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WCCJEJIOBAHUE BPEMEHHOM 3ABUCUMOCTH
N CITIEKTPAJIBHOI'O COCTABA CUT'HAJIA B HEIIN
CTPEJIOUYHBIX QJIEKTPOJABUTATEJIEH IEPEMEHHOI'O TOKA

Heasn. Pabota mpeanonaraet yCTaHOBIIEHHE 3aBUCHMOCTH H3MEHEHUH BO BPEMEHHOM 00NACTH M CHEKTPAITbHON
COCTABIIIONINX TOKA B IIETIH CTPEJIOYHOTO AIIEKTPOABHUTATENSI IEPEMEHHOTO TOKA OT €ro TeXHHYECKOTO COCTOSHUSI.
TpebyeTcs BeLAEINTH OOIIKE TPU3HAKH IS OAMHAKOBBIX THIIOB MOBpEXAeHUH. [Ipy momorm aHanmn3a HOIyIeHHBIX
CUTHAJIOB HEOOXOIMMO IPOBECTH JIUCTAHIIMOHHOE TMArHOCTUPOBAHUE U OIPECICHHE HEUCIIPABHOCTEH U 1e(heKTOB
CTPEJIOYHBIX DJIEKTPOJBUTATENEH, a TaK)Ke YCKOPHTH MPOIECC MOMCKAa HEUCIPAaBHOCTEH, OTKa30B W MOBPEKICHUI.
Heo0xoanmMo aBTOMaTH3MPOBATh MOJAXO0J K 00CIY)KMBAaHHIO YAAJIEHHOTO HANOJLHOTO 000PYIOBaHHIO aBTOMATHKH,
PacIoIoKeHHOTo B TabapuTe JBMXKEHHMs 110e3/10B. B nccnenoBanuy npeamosnaraercsi pa3padoTaTth KOMILIEKC MEpo-
MPUATHUIL TT0 CHIDKEHHUIO YIPO3BI JKU3HU U 3/I0POBBIO 00CITY>KHBAIOIIETO MEPCOHANA 3a CUeT YMEHBIUICHUS BPEMEHH
ero npeObIBaHUS B 30HE JIBIDKCHHUS T0€3/10B M YMEHBLICHHUIO BIMSHUS YEJIOBEYECKOro (hakTopa Ha pe3yibTaTr 00-
ciykuBanus. Meroauka. B paboTe u3ydeHsl cTpoeHHE, TapaMeTpbl U XapaKTePUCTHKH, OCOOEHHOCTH JKCILTyaTa-
LM ¥ 00CTY>KUBaHUS CTPEJIOYHBIX JIEKTPOIBUraTeNeii IepeMeHHOoro Toka. OnpeiesieHbl OCHOBHbIE BUJIBI BO3MOX-
HBIX TIOBPEXKACHUH B 3aBUCHMOCTH OT yCJIOBUH Tporecca dKcIuryatanui. [IpencTaBieH 3JIeKTpoJBUTaTeNh Kak 00b-
eKT TUarHoCTHUpoBaHWA. Pe3ynbTaTthl. [lomydeHB BpeMEHHBIE 3aBHCHMOCTH TOKAa B IIETIH CTPEIOYHOTO BIIEKTPO-
JIBUTATEIS AJIS Pa3IMIHBIX €r0 COCTOSHHMA. YCTAaHOBJEHA CBSI3b MEXKIY TEXHHUYECKHUM COCTOSTHHEM CTPEIOYHOTO
AIEKTPOJABHUTATENS M TIOKa3aTesIMA TOKOBOW KPHUBOW BO BPEMEHHON W CHEKTpalbHOUW oOsacTsax. [IpuBeneHo 060-
CHOBAaHHWE BBIBICHHBIX OTKJIOHEHHH OT J3TAJOHHOTO CHUTHAJIAa W CAETAaH BBIBOJ M3 MOJIYYEHHBIX PE3yIbTaTOB.
Hayuynas HoBu3Ha. [IpemnoikeH coco0 IHarHOCTHPOBAHUS COCTOSIHUS CTPEIOYHOTO 3JIEKTPOIBUTATENS ITePEMEH-
HOTO TOKa TI0 BPEMEHHON 3aBUCHUMOCTH U CIIEKTPaJIbHOMY COCTaBYy TOKa B ero 1enu. [IpumeHeHa cxema nokiroye-
HUSI K OOMOTKaM 3JIEKTPOJBHUIraTeNs C YUYETOM HE HapyLICHHUsS DJIEKTPHYECKUX IMapaMeTpoOB CXEMbl BKIIOYEHUS
B peaJibHBIX YCIOBMAX 3KciuryaTanuu. IlpakTuyeckass 3HAYMMOCTb. [lomydeHHbIe pe3ynbTaThl MO3BOJISIOT TOBO-
PHUTH O BO3MOXKHOCTH H 11€71€CO00Pa3HOCTH JAIBHEHIIEro pa3BUTHs IPUHLUIIOB JUCTAHIIMOHHOTO THarHOCTUPOBA-
HUSI HA OCHOBaHHMHU aHAJIM3a BPEMEHHOM M CHEKTPaJIbHOW 001acTell TOKOBOM KpUBOH B IETIN CTPEIIOYHOTO IIIEKTPO-
nBuratens. PealbHBIM M PallMOHANBHBIM SBIIETCS Takke BHEIPEHHE M MPAaKTHYEeCKOe MPUMEHEHHE MOIYYCHHBIX
pE3yIBTATOB B YCIOBHAX AKCILTyaTaIlH B KAYeCTBE CAMOCTOATENBHON CUCTEMBI cOopa, aHamm3a, 00paboTKH U Tie-
penaun naHHBIX. [laHHAs cECTeMa JellaeT BO3MOXKHBIM OTCIICKUBAHHE W3MEHEHHH KITFOUEBBIX ITapaMeTpoB U (op-
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MHpPOBaHHE MPEIOKEHUI 10 MepaM BO3ACHCTBHS HAa CUTYAIMIO B PEabHOM BPEMEHH, a TaKXKe BO3MOXKHOCTH IPO-
THO3UPOBAHUS COCTOSIHUSL OOBEKTOB HA OCHOBAHWH OMPEICTICHNS 3aBUCUMOCTEH MPEABIAYIINX H3MEHCHHH.
Kniouesvie cnosa: 3neKTpoaBUraTeNh; SJICKTPOIIPUBO;, CTPENKA; aHAJN3; THarHOCTUPOBAHNE; BPEMEHHAS 3aBU-

CHUMOCTD, CHeKTpaJ'le]:Jﬁ COCTaB

BBeaenune

XKene3HoOpOXKHBIA TPAHCIIOPT TMPECTABIISET
€000 CIOKHYIO CUCTEMY, COCTOSIIYIO M3 pa3iiny-
HBIX CIIy’KO, OT TOYHOCTH B3aMMOJEHCTBHS KOTO-
pBIX obecreurBacTCsl HEeTpephIBHOCTh W Oe3omac-
HOCTH IIepeBO30YHOTr0 Tporecca. JKene3Has mpopora
ABJISETCA OMAaCHBIM MECTOM HE TOJIBKO Ul Iacca-
KHPOB, HO TaKKe M JIJIsI CAMHUX PaOOTHHUKOB JKeJe3-
HOZOPOKHOTO TpaHcmopTa. OnTHMHU3aLKs IKCILTya-
TAIMOHHOTO TpOoLiecca U PEKOHCTPYKIUS TPaHCIIOP-
THBIX TIPEATNIPUATHH BO MHOTOM TPUBOJIUT K YMEHb-
HICHHUIO KOJMYECTBA JIFO/ICH, 3aHATHIX TEKYIIUM 00-
CITy’)KHBaHHEM U TUTAHOBBIM PEMOHTOM.

PykoBOJICTBOM KeNE3HOIOPOKHOTO TPAHCIIOP-
Ta B3AT KypC Ha JOCTM)KCHHE KadeCTBEHHOTO
YPOBHSI TIE€PEBO30K, HE YCTYMAIOIIETO eBpOIeii-
CKHM CTpaHaM, yxe B OmmkaiiiieMm roay [4]. Baxk-
Has 3aj7iaya Ha MyTH YCOBEPIIEHCTBOBAHUS MIEPEBO-
30YHOTO TIPOIECcCca, BKIIOYANOINIETO YBEIUYCHHE
Tieyeil oopaleHns, CKOpocTel IBUKEHNS U BECOB
MIEPEBO3UMOTO TTOE3/1aMH TPpy3a, OcTaeTcs 3a obec-
MeYyeHrueM 0e30I1aCHOCTH JBVKEHMUS.

B Hacrosimee BpeMs OoOJNbIIyIO YacTh pabOTHI
Mo 0O0CITyXKMBAaHUIO 000PYIOBaHUS, amlmapaTypsl,
MEXaHHU3MOB U TPAHCIIOPTHBIX CPEACTB BO3JIAraroT
B OCHOBHOM Ha pPaOOTHHKOB COOTBETCTBYIOIINX
CITYKO KEJIe3HOAOPOKHOTO TPAHCIIOPTa. ITO TMPH-
BOJIUT K TOMY, YTO B CBSI3H C YCTPaHEHHEM OJHUX
MoIpa3/ie]IeHNid, CIUSTHIEM APYTUX U 00pa3oBaHU-
€M HOBBIX B KOHEYHOM HTOTE YBEIMYHBAETCS 00-
it 00beM PabOTHI, TPHUITATAIOIINN HA OJTHOTO pa-
O0otHuka. Bmecte ¢ Bo3pacTaHMeM Harpys3Kd BO3-
pactaer ¥ TeMIl paboThl, TOCKOJIBKY B 3HAUNTENb-
HOW CTEMeHH NOBBICHIIUCH CKOPOCTH JIBM)KCHHSI.
Tak HanpuMmep, ¢ BBeIEHHEM B 00paleHne MoTop-
BaronHoro coctasa Hyundai Rotem npousBoncraa
IOxHo0# Kopewn, ckopocTh ABHKEHHUS KOTOPOTO HA
HEKOTOPBIX ydacTkax nocturaetr 160 km/4, pabort-
HUK{ JKEJIE3HOW TOPOTH ONIyTHJIM 3aMeTHOE CO-
KpalleHne BPEMEHU Ha MOATrOTOBKY, IOUCK M yCT-
paHeHHe NOBPEKACHUH, €CIM OHM BO3HUKAIOT IO
MapIIpyTy CIeoBaHUs NaHHOTO moe3na. B coBo-
KYIMHOCTH CHTyalusl M0 OOCITy>)KUBaHHUIO M DKC-
TUTyaTallly B [IEJIOM YCIOXKHSETCS elle ¥ HCIOIb-
30BaHMEM YCTapeBIINX METOJOB M TEXHOJIOTUH
BEJICHHS XO3SIIICTBEHHOW JIeSATEILHOCTH.
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KauecTBo ABMXKEeHUs MOE3/I0B, KaK IMOKa3bIBaeT
MPaKTUKa, BO MHOTOM €IIe€ 3aBHUCHT OT CBOEBpE-
MEHHOCTH W TOYHOCTH TiepenaBaeMoil nHdpopma-
[[M, MTHOBEHHOW PEaKIMy Ha MOCTyIHBIIEe co00-
HIeHWE W HaJu4yue aBapuitHoro 3amaca. Kak roeo-
pHUJIOCH paHee, B CBS3M C MOSBICHHEM HOBBHIX 00-
pasloB MOABIKHOTO COCTaBAa CKOPOCTU JBHKCHUS
MOE3/I0B 3HAYUTEIHHO YBEIMUMINCH TI0 CPABHEHUIO
C MPEIBIAYIIMMU TOAaMHU. JTO MPHUBOIUT K TOMY,
YTO BBITIOJHSSI TEXHOJOTUYECKHIA TPOIecC coriac-
HO rpaduKy oOCITyKHUBaHHS YCTPOHCTB B 000pYI0-
BaHUsI, paOOTHHK KEJIE3HON IOPOTH He WMEeT TOJI-
HOMAacIITaOHOW KapTHHBI CHTyallil Ha BBEPEHHOM
eMy B OOCTy)KMBaHHE ydYacTke. 3adacTtyio cOow,
HEHCIPABHOCTH, MOBPEXIICHUS U OTKa3bl B pabore
YCTPOMCTB MPOUCXOJAT TI0 MPUYHUHE OCTEIIEHHOTO
M3HOCAa U €CTECTBEHHOTO CTapEeHUs, a TakKe HeKa-
YECTBEHHOT'O WIJTH HETIOTHOTO OOCITYKHBaHUSI.

OT paboTHUKA KEIEe3HOH HOPOTH, 3aHIMAOIIe-
rocs OOCITy>KMBaHHEM YCTPOWCTB W MEXaHH3MOB,
TpeOyeTcs B HACTOsIIEE BpPEMsI OUYCHBb BBICOKAS
OTMEPaTUBHOCTH BBIMOJHEHUS! JaHHBIX paboT. BoI-
COKasi MHTEHCUBHOCTb HAarpy3Kd, CTENEHb OTBET-
CTBEHHOCTH, TOBBIIICHHBI ypOBEHh BHHUMAaHUS
M YacThIe CTPECCOBBIE CHTYAIMH IIPH 3TOM CTaHO-
BATCS MIPUYMHON HAKAIUTMBAaHUS yCTAJIOCTH M pa3-
JIpaXKUTETbHOCTH. YenoBek, MpeObIBaOUi B CO-
CTOSTHHH CTpecca, OYeHb OBICTPO MOpaIbHO U (H-
3MYEeCKH YCTAaeT W, KaK pe3ylbTar, JellaeT elle
0oJbIIe OMHOOK.

PabGoTHUKH CTy)OBI CHTHAJIM3AIA M CBSI3U He-
CYT OTBETCTBEHHOCTbH B NIEPBYIO OUepelb 32 MHTCH-
CHBHOCTb M 0€301acHOCTh TIePEBO30YHOTO IpoIiec-
ca. DneKkTpuyeckas LEHTpaau3alus, aBToMaTHye-
CKasi OJIOKMPOBKA M AHUCIIETYEPCKAsl IICHTPAIH3aIUs
MO3BOJIMJIM 3HAYHUTENHFHO TOBBICHTH IIPOITYCKHYIO
CIOCOOHOCTP KeNe3HOH JOPOTH, HO MPH AITOM 3Ha-
YUTENBHO YBEIWYHMIIOCH U YUCIO OOBEKTOB 00CITy-
skuBaHus. CliryKaliue BBITIONHSIIOT OCMOTP, 3aMEHY
M PEMOHT COINIACHO TpaMKy TEXIpolecca PyKOBO-
JICTBYSCh TEXHOJIOTHYECKUMU KapTaMH U WHCTPYK-
musivy. [Ipy 5TOM BHEIIaHOBBIE PabOTHI YacToO CTa-
HOBSITCS TIPUYIUHON cOOEB B IMPOIIECCEe TEXHHIECKOTO
obciryxuBanust. Kpome Toro, B 00s3aHHOCTH BXOJIUT
BEICHUE W MHOTOUMCIIEHHBIX XypHal1oB. B 00ib-
IIMHCTBE CTy4aeB BCE BBINOJHEHHE pabOT CBOIUTCS
K 3aIl0JJHEHHIO YKYPHAJIOB U MPOBOIUTCS TOJIBKO HA
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Oymare u He Oonee. Ha HamonbsHOM e o0opynoBsa-
HUM TIPH 3TOM BBITIOJNHSIOTCS MCKIIIOYHMTEIBHO pe-
MOHTHBIE WJI1 BOCCTAHOBHUTEIIBHBIC PAOOTEHL

B mpotuBoBec cucreme IIaHOBO-TIPEIYTIPEan-
TEJILHOTO PEMOHTa, KOTOpas CyIIECTBYET CO Bpe-
MEH CO3/IaHHs M Hadaya JKCIUTyaTaluu YKe ycTa-
PEBIIMX CHCTEM PETYJIMPOBAHUS IABHKEHHS I0OE3-
JIOB, HEOOXOIUMO pa3pabaThIBaTh M BHEAPSATH CHC-
TEMBI aBTOMATU3WPOBAHHOTO KOHTPOJIS U JUCTaH-
IMMOHHOW AWArHOCTHKH YCTPOUCTB. DTO IMO3BOIUT
UCKITIOYUTH BO3MOKHOCTH BO3HHUKHOBCHHUSI HEHUC-
MPaBHOCTEW MO MPUYUHE HEBBIOJHEHUS Tpaduka
TeXIpoliecca Wi OIUOOK, HETOUHOCTEH, yIyIle-
HUH W HEJOYETOB, IMOPOXKICHHBIX UYEIOBEUYECKHM
(akTOpOM MpH BBIIOJHEHUH TEXHUYECKOro 00-
CITy’)KUBaHHS U KOHTPOJIS TapaMeTPOB.

Hean

g oOecrnieueHust ONMEpaTUBHOTO pearupoBa-
HUSI Ha OTKa3bl M IOBPEXKICHUS LENEeCO00pa3HO
BHEJIPEHHUE CUCTEM, KOTOpBIE OYIyT BBIIOJHSATD
U3MEPEHUs MapaMEeTPOB U CPaBHEHUE UX IIOKa3a-
Telned B aBTOMAaTU3MPOBAHHOM pEXHME, a TAKKE
MIPENOCTaBIATh JaHHBIE B pealbHOM BpeMmeHu. Ha
OCHOBaHMM HaONIONEHUH 32 U3MEHEHUSIMH TIOKa-
3aHUM B TEUEHHE ONPEJCIICHHOIO BPEMEHU MOXKHO
CTPOMUTH MPEATION0KEHNAS O TEXHHYECKOM COCTOSI-
HUM OOBEKTOB KOHTPOJISA, a TaKKe MOJy4aTh CBe-
JIEHbS O COCTOSHHHM U PEeXUME PabOThl 00BeKTa
JTUATHOCTUKHU. JTO JACT BO3MOXKHOCTH IPOTHO3H-
pOBaTh OTKa3bl IyTEM MPERYIPEKICHUS HEHC-
MIPABHOCTEW, BBI3BAHHBIX ITOCTENIEHHBIM H3HOCOM,
3aCOPEHUEM, CTAPEHUEM MaTEPHAIIOB, HEIPABUIIb-
HOH PEryJMpOBKOM U BO MHOIMX JPYTUX CIIydasix
HE BHE3aITHbIX MOBpeXxAeHNN. B ciiyuae BHe3amHo-
rO BO3HMKHOBEHUS TOBPEXICHUS MM OTKa3a CHC-
TeMa aBTOMAaTU3UPOBAHHOIO KOHTPOJIL U JUArHO-
CTHKH II03BOJINT CBOEBPEMEHHO OIPEAEIUTH 00b-
€KT, MECTO MOBPEXICHHUS, 3a()UKCUPOBATH MOMEHT
BPEMEHU €ro MOSBJICHUS, BO3MOXHBIE IPUYUHBI,
a TaKKe MPeUIOKUTh BApUAHT JCHCTBUH paObOTHHU-
Ky *eje3Hor goporu. [Ipu 3Tom 3amuch B xKypHa
0 TPOUCXOIAIINX COOBITUSAX C YKa3aHHEM JaThl
U BPEMEHH, J1aThl U BPEMEHHU PeaKlUU Ha HHUX CO-
TPYIHHUKOB U O CPOKax BBIIOJHSIEMBIX ACUCTBUI
JIeJIaeTCsl B aBTOMaTHYECKOM PEKUME.

OpnuM 13 HanboJee ysI3BUMbIX MECT JKeJIe3HON
JIOpPOTH SIBIISIIOTCSL CTPEJIOYHBIE IIepeBOAbl. LEke-
JIHEBHAs JKCIUIyaTallyds, CMEHa IOTOAHBIX YCIO-
BHM, €CTECTBEHHOE M BCIEICTBHE pAaCCHITAHUSL
IPy30B 3arps3HEHUE NPUBOAST K HAPYIIEHUIO HOp-
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MaJIbHOTO MX (DyHKIHOHUpOBaHUs. PaboTsl Mo 00-
CITy)XKMBAHHUIO CTPEJIOYHBIX IEPEBOJOB CBA3AHBI
C BBIXOJIOM B 30HY JBIKEHHS IOE3/0B, a IOITOMY
HECYT OMACHOCTb XM3HH W 3/I0POBBIO OOCITYXKH-
BaIOIEMy TIEPCOHANY, TaK KakK CYIIECTBYET BEpo-
ATHOCTH Hae3/1a MOJIBUKHOTO COCTaBa Ha pabOTHH-
KOB, MaJIeHUs TPy3a WIK €ro YacTH B 30HY IPOBE-
JIeHHsI paboT.

bruto OB 11Eec000pa3Ho pa3padoTaTh TAKYIO
CHUCTEMY JHAarHOCTUKH ¥ KOHTPOIS COCTOSHUS
CTPEJIOYHOTO TepeBosa, KOTopas Obl MUHUMHU3H-
poBayia BpeMs MpeObIBaHUS B 30HE BMKEHUS I10-
€31I0B, HEOOXOIUMOE PAOOTHUKY JUIS YCTPAHCHHUS
MpUYuHBl HepaboTocrmocoOHOCTH cTpenku. Jlms
3TOTO Tpebyercsi coOupaTh HHPOPMAIUIO O CTpe-
K€ JI0 BBIXOJ]a €¢ M3 CTPOsi, YTOOBl HA OCHOBaHUH
CcOOpaHHBIX JaHHBIX CYAHWTH O XapaKTepe BO3MOXK-
HOW ToJOMKH. Ecim kK cucteMe MUarHOCTHKH J0-
0aBUTh M METOAMKY MPOTHO3MPOBAHUS COCTOSHUS
Ha OCHOBAaHMH MMEIOIINXCS TaHHBIX, TOTIa MOXKHO
MOOUTHCS TIONYYEeHUS TPEAYNPEKICHHH O BO3-
MOYXHOM BBIXOJIC M3 HCIPABHOTO COCTOSHHS [0
TOTr0, KaK 3TO MPOU30MIET. be3yClIOBHBIM IIIIOCOM
TaKoOl CHCTEMBI CTaHET CBOOOIHOE IJIAHMPOBAHHE
CBOMX JefcTBUH PabOTHHKOM IO YCTpaHEHHIO 3a-
MEYaHWH, COCTABJICHHBIX CHUCTEMOW JIMAarHOCTHUKH,
Ha MPOTSAKEHUN BCETO pa6oqer0 BpPEMECHHU, YTO II0-
3BOJIUT €My BEIOWpaTh HaWOOJee IOAXOIIIICEe
BpeMsi, CBOOOIHOE OT JBIDKEHHS IOE€37I0B B 30HE
npoBeneHus pabor. Kpome Toro, naHHoe Bpems
COKpATUTCS eIlle M 332 CUYET aBTOMATU3UPOBAHHOTO
OTIpeieTIeHHs TPIYNHBI TTOSBIICHHUS OTKa3a.

MeTtoaunka

ABTOMaTu3ays MeToAa TUCTAHIIMOHHOW NU-
ArHOCTHUKHU CTPEJIOYHOI'0 IMEPEBOJa CBOJAUTCA K OIl-
peleNeHnio MPHU3HAKOB €r0 HCIPABHOTO M HEWC-
MPaBHOTO COCTOSIHUN JUIsl JadbHEHIIEero cpaBHe-
HUA B IMPOLECCE OKCILTyaTalluu OaHHBIX, IMOJy4daec-
MBIX C paboTarOIUX CTPENOK W TOoKa3aTeiei JTa-
JIOHHBIX CHTHAJIOB, B3fATHIX B KadecTBe oOpasia
U 3alHMCaHHBIX ¢ UchpaBHOUW cTpenku. [Ipu sTom
IMPOU3BOJUTCA CPABHCHUC 3HAUECHUI 110 HECKOJIb-
KHM TIOKa3aTeJsIM TOKOBOW KpHWBOW pabodeit memm
ANIEKTPOJIBUTATENSI, BBIOPAaHHOTO B KadecTBe 00-
pasua u ucciuexyemoro. Cpeau Takux mokasaresneit
0c000¢ 3HAYCHHE HUMEIOT aMIUIUTYa U JJIUTCIIb-
HOCTP TIEPEBOAA, MO0 KOTOPHIM MOKHO YCTaHOBUTH
HAIW4YME TPENSATCTBUN  JBMKEHUIO  OCTPSKOB
BCIICACTBUE IMOMAJaHUs MOCTOPOHHUX IMPEAMETOB
MEXIY OCTPSAKOM M pPaMHBIM pEIICOM, HIIU II0
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MIpUYUHE 3arpsi3HEHHs] NPH JBHKEHUM CTPEJIKH,
3aTPyJIHEHUM B MEXaHUYECKOW Tmepefade yCUus
nepeBoJa CTPEINIKU, a TakkKe JI(PTOB B MeCTax Co-
€VHEHUS W HeNpaBUIBHON pPEerylupoBKH Y3JIOB
B MeCTax KpeIIeHusl.

Hnst Toro, 4roObl ONpeNenuTbh OTIHYHS BO
BIMSHUM TEXHUYECKOTO COCTOSHHS CTPEJIOYHOTO
MepeBofa Ha KPHUBYIO TOKa, pPacCMOTPEHHOTO
B IpeabIayILIel cTaThe [6], 1 caMOro 3JIEeKTPOBU-
rareyis, pacCMOTPHM Telepb CTPENOYHBINH 3JIeK-
TPOABUIATENb IIEPEMEHHOIO TOKAa OTHEIBHO OT
CTPEJIOYHOTO 3JIEKTPONPUBOJA I OMIpEeesIeHUs
OUAarHOCTUYECKUX TPHU3HAKOB NPHCYIIUX HCKIIIO-
YUTENBHO EMY.

B xagecTBe ombITHOTO 00Opasma, Ha KOTOPOM
OyzeM TpOBOAMTH HCCIENOBAaHMS, BHIOMpaeM
CTPEJIOYHBIN 3JIEKTPOABHUIATENb NEPEMEHHOIO TO-
ka MCT-0,3 (mammHa crpenoyHas TpexdaszHas
mouHocThio 0,3 KBT), KOTOpBIA ycTaHaBIMBAIOT
Ha CTpEeNOoYHbIX J3nekTpornpuBoaax Ttuna CII-6
u 6onee crapeix — trma CII-8.

Onexrpoasurarenp MCT-0,3 umeer rabapur-
Hble pasMepsl 320x250x198 MM u macey 19,3 kr
(puc. 1).

ONeKTpoABUraTeNlb pacCUYUTaH JUIsl pabOTHI IPH
temnepatype ot — 45 °C go + 55 °C, BnaxxHocTu
He 6onee 80 % mpu temmeparype + 20 °C B ycio-
BHUsIX BHOpamwm ¢ gacrotamu 1-100 't mpu ycko-
perun 1 g.

CpenHUHl CpPOK CITY>KOBI DIIEKTpPOJBUTATEIICH
coctapnger 20 ner. I'apantuiiaeiii cpok — 30 me-
CAIIEB CO JHSA BBOJA B IKCILTyaTalHIO.

OneKTpUYecKue LEeNu H30JIMPOBaHbl APYr OT
Ipyra u OT KOpIyca W JOJDKHBI BBIACPKUBATH O€3
Mpo0osi U TMEePEeKPHITHS HCIBITaTEIbHOE HaIlpshKe-
Hue 1 800 B gacrotoit 50 I'n.

ConpoTHBIICHHE WU30JISLUH SIEKTPHUYECKH H30-
JIMPOBAaHHBIX yYaCTKOB MOHTa)Ka 3JIEKTPOABUIaTe-
JI1 OTHOCUTENIBHO KOpIyca U MEXIy COO0OM MOK-
HO ObITh He MeHee 100 MOM B MpakTHYECKH XO-
JIOTHOM COCTOSTHUH W He MeHee 2 MOwM — 1mipu 1mo-
BBIIICHHON BJIQXKHOCTH.

@a3Hble BBHIBOJBI OOMOTKM CTaTOpa BBIIOJIHE-
Hbl npoBojgoM Mapku [IBI' Ha maHens, KOTOpYyIO
KPEeIAT Yepe3 U30IUPYIOLIYI0 IPOKIAAKY K KOPILy-
cy anekTpoasurarens. Ha maHenu pacmosioxeHbI
LIECTh 3KMMOB Ha pe3bde — 1o mape Ha (azHyro
00MOTKy ctratopa. OOMOTKH COCIUHSIOT 3BE30M
WIH TPEyTOJIbHUKOM, B 3aBHUCHMOCTH OT TOTO, Ha
Kakoe pabouee HampspkeHUe OyIeT BKIIOUEH dIIeK-
TpoaBurarens. Eciaum 0oOMOTKHM COEAMHHUTH Tpe-

doi 10.15802/stp2014/33035
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YTOJILHUKOM, TO Ha DJICKTPOIBUTATENIb HEOOXOIH-
MO TI0JIaBaTh HampsbkeHue 127 B, eciu 3Be3moit —
220 B. Cxema coeauHeHUH 0OMOTOK 3JE€KTPOIBH-
rartes IepeMeHHOTO TOKa MPeJICTaBIIeHa Ha pUC. 2.
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Puc. 1. DnexrpoaBurarens NepeMEHHOTO TOKa
tuna MCT-0,3

Fig. 1. AC electric motor of MST-0.3 type

Bug Cxema BknioyeHus | Cxema ycTaHoBKu
COEANHEHNS Hanprksne o6MoTOK cTaTopa nepembINek
C6 C4 C5
Cé C4 C5| =—=—
220
i &2 &3
Cé C4 C5
VAN IR
C1 C2 C3
C1 c2 C3

Puc. 2. Cxema coequHeHHI 0OMOTOK JIEKTPOBUTATEIS
MEPEMEHHOT'0 TOKa

Fig. 2. Winding circuit of the AC electric motor

CeplieuHUK cTaTtopa JJIEKTPOJBUTATENS THIA
MCT-0,3 (puc. 3) cobpan u3 JUCTOB 1 3nEKTpOTEX-
Huueckor ctanu Mapku 1 311 Tommuuoit 0,5 MM.
Uucno ma3zoB B cepaedHuke 36. B kaxmom mazy
pacIoyioKEHO MO OJHOM CTOPOHE ABYX CEKUHW 7
u 10 craTopa, H30IMPOBAHHBIX JAPYT OT JApyra mpo-
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KJIaaKod 6 w3 snekTpokapToHa. CeKIMu H30JUpo-
BaHBI OT CepJIeUHUKa NMpoKIaakamMu 8 U 9 u3 J1akoT-
KaHU U 3JeKTpoKapToHa. Mexny cekuueit 10 u kiu-
HOM 5 W3 TUIacTMAacChl (WM JIepeBa) TaKkKe IoMe-
mena npoknaaka 11 u3 smekrpokaprona. JIoGoBhIe
4aCcTH OOMOTKH CTATOPa U30JIUPYIOT JIJAKOTKAHBIO 4,
KHUIIEPHOM JIEHTOM 2 W 3aKpEIUIIIOT TEeXHUYECKUM
mHypoM 3. OOMOTKY IOABEPrarOT MPOIHUTKE dJICK-
TPOM3OJSIIIUOHHBIM JTakoM MJI-92. Ha BeiBOgBI 12
00MOTKH HaxeTsl HakoHeyHuku C1-C6.

BozmymHenii 3a30p MEXAy CTATOPOM H POTO-
POM JIOJDKEH OBITh BO3MOKHO MEHBIITUM B OTIINYHE
OT JBUTATENSI MOCTOSHHOTO TOKa M BapbUPYETCs
B npeaenax ot 0,25 mo 0,39 mMm. D10 00BACHSETCS
TeM, 9TO B OCCKOJJIEKTOPHOM JBHTATENIe CTaTOp
U POTOP CBSA3aHBI MEXKAY COOOU JIUIIb uepe3 mar-
HUTHBIN TIOTOK, CO3J]aBaeéMbIii CTATOPOM M TPOHHU-
3bIBAIOIIUNA pOTOp. UeM MeHbllle BO3IYIIHBIM 3a-
30p, TEM MEHBIIIE €r0 MarHUTHOE COMPOTHBIICHHE
U, CJIEZIOBATENBHO, JIYUIIE JIEKTPOMATHUTHAS CBS3b
MEXIIy CTATOPOM U POTOPOM.

i
&l

A
1 —

CxeMa 3JIEKTPUIECKUX COCIUHEHUN OOMOTKH
cratopa anekTpoasurarens tuna MCT-0,3 mpuse-
JieHa Ha puc. 4.

Potop anekrponsurarens tana MCT-0,3 (puc. 5)
COCTOMT U3 ceplieyHHKa 4, HaCa)XEHHOTo Ha Bai 3.
Cepaeunrk coOpaH U3 JHUCTOB TOH K€ MapK{ U TOJI-
IIMHBL, 9TO W CTATOP, — JJIEKTPOTEXHHYECKAs CTalb
Mapku 1 311 tomuunow 0,5 MM, J1isa uzonsiuu Jiuc-
TBI C OTHOW CTOPOHBI MMOKPBIBAIOT J1akoM Ne 317, 4o
CIOCOOCTBYET YMEHBLICHHIO IOTEph HA BUXPEBBIC
tokn. OH nMmeeT 26 1Ma30B IMOMY3aKPHITOH (HOPMEL.
[Momy3akpeitast GopMa maza o CpaBHEHHIO C 3aKPbI-
TOW TO3BOJIET HECKOJBbKO YBEIMYMBATH ITyCKOBOH
MOMEHT U TIEPEeTPy304HYI0 CIIOCOOHOCTD JIBUTATEINS.
OOMOTKa poTopa 1 THIa «OeTHdbs KIETKa) COCTOUT
u3 26 cTepykHeW IpymeBHIHON (OPMBI M JIBYX KO-
POTKO3aMBIKAIOIIUX KoJiel 2 ceyeHueM mo 36 em
Kaxaoe, 00pa3yeMbIX METOIOM TOpSYei 3aJIMBKA
amoMuHreM. CepAeyHUK 3aKperviioT OT MpoBOpa-
YMBaHUS OTHOCUTENIbHO Baya IUMOHKOW 5. JlnuHa
potopa 90 mm.

Cl

0263 C5C4
1 WG Fl

A-A

Puc. 3. Crarop anekrpoasuratens tuna MCT-0,3:
1 — TUCTHI DIEKTPOTEXHUUECKON cTanu; 2 — KUIepHas JIeHTa; 3 — TeXHUUECKUH IHYP; 4 — JJAKOTKaHb; 5 — KOMUTET; 6 — MPOKJIaI-
Ka U3 2JIEKTPOKAPTOHA; 7 — MepBasi CEKLUs CTaTopa; § — MpoKIIajKa 13 JJAKOTKaHH; 9 — MpoKIIaka 13 JIakoTkauu; /() — Bropas
CeKIMA cTaTopa; /] — MpoKiIagKa U3 JeKTPOKapTOHa; /2 — BEIBOABI 0OMOTKH ¢ HakoHeuyHHKamu C1-C6

Fig. 3. Stator of electric motor of MST-0.3 type:
1 — the electrical steel sheets; 2 — surgical tape; 3 — technical cord; 4 — the varnished cloth; 5 — committee; 6 — strip of electric-
grade cardboard; 7 — the first section of the stator; § — the strip of varnished cloth; 9 — the strip of varnished cloth; 70 — the second
section of the stator; /7 — strip of electric-grade cardboard; /2 — winding terminals with tag terminals C-1-C6
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[TonpoOHO XapaKTEPUCTUKN CTPEIIOYHBIX JIIEK-
TpoaBurareneir nepemeHHoro toka tuna MCT-0,3
ObUIH paccMOTpeHBI panee [2, 3, 6], HO ceifuac
CIIeyeT 3aMETUTh, YTO K XapaKTePUCTHKAM 3JIEK-
TPOJBUTATENSI OTHOCSTCS ITyCKOBBIE XapaKTEpH-
CTHKH, KOTOpBIE MPEACTABISIOT 0001 OTHOIIEHNE
BEJIMYMHBI TOKA B IIETIH DIICKTPOJBUTATENSI U MO-
MEHTa Ha €ro BaJy BO BpeMs ITyCKa JBHUTATeNs
B XOJ K HOMUHAJIHHBIM 3HAYCHUSM STHUX BEIUYHH
npu paboTe 3JCKTPOJABHUTraTENss HA HOMUHAIIBHYIO
Harpy3Ky. YJOBJIETBOPUTEIBHBIM IMyCKOBOH MO-
MeHT B anektpoasurarene MCT-0,3 mocTurHyT mo-
BBIIIICHUEM CKOJBKCHHS IyTEM YBEIUYCHUS OT-
HOIIIEHNSI aKTUBHOTO COMPOTHBIICHUS KIIETKH PO-
TOpa K MHAYKTHBHOMY nBurarend. llpaktndeckoe
MOBBIIICHUE BEJIMYUHBI OTHOIICHHS AKTHBHOTO
COTIPOTUBIICHHUS POTOPAa K MHIYKTUBHOMY COIIPO-
THUBJICHHIO CTaTOpa M POTOpPa OCYIIECTBIEHO yBe-
JMYEHUEM CEYeHHH CepJIeUHHUKOB CTaTopa M POTO-
pa ¥ YMEHBIIIEHUEM CECUCHHM CTEep:KHEU poTopa.

Onekrpoasurarens tuna MCT-0,3 oTnuyaercs
HEBBICOKOM KPATHOCTHIO ITyCKOBOTO TOKA W YIOB-
JIETBOPUTEIHHON KPAaTHOCTHIO ITyCKOBOTO MOMEH-

© r—"
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o
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-@---------J
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[ TP ——
EEEEEe e
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Ta, KOTOPbIE HAXOASTCS Ha ypoBHE 2,3 U 2,5 COOT-
BeTCTBeHHO [9, 10, 11].

JocTikeHne TakuxX MYCKOBBIX XapaKTEPUCTHUK
MO3BOJISIET MPSMOE BKIFOUCHHE JBUTATENS B CETh
MIpY HOMHHAJIHHOM HaIpsKEHNU.

W3ydyeHne AMarHOCTUYECKHUX IPU3HAKOB CTpe-
JIOYHBIX TIEPEBOJIOB CO CTPEIOYHBIMH DIICKTPOIIPH-
BOJIaMH{ TIEPEMEHHOTO TOKa, Ha KOTOPBIX YCTaHOB-
JieHbl 3jekTpoaBuraresu tuna MCT-0,3, Obun
paccMOTpEeHBl B MpenpIIymux cTarbax [3, 6]. Te-
Meph UCCIIeyeM HaJndnue 3aBHCUMOCTH TOKa B 00-
MOTKE DJIEKTPOABHUTraTeNss OT €ro TEXHHYECKOTO
COCTOSIHMSL.

[Ipexae yeM MpUCTYNMUTh K H3YYSHHIO JTHArHO-
CTHYECKUX TPU3HAKOB, MPHUCYIINX 3JIEKTPOIABHUTa-
TeIsIM TIEPEMEHHOT0 TOKa, PacCMOTPUM BO3MOMXK-
HBIE CIIy9al HEHCIIPaBHOCTEH, Ne(EeKTOB, TTOBPEK-
JIEHUH ¥ 0TKa30B B UX padore.

Crnenyer cpady e OTMETUTHh TO, YTO BCE BO3-
MO>KHBIE HEHCIIPABHOCTU MPOMBIIIICHHBIX JIEKTPO-
JIBUTATENle TEPEeMEHHOTO TOKa KacaloTcs M CTpe-
JIOYHBIX HJIEKTPOABUTATENIEH IEPEMEHHOTO TOKA.
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Puc. 4. Cxema 31eKTpHYECKUX COEIMHEHUH 0OMOTKH cTaTopa 3nekrpoasuratens tuna MCT-0,3

Fig. 4. Electrical connection diagram of the stator windings connections of electric motor of MST-0,3 type
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Puc. 5. Potop:
1 — 0OMOTKa THITA «OETTHYbs KIIETKa»; 2 — 3aMbIKarolIee KOIbIlo; 3 — BaJl; 4 — CEpJCUHHK; J — IIIIOHKA

Fig. 5. Rotor:
1 — winding type a «squirrel cage»; 2 — lock ring; 3 — shaft; 4 — mandrel; 5 — dowel

IIpu skcruryaTanuu 31€KTPOJABUrATENIEH B HUX
M0 pa3HbIM MPUYMHAM BO3HUKAIOT HEUCIIPABHOCTH,
KOTOpBIE MOTYT HPUBECTH K HEXKEIATSIbHBIM IIe-
pepeiBaM B padote. /s Toro 4TOOB Takwe mepe-
PBIBBI BO3MOXKHO MEHBIIIE CKa3bIBAIHCH Ha Pado-
YeM Tporiecce, He0OX0IMMO YMETh OBICTPO HAWTH
MIPUYUHY HEWCIIPAaBHOCTH M YCTPAHUTH €e.

Heobxoaumocts B ObIcTpeiiieM ycTpaHeHUH
MOBPEXKICHUI 00yCIOBIMBACTCA TaKKe M TEM, 4TO
paboTa 3IeKTPOABHUTATENS, UMEIOIIEr0 HEOOBIIYIO
HEHCIPABHOCTh, MOXET MPUBECTH K Pa3BUTHIO €€
B CEpBhE3HOE TIOBPEKIICHHE U BO3HUKHOBEHHIO HEOO-
XOAMMOCTH BBITIOTHEHHS OOJIee CIIOKHOTO PEMOHTA.

UtoOBl oOmpeaenuTs 00bEeM peMOHTa AacHH-
XPOHHOTO JJICKTPOJBUTATEINSA, HEOOXOIUMO BHI-
SBUTH XapakTep ero HeucmnpaBHocTed. Hencmpas-
HOCTH ACHMHXPOHHOTO [IBUTATENs] MOXHO pasje-
JIMTH Ha BHCIIHWEC U BHYTPCHHUC.

K BHEUTHMM HEUCTPABHOCTSM OTHOCSITCSI:

— OOpBIB OJTHOTO WM HECKOJBKUX IPOBOOB,
COCANHAIOIINX aCHHXpOHHBIﬁ JABUT'AaTCJIb C CCThIO,
WJIN HETIPaBUIIbHOE COEANHEHNUE;

— IeperopaHue TUTaBKOH BCTaBKU IMPEIOXPaHU-
TeJs;

— HEHUCIPABHOCTU  allllapaTypbl IIyCKa WK
yIpaBICHHS, MOHWKCHHOE WJIM TOBBIIICHHOE Ha-
MpsDKEHUE MUTAIOIEH CEeTH;

— eperpy3ka aCHHXpPOHHOTO JIBUTATEIs;

— TUTOXast BEHTHIIAIUS.

BHyTpeHHHE HEHUCIPaBHOCTH AaCHHXPOHHOTO
JIBUTATENS] MOTYT OBITh MEXaHWYECKHUMH M DIIEK-
TPUYSCKUMU.

doi 10.15802/stp2014/33035

MexaHn4eckue NOBPEKICHUS:

— HapylIeHHe padOThl MOAIINITHUKOB;

— nedopmanis WM OJIOMKa Bajla poTopa;

— ocnabieHne KpeIuleHUs! TOIIOCOB HIH Cep-
JEeYHHKa CTaTopa K CTaHHHE; OOpBIB MJIM CIIOJI3a-
HUE MPOBOJIOYHBIX OaHaXel POTOPOB;

— TPEIMHbl B MOJIIWITHUKOBBIX INHTaX WIU
CTaHMHE U JIp.

OnexTpuyecKkue MOBPEKACHUS:

— MEXBUTKOBBIE 3aMbIKaHNUS;

— 0OpBIBBI B 0OMOTKAX;

— po0O# M30JIALUH Ha KOPITYC;

— CTapeHHE U30JISLUU;

— pacraiika COeIMHEHNH 0OMOTKH C KOJIIEKTOPOM;

— HeTpaBUJIbHAS MOJISIPHOCTH MOJIIOCOB;

— HEeMpaBUJIbHBIE COEIUHEHUS B KaTyIIKaX U JIp.

Hamubonee pacrpocTtpaHeHHBIE HEHCIIPAaBHOCTH
ACHHXPOHHBIX 3JIEKTPOJBHUraTesNieil MpUBeAEeHHl Ha
puc. 6 B BuJe JENEeCTKOBOM quarpaMMsl, Ie Kax-
Joe peOdpo AuarpaMMbl COOTBETCTBYET OIPEICIICH-
HOMY BHUJY HEHUCHpaBHOCTHU. [IpoLieHT, KOTOpHIii
3aHUMAaeT TOT WJIM WHOW BUA B OOILEM 4YHCIIE He-
UCIIPaBHOCTEH, COOTBETCTBYET AJMHE OTpe3Ka Ha
AaHHOM pebpe, Hadalio KOTOPOTO PacHOJIOKEHO
B [IEHTpE IUarpaMMBbl.

Cpenu HeucnpaBHOCTEH 0co0oe MecTO 3aHu-
MaeT Meperpy3ka WK MEePerpeB craropa 3JIEKTPo-
JIBUTATENsI, TaK KaK Ha HEro MPUXOAMTCS OKOJIO
31 % ot obuiero 4ncna MOSBICHUS HEUCIPABHO-
credl. Jlonst MEXBUTKOBOTO 3aMBIKaHUSI IPU 3TOM
Oojee yeMm B [1Ba pa3a MEHbBIIE JAHHOTO 3HAUYCHUS
1 COCTaBJIAET BCETo OKouIo 15 %.
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HencnpaBHocTH OT MOBPEXIEHUS MOALIMITHU-
KOB, a TaK)Ke M0 BUHE MOBPEXJIEHUSI 0OMOTOK CTa-
TOpa WM W30JSIMU HAaXOIATCS MPUMEPHO Ha OJ-
HOM M TOM € YpOBHE U cocTaBIsAoT 12 % u 11 %
COOTBETCTBEHHO.

Tarxoke Majo OTIIMYAIOTCA 10 CBOMM ITOKa3aTe-
JSIM 4YacTh HEUCHIPABHOCTEH, OTHOCAIIASCS K He-
PaBHOMEPHOMY BO3YIIHOMY 3a30py MEXIy CTa-
TOPOM U pPOTOPOM, KOTOpasi COCTaBJSIET OKOJO
9 %, u paboTta sneKTpoABHUTaTeNs Ha IBYX (hazax
B KoauuecTse 8 %.

K meHee 3HaUMTENBHBIM OTHOCSATCS HEUCIIPAB-
HOCTH T10 TIpUYMHE 0OpBIBA WIIN OCIa0JICHHsSI Kpel-
JIeHUs1 CTEepKHeW B Oenmubel kietke — 5 %, oc-
nabneHnust KperyieHust oOMOTOK cratopa — 4 %,
nucbananc poropa anekrpoasurarens — 3 % u He-
COOCHOCTH BajioB — 2 %.

Pazbepem HEKOTOpBIE MPUUIMHBI, BHI3BIBAIOIIUE
MOSIBJICHHE HEWCTPaBHOCTEH, M CIOCOOBI UX YCT-
paHeHusl.

Ecnu cepaeyHHK cTaTopa MeperpeBaeTcsl pas-
HOMEPHO, TO 3TO BbI3BAaHO IIOBBILICHHBIM Hamps-
JKeHHeM ceTH. s ycTpaHeHHus meperpeBa HeoO-
XOIMMO CHHM3WUThH HalpsDKEHHE MUTaHHS OO HOMH-
HaspHOrO. Ecnm ke cepledHuK craTopa meperpe-

BaeTCs MECTaMH, TO 3TO MOXET OBITh CBHIETEIb-
CTBOM JIHOO HAIWYHS 3ayCECHUI], 00pa30BaBUIMXCS
npu 00TOYKE CTATOPa M 3aMBIKAIOLINX JIUCTHI Cep-
JIeYHrKa, 00 3aJ€BaHUS POTOPOM CTaTopa IpH
BpamieHun. B Takom ciydae 3ayceHHUIBl HYXHO
yAaIUTh m1abepoM, a pOTOp OTHEHTPUPOBATD.
[leperpy3ka snekTpoaBUTATENS, 3aHMKEHHOE Ha-
TIPsDKEHNE CETH, COOOIIEHNE BUTKOB B OOMOTKE CTa-
TOpa, HETIPAaBUJIBHOC COCIMHCHUEC BbIBOAHBIX KOHIIOB
00MOTOK, KOPOTKOE 3aMbIKaHHe MEXAy (azamu cTa-
HOBSITCS TIPHYMHOM TIeperpeBa 0OOMOTKH CTaTopa.
[Imoxol KOHTaKT MEXAY CTEp>KHAMH OOMOTKHU
1 (puc. 5) ¥ KOPOTKO3aMBIKAIOIIUMH KOJIbIIAMH 2
pOTOpa BCIEACTBHE pa3phiBa CTEPIKHS WA €0 OT-
pBIBa OT KOJIbLIA CTAHOBUTCS MPHYUHON IIIIOXOTO
3aIlycKa B XOJ 3JIEKTPOJABHUTraTeNsl U TIeperpena po-
topa. CompoBoXkmaeTcsi AaHHAs HEUCIPABHOCTH
TEM, YTO JBHUTATENb IPH IIyCKe HE MOYKET Pa3BHUTh
HOMHMHAJBbHOM YacCTOTHI Bpalmi€HusaA U CHJIBHO Ty-
JUT, BpallalOIIUH MOMEHT MOHM)XEH, TOK B CTaTo-
pe mynbcupyeT. B muraromiei cetn BOSHUKHYT KO-
nebaHus TOKa C YaCTOTON, paBHON 9acTOTE CKOJIb-
JKeHusi U KojeOanus HanpspkeHus. [Ipu oOpeie
B KOPOTKO3aMKHYTOM POTOpPE HECKOJBKHX CTEpiK-
Hell MyCK ABUTaTelsi CTAHOBUTCSI HEBO3ZMOXKHBIM.

IMeperpvska mwIn Deperpes
CTATOPa 3IeKIPOJEHTATET

33%

’ 0.

HecoocHOCTEBAIOE 30%

25%

20%

15%

Jucdaranc poTopa -

5%

:

3IEKTPOoJEHraTeqA | 10%

Ocnadaemme KpenTenns
oduMoTOK CTaTOpA

O0peIE I ocTadTemme
FpEILTeHHA CTePEHER S
OeTruBel KTeTHS

_ Me®ENTROEOR AMEIEAHHE

IMoepesmesms
M0 JUINIHEEOE

| IloEpesgemIe 0OMOTONR
CTATOPA MUTH M0 TATHE

Hepaemomepeet
BOSTYIIHEN 3350p MEEIV
CTATOPOMHPOTOPOM

PadoTa 3aexTpoJENTaTeNs
Ha ABYX daszax

Puc. 6. CooTHomeHne Hanbosee pacpoCTPaHEHHBIX BUOB HEUCIIPABHOCTEH aCHHXPOHHBIX 3JIEKTPOABUTATENEH

Fig. 6. The ratio of the most common faults of induction motors
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Ecnmm ke smekTpomBuraTens COBCEM HE HIET
B XOJI, TO 3TO CBUJICTEILCTBYET 00 OOpBIBE B OJTHOM
¢ase craropa mpu BKItOueHUM 3Be3nou [7]. [lpum
3TOM TOK B JIByX ApYTHX (hazax 3aBbliieH. Ecin 00-
PBIB TIPOM3OUIET BO BpeMs pabOTHI 3JIEKTPOIBHTA-
Tens, OH meperpys3urcs. [Ipu coenuHeHn 0OMOTKU
B TPEYrOJBHUK OOpHIB OmHOW M3 (a3 mpuBemer
K 3HAYMTEIFHOMY HPEBBIIICHUIO TOKA B MTPOBOTHH-
Ke MEeXAy AByMs JIPyruMu (azamMu HaJl MOHMKCH-
HBIM TOKOM B IPOBOJHUKAX, KOHTaKTHPYOIINX
¢ aT0i hazoit. [Ipu 0OprIBe B OHOW MapasuIebHON
BETBH TOBBICUTCS TOK B JAPYTHX BETBSX, YTO MPHUBE-
JeT K MeperpeBy STHX BETBEW 3HAUUTEILHO OOJIbILE
octanbHbIX. [Ipr 3TOM yck IBUTATENs BO3MOXKEH,
HO €0 MOIITHOCTh 3HAYHUTEIFHO CHU3HUTCSL.

Pabota nBurarens Ha nByX (hazax HEAOITYCTHUMA,
Ta Kak 3TO MpPUBEAET K BBIXOMYy ero u3 crpos. O0-
MOTKa 3aTOPMO)KEHHOTO IBHTATENsI Ha OBYX (azax
neperpeBaeTcst Co CKOpocThio npumMepHo 7 °C/c.

JuarHocTH4eckuM NpPU3HAKOM CTaTUYeCKOro
SKCHEHTPUCHUTETA POTOpPAa ACMHXPOHHOTO JIBUTATE-
TS TPAaOUIMOHHO CIYXaT BEJIWYWHBI JIOTIOJIHH-
TENBHBIX TAPMOHUYECKUX AICKTPOJIBUKYIIHX CHLIT
B TOKaX ¥ MAarHUTHBIX TIOJISIX aCHHXPOHHBIX JBHUTa-
TeJNel, BBI3BAHHBIE HEPaBHOMEPHOCTHIO BO3AYIII-
HOro 3a30pa. [losBieHne SKCIEHTPUCUTETa POTOpa
B ACHMHXPOHHOM JIBUTaTelle¢ TNPUBOJUT K 3HAYU-
TETHHOMY BO3PACTaHHIO BEIWYUH YJIAPHOTO JIIEK-
TPOMAarHUTHOTO MOMEHTa IIPH TMPSIMOM ITyCKe
AIIEKTPOJABUTATENS. DTO HEOIarompUsATHO BIUSET
Ha caM JIBUTaTellb M MPUBOJHONW MEXaHW3M, CHU-
Xasi CpoK mx ciryXObl. Ilpm3Hak Toro, 9To 3a3o0p
B KaKWX-TO TOYKaxX, B Pe3yJbTaTe CTATUYECKOrO
WIH JWHAMUYECKOTO OSKCICHTPHCUTETa, OIU30K
K HYJII0, MOXHO CUHTAaTh TOSBICHHE B CIIEKTPE
TOKa OJHOM M3 (pa3 aCHHXPOHHOTO JIBUTATENs CO-
CTaBJISIIOLIEH C 4acTOTOM BpanieHus potopa [1, 5].

HauGonee »¢hdekTHBHBIME € TOYKH 3peHUS
MOJTHOTHI JaHHBIX TPEICTABISIOTCS CIIOCOOBI OJI-
HOBPEMEHHOTO MOJIyuYeHHs BO3MOXKHO MOJHON HH-
(dopmaru 0 HaJdMIUU AePEKTOB Ha OTKIIOYEHHOM
(craTnueckne MCHBITAHUSA) W paboTaromeM (JIuHa-
Mu4ecKkue ucmhbITanus) nsurarene [8]. Koppems-
1Sl CTATHYECKUX U JTUHAMUYECKUX NAaHHBIX WCIIBI-
TaHUI 1aeT BO3MOXHOCTh OLIEHUTHh PEAIbHOE TeX-
HUYECKOE COCTOSIHUE JIBUTATEINS U aTh HaICKHBIH
MPOTHO3 €ro paboToCIOCOOHOCTH.

[Ipu mOBpeXIEHHBIX CTEPKHAX POTOpa IBHUTa-
TeJTh TPOTAETCS C MECTa IMPH HAIPSLKEHUH MEHb-
IIeM, Y€M HCIPaBHBIN JBUraTeNb. DTO U TOJTBEP-
JKIaeT HaIW4Yue JaHHoW HeucnpaBHoctH. [Ipu Ha-
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JIMYUH KOPOTKO3aMKHYTHIX BUTKOB B OJHOH U3 (a3
00OMOTKHM CTaTOpa POTOp HAauWHAET JBUTATHCS, Ha-
00opoT, mpu OoJIbIIEM HANpsDKEHWH, YeM y HC-
npaBHOro aBurareins. [lelicTBUTENbHO, IPU HAJIU-
YMM KOPOTKO3aMKHYTBIX BHTKOB HapyLIaeTCs
CUMMeETpHs Tpex(pa3zHol 0OMOTKH M MPU MPOTEKa-
HHUHM 110 HEW TOKa CO3AaeTCs TaKXKe SIUTMITHIECKOE
MarHuTHOE II0JIe, HO JEMCTBYIOLIEE CO CTOPOHBI
cTaTropa, KOTOpoe TaK)Ke MOXKHO Pa3JIoKUTh Ha JIBa
BpALIAIONINXCSl B TMPOTHUBOIOJOXKHBIE CTOPOHEI
noist. OOpaTHO Bpamaromieecs IHoJ€ CO3JaeT BO
BCEM JMAINA30HE CKOJIBKEHUA TOPMO3HOM MOMEHT,
U TIOATOMY Pe3yIBTUPYIOMIUI 3JIEKTPOMATrHUTHBIH
MOMEHT yMeHbLIaeTcs. B cBs3u ¢ aTuM 1u1s co3na-
HUAA TpeOyeMoro MOMEHTa TpeOyeTcss OoJbIlee
HarnpsHKEHHE.
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Puc. 7. CxeMa NOIKITIOYSHHSI U3MEPUTEITHHOTO
YCTPOMCTBA K 3JIEKTPOJIBUTATEIIO:
a — COCOAUHCHUC 06MOTOK 3Be3Z[0171;
6 — coeTMHeHNE 0OMOTOK TPEYTOJIBHHKOM

Fig. 7. Connecting diagram of the measuring
device to the electric motor:
a — the star connection of the windings;
b — the triangle windings connection

Jns onpeneneHuss STUX HEMCHpaBHOCTEW Mpe-
JlaracTcCs paClIMpCHUE CIIMCKa 3TaJIOHHBIX JaHHBIX,
KpOME€ MAaCHOPTHBIX U BEJIMYMH XOJOCTOrO XOAa
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U KOPOTKOIO 3aMBIKaHHS, CO31AET INPEIIOCHUIKH
JUTS HaXO0XKJICHUS HOBBIX TUArHOCTHYECKHUX MpPU3HA-
KOB TIOBPSXKACHUHA B AaCHHXPOHHBIX JBUTATEIISIX.
LlenecooOpa3Ho mepen MOHTaXOM MPOU3BOACTBEH-
HOHM YCTAaHOBKH 3a()MKCHPOBATh HA XOJOCTOM XOIy
HanpsHKeHHUe, IPU KOTOPOM POTOp TPOTaeTcs ¢ Mec-
Ta. Ecn pBuratens HauMHaeT BpallleHUE NPU Ha-
NPSDKEHUH, MEHBIIEM BEJIMYUHBI 3TAJIOHHOIO, TO
3TO SBJIAETCS AUATHOCTUYECKUM MPU3HAKOM pas3phl-
Ba OJJHOTO WJIM HECKOJIBKHUX CTEp>KHEB poTOpa, Npu
OoJipIIeM HANPSDKCHUH — HAJIWYMS NOBPEXKICHUS B
00MOTKE CTaTropa WM HECUMMETPHH I0JIBOTUMOIO
HanpspKeHus [§].

[103HAaKOMHBIIIMCH CO CTPOEHUEM CTPEIOYHOTO
3JIEKTPOJBUTATENS IEPEMEHHOTO TOKa M PaccMOT-
pEeB BO3MOXKHBIE HEHCIIPABHOCTH B €ro pabore,
KOTOpBIE SIBJISAIOTCS OOIIMMU [UISl BCEX BUIOB JIBU-
rarenell IepeMEeHHOI0 TOKa ¢ KOPOTKO3aMKHYTHIM
potopom [17-19], mpucTynmuM K 3KCIICPUMEHTAIh-
HOMY HM3YYEHHUIO peakIMM TOKa B LIEMHU 3JIEKTPO-
JIBUTATENs] B PEKUME XOJIOCTOTO XOAa B pa3iny-
HBIX YCJIOBHUSIX [UIl YCTAHOBJICHHS 3aBHCUMOCTH
€ro 3HAUYEHUH OT TEKYILIero TEXHUYECKOTO COCTOs-
HUS 3IEKTPOABUIATEIA.

Cxema a5 IpoBeZieHUs U3MEPEHU puBeIeHa
Ha puc. 7. I3MepeHus: NpoBOAWINCH TPU MOMOIIU
aHaJoro-uu(poBoro mpeodpa3oBaTeNsi ¢ HCIOIb-
30BaHMEM JenuTens HanpsbkeHus. Ilytem mooude-
PEOHOro MOJKIIOUEHUS K CONPOTUBIEHUIO 2,2 OM,
BKJIIOYEHHOT'0 B KOy U3 (a3 muTaroIei cery,
MIPOU3BOMJIACH 3AMMCh CUTHAJA TOKOBOM KPUBOM.
Bo Bpemsi m3MepeHHII HM3MEHSUIOCH HAIPABICHUE
BpallleHUs] pOTopa MyTEeM N3MEHEHUs YepeTOBaHUs
¢az C2@ u C3®d. DkcrepuMeHT OBUT TPOJETaH
UId  MOJKITIOUCHHS OOMOTOK CTaTropa 3Be3l0H
(puc. 7, a) ¥ IOBTOPEH IS CIIydasl TOIKITIOUSHUS
00MOTOK cTaTopa TpeyroibHHUKOM (pHC. 7, 6) C
MOJKIIIOYEHHEM K CETH NMUTAHUS IEPEMEHHOIo TOo-
ka HanpsbkerneM 220 B u 127 B cooTBeTCTBEHHO.

PesyabTartsl

[lepBoe ncmpITaHME MTPOBOANIOCH HA UCTIPABHOM
anexktpoasurarene Tuma MCT-0,3. K Hemy noakimo-
4aJI0Ch IMTaHUE, KaK MOKa3aHo Ha puc. 7, a u 7, 6.

IIpoBenem aHanM3 MOJy4EHHOTO CHUTHajda BO
BpeMeHHO# oOmactu [12, 13, 15]. [ns atoro Boc-
nonb3yemcst naketom MATLAB u BoccTraHoBUM
CHUTHAJI TIpH TIOMOIMH KoMaHIwl sptool [16]. Pe-
3yJIbTaT U3MEPECHUH MMOKa3aH Ha puc. 8.

Kax BugHO M3 KpUBOH, KOTOPYHO ONHCHIBAET TOK
B LIEMH 3JIEKTPOJABHUTaTelisl, 4YyTh OONbIIE OBYX Ce-
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KyH]I TIPOJIOJDKAETCS Pa3roH poTopa JI0 HOMHHAIb-
HOM 4acToThl BpamieHud. Ilociie 3Toro Tok pesko
YMEHBIIIAETCS, YTO CBHIECTEIBCTBYET O JOCTIKECHUN
CKOITBKEHHSI CBOEr0 MHUHHMAIIFHOTO 3HAYEHHS, KO-
Topoe Haxoautcs B peaenax 0,2-0,5 %.

SIBneHrE 3HAYUTENHFHOTO TIOHW)KEHUS TOKa
MOKHO TaKkXe OOBSICHUTH TE€M, UTO TPHU XOJIOCTOM
X04€ B aCMHXPOHHOM JABHUIaTCJIC UMCIOT MECTO TC
)K€ DIIEKTPOMArHUTHBIE TIPOIECCHl, YTO U B TPaHC-
dbopmaTope (0OMOTKAa cTaropa aHAJOTHYHA IIep-
BUYHOM 0OMOTKe TpaHchopmaropa, a 0OMOTKa po-
TOpa — BTOpU4HOI 00MoTKe). [1o 0O0MOTKE craTopa
MPOXOJUT TOK XOJOCTOTO XOJa, OJJHAKO €ro 3HaJe-
HUE B aCHHXPOHHOM JIBUTATEJIE CTOJIb MaJIOW MOIII-
HOCTH, KaK y UCCJIElyeMOro, OYeHb HE3HAYUTEIHHO.
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Puc. 8. Tok B aniekTpoBUTATENIE B PEIKUME
XO0JIOCTOTO X0J1a

Fig. 8. Current in the electric motor idling

PaznokxuMm AaHHBIA CUTHAI Ha CHEKTpaJIbHbIE
COCTABJISIIOIINE TPU IMOMOIIUA TOTO K€ HHTEpPaK-
TUBHOTO WHCTPYMEHTa 00pabOTKU IMH(PPOBBIX CHUT-
HaJOB, KOTOPBIH BBI3BIBACTCS KOMaHAOW Sptool
B nosie koMaHa nakera MATLAB. PesynbraT mno-
Ka3aH Ha puc. 9.

Kak BugHO U3 puc. 9, 1y nBuraresns, He UMero-
miero JeeKThl, B CIIEKTPAJILHOM COCTaBE HE MpH-
CYTCTBYEeT HM OJIHA U3 YacTOT, KOTOopas Obl mpe-
BbIIIANIa 3HaueHue aaxe —120 nb.

JlaHHBIC PE3yNBTATHI, KOTOPBIC MPUBEACHBI HA
puc. 8 U 9, MOJOOHBI AJIs BCEX CAYYacB CIEITaHHBIX
M3MEpPEHUN Ha UCIIPABHBIX DJIEKTPOJABUTATEISX.

s cnemyromero wm3MepeHHs OBUT BBEIOpaH
CTPEIIOYHBIN DIICKTPOABUTATENHF C HEUCIPABHBIM
MOIIMITHUKOM. PaboTa amekTpoaBHUTATENsT COMIPO-

© C. 0. bypsik, B. W. I'aspuitiok, O. A. T'onono6osa, 2014




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

Hayxka Ta nporpec Tpancnopty. Bicauk J{HinponeTpoBchKoro

HaLiOHAIBHOIO YHIBEPCHTETY 3ali3HHYHOro TpaHcnopty, 2014, Ne 6 (54)

ABTOMATU30BAHI CUCTEMMU YIIPABJIIHHA HA TPAHCIIOPTI

BOJKIaJIach PHIBKAMH M XapaKTEPHBIM 3BYKOM TPY-
HMXCs IMOBEpXHOCTEH. BpeMeHHas 3aBUCHMOCTH
MycKa JIBUTATeNs B X0/ MpecTaBicHa Ha puc. 10.
P,dB [
-120 |

140 "N' __
-160 WW‘
1801
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0 05 1.0 15 £-10, T

Puc. 9. Ciektp TOKa B 3IEKTPOABHUTaTENE B PEKUME
XOJIOCTOTO X0/

Fig. 9. The spectrum of the current in the motor idling
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Puc. 10. Tok B 31ekTpoABUTATENE B PEXKUME XOIOCTOTO
X0J1a IIPY NOBPEXKACHUH NOAIUITHIKA

Fig. 10. The current in the motor idling during the
bearing damage

HaOnromaeTcst siBjieHWE 3HAYMTENBHOTO TMpe-
BBIIIICHUS TOKA B IETH JICKTPOJBUTATEIIS TIPU 10~
BpexaeHNH moAmuItHuKa (puc. 10) oTHOCHTEIBHO
HOpPMAaJIbHOM paboThl (puc. 8) 3a cueT MeHee Oa-
TOTIPUATHBIX YCIIOBUHM TPOTaHUS C MECTa Bajia JIBH-
raTens, W3-3a 4ero Ha MPEoAOJICHHE YCHIUS IO
VACPKAHUIO Bajla HEUCHPABHBIM MOJIIUITHAKOM
pa3BuBaeTcs OONBIIMK MOMEHT Ha Baldy M HpPOTe-
KaeT OOJIBIIHNIA TOK B IETH 3JCKTPOIBUTATEIS.

JlnarHocTUpOBaHWE JKCIICHTPUCHTETA POTOpa
Ha OCHOBE aHalM3a aMIUIMTYTHO-4aCTOTHOW Xa-
PaKTEPUCTUKU MOTPEOIAEMOr0 TOKa MPOBOJAUIOCH
HUCKYCCTBEHHBIM CO3/IaHUEM CTaTHYECKOTO JKC-

doi 10.15802/stp2014/33035

LEHTPUCUTETA IIyTEM BCTAaBKH B IL[€JIb B MECTE BbI-
X0Jla Baja U3 KPBIIIKA KOPIyca YIUIOTHUTENS, YeM
HapyIlajgach paBHOMEPHOCTh BO3IYLIHOIO 3a30pa
MEX]ly CTaTOPOM U POTOPOM.

Jis Toro, yToObl ONpeAEIUTs HAJHYUE B JIBU-
raresie SKCLUEHTPUCUTETa POTopa MPOBEIEM CIEeK-
TpalbHBIA aHAIN3 TOKA, MPOTEKAIOIEro B JJIEK-
TPOABUTATENIE U CPAaBHUM €r0 CO CBOHUM XK€ CIEK-
TpaJbHBIM aHAJIM30M, HO B HCIIPABHOM COCTOSIHUU.

[lomy4eHHbIe pe3yabTaThl NpUBEIEHBI Ha puc. 11.
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Puc. 11. Cnektp TOKa B 3JIEKTpOJIBUTATENE B PEKUME
XOJIOCTOTO X0J1a C 9KCLEHTPUCUTETOM POTOpa:
@ — VICTIDaBHBIN 3JIEKTPOABUTaATENb;
06— HePICHpaBHBIﬁ DJICKTPOABUTATCIIb

Fig. 11. Spectrum of the current in the electric motor
idling with the eccentricity of the rotor:
a — exact electric motor; b — damage electric motor

W3 puc. 11 craHOBUTCS SICHO, YTO ISt OJTHOTO
U TOTO XK€ ACHHXPOHHOTO 3JICKTPOJBUTATENs CIICK-
TpaNbHBIE COCTABILIOIINE OyIyT OTIMYATHCS B 3a-
BHCHUMOCTH OT €0 TEXHUIECKOTO COCTOSHUSL. Tak, Ha
HCKYCCTBEHHYIO HEHCIIPABHOCTh TOK B LM JIBUTA-
TeNs OTPEarupoBaj MOSBICHUEM JOMOJHUTEIbHBIX
BCIUTCCKOB BO3JIe OCHOBHOM rapMoHukw 50 I'11.
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[losrydeHHbIe pe3yabTaThl MO3BONSIOT CIENaTh
3aKJIFOYE€HHE O TOM, YTO JUArHOCTUKA COCTOSHHS
110 TOKOBOM KPUBOM MMEET IIPaBO HAa BHEJPEHUE.

Hayunasi HOBM3HA M MpaKTHYecKas
3HAYUMOCTH

[Ipeanoxen cnoco® AMArHOCTUPOBAHUS COCTOSI-
HUSI CTPEJIOYHOTO 3NIEKTPOABUraTeNs MEepeMEHHOIO
TOKa TI0 BPEMEHHOM 3aBHCHUMOCTH M CIIEKTPaIbHO-
My COCTaBy TOKa B ero uenu. IIpuMmeHeHa cxema
TIOJIKITFOYEHHS K 0OMOTKaM 3JIEKTPOJIBUTATEIS C yUe-
TOM HE€ HapyUIeHUS 3JIEKTPUYECKUX MapaMeTpoB
CXEMBI BKJIIOYEHHUS B PEAIbHBIX YCIOBHIX IKCILTya-
Tanuu. PaccMOTpeHs! M pOaHaIU3UPOBAHbl CUTHA-
JIBI, TIONTyYeHHBIE TIPU paboTe MCIPaBHBIX W HEUC-
MIPaBHBIX CTPEJIOYHBIX 3JEKTPOJBHUraTeiei ¢ BbIAE-
JICHHEM KpUTEpPHEB OLIEHUBAHHS MX COCTOSHHA MO
MOKA3aHUSIM TOKOBBIX KPHBBIX.

ITomyueHHbIe pe3yabTaThl MO3BOJISIIOT TOBOPHUTH
0 BO3MOKHOCTU M LIENIECOO0Pa3HOCTH JANTbHEHIIIEro
Pa3BUTHS NPUHIMIIOB TUCTAHLIMOHHOIO JUATHOCTU-
POBaHUs HA OCHOBAaHUM aHAINM3a BPEMEHHOU U CIIEK-
TpaJbHOW OOsacTeli TOKOBOW KPHBOW B LIEMH CTpe-
JIOYHOT'O 3JIEKTPOIBUraTessl, a TAKKE O BHEIPEHUU
Y MPaKTUYECKOM NMPUMEHEHHUH B YCIOBUAX HKCIUTya-
TaIly B KAYeCTBE CAMOCTOSTEILHON CUCTEMBI cO0pa,
aHanu3a, oOpabOTKM W Iepefadyn JaHHBIX C OTcie-
JKUBaHUEM M3MEHEHUH KITI0UeBbIX MTapaMeTPOB U BbI-
JIBIDKEHUEM TPEUIOKEHU M0 MepaM BO3JIEHCTBUS
Ha YK€ CIIOKUBIIYIOCS CUTYALIMIO, & TAKKE BO3MOXK-
HOCTBIO MPOTHO3UPOBAHUS COCTOSHHSI OOBEKTOB Ha
OCHOBAHHU OIPEIEIICHNs 3aBUCUMOCTEM IIpeIbILy-
IIUX U3MEHEHUH.

Ha ocHoBaHuU NpUMEHEHUS CUCTEMBbl aBTOMa-
TU3UPOBAHHOTO JAMAarHOCTHUPOBAHMSI  COCTOSHUSA
JNEKTPOABUTaTENs KAK COCTABHOM YacTH CTPEJIOY-
HOTO TIepeBO/Ia MO’KHO YaCTUYHO HA4aTh Mpeodpa-
30BBIBaTh CUCTEMY IUIAHOBO MpPEXyNPEAUTEIHHOTO
PEMOHTA, KOTOpasi B HACTOSIIEE BPEMS pPa3BUTHS
BBICOKMX TEXHOJOIMH MOPAJIBHO W NMPUHUIUIINAIb-
HO, B OONBIIMHCTBE ciiydaeB, ycrapena. K tomy
JKe, sl TOro, 9YTOOBI Ha JOJKHOM YpPOBHE OCyIlle-
CTBJISITh TEXHHUYECKOE OOCITYXMBaHHE YCTPOWCTB
ABTOMATUK{, B YACTHOCTH CTPEIOYHBIX 3JIEKTPO-
JBUTATENel, HEOoOXOINM KAa4eCTBEHHO HOBBIN
MOJX0J] K CIOCO0y BEIEHHS XO3SHUCTBCHHOH es-
TEIBHOCTH. B mepBy1o odepear 3TO KacaeTcst cBoe-
BPEMEHHOCTH peakiiil pPaOOTHUKOB Ha BO3HU-
KaloIlle HEUCHPABHOCTH, KOTOPYIO HE MOXKET
o0ecreunTs CyIMEeCTBYIOINA TpaduK TEXHOIOTH-
4yeckoro mpouecca. HemanoBaXHbIM B 3TOM BO-

doi 10.15802/stp2014/33035

18

Mpoce OCTaeTcs yCTpaHEHHWE TaKOTo HEraTHBHOTO
MOMEHTA, KaK 4eJIOBeUeCKHil PaKkTop.

Tonbko BHEAPEHUE CUCTEMBI C HCIOJIb30BAHU-
€M aBTOMATH3WPOBAHHOTO JUATHOCTHUPOBAHUS CO-
CTOAHUS OOBEKTOB MO3BOJIUT C HEKOTOPOH IOBe-
PUTENBHON BEPOATHOCTHIO TOBOPHUTH O HMX TEKY-
[IEM COCTOSHUU Ha TaHHBIII MOMEHT BpEMEHHU, a HE
Ha MOMEHT BBIIIOJTHCHHUSI TIOCJICTHEH TPOBEPKH.

BriBoabI

Bo BpeMs mpoBeneHHsS SKCIEPUMEHTa ObLia
YCTaHOBJICHA 3aBUCUMOCTh MEXKAY TEXHHUYCCKUM
COCTOSIHUEM CTPEJIOYHOTO AJIEKTPOABUTATEIS U TO-
KOM B OOMOTKe cTaTopa. Pa3nmuuHble OTKIIOHEHHUS
B MapaMeTpax JJIEKTPOJBUTATENSI OT HOPM BCJC/-
CTBHE HE COOJNIONEHHS TEXHHUYECKOTO Ipolecca
00CTyXKMBaHHUS U PEMOHTA WM BHE3AITHO BO3HHUK-
IEeTO MOBPEKICHHS WM 0TKa3a OKa3bIBAIOT HETOo-
CPEJICTBEHHOE BIIUSIHHE HAa BPEMEHHYIO 3aBHUCHU-
MOCTh U CHEKTPAIbHYIO COCTABIISIFOILYIO TOKA B Iie-
U DJIEKTPOIBHTATEIS.

[IpuMeHeHne CHCTEMbl aBTOMATH3UPOBAHHOTO
JIMarHOCTHPOBAHUSI MapaMETPOB CTPEIOYHBIX 3JICK-
TpOABHIaTeel B KOMIUIEKCE C CHCTEMOU JMArHo-
CTHPOBAHUSI COCTOSIHUSI CTPENIOYHBIX TEPEBOJIOB
CMOCOOHO CYIIECTBEHHO TMOBBICUTH Ka4EeCTBO TMPO-
BEJICHUS KOHTPOJIS U OOCITY)KUBAHUS C YMEHbBIIICHH-
€M BpEMCHHU NpeObIBaHUs PAa0OTHUKOB B 30HE IBH-
KEHHs TI0E3]I0B, IMOBBICUTH TOYHOCThH BBIMOJHSIC-
MBIX paboT MO KOHTPOJIO MApaMeTPOB, CHHU3UThH
BpeMsl MOUCKa HEHCIPABHOCTEH, a TaKKe MPENoc-
TaBJIATh JaHHBIE O TEKYIIEM COCTOSHHU OOBEKTa
JIMarHOCTHPOBAHUS W TPOTHO3MPOBATh €ro Jiaib-
HEWIIIMe U3MCHCHHS.

Ha >xenesnbix goporax YKpauHbl B TOCICIHUE
TOZIbl aKTMBHO BHEIPSACTCS CKOPOCTHOE JBHYKCHUE
moe31oB. [Ipu aToM Gosbirast paboTa MPOBOAMTCS B
HANpaBJICHUH JOCTHKCHUS OOJbBIICH SKOHOMUYE-
ckoit 3dexkruBHOCTH. B CBsA3M ¢ 3TUM TIpOBOIUTCS
ONTHMU3AIIUS JICITENLHOCTH TPEIIPHUITHA MTyTeM
uX pecTpykTypusaiu. Ho mToOUThCS BBICOKHX DKO-
HOMUYECKUX TIOKa3aTeneli Oe3 pa3BUTUS MaTepH-
aNbHO-TEXHUUYECKOH 0a3bl U TMOBBIIICHUS KauecTBa
ee JKCIUTyaTallid HEBO3MOXKHO. Y COBEpIIEHCTBO-
BaHME TpoIecca TEXOOCTyKUBAHUS U TIOPAIKA Be-
JICHUSI XO3SIMCTBEHHOW JEATCILHOCTH IIPEIyCcMaT-
PHBAIOT OTKAa3 OT CHUCTEMBI ILIAHOBO-TIPEIYIPE/IH-
TENPHOTO PEMOHTAa W YCTPAHCHHE YeNIOBEYECKOTO
(akTopa myTeM BHEAPECHUS CUCTEM, BBITOIHSIOIINX
JUCTAHIIMOHHBIA aBTOMATH3UPOBAaHHBI KOHTPOJIb
1 TUarHOCTHUPOBAHKE B PSKUME PEATbHOTO BPEMEHHU.
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JOCJII)KEHHS YACOBOI 3AJIEXKHOCTI TA CHEKTPAJIBHOI'O
CKJUIAY CUTHAJIA B KOJII CTPIVIOYHHUX EJIEKTPOJABUI'YHIB
SMIHHOT'O CTPYMY

Mera. Pobora mependadae BCTAHOBICHHS 3aJIS)KHOCTI 3MIiH B YacOBifl OOJIaCTi Ta CIIEKTPalbHOI CKIIAIOBOI
CTPyMY B JIQHIIFO31 CTPLTOYHOTO €NEKTPOIBUTYHA 3MIHHOTO CTPYMY BiJ HOrO TeXHIYHOTO cTaHy. HeoOximHuM € BU-
JIIEHHS 3arajbHUX O3HAK ISl OJHAKOBUX THIIB YIIKO/KEHb. 32 JOITOMOTOIO aHaJIi3y OTPUMAaHHUX CHTHAJIB MOTPi0-
HO MIPOBECTH AWCTAHIIIHE NIarHOCTYBaHHS Ta BU3HAUEHHS HECTIPABHOCTEH 1 E(EKTIB CTPUTOYHHUX E€IEKTPOIBUTY-
HiB, a TAKOX IPUCKOPEHHA IPOLECy MOMNIYKY HECTIPABHOCTEH, BiIMOB 1 MOIMIKOMKeHb. HeoOXiMHO aBTOMAaTH3yBaTH
HiXig 70 00CIyroBYBaHHS BiJIaNIEHOTO HAIIBHOTO OOJaJHAHHS aBTOMAaTHUKH, PO3TAIIOBAHOTO B radapuTi pyxy
noizaiB. Y AOCHiDKEeHHI IependavyaeTbesi po3poOka KOMIUIEKCY 3aXO0/iB 13 3HW)KEHHS 3arpo3u HTTIO Ta 370pOB’I0
00CIIyrOBYIOYOT0 IEPCOHANY 32 PaXyHOK 3MEHILEHHS 4acy HOro nepeOyBaHHS B 30HI pyXy IMOI3/iB 1 3MEHILIEHHS
BIUIUBY JIIOJICBKOTO (hakTopa Ha pe3ysibTaT o0ciayroByBaHHA. MeToamka. Y poOoTi BHBUeHO OynOBY, apameTpu
I XapaKTepUCTHKH, OCOOJIMBOCTI eKCILTyaTallii Ta 00CIIyroByBaHHsI CTPUIOYHHX €JIEKTPOJIBUTYHIB 3MIHHOTO CTPyMY.
BuzHaueHO OCHOBHI BU/IM MOXJIMBHX IOIIKOJUKEHb B 3aJI€KHOCTI BiJl yMOB IIporiecy ekciuryaraunii. [Tonano enexr-
POIBUTYH SIK 00’ €KT miarHocTyBaHHS. Pe3yabTaT. OTpHMaHO 9acoBi 3aJIKHOCTI CTPYMY B JIAHITFO3i CTPIJIOYHOTO
€JIeKTPOJBUTYHA [UIA Pi3HUX HOTO CTaHIB. BCTaHOBIEHO 3B 30K MiX TEXHIYHUM CTAHOM CTPLIOYHOTO EJIEKTPOIBHU-
TyHa Ta MMOKa3HUKaMH KPUBOi CTPyMy B YacoBill i criekTpaibHiid o0nacTsax. HaBeneHo oOTpyHTYBaHHS BHSBICHHX
BiIXWJICHD BiJ €TaJIOHHOTO CHTHANY 1 3p00JeHO BHCHOBOK i3 OTpUMaHHUX pe3ynsTariB. HaykoBa HoBH3HA. 3ampo-
MTOHOBAHO CMOCI0 JiarHOCTYBaHHS CTaHY CTPUIOYHOTO ENIEKTPOABHIYHA 3MIHHOTO CTPYMY 3 YacOBOiI 3aJIEXKHOCTI
W CIEKTPaJIbHOTO CKJIaay CTPyMy B HOTO JIaHIt031. 3acTOCOBaHA CXeMa MiJIKIIOYEHHS 10 OOMOTOK €JIEKTPOJBUIYHA
3 ypaxyBaHHSIM BHXIJJHUX €JIEKTPUYHUX MapaMeTpiB CXEMH BKIIOUEHHS B peEalbHMX YMOBaX eKCIUTyaTaril.
IMpakTuyna 3HauumicTs. OTpUMaHi pe3ysbTaTd J03BOJSIIOTH TOBOPUTH MPO MOXKIMBICTH 1 JOUUIBHICTh HOAANb-
IOT0 PO3BUTKY NPUHIMIIB AUCTAHIIIMHOTO IiarHOCTYyBaHHS Ha MiJICTaBI aHANi3y THMYAacCOBOI Ta CIIEKTPaIbHOI 00-
JlacTel KpUBOI CTPYMY B JIAHI[IO31 CTPIIOYHOrO €IEeKTPOABUryHa. PealbHUM 1 palliOHAIBHUM € TaKOXX BIPOBAJKEH-
HS Ta IPaKTHYHE 3aCTOCYBaHHS OTPHMAHMX DPE3yJbTaTiB B yMOBaxX €KCIUTyaTalil B SIKOCTI CaMOCTIHHOI cHCTeMH
300py, aHam3y, 0OpoOKH Ta mepenadi naHux. [laHa cucTeMa YMOJKIIHMBIIOE BiZICTEXKECHHS 3MiH KIFOUOBHUX ITapaMeT-
piB i popMyBaHHSA MPOMO3HUIIIH MO0 3aXOIB BILIMBY Ha CHUTYAIlI0 B pealbHOMY Yaci, a TAaK0XX MOMIIUBICTH IPO-
THO3YBaHHS CTaHy 00’ €KTIiB Ha MiICTaBi BU3HAYCHHA 3aJICKHOCTEH MOTIepeTHIX 3MiH.

Kniouosi cnosa: enexTpoIBUTYH; €IEKTPOIIPUBOM; CTPLIKA; aHAII3; AIarHOCTYBAaHHI, YacoBa 3aJICKHICTh; CIEK-
TpaJIbHUN CKJIaz
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STUDY OF TIME DEPENDENCE AND SPECTRAL COMPOSITION
OF THE SIGNAL IN CIRCUIT OF AC ELECTRIC POINT MOTORS

Purpose. The paper is aimed to establish the dependence of changes in the time domain and spectral compo-
nents of the current in the circuit of the AC electric point motor on its technical condition, to identify the common
features for the same type of damage. It is necessary using the analysis of the received signals to carry out the re-
mote diagnosis and determination of faults and defects of electric point motors. In addition it suggested to accelerate
the process of the failure, malfunction and damage search. Authors propose the automated approach to the service of
remote floor automation equipment, which is located in the envelope of trains. Reduction of the threat to life and
health of staff by reducing the residence time in the zone of train movement. Reduce the impact of human factors
on the result of service. Methodology. The paper studies the structure, parameters and characteristics, the operation
and maintenance characteristics of the AC electric point motors. Determination of the main types of possible faults
in the process depending on the operating conditions. Presentation of the electric motor as an object of diagnosis.
Findings. The time dependences of the current in the circuit of electric point motor for its various states was ob-
tained. The connection between the technical condition of electric point motor and the performance of current curve
in time and spectral domains was established. The revealed deviations from the reference signal were justified. Ac-
cording to the obtained results it was made the conclusion. Originality. A method for diagnosing the state of the AC
electric point motor by the time dependence and the spectral composition of the current in its circuit was proposed.
The connection diagram to the motor windings based on non-infringement of electric parameters of connection cir-
cuit in the actual operating conditions was applied. Practical value. The obtained results suggest the possibility and
feasibility of further development of the principles of remote diagnosis based on the analysis of temporal and spec-
tral domains of the current curve in the circuit of the AC electric point motor. The implementation and practical ap-
plication in operation as a separate system for the collection, analysis, processing and data communication is also
real and rational. The given system makes possible tracking the changes in key parameters and forming the propos-
als on impact measures on the existing situation, as well as the ability to predict the state of the objects on the basis
of the dependency determination of the previous changes.

Keywords: electric motor; switch; turnout; analysis; diagnosis; time-dependence; spectral composition
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HAIPSAIMKHA PO3BUTKY BHYTPIIIHBOI'O TYPU3MY B YKPAIHI

Meta. KoxxHa 3 KpaiH CBiTYy BeJNMKY yBary IpHIUISE PO3BUTKY TYpPHU3MY B CBOIiHM KpaiHi, TOMY IO 3HAYHY YacTH-
HY HaJIXOJUKEHb J10 OIOJKETY CKIIaJaloTh caMe JIOXO/MW Bijl HaJlaHHS TYPUCTUYHUX MOCIYT. YKpaiHa 3iILTOBXHYIACH
3 MPOOJIEMOIO CYTTEBOTO 3HIKEHHS 00CATIB TYPUCTUUHHX ITOTOKIB, CTApiHHS OCHOBHUX (DOHJIIB, BIZICYTHOCTI iHBEC-
TULIHA Ha iX OHOBJIEHHS. MeTa CTaTTi Mojsirac B po3poOLi ONTHMAILHOTO MEXaHI3My YIPaBIiHHS TYpPUCTUYHHUMHU
MIOTOKaMH, OOTPYHTYBaHHI HEOOXiTHOCTI PO3BUTKY B’i3HOTO Ta BHYTPIIIHBOTO Typu3Mmy. Meroauka. TeopeTndany
Ta METOJOJIOTIYHY OCHOBY JOCIIIKEHHS CTAHOBIATH CHCTEMHHH aHaNi3 MpooOiieM 3a0e3neueHHs] KOHKYPEHTOCTIPO-
MOJKHOCTI TYPUCTUYHOI Tally3i y cdepi MacakupChKuX 3ali3HIYHUX ITEPEBE3€Hb, TCOPSTUYHI ITOJOKEHHS EKOHOMI-
YHOI HAYKH B Traiy3i eQeKTHBHOCTI BHYTPIIIHBOTO Ta B’{3HOTO TYpHU3My ¥ YHpPaBIiHHS TYPUCTUYHUMH IOTOKAMHU.
Pe3yabTaTH. ABTOPOM PO3POOIICHO YAOCKOHAICHUH MEXaHI3M YIPABIiHHSA TYPUCTUYHUMH MOTOKAMH, SIKUH BiIpi3-
HSIETBCSI BiJ] ICHYIOYOT0 PO3LIMPEHHSIM chepH MOCIyr TypucTaM Ha Teputopil YKpainu. 3anpornoHOBaHO aHai3 po3-
BUTKY B’i3HOTO Ta BHYTPILIIHHOTO TypHU3MY, BiTHOBJICHHS BYy3bKOKOJIHOK, a TAKOX CTBOPEHHS CIICI[iaJIbHUX TypHUC-
THYHUX TOT3/iB. Y pe3ysibTaTi BUKOHAHHS IMOCTABJICHUX 3aBJaHb MAIOTh OyTH JOCSATHYTI HACTYIHI Pe3yJIbTaTH:
1) nmijBUIIEHHS YacTKU cepr TypU3My Ta KypOPTiB Y CTPYKTYPi BaJIOBOI'O BHYTPILIHBOTO MPOJYKTY JI0 PIBHS pO3-
BUHEHUX KpaiH; 2) OBEAEHHS KUIBKOCTI MpaliBHUKIB Cepr TypuU3My Ta KypOPTIB A0 PiBHS PO3BUHEHHMX KpaiH;
3) 30LIBIICHHS 3arajJbHOI KUTBKOCTI HOMEPHOTO (pOHIY B FOTENSIX Ta IHIIMX cepTH(IKOBaHMX 3ac00ax pO3MIIEHHS [0
PIBHS pO3BUHYTHX KpaiH; 4) CTBOPEHHS €(DEKTHBHOI CHCTEMH MOHITOPHHTY SIKOCTI HaaHUX TYPUCTHYHMX IOCIYT Bijl-
TIOBIJIHO /10 aJIallTOBAHOTO CBITOBOTO JOCBIi/Y; 5) CTBOPEHHS NMPHUBAOIMBOrO iHBECTHUIIHHOTO KIIIMATY JUISl LIMPOKO-
TO 3aIlyYeHHs IHBECTHIill y pPO3BUTOK TYPUCTHYHOI, IH)KEHEPHO-TPAHCIIOPTHOI Ta KOMYHAJBHOI iHQPaACTPyKTypH;
6) TiABHUIICHHS OS3MEKH TYPHCTIB, 3a0€3IIEUCHHS IEBOTO 3aXHCTY X MPaB, 3aKOHHUX IHTEpECiB i 30eperkeHHs Maii-
Ha. HaykoBa HOBM3HA. ABTOpOM HAaBEJCHO TEOPETHYHE y3araJlbHCHHS i HOBE BHIIIEHHS HAYKOBOI 3ajadi. BoHn
BUSBISIFOTBCA B PO3POOII TEOPETUIHHUX Ta METOHONOTIYHMX MiAXOIIB 10 OOIPYHTYBaHHS OpraHi3allii TypUCTUIHHUX
MepeBe3eHb 3aTi3HUYHUM TPAHCIIOPTOM, Ta aKTHBi3awii pooiT i3 pearizalii mpoeKTy o0 BiTHOBICHHS €(eKTHBHO-
ro (yHKIIOHYBaHHS TipCHKUX 3ai3HALE Kouii mmpuHoio 750 MM B KapmarcekoMy perioni YkpaiHu 3 TOAaIbIINMHI
MOXJTUBOCTSIMH TIPUETHAHHS IO PO3rally’KeHoi MiKHapoaHoi TypucTudHoi Mepexi. [IpakTuuna 3HaunmicTs. Pa-
LIOHAJILHO 3aCTOCOBAHI 3aXOJH BIANOBIIHO /IO 3aIPOIIOHOBAaHUX aBTOPOM HANPSMKIB YIPaBIiHHS TYPUCTUUYHHUMHU
MIOTOKaMH JI03BOJISITH CYTTEBO ITIIBUIIUTH HAJIXOKEHH JI0 OI0KeTy KpaiHH BiJl BHyTPILIHEOTO TYPU3MY.

Kniouosi crosa: Typu3M; TYpUCTUUHUH NOTIK; TYPUCTHYHUN MapLIpyT; TYPUCTHYHUH 1OT3]1; By3bKOKOIIHKa

Beryn

Hama kpaina 3aiiMae ojjHe 3 MPOBIAHUX MICIb
B €Bpori 3a piBHEM 3a0€3MeUEHOCTI IHHUMH TIPH-
POTHUMH Ta KyJBTYPHUMH pecypcamMu. 30Kpema,
MU MaeMoO Taki 00’ekTH BcecBITHROI CriagluHu
IOHECKO, sax Cobop Casaroi Codii Ta mpruterii

doi 10.15802/stp2014/32651

MOHACTHPCHKI cniopyau, Kueo-Ileuepcrka JlaBpa,
aHcaMOJb iCTOpUYHOro uEHTpPY JIbBOBa, MyHKTH
I'eonesuunoi nyru CtpyBe, nepes’sHi 1epkBu Kap-
MaTChKOTO peTioHy, O6iocdepHuil 3amoBiTHUK «Ac-
kaHig-HoBa» Ta iami. Came TOMy CTBOpPEHHSI CHC-
TEMHHUX 1 KOMIUIEKCHUX YMOB JAJIsI IIOIIMPEHHS TY-

© JI. B. MapueHnrok, 2014

23



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

Hayxka Ta nporpec Tpancropty. BicHuk J[HIponeTpoBcbKoro
HAI[IOHAJIBHOTO YHIBEPCHUTETY 3aIIi3HUYHOrO TpaHcmnopty, 2014, Ne 6 (54)

EKOHOMIKA TA VIIPABJIIHHA

pu3My, 3MIITHEHHS KypOpPTiB Ma€ CTaTH OIHUM
3 TIPIOPUTETIB 3a0€3MEUSHHS CTAIOT0 PO3BUTKY SIK
PETiOHIB, TaK 1 IEPKaBH B IIJIOMY.

IToTpiOHO BIAMITHTH, IO 3TiAHO i3 3aKOHOM
Vkpaian «lIpo Typusm» [8] geprkaBa IpOroJIoNIye
TYpHU3M OTHHUM i3 TIPIOPUTETHUX HATPSIMIB PO3BUT-
Ky €KOHOMIKH Ta KYJBTYPH i CTBOPIOE YMOBH JUIS
TYPUCTUYHOI JiSUTBHOCTI.

MeTtoanka

Typu3m — OJIIH i3 HanPsIMKiB e()eKTUBHOTO PO3-
BUTKY TEPHUTOpPiajJbHUX I'poMaj, MONOBHEHHs Mic-
[EBOTO OrOKeTy. 3a opimiiHIMH JaHUMHU, 9 Binco-
TKiB cBiTOBOrO BBII npunanae came Ha Typu3m.

BpaxoByroun, 1o 3aimi3HUYHHHA TPAaHCIOPT He
JMIEe HaWOUIBIN TpUIATHHHA IS 3a0e3MeveHHs
KOM(OPTHOTO TepecyBaHHS YUCEIbHUX TPYIl JIO-
Jei, a i HalO1IBII TOCTYMHUH 32 BapTICTIO MPOi3-
Iy, TIOTPiOHO PO3TJSHYTH MEPCHEeKTHBY HOro 3a-
CTOCYBaHHsI JUIA TICPEMIIICHHS BITUYU3HSIHUX Ta
3aKOpJOHHHUX €KCKYPCaHTIB.

[epeBarn 3amizHuii Mpu OOCITYrOBYBaHHI BiT-
YH3HSHHUX Ta 3aKOPJOHHUX TypHUCTiB oueBHHI. Ce-
pell TOJOBHHX — MOXKJIMBICTB MpPSMYBaTH B Oyb-
Ky TIOTOXy, NOCTYIHICTh Y BHCOKOTIpHI paifoHH.
Tomy po3poOka yMOB IJIsl PO3BUTKY 3aJTi3HHYHOTO
TypU3My B TIPHKOPIAOHHHUX MICIIEBOCTAX 3aximHOl
VYKpaiHu — OCUTH aKTyalbHa HayKOBO-IIPAKTHYHA
3amaya [5].

Ha xanp, B el 9ac iHPPacTpyKTypa BY3bKO-
KOJNIMKYM 3HAXOAWTHCSA y 3aHeA0aHOMY CTaHi, MO-
TpeOy€e 3HAYHUX OHOBJIICHH i KaNiTalbHUX PEMOH-
TiB 3a TPUYMHOI (iHAHCYBaHHS Ili€l 3ali3HUII
NPOTATOM HOHAJA ABOX NECSTUIITH 32 OCTATOUHUM
NPUHLMIIOM. AJie, NPHUHAMMHI, MapIIpyTH CIigy-
BaHHS MAaCAKUPCHKUX IOI3M1B JIMIIAIOTHCS MPHIA-
THUMHU JUIA Y9acTi y MPOEKTI PO3BUTKY 3ai3HUY-
HOT'O TYypU3My YKpaiHu.

Barari nmpupoaHo-pekpeaniiiHi pecypcu 3akap-
MaTCHKOTO PETiOHY — JiKyBaJbHI MiHEpaJIbHI BOIH,
JTicoBi, JlaHAmAaQTHI, TiAPOJOTIYHI, CIIEICONOTIUHI
pecypcH, 00’€KTH NMPUPOAHOTO 3alOBiAHOTO (OH-
Iy BUKOPHCTOBYIOTBCSI IAIEKO HE MMOBHOIO MipOIO.
VY ToMmy 4mchi i yepe3 cllabKy KOMYHIKAIiiHY J10-
CTYIHICTh NMEPCIIEKTHBHUX JJISI OCBOEHHS B TYypHC-
TUYHO-PEKpealifHuX [UIIX TEPUTOpid Ta He3ao-
BUIBHHIM CTaH BUPOOHUYO-TPAHCIOPTHOI iH(ppa-
CTPYKTYPU TYPHCTUYHO-PEKPEALifHOIO KOMILICK-
Cy B TipCchbKkuX paioHax. OTO X, OMHHUM i3 TOJIOB-
HHUX 3aBJaHb €()EKTHMBHOTO BUKOPHCTaHHA KOHKY-
PEHTHHX IlepeBar TypucTH4YHOI ramysi Kapmatce-
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KOTO perioHy € 3a0e3neveHHs JOCTYMHOCTI 10 Me-
pexi crerianizoBaHuX 00’€kTiB TpodiTbHOT iH-
dbpacTpykTypu. Y TOMY YHCI W BY3bKOKOJIHHOIO
3aIi3HULEI0, SIKOI0 OJHOYAaCHO MOXYTh CKOPHCTa-
THCS BEITUKI TPYIH TypHCTIB [1].

Crparerist po3BUTKY Cpepu TYpU3MY i KypOPTiB
VYkpaian Ha miepion mo 2022 poky crpsiMOBaHa Ha
BUPILICHHS MPOOJEM KOMILICKCHOTO PO3BUTKY
cdepu TypusMy, TOTEIBHOTO IOCIOAAPCTBA, Kypo-
PTiB, CaHAaTOPHO-KypOPTHOTO OOCIyrOBYBaHH,
MiATPUMKH CTBOPEHHSI Ta MOJEPHi3allii TypHCTHY-
HOi iH(PACTPYKTypH, 3a0e3MECUeHHSI HaJleKHOI
SKOCTI TYPHUCTHYHHX Ta KyPOPTHHUX IOCIYT, e(eK-
TUBHOT'O BUKOPHCTaHHSA HasBHOTO TYPUCTHYHOTO
MOTCHITIaTY.

B Vkpaini chepa Typusmy i KypopTiB HE Bii-
rpae HaJISKHOI poJii ¥ GopMyBaHHI CIPUATIHBOL
MaKpPOCKOHOMIYHOI JUHAMIKH Ta JIOXOJAax OroJpKe-
Ty. Ha Mi>KHapoJHOMY TypUCTHYHOMY PHHKY Ha-
HIOHAIBHUA TYPUCTHYHMHA NPOLYKT Ta NPHPOIHI
JMKyBaJlbHI pecypcHd YKpaiHM OIIHIOIOTHCS 5K
MEHII TpUBa0IMBI 1 KOHKYPEHTOCIIPOMOXHI, HIXK
B IHIIUX KpaiHax.

[lopiuao YkpaiHy BiOBIIyIOTH ONHM3BKO IBa-
IISITH MIJBHOHIB B’13HUX (iHO3EMHUX) TYPHCTIB,
B TOMY YHCIIi 3 OpraHi30BaHOIO METOI0 — JIMIIE
Onm3BKO MinbitoHa 0ci6. B ocTamni poku 3adikco-
BaHO 3MEHILIEHHS B’13HOTO OPTraHi30BaHOTO MOTOKY
Ha 10 % [6].

e cBigunTh Mmpo MaHyBaHHS IECTPYKTHUBHUX
TEeHJICHITI HAa PUHKY TYPUCTHYHUX TIOCTYT YKpai-
HU, MepeBakKaHHS HEOPTaHI30BaHUX IMOI3I0K y 3a-
ralbHIN CTPYKTYPI BiJIBiTyBaHb.

Ykpaina mporpae B KOHKYpPEHTHiH OOpoTHOi,
BIJICTAlOYM BiJl MPOBITHUX JIEP)KaB CBITY 3a PIBHEM
PO3BHUTKY TYpPHCTHYHOI iH(ppacTpykTypu B 5-15
pasiB. HaiibinbIn BimdyTHE BifcTaBaHHS CIOCTEPi-
raeTbcs 3a TOKa3HUKaMH 3a0e3neueHoCTi Hace-
JICHHS! TOTEJIbHUMH IIOCITyTaMHM, KiIBKOCTI 3aiHs-
X y Typusmi Ha 1 000 rpoMajsiH, KiIBKICTIO TPY-
JOBHUX BHTpaT Ha KyMiBIKO IIpaBa INPOKUBAHHSI
y rorem Ta iH. TeMmu Ta CTPYKTypa PO3BHTKY
ctepu TypusMy i KypopTiB YKpaiHU HE BiAIOBi-
JTAl0Th CY9acHUM BUMoram [7].

[IpoBinHi nepxaBu CBITY 3a JOIOMOTOI KOM-
TUIEKCY CIeliaIbHUX 3aXO0iB JepKaBHOI MiATpHUM-
KM Ta CTUMYJIIOBAHHSI aKTUBHO CIPHUSIOTH PO3BUT-
Ky BHYTPIIIHBOI'O Ta B’I3HOTO TYpU3MY 3 OIJIALY
Ha KiJTbKa IPUYUH. Y CydacHOMY TI00a1i30BaHOMY
CBITi TIPOBiJHI JIep>KaBU CBITY Jalld HaJe)KHY OIli-
HKY HEAaOWSKHM TiepeBaraM TYPUCTHYHOI TalTy3i.
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TypusMm cnpusie 3poCTaHHIO 3aHHATOCTI (B TOMY
YHCITI Y TaK 3BaHUX MPOOJIEMHUX PErioHax), AuBe-
pcudikanii ekoHomini (ockinbku cdepa Typuzmy
1 KypopTiB 1oB’si3aHa 3 poboToto Oimbm sk 50 ra-
Ty3eit), TMiIBUIIY€E 1HHOBAIIHICTL HAIIOHATHLHOTO
rocnogapcersa. Typusm crpusie 36epexeHHIo 1 po3-
BUTKY KYJIBTYPHOTO MOTEHIIiaTy, BeAe 10 TapMOHi-
3amii BiTHOIICHb MiXK PI3HUMH KpaiHaMd i Hapo-
JaMu, 30CpeKeHHI0 EKOJIOTIYHO Oe3nevHoro Jo-
BKUUIA. KpiM TOrO, TYypH3M € OZHUM i3 YNHHHKIB
peaitizaiii 30BHINTHBOT TOJTITHKH JIepKaBu [3].

[Ipu oMy, 3rifgHO 3 po3paxyHKaMu BcecBiTHBOT
typuctryaoi oprasizamii (WTO), omxa rpormrosa
OIIMHHUIIA, BKJAJEHA Yy PO3BUTOK cheph TypH3MY,
TOTEBHOTO TOCIIOJApPCTBA 1 KYpOPTIB, 3abe3reuye
MYJIBTHILTIKATABHUN e(eKT 3pOCTaHHs JOJaHOl Bap-
TOCTI Ha cyMy BiIl 4 10 6 IpOIIOBHMX OAWHHUIL (32
PaxyHOK 3a/IisTHHS TOTEHIIATYy CYMDKHHX TaTy3ei).

3a nmannMu BcecBiTHBOI TypHCTHYHOI OpraHi-
3amii, mounHatoun 3 1990 p. obcarm moxomy Bifm
MDKHApOJHOTO TYPU3MY 3pOCTalOTh B CEPEIHBOMY
Ha 9 % Ha piK, a KUIbKICTh MDXXKHAPOJAHUX TYPHUCTIB
—Ha 4 %.

YacTka Typu3My y CBITOBOMY BaJOBOMY Hamio-
HaJIFHOMY A0Xomi ckiamae omm3pko 10 %, a Ha mo-
JIF0 MDKHAPOIHOTO TYpH3MY NpHIanae 8 % 3araib-
HOTo 00csATy CBiTOBOTO ekcropty Ta 6iist 30 % cBi-
TOBOI TOPTiBII MOCTYT [2].

[lo3uTnBHMIA pO3BUTOK chepu TypU3MY 1 Kypo-
PTiB MOKE CTaTH BarOMHUM YMHHUKOM IPHUCKOPEH-
HS €KOHOMIYHOTO 3pPOCTaHHS, MATPUMKH 3alHATO-
CTi, CTPYKTYpHOI MOJIEpHi3allil eKOHOMIKH, HAIOB-
HEHHs1 OI0JKETIB BCIX PiBHIB.

Meta

MerTor0 A0CIHiKeHb poOOTH € CTBOPEHHS YMOB
JUTS 3a0e3MeUeHHs PHUCKOPEHOT0 PO3BUTKY chepu
Typu3My 1 KypOpTiB, TIEpETBOPEHHS ii ¥ BHCOKO-
e(eKTHBHY, IHTETPOBaHY Y CBITOBUN PUHOK ranys3b
Ha OCHOBI IIMPOKOTO BUKOPHCTAHHS IHHOBAI[IHHUX
TEXHOJIOT1H 00CIYrOBYBaHHS CHOXHMBaYiB (HamaH-
HS TIOCJTYT) 3 BUKOPUCTAHHSM aJalTOBaHHUX CBITO-
BAM JIOCBiJIOM MeEXaHi3MiB B3a€MOJil IepKaBH,
Oi3Hecy (poOOTOMABINIB) Ta CITOKMBAYIB.

3a/uist pO3BUTKY B’i3HOTO TYpH3MYy HEOOXiIHO:
CTBOPUTH YMOBH MJISi TPHUCKOPEHOTO PO3BUTKY
cdepu Typu3My 1 KypOpTiB 3 BUKOPHCTaHHSAM Me-
XaHI3MIB JepKaBHOI MiATPUMKH, 3aIPOBAIUTH Ha-
JIeXKHI €KOHOMIYHI 1 IPaBOBI YMOBH IS 3aTyICHHS
IHBECTHINI y pO30yJOBY Cy4acHOi TypHCTHIHOL
iH]pacTpyKTypH, CTUMYIIIOBaHHS! CTBOPEHHS Y c(he-

doi 10.15802/stp2014/32651

pl TypusMy i KypopTiB HOBHX EKOHOMiKO-Opra-
Hi3al[ifHUX YTBOPEHb, OHOBHUTH OCHOBHI (OHIH
TOTEINIB, CaHATOPIiB, NMAHCIOHATIB, IHIIHMX 3acO0iB
PO3MIIIIEHHS, CTBOPEHHS Ta IPOCYBaHHSA HOBHX
TYPUCTUYHUX MapIIpPYyTiB.

MeToro poboTH TaKOX € OOTPYHTYBaHHS OpTaHi-
3amii TYpUCTUYHUX IIEPEBE3CHb 3alTi3HUIHUM TPaHC-
NopTOM, OOIPYHTYBaHHS aKTHBI3aLii poOiT 3 peai-
3aIlii IPOEKTY MO0 BiTHOBICHHS e(heKTUBHOTO (y-
HKITIOHYBaHHS TIPCHKUX 3aJIi3HHIb KOJIii, IIMPHHOIO
750 MM, B KapriarcekoMy perioni Ykpainu, 3 mofa-
JBUIMMH MOYJIMBOCTAMH TIPUEJHAHHS JO PO3raiy-
JKEHOT MDKHAPOTHOT TYPHUCTHIHOI MEPEKi.

BignoBnmenHs Ta edexkTHBHE (HYHKIIOHYBAHHS
TipCHKUX 3a]i3HUIb, mupuHOIO 750 MM, B Kapmar-
CBbKOMY pErioHi — €KOHOMIYHO HEOOXiTHHH Ipo-
ext. Moro BHpoBa/DKEHHS HAIACTh MOMKIIHBICTH
TEPUTOpiaJbHAM TPOMaJaM TipCHKHX paiioHIB Ha-
OJIM3UTH JI0 KOXKHOI OCelli BCi MPUHAIN IUBLTI3aIT
1, SIK HACHINOK, 3yNMWHUTH MIrpamiifHi TNpoLeCcH,
BHKJIMKaHHI 0€3p00ITTAM.

PesyiabTarn

V cBITI € Ayke BAaji NPUKIAAN OpraHizamii Ty-
PUCTUYHUX MAapIIPYTIB i3 BHKOPHCTAHHSM 3alli3-
HU4YHOTrO TpaHcnopTy. Hampukinan, KonkaHcbka
3ami3HUI B [HAII, sika TPOXOAWTH B3IOBXK y30e-
pexoks KonkaB. MaHIpiBHUKH MOXKYTh HACOJIOIH-
THUCSI TIPUTOJIOMIIUIMBUMH BHIIAMH: TUISDKaMHU Apa-
BIMICHKOTO MOPsI, OYPXJIUBUMHU BOJOCIIAIaMHU 1 Ja-
neKkuMu ropamu. A ock y KaHazi Typucta MOXyTh
MPOIXaTHCs Ha BCECBITHHO BIIOMOMY PO3KIITHOMY
MoT3/11, AKUI MTPOXOAMTh B JCHHUHN Yac yepes3 Kpacy
nmukoi 3axigHoi Kanamu i € kpamum criocodom mo-
MmunyBatucs Bennyuio Kanancekux CKeNsCTHX Tip.

B Inpmonesii TypucrtaM NpONOHYIOTH MPOIXaTH
B370BXK YaliHWX IUTAHTAIlid, PUCOBUX IIOJIB, Kac-
KaJHUX CTPYMKIB 1 TaCTOPAIILHUX CLIeIh Ha MOT3/1
Apro I'epni Bix Jxakaptu 1o banaynra.

V IlIBelinapii MpOMOHYIOTH YHIKaIbHY E€KCKYp-
CIiHY TIO37Ky TIO0 KIJIBIIEBOMY MapIIpyTy TO Cy-
YacHil 3y04acTiit 3ami3nui. [lepmmii myHKT — Tip-
cekuil nepesan Knaitn-1llaiiner, po3ramoBanuii Ha
Brcoti 2 061 MeTpiB, OIS MiIHIXOKS BIJJOMOTO ITi-
BHIUHOTO cxwiay Topu Efirep. 3Bimcn 3ami3HHALS
«tOnrdpay» migniMaeThcs Ha ctaHmito Eiireprie-
THIEp, BIIOMY CBOIM TipCHKHM PECTOPAHOM i Icap-
HEIo, B SIKIH yTpUMYIOThCS TIOJIsIpHI cobaku. [Tona-
JBIIMA MapuIpyT MpoJisitae yepe3 TyHedb Alrep
0 cTaHmii A#repBaHa 1 Ajicmip, Ha KOXHIA
3 SIKHX TO13/1 3aTPUMYETHCS HA I'ATh XBWIMH. Ty-
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PHCTH MOXYThb HACOJIOJJUTUCS 3aXOILTFOFOUMMH Kpa-
€BUIAMH, SKI BIIKPHUBAIOTHCS Yepe3 BEIMKI BIKHA
CIIOCTEPEIKEHHS, BUCIUCHI B TBEPIUX aJbIiHCHKUX
ckenax. A motiMm moi3n npulysae B FOHr¢payiiox,
B caMe ceplle 9yIOBOTO KproKaHoro cBiTy. UymoBi
BUM IIPOCTSTAIOTHCS @ A0 BepiuuH Tip Boresu
y ®panuii ta [lIBapusansay B Himeuunni. 3 KOnr-
(dpayiiox MmounHaeThCsl Benukuii JIbOJOBHK, JOB-
KUHOIO 22 KIJIOMETPH, SKUW € HalJOBITUM KpHKa-
HUM TOTOKOM B Aubnax i BepmmHoto €Bponm.
VY [lBeiinapii TakoX KOPUCTYETHCS MOIMYISIPHICTIO
y TypucTiB JIbooBukoBuit Exciipec, mo neperunae
Bianyk JlammBaccep. Ekcrpec moxomuTh 3 MicTa
Lepmarr B micto [laBoc abo Cankr-Mopir mpubnm-
3HO 3a ciM roguH. [1ig yac mogoposki Noi3xa neperu-
Hae 291 micro, 91 TyHenb i MPODKIDKAE Yepes mepe-
Ban OOepanbll B HAWBHIIIK HOTO TOYIl, HA BHCOTI
2 033 mertpis. Y IliBnenHo-Adpukancekiii Pecmy6-
niui PoBoc Pefini — npuBaTHa 3a1i3HUYHA KOMIIaHis
MIPOIIOHYE IO TTOCITYT TYPHCTIB MOi31a-TOTEITI.

3amizaung Kypannpa-Crenuk B ABcTpamii «3mi-
iTbca» Bropy IHo TipcbKOMYy MacuBy Makaiucrep.
Tpomiuni cagu 3amizan4Hoi cranuii Kypanaa e Bi-
JOMOIO T1aM’aTKot0. CIyCcKaloYuch BHU3 IO CXHILY,
3aJi3HWYHI KOdii «mpopizatoTe» HamioHansaMi
napk bappon-T'opmx. Typuctuunuii moiza 3ynuHs-
€TbCsl OISl MaiiaHuuKa, 3 SKOTO BiJKPUBAETHCS
3axoIUTorounil Bua Ha Bogocnaz bappon. [Ipoixk-
JUKAFOUYM Jajli 32 MapIIpyToOM, MOKHa T00adnTH
LKA psi APIOHINIMX BOJOCAIB, SKI 3HAXOSITHCS
BCBHOTO B JIEKUIBKOX METPax BiJl MapuIpyTy Moizza.

3amizaung Jla-Mrop y @paniii — ogHa 3 Kpa-
X TYPUCTUYHHX 3aTi3HUIL B €Bpori. Typucram
BiJIKPHUBAIOTHCS 3aXOILTIOIOY] BUIU HA Tpebii, 03e-
pa i ripcbki meizaxi [13].

A ocbk B Hbio-JOpKy BEIHKHM MOMHTOM y Ty-
PUCTIB KOPUCTYETHCS «HaBICHUI mapk Xai JlaiiH.
IIle Buopa HaA3eMHa 3aJI3HUI, L0 MPOXOAMIA
gepe3 iHAyCTpiaNbHI KBapTamum MaHXeTTeHa, HO-
cwia (arajibHy Ha3By «aBeHIO cMepTi». ChoromHi
e 3elieHa apTepid, sSKa CTPLIOI MUYHUTH 4Yepe3 BCe
MiCTO. AMEpHKaHII PO3poOMIM OJUH i3 TepIInX
MPUKJIaAIB ypOaHizamii TPOM30HH, SKUH O IHOTO
Yacy 3aJMIIAEThCS CaMUM YHIKaJIbHUM HPOEKTOM
Yy BCBOMY CBITi: ITapKOBa 30Ha PO3TALIOBYETHCS Ha
MOCTY 1 TIOBHICTIO TTIOBTOPIOE MAapPIIPYT 3aJTi3HHIII.
be3ymoBHO, MacmTabHa PEeKOHCTPYKIiA HaBKOJIU-
HIHIX TpyIoO i 3aHea0aHoOro MOCTa BHMarae 4u-
MaJlix 3aTpar. Alie OTpUMaHHU pe3ysbTaT BapTUH
KOXHOTO 1eHTa 3 50 MiIbHOHIB J0J1apiB, BUTpayde-
HUX Ha 1el mpoekT. PoboTa, BukoHaHa aBTOpamMu
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MapKy, IEMOHCTPYE ieanbHe OETHAHHS iCTOpHY-
HUX IIHHOCTEH Ta HOBITHIX TEXHOJIOTIH B raiys3i
nuzaiiny [12].

MooxHa BiZI3HAYMTH I IEKUTbKa YHIKAbHUX 3a-
J3HUIB CBiTYy. Tak, MpoIOBONBYHN PHHOK y Maek-
sonre B TainaHai po3TalIOBaHUN Ha 3aJII3HUYHHUX
komisix. Kinpka pasiB Ha JeHb Kpamapi IIBHIKO
YIIaKOBYIOTH CBOi MPOAYKTOBI JIOTKH 1 OITyCKAaIOTh
HaBicy, 00 mpomycTuty noizau. Ilicns Toro, sk
Yyepe3 pUHOK MPOHOCSTHCS MOI3H, SMIUKU 3 1KEr0
MOBEPTAIOTh B MOYATKOBE MOJOXKEHHS 1 MOKYIII
3HOBY XOMSTH MO peHKax, siKi CIy>KaTb MPOXOJ0M
yepe3 pUHOK.

3amizanyaa komis Heiimip-I'ucoopr B Hosiit
3emaHmii yHIKadbHA THM, IO MEPETHHAE TOJIOBHY
3JITHO-TIOCAAKOBY cMyTy ['icOOPHCHKOTO aeporop-
Ty. IloTArm 3MmyIieHi 3ynmWHATHCS 1 3alUTyBaTH
y IUCTIETYEPCHKIM TOBITPSHOTO PyXy MO3BUI Ha
npoi3a sl TEPeTHHY 3NMITHO-TIOCaIKOBOT CMYTH
1 TOAaJBIIOro MapupyTy Mo JiHil. € me Baami
MPUKIIAAN TYPUCTUYHUX 3ami3Hunb. Lllnupoko Bi-
nomuM € «Iloizn B Xmapu», SIKUHA €KCILTyaTylOTh
Ha 3QII3HALSX APreHTUHH. 3alli3HUIA 3HAXOAUTh-
cs Ha BUCOTI, mo mnepeBunrye 4 220 MeTpiB Haj
piBHEM MOps, II€ TPETS 3a BHCOTOIO 3alli3HHIII
B CBITIi. 3aJli3HUYHA JIiHIsI TPOXOAUTH Yepe3 29 Mo-
cTiB, 21 TyHens, 13 Biaxykis, 2 cmipaii Ta 2 3ur3a-
ru. Uepes pilieHHs TPOCKTYBAILHUKIB HE BUKOPH-
CTOBYBAaTH CHCTEMY Iiepeiadi 3a JOTOMOIO 3Y-
OuacToi peiiKkH 1 mwecTepHi Ui TATH, MapIIpyT MaB
OyTH pO3pOOJICHNI TaKUM YHHOM, 1100 YHUKHYTH
KpYyTHX CXWIiB. 3UT3ard J03BOJISIIOTH MOi3AY IIif-
HIMaTHCS, TPODK/HKAIOUM BJIIBO 1 BIIPAaBO Mapaie-
JBHO CXUJTY TOPH.

Yemimao npamroe 1 Taiicbko-bipmanchka 3aiti-
3HHUIIS, TakoXK Bifoma sik «J{opora Cmepti» — 11
415-kinomeTpoBa 3ami3HuLS MK banrkoxom, Tai-
nannoM 1 Panrynom. Binmeme 100 000 mpaiiBHUKIB
MOMEPJIY i yac OyIiBHUITBA 1i€l 3ami3Hui. [lo-
31 ormHae 300Ky MPSIMOBHUCHI CKEJi i MPOXOAUTH
O JIEKiTbKOX TEHIITHUX JEePEB’ THUX MOCTaX.

3amizHngHa craHMmis «Gyeonghway B MiBIeHHO-
KopelicekoMy paiioni Yinxe, e poctyts 340 000
BUIIIHEBUX JIEPEB, IiJ] YaC CBOTO IBITIHHA € JOCHTh
TIOITYJISIPHOIO CepeIl TYPHUCTIB.

3anizuuus MonTtenBep 3’enmHye cranuito Illa-
MOHI, 10 po3TamoBaHa Ha BucoTi 1 035 merpis
HaJ piBHEM Mops, i cTaHmiro MoOHTEHBep, po3Ta-
moBaHy Ha BucoTi 1 913 mertpiB. g crantis pos-
TalroBaHa B Oe3nocepenHiii 0IM3bKOCTI BiJ| HAHOI-
JBIIOTO JTHOJIOBUKA Ha Teputopii Ppaniii Mep ne
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I'mac i came et GakTop 3yMOBIIIOE K caMe BHHH-
KHEHHS 1€l 3ai3HUII, TaK 1 BeJIHYe3Hy HOMyJIsIp-
HICTb Y TypHCTiB. 3aMiCThb 3BHYHHMX ABOX peHOK
TyT iX Tpu. Tpers petika 3yOuacra. Came 3 ii 10-
IIOMOT'0I0 TOJIOBHUH BaroH 3a JOIOMOIO0 3y0Oyac-
TOrO KoJjieca NpUBOAUTH y pyx norsr. Imax nois-
Jia TIPOJIATAE TI0 JIICUCTUX TIPCHKUX CXHJIax.

HaykoBa HOBU3HA Ta MPAKTUYHA
3HAYMMICTDL

3 METOI0 PO3BHTKY TYpU3My HEOOXiTHO CTHMY-
JIIOBAaTH PO3BUTOK 00’ €KTIB TYypHCTHYHOI iH(]pa-
CTPYKTYPH, PO3paxoBaHUX Ha MacoOBOI'O CIIOXKHBa-
ya 3 IUJIOPIYHHAM BiABiAyBaHHSIM, IEpII 3a BCeE,
B ICTOPUYHHX MiCTax, a TaKOX B MEKax HalllOHa-
JTHEHUX ICTOPUYHUX, ICTOPUKO-KYIBTYPHUX Ta apXi-
TEKTYypHUX 3aIllOBiIHUKIB.

[lix yac mmanyBaHHS 00’ €KTIB IHPPACTPYKTypH
HEOOXiTHO BpaxyBaTH HEOOXiIHICTH PO3BHUTKY JO-
MOMIDKHUX CITYXO0 y MICISIX MacoBOro mnepeOyBaH-
HSl TypUCTIB (IIyHKTH HEBIIKIaTHOI MEIUYHOI J0-
MOMOTH, iH(pOPMaIiifHI TYPUCTUYHI HEHTPH, 30HU
BIJIIIOYMHKY, TyaleTH, MyHKTH Tele(OHHOTO Ta
€JIEKTPOHHOTO 3B 513Ky, Mara3uHM CyBEHIpHOI Mpo-
IyKIii To1o) [4].

BaxnuBuM eleMEeHTOM NpOCyBaHHS HalliOHAa-
JBHOTO TYPHCTHYHOTO TPOAYKTY € CTBOPEHHS
HEHTPIB TypUCTHYHOI iH(OpMaIii — crenianizoBa-
HUX YCTaHOB, OOJaTHaHWUX CYYacHOK TEXHIKOIO,
SKI MOXKYTb y CTUCITi TEpMiHH HAJaTH TYPUCTaM Ta
HIIIUM MOIOPOKYHOUYUM KOPHCHY 1H(POPMAIIIIO PO
TYPUCTUYHUI TOTEHIian YKpaiHu, a TakoX MEeBHI
MOCITYTH.

@dinaHcoBe 3a0e3NEUEHHsI IIOCTaBJICHUX 3aB-
JaHb TOBMHHO 3IIMCHIOBAaTHCS 3a PaxyHOK: Hep-
YKaBHOTO OFOIDKETY YKpaiHu, 00JacHUX OIOIKETIB,
MiCIIeBHX OIO/DKETIB, BIACHUX KOINTIB ITiIIPH-
€MCTB Ta OpraHizariii, KOMTiB Mi>XXHapPOJHUX Op-
TaHi3amiii, B TOMY YHCIi TPaHTIB, 3ally4eHHs TpH-
BaTHUX, B TOMY YHCIIi iHO3eMHUX, iHBeCTHIIiH [11].

B pesynbTaTi BUKOHaHHS IOCTAaBJICHUX 3aBIaHb
MaroTh OyTH JTOCATHYTI Taki pe3yNbTaTH: IIiJ[BU-
IICHHS 9aCTKU cepu Typu3My i KypopTiB y CTpy-
KTypi BaJOBOTO BHYTpimmHbOro mnpoxykry (BBII)
JI0 PiBHS PO3BUHYTHX KpaiH (He MeHIIe 6 %); 1o-
BEJCHHS KINBKOCTI MpPaliBHUKIB CPepH Typu3My
1 KypopTiB A0 piBHsS PO3BUHYTHX KpaiH (8 mparis-
HukiB Ha 1 000 HaceneHHs); 30UIBIICHHS 3arajibHOT
KIJIBKOCTI HOMEpHOTO ()OHAY y TOTENIsAX Ta 1HIINX
cepTH(]IKOBaHUX (aKpeIUTOBAHHMX) 3aco0ax po3-
MIllIEHHsI 10 PiBHA PO3BUHYTHX KpaiH (HE MEHIIe
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6 HomepiB Ha 1 000 HaceneHHs); CTBOPEHHSI edek-
THBHOI CHCTEMH MOHITOPUHTY (ayaHTy) SKOCTI
HaJaBaHUX TYPUCTHYHMUX IIOCIYT BIANOBIAHO IO
aJanTOBAHOT'O CBITOBOTO JOCBiMY; CTBOPEHHS IIPH-
BaOJIMBOTO iHBECTHUIIMHOTO KJIIMATY IS IIHPOKO-
T0 3aTydeHHs IHBECTHUIH y PO3BUTOK TYPHCTHY-
HOI, IH)XEHEePHO-TPAHCIOPTHOI Ta KOMYHAIBHOI
iH(pacTpyKTypH, TiABUINEHHS OE3MEeKH TYpPHUCTIB,
3a0e3nedYeHHs Ai€BOTO 3aXHCTy iXHIX MpaB, 3aKOH-
HUX IHTEpeciB i 30epekeHHs MaiiHa.

VY uit po6oTi Briepiie chopMyabOBaHi 0a30Bi
MOJIOKEHHS Teopii CTpaTeriyHoro ympasiiHHS TY-
PUCTUYHUMH TIEPEBE3CHHIMHA B YMOBaX aKIliOHY-
BaHHs 3aJi3HUYHOTO TPAHCIOPTY 3 ypaxyBaHHIM
HOro KOHKYPEHTOCIIPOMOXKHOCTI Ha PUHKY TpaHC-
MOPTHUX TOCIYT, TOSBU MPUBATHUX 3aTI3HUYHUX
TypoIiepaTopiB, MOKJIMBOCTI BHKOPHUCTAHHS iCHY-
IOYMX JIiHIA By3bKOI KOJIi1 Y MpUBaTHIN BIACHOCTI,
IO JO3BOJIUTH 3a0€3MEUUTH IOMUT HACEICHHS
VYkpainu Ta €Bpornu y OiIbII JEIIEBUX TYpPHUCTHY-
HHUX [IEPEBE3EHHSAX Ta OTPUMATU JOJATKOBI HaIXO-
JOKEHHSI 10 OI0JDKETY KpaiHu.

[IpakT4Ha 3HAYUMICTH pOOOTH MOJISTAE Y:

— CTBOpPEHHI €(DEeKTUBHOTO MEXaHi3My JeprKaB-
HOI MATPUMKH PO3BUTKY chepH Typu3My i Kypop-
TiB, Y TOMY YHCIi IIISIXOM 3allPOBaKCHHS IpakK-
TUKH JIePKaBHO-IIPUBATHOTO MMaPTHEPCTBA;

— MOIIUPEHH] MPAKTHKH B3aEMHUX KOHCYJIbTa-
i MK JIepkaBoro (B 0coli BiOMOBIAHMX oOpra-
HiB), 6i3HECOM (B 0c001 BIAMOBITHUX IPOMAICEKAX
oprasizalii Ta opratizauiii po60ToAaBIiB) Ta CIIO-
kuBauaMu (B 0COO0l BIAMOBIAHMX TPOMAJCHKHX
oprasi3aiii Ta CIiJIOK 3aXHCTy IPaB CITOKHBAYIB),
B TOMY YHCIIi B paMKaX COL{aJIbHOTO JiaJory;

— 30epexeHHi 00’ €KTIB HAI[lOHAFHOT HAyKOBOT
1 KyJIbTYPHO-ICTOPUIHOI CHAANTNHU, SKI OJHOYAC-
HO BHKOPHCTOBYIOTBCS SIK 00’€KTH TYpUCTHYHOTO
nokasy, ¢popMyBaHHs Oyt HuX 00’€KTiB HEOOXif-
HOI TYpPHCTHYHOI iHPpaCTPyKTypH.

BucHoBku

3amyisi PO3BUTKY TYPUCTHUHHUX 3aJli3HUYHUX
MOJOPOKEH MOTPIOHO KOMILIEKCHO OpraHi30BYBa-
TH poOOTY, B TOMY YHCIIi CHIPSIMOBYBATH 3yCHILIS
Ha OHOBJICHHS BY3BKOKOJIIHOK JIICOTOCTIONAPCHKO-
ro KOMIUIEKCY 3aKapraTTsl.

Sko 3ragatu ictopito, To NOTpiOHO B3sTH Jle-
kpet «IIpo opranizamito JicoBoi ciryx0u Ha 3aka-
praTchKii YKpaiHi», Skui OyB yxBajeHwuid 12 cid-
Hi1 1945 poxy, mo MiATOTyBaB yHOBHOBa)KEHUH
Haponnoto Panoro 3akapnarcekoi Ykpainu (HP3VY)
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3 MHUTaHb pecopTy (BiAUTy) y clipaBax JIiCOBOTO
rociogapctBa Mukona Llynepsk. Biamosimao mo
BOTO JOKYMEHTa, «BCE PyXOMe i HepyXxoMe aep-
’KaBHE MaifHO Ha TepHuTopii 3akapmarcekoi Ykpai-
HU, SKC HaXOAWTHCS abo0 BimmaHe Mif YTpaBIiHHS
YnosuoBaxxenoro HP3Y y cmpasax micoBoro roc-
MOJIapCTBa, Y TOMY YHUCII BCI JIiCH, 3€MJIi, CKJIa]IH,
JIepeBa, JICOMMIIbHI 3aBOJIU, JIICOBI 3aji3HUII, BO-
IISTHI CTIOPYAYW Ha CIUTaB JIepeBa, IHBEHTAp TOIIO
MEePexXOoITh TiJ KEPIBHUITBO YIpPaBU YOTHPHOX
Jlupekiiii iepKaBHUX JICIB 3 OCIIKOM B Y3KrOpoji,
MyxkaueBi, bymruHcbka i Paxosi, 6e3nocepeqHbo
MiAMOpsAAKOBaHUX YoBHOBakeHOoMy HP3VY y cripa-
Bax JIICOBOTO TOCTIOAApCTBAy.

30 cepmas 1945 poxy Hapomnoro Pamoro 3akap-
narcekoi Ykpainu (HP3Y) npuiimaetses pimneHHS
«[Ipo BHOpsAKYBaHHS ONEPATUBHOTO KEPIBHHIITBA
JcoBMM TocmnomapcTBom». Ha tepuropii kparo op-
ranizyBamu 11 micnpomrocmiB (Yxkroponacekuid, Jy-
Opunnnbkuii, XXopHoBCchkuid, CBansBchkwuii, Kymi-
HULIbKUH, bymtuHchkuid, XycTchkuil, Yctb-Hop-
HSHCHKUM, BemnkoOWukiBchkuii, PaxiBchkuii Ta
SciHsSHCBKMIT), 110 00’ €IHYBAIUCA Y TPeCT «3aKap-
natmicipom». OIHUM i3 HaWTONOBHIMIUX 3aBAaHb
CTBOPEHUX JIICTIPOMTIOCITIB OYyJIO BiTHOBJICHHSI PO-
00T BY3BbKOKOJIIHUX JIICOBUX 3aJIi3HUIIb, 3pyHHO-
BaHUX BiJICTYMTAIOYUMH YTOPCHKUMH BiCHKaMH.

B minoMy Ha 9ac 3BUTbHEHHS TepUTOPii 00IacTi
y HEMpAaILoKUYOMy CTaHi 4epe3 MiaipBaHi MOCTH,
3pyiiHOBaHi MiAMIPHI CTIHKH, JEMOHTOBAaHI pedkn
3HAXOAWIOCh 550 KM BY3BKOKOJIMHMX MUISXIB.
IIpo BHCOKI TeMITH BiJHOBIIOBAaHUX POOIT HA BY3b-
KOKOJIIMHUX [UIAXaX CBIAYUTH TE€, IO CTAHOM Ha
1 >xoBTHA 1945 poky ctanu g0 aany 450 kM By3b-
KOKOJIIHHUX 3ali3HUIh, EKCIUTyaTyBaioch 27 Ta-
poBo3ie Ta 409 BaroHis.

OpHOuacHO 3 BiNOYMOBOIO 3aNTi3HUYHUX KOIii
Ta iHQPACTPYKTYPH JTICOBUX 3aTI3HHIB OYIIO BiTHO-
BIeHO U pobotry Ilepeunmncrkoi, TepecBSIHCHKOT
Ta CBalsBCHKOI MApOBO30- BArOHOPEMOHTHUX Maki-
CTEpEHb.

Ce3oH JicocruiaBy — BecHa i JiTo 1956 poky —
BUsIBUBCS ocTaHHIM. KepiBHuk MinnicnepeBnpomy
CPCP Opnos micns Biaiana Kanagu i o3HaiioM-
JEHHS 3 TaMTEIIHBOIO TEXHOJIOTi€I0 BUBE3EHHS
JEPEBUHU 3 JIICOBUX MACHUBIB, NPUIHSAB pillICHHS
MPUIMHUTH CIUIaB JIICY HAa MiAMPHEMCTBAaX, IO
BXOJWJI JIO0 TPECTiB «3akapmariicpom», «[lpu-
KapraTiicnpom», «YepHiBenpkiicipom». OmHak
CBOTOZIHI, KOJK 3akapraTcbka o0JacTh Biauyja Ha
co0i kaTactpoiuHi HACTIAKY MMOBEHEH, BCe OLIBII
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OUCBHJIHOIO € Ta BEJIMKA BOJOPETYJIOH0Ya POJlb,
SKY BiIirpaBaJiv CIIOPYKEHI Y BEPXiB’sIX TipChKUX
pik Tpebm Ta NMPOIUKTOBaHA CIUIABOM HEOOXis-
HICTb TOCTIHHOTO PEryJIIOBaHHS pyclla, y TOMY
YUCHTI ¥ NIITXOM CIOPYIKEHHS ¥ yTpUMaHHS Jie-
PeB’SIHUX KalllWilb, SKI HaJIHHO 3aXHUINaud Oeperu
PIYOK BiJl pO3MUBaHHS.

JlicoBi By3bKOKONIHKH, 30KpeMa Y cTb-HopHsH-
ChKa, «IEPEXHIN» JICOCIIaB TPOXHU OUIbINE, HIX
Ha copok pokiB. Lls By3bkokoJiiika Oyma Hakmo-
TYXKHINIOI 3 TIOMDK IHIOMUX. 3arajbHa IPOTSIK-
HICTH 11 KoK csarama 252,7 KM, eKcIuTyarariiaa —
226 kM. 3 HaWBIIJAICHIIAX MUTHHALD IEPEBUHY
nmoctaBsuid 11 mapoBo3iB, 9 TEmIOBO3iB, 2 MOTO-
Bo3u. [loTykHuM OyB 1 BaroHHWH THapk, SKWA Ha-
paxoByBaB Onm3pko 340 BaroHiB pi3HHX THIIIB.
[Ipukpo, mo 3pyitHOBaHa auctonagosuM 1998 po-
Ky aBoAKOM Y cTb-YOpHSHCHKA JTicOBa 3aJIi3HUL,
3armovYaTkoBaHa aBcTpiiicbkor ipmoro y 1887 po-
i, momonaBmu 120-piuHuit pyOik, NPUITUHIIA
ICHYBaHHS.

VY xBiTHi 1894 poky Ha piuni TapaciBka mpoi-
IIOB MABOJOK, SIKMH TMOBHICTIO 3pyiHYBaB cHoOpy-
JDKEHY BCBOTO TPH POKH JI0 TOTO AISIHKY BY3BKO-
komiiiku TapaciBka-Ilimmiema. [lo ii BimHOBIEHHS
npucTynuin ax uepes 47 pokiB — y 1941. Tox,
MOXIIMBO, HE BCE III¢ BTPAUEHO i KOJIHCH 3HOBY, SIK
y 30-X pokax MHUHYJIOTO CTOJITTS, TYPHCTH OTpH-
MalOTh MOKJIMBICTh MIJYBaTHCh UyJOBUMH BHJIa-
MU HAIlUX Tip, HE BUXOISYM 3 BaroHa <«IiCOBOTO
TpamBaro»?

Pozbyoosa nicosux ey3vxoxonitiox y 50-mi —
60-mi poxu. Y 1950 pomi HakazoMm YKpiicmarip-
mpoMy OyJI0 BCTAHOBJICHO KaTeropii BY3bKOKOJiH-
HUX 3aTi3HAUIb. [3 OQUHAMIATH AIF0YNX HA TOW Yac
JCOBUX BY3bKOKOJIHOK HaiBHIIa — | kaTeropis
Oynma mpucBoeHa IlepeunHChbKild, CBaISBCBHKIM,
Kymaunekiit, TepecBsHCBKiN, bormaHcekiii Ta
BenmkoOWYKiBChKil BY3bKOKOJIHHUM 3aIi3HULISIM.
IT xareropito orpumana JIFOTSHCEKa BY3bKOKOIIH-
ka, III — JXopHnaBcbka, Xycrcbka, JlazumuHcbka
(AcinsgrchKOTO MicpoMrocity) Ta BoBdaHCBKa
CBaJIIBCHKOTO JIiCIIPOMIOCITY.

Ynponosxk 1951 poky micmpomrocmnamu 0yIio
BUBE3EHO Ha HIXHI ckiaau 1 240 tuc. M JIepEBU-
Hu. JleBoBa wacTka 3 I1i€l KiJbKOCTI OyJia mepese-
3€Ha BY3bKOKOIIIKaMHU.

Cepen aMOITHHX MPOEKTIB LBOTO MEpioAy Haii-
OiBII MOMITHUMH CTaJU IMOLIYKOBI pOOOTH # 3a-
BEpPLICHHS POCKTYBaHHS TPAHCIIOPTHOTO OCBOEH-
Hs €pEeMHUHCBHKOTO JICHOTO MacuBy BenmmkoOwu-
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KiBCBKOTO JIICIPOMI'OCITY Ta BiJIHOBIICHHS BY3bKO-
KOMHOT 3ai3Hu9HOI BiTKH «Oca» CBalsiBCHKOTO
micnpomrociry. 1o cTocyeTscst epmoro mpoexTy,
TO WOTO HEOOXImHICTh OyJila BHKIWMKAaHA THM, IIIO
B JicoBux mMacuBax Cepemnpoi Pikn KoOunenpko-
[TonstHCHKOTO  JTICOMYHKTY BenmkoOMIKiBCHKOTO
JiCOKOMOIHATY, Jie 3armac CTUTJIHX JiCiB Ha TOH Jac
cknagas 279,3 twuc. M3, Ha BigcraHi 12 kM Bifg By-
3bKOKOJIUKN OyIb-SKi IIISXHA TPaHCIOPTYBAaHHS
JIEpEeBUHU OYJIH BiJICYTHI.

o crocyeTbesi MPOEKTY BiAHOBIECHHS BY3bKO-
KOJIIHOI 3aii3H4YHOI BiTKH «Oca» CBaJsBCHKOTO
JICIPOMTOCITY TIPOTsDKHICTIO 10 KM, 1110 IprMUKaa
JIO OJIHOMMEHHOT CTaHIT IUPOKOi Kouii JIbBIBCHKOT
3ai3HMI, TO 11 BaHTa)kooOIr ckiagaB 17 THC. M
nepeBuHU B pik. Ilpm mpoMy BapTicTh KyOomerpa
NP TIePEBE3CHHI BY3bKOKOJIIHKOI 3HIKYBAJIACH 13
8,30 kpO (sik 11e OyI10 32 KiHHOT BUBO3KH) 110 0,75 KpO.

VY posmmpeHHi Mepexi BY3bKOKOJIHOK ITOMIT-
HUAM eramoM cTaB 1955 pik. 30kpema, 10 TUIaHIB
KaIliTaJIbHOTO OYIIBHUIITBA OYJIO BKJIFOUEHO CIIOPY-
mokeHHs [lepeunHchkiM sticokomOiHaToM 18-Kino-
METPOBOTO BiJIPi3Ky BY3LKOKOJIHKA B ypOUHIIE
Jlymiopu.

B Toii yac Takox Oy0 peKOHCTPYHOBaHO BIiTKY
Ha Typs-IlonsHy, MBUAKUMHU TEMIIaMH TIPOKIIajie-
HO BY3bKy Koumito Bix Typs — Pemern no Jlymmiop.
Byno mpomomkeHo i komnito CBaniBChKOI BY3bKO-
KONIMKK Ta BY3BKOKOMIHKH YCTb-HOPHSHCHKOTO
JiCOKOMOIHATY.

SciHsHChKOMY JTICOKOMOIHATY OYyJI0 BUIAHO IuIa-
HOBI 3aBJaHHS Ha TPOJOBXKEHHS 4-KUIOMETPOBOI
BiTKH «KO3bMEmUK» 3 THM, MO0 JTOBECTH 3araibHy
MPOTSHKHICTE KOMIM Ha I[OMY MIJNPUEMCTBI 10
22 kM. B o0rpyHTYBaHHI HEOOXiTHOCTI CHIOPYIKEH-
HS 11i€i BY3bKOKOIIMKH TOJOBHHI HArojoc poOHBCS
Ha TOMY, IIIO Yepe3 3HAuHy 3a00JI0UEHICTh IIi€l Mic-
LEBOCTI BUBE3CHHS ACPEBHHH ISl MOMAJIBIIOTO il
CIyiaBy € HeMOXUIMBUM. OOTIpyHTYBaHHS €KOHOMiY-
HOi e(eKTHBHOCTI 0a3yBaJloch Ha TOMY, IIIO IIepeBe-
3eHHsS KyOOMeTpa JISPEBHHHU Ha If0 BiJICTaHb I'yXO-
BUM TPaHCHOPTOM KomryBaio 13,62 kp0O, B Toit 4ac,
KOJIN BapTiCTh NEPEBE3CHHS NMPH BUKOPUCTAHHI MO-
TOBO3a ckaaaia Becsoro 0,40 kpo.

VY nppyriii monoBuHi 50-X poOKiB 3Ha4yHa yBara
MPHUIUTSIIACE OCBOEHHIO JIICOBUX MacHuBiB PaxiB-
muHA. 3a miacyMkamMu Hapaaun Hakazom Mimmicn-
pomy Jicmpomrocity Oyio BuzaineHo 240 ToHH pe-
HOK Ha OHOBJICHHS BY3KOKOIIIHOK.

1 ciuas 1960 poxky Ha By3bKOKOIiiKax «3a-
Kapratjicy» HapaxoByBaJoCh 96 JIOKOMOTHBIB Ta
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1 507 BaroHiB 3arajJlbHOXO BaHTaXOIIiAHOMHICTIO
15 638 ToHH. 3araibHa MPOTSHKHICTH BY3bKOKOIiH-
HuX JiHil ctanoBwia 1 013 kM., ekcrutyarariiiina —
935,3 kM.

Y po3pi3i JicOKOMOIHATIB CUTYyaIlisl BATIISIIAIa
TakK. HalOimbI OTYKHOIO, K 1 B MOMEPEIHI POKH,
3ajuIanacs BY3bKOKOJiHKa YcTh-HOpHSHCHKOTO
JcOKOMOIHATY, J¢ 3arajlbHa TMPOTSDKHICTH 3ai3-
HUYHUX Komiit crtanoBmia 242,1 kM. Jlpyroro 3a
NPOTSKHICTIO KOJIii, PO3ropHyTa IOBKHHA SIKUX
cknanana 147 kM, ekcruryatamiifaa — 135 km, Oyna
By3bKOKOIilika CBaJISIBCHKOTO JTICOKOMOiHaTY. By-
3bpKOKOJiHiKa JlyOpHHUIIBKOTO JiCOKOMOIHATY X04a
i mepeBaxana PaxiBcbKy, 3a pO3TOpHYTOIO IOB-
KUHOO Kotk — 134 kM, TipoTe ycTymnana iid 3a Ki-
JBKICTIO TATOBOTO #H pyxomoro ckianmy. II’sty
CXOAMHKY 32 JTOBXXHHOO Komiii — 107 kM — 3aiiMa-
Ja BY3bKOKoOMiMKa KymrHumbKOTo JicokoMOiHATY.
Maiixe Taki 5K MOTY>KHOCTI MaJia i By3bKOKOJiHKa
BymtuaChKOTO JiCOKOMOIHATY, 1€ MPOTSHKHICTD
ycix komiii cranoBuna 104 km. Illo crocyerbes
BY3BKOKOIIHOK BenukoOwukiBchkoro Ta SICiHSH-
CBKOTO JIiICOKOMOIHATIB, TO MPOTSKHICTh iX KOJIii
cranoBmIa BigmosigHo 50 Ta 21,8 kM.

ITepri 03HAKHW MOCTYTIOBOTO CKOPOYCHHS 00’ €-
MiB BHBE3CHHS JICPEBUHU BY3bKOKOJIHHUMU 3ai3-
HUIIMA Ha TOM 4ac yxKe TpecTy «3aKapraTiicy
CTaw MoMITHUMHA y 1963 porti.

3 mepeaayero JICTOCHIB 10 YIPaBIIHHS TPECTY
«3akapnariic», Ta CTBOpEHHs Ha ix 0a3i 14 mico-
KOMOIHATIB, BiIOYBCS IIMPOKHH pO3Max JiCOBO3-
HuX aBromopir. lllopoky OymyBamocst 125-135 kM
JIOPIT 3 TBEPAUM TTOKPUTTSIM.

VY 3B’s13Ky 3 HEOOXiIHICTIO TEPMIHOBOI PO3p00-
KW BITPOBaJILHOI ACPEBUHH, OCOOIMBO aKTHBHE OY-
JBHUIITBO aBTOAOPIr 3iHCHIOBAIOCH ¥ 1965 porii.
3HayHa YacTHUHA JIOPIT CHOpYKyBajach Ha TEpH-
Topii SIciHChKOTO IiCOKOMOIHAaTy (B ypOdHMIIax
Mapxkoseiis, Okonu, Cranicnas, barencekuii, Jlo-
BxaHa, Jlomymanka, CBunoBenp, KoBamiBka, Ma-
HIiBJISTHKA Ta iH.). 3araioM 3a KOPOTKHUU Mepioj] TyT
Oymo BigHOBIIEHO 60 1 3aHOBO CITOPYPKEHO 58 KM
nopir. He3Baxaroun Ha 11e, By3bKOKOJIiHHA 3aii3-
HUIISA Ha I[bOMY TAPUEMCTBI IIPOJIOBXKYBAala Bili-
rpaBaTH MOMITHY POJIb Y BHBE3CHHI BITpOBaIbHOI
JIepeBHHU. 30Kpema, i3 BHBe3eHHX y 1964 pori
6m3bko 200 THC. M. nepeBuHH, 45,2 THC. M Tie-
peBe3eHO BY3bKOKOMIiKO0, 154 THC. M’ — aBTO-
JicOBO3aMU.

3BakalouM Ha iHTEHCHBHE OyNiBHHIITBO aBTO-
Jopir, y 1966 poni moBxnHa BY3bKOKOJIHOK CKO-
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pormnacs: 3arambHa — 13 1 013 mo 951,5 km, exc-
mryaramniiaa — i3 935,3 mo 510 kM. Haii6inemr Big-
YyTHO 3a IeH MepioJ CKOPOTHIACh 3arajbHa Ipo-
TSOKHICTB JTICOBUX BY3BKOKONIHOK: y CBaJISIBCHKO-
My JricokoMOiHaTi — i3 147 go 18, lyOpuHuIIEKOMY
— 13 143,7 no 59, BenmukobuukiBcbkoMy — i3 50 mo
27 xM. Ha BHBE3eHHA JEepeBHMHH aBTOMOOLISIMHU
noBHicTIO mepeinu JXopHaBcbkuii, [lepednHcs-
kuil, BymtuHcbkuil, Ykropoackkuid, XyCTChKHIA
Ta MiXTipChKHA JTICOKOMOIHATH.

Jicosi sy3vxoxonitiku y 70-80-x poxax XXcm.
[NouaTok 70-x pokiB y JicoBi# ramy3i OyB mo3Ha-
YeHUI He NUIIe CTPYKTYPHHMH 3MiHaAMH, ane i
po30yI0BOI0 HU3KM HOBHX BHPOOHUIITB. 3 CiUHS
1966 poky, y 3B’s13Ky 3 JikBigauiero PagHoprocmis,
TpecT «3akapnariic» yBIMIIOB 0 CHCTEMH HOBO-
cTBopeHoro MiHicTepcTBa JIiCOBOi, IIETOI03HO-T1a-
nepoBoi 1 nepeBooOpoOHoi mpomucioBocti YPCP.
Lle OyB mepion, KOJIH PO3MOYaIH POOOTY MOTYXKHI
MeOseBi komruiekcn y CBalsIBCbKOMY JiCOKOMOi-
HaTi Ta TepecBIHCHKOMY AEpeBOOOPOOHOMY KOM-
0iHaTi, KO)KEH 3 SKHX BHPOOISIB MEOJIB Ha CyMy
12 miH KpO B pikK.

o crocyeTbcs BUBE3EHHS NEPEBUHH, TO IIO-
gpHatodd 3 1970 poky, ii KiTbKICTh HE TIEPEBHUIITY-
Baa 1 500 Tuic. M° mopiuno. 3okpema, y 1970 po-
ui st nudpa cranosuna 1 414 tuc. M.

OcHOBHa KinbKicTb mepeBunn — 1 000 Tuc. M
Oyna BUBE3¢HA aBTOMOOITRHUM TpaHcrmopToM. Ha
TOW Yac MapoBO3M W TEMJIOBO3M HAa BHBE3CHHI Je-
PEBUHH TpalfOBAIN JHIIE Y 6 JICOKOMOiHAaTaX —
Ycrp-YopHsHCEKOMY, PaxiBchkomy, Kymmauibko-
My, HyOpuaunpkomy, BymruHcekomy Ta Tepec-
BSHCHKOMY. 3arajloM BY3bKOKOJilikamu OyJo BH-
Be3eHO 6m1m3bko 400 THc. M’ mepeBuHM. Y TOif XKe
yac, mounHarouu 3 1970 poky, muTaHHs po30yA0BH
BY3bKOKONIHOK MPakTHYHO «BUMAJAIOTH» 3 Mepc-
NEKTUBHUX TUIaHIB pOOOTH TpecTy «3aKapHaTiicy.
30kpeMa, y BKUTHX 3axX0Jax 3 oprasizauii BUpoO-
HUITBA 1 KOMIUIEKCHOTO BUKOPUCTAaHHS CUPOBHUHH
Ha 1970-1975 poky Hemae KOIHOTO MYHKTY, KU
Om cTOCYBaBCS BY3bKOKOMIHOK [9].

Ha cporomHi, 3811 pO3BUTKY BHYTPIIIIHEOTO Ta
B’I3HOTO TypH3My HEOOXIIHO BiJTHOBHUTH iCHYIOYI
Ta MOOYy/IyBaTH HOBI BYy3bKOKONIWKHU, pO3pOOUTH Ta
noOyJyBaTH CIEIiaIbHAUH PYXOMHUH CKJIaJ, Tak
3BaHI «TYPUCTHYHI MMOI3AW» I PI3HUX KaTETOpPii
HACEJICHHS, PO3POOUTH MapIIPyTH IOAOPOXKeEH,
OHOBHUTH 1HPPACTPYKTYpPY TOTEIHLHOTO Ta Xapyo-
Boro Oi3Hecy, MoOyayBaTH OTJIAIOBI MailTaHUNKH,
3a0€3MeUnTH MATOTOBKY Ta HaBUaHHS KBasiiko-
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BaHMX KaJpiB, pPO3POOUTH HU3KY pPEKIAMHO-
iHpOpMaIItHUX 3aXOMiB 3311 3adydeHHs yKpaiH-
CHKHX Ta 1HO3EMHHUX TYPHCTIB.

Posnouaru 1m0 poboty GaxkaHo y 3axapnaTch-
KOMY PpeTiOHI, a/pke caMe TYT € 0araTo Imam’sITOK
apxXiTeKTypH, icropii Ta mucrenrsa. Hampuknap,
y TypHCTiB Oyie MOKIHBIicTh BiaBimatu 3amku (Ila-
nmaHok, Hepumpkuii, Cenr-Muxkiom, IllenbopHa,
KankoB, Yxkropoacekuil, JloxkaHCbKUM, XyCTChb-
kuii, bponenpkuii, Minra), koctboiu (CB. MapTu-
Ha, CB. €mm3aBern, BosHeceHncrkuii, Pedopmarop-
cekmit), nepkeu (Pedopmaropcbka, CTpykOBChHKa,
Ycnenceka, CsitonyxoBcbka, CB. Muxaiina, Lnbin-
ceka, C. IlapackeBu), monactupi (Cesito-Muxo-
naiBcekuii, OpaHIMCKaHCHKUH ), 3amoBiqHIKH (Kap-
narcekuil OiocepHUid), BHHHI MifBald, IEYEpH,
MiHepanbHi pKepena, Teifsepr, OloBeTH, OJICHEBI Ta
ctpaycuHi pepmu, cuposapHi, Bogocnany (I1umor,
Kpytuno, Tpydanens, BorioBoaun, Ckakano, ['opo-
maniB, Kam’siaka), Mysei (JricocrnaBy, COMSIHUX KO-
Tiii, HApOJHOI apXITEeKTypH, NEepeB’SHUX IIEPKOB),
o3epa (Cunesip, Kynurynma), TepManbhi O6aceitnm,
JIOJIMHY HAPIUCIB, 1 HABITh MOOAYUTH, JIe PO3TAIIIO-
BaHMiA reorpadiuamii nenTp €sponu!

IIpu boMy TOTPIOHO 3a0E3MEYNTH 3aKPIIUIeH]
Koncruryiieto Ykpainu npaBa rpoMajsiH Ha Bif-
MOYMHOK, CBOOOAY TIEpECyBaHHS, BiJHOBIICHHS
1 3MIIIHEHHS 3[I0pOB’A, Ha Oe3meyHe I JKUTTS
1 370pOB’sl TOBKIJUISA, 3aI0BOJICHHS JYXOBHHUX IIO-
TpeO Ta IHMMX mpaB; OE3MEKy TYpU3MY, 3aXHCT
MpaB Ta 3aKOHHHUX IHTEPECiB TYypHUCTIB, iHIIUX Cy-
0’€KTIB TYpPUCTHYHOI IisSILHOCTI Ta X 00’ €IHAHD,
NpaB Ta 3aKOHHHX 1HTEPECiB BIACHHUKIB 200 Kopuc-
TyBadiB 3eMENbHUX HIISTHOK, OyaiBeNh Ta CIOPYI;
30epeKCHHS ITUTICHOCTI TYPHUCTHIHUX PECypCiB
VYkpainu, iX panioHalsHe BUKOPUCTAHHS, OXOPOHY
KyJBTYPHOI CHAALIMHU Ta JAOBKULISA, BpaxyBaTH
JIeprKaBHI 1 TPOMAJIChKI 1HTEpeCH TpH IUIaHYBaHHI
Ta 3a0yJOBI TEPUTOpPiH; CTBOPHUTH CIPHUATINBI
YMOBHU JJIsl PO3BUTKY IHAYCTpii TypH3My Ta Mil-
TPUMKH TPIOPUTETHUX HAIMPIMIB TypUCTHYHOL JIi-
AJIBHOCTI.

OCHOBHHMH TPIOPUTETHUMH HampsMaMHu Jaep-
JKaBHOT MOJITHKU B Tayly3i Typu3My MOBHHHI CTa-
TH: yIIOCKOHAJICHHS [IPABOBHX 3aCaj PEryJIIOBaHHS
BIZTHOCHH Y Taiy3i Typu3My; 3a0e3IeUeHHs CTaHO-
BJICHHSl TYpU3My SIK BHCOKOpEHTaOenbHOi ramysi
EKOHOMIKM YKpaiHu, 3a0XOUCHHS HaliOHAJIbHUX
Ta 1HO3EMHHUX IHBECTHUIII y PO3BHUTOK IHAYCTpil
TypU3MY, CTBOPEHHSI HOBHX POOOYMX MiCIlb; PO3-
BUTOK B’{3HOTO Ta BHYTPILIHBOTO TYPU3MY; PO3-

© JI. B. MapueHnrok, 2014



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

Hayxka Ta nporpec Tpancropty. BicHuk J[HIponeTpoBcbKoro
HAI[IOHAJIBHOTO YHIBEPCHUTETY 3aIIi3HUYHOrO TpaHcmnopty, 2014, Ne 6 (54)

EKOHOMIKA TA VIIPABJIIHHA

HIMPEHHS MIXHAPOIHOTO CIIBPOOITHHUIITBA, YTBEP- JHinporneTp. Ha1l. yH-TY 3ali3H. TpaHci. — 2013. —

JDKEHHs YKpaiHM Ha CBITOBOMY TyPUCTUYHOMY Ne (5) 47.-C. 24-32.

DHHKY; CTBOPCHHS CIPHSTIMBHX IS DPO3BHTKY 6. Hosropoauesa, A. EI CraHoBneHne TeOpUH Ty-

TypH3My YMOB LUIIXOM CIIPOLIEHHS Ta FapMOHi3a- pusma B 3apy§e>1<ﬂou U OTEYECTBEHHOMW ITPAKTHKE

1ii MOJaTKOBOrO, BAJKOTHOTO, MUTHOIO, IPUKOP- [Enextpornuii pecype] / A. H. Hosropoanesa. -
BOTO, BAJK ’ » TIPHKOP Wsg. PITTY um. A. W. Teprena. — 2009. — Ne 115.

JIOHHOTO Ta HIIKX BHUIB perymtoBanHs [10].

‘ — Pexxum noctymny: http://cyberleninka.ru/article/n/
Jls PO3BUTKY 3a/li3HUYHUX TYPHCTHIHHX TIepe- stanovlenie-teorii-turizma-v-zarubezhnoy-i-

BE3CHb MOTPIOHO MependadunTy HPOFPaMaMH pos- otechestvennoy-praktike. — Ha3pa 3 ekpana. —
BUTKY SIK Ha 3arajlbHOICPKABHOMY, TaK 1 Ha perio- Iepesipeno : 15.07.2014.
HaJIbHOMY PIBHSX: (OpMyBaHHS Manux 3ali3HuLb, 7. Iletpenko, E. A. Pedopmuposanue xene3Homo-
MoOY/IOBY CIIEIiali30BaHOT0 PYXOMOTO CKIamy IUist POXHOTO TpaHCHOpTa YKPaWUHBIL: COCTOSIHUE U Tie-
TYPUCTUYHUX IIOI3/iB, IPUBEACHHS BiAMOBiIHO 10 penekrussl / E. A. Ilerpenko // BarouHsli mapk. —
BUMOT 1H(QPACTPYKTYpPHU Il BUKOPUCTAHHS TYPHC- 2010. = Ne 1. - C. 41-43.

.o : : 8. IIpo typusm : 3akoH Ykpainu [EnexTpoHHuii pe-
THYHUX TIOi3MiB PO3POOKY MEXaHi3My CyMiCHOTO
AR POSPODKY Y &y cypc]. — Pexxum nmoctymy: http://zakond.rada.gov.ua/

YHPABIIHHA TyPUCTHTHIMI MapIIPYTAMIT JICpKAB- laws/show/324/95-sp. — Ha3Ba 3 ekpana. — [lepe-
HUX Ta MPUBATHUX MIANPUEMCTB. mipeno : 15.10.2014.

9. PanmionoBa, H. B. Cyuacni iHcTpymMeHTH Mapke-
THUHT'Y BaHT&KHHUX IIEPEBE3CHb Yy PUHKOBUX YMO-

CIIMCOK BUKOPUCTAHUX JIXKEPEJI

1. AGnypasakosa, Sl. M. COBpPEMEHHBIH MeXIyHa- Bax Ykpainu / H. B.'Pa,[[iOHOBa /./ Bicu. {ninpo-
POIHBI TYPH3M: TEHICHLMH M IEPCIICKTHBBI / TETP. HAIl. YH-TY 3Ti3H. TPAHCIL. iM. aKajr. B. Jla-
SI. M. AGnypasakoa. — Bectn. AI'TY. Cep. : 3apsHa. — JHimpomerposcrk, 2011. — Bum. 38. —
Oxonomuka. —2010. - Ne 2. — C. 159-166. C. 287-290. .

2.  bupxakos, M. b. UugycTpust Typu3Ma: epeBo3KH 10.  Possurok Typusmy B YkpaiHi [EHQKTPOHHHI?I pe-
/ M. b. bupxaxos, B. . Hukudopos. — CaHkr- ?YPC]-*PCX(HM AOCTyIy: http://www.r.na.lrshruty.ln.ua/
erepGypr : Lepaa, 2007. — 528 c. 1ndex.php/rozvytok-tugzmu-v-ukralm.php. — Ha-

3. Mapuenwok, JI. B. Bmiu 3anisHUYHOrO TpaHc- 3Ba 3 €KpaHa. —Hepeﬁlpeﬂo :15.07.2014.
0Ty Ha exkoHOMiKy Ykpainu / JI. B. MapueHiok 11. European Tourism 2013: Trends & Prospects
// BicH. IHITIpoOTIETp. HAIl. YH-TY 3aji3H. TPAHCIL [Enexrpounnii ) pecypc]. — Pexum jnocrymy:
im. akan. B. Jasapsina. — JlHinponerposcbk, 2012. https://aboutourism.wordpress.com. — Ha3pa 3 ex-
— Bum. 42. — C. 274-278. pana. — [Iepesipeno : 15.07.2014.

4. Mapueniok, JI. B. MexaHi3M CTBOPEHHS IPOCKTY 12. Brida, J G. .Tourisrn and trapsport systems i.n
3 BIXKPHTTS (DepPMH B KOHTEKCTI PO3BHTKY Cillb- mouptam env1r0nments:.analy51s of the economic
cbKoro Typusmy / JI. B. Mapuentok, T. B. Tecie- efficiency 'of cablewaxs in South Tyrol / J. G. Bri-
ko, 10. M. Ipockypust // Hayka ta mporpec da, M. Deidda, M. Pulina // J. of Transport Geog-
Tpanci. Bicu. J[Hinpomerp. Hai. yH-TY 3aji3H. raphy. —2004. — Vol. 36. - P. 1-11.

Tpatc. — 2014, — Ne 4 (52). — C. 43-51. 13. Slack, B. The geography of transport systems /

5. Mapuenok, JI. B. OCHOBHI 3acagd pO3BUTKY Brian Slack, Claude Comtois, Jean-Paul Rodrigue.
TPaHCIIOPTHOrO Typu3My B Ykpaini / JI. B. Map- —New York : Routledge, 2013. — 416 p.

meHiok // Hayka Tta mporpec tpancn. BicH.

JI. B. MAPLIEHIOK "

"Kad. «DKOHOMHKA ¥ MEHEDKMEHT», JHEIPONeTPOBCKHiT HAHOHANBHBI YHHBEPCUTET KENE3HOJOPOKHOIO TPAHCIOPTA
nMeHH akajemuka B. Jlazapsna, yi. Jlasapsna, 2, lnenponieTpoBck, Ykpanna, 49010, ten. +38 (093) 934 18 03,
a1, mouta rwinform1@rambler.ru, ORCID 0000-0003-4121-8826

HAITPABJIEHUA PASBUTHUA BHYTPEHHEI'O TYPU3MA B YKPAUHE

Hean. Kaxxnas u3 ctpad Mupa 00JbIIOe BHUMAaHHE yIENSIeT Pa3BUTHIO TYpH3Ma B CBOCH CTpaHe, TaK Kak 3HAYH-
TENBHYIO YacTh IOCTYIUIEHUH B OIO/KET COCTaBIAIOT MMEHHO JOXOABI OT MPEIOCTaBICHUS TyPUCTHIECKUX YCIIYT.
YKpanHa CTOJKHYNACh C MPOOJIEMON CYIIECTBEHHOTO CHIKECHUSI 00BEMOB TYPHUCTHYECKHX MOTOKOB, CTAPEHHUS OC-
HOBHBIX (DOH/IOB, OTCYTCTBHSI HHBECTULMI Ha MX oOHOBIIeHHE. Llenb crarhu 3akmtodaeTcs B pa3paboTKe ONTUMAb-
HOTO MEXaHW3Ma YIpaBJIEHHs TYPHUCTHYECKUMH IOTOKaMu, OOOCHOBAaHUHM HEOOXOIMMOCTH DPa3BUTHSI BBHE3IHOTO

doi 10.15802/stp2014/32651 © JI. B. Maprieniok, 2014

31



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

Hayxka Ta nporpec Tpancropty. BicHuk J[HIponeTpoBcbKoro
HAI[IOHAJIBHOTO YHIBEPCHUTETY 3aIIi3HUYHOrO TpaHcmnopty, 2014, Ne 6 (54)

EKOHOMIKA TA VIIPABJIIHHA

U BHyTpeHHero TypusMma. Meroauka. TeopeTHIecKy0 ¥ METOAOJIOTHYECKYI0 OCHOBY MCCIIEIOBAHHS COCTaBIISIOT
CHCTEMHBIH aHaNn3 MpobiieM 00ecrieueHust KOHKYPEHTOCIIOCOOHOCTH TyPHCTHYECKOH oTpaciu B cepe maccaxup-
CKHX JKEJIe3HOJOPOXKHBIX MEPEBO30K, TEOPETUUECKUE ITOJIOKEHHSI SIKOHOMHYECKOH HayKH B 001acTu 3¢ QeKTHBHO-
CTH BHYTPEHHETO U BbE3HOTO TYypHU3Ma U YIPaBIEHUS TYPUCTHUECKUMH NMOTOKaMu. Pe3yabTaTel. ABTOpOM paspa-
00TaH yCOBEpUICHCTBOBAHHBIN MEXaHU3M YIPABJICHHS TYPUCTHYECKUMH ITOTOKAMH, KOTOPBIH OTJIIMYAeTCs OT CylIe-
CTBYIOILIETO pacuIMpeHreM cepbl YCIyT TypucTaM Ha TeppuTopun YKpauHsl. [IpeanioxeH aHannu3 pa3BUTHS BbE3/-
HOTO W BHYTPEHHETO TypW3Ma, BOCCTAHOBJICHHE Y3KOKOJIEEK, a TaKKe CO3JaHUE CIICHHMAIBHBIX TYypPHCTHYECKHUX
1oe3z0B. B pe3ynibTare BBINOJIHEHMS MOCTAaBJICHHBIX 3a/1ad JIOJDKHBI OBITH JOCTHIHYTHI CIEAYIOIINE PEe3yJIbTaThl:
1) noBeIIIeHNE 0K cepbl Typu3Ma U KypOpTOB B CTPYKTYPE BaJIOBOI'O BHYTPEHHETO IIPOIYKTA J0 YPOBHS pa3BH-
TBIX CTpaH; 2) JOBEIEHHWE KOJIMYECTBa PabOTHHKOB C(epbl TypH3Ma M KypOpTOB O YPOBHS Pa3BHUTHIX CTPaH;
3) yBenmudeHHe OOIMIET0 KOMMYECTBa HOMEPHOTO (DOHIA B TOCTHHHIAX W APYTUX CEPTUPHUIMPOBAHHBIX CPEICTBAX
pasMeIeHHs 10 YPOBHS Pa3BUTHIX CTpaH; 4) co3naHue 3PPEKTUBHON CHCTEMBI MOHUTOPHHIA Ka4eCTBa IIPEIOCTAB-
JSIEMBIX TYPHUCTHUYECKHUX YCIYT; 5) cO3laHHE HMPHUBIICKATEIbHOTO MHBECTUIIMOHHOTO KIMMAaTa Ul IIUPOKOTO INpH-
BJICYCHUS] MHBECTUIIMH B Pa3BUTHE TYPUCTHYECKOW, MHKEHEPHO-TPAHCIIOPTHON M KOMMYHAIBHONH MH(PACTPYKTY-
pEBI, 6) MOBBIIIEHHEe 0E30IaCHOCTH TYPHCTOB, OOecIieueHNe ACHCTBEHHOW 3aIIUTHl MX TPaB, 3aKOHHBIX HHTEPECOB
W COXpaHHOCTH MMyIecTBa. HayuHast HOBH3HA. ABTOPOM IIPHBEICHO TEOPETHUECKOe 0000IIEeHnEe U HOBOE pelle-
HHUe Hay4yHO! 3amaun. OHU NPOSIBISIOTCS B pa3pabOTKe TEOPETHYECKUX M METOAOJIOTHYECKHUX TOAX0A0B K 000CHO-
BaHMIO OPraHU3alUH TYPUCTHYECKHX MEPEBO30K KEIE3HOJOPOKHBIM TPAHCIOPTOM, M aKTHBU3AIMIO paboT Mo pea-
JM3alUK MPOEKTa 10 BOCCTAHOBICHHUIO 3(GPEKTUBHOTO (DYHKIMOHMPOBAHMS TOPHBIX JKEJIE3HBIX JOPOT LIMPHHON
750 mm B Kapnatckom pervioHe YKpauHBbI, ¢ TIOCIEIYIONIMMH BO3MOXKHOCTSIMU MX MPUCOEIMHEHUS K Pa3BETBIICH-
HOM MeXayHapoAHOU TypucTuyeckoil cetu. IlpakTnueckass 3Ha4MMOCTh. PallMoHaIbHO NPUHATHIE MEPBI COIJIAC-
HO TIPEIUIO’KCHHBIM aBTOPOM HAlIpaBICHUSM YIPABICHHUS TYPUCTHIECKUMH IOTOKAMH IO3BOJIAT CYIIECTBEHHO IIO-
BBICUTb TIOCTYIIJICHUS B OIO/PKET CTPaHBI OT TypHU3Ma.

Kniouegvie cnosa: TypusM; TYpHCTHYECKHIH TMOTOK; TYPUCTHYECKHH MapLIpyT; TYPHCTHUYECKHH IOE3X; y3KO-
KoJIeHKa

L. V. MARTSENIUK"

"Dep. «Economics and Management», Dnipropetrovsk National University of Railway Transport named after Academician
V. Lazaryan, Lazaryan St. 2, Dnipropetrovsk, Ukraine, 49010, tel. +38 (093) 934 18 03, e-mail rwinform1@rambler.ru,
ORCID 0000-0003-4121-8826

DIRECTIONS FOR THE DEVELOPMENT OF DOMESTIC TOURISM IN
UKRAINE

Purpose. Each country of the world pays great attention to the development of tourism in the country, since
a significant part of revenues comprises the revenues from providing the tourist services. Ukraine faced the problem
of a significant reduction in the volume of tourist flows, aging of capital fund, lack of investments for its renovation.
Purpose of the article is to develop an optimal control mechanism of tourist flows, justifying the need for the devel-
opment of inbound and domestic tourism. Methodology. A system analysis of the competitiveness problem of the
tourism industry in the area of passenger rail transportations, theoretical principles of economics in the field of do-
mestic tourism efficiency and management of tourist flows are the theoretical and methodological basis of the re-
search. Findings. The authors developed an improved mechanism for managing tourist flows. It differs from the
existing one by the expansion of services for tourists in the territory of Ukraine. The development analysis of in-
bound and domestic tourism, restoration narrow-gauge railways, as well as the creation of special tourist trains were
proposed. As a result the following objectives should be achieved: 1) increase in the share of tourism and resorts in
the structure of gross domestic product up to the level of developed countries; 2) the number of employees in tour-
ism and resorts equal to the level of developed countries; 3) increase in total number of rooms in hotels and other
certified accommodation facilities up to the level of developed countries; 4) creation of the effective system of
monitoring the quality of tourist services; 5) creating an investment climate to attract the investments into develop-
ment of the tourism, engineering, transport and communal infrastructure; 6) improvement of tourists safety, provid-
ing effective protection of their rights, legal interests and property. Originality. The author presented the theoretical
generalization and new solution of the scientific problem. They lie in the development of theoretical and methodo-
logical approaches to justification of the organization of tourist rail transportations and activization of measures
to realize the project to restore the effective functioning of the mountain railways with 750 mm width in the Carpa-
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thian region of Ukraine, with the possibility to incorporate them to the extensive international tourism network.
Practical value. The rational measures according to the directions of tourism flows management proposed by the
author will significantly increase the country revenues from tourism.

Keywords: tourism; tourist flow; tourist route; tourist train; narrow gauge railway
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COBEPHIEHCTBOBAHME METO/J0OB 9QKOHOMHNYECKOI'O
MOJAEJTAPOBAHUSI V51 HOBBIINEHUS 3®PEKTUBHOCTH
NCITOJIB3OBAHUA NUHBECTHIINU

Heab. OCHOBHOM 1IENTbI0 UCCIIEOBAHMSI, IPOBEJACHHOTO B IaHHOW paboTe, sABiseTcs NMoBbIeHHe d((HEKTUBHO-
CTH MHBECTULIMH MPU PA3BUTHM, KAK KOHKPETHBIX MPEANPUATHH NPOMBIIUIEHHOCTH, TaK M OTpacied 3KOHOMUKHU
B nenoM. Meroauka. C IOMOIIBIO HCTIOIb30BaHHUS METOOB aHAIN3a M CHHTE3a, a TAK)KE METOJOB MaTeMaTHKO-
HKOHOMHYECKOTO MOJIEJIMPOBAHHUS aBTOPaM yJIAJIOCh YCOBEPILEHCTBOBATh METOAMYECKUE TOAXOAbI K OILICHKE MOKa-
3atenell 3((EKTUBHOCTH HMCIOJIb30BaHUsl WHBecTHLNI. Pe3yabTaThl. B pesynbrate Obl1 co3naH M anpoOupoBaH
JIECTBEHHBI MEXaHM3M, KOTOPBIH MOXKET MPUMEHATHCS ISl OLEHKH CTENeHU PAlMOHAIBHOCTH HCIOJIb30BaHMUS
MHBECTHLIMOHHBIX CPEJICTB B 3aBUCHMOCTH OT OCHOBHBIX (PAKTOPOB. DTO ITO3BOJISIET ONPENEIHUTh PAllMOHAILHOE
COOTHOUIEHHE MEXy OCHOBHBIMH COCTABIISIOIIMMH WHBECTHLIMOHHOTO IIPOLIECCa, @ UMEHHO: IPUPOCTOM BBIPYUKH,
00bEMOM MHBECTHLIMI ¥ BPEMEHEM pea3allii HHBECTUIIMOHHOTO npoekTa. HayuHast HoBu3Ha. C 1enbpio panmo-
HAJIBHOTO pacmpenesieHns: (PMHAHCOBBIX PECYpCOB B MEPHOJ JeHINTA KannuTajda aBTOpaMH pa3padOTaH 3KOHOMH-
KO-MaT€MaTHYeCKUH IOJXO0J, B OCHOBY KOTOpPOTO OBUIO TIOJIOKEHO pEIICHHE 3aadd BEKTOPHOH ONTHMHU3ALNU
C MCIHOJIb30BaHNEM (DYHKIMM MHOXKECTB. IIpMEHEHHe NaHHOTO IOAX0/a OCOOEHHO aKTyalbHO BBHUAY HECTAOMIIb-
HOM SKOHOMHYECKOM CUTyalluu, B KOTOPOW CEerosiHs okasanach YKpauHa. IlpakTuyeckasi 3HaUMMOCTb. B pe3yiib-
TaTe HMCHOJIb30BAHUS Pa3pabOTaHHOTO aBTOPAMH HKOHOMHKO-MAaTEMAaTHUIECKOTO ITOAXO0Ja MOXHO ONpPEICINTh pa-
IUOHAJIbHBIC BapHUAaHThI HMCIIOJIb30BaAHUA I/IHBeCTl/IHI/lﬁ Ipyu pa3BUTHUU KaK OTACIIbHBIX npeunpnmni&, TaK U LEJIbIX
oTpacieii 3KOHOMUKHU. Pa3paboTaHHbI MHCTPYMEHT OIpECICHHS PallMOHAIbHBIX BAPHAHTOB HCIIOJb30BAHUS WH-
BeCTl/ILlI/lﬁ SHAYUTCJIBHO YIPOIIACT IMPOUECC NPUHATUA PCHICHUA IJId MOTCHIUAJIBHOI'O MHBECTOPA. OH mo3BOJIIET
COKpaTUTh MHOXKECTBO BapHAHTOB BJIO)KEHHSI MHBECTHLIMOHHBIX CPEJICTB /10 HECKOJIIBKMX HanboJjee NepCreKTHBHBIX
MHBECT-TIPOEKTOB, KOTOPBIE CHOCOOHBI MPUHECTH MX BJIAJENbIy MakcuMaibHbIH 3¢ dexT. PazpaboraHubIi moaxon
TaK)Ke MOKET OBITh HCIIOJIb30BaH B Iporuecce (GOpMUPOBAHUH OCHOB MOJENN BBICOKO3()(hEeKTHBHOW HAIIMOHAIBEHON
KOHOMHUKH.

Kniouegvie cnoea: panyoHaNIbHOE MHBECTHPOBaHHE; (YHKIMH MHOXECTB; BEKTOPHAs ONTHMH3ALUs; MPUPOCT
BBIPYYKH; 00bE€M WHBECTHLIMI; BpeMsl pean3allii POeKTa; BEICOK03((heKTHBHAs HAlIMOHAIbHAs SKOHOMHKA

BBenenue TEMIIOB Pa3BUTHS TPOU3BOIACTBEHHON cdephl. Ho
oreHKa 3(pPEKTUBHOCTH UHBECTHUIIMI MTPEICTABIISICT
cO0OH CIOXHYI0 HAYYHO-TIPHKIIAJHYIO 33134y, pe-
LIEHHE KOTOPOH CBSA3aHO C LENBIM PSIIOM AOIMOJIHU-
TENBHBIX UCCIIEJOBaHUH, B TOM YHUCIIE C PacCCMOTpe-
HHEM BO3MOJKHBIX BapUaHTOB pealu3alud WHBE-
CTUIIMOHHOW MPOLEAYpbl U JOCTUKEHUEM MAaKCH-
MaibHOTO 3P dekTa. [103TOMY aKTyaTbHBIM SBIISS-
€TCs HallpaBJIeHUE UCCIIEOBaHU, CBI3aHHOE C YCO-
BEPILEHCTBOBAHUEM TEOPETUYECKUX OCHOB PALUO-
HaJIBHOT'O MCIIOJIb30BaHUSI MHBECTULIUH.

OmHMM W3 HamnpaBlIeHU# TOBbIICHUS 3D eK-
TUBHOCTH KOHOMHKH B I[EJIOM U OTJICIEHOTO TPE/I-
NPUSTHS. B YACTHOCTH TPHHATO CUMTATh WHBECTHU-
pOBaHHUE, TO €CTh IIeeBoe (PMHAHCUPOBAHKE Tpe/-
MIPUSATHIA  OINPEJCICHHBIX OTpaciicii IKOHOMUKH,
YTO, KaK MPABHJIO, CBSI3aHO C TEXHUYCCKUM M TEX-
HOJIOTUYECKHM MEPEOCHAIIICHUEM MIPEATPUATHS HITH
C PpAaCIIMPEHUEM IPOU3BOJCTBEHHBIX BO3MOXKHO-
creit. [lpu »TOM Bcerma cymiecTBYeT 3ajada, CBS-
3aHHAs C TOBBIIICHHEM 3((HEKTHUBHOCTH HCIIOJIB30-

BaHMs MHBeCTHINK. HeoOXOoauMOCTL M BaKHOCTH
WHBECTUIIMN B PEANTbHBIN CEKTOP YKOHOMUKH O0B-
SCHSIETCS. TE€M, YTO 3TO CIOCOOCTBYET YCKOPEHHUIO
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Ananuz nocneoOHux HayuHwvix UCCIe008aAHUI.
Hcnonk30BaHUIO WHBECTHIIMN TIPU PaACIIUPESHUU
MPOU3BOJCTBA M WHBECTUIIMOHHOMN JESTEIbHOCTH
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B IIEJIOM CBOE BHHMaHHWE eS0T MHOTHE HCCIIe-
JIOBaTeNM M BeIyIHe YYeHbIE, HO YCOBEPIIEHCT-
BOBAHUIO IIpoliecca MHBECTUPOBAHUS C BO3MOYKHO-
CThIO Tepebopa BapWaHTOB  HCIIOJE30BAHUS
CPEICTB IOCBSIIEHBI TOJIBKO Te WCCIIEIOBaHUS,
B KOTOPBIX MPUMEHSIOTCS SKOHOMHKO-MaTeMaTH-
yeckue Metosl [3-5, 7-8, 11, 15—18]. 3naunrtens-
HBIH BKJAJ B 3TOM HANpaBICHUH NPUHAIIECKUT
TakuM yueHbIM: Butnunckomy B. B., Benukousa-
nenko I'. U., Kproukosoit B., Eroposoit H. E.,
Cwumynosy A. M., Jlyruauny O. E., llleno6aesy C. U.,
MonaxoBy A. B., bocoBy A. A. u ap. Ilpu stom
9acTh pabOT pacKphIBaeT OOIIYIO0 CYIIHOCTb U OCO-
OCHHOCTH WCIOJF30BaHMS MOJCIUPOBAHUS B TPHU-
KJIATHBIX 3aJadax dKOHOMHKHU [3—5]. A dacTh Hc-
CJIEIOBAaHUN TIOCBSIIEHA MHCIIOJB30BAHUIO SKOHO-
MHUKO-MaTEMaTHYECKUX METOJIOB U COOTBETCTBYIO-
UM MaTeMaTHIecKuM mMoneism [7-9, 11, 14-16].
HemanoBakHBIM SIBIISIETCS. BO3MOXKHOCTH HUCIIOJIb-
30BaHUs Pa3pabOTOK, MOJYUYCHHBIX aBTOPAMH IPHU
aHallM3€ W YCOBEPIICHCTBOBAaHMHM OCHOBHBIX IIO-
JIO)KEHUH «BBICOKOA(D(PEKTUBHON HAITMOHAIBEHOM
9KOHOMHKH», KOTOpas Bce aKTUBHEE B MOCIEIHEE
BpeMsl O0CYXIaeTcsl pa3HBIMH aBTOPUTETHBIMHU
yuersiMu [12—13]. IIpu 3ToM He XBaTaeT pa3pabdo-
TOK, KOTOpbIe JaBaid Obl BO3MOXHOCTH CBSI3aTh
MEXAY coO0i OCHOBHBIE COCTABIISIOIINE WHBECTH-
IIMOHHOTO TIpoIlecca W IMOMOTaIu OBl BEIOpATH OTI-
TUMaJIbHBIA BapUaHT UCTIONB30BaHUsI MHBECTHIINH.

Hean

Pa3paboTka 3KOHOMHUKO-MATEMaTHIECKOTO IMOJI-
Xola A OIPENeCHHs] PalOHAIBHOTO COOTHO-
MEeHUuA MEXAY COCTaBJIAIONIUMHU WHBCCTUIHMOHHO-
ro mpoiecca — 00beMOM HMHBECTHUIIUI, pa3MepoM
HPHOBUIH U BPEMEHEM pPean3aliy ONpPeIe/ICHHBIX
MPOCKTOB M BHIOOp Hamboliee MpHeMIeMoro u d¢-
(EeKTUBHOTO BapHaHTa MX HMCIOJIb30BAHHS M SIBIISI-
€TCsl LIETIBbI0 TaHHO# paboThI.

MeTtoanka

®dopMupoBaHHEe  AKOHOMHKO-MaTEMaTUYECKOTO
MOJX0/a MpeIaraeTcsi OCYIMECTBIATh MPH MOMOIIH
(YHKIIMM MHOXKECTB, YTO JaeT BO3MOXHOCTH JIJISI
(OpPMYJIUPOBKM M PEIICHUs 3aaud BEKTOPHOM OII-
TUMH3ALUA  KacaTellbHO OLEHKH 3((PEKTHBHOCTH
MHBECTUITMOHHBIX 00BEKTOB. [Ipm 3TOM 0OBEKTHI
6YIleM cuuTaTrh HE3aBHCHUMBIMH, TO €CTh (1)I/IHaHCI/I-
POBaHHUE MPOCSKTOB IO OJTHOMY U3 OOBEKTOB HE BIIUS-
€T Ha pe3yJIbTaThl (PMHAHCUPOBAHUS U CPOK peasiv-

doi 10.15802/stp2014/32656

3aIWd TI0 ApYTUM oOBbeKTaM. [larpie onmieM anro-
PUTM pEIICHUS 3a/1a4d IO OIEHKE PaIlOHATLHOTO
UCIIONTb30BaHMSI MHBECTHUIINI B HE3aBUCHUMBIC OOBEK-
THI WJIM HE3aBHICUMBIC HAIPABJICHUS JEATETLHOCTH.
[Ipn ¢dopMupoBaHUE MaTEMATHYECKOTO OIFICAHUS
MIPEATIOKEHHOTO0 TOAXO0Aa HCIOIb3YIOTCS 0a30BbIe
MaTeMaTHUYECKUE BBIPAKEHUS U 3aBUCUMOCTH [2, 10].

Pe3yabTaTthl

Jlanbiiie moCNea0BaTeIbHO U3JI0KEH ATOPUTM
(bOpMHPOBaHMS MAaTEMAaTHYECKOW YacTU MPeyio-
YKEHHOT'O 9KOHOMHMKO-MaTeMaTHIECKOI0 IOIX0/1a.

PaccmarpuBaercs n 00bEKTOB (3aBOJIOB, IIEXOB,
XO3STUCTB | T.I.) U IS KaXJ0ro 00BEKTa yKazaH
MEPEUYCHb MPOCKTOB ISl €T0 YCOBEPIICHCTBOBAHUS

Qi, i= 1,]’1 .

ITpoekT Wi, KOTOPBIH NPUHAATIEKUT K NEPEUHIO
Oi, XapakTepu3yeM TpeMs MOKa3aTeNsAMH Cjj — 00b-
€M 3aTpaT Ha pealu3aluio IPOeKTa Wij; fij — BpeMs
peanusaluyu MpoeKTa Wi, bjj — NPUPOCT BHIPYYKH
MOCJIe pealn3aiy MPOESKTOB.

OCHOBHBIE TOMYIICHUS:

1. Xo3stiicTBEHHAs ACSITEIEHOCTh OOBEKTOB He-
3aBHCHMAs;

2. IIpOEKT Wi OCYIIECTBIIAETCA HE3aBUCHMO OT
JIPYTHX MPOEKTOB U3 nepedsst O

BBenem B paccMOTpeHHE CIIUCOK:

P=1F a7,
roe: Vic Qi i=Ln.
Cricok y oToOpaxkaeT, Kakue MPOEKTHl OyAyT
peann30BbIBaTHCSA HA COOTBETCTBYIOLIMX 00BEKTaX.
B cnmcok y moctaBUM COOTBETCTBYIOLIME TPHU
yycia:

B(y) = ZZb(w) — CYMMapHBIi TIPHPOCT

i=1 wel;

BBIPYYKH 110 %1 00BEKTaM;

n
C(y) = Z Z c(w) — cyMMapHBIH 00BEeM HWH-
i=1 wel;
BECTHIIMI HA PEaTH3aIINIO .
T (y) = max max — BpeMs peau3ainuu PoeK-

I<isn wel
TOB (TIPOTPAMMEI 7).
O6o3HaunM uepe3 /' MHOXKECTBO BO3MOXKHBIX
BapUaHTOB IMporpaMmsel Y. O4eBumHO, 4TO [ AMC-
KpPETHOE MHOXECTBO, KOTOPOE COJICPIKHUT:

n

|[|=12¢
i=1
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pasHooOpasHbIX Y, Thoe |Q;| — 9uciIo MPOEKTOB HA
i-TOM O0OBEKTE.
Paccmotpum 3a1auy BEKTOPHOUM ONTHMHU3ALINN:

-B(y)
C(y)

MpHU yCJIOBUH, UTO Yy € [

IMox pemenunem 3amaum (1) Oyaem mOHUMATh
Takoe MHOXeCTBO [+ < I, rie kaxmaoe Y € [+ aB-
nsiercst 9((QEKTUBHBIM, a JIO0BIE JIBE MPOrpaMMEI
u3 ['» Mexxay co00i ABISIOTCS HECPABHUMBIMH.

Beenem ¢yHkuuro Jlarpamka, KOTopas paBHIETCSL:

L(y)=-B(v)+2C(v),

rone A = > 0, HeonpeaeneHHbIH MHOXHTEND Jla-
rpamka. OTMeTnM, 9TO L siBiseTcss MHOTO(aKTOp-
HOW (QYHKIIUEH MHOXECTB, TO €CTh

L) =F (Vs ,).

— min

(1

W paccmarpuBaeTcs 3agada C ONpeAeieHHUEM
* . T
Takux V;, 1= 1,n, 4ToObI IpU (PUKCUPOBAHHOM A

¢ysxims Jlarpanka Oblia Ob1 MUHUMATBHOM.
s perreHns 3TOHM 3aadd MCIIONB3yeM HE00-
xonuMmoe yciosue (1).

oL

—_— SO;izl,_n.
om,

2

{\B}»{%}elfj

B cootHomenuun (2) ommcana yacTHas TMpOU3-
BOJHAS TI0 MEpe MOCIEeA0BATEILHOCTH (B}, KOTO-

pas ctpeMHTCA K {WU} .
B namewm ciydae nomyyaem:

oL
o _ . .=-B. - <0.
ou {B}>{wy |eV; B; +1.C; <0

i

*
OTKy,Z[a nojy4acM, 410 MHOXKCCTBO Vi 3aBHU-

CUT OT A W SIBJISIETCH:

; )

* Bj' T
V. (k)z vaziieQi:C—‘lzk Jd=1n.

y

Takum 00pa3om, ecny mepeueHb MPOEKTOB U3
Q; yHopsiI04eHBI COOTHOIIIEHUEM (UM OITUCAHBI):

Bij+1

C )

ij+1

VPN

- = .:L i _15
c, J=LIQ; |

TO OTIpeJeIIsieM TAaKOe j TP 3aJaHHOM A , YTO
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ij+1

<M.

i i+l

Ot0 3HaueHue j OyneT 3amuchio j (A ).
U Torma

I/;*(k)z{wij:j=1,j(7u)};i=1,n- “4)

Yto ONPEACIUTh
YO =[ 1774, V5 (M), .., V; (1) ] mporpammy (1)

N COOTBCTCTBCHHO BCC€ COCTABJIANOINIMEC HHBCCTHU-
IIMOHHOTO IIponecca:

B(2),C(2).T(2).v(2),

nepebupass A >0, UMeeM BO3MOXXHOCTh COOTBET-
CTBEHHO ITOCTPOHUTH 3aBHCHUMOCTH, KOTOpBIE IPH-
BeJIeHbI Ha puC. 1 1 2.

IIO3BOJIACT

a) Bii)
. -- - _
i S Fi
By [ocay ;
_— : I_
¥ i A A
B} T(A)  } |
oo B
: 1A i

Puc. 1. Anropurm onpeneneHus: 00beMa BBIPYIKH
1 BPEMEHH pealIn3ally MpH 331aHHOM 00beMe

MHBECTHLHIL, re B()) — 3aBUCHMOCTH CyMMapHOTo
npupocta BepyukH (a), C(L) — cymmapHOro oobema
nHBecTHLUH (0) 1 T (k) — BPEMEHHU peanu3aluu
MIPOEKTOB (8) OT U3MEHEHUs MHOXKUTESI Jlarpamxa

Fig. 1. Determination algorithm for the volume
of revenues and realization time for a given volume

of investment, where B (X) — the dependence of the
total revenue growth (), C(1) — the total volume of

investments () and T (1) — the projects realization

time (c) on the change of Lagrange multiplier
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Ha puc. 1 mpuBeieH anropuT™ penieHus 3ana-
gu (1), Korma ayis 3aJaHHOTO 00BheMa MHBECTHITHI
BO3MOXKHO OIIpEJIeJICHHEe COOTBETCTBYIOMIECTO MpU-
pOCTa BBIPYYKH M BPEMEHU peasiU3alliy Mporpam-
MbI Y(A).

2 B
_.. ——————— " _
| A Ja
6)
A A
B)
i |a

Puc. 2. Anroput™m omnpeeieHus] He0OX0IUMBIX
WHBECTUIUH U BpEMEHH peaii3aluy IpH 3aJaHHOM

o0beMe PUPOCTa BBIPYUKH, Te B (L) — 3aBucHMOCTH
CyMMapHoro oobema Bbipyuki (a), C (L) — obbema

unBecTHLHii (6) n T (L) — BpeMeHH peanusauun

COOTBETCTBEHHO (8)

Fig. 2. Determination algorithm for the necessary invest-
ments and realization time for a given volume of revenue

growth, where B(1) — the dependences of the total
volume of revenue (@), C(A) — volume of investments

(b)and T (1) — realization time, respectively (c)

Le=3,[[w LOULIELELIIL L 3,7

Hayuynasi HOBU3HA M paKTHYecKast
3HAYUMOCTh

s mpakTudeckol peanu3alud 3KOHOMUKO-
MaTeMaTUYeCKOW MOJIENN OLEHKU 3(PPEKTUBHOCTH
WHBECTHUIIMHA aBTOpaMU pa3pabdoTaHa CIeIHaIbHAS
KOMITBIOTEpHAs TporpaMma B Cpeje IMporpamMMu-
poBanus Maple 6 [6] mon nHasBanmem «Parmo-
HaJhbHOE WHBECTHpOBaHMUEY. JJIa IpuMepa, IpuBe-
JIeHa COOTBETCTBYIOIIAS IIPOTPaMMHAs PealIi3ariis
JUISL TPAHCIIOPTHOTO MPEIIPUSITHS, KOTOPOE CO-
CTOWT W3 5 mojapa3aeneHuil (IIeXoB), eI TeIbHOCTh
KOTOPBIX MEXy co00i He cBs3aHa. ClenoBaTelib-
HO 00bEM MHBECTHIIUN U BPEMs peasin3alliu COOT-
BETCTBYIOIIUX TPOEKTOB ISl OJHUX IIEXOB HE OKa-
3bIBAET BIIMSHHE HA aHAJIOTWYHbBIE ITOKA3aTEIN IS
npyrux 1exoB. KommdecTBo MepompusiTuii, Tpe-
Oyromux (QUHAHCHPOBAHWSI, 3aaHbl CIIEIYFOIINM
obpazoM: B mmexe Ne 1 — Tpu npoekra; B mexe Ne 2 —
nBa, B exe Ne 3 — ma1h, B iexe Ne 4 — ouH, B Iie-
xe No 5 — yeTbIpe mpoeKTa.

Bce oM 00benuHEHBI B BEKTOP YHCIIa MEpO-
npuaTHid 1o 1exaM. Matpumna C TpencTaBiseT
co00l MaTpuily 3aTpar MO MPOEKTaM B KaXKIOM
nexe, 7 — MaTpuIla 3aTpaT BpeMEHHU Ha peain3a-
A0 KKIOTO MPOEKTa; B — MaTpuia Mmpupocta
BBIPYYKH TI0 II€XaM B COOTBETCTBUHU C PEaTH3aIlH-
el mpoekToB. Ha puc. 1 u 2 mpuBeneHbl OCHOB-
HBIE 3aBUCHMOCTH MEXIy ITapaMeTpaMH Tpoliecca
MHBECTHUPOBAHUSA, KOTOpPHIE TO3BOJSIOT KadecT-
BEHHO OLEHUTh 3(PQGEKTUBHOCTh WHBECTUIUI
B 3aBHCHMOCTH OT BHIOpaHHOTO anroput™a ¢u-
HaHcupoBaHusa. Jlampme mnpuBeneM QparMeHT
MpOTPaMMHOU peanu3aluu Uisl IpuMepa, KOTO-
PHBIi paccMaTpUBaeTCs:

2.0=. 2, [[w, o, o0 L LLLED 149,12

5 [[Wl, 13 W1’27 W1,3], [Wz’ 17 Wz’z]’ [ ]9 [ ]3 [Ws’l]]’ 229 385 26

9
3: =, ga [[Wl,l’ W],Z’ W1’3]9 [ ]7 [ ]9 [ ]9 [ ]]9 9: 18: 15
i
4’ t_5 Z’ [[WI,I’ W1’2’ W1’3]’ [WZ,I]’ [ ]7 [ ]’ [ ]]J 13’ 25’ 19
3
57 t:’ 55 [[Wl,l’ Wl’z’ WI,S]’ [Wz’l]’ [ ]7 [ ]5 [WS,l]]’ 157 28’ 24
10
6, l‘—,7
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5
7’ t:7 ZJ [[Wl,l, W1,27 W1,3]7 [W2,17 W2,2]7 [W3,1]’ [ ]7 [WS,I]]’ 30’ 485 32

[W2,17 W2,2]7 [W3’1]’ [W4,1]7 [W5,1]]’ 477 68) 337

[WZ,I’ W2,2]) [W3,17 W3,2]5 [W4’1]5 [WS,I]]’ 57) 79’ 377

[W2’ 19 W2,2]9 [WS, 17 W3’2, W3,3]’ [W4’1]5 [WS, 19 WS,Z]]’ 687

[WZ, 13 W2’2]5 [W?” 13 W3,23 W3’3]5 [w4’ 1 ]5 [WS, 13 W5’25 W5,3]]’

[[Wl,l’ W1,2’ Wl,3]’ [WZ, 1’ W2,2]’ [W3,1’ W3,2’ W3,3]’ [W4,l]’ [WS, I W5,2’ W5,3’ W5,4]]’

20
8, t=, 17 [[Wl, Wy W1,3]’
11
9, t=, 10 [[Wl, W W1,3]’
10, =, 17 [[Wl, 1° W1,2’ W173],
90, 44.2
11, t= !
=g LW o, v,
77,97, 46.3
11
12, t_, E’
92,108, 47.8
13

w,

3, 1= 50 LWy Wy w5 1 Ty s

W, W 1, 112, 121, 50.8

[W 5,3 W5,4]

5,17 75,2

3
147 t:’ E, [[Wl, 13 WI,Z’ W1,3]J [Wz’ 13 W2’2]7

[wg 1wy w5 w11, 162,136, 53.3

nn =14

ITonyuyeno 14 BapuaHTOB BO3MOXHOT'O UCIOJIb-
30BaHUA WHBECTUIMH, U3 KOTOPBIX MPOTrpaMMHbBIM
CrocoO0OM MO KPUTEPHUIO ONTHMAIBHOCTH OIpEJie-
nsieTcss HanOomee mpuemMiieMblid. Takum o0Opa3oM,
JIOCTUTHYTa OCHOBHAs 1IeJIb UCCIIEIOBaHUS 10 yCO-
BEPIIICHCTBOBAHUIO METO/Ia OIEHKU PAIlHOHAILHO-
IO MCIIOJIb30BaHUS MHBECTHIIMH.

Bo3MOXXHO Tak)ke HUCHOJIb30BaHUE TMPEJIOKEH-
HOTO aJTOpUTMA JJIsi OINPENCICHHUS COOTHOIICHWS
TOJIBKO JIBYX M3 TPEX OCHOBHBIX COCTABISIOIINX
WHBECTULIMOHHOU JESTENbHOCTH, HAIPUMED MO TH-
My IByXmapameTpudeckorr onrummsarmu [1]. Ho
MPEAJIOKEHHBIA YKOHOMUKO-MaTeMaTHueCKUil 1moJ-
XOJl MO3BOJIIET PELUUTh U TaKylo 3ajady, IMyTeM
(hWKcaIiy YHCICHHOTO 3HAYCHWS OIHOW W3 Tpex
COCTaBJISIONINX ¥ BapHamued ABYX IPyTUX. ITO
MO3BOJISIET PACCMOTPETh Pa3IUYHbIE BapUAHTHI UC-
MOJIb30BaHUSI WHBECTUIIMH W BBHIOpaTh HamOoiee
ONTUMAJIHHBIN, UCXOIS U3 MIOCTABICHHBIX YCIIOBUI.

doi 10.15802/stp2014/32656
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W2,2]’ [W3, 1’ W3,2’ W3,3’ W3,4]’ [W4,1

1,

[W3, I W3,2’ W3,3’ W3,4’ W3,5]’ [W4, 1 ]’

BoIBOaBI

Taxkum oOpa3oMm, TPEmIOKEH OPUTHHAIBHBII
SKOHOMHUKO-MATEeMAaTUUECKUM MOAXO0H K OLEHKE
paIiOHAIEHOTO WCIIOJIb30BaHUSl WHBECTHIIUH B
BHJI€ TIOCTAHOBKH W PEIICHHS 3a/la4d BEKTOPHON
ONTUMH3ALUU COOTHOLICHUSI CyMMapHOTO 00beMa
WHBECTHIIMN, CyMMapHOTO 00beMa BBIpYYKH (I0-
X0/la) W BpPEMEHH peaau3anud (HUHAHCHPYEMBIX
NpoeKkToB. JIyisi NMpoBENEHMsI TEOPETHUECKHX HC-
CIeIOBaHUU MO OIEHKE PaIlMOHAIBHOTO HCIONb-
30BaHUSI MHBECTHUIIMN aBTOpamMu pazpaboTaHa Tak-
e COOTBETCTBYIOIIAasl KOMIBIOTEpHAs MporpaMMa
BBIYMCIICHUN. B pe3ynbrare nojyd4eH AeHCTBEH-
HBI SKOHOMHKO-MAaTEMaTHYECKWH amnmapar s
OCYIIECTBJICHUS aHainn3a 3(PQGEKTUBHOCTH WHBE-
CTUITMOHHOM EeITEeILHOCTH.
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YAOCKOHAJIEHHA METOAIB EKOHOMIYHOT'O MOJAEJIIOBAHHSA
JJISI HNABUIMEHHA ECEKTUBHOCTI BUKOPUCTAHHS
IHBECTUIIN

MeTta. ['010BHOIO METOIO JTOCTIDKEHHS, MO0 OyJI0 MpoBeneHO B poOOTi, € MiABUIICHHS ¢(peKTHBHOCTI 1HBECTHUIIIN

TIPU PO3BUTKY, SIK O€3MOCepeHhO MPOMHUCIOBUX MIANPHEMCTB, TaK i ramy3ell eKOHOMIKM B Iiomy. Meroauka. 3a
JIOIIOMOTOI0 BUKOPHCTAaHHSI METO/IB aHAIII3y Ta CHHTE3Y, a TAaKOXK METO/IB MaTEMaTHKO-€KOHOMIYHOTO MOJICITIOBaHHS,

doi 10.15802/stp2014/32656

© C. B. Mssmumn, K. B. XKuxko, 2014

39



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

Hayxka Ta nporpec Tpancropty. BicHuk J{HIIpOneTpoBCbKOro
HAI[IOHAJILHOTO YHIBEPCHUTETY 3aIi3HUYHOTrO TpaHcmopty, 2014, Ne 6 (54)

EKOHOMIKA TA VIIPABJIIHHA

aBTOpaM BJAJIOCH YIOCKOHAIUTH METOIUYHI MiIXOH IO OIIHKHU ITOKA3HUKIB €)EKTUBHOCTI BUKOPUCTAHHS IHBECTHIIIH.
PesyabraTin. B pesynbrati mocnimpkeHHs: OyJ0 CTBOPEHO Ta anpoOOBAaHO JI€BUI MEXaHi3M, IO 3aCTOCOBYETHCS IS
OLIIHK{ CTYINEHIO PalliOHANIBLHOCTI BUKOPHCTaHHS 1HBECTUIIMHHMX KOILUTIB B 3aJIE)KHOCTI Biji OCHOBHHX (akTopiB. Le
JIO3BOJISIE BU3HAYHMTH pAaIliOHANbHE CIIBBIIHOIIEHHS MK OCHOBHHMH CKJIaJOBUMH 1HBECTHIIHHOTO IMPOIIECY, a CaMe:
MIPUPOCTOM BHPYUKH, 0OCATOM 1HBECTHIIIN Ta YacoM peaizallii iHBecTHHiHOTO mpoekry. HaykoBa HoBH3HA. 3 Me-
TOFO PaILiOHANIEHOTO PO3IOALTY (DiIHAHCOBUX pPecypciB B mepiox AeiluTy KariTady aBTOpaMy po3po0IIeHO eKOHOMIKO-
MaTEeMaTHUYHIN MiIXiJ, B OCHOBY SIKOTO OyJO TOKJIAJEHO BHPIMICHHS 3a7adi BEKTOPHOI ONTHMI3amii 3a JOIIOMOTOO
BUKOPUCTaHHsS (YHKLII MHOXHH. 3aCTOCYBaHHS I[bOTO ITiIXOIYy OCOOJIMBO aKTyaJIbHO B 3B’S3Ky 3 HECTaOLIbHOIO
EKOHOMIYHOIO CHTYAIli€lo, B SIKii ChOrofHi onuHMIack YkpaiHa. IlpakTudna 3HaummicTs. B pesynbrari BUKOpHC-
TaHHS PO3POOJICHOTO aBTOpaMH EKOHOMIKO-MaTeMaTHYHOIO IiJXOAy MO)KHA BH3HAYHUTH pAlliOHAJIbHI BapiaHTH
BUKOPUCTAHHSI IHBECTHIIIH ITPU PO3BUTKY, SIK OKPEMHUX ITINPUEMCTB, TaK 1 ray3ell eKOHOMIKH B LiioMy. Po3podiennit
IHCTPYMEHT BH3HAYEHHS palliOHAJbHUX BapiaHTIB BUKOPHCTAHHS IHBECTHLIN 3HAYHO CIPOLILYE MPOLEC MPUIHATTS
pimieHHs A7 TOTEHIIHHOrO iHBecTopa. BiH H03BOJISIE CKOPOTHTH BENMYE3HY KIIBbKICTh BapiaHTiB BKJIAJaHHS
IHBECTHIIIHHUX KOIITIB O AEKUTLKOX HAWOUIBII MEPCHEKTHBHUX 1HBECTHIIMHUX MPOEKTIB, IO 3JaTHI HaaaTH ix
BJIACHUKY MaKCHMaJbHUI edekT. Po3poOmeHnii miaxin TakoX Moke OyTH BHKOPHCTaHUHA y Tporieci (popMyBaHHS
OCHOB MOJIeJi BUCOKOS(EKTHBHOI HAIlIOHATFHOT EKOHOMIKH.

Kniouosi crosa: pauioHanbHe iHBeCTyBaHHs; (DYHKIIT MHOXKHH; BEKTOPHA ONTUMI3aLlis; IPUPICT BUPYUKH; 00CST
IHBECTHIII{; Yac peaizalii IpoeKTy; BUCOKOe(heKTHBHA HaIllOHATIbHA CKOHOMIKA
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UPGRADING OF ECONOMIC SIMULATION METHODS
FOR INCREASING EFFICIENCY OF INVESTMENTS

Purpose. Main aim of research is improving the investment's efficiency of industrial’s enterprises and economic
sectors. Methodology. Methodological approaches to estimation of investment's efficiency are improved by means
of insights and analysis methods as well as by the methods of mathematical and economic modeling. Findings. Ef-
ficient mechanism for estimation rational level of using of investments was created and tested. The approach allows
defining rational dependence between basic components of investment process (increase of income, volume of in-
volving investment and time of investment project realization). Originality. Authors developed new economic-
mathematical approach with aim of rational using of financial resources during the period of capital deficit. Ap-
proach based on solving problem of multi-objective optimization by means of using of set function. Application of
proposed approach is up-to-date because of unstable economic situation in Ukraine. Practical value. As a result of
using the developed economic-mathematical approach the rational options of investment can be found. The ap-
proach provides an opportunity to analyze a large number of possible investment projects and reduce it to the most
profitable for investor. Developed approach also can be used in forming process of principles of highly efficient
national economy.

Keywords: rational investment; set function; multi-objective optimization; income increase; investment volume;
time of project realization; highly efficient national economy
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MOJEJIOBAHHS ®IHAHCOBO-EKOHOMIYHOI BE3IIEKH
TPAHCHOPTHHUX IIAITPUEMCTB HA OCHOBI ®PAKTOPHOI'O
AHAJII3Y

Meta. ®iHaHCOBO-€KOHOMIYHA O€3MeKa 3yMOBIIIOE CTIMKUM (30agaHcoBaHUM 1 O€3ynUHHUN) (IHAHCOBHU PO3-
BHTOK MiANPHEMCTBA, MO OOIPYHTOBYE HEOOXiMHICTH I HOCSATHEHHS Ha OCHOBI €(EKTHBHOTO BHUKOPHCTAHHS YCIX
BUJIIB HAasBHUX pecypciB. MeTa cTarTi nojisirae y BAOCKOHAJIEHHI METOIMYHMX OCHOB OI[IHIOBaHHS CTaHy (hiHaHCO-
BO-€KOHOMIYHOT O€3MeKH TPaHCIIOPTHUX MiANPHEMCTB i3 ypaxyBaHHSAM Trary3eBoi crenuiku it 3a0e3neueHHs
NpUAHATTS e(PEeKTHBHUX YIPAaBIIHCHKUX pilieHb. MeToanka. TeopeTHuyHy Ta METOJMYHY OCHOBY JOCIHIIKEHHS
CTaHOBJIATH CHCTEMHHU aHAJIi3 MPOIECiB OMIHIOBAHHI Ta MOICTIOBAHHS (DiHAHCOBO-EKOHOMIYHOI O€3MEeKH ITiqIpH-
€MCTB TPAHCIOPTHOT rally3i, TEOPETUYHI TIOJIOKEHHS! eKOHOMIUHOT HayKH B rajy3i OLiHIOBaHHs (hiHaHCOBOT eheKTH-
BHOCTI TOCMOJAPCHKOI MisTIPHOCTI B yMOBaX MIHJIMBOTO HABKOJMIIHBOTO cepenoBuina. PesyabTaTu. JocmimkeHo
CTPYKTYpY (iHaHCOBO-EKOHOMIUHOI O€3MeKH MiINPUEMCTB TPAaHCIIOPTHOI rany3i. Bu3HaueHO BHYTpIlIHI 3B’SI3KK
MK YaCTHHHUMH TTOKa3HHKAMH JOCIiIKYBaHOTO TIPOLECY UL BHIUICHHS HEOOXiTHOI Ta MOCTaTHBOI KUTBKOCTI
HaWOUIBII IHANKATUBHUX (akTopiB. CHCTEMAaTU30BaHO YaCTHHHI CKJIaJOBI (PiIHAHCOBO-EKOHOMIYHOT O€3IMeKH Ha Oc-
HOBI MOJIEITIOBAaHHS Iporecy ii ¢popMyBaHHS Ha MiANPHEMCTBAX TPAHCIIOPTHOI rairy3i, BHKOPUCTOBYIOUH METOIN
¢dakTopHoro anaiizy. HaykoBa HoBU3HA. ABTOpaMU BJIOCKOHAJICHI METOJMYHI OCHOBH IOJI0 KUTBKICHOI OIIHKH Pi-
BHS (piHAHCOBO-EKOHOMIYHOI O€3IMeKH MiJIPHUEMCTB TPAHCIIOPTHOI Tairy3i Ha OCHOBI OOYAOBAaHOI CYKYITHOCTI Yac-
TUHHUX MOKa3HUKIB OKPEMHUX CKIIAJIOBHX, siKi c(OpMOBaHI 3 ypaxyBaHHsM ramy3eBoi crenudiku. e mo3Bosse
3MIMCHUTH KOMIUIEKCHY OIIHKY CTYyIIEHS BIUIMBY 30BHIIIHIX Ta BHYTpPIIIHIX (akTopiB Ha piBeHb (iHAHCOBO-
€KOHOMI4HO1 O€3MeKH MiAMPUEMCTB I 3a0e31eUeHHS IPUHHATTS e(DeKTUBHUX YNPABIIHCHKUX PillIeHb 00 JOCS-
THEHHS 3aIlJJaHOBaHMX (PIHAHCOBMX MOKAa3HMKIB pe3yJbTaTHBHOCTI iX mismibHOCTI. IlpakTHyHa 3HaYMMicTh. Bu-
3Ha4eHl TeHJeHLIT (popMyBaHHS CIPOMOXKHOCTI TPAHCIIOPTHUX IMiIPHUEMCTB IIIOJ0 3aXUCTy CBOIX (hIHAHCOBUX 1H-
TEpECiB € 3arajJbHUMHM JUIsl JOCIIKYBaHUX 00’ €KTIiB, OSCHIOWOTh 72 % 3arajJbHOI MIHIMBOCTI YaCTHHHUX XapakTe-
PHUCTHK Ta BimoOpa)karoTh OCOOIHMBOCTI CYy9acHOTO MPOLECY YHpaBIiHHA (piHAHCOBO-EKOHOMIWHOIO Oe3mexoro. Lle
OOIPYHTOBY€E JOLUIBHICTh BUKOPHUCTaHHS C(OPMOBAaHOI CYKYIHOCTI YacCTMHHHMX TOKa3HHKIB (hiHaHCOBO-
€KOHOMI4HOI Oe3MeKH sK 0a3uCHUX MapaMeTpiB IHTETPaIbHOTO OLIHIOBAHHS ii CTaHy Ha MiAIPHEMCTBAX TPAHCIIOP-
THOI Taury3i Juis 3a0e31eUeHHs] CBOEYaCHOTO BHSIBIICHHS Ta YHUKHEHHS! MOKJIMBUX 3arpo3 QyHKIIOHYBaHHIO MiIIPH-
€MCTBa y (DiHAHCOBOMY CEPEIOBHIITI.

Kniouosi cnosa: dinaHCcOBO-eKOHOMIUHA Oe3IeKa; TPAHCIOPTHI MiANPUEMCTBA; MOJAETIOBaHHA (HiHAHCOBO-
E€KOHOMIYHOT Oe3reKku; PaKTOpHUI aHai3

Beryn €MCTBa TPAHCIIOPTHOI TaTy3l XapaKTepu3yeThCs Pi-
3HOPIJHICTIO Ta BAXXKO MiIJIAETHCS CTPYKTypHU3a-
1ii, iCHy€ 3HauHa KUTBKICTh METOJIUYHUX ITiIXOIiB
IS i BUsBIIEHHS Ta orliHtoBaHHS [1-13]. OnmHaxk,
€IMHUHA alTOPUTM peaii3auii OLiHIOBaHHSA 1 PiBHS
Ha MAMPUEMCTBAX TPAHCIIOPTHOI Tady3i, AKWi Ou
CTBOPUB HEOOXIIHHMNA METOAMYHHUE Oa3uc Uit J0-
CATHEHHS WiJIeH IMiIIMpUeEMCTBA MIOA0 3a0e3IeveH-
HS HEOOX1THOTO CTaHy HOro (hiHaHCOBO-EKOHOMIY-
HOT Oe3MeKH, i Toci BiICYTHIH.

Ile axrtyamizye 3aBmaHHA (HOpMyBaHHS HEO00-
X1JIHUX METOJNYHHUX OCHOB JIJIS OI[IHIOBAHHS CTaHy

EdexruBHicTh mpoliecy 3a0e3leueHHsT HEO0O-
XigHOTO cTaHy ()iHAHCOBO-EKOHOMIYHOI Oe3IeKu
MiIIPUEMCTBA 3yMOBJIEHA HAsSBHICTIO HEOOXITHUX
YMOB JUII CBO€YAaCHOTO BHSBICHHS 1 YHHKHEHHS
MOXKIJIMBHX 3arpo3 (QYyHKITIOHYBaHHIO ITiAIPHEMCT-
Ba y (hiHAHCOBOMY CEpEIOBHIL, JIIKBIyBaHHS He-
TaTUBHUX HACTIIKIB MeBHUX (PaKTOpiB Ha Me30 Ta
MaKpOPiBHAX (iHAHCOBUX BiTHOCHH.

VY xoni aHamizy HayKOBHX JiKepen OyJo 3’sico-
BaHO, 110 (hiHAHCOBO-EKOHOMIYHA Oe3TeKa ITiIIpH-
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(hiHaHCOBO-EKOHOMIYHOL
TPaHCTIOPTHOI Trany3i.

0e3MeKH  MiAIPUEMCTB

Meta

Mertot0 po6OTH € BIOCKOHAJICHHS METOIMYHHX
OCHOB OI[IHIOBaHHSI CTaHy (hiHAHCOBO-EKOHOMIYHOT
0e3meky TPaHCIOPTHHUX MiANPUEMCTB 3 BpaxyBaH-
HSIM Tay3eBOi CrenuQiku Ha OCHOBi ii Mopemto-
BaHHS JJIs 3a0e3MeUeHHs MPUHHSTTS e(EeKTHBHUX
YIPaBIiHCHKUX pillleHb LIOA0 NOCATHEHHs 3arlia-
HOBaHMUX (PIHAHCOBUX IMOKA3HUKIB PE3yJIbTAaTHBHO-
CTl 1X TisIBHOCTI.

MeTtoanka

3aBaaHHs 1010 BUSBIICHHS 1 OI[IHFOBaHHS CTa-
Hy Ta piBHA (DiHAHCOBO-CKOHOMIYHOI O€3IeKn Ha
MIAIPUEMCTBI € 00’€KTOM JOCHIKEHHs 0araThox
BUYCHHUX, SIKi CHOPMYBaJM PI3HOMAaHITHI MOTJISAIH
Ha BHJIIJICHHS CYKYITHOCTI YaCTHHHUX 1HIMKATOPIiB
(hiHAaHCOBO-CKOHOMIYHOT O€3MEKH i IPUEMCTB.

AmHani3 1 y3araapHEHHS ICHYIOUMX METOIMYHHUX
MiXOMIB JTO3BOJISIE 3pOOUTH BHCHOBKH, IIO OilTb-
IIICTh 3 HHUX TPYHTYETHCS Ha TMPHHITATIAX ITOPIB-
HSIHHS PO3PaxOBaHUX 3HAUYeHb YAaCTUHHHX ITOKa3-
HUKIB 13 BCTAaHOBJICHUMH HOPMaTHBaMH, SIKi OyJH
BH3HAYCHI HAYKOBIIMU HAa OCHOBI TaHUX MO0 Mi-
SUTBHOCTI YCTAHOB Yy BIAMOBIIHMX EKOHOMIYHHMX
ymoBax. OHak, Ii yMOBU HE 3aBXIU BIAMOBiIa-
I0Th Cy4YacHIM eKOHOMIUHiN cutyarlii, B sKiii QpyH-
KIIIOHYIOTh TIAPUEMCTBA TPAHCIIOPTHOI Tary3i
VYkpainu [5, c. 54].

Tak, 6araTo BUCHHUX HArOJOIIYIOTh HA Ba)ITH-
BOCTI BpaxyBaHHS TaJIy3eBUX OCOOIHMBOCTEH, CTa-
Il )KATTEBOTO IMKIY ITIIPUEMCTB Ta CTparerii
iXHBOTO PO3BUTKY, BCTAHOBIIOIOYH MEBHI KPUTEPi-
aNbHI 3HaYCHHs K 0a3y JJIs BU3HAYEHHS PiBHA iX
(iHaHCOBO-eKOHOMIUHOT Oe3neku. OHak, Haiiuac-
Tille, Ui KpUTepiajbHI 3HAUEHHS BiAMOBINAIOTH 3a-
raJbHOBIJIOMHM HOPMAaTHBAM Ta B YMOBaX BHCOKOT
MIHJIUBOCTI yMOB (YHKITIOHYBaHHS ITiJIIPHEMCTB
TPAaHCIOPTHOI Tanmy3i B YKpaiHi He MOXYTb OyTH
OJTHAKOBUMH ISl BCiX Cy0’€KTiB (piHAHCOBUX Bil-
HOCHH, a, OTXe, i BUKOPUCTOBYBATHCS SK €TAIOH
nopiBHsHHA [5; 10, ¢. 84, 85].

Tako CItijJi 3a3HAYUTH, 1O y OLIBIIOCTI BUIIA-
IKIB B aQHAJNI30BAHUX METONWYHUX IIAX0MaxX 0
OIliHIOBaHHS (D IHAHCOBO-CKOHOMIYHOI ~ Oe3IekH
MiIPUEMCTB 3allPONIOHOBAHI CUCTEMU YaCTHHHUX
il MOKa3HWKIB, IO XapaKTepU3YIOTh came (QiHaH-
COBY CTIMKICTh IMANPUEMCTB, a HE PiBEHb iX (]i-

doi 10.15802/stp2014/32769

HAHCOBO-€KOHOMIYHOI Oe3MeKH, 10 HE 3aBXKIH 3a-
Oesreuye HEOOXimHY ISl €EeKTHBHOTO IIPOIECY
YIpaBIJIiHHS TiAPUEMCTBOM MOXKIIHUBICTH KiJIbKic-
HOTO i IKICHOTO OIiHIOBaHHS BIUTMBY 3arp03 Makpo
Ta ME30CEPEIOBHUII Ha CTaH WOro (hiHAaHCOBO-EKO-
HOMIYHOT OE3TeKH.

TakuM 4YMHOM, MOXXHA 3pOOMTH BHUCHOBKH, IO
ICHYIOTh TIEBHI PO301KHOCTI MiX ICHYIOUMMH Me-
TOIUYHUMH MiAXOAaMH, 3allpONOHOBaHUMH BYe-
HUMH-EKOHOMICTaMH, MIOJ0 OIIIHIOBaHHS PIiBHS
(hiHAaHCOBO-EKOHOMIUHOI O€3MeKy MiAMPHEMCTBA,
MOB’sI3aHI K 3 BHOOPOM TEPBICHUX YaCTHHHHUX
MOKA3HUKIB, OOIPYHTYBaHHSM OILIIHHUX KPHUTEPIiB,
TakK i 3aCTOCYBaHHSM Pi3HUX NPOLEAYP 3TOPTaHHS
iH(pOpPMaLIHHOTO MPOCTOPY O3HAK Ta BUIUICHHIM
MEBHUX CTaHIB (DiHAHCOBO-EKOHOMIUHOI Oe3NeKu
i IITPUEMCTBA.

Ile oOrpyHTOBY€E HEOOXiTHICTH BIOCKOHAJICHHS
METOJMYHUX 3acajl OLIIHIOBaHHs PiBHS (piHAHCOBO-
E€KOHOMIYHOI Oe3MeKH MiANPHEMCTBA TPaHCIOPT-
HOI Tany3i sk cy0’ekTa (iHAHCOBUX BIJHOCHH Ha
OCHOBI PO3pOOJICHHST KOMILIEKCHOTO MiXO01Y.

Pe3yabTarn

Bixg cryneHio 00’€KTUBHOCTI 1 aJCKBATHOCTI
pe3ysbTaTiB  IMPOLECY OLIHIOBAHHSA AisUTbHOCTI
MiAPUEMCTB  3aJISKUTh €(PEKTUBHICTE POOOTH
3 TiABUIIEHHS e(DeKTUBHOCTI CUCTEMH YITPaBIiHHS
(hiHAaHCOBO-EKOHOMIYHOIO O€3IeK0I0 SK Ha Me3o,
Tak 1 MakpopiBHI. CKIaQAHICTH TaKOTO IIPOIECY
OLIIHIOBAaHHS OOTPYHTOBYETHCS THM, IIIO CaMi ITOKa-
3HUKH PE3yJbTaTiB ASUTBHOCTI MiAMPUEMCTB YacTo
€ CYIEPEWINBHUMH, 110 TOSCHIOETHCS HECTAOUTbHI-
CTIO cepeloBUINa (PYHKIIIOHYBaHHS ITiAMPHEMCTBA
[4,c. 11].

Hemocraras indopmariitHa BiTKPUTICTH 30B-
HIIIHIX €eKOHOMIYHUX Cy0’€KTiB rOCIOAAPCHKOI [Ii-
SAJBHOCTI, HASBHICTH IyOJIOBAaHHS BHYTPIIIHBOIO
iHpopMaLiiiHOI0 0a3010 MEBHUX (IHAHCOBUX aclie-
KTiB MisTTBHOCTI €aMOro TMiANPHEMCTBA YCKJIa-
HIOIOTh TIPOIIEC OIIIHIOBaHHS piBHA (HiHAHCOBO-
€KOHOMIYHOI Oe3IeKH MiAIpUEMCTBA Ta MPOIEIY-
Py aHaJIi3y BIUIMBY 30BHIIIHIX HEraTUBHUX (haKTO-
piB Ha 3abe3neueHHs i1 HeoOXigHOTO cTany. Bee 1e
0OTpyHTOBYE HEOOXINHICTh BH3HAUEHHS BHYTpI-
IIHIX 3B’S3KIB MK YACTHHHUMH TTOKa3HUKAMH J0-
CIIDKYBAHOTO TIPOIIECY TS BHIIJICHHS HEOOX1THOT
Ta JOCTAaTHHOI KIJIBKOCTI HAMOLIbII 1HIMKATUBHUX
¢axropis [5, ¢. 55].

3 ypaxyBaHHSIM (DYHKIIH pe3yJIbTaTiB mpouecy
OIIIHIOBaHHS, akTyaji3amis iH(opmamiiiHoi 0a3u
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BU3HAYCHHS 1 OI[IHIOBaHHS CTaHy ()iHAHCOBO-EKO-
HOMIUHOI Oe3Meku miInpueMcTBa niepeadadae ¢o-
PMYBaHHSI CyKYITHOCTi TIOKa3HHKIB, II0 Ma€e OyIry-
BaTHCS Ha MPUHITUIIAX CUCTEMHOCTI, TOOTO yCi To-
Ka3HHUKH € B3a€EMOIIOB’ A3aHUMHU, ajie He IIyOiroro-
YUMHU OJTUH OJHOTO, IO JO3BOJIUTH B MOBHOMY 00-
Cs131 OXapaKTepU3yBaTH pealibHi MPOIIECH Ta SBHINA
(YHKLIOHYBaHHSI €KOHOMIYHOIO Ccy0’€KTa y cHucC-
TeMi QiHaHCOBUX BiTHOCHH. OCKINBKU IisSUTBHICTH
cy0’€KTa TOCTIOIapIOBAHHS XapaKTepU3YEThC 0e3-
JYYI0 PI3HOMaHITHHX MPOIIECiB, BUHHKAE MOTpeda
BpaxyBaHHsI 3HAYHOT KUIBKOCTI MOKAa3HUKIB ITiJ] 4ac
OLIIHIOBAaHHS CTaHy HOro (iHaHCOBO-EKOHOMi4HOL
oesmeku [5].

Tomy y poOOTi 3ampornoHoBaHa CYKYIHICTh T10-
Ka3HUKIB OKPEMO JUIsl IMiJIPUEMCTB TPaHCIIOPTHOT
rary3i, mo Oyna chopMoBaHa 3 ypaxyBaHHIM Tay-
3eBoi crienudikn. CyKyImHICTh TIOKa3HHUKIB 3a0e31ie-
4qye OCHOBY I peatti3amii KOMIUIEKCHOTO OLiHIO-
BaHHS CTaHy YAaCTHHHUX MOKA3HHUKIB Ta iHTErpaib-
HOTO PiBHS (DiHAHCOBO-CKOHOMIYHOI OE3IeKH ITifI-
NPUEMCTB, IO JAO03BOJISIE 3OIMCHUTH KOMILIEKCHE
BUMIpIOBaHHS BIUIMBY 30BHIIIHIX Ta BHYTPIIIHIX
3arpo3 Ha piBeHb (iHAHCOBO-CKOHOMIUHOI O€3MeKu
MiINPUEMCTB Ta 3a0e3ledye NPUHHATTS e(eKTHB-
HUX YNPaBIIHCHKUX PillIeHb Y Mail0yTHHOMY .

Pesynbrati aHamizy iCHYIOYHX METOIUYHHX
OCHOB, III0 MPHUCBSYEHI JOCHIKYBaHId TEMaTHII,
JO3BONIWIIN c()OPMYBATH CYKYIHICTb 3 43-X MOKa3-
HUKIB, 32 SKUMH JOLIJTFHO BUKOHYBAaTH OIliHIOBaH-
HA CcTaHy (DiHAHCOBO-CKOHOMIYHOI O€3meKd Tif-
MIPUEMCTB TpaHcmopTHOi Tamysi [1, c. 125-137;
3,c.10;7,c. 163].

Ha BigMiHy Bix iCHYIOUHX CYKYITHICTH OIIIHHHX
MOKa3HUKIB (DiHAHCOBO-EKOHOMIYHOT Oe3mekH, 3a-
NPOMOHOBaHa y POOOTI A MiANPUEMCTB TpPaHC-
MOPTHOT Tany3i, XapaKTePU3YEThCS YTOUHCHUM Iie-
PEIIiKOM MOKa3HHUKIB KOXHOI CKJIaJI0OBOi Ta JOIMOB-
HEHHSM TOKa3HUKaMH, 1[0 BPaXOBYIOTh IEBHI 0CO-
OymBoCTI (YHKITIOHYBaHHS MiANPHEMCTB Y BKa3a-
HIH cHCTeMi B yMOBaX HEBH3HAYCHOCTI 30BHIIII-
HBOTO CEPEIOBHIIA 3 YpaXyBaHHSAM NPUHIIMITIB CH-
CTEMHOCTI, TOBHOTH Ta AOCTATHOCTI.

HactynHum eTamom micisi BU3HAYCHHS CYKYII-
HOCTI MEPBiCHUX YaCTHHHUX MOKa3HHKIB (iHaHCO-
BO-CKOHOMIYHOI O€3MEeKH MiIpUeEMCTBA i 3a-
Oe3nedeHHs] MOYJIMBOCTI 3aCTOCYBAaHHS y JIOCITi-
JOKECHHI METOIIB 0araTOMipHOTO CTaTHCTHYHOTO
aHaJli3y HEOOXiJHUM € BUKOHAHHS IOTEPEIHBOTO
aHalli3y JaHWUX Ha iICHYBaHHS «BHUKHUIIB» Ta MiIIIO-
PAIKYBaHHS HOPMAJIEHOMY 3aKOHY PO3MOIiTy [5].
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IlepeBipka 3HadeHb CGHOPMOBAHOI CYKYITHOCTI
MEPBICHUX YACTHHHHUX MOKa3HHUKIB ()iHAHCOBO-
€KOHOMIYHOI 0e3reku Ha 0a3l CTATUCTUYHUX JAaHUX
IIO/I0 MISUTBHOCTI 5 IMiIIpUEMCTB TPAHCIOPTHOI Ta-
my3i XapkiBcekoro periony 3a 2009-2013 pp. Bin-
OyBayacsi 3 BUKopHucTaHH;IM KputepiiB MAO, Cwui-
pHoBa-I'pabca ta Titeen-Mypa [2, c. 3-7; 9].

Hactymaum € akTyanizamist iHpopMaIiiHoi 6a-
3M MPOIECY OIIHIOBaHHS (DiIHAHCOBO-CKOHOMIYHOT
Oe3meky MiANPUEMCTB, SIKUH TOUIIBHO peanizyBa-
TH Ha OCHOBI 3aCTOCYBaHHS (DAaKTOPHOTO aHAIi3y
SK OJHOTO 3 HAaWOUIBII PE3yIbTATHBHUX METOJIB
0araToBUMIpHOTO CTaTUCTUYHOTO aHamizy [5; 9].
PesynpraTi aHaimizy J03BOJISIOTH HAa OCHOBI KOpe-
JIMWHAX 3B’ A3KIB MK YaCTUHHUMHU ITOKA3HHUKAa-
MU, 10 XapaKTepU3yIOTh piBeHb (HiHAHCOBO-EKO-
HOMIYHO{ O€3IeKH MiAMPUEMCTB, 3STeHEPyBaTH HOBI
KOMITIIEKCHI ()aKTOPH, IO XapaKTEPU3yIOTh OCHO-
BHI TCHJICHIIIT IMHAMIKH i PiBHSL.

BukopucrtanHs (QakTOpHOTO aHami3y H03BOJISE
MOCTIHHO YTOYHIOBATH CKJIaJ ITOKA3HWKIB, IO Xa-
pPaKkTepu3yIOTh piBeHb (HIHAHCOBO-CKOHOMIYHOT
0e3neKy MiAMPUEMCTB B YMOBaX HIBHAKO3MIHHOTO
TpaHc(opMaIiiHOTO CepeloBUINa; HE CHOTBOPIOE
CTaTUCTUYHY iH(POPMAIIIFO 1 T03BOJISE 3pOOUTH Ha-
YKOBO OOIPYHTOBaHI BHCHOBKH; CHHTE3YE CYKYII-
HICTh 3HAYMMUX MOKA3HUKIB, 110 MPUTAMAaHHI 3a-
TaTPHUM TEHICHITISM piBHsI (hiHAHCOBO-CKOHOMIiU-
HOT Oe3meKu mianpueMcTsa [2; 5].

OCHOBHMM 3aBAaHHSIM (aKTOPHOTO aHaNi3y
€ 00’eTHaHHS BUXITHOI KIIBKOCTI TIEPBICHUX TOKa-
3HHKIB, SKUMHU XapaKTePHU3YETHCS Tpolec 3abes-
neveHHss (PiIHAHCOBO-CKOHOMIYHOT Oe3IMeKu mij-
MIPUEMCTB TPAHCMOPTHOI Tairy3i, B MEHIIY KiJb-
KICTh MITYYHO MOOYIOBaHMX Ha iX OCHOBI (hakTo-
piB. [lo oTpuMaHoi B pe3yibTaTi pearizaiii aHamizy
CYKYIHOCTi (pakTOpiB BHUCYBAIOTbCS BUMOTH aJeK-
BaTHOCTI 3MICTOBHOI iHTepHpeTallii Ta TOYHOCTI
XapaKTepPUCTUKH BUOIpKOBHUX JaHuX. [y onTuMma-
JILHOTO BHUPINICHHS IIOTO 3aBJaHHS ITiJ] 4ac peati-
3amii (hakTOpPHOTO aHalli3y MIUPOKO BHKOPHCTOBY-
FOTBCSI CTICTM(iTHI METOIH Ta IPHUHOMH.

OOrpyHTyBanHsM 4ncia (akTopis, mo OepyTh
y4acTh y MOJANBIIOMY JTOCTIKEHHI, € TOH (aKT,
0 HACTYITHUU (GakTop HE € JOCTaTHHO iH(opMa-
TUBHHUM HIOA0 (YHKIIOHYBaHHS €KOHOMIYHHUX CHU-
CTEM, OCKUIBKHU IOSCHIOE MEHII, HIXK 5 BIACOTKIB
MIHJIMBOCTI (PO3KH[ 3HaYeHb MOKA3HHUKIB CYTTEBO
HE 3MIHIOETHCS 31 3MiHOIO 3HaUeHHS (pakTopa). [lo
(axTOpa BKIIIOYAIOTH 3MiHHI, SIKi MAlOTh HAHOUIBII
3HAUYIi 3HAYCHHs KOeQiIiEHTIB KOpemsii 3 dak-
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TOPOM, 3aJISKHO Bil YOTO HAAE€ThCA HOTO €KOHO-
MivHa iHTeprperais [9, c. 109].

TakuM YMHOM, CKOPOYEHHsI MPOCTOpPY O3HAK,
IO ONHUCYIOTH JOCTI/DKYyBaHE SIBUILE METOAAMH
(hakTOpHOTO aHaNi3y, JO3BOJISIE BU3HAYUTH HaMic-
TOTHIIII PHCH, SIKI XapaKTEpU3yIOTh 00 €KT Ta Jia-
TEHTHI 3B’SI3KH, IO BiOOpa)KalOTh BHYTPIIIHI Me-
XaHI3MH HOTO (DYHKITIOHYyBaHHSI.

3 ornsgy Ha GaraToiTepaTUBHICTH 3alpPOIIOHO-
BaHOT'O0 METOJY Ta 3 METOI0 ONTHMI3allii, yci Heo0-
XigHI po3paxyHKH OyJio peani3oBaHO y TaKeTi
STATISTICA 10.0.

[lepBuHHI pe3ynbTaTu peanizamii (HaKTOPHOTO
aHai3y J03BOJIMIN 3pOOUTH BUCHOBKH IIPO T€, IO
Ha CydJacHOMY eTami (YHKITIOHYBaHHS ITiIIIPH-
€MCTB TPaHCIOPTHOI rajly3i HE BCi MOKAa3HUKH OIli-
HIOBaHHS PiBHA iX (piHaHCOBO-€KOHOMIYHOI Oe3rre-
KM SK Cy0’€KTiB (hiHAHCOBHUX BIJHOCHH € JIOCTaT-
HBO iH)OPMATUBHUMU Ta aKTyanbHUMH. Li BUCHO-
BKU IPYHTYIOTBbCS Ha OTPUMaHHMX 3HAuYCHHAX (ak-
TOPHUX HABaHTAXEHb Ul TaKUX MOKa3HUKIB, IO
€ MEHIIMMH 3a piBeHb 0,7, a, 0TXKe, HE € TOCTaTHBO
BIUIMBOBUMHU 1 (PaKTOPOYTBOPIOIOYMMH. 3acTOCy-
BaHHS ITEPaTUBHUX Tpoluenyp (pakTOpHOTO aHai-
3y IO3BOJIMJIO OTPHMATH Pe3yJbTaTH, 110 HaBEICHI
y Tadm. 1.

Tabnuns 1

HapanTaskyBaJjbHi XapaKTepHCTHKH YaCTUHHUX
NOKA3HUKIB (iHAHCOBO-eKOHOMIYHOI 6e3neKu
TPAHCIOPTHHUX MiANPHEMCTB

Table 1

Load characteristics of partial indicators of financial
and economic security at transport enterprises

) HaBanTtaxxyBayibHi
HaCTHHHl HOK3.3HITIKI/I XapaKTEPHCTUKH
(hiHaHCOBO-EKOHOMIYHOT
Ge3MeKH i AMPHUEMCTBA q)aI;TOP (DaI;TOp (Dalémp
KoedoimienTt npunar-
HOCTI HEOOOPOTHHX -0,522 | - 0,428 | 0,718
aKTHBIB
YacTka 000pOTHHUX
) 0,291 | —0,163 | 0,754
KOILITIB y aKTHBAX
KoedimienT 310C
Piient 30Cy 0,520 | 0,408 | — 0,788
OCHOBHHX 3aC00iB
KoediuienT 3amyueH-
[ BAGCHIX KOUTIE 0,752 | 0381 | 0275
(xoedinieHT (iHaHCO-
BOT 3aJIEXKHOCTI)
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3akiHueHHsa Tabdi. 1

End of Table 1

HapanrtaxxyBanbHi

YacTuHHI TOKA3HUKHU XapaKTePHCTHKH

(hiHAaHCOBO-EKOHOMIUHOT
0e3MeKH MiIIprueEMCTBA

®akrop | Paxrtop | Pakrop
1 2 3

KoedirieHT KOHIIEHT-
pauii 3a;ry4eHoro
Karritary

0,128 0,355 0,716

KoedimienT cmiBBif-
HOLICHHS 3aTy4eHUX
Ta BJIACHUX KOIITIB

-0,739 | 0,407 0,315

KoedirieHT cTpykTy-
pH 3aITy4E€HOr0
Kartitary

-0,491 | 0,720 | —0,083

Koeditrient 060poT-
HOCTI KPeTUTOPCHKOT
3a00pProBaHOCTI

0,899 0,128 0,055

KoedimienTt 060poT-
HOCTI aKTHBIB

0,753 | —-0,502 | 0,031
Tpusaiicts omnepa-

T 0,295
LIMHOTO [UKITY

0,700 | —0,106
KoeditmienTt 060poT-
HOCTI BJIACHOTO

Kartitary

0,927 0,012 0,265

Koedirrient 060poT-
HOCTi OCHOBHOT'O
Karitary

—-0,653 | 0,702 0,031

KoedimienT crifikocTi
€KOHOMIYHOTI'O
3pOCTaHHS

0,917 | -0,148 | 0,222

PenrabenbHicTh
aKTHBIB

-0,295 | 0,767 | —-0,290

PenrabenbHiCTh

. 0,917
BJIACHOT'O KamiTalry

-0,148 | 0,222

PenrabenbHiCTh

. —-0,391
OCHOBHOTO KalliTaly

0,751 | —0,281

TakuM YWHOM, OTpHMaHi pe3yibTaTH (HaKTop-
HOT'O aHaJli3y OOTPYHTOBYIOTH TaKy MOJEib (iHaH-
COBO-CKOHOMIYHO{ O€3MeKu TPaHCHOPTHUX Iij-
MPUEMCTB:

Y=653 F,+2,94 F,+ 2,13 F3,

ne F, — dakrop, mo xapakrepusye (GiHAHCOBY aB-
TOHOMHICTH Ta CTIHKICTh AISUTBHOCTI TiITPHEMCTBA
(41 % 3zarampHOl MiHIMBOCTI). CTPYKTYpy BU3Ha-
YaloTh TaKi MOKa3HHUKH, K KoedilieHT (inaHCOBOT
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3aJIeKHOCTI; KOe(IlliEHT CITiBBIJHOIICHHS 3aiyde-
HUX Ta BJIACHHUX KOINTIiB; KOePIIlieHT 000pOTHOCTI
KpPeIUTOpChKOi 3a00proBaHoOCTi; KoediumieHT 000-
POTHOCTI aKTHBIB; OOOPOTHICTh BJIACHOTO KariTa-
y; Koe(illieHT CTIHKOCTI €KOHOMIYHOTO 3pPOCTaH-
Hs1; peHTa0eNbHICTh BIACHOTO KariTtany; F, — dak-
TOp, IO XapakTepu3ye e)EeKTUBHICTH i ONepaTuB-
HICTh mismbHOCTI mianpuemctBa (18 % 3aranpHOi
MiHITUBOCTI). CTpYKTYpy BH3HAYAIOTh TaKi ITOKa3-
HUKH, K KOe(Dilli€eHT CTPYKTYpH 3aIy4E€HOTO Kalli-
Tally PeHTa0eNbHICTh aKTUBIB; peHTA0EIbHICTh OC-
HOBHOTO KamiTany; KoeQilieHT CTPYKTYpH 3aiyde-
HOTO KaItiTaay, 000pOTHICTE OCHOBHOTO KaITiTaTy
1 TPUBAJTICTH oTeparliiiHoro nukiy; £ — dakrop, mo
XapakTepu3ye MaitHoBui ctad mignpuemctsa (13 %
3araibHOi MiHIMBOCTI). CTPYKTYpy BU3HAYAIOTh Ta-
Ki TIOKa3HUKH, K KOe(iIli€eHT 3HOCY OCHOBHHX 3a-
co0iB; KOediIlieHT MPUIATHOCTI HEOOOPOTHHUX aK-
THUBIB; YaCTKa 0OOPOTHHUX KOIITIB y aKTHBAaxX i Koe-
(bIiEAT KOHTICHTpAITi] 3aJTy9IeHOT0 KaIliTaty.

HaykoBa HOBHU3HA Ta NPAKTHYHA
3HAYUMICTh

OOrpyHToBaHa cTpyKTypa (akTopiB Ta 3Ha-
YCHHS 1X HABAHTAKEHb HA YaCTKOBI MOKA3HUKHU JI0-
3BOJISIE pealli3yBaTH EKOHOMIYHY iHTEpHpETAaIliio
CKITaJIOBUX (PiHAHCOBO-EKOHOMIUHOI OE3MeKH, sKa
€ TPUTAMaHHOK MIANPUEMCTBAM TPAHCIOPTHOT
ray3i XapKiBCbKOTO PErioHy.

Criuparourch Ha €eKOHOMIYHY CYTHICTh 3a3Haue-
HUX MOKa3HUKIB, eI (haKTOp MOKHA iHTEpIIpe-
TYBaTH K CKJIAJIOBY, IO XapaKTepu3ye (GiHAHCOBY
aBTOHOMHICTh Ta CTIHKICTh MiSUTBHOCTI TIiAITPHEMCT-
Ba ITiJ] BIUIMBOM 3MIHHM 30BHIIIHIX YHHHUKIB, a 0CO-
ONMBO MIHJIMBOCTI 30BHIIIHIX JDKepen (iHaHCYBaH-
HsI I0r0 IISJIBHOCTI. 3HAYHUK BIICOTOK ITOSCHIOBA-
JIBHOT MiHIIMBOCTI Ta BUCOKI HAaBaHTa)KEHHS TIEPIIIO-
ro ¢akTopa Ha 3a3HaYCHI MOKA3HUKU CBITYATh, 1110
JUTSI aHAJTI30BaHMX IMiATPUEMCTB TPAHCIIOPTHOI Ta-
Jy3i came BIIAcHI JuKepena (iHaHCYBaHHS SIK OIle-
pamiiiHoi, Tak 1 IHBECTUI[IHHOI IISVILHOCTI € Haii-
OUTBII 3HAYMMUM MIAIPYHTAM MIOAO IX CIPOMOXK-
HOCTI 3axuInaTy (piHaHCOBI IHTEPECH BiJl BILIUBY 3a-
TpO3 Me30- Ta MaKpOCEPEIOBUIIL.

VYci MoKa3HUKH, 1110 BU3HAYMIIN CTPYKTYpY THep-
moro (akTopa, € TICHO B3a€EMO3B’SI3aHUMHU Ta BH-
3HAYaITh CHPOMOXHICTh MPOMHCIOBOTO ITiIpH-
€MCTBa IIOJI0 MiATPUMAaHHS BUCOKOTO piBHA (i-
HAHCOBOI aBTOHOMii Ta CIIPOMOKHOCTI ajarTariii
IO Tii 30BHINTHIX €KOHOMIYHUX Cy0’€KTiB B 3ara-
JIBHIHM cucTeMi iHAHCOBUX BiTHOCHH.
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Crpyktypy Apyroro (akropa BU3HA4YalOTh II0-
Ka3HUKH, IS SIKMX XapaKTePHUM € CTUMYJFOIOUHi
BIUTMB Ha TUHAMIKY JTOCIIKYyBaHOTO siBuia. Ckia
(akTopa HO3BOJSE TPAKTYBaTH HOTO SK CKIIAJIOBY,
O XapakTepusye came e(EeKTHBHICTH 1 OIepaTHB-
HICTh [iSUTBHOCTI TiAMPUEMCTBA. Moro uacTunni
MOKa3HUKH € OJHMMH 3 TEPLUIOYEProBUX iHIUKATO-
piB 3MiHU piBHS (iIHAHCOBO-EKOHOMIYHOI OE3IeKH
MiAIPUEMCTBA TPAHCIIOPTHOI Talry3i, OCKUIBKH, IT0-
€HYIOUH CYKYIHICTh YAaCTHHHHX XapaKTEPHCTHK
e(eKTUBHOCTI, OMUCYIOTh Pi3HI CTOPOHHU Horo (yH-
KIIIOHYBaHHA. AHaNI3 iX B3a€MO3B’SI3KY J03BOJISIE
BHOKPEMHTH YWHHHKH, IO CIIPHYUHSIOTH 5K TO3H-
TUBHHA, TaK i HETATUBHUH BIUIUB HA CIIPOMOJKHICTB
MiANPUEMCTBA IIOJO 3aXUCTy (PiHAHCOBUX IHTEpe-
CiB, a, OTXKe, i y pa3i 1ecTabuti3yrouol i, po3poou-
TH BIATIOBITHUA KOMIUTIEKC IIPOTHUIH [5, ¢. 63].

CToCcOoBHO TpeThoro ¢akTopa CIij BiA3HAYUTH,
10 HOTO MOUIJIBHO iHTEPIPETYBAaTH SIK CKIAaIOBY,
0 XapaKTepU3y€e€ MAWHOBHH CTaH IIiIIPHEMCTBA
TPaAHCIIOPTHOI Tay3i. 3 ypaxyBaHHSIM TOTO (aKTy,
0 OJHIE€I0 3 HAWBAXKIUBIMIMX MPOOJIEM ITiIpU-
€MCTB TPAHCIIOPTHOI rany3i € MopanbHa Ta (i3ud-
Ha 3acTapiricTh OCHOBHHX (DOHIIB, peaizallis
e(heKTUBHOI 1HBECTHIIHOI MOJITHKN HaOyBae Bce
OinpIIoro 3HaueHHS 1 Mae OyTH HallileHa Ha 3Mill-
HEHHS TO3WILiH cy0’€KTa TOCHOJapIOBaHHSA IIPU
B3a€MOJIIi 3 30BHIMIHIM OTOYEHHsSM. Bucoke 3Ha-
YeHHs 3aralilbHOi Amcriepcii i€l CKIazoBoi CBil-
YUTh, MO0 CHOTOJHI AKTyaJbHOCTI Ha0yBae Ipo-
Onema mpuBeIeHHS MaclITabiB KalliTaTbHUX BKIIA-
JIeHb BIJIOBITHO M0 peaNbHUX (HiHAHCOBHX MOXK-
JUBOCTEH i AMTPHEMCTBA.

BucnoBxu

TakuM YUHOM, peaiizallisi ITepaTHBHUX MPOIIC-
Iyp (paKTOpHOrO MOJENIOBaHHS T03BOJIMIO BUSABUTU
arperoBaHi YMHHHKH, 110 XapaKTEepH3YIOTh CTYIiHb
BIUTHBY CYKYITHOCTI YaCTHHHMX ITOKa3HUKIB Ha (op-
MyBaHHS (hiHAHCOBO-EKOHOMIUHOI O€3IeKH Miarpu-
€MCTB TPaHCIOPTHOI ramy3i. BusHaueHi TeHnmeHil
(opMyBaHHS IX COPOMOXKHOCTI IIOJ0 3aXUCTY CBOIX
(IHAHCOBUX HTEPECIB € 3arallbHUMH JUISL AOCIIIKY-
BaHUX TPAHCIOPTHUX MIiANPHEMCTB, IOSCHIOIOTh
72 % 3araybHO{ MiHJIMBOCTI YACTUHHUX XapaKTepHc-
TUK Ta BIIOOpaKarTh OCOOIMBOCTI Cy4acHOTO ITPO-
necy ynpasiiHas Hero. Lle 00rpyHTOBY€E MOIIBHICTD
BHUKOPHUCTAHHS ¢(hOPMOBAHOI CYKYITHOCTI YaCTHHHHUX
TIOKa3HUKIB K 0a3MCHUX MapaMeTpiB IHTErpaJIbHOTO
OLIIHIOBaHHS CTaHy (piHAHCOBO-EKOHOMIYHOI OE3MeKH
MiINPHEMCTB TPAHCTIOPTHOT TAITY31.

© A. O. Hosikos, M. M. Hosikosa, 2014
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M cTaTUCTHKa, 1989. — 176 c.
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2*Ka(b. «MeHEeIKMEHT U MapKETUHT B TOPOJCKOM XO3511ICTBE», XapbKOBCKHI HALMOHAJIbHBIN YHUBEPCUTET FOPOJCKOTO
xo3siictBa M. A.H. bekerosa, yn. Mapana baxanosa, 12, Xaprekos, Ykpauna, 61001, ren. +38 (067) 913 20 34,
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MOJEJUPOBAHUE ®UHAHCOBO-2KOHOMUWYECKOM
BE3OINACHOCTHU TPAHCIIOPTHBIX ITPEJAMNPUATUIA HA OCHOBE
PAKTOPHOI'O AHAJIN3A

Heab. duHaHCOBO->KOHOMHUYECKass OE30IaCHOCTH OIpeAessieT ycToiunBoe (cOalaHCUpOBaHHOE W Herpe-
pBIBHOE) (PMHAHCOBOE Pa3BUTHE MPEAINPHATHS, YTO OOOCHOBBIBAET HEOOXOAUMOCTD €€ JOCTHXKEHUSI Ha OCHOBE (-
(heKTHBHOI'O MCIIOJIL30BAHKS BCEX BHJOB MMEIOLIMXCS PECYpPCOB Ha mpeanpustun. Llens craTbu 3akiodaercs B co-
BEpPLIEHCTBOBAHUM METOJMYECKUX OCHOB OLIEHKH COCTOSIHHSI (PUHAHCOBO-9KOHOMHYECKOH 0€301acHOCTH TpaHC-
MOPTHBIX MPEANPHUATHH C YIETOM OTpacieBoi criennuKy Ut obecrieueHus: NpuHITUS 3()(HEKTUBHBIX yIpaBieHYe-
ckux pemieHuil. Meroguka. TeopeTHUECKyr0 U METOAMYECKYIO OCHOBY HCCIEIOBAHUS COCTABISIFOT CHUCTEMHBII
aHaIM3 TIPOLIECCOB OIICHWBAHUS W MOJIENHPOBAaHUS (UHAHCOBO-3KOHOMHUYECKOH O€30MacHOCTH TPeNIpUsTHHA
TPAHCIIOPTHOM OTpACIH, TEOPETHUECKUE TTOJOKESHHS IKOHOMUIECKOH HAYKH B 00JIacTH OIICHWBaHUAHN (PMHAHCOBOU
3¢ hEKTHBHOCTH XO3SHCTBEHHON AEATENIFHOCTH B YCIOBUSIX MEHSIONIEHCS OKpyxkaromieii cpensl. PesyabTaTtsl. Vc-
ClIeJOBaHa CTPYKTypa (PMHAHCOBO-3KOHOMHYECKOH 0€301MacHOCTH MPennpusiTHi TpaHCIOPTHOI oTpaciu. Ompene-
JICHBI BHYTPEHHHUE CBSI3M MEXIY YaCTHBIMH ITOKA3aTeNIMH HCCIIEIyeMOTo MPoLiecca I BBIICICHUS HE00X0IUMOT0
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M JIOCTATOYHOT'O KOJIMYECTBA HAauOoee HHAMKATUBHBIX (HaKkTOpoB BiusiHUs. CHCTEMATH3MPOBAHBI YaCTHBIE COCTAB-
nsironre (prHaHCOBO-IKOHOMHYECKOH 0€3011aCHOCTH Ha OCHOBE PE3yJIbTATOB MOJEIMPOBaHHs mpolecca ee Gpopmu-
POBaHHMs Ha TPAHCIIOPTHBIX MPEINPHUATHIX IIPH MOMOLIM METOJI0B (hakTopHOro aHanu3a. Hayuynasi HoBu3Ha. ABTO-
paMu yCOBCPIICHCTBOBAHbI MECTOJUYCCKHUEC OCHOBBI KOJIMYECTBECHHOI'O OLICHMBAHUA YPOBHA q)HHaHCOBO-SKOHOMI/I-
4ecKOW 0e30MacHOCTH NPENPHUATHIA TPAHCIIOPTHOW OTpaciy Ha OCHOBE OOOCHOBAHHOW COBOKYIHOCTH YaCTHBIX
NoKazaTesiel OTAENbHBIX COCTABIIONINX, KOTOPbIE ObLIM C(OPMUPOBAHBI C YYETOM OTpacieBOil cneuupuku. ITo
MO3BOJISIET OCYLIECTBUTH KOMIUIEKCHOE OLICHMBAaHHME CTEIICHH BIMSHUS BHEIIHMX M BHYTPEHHUX (aKTOpOB Ha
YpOBeHb (DMHAHCOBO-OKOHOMHUYECKON O€30MacHOCTH NpeNNpHusITHil JIs oOecriedeHuss NPHHATHS S(PQPEKTUBHBIX
YIpaBJIeHYECKUX PEUICHUH 110 JOCTHKEHHIO 3aIUIAHMPOBAHHBIX (DPMHAHCOBBIX IMOKazaTeJeld pe3yJIbTATUBHOCTH MX
nesitenbHoCTU. IlpakTHyeckas 3HauuMocTh. OnpeeneHbl TeHISHIUH (OPMHUPOBaHUS CIIOCOOHOCTH TPaHCIIOPT-
HBIX TPEIIPHUITHI K 3alIUTe CBOUX (PUHAHCOBBIX UHTEPECOB, KOTOPbIC SIBIISIOTCS OOLIMMU AJISI UCCICAYEMbIX 00b-
€KTOB, OOBSACHAIOT 72 % 00IIel N3MEHUYMBOCTH YaCTHBIX XapaKTEPHCTHK M OTPaKal0T OCOOEHHOCTH COBPEMEHHOTO
mporiecca yrnpasieHus (PUHAHCOBO-IKOHOMHYECKON 0€30MacHOCTHI0. DTO 00OCHOBBIBACT ILIEIECO0OPa3HOCTh MpaK-
THUYECKOTO HCIIOJIb30BaHUsI COPMUPOBAHHON COBOKYIHOCTH YaCTHBIX MOKa3aTened (pHHAHCOBO-KOHOMUYECKON
0e30macHOCTH B KadecTBe 0a3MCHBIX MMapaMeTPOB MHTErPaIbHON OLIEHKH €€ COCTOSHHS Ha MPEIIpUsITHUSIX TPaHC-
MOPTHOM OTpaciy Jyisi 00eCIIeUeHNs] CBOEBPEMEHHOT'O BBISIBIICHUS U IIPEJOTBPAILECHNS] BO3MOXKHBIX yrpo3 (QpyHKINO-
HUPOBaHMIO NPeNNPUATHS B QUHAHCOBOU cpeje.

Kniouegvie cnosa: puHaHCOBO-DKOHOMHMYECKAsi OE30MAaCHOCTh; TPAHCIOPTHBIE MPEINPHSATHS; MOJECIHMPOBAHHE
(hmHAHCOBO-?KOHOMHYECKOH Oe30macHocTH; (pakTOpPHBIN aHAIN3

A. 0. NOVIKOV!", M. M. NOVIKOVA*

1*Management of Transport and Communication Infrastructure, Kharkiv Regional State Administration, Svoboda Sq., 6,
Kharkiv, Ukraine, 61001, tel. +38 (067) 913 20 34, e-mail maryna_novikova@mail.ru, ORCID 0000-0001-8623-9431

*Dep. «Management and Marketing in the Urban Economy», O. M. Beketov National University of Urban Economy

in Kharkiv, Marshal Bazhanov St., 12, Kharkiv, Ukraine, 61001, tel. +38 (067) 913 20 34, e-mail maryna_novikova@mail.ru,
ORCID 0000-0002-1238-4262

MODELING OF FINANCIAL AND ECONOMIC SECURITY
OF TRANSPORT ENTERPRISES BASED ON FACTOR ANALYSIS

Purpose. Financial and economic security defines sustainable financial development of the enterprise, that is
balanced and sustained, it justifies the necessity to achieve it through the effective use of all kinds of resources that
are available at the enterprise. The purpose of the article is to improve the methodical estimation bases of the finan-
cial and economic security state at the transport enterprises, taking into account sector specificity for making the ef-
fective management decisions. Methodology. Theoretical and methodical basis of the research is in the systematic
analysis of the process of assessing and modeling of the financial and economic security of enterprises in transport
sector, theoretical principles of economic science in the sphere of financial efficiency evaluation of economic activi-
ties in a changing environment. Findings. The structure of the financial and economic security of the enterprises in
transport industry was studied. The internal communication between the partial indicators of the investigated proc-
ess for selection of necessary and sufficient quantities of the most indicative factors of influence were defined. Par-
tial components of the financial and economic security based on the results of its modeling formation at the transport
enterprises using factor analysis methods were systematized. Originality. Authors improved the methodological ba-
sis of quantitative evaluation of the financial and economic security level at the transport enterprises on the basis of
the aggregate partial indicators, which was formed with industry specificity. This allows evaluating complex estima-
tion of the degree of external and internal factors influence on the financial and economic security at the enterprises
to ensure the effective management decisions making in order to achieve planned financial performance indicators
of their activity. Practical value. Certain trends of forming ability of the transport companies to protect their finan-
cial interests are common for the studied objects. They explain 72% of the total variability of partial characteristics
and reflect the modern process features of financial management and economic security. This justifies practical use
expediency of the formed aggregate of the partial indicators of the financial and economic security as the basic pa-
rameters of the integrated assessment of its state at the transport industry enterprises for providing timely detection
and prevention possible threats of company functioning in the financial environment.

Keywords: financial and economic security; transport companies; modeling of financial and economic security;
factor analyses
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EKCINVIYATAIIA TA PEMOHT 3ACOBIB TPAHCIIOPTY

YK 629.4.053

0. M. TOPOBYEHKO""
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METOHOJIOT'TSI BUSHAYEHHSI BEJINYUHU ITAPAMETPA )
CKVIAJHOCTI HEHITATHOI CUTYAII IIIJL YAC BEAEHHA ITOI3 1A

Mera. [Ipu po3poOii iHTEIEKTyaTbHIX CHCTEM KEpYBaHHS JIOKOMOTHBOM MOCTa€ HEOOXITHICTh B OIIHIN MOTO-
YHOI MOi3HO1 CUTyamii 3 TOUKH 30py Oe3nexu pyxy. st Toro, mob omiHUTH HMOBIPHICTS PO3BUTKY PI3HUX HEIITAT-
HUX CHUTYaIliif B TPaHCIOPTHI MOMil, HCOOXITHO BU3HAYUTH iX CKIQJHICTh. METOIO CTAaTTi € po3poOKa METOOIOTIl
BU3HAUYCHHS CKJIQJIHOCTI HEIITATHUX CUTYaLill IpHU KepyBaHHI JIOKOMOTHBOM. MeToauka. JlJisi JOCATHEHHS OCTaB-
JIeHO{ METH HAaKOIMYEHO CTaTUCTHYHMI MaTtepiall MOpYIIeHb Oe3leKn pyXy; MPUUYMHH ITOPYLIeHb PO3ALIEH] Ha Ipy-
ITK: TEXHIYHUEA (PaKTOp, JIFOACHKHI (aKTOp Ta 30BHIIIHI BIUIMBH. 33 JOMOMOTOK0 TEOpPii NOPUIHUX MEPEIK OTPHUMaHa
MOJIETIb, SIKA HAa BUXO/I Ja€ MapaMeTp CKIaIHOCTI HEeITaTHOI cutyarii. Tum Mepexi: 6araromapoBuii mepcenTpoH i3
riOpUAHUMH HEHPOHAMH MEPIIOro Iapy Ta CUTMOIAHOW (YHKIIEH akTuBalii. 3 BUKOPUCTAHHSAM METOJIB Teopil
HMOBIpPHOCTI MPOBENICHO aHaJli3 OTPUMaHUX pe3ynbTaTiB. PesyabTaTn. Po3podieno minxia 10 ¢popmanizanii BUpoo-
HUYMX CHUTYaliH, sIKi MOXKYTh OyTH OIUCAaHI TUTHKH JIIHTBICTUYHO, IO JO3BOJHMIIO BUKOPUCTATH iX B SKOCTI BX1THUX
JITaHUX MOJIeJi HeITaTHOI cutyallii. BctaHoBIeHO Ta 0OIPYHTOBAHO, 110 MOKa3HUK CKJIaJHOCTI HEIUTATHOI CUTYaIil
MIPH BEJICHHI MOI3/y € BEIMYUHOIO BHITAAKOBOIO U MiAMOPSIIKOBYETHCS HOPMAIEHOMY 3aKOHY po3monaiieHHs. OTpu-
MaHO rpadik iHTerpanbHOl (QYHKINT PO3MOIUICHHS, HA SKOMY BH3HA4YCHI 30HM Oe3MedHOi POOOTH Ta IiIBUIICHOT
HeOe3Mekn BUHUKHEHHS TpaHCIOpTHOI mosii. HaykoBa HOBH3HA. 3ampollOHOBAHO TEOPETHUYHE MIATPYHTS BHU3HA-
YEHHsI CKJIQIHOCTI HEIITaTHUX CHUTYAIil B MMOi3HIA poOOTi, OTPUMAaHO MaKCUMaJIbHE 3HAYEHHSI TapaMeTpy CKJIaJHO-
CTi HEINTATHOI CUTYaIlii, [0 MOXe OyTH IOIMYyIIEeHO B yMOBaX ekciuryaTamii. [IpakTuuna 3HaunMicTs. [locTiiHui
MOHITOPUHT 1i€] BEIMYMHHU A03BOJISIE BYACHO pearyBaTy Ha 3arpo3y BUHUKHEHHs HeOe3leKH, a OTPUMaHHs 11 B 4H-
ceNbHIN (OopMi — BUKOPHCTOBYBATH SK OAMH i3 BXIIHUX MapaMeTpiB I poOOTH iHTEIEKTYaIbHOI CHCTEMHU Kepy-
BaHHSI JIOKOMOTHBOM, Ha IIJICTaBi sIKOTo Oy/ie NpUIMaTHCS PIILIEHHS PO IOJAIBIII Kepyoyi Jii.

Kniouosi crosa: 6e3neka pyxy; HEIITaTHA CUTYAIlisl; TOKOMOTHBHA OpHTaja; iHTEIeKTyadbHa CHCTEMA

Beryn AmHauni3 fociikeHs Ta myomikanii. besmneka pyxy
Ta HaIMHICTh epraTUYHUX CHCTEM Ha TPaHCIIOPTi
€ TIPEMETOM TMOCTIMHOTO BUBYCHHS 1 IOCITIKECHB [2,
5, 9]. ICK Bce Oinbllie BUKOPHUCTOBYIOTHCS 1 TTOIITH-
PIOIOTBhCSI B TEXHIUYHHUX CHCTEMax Ta TpH KepyBaHHI
CKJIaTHUMH TeXHIYHHUMHU 00’ ekTamu [4, 6]. Ha 3ajmis-
HUYHOMY TPAHCIOPTI BOHU TaKOXK MArOTh CBOi Iepc-
NeKTuBU BpoBapkeHHs [12, 13]. Teopernuna 6aza
JUTSL ITHOTO TIOCTIHHO TOTITHOIIOETHCS, 30KpeMa (op-
MaJTi30BaHa 3a JOMOMOTOI0 TiIOpUIHIX MEpEK 3aaada
BU3HAYCHHS CKJIQJHOCTI HEINTATHUX CHUTYaIlii, IO
BUHUKAIOTH ITiJT 9aC KepyBaHHS JIOKOMOTHBOM [3].

ITocranoBka mpobOaemu. [l BIpoBaJKEHHS 1H-
TenekTyanbHuX cucteM kepyBaHHs (ICK) pyxommm
CKJIaJIOM HEOOXiAHO (GopMati3yBaTH IMPOIEC OIHIO-
BaHHs MAIIIUHICTOM JIOKOMOTHBA OTOYHOI MOi3HOT
cuTyaii 3 Toukd 30py Oesneku. Toxi cucrema Oyne
TIOBHOIO 1 3MOJKE B3STH Ha ce0e (PYHKIIIO ONepaTHB-
HOTO MOHITOPHHTY Oe3MeKH ITij] Jac moi3aku. Ckiam-
HICTh TYT IMOJIATAE B TOMY, IO JJOKOMOTHBHA OpHra-
Jla B CBOIX CY/DKEHHSX CIIUPAETHCS HE HA IU(pH Ta
dhopmynH, a Ha Cy0’ €KTUBHHIA JOCBIJT T2 3HAHHS.
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Merta

JlJis MpaKTUYHOTO 3aCTOCYBaHHS B CHUCTEMax
IHTEJIEKTYyalIbHOTO KEPyBaHHs JIOKOMOTHBaMH 0J10-
KiB OLIIHIOBAHHS CKJIAIHOCTI MOTOYHOI HEIITATHOI
cutyarii (HC) moTpi6Ho dopmaiizyBaT i BU3Ha-
YUTU BEJIUYMHY I[OT'O Mapamerpa. BaxauBum 3a-
BJIAHHSAM TaKOX € OOTPYHTYBaHHS HOro rpaHUYHO-
T0 3Ha4YeHHs, PH KoMy ckianHicte HC moTpidbHO
BBa)kKaTH HEOE3MEUHOIO 1 3aCTOCOBYBATH HEOOXiIHI
3aX0/IM 3a1100IraHHs MOKJIMBOI HEOE3IIEKH.

MeTtoaunka

MeTtonosoris oniHtoBanHs ckiaanocti HC npu
KepyBaHHI JIOKOMOTHBOM PO3po0JIeHa 3 BHKOPHC-
TaHHAM OOCTaBHH PEaJIbHUX BUIIAJKIB NOPYIICHHS
Oe3neku pyxy. Sk mpukiaz BUKOPUCTAHHS 3aIpo-
[IOHOBAHOI MOJIEJI1 OLIHUMO CKJIAJHICTh HENITATHOL
cutyarii, mo cramacs 9 yepBHs 2008 poxy. Ilix
Jac BUKOHAHHS MaHEBPOBOi POOOTH IO CTAaHIIii
Tepuomnine-Bantaxkuuit [1] TteruoBozom 2M62-
0765 nomymieHo 3ITKHEHHS 3 KPaHOM KOJIHHOTO
yknamgunka YK-25. B pe3ynbTari 3iTKHEHHS cMep-
TEJIBHO TPAaBMOBAHO €JIEKTPOTa303BaplOBaIbHUKA,
MOLIKO/PKEHUH PYXOMHUH ckiaa. MamuHicT oTpu-
MmaB komauay JCII: 3 31-i xomii 3aixaTu 3a MaHeB-
poBuit cBiTIohop M12 i dekatm KOMaHIy Iona-
JBIIUX MaHEBPOBHX IepecyBaHb. JIOKOMOTHBHA
Opuraga 3a 2,5 xB 3MiHWIa KaOiHy ympaBlliHHS
1 mpu mpsimyBaHHI 1o 31-1 xomii 3a 150 M 1o
curHainy H31 3 OinmuMm BOrHEM NpH IIBHAKOCTI
30 KM/TOA MAaIIMHICT 3aCTOCYBaB TajbMYyBaHHS
KPaHOM JIOTIOMI’KHOTO TajbMa 3 HAllOBHEHHSM ra-
JTEMOBUX IHJIHAPIB 10 2,8 KF/CMZ, IIBUIKICTH
3MEHIIWIACH TMOBUIBHO 3 TMPUYMHU PO3’€IHAHHS
MIXKCEKI[IfHUX pPYKaBiB CHCTEMH [OIIOMIXHOTO
ransMa. [Ipu monanpmomy nmpsMyBaHHI IO yXHILy
0,005 3a 50 M 110 BaroHiB 3aCTOCOBaHO EKCTpPEHE
raqbMyBaHHsI, aje 3ITKHEHHIO MaIlMHICT HE 3amo-
0ir. MammuHicTOM JOMyIIeH] Taki HOPYIICHHS: BU-
moru 1. 12.4 TITE, Iactpyxkuii Ne [[T-0056 B wac-
TUHI TIpUAMaHHS TEIUIOBO3a B JIOKOMOTUBHOMY
JeT0 IIOA0 NEepeBipKH HMOTr0 TEXHIYHOTO CTaHy;
Bumoru 1. 1.37.7 Hakxazy Ne 555/H-2007 momo
MEPEKITIOUeHHST YEepBOHOTO BOTHIO Ha OUTHHA BO-
TOHBb JJOKOMOTHBHOTO CBITJIO(hOpa MiCHsl IPOCIiy-
BaHHs cBiTNIodopa H-31 Ta cmimyBaHHS i3 MIBUA-
kictio 30 KM/rox TpH JAomycTUMidi He Oinblie
20 km/ron; Bumoru posniny 4 Iacrpykmii Ne I[T-
IB-IJI-0015 mono BUKOHAHHS MOPAIKY 3MiHU
KaOiHM KepyBaHHS TEIIOBO30OM: IPOTATOM TPHOX

doi 10.15802/stp2014/33077

XBUJIUH JIOKOMOTHBHOIO OpHWTamor0 3aiiicCHeHa
JIBOpa30Ba 3MiHa KabOiHM yNpaBIliHHA, 0 YHEMO-
JKJIIMBIIIOE BHUKOHAHHS BCTaHOBIICHOTO MOPSIKY;
Bumoru 1. 4.4 Ne IT-LIB-1IJI-0015: miciasa 3miHK
KaOiHM YTIpaBJIiHHA Ta IPUBEACHHS B PyX JIOKOMO-
TUBa 1 cmigyBaHHI 1mo 31-iif Kouii JIOKOMOTHBHA
Opuraga He mepeBipwiia JiF0 JAOTOMIKHOTO TaibMa
MIpH TIBUAKOCTI pyXy 3—5 KM/TOA 10 OTPUMAaHHS
MMOYaTKOBOTO TAJIbMIBHOTO €(EeKTY; HE 3aCTOCYBaH-
HS yciX 3ac00iB eKCTPEHO1 3yHHKHU (KOHTPAcTpyM).

TpaHCIOPTHOIO MOAIEI0, IO OMUCYETHCS BHIIIE,
€ 3iTkHeHHs. L[poMy mepeaye HelTaTHa CUTYyaIis,
B SIKii ONMHWJIACH JIOKOMOTHUBHA OpUraga — HEMO-
JKJTMBICTh 3yITUHUTH JIOKOMOTHB.

MopnenroBannas BuHukHeHHss HC BHKOHaHO 3a
JTOTIOMOTO0 TIOPUAHOT Mepexi, MO SBJSE COOOI0
OaraTomapoBwuii nepcentpoH (puc. 1) [3, 11].

BusnaunMo B miff cHTyallii CHTHAIH, 110 TTOBH-
HHI OyTH mojani Ha Helipon JID (mroncekuii dak-
Top): 1 — mopyIIeHHA MOPSAKY HEepeBIpKH TeXHid-
HOTO CTaHy MpH NpUHMaHHI TEIIOBO3Yy B JIeNO; 2 —
TIEPEBUINIEHHS MIBUIKOCTI; 3 — MOPYIIEHHS MTOPSAKY
3MiHH KaOiHU KepyBaHHS; 4 — HE3aCTOCYBaHHS yCiX
3ac00iB €KCTPEHOI 3YITHHKH.

CurHaj, mo TOBWHEH OyTH TOMAaHWN Ha HEH-
pon T® (rexuiunuii dakrop): 1 — po3’eaHaHHS
MDKCEKUIHHUX pYyKaBiB CHCTEMH JOMOMIXHOTO
rajpMa.

CurHan, mo TOBUHEH OyTH TOJAHWN Ha HEH-
poH 3D (30BHImHINA pakTOp): 1 — IpsAMyBaHHS 11O
yxuiy 0,005.

Tenep moTpiOHO BU3HAYNTH Bary CHTHAIIB (W),
IO € XapaKTePUCTHYHUMHU QYHKI[ISIMH CUTHAIIIB Ha
Bxofi. [lpu mpomy OymeMo KOpUCTYBaTHCS HEUiT-
KHMU 1 JTIIHTBICTHIHUMHY 3MIHHAMU.

dopmainizallisi OMMCaHHS BUPA3y «IOPYIICHHS
MOPSIKY NPUHAMAaHHS TEIJIOBO3y B JAEMO» MOXKE
OyTH TIpoBe/ieHa 3a OTIOMOTOK) HACTYITHOI HEediT-
koi 3minHOT (o, X, A) [10], 1e o — mepeBipka Tex-
HIYHOTO CTaHy NMpH NpPUIMaHHI JOKOMOTHBA BHUKO-
HaHa B oBHOMY o0csi3i; X = [0, 19]. Came Takuit
iHTepBai oOpaHuit Ha miAcTaBi [HCTPYKIil 3 TexHi-
YHOTO 00CIYrOBYBaHHS €JICKTPOBO3IB 1 TEIIOBO31B
B ekcruryatamii Ne I1[T-0056. B Hiii nepexbadeno
MIEepEITiK OTepalliid, Mo MOBHHHA BUKOHATH JIOKO-
MOTHBHa Opuraza Npu NpPUHMaHHI JIOKOMOTHBA,
B KibkocTi 19 HalimenyBans (1. 2.2.2); A — HediT-
Ka MHOXHMHA Ha X, IO OMHUCY€E XapaKTePHCTUYHY
yrxmito py(x) [7].

Burnsag ¢yHKUIT nprHATEKHOCTI L (X) HaBee-
HUH Ha puc. 2.
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Puc. 1. Mojenis BUHHKHEHHS HEIITATHOI CUTYaIlil 3 0araToapoBUM IePCeNTPOHOM

Fig. 1. The model of the unforseen situation with multilayer perceptron

1A

1,0

Wnep1

05t

5 10

19 ~

Puc. 2. 3anexHiCTb Baru Wyg) CUTHAITY Xn) = «IOPYIIEHHS MOPSAAKY NEPEBIPKH TEXHIYHOTO CTaHY
IIPY IPUHMAaHHI TEIJIOBO3a B JIENO» Bl (PaKTUYHOTO 00CATY MepeBipKU

Fig. 2. The dependence of the weight wy4; signal x,4, = «the violation of the checking procedure for
the technical condition of the locomotive depot acceptance» from the actual verification volume

Jlnst BUNaaKy, o po3riisiiaeThCs, MOYKHA BIICB-
HEHO CKa3aTH, 110 MepeBipKa TEXHIYHOTO CTaHy JIO-
KOMOTHBa Oyjla BUKOHAHA B 3HAYHO CKOPOUYCHOMY
00cs3i, TOOTO MOXKHa MPUIYCTUTH, o X << 10.
BianoBigHo Bara IbOrO CUTHAILY W1 = 1.

AHaJIOTIYHUM YMHOM BHM3HAYAETLCS Bara CUr-
HalB, 1[0 HaBemeHl Buie. Toal MHOXHHA Bard
JIFOJICBKOTO (hakTopa:

qu) = (Wﬂtl)la Wid2, W3, Wﬂ(b4) = (15 1> O3a 04),
MHOKHHA Bard TEXHIYHOTO (baKTopa:
Wig = (Wig1) = (1);

MHO>XFHA Bard 30BHIITHBOTO (hakTOopa:

doi 10.15802/stp2014/33077
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W3¢ = (W3¢1) = (0a4)

OkpeMo TOTPIOHO CKa3aTH MPO TMPUCBOEHHS
(dakTopa «po3’€qHAHHS MIXKCEKI[IHHUX pPYKaBiB
CHCTEMH JOIOMIKHOIO raibMa» Baru 1. AnpiopHa
iHdopMaris mpu i BU3HAYEHHI TaKa: CIPaBHICTh
rajJbMIiBHOI CHUCTEMHM T0i3/1a (JIOKOMOTHBA) € OJI-
HUM 3 BHpIiIaNbHUX (pakTopiB Oe3neku pyxy. Lleit
GbaxTop pO3rsAAaBcs SK CKIAJ0Ba YacTHHA TEPM-
MHOXXWHH «HecmnpaBHOCTI TaabMIiBHOTO TIOBITPO-
MPOBOJY JIOKOMOTHBA», IO SIKOi HaJjeXaTb Taki
TepMu: «BifncyTHs BUTOKa TOBITps», «Hesnauna
BHTOKA ITOBITPSD» 1 TaK AaJTi 10 KPAWHKOTO BUMAAKY
«PozpuB 'M». Hagits sikmio 6 ¢akTop xapakrepu-
3yBaBcsl TepMOM «He3HauHa BHUTOKa MOBITPS», TO

© O. M. T'opob6uenko, 2014
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1 B IIbOMy BHIAJKy Bary Wiy HOTpPiOHO Oyio
0 mpusHauatu He Hik4e 0,8 3 ormsay Ha 3HaUy-
micts ¢aktopa. ToMy IITKOM IPUPOIHO, IO (ak-
TOp «pO03’€THAHHS MIKCEKLIHHUX PYKaBiB CHUCTE-
MH JOIOMDXHOTO I'ajibMa» OTPHUMAaB MaKCHUMaJIbHY
Bary wyg =1.

[lincTaBnsitoun 1 BUXimHI gaHi B TiOpumHy
MEpeXy Ha pHc. 1, micnsd po3paxyHKy MaeMo
Xue = 0,982. Ile o3Hauae, 0 B pe3yIbTaTi HECTIPU-
ATIUBOTO 30iry 00CTaBUH, IO ONHCYETHCS B aHAII-
31, yTBOpuWiacs Maike HalcKiaaHila HemTaTHa
CHUTYyallis, IMOBIPHICTh IEPETBOPEHHS SKOI B TpaH-
CHOPTHY MOJII0 Ty>Ke BEJIHKA.

Takox MpoaHali3yeMo 3a JOIIOMOTO0 TiOpui-
HOI MepeXi HACTYIMHHWH BHMANOK, OCKIIBKA TYT
BIZICYTHIH TeXHIYHUH (akTop, aje € BIUIMB 30BHi-
mHiX (akropis. | Bce 3anexano Bif Aid JOKOMOTH-
BHOI OpuTaIH.

02.10.2008 poky o mepIriii ToAUHI OJHIA XBH-
JMHIA TPU MaHEBPOBOMY MeEpECyBaHHI MO CTaHII
Jxankoit TeroBo3oM 2TE116 Ne 1582 cekii «b»

cTanocs 31ITKHEHHS JIOKOMOTHBA 3 TOJIOBHUM Baro-
HOM moi3aa Ne 615 3a Takux obctasuH. [Ipu BUizmi
3 meno /[)kaHKOW MalIMHICT OTpUMAaB IUIaH PoOo-
TH: Big cBiTiodopa M70 3a ceitnodop M30, mortim
Bix cBiTioopa M30 Ha BUtbHY KoIifo SHO, 3 xomii
SIO 3a cBitnodop M34 ta Big ciTiodopa M34 Ha
3aifHATy komito 410 min cocras. [lepen mpocminy-
BaHHSM cBiTIIOhopa M34 3aaHIM X0I0M TEIIIOBO3a
JIOKOMOTHBHa Opurazna, TMOpPYIIYIOYM BHUMOTH
n. 3.15 LT-0106, He oTpumana HiATBEPIKEHHS
JCII mpo TOTOBHICTH MapHIpyTy NPSMYyBaHHS Ha
3aiHaTy koo 410. [lig yac mpsMyBaHHS Ha 3a-
HuaTy moizmom 615 komito 410, mopymyioun
n. 15.24 TITE, nokomoTnBHa Opuraga He CIiAKY-
Bajia 3a BUIBHICTIO KOJIii Ta pO3MIMIEHHAM PyXOMO-
ro cKiany, nopyurytoud 1. 5.1 inerpyxkuii LIT-1IB-
1JI-0015, mammHicT mpu mix’i3mi 10 cocrtaBa He
BHKOHAB 3YITMHKY JIOKOMOTHBa Ha Bimctadi 5-10
METpIB BiJl MEpLIOro BaroHa. BHacmimok yoro cra-
JIoCsl 3ITKHEHHS TEIUIOBO3a 3 TOJIOBHUM BaroHOM
moizmga Ne 615 npu mBuaKOCTI 18 KM/TOST.

Tabmums 1
HecnpasHnocti ocHoBHOr0 001aqHanHs TPC 3a 2007-2008 poxn
Table 1
Failures of basic equipment HDS for 2007-2008
3anizHuLs
Hom. JIbBiB. Opec. [MiBneH. I1-3ax. MpuH. Vxp3ai.
OO0OnagHaHHsg - = - - - = - = - = - - - =
S|8|8|8|8|8|8|8|&8|&8|8|&8|&|%
Juzens 7 1 8 18 6 11 | 12 | 15 1 7 2 1 36 | 53
I'onoBHwMii reneparop 0 0 0 1 0 1 1 0 0 1 0 0 1 3
CuIoBi TpaHc. peaxT. 0 0 0 0 0 4 0 0 2 2 0 0 2
TEJ 1 3 5 4 11 | 12 2 2 4 9 4 8 | 27 | 38
T 2 0 1 0 0 0 0 2 0 5 0
JlomoM. Mex. o0aH. 1 0 2 2 1 8 0 4 2 0 3 2 9 16
JlomoM. eir. oOmaH. 1 0 1 2 3 0 0 2 1 2 0 2 6 8
KoumicHi mapu 0 0 1 2 2 0 0 0 0 0 2 1 5 3
Bykcu xomicHux map 1 0 1 1 6 5 1 1 7 5 3 6 19 | 18
KomicHomoTOpH. 010K 2 0 5 4 6 1 0 6 6 4 4 4 |23 ] 19
Cuuosi kKoia 4 13 2 3 12 7 4 3 10 | 10 | 11 | 14 | 43 | 50
H/BosbTHI KONa 5 4 9 0 18 | 15 8 1 9 14 5 6 54 | 40
En. an-pa cunosa 4 1 1 1 4 0 1 0 1 1 1 2 12 5
En. am-pa xin ynp-as 0 0 0 0 0 0 1 0 0 0 0 1 1 1
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3akiHueHHs Tabdu. 1

End of Table 1

3aai3HULL
How. JIbBiB. Opec. [MiBnew. I1-3ax. MpumH. Vxp3ai.
OO6tagHaHHS
Els | 8| s | &8s | & |5 |&8|s|&8|&s|&]| s
S S S S (= S S S S (=] S S S S
[\l N N [9\] N N [9\] [9\] N [\l [9\] N N [\l
AxymynsT. 6aTapes 0 0 2 1 2 4 0 0 1 0 1 1 6 6
TaneMiBHE 00IadH. 1 0 5 0 2 5 2 0 5 3 6 0 21 8
Bizok 0 1 0 1 0 2 0 1 0 2 2 1 2 8
ABTO34el 0 0 0 0 1 0 0 0 1 1 0 0 2 1
JlaxoBe 00JaTHaHHS 2 1 1 3 4 5 1 1 6 7 4 5 18 | 22
Hesipsi nii Opuran 1 6 7 8 10 8 1 2 7 6 6 9 32 | 39
Bcroro 32 1 30 | 51 | 51 88 | 88 | 34 | 38 | 63 | 74 | 56 | 63 | 324 | 344

BusHaunMmo curHamu IS mofadi Ha HEHPOH
JI® (moncekmii hakTop): 1 — Opurama He oTpUMa-
na migreepmxenHs JICIT npo roToBHICTE MapHipy-
Ty TpsSMyBaHHS; 2 — JIOKOMOTMBHA Opwurana He
CIiAKyBaNa 3a BUTBHICTIO KOMIl Ta PO3MIIICHHSIM
PYXOMOTO CKJaay; 3 — MallMHICT MpH MHix 311 10
COCTaBa HE BUKOHAB 3YMTUHKY JIOKOMOTHBA.

Curnanm, Mo TOBUHHI OyTH MTOAaHiI Ha HEHPOH
T BiacyTHi.

CurnHainu, 1o MOBUHHI OyTH MOAaHI Ha HEHPOH
3®d: 1 — HemocTaTHA BUAUMICTh B TEMHHM Yac JI0-
0m; 2 — HEOCTATHS BUANMICTh Yepe3 MpSIMYyBaHHS
OJITHIEIO CEeKIi€r0 KaOiHO Ha3aj; 3 — MpsMyBaHHS
Ha 3alHATY KOJIIO.

3Fi,I[HO 3 HABCJACHUM BHIIC MNOPSAAKOM BH3HA-
YCHHJ Baru CI/IFHaJ'IiB, BCTAHOBJIIOEMO:

Waip = Wag1, Wag2, Wag3) = (0,8; 1, 1);
MHOKHMHA Bar 30BHIIIHBOrO (aKTOpa:
Wag = (Wap1, Wag, Wag3) = (0,45 0,8; 0,8).

B pesynbTaTi po3paxyHKy MaeMo X = 0,262.

Mu 6aunmo, IO MOPIBHSHO 3 MEPIINM OIHCA-
HUM BHIIaJIKOM CKJIQIHICTh HEIITAaTHOI CHUTYyaIli
OyIia 3HaYHO HIXKYE, ajie BOHA BCE JK TaKU MpHU3Be-
Jia 10 TPAHCMIOPTHOT MOii.
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Puc. 3. Po3noain TpaHCTIOPTHIX MO 32 CKIIAJHICTIO HEIITATHOI CUTYAITil

Fig. 3. The distribution of accidents according to the complexity of the unforeseen situation
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Tomy mocrae 3aBIaHHS BHU3HAYUTH BEJIUYMHY
Xuc, TIPH TICPEBHUIICHHI SIKO1 IMOBIPHICTh BUHHK-
HEHHSI TPaHCHOPTHOI MOAil CTae NOCTaTHBO BEIH-
Ko10. [{ns iporo moTpiOHO BUKOPUCTATH CTATHCTH-
yHi gadi. He3Bakaroun Ha Taki BHUIAJIKH, SKI OIH-
caHi BUIIE, Je /11 YHUKHCHHS TPAHCIOPTHOT MOIil
He TOTPIOHO OYJO HISKMX TEXHIYHUX 3acO0iB Ta
JOJATKOBUX 3aXOJiB, a JIMIIE BUKOHAHHS JIOKOMO-
THBHOIO OpHUTazior CBOIX 00OB’S3KIiB, BCE XK JIOJIS
BUMAJIKIB 3 TEXHIYHUX MPUYMH 3aJTUILAETHCS TYyXKe
BENMKOI0. 3 AaHUX MPO NPUYUHHM TPAHCHOPTHUX
MOJiil BUAHO, HIO SIKICTh PEMOHTY Ta yTPHUMaHHS
PYXOMOTo CKJIaJy 1ie fajeka Bif ineansHoi (Tab. 1).

PesysbTarn

3aragoMm 3a JOMOMOTOIO PO3POOJICHOI TiOpHI-
HOI Mepexi OyJio po3paxoBaHO CKJIaIHICTh HEIITa-
THUX CUTYyalliil 1y 73 TpaHCIIOPTHUX TOTiH.

PosnonineHds mapaMerpa Xy, I i€l BUOIpKH
HaBeJIEHO Ha puC. 3.

CepenHe 3Ha4YCHHS MMOKA3HUKA CKIIAHOCTI HEIlTa-
THOI CHTYaIlil 3 HaBeZieHOI BUOIpKY Oy/ie CKIanaTu

n
__leﬁc
Xpe =—

n

, (1

II€ X, — 3HAUCHHS TIOKa3HHMKa CKJIQJHOCTI HEIITAaT-
HOI CHTYAIii ISl i€l TPaHCIOPTHOI MOAiT; 77 — KiJb-
KICTh TPAHCIIOPTHHUX MOIiH, III0 PO3IIIAAETHCS.

x,. =0,607.

Jucnepcist moka3HUKa CKIIATHOCTI

n ( )2
2 g d
- : :1 Xci ~ Xue (2)

o, =0,0376.

Po3nonin TpaHCOPTHUX MOAIN 3a CKIamHIC-
TI0 HC mianopsSakoByeThCS HOPMAIbLHOMY 3aKO-
Hy. lle mepeBipeHo 3a gonomMorow kpurepiro I1i-
pcona y* [8]. Jnst mauroi BuGipku (puc. 3) Kkpu-
THYHE 3HAYCHHS KPUTEPIIO0 ¥~ MPH YHCIi CTyIe-
HiB cBoboxu df = 7 Ta piBHIO 3HAYYLIOCTI
0,05 : XZKP(7; 0,05) = 14,068. B pe3ynbraTi po3pa-
XYHKIB 3HAJICHO BEIUYMHY KPHUTEPIl0, IO CIO-
CTepiraeThes, Yo = 8,539. B Hamomy BHmamky
Lip > Aens TOMY POOUMO BUCHOBOK, WO TiloOTe3a
PO HOpMalibHE PO3MOAUICHHS JaHHUX Ha pHUC. 3
M ITBEPIKYETHCS.

HaykoBa HOBM3HA Ta NPaKTUYHA
3HAYUMICTh

KpuBa p(x,.) Ha puc. 4 xapakrepusye CKIaf-
HICTh HEINTATHUX CHUTYyallili, 10 NPU3BOIATH JIO
BUHUKHEHHS TPAHCIIOPTHUX IMOJIH.

1,2
P(XHc)

30Ha niaBuLLIEHOT
Hebe3nekn BUHUKHEHHS

0,8

TpaHCNOPTHOI noAll

0,6

0,4

3oHa Be3neyHol
poboru ICK

0,2

XHC

0 - .
0,4

0,6 0,8 1 1,2

Puc. 4. IarerpanbHa QyHKIISA pO3NOAUTCHHS P(Xyic)

Fig. 4. Cumulative distribution function p(X.)
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IToTpiOHO BU3HAYUTH, TIPH STKOMY MaKCHMAaJIb-
HOMY 3HAQUEHHI Xyepqy HEIITATHA CUTYAIlSl CTAE JO-
CTaTHBO 3arpo3JIMBOIO, MO0 CTaTH MPUYHHOIO BU-
HUKHEHHS TpaHcnopTHoi mojii. J[is BU3HAYCHHS
BOTO 3HAYCHHS TMPOMOHYETHCS CKOPUCTATHUCS
IIpaBUJIOM «JIBOX CUTI'M», TOMY LI0 MPABUJIO «KTPHOX
CUTM» 3aBJIa€ JIy’Ke KOPCTKI KPUTEpii 0 MOKa3HHU-
Ka Xy, KOJU TPAKTUYIHO BCI CHUTYyaIlil TIPH BEICHHI
noizaa 3 iMoBipHicTio 0,9973 OynyTh BBa)kaTUCS
3arpo3IUBUMH JUTs Oe3neku pyxy. OTke BeTHUHHA
MaKCHMAJIbHO MOXIIBOTO B €KCILTyaTallil mapamMe-
Tpa Xy MOXe OyTH PO3paxoBaHoO 3a (GOPMYJIOH0

Xyemax = Fue _2GxHC >

3)

Ie X,, — CepeIHe 3HaYEeHHS CKIaAHOCTI HeIITATHOT
CUTYalii 3riJHO 3 CTATUCTUYHUMH JaHUMH; G, —

CCPCAHBOKBAAPATHUYIHC Bi,ZlXI/IJ'IGHHSI Xyc-

=0,607 —2x0,194 = 0,219.

xHC max

IIpu nocsruenHi nporo 3HaueHHss HC motpioHo
BBa)KaTH HeOE3NMEeYHO 1 BXKUBATH 3aXOJliB 3 yCy-
HEHHS TTPUYHH, IO MiIBUIIYIOTH 11 CKIaIHICTb.

BucHoBkH

B pesynbrati po3poOku MeToj0JOril BU3HA-
genHs ckimagHocti HC oTpumaHO MOXIIMBICTH
BBEJICHHS IIHOTO IMapaMmerpa [0 BUXIJIHUX JTaHHX
poOOTH IHTEICKTYalbHUX CHUCTEM KEPYBaHHS JIO-
KoMoTHBOM. Lle mo3BONMUTH BHECTH MO MOjETi Ke-
pyBaHHS TIOI3I0M BXKJIMBI NaHI IS ITOTOYHOTO
OIIIHIOBaHHs cTaHy Oe3neku. OTpuMaHe MaKCUMa-
JbHE 3HAYEHHS MapaMeTpa X, MOTPIOHO Ui BH-
3Ha4YeHHS MOMEHTY, KOJIM HaBKOJIHIIHS MOI3HA CH-
Tyallisl CTa€ HACTIILKU 3arpo3JIMBOIO, 110 HEOOXi-
HO BXKHTH 3aX0[iB 3 11 KOperyBaHHsI.
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METOJOJIOT S ONIPEJAEJEHUS BEIUUNHBI TAPAMETPA
CJIOKHOCTH HEIITATHOW CUTYALIMY BO BPEMSI BEJEHWS
MOE3/IA

Heab. [Ipu pa3paboTke WHTEIIEKTYyalbHBIX CHCTEM YIPABICHHUS JOKOMOTHBOM BO3HHKAET HEOOXOIUMOCTH
B OIIGHKE TEKYIIEH MOEe3THON CUTYaIlMH C TOYKH 3PEHHS 0e30MacHOCTH ABMXKEHHA. (s TOro, 4ToOBI OICHHUTH
BEPOSTHOCTh PA3BUTHA DPA3IMYHBIX HEIITAaTHBIX CHTyallMd B TPAHCIOPTHBIE IPOWCIIECTBHS, HEOOXOIUMO
OTIPEZICNIUTh WX CIIOKHOCTH. Llenmpio craThm SBISETCS pPa3pabOTKa METOHOJOTHH OIpPENETCHHS CIIO0KHOCTH
HEIUTAaTHBIX CUTYallMi IpU YIPaBICHUU JIOKOMOTUBOM. Metoauka. /[ IOCTUXKEHUS IIOCTABJICHHOW LENH
HaKOIJICH CTaTUCTUYECKHH MaTepuall HapylIeHUi 0Ee30MacHOCTH IIBMIKEHUS; NMPUYUHBI HApYIIEHUH pa3JiesieHbl
Ha TPYMNIbL: TEXHUYECKHH (hakTop, uenoBeueckuil (akrop M BHeNIHHME Bo3neicTBUs. C IMOMOIIBIO TEOpUHU
THOPUIHBIX CETeH MoJydyeHa MOJeNb, KOTOpasl Ha BBIXOZE JaeT rapaMeTp CJII0KHOCTH HEITaTHON cuTyauuu. Tun
CeTH: MHOTOCIIOMHBIH TEpCeNnTpPOH C THOPUIHBIMH HEHPOHAMHU IIEPBOTO CJOS M CHUTMOUAHOM (yHKuMeH
aktuBanuu. C HCNONB30BAHMEM METOJOB TEOPUU BEPOSTHOCTU IMPOBEAEH aHAIU3 IOJYyYEHHBIX PE3yJIbTATOB.
Pe3yabTaThl. Pa3paboran moxxon K ¢opManm3aliiil MPOHW3BOJICTBEHHBIX CHTYaIllii, KOTOpbIE MOTYT OBITH
ONMCAHbl TOJBKO JIMHTBUCTHYECKH, YTO IO3BOJIMJIO MCIOJB30BaTh MX B KAay€CTBE BXOAHBIX JAHHBIX MOJEIH
HEIITATHOW CUTyalluu. YCTaHOBIEHO M OOOCHOBAaHO, YTO ITOKa3aTellb CIOKHOCTH HEIITATHOW CHUTYaIlMH MpH
BEICHUM II0€31a SBJISIETCS BEJIMYMHOM CIy4yalHOM M TNONUYUHAETCS HOPMAaJbHOMY 3aKOHY paclpeleieHUs.
[Monyyen rpaduk HHTErpaIbHON (YHKLUHU pacrpeieieHus, Ha KOTOPOM OIpeieNieHbl 30HbI 0€301acHOM PaboThl U
MOBBIIICHHOW ONACHOCTHM BO3HUKHOBEHUS TpaHCHOpPTHOro mnpoucuiectsus. Hayynass HoBu3Ha. IlpennokeHbl
TEOPETUYECKHE OCHOBBI OINPEAETICHUSI CIOXKHOCTH HEIUTATHBIX CUTyalMid B T0e3qHON pabote, MOJyueHO
MaKCUMallbHOE 3HAYEHHE IapaMeTpa CIIOKHOCTH HELITATHOW CHUTyallud, KOTOpas MOXET OBbITh JOIyllieHa
B yClOBHUAX 3KcIulyartanuu. IlIpakTudyeckas 3Ha4YUMOCTb. [[0CTOSSHHBI MOHUTOPUHT 3TOW BEJIUYHUHBI IO3BOJISIET
CBOECBPEMEHHO pearupoBaTh Ha Yrpo3y BO3HHMKHOBEHHsS ONACHOCTH, a IIOJy4YEHHE €€ B 4YHCIEeHHOH (opme —
WCIIOJIb30BaTh KaK OJMH U3 BXOJHBIX AapaMETPOB AJIsi paOOTHl MHTEIUIEKTYAIbHOW CUCTEMBI yIIPaBJICHHS JIOKOMO-
THBOM, Ha OCHOBAaHHH KOTOPOTO OyIeT MPUHUMATECS PEUIeHIE O JaJbHEHIINX YIPABISIOMUX IHCTBUIX.

Kniouesvie crosa: 6€30maCHOCTD TBMKECHUS; HEIITATHAS CUTYAIlHS, IOKOMOTHBHAS OpHUraia; HHTEIUICKTyabHAas
cucrema

0. M. HOROBCHENKO'""

"Dep. «Operation and Maintenance of Rolling Stock», Ukrainian State Academy of Railway Transport, Feiierbakh Sq., 7,
Kharkiv, Ukraine, 61500, tel. +38 (063) 580 27 13, e-mail superteacher@yandex.ru, ORCID 0000-0002-9868-3852

METHODOLOGY FOR DETERMINING THE VALUE OF COMPLEXITY
PARAMETER FOR EMERGENCY SITUATION DURING DRIVING
OF THE TRAIN

Purpose. During development of intelligent control systems for locomotive there is a need in the evaluation of
the current train situation in the terms of traffic safety. In order to estimate the probability of the development of
various emergency situations in to the traffic accidents, it is necessary to determine their complexity. The purpose of
this paper is to develop the methodology for determining the complexity of emergency situations during the locomo-
tive operation. Methodology. To achieve this purpose the statistical material of traffic safety violations was accu-
mulated. The causes of violations are divided into groups: technical factors, human factors and external influences.
Using the theory of hybrid networks it was obtained a model that gives the output complexity parameter of the
emergency situation. Network type: multilayer perceptron with hybrid neurons of the first layer and the sigmoid
activation function. The methods of the probability theory were used for the analysis of the results. Findings. The

doi 10.15802/stp2014/33077 © O. M. T'opob6uenko, 2014

57



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

Hayxka Ta nporpec Tpancropty. BicHuk J[HIponeTpoBcbKoro
HAI[IOHAJIBHOTO YHIBEPCHUTETY 3aIIi3HUYHOrO TpaHcmnopty, 2014, Ne 6 (54)

EKCIUTYATANIA TA PEMOHT 3ACOBIB TPAHCIIOPTY

approach to the formalization of manufacturing situations that can only be described linguistically was developed,
that allowed to use them as input data to the model for emergency situation. It was established and proved that the
exponent of complexity for emergency situation during driving the train is a random quantity and obeys to the nor-
mal distribution law. It was obtained the graph of the cumulative distribution function, which identified the areas for
safe operation and an increased risk of accident. Originality. It was proposed theoretical basis for determining the
complexity of emergency situations in the train work and received the maximum complexity value of emergency
situations that can be admitted in the operating conditions. Practical value. Constant monitoring of this value allows
not only respond to the threat of danger, but also getting it in numerical form and use it as one of the input parame-
ters for the locomotive intelligent control system. The decision on further control actions will be based on it.
Keywords: safety; emergency situation; locomotive crew; intelligent system
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HIABUIHEHHA ECEKTUBHOCTI TPAHCIIOPTHOI'O
OBCJYTOBYBAHHS TPOJIEHBYCAMHU HA OCHOBI
PIBHIB CIIOKUTOI HUMH MOTYKHOCTI

Meta. B po0oTi po3rsiHyTi IHTaHHS MiIBUIIEHHS €(EKTUBHOCTI BHKOPUCTAHHS TPOJICHOYCIB TpH TepeBe3eHHi
NacaKMpiB Ha OCHOBI aHaJi3y PIBHIB MOTY)XHOCTI CITOXMBAHOI €JIEKTPOEHEPril Ta KOPEKTYBaHHS TEPMIHIB 1X TeXHi-
gHoro ob6ciyroyBanHs (TO). Meroauka. [ TOCATHEHHS MOCTAaBICHOI METH IMPOTIOHYETHCSI BCTAHOBUTH BiIIOBi-
JIHICTh TOTY)KHOCTI CITOKMBaHOI TpOJIEHOYCOM eJIEKTpPOEHEprii IepeBe3eHil KiNbKOCTI MacaXupiB 3 ypaxyBaHHIM
XapaKTePUCTUK MapuipyTy. [Ipy bOMY OCHOBHHMH ITOKa3HMKaMH pOOOTH Tpoieilyca €: MIBUIKICT pyXy Ha mepe-
TOHAX, KUIBKICTh BKJIIOYEHb TSATOBOIO IBHIYHA, HAIpyra Ta CWjia CTPyMy B MEpexi, sIKi 3HIMaJKCs OOJIIKOBLEM
3 maHeni mpuiaaiB. Pe3ynpraté JOCHIIKEHbP BHOCHIIMCH B TaOMUIFO Ta (pikcyBammcs BimeopeecTparopoM. Ilopsim
3 JOCII/DKCHHSIM BUTPATH TOTY>KHOCTI CIIOKMBAHOI TPOJEHOYCOM eIIeKTpOeHeprii MpOBOAMBCSA W OOJIK maca>kupo-
notoky. Pe3yabTaTn. BeraHoBiIeHO npsSMONpONopuiiiHy 3aleXHICTh MDK PIBHEM CHOXHTOI TpojeiHOycom eHepril
1 KUTBKICTIO TIEpeBEe3CHMX MAaCaKUPIB TSI HE3MIHHUX XapaKTepHCTHK MapuipyTy. HaykoBa HoBu3HA. B sxocti xpu-
Tepito OIIHKM e(EeKTHBHOCTI pOOOTH TPOJICHOYCIB HAa MapIIpyTi NPONOHYETHCS BUKOPUCTOBYBATH CIIiBBIIHOIICHHS
MDK CIIOKMBAaHHSM €JIEKTPOSHEPTil Ta KUTBKOCTI MEpeBEe3eHMX MAcaKUpIiB VI JAHMX XapaKTEPHCTHK MapIipyTy.
ExcniepumenTansHo 1€ migTBepikeHo. OTpumani (GopMylH, SIKi alOTh MOXIIMBICTH 30aJlaHCYBaTH pOOOTY CHII
1, BIIMOBITHO, OOCST CIIOXUTOI eHeprii mpu pyci Tposnekdyca Ha migiiom Ta Ha crmyck. IlpakTHyHa 3HAYMMICTh. 3a-
NPOTIOHOBAHUH KPUTEPili MOKHA BUKOPHCTOBYBATH JUIsl KOPEKTYBaHHs TepMiHiB npoBeneHHs TO 3a iHIUBIAyaIbHOIO
mporpamoro, To0To iHauBinyanbHe TexHiuHe obcmyroByBaHHs (ITO). Bun BukonyBanux poOit mpu ITO moBmHeH
BU3HAYATHCS HA OCHOBI CHCTEMH JIarHOCTMYHUX JaHUX TpaHcnopTHoro 3aco0y (T3). ChopmynsoBani npunmumnm [TO:
1) OCHOBHOIO 3aNHWIIAETHCS IUIAHOBO-3aIIOODKHA CTpATeris BHABICHHS 1 YCYHEHHS MOMIKO/KCHb 1 IPOBEHCHHS
TeXHIYHUX [ii; 2) onepaTHBHE KepyBaHHS TEXHIYHMM cTaHOM T3 Ha OCHOBI NIPOTHO3YBaHHS HOro CTaHy 3a
JIOTIOMOT OO 3aIPONIOHOBAHOTO KPHUTEPIF0, [0 BPAXOBYE 3aJIEKHICTh CIIOKUBAHOI IMTOTY>KHOCTI Bi/f KLTBKOCTI ITACaKHPiB
NPY BU3HAYEHHUX XapaKTEPUCTHKAX MapIIpyTy; 3) IHAWBIAyalbHUH IAXiJN 1O OLIHKM TEXHIYHOTO CTaHy KOXHOTO
KoHKpeTHoro T3; 4) inauBixyanbHe nporuo3yBants nepioguunocti TO i rexHiynoro crany T3.

Kniouosi crnoea: OTYXHICTB; CIIO’KMBaHA €JIEKTPOSHEPTisl; TPOIIei0yC; MOHITOPHHT; MACAXMPCHKI NEPEBE3CHHS;
XapaKTepPUCTUKA MapLIPYTy

Beryn V 3B’S13Ky 3 IMM Ba)KJIMBOTO 3HauCHHS HaOyBae op-
raHi3aIls MpaBUILHOTO TIAHYBAaHHS BUTPAT CIICKT-
pOeHeprii, B OCHOBI SKOTO JIe)KaTh HOPMU ii CITOKH-
BaHHS 0 Pi3HUX CKIAA0BHX. BusiBieHo, Mo 0CHOB-

OnHi€ero 3 HAWOIIBIT CYTTEBUX CKJIAIOBUX CKC-
TUTyaTaifHAX BUTPAT MiAMPHEMCTB MICHKOTO elre-
krpotpancopry (MET) e enexrpoenepris [11].
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HUM CIIOKMBa4eM eJICKTPOCHEPrii Ha MiIIpHeEMCT-
Bax MET (90-95 %) € pyxommuii ckiazn. Pemrra ene-
KTPOEHEPTii BUTPAYaEThCSI B JEMO, B MalCTEpHSIX,
Ml 9ac pPEeMOHTY PI3HMX MEXaHi3MiB 1 MallWH Ta
IHIIIX TEXHOJIOTIYHUX MoTpedax [7, 12].

Hopwma Butpatu enextpuiHoi eHeprii — 1e mia-
HOBUM TOKAa3HUK ii MUTOMOrO CIOXHUBaHHA. Sk
MOKA3HUK MUATOMOI BUTPATH €IEKTPOSHEeprii JOIIi-
JHHO 3aCTOCOBYBATH BHUTpaTy elEKTPOEHeprii
B kBT'rox Ha 1 000 kM TpancmoptHOi poboTh. Llei
MMOKa3HHUK TOYHO BioOpakae eHEPreTHIHI BUTPATH
Ha pyx pyxomoro ckiany (PC) ta Ha OUTBIIICTB
IHIIIMX TIPOIIECiB B €KCIDTyaTaIllil.

HopmyBaHHIO MOBHHHI TiUIATaTH YCi BUTPATH
CJIEKTPUYHOT eHeprii BUPOOHUUO-EKCILTyaTalliiHIX
notpe0d, MoB’si3aHUX 0e3MOCepeaHbO 3 MepeBe3eH-
HSIM TacaXXHpiB, EKCIUTyaTaLli€l0 PyXOMOTO CKJIa-
Iy, CHUCTeM eJIeKTpornocTtadanHsi. HopmyBaHHS
CJICKTPOCHEPrii € OJHIEI0 i3 CKIAJOBUX MIOAO il
eKOHOMIi Ta e(pEeKTHBHOCTI BUKOPUCTaHHS €JIEKT-
potpancmopty [10].

IlopiBHAHHS TUTAHOBUX BUTPAT 3 (aKTHUHUMHU
JO3BOJISIE TIPOAHANI3YBaTH 1 BUSBUTH HANPSAMH
MiIBUIIEHHS e()EKTUBHOCTI pOOOTH €JIEKTPOTpaH-
CIOPTY MO TIEPEBE3CHHIO IMACAXKUPIB, pallioHalb-
HOT'O PO3MOALTY macaxuponoTokiB Ta PC mo map-
HIPYTHINA Mepexi micTa.

Jiist BUpIIIEHHS IMTaHb 3HW)KEHHS CIIOKUBAHOI
Ta BU3HAUYEHHsI HEOOXiTHOI MOTY>KHOCTI, B MEpIIy
4epry, CIIiJi BAKOHATH JOCIHIIPKEHHS SKiCHOI CTpy-
KTYpH CIIOKHUBAYiB €JICKTPOCHEPTIi, a IIOTIM PO3po-
OWTH cHCcTEMY LIIECHPSIMOBAaHUX 3aXOIB 1 BIUIUBY
Ha CIIOKUBAUiB 3 METOIO 3HW)KEHHSI PiBHS CIIOKH-
TO1 TmoTyHOCTI 1 enekrpoeHeprii MET, nHampu-
KJaja Tpojeidycamu [2]. 3a3HaueHe CBIAYUTH PO
HEOOXiHICTh CTBOPEHHSI CHCTEMH MOHITOPUHTY
eJIeKTPOCIIOKUBaHHS Ha minnpueMcTBax MET.

Taka cucreMa MOHITOPWHTY Ha CHOTOIHI Bif-
cytasi. TOB «EnmcaBerrpanceka TpaHCIIOPTHA
kommanis» (M. KipoBorpan) Beme oOIiK CIIOXH-
BaHHS EJICKTPOEHEPTii 3 TOYKU 30py (hiHAHCOBHUX
pO3paxyHKiB, a JaHi 10 (akTHYHIH MOTYKHOCTI
KOJKHOTO CITOKMBaya (Tposelidyca) y TOAMHU Mak-
CUMyMY CHEPrOCHOXXHMBaHHS 1 MMacakKUPOIOTOKIB
Ta B 1HII Tepioau JOOW MPaKTUIHO BiACYTHI. EHe-
preTuyHi oOctexeHHs Ha piBHi PC He BHKOHYyBa-
JUCS 1 TOPIBHAJIBHUM aHalli3 NaHUX HE CHCTEMaTH-
3yBaBCS 1 HE 3icTaBIABCSI. ToMy € HEOOXiTHICTBH
CTBOpEHHS iHpOpMaIiiiHOT cucTeMH, B SIKy OyiH
0 BHECEHi OCHOBHI MapaMeTpy eNeKTPOCTIOKUBAHHS
(y TOMy 9mCITi TOTYHIicTh) 110 PC mignpreMcTBa.
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IToTpebye cTBOpeHHS 1 6a3a JaHUX MITITPHEMC-
TBa 10 BUKOPHCTaHHIO enekTpoeHeprii PC B mino-
My. Y 0a3y HEOOXiJHO BKIIFOYATH MMOKa3HUKH, He-
00XifHI A7 TOPIBHSUIBHOTO aHami3y, KOHTPOJIIO,
HOPMYBAaHHA 1 TPOTHO3Y, TI0 KO)KHOMY 3 TpOJICH-
Oycy mianpHueMCTBa.

B mepmry rpymy moka3HUKIB, TOB’S3aHHX 13
CIIOKUBAHHIM €HEePropecypciB, BKIFOYAIOTHCS N1a-
Hi TIpo (haKTUYHE CIIOKUBAHHS YCIX SHEpropecyp-
CiB KOXHHMM TpoJeidycom. Ha mepmomy erami
30upaeThest iH(oOpMalliss eHepro3arpaTr B TOIMHH-
MK, 10 € JOCTaTHIM i TEPBUHHOIO aHali3y
1 pekoMeHaani. Hanami 30ip maHWUX MOBUHEH WTH
CHUCTEMAaTHU4HO, 3 ONTHUMAIBLHUM TIEepioIoM obOcTe-
JKEHHS 1 OXOTUTeHHs Beboro mapky PC [5].

3a3HauuMoO, 10 BIJOMOCTI MPO CIOXHBAHHS
eHepropecypci cami 1Mo codi He T03BOIISIOTH 3pO-
OMTH BUCHOBKH TIPO €(EKTUBHICTH 1X BUKOPUCTAH-
Hs, a ToMy y 0a3i JaHuX moTpiOHa i Apyra rpyna
MOKa3HUKIB, IO XapakrepusytoTs podoty PC. Taxk,
HaANPUKIAA, s Tpoleiidyca — 1ie KiTbKiCTh Tepe-
BE3CHHUX IMacaXUpPiB, MacaKUPONOTIK Ta iH. Lli 1mo-
Ka3HUKH YMOBHO Ha3MBAIOTHCS «TEXHOJIOTTUHIUMI
1 IO HUX MOJKHa BCTaHOBIIIOBATH HOPMATHBU BU-
TpaTH CHEPTOPECYPCIB.

CrBopeHHs 0a3u JTaHUX — HeMpocTe, ajle yKpaii
HeoOXigHe 3aBaaHHs, 0e3 SKOT0 HEMOXKIIMBE pealb-
HE 3IiHCHEHHA eHepro3depekeHHs. YacTwHa Ia-
HUX MOKe OyTH HaJaHa MiJNPUEMCTBOM, HallpH-
kiaag TOB «E€nmcaBeTrpaJchbKOI0 TPaHCIOPTHOO
KOMIIaHI€IO», ajle MOBHI BIJIOMOCTI, 1 0COOJIMBO 3a
«TEXHOJIOTIYHUMI» TIOKa3HUKAMH, MOXYTh OyTH
OTpUMaHi TiNBKU O€3MOCepPe 0 Ha TPAHCIIOPTHUX
3acobax (T3). B 3B’s13Ky 3 UM BaYJIMBO MPOBECTH
aHKeTyBaHHS BHIUICHOI TPYITH 00’ €KTIB 1 pOOUTH T1e
CITiJI IOCTIHHO, 1100 MOMOBHIOBATH 0a3y NaHUX.

[IpoBeneHHSI MOHITOPHHTY J03BOJIHTE:

— BU3HAYHTHU 32 HOPMATHUBHUM MPHUHIIUIIOM TI0-
TEHIial peajbHOTO CHEPro30epekeHHs SIK  JUIs
okpemoro T3, Tak i mo rpymnax OZHOTUIIHHX CIIO-
’KMBaYiB;

— 3MIWCHIOBATH KOHTPOJb 3a e(EeKTUBHICTIO
BUKOPHUCTaHHs CHOXMBaHUX PECypciB, OpraHizo-
BYBaTH €HEPTeTUYHI OOCTEKEHHS, B MEPIILy Yepry
B T3 3 MakCHMaILHUM CIIOKUBAHHSIM [6];

— KepyBaTH MPOIECOM €Hepro30epekeHHs 1 pe-
TYJIOBaHHS MakCHMyMYy HaBaHTa)KEHHS, MOCHIIIO-
I0YM HOPMYBaHHS 1 MOETHYIOUH HOTO 3 I[IHOBOIO
1 MOIaTKOBOXO MOJIITHKOIO;

— Oprasi3yBaTH CTaTHCTHYHHH OOJIK pe3yibTa-
TiB eHepro30epeKeHHS;
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— KoperyBaTu TepMiHH TpoBeneHHs TO Tpo-
neioyca.

Meta

[limBumeHHs e(peKTUBHOCTI BHUKOPUCTAHHS TpPO-
JICWOYCIB TIPH TIEPEBE3CHHI IMACAKHPIB HA OCHOBI PiB-
HIB TIOTY>KHOCTI CIIO)KUBAHOI €JICKTPOEHEeprii Ta KO-
pEryBaHHS TEPMIHIB X TEXHIYHOTO OOCITyTOBYBaHHS.

MeTtoanka

Memoouxa eusHauenHs 3aneHCHOCMI NOMYiC-
HOCMI CROJCUBAHOI elekmpoenepeii mponeidycom
8I0 nepeseseHol KibKoCcmi nacaxcupie i xapakme-
pucmux  mapupymy. OOJIKOM BHUTpAT EJICKTPO-
e”eprii 3aiimamuca b. 1. I'pybep, B. A. Kopogis,
A. T. TimynoB [13]. Bonu 3giiicHoBamu #oro
MUISIXOM BUMIPIOBaHHS E€JICKTPUYHOI MOTYXHOCTI
HABaHTAKEHHsI, IEPETBOPEHHSI CUTHAITY €IeKTPHY-
HOI MOTY>KHOCT] B IMIYJIbCHUI CUT'HAJ 3 4aCTOTOIO
MOTPUMAHHS IMITYJIbCIB, TIPOTIOPIIIHHOI EIeKTpHUY-
HOI MOTY>KHOCTI, @ TAKOX MiIPaxyHKy 1 peectparii
KIJIBKOCTI X IMIYJIbCIB Ha TPAHCIOPTHIN OJMHU-
1i (TpamBai abo Tponeidyci).

IlpucTpiit mns peamizarii ILOTO CIOCO0Y Mic-
TUTHh TEPEMHOKYBad BXiTHOI HAmpyrd i CTpyMy
HaBaHTa)KEHHsI, IEPETBOPIOBAY BUXiAHOTO CUTHAITY
MepeMHOKyBada B YacTOTy, a TaKOX BiJIIKOBHIA
NPUCTPIH, M0 BKIIOYAE KPOKOBUI IBUTYH 1 POJIU-
KOBHH PaxyHKOBHH MEXaHi3M.

VY BimoMOMYy TEXHIYHOMY PIllICHHI BUMIipIOBaH-
HS 1 peecTpaiisi BHUTPaTH EJNEKTPUYHOI eHeprii
3IIMCHIOIOTECS Oe3mocepeHb0 Ha TPaHCIOPTHiH
omnuaMIi [13], o0 HEe Ma€ MOKIUBOCTI 3TIHCHHUTH
IHIUBITyaTbHY 00’ €KTUBHY OIIIHKY BHUTPATH 1 €KO-
HOMIT eJIEKTPOSHePril KOXKHUM BOJIEM 1 BiJIOBII-
HO BBECTH CHCTEMY MaTepiajbHOI 3aI[iKaBICHOCTI
BOJIIIB B €KOHOMIi €JIEKTPOCHEPTii.

3a3HaueHOro HEJOJIIKy HE Ma€e 3alpoIOHOBAHUI
croci6 00Ky BUTpaTH €JIEKTPHYHOI SHeprii Ha py-
XOMOMY CKJaJi €JIEKTPHYHOIO TPAHCHOPTY LULIXOM
BUMIPY €IEeKTPUYHOI TIOTY>KHOCTI, CLIO)KUBAHO] TATO-
BUMH €JIEKTpOABUTYHaMHU T3, mepeTBOPEHHS! CUTHA-
Jy eJIEKTPUYHOI MOTY>KHOCTI B IMITyJIbCHUH CHIHAJ
3 YaCTOTOIO JIOTPHUMAHHS IMITYJIBCIB, TIPOTIOPITIAHII
CNIEKTPUYHIA TIOTYXKHOCTI, MiIPaXyHKy KiUJIBKOCTI
UX iMIynbeiB Ha T3 3 omHOYAacHUM (OpMYBaHHIM
CUTHAJLy YNpPAaBJIiHHA PYyXOM, @ TaKOXX HACTYIHOI'O
OTpPUMaHHS JIaHHUX NP0 BUTPATY ENEKTPUIHOI eHepril
HUIIXOM peecTpanii miapaxoBaHOl KUTBKOCTI iMITyJIb-
CiB B Jieno abo B peecTpalifHoMy ITyHKTi.
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[pucTpiii 1s peanizaiiii BigoMoro crnoco0y (Jii-
YHJIBPHUK BaT-TOJWH TOCTiHHOTO cTpymy it PC
€JIEKTPUYHOTO TPAHCIOPTY) MICTUTh BHUMIPIOBAJIb-
HUI TIepeTBOPIOBaY, 3’€MHHUHA BiIUTIKOBHH OJIOK, IO
BKJIIOYA€ KPOKOBUH ABUTYH, POJIMKOBUI paXyHKOBUI
MEXaHi3M 1 eIEeKTPUYHHIA PO3’eM, 0 3abe3redye
3’€THaHHS BIJJTIKOBOTO OJIOKY 1 BHUMIpHOBAJIBHOTO
NIepETBOPIOBaYa, MPUUOMY EIEKTPHUIHUNA PO3’€M Ha
BIIITIKOBOMY OJIOII MICTUTh KOHTAKTHY MEPEMHUUKY,
SIKa KOMYTY€ KUBJICHHS B cXeMi ynpasiiHas T3.

VY crnoco0i 1 mpucTpoi, 1o peaizoBye Horo, 3a-
Oe3nedyeTbess IHOUBIAyaldbHHNA OOINIIK BUTpPATH
enekTpoeHeprii npu podoti T3 3 KONKHUM BOJIEM
32 PaxyHOK 3aCTOCYBaHHS iHIUBIAyalbHHUX 3HIM-
HUX BIJJIIKOBUX OJIOKIB, pEECTpAIlisl CBIAUEHD IKUX
341HCHIOEThCA He BoaieM Ha T3, a B jemo abo iH-
HIOMY peeCTpalifHOMY IMYHKTI.

[Ipu npoMy UL BUKITIOYEHHS HEBPAXOBAHOI BU-
TpaTH ENEeKTPOCHEPrii, 3AIHCHIOETBCS OJIOKYBaHHS
pyXy TpamBas abo TpoJieiidyca Ipu 3HATOMY BiITi-
koBoMy Ounomi. Lle n1o3Bossie oTpuMaTu BUCOKY J0-
CTOBIPHICTh peecTparlii NoKa3aHb JIYWILHUKA 32
PaxyHOK BHKIIOYEHHS Cy0’€KTMBHOTO YMHHUKA —
YMHUCHOTO 3HATTS BOJMIEM BiIUTIKOBOTO OJIOKY TIif
Yyac pyXy TPaHCHOPTHOI OJWHUII 3 METOI OTpHU-
MaHHS (PIKTUBHOI €KOHOMIi eJIeKTPOCHEPTii.

[IpoTe BBeneHHS 3a00pOHU PyXy MPH 3HATOMY
BIIITIKOBOMY OJIOIi 3HIKY€E EKCIUTyaTalliiHy Ha-
niitaicts T3. Brpara abo Buxin 3 nagy BiAJIiKOBOTO
0JIOKY, a TaKOX BHIXiJ 3 JIAXy JAHITIOTIB YIIpaBiIiH-
HSl PYXOM B JIYMJIBHUKY €JIEKTPOEHEpTii Mpu3BO-
ITh 10 3001B B pyci T3 Ha MapmpyTi.

Kpim toro, HemoxuBicTh pyxy T3 6e3 Bimii-
KOBOT'O OJIOKY 3yMOBIIOE HEOOXIiTHICTH 3aCTOCY-
BaHHS JOJAaTKOBHX BiINTIKOBUX OJIOKIB TeperiHHU-
kamMu T3, 10 BHUKIMKAaE ICTOTHI HE3PyYHOCTI
B KCIUTyaTawii i pu3BOAUTH 10 TOPOXKYAHHS CUC-
TeMH OOJIIKY BUTPATH €JICKTPOSHEPTIi.

OCHOBHI TIOKa3HHKH POOOTH TpoJjeidyca, Taki
AK IIBUJAKICTH pyXy T3 Ha meperoHax, KiJIbKiCTb
BKItoueHb Tsrosoro asuryHa (TI), mampyra Ta
CWJIa CTPyMY B MEpPEkKi 3HIMAIMCS OOJIKOBIEM
3 maHeni npuianiB. Pesynpratu 3Bogmimucs B Tab-
JIMIIIO, & TAKOXK (PIKCYBAIIUCS BiJIEOPEECTPATOPOM.

[lopsin 3 mOCHiIXEHHSIM BUTpAaTH MOTY>KHOCTI
CIIOYKUBAHOI €JIEKTPOEHEprii Tpojeidycom 3ikic-
HIOBaBcA 1 00K macaxxuponoToky [1, 4, 16].

Crenugiky MOCIYr MICBKOTO MacaXUpChKOTo
TpaHCIIOpTy 0araTo B 4OMy BU3HA4a€ XapakTep IOMH-
Ty Ha HuX [3, 17]. Ilpu mpoMy mporec HagaHHA
TPAHCIIOPTHUX IOCIYT Iaca)KUpaM € OCHOBOIO (op-
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MYBaHHS TTACaKHPOIOTOKIB B MicTi. [Tacaxuponoro-
KH, y CBOIO Uepry, € pe3yJIbTaTOM 3aJJOBOJICHHS TTOITH-
Ty HaCeJICHHS Ha TPaHCIIOPTHI nepecyBanus [ 1, 15].

Ha wicbkoMy TacaXMpChKOMY TPaHCIOPTI
B OCHOBHOMY 3aCTOCOBYIOTH TaKi METOJH 00cTe-
JKEHHSI TACaKUPOIOTOKIB: 3BITHO-CTATHCTUYHHM,
TaOIMYHO-ONUTOBUH, PaxXyHKOBO-TAOIMYHAN, Ta-
JIOHHWH, aHKETHHH.

Ta0aUYHO-OIMUTOBUIT METON OOCTEXEHHSA 3I1M-
CHIOETBHCSI  OOJIIKOBIIIMHU, SKi PO3TaIllIOBYIOTHCS
ycepeauHi Tpoisieli0yca Oinst KOXHHUX JIBEPEH.
OxpiM JaHWX, 10 3a0€3MeUyI0ThCs MiIPaxyHKOM
MacaxupiB, e METOJ JJO3BOJISE JOJATKOBO OTpPH-
MaTH 3BEICHHS TPO KOPECIOHACHINI MOi30K Ta-
CaXHPIB MK 3yNMHHAMHU ITYHKTaMH, JaHi 1po ix
nepecagKy Ha iHIIUH BUA TPaHCIOPTY abo Mapii-
PYT, a TakoX 3BEAEHHS MPO CBOEYACHICTH 3IiMHcC-
HEHHs nepeBe3eHb. Llei MeTon Kpaie BUKOPUCTO-
BYBATH IIiJ] 4ac 00CTEKEHb Ha JIOBFUX MapIIPyTax.

[TapanenbHO BHUKOHAHI JOCHIIKCHHS TAlOTh
3MOTYy CIIBCTaBUTH JaHI Ta OTPUMATH PE3yIbTATH
3aIeKHOCTI TIOTYXKHOCTI CIIOYKUBAHOI €JIeKTPOCHE-
prii TposeitOycoMm Bij mepeBe3eHOi KIBKOCTI ma-
caxxupiB [7, 14]. Jns Gkl TOYHOTO pe3ynbTaTy
HEOOXITHO BPaxOBYBaTH i XapaKTCPUCTHKH Map-
mpyTy (crmycku, migitomu) [8, 9]. 3a pesynpTaramu
JOCHIPKEHb, Ha MPHKIAAI TPOJIEHOYCHOrO MapIi-
pyry Ne 10, moxxHa OauwTH, IO HE BCi JUITHKH
MapIIpyTy MaroTh PAMOIIHIHHUHN XapaKTep.

CepenHIO CIOKMBAHY IMOTYXHICTh MOYKHAa BH-
3HAUUTH MO TIOKa3HUKax poOoTu Tponeiibyca Ha
neperonax (KUTbKicTh BKItOYeHb T/1, cuia ctpymy,
Harpyra) 3a ¢popMymoro:

Z[ Un,;At
P=t (1)
anjAt
i=1
ne I; — cuna ctpymy; U — Hanpyra; n; — Kijib-

J

KicTh BKIItOUeHb TsroBoro nasuryHa (TH); At —
cepenHii yac priroueHHs T/1.

= 4 ¢ = const, O J03BOJIIE NEPENUCATU
¢dopmyiny (1) y Takuii BUTIIS;

Z[ Un,

P=t )

Z 1
i=1
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Jns ypaxyBaHHS XapakTepy CIIOKHWBaHHS IIO-
TYXHOCTI TpoJieii0yca Ha IUITHKAax 3 iCTOTHUM Ky-
TOM Haxwily CIiJ po3mIIHYTH (i3UuHy 3a7ady Ipo
pyx T3 Ha cxmax migitomy i crrycky (puc. 1, a, 6).

a—da

Puc. 1. Cxema pyxy Tpoeiibyca Ha migiom (a)
Ta CIIycK (6)

Fig. 1. The scheme of trolley bus movement
on the rise (a) and downbhill (b)

Maca macakupiB, 10 MEPEBO3ATHCS, BU3HAYA-
€ThCs 3a popmyIIoro:

Am=i, N,, 3)

Je im, — ycepenHeHa Maca ofHoro nacaxupa (75 kr);
N, — KUIbKICTb ACaXMPIB y CaJOHI Tposaenoyca.
Ckouyroua CuJia Ta CHJIa TePTS BU3HAYAIOTHCS
3a popmymamMu:
F.=(M+Am)g sina (@)
F,, =M +Am)g cosa f,,, ®)

ne M — maca tporeiibyca (11 640 kr); g = 9,81 m/c’
— MPUCKOPEHHS BUTLHOTO MAIiHHS; o0 — KYT HaXWIy
nigioMy (CIycky); f,, — KoedirieHT TepTs.

PiBHSIHHS CIIOXKMBaHOI MOTY>KHOCTI TPOJIEHOY-
COM Ha ITeperoHax Ma€ BUTIIAM:

n 2
S PAL n=F, L+ F, L+ SV )
. Jj=vg cK >

Ae L; — JOBXHMHA LUIAXy HA [ — IEPEroHi j —
MapmpyTa' V — IBHAKICTE pPyXy Tponeibyca;

ZP At =
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®dopmyra CIOXKHUBAHOI €Heprii Tpomeiidyca, mo
pyXa€TbCst, Ma€ BUTTIAL:
— Ha migfdoM:

PZ At=f,, (M +Am)g coso L; +

. (M + Am)v’
+(M +Am)g sino L, +f @)
— Ha CITyCK:
Pz At=f,,(M +Am)g cosa L, —
, (M + Am)v’
-(M +Am)g sina. L, + ———— . (8)

Pe3yabTarn

Jani mpo JOCHIKEHHS TacaKUPONOTOKY 3i-
OpaHi OONIKOBIISIMH, IO 3HAXOIMIUCS B CaIOHAX
TpoJeiidyca, 3aHOCATHCS B TaOIHIIFO.

3 momepeHix JaHUX PO3PaXOBYETHCS KiJIbKICTh
MacaXXupiB, IO 3HAXOIATHCA y CANOHI TposeiiOyciB
Ha TIEpEeTroHaxX, i BU3HAYAETHCS MACAXKUPOIIOTIK.

I'padiune BimoOpaxkeHHs pe3yJbTaTIB AOCII-
JOKEHHSI TaCayKMPOIIOTOKY HaBeAeHO Ha puc. 2 a, 0.

3MiHa BUTpATHU CIOXKHBAHOI MOTYXHOCTI TpO-
neiildycoM Ha meperoHax mo mapmpyTty Ne 10
M. KipoBorpan HaBeaena Ha puc. 3, a ta 6.

15
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Puc. 2. [TacaxxuponoTik y npsmomy (@) Ta 3BOPOTHOMY

(6) nanpsiMkax pyxy mo mapumpyty Ne 10

KimwicTs nacasapin

KinukicTs macaskipin
8

-]

TMopaaxosiii soMep neperouy

Fig. 2. Passenger traffic in the forward (a) and
return (b) directions on the route 10
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Fig. 3. Power losses at the races on the forward (a)
and reverse (b) directions on the route 10
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Puc. 4. TTopiBHsIIbHNI XapaKkTep 3aJIe)KHOCTI BUTPaTH
MOTYXHOCTI 1 KIJIBKOCTI IEpeBE3EHHX MMacakKUpiB
Ha IIeperoHax y npsimomy (@) Ta 3B0OpoTHOMY (0)

HanpsiIMKax pyxy mo mapmpyty Ne 10

Fig. 4. Comparative nature of the dependence of power
loss and the number of passengers at the races on the
forward (a) and reverse (b) directions on the route 10
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Ha puc. 4, a, 6 rpadiuHo 3BemeHi 3aJIeKHOCTI
BUTPATH CIIOKMUBAHOI MOTY>KHOCTI 1 KUTBKOCTI Tie-
PEBE3CHUX MacaXHpiB HA TIEPErOHAX.

3 puc. 4, a 6aunmo, mo Ha aingani 11-13 Big-
OyBa€eThCsl PI3KWI CIaa BUTPATH TOTYXKHOCTI, HE
3BaKAIOUM Ha 30UIBIIEHHS KUTBKOCTI IacakKupiB
y cayoHi TponeiOyca. Lle o3Hadae, mo Tponendyc
pyXaeTbcs Ha cmycK. Taky X TeHIEHIII0 MOXKHA
Oaunty Ha nunsHUi 12—-14 (puc. 4, 0). Ane Ha gins-
Hii 12-17 (puc. 4, a) cnoctepiraerscst piske 30i-
JBIIEHHS BUTPATH TOTYXKHOCTI HE3BaKAIOUHM Ha
3MEHIIEHHS KUTBKOCTI TacaXWpiB y caJioHi, Ha
puc. 4, 6 Taka TEHJCHI[iS CIIOCTEPIraeThCS HA JIi-
nsHKax 13—16. 3 1poro MoXxHa 3pOOUTH BUCHOBOK,
10 TPOJIEHOYC PyXaeThCs HA ITiTHOM.

a _a & oL
S w
o
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2
) Moprdkobud Howep nepezowy
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Wiawg romypensicme AP kB

Leneda craxL

[Topeadiabun Homep napezouy
Puc. 4. TTopiBHsIIbHII XapaKTep 3aJIeXKHOCTI BUTPaTH
MOTYXHOCTI 1 KIJIBKOCTI IepeBE3EHMX MMacaKUpiB
HAa TIepEeroHaX y MpsiMoMy (&) Ta 3BOpoTHOMY (0)

HampsMKax pyxy mo Mapmpyty Ne 10

Fig. 4. Comparative nature of the dependence of power
loss and the number of passengers at the races on the
forward (a) and reverse (b) directions on the route 10

st oTpuMaHHS OUTBIIT YiTKOTO BiTOOpaXKEHHS
3aJIeKHOCTI CIOXKMBAHOI EJIEKTPOCHEprii TpoJsek-
Oyca Bij ImepeBe3eHNX MacaKUpPiB HEOOX1THO B3ATH
0 yBaru XapakTEPHCTHKH MapmipyTy (3MiHA BH-
COTH HaJ| pIBHEM MOps, JOPOKHBOTO TOKPHTTS,
BiJICTaHb MIXK JUISHKAMHU ).

3a momomororo dopmyn (7) i (8) 30amaHcoBY-
I0ThCSI BUTPATHU TOTY>KHOCTI MiJl 4ac pyxy TpoJeu-
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Oyca Ha TIiIifOM Ta Ha CITyCK, III0 J03BOJISIE OTpHUMa-
TH OUTBIN YiTKE BiJOOpa)KeHHsI 3aJI€KHOCTI CIOXKHU-
BaHOI eJIeKTpoeHeprii Tposneibyca 3 ypaxyBaHHIM
NEPEeBE3CHUX MAacAXUPIB TAa XapaKTEPUCTHK MapIi-
pyty. Pe3ympratn 00poOKu BHIIlE TIEpelidieHnX aa-
HUX BifjoOpaxeHi rpadiuHo Ha puc. 5, a, 0.
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=
[
Tppadodi somap nepe.
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Moprdkobun Foven nepezoy

Puc. 5. YTouHeHU# MOPIBHUIBHUI XapaKTep 3a1eKHOC-
Ti BUTPAT MOTYXHOCTI BIANOBIAHO 10 KITBKOCTI Iie-
PEBE3EHUX MacCaXHUPIB 1 XapaKTEPUCTUK MAPILIPYTY
Ne 10 Ha neperonax y npsiMmomy (@) 38B0poTHOMY (0)

HarnpsiMKax pyxy

Fig. 5. Specified comparative nature of the dependence
of power loss according to the number of passengers
and the characteristics of the route 10 at the races
on the forward (a) and reverse (b) directions

HaykoBa HOBHU3HA Ta NPAKTHYHA
3HAYUMICTh

Sk xpurepiit oniHrOBaHHs e()EeKTUBHOCTI PO0O-
TH TPOJIEHOYCIB Ha MapIIpyTi MPOIOHYETHCS BU-
KOPHCTOBYBATH CITIIBBIJIHOIIEHHS MIX CIIO)KHBaH-
HSIM EJNEKTPOCHepPrii Ta KiNbKOCTI IepeBEe3CHUX
MacaXupiB I JAHUX XapaKTEPUCTUK MapILIPYTy.
ExcriepumenTtanpHO 1ie miaTBepmKkeHo. OTpuMaHi
(dopMynn IaroTh MOXKIHMBICTH 30anmaHcyBaTH pobo-
Ty CHJI 1 BIATIOBIAHO OOCST CIIOKUTOI €Heprii mif
gac pyxy TpoJjeidyca Ha miIioM Ta Ha CITyCK.

3anpornoHOBaHU KpUTEPiil MOKHA BUKOPUCTO-
ByBaTW IJsl KOPErYBaHHA TEPMIiHIB IMPOBEACHHS
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TO 3a IHAWBIAYaTHLHOIO MPOTPAMOIO, TOOTO 1HIM-
BinyanbHe TexHiuHe oOcimyroBysanHs (ITO). Bua
BUKOHYBaHUX poOiT npu ITO noBuHEeH BU3HAYATH-
Csl Ha OCHOBI CHCTEMH IHIUBIAyalIbHHUX JIarHOCTH-
YHHX JaHHX.

[Tpu upomy ITO MiCTHTB TaKi IPHHLMIIU:

— OCHOBHOIO 3aJTMIIAETHCS TUIAHOBO-3a1001KHA
CTpaTerist BUSBICHHSA 1 YCYHEHHS HECIIPaBHOCTEH
1 IPOBENICHHS TEXHIYHHUX Iii;

— OlepaTHBHE KEpyBaHHS TEXHIYHUM CTaHOM
T3 Ha OCHOBI MPOTHO3YBaHHS WOTO CTaHy 3a JO-
IIOMOT0I0 3aIIPONIOHOBAHOTO KPHUTEPIiI0, 1[0 BPaxo-
BY€ 3aJISKHICTD CITOKUBAHOT IOTYXKHOCTI BiJl KiJTb-
KOCTI MEPEeBE3CHUX MMACAKUPIB T4 BU3HAUCHHUX Xa-
PaKTEPUCTHK MAPIIPYTY;

— IHOUBIMYaTbHAN MiIXiA DO OIiHIOBAaHHS TEX-
HIYHOTO CTaHy KO>KHOTO KOHKpeTHOTro T3;

— iHIMBiyabHE TPOTHO3YBaHHS TEPiOAHYHO-
cti TO 1 TexHigHOTO CTaHy T3.

[HauBiTyanbHe TPOTHO3YBAaHHS MEPiOAUYHOCTI
TO 1 TexHiuHOrO crany T3 MOXJHBE 32 PaxyHOK
BIIPOBA/DKECHHS 3alPOIIOHOBAHOI CHCTEMH BH3Ha-
YEeHHS BUTpAT CIIOKUBAHOI €Heprii BiJ KiIBKOCTI
MEPEeBE3CHUX MMACAKHUPIB, a TaKOX MiIBUIIUTH
e(heKTUBHICTh BUKOpUCTAHHS T3.

IIporHO3yBaHHA TEXHIYHOTO CTaHy 13 Moxke
3MIACHIOBATHUCS HA OCHOBI 300py 1 00poOKH iH(O-
pmartii. [TouarkoBoro indopmariero mpo T3 €: 3Ha-
YeHHS I1apaMeTpiB TEXHIYHOTO CTaHy Ta HOTO
OKpPEeMHUX arperatiB i CHCTEM, KaJleHAapHI JaTh
1 3HAQYCHHS HAIPAIIOBaHb, 1110 BiJIMOBiIaOTh 3adi-
KCOBaHUM 3HAYECHHSIM I1apaMeTpiB.

[Iporiec mporHO3yBaHHS € MOETANHOI0 MpoIie-
Iyporo 00poOku iHpopmarii, Mo HaIXoaUTh Ha-
konmaeHoi 6a3u nanux Ha [IK. O6pobka indopma-
mii Ha [1IK mpoBOIUTECS 3 METOIO BHPIIIICHHS TBOX
KOMITJICKCIB  3aBIaHb: BIIACHE IPOTHO3YBaHHS
1 cTatucTUYHOT 00poOKH. XapakTep IMX 3aBlaHb
1 YMOBH IX peaiizallii 3yMOBHIH CTPYKTYpY 1 CKIaa
TEXHIYHOTO 3a0e3MeUeHHsI, HEOOXIIHOTO IS TPO-
THO3YBaHHS TEXHIYHOTO cTany T3.

TexniuHe 3a0e3NeUeHHs] CHUCTEMH IPOTHO3Y-
Banusa (CII) ckmamae ycratkyBaHHS i dikcarii
KIJIBKOCTI MacakupiB y CaloOHI TPaHCIIOPTHOTO 3a-
co0y, IMOKa3HMUKIB aMIIepMeTpa Ta BOJIBTMETPA IS
BH3HAYCHHS TIOTYXXKHOCTI €IIEKTPOCHEPTii CITOXKHU-
BayiB, MBUAKOCTI pyxy T3 Ha meperoHax.

Indopmariiiine 3abe3nedeHHs] BpaxoBye peali-
3anito QyHkuit cucremu TO i1 pemonty T3 i pyn-
ki CIT. Bxigui i BuxigHi iH(opmariiiHi maHi
CKJIaJaf0Th 30BHIIHE iH(OpMariiiHe 3abe3rneveH-
doi 10.15802/stp2014/32645

H, a opraHizoBaHi iHGoOpMaIliiiHi MacuBu — BHYT-
pimrHe 3a0e3neueHHs .

Po3pobrene 3abe3neueHHs 103BOJsIE ehEKTUB-
HO peaii3yBaTH (YHKLIIO MPOTHO3YBaHHSI B CHUC-
TeMi KepyBaHHsI TexHiUHUM ctaHoM MET, BusBu-
TH 3MiHY TEXHIYHOTO cTany T3 B yMOBax eKCILTya-
Tamii 1 BUKOPUCTATH OTPUMYBaHI MPHU ILOMY pe-
3yJIBTATH JJISL TOCITIJOBHOTO HAPOLTYBaHHS MOTYXK-
HOCTI CHCTEMH MPOTHO3YBaHHS B mporieci il GpyHK-
LIOHYBaHHSI.

Buxonsuu 3 BUIIIEe TEpENiueHOro 1 MpoaHaizy-
BaBIIM HU3KY POOIT, IPUCBSIUEHUX DPO3poOLi, 3a-
CTOCYBaHHIO 1 MEpPCHEKTHBaM PO3BUTKY 3aco0iB
NIarHOCTHKH, BHIUIMBA€, IO YMOBOIO II€PEXOIY
MET 5o rHy4Ykoi aganTUBHOI CUCTEMHU KEPYBaHHS
TEXHIYHUM cTaHOM T3 3 iHIWBIqyadbHOI KOPEro-
BaHOIO mepioanyHicTIo 1 00’emamu TO, omepaTus-
HOT'O KEpyBaHHS TEXHIYHUM cTaHOM T3 € BHKOpH-
cTaHHS iH(pOpPMAaLIHHOTO 3a0e3IeYeHHs] aBTOTPaH-
CHOPTHUX TPOLIECIB.

BucHoBku

st po3poOKyM eheKTUBHUX 3aXO/iB 110 3HIKCH-
HIO criokuBaHoi rotyxHocTi PC HeoOXigHO Bpaxo-
BYBAaTH SIKICHY CTPYKTYpY CHOXXKHBaUiB eJEKTPOCHE-
prii 8 MET Ta Bubip xputepiis ii epexrusnocti. Ha
OCHOBI cHCTeMHU OOJIKY CHOXHTOI TpOJeHOycom
eHeprii Ta 3ampoNOHOBAHOIO KPHUTEPI0 MOKHA
CTBOPUTU CHCTEMY MOHITOPUHIY €JIEKTPOCIOXKU-
BaHHSA Ha mignpuemctBax MET Ta cuctemy TO i P.

Po3pobiena MeTonuka BU3HAUCHHS 3aJI€KHOCTI
MOTY>KHOCTI CITO’KMBAHOI €NeKTpOeHeprii Tposei-
OycoM BiJl IEpPEeBE3CHUX MMACAKHUPIB.

3 OTpUMaHUX pe3yJbTaTiB BUKOHAHOTO JIOCIi-
JOKEHHsSI BUSIBJICHO, 11O CIIOKUBAHHS €JIEKTPOEHEp-
rii PC mignpuemcts MET mnpsMo mpomopitiiHO
3aJICXKUTH BiJ KUTBKOCTI TEPEBE3CHHUX MaCaKHpPIB
Ta BiJl XapaKTEPUCTHK MapLIPYTy.

Sx xpuTepiil ouiHIOBaHHS €(EeKTHBHOCTI poOo-
TH TPOJEHOYCiB Ha MapIIpyTi MPONOHYETHCS BU-
KOPHCTOBYBATH CITIBBIJIHOIIEHHS MIX CIIO)KHBaH-
HSIM €JIEKTPOCHEPTii Ta KINBKOCTI TepeBE3CHUX
MACAXUPIB IJISI JAHUX XapaKTEPUCTUK MAPIIPYTY.

3anpornoHoBaHU KPUTEPiii MOKHA BUKOPUCTO-
BYyBaTW IJIsI KOPEryBaHHS TEPMiHIB IPOBEACHHS
TO 3a iHguBimyanpHOIO Tporpamoro, Tooto ITO.
Bugn BukonyBanux poOit mpu ITO moBuHEH BU-
3HAYaTHCS HAa OCHOBI CHCTEMH 1HIUBIAYyalbHHUX
JIarHOCTHYHHX JIAHHX.
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ITOBBIINEHUE SPPEKTUBHOCTHU TPAHCIIOPTHOT' O
OBCJIYXXKUBAHUAA TPOJUIEHBEYCAMMW HA OCHOBE YPOBHEN
INOTPEBJAEMOMN HUMHN MOIITHOCTHU

Heab. B padote paccMoTpeHb! BOIPOCH MOBBIIEHHS YP()EKTHBHOCTH HUCIOJIb30BAHUS TPOJUICHOYCOB NpH Tie-
pPeBO3KE MAcCaKUPOB HA OCHOBE aHAIM3a YPOBHEH MOIHOCTH HOTPEOIISIEMOI 3JIEKTPOIHEPTHU U KOPPEKTHPOBKU
CpoKOB uX TexHUueckoro oocnyxupanus (TO). Meromuka. J[Js1 TOCTHIKEHUS TIOCTABICHHOMN IICNTU IpeJIaracTcs
YCTAHOBHUTH COOTBETCTBUE MOIIHOCTH ITOTPEOIIIEMOM TPOIIIEHOYCOM DIIEKTPOIHEPIHHU NEPEBE3EHHOMY KOJIHYECTBY
MACCAXKUPOB C YUETOM XapaKTepHCTHK MapmpyTta. [Ipy 3TOM OCHOBHBIMH IOKa3aTelsiMu paboThl TpoJuieiidyca
SIBJISIFOTCS: CKOPOCTH JABIIKEHHS Ha NEperoHax, KOJMYECTBO BKIIFOUEHUH TATOBOTO JABMIATENs, HANPSDKEHUE W CHIIA
TOKa B CETH, KOTOPbIE CHUMAIIMCh YYETYHKOM C ITaHeNn IpruOopoB. Pe3ynbTaTsl uccienoBannii BHOCWINCH B TaOJIH-
Iy ¥ (UKCHPOBAJINCH BHICOpETrHcTpaTopoM. Hapsimy ¢ mcciemoBaHneM 3aTpaT MOITHOCTH MOTPEOIsIeMOi TpoJuTeH-
OycOM 3JEKTPOIHEpPTHH IMPOBOIWICA W YYET MAcCaXHPOIOTOKa. Pe3yiabTaThl. YCTaHOBIIEHA MPSMOIIPOMOPIIHO-
HaJIbHAs 3aBHCHMOCTh MEXIy YPOBHEM MOTPEOIIEHHON TPOIUIeHOycoM SHEPTHH W KOJMYECTBOM IEPEBE3CHHBIX
MACCAKUPOB I HEM3MEHHBIX XapaKTepHCTHK MapiipyTta. HayuHasi HoBu3HA. B xauecTBe KpUTEpHs OICHKH (-
(heKTUBHOCTH pabOTHI TPOJUIEHOYCOB Ha MapUIpyTe MpeJIaraeTcsl HCIIONb30BaTh COOTHOIIEHHE MEXAy HoTpebdie-
HHUEM 3JICKTPOIHEPTHH U KOJIMIECTBOM MEPEBE3EHHBIX MACCAXUPOB VIS JAHHBIX XapaKTEPUCTUK MapHIpyTa. JKcIe-
PUMEHTAIBHO 3TO monaTBepkaeHo. IlomydyeHbl (GopMyIibl, KOTOpbIE IAIOT BO3MOXKHOCTH COAJaHCHPOBAThH PadOTy
CHJI ¥, COOTBETCTBEHHO, OOBEM IMOTPEOJEHHON DHEPrHMU NpPHU ABMKEHHH TpoJuleiidyca Ha MoJbeM U Ha CIYCK.
IIpakTHyeckast 3HAYUMOCTB. [Ipe/UIOKEHHBII KPUTEPUIT MOXKHO HCIIOJIB30BATh JJIsl KOPPEKTHPOBKU CPOKOB IIPO-
BepeHus TO 1o MHAMBHIYalIBHOM MporpaMMme, TO €CTh MHANBUIyalbHOE TexHH4Yeckoe oocmyskuanue (UTO). Bun
BhIMoHAEeMBbIX padoT npu UTO nomkeH onpenensTbesi Ha OCHOBE CHCTEMBI JHArHOCTHUECKHUX JAaHHBIX TPAHCIIOPT-
Horo cpenctea (TC). Chopmymuposansl nmpurnunsl UTO: 1) ocCHOBHOH ocTaeTcs IUIaHOBO-TIPEXyTIPEeIUTEIbHAS
CTpaTerusl BBISIBICHHUS W YCTPAHCHUS HEUCIPABHOCTEW W TMPOBEICHUS TEXHHUYECKUX NEHCTBHU; 2) omepaTHBHOE
yHpaBieHHe TeXHHIecKuM cocTosiHueM TC Ha OCHOBE MPOTHO3HPOBAHHUS €TO COCTOSHUS C TIOMOIIBIO MPEII0KEH-
HOTO KPWUTEpPHS, YUYUTHIBAIOIIETO 3aBHCHMOCT MOTPEOISIEMO SHEPTUM OT KOJHMYECTBA IACCAXKUPOB IPH OTpesie-
JICHHBIX XapaKTePUCTHKAaX MapIIpyTa; 3) MHANBUAYAIBHBIA MOIXOA K OLEHKE TEXHHYECKOTO COCTOSIHHSA KaXKIOTo
koHKpeTHOTrOo TC; 4) MHANBHAYANbHOE MTPOTHO3UpOBaHKe nepruoanyHocT TO u TexHmueckoro cocrosaus TC.

Kniouesvie cnosa: MOUTHOCTH; TOTpedsieMas 3JIEKTPOIHEPTHS; TPOJUICHOYC; MOHHTOPHHT; HACCaKUPCKHUE
MEPEBO3KHU; XapaKTEPUCTUKA MaPIIPyTa
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EFFICIENCY IMPROVEMENT OF TRANSPORT SERVICE BY
TROLLEY BUSES BASED ON THE LEVELS OF THEIR POWER
DEMAND

Purpose. Use efficiency improvement of trolley buses in passenger traffic based on power levels of electric en-
ergy input and terms adjustment of their maintenance. Methodology. In order to achieve this goal conformance of
electric energy input by trolleybus to the transported amount of passengers taking into account characteristics of the
route is offered to establish. The major indicators of the trolleybus operation are: speed of a race on lines, number of
tractive motor firing, voltage and amperage in the network that were taken with accountants from a dashboard. Re-
search results were tabulated and recorded with DVR. Along with the study of power consumption of electric energy
input by a trolleybus passenger count was carried out too. Findings. The directly proportional dependence between
the level of energy consumption by a trolleybus and the number of passengers for constant performance route was
determined. Originality. As the criteria for evaluating the effectiveness of the trolleybus operation on the route is
proposed to use the ratio between electricity consumption and number of passengers for these characteristics of the
route. This is confirmed experimentally. The obtained formulas give the possibility to balance the force work
and consequently the volume of energy consumption during the trolleybus movement on the rise and the descent.
Practical value. The proposed criterion can be used to adjust the terms of maintenance on the individual program,
that means individual maintenance (IM). Type of work performed at the IM should be determined on the basis of
diagnostic data of the vehicle (V). The principles of IM were formulated: 1) the primary task is planned and preven-
tative strategy to identify and eliminate troubleshooting and technical actions; 2) operational control of the vehicle
(V) technical condition on the basis of prediction of its state using the proposed criteria, that takes into account the
dependence of power consumption to the number of passengers in the characteristics of the route; 3) individual ap-
proach to evaluate the technical condition of each specific vehicle (V); 4) individual prediction of the frequency of
the maintenance and vehicle condition.

Keywords: power; power consuption; trolleybus; monitoring; passenger transportations; route classification
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REGULATION OF UNBALANCED ELECTROMAGNETIC MOMENT
IN MUTUAL LOADING SYSTEMS OF ELECTRIC MACHINES

OF TRACTION ROLLING STOCK AND MULTIPLE UNIT

OF MAINLINE AND INDUSTRIAL TRANSPORT

Purpose. The research data are aimed to identify the regulatory principles of unbalanced electromagnetic moment
of mutually loaded electric machines of traction rolling stock and multiple unit of main and industrial transport. The
purpose of this study is energy efficiency increase of the testing of traction electric machines of direct and pulse current
using the improvement methods of their mutual loading, including the principles of automatic regulation of mutual
loading system. Methodology. The general theoretical provisions and principles of system approach to the theoretical
electric engineering, the theory of electric machines and theoretical mechanics are the methodological basis of this re-
search. The known methods of analysis of electromagnetic and electromechanical processes in electrical machines
of direct and pulse current are used in the study. Methods analysis of loading modes regulation of traction electric ma-
chines was conducted using the generalized scheme of mutual loading. It is universal for all known methods to cover
the losses of idling using the electric power. Findings. The general management principles of mutual loading modes
of the traction electric machines of direct and pulse current by regulating their unbalanced electric magnetic moment
were developed. Regulatory options of unbalanced electromagnetic moment are examined by changing the difference
of the magnetic fluxes of mutually loaded electric machines, the current difference of electric machines anchors, the
difference of the angular velocities of electric machines shafts. Originality. It was obtained the scientific basis devel-
opment to improve the energy efficiency test methods of traction electric machines of direct and pulse current. The
management principles of mutual loading modes of traction electric machines were formulated. For the first time it is
introduced the concept and developed the principles of regulation of unbalanced electromagnetic moment in the mutual
loading systems of electric machines of direct and pulse current. Analytical expressions for the unbalanced moment
of mutually loaded electromagnetic electric machines were obtained. The requirements for automatic regulation
systems of the mutual loading stands of the traction electric machines of direct and pulse current are formulated.
Practical value. Using the results of the theoretical research will significantly simplify the development algorithms of
the test stands management of the traction electric machines of rolling stock for mainline and industrial transport.
Introduction of the proposed principles of mutual loading for traction electric machines will significantly reduce the
costs for creating new stations and modernization of the existing ones for testing of traction electric machines. Auto-
mating the process of refit and acceptance tests of traction electric machines will significantly improve the test quality
and reliability of the traction rolling stock and multiple unit with electric traction drive.

Keywords: traction electric machines; tests; mutual loading; electromagnetic moment; regulation

Introduction well as commutation test require inevitable loading
of the traction electric machines.

High energy efficiency at a relatively low total
power of the supply sources is provided by the sys-
tems of mutual loading, in which there is energy
exchange between the electric machines under study
[11-13]. External supply sources in such loading
systems are only required to cover the power losses
in the electric machines under study [6-8].

Cover of certain types of power losses in the
mutual loading systems can be carried out by both

Requirements of the relevant standards and re-
pair regulations of traction rolling stock and multi-
ple units of the main and industrial vehicles pro-
vide acceptance tests for each newly produced
traction electric machine or after repair [3, 10].
These tests are an important and integral part of the
technological processes of manufacturing or repair
of electric cars, material costs for which are in-
cluded in the cost of the final product. Heating
tests, check of rotation and reverse frequency, as
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direct and indirect methods. The use of indirect
methods the loss covering is realized by using un-
balanced electromagnetic power of the studied
electric machines. This power can be created due
to the difference of both electromotive forces of
electric machines or the difference of their elec-
tromagnetic moments [4].

Purpose

The paper is aimed to determine the regulatory
principles of unbalanced electromagnetic torque of
mutually loaded electric machines of traction roll-
ing stock and multiple units of the mainline and
industrial transport.

Methodology

Unbalanced electromagnetic power of mutually
loaded electric machines of direct and pulse cur-
rent can be represented as the difference [1, 2]

AI)aM = P3M):[ - 1)31\/11" s
where P, P, — are electromagnetic powers of

the tested generator and engine accordingly [5, 9].

P .=cP0l, 6 P, =cD ol

ame M It i i

where ¢ — is a constructive constant of the tested
electric machines of the single type; @, @, — are

the magnetic flows of the generator and engine
accordingly; ., o, — are the angular rotation ve-

locities of the generator and motor armature re-
spectively; 7., I, — are the armature currents of

the generator and motor respectively.

In the mutual loading systems with electric
method to cover the idling losses the regulation of
angular speed of the tested electric machines is
carried out by changing AP, .

Generalized universal scheme of mutual load-
ing system of electric cars, which makes it possible
to realize all the possible variants of electric
method to cover the idling losses, is shown in the
Fig. 1.

In this scheme: M - are the windings of elec-
tric machine tested in the mode of motor; G — are
the windings of electric machine tested in the mode
of generator; 11 — is a consistent source of electric
power; M2 —is a parallel source of electric power;
P —is a gear (converter of angular velocity).

doi 10.15802/stp2014/32965
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Fig. 1. Generalized universal scheme of mutual
loading system

At the electric method to cover the idling losses
the regulation of unbalanced electromagnetic
power AP, is reduced to the regulation of the un-
balanced electromagnetic torque AM., and, as a
result of the angular velocityn ®, . These parame-

ters are interconnected by the equation [1]

do,
dt

b

AM,, = AM +J,

where ZAM , J, —are the idling torque losses in

the stand and the equivalent torque of inertia, re-
spectively, reduced to the shaft of the tested motor.

Block scheme of the angular velocity regulation
®, is shown in the Fig. 2

Af‘lf{.m + l 0‘);1
—
> > >
EAM(w,i)

Fig. 2. The structural scheme of the angular rate
regulation

Unbalanced electromagnetic torque of the
tested generator and motor, reduced to the motor
shaft can be expressed as

AM, =M,  —M !

SMrI" ?
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where M, , M. .
que of the motor and electromagnetic torque of the
generator, respectively.
The reduced electromagnetic torque of the gen-
erator can be represented as
M’ = M3MI‘ k(,l) >

SMI’

— are the electromagnetic tor-

where M, — is electromagnetic torque of the
tested engine; k, — is the coefficient of the angular
velocity transfer of the gear P.

M, =cDl; M, =cbI.

r’r?°

After expressing the electromagnetic torques of
the motor and the generator through the magnetic
fluxes and currents, after transformations we obtain

AM,, =c(®, 1, —k,®,1,). (1)

Let us consider the possible ways of regulating
the values AM,, by changing the parameters of
regulators and converters of the mutual loading
system.

The difference between magnetic fluxes A®D, the
armature current difference A/ and the transfer coef-
ficient of the angular velocity &, [1, 2] will be con-

sidered as the factors determining the value AM .

AD=D, D, ;
Al=1,-1;
k=2
()

pis

The equation of the torques balance in the static
mode for all the schemes of mutual loading with
the electric method to compensate the idling losses
will have the form [1]

AM,, =AM .

Findings

Let us consider the regulation variant AM ., by

changing the difference of magnetic fluxes,

wherein:
Al =0;
k,=1
AD =var.

doi 10.15802/stp2014/32965
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Then, the expression (1) can be transformed
into the form

AM,, =cAD-I.

At the consistency of the armature current of
tested electric machines (/ =const) the depend-
ence AM_, (A®) is directly proportional. The na-
ture of the dependence AM, (A®) for different
values of the constant armature current [ is

graphically shown in the Fig. 3.

AM,,,, L>1

I, >1
1!l

/ S AM

AM ., =Y AM o

I
I
|
|

|

AD, AD

Fig. 3. The nature of the dependence of AM_, (AD)

The Fig. 3 shows that at the higher load current
I of the tested electric machines to compensate

the given amount of the losses of torques ZAM it

is required a lesser value of the difference of mag-
netic fluxes AD.

AD, <AD, <AD, .

Let us consider the variant of regulation AM_,

by changing the armature currents difference,
wherein:

k, =1
AD #0;
Al =var.

In this variant of the regulation the condition
AD =0 is taken from considerations that the mag-
netic characteristics of a pair of the tested electric
machines may not be the same [5, 9]. That is, the
case of the magnetic characteristics divergence of
the tested engine and generator is considered.

In this case the expression (1) can be written as

AM,, =c(®, 1, -D.1,).

© A. M. Afanasov, 2014
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After transformations the same expression can
be written in two ways:

AM,, =c(®,-Al+AD- 1, );
AM,, =c(AD -1, + @, -Al).

For the case of correspondence of the magnetic
characteristics (®, =@, )

AM,, = cDAI .

Qualitatively the characteristics AM_, (AI) for

the condition @ =const and A® =0 are shown in
the Fig. 4.

AM ,,, D3> @,
' D, >,
(DI
AM ., =Y AM{ — / S AM
| | I
| |
| |
| | |
| 1 |

Al AL Al Al

Fig. 4. The nature of the dependence of AM,, (AI)
for cases when A® =0

At A® =0 the dependence AM,, (Al) is di-
rectly proportional. At A® =0 the dependence
AM , (AI) is linear. The Fig. 5 shows the nature
of dependence AM, (AI) for three conditions:
AD=0; AD>0; AD<O.

AD >0
WMo AD=0

AD <0

AM., =¥ AM & Y AM

e

|
|
/ Aw; Awy Awm, Al

Fig. 5. The nature of the dependence of AM,, (AI)
for cases when A® # 0

doi 10.15802/stp2014/32965

As one can see from the graphs in the Fig. 5, at the
negative difference of magnetic fluxes of the tested
electric machines (A® < 0) to create the given value
AM ,, it is required the larger current difference A/
than at the coincidence of magnetic characteristics
(AD =0). At the positive difference AD >0 the re-
quired value Al is lesser thanat A® =0 .

Let us consider the variant of regulating AM

by changing the coefficient of angular speed trans-
fer, wherein:

k, =var;
AD #0;
Al =0.

The condition AD # 0 is accepted in this vari-
ant of regulation from the same considerations as
in the previous one.

The equation (1) for the given condition will
have the form

AM,, =cl (D, —k,®,).

After transformations we obtain the same ex-
pression in the form

AM,, =cI[®, (1-k,)+k, AD].

At the coincidence of the magnetic characteris-
tics of the tested electric machines

AM,, =(1-k,)M,,,.

Qualitatively the characteristics AM (km) for
the condition M, =const and A® =0 are shown
in the Fig. 6.

AM .,
M vz o3
M a2
M

Ml

o

0 1 ke

Fig. 6. The nature of the dependence of AM (k)
for cases when A® =0
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In these variants of the mutual loading systems
the transfer coefficient of the angular velocity &,
is always lesser than unity [2].

In the Fig. 7 it is qualitatively presented the de-
pendence nature AM,, (k,) for the case of diver-

gence of the magnetic characteristics of the tested
electric machines (A® #0).

AM 5,

M yin o

AD >0

Fig. 7. The nature of the dependence of AM, (k,)

for cases when A@ =0

As one can see from the graphs in the Fig. 7, at
the negative difference of magnetic fluxes of the
tested electric machines (A® < 0) to create a given
value of unbalanced electromagnetic torque AM,

it is required the coefficient of the angular velocity
transfer k, smaller than at the coincidence of
magnetic characteristics (A® =0). At the positive
difference A® >0 the required value k is greater
than at A® =0.

Originality and practical value

For the first time the concept was introduced and
the principles of regulation of unbalanced electro-
magnetic torque in the systems of mutual loading for
electric machines of direct and pulse current were
considered. Analytical expressions for the unbal-
anced electromagnetic torque for mutually loaded
electric machines, the use of which will facilitate the
development of control algorithms for testing stands
of the traction electric cars of rolling stock of
mainline and industrial transport were obtained.

Conclusions

Unbalanced electromagnetic torque of mutually
loaded traction electric machines provides an un-
balanced electromagnetic power needed for the

doi 10.15802/stp2014/32965
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implementation of electric method to cover the
idling losses in the electric machines under study.

Regulation of wunbalanced -electromagnetic
torque of mutually loaded traction electric ma-
chines can be realized by changing the difference
of armature current, the difference of magnetic
fluxes and the difference of the rotation angular
velocities of electric machines armatures.

At the mutual loading of electric traction ma-
chines with divergent magnetic characteristics a
broader range of regulating the magnetic fluxes of
the machines under study is required.
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PETYJIIOBAHHSA HEBAJIAHCHOTI'O EJIEKTPOMATI'HITHOI'O
MOMEHTY B CUCTEMAX B3A€EMHOI'O HABAHTAKEHHSA
EJEKTPUYHUX MAIIIUH TAT'OBOI'O TA MOTOPBAT'OHHOI'O
PYXOMOTI'O CKJIAAY MATICTPAJIBHOI'O TA TIPOMUCJIOBOT O
TPAHCIIOPTY

Mera. [lani mochiKeHHS HAIMIPaBICHI HA BU3HAYCHHS MPUHIUIIB PETYIIOBAaHHS HEOAIAHCHOTO €JIEKTPOMArHiT-
HOT'O MOMEHTY B3a€EMHO HaBAHTAKCHUX EJIEKTPUYHHUX MAIIMH TSATOBOTO 1 MOTOPBAarOHHOIO PyXOMOTO CKJIady Maric-
TPaJIBHOTO 1 MPOMMCIIOBOTO TPAHCHOPTY. METO0 JTOCII/PKEHHS! € MiJIBUILEHHS! eHepreTHYHOi eheKTHBHOCTI BUTIPO-
OyBaHHS TATOBHMX €JIEKTPUYHUX MAIIMH MOCTIHHOTO Ta IyJbCYIOUOTO CTPYMY IIJISIXOM YIOCKOHAJIEHHS METOJIB X
B3a€MHOTO HAaBaHTa)KyBaHHA, B TOMY YHCJIi — IPUHIUIIIB aBTOMAaTUYHOT'O PETYJIIOBAHHS CHCTEMaMM B3a€MHOTO Ha-
BaHTaXeHHA. MeToauka. MeToJ0I0ri4HOI0 OCHOBOIO JIaHOTO JOCIIIKEHHSI € 3arajibHi TEOPETHYHI IOJIOKEHHS Ta
NPUHIUIHA CUCTEMHOTO IiJIX0/ly TEOPETUYHOI EIEeKTPOTEXHIKH, Teopil eNeKTPUYHUX MAalIMH 1 TEOPETHYHOI MeXaHi-
Kd. Y JOCIiIKEeHHI BUKOPUCTOBYIOTHCS BiIOMI METOIM aHAII3y €IEKTPOMATHITHHUX Ta €NEKTPOMEXaHIYHHUX IIPOIIe-
CiB B €JIEKTPUYHUX MAIIMHAX IMOCTIHHOTO H MyJIBCYIOYOTO CTPyMy. AHAaJIi3 METOAIB PETyIIOBaHHS PeKUMaMU HaBa-
HTaXXCHb TATOBUX CJICKTPOMAIIUH MNPOBCACHO 3 BUKOPUCTAHHAM y3aran1>HeH0'1' CXCMH B3a€EMHOI'0O HAaBaHTAXXCHHA,
YHIBEpCAIBHOI JUISl BCIX BIJOMHX CHOCOOIB HOKPHUTTS BTPAT XOJOCTOTO X0y JDKEPEIIOM EIEKTPUYHOI MOTY>KHOCTI.
PesyabraTu. Po3pobneHo 3aranbHi MPUHOWIHN YIPaBIiHHS PEXMMaMH B3a€EMHOTO HABAHTAXKEHHS TATOBHX EJIEKT-
PUYHMX MaIIMH MOCTIHHOTO Ta MyJILCYIOUOro CTPyMy LIISXOM PEryJIIOBaHHS iX HEOaJaHCHOTO eJIEKTPOMArHiTHOrO
MOMEHTY. PO3IJIsIHyTO BapiaHTH peryJItoBaHHS HE0AJIaHCHOTO €JIEKTPOMArHiTHOIO MOMEHTY IUISIXOM 3MiHH: Pi3HUII
MAarHITHUX TIOTOKIB B3a€MHO HAaBAaHTAXCHUX €JICKTPOMAIIHH, PI3HUII CTPYMIB SKOPIB €IEKTPOMAIINH, Pi3HUII KY-
TOBHX IIBUIKOCTEH BaiiB enekTpomamnH. HaykoBa HoBu3HA. OTpuMany pO3BUTOK HAYKOBI OCHOBH YAOCKOHa-
JICHHSI eHeproe()eKTHBHUX METO/IB BUIIPOOYBAaHHS TATOBHUX EJIEKTPUYHHMX MAIIMH IOCTIHHOTO M IYJIbCYIHOYOTO
ctpymy. CdopMmyrnboBaHi NMPUHIMIK YIPABIIHHS PEeXUMaMH B3a€EMHOTO HABAHTAXKEHHS TATOBHUX EJICKTPOMAIIHH.
Briepie BBeZCHO MOHATTS Ta PO3MIIAHYTO NPHHIMIIN PETYIIOBAaHHA HEOAIaHCHOTO EJEKTPOMAarHiTHOIO MOMEHTY
B CHCTEMaX B3a€MHOT0 HaBaHTA)KEHHS EJIEKTPUYHHUX MAIIWH ITOCTIHHOTO i Mmysbcytodoro crpymy. OTpumani aHami-
TUYHI BUpa3u Uil HEOAIAHCHOTO €JEeKTPOMAarHiTHOrO MOMEHTY B3a€EMHO HAaBAaHT)KEHHX EJIEKTPUYHUX MAIlWH.
CcopmyniboBaHI BUMOTH 10 CHCTEM aBTOMAaTHYHOTO PETYJIIOBAHHS CTEHIAMH B3a€MHOTO HAaBaHTaKCHHS TATOBHX
€JIEKTPOMAIIINH TOCTIHHOTO # mynbcyrodoro crpymy. IlpakTnyHa 3HaYuMicTh. BukopucTanHs pe3ybpTaTiB JaHUX
TEOPETHYHHX JIOCHI/PKEHb CYTTEBO CIPOCTHTH PO3pOOKY aJIrOPUTMIB YIPaBIiHHS CTEHAAMH JUls BUIPOOYBaHHS
TATOBHX €JEKTPUYHUX MAalIMH PYXOMOI'O CKJaJy MaricTpaJbHOTO 1 IPOMHCIIOBOTO TpaHCIOPTy. BrpoBamkeHHs
3alPONIOHOBAHUX IPUHIMIIB B3a€EMHOTO HABAHTAKEHHS TATOBHX EJEKTPOMAIIMH JO3BOJHUTH CYTTEBO HMOHHM3HTH
BUTpaTH Ha CTBOPEHHS HOBHX 1 MOJIEPHI3AIlil0 ICHYIOUMX CTaHLiil Juis BUPOOYBaHHS TATOBHX €JIEKTPOMAIINH. AB-
TOMATH3aLIis [TPOLIECY MiCIIPEMOHTHHUX MPUHMaIbHO-31aBAILHUX BUIPOOYBaHb TATOBHX €JIEKTPOMAILIHH J03BOJIHUTH
ICTOTHO MIABHUIUTH AKICTh BUMIPOOYBaHb 1 HAIIHHICTH TATOBOTO Ta MOTOPBArOHHOTO PYXOMOTO CKIIAay 3 €JIeKTpHY-
HHUM TSTOBUM IIPUBOJIOM.

Kniouosi cnosa: TATOBI eNeKTpUYHI MAaIIMHW, BUIPOOYBAaHHS; B3a€MHE HABAaHTAXCHHS; €JIEKTPOMArHITHUH
MOMEHT; PETyIIOBAHHS
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PET'YJIMPOBAHUE HEBAJTAHCHOI'O JIEKTPOMATI'HUTHOI'O
MOMEHTA B CUCTEMAX B3AUMHOI'O HATPYXXEHUA
IJIEKTPUYECKHUX MAIIHUH TAI'OBOI'O U MOTOPBAI'OHHOI'O
INOABUKHOTI'O COCTABA MAT'NCTPAJIBHOT'O

N ITPOMBIINVIEHHOT'O TPAHCIIOPTA

Hesb. JlanHbBIC MCCIIeOBaHNS HANPAaBIEHBI Ha ONPECICHHE MPUHINIIOB PEryIHMpPOBAaHNs HEOATAHCHOTO JIEK-
TPOMAarHUTHOTO MOMEHTA B3aMMHO HAarpy>K€HHBIX 3JIEKTPHYECKUX MAIIUH TATOBOTO M MOTOPBarOHHOTO ITOABM)KHO-
ro COCTaBa MaruCTPajabHOIO U MPOMBIIIJIEHHOrO TpaHcnopTa. Llenbto uccnenoBaHus sBISETCA MOBBILIEHUE YHEPre-
THUYECKON 3(QPEKTUBHOCTH MCIIBITAHUS TATOBBIX JIEKTPUYECKUX MAIIMH ITOCTOSHHOTO M IyJIBCHPYIOIIEro TOKa ITy-
TE€M YCOBEPIIEHCTBOBaHMSA METOAOB MX B3aHMMHOI'O HAarpy»KeHUs, B TOM UYUCII€ — NIPUHLUIOB aBTOMAaTHYECKOTO pe-
IYJIUPOBaHUS CUCTEMAMM B3aUMHOIO HarpyxeHus. Meroauka. MeTononoruueckoil OCHOBOM aHHOIO MCCIENO-
BaHUs SABJIISAOTCA 061111/16 TCOPCTUYCCKHUE TMOJIOKEHNUA U TPUHIHIIBI CUCTEMHOT'O IOJAX0Ja TeOpeTquCKOﬁ QJICKTPO-
TEXHHUKH, TEOPUH JIEKTPUIECKIX MAILIMH U TEOPETHIECKOW MEXaHUKU. B MccienoBaHny HCHOIb3YIOTCS N3BECTHBIE
METO/Ibl aHAIM3a 3JIEKTPOMATHUTHBIX U 3JIEKTPOMEXAHUYECKHUX IPOLECCOB B AIEKTPUUECKUX MAIINHAX HOCTOSIHHO-
TO W IyJIbCHPYIOIIEr0 TOKa. AHAIW3 METOJOB PEryJHpPOBAHMS PEKUMAMHU HAarpy>KCHHS TATOBBIX 3JIEKTPOMAIINH
MIPOBEJICH C MCIIOJIb30BaHNEM OOOOIEHHON CXeMBbl B3aMMHOW HArpy3KH, YHUBEPCAIBHOHN ISl BCEX M3BECTHBIX CIIO-
cO0OB TOKPBITUS TIOTEPH XOJIOCTOTO XOJa WCTOYHHKOM 3JIEKTPUYECKOH MOIIHOCTH. Pe3yabrarhl. Paspaboranbl
o01ye IPUHIUITEI YIPABICHUS PEKUMaMHU B3aUMHOTO HArpy>KEHHsI TATOBBIX 3JEKTPUYECKUX MAIINH IOCTOSIHHOTO
W IIyJIbCHPYIOILEr0 TOKAa MyTEM DEryJMpoBaHHs WX HeOaJlaHCHOTO 3JEKTPOMAarHUTHOTO MOMeHTa. PaccMoTpeHbl
BapUaHTBI PEryJIMpoOBaHUA He6aHaHCHOFO QJICKTPOMArHuTHOI0O MOMCHTA NYTEM HU3MCHCHHS: pa3HUIbl MarHUTHBIX
IOTOKOB B3aMMHO HArpy>XCHHbBIX 3JICKTPOMAIIWH, PA3HUIIbI TOKOB ﬂKOpeﬁ DJICKTpOMAIIWH, Pa3HUIIbI YTJIOBBIX CKO-
pocteii Basos anekrpoMaiinH. Hayuynasi HopusHa. [lomydnnn pa3BuTHe HaydHBIE OCHOBBI yCOBEPILCHCTBOBAHMUS
9HEPro3((GEeKTHUBHBIX METOAOB UCIBITAHMA TATOBBIX JIEKTPUYECKUX MAIIMH ITOCTOSHHOTO U IyJILCHPYIOIIETO TOKA.
CchopmynmpoBaHbl IPUHOMIIB! YIPABICHUS PEKMMaMH B3aHMHOTO HAarpy KEHHS TATOBBIX JIEKTpOMAIINH. BriepBeie
BBE/ICHO TOHATHE M PACCMOTPEHBI NMPHUHIIMIIBI PETYINPOBAHNS HEOAIAHCHOTO 3JIEKTPOMAarHUTHOTO MOMEHTA B CHC-
Te€MaX B3aUMHOI0 Harpy>eHUs 3IEKTPUYECKUX MAIINH IOCTOSIHHOTO U IyJbCUPYIOLIEro ToKa. [loryueHs! aHamuTu-
YEeCKHE BBIPaKCHUS Ul HEOAJTaHCHOTO 3JICKTPOMAarHUTHOIO MOMEHTA B3aMMHO HArpyKEHHBIX 3JEKTPUYECKUX Ma-
mrH. ChopMyupoBaHbl TPEOOBaHMSI K CUCTEMaM aBTOMaTHYECKOTO PEryJIMpOBaHUs CTEHJaMH B3aUMHOTO Harpy-
KEHHUS TATOBBIX ANMEKTPOMAILINH MOCTOSHHOTO U IMyJbcupymomero toka. IIpaktnyeckas 3Haunmocts. Mcnons3o-
BaHME pE3Y/NbTAaTOB JAHHBIX TEOPETHUECKHX HCCIECJOBAaHMN CYIIECTBEHHO YIPOCTHT pa3pabOTKy airopuTMoB
YIpaBICHUS] CTCHJAMHU U UCTIBITAHMS TATOBBIX 3JIEKTPUYECKHX MAIIWH MOJBIKHOTO COCTaBa MarrCTPaibHOTO
U TIPOMBIIIJIEHHOTO TpaHCHoOpTa. BHeApeHne MpeanoKeHHbIX NPUHIUIIOB B3aUMHOTO HAIPYXKEHUS! TATOBBIX 3JIEK-
TPOMAIIIMH TO3BOJIMT CYIIECTBEHHO CHU3MUTH 3aTpPaThl HA CO3JJAHUE HOBBIX U MOJECPHU3AIMIO CYIIECTBYIOIINX CTaH-
WA AJIS1 UCTIBITAaHUS TATOBBIX 3JIEKTPOMAIIMH. ABTOMATH3aLUsl MPOIECCa MOCIEPEMOHTHBIX MPHUEMO-CAATOYHBIX
UCTBITAHUHN TATOBBIX 3JIEKTPOMAIINH MO3BOJIUT CYIIECTBEHHO MOBBICUTh KAYECTBO UCIBITAHUMN M HAJEXKHOCTb TATO-
BOTO U MOTOPBaroHHOT'O MOJABUHOI'O COCTaBa C INMEKTPUUECKUM TATOBBIM IPUBOAOM.

Kniouesvie cnosa: TATOBbIE ANIEKTPUYECKUE MAIUHBI; UCIBITAaHUE; B3aUMHOE HATPY)KEHHE; IEKTPOMarHUTHBIH
MOMEHT; PETYIUPOBAHUE
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YIOCKOHAJIEHHS TEXHIYHOTO OBCJIYTOBYBAHHS
OBJIAJTHAHHSA TSATOBUX MEPEK HA OCHOBI
MPOIECHOT O MIIXOY

Merta. JlocnmipkeHHs CIPAMOBAaHE HA PO3POOKY HOBHUX METOJIB YIOCKOHAJICHHS TEXHIYHOTO OOCIYrOBYBaHHS
00JaHAHHS TATOBUX MEPEXK IS IMiIBUIICHHS HOTO e(PeKTUBHOCTI Ta sAKOCTi. MeToauka. Y CBITOBId NpaKTHUIN
PO3B’si3aHHS poOJIEM, TTOB’I3aHMX 13 SKICTIO MPOAYKIII Ta MMOCIIyT, 3a3BUYail TOCATAETHCS MIJSIXOM BIPOBAIKEHHS
B JISUTBHICTD MIJNPHEMCTB CUCTEMH YIPaBIiHHSA SKICTIO. Iy BUpIIEHHS MOCTaBJICHOI 3a1a4i OyJid BUKOPUCTaHI
OCHOBHI TIOJIO)KEHHSI CHCTEMH YTPABIIHHS SKICTIO MPOAYKIii. 3aCTOCOBAHO TEXHOJIOTII MPOIECHOTO IHXKUHIPHUHTY
JUISL ONMCaHHS OCHOBHHX €TalliB IPOLECY TEXHIYHOro oOCiIyroByBaHHs. Pe3yiabTaTH. PO3BHTOK IIBHIKICHOTO
{ BHCOKOLIBH/KICHOTO PYXY Ta 3pOCTaHHS HOr0 iHTEHCHBHOCTI, 3aCTOCYBAaHHS €JIEKTPOPYXOMOTO CKJIay HOBOTO
MOKOJIIHHSA BUMAraroTh BIPOBAKEHHS HOBHX METOJIB AIarHOCTMKM TEXHIYHOTO CTaHy OOJaJHAHHS Ta BIOCKOHA-
JICHHA iICHYIOYOi CHCTEMH TEXHIYHOT'O OOCIYrOBYBaHHSA Ta PEMOHTY MPHUCTPOIB eJeKTporocTadanHs. Po3pobka mo-
nerti Oi3HecC-TPOoLEeCiB, X ONTHMi3amis 3 BHKOPUCTAHHAM TEXHOJIOTIH MPOIECHOTO iHKUHIPUHTY Ta CHCTEMHOTO Me-
HEDKMCHTY HEOOXigHa i Mepexony A0 CUCTEMH YNpPaBJiHHS, 3aCHOBAaHOI Ha IMPOICCHOMY IMiIXOMdi. 3 TMO3HUIlii
MPOLIECHOTO TIXOAY Ta BiJIOBIIHO 10 BUMOT CTaHAapTy cucremu ynpasiinas sikictio (ICTY ISO 9001-2009)
(yHKuioHyBaHHs iHppacTpykTypu rocrnonapcrsa E ([lenaprament enektpudikamii Ta eleKTporocTayaHHs) mpea-
CTaBJIEHE y BUIJIII CXeMH Oi3Hec-TpoleciB, B SIKii rapaHTOBaHE 3a0€3NCUCHHS eJIEKTPOCHEPTi€l0 3aII3HUYHHUX Ta
CTOPOHHIX CIIO’KMBauiB BH3HAYAETHCS SIK TOJIOBHHMI Oi3HEC-Tpolec rocrnopapcrTBa. JleTanbHO OMMCAaHO KOXEH i3
IANPOLIECIB €IeKTPOIIOCTAYaHHs CIIOKUBaYiB. PO3IIISIHYTO METOJMKY BUKOPUCTAHHS Ta OCHOBHI €Taly IPOLECHOTO
MiAXOMy A0 peopraHi3alii CHCTeMHU YIpPaBIiHHA MPOIECOM MOHITOPHHTY. OmrcaHO METOMIOJIOTII0 Ta crmocid 3acTo-
cyBanHs 3aMmkHyTOrOo 1ukiry PDCA (Plan-Do-Check-Act) mo cucteMu TEXHIYHOTO OOCITYyTOBYBaHHS OOJIaTHAHHS.
BHacnigok mpoBeeHUX AOCTIIKEHb 33 JOMOMOTOI0 HPOIECHOTO MiIXOAY JIEKOMIIOHOBAHO MPOILEC MOHITOPUHTY
o0JamHaHHS TATOBUX Mepex. JleTalbHO PO3MIIHYTO TEXHIYHMH CYIPOBiI MPOLECy eneKkTponoctadyaHas. OmucaHo
NUIAXH TOKpaleHHs Oi3Hec-mporieciB rocmogapctBa E (JlemaprameHT eiaekTpudikailii Ta eJeKTPOINOCTaYaHHs:).
HaykoBa HOBHM3HA. 3anpOINOHOBAaHO IUIXM YJOCKOHAJIEHHS TEXHIYHOIO OOCIYroBYBaHHSI OOJIa[HAHHS TSATOBHX
MEpEeX 3 BUKOPHUCTAHHSIM TEXHOJIOTIH MPOLIECHOTO IHXXMHIPHHTY Ta CHCTEMHOIO YHPABIIHHS SIKICTIO MPOJIYyKIIi.
IpakTHyHa 3HaYMMiCTB. 3aCTOCYBaHHSI MOJIOKEHb CUCTEMH YIPABIIiHHSA SKICTIO MPOAYKIIi JI0 POLEeCy TEXHIYHO-
ro 00CIyroByBaHHS yCTaTKyBaHHS JIO3BOJIMTH 3a0€3MEUUTH IOJIIIIEHHS SKOCTI MPOIECy 3a paxyHOK IiJIBUILCHHS
MOKa3HUKIB HaJIHHOCTI €HEepProycTaTKyBaHHs, PiBHS 0OCIyroByBaHHS CIOXHBAdiB €JICKTPOEHEPTii, KOPIHHUX 3MiH
BUPOOHHYMX MPOLIECIB, CIPSIMOBAHMX Ha MiIBUIIEHHS €()EKTUBHOCTI IiSUTbHOCTI Taly3i.

Kniouosi cnoea: enexTporiocTayaHHs; CUCTeMa YIPaBIiHHS SKICTIO; MPOLECHUH IHXXUHIPHUHT; Oi3HEec-Tpolecy;
TeXHi4YHe 00CITyroByBaHHS

Beryn XOJIUTH Ha Pecypco- Ta eHeprosz0epirarodi TEXHO-
norii. SIkicHa Ta IBWAKa peaii3aiis BCiX BHUIIE3a-
3HAYCHHUX 3aXOJ[iB CTAE MOXJHMBOIO y pa3i BIPO-
BaJDKEHHSI CUCTEMH MEHEDKMEHTY SIKOCTi B Kepy-
BaHHI CEJEKTPOCHEPTCTHUHOIO 1H(PACTPYKTYPOIO
3aTI3HUYHOTO TPAHCIIOPTY YKpaiHu.

PoO3BHTOK MIBUAKICHOTO 1 BHCOKOIIBHAKICHOTO
pyXy Ta 3pOCTaHHS WOTrO 1HTEHCHBHOCTI, 3aCTOCY-
BaHHS CJIEKTPOPYXOMOTO CKJIaay HOBOT'O IMOKOJIiH-
Hsl, BAMAraloTh 3aMiHU 3aCTapilioro o0JaHaHHS Ta
€JIeMEHTIB HU3bKO1 eKCIUTyaTaliiHoi HaIiiftHOCTI

Ha cporomHi cutyarisi B eJIeKTpOeHEPTeTHYHIHI
1HPACTPYKTYpi 3aII3HUYHOTO TPAHCIIOPTY YKpai-
HH JIOCUTb CKJIaJHA: 3HaYHA YaCTHHA O0JaHAHHS,
IO 3HAXOAWTHCSA B eKCIUTyaTamii, BXe BHUepIana
CBili pecypc 1 moTpeOye 3aMiHH a00 IOETAIHOI
pEeKOHCTpYKLii Ta oHoBIeHHsA. Kpim Toro, HeoO-
XIJTHO MIBHIMTYBaTH €(EKTUBHICTh BUKOPHUCTAHHSI
HaAsBHOTO OOJIaJIHAHHS, 3aCTOCOBYBATH HOBI METO-
I TiarHOCTYBaHHsS TEXHIYHOTO CTaHy 0OiagHaH-
Hs, CKOPOUYBATH EKCIUTyaTalliifHi BUTPATH i Tiepe-
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Ha BHCOKOTEXHOJIOTIYHI MPHUCTPOI IMiIBUIIECHOT
HAJIIMHOCTI 1 30UIBLICHOTO PeCypcy; BIPOBAKCH-
HSl HOBUX METOJIIB JIarHOCTUKH TEXHIYHOT'O CTaHy
oOnamHaHHA 1 BIOCKOHAJICHHS ICHYIOYOI CHCTEMHU
TEXHIYHOTO OOCIYyTOBYBaHHS Ta PEMOHTY TIpH-
CTpoiB enekTpornocTayanHs. HapiiHicTs 001a7-
HaHHS 3pOCTa€, HacaMIepen, y pe3yibTaTi 3acTo-
CyBaHHS CyYaCHUX €JIEMEHTIB YIIPaBJIIHHS y CHC-
TeMaX eJIeKTPONOCTaYaHHs iHPPACTPYKTYpPH.

Meta

Metorwo poboTH € po3po0Ka HOBHX METOIB
YIOCKOHAJICHHS TEXHIYHOTO OOCIYroBYBaHHS 00-
JaTHaHHS TATOBUX MEPEX IJIsl MOKpPAIICHHS PiBHS
e(heKTUBHOCTI Ta SIKOCTI EJIEKTPOIIOCTAYaHHS.

MeTtoanka

VY CBITOBIi TpakTUIl PO3B’sI3aHHS TMPOOIEM,
MOB’SI3aHUX 3 SKICTIO TPOAYKINI Ta MOCIYT, 3a3BHU-
Yail OCSTaeThCs MUITXOM BIPOBAHKCHHS B JIisUTb-
HICTB MiJIPUEMCTB CHCTEMH YIPaBIiHHS SKIiCTIO [1,
11, 13]. Po3pobka momeni Oi3Hec-mpolieciB, ix or-
TUMI3aIlis 3 BUKOPUCTAHHSIM TEXHOJIOTIH IMPOIECHO-
To IHKAHIPUHTY Ta CHCTEMHOTO MCHEIKMCHTY He-
0o0XiHa IS TMEepPeXOoAy JO CUCTEMH YIIPaBIiHHSA,
3aCHOBAHOI Ha IpoIlecHOMY Tiaxomi. s ycminmHo-
ro (YHKITIOHYBaHHS IiIIPHEMCTBO ITOBHHHE BHU-
3HAYUTH 1 BUKOHYBaTH MEHEIDKMEHT OaraThboX B3a-
€MOIIOB’SI3aHUX BHUIIB MISUILHOCTI. 3T1AHO 31 CTaH-
nmaptom JICTY ISO 9001:2009 mismpHICTB, SKa BU-

Lary B8 nocmayansHukiG npoyecy

KOPHCTOBYE PECYPCH 1 YIPABISETHCS 3 METOIO IEpe-
TBOPEHHSI BXiIHOI MPOMYKIIii y BUXIIHY, MOXE PO3-
TIIAATUCS K TPOIleC. 3aCTOCYBaHHS B OpraHizarii
CHCTEMH TIPOIIECIB pa3oM 3 iX imeHThdiKaIli€o Ta
B3a€EMOTI€I0, & TAKOK MEHEDKMEHT TIPOIIECIB, CIIps-
MOBaHUII Ha OTpPUMaHHS OaXaHOTO peE3yJbTaTy,
MOXYTh OyTH BHU3HAUEHi SIK MPOLECHUN Mimxif [4].
[Ipu 3acTocyBaHHI B CHCTeMI MEHEIKMEHTY SKOCTI
MPOLIECHUM MIIX1JT M IKPECITIOE BAXKIUBICTh:

— pO3yMiHHSI Ta BUKOHAaHHS BHMOT, IO BUCY-
BalOTHCSA JI0 SKOCTI MPOAYKIIii;

— OTPUMaHHS Pe3yJIbTaTiB BUKOHAHHS TPOLIECIB
1 3a0e3mneUeHHs X Pe3yJIbTaTUBHOCTI,

— TOCTIHOTO TOJIMIIEHHS MPOIECiB Ha OCHOBI
00’ €KTUBHHUX OIL[IHOK.

PesyabTatu

OCHOBHOIO TEXHOJIOTTYHOIO 33]]a4Cl0 TOCIoaap-
ctBa E € rapanroBaHe 3a0e3NeueHHs] eEKTPOCHEP-
Ti€l0 3aII3HIYHMX Ta CTOPOHHIX CHOKKBadiB. Emek-
TPOCHEPTisi BUCTYIIA€ OCHOBHUM BHIOM MPOAYKIIIi.
3 mo3WIid MPOIECHOTo MiAXOAy 1 BIATOBIAHO IO
BUMOT CTAaHIAPTy CHUCTEMH VIPABIIHHS SKICTIO
(ACTY ISO 9001-2009), dyukuionyBaHHs iH(pa-
CTPYKTypH TocmogapctBa E mMoxxe OyTH HaBeIeHO
y BUIAII cxemu (puc. 1), B sKiii rapaHTOBaHE 3a-
Oe3IeueHHs eJICKTPOCHEPTIEI0 3aTi3HUYHUX Ta CTO-
POHHIX CIIO)KMBa4iB BU3HAYAETHCH SIK TOJIOBHHUI
OizHec-mporiec rocrogapcTaa [8, 9].

Howy B3 cnoxubaqib npouecy

Cryxda F S
(] |a 1

Morimagure Morimapure fu- [ Cnoxubas 1
npoyecit XidHoi npodykui | nooyecy |
_ R IR I nen| ™ turews |
- JIR——— [apaHmobane 3a0eanevess ' | noisal |
| | Qjﬁgggﬁgg — npoyecy | ENEH. IaMIHUSHUX mad [lepedaqa en ex | | |
| | CMapoHHY Croxubasb wepes KM | | |

| — | . |
| banancyoud | Erepzazdym | £n en - (puimasns ma | En en |___,_ Xubnewnma vemsa- |
| punok | Y | nepepadka enex wa T17 : B 2obux croxubavul |
| [Fezanexa I _| Tepedaya en ew | | |
|| nocmay | | yeges £4C | | |
L [ ] | _| Xubrewmsn cmo- |
' Tf T L ew | |Pomnix cnoxubaab| |
| |

Texrsmuy

Pecypcy | | Prakcy ‘ cynpobic L _

Puc. 1. ®dyHkiioHanbHA CTPYKTYpa roj0BHOTO Oi3Hec-mpoliecy rocrnoaapcrea E

Fig. 1. Functional structure of main business-processes of E management
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Ha it dpyHKIiOHANBHIA cXeMi Oyiokamu 300pa-
JKeHi Oi3Hec-TIPoIecH CUCTEMU. 3ITiBa — OJIOKH, MPHU-
3HAYCH1 JIJIS BXOJIIB, CIIPaBa — JUIS BUXO/IB, BHU3Y —
JUTT MEXaHI3MiB, 3BepXy — JJIsl KepiBHUX (haKTOpiB.
Take TmMO3HAYEHHS OKPECITIOE OCHOBHI CHCTEMHI
NPUHLUIN: BXiHA TIPOAYKIIS TEPETBOPIOETHCS
Yy BUXiIHY, YIpPaBIiHHS CHCTEMOIO OOMexye abo
BKa3y€ YMOBH BHKOHAHHS II€PETBOPEHb, MEXaHI3MHU
MOKa3yIOTh, XTO, IO 1 IKUM YHHOM BUKOHY€E (DyHK-
1ii mporecis Ta mianporecis [7, 15].

Crio)krBayamu TMOCIyT rocnojapcrsa E Bucry-
EN S

— 3aJ13HAYHI TAroBl cnoxxuBadl; 10 80 % enek-
TPOEHEPTil MpHUMagac Ha CHOKUBAHHS EIEKTPOpPY-
xomuM ckiangom (mami EPC) i cripsmoBana Ha 3a-
Oe3IeYeHHs TATH O3B,

— 3aJTI3HUYHI HETATOBi CITO’KMBadi; CIIOKMBaHA
HUMH eJIEKTPOEHeprisl Tpumajae Ha eKcIuTyara-
[iiiHI MOTpedu TrocrmoAapcTB Ta AUPEKLisIM Ha ¢i-
Jianax KoJiii, BATOHHOTO TOCIIOAAapCTBa, BAHTAKHOI
1 KoMmepIiiHOi poOOTH, cUTHami3amii Ta 3B’S3KY,
ciryk0u pyXy, JTJOKOMOTHBHOTO TOCIIOAAapCTBa, IHU-
BIJIBHUX CHOPYJ Ta iH.;

— CTOpPOHHI CITOKHBAYi, IKi MalOTh TEXHOJIOTIU-
HE TPUEIHAHHS J0 CICKTPUYHUX MEPESHK IiIIpU-
eMmcTB rocronapctsa E.

Ha ocHoBI 11i€1 Tpagariii criouBadviB MOCIyT TOC-
nomapcTa E Ta BUXOASIH 3 OCHOBHOI TEXHOJIOTITHOT
3a71a4i TOCIIOJAPCTRA — F'apaHTOBAHOTO 3a0€3IICUCHHS
EIIEKTPOSHEPTI€I0 CIOXKNUBAYIB — SKICTh BUKOHAHHS
TIOCITYT BHU3HAYAETHCS 33IOBOJICHICTIO CITOKMBAMIB.
CTOCOBHO 3QII3HUYHUX TATOBMX CIOXKHMBAYIB CIIIJL
TOBODPUTH IIPO 33I0BOJICHICTh MepeBe3eHb [3].

Jlst BUKOHAHHS TOJIOBHOTO 3aBIaHHs — 3a0e3re-
YEHHsI €JICKTPOCHEPTIIEr0 3aTI3HUYHUX Ta CTOPOHHIX
CHOXKMBAYiB — MiIIPHUEMCTBA rocroaapcTea E mepe-
TBOPIOIOTH €JIEKTPOSHEPTII0 Ha TATOBHUX IMiJICTAHIIISX
(mam TII), mepemaroTh EIEKTPOSHEPTIIO 3adaHUX
napameTpiB 4yepe3 KM na EPC mis Tsaru moizmis,
a TaKOX TEePeIaloTh EINEKTPOSHEPTilo 3aJaHuX IMapa-
METpPIB depe3 pailoHW eNeKTPOIIOCTadaHHs CTOPOH-
HIM CIO)KHBayaM (HaCEJICHHIO, MiAIPUEMCTBAM).

SIKiCTh BUKOHAHHS OCHOBHOI TEXHOJIOTIYHOI 3a-
nmadi rocnomapcTBa E BU3HAYA€THCS SIKICTIO BHKO-
HaHHS TEXHOJIOTIYHOTO TPOIECY MOCTaYaHHs EIIeKT-
POEHeprii i 3aIeKUTh Bil HOCTaYaIbHUKIB IIPOLIECY.

Act - yapabmibss

(bunpabnerrs/
[Ipoyec
BidnobidansHicms Check - nepebixa
KepiBHymba
Flan -
aEyBaHHs
. Buriobiaseg
Snpabimng asan | < .
o pecypeamy baockonaneHns Sy
38 £
3 Q)
= ™ =R
=SS 8 3
5 iols
]
ol =
\/ \ {mbopests
=
. - npogykiyI
x
&
§ By npauecy Buxadu - pesymsmamy
S npoyEecy
S

Do - BukaoHanns

Puc. 2. Cymimena cxema mukiry Jleminra Ta cXeMu MPOIECHOTO MiIXO0Ty

Fig. 2. Combined Deming Cycle scheme and schemes of process approach
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OO0csT KyIUICHOI Ta OTPUMAHOI €JIEKTPOCHEPTil
Iutst TocniofapeTBa E 3HaUYHOIO MipOI0 3yMOBJIEHUN
po3mipamu pyxy moizaiB. OCBOEHHS OOCATIB €lleK-
TPOCHEPrii, a TAKOXK X MIaHyBaHHS 3MiIHCHIOETHCS
BIIITOBITHUMHU CTPYKTYPHHUMH MiAPO3AiIaMH YKp-
3aJi3HMILI — CIIYy’)K0aMU PyXy JIOKOMOTHBHOTO T'OC-
nonapcTea, (iHAHCOBO-€KOHOMIYHOK CIYyXO0010,
SIKi BU3HAYCHI SK «ITOCTAa9aJIbHUKH TIpoIiecy». Bu-
nierepepaxoBaHi MPOLECH BiTHOCATHCS O OCHOB-
HUX TPOLECIB.

KosxeH mporec moBUHEH MaTH BIIACHHUKA — Bif-
MOBiJANTBHY 0c0o0y (TpyImy 0ci0, miapo3/aii) 3 4iTKO
BU3HAUYEHUMHU OOOB’S3KaMH 1 MOBHOBAXCHHSMH.
s ocoba Hece BiANOBINANBHICTE 32 PO3POOKY
MpoIriecy, WOro JOKYMEHTAIlil0, OIIHKY e()eKTHB-
HOCTI (PyHKILIIOHYBaHHS MpOIECY, a TaKOX 3a Ha-
BUYaHHS CHIBPOOITHUKIB 1 BU3HAYEHHS B3a€EMO-
3B’SI3KiB MK HUMHU. BiacHUK mporiecy Oesrepeps-
HO a00 3 BCTAHOBJICHOIO TEPIOAMYHICTIO KOHTPO-
JIOE XiI Tpouecy i TpHUiiMae KepiBHI pilIeHHS
y BWITQJKaX BiIXWICHHS MapaMeTpiB MPOIeCy Bif
KPUTEPiiB, BCTAHOBJICHUX IUISI HOPMAJIBHOTO XOIy
npouecy [14]. Bnacauk npouecy B X0[li ynpailiH-
Hs toranye (Plan) posmonin pecypciB mist mocsr-
HEHHS IIOCTaBJICHUX LIEH Mpolecy 3 MaKCUMallb-
HOO eekTuBHICTIO0. Xin BukoHaHHs (Do) nporiecy
BUKOHaBLsIMH BiacHUK mepeBipse (Check) 3a iH-
(dhopmarriero, sika HAAXOAUTH 3 KOHTPOIHHUX TOYOK.
BrnacHuk mpouecy Beae ONEpaTUBHE YIPaBIiHHS
MPOLIECOM, KePYIOUH (aKTUBHO BTPYYalOUYHCh B Xif
npouecy — Act), 3MiHIOIOUH 3aIVIAHOBAaHUH PO3IIO-
IIIJT pecypciB, 3MIHIOIOYH TUTAHH, TEPMIiHU 1 BHUMOTH
JI0 Pe3yJIbTaTiB MPOIECY BIAMOBIIHO J0 3MIiHU CH-
Tyamii. JlisUTBHICTH BIIACHMKA TPOILECY HOCHTH
IUIAHOBUHM XapakTep IPpH HOPMAJIbHOMY XOAi Ipo-
necy abo HEIUIAHOBUH — y BHIIAJKaX BUHUKHEHHS
npoOJIeMHUX CHUTYalill, 110 BUMAraroTh HETaiHOTO
BTpYYaHHA. 3aMKHYTHH UK YIIPaBIiHHS BiIOMUI
sk mukn Jleminra P-D-C-A (Plan — Do — Check —
Act): mnaHyBaHHS — BUKOHaHHS — IIepeBipKa —
ynpasmiiHHs (BunpasieHHs). Meroxonoris PDCA
€ QITOPUTMOM i KepiBHUKA 3 YIIPABIIHHS IPO-
IIECOM 1 JOCATHEHHs Horo 1iien [6]. CywimieHa
cxema 1Ky P-D-C-A Ta cxemu mpoIecHOro -
X0y 300pakeHo Ha puc. 2.

OyHKIIOHYBaHHS TOJOBHOTO TPOIECY TOCIO-
nmapctBa E 3milicHIOETbCA TiA 3arajbHAM yOpaB-
niaHAM 3 Ooky Ciryx0u enextpudikarii Ta enxekt-
poroctauanaa. CaMme BOHA € BIACHHKOM IIPOLIECY.
Cnyx0a E 3nilicHIOE MOHITOPHHT Ta OI[IHIOBAaHHS
TOJIOBHOTO TPOIECY Ta HOTO IMiIIMPOIECiB; CIIAKYE
doi 10.15802/stp2014/32999

32 HAJIC)KHUM PIBHEM SKOCTI BiMITyIIEHOI €IEKTPO-
eHeprii (OCHOBHOTO TPOJYKTY); OTpuMye iHDop-
MaIlil0 BiJI TOCTaYalIbHUKIB Ta CIIOKUBAYIB MPOIIE-
Cy, BUKOHY€ aHami3 xomay mporecy. Pesympratu
MOHITOPUHTY, a TAaKOX JaHi TPO 3aJ0BOJICHICTDH
CIIOKMBAYIB 1 aHi BiJ MOCTAYaJbHUKIB € OCHOBOIO
JUTSL aHaji3y pe3yJbTaTUBHOCTI Ta €(pEeKTUBHOCTI
MIPOIECY HOTO BIACHUKOM. 3a pe3yJbTaraMy aHa-
73y 3MIHCHIOIOTHCS KOPUTYIOU [ii, a TakoX IO-
CTiliHE TONINIIEHHS MPOLECY 3a PaxyHOK 3amo0i-
)kHUX [i. OkpiM BuUIIe3a3HaueHUX QYHKIIN
YIpaBJIiHHS TPOIIECOM BKITIOYAE:

— BU3HAYCHHS HEOOXiTHUX pecypciB s pe-
3yJBTaTHBHOTO Ta €(pEeKTUBHOTO BUKOHAHHS IPOIIe-
¢y (pecypcu MOXKYTh BKITIOYATH OOJIaJHAHHS, KOHT-
POJIEHO-BUMIPIOBANIBHI  TIPUIIANH, KBaTi(iKOBaHUH
TIEPCOHA, BiMOBITHI BUPOOHWYi YMOBH 1 T.I1.);

— TIOPSAZIOK TIPUUAHATTS PillleHb Y BUTAIKY Bij-
MOB TIPOIIECY;

— BU3HA4YCHHSI HEOOX1THOTO piBHA KBamigikamii
(haxiBIIiB;

— HaBYaHHS, MIIBUIICHHSA KBamidikamii, MOTH-
Ballisl IEPCOHANTY.

YrpaBniHHS TporiecaMu 3IiHCHIOETBCS Ha OC-
HOBI aHAJI3y HamiiHOI iHpopMarii. Tomy BuMipro-
BaHHS TOKa3HUKIB (YHKIIOHYBaHHS IPOIECIB
€ OJTHUM 3 HaWBaXIIUBININX 3aBaHb CUCTEMHU Me-
HEDKMEHTY SIKOCTi. BUMipH CTOCYIOTBCS TTOKa3HHU-
KiB SIKOCTI MPOJYKILIi i mapameTpiB Mmporecis, 3a-
JTOBOJICHOCT1 CIIOYKMBA4YiB 1 CIIBPOOITHUKIB, MPO-
IYKTUBHOCTI, pe3yJbTaTUBHOCTI Ta €(EeKTUBHOCTI
MPOIIECiB, BUTPAT, ITOB’A3aHKUX 3 Peajli3aIiero mpo-
necie. Ha OCHOBI BHKOHaHHMX BHUMIpIB 3allOBHIO-
€THCSI BIITIOBITHA JOKYMEHTAIliS, KA CBITYUTH TIPO
SIKICTh BUKOHAHHSI OCHOBHHUX TIPOIIECIB Ta MIiIIPO-
uecis [12, 5].

Cucrema ympapiiHHS, 3aCHOBaHa Ha IPOIEC-
HOMY TiIX0Jli, TOBUHHA OyTH OPi€HTOBaHA Ha IIO-
CTiliHE BJIOCKOHAJICHHS BCIX IPOIECIB MiAPHEMC-
TBa. ICHYIOTh J1Ba TUISXHM MOKPALICHHS MPOLECIB:
Oe3nepepBHE BIIOCKOHANCHHs (BKJIIOYae B cede
CTaH/APTH3AaIlil0, CKOPOYEHHS dYacy BHKOHAHHS,
MOCTYIIOBE MiJBHIIEHHS KBami(ikamii mepcoHamy
1 T.1I.) Ta BIOCKOHAJICHHS 33 PaXyHOK AHMHAMIYHHX
HOBOBBCIICHD (BIIPOBAKEHHS HOBITHIX TEXHOJIIO-
Tiif, MepenpoeKTyBaHHS MPOIECIB, 3HAYHE ITiJ[BU-
mieHHs kBaigikanii nepconany i t.4.). [Ipu upomy
IPYTHIA METOJ] BHMara€ 3HAaYHHX KaIliTaloBKIa-
JIeHb 1 Ma€ BUCOKUU PiBEHb PU3HKY, IPOTE TPUBO-
UTh JI0 PI3KOTO 3pPOCTaHHS IOKA3HUKIB SIKOCTI
npouecy [2].
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Puc. 3. dyaKmioHambHA CTPYKTYPa TEXHITHOTO CYIPOBOAY MPOLIECY MOCTaYaHHS

Fig. 3. Functional structure of technical support procurement

MOoXIIHBICTh pealtizallii 3aBaaHb, MOKJIAJICHIX
Ha rocrogapctBo E, 0arato B 4oMy BH3HAYA€THCS
BiJIBEZICHUM ISl IFOTO MaTepiaibHUM i (hiHaHCO-
BHAM PECYpCOM, PO3paxOBaHUM Ha MEBHUH MeEpioz.
B pamkax cBOiX MOBHOBa)XE€Hb BJIACHUK IIPOLIECY
3OiMICHIOE MEHEKMEHT (iHaHCIB Ta pecypciB.
VY 3B’s3Ky 3 IMM MOKHA TOBOPHUTH INPO HASBHICTh
KepylouuX (akTopiB, IO BHU3HAYAIOTH SKICTH BH-
KOHaHHS rocnogapctBoM E mocraBieHHX mepex
HUM 3aBAasb. L{i mpomecn BigHOCATHCS 10 mpoiie-
CIB yIIpaBITiHHS.

OpraHizaliifHO-TeXHIYHAN CYTPOBiA TOJOBHO-
TO MPOLECY 3AIMCHIOETHCS JTIHIHHUMU MiIIPUEMC-
TBaMH TOCIIOAApCTBa CIIykOm E — awmcranimisMu
enekrponioctadanus (mami EY) ta iX miHIHHUME
nigposzainamu — EYE, EUK i paiionamu enekrpo-
noctauanus (gami EYC).

OyHKITT TEXHIYHOTO CYIPOBOAY TOJIOBHOTO
mpotiecy rocmofapctsa E MokHa po30WTH Ha J1Ba
MiJIPOIEeCH, KOXKEH 3 KX B CBOIO Yepry TaKOK
MTOUTAETHCS Ha CBOI IiamporiecH (puc. 3):

1. ExcrimyaTartisi TEeXHIYHUX TMPHUCTPOIB EJIEKT-
porocTayaHHs, 10 BKIIOYAE:

— MOHITOpPHUHT Ta MIarHOCTHKY TEXHIYHOTO CTa-
Hy oonaananus TI1, KM i EUC;

— TeXHIYHE OOCIYTOBYBaHHS Ta PEMOHT 00Ja-
HauHs TII, KM, nocTiB cekmioHyBaHHS Ta ITyHKTIB
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[apaJIeIbHOTO 3’€HAHHA, a TaKOX OOJIaJAHAHHS
EUC.

2. 3abe3mnedeHHs MPoIecy eKCIuTyaTallii TexHi-
YHUX OPUCTPOIB, IO BKIIOYAE MOAEPHI3aLilo Ta
OHOBJICHHS 00J1aJHAHHS, MiTOTOBKY BUPOOHHUIITBA
Ta iHmi BuamM misttbHOCTI [3]. Lli mporecw BimHO-
CATHCH 110 320€3MeUy0UnX MPOIECiB.

Jns 3a0e3nedeHHss Mpolecy eKCIUTyaTaiiHol
pOOOTH BUKOPHCTOBYIOTBCS TaKi pecypcH i mpoiie-
cu: (biHAaHCYBaHHS EKCIUTyaTalliiHUX BUTpAT, 3a-
Oe3nedeHHs] MEepCOHAIOM Ta HOro HaBYaHHA, 3a-
OesmedyeHHs] 3alacHUMM YacTHHAMH, 3IiHCHEHHS
Mounitopunry crany oomanHaunus (TII) i (KC), na-
JAaHHS PEMOHTHUM OpHWTajgaM aBTOTPAaHCIOPTY Ta
CIEIiallbHOTO MOTOPBaroHHOTO TPaHCIOPTY, 3a-
OesmevenHs iHGopmaniiiHuM obiaagHanHsM [10].

HaykoBa HOBM3HA Ta MPaKTUYHA
3HAYUMICTh

Pe3ynbTati po3mISHYTOrO B CTATTI MiAXOIY JIO
OTMCAaHHS CUCTEMH JIJIOBUX IMPOLIECIB ranysi eJek-
TPOTIOCTAYaHHS 3aJli3HHYHUX CITO’KABAUYiB MOXKYTh
OyTH BHIKOpHCTaHI IIiJ{ 4ac PO3POOKH CHCTEMHU
YIpaBIIiHHS SKICTIO MPOAYKIIl Ta BUKOHAHHI MPO-
[eIypH MPOLECHOTO iHXKUHIPUHTY.

3acTocyBaHHS IPOIECHOTO IMIIXOMy B CHCTEMi
TEXHIYHOTO 00CITYrOBYBaHHS OOJNAHAHHS TSITOBHX

© /1. B. Miponos, 2014
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MepeX MOKIMKaHe 3a0e3MeYHTH TOJIMIICHHS KO-
CTi €NEKTPOTIOCTaYaHHS 3a PaXyHOK IIiIBHIICHHS
MOKa3HUKIB HAAIHHOCTI €HeproycTaTKyBaHHI, piB-
HSl 0OCIIyTOBYBaHHS CIIO)KMBAadiB €IEKTPOCHEPrii,
KOPIHHUX 3MiH BUPOOHUYHX IPOIIECCIiB, CIIPSIMOBa-
HUX Ha MiIBUIICHHAS e(heKTUBHOCTI JisSUTBHOCTI.

BucnoBxu

TakuM 4YWHOM, MPOIECHUHA MiAXiN JO ympas-
JNHHS PO3TIAAAE  IMIINPHEMCTBO 5K  MEPEXKY
OB’ SI3aHUX MiK CO000 Oi3HEec-mporieciB, a HE Cy-
KyIHICTh po3pizHeHNX ¢yHkuii. Koxxen Oi3Hec-
MpoIleC € TMOCTIIOBHICTIO OIepaliii, sKi HaIiIeHi
Ha JIOCATHEHHS TEBHOro pe3yibrary. [IponecHuii
MiAXiJ MO YHPaBIiHHSA TiANPHEMCTBOM pOOUTH
Horo opieHTOBaHMM Ha pe3ynbTar. KoxkeH cmiBpo-
OITHUK dYITKO 3HA€, SIKy poOOTy, B SIKUA TepMiH
1 K01 SKOCTI oMY MOTPiOHO BUKOHATH ISl TOTO,
mo0 Oi3Hec-mporiec, B SAKOMY BiH Oepe y4acTs,
npuBiB 70 O6axxaHoro pesyibraty. [lpu oMy Bu-
KOPUCTOBYIOTHCSI PI3HOMaHITHI METOIH MOTHBAIIii
nepcoHany. [lpomecHuil miaxin A03BOJSIE UiTKO
YCBIIOMUTH, HaBilO BigOyBalOTHCS BCI HpPOLECH
Ha TIANPHEMCTBI 1 KUK TXHI BHECOK y pe3yJbTa-
TH TiSUTHHOCTI MiIMPUEMCTBA B IILIOMY .

B ymoBax, KOJM 3HA4YHA YaCTHHA EKCILTyaToBa-
HOro 00JaJHaHHS 3acTapijiia i BUMarae 3amiHu abo
OHOBJIEHHS, 33/1a4a 6e3nepebiifHoro enekTponocTa-
YaHHS 3HAYHOIO MipOI0 BH3HAYAETHCS e(EeKTHBHIC-
TIO Ta SIKICTIO ICHYIOYOI CHCTEMH TEXHIYHOTO 00-
CIIyroByBaHHA 1 peMoHTy. [loTpiOHI HOBI MpUHIU-
1, METOX, MO, IIOKJIHKAHI 3a0€3IeYUTH SIKICTh
CHUCTEMH TEXHIYHOTO OOCIYrOBYBaHHS 1 PEMOHTY
CHEePreTUYHOr0 YCTATKYBAaHHS B CYy4YaCHHX CGKOHO-
MIYHHX YMOBax. 3aCTOCYBaHHS MPOLECHOTO MiIXO0-
Iy CKJIA/Ia€ OCHOBY ITOJAIIBINOI POOOTH 3 BIOCKOHA-
JICHHSI CHCTEMH YTPABJIIHHA HE JIMIIC MPOIECOM
TEXHIYHOTO 0OCITyroByBaHHS Ta PEMOHTY YCTaTKY-
BaHH:, a il mIpHeMCTBa B LjIoMy. BripoBakeHHs
TaKUX 1HCTPYMEHTIB, 5K MPOLECAYPH PEIHKHHIPHHTY
JIITOBUX TPOIECIB Ta CHCTEMH MEHEKMEHTY SKOCTI
CHPUSTHMYTh TiJIBUIIECHHIO €()eKTHBHOCTI JIISUTBHO-
CTi HiINPHEMCTBA.
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YCOBEPIIEHCTBOBAHUE TEXHUYECKOI'O OBCJIYKUBAHMS
OBOPYJIOBAHMS TSTOBBIX CETEI HA OCHOBE ITPOLIECCHOT'O
MOJXOJIA

Heas. McnenoBanne HanmpaBieHo Ha pa3padOTKy HOBBIX METOIOB YCOBEPILICHCTBOBAHUS TEXHUYECKOTIO 00CIy-
JKMBaHUsI 000PYJOBaHHMS TATOBBIX CETEH JUIS MOBBIMIEHUS ero 3 PEKTUBHOCTH U KadecTBa. MeToauka. B Muposoit
MPaKTHKE PEHICHHs IPOOJIeM, CBSI3aHHBIX C KAYECTBOM MPOAYKIIMU U YCIIYT, OOBIYHO JOCTUTACTCS IyTEM BHEAPCHUS
B JICSITEIHOCTD MPEINPHUATHI CHCTEMBI YIPaBICHUS KaueCTBOM. /Iyl pelIeHus MOCTaBICHHOW 3a/adu ObLTH HC-
MOJIb30BaHbI MOJI0KEHHS CUCTEMbI YIPABICHUSI KAYECTBOM MPOAYKIHMHU. VICHONb30BaHbBl TEXHOJIOTHH HPOLIECCHOTO
WHKUHUPUHTA JUIS ONMCAHHUsI OCHOBHBIX 3TAIOB MpoOLiecca TEXHUYECKOro obciyxuBaHus. PesyiabraTsl. PazButne
CKOPOCTHOTO M BBICOKOCKOPOCTHOTO JIBIDKEHHSI M POCT €r0 MHTEHCHBHOCTH, IPHMEHEHHUE 3JIEKTPOIIOABUKHOTO CO-
CTaBa HOBOI'O IIOKOJICHUA Tpe6leT BHCAPCHUA HOBBIX MCTOJOB AUAI'HOCTUKH TCXHUYCCKOTO COCTOSIHUA 060py}103a—
HUS U COBEPIICHCTBOBAHUE CyLlIeCTBleL[Ieﬁ CHUCTEMBI TEXHHUYECCKOI'O O6Cﬂy)KI/IBaHl/lﬂ " pEMOHTa yCTpOﬁCTB JJICK-
TpocHaOxeHust. PazpaboTka Mojenu OM3HEC-TIPOLIECCOB, MX ONTHMH3AIMS C HCIOJIB30BAHUEM TEXHOJIOTHH IPO-
LIECCHOTO HMHXMHHPHHIA W CHCTEMHOTO MEHEDKMEHTa HeoOXoauma Ui ITepexoja K CHCTeME YIpaBJIeHHS,
OCHOBaHHOM Ha IporeccHOM roaxoze. C Mo3uIuiA MponeccCHOro Moaxoa U B COOTBETCTBHHU C TPeOOBAaHHUSAMH CTaH-
Iapra cucTeMbl MeHemkMeHTa kadectBa (MICO 9001-2009) ¢ynkmmonmpoBanre WHOPACTPYKTYPH XO3sHCTBA
O (HdemapramMeHT 3IeKTpU(DUKAIIIH U SIEKTPOCHAOKESHNS) TIPEACTABICHO B BHJIE CXEMBI OM3HEC-TIPOIIECCOB, B KOTO-
pOii rapaHTHPOBAaHHOE OOECIIEUEHHE IEKTPOIHEPTUEH HKEIE3HOAOPOKHBIX W CTOPOHHUX IOTPEOHTEINIeH onpenes-
eTCsl KaK TTIaBHBIM OW3Hec-mpoliecc Xo3siicTa. [1oapoOHO onmrcaH KAl W3 MOAMPOIECCOB AIEKTPOCHAOKEHUS
notpeduteneid. PaccMoTpeHa MeTOANKa MCIONB30BAHUS U OCHOBHBIE 3TaIlbl MPOIIECCHOTO MOAXO0Ja K PEOpraHu3a-
LM CHCTEMbI YIPaBJICHUS IPOLECCOM MOHUTOpHHTra. OmncaHa METOJONOTHS U CHOCO0 NMPUMEHEHHs 3aMKHYTOTO
nukina PDCA (Plan-Do-Check-Act) k crcTeMe TeXHHUYECKOTO 00CTyKMBaHUsT 000pynoBaHus. B pesynpTare mpose-
JICHHBIX UCCIIEIOBAaHHUI C TIOMOILBIO IIPOLIECCHOTO MOJIX0/Ia JIEKOMIIO3UPOBAHHO IPOLIECC MOHUTOPHHTA 000pyI0Ba-
HUSI TATOBBIX ceTed. [1oApoOHO paccMOTPEHO TEXHHYECKOE COMPOBOXKIEHHUE TIpoliecca dieKTpocHadkenus. Onuca-
HBI IIyTH YJIy4dlIeHHss Ou3Hec-mporieccoB xo3saicTsa D (JlemapTaMeHT UIEKTpUPHKALMHA MU 3JIEKTPOCHAOKEHHUS).
Hayunasi noBu3Ha. [Ipe/iioskeHbl MyTH COBEPIICHCTBOBAHMS TEXHHUYECKOTO OOCITY>KUBaHUSI 00OpYIOBaHMS TSrO-
BBIX CETeH C WCIIOJIb30BAaHMEM TEXHOJIOTMH MPOIECCHOT0 WHXXWHUPHHIA W CHCTEMHOTO YIIPaBJIECHHS KadeCTBOM
npoxykuun. IIpakTHyeckas 3HaYMMOCTh. [IprMeHeHNE TTOJIOKEHNIT CHCTEMBI YIIPaBJICHHST KAY€CTBOM ITPOITYKINHT
K IIPOIIECCY TEXHUYECKOTO OOCTY>KMBaHUS 000PYyI0BaHHS MTO3BOJINT 0OECTICUNTh YJIydIIeHHEe KauecTBa Ipolecca 3a
CYET MOBBIILICHNS TOKa3aTeNnel HaeHOCTH 3HEProoO0pyI0BaHHS, YPOBHS 00CITyKHBAaHHS TOTPEOUTENCH IIEKTPO-
9HEPrHH, KOPEHHBIX M3MEHEHUI MPOU3BOJCTBEHHBIX MPOLIECCOB, HANMPABICHHBIX Ha MOBBILCHUE 3P(PEKTUBHOCTH
JESITEIbHOCTH OTPaCIH.

Kniouegvie cnosa: »neKTpOCHAOKEHUE; CHCTEMA YNPABICHUSI Ka4eCTBOM; MPOLECCHBIM MHKUHUPHHT; OU3HEC-
MIPOLIECCHI; TEXHUYECKOE 00CITY)KUBaHNE
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THE IMPROVEMENT OF MAINTENANCE SERVICE FOR TRACTION
NETWORKS EQUIPMENT ON THE BASE OF PROCESS APPROACH

Purpose. The new methods development for improving the maintenance service for equipment of traction net-
works in order to increase its efficiency and quality. Methodology. In world practice of solving problems related to
the quality of products and services is usually achieved by introducing quality management system in to the
enterprises. The provisions of quality management system were used for solving the problem. The technologies of
process engineering were used for describing the main stages of maintenance service. Findings. The development of
high-speed movement and growth of its intensity, the use of electric rolling stock of a new generation require the
introduction of new methods diagnostics of equipment technical state and improvement of the existing maintenance
system and repair of power supply. Developing a model of business-processes, their optimization with using tech-
niques of process engineering and system management is needed for the transition to the management system based
on the process approach. From the standpoint of the process approach and in accordance with the requirements of
the quality management system (ISO 9001-2009), the operation of the E (Department of electrification and power
supply) infrastructure sector is represented as a scheme of business-processes in which the guaranteed supply with
electricity of railway and third-party consumers is defined as the main business-process of management. Each of the
sub-process of power supply for consumers is described in details. The use methods and main stages of process ap-
proach for sample management system reorganization were investigated. The methodology and the application
method of PDCA (Plan-Do-Check-Act) closed loop to the equipment maintenance system were described. The
monitoring process of traction networks maintenance using the process approach was divided into components after
investigations. The technical documentation of maintenance service was investigated in details. Ways to improve
business-processes of E (Department of electrification and power supply) management were described. Originality.
Maintenance improvement ways for equipment of traction networks using process engineering technologies and
quality of electric power supply were proposed. Practical value. Using the provisions of the quality management
system to the process of maintenance equipment will let ensure the improvement of process quality by increasing
the reliability indices of electric equipment, the service level of consumers and changes of production processes
focused on the efficiency increase of the sector activity.

Keywords: electric power supply; quality management system; process engineering; business-processes; maintenance
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KOMIVIEKCHOE MOANPUILINPOBAHUE BTOPUYHBIX
CUJIYMHUHOB

Heas. B pabore He0OX0muMO pa3paboTaTh HAYYHO-TEXHOJIOTHIECKHAE OCHOBEI (JOPMHUPOBAHUS 3aIaHHOMN CTPYK-
TypBl BTOPUYHBIX NO3BTeKTHYecKnX (AK8M3) n 3prextidecknx (AK12M2MrH) cuiryMHHOB W TIOBBIIICHUS TIOKa-
3aTenel MX MEXaHMYECKUX U CITy>KeOHBIX CBOICTB B JJUTOM COCTOSHHM M MOCJIE TEPMOOOPaOOTKH 10 ypOBHS Iep-
BUYHBIX cIU1aBoB. MeToanka. OnpeneneHne XUMHUECKOTO COCTaBa MPOBOJMIN CIIEKTPAIBLHBIM aHAJIN30M Ha HC-
kpoBoM criekrpomeTpe «SPECTROLABy (I'epmanus). MeTtatorpapuecKiii aHaIN3 BBIIOIHIN Ha MHKPOCKOIAX
MUM-7 1 MUM-8, a Taxke METOAOM METaLIOrpad)ui BEICOKOTO Pa3peIICHHs Ha PACTPOBOM 3JIEKTPOHHOM MHKPO-
ckore «JSMT-300» (Snonus). TepmooOpabOTKy aTOMHHHUEBBIX CILUIABOB MPOBOAMIH 10 pexkumam T1 u TS B coort-
BerctBuu ¢ JICTY 2839-94 (I'OCT 1583-93). IIpu onpeneneHnn MEXaHUUYECKUX CBOWCTB MCIIOJIb30BAIM CTaHIApT-
Heie MeToauku. s mopirHeBoro ciuiaBa AK12M2MrH (AJI25) temmnepaTypHbiii K03(GGUIMEHT JIMHEHHOTO pac-
MIMPEHHST OTPEJIEISUIN C TIOMOIIBIO ONTHYECKOTo KBaplieBoro munaromerpa llleBenapa na obpasuax @ 3,5 Mm anm-
Hoi 50 MM. ConpoTuBIEeHUE BEICOKOTEMIIEpaTypHOMY paspyueHuto onpenensiau no I'OCT 10145-81, kak Bpems 110
paspyuienust oopasia npu 3agaHHoMm HampspkeHun 50 MIla u Temneparype 300 °C. PesyasTaThl. Pazpaborana
W BHEJPEHA B IPOM3BOICTBO TEXHOJIOTHS MOTYyYEHHS CILUIABOB U3 IMUXTHI, cocTosimeii Ha 100 % u3 1oMa 1 0TX0H0B
MIPOM3BO/ICTBA, KOTOpasi 0OECIIeunBacT MOMydeHNEe METaJUla TapaHTHPOBAHHOTO XMUMHUYECKOTO COCTaBa U BBICOKOTO
Ka4yecTBa MPH CHIDKCHUH 3HEpro3arpar Ha IuiaBKy. Hay4uHasi HOBH3HA. Y CTaHOBJIEHB! 3aKOHOMEPHOCTH (OPMHUPO-
BaHUS CTPYKTYPHO-()a30BOTO COCTOSIHUS U YPOBHS (PU3MKO-MEXaHHUYECKHX CBOHCTB BTOPHYHBIX J0IBTEKTHYECKHX
U IBTEKTHYECKHX CHIyMHHOB B 3aBHCHMOCTH OT HPOLECCOB padMHUPOBaHUS M Moauduimposanus. [IposeneHo
0000111eHEe 3aKOHOMEPHOCTEW pa3pyLIeHUs] BTOPUYHBIX CHIIYMHHOB U MOJY4€HBI KOJIMUECTBEHHBIE XapaKTepPUCTH-
KU POJIM MHTEPMETALIMIAHBIX (a3 B MEXaHW3MaX pa3pylieHHs U (POPMHPOBAHWU YPOBHS MEXaHHUYECKHUX CBOMCTB
IMIOMHUHUEBBIX CIU1aBoB. IIpakTHyeckasi 3HaUMMoOCTb. M3ydeHbl mponeccsl cTpyKTypooOpa3oBaHusi BTOPUYHBIX
IIOMHHUEBBIX CIUIAaBOB B 3aBUCHMOCTH OT TEXHOJIOTHH HMX NOJydeHHs. PazpaboTaHsl BbICOKOA(QEKTUBHBIE padu-
HHUPYIOLIEe-MOAN(PHULIUPYIONINE KOMIIEKCH sl 00pabOoTKN BTOPHYHBIX NOIBTEKTHUECKHX M IBTEKTHUECKHX allio-
MHUHHEBBIX CIIJIABOB U ONPEEJICHO ONTUMAJIbHOE KOJMYECTBO MOAN(DHKATOPOB B 3aBUCMOCTH OT KQU€CTBA IIIMXTHI.

Kniouegvie cnosa: cUmyMHUHBI; UHTEpMETAUIMAHBIE (a3bl; CTPYKTYpa; mapamerp (Gopmbl; MEXaHMYECKHUE CBOM-
cTBa; paduHUpYOLe-MoAnpUIMpYomas 00padboTka
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BBenenue

W3BecTHO, 9TO MOIN(UITMPOBAHIEM Ha3bIBAET-
Cs TpoIecC BO3ACHCTBHA Ha KPUCTAILTU3AIHIO
U CTPYKTYpY CIUIaBa ITyTE€M BBEACHHS CIICIHATbHBIX
nmobaBok — momudukatopoB. I1. A. Pebunmep Bce
MOUPHUIUPYIOMIAE TO0aBKH MO (PU3HKO-XUMHYEC-
KOH IpUpoJe WX BO3ICHCTBHS Ha mpolecc o0paszo-
BaHMSl KPUCTAJUIMYECKHUX 3apOJBIIICH pa3jenuia Ha
Monudukaropsl I u Il poma. Momudukartopsr I poxga
00pa3yIoT B pacriiaBe BHICOKOJUCTIEPCHEIE TBEPIbIC
YaCTHUYKH, KOTOpPhIC (DOPMHUPYIOT LIEHTPBI KPUCTAII-
mm3anuu. Moaudukatops! Il poga — pacTBopuMBbIe
BEIECTBa, W30MPATENBHO aACOpPOUpYIONTHeCS Ha
TpaHsIX KPHUCTAUIMYECKOTO 3apOjbllia, H3MEHSIO-
mye MexdazHoe MOBEPXHOCTHOE HATSDKEHUE U Xa-
pakTep pocTa KpUcTayioB [2].

[Ipu mpomsBoACTBE W JUTHE ATFOMHHHEBBIX
CIUIABOB MIMPOKO MPUMEHSETCS MOITU(BHUIIMPOBAHHE.
Moudunupyromue 100aBKA BBOIAT B BUJIC JIUTa-
TypHl B HIMXTY WX HETOCPEICTBEHHO B PACILIaB.
K gucny momudukaropoB I poma amoMuHHEBBIX
CIUIABOB CJIEyeT OTHECTH TUTAaH M BaHAJWH, 0Opa-
3yIOIIME TYTOIUIABKHE HHTepMeTauasl  TiAl;
n VAlg, a Takke yabTpaauCIIEpCHBIC YacTHIHI OK-
CHUJIOB, KapOWmoB, OOPUIOB M JPYTUX HEMETallIH-
yeckux BkIoueHnd. Moandukaropamu 1 poma
SBJISIOTCSI TIOBEPXHOCTHO-aKTUBHEIC BELIECTBA, MO-
JIOXKHUTENBHO BIHSIOIINE HA CTPYKTYPY aTFOMHHUE-
BBIX CIUTaBOB, OOJIBIIMHCTBO U3 KOTOPBIX SIBISIFOTCS
anementamu | rpynmet (Li, Na, K, Rb, Cs), a Takxke
cepa u pocdop. B T0 ke BpeMss MHOTOUHCIICHHBIMU
MIPOBEIEHHBIMH HCCIIEOBAaHISIMI ITOKa3aHa BBICO-
Kas 3(eKTUBHOCTh KOMILIEKCHBIX MoaupukaTo-
poB. B cBs13u ¢ 3TUM paboTa MOCBSIIICHA W3YUYECHUIO
KOMIUIEKCHOTO MOAM(MUIMPOBAHUS JTO3BTEKTHUYC-
CKUX ¥ DBTEKTHYECKUX BTOPUYHBIX CHITYMHHOB.

Hean

OcHoBHas 1lenb paboThI 3aKIIoYaNnach B paspa-
00TKE HAYYHO-TEXHOJOTHYECKHX OCHOB CTPYKTY-
pooOpa3oBaHKs BTOPUYHBIX CHIIYMHHOB JUIs TO-
BBIIICHUS TIOKA3aTele X MEXaHWUYSCKUX W CIy-
J)KEOHBIX CBOMCTB B JIUTOM M TepMOOOpabOTaHHOM
COCTOSTHUSIX JIO YPOBHS IEPBUYHBIX CILIABOB.

MeTtoaunka

B pabote wuccnenoBamuch JTO3BTEKTHUYECKUE
AK8M3 u sprektnueckue AK12M2MrH (AJI25)
CITaBbI, XUMUYECKHHA COCTaB KOTOPHIX COOTBETCTBO-
Bau TpeboBarusM [ICTY 2839-94 ('OCT 1583-93).

KoHTponp XuMHYeCKOro cocraBa IPOBOJIUIICS
HETPEepHIBHO HAa BCEX CTAIHSIX TEXHOJOTHYECKOTO
Ipoliecca MoJy4yeHNs aIFOMUHHUEBBIX CIiaBoB. Or-
peneneHne XUMHYECKOTO COCTaBa OCYILIECTBIISIIN
CHEeKTpaIbHBIM aHaJIM30M Ha HCKPOBOM CIEKTPO-
metpe «SPECTROLAB» (I'epmanust) o 22 xumu-
YEeCKHUM dJeMeHTaM ¢ TouHocThIo = 0,0001 macc. %.
Meramnorpaduyeckuii aHaIu3 CTPYKTYpPbI BBITIOJN-
HAMM Ha Mukpockonmax MUM-7 u MHUM-8 npu
yBenmuueHuu 100...400 pa3, a Takke METOAOM Me-
Tayuiorpaduy BEICOKOTO Pa3pelieHus Ha pacTpOBOM
a5IeKTpOoHHOM MuKpockore «JSMT-300» (Amonus)
npu yckopstoniem Hanpspkeruu 20...25 kB u nua-
MeTpe 3NeKTPOoHHOro 30HAa 10 1:10° M. Mukpo-
CTPYKTYpa CIIaBOB M3y4anach Ha numdax 6e3 Tpa-
BJICHHUS, @ TaKKe ITOCTIe TPABJICHHUS PEaKTHBOM CO-
craBa: 12,5 mu HF, 25 miu HNOs;, 50 ma HCI,
12,5 M H,O.

[IpoyHOCTE M MIACTUYHOCTH CIUIABOB OIperie-
T Ha obOpasmax amameTrpoMm 10 MM m paboueit
JIMHOW 50 MM, M3TOTOBJICHHBIX B COOTBETCTBUU
¢ ACTY 2839-94 ('OCT 1583-93). Meron otbopa
00pa31oB 1 MOPSAOK MPOBEACHHS UCIBITAHWHA Ha
TBEPAOCTh PETIAaMEHTHPOBAJICS  TPeOOBAHUAMU
I'OCT 9013-69. TepmooOpabOTKy alTtOMUHUEBBIX
CIUTaBOB IpoBoAMIH 1o pexkuMaM T1 u TS5 B coot-
BerctBum ¢ JICTY 2839-94 ('OCT 1583-93).

Hns  nopuHeBoro  cmmaBa AKI2M2MrH
(AJI25) temnepatypHbIi K03(pPHUIMEHT TUHEHHO-
TO pacIIUpPEHUs ONPENEISUI C MOMOIIBIO ONTHYE-
cKoro KBapueBoro maunatoMerpa llleBeHapa Ha
obpasmax @ 3,5 mm mmuHOU 50 MMm. CompoTHuBie-
HUE BBICOKOTEMIIEPATYPHOMY Pa3pyIICHHIO OMpe-
nemsuin o 'OCT 10145-81, kak Bpemst 10 pa3py-
meHns oOpasla Mpu  3aJaHHOM  HaIlpsLKEHUHU
50 MIla u Temneparype 300°C.

Pe3yabTaTthl

OCHOBHBIM OTPaHUYUTENBHBIM (DaKTOPOM IIIH-
POKOTO HCIIOJIb30BaHUSI BTOPUYHBIX CIUIABOB SIBJISI-
erca ux Oojee HHU3KOE KayecTBO B CPaBHEHUH
¢ mepBuuHBIMH. [Ipomecc mepepabOTKH OTXOIOB
MIPOM3BOJCTBA U COJEPIKAIIEro ATIOMHHHUNA JOMa
MO3BOJIAET cOepeub OrPOMHOE KOJMYECTBO IHEP-
TMA W TIEPBUYHOTO CHIPbA. Tak, IpU MOIYyUIECHUH
1 T BTOPUYHOTO aTIOMHHUS coxpaHsiercs 4 T OOk-
cutoB, 700 Kr KOKCa M CHIKAIOTCS BpEIHBIE BBHI-
opocsl (B Tom gmciie CO) Ha 35 xr [5]. [lo manHBIM
[1], B pe3ynbTare UCIOIB30BaHUS | TOHHBI BBICO-
KOKaueCTBEHHBIX BTOPUYHBIX aTFOMUHHUEBBIX CILIa-
BOB IIPM HM3TOTOBJICHWH OTIMBOK B3aMEH IEpBHY-
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HOTO aIOMHHHSI, B HAPOJHOM XO3SIICTBE SKOHO-
MUTCS B 3aBHCHMOCTH OT MapKH CIjlaBa M 00JIacTH
ero npuMmeneHus ot 230 no 490 kr mepBUYHOTO
amroMuHus, oT 24 no 197 Xr KpHCTaUITMYECKOTO
kpemHus, ot 1,1 1o 4,6 T 6okcurtos, ot 0,4 10 1,8 T
TIMHO3eMa, a Takxke oT 4 1o 16 Teicsu KBT-u snek-
Tpo3neprun u oT 40 1o 340 Kr yCIOBHOIO TOILIU-
Ba. Komu4ecTBO OTXOISIIMX ra3oB MPH 3TOM CO-
Kparmaercs 6osee eM Ha 15 ThICSY M° B pacuere
Ha KaXIyI0 TOHHY BTOPUYHOTO CHJIYMHHA.

[IpoGiieMa TOBBINICHUS KadecTBa ATFOMHUHHE-
BBIX CIUIABOB aKTyaJIbHA JIJISl BCEX Pa3BUTHIX CTPaH
[9, 17-18, 20-21].

ABTOpaMHU C TENbI0 YIydIICHHS CTPYKTYPHI,
TIOBBIIIIEHUS MEXaHUYECKUX H CITYKEOHBIX CBOMCTB,
CHIDKEHHS TOPUCTOCTH, HA OCHOBaHWH JlabopaTop-

HBIX M ONBITHO-TIPOMBIIUICHHBIX HCCIEI0BAHUI
B KauecTBe 0a30BOTrO VI IOIBTEKTUUECKHUX CHILY-
MHHOB ObIT npeasioxkeH Moaudukarop [12], comep-
JKaLIU{ 3JIEMEHTHI, BBIIOJHSIIONIME POJb MOIU(HU-
katopoB | u Il poma. B cocraB mogudukaropa Bo-
UM cepa, KapOOHAT HATpus, YJIbTPaANCIICPCHBIH
KapOHJ KpEeMHHUS U dIIEKTpoNuTHIecKuit TuTaH. Co-
OTHOIIIEHHE KOMIIOHEHTOB U OIMCAHHE BIMSHUA
Ka)KJIOr0 M3 HUX Ha paciulaB MOAPOOHO H3JIOKEHBI
B pabotax [3, 4, 10, 12, 16, 19].

[IpoMbINUIEeHHBIE TIABKM TTOKa3ald, 4To 00pa-
0oTka pacruiaBoB Moaudukaropom [12] composo-
JKZanach aKTHBHBIM 0apOOTakeM >KHUAKOIO MeTal-
7a, 00pa30BaHMEM Ha IIOBEPXHOCTHU CYXOTO JIETKO
yAaIsAeMoro 1uiaka.

KonuyectBo Moaudu- CocTosiHuE craBa
karopa [12], macc. % Tlocne TepmooGpaboTku TS5
0
0,025
0,05
0,075
0,1

Puc. 1. Ctpykrypa BropuuHoro cruiasa AK8M3 (x 200)
Fig. 1. Structure of the secondary alloy AK8M3 (x 200)
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JmiTemsHOCTh mportecca 00padOTKY 3aBHCENA OT
00BbEMOB KUIKOTO METaIlIa M coCcTapysiia 7...12 mu-
HyT. B x0one 06paboTku 0TMEYEHO aKTHBHOE N3MEHe-
HHE CTPYKTYpPbl, KOTOPOE COINPOBOKAAIOCH YMEHb-
HIEHUEM pPa3MEpPOB TMOJIEH BBIJEICHUN O-TBEPJOTO
pacTBopa KpeMHHSI B QIIOMUHHU M JIPOOJICHHEM
KOMIUIEKCHBIX MHTEPMETAUTUAHBIX (ha3, CHIKEHHEM
UX CpeIHEro mnapaMerpa (OpMBI A, (OTHOIIEHHE
MaKCHMAaJIbHOM JJIMHBI BKIIIOYEHHH K WX ILIMPHHE)
Npy OJHOBPEMEHHOM TIOBBIIICHUH PaBHOMEPHOCTH
pacnipenenenus (puc. 1).

Ha npumepe Bropuunoro cruiaBa AK8M3 ycra-
HOBJICHBI 3aBHCHUMOCTH BIIMSIHUSI KOJMYECTBa MO-
mudukaropa [12] Ha cBoiicTBa U mapameTp (HOpMbI
BKJIFOUCHUH B JINTOM COCTOSHHM W IIOCIIE TepMUYe-
cKkoif 06paboTku 1o pexxumy TS5 (puc. 2). [lomyuen-
HBIC JTaHHBIC MO3BOJIMJIM ONTUMHU3UPOBATH KOJIHUYE-
ctBO Moaupukaropa [12] Ha yposre 0,05...0,075 %
OT MAacChl JKHIKOTO MeTayua. Takke pe3yibTaThl
paboThl HATJISOHO MPONEMOHCTPHPOBAIN BaXKHYIO
poib mapamerpa (popMbI BKIFOUSHHN A B obecreue-
HHUHM 33JaHHOTO YPOBHS CBOMCTB BTOPHYHBIX CHILY-
MHUHOB (pHc. 3). Pe3ynbTaTs! Hccie10BaHmid B3ATOTO
32 OCHOBY MOIU(HIMPYIOMIEro Komruiekca [12]
MTO3BOJIVITH B NAJbHEUIIIEM pa3padoTaTh MEbIH psi
BBICOKOI(D(EKTUBHBIX padUHUPYIONIE-MOANDUIIN-
PYIOIIMX KOMIUICKCOB I 00pabOTKK aroMUHHE-
BBIX CIUIABOB, ITOJYYEHHBIX U3 HU3KOCOPTHOIO ChI-
pes [3, 11, 13, 14, 15, 16].

Manasi TIOTHOCTb aJIOMHHHUEBBIX CIUIaBOB,
BBICOKHE TEXHOJIOTUYHOCTh, IUIACTUYHOCTb M YC-
TaJOCTHAs TPOYHOCTH; A0 30 % MeHbIIMA, IO
CPaBHEHHIO C YYT'YHOM, KO3()(MHUIMEHT mnepenayu
OT Ta3a, a TaKXKe BBICOKas TEIJIONPOBOJHOCTb Ha
ypoBHe 125...146 B1/M'K cnmenanm mXx OCHOBHBIMHU
MOPIITHEBBIMHU MaTepHajaMi COBPEMEHHOCTH [7].

B nacrosimee Bpems HanOosee HIMPOKOE MpH-
MEHEHHUE AJIsl W3TOTOBJICHUS MOPIIHEH Kak y Hac,
TaKk W 3a pyOeKOM TONYyYWIN JUTEHHBIC CIUIaBhI
CHCTEMBl AIIOMUHHUN-KPEMHHH 3BTEKTHYECKOTO
Y 3aB3BTEKTHUYECKOT'O COCTaBA.

OBTEKTHYECKHE IIOPIIHEBbIE CIUIABBI HMEIOT
BBICOKYIO KHJIKOTEKYy4YecTh U B 2 pa3a Ooyee HU3-
Kyl0 CKJIOHHOCTh K OOpa30oBaHUIO TOPAYHX Tpe-
IIMH, YeM JO3BTEKTHYECKHE aJIOMHUHHUEBBIC CILIA-
Bbl. 3a CUET WX MEHBIIETO TEMIIEPaTypHOrO KOd-
¢ounrenTa TUHEHHOTO PACIIUPEHHS BO3MOKHO
CHIDKCHHE MaKCHUMAJIBHOTO 3a30pa MEXIy THIIb30H
MIAHIPA ¥ TopIrHeM Ha 25 %, 1aTo obecnednBaeT
CHIDKCHHE BUOpaunuil M MPakTHYECKH MOTHOCTHIO
yCTpaHseT KaBUTAIMOHHOE Pa3pyLICHUE THIIb3.
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Puc. 2. Bnusiaue moaudukaropa Ha MEXaHUIECKHE
CBoOHCTBA (a) 1 mapameTp GOpMbI BKITFOUESHUH A (6)
BTOpHuHOro cruiaa AK8M3:

1 — muroe cocTostHUE, 2 — IocIe TepMooopadoTku TS5

Fig. 2. Modifier's influence on the mechanical
properties (a) and shape parameter A (b)
of the secondary alloy AK8M3:

1 — cast state, 2 — after heat treatment T5
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a—a oy M Mg HECEHbl Ha 3BTEKTHMYECKHI BTOPUYHBIA IOpUIHE-
N Boit crutap AJI25 (AK12M2MrH). Lenbto paGoTh
0 o | e % ObUIO TONMy4YeHHE CTAOWIBHOM CTPYKTYpHI U TIO-
S I N S s BBILICHUE T[IOKa3aTeleld AIUTEIbHOM HPOYHOCTH
150 AN I MIPH BBICOKHUX TEMIIepaTypax, a TaKKe CHIDKEHUE
0 \\ i TeMIIepaTypHoro ko3dduimenTa JTUHEHHOTO pac-
. 0 mupeHus. s ZOCTHKEHUsS] MOCTaBICHHOM LM
e oy o
i b\ Ob1 paspaboTaH MOAMQPHUITUPYIOMNNA KOMILIEKC
25
- ke [14]. Wcnons3oBaHne NaHHOTO KOMILIEKca oOec-
8% KC, Kl MEYUII0 U3METbUEHUE MAKPOCTPYKTYpPHI HMOpPIIHEH
N * (puc. 4), a TakKe MOMy4YEHHE 3aJaHHOH MHUKpO-
e ke 56 CTPYKTYpPBI KapKacHOI'O THIIA, KOTOpas HaIEKHO
11| —ola Sa 54 OnmokHMpoBana TpaHULIBl HU3MENBUYCHHBIX 3€peH
1ol N, - 0-TBEPAOT0 PAacTBOpa KPEMHHS B aJIOMHUHHHU, TEM
\ N~
N camMbIM 3¢ (HEKTUBHO TPETATCTBYS AU Py3HOHHBIM
09 50 193
‘b\ e mpoliieccaM 1 ABUKCHUIO AUCIIOKanui (puc. 5).
a “"\\‘ o MexaHn4eckre CBOMCTBa BTOPUYHBIX CIUIABOB,
vt 00paboTaHHBIX MOIUGUIUPYIOMIHM KOMILUIEKCOM
6 b Gy Ml HRB [14] cooTBercTBOBanu Tpedoanusm JJCTY 2839-
200 = 60 94 (I'OCT 1583-93).
Y
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Puc. 3. Brimsaue mapamerpa GpopMbl BKITFOYCHUH A Ha
MeXaHUYeCKHe CBOMCTBA BTOpHUYHOTO crutaBa AK8M3:
a — IMTOe COCTOsIHME, O — TTocie TepMoodpaboTku TS

Fig. 3. Shape parameter's A influence on the mechanical
properties of the secondary alloy AK8M3:
a — cast state, b — after heat treatment T5

Manast IIIOTHOCTh 3BTEKTHYECKHX CILIAaBOB IO3BO-

JII€T YMEHBIINUTh MacCy MOPIIHSA U YPOBEHb HUHEP- Puc. 4. MakpocTpykTypa nopursei (x 5):
LHAOHHBIX HAarpy30K Ha KPUBOLIMIIHO-IIATYHHBIN @ — CCpUMHAsA TEXHOJIOTHA U3TOTOBIICHHA,
MeXaHH3M Ha 6...8 % [8] 6 — dKCIIepUMEHTaJIbHAS
JIXOIBI, TaHHBIC aBTOpPaMHA B OTHO- ig. 4. Macrostructure of pistons (x 5):
TTonxo azpabora € aBTopa OTHO Fig. 4. M truct f pist 5
IIEHWU JIO3BTEKTHYECKUX CHUIIYMHUHOB, OBUIN IEpE- a — serial technology of production; b — experimental
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Puc. 5. Mukpocrpykrypa cruaBa AJI25 (x 950):
a— CepHﬁHaﬂ TEXHOJIOTHUs U3rOTOBJICHH,
6 — dKCIIepUMEHTaJIbHAS

Fig. 5. Microstructure of the alloy AL25 (x 950):
a — serial technology of production; b — experimental

BaxHelyM 3KCIUlyaTallMOHHBIM CBOWCTBOM,
OTIPENIENISAIONINM ~ pecypc paboOThl U3ICTHA U3
TIOPITHEBHIX CIUIABOB, SIBISIETCS YKAPOMPOYHOCTb.
OnHMM W3 OCHOBHBIX TIOKa3aTelieil »KaporpoyHo-
CTH SIBJISICTCSl AJUTENbHAS POYHOCTD, UCTIBITAHUS
M0 OMNpPEIENIEHUI0 KOTOPOW perjIaMeHTHUPYIOTCS
I'OCT 10145-81 [6] mocpeAacTBOM OMpENeICHUS
BPEMEHHU JI0 pa3pyIlIeHUs: o0pas3IoB MpH TeMIepa-
Type ucneitanuii 300 °C u 3a7aHHOM HaNpsKEHUU
50 Mlla. CpaBHeHue pe3yJabTaTOB IMOKa3ajiao, 4TO
M0 XapaKTEepHUCTHUKaM [UINTETHHOW TPOYHOCTH
CIUTaBbI, 00pabOTaHHBIE MOIUPHUIHPYIOMIUM KOM-
mwiekcoMm [14], B 2,4 paza mpeBOCXOIWIN ITOKa3a-
TeTh CIUIABOB, TONYYEHHBIX 1O TPaIUIMOHHON
TEXHOJIOTHU. Y CTAHOBIJIEHO, YTO ONTUMAJIBHBIM KO-
JMYECTBOM MOAM(UIMPYIOLIEro KomIuiekca [14]
sisiercst mpucanka 0,15...0,20 macc. %, xotopas
B JWamna3oHe pabounx TemriepaTyp oOecrednBaia
CHIDKEHHE TeMIlepaTypHOro Kod(pQUIeHTa Ju-
HelHoro pacuupenus Ha 5,60...5,75 %.

Hayunas HOBU3HA M MpaKTHYeCKas
3HAYUMOCTH

YcTaHOBIIEHBI 3aKOHOMEPHOCTH (hOPMHUPOBAHUS
CTPYKTYPHO-(a30BOr0 COCTOSHUS M YPOBHS (PU3HU-

KO-MEXaHUYECKUX CBOWCTB BTOPHUYHBIX JOIBTCKTHU-
YECKMX U 3BTEKTHMUYECKUX CHUIIYMHHOB B 3aBUCHUMO-
CTH OT MPOIECCOB pad)MHUPOBAHUS M MOIUDUIIH-
poBanus. IlpoBeneHo 0000IICHHE 3aKOHOMEPHO-
cTell pa3pyllieHHus BTOPUYHBIX CHIIYMHHOB M TIOJTY-
YeHbl KOJIMYECTBEHHBIE XapaKTEPUCTUKU POJU HH-
TEPMETAJUTUIHBIX (a3 B MEXaHU3MaX Pa3pyLICHUS
U (HOPMHUPOBAHUH YPOBHSI MEXaHUYECKUX CBOWCTB
AJIIOMUHMEBBIX CIUIABOB.

AHanM3 TPOLECCOB CTPYKTYpOOOpa3oBaHUS
1 (opMUpOBaHUS YPOBHS (DU3UKO-MEXaHUIECKUX
CBOMCTB JOBTEKTHUUYECKUX W ABTEKTUYECKHX BTO-
PUYHBIX CHIIyMHHOB CHOCOOCTBOBaJl pPa3padOTKe
KOMIUTIEKCHBIX pa(UHUPYIONIE-MOIUDUITUPYIOIIIX
KOMIUIEKCOB, a TaK)Ke€ TEXHOJIOTMH HUX HCIOJIb30-
BaHUS, OOCCIIEUMBAOIICH ITOBBIINICHUE CBOMCTB
BTOPUYHBIX CIUIABOB JI0 YPOBHsI MepBUYHBIX. [Ipo-
BelleHHas paboTa ITO3BOJIIIIA ONPEICIUTh ONTH-
MaJIbHOE KOJHMYECTBO padUHHUPYIOLIe-MOIHUPHIII-
PYIOIINX KOMIUIEKCOB B 3aBUCUMOCTH OT KauecTBa
muxThl. Bricokas 3¢ ()eKTHBHOCTD TPENIOKEHHBIX
TEXHOJIOTUYECKUX PEIIeHUH J0Ka3aHa TMPOMBIIII-
JIEHHBIM BHEIPEHUECM.

BuiBoabI

IToka3aHo, YTO TOBBINIEHHE KAa4eCTBA CHIIyMH-
HOB, Moiry4eHHBIX U3 100 % BTOPUYHOTO CHIPHSA, 10
YPOBHS TIEPBUYHBIX, BO3MOXKHO 32 CYET HCIIOJB30-
BaHUS SKCIIEPUMEHTAIBHBIX padUHUPYIOIIE-MOIHU-
¢UIUpyOIMX KOMIUIEKCOB. Pa3zpaboTaHHBIE KOM-
TUIEKCHI HIMEIOT Mallyl0 CTOMMOCTb, HE YCIOXKHSIOT
TEXHOJIOTHIO TOJy4YEHHs CIUIABOB, YMEHBIIAIOT KO-
JMYECTBO BpPEIHBIX BBHIOPOCOB B  OKPY’KAIOIIYIO
cpelny W YIOyYIIAlOT CAaHUTAPHO-THTMEHHYECCKUE
HOpPMBI B JIMTEWHBIX L€XaX, COKpalaloT MOTpeOd-
HOCTh B YHHBEPCAIHHBIX PapUHHUPYIOIIC-MOTUDH-
nupyomux npemnaparax B 10...15 pas.
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KOMIIVIEKCHE MOAN®PIKYBAHHSA BTOPUHHUX CUJIYMIHIB

Meta. B po6oTi HE0OXiZTHO pPO3POOHUTH HAYKOBO-TEXHOJIOIIYHI OCHOBM (POPMYBaHHS 3a[JaHOi CTPYKTYpH BTO-
punHEX noeBTeKTHIHNX (AK8M3) Ta eBrektmunmx (AKI12M2MrH) cunymiHiB Ta MiIBUINEHHS MOKAa3HHKIB iX
MEXaHIYHUX 1 CIy»KOOBUX BJIACTHBOCTEH Yy JIMTOMY CTaHi Ta MiCIs TEPMOOOPOOKH 10 pIBHS NMEPBUHHUX CIUIABIB.
MeTtoauka. BuzHaueHHS XiMI9HOTO CKJamy MpPOBOIWIM CIIEKTPAJbHUM aHANi30M Ha iCKPOBOMY CHEKTPOMETpi
«SPECTROLAB» (Himeuunna). Meranorpadiynuii aHani3 BUKOHyBaiu Ha Mikpockornax MIM-7 ta MIM-§, a Ta-
KOXK METOZOM MeTtanorpadii BHCOKOI pO3IUTBHOI 31aTHOCTI Ha PacTPOBOMY €JIEKTPOHHOMY Mikpockori «JSMT-
300» (Smonis). TepMooOpoOKy anroMiHIEBHX CIUIaBiB mpoBoAuin 3a pexxumamu T1 1 TS5 3rigro JICTY 2839-94
(FOCT 1583-93). IIpu BU3HAYCHHI MEXAaHIYHHUX BJIACTHBOCTECH BHKOPHCTOBYBAIM CTaHIAPTHI MeTOMuKHU. J[ist mo-
puiHeBoro ciutasy AK12M2MrH (AJI25) temmieparypHuii KoedillieHT JTiHIHHOTO pO3LMIMPEHHS BU3HAYAIHM 32 JIOII0-
MOTOI0 ONTHYHOTO KBaposoro quinaromerpa lllesenapa Ha 3paskax @ 3,5 MM goBxuHo0 50 MMm. Onip BUCOKOTEM-
nepatypHoMy pyitHyBaHHIO Bu3Hadanmu 3riqao I'OCT 10145-81, sk wac no pyifHyBaHHA 3pa3ka IpH 3a1aHOMY Ha-
npysxenHi 50 MIla Ta temneparypi 300°C. Pe3yabTaTn. Po3pobiieHo Ta BHPOBaIKEHO Y BUPOOHUIITBO TEXHOJIOTIIO
OTpPHUMaHHS CIUIAaBIB 13 MIMXTH, WO cKianaerbest Ha 100 % 3 oMy Ta BiIXoJiB BUPOOHHIITBA, SKa 3a0e3reuye OTpH-
MaHHSl MeTaly T'apaHTOBaHOTO XIMIYHOTO CKJIQJy Ta BHCOKOI SKOCTI IIPU 3HW)KEHHI €HEPrOBUTPAT Ha IUIABKY.
HaykoBa HoBu3Ha. BcTaHOoBi€HO 3akOHOMIPHOCTI (POpPMYBaHHS CTPYKTYpPHO-(ha30BOro cTaHy Ta piBHA (i3UKO-
MEXaHIYHMAX BJIACTUBOCTEH BTOPHMHHHUX JOEBTEKTUYHHX Ta €BTEKTUYHHMX CHIIYMIHIB B 3aJIeKHOCTI BiJI ITPOILECIB pa-
¢binyBaHHs Ta MoaudikyBanHs. [IpoBeieHO y3arajabHEHHs 3aKOHOMIPHOCTEl pyliHYBaHHSI BTOPMHHHUX CUJIYMIiHIB Ta
OTPUMAaHO KUTBbKICHI XapaKTEepUCTUKH POJIi IHTepMeTalliiHuX (a3 y MexaHi3MaX pyHHyBaHHS Ta ()OpMyBaHHI PiBHS
MEXaHIYHUX BJIACTUBOCTEW ajroMiHieBHX cIUIaBiB. IIpakTHuHa 3HayuMMicTh. BUBUEHO mpoliecu CTPYKTYpOYTBO-
PEHHS BTOPMHHUX aIIOMIHIEBUX CIUIABIB B 3aJIE)KHOCTI BiJl TEXHOJIOTIT IX oTpuMaHHs. Po3pobieHo BucokoeheKTHs-
Hi padinyBabHO-MOH(IKyBaIbHI KOMILIEKCH /1Sl OOpPOOKH BTOPUHHUX JIOCBTEKTHYHHMX Ta EBTEKTUUHHX AIIFOMIHI-
€BHX CIUIABIB T4 BU3HAYEHO ONTHMAJIbHY KiJIbKICTh MOIU(IKaTOPIB B 3aJI€XKHOCTI BiJl IKOCTI IIUXTH.

Kniouosi cnosa: cunyminy; iHTepMeTamigHi ¢a3u; CTpyKTypa; napamerp (opmu; MexaHIuHI BIaCTHBOCTI;
padinyBanbHO-Moan(iKyBanbHa 00poOKa
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COMPLEX MODIFICATION OF SECONDARY SILUMINS

Purpose. Development of scientific and technological bases of formation of the specified secondary hypoeutec-
tic (AK8M3) and eutectic (AK12M2MgH) silumins' structure; and increasing their mechanical and service proper-
ties' indices in the cast state and after heat treatment up to the level of primary alloys. Methodology. Determination
of the chemical composition was conducted by spectral analysis on the spark spectrometer «<SSPECTROLAB» (Ger-
many). Metallographic analysis was performed on the microscopes MIM-7 and MIM-8, and also by the high defini-
tion metallography method using the raster electronic microscope «JSMT-300» (Japan). Heat treatment of aluminum
alloys was carried out applying T1 and TS5 modes according to State Standard of Ukraine 2839-94 (GOST 1583-93).
Standard techniques were used during the determination of mechanical properties. The temperature coefficient of
linear expansion for the piston alloy AK12M2MgH (AL25) was determined using the specimens ¢ with the diame-
ter of 3.5 mm and length of 50 mm with the use of Shevenard optical quartz dilatometer. High temperature fracture
resistance was determined according to State Standard 10145-81 as the time before fracture of the specimen at
specified stress of 50 MPa and temperature of 300°C. Findings. The technology of obtaining alloys from charge,
which consists of 100 % scrap and production wastes has been developed and implemented into production. This
technology provides obtaining of metal of the guaranteed chemical composition and high quality with the reduction
of energy costs for melting. Originality. The regularities of the formation of the structural and phase state and the
level of physical and mechanical properties of eutectic and secondary hypoeutectic silumins depending on the refin-
ing and modifying processes have been established. The generalization of regularities of the secondary silumins'
fracture has been carried out. Quantitative characteristics of the intermetallic phases' role in the fracture mechanisms
and aluminum alloys' mechanical properties level formation have been obtained. Practical value. Structure forma-
tion processes of secondary aluminium alloys depending on their production technology have been studied. Highly
efficient refining and modifying complexes for treatment of secondary hypoeutectic and eutectic aluminum alloys
have been developed and the optimal quantity of modifiers depending on the charge quality has been determined.

Keywords: silumins; intermetallic phases; structure; shape parameter; mechanical properties; refining and modi-
fying treatment
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BJIUAHUE @PU3NYECKHUX U TEIIJIOBBIX ITPOLECCOB
HA CTPYKTYPY U CBOKMICTBA BBICOKOXPOMUCTOI'O UYT'YHA
ITPU OBPABOTKE PE3AHUEM

Leanb. B pabote mpoBeneH aHann3 U3MEHEHUI CTPYKTYPHI U CBOMCTB BBICOKOXPOMHCTBIX YyTYHOB 1O JIeiCT-
BUEM (M3MYECKMX W TEIUIOBHIX (DaKTOPOB NPH MEXaHHYecKoil oOpaborke pe3anueM. Mertoamka. Pazpaborana
U IpYMEHEHa METOANKa OLEHKH CHJIOBOTO M TEIIOBOT'O BO3/IEHCTBUS pe3na Ha oOpabaTriBaeMblil MaTepual. JInTsie
00pasIsl MpeABapUTENHLHO 00TaunBAIIMCH 10 tuaMeTpa 25 MM. Ha TopreBoil moBepxHocTH 0Opasna ainuHoi 50 Mm
W3roTaBIMBaIM MuUKponumg. s ToueHns ucmoib3oBainy cranaapTHele mwacTuHel 10x10 MM w3 BK8 mo TOCT
19051-80. Pe3yapraTsl. CHitoBoe BO3ACHCTBHE HA 00pa3Ibl U3 BEICOKOXPOMUCTOTO YyryHa IpH 00paboTke pes3a-
HHEM BBI3bIBAJIO 0Opa3oBaHue Hakjena. Bo3aelcTBre TemMrepaTyphl Ha CTPYKTYPY U CBOHCTBA BHICOKOXPOMHCTOTO
qyTryHa IpH 00pabOTKe pe3aHHEM BBI3BIBAJIO HOBBIIMIEHHE INIACTUYECKUX CBOMCTB METAJUIMYECKONH OCHOBBI B 30HE
pe3anust, qpobienne kapouaHon (asel u ycTpansuto Hakien. [Ipu Touennu ¢ rimyounoi pe3anus 0,8 MM IPOHCXOIUIO
TOJIBKO CHJIOBOE BO3JCHCTBHE pe3lia Ha 00pasell. B moBepXHOCTHOM ciioe KapOuaHbIE BKIIFOUESHHS IIPAKTUYECKH HE TIpe-
TepHeBaI W3MEHEHHH, NIPU 3TOM MeTaJulnueckast ocHoBa HakjensBagack 10 1 100 HVsy. Ilo mepe ynanenus ot mo-
BEPXHOCTH TOYEHHS MHUKPOTBEPJIOCTh METAINIMYECKOH OCHOBBI OHMKanack U coctaBmwia 500...520 HVs, Ha paccros-
HuM 1,2 MM OT NoBepxHOCTH ToueHus. Ha riryOuHe Gosiee 3 MM Hakjien He HaOJIOAAICS. Y BENUUeHHE NIIyOUHBI pe3aHus
710 1,5 MM BBI3BIBJIO OJJHOBPEMEHHOE BO3/IEHCTBHE KaK CHIIOBOTO, TAaK U TEIUIOBOTO (hakTopoB. Boznelictere Temmepary-
PBI IPOSIBUIIOCH B TOBBIIIEHWH ITACTHYHOCTH METAINIMUECKOH OCHOBBI B IIOBEPXHOCTHBIX closiX oOpasua. Hakien Harpe-
TBIX TIOBEPXHOCTHBIX CJIOEB HE NMPOUCXOMWI. [lo Mepe yhaleHus OT MOBEPXHOCTH PE3aHMs BIMSHUE TEMIIEPaTypHOTO
(hakTOpa YMEHBIIAIOCH, & CHIIOBOTO COXPAHSUIOCH. [ IITaCTHYHOCTS OCHOBBI TTOHIDKANIACh, YTO BBIBIBAJIO ITOSIBIICHHE Ha-
kierna. Meraymdeckas ocHOBa HakuenbiBanachk 10 490...520 HVso. O6muit HarpeB oOpasna yMEHBIIHI TITyOHHY Ha-
kierna 10 0,4 mm. Hayunas HoBu3Ha. Pa3zpaboTraHa MeTonuKa OIEHKH M3MEHEHHUI CTPYKTYPBI U CBOHCTB BBICOKO-
XPOMHUCTOT0 Yyr'yHa IOJ AHCTBHEM (HU3NUECKUX U TEIUIOBBIX (JaKTOPOB IIPH MEXaHHMYECKOH 00paboTKe pe3aHueM.
IIpakTHYeckas 3HAYUMOCTD. VICTIONB30BaHNE JAHHON METOIUKH TO3BOJHT pa3padaTbiBaTh PEKOMEHIANH TI0 BbI-
00py PEeKHUMOB U YCIOBHUiT 00paOOTKH YyryHa pe3aHUEM.

Kniouegvie cnosa: BHICOKOXPOMHUCTBIN UyT'YH; CTPYKTypa; CBOMCTBA; PE3aHUE; HAKJIETT

Beenenne Yyr'yHOB, yXyZAuaromue obpabarsiBaeMocTb. [Ipu-
MEHEHHE CMSTYAIONIMX BUIOB TEPMUYECKOH 0Opa-
OOTKHM yIOpOXKaeT CTOMMOCTb JINThS, @ MHOTJa OKa-
3pIBaeTcst He () PEKTUBHBIM [9].

B mpornecce mexanndeckoit oopabotku o0pada-
ThIBaeMasl JIeTaib MOJBEpraeTcs CHIOBOMY BO3JIEH-
CTBHIO pe3la, a TaKkKe TEIUIOBOMY BO3JEHCTBUIO,
KOTOpOE BBI3BaHO TpeHHeM. [Ipu cuioBoM Bo3new-
CTBHH pe3la B 00pabaTekiBaeMOM MaTepHalie BO3HH-
KalOT BHYTPEHHHE HANpsDKEHHs, MpOTEKaeT Inla-
cTryeckas naedopMaiyss W ynpodHeHHe (Hakien).
[NoBeIlIeHNE TeMIlepaTyphl B 30HE PE3aHUsI MOXKET
BBI3BIBATh M3MEHEHHE CTPYKTYPHI M CBOICTB 00Opa-
baTpIBaEMOro MaTepurania.

O0paboTka pe3aHueM JeTaiel u3 OebIX BBICO-
KOXPOMHUCTBHIX YYTYHOB 3aTPyJHEHA W3-3a UX BBI-
COKOi1 TBepaocTh. TpyaHOCTH, CBSI3aHHBIE C MEXa-
HUYECKON 00pabOTKON ITHX MaTepHallOB, BHIHYK-
JAIOT OTPaHWYMBATh WX MpPHUMEHEHHE WM H3Me-
HATHh XUMUYIECKUN COCTaB, YTO MPUBOJNT K CHUXKE-
HUIO SKCILTyaTallMOHHOM cToMKocTH [3, 15].

OKOHOMHOE JIETUPOBAaHUE YYT'YHOB [2, 5, 11, 13,
14] co3maer MeTacTaOWIBHBIC CTPYKTYpHI, 00Ja-
JIAfOIME TIOBBIINIEHHON HW3HOCOCTOMKOCTHIO. Bo3-
JICWCTBHE (PM3MIECKUX U TEILIOBBIX (DAKTOPOB B IIPO-
1ecce MeXaHU4ecKod o0paboTKH pe3aHreM MOXKET
BBI3bIBATh M3MEHEHHS CTPYKTYPbl U CBOWCTB 3THX
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Takum oOpazom, B mporiecce pe3anus B 0opada-
TBIBAEMOM MaTepHalle BO3HUKAIOT IPOIECCHl YII-
pouHeHus (B pe3yJbTare IUiacTHYeckon aedopma-
IUK) ¥ pa3ynpodyneHus (mpu Harpese). [Iporekaro-
e (PU3UYECKUe W TETUIOBBIC TPOIIeCcCHl B 0Opaba-
THIBAEMOM MaTepHalle OKAa3bIBAIOT 3HAYUTENHEHOE
BIMSIHUE Ha oOpabatpiBaeMocTh. V3yueHne m3me-
HEHUH CTPYKTYPHI U CBOWCTB, MIPOTEKAIONINX B Oe-
JBIX BBICOKOXPOMHCTBIX YYTYHaX MpU 00paboTKe
pe3aHueM, TMO3BONUT ONTUMH3UPOBATH PEKUMBI
pe3aHuss W YCIoBUS 00paboTKHM (C TpUMEHEHHEeM
COX wm 6e3). Pexxumbl pesanusi, odecreynBaro-
e MaKCUMaJIbHYI0 TIPOU3BOJUTEILHOCTE, HE BCe-
raa 00ecreynBaT MUHHMAIBHYIO Ce0SCTOMMOCTD
06paboTtku [12]. Umerommecs npencrasienus [1, 4,
6-8, 10] 06 u3MEHEHUsIX CTPYKTYPHI U CBOMCTB Ma-
TEpHAJIOB TIpH Ae(OpMallii M HarpeBe He I03BO-
JAI0T OOBEKTHBHO OLCHUTH M3MEHEHHMS, MPOUCXO-
JSIIIe B BBICOKOXPOMHCTBIX UyTyHaxX B Tpolecce
MEXaHHUYECKOH 00paboTKU pe3aHUueM.

Hean

enb paboThI 3aKITIOYaNIach B aHAIU3EC HW3MEHE-
HUIA CTPYKTYPBI U CBOWCTB BRICOKOXPOMHCTBIX UyTY-
HOB TIOZ JiclicTBHEM (DU3MYECKHX M TEIIOBBIX (aK-
TOPOB TP MEXaHWIECKOI 00paboTKe pe3aHueM.

MeTtoanka

UccnenoBanu BnusHUE (PU3MYECKUX M TEILIO-
BBIX TIPOIECCOB HA CTPYKTYPY M CBOWCTBA YyTyHa
coctaBa, Macc. %: yraepon 3,33; mapraner 5,86;
kpemuuid 1,10; xpom 19,20; nHukens 2,84; cepa
0,02; dochop 0,03. UyryH BBIIUIABISUIH B UHAYK-
IIMOHHOW TIeYH C OCHOBHOH (hyTepoBKoi. B cyxue
(OpMBI OTJIUBANIN IIMIIMHAPUIECKUE 00pa3Ilbl Aua-
MetpoMm 30 MM u mmHO#N 400 MM. JluTeie 0Opas-
Bl TIPEABAPUTENHFHO OOTaYMBAINCH O IHUAMETpa
25 mM. Ha ToprieBoit moBepXHOCTH 00pasma Jiu-
HoW 50 MM, mocjie HM3rOTOBIICHHS MUKPOHLIH(a
u 00paboTKu TpaBuTeneM MapOie, HAaHOCHIN KO-
OpAMHATHBIE PUCKH depe3 2 MM (puc. 1) u usmeps-
U MUKPOTBEPAOCTh CTPYKTYPHBIX COCTABIISIIO-
X, 10 U TIOCTie MeXaHH4YecKoi 00paboTKu pe3a-
HueM, Ha npubope IIMT-3 u Duramin-1. Aramus
CTPYKTYpBl BBIIONHAJIM HAa ONTHYECKOM MHUKpPO-
ckone Sigeta MM-700 u PEM 106U. s ToueHus
KCTIONB30BaIM cTaHAapTHbIe pe3ipl 10x10 MM u3
BKS8 o I'OCT 19051-80. Pesxxumsbl pe3anusi: TIy-
ouna pesanus — 0,8 u 1,5 MM; ipoobHAS MOAaYa
— 0,2 MM/00, yacToTa BpamieHHs MIMUHACTS TpPH
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ToueHHH ® cBepieHUH — 400 o6/muH. COX He
npumeHsi. TodeHre o0pa3ioB OCYIIECTBISUTH OT
LEHTpa K TOPLEBOI MOBEPXHOCTH (pucC. 2).

JE————

Puc. 1. O6paser ¢ HaceukaMu

Fig. 1. Specimen with notchings

Wnno

~

A

——

PE3EL
—

[ Soy 1/

Puc. 2. Cxema Touenus obpasua

Fig. 2. Specimen's turning scheme

Pe3yabTathel

CtpyKTypa BBICOKOXPOMHCTOTO UyTyHa CO-
CTOSITIAa U3 KapOMIHBIX BKIIOYCHHN 3BTEKTUYECCKO-
ro TUNAa U AyCTEHUTHON METaJUIMYECKOW OCHOBHI
(puc. 3, a). MEKPOTBEPAOCTh METAIIMIECKOU OC-
HOBEI cocTaBisuia 400...430 HVs,.

[Ipu Touenuu c riryounoit pezanus 0,8 MM mpo-
HCXOJUJIO TOJIBKO CHJIOBOE€ BO3JICHCTBHE pe3la
Ha oOpasen (TtemmepaTrypa HarpeBa go 100 °C).
B mnoBepXHOCTHOM clloe KapOWIHBIC BKIHOYCHUS
MPaKTUICCKA HE TPETepIeBaal N3MEHCHUU, TPH
9TOM METaJJINYECKas OCHOBAa HAKJCIHBIBAJIaCh 0
1 100 HVsy (puc. 4). [lo mepe ynaneHust ot mo-
BEPXHOCTH TOYCHHS MHUKPOTBEPIOCTH MeTalndec-
KO OCHOBBI MTOHMXKAJIACh U Ha pacCTOSHUU 1,2 MM
coctamia 500...520 HVsy moBepXHOCTH TOYCHHUS.
Ha rny6une 6onee 3MM HakIlen He HAOIIOJaIICS.

YBenudeHue TIyOWHBI pe3aHus 10 1,5 MM BBI-
3BIBAJIO OJTHOBPEMEHHOE BO3ICUCTBUE KAaK CHIIOBOTO
¢akTopa, Tak M TerioBoro. Temmneparypa HarpeBa
3arotoBku gocturaia 500 °C. Bo3zaelicTtBue TeMiie-
parypbl IPOSIBUIOCH B MOBBINICHUM TUIACTHYHOCTH
METAJUTNYECKOW OCHOBHI B TOBEPXHOCTHBIX CIIOSX
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3aroroBku. llmacTuyHas Merajuimyeckas OCHOBa
nedopmupoBanack B pe3ysbTaTe CHIOBOTO BO3ICH-
CTBUS pe3lia, IPH 3TOM XPYIKHE KapOHIHbBIC BKIIIO-
YEeHUs] OPOOMINCh M MEepPEeMEIlATNCh COBMECTHO

Puc. 3. CtpykTypa BEICOKOXPOMHCTOTO YyTyHA,
1o 1 ociie pezanus. Yemuaenue: 1 500 (a, 0, e),
4000 (8, &, 0):

a — MICXOJIHAsl CTPYKTYPa; 6 — CTPYKTYpa IOBEPXHOCTHOTO
CJ10s TIOCTIe TOYeHUs IpH ¢ — 1,5 MM; 6 — npobeHne Kkapou-
JOB B [IOBEPXHOCTHOM CJIO€ 0e3 HaKJIena MeTaNInYSCKOM
OCHOBBI; 2 — Apo0IIeHNe KapOHIOB, HAKJICT METAIUTHYECKOM
OCHOBBI I MUKPOTPELIMHBL; O — MUKPOTPEIIHHBI
Y OCTPOYTOJBHBIX TPpaHel KapOHIOB; e — CTPYKTypa
TIOBEPXHOCTHOI'O CJIOA ITOCJIE CBEPIICHUS

Fig. 3. Structure of high-chromium cast iron before
and after machining. Magnification: 1 500 (a, b, f),
4000 (c, d, e):

a — initial structure; b — structure of the surface layer after
turning at ¢ — 1.5 mm; ¢ — fragmentation of carbides in the
surface layer without strain hardening of the metallic base;
d — fragmentation of carbides, strain hardening of the
metallic base and microcracks; e — microcracks at the
acute-angled edges of carbides; f— structure of the
surface layer after turning
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PaccTrosHHE OT MOBEPXHOCTH Pe3aHHHA, MM

Puc. 4. BnusHue pa3nuyHbIX BUJIOB MEXaHUYECKOM
00paboTKM pe3aHHeM Ha H3MEHEHHE MUKPOTBEPAOCTH
MIOBEPXHOCTHBIX CIO€B BBICOKOXPOMHUCTOIO YyryHa

Fig. 4. Influence of different mechanical machining
types on the changes of the microhardness of high-
chromium cast iron's surface layers

Haxsien HarpeTbIX HOBEpXHOCTHBIX CJIOEB HE
npoucxoaui. Ilo mMepe ynaneHus OT MOBEPXHOCTH
pe3aHus BIMSIHUE TEIUIOBOrO (hakTopa yMeEHbIIIa-
JOCh, @ CHJIOBOTO COXpaHsuIoch. llmacTudaHOCTB
OCHOBBI IIOHMKAJach, YTO BBI3bIBAJIO IIOSIBJICHUE
Haknena. IIporekaromue nporeccesl aedopmMupoBa-
HHUSI METaJUIMYECKOH OCHOBBI BBI3BAJH IOSIBIICHUE
B CTPYKTYp€ UyryHa IOJIOC CKOJbXKEHUsI U 00pa3o0-
BaHHE MUKpoOTpemuH (puc. 3, 2, 0). Mukporpemu-
HBl HaOJIOJANKMCh, B OCHOBHOM, Y OCTPOYTOJBHBIX
rpaHei kapOumoB (puc. 3, 0). CoueraHne CHIOBOTO
U TEIJIOBOTO BO3/EHCTBUS OKa3aJI0 BIMSHHUE HA W3-
MEHEHHE MUKPOTBEPAOCTH METAILIMIECKONH OCHOBEI
npu ToueHun (puc. 4). B moBepxHOCTHOM cioe 00-
pasua HakiIen IOJHOCThIO OTCYTCTBOBAN. YMEHb-
HICHWE BIIUSIHUS TEIJIOBOTO (pakTopa MpOsSBHIIOCH
B TOBBIIIEHUH MUKPOTBEPJOCTH (HAKIere) MeTall-
maeckoit ocHOBBI 110 490...520 HV5, Ha ryOune
0,1 MM oT moBepxHocTH ToueHus. OOIM HarpeB
o0pa3ia yMeHbIINI T1yOouHy Hakiena a0 0,4 M.

[Ipouecc cBepieHHUs OKka3ajl MeEHbIIEe BO3ICH-
CTBHE Ha 00pabaThIBacMBIii MaTepHal, YeM IpH TO-
YEHMH 33 CUYET MEHBIIMX ycwini pesanus. Ilpu
CBEpJICHUH, BO3JCHWCTBHE CHIJIOBOTO M TEIJIOBOTO
(GaxkTopoB MPOSBUIOCH B MEHBIIEH CTENEHH, YeM
MIPYU TOYCHHH, YTO OOBSCHICTCS CHEHU(UKON Tpo-
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necca cepiieHuss. COBMECTHOE BJIHMSHUE CHIIOBOTO
M TEIJIOBOro (hakTopa pacHpoCTPaHSIIOCh HA TIIy-
ouny o 0,1 mm. B moBepxHocTHOM cioe 10 10 MkM
HaOJIroIaoCh MpobieHne KapOuIoB, 3a CYET CHIIO-
BOTO M TEIUIOBOTO Bo3meHcTBHs (puc. 3, e). HesHa-
YUTETBHBIA HarpeB oOpaslia MpH CBEPICHUH HE
YCTpaHWJI CHJIOBOTO BO3JeWCTBUS cBepia. [1oBEI-
IIEHHE MHUKPOTBEPAOCTH METAIUTMYECKOH OCHOBBI
YyTyHa, PU CBepieHud, nocturio 660...690 HVs,
Ha pacctosgHud 0,1 MM OT OBEPXHOCTU OTBEPCTHS
(puc. 4). l3meHeHWe MHKPOTBEPAOCTH pPacIIpo-
CTpaHsUIOCh Ha TyOouHy 10 0,5 MM,

AHanmu3 MPOBEACHHBIX MCCICIOBAHUMN IMO3BO-
JISIET PEKOMEH/I0OBaTh MPOBEJICHNE YSPHOBOM 00pa-
0OTKH pe3aHWeM JeTajedl U3 BBICOKOXPOMHCTOTO
YyryHa, ¢ OOJbIION TIyOMHON pe3aHus 0e3 mpu-
meHernss COX (c HarpeBoM Jeraiu), 4TO TO3BO-
JIUT TIOMYYUTh TOBEPXHOCTHBIM CJOM C HHM3KOU
TBEpJOCThI0. UKMCTOBYIO 00paboTKy 1menecoodpas-
HO TIPOBOJUTH C TIyOWHOW pe3aHus 10 1 MM
¢ npumenenreM COXX, 4TO MO3BOJUT MOJYYUTH
pabodyIo TOBEPXHOCTH BEICOKOIH TBEPAOCTH.

Haquaﬂ HOBHU3HA U MPaAKTHYECKasA
3HAYUMOCTDH

Pa3zpaborana u mpuMeHEHa METOIUKA OLEHKH
U3MEHEHUM CTPYKTYphl U CBOMCTB BBICOKOXPOMMU-
CTOTO YyTyHa IOA ACHCTBHEM (PU3UUECKUX U Tell-
JOBBIX (DaKTOPOB NPU MEXaHWMIECKOW 00paboTKe
pe3anueM. Vcnonp3oBaHNe NaHHOW METOIUKH TO-
3BOJIUT pa3pabaThiBaTh PEKOMEHIALNH 110 BEIOOPY
PEKUMOB U ycJIOBUI 00pabOTKU YyryHa pe3aHHEM.

BriBoabI

1. Coueranue CHUIOBOTO M TEIJIOBOI'O BO3JEH-
CTBUS OTpEENseT MPOIeCcChl YIPOYHEHUS H Pasy-
MIPOYHEHHUS TTOBEPXHOCTHBIX CIOEB BBHICOKOXPOMH-
cToro 4uyryHa. BosneiictBue cuioBoro ¢akropa,
MOBBIIIAIOIIETO MHKPOTBEPJAOCTh TOBEPXHOCTHBIX
CJIOEB YyTyHA, HUBEIIHPYETCS HArPEeBOM.

2. CunoBoe BO3/IEHCTBUE HA CTPYKTYPY U CBO¥I-
CTBa BBICOKOXPOMHUCTOTO YyTyHa NpH 00paboTKe
pe3aHueM BBHI3BIBA€T HAKJICN. 30HA TOBBIIIEHHON
MHUKPOTBEPIOCTH METAJUINYECKOW OCHOBHBI BBICO-
KOXPOMHCTOTO YyT'YHa HaOJNIomaercs M0 3 MM OT
MTOBEPXHOCTH Pe3aHMUsL.

3. BozneiictBue TeMIlepaTypbl Ha CTPYKTYpPY
Y CBOWCTBa BBHICOKOXPOMHUCTOTO YyT'yHa MpH 00pa-
00TKe pe3aHHeM NpOSIBISETCS B MOBBIIICHAN IlIa-
CTHYECKUX CBOWCTB METaJUIMYECKONW OCHOBBI B 30-
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HE pe3aHus, ApoOIeHUN KapOUIHON (a3bl u yCT-
paHEeHUH HaKJIena.

4. YepHoByr0 00pabOTKy neTayieli U3 BBICOKO-
XPOMHUCTOTO YyTyHa IIeJIeCO00pa3HO IPOBOAHTH
¢ Oonpmioi TyOWMHOW pe3aHus 0e3 TPUMEHCHUS
COX c nenbro obnerdeHus mocieayonend 9ucTo-
BOil 00paboTku. YnctoByro 00paboTKy 1menecoo0-
pa3HO TMPOBOIUTEH C TIIYOMHOW pe3aHus 10 1 MM
¢ npumerenneM COX.
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BIIJIUB ®I3BUYHUX I TEIVIOBUX ITPOLECIB HA CTPYKTYPY TA
BJIACTHUBOCTI BUCOKOXPOMHUCTOI'O YABYHY IIPU OBPOBIII
PI3AHHAM

Meta. B poboti npoBezieHO aHaNi3 MEPEeTBOPEHb CTPYKTYPH Ta BIACTHBOCTEH BHCOKOXPOMHCTHX YaBYHIB ITiJ
BIUTUBOM (Di3WYHUX Ta TEIUIOBHX (DaKTOPIB, SKI BUHUKAIOTH MiJ Yac MeXaHigHOi 00poOku pizanHsM. MeToauka. Pos-
pobiieHa Ta 3aCTOCOBaHA METOIMKA OLIHKH CHJIIOBOTO Ta TEIUIOBOTO BIUIMBY Pi3Ild Ha 00poOiroBaHui Matepian. Bumm-
BKH IIOTIEpETHBO 0OpOOIIOBAIMCE pi3aHHAM 10 TiameTpy 25 MM. Ha ToprieBiif moBepxHi 3pa3ka ZOBXHHOIO 50 MM
Oymo 3pobneno mikpomutid. s TodiHHSA BUKOpHCTOBYBamM craHmapTHi rwractuHu 10x10 mMm 3 BKS8 3rigno
I'OCT 19051-80. PesyabraTn. CuiioBuii BILUIMB Ha 3pa3KH 3 BUCOKOXPOMHCTOTO YaBYHY ITiji 4ac 0OpOOKHU pi3aHHAM
BUKIIMKAB YTBOPEHHS HaKyeNy. BIiMB Temneparypu Ha CTPYKTYpy Ta BIaCTHBOCTI BHCOKOXPOMHMCTOTO YaByHY TiJl 4ac
00pOoOKH pi3aHHAM BUKIIMKAB IMiJBUILEHHS IUIACTUYHUX BJIACTUBOCTEH METaJIEBOT OCHOBH B 30HI pi3aHHs, APOOJICHHS
KapOinHoi (a3u Ta ycyBaB Hakien. [Ipu TouinHi 3 rubuHOO pizanHs 0,8 MM BiOyBaBCs TiJIbKM CHIIOBHIT BIUTHB Pi3Lst
Ha 3pa3oK. Y INOBEpXHEBOMY MIapi BKJIIOUCHHs KapOiJiB Maike He 3a3HaBalIM 3MiH, B TOW Yac K MeTajeBa OCHOBA
HakurerryBaniach 10 1 100 HVs. IIpu BigmaneHHi Bif MOBEPXHI TOUIiHHS MiKPOTBEPAICTh METAIIEBOi OCHOBH 3HIKYBa-
mack Ta cranoBmna 500...520 HVs, Ha BincTani 1,2 MM Big moBepxHi TodiHHA. Ha BifcTaHi Big moBepxHi moHag 3 MM
HaKJIeTI He BUABIIH. 30UThIICHHS TTHOMHA pi3aHHs 10 1,5 MM BHKIHKAIO OJHOYACHUH BIUIMB K CHIIOBOTO, TaK i TETI-
noBoro (akropis. Brums Temneparypy BUSBUBCS y 30UIbIICHHI IIACTUYHOCTI METAIEBOI OCHOBH B MOBEPXHEBUX IlIa-
pax 3pa3ka. Haxyienn Harpitux moBepxHeBUX mIapiB He BinOyBaBcs. IIpu BimmaneHH] Bix MOBEpXHI pi3aHHS BIUIUB TEM-
nepaTypHoro (akropa 3MEHIITyBaBCs IpH 30eperkeHHI CHIIOBOr0. ITacTHUHICTE OCHOBH 3MEHIIIyBajlach, MO MIPU3BEIIO
JI0 BUHHKHEHHs HakJjemny. Tepaicth MeraneBoi ocHoBH mizsuinmiack 10 490...520 HVs,. 3aransHuii HarpiB 3paska
3MeHIIMB MMouHy Hakierny 1o 0,4 mm. HaykoBa HoBH3HA. Po3p0o0iieHa METO/IMKA OIIHKHU 3MiH Y CTPYKTYpI Ta Biac-
THUBOCTSIX BUCOKOXPOMHCTOI'O YaByHY TiJ| Ji€f0 (i3MYHHUX Ta TEIUIOBUX (PaKTOPIB sIKI BUHUKAIOTH I1iJ] 4aC MEXaHIYHOI
00po0Oku pizanssaM. [IpakTHuHa 3HAYNMICTB. BUKOpHCTaHHS 1aHOT METOMKH JJO3BOJIUTH PO3POOJISITH peKOMEH amil
3 BHOOpY PEKUMIB 1 YMOB 00pOOKH YaBYHY pi3aHHSM.

Kniouosi crosa: BUCOKOXpPOMHUCTHUI YaByH; CTPYKTYpa; BIaCTUBOCTI; pi3aHHs; HAKJIen
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INFLUENCE OF PHYSICAL AND HEAT PROCESSES ON
THE STRUCTURE AND PROPERTIES OF HIGH-CHROMIUM
CAST IRON DURING MACHINING

Purpose. Analysis of changes of high-chromium cast irons' structure and properties under the influence of
physical and heat factors during mechanical machining. Methodology. The methodology of evaluation of the cut-
ting tool's force and heat influence on the machined material has been developed and applied. Cast specimens un-
derwent preliminary turning to obtain the diameter of 25 mm. The microsection was made on the end surface of the
specimen with the length of 50 mm. Standard plates with sizes 10x10 mm made of VK8 according to the State
Standard 19051-80 were used in the turning process. Findings. Force influence on the specimens made of high-
chromium cast iron caused strain hardening during machining. Temperature influence on the structure and proper-
ties of high-chromium cast iron during machining caused increase of the plasticity characteristics of the metallic
base in the cutting area, fragmentation of the carbide phase and elimination of the strain hardening. During turning
with cutting depth 0.8 mm only force influence of the cutting tool on the specimen took place. Carbide inclusions in
the surface layer didn't undergo sufficient changes; at the same time the metallic base was strain-hardened to 1 100
HVs. As it was drawn away from the turning surface, the microhardness of the metallic base was decreasing and
equaled to 500...520 HVs at the distance of 1.2 mm from the turning surface. Strain hardening was not observed at the
depth of more than 3mm. Cutting depth increase up to 1.5 mm caused simultaneous influence of force and heat factors.
The temperature influence revealed in increasing of metallic base plasticity in the specimen's surface layers. Strain harden-
ing of heated surface layers didn't occur. While drawing away from the cutting surface, the influence of the temperature
factor decreased, when the influence of force factor remained the same. Due to the base plasticity decrease the strain hard-
ening occurred. The metallic base strain was hardened to 490...520 HV 5. The overall heating of the specimen caused the
decrease of strain hardening depth to 0.4 mm. Originality. The methodology of change evaluation of high-chromium
cast iron structure and properties under the influence of physical and heat factors during mechanical machining has
been elaborated. Practical value. This methodology allows developing the recommendations for choices of high-
chromium cast iron machining modes and conditions.

Keywords: high-chromium cast iron; structure; properties; machining; strain hardening
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PA3ZPABOTKA COCTABA HAITOJIHUTEJIA HA OCHOBE CIIVIABA
FE-B-C V11 U3BHOCOCTOMKNX KOMITO3UIIMOHHBIX ITOKPHITUM

Heanb. VccnenoBanusi, nmpoBeieHHbIE B paboTe, HapaBieHbl Ha pa3paboTKy cocTaBa KOMIUIEKCHO JIETUPOBAH-
HOTO CIUIaBa-HAMOJIHUTENS a0pa3sUBHO-CTONKUX KOMIIO3HMLIMOHHBIX MaTepraioB. MeToanka. [y TOCTHKEHUS 1o-
CTaBJICHHOM IIEJHM HWCIOJB30BaHBl METOIBI MHKPOCTPYKTYPHOTO, PEHTTEHOCTPYKTYPHOTO M MHKPOPEHTIE€HOCIIEK-
TpaJbHOTO aHaiau30B. OmnpeneneHbl MUKPOIIOPOMETPUYECKHE XapaKTEePUCTHKH CTPYKTYPHBIX COCTABISIOIIMX
u abpa3uBHAs M3HOCOCTOMKOCTb KOMIIO3MIIMOHHBIX MaTepuanoB. Pe3yabTaThl. YCTaHOBIICHAa MOJNHAs PacTBOPH-
MOCTb XpOMa M BaHa[ust B Oopuaax sxenesa Fe,B n FeB, sBisomuxcst HCXOAHBIMU CTPYKTYPHBIMH COCTaBIISIOLIN-
MU nepuTekTHdeckux ciiaBoB Fe—B—C. DTn 31eMeHTh NpenMyIIecTBEHHO pacTBOPSAIOTCS B MOHOOOpHIE JKenesa.
PacTBoprMocTs MonmbaeHa nin HHOOUs HUYTOXKHA Mana. OHM 00pa3yIoT B CTPYKTYpPE CIIABOB CAMOCTOSITEIHHEIC
¢a3er Mo,B, Mo,(B, C) min NbB,. JlernpoBanre XpoMOM U BaHAJAHEM yBEITHYHUBACT MPOYHOCTH HA CIKATHE U KO-
(UIMEHT TPEIMHOCTOWKOCTH (a3, a MOJIMOAEHOM WM HHOOHEM — OOLIYI0 MUKPOTBEPAOCTh U TBEPIOCTH CIIJIABOB.
HpI/l HCIIOJIB30BAaHUH CIlJIaBa-HAIIOJITHUTCIIA FC—B—C, KOMIIJIEKCHO JICTUPOBAHHOT'O BBIIICIICPCUYUCICHHBIMU 3JICMECH-
TaMH, B COCTaBe KOMITO3UIIMOHHBIX MaTeprajoB co cBsa3koit MHMir 20-20 cTpykTypooOpa3oBaHue TpaHUIl pa3zeia
MEXy HallOJHUTENeM M PacIUIaBJICHHON CBS3KOM OIpesenseTcs NMPOTeKaHHeM IPOLECCOB pacTBOpeHust U 1uddy-
3uu. Da3oBbIif U CTPYKTYPHBIH COCTaB 30H KOHTAKTHOTO B3aMMOJICUCTBHUSI OOBSICHSIETCS IEPEKPUCTAILIM3AIMEH 10~
BEPXHOCTHBIX CIIOEB HAIMOIHHUTENS MOCIIE PACTBOPEHUSI, BBI3BAHHOTO KOHTaKTOM C PAacIUIaBIEHHOH CBs3KOH. B pe-
3ynbTare popMupyercs Oe3nedeKTHasE MaKporeTeporeHHass CTpyKTypa KOMIO3UIIMOHHBIX MaTepHaIoB M 00ecIedn-
BaCTCA HaACKHas aArc3usd HAIOJHUTCIA W CBA3KH. MHTEHCHUBHOCTBIO IMPpOUECCOB KOHTAKTHOI'O B3aHMO}1€ﬁCTBHH
MOXHO YNpPAaBISATh IIyTeM BBIOOpa TEMIIEpaTypHO-BPEMEHHBIX pexxuMoB nponutku. Hayunasi HoBu3Ha. Mccneno-
BaHBI 3aKOHOMEPHOCTH (HOPMHUPOBAHUS CTPYKTYPHI H CBOMCTB TBEPIBIX PACTBOPOB Ha ocHOBe Oopunos Fe,B u FeB,
00pasyouMxcs B CTPYKTYpe NEepUTEKTHYeCKUX ciuiaBoB Fe—B—C, 4To mo3Boimio peKoMEeHIOBaTh COCTaB KOM-
IUIEKCHO JIETUPOBAHHOTO CIIaBa ISl MCIIOIb30BAaHMS B Ka4ECTBE HAIOJIHHUTENS MaKpOTeTEPOTCHHBIX KOMIIO3HUIIH-
OHHBIX MaTepHalioB C MEIbXHOPOBOI Marpuiei. IIpakTHYeckasi 3HAYMMOCTb. 332 CYET KOMIUICKCHOTO JIETUPOBa-
HUSI TIEPUTEKTHYECKOTO cIutaBa-HarnoyHuTenst Fe—-B—C xpoMoM, BaHajneM, MOINOJEHOM W HHOOMEM JOCTUTAETCs
abpa3uBHasi H3HOCOCTOMKOCTh KOMITO3MLIMOHHBIX NMOKPBITHH, CPAaBHUMAs C M3HOCOCTOMKOCTBIO BOJIb(paMcomepxa-
XX MOKPBITHH, YTO MO3BOJISIET 00ECHEUNTh 3KOHOMHUIO TOPOTOCTOSIIINX U NE(HUIIUTHBIX MAaTEPHUAIIOB.

Kniouesvie cnosa: nepurekrudeckue crmasel Fe-B—C; nerupoBanue; MEXaHHMUECKHE CBOICTBA; KOMIIO3UIOH-
HBI MaTepual; CIUIaB-HAOJIHUTENb

BBenenne s¢¢dexTHBHA HalIaBKa MaKpOTeTEPOTeHHBIX KOM-
MO3UIMOHHBIX MAaTEPUANIOB, YIPOYHEHHBIX YacTH-
uaMu HanojHuTens pasmepamu 0,2...1,5 mm [2, 4,
5, 7]. B HacTosiiee BpeMs CO3JaHbl M HALIUIA IpU-
MEHEHHE MaTepHalibl Ha OCHOBE KapOHUIOB BOJIB()-
pama (WC + W,C) co cBsI3KOW MapraHIEBEII
Mensxuop MHMi 20-20 [3, 4, 8]. OnHako BbICO-
Kasi CTOUMOCTh M JCPHUITUTHOCTH BOJh(pamMa BEI-
3BIBaE€T HEOOXOAUMOCTD €r0 IKOHOMHH.
[leputekTryeckue CIUIaBbl JKene3a ¢ Oopom
U YIIEpOJOM OTINYAIOTCS TYTOIUTABKOCTBIO, KPH-
MOYCTOMYMBOCTHIO, )KaPOCTONKOCTBIO, TBEPIOCTHIO

B TexHuke Bce Gombllee paclpocTpaHeHHE I10-
Jy4a0T KOMIIO3UIIMOHHBIE MOKPBITUS, COCTOSIINE
U3 Pa3HOPOAHBIX KOMIOHEHTOB [1, 12, 14]. Onun
W3 HUX IDIACTHYCH (CBs3Ka), a IPYrou obiamgaet
MOBBIMICHHOHN MPOYHOCTHIO U TBEPIOCTHIO (HAIOJ-
HuTenb). KoMmosuram MOryT OBITH NMPHUAAHBI Ha-
nepes 3aJaHHble CBOICTBA, KOTOPBIX HE HMEIOT
OTJIeNbHbIE cocTaBisIomue. B Meramryprudeckoit
u He(TIHOH, TOPHONOOBIBAIOIICH W YTOJBLHOM
MIPOMBIIIUIEHHOCTSIX — BE3J1e, T1Ie JeTall padoTaloT
B YCJOBHAX HWHTEHCHBHOTO a0pa3WMBHOTIO HM3HOCA,
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1 U3HOCOCTOWKOCTHIO [9, 14]. [ToaToMy mx mpume-
HEHHE TEepCIEeKTHUBHO B KayecTBE HaIOJHUTENEH
0e3BONTBPPaMOBBIX KOMIIO3UIUOHHBIX MaTEepPHAIIOB
[6]. B nurepaType MMEIOTCS BeCcbMa OrpaHUYECH-
HbI€ JaHHbIE O BJIMSIHUU OTAEIBHBIX JIETUPYIOIINX
9JIEMEHTOB M WX KOMIUIEKCOB Ha (pa3oBbIe Tpe-
BpAalICHUs, CTPYKTYpy U CBOWCTBa NEPUTEKTHYE-
cknx cmiaBoB Fe-B-C [10, 11]. OtcyTcTBYIOT
TaKk)Ke CBEJCHHMS O BO3MOXHOCTH MX HCIIOJIH30Ba-
HUS B COCTaBe adpa3sMBHO-CTOMKUX KOMIO3HLIUOH-
HBIX TOKPBITUH.

ean

Lenpro paboThl sABIsIIACH pa3paboOTKa cOCTaBa
KOMIUTIEKCHO JISTHPOBAHHOTO CITIaBa-HATIOTHUTEIS
U1 a0pa3MBHO-CTOMKHX KOMITO3UIIMOHHBIX Mare-
pHaoB.

MeTtoanka

C yd4eTroM pe3yabTaToB ONpeeicHus (PU3UKO-
XUMUYECKUX W MEXaHHYECKUX CBOWCTB CIUIABOB
Fe—B—C [14] ocHoBo#i mna pa3paboTku cocTaBa
HATIOJTHUTEIEH  KOMITO3UIIMOHHBIX  MaTepHaIOB
OBITH BBIOPAHBI CIUIABBI, CoAeprKamiue (1o mMacce)
9,0...12,1 % B, 0,01...0,5 % C, 0...5,0 % oxHoro
U3 CIEAYIOUINX Jerupyrommx siementos: Cr, V,
Mo, Nb; Fe — oct. Obpasusl CIJIaBOB W3TOTaBIIH-
BaJIM M3 MPEIBAPUTENHHO THIATEIHHO MepeMelIaH-
HBIX U CIIPECCOBAHHBIX MOPOIIKOB IIUXTOBBIX Ma-
TEpPHAJIOB IIyTeM WX CIUIaBIEHUS B aTyHIOBBIX
TursiX B neun Tammana. CKOPOCTh OXJIaXICHIS
crutaBoB coctaBistia 10...20 K/c. Cocrap BhImLias-
JIEHHBIX O00pa3lloB KOHTPOIWPOBAIM METOAAMHU
CIEKTPaJIHHOTO ¥ XUMHUIECKOTO aHaJIH30B.

st mosydeHusT KOMITO3UITMOHHBIX MOKPBITUN
CIUTaB-HATIOJTHHUTENh TMPEABAPUTENLHO IPOOIN Ha
yactuibl pazmepamu 0,2...1,5 mm. [IponuTky yac-
THUI[ HAMOJHHUTEJS BBIOIHSUIA MEYHBIM CIIOCOOOM
npu temnepatype 1 273 K B teuenue 30 MuHYT.
B kadecTBe cCrutaBa-CBSI3KM HCIIOJIB30Bajll Map-
raHuesbiii Measxuop MHMu 20-20.

CtpykTypy 00pa3sIoB H3y4aaud METOJaMH KO-
JUYECTBEHHOTO METAIUIOrpaduiecKoro aHam3a Ha
ycraHoBke «Epiquant», peHTTeHOCTPYKTYpPHOTO
ananm3a Ha anmapare JJPOH YM-1 u penrrenoc-
MEKTPAILHOTO MUKpOaHaIHM3a Ha ycraHoBke MC-
46. UcnpiTanus Ha abpa3suBHYIO M3HOCOCTOHKOCTH
BBINOJIHAIM Ha ycTtaHOoBKe HK-M npu xomHaTHOM
TemrepaType. OLEHKY OCYIIECTBIISLIA MO YMEHb-
IIEHHI0 Macchl 00pa3ioB ¢ TogHocThio 0,0002 T.

doi 10.15802/stp2014/33396

Pe3yabTatsel

Hccnenosannbie TpoitHble crutaBsl Fe—B—C
UMEIOT IByX(a3Hylo cTpykTypy (puc. 1). Ha ¢one
JIETUPOBAHHOTO YTIIEPOJOM TeMUOOpHIa >Kele3a
Fe,B BumHBI TIepBUYHBIE NEHIPUTH MOHOOOpHAA
Fe(B,C). TI'emubopunm xene3a oOpasyercs Kak
BCJICJICTBUE IMPOTEKAHUS MEPUTEKTUYECKOH peak-
uu XK + Fe,(B, C) —» Fe(B, C), Tak u Henocpen-
CTBEHHO M3 J>KHJIKOCTH H3-3a ONW30CTH COCTaBa
9TOH (pa3wl K MEPUTEKTHIECKON TOUKE.

Ca- - T =‘5€’ =

Puc. 1. CkanupoBaHHasi MUKpPOTpaMMa CILIaBa
Fe—B-C B0 BTOpnYHBIX 3JieKTpoHaX (¢ ), X 400

Fig. 1. Scanned micrograms of Fe-B-C alloy
in the secondary electrons (e ), x 400

VYkazaHHbIH (ha30BBI COCTaB COXpaHICTCS MPH
nerupoBanuu ciiaBoB Fe-B—C xpomoM. MeTtonom
PEHTI€HOCIIEKTPAIEHOIO MHKpOAHAIN3a yCTAHOB-
nmeno, aro Cr pactBopsiercss B ¢azax Fe (B, C)
u Fe(B, C), o6pa3ys TBepzple pacTBOPHI MPEeUMYyIIIe-
CTBEHHO Ha OCHOBE MOHOOOpH/Ia kene3a (puc. 2, a).

Bananwmii, He3HAYUTEIEHO PacTBOPSICH B dase
Fe,(B, C), B OCHOBHOM MNpPHUCYTCTBYET B MOHO0O-
pune xenesa (puc. 2, 6). Ero pacrpenenenue mno
CCUCHHIO KPHUCTAJUIOB MOCIEIHEr0 HEOJHOPOIHO:
B IICHTPE pacroyiaraeTcs CcTepkHeBUAHas (aza
C MOBBIIICHHON KOHUEHTpauuen 3iaemeHTa. PeHt-
TeHOCTPYKTYPHBIE HCCIEOBAHHUS ITOKA3bIBAIOT,
4gTo 3Ta ¢asa B neHTpe neuaputoB Fe(B, C) sBus-
eTcs BeIcM OopunoM xkene3a FeB,, (n~2). B Hem
pacTBOpsieTCS 3HAUNUTENBHOE KOJTMYECTBO BaHANS.
Xapakrep pacnoioxeHus (a3bl BHyTPH KpHCTall-
JIOB MOHOOOpHIA XKelie3a, a TaAKKe BUJ MexX(a3HOM
TpaHMLBI pa3fiesia CBUACTENLCTBYET O MPOTEKaHUH
B cIutaBax neputektudeckoit peakmun XK + (Fe,V)B,
— (Fe, V)(B, O).

MonubeH JHIb He3HAYUTEIHHO MPHUCYTCTBY-
et B MmoHooopuzae Fe(B,C) n mpakTudecku He pac-
TBOpsieTcss B Kpucramiax remubopuna Fe(B, C)
(puc. 2, g). [lo rpanumamM nociaegHux oOpaszyercs
(aza c TOBBIIICHHBIM COJIEP)KAHUEM MOJIMOJICHA.
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[Ipuuem w3 3ammcu CK, BBITEKAaeT, YTO B OTHOM
cllydae KOHIICHTpaIlusl yriepoja B MOJUOICHOBOH
(aze oveHb BelMKa, a B APYTOM — HUUTOXKHO MaJa.
PeHTreHOCTpYKTYpPHO YCTaHOBIEHO OJHOBPEMEH-
HOE TOSIBIICHWE B CTPYKTYpE CIUTABOB OOPHIIOB
Mo,B u xap6o6opunoB Moy(B, C).

Puc. 2. CxaHupoBaHHbIE MUKPOTPaMMBI JIETHPOBAHHBIX
crmaBoB Fe—B—C (x 400) B M3IIy4eHUSIX:
a—CrKy; 6 — VK; 6 —MoL; e — NbL,

Fig. 2. Scanned micrograms of Fe-B-C (x 400) master
alloys in emissions:
a—CrKy; b— VK, ¢ —MoL,; d—NbL,

PactBopuMocTh HHOOWST B CTPYKTYpPHBIX CO-
craBsitomux cmaBoB Fe—B—C mpakTtuuecku oT-
CYTCTBYET. DTOT 3JIEMEHT 00pa3yeT 10 TpaHullaM
kpuctayuioB Fey(B, C) 6opuasl NbB,, a Takke BbI-
3pIBA€T M3MEIbUEHHE TEPBUYHBIX JICHAPUTOB
Fe(B, C) (Tabm. 1).

IIpouiecc kpucTaIM3aMy JETUPOBAHHBIX CILIA-
BOB Fe—B—C MOXXHO TpeICTaBUTh CICAYIOIIUM 00-
pasom. TBepbie pacTBOPH HA OCHOBE MOHOOOpHIA
)kene3a FeB saBmsitorTcs mepBUYHBIMU B CILIaBax,
JICTUPOBAHHBIX XPOMOM, JINOO TOSIBIISIOTCSI BCIIE-
cTBHUE iepuTekTHIeckoi peakuu X + (Fe, V)B, —

doi 10.15802/stp2014/33396
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(Fe, V)(B, C) B crutaBax, JeTHPOBaHHBIX BaHAHEM.
B xone mocnenyromell NepuTEKTUUECKON peakuu
KPUCTAIU3YIOTCSL TBEPIBIE PACTBOPBI XpoMa WIIN
BaHazws B TeMubopue xkenesza Fe,B. B aToif cxeme
KPUCTADIM3aIMN TPENMYIIECTBEHHAs PacTBOPH-
MOCTb JIETUPYIOLIHUX 3JIEMEHTOB HaOJIOAeTCs B MO-
HOOOpHIE Keesa.

Tabnuna 1

BinsiHMe JTerHpyOIIUX 3JIeMEeHTOB Ha fuameTp d,
U paccTosiHUE Ay MEKAY ACHAPUTHBIMH BeTBSIMH
II nopsinka naus ¢asel Fe(B, C)

Table 1

Alloying elements effect on the diameter d, and
the distance A, between dendritic branches of the
II order for phase Fe (B, C)

DeMeHT dy Ao do/Ao

HCX. 30,0+0,6 33,310,7 0,90

Cr 28,4+0,6 31,940,6 0,89

v 29,8+0,6 33,1%0,7 0,90

Mo 29,6£0,5 33,6£0,7 0,30

Nb 22,4+0,4 24,310,5 0,92
Tabnuna 2

Muxpo-MexaHHYecKHe XapaKTepucTUKH (a3
B JIerHpoBaHHbIX cmiiaax Fe-B—C

Table 2

Micro-mechanical characteristics of the phases
in the Fe-B-C master alloys

Koaddumuent
dne- | Mukporsepnocts, I'Tla TPEIUHOCTONKOCTH,
MEHT Kic, MITa-Vm

Fey(B, C) Fe(B, C) Fey(B, C) Fe(B, C)

— 15,87+ 18,08+ 2,14+ 2,37+
' 0,23 0,12 0,05 0,07

Cr 15,02+ 16,52+ 2,52+ 3,32+
0,07 0,24 0,04 0,01

v 1543+ | 17,18+ 2,43+ 3,0+
0,11 0,14 0,05 0,03

Mo 15,75+ 17,93+ 2,34+ 2,53+
0,24 0,32 0,03 0,05

Nb 15,92+ 18,17+ 1,95+ 2,45+
0,42 0,06 0,08 0,04

IIpn moctmwxenun paciiaBamu Fe-B—C, neru-
POBaHHBIMH MOJHMOACHOM W HHOOWEM, IMepeoxiia-

© E. B. Cyxosas, H. A. 3noposen, 2014



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

Hayxa ta nporpec Tpancnopty. Bicauk /[HinponeTpoBchkoro
HaLiOHAIBHOIO YHIBEPCHTETY 3ali3HHYHOro TpaHcnopty, 2014, Ne 6 (54)

MATEPIAJIO3BHABCTBO

JKACHUSI, JOCTATOYHOTO IJISl 3apOXKACHHSI U pocTa
¢assl Fe(B, C), B KHIKOCTH YK€ CYIIECTBYIOT 00-
Jee TyrorwiaBkue Kpuctamuiel Mo,B, Moy(B, C)
i NbB,. OHU OTTECHSIOTCS BHAYaJIe PaCTyIIUMHU
neanputamu Fe(B, C), a mocie mporekaHus mepu-
tektndyeckor peakuuu XK + Fer(B,C) — Fe(B,C)
n kpuctammiamu Fey(B,C). B pesynbrare no rpanu-
HaMm 3epeH OOHapYKHMBAIOTCSI CaMOCTOSITEIIbHBIC
¢a3bl Ha OCHOBE MOJIHOAEHA THO0 HHOOHUSI.

Haubonpmme wW3MEHEHUS] MHKpO-MeXaHH4ec-
kux xapakrepuctuk a3z Fe (B, C) u Fe(B, C) 3ako-
HOMEpHO HaOmomaroTcs B ciuiaBax Fe-B-C, meru-
poBaHHEIX Cr m V (tabn. 2). CHWKEHHE MHUKPO-
TBEPAOCTH B POCT KO3 (UIMEHTa TPEIIMHOCTONHKO-
CTH TBEPIBIX PACTBOPOB MPOUCXOAUT B CIEAYIOIICH
nocienosatensHocTh: Fe (B, C) — (Fe, V), (B, C)
— (Fe, Cr)y(B, C) (rme n = 1; 2). Ilpu BBenernu Mo
u Nb noBbimaercss 0o0Ias MHUKPOTBEPJOCTh CILIa-
BOB BCJEJCTBHE OOpa30BaHUs KPHCTAIUIOB CaMoO-
CTOSITENBHBIX ()a3 ITUMH JIEMEHTAMHU.

Hns obecriedeHns OIHOBPEMEHHOTO IOBBIILIE-
HUS MUKPOTBEPAOCTH M TUTACTUYHOCTH HCIIONB30-
BaJM KOMIUIEKCHOE JIETUPOBAaHHE MEPUTEKTHIEC-
kux cmwiasoB Fe-B—C 1,0...2,0 % Cr; 0,5...1,0% V;
1,0...3,0 % Nb; 1,0...3,0 % Mo. CrpykTypHBIii
1 (a30BBIH COCTaB CILIABOB OCTAaeTCS 0€3 M3MeHe-
Huit (puc. 3).

B nenppurax Fe(B, C) pacTBopsitoTcst BaHa Uit
Y, B MEHbBIIIEM KOJIHYECTBE, XPOM. DTH K€ dJIeMEH-
THI IPUCYTCTBYIOT B CTPYKTYpE TBEPAOTO PacTBOpa
Fey(B, C). Huobwuii 1 MmonubaeH 00pa3yroT 1o rpa-
Hunam ¢asel Fe,(B, C) camocrositensHbie (assl,
YTO yBENMYMBAET OOIIYI0 MHUKPOTBEPAOCTH CILIa-
BoB A0 19,240,9 T'Tla. Kpome Toro, pacrer TBep-
JOCTh, IPOYHOCTH HA CKaTHE M KOAPQHUIUEHT OT-
HOCHUTEJIBHON OKaTMHOCTOUKOCTH (Tabi. 3).

[Ipomeccsl Mexda3zHOTO B3aUMOJIEHCTBHUS Ha
TpaHUIaX paz/esia KOMIIO3UIIMOHHBIX MaTepHaoB
u3ydanu Ha oOpasnax, MOJNyYEHHBIX MPOIHUTKOH
YaCTHI HATIOJHUTENEH, M3TOTOBICHHBIX M3 KOM-
IJICKCHO JieTHpoBaHHOTO cruiaBa Fe—B—C, wmap-
ranneBbeM Menbxuopom MHMir 20-20. Muxkpo-
CTPYKTypa TMOJYyYEHHBIX KOMIIO3HMIIMOHHBIX Marte-
pHANIOB XapaKTEepHU3yeTCsl HaJMYUeM YacCTHI[ pa3-
Mepamu 0,2...1,5 MM HENPaBMWIBHON OCKOJIEYATOM
(OpMBI, pABHOMEPHO PacIpeeleHHBIX B MaTPHIIE.
[Inomane, 3aHMMaeMasi HaTIOJTHHUTENEM, COCTABIIS-
et 45...55 %. TpemuHsl ¥ eUHUYHBIE TTOPHI, 00-
pasylolmecss B HAIIOJHHUTENE TIPU MEXaHUYECKOM
IpoOJIeHUH, 3aTI0JTHEHBI METIbXHOPOM.

doi 10.15802/stp2014/33396

Puc. 3. CkaanpoBaHHBIE MUKPOTPaMMBI KOMITJIEKCHO
nerupoBaHHbIX cruiaBoB Fe—B—C (% 400) B u3iy4eHusx:
a—CrKy; 6 — VK; 6 —MoL; e — NbL,

Fig. 3. Scanned micrograms of Fe-B-C (% 400) fully
master alloys in emissions:
a—CrKy; b—VK,; ¢ —MoL,; d—NbL,

Tabnuma 3

CaoiicTBa komIiekcHo JernposanHoro (K. J1.)
cuiapa Fe-B-C

Table 3

Properties of fully master (F. M.) Fe-B—C alloy
IIpounocts KOB(pq)HHHeHTV
TBepaocTs, OTHOCHUTEIBHOM

CmnaB Ha c)KaTue, o
HRA OKAITMHOCTOMKO-

Mlla
CTH, efl.
HCX. 82+1 2010£10 1,0
K. JL 8512 2 12010 1,37£0,15

Ha rpanumax paszena MeXIy HaIOJHHTEIEM
W MaTpuIlell HE BBISBICHBI BHIMUMBIC H3MCHCHHUS
CTPYKTYpPBI 10 CPAaBHEHUIO C UCXOJHOW CTPYKTYy-
poii 3tux cocrapmsonux (puc. 4). OmpHako pe-
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3yJIBTaThl PEHTT€HOCIIEKTPAITHHOTO MHUKpPOAHATIN3a
CBUACTCILCTBYET O INPOTCKAHHMU ITPOLECCOB KOH-
TaKTHOTO B3aUMOJICHCTBHUS PaCTBOPHO-TUPPY3H-
OHHOTO Tuma. Ha rpaHmmax paszgena MOSBISETCS
cnoit ToimmHo# 10...15 MM, comepkamui xee-
30, HUKENb, MapraHer] (cM. puc. 4). [lpu ynanennn
OT Hero B 00€ CTOPOHBEI COJEpKaHHE 3JIEMEHTOB
n3mensercs. [Ipu mepememnieHnn 30HAa B CTOPOHY
HAIOJIHUTENST TPOUCXOAUT PE3KOE YBEITUUCHHE
KOHLICHTpAIlMH ejie3a U YMEHBIIEHUE — HUKEIS
n Mapranmna. Co CTOPOHBI MaTPHUIIBI COJEPIKaHUE
JKelle3a U Meau noseimaercs 10 4,3 % u 66,5 %,
a cojiepKaHUe HUKEIS U MapraHiia MOHUKAETCS 110
14 % u 15 % COOTBETCTBEHHO.

KR

[f e

Puc. 4. CxanupoBaHHBIE MUKPOTPaMMBI y4acTKa
IpaHHIBI pa3zena KOMIO3UIMOHHOTO MaTepHuaja MexIy
KOMILIEKCHO JIETMPOBAaHHBIM HanonHuteneMm Fe-B-C
1 MEeJIbXHOpOBOi Marpuiei (X 400) B U3IIydeHUSX:

a— e; 06— CuK,; 6 —NiK,; 2¢—MnK,

Fig. 4. Scanned micrograms of interface section
of master alloy between fully master filler Fe-B-C
and nickel silver matrix (% 400) in emission:

a-— ;; b — CuKa; ¢ — NiKa; d — MnKa
doi 10.15802/stp2014/33396
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Ha ocHOBaHWMM MOITy9eHHBIX NaHHBIX ITOCIIEIO-
BaTENIBHOCTh CTPYKTYpOOOpa30BaHMs IPaHUI] pa3-
JieJia MKy HAIMOJIIHUTEIIEM U MAaTPHUIICH B KOMIIO-
3UIMOHHBIX MaTephaliax MOXKHO TPEICTABUTH Cle-
JIyIOIITUM 00pa3oMm.

Bnauane pacriaBiieHHBI MEIbXUOP MPOHUKA-
€T B MPOMEXYTKH MEXIy YacTUI[AMH HaIlOJTHHTE-
7S, CMa4MBaeT WX, 3aIlONHSAET TOPHI M TPEIINHBL
3aTeM MPOUCXOJUT PACTBOPEHHUE MOBEPXHOCTHBIX
CIOEB YACTHI[ HAMOJHUTENS B PACIUIABICHHON
CBsI3KE. DTO MPUBOIUT K U3MEHEHUIO OTHOCHTEIb-
HOT'O COJICpKaHHUS KOMIIOHCHTOB Ha IPaHUIAX pa3-
JleJla TI0 CPAaBHEHHUIO C OCTaJIbHOW cBsA3KOH. [Ipu
MOCTIEAYIOMIEM OXJIAXKIEHHH PacTBOPUMOCTH KOM-
MMOHEHTOB CHI)KAETCS, U M30BITOYHOE MX KOJM4e-
CTBO BBIACIACTCA HAa ITOBEPXHOCTH HE paCTBOPUB-
IIMXCSl YaCTHUI] HAIOJHUTEINS, SBISIONIMXCS TOTO-
BBEIMH IIEHTpaMH KpHCTaIn3aluu. B pesymprare
CO CTOpPOHBI HAIOJIHHUTENS 00pa3yercsl Cioi, co-
JIeprKaIIUid TI0 CPaBHEHUIO C UCXOJHBIM CILIABOM
MEHBIIIE JKelle3a W HEKOTOpOe KOJIUYEeCTBO Map-
ra"ma u Hukens. Ero nmosineHne o0ycIoBIeHO TIe-
PEKPHCTALTU3AIUCH TMMOBEPXHOCTHBIX CIIOCB Ha-
MIOJTHUTENS. TIOCTIE PACTBOPEHHMS, BEI3BAHHOTO KOH-
TaKTOM C pacIUIaBICHHON CBs3Ko#. [1o 00e cTopo-
HBbI OT TEPEKPUCTAUIN30BAHHOTO CJI0si hopMupy-
I0TCSL TIepeXOHbIe 30HBI NU((Y3MOHHOTO MPOUC-
xoxaeHuss. Co CTOPOHBI HAIIOJIHUTES 00pa3yeTcs
TBEPABIA PacTBOpP MapraHiia M HE3HAYUTEIBHOTO
KOJIMYeCTBa HUKeNS B Oopuaax kene3a. Co cTtopo-
HBI MaTPHUIBI KPUCTAILUTU3YETCS HETPEPHIBHBIN PsiJ
TBEPABIX PAaCTBOPOB KOMIIOHEHTOB HAITOJHUTEIS
U CBS3KM B Meau. MaKCHUMaJIbHOE COJepIKaHue
Fe (34,8 %) naGmopaercs BOMU3M MEPEKPUCTAILIN-
30BaHHOTO cJosi, MuHIManbsHOE (4,3 %) — Ha pac-
CTOSIHUY, PAaBHOYAJICHHOM OT YaCTHII HATTOJTHUTEIIS.

HcnpiTaHuss KOMIIO3MIIMOHHOTO — MarepHala,
YIPOYHEHHOTO KOMIUIEKCHO JIETUPOBAHHBIM CITIa-
BOM-HAITIOJTHUTCJIEM Ha OCHOBC ICPUTCKTUUCCKOI'O
cmaBa Fe-B—C, Ha abpasuBHYI0 H3HOCOCTOM-
KOCTh TIOKa3aJId YBEJIMUYEHUE ATOW XapaKTepPUCTHU-
ku 6onee ueM Ha 35 % 1O CpaBHEHHUIO C MaTepHa-
JIOM, COJIEpJKalllUM HEJICTUPOBAHHBIN CILUIaB-Ha-
MOJTHUTENh AHAIOTHYHOTO COCTaBa. JTO MO3BOJISET
00ecIeunTh TIOBBIIIICHUE COMPOTUBJICHUS abpa-
3MBHOMY HM3HOCY Pa3pa0OTaHHOTO KOMITO3UI[HOH-
HOT0 MaTepualia 0 YPOBHS, CPAaBHHUMOTO C H3HO-
COCTOMKOCTBIO MaTepHalla, YIPOYHEHHOro KapOu-
namu Bosshpama (WC + W,C). [loce ucmbrtanmit
B IMOBEPXHOCTHBIX CIIOSIX 00pa3IoB HAOIIOMACTCS
cnenuuueckuii penbed, BOSHUKAOIINN BCIEACT-
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BHE€ Pa3NWyus B TBEPAOCTH MATPHIBI U YaCTHI]
HamoyiHUTENs. bonee Msarkas mMaTpuia pa3pyumiaeT-
csi B MEPBYHO Ouepelb, TOrIa Kak U3HOC Ooiee
TBEPHABIX YaCTHI[ HAIONHUTENs 3arpyaHeH. Kax
CJIENICTBHE, TPUPOCT aOpa3WBHOW H3HOCOCTOMKO-
CTH MPONOPIHUOHAJICH TBEPAOCTH U IJIACTUYHOCTH
KOMIUIEKCHO JIETUPOBaHHBIX CIUIABOB-HAIIOJTHHTE-
neit Ha ocHoBe ciiaBa Fe—-B—C.

Hayunasi HOBM3HA M MpaKTHYeCKas
3HAYHMOCTh

BrniepBrie nccienoBanbl 3aKOHOMEPHOCTH (Hop-
MHUPOBaHUsS CTPYKTYpPbl U CBOWCTB TBEPABIX pac-
TBOpOB Ha ocHOBe Oopunos Fe,B u FeB, obOpasy-
IONNXCSA B CTPYKType MEPUTEKTUYECKHUX CILIABOB
Fe—B—C. IlpemnoxeH cocTaB KOMILIEKCHO JIETHPO-
BaHHOTO CIJIaBa JUISI MCIOJB30BaHHUA B KauecTBE
HATIOJTHUTENS MaKpPOT€TePOTeHHBIX KOMITO3UIHOH-
HBIX MaTepHalIOB C MEJIbXHOPOBOM Matpuuen. [o-
CTUTHYTO TMOBBIIIEHHE a0pa3uBHON H3HOCOCTOMKO-
CTH MaTepHajioB 10 YpPOBHS, CPAaBHHMOTO C 3TOM
XapaKTePUCTUKOHN ISl BOJIb(PpaMcoIepKalliX Ma-
TepuajoB. 3a CYET 3ITOro oldecreyeHa SKOHOMHUS
JOPOTOCTOSIILETr0 U AeQUIUTHOTO BONb(ppaMa MmpH
COXPaHEHUH DSKCIUTyaTal[HOHHBIX XapaKTePUCTHUK
KOMTIO3UIIMOHHBIX TTOKPBITHHA, MpeIHa3HAYeHHBIX
AT YOPOUYHCHUA U BOCCTAaHOBJICHUA 6I>ICTpOI/I3Ha-
HIMBAIOIIMXCA JIeTajeld MEeTaJulypruieckoro 1 rop-
HOPYIHOTO 000Dy IOBaHUS.

BriBoabl

1. [Ipu nerupoBanuu NBYX(a3HBIX NEPUTEKTH-
yeckux cruiaBoB Fe-B—C, oxnaxIeHHBIX CO CKO-
pocteio 10...20 K/c o 5 % Cr wnmu V popmupy-
IOTCSL TBEPIBIC PACTBOPHI 3aMEIICHUS Ha OCHOBE
oopunoB Fe,B m FeB. Ilpuuem snemeHTH mpe-
WMYIIECTBEHHO PaCTBOPSIOTCS B MOHOOOpHIE Ke-
ne3a. PacTBopuMOCT, MOMMOACHA WM HHOOUS,
BBEJICHHBIX B KOJIUYECTBE N0 5 %, HUYTOXKHO Ma-
nma. OHH 00pa3yloT B CTPYKTYpe CIUIABOB CaMO-
crosrenbHbie Ga3sl Mo,B, Mo,(B,C) unu NbB..

2. JlerupoBaHUE XPOMOM W BaHAQJIUEM YBEIUYH-
BaeT MPOYHOCTh HA C)KATHE, CHUKAET MHKDPOTBEp-
JIOCTPH W TOBBIMACT KO3PPUIHEHT TPEITUTHOCTOUKO-
cte (as, a MOIMOACHOM MIM HHOOHEM o0ecreurnBa-
€T POCT 00IIIel MUKPOTBEPIOCTH U TBEPIOCTH CILIa-
BOB. OIHOBPEMEHHOE TMOBHIIICHHE MEXaHMYECKHX
XapaKTEPUCTUK TOCTUTACTCS 32 CUET KOMILIEKCHOTO
JICTUPOBAHUS TEpUTEKTHUeCKoro ciuiaBa Fe—B-C
BBIIIETIEPEYNCICHHBIMHU 3JIEMEHTAMHU.

doi 10.15802/stp2014/33396

3. B cTpyKType KOMITO3UITMOHHBIX MaTEPHUAIIOB,
YOPOYHCHHBIX KOMIIJICKCHO JICTUPOBAHHBIM Ha-
MoJIHUTENIeM Ha ocHoBe ciutaBa Fe-B—C, na rpa-
HUIAX pa3jiesia MeXKAY HAIOIHUTEIEM H MEIbXHO-
pOBOM MatpuIlelt 00pa3yroTCs 30HBI KOHTAKTHOTO
B3aUMOJICHCTBHS pacTBOPHO-AU((PY3HOHHOTO TH-
na. Ha rpaHumax pasnena OTCyTCTBYIOT A€(EKTHI,
CBSI3aHHBIE C HEYJOBJIETBOPUTEIHHBIM CMaYlBaHHU-
€M YaCTHIL HAIIOJIHUTEJIS PACIUIABICHHOM CBSI3KOM.
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PO3POBKA CKJALY HAHOBHIOBAYA HA OCHOBI CIVIABY
FE-B-C IJIAA 3HOCOCTIMKUX KOMIIO3UIIIMHUX ITOKPUTTIB

Mera. JlocnimkeHHs, IpoBeaeHi B poOOTi, HalpaBiieHI Ha po3pOoOKy CKIIAAy KOMIUIEKCHO JIETOBAHOTO CILIABY-
HaloBHIOBaYa aOpa3sMBHO-CTIMKMX KOMITO3MIIMHUX MaTepiaiiB. Meroauka. [[jsi TOCATHEHHS IMOCTAaBJICHOT METH
3aCTOCOBAaHO METOJU MIKPOCTPYKTYPHOTO, PEHTT€HOCTPYKTYPHOTO Ta MIKpPOPEHTI€HOCIIEKTPAILHOTO aHami3iB. Bu-
3HAYEHO MIKPOJIOPOMETPHYHI XapaKTEPUCTUKN CTPYKTYPHHUX CKIaJOBHX Ta aOpa3WBHY 3HOCOCTIHKICTH KOMIIO3H-
uiiiHux MarepianiB. Pe3yabTaTn. BcTaHoBI€HO NMOBHY PO3UMHHICTH XpOMY Ta BaHaiilo B Oopunax 3amiza Fe,B
i FeB, 10 € BUXIIHUMU CTPYKTYPHUMH CKJIaJOBUMH INepuTekTHUHHUX ciutaBiB Fe—-B—C. Lli enemenTH nepeBakHO
PO3YMHSIOTECS B MOHOOOpHI 3amiza. Po3umHHicTh MomniOneHy abo HioOil0 HEXTOBHO Masia. BOHHM YTBOPIOIOTH
Y CTPYKTYpI cIUIaBiB camMocTiiiHi Ga3u Mo,B, Mo,(B, C) abo NbB,. JleryBanus xpoMoM 1 BaHaaieM 301IbIIye Mill-
HICTh Ha CTUCK 1 KOe(ilieHT TPimUHOCTIIKOCTI (a3, a MoniOaeHOM abo Hi00iEM — 3aralibHy MIKpOTBEPIICTh 1 TBEp-
JicTh cruiaBiB. Y pasi 3acTOCYBaHHS CIUIaBY-HaroBHIOBada Fe—B—C, KOMIIIEKCHO JIETOBaHOTO BHIIEBKa3aHHUMH
eJIeMEHTaMH, y CKJIaZi KOMITO3UIIIHNX MaTepiamiB 3i 38’s3k0r0 MHM 20-20 MexaHi3M CTpYKTypOYTBOPEHHS Tpa-
HUIIb Oy Mi>K HAlIOBHIOBAYEM 1 PO3IUIABICHOO 3B’S3KOI0 BH3HAYAE MIPOXOKEHHS MPOIECIB PO3YMHEHHS Ta U~
(y3ii. Pa3oBwii i CTPYKTYpHUH CKIIax 30H KOHTAKTHOI B3a€MO/Iii TIOSICHIOETHCS TIEPEKPUCTATIZAIIEI0 TOBEPXHEBUX
[IapiB HATOBHIOBAYA IICISI POYMHEHHS, BUKJIMKAHOTO KOHTAaKTOM i3 pO3IUIABICHOIO 3B SI3KO0I0. Y Pe3yibTaTi CIIo-
cTepiraeTscs Oe3nedekTHa MaKpOTeTepPOreHHa CTPYKTypa KOMITO3HMLIHHUX MartepialiB i 3abe3medyeTbcsi HaliitHa
ajre3is HAIOBHIOBAYa U 3B SA3KH. [HTEHCHBHICTIO IPOIIECIB KOHTAKTHOI B3aEMOIl MOXKHA YIIPABIATH [IUIIXOM BHOO-
Py TeMIepaTypHO-4acoBUX pexuMiB rnpocoueHHs. HaykoBa HoBm3Ha. JloCiiKeHO 3aKOHOMIpHOCTI (hOpMyBaHHs
CTPYKTYPH Ta BIACTUBOCTEH TBEpAMX PO34YMHIB Ha ocHOBI OopuuiB Fe,B i FeB, siki yTBOpIOIOTHCS Y CTPYKTYPI Tie-
purekTHyHuX ciuiaBiB Fe—-B—C, 1m0 103Bosmiio pekoOMeHIyBaTH CKJla] KOMIUIEKCHO JIETOBAHOTO CIUIABY JUIS 3aCTO-
CYBaHHS B SKOCTi HallOBHIOBa4a MaKpOT'€TEPOIeHHHMX KOMIIO3MIIMHUX MartepialiB i3 MENbXiOpOBOI MaTpHIIEIO.
IIpakTHyHa 3HaYMMIiCTB. 32 paXyHOK KOMIIJIEKCHOTO JIETYBaHHS MEPUTEKTUYHOTO CILIaBy-HanoBHIoBaua Fe-B—-C
XpOMOM, BaHAJieM, MOJIOIEHOM i HIOOIEM MOYKHA JOCSTTH a0pa3WBHY 3HOCOCTIHKICTH KOMIIO3UIIIMHUX MOKPHUTTIB,
MOPIBHSHY 31 3HOCOCTIMKICTIO BONB(pPAMBMICTHHX IOKPHTTIB, IO JO3BOJSE 3a0€3MEUNTH EKOHOMII0 JeilluTHUX
MaTepiajiB MiIBUIEHOT BAPTOCTI.

Kniouosi crosa: nepurextnudi cmiasu Fe—B—C; neryBaHHs; MeXaHiqHI BIACTHBOCTI; KOMIIO3HIIHHIHA MaTepia;
CIIaB-HAIOBHIOBAY
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DEVELOPMENT OF (FE-B-C)-BASED FILLER FOR
WEAR-RESISTANT COMPOSITE COATINGS

Purpose. Development of multi-alloyed filler for abrasive wear-resistant composites. Methodology. The
methods of microstructural, X-ray and energy-dispersive X-ray analyses were used to achieve research purpose.
Micro-mechanical properties of structural constituents and abrasive wear-resistance of composites were determined.
Findings. The complete dissolution of chromium and vanadium in the borides of Fe,B and FeB that are initial struc-
tural constituents of Fe—B—C peritectic alloys has been established. These elements primarily dissolve in iron mono-
boride. Dissolution of molybdenum and niobium is not practically observed. As a result the phases of Mo,B,
Mo,(B,C) or NbB, can be seen in the structure. Alloying with chromium and vanadium increases compression
strength and crack resistance coefficient, but that with molybdenum and niobium enhances total microhardness and
hardness of the alloys. Structure formation of the interfaces between the filler and the binder of the composites
based on MNMts 20-20 binder is governed by dissolution and diffusion processes when multi-alloyed (Fe—-B—C)
alloy is applied as filler of the composites. The phase and the structural composition of contact interaction zones can
be explained by re-crystallization of the filler surface layers after dissolution caused by contact with the molten
binder. Consequently the macroheterogeneous structure of the composites is free of defects and strong adhesion
between the filler and the binder is assured. Contact interaction intensity can be controlled by the choice of tempera-
ture-and-time infiltration regimes. Originality. The peculiarities in the formation of structure and properties of
Fe,B- and FeB-based solid solutions observed in the structure of the Fe—B—C peritectic alloys were investigated that
allowed us to recommend composition of multicomponent alloy to be applied as filler of (Cu—Ni—Mn)-matrix
macroheterogeneous composites. Practical value. Owing to multiple alloying of the filler based on Fe—B—C peritec-
tic alloy with chromium, vanadium, molybdenum and niobium the abrasive wear resistance of composite coatings can
be compared with that of tungsten-containing coatings, which ensures saving of expensive and deficient materials.

Keywords: Fe—B—C peritectic alloys; alloying; mechanical properties; composite; filler
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PA3PABOTKA MATEMATHYECKOM MOJEJIA ITPOIIECCOB
TEINIOMACCOOBMEHA OTKPBITOI'O INTABATEJIBHOI'O
BACCEHUHA

Lens. B HacTosiee BpeMst SKCIUTyaTalus OTPBITHIX IUIaBaTeIbHBIX 0acCEeHOB YacTO OKa3bIBACTCS HEPEHTA0EIbHON
1, HECMOTPS Ha UX BOCTPEOOBAHHOCTH, TaKHe OACCEHHBI MacCOBO 3aKphIBAfOTCS. [IpobieMa cocToNT B TOM, UTO Ha JIaH-
HBII MOMEHT HE CYIIECTBYET LEJIFHOW MaTeMaTHYEeCKOH MO OIpeNeNieHus], KOTopasi Obl MO3BOJMIA KaueCTBEHHO
oueHuBarh dPQeKT OT NpoBeAeHus IHeprocoeperaromx Meponpustiid. Llensro naHHo# paboThl sBisieTcs: pa3paboTka
MaTeMaTHYeCKOH MOJIEINH MPOLIECCOB TETUIO- M MacCOOOMEHa OTKPBITOrO IUIaBaTENILHOTO OacceifHa Juist pacyera OCHOB-
HBIX TEIUIOBBIX U MAaCCOBBIX ITOTEPh, IMEIOIIIIX MECTO TIPH €ro dKcIuTyaTarmi. MeToanka. Vcmonp3yercs MeToarKa O1I-
pEeAeNeHNs TEIJIOBBIX M MAacCOBBIX IIOTEPh HA OCHOBE KPUTEPUAIBHBIX YpaBHEHHUIT Teopuu nopodus. Pesyiabrartsl. [Ipo-
AQHAITM3UPOBAHb! OCHOBHBIE BU/BI TIOTEPH TEIUIOTHI M MacChl OTKPHITOTO OacceliHa, U3 HUX BBIIEICHBI 1 MaTEMAaTHYECKU
ormcaHbl HanboJiee 3HAYMMEBIC: 3a CUET HCIApeHrs BOIBI C TIOBEPXHOCTH OacceiHa, 3a CUET €CTECTBEHHOH W BBHIHY-
KIICHHOI KOHBEKIIMHM, 32 CUET M3Ty4YCHHUS B OKPYKAIOLIYIO CpPely, pacxoja TEIUIOTHl Ha HarpeB MOIIMUTOYHON BOIBI.
Hayunasi HoBu3Ha. Pa3paborana MaTemaTnueckas MOJEINb MPOLECCOB TEIUIO- U MacCOOOMEHa OTKPBITOTO IIIABATEIBHO-
ro OacceliHa, KOTOpasi O3BOJISIET PACCUUTHIBATH OCHOBHBIE TEIIOBBIE M MACCOBBIE TIOTEPH, MMEIOIINE MECTO IIPH €0 3KC-
ryataimy. [IpakTHyeckasi 3HAYMMOCTh. Pa3paboTaHa 1 peai30BaHa B BHIE MIPOTPAMMHOTO KOMIUIEKCA METOAMKA
OIIpe/IeIIeHUs] MACCOBBIX M TEIUIOBBIX IIOTEPh OTKPBITOTO IJIaBaTENLHOrO OacceiiHa, OCHOBaHHAsI HA MPEIJIOKEHHOW aBTO-
pamu MatemaTH4eckoi Mojeny. [laHHas METOMIMKa MOKET OBITh MCIOJIb30BaHA JUIsl KOHLIENITYILHOTO TIPOSKTUPOBAHMS
9Heprod(h(HheKTUBHBIX KOHCTPYKIIHI OTKPBITHIX 0aCCEHHOB IS OLICHKU SHEPro3aTPaTHOCTH UX HCTIONB30BAHMS U BEIOOpa
ONITHMAJIBHBIX YHEPrOCOEPEraroNiX MEpONPHSITHH. [{aTbHEHIINM 3TalloM HayYHBIX MCCICIOBAHUNA 10 TaHHOMY HaIpaB-
JICHHIO SIBJIIETCS DKCIIEPHUMEHTANIbHAs NMPOBEPKa JIOCTOBEPHOCTH Pa3pabOTaHHOH METONIMKU pacyera TEIUIOBBIX ITOTEPh
OTKPBITOTO IIIABATEILHOTO OacceiiHa MpH ero AKCIUTyaTaluy Ha puMepe OacceliHa J{HenporeTpoBCKOro HalMOHAIBHO-
0 YHUBEPCUTETA JKEJE3HOJOPOKHOIO TpaHCHoOpTa UMEHU akagemuka B. JlasapsiHa. bacceliH OTKpBITHIH, ¢ IOAOTPEBOM
BOJIbI OT YHUBEPCUTETCKON KOTENBHOM, IKCILTyaTUPYeTCs KPYTTIOTOUIHO.

Kniouegvie cnosa: mareMaTHieckasi MOJIEJIb; MaCCOBBIE 1 TEIUIOBBIE IOTEPH; OTKPHITHIN TIaBaTENBHbIN OacceliH;
WHTCHCUBHOCTH HCIIApEHUs; PaKTOp aKTUBHOCTH;, ECTECTBEHHAS U BBIHYK/ICHHAS! KOHBEKITUSI

Beenenne XOJMMO pa3pabaThiBaTh MEPOMPUATHS MO CHIDKE-
HHUIO 3HEpPro3arpaTr B KOMMYHaJIbHO-OBITOBOM CEK-
TOpe CTpaHbl. B yacTHOCTH, 3HAYUTEIIbHbIE TEILIO-
BbI€ Harpy3KH TpeOyIOTCs Ha obecrieueHue paboThl

B cBsi3m ¢ perymspHBIM pOCTOM IIeH Ha TOII-
JUBHBIE PECypChl W COTJIACHO TOCYIapCTBEHHOU
MOJUTHKE Y KPauHbI 110 SHEProcOepeKeHHI0 He0O-
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OTKPBITBIX IIJIABATCIIbHBIX OacceiiHOB B yqe6Hbe
3aBEJIEHISX, CIIOPTUBHBIX KOMILIEKCaX, 03J0POBH-
TENBPHBIX OpraHM3aluAX W Tp. B cBsi3m ¢ 3THM,
SKCIUTyaTalusl OTPBITHIX 0acCEHOB 4acTO HE peH-
Ta0eIpHa U, HE CMOTPS Ha UX BOCTPEOOBAHHOCTB,
Takue OacceiiHpl MaccoBO 3akphiBaroTcs. [Ipobie-
Ma COCTOHUT B TOM, YTO Ha I[aHHBIfI MOMCHT BpEME-
HU HE CYIIECTBYET IEJIbHON MaTeMaTUYECKOU MO-
JISNIA OTIPENIETICHNS] TETUIOBBIX TMOTEPh OTKPBITHIX
TUTaBaTEIbHBIX 0ACCEHHOB, KOTOpask ObI TIO3BOJIHIIA
Ka4eCTBCHHO OIICHHBATH 3(PQPEKT OT MPOBEICHUS
sHEeprocOeperarmux MeponpusTuii [1].

[Ipy omeHKe TETIOBBIX IMOTEPh B OTKPHITOM
IJIaBaTeIbHOM OacceiiHe, KoTopas ObLTa mpoBee-
Ha B pabote [3], yUUTHIBAIUCH TIOTEPH TOJIBKO 3a
CYeT €CTECTBEHHON W BBIHYXJIEHHOW KOHBEKIIHU.
Opmnako, n3BecTHO [13], 9TO OCHOBHEIE MTOTEPH TE-
TUTOTHI KaK OTKPBITHIX, TaK U 3aKPBITHIX OACCEHHOB,
00yCIIOBIIEHBI HCTIADEHUEM BOJBI U COCTABIIAIOT OT
50 mo 70 % oOmux TemnoBeIX morepb. Kpome 3to-
r0, IMEIOT MECTO JIpyTHe TeIIoBble moTepu. B 1e-
JIOM, TEIUIONOTepH OTKPHITOrO OacceifHa MpH €ero
IKCIUTyaTalluy BKITIOYAOT:

1. IToTepu TemiaoOTHl 3a CUET HCHAPEHHUS BOJbI
C TIOBEPXHOCTH OacceiHa.

2. IloTtepu TemnoTHl 3a CUYET ECTECTBEHHOM
u BBIHymIIeHHOfI KOHBCKIINU.

3. [loTtepu TEMIOTHI 32 CUET UITYUYCHUS B OKPY-
KAFOIIYIO CPemy.

4. Pacxo TEIJIOTHI Ha HArpeB IOAMUTOYHON
BOJIBI.

5. Tlotepu TeminoTel B rpyHT. JlaHHBIE Temio-
BBIC MOTEPH IS 3arTyOJCHHBIX B TPYHT OTKPBITHIX
OaccelfHOB MPUHUMAIOT BO BHHUMAaHHUE TOJBKO MPHU
INEpBOHAYAIBHOM IMOAOI'PEBE BOJbI, KOT'Ia MpOoucC-
XOJIUT TPOTPEB MPHUMBIKAIONINX 3JIEMEHTOB Oac-
ceiiHa u rpyHTa. [Ipu IIUTENBHON 3KCILTyaTalluu
OHH aKKyMYJHPYIOT TEIUIOTY, BCIICACTBHE YEr0
9TH MTOTEPH CYIIECTBEHHO CHIKAIOTCS.

ean

Lenp pa®oTel — pa3paboTKa MaTeMaTHYeCKOH
MOJENH MPOLECCOB TEIIOMaccOOMEHa OTKPHITOTO
TUIaBaTeNIbHOTO OacceliHa, KOTOpas MO3BOJIHUT OIl-
penessiTh OCHOBHBIE TEIUIOBBIC MOTEPH, UMEIOIUE
MECTO IIPU €r0 IKCILTyaTalllu.

MeTtoaunka

Hcnone3yercs MeToauka ONpenesieHus Tero-
BBIX M MAacCOBBIX MOTEPh Ha OCHOBE KpUTEpHalb-
HBIX YPaBHEHUH TEOPHH OO0
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Paspabomka memoduxu pacuema menniogvix
nomeps omkpwvimo2o baccetina. PazpabarriBaeMas
METO/MKa OCHOBaHa Ha OMNpPEIeICHMH MAacCOBBIX
U TEIUIOBBIX MOTEPh C TMOMOIIBK) IMITUPUICCKUX
W KPHUTCPUAITLHBIX YPaBHEHUH TEOPUU TEILIO-
1 MaccooOMeHa.

Tennogvle nomepu 3a cuem ucnapeuus 600bl.
Haubonpmme TemmoBble MOTEpH, MPH IKCILTyaTa-
U 6acceiiHOB, HAOMIOAAIOTCA 32 CUET MCTIapeHUs
BOJIBI C MOBEPXHOCTU OacceitHa. DT0 00BICHSACTCS
TE€M, YTO TPU 3TOM IMPOLECCe TepSeTCs TEerioTa
napoo0OpazoBanus, KoTopas coctasiseT 2,33 M/x
Ha Ka)XIbld KAJIOTPaMM HMCIIape€HHOM Biaru. B co-
otBeTcTBUU C [11, 10] UHTEHCUBHOCTh UCTIAPEHUSI,
KT/4, C TIOBEPXHOCTH OTKPBITOTO OacceiiHa B MEpH-
011 0e3/IeHCTBUS COCTABIISIET:

o _ (320,4+281,52)

F(Px-P;), (1)

-
IJI€ V — CKOPOCTh OKPY’KAIOIIEro BO3AyXa HaJ IO-
BEPXHOCTBIO 3epKajia OacceifHa, M/C; » — TeIioTa
nmapooOpa3oBaHus TIPU TEMIlEpaType BOIBI B Oac-
ceftre, k/[x/kr; F — muromams MOBEPXHOCTH Oac-
celiHa, Mz; P, m P, — naBieHue HaCBILIEHHOTO

BOJSIHOTO TIapa TPH TeMIepaTrype HOBEpXHOCTH
BOJBI B OacceifHe M TemIepaType OKPY>KaroIero
BO3/yXa COOTBETCTBEHHO, Kl]a.

B mepuon wucmons3oBaHus OacceiiHa WHTEH-
CHBHOCTH MCTIAPCHUS YBEIMYMBACTCS BBHUIY HAIU-
YHs BOJIHOOOpa30BaHUS M Pa3OphI3TUBAHMS BOBI,
C03/1aBaEMOr0 KYMAIOMIUMKCA, U MOXET OBITh OIl-
penenena mo cooTHomenuto (1) ¢ yaerom ¢akropa
aktuBHOCTH [8, 13]:

W, =W, ®,. @)
rae @, — GakTop aKTUBHOCTH;
@,=1,08+0,3623 n, 3)

e 1 — 9UCII0 KyNalomuxcs B 6acceiine Ha 1 M%.
KonnuecTBo TEMIO0THI, TEPAEMOE C HCTIAPEHHOU
BJIATOM, PACCUUTHIBACTCS U3 COOTHOIIEHUS, BT:

QltCI’l = Wa r 0’ 278 > (4)

roe 0,278 — mepeBomHOW KodhdHUIHEHT;, r —
y/eNbHas TEIUIOTa MCHApEHHsl XKHUIKOCTH, KJK/KT.
BenuuunHa 7 3aBHCHT OT TeMIiepaTypbl BOJIbI B 0ac-
ceifine (), ¥ €e MOXKHO OIPEICIUTH IO CIEAYIO-
e sMmupuyeckod  (opmysie, IMpeIoKEHHOM
M. U. ®unsueewm [5, 7]:
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r=2500-2,38¢;. ®))

Tennogvlie nomepu 3a cuem ecmecmEeHHOU
U BLIHYIHCOEHHOU KOHGeKyuy. TerIoBble IOTepH 3a
CYET eCTECTBEHHON KOHBEKIMH ONPEAEIISIOTCS HUC-
XOJIsl U3 KpUTEpHUAIbHOTO ypaBHeHUs [9]:

1

0,54 Ra*, mpu 10* < Ra <10’
Nue‘)( = s (6)

1
0,15 Ra3, mpu 10" < Ra <10"

rne Nu.. — xpurepuii momobus Hyccenpra mns
€CTECTBEHHOM KOHBEKLMH; Ra — unciio Parnes, 0e3-
pasMepHOEe YHCIIO, ONPENEIAIoONIee IOBEICHUE
JKUIKOCTH TI0J] BO3JCHCTBHEM TpaJMCHTa TEMIIe-
paTypsl.

TemnoBbie MOTEPH 32 CUET BHIHYKICHHOW KOH-
Bekuu. PaccmaTpuBaeTcsi HEBO3MYIICHHBIH pe-
YKUM TEUCHUS BIIOJIb ITOCKOH IMMOBEPXHOCTH [6].

Ilpy  nmamMuHApPHOM  pPEXHUME  JIBIKEHUS

Re<5-10°:
Nitox =0,664 Re’2 Pr/? | (7)
Ipu TypGynenTHOM pexnme Re>5-10°:
Nitor =0,037 Re’* Pr/5 (8)

rae Nu.. — xpurepuii momobusi Hyccempra mms
BBIHYX/I€HHOW KOHBEKIIHH.

B mocnencteue, BenmnunHa TEIUIOBBIX TIOTEPH 3a
CYeT KOHBEKIINH PAacCUYUTHIBaeTCs Mo 3akoHy Hero-
ToHa-Puxmana, Bt [4]:

QK = (X'K F(ZB _Zsoa()) b (9)

THE I3 U ls; — TEMIIEPATYPhI MOBEPXHOCTH BOIbI
W TIOTOKA BO3/yXa COOTBETCTBEHHO, °C; o, — CyM-
MapHBIH KO3 (DHUIMEHT TEII00TAauN KOHBEKIIHCH,
KOTOPBIA OMpPEICNIACTCS KaKk cymMma KO3 QpHUIIMCH-
TOB TEIUIOOTIAYHM IMPH ECTECTBEHHOW KOHBEKIIUU
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rae A — k03 UIMEHT TEemIonpPOBOAHOCTH BOJIbI,
Bt

mxC’

B HAIIPpABJICHUU IMOTOKA BO3yXa, M.

I - JJIMHA TMOBEPXHOCTU TEMI000MEeHA

Tennosvie nomepu 3a cuem usLy4eHust 6 OKpy-
arcarowyio cpedy. KonmdecTBo TEIIIOTHI, OTaaBae-
MO€ IMOBEPXHOCTHIO BOJbI 3a CUCT U3JIyUCHUSA, OII-
penensiercs o popmye [5], Bt:

4 4
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=g, C F|| 2| | == |y, (13

TJie €, — MIPUBEJICHHAS CTETIEHh YEPHOTHI CHCTEMBI,
Co — xodppurueHT U3mydeHnss aOCOMOTHO YEPHO-

Bt
ro Tena, —K4; Ty u Ty — TEMOEPATYPHI TIO-
X

2
BEPXHOCTU BOJBI M TIOTOKa BO3JyXa COOTBETCT-
BeHHo, K; ¥ — yrioBoii ko3 duiiueHt.

Pacxoo meniomoer Ha nHacpes noonumouHoll 60-
Ob1. CormacHo [2] Ha MOTMOJIHEHUE TIaBATEIIHFHOTO
OacceitHa HEOOXOIUMO TMOJABATH B CPETHEM 3a CY-
TKU MOJATOTOBJIEHHYIO Boay B o0beme 10 % ot em-
kocTu OacceiiHa. Takum 00pa3oMm, HeoOXOAMMOE
KOJIMYECTBO HOIIHI/ITO‘-IHOﬁ BOJbI B CYTKH OIIpPCIc-
JSIETCS, KT

rae V — obbem Gacceiina, M°; p — TUTIOTHOCTH BOJIBI,
S

Kpome 3T0oro, HeoOX0AUMO BKIIOYATh B COCTAB
MOJMUTOYHON BOJIBI OOBEM HCHAPUBIICHCS BOJPBI,
MO3TOMY KOJIMYECTBO TEILIOTHI, HEOOXOUMOE ISt
HarpeBa MOJIMTOYHON BOJBI ONPEICIISETCS Clie-
IyIoIuM oopa3om, BT:

Qnodn = (dm + Wa p)(tB _tm)z()) Cp’

Jx

krx°C

(15)
rac Cp — yACJIbHAs TCTJIIOEMKOCTb BOBI,

CymmapHvle mennogvle nomepu npu 9KCHIYa-
mayuu OmKpbIMo20 NIA6AMENbHO20 Oaccelnd.
Takum 00pa3oM, CyMMapHbIE TEMJIOBbIE MOTEPH
OTKpPBITOTO OacceliHa COCTaBISIOT, BT:

Qcy,u,w = Q ucn +QK + Q}l + Qm)()n : (16)
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Pe3yabTatsl

[Ipoananu3upoBaHbl OCHOBHBIE BHIBI IOTEPb
TEIJIOTHl U MacChl OTKPBITHIM 0aCCEHOM M M3 HHX
BBIZIEJICHBl I MaTEMaTHYECKH OINMCaHBbl Hambolee
3HAYMMBIE: 3@ CYET MCIAPEHUS BOJBI C ITOBEPXHO-
cti OacceiiHa, 3a CUET €CTECTBEHHOHW M BBIHYXK-
JICHHOI KOHBEKIWH, 332 CYET HM3Iy4YEeHHUS B OKpY-
’KaIOIIYI0 Cpey, pacXoJ TEIUIOTH Ha HAarpeB IOJ-
MUATOYHOMN BOJEL.

Haquaﬂ HOBHU3HA U MPaKTHYECCKasA
3HAYUMOCTDH

Pazpaborana maremarudeckas MOJIENb TeEIIo-
MaccOOOMEHHBIX MPOLECCOB OTKPBITOrO IUIABa-
TesbHOTO OacceifHa, KOTopasl MO3BOJIET Paccdu-
TBIBaTh OCHOBHBIE TEIJIOBBIE IIOTEPH, HUMEIOIIHUE
MECTO TIPHU €ro JKcIutyaranun. Pazpaborana meto-
JMKa OTpeJeNIeHUsI MacCOBBIX M TEIJIOBBIX MOTEPh
OTKPBITOT'O ILIABAaTEIBHOIO OacceiiHa, OCHOBAaHHAs
Ha MPEUIOKEHHOW aBTOpaMH MaTeMaTHYECKOU
Mojenu. Meronuka peajau3oBaHa B BHIE MpO-
IPaMMHOTO KOMITJIEKCAa U HO3BOJIIET MPOU3BOIUTD
pacyeTsl, ¢ MOMOIIBIO KOTOPBIX MOXKHO OLIEHUBAaTh
9HEPro3aTpaTHOCTh HCIOJB30BAHUS  OTKPBHITOTO
OacceliHa W ONpeNeNsITh CTENEeHb (PPEKTUBHOCTH
9HEprocOeperarIux MEpONpHUITHil.

BriBoabl

JanpHEeWIIUM 3TaroM HAy4YHBIX MCCIEAOBAaHUN
[0 JAHHOMY HaIpaBJICHUIO SIBIISIETCS KCIEPUMEH-
TajbHAas MPOBEPKA JOCTOBEPHOCTH Pa3pabOTaHHON
METOJMKHM pacyera TEIJIOBBIX IMOTEPH OTKPBITOIO
TUTaBaTENbHOTO OacceliHa IMpH ero JKCILTyaTalluu
Ha mpumMepe Oacceiina JJHYXKT um. ak. JIazapsnaa.
BacceliH OTKpBITBINA, ¢ MOJOTPEBOM BOJBI OT YHU-
BEPCUTETCKON KOTEJbHOM, SKCILTyaTUPYETCsl KPYT-
JIOTOAMYHO.
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PO3POBKA MATEMATHUYHOI MOJEJII ITPOIIECIB
TEILJIOMACOOBMIHY BIJIKPUTOI'O IIJTABAJIBHOT'O BACEVHY

Merta. B manuii yac ekcruryaTallis BiIKpUTHX IUTaBaTbHUAX 0ACEHHIB YacTO BUSBIIETHCS HEPCHTAOCTHHOIO 1, HE
JIMBJISIYMCH Ha iX 3aTpeOyBaHICTh, Taki OaceilHn MacoBo 3akpuBaroThes. [Ipobiema nomnsArae B ToMy, IO Ha JTaHUN
MOMEHT H€ iCHY€ IUIICHOI MaTeMaTHIHOI MOJENi, Ka O JO3BOJIMIIA SKICHO OI[IHIOBATH €(EeKT BiJ MPOBEACHHS CHEp-
ro30epirarounx 3axoiB. MeTor IaHOi POOOTH € PO3poOKa MaTEeMATHYHOI MOJEI MPOIEeCciB TEIIo- i MacoOOMiHy
BIZIKPUTOTO TIIABAIBHOTO OacelHy AJIsl po3paxyHKYy OCHOBHMX TEIJIOBHX | MacoBHX BTPAT, IO MAalOTh Micue HpH
foro excruryatanii. MeTronuka. BUKOpHCTOBY€EThCS METOAMKA BH3HAYCHHS TEIUIOBHX 1 MAacOBHX BTpAaT Ha OCHOBI
KpUTepiabHUX piBHAHB Teopii momiOHocTi. PesyabTaTn. [IpoananizoBaHO OCHOBHI BHIM BTpaT TEIUIOTH 1 Mach
BiIKpHUTOTO OacelHy, 3 HUX BUAUICH] 1 MATEeMaTHYHO OMICaH1 HAHOUIBII 3HAYYIIII: 32 paXyHOK BUIIAPOBYBAHHS BOIH
3 MOBEpXHi OaceiiHy, 3a paXyHOK MPHUPOIHOI I BUMYIIICHOI KOHBEKIIii, 32 paXyHOK BHIIPOMIHIOBAHHS B HABKOJUIIHE
CepelloBHIIe, BUTPATH TEIUIOTH Ha HArpiB IipKUBIOBaIbHOI Boau. HaykoBa HoBH3HA. Po3pobieHo MaTeMaTHYHY
MOJIETIb TIPOILIECIB TEIIO- 1 MacOOOMIHY BiIKPHTOTO IIaBAILHOTO OaceliHy, sSika JO3BOJIMTH PO3PAaXOBYBaTH OCHOBHI
TEIUIOBI 1 MAacOBi BTpaTH, 110 MAlOTh Micle Npu Horo ekcrutyatauii. [IpakTuyna 3HaunmicTs. Po3pobiena Ta pea-
Ji30BaHa y BUIJISI MPOTPaMHOTO KOMIUIEKCY METO/IMKA BU3HAYEHHS MacOBHX 1 TEIUIOBUX BTPAT BIIKPUTOrO IjIaBa-
JTBHOTO OaceliHy, sKa 3aCHOBaHA Ha 3alpOIOHOBaHIN aBTOpaMH MaTeMaTW4Hid mMoxeni. JlaHa MeTonnka Moxke OyTH
BUKOPHCTaHA ISl KOHIIETITYaTbHOTO TMPOCKTYBAaHHS EHEProe(eKTHBHUX KOHCTPYKIIA BIAKPUTHX OaceWHiB, I
OIIIHKH €HePrOBHUTPATHOCTI X BHKOPHCTaHHS Ta BUOOPY ONTHUMAJIBHHUX eHepro3oepiraroumx 3axoxis. [lomampmmmm
€TaroM HayKOBHX JOCII/KEHb II0 TaHOMY HAIpPSMKY € eKCIIepHMEHTaJIbHa MepeBipKa TOCTOBIPHOCTI po3pobiaeHol
METOAMKH PO3PaxyHKy TEIUIOBHUX BTPAT BIIKPHTOTO IIABAJIBHOTO OaceliHy MpH HOro excIulyaTamii Ha MpHKIafi
Gaceliny J{HIIPONETPOBCHKOrO HAIIOHAIBHOTO YHIBEPCHTETY 3aII3HUYHOTO TPAHCIIOPTY iMeHi akaaeMika B. Jla3za-
psna. baceiiH BIIKpHUTHIA, 3 MiAIrPiBOM BOJM BiJl YHIBEPCUTETCHKOI KOTENBHI, EKCILTYaTy€eThCs LIUTHIH PIK.

Knrouogi cnosa: maTeMaTudHa MOJIENb; MacoOBi Ta TEIUIOBI BTPATH; BIAKPUTHH IUIaBaIbHUIA OaceiiH; iHTEHCHB-
HICTh BHIIAPOBYBaHHS; (PaKTOp aKTUBHOCTI; MPUPOTHA i BUMYIIIEHA KOHBEKIIis
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MATHEMATICAL MODEL DEVELOPMENT OF HEAT AND MASS
EXCHANGE PROCESSES IN THE OUTDOOR SWIMMING POOL

Purpose. Currently exploitation of outdoor swimming pools is often not cost-effective and, despite of their rele-
vance, such pools are closed in large quantities. At this time there is no the whole mathematical model which would
allow assessing qualitatively the effect of energy-saving measures. The aim of this work is to develop a mathemati-
cal model of heat and mass exchange processes for calculating basic heat and mass losses that occur during its ex-
ploitation. Methodology. The method for determination of heat and mass loses based on the theory of similarity cri-
teria equations is used. Findings. The main types of heat and mass losses of outdoor pool were analyzed. The most
significant types were allocated and mathematically described. Namely: by evaporation of water from the surface of
the pool, by natural and forced convection, by radiation to the environment, heat consumption for water heating.
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Originality. The mathematical model of heat and mass exchange process of the outdoor swimming pool was devel-
oped, which allows calculating the basic heat and mass loses that occur during its exploitation. Practical value. The
method of determining heat and mass loses of outdoor swimming pool as a software system was developed and im-
plemented. It is based on the mathematical model proposed by the authors. This method can be used for the concep-
tual design of energy-efficient structures of outdoor pools, to assess their use of energy-intensive and selecting the
optimum energy-saving measures. A further step in research in this area is the experimental validation of the method
of calculation of heat losses in outdoor swimming pools with its use as an example the pool of Dnipropetrovsk Na-
tional University of Railway Transport named after Academician V. Lazaryan. The outdoor pool, with water heat-
ing-up from the boiler room of the university, is operated year-round.

Keywords: mathematical model; mass and heat losses; outdoor swimming pool; evaporation rate; factor activity;
natural and forced convection
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OPERATION CHARACTERISTICS OF ELECTRIC TRAINS ER1, ER2
BEYOND DESIGNED SERVICE LIFE

Purpose. The aim is to develop the scientific substantiation technical regulation of measures and conditions in elec-
tric trains, series ER1, ER2 beyond the extended period of operation life (over 50 years). Methodology. To achieve this
goal the scientific publications analysis on the survivability of the basic elements of supporting constructions that are
loaded with dynamic alternating loads was carried out. The results analysis of vibration bench tests of bogie frames of
electric trains ER1, ER2, which were obtained by using the developed technique for such tests with authors, was car-
ried out too. Technical solutions with appropriate measures under which it is possible to extend the operation life of
bearing structures of electric trains ER1 and ER2 were developed over 50 years. Findings. Results were obtained on
the complex basis of conducted experimental and theoretical research. They have promoted to the working out the
methodology for assessing the period of crack development in the tensest points of main bearing structures of bogie
frames and bodies of electric trains ER1, ER2 with achieving their dangerous sizes. This allowed developing a techni-
cal regulation measures to ensure the safe operation of the main bearing structures of bogie frames and bodies of elec-
tric trains ER1, ER2 beyond 50 years. Originality. To ensure the safe trains operation, series ER1, ER2 the method
estimation of crack development term in the tensest points of bearing structures of bogie frames and bodies with
achieving their dangerous sizes was worked out. Practical value. The technical regulation of measures ensuring the
safe operation of the main bearing structures of bogie frames and bodies of electric trains ER1, ER2 beyond 50 years
was developed.

Keywords: bogies; body; computational models; experimental studies; theoretical calculations; electric trains
ER1; ER2; stability factor

Introduction stock, which are operated on the railways of
Ukraine exceeding the required service time [2, 5,
7-8] was conducted. The main causes of damage
are as follows:

1. The presence of extraneous impurities in to
the base metal of a structure or weld joint, im-
proper performance of weld joints;

2. Unsuccessful design of the bearing structures
of the rolling stock;

As of the current day the specified operation
life of the electric trains, series ER1 and ER2 is
extended up to 50 year [5, 7-8]. In order to identify
safe operation opportunities of the bearing struc-
tures (BS) of individual elements of bogie frames
and electric trains bodies, series ER1 and ER2 with
operation term more than 50 years the analysis of
damage causes of bearing structures of rolling
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3. Destruction initiation on the point of effort or
BS strength renovation;

4. Incorrect technological intervention in the
design of rolling stock;

5. Effect of aggressive environment and sea-
sonal changes in temperature on the bearing struc-
tures of rolling stock.

Purpose

The aim is the scientific substantiation devel-
opment of the technical regulation relatively to
conditions and measures during the operation of
electric trains, series ER1, ER2 beyond the con-
tinuous operation life.

Methodology

To achieve this goal — the scientific substantia-
tion of technical regulations development concern-
ing measures during the operation of electric trains,
series ER1, ER2 beyond the continuous operation
life (over 50 years) the following actions have been
conducted: the scientific publications analysis on
the survivability matter of the main elements of
bearing structures, which are loaded with dynamic
alternating loads [6, 9-14]; The results analysis of
the bench vibration tests of bogies frame of electric
trains ER1, ER2 was carried out [8]; they had been
obtained on the basis of the developed procedure of
such tests involving authors’ studies and their ap-
propriate scientific support; technical solutions with
appropriate measures when it is possible to extend
the operation life of the bearing structures of electric
trains EF1 and ER2 over 50 years were developed.

Thus, in order to ensure the safe operation of
electric trains, series ER2 and ER1 over 50 years it
is necessary to develop a calculation method for
such operation term, during which in the tensest
points of bearing structures of bogies frames and
bodies frames the cracks initiation is possible and
development with achieving their dangerous sizes.
In accordance with date based calculations this
technique let the opportunity establish the inspec-
tion frequency of bearing structures state of bogies
frames and bodies of pointed units of rolling stock
and take early actions which will encourage their
safe operation.

Findings

The general patterns of crack growth in the bo-
gies frames destruction of electric trains ERI and
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ER2. From the safety movement viewpoint of motor
car units of rolling stock (MCRS) the issues related
to parameters determination of elements survivabil-
ity of bearing structures their bogie frames and cars
that have long-term operation are of current impor-
tance [1-4]. At present, a great number of publica-
tions on the issues related to survivability analysis
of different designs elements [11-14].

In this paper the results of the fulfilled compre-
hensive research are presented. In it the stress-
strain state in the most loaded elements of bearing
structures of MCRS bogie frames during the crack
initiation phase, their development in the actual
designs is analyzed. They were observed during
the vibration bench tests perfomance [5, 7-8].

Discussing bearing structures behavior under
variable load impact one cannot raise the problems
concerning macroscopic cracks behavior since
their appearance when structure has lost its bearing
capacity.

The origin of cracks in metals has a physical ba-
sis, which is related to its behavior on submicro-
scopic level of material structure, where all metals
have monocrystalline structure, but with some im-
perfection in the form of vacancies and dislocations.

In the mechanical stress area dislocations can
interact and move around. The most probable
movement is shift or slip of crystalline layers rela-
tive to each other, the greatest sensitivity to load is
at angle of 45° to the direction of the load action.
During this process, the dislocation lines are bound
to move to the crystal surface, where they can be
seen as microscopic strips, namely slip strips, on
which grooves act as microcracks nucleation cen-
ters that propagate along the intergranular bounda-
ries. These cracks are most sensitive to the stress
components directed at an angle of 90° to the
cracks surface. They will grow spasmodicly under
the cyclic load effect.

Let us consider a small flat crack that goes
from the surface. Local stress distribution can be
described in a local coordinate system where x-and
z- axis are perpendicular to the crack front line, as
shown in the Fig. 1.

Expressing the linear equation of strains and
stresses link in polar coordinates (7, 0) and assum-
ing that these variables are independent, local
stress components can be written as

O :R(’”)@z‘/(e) @)
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On the surfaces, the position of which is deter-
mined 6 = tr relatively to the crack growth direc-
tion both the normal stresses and tangential one are
Zero.

The parameter describing stress which explains
this requirement should have a radial view function

n

R(r) = r?1 , 2)

where n — is zero value or the whole number. Real
value will be n = 1, which gives a singularity in the
crack front with order -1/2.

H==ri2
BepluiuHa mpiyuHL

Fig. 1. The coordinates describing the dependence
between the local deformations and stresses
in the crack tip front

For this value the stress components can be
written as

K

Oy = N 0, (6) 3)

here \/2_ — is normalizing factor, introduced for
convenience. Coefficient K, common to all stress
components, means intensity of stress. It depends
on crack shape and tensor orientation of nominal
stress and proportional to the prevailing component
and nominal stress, that is determined as .

In some special cases, the stress intensity K can
be derived analytically using integration of com-
plex function. For a long flat crack in metal sheet,
length 2x, perpendicular to longitudinal tension,
components of local stress are

G, = \/%cw(ai, (9); K= ﬂcw . 4)

Then, even if nominal stress 6, are small, local
stress components G;; in crack front at » = 0 can be
extremely high. Theoretically, they can be much
higher than tensile material strength.
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This heterogeneity in the field of stress can lead
to material destruction in a very small region near
the crack tip and thus increase this crack. However,
if stress is small, this heterogeneity will be nulli-
fied when the crack front increases to a distance
comparable to the size of a grain.

The basic assumption of destruction mechanics
is that crack growth is associated with changes in
stress intensity K. Stress cycle determines the
maximum K,,,, and minimum stress intensity K,,;,,
with the stress intensity range

AK = Kmax - Kmin

One cycle increases crack depth x on small
quantity Ax:

C(AK)" T AK > AK,
Ax= . )
0 T AK <AK,

This expression is known as the law of cracks
development Paris-Erdogan. Here C, m and K, —
are empirical constants, obtained from laboratory
tests. If one will build view of graphical depend-
ency according to correlation (5), we will receive
diagram type corresponding to Wohler’s diagram,
in a famous Palmhrena-Meiner method. Curve or
diagram da/dN can be called the curve, which
shows an increase of crack length per cycle as a.
The crack length a serves to describe semi-
elliptical cracks, where a and b mean long and
short semiaxis. a — describes the depth of cracks, a
2b — is crack opening.

Since the curve of crack growth is connected
only with the characteristics of the material, and
not with specific geometric features, the sample
may be small, but load frequency is high, often in
the audio frequency range. While conducting
measurements on one sample, one can obtain some
points of curve da/dN in a short time. Wohler
diagram, on the contrary, is connected both with
the material and the detail form, so in order to get
just one point on this curve, it is necessary to test
one sample before destruction. Consequently, the
analysis of crack growth for solving the problem is
more acceptable than the classic fatigue tests.

Calculated ratio for crack resistance evalua-
tion of bogie frames electric trains ER1, ER2. Dur-
ing test bench vibration of bogie frames of electric
trains ER1 and ER2, they were brought to the loss
of bearing capacity [7-8]. Thus, the test results
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provide information both on their designs endur-
ance and resistance to their destruction.

Depending on the location of the strain gage, in
the process of crack growth, stress may increase
(Fig. 2), when the gage is on the way of crack
growth, it decreases (Fig. 2, b); when the crack
passes it by and unloads a part of construction, or it
can remain insensitive to crack growth (Fig. 2, ¢).
In any case, the value change in stress at the same
excitation force may indicate about presence of
cracks that is growing.

At the same excitation force crack growth time
may be evaluated as follows

n 7 (6)
Ty — N | ——
3min N c

.
where 1, — crack growth time; N, —is load cycles

quantity when level change of i gage of strain oc-
curs; N, — is total quantity of load cycles before

bearing capacity losses by the bogie frame no. 7',
— is calculated time of operation at N, load cycles
of structure.

a b c

Fig. 2. Possible stress behavior in the elements
of structure in the tests process at different
location of strain gage relatively to the crack

For the bogie frames, in accordance with the
above mentioned, time evaluation of the structure
destruction was carried out. It was foreseen that in
each case of the test they had stopped under abrupt
change of structure reaction on stress. It means
losing the bearing capacity by it. Calculations re-
sults (in normal climatic environment) are pre-
sented in the Table 1.

Besides one should consider two factors that ef-
fect on crack growth rate:

— Asymmetry of stress cycle;

— Environment temperature.
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Table 1

Evaluation of the resistance period to the destruction
of the bogie frames of electric trains ER12, ER2

No
el boie | N, | N | e ]S
1 2 3 4 5 6
1 385 51034 524 309 15 1.46
2 427 198 450 | 1393951 15 2.14
3 40 — 1004 400 15 —
4 170 180 000 580 000 15 4,66
5 397 251200 | 1455440 15 2.59

During test performance stress has been sup-
ported similar to operating regime of the structure
under standard load.

Concerning the environment temperature, re-
sults of previous research have showed, that in the
cold period of a year crack growth rate decreases
approximately on 60%. At the same time, critical
crack length in the winter period decreases practi-
cally in four times. That is why in the winter pe-
riod (at -30°C) the crack may develop up to critical
level approximately in 4-5 months.

Thus, the conducted estimation to destruction re-
sistance of bogie frames of electric trains, series ER1
and ER2 allows making the following conclusions:

1. Hypothetically, in the winter period crack
can develop up to a critical level approximately in
4-4.5 months.

2. Inspection of bearing structures state of bo-
gie frames is reasonable to perform two times per
year: the first is auxiliary — during the month from
the second part of October; the other, primary, —
during the month, from the second part of March.

3. To keep inspection schedule both for bodies
of electric trains and bogie frames.

Originality and practical value

To ensure the safe operation of electric trains,
series ER1, ER2 the method to assess the term of
the cracks development in the most intence points
in bearing structures of bogie frames and bodies
with achieving their dangerous sizes and technical
regulation measures to ensure the safe operation
exceeding 50 years was developed.

Technical regulation and technical decisions
development upon operation time continuous of
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main bearing structures of electric trains, series
ERI, ER2. For ensuring safety operation of pointed
items of rolling stock by railway men in motor car
depot the proper measures had to be taken during
repair. Content of these measures, on the base of
above mentioned results and conclusions, was
summarized in the form of developed technical
regulation concerning bearing structures operation
of electric trains, series ER1, ER2.

This regulation is based on the following posi-
tions:

1. Electric trains ER1, ER2 operation during
the period after expiration of their operation terms
(that are scientifically grounded and specified) is
continued individually for every car of the electric
train on their factual state.

2. Works regulation concerning support of effi-
cient state of electric trains bearing structures (bogie
frames, body frames) is created on the base of step-
by-step prolongation methods of their service term.

3. Frequency, seasonal prevalence and inspec-
tion volumes are determined on the base of bench
vibration tests results of bogie frames of electric
trains ER1, ER2.

Frequency determination, seasonal prevalence
and inspection volumes of load-bearing structures
of electric trains ERI, ER2. For features compari-
son of crack development support we will take
conditionally, that crack in the winter period de-
velops quicker in four times, in spring and autumn
period and when the temperature -30° is kept dur-
ing three winter months.

Also, at monthly mean temperatures decrease be-
low -30°, works regulation on individual extension of
cars service term of electric trains has to be correct.

Information to calculate the proper inspection
frequency of bearing structures of electric trains
ER1, ER2 is presented in the Table 2.

So, conditional quantity of months before de-
struction during tests in normal climatic environ-
ment two times less.

At the same time, the average period from de-
struction to bearing capacity loss by the structure
may be 8.8 months. This is coordinated badly be-
tween routine repair maintenance.

Taking into account above mentioned material,
one should suppose rational realization of annual
inspection in accordance with the schedule 1%,
namely [8], before the winter period one should
realize diagnostics of bearing structures accord-
ingly to the schedule of step-by-step extension of

doi 10.15802/stp2014/33760

the service term upon the regulation PR3, and in
spring — inspection upon the regulation PR2.

Table 2

Information to calculate the inspection frequency
of bearing structures of electric trains ER1, ER2

N Conditional Ne c(r:e? cridgrigai; Note
month rate
1 2 3 4

1 4 Winter
2 4 Winter
3 4 Winter
4 1
5 1
6 1
7 1
8 1
9 1
10 1
11 1
12 1
13 4 Winter
14 4 Winter
15 4 Winter
16 1
17 1
18 1

Average rate 2

Reparability issue of bearing structures of bogie
frames and electric train’s bodies, renovation of
their toughness is a separate scientific issue. It is
not highlighted in this paper.

Inspection frequency of bogie frames of electric
trains ER1, ER2 was analyzed. It let make the fol-
lowing conclusions:

1. The average period from the crack occur-
rence to bearing capacity loss by the structure may
form 8.8 months.

2. Above pointed index of bearing structures
survivability of electric trains coordinate badly
with routine repair maintenance.
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3. One should suppose rational realization of an
annual inspection accordingly to the schedule Y5,
namely, before the winter period one should realize
diagnostics accordingly to the schedule of step-by-
step extension of the service term upon the regula-
tion PR3, and in spring — inspection upon the regu-
lations PR2.

4. Reparability issue of bearing structures of
bogie frames and electric train’s bodies, renovation
of their toughness is a separate scientific issue. It is
not highlighted in this paper.

Conclusions

1. Destruction causes analysis of rolling-stock
bearing structures let make the conclusions. The
main destruction causes are as follows:

— The presence of extraneous impurities in to
the base metal of a structure or weld joint, im-
proper performance of weld joints;

— Unsuccessful design of the bearing structures
of the rolling stock;

— Destruction initiation on the point of effort or
BS strength renovation;

— Incorrect technological intervention in the de-
sign of rolling stock;

— Effect of aggressive environment and sea-
sonal changes in temperature on the bearing struc-
tures of the rolling stock.

2. Analysis of the vibration bench tests of bogie
frames of electric trains ER1 and ER2 are as fol-
lows:

— The stress level on the destruction stage of
the bogie may vary.

— These changes are fixed in most parts of the
studied frames.

— As a standard piece for resistance evaluation
to destruction it can be taken the bogie frame of a
motor car of electric trains ER1, no. 397.

— Taking into account that tests were conducted
under normal climatic environment, changes in the
characteristics of crack resistance should be con-
sidered separately.

3. Conducted resistance evaluation to destruc-
tion of bogie frames for electric trains ER1 and
ER2 let make the following conclusions:

— Hypothetically, in the winter period crack
can develop up to a critical level approximately in
4-4.5 months.

— Inspection of bearing structures state of bogie
frames is reasonable to perform two times per year:
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the first is auxiliary — during the month from the
second part of October; the other, primary, — dur-
ing the month, from the second part of March.

—To keep inspection schedule both for bodies
of electric trains and bogie frames.

4. The conducted frequency evaluation of bogie
frames of electric trains ER1-ER2 allows making
the following conclusions:

— Average period from destruction to the loss
bearing capacity by the structure may be 8.8 months.

— Above pointed survivability index of bearing
structures for electric trains coordinate badly be-
tween routine repair maintenance.

— One should suppose rational realization of the
annual inspection accordingly to the schedule %,
namely, before the winter period one should realize
diagnostics accordingly to the schedule of step-by-
step extension of the service term upon the regula-
tion PR3, and in spring — inspection upon the regu-
lations PR2.

— Reparability issue of bearing structures of
bogie frames and electric train’s bodies, renovation
of their toughness is a separate scientific issue. It is
not highlighted in this paper.
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3A MEKAMMU ITPU3HAYEHOTI'O CTPOKY CJIYXXBH
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pokiB). Meroauka. /[yt AOCSTHEHHs MMOCTaBlieHOT MeTH OyJI0 NMPOBEJCHO aHaJli3 HayKOBUX IyOJIiKallii 3 MUTaHb
JKUBYYOCTI OCHOBHHX €JIEMEHTIB HECYUHX KOHCTPYKIIH, IKi HABAHTAXYIOThCS NTWHAMIYHIMH 3HAKO3MiHHUMH HaBa-
HTaXEeHHAMHU. TakoxK MPOBE/ICHO aHali3 pe3yJsbTaTiB CTEHA0BUX BiOpaliifHUX BUIPOOYBaHb paM Bi3KiB €JIEKTPOIIOi-
3niB EP1, EP2, sxi Oynu oTpuMaHi Ha MiACTaBi po3po0IeHOT METONUKY MPOBEACHHS TAKUX BUIIPOOYBAaHB 33 yUACTIO
aBTOPIB POOOTH Ta BUKOHAHO BI/INOBIJIHE HAYKOBE CYNPOBOUKEHHs. P0o3po0iieHi TeXHIUHI pillleHHs 3 BiJIOBIIHUMHU
3aX0JaMH, IPH BUKOHAHHI KX CTa€ MOMIIMBUM IIPOJOBXHUTH CTPOK €KCILTyaTawil HeCy4nX KOHCTPYKLIH eleKTpo-
noizaiB EP1 1 EP2 nonazg 50 pokis. Pe3yabTaTn. Ha mifgcraBi KOMIUIEKCY MPOBEICHUX €KCIIEPUMEHTAIBHUX Ta YH-
CEeJIFHUX TEOPETHYHHX JOCIIIKEHh OTPUMAHO Pe3yIbTaTH, SIKi CHPUSUTH PO3POOII METOAUKH HIOZO OIIHKH TEPMiHYy
PO3BUTKY TPILIMH B HAHOUIBII HAIIPYKEHUX TOYKAX OCHOBHMX HECYYMX KOHCTPYKIIH paM Bi3KiB Ta Ky30BiB €JIEKT-
pomoiznis EP1, EP2 3 nocsraeHHs M iX HeOe3neyHHX po3mipiB. Lle Hamano MOKIHMBICTE PO3POOUTH TEXHIYHHUNA per-
JIAMEHT 3aX0JIiB, L0 3a0e3MeuyIoTh Oe3NeuHy eKCIUTyaTallil0 OCHOBHUX HECYUYMX KOHCTPYKLIH paM BI3KiB Ta Ky30BIiB
enekrporoiznie  EP1, EP2 3a mexamu 50 pokis. HaykoBa HoBu3Ha. [[ns 3a0e3medyeHHsT Oe3MMeYHOT eKCIuTyaTarii
enextpornoizniB cepiit EP1, EP2 po3pobieHo0 MeToAMKy IIOJNO OIHKH TEpMiHY PO3BUTKY TPIIIUH B HaWOLIbII
HaTpY>KeHUX TOYKAX HECYYMX KOHCTPYKIIH paM BI3KiB Ta KYy30BiB 3 JOCSATHEHHAM iX HeOEe3MeYHHUX PO3MIpiB.
IpakTHyna 3HaYnMicTh. Po3po0iieHO TEXHIYHUI perjaMeHT 3axX0MiB, 110 3a0e3MeuyoTh 0e3NeuHy eKCILTyaTalio
OCHOBHHX HECYyYHX KOHCTPYKIIili paM Bi3KiB Ta Ky30BiB enekrponoizaiB EP1, EP2 3a mexamu 50 pokis.

doi 10.15802/stp2014/33760 © V. L. Gorobets, O. M. Bondarev, V. M. Skoblenko, 2014

125



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

Hayka ta nporpec Tpancropty. Bicauk J[HinponeTpoBcskoro
HAL[{OHAJIBHOTO YHIBEPCHTETY 3aJIi3HUYHOr0 TpaHcnopty, 2014, Ne 6 (54)

PYXOMMUI CKJIAJI 3AJII3HULID I TSTA TIOI3/11B

Knouosi crosa: Bi3KH, Ky30B; pO3paxyHKOBI MOJENI; €KCIIEPUMEHTAJIbHI JOCTIHKEHHS; TEOPETHIHI pO3paxyH-
ku; enekrponoizau EP1, EP2; moka3HUKH MIITHOCTI

B.JI. TOPOBELL', A. M. BOHJIAPEB?", B. M. CKOBJIEHKO®

lKaq). «CtpoutenbHas MeXxaHHKa», JJHENPONETPOBCKUI HAITMOHATIBHBIA YHUBEPCHTET KEJIE3HOAOPOKHOTO TPAHCIIOPTa
nMeHH akafgemuka B. JlazapsHa, yi. Jlasapsna, 2, lHenponeTpoBek, Ykpanna, 49010, ten./paxc +38 (056) 793 19 08,
a11. moura onildpps@gmail.com, ORCID 0000-0002-6537-7461

TKad. «CTporTensHas MeXaHHKa», JIHEIPOIIETPOBCKHI HAMOHATBHEIA YHHBEPCHTET XKEIE3HOIOPOKHOTO TPAHCIIOPTA
nMeHH akanemuka B. Jlazapsina, yi. Jlasapsna, 2, lnenponeTpoBek, Ykpanna, 49010, ten./dakc +38 (056) 793 19 08,
a11. mouta bondam286(@gmail.com, ORCID 0000-0003-4791-5358

3 JlepkaBHa agMiHicTpaLis 3aMi3HIMHOrO TpaHCTopTy YKpainm, By, Teepchka, 6ya. 5, Kuis, Yrpaina, 150,

tein./dakc + 38 (044) 465 13 51, an. noura crpzr@ukr.net, ORCID 0000-0003-1153-0827

OCOBEHHOCTHU 3KCIINIYATAIIUA SJEKTPOIIOE310B EP1, EP2
3A IPEAEJTAMU HAZBHAYEHHOI'O CPOKA CJIY/KBbI

Heas. B pabore HeoOX0AMMO NPOBECTH HaydyHOE 0OOCHOBaHHE Pa3pabOTKH TEXHHMYECKOTO perjiaMeHTa Mepo-
HOpUATUI U yCIOBUH SKCIUTyaTalluy JIeKTponoe3aos cepuil OP1, OP2 3a npeaenamu NpoUIEHHOIO CPOKa KCILTya-
taumu (6onee 50 ner). Meroamka. sl JOCTHXKEHHMS TTOCTaBICHHON LIeJIM OBUI ITPOBEJICH aHAIM3 HAY4HBIX IyOJIH-
KaIii 110 BOIPOCaM >KMBYYECTH OCHOBHBIX 3JIEMEHTOB HECYIIMX KOHCTPYKIMH, KOTOPbIE HATPY>KaloTCs JUHAMHYC-
CKMMH 3HAKOIIEPEMEHHBIMHU Harpy3kamu. Takke IpOBEAEH aHaIW3 Pe3yJbTaTOB CTCHAOBBIX BUOPAIIMOHHBIX HCIIBI-
TaHUH paM Telexek siekTpornoe3foB OP1, DP2, kxoropsie ObUIM TOMYYEHBH HAa OCHOBAHWHU pa3pabOTaHHON
METOJUKH MPOBEAEHHS TaKUX UCIBITAHUN C y4aCTUEM aBTOPOB PaOOTHI U 0OECIIEUCHO COOTBETCTBYIOIIEE UX HAay4-
HOE COIIPOBOXKICHU. Pa3paboTaHbl TEXHUIECKUE PEIIEHHUS C COOTBETCTBYIOIIMMU MEPaMH, IIPU BBINOIHEHUH KOTO-
PBIX CTAaHOBUTCSI BO3MO>KHBIM TPOJUIMTH CPOK 3KCIUTyaTalldl HECYIIMX KOHCTPYKIHMH anekTponoe3nos OP1 u OP2
6onee 50 ner. Pesyabrarel. Ha ocHOBaHMM KOMIUIEKCA MPOBEICHHBIX SKCHEPHUMEHTAIBHBIX M MHOTOYHCIIEHHBIX
TEOPETHYECKUX HCCIIECIOBAaHUI MOJYyYEHBl Pe3yJIbTaThl, KOTOPbIE CIIOCOOCTBOBAIN pa3pabOTKe METOAMKU OLEHKH
CpOKa pa3BUTHS TPEIIMH B HanOoJee HANPSDKEHHBIX TOUYKAaX OCHOBHBIX HECYIIMX KOHCTPYKLHMH paM TeJeXeK U Ky-
30BOB 3JiekTponoe3noB OP1, OP2 ¢ pmocTiwkeHHeM MX OIacHBIX pa3MepoB. DTO MO3BOJIMIO pa3paboTaTh TEXHHYE-
CKHI perjaMeHT MEepONpHTH, 00eceuynBaIOMINX OE30IIaCHYI0 SKCIUTYaTaIlMI0 OCHOBHBIX HECYIIMX KOHCTPYKIMH
paM TelexeK U Ky30BOB 3jekrporoe3noB DP1, OP2 3a mpenenamu 50 ner. Hayunasi HoBu3Ha. [l oOecrieueHUs
0e30IacHOM dKCIUTyaTally IeKTporioe3noB cepuit OP1, DP2 pa3zpaboraHa MeTOIMKA OIIEHKHA CPOKA Pa3BUTHS Tpe-
IIMH B HanOOJIee HANpPSDKEHHBIX TOYKAX HECYIIMX KOHCTPYKIMH paM TENEeKEeK M Ky30BOB C JIOCTHKEHHEM HX OIlac-
HbIX pa3mepoB. [IpakTuyeckasi 3HAYUMOCTb. Pa3zpaboTaH TEXHUYECKUH periiaMeHT MEepPONPHUATHH, 00ecIIedrnBaio-
muX 0E30MacHYI0 3KCILTyaTalli OCHOBHBIX HECYIIMX KOHCTPYKIMH paM TeJekKeK U Ky30BOB leKTporoe3oB JP1,
OP2 3a npenenamu 50 neT.

Kniouegvie cnosa: Tenexxku; Ky30B; pacdeTHBIE MOEIH; SKCIEPHMEHTAIbHBIC MCCIEJOBAaHUS; TEOPETHUECKHE
pacuetsl; anekTpornoesna DP1, DP2; mokaszarenu mpoyHOCTH
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BU3HAYEHHSA KOE®IHIEHTA 3AITACY 3A BTOMHOIO MIINHICTIO
HECYYHUX KOHCTPYKIIN KY30BIB BAT'OHIB I1PU NIEPEBE3EHHI
JAJVIIBHUYHUMHU TIOPOMAMU

Merta. Y po6oti HeoOXiTHO 3/IIIICHUTH BU3HAUCHHS KOE(DILIEHTY 3aracy 3a BTOMHOIO MIIHICTIO HECYYUX KOHCTPY-
KIiH Ky30BiB BaroHiB Iy HepeBe3eHHI 3aIi3HUNYHUMHU 1TopoMamu. MeTtoanka. J{ist ToCSTHEHHs! 3a3HAUYeHOi METH J10-
CJII/DKEHO YMOBH €KCIUTyaTallil BaroHiB y Mi>XHapOJAHOMY 3aJli3HIYHO-BOTHOMY cHosTydeHHi. [IpoBeneHi 1ociiukeH s
JTUHAMIYHIX OCOOJIMBOCTEH Ky30BiB BaroHiB MpH IEepPeBE3eHHI 3aTi3HUYHIMU TIOPOMaMH B YMOBAX XBHITIOBAHHS MODSL.
CkJazieHo MaTeMaTHYHY MOJIEINb TIEpEMIIIeHb KY30BiB BarOHIB Ta BU3HAYEHO MPUCKOPEHHSI, K AiF0Th Ha HUX BiIHOC-
HO IITAaTHUX MICIb PO3MIMICHHS Ha many0ax. [Ipn BH3HA4YEHHI MPUCKOPEHB BPAaXOBAHO IIHMCHI TiIPOMETEOPOSIOTIdHI
XapakTepucTUKy akBaropii YopHOro mMops mij dac mropMmy. BusHaueHo koedillieHT 3amacy 3a BTOMHOIO MIIIHICTIO
HECyYMX KOHCTPYKIiil Ky30BiB BaroHiB IIpY IEPEBE3CHHI 3aTI3HUYHAMH TOPOMAMH Ta BCTAHOBIJIECHO, 110 TIPH PETYJIsIp-
HOMY HaBaHTa)XCHHI Ky30Ba BaroHa n ~ 2,0, 110 BHIIE JOMycTHMOro 3HaueHHs. Pe3yabTaTn. IlopiBHAHHS oTpuMa-
HUX BEJIMYMH MPHUCKOPEHB 13 MTPUCKOPEHHSIMH, SIK1 J[IIOTh Ha Ky30Ba BarOHIB IPH eKCIUTyaTallii Ha MariCTpaibHUX KOJIi-
X, TIOKa3aJI0, 110 BOHM NEPEBHUIIYIOTh 3a3Ha4YeHI Y HOPMAaTHUBHHUX JOKYMEHTAX NMpUCKOpeHHs Maibke Ha 40 %. Lle mo-
BOJIUTH HEOOXIHICTh ypaxyBaHHS HaBaHTA)XCHb, SKi JIFOTh Ha Ky30Ba BaroHIB B YMOBAX IepeBe3¢Hb Ha 3aNI3HIYHUX
MOpOMax, TIPH MPOSKTYBaHHI BaroHiB HOBOTO MoKoiHAA. HaykoBa HOBH3HA. 3alpOIIOHOBAHO MaTEeMaTHYHY MOJCIh
HepeMillleHb Ky30Ba BaroHa IIpH NepeBe3eHH1 3ali3HUYHUM [IOPOMOM B YMOBAX XBIJIIOBaHHS MODS, SIKa Haae MOKIIH-
BICTh BHM3HAYEHHs INPHCKOPEHb Ky30BIB BaroHiB, pO3MIIIEHUX Ha OararonajayOHHMX 3ali3HMYHUX I[OPOMaX,
3 ypaxyBaHHAM T'iAPOMETEOPOIIOTIYHNX XapaKTepUCTUK akBaTopii. [IpakTuyHa 3HaAUMMicTh. Pe3ynbTaTi mpoBeieHNx
JIOCITI/DKEHb MOXKYTh BUKOPHCTOBYBATHCSI NIPH MPOCKTYBaHHI BaroHIiB HOBOTO ITOKOJIIHHS 3 METOIO 3a0e3redeHHs iX
MIIHOCTI TIp¥ KOMOIHOBAaHMX 3aJi3HUYHO-BOJHHUX IepeBe3eHHsX. Lle nacTb MOXIMBICTH PO3POOHMTH 3aXOAM ILOAO
aJianTallii Ky30BiB BaroHIiB 10 B3a€MOIIi 3 3ac00aMy 3aKpIlUICHHS 3a1i3HUYHUX MOPOMIB IUIIXOM OCHAIIICHHS iX HECy-
YMX KOHCTPYKIIH CIEIiaIbHUMH BY3JIaMH JUTSl 3aKpIiTUICHHS. Take TeXHIYHe PillleHHs JO3BOJNTH 3MEHIIMTH BUTPATH
Ha I103aIJIaHOBI BUY PEMOHTY BaroHiB IIPH MEepEeBE3eHHI 1X Ha 3aJIi3HUYHHX ITOPOMax, a TaKoXX 3a0e3MmeunTn Oe3neKy
PyXy KOMOIHOBaHOTO TPaHCIIOPTY.

Knouosi cnosa: BaroH, nuHaMmika BaroHa; HaBAaHTAXCHHS KOHCTPYKIIIi; 3aJli3HUYHO-BOJHUI TPAHCIIOPT; 3ai3-
HUYHO-TIOPOMHI TIEPEBE3CHHS

Beryn B YMOBAax XBMIIIOBaHHS Mops HaBeneHo B [7]. He-
JOJIKaMH 1i€l METOAWKUA € HEMOXIUBICTh ypaxy-
BaHHsI KypCOBOT'O KyTa XBWJI IO BiJHOIIEHHIO 10
kopmyca 3I1, a Takox BITPOBOro 3ycHIUIS, SIKE i€
Ha HagaBomHy mpoektito 311 3 Ky3oBamMu BaroHis,
pO3MillleHUMH Ha Horo BepxHiil mamy6i. Kpim To-
T0, Il METOAUKA MOKE BPaxOBYBAaTUCS TINbKH IS
IUIOCKUX MOPCHKUX XBHJIb.

IIutaHHAM YIOCKOHANIEHHS KOMOIHOBAaHHUX IIe-
peBe3CHb, 30KpeMa KOHTCHHEPHHX, IPHUCBSUCHI
npami Buenux JAHY3T [11], ne po3risHyTi 0c00-
JIMBOCTI KPITUICEHHS] KOHTEHHEPiB Ha BaroHax-IJjat-
¢dopmax. 3 METOIO TiIBHIIIEHHS TEXHIKO-€KOHOMiY-
HUX TIOKa3HWKIB BaroHiB TP IIEPEBE3CHHI KOH-
TeifHepiB Pi3HOTO TUIOPO3Mipy BUKOHAHO OOTPYH-
TYBaHHSl YAOCKOHAJICHHS KOHCTPYKIIH A0OBrodas-

[puckopeni temmu iHTerpamnii YKpaiHu B cHc-
TEMy MDKHApPOIHHX TPAHCIOPTHUX KOPUIOPIB 3Y-
MOBITIOIOTh CTBOPEHHSI CHCTEM KOMOIHOBaHOTO
TPAHCIIOPTY. Y 3B’S3Ky 3 MM HAOYIH PO3BUTKY
3aJIi3HUYHO-TIOPOMHI TiepeBe3eHHs. [Iponec nepee-
3eHHS BaroHiB MOpEM Ha 3ali3HUYHUX TOpOMax
(3I1) cympoBOMKY€ETHCS BUHUKHEHHIM Ta €0 HA
HEeCy4y KOHCTPYKIIIO Ky30BiB PI3HUX THITB 3yCHIb,
BU3HAYaJILHUMH cepel SIKHX € auHamiuHi. Tomy,
3 MeTor0 3a0e3neueHHs Oesneku pyxy BaroHiB 31
HEOOXIJIHUM € JOCIIDKCHHS JAMHAMIYHHX 3YCHIIb,
AKi JiI0OTh Ha HECydy KOHCTPYKILIIO Ky30BiB HpH
MepeBe3eHHI MOPEM B YMOBAX HOTO XBHJIFOBaHHSI.

Oco0MMBOCTI BU3HAYCHHS TUHAMIYHUX 3YCHIIb,
sSIKi JIIFOTh Ha Ky30Ba BaroHiB mpu nepesesenHi 311
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HUX BaroHiB-TUIaT(OpM Ta BaroHiB-tuiaTopm 3e-
JICHOBAHOTO TUITY JUIS ITUX TIEPEBE3CHb.

BaxiuBo 3a3HaYMTH, 110 B IIUX MPALSX JOCII-
JOKCHHIO YMOB €KCIUTyaTallil BaroHiB Ta yJ0CKOHa-
JIEHHIO iX HEeCy4YHMX KOHCTPYKIIiii IpH mepeBe3eHHI
311 yBara He MPUILIAETHCA.

BusnaueHHs nMHAMIYHUX OCOOJIMBOCTEN 3aiIi3-
HUYHOTO PYXOMOTO CKIIaAy TPH B3aEMOJii HOTo
3 Komiero HaBemeHo B [1, 6, 15, 18]. HeobximHo
3a3HAYUTH, [0 MMUTAHHS JOCHIJPKEHHS JUHAMIKH
Ky30BiB BaroHiB npu nepeBe3eHHi ix 3I1 B ymoBax
MOPCBHKOTO XBWIJIIOBaHHS B 3a3HAUEHHX HAyKOBHX
MPaLSX HE PO3MIISIAI0THCS.

JlocikeHHsT TUHAMIKM BaHTa)XHOTO BaroHa
Ha Bi3KaX, YAOCKOHAJIEHOI KOHCTPYKIIii, HABOJUTh-
ca B [17]. [lpu upoMy MOJCITIOBAHHS TUHAMIKU
BUKOHYBAJIOCS JIJIi BaHTQ)XKHUX BaroHiB Shimmns,
oOmagHaHMX BidkamMu Y25. B xoml mociimkeHb
BH3HAYAJINCS AMHAMIYHI 3yCHJUIS B 30HI B3a€MOIIi
KoJieca 3 peikamu.

MareMaTryHa MOJIeNIb KOJUBaHb Ky30Ba BaHTa-
JKHOTO BaroHa IPH B3aEMOZII 3 PEHKOBOIO KOJI€r0
HaBeneHa B [16]. JlocHmipkeHHS BHKOHYBAJIHCS
B CepeIoBHII TporpamHoro 3ade3medeHHs GENSY'S.

HeoOxinHO 3ayBaxkuTH, IO MOJIENi, HaBeIeHI
B [16, 17], MOXYTh 3aCTOCOBYBATHCS TUIBKH TIPH
JIOCTIDKEHHI KOJMBaHb Ky30Ba BaroHa BIJHOCHO
peiikoBoi Komii.

Ha me#i gac mapk BaHTa)XKHHX BaroHiB IOIIOB-
HIOETHCS HOBUMHU KOHCTPYKIIISIMH BaroHiB, siKi Ma-
IOTh MiJBUILEH] JUHAMIYHI NOKa3HUKHA Ta TEXHIKO-
eKOHOMIYHI mapametpu [4, 8, 10, 13, 19].

HeoOxigHo 3a3Ha4YMTH, MO MiJ Yac MPOEKTY-
BaHHS [UX THUIIIB BaroHiB JI0 yBard HE B3ATi BEIU-
YHHA HaBaHTAXXEHb, AKi MOXKYTh MIATH HA HUX MPU
nepeBe3eHHi 31 B yMOBax XBHIIFOBAaHHS MOPS.

Merta

BusnauenHs xoedimieHTa 3amacy 3a BTOMHOIO
MIIIHICTIO HECYYMX KOHCTPYKIIH Ky30BIiB BaroHiB
npu niepese3enHi 311

MeTtoauka

s BU3HauYeHHS iHEpIitHOI CKIIaJ0BOi HaBaH-
Ta)KEHHsI, AKe Jli€ Ha HeCy4dy KOHCTPYKIIIO Ky30BiB
BaroHiB npu nepeseseHHi 3[1 B yMoBax XBHITIO-
BaHHS MOPsI, CKJIaJIECHO MaTeMaTH4YHy MOJeNb Iie-
pemimiens Baroda 311 mpu KyTOBUX HepeMilllEHHIX
HABKOJIO MOB3JI0BXHBOI OCi (KPEeH), OCKIIBKH IeH
BUJI KOJHMBAJIHLHOTO TPOIECY 3AIMCHIOE HANHOLIb-
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I BIUIMB Ha CTIWKICTh Ky30BiB BaroHiB BiIHOC-
HO manyo6:

D 2y | B).
(E(B +4z, )j%“‘(/\e qul:

h B .
=p E+Ae EF(I), (D

ne g, =0 — y3aragbHeHa KOOpAMHATA, L0 BifIO-
BiJla€ KyTOBOMY IEPEMIIICHHIO HABKOJIO IOB3/I0B-
*HBo1 Bici 0. [lowaTok cucreMn KOOpAWMHAT PO3-
Minienuii B eHtpi mac 3[1; D — BaroBe BOJOBHTIC-
menns 311, kH; B — mmpuna 3I1, m; & — BUCOTa
6opta 3II, M; Ay, — KoedillieHT OMOpPY KOIMBaH-

1

wim 3, kH-c-M " ; z, — KoopAuHAaTa LEHTPY

Baru 3II, M; p' — BiTpoBe HaBaHTakeHHs, KH;
F(t) — 3akon gii 3ycmmis, sike 30yproe pyx 311 3 ky-
30BaMHM BaroHiB, PO3MIIICHUMH Ha HOTO Haryoax.

KoeilieHT omopy KyTOBHM MepeMilllEHHSIM
3I1 BIZHOCHO IOB34OBXXHBHOI OCI BU3HAYEHUM 3a
¢hopmyoro:

L/2
Ay = j I'pwTdL, 2)

-L/2

ne ' — Ge3po3mipHuii kKoedimieHT memmdipyBaH-
HS, SIKWA MPUXOIUTHCSA HA OMUHUIIO TOBXUHU 311
Ta BU3HAYAETHCS 3a JOBIJIKOBOIO JIITEPATYypOIO 3a-
JIEXKHO BiJ TeXHIYHMX xapaktepuctuk 3II; p —

HIUTBHICTh MOPCHKOT BOJIH, kH/™M’; ® — uacrora

36yprotouoi ii, ¢ ' ; T — ocaznka 311, m.

[lig wac cxmaganHs piBHAHHA (1) BpaxoBaHo,
10 Ky30B BaroHa >KOPCTKO 3aKPIiIUICHUH BiTHOCHO
najxyou 1 3MIMCHIOE TEPEMIIIEHHST pa3oM 3 HElO.
VYnapHa ais MOpchKHX XBWiIb Ha kopmyc 3I1 3 Ba-
TOHaMH, PO3MIlIEHNMH Ha Horo 6OpTy, HE Bpaxo-
ByBajacs. [lix gac po3poOKM Mozem BpaxoBaHO
TPOXOiNanbHUH 3aKOH pyxy 30yprorouoi mii (Mop-
cekoi xBuiti) Ha 311 3 Ky30BaMu BaroHiB, po3milie-
HUMH Ha HOTro maxy0ax Ta AUCHIIATUBHY CKIIAJIOBY,
sKa BUHHUKae mpu KonuBaHHsAX 3I1 B ymoBax Mop-
CBKOTO XBHJIIOBAaHHS, 1[0 BUKJIMKA€E OIip HOTO py-
Xy, KypCOBi KyTH MOPCHKOi XBWJIi TIO BiJIHOIIEHHIO
1o kopryca 3[1 Ta BITpoBe HaBaHTaKEHHS, IO JIi€
Ha HaaBoaHy mpoekuito 3I1 3 Ky3oBamu Barois,
PO3MIIIEHUMH Ha BEpXHill mamyo0i.

BximHnMu TlapameTpaMud MOIETi € TEeXHiuHi
xapakrepuctuku 3[1, a Takox rizpomMeTeoposoriy-
Hi XapaKTepUCTHKH aKBaTopii ruraBaHHs. ['igpome-
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TEOPOJIOTIYHI TapaMeTpu akBatopii miaBaHHS 311
BU3HAYCHI 3a JTAHUMH JIOBIIKOBOI JIiTeparypu. 3a
PO3pO0JICHOI0 MOAEIIII0 PO3paxoBaHi MPUCKOPEH-
HS, SIK1 JIFOTH BIJTHOCHO INTATHUX MICI[b BarOHIB Ha
naxy6ax 3I1.

[lpu Bu3Ha4YeHHI mapameTpiB 30yprorovoi Aii
BpaxoBaHi MiCHI TiPOMETEOPOJIOTIUHI XapaKTe-
PUCTUKH XBUJIIOBAHHS MOPS, sIKi 3adikcoBaHi Tif
yac mrtopmy B YopHomy Mmopi [2, 9]. Ockiibku
mropM BinOyBascst y 1l paiioni HopHoro mopsi, T0
B PO3paxyHKax BpaxoBaHa JOBXHHA I[OPOMHHUX
MapUIPYTiB, SIKi MPOXOIATH uepe3 el paloH —
«InmigiBecpk—IloTi», «lmniviBcek—barymi» (puc. 1).
B crarTi HaBeneHi pe3yibTaTH PO3PAXyHKIB s
mopoMHoro Mmapmipyty «lmmigiBcek—IloTin, mis
SIKOTO 4ac pyXy 4epes3 ITOpMOBUi paiioH HopHoro
MOpsl CKJIafae OIU3bKO 4 TOA, IPU PYCi 3 KOHCTPY-
KiiitHoro mBHaKicTio 18,6 By3imiB (9,6 M/c).

ODESSA

ILYICHEVSK 3

1

{KERCH

VARNA

7
V

v

%

BATUMI

Vi

ISTANBUL

@‘J DERINCE

Puc. 1. Cxema 3a1i3HUYHO-ITOPOMHUX MapIIpyTiB
Ykpainu

Fig.1. Diagram of train-ferry routes of Ukraine

Bupimenss qudepeHuianbHOro piBHAHHS 31iH-
CHIOBAQJIOCSI B CEPENOBHUII MPOrpaMHOTO 3abe3me-
yenHst MATHCAD. Jlns BpaxyBaHHs 3MiHHHX I1a-
paMeTpiB 30yprorouoi il BHKOPHUCTaHO TEOPIIO
paniB Dyp’e, ToOTO

F(t) = %0 + li:c,. cos(w,t +B,) =%0 + ,i:ai cos(®,f) + ii:b,. sin(o,); 3)
“—;%im)dr; @

a, = %im) cos(o,1)dt; (5)

b= %EF@) sin(o,1)dr. (6)

[licns BUKOHAHHA BiMOBIAHUX PO3PaXyHKiB, OTPUMAHO:

kb kb
F(t)=a—2R—e(cos(k a+oot)—1)+2b_2R_e
ot ot
" 2a .
— t
+;[imsmw +

kb

+£sin(@ 1)-

to (O]

i\ o

kb

—%(cos(@i 1))+
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3 2 oo ) 2

R j (t sin (k a)_zi(cos(k a+2m t))jJ,

sin(ka+o1)+

kb

R j (r sin (k a)_i(cos(k a+2wt)—cos(k "))jJr

20

(r cos(k a)+2i(sin(k a+2wt)-sin(k a))D+

kb

[t cos(k )~ -~(sin(k a 20 t))j—

()

(7

()
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e R — paaiyc TpaekTopii, 3a KOO 3MIHCHIOETHCS
00epT Ky30Ba BaroHa y 3a/laHuii iHTepBaj 4acy, M;
k — wactora TpaekTopii 30ypIOIOYOr0 3yCHILIS;
a Ta b — TOPU3OHTAIIbHA Ta BEpTHKAIIbHA KOOPJIH-
HaTU LEHTPY TPAEKTOPIi, 3a SIKOI0 00epTaeThCs Ky-
30B BaroHa, 3akpimieHuil BigHocHO manyou 3I1,
10 Ma€ Ha JaHUW Yac KOOPJIWHATH X Ta Z; ® — 4Ya-

cToTa 30ypIOIOYOro 3YCH/UIS y 3aJaHuil 1HTepBai

-1
qacy, c .

Ha mincraBi BUKOHAaHHUX PO3paxyHKiB OTpUMaHi
MIPUCKOPEHHSI, SKi MIIOTh Ha Ky30Ba BaroHiB IIPH
nepese3enHi 31 B ymoBax xBumoBaHHs Mopsi. Pe-
3yJIbTATH PO3pPaxyHKIB HaBE/ICHI Ha puC. 2.

3 puc. 2 BUAHO, IO MaKCHMajbHE 3HAYCHHS

IPUCKOPeHHs cKiafae 6iu3bko 0,1 m/c? (3 ypaxy-
BAHHSIM T'OPU30HTAJIBHOI CKJIAJOBOI ITPUCKOPEHHS

BinbHOTO Maginmst — 2,17 m/c? (0,22 g)).

3 Meroro 3ale3neueHHS MIIHOCTI HeCcydnX
KOHCTPYKIIill Ky30BiB BaroHiB MpH il IHUKIITYHAX
HAaBaHTA)XEHb B YMOBAaX MOPCHKOI XMTAaBHII BHKO-
HaHO PO3paxyHOK KoedillieHTa 3amacy 3a BTOMHOIO
MILHICTIO.

g.m/c?

=]

=

=

T
]
=

Ly
\/ J

f. z00.

(=3

=}
b
L3

Puc. 2. TlpuckopeHHs, sKi IiI0Th Ha KpalHii Bix
(hanpmdopTa Ky30B BaroHa, po3MilIeHIH
Ha BepxHiit mamy6i 311
Fig. 2. Acceleration acting on the extreme from

the hull skirting of the car body, placed
on the upper deck of a rail-ferry

[Ipu 11bOMy BHKOPHCTAHO METOAMKY PO3PaxyH-
Ky, 3anpomnonoBany MJTY im. H. €. baymana
[14], 3rigHO 3 sIKOIO KOE(]Ii€HT 3amacy 3a BTOM-
HOIO MIITHICTIO TIpH 0araToOBICHOMY HaIpy>KEHOMY
CTaHl BU3HAYAETHCS:

n=——r-—, ®)

doi 10.15802/stp2014/33400

ne o_, — Mexa BurpuBaiocti, MIla; o, — exBi-
BaJleHTHI HampyxeHHs, MIla; K, — koedimieHT,
SAKHI BPaXxOBY€ XapaKTEpPUCTUKU MaTepiaiy.

KOZI__R ;_{_ l_B L L.}.
2 n_, 80 B (X.G By
1
LS SNC)
200

(o}

ne R — xoedilieHT acuMeTpii NUKITy HamNpy>KeHb;
n_, — Koedili€eHT, AKuil XapakTepus3ye 4yTIUBICTh
Matepiany 10 KOHIEHTpaLil HanpyXXeHb; €, — Ma-
citabHuit kKoedimieHT; [ — KOeQilieHT SKOCTi

noBepxHi; B, — KoedilieHT 3MIITHEHHS TOBEPXHI;

)
O, — TEOPeTHYHUH Koe]illieHT KOHIEHTpauii Ha-
HpYXKEHb; Y — KOe(illieHT, AKUH BpPaxoBye€ BILIUB
acuMeTpil UKy .

Koedimientu R Ta n_; po3paxoByIOThCs, a iHIII
cknanoBi popmynu (9) 3HAXOAATHCS 3a OBIIKO-
BOIO JIITEPATypOIO.

ITix 9ac BUKOHAHHS PO3PaxXyHKIB YIS METATOKOH-
CTpyKLi Ky30Ba BaroHa mpuiiHaro: ¢_; =245 MIlla

[12]; o,, =280 MlIla [3] (mpu o, =490 MIlla;
o, =345 Mlla nns 6a3u 107 uukis) [5].

Ha mizcraBi BUKOHaHUX pO3paxyHKIB OTpHMa-
HO 3HaYeHHs KoeilieHTa 3amacy 3a BTOMHOIO Mi-
IHICTIO TIPH PETYJSIPHOMY HAaBaHTA)XEHHI Ky30Ba
BaroHa n ~ 2,0, 110 BUIIE JOMYCTUMOTO 3HAUYECHHS.

VY Xoxi MOCTIPKEHb NPHUHATO HPHUITYIICHHS
PO BiJICYTHICTh HAKOTIMYCHb HAIPY>KEHb Bill BTO-
MU B HECYYill KOHCTPYKIi Ky30BiB BaroHiB IpH
HakouyBaHHi Ha 31 Ta chimyBanHi mopem. Tomy
Ha TIPaKTHUIli 3HaYeHHs Koe(ilieHTa 3amacy 3a BTO-
MHOFO MIIIHICTIO OY/IC MEHIIIMM.

PesyabTatu

[lopiBHSHHS OTpPUMaHHUX BEIWYHH MPHCKOPEHBb
3 TIPUCKOPEHHAMM, SKi MifOTh Ha Ky30Ba BaroHiB
NpU eKCIUTyaTallii Ha MariCTpalbHHUX KOJisiX, BU-
SIBUJIO, 1110 BOHU TIEPEBUIYIOTH 3a3HA4EHi y HOpMa-
TUBHHUX JOKyMEHTaxX MpUCKOpeHHs Maibke Ha 40 %.
Lle moBOOMTH HEOOXIOHICTH ypaxyBaHHS HaBaHTa-
JKEHb, SIKi JIFOTh Ha Ky30Ba BaroHiB B YMOBax Iie-
peBesenb Ha 311, mpu mMpoekTyBaHHI BaroHiB HOBO-
TO MTOKOJIIHHSI.
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HaykoBa HOBHU3HA Ta NPAKTHYHA
3HAYUMICTh

3anponoHOBaHO MAaTeMaTH4YHy MOJEh IMepeMi-
IIeHb Ky30Ba BaroHa npu nepeseseHHi 311 B ymoBax
XBHJIFOBaHHSI MOpSsI, sIKa HaJa€ MOXITHBICTh BH3HA-
YeHHs TPHCKOPEHb KY30BiB BaroHiB, PO3MIIICHUX
Ha OaratomamyOHux 3I1, 3 ypaxyBaHHAM Tigpome-
TEOPOJIOTIIHUX XaPAKTEPUCTHK aKBATOPIi.

Pe3ynbTati BHUKOHAHHMX JOCHTIIKCHb MOXYTh
BUKOPHCTOBYBATHUCS TiJ 4ac MPOCKTYBaHHS Baro-
HiB HOBOTO TIOKOJIIHHSI 3 METOI0 3a0e3MeueHHs X
MIITHOCTI MPU KOMOIHOBAaHUX 3ai3HUYHO-BOJHHX
MIEPEBE3CHHSX.

BucnoBxku

BukonaHi TOCHTIIKEHHS TO3BOJSIOTH 3pOOUTH
TaKi BACHOBKHU:

1. Ha cyuacHoMy eTami po3BUTKY KOMOiHOBa-
HHUX II€PEBE3EHb JOLIIBHOI0 € CUCTEMAaTH3aLlls Xa-
PaKTEPUCTHK JUHAMIYHUX TPOLECIB, SIKUM Mia-
IOThCSI BarOHH MpPU TEPEBE3CHHI KOHKPETHUM TH-
mom 3II i BimmoBimHOI MOpPCHKOi akBaropii Tuia-
BaHHS, KpPiM TOTO JOIIJIBHUM € YIOCKOHAJICHHS
Ky30BiB BaroHiB clielialbLHUMH KOHCTPYKIIHHUMH
BY3JIaMH JUTS 3aKpiTUIeHHS BiqHOcHO many6 3I1.

2. BukoHaHi IOCHIIKEHHS CIPUATAMYTH ITiJl-
BUIIIEHHIO Oe3neku pyxy BaroHiB Ha 31 mopewm,
a TakoXX posmupeHHto m. 2.18 «Hopwm...» [12],
3 ypaxyBaHHSM BHECCHHS YTOYHEHHMX BEJIMYUH
MPUCKOPEHb, fIKI JIIOTh Ha Ky30Ba BaroHiB IpH
nepeBe3eHHi pisHuMHU Tunamu 3I1 Ta BignoBiAHUX
XapaKTEPUCTUK aKBaTOPiH iX IIaBaHHS.
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A. A. IOBCKAS"

1*Ka(b. «Barons», YKkpauHCKas rocy1apcTBeHHAs aKaJeMHUs XKeJIe3HOLOPOKHOTO TpaHenopTa, mi. Deliepbaxa, 7, XapbKoB,
VYxpauna, 61500, ten. +38 (057) 730 10 35, an. noura alyonaLovskaya@rambler.ru, ORCID 0000-0002-8604-1764

OHPEJAEJEHUE KOO®PUHUEHTA 3ATTACA 110 YCTAJIOCTHOM
ITPOYHOCTHU HECYIHIUX KOHCTPYKIIMU KY30BOB BAI'OHOB
IIPU ITIEPEBO3KE KEJIE3HOJAOPOKHBIMH ITAPOMAMMU

Heas. B pabote HE0OX0AMMO OCYIIECTBUTH OmpesesieHne koadduimenTa 3amaca 1Mo ycTaJoCTHOW IPOYHOCTH
HECYIIMX KOHCTPYKLHMH Ky30BOB BaroHOB IIPH IEPEBO3KE XKEJIE3HOJOPOXKHBIMU mapoMmamu. Meroauka. s moc-
TYDKEHHS TIOCTABJICHHOM LIENIM MCCIIEIOBAHBI YCIIOBHS DKCILUTyaTallid BaroHOB B MEXIYHapOJHOM JEJIE3HOIOPOXK-
HO-BOIHOM cooOuieHuu. [IpoBeieHBI MccnenoBaHus TUHAMUYECKUX OCOOCHHOCTEH Ky30BOB BaroHOB IIPH Iepe-
BO3KE KEJIEe3HOJOPOKHBIMU IIapOMaMHU B YCIIOBHSX BOJHEHUs Mops. CocTaBieHa MaTeMaTH4ecKas MOJENb Hepe-
MELICHHH Ky30BOB BaroHOB W OIPE/CNICHBI YCKOPEHHs, KOTOpBIE NCHCTBYIOT Ha HHMX OTHOCHTENBHO IITATHBIX
MecT pa3MelleHus Ha manyOax. [Ipy onpeneneHHn yCKOpPEHHMH yYTEHBI JSHCTBUTENBHbBIE THAPOMETEOPOIOTrHYec-
KHE XapaKTEePUCTHKH akBaTopuu YepHoro Mops Bo Bpems ImrTopma. OmnpeneneH ko3((HLHMEHT 3amaca 1o ycTa-
JIOCTHOM NPOYHOCTH HECYIIMX KOHCTPYKLHMH Ky30BOB BaroHOB IIPH HEPEBO3KE HKEIE3HONOPOKHBIMH NapOMaMH
U YCTaHOBIICHO, YTO IIPH PETYJSIPHOM HATPY)KCHHH Ky30Ba BaroHa n = 2,0, 4TO BBIIE JOMYCTUMOTO 3HAYCHUS.
Pesyabrarsl. CpaBHEHHE MOJTYYCHHBIX BEJIMYMH YCKOPEHHH C YCKOPEHUSIMHU, KOTOPbIE JEHCTBYIOT Ha Ky30Ba Baro-
HOB TP JKCIUTyaTallMd HA MariCTPaJbHBIX MyTSX, [TOKA3al0, YTO OHH IIPEBBIIAIOT yKa3aHHBIC B HOPMAaTHBHBIX
JIOKyMeHTax yckopeHus noutu Ha 40 %. 310 moka3piBacT HEOOXOAUMOCTh yUeTa Harpy30K, KOTOpBIE IEHCTBYIOT Ha
Ky30Ba BaroHOB B YCIIOBHAX IEPEBO3KH Ha KEIE3HOIOPOXKHBIX IapoMax, MPH MPOSKTHPOBAHHU BaroOHOB HOBOTO
nokojeHus. Hayunasa HoBmu3Ha. [IpemnoskeHa MaTeMaTHyecKas MOZAENb IMEPEMEIICHNI Ky30Ba BaroHa IpH Iepe-
BO3KE JKEJIC3HOJOPOKHBIM ITAPOMOM B YCIOBHAX BOJIHEHHUS MOPS, KOTOpas MPeIOCTaBIsLeT BOZMOXKHOCTE ONpeee-
HHS YCKOPEHHUH Ky30BOB BarOHOB, Pa3MELIEHHBIX Ha MHOTONAIYOHBIX KEIe3HOAOPOXKHBIX IapoMax, C y4eTOM THJI-
POMETEOpONIOTHYECKHX XapakTepucTuK. [IpakTHyeckast 3HAYMMOCTB. Pe3ynbTaThl MPOBENECHHBIX HCCIIEIOBAaHUN
MOT'YT HCIIOJIb30BaThCsl MPU MPOESKTUPOBAHUU BaroHOB HOBOTO TOKOJICHHS C LIENBIO OOECIEeYeHHs MX MPOYHOCTH
NpYU KOMOMHUPOBAHHBIX YKEIE3HOJOPOKHO-BOAHBIX IEPEBO3KaxX. DTO JAaCT BO3MOXKHOCTH pa3paboTaTh MEpOIpHs-
THSI TI0 aJanTanyuy Ky30BOB BarOHOB K B3aMMOJEHCTBHIO CO CPEIICTBAMH 3aKPEIIICHUS JKEJIE3HOTOPOXKHBIX ITApPOMOB
MyTeM OCHAIIEHUS MX HECYIIMX KOHCTPYKLMH CHennaTbHBIMU y3JIaMHU I 3aKperuieHus. Takoe TexHH4YecKoe pe-
IIEHHE MTO3BOJIUT YMEHBIIUTH PACX0/Ibl HA BHEIUIAHOBBIE BHIBI PEMOHTA BarOHOB ITPY IIEPEBO3KE MX HA KEJIE3HOJIO0-
POXKHBIX IMApOMax, a TakXkKe 00eCIIeynTh 0e30MAaCHOCTD IBIKCHH KOMOMHUPOBAHHOTO TPAHCIIOPTA.

Knrwouesvie cnosa: BaroH; IMHaMHKa BaroHa; Harpy>keHUEe KOHCTPYKIUH; KeIe3HOIOPOKHO-BOJHBIN TPaHCIIOPT;
JKEJIe3HOOPOKHO-TTAPOMHBIE TIEPEBO3KH

A. A. LOVSKAYA"

"Dep. «Cars», Ukrainian State Academy of Railway Transport, Feuerbach Sq., 7, Kharkiv, Ukraine, 61500,
tel. +38 (057) 730 10 35, e-mail alyonalovskaya@rambler.ru, ORCID 0000-0002-8604-1764

DETERMINATION OF ASSURANCE COEFFICIENT BY SUPPORTING
STRUCTURES FATIGUE OF CAR BODIES DURING
TRANSPORTATION BY THE RAILWAY FERRIES

Purpose. To determine assurance coefficient by supporting structures fatigue of car bodies during transportation
by the railway ferries. Methodology. The operating conditions of cars in international railway-water communication
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have been investigated in previous works for the solution of this problem. To solve the problem there were con-
ducted researches of dynamic features of car bodies transporting by the railway ferries in conditions of the sea
storm. A mathematical model of car bodies movement was made up and accelerations acting on them in placements
on the decks were determined. During determination of accelerations the actual meteorological characteristics of the
Black Sea during a storm were taken into account. The assurance coefficient fatigue by supporting structures of car
bodies by the railway ferries was determined and it was found that under regular loading of the car body n=2,0. It
is higher than the admissible value. Findings. Comparison of obtained acceleration values with the accelerations
acting on car bodies when operating on main-line routes showed that they have exceeded the acceleration specified
in the regulations approximately on 40%. It proves the need of accounting the loads acting on car bodies during
transportations by the railway ferries when designing new generation cars. Originality. There was proposed
a mathematical model of car bodies movement by the railway ferries in the conditions of sea storm. It gives the pos-
sibility of determining the accelerations of car bodies placed on the decker rail ferries taking into account the hydro-
meteorology characteristics. Practical value. The results of researches can be used when designing new generation
cars to provide their strength during the combination of railway and water transportation. It gives an opportunity to
develop measures as to the adaptation of cars bodies to the interaction with the fastenings of railway ferries by
means of equipping their bearing constructions with special fastening assembly units. Such technical solution will
allow decreasing expenses for unscheduled repair of cars while transporting them by railway ferries and providing
safety of combined transport traffic.
Keywords: car; car dynamics; construction loading; railway-ferry transport; railway ferry-boat transportation
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DESIGN REVIEW OF GONDOLA CAR

Purpose. To ensure the constantly growing volume of freight transportations it is necessary to introduce the in-
novation rolling stock. It should have the best technical and economic parameters in comparison with the existing
fleet. Gondola car is the most popular type of railway freight car. Designs of the modern gondolas are based on
many years of operating experience and numerous tests carried out by design and research organizations in the field
of car building. To improve the body structure of gondolas it is necessary to perform a review of the existing struc-
tures and to identify the trends in their improvement. Methodology. The works on improvement the designs of pro-
duced gondolas are held by many engineering organizations in almost all industrialized countries. Analysis of the
existing body designs of gondola cars is possible by analyzing the research in the field of transport engineering,
namely patents, scientific articles, producers catalogues and so on. Findings. When analyzing it was determined that
there are gondolas of different designs, but the most common are the gondolas with a solid floor and unloading
hatches, the covers of which form the floor of gondola design. An effective method for reducing the gondola empty
weight and increasing the body volume is also the use of aluminum alloy instead of steel. Results of the improve-
ment analysis of the gondola bodies’ designs showed that the creation of the modern gondola car requires from de-
signers and scientists the implementation of scientific and technical solutions providing the increase of carrying ca-
pacity and the body volume, reduction of the gondolas empty weight, increase in repair intervals while improving
the strength and dynamic qualities at the same time. Originality. For the first time the gondolas designs were ana-
lyzed, their advantages and disadvantages were considered and the trends in improvement of the given structures of
gondola cars were determined. Practical value. The generalization of theoretical, scientific and methodological, ex-
perimental studies aimed at further improving the technical and economic parameters of gondola cars are urgent
when improving the body structure of the gondola cars. The above mentioned design features of the bodies of some
models of modern gondola cars have practical value and can be used in further developments.

Keywords: gondola; design; body; body volume; carrying capacity

Introduction world. Since in order to reduce the operating costs
and improve the economic efficiency of the gondo-
las use it is necessary to move towards the use of
new generation cars, i.e. the cars, whose technical
characteristics are considerably superior to existing
models.

Railway transport is still the main mode of
transport, carrying out most of the freight transpor-
tations of both universal and specialized goods.
Thus, the greatest part of the freight car fleet of in-
dustrialized countries, such as Ukraine, Russia, the
United States, Canada and so on form the universal
gondola cars. In Ukraine gondolas occupy 35% of
the total freight car fleet [12], the number of gon-
dola cars in Russia is about 535.000 out of total

Purpose

To provide the constantly growing volumes of
cargo transportations it is necessary to introduce

fleet 1 million 200 thousands of cars, the fleet of
US gondolas is about 230 thousands units out of
the fleet 1 million 400 thousands [16]. This con-
tributes to improvement of the gondola designs by
the majority of car building enterprises all over the
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the innovative rolling stock, having the best tech-
nical and economic parameters in comparison with
the existing car fleet.

Gondola car is the most popular type of railway
freight car. The designs of modern gondolas are
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based on many years of operating experience and
numerous tests carried out by the design and re-
search organizations in the field of car building. As
a result, the gondola design had been continuously
improving to meet the increasing demands of op-
eration. In order to improve the body design of
gondola at the design stage it is necessary to ana-
lyze the existing designs and to determine the
trends for further improvement. Therefore, the sub-
ject of this study related to the analysis of design
features of gondolas is urgent for the railway
transport.

Methodology

The works on improvement the designs of pro-
duced gondolas are held by many engineering or-
ganizations in almost all industrialized countries.

Analysis of the body designs of gondola cars is
performed as a result of the research of technical
description and engineering documentation of
gondolas models of different producers, as well as
using the materials of scientific publications based
on the data of the designers about the obtained re-
sults during theoretical and experimental research.

Findings

Gondolas represent open cars with high sides,
used for the transportation of coal, ore, timber,
rolled products, metal and other bulk and piece
cargo, which do not require protection from the
weather. Gondola car body has no roof. It allows
loading and wunloading efficiency (including
unloading on car dumpers).

Floor of the four-axle universal gondolas is in
most cases made of 14 discharging hatch covers,
but there are solid floor types. This increases the
strength and rigidity of the frame and body com-
ponents, prevents the loss of small fractions be-
cause of the leaks between the frame elements and
hatch covers. However, it makes impossible
unloading of bulk cargo by the gravity of the cargo
itself (the use of grabs is prohibited).

The main construction diagrams of gondolas
are shown in the Fig. 1.

The gondola body consists of a number of racks
attached to the car frame at the bottom, at the top
they are connected with the strapping frame. The
gaps between the stands are filled with a metal
covering (made of flat steel with longitudinal gof-
fer or periodical trough-shaped profile, or smooth

doi 10.15802/stp2014/33773

sheets, connected to the frame by resistance spot or
arc welding). The shape and height of the body can
be different depending on the destination of car
and the discharge circuit.

rl

6)

|
b

) 3

e

Fig. 1. Construction diagrams of gondolas:
1 —side wall; 2 —upper chord; 3 — car frame;
4 — hatch; 5 — gable floor

Bodies of non self-discharging gondolas do not
have hatches in the floor (scheme b, Figure 1) and
are designed for unloading them on the car dump-
ers. Constructions of this type of body are reflected
in the patents [5, 6, 9, 11]. In the first designs of
these gondolas the doors were located in the side
and end walls to make the semi-automated unload-
ing possible. Later, the body began to be manufac-
tured without doors. It was fitted with a device for
fixing in a car dumper. Before arriving of gondola
at the car dumper the frozen load for better dis-
charge can be subjected to vibration loosening and
heating in the special garage defrosters [3]. An ex-
ample of solid-bottom gondola car is the car model
12-757 EI-2 produced by Kriukov car building car-
riage works (Fig. 2).

The most frequently for unloading the solid-
bottom gondola car dumpers the rotory car dump-
ers are applied (Fig. 3). On these car dumpers the
car is rotated relative to its longitudinal axis by
180°. Such car dumpers, in particular, are also pro-
duced in Ukraine by the company «Dneprotyazh-
mash». This company produces a wide range of ro-
tary car dumpers. VRS-75S and VRS-110S can
serve as examples of such devices. The first one is
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intended for unloading the gondolas with carrying
capacity up to 75 tons, the second one — up to 110
tons. Both car dumpers are able to provide unload-
ing up to 20 gondola cars per hour [2]. The
twinned tipper VRS-2x75 is intended to unload
two cars at the same time. At the cost of this its
performance is up to 50 cars per hour.

RS i AR
Fig. 2. Gondola car, model 12-757 EI-2, production
of Kriukov car building carriage works

When rotated the platform with car moves un-
der the influence of its own weight and bogie
springs until the side wall will border on the
mounting wall of the car dumper 3. As a result the
body deformations (narrowing), bending of racks,
damages of the welded joints may take place [4].

=i

i
2

Fig. 3. Rotory car dumper to unload the solid-bottom
gondola cars:
1 —rotor; 2 — pressure arrangement; 3 — mounting wall;
4 — small vibrator, which is set at the support foot; 5 — big
vibrator mounted on the beam connecting the rotor discs

There are also side car dumpers, the example of
which can be VBC-93. It raises the gondola car to
the height of 4 meters. The devices of this kind are
used in the places, where the high level of ground
waters makes it difficult to equip the high cavations.
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Improvement of solid-bottom gondola cars re-
sulted in the creation of car, which has rounded
surfaces at the joints of the frame with side and end
walls, ensuring the car unloading with minimal
possible residues of the cargo using the car
dumper. An example of this gondola can be the
gondola car model 12-791 produced by Kriukov
car building carriage works. Its general view is
shown in the Fig. 4.

Fig. 4. Gondola car model 12-791

Except the advantages (unloading the car at the
lowest possible cargo residues), this design also has
its drawbacks, namely under-utilization of the body
useful volume due to rounding in its lower part.

Dumper capsules (universal gondola cars) have
markedly different design schemes. They differ in
both the body equipment, and the equipment of
discharging devices. It should be noted that the
gondola cars with unloading hatches currently are
the most common, since they do not require special
devices for unloading, such as car dumpers.

Unloading of these gondola cars is carried out
through the hatches in the floor (the scheme a, Fig.
1) or in the side walls (the scheme b, Fig. 1) under
the influence of gravity of the goods themselves.
Gondola design equipped by unloading hatches in
the floor, is reflected, for example, in the patent
[7]. A gondola car model 12-7039 (Kriukov car
building carriage works construction) can serve as
example of this. Metal construction is made of
steel of strength class 450, which have anti-
corrosion properties with an axle load of 25 tf (Fig.
5). The use of steel with a high level of strength
not only reduces the overall weight of the car, but
also contributes to the safety of its operation [1].

The use of steels with a high level of strength
not only reduces the overall weight of the car, but
also contributes to the safety increase of its opera-
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tion [1]. Also, this gondola car has a number of
other improved indicators, including an increased
for 10 years standard service life, and increased
time between repairs — up to 500 thousand km. Ac-
cording to the assessment of Ukrzaliznytsia the
new car will reduce the annual maintenance costs
in 3.5 times, as well as reduce the costs for loco-
motive traction on 10% [12].
r P w i : [ J]

Fig. 5. Universal gondola car with unloading hatches
in the floor of the model 12-7039

Hatch covers, forming the bogie floor together
with the frame, are used for unloading of bulk
cargo from the car in the open position. The weight
of every hatch cover is about 200 kg (depending on
the design). That is why, to facilitate the closing
they are equipped by torsion devices.

Further improvement of universal gondolas has
led to the creation of cars with gable floor (Scheme
b in the Fig. 1), as they provide the best unloading
of bulk cargo without any additional equipment.
One of these structures of gondola is patented [8]
(Fig. 6).

Body of the considered gondola includes frame,
gable floor 1, end 2 and side 3 vertical walls and
lateral unloading hatches with 4 drives. Lateral
vertical walls and lateral unloading hatches are
made of flat sheets of exterior paneling on the in-
ner side of which the frames are located. The bot-
tom 1 is inclined to the butts of lateral unloading
hatches from the center sill 5, which are placed
vertically in the lower part of the side walls.

The car frame is formed by the gable floor and
beams, when in the cross-section in the installation
places of the transverse horizontal and inclined
beams to the center sill it is made of triangular
shape.

The bottom form 1 with a slope to the lower
ends of vertically placed unloading hatches and tri-
angular shape of the frame cross-section provide:

doi 10.15802/stp2014/33773

—unloading without formation of stagnant
zones in gondola body and without dirt inclusion
of assembled rails and sleepers;

— weight reduction of the frame and bottom and
increase in their strength and hardness;

—increase in the utilized useful volume of the
body in the existing dimensions;

— improvement of the dynamic qualities of the
gondola at the expense of by means of lowering
the body center of gravity;

— decrease of the time required to unload the
gondola.

a

Fig. 6. Gondola with gable floor:
a — side wall (3) with unloading hatches (4);
b — cross-section of the body

On most of cars with the gable floor the crank
mechanisms of the hatch locker drivers with
pneumatic or hydraulic control are used. In recent
years, preference is given to the locker construc-
tion with hydraulic control.

One of the most effective ways to improve the ef-
ficiency of freight transportations is the most com-
plete use of overall capabilities of railways in CIS.

In 2008 the gondola car, model 12-9828 was
built with an axial load of 27 tf, dimension Tpr,
which in comparison with 1-T dimension permits
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an increasing the width in a body on 150 mm, edge
height on 500 mm and decreasing the car length on
2 000 mm. This permits to take on 11 gondola cars
more under the station tracks mileage of 1 050 me-
ters, namely in addition to transport from 850 (axle
load of 23.5 tons) up to 1350 (axle load of 25
tons) of coal in one train. It does not require
strengthening the existing station tracks. The car
has increased loading capacity of 83 tons; herewith
its length on coupling axles is only 12.1 m (at the
standard serial gondola cars 13.92 m). This car is
designed for coal transportation, which is impor-
tant for the industrial enterprises and other inert
cargo in closed routes on track roads of 1 520 mm.
The payback period of a gondola car is 4.6 years
against 7 years for a serial car. Body construction
without central center sill in the middle part is re-
lated to features of the gondola car. It let maximum
use interbogie space in the form of cargo niches for
increase net volume of the body. Advantages of the
gondola model 12-9828:

— load from the axis on the rail is 27 tf}

— loading capacity is 83 tons;

— increase in useful linear load is 37.4%;

— operating costs reduction on 8-10%;

— annual increase in productivity on 15%;

— increase the number of cars in the train up to
11 gondola cars;

— weight cargo (coal) in the train 6 806 tons;

—mass of additional coal transported by a train
from the gondola cars, model 12-9828 in compari-
son with a train from cars - analogs is 1 871.5 tons.

General view of the gondola car, model 12-
9 828 is shown in the Fig. 7.

Fig. 7. Gondola car, model 12-9828

Company Johnstown America has proposed a
new manufacturing method of a center sill, one of
the main type’s frames of cars majority. Usually it
is welded from two hot-rolled profiles. The re-
placement of welded structure by the profile from

doi 10.15802/stp2014/33773

140

cold-rolled steel with a yield point 4 920 instead of
3515 kg/cm® was the result of conducted work.
The new frame is strong enough, but the empty
weight of the car for coal transportation is reduced
by 450 kg [14].

When designing the gondola car one should
take into account such an important parameter as
the ratio of loading capacity. The higher it is, the
more efficiently a car is operated. In this connec-
tion it should be noted that increase of this rate, in
particular, is provided by the use of aluminum al-
loys in car building. Economic calculations, made
by foreign experts, suggest that although the cost
of cars from aluminum alloys by 25-35% higher
than steel one, their operation is more effective
economically by reducing the weight of the car up
to 15%, reduction in energy consumption for haul-
age of train on 10%, cost reduction for routine and
major repair of cars up to 18%. And, in general, by
reducing the number of cars and locomotives re-
quired for the transportation of a certain load quan-
tity. Also cars, manufactured with use of aluminum
alloy, have improved corrosion resistance and op-
erational reliability, the possibility of structures
manufacturing without staining and protective
coatings. The payback period of aluminum cars is
3-4 years [13].

About 80% of the fleet of coal carriers in USA
and Canada are made of steel and about 20% of
aluminum alloy (only in USA their number is
greater than 100.000 of units). In Europe, the roll-
ing stock with bodies of light alloys has been used
since with the 80-ies of the last century, however it
was not widespread.

Although in the 60s in SUE "PA "Uralvagon-
zavod" the universal gondola models 12-505 (four-
axle) and 12-504 (six-axle) with bodies of com-
bined structure (covers of unloading hatches and
side walls are made of aluminum alloys) were de-
signed, but these projects did not have further de-
velopment.

The company "SUAL-Holding" has built a gon-
dola from extruded aluminum profile. Increased
structural strength of the car was provided by the
use of the body as the solid cover. The car has a
useful volume of body 99.5 m?, the empty weight
18 tons and load capacity 82 tons (Fig. 8). Gondola
car has a body made of hollow-core panels. The
car was successfully tested in the TestLoop in
Scherbinka and speed range Belorechenskaya —
Maykop [15].
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Fig. 8. Gondola of new generation of aluminum alloy:
a — hollow aluminum panel for the construction of freight
gondolas; b — gondola of aluminum alloy AMg6

Design of the similar gondola is patented [10].
The feature of this gondola is that its side and end
walls are hot-pressed hollow panels of alloy 6005A.
Hollow extruded panels have high stiffness, bear the
concentrated loads well and have high resistance to
deformations during welding. One of the main ad-
vantages of car design with the extruded panels is
the reduction of manufacturing costs by reducing
the number of structural elements. Car floor is made
of sheet functioning as the bearing component. The
upper flanges of the channel bars of cantilever beam
and center bearer, beam knees and intermediate
transverse beams are welded to this sheet. The sheet
thickness is 10-12 mm.

In order to increase the carrying capacity of
gondolas it is also possible to increase their axle
number. The gondola car model 22-4024 is a spe-
cialized eight-axle gondola car to transport the
lumpy copper ore from the places of its production
to metallurgical enterprises.

The car has a small body volume (83 m?) at a
sufficiently high load capacity (115 tons), as well
as it was designed for transportation of the certain
cargo classification with high density.

Ore loading in to the gondola car is made by ex-
cavators with buckets, volume of 8.6 m* and unload-
ing is via car dumpers. Body frame of the gondola
car consists of two reinforced Z, two end beams, two

doi 10.15802/stp2014/33773

bolster beams from rolled metal sheets with thickness
of 10, 12, 14 mm and intermediate transverse beams
from curved profile of 200x120x10 mm. Flooring is
made of steel sheets, thickness 10 mm, framed side
wall of the body from the racks of curved profile,
section 160x80x7 mm, bottom rail of a special
curved profile. Frame end wall consists of two cor-
ner posts from the corner of 125x125x10 mm, two
uprights trough-shaped profile with a wall thick-
ness of 8§ mm, the upper tying closed profile
160x80x7 mm and the end frame rail gondola,
which is also the bottom plate. Body frame is covered
in a shell of metal sheets with thickness of 10 mm.

Originality and practical value

Creation of the modern gondola car requires the
implementation of scientific and technical solutions
that could provide increase in carrying capacity,
useful volume of the body, cargo unloading without
residues in the body, increase repair intervals, high
cargo safety during transportations, while improving
the strength and dynamic qualities, including the
dynamic interaction of the gondola and the railway
line [17], improved aerodynamic performance of
gondola, which is also important [18]. This will re-
duce the costs for maintenance and repair, operating
costs associated with the reduction of energy con-
sumption for traction of trains and rolling stock
maintenance, and, in general, by reducing the num-
ber of cars and locomotives required to transport a
certain amount of cargo.

Conducted by the author’s research concerning
the improvement of the gondola cars bodies are of
vital importance. They have practical value and
can be used in further developments.

Conclusions

Generalization of theoretical and experimental
research directed on further improvment the gon-
dola cars bodies of promising constructions is a
necessary condition at improvment the design of
the rolling stock. The basic trends of some types of
gondola cars embodiment were considered in the
paper. The authors place special emphasis on the
gondola cars bodies improvement.

Thus, design features of innovative gondola
cars bodies that provide meeting requirements for
modern railway rolling stock were reviewed.
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AHAJII3 KOHCTPYKIII HAITIIBBATOHIB

Merta. [{ns 3a0e3neyeHHs MOCTIIHO 3pOCTadnX 00’€MIB NEpEeBE3eHb BaHTAXIB HEOOXIIHO BIPOBAKECHHS iH-
HOBAI[IHHOTO PYXOMOTO CKJIaJly, SIKM{ BOJIOJII€ KPAIllMMH TEXHIKO-€eKOHOMIYHUMH MapamMeTpamMH B MOPIBHSAHHI 3 ic-
Hyl04YMM mapkoMm. [1iBBaroH € HaiOiNbII MOIIMPEHUM BHAOM 3aJli3HUYHOIO BaHTa)XHOTrO BaroHa. Konerpykuii cy-
YacHHUX IiBBaroHiB CTBOPIOIOTHCS HAa OCHOBI 0araTOpi4HOrO JOCBiy €KCILTyaTalii Ta YMCIEHHHX BUIPOOYBaHb,
MIPOBEJCHUX MPOSKTHUMHM Ta JIOCHIJHALBKIMHU OpraHi3amisMy B rajiy3i BaroHoOyayBaHHs. JJ1s MOJIINIIEHHS! KOHC-
TPYKLii Ky30Ba MiBBaroHiB HEOOXiMHO BHUKOHATH OTJISA iCHYFOUMX KOHCTPYKINH i BU3HAYUTH TEHIEHII y iX ymo-
ckoHaneHHi. MeToauka. PoOoTH 3 yiocKoHalleHHSI KOHCTPYKIIii ITiBBaroHiB, MI0 BUITYCKAIOTHCS, TPOBOIATHCS Oara-
TbMa KOHCTPYKTOPCHKHMH OpTaHi3allisiIMA MPaKTUIHO Y BCIX IMPOMHCIIOBO PO3BHHEHUX KpalHax. AHali3 iCHYIOUHX
KOHCTPYKIIiH Ky30BiB MMiBBaroHiB MOMJIMBHUH NIISIXOM OIJISIY JOCIHI/DKEHb Y Liil 00JIacTi TPAHCIIOPTHOTO MAallHHO-
OyayBaHHSI, a caMe: IATeHTIB, HAYKOBUX CTaTel, KaTajoriB BUpOOHUKIB Ta iH. PesyabTaTn. [Ipu BukoHaHHI aHATi3y
OyJ10 BH3HAYEHO, IO iCHYIOTH MIBBarOHM Pi3HUX KOHCTPYKIIH, ane HalOUIBII MOMUPEHNMH € TiBBarOHH 3 TIIyXOI0
MI/ITIOT0I0 1 3 PO3BAHTAXKYBAJIBHUMH JIFOKaMH, KPUIIKH SKUX YTBOPIOIOTH MIJUIOTY MiBBaroHa. Takox epekTUBHUM
METOJIOM 3HM)KEHHSI MacH TapH ITiBBaroHa ta 301IbIIEHHS 00 €My Ky30Ba € 3aCTOCYBaHHSI B KOHCTPYKIIi altoMiHie-
BUX CIUIABIB 3aMicTh cTaii. Pe3ynbraTé aHajily BIOCKOHAJICHHS KOHCTPYKINM Ky30BiB IIBBaroHiB MOKAa3alH, IO
CTBOPEHHSI CYy4acHOTO IiBBaroHa BMMAarae BiJl KOHCTPYKTOPIB 1 BUCHHUX peaizallii HAyKOBHUX 1 TEXHIYHHUX pillICHb,
KOTpi 3a0e3MeuyIoTh 30UIbIIEHHST BAHTAXKOMIHOMHOCTI Ta 00’ €My Ky30Ba, 3HW)KEHHS TapH IiBBaroHiB, 301IbIICHHS
MDKPEMOHTHHX IHTEPBANiB i3 OJHOYACHUM IMOJIMIICHHSIM XapaKTePUCTUK MIIHOCTI Ta AWHAMIYHUX SKOCTEH.
HaykoBa HoBu3Ha. Briepiie npoBeneHO aHaii3 KOHCTPYKIIH MiBBaroHiB, PO3TIISIHYTI MepeBaru # HEJOMIKH KOHC-
TPYKLiH, BH3HAYCHO TEHICHIIII i3 yIOCKOHAICHHS KOHCTPYKLiX miBBaroxis. [IpakTnyHa 3HaYUMicTh. AKTyaTbHUM
NP BAOCKOHAIEHHI KOHCTPYKIII Ky30Ba IIIBBaroHa € y3araJlbHeHHs! TEOPETHYHUX, HAYKOBO-METOIUYHUX, EKCIIEPH-
MEHTAJIBHUX JTOCIIKEHb, CIPSIMOBAHUX Ha MOJAIBIIE MOMIMIIEHHS TEXHIKO-eKOHOMIYHHUX TTapaMeTpiB IMiBBaroHis.
Po3rnsHyTi KOHCTPYKTHBHI OCOONMBOCTI Ky30BiB ICSIKHX MOJAEICH CyYacHUX IIBBAroHIiB MAarOTh MPAaKTUYHY IIiH-
HICTb 1 MOXYTb OyTH BUKOPHCTaHI B ITOJAJIBIINX PO3POOKAX.

Kniouosi crosa: niBBaroH; KOHCTPYKLIst; Ky30B; 00’ €M Ky30Ba; BAHTAXKOII JHOMHICTb
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AHAJIN3 KOHCTPYKIIUH NOJTYBATOHOB

Hean. /s obecrniedeHust MOCTOSHHO PacTyInX 00BbEMOB IEPEBO30K I'PY30B HEOOXOJMMO BHEIPEHHE MHHOBA-
IIMOHHOTO TOJBIXHOTO COCTaBa, 00JaJafOIEro JIyUIINMH TEXHUKO-5KOHOMUYECKHMH TapaMeTpaMu B CPaBHEHHUHU
¢ cymecTByronmM napkom. IlomyBaron sBisieTcss Hanbosee BOCTPeOOBAaHHBIM BHAOM JKEJIE3HOAOPOKHOTO I'Py30BO-
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ro BaroHa. KOHCTPYKIIMM COBPEMEHHBIX MOJIYBaroHOB CO3JAIOTCS Ha OCHOBE MHOTOJIETHETO ONBITA AKCILUTyaTalluu
U MHOTOYHCJICHHBIX HCIBITAaHUN, IPOBEAECHHBIX MPOEKTHBIMHU M HCCIEIOBATEIbCKUMH OPraHU3alMsAIMH B 001acTH
BaroHocTpoeHust. sl ynydiieHus KOHCTPYKLIMHM Ky30Ba MOJIYBaroHOB HEOOXOAMMO BBINOJIHUTH 0030p CyIIEcT-
BYIOIIMX KOHCTPYKIMI U ONPENEeNUTh TSHACHIIMU B UX yCOBeplIeHCTBOBaHUH. MeToamuka. PaboThl o coBepiueH-
CTBOBAHHUIO KOHCTPYKIHUH BBIITYCKAaE€MBIX IOJIyBArOHOB MPOBOASTCS MHOI'MMH KOHCTPYKTOPCKHUMM OpPTaHU3ALUSIMU
MIPAKTUYECKHU BO BCEX NMPOMBIIUIEHHO Pa3BUTHIX CTpaHax. AHAJIN3 CYIIECTBYIOIIMX KOHCTPYKLHUI Ky30BOB IOJIyBa-
TOHOB BO3MOJKEH ITyT€M 0030pa MCCIIeIOBaHUH B 3TOH 00JACTH TPAaHCHOPTHOTO MAIIMHOCTPOCHUS, a UMEHHO: Ia-
TEHTOB, HAYYHBIX CTaTel, KaTaJIoroB npousBoaureneii u 1.41. Pedyabrarsl. [Ipu BeinmonHeHnn aHanm3a ObUIO Ompe-
JIEJIEHO, YTO CYIIECTBYIOT IOJIyBaroHbl Pa3jIMUHBIX KOHCTPYKLMH, HO HamOoJiee paclpOCTPaHEHHBIMH SIBIISIFOTCS
MOJTYBaroHs! ¢ IIIyXWM IIOJIOM M C Pa3rpy30YHBIMH JIFOKaMH, KPBIIIKH KOTOPBIX 00pa3yroT 1Mol KOHCTPYKLUH ITOJTy-
BaroHa. Takxe 3(peKTHBHBIM METOIOM CHIKEHHSI MacChl Taphl MOJIyBaroHa M yBEIMUYEHUsS] 00bEMa Ky30Ba SIBIISCT-
sl IPUMEHEHNE B KOHCTPYKLIMH aJFIOMHHHEBBIX CIUIABOB BMECTO CTallM. Pe3ysbTaThl aHaJIN3a COBEPLICHCTBOBAHUS
KOHCTPYKIHMH Ky30BOB IIOJIyBaroHOB MOKa3aJli, YTO CO3/1aHHE COBPEMEHHOTO II0JIyBaroHa TpedyeT OT KOHCTPYKTO-
POB U yUYEHBIX peall3aliy HayYHbIX U TEXHUYECKUX PELICHHH, 00ECICUNBAIONINX YBEINUECHHE TPY30M0IbEMHOCTH
u 00béMa Ky30Ba, CHIDKEHHE Tapbl IOJyBarOHOB, YBEIHUCHHE MEXPEMOHTHBIX HMHTEPBAJIIOB C OJHOBPEMEHHBIM
yIIy4dIIeHneM IMPOYHOCTHBIX M AMHaAMHUYecKux kadecTB. HayuHnas HoBu3HA. BriepBrle npoBeeH aHaIN3 KOHCTPYK-
I[U1 TOJTyBaroHOB, pPACCMOTPEHBI MX MPEUMYIIECTBA U HEJOCTATKH, ONPEIeNeHbl TEHACHIIMH B COBEPIIEHCTBOBAHUU
JITaHHBIX KOHCTPYKLUI noxyBaroHoB. IIpakTyeckasi 3Ha4MMOCThb. AKTyaJabHBIM IIPU COBEPLICHCTBOBAHUU KOHCT-
PYKLMH Ky30Ba IOJyBaroHa siBJsIeTCSl 00OOIEHNE TEOPETHYECKUX, HAyYHO-METOANYECKHX, IKCIIEPUMEHTAIBHBIX
UCCIIeIOBAaHUM, HANIPABIEHHBIX Ha JaJbHEHINEE YIIydIIEeHUE TEXHUKO-I)KOHOMHUYECKUX MapaMeTPOB IOJIyBaroHOB.
PaccMoTpeHHBIE KOHCTPYKTHBHBIE OCOOCHHOCTH KY30BOB HEKOTOPBIX MOJIENICH COBPEMEHHBIX MOJYBarOHOB MMEIOT
MPaKTHYECKYIO LIEHHOCTh X MOTYT OBITh MCIOJIb30BAaHBI B JAbHEHIINX pa3paboTKax.
Kniouegvie cnosa: moiryBaro; KOHCTPYKLHS; Ky30B; 00bEM Ky30Ba; Ipy30H0ABEMHOCTh
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AHAJII3 JOIMIVIBHOCTI 3BACTOCYBAHHSA HNECTUT'PAHHUX
HOPOXHUCTUX TPOPLJIB AK CKIIATOBUX EJIEMEHTIB
HECYUYUX CUCTEM HAIIIBBAT'OHIB

Mera. JlocnijpkeHHs1 clipsiMOBaHE Ha IPEACTABICHHS 0COOIMBOCTEN Ta pe3yJbTaTiB NPOBEJCHUX POOIT i3 BU3HA-
YeHHS JOIUTFHOCTI BIIPOBAHKEHHS IIECTUTPAHHNX TTOPOKHUCTHX MPO(]LTIB Y IKOCTI CKIAJOBUX EIEMEHTIB CyJaCHHX
HECYUYHX CHCTEM 3aJIi3HUYHUX HamiBBaroHis. Meromauka. [Ipu npoBeeHHI TOCTIIPKSHHST BUKOPUCTaHA PaHille po3po-
OneHa aBTOPOM METOJIMKA BIIPOBADKEHHS PI3HHUX MPOQITiB K alTbTePHATHBHY ICHYIOUNM BUKOHAHHSM HECYUHX eJieMe-
HTIB MOJYJIsl Ky30Ba BaHTQ)XHOTO BaroHy. BoHa opieHTOBaHa Ha 3HM)KEHHsI MaTepialoEMHOCTI AOCHIIPKYBaHOI KOHC-
TPYKIIii BaroHy mpu 3a0e3medeHHi BUMOT MIITHOCTI Ta eKCIUTyaTariifHoi HamiitHocTi. Po3pobnena MeToanka BKIIFOYAE
NPOLEYPH PO3PaxyHKY JOIYCTUMHX 3Ha4€Hb MOMEHTIB OIOpY Iepepi3y BIPOBaKYBAHOTO LIECTUTPAHHOTO TTOPOXK-
HHUCTOTO TPO(]iIF0 Ta BU3HAYCHHS ONTHMAIBHAX (XapaKTEePU3yIOTHCS MiHIMAIFHOIO MATEPIaIOEMHICTIO TIPH BUKOHAH-
HI YMOB MIIIHOCTi) 3Ha4€Hb BUCOTH Ta MiHIMaJIbHOI TOBIIMHU CTIHKHM NPO(UII0 B YMOBaX KOHCTPYKIIHHUX 0OMEKEHb.
[Ipu pOMyY JOIYCTHMI MOMEHTH OTIOPIiB PO3PaxXOBYIOTHCS SIK TaKi, 0 JOPIBHIOIOTH 3HAYEHHAM iCHYIOYOTO BHKOHAH-
HSl HECY4OTr'0 €JIeMEHTY abo SK BU3HAYEHMH 3 ypaxXyBaHHIM HaUTMIIKOBUX KOHCTPYKLIMHHUX pe3epBiB. Y naHiit podoti
3aCTOCOBaHUM nepiunii HarpssMoK. PesyiabraTn. B pesynbraTi mpoBeseHNX JOCIIDKEHb BUSBIEHO AOLLIBHICTD BIIPO-
Ba/DKCHHS [IECTUTPAHHOTO MOPOXKHUCTOrO MPO(MIIIO B IKOCTI BEPTHKAIBHUX CTIHOK CTiH OOKOBHX Ta FOPU30HTAIBHHUX
TMOSICIB CTiH TOPLEBUX HAIIIBBaroHiB, BU3HA4YEHI ONTHMaJIbHI MapaMeTpy Takux 3amin. HaykoBa HoBH3Ha. Y poOoTi
BIEPIE PO3MVISIHYTO MUTAHHS JOUUIHLHOCTI BUKOPUCTAHHS IECTHUIPAHHUX HOPOXKHUCTHX NPOQUIIB B SIKOCTI HECYUHX
€JIEMEHTIB Ky30BiB HamiBBaroHiB. J{Jisi BUPIIIEHHs bOTO MUTAHHS PO3pOOJICHO MareMaTH4HI MOJEII, SIKi OIUCYIOTh
3aJI)KHICTh OCHOBHHX MILHICTHHX T4 MaCOBHX IOKA3HWKIB BIAMOBIZHMX MPOGIIIB B BapirOBaHHSI I€OMETPHYHHX
napaMeTpiB, a TAKOXK JONOMDKHUH rpadik. [IpakTuyHa 3HaYnMicTh. [IpaKkTHUHE BIPOBA/KCHHS Pe3yIbTaTiB MPOBe-
JIEHNX IOCIiKEeHb I YHIBEPCAJbHUX HAMIBBAarOHIB JO3BOJUTH 3HU3HUTH IX Tapy Ta BiAMOBILAHO MiABHIIWTH BaHTa-
JKOMIJJMOMHICTh Maike Ha CTO KUIOrpamiB IpH BHKOHAHHI BMMOI' MIIJHOCTI Ta eKCIUTyaTaliiHoi HamiiHocTi. Lle
(3 ypaxyBaHHSM MacOBOCTI MapKy) 3a0e3MeYNTh 3HAYHUI €KOHOMIYHUH e(eKT MpH iX BUTOTOBJIEHHI Ta €KCIUTyaTallil.
Po3po0reni Ta npencTaBieHi y cTaTTi Marepiain MOXXYTh OyTH BUKOPHCTaHI ITPpU pO3IJIsIi Ta BUPIICHH] aHAJIOTI9HUX
3aBJaHb JJII APYTHX THIIB BaHTQ)XHUX BaroHiB, a TAKOX IHIIMX 3ac00IB TPAHCIIOPTHOTO MAaIIMHOOYIYBaHHA. 3a pe-
3yJIbTaTaMH BUKOHAHUX POOIT MOAAHO 3asBKY Ha BUHAXiA YKpaiHH.

Kniouosi crosa: HamiBBaroHu; CKJII0B1 €IEMEHTH HECYUHX CUCTEM; LIECTUIPAHHUIT MOPOKHUCTHUH podisib

Beryn KomriiekcHOT nporpaMu OHOBJICHHST 3aJ1i3HHYHOTO
pyxomoro ckiany Ykpainm Ha 2008-2020 poxu
(po3nopsymkennss  Kabinery MinicTpiB  Ykpaiau
Bix 14 xoBTtH 2008 poky Ne 1259) BimHeceHO 3HH-
JKCHHSI TIOYaTKOBOI BapTOCTI Ta MiABUILIEHHS Koedi-
IIi€EHTa TapyW HAIIBBAaroHiB. BUPIMUTH MTOCTaBICHE
3aBlaHHS MOJIMBO IIDISIXOM MOJIEpHi3allii iCHy¥o-
yux 0a30BUX MOJIENICH HAMiBBarOHIB YW BIpPOBa-
JUKCHHS Y BUPOOHHUIITBO TPUHITUTIOBO HOBUX IXHIX
KOHCTPYKITiH.

Po3pobneHHs Ta BIPOBaPKEHHS Y BUPOOHHUIITBO

EdekTuBHiCTh (YHKIIIOHYBaHHS Ta KOHKYpPEH-
TO3MATHICTh 3aJi3HUYHOTO TPAHCIIOPTY 3HAYHOIO
MIpOIO 3aJIeKUTh Bil PiBHS EKCIUTyaTamiiHUX BH-
Tpar Ha pyxomuil cknaxn. IIpum npomy nepeBaxHy
OUTBIITICTh PYXOMOTO CKIIAAY 3ali3HHUI YKpaiHu
(six 1 B iHmmx kpainax CHJI) ckiagae mapk BaHTax-
HUX BaroHiB, KW, B CBOKO 4epry, OUIbII HiX Ha
TpeTuHy c(hOpMOBaHO MOPAIBHO Ta (HI3UYHO 3acTa-
puMMH HamiBBaroHamMu. ToMmy 10 TPIOPUTETHUX
HANPSIMKIiB PO3BUTKY 3aJII3HUYHOTO TPAHCIIOPTY, SKi

BU3HAYEHO B OCHOBHHUX NONOXeHHsX Crparerii
PO3BUTKY 3ai3HUYHOTO TPAHCHOPTY Ha Iepiof A0
2020 poky (posmopsipkenHas Kabinety MiHicTpiB
Vxkpaiau Big 16 rpynns 2009 poky Ne 1555-p.) Ta
doi 10.15802/5tp2014/33403
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HOBOT MOJIETIi HaIliBBarOHIB € Iy BiIOBIIaIbHAN
Ta BOKJIMBHM €Tal y BUPIMICHHI TPOOIEMH TTepcIie-
KTUBHOTO PO3BUTKY 3aJli3HUYHOTO TPAHCIIOPTY.
ToMy KOHIIEMIli MPOBEACHHS HAYKOBO-TEXHIYHOT
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MTOJIITUKA B 00J71aCTi CTBOPEHHST HOBUX KOHCTPYKITiH
HaIiBBaroHiB (Tak caMo, SK 1 IHIIOIO PYXOMOIO
CKJIaay) 3YMOBIIOE iX po3poOKy Ha OCHOBI 3a-
CTOCYBaHHsI aJlbTepHATUBHUX TimxoxiB [1, 2] 3 Bu-
KOHAHHIM aHaNi3y Pi3HHX BapiaHTIB pillleHb, TOOTO
CTBOPEHHS KOHKYPEHTHOI'O CEpPEIOBHINA HE TUIBKH
M1 9ac BUPOOHUIITBA BAaroHIB, a i Ha MPOEKTYBaJb-
HUAX Ta TEPeIInpoeKTyBaIbHUX cTrafisx. CkazaHe
apryMEHTY€E aKTyalbHICTh Ta BaXIIUBICTh 3iHCHEH-
HSl HayKOBO-JIOCJIJTHUX Ta JIOCIITHO-KOHCTPYKTOP-
CBKUX POOIT 3 BiJIIIyKaHHS MOTEHIIHHIX TEXHIYHIX
pillieHb JUT YJOCKOHAJICHHSI KOHCTPYKIIif HariBBa-
TOHIB. Y XO0Jii BUKOHaHHs Takux poOiT Oyno mpo-
aHarizoBaHo [8—10] HakoMMYEeHWH TOCBIM BUPIIIICH-
HS aHAJIOTIYHUX TTUTAHD Y 1HIIUX TaTy3sX TPaHCIIO-
PTHOTO MalIMHOOYAyBaHHs. Pe3ynpTatu aHamizy
BKa3aJM Ha MEPCHEeKTUBHICTh BiANIYKAaHHS aibTep-
HAaTWBHUX BHKOHAHb HECYYMX CHCTEM HalliBBaroHiB
13 cTaNieBUX IOPOKHUCTHX MPO]ITIB.

B pamkax BUKOHAaHHS TakuX pOOIT aBTOPOM
Oyna ¢opmaiizoBaHa MeToAuKa [9] BOIpOBaIKeHHS
pI3HHX BapiaHTIB BUKOHAHb HECYYHX CHCTEM BaH-
TaXHUX BaroHiB, KJIFOYOBI MOMEHTH SIKOI HaBEJICHO
HIOK4e. Y XOJi MoNepeHiX MOCTiKeHb 3 BITPOBa-
JOKEHHST TToposkHUCTHX TpodintiB [8—10] sk HECcydi
€JIEMEHTH KOHCTPYKIifl HaIiBBaroHiB OyIu po3-
TIISHYTI KpyTii, IpsAMOKYTHI Ta D-monibHi TpyOH
(puc. 1, a, 6).

8—C

Puc. 1. Ilepepizu gociikyBaHUX TOPOKHUCTHX
npodisis:
a — Kpyria Tpy0a; 6 — IpsIMOKyTHa Tpy0a; ¢ — HamiBTpyOa
(D-nopi6Ha Tpy0da); & — MIeCTUrpaHHII TOPOKHHUCTHI TTPODLIH

Fig. 1. Cross sections of hollow profiles under study

doi 10.15802/stp2014/33403

PesynpTatn Takmx poOIT BKazaM Ha JOIiIH-
HICTh TOJAIBILIOTO PO3BUTKY HAIPSMKY BIPOBa-
JUKEHHS TTOPOKHUCTUX mpodiniB. HactynHum era-
TIOM BHKOHAHHS POOIT € PO3TJIIAI MEPCIeKTUBHOCTI
BIPOBADKCHHSI MECTUTPAHHUX MOPOKHUCTHX TIPO-
¢iniB (puc. 1, 2), AKi XapaKTEepU3YIOThCS 3pYUHICTIO
iX 3’€IHaHHA 3 IHIIUMHU €JIEMEHTaMH KOHCTPYKIIH
HaIliBBaroHiB 3a paxyHOK ICHYBaHHS 30BHIIIHIX
TUIOCKUX TpaHed, a TakoX IMOKpAaICHUMH MilHiC-
HUMH BJIaCTHBOCTSMHU 33 PaxyHOK KpPYyTJIOTO BHYT-
pimHBOTO TIepepizy. [IpoTe aHami3 3HaYHOT KiUTBKOC-
Ti BIAMIOBIMHOI J0 IOCHIKYBAHOIO NMUTAHHS JIiTE-
paTypu BKa3aB Ha HEOOXiOHICTH PO3pOOJICHHS Ma-
TEMaTUYHUX 3aJIe)KHOCTEH (Moenel), sKi onrcyBa-
TAMYTh 3aJIS)KHICTE OCHOBHUX MIITHICHUX (MOMEHTH
onopy Wy ta Wy) Ta MacoBOro (IIOroOHHa MacH ;)
MOKAa3HUKIB TakWX NPO(]LIIB Bif BapilOBaHHS TeO-
METpUYHHX TapameTpiB 4 Ta S (puc. 1, 2).

Merta

B craTTi momaHO 0COONMMBOCTI Ta pe3yJbTaTH
BUKOHAHOTO aHaji3y MIOLIIBHOCTI 3aCTOCYBaHHS
MIECTUTPAaHHUX TOPOKHUCTHX TMPOQITIB SIK CKiIa-
JTIOBHX CJIEMEHTIB HECYYHX CHCTEM HaIliBBaroHiB.

MeTtoaunka

VY 3aragpHOMY BHWIUIAII TpOLEAYpPYy BIIpPOBa-
JUKEHHSI IIECTUTPAHHUX MOPOKHUCTHX TPODLTiB
MOYKHA IOJaTH TAaKUMH KIIIOYOBUMH €TAIIAMHU:

1 eTan — BU3HAYEHHS JIOITyCTUMHX 3HAYE€Hb MO-
MEHTIB OIIOPY Iepepi3y BIPOBAHKYBAHOTO MISCTHU-
TPaHHOTO IMOPOXKHUCTOTO MPOQiII0, O 3AIHCHIO-
€TBCS 32 JIOTIOMOTOI0 OJTHOTO i3 HIDKYE HABEICHUX
MeToqiB [4]. Meron mepmiuii BKITIOYa€ BU3ZHAYCHHS
W, ta Wy iCHYI04OTO BUKOHAHHs HECYUYOIO eleMe-
HTy, Ha OCHOBI 4oro BH3HauawoThcsa [Wy], [Wy].
Jpyrwii MeTon € OUTBI TIEPCIIEKTUBHUM, TOMY IIIO
HarpaBJIeHNH Ha BU3HAYCHHS Ta e()EeKTHBHE BUKO-
PHCTaHHS PO3PaxyHKOBUX Pe3epBiB MIIIHOCTI 3 Bil-
MOBITHAM 3HIDKCHHSM MaTepiaJlOEMHOCTI JIOCIi-
JDKYBAHOTO enieMeHTy. Jlis peanizaiiii Apyroro Ha-
NPSAMKY HEOOXiZTHO KOMIUIEKCHO JOCIiIXKyBaTd po-
ooty emementy [3, 5, 7, 6], m0 pPO3TIAMAETHCS
y CIIPUHHATTI €KCIUTyaTalliiHNX HaBaHTaKEeHb (Bil-
nosigHo g0 I, II Ta I po3paxyHKOBHX pPEXKUMIB
Hopwm). 3a3nadueHe Ha cydacHOMY piBHI JOIUIBHO
3OIMCHIOBATH IIUIAXOM JOCHIIPKEHHS BIANOBIIHOL
aZIcKBaTHOI PO3PaxXyHKOBOI CKiHYEHHO-EIEMEHTHOL
MoJeni Ky3oBa HamiBBaroHa. [Ipu BusBiIeHHI po3pa-
XYHKOBHX pPE€3epBIB MIIIHOCTI KOHCTPYKIIii (BU3Ha-
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YalOThCA SIK CIIBBIAHOUIEHHS OTPUMAaHHUX MaKCHMa-
JMBHUX EKCIUTyaTallIfHUX XapaKTEPUCTHUK MIITHOCTI
3 1X JOMyCTUMUMH 3HAYEHHSMH), PO3PaXOBYHOTHCS
JOIyCTUMI MOKa3HUKH MiHOCTI [W,], [Wy].

2 eTam — BKJIIOYAE BUKOHAHHS POOIT 3 BU3HAUYCH-
HSl ONTUMATBHUX (XapaKTepHU3yIOThCs MiHIMATLHOO
MaTepiaIOEMHICTIO TIPY BUKOHAHHI YMOB MIITHOCTI)
3Ha4YeHb BUCOTH A* (puc. 1, ) Ta MiHIMAILHOI TOB-
IIMHU CTiHKHA S* mpoimo, B yMOBaX KOHCTPYKIIiH-
HHUX oOMexeHb. Ha chorogHi st yemimHoi peastiza-
il Takux poOIT HEOOXITHO PO3POOHMTH Ta CYMICHO
JIOCITIIUTA MaTeMaTH4YHI MOJEII, sIKi ONUCYIOTh 3Mi-
Hy MOMEHTIB OIopy nepepizy HamiBtpyon W, Wy ta
BU3HAYCHHS MATEMATUYHUX MOJICIICH Ta BiJITyKaHHSI
3a iX JOTOMOIOK0 ONTUMAIBHHUX TE€OMETPUYHHX TIa-
pametpiB A* Ta S* IOLITBHO BUKOPHCTOBYBATH PO3-
poOeHN  adropuT™M BH3HAUYEHHS ONTHMAJBHUX
TEOMETPUYHUX TIapaMeTPiB CKIIAIOBUX EJICMEHTIB
BaHTXHUX BaroHiB HA OCHOBI y3aralbHEHHX MaTe-
MaTUYHUX Mozenel [4] abo po3poduTH JONOMiKHHN
rpadik piBHuX 3HaueHs [11-13].

PesyabTaTtu

IMin yac pocmipkenns sk [Wy], [Wy] Oymnu B3aTi
3HAQYEHHs ICHYIOYHMX BHUKOHAHb HECYYHX €JIEeMEH-
TiB. SIK mocHmi/KyBaHi Hecydi elIeMEHTH HalliBBa-
roHiB oOpaHo (puc. 2 ta puc. 3):

— 00B’sI3yBaHHS BEPXHE, sIKE BUKOHAHO 13 THYTO-
ro mpodiso MPIMOKYTHOTO Iepepizy po3MipoM
140x110x7 MM, 3BapeHOTO TO TIepepi3y y KOpoOKy;

— BEpTHKAJIbHI CTIHKU CTIH OOKOBUX 1 TOPU30H-
TaJIbHI TOSACH Ta CTIHKM CepeiHi CTiH TOPLEBHX,
SKi BUKOHAHO i3 MPOQiit0 BaroHHOi CTiku (TIpo-
¢ine 'OCT 5257.6-90);

— xpeOTOBy OalKy, SIKy BUKOHAHO 3 JIBOX 3Ba-
PIOBAIEHUX MiXK c00010 Z-nioaioHux mpodinie Ne 31
(I'OCT 5267.3);

— IIBOpHEBY OaJIkKy KOpoOYacTOro nepepisy;

— 1000By OaJIKy KOpoOYaCTOTo Mepepiszy;

— IPOMIiXKHY OaJIKy i3 JJMCTOBOTO METaly.

M0 VY RANIA REPNIE CTIHI TOPUEROT

Ofn' Ay saniin Bepxine citin Gokoaoi,

OpUIOUTIINE BoRSH CTI TopIEo]

Puc. 2. 3araneHuil BUIIISI Ky30Ba HaIliBBaroHa

Fig. 2. General view of the open car body
doi 10.15802/stp2014/33403

148

[nogieis Gunkn

Puc. 3. 3aranpHuii BUTIISAI paMu HalliBBaroHa
Fig. 3. General view of the gondola car frame

VY tabn. 1 HaBeneHi Bu3HaueHi panime [8—10]
3HAYCHHSI OCHOBHHX XapaKTCPHCTUK BHIIEIEpei-
YCHUX CJIEMCHTIB.

Tabnums 1
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B mopanmeiiomy 3a JOMOMOTO PO3POOJICHUX
MaTteMaTHaHUX Mozeneit (dopmymu 1-3) [4] Ta

aHaJi3y BIINOBIIHUX JOMOMIKHUX TpadikiB (mpu-
doi 10.15802/stp2014/33403

Kyaja puc. 4) Oy BU3HAYSHI ONITUMATbHI 3HAYCHHS
BUCOTH A* Ta MIHIMaJIbHOI TOBLIMHH S* mWig Ho-
CI/KYBaHHUX €JIEMEHTIB Hecyumx cucreM. Otpu-
MaHi jgaHi 3aHeceHi no Tabn. 1. B pesymbrari pos-
TSIy OTPUMAHUX 3HAYCHb 3’COBAHO, IO BIIPOBA-
JUKEHHSI MECTHTPAHHOTO IOPOXKHUCTOTO IMPOQLIIO
JIOLTBHO SIK BEPTUKAIBHI CTiHKU CTiH OOKOBHX Ta
TOPU3OHTAIHHUX TOSACIB 1 CTIHOK CepeaHiX CTiH TO-
pueBnx. B Takomy Bumanky Oyne JOCATHYTE 3HHU-
JKEHHSI MaTepialoeMHOCTI 3araibHOi KOHCTPYKIII
MpY BUKOHAHHI BUMOT MIITHOCTi. B iHImmX Buman-
KaxX aHaJOTH iICHYIOUHX BHKOHAaHb HECYYHX €JIIEMCH-
TiB 13 MIECTUTPaHHUX MPO]ITIB OyAyTh BaXKUHMHU.

HaykoBa HOBU3HA Ta NPAKTUYHA
3HAYNMICTDL

BRiAnoBiHO 10 BHUINE3a3HAYCHUX €TamiB OyJx
BU3HAYCHI MaTeMaTH4YHI MOJENi BapiloBaHHS OC-
HOBHUX ITOKa3HHUKIB (MOMEHTH OIOpYy Iepepi3zy
IIECTUIPAHHOTO HOPOXKHHUCTOro npodimo W, W,
Ta WOTO MOTOHHOT MAacCH M,,,) BiJl 3MiHU I'€OMETPH-
YHHUX MapaMerpiB (Bucotu h* (puc. 1, g) Ta MiHi-
MaJbHOI TOBITUHU CTiHKA S*):

m,,, =—(1,777E —08) +(3,900E — 09)h —
—(3E - 08)S +0,062894> —

—2,450445% +2,4504hS; (1)
W.=171,774-30,814h—115,56S +

+1,5836h> — 28,6643S> +20,0424S;  (2)
W, =148,779 ~ 26,6917~ 100,085 +

+1,37163h — 24,823852 +17,357hS.  (3)

Pesynbratn mepeBipku ajeKBaTHOCTI BHIICHA-
BEACHUX MaTEeMaTHYHUX MOJENEH BKa3alu Ha iX
a/ICKBAaTHICTh Ta MOXIIUBICTh MOAAJBIIOTO 3aCTO-
CyBaHHS.

Ha ocHOBi BU3HAaYeHHWX MaTE€MaTUYHUX MOJeE-
neit 1-3 Oynmo po3poOieHO MOMOMIKHHKA Tpadik
(puc. 4) nns BU3HAYEHHS ONTHMANBbHUX 3HAYECHb
3MIHHHX TapaMeTpiB.

st mepeBipKu Tpare3aaTHOCTI BIIPOBAIKyBa-
HUX TEXHIYHUX pilleHb Oyna po3podiaeHa KoMIT 1o-
TepHa TeOMETPUYHA IIPOCTOPOBa MOAEH POTOTHU-
my HamiBBaroHa (puc. 5). Ilpm ii cTBopenHi Oyio
NPUAHITO /0 BIPOBAPKEHHS BUKOHAHHS CTiHOK
BEPTUKAIBHUX CTiH OOKOBUX Ta TOPU30HTaIBHUX
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MOSICIB 1 CTIHOK CepeaHiX CTiH TOPIIEBHX i3 MIECTH-
TPaHHOTO MOPOKHUCTOTO MPOPLIIO.

RN : g
N i hY : .
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\
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" we- a0one

[2X 4.8

Puc. 4. JlonoMi>kauii Tpadik 10 BU3HAYCHHS ONITHMAJIb-
HUX 3Ha4YEHb MEePepi3y MIECTUIPAHHOTO MOPOKHUCTOTO
podiro:

— = — — . IiHii piBHUX 3HaYeHb m,,,, = f(h, S);

niHii piBHMX 3Hauenb W, = f(h, S);

— .« — Jinii piBHuX 3HayeHs W, = f(h, S)

Fig. 4. Auxiliary graph to determine the optimal
values of hexagonal hollow profile section

Puc. 5. [IpocTopoBa reoMeTpryHa KOMIT IOTEpHA
MOJIEJIb IPOTOTHITY HaIliBBaroHa 3 HECY4OH CHCTEMOIO
i3 IIECTUTPAaHHUX MOPOKHUCTUX MPOPiTiB

Fig. 5. Spatial geometric computer model of the gondola
car prototype with the supporting system
with hexagonal hollow profiles
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PesynpraTn aHamizy HaBeIeHOI Ta HpeacTaBie-
HOI Ha PUC. 5 KOMIT'IOTEPHOI MOJEII 3aCBIAYUIIN
JOLITBHICTh BUKOHAHUX POOIT Ta MEepCHeKTUBHICT
iX mopmanmbIIoro po3ropraHus. Tak Oyio 3’scoBaHO,
III0 BIIPOBA/DKEHHS HABEICHOTO HA PUC. 5 BUKOHAH-
HS KOHCTPYKIIi HaliBBaroHa J03BOJHTh 3HH3UTH
fioro Tapy maibke Ha 100 Kr 3 BiAIIOBITHUM ITiZBH-
MCHHSM BAaHTAXOITIJHOMHOCTI TIpH 3a0e3IeueHH]
YMOB MIIHOCTI Ta eKCIUTyaTaliifHOl HaaiHHOCTI.

BucnoBxu

Pe3ynbraTv BUKOHAHUX Ta TOJAHHUX Y CTATTi J0-
CIII/DKCHb  TATBEPPKYIOTh JIOUUIBHICT BUKOPHC-
TaHHS SIK HECYYHX EJIEMEHTIB BaHTQ)KHHX BaroHiB
MOPOXHUCTUX MpodiniB. Tak BIPOBaIKEHHS PO3-
TJISIHYTHX Y CTATTi, K MPUKIAJ, TEXHIYHUX PillleHb
JTO3BOJIUTH 3HU3UTU COOIBApPTICTh BUTOTOBJICHHS Ta
eKCIUTyaTallii 3aJi3HHYHOTO HaIliBBaroHa, 3a paxy-
HOK 3HIDKCHHS MOTO MaTepiaJoOEMHOCTI, 1 BiIIOBII-
HOTO 30UIBIICHHS BaHTAXKOMITHOMHOCTI TIPU BHKO-
HaHHI YMOB MIIJHOCTi Ta eKCIUTyaTauiiiHoi HagilHO-
CTi, IO 3 ypaxyBaHHIM MacOBOCTI iX Mapky 3abe3-
MEYNTh 3HAYHAHA CKOHOMIUHMN e(eKkT mpHh ix
BUTOTOBJICHHI Ta eKCIDTyararfii.

3a pe3ynbpTaTaMu poOIT MOJAHO 3asBKY HA BU-
HaXIJ.

HaBeneni marepiany MOXYTh BHKOPHCTOBYBa-
THUCS TIiJI YaC BUKOHAHHS aHAJOTIYHUX POOIT 3 y0-
CKOHAJICHHS] HECYYHMX CHCTEM IHIIMX THIIIB BaHTaX-
HHUX BaroHiB Ta 3aco0iB TPaHCIOPTHOTO MAalIMHO-
OynyBaHHs. BoHM € OCHOBOIO 11 BUKOHAaHHS MO-
JANbIINX HAYKOBO-AOCTITHUX Ta JOCHiIHO-KOH-
CTPYKTOPCBKHUX poOOIT 3 peamizarii po3risHyTOro
aKTyaJIbHOTO Ta BAXIUBOTO JUIS 3ai3HUYHOTO
TpaHCIOPTy YKpalHU HANpsAMKY TOJIMIICHHS TeX-
HIKO-€KOHOMIYHUX IOKa3HUKIB BAHTaKHUX BaroHiB.
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AHAJIM3 HEJECOOBPAZHOCTU ITIPUMEHEHUSA HNECTUT'PAHHBIX
MOJBIX MPO®UJEN B KAYUECTBE COCTABHBIX DJIEMEHTOB
HECYIIUX CUCTEM ITIOJIYBAI'OHOB

Heas. MccnenoBanne HarpaBiIeHO HA NPEICTABICHHUE OCOOEHHOCTEH M Pe3yJbTaTOB MPOBEJICHHBIX padoT Io
OTIPEIETICHUIO [IEIECO00PA3HOCTH BHEIPEHHS ILIECTUTPAHHBIX MOJBIX NMPOGHIIeH B Ka4eCTBE COCTABHBIX AJIEMEHTOB
COBPEMEHHBIX HECYLIUX CHUCTEM >KEIEe3HOAOPOXKHBIX MosyBaroHoB. Meroanka. IIpu mpoBeneHUM HCCIIENOBaHUS
UCIIOJB30BaHa paHee pa3padoTaHHas aBTOPOM METOJMKA BHEAPEHHS pa3HbIX POodUIeH KaK albTepHaTUBbI CYIIECT-
BYIOILIUM HUCIIOJIHEHHUSM HECYIIHMX 3JIEMEHTOB MOAYJIS Ky30Ba rpy30Boro Barona. OHa OpUeHTHPOBaHA HA CHIDKEHHE
MaTepHUaIOEMKOCTH HCCIIEyeMON KOHCTPYKIMH BaroHa Mpu 00ecedeHur TpeOOBaHUI MPOYHOCTH U HKCIITyaTaly-
OHHOHW HajeKHOCTH. PaspaboTaHHass METOAMKa BKIIIOYAET IPOLENYPhl pacyera JOIMYyCTUMbIX 3HaYeHWH MOMEHTOB
COIIPOTHBIICHHS CEYECHHSI BHEAPSAEMOTO IIECTUTPAHHOTO MOJIOTO NPO(MIIS U ONpENeNICHNs] ONTUMAJIbHBIX (XapakTe-
PHU3YIOTCS MUHUMAJIBHON MaTepHaIOEMKOCTBIO TPH BBIIOJHEHUH YCIOBUH MIPOYHOCTH) 3HAUEHUIT BBICOTHI M MHUHHU-
MaJIbHOHM TOJIIIMHBI CTEHKH NpO(MiIs B YCIOBHSAX KOHCTPYKIMOHHBIX orpaHndeHuid. [Ipm 3ToM pormycTumMele Mo-
MEHTHI CONPOTHUBIEHUIN PAaCCUUTHIBAIOTCS KaK TaKHe, KOTOPbIE PABHSIOTCS 3HAYEHHUEM CYIIECTBYIOIIETO BBINOJIHE-
HUSI HECYIIIETO JIEMEHTA HJIM KaK OIPE/ACICHHbIE C YUeTOM M30BITOUHBIX KOHCTPYKIMOHHBIX pe3epBoB. B manHO#
paboTe mpHMEHEHO IepBoe HampasiieHue. Pe3yabTaThl. B pesynbraTte nmpoBeAeHHbBIX UCCIEIOBaHUN 00OCHOBaHA
1eN1eco00pa3HOCTh BHEAPEHNUS IECTUTPAHHBIX HOJBIX MPOQHUICH B Ka4eCTBE BEPTHKAJIBHBIX CTOEK CTEH OOKOBBIX
U TOPU3OHTAIBHBIX MOSCOB CTEH TOPIEBBIX IOJIYBAarOHOB, ONPEIEJIEHBl ONTHUMAJbHBIC MapaMeTphl TaKUX 3aMEH.
Hayuynasi HoBu3HA. B pabore BrepBbIe pacCMOTpPEH BOIIPOC IIEIECOOOPAa3HOCTH HCIIOIb30BAHMS IIECTUTPAHHBIX
NOJIBIX MPOQMIeH B Ka4eCTBE HECYLIUX AJIEMEHTOB KY30BOB IIOJIyBaroHoB. J{Js pelieHus 3Toro Bornpoca paspabo-
TaHbl MAaTEMAaTHYECKHE MOJIENH, KOTOPHIE OMHCHIBAIOT 3aBUCHMOCTh OCHOBHBIX IMPOYHOCTHBIX W MAcCOBBIX IOKa3a-
TeJieil COOTBETCTBYIOLIMX NMPOQUIIeH OT BapbUPOBAaHUsSI TEOMETPUYECKHX MapaMeTPOB, a TAK)Ke BCIIOMOTaTelIbHBIN
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rpaduk. [lpakTnyeckas 3HauuMocThb. [IpakTHyeckoe BHEAPEHUE PE3yJIbTATOB MPOBEICHHBIX MCCIENOBAHUN IS
YHHUBEPCATBHBIX MTOTYBarOHOB TIO3BOJIUT CHU3UTh WX Tapy M COOTBETCTBEHHO IOBBICUTH I'PY30IIOIBEMHOCTD IIOUTH
Ha CTO KWJIOTPAMMOB TIPH BBITIOJTHEHHUH TPEOOBAaHUI MPOYHOCTH M SKCIUTYaTAIMOHHON HAJEKHOCTH. DTO C YIETOM
MAaCCOBOCTH TIapKa OOECIICYHT 3HAYUTENBHBIA YKOHOMHYCCKHHA A((EKT NP MX U3TOTOBICHHUU W SKCIDTyaTalluu.
PazpabotanHble U MPeCTaBICHHBIE B CTaThe MaTepHallbl MOTYT OBITH MCIIOIB30BAaHBI IIPH PACCMOTPEHHUU M pelle-
HUM aHAJIOTUYHBIX 3aJIaHUH I HHBIX THIIOB I'PY30BBIX BaroOHOB, a TAKXKE JPYTUX CPEICTB TPAHCIOPTHOTO MAIU-
HocTpoeHus. 1o pesynbraTaM BRIITOJHEHHBIX Pa0OT IMoAaHa 3asBKa Ha H300peTeHne YKpanHbL.
Kniouesvie cnosa: momyBaroHsl; COCTaBHBIE 3JIEMEHTHI HECYIIUX CHUCTEM; IIECTUTPAHHBII MMOJIBIA POQHITH
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APPLICABILITY ANALYSIS OF HEXAHEDRAL HOLLOW PROFILES
AS COMPONENT ELEMENTS OF SUPPORTING SYSTEMS FOR
GONDOLA CARS

Purpose. The purpose of work is presentation of features and results of the conducted works on determination of
introduction expedience of hexahedral hollow profiles as the component elements of the modern supporting systems
of railway freight gondola cars. Methodology. During the research an introduction methodology of different types
of profiles as alternative to the existent supporting elements of the body module for freight car was used. This meth-
odology had been developed by the author before. It is oriented to the reduction in material consumption and provid-
ing of strength requirements and operating reliability of the car design under study. The developed methodology
includes the procedures of admissible values calculation of the resistance moments of the section of the hexahedral
hollow profile, which is being introduced. It also includes the determination of optimum (i.e. characterized by the
minimum material consumption when meeting the durability requirements) values of height and minimum thickness
of profile in the conditions of construction limitations. At the same time the admissible resistance moments are cal-
culated as such, which are equal to the value of existent implementation of supporting element or as such that are
determined taking into account the surplus design reserve. The first direction is applied in this work. Findings. As a
result of the conducted research the introduction expedience of hexahedral hollow profiles as vertical rods of the
lateral and latitude belts of the walls of the butt-end freight gondola cars is grounded and the optimum parameters of
such replacements are determined. Originality. The problem of the use expedience of hexahedral hollow profiles as
the supporting elements of the freight gondola cars bodies was first considered in the article. To solve this problem
the mathematical models describing the dependence of basic strength and mass indexes of the proper profiles on
varying the geometrical parameters, as well as the auxiliary graph are developed. Practical value. Practical imple-
mentation of the results of conducted research for universal freight gondola cars will reduce their empty weight and
accordingly increase their lifting capacity for almost 100 kg. upon the implementation of durability and operating
reliability requirements. This taking into account the large scale of their park will provide a considerable economic
effect at their producing and operation. The materials developed and presented in the article can be used for consid-
eration and solution of analogical tasks for other types of freight cars, and also for other facilities of the transport
engineering. According to the results of the work an invention application of Ukraine was applied.

Keywords: gondola cars; component elements of supporting systems; hexahedral hollow profile
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SCIENTIFIC EVIDENCE FOR WALLS FASTENING TECHNOLOGIES
OF WORKING TRENCH BY THE SPECIAL METHOD «SLURRY WALL»
FOR SHALLOW SUBWAYS’ STATIONS

Purpose. It’s necessary to carry out justification of fastening technology and the choice of the optimal variant,
creating dependency diagrams of moving for idealized cases by means of automated methods of calculations.
Methodology. To achieve this goal, the finite element solid models, which reflect the design of the working trench
for the shallow subways’ stations, with four ways to fix the “slurry wall”, as well as a calculation and analysis of the
stress-strain state of structures and fixtures calculated using the complex with using the finite element method
(FEM) is built in the software package SCAD. Findings. The analysis of the stress-strain state and movements of
various fundamental systems of soil nailing and comparing the results by displaying the calculations results of main
and equivalent stresses, using the built-in postprocessors in software package SCAD. Namely, were identified ex-
treme tensions arising in the wall and strut rail. It is built the tables and the resulting graph of behavior of the struc-
tural fastening condition; the parameters change of the surrounding array on the base of the research. It is possible to
analyze and compare the operation of different constructions of slopes fastening of working trench by means of their
help. Originality. In solving this problem have been analyzed and studied the behavior of the structure fastening the
«slurry wall», and its stress-strain state, the location and the fastening areas that need further elaboration, study and
introduction of measures to strengthen the construction of fences and auxiliary fixing elements, presented with metal
strut rail. Practical value. In the era of highly advanced building technologies in the construction of underground
facilities with using the special method of “slurry wall” the question arises about the quick selection of optimal pa-
rameters, elements and methods of securing its walls from excessive strain and avoidance of displacement to the
calculation of possible combinations of permanent loads from soil in the construction of the working trench.

Key words: “slurry wall”; strut rail fastening; stress-strain state
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Introduction

Owing to the dynamic growth of the population
in the cities and a tendency of the perspective trans-
port infrastructure solution with using of under-
ground space, there is a task in the solution of a num-
ber of questions, belonging to area of underground
construction. The building of the underground facili-
ties, which is being built by the open method, re-
quires a detailed design and protection from exces-
sive strain of fastening construction, and daily surface
around the working trench. The progressive method
of fixing of the working trench slopes is the special
method of a construction “slurry wall”.

This method of the construction of working
trench has several disadvantages, namely: the
emergence of excessive deformations and dis-
placements in the system of wall-array local occur-
rence of extreme stress [2].

The question is to strengthen the design on the
finite element model, which is a prototype of the
working trench of the shallow subway’s station us-
ing the additional fastening by means of strut rail.

Purpose

Numerical justify fixing technology and selec-
tion of optimal variant, creating graphs comparing
of fastening for idealized cases and finding meth-
ods to prevent undue strain and stress in the wall.

Methodology

It is build the finite element models that reflect
the working trench for the shallow subway’s sta-
tion, with four ways of fastening “slurry wall” for
achieve this task, and also the calculation and
analysis of the stress-strain state structures and fas-
tening elements by means of FEM complex calcu-
lation is conducted.

Findings

The analysis of the stress-strain state and move-
ment of various fundamental soil nailing system and
comparing of the given results. It is built the tables
and resulting graphs behavior and state of construc-
tion fasteners, change its settings and parameters
surrounding the array on the basis of researches.

Originality and practical value

In solving task in hand was analyzed and inves-
tigated the behavior of fixing construction and its

stress-strain state, found the space and plots of fix-
ing construction which require further elaboration,
investigation and resolution measures to strengthen
the construction and consolidation items.

During the construction of underground facili-
ties with using a special method “slurry wall” the
question that has to be answered is in a fast selec-
tion of optimal parameters, elements and ways to
consolidate its walls from excessive strain, stabi-
lize the soil mass around working trench, minimiz-
ing the value of its deformation and prevent land-
slides with the expectation gravity load in the con-
struction of working trench.

Developments of finite element model for calcu-
lation the dimensional mountings of “slurry wall”.

For calculation the stress-strain state of the fix-
ing construction of the working trench by means of
strut rail is used finite-element model which is a
section of working trench of length 7 m. The
square size of the finite element is taken 0.5 m.

As it is considered the part of the construction,
which has the extensive sizes, it is necessary to
impose the relocation ban of the appropriate sides:
the relocation prohibition along the global axes X,
Y, Z, for a basis, and in X, Y directions, on ex-
treme edges, that lying in the YoZ and XoZ planes
accordingly [4].

For strut rail fixing two options are selected:

1. Alternative mounting by means of help of
one row strut rail, as shown in Fig. 1, and in the
form of a pipe with a diameter of 1 000 mm and
thick wall of 10 mm;

2. Option fixing with two rows of strut rail, as it
is shown in Fig. 1b, in the form of pipes with a di-
ameter of 1 000 mm and a wall thickness of 10 mm;

Strut rail in the submitted models are repre-
sented as finite element of square section. For
faithful calculation results by means of VC SCAD,
it is given elastic modulus, principal moment of
inertia section area of pipe and composite unit
weight in accordance with section [8, 13].

It is developed models and calculation of a ho-
mogeneous soil mass for a more detailed analysis and
idealized stress-strain state of fixing construction [6,
7]. It allowed reflecting the real action of one given
type of the soil on construction of a barrier.

The calculation was conducted with using para-
meters that numerically reflect the properties of the
material and ground mounting sections and values
through their elastic modules, the proportion of mate-
rials and Poisson’s ratio for each type of rigidity [3, 5].
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Fig. 1. The finite element model with additional

fastening “slurry wall” by means of:
a — one row of strut rail; b — two rows of strut rail
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Fig. 2. The rigidities scheme of the finite element
model during fixing the walls attaching
of the working trenches:
a — by means of the one row of strut rails;
b — by means of the two rows of strut rails

The soils surrounding the array presented in a
variety of similar species, such as sandy, loam,
clay and sand.

The diagram (Fig. 2, a, b) shows the placement
of designated models of rigidity, which correspond
to the actual placement of fixing construction in
the working trench with one and two rows of strut
rails, respectively.

These numerical characteristics of the soil and
the materials fastening elements are summarized in
the Table 1.

Table 1

Numerical parameters of the material models

Name of the Elasticity Relgtive Poisson’s
element moi}ﬁ)l;s E, d%l\?}:KgY’ ratio p
Soils
Sandy loam 15 20.00 0.3
Loam 25 20.00 0.3
Clay 30 20.00 0.3
Sand 75 20.00 0.3
Fastenings
Ferroconcrete | 32.5-10° 24.50 0.2
Strut rails 210-10° 77.00 0.3

For further calculation of construction for
strength, that carried on concrete that is used to
crack the maximum normal stresses arising in the
“slurry wall” along the global Z-axis [10, 14].

The obtaining of normal stresses allows consid-
ering multi-axial stress in elements of model and
more precisely to clarify behavior of construction
in case of interaction it with the environmental ar-
ray executions and caused by its loadings [6].

It is the initial data for calculating finite-
element models of attachment.

The calculation for working trench, slopes con-
solidation of which are presented in the form of
“slurry wall” attached to one and two tiers of strut
rails. Each of these models is the section of work-
ing trench length of 7 m [11].

For comparing four finite-element models of a
special method of working trench slopes fixing by
means of “slurry wall” without any additional fix-
ing with the help of strut rails are constructed. The
rigidness is appropriated to these models, the simi-
larly provided in Table 1, except strut rail fixing.
This model allows to compare system behavior of
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fixing-array and to define points the application of
points of additional coupling in the form of strut
rails. The following number 0-1, 0-2, 0-3, and 0-4
for environmental arrays in the form of sandy
loam, loam, clay and sand respectively is assigned
to these models.

It is analyses the stress-strain state of working
trench mounting with the help of “slurry wall”
without additional fasteners.

The software package SCAD Office 11.5 was
used to calculate the construction of stress-strain
state. The scheme of the distribution of normal
stresses along the Z-axis, available in wall and it is
visible section of their maximum values, and these
values are extreme at 10 m from the top “slurry
wall” are given on Fig. 3. Data retrieved of tensile
stresses in concrete allow picking up reinforcement
for the given construction.

Fig. 3. The scheme of the voltages in the “slurry wall”
without the additional fastening.

By means of results it is revealed the trouble
spots which need the additional fixing and gains
for introduction into service. The maximum ex-
panding and compression stresses which arose in
construction when using the environmental array in
the form of sandy loam, loam, clay and sand are
defined. These data allow calculating fixing con-
struction reinforcements.

In the analysis of horizontal relocation it was
revealed that the maximum relocation of “slurry
wall”, are watched at the level of top of a retaining
wall. All these data are provided in table 2.

Table 2
Stress and displacement models without additional
fastening
Tension NZ, .
No. Soil KN/em? Displace-
model ment, cm
—+ —
Loam
0-1 0.61 0.41 24.10
sandy
0-2 Clay 054 | 038 16.00
loam
0-3 Clay 0.53 0.38 14.42
0-4 Sand 0.31 0.26 6.75

During the study the calculation of the finite-
element models mount slopes of the working trench
with using a special method “slurry wall” without
any additional mounting was conducted. The result-
ing diagrams clearly reflect the processes in the sur-
rounding array and the “slurry wall” [10, 14].

Considering the data provided in Table 2 it is
possible to draw a conclusion that “slurry wall” has
the considerable margin of safety, but this system
doesn’t satisfy a boundary condition of horizontal
relocation of the wall top in case of model with
loam makes the maximum value of 24,10 cm. So
it is necessary to enter additional systems of fixing
in the form of executions of the same kind at the
level of 1, 5 m from wall top. It will allow com-
pensating relocation, arisen in system without ad-
ditional fixing [10].

It is analysis of the stress-strain state of working
trench mounting with “slurry wall” with additional
support in the form of the one row of strut rails.

In models that have been developed and calcu-
lated using the finite element method with the in-
troduction of a number of strut rail clearly dis-
played behavior change “slurry wall”. These
changes consist in reducing the horizontal move-
ment of the wall with the array of local and extra
stress at the site of attachment to the strut rail fence
[12, 15].

The diagram (Fig. 4) shows movement isofield
of fastening systems along the X-axis of the global
maximum values of displacement and stress: for
walls — at the bottom of the working trench and
third of the height of the wall from the bottom of
the working trench, respectively; and contiguity
strut rail at the “slurry wall”. The results are sum-
marized in Table 3.
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Fig. 4. The scheme of movements along the global
X-axis

According to the attained results it is shown
that the design has significant reserves of strength
for the first group of limiting states. However, it
does not satisfy the condition of horizontal dis-
placement (second boundary condition) in different
types of soils.

The largest equivalent stress and horizontal dis-
placement observed in the variant with the sur-
rounding array, which is presented in a sandy loam
and smallest values of these parameters are ob-
served in the array, in the form of sand.

Table 3

The stresses and displacement in models with
additional fixing with one row of strut rails

Tension NZ, )
No. Soil kN/cm? Displace-
model ment, cm
+ _
Loam
1-1 056 | 0.39 24.03
sandy
1-2 Clay 1 049 | 036 16.53
loam
1-3 Clay 047 | 035 15.06
-4 | Sand | 026 | 0.24 7.22

By means of results it is revealed trouble spots
which need additionally fixing and gains for intro-
duction into service. The maximum expanding and
compression stresses which arose in construction

when using an environmental array in the form of
sandy loam, loam, clay and sand are defined.
These data allow calculating the fixing construc-
tion of reinforcements.

It can be concluded that the introduction of ad-
ditional spacer model led to reduction of stress in
concrete construction “slurry wall” and reduce the
horizontal displacement at the top of the working
trench. However, at the bottom of the pit horizontal
displacement values increased significantly as a
result of “slurry wall” “rotation” around the strut
rail. In this case it is advisable to introduce an ad-
ditional row of strut rail vertically, to reduce the
expression of this phenomenon.

It is analysis of the stress-strain state of work-
ing trench mounting with “slurry wall” with addi-
tional support in the form of two rows of strut rails.

In the above models for analysis and compari-
son have been introduced additional second tier of
strut rails. This event allowed significantly reduces
the horizontal displacement system mounting and
reduce its domestic efforts [14, 16]. The results of
models calculation with the help of finite element
method are shown in Table 4.

Table 4

Stress and displacement models with additional
fastening with two rows of strut rails

Tension NZ, .
No. Soil KN/em? Displace-
model ment, cm
—+ —
2 | beam bogo4 | gs4 20.90
sandy
22 | G 07 | g4 13.26
loam
2-3 Clay 0.27 0.38 11.60
2-4 Sand 0.19 0.23 5.66

These results show that the introduction of the
additional second row of strut rails allowed reduc-
ing the horizontal displacements up to 25% com-
pared to the variants of working trench mounting
slopes with using the optional mounting as one row
of strut rail. However, there were local extreme
tensions at the site of attachment of the second
strut rail row. Following to this, efforts for
strengthening the places of strut rail attaching point
enter the additional reinforcement.
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Conclusions

By results of these conducted researches the
analysis of change of the intense deformed status
of construction of slopes fixing is made. The solu-
tion of these tasks was shown that it didn’t lead to
introduction of one vertical row of strut rails to
significant improvement of indexes and led to the
origin of additional tension and extreme relocation
at the level of excavation bottom. It shows that
with big depths of working trenches it is necessary
to enter additional vertical rows of strut rails in the
course of carrying out the soil development for
shallow subways’ stations and other underground
engineering constructions [1].

According to the movements it is built the de-
pendency diagrams of elastic modulus and hori-
zontal displacements wall-soil system for each case
of working trench fixing. The diagrams are built
for extreme values of displacements at the excava-
tion bottom (except option without additional fas-
teners) and shown in Fig. 5. The data of relocation
for a graphics of fixing option of the working
trench without strut rails are used for the level of
working trench top [16].

This diagram shows efficiency of additional fix-
ing introduction of two vertical rows of strut rails
and the changing of deformations value with change
of elastic modulus of an environmental array.

The graphs of functions are represented as
power function and performance with reliability
approximation equal to about 1, which is confirm-
ing the existence of power dependence of the elas-
ticity modulus and movement in the system [9].

According to the given results of calculations it
is possible to make the following conclusions.

The method of introducing of the additional
rows of strut rails in the fastening construction has
been achieved the reduction of the horizontal dis-
placement at the excavation bottom. And to reduce
the value of the main stress concrete construction
“slurry wall”, which is allowing arguing about the
effectiveness of using this method in any geologi-
cal conditions, presented by soils with unstable
grounds [7].

30
+ Without strut rails
25 With one row of strut rails
E 44
=)
£ A With two rows of strut rails
~
w20
- a—  Power dependence
= (without strut rails)
o)
2 15 = . = Power dependence
o (with one row of strut rails)
=
% = == Power dependence
g 10 (with two rows of strut rails)
=
E - y =206.22x°07°
< R*=0.9988
= s
y = 185.31x70-7
R?=0.9977
0 y = 181.43x70-806
0 20 40 60 80 R?=0.9987

The elastic modulus of the soil, MPa

Fig. 5. The dependence graph of the horizontal displacements of the array from the elasticity modulus

doi 10.15802/stp2014/33740

© S. V. Borshchevskiy, V. D. Petrenko, O. L. Tiutkin, Ye. Yu. Kulazhenko, O. M. Kulazhenko, 2014

159



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

Hayxa ta nporpec Tpancnopty. Bicauk /[HinponeTpoBchkoro

HAI[IOHAJIBHOTO YHIBEPCHUTETY 3aIIi3HUYHOrO TpaHcmnopty, 2014, Ne 6 (54)

TPAHCIIOPTHE BY AIBHULITBO

doi 10.15802/stp2014/33740

160

LIST OF REFERENCE LINKS

Bbaknamos, Y. B. MexaHnuka noa3eMHBIX COOpY-
JKEHUI 1 KOHCTpyKImu kpeneit / Y. B. bakiamios,
b. A. Kapto3us. — Mocksa : Heapa, 1984. — 415 c.
W3meHeHne HanpspkeHHO-1e(OPMUPOBAHHOTO CO-
CTOSIHMSI TPYHTOB IIPH YCTPOWCTBE IIyOOKHX BBI-
emok / H. B. 3yesckas, C. A. JIBopHuk, B. E. I'y-
6amogsa, 0. B. Bonrik // Bica. Jainponerp. Hai.
VH-TY 3aNi3H. TpaHci. iM. akan. B. Jlazapsma. -
Juinponetponcrk, 2011. - Bum. 38. — C. 142-147.
Konecunkos, B. C. Bo3BeneHue moa3eMHBIX CO-
OpY>KEHHUH METOJIOM «CT€Ha B IPYHTE». TEXHOIO0-
THs ¥ CPEeJICTBa MEXaHW3aluuu : y4ed. mocodue /
B. C. Konecnuxkos, B. B. CtpenpruukoBa. — Boin-
rorpan : Bonl'V, 1999. — 144 c.

Kympiit, B. II. MonentoBanHs Hampy>XeHO-
ne(opMOBaHOTO cTaHy KpiIUIEHHS TJIMOOKOro Ko-
tnosany / B. I1. Kynpiii, JI. B. Trotekin // Moctn
Ta TyHEII: Teopis, MOCTIHKEHHS, MpaKTHKa : 30.
Hayk. mp. — JainporeTpoBcek, 2012. — Bum. 3. —
C. 89-94.

Hikidoposa, T. . JociipkeHHsS HarpyXeHo-
ne(opMOBaHOTO CTaHy 3a1i300€TOHHHUX KOHCTPY-
KOid 3armubieHux OyniBenb 3 ypaxyBaHHIM iX
B3aemonii 3 rpyHroBuM macusoM / T. JI. Hikido-
posa // Bicu. IIpunninp. nepx. akam. Oyn-Ba Ta
apxit. — Ininponerposcbk, 2013. — Bun. 1-2. —
C. 19-25.

OCHOBBI MOZIENIMPOBAHUS TIPH PELICHHUH 3a]1a4 Top-
"ot reomexanuku / C. @. Anekceenxo, A. I'. 3a-
6onotasni, JI. A. Hlraseko [u gp.]. — Kues : Tex-
HHKa, 1996. - 173 c.

IlerpoBa, A. E. Ouenka 3pPeKTHBHOCTH Orpax-
nenuii koioBaHoB / A. E. Iletposa, K. O. Ilep-
cranbix // XXXVII Henenst nayku CIIBITIY
MaTepHaibl MEXKIYH. HAyd4.-IPaKT. KOHP. —
Canxkr-IlerepOypr, 2010. — Y. 1. — C. 254-255.
Puxapnc, P. b. Merox KOHEUHBIX 3JIEMEHTOB
B Teopuu obosiouek u rractul / P. b. Pukapnc. —
Pura : 3unarne, 1988. — 284 c.

10.

11.

12.

13.

14.

15.

16.

Po3pobxa Ta BIpoBaKEHHSI HOBHX pecypco3bepi-
TafounX 1 TeXHOTEHHO-0e3MeYHUX TEXHOJOTiH Oy-
JIBHUITBA METPOIIOJIITEHIB Ta TyHEINB B YKpaiHi /
B. L. Ilerpenko, C. M. Jlixman, B. B. fHikin [Ta
in.] // Konera. —2012. — Ne 3. — C. 4-46.

Trotekin, O. JI. OCHOBH €HEPreTUYHOTO MiAXOY
J0 aHali3y HampyXeHo-IeopMOBaHOTO CTaHy
cucTeMu «kpiruteHHs - MmacuBy» / O. JI. TroTbkiH //
BicH. /IHinponerp. Hal. yH-TY 3ali3H. TPaHCII. iM.
akazn. B. Jlazapsaa. — [uinpomneTrposebk, 2009. —
Bum. 26. — C. 141-146.

®poros, 0. C. MeTponoiauTeHs Ha TUHUAX MEI-
Koro 3amoxxeHus. HoBas KOHIENIMS CTPOHTEIb-
ctBa / 1O0. C. ®pomnos, F0. E. Kpyk. — Mocksa :
TUMP, 1994. — 202 c.

A design method for slurry trench wall stability in
sandy ground based on the elasto—plastic FEM /
P. Oblozinski, K. Ugai, M. Katagiri [et al.] //
Computers and Geotechnics. —2001. — Ne 28 (2). —
P. 145-159.

Chew, S. H. Three-dimensional Finite Element
Analysis of a Strutted Excavation / S. H. Chew,
K. Y. Yong, A. Y. K. Lim. — Computer Methods
and Advances in Geomechanics. — 1997. — Vol. 3.
—P. 1915-1920.

Hu, X. Research on particle flow approach for
modeling face failure mechanism in slurry shield
tunneling under complex ground conditions /
X. Hu, Z. Zhang // Chinese J. of Rock Mechanics
and Engineering. — 2013. — Vol. 32. — Iss. 11. —
P. 2258-2267.

Konstantakos, D. C. Measured Performance of
Slurry Walls / D. C. Konstantakos, M. S. Thesis. —
Cambridge : Massachusetts Institute of Technol-
ogy, 2000. — 361 p.

Safety management in tunnel construction: Case
study of Wuhan metro construction in China /
L. Ding, L. Zhang, X. Wu [et al.] // Electronic J.
of Geotechnical Engineering. — 2014. — Vol. 62. —
P. 8-15. doi: 10.1016/j.ss¢1.2013.07.021.

© S. V. Borshchevskiy, V. D. Petrenko, O. L. Tiutkin, Ye. Yu. Kulazhenko, O. M. Kulazhenko, 2014



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

Hayxka Ta nporpec Tpancropty. BicHuk J[HIponeTpoBcbKoro
HAI[IOHAJIBHOTO YHIBEPCHUTETY 3aIIi3HUYHOrO TpaHcmnopty, 2014, Ne 6 (54)

TPAHCIIOPTHE BY AIBHULITBO

C. B. BOPLLIEBCKUI'", B. 1. IETPEHKO*, O. JI. TFOTbKUH?", E. 0. KYJIAXKEHKO", E.
H. KVJIAXXEHKO™

1*Ka(b, «CTpOoUTENbCTBO MAXT U MOJA3EMHBIX COOpPYKEHUI, JloOHeKHH HallMOHAIBHBIM TEXHUUECKUN YHUBEPCUTET,

yi. Aptema, a. 58, k. 414, oneuk, Ykpauna, 83001, ten. +38 (062) 301 03 23, an1. moura borshevskiy@gmail.com,

ORCID 0000-0002-7194-8785

2*Ka(p. «TonHeny, ocHOBaHUS U (pyHIAMEHTH, JJHETTPONeTpOBCKUI HAMOHATBHBIA YHUBEPCUTET JKENE3HOAOPOKHOTO
TpaHCIIOpTa UMeHH akanemuka B. Jlasapsna, yn. JlazapsHa, 2, [InenponerpoBck, Yipaunna, 49010, Ten. +38 (050) 708 50 69,
a11. moura petrenko1937@mail.ru, ORCID 0000-0002-5902-6155

3" Kad. « TOHHEH, OCHOBAHHS U (hyHAAMEHTHD), JIHEIPOIIETPOBCKHI HAMOHAIBHBIH YHUBEPCHTET JKEIE3HOT0OPOKHOT0
TpaHcnopra UMeHHU akaaemuka B. Jlazapsina, yi. JlazapsiHa, 2, JluenponeTpoBck, Ykpauna, 49010, +38 (066) 290 45 18,

a1 mouTta: tutkin@mail.ru. ORCID 0000-0003-4921-4758

4*Ka(b. «ToHHenyu, ocHOBaHHs U (yHIaMEHTBD), JIHENPONEeTPOBCKHIA HAIIMOHAIBHBINH YHUBEPCUTET JKEJIE3HOAOPOIKHOTO
TpaHCcHopTa UMeHH akanemuka B. Jlazapsna, yn. Jlazapsna, 2, [JnenponerpoBck, Ykpauna, 49010, ten. +38 (098) 768 49 21,
a11. mouTa jaksson777@rambler.ru, ORCID 0000-0002-4529-7384

3 *Kaq). «TonHeny, ocHOBaHUS U (pyHIAMEHTH», JJHETTPONeTpOBCKUI HAMOHABLHBIA YHUBEPCUTET JKEIE3HOAOPOKHOTO
TpaHCIOpTa UMeHH akanemuka B. JlasapsHa, yn. Jlasapsna, 2, lnenponeTpoBck, Ykpauna, 49010, ten. +38 (096) 992 15 81,
a11. moura murzilka891@mail.ru, ORCID 0000-0002-6077-1689

HAYYHOE OBOCHOBAHUE TEXHOJIOT'UH KPEILJIEHUSA CTEH
KOTJIOBAHOB CIIEHUAJIbHBIM CIOCOBOM «CTEHA B I'PYHTE»
JJISA CTAHIOUU METPOITIOJIMTEHOB MEJIKOI'O 3AJTIOKEHUSA

Heas. B padore mpoBeneHo 000CHOBaHNE MPUMEHEHUS TEXHOJIOTHI KPEIICHNST H BBIOOP ONTUMAJIbHOTO BapH-
aHTa, Co3JaHusl rpadrKoB 3aBUCUMOCTEH MepeMEIICHHS TS HIeaTu3UPOBAHHBIX CIIy4aeB MPU IMOMOIM aBTOMAaTH-
3UPOBAHHBIX METOAOB pacueToB. Metoauka. [ HOCTHKEHHS IMOCTABICHHOW IIENM B NMPOTPAMMHOM KOMILIEKCE
SCAD mocTpoeHb! KOHEUHO-3JIEMEHTHBIE 00BEMHBIE MOJENH, KOTOPhIE 0TOOPaXar0T KOHCTPYKIMIO KOTIIOBAaHA IS
CTaHIMH METPOIIOJIMTEHOB MEJIKOTO 3aJI0KEHUS, C YEThIPhMsI CIIOCO0aMH 3aKpEIJICHUS] «CTEHBI B TPyHTe». Taroke
NIPOM3BEJICH pacyeT U aHaJIN3 HaNpPsHKEHHO-1e(OPMUPOBAHHOTO COCTOSIHUSI KOHCTPYKIMH U JIEMEHTOB KpEIIeHUs
C TOMOIIBI0 PACYETHOTO0 KOMILIEKCa ¢ MCIIOJIb30BaHUEM MeToja KOoHeuHbIX 3neMeHToB (MKD). Pesyabstatsl. [Ipu
MIOMOIIM OTOOpaXEHUs Pe3ybTaTOB PACUETOB IVIABHBIX M AKBUBAJICHTHBIX HAINPSDKEHUH, MCIONB3YsI BCTPOCHHBIE
MOCTIIPOLIECCOpPHI B IporpaMmMHoM Komiuiekce SCAD, npoBeneH aHaiIM3 HapsHKEHHO-eOPMUPOBAHHOTO COCTOS-
HUS ¥ TIEPEMEIICHNHN Pa3ITNYHBIX IPUHIUITHATEHBIX CHCTEM KPEIUICHHEe-TPYHT U CpaBHEHHE TTOJMYYCHHBIX Pe3yJbTa-
TOB. A IMEHHO, OBUIH OTIpeNeNIeHbl SKCTPEeMaNbHbIC HANPSKSHHS, BO3HUKIINE B CTEHE W paccTpenax. Ha ocHoBe
HCCIICIOBAaHHUN TTOCTPOCHBI TAOIHUIIH U Pe3yNbTUPYIOIINE Tpa(UKA TOBECHUS COCTOSHUS KOHCTPYKIIUH KPEIUICHUS,
W3MEHEHHs IapaMeTpoOB OKpy’Karomero maccuBa. C MX ITOMOIIBI0 MOXKHO aHAJM3MPOBATh M CPAaBHUBATH paboTy
Pa3HBIX KOHCTPYKIUH yYKpEeIUIeHHsI 0TKOCOB KoTiIoBaHOB. HayuHasi HoBu3HA. [Ipu pemenny qaHHOI 3amaqu OBLIO
MIPOAHATIM3UPOBAHO M HCCIEIOBAHO MOBEACHHE KOHCTPYKIUH KPEIUIEHUS «CTCHBI B TPYHTE» W €€ HaIpsDKCHHO-
nedopmMupoBaHHOTO cocTOstHUS. OnpenesieHbl MecTa M YYacTKH KOHCTPYKLMI KpeIruleHHs, KOTOPbIE HYXIATCs
B JlaJIbHEHILEeH JeTajlbHOW pa3paboTke, M3Y4YEHHMHM M BBEJCHUM MEPONPHATHH JUIS YKPEIUICHHS KOHCTPYKLIHH
OrpaXXJCHNU W BCIIOMOTraTCJIbHBIX OJJICMCHTOB 3aKpCIJICHHUA, IMPCACTABJICHBIX MCETAIMYCCKUMU pacCTpEiaMu.
IIpakTHyeckast 3Ha4MMOCTh. B 3110XYy BBICOKONIPOrPECCUBHBIX TEXHOJIOTHI CTPOUTENBCTBA IIPU COOPYKEHUU MOJ-
3eMHBIX 00BEKTOB C HCIIOJIL30BAHUEM CIIEIHAIBHOTO CIOCO0a «CTEHA B TPYHTE» BO3HUKAET BONPOC OBICTPOTO MOA-
0opa ONTHMAIFHBIX APaMETPOB IEMEHTOB U CIIOCOOOB YKpEIUIeHHUs €€ CTeH OT Ype3MepHBIX Jedopmannii. Taxke
cTabMIM3anuy TPYHTOBOTO MAaCCHBAa BOKPYT KOTJIOBaHA, MUHIMH3HPOBAB 3HAYCHUS €ro aedopMannud 1 U30eTaHus
CIBHTOB C PacueTOM BO3MOIKHBIX KOMOWHANINI IIOCTOSHHBIX HATPY30K OT TPYHTOB IPH COOPYKEHUH KOTIOBaHA.

Kniouegvie cnosa: «cTeHa B IPYHTE»; PacCTPEIbHOE KPEIUICHNE; HAPSHKEHHO-Ie(DOPMUPOBAHHOE COCTOSIHUE
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HAYKOBE OBI'PYHTYBAHHS TEXHOJIOI'TH KPIIIJIEHHS CTIH
KOT/JIOBAHIB CIIEHIAJIbBHUM CIIOCOBOM «CTIHA B I'PYHTI»
JJISA CTAHOIN METPOIIOJITEHY MUUIKOI'O 3AKJIA/IEHHSA

Meta. B po6oTi mpoBeieHO OOIpyHTYBaHHS 3aCTOCYBAaHHS TEXHOJIOTIH KpiIUIeHHS Ta BUOIp ONTHMAaIbHOTO Ba-
piaHTy, cTBOpeHHs rpadikiB miadopy KpIIIeHHs s i7eani30BaHuX BHIIQJIKIB 32 JIOMOMOTOI0 Cy4aCHUX aBTOMAaTH-
30BaHUX METO/IB Po3paxyHKy. MeToauka. JJ1s1 TOCATHEHHS OCTAaBJIEHOI 3a7adi B mporpaMHoMy kKomrmiekci SCAD
1o0yI0BaHO CKIHYEHHO-EJIEMEHTHI 00’ €MHI MOJiei, sIKi BiJOOpakaroTh KOHCTPYKIIIIO KOTJIOBaHY JUIsi CTaHLIl MeT-
PONOJIITEHY MIJIKOTO 3aKJIaJeHHs, 3 JBOMa PI3HUMH CIIOCOOAMHM 3aKpIiIUICHHSI «CTIHM B IPYHTI». Takox mpoBeneHo
PO3paxyHOK Ta aHaJi3 HaNPyXEeHO-Ie(hOPMOBAHOTO CTaHY KOHCTPYKIIH Ta €JICMEHTIB KPIIICHHS 3a JOIIOMOI'OIO
PO3PaxyHKOBOTO KOMIUIEKCY 3 BUKOPHCTaHHSIM MeToay ckinueHHHX eneMeHTiB (MCE). PesyabTaTn. 3a nomomo-
TOI0 BiZIOOpa)XeHHsI pe3yJIbTaTiB PO3PAaXyHKIB IOJIOBHUX Ta €KBIBAJICHTHUX HAIPYy>KeHb, BAKOPUCTOBYIOUH BOY/I0OBa-
Hi mocTrnponecopy B nporpamMHomy komiuiekci SCAD, mpoBeneHo aHajli3 HamnpyXeHo-Ae()OPMOBAHOIO CTaHy Ta
MepeMIIIeHb Pi3HUX MPUHIMIIOBIX CHCTEM KPIIUICHHS-TPYHT i MIOPiBHAHHS OTPUMaHHUX pe3yibTaTiB. A came, OyIo
BHU3HAYCHO EKCTpEeMallbHI HANpyKEHHs, SKi BUHHUKIM B CTiHI Ta po3cTpimax. Ha ocHOBI mocmimkeHs moOymoBaHi
TaOIUII Ta pe3yNbTyoUi Tpadiki MOBEIIHKN Ta CTaHy KOHCTPYKIII KPIiIJICHHS, 3MiHA HOTO ITapaMeTpiB Ta ImapaMe-
TPiB OTOYYIOUOTO MAaCHBY. 3a iX JOMOMOTOI0 MOXHA aHATi3yBaTH Ta IMOPIBHIOBAaTH poOOTYy Pi3HUX KOHCTPYKIIH 3a-
KpituteHHs BiakociB koTioBaHiB. HaykoBa HoBu3Ha. [Ipu BupimeHHi naHoi 3ama4i Oyio mpoaHai3oBaHO Ta TOCTi-
JUKEHO TOBENIHKY KOHCTPYKIIi KPIMJICHHA «CTiHM B IPYyHTI» Ta il HampykeHo-AedopMoBaHOTO cTaHy. Bussieni
MICIIS Ta JUISHKA KOHCTPYKINH KPIIJICHHS, SIKi MOTPEOYIOTh MOAAIBIIOT AETAIBHOT PO3POOKH, TOCIIIKCHHS Ta BU-
pillIEHHs 3aXO0/iB 13 YKPIIUIEHHS! KOHCTPYKIIii OrOPOJPKEHHS Ta A0JATKOBUX €JIEMEHTIB 3aKpIIICHHS, SIKI Pe/ICTaB-
neHi MetayieBUMHU po3ctpinamu. IlpakTnyna 3HaunMMicThb. B enoxy BHCOKOPO3BMHEHHX TEXHOJIOTIH OyaiBHUIITBA
IIPY CIIOPY/PKEHH] Mi3€MHUX 00’ €KTIB i3 BUKOPUCTAHHSM CIIEL[IaIBHOIO CIIOCO0Y «CTiHa B IPYHTI» NOCTAE MUTaHHS
MIBHKOTO MiA0OPY ONTHMAalbHUX MapaMeTpiB eJeMEHTIB Ta CHOCO0IB ISl 3aKpiIUICHHS HOTO CTiH BiJ HaJMIpHHUX
nedpopmaniid. Takoxk crabimizalii IpyHTOBOTO MacHBY HABKOJIO KOTJIOBAaHY, MiHIMi3yBaBIIH 3HA4YeHHS Horo medop-
MaIliif Ta 3amo0iraHHIO 3CYBiB, 3 PO3PaXyHKOM MOKJIMBHX KOMOIHAIIIi MOCTIHOTO HAaBaHTaXXCHHS BiJ IPYHTIB MPH
CHOPY/KEHHI KOTJIOBaHY CTaHIIiI.

Kniouosi crosa: «cTiHa B IpyHTI»; pO3CTPLIbHE KPIIUICHHS; HAPYXKeHO-1e()OPMOBaHUI CTaH
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Po3pobka maremaTrnaHoi Moeni
MPOIIECIB TEIIOMACOOOMIHY BiJI-
KPUTOTO IUIABALHOTO OaceiiHy.
M. B. lllanmana, /. €. [llanmana

Hetpaauuiiini Buam Tpancnopry

OOrpyHTYBaHHS CITOCO0IB 3HMKEHHS
€HEePTOCIIOKUBAHHS ITiBICHUX
kaHaTHHX nopir. C. B. Pakwa,

O. C. Kyponamnuxk, A. O. Kypxa

JlocmimKeHHS] MOKITMBOCTI BUKOPHC-
TaHHS pe3epBiB eHepril MPUBOIIB
MiJ-BiICHUX KaHATHUX JIOPIT 3 ypaxy-
BaHHSM JliarpaM OKPY>KHUX 3yCHJIb.
10. K. I'opsues, A. C. Kypon amuux,
M. P. I3uaiinos

OCHOBH PE30HAHCHO-CTPYKTYPHOI T€0-
pii BibOpoymapHOTO pO3BaHTaKEHHS
TPAHCIIOPTHHX 3aCO0IB.

P. J[. Ickosuu-Jlomoywkuii,

A. B. Isanuyx, A. I1. Becenogcokuii

IIpoMucnoBuii Tpancnopr

Po3pobka 3axo/iB i3 MOKpameHHs mo-
Ka3HUKIB MILTHOCTi HECYYHX KOHCTPYK-
11i#1 TOJIOBHUX BaroHiB AU3€EIb-II0I3/11iB
JIP1A Ha migcTaBi BUKOHAHUX EKCIICPH-
MEHTATbHO-TEOPETHYHHX POOIT.

O. M. Bonoapes, B. JI. ['opobeyy,

. O. Az200a, O. O. Bonoapes

Mertoau Ta JOCTIPKEHHS 3 TIOIOBXKEH-
HS TEPMiHY CITy>KOM HECYYIHX KOHCTPY-
KLiH TATOBOTO PyXOMOTO CKIaIy ISt
HPOMHCIIOBOTO TPAHCIIOPTY.

O. M. bonoapes, B. JI. [ opobeyy,

C. B. Mamnin

Pyxomuii ckian i Tara moi3ais

JluHaMika BaHTa)XHUX BaroHiB Ha Bi3-
kax moxemi 18-1711 i3 pi3HOK KOHC-
TPYKILI€I0 KIMHIB PECOPHOIO IiJBilIy-
BaHHs. M. b. Manxeguu

Partionamizamiss KOHCTPYKIIii OTTOPHUX
MIPUCTPOIB BarOHiB-IIUCTEPH IS PiKUX
BaHTaxiB. M. B. [lasnouenxos

Bu3HaueHHs BILIMBY [MOKa3HUKIB TEPTs
B CHCTEMI «KY30B — Bi30K» Ha JUHAMIKY
BaHTakHOTO BaroHa. C. B. Mamnin,

JI. O. Heoyoca, A. O. Illseyw

JlocnimkeHHsT KpUBHX JIiHIH, 3aJaHUX
KyOIYHUM PO3MOIIJIOM KPUBHHHU.

C. A. Yemenko, C. B. /lioanos,

0. IO. A2apkos
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132

130
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[Mpy>xHBbO-PpHUKLIHNI KOB3YH IS
Bi3Ka BAaHTAQ)KHOT'O BaroHa.

I'. Baiiuynac, C. B. Mawnin,

A. A. Bocos, B. A. l[lanacenxo,

1 B. Knumenxo, €. @. @edopos

JocnimxeHHs: GyHKIIOHYBaHHS Pi3HIX
CTPYKTYPHHX BapiaHTiB THYYKHX ITOTO-
KiB [T PEMOHTY BaroHiB 3a IOTIOMO-
rOX0 IMITAaIiiHOrO MOJEITIOBAHHS.

B. B. Mawnin

ExcrniepuMeHTabHI JOCITIHKEHHS JH-
HAMIYHUX SKOCTEH BAaHTQ)KHUX BAaroHIB
3 Bi3KaMU Pi3HUX KOHCTPYKIIH.

C. B. Msimnin, O. O. Ten, JI.O. Heoyorca

Konnenuist onTuManabHOTO 32 €Hepro-
BUTpaTaMH Maca)kHpChKOTO BaroHa 3
BUKOPHCTaHHSIM HETPAJULIHHNX IKe-
pexn eneprii. B. O. [abpuneyy,

1L B. Tumapenxo

HanpsiMK1 yJJOCKOHAIIEHHS] CUCTEMH
YTPUMaHHS MOTOPBAaroOHHOT'O PyXOMOT'0
cknany O. C. Kpaweninin, B. A. I'ozacs

Bick KoITiCHOT Tapy 3 OPOXKHUHOIO
MOCTIHHOTO TIepepizy.

C. P. Konecnuxos, H. P. Pomanioxa,
1 FO. Keban

JlocaimkeHHS. TMHAMIYHUX XapaKTepH-
CTHK TTiBBaroHiB Ha MEPCIIEKTUBHUX
Bi3kax. C. B. Mawnin, B. M. Bybnos,

€. O. Nucomennuii

Oco0nMBOCTI eKCIuTyaTartii eneKTpo-
moi3miB EP1, EP2 3a Mexxamu npu3Ha-
YEHOT0 CTPOKY ciyx0u. B. JI. ['opobeys,
O. M. bonoapes, B. M. Cxobnenxo

BusnauyeHHs koedilieHTy 3amacy 3a
BTOMHOIO MIIHICTIO HECYYUX KOHCTPYK-
iif Ky30BiB BaroHiB IpH NepeBe3eHHI
3aJTi3HUYHUMU niopoMamu. A. O. Jloecvka

AHaJti3 KOHCTPYKIIii HaIliBBaroHis.
C. B. Mawnin, 1. I0. Keban,
C. P. Konecnuxos

AHani3 ToUIBHOCTI 3aCTOCYBaHHS
[IECTUTPAHHUX MTOPOKHUCTUX MPOGiTiB
Y SIKOCTI CKJIAZIOBUX €IEMEHTIB HECy-
9YHUX CUCTeM HamiBBaroHis. O. B. @omin

TpancnopTHe OyAIBHHITBO

[MopiBHsIBHUI aHATI3 MOJIEIIeH 3aITi3-
HUYHMX HaBaHTakeHb C14 Ta LM71
JUTs OANTKOBUX MOCTIB. B. €. Apmbomos,
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JlocuimKeHHs 3aCTOCYBaHHS HACKPi3-
HUX JBOTABPIB I IPOTOHOBHX OYI0B
HaTUIaBHUX MOCTIB. FO. M. ['opbamiok,

HaykoBe 00TpyHTYBaHHSI TEXHOJIOTIH
KpIMJICHHS CTIH KOTJIOBaHIB CIeliallb-
HHUM CIIOCOOOM «CTiHa B TPYHTI» JUIs

K. I. Conoamos, M. C. Ilanxo 173 CTaHIIil METPOIOJITEHY MIJIKOTO 3a-
. . knanenss. C. B. bopwescokuti,
Oprani3aiiisi CHCTEMH MaTepiaJbHOTO B I 1II. OJ T .
3a0e3neueHHst Oy JiBHUIITBA. - A Hemperixo, O. JI. TiombKin,
A. B. Paoresus, L. A. Apymionn 146 €. I0. Kynaoscenro, O. M. Kynasicernko 154
. Po3BuTOK BHIIOI INIKOIH

Amnarni3 1eopMOBaHOTrO CTaHy KOHCT-
PYKLiil EperiHHuX TYHEIIB KHiBCHKOTO P03BUTOK KOHIIEHTPAIIIT # CTIHKOCTI
METPOIMOJITEHY Ha JUIBHHLI TIEPEX01y yBar# CTyACHTIB-3a/Ii3HUYHHKIB Y IIPO-
BiJI CHIOH/IMJIOBHX TJIMH J0 OyYallbKUX IIECi MICUXOJIOTTYHOT Ta ICHX0(I3HIHOT
mickiB. B. /[. Ilempenko, B. T. I'y3uenxo, miArotoBku. B. B. ITiuypin 187
O. JI. Tiomokin, /. B. Tiomokin 127 . .

MexaHi3M 1IIMBIIbHO-TIPABOBOTO 3aXHC-
[epcriekTHBH 3aCTOCYBaHHS Pi3b00- Ty MpaB MaTCHTOBJIACHUKA HA OCHOBI
BOTO 3’€JIHaHHS apMaTypHu. ¢dopmynu BuHaxony. H. B. Mapuenxo 160
A. B. Paokeeuu, A. M. Hemeca 139 . S

PiBeHb PO3BUTKY IICUXOIIOTIYHOI 1 IICH-
KonrakTHa MIIIHICTE MEXaHOAKTHBOBA- X0()i3MYHOI MirOTOBJICHOCTI CTYICHTIB
HUX IpiOHO3EepHUCTHX OETOHIB i3 H0- 1o ripodeciifHoT mparri Ha 3aITi3HHUII.
MEHHHX TPaHyJTOBAHUX IIIAKIB. B. B. ITiyypin 148
B. I. Bonvwaxos, M. O. Eniceesa,
C. A. l]epbax 138
AmHani3 1 nepCcrneKTHBH 3aCTOCYBAHHSI
e(eKTHBHHX pecypco30epiralounx
TEXHOJIOTH Yy BUPOOHUIITBI OETOHY.
I'. I1. Ieanosa, O. I. Tpyganosa 150
UucenbHE MOJICITIOBAHHS B’ I3KOTIPY K-
nux marepianis. C. I1. Ilanuenko 157
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TEMATHUYECKHHA YKA3ATEJIb )KYPHAJIA «<HAYKA Y ITIPOI'PECC
TPAHCIIOPTA. BECTHUK JHEITPOIIETPOBCKOI'O HAIITMOHAJIBHOI'O
YHUBEPCUTETA XKEJE3HOAOPOXHOI'O TPAHCIIOPTA» 3A 2014 'O /1

Hayxa n nporpecc Tpancnopra

Pa3BuTHe Hay4HOH IIKOJIBI TPAHCIIOPT-
HOM MEXaHHKH: TBOPYCCKOE HACIICIHE
E. I1. bnoxuna. C. B. Msavnaun,

T. A. Konecnuxosa

PazpaboTka kpurepueB 3PpeKTUBHOCTH
3apsifia U paspsia TBEpPIOTEIBHOTO Tell-
noBoro akkymymsropa. C. C. beruwenko,
B. A. Hwenxo

ABTOMATH3HPOBAHHbIE CHCTEMbI
yHnpaBJeHus Ha TPAHCIIOPTe

AHanmu3 COBpEMEHHOTO COCTOSIHUS yCT-
POWCTB aBTOOJIOKHPOBKH, METOJIOB €6
00cITy)KMBaHUS ¥ KOHTPOJIS.

A. M. Fesnapvimustii, B. U. I'aspuniok,
O. A. I'ononobosa

MaremaTiuueckoe MOJEIHPOBaHUE CTpe-
JIOYHOTO 3JIEKTPOJBUTATENS] IEPEMEH-
Horo Toka. C. FO. Bypsax

MaremaTiueckoe MOJEIUPOBAHHE
BXOJIHBIX YCTPOMCTB CUCTEMBI aBTOMa-
THYECKOM JJOKOMOTHBHOM CHTHAIN3a-
mun. O. A. I'ononobosa

HccnenoBanue 31€KTpOMarHUTHOM
COBMECTUMOCTH OOPATHOM TATOBOM
CeTH C YCTPOICTBaMH CUTHAIH3AIINH,
LEHTPAITN3AIIH U OJOKUPOBKH.

A. M. besnapuimnuii, B. Y. I'aspuniok,
C. IO. bypsx, O. A. I'ononobosa

HccenenoBanue 1MarHoCTUYECKUX IIPU-
3HAKOB CTPEJIOYHBIX NEKTPOIPUBOIOB
nepemeHHoro toka. C. fO. bypsx,

B. U. I'aspuniox, O. A. I'ononobosa,

A. M. Besnapvimubiti

Wccnenosanye BIUSHAS JTHHUAH JICK-
Tpomepenayn Ha paboTy CHCTEMBI aBTO-
MaTHYSCKON JIOKOMOTHBHOM CHUTHAJIM3a-
MY HEMPEPBHIBHOTO JACHCTBHUS.

O. A. I'ononobosa, B. U. I'agpuniok,

M. A. Kospueun, C. IO. Bypsk

HccnenoBanue BpeMEHHOM 3aBUCUMO-
CTH U CIIEKTPAIBHOI'O COCTAaBa CUTHAJIA
B LIETIM CTPEJIOYHBIX DJIEKTPOJBUTATENEH
nepemenHoro toka. C. fO. bypsx,

B. U. I'aspunox, O. A. I'ononobosa

22

21

17

IK0JI0OTHs HAa TPAHCIOpTe

MopenrpoBaHue JTOKATbHON 3allUThI
3nanuii (shelter in-place) ¢ yaerom cop0-
LM OIaCHOTO BEIIIECTBA HA TIOBEPXHO-
CTSIX BHYTpH nomelnenuil. H. H. benaes,
H. B. Pocmouuno, @. B. Hedonéxun

MoaenupoBaHue aBapuitHOro 3arpsi3He-
HUs aTMOc(ephl IPU Ype3BBIYaHHON CH-
Tyalyu B XpaHWIHIIE TBEPJOTO paKeT-
Horo ToruBa. H. H. Fenses,

A. B. Bepnos, A. B. llleguenxo

IKOHOMHKA B yrupasJjieHue

YcoBepuieHCTBOBaHHASI METOIUKA OTI-

peneseHnst 3KOHOMUIeCcKoi 3(h(hexTUB-
HOCTH CTPOUTEIBCTBA U SKCIUTyaTalluu
BBICOKOCKOPOCTHOM Marucrpaiu B YK-
pause. fO. C. Bapaw, A. B. Momom

Crtparernyeckoe BIUSHUE MOOUIBHOCTH
Ha opranm3anuu. 4. [ onroskosa

[TpoGnema sxOHOMHUYECKO Oe30macHo-
CTH B COBPEMEHHBIX MaKpPO- U MUKPO
koHuenuusx. 4. Y. Pexyn

Meronnyeckuii NOaX0 K OIpPenEIeHUIO
MIPHUBIIEKATEITFHOCTH MACCAKUPCKUX
TIePEBO30K JKEJIE3HOIOPOKHOTO TPAHC-
nopta. H. A. Boaicox

CoBepIIeHCTBOBAHNE TIPOIIECCa IPy30-
BBIX MEPEBO30K M MEXaHU3Ma yTpaBJie-
Hus umu. JI. B. Mapyeniok,

A. B. Buwunskosa

Opranusanys rpy30BbIX IEPEBO30K B
VYKpauHe B yCIOBUSX peOPMUPOBAHUSL.
JI. B. Mapyeniok

[Tyt ycoBepIlIeHCTBOBAHHUS y4eTa

Y BHYTPEHHETO ayAnuTa Ae0UTOPCKOi
3a10JDKEHHOCTH [TPEIIPUATHA.

B. [1. 3enuxman, FO. A. Conuna

MexaHn3M CO3aHuUs IPOEKTa 10 OT-
KPBITHIO ()epMBI B KOHTEKCTE Pa3BUTHS
cenbCKoro Typusma. JI. B. Mapyeniox,
0. H. Ilpocxypus, T. B. Tecnenxo

HccnenoBanue moIx0/10B K MOBBILIE-
HUIO 3 PEKTUBHOCTH (PYHKIMOHUPOBA-
HUSI IOJpa3/ieieHUH JKeJIe3HOI0POKHO-
IO TPAHCIIOPTA C TO3ULUH YCTOWYHUBOTO
passutus. O. U. Xapuenko
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Harmpasnenus pa3BuTusi BHyTPEHHETO

MCTO)IO.HOFI/ISI OIPCACIICHNA BEJIMYNHBI

TypusMma B Ykpause. JI. B. Mapyeniox 23 rapameTpa CJI0)KHOCTH HELUTATHOH CU-
COBEpILICHCTBOBAaHHNE METOI0B SKOHO TyauHi B BpEM BEACHHA [IOC3AA.
p A. H. I'opobuenko 50
MHYECKOT'0 MOJICITMPOBAHHS JIJIsSI IOBBI-
IeHus 3QPEKTHBHOCTH UCIIOIE30BaAHHS DJIeKTPUYECKUA TPAHCTIOPT
HEBSCTHIMH, C. B. Manwut, DIIeKTpOAMHAMHUKA [IEPEAYH U IIOTEPH
K. B. JKuoicko 34 P e p
AIEKTPOIHEPTUH B YCTPOUCTBAX CHCTEM
MonenupoBanue (HUHAHCOBO-3KOHOMHU- anektprueckoit Tsru. H. A. Kocmun 86
YecKoi 0e30IacHOCTH TPAHCIIOPTHBIX .
N OmnpeneneHne YHEPreTHIECKOn 3P dek-
NPEANpUATHI Ha OCHOBE (DaKTOPHOTO
THBHOCTH CHCTEMBI B3aMHOTO Harpy-
anamsa. A. A. Hosuros, JKEHUS TSITOBBIX DJIEKTPUYECKUX MAIINH
M. H. Hosukosa 42 p N )
A. M. Agpanacos, A. E. Jlpyoeyxui, C. B.
JKCIIyaTAIlUsS M PEMOHT CPeACTB Apnyne, A. I1. Xeopocmankuna 67
TpaHCOpTa
P P Ananu3 3pPEeKTUBHOCTH CUCTEMBI Tell-
OcHoBHbIE TpeOOBaHMS U ITPUHINIIBI JI0cHaOeHus cTyaropoaka J{nenpo-
co3/taHust OOPTOBBIX CHCTEM JUarHo- MIETPOBCKOTO HAIIMOHAIBLHOTO YHHBEP-
CTHKH JIOKOMOTUBOB. E. B. Boonapb 68 CUTETA JKEJIE3HOI0POKHOI0 TPAHCIIOP-
CoBepIIIEHCTBOBAHUE METOLOB CTUM 1a. 4. H. luunko, B. A. Tabpuney,
p Ao y B. H. I'opauxun 74
JTUPOBAHUS OTIIPABUTEIBCKON MapIipy-
TH3AIUH HA JKEJIEe3HOIOPOKHOM TPaHC- Bnmsane kauecTBa MUTArOIIEH 3JIEKTPO-
nopte. A. Y. Bepnan 75 SHEpPruM Ha HarpeBaHUe BCIIOMOTaTelNb-
. HBIX MAIIFH 3JIEKTPOIOIBIKHOTO CO-
Bnusane napamMeTpoB KOHTaKTHOM CETH
Ha 3HaYeHHe CKOPOCTU HapacTaHUs TOKa CTaBa MEPEMEHHOTO TOKA.
P P A. FO. banuuuyk, JI. B. /[youney,
IIPU KOPOTKOM 3aMbIKaHHUHU B CUJIOBBIX o
A. H. [lyxnosckuii, O. A. Mapenuu,
LEIISIX JIEKTPOIIOBIYKHOTO COCTABa.
0. JI. Mapenuu 34
0. A. Kapsosa 49
[TpearnockIKy SKCIIEPUMEHTAIIBHOTO
OrneHka npoghecCHOHAILHOTO PHCKa 1 N
. . HCCIIEJOBAHMS DJIEKTPOMAarHUTHOM CO-
aHaJIN3 OIIMOOYHBIX IeUCTBHUI PabOTHU-
BMECTHMOCTH TSATOBOTO aCHHXPOHHOTO
KOB OIIEPaTOPCKOTO PO TIPHTHE-
. . AEKTPOIIPHUBOIA B CTPYKTYPE CHCTEMBI
TIPOBCKOH KEJIe3HOH JOPOTH.
E. A. Huxugroposa, A. I Cudopeno 53 TATOBOTO AJIEKTPOCHA0KEHHUS TIOCTOSH-
o posd, 4. 1. P Horo Toka. FO. C. Bonoapenko 42
Bnusiane «0KOH» Ha MPOITYCKHYIO CIO- o
BeposaTHOCTHO-CTaTHCTUIECKHUN U KOP-
CcOOHOCTB JKEJIe3HOIOPOKHOTO HAIIPaB- N
PENALMOHHO-CIIEKTPAIbHBINA aHAJII3BI
newnst. M. M. Myseikun, TOKA PEKyNePaLAN JIEKTPOIIOABUKHOTO
I U. Hecmepenko 24
COCTaBa MOCTOSIHHOTO TOKA.
Mojenb palliOHaILHOTO BOCCTAHOBIIE- A. B. Huxumenxo, H. A. Kocmun 51
HUSI TEXHOJIOTHYECKOTO 000PYA0BaHUS
OnperneneHne painoHAIBHBIX PEKUMOB
AICHO TIPOMBIILICHHOTO HPEATPHATHA. B3aMMHOTO HATrPYKCHUS TATOBBIX JIBH
M. U. Kanuya, T. C. I puweuxuna 60 .
rarenel AeKTPOIOABIKHOTO COCTaBa
HccrenoBanme 3aKOHOMEPHOCTEH Tmac- MaTruCTPaIbHOTO W MPOMBIIIICHHOTO
CaXXUPONOTOKA B XKEJIE3HOAOPOKHOM Tpancnopta. 4. M. Agpanacos 67
MIPUTOPOIHOM COOOIICHHH.
CoBpeMeHHBIE TOAX0bI TEXHIYECKOTO
T. H. I pywesckas 39
o0ciTy)XKMBaHUS I PEMOHTa 000PYIOBa-
IoBpexaeHus pabOYMX 3JICMEHTOB HH- HUS TATOBBIX NOJCTAHIMH IeKTpupu-
CTPYMEHTA, CBA3aHHBIX C TUTACTHYECKIM LMPOBaHHBIX JKEJIE3HBIX JOPOT HA OCHO-
neGopMUpPOBAaHHEM 3aTBEPAEBIINX Op- Be smart-TexHonoruit. 4. 4. Mamycesuy 75
TaHUYECKUX BelecTB. A. P. Munanuy 48
OnpepnesieHne 4acToThl BBICOKOYACTOT-
HccnenoBanue CBOMCTBA MACIITAOHOM HOTO 3B€HA JJIs1 NEPCIIEKTUBHOM CXEMBbI
WHBAPUAHTHOCTH CHCTEMBI OPTaHU3aIHA JIEKTPOIIOIBIKHOTO COCTABA.
M0E3/10NI0TOKOB Ha OCHOBE TEOPHUHU MEp- H. A. 3abapuno 65
xonsuuu. 4. B. Ilpoxopuenxo 56
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TeopeTnyeckne acreKThl U METO/BI
uAeHTH(UKALNY [TApaMETPOB YCTPOKUCTB
CUCTEMBI AIEeKTpUUecKol Tru. Meton
BecoBoil Gpynkumu. T. H. Muwenko

[NoBeimenue 3 PpeKTUBHOCTH TpaHC-
MTOPTHOTO OOCIYXKUBAaHUS TPOIUICHOY-
caMHM Ha OCHOBE ypOBHEH morpebisie-
MO HUMM MOIUHOCTH. B. B. Ayaun,
H. O. IInoxos, /. B. ['ony6

PerynupoBanue HeGaIaHCHOTO JJIEK-
TPOMarHUTHOI'O MOMEHTA B CHCTEMax
B3aUMHOT'0 HAarpy»XeHUsI AIEKTPUUECKHX
MalllMH TSTOBOTO ¥ MOTOPBArOHHOTO
MOJJBMYKHOTO COCTaBa MarucTpajbHOTO
U TIPOMBIIUIEHHOT'O TPaHCIIOPTa.

A. M. Ajpanacos

YcoBepIieHCTBOBaHHE TEXHUIECKOTO
00ciTy)XKUBaHUSA 000PYIOBAHHS TATOBBIX
ceTel Ha OCHOBE IPOLIECCHOTO MOIX0/1a.
. B. Muponos

7Kene3HonopoxkHbIN MyTh

Mero/¥Ka onpeaeeH st J0MyCTUMBIX
CKOpOCTEH JIBI)KEHUS MOE3/10B Ha
CJIOKHBIX YYaCTKaXx IIaHa JKEJIC3HOM
noporu. H. b. Kypean, /. H. Kypean,
H. 1. Xuenesckas, C. IO. Baiidax

PesynbraTel 00cnenoBanus reopaaap-
HBIM KOMILICKCOM JIe(h)eKTHBIX MECT
3eMJITHOTO IT0J10THA JoHEeIKoi xKemes3-
HOH 10pOTH.

B. JI. Ilempenxo, B. B. Kosanesuu

Matepuanosenenmne

MexaHHU3M BIMSIHHS pa3Mepa 3epHa
(beppuTa Ha YCTAIOCTHYIO MPOYHOCTh
HU3KOYIJIEPOJUCTOM CTAJIU.

U. A. Baxynenxo, C. B. IIpotioax

O0o0CHOBaHNE OLIEHKH M BEIOOpA KUHE-
MaTHYECKUX M TPUOOJIOTUUECKUX XapaK-
TEPUCTHK CUCTEMBI «IIECTePHS-3y0Ua-
Tas peilka» CTaHOB XOJIOAHON MPOKATKH
1py0. T. M. Kadunvuukosa, JI. @. Cywko

BrusiHue 31eKTPHYECKOTO HCKPOBOTO
paspsia Ha TBEPIOCTh yrIIEPOIUCTON
cranu. 4. A. Bakynenxo, C. B. Ilpotidax,
3. Cmpaoomcku, B. A. [{a0vko

K BBIOOpY TEXHOJIOTHUECKOI CXEMBI
cMsIrJaronieii TepMuIeckoit 00padboTku
BBICOKOXPOMHKCTOT'O YyT'yHa.

B. I'. E¢ppemenxo, FO. I'. Habak,

K. Hlumuosy, A. B. icepenosa,

b. B. E¢ppemenko
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U. O. Baxynenxo, O. H. Ilepkos,

M. Knanuncku, M. boromosa

Br1bop MaTepuana U TEXHOIOTHS U3TO0-
TOBJIEHHS 3aTOTOBOK M3 AJIIOMUHUEBOTO
crtaBa AK6. H. E. Kanununa,

C. 4. Mamuyp, E. A. Mycuna, M. B.
I'pexosa, T. K. Jlonamxuna

[Tony4yeHnue cBapHbIX U3AEIUN U3 CIIE-
YEHHBIX TUTAHOBBIX CIIJIABOB.
A. E. Kanycmsan

BnusHue XuMu4ecKux COeIMHEHUI Ha
(hopMHpOBaHHUE ICKTPOYTOBOTO pas-
psana. U. A. Baxynenxo,

C. A. [Tnumuenxo, /I. H. Maxapesuu

TepMoCcTOWKOCTh TpadUTH3UPOBAHHON
cramu. B. A. Casuenko

BrnusHue XuMu4yeckux coeAMHEHU I
Ha (hOpMHUPOBaHHUE INEKTPOYTOBOTO
paspsina. 4. A. Baxynenxo,

C. A. IInumyenxo, /]. H. Maxapesuu

[ToBbIlIeHHE KauecTBa BTOPUIHBIX CH-
JYMUAHOB ITyTEM HCTIONIb30BaHus padu-
HUPYOIIEe-MO U DUIIUPYIOIICH, TepMU-
YEeCKOW U Ja3epHOi 00pabOoTOK.

U I1. Bonuok, E. JI. Crytibeoa,

O. B. Jlomosa, H. B. llupoxoboxosa

KommekcHOE MoguduImpoBaHmue BTO-
PUYHBIX CUITYMUHOB. 4. A. Mumses,

U I1. Boruok, P. A. @ponos, K. H. Jlo3a,
O. B. I'namenxo, B. B. JIykunos

BrusiHre (hH3HYECKUX U TEIUIOBBIX PO-
[IECCOB Ha CTPYKTYPY M CBOHCTBA BBICO-
KOXPOMHMCTOTO YyT'yHa Ipu 00paboTke
pesanueM. B. B. Hempebko

Pa3paboTka coctaBa HaIOJHHUTES Ha
ocHoBe ciuiaBa Fe-B—C miig u3Hoco-
CTOWKHAX KOMIIO3HIIUOHHBIX MTOKPBITHH.
E. B. Cyxosas, H. A. 300posey

MOHeHHpOBaHl/Ie 3alav TpaHcnopTa
U YIKOHOMHUKH

KommiekcHOe OlleHMBaHNE COCTOSTHHS U
KayecTBa (yHKIIMOHUPOBAHUS JKele3-
HOAOPOXHBIX cTaHuui. /[. A. Ilonuwyyx

MaremaTrueckasi Mojieib (GopMupoBa-
HUS ONTHMAJIBHOTO MOPTQEIs MPOCSKTOB
C YYETOM CIIy4alHBIX (PaKTOpPOB.

U. A. Kopxuna
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Knaccudukarius a3ponopToB u MpHopu-
TETHOCTH UX PEKOHCTPYKIIHH.
K. B. Mapunyesa

ITpounsBoaHast (HPyHKIHM MHOKECTBA T10
Mepe u e€ npumenenue (Teopetudeckue
OCHOBBI MHBECTHILIMOHHBIX 3a]a4).

A. A. Bocos, I1. A. Jloza

Monen KUHEMATHKA U JUHAMUAKH LIY-
JIUHIPHYCSCKUX POJMKOIOAIIHUITHUKOB
KEIE3HOJOPOKHOTO TPAHCIIOPTA.

A. B. I'atioamaxa

CrpaTternyeckoe yrpaBiieHUE TPaHC-
ITOPTHBIM TPY30BBIM KOMILIEKCOM.
A. M. Oxopoxos

Pa3paboTka MaTreMaTHIeCKOl MOAETH
MIPOIIECCOB TEIIOMACCOOOMEHA OTKPHI-
TOTO IIJIaBaTEILHOr0 OacceiHa.

M. B. lllanmana, /1. E. lllanmana

HerpaguuuoHHbie BUIBI TPAHCIIOPTA

O0ocHOBaHME CIIOCOO0B CHIKECHUS
9HEPronoTpedIeHNs MOJBECHBIX KaHAT-
HbIX fopor. C. B. Pakwa,

A. C. Kyponamnuk, A. A. Kypka

HccnenoBanne BO3MOXKHOCTH HCIIONIB30Ba-
HMS PE3EPBOB SHEPIUH MPHBOIOB MOIBEC-

HBIX KaHATHBIX JIOPOT C Y4ETOM JIHarpamMm
OoKpykHBIX yerid. FO. K. Topsues,

A. C. Kyponamnux, M. P. Hzmatinos

OCHOBHI pE€30HAHCHO-CTPYKTYpHOU
TEOPUH BUOPOYIapHOU pa3rpy3Ku
TPAHCIIOPTHBIX CPEICTB.

P. J1. Hcxosuu-Jlomoyxuii,

A. B. Heanuyx, A. I1. Becenogckuii

IIpombllJIEeHHBIH TPAHCIOPT

Pa3paboTka MeponpusTHii IO yITydIe-
HUIO TI0Ka3aTesIe MPOYHOCTH HECYIIHX
KOHCTPYKIIHH TOJIOBHBIX BarOHOB TU3€TTb-
moe310B JIP1 A Ha OCHOBaHUM BBITIOJHEH-
HBIX 9KCIIePUMEHTAITEHO-TEOPETHUECKUX
pabot. A. M. bonoapes, B. JI. ' opobey,
I A. A200a, A. A. Bonoapes

MeTobI B HCCIeIOBAHUS TI0 TIPOIe-
HUIO CPOKA CITYKOBI HECYIIIUX KOHCT-
PYKIHH TSATOBOTO MOABIYKHOTO COCTaBa
JUIS1 IPOMBILUIEHHOTO TPAHCIIOPTa.

A. M. bonoapes, B. JI. ' opobey,

C. B. Mamnun

IMoaBU:KHOI cOCTAB KeJe3HbIX 10POr
U TAra noe3aoB

JlnHaMMKa TPpy30BbIX BaroHOB HAa Te-
nexxkax moaenu 18-1711 ¢ pa3Hoii kKoH-
CTPYKLHEH KINHBEB PECCOPHOTO MO
BemuBanus. H. 5. Mankesuu
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Panronanu3zanms KOHCTPYKIMH OIOP-
HBIX YCTPOWCTB BaroHOB-LIUCTEPH LISt
KUIKUX Tpy30B. M. B. Ilasniouenxos

OnpeneneHue BIUSHUS TOKa3aTelei
TPCHHUS B CHCTEME «KY30B — TEIICKKA»
Ha TWHAMHKY TPY30BOTO BaroHa.

C. B. Mamnun, JI. A. Heoyorcas,

A. A. llsey

HccnenoBanue KpUBBIX JJUHUHM, 3a]1aH-
HBIX KyOHUECKHM pacrpeziesieHHeM
kpuBm3HbL. C. A. Ycmenko,

C. B. Jluoanos, A. FO. Aeapros

Yrpyro-ppUKINOHHBIH CKOJB3YH VIS
TEJIEKKHU TPY30BOTO BaroHa.

I'. Batiuynac, C. B. Mamaun,

A. A. bocos, B. A. Ilanacenxo,

U. B. Knumenxo, E. @. @edopos

HUccrnenoBanne HyHKIMOHUPOBAHUS
Pa3IMYHBIX CTPYKTYPHBIX BAPHAHTOB
THOKHX ITOTOKOB TSI PEMOHTA BarOHOB
IIPY TOMOIIY IMUTAIIIOHHOTO MOJIEIH-
poBanus. B. B. Mamnun

DKCNEpUMEHTAIbHbBIE UCCIIEIOBAHUS
JIMHAMUYECKUX KaueCTB TPY30BBIX Baro-
HOB C TENEXKAMH Pa3HbIX KOHCTPYKIIUH.
C. B. Mamnun, A. A. Ten

Konnennus onTUManbsHOTO 1O SHEPro-
3aTpaTaM ITacCaXMPCKOTO BaroHa C McC-
MI0JIb30BaHUEM HETPaJUINOHHBIX HC-
TOYHUKOB dHEepruu. B. A. ['abpuney,
U. B. Tumapenxo

HamnpaBneHusi cOBEpIICHCTBOBAHUS CUC-
TEMBI COJIepKaHHsI MOTOPBAarOHHOTO
ITOJIBUKHOTO COCTaBa.

O. C. Kpawenunun, B. A. I'oeaes

Ochb KOJICCHO# Maphl ¢ TOJOCTHIO MO-
ctostHHOTO ceueHusd. C. P. Konecnukos,
H. P. Pomanioxa, 1. 1O. Keban

HccrenoBanve qUHAMUYECKUX XapaKTe-
PHUCTHK MTOTyBaroHOB HA IIEPCIICKTHB-
HeIX Tenexkax. C. B. Mamnun,

B. M. Byb6nos, E. A. [Tucomennuiii

OCOOEHHOCTH HKCIUTyaTaIlly HIIEKTPO-
noe3noB EP1, EP2 3a npenenamu Ha3zHa-
YEHHOTO CpoKa ciyxO0bl. B. JI. ['opobey,
A. M. bonoapes, B. M. Ckobnenko
OmnpenencHue ko3 duitnenra 3amaca mo
YCTAIOCTHON MPOYHOCTH HECYIIUX KOH-
CTPYKIU# Ky30BOB BATOHOB IPHU TI€pe-
BO3KE KEJIE3HOIOPOKHBIMHU MTAPOMAaMH.
A. A. Jlosckas
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AHanm3 KOHCTPYKIUI TOJTyBaroHOB.
C. B. Mamnun, 1. IO. Keban,
C. P. Konecnukos

AHanms 1enecooOpa3HOCTH IPUMEHE-
HUS IIECTUTPAHHBIX MOJBIX Mo uIeH B
Ka4yecTBE COCTABHBIX DIIEMEHTOB HECY-
LIUX CUCTEM MOIYBAaroHoB. A. B. @omun

TpaHCcIOPTHOE CTPOUTEILCTBO

CpaBHUTEIBHBIN aHAIN3 MOAEIIEH
KeNe3HOJOPOXKHBIX Harpy3ok C14
n LM71 mist 6amoYHsIX MOCTOB.

B. E. Apmenos,

HccreoBanne MPUMEHEHHST CKBO3HBIX
JIBYTaBPOB JJIS IPOJIETHBIX CTPOSHUI
HaIUIaBHBIX MOCTOB. FO. H. ['opbamiok,
K. U. Conoamos, M. C. Ilanxo

OpraHu3anys CUCTEMbl MaTEPHAIBHOTO
o0ecrieueHHst CTPOUTENBEHBIX 0OBEKTOB.
A. B. Paokesuu, U. A. Apymronsn

Amnanu3 1eopMIPOBAHHOTO COCTOSIHUS
KOHCTPYKLMH EPETOHHBIX TOHHENEH
KHEBCKOTO METPOIOJINTEHA HA YIaCTKE
nepexoja OT CIIOHJUIIOBBIX TJIHH K Oy-
YalKkuM neckam. B. /[. [lempenko,

B. T. I'vzuenxo, A. JI. Tiombkumn,

M. B. Trombkun

IepcrekTHBbI IPUMEHEHHUs Pe3b00BOTo
coeMHeHus1 apMartypbl. A. B. Paokesuy,
A. H. Hemeca

KoHTakTHast MpOYHOCTH MEXaHOAKTUBHU-
POBaHHBIX MEJIKO3EPHHUCTHIX OETOHOB U3
JIOMEHHBIX TPaHyJIMPOBAHHBIX [IUIAKOB.
B. U. bonvwaros, M. A. Enuceesa,

C. A. l]epbax
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3¢ GEKTUBHBIX PeCypcocOeperaronmx
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A. I1. Hsanosa, O. U. Tpygpanosa

UucneHHOEe MOJENIUPOBAHKE BA3KOYIIPY-
rux marepuanoB. C. I1. Ilanuenxo

HayuHoe 000cHOBaHUE TEXHOIOTHI
KPETUIEHHsI CTEH KOTJIOBAHOB CIICIHANIb-
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sanoxxenus. C. B. bopwesckuil,

B. J1. Illempenxo, O. JI. Tromvxumn,

E. IO. Kynaocenxo, E. H. Kynascenxo

Pa3BuTne BpICIIeH MIKOJIBI

Pa3BuTHe KOHIEHTpALUU U yCTONUUBO-
CTH BHUMAaHHUS CTYJEHTOB-
’KEJIE3HOIOPOKHUKOB B IIPOIIECCE IICH-
XOJIOTHYECKON ¥ TICHUXO(PH3MIECKON
MOArOTOBKU. B. B. ITuuypun

MexaHu3M rpakJaHCKO-ITPaBOBOH 3a-
IIUTHI ITPaB MTATEHTOBIIAAEIbIIA HA OC-
HOBAaHUHU (OPMYIIBI H300pETEHUS.

H. B. Mapuenko
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Development of scientific school of
transport mechanics: artistic legacy of
Ye. P. Blokhin. S. V. Myamlin,

Simulation of the accidental pollution
after the emergency in to the storage
of rocket solid propellant.

M. M. Biliaiev, A. V. Berlov,

T. A. Kolesnykova 1 7 A. V. Shevchenko 29
Development of criteria of charge and Economics and Management

discharge efficiency of solid state of Improved method of determination

heat accumulator. S. S. Belymenko, of economic efficiency of construction

V. O. Ishchenko 5 7 and operation of high speed mainline

Transport Automated Control in Ukraine. Yu. S. Barash, A. V. Momot 33
Systems Strategic impact of mobility on

Current state analysis of automatic block organizations. 4. Golovkova >
system devices, methods of its service Economic safety problem in modern

and monitoring. 4. M. Beznarytnyy, macro and micro concepts. /. I. Rekun 59
V.1 Gavrilyuk, O. O. Gololobova ! 22 Methodical approach to determination

Mathematical modeling of AC electric of passenger transportation

point motor. S. Yu. Buryak 2 7 attractive-ness on railway

Mathematical modeling of the unput transport. N. 4. Bozhok 3
devices in automatic locomotive Improvement of freight transportation

signaling system. O. O. Gololobova 2 21 process and their management

Electromagnetic compatibility research ?e;h??l:}r:l'iéjmzaMartseny uk, 41
of return traction network with signaling ARe4

devices, centralization and blocking. Organization of freight transportation

A. M. Beznaritnyy, V. I. Gavrilyuk, in Ukraine in the reformation

1. O. Romantsyev, V. I. Shchyeka 3 7 conditions. L. V. Martsenyuk 15
Diagnostic features research of AC Improvement ways of accounting and

electric point motors. S. Yu. Buryak, internal audit of enterprise receivables.

V. I Gavrilyuk, O. O. Hololobova, V. D. Zelikman, Yu. A. Sonina 37
4. M. Beznaryinyy 4 7 Creation mechanism of the project on

Study of transmission lines effect on farm opening in the context of rural

the system operationon of continuous tourism development.

automatic cab signalling. L. V. Martsenyuk, Yu. M. Proskurnia,

O. O. Hololobova, V. I. Havryliuk, T. V. Teslenko 43
M. O. Kovryhin, S. Yu. Buriak > 17 Research of approaches to increase the

Study of time dependence and spectral efficiency of functioning of railway

composition of the signal in circuit of transport subdivisions from the point

AC electric Point motors. of view of sustainable development.

S. Yu. Buryak, V. I. Havrilluk, O. I. Kharchenko 52
0. 0. Hololobova 6 7 Directions for the development

Transport Ecology of domestic tourism in Ukraine.

Modeling of the building local L. V. Martseniuk 23
protection (shelter — in place) including Upgrading of economic simulation

sorbtion of the hazardous contaminant methods for increasing efficiency

on indoor surfaces. N. N. Belyayev, of investments. S. V. Myamlin,

N. V. Rostochilo, F. V. Nedopekin 4 23 K. V. Zhyzhko 34
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Operation and Repair of Transport
Means

Basic requirements and principles of
creation onboard diagnostic systems of
locomotives. Ye. B. Bodnar

Stimulation methods improvement of
exit route on railway transport.
A. I Verlan

Influence of contact network parame-
ters on value of current rise speed du-
ring short circuit in power circuits of
electric rolling stock. O. 4. Karzova

Professional risk assessment during
performing official duties of station
dispatchers on Prydniprovsk railway.
O. A. Nykyforova, H. H. Sydorenko

Influence of maintenance windows on
the working capacity of railway route.
M. I. Muzykin, G. I. Nesterenko

Rational recovery model of depot pro-
cessing equipment at the industrial enter-
prise. M. I. Kapitsa, T. S. Hryshechkina

Research of regularities of passenger
flows in the rail suburban traffic.
T. M. Hrushevska

Operating elements damage of tools
connected with the plastic deformation
of hardened organic compounds.

A. R. Milianych

Investigation of scale-invariant
property of organization system of train
traffic volume based on the percolation
theory. A. V. Prokhorchenko

Methodology for determining the value
of complexity parameter for emergency
situation during driving of the train.

O. M. Horobchenko

Electric Transport

Electrodynamics of transmission and
losses of power in the devices of
electric traction systems. M. O. Kostin

Energy efficiency determination of
loading-back system of traction electric
machines. 4. M. Afanasov,

A. Ye. Drubetskiy, C. V. Arpul,

A. P. Khvorostyankina

Effectiveness analysis of campus heat
supply system of Dnipropetrovsk
national university of railway transport.
O. M. Pshinko, V. O. Gabrinets,

V. M. Goriachkin
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Influence of feeding electric energy
quality on heating of the auxiliary
machines of ac electric rolling stock.
O. Yu. Baliichuk, L. V. Dubynets,

O. M. Dukhnovskyi, O. O. Marenych,
O. L. Marenych

Backgrounds of experimental investi-
gation of electromagnetic compatibility
of traction asynchronous electric drives
in the structure of DC traction power
supply system. Yu. S. Bondarenko

Statistic, probabilistic, correlation
and spectral analysis of regenerative
braking current of DC electric rolling
stock. 4. V. Nikitenko, M. O. Kostin

Rational modes determination of
traction motors loading-back for
electric rolling stock in mainline and
industrial transport. A. M. Afanasov

New approaches to maintenance and
repairing of the traction substations
equipment on electrified railways

at the basis of Smart technologies.
0. O. Matusevich

Frequency determination of high-
frequency link for perspective electric
rolling stock. D. O. Zabarylo

Theoretical aspects and methods of
parameters identification of electric
traction system devices. Method of
weight function. 7. N. Mishchenko

Efficiency improvement of transport
service by trolley buses based on the
levels of their power demand.

V. V. Aulin, I. O. Plokhov, D. V. Holub

Regulation of unbalanced
electromagnetic moment in mutual
loading systems of electric machines
of traction rolling stock and multiple
unit of mainline and industrial
transport. 4. M. Afanasov

The improvement of maintenance
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equipment on the base of process
approach. D. V. Mironov
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N. P. Khmelevska, S. Yu. Baidak
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The results of the defect places investi-
gation of Donetsk railway road bed by
ground penetrating radar complex.

V. D. Petrenko, V. V. Kovalevych

Material Science

The influence mechanism of ferrite
grain size on strength stress at the
fatigue of low-carbon steel.

L A. Vakulenko, S. V. Proydak

Rationale of the evaluation and sele-
ction of kinematic and tribological
characteristics of the system «pinion —
gear rack» of cold-pilgering mills.

T. M. Kadilnikova, L. F. Sushko

Influence of electric spark on hardness
of carbon steel. 1. O. Vakulenko,

S. V. Proydak, Z. Stradomski,

V. A. Diadko

To selection of technological scheme
of softening heat treatment for high
chromium cast iron. V. G. Efremenko,
Yu. G. Chabak, K. Shimizy,

A.V. Dzherenova, B.V. Efremenko

Estimation of irreversible damageabi-
lity at fatigue of carbon steel.

L O. Vakulenko, O. N. Perkov,

M. Knapinski, D. M. Bolotova

The material choice and blanks operati-
on technology of AK6 aluminium
alloy. N. Ye. Kalinina, S. I. Mamchur,
K. O. Musina, M. V. Hrekova,

T. K. Lopatkina

Production of weldments from sintered
titanium alloys. A. Ye. Kapustyan,
A. V. Ovchinnikov, I. A. Vakulenko

Influence of chemical compounds
on the forming of welding arc.

1. O. Vakulenko, S. O. Plitchenko,
D. M. Makarevych

Heat resistance of graphitized steel.
V. O. Savchenko

Influence of chemical compounds
on the forming of welding arc.

1. O. Vakulenko, S. O. Plitchenko,
D. M. Makarevich

Quality improvement of secondary
silumins by using refining-modifying,
heat and laser treatments. 1. P. Volchok,
O. L. Skuibida, O. V. Liutova,

N. V. Shyrokobokova
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silumins. 4.4. Mityayev, I.P. Volchok,
R.A. Frolov, K.N. Loza,

O.V. Hnatenko, V.V. Lukinov

Influence of physical and heat
processes on the structure and
properties of high-chromium cast iron
during machining. V. V. Netrebko

Development of (Fe—B—C)-based filler
for wear-resistant composite coatings.
O. V. Sukhova, N. O. Zdorovets

Transport and Economic Tasks
Modeling

Complex evaluation of the state and
quality of railway station operating.
D. O. Polishchuk

Mathematical model of optimal project
portfolio forming based on random
factors. I. A. Korkhina

Airports classification and priority of
their reconstruction. K. V. Marintseva

Derivative of set measure functions and
its application (theoretical bases of
investment objectives). A. A. Bosov,

P. A. Loza

Kinematics and dynamics models of
cylindrical roller bearing of railway
transport. 4. V. Gaydamaka

Strategic management of transport
cargo complex. A. M. Okorokov

Mathematical model development
of heat and mass exchange processes
in the outdoor swimming pool.

M. V. Shaptala, D. E. Shaptala

Non-Traditional Transport Modes

Substantiation of ways of decrease in
power consumption of ropeways.

S. V. Raksha, A. S. Kuropyatnik,

A. A. Kurka

Possibility research of the use of ener-
gy reserve of aerial ropeway drives
taking into account the twisting forces
diagrams. Yu. K. Goryachev,

A. S. Kuropyatnik, M. R. Izmaylov

The basis of resonance-structure theory
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Jns 3payi cTaTTi 0 APYKY aBTOpPY/aBTOpaM HeodXigHo:

1. ins enexTponHol indpopmauii chopmyBaTu Bei MaTepianu B n’TH ¢aiinax:

— Tlepumif — i3 TEKCTOM CTATTi Ta aHOTALi¥ 3 KMOTOBMMH cioBaMu. Haspa daiiimy — npissume Ta iHiLi-
aym aBTopa (TepInoro CHiBaBTOpa) TaTHHCHKMMY JliTepaMu, Hanpurian: Ivanov 11 stattia.doc.

— JApyruit — 3 po3mMUpeHMMH BiTOMOCTAMM PO aBTOPa/aBTOpIB (Ipi3BUIIE, iM A, M0 6aTHKOBI; Mocana;
HayKOBHH CTyIiHb; yueHe 3BaHHA; Micle poboTH abo HaBYaHHSA; afpeca eNeKTPOHHOI NOMTH; HOMEPH
KOHTaKTHHX TenedoHis). Hassa daity — Ivanov_II_vidomosti.doc.

—  TperTiif — peueHsia (BiackaHoBana). Haspa gaiiny — Ivanov_II recenziia.jpg.

— Yerseprnii — ExcriepTHUMiT BUCHOBOK (BifIckaHOBaHUH, CKITafla€Thes Y BibHIl dopmi). Hassa dairy —
Ivanov_II_vysnovok.jpg.

— IPsaTmi — Jlinensilinwii noroeip (BiackaHoBanuif). Hassa ¢aiiry — Ivanov_Il_dogovir.jpg. Tekct ao-
roBopy: http:/library.diit.edu.ua/HTMLs/scientists/Vumogw/license.doc.

2. llns apyxoBanol indopmanii. o penakuii Hanarotbes ocobucTo abo HaACWIAOTHCA MOLITOK TaKi MaTepia-
nu: 1) gBa IpyKOBaHMX NPHAMIPHHUKM PYKOITUCY 3 NMiAIMMCAaMHK BCiX CMiBaBTOPIB Ha OCTaHHBOMY apKymli po6oTH;
2) opwuriHan JliueH3i#{Horo JoroBopy 3 MiMmMcaMy BCiX criBaBTOPiB; 3) OpUTIHAT eKCTIEPTHOrO BUCHOBKY; 4) peKo-
MeHJalif 10 APYKY 3a MMiIMUCOM BiAlOBifaJILHOTO pedakTopa po3niry (s crirpobitauxis JJHY3T).

BignosiganuHicTh 32 3MicT cTaTTi, NPaBWILHICTB, TOYHICTL | KOPEKTHICTH LHTYBaHHH, MOCHIaHb
Ta NepeKiafy NMOKJIAAAETHCH Ha aBTOPiB.

OcTtaTouHe pilleHHs Woao ny6aixanii yxBaoe pejakuifiHa KoJierif kKypHay.
Crartri, BiaxniteHi pefaxuifiHoro KoJericio, NoBepTaAOThCA ABTOPAM A5 J0ONPaLlOBaHHS.

IlaHoBHi aBTOpH, 3anpouryeMo 10 cniBpo6iTHHLTBa!

3 nuTaHb onMyONiKyBaHHA 3BepTaiiTecs 10 peAaKuil xypHaIy 3a aapecolo:
HayxoBo-TexHiuHa 6i0nioreka (ayn. 166),
JHinponeTpoBchkuil HaLIOHALHUI YHIBEPCHTET 3aNi3HUYHOTO TPaHCMOPTY iMeHi akaneMika B. JlazapsHa,
ByJ. JlasapsHa, 2,
M. JIHimpome TpOBChK,
Vxpaina,
49010
e-mail: visnik@diit.edu.ua
Anpeca caifty xypHany: http://stp.diit.edu.ua/
3 muTaHb NpHI6aHHA MPUMIPHUKIB XKypHaTY TeledoHyiiTe 3a Homepom (056) 776 90 59 I'pinacosa A. B.
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LISy TpaHcHmopTy imMeHi akagemixa B. Jlazapsana

JIHINponeTpOBChKHIl HaLiOHATBHUIN YHIBEPCUTET 3a1i3HMYHOTO TPAHCHOPTY iMeHi akanemika B. Jla-
3apsHa BelIe MiATOTOBKY NOKTOPAHTIB Ta aclipaHTiB 3a paXyHOK KOWITIB JlepxxaBHoro OtomkeTy YKpaiHHu

—3a

JIep KaBHUM 3aMOBJIEHHAM — 332 TAKUMH CIELiATbHOCTAMH:
JOKTOPAHTYPA
No CreniaJIbHiCTh 1Hudp

1 | TeopeTHyHi 0CHOBH iHGOPMATHKU Ta KiOEpHETHKH 01.05.01
2 | VrpaBjiHHA IPOEKTaMH i porpaMaMH 05.13.22
3 | 3anmizHidHa kosis 05.22.06
4 | Pyxomuii ckian 3a1i3HHIIb | TATA MOI311iB 05.22.07
5 | EnektpoTtpaHcniopT 05.22.09
6 | Excrmyarailis Ta peMOHT 3ac00iB TPaHCTIOPTY 05.22.20
7 | BynisenbHI KOHCTpPYKILii, OYAiBAi Ta copyau 05.23.01
8 | ByxiBenbHi MaTepianu Ta BUpoOu 05.23.05

Ha mizncTaBi yron, wo yxjiafarotbes 3 JOKTOPAHTOM i KepiBHHKOM BHILOTO HAaBYAIBHOTO 3aKIady, A0
JOKTOPaHTYpH TMPUIAMArOTHECA TPOMANISHH YKpaiHK, KaHAWIATH HaykK, IO MatoTh HAayKOBi JOCATHEHHS B
obpaHiit ramysi.

Crpok HaB4aHHA 3 poKy.
BCTymHWKH 0 JOKTOPAaHTYpPH MOAAIOTD:
— 3asBy Ha iM’s peKTopa,
—  KOTIiIo [IepLIoi CTOPiHKY Nacnopra,
—  0COOHMCTHIf THCTOK 3 06Ky KajpiB 3 pOTOKAPTKOIO, AKUI 3aCBIM4EHO BILTIIOM KaJpiB 32 Mi-
CLIEM OCHOBHOI poOOTH,
—  BUTAT 3 TPYJOBOI KHHXKKH,
— JoBiaxy 3 OyxranTepii npo 3apobiTHY IU1aTHIO,
— 3acBiuYeHy KOMil0 JUILIOMA PO 3aKiHYeHHA BHUIIOr0o HaBYaJbHOrO 3akiady i3 3a3HaYeHHAM
onepxaHoi kBaidikauii cnenianicra,
— KOO JUMJIOMa KaHau1aTa Hayk,
— KOO aTecTara JOLIEHTa, C.H.C. 3a iX HaABHOCTI,
—  PO3TOPHYTHIA TJIaH IOKTOPCLKOT AUCEpTaLii,
—  CNHUCOK OmyOJiKOBaHWX HayKOBHUX Tpallb Ta BAHAXO/IB,
— MeOW4HY JOBIOKY TpO CTaH 370poB’d 3a dopmoro Ne 286-y,
—  imentndikauiiinuii xon,
— oxHy $oTokapTKy po3Mipom 3x4.

ACIIIPAHTYPA

Ne CrellianbHicTb Undp

1 | di3uka TBepaoro TiNa 01.04.07
2 | TeoperdHi 0CHOBH iHGOPMAaTHKH Ta KiGepHETHKH 01.05.01
3 | MareMaTH4He MOJEMIOBaHHSA Ta 00YHCITIOBAIbHI METOAU 01.05.02
4 | Heopraniuxa xiMmist 02.00.01
5 | YnpaeniHHs npoekTaMy i nporpaMaMn 05.13.22
6 | TexHiuHa Teriogiznka Ta MPOMKCIIOBA TEIUIOCHEPreTHKa 05.14.06
7 | 3ani3HitHA KOTTiA 05.22.06
8 | Pyxommii cknan 3amisHMIE | TATa NOI3AIB 05.22.07
9 | EnextpoTpaHcnopT 05.22.09
10 | Excrmyaranist Ta peMOHT 3ac00iB TPaHCIIOPTY 05.22.20
11 | OcHoBH i dyHOaMEHTH 05.23.02
12 | ByniBenbHi KOHCTpYKIii, Oy XiBJi Ta criopy 14 05.23.01
13 | ByniBenbHi MaTepianu Ta BUpoOH 05.23.05
14 | TexHouoris Ta opraHisanis IPOMUCIOBOr0 Ta LHBIIBHOFO OYNiBHHLITBa 05.23.08
15 | ExoHoMiKa Ta ynpaBJiiHHA MiANPHEMCTBAMH (3a BHAaMH €KOHOMIYHOI AisilIbHOCTI) 08.00.04
16 | Ictopis dinocodii 09.00.05
17 | ExonoriuHa 6e3nexa 21.06.01
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Ha nigcraBi yroj. o yKknagawThes 3 aclipaHTOM i KEPIBHHKOM BHLUIONO HaBYANbHOIO 3aKiagy, o
acnipaHTypy NpuHMarOTbes rpoMaisHy Y KpaiHu, siKi MatoTb BULLY OCBITY | kBanidikauito crneuianicra.

CTpok HaB4aHHA B acMipaHTypi 3 BiZpHBOM BiZ BUPOOHHLITBA — 3 pokH, Oe3 BiApUBY Bia BUpOOHULITBA
— 4 pokwu.

Ocobu, aonyeHi A0 BCTYMHKUX iCIUTIB Y acnipaHTypy, CKIalaloTh TPY ICIUTH 3a MPOrpamMoro BULUO-
ro HaBYAJIBHOTO 33Ky

crneuianbHy AUCLMILIHY,
dinocodiro,
iHO3eMHy MOBY.

3a KOHCYJNIBTALlIIMKM 3BEPTATHCA Ha BIAMOBIAHI kadenpH yHIBEPCHTETY.
Oco0wu, o BCTYNMarTh 10 aclipaHTypH, MOJAr0Th:

3asBY Ha iM’s peKTopa,

MTUCBMOBHH BUCHOBOK TNepeabayyBaHOr0 HayKOBOT'O KEpiBHHKA MPO MOMJIMBICTL HaBUaHHA B
acmipaHTypi,

pexoMeHAalilo BYEHOI paM BULIOTO HaBYANLHOTO 3aKiaxy N0 BCTYMy B acmipaHTypy (ans
BUITY CKHUKIB ITOTOYHOTO POKY),

KOIIi0 MepILoi CTOPiHKH MacropTa,

ocobucTHit TMCTOK 3 06M1iKy KazpiB 3 GOTOKapTKOIO, AKUH 3aCBiAYEHO BiAiIOM KaJpiB 3a Mi-
CLIEM OCHOBHOI poboTH,

BHTAT 3 TPYJIOBOI KHIKKH,

JIOBIZIKY NP0 3apoOiTHY MNaTHIo,

3acBiUeHy KOIiK0 JUILIOMA Mpo 3aKiHYE€HHA BHILIOTO HAaBYANILHOTO 3aKJIaly,

MOCBITYEHHSA MPO CKITAIaHHA KaHIMAATChKUX iCIUTIB (32 iX HasBHOCTI),

CNHCOK OMyO/iKOBaHUX HAYKOBHX Mpalb Ta BUHAXoAiB abo pedepar 3 oOpaHoi HaykoBOi
crelianbHOCTI 3 peleH3icr nependadyBaHOrO Hay KOBOTO KepiBHHUKA,

MeAHYHY AOBIAKY PO CTaH 340poB’s 3a opmoro Ne 286-y,

ineHTHOiKauiitHIi Koz,

0JIHY GOTOKApTKY po3Mipom 3x4,

IlpuiioM XOKyMeHRTiB 10 10KTOPaATYpH Ta acuipaaTypu 3 01.09 mo 30.09 mopiaro.
BerynHi icnuty 1o acnipantypu 3 10.10 no 30.10 wopiuHo.
INowarok 3aHaTh 3 01.12 mwopiyHo.

3a ingpopmauyicro 3e6epmamuca:

Ten. :

JIHinponeTpoBCEKUi HallioOHATBHHH yHIBEPCUTET 3aJTI3HWYHOIO TPAHCTIOPTY,
Byn. Jlazapsna, 2,
M. JIHINMpONeTpOBCEK,
VYkpaina,
49010.
(056) 373-15-44 — pexrop, npod. INuinbko Onekcanap MukonaioBHd, NpUAMAIbLHS;

(056) 373-15-29 — npopekTop 3 HaykoBoi po6oTH, npod. Mamniu Cepriii Bitanidosuy;
(056) 373-15-63 — 3aBinytoua acnipaHTypoto Ta AokTopaHTyporo JlaxHoBa IpuHa AHatosiiBHa,
KiMH. 320).

Indopmanin npo cnenianizopani BueHI pagn yRiBepcHTETY

B yHiBepcuTeTI MpaLtoe TP crieliali3oBaHi BUSHi pajy i3 3aXUCTy JOKTOPCbKUX Ta KAaHAHAATCh-
KUX JUcepTauii 3a crieuialbHOCTAMHU:

- J1 08.820.01 — 3anisnnuna konia (05.22.06) Ta enexrportpancnopt (05.22.09); 05.22.12 — npo-
MUCJIOBUI TPaHCMOPT.

- J108.820.02 — pyxomuii cknan 3ani3Hyub Ta tAra noizais (05.22.07) i excrutyarauis Ta peMOHT
3aco6iB TpaHcnopTy (05.22.20); TpaHcnopTHi cuctemu (05.22.01);

- K08.820.03 — exoHoMiKa Ta yIpasJIiHHA ITiIMPHEMCTBaMH (32 BUIaMH eKOHOMIYHOT JisJTBHOCTI).
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