ KiJIbKOCTI HEH-
poHiB y mpuxoBaHoMy mapi (Bix 10 mo 55) Ta ximpkocTi npuxoBaHuX mapiB (Bix 1 1o 4). 3a ymMoBHU 30idbpIIEHHS
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MOJEJIOBAHHA 3AJIAY TPAHCIIOPTY TA EKOHOMIKHA

KUTBKOCTI HEHpOHIB y NMPHXOBAHOMY IIapi HEMpPOHHA Mepeka 3a anropuTMoM Batch HaBuaeThcs mBuaIe Manxe
B TpH pa3y, HDK HEWpOHHa Mepeska 3a anmroputMoM Resilient. k1o 301IpMmATH KITBKICTh IPUXOBAHMX IAPiB, HEH-
pOHHa Mepeka 3a anropuTMoM Resilient HaBuaeThcst Maibke B IBa pa3u MIBHUIIIE, HIX 3a anropuTMoM Incremental.
IpakTuuna 3HavyumicTs. Ha ocHOBI mapamerpiB MepesKHOTo Tpadika BUKOPUCTaHHS HEHMPOHHOI Mepexi KoHQi-
rypauii 19-1-25-5 no3Bonmuth y peanbHOMy uaci BusiBUTH 3arpo3u Back, Buffer overflow, Quess password,
Ipsweep, Neptune Ha KOMIT'IOTEpHY MEpPEXyY Ta 3J1HCHUTH BiIIOBIIHIH KOHTPOIIb.

Kniouosi crosa: mepexunit Tpadik; 3arpo3a; HeHpoHHa Mepexa; BHOIpKa; MPUXOBaHHUH I1ap; TPUXOBaHI HEH-
POHH; aNTOPUTM HaBYAHHS; KiTbKICTh €MOX; MOXHUOKa

U. B. XYKOBULIKUI!, B. H. TIAXOMOBA*

"Kad. «DneKTPOHHBIC BBHIUHCTUTEIBHBIC MANIMHED, JIHCIPONECTPOBCKHUI HAIMOHATBHBINA YHHBEPCHTET XKCIC3HOTOPOKHOTO
TpaHcIopTa HMeHH akanemuka B. Jlazapsna, yn. JlasapsHa, 2, launpo, Ykpanna, 49010, Tex. +38 (056) 373 15 89,

a11. moura ivzhuk@ua.fm, ORCID 0000-0002-3491-5976
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BBISIBJIEHUE YI'PO3 B KOMIIBIOTEPHOU CETHU HA OCHOBE
MHOT'OCJOMHON HEMPOHHOM CETH

Heas. B mocnenHee BpeMs Bce dalle HOSABISIOTCA COOOIIEHUS O NMPOHHMKHOBEHHHM B KOMIIBIOTEPHBIE CETH
u ataku Ha Web-cepBepsl. ATaku mopa3aelsioT Ha cieayromue kateropuu: DoS, U2R, R2L, Probe. Ienbio cTathu
SIBJISIETCSI BBISIBIICHUE YTPO3 B KOMIIBIOTEPHOM CETH Ha OCHOBE NapaMeTpOB CETEBOTrO Tpaduka ¢ HCIOJIb30BaHHEM
HEWpOCEeTeBON TEXHOJIOTHH, YTO MO3BOJIUT 3alUTUTH cepBep. Meroanka. OOHapyKeHHE B KOMIIBIOTEPHOI ceTH
Takux yrpo3 kak Back, Buffer overflow, Quess password, Ipsweep, Neptune ocyiecTBiIcHO Ha OCHOBE aHaIM3a
1 00pabOTKN AaHHBIX O MapaMeTpax CETEeBBIX COCIMHEHMH, YTO MCHONB3YIOT cTek npoTokoioB TCP/IP, ¢ npumene-
HUEM HelpoHHOW cetn KoH(purypammu 19-1-25-5 B mporpamme Fann Explorer. IIpm MonmenupoBanmm paGOTHI
HEHpPOHHOW CeTH WCHOJIbh30BaHbI yueOHas (430 mpumepoB), TectoBas (200 mpuMepoB) U KOHTpONIbHAS (25 mpuMme-
POB) BBIOOPKH, COCTaBJICHHBIC HA OCHOBE OTKPHITOH 0a3bl maHHbex KDDCUP-99 ¢ 5 000 000 3ammceii o coemuae-
Hun. Pesynbrarel. Co3gaHHas HEWpOHHAst ceTh Ha KOHTPOJIBHOW BBIOOpPKE omperenia morpemHocts B 0,322.
Omnpeneneno, 4to cerh KoH(urypamuum 19-1-25-5 Xopomo cmpaBimseTcs ¢ TaKUMH aTakamu Kak Back,
Buffer overflow u Ipsweep. s pacrio3naBanust atak Quess password u Neptune HeOCTaTOYHO 3aaaHus 19 ma-
pameTpoB ceteBoro tTpaduka. Hayuynasi HoBusHa. [ToyueHbl 3aBUCMMOCTH BpEMEHHU 00yueHHs (KOJIMYECTBA JIOX)
HEHPOHHOU CETH OT KOJMYeCTBa HEMPOHOB B CKpbITOM cioe (0T 10 70 55) u xomuvecTBa CKPBITHIX clioeB (0T 1 10
4). Tlpu ycinoBuM yBeNUYEHHs KOJIMUECTBA HEHPOHOB B CKPBITOM CJIO€ HEWPOHHAs CeTh 10 anroputMmy Batch yuurcs
ObIcTpee MOYTH B TPH pasa, yeM HeHpOHHas ceTh 1o anropurmy Resilient. Eciu yBenn4uTh KOJMUECTBO CKPBITHIX
clI0eB, HEHPOHHAs ceTh Mo anroputMmy Resilient yunTcs modTy B 1Ba pa3sa OvIcTpee, ueM 1o anroputMy Incremental.
IIpakTHyeckas 3HaunMocThb. Ha ocHOBe mapameTpoB ceTeBoro Tpaduka HCIOJIb30BaHNE HEHPOHHOM ceTH KOH(pH-
rypanuu 19-1-25-5 o3BONHT B peasbHOM BpeMeHH 00HapyXuTh yrpossl Back, Buffer overflow, Quess password,
Ipsweep, Neptune Ha KOMIIBIOTEPHYIO CETh U OCYIIECTBUTH COOTBETCTBYIOIINI KOHTPOJIB.

Kniouesvie crosa: cereBoil Tpaduk; yrposa; HeHpoHHAs! CETh; BHIOOpPKA; CKPBITHIH CJOH; CKPBITHIC HEHPOHBI;
AJITOPUTM OOYUYCHHMS; KOJIMYECTBO 3M0X; HOTPELIHOCTh
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HETPAJULIWHI BUAU TPAHCIIOPTY.
MAIINHA TA MEXAHI3MUA
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BJIUSAHUE CONTPOTUBJIEHUNA KAYEHUIO HA IUHAMHUKY
MEXAHU3MOB IIOABEMA TPAHCIIOPTUPYIOIINX MAILIINH

Heanb. KoadduuueHT TpeHns kayeHus B MOIIIUITHUKAX ONpeJessieT BEJIMYUHY CONPOTHBIICHUS BpaIlEHUIO Ka-
HaTHBIX OapabaHOB MEXaHU3MOB I0JbEMa TPAHCIOPTHPYIOMIMX MAIIHMH, YTO BJIMSET Ha 3HaYeHHE KOd(PQHIIEeHTa
IIOJIE3HOI'O ,E[eﬁCTBHSI TaKuX MalllH U, COOTBETCTBEHHO, HA UX NTUHAMUKY. I[J'IH YTOUYHECHHA BCIINYUH KO3(1)(1)I/IHI/ICHT3
nostesroro aevicteus (KII/I) u ckopocTu MBIXKEHHS Ipy3a B paboTe HEOOXOAUMO aHATUTHYECKAM CIIOCOOOM orpe-
JIeTINTh BEIMYMHY MPUBEJICHHOTO K mnande ko3huunenta TpeHust KaueHus IS IapUKOBBIX ITOIIIUITHUKOB Oapa-
0aHa MeXxaHH3Ma I0JJbeMa, a TaKKe OLCHUTH €r0 BIMSHHE HA AWHAMUKY Takoro MexaHusma. Meroauka. B pabore
TIPUMEHSIOTCS 3aBUCHUMOCTH JUISl OIIpeAeIeHus KodpQuIeHTa CONpOTHBICHHS [IIaPUKOBOTO MOANIMITHUKA KaHAaT-
Horo OapabaHa MexaHM3Ma I10,IbeMa ITPH BPAIICHUN €T0 KaK BHYTPEHHEH, Tak U Hapy>KHOI 000iiM, a TakxKe pacyer-
HBIE CXEMBI NOMIIMMHMAKA U OapabaHa. Pesyabrarbl. Ilo mroraMm nccienoBaHMH INPUBEAEHBI 3aBUCHMOCTH IS
OTIpEeJIeTICHUs] CKOPOCTH JIBHXKEHHS Ipy3a U KO PHIMEHTA MOJIE3HOr0 JeHCTBHUS MeXaHU3Ma T10/I1beMa TPAHCIIOPTH-
pyromux MallkiH C YTOYHCHHBIM 3HAYCHHUEM KO3(1)(1)I/IHI/ICHT3 COIIPOTUBJICHUA OBUKCHUIO. HOCTpoeHI)I COOTBET-
CTBYIOIIUE Tpaduueckue 3aBUCUMOCTH JJIsi KOHKPETHOTO MpHMepa. AHaIU3 MOJYYeHHBIX 3aBUCHMOCTel U rpadu-
KOB TO3BOJISIET CHIENIaTh CICAYIONIHE BBIBOIBI: 1) CKOPOCTh OIyCKAHWS IPy3a 3aBUCHT OT MOJIOXKEHHsS KaHaTa II0
JnuHe GapabaHa, YMEHBINASCh MPHU MPHOIIKSHHH K CepeuHe; 2) MPUBEICHHbINH K Hamndpe KodhGHUIMEHT TPeHUs!
MOJIIIMITHUKOB Oapa0daHa yBETMUMBAETCS ¢ NPUOIMKEHHEM KaHaTta K cepeaune 6apabdana; 3) KI1/I kanaraoro Gapa-
0aHa 3aBHCHT OT NOJIOKCHMSI KaHaTa Ha OapabaHe, yMeHbIIAsICh C MPHONIMKCHUEM KaHaTa K cepenuHe OapabaHa;
4) KII/I moanMnHuKa 3aBUCUT OT TOT0, Kakas 000iiMa BpalaeTcsi: BHyTPSHHS MM HAPY)KHAs, U Pa3HHULA 3aBUCHT
KakK OT Harpy3KH Ha ITOJIIIUITHUK, TaK ¥ OT CMa3KH, focturas 6oixee 3 % mpu ee orcyTcTBud U 2 % — npu *KUAKOH
cmaske. Hayunast HOBU3HA. ABTODBI IOJTyYHMIIM YyTOYHEHHBIE 3aBUCHMOCTH CKOPOCTH noabkema rpysa u KI1/] mexa-
HHU3MOB HOJBEMa, UCTIOJNB3YS IIPH 3TOM 3aBUCHMOCTH T10 ONPEAEICHHIO KO PUIIMEHTa CONPOTHBIICHUS JABUKECHUS
B NOAIIMITHUKAX Oapabana. IIpakTmyeckasi 3Ha4MMOCTh. [loiydyeHHbIE 3HAUCHHS CONPOTHBIECHUH MOTYT OBITH
TIPUMEHCHBI JIJI1 YTOYHEHHBIX PACYCTOB MEXAaHU3MOB ITOJAbEMA TPAHCTIOPTUPYIOINUX MAIlIWH.

Kniouegvie crosa: 6apaban; Tpenne; conporupiieHne; noamumauk; KITJ1 — ko3 uimeHT moie3Horo AeicTBus
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HETPAJIALIHI BUJIU TPAHCIIOPTY. MAILLIMHU TA MEXAHI3MU

BBenenue

[Ipu cratndyeckoM MM AUHAMHYECKOM pacyueTe
MEXaHU3MOB C Kau€HHEM OOBIYHO HCIIOJIB3YIOT
9KCHEPUMEHTAILHO TOJYyYCHHBIC BEJIHMYUHBI KO-
3¢ GULMEHTOB TPEHHsI KaueHHs IMPH pacyeTre Me-
XaHU3MOB TIEPEIBIKEHUS KPAaHOB, KO3 GUIIHICHTHI
TPEHUS! NOIIUIIHUKOB KaueHMsl, IPHUBEACHHBIC
K Bajy, (mpu pacyere y3/10B ¢ HOALIMITHUKAMH Ka-
YEHHs), OTHOCUTEIIbHYIO BEIMYHMHY COIPOTHUBIIC-
HUsl Ka4deHHIo Kosiec (Mpu pacuere MOABHKHOTO
COCTaBa MOE30B) M JIPYTHE DKCICPUMEHTAIBHO
MOJTy4YEeHHbIE BETUMUMHBI H 3aBUCHMOCTH.

MHorumMu aBTOpaMu OBUIO TTOYYE€HO OOIBIIOE
KOJINYeCTBO (OPMYI IJIsl ONpeeICHUs] COIPOTUB-
JieHU# kadeHuto. Ho oHM OOBIYHO cojepxalid Be-
JUYUHBI, KOTOPbHIE OIPEHENSUINCh SKCIEPUMEH-
TaTbHO W OIpeNeleHus HX TpedyeT OOmbIIero
Tpy/a, YeM ONpeIeIeHUE CaMOTO COPOTHBIICHHSL.

AHanuTH4ecKkre 3aBUCHUMOCTH HE MOTJIHU 6I)ITI)
MOJyYEHBl 10 PEIICHUs] OCHOBHBIX 33Jad O KOH-
TaKTHBIX HANPSDKEHUSIX U AeopMalusax METOAaMU
teopun ympyroctu I'.T'epma B 1881-1882 rr.
Tonbko uepe3 60 gjer mnocie HCCAEIOBaHUI
I'. T'epna . Tabopom [15] momy4deHbl aHATHTHYE-
CKHE 3aBUCHMOCTH MO OMNpeAeieHUI0 Kod(duiu-
CHTOB TPECHUS Kau€HHsI IPU JINHEMHOM U TOUYE€YHOM
KOHTAKTe.

1. Tabopom MOy4IEHBI CICAYIOIINE 3aBUCUMO-
CTH I onpe/esieHus: KodpUIMeHTa TPSHHs Ka-
YeHUS:

— IIpY JIMHEHHOM KOHTAKTE:

2
k=2La, 1
3" 1)
— [P TOYCYHOM KOHTAKTC:
3b
k=", 2
i 2)

rae b — momymmpuHa nATHAa KOHTaKTa, ONpesess-
emas cornmacHo teopuu I'. 'epra; oo — ko3¢ unu-
€HT THCTEPE3UCHBIX MOTEPb.

[lockonbky ko3 uLIMEHT O HMEeT MOJEKy-
JSIPHO-MEXaHUYECKYI0 TPUPOJY, TO OIPENEIUTh
€ro Ul MPaKTUYECKOTO0 MCIOIb30BAHUS BPSA JIH
BO3MOXHO, MO3TOMY 3TH (OpMYJIBl HE HMEIOT
MPaKTUIECKOTO MTPUMEHEHUSI.

[Ipu ucnons3oBanuu ¢opmyn (1)—(2) u npu
XOpOIIO anpoOMPOBaHHBIX BEIMYUHAX KOAPPHULIHU-

€HTa TPEHUsl KaueHHs JJIsl KPaHOBBIX KoJiec B [2,
11] naiinens! KO3QPHUIUESHTHI O .

Amnanorununo ¢gopmynam (1) u (2) atu popmy-
JIBI TIOJTY4EHBI B BHJIE:

k =27be_1’2R; (3)
3n
k=3002R (@)
16
rae R — paanycC KaTAmerocsa Tejiia Ka4€Husa B MCT-

pax.

EcrectBeHHO, 3TN (OPMYJIBI TPHUTOAHBI IS
METAUIOB, a Ui JPYTHX MarephajoB TpeOyroT
yrouHenuid. [Ipobnembl onpenaeneHuss Kodpuuu-
€HTa CONPOTHBJICHUS KAaYEHHIO W €ro BIHSIHUS Ha
JIMHAMUKY MEXaHH3MOB ITOJIbEMa, a TAKXKE 3a/1auH,
CBSI3aHHBIC C HHUMH, pacCMaTpUBAINCh B Pa3HOU
Mepe B paboTax pa3HbIX aBTopoB [1, 3, 7, 9, 10, 12,
13, 14].

Hean

OnpenennuTs aHATUTHYECKUM CIOCOOOM BeEIH-
YUHY MPUBEACHHOTO K namnde xodddumnmenta Tpe-
HUS Ka4yeHUs JUIS TIOJIIUITHUKOBBIX ITOIIUITHHU-
KOB, a TaKXK€ OLICHUTH €ro BJIUAHUC Ha NUHAMUKY
MEXaHHU3MOB II0IbeMa.

MeToanka

Hcnons3yeTcss paccueTHO-aHATUTUYECKUI Me-
TOA. B IIApUKOBBIX MOJUIMIHUKAX (IPUMEPHO
B PaBHBIX CIyd4asx) MOTYT BpaIlaThCs Kak
BHYTPEHHSISI, TaK W HapykHas o0oiimbl. HecmoTps
Ha 3TO B CIPaBOYHOM JMUTEpPaType IPUBOIAUTCS
TOJIBKO OJlHA BEJIMYMHA MPHUBEIECHHOIO K Baly
ko3¢ (huIIMeHTa TPEHNSI.

PaccmoTrpum ciywail, koraa Bpaliaercs BHYT-
peHHsIs1 000HMa MOIINITHHKOBOTO MOAIIUITHAKA.

Ha puc. 1 mpuBenena cxema paccMaTpuBacMo-
ro mapukonoamunHuka. IlpunokeHHas K Bay
cuna Q uepe3 BHyTpEHHEE KOJIBIO IepenaeTcs
NOALINUITHUKAM, KOTOPBIE HArpy»XarTCs HEPaBHO-
MepHO. HambGonpuryro Harpy3ky BOCIPHHHMAET
MOAIINITHUK C LIEHTPOM, PACIOJOKEHHBIM Ha JIW-
HUM JeiicTBus cuiabl Q, a HAMMEHBLIYIO — C IIeH-
TPOM Ha JINHUH, IepIeHIuKyIsIpHoit Q . Harpysky
BOCIIPUHUMAIOT TOJIBKO T€ IIAPUKONOIIMITHHUKHY,
KOTOPBIE PACIOJIaraloTCs HHUXKE TOPU30HTAIBLHOIO
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nuamerpa. Cunbl P, KOOpIMHUPOBAHHBIE YITIOM

Y; OTHOCHTEIILHO JIMHUM JEUCTBUA CHibl Q , Oy-

ACM CUUTAaThb CUMMCTPUYIHBIMU.

Puc. 1. [IpuHsATHIC 0003HAYCHUS K paCUCTy
IAPUKOMOAIIUITHUKA

Fig. 1. Accepted designations for the calculation of the
ball bearing

Harpyska, mpuxojsimas Ha Hauboiee 3arpy-
YKEHHBIN HoammunHuk [5, 6, 8]:
D+d,

=2 7=292%% (5)
z D—d,

Ha ogun 00KOBOW IIapyK JACHCTBYET CHJIA!

3/2
P,=Pcos ;. (6)

PaccmoTpum ciyuwaif, xorma BpamaeTcsi BHYT-
peHHsIsI 000HMa MIAPUKOTOAIIMITHUKA (IIPU HEMo-
JBMOKHOUN HAPYKHOM).

[lonyunB Harpy3ku Ha MOALIMITHUKHA U TPUHSAB
WX pa3Mepbl, OIPEIENUM COTIPOTUBIICHUS Kau€HUIO
HauboJee 3arpy>KeHHOTr0 IAPUKOIOIIUITHAKA 110
BHYTpEHHEW W HapyKHOW o00oiimMam, paccuuTaeM
CHauaja MONyMIHUPUHY NATHAa KoHTakTa. llpu onu-
HakoBbIX Kod(dunmentax [lyaccona moamumHu-
KOB M 000#MBI, KOTOpble paBHbI 0,3, a Takxke pa-
BEHCTBE UX MOJYJIEH YIpYroctu [5], HoaymupuHa
MATHA KOHTaKTa paBHa:

by =1,397n,, JPO ! (7)

E 2/r,—1/r +1/r,’

rae N, — BEIWYMHA, 3aBUCAIIAS OT OTHOIIEHHS
K03 ¢uIMeHToB 4 U B ypaBHEHHUs dIIIMIICA Kaca-

11
HH;{A— JTRRL ;I — pagmyc mapuka; . — pa-
—B_i_‘_l’m pﬂy p s T p
rILIrB

auyc skenoba; I, — paanyc OEroBoi JOPOXKKU

BHyTpeHHeil oboiimel, I, =0,15(D—d,).
Ilpu usBecTHOl BenmumHe by KodbdunUeHT
TpeHHs KaueHUs HahaeTcsa u3 GopMyisr (4):

3b, —0,2r
kOb :Tgbe u

a COMPOTHBIICHUE KAYCHUIO HaWOOJiee 3arpyKeH-
HOTO IIapHKa [0 BHyTPEeHHEH 060iime
K, P,
_ ob” o
W, = R

il

: (8)

(9)

[lonymmpuna mnATHa KOHTaKTa HauOojee 3a-
IPY’KEHHOTO MIapHKa ¢ Hapy>KHOU 000HMON:

b,, =1,397n,,

rae n,, — BEIMYHMHA, 3aBUCSAINAS OT OTHOIICHUS
KO3 (UIIMEHTOB ypaBHEHUS JJUIMIICA KacaHUs

11
A_\ BW)o r . panmye Gerosoit moposx
BT -

i T

HapyKHOH 000HMBI, I, =T, +3r .

KoaddurmenT TpeHus: kKaueHUS U COMPOTHUBIIE-
HUS KadeHWIo HaineHsl mo (opmymam (8) u (9)
npu 3ameHe by, Ha b, u k,, Ha K .

ConpoTHBIieHHE KAaYEHHIO OOKOBBIX IMOJIINII-
HUKOB TI0 BHYTPEHHEH H HapyXHOH oO0oiiMaM
Haxoxutes u3 dopmyin (6) — (10) npu 3amene P,
Ha PB.

Hdns  ompeneneHuss KodpQUUUEHTA TPEHUS
MOJIIIMITHAKA KadeHUsl, MPHUBEJCHHOTO K Tarde,
HaiiieM paboTy CHII TPEHHsI KaueHUsl 10 BHYTPEH-
HEH W HapyXHOHM o0olMaM Ha pPacCTOSHHH, PaB-
HOM JIJTHHE OETOBOM JOPOKKH Ha OJIHOM TIOBOPOTE,
T.e. L=2nur,:

A, =(SW, +IW,)2m, .

PaGora ycnoBHo# cunel F,, npunoxeHHOH K

paguycy uangsl I :
paboThI, TIOIYYUM CHITY TPEHUSI Ka4eHUs 10 BHYT-
peHHel oboiime:

A=2mrp Q. Ilpupasusas

F, = £
"(EW, +ZW,)r,
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oTKy/a KO3(D(DHUIMEHT CKONBXKCHUS 1O BHYTPEH-
Hel o0oiMe:

(ZW, +XW,)r,
HB = "
r,Q

W,, W, — compoTruBiieHHE Kad€HUIO 110 BHYTPEH-

(11)

HeH U HapyKHOH o0oiiMe.
Teneprs paccMOTpUM CIIy4aid, KOT1a BpALAETCs
Hapy>KHasi 000#Ma MApUKOBOTO MOANIMITHUKA.
CyIlleCTBEHHBIM OTIMYMEM OT MPEABIAYIICTO
ciydas SIBJISIeTCA TO, 9TO, €CITM B MEPBOM CITydae
LIAPUKH 32 OJMH 00OPOT HE TOXOIMIHN MO HapyK-
HOI1 oboiimMe paccrosHus Ha AL =2n(r, —r), TO

B 9TOM CJIy4ae Ha 3TOM OTpPE3KE LIAPUKU OyAyT
CKOJIB3UTh 0 BHYTpeHHeW o00oiiMe (BBHIY 00JIb-
mero ux COIMPOTUBJICHUA KAaYCHUIO I10 Hapy)KHOﬁ
00oiiMe, SBISIOMIETOCS ABIDKYIIEH CHIION CKOIb-
KEHHA).

ITo anamoruu c nepBBIM CIy4aeM, HO C y4ETOM
CKOJIBKEHUS IApUKOB, paboTa CWUJI TpPEHUS IO
HapyXHOH o0oliMe:

A—l = 2TC|:(rB ZWB + rH Z"WH)_'— (rH - rB)“‘CKQ:I '
Amnanorngso ¢popmye (11) 3anmumem hopmyiry
JUISL ONIPEJICJICHUsT MPUBEIECHHOr0 K Iarde ko3d-
¢unMeHTa CONPOTHBJICHUS TOJIIMIHUKA TPH
BpallleHUU HAPYKHOU 0OOMMBI:
I, ZWB +r ZWH + (rH - rB)MCKQ
W, =
r,Q

KOO(POUITUEHT TPEHUS CKOIBXKEHHS

, (12)

TAC [
MEX/Ty MAPUKOM U 000HMOH.

PesyabTarsi

Paccmorpum nmpumep pacuera MeXaHH3Ma
NoAbEMa C MOAIIUITHUKAMY, B KOTOPBIX BpallaeTcs
BHYTpPEHHSSI WM HapyXHasg o6oiima. [Ipu sTom
MIPOBEJIEM HCCIIEIOBAHUE BIMSHUSA COMPOTUBICHUS
KQueHHIO MOJIIUIIHUKOB Ha CKOPOCTb OITyCKAHMS
rpysa.

PaccmoTpum craeayronryro 3anady. ['py3 mac-
coii Q moxBelIeH Ha HEPacTSHKUMOM KaHare. Mo-

MeHT uHepuuu Oapabana |, paguyc 6apabana R,
MOTOHHAs Macca kaHata (. Ompeznenum CKOpOCTh

rpy3a mOpu JuuHe KaHata X (puc. 2), eciu
B HayaJbHBI MOMEHT ckopocTH rpysa V, =0,

a IJIMHA CBUCAIOIICH YacTH KaHaTa paBHa X, [6].

Yabi

A Fe

Puc. 2. PacyeTHas cxema MexaHH3Ma MOJbeMa MPU
MO/IIIMITHUKAX C BpallICHUEM: 6 — BHYTPCHHEH U
6 — HapYKHOH 000iM OTMIOPHBIX MOAUTHITHUKOB

Fig. 2. The design scheme of the lifting mechanism
for bearings with the rotation: b — inner and
¢ — outer holders of the bearings

s penieHus 3a1a4y ¢ Y4eTOM TPEHHS Ha OCH
OapabaHa TPEINONIOKUM, YTO OCh OMHpAETCS Ha
JIBa TIOAIIMITHUKA. [Ipy 3TOM KaHAT MOYKET MEHSTh
MIOJIOJKEHHUE To ITiHe OapabaHa Tak, 4TO Harpyska
Ha OAMH MOALIMITHUK MOXKET MeHsThes oT 0 1o Q .

MakcuManbHyI0 Harpy3ky Ha OJAWH ITOJIIIWII-
HuK npuMmeM paBHor Q=50 kH, xotopoi#i coot-
BETCTBYET MOIIIAMHUKOBBIA mommumauk Ne 313
co  crarmueckod  Harpyskoii Q. =5400kr,
D =140mm, d, =65 mm (puc. 1).

OcrajibHble JaHHBIE IPUMEM CICAYIOMUMHU [4]:
paguyc  Gapabana R=250mm, Xx,=0,5Mm,
X=6 M, AMaMeTp MOAMUIHUKOB (0€3 OKPYTIIEHUS
no cranmaptHoro) d =0, 3( D-d, ) MM, panyc
*oioba Gerosoii nopokku r =0,515d =116 mm,
2,9(D+d,) 3

z 27(D—d0) =8

KOJIMYCCTBO IMOAIIMUITHHUKOB

TIPH yTIJIe MeXIy mapukamu y =45 .
Harpyska Ha Hanbonee 3arpyKeHHBIN IAPHK:

(o]

P = @ =30 xH.
Z
Ha ogun 60koBO# IIapHK:

P, =P, cos¥/2Y = 23.8xH.

ConpoTHBIIEHUS  KaYSHWIO  I[EHTPAILHOTO
U IByX OOKOBBIX TMOJIIMITHUKOB PACCUUTHIBAIOTCS
o ¢popmynam (7) — (10) 1 ux 3aBHCUMOCTH OT TIO-
JIO’)KEHUS KaHaTa Ha OapabaHe 1MoKa3aHkl Ha puC. 3.
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W@’WH'W”KH —

25 ™

VAN

N

15

10 | ﬁ:::ttq?
1 -

o5 !

0 u5q5qvﬂox§

Puc. 3. 3aBUCHMOCTB CONIPOTHBIICHUN KaUCHUIO
MTOIIIAITHIKOB OT MOJIOKCHUS KaHaTa Ha OapabaHe:
1 — mo BHyTpeHHeit o6oiiMe, 2 — 0 HapyKHOH o0oliMe,

3 — cymmapuoe, Wy +W,, =W

Fig. 3. The dependence of rolling resistance of balls on
the position of the rope on the drum:
1 —on the inner cage, 2 — on the outer cage,

3 —total, W, +W, =W

Koadduument TpeHus: MOAMIMITHUKOB, MpUBeE-
JIeHHBIN K Bamy (ocu) OapabaHa coriacHO Gopmy-
nmam (11) u (12) npu nonoxxeHnn KaHata Ha Oapa-
Oane, coorBercTByomeM 0; 0,25; 0,75; 0,5-L co-
CTaBUT COOTBETCTBEHHO:

— TIpH BpallcHUU BHYTPEHHEH 000MMEI

ng =0,0480; 0,0493; 0,0711;

— TIpW BpamIeHUH HAPYKHOH 00OHWMBI

u, =0,0946; 0,1328; 0,1953

(CxonpKeHHe
CMa3KH).
3aBucuMOCTb Ko3(umenTa TpeHus moALIHII-
HHKa, IPUBEJICHHOTO K BaJly, OT MOJOKEHHS KaHa-
Ta mokazana Ha puc. 4. Tam >xe mokaszanbl K03¢-
(UIMEHTHl TPEHUS! CKOJILKEHUSI CTalld IO CTajH
IpU Pa3HBIX Croco0ax CMa3KH M PeKOMEHIyemast
BEJIMYMHA TPUBEAECHHOTO K Hande kodddunpenta
TPEHUS! JUTSI IIAPUKOMOIIUITHUKA.
AHaIUTHYECKOTO BBIPOKCHUS IS Olpejaere-
HUS Wg M W, , OUYEBHJHO, HE CYIIECTBYET, BBUILY

INOAIIMITHUKOB 0e3 OTCYTCTBUA

OTCYTCTBHS BBIPQKCHUS JJISI ONpEIeNieHHsS Kodd-
¢unmenTa TpeHus: KadeHus. be3 ykazaHHsS Ha ero
BEJIMYMHY NP paBeHcTBe Ko3(dduumenTta amnst Oe-
TOBBIX JIOPOXKEK BHYTPEHHEHW W HapYKHOH 000MM,
HE3aBUCHMO OT Harpy3KH Ha IIApHK, TAKOE BHIpa-
’KeHue npuseneHo B [4]. Takum oOpazom,

1,4k r
=2 (1+-2).
u . ( rm)

Ao A,
0,15 =3
gro
Q05
Q e s
¢ 425 ¢

Puc. 4. 3aBucumocts K03 duIeHTa TPEHUS
noamumauka Ne 313 npuBeICHHOTO K Bay,
OT TI0JIOXKEHUS KaHaTa Ha OapabaHe (Harpy3ku
HAa MOIIIMITHUK) [TPY BPAICHUH:
1 — BHyTpeHHe# 000#MBI; 2 — HApYKHOI 000HMBI
pu K03 HUIMEHTE TPEHUS CKONBKEHUS MTOJIINITHAKA 110

suytpenneii o6oiive L =0,05 (cmaska B macnsHoit Banme);
3-rtoxenpu P =0,15 (cmaska orcyrersyer);
5 — 6e3 yuera CKONbKEeHHUS TOAUIMITHIKOB 110 000iiMe;
001acTp @ — peKOMEHIyeMbIe BETMYUHbI K03 HUIIEeHTOB

TPEHUsI CKOJILKEHHS; 001aCTh 6 — PEKOMEHTyeMbI€e BETHYH-
HBI IPUBEICHHOTO K03 (HUIIMEHTA AT IAPHKONOAIINITHUKOB.

Fig. 4. Dependence of the friction coefficient of bearing
No. 313 reduced to the shaft from the position of the
rope on the drum (load on the bearing):

1 - on the inner cage; 2 — the outer cage at a coefficient of
sliding friction of the bearing along the inner cage,

p = 0.05 (lubricant in the oil bath); 3 — the same at
p =0.15 (no lubricant); 5 — without sliding of bearings along
the cage; a — recommended values of sliding friction coeffi-

cients; area b — recommended values of the reduced coeffi-
cient for ball bearings.

JloTosTHUTENIbHOE OTCYTCTBHE B 3TOH (opmyIe
paamyca O€roBOM MOPOXKKH HApPYXKHOW 000HMBI
yKa3bIBa€T Ha BO3MOXKHYIO OOJBIIYIO HOTpell-
HOCTB TIPH oTpeiesieHiH K03 duirenTa.

IMoncranoska Bennunubl Ky, =0,133 MM mpu

P, =30 xH u npunATHIX BeaU4MH I, T,

", I, Jaer
BenuuuHy p=0,028, 94TO HE COOTBETCTBYET HHU IO-

aydyeHHblM BemuunHam p, =0,043, p, =0,094,
HU pekoMmeHayemoil Bemmumne p=0,01...0,015
JUTS IIAPUKOTIONIITUITHUKOB.

JIns penieHust MOCTAaBICHHOM 3aa4yd 3aIHIIeM
BBIpaKEHHE, ONpEAEIsIoNnee KUHETUIECKYIO SHep-
TUIO CHCTEMBI T, B TEKYIIEM IOJOXKEHUH, U TIPHU-

paBHACM e€ K pa60Te BHCHIHUX CUJI C YUCTOM TpC-
HUA U C y4C€TOM TOIO, 4YTO B HaYyaJbHBIA MOMEHT
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T, =0. Takum 00Opa3zom, IOITYIUM:

2 2
v lv r

T, =, = F s =0-g-(1-50) (x-x,).
2R R

OTcrona

2Qg(L- 1) (x—x,)
V= R , (13)

| o

.A’J o
438
2 097
oL 0,96
|\\/{ | 5;9.5
\r,-( (:‘
750 4l 1494

g 92505 q75 1 de,

Puc. 5. 3aBucuMoCTH CKOPOCTH OIYCKAHUSA
rpy3a u KIIJI cucteMbl OT HOJI0KEHUS
KaHaTa Ha OapabaHe:
1,7°— V u M 1npu BpalleHUH BHyTpeHHEH 000HMBI;
2,2°,3,3,4,4’ -~V u M npu BpalleHUU HapYKHOH
0001MBI 11 KO3 (PUITIEHTaX TPEHUS CKOIBKEHUS
MeXIy mapukamu 1 oboiimoii 0,05; 0,1; 0,15 cooTBeTCTBEHHO

Fig. 5. Dependences of the speed of lowering
the load and the efficiency of the system
from the position of the rope on the drum:
1,1'-V and m at the rotation of the inner cage;
2,2,3,3,4,4 -V and 1 when the outer cage
is rotated and the sliding friction coefficients between
the balls and the cage are 0.05; 0.1; 0.15 respectively

Ha puc. 5 ananorununo puc. 4 mokazaHbl CKOPO-
CTH 1 K03 PHIMEeHTa MOIe3HOTO NEeHCTBHS (Hanee
— KII/I, o603HaueH MTPUXOBBIMU JTUHHUSIMH) MeXa-
HHU3Ma B 3aBUCHMOCTH OT TIOJIOKCHHSI KaHaTa Ha
Oapabane. KII/] MoryT ObITh IOJIy4€HBI U3 COCTaB-
JISFOIIEH MOIKOPEHHOTO BHIPAIKEHUS:

.
=1-u2 [9
n he [9]

nim

(14)

Takum obpasom, npu L; =0 3Hauenue KIIJI,

HaiaeHHoro 1o ¢opmyne (14) cooTBETCTBYET Be-
muunbe KII/] xaHaTHOTO 0JIOKa, pEKOMEHIYEMOTO
B cmpaBouyHoi Jsutepatype mN=0,98...0,97 Ha

MOJIIIAITHAKAX KaYCHUsSl TPU TOJyYCHHOW BelU-
yune m, =0,987; 0,986; 0,980 u n=0,974; 0,973
u 0,966 B 3aBUCHMOCTH OT CMa3KH.

Hay4yHasi HOBU3HA U NpaKTHYeCKast
3HAYUMOCTh

C NOMOIIBIO 3aBUCUMOCTH IO OIPEAEIECHHIO
ko3 (HUIIeHTa COMPOTHBIICHNUS ABIKEHUS B TTO-
munHErKax OapabaHa TMIONyYeHBI yTOYHEHHBIS
3aBUCHMOCTH CKOPOCTH TOABEMA Ipy3a U KO3-
(uIMeHTa TMOJIG3HOTO JICHCTBUS  MEXaHU3MOB
MObeMa.

HCHOJ’IL?;YGMI)IG MOJIYy4Y€HHBIC 3HAYCHUA COIPO-
THUBJICHUIN MOTYT 6BITI) MPUMCHCHBI I YTOUYHCH-
HBIX PacyeTOB MEXaHH3MOB IObEMa TPAHCIOPTH-
PYIOIINX MaIInH.

BriBoabI

AHanu3 MOJyYeHHBIX 3aBUCHUMOCTEH M rpadu-
KOB IIO3BOJISIET cHENaTh CIEAYIOIIHUE BBIBOJBI
U TIPEINOTIOKEHUS:

— CKOPOCTH OITyCKaHHWsl TPy3a 3aBUCHT OT IO-
JIOKEHHMs KaHaTa 1o JuinHe 6apabaHa, yMEHBIIAsACh
MpH NPUOIIKEHUN K €T0 Cepe/InHE;

— MpUBEJCHHBI K mamnde kodhdUIMEeHT Tpe-
HUSL TOJIIMIHMAKOB OapabaHa yBeIWYMBAETCS
¢ IpuOIMKEeHNEM KaHaTa K cepennHe OapabaHa;

— KIIJ] xanatHOoro OapabaHa 3aBUCHT OT IMO-
JIOKeHWs1 KaHata Ha OapabaHe, yMEHBIIAsACh
¢ IpuOIMKeHNEM KaHaTa K cepennHe OapabaHa,

— KIIJ] mommmumHAKa 3aBUCUT OT TOTO, Kakas
oOoiiMa BpalIaeTcs: BHYTPEHHSS WM HapyXHas
pa3HHLA 3aBUCHUT KaK OT HAarpy3KH Ha MOALIMITHUK,
TaK M OT CMa3KH, qocturas oojee 3 % mpu ee oT-
cyrcTBud 1 2 % — npu )KUAKON cMa3Ke.
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BIIJIUB OIIOPY KOYEHHIO HA TUHAMIKY MEXAHI3MIB
HIAUOMY TPAHCITIOPTYIOYHNX MAIINH

Merta. KoedimieHT TepTst KOUEHHS B MiIIINIIHAKaX BU3HAYA€ BEJMUMHY ONOpY 00epTaHHIO KaHATHUX OapabaHiB
MEXaHi3MiB MiJHOMYy TPaHCIIOPTYIOUMX MAIllMH, IO BIIMBAE Ha 3HaueHHs koedinienta kopucHoi aii (KKJ) takux
MalllMH Ta, BIAMNOBIIHO, HA IX AMHaMIKy. JIJIsl yTOUHEHHS BEJIMUMH KoedilieHTa KOPUCHOI Aii Ta HIBHIKOCTI PyXy
BaHTa)Xy HEOOXiJJHO aHaTITUYHHM CHOCOOOM BHU3HAYHUTH BEJIMUMHY HPUBEICHOrO J10 Handu KoedimieHTa TepTs Ko-
YeHHS U KYJbKOBHX MiJIIMIHHUKIB OapabaHa MeXaHi3My MiIHOMY, a TAaKOX OI[IHMTH HOT0 BIUIMB HA TUHAMIKY
Takoro Mexanizmy. Meroanka. B poOoTi HaBOIATHCS 3aJIC)KHOCTI [T BUSHAYCHHS KOC(II[iEHTa OMOPY KYJIBKOBOTO
MAMUIHAKA KaHATHOTO Oapa®aHa MeXaHi3My MmigiioMy Tpu oOepTaHHI HOTO SIK BHYTPIIIHBOI, TaK i 30BHIMIHBOL
000¥M, a TaKO>XK PO3paxXyHKOBI CXeMH MigMIAMHUKA 1 Oapabana. Pe3yabTaTu. B poboTi HaBeneHi 3aIeXHOCTI s
BHU3HAYCHHS MIBHIKOCTI PyXy BaHTaXy i koedimieHTa KOPUCHOI il MeXaHi3My MiAHOMY TPaHCHOPTYIOUNX MAIIHH i3
YTOYHEHUM 3HAYCHHSAM KoedimieHTta onopy pyxy. [loOymoBaHo BignoBinHi rpadidHi 3aeKHOCTI A1 KOHKPETHOTO
NPUKIaay. AHai3 OTPUMAHHUX 3aJEeKHOCTeH Ta rpadikiB 103BOJIsIE 3pOOUTH HACTYIHI BUCHOBKH: 1) MIBHAKICTH
OITyCKaHHs BaHTAXYy 3aJISKUTh BiJ IIOJIOKEHHS KaHaTa IO JOBXKHHI OapabaHa, 3MEHILIYIOYUCH NTPU HAOJIMKCHHI 10
cepennHy; 2) mpuBeAeHu 10 narndu KoedimieHT TepTs MiIUIMHUKIB OapabaHa 301IbIIY€EThCS 3 HAOMMKEHHAM Ka-
Harta 10 cepeaunn Oapabana; 3) KKJI kanatHoro Gapa0aHa 3ajeXHTh BiJ MOJIOKEHHS KaHATa Ha GapabaHi, 3MeH-
UIYIOYHCH i3 HAGMKECHHIM KaHaTta 0 cepeantn 6apabana; 4) KKJI migmmnHuKa 3ane)uTh Bif TOro, sika 06oiiMa
00epTaEThCs: BHYTPILIHS a00 30BHIIIHS, 1 PI3HUI 3aJICKUTH SIK BiJl HABAHTAXKCHHS HA IIIIIMITHUK, TAK 1 3MaIICHHS,
nocsiraroun Oinbmr 3 % mpu ii BincyTHocTi Ta 2 % — npu piakomy mactiii. HaykoBa HoBM3HA. ABTOpU OTpHMau
YTOYHEHI 3aJIe)HOCTI MIBUAKOCTI migiomy BaHTaxy i KKJ| MexaHi3miB miniioMy, BUKOPHCTABIIN MPH LIbOMY 3aJie-
YKHOCTI TI0 BH3HAYCHHIO Koe(imieHTa omopy pyxy B migmunHUKax Oapabana. [Ipaktuuna 3HaunMicTs. OTpuMaHi
3HAYCHHS OIMOPIB MOXYTh OyTH BUKOPHUCTAHI IJIsI YTOYHEHUX PO3PAaXYHKIB MEXaHI3MiB MiAHOMY TPaHCIOPTYIOUIX
MallyH.

Krouosi crosa: 6apaban; Tepts; onip; migmmnauK; KK/ — xoedimieHT kKopucHOI mii

V. M. BOHOMAZY, L. M. BONDARENKO?", 0. V. BOHOMAZ?, M. G. BRYLYOVA*

YDep. «Military Training of Specialists of the State Special Service of Transport», Dnipropetrovsk National University of Rail-
way Transport named after Academician V. Lazaryan, Lazaryan St., 2, Dnipro, Ukraine, 49010, tel. +38 (056) 373 19 09,
e-mail wbhogomas@i.ua, ORCID 0000-0001-5913-2671

ZDep. «Applied Mechanics and Material Science», Dnipropetrovsk National University of Railway Transport named after Aca-
demician V. Lazaryan, Lazaryan St., 2, Dnipro, Ukraine, 49010, tel. +38 (056) 373 15 18,

e-mail bondarenko-1-m2015@yandex.ua, ORCID 0000-0002-2212-3058

3Dep. «Applied Mechanics and Material Science», Dnipropetrovsk National University of Railway Transport named after Aca-
demician V. Lazaryan, Lazaryan St., 2, Dnipro, Ukraine, 49010, tel. +38 (056) 373 15 18, e-mail 0.bogomas@gmail.com
ORCID 0000-0002-6400-3230

*Dep. «Applied Mechanics and Material Sciencex, Dnipropetrovsk National University of Railway Transport named after Aca-
demician V. Lazaryan, Lazaryan St., 2, Dnipro, Ukraine, 49010, tel. +38 (056) 373 15 18, e-mail mary.brilewa@yandex.ru
ORCID 0000-0001-6331-0880

EFFECT OF RESISTANCE TO ROLLING ON THE DYNAMICS OF THE
LIFTING MECHANISMS OF THE TRANSPORTING MACHINES

Purpose. Coefficient of rolling friction in bearings determines the amount of resistance to rotation of rope drums
of the lifting mechanisms of transporting machines, which affects the value of the efficiency of such machines and
their dynamics accordingly. To clarify the values of the efficiency and the speed of cargo, it is necessary to deter-
mine analytically the amount of rolling friction coefficient for the ball bearings of the lifting mechanism drum, re-
duced to a pin, and also to evaluate its influence on the dynamics of such a mechanism. Methodology. In the paper,
dependences are given for determining the coefficient of resistance of the ball bearing of the cable drum of the lift-
ing mechanism when it is rotated by both the inner and outer cages, as well as the design schemes of the bearing and
drum. Findings. According to the results of research the dependences for definition of cargo movement speed and
efficiency of the lifting mechanism of transporting cars with the specified value of movement resistance coefficient
are presented. The corresponding graphical dependencies for a concrete example are constructed. Analysis of the
obtained dependencies and graphs allows us to draw the following conclusions: 1) the rate of lowering the load de-
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pends on the position of the rope along the length of the drum, decreasing as it approaches its middle; 2) the coeffi-
cient of friction of the bearings of the drum reduced to the pin increases as the rope approaches the middle of the
drum; 3) the efficiency of the rope drum depends on the position of the rope on the drum, decreasing as the rope
approaches the middle of the drum; 4) the efficiency of the bearing depends on whether the holder rotates: internal
or external, and the difference depends on both the load on the bearing and the lubricant, reaching more than 3% in
its absence and 2% - with liquid lubrication. Originality. The authors obtained more accurate dependences of the
lifting speed of the load and the efficiency of the lifting mechanisms, using, in this case, the dependences deter-
mined by the drag coefficient in the drum bearings. Practical value. The obtained values of resistances can be used
for refined calculations of the lifting mechanisms of transporting machines.
Key words: drum; friction; resistance; bearing; efficiency
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CTPYKTYPHO-®YHKIIOHAJBHE OMIUCAHHSA KOHCTPYKIIII
KPHUILIKH JIIOKA

Mera. Po6oTa cnipsMoBaHa Ha CTBOPECHHS CTPYKTYPHO-(GYHKIIOHATBHOTO aHATI3y ICHYIOYOr0 BUKOHAHHS KPH-
LIOK JIIOKIB HAIiBBaroHiB i IOIIYK MOXJIMBUX LUISAXIB iX yJOCKOHaleHHs Ta MoAaepHi3alii. Meroauka. [IpoBenene
JIOCIIZPKEHHS], aHali3 Ta y3arajJbHEHHs 0a3ylOThCs Ha IPHHIMIIAX MOP(OJOTIYHOrO BUBUEHHS TEXHIYHHX CHUCTEM
1 CHCTEMHOT0 TiIX0Iy Ta BPaXxOBY€E PE3yJIbTATH BiJIOMUX POOIT i3 TEMH, BIACHUX PO3POOOK aBTOPIB, MATEMaTHIHO-
My OOTpYHTYBaHHI Ta KOMIT IOTEpHOMY MoJlemoBaHHi. [Ipn po3paxyHKax CKIaJOBHX PYXOMOTO CKIIaxy BUKOPHCTA-
Hi CydYacHi HOPMaTHBHI Ta 3alpoTOHOBaHI MeTOAMKH. Pe3yabraru. CHCTeMHUH MiAXiA y CTBOPSHHI 1HHOBaIIHHOT
KPUIIKHA JIFOKa TO3BOJIHB MPEACTABUTH HOTO KOHCTPYKIIIO Y BHIIIAII PAIY B3aEMOIOB’SI3aHUX 1 B3a€EMOMIFOYHMX ITiJT-
CHCTEM Ta 3 MAaKCUMAaIIbHOIO TOBHOTOIO BpaXyBaTH OCHOBHI (hakTopH iX (pyHKIIOHYBaHHS. P03p0o06IeHO CTPYKTYypHO-
(byHKIIOHAJIBHY MOJIENIb KPHILKH JIFOKa HaliBBaroHa, ska MokKa3alia, 10 MOJOTHO KPHUILIKH JIFOKa € OCHOBHUM eJle-
MEHTOM, CTPYKTYPHO-TIApaMEeTPUYHI Ta (PYHKIIIOHATIBbHI BIACTHBOCTI SKOTO BU3HAYAIOTh BIAMOBIIHI XapaKTEPUCTHU-
KM 1HIIKX BY3J0BUX Ta 0a30BUX €JIEMEHTIB 11 KOHCTPYKIlii. BcTaHOBICHO, 1110 OCHOBHI (DYHKI[IT KPHUIIKH JIFOKA PO3-
MOTUISIFOTHCS YePe3 CKIIA0BI €JEMEHTH MEPIIOro 1€PAPXIYHOro PiBHS (MIXK By3J1aMH): KapKac € IiICHIIOI0YNM elie-
MEHTOM IOJIOTHA Ta 0a3010 [UIsi BCTAHOBJICHHS 1HIIMX, OKPIM TOPCIOHHOTO, BY3J1iB. 3alpONIOHOBAHI TEOPETUYHI TI0-
JIOXKCHHSI, METOJOJIOTIYHI OCHOBM Ta MPAaKTHYHI 3aC00M CTPYKTYpHO-(DYHKI[IOHAJIBHOTO aHali3y IOMLIIBHO
BHKOPUCTOBYBATH y TIONIYKY IUIAXIB ONTUMI3aIlil Ta Ui iHIINX CKIAJOBHX PYXOMOTO CKIIAAY, a TaKOX 00 €KTiB
TPAHCMOPTHOTO MamMHOOYAyBaHHs. HaykoBa HOBH3HA. 3alIpOIIOHOBAHO METOJOJIOTIYHI OCHOBU CTBOPEHHS CTPY-
KTypHO-(YHKIIIOHATFHOT MOJENI KPHIIKH JFOKa Ta Pe3yJibTaTH ii peanizalii, SKi MOXYTh OyTH BUKOPHCTaHI IPH
JIOCTIKCHHSAX MPOIIECiB iX (YHKIIOHYBaHHS, JOCTIKCHHI POOOTH IO CIIPUHHATTIO Ta IIEPEPO3MOIITY Pi3HUX BH-
JIiB HABaHTa)XCHb, TAKCOHOMIi, MiJABHINECHHS CTYIEHS iJeallbHOCTI, iAeHTH(]IKaIii 00’€KTiB, MO PO3TIAAAIOTHCS
y TIporecax IpOeKTyBaHHS, HOCHTIIKeHHS, peMoHTiB. IlpakTmyHa 3HaumMicTh. ba3yioumce Ha CTPYKTypHO-
(bYHKI[IOHAJIBHOMY OIIMCaHHI, CIIPOEKTOBAHO 1HHOBAIIMHUI KOHCTPYKTHB KPHIIKH JIOKa, 30Kpema, Oe3KkapKkacHa
MOJIeNIb 13 BHITYKJIOO KOHCTPYKIIIEIO TIOJIOTHA B CTOPOHY MPOTHIl Macu BaHTa)Ky, BUKOPHCTAHHS SKUX J03BOJHTh
e(heKTHBHO MOJIEPHI3yBaTH BITUN3HSIHUN MTApK HAIiBBArOHIB.

Kntouosi cnosa: TpaHCTIIOpTHA MeXaHiKa; BaHTa)XHI BAaroHW; HAIIBBaroH, KpHIIKa JIFOKA; CTPYKTYpHO-
(yHKIIOHATIFHE OTMCAHHS

doi: 10.15802/stp2018/130014 © O. B. ®omin, M. L. 'opbyros, H. C. Kouenkosa, B. B. Kosanenko, 2018

133



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

Hayxka ta nporpec Tpascnopty. Bicaux /IHinponeTpoBchkoro

HaL[iOHAJIIBHOTO YHIBEPCHTETY 3ali3HUYHOro TpaHcnopty, 2018, Ne 2 (74)

PYXOMMUI CKJIAJI 3AJII3HULID I TATA TIOT3/11B

Beryn

BaxxnmBoo CKJIamoBOIO BHPOOHWYOI iH(pa-
CTPYKTYPH KpaiHu € 3aTi3HUIHUN TpaHcropT. Bu-
TpaTH Ha TPaHCIOPTYBaHHS 3alli3HUIISIMHU CKIIaja-
FOTh BaroMy YacTKy y c0o0iBapTOCTI OLIBIIOCTI pe-
CypCiB T a MarepianpHOi Tpoaykitii. [Iputomy
Oinbie HiK 70 % 3aMi3HUYHUX BaHTAXIB HE TOT-
peOyIOTh 3aXUCTy Bif aTMOC(EpHUX OMamiB, TOXK
iX mepeBO3ATh y HamiBBaroHax. OmHaK CydacHHUI
BITUM3HSIHUHN TIapK HAMiBBaroHiB OUTBINE HIX Ha
90 % cknamaeThcs 3 (Hi3UYHO Ta MOPAIHHO 3acTa-
pimux 3paskiB. Buimeckazane oO0yMOBIIOE HE00-
XITHICTH OHOBJICHHS TIApPKy HAIMIBBAaT'OHIB YKpaiHU
MOIEISIMHA 3  IOJIMIIEHUMH TEXHIKO-€KOHO-
MIYHAMU TTOKa3HuKamu [1, 9, 10, 17].

IepcrieKTHBHUM HAMPSMOM CTBOPCHHS 3pa3KiB
3aJI3HMYHOT TEXHIKK HOBOTO MOKOJIHHS € pO3p00-
JIEHHs X IHHOBAIIHHUX CKIIagoBuX [5, 1215, 18].

Sk cKIamoBY HAIBBAroHiB, IO XapaKTEPH3Y-
€THCSI MACOBHM TIOTIUTOM, MOXKHA BHIUTHTH KPHIIKY
moka [2, 4-6, 11]. 3a3HaueHe MOSCHIOETHCS BaXkKKiC-
TIO YMOB ii eKCInTyaTamii — e Kopo3iiHuit Ta abpa-
3WBHHHA 3HOC, yIapH IIiJ Yac MaaiHHA MTYYHUX Ba-
HTaXIB, CYTTEBE HABAaHTAXXCHHS ITiJ1 Yac BiJAKpUBaH-
Hs. Ha cyyacHOMY piBHI PO3BUTKY HAyKH ¥ TEXHIKU
JUTSI CTBOPEHHST IHHOBAITIMHOI KOHCTPYKITIT KPHIITKH
JIFOKa HEOOXIJTHO PO3POOHTH 1 3aCTOCYBATH aaIlTH-
BHI METO/W MPOCKTYBaHHS HAa OCHOBI CHCTEMHOTO
miaxony [3, 7, 18] 3 BUKOpUCTAaHHSIM Cy4acHUX Ha-
MpaIloBaHb y ramysi MaTepiano3nasctsa [ 16, 17].

OCOONUBICTIO Cy4acHHX METOMIB MPOBEJCHHS
HayKOBO-JIOCIiTHUX Ta KOHCTPYKTOPCHKHUX POOIT i3
YIOCKOHAJICHHSI KPUIIIKU JIFOKA € OKPEMUI pO3IIIs]
il By3miB 1 geraneit. TpamuiiiHui ke MIXix HE
JIO3BOJISIE BpaxyBaTH OCOOJUBOCTI B3a€EMOJIIT CKila-
JOBUX KPHIIKH IIFOKa MK CO00I0 1 JOTHYHHMU
eJIeMEHTaMH Ta, BIJAIMOBITHO, 3POOWTH TOYHHIMA
aHaJti3 QyHKIIOHYBAHHS [IUX CKJIaJIOBUX.

Meta

Meroto poOOTH € TPOBEOCHHS CTPYKTYpHO-
(YHKITIOHAJIBHOTO aHaJIi3y 3aCTOCOBYBAHOTO BH-
KOHaHHSI KPHIIOK JIIOKiB HAMiBBArOHIB JJIsl TIONIY-
Ky MOJIMBUX LUISAXIB IX YZOCKOHAJIEHHS Ta MOJie-
pHi3alii.

MeTtoauka

VYnpoBamKeHHs] MPUHLUIIB CHUCTEMHOIO ITiJI-
XOAy AJISl CTBOPEHHS 1HHOBaLIHHOI KPHUILKHU JIIOKa

JIO3BOJISIE TIOJIATH KOHCTPYKIIO Y BHIJISII PSAY
B3a€MOIIOB’ I3aHUX 1 B3a€EMOIIIOYHX IMACUCTEM, SIKI
SIBJISIIOTH COOOI0 CYKYITHICTB CKJIQIOBHUX, BHOKPEM-
JICHUX Y KOHCTPYKIIi, a TAKOX 13 MaKCHUMalIbHOIO
ITOBHOTOIO BpaxyBaTH OCHOBHI (pakTopw iX (yHK-
mionyBaHHA. Cepel OCTaHHIX CHiJ PO3PI3HATH Xa-
PaKTEepPUCTUKKA MaTepially, 10 BPaxXxOBYIOTH Mill-
HICTh, IPYKHICTH 1 TUIACTUYHICTh, KOPO3iIHHY CTii-
KICTh, 3BApPIOBAHICTH Ta iHIII TEXHOJOTIYHI BHMO-
TH, Y TOMY YHCII EHEPrOBHUTPaTH, OCOOIMBOCTI
TEXHOJIOT1] BUTOTOBJICHHSI Ta PEMOHTY TOILO, €KC-
ITyaTamiiHl YMOBH Ta KOHCTPYKTHBHI BJIACTHBOC-
Ti, @ TAKOXK JETpajaIlifo IuX ImapaMeTpiB i3 4acom
eKCIUTyaTallii.

BupitieHHs okpeciieHOi MpoOIeMU MOXKITUBE
IUTIXOM CTBOPCHHS CTPYKTYPHO-(DYHKITIO-
HanpHoro omucanHsi (CPO) kpumok irokiB. ek
METOJ, MOJsIra€ y BigoOpakeHHI B3a€MO3B’SI3KiB
OCHOBHHX €JIEeMEHTIB (0JI0KiB) KOHCTPYKIIii Ta ¢y-
HKITiH, SKi BOHM BUKOHYIOTE [3, 7, 8]. Lle mo3Boise
(dhopmainizyBati (pO3LIMPHUTH) OIMHCAHHS XapakTe-
pucTUK (DYHKIIIOHYBaHHS KPHUIIIOK PO3BAHTAKYBa-
JIBHUX JTIOKIB Ta TX BIAMOBIIHUX ITIACUCTEM MiJ Yac
MOIIYKY HOBUX TEXHIYHHMX DIillleHb T4 BUKOHAHb.
OpHak aHami3 YHiCeabHOI, BIAMOBIIHO A0 IPOdiIIo
JOCITIKYBAaHOTO TTUTaHHSA, HAYKOBO-TEXHIYHOI Ta
JIOBIIKOBOT JIiTepaTypH 3acBiYMB BIJICYTHICTh iH-
¢dopmarii 3 TpOBEJCHHS TaAKUX POOIT.

BupimeHas 3a3Ha4eHOr0 CKIIAJHOTO HAYKOBO-
TEXHIYHOTO 3aBIaHHSI OOYMOBIIIOE HEOOXiTHICTH
PO3B’sI3aHHS psiy 3aad, cepell SIKMX MOXKHA BH]Ii-
JIUTA: CTBOPEHHS CTPYKTYPHOTO ONKCAHHS, BHU3HA-
yeHHS (DYHKIIH OJIOKiB/BY3TiB/mIeTanel, BiIIOBIJI-
HUX 0COOJIMBUX YMOB Ta OOMEXEHb, 32 SIKUX OyIyTh
BUKOHYBaTUCh (YHKIi. 3amporioHOBaHO HOBUIA
miaxig 1o Qopmamizamii CTPYKTypHOTO OITMCAaHHS
KOHCTPYKIIil KPUIIKH JIFOKA, 3aCHOBAaHWN Ha BUKO-
PHCTaHHI MPUHIHUITIB 1€pApXIYHOCTI i JEKOMITO3HIIIT
(6104HOCTI), Ta CTBOPEHO OJIOUHO-iEpapXiyHE OTH-
CaHHS KOHCTPYKIIH YHIBEpCAIbHHUX HAITiIBBarOHIB.
BukopucTanHs NpUHIMIY i€papXidHOCTI nepenoda-
Yyae CTPYKTYPYBaHHS OIKCY KOHCTPYKINT KPHIIKA
JIOKa 3a CTYNEeHeM JETalbHOCTI 3 BHUIUICHHAM
OKpEeMHUX i€papXidHUX piBHIB. 3aCTOCYBaHHS MPHH-
LUy JIEKOMITO3MIIIT 3a0e31edye po3aijIeHHS OIKCIB
KOHCTPYKLI1 KPUIIKK JIIOKa Ha KOXHOMY i€papxiu-
HOMY PiBHI Ha PSAJ] BiIOBIAHUX OJIOKIB (KOHCTPYK-
MIfHUX MOJYIIB) 13 MOMJIMBOCTSAMH PO3ILUIEHOTO
MIPOEKTYBaHHS Ta JOCIHi/pKeHHs. BuresasnadeHi
OPUHUMIM B TOBHIH Mipi  BiIA3epKaIOIOTHCS
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y OJOYHO-iEpapXiuHiii MOJAENI KpPHUIIKH JFOKA, SKY
HaWJacTile MOJAf0Th y BHIJISIMAI BiAITOBIAHOI CXe-
MH, IO € OCHOBOIO (hOPMaTi30BaHOTO OMHCAHHS il
koHCTpyKIii. [IpanesnaTHicTh Ta JOUUIBHICTH 3a-
CTOCYBaHHS PO3p0o0JIeHOI OJI0YHO-iEpapXidHOi CcXe-
MH MITBEPIKYETHCS TPOBEIACHHSIM OITHMI3aIlii-
HUX POOIT 31 3HUKEHHSI MaTePialOEMHOCTI.

Pe3yabTarn

Ilix gac po3poOieHHS CTPYKTYpHO-(DYHKITiO-
HaJIBHOTO OIMUCAHHS KPHUIIIOK JIFOKIB POOOTH BUKO-
HyeMO B Tpu eramnu. [leprmmii eran BKIIOYa€e mpo-
BEIICHHA POOIT 31 CTPYKTYPHO-()YHKIIIOHATHLHOTO
ONMCAHHS KPUIIIOK JIIOKIB, sKe Tiepeadadyae BHIi-
JICHHS TPHOX i€papxiyHuX piBHIB. [Ipu oMy Mo-
Iy Kpumku Joka (Bj3;) posriasmaeMo sk ele-
MEHT HYJIFOBOT'O PiBHS, Ha MEPIIOMY PiBHI po3Ta-
IIIOBaHI OCHOBHI OJIOKM KOHCTPYKIII KPHUIIKH JIIO-
Ka, BY3JIOBI CJIEMEHTH SIKOI HAJEeXKaTh IO IPYroro
pIBHS, a €JIEMEHTH, SKi YMOBHO HE IIISATAaIOTh
MOJANIBIIOMY PO3/IiIEHHIO, CKJIAAAI0Th JIeTali Tpe-
THOTO piBHA (pHC. 1).

Ha 1-my piBHI KpuIlKa JrOKa po3JiieHa Ha OcC-
HOBHI OJIOKM: JUCT Kpuiiku Jitoka (Byy31;), kKapkac
(B11312), 010K KpiruleHHsI KPUIIKH JIIOKa 10 Xpeo-
ToBOi Oanku (Bji313), OMOK KpimimeHHS KPHIIKA
JIIOKa IO HIDKHBOI OOB’si3km HamiBBaroHa (Biisis),
0JIoK B3aeMOKpimieHHs Ta mnocwieHHS (Bii3is),
OJIOK KpiTUIeHHS TOPCIOHHOTO TPUCTPOIO (B)1316).

0 plews

1 pilers -

Baoxu m m

2 piblere

Buam| W

3 plee

Renasi

Puc. 1. BiiouHo-iepapxiyHa cxema KpHUILKA
JIFOKa HalliBBaroHa

Fig. 1. Block-hierarchical scheme of hatch cover
of the gondola car

Ha 2-my piBHI KOXEH 13 OCHOBHUX OJIOKiB pO3-
IieHnid Ha By3nMH. Tak, JHUCT KPUIIKU JIFOKA
(B11311) Mae jiwmre oguH By3041 — OJI0THO (Bi3111).
Kapkac (Bi1312) MOIIISETHCSA Ha: MO3JI0BXKHIO TIe-
penaro 00B’s3Ky (Bj13121), TMO3OBKHIO CEPEIHIO
00B’s13ky (Bj13122), MO370BKHIO 3a/HIO OOB’S3KY
(B113123) Ta Honepequ OlyHi OOB’SI3KH (B113124).

Biiok KpiryIeHHS KPUIIKH JIFOKa 10 XpeOTOBO1 Oa-
ku (By1313) Mae Taki By3nu: metdi (Bi3131) Ta 3a-
kirenku (Bij3i32). BIOK KpiluTeHHS KPHUINKH JTIOKA
JI0 HIDKHBOI OOB’s13kM HamiBBaroHa (Bj3j4) momi-
JIAE€THCS HA TpaBHi KpoHITEHH (Bi13141) Ta MBI
kpoHMTeHH (Bi13142). BIOK B3aeMOKpiruIeHHS Ta
nocwieHHS (Bjj3;5) MICTHTh TOCHIIOBAJIBHY Ha-
knaaky (Biizis1) Ta 3’€IHYBabHO-TIOCHIIOBAIBHY
KOCHHKY (Bji3152). brox kpimneHHS TOpCioHHOTO
pucTporo (B1316) CKIamaeTses i3 380601 (B13161)
Ta iepeAHbO1 wiaHku (Bi13162).

Ha 3-my piBHi «Jlerani» mpaBuii KpOHIITEHH
(B113141) mominseTsest Ha KyTHK (Bj131411) Ta cKOOY
(B1131412) IpaBOro BUKOHAHHS, a JIIBUM KPOHIITCHH
(B113142) — Ha KyTUK (Bj131421) Ta ck00y (Bi131422)
JIIBOIO BUKOHAHHS.

Ha nmpyromy erami Bu3HawaeMo (QYHKIIIT KOX-
HOI 3 BUIICHUX migcucTeM. I 1[bOro AOLIIBEHO
BHKOPHCTOBYBATH HACTYITHE OITUCAHHS:

F=(D, G, H), (1)

ne D — nisi, sKy BUKOHY€ KpHUIIKa Jiroka (abo 1i mif-
CHCTEMHA CKJIa/I0Ba), 10 IPUBOIUTH 10 0aKaHOTO
pesynbraty; G — 00’€KT, Ha KW HaIpaBlieHa JTist
D; H — oco0nuBi yMOBM i OOMEXKEHHS, 3a SKUX
BHUKOHY€ETRCS 1is D.

Hduss  po3poOiieHHS  CTPYKTYypHO-(PYHKITIO-
HAJIHOTO  OIHMCaHHS JIOUUIBHO 3aCTOCOBYBATH
MPUHIUIH OJIOYHOCTI Ta 1€EpapXivHOCTI, BiAMOBIHO
JI0 HUX IIEPLIOYEProBO BU3HAYAIOTH IOJIOBHI (YyHK-
1T KPHIIIKY JIFOKA, 1110 € OIOKOM BEpXHBOTO (HYJIBO-
BOT0) DiBHS i€papXiuHoi cTpykTypH. [licis Bu3Ha-
YeHHsI TOJIOBHUX (DYHKLIM KpPHUILKHM JIFOKAa BU3HAYa-
€MO TOJIOBHI KOPHCHI i JOTTOMIXHI CyITyTHI (YHKITT
OmoKiB (TepIuii iepapxiuHuil piBeHb), sIKi 3a0e3re-
YyIOTh BUKOHAHHS TOJIOBHUX (DYHKI[IH KPHIIIKH JIO-
Ka. Y MoJanbIIoMy KOXKHHH €JIEMEHT MEpLIOro ie-
PapXivyHOTrO PIiBHS PO3MIIAAAEMO SIK CAMOCTIHHY Te-
XHIYHY CHUCTEMY, IIO JIO3BOJISE BHUJIIIUTH KOHCTPY-
KIiiHI eJeMEeHTH APYroro piBHA Ta iX TOJOBHI
KOPHCHI 1 TOmOMiXHI CymyTHI QyHKII, sSKi 3a0e3-
MeYyloTh (QYHKIIOHYBaHHsSI €JIEMEHTIB TepIIoro
piBHS. AHAJIOTIYHO MTPOBOJMMO IO/ HA (YHKIIIO-
HaJIbHI €JIEMEHTH CKJIAJIO0BI OPYroro Ta TPETHOTO
iepapxiuHux piBHIB. OOMEXEHHS PO3TISIIaEMO BiJl-
TIOBIZIHO JI0 iepapXii piBHIB, TOOTO OOMEKEHHS JIJIsI
3arajbHOi KOHCTPYKLil BHCYBalOTh BHUMOTH JIO
CKJIaJIOBUX MOJYJIIB, SIKi, Y CBOIO 4epry, oOyMoB-
JIOIOTh OOMEXKEHHS CKIIAJIOBUX. Y3araJibHEHO B
SIKOCTI OCHOBHMX OOME)KEHb MOXKHA BUJIUIUTH TaKi:
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MacoBi BHMOTH, T€OMETPUYHI/IPOCTOPOBI/(HOPMOBI
0OMeKeHHSI, 0OMEKEHHS 3 CHeprOBUTPAT, TEXHOJIO-
TIYHOTO XapakTepy, yHidikarmii B peMOHTI Ta BHTO-
TOBJICHHI, TOBEpXHEBOT 00pPOOKH Ta iHIIII.

Ha Ttpersomy, 3aBepimansHOMYy, eTami OymyemMo
OIoYHO-i€papXidHy  MOJIENb  KPHUIIKH  JIFOKa
(YHKLIOHATBHOT B3a€EMOIIT MiXK CKIIaIOBHMH.

Bnoku/By3nu/nerani KpUIIKK JIOKa 3a3BHYA
BHUKOHYIOTH AeKinbka Gy (k>1). ¥ takux Bu-
nazkax (yHKIMIi Mo3HadeHi sl TIEPIIoro, IPYroro
Ta TPETHOTO PIBHS BIiJIOBITHO Yepes: Fllx...Fklx;
Fllxn---Fklxn; Fllxnl---Fklxnl 1 Fllxnlm---Fklxnlm, ae
k 3MiHIOETBCS 3aI€XKHO BiJl KITBKOCTI (PYyHKIIN
CKJIaJIOBOTO €JIEMEHTA.

3 TOUYKH 30py PO3MISAAY KOHCTPYKIil KPHIIKH
JIOKA SIK CKJIAZIOBOI OJIOKA 3arajibHOi KOHCTPYKIIi
HamiBBaroHa ii (QyHKIiOHANbHE MPHU3HAYCHHS
MOJKHA OXapaKTepU3yBaTH HACTYITHUM YHHOM.

Kpumku mokiB y 3araipHii cyKymHOCTI (3a-
3Buuail 14 OAWHWIE) YTBOPIOIOTH y 3aKPUTOMY
TOJIOKEHHI TiI0ry BaroHa. IX MOHTYIOTH Ha pami
BaroHa 3a JIOTIOMOIOI0 IIETelNlb, Y 3aKPUTOMY IIO-
JIO’)KEHHI BOHU (DIKCYIOThCSI Ha HIDKHIA OOB’SI3IIi
CTiH OOKOBHMHU 3aKHUKaMH Ta CEKTOPaMH, a y BiJl-
KPUTOMY IIOJIOKEHHI CIIMPAIOTHCS HA YIOPHU IPO-
MDKHUX Oanok. s TOJermieHHs 3aKpUBaHHS
KPHUILIKMA JIIOKa Micis BHBAHTa)KEHHS Ha BaroHi
BCTaHOBJICHUH TOPCIOHHMI MeXaHi3M. Y 3aKpUTO-
My HOJOXXEHHI BEpXHS MOBEPXHS KPHIIKH JIFOKa
KOHTaKTy€, OKPIM BiAIIOBITHUX €JIEMEHTIB XpeOTo-
BOI Oallki Ta HIDKHBOI OOB’SI3KH, 13 CYCIIHIMH
MPOMIKHUMHM OalKaMu, yTBOPIOIOYH T'€pMETHUHHUHA
HACTWI IT1JIOTH.

3 ypaxyBaHHSM 3arajbHOrO TPH3HAYEHHS Ta
KOHCTPYKIIIHHHUX BJIACTUBOCTEH MOXKHA BUJIUIUTU B
SIKOCT1 OCHOBHUX (DYHKITIH KPHIIIKH JIFOKA HACTYITHI:

— YTBOpEHHS IIiJUIOTH BaroHa 3 JIOCTATHIM piB-
HEM FepMETHYHOCTI;

— CIpUHHATTA 0€3 3aNuIIKOBUX nedopMariit
eKCIUTyaTalliiHUX HAaBAaHTAXEHb, 10 SKUX MOXHA
BiTHECTH HAaBaHTKCHHS HACHITHUM, HaBaJIOYHUM
a00 MITyYHUM BaHTaXEM; CHPUHHSTTS CTATHYHUX
1 JMHAMIYHUX HaBaHTKEHb Bif il 3yCHIb, fKi
BUHHUKAIOTh y XOJi EKCIUTyaTalii,; HaBaHTa)KEHHS
il 9ac BUBAaHTaXKEHHS (Jisi BAHTaXy HAa KPUIIKY
JIIOKa, yIapu B MOMEHT BiIKpUBaHHS 00 YIOpH);

— JIOCTaTHIdH piBEHb PEMOHTONPHIATHOCTI,
MPOCTOTAa KOHCTPYKIIii (IIPOCTOTa Y BUTOTOBJICHHI,
PEMOHTI, BCTAHOBJICHHI Ha BaroH, 3aKpUBaHHI Ta
BiIKpMBaHHI).

Bepyun no yBaru Bce BuIle3a3Ha4YeHe, IMiJ] 4ac
moOyIOBH  CTPYKTYPHO-(PYHKIIIOHAIEHOTO — OTIH-
CaHHS KpHUIIKH JIOKa Oynmo BumineHo I-mepeBo
KOHCTPYKIIii KPUIIKK JIFOKA Ta HACTYITHI JOTHYHI
110 Hel CKJIa0BI HaliBBaroHa:

— BY30J KPIIUIEHHSI KPUIIKH JIIOKa 10 XpeOTo-
BOT OAJIKH (JIepyKaBKH KPUILKH JFOKa) — B1yp162;

— 3aco0u 3aKpUBaHHs KPHILKH JIOKa Ta ii ¢ik-
cauii — Byy1s;

— BY30J]1 JIOTIOMOTH T/ 9ac 3aKpuBaHHA — B3,
cko0a mig TOMUK — Bij214;

— BaHTax — Gy;

— OOKOBI JOTHYHI MOBEPXHI B 3aKPUTOMY TIO-
JIOKEeHHI (BepXHI YaCTHHU MPOMDKHUX OaJoK pa-
MH) — Biiag.ayp;

— TIepedHi JOTUYHI MMOBEPXHI B 3aKPUTOMY II0-
JIO’)KEHHI (HWKHsI 00B’s13ka — KyTHK 150) — By1a12;

— 3aJHi JOTHYHI MOBEPXHI B 3aKPUTOMY IOJIO-
xeHHi (0amku, 1BoTaBp Ne 19) — Byjy;

— BY30J YIOUpaHHS KPHIIKHU JIFOKa Ha paMy IIiJ
Yac po3BaHTaXEHHs (YIOpW MPOMIKHUX Oaliok) —
Bii2@-4-

3a3HavyeHa KOHCTPYKIA KPHWINKA JIIOKa Oyia
oOpaHa SK HaHOINMBII MOLIMPEHAa Ha ChOTOJHI
Yy  KOHCTPYKTUBHO-TEXHOJIOI''YHOMY BHKOHAHHI
(3aknenKoBe KpiruieHHS MeTelb, OJIOTHO 3 To(hpo-
BaHOTO JIUCTA 1 T. 11.).

[IpoBenenmii anamiz (puc. 2) ToOKazaB, IO
KpHIIIKA JIF0Ka B3a€MOJIi€ (BILTMBAE Ta 3a3HAE 3BO-
POTHBOTO BIUIMBY) i3 TAaKUMH CKJIQJIOBUMU: BY30Il
KpIIUIEHHS KPUIIKM JIIOKa O XpeOTOBOi Oajku
(Bi12162); 3ac00M 3aKpHBaHHS KPWIIKH JIFOKA Ta il
(hikcamii (By;1;5); By30JI JOITOMOTH il 9ac 3aKpH-
BaHHA (Bi;3;), ckoba mix nomuk (Bjjs14); BaHTaX
(G,); OOKOBI JOTHYHI MOBEPXHi B 3aKPUTOMY IIO-
noxeHHl (Bjixo4y); HepenHi AOTHUYHI TOBEPXHI
B 3aKkpuToMy TmonoxkeHHi (Bjp12); 3amHI AOTHYHI
MOBEPXHI B 3aKpUTOMY TOJIOKeHH] (B)261); By301
yIHpaHHS KPUIIKH JIFOKA HA pamy ITiJl 9ac PO3BaH-
TAaXCHHA (B] 12(2_4)4).

Jo Toro >k OCHOBHI (YHKIiT KPHUIIKH JFOKa
PO3MOIUISIFOTECS Yepe3 CKIIAZOBI €JIEMEHTU Iep-
IOTO i€papxivHOTO PiBHS (MK By3lIaMH): KapKac
€ TJICUITIOBAJIbHUM €JIEMEHTOM T0JIOTHA Ta 6a3010
JUIET BCTAHOBJICHHS IHIIMX, OKPIM TOPCIOHHOTO,
By371iB. MOro OocHOBHi (yHKIii 3HAXONATHCA HA
BHYTpilIHbOpiBHEBOMY (1-# piBeHB) MO Ta gona-
TKOBO BiH HaJiJleHUH (QYHKIIEI YIUPAHHS KPHII-
KM JIIOKa Ha YIOPH MiJ 9ac BiIKpUBaHHS.
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| B112162

0 pibexs

| G2 I |B112(24.)2 | |B11212 | | Brzien ||B112(24.)z.

1 pibens

bnoku

[Beosn (s

2 pibens
Bysnu

3 pibens
Nemani

Puc. 2. CtpykTypHO-(QYHKIIIOHATIbHA MOJIENIb KPUILIKH JIFOKa HalliBBaroHa

Fig. 2. Structural-functional model of the hatch
cover of the gondola car

BusnaueHi B3aemMoitoui QyHKIIIT MOJIOTHA Ta iX
KUTBKICTh XapakTepH3YIOTh KapKac SK OCHOBHHUI
CJIEMEHT  KpUIIKM JIIOKa, CTPYKTypHO-IIapa-
MeTpu4Hi Ta (PYyHKIIOHANBHI BIACTHBOCTI SKOTO
BHU3HAYAIOTh BIJHOCHI XapakTepuctuku (dopma,
TIPUHIIMIT JTii, MaTepiaj TOIIO) iHIINX BY3JIOBHX Ta
0a30BUX eJNeMEHTIB KOHCTpyKIlii. Takok Ha Ko-
pHCTh CKa3aHOTO CBIIYMTh IHTCHCHBHICTH B3a€-
MO3B’S3KIB 1oJIoTHA Bi3;1; 5K €J1eMeHTa 2-ro piBHSL.

3 METOI0 CKOPOUEHHS CXeMaTHYHHX 3B’SI3KiB Ta
BpaxyBaHHsI IICHTUYHUX B3a€MOJIIN 13 30BHIIIHIMHA
(OKpiM KpHIIKH JIFOKA) eleMeHTaMu cXeMH 3 OJo-
KoM B 311 IOJIOTHO Ha 2-My piBHI Ma€ TiIBKH BHY-
TPIITHBOPiBHEBI 3B’ SI3KU.

Po3pobniena cTpykTypHO-QYHKI[IOHAIBHA MO-
JeNb J03BOJISIE BUKOPHUCTOBYBATH JJIsl CTBOPEHHS
Cy4YaCHHX KPHIIOK JIFOKIB BiJOMi METO/H TPOEKTY-
BaHHsI 1 KOHCTpytoBaHHA. OKpiM TOTO, 3alPOIOHO-
BaHEe OIMMCAHHS JIOIUIBHO BHKOPHCTOBYBATH SIK
OCHOBY I OTPUMAaHHSI HOBHX TE€XHIYHUX PiLICHB,
CHPSIMOBAaHUX Ha PO3POOKY KPHILOK JIIOKIiB HOBOTO
MTOKOJIIHHS.

VY tabn. 1 naBexeHi pynkuii F 6a30BUX eneme-
HTIB KPHILIKM JIFOKA 3 ypaxyBaHHSIM OCOOJIHMBHX
yMOB H.

Tabnuns 1

AHani3 pyHKIii KPULIKY JII0KA HalliBBaroHa

Table 1

Function analysis of the hatch cover
of the gondola car

Kpumika moka un
0JIOK/BY30J1/IeTaITh

OYHKII{ KPHUIIKH JTFO-

Ne i KOHCTPYKLIT: Ka/0noxa/By3na/nerani 3
3/m 00’€KT, Ha KUt ypaxyBaHHSIM 0COOJIMBUX
CIpsIMOBaHa Jiist yMOB i oOmexeHb H
elIeMeHTa
1 Bi131 — Kpuika

JIFOKA:
Bi12162 — By3on
KpITUIEHHS KPHUIII-
KH JIFOKa JI0 Xpeo-
TOBOI OaJKu;

Byi115— 3acobu
3aKpUBaHHS
KPUIIIKH JIFOKA Ta
il (hikcarit;
B1132— By301 110-
IOMOTH IIiJI 9ac
3aKpUBaHHS,

1 .
FO — KPIIUICHHS Ta B3a€-

MO/t TICTS CIIPUUHATTS
eKCILTyaTaI[ifTHIX HaBaH-
TaXCHb UCPE3 B] 12162 A0
3arajikHOTO CHUJIOBOTO
KapKaca HalliBBaroHa;
F02 — HafilHa ¢ikcarris
Ta 3a100iraHHs CaMopPO3-
KPUBAHHIO KPUIIKH JIFOKa
3 Bi1115 Ta B3aemois mic-
JIsL COPUMHATTS €KCILTya-
Tal[iiHMX HABAHTA)XCHb,
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Continuation of the Table 1

IIponoBxkenns tabn. |

IpongoBxkeHus Tabx. 1

Continuation of the Table 1

3/1

Kpumka mroxa yu
0JIOK/BY3011/IeTalh
11 KOHCTPYKIIIi:
00’€KT, Ha KUK
CrpsIMOBaHa Jist
eJIeMeHTa

OyHKIIT KPUIIKH JIFO-
Ka/boxa/By3mna/nerai 3 ypa-
XYBaHHSM OCOOJIMBHX YMOB 1

obmexeHb H

B11214 — ckoba
IT1 1 JIOMHK;

G, — BaHTaxX;

B112(2_4)2 — OOKOBI
JOTHYHI TIOBEpPX-
Hi B 3aKPUTOMY
ITOJIOYKEHHI,
B 1212 — mepenHi
JOTUYHI TIOBEpPX-
Hi B 3aKpUTOMY
ITOJIOYKEHHI,

Bi1261 — 3a1Hi
JOTHYHI TIOBEPX-
Hi B 3aKpUTOMY
ITOJIOYKEHHI,

Bi122-44 — By301
yIUPAHHS KPHUIII-
KU JIIOKa Ha pamy
i 9ac po3BaH-
TaXXEHHS

E)3‘1 — B3aeMozig 3 B
TCIISA TiAHATTS KPUIIKH
JIFOKA Ha BiJIIOBITHY BHCO-
Ty 6e3 3aIIy4eHHS

JTOJIATKOBUX MEXaHI3MiB,;

32 .
Fy —B3aemonis 3 By

THCIIS M ATSATYBaHHS KPUILIKH
JIFOKA JI0 PiBHS (hiKcarlii;

4 .
FO — B3a€EMO/14 3 BaAaHTa>KEM

G,, 110 BKJIFOYA€ HABaHTa-
JKEHHS, SIKI BUHUKAIOTh ITiJT
Yac 3aBaHTAXEHHS (Y TOMY
YHCITi BEIMKOPO3MIpHUM
BaHTaXXEM), HABaHTAKCHHS
TIiJT 9ac repeBe3eHb Ta HaBa-
HTa)KCHHS ITiJ] 4ac BUBaHTa-
JKeHHs (Y TOMY YHCIli BaH-
TaXxiB aOpPa3sUBHOTO THITY):
— BUKOHAHHS (QYHKIIT mif-
JIOTH ILISAXOM B3a€MOJIIT 3
Bii2¢2-42, Bii212, Biizer 32
YMOBH 3a0€3TI€UCHHS Tep-
METHYHOCTI Ha IOCTaTHLO-
My PiBHI ITiJ] Yac mepeBe-
3€HHS BaHTaXiB (y TOMY
YUCITI HACUITHUX);

— B3aEMOJIIS 3 IEMEHTOM
Bi12(2-4y4 TCTIS CIPUAHATTS
HaBaHTaXKEHb
IIMHAMIYHOT'O Ta CTATHY-
HOTO XapakTepy, sKi BUHU-
KaroTh ITiJ 4YaC BUBAHTa-
JKEHHSL.

B AKOCTI OCHOBHHX YMOB
pOOOTH KPHUIIIKH JFOKA MO-
’KHA BUIUIMTH TaKi:

— CIIPUHHATTS eKCILTyaTa-
HIHHUX HaBaHTa)KeHb 0e3
3aJIMIIKOBHX JIe(hOpPMaIIiif;
— (opMyBaHHS repMETHY-
HOI TOBEPXHi;

— KOpO3iifHa CTIfKICTB;
— abpasuBHA CTIHKICTB;
— TEXHOJIOT1YHICTh BUTOTO-
BJICHHS Ta PEMOHTIB

Kpumka nmroka un
0JI0K/By3071/neTanb OyHKIIIT KPUIIKH JTFO-

Ne 1 KOHCTPYKIIT: Ka/0r0Ka/By3na/nerai 3 ypa-
3/l 00’€eKT, Ha KU XYBaHHSM OCOOJIMBHX YMOB 1
CIIPSIMOBaHa JIist obmexenp H

CJIICMCHTa
2 B11311—J'II/ICT 1 _ 3.1,
. Fgy = £y
KPHIIKH JIFOKA:
Fian = Fys
Bi132— BYy3011 110- 11311 0>
IIOMOTH I1if 4ac 3 _ 5.
33K . E 1311 F 0>
pPUBAHHS,
4 .

G, — BaHTaKX; {15, —B3aemonis 3
Bi12(2.4)2 — 60KOBi B 1212 TCIS CIPUAHATTS
JIOTUYHI TTOBEPXHi Ta Iepepo3MOAITy

B 3aKpUTOMY IIO- eKCIUTyaTal[iiHIX HaBaH-
JIOXKCHHI; Ta)KCHB;
_ 1 5 .
By _ fepeaHt F{151, — B3a€MOKpIIUIEHHS
JIOTUYHI TIOBEPXHI .
3 By1313 Ta COpUAHATTS
B 3aKPUTOMY I10- . .
. BIJIMIOBITHUX €KCILIyaTa-
JIOXKCHHI; .
. IIHUX HABaHTA)KCHb;
Bii261 — 3amH1 .
JIOTUYHI TOBEPXHi Fij31) — B3aemoris 3
B 3aKpUTOMY IIO- Bi1p16 MiCIHIA CIPUAHATTS
JIOXKEHH, BIAMOBIAHMX HaBaHTa)KEHb
. 3aKpUTOMY Ta BIIKPU-
Bii312— Kapkac; | (Y 33KPUTOMY Ta BILKp

B TOMY IOJIOXKCHHI, TTiJT 9ac

211313~ B30T BiJIKpUBaHb Ta 3aKPUBAHb )
KPITUICHHSI KPHIII- Y pasi .

KH JTIOKa 110 Xpeo- Pa3i BUKOHAHHS Birio-

TOBOT GaTKH; BiJTHMX YMOB:

-5 _ gy1-5

Bi1316— By3ox Hy5, = H,
KPITUICHHS OJTHO-
ro abo JEeKITbKOX

TOPCIOHIB
3 B11312— kapkac: 1 _ 32,
. Fip = £y
Bi1214 — ckoOa iz 5 6
JIOMUK; Fi1312 =Fy;
B 1202-44 — By3071 34
112Q-4)4 — BY Fian = Fiays
YIHPaHHS KPHII-
4 .
KH JIIOKA Ha pamy |51, — B3aeMOKpiIen-
mJa 9ac po3BaH- Hs 3 Bj313 Ta CIpUHAHATTS
TaKEHHA, BIZIMOBITHKUX €KCIUTyaTa-
Bii311 — macr LIMHUX HaBaHTAKCHb,
: 5
KPHILIKH JIFOKA, F{151, — po3TalllyBaHHs

311313 — By30I1 Ta B3a€M0}]i${ 3 B11314 Ta
KPUUICHHA KPUII- | oy pifaTTs BignoBigHux
Ki IOKa 10 Xped- | oxeryaraniiinux Hapan-

TOBOI OaJKu; TaeHb;
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Continuation of the Table 1

IIponoBxenns Tabn. 1

IpongoBxkeHus Tabx. 1

Continuation of the Table 1

Kpumka mroka un

Kpumika mgroxa 4u

6JI0K/By3071/IeTatb OyHKIIIT KPUIIKH JTFO- GII0K/BY3071/ IeTaNIb OyHKIIIT KPUIIKH JTFO-
Ne il KOHCTPYKIIT: Ka/0moka/By3mna/neraii 3 Ne i KOHCTPYKIIT: Ka/0Ooxa/By3mna/neraii 3
3/m 00’€eKT, Ha KU ypaxyBaHHSIM 0COOIHMBUX 3/l 00’€KT, Ha KUt ypaxyBaHHSIM OCOOIMBUX
CIIpsIMOBaHa JIist yMOB i oOMmexeHb H CIpsIMOBaHa Jist yMOB i oOMexeHb H
eJeMeHTa eJleMeHTa
3 Bii314— Byso FS,,, — B3aemoris 3 7 Bii311 — et H}\s6 — MOXKITHBICTS

KpITUTeHHS KpHUIII-
KM JTFOKA JI0 HHK-
HBOT 00B’SI3KH;
Biisi5— Byson
B3a€MOKPITUICHHS
Ta MOCHJICHHS

Bj1315 micis CIpUAHATTS
BIJMIOBITHHUX e€KCIDTyaTa-
MIHHUX HaBaHTAXXEHb
VY pasi BUKOHAHHS BiATIO-
BiTHIX YMOB:

H11312 = H]’ H3: Hg

KPHUIIKHA JIFOKa

HAKOIIMYEHHS T4 BUBLIb-
HEHH$ Y MIEBHUX 00CTaBHU-
HaX NOTEHIIHHOI eHeprii

8 | Bji3111— MOIOTHO:

Bi13121 — nepenus
00B’s13Ka;

4 B11313—By30.ﬂ
KpIMJICHHS KPHII-
KH JIIOKa 710 Xpeo-
TOBOT OaJIKH:
Bii2162 — By3on
KPITUICHHSI KPHIII-
KH JIIOKa 710 Xpeo-
TOBOI OaJIKu;
B11311 — JIUCT
KPHIIIKH JIFOKA;

Bi1312— Kapkac

- .

Fi1313 — 1o
E1313 - 1131] >
Fi1313 E1312

VY pasi BUKOHAHHS BiAIIO-
BiTHIX YMOB:

1 3 5
H11313_H’H7H

Bi13120— cepenns
00B’s13Ka;

Bii3123— 3anns
00B’s13Ka;

Bi13124— Oiuni
00B’sI3KH;

B] 13132 — 3aKJICII-
KU,

Bii3161 — 3214
IUIAHKA,

Bi13162— mepeans

5 B1|3|4—By30.ﬂ

KpITUTCHHSI KPHIII-

KH JIFOKa JI0 HIXK-
HBO1 00B’SI3KHU:

B1|1|5— 3aco0u
3aKpUBAHHSA KpHU-
IIKH JIFOKA Ta 1i

- 2.
Fl1314 = Fys
Fll314 F11312

VY pasi BUKOHAHHS BiAIIO-
BiJTHIX YMOB:

1 3 5
H11314_H’HaH

IIJIaHKa

Ell;:ll
HOBiAHO 3 B113124, Bi13123,
Bii3122, Bii3121 micns
CIIPUMHATTSA E€KCILTyaTa-
LIMHUX HaBaHTaXXCHb;

— B3a€EMOJIA Big-

Fi13111

E]}lll

11311’

E13]1’

Fi13111 - 11311

VY pasi BUKOHaHHS BiaIo-
BIJTHUX YMOB:

— 5.
H113111 Hy™;

H113111 H11316

9 Bi13121 — mepeans
00B’s13Ka:

Bii214— cxo0a mix
JIOMUK;

B113111 — IIOJIOTHO,

1 _ 32,
Ky = 75

E13121 El}lll

F1313121 — B3a€EMOJISA 3
B 13124 MICISI COPURHATTS
eKCILTyaTaIli iHUX
HABAHTAXEHb;

4-7
Fiizp

Bi3141, Biiz1az, Biisisi,
Bi13152 TTiCIS CIpUHATTS

BiJIMIOBITHUX €KCILTyaTa-
LIMHUX HaBAHTAXKEHb

— B3aEMOJIA 3

(hikcarmit; Bi13124 — OiuHi
> .
Bi1312— Kapkac 00B’sI13KH;
6 B Bi13141 — IIpaBuii
— By30JI o
1ats BY Fl1315 E1313 KPOHIITEHH;
B3a€MOKPITUICHHS s o
Ta MOCHJICHHS: VY pasi BUKOHAHHS BiAIIO- 113142 — JIIBUI
BIZTHUX YMOB: KPOHIUTEHH;
Bi1312— Kapxac B
_ 1 3 5 113151 — HaKJIaa-
H11315 H,, Hy, H, <a:
9
7 Bi1316— By3ox Fl = g3l B13152 — KOCHHKa
KpIIUIEHHS OJJHOTO 11316 0 >
a00 JEeKIIbKOX o 10 | Bii3122— cepenns
Fll316 Fisn 00B’s13Ka:

TOPCIOHIB:

B] 132 — BY30JI J10-
IIOMOT'H IIpH 3a-
KpHUBaHHI;

VY pa3i BUKOHaHHSI BiATO-
BiJTHIX YMOB:

1 3 5
H11316_H’H’H’

8113111 — INOJIOTHO,

B 13124 — 0iuni
00B’sI3KH

Fi13122 E13111

F? i
113122 — B3aeMO1Ad 3

Bi13124 TiCHS CIPUAHATTSI
BiJIMOBITHUX €KCILTyaTa-
IMHUX HaBaHTa)KEHb
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Continuation of the Table 1

IIponoBxkenns tabn. |

IpongoBxeHus Tabx. 1

Continuation of the Table 1

Kpumka mroka un

Kpumika mgroxa 4u

6JI0K/By3071/IeTatb OyHKIIIT KPUIIKH JTFO- GII0K/BY3071/ IeTaNIb OyHKIIIT KPUIIKH JTFO-
Ne il KOHCTPYKIIT: Ka/0oxa/By3mna/neraii 3 Ne i KOHCTPYKIIT: Ka/0Ooxa/By3mna/neraii 3
3/m 00’€eKT, Ha KU ypaxyBaHHSIM 0COOIHMBUX 3/l 00’€KT, Ha KUt ypaxyBaHHSIM 0COOIMBUX
CIIpsIMOBaHa JIist yMOB i oOMmexeHb H CIpsIMOBaHa Jist yMOB i oOMexeHb H
CJICMCHTa CICMCHTA
VY pa3i BUKOHAHHS BiATO- -3 _ gl 3 5
. . Hy504 = Hy, Hy, Hy
BIIHUX YMOB:
1 3 5 13 B — TETII:
113131 : =
H113122 Hy, Hy, Hy F113131 113123
Briaios = sanis VY pasi BUKOHaHHS BiAIO
11 Bii3123 — 3a1ms E13123 E13111 00B’s13Ka; pasi i A
00B’3Ka: B BIJHUX YMOB!:
2 : 113132 — 3aKJICTIKH
Bi113111 — HOIOTHO; Fi13123 — Baemonis 3 H113]31 H), H;, Hg
B (3124 — 6iuni Bi13124 iCHS CIPUAHATTS
0GB’ 3K BIATIOBI/IHAX EKCIUTyaTa- 14 | B33, — 3aKien- ol _ RS
B . LIMHUX HABaHTAXEHb; KH: 113132 13t
113131 — HOCTIIL; 3 .
B 13139 — 3AKIETIKH Fii315; — B3aemonis 3 Bi13111— IIONOTHO; E13132 E|3123
Bi1313) micast cnpuiinATTS Bi13123 — 3azHs V pa3i BUKOHaHHS Bijmo-
BIJIOBIAHUX €KCIUTyaTa- 00B’s13Ka; Bi/IHUX YMOB:
LIMHUX HABaHTAXEHb; B — X 3 s
113131~ -
F* — B3aEMOJIA 3 H113132 Hy, Hy, H,
113123
B113132 MiCHsE COPURHATTS N
HABaHTAXKeHb, 110 Hepe- 151 Busiai— Tpasnn E13141 me ;
NAIOThCA BiJ ETeNb KPOHINTCHH: R
V pa3i BUKOHaHHs BijTO- Bi13121 — mepenmst Flsi = Flag
3 . > . . .
BIAHMX yMOB: 00B’A3Ka; V pasi BUKOHaHHS BiANO-
1 3 5 R .
H113123 =H,, H,, H, Bi13124— 614H1 BiJIHMX yMOB:
00B’s13KH | 3 5
12 Bi13124— Giuni Flo S, H\3., = Hy, Hy, H;
00B’SI3KHU: 113124 ’ 16 B . 1
= 113142 — JI1BUHK
Bi12(2-44 — By301 F113124 Fi13111’ o Fll3142 lezla
VITHPAHHS KPHII- KpOHIIITEHH:
F? =F?
KM JIIOKa Ha pamy 113124 113122 Bi13121 — nepenus Fhe = Fla
. 9
- = B’sI3Ka; . .
I Mac po3san F113124 Fi13121 ; 06B’s13Ka; V pasi BUKOHAHHS BiAmoO-
TaXCHHA, . S - 2 : Bi13124—614nHi BiJIHUX YMOB:
Bi13111 — mon0THO; 113124 113123 00B’SI3KH S g gy
Bi13121 — mepenmst Fi13124 B3aEMOJIist 3 “3142 ’ 0
9 . .
00B’s13Ka; Bi13141, Biizia micas 17 | B35 — HaKIA1- Jod _ ES
Bi13122— cepenns COPUIHATTS BIATIOBIHUX xa: 113151 1131215
00B’s13Ka; eKcrmyaTauiﬁHHx HaBaH- B F F
B| 13123 — 3a1HiA TaXCHb Yy 3aKpPUTOMY : lsézéBtﬂZigiCﬂHﬂ 13152 113124
00B’s13Ka; [IOJIOKEHH] > VY pasi BUKOHaHHS BiaIo-
B — NpaBu 8-9 . Bi13124— Giuni BIJTHHX YMOB:
113141 ~ TIP2 F{ 13124 — B3a€MOZis 3 , I Y
KPOHILTENH; ‘ 00B’sI3KH L3 s
B 13142 — NiBHHA Bii31s1, Biisisz mics H113151 H,, Hy, Ho
KpOHILTEHH; CIIPUMHATTS BiAMOBIAHUX
’ eKCILTyaTalliiHIuX 18 | Bii3is2 — KOCHHKa: FL = F’
Bi13151— Hakmaz- 113152 113121 5
Ka; HABAHTAXXEHb Bi13121 — nmepenus
VY pa3i BUKOHaHHSI BiATO- 00B’s13Ka; Fll3152 = 113124

Bji315, — KOcHHKaA

BiIHUX YMOB:
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Continuation of the Table 1

IIponoBxkenns tabn. |

3akiHuyeHHsd Ttabi. 1

End of the Table 1

Kpumka mroka un

OJIOK/BY30J1/IeTaIh
Ne il KOHCTPYKIIT:
3/ 00’€KT, Ha AKUH
CIpsIMOBaHa Jist
eJleMeHTa

OyHKIIT KPHUIIKH JIFO-
Ka/0noka/By3na/nerani 3
ypaxyBaHHIM OCOOIUBHX
yMOB 1 oOMexxeHb H

Kpumika mgroxa 4u

Bi13124— Oiuni
00B’sI3KH

VY pa3i BUKOHAHHS BiATO-
BiTHIX YMOB:

1-3 _ 1 3 5
H113142 - HO’ H ’ HO

19 B113161—3a)IHH
TIJIaHKa:

Bii3111 — momotHO

1 _ 6
Fi13161 - Fi1311

VY pasi BUKOHaHHS BiAIIO-
BiTHIX YMOB:

1-3 _ 1 3 5
H113161_H’H ’H >

4 _ 4
H113161 - H]1316
20 B1]3]62—He CaHA 1 _ 6
p, Fil3l()2 - El:’)ll
IIJIaHKa:
V pa3zi BUKOHaHHS BIATIO-
B113111—HOHOTHO

BIJTHMX YMOB:
-3 _ g1 3 5
Hy56 = Hy, Hy, Hy,

4 _ g4
Hij3160 = 36

21 | Biizi411— KyTHK:

B1|1|5— 3aco0u
3aKpUBaHHA
KPHUIIKH JIFOKa Ta
ii dikcani’;

Bii31412— ckoba

F! i
1131411 — B3a€eMO14d 3

Bi1115 HICISA CIPUAHATTSI
BIJIIOBiHUX HABaHTAa-
JKeHb Ta (ikcarii y 3akpu-
TOMY HOJIOKEHHI 0e3 J10-
JIATKOBOT'O YCTaTKyBaHHS;

F? i
1131411 — B3a€eMO14d 3

Bi131412 11 1OAATKOBOTO
3amo0iraHHs CaMOPO3KPH-
BAaHHKO KpI/IHIKI/I JIFOKa

VY pasi BUKOHAHHS BiAIIO-
BiJTHIX YMOB:

1-3 _ 1 3 5
Hl]3141] = H, ’ H ’ HO

22 B1|3|4|2—CK06a:

Byi115— 3acobu
3aKpHUBAHHS KpH-
IIIKH JIFOKA Ta ii
(hikcarii;

Bi131411 — KyTHK

1 _ ol .
Fisian = Fizians

1 )
Fisian = Fizian
VY pa3i BUKOHAHHS BiAIO-
BiJTHIX YMOB:

1-3 _ 1 3 5
H1131412 - HO’ H 2 HO

6JI0K/BY3071/ IeTaNL OyHKIIIT KPUIIKH JTFO-
Ne i KOHCTPYKIIT: Ka/0Ooxa/By3ia/nerani 3
3/l 00’€KT, Ha KUt ypaxyBaHHSIM 0COOIMBUX

CIpsIMOBaHa Jist yMOB 1 oOMexxeHb H

eJleMeHTa
23 | Bii31421— KyTHK: F! = ! .
1131421 1131411>
Byi115— 3acobu
iy = B
3aKpUBaHHA 1131421 1131411

KPHUIIKHU JIFOKa Ta

e VY pa3i BUKOHaHHS BiIo-
ii ¢ikcarit;

BiTHIX YMOB:

Bii31422— cko0a
1-3 _ qql 3 5
H1131421 - Ho’ Hg, Ho

24 Bi1314220 — cKoba: E

1 .
1131422 1131411>

B11115— 3aco0u
3aKpUBAHHSA
KPHUIIKH JIFOKA Ta
ii (hikcarmii;

2 _ 2
El3l422 - El31411

Y pa3i BUKOHAHHS BiaIo-
BIJTHUX YMOB:

1-3 _ 1 3 5
Hll3]422 = H, ’ H ’ HO

Bi131421 — KyTHK

TakuM  4YWMHOM,  TOAaHy  CTPYKTYPHO-
(hyHKIIIOHATBHY MOJETh KPHUIIKH JIFOKA HaIiBBaro-
Ha JIOLIJIBFHO BUKOPUCTOBYBATH IIiJ] 4ac 3acTOCY-
BaHHS CyYaCHHMX HAYKOBHX Ta iH)KCHEPHHUX MiAxo-
IliB, TBOPYMX 1 TONIYKOBUX METOMIB JJISl JIOCIHi-
JDKEHHSI HAsBHUX 1 CTBOPEHHS MEPCIEKTUBHHUX
3paskKiB.

Otpumana MaTpuLsl CyMDKHOCTI KOHCTPYKIIH-
HUX €JIeMEHTIB (Tali. 2) MoXke OyTH BHKOPHCTaHA
MiJi Yac TPOEKTYBaHHS MOJEPHI30BAHUX BY3IiB
KPHIIIOK JIIOKIB HAIBBaroHiB, i3 ypaxyBaHHSX Xa-
pakTepucTuK (QYHKI[IOHYBaHHS, MPOTiKaHHS PO0O-
YKX Ta JAWHAMIYHHUX TPOIECIB TOMIO.

YnpoBapkeHHS Ha MIPAKTHUI 3aIPOIIOHOBAHOTO
COO KpHLIKH pO3BaHTAXYBAJIBHHUX JIIOKIB J03BO-
JWJIO 3TeHepyBaTH 1HHOBAIlifiHI KOHCTPYKIIii,
B SKMX THOPIBHAHO 3 0a30BOI0 KOHCTPYKII€IO iH-
[IUM YHHOM PO3MOJiNeH] (YHKIII MiXK CKJIaJOBH-
mu. Tak, OyJ0 CHpOEKTOBaHO iHHOBAIIHY KOHC-
TPYKIIIIO KPHUIIKH JIIOKA, 30KpeMa Oe3KapKacHy
MoJieb (puc. 3) Ta MOZENb 13 BUIYKJIOK KOHCTPY-
KII€I0 MOJIOTHA B CTOPOHY MPOTHUAIL Maci BaHTaXy

(puc. 4).
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Tabnuns 2

MaTpuus cyMi’kHOCTi BHYTPIllITHbOPiBHEBUX
(yHknionaabHUX 3B’ A3KiB 0230BHX eJIEMEHTIB
KPHMIIKH JIOKAa HaniBBaroHa

Table 2

Matrix of adjacency of intraverbal functional bonds
of hatch cover basic elements of the gondola car

By (O 11| 1]1]1{1{0|0[O0|O]|T1]|1
Bisip | 1]010]0] 20|01} 1|1|1]0]|O0
Bi3122|1]0/0{0]1{0|0|0[0|0|0]|0O]|O
Bi3i23|1(0/0{0]1(1|1{0{0|0[0]0]|O0
Bisg | 111100101} 1|1{1]0]|O0
Bi3310 17010 1]0{0|1]0{0|0|0[0]|O
Bizi32|1]0{0]1({0]1|0{0]0]0{0]|0]|0
Bii3i1 |0 1(0]0(1]0|0{0]0|0{0]|0]|O0
B34 |0 1(0]0(1]0|0{0]0|0{0]|0]|O0
Bizis51 |0 1(0]0(1]0|0{0]0|0{0]|0]|0
B350 1({0{0(1]0|0{0]0|0{0]0]0
Biizigp | 1/10(0]0[{0]0|0{0]0|0{0]|0]|O0
Bi3162|1]0/0{0]0[{0|0|0[0|0|0]|0]|O

HaykoBa HOBU3HA Ta IPAKTUYHA
3HAYHMICTh

Po3pobiieni mpocTopoBi Mojeni 3a3HAYEHUX
BUJIB KPHUIIOK XapaKTEePU3YIOThCS BUCOKUMH IIO-
Ka3HUKaMH MIIHOCTI Ta CTIHKOCTI 10 e opMartiii.

PesynpTatu po3paxyHKy Ha MILHICTh Cy4acHOI
0a30B0i KOHCTPYKILIi KPHWILKHA JIIOKAa MOKa3yIOTb,
IO HAWOUIBIN HANPYy>KEHHST BUHUKAIOTH Y MiCIISIX
KPIIUICHHS KPHIIKK JIFOKa JI0 XpeOToBOi Oanmku Ta
HWXHBOI 00B’s13kH [5, 6, 8, 11]. BogHowac Hampy-
KEHHSl i mepeMilieHHst y Oe3kapKacHOMY BHKO-
HaHHI KPHIIKY JIIOKA Ta Y MOJETI 3 BUTHYTHUM II0-
JIOTHOM TMOKa3ylOTh CYTTE€BO Kpalll pe3yJbTaTh
MOPIBHIHO 3 6230BOI0 MOJIEILITIO.

BucunoBxku

Po3pobka cTpyKTypHO-(QYHKIIOHAIEHOTO OIH-
CaHHS KPHILKM PO3BaHTAXXyBaJbHHUX JIIOKIB HAIliB-
BaroHiB JI03BOJINJIA:

Puc. 3. IHHOBamMHa Oe3KapKacHa KPUIIIKA JIFOKA!
— BHJI 3BepXY, O — BUJ 3HU3Y

Fig. 3. Innovative frameless hatch cover:
a — top view , b — the bottom view

—c
Puc. 4. KoHCTpYKIIisi KPHIIKH JIFOKa

3 OIYKJIUM IIOJIOTHOM:
a — BHJ 3BepXy, 6 — BUJI 3HU3Y, 6 — BHJI 300Ky

Fig. 4. The design of the convex hatch cover:
a —top view , b — the bottom view, ¢ — side view

1. OOrpyHTYBaT HACTYIIHE TBEpKEHHS: TO-
JIOTHO KPHIIKH JIIOKA € OCHOBHHUM €JIEMEHTOM,
CTPYKTypHO-TIapaMeTpu4Hi Ta  (QyHKIIOHATBHI
BIIACTHBOCTI SIKOTO BU3HAYAIOTH BiITIOBIHI Xapak-
TepuCTHKH (PopmMa, MPUHIUI Aii, MaTepiai TOIIO)
IHIIMX BY3J0BUX Ta 0a30BUX €IIEMEHTIB ii KOHC-
TPYKLii. A KapKac XapaKTepHU3yeThCs TAKOI OCHO-
BHOIO (DYHKIII€I0, SIK CHJIOBE MiAKPITUICHHS MOJOT-
Ha, Ta € 0a3010 I PO3MIIIEHHS BY3JIiB KpiIUICHHS
KPHILKM JII0Ka 10 XpeOToBOi Oanku, A0 HUKHBOT
O0B’SI3KH.

2.BcranoBuTH, 10 32 YMOBH BKIIOYEHHS OC-
HOBHUX (YHKIIN Kapkaca IO IMOJIOTHA LUISIXOM
KOHCTPYKTHUBHOTO BJOCKOHAJIEHHSI MOKHa CTBOPU-
TH Oe3KapKacHe BUKOHAHHS KPHUIIKH JIIOKA. Takum
YHHOM, BJIACTMBOCTI KPHIIKH JIIOKa, OKpPiM CIIpHK-
HATTA 0€3 YIIKOIXCHb EKCIUTyaTaliiHUX HaBaH-
TakKE€Hb, PO3IUPUTH TPYNKHO-IeMyrOUnMH BIac-

doi: 10.15802/stp2018/130014
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TUBOCTSIMH 338 PaXyHOK BUKOPUCTaHHS MYJIbTHMa-
TepiabHOTO ITiIXOY.

3.3anpomoHyBaTH  METOAOJOTIYHI ~ OCHOBH
CTBOPEHHSI CTPYKTYpHO-(YHKIIOHAIBHOI MOAei
KpHUIIIKK JIFOKAa Ta pe3ylbTaTH i1 peamizamii, sKi
MOXXYTh OYTH BUKOPHCTaHI y JOCTIKEHHSIX TIPO-
1eciB GpyHKIIOHYBaHHS (HANPUKIIAM, JUISL BiIIOBI-
JTHOTO 3aCTOCYBaHHS Teopii rpadis), JOCHiHKEHHI
poboTH 31 CHpUHHATTS Ta MEPEepO3MOILTY PI3HUX
BHIIB HaBaHTa)X€Hb, TAaKCOHOMIi, ITIJIBUILECHHS
CTymeHs X imeanbHOCTI, igeHTU(iKamii 00’ €KTiB,
K1 pO3MIISIAI0TE y Tpoliecax MPOCKTYBaHHS, JIOC-
JHKSHHS, PEMOHTIB.

4. PekoMeHayBaTH BUKOPHUCTOBYBATH 3aIlpOIO-
HOBaHYy METOJMWKY IIiJ 4ac 3/IHCHEHHS MPOEKTyBa-
JBHAX Ta BapTiCHO-OIIHIOBAILHUX POOIT 1 I iH-
IMX BUIB PYXOMOTO CKJaay 3ajli3HHIb, a TAKOX
3ac00iB TPAHCIIOPTHOTO MAITMHOOYyBaHHSI.

3ampoIToHOBaHI TEOPETHUIHI TTOJI0KEHHS, METO-
JOJIOTiYHI OCHOBHU Ta MPAKTUYHI 3aCO0M ONTHUMIi3a-
1ii BaroHiB Ta ixX CKJIaJI0BUX JOIJILHO BUKOPUCTO-
BYBaTH JUIS BUPIIMICHHS aHAJOTIYHWX 3a1ad i A
IHIINX THITIB PyXOMOTO CKJIaTy, a TAKOXK 00’ €KTiB
TPaHCIOPTHOTO MamMHOOYAyBaHHsA. OKpiM IbOTO,
el METOONOTIYHHHN ITiXi/] MO’KHA BUKOPHCTOBY-
BaTH HE JIMIIE MiJ Yac MPOCSKTYBAaHHS, aje W Juisd

10.

11.

12.

13.

aHaJi3y HasBHHX pilllCHb.
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CTPYKTYPHO-® YHKIIMOHAJIBHOE OIIMCAHUE KOHCTPYKIINU
KPBIIIIKH JIIOKA

Hens. Pabora HampaBiieHa Ha CO3aHUE CTPYKTYPHO-()YHKIIMOHATHHOTO aHAIN3a CYIIECTBYIOMIETO BBITIOTHE-
HUS KPBIIIEK JIIOKOB IOJYBAarOHOB JUIS TIOMCKA BO3MOXKHBIX ITyTeH MX MOAEPHHU3ALHMU U yCOBEPIICHCTBOBAHUS.
Mertoauka. [IpoBeneHHBIE UCCIENOBAHNA U aHATN3 0a3UPYIOTCSA HA MPUHIMUIIAX MOP(HOIOTHUECKOTO U3YUEeHUS TeX-
HUYECKUX CHCTEM M CHCTEMHOTO MOJX0JIa C yYETOM pe3yJIbTaTOB BEAYIIMX HCCIEIOBAaHUM MO TeMe, COOCTBEHHBIX
pa3paboTOK aBTOPOB, MATEMATHYECKOM OOOCHOBAaHUHM M KOMITBIOTEPHOM MOJEIHPOBAHUHU. PacueT KOHCTPYKIHMOH-
HBIX 3JIEMEHTOB ITOJIBHKHOTO COCTaBa MPOBECH C MOMOIIBI0 COBPEMEHHBIX HOPMATHUBHBIX U Pa3paOOTaHHBIX METO-
UK. Pe3yabrarbl. CHUCTEMHBIH MOJIXOA MPH CO3AaHWM MHHOBAIMOHHOM KPBIIIKHM JIOKA MTO3BOJMJ IPEACTAaBUTH
KOHCTPYKIIMIO B BHJE Psifia B3aMMOCBSI3aHHBIX M B3aWMOJICHCTBYIOIINX TOJCHCTEM, C YYETOM OCHOBHBIX (haKTOpPOB
ux (QyHKIHOHHpOBaHUs. PazpaboraHa CTPyKTYpHO-QYHKIIMOHAIEHAS MOJETH KPBIIIKH JIOKa IMOJTyBaroHa, KOTOpas
IoKasaia, 9TO IOJIOTHO KPBIMIKH JFOKa €CTh OCHOBHBIM 3JICMEHTOM, CTPYKTYPHO-TIapaMeTpHyecKue U (QYHKIHO-
HaJIbHBIC CBOICTBa KOTOPOT'O OMPEACIISIOT COOTBETCTBYIONINE XapaKTEPHCTHUKU APYTHX Y3JIOBHIX U 0a30BBIX 3Je-
MEHTOB €€ KOHCTPYKIHUH. Y CTAHOBJICHO, YTO OCHOBHBIC ()YHKIIMU KPBIIIKH JIFOKA PACTIPEICIAIOTCS Yepe3 COCTaBIIA-
IOIIHE DJIEMEHTHl MIEPBOT0 MEePapXHIecKOro YPOBHSA (MEXIY Y3IaMHU): KapKac CIYKHUT YCHIIMBAIOIIAM 3JIEMEHTOM
moJIoTHA M 623011 711 yCTAaHOBKU JAPYTHX, KPOME TOPCHOHHBIX, y3JI0B. IIpeioskeHHbIe TEOpEeTHUECKUE TTOI0KEHNS,
METOJIOJIOTHIECKHE OCHOBHI U MPAKTHYECKHE METOABI CTPYKTYPHO-(YHKIIMOHAJIBHOTO aHAIN3a IIeJIeCO00pa3HO HC-
MIOJI30BATh NP MONCKE MyTeH ONTUMHU3AIUH U JPYTUX JIEMEHTOB TOABIKHOTO COCTaBa, a Takke 0OBEKTOB TpaHC-
mopTHOTO MamuHOCTpoeHus. HayuyHast HoBu3HA. IpeaioxeHbl METOIOIOTHIECKUE OCHOBHI CO3JAHHS CTPYKTYp-
HO-()YHKIIMOHAJIFHOTO OMHMCAHUS KPBIIIKH JTFOKAa U PEACTABICHBI PE3yIbTATHI €€ pealn3alii, KOTOPbIE MOTYT OBITH
UCTIONIb30BAHBI B UCCIIEOBAaHMAX IPOLEeccoB (QYHKIIMOHUPOBAHMUS, BOCIIPUATHS U IIepepacipeieieHus pa3HbIX BH-
JIOB Harpy3oK, TAKCOHOMMH, TTOBBIIIEHHS CTETICHH WX MICATBHOCTH, UACHTU(DHUKAUN 00BEKTOB, pacCMaTPUBAEMBbIX
B IpolleccaXx NPOEKTHPOBaHUs, uUcciaenoBaHus, peMoHTa. [IpakTmyeckas 3HauumMocTh. CTPyKTYypHO-
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(YHKIIMOHAIEHOE ONUCAHUE IT03BOJMIO CIIPOSKTHPOBATh WHHOBALIMOHHBIA KOHCTPYKTHB KPBIIIKH JIIOKA, B TOM
yucie OecKkapKkacHOE ee BBITIOJIHEHNE, MOJIENb C BBIMYKJIOW KOHCTPYKIMEH IHOJIOTHA B CTOPOHY NMPOTHBOJCHCTBUS
Macce rpy3a. C mOMOLIBIO MPEAI0KEHHBIX MOJIENEH KPBIIEK Pa3rpy304HBIX JIOKOB BO3MOXKHA (G (QEKTUBHAS MO-
JIEpHH3ALHSI OTEYECTBEHHOTO MapKa MOJTyBaroHOB.

Kniouegvie cnosa: TpaHCHOpPTHas MEXaHWKA; I'PY30BbIE BaroHBI; IIOJMYBaroH; KPBIIIKA JIFOKAa; CTPYKTYPHO-
(YHKIIMOHAIBHOE OIMCaHNE

0. V. FOMIN ", M. . GORBUNOV 2, N. S. KOCHESHKOVA *, V. V. KOVALENKO *

"Dep. «Cars and Carriage Facilities», State Economy and Technology University of Transport, I. Ogienka St., 19, Kyiv,
Ukraine, 03049, tel. +38 (067) 813 97 88, e-mail fomin1985@]list.ru, ORCID 0000-0003-2387-9946

Dep. «Railway, Road Transport and Handling Machines», East Ukrainian Volodymyr Dahl National University, Central Av.,
59-a, Sievierodonetsk, Ukraine, 93400, tel. + 38 (095) 309 10 39, e-mail gorbunov0255@gmail.com,

ORCID 0000-0002-8556-3392

3Dep. «Cars and Carriage Facilities», State Economy and Technology University of Transport, Ogienka St., 19, Kyiv, Ukraine,
03049, tel. +38 (095) 272 36 82, e-mail tasha.kocheshkova@gmail.com, ORCID 0000-0003-1838-5167

“Dep. «Railway, Road Transport and Handling Machines», East Ukrainian Volodymyr Dahl National University, Central Av.,
59-a, Sievierodonetsk, Ukraine, 93400, tel. +38 (095) 142 90 74, e-mail kkaterina@ukr.net, ORCID 0000-0003-1706-2710

STRUCTURAL-FUNCTIONAL DESCRIPTION OF THE HATCH COVER
CONSTRUCTION

Purpose. The work aims at structural-functional description of the existing construction of hatch covers of gon-
dola cars to find possible ways of their modernization and improvement. Methodology. The research and analysis
are based on principles of morphological study of technical systems and systems approach. The research takes into
account the results of the leading research on the topic, the authors' own development, mathematical justification
and computer modeling. Calculation of the structural elements of the rolling stock was carried using modern norma-
tive and developed methodologies. Findings. The system approach in creating an innovative hatch cover allowed
the design to be presented in the form of a series of interconnected and interacting subsystems, taking into account
the main factors of their functioning. Authors developed the structural-functional model of the hatch cover of the
gondola car, which showed that the hatch cover plate is the basic element, the structural-parametric and functional
properties of which determine the corresponding characteristics of other nodal and base elements of its design. We
established that the main functions of the hatch cover are distributed through the constituent elements of the first
hierarchical level (between nodes): the frame serves as the reinforcing element of the plate and the base for in-
stalling other nodes, except the torsion ones. The proposed theoretical propositions, methodological foundations and
practical methods of structural and functional analysis are expedient for using in the search for optimization ways
and other elements of rolling stock, as well as objects of transport engineering. Originality. The methodological
foundations for the creation of a structural and functional description of the hatch cover are proposed and the results
of its implementation are presented, which can be used in studies of the processes of their functioning, perception
and redistribution of different types of loads, taxonomy, increasing the degree of their ideality, identification of ob-
jects considered in design, repair. Practical value. The structural-functional description allowed projecting an inno-
vative design of the hatch cover, including its frameless execution, a model with a convex design of the plate in the
direction of counteracting the mass of the cargo. Using the proposed models of hatch covers, effective moderniza-
tion of the domestic park of gondola cars is possible.

Keywords: transport mechanics; freight cars; gondola; hatch covers; structural-functional description
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RATIONAL ALTITUDE STRUCTURE FOR PLACING THE WIND
EQUIPMENT IN THE CONDITIONS OF UKRAINE

Purpose. For wind observations special wind equipment is used, which should be placed at a certain height
above the ground for a relatively short period of time. Such equipment can be transferred from one region to ano-
ther. Therefore, the main purpose of the studies outlined in the publication is the selection and justification of the
construction of a mobile altitude structure for the placement of wind equipment in the natural and climatic condi-
tions of Ukraine. Methodology. To achieve this purpose, first we chose the type of altitude structure from the exist-
ing ones. Next, we determined the nature of the effect of natural and climatic loads on these structures in accordance
with the norms of Ukraine. After this, we performed a numerical analysis of the work of altitude structures by the
finite element method on the basis of the Lira software. Also, an economic evaluation of the expediency of using
altitude structures of a certain type was made, taking into account the lease of the land plot for their location.
Findings. According to the results of the conducted studies, it should be noted that for the conditions of Ukraine a
steel tower is the most rational mobile altitude structure for placing wind equipment for a relatively small interval of
time. In comparison with a steel mast of a similar height, the total cost of its installation and operation is lower. The
X-cross brace for steel towers from 50 to 60 m in height is more rational than the K-brace. Herewith, its usage de-
creases the construction cost almost by half. Taking into account the possibility of transportation, the separation of
the steel tower into assembly units of 8-10 m in length is the most effective. Originality. The authors proposed the
method for estimating the economic efficiency of choosing a mobile altitude structure depending on the natural and
climatic conditions of the terrain. In accordance with this method, the most rational type of altitude structure is de-
termined taking into account its mobility. Practical value. Application of the proposed approaches and the solutions
allows reducing the time required for calculations in design practice and also more reasonably approaching the
choice of design solutions for altitude structures.

Keywords: altitude structure; mast; tower; Lira software; finite element method

tion, whose territory is located in different natural

Introduction zones, including seaside, which allows collecting

Recently, the opinion on climate change that
takes place on the planet is constantly expressed
and discussed among specialists from various
fields [6-8, 14]. Therefore, in order to confirm or
refute it, more and more studies are being carried
out to identify and record various climatic indica-
tors in different regions. Ukraine is not an excep-

interesting data.

One of the areas of climate research is wind ob-
servation, which allows not only to specify the
wind load on building structures, but also to collect
the relevant statistics. For this purpose, special
wind equipment is used, which is placed at a cer-
tain height above the ground (from 5 to 60 m) for
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1-2 years, which requires the use of altitude struc-
tures.

Since the data collection should be carried out
both in urban and in suburban areas with an arbi-
trary relief and arbitrary buildings (or lack thereof),
the use of existing altitude structures is practically
impossible. Much more effective is the installation
of wind equipment on specially designed mobile
altitude structures, which could be repeatedly
assembled/disassembled and moved to the desired
point of the terrain.

Purpose

Therefore, the main purpose of the studies out-
lined in the publication is the selection and justifi-
cation of the construction of a mobile altitude
structure for the placement of wind equipment in
the natural and climatic conditions of Ukraine.

To achieve this purpose, it was necessary first
to choose the type of altitude structure, then to de-
termine the nature of load impact on it, and only
then to develop a constructive solution, and with
the least possible weight.

Methodology

Among the existing altitude structures, steel
masts and towers are the most suitable for accom-
modating wind equipment and meet the mobility
conditions. Therefore, they were identified as basic
for further research.

The normative documents in force in Ukraine
that regulate the issues of determining the loads on
building structures, including altitude structures,
are the standard specifications [5]. According to

these standard specifications, it is necessary to take
into account wind, ice and ice-wind loads for dif-
ferent climatic regions.

Since the projected structure can be located in
an arbitrary area on the territory of Ukraine, the
load values were taken for the area with their high-
est values. Such an area is the coast of the Azov
Sea, where the identified natural and climatic loads
reach maximum values.

For conducting variant calculations an extreme-
ly popular and proven numerical method of build-
ing mechanics — the method of finite elements [9—
13] — was used on the basis of the well-known do-
mestic software complex Lira [4].

Four structural variants of an altitude structure
were analysed — a mast with a guy inclination
angle of 60° and 45°, as well as a tower with
X-brace and K-brace. The inclination angle of the
mast guys was limited for reasons of reducing the
area they should occupy around the structures. The
tower brace types were chosen to be the best able
to handle loads in different directions and have the
highest rigidity.

The height of the structure in both cases was
60 m. The section of the mast was adopted as tri-
angular, and that of the tower — as square, as the
most common and tested in practice. Structurally,
in all cases, the section of structural elements was
assumed to be rounded bending welded profiles,
which are also quite affordable, efficient and inex-
pensive in the modern Ukrainian market. The con-
structed calculation schemes of the mast and tower
are shown in Fig. 1 and 2, respectively.

Fig. 1. Finite-element model of mast (guy inclination angle 45°)

doi: 10.15802/stp2018/129651
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Fig. 2. Finite element model of tower with: ¢ — X-brace and b — K-brace

They consisted of core finite elements, and the
mask guys were modelled using special finite ele-
ments. This approach avoids questions of estimat-
ing the convergence of results peculiar for finite
elements of other types [1-3].

Findings

Based on the calculation results, we obtained
the efforts in the altitude structure. The bending
moments have the greatest influence on stressed-
deformed state of the structures. Their distribution
in the form of a mosaic for some of the most typi-
cal cases is presented in Fig. 3 and 4.

The calculation results allowed drawing up
a summary table, which takes into account the alti-
tude structure mass, as well as total costs, includ-
ing the manufacture and lease of the land occupied

for a term of 1 year (Table 1). The set value was
accepted averaged over Ukraine, because it varies
for different regions. However, this analysis re-
veals the overall picture.

Thus, it is clearly seen from the table that the
amount of material (steel) required for placing the
mast in comparison with the X-brace tower is more
than two times lower, and compared with the
K-brace tower — about five times lower.

In calculating the cost of renting a land plot for
the location of mobile altitude structure, two op-
tions were considered: the first — for urban deve-
lopment, the second — for the countryside (outside
the city). At the same time, a significant role is
played by the fact that the area necessary for the
placement of the mast is much larger than the area
occupied by the tower.
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Fig. 3. Pattern of bending moment distribution in mast for wind load:

a — without icing and b —with icing

doi: 10.15802/stp2018/129651

150

© R. A. Savchenko, D. O. Bannikov, I. I. Kyrpa, 2018



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

Hayka Ta nporpec Tpancrnopty. BicHuk J{HIpomneTpoBcbKoro
HaL[lOHAJIBHOTO YHIBEPCHUTETY 3alli3HUYHOro TpaHcnopty, 2018, Ne 2 (74)

TPAHCIIOPTHE BYJIBHUIITBO

a

e e ) R T e ] R —— ]
-0.00639 -0.00532 -0.00426 -0.00319 0.00213 -0.00106 6382005 638e-005 0.00106 000213 000319 0.00426 0.00532 0.00639

Loading 2

Pattern Mk

Units of measure - t*m

Zy

e I | | B I ——
-0.00391 -0.00325 -0.0026 -0.00195 00013 -0.000651 -39¢-005 39005 0.000651 00013 000195 0.0026 000325 0.00391
Loadng 2

Units of measure - t*m

z

Fig. 4. Pattern of bending moment distribution in tower for wind load:
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Mass and cost of altitude structures

Table 1

Altitude structure
Indicator Mast with guy Mast with guy
angled at 60° angled at 45° X-brace tower K-brace tower
Mass, kg 3104 2975 6 640 15373
Material cost (ths. UAH) 66.43 63.67 142.10 329.00
Metal structure manufacturing cost 166.06 159.16 355.24 822.46
(ths. UAH)
Land lease cost, city/countryside 420/140.0 280/60.0 4/0.5 4/0.5
(ths. UAH)
Total cost, 652.5/372.5 502.8/282.8 500.3/497.8 1 154.4/1 151.9
city/countryside (ths. UAH)

Also, the placement of the mast with a guy
angle of 45° turns out to be more economical in
terms of material content, but, provided the location
within the city, the total cost of construction and
operation of the mast due to significant land lease is
higher than that of the X-brace tower. Also, in city
conditions, it is not always possible to rent a large
plot of land necessary for placing a mast. These fac-
tors make it possible to state that according to the
performed researches, it is better to refuse to use the
masts, but to prefer the towers, wherein with X-
brace.

A separate issue is the transportation of the cho-
sen structure. To do this, it is planned to be divided
into separate transport units. Different schemes of
division are possible. The Table 2 shows the assem-
bly unit mass (in kg) for certain schemes. Due to the
decrease in the section of the structure in the upper
part, the last unit has a smaller mass.

With the first variant of the structure division in-
to 20-meter assembly units, the main advantage is
the small number of assembly units themselves,
which positively affects the structure reliability, re-
ducing the number of joints. The disadvantage of
this division is the emergence of difficulties with
transportation, especially within the city. This can
lead to additional costs or even the impossibility of
transporting units of this length.

The second variant of the division into 10-meter
assembly units is the most optimal in both size and
mass. A moderate amount of assembly units does
not significantly affect the structure reliability.

Considering the third variant of the division into
S-meter units, there are questions regarding the large
number of joints in the structure, which potentially

can lead to a decrease in the structure reliability. The
positive aspects of using such a division should in-
clude the ease of installation on the construction site,
using lifting equipment with small load capacity.

Table 2
Mass of transport units
Assembly unit division scheme X-brace tower
first unit 5448.8
20 m
last unit 3759.8
first unit 3173.9
10 m
last unit 1610.9
first unit 1587.0
Sm
last unit 690.6

Originality and practical value

The research presented in the publication al-
lows estimating the possibility of using different
types of mobile steel altitude structures for the
conditions of Ukraine. Since the existing profes-
sional literature and normative base in the design
of such structures lack information on possible ap-
proaches or recommendations for their design with
the possibility of location in all climatic regions of
Ukraine, the studies conducted allow reducing the
time consumption for practical calculations.

Having determined, according to the above men-
tioned methodology, the total cost of building and
operation of an altitude structure for a certain period
of time, it is possible to provide substantiated rec-
ommendations on the feasibility of using each of the
considered variants of altitude structures.
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Conclusions

Based on the material outlined in the publica-
tion, the following conclusions can be drawn:

1. For the conditions of Ukraine, the most ra-
tional altitude structure to place the wind equip-
ment for a relatively short period of time
(1-2 years) is a steel tower. In comparison with a
mast of similar height, the total cost of its installa-
tion and operation is lower.

2. X-brace for steel towers with 50-60 m height
is more rational than the K-brace. Herewith its use
reduces almost twice the construction cost.

3.For the purpose of transportation, the most
effective steel tower division is considered the one
into 8-10 m long assembly units.

4. The presented methodology for assessing the
economic feasibility of choosing a mobile altitude
structure can be applied to other types of mobile
structures as well.
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PAIIIOHAJIBHA BUCOTHA CIIOPY A AJI51 POSMIIIEHHA
BITPOBOI'O OBJIAJHAHHSA B YMOBAX YKPAIHHU

Merta. [{ns1 crioctepeskeHb 3a BiTpOM BHKOPHCTOBYIOTH CIIellialbHE BITpPOBE 00JaJHaHHS, sIKe Mae OyTH po3Mi-
LIIEHO HA MEBHIH BUCOTI HaJl TIOBEPXHEIO 3eMJIi Ha MPOTsA3i BIIHOCHO HEBEJIHMKOTO TepPMiHy yacy. Take oOyiajHaHHS
MOXE MEPEHOCHTHCH i3 OJHOTO PErioHy MiCLEeBOCTI B iHIIMH. TOMy OCHOBHOIO METOIO BHKJIQJCHHX Y ITyOurikarii
JIOCIIIKEHb € BUOIp Ta OOIPYHTYBaHHS KOHCTPYKIIi MOOLTBHOI BUCOTHOT CIIOPYIH JUIsS PO3MIIIEHHS BITPOBOTO 00-
JaJHAHHA B MPUPOIHO-KIIMATHIHIX yMOBaX YKpainu. Meroauka. [y TOCSITHEHHS NOCTABIEHOI METH CIOYATKY
Oyno oOpaHO THII BHCOTHOI CHOPYAM 3 MOXJIMBHX icHytoumx. Jlami BHW3Ha4aBCs Xapakrep [ii NPHPOIHO-
KITIMaTUYHAX HABAaHTaKCHb HA IIi CIIOPYAH 32 YNHHUMH B YKpaiHi HopMamu. Ilicis Iboro BUKOHYBABCS YUCEIBHU I
aHasiz poOOTH BHCOTHHX CIOPYJ METOJOM CKiHUEHHX eJeMEHTIB Ha 0a3i mporpamHoro komiurekcy Jlipa. Takox
Oyna HaJaHa eKOHOMIYHA OITiHKA JOIIFHOCTI 3aCTOCYBAaHHS BHCOTHUX CIIOPY[I IIEBHOTO TUIY 3 YpaxXyBaHHSAM Ope-
HAW 3eMeNBHOI TUISHKY JUTA X po3TanryBaHesd. Pe3yasTaTH. 3a miacyMKkaMu IPOBEICHUX JOCTIKECHD CIIiJl KOHCTA-
TYBaTH, 110 JUIsl YMOB YKpaiHH HaAWOUIBII pallioHaIbHOI0 MOOUTFHOIO BUCOTHOIO CIIOPYOIO JUIS PO3MIILIEHHS BITPO-
BOro o0JyaJiHaHHS Ha BiJTHOCHO KOPOTKHI MPOMIXOK 4acy € cTajieBa Bexa. Y MOPIBHSHHI 31 CTAJIEBOIO IIOTJIOK0 aHa-
JIOT1YHOT BUCOTH CyMapHa BapTiCTh I BCTAHOBJICHHS Ta eKCILTyaTalil BUSABISEThCS HIDKYOK. [lepexpecHa perriTka
JUISl CTaJIEBUX BEX BUCOTOO Mopsiaky S0—60 M € Oinbl panioHanbHO0, HiX HamiBpo3kicHa. [1pu npomy ii Bukopuc-
TaHHS NMPAaKTUYHO BJBIYi 3MEHIIYE BapTICTh CHOPYAU. 3 ypaxyBaHHSIM MOXKJIMBOCTI TPAHCIIOPTYBaHHS HaWOUIbII
e()eKTUBHMM CJIiJ] BBXKATH PO3NOALT CTajeBOI Bexi Ha cekuii nosxuHo 8—10 M. HaykoBa HoBHM3HA. ABTOpamMu
3aIpOMOHOBAaHA METOIUKA OIIHKM €KOHOMIYHOI e(peKTHBHOCTI BHOOPY MOOUTBFHOI BUCOTHOI CIOPYAH B 3aJICKHOCTI
BiJl MPUPOTHO-KITIMAaTHIHUX YMOB MiCIIEBOCTi. BiINOBiqHO 10 ITi€1 METOAMKH BU3HAYECHO HAMOLIBIN paimioHaTbHUN
THIT BUCOTHOI CIIOPYAH 3 ypaxyBaHHIM ii MoOinbHOCTI. IIpakTH4yHa 3HAYMMIicTb. 3aCTOCYBaHHS 3alIPOIIOHOBAaHHX
MiAXOIB Ta pIillIeHb AO3BOJIIE CKOPOTUTH HA MPAKTHUII IMPOCKTYBaHHA 4ac, MOTPIOHUI I po3paxyHKIB, a TaKOX
OUTBIII OOTPYHTOBAHO ITIIXOAUTH O BUOOPY KOHCTPYKTHBHUX PIllICHh BUCOTHHUX CIIOPY/I.
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PAIIMOHAJIBHOE BBICOTHOE COOPYXXEHHUE IS PASMEIIEHUSA
BETPOBOI'O OBOPYJIOBAHMS B YCJIOBUAX YKPAUHBI

Hean. [ns1 HaOIr0IeHNH 32 BETPOM HCIONB3YIOT CIELHAIbHOE BETPOBOE 000PyJOBaHHE, KOTOPOE JOJIKHO OBITh
pa3sMelIEHO Ha ONpPEJIEICHHON BBICOTE HaJl MOBEPXHOCTBIO 36MJIM HA MPOTSKEHUH OTHOCUTEIILHO HEOOJBIIOrO Ie-
prosa BpeMeHH. Takoe 000py/I0BaHHE MOXET IMEPEHOCUTHCS M3 OHOTO PErHOHAa MECTHOCTH B Apyroil. [lostomy
OCHOBHOH II€JIbI0 M3JIO’KCHHBIX B ITyOJIMKAllMU MCCIICIOBAHUN SIBIISIETCS BBIOOD M OOOCHOBaHHE KOHCTPYKIUH MO-
OMIIBHOTO BBICOTHOTO COOPY)KEHHMS ULl pa3MEIEeHNs] BETPOBOTO 000PYI0BaHMS B NMPUPOAHO-KIMMATHIECKUX YCIIO-
BusIX YKpauHbel. Meroguka. [ JOCTHXKEHUs TOCTaBICHHON 1€ NepBOHAYAILHO OBLI BHIOPAH THIT BBICOTHOTO
COOPY>KEHHS U3 BO3MOXKHBIX CYHIECTBYIOIUX. Jlanee onpenensuics Xapakrep JEHCTBUS MPUPOIHO-KINMATHIECKUX
HAarpy30K Ha 3TH COOPYXKEHHUs COINIACHO NEHCTBYIOIUX B YkpauHe HOpM. Ilocie 3TOro BBIMOIHSIICS YHMCIECHHBIN
aHasn3 paboThI BEICOTHBIX COOPYXEHHI METOJOM KOHEYHBIX JIEMEHTOB Ha 0a3e MporpaMMHOTO Komiuiekca Jlupa.
Takxe OblTa BBITOJTHEHAa SKOHOMHYECKAs OICHKA IIEIeCO00pPa3HOCTH HCIIOIB30BAaHHUA BBICOTHBIX COOPYKEHHH
OIIPEJICTICHHOTO THUIMA C y4eTOM apeH[bl 3€MEJIbHOTO ydyacTKa Uil UX pacrosoxeHus. Pe3yabrarhl. Ilo ntoram
MIPOBEICHHBIX MCCIIEIOBAHNHN CIEeIyeT KOHCTaTHPOBATh, YTO IS YCIOBUHM YKpanHBI Hanbosee panroHaIbHBIM MO-
OWIIGHBIM BBICOTHBIM COOPYXXEHHEM IS pa3MeIeHHs BETPOBOTO 000pyI0BaHUS HA OTHOCHUTENIFHO HEOOIBIION WH-
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TepBaJl BpEMEHU SIBJIICTCS CTajbHAas OalHs. B cpaBHEHUH CO CTaIbHOI MauTOM aHAJOTMYHON BBICOTBI CyMMapHast
CTOMMOCTh €€ YCTaHOBKH M 9KCIUTyaTalluM OKa3bIBaeTCsl MeHblIed. [lepekpecTHas pemieTka ajisl CTaJbHBIX OalleH
BBICOTOH mopsanka 50—-60 M sBusercs Ooiee paroOHAIBHOW, YeM MmoiypackocHas. [Ipm 3ToM ee HMcIoibp30BaHUE
MPAaKTHYECKN BABOE CHIDKAET CTOMMOCTH cOoOpykeHus. C ydeToM BO3MOXHOCTH TPaHCIIOPTHPOBKH Hamboiee 3 (-
(DEeKTHBHBIM CIIEAYET CUNTATh pa3lelieHNe CTAIbHON OamrHu Ha cekuuu a0l 8—10 M. Hayynast HoBu3HA. ABTO-
pamMu TpemoKeHa METOIMKAa OLEHKH JKOHOMHYECKOH 3((EeKTHBHOCTH BBIOOpAa MOOMIBHOTO BBICOTHOTO
COOpPYXXEHHUsI B 3aBHCHMOCTH OT MPHUPOJHO-KIMMATHYECKHX YCJIOBHH MECTHOCTH. B cOOTBETCTBHMH C 3TOH
METOIUKON OMNpenelicH HanOoJee panuOHANBHBIA THII BBICOTHOTO COOPYKCHHS C YYETOM €ro MOOMIBHOCTH.
IIpakTHyeckasi 3HAYNMOCTD. [IpuMeHeHNe TPEATIOKEHHBIX OJX0A0B U PEIICHUH MO3BOJSET COKPATUTh Ha MpakK-
THKE NTPOEKTUPOBAHUS BpeMsl, HEOOXOAMMOE /IS PacueToB, a TakxKe 0osiee 000CHOBAHHO MOJXOJUTH K BEIOOPY KOH-
CTPYKTHBHBIX PEIIEHUI BEICOTHBIX COOPYKEHUI.

Kniouesvie cnosa: BbICOTHOE COOpYKEHHE; MauTa; OallHs; MPOrpaMMHBIM kKommiekc JIupa; METon KOHEUYHBIX
2JIEMEHTOB
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