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NCCIEJOBAHUE JUATHOCTUYECKHUX ITPU3HAKOB
CTPEJIOYHLIX SJIEKTPOITPUBOJOB IIEPEMEHHOI'O TOKA

Henb. 3HaunTeNBHAS OTBETCTBEHHOCTH 32 0€30IaCHOCTH JBIKCHHUS JICKHUT HA CITY)KOE CUTHAIM3ALUU U CBS3H
Kenme3Hoi moporu. OZHHMH W3 CaMbIX YSI3BUMBIX Y3J70B (KaK CHCTEM aBTOMATHKH, TaK W JKEJIC3HOH JOpOTH
B IIEJIOM) SIBIITEOTCS CTPEIIOYHBIE TIepeBo kL. L{enbio necineoBanus sSBisieTcs pa3paboTKa TaKoi CHCTEMBI KOHTPOJIS
W JIMarHOCTHKH CTPEJIOYHBIX MEPEBOIOB, KOTOPAask B MOJHOM Mepe yIOBIEeTBOpsiia Obl TPeOOBaHUS COBPEMEHHBIX
YCIIOBHUII CKOPOCTHOTO JIBIIKCHUS M JBIKCHHUS TSDKEIOBECHBIX ITOE3/I0B M MPOU3BOIUIIA THATHOCTUPOBAHUE, COOP
M CHCTeMAaTH3alMI0 JaHHBIX B aBTOMATU3UPOBAHHOM pexume. Meroauka. [IJisi TOCTIKCHUS TIOCTABICHHON LEU
ObUTM OCYIIECTBIICHBI HCCIIEIOBAaHHE CTPOCHUS M OMNHMCAHWE IMPUHIMIA PA0OThI CTPEIIOYHOTO AIIEKTPONPUBOAA,
MOCJIEI0BATEILHOCTH CpabaThIBaHUSI €r0 OCHOBHBIX Y3JIOB. B 4acTHOCTHM pacCMOTpPEHbI M MPOAHATU3UPOBAHbBI
paboune XapaKTepUCTUKH U MapaMeTphl, YCIOBHs KCIUTyaTallii, IPUYNHBI OTKa30B B paboTe, a Takke TpeOOBaHMs,
Hpe}l’bﬂBﬂﬂeMble K SHGKTpOle/IBO[laM U TCXHOJIOTUHU HUX OGCHy)KI/IBaHI/Iﬂ. Onpeuenanymb OCHOBHBIC HpI/lHLII/lH])l
aHaJlM3a 3aBUCUMOCTH XapaKTepa M3MEHEHHs KPUBOW TOKAa, KOTOPBIA MPOTEKaeT B pabouei Ienu CTPEIOYHOrO
ANEKTPONPHUBOJIa TIEPEMEHHOTO Toka. OCYIIEeCTBISIACh TEXHUYECKas PealHu3alus CHCTEMbl KOHTPOJSI W JAHArHO-
CTHPOBAHUS COCTOSHHSI CTPEIIOYHBIX AJICKTPOIPUBOJIOB IIEPEMEHHOTO TOKa. Pe3yabTaThl. MccienoBaHbl CUTHAIEI,
CHSTBIC C WCIIPABHBIX W HEUCIPABHBIX CTPEIOYHBIX MEeKTponpruBoaoB. Hayunas HoBu3HA. OmpenencHa cTporas
B3aUMOCBSI3b MEXK/y TEXHHYECKUM COCTOSIHUEM CTPENKd U (OPMOIl KPUBOM, KOTOPYHO OMHCHIBAET TOK B LEMH
ANIEKTPOJIBUrATENsl MEPEMEHHOTO0 TOKAa B TPOLECCe IKCIUIyaTallMd Ha OCHOBAaHMM MCCIICHAOBAHUS TPOIECCOB,
OKa3bIBAMOIIMX HA HEro BIMSHUE BO Bpems pabothl. [IpakTHYeckasi 3HAYMMOCTb. [l0Ka3aHbl MPHUHIMITBI TEXHH-
YECKOro IMOJX0/ia KacaTelbHO Mepexoa OT IUIAHOBO-NPEAyHPeJNTEIbHOT0 00CIy)KUBAHUSI K OOCIYKUBAHHIO 110
COCTOSTHUIO TSl O0Jiee 0OBEKTHBHOM OLIGHKH M COOTBETCTBEHHO OoJiee OBICTPON peakIy Ha BO3HHUKIIHNE WM TO-
CTETIEHHO BO3HUKAIOIME OTKa3bl, MOBPEKICHUS U JIIOObIC IPyTrue HEJOCTATKH B pabOTe CTPEIOYHBIX JJIEKTPOIPH-
BOJIOB MIEPEMEHHOI0 TOKA.

Kniouesvie cnosa: muarHoCTUPOBaHKE; JICKTPOIPUBOI; CTPEIIKA; JICKTPOIBUTATEIIb; ABTOMATH3ALINS
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BBenenue

B HacTosiiee Bpemst xKelle3HbIe JOPOTH B YK-
panHe 00eclevnBaIOT JILBUHYIO JOJNIO TEPEBO30K
KaK TPY30BBIX, TaK M MacCaXUPCKUX. boibIie ne-
CATKA CIy>XK0 00eCIeUnBaIOT €€ HEeTPEPHIBHYIO pa-
6oty. TompKO JHUIIH OT KAadecTBa BBIMOIHIECMOM
UMHU pabOTHI, a TAKXKE UX TOYHOTO B O€3yIPETHOTO
B3aMMOJICUCTBUS APYT C APYTOM 3aBUCHT CKOPOCTh
1 0€30MacCHOCTh MEePEBO30YHOIO TpoIlecca, a Tak-
K€ COXPAaHHOCTb TPY30B.

Bo mHOrmx cmyx0ax sKcIuTyaTupyercs OOJb-
[I0e KOJIMYECTBO OOOpYIOBaHUS W arlaparypehl,
KOTOpOE KpPOME TOro, YTO HW3HOIIEHO (hU3MUYECKH,
Tak ke ¥ MOpaJbHO ycTapeno. K atomy HeraTuBHO-
My (aKTOpy MOXKHO TOOaBHUTh M HACTOSAIIEE BHI-
MOJTHEHUE TEXHOJIOTUYECKOTO TPOIecca COTJIACHO
rpaduKy IUIAaHOBO-TIPEAYIPEAUTSILHOTO PEMOHTA,
KOTOPBIf BO MHOTHX CIIydasiX M3KWI ceOsl, HO HH-
Yero JIy4lllero B3aMeH JI0 CHUX MOp HE BHEIPEHO.
CornacHO eMy TPOU3BOAUTCS PETYISIpHAs TPOBEp-
Ka COCTOSIHUSI Pa3IMYHBIX YCTPOWCTB, Y3JIOB, arpe-
TaToB C YCTPaHEHNEM BO3HHKIIUX HEHCIIPaBHOCTEMH,
NeeKTOB WK TMOBpexIeHn Ha MecTe. K coxare-
HUIO, TaKas CUCTeMa HaIllia IIHUPOKOE MPUMEHEHUE
Oosiee moyBeKka Haszajl, a BBeJCHA Oblla HAMHOTO
paHbllle, TIO3TOMY OHa HE MOXKET 00eCHevYHuTh B Ha-
CTOsiIIee BpeMs B IOJIHOW Mepe HaJeKHON paboThI
U COCTOSIHUS OOBEKTOB. OJTO CBS3aHO B IICPBYIO
odepesb CO 3HAYNTENFHO BO3POCIINM KOJIMIECTBOM
Trap TOe3/I0B B CYTKHU, YBEIMYEHHON CKOPOCTBHIO MX
JBIDKCHUS U BECOM MEPEBO3UMBIX TPY30B.

Bonbinass oTBeTCTBEHHOCTH 3a 0€30MaCHOCTD
JABMKCHUS JIC)KUT HAa MHOI'UX cny>1<6ax JKeJIe3HOM
noporu. OIHOM U3 KOTOPHIX SIBJSIETCS CITyk0a cur-
HanmM3anud u CBs3W. VIMEeHHO oHa oOecrmiedymBaeT
BEITIOJTHEHHWE BCEX YCJIOBHU O€30MacHOCTH TIpU
WHTEPBAIBHOM PETryJIHPOBAHUN JIBIDKEHHS I10€3-
JIOB HAa MIEPETOHAX M CHUCTEM JJIEKTPUUYECKOH IIeH-
TpaJu3allui Ha CTaHIIUSX.

OI[HI/IM N3 CaMbIX YA3BHUMBLIX Y3JI0B, KaK CUCTEM
aBTOMATHKHU, TaK M BCEH >KEJIE3HOW NOPOTH B Iie-
JIOM, SBIISIOTCS CTpeNIoYHBbIe mepeBoasl. CTpenod-
HBI TEepPeBO]] OYEHb OTBETCTBEHHBIN y3€l, KOTO-
pBIi IMEET TOBOJBHHO CIIOKHOE CTPOCHHE, U CITy-
JKUT IS TIEPEBOAA TTOABMKHOTO COCTaBa C OJJHOTO
MyTH HA JIPYrod B MpejaesiaX OJHON CTaHIIMH WU
pasgensHOro myHKkTa. OT TpaBUIBHOCTH PabOTHI
U HCHPABHOCTH CTPCIOYHBIX IICPEBOJOB 3aBHUCUT
HE TOJNBKO TpadUK BBHITOJHEHHOTO ABMKEHHUS, HO
1 ero 0e30MacHOCTb.

CrpenouyHbie TEpeBOAbI, SBIAIOMIUECS HEOTh-
eMJIEMOM YacThIO IKEJIC3HOMOPOKHOW HWH(pa-
CTPYKTYpBI, PESACTABISIOT OJUH U3 CIa0bIX KOM-
IIOHCHTOB IIyTH. Onu CJIOKHBI, TTOABECPIKECHBI OT-
KIIOHEHUSIM TEOMETPHUYECKUX MapaMeTpoB W TIO-
BPEXICHHUSIM B 3KCILTyaTaI[|K, TTOCKOJBKY X KOH-
CTPYKIIUSI BKJIIOYAIOT JBUXKYIIMECS YacTh U Kpe-
CTOBHHY, Ha KOTOPBLIC BOSHGﬁCTByMT BBICOKUEC -
HaMHUYECKHe Harpy3Ku. JTO MOBHIIIAET CTOMMOCTh
WX TEXHUYECKOTO OOCITy’)KHBaHUS M PEMOHTa, 00y-
CJIOBIIMBAET BBICOKHE pACXOJlbl Ha TEKYyIIee Co-
JACPKAHUEC ITYyTH. C oTkazaMu CTPCIIOYHBIX ITEPEBO-
IIoB, Hamboyiee XapaKTePHBIMU M3 KOTOPBIX SIBIIA-
€TCsl HeNPaBUIBHOE TMOJIOKEHUE OCTPSKA U 3aMbl-
KaHHE PEJbCOBBIX IEMeH, CBA3aHbl YACThIe HApY-
MICHUA ABHUXKCHUSA I10C3/10B.

ean

[IpoBepka CTpenoYHBIX TEPEBOJIOB OCYIIECTB-
JISICTCS. B HACTOSIIEE BPEMS P IMTOMOIIU PYYHBIX
METOJIOB U3MEPEHUH W KOHTPOJIA ITapaMeTpoB CO-
TPYOHUKAMH CIY>KObl CHUTHAIM3AIMA W CBS3U.
JlanHbIi crtoco0 HE MOXKET 00ecHevnTh HEeoOXo-
JIUMOW TOYHOCTH M HE MOXET JaTh rapaHTUH, 4TO
B TMIPOMEXYTOK BPEMEHH MEXIY OYepeIHBIMHU IIPO-
BEpKaMH He CIy4YHUTCA MMoBpexaeHnit. Kpome atoro
MPUCYTCTBYET YENIOBEUECKUH (PakTop, HAa KOTOPBIH
BJIMSIFOT KaK MOTO/HBIC YCIOBHUS, TaK U OIBIT pado-
THl COTPYIHHKA, €ro (U3NOJIOTHIECKOE, MOPahb-
HO-TICUXOJIOTHYECKOE COCTOSIHHE U T.]I.

HyxHo pa3paboTarh Takyr CHCTEMY KOHTPOJISI
M JIMarHOCTHKH CTPEJIOYHBIX IEPEBOJIOB, KOTOpas
B TIOJHOW Mepe OBl yIOBIETBOpsUIa TPeOOBAHMSM
COBpPEMEHHBIX YCIIOBUH CKOPOCTHOTO JIBHKECHUS
U JIBYDKEHHS TSHKEJIOBECHBIX MTOE3/I0B U TIPOM3BOIH-
Jla JTMarHOCTHPOBaHUE, COOp M CHUCTEMAaTH3AIIUIO
MAHHBIX B AaBTOMATHU3WPOBAaHHOM pexume. Ectb
Oonbmas HEOOXOAMMOCTh BHENPSITH IMOJ0OHOTO
poJia CHCTEMBbI Ha CTAHIUSAX C IIEHTPAIN30BAHHBIM
yIpaBjieHueM crpenok. [luranue nBurareneit crpe-
JIOYHBIX AJIEKTPONPUBOJIOB TIPH ATOM OCYIIECTBIISI-
eTcs MO0 TIOCTOSTHHBIM, JINOO MEPEMEHHBIM TOKOM
C OJHOU MaHeJIM MUTAHUS.

Tok, mpoTekaromuii B pabodeit 1enu dIeKTPo-
MPHUBOJIA, W3MEHSETCSI KaK BO BPEMEHHOW, Tak
Y B YaCTOTHOHM 001acTax. DTO W3MECHEHHUE 3aBUCUT
OT TOT'0, B KAKOM COCTOSIHUHM HaXOJUTCS CTPEJIOY-
HBIN TIEPEBO/I, €r0 OCHOBHBIC YaCTH M y3JIbI, a TaK-
K€ caM DdIIeKTpojBuTarenb. [lo HM3MeHeHWIo ero
aMIUTATYTHBIX ¥ YaCTOTHBIX COCTABIISIOLINX MOXK-
HO JIeJIaTh BBIBOJ O €r0 COCTOSHUM B JJAHHBIH MO-
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MEHT, T.€. TEKyIIMi MOMEHT nepeBoja. Jlanee He-
00xomuMo coOupaTh W HAaKaIUIMBAaTh ITOJAOOHBIM
00pa3oM NOJTY4YCHHYIO0 HHOOPMAIUIO O KKIOM H3
JIEHCTBYIONIUX HA CTaHIMH npuBomax. Cucremaru-
3WpYs U aHAITM3HUPYS HaKOIUIEHHBIE JaHHbBIE 0 paboTe
CTPEJIOYHBIX MTPUBOJIOB MOXKHO OTCIISKHBAThH Xapak-
TEp MX U3MECHCHUH W MPUHUMATh COOTBETCTBYIOIIHC
MEPLI 10 YCTPAHCHUIO, KaK TOJIBKO BO3HUKIINX, TaK
1 TIOCTETICHHO Pa3BUBAOIIIXCS OTKA30B.

MeTtoaunka

Jlys Havana MpoBeICHUsT UCCIICIOBAaHUS HE00X0-
JIUMO TIOCTAaBUTH 3a/ady HCCleAoBaHus. Jist aToro
BBLICHUM, KakKUM MMEHHO 00pa3oM MBI OyIieM orpe-
JIENISITh T€ WM WHBIE HEUCIPABHOCTH CTPEIOYHOTO
nepeBojia. Take HyKHO OIPEeTUTh, HA OCHOBAaHUU
KaKkuX TOKasaTelell MOXXHO OyneT B JajbHEHIIeM
JleTiaTh BBIBOJ 00 WICTIPAaBHOM HITH HEHCIIPAaBHOM CO-
CTOSTHAY CTPENIOYHOTO TIePEeBO/IA.

Hrak, cyTh IaHHOTO CHOco0a 3aKIFYaeTCs
B cienyromeM. BeIOupaeTcst CTpeIodHbIN IepeBoa
KOHKPETHOTO THUIIa, TEXHUYECKOE COCTOSTHHE KOTO-
pOTO COOTBETCTBYET TPEOOBAHUSAM K COJCPIKAHUIO
HaIlOJIBHBIX YCTPOMCTB [JAQHHOIO THUIIA, NPEAbSB-
JEMBIM HMHCTPYKIUSMHU MO OJKcruTyaranuu. llpm
3TOM YCTaHOBJICHHBI Ha HEM JJIEKTPOIIPHBOI
TaKk)Ke HE JIOJDKEH UMETh KaKuX-TH00 OTKIIOHCHUN
OT HOPM BCEX TEXHUYECKUX IMOKa3aTeNIeH, onpee-
JIAeMBIX TPOEKTHOM JTOKYMEHTAIlue U HHCTPYK-
usMu. KpoMe 3Toro HH CTPENIOYHBINH MepeBol, HU
CTPENIOYHBIN AIIEKTPONPUBOJ HE JOJKHBI COIEp-
JKaTh HE THUIIOBBIX DJIEMEHTOB, YCTPOMCTB W INpHU-
crniocoOiieHuii. bamiMaky DOJDKHBEI OBITH CMa3aHBI,
a OCHOBaHHE OCTPSKOB IUIOTHO TpWJIETaTh K HUM
10 BCEH JJIMHE, B PEAYKTOPE 3aJIUTO MAacjo A0 He-
O6XO)Z[I/IMOFO YPOBHA, KOPEHL OCTPAKOB HE IOJIKCH
WMETh IUIOTHOTO 3a)KaTHs, a caM AJIEKTPOIIPHBO
JIOJDKHBIM  00pa3oM pa3MEelIeH M 3aKpeIUIeH Ha
CTpEJIOYHOM IepeBojie. J1Jig BBICOKOM JIOCTOBEPHO-
CTH TIPOBOJMMBIX M3MEPEHHA COCTOSIHHE BCEX dac-
Tei, y37I0B ¥ 000pyIOBaHHUS CTPEIIOYHOTO TTePEeBOIa
JTIOJDKHO B TOYHOCTH COOTBETCTBOBaTh BCeM TpeOo-
BaHHUAM PIHCTPYKHI/Iﬁ, a TAaK)KC IpaBWiaM BBIIIOJIHE-
HHUA BCEX YCIIOBUHN TEXHUUYECKOM IKCIUTyaTalllu.

HecmoTps Ha paznuuusi, KaXIblil CTPEIOYHBIN
AJNIEKTPOIIPUBOJ] MMECT OIHH U T€ XK€ (YHKIHO-
HaJIBHBIC Y3JIbI, CPCAU KOTOPBIX: UCTOYHUK MCXa-
HUYECKON DHEPTUU — DIIEKTPOJBUTATENb; YCHIIU-
TeJdh BPAIIAOIIEr0 MOMEHTa 3JEKTPOJBHUTaTEINs
1 ipeoOpa3oBareib €ro BpalaTeIbHOTO ABIKECHUS
B MOCTYHNATCJIbHOC ABUXCHUEC TIICPEBOAHBIX TIATI' —

penykTop; (GpUKIHMOHHOE cleruieHHe ((PUKIHNOH)
— TOpPMO3, KOTOPBIA OOECIeYrBaeT 3allUTy JJIEK-
TPOABUTATENS OT MEPErpy30K U TOPMOKEHHE Bpa-
HIAIONIMXCS YacTedl TpUBOJA B KOHIE IEepeBOAa
CTpeJNKH; OJOK KOHTPOJS TIOJOXKEHHUS CTPEIKU
W TIOATOTOBKH IIETIH PEBEPCHPOBAHUS TMPHUBOJA
W BKJIIOYEHHs IPUBOJA CIIAPEHHON CTPENIKU — aB-
TOTEPEKITI0YATENb.

C 1enplo 03HAKOMIICHWSI U abHEUIIET0 U3Y-
YEHHsI CTPEJIOYHOTO AIIEKTPONPHUBOAA KaK 00beKTa
WCCIIEIOBAHUS, TIPUBENEM CTPOCHHE M OIHILIEM
MIPUHLUI €T0 PabOTHI MO MPUMEPY AIIEKTPOIIPHBO-
na tama CII-8. Onekrpomnpuson (puc. 1) cocrout
u3: Kopiyca [, snekrpoasurarens [0, pemykropa
8, O6J10Ka TIaBHOTO BaJla C aBTOMEPEKIIoUaTeneM o,
ypaBHUTENBbHOH My(]THI /2, mmbepa 3, KOHTPOJIb-
HBIX JIMHEEK C MPHUBAPHBIMH YIIKaMu 4, oborpesa-
TEJILHOTO 3JeMeHTa /4, B KauecTBe KOTOPOIro HC-
MOJTb30BaHBI MTPOBOJIOYHBIE SMATMPOBAHHBIE PE3U-
cropel Tuma [19B-25-56+£10, manenn ocBeIICHUS
13, 3ybuaToro xoyeca ¢ ymopom 7, HarpaBJIsIOIei
WMTHl 2, Koxkyxa 5. Bam snexrponsurarens [0
MMEET Ha OJTHOM KOHIIE KBaJApPATHBIA XBOCTHK IS
NPUCOCANHEHHS PYKOSATKH PYYHOro TIepeBOja
NpUBOJa BPYYHYIO, @ Ha JPYroM KOHIE Bajla Ha
IIMIOHKE YKpeIieHa crienuanbaas mydra /2, KoTo-
pasi OTHOBPEMEHHO COEIMHSETCS C BaJIOM-IIIECTEP-
Hell pexykropa 8. Ban-mectepHs u 3y0uaToe Ko-
JIeCO HAaXOMATCS B 3alleIUICHUU 4Yepe3 IPOMEKY-
TOYHYIO Tapy (BaJ-IIIECTEPHS U 3y0UaToe KOJIeco —
Ha ONHOW ocW). Bam-mectepns, pacmonarasch Ha
OTHOM BajJy C 3yOyaTblM KOJECOM, HAaXOAUTCS
B 3alleIUIEHHH C yMOpoM 3y09aTroro Kkojeca Ha
TJIaBHOM Baily. YTop 3y04aTtoro kosieca 3aXOIUT
B BBIpE3 J¥CKa IMIaBHOTO Baja.

[llnGepHast mIecTepHS BBHIMOJHEHA KaK OJIHO
1eoe ¢ raaBHBIM BanoM. OHa MIMeEeT /IBa 3arop-
HBIX U TATH paboumx 3yObeB. 3yObs IIECTepHU
BXOJSIT B 3alleTUieHHe ¢ 3yObsIMH IHOepa, Ha KO-
TOPOM HMMEETCS YeThIpe padoUYnX M B CIIEHANb-
HBIX 3alIOPHBIX 3y0a.

KonTponbHble TMHEHKN 4 UMEIOT BBIPE3bl, B KO-
TOpBIE MONIEPEMEHHO, TIPH X0/ X BMECTE C OCTpS-
KaMH CTpEJNIOK, 3amafaloT 3yObs peraaroB. KoH-
TPOJIbHBIE TMHEWKN COSUHEHBI MKy COOOM IIaH-
KOi. B kopmyce anmekTponprBosia, B MeCTaX BBIXO/A
pabouero mmoepa M KOHTPOJILHBIX JIMHEEK, JUIS TIpe-
JOXpaHeHHs] OT POHUKHOBEHHS BHYTPh HETO BOJIBI
Y TIECKa YCTAHABIIMBAIOTCS YIUIOTHEHHS U3 BOWIIOKA.
3aKkphIBacTCSl  JICKTPOIIPUBOM CBAPHOW CTAITHHOM
KPBILIKOM. 3arpaercsi AIeKTPOIIPUBO/L H3HYTPH CIIe-
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IMabHBIM 3aMKOM. BHyTpu snektponpuBona ycra-
HOBJIEH KypOENbHBIN BhIKIMIOYaTesb /1, GJIOKAPOBOY-
HBIE KOHTAKThI KOTOPOTO BBIKIIOYAIOT Pabovyto LeTb
u o0orpeBaTesbHBIC JIEMEHTH B MOMEHT OTKPBITHS
3aCJIOHKH JUIS1 OTKPBITHS KPBILIKU PHBOJA.

PaboTa cTpenodyHoro 3ieKTponpUBOia B HOp-
MaJIbHOM PEXHME JKCIUTyaTallud COCTOUT M3 Clie-
IOYIOLIMX 3TaloB: IIyCKOBOTO, OTIHpaHUs, paboue-
T0 X0/a, 3alUPaHus U KOHTPOJIS.

Uzyunum  moapoOHee  MOCIENOBATENBLHOCTD,
B KOTOPOW NPOTEKaeT padoTa CTPENOYHOIO 3JIeK-
TPOIPUBOJA.

[TyckoBoii 3Tam pabOTHl 3JEKTPONPUBOJA Ha-
YuHaeTcs co cpabaThiBaHMS NpUOOpa, BKIIOYAIO-

-
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y
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LIEr0 3MEKTPOABUIATENb, BaJl KOTOPOrO HAYMHAET
cB00O/IHOE BpallleHHe WM X0NocToi xon. Bo Bpe-
Msl XOJIOCTOIO XOJia aBTONEPEKII0YaTeNb BBIKIIIO-
YaeT KOHTPOJBHOE pelie, CUTHAIM3UPYS O Hauyas-
HIeMCsI NepeBOJE CTPENKU, M IMOArOTaBIMBACTCS
LIeIb pEBEPCHPOBAHUS.

Ha crnemyromem »stame, sTame OTIUpPaHUS
CTpPEJIKM, B NPHUBOJE C BHYTPEHHHM 3alMPaHUEM
OHO TPOUCXOIHUT B €ro MEXaHW3Me, a IpU BHeIl-
HEM 3allUpaHUU — HEMOCPEACTBEHHO Ha CTpEJIKE.
[Mockonbky anexktponpuBon tuma CII-8 ¢ BHyT-
PEeHHMM 3amnupaHHeM, TO OTHHpPaHHE Ha BTOPOM
aTamne cpabaThIBaHHUS CTPENKH MPOMCXOAMT B €r0

MEXaHHU3ME.
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Puc. 1. Crpenounsiit anexrpornpuson tuna CII-8:
1 — KOpIyC ANIEKTPONPHUBOA; 2 — HANpaBJIAIomast inra; 3 — mubep; 4 — KOHTPOJIBHbIE JIMHEHKH C yIIKaMH; 5 — KOXYX; 6 — OJI0K
TJIABHOTO BaJa ¢ aBTONEpeKIIovYaTeseM; 7/ — 3ybuaToe KOJIeco ¢ yIopoM; 8§ — penykrop; 9 — dpukuumoH; /() — 3IeKTpoIBUraTellb;
11 — MHOTOKOHTaKTHOE OJIOKMPOBOYHOE YCTPOMCTBO; /2 — ypaBHUTENbHAs MydTa; /3 — naHenb ocBenieHus; /4 — odorpesareinu
KOHTaKTOB aBTOIEPEKItoYatelis; /5 — 00KoBas KphIiika; /6 — OJOKUPOBOYHOE YCTPOUCTBO; /7 — 3aMOK MPUBOJA

Fig. 1. Electric turnout type SP-8
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3a oTmupaHHEM ClemyeT padounii XOXI DJICK-
TponpuBoza. Ilpu srom mmbep 3 (puc. 1), coemu-
HEHHBIA C paboueil TATOH mpu momoum My(QThI
I'yka, TonmKaeT WM TSHET ee B 3aBUCUMOCTH OT Ha-
MpaBlieHUs TiepeBoia crpenku. Pabodast Tsra Bo3-
JeficTByeT dYepe3 AeTalM KpPEeIUIeHHS Ha CBA3HYIO
TATY (TIEPBYIO COSAUHUTENFHYIO TATY), 3aCTaBIIss
ee JBUTaThCS BMECTE C MPHUKPEIUICHHBIMH K Hel
ocTpsakamu ctpenku. [Ipu 3Tom pabodas Tsra BbI-
CTyHaeT MepelaTOUYHbIM 3BEHOM MEXKAY IMOJIBUXK-
HBIMH Pa0OYMMH YaCTSIMHU 3JIEKTPOIPUBOJA U Be-
MIOMBIMH YacTMU CTpenkd. K KaxmgoMmy OCTpsKy
MpHCOeIMHEHa COOCTBEHHAsl KOHTPOJIbHAS TsIra,
KOTOpas BO BpeMs IEepeBOJla CTPENKU TepeMelna-
ercst BMecTe ¢ HUM. KOHTpOIbHBIE TATH COEIHUHE-
HBI C KOHTPOJIBHBIMH JIMHEWKAMHU W TpeAHa3Hade-
HBI JUIS COENWHEHHWS M Tepenadyd (akTHIECKOTo
PaCIIONIOKEHNST OCTPSKOB CTPEIOYHOTO MEepeBOja.
Takum 00pazoMm, KOHTPOJBHBIC TATH BHITIOIHSIOT
MOCPETHUYECKYIO POJIb MEXKAY OCTPSIKAMH CTPEJIOK
Y KOHTPOJIbHBIMHU JIMHEHKAMH, KOTOpPHIE OTpeaes-
OT TIOJIOXKEHNE OCTPSAKOB KaK Y3716 KOHTPOJISI CTpe-
JIOYHOTO AJIEKTpONpuBoAa. B koHIe padouero xona
CTpeIlKka 3aHIMaeT HOBOE KpaifHee MOJI0KEeHHE.

Tlpennocneanuit 3Tan — 3anupaHue CTPEIKU —
OCYIIIECTBIISIETCSA MTOCPEACTBOM BBEACHHUS B 3allell-
JieHne 3yObeB-KyJIaykoB IuOepa 2 W IIECTEPHU
r1aBHOTO Baya 4 (puc. 2).

3aKITIOYUTENbHBIA 3Tal — MOJY4YeHHE CUTHaja
KOHTPOJSL KpalHEro MOJIOKEHUS CTPEIKU U BhI-
KJIFOUeHue aBurarens [7].

Ilocme BBIKITIOYEHHUS 3JIEKTPOABHTATENS KHHE-
THYECKAast YHEPTHUS SKOPS U APYTHX BPAMAIOIIUAXCS
Macc OJEKTPONPUBOAA TacuUTC (PPUKIHOHOM-
TopMo30M. Ecnu anexTpoaBuraTens B KOHIE TTepe-
BOJ/Ia HE BBIKJIIIOUMJICS, TO MPHUBOJ HaYMHAET pado-
TaTh Ha QPUKIMIO. DTO JUIUTCS JO TEX MOp, IMOKa
OH He OyJeT BHIKIIOYEH WM BO3BpAIlleH B HCXO/I-
HOE IIOJIOKEHHE ITIOBOPOTOM pYKOSTKH Ha IEH-
TPAJILHOM TOCTY WM aBTOMAaTHYECKUM YCTPOUCT-
BOM, cpabaThIBaromuM 1o ucreuennn 8—10 ¢ npu
Ol u Il u 1,2 ¢ mpu I'ALl, nwiu moka He Tiepero-
PUT NpeoXpaHuTeNb B paboueii e [4].

s TOrO, 94TOOBI MEPEeHTH K ONpPEIeIICHUIO TH-
arHOCTHYECKUX TIPU3HAKOB, MpHBEIeM paboune
XapaKTePUCTUKHU W TapaMeTphl UCIPAaBHOIO CTpe-
JIOYHOTO TEPEeBOJa M YCTAHOBJICHHOTO Ha HEM
o0opymoBaHUS, a TAaK)Ke HOPMAJbHBIE YCIOBHS HX
SKCIUTyaTallru.

K oOCHOBHBIM XapakTEepUCTHKaM 3JICKTPOIPHU-
Boga tuna CII-8 oTHOCATCS: MakCUMalIbHO Pa3BU-

Baemoe TsroBoe ycuiue 6 000 H, makcumanbHOe
BpeMs TmepeBoja 7 C, AJIEKTPOIMTaHHE TepeMeH-
HBIM TOKOM IPY HOMMHAJIBHBIX HarpsokeHusx 110 B
u 190 B, rabGaputabie pazmepsl 780%955%255 mwm,
Macca 165 kr, ycTaHOBKa € MPpaBOM WM JIEBOU CTO-
POHBI CTPEIIKH.

Tok mpu paboTre 3MeKTpoABUTATENS Ha (PUK-
U0 J0JDKeH ObITh Ha 25-30 % BEIINIE TOKA, IO-
TpeOIsieMOoro Nmpu HOPMAIBHOM TepeBoje. DIeK-
TponpHuBOJ 0e3 Harpy3KH Ha mubepe pasperraeTcs
BKIIFOYaTh KPATKOBPEMEHHO He OoJiee ueM IS Tisi-
TH TIEpeBO/IOB. MexaHHuecKkas mepeaada JIeKTpo-
npuBoaa tuna CII-8 yerpipexkackagHas (IBe IH-
TUHAPUYECKHE 3yOuaThle Mapbl B 3aKPBITOM pe-
IyKTOpE W JIBE BHE €r0) ¢ OOIMMM TepeIaTOUYHBIM
ypciioMm — 70,5.

ConpoTHBIIeHHE M3OJSAIUN MEXKIY KOHTAKT-
HBIMH 32)KFMaMH{ 3JIEKTPOABUTATEINS, KOHTAKTaMHU
KOJIOZIOK M KOpIIyCOM TPHBOJA NpH TeMIepaType
(+ 25£10) °C u OTHOCHUTENBHON BIAXKHOCTH OKpY-
JKaroriero Boszayxa 1o 80 % nomkHO OBITH HE Me-
Hee 25 MOw, cBriie 80 % — He meHee 10 MOM.
I'myOuna BpyOaHUS HOXEH aBTONEPEKIOYATENS
MEXAY KOHTAKTHBIMU NpyxuHamu 9—11 mm.

Cpennsist HapabOTKa Ha O0TKa3 JIEKTPOTPUBOIA
CII-8 cocraBmser 6,2:10° mepeBosoB pabouero
mmbepa. Ha3znadeHHsll pecypce (CyMmapHas Hapa-
0oTka 00BEKTa, MPU TOCTIKEHUHW KOTOPOM 3IKC-
TuTyaTanus JOJDKHA OBITh MpeKpalieHa He3aBHCH-
MO OT €r0 COCTOSIHHUS) TPH YCIOBHH COOJIOACHUS
paBHI KCIUTyatamun coctasaser 1-10° mepeso-
OB pabouero mmobepa mpu Harpyske go 3,5 xkH
(350 krc) u 5-10° mepeBoIOB NPy HATPY3KE HA LIH-
oepe 6 kH (600 krc). [lns obecnieuenus 6e30TKa3-
HOW pabOoTHI 3JEKTPONPUBOIA B TpeienaXx HazHa-
YEeHHOTO pecypca HeoO0XOAMMO MPOM3BOAUTH 3a-
MEHY TpPYXHUH, KOJOJOK C HOXKAMH H KOJIOJOK
KOHTaKTHBIX uepe3 500 ThIicAaY MepeBOIOB, a TAKXKE
3aMEHBI 3JIEKTPOJABHTraTeNieil B COOTBETCTBYIOIINE
cpoku. CpeHUN Ke CPOK CIYKOBI JIO CIIHCAHUS
ANIEKTPOIIPUBOJIA, UCXOMIS M3 HA3HAYEHHOTO Pecyp-
ca, cocraBirsieT okojo 20 jer.

Bce tpymmecs noBepXHOCTH AeTaneil mpuBoja
CMa3bIBAlOT, @ PEAYKTOP 3IMBAIOT MHIYyCTPHAIb-
HeIMH Maciamu MC-12, C-20 umu MC-45. JIucku
¢dpukun cmazbiBatoT cMaskoit HUATHUM-201.

DNEKTPONPUBOABI HANCKHO padOTAIOT MpHU
temrepatype ot — 40 no + 50 °C.

s Toro, 9T00BI UMETH TIPEACTaBICHHE O MPH-
3HAaKaX HEUCHPABHOCTEU CTPENIOUHBIX SJIEKTPONPH-
BOJIOB, PACCMOTPUM IIPUYHHEI 0TKa30B B HX padore.
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Puc. 2. Ilepenatounsiii Mexanu3m npuBoja tumna CII-8:
1 — orpaHM4MTENb TOBOPOTA; 2 — 3yOuaras peiika-mudep; 3 — CTeHKa MacJSIHOW BaHHBL, IPUKPEIUVICHHAs: BAHTAMHU C TOTalHHBIMU
TOJIOBKaMH K IHOepy; 4 — IIaBHBIH BaJI-IIECTEPHS C IISTHI0 pab0YMMU M IBYMS 3aIIUPAIOIIUMU 3yObsiMHU; 5 — m1aiiba riaaBHOTO
BaJla C YTJIOBBIMH BBIPE3aMH I 00€CTeueHNs] MTHOBEHHOCTH 3aMa/laHusl EPEKIIIOYAIOIIEro pblyara 1 JOMOIHUTENbHOTO 3alH-
paHus UM TJIaBHOTO BaJla; 6 — paJnalibHbIM BBIpE3 Ha BHICTYMAIOLIECH IIMIIMHAPHYECKON YacTH; 7 — BBIXOJHOI BaJ-IIECTEPHS pe-
IyKTOpa; 8 — 3aIHsIsI KPBIIIKA PeAYKTOpa; 9 — pacopHoe KoJbLo; /(0 — maiiba, mpegoTBpamaronas BeaJAcHIe MIMOHOK;
11 — xopmyc peaykropa; /2 — 3ybuartoe kojeco; /3 — mNoHKY; /4 — MOAIIHUITHAK CKOJIBXEHHS;, /5 — KopIryc GpUKLINOHA;
16 — cranpHas BTyNKa; /7 — NOJBUXKHBIE TUCKY; /8 — IMOHKa; /9 — crabHble JUCKU; 20 — TPU TapeabyaThle IPY>KUHBI, CoKU-
Maromye Habop AUCKOB (puKIona; 2] — matiiba, IPUKPEIUICHHast TOYEYHOH CBapKOH K KphIIKe GpuKIHoHa; 22 — raiika, pery-
JMpYIOIIas HaXKaTHE TPeX TapesbuaThlX NPYXKKH; 23 — CTONOPHBIN BUHT, IPEAOTBPAILAIOIINI CAMOOTBUHYMBAHUE FAHKH Tapeib-
YaThIX NPYXUH; 24 — IIIOHKY; 25 — NpeloXpaHuTebHAs MIaiiba raifku TapenbyaThIX MPY>KHH; 26 — MPYXKUHBI, IPYDKUMAOLINE
MOABM)KHBIE AUCKH (DPUKLIMOHA K HEMOABIKHBIM; 27 — BXOAHOH Ball-IIECTEPHS peayKTopa; 28 — MepeHss KpBhIIIKa PeayKTopa;
29 — 3ybuatoe koneco; 30 — 3ybuaroe koneco; 3/ — maiida riaBHOTO Bajia ¢ YIJIOBBIMHU BBIpE3aMHU /11 00ECIIEUEHUS XOJI0CTOTO
XO/a mpuBoAa; 32 — TpalnenenAaIbHBIN BEICTYI Ha CTYIHUIIE 3y04aToro Koneca; 33 — BBICTYH Ha BBICTYMAIOMIEH HMIMHIPUICCKOM
gacT; 34 — 3aIpecCOBaHHBIN B KOPITyCe MMPUBOJIA YIIOP

Fig. 2. Drive transfer mechanism type SP-8

HauGonee xapakTepHbIME IPUYUHAME OTKa30B
B paboTe AIICKTPONPHUBO/IA SBIISIFOTCS:

— TMOBPEXKJICHUE PEAYKTOPA;

— HapyIIeHne padoThl HPUKITMOHHOTO CIICTUICHUS;

— 3aKJIMHUBaHUE MuUoOepa ¢ paboyeii IecTepHel;

— pa3peryiupoBKa KOHTPOJILHBIX THIT;

— HOATrap WM HAapyUICHUE PEryJIHPOBKH KOH-
TaKTOB aBTOICPEKIIOYATEIS;

— VHJIMBEHUE WM OOJICJICHEHHE KOHTAKTOB aB-
TOTIEPEKITIOYATEIS;

— M3JI0M KOHTaKTOB aBTONEPEKII0YaTes;

— u3JI0M IITHQTa U BHINAJCHUE BAJIHKa;

— IIPOYNE OTKAa3bI.

Haunbonpiiee 4nciao OTKa30B MPUXOIUTCS Ha
MOTEPI0 KOHTAaKTa B aBTOIEPEKIIoYaTese 3UMOM
U CBSI3aHO C MHAWBEHUEM KOHTaKTOB. s mpenot-
BpallleHHs] TaKUX CIIy4aeB MPeAyCMOTPEHBI pa3iind-
HBIE 3alllUTHBIE MephI (TpaduToBas cMaska, cMas3Ka
TJIMLEPUHOM, 00OrpeB, CHELHUaIbHbIE HACEUKH Ha
HOXaX, 3aKpbITHE OPICTEKIOM M np.). Ecmu kon-
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TaKTHOE Ha)XaTWe aBTOIMEPEKITIodaTeNsi OoJIbIie
HOPMBI, TO TIPH Pa3MBIKAHUU KOHTAKTOB 3TO CO3-
JIacT JyrooOpa3oBaHUe NPU pa3phbiBe padOYUX KOH-
TakTOB U WX moarap. Eciu ke KOHTakTHOE Ha)KkaTHe
MEHbIIIE HOPMBI, TO BO3MOXKHO HapyIICHHE JJIeK-
TPUYECKOH LIENH, 0COOCHHO B MEPUO]] HHIANBEHHUSL.

W3moM KONOAOYKM aBTOMEpEKIIYaTessl IMpo-
WUCXOAWT OOBIYHO W3-32 HEMPABHIBHOW pETyIn-
POBKH BpyOaHUS HOXKEH, pa3OMBAIONIUX KOJIOI0Y-
KH. M370M KOHTaKTa aBTOMEPEKIIOYATEST MOXKET
OBITh W3-32 HENMPAaBUIHHOW PEryINPOBKH KOHTaK-
TOB (3arHYTHIC KOHIIBl KOHTAKTHBIX TMPY>KUH IOJI-
JKHBI HaXOJUTHCS Ha OJHOM MpsMoil 0e3 meperu-
00B). M3mom MOKeT MPOM30NTH TaKke BBUIY 4Yac-
TOH peryJIMPOBKH KOHTAKTHOH T'YOKH.

IIpuymHaMHU HETOCTATOYHOTO BpyOaHUs HOXKEH
aBTOIIEPEKITFOYATENSI MOTYT OBITH CJEIyIOIINe He-
WCIPaBHOCTH:

— KyJIa4OK aBTOMEPEKITIOYATENsT YIIUPACTCS B KOH-
TPOJIBHYIO JTUHEHKY BCIIECTBUE HEMPABUIBHON €€
perynmupoBkr. OOHApYXHUTh 3TO MOXHO Ha)KaTHEM
Ha KOHTPOJbHYIO TATY. KOoHTpOibHas HHelKa, npe-
MSATCTBYIONIAS 3alaJaHuI0 KyJadyka, B 3TOM CIIydae
OyzeT nepeMeInaTb HOXKH aBTONEPEKITFOUaTeIIs;

— TaJyer] TOoJ3yHa, Ha KOTOPBIN OmMpaercs 3a-
MBIKAIOIIUN PhIYar, HAXOIUTCS HUKE TTOBEPXHOCTH
OapabaHa wm3-3a OCHAONCHMS KpPEMSIIUX OOJNTOB
WJIM HapyIIeHUH ero pasmMepos.

K TpeboBaHUsSIM TI0 AKCILIyaTalUU CTPEIOYHBIX
ANIEKTPOINPUBOIOB MOKHO OTHECTH CIICIYIOIIEE.
DNEKTPUYECKOE COTPOTHUBIICHHE H3OJSAIHMHA MEXTY
TOKOBEIYIIUMH YacTSIMH, COSANHEHHBIMH MEXIY
co00i M KOPITyCOM 3JICKTPONPHUBOJIA, HE JTOJHKHO
obITh MeHee 100 MOM B HOpMaJbHBIX KJIMMaTHYe-
ckux yeiopusax u 0,5 MOwm — mpum Temmeparype
+ 30 °C 11 OTHOCHUTENTHHOM BIXKHOCTH BO3ayXa 98 %.

OneKTpudecKass NPOYHOCTh H3OJSIIUU  DJICeK-
TPOIIPUBOJIAa B HOPMAaJIbHBIX KIMMAaTHYECKUX yCIIO-
BHUSIX JIOJDKHA BBIICPKHBATH B TeueHHe (60£5)
C JCHCTBUE HUCHBITATEIBLHOTO HANPSXKEHUS Iepe-
MeHHOro toka uvactorod S50 I'm or HMCTOYHHKA
MourHOCThI0 He MmeHee 0,5 kBA, mpuiioxeHHOro
MEXIy KIEMMaMH JJIEKTPOJBUTATENSI, KOHTAKT-
HBIMH KOJIOJTKAMH, COCTUHEHHBIMH MEXIy COOOH,
1 KOPIIYCOM DJICKTPONPHBOIA Oe3 TPo0Oos U SBIIC-
HUll moBepxHOCTHOTO nepexpritus 1 500 B.

IIpu BpamieHun BXOJHOTO Baja peayKTopa py-
KOSITKOM pydYHOTO TepeBoja He IOIKHO OBITh
TOJTYKOB W 3aeJJaHUN MIECTEPEH U KOJIEC.

B coOpaHHOM 3JIEKTPONPHUBOJIE NPU IEPEIBHU-
JKEHUH Mubdepa W3 OJHOTO KpaifHero IMoJIOKEeHUs

B JIpyroe Ipy>KUHbI aBTOIEPEKIIOYATENs TOJIKHEI
ofOecnieunBaTh pa3MbIKaHHE HOXEW ¢ MpyKHMHAMHU
KOHTaKTHBIX KOJIOJIOK.

Bpybanne HOXel B KOHTAaKTHBIC NPY>KHHEI
IOJDKHO OBITh Ha TUIyOMHY He MeHee 9 mM. Ilpm
BpyOaHHM HOXKEH peccOopHBbIE MPYKUHBI KOHTAKT-
HBIX KOJIONOK IOJDKHBI OTXKMMAaTbCsi B TIpenenax
0,5-1,4 MMm. OTXXUM TIPY’KHH OJDKEH OBITH paB-
HOMEPHBIM.

[Ipu B3pese cTpenku WM CONMMKEHWH OCTPSKA
(BcnencTBue AehOpMAaIMU TAT OT YJapoB | T. I1.) PbI-
Yaru ¢ KOJIOJKAMH KOHTaKTHBIX HOXKEH B 3JIEKTpO-
MIPUBOJIE, OMMPASACh HAa BEPXHIOIO IUIOCKOCTH KOH-
TPOJIbHBIX JIMHEEK, IOJDKHBI 3aHATH CpPEeJHEE MOJIOo-
KEHHE U PA30MKHYTh KOHTaKThl. IIpu sTOM 3a30p
C Ka)XJI0M CTOPOHBI MEXIY HOKaMH M KOHTAKTHBIMU
NpYXUHAMH JIOJKEeH OBITh HE MEHEe 2,5 MM.

IIpu mnoBopoTe 3acIOHKM BHU3 KOHTaKTHbIE
HOXHU OJOK-KOHTaKTOB JOJKHBI TMOJHOCTBIO pa-
30MKHYTh OJIOKHPOBOUYHBIE KOHTaKThl. Ilpu moBo-
POTe 3aCJIOHKU BBEPX IOCIIE Ha)KaTHs Ha OJIOKHUPO-
BOUHYIO CO0a4Ky KOHTAKTHBIE HOKH JOJDKHBI BPY-
OuThCs B OJIOKUPOBOYHBIE KOHTAaKTHL. OTKaTHe
KOHTAaKTHBIX NPYXHH NP 3TOM JAOJDKHO OBITH
PaBHOMEPHBIM.

PaccTosiHre MeXIy OTKPBITHIMH TOKOBEIYIIH-
MU YacTsMH U 1000 HEM30JIMPOBaHHOHN JETAIbIO
3JIEKTPONPHBOAA HE JOJDKHO OBITH MEHEE 6 MM.

ONEeKTPONpPHBOA UMEET YIUIOTHEHHUS 1O KOHTY-
PY KPBILIKH, B MECTax BHIXOJa mubepa, KOHTPOJIb-
HBIX JIMHEEK M OTBEPCTHUH, NEpPEeKpPhIBAEMBIX 3a-
CIOHKOU (TToa Kimo4d W KypOenb). Kpeimka aimek-
TPOIIPHUBOJA 3alHUpacTCs 3aMKOM, KOTOPBIH MpH
BO3/ICMCTBUY TIOTIepeyHbIX ycmmid He Oomee 300 H
1 BepTHUKAIBHBIX He Ooinee 400 H me momxkeH OT-
MUPATHCS.

DNeKTponprBoj A0JHKEH 00eCcednBaTh MOTEPIO
KOHTPOJIS OJ0KEHHSI CTPENIKH:

— IIpU PACCOETUHEHUN OJTHOW M3 KOHTPOJBHBIX
TAT C OCTPSAKOM H MOCIEAYIONIEM MIEPEBOAE CTPE-
KM, @ TAK)KE BO3BPAILECHUM CTPEIKH B HCXOIHOE
MI0JIOKEHHUE;

—IIpU BBITATMBAHUU KOHTPOJIBHOW JIMHEHKHU
OMKHETO0 OCTpsKa M3 KOPIIyca BJIEKTPONPHBOAA
Ha BesinuuHy 10-210 mm;

—Tpu W3rube KOHTPOIBHOM TAITH JaJIbHEro
OCTpsAKa M BHITATMBAaHUH NPU 3TOM JIMHEHKHU Jalb-
HEro OCTpSIKa W3 KOpIlyca 3JIEKTPONpUBOJA Ha
25-110 MM He3aBUCHMO OT IOJIOKEHUS JIMHEHKU
ONMKHET0 OcTpsika W Ha BenuuuHy 25-210 mwm,
€CIIM IPU 3TOM OJHOBPEMEHHO BBHITATHBACTCS JIU-
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Helika OJIMKHEro OCTpsiKa M3 KOpITyca JIIEKTPO-
npuBoja Ha BennunHy 10-210 mMm. IIpu mepeBoae
MIOCJIe 3TOTO CTPENIKH B APYroe KpalHee MOJIoxkKe-
Hue (mubep BBIIBUHYT) KOHTPOIb IOJIOKEHUS
CTpEJKH JTOJKEH OTCYTCTBOBAaTh, €CIIA CYMMapHOE
BHITATHBAaHUE JTMHEHKU JaJbHErO OCTpsKa U3 KOp-
myca coctaBisieT 185-360 mm.

DJIEKTPOTIPUBO B TTOJIOKEHUH «IITHOEP BBIABH-
HYT» JOJDKeH o0ecredrBarh MOTEPI0 KOHTPOJS MO-
JIOXKEHUSI CTPENIKA TPU YACTUYHOM BTATHBaHHUU
(BTAJIKMBaHWH) JINHEHKH JTATTHHETO OCTPSKA B KOPITYC
Ha BenmnuuHy 10 MM 1 Goree — 10 ymopa yIIka Jiu-
HEWKH B HANPABIISIONIYIO [UTUTY 3JIEKTPOIPHBOJIA.

DJNEeKTPONPUBOJL TOJKEH 00ECIIeYnBAaTh MTOTEPIO
KOHTPOJSI TIOJOXKEHUSI CTPENIKA TPH COMMKEHUH
OCTpsIKOB (BCIEACTBHE AeOpPMAIMU TAT OT YAapOB
U T.1.). BennunHa mepemMerieHusi KOHTPOJIBHOM JH-
HEHKH OT MOMEHTa yIopa €e B 3aJHIOI0 ITOBEepX-
HOCTH 3y0a KOHTPOJILHOTO phlYara J0 pa3MbIKaHUsI
KOHTaKTOB JI0JDKHA OBITH He Oonee 14 M.

OnextponpuBox CII pomkeH obecreynBaTh
KpYTJIOCYTOYHYI0 paboTy W OBITHh PEMOHTHOIIPH-
TOJHBIM TIPH 3KCIUTyaTald 10 MPeaedbHOro Co-
CTOSIHUS, TO €CTh 1O HapaOOTKH HAa3HAYCHHOTO
pecypca.

TexHomorust OOCIY>KUBaHUS [EHTPATH30BaH-
HBIX CTPEJIOK BKJIIOYAeT B ce0s Hapy>KHYIO IpO-
BEPKY COCTOSIHHS TPUBOJIOB M CTPEIIOYHBIX TapHU-
TYyp LEHTPAIM30BAHHBIX CTPENOK, KOTOPYIO BbI-
MOJHAIOT JIBa pa3a B HEJENI0 Ha CTpeNKax, ydacT-
BYIOIIMX B MapHIpyTax MpHUeMa U OTIIPaBIICHUS,
M HE peke OJHOTO pasza B HEAETI0 Ha OCTAIBHBIX
crpenkax [8, 9, 10].

[Ipu 3TOM MPOBEPSIOT: IIIOTHOCTH IPYIKATHS
oCcTpsika K paMHOMY pembCcy 0e3 mepeBonia cTpel-
K{; HaJI©)KHOCTh U MPAaBUIBHOCTh KpPETUICHHS TIPU-
BOJIa, TApHUTYDP, KOHTPOJBHBIX M PabOUUX THT;
OTCYTCTBHE BUAMMEBIX TPEIIMH M BMATHUH Ha KOp-
nmyce TMpHBOAa, (QYHAAMEHTHBIX W KpPEMEeKHBIX
YTOJIBHUKAX, TPOIOIBHOM CBSI3HOHM Mmojoce, pado-
YUX W KOHTPOJBHBIX TSTaX; MIMIMHTOB U 3aKPYTOK
B 0ONTax W BaJMKax; OTCYTCTBHE MPEISATCTBHUS
B INMAJbHOM SIIUKe It ABrokeHus Tiar. Ocoboe
BHHMMAaHHE OOpaIlaloT Ha HAIWYHE W HCIPABHOCTH
CTOTIOPHBIX TIaHOK. lIpm ocmoTpe HeoOXoamMo
oOpamiars BHUMaHWE Ha HEAOCTATKH CTPEJIOYHOTO
nepeBoja, KOTOpbIE MOTYT HapyLIMTh HOpMallb-
HY0 pabOTy BIIEKTPOIIPHUBO/IA.

[InoTHOCTH TpMXKATHUS OCTPAKA K paMHOMY
pernbCy, CTPENIOK MpH 3aKiIajKe M1abiloHa TOJIIU-
HOW 4 MM W 3alMpaHHe CTPENIOK MpU 3aKIaIKe

mraboHa 2 MM MPOBEPSIOT OJUMH Pa3 B HENENI0 Ha
CTpesKax, BXOIAIMMX B MapLIpyThl IpuemMa U OT-
MIpaBJIEHUs, U OJUH pa3 B JBE HEIENH Ha OCTallb-
HBIX CTpEIKax.

IIpu 3akmazke mradiaoHa TONMIMHONW 4 MM MEXK-
Iy OCTPSIKOM M pPaMHBIM pEJIbCOM CTpeNka He
JTIOJDKHA 3aMBIKAThCA M JIaBaTh KOHTPOJIb OKOHYa-
HUS TIEPEeBOAA, T. €. DJEKTPONPUBOJ OIDKEH IIPO-
IOJDKaTh paboTaTh Ha (PUKLIUIO; TPU 3aKIaaKe
1rabJioHa TONLIMHOM 2 MM CTpelika JOJDKHA Iepe-
BOJIUTHCS W J]aBaTh KOHTPOJh OKOHYAHHUS IIEPEBO-
Jla, TIPH 3TOM K0P He TOJKEH 3aKIMHUBATHCS.

IIpu BHyTpeHHell NpoBepKe 3JIEKTPONPUBOIA
C TIEPEBOJIOM CTPENKH, MPOU3BOIMMOI OJVWH pa3
B YeThIpe HeJeNH, TPOBEPSIOT: COCTOSIHAE W Kperl-
JIeHWe BHYTPEHHUX dYacTeil NpUBOJA; COCTOSHHE
MOHTa)Ka M €r0 KpeIUIeHHe; MPaBIIIBHOCTh PETryiH-
POBKH KOHTPOJBHBIX TST; COCTOSHHE KOJJIEKTOpa
W IIeTKOoJiep)KaTeneil BUTaTesns; ypoBEHb Macia
B penykrope siaekrponpusona CII; ymnoTHeHus
TIPUBOIA; PabOTy OJNOKMPOBOYHON 3aCIIOHKU U JIeH-
CTBHE 3aMKa; COCTOSIHAE KOHTaKTOB M BpyOaHHE HO-
JKEH aBTOIEPEKIIIOYATENs; B3aUMOACUCTBUE 4YacTe
AIIEKTPONPUBOAA 1 pabOTy aBTOIIEPEKITIOYATENS.

Ilpu BHYTpeHHEH NpOBEpPKE CTPEIOYHOU KO-
poOku u Myptel YIIM, mpousBoaumoii onuH pas
B 3 Mecsla, MPOBEPSIOT: MOHTaX; HMCIPaBHOCTh
PEBEPCUPYIONIETO pejie; COCTOSHWE W JelcTBHE
KOHTaKTa MECTHOTO yIpaBJieHHs, KOpIlyca IUIaH-
ra; YIUIOTHEHHE.

[IpoBepsist TokH, TOTpeOIIEMbIE IEKTPOIBHUTA-
TeJeM TIPU HOPMAaJbHOM IEPEBOAE CTPENKH U pa-
6oTe anexTpoABHUraTens Ha (PUKIMIO, OMperemns-
10T 3HA4YE€HUE TOKOB, KOTOpPbIE HOPMHPYIOTCS B 3a-
BACHMOCTH OT KPECTOBHHBI CTPEIOYHOTO ITEPEBO-
Jla, PENIbCOB, JJEKTPONPUBOA, JIEKTPOABUraTENs
1 pabouero HanpsHKEHUs Ha 3JICKTPOABHUraTee.

B cBsi3u ¢ Tem, uro DL npoekTUPYIOT TOJIBKO
¢ JIBUTATENISIMH TPex(a3HOTO TOKa, Jajiee MpHBEe-
Ha TEXHOJIOTUS PETYIUPOBKH (PPUKLIMOHHOTO CILCTI-
nenust snexrponpusogoB CII. Oty peryaupoBky
BBITIOJTHSIOT C TMPUMEHEHHWEM CIENUalbHOTO YCT-
poiictBa, comepkamiero auHamomerp J{OCM-3-1,
MaKCHMAaJbHOE U3MEPSIeMOe YCHUJINEe KOTOPOTO pa-
BHO 9 800 H. JlaHHO€ yCTpOMCTBO MO3BOJSIET yC-
TaHABIMBATh U YJEPKUBATh JUHAMOMETDP MEXIY
PaMHBIM PEIbCOM U OCTPSKOM CTPEIIKH.

s u3aMepeHus: ycuius nepeBoja CTPEKH He-
00X0MMMO (PPHUKITMOHHOE CIICIUICHHE OTITYCTHTH
JI0 COCTOSIHUS, TP KOTOPOM 0OecTeunBaeTcs CBO-
OOIHBIH TPOBOPOT (PPUKIUOHHOTO YCTPOWCTBA
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JIBUTATEJIEM DJIEKTPOIPHUBOIa O3 ImepeBoja CTpe-
K. 3areM (DPUKIMOHHOE CIICIJICHHE HYXHO 3a-
JKaTh J0 COCTOSHUSI, TIPU KOTOPOM CTPEJNIKa Ha4H-
HAeT MEPEeBOAMTHCSA, W H3MEPUTH ITUHAMOMETPOM
YCTaHOBJIEHHOE yCHJIME, KOTOpOoe M OYyIeT yCHIIH-
€M TIepeBO/Ia CTPEIIKH.

VYcunue 3aMBIKaHUS CTPEIIKH MOXeET OBITh 00-
JBIIAM B CPAaBHEHHH C YCHJIMEM IepeBoja. B atom
ciaydae (DPUKIMOHHOE CIEIUICHHE HE00X0IUMO
3aTSHYThH JI0 COCTOSIHUS, IPU KOTOPOM 3aMBIKACTCS
CTpeJKa, U U3MEPHUTH yCHITUE 3aMbIKaHUSI.

IIpu peryaupoBke (QPUKIMOHHOE CIEIUICHUE
3aTATHBAIOT C HEOOXOJMMBIM YCHIIHEM, YCTaHOB-
JICHHBIM JUIS TaHHOTO THIIA CTPEIIOYHOTO IIePEeBO-
Ila, KOTOPOE U3MEPSIOT THHAMOMETPOM [35, 6].

Kak BuIHO M3 IpUBEIECHHOM BBIIIE TEXHOJIOTUU
o0CITyXKMBaHHUS U HACTPONKH CTPENOYHBIX MPHUBO-
JIOB ¥ KOMMYHHKAaIUH, KOTOPBIE K HUM OTHOCSTCA,
MPOIIeCcC TIPOBEPKH WX COCTOSIHUS U JJIUTECIHHOCTD
YCTpaHEHHsI TIOBPEXKIICHUM, BKIHOYAs MPOQHUIAK-
TUYECKHIA OCMOTp, 3aHUMAaeT MHOTO BPEMEHH U OC-
HOBBIBaeTCs B OOJbINEH CTETeHHM Ha HaBBIKaxX pa-
OOTHUKOB CITy>)KOBI CUTHAJM3AIlMH U CBS3H B BbI-
MIOJTHEHUH Pa3lIUYHBIX OTEpaluil ¢ menbo odecrie-
YeHWsI B JyYIlIeM cllydae UCTIPABHOTO, a B Xy/IIeM
— paboTocToCcOOHOrO COCTOAHUS cHucTeMbl. llpu
MPOBEJACHUN TEXHUYECKOTO OOCITYy)KMBAaHUS U BbI-
MOTHEHAH PEMOHTHBIX WM BOCCTaHOBUTEIBHBIX
paboT COTPYIHHMK OCHOBBIBAETCS Ha COOCTBEHHBIC
3HaHUS, BOCIIPUATHE U TIOHUMAHUE TPOUCXOJISIINX
MIPOIECCOB M B3aWMHBIX 3aBHCHUMOCTEN. B kaxmaom
KOHKPETHOM CJIydae OINpeleleHNs HEeHCIIPaBHOCTH
TOTO WM WHOTO y3J1a CTPEJIOYHOTO NEPEeBOJia MU
BCEH CHCTEMBI B IEJIOM CIyXKallleMy MPUXOIUTCS
TPaTUTh MHOTO BPEMEHHU Ha MOWCK MPUYHHBI OTKA-
3a, KOTOpOE€, Kak MPaBWJIO, 3aHUMACT IOJOBUHY
BPEMEHHU, TPEOYIOMIEToCsl Ha YCTPaHCHUE TOBPEK-
nenwst [1, 2], a uHOTHA 1 OOJIBIITYIO €TO YacTh.

B cBsi3u ¢ 3THM CYIIECTBYET OCTpas HE00XO-
JIUMOCTh OOHOBJICHUSI yCTPOWCTB 0OECICUCHUS
JIBUKEHUS TIOE3/I0B, TMOCKOJIBKY HACTOSIINE CHC-
TEMBI MOPAJIbHO U TEXHHUYECKH yCTapeld, a METO-
KA TIAHOBO-TIPEAYIPEAUTECILHOTO PEMOHTA H3-
JKuna ce0s, Kak OJIMH W3 BUJOB BEJCHHS XO3SICT-
BEHHOUW JESTEIbHOCTH, OTHOCSIIEHCS K TEepHoay
HaJajia pa3BUTHUS U BHEIPCHUS TEXHUUYCCKUX CIIO-
co0OOB pelieHus MPOMBIIUICHHBIX 331a4. K Tomy
ke TpeOyercs He TONBKO IMepexo]l Ha MPUHIUIIH-
aTbHO HOBBIE TEXHOJIOTUW U CUCTEMBI, HO M YCTpa-
HEHHE MOAXO0JI0B, 3AJI0KCHHBIX B METOJIaX IJIAHO-
BO-TIPEAYIPEANTEIHHOTO PEMOHTA.

C MOBBIIICHUEM CKOPOCTEH JIBUKEHUS MOE3/I0B
y OOCITy>KHBAOIIET0 TIepcoHalla OCTaeTCsl 3HAYH-
TENBHO MEHBIIC BPEMCHH Ha YCTPAHCHHE TOBPEK-
JneHuid. B ¢BsS3M ¢ TeM, YTO JaHHOE BPEMST MOXKHO
pas3ienuTh Ha MPOMEKYTOK BPEMEHH OT MOMEHTA
MOABJICHUA HCUCIPABHOCTH OO0 MOMCHTaA I/IH(I)Op-
MHUPOBaHHUSI O HEM COOTBETCTBYIOIIEIO COTPYAHH-
Ka, BpeMs MPHUOBITHS, TIOUCK TIOBPEKACHHS M COO-
CTBCHHO €TI0 YCTpaHCHUEC, TO, YMCHBIINB XOTb O~
HO U3 COCTaBJISIFOIIUX, €CTh BO3MOXXHOCTH COKpa-
TUTHh OOIIYI0 €ro JIUTeIbHOCTh. [10CKONBKY TO-
BJIUATH Ha BPEM IJIA HpI/I6LITI/I$[ COTpyJAHHKa Ha
MECTO IMOBPEKJICHUS OYCHb TPYIHO, a MOJHAs 3a-
MeHa 00OpyZOBaHMs TpeOyeT 3HAYUTEIbHBIX Ka-
MUTAJIOBIOXKEHHUH, YTO HE BCErJa COOTBETCTBYET
BO3MOHOCTSAM U ABJIACTCA palMOHAJIbHBIM I1OM-
X0JIOM, TO OCTaeTCs BO3MOXHOCTh BBIMTPATh Bpe-
Ms Ha dTare yCTaHOBJICHWs (paKkTa TMOSBICHUS II0-
BPCKIACHUA U COKPATHUTH BPEMsA IMOHCKA IMOBPEK-
JICHYsSI, KOTOPOE CTaJIO MPUYUHON OTKAa3a.

Craenatb 3TO MOXHO NPH MOMOIIY aBTOMATH-
3aliMl CHCTEMBbI KOHTPOJII W JTUATHOCTHPOBAHHUS
CTPEJIOYHBIX IEPEeBOJOB. ABTOMAaTHU3MPOBaHHAS
cUCTeMa KOHTPOJIS W JUArHOCTHPOBAHHS KpOME
TOTO, 4TO MO3BOJHT B PEKHME PEATHHOTO BPEMEHH
coOupaTh JaHHBIE O COCTOSHUU OOBEKTOB, HAXO-
JIIMXCS HA YAAJCHUHM OT IMOCTa 3JICKTPUYCCKOU
HEHTPATM3AINH, U B CIydYae U3MCHCHHS 3HAYCHUI
COOTBETCTBYIOIIMX IOKa3areield BhIJaBaTh COO00-
HICHUS 00 OTKa3HOM WJIM TPEIOTKa3HOM COCTOS-
HUSIX, MPEIOTBPAIAs TEM CaMbIM 3aJICPIKKHU MOE3-
JIOB 110 BHHE MOBPEXKICHUH CTPEIOYHOTO TEePEBO-
Jla, HO TaK)Ke M CMOXKET O0ECICUYUTh yCTPaHCHHE
BPEMCHHOTO IMPOMEXYTKA OT TMOSIBICHUS HEHUC-
MPaBHOCTH JIO TIOCTYIUICHHS O HEeW WHQpOpMAaIUH
K KOMIIETCHTHBIM COTPYIHHUKAaM. B JaHHYIO CHUC-
TEMy HYXHO TaKXE 3aJI0KHTh OCHOBHBIC THUIIBI
OTKA30B M TPUYMHBI MX MOSBICHHS JJIT BO3MOXK-
HOCTH TpoBeJeHus1 uaeHTuduKanuu. [Ipu mossie-
HUY TOBPEKICHUS TaKas CUCTeMa HE TOJIBKO CMO-
JKET ero ONpeeanTh, HO U BbIIATh PEKOMEHIAIIUH
Mo croco0y ero yCTpaHeHUs, HHCTPYMEHTY, JeTa-
JIIM M U3MEPUTENIbHBIM MPHOOpaM, KOTOPhIE HYX-
HO B3STh C COOOM, BBIIBUrasiCh Ha OOBEKT C IO-
BPEKJICHHEM, a TAK)KE aBTOMATHUYECKH BBIMOHATH
3aIlliCh B 3JICKTPOHHOM XYPHAJI€ O BBINIOJTHCHHBIX
pabotax [3].

PaccMOTpUM TEXHUUECKYIO PEaTH3aIUI0 CHUCTE-
MBI KOHTPOJIII W JUArHOCTUPOBAHHS COCTOSHHS
CTPEJIOYHBIX AIIEKTPOIPUBOOB IIEPEMEHHOTO TOKA.
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Puc. 3. Cxema moIKITIOYEHUS H3MEPHUTEIHHOTO YCTPOUCTBA K AIEKTPOIIPUBOAY C TIATHIIPOBOIHON CXEMOH
YIPABIIEHUS CTPEIKOI

Fig. 3. Measuring device connection scheme to the electric turnout with five-wire control circuit

BeimonHseTcs NoAKIOYEHNE, KaKk IIOKa3aHO Ha
puc. 3, anaioro-uudpoBoro mnpeodpazoBaTeis
(ALIT) wepe3 menuTenb HampspKEHUs K pabodeit
LEeNH HATUIPOBOIHON CXEMBI YNPABICHUS CTPE-
Ko#. [[ng 3TOro B pasoMKHYTYIO KypOelIbHBIM BBI-
kimovarenem /7 (puc. 2) pabodyio Lenb 3JIEKTPO-
NPUBOJIAa CTABUTCS Ha OAMH U3 BBIBOJOB IEPEMBIY-
Ka, a Ha JAPYrod — MOCIENOBAaTEeIbHO BKIIIOYAETCS
JIenutend HamnpsbkeHus. llpowsBomuTcs 3ammch
(OpMBI KpUBOIi TOKa, KOTOPBIA MPOTEKAET B LEMH
CTPEJIOYHOTO  3JIEKTPOIBHUraTeIsl IEPEMEHHOIO
TOKa TIPU TEPEBOJIE CTPENKH W3 OJHOTO IOJIOXKE-
HUS B Apyroe M oOpaTHO. DTOT CHUTHal CHadaia
AQHAJM3UPYETCs] B aMIUIUTYIHOW M 4acTOTHOH 00-
nactsax. Ilpu 3ToM onpenenstoTcst Tak Ha3bIBaeMble
«MapKepbl», T.e. OCHOBHBIC IapaMeTpbl CHrHaia,
[0 KOTOPBIM MOXKHO BECTH CPaBHEHHE, CPEAU KO-
TOPBIX: [UINTEIBHOCTh CHUTHAJIA, €0 MaKCHMaJlb-

HBIE 1 MUHUMaJIbHbIE 3HAYCHHUS. 3aTEM CaM CHUTHAJ
U pe3yibTaThl €ro aHajlu3a COXPAHSIOTCA W WC-
MOJIL3YIOTCS KaK JTAJOHHBIC JUIS TOTO, YTOOBI
B JanbHEWIeM NMPUMEHATh UX B KauecTBe 0o0Opas-
IIOB MICTIPABHOTO COCTOSIHHSI CTPEIOYHOTO NEepPeBO-
Jla ¥ 3JIEKTPOIPHUBOAA, YCTAHOBICHHOTO Ha HEM.
JenuTtens HaNpsHKEHUS] IPUMEHSIETCS C TIeNBI0 3a-
muThl ALIT OT BO3MOXKHBIX CKQYKOB HaINPSKEHUS.

PaccMmoTpeHHBIC paHee HEIOCTATKH, IMOBPEK-
JICHUSI ¥ OTKa3bl B pab0OTE CTPEIIOYHOr0 TepeBojia
WMEIOT TaK WJIM WHa4Ye OTpakeHHEe Ha paboTe JBU-
ratesis 3JIEeKTPONpPHUBOJA, a UMEHHO Ha XapakTepe
TOKa B €r0 OOMOTKAaX, KOTOPBIH SIBIISETCS CIICICT-
BHEM DPEaKIMH 3JIEKTPUYSCKOW MAaITMHBI HA U3Me-
HSIOIIMeCS BHeIHUE (hakTophl U HArpy3Ky. llyrem
nmonoopa MPU3HAKOB PA3IMYHBIX JASPEKTOB MOIMPO-
OyeM CHMUTHPOBATh Pa3IUYHbIC BUIBI BBIXOJIA €T0
U3 CTPOS U MIPUBOJSAIINE K TOMY IIPHYUHBL.
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Taxum 00pa3oMm, B OCHOBE HCCIEIOBAaHUS Jie-
JKUT aHalnu3 3aBUCHMOCTH XapakTepa H3MCHEHHS
KPHBOH TOKa, KOTOPBIH MpOTEKaeT B paboueil nenu
CTPEJIOYHOTO 3JIEKTPOIIPHUBO/IA IEPEMEHHOTO TOKA.

Jnist ycTaHOBJIEHUS 3aBUCUMOCTH (DOPMBI U aM-
IUIATYABl TOKAa OT BHJAA M XapakTepa HarpyskH,
a TaKKe Ka4yeCTBEHHOTO M KOJIMYECTBEHHOTO OIl-
peliesieHHs] PeaKky ABUTATEIIs CTPEIIOYHOTO HJICK-
TPONPHBOJA Ha BJIMAHUC pa3JIMYHBIX HCUCIIPABHO-
CTel MO TOKY B €ro 0OMOTKaX, OBbUIM BBHIITOJHEHBI
U3MEpeHus M 3amuch (POpMBI TOKOBOH KpHBOIi
B YCJIOBUSIX pealIbHON SKCIUTyaTalluy CTPENIKH.

UcnbiTanus npoBOIUINCH B PEATbHBIX YCIOBHU-
AX Ha ACHCTBYIOLIMX CTPENIKaX ¢ MapKOi KpecToBHU-
HBI 1/11 1 THIIOM penbe P65, ynoxeHHBIX Ha Xkele-
300€TOHHBIE IINAJILI KaK IO TJIaBHOMY XOJYy, TakK
U Ha OOKOBBIX MyTSAX. THI CTPEIOYHOIO BJIEKTPO-
IPUBOAA BBIOPAaH COOTBETCTBEHHO PAacCMOTPEHHO-
My panee tumy CII-8 ¢ aBurareiseM mepeMeHHOTO
toka Tuna MCT-0,3. YcnoBust okpy:xarolien cpest
BO BpeMs BBINOJHEHHUs W3MEPEHUM: TeMIieparypa
Bo3ayxa — 25 °C, BIaxHOCTb — 65 %.

Pe3yabTathl

PaccmoTpum u pa3zdbepeM HECKOJBKO MPUMEPOB
3amUCceil TOKOBOW KpHUBOH. OTKpHIBaEM COXpaHEH-
HBIC 3allUCHU CUTHAJIOB TOKOBLIX KPUBBIX IIPpH IIO-
MOIIIM KOMaH/IbI Sptool B moJie KOMaH| IPOTrpaMMBbI
MATLAB [11-13].
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Puc. 4. Tox HOpMaIIEHOTO TIEpeBOIA
Fig. 4. Normal translation current

Ha puc. 4 uzoOpakeHa BpeMeHHas 3aBHCH-
MOCTb TOKa HOPMAaJbHOTO II€PEBOAA, KOTOPYIO
MOYKHO OXapaKTepu30BaTh PaBHOMEPHBIM 3Haue-

HUEM 10 BCEeH MPOTSKEHHOCTU TepeBoaa. B koHile
MepeBo/ia 3aMETEH HE3HAUYMTENbHBIN TOK OCTaTOY-
HOT'O BPaIIaloUIErocs MoJisl CTaTopa.

Ha puc. 5 moka3zaHa xapakTepuCTHKa TOKa, TIPU
paboTre mpuBOAa Ha (PPUKIWIO, JJIST OMPEICICHIS
MPaBUIBHOCTH PETYJIUPOBKU HaXXaTHs Tapesbya-
TBIX MPYKHH.

Oco0oe BHIMaHNE 3aCTy’KUBAIOT KPUBEIE TOKA,
M300pakCHHbIC HAa PUC. 6, TIOCKOJIBKY CIIOCOOHBI
OTpEACNATh Ha HAYAIBHBIX CTaIMSIX OTKJIOHCHUS
OT HOpPMAaIILHOW pa0OTHI aBTOIMEPEKIIOYaTeNs, 0Jl-
HOI'0 M3 CaMbIX HCHAJCKHBIX Y3JIOB KaK CTPEJIOY-
HOTO MPUBOJIA OTACIHHO, TAK U BCEH CTPEIIKH.

4 _

9 10 11 12 13 14 15tc
Puc. 5. Tox paboTsl Ha GPUKIUIO
Fig. 5. Friction current

ABTOITEpEKITIOYATEh, KOTOPBI UMEET HanOoee
MIPaBIWIBHYIO PETYJIMPOBKY YCTAHOBJIEHHBIX KOJIOMI0-
YeK, KOHTAKTHBIX IUIACTHH U TPYKHUH MEPEKITIovaro-
IIUX PbIYArOB MMEET HaUMEHBILEE BPEMS MEPEKIIO-
YEHUs] C HAWMEHbIIEH aMIUIMTYAOH MEepeXOJHOTO
3HaueHust Toka (puc. 6, a). [lo mepe pa3perynmpoBku
Y BBIXOJIa U3 CTPOSI Pa3INYHBIX COCTABIIIOMINX BpeE-
Ms 1 abCOJFOTHOE 3HAUYeHHEe TOKa B 30HE KOHTAKTa
OyayT yBenmuuuBarhed (puc. 6, 6; 5, 8).

Ha ocHoBaHMM BBIABHHYTOTO IMPENNOIOKEHUS
OBUTH TIPOBEICHBI M3MEPEHHS Ha CTPEJIOYHOM Iie-
peBozie, BOCCTAHOBIEHHOM IIOCJIE B3pe3a C IoCiIe-
JIOBAaBILIMM CXOJIOM JIOKOMOTHBa M MEPBBIX IBYX
BaroHoB. Cpelu CBONCTBEHHBIX HEUCIPABHOCTEH,
BBI3BAaHHBIX B3PE30M CTPENKH, M00aBWIICA eIle
H30THYTHIA OCTPSIK, KOTOPBII ONUpaICS HA BTOPOM
OCTpSIK M TEPEBOAWICS B MOABEIIEHHOM COCTOS-
HUU, YTO YMEHBILIAJO CONPOTUBJICHHUE JIBUKECHUIO
CTpEJIKH TpH MIEPEBOE U NP U3MEpeHHsIX (puc. 7)
0TOOpaXEHO YMEHBIICHUEM BEIUYHHBI TOKA.

B cBs3u ¢ mosBHBmIUMECS TO(QTaMU B y3/Iax
KpEIUIEHUS! YBEITUYMUIIOCh BpeMsl IepeBoja CTpell-
KM, YTO TaKXe SBJISETCd HEOTHEMJIEMBIM IpH3HA-
KOM €€ COCTOSTHMSL.
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Puc. 6. Tok 3aMbIKaHHsI aBTONEPEKIIOUATEIS:
a — UCTIPaBHEIN; 6 — ocnabiIeHue NpyKHH; ¢ — OCTIa0JIeHUe
KOHTAKTHBIX IUTACTUH ¥ IPYKUH

Fig. 6. Autoswitches connection current:
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Puc. 7. Tok nmepeBoaa CTpeiku ¢ aeeKTaMu
Fig. 7. Turnout with defects transfer current

OmnpeneneHue He PaCCMOTPEHHBIX OTKA30B, PU-
BEJICHHBIX paHee, TpeOyeT JOMOJHHUTEIBHOTO Bpe-
MEHH, TJIyOOKOTO U3yUCHHUS U IETATBHOTO aHAJIH3A.

Hayuynasi HOBU3HA M paKTHYecKast
3HAYUMOCTh

BriepBeie monayuYeHBl MPaKTUYECKUE PE3yJbTa-
Thl TIO JHMATHOCTUPOBAHUIO CTPEIOYHBIX MEPEBO-
JIOB C 3JICKTPOIPUBOJAMHU MIEPEMEHHOIO TOKa, KO-
Topme HOIITBep)KI[aIOTCH MHOT'OYHUCIICHHBIMHU OIIbI-
tamu. OmnpeeneHa CTporas B3aUMOCBS3b MEXITY
TEXHHYCCKUM COCTOSIHHEM CTPEIKA H  (hOopMOi
KPUBOM, KOTOPYIO OIMCBHIBAET TOK B IICMH 3JICK-
TPOJBUTATEIISI TISPEMEHHOTO TOKA B IPOIIECCE IKC-
TUTyaTalii Ha OCHOBAHWU UCCIICIOBAHUS MPOIIEC-
COB, OKa3bIBAIOIIMX Ha HEro BJIHUAHHUEC BO BpeMH
paboTHI.

[Mony4yeHHbIC pe3ynbTaThl UCCICTOBAHUI TIOKa-
3BIBAIOT MPHHIIMIIBI TEXHUYECKOIO MOAX0aa K ITe-
pexoay OT IUTAHOBO-IPEAYNPEIUTEIILHOTO 00CITy-
JKUBAHUS K OOCIY)KMBAHHUIO IO COCTOSHHIO JIJISI
Oosiee OOBEKTHUBHOM OLIEHKM M COOTBETCTBEHHO
Ooree OBICTPON peakIMy Ha BO3HUKIINE WIH IIO-
CTCTICHHO BO3HHUKAIOIIUE OTKAa3bl, MOBPEXKICHUSI
W JO0bIe JpyrdUe HEIOCTaTKH B paboTe CTpenoy-
HBIX 3JICKTPOIPHBOIOB IEPEMEHHOro Toka. Mc-
CJICIOBAHUS MTOKA3aJIH, YTO BPEMsl, COKOHOMJICHHOE
Ha TOMCK TOBPEXICHUS, B OOJBITHHCTBE CIy4Yacs
OKa3bIBACT PEIIANONICe BAUSHHE HA IIUTEIbHOCTH
BOCCTAHOBHUTCJIIBHBIX pa60T, a HOBTOMy JaHHas
CHUCTEMa B YCJOBHSX HACTOSIIETO YPOBHS 3arpy-
JKCHHOCTH OOCITY)KHMBAIOIIEr0 IEPCOHala CTaHO-
BUTCA Bce OoJjiee u 0ojiee HEOOXOIMMOIA.

BoiBoabI

JKene3HOMOPOXKHBIA IMyTh MPEICTaBIIET CO0O0i
C TOYKH 3pEHHS OXPaHbI TPYya ONMACHBIN JUIS XKU3HU
Y 3[I0POBBS YeJOBEKa y4acTOK TEPPUTOPHH, BpeMs
npeObIBaHUA Ha KOTOPOM CBSI3aHO C ONACHOCTBIO
Hae3la NOJBIKHOrO cocraBa. Ilostomy, dem
MEHbIIIE BpeMsI TpeObIBaHUS COTPYAHUKOB >KEle3-
HOJIOPOKHOT'O TPAHCIIOPTA B 30HE ABMKEHHS MOE3-
JIOB, TEM MEHBIIIE BEPOSTHOCTH MPOUCIIECTBUS HE-
CYaCTHOTO ciTydasi. B cBsi3u ¢ 3TUM mepexoji oT Cy-
LIECTBYIOLIEH CHUCTEMBI BEICHHS XO3SMCTBEHHOU
JeATeTbHOCTH K IpelularaeMoil sBsieTcss HeoOXo-
JMMOCTBIO C TOUKH 3peHHs 0€30I1aCHOCTH IIPOBEAE-
HUSL pabOT B 30HE MOBBILIIEHHOW OMACHOCTH, KOTO-
PYIO peacTaBisieT COOOMH JKeIe3HOAOPOKHBIN ITyTh.
Kpome »sTOro, mpenmaracMas cHUCTeMa MO3BOJISIET
00JIErYUTh TPY/ U TMOBBICUTH €r0 KaYeCTBO, a TAKIKE
YBEJIUYUTH €70 MPONU3BOJAUTENBHOCTb.

[IpenioxeHHpIil cr1oCO0 aBTOMATH3MPOBAHHOMN
JUAaTHOCTUKH CTPENIOYHBIX MEPEBOAOB IO3BOJIUT
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TaK)Ke 00BEKTHBHO OILCHUBATh MX COCTOSHHE B Pe-
albHOM BPEMCHHM M OIEPATHBHO pearupoBaTh Ha
OTKa3bl, YTO MO3BOJIUT, KPOME YMEHBIIICHUS KOJIHU-
YyecTBa 3aJepyKaHHBIX IOE370B MO MPUYUHE He-
YOPaBISEMOCTH CTPEIIOK, YCTPaHATh MPEIOTKA3-
HBIC COCTOSIHMSI, YCTAHOBJICHHBIC Ha OCHOBaHUU
aHaJ3a UCTOPUHM U3MECHEHHSI pabounX XapakTepH-
CTHK, a TaK)KE€ BPEMEHHBIX W aMIUIUTYIHBIX MMOKa-
3aresiel TOKa AJICKTPONUTAHUS JIBUTATENSI TIPH TIe-
pEBOJIE CTPEIIKH.

TakuM 00pa3oM, BHEPEHUE CUCTEMBI aBTOMa-
TU3UPOBAHHON JUATHOCTHKHU CTPEIOYHBIX MPUBO-
JIOB SIBIIICTCSl HA CETOAHSIIHUEN JIEeHb OCTPON He-
00X0IUMOCTBIO.
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JOCILIZKEHHSA JTATHOCTHYHUX O3HAK CTPUIOYHUX
EJIEKTPOITPUBOAIB 3MIHHOI'O CTPYMY

Mera. 3Ha4yHy BiONOBITaNBHICTE 3a Oe3MeKy pyXy MOKIAIeHO Ha CIykOy CHrHami3aImil Ta 3B’SA3Ky 3aJi3HHII.
OmHUMU 3 HAWOLTBIN ypa3uBUX BY3IIB (K CHCTEM aBTOMATHKH, TaK 1 3aJi3HUII B IJIOMY) € CTPUIOYHI TIEPEBOIH.
MeTor0 nocTiKeHHs € po3po0Ka Takoi CUCTEMH KOHTPOJIIO Ta JIarHOCTHKHU CTPUIOYHUX MEPEBOIIB, sKa O MOBHOIO
MIpOIO 33/10BOJIbHSIA BUMOTH CYYacHHX YMOB IIBHIKICHOTO PYXy ¥ pyXy BEIMKOBaHTaXHUX MOI3/iB i BUKOHYBaja
JiarHocTyBaHHsI, 30ip Ta CHCTeMaTn3allilo JaHuX B aBTOMAaTH30BaHOMY pexxuMi. Meroauka. J{i1st JOCSITHEHHS 10-
cTaBJeHOl MeTH OyinM 3IiMCHEeHI JOCHiPKeHHs! OyJO0BH H ONMC NPUHLUITYY POOOTH CTPLIOYHOTO EJEKTPOIPUBOLY,
MOCTITOBHOCTI CIIPallbOBYBaHHs HOT0 OCHOBHHX BY3JiB. 30KpeMa, PO3MIAIaIUCh Ta aHATI3yBaIUCh POOOUl Xapak-
TEPUCTUKH W TTapaMeTpH, YMOBH €KCIUTyaTalii, MPUIMHH BiJMOB Y pOOOTI, @ TaKOX BUMOTH, L0 MPE] IBIAIOTHCS 10
Py 3MiHH KPHBOI CTpyMY, SIKMH NPOTiKae B poOOYOMY KOJIi CTPIJIOYHOTO €JIEKTPONPHBOLY 3MIHHOTO cTpyMmy. IIpo-
BOAWJIACH TEXHIYHA peati3amisi CHUCTEMH KOHTPONIO Ta MiarHOCTYBAaHHS CTaHY CTPUIOYHUX EJIEKTPOIIPHUBO/IIB
3MiHHOTO CTpyMmy. Pe3yabTaTu. J[OCHiIKEHO CHTHAIHM, 3HATI 31 CIPaBHUX 1 HECIPABHUX CTPLIOYHUX €NEKTPOIPH-
BoxiB. HaykoBa HoBH3HA. Bu3HaueHO CyBOpHIA B3a€MO3B’SI30K MiXK TEXHIYHIUM CTAHOM CTPUIKH i (POPMOFO KpHUBOI,
SIKy ONHCYE CTPYM Yy KOJIi €IeKTPOABHTYHa 3MIHHOTO CTPyMy B IpOIeCi eKCIUTyaTalii Ha MiACTaBi JOCHTIMKEHHS
MPOIIECiB, MO BIUIMBAIOTh HAa HHOTO Tia dac pobotu. IlpakTHuHa 3HaYMMicTh. [Toka3aHO MPUHIMIINA TEXHIYHOTO
HiIXOOy IOAO MEePexXOoay Bill IIAHOBO-NIONEPEIKYBaJIbHOTO OOCIYroBYBaHHS 10 OOCIYyrOBYBaHHS 33 CTAaHOM IJIA
OinbI 00’ €KTHBHOI OIIHKH Ta BiJIIOBIHO OLIBLI HIBUIKOI peakiii Ha MUTTEBO a00 MOCTYNOBO BUHMKAIOYi BiZIMOBH,
MOUIKO/DKEHHS 1 Oy 1b-sIKi 1HIII HETOJIIKU B pOOOTI CTPIJIOYHUX €IEKTPOIPHBO/IIB 3MIHHOTO CTPYMY.

Kniouosi crosa: miarHOCTYBaHHS; €IEKTPOIIPUBO/; CTPLIKA; €ICKTPOIBUTYH; aBTOMATH3AIIIS
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DIAGNOSTIC FEATURES RESEARCH OF AC ELECTRIC POINT
MOTORS

Purpose. Considerable responsibility for safety of operation rests on signal telephone and telegraph department
of railway. One of the most attackable nodes (both automation systems, and railway in whole) is track switches. The
aim of this investigation is developing such system for monitoring and diagnostics of track switches, which would
fully meet the requirements of modern conditions of high-speed motion and heavy trains and producing diagnostics,
collection and systematization of data in an automated way. Methodology. In order to achieve the desired objectives
research of a structure and the operating principle description of the switch electric drive, sequence of triggering its
main units were carried out. The operating characteristics and settings, operating conditions, the causes of failures in
the work, and requirements for electric drives technology and their service were considered and analyzed. Basic
analysis principles of dependence of nature of the changes the current waveform, which flows in the working circuit
of AC electric point motor were determined. Technical implementation of the monitoring and diagnosing system the
state of AC electric point motors was carried out. Findings. Signals taken from serviceable and defective electric
turnouts were researched. Originality. Identified a strong interconnection between the technical condition of the
track switch and curve shape that describes the current in the circuit of AC electric point motor during operation
which is based on the research processes that have influence on it during operation. Practical value. Shown the
principles of the technical approach to the transition from scheduled preventive maintenance to maintenance of real
condition for a more objective assessment and thus more rapid response to emerging or failures when they occur
gradually, damages and any other shortcomings in the work track switch AC drives.

Keywords: diagnostics; AC electric point motor; track switch; electric motor; automation
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MOJEJHUPOBAHUE JIOKAJIbBHOM 3AIIUTHI 3JAHUM (SHELTER
IN-PLACE) C YYETOM COPBIIMHA OITACHOI'O BEIIIECTBA
HA IOBEPXHOCTSIX BHYTPU TOMEIIIEHUIA

Hesab. XuMHUECKH OMacHble OOBEKTHI, TN MCIONB3YIOTCS, MPOU3BOIATCS, XPAHATCS TOKCHYHBIC BEIIECTBA,
a TaKKe MarucTPajd, MO0 KOTOPHIM OCYIIECTBIISIETCSI TPAHCIOPTUPOBKA OMACHBIX I'PY30B, MPEACTABISIIOT cOOOH IM0-
TEHLMAbHbIE CTOYHUKU aBapUIHOIO 3arpsi3HeHust atMocdepbl. B nccnenoBannn HE0OX0MMO OCYIIECTBUTh pa3-
paboTKy MPHUKIATHON YUCICHHOW MOJIENH jist pacueta d(PPEKTUBHOCTH JIOKAIBHOM 3aIlUThI 34aHKs OT HOIaaHus
B HETO OMACHBIX BEMIECTB IyTEM NMPUMEHEHHs BO3IYITHON 3aBECH M COPOIMH/IeCOPOIMH OITACHOTO BEIIecTBA Ha
MOBEPXHOCTAX BHYTpH 3/1aHus. Metoauka. J{s pemeHus TuapoAMHaMUYECKON 3a/1auyd B3auMOJCUCTBUS BO3AYILU-
HOM 3aBECHI ¢ BETPOBBIM IIOTOKOM M C YYE€TOM BIIMSHUS 3/1aHUS HA 3TOT IPOLECC UCIOIB3YETCS MOJAEIb UIEAIbHOM
KuakocTH. s pacdera mporiecca IMepeHoca OImacHOro BEMIeCTBA B aTMOc(epe MPUMEHSETCS YpaBHEHHE KOHBEK-
TuBHO-TM(y3roHHOTO IIepeHoca mpumecu. s pacuera mporiecca 3arps3HeHHsT BO3AYIIHOM cpelbl BHYTPH TIOMe-
LICHUH MpH 3aTEKaHWW B HUX 3arps3HEHHOr0 arMoc(epHOro Bo3ayxa ucrosbdyercs mMoaenb Karisson & Huber.
JlaHHas MOZENh YYUTHIBACT COPOIIMIO OMACHOTO BEIIECTBA HAa PA3JIMYHBIX IMOBEPXHOCTAX BHYTPH MoMerieHus. s
YHCIIEHHOTO WHTErPUPOBAHMSI YPaBHEHUI MOJENM HCIOJIB3YIOTCSl pasHOCTHBIE MeTonbl. Pe3dyabTarel. B pabore
noctpoeHa 3¢ dexTHBHAS YHCIEHHAs MOJIENb OLIEHKH d(PEKTUBHOCTH 3alMTHI 31aHUH OT TOMNAJaHusl B HUX Orac-
HBIX BEIIECTB IIyTEM MPUMEHEHUS BO3IYIIHON 3aBechl. Ha 0CHOBE MOCTPOEHHON MOJAENU NPOBEAECH BBIYUCIUTENb-
HBII AKCIIEPUMEHT O olleHKe 3P (PEKTHBHOCTH AAHHOTO METO/a 3aIUTHI IIPH BapbHUPOBAHUU MECTa PACIIOJIOKEHUS
BO3/YIIHOM 3aBechl OTHOCUTENBHO 31aHus. Hayunasi HoBu3Ha. Co3/aHa yuClIeHHAs MOJIeNb, TI03BOJISIONIAs onepa-
TUBHO paccyuTarh d3PEKTUBHOCTh NPUMEHEHHS BO3AYIIHON 3aBEChI [UIsi CHHKEHHS HHQHUIBTPALMH 3arpsI3HEHHOTO
Hapy>HOTO Bo3/yxa B nmoMmerieHue. Ilpakrudeckast 3HaunMocTh. PazpaboraHHast YnciieHHAs! MOJIENb MOXET OBITh
HCTIOJIb30BaHa JUIs TPOSKTHPOBAHUS JIOKAJIBHON 3aIIMTHI 37JaHUH OT MOMaJaHUs B HUX OMACHBIX BEIIECTB.

Kniouegvie cnoea: 3arps3HeHue arMocdepbl; JIOKalIbHas 3allUTa 3JaHUM; BO3AYyIIHAs 3aBeca; MHQUIbTpALUs
OIACHBIX BELIECTB B IOMELIECHUE

Beenenne BJISIETCSI TPAHCIIOPTUPOBKA ONACHBIX I'PY30B, Npea-
CTaBISIOT cOOOW MOTEHUUAIBHBIE HCTOYHUKH aBa-
puitHOTO 3arps3HeHUs aTMocdepsl. B ciydae upe-
3BBIYAIHON CUTYaIlMH Ha TAKUX 00BEKTaX BO3ZMOXK-
HO OBICTpOE MOCTYIJICHHE OMACHBIX BEILECTB B at-

© H. H. bensies, H. B. Poctounio, ®. B. Henonékun, 2014

XUMHYECKH OITaCHBIC O6’L6KTI>I, rAC UCHOJIb3Y-
IOTCsA, MMPOU3BOAATCA, XPaHATCA TOKCUYHBIC BEIIC-
CTBa, a TaKXK€ Marucrpaiu, 1o KOTOPbIM OCYHICCT-
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Mocdepy M ManbHEHIINNA WX MEepeHOC IMOa JCHCT-
BUEM BeTpa M arMmocdepHoit muddysuu. Kpome
3TOTO OMacHOE 3arpsi3HeHHe arMoc(epHOro BO3-
JTlyXa MO>KET MPOU30UTH MPH TePaKTax W MPH IPH-
MEHEHNH XuMHudeckoro opyxus (Cupus, aBryct
2013r.). Bee aT0 co3mgaeTr yrpo3y TOKCHYHOTO IIO-
pakeHUs ItoJIei, MOMABIINX B 30HY BIIMSHUS HC-
TOYHHKA dMHUCCHU. [loaToMy, omHONW M3 mpobIemM
B 00JaCTH DKOJIOTHYECKOW U TPOMBIIUICHHOM
0e30MacHOCTH SBISICTCSI PEUICHHE JIBYX Ba)KHBIX
3a/1a4 MPU TaKUX CUTYaIUsAX: MPOTHO3 YPOBHSA 3a-
rpsi3HEHUsT aTMOC(Eephl ¢ 1EIbI0 ONpeesIeH s 30H
nopaxenus [1, 2, 4, 8, 10-13, 17] u pa3zpaboTka
Mep IO 3alIUTe JIOeH OT TOKCHYECKOTO Mopaxke-
Hus. B YkpaunHe, kak mpaBuiio, OCHOBHBIMH METO-
JaMH IS 3alUTHl HacelleHUs SBISIOTCS IBaKya-
1Usl, IPUMEHEHHE CIIeUAIBHBIX YKPBHITHH U UHIU-
BUIYaJbHBIX CPEACTB 3alIUTHl. JTOT KOMIDIEKC
Mep UMeeT CBOM OcOOeHHOCTH. MHIuBHIyaIbHBIE
CPEICTBa 3allMTHl HE BCETJa MOTYT OBITH «IOJ
PYKOI», a CrielalbHbIe YKPBITHS MOTYT pacroia-
raTbCs Ha PACCTOSHUU OT COCPEIOTOYCHHOTO Ha-
xoxaeHuss mrogeil. Ilpu nepenBrxeHUH HrOAEH
K YKPBITHSIM BO3HHUKAeT, CBOETO poOJa, MeCTHas
dBaKyalys ¥ MapupyT dBaKyalllii MOXET MOIAacTh
B 30HY 3arpA3HEHUS.

DBakyalus Jro/Ied 1Mo 3apaHee pa3paboTaHHBIM
TUTAaHaM OCHOBEIBAeTCA Ha TPEIBAPUTEIBHOM pac-
YyeTe BO3MOJKHBIX 30H 3arpsA3HEHHUS U TOCJe TOoIy-
YeHUs] TaKOW MPOTHO3HOW MH(OpMaluu — omnpene-
neHne  0e30MacHBIX  MapuIpyTOB  ABaKyalud
W CPEICTB 3BaKyalllW. 31eCh CIIEAyeT MOTIepK-
HyTb, YTO 3BaKyallusl JIOAECH HUMeeT Cleaylolue
OCOOCHHOCTH:

1) MapmpyTsl 3BaKyannu, KOTOPBHIE OMperaese-
HBI HAa OCHOBE IIPEBAPUTEIHHOTO pacdera 30H 3a-
TPSI3HEHHUS, MOTYT OBITh HE CTOJb OE30MacHBI, KaK
MIperoaraeTcs, MOCKOIbKY 30HUPOBAaHHE MECT-
HOCTH BBITIONHSETCA C Y4YETOM HEKOTOPBIX «TH-
MUYHBIX» aTMOC(EPHBIX YCIOBHUW IJisi PETHOHA,
a MpU pealbHON Ype3BBIYAMHON CUTyalluu METEeo-
YCIIOBHUSI MOTYT OKa3aThCsS COBEPIIEHHO IPYTHMH;

2) make eclid 3apaHee OIpEIeICHHBIA Map-
HIPYT 3BaKyalllu SIBIIETCS O€30MMacHBIM, TO TIPH
M3MCHCHUH METEOYCIIOBHH (HAIpaBJICHHUSI BETpa),
3TOT MapUIPYT MOXKET OBITH OMAaceH;

3) kpoMe 3TOTO MpH 3BaKyallMd BO3MOYKHO
BO3HUKHOBEHHE «IPOOOK», 3aTOPOB HA MapIIpy-
Tax TIEPEeBIDKEHNS U «HEaJeKBATHOE)» TOBEICHHE
JIo/ieH, MOMAaBIIMX B CIOXHYIO CUTyaluio 0e3 co-
OTBETCTBYIOIIEH TICHUXOJIOTHYECKON TOrOTOBKH;

24

4) peamm3aris 3G (HEKTUBHOMW, «COTIACOBaH-
HOI» 3BaKyaluu TpeOyeT NMpOBEACHHUS IpeaBapu-
TEIBHOM, O0JIBIION PabOTHI M TIOCTOSTHHOW KOPPEK-
THPOBKH IIJIAHOB.

[lepeuncienHbIe BhIle METOIBI 3AIUTHI HE BCE-
rIa MOTYT OBITH S(QPEKTUBHBL. DTO, B YaCTHOCTH
CBSI3aHO C TeM, YTO B TOPOJaX, KaK MMPaBUJIO, JFOIN
HAXOIATCA BHYTPH 3MaHUN (KWIBIX, aJMUHUCTpa-
TUBHBIX, YHUBEPMarax H T.I1.) ¥ TIO3TOMY OpTraHu3a-
st OBICTPOM 9BakyalMu KpaiiHe 3aTpyaHeHo. Kak
MOKa3bIBaeT 3apyOexHbId ombIT [14-16, 18, 19],
OCHOBaHHBII HE TOJIBKO HA aHAJIM3€ YPE3BbIYAHBIX
CUTyalluli Ha XMMHYECKH OIACHBIX OOBEKTaX, HO
U TepakTax, B psae ciydaeB Oyner Oonee sddek-
THUBHO O0ECIIEUNTh 3AIUTY JIFOJEH OT TOKCHIECKOTO
MOpayKeHUs HETIOCPEICTBEHHO B 3TUX 3AaHusX. [lo-
stoMy, B CIIIA, EBpocoro3e akTUBHO CTalo paspa-
OaThIBaThCSI HAayyHOE HAIpaBJICHUE, Ha3bIBaEMOe
«shelter- in- place». D10 KOMIIJIEKC Mep IO 3aIlIUTe
JoAe OT TOKCHYECKOTO IMOpPaXKEHUS B 3AaHMIX
(3amuTa, peKoMeHyeMast ISl IPUMEHEHUS B Cellu-
TEeOHBIX 30HaX — «residential districtsy»). CyTh Takoi
3aIIUTHl COCTOUT B TOM, YTOOBI yMEHBUINTH HH-
¢uIbTpaIyo aTMOChEpHOTO BO3IyXa, COAepIKallle-
TO OIMAcCHOE BEeIEeCTBO, BHYTPh 3MIaHWM, ITOMeEIIe-
Huil. Cexyer OTMETHTD, YTO aHAIN3 JIUTEPATyPHBIX
HCTOYHUKOB HE TIO3BOJIWI, K COXKAJICHUIO, BBISIBUTH
B YKpanHe Hay4HbIE IyOJMKAlMU B paMKax JaHHO-
T'O HalpaBJICHUS.

3a pyOexom HampaBieHue «shelter- in -placey
pa3pabaTeiBaeTCs B HECKOJNBKHX AaCIeKTaxX, HalpH-
Mep: TIPUMEHEHHE CIEeMUATBHBIX (MIBTPOB B CHC-
TeMax BEHTWIALUH U KOHIUIIMOHUPOBAHHS BO3TyXa
3aHWA, TIPUMEHEHUE COPOIMOHHBIX MAaTepPHAaJOB
BHYTpH TIOMEIICHNH, CO3[aHNe B MOMEIICHUIX W3-
OBITOYHOTO JIaBJIEHUS, YTOOBI MHMHHUMH3HPOBATH
MH(UIBTPAlMIO HApY>KHOTO BoO3Ayxa W T.I. Kax-
JIBIA W3 TIEPEUYHCIICEHHBIX METOJO0B MMEET CBOM JOC-
TOMHCTBA ¥ HEAOCTATKH, HO 3aj[ada Ka)JI0ro MeTo-
Jla — MUHHUMM3HMPOBaTh KOHLIEHTPALHIO OMAaCHOIO
BeleCcTBa BHYTpH nometeHus [16, 18, 19]. Cneny-
€T TOAYEPKHYTh, 4TO I A(H(PEKTUBHON 3aIHUTHI
HEOOXOMMO HCIOJIb30BaTh KOMIUIEKC METO/IOB.
Hanpumep, MOKHO COETUHHUTH MEpPOTIPHUSTHS, TIPO-
BOIMMBIE BHYTPH 3/IaHUI C MEPONPUATHAMH, Opra-
HU3YyEeMBIMH CHapyH, 11€Jb KOTOPBIX — MUHUMM3H-
poOBaTh BENMYUHY MOpaKarowmero (akropa — KOH-
LEHTPallMK TaM, TJIe UMEET MECTO BO3ayXx03abop
CHCTEMBl BEHTWISIMM 3MaHWi. B 3ToM ciydae
BHYTpb 3[aHUs, B IOMEIICHHA OyJeT MOCTyNaTh
BO3/yX, COAEPKAIIWN MEHbIIee KOIUYECTBO TOK-

© H. H. bensies, H. B. Poctounio, ®. B. Henonékun, 2014
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CHYHOTO BEIIECTBAa. JTO HANpaBJieHHWE MOXHO Ha-
3BaTh «HAPYKHOID» JIOKAJIbHOM 3alllMTON 3HaHUil.
st opranuzanuu Takoil 3alKThl MOXKHO HCIIOJNb-
30BaTh CO3/IaHUE BO3IYIIHOM 3aBECHI BO3JE 3laHUI
MyTEM HCIOJIb30BAaHMs BO3AYXOAYBOK U T.M. CTpys
BO3yXa CO37aeT THIPOAMHAMUYCCKUN Oapbep Ha
MyTH MUTPUPYIOIIEH B aTMocdepe 30HBI 3arpsi3He-
HUS M TEM CaMbIM INPEIATCTBYET MNPOXOKIACHUIO
3arpsA3HCHUSA Ha OTACIBHOM YYaCTKE, II€ HUMCECT
MECTO BJIMSIHUE BO3AYIIHOHN cTpyu. g mpumene-
HUS TaHHOTO METOJIa 3aIllUThl HEOOXOIUMO TIpe/iBa-
PUTCIIBHO BBIMNOJHUTE OHNPEACICHHBIC PaCUCThI,
C TTOMOIIIBbIO KOTOPBIX BBISCHUTH 30HY BIUSHUS BO3-
IYIIHOW CTPYH IpU KOHKPETHBIX METEOYCIOBHSIX,
pasMepax 31aHus U T.1. JJis penieHus: Takoi MHO-
ro)akTOpHOH 3a7ayll HEOOXOJUMO IPHUMEHCHUE
CHEIUATM3UPOBAHHBIX MaTeMaTUUYECKUX MOJENeH,
MOCKOJIBKY TIpUMEHEHue Merona (pr3udeckoro mo-
JIETUPOBAHUS TPEOYET CYIIECTBECHHBIX BPEMEHHBIX
U MaTepualbHBIX 3aTpar. Kpome Toro, B psne ciy-
YaeB, MOCTAHOBKA (PU3UYECKOTO AKCTIIEPHMEHTa MO-
eT OBITb IPOCTO HEBO3MOJKHA.

ean

Lenpto manHO#M paboTHI sBIsIETCsS pa3paboTka
npukinagaoii CFD momenmu pacuera 3¢ deKTHBHO-
CTH TIPUMEHEHHS BO3IYIIHOW 3aBECHI IS HapyX-
HOH JTOKaJIbHOM 3allUTHl 3[1aHUNA OT MPOHHUKHOBE-
HUS B HUX OTMACHBIX BEIIECTB.

Ananuz nybauxayui. AHaIU3 JTUTEPATyPHBIX
WCTOYHHUKOB ITOKA3bIBAET, YTO CYIIECTBYET OTrpa-
HUYCHHOE KOJMYECTBO pPa0OT, MOCBAIICHHBIX Ma-
TEMaTHYECKOMY PEIICHUIO TMPOOJIEMBI JIOKAIIbHO-
TO CHIDKEHHUS KOHIIEHTPAIlMU OMAcHOTO BEIIeCTBa
B aTMOC()EPHOM BO3IyXe IyTeM MPUMEHEHUS CIIe-
UaIBHBIX cpencTB. Tak B padote [1] paccMoTpeHO
MOCTPOCHUE MaTeMaTU4eCKOW MOJENN U e TpH-
MEHEHHEe IS OIEHKH 3(PPEKTHBHOCTH HCIIONB30-
BaHUS BO3AYIIHON 3aBECHl IPU MHUTPAIAX B aTMO-
ctepe uwieiida wim obnaka TokcuuHoro raza. Ho
MOCTPOEHHAs MOJIENb HE MOXXET OBITh IPHUMEHEHa
JUTSL OLICHKH 3(P(PEKTUBHOCTH BO3IYIIHOW 3aBECHI
B paMKaX pacCMaTpHBAeMOTro Kilacca 3a/1ad, T.K. He
YUHUTHIBACT BIHSHHS 3aHWUN Ha IMPOIECC PaCCEH-
BaHUs ONACHOTO BEIECTBA B YCJIOBUSAX MPHUMEHE-
HUS TAKOHW 3aIIHUTHI.

Ilocmanoska 3adauu. PaccMaTpUBarOTCs MH-
rpauuu B atMoc(epe TOKCHYHOTO BEIIeCTBA, IMO-
MaBIIIeT0 B HEe MPH Ype3BbIUaiiHON cutyanuu. by-
JIEM CYHMTaTh, YTO MPOU3OIIET OBICTPHIA BEIOpPOC
B atmoctepy CL, n B pesynbraTe 3TOTO B aTMO-

cdepe nBuxercs 001ako naHHOTO BemiecTBa. Cra-
BUTCA 3a/1a4a — JIOKAJIbHO CHU3UTh KOHIIEHTPALHIO
3TOTO BEIIECTBA BO3JIE HABETPEHHOHW CTOPOHEI
3manust (puc. 1), 9T00bI YMEHBIIUTh UHPUIBTPA-
U0 3arps3HEHHOTO HApPYXKHOTO BO3AyXa BHYTPb
MIOMEILCHUHN.

}.’
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Puc. 1. HapyxHas nmokanpHast 3aIUTa 30aHAS
OT 3arpsi3HEHMUS:
1 — 0011aK0 TOKCHYHOI'O BEIECTBa; 2 —3/IaHME;
3 — moJio)XeHue BO3/IyLIHOW 3aBeCk! (BIyBaeMOW CTPYyH)

Fig. 1. External local contamination prevention:
1 — cloud of toxic agent; 2 — building; 3 — position of air
screen (blown in air blast)

MeTtoaunka

Jnst pacyera KOHICHTPAIMU ONACHOTO BeIIle-
CTBa B aTMOcC(epe HCIOIb3YETCs] OCPEAHEHHOE T10
mupuHe MepeHoca (mpoduibHas 3a7ada) ypaBHe-
HUE TpaHCIIOpTa 3arps3auTens [2, 3, 7, 11]

oC ouC o(v-w)C
ox oy

ot
0 oC N 0 oC
ol [ sl e s [ 1Vl P
ox\U “oax) oyl oy
rae C — KOHLEHTpauus mpuMecH (omacHoe Belle-
CTBO); U, V — KOMIIOHEHTHI BEKTOPa CKOPOCTHU JIBHU-
’KEHHUSI BETPOBOTO IIOTOKA; W — CKOPOCTh I'PaBHUTa-
LIMOHHOTO OCEJaHus NMPUMECH; [ = (L, W) — KO-
ad¢punmentsl atmocdepHor audy3um; ¢ —Bpemsi.
Ocpb Y HampaBjeHa BEPTUKAIBHO BBEPX.
ITocTaHoBKa KpaeBbIX YCJIOBUH Mg JAHHOTO
YpaBHEHUS pacCMOTpeHa B padoTtax [2, 7, 11].
Hnsa pacuera xo3ddummentoB armochepHOi
i Py3uH UCTIOTB3YIOTCS TaKHe 3aBUCUMOCTH [3 ]

(1

w=0,11y,
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we= 0,2 u;

rZe ¥ — CKOPOCTh BETpa, ¥ — TEKyllee 3HaueHHUe
BbICOTHI [3]. [Ipoduns ckopocTu BeTpa Ha BXOJe
B pacyeTHyI0 00JacTh pPacCUUTBHIBAETCA IO 3aBU-
CUMOCTH

n
u=u|—|,
M

T/ie #; — 3HAYCHUE CKOPOCTH BETpa Ha HEKOTOpPOU
¢ukcupoBaHHOM BeicoTe y; 12 = 0,15 — mapamerp [3].

Pemenue ypaBHeHus (1) MOKHO TIOTYYHTh, €CITH
M3BECTHO TI0JIE CKOPOCTH BETPOBOTO MOTOKA, KOTO-
poe opMupyercst o BIASHUEM 3acTpoiku. s
pacuera IoJisi CKOPOCTH BETPOBOTO TIOTOKA HCIOJh-
3yeTcsl MOJIeTb MOTEHIIMAIBHOTO TeueHUs [2]

o’pP o*p
_+_:

0,
o oy’

)

rae P — moTeHmuan ckopocTd. I'paHWuHBIC YCIIO-
BUA I JAHHOI'O YpaBHCHHA paCcCMOTPEHLBI B pa-
oore [2].

IMocne pacuera monsi MOTEHIMATA CKOPOCTH
KOMITOHEHTBI BEKTOpa CKOPOCTH IMOTOKa OIMpeje-
JISTFOTCS. HA OCHOBAHUH COOTHOIIICHHHA

[lomydeHHOe 3HavYeHWE KOMITIOHEHT BEKTOpa
CKOPOCTH TTOTOKA HCIIOJIB3YETCS AJIS PEIIeHUs 3a-
Jla4d pacCceUBaHMs B aTMOC(HEPHOM BO3yXe OIac-
HOT'O BEIIECTBA, C yYETOM BIIMSHUS HA 3TOT IPO-
11lecC BO3/yIIIHOW 3aBECHI.

Mooenv 3aepsznenus 8030YulHol cpedvl GHYM-
pu nomewenus. ATMocepHBI BO3IyX, COIEpKa-
WA OMAaCHOE BEIECTBO, IMOIMAaeT BHYTPh MOMe-
MIEHWH B CWJIYy €CTeCTBEHHOW WHQHUIBTPAINH,
a TaKkKe 3a CUeT pabOThl CHUCTEMbI BEHTWIISIIHU.
OTO NPUBOJAUT K 3arpsi3HCHUIO BO3AYIIHON Cpeibl
BHYTPH MOMEIIEHUH, YTO CO37aeT PUCK TOKCHYHO-
ro NopaxeHus J]IO)Z[eﬁ, HaxosamnuXcsa BHYTPHU HUX.
CrnemyeT MOmYepKHYTh, YTO B HACTOAIIEE BpPEMS
THIATEIHHO U3yYaeTCs BIUSHUE TpoIiecca coponuu
OMACHBIX BENIECTB BHYTPH IIOMEIIEHUH Ha TO-
BEPXHOCTSAX CTeH, MeOenu u T.m. Kak M3BECTHO,
MPOIECC COPOIMU CIIOCOOCTBYET CHIIKEHHIO KOH-
LIEHTPAI[MK OIACHOTO BEIIECTBA B IIOMEIICHHU.
[ToaToMy mpu paspaboTke Mozelel IS OIEHKH
pUCKa TOpaxeHus JIoJed BHYTPU IOMEUIEHUN
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cIemyeT YUUTHIBaTh 3TOT (pakTop. B mamHoit pabo-
TE MPOIECC 3arpsA3HEHUs BO3AYIIHON CPellbl B TO-
MEIICHUH, C Yy9eTOM COpOIMHU/IecOpOIUU OMacHO-
rO BENIECTBA HA PA3IMYHBIX MOBEPXHOCTAX B TO-
MEIICHHH, ONMChIBaeTCa Momeiabio Karisson &
Huber [18]

d(CV) Y dm,

——=0,C,, ~0,C->4—=, (3
dt ‘ : - dt

rne C — KOHIIEHTpAaIs ONIaCHOI'O BEIIECTBA B BHI-

XOIAIIEM U3 IIOMEIICHUS BO3AYXE, V — o0beM

KOMHAThI, Q/- — HUHTCHCHUBHOCTb BOBZ[yXOO6MCHa;

N — KOTMYecTBO COPOMPYIOIINX MaTePHUAIOB BHYT-
pu ometienus; C = — KOHIIEHTpaLKs TOKCUYHOTO

out

BEIECTBA B NPUTOYHOM BO3AyXe; A, — IuIomaznb

MOBEPXHOCTH COPOUPYIOIIMX MaTepualioB; m; —

1
Macca OTCOPOMPOBAHHOIO BELLECTBA.

Kak wu3BectHO, mpu npumeneHun mozenu (3)
[oJIaraeTcsi, 4YTO KOHLEHTPALUs 3arpsS3HUTENS
B nomemeHny pasHa C .

s MomenupoBaHus mpouecca copOLuu omac-
HOI'O BeEIlleCTBAa Ha IOBEPXHOCTH MaTepuaja HucC-
MOJIb3yeTCA cienyromee ypasHeHue [18]

dm, *
Tiog(C-C),
dt i 2

"
rae C; — KOHLEHTpalHs ONAcHOrO BENIECTBAa Ha

MTOBEPXHOCTH MaTepralia, OTBEJaromas Ipeaety
HACBIIIEHNS; g; — HMIUpHUYECKuil K03 DULUEHT.

.
Jus pacuera BenuuuHbl C; UCIONB3YETCSA MO-
nens [18]

*
C, =bm,,

rae b, — smnupuyueckuit Korpduiment.

IIpumenenue mozenu (3) maeT BO3MOXKHOCTH
paccuuTarh JUHAMUKY M3MEHEHHS KOHIEHTpalWuu
OIacHOr0 BEUIECTBA BHYTPHU IMOMEILEHUS C Tede-
HUEM BPEMEHU.

Yucnennoe uHmezpuposanue Mooeaupyrouux
ypaeuenuti. YUCIEHHOE UHTETPUPOBAHUE MOJEIU-
PYIOLIMX YpaBHEHUIN OCYIIECTBISIETCS HA MPSAMO-
YIOJIbHOM pa3HOCTHOM ceTke. POpMHUpOBaHUE BUAA
pacyeTHOW oOnacTé (MECTO PpacCIOJIOKEHHS 37a-
HUI) OCYIIECTBISETCS C TIOMOIIBI0 TEXHOJOTHHU
«porosity technique» [1, 2, 11]. Kpome 3toro, nan-
Has TEXHOJIOTHS MCTIONIb3YyeTCs Ui 3aaHus MecTa
MIOJIOKEHUS BO3YLIHOM 3aBECHI.
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Jlil 4MCIEeHHOTO MHTErPUPOBAHUS YPABHEHUS
(2) ucnonezyetcs meton JInbmana.

Jist 4ucIeHHOr0 MHTErPUPOBAaHUS YPaBHEHUS
(1) ucnonp3yeTcs yeTbIpexuIaroBas MOMePEeMEeHHO-
TpeyrojbHas pa3HOCTHAs CXeMa pacuierieHus [1,
11]. JIs1 9MCIeHHOTO WHTETPUPOBAHMS YPABHEHHS
(3) ucronme3yeTcs MeTon Ditnepa.

Ilpoepammuasn  peanuzayus  mooeiu (KOO
InFLOW-2D). Ha ocHOBE IMOCTPOEHHOW YHCIIECH-
HOW MOJENH CO3/1aH KO/, pealu30BaHHbIN Ha alro-
putmuueckoMm si3bike FORTRAN. B coctaB koaa
BXOJAT CIEAYIOUINE MOANPOrPaMMBI:

— RUFI — pacuer mnpoliecca nepeHoca ornacHo-
ro BelecTBAa HAa MEPBOM M YETBEPTOM IIAare pac-
LIEIUIEHHS [TOTIEPEMEHHO — TPEYTOJIbHON CXEMBI;

— RUF2 — pacuer mporecca mepeHoca omnacHo-
rO BELIECTBA HAa BTOPOM M TPETHEM LIare paciiern-
JICHUS TIOIIEPEMEHHO-TPEYTOJIBHON CXEMBI;

— RFB — peanuszanus rpaHUYHbIX YCJIOBUU IS
YpaBHEHHUSI TPAHCIOPTa OMACHOTO BEILECTBA B at-
Mocdepe;

— RFF — pemenue ypaBHeHUs Uil IOTEHI[MAIa
CKOpPOCTH;

—RWFF — peanuzanus rpaHu4HbIX YCIOBHUN
YpaBHEHUS sl IOTEHIMANa CKOPOCTH;

—RFP — pacuer monst ckopocTu BO3LYyIIHOTO
MOTOKa B pacueTHOHN 0bnacTy;

— ROOM — gncnenHoe perienue ypasaenus (3);

— RPE — neyarts pe3ynbTaToB pacuera;

— RFW.dat — ¢aiin ucxoHbIX JaHHBIX.

Aneopumm pacyema. OCHOBHBIE 3Talbl pacyeTa
Ha 6a3e moctpoennoit CFD momenn cocrosT B cie-
JyIOILEM:

1. BBogutcs ucxonmHas uHpOpMamus, oIpene-
Jstromas (pru3MUecKyro MOCTAHOBKY MOJECIHPYEMOTO
mporiecca (CKOpOCTh BETpa, MOJI0KEHUE 3AaHUs, €r0
pasMepsl, OJIOKEHUE BO3LyILTHOM 3aBECHI U T.11.).

2. OcymecTBisieTcsl peLIeHUe YpaBHEHHS [UIs
MOTEHIIHala CKOPOCTH W PacCYUTHIBAETCS IOJIe
CKOPOCTH BO3YILITHOT'O MOTOKA.

3. Ocy1uecTBisieTcsl pellieHne ypaBHEHUS TPaH-
CIOpTa TOKCHMYHOI'O BeIlleCTBa B aTtMocdepe u on-
penensieTca €ro KOHIEHTpAIUs B PacyeTHON 00-
JIaCTH B Pa3JInYHbIE MOMEHTHI BPEMEHH.

4. OcymecTBiseTcs pelieHne ypaBHeHHS (3)
U OTIpefieNsieTCsl KOHLEHTPALUs TOKCHYHOTO Bellle-
CTBa B TIOMEILEHNUHU B Pa3IMYHbIE MOMEHTHI BpeMe-
HH M Macca BELIecTBa, OTCOPOMPOBAHHOIO Ha TO-
BEPXHOCTSX.

5. OcymiecTBisieTcs nevyaTh MO KOHLEHTpPA-
MM TOKCUYHOTO BELIECTBA B pacueTHOH obiactw,

Ha MECTE PacIOJIOKEHUS PELienTopa U BHYTPH IIO-
MEILEHHs ISl TaHHOTO MOMEHTa BPEMEHH.

Hcxoonvle oanmnvie 011 mooenu. JIJis Moaenu-
pOBaHHS paccMaTpUBAEMOro Ipolecca HeoOXOaH-
MO 33J1aTh CIIEIYIONIYI0 BXOAHYIO HH(POPMAIUIO:

1) mapaMeTpbl METEOCUTYALIUN;

2) monoXXeHue 3naHuil u ux popmy;

3) monokeHHe MecTa pa3MEIleHUs BO3IyXO-
IYBKH, CO3JAIOLIEH BO3AYIIHYIO 3aBECY; CKOPOCTb
B/lyBa M IMPHHA YYaCTKa BIlyBa;

4) KOOpAMHATHI PELENTOPA;

5) KOHIEHTPALMIO TOKCUYHOTO BEIIECTBA B 00-
JIaKe;

6) 00beM TMOMEIIEHHS, IUIONIaAbh COPOHPYIO-
IIMX TOBEPXHOCTEH, pacxol Bo3ayxa (), moaasae-
MBIH ISl BEHTWIALUHM TOMEIIEHUs, apaMeTphl
copbuuu a,, b, .

OueHp Ba)KHO OTMCTUTDH, YTO KOHLCHTpPALIUA

C . B BO3IyXe, NMOCTYHAIONIEM BHYTPh IOMEIIIe-

out
HUA (CM. ypaBHEHHE 3) — HE 3aJ1aeTCs, a OTPEIeIIsI-
eTcs B mpoliecce pacuera. J{is 3Toro , mpu mnpose-
JIEHUW BBIYUCIUTEIBHOTO IKCIIEPUMEHTA, 3aJaf0T-
Csl KOOPJMHATHl TOYKH PACTIONIOKEHHS BO3IyX03a-
OOpHHKa CHCTEMbl BEHTHIISIIUM WIIN TIOJIOKEHUE
OKHa, Yepe3 KOTOPOe MPOUCXOANUT MH(PHUIbTpaIs
3arpsa3HeHHOTO aTMmocdepHoro Bo3ayxa. [lamee
OCYILIECTBISIETCSl pacyeT 3HAYCHUs KOHICHTPAIlUH
OIMacHOT'O BEIIECTBA B JAHHOH TOYKE AJIS KaXXIOTO
MOMEHTa BPEMEHH U TEM CaMbIM OIpeleseTCs
KOHIICHTpaIus BEIIeCTBA B TMOCTYIAOIIEM B TIO-
MelieHne Bozayxe. Takum oOpa3om, Hampumep
B oTiImuue oT paboTsl [15], 31ech paccMaTpuBacT-
Csl pelIeHUE COMPSDKEHHOW 3aaud «3acps3HeHue
ammocghepvl + 3azpaznenue 6030yxa 6 nomeujenuu
C yuemom npoyeccog copoyuu onacHozo eeujecm-
6 HA NOBEPXHOCHIAX HYMPU NOMEUJCHUSLY.

Ipaxmuueckas pearusayus CFD mooenu. Pa3-
paboTaHHass MOZeNb ObLIa MCIONB30BaHA ISl pe-
HIeHUs cleayoolen 3agauu. PaccMarpuBaercss Mu-
rpanus B aTMoc(epHOM BO3IyXe OOJlaKa OMacHOTO
BemectBa (Clp), moctynuBIIerocss B armocdepy
BCIIEACTBHUE Upe3BblUaiiHON curyauuu. [Ipu murpa-
IIUU OTIACHOTO BEIECTBA MPOUCXOANUT HH(PHUIBTpa-
Ul €ro BHYTPbh MOMEIIEHWH 3[aHus, Pacrojo-
JKEHHOTO Ha MyTH cienoBanus oOjaka (puc. 1).
Jlns  TOKaNBbHOM 3allUThl 37aHUS TMPUMCHSCTCS
BO3IylIHas 3aBeca. HeoOxomumo wuccienoBaTh
3 (PEeKTUBHOCTh TTPUMEHEHHS BO3IYITHON 3aBECHI
JUTSI KOHKPETHBIX yCIIOBHH 3a/Ia9H.

PacueT BBITIOJHEH TIPU CIIEAYIOMINX UCXOIHBIX
nMaHHBIX. BpicoTra 3manus — 15 M, BbIcOoTa MpH-
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CTPOMKH Ha TOJBETPEHHOH CTOpPOHE 3HaHUSI —
7,5 M, mmupuna 3ganus 18 M. CKOpocTh HEBO3MY-
IIEHHOTO BETPOBOTO TMOTOKa — 3 M/C (CKOPOCTh
MTOTOKA Ha BBICOTE U{); KOHIIEHTPAIHS TOKCHIHOTO
BelllecTBa B 00Jlake B HAYAJbHBI MOMEHT BpeMe-
HE paBHa | r/M’. Pasmepsl pacueTHOii oGmactu
100 m-42 M; 00beM MOMeENIeHHUs V' = 65M° ; TIJI0-
maab COPOMPYIONIUX MOBEPXHOCTEH BHYTPH IIO-
memenns A = 110 M%; pacxoj Bo3ayxa, NoJaBae-
MBI 17151 BeHTWIsun nometierus Oy = 0,072 M3/C;
a=1410"m/c; b=0,033 M [18]. Beprukanbhas
BO3/yIIHAs] CTPYS BBIXOIHUT M3 BO3AYXOAYBKH CO
ckopocthio 10 M/c W pacmojiaraercss Ha paccTos-
HUU 4,5 M OT HaBETPEHHOM CTOPOHBI 3TAHMS.

Tpebyercst onpenenuTh, Kakoil OyAeT KOHIIEH-
Tparusl OMAacHOTO BEIIECTBAa B IOMEIICHHUSIX 371a-
HUS TP OTCYTCTBHHM BO3AYIIHOM 3aBECHl U TIPH
ee pabore. PaccmaTpuBaroTcs nBa MOMEIIEHUS —
OJIHO pacrojiaraercs Ha mepBoM drtaxe. Koopmau-
HaThl BO3yX03a0OpHUKA MJIS ATOTO IMOMEIICHUS
paBHHI x = 34,5 M, y = 3,75 M. Bropoe nomenienue
HAaXOJWTCS Ha 4YeTBEPTOM JdTaxe. KoopmuHathel
BO3IIyX03a00pHHUKA JJISI 3TOTO MOMEIICHUS PaBHBI
x =345 m; y = 11,25 M. Ha npuBeieHHBIX HIKE
PUCYHKaX IOJIOKEHHE BO3IyX03a00PHHUKOB yCIIOB-
HO TIOKa3aHBI «KPY>KKOM» (pHc. 3).

Pe3yabTaTthl

PaccmoTpum pe3yibTaThl MOJCIUPOBAHUS, TIO-
TydeHHbIe Ha 0a3e paspaboranHoit CFD momenm.
Ha npuBeneHHBIX HHMXKE PUCYHKAX IPEICTaBICHO
pacrpeieNeHie KOHIEHTPAI[UN OMACHOI'0 BEUIeCT-
Ba B PACUCTHON OOJIACTH JUIS CIIydasi, KOr/ia OTCYT-
CTBYET BO3/yIIIHAS 3aBeca M NpHU ee padoTe.

Vv

=

0
0

0 x

Puc. 2. Pacnipenenenne KOHIEHTPAIMH OITAaCHOTO
BelIEeCTBa MPU OTCYTCTBUHU BO3yIIHOM 3aBechl, ¢ = 0,1 ¢

Fig. 2. Concentration distribution of the dangerous
material without air screen, £ = 0.1 sec
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Puc. 3. Pactipenenenre KOHUEHTPALKUU OMIACHOTO
BEIECTBA [P OTCYTCTBHU BO3IYLIHOM 3aBECHI,
t=4,09 c (O — TouKa pacroyoKeHHs peLenTopa)

Fig. 3. Concentration distribution of the dangerous
material without air screen, ¢t = 4.09 sec
(O — is the receptor point)
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Puc. 4. PacnipeneneHre KOHIIEHTPAIMH OITAaCHOTO
BEILlECTBA NIPU OTCYTCTBUM BO3IYIIIHON 3aBeckl, ¢ = 5,49 ¢

Fig. 4. Concentration distribution of the dangerous
material without air screen, ¢ = 5.49 sec

Ha paHHBIX pHCYHKax TOJ€ KOHIIEHTPAIlUU
MIPEJICTABIIEHO B BHWJE MAaTPHIBI, YTO ITO3BOJIIET
OBICTpO OmpeaensaTh Haubosee 3arps3HEHHbBIE MMOJI-
30HBI U, 9TO OCOOCHHO Ba)KHO — B 00JIACTH pacIio-
JoxeHus penenrtopa. Kaxmoe 4ucio Ha 3TUX pH-
CYHKaX — 3TO BEeIMYMHA KOHIIEHTPALUU B MPOIICH-
TaX OT BEIWYMHBI MaKCUMAJIbHOW KOHIICHTPAIUU
Ha JJaHHBIH MOMEHT BpeMmeHH. [ledars ocyiecTs-
JseTCs 1Mo opMaTy «IeNoe YUCIIO», Harpumep,
©CJIM 3HaueHUE KOHIIEHTparuu coctasiser 1,56 %,
TO Ha TIeYaTh BIIACTCS «1».

W3 mpexncraBieHHBIX PHUCYHKOB BHIHO, YTO
C TEYCHHEM BpPEMEHH NPOUCXOAUT HaTeKaHHe 00-
JlaKa OTIACHOTO BEIECTBa Ha 3/laHue U QOpPMUPY-
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€TCsl 30Ha 3arpsA3HEHUs] BOKPYT BCETO 3JaHUSI. JTO
3HAUUT, YTO 4YEpe3 OKHA, OTBEPCTHUS BEHTHIIALNU
OTTaCHOE BEIIECTBO C aTMOC(EpHBIM BO3IyXOM TIO-
MaJIeT BHYTPb 3/IaHUS M CO31ACT YTPO3y TOKCUIHO-
TO MOPAKEHUS JTIO/IEH B IOMEIICHUSX.

};

0 '

Puc. 5. Pactipenienenre KOHUEHTPALUU OMIACHOTO
BEIIIECTBA NIPHU OTCYTCTBUH BO3IYIITHON 3aBeckL, £ = 7,39 ¢

Fig. 5. Concentration distribution of the dangerous
material without air screen, ¢ = 7.39 sec
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Puc. 6. 30Ha 3arps3HeHNS sl MOMEHTA BPEMEHHU
t=4,09 ¢ (Bo3ayurHas 3aBeca Ha pacCTOsSHUH 4,5 M
OT 3/1aHUsI, CKOPOCTh BO3YIHOM cTpyn 10 m/c)

Fig. 6. Pollution area for the time point # = 4.09 sec
(air screen on the distance 4.5 m. from the building,
speed of the air blast 10 m/sec)

Ha mnocnenmyrommx puCyHKax TpeJCcTaBicHa
30HA 3arps3HEHUs JUIsl CUTYaIlMH, KOTAa CO3/1aHa
BO3JIyIIIHAsI 3aBeca BO3JIe HABETPEHHOW CTOPOHBI
3IaHUS.

W3 mnpencraBICHHBIX PUCYHKOB BHJHO, 4YTO
HaJIM4Me BO3JYIIHOW 3aBEChl HM3MEHSET pacrpe-
JIeJICHUE KOHIICHTPAIUK TOKCHYHOTO BEIIECTBA BO-
3JI¢ HABETPEHHOW CTOPOHBI 3[]aHUH, T.€. JIOKAIBHO,

U TIPUBOJHUT K €€ IMOHIKEHHIO (Hampumep, CpaB-
HUM puc. 8 u 5).
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Puc. 7. 3oHa 3arpsi3HEHUS A1 MOMEHTA BPEMEHH
t=5,49 c (Bo3myurHas 3aBeca Ha pacCTOSHUH 4,5 M
OT 3[IaHHS, CKOPOCTh BO3AYITHOM cTpyH 10 m/c)

Fig. 7. Pollution area for the time point = 5.49 sec
(air screen on the distance 4.5 m. from the building,
speed of the air blast 10 m/sec)
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Puc. 8. 3onHa 3arpsi3HEHUS A1 MOMEHTA BPEMEHH
t ="7,39 c (Bo3mymIHas 3aBeca Ha pacCTOSHUH 4,5 M OT
3aHMSL, CKOPOCTh BO3MYIIHOH cTpyu 10 m/c)

Fig. 7. Pollution area for the time point = 7.39 sec
(air screen on the distance 4.5 m. from the building,
speed of the air blast 10 m/sec)

[l oneHku 3G (GEKTUBHOCTH MPUMEHEHUS BO3-
JTYIITHOW 3aBECHI JIJIS 3aIUTHI JIFOJIEH, HAXOSIIUX-
csl BHYTPU TIOMCIICHUMN, BBITIONHEH pacueT KOH-
[EHTPAIMK OIaCHOTO BellecTBa B 000OUX MOMeIlie-
HUSX JJIs Clydasi, KOTJla OTCYTCTBYET BO3IyIIHAs
3aBeca M MpH ee pabore. PacueT BHIMOIHEH HA OC-
HOBe Monenu (3). /laHHble pacdera IpeaCcTaBICHBI
B Tabn. 1-4. 3xech TakKe MPEACTABICHBI JAHHBIC
OTHOCHUTENIFHO KOJHMYECTBA OIACHOTO BEIIECTBA,
OTCOPOMPOBAHHOTO BHYTPH MOMEIICHHH.
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Tabnuna 1

3HavYeHHe KOHIEHTPALMH ONACHOT0 BEIEeCTBA
BHYTPH NOMeELIeHUS] H MACCA BelllecTBa,
O0TCOPOMPOBAHHOIO HA MOBEPXHOCTSAX (MOMeleHne
HA BePXHeEM 3Taxe, HeT BO31YLIHOI 3aBechl)

Table 1

Concentration value of the dangerous material inside
the building and the mass of the material, occluded
on the surfaces (room on the upper floor, without
air screen)

Macca BemiecTBa,
Konuenrparnus
0TCOPOUPOBAHHOTO
Bpewms, ¢ B TIOMEIIEHUH,
F/M3 Ha HOBerHOCTSIX
BHyTpI/I noMeuiCHus, I
1,9 0,0010 0
9,7 0,064 0,3-10™
10,4 0,071 0,410
10,9 0,075 0,410
11,4 0,080 0,510
12,4 0,086 0,6:10™
Tabnuma 2

3HavYeHHe KOHIEHTPALMH ONACHOT0 BEIECTBA
BHYTPH NOMeIlleHHs] U Macca BellecTBa,
O0TCOPOMPOBAHHOIO HA MOBEPXHOCTAX (MOMeleHne
HAa HMJKHEM 3Taske, HeT BO3AYLIHOM 3aBechl)

Table 2

Concentration value of the dangerous material inside
the building and the mass of the material, occluded
on the surfaces (room on the ground floor,
without air screen)

Macca BemiecTBa,
Konuentpauus
0TCOPOMPOBAHHOTO
Bpewms, ¢ B IIOMEIICHUH,
F/M3 Ha HOBerHOCTSIX
BHyTpI/I noMeuICHus, 1
1,9 0,0001 0
9,7 0,0177 0,1:10*
10,4 0,0197 0,1-10™
10,9 0,0210 0,1-10™
11,4 0,0222 0,1-10™
12,4 0,0243 0,2:-10™

Kakx BumHO W3 MaHHBIX TaOJHI], MPUMEHCHUE
BO3IIYITHON 3aBECHI MO3BOJSET CYIIECTBEHHO CHHU-
3UTh KOHIIEHTPAITUIO OIIACHOTO BEIIECTBA B MOMeE-
meHusX. Tak B TIOMEMIEHHWH, PACIIONIOKEHHOM Ha
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BEpPXHEM JdTake NMPH NPUMEHEHWH BO3AYIIHOH 3a-
Bechl (MOMEHT BpeMeHH 12,4 c), KOHLEHTpaIus
OMACHOI0 BEIIECTBA B TIOMEIIEHWH CHU3MJIACh
mouTH B 12 pa3 mo CpaBHEHHUIO C BAPHAHTOM, KOT/Ia
HET BO3JyITHOM 3aBechl. JIJis moMeleHus, pacmio-
JIO)KEHHOTO Ha TEPBOM 3Ta)ke, NMPUMEHEHHE BO3-
JTyIITHOW 3aBECHI MO3BOJIMJIO MOJTHOCTHIO MPHOCTA-
HOBHUTH IOCTYIUIEHHE OMACHOTO BEIIeCTBA B TIO-
MeIIlIeHHE.

Tabnuma 3

3HavYeHNe KOHIEHTPALMM ONACHOI0 BelleCTBa
BHYTPHU IOMEIICHUA U MacCCa BelIECTBA,
0TCOPOMPOBAHHOI0 HA MOBEPXHOCTSIX (MOMelleHne
HA BepXHeM JTazKe, CO31aHA BO3AYIHAs 3aBeca,
CKOpPOCThL BO3AYIIHOM cTpyH 10 M/c, 3aBeca Ha
paccrosinuu 4,5 M 0T 31aHuUs)

Table 3

Concentration value of the dangerous material inside
the building and the mass of the material, occluded
on the surfaces (room on the upper floor, with air
screen 10 m/sec, air screen on the 4.5 m distance

from the building)
Macca BemiecTBa,
Konuenrparnus
B 0TCOPOUPOBAHHOTO
pems, ¢ B IIOMEUICHUH,
/M3 Ha IOBEPXHOCTAX
r BHYTpPU IIOMELICHUS, I'
1,9 0,0003 0
9,7 0,0064 0
10,4 0,0071 0
10,9 0,0072 0,1-10"*
11,4 0,0073 0,1-10"*
12,4 0,0074 0,1:10*

Ho nnst oeHKM pucKka TOKCUYHOIO MOPaXKEHUs
JoZiel B MOMEIIEHHSIX NPOBEIEM CpPaBHEHHE Be-
JTUYUHBI KOHIEeHTpanuu B noMemenuu ¢ [IJIK. s
cpaBHenns Beioepem ITJIK mmst xmopa 1 mr/m® —
U1 pabodeil 30HBI. ITO CBSA3aHO C TEM, YTO NaH-
Hag [1/IK makcumanbpHas o BEJIMYMHE MO CpaBHe-
auto ¢ apyrumu [1/IK. Kak BugHO U3 Tabm. 3, KoH-
LEHTpaLMs XJIOpa B NOMEIIEHUN Ha BEPXHEM ATa-
ke npesbimaet 3Ty IIJIK npu co3manuu BO3ayII-
HOW 3aBecbl. UTOOBI CHU3UTH KOHIEHTPALHIO
OMNacCHOTO BEILIECTBAa B IMOMEUICHUU HA BEPXHEM
JTake, pa3MECTHM BO3IYLIHYIO 3aBecy OJmKe
k 3nanuto. Ha puc. 9 u 10 mokazana 30Ha 3arpss-
HEHUs JUIsl 3TOrO BapUaHTa 3aJauyd — BO3IYyIIHAS
CTpysl CO3J]a€TCAd Ha PaccCTOSHUM 1,5 M OT HaBeT-
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PEHHOM CTOPOHBI 37aHU, T.€. OJIIKE K 3TaHHIO 110
CpPaBHEHUIO C MPEABIAYIITUM BapHAHTOM.

Tabnuua 4

3HayeHHe KOHLIEHTPAIMHU ONACHOI0 BelllecTBa
BHYTPH NOMeIlleHHs] U Macca BellecTBa,
0TCOpPOMPOBAHHOIO HA NMOBEPXHOCTSAX (IOMelIeHHe
Ha HHZKHEM 3TaxKe, CO3/1aHa BO3/1ylIHasl 3aBeca,
CKOpPOCTh BO3AYIIHOM cTpyn 10 mM/c, 3aBeca
Ha paccTosiHuM 4,5 M OT 31aHMA)

Table 4

Concentration value of the dangerous material inside
the building and the mass of the material, occluded
on the surfaces (room on the ground floor, with air

screen 10 m/sec, air screen on the 4.5 m distance

from the building)
Macca BemiecTBa,
Konuentparnus
IIpomexyTok 0TCOpOUPOBAHHOTO
B TIOMETI[CHUH,
BpPEMEHH, C ot Ha MOBEPXHOCTSX
BHYTPH IIOMEIIEHUS, T
1,9-12,5 0 0
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Puc. 9. 3ona 3arpsi3HEHUS A1 MOMEHTA BPEMEHH
t=5,49 c (Bo3mymnIHas 3aBeca Ha pacCTOSHUH 1,5 M
OT 3[IaHHS, CKOPOCTh BO3AYITHOM cTpyH 10 m/c)

X

Fig. 9. Pollution area for the time point = 5.49 sec
(air screen on the distance 1.5 m. from the building,
speed of the air blast 10 m/sec)

PacrnionosxeHne BO3IyIITHOM 3aBECHI OJIIDKE K 371a-
HUIO TO3BOJISET OOJIBIIE CHHU3UTH KOHICHTPAIUIO
B BO3/yX€, MOCTYIAKIIEM B MOMEIICHUE HA YET-
BEPTOM 3Ta)ke. ITO XOPOIIO BHIHO U3 TadI. 5. Tak
JUIsi MOMEHTa BpeMeHU 12,4 ¢ KOHIIEHTpalus CHU-
3mnack mpuMmepHo Ha 27 %, HO Bce Takd OHA
oombie TTJIK.

Tenepb yBeJIMYUM CKOPOCTb BO3YIIHON CPENbI
mo 15 m/c. W3 puc. 11 BumHO, 4TO yBeIUYCHUE

3TOTO TMapaMerpa emle OoJble MPUBOAUT K CHH-
JKEHHIO KOHIIEHTpaIlMM OMAacHOTO BEIECTBa BO3JIE
HaBETPEHHOU CTOPOHBI 3AaHUSL.

}v

[
8
2
8
3
5

0
0
2
5
s
5
5
El

00 050 0
00 0
1 0
3 0
7 ) 00
1 & 0
1300

8

iy

1.
3230282625211

00
000
2 2
it g
6 15 14

1
66 63 60 56 53 51 45 33 18

0
3
9
g
4

3
52 5454 51 48 4542393832221

5 56 64 67

23 41 63 81 92 96 37 90 71 39 1.

12 16 19 20 20 17 14
12 16 19 20 20 17 14

P ooma e
&

d 22 41 63 79 89 92 52 86 69 39 13
6 34 42 50 54 54 49 42 32 1

0 26 33 39 42 41 36 30 22 1
13 19 24 28 30 29 26 21 1

@ o
A

0 2 9224465 798586867963361

8
3
8
5
2
2

@
H
wn
e
s
©
a
el
N
=t
o
)
-
=t
e
o
P
o
1
=

0 3132744 617278797876 7055311
18 25 32 40 50 60 66 67 €3 55 43 2

T3

16 21 28 35 42 54 66 75 78 75 68 56 36
i
5
4
2
1
1

1

8
5
3
i
o
0
0

2
i;
5
0
0

0 X

Puc. 10. 3ona 3arpsi3HeHus 11 MOMEHTa BPEMEHU
t ="7,39 ¢ (Bo3mymurIHas 3aBeca Ha pacCTOSHUH 1,5 M
OT 3IIaHHS, CKOPOCTh BO3AYITHO cTpyH 10 m/c)

Fig. 9. Pollution area for the time point ¢ = 7.39 sec
(air screen on the distance 1.5 m from the building,
speed of the air blast 10 m/sec)

Tabnuma 5

3HauyeHHe KOHIIEHTPAIIMU ONACHOT0 BELECTBA
BHYTPH NOMeIIEeHHs] ¥ Macca BellecTBa, 0TCOPGUpPO-
BaHHOI'0 HA MOBEPXHOCTAX (IIOMelLIeHHe HA BEPXHEM
JTakKe, CO3JaHA BO3IYNIHAS 3aBeca HA PACCTOSIHUH
1,5 M o1 31aHus, ckopocTh cTpyu 10 m/c)

Table 5

Concentration value of the dangerous material inside
the building and the mass of the material, occluded
on the surfaces (room on the upper floor, with the
air screen on the 1.5 m distance from the building,
speed of the air blast 10 m/sec)

Macca BemiecTBa,
Konuentparnus
0TCOPOUPOBAHHOTO
Bpewms, ¢ B HOMeIII}eHI/II/I, HA IOBEPXHOCTAX
r/m BHYTPH TIOMEUICHUS, T

1,9 0,0002 0
9,7 0,0049 0
10,4 0,0051 0
10,9 0,0052 0
11,4 0,0053 0
12,4 0,0054 0

B Ttabn. 6 npencrapieHbl JAaHHBIC, TO3BOJISIO-
[IME OLICHUTHh YPOBEHb CHIXKCHHS KOHIEHTPALUU
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OITaCHOI'0 B€UICCTBA BHYTPHU IMOMCUICHUA HAa BEPX-
HEM OTaXKE IJId pacCMaTpUBacMOIo CIiCHapus.
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Puc. 11. 3oHa 3arpsi3HeHHs 111 MOMEHTa BpeMEHH
t=5,49 c (Bo3mymurHas 3aBeca Ha pacCTOSHUH 1,5 M
OT 3JIaHMsI, CKOPOCTh BO3IYIIHOM cTpyH 15 m/c)

Fig. 11. Pollution area for the time point = 7.39 sec
(air screen on the distance 1.5 m. from the building,
speed of the air blast 15 m/sec)

Tabnuma 6

3HayeHHe KOHIIEHTPAIIMU ONACHOT0 BELeCTBA
BHYTPH MOMeIleHHs] U Macca BellecTBa, 0TCOPOUpPO-
BAHHOI'0 HA MIOBEPXHOCTAX (MOMeIleHNe HA BEPXHEM
JTaKe, CO3JaHA BO3AYIIHAS 3aBeca HA PACCTOSIHHH
1,5 m o1 31aHus, cKOpPOCTH cTpyH 15 M/c)

Table 6

Concentration value of the dangerous material inside
the building and the mass of the material, occluded
on the surfaces (room on the upper floor, with the
air screen on the 1,5 m distance from the building,
speed of the air blast 15 m/sec)

Macca BemiecTBa,
Konuentpanus
0TCOPOUPOBAHHOTO
Bpewms, ¢ B HOMGLL[}CHI/II/I, HA IOBEPXHOCTAX
/v BHYTPH IIOMEUICHUS, T

1,9 0,00014 0
9,7 0,00136 0
10,4 0,00139 0
10,9 0,00140 0
11,4 0,00141 0
12,4 0,00141 0

W3 Tabn. 6 BUOHO, YTO yBETUYEHHE CKOPOCTH
BO3IYIIHOH CTPYH TpPHUBEIO K eme OonbIiemMy
CHIDKEHHIO YPOBHS 3arpsi3HEHHs BO3IYIIHOH cpe-
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IIbl B TIOMEIICHUH HA BEPXHEM JTaKe — MpaKTHYe-
CKH 110 0€301TacCHOTO YPOBHSI.

JlaHHBIE  BBIYMCIHMTENBHOTO  JKCHEPUMEHTA
Tak)Ke MOKa3bIBalOT, YTO HHTEHCUBHOCTH COPOIIHNU
OITACHOTO BEIIeCTBa Ha MOBEPXHOCTIX HEIOCTa-
TOYHO BBICOKA TPH PACCMOTPEHHBIX Mapamerpax
copOmmu.

B 3akiroueHne oTMETHM, 9TO pacueT 3a7adu Ha
6a3e pa3paboTaHHOW MOJIENTH COCTaBISIET MOPSIKA
10 ¢ KOMIIBIOTEPHOTO BPEMEHHU.

Hayuynasi HOBU3HA U PaKTHYeCKast
3HAYUMOCTh

Co3mana dYHWCIIEHHAsT MOJIENb, TO3BOJISIONIAS
YYeCTh BJIMSHUE BO3IYIIHOW 3aBECHl HAa paccenBa-
HHUE 3arps3HAIOIMMX BEIIECTB M, B TOXE BpEM,
TpeOyrommas HeOOJBIINX 3aTpaT KOMIBIOTEPHOTO
BpPEMEHH TPH MPAaKTUYEeCKOH peanuzauuu. Paspa-
OoTaHHAasi MOJIETIb MOXKET OBITh UCIIOJB30BaHA MPH
HPOEKTHPOBAHUY CHCTEM JIOKATBHON 3aIlUTHI 37a-
HUI OT MOMajaHus B HUX ONacHbIX BemecTB. Oco-
OCHHOCTBIO TOCTPOCHHOW MOJENH SBIISIETCS HC-
MMOJIb30BaHUE CTAHIAPTHOW HCXOMHOW WH(pOpMa-
UK U OBICTPOTA B TIOJIYYCHUH PACUCTHBIX JAHHBIX,
YTO BaYKHO MPH MPOBEIECHUH CEPUIHBIX PAaCUETOB.

BriBoabI

B pabote mpencraBnena HoBas CFD mopens
i pacdera 3((EKTUBHOCTH TPUMEHEHHs BO3-
JIyIIHOM 3aBEChl C LIEJbI0 HAPY>XKHOU JIOKAJTIbHOMN
3aIlUTHI 3[aHUS OT MONAJaHus BHYTPh €TI0 3arpss-
HeHus. [{ns pelenus ruipoJuHaMU4ecKon 3a1aun
UCIOIB3YETCA MOJEIb MICANBHOM )KuaKocTu. s
pacueTa IMEpPEHOCAa OINAaCHOTO BEIIECTBA B aTMO-
cdepe ucnonb3yercst monenb Mapuyka I'. U. Tlpu
npaktuaeckor peanuzauuu Ha [IK pazpaboranHOi
CFD wmognenmu TtpeOyroTcss HEOONBIIUE 3aTpaThl
KOMITBIOTEPHOTO BpeMeHU. [lanbHeillee pa3BUTHE
JTAHHOM TEMaTHKHU CIIEAyeT BECTH B HalpaBIeHUU
noctpoenus 3-D mozpenu.
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(SHELTER-IN-PLACE) I3 YPAXYBAHHSAM COPBILII HEBE3ITEYHOI
PEYOBHUHHU HA ITOBEPXHAX YCEPEJIUHI ITPUMIIIEHDb

Merta. XimiuHO HeOe3neuHi 00’ €KTH, B IKHUX BUKOPHCTOBYIOTHCSI, BUPOOJISIOTHCS, 30€piraloThesi TOKCHYHI pedo-
BHHH, a TAKOX MAariCcTpai, SIKUMH 3TIHCHIOEThCS TPAHCIIOPTYBAaHHS HeOe3MeYHNX BaHTAXIB, SBIAIOTH COOOO MoTe-
HIIHHI JpKepena aBapiiiHoro 3a0pyaHeHHs atMocdepH. Y TOCIiKeHHI He0OX1THO 3MiHCHUTH PO3p0o0Ky MPUKIaIHOT
YHCENLHOT MOJIEN JUIsl pO3paxyHKy e(eKTUBHOCTI JIOKaJbHOTO 3aXUCTy OyIiBII Biji OTpaIUIsiHHS B Hei HeOe3ne4-
HUX PEYOBHH IUIIXOM 3aCTOCYBaHHS IOBITpsiHOI 3aBicu. Metoamka. Jist BUpilIEHHS TiIpoJWHAMIYHOI 3ajadi
B3a€MOJIii TOBITPAHOI 3aBiCH 3 BITPOBUM IIOTOKOM Ta 3 YypaxyBaHHSM BIUIMBY OyniBenb Ha L€l mporec
BUKOPHCTOBYETHCSI MOJIENIb 11eaibHOT pignHu. 15 po3paxyHKy Mpoliecy MepeHoCcy HeOe3neyHol pe4OBHHHU B aTMO-
cdepi BUKOPUCTOBYETHCS PIBHAHHA KOHBEKTHBHO-TU(Y3IHHOTO TMepeHocy MOMIMKH. JIJIs po3paxyHKy MpoIecy
3a0py/JHEHHS HOBITPSHOIO CEpeIOBHIA BCEPEIMHI PUMILIEHb IPH BTIKaHHI B HUX 3a0pyAHEHOro aTMoc(hepHOro
MOBITPSI BUKOPUCTOBYEThCA Mozienb Karisson & Huber. [lana monens BpaxoBye copOIIifo HeOe3euyHOi peYOBHHN Ha
PI3HHX TMOBEPXHSAX BCEPEIWHI NPUMILIEeHb. J{JIsl YMCENbHOro iHTErpyBaHHS PiBHSHHS MOJIENIi BUKOPHUCTOBYIOTHCS
pizHHUIEBi cxemu. Pe3yabTaTu. Y podoti moOynoBaHo eQeKTUBHY YHUCETbHY MOJEINb OUIHKU €(PEKTHBHOCTI 3aXUCTY
OyxiBenpb BiJ MOTPAIUISIHHS B HUX HEOE3NEYHMX PEYOBMH IIUIIXOM BHUKOPHCTAHHS MOBITPsHOI 3aBicu. Ha ocHOBI
mo0OyI0OBaHOT MOJIENi MPOBENEHO PO3PAXYHKOBUHA EKCHEPUMEHT 3 OIIHKH €(DEeKTHBHOCTI IAaHOTO METOMY 3aXHCTy
NpU BapilOBaHHI MiCIsl PO3TAlIyBaHHS MOBITPSHOI 3aBick BigHOCHO Oyxieni. HaykoBa HoBm3na. [loOynoBaHo
YHCENbHY MOJEJb, KA J03BOJISIE ONEPATHBHO PO3paxyBaTH e(EeKTHBHICTh BUKOPUCTAHHS IIOBITPSHOI 3aBicH UL
3HW)KEHHs 1H(UIbTpanii 3a0py/JHEHOTO 30BHINIHBOIO MOBITPsl B npuMinieHHs. IIpakTuyna 3HaunMicTb. Po3po6-
JIeHa YMCeIbHA MOJENb MOXKe OyTH BHKOPHCTaHA JJIsl NPOSKTYBAaHHS JIOKAILHOTO 3aXUCTy OyIiBeNb Bill MOTpaIUIsIH-
Hs B HUX He6e3l’[e'-IHI/lX PEYOBHH.

Kniouosi crnosa: 3a0pyaHeHHs aTMOC(epH; IOKABHIUN 3aXUCT Oy/IiBelNb; MOBITPsHA 3aBica; iHDiIbTpais HeOe3-
MEYHUX PEYOBUH y NPUMILICHHS
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MODELING OF THE BUILDING LOCAL PROTECTION
(SHELTER - IN PLACE) INCLUDING SORBTION
OF THE HAZARDOUS CONTAMINANT ON INDOOR SURFACES

Purpose. Chemically hazardous objects, where toxic substances are used, manufactured and stored, and also
main lines, on which the hazardous materials transportation is conducted, pose potential sources of atmosphere acci-
dental pollution. Development of the CFD model for evaluating the efficiency of the building local protection from
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hazardous substantives ingress by using air curtain and sorption/desorption of hazardous substance on indoor sur-
faces. Methodology. To solve the problem of hydrodynamic interaction of the air curtain with wind flow and con-
sidering the building influence on this process the model of ideal fluid is used. In order to calculate the transfer
process of the hazardous substance in the atmosphere an equation of convection-diffusion transport of impurities is
applied. To calculate the process of indoors air pollution under leaking of foul air Karisson & Huber model is used.
This model takes into account the sorption of the hazardous substance at various indoors surfaces. For the numerical
integration of the model equations differential methods are used. Findings. In this paper we construct an efficient
CFD model of evaluating the effectiveness of the buildings protection against ingress of hazardous substances
through the use of an air curtain. On the basis of the built model a computational experiment to assess the effective-
ness of this protection method under varying the location of the air curtain relative to the building was carried out.
Originality. A new model was developed to compute the effectiveness of the air curtain supply to reduce the toxic
chemical concentration inside the building. Practical value. The developed model can be used for design of the
building local protection against ingress of hazardous substances.

Keyword: air pollution; local protection of buildings; air curtain; infiltration of hazardous substances in the
rooms
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HANPAMH YTOCKOHAJIEHHSI OBJIIKY TA BHYTPIIIHBOI'O
AYJINUTY JEBITOPCBKOI 3ABOPI'OBAHOCTI HIAITPUEMCTB

Meta. Y HayKOBOMY AOCTIKEHHI HEOOXiTHO 3AIMCHUTH BHABICHHS Ta OOTPYHTYBaHHS HAIIPSAMIB YIOCKOHAJICHHS
00Ky Ta BHYTPIIIHBOTO ayIUTy 1e0iTOPChKOi 3a00proBaHoCTi mixnpueMcTs. MeToauka. Po3riissHyTo OCHOBHI pHH-
LMITK ¥ HanpsIMMA TOKPAIIEHHS! CHCTEMH OOJIKY Ta BHYTPILIHBOTO ayIuTy, sSIKi MarOTh JOIIOMOITH ITiANPHEMCTBAM
VYxkpainu ontuMmizyBatu 1e0iTopcbKy 3a0oproBasicts. PeyabraTtn. OOrpyHTOBaHO, 1110 ONTHUMI3ALLs Je0iTOPCHKOT 3a-
OoproBaHoCTI MOJJIMBa Ha OCHOBI yJIOCKOHAJIEHHS 11 00JIKY Ta BHYTPIIIHBOTO ayquTy. BH3Ha4yeHO OCHOBHI IUISIXH
YIOCKOHAJIEHHS OOJIIKY Ta BHYTPIIIHBOTO ayIUTy Ne0iTOPChKOI 3200proBaHOCTI, 10 SKUX BIAHOCSTBCS: yJOCKOHAJICH-
HSl HOpMaTHBHOTO 3a0e3nedeHHs 00Ky 1e0iTOpPChKOT 3a00proBaHOCTI Ha MiANPUEMCTBI; 3/1iICHEHHS MTOJANBIIOL rap-
MOHi3a1ii OyXraJaTepchKOro Ta IoJaTkoBOro OOJKy B YaCTHHI ()OpPMyBaHHS pe3epBy CyMHIBHUX OOpriB, OOJIKY CyM-
HiBHOI Ta Oe3HaiifHOT 1e0GITOPCHKOT 3a00PTrOBAaHOCTI 1 iH.; CTBOPEHHS BiILTY BHYTPIIITHHOTO ayAUTY I KOHTPOITIO 32
CYMHIBHOIO Ta O€3HaIiIifHOI0 3a00prOBaHICTIO; 3a0€3MEUeHHs] CBOEYACHOTO KOHTPOIO CIIBBITHOIIECHHS Ae0iTOPCHKOT
Ta KPEIUTOPCHKOI 3a00PTrOBaHOCTI; BU3HAYCHHS Ta MIATPHMKA ONTHMAIBFHOTO PO3Mipy Ae0iTOPCHKOI 3a00proBaHOCTI
nianpuemctea. HaykoBa HoBM3Ha. HoBH3HA moisirae B yIOCKOHAJIGHHI OOJIKY Ta BHYTPIIIHBOTO ayAuTy HeGiTop-
CBKOi 3a00proBaHOCTI MIANPHEMCTB 32 PaXyHOK PO3BHTKY CHCTEMH BHYTPIIIHBOI'O ayJUTy Ta ONTHMI3amii po3Mipy
nebiToperkoi 3a0oproeanocti. [IpakTHYHA 3HAYMMICTB. 3aMPONOHOBAHI PEKOMEH/IAIIT JO3BOJSTh HOMIIIIIATH CHC-
TeMy O0JIIKY Ta BHYTPILIHBOT'O ay/IUTy Ae0ITOPChKOT 3a00proBaHOCTI Ha MIANIPUEMCTBAX YKpaiHU.

Knrouosi cnosa: nebitopcrka 3a00proBaHiCTh; IIATHKHO-PO3PAXyHKOBI BITHOCHHH; CY0’ €KTH TOCTIOAAPIOBAHHS,
OyXrajrepchKuii 00JIiK; CHCTEMa BHYTPIIIHBOTO ayANUTY; aHATITHYHI TPOLEYPH; ayAUTOPCHKI JOKa3H

Beryn Kol 3a00proBaHOCTI NPHU3BOIAUTH 1O BHIIYYCHHS
KOMITiB 3 000pOTYy, IO MEPENIKoKA€E YCIIIIHIN
IISITEHOCTI Oynb-siKoro TiampueMcTBa. CuTyarlis
MOTIPUIYETHCS e H HE3aJ0BIUIBHOI OpraHi3allicro
00JiKy Ta BHYTPIIIHBOTO KOHTPOJIO 32 BHUKOHAH-
HSM JIOTOBIpHUX 3000B’s3aHb. 3a TaKMX YMOB Ke-
PIBHHLITBY JOCUTH CKJIaJHO MPUHHITH palliOHANb-
Hi yIpaBliHCBKI pimmeHHs [1].

TeopetnuHi mocmiykeHHS OONIKY Ta ayauTy
JIe0ITOPChKOT 3a00prOBaHOCTI CBIMYATh MPO HEIO-
CTaTHE BUBYEHHS IIOTO MUTAHHS, IO CHPUYNHIOE
BUKPUBJICHHS iH(OpMAIll PO CTaH pO3PaxyHKIB
Ta iHAHCOBHI CTaH MIIIPHEMCTBA B IUJIOMY. 3Ha-

VY cy4yacHUX PUHKOBHX yMOBaxX MHUTaHHS 00i-
Ky Ta aymuTy Oe0iTOpChKOi 3a00pPTrOBaHOCTI € Jo-
CUTh BOXKIIUBUM IS MiIPUEMCTB, OCKIJIBKU 4acTO
KOHTPArcHTH HE BiAMOBINANBHO CTABIATHCS 10 BU-
KOHaHHS IUIATDKHUX 3000B’s3aHb TEepel] CBOIMH
naptHepamu. [IpoOnema HemaTrexiB 3yMOBIIOE
aKTyaJIbHICTh JIOCIHI/PKEHHST METOJUKU Ta OpraHi-
3amii 067Ky 1e6iTopchkoi 3a00pProBaHOCTI TS Bi-
TYU3HSIHUX IATPHUEMCTB.

®dinaHcoBa CTaOUIBHICTh MiANPUEMCTBA 3HAY-
HOIO MIpOIO 3aJIS)KUTh Bill €(EKTUBHOCTI CHCTEMHU
po3paxyHKiB 3 nebitopamu. HasBHICTE Me0iTOPCH-
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YHUH BHECOK Y PO3MIISII MpoOsIeM Teopii Ta Impak-
TUKHU OOJIKY U aymuty ae6iTopchkoi 3a00proBaHo-
CTi 3pO0OMJIM BITYM3HSHI Ta 3aKOPJOHHI JOCHiTHU-
ku: ©. ®@. byruneup, b. ®. VYcau, 1. O. bnank,
B. B. Cob6xo, B. Il. Cyim, A. JI. Ulepemer,
I'. M. laBunos, JI. O. Kanypina, JI. I1. Kynakos-
cbka, B. f. CaBuenko, H. I. Hopou, B. C. Pynuu-
npkuii, O. A. [lerpuxk, C. JI. bepeza, M. JI. binuk,
B. B. Bitnincekuii, /I, 1. Kopanenxko, K. I'. 3apos,
M. M. Hamkepceka, . M. bospko, B. A. BouHis,
JI. A. Koctupko, H. M. Hogikoga, JI. B. Taparyra,
T. C. €munak, I. O. Bmacoa, B. II. Ko3mos,
B. II. CaBuyk, O. Crminmauyk, B. 1. Ckiupko,
E. Apenc, P. A. Anamc, b. Ensapsc ta inmmi.

VY Xoni aHani3y BITYHU3HSHHX JIITEPATypHUX JHKe-
pern OyJio BUSBIIEHO, IO 10 KiHI 90-X pOKIB MUHY-
JIOTO CTOIITTS IMMUTAHHA ayIuTy Ae0iTopchkoi 3abop-
TOBAHOCTI TOPYIIyBaIOCsA Ayke piako. B ymoBax
TUTAHOBOT €KOHOMIKH BOHO 3 00’ €KTUBHUX Ha TOU Yac
npyuarH He Oyno akTyarsHMM. Ha modaTkoBUX ke
eTarnax CTaHOBIJIEHHS PUHKOBOi €KOHOMIKH TEOPETH-
YHi TIOJIOKEHHS ayIUTy Ae0iTOpChKoi 3a00proBaHoc-
Ti MINPUEMCTB CTalIK TOTPeOyBaTH y3aralbHEHHS Ta
yTouHeHHS [3].

VY 3B’S3Ky 3 UM 3pOCTae HEOOXiTHICTh yaO-
CKOHAJIUTH OOJIIK 1 BHYTpILIHIA ayauT Ae0iTopch-
KOi 3a00pTroBaHOCTI IMiIMTPHEMCTBA.

Meta

MeToro mpOoro JOCHIIKEHHsS € BHSBICHHA Ta
OOIpyHTYBaHHSI HalpsIMiB YJOCKOHAJICHHS OOJIKY
1 BHYTPIIIHBEOTO ayIuTy OeOITOPCHKOI 3a0opropa-
HOCTI TiATIPHEMCTB.

MeTtoauka

Po3risiHyTI OCHOBHI PHHIUIK Ta HAMPSIMH TO-
KpaIleHHs CHCTEMH OOJIKYy Ta BHYTPIIIHEOTO ayTH-
TY, SIKi MalOTh JOIIOMOTTH TiIIPUEMCTBAM Y KpaiHH
ONTHMI3yBaTH A€0ITOPCHKY 3a-00proBaHiCTb.

PesyabTaTtu

IInaTi>xHO-pO3paxyHKOBI BIIHOCHHH i3 CYO’€K-
TaMH TOCIIOJIapIOBaHHS MOTPeOyIOTh e(eKTUBHOI
cucTeMu OONiKy U ayauTy Ha miampueMcTsi. Came
BOHa 3a0e3redye KEpiBHULTBO JOCTOBIPHOIO Ta
CBOEYACHOIO iH(OPMAITIEI0 TIPO CTaH Je0ITOPCHKOL
3a00proBaHOCTI, HASBHICTh «CIa0KUX» MICIb i MO-
JKITUBI NULIXM X ycyHeHHs [2]. Byxranrep miampu-
€MCTBA TTIOBHHEH PETENBHO MEePEBIPATH (aKTH 31TiH-
CHEHHS TOCHOJAPChKUX ONeparliid, BHACTIIOK SIKIX
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BUHHKJIA Taka 3a00proBaHICTh, iX 3aKOHHICTH Ta
MIPaBIJIBHICTH BiMOOpaskeHHS B OOIIKy [4].

OnuuM 3 HaWOIBII TPOOJIEMHUX MOMCHTIB
y OyxrairepcbkoMy 00Ky Ae0iTOpChKOi 3a00pro-
BAaHOCTI € HOpMaTHUBHE 3a0e3MeueHHs 00Ky ne0i-
TOPCHKOI 3a00pProBaHOCTI Ha MigNPHEMCTBI. Peko-
MeHJI0BaHa (opMa OyXTanTepchKoro 00Ky IIbOTO
00’exTa Ta OONIKOBI PETICTPU HE MAIOTh MOKJIHBO-
CTI OTpHMaTH HEoOXinHy iH(OpMAIiio s pUiH-
ATTS 3BaXKEHHUX YNPaBIiHCHKHX pillleHb y 3a-
noBibHOMY BUTISAL [12].

[t 3mificHeHHST JOCTOBIPHOTO aHami3y 3abop-
TOBAHOCTI 3 METOIO ii onTHMi3ailii 00JIiKOBI pericT-
P MaroTh HAKONHMYYBATH iH(OPMaLil0 PO po3pa-
XYHKH 3 J1e0iTopaMy 3 TEBHOIO IETaNi3aIli€lo Ta
y3arajibHEHHAM JaHuX. Takox B OOJIKy HeJIoCTarT-
HBO JICTANTI3YIOThCS Ta CHIBBITHOCATHCS Pi3HI BUIU
nebiToOpchKOi 3a00proBaHOCTI B 3arallbHil iX CTpy-
KTypi [8].

HesBaxkatoun Ha HaOyTTst ymHHOCTI I[logartko-
Boro konekcy Ykpainu (IIKVY) [9], moci icaye Oa-
raTo CYNMepeYHOCTEH MiK OyXTajaTepChbKHUM Ta II0-
JIATKOBMM OOJIIKOM y TOPSAKY (hopMyBaHHS pese-
PBY CyMHIBHHX OOpriB, 00JIiKy CyMHIBHOI Ta 0e3-
HaJiiHOT 1e0iTOPCHKOi 3a00pProBaHOCTI Ta iH.

VY cucreMi BHYTPIIIHBOTO ayIUTy AeOITOPCHKOT
3a00proBaHOCTI TaKOX ICHYIOTh TEBHI MUTaHHS,
AKi TOTPeOYIOTh BUPIMICHHS.

Sk BimoMO, METOIO ayauTy AeOiTOPChKOI 3a00-
ProBaHOCTI € OTPUMAaHHS OCTATHIX JIOKa3iB, SKi
MiATBEPIKYIOTh JOCTOBIPHICTh, pealbHICTh Ie0i-
TOPCHKOT 3a00pTrOBaHOCTI, BioOpaXkeHol y ¢iHaH-
COBHX 3BiTaxX. 3 ypaxyBaHHSM I[LOTO 10 OCHOBHHUX
3aBllaHb ayJaUTy JeO0IiTOpChKOI 3a00pProBaHOCTI
MOYKHA BIIHECTH:

1) mepeBipKy JOTPUMaHHS METOMOJOTIYHUX
npuHIMIIB QopMyBaHHs iH(opMauii po xeditop-
CBKY 3a00proBaHICTh y OyXTranTepCchKOMY OOIKY
Ta ii pO3KPUTTA y (iHAHCOBIH 3BITHOCTI BiAIOBII-
Ho 10 [I(C)BO 10 «/lebGiTopchka 3a00proBaHiCcTh
[10], uro mependayae nepeBipky:

— BU3HaHHA AcOITOPChKOI 3a00prOoBaHOCTI aK-
THUBOM;

— MepBICHOT OLIIHKH Ta OLIHKH Ha JaTy OalaHcy;

— BU3HAYCHHS METOLy CTBOPCHHS PE3EPBY CyM-
HIBHHX OOpTiB;

— HapaxyBaHHSI CyMH Pe3epBY CYMHIBHUX OOpTiB;

— BUKJIIOUYEHHsI Oe3HafiitHOi me0iTopchKoi 3a-
OOproBaHOCTI 3 aKTHBIB;

— po3kpuTTs iH(pOpMaIii po 1ebGiTopchbKy 3a00-
proBaHicTh y MPUMITKaX 10 (iHAHCOBOI 3BITHOCTI;
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2) BCTAaHOBJICHHST PEalbHOCTI J1e0IiTOpChKOi 3a-
0OpProBaHOCTI;

3) nepeBipky knacuikauii nqediTopebkoi 3abo-
PTOBaHOCTI;

4) OIIHKY CHHTETUYHOT'O Ta aHATITHYHOTO OOJIIKY;

5) nmepeBipKy NpaBUILHOCTI BiOOpa)keHHsS Tro-
CIOJIAPCHKUX Olepamiid 3 ae0iTOpChKor 3a00pro-
BaHICTIO Ha paXyHKax 00JiKy;

6) IepeBipKy TPaBUILHOCTI CHHCAaHHA Oe3Ha-
IiitHOT ebiTopchKOi 3a00proBaHoOCTi;

7) BUBHAYCHHS IIOKa3HUKIB, SKi XapakTeph3y-
I0Th CTaH J1e0ITOPCHhKOI 3a00pProBaHOCTI, X y3ro-
JOKEHICTB Ta MOPIBHSAHHICTb.

Cuni 3a3HaYUTH, IO HA CHOTO/HI HEMAE THUIIO-
BOI TIpOrpaMMl ayauTy, ska O BimImoBimama cydac-
HUM BHMOTaM SIKiICHOT'O TIPOBEJCHHS ayauTy neOi-
TOPCHKOT 3a00PTOBAHOCTI.

SIk mpaBmIIO, IpOrpaMa BKITIOYAE TINBKH Iepe-
JIK ayIUTOPCHKUX MPOLENYp, SKi He0OXiTHO 3mili-
CHHUTH, BUKOHABL, TEPMiH TMEPEBIPKH Ta i1HIEKC
pobouoro mokymeHnTta. [Iporpama ayauty neditop-
ChKOi 3a00proBaHOCTI MIOBUHHA MICTUTH: METY ay-
JUTOPCHKOI Tpoueaypu (SKiCThb, SIKa MiATBEPIIKY-
€TBCSI), 3aBIAaHHS, AyAUTOPCHKI IOKa3W, METOAM
ayaWTy, TEPMiH BHKOHAHHS ayIUTOPCHKOI Mpolie-
IypH, iHIIeKC poO0Yoro ToKyMeHTa [5].

[epeBipka neGiTopcbkoi 3a0oproBaHOCTI TO-
BHHHA BUKOHYBATHCS 3a KJIacUQIKAMIWHUMH Tpy-
nmamu Je0iTopchkoi 3aboproBaHocti. Yac mpose-
JICHHSl TEPEBIPKH B ayIuTOpa OOMEKEHHi, TOMY
HEMa€ aHi MOXKIUBOCTI, aHi MOTpeOu MepeBipsATH
yci omepairii 3 00JT1iKy 1e0iTOpChKOi 3a00proBaHOC-
Ti, a, OTXKE, KUIBKICTh ayJAMTOPCHKHX MPOIEIYP
NOBMHHA OyTW ONTHMalbHOIO. Pesymbratn aymu-
TOPCHKUX TPOIEAYP BiMOOpa)karoThCSI B POOOUNX
JOKYMEHTaxX ayIuTopa, iHpopMallis IKHX MOBHHHA
CBIYUTHU TPO AKICTh ayAMTOPCHKOI NPOLEAYPH Ta
CITyT'YBaTH JI0Ka30M BUSIBJICHUX ITOPYIICHb.

CknamHuM TIHTaHHSM B ayauTi Je0ITOPCHKOI
3a00proBaHOCTI € BCTAHOBJICHHS HEOOXiIHOTO piB-
HSl KOINTIB, SIKI BHJIy4alOThCS Ha NEOITOPCHKY 3a-
OOproBaHiCTh, a TAKOXX BU3HAYCHHS BILIUBY BEJIH-
YiHA Je0ITOPChKOI 3a00proBaHOCTI Ha (hiHAHCO-
BUH CTaH MiANpUEMCTBA [6].

Jl1s1 BUpIMIEHHS IOTO MTUTAHHS MOTPiOHO:

1) BU3HAYUTH ONTUMAIBHUHA po3Mip nebiTop-
CbKOi 3a00proBaHOCTi, sKa O HE CTBOpIOBaja Iie-
PEIIKO JUII MOKJIMBOCTI 3a0e3rneueHHs Oesrepe-
OiffHOTO TIpOIIECY MTOCTavYaHHS, BHPOOHMIITBA, pea-
mizamii Ta po3paxyHKIB MiANPHEMCTBA 3a CBOIMH
3000B’ I3aHHSIMU;

2) BCTAHOBUTH paIliOHaJIbHE CITiBBiTHOIICHHS
MIX Je0ITOPCHKOIO Ta KPEIUTOPCHKOK 3a00prosa-
HICTIO AJISl MPHUCKOPEHHS OOOPOTHOCTI LUX ABOX
[MOKA3HUKIB;

3) cucTeMaTHYHO TIPOBOJWTH 1HBEHTAPH3AIIIIO
3a00proBaHOCTI MUISIXOM MEPEBIPKH MEPBUHHUX J0-
KYMEHTIB, 5IKi € OCHOBOIO JIJIsl BUKOHAHHS PO3paxy-
HKIB Ta BiTOOpa’keHHs Omeparliii B 00JIiKy, a TaKoxX
HIISIXOM 3BIPKH 3aJIMIIKIB 3 KOHTPareHTaMU.

Oco6nuBy yBary ciig 3BepHyTH Ha Te, IO KO-
JKHa Ollepailis MOBUHHA OYyTH CaHKI[IOHOBAHOIO Ta
3aKOHHOK [7]. JlaHi KOHTPOJBHHUX MPOIEIYp H0-
3BOJISIIOTH PO3MOAUINTH J1e0iTOPChKY 3aboprosa-
HICTh, 3aJIEXKHO BiJl CTPOKIB ii rmoramieHHs, Ha HO-
pMaibHy, MPOCTPOUCHY Ta Oe3HaiiiiHy. Y CBOIO
4yepry, OTPUMaHi BiJIOMOCTI JalOTh MOXIIUBICTh
BXXUTH 3aXOIM CTOCOBHO IPOCTPOYECHOI 3a00pro-
BaHOCTI, a caMe: BPaxOBYIOYH BHMOTH 3aKOHOJIaB-
CTBa Ta JJOTOBOPiB, MOJKHA PO3MOYATH MPETCH31HHY
po0oTy, 3acTOCyBaTH CKOHOMIYHI CaHKIIi (Hapa-
XyBaHHS mITpadis, MeHi, HEYCTOWKH) Ta iHIi [7].

He MeHm mpoOieMaTHdHAM € TUTaHHS edek-
TUBHOTO KOHTPOJIIO 32 CBOE€YACHUM CTATHEHHIM
CyM 3 Ae0iTOpiB 3 METOIO 3amo0iraHHs 3pPOCTaHHIO
pocTpoUueHoi AebiTopchkoi 3adoproBaHocTi. st
ILOTO MiIPUEMCTBO MA€ CTBOPHUTH BIIUT BHYT-
pIIIHBOTO ayIWTy, TOJOBHUM 3aBIAHHAM SIKOTO
€ 3A1MCHEHHS KOHTPOITIO 3a MIPOOIEMHOI0 IebiTop-
ChKOIO 3a00PrOBaHICTIO.

Ha nHamy aymKy, Ha KOXXHOMY ITiJIIPUEMCTBI
JOLTBHO po3pobutn U 3arBepautd llomoskeHHs
PO ayIUTOPCHKY KOMICito. Y HBROMY CIIiJ Tepea-
6aunTH MOPsIOK (hopMyBaHHS ayJUTOPCHKOI KOMi-
cii, kBamikaliiiHi BUMOTH, MOPSIOK 3IHCHEHHS
ayAUTOPCHKOI MEePEBIpKH, Y TOMY YHCII po3paxyH-
KiB, MpaBa WICHIB ayIUTOPCHKOI KoMicii, ix Bimmo-
BiJJAJIBHICTh TOIIO. KpiM TOTO, MOIIIEHUM € PO3-
poOKka mocazoBol IHCTPYKIIi YiieHa ayAUTOPCHKOT
KoMicii, sska 0 BM3Ha4ana 000B’sI3KM Ta BiIIIOBiga-
JIBHICTh YWICHIB MOCTIMHO JiI0YHMX Ta poOOYUX KO-
Miciii. BaxxuBumM B opranizamii edeKkTuBHOI cuc-
TEMH BHYTPIITHBOTO ayAUTY PO3paxyHKIiB 3 KOHT-
pareHTamu € 3a0e3redeHHst HaAiHHOCTI 30epeKeH-
Hs1 iH(OpMaIii BiJ CTOPOHHIX 0ci0, 30KpemMa mepe-
BipKa cucTeMHU 30epiraHHs MOKyMeHTaril, PyHKIIi-
OHYBaHHS apXiBHOI CITy>KOHW, TOPSIKY 1HBEHTapH-
3amii TOKYMEHTIB y apXiBi i 3a0e3nedeHHs JOCTy-
My 10 JOKyMeHTiB Toro [11].

OmHuM 3 TOJIOBHHMX AacCHEKTiB BHYTPINTHHOTO
ayauTy ebiTopchKoi 3a00proBaHOCTI € MepeBipKa
il ropuanYHOrO OQOpPMIIEHHS Ta OOIPYHTYBaHHS.
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Jlns 3ificHeHHS TIpoliecy IpUI0aHHs Ta peaizarii
MiAPUEMCTBO BCTYINAE 3 IHIIUMH YyYaCHUKAMH
PUHKY B €KOHOMIYHi BiTHOCHHH, IIPAaBOBOIO OCHO-
BOIO SIKMX € yKJagaHHs norosopis. IIponec noro-
BipHOT pOOOTH PETYIIOETHCS HA PIBHI MiAMTPHEMCT-
Ba (MIKpOpIBHi) i Ha PiBHI JAepKaBH 4Yepe3 3aKOHO-
JaB4i aktH (Makpopisens) [13].

3aBnaHHs, SIKi MOCTAIOTh Y TPOLIEC] 31HCHEHHS
KOHTPOJIIO  JTOTOBIPHUX TIPOIIECIB, IOJIATAIOThH
y TepeBipIli, Mo-mepiie, BiAMOBiTHOCTI 3MICTy II0-
TrOBOpiB HOPMAaTHUBHO-TIPaBOBii 0a3i YkpaiHu, Ta,
no-apyre, (Gopmanizamii npouecy ykiagaHHS J0-
TOBOpIB, TOOTO 3’sCYBaHHIO, UM BPaxoOBaHi B JIOTO-
BOpi BCi BaXJMBI acreKTH Ta YW BKaszaHi BCi
000B’SI3KOBI PEKBI3UTH (CTPOKH, YMOBH PO3PaxyH-
KiB, BIIMOBIMAIBHOCTI 3a MOPYIICHHS TOTOBIPHUX
3000B’s13aHb TOIIO). Y MUTAHHSX, IO CTOCYIOTHCS
ne0iTopcbKoi  3a00proBaHOCTI, TaKUK KOHTPOJb
JTO3BOJIUTH MIJBUIIUTH HMOBIPHICTH CBOEYACHOTO
moTameHHss OOpry i, BIAMOBIMHO, 3MEHIIUTH PH-
3UK TIEPEeTBOPEHHS Ie0iTOpChKoi 3a00proBaHOCTI
B Oe3HaiiiHy, 1110, Y CBOIO Yepry, Ma€e MO3UTHBHO
BIUIMHYTH Ha MisUIbHICTH MiJIPUEMCTBA Ta HOTO
(hiHaHCOBI TTOKA3HUKH [14].

HaykoBa HOBU3HA Ta NPAKTUYHA
3HAYMMICTDL

YaockoHaneHo OOMIK Ta BHYTPIIIHIA ayquT Je-
OiTOpChKOi 3a00pTOBAHOCTI TiAMPHEMCTB 3a paxy-
HOK PO3BUTKY CHCTEMHU BHYTPIIIHBOTO ayAUTy Ta
onTuMi3alii po3mipy I1eGiTOpChKOi 3a00proBaHOCT.

3anponoHOBaHI PEKOMEHAAI] TO3BOJISITH IIO-
JINIIATH CHCTEMY OOJIiKYy Ta BHYTPIIIHBOTO ayIH-
Ty He0iTOpchKOi 3a00proBaHOCTI HA MiAMPUEMCT-
Bax YKpaiHHu.

BucHoBku

TakuM YMHOM, YJIOCKOHAJICHHSI O0JIiKY Ta BHY-
TPILIHBOTO ayIUTy IeOITOPCHKOI 3a00proBaHOCTI
HEOOX1THO 3/MIMCHIOBATH Y TAKUX HAIPSIMaXx:

— YJIOCKOHAJICHHSI HOPMATHUBHOTO 3a0e3revcH-
Hs 00JIIKy IeOITOPChKOi 3a00pProBaHOCTI Ha Tij-
TIPUEMCTBI;

— 3[IICHEHHST TOJAIBINOI TapMOHi3amil Oyxrai-
TEPCHKOTO Ta TIOJATKOBOTO OOMIKY B YacTHHI (OpMYy-
BaHHS pe3epBY CYMHIBHHX OOpriB, OOJIKY CyMHIBHOI
Ta Oe3HaiiHOT 1e0ITOPCHKOT 3a00PTrOBAaHOCTI T iH.;

— CTBOPEHHS BIIIUTYy BHYTPINITHBOTO ayAWTY
JUTST KOHTPOITIO 32 CYMHIBHOIO Ta O€3HaiHO0 3a-
0OOproBaHicTIO;

40

— 3a0€3MeUYeHHS CBOEYACHOTO KOHTPOIIO CITiB-
BiJTHOIIICHHS JIe0ITOPCHKOI Ta KPEAUTOPCHKOI 3a-
0OpProBaHOCTI;

— BH3HAUCHHS Ta MIATPHMKA ONTHMAIBHOTO
po3Mipy 1e0ITOPCHKOT 3a00prOBaHOCTI.

YmockoHaAIGHHS OOJIIKY Ta BHYTPINTHROTO ay-
UTY Ne0ITOPChKOi 3a00pProBaHOCTI 32 BKa3aHUMU
HampsiMaMH Mae MiABHIIUTU iX e(peKTUBHICTH, 110
3a0e3MeYUTh CBOEYACHICTh, TOBHOTY Ta IOPUIUYHY
OOTPYHTOBAHICTh PO3paxyHKIB 3 HeOiTOpaMu SK
3aMopyKy YCHIIIHOTO PO3BUTKY, CTaOLTBHOCTI Ta
CTIMKOCTI BITYM3HSHUX MiJNPHEMCTB Y Cy4YacHUX
PUHKOBUX YMOBaX.
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IIYTH YCOBEPIIEHCTBOBAHUS YYHETA U BHYTPEHHEI'O
AYJIUTA JEBUTOPCKOHU 3ATOJIZKEHHOCTHU INTPEATIPUATUN

Hens. B HayuHOM HcClle0OBaHUM HEOOXOAUMO OCYIIECTBUTH OIpe/ieNICHHe U 000CHOBAaHHUE HAlpaBJIeHUH yco-
BEPLICHCTBOBAHUS yueTa M BHYTPEHHEro ayauTa AeOMTOPCKOM 3ajoinkeHHOCTH mpennpustuii. Meroamka. Pac-
CMOTPEHbl OCHOBHBIE IIPUHILIMIIBI U HAIpPaBICHUS YJIy4UICHHUs CUCTEMbI yd€Ta U BHYTPEHHETO ayJuTa, KOTOpbIE
JIOJDKHBI ITIOMOYb MIPEATIPUATHAM Y KpanHbl ONTUMH3HPOBATh IEOUTOPCKYIO 330JKEHHOCTh. Pe3yabpTarsl. O0ocHO-
BaHO, YTO ONTHMH3aLUs IEOUTOPCKOW 33/J0JDKEHHOCTH BO3MOXKHAa Ha OCHOBE YCOBEpPILIEHCTBOBAHHS €€ ydera
U BHyTpeHHero ayauTa. OmnpeeneHsl OCHOBHBIE HAIIPABIEHUsI YCOBEPILIEHCTBOBAHMS yUeTa U BHYTPEHHErO ayAuTa
JIeOUTOPCKON 33aJOIDKEHHOCTH, K KOTOPBIM OTHOCSITCSI: YCOBEPIIEHCTBOBAaHHE HOPMATHUBHOIO OOECIEUYEHHUS ydeTa
JIeONTOPCKON 3aI0JDKEHHOCTH HA TPENNPHUSITHH; OCYIIECTBICHHE NajbHEHIIeH TrapMOHM3AIMU OyXTalTepCKOTro
W HAJIOTOBOTO y4eTa B 4acTH (JOPMHUPOBAHUS pe3epBa COMHUTEINBHBIX I0JTOB, yIeTa COMHUTEIFHON 1 Oe3HaIe)KHOM
JIeOUTOPCKOH 3a10JDKEHHOCTH U JIP.; CO3JJaHUE OTJIENIa BHYTPEHHETO ayAnuTa Il KOHTPOJISI 33 COMHHUTENBHOM 1 6€3-
HAJIS)KHON 33J0JIKEHHOCTBIO; 00ECIIeYeHNE CBOEBPEMEHHOIO KOHTPOJISI COOTHOILIECHUS AEOMTOPCKOM M KPeauTOp-
CKOM 3aJI0JDKCHHOCTH; OIPEAEIEHHE U MOAAEP)KaHUE ONTUMAIBHOIO pazMepa AeOMTOPCKOM 3a10JKEHHOCTH Ipea-
npusitis. Hayunast HoBu3na. HoBu3Ha COCTOMT B yCOBEPILEHCTBOBAHUM Y4€Ta U BHYTPEHHEro ayaura IeOuTop-
CKOM 33/I0JDKEHOCTH NPEANPUSITHHN 32 CYET Pa3BUTHSI CUCTEMbI BHYTPEHHETO ay/InTa U ONTHMH3ALUK pa3mepa J1e0u-
Topckoi 3ampkeHocTu. Ilpakrnyeckas 3Ha4MMOCTB. 1IpeuioKeHHbIE PEKOMEH 1AL [T03BOJIAT YJIyYlUIUTh CUCTE-
My ydeTa i BHyTPEHHETO ayAnuTa AeOMTOPCKOM 3a10JKEHHOCTH Ha NPEIIPHUATHAX Y KpanHbl.

Knrouesvie cnosa: nedutopckas 3a/l0JDKEHHOCTD; TUIATEKHO-PACUETHBIE OTHOIIECHHS; CYOBEKTHI X035 HCTBOBAHHMS;
OyXranTepcKuil y4eT; CHCTeMa BHYTPEHHETO ayJUTa; aHAIUTHYECKHIE TIPOLIEAYPbI; ayANTOPCKHE JJOKa3aTeIbCTBA
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IMPROVEMENT WAYS OF ACCOUNTING AND INTERNAL AUDIT
OF ENTERPRISE RECEIVABLES

Purpose. Determination and substantiation of ways to improve accounting and internal audit of receivables at
the enterprises. Methodology. The basic principles and ways for improvement of accounting and internal audit sys-
tems that should help Ukrainian enterprises to optimize receivables are considered. Findings. It is proved that the
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receivables optimization is possible on the basis of improving its accounting and internal audit. The basic ways for
improvement of accounting and internal audit of receivable are determined. They are: improvement of normative
coverage of receivables at the enterprises; providing further harmonization of financial and tax accounting in the
part of formation of the doubtful debt receivables, accounting of bad and doubtful receivables and etc. The forma-
tion of department for internal audit to control the doubtful and bad debts; providing the timely control of the re-
ceivables and payables ratio; determination and support of the optimal value of the receivables at the enterprises.
Originality. Improvement of accounting and internal audit of receivables at the enterprises by the way of develop-
ment of internal audit system and optimization of the receivables size. Practical value. The proposed recommenda-
tions will improve the accounting and internal audit system of receivables at the enterprises of Ukraine.

Keywords: accounts receivable; payment and settlement relations; economic entities; accounting; internal audit
system; analytical procedures; audit evidence
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MEXAHI3M CTBOPEHHA ITPOEKTY 3 BIIKPUTTA ®EPMU
B KOHTEKCTI PO3BUTKY CIUIbBCBKOI'O TYPU3MY

Mera. ['eomnomiTHYHI Ta COLiabHO-eKOHOMIYHI 3MiHH, PO3BUTOK iH(OPMAIIHHIX TEXHOJOTIH CYTTEBO BIUTHHYIH
Ha JUHAMIKY MDKHAPOIHOTO TYPUCTHYHOTO TOTOKY, TPH3BEIH A0 TpaHC(HOPMYBaHHS TYPUCTHYHOI Tamy3i. Y poOoTi
HEOOXITHO 3MIMCHUTH JOCIIIKEHHS TEOPETUIHHX 1 MPAKTHYHHUX aCIEKTiB CYTHOCTI, 3MICTy Ta OCOOJIMBOCTEH pO3BHT-
Ky TypusMmy B YkpaiHi. [ToTpibHO BHABUTH mpoOieMH, sSKi CTalOTh HA 3aBaji Ta CTPUMYIOTh PO3BHTOK B’i3HOTO TY-
PpHU3MY, TIEPEUIKOPKAIOTh MIBUIKOMY ITiTHECEHHIO I MOIMPEHHIO TYPUCTHYHOI cllaBH AepxkaBu. Meroauka. Y pobo-
Ti BUKOPHCTOBYBAJIMCSI METOIM CTATHCTUYHOTO JIOCIIKEHHS Ta CHHTE3Y, a TAKOXK PO3PaxXyHKOBHH Ta aHAITUYHHUN
Merou. Pe3yabpTaTn. ABTOpaMH NPOBENEHO aHaJi3 PO3BUTKY YKPAiHCHKOTO TYpU3My, BU3HAY€HO OCHOBHI 3aXO[H,
HeoOXifHI Uil Kpaioro (QYHKUIOHYBaHHS JaHOI Tayiy3i B KpaiHi, Ta Ba)JIMBICTh TPAHCHOPTY SIK CKJIag0BOI
TypucTuuHOi cepu. Y cTaTTi BKazaHo, IO TYPU3M € OJTHUM i3 HAWBaKIIMBILINX rajy3eil eKOHOMIKH HAIOi JepyKaBu
Ta Biflirpae Jiy»e BayJIMBY POJIb Y 30BHIIIHBOSKOHOMIYHUX 3B’s13kax. HaykoBa HOBM3HA. ABTOpH IIPOIIOHYIOThH 3HAY-
HY yBary IpHUAUIATH PO3BUTKY B’I3HOTO CIJIBCHKOTO 3€JICHOTO TypHU3MY, KUl MPENCTaBICHUH Y BUIIISI TpoekTy. Po3-
pOOJIEHHST JaHOTO TPOEKTY (BIIKPHUTTS (epMH) Ta NMPOBEIEHHS BIATIOBIIHMX 3aXOAiB Jaio O 3MOry IpHBalbIIOBaTH
TYPHCTIB SIK 13 YKpaiHw, Tak i i3-3a kopnoHy. [IpakTuyna 3naunmicts. KomimiekcHmid i MOOLTEHIIA XapakTep cydac-
HOTO Typu3My c(OpMyBaB MOMUT Ha Oe3nedHe i KoM(OpPTHE AJIS JKUTTS Ta 30POB’ S CEpEIOBHIIE, 3AaTHE 3a0e3eun-
TH BCi HEOOXiqHI YMOBH Il peasti3alii rpoMaasHaMy IIpaBa Ha BiAMOYMHOK 1 CBOOOIY mepecyBaHHS. 3alpOIIOHOBAHI
3aXO0JH JO3BOJSTh MMiJBUIIMTH KOHKYPEHTOCIIPOMOKHICTh YKPAiHCBKOTO TypH3My Ha €BPOIEHCBKOMY PHHKY TypH-
cTUYHMX rnociyr. 1lofonaHHs HAassBHUX HETATHBHUX TEHICHIIN, CTBOPEHHSI CHCTEMHHX Ta KOMIUIEKCHHX IEPEIyMOB
JUISL CTAJIOr0 PO3BUTKY TypH3MY M€ CTaTH OJJHUM i3 TIPIOPUTETHUX HANPAMIB 3a0€3MEeUEHHS CTAJION0 PO3BUTKY KpaiHU
B LIIJIOMY Ta CyTTEBOIO CKJIaI0OBOIO Y BUPILIIEHHI MUTaHb MiJBUIIECHHS SKOCTI )KUTTS HACEJICHHS.

Kniouosi crosa: tTypusm; cdhepa Typusmy; B’ i3HUI TypHU3M; TPAHCIIOPTHUHN TypH3M; CUIBCBKHN Typu3M; YKpaiHa

Beryn TYypHU3MY 1 AiIIBHOCTI KypOpTiB YKpaiHu B LiIOMY
XapaKTePU3YEThCS MO3UTUBHOIO AMHAMIKOIO, 3pO-
CTaHHSAM KUIBKICHUX Ta SKICHHX IIapaMeTpiB
B’13HOTO Ta BHYTPIIHBOTO TYPHUCTHYHOTO TIOTOKY.
[IpoTe Ha TN 3arocTpeHHsT KOHKYPEHLii Ha
MDKHapOIHOMY TYPUCTHYHOMY PHHKY, 3arajbHO-
CBITOBOi TEHJCHI 10 MOCHJICHHS POJi JeprKaB
y 3a0e3Me4YeHHi CTaJllor0 PO3BUTKY TYypHU3MY,
BITYM3HSHUIA HANIOHANBFHUN TYPUCTUYHHNA IIPO-
IOYKT CTa€ BCE MEHII NPUBAOIMBUM Ta KOHKYpPEH-
TOCTIPOMOXKHUM. Sk Hacmigok, chepa Typusmy
1 IOISUTBHOCTI KYPOPTIB Yy JepkaBi HE CIPOMOXKHA
3a0e3MeYnTH OBHOLIHHOI'O BUKOHAHHS €KOHOMIY-
HUX, COIAbHUX 1 TyMaHiTapHUX (YHKIIH, He
cnpusie 30€peKEHHIO IOBKUUIA Ta KyJIbTYpHOL
CHa/IIIMHA, HATIOBHEHHIO OIO/DKETIB yCiX pIBHIB,
© JI. B. MapueHntok, 0. M. IIpockyphs, T.B. Tecnenko, 2014

T"eomomiTiyHi Ta coLiaabHO-€KOHOMIYHI 3MiHH,
PO3BHUTOK iHGOPMAMIHHNX TEXHOJOTIH CYTTEBO
BIUIMHYJIM Ha JUHAMIKy MiXKHAPOJHOTO TYPHCTHY-
HOT'O TIOTOKY, IPU3BENU A0 TpaHCHOPMYBaHHS TY-
PUCTUYHOI TaITy3i 3 TaKoi, IO OpiEHTOBaHAa Ha 00-
CIIyTOBYBaHHS OpPTraHi30BaHWX TYpPHUCTIB, Ha Oara-
Toranmy3eBy cdepy HdiSUIBHOCTI, CHOpPSMOBaHy Ha
3aJI0BOJICHHS PI3HOMAaHITHUX IHAMBIIyalbHUX TO-
Tped MIUTBHOHIB IMTOAOPOKYIOUNX.

VYkpaiHa mnocigae ojaHe 3 MPOBITHUX MICIh
B €Bpori 3a piBHEM 3a0e3MeUeHOCTi IHHUMH TpH-
POJHUMHU Ta iCTOPHKO-KYJIBTYPHHUMHU PECypCamHu,
3MATHUMH T'eHEpPYBaTH 3HAYHUI IHTEpeC y BITUH-
3HSHUX Ta 1HO3eMHHX TYpHCTiB. Po3BuUTOK cdhepu
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CTBOPECHHIO pOOOYNX MICITh, 301TBIICHHIO TUTOMOL
Baru cdepu mociyr y crpykrypi BBIL.

Meta

Typusm € ofHi€0 3 HAUBAXKIUBIIINX Taly3ei
€KOHOMIKH KpaiHu. BiH Bimirpae BaXIwBy pojb B
30BHIIIHHOCKOHOMIYHMX 3B’SI3KaX, [JA€ IOIITOBX
PO3BUTKY CBIiTOBOi TOPTiBIIi Ta BHPINIYE COI[ialIbHI
1 KyJIBTYpHI IPOOJIEMH JIEepKaBH.

3 KO)KHHM POKOM KUTBKICTh BIIBITYIOUHX 3pPOCTAE.
3a manumu 2013 poKy KUIBKICTH TYPHCTIB, IO
BiBinamu Ykpaify, 30iutsimunacs Ha 5 % i CTaHOBUTB
26 MJH 4o, 3 HuUX kuten Pociiicekoi deneparrii —
10 myH. vom., binopyci — 3,4 mH, [ombimi — 2 miH,
Pymymii — 870 tuc. 4omn. Ta Takux KpaiH, sk CroBay-
yiHa, YropmuHa, Typewaunna, CIIA, HiMeuunHa Ta
iH. YKpaiHa mocijiae cboMe MiCIie cepesl KpaiH CBITY 3a
KLUTBKICTIO Bi/IBiTyBaHb IIIOPOKY.

MeTtoanka

[epmmM, XTO OMmUCaB KybTypy Ta MOOYT KHTe-
niB Cxofy, BBaXaloTh BeHemiancbkoro Kymis X111
ct. Mapko Iloso. Bin 3i0paB Benn4e3Hy KiJbKiCTh
BIIOMOCTEH PO ITI0 MICIEBICTh, MO cTaau (yH-
JaMeHTOM JUIst GopMyBaHHsI reorpadiyHux KapT.

[IpoBimHUM crierianicToM TYPUCTUYHOI CTIpaBU
BBakaeThes aHriiens Tomac Kyk. Bin Bim3HaumB-
csl TUM, IO opraHizyBaB y 1814 pomi mepury Ty-
PUCTHUHY TOI3AKY 3ami3HuLero 3 M. Jlecrep mo
M. Jlag6opo. B miif momoposki B3sUH yIacTh MPH-
6sm3HO 600 9oI1., Moi3/AKa KOIITyBaja BChOTO OJIMH
mmtiar. Hesmomsi Tomac Kyk 3acHyBaB cBoe
MiAIPUEMCTBO, sIKe TIo4ano (GopMyBaTH rpymu Oa-
JKAIOYUX BiABITATH Ty 4H iHIIY Kkpainy. Crodarky
e Oyma dpaHilis, a 3ro0M — iHINI €BPONCHCHKI
kpainu. Y 1851 p. Tomac Kyk BigkpuB KoMepIiin-
He Oropo momoposked mia HazBoro «Tomac Kyk Ta
cun». Came 11e OIOpO HEBAOB31 OPraHi3yBaJo TYp
Ha BiamounHOK a0 lIBeitmapii.

Y 1838 pori 68 macaxupiB 3MIACHIIN MOI3IKY
3 Amepuku 1o €sponu mapomnaBoM «I'pelT Bec-
TEPH».

TakuM 4YUHOM, 3aPOKCHHS TypHU3MYy O€3yMOB-
HO TIOB’SI3aHE 13 3TI3HUYHUM Ta MOPCHKUM TpaHC-
MOPTOM.

3rogom Oarato iHIIMX AepKaB, TAKUX K Benu-
koOpwuranist, CIIA, ®panmis, Itamis, Pocis Big-
KpPHBAIOTh CBOI TypHCTH4HI opraHizamii. Tak, Ha
Bpurancekux octpoBax Oyio Bigkputo «Koomnepa-
THUBHY aCOIliaIlif0 BiAIOYNHKY.

®dopMyBaHHS TypU3My Ha TepUTOpii YKpaiHu
po3Ioyanocs Ay>Xe AaBHO.

[lepmri 3aHOTOBaHI cHOragd MPO TYPUCTHYHO-
peKpeaniiny IisIbHICTh B YKpaiHi CTOCYHOThCS
came Jlasupoi ['pemii. 3acHoByBayMcs MicTa-
konoHil Taki sk Tipa (benropox-/HicTpoBChKHIA),
OmnbBis (MukonaiBcbka 005acTh), XepcoHec (0Ko-
munsg M. Cepactonons), [lanrtikameidt (Kepu),
®deonocis, €Bmaropis, siki Oy BiTOMHME CBOIMH
JKyBaJbHUMH BOAAMH, TPS3IMH KPUMCBKUX 03€p.
Takox 3axigHa YKpaiHa NpociaBHiacs CBOIMH
ponosumamu JikyBanbHUX Boxa (Ilomsna, Mop-
mH, HemupiB), corann sikux patyrotbes X VI cr.
3 1717 poky 3miiCHIOBAJHCS TMOIIYKH 3 MiHEpallb-
HUX JKepeln Ha Teputopii Ykpainu [11].

Jlikap H. CymapokoB B 1799 pomi 3poOuB
MIEPIIAA OMHUC TPSA3ETIKyBaHHSA, HOTO KOPHCHICTH
IUIsL HAPOJHOT MEAULIMHH.

[owanucst MacoBi BiIAKPUTTS KypOPTIB, TaKuX
sk HemmpiB (1814), TpyckaBenp (1827), Caxm
(1828), Onecski rpszesi kypoptu (1830) [15].

[epmri TypucTuuHi 010pO BUHHKIM Ha KiHEIb
XIX ct. Y 1895 pomi Oynmo crBopeHe SnThHCHEKE
eKkckypciiiae Oropo. IlomiOHI opranizamii moynHa-
10Th BUHUKATH Y JIbBOBI, ["anmmuuni, [Tepemurri.

AHamnoriuHi 3aKnagd NOYHHAIOTH IMPaLOBATH
o Bciit reputopii Ykpainu.

B nepion icayBanus CPCP po3BUTOK TypusMy
3MIACHIOBAaBCS Ha NPOQCHINKOBIAH Ta BigoMuiit
OCHOBI. HanaBanucs mijabru y BUIIIAIL MyTiBOK JO
OyauHKiB BiamounHky. B Ykpaini npodcninkoBum
TypU3MOM 3aiiMajach CHewianbHa CTPYKTypa
«Yxprnpodtypusm», iHozemMHuM — «lHTYpuCTY,
MDKHApOAHUM MOJOAKHMM — «CynmyTHHK». OckKi-
JpKM YKpaiHa BXoawsa A0 ckiaany PansgHcbkoro
Coro3y, TO TYpPHCTHYHE TOCHOJApCTBO YKpaiHH
(YHKLIOHYBaJl0O B CHCTEMi TYPUCTHYHOTO TOCIIO-
napctBa CPCP.

ITicns posmamy Pamsacekoro Coro3y maiike Ha
80 % 3MeHmMIach KUTBKICTh BiJIBiTyBaHb iHO3EM-
HUMH TypUCTaMH HalIol AEp>KaBU MOPIiBHSHO 3 TO-
MepeHIMHI POKaMH.

Y 1995 pomi Bepxosna Pana Ykpainu npuiins-
Ja «3aKoH MPO TYypU3M», SKHHA MOKJIAaB IOYaTOK
HOBOT'O PO3BUTKY Typu3My [9].

PesyabTaTtu

Maroun Brasie reorpadigHe moIoKeHHS, CIIPUST-
JMBUK KIIIMAT, HAaSIBHICTb ICTOPHKO-KYIETYPHOTO,
NPUPOAHO-PECYPCHOTO Ta TYPUCTUYHO-PEKpeariii-
HOTO TIOTEHIIiaTy, YKpaiHa Ma€e BCi MOXKJIMBOCTI ISt

© JI. B. Mapuenmok, 0. M. Ilpockypns, T.B. Tecnenko, 2014
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PO3BUTKY B’i3HOTO Typu3My. AJjie Ha Liei 4ac Typu-
CTHYHHI Oi3HEC OpI€HTOBAHWI MEPEBAKHO HA BHI3/I.
Binbmicte TypucTHUHUX GIipM BiNpaBIsSIOTH YKpa-
{HITIB 32 KOP/OH, a JIWIIe He3HAYHA X YacTHHA 3aii-
MA€ETHCS 3ATyUCHHSAM 1HO3EMITIB JI0 HAIIoi JepiKaBy.
TakuM 9MHOM, TIepeBaKHA YACTHHA KarliTary e 3a
KOPJIOH, a He JI0 JAep»KaBHOTO Orokery Ykpainu [1].

Tabnuns 1

JAunamika TypucTHYHUX NOTOKIB 32 2000-2012 pp.

Table 1
Dynamics of touristic flows for 2000-2012
Typucrtu-rpomasHu
Pix IHO3eMHI YKPa'iHI/I, SIKi BayTpimai
TYPUCTH BUDKIKAIN TyPUCTH
3a KOpAOH
2000 | 377871 285353 1350 774
2001 | 416 186 271 281 1487 623
2002 | 417729 302 632 1 544 956
2003 | 590 641 344 332 1922010
2004 | 436311 441 798 1012 261
2005 | 326389 566 942 932 318
2006 | 299 125 868 228 1 039 145
2007 | 372455 336 049 2 155316
2008 | 372752 1282023 1386 880
2009 | 282287 913 640 1094 170
2010 | 335835 1295 623 649 299
2011 | 234271 1250 068 715 638
2012 | 269 969 1956 483 807 195

KynpTypu) 3 1954 poky. Y 2013 pomi mo FOHECKO
npuitasaTo: LlepkBy Castoro [lyxa (c. Iloremud,
JIsBiBCchKa 0011.), LlepkBy Cearoi Tpiiini (M. JKos-
kBa, JIpBiBChKa 00i.) Ta CTapomaBHE MICTO Xep-
conec TaBpiticekuit (M. CeBacTOIIOINb).

Tabnuns 2

IMoka3HUKHU AiATBHOCTI 0310pPOBYMX 3aAKJIATIB
B Ykpaini 2005-2011 poku

Table 2

Performance indicators of health institutions
in Ukraine during 2005-2011 years

KinbkicTb L O3o- Koedirtent
. . KinpkicTh
Pix 3aKJIaIiB, . pOBJIEHO, BUKOPHU-
MicCIib, OJI. .

of. THC. 0CI0 CTaHHS

2005 3245 482 3267 0,019
2006 3164 482 3278 0,019
2007 3110 466 3486 0,020
2008 3073 462 3592 0,021
2009 3041 453 3122 0,019
2010 3011 449 2 987 0,018
2011 3012 445 2942 0,018

3a ocTaHHI KiJlbKa POKIB MOMYJSAPHUM CTaB
PO3BHUTOK CIJIBCHKOTO 3€JICHOTO Typu3My. YKpaiHa
Ma€ BCi MOXJIMBOCTI JIJIs1 HOTO PO3BUTKY Ta TIOMITH-
peHHs 10 BCiil TepuTopii Hamoi nepxasu. Lleii Buza
JTO3BOJISIE TYPUCTaM BiJIIOYUTH B CUTLCHKIN Miciie-
BOCTI Ta HACOJIOAWTHCS PO3KIIMHUMH OapBaMu
YKpaiHCbKOro cejia. TypucTu 3MOXyTh O3HAHOMU-
TUCS 3 KyJIBTYPOIO YKPaiHCBKOTO Hapody: Tpaau-

Ha croromHi nens B YkpaiHi mpairoe mpuodIus-
HO 3 000 0310pOBUMX 3aKJIAJIB Ta 3aKJIAJIB BiJIIO-
guHKy, 6 000 rotemnis [5].

KinpkicTe  0340pOBUMX  3aKJIaIiB  ITOMITHO
3MeHImmwIacy 3a mepiog 2005-2011 pp.: 3akmagu
ckoporuiucs Ha 1,3 % B pik, HoMepHU QoHI — Ha
1,4 % B pik, KoeQilli€eHT BUKOPHCTAHHSI HOMEPHOTO
(dhoHIy 3amUIIaeThCsl HU3bKUM (Tabm. 2) [17].

VYkpaina Oarata Ha iCTOpPUYHI, MHUCTELbKI, ap-
XiTekTypHi mam’sitkn. Ha chorogHi Ha TepuTopii
Hamoi aepxaBu € mpuoim3Ho 130 THC. mam’SITOK,
3 sSKWX: apxeoynorignux — 57 206, icTopuyHUX —
51 364, nam’sitku nasAmadTHI, Ca0BO-TIAPKOBOTO
mucrenTBa — 3 541 [16].

VYkpaina € wienom HOHECKO (Opramizarmii
O0’emnannx Harmiii 3 muTasp OCBiTH, HayKW Ta

IMiSMH, OOpSAaMH, TICHAMHU, TAHISIMH, CMAaYHOIO
KyxHero Ta iH. [lepeBaramu 0pOro BiAMIOYMHKY, TO-
nepiie, € Te, M0 BiH, MOMDK IHIIMX, SIBJISETHCS
BiTHOCHO HEIOPOTUM; ITO-IpyTe, OakaHHS 03710PO-
BHUTHCS;, TIO-TPETE, MOOYTH SKHANAII BiJ MiCHKOTO
nryMmy Ta MetymHi [12].

ExoTypu3m € €KOHOMIYHO BWTIIHUM B TOMY
TJIaHi, 0 Ha HOTo PO3BHTOK HE MOTPIOHO 3HAYHUX
KaIliTaJOBKJIa/IeHb, TOCTATHHO JIUIIIE BUKOPUCTAH-
HS icCHYIOYOi iH(paCTPyKTYpH CIIbCHKHX Hacele-
HUX TyHKTIB, OYIWHKIB CLIBCHKHX TOCIIOAApIB.
A SKIIO 1Ie W JOJTYYUTH EKCKYPCIiHI MapIpyTH,
AKI OTIOMOXXYTh PO3KPHUTH JKepena YKpaiHChKOI
KyJBTYPH Ta MHCTEITBA, JIITEPATypH, TO BiAIIOYH-
HOK CTaHE HAIpOYy.l ITiIKaBUM Ta He3a0yTHIM [14].
TypucTi 3MOXYyTh BiABiIyBaTH pi3Hi Micls, Ha-
MIPUKIIA], SIKi MOB’sI3aHi 3 iIMCHAMHU BUJATHUX JIIO-
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neit Takumu, sk Tapac IlleBuenko (Ha YepkariwHi),
Jlecst Ykpainka (Ha XXuromupuusi), IBan Kors-
peBcbkuii Ta Muxona 'orons (na [lonTaBuiusi),
3MOXYTh BiJ[BiJaTH MicClle, SIK€ CIIABHTHCS CTBO-
pEHHSAM HEWMOBIPHUX IIEIEBPIB — METPUKIBCHKIM
posmucom B c. IlerpukiBka JIHImpomneTpoBchKOI
o0racTi, Ta HACOJNOKYBATHCS BUJATHUMH [IEHTpa-
MH XYyJIOKHIX ITPOMHUCIIIB, MaJIIPCTBOM, TOHUAPCT-
BOM, MPEKPACHOIO YKPAiHCHKOI BHUIIMBKOIO, TKAIl-
TBOM i T. JI.

BaxxnuBy pons Bimirpae tpancmopt. [lepen Tum
SK BU3HAYUTHCH, 10 SKOi KpaiHW BHUPYLIUTH, TY-
PUCT BPaxOBY€ NEBHI YMHHUKH: IIBHIKICTH IPH-
OyTTs 10 3a3HAYEHOTO MICIIsl, 3py4YHICTb caMoi mo-
JIOPOKi, BapTICTh, MOXKJIUBICTh MEPEBE3CHHS Oara-
Ky, YMOBH XapuyBaHHsI, 3yIMHKY il 9ac MOi3lIKH,
YMOBH IS BIIITOYMHKY 1 caMe HaWTOJIOBHIIIIE — TIe
Oesmeka [2].

3a civenp-mucronan 2013 poky 3ali3HHYHUM
TpaHcnoproM Oyno mepee3eHo 392,6 MiaH YOI,
aBTOMOOLTEHMM — 3 059,8 MaH. 4ONI., BOOHUM —
6,8 MJTH 4OJI., aBiarfiiuuM — 7,6 MITH Y9OJI.

HaykoBa HOBM3HA Ta NPAKTUYHA
3HAYUMICTh

IcHye HM3Ka TpoOOIIeM, SKi CTPUMYIOTH PO3BH-
TOK Typu3My B KpaiHi. Uepe3 HU3bKY KOHKYPEHTO-
CHPOMOJKHICTD BITYM3HSIHOTO TOPTOBOTO MPOAYKTY
VYkpaiHa He MoXe 3alfHATH TigHe Micle cepex
THIINX €BPOIEHCHKHUX JIEPXKaB, OCKIJIBKH BOHA Ma€e
MaJy JI0Bipy 3 00Ky TypucTis [18].

Ille ogHMM i3 BaXKIIMBUX YHHHHUKIB, IO Hera-
TUBHO BIUIMBa€ Ha PO3BHTOK 1HO3EMHOTO TYPU3MY,
€ HEJIOCTAaTHhO PO3BHHEHA TPAHCIIOPTHA CHCTEMA,
JI0 KO HaJeXaTh OpTaHi3allis 3aJi3HHYHOTO CIIO-
Jy4eHHs1, TPaH3UTHI MepeBe3eHHs Ta iH. TpaHcmopT
VYkpaiHu 3HaXOIUTHCA HE B JIOCUTH 33J0BIIBHOMY
CTaHI Ta HE BIJMOBIAE MKHAPOJHUM CTaHAApPTaM
HAJIMHOCTI, MIBUIKOCTI, O€3MeYHOCTI Ta KOMQOPT-
HOCTI repeBe3eHHs [6].

HactynmHnM 9YWHHMKOM € HeNOoCTaTHs MOiH(O-
PMOBaHICTh 1HO3EMHUX TYPHCTIB, TOOTO HEOTpH-
MaHHS HHMH CBO€YACHOi, NOCTOBIpHOI Ta Oe3niu
iHImoi iHpopMalii Mpo TYpPUCTHYHO-pEKpealliiHi
MO>KIIMBOCTI KpaiHH, Ha He BUCOKOMY PiBHI 3HaXO-
IATHCS TEXHIYHA iH(pacTpykTypa (HAPUKIAL
CTaH JIOpir, ByJUIb i T. [I.), piBEHb CEPBICY HE Bil-
TMOBi/Ia€ MI>XKHAPOJAHUM BUMOTaM OOCIyTOBYBaHHS,
BIJICYTHICTh MIATPUMKH 3 OOKYy Jep>KaBU IIOJIO
PO3BHUTKY TypHCTHUHOTO Oi3Hecy B Ykpaini [10].
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TpaHcopT CTaB  BAXJIMBOK  CKJIAZOBOIO
TypUCTHYHOI cepu. BianoBinHO 10 3a70BONICHHS
TYPUCTUYHUX TOTped TpPaHCIOPTHI 3acodm Bix-
HOCSITbCS 10 TEPBHHHUX, BTOPUHHHUX Ta TPETUH-
HUX MOIPHEMCTB peKpealiiHoro KoMiuiekcy. 1o
MIEPBUHHUX BITHOCSATH TPAHCIIOPTHI MiIPUEMCTBA,
AKi 3aliMaroOThCsl OOCIYrOBYBaHHSIM TYPHCTIB (3a-
JIEXKHO Bifl BUOOPY BHUIY TPAHCIIOPTY); 10 BTOPHH-
HUX BIJHOCSTH TPAHCIIOPTHI MiJIPUEMCTBA, SIKi
3aiiMarOTbCsl BHYTPIIIHIMU Ta 30BHILIHIMHU Iaca-
JKUPOIIEPEBE3EHHAMH; 10 TPETUHHHUX — TPAHCIIOPT-
HI TIANPUEMCTBA, 1110 3aiiMarOThCsl 0OCIYTrOBYBaH-
HSIM CUIBCBKOTOCHOJAAPCHKUX MiANPHEMCTB 1 THM
caMUM 3allydeHi B 00CITyTOBYBaHHS TYpPHUCTiB [7].

SIK1110 NO€HATH TPAHCTIOPTHUN KOMIUIEKC 3 Ty-
PHU3MOM, TO TaKa B3aeMOJIisl OyZe TOCUTh BUTITHOIO
B TOMY IUIaHi, 110, mo-nepue, npudausHo 85 % no-
X0y BiJl NACAKUPCHKUX IIEPEBE3EHb OTPUMYETHCS
caMe BiJ OOCITYrOBYBaHHS TYpPHCTIB; IO-APYTE,
TPaHCIIOPT CHPHSIE 3AIy4YEHHIO Tepude-piiHux
IUISHOK peKpealiiiHOro MpocTopy; MO-TPETE, came
PO3BUTOK TPAHCIIOPTHOI Mepexki MIr OM IPHUCKOpH-
TH TIpoLeC iHTerpalii HaIloi AepKaBU B Mi>KHAPO.I-
HUI €KOHOMIYHHMU TIPOCTIP i K HACHIAOK — 3011b-
MIICHHIO KIJIBKOCTI iIHO3EMHHUX TYpPHUCTIB.

VYkpaiHa Mae JOCHTh BUTIIHE TPaHCIIOPTHO-
reorpadiuHe monoxkeHHs. BoHa moenHye KpaiHu
CHJI 3 xpaimamu llenrpamsuoi Ta IliBmeHHOi
€Bponn, bmkasoro Cxony ta Adpuku. [lepenba-
YyaeTbcd CTBOpeHHS B €Bpomi Ta A3ii cucremu
TPAHCIIOPTHUX KOPUAOPIB, 1€ YyKpaiHChKi Mari-
CTpalti MOCITaTUMYTh BaXKJTHBE MICIIE.

Uepes TepuTopiro YKpaiHU MPOXOIATh HACTYTI-
Hi MDKHapOJIHI TPAHCIIOPTHI KOPUIOPH:

— kpitcekuit kopugop Ne 3 bepmin—/lpe3nen—
Bpounae—JIsBiB—KwuiB;

— kpitcekuit kopugop Ne 5 Tpiect—JlobnsaHa—by-
nanemt (bparucnasa)-JIpBiB—PiBHe—CapHn—MIiHCEK;

— KpiTcbkuii koprop Ne 7 JlyHaiicbkuii (BoaHHI);

— kpitcekuit kopunop Ne 9 I'enbcinki—Cankr-Ile-
TepOypr-Minckk (Mocksa)—-Kuis—KummaiB (Oneca)—
Jumutposrpan—Aiekcanapomnodic; banritfickke Mo-
pe—YHopue mope—I mancrk—BapmaBa—Kosens—One-
ca; €Bpomna—Asis—Dpankdypr—Kpaxis—JIsiB—/lHi-
MPOTIETPOBCHK—AJMa-ATa (IIPOTOBKEHHSI KOPHIIO-
piB Ne 3 i 5); UEC — Ankapa—€pean—T6imici (ba-
Ky -Pocros-na-/lony—/lonensk—Oneca (KummHiB)—
Bbyxapect (Tipana)-{umutposrpazn (Adinu)—-Cram-
Oyn; €Bpoaziarcekuii—Oneca—T6imici (Epean)—ba-
ky—Amrabar; IliBaiu-IliBanens—Xapkis—IlonraBa—
Kiposorpag—Opneca [7].
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3anponoHOBaHO MPOEKT PO3BUTKY CLIBCHKOTO
3€JICHOTO TYPH3MY.

Leit mpoekT nependavyae BiAKPUTTS MiANPHEM-
cTBa (CUIBCHKOT pepMu) 13 CBIICHKIMH TBapHHAMU.
Ile Oynme myxe mMiKaBoO JJIS TypHUCTIB, SKi MPHITyTh
JI0 Hac 13-32 KOPJOHY, BOHU 3MOXYTh MOBHICTIO
MOPUHYTH B Il TUBOBWKHHI CBIiT, BITIyTH HE3Pi-
BHSIHHUI KOJIOPUT YKPaiHCBKOTO cela.

[pononyeTbess mobymyBatn QgepMy B KOXKHii
o0macTi, BUOpaBIIY BiINOBIJHY MiCLIEBICTb.

[Ipoexrom mependayaeThes, mo depma Oyne ma-
TH TaKi BUIM TBapUH: CBUHI — 5 mT.; Kypu — 50 1mT.;
rycu — 20 mr.; kaukd — 20 mT.; KOPOBH — 5 IIT.;
cTpaycu — 5 mr.; HyTpii — 5 mwrT., 3 AkuMu, 3a Oa-
YKaHHSIM TypHCTa, MOKHA Oye coTorpadyBarucs.

Ha miit minstHmi 3emini Takox Oyjae BIIKPUTO
kade B ykpaiHCEKOMY cTWii, ne OymyTh TMpen-
CTaBJICHI BUKIIIOYHO yKpalHChKa CTPaBH 1 KOXKCH
Oaxaroumii TYPUCT 3MOXKE CMA4YHO IIOMOICTH.
Ockinbku Bce 1e OyJe 3HAXOAUTHUCS HEMOMANIK,
TYPHCT 3MOXKE KYIUTH €KOJIOTIYHO YUCTE Ta CBIXKE
MOJIOKO, TBOPOT, SIS (KypwHi, KadWHi, TyCHHI).
Taxox Oyne BiakpuTo OyanHoK «CraaniuHa yKpa-
THCBKOI KyJNBTYpH», B IKOMY OyIyTh 3HAXOIUTHUCS
YKpaiHChKi 3700yTKH II€: BUINMBKH, Pi3HOMAHITHI
BHUPOOH 3 INIMHH, HIEAEBPU METPUKIBCHKOTO PO3IH-
Cy i T. I. SIKmo TypHcT Oakae 3aJHIIUTUCS, HOMY
Oyze 3ampoTrIOHOBAHO JKHUTIIO, 3BUYANHO, 32 BiJIIO-
BiJHY TUIATY.

Takox B MallOyTHbOMY nependadaeTbest 301b-
LIyBaTH JAOXOIM MiANPHEMCTBA 32 PaXyHOK pO3Be-
JCHHS TBAapHMH Ta IPOAAX IPOLYKTIB XapyyBaHHSI
TypHCTaM.

Jna epexTrBHOTO PYHKIIIOHYBaHHS Ta MPOIBi-
TaHHA Typu3My B YKpaiHi HEOOXiTHO: CTBOPUTH
HOPMATUBHO-TIPABOBY 0a3y IepiKaBHOI'O peryIIto-
BaHHsS B Tajly3i TypU3MY; PO3pOOHMTH BiAMOBiAHY
MapKeTHHI'OBY CTpATETit0, sika O 1ormoMoriia 301b-
HIMTH KUTBKICTh TYPHCTIB, IKOMOT'a BUTIHIIIE BU-
KOPUCTAaTH TYypUCTUYHO-PEKpealiiHii MOTEHIiaN
KpaiHu, copusiia O (GOpPMyBaHHIO IO3UTHBHOTO
IMIJDKY Ha CBITOBOMY PHHKY TYPHUCTHYHHX MTOCITYT;
CTBOPHUTH IHBECTHIIIliHI YMOBH pO3BUBATU pEK-
JaMHY 1HIYCTpilo, siKa 30iJbIINTH MMOTOKH TYpHC-
TiB; BIPOBAKYBaTH ¢(DEKTUBHI EKOHOMIYHI MeXa-
HI3MH JIepXKaBHOTO pETYIIOBAaHHS TYPHCTHYHOI
cdepyu; CTBOPUTH TaKi IHBECTHLIWHI yMOBH, fKi
0 CTHMYyNIOBAM TMPHUILTUB KOIITIB B 00 €KTH TYy-
piHIyCTpii Ha TepHUTOPIl KpaiHW; pO3pOOUTH OLITBITT
e(eKTHBHI OpraHi3aliiiHi CTPYKTYpH YyNpaBiiHHSI
rajgy33i0 Typu3My; BIJHOBUTH HPUPOAHE Ta iCTO-

PUKO-KYJIBTYpHE cepenoBuie. Bei mi 3axomu no-
MOMOXKYTh YKpaiHi BUHTH Ha MIXKHAPOJAHUH PiBEHD
TypuCTHUHUX mocayr [13].

JepxaBHa nomiTuKa B cdepi Typu3My IMOBHHHA
MaTH TaKi YNHHUKHU: CTHMYJIFOBAaHHS BHYTPIllTHHO-
ro Ta B’I3HOTO TYpPHU3MY; PO3LIMPECHHS PI3HOBUIIB
TYPUCTUYHUX TIOCNIYT; BHCOKHIA PiBeHb 0OCTyro-
BYBaHHS TYPHUCTIB, KW BiIIOBiTa€ Mi>KHAPOTHAM
cTaHjmapraM; OyJIBHUIITBO Ta OHOBJICHHS TYypHU-
CTUYHHUX OO0’ €KTIB; BIJIHOBJICHHS IaM’STOK iCTOPIi,
KyJBTYPH, apXiTeKTypH; MOJEpHizalisi iHppacTpyK-
TYpH TYPUCTHYHOI Ta KypOPTHO-pEeKpealtiitaoi cde-
pY; BIOCKOHAICHHS TPAHCIOPTHOI CHCTEMH, OYIiB-
HUIITBO JOpIT, KaHaji3amii, BOJIONOCTaYaHHs; BH-
POOHUIITBO YHUCTO E€KOJIOTTYHOI CIIIBCHKOIOCIIONAp-
ChKOT MPOJYKII JJIs 3aJ0BOJICHHS MOTPEO BifIO-
YHBAYUX; PalliOHAIbHE BUKOPUCTAHHS TYPUCTHY-
HO-PEKpealifHoro Ta iCTOPHKO-KYJIbTYPHOTO TO-
TeHIiamy Kpaiau Ta iH. [5].

BucHoBku

OCHOBOIO TYpUCTHYHOTO PHUHKY € peKpeariii-
HO-TYPUCTHYHHH KOMIUJIEKC, Ui PO3BUTKY SIKOTO
ICHYIOTh BCi HEOOXiIHI MPUPOJHI YMOBH, iCTOpHU-
KO-KYyJIbTYpHIi, MaTepiajbHi pECYpCH.

Jns miaBWINEHHS PO3BUTKY TypHU3My HaiiBa-
JKTMBITIAMY TTPAKTHIHAMH KPOKaMW TOBHHHI Oy-
TH: PO3pO0JICHHS Ta YJOCKOHAIEHHS HOPMAaTHUBHO-
npaBoBOi 0a3u 3 MHUTaHb TYpPHU3MY; PO3POOJICHHS
CTaHIApTIB Ha MOCIYTH, SKUMH KOPUCTYIOThCS TY-
pucTH; cepTHdIKalis TypUCTHYHUX TOCIYT; YIO-
CKOHAJICHHS TIOPSIKY JIIIEH3YBaHHS CYO’€KTIB Ty-
PUCTUYHOTO MiJNPHUEMCTBA; CTBOPEHHS MiJBrOBUX
YMOB Uil CTUMYJIIOBaHHS OpraHi3aliii Biamo-
YHHKY ¥ 0370POBJICHHS JIiTEH Ta MOJIOAI Ta IHIIMX
COLiJIbHO HE3aXMILICHUX TPYN HACEJCHHS; Hala-
TOMKEHHSI MOTY>KHOI PEKJaMH, BHUITYCK CIIeLiaib-
HUX BHIAaHb TYPUCTHYHOI'O HAIIPAMKY (Ta3eTH, Kyp-
HaJY, TAPYYHHUKH).

Ha croronni 3’sCOBy€TBCSI, UM CTaHE TYpHU3M
OJTHI€IO 13 TOJIOBHUX CTaTed TOXOAY Yy OIOIKETI, SIK,
HANPUKIIAA, B IHOIMX OUIBII IMBiII30BaHUX Kpai-
HaX, 4YM 3aJHIIUTLECI O0e3 3MiH. Bee e 3ay1eXuTh
BiJ TOTO, SIKa 31MCHIOBATUMETHCS IOJITHKA 100
PO3BHTKY Typu3My, TOOTO Ha KOro Oyje OpieHTO-
BaHHUI PUHOK TyPUCTUYHUX NOCIYT. TakuM YUHOM,
€ JIBa IUISIXM BUPILICHHS: PO3BHBAaTH 1HO3EMHUM
TYpPHU3M UM BCE XX TaKd 3BEPHYTU YBary Ta po3BU-
BaTH BHYTPIIIHIA TYPHU3M.

SKmio B3ATH O yBaru came JAPYyTHHA BapiaHT
(opieHTaliss Ha PO3BUTOK BHYTPILNIHBOTO TYpH-
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CTHYHOTO TPOIECy), TO MU MOBHHHI BU3HAYUTHUCH,
Ha [0 came MOTPiOHO 3BepTaTH yBary Ha B’i3HUIA
(perioHanbHUi) un BUi3HAN TypusM. J{ns YkpaiHu,
3BUYAIHO, MPUOYTKOBHUM € B’i3HUU TypH3M, ajpKe
BiH HaJa€ JOAATKOBI pobOodi Miclga Ta 3a0e3redye
JIepKaBy TPOIIOBUMH HAIXOPKEHHSIMH.
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MEXAHU3M CO3JAHUA ITPOEKTA 110 OTKPBITHIO ®EPMbI
B KOHTEKCTE PA3ZBUTHUA CEJIBCKOI'O TYPU3MA

Hens. ['eononuruyeckre U COLMAIbHO-OKOHOMHYECKHE W3MEHEHHMs, pa3BUTHE MH(POPMALMOHHBIX TEXHOJOTHM
CYHICCTBEHHO IMOBJIHAIN HA JUHAMUKY MCKAYHAPOAHOI'O TYPUCTUYCCKOI'O IMOTOKA, IMPUBCIIN K TpaHC(l)OpMI/IPOBaHI/I}O
TYpPUCTUYECKOW OTpacid. B pabore HEOOXOAMMO OCYIIECTBHTH HCCIECJOBAHUE TEOPETUUECKUX U HPAKTHYECKUX
ACIIeKTOB CYIIHOCTH, COAEPKaHMs M O0COOEHHOCTEeH pa3BUTHsI TypusMa B YKpauHe. TpeOyercs BBIIBHTH MPOOJIEMBI,
KOTOpbIE MPEISTCTBYIOT U CIEP)KUBAIOT Pa3BUTHE BHE3AHOTO TYpH3Ma, TOPMO3SAT OBICTPHIA MOABEM W PacIpocTpa-
HEHHEe TYpHUCTHUUYECKOW ciaBbl rocynapctea. Meroauka. B paboTe HCIONBb30BaIMCh METO/IBI CTATHCTHYECKOTO HCCIIe-
JIOBAHUS U CHHTE3a, a TaK )K€ PAaCUETHBIM M aHATMTUYECKUN MeTOlbl. Pe3yabTaThl. ABTOpaMH NPOBEAEH aHAIU3 Pa3-
BUTHSl YKPAaWHCKOTO TypH3Ma, ONpENCICHbl OCHOBHBIE MEPONPHATHSA, HEOOXOAMMBIE Ul JIydlnero (yHKImo-
HUPOBaHWA JAaHHOW OTPACIK B CTPaHE, M BAKHOCTh TPAHCIIOPTAa KaK COCTABISIIONICH TypHCTHUYEeCKOH ceprl. B craTtse
YKa3aHO, YTO TypH3M SBJISETCS OJHUM M3 BaKHEWIIMX OTpaciell SJKOHOMHUKH TOCYAAapCTBa M UIPAET OYEHb BAKHYIO
POJIb BO BHEIITHEAKOHOMHUUECKUX CBA3sX. HayuHasi HOBH3HA. ABTOPBI IIPEJIaratoT 3HAUNTEIbHOE BHUIMAHNE YACIUTh
Pa3BUTHIO BBE3JHOIO CENBCKOIO 3€JIEHOT0 TypH3Ma, KOTOPBIN IpeAcTaBlIeH B BHIE Mpoekra. PazpaboTka maHHOTO
npoekTa (OT-KphITHE ()epMbl) U MPOBEICHHS COOTBETCTBYIOIIMX MEPOIPHUATHI MO3BOIMIO ObI IIPUBJIICKATH TYPUCTOB
KaKk M3 YKpauHbl, Tak W u3-3a pyOexa. IlpakTuyeckasi 3HaumMocTh. KoMIuleKCHBIE M MOOWIBHBIA Xapakrep
COBPEMEHHOT0 Typu3Ma c(opMHpoBall cipoc Ha Oe30macHyio M KOM(OPTHYIO JUIS XHU3HU U 3J0POBbsSI BHEIIHIOIO
cpeny, ClocoOHYI0 00ecIIeunTh Bce HEOOXOMMMBIE YCIIOBUS TSl peIU3alliy TpakaHaMH ITpaBa Ha OTABIX U CBOOOIY
nepeaBrkeHns. [IpeanoskeHHble Mephbl ITO3BOJIST MOBBICHTH KOHKYPEHTOCIIOCOOHOCTH YKPaWHCKOTO Typu3Mma Ha
€BPOIEHCKOM PBIHKE TYPHCTHUYECKUX ycHyT. [IpeononeHne MMErOIUXCs HETaTUBHBIX TEHACHIWM, CO3IaHUE CUCTEM-
HBIX ¥ KOMIUIEKCHBIX MPEANOCBUIOK Ul YCTOMYMBOIO pasBUTHUS TypHU3Ma JOJDKHO CTaTh OJHUM U3 HMPUOPHTETHBIX
HAIPaBJICHUI 00ECIICUCHNsI YCTOMYMBOTO PAa3BUTHS CTPAHBI B IIEJIOM M CYIICCTBEHHOW COCTABILIONICH B pEIICHUH
BOIIPOCOB IIOBBIIIEHHS KAYECTBA JKU3HH HACEIICHHUS.

Kniouegvie cnosa: typusm; cdepa Typusma; BBE3OHOW TypH3M; TPAHCHOPTHBIN TYPHU3M; CEJIBCKHH TYpHU3M;
YkpanHa
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CREATION MECHANISM OF THE PROJECT ON FARM OPENING
IN THE CONTEXT OF RURAL TOURISM DEVELOPMENT

Purpose. Geopolitical and socioeconomic changes, development of information technologies are materially
have affected on the dynamic of international tourist flow, lead to transformation of tourism industry. The work is
aimed to research the theoretical and practical aspects of essence, the contents and features of tourism development
in Ukraine. One should identify the problem, which interfere and constrain the development of the entrance tourism,
interfering fast lifting and distribution of tourist glory of the state. Methodology. The methods of statistical re-
search, settlement, analytical and a synthesis method were used in the work. Findings. The author has analyzed the
development of Ukrainian tourism. The main measures, which need to be carried out for the best functioning of this
branch in the country and the importance of transport as the component of the tourism industry, were also defined.
The article specifies that the tourism is one of the most important branches of the state economics and plays very
important role in the foreign economic relations. Originality. The authors propose to pay the considerable attention
to the development of entrance rural green tourism, which is presented in the form of the project. Development of
this project (farm opening) and running the relevant activities would allow to attract tourists as from Ukraine, so
from abroad. Practical value. Complex and dynamic character of modern tourism formed demand for a safe and
comfortable environment for life and health. The offered measures will increase the competitiveness of Ukrainian
tourism in the European market of tourist services. It should provide all the necessary conditions for the
implementation of citizens’ right to freedom of movement and rest. Overcoming the existing negative trends,
creation of systematic and complex precondition for the sustainable development of tourism should become one of
the prior directions to ensure the sustainable development of the country as a whole and a significant component in
the solving of tasks of improvement of the population quality of life

Keywords: tourism; tourism industry; entrance tourism; transport tourism; rural tourism
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NCCIEJOBAHUME ITOAXOA0B K IOBBIIIIEHAUIO
3OOEKTUBHOCTHU ®YHKIIMOHUPOBAHUS MNOJAPA3AEJEHUM
KEJE3HOAOPOXHOI'O TPAHCITIOPTA C IO3NLIUN
YCTOHUYUBOI'O PABBUTHUS

Heab. CoBpeMEHHBIE TPAHCIIOPTHBIE CHCTEMbI HE SIBIIIOTCS YCTOHYMBBIMH M HE CIIOCOOHBI NPOTHBOCTOSTH
JecTabmmsupyronmM ¢daxkropam. MHUpOBOil TeHIAEHINEN B yIPaBICHHH SKOHOMUYECKHMH XO3SHCTBEHHBIMH CHCTE-
MaMH SIBISIETCS] MCIIOJIb30BaHNE KOHLETIIIMN YCTOWYMBOTO pa3BuTHs. B pabore HE0OOX0ANMO Ha OCHOBE aHAIM3a JIMTE-
PaTypHBIX MCTOYHUKOB ONpENEINTh HAIpaBJICHUs I PelIeHHs 3a7ad IOBBILCHUA 3()(MEKTHBHOCTH (YHKIMOHH-
POBaHUsA NOAPA3ACICHUN JKEIE3HOAOPOKHOTO TPAHCIIOPTA C MO3ULMM ycTOMUMBOro pazsurus. Meroauka. s noc-
TYDKEHUSI TIOCTABICHHON LIeJIM ObUIM MCCIIEJOBaHbl OCOOCHHOCTH MCIIOIb30BAHMS KOHLETIIMN YCTONYMBOTO Pa3BUTHS
W ee peaJu3aldyl MPU YIPaBJIEHHU CIOXXHBIMUA CHCTEMaMH, a TaKKe IMPOBE/ICH aHalIn3 CYIIECTBYIOLMX Mojesei
B obnactu moBblmieHHs 3(PdeKTHBHOCTH (QYHKIMOHMUPOBAHUS MOAPA3JEICHUH >KEeJIE3HOAOPOKHOTO TPaHCIOPTA.
Pe3yabTaThl. Ha ocHOBE MpOBENEHHOTO aHaNM3a JIMTEPATYPHBIX HCTOYHUKOB, COXPaHSs COJEPKATENBHYIO CYIIIHOCTh
YCTOHYHMBOTO Pa3BUTHS, ObUIN BbIJETIEHBI OCHOBHBIC HAIIPABIICHUS MOBBILECHUS 3(P()EKTUBHOCTH (YHKIIMOHUPOBAHMS
MOAPA3/IeeHHH, KOTOPbIE YYUTBHIBAIOT TPeOOBAaHMS YCTOWYMBOTO PA3BUTHSI M JOJDKHBI PacCMaTPHBATHCS KaK KOM-
wiekc Meponpusituii. Hayunast HoBH3HA. ABTOpOM INpEJIOKEHBI HOBBIC HAIpaBIEHHs PAaCCMOTPEHHs BOIpoca
MOBBIICHUS 3(GEKTHBHOCTU C MO3WUIMN YCTOWYMBOTO PAa3BUTHS, T.€. TPH COCTABILIOLINE KOHIEMIUH yCTOHIMBOTO
pa3BuTHs (3KOHOMHYECKAs], IKOJIOTHYECKAst M COIMAaIbHAs) JOJDKHBI pacCMaTpPHBaThCsl cOalaHCHpoBaHHO. TakuMm 00-
pa3oM, IPOBEIECHHBIE TEOPETHIECKHE MCCIIEIOBAHUSI MOTYT CIIOCOOCTBOBAaTh ()OPMHPOBAHHIO HOBOH MOJIENH XO3SIHCT-
BOBaHMs, COOTBETCTBYIOIIEH LIEJISAM U MPUHLMIIAM yCTOMYMBOro pa3sutus. IIpakTuyeckas 3HauuMocTh. [IpoBeneH-
HBIM aHanu3 pa3paboTOK MOATBEP)KIACT HEOOXOAUMOCTh NMPOBEACHHS MCCIEIOBAHUN O MEPCIEKTUBHBIM HampaBiie-
HUSAM Pa3BUTHS TOPA3/ACIICHUH KEIe3HOA0POKHOTO TPAHCIIOPTa, KOTOPbIe 0003HAYEHBI PYKOBOJACTBOM Y KP3aJIU3HbI-
ou. 9710 JacT BO3MOKHOCTH BBIJACIIMTE OCHOBHBLIC HAIIPaBJICHUA JIsd z[anbﬂei/'uuero HCCIICAOBAaHUA B O6J'laCTl/I IIOBBI-
1eHus 3 PEeKTUBHOCTH.

Kniouesvle crosa: xene3HONTOPOXKHBIA TPaHCIOPT; MOBbIIIEHHE dP(EKTHBHOCTH; (YHKIHOHUPOBAHUE HKEJIE3HO-
JIOPOKHOTO TPAHCIIOPTA; YCTOHYMBOE Pa3BUTHE; CJIOXKHBIE CHCTEMBI; ITOpa3/IeNIeHHs KeIe3HOI0POKHOTO TPaHCIIOpTa

BBenenue Bce atu hakTOphI MOKA3BIBAIOT, YTO COBPEMEH-

. HbIC TPAHCHOPTHBIC CHCTEMBI HE SBISIOTCS YCTOM-
OTCyTCTBHE KAa4eCTBEHHBIX IIPeoOpa3oBaHMi

U XpOHHYECKOe HeA0(HHAHCHUPOBAHUE TPAHCIIOPT-
HOW CHCTEMBI YKpawWHBl BBI3BIBACT HETATHBHBIC
TIOCTIEICTBHUS: YBEIHYNBACTCA M3HOC TEXHUYECKUX
CpencTB, He obOecneunBaeTcs HeoOxomumas 0e30-
MACHOCTH JIBYDKEHUS, CHIKAETCS KadecTBO 00CTy-
JKUBAHUS, YTO B CBOIO OYEpEllb BEIET K BBITECHE-
HUIO YKPaWHCKHX TIEPEBO3YHKOB C MEXITyHapO.-
HBIX PBIHKOB TPAHCIIOPTHBIX YCIYT M CO3MaeT yT-
PO3y PKOHOMHYECKOI 0€30IacHOCTH TOCy1apCTBa.
JuHaMuka 00bEMOB TIEPEBO30K I'PY30B IKeJe3-
HOJOPOXKHBIM TparcmopToM ¢ 2008 mo 2012 r. mo-
Ka3bIBaeT, YTO OOBEMBbI MEPEBO30K BCE e€IIe He
JIOCTUTJIM YpoBHA JokpuzucHoro 2008 roja u mo
uroram 2012 roga cocraBuiau 457,4 MIH. TOHH,
4T0 Ha 3 % Xyke pe3ynbraToB gaxe 2011 roxa.

52

YUBBIMU U HE CIIOCOOHBI MIPOTHBOCTOSATH AecTalOu-
JTU3UPYIOMNM (PaKTOpaM.

Ha ceroansimiauit 1eHb COBPEMEHHON MUPOBOM
TEHJCHLMEN B yNpPaBICHUH 3KOHOMHUYECKUMHU XO-
3SICTBEHHBIMU CHCTEMaMM SIBJISIETCS MCIIOJIb30Ba-
HHUE KOHLENIUH yCTOWYNBOTO Pa3BUTHUSL.

YKpauHCKas CeTh JKeJIE3HBIX JOPOT 3aHUMAET Be-
Jylee MecTo 1o o0beMaM MepPeBO30K U UIpaeT KIIro-
YEBYIO POJIb B COLMAIBHO-3KOHOMHYECKOM Pa3BUTUH
Haulell CTpaHbl, MOITOMY (YHKLIHOHUPOBAaHUE IIO-
paslenieHnii  JKeNNe3HOAOPOXKHOTO TpaHCIopTa IO
THUITy YCTOMYIMBOH CHCTEMBI SIBJISETCS BEAyLIUM (hak-
TOPOM yCTOHYMBOI'O Pa3BUTHS BCErO OOIIECTBA.

B crparerum pa3BUTHS KEIE3HOIOPOKHOTO
TpaHcnopTa YKpauHsl Ha nepuon go 2020 roga of-
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HUM W3 OCHOBHBIX HAaIPaBJICHUH SBISETCS YMEHb-
IIEHHEe HETaTUBHOTO BJIMAHUS >KEIE3HOJO0POKHOTO
TPAHCIOPTa Ha OKPY’KAIOIIYI0 CpPedy U BHEIpPEHHE
pecypcocOeperarommx TEXHOIOTHA, YTO aKTyalH-
3UpyeT MOTPEeOHOCTh B WCCIICIOBAHUSAX BHEAPEHUS
KOHLIETIIMH yCTOWYMBOTO Pa3BUTHS IIPH pa3paboTKe
MEpOTPHUITAN TIO0 TOBBIIIEHUIO APPEKTHBHOCTH
(YHKIMOHUPOBAHUS TOAPA3AeNiCHHH JKeJIe3HO0-
POXHOTO TPaHCHIIOPTA.

[IpumeHeHre KOHIENIUH YCTOMYUBOTO Pa3BUTHS
U ee peaym3alys [PU yTPaBICHUH CIOKHBIMHA CHC-
TeMaMH paccMarpuBany B cBoux padorax lO. C. ba-
pam, T. B. Beryn, 0. B. Kocos, C. H. bo0rbines,
H. B. Octposckuii, H. I1. Tapacosa, O. JI. Ky3Hewos.

Taxxe OBUIM WCCIIETOBAaHBI pabOTHI B 00IAaCcTH
noBbIIeHNS dPPEeKTHBHOCTH (YHKIMOHUPOBAHUS
MOJpa3eNICHUH  KeJIe3HOAOPOXKHOTO TPaHCIIopTa
OTEYECTBEHHBIX U 3apyOeKHBIX yUEHBIX, TAKHX KaK:
A. O. MypanssHa, I1. A. HoBukosa, /[. B. Jlomo-
Tbk0, H. B. ITanoBoit, A. A. Anuyruna, T. B. Ilo-
mumko, M. M. Cepruenko, B. WM. Ilacuunuxka,
A. M. Macnosa, JI. . Kounesoii, A. C. Mupomr-
Huk, M. M. Yexosckoii, Y. B. Aaronroka, B. H. Ilo-
HoMmapea, E. JI. Kysunoii, A. A. Maurykosa u T. 1.

[IpoananmsupoBanHble pPabOTHI HE COAEpKaT
MoJieneil, MO3BOJISIOMNX TPEIOKUTh MEpOIpUs-
THsI, KOTOpbIE B MOJHOM Mepe yYMTHIBAIOT OCHOB-
HBIE TPeOOBaHUS K yCTOWIMBOMY Pa3BUTHIO B KOM-
TUIEKCe, YTO U IOOYANUIIO HHTEPEC K UCCIIEIOBAHUIO.

Hean

Lenpro maHHOW CTAaThU SABISETCS OMpEIEIICHUE
HalpaBJICHUN JJIs1 pelieHus] OJHOM U3 OCHOBHBIX
3agay  pedopMHUpOBaHUS cdephl KeIe3HOJOPO-
JKHOTO TpaHCIOPTa, T.€. 33Jayd MOBBIIIEHUS (-
(dexkTuBHOCTH (PYHKIIMIOHUPOBAHMS TIOJpa3ieiie-
HUH JKEJEe3HOAOPOKHOTO TPAHCIIOPTa C TMO3UIIUU
YCTOWYHMBOTO Pa3BUTHSI.

MeTtoaunka

OnuH U3 OCHOBHBIX IyTel MOBBIICHUS 3] dek-
TUBHOCTA pPabOTHl TMOAPA3CIICHUN KEIe3HOI0-
POXHOTO TPAHCIOPTA — 3TO MOJACPHU3AIUS CUCTE-
MBI YIIPABJICHUS ¥ OPTaHU3AIMU er0 PabOTHI.

s peiieHust 3afad yOpaBiICHUS CIOXHBIMHU
CHCTEMaMU, TAKMMH KaK JKeJIe3HOJOPOXKHBIA TpaH-
CTHOPT, HCHOJNB3YIOTCS TPaAMIUOHHBIC IOJXOJIbI
pelleHus 3a1a4 yIpaBIeHUs:

— ONTUMANIbHOE (MPOTPaMMHOE) YIpPaBICHHE,
CYTh KOTOPOTO COCTOUT B MEPEBOJC YNPABISICMO

CHCTEMBI B XeJlaeMOe COCTOSHHE 10 HEKOTOPOMY
ONTUMAIBHOMY TIYTH;

— nH(GOPMAIIMOHHOE YIPaBJICHUE, MPU KOTOPOM
SHEPreTUYECKHUE PECYpChl, 3aTpauuBacMble Ha yIpa-
BJIEHHE, HE3HAYNTEIHHBI TI0 CPABHEHHUIO C SHEPreTH-
YeCKUMH pecypcamMi 00BEKTOB YIIPABICHUS;

— aJJaNITUBHOE yTIpaBIIieHHE, TPUMEHSETCS B CITy-
Yasx, KOT/la BIMSHHUE TPAAUIMOHHBIX (PAKTOPOB,
obecrieunBaOMUX (YHKIIMOHUPOBAHUE CHUCTEMEI,
SIBIISIETCS] OTHOCUTENBHO HE CUJIBHBIM HIIM TAKOBBIM,
YTO BIHSHUE 3TUX (PAKTOPOB MOXKHO H3MEHHTH
B TCUEHHE OTHOCUTEIHLHO KOPOTKOTO WHTEpBaja
BpPEMECHU;

— METOJ MacCOBBIX P00, CYTh METOAA COCTOUT
B MpeoOpa30BaHUN CIOKHON CHCTEMBI Kak O0OBEK-
Ta yOpPaBICHUS B CHCTEMY KBa3HUCTOXaCTHYECKYIO
C TIOCJIEYIOIIUM MTOMCKOM ONTHMABHOTO (KBa3u-
ONTHUMAJIBHOTO) PEIICHUS;

— pediekcuBHOE yrpaBlIeHHE, HAIpaBICHO Ha
HENpepbIBHOE PEIlICHUE TOTOKA 3a7a4, HallpaBliCH-
HBIX Ha YCTpaHEeHHe Mpo0ieM, KOTOphIe TIOPOXKIaeT
TUHAMHUYHO HM3MEHSIONIAsACS BHEIIHAS W BHYTpPEH-
HSIS Cpefa;

— HEYEeTKOEe yIpaBJICHHE.

[IpakTHueckoe mpUMEHEHHE pa3padOTaHHBIX
MOJIXOJIOB K YIPABJICHUIO 3aTPYIHEHO BCIIEICTBHE:

— CJIa0oMPEeICKa3yEeMOCTH CUCTEMBIL;

—o0mamanust  OONMBIIMMH  3HEPropecypcami,
a TaKKe OOJIBIION TUHAMIYECKON HHEPITUOHHOCTBIO;

— HEBO3MOXXKHOCTH BBIICTUTH TaKUE YIIPABIICH-
YecKHe BO3JICHUCTBUS, PE3YyIbTaThl KOTOPBIX OHO-
3HAYHO BIIMSIOT Ha M3MEHEHHE COCTOSHUS yIpaB-
JIIEMOU CUCTEMBI.

Croutr o0OpaTuTh BHHUMaHHWE W Ha TO, YTO Ha
KEJIe3HOIOPO)KHOM TpaHCIIOpTe OO0 CHUX TMOp CO-
XPaHAIOTCS TOIXOMBl K IUIAHUPOBAHHUIO M pellle-
HUIO YIPaBJICHUYECKUX U XO3SMCTBEHHBIX 3ajad,
CIIOXHBIIUXCS €Ille BO BpeMeHa TUIAHOBOW CHCTe-
MBI yripaBieHusi. OCHOBHOM 4epToil 3TOH CHCTEMBbI
SIBJISIIACH KECTKAsh OpPUEHTAIlMs Ha BBHIMOJHCHUE
TOCyJIapCTBEHHOTO IJIaHa. B COBpEMEHHBIX PBbI-
HOYHBIX YCJIOBHSX XO3SIICTBOBaHHUS OOHapy>KWBa-
etcs Hu3Kas 3(Q(HEeKTUBHOCTh MPUMEHEHHS JTaHHO-
ro IMOAX0Ja, YTO OOBSICHAETCS CIEIYIOIIUMHU 00-
CTOATENbCTBAMHU:

— PBIHOYHBIE YCJIOBHUSI OOYCIOBUIIM CYIIECTBEH-
HOE yBEIIMUEHHE KOJIMYEeCTBA (haKTOPOB U COOBITHH,
TpeOYIOUINX HETOCPEACTBEHHON pPEeaKIi PyKOBO-
JuTeNe W crnenuanucToB npennpustuil. IlosBu-
JIUCh TaKWe paHee OTCYTCTBOBABIIWEC B ILJIAHOBOM
SKOHOMHKE (PAKTOpHI, KaK aHaJW3 MOBEACHUS IO-
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TpebuTenel yciyr, MOCTAaBIIMKOB PECYPCOB, OCO-
OEeHHOCTH PadOTHI MECTHBIX OPraHOB BIACTH U JIp;

— MOSIBMJIaCh  HEOOXOAUMOCTH  ONIEPAaTHBHOTO
pearupoBaHUsl PyKOBOIUTEICH NPEANPHUITUH OT-
paciay Ha IMPOMCXOJSIINE COOBITUS, IPUHATHUS Pe-
LIEHUI B KOPOTKHE CPOKH;

— pacMpwiIoch KOJUYECTBO XO3SIMCTBEHHBIX
U YHPaBJICHYECKUX BOIIPOCOB, TPEOYIOLIUX OCMBIC-
JIEHHS ¥ KOMIUIEKCHOTO pEIIeHHsI HAa YPOBHE PYKO-
BOJICTBA CTPYKTYPHBIX SAMHUIL ¥ IOApa3IeIeHUH.

[loBbimieHHbIE TPeOOBaHUS PHIHKA K YPOBHIO
KOMITJICKCHBIX YTPABICHYECKHX PEHICHUH MPHBO-
OUT K HU3KOH 5((EeKTUBHOCTH YIpaBiCHUS He
TOJIBKO MOJPA3AeJICHNH, HO U OTPACIH B LICJIOM.

IlosTomy B mocnenHee BpeMms Bce Oosblie
BHUMaHHU yAemnseTcs 6ojee HOBOMY KOMIUIEKCHO-
My HOAXOXY YNPAaBJIECHHUS — KOHLENLHMH YCTOHYH-
BOT'O PA3BUTHUS.

IlonsiTHie yCTOMYMBOTO pa3BUTHSA (AHIIL
sustainable development) BmepBble OBUIO BBEICHO
B 1987 r. MexnyHaponHON KOMHCCHUEH MO OKpY-
JKalollleH cpejie U Pa3BUTUIO, co3faHHOM I eHeparib-
Hoi Accambinieeit OOH (Komuccus I'. X. Bpynar-
nann) [19]. IIpu 3ToM Nof, yCTOWYHUBEIM pa3BUTHEM
HNOHMMAJIOCh TaKO€ Pa3BUTHE, KOTOPOE yIIOBJIETBO-
pseT TOTpeOHOCTH HBIHEUIHEro IIOKOJIeHHs, He
MOAPBIBasl BO3MOYKHOCTEH OyIylIMX MOKOJCHUH
VIOBJIETBOPATh UX COOCTBEHHBIE MOTpeOHOCTH. TO
€CTh YCTOMYHMBOE pa3BUTHE OO0 (IKOHOMHUYE-
CKOH, HONMUTHYECKON H T.1.) CUCTEMBI IPEAIIONIaract
cOanaHcupoBaHHOe (YHKIMOHHUPOBAHHE COCTaB-
JUIFOLIMX €€ JJIEMEHTOB.

IIpn wuccnenoBaHWM TOCHETHUX Ppa3pabOTOK
B 00JIacTH TOBBIIICHUS 3P PEKTHBHOCTH (HYHKITHO-
HUPOBAHUS IOIPA3ACICHUN >KEJIE3HOIOPOKHOTO
TpaHCTopTa ObUIO OTMEYECHO, YTO B OOJBIIMHCTBE
paboT B KauecTBe KpuTepHus dPQeKTuBHOCTH (1Ie-
7eBoil (DYHKLUHHU) HCIOIB3YIOT KOMIUIEKCHBIE IIO-
KazaTeld SKOHOMHUYECKOro xapakrepa [5, 7, 9, 10,
12]. Takxke cymecTBYIOT pabOTBI, KOTOpBIE pac-
CMaTpHUBAIOT MPOLECCHI MOBBIIECHUS 3 (EKTUBHO-
CTH (YHKIMOHUPOBAHUS MOJPA3JCICHUN Keles-
HOJIOPO’KHOTO TpaHCIIOpTa Ha 0a3ze TeXHOJOoTHdYe-
ckux mokazareneit [3, 4, 11]. B paborax [6, 15]
B HCCIICIOBaHUS YUUTHIBACTCS HKOJOIMUYECKas CO-
CTaBJIAIONIAS TEXHOJIOTMYECKUX MPOIIECCOB, OJHA-
KO 3Ta 3ajada pemaercsi 000co0JIeHHO OT 3afayu
MIOBBIIICHNS SKOHOMHYECKOH 3((PEKTUBHOCTH TEX-
HOJIOrH4ecKux mporeccos. ConuanbHas COCTaBIIs-
fomas QyHKIMOHUPOBAHUSA TOAPA3/IEICHHN Kelle-
3HOOPOKHOTO TPAHCIOPTa B MPOAHATU3UPOBAH-

HBIX Hay4HBIX paboTax HE paccMaTpUBaeTCs BO-
obmre. [IpuMeHeHHE K€ KOHIEMIHH YCTOWYHBOTO
pa3BUTUSL M €€ pealu3alus TpU yIPaBICHUU
CIOXHBIMH CcHUCTeMaMH (B TOM dHCIE — TpH
YOpaBIeHUH TMOAPA3ACTCHUSIMH IKEJIE3HOTOPOK-
HOT'O TPAHCIOPTa) MOJpPa3yMeBaeT, B MEPBYIO Ove-
penb, y4eT SKOJIOTHYECKOW U COIMAIBHON COCTaB-
JSIOMIMX TIPOLECCOB (YHKIIMOHMUPOBAHUS CIIOXK-
HBIX CHCTEM, a TaKKe BHEIpEeHHUe pecypcocOepe-
TaroIUX TEXHOIOTUH. DTO OBIJIO 0003HAUYEHO B 00-
CYXXIEHHH 3KOJOTHMYecKuX BompocoB Ha CoBere
MunuctpoB EBporeiickoii koHdepeHII MHUHHUCT-
poB tpancnopra (European Conference of Ministers
of Transport, ECMT). Unenst EKMT momuepkHyy,
YTO HECMOTpPS HAa 3HAYUTEIBHBIA SKOJIOIMYECKUI
yiiepO, CBSI3aHHBIM C TPAaHCIIOPTOM, €ro ITOJOXKHU-
TenbHBIH 3(deKkT oYeHb OOINBINOH, TTOETOMY aKTYy-
aNbHBIM BOTIPOCOM SIBIISIETCS MPUHSTHE TaKUX pe-
IICHUHM, KOTOpPbhIC TO3BOJIAIOT JIOCTUTHYTH HaW-
OOJIBILIEr0 TOJIOXKUTENBHOTO 3¢ QeKTa OT TpaHc-
TOPTHOM  JIESITENFHOCTH TPH  OJHOBPEMEHHOMN
MUHHAMH3AIIHA YKOJIOTHYECKOTO yIepoa.

CaMbIM 3KOJIOTUYECKHM TPAHCIIOPTOM SIBIISICT-
Cs1 )KEJIe3HOIOPOKHBIN TPAHCIIOPT, TOITOMY CYIIIe-
CTBYET HEOOXOJANMOCTh MaKCHMAIBHOTO TIEpEBOJIa
KaK MOKHO OOJbIIero o0heMa TPy30BBIX M Tacca-
JKUPCKHX  TIEPEBO30K HA  JKEJIE3HOOPOKHBIN
TPAHCIIOPT AJISl YMEHBIICHUS 3arpsi3HEHHUS BO3TyXa
U IIyMa, a TaKXkKe JPYTUX BIUSHUA TPAHCIOPTa Ha
obmectso [1].

OnHO¥ W3 OCHOBHBIX TEOPETUYECKUX 3a/1a4 SIB-
nseTcss pa3paboTka Tokasareseil oreHku dddek-
TUBHOCTH (PYHKIMOHHPOBAHUS CIIOKHBIX CHCTEM,
MO3BOJISIONINX Pean30BaTh MPUHIUIBI yCTONYH-
BOTO pa3BUTHS, TaK KaK CYIIECTBYIOIIUE KOJHYe-
CTBEHHBIC TIOKA3aTeJM, MCIIONb3YIOIINE Ha KeJle3-
HOJOPOKHOM TPAHCIIOPTE, HE PEMIaloT MPOOIeMEI
COM3MEpPEHUs] Pa3sHOKAYECTBCHHBIX IIOHATHUH, He
SBIIAIOTCS AAWTUBHBIMU, CyOBEKTHBHBI, a TaKKe
HE TI03BOJIAIOT OIEHUTH 3(PPEKTUBHOCTH NEHCTBHIA
1 00eCIIeYnTh YCTOWYHBOE pa3BUTHE.

B Hacrosmuit MOMEHT CyIIECTBYET HECKOIBKO
BapUaHTOB pacueTa WHIUKATOPOB (M3MepUTEIeH)
YCTOWYHMBOTO pPa3BUTHS — IOKa3aTelel, BBIBOJM-
MBIX M3 HAKOILJICHHBIX 3HAHUH, KOTOPHIC OOBIYHO
HEJb3sl WCTOJIB30BaTh JJISI WHTEPIPETalui U3Me-
HEHHH, TO3BOJSIOMINX CYAWTH O COCTOSHUW WITH
W3MEHEHUH SKOHOMHYECKOW, COLMANIBHON WU
JKOJIOTHYECKOM mepeMeHHOH. B ocHoBe 3THX pac-
YETOB B OCHOBHOM JIEXKAT J[BA MOAXO0/IA!
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1) mocTpoeHne 00OOIIEHHOTO, arperupoBaHHO-
IO MHAMKATOpPa; OCHOBAHHOTO HA HECKONBKUX APY-
THX MHAMKATOpax; U3-3a pAfa CTaTUCTUYECKUX (OT-
CyTCTBHE HEOOXOIUMOW M OCTOBEPHOM CTATHUCTH-
YeCKOW 0a3bl), METOIOJIOTHICCKHUX MPoOJIeM, a Tak-
JKe CJIOKHOCTH pacueTa OOLIeNpPU3HAHHOTO WHTET-
PHPOBAHHOTO MHAMKATOpa YCTOMYMBOIO pa3BUTHS
TIOKa HE CYIIIECTBYET;

2) IOCTpOEHHE CHCTEeMbl HMHAMKATOPOB: 3TOT
noaxon Ooisiee pacmpocTpaHeH M Oasupyercss Ha
MIOCTPOEHUH CUCTEMBI ITOKa3aTesel, KOTOpble MO-
TYT OTpa)kaThb OTHEJIbHBIE ACIEKThl yCTONYHBOTO
pasBUTHAL.

HauGonee pacmpocTpaHeHHOH MeTomoIoTruei
MOCTPOEHUSI UHAUKATOPOB SBISAETCS KOMILIEKCHAs
paspaborka Komuccun OOH 1o ycroitunBoMy pa-
3BUTHIO, IJI€ BCE MHAMKATOPHI OBUIN pa3ZeiieHbl Ha
4 Tpynmsl: colHMaibHbIE, SKOHOMHYECKHE, HKOJIO-
TUYECKHE U OpPraHU3aI[IOHHBIE.

Ha pemenue 3agaun pa3paOOTKH CHUCTEMHBIX
MOKa3aresiell U BHEAPEHHE NPHUHLUIIOB YCTOHYH-
BOTO Pa3BUTHUS TAK)KE HANpaBJIEH BEKTOp U OTeue-
CTBEHHBIX yueHbIX. Tak, Hampumep, B padore [13]
ABTOPAMHU CHCTEMAaTH3UPOBAHbI (DAKTOPBI BIMSHUS
TpPaHCIIOpTa Ha OKPYXKAIOLIYIO0 cpely, a B padote
[16] ycranoBneHsl mpobiaeMbl U 3aadll yCTOWYH-
BOTO Pa3BUTHUS YKPAUHCKOM SKOHOMHUKH.

Pe3yabTatsel

Ha ocHoBe mpoBeieHHOTO aHalM3a JIUTEPATyp-
HBIX HCTOYHUKOB, COXpaH:IS COJEpKATENbHYIO
CYUIHOCTh YCTOMYMBOTO Pa3BUTHS, OBUTH BBIJEIC-
HBI CIIEAYIOIIe OCHOBHBIE HAIIPaBIIEHHS, KOTOPHIE
JIOJDKHBI  PacCMaTpPUBATHCS KaK KOMILIEKC Mepo-
IPUATHUI:

— ¢opMupoBaHHEe pecypcocOeperarmmx Tex-
HOJIOTHH (PYHKIIMOHUPOBAHUS TOIPA3ACIICHUN XKe-
JIE3HOAOPO’KHOTO TPAHCIOpTAa: pELIeHHe 3a/aad
(opMHPOBaHUS PAIMOHATIBHON CTPYKTYpHI Mapka
JIOKOMOTHBOB ¥ BaroHOB, OOOCHOBAaHHE paIlvo-
HAJNBHOU TepepabaTpIBarolieil criocooHoCcTH (DpPOH-
TOB TOTPY30-pa3rpy30uHBIX paboT, a Takke pa-
UOHAIFHBIX TAPAMETPOB CKIIAJICKOTO XO3S1CTBA;

— KOMIUIEKCHAsI OIIEHKAa DKOJOTHYECKOH Cco-
CTaBIAOMIEH  TIporieccoB  (DYHKIIMOHUPOBAHUS
NOJpa3eTICHUH JKEIe3HOIOPOKHOTO TPAHCIIOPTa U
ee yder B 3amadax (popMHUpOBaHHS pecypcocOepe-
TaIOMINX TEXHOJIOTHHA (QYHKITMOHUPOBAHUS;

— YUeT COIHMaIbHON COCTAaBIISIOIIEH MPOIECCOB
(YHKUMOHUPOBAHUS TOApa3AEICHUI >KEIe3HOI0-
POXKHOTO TpaHCIIOPTa 32 CUeT pa3pabOTKU OpraHu-

3alIMOHHOM CTPYKTYpHI MoJpa3ieieHnii u rpadu-
KOB paboTbl, COOTBETCTBYIOIIUX 3aKOHOJATENbCT-
BY U COBPEMEHHBIM MUPOBBIM TEHACHLHMSM II0 OX-
paHe Tpyza.

Hayuynasi HOBU3HA U IpaKTHYecKasi
3HAYUMOCTh

IIpennoxeHsl HOBBIE HAIMIPABJICHUS PacCMOTpE-
HUS BOIIPOCa MOBHIMEHUS 3((HEKTUBHOCTH C TTO3U-
[IUU YCTOMYHMBOTO Pa3BUTHS, T.€. TPH COCTaBIISIO-
e KOHIICTIIIMA yCTOWIMBOTO Pa3BUTHUS (PKOHO-
MUYECKast, SKOJIOTHUYECKasi U COIMATbHAsI) TOJIKHBI
paccMaTpuBaTbCs COATAaHCHPOBAHO.

Ha cerognsimiHuii AeHb NEPCHNEKTUBHBIE Ha-
MIpaBJICHUS Pa3BUTHSI MOJPA3JACICHUM KeJIe3HOI0-
POXKHOTO TPAHCIOPTA, IMPEACTABICHHBIE PYKOBO-
JICTBOM YKp3aJU3HBIIA Ha OCHOBAaHUH MOTPeOHO-
cTell B KOPEHHOM TE€XHOJIOTHUYECKOM IEpeOoCHaIlIe-
HUU MaTepUAbHO-TEXHUYECKOW 0a3bl KeNe3HBIX
nmopor B [8] ¥ HampaBieHUS YIIpaBICHHS WHHOBA-
[IMOHHOW NEATETHLHOCTBIO TMOApa3ICICHUIN Kele3-
HOJIOPOXKHOTO TpaHcopTa B [14], B o0mmx yepTax
COTJIACYIOTCSI MEXIy COOOW W COAepkKaT CXOXKUE
MO3UIIMY, a TaKKE B I[EJIOM OTBEYAIOT OCHOBHBIM
MPHUHIIUIIAM KOHIIEIIINH YCTOHYUBOTO Pa3BUTHS.

[IpoBeneHHBIE TEOpEeTUYECKHE MCCIETOBAHUS
MOTYT CITOCOOCTBOBaTh (POPMHUPOBAHHUIO HOBOM
MOJIETTA XO3SHUCTBOBAHUS, COOTBETCTBYIOIICH IIe-
JISIM | TIPUHIIATIAM YCTOWYMBOTO Pa3BUTHSL.

BriBoabI

IIpoBencHHBIN aHAINU3 IO3BOJSIET BBLACIUTH
B KaueCTBE OCHOBHBIX HAIpPaBJICHUH MOBBIIIEHUS]
¢ dexTuBHOCTH (DYHKIIMOHUPOBAHUS TOpa3ie-
JICHUH KeJIe3HOJOPOKHOTO TPAHCIIOPTA C TIO3UIIUU
YCTOMYMBOTO pa3BUTHUS (HOPMUPOBAHHE Pecypcoc-
Oeperaroliux TEXHOJOTHH (QYHKIHMOHHUPOBAHUS,
KOMIUIEKCHYI0 OILIGHKY JKOJIOTHYECKOH COCTaB-
JSIOIEH TpoueccoB (QYHKIMOHUPOBAHUS M €
yd4eT B 3amavax (opMHpOBaHHs pecypcocbepe-
TaloIIUX TEXHOJOTHH, a TaKXKe Y4eT COLHMAIbHOU
COCTaBJISIIOIIEH TMPOIEcCOB  (YyHKIIMOHUPOBAHUS
MOJIpa3ieTICHUN Kee3HO0POKHOTO TPaHCIIopTa.

1 ycnemHoro pa3BHTHS TPaHCIOPTHOM OT-
paciay HeoOXOIUMO MEePEeUTH OT KOHILENIUH afarl-
TallMi ¥ BBDKUBAHUS K KOHLEMNIMHM YCTOWYHBOIO
pa3BUTHS.
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NTOCJIKEHHS NIIXOAIB 10 NIJIBUIEHHS E®EKTUBHOCTI
®YHKIIOHYBAHHS NIJIPO3ALJIIB 3AJIIBHUYHOI'O TPAHCIIOPTY
3 IO3UIIII CTAJIOTO PO3BUTKY

Meta. CyuacHi TpaHCIIOPTHI CHCTEMH HE € CTIMKMMH Ta He 3JaTHI MPOTHUIISATH AECTaOUII3ylounM (hakTopam.
CBITOBOIO TEH/ICHIIEIO B YIIPABIiHHI €KOHOMIYHMMH T'OCIIOJIapYMMH CHCTEMaMH € BUKOPUCTAaHHS KOHIEMIIT cTao-
TO pO3BUTKY. Y poOOTi HEOOXiTHO Ha OCHOBI aHaJI3y JITEPAaTYpPHUX JDKEPEN BU3HAUNTH HAIPSMKH JUIS BUPIMICHHS
3a7a4 MiABHIIEHHS e(EeKTHBHOCTI (PYyHKLIIOHYBAaHHS MiAPO3UIIB 3aJi3HUYHOTO TPAHCIIOPTY 3 MO3HUIII CTajoro
po3BUTKy. Metoauka. [ MOCSTHEHHS IOCTaBIEHOI METH OYyJO IOCTIMIKEHO OCOOIMBOCTI BUKOPUCTAHHS
KOHIICTIIIIT CTAJOro po3BUTKY Ta ii peamizamii mpu ympaBliHHI CKIQJHUMH CHCTEMaMH, a TAKOX TPOBEACHO aHAIi3
ICHYIOUMX MoJieJiel B 00J1acTi MiIBUILEHHS e(peKTUBHOCTI (DYyHKIIOHYBaHHS MiAPO3/UTIB 3aJII3HUYHOTO TPAHCIIOPTY.
PesyabTaTn. Ha OCHOBI mpoBeneHOro aHamily JITepaTypHUX [DKepeld, 30epiraloud 3MiCT HOHSATTS «CTaJHH
PO3BUTOK», OyJIM BCTAHOBJICHI OCHOBHI HANpSIMKHM [MiJIBUIIEHHS €(QEeKTUBHOCTI (DYHKUIOHYBaHHS MiAPO3IIIIB
3aJII3HUYHOIO TPAHCIOPTY, SIKI BPaxOBYIOTh BHMOTH CTaJOr0 PO3BUTKY Ta NOBHHHI PO3INIAIATHUCS SK KOMIUIEKC
3axoniB. HaykoBa HOBM3HA. ABTOPOM 3alpONIOHOBAHO OCHOBHI HAIIPSIMKH PO3IISAY MUTAHHS IOJO IiIBUIEHHS
e(peKTUBHOCTI 3 TO3MLIi CTAaJOro pPO3BHTKY, TOOTO TpU CKJIAIOBI KOHUEII] CTAJIOr0 PO3BUTKY (EKOHOMIYHa,
€KOJIOTIYHAa Ta coljiajibHa) HEeoOXigHO po3risinarn 30amaHcoBaHO. TakMM YHMHOM, NPOBEIEHE TEOPETUYHE
JIOCIIIPKEHHS! cripusie pOpMYBaHHIO HOBOI MOJIEJIi TOCIOAAPIOBAaHHS, SIKa BIJIIOBIA€E METI Ta NMPHHIMIIAM CTaJIOTO
po3BuTKy. IIpakTHyHa 3HAYMMicTh. AHaii3 po3poOOK MiATBEPKYE HEOOXiIHICTH NMPOBEAEHHS IOCIHIIKEHb 32
MEPCICKTUBHAMHU HAMpsIMKaMH PO3BHUTKY IiIPO3LUTIB 3aJi3HUYHOTO TPAHCIOPTY, SKi 3a3HA4YCHiI KEPiBHUIITBOM
Vxp3zamizaumi. Lle qae 3Mory BUAUTUTH OCHOBHI HANPSMKH /IS TTOAATBIIOTO JOCIHIIKEHHS B 007IaCTi ITiIBUIICHHS
e(heKTUBHOCTI PYHKIIIOHYBaHHS MiAPO3IUTIB 3aJIi3HUIHOTO TPAHCIIOPTY.

Kniouosi cnosa: 3ami3HUYHUNA TPAHCIIOPT; MiNBUIICHHS €()EKTUBHOCTI; (GYHKIIOHYBAaHHS 3aTi3HHYHOTO TpPaHC-
TOPTY; CTAJIMA PO3BUTOK; CKIIAIHI CHCTEMI; MiAPO3ALIH 3aJI3HUYHOTO TPAHCIIOPTY
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RESEARCH OF APPROACHES TO INCREASE THE EFFICIENCY
OF FUNCTIONING OF RAILWAY TRANSPORT SUBDIVISIONS
FROM THE POINT OF VIEW OF SUSTAINABLE DEVELOPMENT

Purpose. Modern transport systems are not stable and can not stand up to the destabilizing factors. Global track
record in the economic and commercial management systems is the use of the concept of sustainable development.
It is necessary on the basis of analysis of literary sources to define the directions of efficiency increase of function-
ing of railway transport subdivisions from the point of view of sustainable development. Methodology. To achieve
the purpose the features of the use of sustainable development conception and its realization were investigated at
a management of the complex systems. The existent models were also analyzed in the field of efficiency increase of
functioning of railway transport subdivisions. Findings. On the basis of literary sources analysis, keeping up the
conceptual essence of the sustainable development, the main directions of efficiency increase of subdivisions func-
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tioning were selected. They take into account the basic requirements of steady development and should be consid-
ered as a complex. Originality. New directions to consider the efficiency increase issues from position of sustain-
able development were offered by the author. Three components of conceptions of sustainable development (eco-
nomic, ecological and social) should be examined in a balanced way. Thus, the above mentioned theoretical studies
can promote the forming of new economy model corresponding to the purposes and principles of sustainable devel-
opment. Practical value. The conducted analysis development confirms the necessity of researches on perspective
directions of development of railway transport subdivisions, which are marked by the guidance of Ukrzaliznytsia.
It enables to select basic directions for further research in the area of efficiency increase.

Keywords: railway transport; efficiency increase; railway transport functioning; sustainable development; com-
plex systems; railway transport subdivisions
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RATIONAL RECOVERY MODEL OF DEPOT PROCESSING
EQUIPMENT AT THE INDUSTRIAL ENTERPRISE

Purpose. The problem of the maximum resources recovery of rolling stock repair depot of industrial enterprise
with limited resources consumption, which are used in the system is today’s topical question.The main factors that
affect the repair depot operation of industrial enterprise are reviewed. The most significant factors, affecting the
quality of the repair depot, are emphasized for further study, specifically - the state of the major repair equipment of
a sector. There is a need to minimize the impact of the unsatisfactory state of this factor. Methodology. The formed
task of major equipment rational repairing in the mathematical sense is based on the solution of a vector
optimization problem. In this case the target functions are the monetary funds spending and time expenditure for
repairing. Findings. The mathematical model of optimal equipment maintainability of the repair department at the
industrial enterprise was developed by the authors. On the example the choice model of optimal path for equipment
repairing of enterprise repair department is described. Originality. As a result of the conducted research the repair-
ing system of major equipment of industrial enterprise sectors was improved. As the mathematical model of rational
system recovery of industrial enterprise repair depot we recommend apparatus of class problems of vector
optimization. Practical value. Using the proposed model of major equipment repair system of the repair depot at the
industrial enterprise will improve the quality of the department by increasing the efficiency of primary resources -
time and monetary funds - which are spent by the sector in order to repair its techniques.

Keywords: industrial transport; repair system; mathematical modeling; system analysis; vector optimization

Introduction Many different types of locomotives and cars that
are operated, outdated methods of repairs planning and
regulation, transparent accounting of materials lead to
unproductive work of a repair sector. This is, in turn,
affects the effectiveness of an enterprise performance
as a whole [9]. And one of the most important factors
determining the performance quality of a repair sector
is its workability of major repair equipment.

The major task of the industrial enterprise repair
depot is ensuring maximum resource recovery of
rolling stock with limited resources consumption
that are used in the system [3, 6].

The following factors affect essentially the
work of industrial enterprise repair section:

— Existing park units state of rolling stock [4];

— State of repair equipment sector [10];

) . . Pur
— Planning and regulation system of repairs [7]; urpose
— Accounting procedure of materials and spares The aim of this work is search and investigation
use [11]. of new methods and ways in order to improve
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workability of major repair equipment of a repair
sector in the industrial enterprise.

Operable technical state depends on the quality
and speed of its failures removal that occur during
operation of the equipment [13].

Let us consider the case when a repair shop
does not perform repair at a prescribed time due to
equipment failure [1]. There is a problem of
finding a rational way of restoring its workability.
That is, the repair shop equipment of a depot at the
industrial enterprises needs to be recovered as
quickly as possible and with minimal expenditure
of money [2]. This statement leads us to the follo-
wing problem of vector optimization:

j—)min, (D

where y — is a method of (trajectory, plan) the
equipment repairing; 7(y) — is time expenditure
for the equipment repairing; C(y) — is funds ex-
penditure.

Methodology

We will discuss in more detail the problem (1)
in the case of failure of a stand for armature shaft
inspection of the traction motor (TM) (see Fig. 1).
Function of the stand is to control the armature
shaft of TM for transversal and longitudinal cracks.

Fig. 1. Stand for armature shaft inspection of TM

Stand functionality:

— setting two TM armatures on a stand;

— identification of transversal and longitudinal
cracks of the TM armature shaft;

—mechanical shaft rotation of TM armature on
track roller.

In case of the stand failure the plan concerning
its repair will include several stages (phases):

Y=V Vy5e0V, 1,

where v, — is the set of activities on the i stage;

n — total number of repair stages.
That is, for the stand of armature shaft inspec-
tion of TM sequence y may have the following

form: v, — failure identification and preparation of
equipment for the repair; v, — dismantling; v, —
repair; v, —mounting; vs — testing and launch.

At the each stage there is a plurality of actions
that can be performed:

Vi =AW Wy Wi}

Each of these actions is characterized as
follows: #(w;) — time expenditure under the
implementation w,; c(w;) — funds expenditure
under the implementation w; .

Total time and overhaul cost are determined
depending on the choice of action at each stage of
repair:

=33 t(w,),

i=l w;ey,

=33 cw,).

i=1 w;ey;

The number of options N for repairing
depends on the number of stages and activities at
each stage:

N=]]k.
i=1

where k; — the number of operations on the i stage.

So a problem of the vector optimization (1) as-
sumes the following form:

Y how)

i=1 w; €V

Y em))

i=l w;ey,

—min .
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Solving problem (1) we mean finding such sets
of repair options that each of its elements (a repair
plan y) will be effective so each pair y, and vy,

from this set are not comparable among themselves
[5].

A repair plan vy is called effective, when any
variation of it leads to increase one of the
parameters (e.g. cost) and decrease the other (in
this case, the runtime of repair).

Two sets y, and y, are not comparable, if

there are at least two indexes from (1) such that
one index is better (bigger) in terms of repair vy, ,

and the other is better under v, .

A necessary and sufficient condition for the
repairing plan effectiveness y is described in [1]

and is as follows. If there is any additional value of
the coefficient A at each stage of repair one should
choose measures accordingly to conditions:

Sew)+r Yy, t(w;) = min i=Ln. (2)

e, Wy,

Coefficient A can be interpreted as a kind of
«scales» that determine the importance of this or
that index.

For example, if A =0 condition has the follow-
ing veiw:

2 c(wj)=1<n111? .
<j<k(i)
WJ»EVI-

This means that the company strives to
minimize funds that are spent for repair. Time ex-
penditure is not taken into account.

When A — o condition has the following
form:

t(w;)= min .
w;i I <<k

That is, in this case a priority during the repair-
ing is time of its conducting.

Thus, going over meanings A€[0,0), we

obtain parametric identification of effective repair-
ing plans.
Findings

On the base on the proposed mathematical
apparatus we will consider the following example.

62

Let the stand for armature shaft inspection of
TM is in non-working state. We will divide its
repair plan for five consecutive stages or phases.

(Fig. 2).

(@)-(29(23(09~(e5

Fig. 2. Schematic representation of the phases

The first stage is fault identification and
preparation of the stand for repair. We select three
options for preparing. The second stage is the
dismantling. The next stage is directly repair. It can
be conducted with five different modes, each of
them differ by runtime and expences. The phase of
mounting and debugging are the next. The last stage
is testing and launch. Schematic representation of
the repair trajectory is shown on Fig. 3.

Y

~ W \i/f

)
h

W,

| W.

5 W,

3
Fig. 3. Schematic representation of trajectory

Time and funds expenditures for each option at
each stage are determined with an expert manner.
Obtained data are represented as follows. Matrix
spending funds:

1 5 3 0 O]
7 0 0 O
Cl=| 8 10 4 20 50
17 0 0 0 O
2 5 9 15 0]
Matrix time expenditure:
7 5 3 0 0]
4 2 0 0 0
TI=| 6 4 35 3 25
1.7. 0 0 0 0
|5 3 21 15 0
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In this case the total number of options for the
stand repair is:

S
N=]]k=120.
i=1

View of all options for repairing in space of
functionals is presented in Fig. 4.

wi,” . .
. Ed
@ - k4 & -
4 = “ @
&0 SR . .
&
707
N @
601 . *
& # @ & & ¢
s ¢ &
507 < # s « ¥ - ° o ®
- * 8 N k4 < 8 & &
& @ 8 & & *
40 - B, 0 ® o
8 - < & g -
8 & < R & 8 @ . -
SD_ T T T T T T d
14 15 13 20 2 24

Fig. 4. Dependence of time expenditure for the repair-
ing. Axis OX - time expenditure in hours. Axis SO -
funds expenditure in UAH.

Graphical interpretation of the obtained results
is shown in Fig. 5.

Butpatu

Fig. 5. Best options for repairing

Using the mathematical model described above,
we will find the best options for repairing:

(W, Wy p Wy oW, o Ws 1,30,24.7

L1217 73,17 40

w,

[W 2,1)

Lo Ws s Wy Ws 1,32,20.7

w

[W 2, 2°

Lo W3,1,W4’1,W5,1],35, 18.7

[W1,3’ Wy 5o Wy 5 Wy 1 Wy 1,41, 15.7
[W1,3’ Wy o Wy 5 Wy s WS,Z]’ 44,15.2

[W1,3’ w, w4’1,w5’4], 64,13.2

,2° W3,4’

[W1,3’ Wy s Wy 5 W, s w5’4], 94,12.7
Calculations are performed in the Maple
mathematical package of symbolic computation.

Originality and practical value

The system of major equipment repair of a re-
pair sector has been improved by solving the
problem of vector optimization for rational repair-
ing. In this case, the target functions are the
monetary funds and time for repairing that a sector
spends for repairing of their equipment.

Using the proposed model of rational repairing
will improve the quality of a sector by increasing
the efficiency of primary resources - time and
funds - which a sector spends for repairing of their
technical means.

Conclusions

The proposed model will provide the repair
depot of industrial enterprises to higher levels of its
functioning efficiency and reduce the resource in-
tensity of its operation. Using the proposed method
of the equipment efficient recovery, a repair depot
of the industrial enterprise is able to distribute time
and funds efficiently to carry out restoration works.
This in turn will reallocate the enterprises savings.
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MOJEJIb PAIHIOHAJIBHOI'O BITHOBJIEHHSA TEXHOJIOI'TYHHOI'O
OBJIATHAHHA JEITO ITPOMUCJIOBOI'O IIIAITPUEMCTBA

Meta. OcoOnMBO aKkTyaJbHHM Ha CHOTOJHI € MHUTAaHHS 3a0€3NeYeHHS MaKCHMAJIbHOIO BiJHOBJICHHS pPEcypciB
PYXOMOTO CKJIagy PEMOHTHOTO JIer0 IPOMHMCIOBOTO IANIPUEMCTBA TPH OOMEXKEHOMY pO3XOIi pecypciB, fKi
BUKOPHCTOBYIOTECS B CHUCTEMI. PO3IIISIIalOTECS OCHOBHI YMHHUKH, SIKI BIUIMBAIOTh Ha POOOTY PEMOHTHOTO MiAPO3ITY
MIPOMHUCIIOBOTO TrianmpueMcTBa. Cepell HUX ISl TOJATBIIOTO JTOCTIPKEHHST BUIUISIOTHCS HAOUTBIT BaroMi (hakTopH, sKi
BIUIMBAIOTh Ha SIKICTh POOOTH PEMOHTHOTO JIENIO — CTAH OCHOBHOTO PEMOHTHOTO OOJaaHaHHS IiApo3/iry. Buankae
HEeoOXiZHICTh MiHIMI3yBaTH BIDIMB HE3a[IOBUIFHOTO CTaHy OAHOTO YHHHWKA. MeToamka. 3amponoHOBaHA 3ajada
palliOHATIBHOTO TIPOBENIEHHST PEMOHTY OCHOBHOIO O0JIa/IHAHHS PEMOHTHOIO TiAPO3JUIy B MareMaTUYHOMY IUIAHI
0aszyeTbcsl Ha PO3B’S3aHHI 3amavi BEKTOpHOI onrumizamii. L{imboBrME (QYHKISIME B TaHOMY BHITQAKU TPHAMAIOTHCS
BUTpPATH KOIITIB HA NPOBEAEHHS] PEMOHTHHX POOIT Ta 4ac MPOBE/ICHHS peMOHTY oOyiagHanHs. Pe3yiabTaTH. ABTOpamMn
PO3po0IICHO MaTeMaTHYHy MOJENb ONTUMATFHOTO BiHOBJICHHS IParie3aTHOCTI OCHOBHOTO OOJAIHAHHS PEMOHTHOTO
T pO3/1ily IPOMHUCIIOBOTO MiiNpreMcTBa. Ha npukiiaji onucyeTbesi MoJeNns BUOOPY ONTHMAIBHUX IIUISIXIB POBEJCHHS
pEeMOHTY OONagHaHHA PEMOHTHOTO TMimpo3ainy miampueMcTBa. HaykoBa HOBH3HA. Y pe3yibTaTi MPOBEICHOTO
JIOCTI/DKEHHSI YJIOCKOHAJICHO CHUCTEMY IIPOBEJICHHS PEMOHTY OCHOBHOTO OOJIAHAHHS [MiPO3AUIIB MPOMHCIOBOTO
mignpremMcTBa. B SIKOCTI MaTeMaTHYHOI MOZENi PaIlioHAIBHOTO BiJHOBJIEHHS CHCTEMH PEMOHTY JETO IPOMHUCIIOBOTO
T IPUEMCTBA 3aIPOIIOHOBAHO arapar 3aj1ad Kiacy BeKTopHoi onrtuMizawii. [IpakTuyna 3HaunMicTh. Bukopucranus
3aIPOTIOHOBAHOI MOJIENI CHCTEMH PEMOHTY OCHOBHOIO OOJAIHAHHS PEMOHTHOTO JIETIO MPOMHKCIIOBOTO HiANPHEMCTBA
JIO3BOJIMTD TIABUILMTH SKICTh POOOTH MiAPO3ALTY LIISIXOM 30LIbIIEHHS €(peKTUBHOCTI BUKOPHCTAaHHS OCHOBHHX PECYPCIB
— 9acy Ta KOIITIB, — SIKi TMiPO3iI BUTPAda€e Ha IPOBEICHHSI PEMOHTY CBOTX TEXHIYHHX 3aC00iB.

Kniouosi cnosa: mpoMUCIOBUI TPaHCIIOPT; CUCTEMA PEMOHTY; MaTeMaTHYHE MOJICIIOBAHHS; CHCTEMHHI aHaJi3;
BEKTOpHA ONTHMIi3allis
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MOJEJIb PAIITMOHAJIBHOI'O BOCCTAHOBJIEHUA
TEXHOJIOI'MYECKOI'O OBOPYJ1OBAHMUS JAEITO
ITPOMBIIIVIEHHOTI'O ITPEAITPUATUSA

Heab. OcoOeHHO aKTyaJIbHBIM CETOTHS SABJSETCS BOMPOC OOECHEeUeHHs] MaKCHMaJbHOTO BOCCTAHOBIICHUS
PECYPCOB HOABIDKHOTO COCTaBa PEMOHTHOTO JETO IMPOMBIIUIEHHOTO MPEANPUSATHS TPH OTPAaHHYCHHOM pacxojie
pecypcoB, KOTOpBIE HCIIOJIB3YIOTCSI B CHCTeMe. PaccMOTpeHBI OCHOBHBIE (DAaKTOpBI, BIMSIOIIME Ha pPadoOTy
PEMOHTHOTO OTAENa MPOMBIIIICHHOTo npeanpuarus. Cpead HUX AN JalbHEHIIEro MCCIeOBaHUS BBIICNAIOTCS
HauOosiee 3HauMMble (DaKkTOpbI, BIMSIOLIME Ha KayecTBO pabOThl PEMOHTHOrO JENO — COCTOSHHE OCHOBHOTO
PEMOHTHOTO 000pYAOBaHUS IMojpaszeieHus. Bo3HukaeT He0OXOANMOCTh B MUHUMHU3AIMN BIIMSIHASL HEYIOBJIETBO-
PHUTEJIBHOTO cOCTOSIHMA aaHHOro (akrtopa. Meroauka. ChopMupoBaHHas 33ja4a pPalMOHAILHOTO IPOBEICHUS
PEMOHTa OCHOBHOTO 00OPY/IOBaHUs OT/AENa B MaTeMaTHYECKOM IUIaHe 0a3upyeTcsi Ha PElIeHUH 3aJlauil BEKTOPHOU
ontumu3anyd. LleneBbiMu QYHKIUSME B JAaHHOM CITydae SIBJSIFOTCS 3aTpaThl JCHEKHBIX CPEICTB Ha MPOBEICHUE
PEMOHTHEIX padoT U 3aTpaThl BpeMeHHU. Pe3yibTaThl. ABTOpaMu pa3padoTaHa MaTeMaTHIECKask MOJIENb ONITUMAITb-
HOTO BOCCTAaHOBJICHHSI Pab0TOCIIOCOOHOCTH 000PYIOBaHHMSI PEMOHTHOTO OT/ela TIPOMBIIUIEHHOTO TipeanpusaTui. Ha
MIpUMepe OIMMCAaHa MOJETHh BEIOOpa ONTUMANIBHBIX MyTel MPOBEACHUS PEMOHTa 00OPYIOBaHUS PEMOHTHOTO OTAEa
npennpustui. HayyHas HoBM3HA. B pesynprare MpOBEICHHOTO HCCIIEJOBAHUS YCOBEPIIEHCTBOBAHBI CHCTEMA
MPOBEACHUSI PEMOHTAa OCHOBHOTO OOOPYIOBAaHHUS MOApAa3[eNeHHH NPOMBIIUIEHHOTO Mpeanpustui. B kadecTre
MaTeMaTH4eCKOW MOJIENIN PAllHOHAIIEHOTO BOCCTAHOBJIEHUS CHCTEMBI PEMOHTA JIENIO MIPOMBIIIJIEHHOTO MPEIIPUATHS
Mpe/UIoKEH ammapaT 3ajad Kijacca BeKTOpHOH ontumuszanuu. IIpakTHyeckas 3HaumMocTh. lcmonb3oBaHue
NPEAJIOKEHHOM MOJIENIM CUCTEMbl PEMOHTa OCHOBHOTO OOOpYJOBaHMS PEMOHTHOIO JENO HPOMBIIIJICHHOTO
NPEATIPUSTHSL TIO3BOJIUT MTOBBICUTH Ka4eCTBO palbOTHI OTHElNa IMyTeM yBeIHYeHUs! d(PEKTUBHOCTH HCIOIb30BaHUS
OCHOBHBIX PECYPCOB — BPEMEHH U JACHEKHBIX CPEJCTB, — KOTOPBIE NOApa3eIeHHe TPATUT Ha IPOBEAECHHE PEMOHTA
CBOMX TEXHUYECKHUX CPEJNCTB.

Kniouesvie cnosa: TPOMBINUICHHBI TPaHCIOPT; CHCTEMa pPEMOHTA; MaTEeMAaTHYECKOE MOJIEINPOBAHICE;
CHCTEMHBIN aHaJIH3; BEKTOPHAS ONTHMHU3ALINSL
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OIIPEAEJIEHUE PAIITMOHAJIBHBIX PEKUMOB B3AUMHOI'O
HAT'PYXXEHUSA TATOBBIX IBUTATEJIEN DJIEKTPOIIOABUKHOI'O
COCTABA MATUCTPAJIBHOI'O 1 TIPOMBIIIJIEHHOTI'O
TPAHCIIOPTA

Ieab. CucTeMbl B3aIMHOTO HAarpy Ke€HHsI UCTIOJB3YIOTCS ISl IPOBEICHUS TOCIEPEMOHTHBIX MPHEMO-CIATOUHBIX
UCIIBITAHUN TATOBBIX ABUraTesiel aneKTponogsmxHoro cocrasa (OI1C) MarucTpaabHOTO M MPOMBIIIIEHHOTO TPAHC-
nopra. Llenbio JaHHOTO HCCIIeJ0BaHus SBISIETCSI 000CHOBaHME METO/Ia BBIOOpa PALMOHAIBHBIX [1apaMETPOB B3aUMHO-
TO Harpy>eHHs TATOBBIX JIEKTPUIECKUX JBUTaTesIel IPU UX UCIIBITAaHUU Ha HarpeB. MeToamka. B ocHoBe 000cHOBa-
HUSl TPUHIMIA BBIOOpA palMOHATBHBIX HMAapaMeTPOB B3aMMHOI'O HAarpy’KE€HHS! TATOBBIX JJIEKTPOIBHUTATENEH JIEHKHUT
TEOpHsI HarpeBaHMsl OJHOPOAHOTO TBEPOTO TEJA M U3BECTHBIE METOBI TEIUIOBBIX PACUETOB TATOBBIX 3JIEKTPOMAIIINH.
PesyabTaTnl. OO0CHOBaHA 11€1€CO00Pa3HOCTh MTPOBEACHHUS MCIIBITAaHUH TATOBBIX JIEKTPHUYECKHX JBHUTaTeleil Ha Ha-
TPEB IIPH TOKAaX HArpy3KH, paBHBIX IIyckoBoMy TOKY (furst DI1C mMarucTpanpHOro TpaHCIIOPTa) WM MSITHAALATUMUHYT-
HoMmy ToKy (s OIIC mpombliuieHHOTO TpaHcopra). [loka3aHo, 4TO Takoe yBEIWYEHHE TOKA HArpy3KH MO3BOJHT
CHU3UTH PacXo/ibl 3JIEKTPOoIHepruy Ha ucnbltanust Ha 20-30 % U COKpaTHTh JUTUTEILHOCTD NCTIBITAHUH B TPH—YETHIPE
pasa npu odecrieYeHMn MUHUMYMa NPUBEAECHHON MOIIHOCTH UCTOYHUKOB IIUTAHHS CUCTEMbI B3aUMHOI'O HAaIrPY>KEHUSL.
Hayunas HoBu3Ha. [Ioka3aHo, YTO PHEpPreTHUECKUE 3aTpaThl HAa MPOBEICHNE WCIBITAaHWH TATOBBIX ABUraTesieid Ha
HarpeB MOTYT ObITh CHM)KEHBI KaK 32 CUeT MOBBIIIEHHUS HepreTuyeckoi 3pHEeKTHBHOCTH CUCTEMBI B3aUMHOM Harpys-
KH, TaK ¥ ITyTEM ONTHMH3ALMN PEXUMa Harpy>KeHUs TATOBBIX 3j1eKkTpoMmammH. OOOCHOBaHa METOIMKA BbIOOpa pa-
IHOHAJIBHBIX PEXMMOB B3aUMHOTO HArpy>KEHUs TATOBBIX JBUraTeieil JIeKTPONOBIKHOIO COCTaBa MAarMCTPaIbHOTO
W TIPOMBIIIEHHOT0 TpaHcropTa. IIpakTHyeckasi 3Ha4UMOCTb. [I0BBIIIIEHNE TOKA HATPY3KH TATOBBIX IEKTPHIECKHX
JIBUTaTEJ el NPH UX MCIBITAHUK HA HArpeB MO3BOJIMT CHU3UThH OOILIMI PACcX0J 3JIEKTPOIHEPTUH HA NPOBEJICHHUE MpUe-
MO-CAATOYHbBIX MCHBITAHWH, CHU3UTH BPEMsI NMPOBEICHUS WCIIBITAHMHA M CyMMapHbIE MaTepHaIbHbBIE 3aTpaThl Ha pe-
MOHT TSTOBBIX JIBUTATENEH 3IEKTPONOIBHKHOTO COCTaBa MarkCTPAIbHOTO U MPOMBIIIIIEHHOTO TPAaHCIIOPTA.

Kniouegvie crosa: >neKTpONOABIKHON COCTaB; TATOBBIN IBHIATElNb; B3AUMHOE HArpy)K€HHE; UCTIBITAaHUE Ha Ha-
rpeB; SHepreTudeckast 3pPEeKTUBHOCTh; TOK HArPy3KH; PAllMOHAILHOCTD; TEILUIOBBIE XapaKTEePHUCTHKH

BBenenue CTeHJIc B3aUMHOW Harpy3ku [4] SBISIOTCS Haubo-
Jiee PHEPTOEMKOM 4acThI0 BCEH MPOTrpaMMbl UCIIbI-
TaHUil. DHepreTudecKre 3aTpaThl HA MPOBEICHHE
JaHHOI'0 BHAaA HCIIBITAaHUI MOTyT OLITh CHHIKEHBI
KaK 3a CUeT MOBBIIICHUs YHEPreTHIecKoil ¢ dek-
THBHOCTU CHCTEMBI B3aUMHOM Harpy3KH, TaK U IIy-
TEM ONTUMH3AIMH PEKUMA HATPYKCHUS TATOBBIX
anekTpomMartud [11-13].

CHuxeHue pacxofa 3JIEKTPOIHEPTHMH Ha Mpo-
BEJCHUE MPHEMO-CAATOYHBIX IOCIEPEMOHTHBIX
WCTIBITAHUM TATOBBIX 3JIEKTPOMAIINH SIBIISIETCS
OITHOH M3 aKTyaJIbHBIX MPOOJIEM Ha MPEeaNpHUITHAX
M0 PEMOHTY TSTOBOTO TOJBM)KHOTO COCTaBa Maru-
CTPaJbHOTO M MPOMBIIUIEHHOIO TpaHcmopTa. Mc-
IBITAHUS HAa HAarpeB TATOBBIX JIEKTPOMALIMH Ha
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Ilenpro TaHHOTO HMCCIETOBAHUS — OOOCHOBAHUE
METOAa BhIOOpa paIMOHAJBHBIX MapaMEeTPOB B3a-
UMHOTO Harpy»XeHHUs TATOBBIX AIIEKTPUYECKUX JBH-
rareiei Ipy WX UCTIBITAHUH Ha HATPeB.

MeTtoanka

Pexxum HarpyeHHs TATOBBIX 3JICKTPOMAIINH
TIpU WCTIBITAHWW Ha HAarpeB XapaKTepH3yeTcs Ta-
KMMH TTapaMeTpamMu Kak [3]:

— HanpsKeHHE Ha KOJUIEKTOPE;

— TOK Harpy3Ku;

— K03 PUIMEHT OCIa0IeHUs TOJIS;

— pacxo] OXJIaXJAI0IIETO BO3AyXa.

PaccMoTpuM KaxIIpIii B3 3TUX TTAPAMETPOB C TOY-
KA 3pEHUs BO3MOXXHOCTH WX BIIMSHHUA Ha PaIyo-
HAJIFHOCTh PEXHMa Harpy>Ke€HHs TATOBBIX JIEKTPO-
MaIlliH TIPY WX UCTIBITaHUH. B kKaduecTBe KpUTEpHeB
panroHaIbHOCTH OyIEM pacCMaTpHUBATh:

— MUHUMYM CYMMapHOW IIPUBEJIEHHON MOIIHO-
CTH UCTOYHUKOB HMCIIBITATENBHOTO CTEHA;

— MakCUMyM SHEPreTHYeCKOr I(PPEKTUBHOCTH
MpoIecca NCIIBITAaHMS;

— MaKCHUMYM KaueCTBa UCIBITAHUMN.

Hampspkenue Ha komekrope. [lo TpeboBanusmM
I'OCT 2582-81 [3] ucnibITanms Ha HArPeB TATOBBIX
3JIEKTPOJBUTATENCH HEOOXOIUMO MPOBOAUTH NPHU
HOMHUHAIBHOM Hampspkenuu. I[Ipum sTom uacroTa
BpallleHUs] NCTIBITYEMbIX Ha CTEHJE B3aWMHOW Ha-
TPY3KH TATOBBIX OJJIEKTPOMAIINH OIPEIeNsIeTCs
TOKOM Harpy3kd M HX DJIEKTPOMEXaHHUYECKUMU
XapakTepucTukaMu. [Ipu OTKIIOHEHHH peanbHBIX
MarHATHBIX XapaKTePUCTHK WCIBITYEMBIX OJJIeK-
TPOMAILIMH OT TUIIOBOM MArHUTHOM XapaKTEepUCTH-
KM WX Y9acTOTHI BpalleHUs NpW HOMHHAJIHLHOM Ha-
MPsDKEHUH OYIyT OTIWYATHCS OT 3HAYEHHS, COOT-
BETCTBYIOIIET0 (IO THUIIOBOM 3JIEKTpOMEXaHHYe-
CKOHl XapaKTepHCTHUKE) HOMMHAIBHOMY WJIN 4aco-
BOMY TOKY.

Pe3ynbrarsl ucciaeq0BaHMM, TPOBEAECHHBIX B pa-
6ore [1], moOKa3bIBAIOT, YTO H3MEHEHHUS HCIIbITA-
TENBHOTO HANPSDKEHUS B y3KuX mpenenax (+ 5 %)
HE OKa3bIBAIOT 3aMETHOTO BIUSHHS Ha XapakTep
MPOTEKaHUsI TEIUIOBBIX IIPOIIECCOB B OOMOTKAax
UCTIBITYeMbIX dnekTpoMammuH. (CleqoBaTenbHo,
TIpH TIPOBEICHUH HCITBITAaHUS Ha HarpeB HET HEO0O-
XOJMMOCTH B KECTKOM CTaOMJIM3allMd HCIIBITa-
TEIBHOTO HANpPsDKEHUS Ha YpOBHE HOMMHAJIBHOTO
3Ha4YeHHd. boiee pannoOHANBFHBIM C TOYKH 3PEHUS
YIPaBIsIEMOCTH CHUCTEMBI B3aUMHOTO HATPYKEHHUS

68

OymeT cTaOwimM3amuss YacTOTHI BpAIICHHS SKOPEH
HCHBITYEMBIX JJICKTpOMAIIMH Ha 3HAYCHUH, COOT-
BETCTBYIOIIIEM TOKY Harpy3Kd dJIEKTPOMAIIHHBI 110
€€ THITOBOH 3JIEKTPOMEXaHUUECKOH XapaKTePHCTHKE.

C npyroii CTOpOHBI, OOECIICUCHHE BEITMYUHBI
HaIlpsKECHUA Ha KOJIICKTOPEC, OJIN3KOr0 K HOMH-
HAJBHOMY 3HA4Y€HHIO, TNPU TPOBEJCHUH HCITBITA-
HUSl Ha HATPEeB SIBIIAETCS yCIOBHEM KadeCTBEHHOM
MIPOBEPKH MOTEHIUAIBHBIX YCIOBUN Ha KOJJIEKTO-
pe W YCTOHYMBOCTH MPOTHB IyrooOpa3oBaHUS.
Takum 00pazoMm, UCIBITATENILHOE HANPSOIKEHHE HE
MOYET PacCMaTpHUBATHCS KakK Mapamerp, Bapbupo-
BaHUEM KOTOPOTO MOXXHO BIHSTh Ha pallMOHAIb-
HOCTB PEKUMa UCITBITAaHUSI.

Ilo cytu, TpeboBaHME K HANPSHKEHHUIO Ha KO-
JIEKTOPE HCHOBITYEMOW TATOBOM 3JIEKTPOMAIIUHBI
SBIISIETCS OTpaHUYCHHEM B 3ajlade BHIOOpa parmo-
HAJBHOTO peXXMMa HarpYKEHHS.

Koaddumuent ocnabnenus mons. Kak mo tpe-
ooBanmam ['OCT 2582-81, Tak ¥ C TOUKH 3pEHHS
obOecrnieueHus1 KayecTBa UCIBITAHUI Ha HarpeB Ko-
s punmenT ocnabiaeHUs TONSA TPH MPOBEIACHUH
JTAHHOTO HMCIIBITAHUS JTOJKCH OBITh PABHBIM HOMH-
HAJBHOMY 3HaueHUI0. [Ipu BEINOIHEHNN TTPOBEPKU
KOMMYTAITUu  KO(PPUITMEHT OCIIaOeHHus] OIS
JOJIDKCH OLITH IIPUHAT MHUHHUMAJIbHBIM, YTO O6y-
CJIOBJICHO TPeOOBaHMSIMH K Ka4eCTBY JAaHHOH IMPoO-
Bepku [3, 10].

TpeOoBanue K 3HAUCHHIO KO3(QHIIMEHTA OC-
na0ieHus NoJjsl, Kak U TPeOOBaHHUE K HCIIBITATCIIh-
HOMY HAIpPSHKCHUIO, SBISICTCS OTPAaHUYCHUEM B 3a-
Jlade BHIOOpA PAIlOHATIBHOTO PEKUMA Harpy KeHHsL.

Pacxon  oxnaxparomero — Bosgyxa.  Kak
I'OCT 2582-81 [3], Tak u mpaBujia peMOHTa TATO-
BBIX 3yekTpomammuH [10] momyckaroT mpu coria-
COBaHWH C 3aKa3YMKOM IPOBECHUE HCITBITAHUH Ha
HarpeB MpU pacxolle OXJaKAAIOUIEr0 BO3AyXa,
MeHbIIIEM HOMHHAJIHHOTO, B TOM 4YHCIIe, U Oe3 BeH-
THIIALUH. HpI/I 9TOM OJKBHBAJICHTHBIC 3HAYCHUA
TOKa HArpy3KH HCIBITYEMBIX JJICKTPOMAIIMH yC-
TaHABJIMBAIOTCS MEHBIIIE YaCOBOT'O U JUTHTEIHHOTO
TOKOB. JTO OOYCIIOBICHO HAarpeBaHMEM dYacTei
HCHBITyeMOﬁ QJICKTpOMAIWHBI 3a OAWH YacC BpEC-
MEHH HCIBITaHUS J0 3HAYCHUH TPEBBIMICHUS TEM-
MepaTypbl, COOTBETCTBYIOMIMX JTaHHOMY TIPEBBI-
IICHUIO B HOMUHAJIBHOM pekuMe [6].

OkoHoMuueckHi 3)(EKT 0T BHEAPEHHUST TAKOTO
METOJ]a WCIBITAHNS Ha HarpeB 0OO0YCIIaBIMBaeTCS
SKOHOMHMEHN 3JIEKTPOIHEPruH, pacxollyeMod Ha
BEHTWISILIMIO M OTCYTCTBHEM HEOOXOAWMOCTH Ha-
WYY BEHTHJISIMOHHOW CHCTEMBI Ha UCIIBITA-
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TesnpHOU cTaHuuu. Cienyer OTMETHTh, YTO HCIIBI-
TaHUe Ha HarpeB 0e3 BEHTHWISAIUH €Ile U MOBbIIIa-
€T JHEepPreTHYecKylo 3(P(GEeKTHBHOCTh HAarpeBaHUS
00OMOTOK 3JEKTPOMAIIHMH 33 CUET CHIDKEHHS dHEp-
TUH TeTuIooTnaqu [2].

CylecTBeHHBIM HEJOCTATKOM HCIIBITaHUS Ha
HarpeB 0e€3 BEHTWIALMHU SBISIETCS OTCYTCTBHUE
MpoBepku A(PGEKTHBHOCTH OXJIAKIACHUS YacTel
3JIEKTPOMAIIINHBI, KOTOpasi ONpeAemsieTcs MOIIHO-
CTBIO TeruiooTHaud. IIpu TakoM MeTone HCIbITa-
HUSI MaJloe BJIMSTHUE Ha XapakTep TEIUI0OOMEHHBIX
MIPOIIECCOB OKAa3bIBAIOT TEIIOBBIE COMPOTHBIICHUS
KOHBEKTUBHOW W KOHIYKTUBHOW TEMJIOOTIAauH,
a TaKKe a’pOIMHAMUYECKOE CONPOTUBIICHUE DIICK-
TpoMamuHH [5, 9]. Bce 3TO MpUBOAWUT K CHUXKe-
HUIO KauecTBa UCITBITAHUN Ha HAarpes.

Fume omHUM CyIIECTBEHHBIM HEJOCTaTKOM HC-
IBITAHUS Ha HarpeB 0e3 BeHTWIALUY, CHHKAIOIIM
Ka4eCTBO HCIIBITAHHS, SBIsieTCss paboTa HCIBITYe-
MBIX DJIEKTPOMAIIWH MPU SKBUBAICHTHBIX TOKaX,
3HAYUTEJIIFHO MEHBIIMX YaCOBOTO M UIUTEIHHOTO
TOKa 3nexkTpomamuHel. [lpyn Takux ycnoBusx Ha-
TpyXKEHHs CHUKAETCS KaueCTBO MPOBEPKH YCTOM-
YMBOCTU MPOTHUB OYrooOpa3oBaHUsl B TE€UYECHHE HC-
IBITaHUS Ha HarpeB. HecMoTps Ha To, 4TO LIEJBIO
WCIBITAHUM Ha HarpeB SBIAETCS OIpeaesIeHue
MPEBBILICHUS] TEMIIEPaTypbl YacTeil TATOBOW 3IIeK-
TPOMAIIMHBI, ONpEJeSICHHAs 4YacThb CilydaeB Opa-
KOBKHM TSTOBBIX JBUTATENEN CBs3aHa Kak pa3 ¢ Mo-
SBJICHHEM KPYTOBOT'O OTHS BO BpeMsl JaHHOTO HC-
MIBITAHHUS.

B03MOXHBIM  NPEeUMYILIECTBOM  IIPOBEACHUS
UCTIBITAaHUS Ha HarpeB 0e3 BEHTHJISILAW MOTJIa OB
ObITh MeHbIIAs NPHUBEICHHAS CyMMapHas MOII-
HOCTh UCTOYHHUKOB MCHBITaTEIRHOTO cTeHaa [7, 8],
Ho ['OCTowm 2582-81 [3] nmpexycMoTpeHa IpoBep-
Ka KOMMYTAaIUH, JJIs KOTOPOH TpebyeTcsi BOZMOXK-
HOCTh YCTAQHOBJICHUS! TOKa HArpy3KH HarpeThIX
3JIEKTPOMAIIIVH, PaBHBIM ITyCKOBOMY TOKy. Ciieno-
BaTeNIbHO, B JAWAla30HE M3MEHEHHs OT HyJsS J0
MyCKOBOI'O 3HAYCHMS BEIMYMHA TOKA HArpysKH,
BbIOMpaeMasl AJIs1 MPOBEACHUS] MCIBITAHWUSA Ha Ha-
IpPEB, HAa BEIMYMHY CyYMMapHOH IPUBEICHHOU
MOIIHOCTH HCTOYHHMKOB HCIIBITATEIFHOIO CTEHAA
HE BIIHSICT.

Tok Harpysku. Ilo TpeboBanusam 'OCT 2582-81
[3] Tox Harpy3ku 3J€KTpOMAIlUH IpPH UCHBITAHUH
Ha HarpeB OJDKEH OBITh MPUHSAT PaBHBIM 4acOBO-
My 3HaueHmio. [Ipum stom m ['OCT 2582-81 [3],
Y TIpaBHJIa PEMOHTA TATOBBIX 3neKTpoMamH [10]
JOITyCKAIOT TMPOBEICHNUE HCIBITAHUS NPU KBHBA-

JICHTHBIX TOKAaX, NAIONIMX MPEBBIMIEHUS TeMIlepa-
Typ OOMOTOK 3JIEKTPOMAIIMH, COOTBETCTBYIOIINX
JUIUTENBHOMY pexXuMy [6].

OmHuM 13 KPUTEPHUEB BHIOOpa pamBoOHAILHOTO
peXrMa Harpy>KeHHsI TATOBBIX 3JIEKTPOMAIINH TPH
WX UCTIBITAHUU HA HATPEB SBJSCTCS MaKCUMYM KO-
3G QUIMCHTa SHEPreTHYECKON IPPEKTUBHOCTH
MpoIrecca HarpeBaHhus OOMOTOK 3IIEKTPOMAIIIHH.
Kak mokazanu pe3ynpTaThl TpeABapUTENHHBIX HC-
cienoBaHui [2], BeIMYMHA TOKa HArpy3KH CyIIe-
CTBCHHO BJHSET Ha DHEPreTndeckyro 3ddexTus-
HOCTh WCTBITAHWA Ha HarpeB W OOUIMI pacxon
ANIEKTPOSHEPTHH HA JaHHOe ucnbiTanue. [Ipose-
JIEM aHAJIU3 BBIPAKCHUS IS KO PUIIMESHTA dHEP-
TeTHIECKOW 3P (GEKTHBHOCTH TpoIecca HarpeBa-
HUSL kg, , OTIPEICISIIOIIErO OOMIMiT PacXOX JIIeK-

TPOIHEPTHH Ha UCTIBITAaHUA [2].

k T, (tl +OL(‘COOII —rlTs)) ’

(1

abH =

rae I, — DKBHMBaJeHTHas IIOCTOSHHAs BPEMEHH
HarpeBaHus; T, — IPEBBIILICHUE TEMIEPATyphl 00-
MOTKH B KOHIIE MCIIBITaHUS; T, — yCTAHOBUBILEECS

IMMPEBBIIICHUC TEMIICPATYPhI; t — BpEMd HUCHbITA-

1
HUS HA HAarpeB; O — TeMIIepaTypHbIA Ko3ddumn-
€HT CONPOTHBIICHUSI.

Bpewmst mpoBeieHNs UCTIBITAHUI HA HArpeB OIl-
penensiercs Gopmyioii [6]

{ =T, In—=2—. )
T, —T

o0 1

3HaueHue IPEBBINICHUA TEMIIEPATYPhI T, B CO-

orBercTBUU ¢ ['OCT 2582-81 [3] mpurmMMaeTcs
paBHBIM MaKCHMAJIbHO JOIMYCTUMOMY 3HAYEHHIO,
COOTBETCTBYIOIIIEMY KIIACCy HArpeBOCTOMKOCTH
M30JIALIMM M YacTH JJIEKTPUYECKOM MallIlHbI
(sixopp, momtoca). s GONBIIMHCTBA TUIIOB TATO-
BBIX DJIEKTPOMAIINH JUMHTHPYIOLIEH 10 HArpeBy
ABIseTCS OOMOTKa siKops [9], mosToMy B naib-
HelmeM OyneM paccMaTpuBaTh MPEBHILICHHE TEM-
nepaTypbl UMEHHO 3TOW 00MOTKU. OOIIUN MOAX0T
K BBIOOPY PpaIllMOHAIBHOTO PEXHMMa HArpyKEHUS
TATOBBIX JIBUTATEJIeH, IS KOTOPBIX ITUMHUTHPYIO-
IIUMHU SBJISIIOTCS. OOMOTKM BO30YXIeHHs, OyJeTr
AQHAJIOTUYHBIM.

B dopmyme (1) mapameTpaMu, OmpeaessrOIIN-
MU KpUTEpUH DSHEPreTHYECKOW IPPEKTUBHOCTH

K ypy » SIBISIOTCSL 3HAYCHUS T, U T,. DKBHBAJICHT-
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Hasd MOCTOSIHHAsI BPpEMCHU T3 JJIA TATOBBIX IBUTIa-

TeJIell 3JIEKTPOBO30B M TATOBBIX arperaroB MOXKET
NPUHUMATHCSI IOCTOSIHHON M HE3aBUCHMOM OT TOKa
Harpy3ku. A yCTaHOBHBILEECS TPEBBIIIEHUE TEM-
nepaTypsl T, SBIseTcS QYHKIHEW TOKa Harpy3KH,
KOTOPYIO MOXHO CUUTAaTh M3BECTHOM IJI KaXIOTO
Tuna TAroBoro asurarens [5]. Xapakrtep Takoit
3aBUCUMOCTH MIPUBEJCH HA puC. 1.

T

s s}

T, =const

|
l
[
l
l
I
l
l

1 1

oo

Puc. 1. Xapaxrep 3aBucumoctu t, (1)
Fig. 1. Type of the dependence t_ (1)

W3 anammza dopmyn (1) u (2) MOXKHO chenaTth
BBIBOJI, UYTO TIPU TOKE HArpy3ku [, JUisi KOTOPOTO

1, (I)<t,, Bpems HCTBITAHUS { CTPEMUTBCS

K OeckoHeuHOCTH, a KO03((UIMEHT sHepreTHye-
CKOI 9 ()EKTUBHOCTH kg, PABEH HYJIIO.

Venosue 1, (1) < T, COOTBETCTBYET HEPABEHCTBY
1<,

rae [, — JUIMTENbHBIA TOK TATOBOTO BIIEKTPOJIBH-
rarens (puc. 1).
Torna OyneT UMeTh MECTO BBIPDKCHHE

t, >0, ky, =0 mpu I <[, .

IIpu pocre TOKa Harpy3ku [ W COOTBETCTBYIO-
IIEM pOCTE IMPEBBIIEHUs TEMIIEPATYphl T, BpeMs

UCIBITAaHUS f, YMEHBIIAeTCs, a KO3 GHUIUEHT 3Hep-
TeTHYECKOH dPPEKTUBHOCTH Ky, YBEITUINBACTCS.
[Ipu crpemnennn 3Hayenud [ um T, K Oecko-

HEYHOCTH BPEMS HCHBITAaHHUS ! CTPEMHUTHCA K HY-
0, a KOdPPUITUEHT dHEPTeTHIECKON A HEeKTHB-
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HocTH k. — K enunuue. Ilpsamas anans k,,, =1

SIBISETCSI  aCUMIITOTOM

ke (1)

el

UL XapaKTEePUCTUKU

limz =0; limk,, =1.

I—o I—mw
Xapakrepbl 3aBHCUMOCTEH kg, (1) wu ¢t (1)
rpaduyuecKu MpecTaBIeHbl Ha puc. 2.

t

pu T

Puc. 2. Xapakrepst 3aBucumocreii k(1) u ¢ (1)
Fig. 2. Types of the dependences &, (1) and 7 (1)

JpyruM KpuTepHeM palMOHATEHOCTA PEKAMA
Harpy’>k€Hus sBIIICTCSI MUHUMYM CYMMAapHOH NpH-
BEJCHHOM MOIITHOCTH MCTOYHHMKA HCIBITATEIHLHOIO
CTeHJa. DTOT XKe KPUTEPHUl TOJDKEH OBITh HMCIONb-
30BaH IIPH BEIOOpE pariOHANBHBIX CXEM Harpyke-
HUS UCTIBITYEMBIX 3JekTpoMaiiH. Haubosee mene-
CcO000pa3HBIM C TOYKH 3PEHUS MUHUMyMa CyMMap-
HOM MPUBEJEHHOW MOIIIHOCTH UCTOYHUKOB HCIIbITA-
TEJILHOIO CTEHJIAa SIBJIAETCS KCIIOJIb30BaHUE OJIHOIO
vctoyHuka. [Ipu UCmonbp30BaHUK OJTHOTO MCTOYHU-
Ka PacX0oXKJIeHHE MarHUTHBIX XapaKTEPUCTHK HCITbI-
TyeMBIX SHCKTpOMaHII/IH Ha BeJ]I/I‘-II/IHy MaKCHUMaJib-
HOM MPUBEACHHON MOIIHOCTH HCTOYHHKA HE BIIUS-
er. Torma MakcuMmarbHas TpUBENIEHHAS MOIIHOCTh
HMCTOYHHKA UCIIBITATEILHOIO CTEH 1A

Zﬁf%(l—n),

race M — K. II. . KICHBITYEMBIX JJICKTPOMAIlHH.

3)

K. 0. 1. ucnpITyeMbIX 3J€KTPOMAIINH SBIISETCS
(GyHKUMEeH TOKa Harpy3ku M MakKCUMalleH [yis
OOJIBIIMHCTBA TATOBBIX JBUTATENeH B TOUYKE, COOT-
BETCTBYIOILEH JUINTENBHOMY pexuMy [5, 9]. Kaue-
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ctBeHHo xapaktepuctuka m(/) mpuBeneHa Ha
puc. 3. Ha 3ToM e pucyHKe KadeCTBEHHO I10Ka3aH
XapakTep 3aBUCHMOCTH Zﬁ“ (1), xoTophlit cOOT-

BETCTBYET BhIpakeHHIO (3).

ny.p,

n max

n

D,

Z .‘, 4 umin

{ I

o0

Puc. 3. Xapakreps! 3aBucumocteit n(7) u Y p, (1)

Fig. 3. Types of the dependences n(7) and >’ p, (1)

Pe3yabTatsl

W3 puc. 3 BUIHO, YTO 3aBHCHMOCTb Zﬁn (1)
Ha  MHTepBaJe Harpysku

Ile [10o ; oo) — MOHOTOHHO Bo3pacratomas. To ecrs,

HU3MCHCHUA TOKa

YBEJIMYECHUE TOKAa HAarpy3ku [ IIpU HCIIBITAHUU
BEJIET K BO3PACTAHUIO Zﬁ" .

Ha puc. 4 Ha onHOM KOOpAMHATHON IIIOCKOCTH
Ka4eCTBCHHO IIOKa3aHbl 3aBUCHUMOCTH JBYX IIOKa-
3aTesieil PalMOHAIBHOCTH PEKUMA HCIIBITaHUS,

kypy 1 Zﬁ“ , OT Toka Harpy3ku [ . VI3 rpadukoB

(puc. 4) BUAHO, YTO B IMANa30HE M3MEHEHMS TOKa
Harpysku [ e[[w; oo) yIy4llleHHe OJHOTO U3 TO-

KazaTeieil MPHBOOUT K YXYALICHHIO JIPYroro.
VMeHbILICHHE TPUBEICHHON MOIIHOCTH UCTOYHHKA
HPUBOJUT K YMEHBIICHUIO DHEPreTHYeCKOn 3¢-
(EeKTHBHOCTH B HA00OPOT.

MUHHMMAIBEHO JIOIYCTHMBIM 3HAUYCHHUEM IPUBE-

JIEHHOH MOIIHOCTH SIBIISIETCA Zf)n (]HYCK). Oto

00yci0BIeHO HEOOX0AUMOCTBIO TPOBEPKU KOMMY-
TalUK TPU ITyCKOBOM ToKe. Takum oOpaszoM, 1aua-
Na30H U3MEHEHUs ToKa [, B KOTOPOM CJIEAYET HC-
KaTh pPAIlMOHAIBLHOE €ro 3HaueHHe, MOXKET ObITh
HpE/CTaBJICH B BHIC

le[l.;»).

IycK ?

> b,

k-nu
g1l 1

k

gt

i

D P
D> P

Puc. 4. Onpenenenne paMoHAIBHOTO TOKA HATPY3KH

Fig. 4. Determination of rational load current

AHanu3 3aBUCUMOCTEH kg, (1), monyuenubix

JUTSL peabHBIX THUIIOB TSATOBBIX AJIEKTPOIBUTATENEH
[2], moka3pIBaeT, UTO yBEIUYEHUE TOKA HATPY3KH
OT YacoBOTO /0 IyCKOBOTO 3HAuU€HWs NPUBOIUT
K IOBBILICHUIO Kk, TpuOIu3uTensHO B 1,5 pasa.

Bpemsi mpoBeneHusT MCHBITAaHHWS Ha HAarpeB IpH
IyCKOBOM TOKE Harpy3KH YMEHBIIAETCS IOYTH
B TPH pa3a B CPAaBHEHUHU C YACOBBIM PEXHMOM.
JanbHeliiee NOBBIIICHWE TOKA HAarpys3KH, Ha-
npumMep, 10 2/, , IPUBOAUT K HE3HAUUTEIbHOMY

pocty Kk, ¥ CYLICCTBCHHOMY YBEIMYCHHUIO

Zﬁn . C maHHOM TOYKM 3peHus! HauboJee panuo-

HaJILHBIM OyJIeT 3HAUYeHHE TOKa HArpy3Kd IpH HC-
MIBITAHUH Ha HAarpeB, paBHOE ITyCKOBOMY TOKY

I pan =1 TycK *

[Ipu ucnblTaHWM Ha HAarpeB TATOBBIX JABHIaTe-
JIel 3JIEKTPOINOIBH)KHOTO COCTaBa IPOMBIIUIEHHO-
ro TpaHcmopTa (TATOBBIX arperaToB) Haumbolee
pauroOHaNbHEIM OyZeT 3HaueHHe TOKa Harpys3Ku,
COOTBETCTBYIOIIEE ISITHAALATUMUHYTHOMY PEXU-
My, KOTOPBIH JUIsl JAaHHOTO THUIIA TATOBBIX JBUTATe-
JIeH ABIIAETCS THIIOBBIM NapaMeTPOM

L =1s-

Hayuynasi HOBU3HA M IpaKTHYecKast
LIEHHOCTh

[lokazaHo, 4TO BHEpPreTHMYecKHe 3aTpaThl Ha
NPOBE/ICHHE WCIIBITAHUH TATOBBIX JBUraTesieil Ha
HarpeB MOTYT OBITH CHIDKCHBI KaK 3a CUeT IOBBI-
HICHUS] SHEPreTUIECKOW dPPEKTUBHOCTH CUCTEMBI
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B3aMMHOM Harpy3k, TaK M IIyTEM ONTHMHU3alluU
peXrMa HarpyXeHHs TATOBBIX JJIEKTPOMAIIIHH.
ObocHOBaHa MeTOAMKAa BBIOOpa pPalMOHATBHBIX
PEKMMOB B3aMHOTO Harpy>K€HHs TATOBBIX JIBUTA-
TeJNeH DIEKTPONOJABIKHOTO COCTaBa MAruCTpallb-
HOT'O U IPOMBIIINIEHHOTO TPAHCIIOPTA.

[loBBIIEHNE TOKA HArPY3KU TATOBBIX JJIEKTPHU-
YECKUX ABHUraTelled NPU UX UCIBITAHUY Ha HarpeB
MO3BOJIUT CHU3UTH OOLIMH PacxoXl 3JIEKTPOIHEp-
TUM Ha NPOBEJEHHE NPUEMO-CIATOYHBIX HCIIBITA-
HUH, CHH3WUTH BpeMs MPOBEIACHHUSA HCIBITAHUN
U CyMMapHbIe MaTepualbHble 3aTPaThl HA PEMOHT
TATOBBIX JBUTATEJIEH 3JIEKTPONOIBUAKHOIO COCTaBa
MarucTpagbHOrO U MPOMBIIIJIEHHOTO TPAHCTIOPTA.

BriBoabI

Haunbonee uenecooOpa3HbIM SIBISIETCSl MPOBE-
JCHUE WUCIBITAHUI TATOBBIX 3JIEKTPUUYECKUX JBHU-
ratenell Ha HarpeB IIPU TOKaxX Harpy3KH, PaBHBIX
myckoBoMy Toky (miast OIIC wmarmctpanbHOTO
TPaHCIOpPTa), WM MSATHAALUATHMUHYTHOMY TOKY
(s OIIC mpombiuieHHOTO TpaHcmopTa). Hc-
[0JIb30BaHNE TAKUX TOKOB Harpy3KH TATOBBIX [IBU-
raTesieil MO3BOJIUT CHU3UTh PACXOJBI AIEKTPOIHED-
ruM Ha ux ucnbsiTanud Ha 20-30 % u cokpaTtuTh
JUINTENIbHOCTh HCIIBITAHUH B TPU — 4YETHIPE pasza
mpu 00ecreueHnd MUHUMYyMa TMPUBEACHHON MOIII-
HOCTU MCTOYHMKOB IHUTAaHUS CHUCTEMBI B3aMMHOTO
Harpy KeHusl.
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BU3HAYEHHSA PAIIIOHAJIBHUX PEKUMIB B3AEMHOI'O
HABAHTAXEHHA TATI'OBUX IBUI'YHIB EJIEKTPOPYXOMOI'O
CKIUVIAQY MATICTPAJIBHOI'O TA ITPOMUCJIOBOI'O TPAHCIHIOPTY

Mera. CucremMn B3a€MHOTO HaBaHTA)KEHHSI BUKOPHUCTOBYIOThCS JUISl TIPOBEJCHHS MICIIPEMOHTHUX NPHHMAaIbHO-
3[aBaJbHIX BUIPOOYBAaHb TATOBUX ABHTYHIB elekTpopyxomoro ckiany (EPC) maricTpaasHOTO Ta MPOMHUCIOBOTO Tpa-
HCOpTy. MeTor AaHOro JOCIIKCHHS € OOIPYHTYBaHHsS METOLy BHOOPY palliOHAIBHHX IMapaMeTpiB B3a€EMHOIO
HABaHTAXKCHHS TATOBHX ENEKTPUYHHUX ABHUTYHIB TPH iX BHIpoOyBaHHI Ha HarpiB. Mertoauka. B ocHOBI oOrpyHTY-
BaHHs NPUHLHUIY BHOOpPY PalliOHAIBHHUX MapaMeTPIB B3a€EMHOI'0 HABAHTAKCHHS TATOBHX €JICKTPOJBUIYHIB JICKUThH
TeOopis HarpiBaHHS OJHOPITHOTO TBEPAOTO Tila Ta BiIOMI METOIM TEIUIOBUX PO3PAaXYHKIB TATOBHUX EJIEKTPOMAIIHH.
PesynbTaT. OOrpyHTOBaHO JOLUIBHICTH MPOBEICHHST BUNPOOYBaHb TSATOBUX EIEKTPUYHHUX JBUI'YHIB HA HAarpiB Mpu
CTpyMaxX HaBaHT)XEHHSA, PIBHUX ITyckoBoMy cTtpymy (mmst EPC wmarictpambHOTO TpaHCTIOpPTY) abo ITSITHAIISTH-
xumHHOMY (Uit EPC npomucnoBoro Tpancnopry). [lokazano, 1o Take 301IbIIEHHS! CTPYMY HaBaHTa)KEHHS JI03BO-
JMTh 3HU3UTH BUTPATH eleKTpoeHeprii Ha BunpoOyBanHs Ha 20-30 % i CKOPOTUTH TPUBATICTH BUIIPOOYBaHb y TPU—
YOTUPH pa3u MpH 3a0e3neyeHHi MiHIMyMy TPHUBENIEHOT MMOTYXKHOCTI JDKEpPEN KUBJICHHS! CUCTEMH B3a€MHOTO HaBaHTa-
eHHs. HaykoBa HoBu3Ha. [TokaszaHo, 1110 eHEpreTHYHI BUTPATH HA MPOBEICHHS BUIIPOOYBaHb TATOBUX JBHI'YHIB Ha
HarpiB MOXYTb OYyTH 3HIDKCHI SIK 32 paxyHOK MiJBUILIEHHS EHEepPreTHYHOi e(EeKTHBHOCTI CHUCTEMH B3aEMHOIO
HaBaHTa)KeHHsI, TaK 1 IUISIXOM ONTHMI3alil pexnMy HaBaHTXKEHHS TATOBUX ellekTpoMarrH. OOrpyHTOBaHAa METOAMKA
BHOOPY paIlioHAJTBHUX PEKMUMIB B3aEMHOTO HAaBAaHTA)KEHHS TATOBUX JIBUTYHIB €JIEKTPOPYXOMOTO CKJIaay MaricTpab-
HOT'O Ta MPOMHCIIOBOTO TpaHcropty. IIpakTnyHa 3HaYnMicTh. [linBUIIEHHS CTPYMy HaBaHTa)KEHHS TSATOBUX €JIEK-
TPUYHUX BUTYHIB IPH iX BUIPOOYBaHHI HA HArpiB O3BOJINTH 3HU3HUTH 3aTAbHY BUTPATy €JIEKTPOCHEPTii Ha MpoBe-
JICHHS [IPUHMaJIbHO-3/1aBAIbHUX BUIIPOOYBaHb, 3HU3UTH Yac IIPOBE/ICHHS BUIIPOOYBaHb 1 CyMapHi MartepiaibHi BUTpa-
TH Ha PEMOHT TATOBHUX JBUTYHIB €IEKTPOPYXOMOI'0O CKJIaay MariCTpajabHOTO Ta HPOMHUCIOBOI'O TPAHCIIOPTY.

Kniouosi crosa: enexTpopyXxoMuil CKiIaj; TSATOBUI IBUI'YH; B3a€MHE HaBaHTaKEHHS; BUNPOOYBaHHS Ha Harpis;
eHepreTnvHa e(eKTUBHICTh; CTPYM HABaHTAKEHHS, PalliOHAJBHICTh; TETJIOBI XapaKTePUCTUKU

A. M. AFANASOV!”

"Dep. «Electric Rolling Stock of Railways», Dnipropetrovsk National University of Railway Transport named after
Academician V. Lazaryan, Lazaryan St., 2, Dnipropetrovsk, Ukraine, 49010, tel. +38 (056) 373 15 31, e-mail afanasof@ukr.net,
ORCID 0000-0003-4609-2361

RATIONAL MODES DETERMINATION OF TRACTION MOTORS
LOADING-BACK FOR ELECTRIC ROLLING STOCK IN MAINLINE
AND INDUSTRIAL TRANSPORT

Purpose. Loading-back systems are used for post-maintenance acceptance tests of electric traction motors of elec-
tric rolling stock (ERS) in mainline and industrial transport. The aim of the research is justification of choice method of
the rational loading-back parameters of traction electric motors during the tests for heating. Methodology. At the heart
of the choice method justification of the rational loading-back parameters is a theory of heating the homogeneous solid
body and well-known methods of heating calculations of traction electric machines. Findings. Expediency of heating
tests for electric traction motors at load currents equal to the starting current (for ERS of mainline transport) or fifteen
minutes current (for ERS of industrial transport) was substantiated. It was shown that this increase of load current will
reduce the electricity costs of the tests for 20-30% and shorten the tests duration for three—four times while ensuring
the corrected power minimum of energy sources in loading-back system. Originality. It is shown that the energy costs
for heating tests of the traction motors can be reduced by both the increasing the energy efficiency of the loading-back
system and by the optimizing of loading mode of traction electric machines. Choice technique of rational modes
of loading-back for electric traction motors of rolling stock in mainline and industrial transport was grounded.
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Practical value. Load current increase of traction electric motors during their tests for heating will reduce the total
electricity consumption for the acceptance tests, reduce test time and total material costs for repair of the electric trac-
tion motors of rolling stock in mainline and industrial transport.

Keywords: electric rolling stock; traction motor; loading-back; test for heating; energy efficiency; load current;
rationality; thermal characteristics
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CYUYACHI HIJIXOH 3 TEXHIYHOI'O OBCJIYTOBYBAHHSI
TA PEMOHTY OBJAJTHAHHSA TATOBUX NIJICTAHIIN
EJJEKTPU®IKOBAHUX 3AJI3HUIIb HA OCHOBI SMART-
TEXHOJIOT'TH

Mera. Ha erami MozepHi3aiii Ta peKOHCTPYKIIi enekTprdikoBaHUX 3ai3HUIL YKpalHM HEOOXIJHO BpaxyBaTH
piBeHb IHHOBAIIITHOTO PO3BUTKY BCiX CYyO’€KTiB €NEKTPONOCTaYaHHS HAa OCHOBI IEPEOBHX TEXHOJNOTIH. Y poboTi
MOTPIOHO BU3HAYNTH IUISIXH MIIBUIIEHHS HaAIHHOCT] eJIEKTPOIOCTaYaHHs eJIeKTPH(DIKOBAaHNUX 3aJTI3HUIb Ta 3HWKEHHS
aBapiifHOCTI CHJIOBOrO ycrarkyBaHHS TsaroBux mifctanmiii (TII). Meroauka. s TOCATHEHHS TOCTaBICHOI METH
MIPOBEJICHO AOCIIHKEHHS CBITOBOTO OCBiMY 3 NUTaHb SKICHOTO BHUPIIICHHS MPOOJIEM eNeKTPONIOCTaYaHHs 3aTi3HUIb
Ha ocHOBI ieosnorii Smart Grid. [TpoBeneHo pocmiKeHHs: OCHOBHUX METO/IIB TEXHIYHOTO 0OCIYTOBYBaHHS i pEMOHTY
(TO Ta P) i miarHoctyBanns mpuctpoiB TII enexrpudikoBaHux 3anizHuib. Pe3yabTaTu. Y pe3ynbrari JOCITIIHKEHHS
BCTaHOBJICHO, II0 B OCHOBI HOBHUX MeToniB TO Ta P nexxuth aHaii3 pu3HKiB €KCILTyaTallii cTaporo ycTarkyBaHHS abo
YCTaTKyBaHHS 3 IEBHUMH JedekTamu (0OCIyroByBaHHsI yCTaTKyBaHHS 3a (DAaKTWYHMM TEXHIYHHUM CTaHOM). Takox
BCT@HOBJICHO, 1110 KOHIENITYaJIbHI Bu3Ha4eHHs1 Smart Grid BKa3yroTh Ha BaKJIMBY POJIb IHTEIEKTYaJbHOI MEPEXI B T€X-
HOJIOTTYHOMY ¥ €KOHOMIYHOMY PO3BHUTKY CHCTEMH €JIEKTPOIIOCTavaHHs. 3HAUHUHA CBITOBUIT HOCBiA 3acTocyBaHHSI TO
i P 3a QakTHYHMM TEXHIYHMM CTaHOM IIOKa3y€ HACTYIHY y3araJlbHEHy OLIHKY €()eKTHBHOCTI JaHOTO METOIY:
3HIDKCHHS BHTpAaT Ha oOCIyroByBaHHSI Ha 75 %; 3HMKEHHs KUIBKOCTI oOcimyroByBaHb Ha 50 %; 3HIKEHHS 4HCla
BimmoB Ha 70 % 3a mepmmii pik pobotr. HaykoBa HoBH3HA. B pe3ynbTati JOCTIIHKEHHS Ta YIOCKOHAICHHS CHCTEMH
TO i1 P tsiroBux mifcTaHmiid, aBTOPOM 3alpOIIOHOBAHO KOHILIETIIIO iHTenekTyansHoi cuctemu TO i P, MoniTOpuHTY Ta
niarHocTyBaHHs o0aqHanus TI1. BusHaueHO OCHOBHI CKJIAIOBI Ii€l CHCTEMH. 3alpONOHOBAHO CKCILTyaTalliiiHe 00-
ciyroByBaHHs yctatkyBaHHsS TII 3a akTHYHHM TEXHIYHMM CTAHOM i3 MOMIIMBICTIO OLIBII SIKICHOTO BUKOPHUCTaHHS
pecypcy obmamHanHS. B IHCTpyKIii 3 TeXHIYHOTO OOCITYyTOBYBaHHS I pEeMOHTY OOJamHAHHS TATOBUX IIiICTAHIIIMN,
MYHKTIB JKMBJICHHSI Ta CEKIIOHYBaHHS eyieKTpudikoBanux 3amizHulb «L[E-0024» Takmii miaxin i3 oprasizaiii ta
nposeaenHs: TO i P TII we posrmsgaerscs. IIpakTuyHa 3HaAYMMicTh. BrpoBamkeHHST MaHOI CUCTEMHU J03BOJISE:
TIBUIIATH OCHOBHI MOKa3HUKH cucteMu TO # P; 3HM3UTH BUTpaTH Ha EKCIDTyaTallifo CHIOBOTO ycTaTKyBaHHA T11 3a
paxyHok 3actocyBanHs TO # P 3a akTHYHIM TEXHIYHAM CTAHOM; ITiIBUIUTH HamiiHICTE oOnaxHanus TII i cuctemu
€JIEKTPOIOCTaYaHHs €IeKTPHU(IKOBAHKMX 3aITI3HHIIL; OTPHUMATH CKOHOMIYHHI ¢EKT TOIIIO.

Kniouosi crnosa: enexTpomnocTayaHHs; eXeKTpr(iKoBaHI 3ali3HUII; MOIEPHI3aLlis; PeKOHCTPYKIist; Smart Grid;
TATOBa WijAcTaHmis, obnmamHanas, TO ¥ P; miarHOCTyBaHHS, HAMiIMHICTh;, CHCTEMa;, MOHITOPWHT; (DaKTUIHUI
TEXHIYHHI CTaH

Beryn BKa3y€ Ha BOKJIMBY POJIb IHTEIEKTYaJIbHOI MEpexi
Ha TEXHOJOTTYHOMY, €EKOHOMIYHOMY i €KOJOTi4HO-
MY PO3BUTKY CHUCTEMH eJIeKTpoIocTayaHHsi. B meit
Yac aKTHBHO Peasli3y€eThCsl HU3KA MPOESKTIB TOOY10BH
THYYKOi eneKkTpruaHoi Mepeski [11, 13, 16—-18]:
—mnpoekt «FENIX» (Flexible Electricity Net-
works to Integrate the expected Energy Evolution).
[lepenbagae CTBOpPEHHS THYYKOi EICKTPUIHOL
MEpexi, OCHOBHUMH I[UIAMHU SAKOI €: po3poOKa Me-
XaHi3MiB (YHKLIOHYBaHHS 3arallbHOEBPOIEHCHKOT
SHEeProCHCTEMH, 30KpeMa po3poOKa KOHLEIiT
BipTyaslbHHX enekTpocTaHIiii (VPP); po3pobka

Ha erani mMonepHizamii i peKOHCTPYKIIIi eJIeKT-
pudikoBaHUX 3aTi3HULE YKpaiHu HEOOXimAHO Bpa-
XOBYBaTH piBeHb IHHOBAIlIHHOTO PO3BUTKY BCiX
Cy0’€KTIB €JIEeKTPOIIOCTAYaHHsI Ha OCHOBI TIEpeIo-
BUX TexHonorii. Hanpukmnan, B €spomi, CILA neit
TEpMiH Ma€ JOCUTHh KOHKpETHE 3HAUCHHS: LI¢ eJIeK-
TPUYHI MEpeXi, OCHaIeHI B HEOOXigHIN Mipi cy-
YaCHUMHU 3aco0aMM TeJIEKOMYHIKallii, 1o 3abe3re-
YYIOTh JIBOCTOPOHHI B3a€EMOJIi1 BCiX YYaCHUKIB BU-
pPOOHUIITBA, PO3MOIITY 1 CHOKUBAaHHS EJIEKTPO-
eneprii. Konnenryansae Bu3HaueHHs Smart Grid

© O. O. Marycesuu, 2014

75



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

Hayxa ta nporpec Tpancnopty. Bicauk /[HinponeTpoBchkoro

HAI[lOHAJIBHOTO YHIBEPCHUTETY 3alIi3HUYHOrO TpaHcmopty, 2014, Ne 1 (49)

EJIEKTPUYHUIA TPAHCITOPT

aJTOPUTMIB BBIMKHEHHS B 3arajibHy CHCTEMY PO3-
noniienux mkepen rerepaitii (DER) i moHoBtoBa-
Hux jkepen enepropecypcis (RES); po3pobka Ho-
BUX NIPOTPaMHO-aIMapaTHUX TIaT(GopM TS BTLICH-
HS B XUTTA KoHuenmii VPP; TexHiko-eKOHOMIYHE
00rpyHTYBaHHs 3acTocyBanHss VPP; nemoncTparris
po3pobok Ha momironax B Icnanii i BenmukoOpuTa-
Hii. Ilei mpoekT 00’€qHAB MPOBITHUX T'PABIIIB €B-
pOTEHCHKOTO EHEPreTUYHOTO PUHKY, TaKUX SK:
Iberdrola, Electricite de France, EDF Energy Net-
works, Red Electrica de Espana, National Grid
Transco, Siemens PSE, Areva T&D i im.;

—mnpoexkt «ADDRESS» (Active Distribution
network with full integration of Demand and dis-
tributed energy RESourceS). /laawii mpoekT € ckiia-
JIOBOIO YaCTUHOIO €BPOTEHCHKOT KOHIICTIIIIT Mepex
MaitoytHporo Smart Grids European Technology
Platform i1 o0’emnye poboty 25 kommaniid 3 11
Kkpain €Bponu, Bkmodaroun EDF, ABB, Enel,
Kema, Philips i in.;

— IpoekTH o0y moBu Microgrids okpeMux eHe-
proMepexeBuX CTPYKTYp, IO pO3TAIIOBaHi HA HE-
BENMKIl TEpUTOPii, MAIOTh BIACHI TeHEepyIoUi Ke-
pena i 37aTHI B3aEMOJIISATH 3 IEHTPAIBHOK Mepe-
eI U BUPIMICHHS 3aBIaHb MOKPUTTS MaKCHUMY-
My IKOBHX HaBaHTaKeHb. [IPOEKTH YCIIIIIHO
peaitizyroThcs B €Bpomni (koHcOpIiyM 14 xoMmmaHin
3 7 kpain Ha Joiri 3 HarioHaIbHIM TEXHOJIOTIYHIM
yHiBepcuteroM Adin (NTUA)), CIIA (mpoekTu
peanizoBytoTbess koHcopuiymom CERTS, xomma-
Hieto GE), Kanazi, Snowi;

— TIPOEKT TOOYMOBU IHTEIEKTyaJIbHOI EHepre-
TUYHOT 1HQPACTPYKTYypH (PO3IOJiIeHa TeHepallis,
TTOHOBJIIOBaHI JKepena eHeprii, 3aco0M aKyMyJis-
ITii eHeprii, MEHTPH AUCTICTISPCHKOTO YITPABITIHHS)
B TphOX npedektypax SMoHii, Mo peanti3oByeThCs
komnaniero Mitsubishi Electric.

Sk 0aunMo, TEXHOIOTII IHTENeKTyaJhbHHUX Me-
pex Smart Grid 0XOIUTIOIOTE Pi3HI aClIEKTH PO3BUT-
Ky CHCTEMH €JEKTPOIIOCTaYaHHs, y TOMY YHCII
YIpaBIiHHS 1| MOHITOPHHT CTaHy €JIEKTPOTEXHITHO-
T0 yCTaTKyBaHHS eJICKTpHU(DIKOBAHWX 3alli3HHUIIb,
1 SIKI MOJKHA OITMCATH TaKUMU o3Hakamu [7, 10]:

— MiJBUIIEHHS HAIIHHOCTI EIEeKTPOIIOCTaYaHHs
3aJTI3HUIL 1 O€3BIIMOBHOCTI POOOTH CHCTEMH €JICK-
TPOTIOCTaYaHHS;

— TiIBUINCHHS €()eKTUBHOCTI BUTPATH €HEPIo-
pecypciB 31 30epexeHHIM HeoOXiTHIX ITapaMeTpiB
SIKOCT1 €JIEKTPUIHOI CHEepTii;

— YOPaBIiHHS 1 MOHITOPHHT CTaHy €NeKTPOTeX-
HIYHOTO ycTaTKyBaHHA TsAToBuX mincranmii (TID);

76

— TIepexil Ha TEeXHIYHEe OOCIyroBYBaHHS 1 pe-
MOHT eJIeKTPOTeXHIYHOro ycraTkyBaHHs TII mo
(aKTHYHOMY TEXHIYHOMY CTaHYy;

— BeJIUKa KUIBKICTh NATYWKIiB, SIKi BUMIPIOIOTH
MTOTOYHI PEXMMHI TIapaMETPH IS OITIHIOBAHHS CTa-
Hy TII B pi3HHX pexuMax poOOTH EJIEKTPONOCTa-
YaHHS;

—cuctemMa 300py 1 oOpoOkM maHUX (BHCOKO
1HTErpOBaHi KOMIUIEKCH ONEPAaTHBHOTO YIPaBIiH-
HS B PEKUMI PEIbHOTO Yacy 3 BpaxyBaHHSIM €K-
CHEPTHUX PO3PaxXyHKOBHX CHCTEM YXBAJICHHS
pillieHb), a TaKOX 3aCO0M YIPAaBIiHHS aKTHBHUMH
€IIEMEHTAMH CHCTEMH TATOBOTO EJEKTPOIOCTa-
YaHHS i HETATOBUX CIIOKUBAYiB;

— HasBHICTH MIPIJIAJIIB i MEXaHI3MiB, SIKi JO3BO-
JAIOTH B PEXUMI peajpHOro0 dacy 3MIHIOBAaTH
TOTIOJIOTIYHI MapaMeTpU CUCTEMH EJIEKTPOIoCTa-
YaHHS;

—3ac00M aBTOMATHYHO{ OI[IHKM TIOTOYHOI CUTY-
amii i noOynoBu nporuo3is podoru TIT;

— BHCOKa IIBUAKOIS aBTOMaTH30BAaHOI CHUCTe-
MH YIPaBIIHHS €JIEKTPONocTavanHs, iHhopmarliii-
HOT'O OOMiHY;

— CTBOPEHHS BHCOKOHAIIHHMX MAaricTpalbHUX
KaHAIIB 3B’53Ky VIPaBIIHHSA 1 AyOIH0BaHUX IH(PO-
BUX KaHaTiB OOMiHy iH(opMari€lo MK 00’ €KTaMu
TII i AucTIeT4epCHKUM YIIPaBIiHHSIM.

Meta

Buxonsiun 3 BHIIEPO3IIISIHYTOrO, METOK CTAaTTi
€ aHaJi3 CBITOBOTO JOCBiAy YHIpaBIiHHA i MOHITO-
pHUHT cTaHy cuiioBoro oOmamHanHs TII enexrpudi-
KOBaHMX 3aJIi3HUIb. [[oNTyk HOBMX OLIBI CydacHHUX
METOIB 1 MiAXOMiB IMiJBHUILNEHHS HAMIHHOCTI €JIeK-
TPOTIOCTauaHHS €JIeKTPU(IKOBAHUX 3ali3HUID Ta
3HIKCHHS aBapiifHOCTI CHIIOBOTO ycTatkyBaHHs TT1.

MeTtoanka

TeopeTnyHOIO 0a3010 AOCTIIKEHHS CTalH IMy0-
JiKkarii, sKi TPUCBAYEH] JOCIIKEHHIO CBITOBOTO
JIOCBIly 3 MUTaHb SIKICHOTO BUPIIICHHS MPOOJIeM
€JICKTPOIIOCTaYaHHsI 3aJI3HUI[b HAa OCHOBI i7I€0JI0-
rii Smart Grid. BukoHaHo I0CHiIKEHHSI OCHOBHUX
METOJIB TEXHIYHOTO OOCIYTOBYBaHHS 1 PEMOHTY
(TO 1 P) Ta mgiarHoctyBanus npuctpoiB TII enek-
TpU(IKOBAHHX 3ATi3HUIIb.

YTpumaHHS TEXHIYHOTO 00JIaHAHHS 3aJ1i3HIY-
HOT'0 TPAHCIIOPTY Ha BUCOKOMY €KCILTyaTaliiHOMY
piBHI HeMOXJIMBE 0e3 00’ €KTUBHOI iH(OpMaIIii mpo
fioro Qaktnunuii craH. OO0’€KTH 3aJTi3HUYHOTO
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TPAHCIIOPTY MICTATh BEIUKY KUTBKICTh IPHCTPOIB,
TpHUBaja eKCIUTyaTalis SKUX 0e3 HaJIeXKHOTO
JIiarHOCTYBaHHsI TEXHIYHOTO CTaHy MOKE IpHU3Be-
CTM [0 BHXOAYy IX 3 Jagy Ta 3HAYHOMY
MarepialbHOMY 30UTKy. st peamizartii edeKkTHB-
HOT'O JIIarHOCTYBaHHS IIMX IPHCTPOIB HEOOXigHa
IHTENIeKTyalli3amis eleKTpuuHuX Mmepex. [lim gac
pPO3pOOKH TIPOEKTIB 3 IHTENEKTyali3allii eIeKTpuy-
HUX MEPEK HEOOXITHO BPaXOBYBaTH JIOCBIT MEPEK
Smart Grid. YnpaBniHHs TOBUHHO 3AiHCHIOBATHCH
BCIEIO EJIEKTPUYHOI0 MEPEXKEI0 CUCTEMHU EJIEKTPO-
MOCTaYaHHs 3alli3HUIb, SKa 3PEHITOI0 TOBHHHA
CTaTH MOBHICTIO aBTOMAaTUYHOIO, a BC1 HasBHI aB-
tomatu3oBaHi cucteMu (ACHY, ACYTII, cuctemu
MOHITOPUHTY, CHCTEMH YTIPABIIiHHS TaHUMH, CHC-
TEMH NIarHOCTYBaHHS, TOIO) € JIMIIEC 1HCTPYyMEH-
TOM ISl ZOCSITHEHHS TIOCTAaBICHUX Lijiel. [HTerpo-
BaHi B €AWHY IIaTGHOPMY iCHYIOUl aBTOMATH30BaHi
iHpOpMaLliiiHI CHCTEMH TUCTaHIi eNeKTpOorocTa-
YaHHS JO3BOJIATH IIO-HOBOMY HiAXOAMTH 10 MOOY-
JIOBU €JIEKTPUYHMX MEPEXK Ta KOHTPOJIO iX polo-
TU. [HTENeKTyalnpHa eNeKTpUYHa Mepeka 3aJIekKHO
BiJl YMOB, 1[0 CKJIAJIKCS, B aBTOMAaTHYHOMY PEKUMI
MOBUHHA 3[[IHCHIOBATH IMEepeKOH(Irypariro cucre-
MH €JIeKTPOIIOCTaYaHHA 3 METOIO JOCATHEHHSI MiHi-
MyMy BHTpaT €HepropecypciB 0e3 3HWKEHHS
HaiHHOCTI poOOTH, Y TOMY YHMCIi: yNIPaBIiHHA CH-
CTEMOIO EJICKTPOITOCTaYaHHs TUCTaHIli, JiarHOC-
TYBaHHS CTaHy EJEKTPOTEXHIYHOTO yCTaTKyBaHHS
TII i, TakoK, OpraHi3ailiro, IIAHYBaHHS Ta 3Jilic-
HEHHS TEXHIYHOTO OOCIYyrOBYBaHHS 1 PEMOHTY
(TO i P) obnmagHauHs.

PernamenToBane 0OCIyroByBaHHs, L0 3JilcC-
HIOETBCS 3TIHO 3 IHCTPYKIiSAMU Ha OONaJHaHHS,
B IJIOMy TpH3HA4YeHE 3a0e3MedyBaTH HOTo
npaue3naTHicts. IIpoTe, iHKOIM Take 0OCIyroBy-
BaHHS NPU3BOIUTH J0 HEBUNPABIAHUX BUTpAT,
OCKIUJIbKM pEIbHUH TEXHIYHUH CTaH MPUCTPOIO
B MOMEHT BUKOHaHHS POOIT MOXKE i HE BHMAaraTu
TEXHIYHOTO 0OCITyTOBYBaHHs, a 3aMiHIOBaHi JeTai
11e He JOCSATIM KPUTHUYHOI MipH 3HOcy. OQHaK mo-
CTYTIOBE CTapiHHS MapKy YCTATKyBaHHS 1 3HWKCH-
HSl 3aIaciB MIIIHOCTI TOCTPO MOPYIIYIOTh MUTaHHS
00 OLIHIOBAaHHS MOTO CTaHy i BU3HAYEHHS MipH
PHU3HUKY HOro ekcIuryaTauii 3a Me)kaMH HOpPMOBa-
HOT'O TEpMiHy CITy>KOU. PO3BHTOK BITBHOTO PUHKY
eJeKTpoeHeprii i 30iipenHs (iHaHCOBOI'O THUCKY
CTaJM AONATKOBUMH YHWHHHKAMH, SKi, 3 OIHOTO
00Ky, MaKCUMaJbHO ITiICHIIOIOTh HEOOXiTHICTH
MPOJIOBKEHHA TEPMiHIB CIIy’)KOM yCTaTKyBaHHS,
a 3 IHIIOT0 — CIPSIMOBAaHi Ha 3HIDKEHHS EKCIUTyaTa-

MIHHUX BUTPAT HA HOTO TEXHIYHE 0OCITyTOBYBaHHS
i pemoHTH. HeoOXigHicTh BHpIIEHHS IHOTO IMPO-
TUUPIYYsT TPUBOAMTH IOA0 (OPMyBaHHS HOBOTO
MiXOTy IO OI[IHKU CTaHy YCTaTKyBaHHSI.

Y OCHOBI HOBHX IIPOIIOHOBAaHUX METOIIB
VIpaBIIiHHS 1 YXBaJeHHS PillleHb, MO (HOPMYIOThCS
B el Yac, JIS)KUTh aHai3 PHU3MKIB eKCILTyaTarii
CTaporo ycraTKyBaHHS a00 yCTaTKyBaHHSA 3 TIEB-
HUMH jedexTamu (00CITyroByBaHHs yCTAaTKyBaHHS
3a (paKTHYHUM TeXHIYHUM ctaHoM). Meroro TO i P
3a ()aKTUYHUM TEXHIYHUM CTaHOM € 3a0e3MeUYeHHs
HEOOXiZIHOTO PIBHS HAIIMHOCTI TpPH 3HWKEHHI
eKcIuTyaTamiiaux Butpar. [Ipu mpomy npu3Haya-
10Th HeoOximHi pobotr o TO i P 3anexHo Bix pe-
aJBHOTO TEXHIYHOTO CTaHy KOHKPETHOTO 00’ €KTa
1 mepen0ayyBaHOi 3MiHM HOro craHy B Ipoleci
ekcruryatamii. Lleii MeTon monsirae B KOHTpOI 3a
TEXHIYHUM CTaHOM YCTAaTKyBaHHS 3 BHUKOPHCTAH-
HSIM Cy4YacHUX 3ac0o0iB TEXHIYHOI JIarHOCTHKH Ta
BUKOHAHHSIM DPEMOHTHUX POOIT JIMIIE TOMi, KOJIU
BOHHM JiHICHO HEoOXiHi, puc. 1.

4 riQ ,

A
\

TOiP

Puc. 1. O6cmyroByBaHHS MPUCTPOIB 32 (PaKTHIHUM
TEXHIYHUM CTaHOM:
Pi(Q) — y3araipHeHHH TOKa3HUK PECYpCy IPHUCTPOIO;

1 — 3MiHa TEXHIYHOTO cTaHy oOnaaHanHs npuctporo (O());
2 — MOHITOPHHT Ta IiarHOCTYBAaHHs TEXHIYHOTO CTaHy 00Ja-
HaHHSA; 3 — IepelBiAMOBHUN CTaH MPUCTPOIO;

4 — BiTHOBJIEHHS pecypcy; 5 — BIIMOBa MPHCTPOIO

Fig. 1. Devices service at actual technical state

B pesynbraTi BUKOHaHHS Oe3mepepBHOI AiarHo-
CTHUKH EeKCIUTyaTOBAaHOTO YyCTAaTKyBaHHS MOJKHA
MOOWUTHCS 3HIKEHHS 00’€MiB poOIT 3a paxyHOK
CHCTEMAaTUYHOTO 3MCHIICHHS IPUYNH BUHUKHEHHS
e eKTiB.

HakormmyeHuit cBIiTOBUH MOCBiZl 3aCTOCYBaHHS
TO i P 3a pakTUIHUM TEXHIYHUM CTAaHOM JIO3BOJISIE
JaTH TaKy y3araibHEHY OLIHKY €(eKTHBHOCTI LbO-
ro meroxy [1, 5]:
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— 3HIDKEHHSI BUTPAT Ha 00CITyroBYBaHH: Ha 75 %;

— 3MEHIIICHHS KUTBKOCTI 00cyroByBanb Ha 50 %;

— 3MeHIIeHHs BiaMoB Ha 70 % 3a mepmmii pik
pobotwu.

IlopiBHANBEHUI aHANI3 PiI3HUX METOMIB 00CTy-
TOBYBaHHS yCTaTKyBaHHS, 3a JaHUMH Acoriarii
BIIKPUTHX CHUCTEM YIIPaBIIHHA iHPOpPMAIE PO
crad MamuH «MIMOSA»Y, BUSBHB, IO ITMTOMI
Butpath Ha TO i P B eHepreTHyHOMYy CeEKTOpi
CHIA cxnanu B 1998 p.:

—24 $ Ha 1 kBt — npu pyHKIIOHYBaHHI ycTat-
KyBaHHS JI0 BUXOAY 3 JIany;

—18 $ na 1 kBt —npu TO i P na 6a3i mnanoBo-
3armo0KHIUX PEMOHTIB;

—12 $ ma 1 xBr — mpu TO i P na 6a3i oriHku
(aKTHYHOTO CTaHy YCTATKyBaHHS.

[Hmmit mpuknan ekoHOMIYHOTO eeKTy Bix me-
pexomy 3 oOCIyroByBaHHS 1 PEMOHTY 3a peria-
MEHTOM Ha PEMOHT i 00CIYroByBaHHS 1O (haKTHU-
HOMY CTaHy, 3a nanuMu Qipmu «Bruel and Kjaer»
(aHis) [6], HaBeneHO B Tabm. 1.

Takox Mg Jac mepexoxy Ha TeXHidHE 00CIy-
TOBYBaHHS 32 (PAKTHUYHUM CTaHOM B OJHOMY JIHIIE
neno «MockoBkay, 3aximHo — Cubipchkoi 3aimi-
saumi  (Pocig), oTpuMaHO EKOHOMIUHHN e(eKT
B 1,5 mapn py6. [15].

PosrnsHyTHII TOCBiA CBiAYUTH, IO JIS BUPI-
MIEHHS TPOOJIEMA CBOEYACHOTO BiTHOBIICHHS pe-
CypCy Ta MiJBUINEHHS HaIHHOCTI MPUCTPOIB €JIeK-
TPONOCTaYaHHS 3ajli3HUIb, CKOPOUYCHHS BHTpAT,
OB’ SI3aHUX 3 PEMOHTOM 1 MPOCTOSIMH, HEOOXiTHO
MepexoauTH Bim periaameHToBanoro TO i P mo
IHTEJICKTyaJIbHOI CHUCTEMH OOCIIyrOBYBaHHS 3a
(haKTUYHUM TEXHIYHHM CTaHOM.

JIOTIUTBHICTh PO3POOKH TIPOCKTIB 3 iHTEIEKTyalTi-
3allii eJIeKTPHYHUX MEpPEeK NHUCTAHIIIT eJICKTPOIoCcTa-
yaHHs, y ToMmy uncii i TII, Takoxx miarBepmxye aHa-
i3 poOOTH TOCTIONAPCTBA eNeKTprdiKallii Ta eneKT-
porocTayaHHs 3a1i3HULb YKpainu, [2—4]:

— OlnplIe TIONOBMHU MAapKy eJIeKTPOyCTaTKy-
BanHs TII BimmpamtoBaia nmpu3HaYeHUN pecypc;

—TeMIu cTapiHasg oOmamHanHs TII Bumi 3a
TEMITH OHOBJICHHSI;

— HEOOXIQHICTh €KOHOMII 3ac00IB Ha TEXHIUHE
00CITyTOBYBaHHS 1 PEMOHT.

Hampuknan, Ha 3ami3HUISIX YKpaiHH TITOBE
eJIEKTPOIIOCTaYaHHsI 3AiicHI0EThCs Bif 305 crarrio-
HapHuX 1 mepecyBHuX TII. 3 Hux 233 cramioHap-
HuX (76,3 % Bix 3arampHOi Kinbpkocti) i 10 mepe-
cyBHux TII mpamiooTs 3 TepMiHOM CITYKOW MOHAN
30 poxkiB.
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Tabnums 1

Piunuii exonomiunmii egexr Bix nepexony 3 TO i P
3a pernamMenToM Ha TO i P 3a paxkTnunum cranom

Table 1

The annual economic impact from the TM and R
transition according to the regulations to the TM
and R on the actual state

[ixnpuemcTBO

1 2

Exonomiunuii edext

3umxenns uynuciia TO1P —
3274 o 14

XiMi4HUH KOMOIHAT
(eeKTpUYHI MAIIUHH)

HadronepepoOuuii
KoMOiHat (en. obaagH.)

3HWKEHHS 3aTpaT
HaTOiP—-nHa75%

Exonomis 250 000 $, mo

[Taneposa adpuxa B 10 paziB nepexpuiio

(emexTpoobiaHaHHS) 3aTpaTu Ha 3aKYIiBIO
3ac00iB U1 MOHITOPHHTY
AToMHa Exonomis 3 000 000 $ —
eNeKTPOCTAHLIIA 3a paxyHOK 3HIKEHHS
(enekTpooOragHAHHS) Butpar Ha TO 1 P

3Menmenss k-ti TO i P
Ha 15 %

3ai3HUYHAN
TPaHCIIOPT

KoedinienT okymHocTi

. Binbme 10 pasis
BKJIaJICHUX KOLITIB

Ha et gac miarpumka HeoOXimHOI Mipu Ha-
JIIHOCTI €HePreTUYHOr0 YCTaTKyBaHHs B MPO-Lieci
eKcIuTyaTarlii 3abe3nedyBaiocs, Mo Imepiie, 3a pa-
XYHOK 3HaUYHUX Koe(iIlieHTiB 3amacy, sSKi 3aKiaje-
HI TIpU HOT0 CTBOPEHHI, a 3 JAPYroro OOKY, CHUCTe-
MOIO TEXHIYHOTO 0OCITYroBYBaHHS 1 MEPio-ANYHUX
PEMOHTIB, sika 0a3y€eThCS Ha BUKOHAHHI TUIAHOBHX
MpodTAKTHIHUX POOIT TICISA HAMPAITIOBAHHS TICB-
HOT'0 Yacy (cucTeMa IUIaHOBO-TIOTepe-IKyBaTbHUAX
PEMOHTIB).

3rigao 3 'OCT 18322-78 «Cucrema Texauye-
CKOTO OOCIY)KUBaHUS M PEMOHTA TEXHUKHY», CHC-
tema TO i P o0namHaHHS TATOBOTO €IEKTPOIIOCTA-
YaHHS 3aJTi3HUIb — 11€ CYKYIHICTh B3a€MOIIOB’s13a-
HUX 3ac00iB, JOKyMEHTAIlii TEXHIYHOTO 00CIyro-
BYBaHHS 1 PEMOHTY Ta BHKOHAaBIIiB, HEOOXiTHUX
JUTS. TIATPUMKHU 1 BiJTHOBJIGHHS SIKOCTi MPHCTPOIB,
mo BXomaTh B mio cucremy. Cucrema TO i P
BKIIIOYA€E IUIAHYBaHHS, IMIArOTOBKY, peai3allio
TEXHIYHOTO OOCIYTrOBYBaHHS 1 PEMOHTY i3 3aja-
HOIO TIOCITITOBHICTIO 1 IEPiOTUIHICTIO.

B ochoBy nitouoi cucremu TO i P TII, 3rigHo
3 «[HCTPYKIIi€IO 3 TEXHIYHOTO OOCITYrOBYBaHHS i pe-
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MOHTY OOJIaTHAHHS TSATOBHUX ITiJICTAHINHA, ITYHKTIB
JKUBJICHHSI 1 CEKIIOHYyBaHHA eJEeKTpU(IKOBAaHHUX
sanizHune» 1[E-0024 [9], noknaneHO MOeTHAHHS
TEXHIYHOTO OOCIYyroBYBaHHS 1 IITaHOBO-TIOMIEpE-
JUKYBaJTBHUX PEMOHTIB. 3aJe)KHO Bil BaKIHBOCTI
NpU3HAYCHHS] YCTaTKYBaHHS B TEXHOJOTIYHOMY
MpOIleci, TUIAHOBO — TONEPEKYBAIGHUI PEMOHT
MOJKe BUKOHYBATHCS 32 METOJIOM IDTAHOBO — TIepio-
JMYHOTO PEMOHTY 1 pEMOHTY 3 TEXHIYHOTO CTaHy.

3rigHo 3 BuMoramu wi€i [ncTpykuii (myHkT 4.14.7),
PEMOHT O0JIaJIHAHHS 32 TEXHIYHUM CTaHOM BHKO-
HYETBbCSl Y BHUIAJIKY BUSBJICHHS ITiJ] Yac OTJISAIB He-
CMPaBHOCTEW, L0 3arpOXKyIOTh HOPMaIbHIN poOOTi
o0JaiHaHHS, TicHs BiAMOB y poOoTi 00naHaHHS Ta
MIPUCTPOIB PEIICHHOTO 3aXHCTy i aBToMaTuKU (P3A),
MONIKO/KSHHSIX O00JIaJIHAHHS aBapiiHUMHU CTpyMa-
MH, aTMOC(EPHUMH 1 KOMYTAIlIHHUMU BIDIMBAMH,
a TaKOX Y pa3i BUPOOITKY BCTAHOBJICHOTO MEXaHid-
HOT'O 1 KOMYTAIlIHOTO Pecypcy.

Sk 6auumo, MUTaHHS BU3HAYCHHS (DAKTUIHOTO
TEXHIYHOTO CTaHy OOJNagHaHHA 3a JOMOMOTOI0
NIarHOCTYBaHHS, BHUMIpiB, BHUIPOOYBaHb, TOIIO —
He posrisanaeThes, a TO 1 P BukoHyeThCs 32 dak-
TOM TIONTKOJKEHHS O0JIaJJHaAHHS, HOTO HECTIPaBHO-
ro cTaHy abo Hempare3aaTHOCTI.

Buie po3risiHyTHI 3aKOpAOHHHNA JOCBIiA 00-
CIIyroByBaHHs 32 ()aKTUYHMM TEXHIYHUM CTaHOM
JTO3BOJISIE, 3 OTHOTO OOKY, 3a0€3MEYNTH Mparie31aT-
HICTh TEXHIKH, 3 IHIIOTO — 3a3]aJierilb MiAroTy-
BaTHcs A0 BukoHaHHs TO i P Ta miHimi3yBaTH BUT-
paTH Ha HBOTO.

Omnak manyBadas TO 1 P mpuctpois TII mo-
CHUTPH CKJIaJHE y 3B’SI3KY 3 THUM, IO CTAH KOXKHOTO
3 00’€KTIB KOHTPOIOETHCS MHOXHUHOK ITTOKa3HH-
KiB, 1 110 KO)KHOMY 3 HHX ITOBHHHA PO3PaxOBYBaTH-
csa gata HactymHoro TO i P abo inmoro Bumy o6-
cinyroByBaHHs. B icHyrouiit Ha TII cucremi TO i P
HEOOX1THO IIYKAaTH Pe3epBU JJIs CKOPOUYCHHS BHT-
par. B npoMy Hampsimi, B Iepury 4epry, 3TiJHO
3 [15], HeoOXimHO 3a0e3meuuTH MPO30PicTh i 00-
I'PYHTOBaHICTh PEMOHTHO]I MPOTPAMHU:

1. IIpo3opicte BuTpar Ha TO 1 P — me posy-
MIHHSI TOTO, Ha 10, Ha SIKI 00’€KTH 1 sKi PoOOTH
TUTAHYIOTBCS 3aCO00M PEMOHTHOTO (DOHIY, CKITBKH
KOIITY€E KOXHA 3 IUX pOOIT.

2. O6rpynroBanicTh BuTpaT Ha TO i P — 1e
yCBiOMJICHWH BHOIp MIXK BHTpaTaMH Ha HiATPHUM-
Ky Ipaime3laTHOCTI yCTaTKyBaHHS i pO3MIpOM pH-
3WKY B pa3i HEBUKOHAHHS PEMOHTY.

Juis 3abe3nedeHHs] MPO30POCTi 1 OOTrpyHTOBa-
Hocti BuTpar Ha TO 1 P TII HeoOxigHO:

— BIIPOBAIUTH 11000 €KTHE TIAHYBAaHHS PEMOHT-
HOTO (OHIY;

— IPUB’A3aTH BUTPATH Ha PEMOHT JI0 TEXHIYHO-
r0 cTaHy 1 (pakTUYHOrO 3aBaHTAXKCHHS 00JIaIHAHHS;

— BIPOBAJUTH OLIHKY PU3UKY HEBHKOHAHHS
PEMOHTIB 1 cHCTeMy yXBaJleHHS pillleHb Ha OCHOBI
PU3HUKIB.

Jlyis SIKiCHOTO 1 €(PEeKTUBHOI'O BUPILICHHS PO3T-
JNSIHYTHUX BUIE MPOOJIEM Ta 3aBIaHb HEOOXiaHE
CTBOPEHHS IHTENEKTYalIbHOI CHCTEMH MOHITOPHH-
ry i niarnoctyBanHs obnagHanns TII [8, 12, 14].

IarenexryanpHi cucremu TO 1 P, MoHiTOpUHTY
Ta miarHoctyBaHHsA TII moBuHHI mTepembadaTH KOM-
TUIEKC OpTaHi3alliifHUX 1 TEXHIYHUX 3aXOJiB IIOA0
YOpaBIiHHS TEXHOJOTiYHUMHK Tpouecamu Ha TII,
MOHITOPUHTY 1 J[iarHOCTYBaHHIO YCTaTKyBaHHS,
IUTaHyBaHHIO, MiAroToBIi 1 peamizarmii TO i P 06-
nagHaHusg TII 32 GaKTUIHUM TEXHIYHUM CTaHOM.

OCHOBHI KOHLENTyalbHI MiAXOAW 3 BUPIMICHHS
i€l mpoOnemu:

— KOHTPOJIb (JaKTUYHOTO CTaHy OO’€KTIiB iH(]pa-
crpykrypu TII Ta cBoeyacHa AiarHOCTHKA 3 BUKOPH-
cTaHHsAM iH(OpMAIii pi3HUX IarHOCTUYHHUX CUCTEM;

— a”ami3 poborn obnamHannas TII 1 mii TexHi-
YHOT'O TIEPCOHANY BIiIIOBITHO J0 PETJIAMEHTIB JJIs
YXBaJCHHS YNPaBIIHCHKUX PillleHb, CKOPOYEHHS
Yacy BiJJHOBJICHHSI i EKCIUTyaTalliiHUX BUTPAT;

— BUKOHaHHSA aHaJi3y e()EeKTHBHOCTI BUKOPH-
CTaHHA I1arHOCTUYHHX 3aC00iB;

— po3po0ka aBTOMAaTH30BaHOI CHCTEMH YIIpa-
Biainag TO 1 P TII, a TakoX aBTOMAaTH30BaHOIO
pobodoro wicrs geprosoro nepconany TII (APM
TII), 3 ypaxyBaHHAM TaKuX HaIlpsMiB: MacHOPTHU-
3amisi oOJIaHAHHS, peecTpalisl aBapiiiHUX cuTya-
i 1 3asgBOK Ha oOciyroByBaHHS 00’exTiB TII;
HopMyBaHHs pobit 3 TO i P; mmanyBanHs Marepi-
aNiB 1 3aIYaCTHH; IUIAaHyBaHHS 1 aHali3 BUTPAT Ha
TO i P; nnanysanus TO i P; ynpasiians pobora-
MH; KOHTPOJIb SIKOCTI BUKOHAHHUX POOIT TOIIIO.

PesyabTarn

Ha ocHOBi BUKOHAHOTO aHaNi3y BH3HAUCHO, IIO
B ocHOBY HOBUX MeToaiB TO i P moxnaneno anami3
PU3MKIB €KCIUTyaTallii CTaporo yCTaTKyBaHHS abo
YCTaTKyBaHHS 3 TIEBHUMH JieeKTaMu (0OCIyToBY-
BaHHS YCTaTKyBaHHS 3a (aKTUUHUM TEXHIYHUM
craHoM). TakoX BCT@HOBJICHO, IO KOHIETTYaJIbHI
Bm3HaueHHs Smart Grid BKa3yloTh Ha BaKIHUBY
pOJb IHTENEKTyallbHOI MEpeki MO0 TEeXHOJIOTid-
HOTO i EKOHOMIYHOTO PO3BUTKY CHCTEMH EJIEKTPO-
MocTavaHHs. 3HAYHWA CBITOBUI JOCBIJ 3aCTOCY-
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BaHHd TO 1 P 3a (hakTHUHUM TEXHIYHHM CTaHOM Ha
TaKy y3arajdbHEHY OIIHKY €(QeKTHBHOCTi HaHOTO
METOAY: 3HW)KEHHsS BUTpaT Ha OOCIyroBYBaHHS Ha
75 %; 3MEHIIIeHHS KUTHKOCTI 00cIyroByBaHb Ha 50 %;
3MEHIIIEHHsI KiTbKocTi BigMoB Ha 70 % 3a meprmit

pik pobotu. Takox BH3Ha4Y€HI OCHOBHI CKJIaJOBI
inTenekryabHoi cuctemu TO i P, MoHiTOpHHTY Ta
nmiarHoctyBaHHs 00nagHaHHs Ta TII enextpudiko-
BaHMX 3aJII3HUIIb, 3 YpaxyBaHHIM Smart TeXHOJO-

TiH, SKi HaBeCHI Ha puC. 2.

InTemexTyvameHa cicTena TO 1 P, MoHIToOpHETY Ta SlarHocTyBaEEA obmagHaeEa TTT

|

Mogyme onepaTHEHOL qii

|

Mogvie nnanyeansa 1 obmigy TO 1
P TII 1a
NI COTOEKH 1H hopmamnii 1
PopMyBaHHEA SBITIE

o

Mopyme EeneHEA HOpMATHEHS -
TEXHIMHGI 1 foBigroBoi 1M opManii
CHCTEMHE
TP TII

]

Mogyme giarHocTyEaHHA Ta

EOHTR 0NN BIIXHIEHEA TapaMeTRiE

b

Mogyme pospobis opomosumi =
TC i P TIL

¢

Mogvme "WEE-inTepdeficy

|

Turerparpitsini Moay

eJIeK TPH}IK OB AMIIX 3AMHIOE

Asmoramusosana peccmpania QEapiisLy CUmVanit i 380K Ha
> obcnyaoeyeanna obnaduanna TI, Sircayis ma sanuc
PETVILIAIE JlaEHOCHIVEAHHA

Aemomamusoeana  obpobra  pesyivmamie  OlQsHOCHIYEAHHA.

HEPCOHATY
demanisayli

Ilidzamoeka  ma  s68deRHI IRPapAMAYIl  OREPAMRLEHOMY
£ PEATLHOMY PENCHM  HACY 7 MOBCIUSICHIO

PAPANEARHE CRRAPMUC PRI HIE,

PEEAAMERIMOSAHEY, ARAIIMULHIY 1 SRCHIVERRALIUHO- e HIE HIX

Aemoasamuscsane

28iIE, OREPAMLSHI dosido

IIJ. Feamiave eedanua 1 MBepisanua Hpasua, iompyryild, dogiduuxie 3

popobiion mpoRouyit yoockoraneHEA cucimarn TO 1 P

AsmoMamuInsane PREcpYE SIOXNASHRA HAPAMEMPIS npLcpais

SI) HOPMAMUERLY W PEamiave upue 8y do gpyn off exmie TI

Fospobixe nponosuyili 3 opeawizayii TO i P ob'cwmie TIH sa
PANPMUN LA PHEXHIYHIAM  CHIGHOM 3 MZMONe Bochiinol
HISPPUAMEL GPAAOHAMHA & HPayeidaiHomy cmart | 3anolisanis
suxody finga 7 nady

,:L Hosgin  sacmocyeanka  danux  wepgansdy  Web-cmopinor

IHMENERIMVANDHOL  CUCIEMI  MOMIROPURIY [ dasrockyeaina
obnadranns TI wia 3aBeIna erta AocHyRy Jo CLcmeMm

Iamapm OaREE 7 HILLE RIOpOIOITE OucHmaHyT
SRSKIPORACIIALAHHA A F0SHIHIE SRSKMPOTUCMe

Puc. 2. Konnenmis inTenekryansHoi cucteMu TO i P, MOHITOPHHTY Ta iarHOCTYBaHHS OOJIaqHAHHS
TII enexTpudikoBaHUK 3aTi3HUIB HA OCHOBI Smart TEXHOIOTil

Fig. 2. The concept of TM and R intelligent system, monitoring and diagnostics of the RS equipment
of electrified railways based on Smart technologies
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HaykoBa HOBHU3HA Ta NPAKTHYHA
3HAYUMICTh

Po3rissHyTi HOBI HampsiMH TIOJAIBIIOTO YIO-
ckonasieHud cucremMu TO 1 P Tarosux migcradiiii
eIeKTpU(IKOBAHUX 3aJli3HHUIb. ABTOPOM 3aIpoIIo-
HOBAHO KOHIICTIIIIO 1HTEIeKTyanbHOI cuctemu TO
i P, MOHiTOpUHTY Ta MiarHOCTYBaHHs OOJaJHAHHS
TII. BusHadeHi OCHOBHI CKJaIOBi IIi€i CHCTEMH.
3anponoHOBaHO eKCILTyaTalliiHe 00CIyroBYBaHHS
ycrarkyBanHs TII 32 (pakTUYHUM TEXHIYHUM CTa-
HOM 3 MOXITUBICTIO OITBII SIKICHOTO BUKOPHCTaHHS
pecypcy obnagHanHsa. B IHCTpykIii 3 TeXHIYHOTO
00CTyroByBaHHS 1 PEMOHTY OOJaJHAHHS TATOBUX
MiZCTAaHIi}, TyHKTIB JXUBJICHHS 1 CEKIliIOHYBaHHS
enexTpudikoBannx 3ami3HUIp «LE-0024» Takwmii
miaxin 3 opranizanii Ta npoeenenus TO i P TII ue
po3rismaeTbcsa. BrpoBampkeHHS KOHIEMIii iHTe-
nektyanbHOi cuctemu TO i P, MoHiTOpWHTY Ta
niarHoctyBaHHs oOyaaHanus TI1 mo3BOIUTS:

— MiJIBUIIUTH OCHOBHI TOKAa3HUKU CHCTEMU
TO1P;

— 3a0e3MeYnTH MPO30PICTh Ta OOTPYHTOBAHICTH
TO 1P TII;

— 3MEHIIUTH TEXHOJIOTIYHI MOpYIIeHHS Ta 3a-
Oe3rreunTH 3amo0iranHs aBapiit;

—3a0e3MeYnTH BCIO BEPTUKAIb YIPaBIiHHS
JIOCTOBIPHOIO 1H(OPMAIIEI0 MPO TEXHIYHHN CTaH
ycratkyBauHs TII B MacmTabi pealbHOTO Yacy;

— OTPUMYBATH 1 0OOPOOJIATH MACUBU J[IarHOCTH-
4yHOI iH(opMamlii Mpo cTaH eJIeKTPOyCTaTKyBaHHS
MifCcTaHIi1, HEOOXiTHOI 1 TOCTATHBOI [Tl OpraHi3a-
ITii PEMOHTHO-EKCIUTYaTaIlifHOTO OOCITyTOBYBaHHS
yCTaTKyBaHHS 3a ()aKTUYHUM TEXHIYHUM CTAaHOM
Ta SKICHOTO BHKOPHCTaHHS PeCypCcy CHIIOBOTO 00-
magaanas TIT;

— 3HU3UTHU BUTPATH HA CKCIUTyaTallil0 CUJIOBOTO
YCTaTKyBaHHS;

— MIBUIUTH HAJIMHICT €JIEKTPOIOCTadYaHH
Ta 3HWU3UTH aBapiiiHICTh CUIIOBOTO yCTaTKyBaHHS
3a PaxyHOK:

— BUSIBJICHHS TIOTEHIIHHO HEOE3MEeYHUX PEexkH-
MiB POOOTH CHJIOBOTO i KOMyTAaIlifHOTO 00JIaaHaAH-
s TII;

— OIEPAaTUBHOTO KOHTPOJIIO PECYPCY CHIIOBOTO
YCTaTKyBaHHS, CBOEYACHOTO IOTEPEMKEHHS IIPO
HOro 3HWKEHHsI, 3anoOiraHHs WOro aBapiiHUM
YIIKO/DKCHHSIM;

— KOHTPOJIIO CBOEYACHOCTI IUIAHOBO-TIpodina-
KTHYHUX TIEPEBIPOK 1 PEMOHTIB CHJIOBOTO YCTaTKYy-
BaHHS;

— MOKJTUBOCTI TIEPEXOy BiJl IIAHOBO-ITOTIEPE-
JokyBaibHOI cuctemu TO i P o cucremu o6cmyro-
BYBaHHS 1 PEMOHTIB 3a (aKTHYHUM TEXHIYHUM
CTaHOM;

— IIEHTPAJII30BAHOTO OOJIIKY BiZIMOB CHJIOBOTO
YCTaTKyBaHHS;

— OTPUMATH E€KOHOMIYHUH €(eKT, OCHOBHUMHU
CKJIQIOBUMH SIKOTO €:

— CKOpOYCHHS BUTpaT Ha HEOOIPYHTOBaHE
OHOBJICHHSI YCTaTKYBaHHS 1 MOTO KOMIUIEKCHE 00-
CTEeXKEHHS;

— CKOpPOYEHHsI YHCENFHOCTI TepcoHany B pe-
3yJbTaTi BIPOBAIKCHHS aBTOMATH30BAHUX METO-
IiB J1arHOCTHUKH;

— 3HIDKEHHs BUTpaT Ha nmpoBeaeHHs TO i P;

— CKOPOUCHHSI BHIMAJKIB BIAKIIIOYCHHS MOJa4l
€JIEKTPOCHEePrii 3 MPUYNHY BiJIMOBH yCTaTKYBaHHS,

— CKOpPOYCHHS BWIAAKIB IMTpapHUX CaAHKITIN
3 OOKy CIOKHMBaYiB 32 3aNOJIsIHAN 30MTOK NIPU BU-
XOJIi 3 JIaJy eJIEKTPOYCTaTKyBaHHS TOIIO.

BucHoBku

3ampornoHOBaHO KOHIEMII0 1HTENEKTYaJIbHOT
cucremu TO i P, MOHITOpPHHTY Ta JliarHOCTYBaHHS
obmagnanHs TII Ta BU3HAYEHO OCHOBHI CKJIaJOBi
i€l koHuemnmii. Takox 3arnpornoHOBaHO 3IiHCHEH-
HHS eKCIUTyaTalliifHOro oOCITyroBYBaHHS yCTaTKy-
BaHH 32 (PAKTUYHUM TEXHIYHUM CTaHOM 3 MOKJIU-
BICTIO 301IBIICHHS PECypCy €JIeKTPOyCTaTKyBaHHS
TII. B IHcTpyKWii 3 TEXHIYHOTO OOCIYrOBYBaHHS
1 peMOHTY 0OJaHaHHS TATOBHUX MiACTAHIIIH, ITyHK-
TiB JKMBJICHHS 1 CEKITIOHYBaHHS €ICKTPH(PIKOBAHUX
3amizHuIp «I[E-0024» Takuii minxing 3 opraHizarii
TO i P TII me posrmsgaerscs. [lopiBHSHO 3 ic-
Hytouoro cucreMoro TO i P cumoBoro oGnamHaHHS
TII 3ampormoHOBaHa cUcTeMa 3IIHCHIOE JOCTOBIp-
HY, MIPOLIECHY Ta 0araToacrneKkTHY OLiHKY TEXHiKO-
eKOHOMIYHOTO cTaHy oOmamnanHs TII 3 BuUKOpH-
CTaHHSIM HOBUX METOJIB i KPUTEPIiB OIIIHKH, SKi
MiABUIIYIOTh OMEPATHBHICTH 1 SKICTh OpraHizamii
TO i P TII enexrpudixoBaHUX 3aI1i3HALIB.
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COBPEMEHHBIE ITIOAXOAbI TEXHUYECKOTI'O OBCJIYKUBAHUA
1 PEMOHTA OBOPYJOBAHUSA TATOBBIX MOACTAHIIUIA
IJIEKTPUPULINPOBAHHBIX KEJIE3HBIX 1OPOI' HA OCHOBE
SMART-TEXHOJIOI'MIA

Hean. Ha stane MonepHM3alMM W PEKOHCTPYKLHUM 3JIEKTPUPHUIUPOBAHHBIX JKEIE3HBIX JIOPOT YKpPaWHEI
HEOOXOANMO YYHTHIBATh yPOBEHb HWHHOBALIMOHHOTO Pa3BUTHS BCEX CYOBEKTOB 3JIEKTPOCHAOXKEHWS Ha OCHOBE
MEpPEIOBbIX TEXHONOTHH. B pabore HEOOXOAMMO ONpENEeNuTh IMYTH MOBBIMIEHUS HAAEKHOCTH 3JIEKTPOCHAOKEHUS
NEKTPUPUIIMPOBAHHBIX JKEIE3HBIX HOPOT W CHIDKCHUS aBapUMHOCTH CHJIOBOTO OOOPYHOBAHUS TSTOBBIX
noactaniuii (TIT). Meroauka. /7 TOCTYOKEHHUS TIOCTABICHHON eI MPOBEACHO MCCIEA0BaHNE MUPOBOTO OIIBITA
10 BOIIPOCAaM KaueCTBEHHOT'O PELICHHsI TPOoOIIeM 3JIEeKTPOCHAOKEHUS JKEeJIE3HBIX JOPOT Ha OCHOBE MJEOJIOTHH Smart
Grid. IIpoBeneHo uccineaoBaHNEe OCHOBHBIX METOJIOB TEXHHUYECKOTO 00ciyxuBanus 1 pemonta (TO u P) u auarno-
crupoBanus ycrpoiicts TII anexkrpuduiupoBaHHbBIX KeIe3HbIX A0por. Pe3yibTaThl. B pesynbrate ucciieqoBaHus
YCTaHOBJICHO, YTO B OCHOBE HOBBIX MeT0J0B TO u P 1eXuT aHaIM3 pUCKOB SKCIUTYaTallK CTAporo o00OpyaoBaHUS
WM 000pyJOBaHMUs C OIpeAeIeHHbIMU AedekTaMu (00cay)XnBaHue o00pynoBaHus 3a (HAKTHUECKUM TEXHHYECKUM
coctosiHreM). Takke yCTaHOBJIIEHO, YTO KOHLENTYyajJbHbIe ornpeneneHus Smart Grid ykas3pIBalOT Ha BaXKHYIO POJIb
MHTEJUICKTYyaIbHOW CEeTH B TEXHOJOTMYECKOM M 3KOHOMHYECKOM Pa3BUTHH CHCTEMBI 3JIEKTPOCHAOXKEHHs. 3HA4UH-
TEJIbHBIM MUPOBOH onbIT npuMeHeHust TO u P 3a akTHUeCKNMM TEXHMYECKUM COCTOSIHUEM ITOKA3bIBAET CIIEIYIO-
IIyI0 0000IIEHHYIO OLEHKY (G (EKTUBHOCTH IAHHOTO METOJa: CHI)KEHHE PacxoJoB Ha oOcmyxwuBaHHWE Ha 75 %;
CHIDKEHHE KoJmuecTBa oOcmyxuBaHnii Ha 50 %; cHmkeHue uncma oTka3zoB Ha 70 % 3a mepBbeId TOA paboTHL
Hayuynas HoBu3HA. B pesynbraTe miccienoBanus U ycoBepieHcTBOBaHUA cucTteMbl TO u P TAroBEIX moncTaHIuii,
aBTOPOM IPEI0KEHa KOHLENIHUS NHTEIIeKTyanbHoi cuctemsl TO u P, MOHUTOpUHTa U THarHOCTUPOBAHUS 000-
pyznoBanust TII. OnpeznesneHbl OCHOBHBIE COCTaBIISAIONIME 3TOW cUcTeMbl. [IpeanoxkeHo sKcIuTyaTaloHHoe 00Ciy-
xuBaHue obopynoBanust TII 3a haKTHYECKUM TEXHUUECKHM COCTOSIHUEM C BO3MOXKHOCTBHIO 0oJiee Ka4eCTBEHHOTO
UCIIONIB30BaHMA pecypca 00opynoBanus. B MHCTpyKIMKM TEXHUYECKOTO 00CITy)KMBaHUS ¥ PEMOHTa 000pYIOBaHUS
TSTOBBIX TOJICTAHLIMH, ITYHKTOB NIMTAHHS ¥ CEKI[OHUPOBAHUS AJIEKTPUPHIIPOBAHHBIX XKele3HbIX nopor «L{E-0024»
Takoil moxxox k opranu3zauuu u nposeaeHuto TO u P TII e paccmatpuBaercs. IlpakTudeckas 3Ha4nMocTh. Bue-
JIp€HHE NaHHOM CHCTEMBI IT03BOJISIET: TIOBBICHTH OCHOBHBIE MOKa3zaTeny cucteMsl TO u P; cHU3UTB pacxozpl Ha 3Kc-
IuTyaranuio crioBoro obopynoBanus TI1 3a cuer npumerennss TO u P mo gakTudeckoMy TEXHHYIECKOMY COCTOSI-
HUIO; TTOBBICUTDH HAJIS)KHOCTH 000pynoBanust TII 1 cHCTEMBI 31IEKTPOCHAOKEHNUS 3IEKTPUPUINPOBAHHBIX KEITE3HBIX
JIOPOT; TIOJIyYUTh SKOHOMUYECKHU AP PEKT u T.II.

Knrouegvie cnosa: 3nekTpocHaOKeHNE; MEKTPUPUIINPOBAHHBIC JKEIIE3HbIE JOPOTH; MOJICPHHU3ANNS; PEKOHCTPYKIIHS;
Smart Grid; TsroBas noxacranmus; obopynosanue; TO u P; auarHocTHpoBaHUe; HAIEKHOCTH;, CUCTEMA; MOHUTOPHHT
(hakTHIECKOE TEXHIIECKOE COCTOSTHUE
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NEW APPROACHES TO MAINTENANCE AND REPAIRING
OF THE TRACTION SUBSTATIONS EQUIPMENT ON ELECTRIFIED
RAILWAYS ON THE BASIS OF SMART-TECHNOLOGIES

Purpose. At the stage of modernization and reconstruction of electrified railroads in Ukraine one should take
into account the innovative development level of all electric supply subjects on the basis of advanced technologies.
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Determination the ways to increase the power supply reliability of electrified railways and reducing the accidents of
the traction substation power equipment (TS). Methodology. For attainment a goal it’s studied the international
experience on qualitative power supply of the electrical railways at the basis of the ideology of Smart Grid. It’s
conducted a research of the major methods of technical servicing, repairing (TS and R) and diagnostics the traction
substation devices of electrified railways. Findings. As a result of research it was concluded that the basis of the
new methods of maintenance and repearing is analysis of the risks of operation of the weared equipment or
equipment with some defects (maintenance of equipment on the basis of the actual technical condition). It’s also
concluded that the conceptual definitions of Smart Grid point to the important role of smart grid technology to the
economic development of the electrical system. Significant world experience of maintenance and repairing at the
basis of the actual technical state shows the following general assessment of the effectiveness of this method:
reducing maintenance costs by 75%, reducing the number of services up to 50%, reduction the number of failures by
70% in the first year. Originality. As a research and improvement result of the maintenance and repairing system of
traction substations, the author has proposed the concept of maintenance and repairing intelligent system, monitor-
ing and diagnostic of technical process equipment. The basic components of the system are proposed. It’s proposed
a maintenance of the equipment of traction substation at the actual technical state with better resource parameters. In
the normative document for maintenance and repairing of the equipment of traction substations, power points and
sectioning posts of the electrified railways "CE-0024", this approach for organizing and conducting the maintenance
and repairing of the TS is not considered. Practical value. Implementation of this system allows: to increase the
main indicators of maintenance and repairing; decrease operating costs of the power equipment by using
maintenance and repairing at a basis of the actual technical state; improve the reliability of equipment and the power
supply system of TS of electrified railways, obtain economic benefit, and so on.

Keywords: power supply; electrified railway; modernization; reconstruction; Smart Grid; traction substation,
equipment; maintenance and repairing; diagnostics; reliability; system; monitoring; actual technical state
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BILIUB XIMIYHUX CIIOJIYK HA ®OPMYBAHHS
EJIEKTPOJYTOBOI'O PO3PSITY

Meta. Metoto poOOTH SBISEThCS TOPIBHAIBHUN aHANI3 BIUIMBY XIMIYHHX CIONYK Ha TPOIEC 3alaTtOBaHHS
€JIeKTPUYHOI JTyTH, YMOBH ii ropiHHsI. MeToauka. MatepiajaoMm Ui eIeKTPOAY MOCTyTyBaB HU3bKOBYTJICIEBUI JPIT
nmiametpoM 3 mw 3i ctami 3 0,15 % Byrnemo. B skocTi pedoBHH, MO BHU3HAYAIOTH YMOBH (DOPMYBaHHS EIIEKTPO-
IYroBOTO po3psny, Oynu Bukoprctani kaomis; CaCO, 3 nomiukamu rincy 1o 60 %; SiO, ta Fe — Si npu koHIeH-

Tpamii 3am3a 10 50 %. JlocmipKeHHs TPOBOAMIIICS PH BUKOPHUCTAHHI €JIEKTPUYHOTO CTPYMY TOCTIHHOTO HANpPSIMKY,
JYT'M 3BOPOTHOI TOJSIpHOCTI. B sIKOCTI JpKepena eneKTpUYHOro cTpymMy OyJ0 BHKOPHCTaHO 3BaprOBAIbHHIN
neperBoproBad tuiry [ICO-500. Ha criertiansHOMY CTEHIII IOYAaTKOBHIA 3230p MiX €JIEKTPOAOM Ta METAJICBOIO TUIACTHU-
HOIO CKiIaiaB 3HaudeHHs 1-1,5 MM. MDKeNeKTpoJHU NPOMDKOK 3alOBHIOBAIM JIOCII/PKYBAHOKO CIIOJYKOIO Ta
(bopMyBanM eNEKTPUYHUNA PO3psia. Y MOMEHT 3allaIFOBaHHS €JEKTPUYHOI IyTM BH3HAYAIM BEMYWHH EJICKTPUYHOTO
CTpyMy Ta Hamnpyru Ha jay3i. Iliciisi IpUpOIHBOTO PO3PHBY EIEKTPUYHOI JYTH, OCTATOYHY BEJIMYUHY 33a30py MiX
€JICKTPOJIaMi TPUHAMAIN B SIKOCTI MaKCHMaIbHOI MOBXWHM IOyru. Pe3yibTaTH. 3a yMOB €KCIIEpUMEHTY IEPEHOC
MeTally B MDKEJIEKTPOIHOMY ITPOMDKKY BiAIOBIIaB KPAIUIMHHOMY MEXaHi3My. 3a 30BHIIIHIMU O3HAaKaMH CITiBBiJHO-
IIEHHS MK MAaKCHMAJIbHOIO JOBKHHOIO YT Ta TOTYXHICTIO €JIEKTPHYHOTO CTPYMY MA€ BUIJIAZ €KCIIOHEHI[IaIbHOT
3asie)kHOCTI. [IMTOMa MOTYXHICTh €NEeKTPHUYHOrO JTYTOBOTO PO3PsAYy B MOMEHT 3allajieHHs Jyrd Ha OJAMHUINO 1l
JIOBXXHMHU BimoOpa’kae CTaH CepeloBHUINA B MiKeIeKTponrHoMy poMikKy. HaykoBa HoBu3Ha. 1. Ha ocHOBI aHamizy
BIUIMBY JIOCJIIDKYBaHHX PEYOBHMH Ha IporiecH (OpMyBaHHS €NEKTPUYHOIO JYrOBOIO PO3psAy BH3HAUEHO OOEpHEHO
TIPOTIOPILIMHIUKA 3B’S130K MK TOTY)KHICTIO €JIEKTPUYHOTO CTPYMY Ta MaKCHMAIBbHOIO JOBXXHWHOIO JIYyTH O MOMEHTY Il
NPUPOAHBOTO Po3puBY. 2. CIHIBBIIHOIIEHHS MK MaKCHMAJIBHOIO JIOBKHHOIO JYTH Ta IMOTY)XHICTIO €IEKTPHYHOTO
CTPYMY 3 OCTaTHHO BHCOKHM KOE(]iIlieHTOM KOPEJSIii MiAMOPSIIKOBYIOTECS eKCIIOHESHIIANBHIA 3aIe)KHOCTI. Brumns
JIOCIIDKYBaHUX PEUOBHH Ha mpouec (GOpMyBaHHS €IEKTPUYHOTO JAYyTOBOTO PO3PsLY BU3HAYAETHCS depe3 NMOKA3HUKU
CTYINEHsl PO3IJISHYTOTO CIIBBiJHOLIEHHS. 3. BenmumunHa NHTOMOI NOTYXHOCTI €JIEKTPHYHOIO CTPYMYy B MOMEHT
(opMyBaHHsI €NEKTPUYHOTO PO3pSAy HAa OAWHHUIO JOBXKHWHH IYyr'M Moxke OyTH NpHUIHATA B SKOCTI MapaMeTpa, IIo
XapaKTepu3ye CTaH MDKEIEKTPOAHOro cepenoumia. IpakTHyHa 3Ha4YMMicTb. 32 YMOB OJHaKOBOI YCTAHOBOYHOI
CHIM €JEKTPHYHOIO CTPYMy BH3HA4YEHO IMOCIIJOBHICTh pO3TAallyBaHHS MAOCHIIKYBAHHX CIIONYK Y HOPSAKY
30UIbLIEHHs X BIUIMBY Ha MpOILEC TOpiHHS ayrd. MiHIMaIbHUI BIUIMB CHOCTEpIraeThesi 3 OOKY KaojiHy, a MaKCH-
manbhui —3 Fe—Si.

Kniouosi cnosa: enekTpudHUil AyroBUi po3psii; JOBKUHA TYTH; MOTYXKHICTh €NEKTPUYHOTO CTPYMY; XiMi4Ha
CHIOJTyKa
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Beryn

Jnst TexHoJNOorii eneKTpUYIHOrO TYroBOTO 3Ba-
pIOBaHHS, MMOYATKOBI YMOBH ()OpPMYBaHHS EIIEKT-
PUYHOTO pO3pPSIy 3HAYHOI MipOI0 BH3HAYAIOTH
0COOJIMBOCTI TOJANBIIIOTO MPOIECY TOPIHHS TyTH.
3Ba)kalouu Ha BEJMKY KUIBKICTh YMHHHUKIB, IO 3a
AKICHUMH TIOKa3HUKaMH TO-Pi3HOMY BIUIMBAIOThH
Ha YMOBHU 3allaJIIOBaHHS €IEKTPUYHOI AYTH, CTaH
CepeJIOBHINA MIXKEIEKTPOIHOTO IMPOMIXKKY € OJI-
HUM 13 HaHO1IBIT BaroMux [3].

3 iHmoro 00Ky, CTaH cepenoBHIna Oyae HaOy-
BaTH HE MEHII BaroMoro 3Ha4YCHHS i Ha eTalli cTa-
OLIBHOTO TOPIHHS yTH, BU3HAYAI0Yd YMOBH Tepe-
HOCY MeTally 4epe3 eJIeKTPOJHUN IMPOMIXKOK. bi-
JIBIIIE TOTO, CaM XapaKTep MEepeHOCy PiJIKOTO MeTa-
Jy BiJl €NEeKTpOaa 0 3BapioBaIbHOI BaHHH OyIe
3yMOBJIIOBATH HE TIIBKH TEXHOJIOTI4HI XapaKTepu-
CTHKH €JIEKTPHYHOI JyTH 1 CHepreTHYHui OanaHc,
ane 1 CTYIiHb 3aBEpIICHHS PO3BUTKY METalypriii-
HUX TIpOLECiB mifg dac (OpMyBaHHS 3BapHOTO
3’e¢mHaHHsA B Iinomy [3, 12]. BpaxoByroum, 1o
BIUIMB MDKEJIEKTPOTHOTO CEPEIOBHINA Ha IMPOIIEC
3aMalllOBaHHs. JYyTH BH3HAYAETHCA 10HIZYHOUOIO
CHPOMOJKHICTIO, PO3TAIlyBaHHS MK €JIEKTPOJaMH
PI3HUX PEYOBHH 1 CIIONYK JO3BOJHUTH 3MiHIOBATH
MOYaTKOBI yMOBH (POpPMYBaHHS EJIEKTPUIHOTO
po3psay [4, 15]. Ha miacraBi 1mporo, IiiectpsMo-
BaHWI BIUIMB Ha YMOBH IEPEHOCY MeTally Ha MO-
MEHT (OpMYyBaHHS EIEKTPUYHOTO PO3PSIAY Ma€
IyXe BEIHWKE 3HAUeHHS JJIsi TEXHOJIOTI] eJeKTpHY-
HOT'O IyTOBOTO 3BapIOBAHHS.

[Iporec mepeHeceHHsT MeTaly 4epe3 MiKeIeKT-
POIHUI TIPOMIKOK 3HAYHOIO MIpOI0 BHU3HAYAETHCS
MOYaTKOBUMH YMOBAMH 3allalfOBaHHS eJEKTPHIHOL
nyrd. BkazaHuid mpoliec nepeHocy MeTaly MO>KHa
YMOBHO PO3MOZIATH HA OKPEMi eTarnu, SKUM Ipu-
TaMaHHI XapaKTepPHiI YMOBHU 3MiHHU arperaTHoro cra-
Hy MeTaly i horo BimactuBocteid [2, 6]. Tak, micis
(dhopMyBaHHSI PiFHH, 3pOCTaHHA ii 00’ €My Ha TOBE-
PXHI KaTomy 10 MOMEHTY BiIOKpEMIJICHHS KParuinH
3 IOBEPXHI 1 IEPEHECEHHS iX JI0 aHOY.

BpaxoByroun 3anexHicTb mpouecy (popmyBaH-
HSl KparuiiH, iX (GopMu i po3Mipy BiJ TPOTiKaHHS
XIMIYHHAX peakilii Mi)k pedOBHHAMH a00 CIOIyKa-
MH, III0 3aIIOBHIOIOTH MIXKEJIEKTPOIHHUH MTPOMIKOK,
CyMapHUil BIUIMB Ha 1OHI3yIO4y CIPOMOXKHICTb
cepeoBHIIA MepeadaunTH NTOCTaTHBO CKIagHO [8§,
10]. 3 inmoro Goky, mpouec GopMyBaHHS Kpariu-
HU MOXHA 3 BIIEBHEHICTIO BBXKATH 3aJIS)KHUM BiJ
CIIIBBIJHOLIEHHS CUJ TSDKIHHS, IO BINIMBAIOThL Ha
piauHY, 1 CHJIOO TIOBEPXHEBOTO HATATY METAITY.

BenuunHa criii IOBEPXHEBOTO HATATY PiJKOTO
MeTalry a00 CIUTaBy BH3HAYAETHCS OCOOIMBOCTSIMHU
iX BHYTpILIHBOI OYyIOBH, 10 SKMX BiAHOCSTHCS TUI
KPHCTAJIYHOT PElITKH, XIMIYHUI CKJIaj CIUIaBy.
Temnepatypa HarpiBy piIuHU Ta ii piTKOTUTMHHICTH
Ma€ TMeBHU BIUIMB Ha YKa3aHy XapaKTEePUCTHUKY.

Tak, msa 3amiza KoeilieHT MOBEPXHEBOTO Ha-
Try gopiBHioe 1,22 H/m [6]. [loMimiku XiMidHHX
€IEMCHTIB JI0 3ajli3a TPU3BOAATH 0 HOTO 3MIiHH.
Hanpuxman, nobaska o 3amiza 18 % Cr, 8 % Ni,
1 % Ti (X18H9T) npu3BoauTs 10 3MEHILEHHS KOe-
¢imieHTa MOBEPXHEBOTr0 HATATY (G) Ha piBHI 8—10 %.

[TopiBHSAHO 3 BIUIMBOM XIMIi9HOTO CKJIaIy CILIa-
BY CYMIIII Ta3iB MiXKEJIEKTPOAHOTO POMIXKKY MOXKE
TAaKOX BIUIMBATH Ha piBEHb 3HAYEHb O, Xoya ix
BIUIHB y OUTBIIIOCTI BUMAJKIB SIKICHO PI3HHIA.

Posrisinatoun (opMyBaHHS KpaIUIMHU METaly
CJIEKTPOJa MOXHA 3a3HAYUTH, IO OCHOBHHMH
BIUTMB BU3HAYAETHCS CITIBBIJIHOIIEHHSIM MIiX aKcCi-
JIBHOI0 CHJIOIO, SIKa BUHUKA€ BHACIINOK TaK 3Ba-
HOTO «MiHY-€(EeKTy» Ta CHJIOI MOBEPXHEBOIO Ha-
Tary [4, 6]. 3pocTaHHs TemmepaTypu HarpiBy pin-
KOTO METally CYNpPOBOKYETHCS 3HWIKEHHSIM KOe-
(himieHTa TOBEPXHEBOTO HATATY [6, 9].

BpaxoBytoun, 1110 B NepIIOMy HaOIMKEHHI TeM-
neparypa po3irpiBy piIKOro MeTayly MpOMOopLiiHa
CHJIi 3BaproBajibHOTO CTpyMy (/ ), a 3poctanHs [,
3MIHIOIOYH BIUTHB TPaBITAIHHOT CKIIAIOBOT, CIIPHSIE
3MEHIICHHIO KPUTHYHOTO PO3MIpy KparuHU (YMO-
BU BIIPHBY KpaIUIMHU BiJ enekrpoaa) [6]. OnHoua-
CHO 3 IIUM 30UIBIIYETHCS BIUIMB €IEKTPOMArHiTHOT
cwd [1], B TOMy 9HCITi HOTO CTHICKYIOUa il Ha pif-
KA MeTan 3BaproBaiibHOI BaHHH [1, 14]. Ilicus Big-
PHBY KpaIUIMHM BiJ MOBEPXHi €NEKTpoja, mpouec ii
MepeMIIleHHS BXKE MOYMHAE 3aJISKATH BiJl CyMICHOT
Ii1 eIEKTPOCTATHIHHX Ta CICKTPOINUHAMITHHUX CHII,
peakTHBHOI Aii enekTpuaHoro pospsay [10].

Ha migcraBi HaBEACHOTO CYMICHOTO BIUIUBY,
3pOCTaHHS CHUJIM EIEKTPUYHOTO CTPyMy CYIPOBO-
JDKYETBhCS TIOJIPIOHEHHSAM KpAaIUTHH PiIKOTO MeTa-
Iy, SIKi IEPEHOCATHCS B MIXKEJIEKTPOJHOMY MPOMi-
KKy [6, 16]. HaBenenuit ckiagHuii BIUTUB Ha MPO-
I1eC MEePEHOCY PiIKOTO METAITy i Yac eIEKTPOIY-
TOBOTO 3BAapIOBaHHS MOXE KOPEryBaTHCS 3a paxy-
HOK BUKODHUCTaHHs Pi3HOMaHITHHX XiMIYHHX pe-
YOBHUH 1 CIIONYK.

MeTta

[opiBHANBHMI aHANI3 BIUTUBY XiMiYHHX pevo-
BUH Ha MpOLEC 3alaliOBaHHS ENEeKTPHYHOI OYTH
1 yMOBH 1i TOpiHHS.
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MeToanka

Marepiagom ans enektpona OyB BUKOpHCTa-
HUM HU3BKOBYIJICLEBUH [IpIiT AiaMeTpoM 3 MM,
3 cram 3 0,15 % Byrmenro. Sk crmonyku, 1o BU-
3HAYalOTh YMOBH (DOpMYBaHHS €IEKTPOIYTOBOTO
pospsany, 6ynu Bukopucrtasi kaonin; CaCO;, 3 no-
Mmimkamu riney go 60 %; SiO, ta Fe—Si; npu
KoHIeHTpaii 3amiza 710 50 %.

JocnimkeHHs BUKOHYBald IiJ 4Yac BHUKOPHUC-
TaHHA €JIEKTPUYHOTO CTPYMY IOCTIHHOIO HaIlpsM-
Ky, AyTH 3BOPOTHOI MOJISIpHOCTI. Sk mxepeno ene-
KTPUYHOTO CTPYMY BHKOPHCTOBYBAJIU 3BaprOBallb-
Huii meperBoproBad tuny [ICO-500. Ha cremi-
aJPHOMY CTEHIII TIOYaTKOBUU 3a30p MK €JIEKTPO-
JIOM Ta METAJICBOIO IUIACTUHOIO CKJIAJAaB 3HAYEHHS
1-1,5 mM. MikeneKTpoIHUI TPOMIKOK 3aroBHIO-
BaJM JOCTI/DKYBaHOIO CHOJYKOK 1 (opMyBaiu
CJIEKTPUYHUHN PO3PSA.

B MOMeHT 3amantoBaHHs €NEKTPUYHOI AyTH BU-
3HAYaJId BEJMYMHU EJEKTPUYHOI'O CTPyMy Ta Ha-
MpyTH Ha 1y3i. [1icis mpupoIHOTO PO3PHUBY EIICKT-
PUYHOI OYI'W, OCTATOYHY BEJIMYMHY 3a30py MIXK
€JIEKTPOaMH MIPUHMAIH SIK MAaKCUMAaJIbHY TOBKH-
HY OyTH.

PesyabTaTtu

OkpiM 3aeXHOCTI TeMIepaTypu po3irpiBy Me-
Tally BiJl CHJIM eNleKTpu4Horo cTpymy [7, 10], mpo-
mec (hopMyBaHHS KpaIUIMH PiAKOTO METaly BH3HA-
YAEThCS CYMICHOIO Ji€l0 AEKUIBKOX YHHHUKIB. Ilo-
nepiie, icHyBaHHs 00epHEHO TPOIOPIIHHOTO CITiB-
BIJTHOIIICHHS] MK TEMIIEpaTypoOl0 HarpiBy i CHIIOIO
MOBEPXHEBOT0 HATATY METajly MOKasye, IO 3poc-
TaHHS [ OyJe COpUATH MiIBUILICHHIO PiIKOILINH-
HocTi piguad. OIHOYACHO 3 IIMM, CIOCTEPIraeThes
3pOCTaHHS EJIEKTPOANHAMIYHOTO BIUTMBY Ha IPOIIEC
yTBOpeHHS KparmumH. CyMiCHUH BIUTUB YKa3aHUX
YHHHUKIB TPU3BOIUTH JI0 3POCTaHHS CTYIEHS J¥iC-
MepryBaHHs KPAIDIMH PiAKOTO MeTary [6].

[Iponec mepeHOCY piKOro MeTamy 4epes3 Mixk-
€JIEKTPOJHUM MPOMIKOK MOKHA PO3KJIACTH HA II0-
CIIJIOBHI eTamu: BiIpUB CHOPMOBAHOI KpaIUIMHH
BiJI TTOBEPXHI OJHOTO €JEKTpoAa i MmepeHoc ii 1o
iHImIoro. TakuM YHWHOM, MPOTOPITIHHO 3POCTAHHIO
I Oyne 3MeHmIyBatucs po3Mip KpaluldH, IO BH-
JMy4aroThCs 3 TOBepxHi ejekTpona. OmHOYACHO
Oyne 3pocTaTH KUIBKICTh KpaIIdH, M0 MEePEHO-
CATHCA Yepe3 MPOMINKOK MK €IICKTPOIaMHU 3a OfH-
HUIIIO Yacy.

88

[Mpu cuiti eNneKTpUYHOro CTPYyMY, KOJHM Kpar-
JIMHU YTBOPIOIOTH O€3IEpPepBHUM JIAHIIOT, BBaXKa-
€TBCSl JOCSATHEHHAM KPUTHYHHX YMOB, IIO BU3HA-
YarTh AKICHI 3MIHH B XapakTepl MEePeHOCY METany
(BiJ KparIMHHOTO A0 CTpyiHOTro). TakuM YHHOM,
BU3HAUEHHS MEXaHI3My IIEPEHOCY METaly Mae
NpakTUYHE 3HAYCHHS Ui OLIHIOBAHHS BIUIUBY
JOCTIKYBaHUX PEYOBHH Ha Tpolec (popMyBaHHS
CJIEKTPUYHOTO PO3PSILY.

Kputnune 3Ha4YeHHS EIEKTPUYHOIO CTPYMY
(/,) BigmoBimae ymMoBaM, KOJIU JAiaMeTp CTOBOypa
piakoro Metany gocsirHe mpu6bnu3Ho 0,7 miamerpa
enektpoaa [6]. Ha miacTaBi mporo, BenuunHa I,

OLIIHIOETHCH 34 CITIBBIAHOIICHHSIM:

I,=kJod, (1)

e k 1 6 —koedilieHTH TPOMOPLIHHOCTI 1 MoBep-
XHEBOTO HATATY METAJy BiINOBiTHO, d — Iiamerp
eJIEKTPOJa.

HeBusHayeHicTh BENMMUUH k 1 G MOXe OyTH
YCYHEHa BUKOPHCTaHHSAM BIIOMHX €KCIIEpUMEHTa-
JBHUX JaHuX. Tak, BeIWYMHA CHJIM HOBEPXHEBOTO
HaTATY A7 3aii3a popisHioe 1,22 H/m, a mpu 36i-
JBIICHHI BMICTY XiMIYHHX €JIE€MEHTIiB 3MEHIIYETh-
Csl, IOCATAI0YM, HAPUKIA, AT CKIJIAQJHO JIEroBa-
Hoi cram mapku X18HI9T 1,1 H/m [6]. Ilixcras-
msitoun B (1) o = 1,1 H/M, ang pisHUX niamerpiB
enekrpoja: 1-3 MM Ta BiANOBIAHUX 3HauYeHb [,

(190-350 A), sxi oTprMaHi 3 IPSIMUX JOCIIIKCHb
(TI0 BiApWBY KPAILTUHU PiAKOTO METaTy Bijl TOBEP-
xHi enekrpona), A crami X18HIT Benuuuna k
cknana 3uavenns 18,1-18,8 A/min®’.

3 ypaxyBaHHSM iHTEpBaIy 3MiHU O, JUIS HU3b-
KOBYTJICLICBO1 cTaJli MOXKHa npuitHata ¢ = 1,2 H/wm,
Ta k =18.,5 A/nin®™. 3a criBBiTHOMIEHHM (1) 6ymno
BM3HAYEHO, IO IS HU3bKOBYTJICIIEBOI CTaNi €JIeKT-
poma mpu d = 3 MM, [, TIOBUHHO JOPIBHIOBAaTH
375-380 A. IlopiBHIOIOYHM i3 CTPyMOM YCTaHOBKH
200 A, ciig BBaXKaTw, IO 32 YMOB €KCICPHMEHTY
MIEPEHOC METaTy B MIKEICKTPOIHOMY MPOMIXKKY
BiJITIOBiIaB KPAIIAHHOMY MEXaHi3MYy.

3a yMOB EINEKTPUYHOTO CTPYMYy MOCTIHHOTO
HaNpsIMKY, TpPHU 3BOPOTHIH MOJSPHOCTI, BIICYT-
HICTh KOPEJSIIMIHNX 3B’SA3KiB MK MaKCHMAJIBHOIO
JOBKUHOKO TyTH (/,) 1 CHJIOI0 €IEKTPUYHOTO CTPY-
My abo Hampyror Ha ay3i (U), BusBIeHa HE00-
X1THICTh OJIHOYACHOTO ypaxXyBaHHS BIUIHBIB Bix [
ta U . PesynbraTtu moOy0BaHMX 3aJICKHOCTEH TS
JOCJTIIKYBaHUX KOMITOHCHTIB HaBe/ICHI Ha puc. 1.
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[, MM J1s KOXKHOTO TOCTIIKYBaHOTO KOMITOHEHTA 3a
a 3aIeKHOCTSIMH (puc. 2) OyJIM BU3HAUYCHI 3HAUCHHS
8 ) A 1 K, qna posmipHocti [, [mm], W [BA]. Tak,
6 =) Y L B TOpSAKY 3MeHIIeHHs BenmmunH A (14,75; 13,7;
10,5 i 8,8), mocmimKkyBaHi KOMITOHEHTH pPO3TaIo-
BYIOTbCA Yy BiANOBiAHIM mnocaigoBHOCT: Si0,,
12 ] § Fe—Si, CaCO; 1 xaoniH. AHaJOTIYHUN XapakTep
10 xﬁ/ 3MIHM CIIOCTEPIraeThCs 1 And BenuuuHu K, y BH-

N B
T8
8 'l

-..'.:\\

'Y
8
N -

2 3 4 3

W, kBA
Puc. 1. Bnus kaomniny — (a), SiO, —(6), Fe—Si —(6)

ta CaCO, — (2) Ha CHIBBIHOLIEHHS MK JIOBKHUHOIO
JIyTH 1 TOTY>KHICTIO €JIEKTPUIHOTO CTPYyMY

Fig. 1. Influence of kaolin — (a), SiO, —(b), Fe—Si —(c)
and CaCO, — (d) on the ratio between the arc length
and electric current power

3a 30BHINIHIMH O3HAaKaMH MOXXHa TOBOPUTH

PO iCHYBaHHS 0OCPHEHO MPOIIOPIIIIHOTO CITIBBiI-
HOIIEHHA MIX [, 1 HOTYXHICTIO €IEKTPUYHOrO

crpymy (W =U [I). BimxwieHHA 3aJIeKHOCTEH
[, = f(W) Big npsAMOIiHIHOTO BUIIIAY BKa3ye Ha

HEOOXITHICTE TIepeOymaoBH iX y JorapudMidHUX
KoopauHaTax (puc. 2).

VY mepmomy HaONMMXEHHI BKa3aHi 3aJ€KHOCTI
JOCTaTHBO OJJHO3HAYHO MiAMOPSIAKOBYIOTHCS CITiB-

BiTHOIIICHHIO THILY:
In(/;)=A+KIn(W), 2)

ne A 1 K mocriiiHi xapakrepuctuku. [licns mepe-
TBOpPEHb BUpa3 (2) HaOyBae BUTIISLY:

3)

ne B — xoedilieHT mponopIiiHOCTI.

3HaueHiil nocnigoBHocti (Si0,, Fe—Si, CaCO;
i kaomin): 1,5; 1,4; 1,0310,817.

In(l,)
2 &
. R
2,5 X\
2
1.5 \
2.5 u
9
2.5 é\i-
R
L3 T s g Es nW

Puc. 2. 3anexsocti [, = f(W) mns 10CHiKyBaHUX

PEUYOBHUH B JIOTapUPMIYHUX KOOpAWHATAX.
[lo3nauenns ananoriuHi puc. 1

Fig. 2. Dependencies [, = f(W) for the studied

substances in logarithmic coordinates.
Values are similar to the Fig. 1

Jns OUTbIn  AETaNbHOTO TOSICHEHHS TPHYHH,
10 BIUIMBAIOTh Ha MPOIEC 3aMalioBaHHS CJICKTPU-
YHOI AYTH KOMIIOHEHTIB B HaBeIIEHil IOCIIiIOBHO-
cti Bifg Si0, 10 KaomiHy, 3[ilICHEHO N0JaTKOBUIA
aHaJi3 OTPUMAaHMX CIiBBiIHOIIEHb. Tak y mepiio-
My HaONIKEHHI, 3 ypaxyBaHHAM BiJIOMOTO 3HH-
JKEHHS CHJTH TTOBEPXHEBOTO HATATY 3alli3a Bill KOH-
HEHTpallii KUCHIO [6], HaBeleHH XapakTep BIUIU-

© 1. O. Bakynenko, C. O. Ilinityenko, JI. M. Makapesu4, 2014

89



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

Hayxka Ta nporpec Tpancropty. BicHuk J[HIponeTpoBcbKoro
HAI[IOHAJIBHOTO YHIBEPCHUTETY 3aIIi3HUYHOTrO TpaHcmnopty, 2014, Ne 4 (52)

MATEPIAJIO3HABCTBO

BY (puc. 1) Moke OyTH 3yMOBJICHHH TPHUCYTHICTIO
pi3HOI KOHIIEHTpalii aTOMIB KUCHIO B Pe3yJbTaTi
peakiii aucormianii JOCTiIKYBaHUX KOMITOHCHTIB.
3 iHmoro 00Ky, Ha TOYAaTKOBUX eTamax (QopMmy-
BaHHS JYTOBOTO PO3PSTY 301TBIICHHS CHIIA €IICKT-
PUYHOTO CTPYMY CYIPOBOKYETHCS IMPOMOPIIiN-
HUM 3pOCTaHHSIM MAacCOIEPEHOCY MeETaly depe3
MDKEICKTPOIHUH TpoMiXkok [5, 10]. Pazom 3 TrMm,
32 paXyHOK CYMapHOi [ii BUHUKAIOUUX CJICKTPHY-
HUX 1 MarHiTHUX IOJIiB B MPOMIKKY MIX €JIEKTpO-
IamMu GpOpMy€EThCS OChOBA CHIIA, IO BH3HAYAE MeE-
XaHIYHUH XapakTep BIUIMBY Ha pinkuii MeTan. Bu-
HUKaroue HaNpy>KEHHS 3a CBOEIO JI€I0 € Hampy-
JKEHHSIM THUCKY .

3a yMOB HE3MIHHOCTI OiTBIIOCTI YNHHUKIB, IO
MaloTh BIUTMB Ha Tpoliec (OpPMyBaHHS TYTOBOTO
pO3psALy, BKa3aHe HANpYyKEHHS MOXHA OI[IHHUTH
Yyepe3 BUHUKAIUy CHITy () 3a 3aleXHicTIO [6]:

p=k, I”, “4)

ne k, — xoedillieHT, 110 BU3HAYAE BILIUB JiaMeTpa
€JIeKTpOJIa Ta TOJAPHOCTI eneKTpudHoi nyru. Pa-
30M 3 THM, 3a HaBEAECHOIO 3aJIEKHICTIO ITOBHICTIO
BIZICYTHI/ BIUTMB 10HI3YIOYOI CITPOMOYKHOCTI MiX-
€JIEKTPOJHOTO cepeloBuIna. Xo4a, 3a 300pakeH-
HAM criBBigHOmeHb [, = f(W) (puc. 1) MoxHa
BCE K BU3HAYUTH OCOOJIHMBOCTI BIUIMBY JTOCIIIIKY-
BaHMX PEYOBUH Ha CTaH CEPEIOBHILA MiXKEIEKTPO-
JTHOTO TIPOMIXKKY.

BukopucToByr0OuM TOTYXHICTh  €JIEKTPUIHOTO
JYTOBOTO PO3psIly B MOMEHT 3amajieHHs AyTH sIK Xa-
PAKTEpPUCTUKY, IO BU3HAYA€ YMOBU MOJAJIBLIOTO 11
TOPIHHSA, MaKCUMalTbHA JOBXKHMHA IyTH TTOBHHHA Bi-
JIOOpakaT CTaH CEepellOBHUILA B MiXKEIEKTPOIAHOMY
npomikky. JlificHo, aHani3 3anexkHocteit [, = f (W)
TMOKa3ye, IO JIOCTAaTHHO YaCTO MOYKHA CIIOCTepiraru
JUIsL OTHAKOBHX PIBHIB W 3MiHy /, y BU3Hau€HOMY
iHTepBaJi 3Ha4yeHb. 3 METOI0 CHpPOOM BH3HAUYCHHS
TOKa3HUKA, KU MOXKE JO3BOJMTH OLHWUTH BIUIUB
JOCITIDKYBAHUX PEUYOBHH Ha TIPOIEC TOPIHHS IYTH,
cKopucTaeMocs 3anexHictio [, = f(W) (puc. 1), ane

SK apryMeHT npuiiMeMo BermmuuHy /,. Jami, micis
anpokcumartii 3anexxsocti W = f(l,) npsmumu -

HISIMU 1 BU3HAYEHHsI KYTOBOTO KoeillieHTa CHiBBijI-
HOIIICHb CTa€ MOXJIMBHM OLIHUTH CTYIHb BIUTHBY
JTOCTIHKYBAHUX PEUOBHH.

Jns inTepBaty 3HaueHb W 1 [, (puc. 1) kyToBuit

koedimient (C ) OImiHEMO 3a CITIBBITHOIICHHSIM:

90

AW

C__a
Al

®)

ne— AW 1 Al, BignoBigHi iHTepBay 3MiHu W 1 [, .

BpaxoBytouu, I10 KOXXKHOMY XiMIYHOMY eleme-
HTY BIAMOBIAIOTh BJIACHI 3HAYEHHS ITOTCHINIAJIIB
ioHI3arii (mepmuii MoTeHITia 10Hi3allil, IpyTHi Ta
iH. [13]), MOXHa 3 BH3HAYEHHM CTyIEHEM CIIPO-
IIeHHS CIpoOyBaTH OIIHUTH BKa3aHy XapaKTepHC-
TUKY AociikyBaHux crnonyk ( P). Ilo neprue, s
BU3HAUYCHHSI P CKOPHUCTAaEMOCS JIMIIE MEPIIUM
MMOTEHIAJIOM 10HI3arlii XIMIYHMX €JIEeMEHTIB, 3Ha-
YeHHS SKUX HaBeICeHI Ha miarpami (puc. 3).
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! 10 20 30 40 50 60 70 80 90 Z

Puc. 3. 3HaueHHs nepiioro NoTeHiany oHi3anii
XIMIYHUX €JIEMEHTIB 3aJIeKHO BiJ] MMOPSIKOBOTO HOMEpa
MIEPiOAMIHOT TAOIHII

Fig. 3. Value of the first potential of chemical
elements ionization according to the serial
number of the periodic table

3yMOBJICHO HaBEJICHE TOJIOKEHHS THM, IO ITiJ|
qac ()OPMYBaHHS €JIEKTPUYHOTO JTYyTOBOTO PO3PSILY
B OCHOBHOMY BiJIOYBA€ThCSI BIUTyUCHHS 30BHIIIHIX
(BaJIeHTHHX) ENEKTPOHIB, B TOW Yac SIK BHIYYCHHS
OUTBIII HAOJIMXKEHUX EJICKTPOHIB JI0 sijipa aTroma To-
Tpebye B IeKinbKa pasiB Oinbioi eneprii [11, 13].

3 MeTOoI BpaxyBaHHS JOCTaTHHO CKIIAJHOTO
B3a€EMHOTO BIUIMBY OJHOYACHO MPHUCYTHIX PI3HUX
XIMIYHUX €JICMEHTIB B 30HI €JICKTPHIHOTO ITyTOBO-
TO pO3psiay, HEOOX1THO 3pOOUTH JBA IPUITYIIICHHS.

[epmie mpurymieHHsT — 1€ BUKOHAHHS OLIHIO-
BaHHsS BEJMYMH P JOCHIIKyBaHUX CIIONYK 0e3
ypaxyBaHHSI €Heprii, sika BUTPa4aeTbcs Ha MOBHY
JUCOITIAIiI0 MOJIEKYJT a00 XiIMIYHUX 3’€JHaHb JIO
aTomMapHoro crany. Jlpyre NpuIymieHHS — TpH-
WMaeThCS aTUTUBHUN XapaKTep BIUIMBY ITOTEHITia-
JiB ioHI3amii XIMIYHUX €JIEeMEHTIB, SKi YTBOPIOIOThH
MoJleKyIry abo XiMidHe 3’ €IHaHHS, POTIOPIIHHO TX
KinibKocTi. EQeKTHBHICTh BIUIMBY JOCIHIIKYBaHUX
CHOJNIYyK Ha mpouec (OPMyBaHHS €IEKTPUIHOTO
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pO3psiaLy, IO OIIHIOETHCS 32 3HAYCHHSIMH BEJINYH-
Hu C (puc. 1), B nHilCHOCTI TOBMHHA OYyTH
MOB’sI3aHa 3 OCOOJIMBOCTSMH aTOMapHOI OyIoBH
XIMIYHUX €JIEMEHTIB, SIKi YTBOPIOIOTH CIIOJIyKH. Ha
MiZICTaBi I[OTO, MOXKHA OYIKYBaTH iCHYBaHHS KO-
pensimiiftHoro 3B’s3Ky Mik BenmuuHamu C Ta P.
PesynbpTar cipoOM MapHOro0 HAHECEHHSI BKA3aHUX
XapaKTePUCTHUK HABEJCHUH Ha puC. 4.

P, B

. O
(=]

10
’ /
g &
0.3 0.4 0.5 j—? %:‘

Puc. 4. CuisBigHomenss Mk Benuyunamu P 1 C

IUIsL JIOCITLIDKYBaHKUX PEYOBHH ( (O KaoJiH;
® 50,9 caco,; D Fe-si)

Fig. 4. Ratios between the values P and C for the
studied substances ( @ — kaolin; ®- SiO, ;

@ caco,; ®  Fe-si)

3 xapakTepy HaBEIEHOI'O CITiBBITHOIICHHS MO-
»KHAa TOBOPUTH TIPO iCHYBaHHS MK KyTOBHM Koedi-
mieatoM (C) 1 BemuumHOWO P mpomopuiiiHOTrO
3B’s3Ky. SIKIO BBaKaTH, IO 32 BU3HAYCHHUX YMOB
(GOopMyBaHHS €JIEKTPUYHOTO JyTrOBOTO PO3PSIY Be-
nunurHa C XapakTepusye BIUIMB CIOJNYKH Ha TPO-
1IeC TOPIHHS JYTH, TO LIJKOM OOIPYHTOBAHUM CJIiJ|
OUIKYBaTH iCHyBaHHS 3B’SI3Ky 3 BEIMUHMHAMH, SIKi
XapaKTePU3yIOTh CTaH MIKEIEKTPOAHOTO IPOMIXK-
Ky. 3a HaBe/ICHOIO 3AJICXKHICTIO, IOPIBHSHO 3 iHIIH-
MU JIOCITI/PKYBaHUMH CIIOJYKaMU, 3aIlIOBHEHHS MIXK-
EJIEKTPOJHOTO TIPOMIKKY Fe—Si cynpoBOmIKYETh-
csi GOpPMYBaHHSM €JIEKTPUYHOTO JyTOBOTO PO3PSIITY
MpY HAMOUTBIT HU3BKUX 3HAYCHHSIX MUTOMOI MOTY-
xHocTi. [IpubnusHo Ha 20% OUTBIIY MOTYKHICTH
EIIEKTPUYHOT0 CTPYMY HEOOXIIHO MaTu Jjis 3a0e3-
MIEUYEHHSI YMOB 30YyIDKCHHS JyrOBOTO PO3PSIy IpH
3all0OBHEHHI MiXeaekTpoaHoro mnpomixky CaCO;,

Ta Si0, Ta e OUIbLTY IS KAOJIiHy.

HaykoBa HOBH3HA Ta NPAKTHYHA
3HAYUMICTh

1. Ha ocHOBi aHamizy BIUIMBY JOCIHiIKyBaHUX
PEUOBHH Ha Mporiecd (HOpMyBaHHS EIEKTPUIHOTO
JIYTOBOTO  pO3psily  BU3HAYeHHH  0OepHEHOo-
MPOTOPIIIAHMIA 3B’SI30K MK TOTYXKHICTIO €JIEKT-
PHYHOTO CTPYMY 1 MAKCHMAIBHOK JOBXHHOKO Y-
TY 10 MOMEHTY il pO3PUBY.

2. CHiBBIIHOIIEHHS MK MaKCUMAJILHOKO JIOB-
KHHOIO IIyTH 1 MOTYKHICTIO €IEKTPUYHOTO CTpPY-
My, 3 JIOCTaTHRO BHUCOKHM KOE(II[iEHTOM KOpels-
i1, MiIIOPSAKOBYEThCS EKCITOHCHIIIATBHIN 3aJ1eK-
HocTi. BB mocmigKyBaHUX CIIOyK Ha MPOLEC
(OpMyBaHHS EJIIEKTPUYHOTO JYTOBOTO PO3PSIILY
BU3HAYAETHCS Yepe3 MOKA3HUKH CTYTICHS 3aIporio-
HOBAHOI'O CITiBBIIHOILIEHHS.

3. BenmuunHa MUTOMOI TOTYXKHOCTI ENEKTpUY-
HOTO CTPyMY B MOMEHT (POPMYBaHHS €IEKTPHYHO-
TO po3psiay, siKa BiJIHECEHA JI0 TOBKUHH JyTH, MO-
ke OyTH MpUiHATA SK mapaMeTp, IO XapaKTepu-
3y€ CTaH MDKEJIEKTPOJIHOTO CEPEIOBHIIA.

3a yMOB OJHAKOBOi BCTAHOBJIIOBAJIEHOI CHIIH
EJIEKTPUYHOTO CTPYMYy BH3HA4Y€HA ITOCIiZOBHICTH
pO3TaIllyBaHHS JOCTIPKYBAaHUX PEUYOBHH B TOPSII-
Ky 30UIbIIEeHHS iX BINIMBY Ha IPOIEC TOPIHHS
nyru. Tak, MiHIMaJIbHUMN BIUIMB CIIOCTEPIra€ThCs
3 OOKy KaomiHy, a MaKCHMalbHUU — a1 Fe — Si.
Bukopucranns Benuuudu C J03BOJUTH HA TIpak-
THIII OIIHIOBATH CTYIIHb BIUIMBY CYMIIlli XIMI9HHUX
PEUOBHH 1 CIIONYK Ha mporec (OpMyBaHHS E€JIEKT-
PHYHOTO IyTOBOTO PO3PSIAY.

BucHoBku

1.3a yMOB BHMKOHaHUX JOCHI/DKCHb IEPEHOC
MeETajJy B MIXKEJIEKTPOAHOMY IMPOMIKKY BiAIIOBiIA€E
KpPAIUIMHHOMY MEXaHi3My.

2. CiBBIIHOIIEHHS MiXXK MaKCHMAaJIbHOIO JOB-
YKUHOIO JTyTH 1 MOTYXKHICTIO SIIEKTPUYHOTO CTPYyMY
B MOMEHT (OpMyBaHHS EJIEKTPUYHOTO PO3PSAY,
TUTsT yMOB 00epHEHOT TOJIIPHOCTI, Ma€ BUTIISAL €KC-
MMOHEHINAILHOT 3aJIE€KHOCTI.

3. BB XiMIi4HOI CIOJNYKHM Ha CTaH Cepejlo-
BHIA MDKENEKTPOJAHOTO MPOMIKKY MOXKe OyTH
OLIIHEHUM 3a BIJHOLIEHHSAM IIBUIKOCTI 3MIHH IIO-
TY>KHOCTI €JIEKTPUYHOTO PO3PsIy, B MOMEHT 3ara-
JIFOBAaHHSI 1yTH, HA ONMHULIO 11 JOBKUHHU.
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BJIUSAHUE XUMUWUYECKHUX COEJUHEHU HA ®OPMUPOBAHUE
EJEKTPOAYI'OBOI'O PA3PSAIA

Hens. Llenpio paboThl ABISETCS CPABHUTEIBHBIA aHATH3 BIUSHUS XUMUYCCKHX COCIUHCHUN Ha Tporecc Gop-
MHUPOBAHHS EKTPUIECKOM IyTH U yCIOBHA ee TopeHus. MeToauka. MaTtepuaioM Il 3JIEKTpoaa Oblia HU3KOYT-
JIepoJuCTas MPOBOJIOKA JIUaMETpPOM 3 MM M3 cTajlu ¢ coaepxkanueMm yriepona 0,15 %. B kauectBe coeguHeHUH,

KOTOpBIE ONPENEISIOT YCIOoBHs (GOPMUPOBAHUS BIEKTPOIYTOBOro paspsia, ucromns3osand kaomus; CaCO; c mpu-
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Mecsimu rumca 1o 60 %; Si0, u Fe— Si npu xoHueHTparuu xxenesa 1o 50 %. HccnenoBaHus NPOBOIMINCE IPU

UCIIONIb30BAaHUN TIOCTOSHHOTO JJIEKTPHUYECKOTO TOKAa M JyrM OOpaTHOW MOJSPHOCTH. B KadecTBe MCTOYHHUKA
AIIEKTPUYECKOTO TOKa MCIOJIL30BaIM CBAapOYHBIN mpeoOpazoBarens tuna 11CO-500. Ha cnenmansHOM CTeHIE Ha-
YaJIbHBIN 3a30p MEXAY 3JIEKTPOJOM M METAIMYECKON IUTACTMHOM cocTaBisi 3HaueHue 1-1,5 MM. MexanexTpon-
HBIA MPOMEKYTOK 3alOJHUIH HCCICIYeMbIM COCIUHCHHEM M (POPMHUPOBAIM IJICKTPHUYCCKHE paspsii. B MoMeHT
BO3HUKHOBCHUS 3ﬂeKTpl/I’{eCKOﬁ AYTHU onpeacIsain BEJIMYMHBL QJICKTPUYCCKOI'O TOKA U HAIPAXKCHUA Ha AYyIe. ITocne
MIPUPOJHOTO Pa3phiBa 3JIEKTPUYECKONW TYT'H, OKOHYATENbHYIO BEJIMYHMHY 3a30pa MEXIY JIEKTPOJaMU NPUHHMAIN
B KayecTBE MaKCHMaJIbHOTO 3HA4YEeHUs JIMHBI Iyrd. Pe3yabTarsl. B ycloBusx skcrneprMeHTa HEpeHOC MeTaslla
B ME3JIEKTPOIHOM IPOMEKYTKE OTBEYaJ KalleJIbHOMY MeXxaHu3My. [1o BHETHUM NpH3HAKaM COOTHOLIEHHE MEXKIY
MaKCHMaJIbHOM JUIMHON DYTM M MOIIMHOCTBIO 3JEKTPUYECKOrO TOKAa MMEET BHUJ HKCIIOHEHIMAIBFHON 3aBUCHMOCTH.
YaenbHast MOIIHOCTH 3JIEKTPUYECKOTO JYyroBOTO pas3psaa B MOMEHT (JOpMHUPOBaHMS AyTH Ha €OUHUILY €€ JUIMHBI
XapaKTEePHU3yeT COCTOSHHE CPElbl B MEXAIEKTPOAHOM mpoMexyTke. Hayunasi HoBu3Ha. 1. Ha ocHoBe ananmmza
BIIMSIHUS UCCIIEyEMbIX XUMUUECKUX COSIUHEHHI Ha MPouecchl (POPMUPOBAHHS JIEKTPUUECKOTO JTyrOBOTO paspsiia
orpeziesieHa 00paTHO-NPONOPIHOHATIBHAS CBS3b MEXKYy MOIIHOCTBIO 3JIEKTPHYECKOTO TOKA M MAKCUMAaJIbHOW AJIH-
HOW IyTH K MOMEHTY €€ MPHPOAHOro paspbiBa. 2. COOTHOLIEHHE MEKAY MAaKCHMAaIbHON JIMHOW JYyTH U MOILIHO-
CTBIO AJIEKTPUUYECKOTO TOKA C JIOCTATOYHO BBICOKUM KOI(QQUIIMEHTOM KOPPEJSILIUY MTOTYMHSIETCS SKCIOHEHIHAb-
HOW 3aBHCHUMOCTU. BiusiHMe uccienyeMblX COeqUMHEHHMH Ha mporuecc (GpopMHPOBaHMS DIIEKTPHUECKOTO TYrOBOTO
paspsizia onpeenseTcs uepes MokazaTesld CTeNeHH MOIy4eHHOI0 COOTHOIIeHus. 3. Benn4nHa yienbHoM MOIHOCTH
JIEKTPUUECKOTO TOKa B MOMEHT (DOPMHUPOBAHUSI JIEKTPUUECKOTO paspsija Ha eIUHUIY JJIMHBI IyTH MOXET OBITh
NpUHITA B KAa4ecTBE NapamMeTpa, KOTOPBIM XapaKTepH3yeT COCTOSHHE CPEAbl B MEXDJIEKTPOJHOM IMPOMEXKYTKE.
IIpakTHyeckast 3HAYUMOCTB. B yCIIOBHSIX OAMHAKOBOW YCTAHOBOYHOW CHIIBI 3JIEKTPHYECKOTO TOKa OIpeaeseHa
MIOCJIEI0BATEILHOCTD PACTIONOKEHHUS UCCIEAYEMbIX XMMUYECKHX COCIMHEHUH B TOPAIKE YBEIWYCHHS UX BIMSHUS
Ha TIPOLIECC TOPEHUs Ayrd. MUHUMAJIbHOE BIMAHUE HAOIIOIAeTCs OT KaoJiHa, a MaKcuMalbHoe — or Fe — Si .

Kniouegvie cnoga: 3neKTpUUECKUi JyrOBOW paspsil; AIMHA JIYyT'H; MOIIHOCTh SJIEKTPUYECKOT0 TOKAa; XUMUYECKOe
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INFLUENCE OF CHEMICAL COMPOUNDS ON THE FORMING
OF ELECTRIC ARC

Purpose. The purpose of work is a comparative analysis of chemical compounds influence on the process of
electric arc forming and condition of its burning. Methodology. Material for an electrode was a wire 3 mm in di-
ameter of low carbon steel with contain of carbon 0.15%. As chemical compounds, which determine the terms of

forming of arc welding were used kaolin; CaCO; with the admixtures of gypsum to 60%; Si0, and Fe—Si with

the iron concentration to 50%. Researches were conducted at the use of direct electric current and the arc of reverse
polarity. As a source of electric current the welding transformer of type PSO-500 was used. On the special stand an
initial gap between the electrode and metal-plate was equal to 1-1.5 mm. The interelectrode interval was filled with
the probed chemical compounds and it was formed an electric arc. In the moment of electric arc arise the values of
electric current and the arc voltage were determined. After the natural break of electric arc, the final size of the gap
between electrodes was accepted as the maximal value of the arc lengths. Findings. In the conditions of experiment
the metal transfer in interelectrode interval corresponded to the drop mechanism. According to external characteris-
tics the ratio between the maximal arc length and the power of electric discharge has the appearance of exponential
dependence. Specific power of electric arc characterizes environment of interelectrode interval in the moment of arc
forming per unit of its length. Originality. 1. On the basis of influence analysis of the studied chemical compounds
on the formation processes of electric arc inversely proportional relationship between the power of the electric cur-
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rent and the maximum arc length to the moment of its natural break is defined. 2. The ratio between the maximal arc
length and the power of electric current with sufficiently high correlation coefficient is subjected to the exponential
dependence. Influence of the studied compounds on the process of electric arc forming is determined using the de-
gree values of the obtained ratio. 3. The value of specific power of electric current in the moment of electric arc
forming per unit of its length can be accepted as the parameter, which characterizes the environment in the interelec-
trode interval. Practical value. In the conditions of identical adjusting strength of electric current it is determined
the gradation of the studied chemical compounds in the order of increase of their influence on the process of the arc
burning. Kaolin has the minimum influence and Fe —Si — the maximal one.
Keywords: welding arc; arc length; power of electric current; chemical compound
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TEPMOCTIUKICTb T'PA®ITU30BAHOI CTAJII

Meta. ¥V po0oTi HEOOXIHO 3MIHCHUTH JOCII/DKEHHS TEMIIEPATypHUX 3aJIeKHOCTEH MEXaHIYHHMX BIACTHBOCTEH
Ta TEPMOCTIHKOCTI TpadiTH30BaHMX CcTalleii B yMOBaX TEPMOLMKIIYHMX HaBaHTaKeHb. HeoOXimHO BHU3HAYUTH
MEXaHiYHi BIIACTHBOCTI i TOKA3HUKH TEPMOCTIHKOCTI rpaditn3oBaHmx cranei Ta yaByHy BU400 y miama3oHi Temrepa-
Typ 20...800 °C. Metoauka. I'padiTrzoBani crami 3 XiMiuHEM ckiagoM (Mac. %): 0,61...1,04 C; 1,19...1,59 % Si;
0,32...0,37 % Mn; 0,12...0,17 % Al; 0,008...0,014 % S 1 0,016...0,025 % P nignaBanu tepmiuHOMYy 00pOOIEHHIO 32
pisHEME pexxuMmamu. A came: HarpiBaHHA 10 810 °C — BurpuMKa 2 ronuHm; oxonomkeHHs m1o 680 °C — BuTpuMka
2 TOOMHY 3 HACTYITHAM OXOJIOJDKEHHAM 13 MUYr0 JUTs 3a0e3neueH s (PepUTO-TIepIiTHOI METaJIeBOi OCHOBH 3 BKIIIOYCH-
HaMu rpadity. 11 BU3HAUEHHA IMOKAa3HMKIB TEPMOCTIMKOCTI (TapaMeTp TeIUIOBHX HampykeHb K Ta kpwurepiit
CTIHKOCTI Marepiaiy NpH TEPMOLMKIIIYHOMY HaBaHTakeHHI C) BH3HAYJIMCS TOKa3HUKH MEXaHIYHHMX BJIACTHBOCTEH
rpadiTU30BaHKX CTajed Ta 4yaByHy B iHTepBaii Temreparyp 20...800 °C. Pe3yabTaTn. BcTaHOBIEHO, 110 BHACIIIOK
MEHIIIOr0 BMICTY BYTJIELIO T4 MEHIIOI KiJIbKOCTI rpadiTOBMX BKIIIOYEHb 3a MOKa3HWKaMHU TPAHMI MIIHOCTI i ruiac-
TUYHOCTI ITPY KIMHATHHX 1 BUCOKHX TEMIIEpaTypax, a Takoxk 3a Kputepisimu tepmocriiikocti K ta C rpadirnzoBana
CTaJIb TIEPEBUIIYE TTOKa3HUKH BHCOKOMIHOTO YaByHY BU400. LI 0coOMMBICTE Ta€ MOKIIMBICTh BUKOPHCTOBYBATH il
JUIsL BATOTOBJICHHSI BUPOOIB, IO MPALIOIOTH B YMOBaX TEPMOLMKIIIYHUX HaBaHTaxeHb. HaykoBa HoBU3HA. Bi3HavueHO
TPaHMITIO MIITHOCTI Ta BiTHOCHE BUAOBKEHHS Trpaditiu3oBaHmx craneil B iHTepBam Temreparyp 20...800 °C. Buko-
HaHO, Y TIOPIBHSAHHI 3 BHCOKOMIITHMM 4YaBYHOM Mapku BU400, po3paxyHKH KpUTEpilB TEPMOCTIHKOCTI: mapamerpy
TEIIOBUX HampykeHb K 1 kpurepito CTIMKOCTI MaTepiay Mmpy TEPMOIMKIIYHOMY HaBaHTaxeHHI C B iHTepBaJli TeMIe-
partyp 20...800 °C. IIpakTuyna 3HaunMicThb. [TokazaHO JOMITHHICTS BUKOPUCTAHHS IPa(iTH30BaHOI CTANI IS BUTO-
TOBJICHHS BUPOOIB, 10 MPALIOIOTh B YMOBaX TEPMOIMKIIYHIX HAaBAHTAKCHb.

Kniouosi crosa: TpaditrzoBaHa cTaik; MEXaHIYHI BIACTHBOCTI;, TEPMOCTIHKICTh; TEPMOIMKIIIYHI HABAaHTAXKCHHS

3 Tpa)iTU30BaHUMU CTAJIIMU YaBYHHU MAaIOTh 3HAYHO
HIDKY1 TIOKa3HUKH MEXaHIYHUX BIacTUBOCTEeH. Bi-
JIOMO, III0 JIOBTOBIYHICTH BUKOPHUCTAHHS BHPOOIB 3a
YMOB TEPMIYHOT BTOMH 3aJICKUTH BiJI TEPMOCTIHKO-
cTi MaTepiany. BkazaHuil moka3HUK € KOMIJICKCHUM
1 BU3HAYAETHCS HHU3KOIO BIACTHBOCTEH MaTepiaiy,
cepell SIKMX PIBCHb BHHHUKAKOUOTO TEPMIYHOTO Ha-
npyxeHHs. HaBe/ieHa XapaKTEepHUCTHKA J03BOJISE
OLIIHHUTH OMip Marepiany 3apoKEHHIO 1 MOIINPEH-
HIO TEPMIYHUX 1 TEPMOBTOMHHUX TPIITIFIH.

3 METOI0 OIIHKA MOXIIMBOCTI BHUKOPHCTAHHS
rpadiTU30BaHUX CTalieil /Ui BUTOTOBIICHHS JeTa-
JIel, SKi MPaIol0Th B YMOBAaX BHUCOKHX TeMIIEpa-
Typ, BUKJIMKA€E IHTEPEC BUBUCHHS BIUIUBY BMICTY
BYIJICIIO Ta KPEMHIIO Ha TOKA3HUKH X TEPMOCTiii-
kocTi. Tak, B poboTax [4, 7, 8, 11] OyB BUKOHaHUI
NOPIBHSUTBHUN aHaNi3 MOBEIIHKH TpadiTU30BaHUX
cranei 3 yayHom BU40 3a ymMOBM HaBaHTa)X€Hb

Beryn

B mpommciioBocTi iCHYIOTH NeTaii, SKi Mparto-
I0Th B YMOBAaX YHCJICHHUX TEPMOLMKIIIYHIX HaBaH-
TakeHb. BUMOTH 110710 CTPYKTYpPH Ta TEPMOCTIHKO-
CTI METaJIeBUX MaTepiajiB, I BUTOTOBJICHHS BKa-
3aHMX BHPOOIB, BU3HAYAIOTH TEPMiH Ta HAAIAHICTDH
ix Bukopucranus [2, 3, 12, 13]. BBaxkaerscs, 1o
OCHOBHOIO BJIACTHBICTIO METAJICBOTO MaTepiaay 3a
X YMOB € CIIPOMO>KHICTh BUTPUMYBATH LIUKJIIYHY
TeryIoBy niro. HaBeneHe mONOKeHHS 3yMOBJICHE
BUHHKAIOUUM TEMIIEPAaTyPHUM TPAJI€HTOM B 00’ eMi
BHPOOY, IO CYIPOBOIKYETHCS TOSBOIO TEPMITHUX
HaNpyKeHb, sIKi IUKIIYHO 3MiHIOIOThCA. UnciaeHHi
LUKIM TaKUX HaBAaHTKEHb MPHU3BOASATH A0 PO3BHT-
Ky TIpOIECiB TepMiuHOi BTOMH MeTtaiy. /s Buro-
TOBJIGHHS JeTajed, II0 MpaIfol0Th B YKa3aHUX
YMOBaX, IIUPOKO BUKOPHCTOBYIOTHCS BHCOKOMILHI

4yaByHH Ta rpadiTu3oBaHi craii. [lo3utuBHOO Biac-
TUBICTIO YaBYHIB € X BUCOKA TEIUIONPOBIHICTh. 3a
MM TIOKa3HUKOM BOHH TICPEBHUIIYIOTH T'padiTH30-
BaHI CTal, OCKUIBKH BMICT BYTJICIIO B YaByHax
B 3...4 pa3u Oinplie, HIX y cTalsiX. Alle TOPiBHIHO

Npy TiABHIIEHUX Temmepartypax. B [1, 5] mig uac
MOPIBHSIHHS YHCJIOBHUX 3HAY€Hb TEPMOCTIHKOCTI
rpadiTU3oBaHMUX cTaned i 4aByHiB Oyna BHsIBIICHA
NEPCIEKTUBHICTh BXHMBAaHHS CTalell sIK OuLIbII
TEPMOCTIHKOTO MaTepiaiy.
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Merta

Meroto poOOTH € HOCHIIKECHHS TeMIIepaTyp-
HUX 3aJIeKHOCTEH MEXaHIYHHMX BIIACTHBOCTEH Ta
TEPMOCTIHKOCTI TpadiTH30BaHUX CTaNel B yMOBax
TEPMOIMKIIYHAX HABAHTA)KEHb.

MeTtoanka

Bumnasmnsimu rpadituzoBany cranb y 60-Kijo-
TpaMoBiil IHAYKIIMHIN 1edi 3 OCHOBHUM (yTepy-
BaHHsAM. JleryBaHHS MapraHueM 3JiHCHIOBAIU
MpUCAIKOI0 B iU ¢epomMapraniio Mapku ®MH-78
(ACTY 3547-97). MomudikyBaHHS BUKOHYBaIH
MpUCAHKYBaHHAM Y KiBII OAPIOHEHHUX (epocuiti-
miro ®C-65 (JACTY 4127-2002) Ta anroMiHiIO Ma-
pku A99 (I'OCT 11069-74) mepen 3anuBaHHAM
pimkoro wertanmy. JIMTTS MeTally 3miHCHIOBAIH
y cyxi mimaHo-rHUCTI TuBapHi ¢opmu. Otpu-
MaHi BWJIMBKH ISl 3PYYHOCTI MO3HAYMMO: CTaji
3 BMmicToM 0,8 % C, 1,6 % Si (1), 0,8 % C, 1,2 % Si
2), ,L19%C, 1,6 % Si (3); 1,19 % C, 1,2 % Si (4)
i wayn BU400 (5), npu npuOIM3HO OAHAKOBIH
koHIeHTpamnii iHmmx exemeHTiB (0,32—0,37 % Mn;
0,12-0,17 % Al; 0,008-0,014 % S 1 0,016-0,025 % P).
TepMmiuHy 00pOOKY 3pa3KiB 3/IHCHIOBAIH B CIICKT-
PUYHUX Te4ax ornopy. TexHomoris rpadiTuzyrodo-
ro Bigmany ckianganacs 3 HarpiBy no 810 °C, Bu-
TPUMKH 2 TOIWHU, OXONokeHHs a0 680 °C, Bu-
TPUMKU 2 TOAWHH, 3 HACTYIIHHUM OXOJIOJUKEHHIM
3 mivdro. [IpoBenena TepmigHa oOpoOka 3abe3me-
yyBasia (popMyBaHHS (DEepUTO-TICPIIITHOT METANEBOT
OCHOBH CTaJIell MPU OJHOYACHOMY 3MilHEeHHI (o-
pMU TpaiTOBUX BKIIOUCHb.

Bu3sHadeHHs MOKA3HUKIB MIIHOCTI Ta IUIACTHY-
HOCTI BUKOHYBaJIM Ha Po3puBHiH MamuHi YPM-5
3 MakcuManbHuM 3ycwiisaM 50 kH. MinHicTs mpu
BUCOKHX TEMIIEpaTypax Ta BiIHOCHE BUAOBKEHHS
cTajel 3IiHCHIOBa M MpH BUNPOOYBAaHHSIX B iH-
tepBaii Temmeparyp Bix 100 mo 800 °C, 3rigHo
3 TOCT 9651-84. 3pa3ku BHUTOTOBISUIM 3 Pi33I0
3rigao 3 'OCT 1497-87 (dg = S5mm). JocmimkeHHS
BHKOHYBalu B ymoBax marmmau ['MC-20, 3 Mmyde-
JBHOIO Miv4io onopy. [lokasHuKamMu TepMOCTIHKO-
CTi MarepialiB € mapaMeTp TEIUIOBHX HalpyKeHb
K Ta xpurtepiii cTifikoCcTi MaTepiary mpu TepMOITH-
kiiuHoMy HaaHTakeHHI C [9, 10]. 3naueHHs BKa-
3aHUX XapaKTepUCTUK BH3HAYAIOTHCS 3a CIIiBBiJ-
HOUICHHSIMHU:

A Oy

® Brml, (1)

_*0 [Br/Mm]; C=

K ,
o F o FE

96

Ie A — tertonpoBiaHicTs, B1/(M:°C), 65 — rpaHus
MIITHOCTI TPU PO3TATaHHI, & — BIIHOCHE BHUIOB-
KEHHS, 0L — KOS(Ii€EHT TEPMIYHOTO PO3ITUPEHHS,
E — Mozmyns mpyXHOCTI.

YucnoBe 3HaUCHHS SKUX, K BHIHO 3 HaBeJe-
HuX (opmyn (1), 3pocTae 3i 30UIBIICHHSAM TETLIO-
MPOBIIHOCTI (Yepe3 3MEHIICHHS Tpa/li€eHTa TeMIIe-
paTyp i, BIATIOBITHO, BEJTMYNHU TEPMIYHUX HAIpPy-
KEHBb B CTIHKax (pOpMH), MIITHOCTI Ta TIACTHIHOC-
Ti, IO CTPUMYIOTh 3apOJKCHHS Ta PO3MOBCIO-
JOKEHHSI TEPMOBTOMHUX TPIIIMH, a TAKOXK 31 3MEH-
HICHHSIM Koe(illieHTa TepMiYHOTO PO3LIMPEHHS O
Ta MOJyJIs IpykHOCTI E.

Pe3yabTarn

B pesynbraTi pocnimkeHb Oyiam moOyaoBaHi
rpadiku TeMIepaTypHUX 3ale)KHOCTEH MeXaHiu-
HUX BIIACTHBOCTEH Ta IMOKa3HHUKIB TEPMOCTIHKOCTI
rpadiTU30BaHUX CTalleil Pi3HOTO XiMIYHOTO CKIIaTy
ta yaByHy BU 400, sxi HaBezneHi Ha puc. 1-4. Bpa-
XOBYIOUH, II0 YAM MEHINA BEIWYHHA TEPMIYHOTO
PO3IINPEHHS, TAM MEHIMUX nedopmalriii Oyme 3a-
3HABaTH MaTepiaj, BHACIIIOK YOT0 CIIiJi O4iKyBaTH
3pOCTaHHS ONOPY 3apOHKEHHIO TPILMH TePMidHO]
BTOMH.

3a manumu [6] 3 TiABUICHHIM TeMIIEpaTypH 10
400 °C merxa MIIHOCTI BYIJICLIEBHX CTaneil He3HaU-
HO TiJBUIYETHCA, IO TOSCHIOETHCS TPOIECAMU
CTapiHHSA, SKi CYIPOBODKYIOTHCS BHUIUICHHSIM Pi3-
HOMAHITHUX JUCIEPCHUX CTPYKTYPHHX CKIIQJOBUX
(xap6imy, HiTpUaM). Ha mpoTuBary mpomy, Uit ao-
CIDKYBAaHUX CTaiel Oyio BU3Ha4YeHO (puc. 1), mo
3 miaBumieHHsM Temneparypu a0 400 °C mexa Mi-
ITHOCT] OJTHO3HAYHO 3HWKyBasacs. Tak, Ui cranei
3 BMicToM Byriemw 0,8 % mpu BMICTI KpeMHitO
1,6 %, mitHicTh 3HM3MIacd 3 820 mo 750 MIla. Io-
JTANbIIIe 3MEHIIeHHs Horo KoHeHTpaii (1o 1,2 %)
HE TIPU3BEJIO JI0 3MiHHM XapakKTepy 3aJIeKHOCTI Mill-
HOCTI MeTajy — TNPaKTUYHO EKBIAMCTAaHTHUH Xix
KpUBUX. X0Ya 3arajbHU PiBEHh 3HAYCHBb MIITHOCTI
3MeHmmBcs. ONHe 3 MOSCHEHb HABEACHOTO Xapak-
Tepy 3aJIeKHOCTEH — HAasIBHICTh B CTPYKTYpi craneit
rpadiTOBUX BKITIOUCHb.

B Toii ke 9ac 3 MIABWINEHHAM TeMITepaTypH
TUTACTUYHICTh cTajnei (puc. 2) 30iibiryBanacs (3 2
mpu 20 °C no 35 % npu 800 °C). Temnonposin-
HICTb JOCIHI)KyBaHUX CTalleil BU3HAYA€ThCS TOJIO-
BHAM YHHOM BMIiCTOM BYTJICHIO Ta CTPYKTYPHUM
CTaHOM.

© B. O. CaBuenko, 2014



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

Hayxa ta nporpec Tpancnopty. Bicauk /IHinponeTpoBchKkoro

HAL[{OHAJIBHOTO YHIBEPCHTETY 3aJli3HUYHOr0 TpaHcnopty, 2014, Ne 4 (52)

MATEPIAJIO3HABCTBO

O. a| pU 3yMOBIICHE 3HIDKCHHSIM MIITHOCTI YaBYHY Ta
Mna . 1 2 MOJYJISl TIPY>KHOCTI, a IiJIBUINEHHS 3HAYEHb KpH-
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Puc. 1. TemnepaTypHi 3aJIe)KHOCTI MEKI MII[HOCTI M 3 &Q‘
rpadiTuzoBaHoi cTai Ta yapyny BU400: 30 o Ty
1 — crans 3 Bmictom 0,8% C, 1,6% Si; 2 — crans 3 BMICTOM \~T
0,8% C, 1,2% Si; 3 — crais 3 Bmicrom 1,19% C, 1,6% Si; 0 -
0 200 400 600 T, C

4 — crans 3 Bmictom 1,19% C, 1,2% Si; 5 — vaByn BU400

Fig. 1. Temperature dependencies of tensile strength of
graphitized steel and cast iron VCh400:
1 — steel containing 0.8% C, 1.6% Si; 2 — steel containing
0.8% C, 1.2% Si; 3 — steel containing 1.19% C, 1.6% Si;
4 — steel containing 1.19% C, 1.2% Si; 5 — cast iron VCh400
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Puc. 2. TemnepaTypHi 3aJIe)KHOCTI BiZTHOCHOTO
BUAOBXEHHS TpadiTH30BaHol cTaii Ta yaByny BU400.
[To3naueHHs aHanorivHi puc. 1

Fig. 2. Temperature dependences of percent elongation
of graphitized steel and cast iron VCh400.
Designations are similar to Fig. 1

Pesynbrati po3paxyHkiB mapamerpa K ta kpu-
tepito C uaByHa (puc. 3, 4) mokasanu, 110 3 Mij-
BHUIIIEHHSIM TeMmepaTypu mapameTp K 3HmKyBaBcs
Bix 50 Bt/mM tipu 20 °C mo 35 Bt/m npu 600 °C.
OpnnaovacHO 3 UM kputepid C MiABUITYBaBCS Bif
4,0 Br/m mpu 20 °C go 8,0 Br/m mpu 600 °C. 3me-
HIleHHs mapaMeTpa K 3 miBUIIEHHSIM TeMmepary-

Puc. 3. TemneparypHi 3aJI€KHOCTI TapaMeTPy TETUIOBHX
Hanpy>keHb rpadiTu3zoBaHoi ctam Ta yaByny BU400.
[No3nauenns ananoriuHi puc. 1

Fig. 3. Temperature dependences of heat stresses
parameter of graphitized steel and cast iron VCh400.
Designations are similar to Fig. 1
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Bt/m A

18,0 ' v 'L\ "
15,0 N

12,0

0 200

400 600

T,°c
Puc. 4. TemnepatypHi 3aJI€KHOCTI KPUTEPIIO CTIHKOCTI

rpagirnzoBaHoi crani Ta yaByny BU400.
[To3nauenns ananoriuHi puc. 1

Fig. 4. Temperature dependences of the resistance
criterion of graphitized steel and cast iron VCh400.
Designations are similar to Fig. 1

ITapametp TemmoBux HampyxeHb K mis rpadi-
TU30BaHUX CTajJel 3HIKYEThCS 3 TiJBUIICHHIM
TeMIIepaTypH, sK 1 1y yaByHiB. PazoM 3 mum ciig
BIJI3HAYUTH, 10 BKa3aHa XapaKTEPHUCTHKA IPH Te-
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mueparypi 20 °C mepeBuiiye B 2,5...4 pa3u 3Ha-
YeHHS Ul YaBYHA 1 JOCSra€ MPakTHYHO OJHAKO-
BUX 3HaueHb npu Temreparypi 600 °C.

[Tig wac po3paxyHKIB KpUTEPIIO TEPMOCTIHKOC-
1i C 3a cmiBBiHOmEHHAM (1) AN MOCTiHKyBaHIX
MeTajJeBUX MarepiaiiB OyB BU3HAUEHHW OIHAKO-
BUH xapakTep 3ayiexxHocTi. Tak, g rpadiTuzona-
HUX cTajied, BusiBieHud excrpemym npu 400 °C,
BU3HAYAETHCS 3/ICOUIBIIOTO CTaOUTI3aIle0 Xapak-
TEPUCTHKH MIITHOCTI NPU 3POCTaHHI IIACTHYHOCTI
B iHTepBaii Temneparyp BunpoOysans 200...400 °C.
[Tomanpie 30iMBIICHHS TEMIIEPATypu CYIpPOBO-
JOKYBAJIOCS 3HIDKEHHSM Kputepito C, 0 TOsICHIO-
€TBCS PO3BUTKOM IPOLECIB MOM SIKIICHHS CTaei
npu Temneparypax 600..800 °C. IlopiBHAHO
3 yaByHamu kputepiit C mis ctaieil IepeBuIyBaB
aHAJIOTIYHUIA TOKa3HUK B 1,5...2 pasu. Otpumani
pe3yabTaTH i3 3aCTOCYBaHHSM XapakKTepuUCTHK K
i C (3a BU3HAUEHHSAM TEPMOCTIHKOCTI TpadiTuzo-
BaHMUX CTaJIeH MOPIBHIHO 3 CIpUM BHCOKOMIITHHM
YaBYHOM) 3HaXOJATh AKICHE IMiATBEpKEHHS BiZO-
MHUMH EKCTIEPUMEHTAJIbHIMU TaHUMHU.

Ha ocHoBi pe3ynbTaTiB gociixeHb [5] BU3Ha-
YeHO, IO 3aB/ISIKH BpaxyBaHHIO kputepiem C xa-
PaKTEpUCTUKH IIACTHYHOCTI MaTepiaiy, HOro mo-
piBasiHO 3 K cmig BBakaTu OLTBII 00’ €KTHMBHUM
NMoKa3HWKOM. HaBeneHe monoxeHHs mpu Qopma-
JTHEHOMY PO3TJISAI MOKEe OYTH TPHHHSATE 3aBISIKH
ICHYBaHHIO TIPOIOPIIIHHOI 3aJIe)KHOCTI PiBHS Tep-
MOCTIMKOCTI METaleBOro Marepiany BiJl BETUYNHH
TUTACTHYHUX BIIACTUBOCTEH.

HaykoBa HOBH3HA Ta NPAKTHYHA
3HAYMMICTH

BusHaueHO TpaHMIO MIIHOCTI Ta BITHOCHE
BHIIOBXKCHHS TpadiTH30BaHUX CTaJled B iHTEpBaIi
temmeparyp 20...800 °C. Buxonano (mopiBHSIHO
3 BUCOKOMIIIHUM 4YaByHOM Mapku BU400) pospa-
XYHKH KPUTEPIiB TEPMOCTIHKOCTI: MmapameTpa Tell-
noBux HanpyxeHb K i kpurepito criiikocti Marepi-
ajly Tpy TePMOLMKIIYHOMY HaBaHTakeHHI C B iH-
tepBaii Temrieparyp 20...800 °C. loBeaeHo moiri-
JIbHICT BUKOPUCTAHHS TpadiTH30BaHOI CTali s
BUTOTOBJICHHS BUPOOIB, 110 MPAIIOIOTh B YMOBaXx
TEPMOLUKIIYHIX HABAHTAXKEHb.

BucnoBxu

BcTaHoBieHo, 10 BHACTIIOK OiibII HHU3HKOI'O
BMICTY BYTJIEITIO Ta MEHIIOI KiJTbKOCTI rpadiTOBUX
BKITFOUYEHb 33 XapaKTePUCTUKAMU MIITHOCTI Ta TiIa-
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ctrayHocti, kputepisimu K ta C, rpadituzoBana
CTalb MEPEeBHILyE MOKa3HUKNA BHCOKOMIIIHOTO Ya-
Byny BY400. Ha migcraBi mporo, Taki crani o0-
I'PYHTOBAaHO MOXKYTh 3aMIHHTH BHCOKOMIIIHI YaBy-
HU Ui BUTOTOBIICHHS BH3HAYCHHX BHUPOOIB, IO
HPAIOIOTh B yMOBAX YUCICHHUX TEPMOLMKIIYHUX
HaBaHTa)KEHb.
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TEPMOCTOUKOCTb I'PAGUTU3NPOBAHHOU CTAJIU

Hean. B pabore HEOOXOAMMO OCYIIECTBHTH HCCIICIOBAHHE TEMIICPaTypHBIX 3aBUCHMOCTEH MEXaHHMYECKHX
CBOWCTB M TEPMOCTOUKOCTH CTaJel B YCIOBHSX TEPMOIMKINICSCKAX HArpy3ok. Heo0xoanmMo ompenennTs MeXaHu-
YeCKHe CBOWCTBA M IOKAa3aTeNM TEPMOCTOMKOCTH TpadUTH3MPOBAaHHBIX cTaiedl m gyryHa BU400 B mmamazone
temmepatyp 20...800 °C. Meroauka. I'paduTH3npoBaHHBIE CTadM C XHMHYECKMM cocTaBoM (Mac. %):
0,61...1,04 C; 1,19...1,59 % Si; 0,32...0,37 % Mn; 0,12...0,17 % Al; 0,008...0,014 % S 1 0,016...0,025 % P non-
Beprayid TepMHUIECKO 00paboTKe B pa3HBIX peknMax. A mMeHHo: HarpeB 10 810 °C — BeigepxKa 2 9aca; OXJaxie-
Hue 110 680 °C — BeIEpIKKa 2 yaca ¢ IOCIEAYIONINM OXJIaKACHHEM C TeUbto I obecniedeHns heppuTo-TepIuTHOM
METAJUIMYECKON OCHOBBI ¢ BKJIOYEHHUsAMH rpaduta. Jlus onpeiencHus MoKasareiaed TepPMOCTOMKOCTH (mapamerp
TEIUIOBBIX HampspkeHui K i kpuTepuit CTOMKOCTH MaTepraia Mpu TePMOLMKINYIecKoii Harpy3ke C) HccliegoBaInCh
MoKa3aTeI MEXaHUYEeCKUX CBOMCTB Irpa)MTU3UPOBAHHBIX CTAJICH M YyryHOB B quana3one temmeparyp 20...800 °C.
Pe3yabTaTbl. YCTaHOBIEHO, YTO BCIEACTBHE MEHBINETO COJIEp)KaHHS YIIIEpoJa M MEHBLIEro KOJMYEeCTBa
BKJIIOUCHHH TpaduTa 1O MOKazaTelsiM Mpejesia IPOYHOCTH M IUIACTUYHOCTH IPH KOMHATHBIX W BBICOKHX
TeMIIepaTypax, a Takxke 1Mo kpurepusm repmocroiikoct K n C rpadutu3npoBaHHas CTainb MPEBBIIIAET TOKA3aTeNN
BbICOKOTIpoYHOTO gyryHa BU400. DTa 0COOCHHOCTH 1aeT BO3MOXHOCTH MCIIONB30BaTh €€ IS M3TOTOBJICHUS H3JIe-
JMH, KOTOpBIE paboTalOT B YCIOBHAX TEPMOLMKINYECKHX Harpy3ok. Hayunasi HoBu3Ha. OmpeneneHbl mpenen
MIPOYHOCTH U OTHOCHUTEIBHOE Y/UIMHEHHE rpaUTH3UPOBAHHBIX cTayiell B nuamna3oHe temmeparyp 20...800 °C. Bri-
TIOJTHEHEI, B CPABHEHHUH C BBICOKOIPOYHBIM uyryHOM Mapku BU400, pacdeTsl KpUTEPHEB TEPMOCTOHKOCTH: Hapa-
METpa TEMJIOBBIX HanpsbkeHni K u kpurepust cToikocTH MaTepraa Ipy TEPMOLUKINYECKUX Harpy3kax C B auamna-
3oHe Temrmepatyp 20...800°C. IIpakTuuyeckass 3HAYHMOCThb. [loka3aHa 1eneco0Opa3HOCTh WCIONB30BAHUS
rpaUTU3MPOBAHHON CTaNmM Ul M3TOTOBJICHUS M3IENUH, KOTOpble pabOTalOT B YCIOBHAX TEPMOLMKIMYECKHX
Harpys3ox.

Knrouesvie crosa: rpadUTH3NPOBaHHAS CTajlb; MEXaHWYECKHE CBOHCTBA; TEPMOCTOMKOCTD; TEPMOLMKIMIECKHE
Harpy3Kku

V. 0. SAVCHENKO"

"Dep. «Metal Technology», Zaporizhzhia National Technical University, Zhukovskyi St., 64, Zaporizhzhia, Ukraine, 69063,
tel. +38 (061) 769 82 71, e-mail savchen2007@yandex.ru, ORCID 0000-0002-4305-0097

HEAT RESISTANCE OF GRAPHITIZED STEEL

Purpose. The investigation of temperature dependences of steels' mechanical properties and heat resistance under
conditions of thermal cyclic loads. It's necessary to determine the mechanical properties and heat resistance indices of
graphitized steels and cast iron VCh400 within the temperature range of 20...800°C. Methodology. Graphitized steels
of the following chemical composition (mass %): 0.61...1.04C; 1.19...1.59%Si; 0.32...0.37%Mn; 0.12...0.17%Al;
0.008...0.014%S and 0.016...0.025%P have been heat-treated according to the mode: heating up to 810°C — holding
for 2 hours; cooling down to 680°C — holding for 2 hours with further cooling using the furnace in order to provide the
ferrite-pearlite metallic base with graphite inclusions. In order to determine heat resistance indices (heat stresses index
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K and the material's resistance criterion at thermal cyclic load C) the indices of graphitized steels' and cast irons' me-
chanical properties in the temperature range of 20...800°C have been investigated. Findings. It has been established
that as a result of lower carbon content and smaller quantity of graphite inclusions, graphitized steel exceeds such indi-
ces of nodular cast iron VCh400 as: tensile strength and plasticity at room and high temperatures, and also heat resis-
tance criteria K and C. This steel can be used to manufacture articles operating under conditions of thermal cyclic
loads. Originality. Tensile strength and percent elongation of graphitized steels within the temperature range of
20...800°C have been determined. Calculations of heat resistance criteria to the heat stresses index K and the material's
resistance criterion at thermal cyclic loads C within the temperature range 20...800°C in comparison with nodular cast
iron of VCh400 grade have been carried out. Practical value. The expediency of using graphitized steel for
manufacturing of articles operating under conditions of thermal cyclic loads has been shown.
Keywords: graphitized steel; mechanical properties; heat resistance; thermal cyclic loads
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STRATEGIC MANAGEMENT OF TRANSPORT CARGO COMPLEX

Purpose. Making the qualitative administrative decisions defining strategy and tactics of transport cargo com-
plexes development, and also its subsystems, is possible only in the presence of flexible optimization model. This
model has to consider multiparametricity and multicriteriality of the given task, uncertainty and vagueness of input
information, and also to provide process automation of searching the best parameters of the given production facil-
ity. The purpose of the research is to develop procedures for the strategic management of complex with view of the
most important factors and their stochastic nature, which will execute the improvement of technical equipment of
TCC. Methodology. The problem of strategic management is based on solving the complex of issues of the optimal
number of shunting locomotives, optimal processing capability of handling the front and rational capacity of ware-
houses. The problem is solved on the basis of the proposed optimality criterion — the specific set of profit per unit of
capital assets of freight industry. The listed problems are solved using simulation modeling of the freight industry.
Findings. The use of developed procedure allows one to improve the technical equipment of the freight stations and
complexes. Originality. For the first time it was developed the procedure of strategic management of development.
This procedure allows taking into account the probabilistic nature of demand for services of transport freight com-
plexes and technological processes of client services on the complex stations. The proposed procedure can be ap-
plied during when planning the investments in the creation of transport freight complexes. Practical value. Use as
a basic tool of simulation models of complex cargo operation allows estimating the effectiveness of the capital in-
vestments, the level of operating costs, as well as the quality of meeting the demands of potential customers in
transportations at the stage of transport cargo complex.

Keywords: management; transport junction; shunting locomotive; processing ability; profit; functional depend-
ence; optimization

Introduction In this regard during the design, planning and
management of the TCC a set of interrelated opti-
mization problems should be considered. Their so-
lution is a multistage iterative process consisting of
two mandatory interacting phases. They are plan-
ning and regulation. Planning is realizing at the
level of strategic management and regulation — at
the level of tactical (operational) one [6, 11]. Opti-
mal development strategy of TCC is determined by
the parameters reflecting the most important of their
relationships, as well as the connections with other

Making the qualitative administrative decisions
defining strategy and tactics of transport cargo
complexes (TCC) development, and also its sub-
systems is possible only in the presence of flexible
optimization model. This model should take into
account the multiparametricity and multicriteriality
of the given task, uncertainty and vagueness of the
input information, as well as provide the process
automation of searching the best parameters of the
given production facility [1, 2, 5].
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subsystems (number of loading and unloading ma-
chines, feed to the cargo fronts, the working hours
of cargo front during the 24, etc.) [7, 8, 9].

At the present time the researchers developed
a number of models designed for managing the
different objects of railway transport, which are
based on different methods [3, 4, 12, 13], but the
issue of planning and management of TCC was not
considered at all or was covered in fragments.

Purpose

The purpose of the article is to develop the pro-
cedure of strategic management of cargo comple-
xes taking into account the most important factors
and their stochastic nature that will improve the
technical equipment of DCC.

Methodology

Strategic management of cargo complex pro-
vides the formation of the development plan of
technological system, first of all, the development
of fixed assets of the enterprises that are the part of
TCC. Fixed assets, which are used directly during
servicing the car traffic volume, include switch
powers, means of freight mass processing —
freight-handling mechanisms, as well as the corre-
sponding storage equipment. Thus, the main prob-
lems of optimal management of the cargo complex
at the strategic level include the following ones:

— substantiation of the optimal number of
switch powers that will be used for servicing
freight trains coming to the transportation junction;

— determination of the optimal processing
capacity of handling fronts, namely, determining
the necessary number of mechanisms of the certain
type providing the appropriate significance of the
processing capacity of the front;

—calculation of the storage capacity of
transportation junction, sufficient for storage proc-
essing of the incoming cargo.

The optimal number of locomotives should en-
sure demand for TCC services (first technological
phase), which is described by the incoming appli-
cations (car flow that are coming in groups — in
freight trains).

Optimal processing capacity of the cargo front
should ensure uninterrupted performing of the ser-
vice operations of loading and unloading of cars in
the transportation junctions (second technological
phase). Processing capacity of the front is deter-
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mined on the basis of the known number of loco-
motives that provide car supply to the front and
their removal after the service operations.

Optimal capacity of the storage complex should
ensure the need for storage of goods (third techno-
logical phase), that are coming to the TCC. It is de-
termined on the basis of the known number of switch
powers and processing capacity of cargo front.

At the first stage the minimal number of switch
powers that will ensure the timely movement of
cars, which have arrived to the transportation junc-
tion, to the handling fronts and their removal from
the front after servicing is calculated. Thus, it is
reasonable the assumption on the lack of idle wait-
ing of cars at the handling front for service (this
assumption provides sufficient processing capacity
of the front, which is provided on the next stage of
developing a strategic management plan of TCC):

T >0, (1)

where T." — is total downtime of cars at the han-

dling front waiting for the start of servicing, hrs.

According to the accepted efficiency criterion
of the TCC operation at the stage of strategic man-
agement [5] the following expression can be used
as the target function:

Z[z _Bz(Nl) N

HOCD(NI)Z 0 (N,)
V]

max , 2)

where N, — is the number of switch powers servic-
ing the car traffic volume.

At the initial stages of the simulation, when the
technical equipment of cargo complex is uncertain,
the mathematical model of justification of optimal
number of switch powers includes the assumption
of independence of TCC income on the locomotive
number:

J, =const . 3)

Among the costs of TCC enterprises it is rea-
sonable to consider in the justification of optimal
number of switch powers the operational compo-
nent E, as well as in general form — the taxes H,. In
this case the costs for debt capital payments and
capital expenditures can be taken equal to zero:

C, =0,K,=0,C, #K,. “4)

The case when K, is greater than zero, is a kind
of task that involves the acquisition of new mate-
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riel with full payment of their value (in this case
= 0) or partially (in this case, C, > 0).
In general terms, the tax amount of TCC enter-
prises can be determined on the basis of profits as
follows:

Ht = (I[t 6VAT _Et) Sp’ (5)

where 8,47 — is the rate of value added tax; 6, — is
the rate of income tax.

Note that the costs E; in the expression (5) is a
function of the number of TCC switch powers.

Among the selected in [5] operating cost com-
ponents the costs associated with the movement of
car supply depend functionally on the number of
locomotives N, Thus, the total operating costs re-
lated to the execution of storage operations and the
maintenance costs for the operation of handling
fronts are constant ones relating to the number of
locomotives:

E! =E +E™ =const . (6)

It is assumed in the study that the total balance
value of the storage space, handling fronts, ap-
proach lines, as well as administrative and house-
hold structures of TCC does not depend on the
number of switch powers, involved in the servicing
of the car traffic volume:

B =B + B + B + B =const.  (7)

Based on the average balance value B, for

JIOK

one locomotive the value b, is defined as fol-

lows:

B/ =B, N,. ®)

Taking into account the above mentioned as-
sumptions the objective function for the task of
determining the optimal number of locomotives
can be written as:

(A, (-8,,8,)-0-3,)E]]

HOlD (Nl) = Bl + BJIOK N
t oI I

_(1=8,) E"(N)
B + B2 N,

max. 9

To solve the task of finding the extremum of
function (9) regarding N, it is necessary to deter-

mine the functional dependence E,”(N,). Using

the calculation principle adopted in [5] the opera-
tional costs associated with the movement of car
supply on the TCC territory during the period # can
be represented as follows:

JIOK 7 JIOK JIOK 7 JIOK
t +c,. .t
nocti “oui 3M1 pyxi

C +

/
l'IJ'l 1 BaH BaH BaH BaH
E wi| C +C i by T 115

ocT j O‘[j 3mij ‘mep j

(10)

op tnop +cnop Znop

J=1 cnoc’r/ o4 3Mkj “mep j
where N'!. — is a number of cars, serviced by i lo-
comotive during the period #; ¢, — is the fixed

costs concerning the operation of the i switch
power, hr/hr; 7% —

locomotive waiting for the arrival of freight train or
the end car servicing at the front of freight op-

is the total downtime of the i

JIOK
3M1

erations, hr; ¢, > —is unit costs for operation of the i

7 IOK
pyxi
total time of idling of the i locomotive when servic-
ing the car traffic volume during the period ¢, hr;

BaH

¢ . —1s unit costs for downtime of the j car in the

OCT j

loaded condition, hrn/hr; 72 —

o4 j

locomotive during its movement, hrn/hr; ¢.°% — is

is time of idling of

the j car in the loaded condition waiting for the de-

BaH
3Mij

livery to the freight operation front, hr; ¢)); — is

unit costs for displacement of the j car by the i lo-
comotive to the freight operation front, hrn/hr;

fyn; — is the time of displacement of the j car to the

nop
nocT j

front of freight operation, hr; ¢ — is unit costs

for down time of the j car in the unloaded condition,
hrn/hr; 7P

o4y

unloaded condition when Waiting for removal of the

— is down time of the j car in the

freight operation front, hr; ¢,.r. — is unit costs for

3Mk/
removal of the j car by the k locomotive from the
freight operation front (k = 1...N)), hrn/hr; £°P. —

ep j
the time of displacement of the j car from the front
of freight operation, hr.

Unit costs for displacement of the loaded cars
to the handling front and for removal of empty cars
from the front are determined on the basis of costs
for idling of cars in loaded or unloaded state re-
spectively, unit costs of the locomotive to displace,
as well as the number of cars in the supply:
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JIOK

BaH __ BaH 3Mi
C3Mij ~ “mocr j ~ > (11)

BIIj

JIOK

nop __ mop 3Mk
C3Mkj - CHOCTj +— > (12)

BIIj

where 7,,; — is the number of cars in the supply,

which include the j car.

Time technological indices that make up the
expression (10) and the number of cars in the sup-
ply 7, are random variables whose values depend

on the number of switch powers used when servic-
ing the car traffic volumes. Therefore, the values of

operating costs E;" are calculated using the simu-
lation modeling of service process and estimation
of the dependency E;"(N,) is possible on the basis

of regression analysis of the results of simulation
experiment conducted for the given parameters of
TCC.

Solving the problem of maximizing the objec-
tive function (9) by choosing the optimal value of
the parameter A, is possible taking into account the
following restrictions:

1) the value of the parameter N, is an integer
greater than 1:

N, 21, N, eZ, (13)

where Z — is a set of integers;

2) the total number of cars that were delivered
as a part of freight trains within the period of time
t, is equal to the total number of cars that were de-
livered to the front of freight operation by all the
switch powers of the station (i.e., it is expected no-
failure operation of the serving system — all the
demand for transport services is provided):

R i

_ ~BaH
2N =22 (14)
i=1 Jj=1 k=1

where Ny — is a number of freight trains, that were
delivered to the TCC during the investigated pe-

riod of time, trains/period; ]Vr‘ffﬂ — is the number of

car supplies that are serviced by the j locomotive

~BaH

when delivering cars to the handling front; 7,,; —

is the number of cars in the k supply that are ser-
viced by the j locomotive when delivering the cars
to the freight operation front;
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3) the total number of cars that were delivered
to the front of handling operations is equal to the
total number of cars that were removed from the
front by switch motors (i.e. all the cars that were
delivered to the handling front should be serviced):

R N, Ny”

~BaH __ ~TI0p
PIDIHEDIPIHE (15)
j=1 k=1 j=1 k=1

where ZV;.OP — is the number of supplies of the ser-

viced cars that the j locomotive removes from the

~110p

handling front; 7,; — is the number of cars ser-

viced in the & supply. They being removed from
the handling front by the j locomotive.

Processing capacity of the handling front is de-
termined on the basis of performance of handling
mechanisms (HM) used at the front for servicing
the cars. In general terms, the processing capacity
of the front W, is the following sum:

Ng
W = Zw,. >
i=1

where N, — is the number of the HM, included to
the handling front; w; — is the performance of the i
HP, tn/hr.

In case when for calculating of the processing
capacity the average value of the performance
mechanism w, is used the expression (16) can be
written as follows:

(16)

Wy =Ny, W, . a7
When the w, value is known, the estimation
task of the optimal processing capacity of the han-
dling front is transformed into the task of justifica-
tion of the optimal number of mechanisms Nj.
Similar to the expression (2) the objective function
to solve this problem is the maximum value of the
profit per unit for cost unit of the capital assets:

Ht - Bt(Ng)
0D, (N,)

Hoe(N,) = —> max . (18)

When solving task (18) the assumption (3) and
(4) are also appropriate. It is reasonable to repre-
sent the operating costs for cargo complex opera-
tion for this task as:

E, =E¢ + E"?, (19)
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where E¥ — is the constant of operating costs rela-
tive to N, hrn:

Ef =E; +E;” =const . (20)

Fixed assets of the TCC enterprises when solv-
ing the task (18) is also reasonable to divide into
the constant component relative to N, and the com-
ponent that depends on the number of HM:

O® =B¢ +B™,

(e2))

where B? — the total balance value of the storage

space, switch locomotives, access lines, as well as
the administrative and household structures of the
cargo complex, hrn:

Bf =B +B/ +B," +B," =const. (22)

The balance value of the handling front equip-
ment can be determined on the basis of average

balance value for one mechanism B}" :

BP* =By N,. (23)

Thus, the objective function for the problem of
determining the optimal number of HM, taking
into account the adopted notations and assump-
tions, as well as the relationship (5) can be written

as follows:

[, =8, 8,)-(1-8,) Ef |
Bf + B, N,

Hoqn(Ng)z

Hph
_(1_61)) Etp (Ng)
Bf +Bi N,

—>max. (24)

Operating costs for the operation of handling
fronts when serving customers over the period ¢
can be determined for known values of the HM
downtime waiting for the arrival of cars, downtime
of cars during maintenance and downtime of cars
waiting for the start of service at the front:

Mex E‘Mex
mocti “oui

g
EP =\ M (2 +17

nocrj \‘ouj obci j ) >
i=1

C +

(25)

Mex i:
3mi  “obcia )

j=1{ +C.

N
where N,

viced by the i HM during the period #; ¢

TOCT i

— 1s the number of cars that were ser-

— 18

the unit cost of the lost hour for i mechanism,
hrn/hr; £ — is the total downtime of the i mecha-

> Youi

nism during the period ¢, hr.; ;Oq) — is the down-

time of the j car in loaded condition waiting for the

start of service at the handling front, hr.; c7 —is

3Mi
the unit cost of servicing the car by the i mecha-
nism, hrn/hr; 7, — is the service time of the j car

obcn j
at the handling front, hr.
Determination of functional dependence

E™ (N ) as the dependence E;"(N,)is based on

the processing of the simulation experiment results.
Maximization of the objective function (9) by
choosing the optimal value of N, is performed on
the basis of the following restrictions:
1) number of HM is an integer larger than 1:

N,>1,N,eZ; (26)

2) the total number of cars that came to cargo
complex is equal to the total number of cars that
were serviced at the front (all the cars coming to
the TCC are served on the handling front):

NT Ng

_ g
E N, = E ij.
i=1 j=1

The optimal capacity of storage is determined
on the basis of data on incoming cargo traffic. The
source of input material flow is the car supplies
that are serviced at the handling front, as well as
the means of other transport modes that interact
with the railway transport in the junction.

Let us consider in detail the capacity optimization
of storage facilities used for storing and processing of
goods that are delivered by railway transport.

The average intensity of cargo receipt A, from
the handling front for the period ¢ is determined as
the ratio of received cargo to the period of time
based on the known value of the cargo share,
which is overloaded by direct option (from the
railway cars to other transport modes):

lnn
pZZ%m,

i=l j=1

27

(28)

where g, — is the cargo share that is overloaded
using the direct option.

If the known intensity of shipment from the stor-
age Ay (to other transport modes for further deliv-
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ery), the cargo volume Q  that is constantly kept in

stock for the period ¢, can be determined as follows:
QéKH = (A’BX - 7\'BI/IX) Z * (29)

The value O

., reflects value of the required
storage capacity for servicing the material flow

with set characteristics A, and A, .
On the basis of O'

., and the known value of
the admissible loading G for 1 m” of the storage
the required area of storage can be calculated using

the formula:

t
SCKH QCKH (30)
GCKJ'l
It should be noted that the value Q. does not

reflect the total amount of certain constantly stored
consignments. It is the accumulated value that in-
dicates the average amount of cargo in stock at the
end of period ¢ In this case, the calculation of
cargo amount stored in the stock for the period #
using the formula (29) is based on the assumption
of uniformity of receipt and export of goods, when
for the real object these processes are discrete in
time and uneven.

The intensity of shipment is resulting indicator
that reflects the interaction process in the cargo
junction of several transport modes. If we consider
the TCC system as the set of elements that interact
in the process of moving cargo weight, the trans-
port removing cargoes from transport junction is
considered as the element of TCC system when
performing operations within the storage complex
only. When delivering the goods after their re-
moval from the cargo complex the vehicles that
perform these operations are considered as the ele-
ments of outside environment.

For this assumption the output intensity of
cargo traffic volume Ay, is a random variable that
is defined as follows:

M,
My == D Vi s (31)
i=1

where N, — is a random variable of the amount of

~ | =

transport modes that arrived to the cargo complex
to remove the cargo during the period ¢; v;— is the
amount of cargo that is removed by the i transport
mode, tn.
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It should be noted that with the known value of
the average interval of transport mode coming to
the TCC for removal of cargo, the mathematical

expectation of the value ]\~/V is defined using the
formula:

w(v,) (32)

_
W)

where u(ﬁv) — is mathematical expectation of the
number of transport modes that were removing
cargo from the TCC during the period ¢; i —is

BUX

random variable of the arrival interval to the TCC
of transport modes removing cargo, hr.; u(gm) -
is mathematical expectation of the random variable

CBI/IX > hr'

It should be noted that in determining the nu-
merical values of cargo removal intensity from the
storage it is necessary to take into account possible
downtime (related to lack of cargo) of the vehicles
arrived to TCC for loading. Therefore, the most
appropriate instrument for selection of the value
Asux 1S the simulation experiment.

The system of storage facilities of cargo com-
plex is not cumulative, i.e. the total amount of
cargo arrived to the storage for a certain period of
time 7, which is considered in the process model,
should be equal to the total cargo volume that was
removed from the storage:

n n
Z)\‘Bxi ti = Z}\‘ani ti 4
i=1 i=1

where n — is the number of consecutive time
periods; ¢; — is the duration of the i period of time,

hr.; Zn:ti =T.
i=1

Taking into account (33) the value Q.  for the

period ¢ = T will be equal to zero. That is there is
no need for storage facilities, since in the operation
of the system according to the conditions (33) a
uniform accumulation of cargo in stock and its re-
moval out of it will take place. For real objects,
which are characterized by uneven supply and re-
moval of cargo, the need for storage facilities
arises in situations when the received cargo is not
fully removed from the storage to the date of the
next batch.

(33)
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In this case, the need for storage facilities Q5"

CKJI
is determined by the maximum current cargo vol-
ume:

0™™ =max Q' (34)

CKII . CKIJI ?
i=l..n

where O

. — 15 the current cargo volume, that is in
stock during the period ¢, tn.

Operating costs for the operation of storage fa-
cilities can be determined on the basis of the self

cost of 1tn X h. for cargo storage:

EICKH :ccm ZQéKH ti > (35)
i=l1
where cq; — is unit cost of the storage of 1 tn. of

cargo during 1 hr., hrn/tn hr.
As you can see, the component of operating

cost E;"does not depend on the capacity of stor-

age space, so, taking into account the assumptions
(3) and (4) one can state that the costs of TCC en-
terprises are constant relative to the capacity of
storages. Then according to the adopted perform-
ance criterion the objective function to solve the
task of optimal capacity justification of the storage
facilities has the following form:

-B
HO(D(QCKJ'I) :% —>max.

The fixed assets of TCC enterprises can be rep-
resented as the sum of the constant component
relative to the O, and the component that depends
on the storage capacity:

(36)

0D =B +B*, (37)

where B;" — is the total balance cost of the cargo

front equipment, switch powers, access lines, as
well as the administrative and household structures
of the cargo complex, hrn:

B’ =B +B" + B + B =const.  (38)
The balance value of the storage facilities can
be represented as the product of the storage area

CKIT
KB.M

and the average balance value of equipment b
for 1 m” of the surface:

BCKJ'I — BCKH QCKJ'I
¢ —_— .

KB.M

(39)

CKJI

Taking into account the adopted notations the
objective function for the task of justification of
the storage optimal capacity on the basis of (36)
can be written as follows:

I[t — Bl
B;V + BCKJ'I Qc](}'[

KB.M

—> max.

HO(D (chn) = (40)

CKJI

The limits to solve the task (40) should provide
that the value of the storage capacity should meet
the requirements for storage spaces:

QCKII 2 Q:](O.T;Fp *

Primary analysis of the function Il,q(Q0.,,)

(41)

suggests that the function takes maximum value at
the minimum possible value Q.. Taking into ac-
count (41) and (34) one can conclude that for the
adopted performance criteria of TCC operation the
optimal capacity of storage is equal to the maxi-
mum value of cargo volume that is in stock over
some period of time. In the above mentioned for-
mulation to solve this task is possible only on the
basis of simulation modeling of the process of re-
ceiving and removal of cargo from the storage.

According to the proposed methodology of
strategic management, the optimal number of lo-
comotives is defined in two stages:

— determination of the optimal number of lo-
comotives when servicing the cars providing the
absence of downtime waiting for the start of
unloading after arrival to the handling front. At this
the condition (1) is fulfilled, and the total balance
value of the handling front equipment is assumed
to be equal to zero (since at this stage the number
of HM is unknown);

— clarification of the number of switch motors
taking into account the known value of the optimal
number of HM at the cargo front. At this the num-
ber of locomotives is determined on the basis of
the known balance value of the handling front
equipment.

After clarification of the optimal number of
switch motors it is carried out the re-modeling of
the cargo complex operation for the known number
of HM in order to determine the intensity of the
input cargo traffic volumes to the storage complex.
On the basis of the parameters of incoming and
outgoing cargo, as well as the technical and eco-
nomic performance of the storage operation its op-
timal capacity is determined.
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Findings

As a result of the studies it is determined the
dependencies of technical parameters of the trans-
port cargo complex operation on the technical pa-
rameters — the number of switch motors, handling
machines and storage area, as well as the formed
limitations for these dependencies.

The obtained dependencies make it possible to
determine the costs for organization and technical
equipment of TCC at the stage of the system de-
sign, and optimize the technical equipment to im-
prove the operation of the existing facilities.

Originality and practical value

For the first time it was developed strategic
management of the development, which allow tak-
ing into account the probabilistic nature of demand
for TCC services and technological processes of
customer servicing at the TCC stations. The pro-
posed procedure can be applied when planning
investments in TCC.

Conclusions

The proposed procedure of strategic manage-
ment of TCC development requires the consistent
justification of the optimal number of switch mo-
tors, determination of the optimal processing ca-
pacity of handling fronts, as well as calculating the
storage capacity of transport junction. Use the
simulation models of cargo complex operation as
the main tool allow taking into account the prob-
abilistic nature of demand for TCC services and
technological processes of customer service at the
cargo complex stations.
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CTPATEI'TYHE YIIPABJIIHHA TPAHCITOPTHHUM BAHTAKHUM
KOMIIVIEKCOM

Merta. [IpuitHATTS SKICHUX YIPaBJIiHCHKUX PILLIEHb, [0 BU3HAYAIOTh CTPATETIIO i TAKTHKY PO3BUTKY TPaHCIIOP-
THO-BaHT&KHUX KOMIUIEKCIB, a TaKOK HOTO IMiJCHCTEM, MOKJIMBO JIMILIE NPH HAasBHOCTI THYYKOi ONTHUMIi3aliiHOT
Mmozeni. JlaHa MoJenb MOBHHHA BPaxoBYBaTH OararonapaMeTpUYHICTh Ta 0araToKpHTepialbHICTh ITOCTaBICHOI 3a-
Jladi, HEBU3HAYEHICTh Ta HEUITKICTh BXiIHOI iH(opMarii, a Takox 3a0e3nedyBaT aBTOMATH3ALII0 IPOLECY HOLIYKY
HaMKpammx mapaMeTpiB JaHOTO BUPOOHUYOro 00’ekTa. METOI0 MOCTIIKEHHS € po3po0Ka MPoLeaypH CTPaTeridHo-
TO YIIPaBIiHHS BaHTAKHUMH KOMITICKCAMH 3 YpaxXyBaHHIM HaiOLTBII BaroMux (akTOpiB Ta iX CTOXaCTUYHOI IpH-
poxu, sika JO3BOJHUTh BUKOHATH YIOCKOHAJEHHS TEXHIYHOI'O OCHALICHHS TPAHCHOPTHUX BaHTa)KHUX KOMIUICKCIB
(TBK). Metoauka. PimeHHs 3amadi CTpaTeTiYHOTO yNpaBIiHHSA 0a3yeThcs Ha PO3B’SI3aHHI KOMIUIEKCY HHUTAaHb i3
BH3HAYEHHS ONTHUMAJIBHOT KIJIbKOCTI MAaHEBPOBHUX JIOKOMOTHBIB, ONITUMAIBHOI MIEPEPOOHOT CIIPOMOKHOCTI HaBaHTa-
KYBaJIbHO-PO3BAHTAXXYBAIBHUX (DPOHTIB Ta parlioHaIbHOI MiCTKOCTI CKJIAJCHEKUX MPUMINIEHb. 3a/1a4i BHPIIIYIOTHCS
Ha 0a3i 3aIpPONOHOBAHOIO KPUTEPI0 ONTUMAIBHOCTI — MUTOMOTO MPUOYTKY KOMILICKCY Ha OJUHMIIO BapTOCTI OC-
HOBHUX (DOHJIIB BAHTXKHOTO KOMILIEKCY. [lepesiueHi 3a1a4i BUPILIYIOTHCS 33 JOTIOMOTOO IMITAI[IHOTO MOJEINIO-
BaHHSI pOOOTH BaHTAXXHOTO KOMILIeKcy. Pe3ysnbraTn. Bukopucranus po3po0iieHOT IpoLerypH 103BOJISIE BUKOHATH
YIOCKOHAJIEHHS TEXHIYHOTO OCHAICHHS BaHTaKHUX CTaHLiN Ta komruiekciB. HaykoBa HoBu3Ha. Briepuie po3po6-
JICHO TPOLEypY CTPATETridHOr0 YIPaBIiHHS PO3BUTKOM, SIKMH JJO3BOJISIE BpaXyBaTH MMOBIPHICHY IIPUPOJLY IOIUTY
Ha TOCIYTH TPAHCIIOPTHUX BAaHTAKHUX KOMILJIEKCIB 1 TEXHOJIOTTYHHX TPOLIECiB 00CIYyrOByBaHHS KJIIEHTYPH Ha CTa-
HIISX TPAHCIIOPTHUX BaHTXXHHX KOMIUIEKCIB. 3alpOIIOHOBAHa IpoLieypa Moxe OyTH 3aCTOCOBaHA MPH IIaHYBaH-
Hi IHBECTHIIIH y CTBOPECHHS TPAHCIIOPTHUX BAaHTAXHUX KOMIUIeKCiB. IIpakTuynHa 3HaumMicTh. BuxopucranHs
B SKOCTi OCHOBHOTO iHCTPYMEHTY IMITaIlifHUX Mojelnel (pyHKIiOHyBaHHS BAaHTAKHOTO KOMIUIEKCY IO3BOJISE BUKOHA-
TH OLIHKY e(eKTHBHOCTI KamiTaJbHUX BKJIaJ€Hb, PIBHS EKCIUTyaTallliHUX BHUTpPAT, & TaKOX SIKOCTI 3aJOBOJICHHS
moTped MOTEHIIIMHMX KITIEHTIB Y MIEPeBE3eHHSX 1€ Ha CTalii MPOSKTyBAHHS TPAHCIIOPTHOTO BAHTAKHOTO KOMILIEKCY.

Kniouosi cnosa: ynpapiiHHS, TPaHCTIOPTHUI BY30JI; MAaHEBPOBUH JIOKOMOTHB; TiepepoOHa CIIPOMOXKHICTh; TpH-
OyTOK; (pyHKI[IOHAIBbHA 3AJIC)KHICTh; ONTHMI3aIlis
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CTPATETUYECKOE YIHPABJIEHUE TPAHCIHIOPTHBIM I'PY3OBbIM
KOMIIVIEKCOM

Hensb. IlpuHsATHE Ka4eCTBEHHBIX YNPABICHYECKUX PEIICHUH, ONPECIIONMX CTPATeTHIO M TAKTUKY Pa3BUTHS
TPAHCTIOPTHBIX T'PY30BBIX KOMILIEKCOB, a TAKKE €ro IOJCHUCTEM, BO3MOXKHO TONBKO IPH HAIWYUM THOKOM ONTHUMH-
3aiMOHHON Mojenu. JlaHHas Mopenb JOJDKHA YYHUTHIBATh MHOIOMAPAaMETPUYHOCTh W MHOTOKPUTEPHAIBHOCTH MO-
CTaBJICHHOM 3aJ1a4M, HEONPEAEIEHHOCTh M HEYETKOCTh BXOIHOW MH(opMaliy, a Takke 00ecrieunBaTh aBTOMaTH3aIMI0
nporiecca IMOMCKa HAWIYUIIMX [apaMeTpoOB JAHHOIO MPOHM3BOJCTBEHHOTO OObekTa. Llenpro mccienoBaHus sBISIETCS
pazpaboTKa IpOLEAypbl CTPaTErM4YecKOro YIPABJICHUsS TIPY30BHIMM KOMIUIEKCAMH C y4YeTOM HanOosee 3HAUYMMBIX
(hakTOpPOB M WX CTOXaCTHYECKOH IPUPOJBI, KOTOpas IO3BOJMT BBINOJHUTH YCOBEPIIEHCTBOBAHHE TEXHHYECKOTO
OCHAILIEHHs] TPAHCTIOPTHUX Tpy30BbIX KomiuiekcoB (TI'K). Meroauka. Pemienue 3a1aui CTpaTernieckoro yrpaBieHHs]
6azupyeTcst Ha pelIeHNH KOMIUIEKCa BOIPOCOB 10 OIPEAENICHHIO ONITHMAIBHOTO KOJIMYECTBA MAHEBPOBBIX JIOKOMOTHBOB,
OIITUMAIILHOM TepepalaThIBatoNIel CIOCOOHOCTH MOTPY30YHO-PAa3rPy30YHBIX ()POHTOB M PALMOHAIBHON BMECTUMOCTH
CKJIAJICKUX TOMEIIEeHUH. 3a1a4un peraroTcs Ha 0a3e MpeyIosKeHHOTO KPUTEpHs ONTHMAIBHOCTH — YAETbHOW IPHOBLTN
KOMIUIEKCA Ha EIMHUILy CTOMMOCTH OCHOBHBIX (DOHIOB Tpy30BOr0 KoMmIiuiekca. IlepeunciieHHbIe 3aauy pemaroTcs
C TIOMOIIBIO NMUTAIIMOHHOTO MOJIENIMPOBAHUS PabOTHI TPAHCIIOPTHBIX I'PY30BBIX KOMIUIEKCOB. Pe3yabTaThl. Vcnomnb3o-
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BaHHE Pa3pabOTaHHOW MPOIEAYPhI MO3BOJISIET BHIIOIHUTH YCOBEPIICHCTBOBAHNE TEXHUYECKOTO OCHAIICHHS IPY30BBIX
cTaHiMii M KomiuiekcoB. Hayunasi HoBu3HA. BriepBele paspaboraHa mpolLeaypa CTPaTErHUECKOTO YIIPaBICHHS
pa3BUTHEM, KOTOpas IIO3BOJSIET y4eCTh BEPOSTHOCTHYIO MPHPOLY CIpOCa Ha YCIYI'W TPAHCHOPTHBIX TI'PY30BBIX
KOMIIJIEKCOB M TEXHOJIOTMYECKHX IIPOLECCOB OOCTY)KMBaHMS KIMEHTYPbl Ha CTAaHLWAX Komiuiekca. IlpemnosxeHHas
MPOIIEAYPa MOXKET OBITh PUMEHEHA IPY INIAHUPOBAHUI MHBECTULINH B CO3/IaHHE TPAHCIIOPTHBIX TPY30BBIX KOMIIJIEKCOB.
IIpakTHyeckasi 3HAYMMOCTD. Vcrions30BaHMe B KauecTBE OCHOBHOTO MHCTPYMEHTa MMHTAILMOHHBIX Mopenel (yHK-
LIMOHMPOBAHUSI IPY30BOTO KOMILIEKCA MTO3BOJISIET BBINOJIHUTD OLEHKY d((EKTUBHOCTH KalUTAILHBIX BIOKEHHUM, YPOBHS
9KCIUTyaTallHOHHBIX PACXOJIOB, & TAK)KE KauecTBa Y/IOBJIETBOPEHHS IOTPEOHOCTEH NOTEHIMATIBHBIX KIIMEHTOB B TIEPEBO3-
Kax elle Ha CTaAuH IPOSKTUPOBAHHUS TPAHCIIOPTHOTO IPY30BOI0 KOMILIEKCA.

Kniouegvie cnosa: ynpapieHue; TPaHCIOPTHBIA y3€JI; MaHEBPOBBIA JIOKOMOTHB; IepepadaThIBatomas Crocoo-
HOCTb; NPUOBLIb; (PYHKIIMOHATIbHAS 3aBUCUMOCTD; OIITUMH3ALIHS
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KOHIEIIWA OITUMAJIBHOI'O 1O DQHEPTI'O3ATPATAM
ITACCAKUPCKOI'O BAT'OHA C HCITIOJIb3O0BAHUEM
HETPAJUIINOHHBIX UCTOYHUKOB SHEPI'MH

Heab. B paGore HEOOXOIUMO pacCMOTPETh KOHIENIMIO CO3JaHUS ONTUMAIBHOIO II0 3HEprosarparam
MACCAXKUPCKOr0 BaroHa ¢ HUCHOJIb30BAHUEM HETPAJAULUOHHBIX UCTOUYHUKOB YHEPIMU M CO CTEHKAaMH, UMEIOLIUMHU
MOBBIIIEHHBIE TEIUIOM3O0JISAIMOHHbIE CBOMicTBa. MeToauka. AHANM3UPYIOTCS BHJIBI TEIUIOBBIX IOTEPh, a TaKXKe
ux BenmduHa. [ o6orpeBa paccMaTpUBAIOTCs albTEPHATUBHBIE HCTOYHUKY SHEPTUH. AHANIN3UPYETCSI UX BO3MOX-
HBII BKJIaJ] B 00Imuii sHEprodanaHc MacCaKMPCKOTro BaroHa. KoaM4ecTBEHHO OLIEHUBAIOTCS BIMSHUE HAa KOHCTPYK-
LU0 BaroHa IMOBBIIIEHHON TEIIOW3OJIALMU CTEHOK, MOCTYMJIEHHS COJHEYHON SHEPruu uepe3 Npo3pauHble OKHA
W 3HEProBBIACIEHHUA caMHX mHaccaxupoB. Pesyabrarel. IIpn MakcuManbHO BO3MOXKHOM HCIIOJIB30BAaHHU BCEX
HETPAaJULIMOHHBIX HCTOYHMKOB HHEPIrHM W PAlMOHAIBHBIX CXEMHBIX DEIICHWH CHCTEeM KOHAWMIMOHHWPOBAHUS
n oborpeBa 3aTparhl PHEPIHMU Ha 3T HYXXIBI JUII MACCaKUPCKOTO BaroHa MOTYT ObITh cHbKeHbI Ha 40-50 %.
Hayuynasi HoBM3HA. BriepBble NpeUIOKEHO MCIONB30BaTh HOBBIE BHUJBI SHEPTHM Ui MOAJEP)KAHMS TEMIOBOTO
GanaHca BaroHa B 3UMHHH IIEPUOJ, a TaKKe MPEAJIOKEHBI HOBBIE CXEMHBIEC PEICHHUS VIS CHCTEMBI KIMMATH3aluN
BarOHa Kak B 3UMHMH, Tak U B JIeTHUHA nepuoasl. IlpakTuyeckas 3HAYMMOCTb. BBeneHue mpeiosKeHHBIX
CXEMHBIX PeIleHNUH U MOJX0JI0B K 00eCeYeHNI0 KOM(BOPTHBIX YCIOBHM IS TACCAXKMPOB MOTYT OBITh PEaIN30BaHbI
Ha yX€ CYIIECTBYIOIIEM MapKe MacCa)XKUPCKUX BaroHOB M HE TPeOYIOT CYIIECTBEHHOTO IEpeoOOpYHAOBaHHUS YKe
YCTaHOBJIEHHBIX CUCTEM.

Knrouesvie crnosa: naccaxupckuii BaroH; KIIMMaTU3aLKs; TEIJIOBOIM PEXUM; COJTHEUHAsK SHEPTHsL; TEINIO0OMEHHHUK

Beenenue KOM(OPTHBIX YCJIOBHH IEPEBO3KH MacCaKUPOB Ha
JKENEe3HOAOPOKHOM TpaHcmopte [3, 7, 8]. D10 Tpe-
OyeT 3arpar SHEpruu Ha oOOTpPeB BaroHa B XOJIOI-
HBIl TEpHoJl Tofa M ero KOHAWLMOHUPOBAHHE
B jeTHui mepuon. K 3Tum 3arpatam no0aBIsOTCS
3aTpaThl PHEPTUU HAa BEHTWILIMIO BaroHoB [4, 5, 9].
OTO B CBOIO ouepens TpeOyeT OLEHKH 3Heprosg-
(heKTUBHOCTH CHCTEeM KiuMmarm3amuu [1, 2, 6, 11].

B Hacrosiee Bpemst 60JbIIoe BHUMAHUE YACIS-
€Tcsd BOIPOCAM 3KOHOMHH TOIUIMBHO-DHEPIeTH-
YEeCKUX PEeCypcoB Ha TpaHCIOpTE. JTO B IEPBYIO
oyepeab CBS3aHO C TIIOOATBHBIM 3HEPreTHYECKUM
KPH3HCOM, BBI3BAaHHBIM IOCTENIEHHBIM HUCTOLCHUEM
TPaAULMOHHBIX YHEPrOPECYPCOB U B CBSI3H C OBICT-
pOpacTyIMH LIEHaMH Ha TPaJWLUOHHBIE HCTOY-
HUKH 3HEpruu: ra3, Hedth, yrosib. C apyroit cropo-
HBI, B&XHOW mMpoOieMol sBiseTcs oOecreyeHue
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ean

B pabote npemnararorcst MOIXOAbI K CO31aHUIO
ONTHMABHOTO 0 3HEpro3arpaTaM NacCcaKUpPCKO-
IO BaroHa C HCIOJb30BAHUEM BCEX BO3MOKHBIX
B IaCCaKUPCKOM BaroHe MCTOYHHKOB 3HEPIHH CO-
BMECTHO C MEPONPHUATHIMHU IO WX dHEProdpdex-
TUBHOMY ucnosnb3oBanuo. C 3Toil wempio pac-
CMOTpEHBI JOIOJHUTEIIbHBIE UCTOYHUKU SHEPTUH,
KOTOpbIE BKJIIOUAIOT: COJIHEYHYIO SHEPTUI0; JHEp-
THIO, BBIIETSEMYIO NAcCAKUpPaMHU; SHEPTUIO0 TOp-
Moxxenust [10, 12—14], BTOpHUUHYIO 3HEPIrUI0 IpU
BEHTWIIALMHU. Hapsay ¢ 3TUMH MeponpUATHIMHU
npejaraeTcs MOBBIIIEHHE KayecTBa TEIUIOM30JIA-
LIUH NTACCAKUPCKOT0 BaroHa.

MeTtoanka

B aT0if paboTe aHATM3UPYIOTCS BUIBI TEILIO-
BBIX MOTEPh, a TAKXKe UX BenuuuHa. /s oborpesa
paccMaTpuBarOTCsl  ANBTCPHATUBHBIE HWCTOYHHKH
SHEepruH. AHAIM3UPYETCS MX BO3MOKHBIM BKIIAJ
B 00mMii 3HeprodOaraHc MacCaKUPCKOIO BaroHa.
OrieHUBaeTCs KOJMMYECTBEHHO BIIMSHUE HA KOHCT-
PYKIMIO BaroHa TIOBBIIICHHOW TEIUIOM30JISAIUH
CTCHOK, TMOCTYIUICHUS COJIHEYHON SHEPrHH 4epe3
MPO3pavyHbIC OKHA M SHEPTOBBIACICHUS CAMUX TMAC-
CaXXUPOB.

Pe3yabTaTthl

W3BecTHO, YTO NP UCATLHON TEIUIOU30JIAIIUU
MBI OyZleM UMEeTh «aJnadaTHdecKoe MOMEIIEHHEY,
B KOTOPOM TOTEpH TeIia OyayT NpHUOIIKAThCS
K HyJt0. EcTecTBeHHO, 3aTpaThl Ha 000rpeB OyIyT
TaKkKe MUHHUMaTbHbIMU. OIHAKO TaKOW BaroH s
CBOETO CO3JaHMs IMOTPeOyeT 3HAYMUTENBHOHN Tel-
JIOU3OJISILIMU, YTO PE3KO YBEIUYUT CTOMMOCTH Ta-
KOTO BaroHa.

CoxpaHeHne Terjia B BaroHE B 3UMHEE BpeMs
rojia 3aBUCUT OT COCTOSHHUS TEPMOU3OJISALIMH, Ka-
yecTBa €€ YKIaIKku (OOBEKTHBHBIC IPUYUHBI)
1 COONIO/IGHUST PeKUMa OTOIUICHUS! TPOBOJTHUKOM
BaroHa (CyObeKTHBHbIE NpWUYHHBI). [lna Tepmo-
W30JIALMN B OTPAKIAIOININX KOHCTPYKIIHSIX KY30-
BOB BaroHOB, T. €. B KpBIIIIe, CTEHAX U MOy, MEX-
Iy HApy>XHOW M BHYTPECHHEW OOIIMBKAMH, ITOME-
IIaeTcs CJIOM TeIJIOM30NSIIMOHHOTO MaTepHana,
OTITUYAIOIIETOCS TMOPUCTBIM CTPOCHUEM H, CIIEIO-
BATENBHO, Manoil IUIOoTHOCTBIO (20...35 Kr/nm),
U HU3KHUM KOA(DQUIMEHTOM TEIUIOMPOBOIHOCTH
(0,03...0,04) Br/m-K.
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BenuunHy TETIOBBIX TOTEPh MACCAKHUPCKOTO
BaroHa MOXXHO pPacCuuTaTh, UCIONb3YyS W3-

TI0T

BECTHOE BBIPAXKECHUE!
F At
1 1 5.’
4+ + Zil
o, o, A;
rae F — miuomaab BHEIIHEW MOBEPXHOCTH Baro-
Ha, M2; At — pa3HOCTb TEMIIEPATYP MEXKY HaPyXK-

HBIM BO3JyXOM M BO3JIyXOM BHYTpH BaroHa, °C;
o,, O, — KO3(Q(UIMEHTH TEemIo0TaauYN MEXIY

[ c

Oror = (1

BO3JyXOM M BHYTPCHHEH M BHEIIHEH TMOBEPXHO-
2
CTAMH BaroHa COOTBETCTBeHHO, Bt/M™K; ., A, —

TONMIIUHBI B KO3()OUIMEHTH TEIUIONPOBOIHOCTH
i-ro cj10s 00ImMBKY BaroHa, M 1 Bt/m-K.

BennunHa TEMIOBBIX MOTEPh MACCAKUPCKOTO
BaroHa Nnpu BHyTpeHHell Temnepatype 18 °C B 3a-
BUCHMOCTH OT T€MIIEPATypbl BHELIHEH CpeAabl Ui
Pa3IMYHBIX 3HAYCHUH TEIUIOM3OJIALUHN IPECTaB-
neHa Ha rpaduke puc. 1.

BJIMSTHUE TETION3OJIALIMN

N

40000

norepu, Bt
N w
g8 8
Q Q
o o

10000

BO3JTyXa

Puc. 1. BennunHa TemaoBbIX HOTEPh CTAHIAPTHOIO
[aCCa>XKUPCKOI0 BaroHa B 3aBUCUMOCTH OT TEMIIEPATY-
psl BHewHero Bo3ayxa (1 — 1 Br/m-K; 2 — 0,2 Br/m-K)

Fig. 1. Quantity of thermal losses in the standard
passenger car depending on the temperature
of outside air (1 -1 W/ mK; 2 - 0.2 W/m-K)

IIpu atoM cpenusis 3ddekTuBHAs TEIIONPO-
BOJHOCTh CTEHOK BaroHa coctaBisiia 1 Bt/m-K
rpan, Ko3hQUIMEHTH TeIUIOOTIAa4d  BHYTpPHU
¥ CHApYyXH BAaroHa NpUHHUMATHCh 5 Br/M> K
1 50 Br/M>K coorBeTcTBeHHO. Pasmepsl Baroma
23 950%3 058x%(4 355-1 070) mMm. Ecmu cHU3HTH
TEIUIONPOBOIHOCTh CTEHOK BaroHa 10 3HAYEHUS
0,2 Br/mM:K, TO BennuMHa TETUIOBBIX MOTEPHh
YMEHBITUTCS TPHUOIM3UTENHHO B 3 pasza sl COOT-
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BETCTBYIOIINX ycloBuiH. Takum oOpazom, Hambo-
nee 3Q(HEeKTUBHBIM MEPONPHATHEM TI0 CHUKEHHIO
TEIUIOBBIX TIOTEPh SIBJIACTCS YJIYYIICHUE TEILIO-
M3OJIAIIMOHHBIX CBOMCTB CTEHOK BaroHa.

B unmeansHOM, «agmabaTmdecKoM» BaroHe OC-
HOBHBIMH TEIUIOBBIMU TOTEPSIMH OYAyT IMOTEPH Ha
BEHTWIALWIO. ECIM MPHUHATH KOIHYECTBO BO3IyXa
Ha BEHTWIAIUIO B COOTBETCTBHH C HOPMaMu
CHull (100 m’/uac u 60 M’/uac Ha yenoBeKa), TO
JUTSL BaroHa ¢ 36 maccaxupaMu W JIBYMs MPOBOJI-
HUKaMU TIPH U3MEHEHUU TeMIIepaTypbl HApYKHOTO
Bo3myxa B mpegenax (+ 15°C...— 30 °C) motpe-
OyeTcs TemioBas MOIIHOCTb B  IIpenenax
40 000...70 000 Bt. TemioBasi MOLIHOCTb, 3aTpa-
ypBaeMas Ha BEHTWIALWIO, PAaCcCYUTHIBAIACH TIO
COOTHOIIIECHHUIO:

QBeH = |:V p Cp (toxp _18) I’l:|/3 600 (2)
rae (.., — MOULIHOCTb Ha BeHTWwInuto, Br; V' —

HOpMa pacxofia BO3[dyXa Ha OJHOTO deJoBeKa,
M/dac; p — IUIOTHOCTb BO3IyXa MPH HOPMAITBHBIX

3
YCIOBUSIX, M/KT; ¢, —

p TCIIJIOCMKOCTE BO34YyXa,

Jhx/xr-K; Loy — TEMIIEPATYPA OKPYIKAIOIIETO BO3MTY-

xa, °C; n — KOJIMYECTBO MMACCAKUPOB B BaroHe, 4ell.
M3MmeHneHnne BeJIMYUHBI TEMIOBOM MOIITHOCTH Ha

BEHTWISILMU B 3aBUCUMOCTH OT TEMIIEpaTypbl Ha-

PY>KHOTO BO3[TyXa MPEACTaBICHO HA pUC. 2.

HarpeB
N~
60000
\
5 50000 \\
é“ 40000~ 2 AN
£ 30000 \‘ ™~
s
10000 I~
0
-30 -20 -10 0

BO3IyXa

Puc. 2. VI3MeHeHne BETMYMHBI TEIJIOBOH MOIITHOCTH,
3aTpaynMBacMOi Ha BEHTWIALHUIO B 3aBUCHIMOCTH OT
TeMIIepaTypbl Hapy>KHOTO BO3IyXa IJIsl IBYX 3HAUCHUI
HOpM pacxona 100 m*/uac u 60 M*/4ac Ha demoBeka

Fig. 2. Change of the thermal power value that is spent
for ventilation depending on the outside air temperature
for two values of the consumption rates 100 m*/hour
and 60 m*/hour for person

Hapy>xHbIit BO311yX, MOJjaBaeMblii Ha BEHTHIISI-
U0, HarpeBaercsa a0 temmeparypsl 18 °C. Takue
3HAYUTENbHBIE MOIIHOCTH, 3aTpadnBaeMble Ha Ha-
I'pEB BEHTWSILMOHHOTO BO3AYyXa, MOTYT OBITH 3HA-
YUTENbHO CHIDKEHBI NIPH YCTAaHOBKE PEKyIepaTHB-
HOT'O TEIUIOOOMEHHHKA, B KOTOPOM YXOISIIUN W3
BaroHa BO3JyX OOMEHHBAETCs TEIJIOM C IOAaBae-
MBIM CHapy>kd BO3AyXoM. [l peanu3anuy 3TOTO
CXEMHOTO pelIeHrs] He00OXO0AUMO YCTaHOBHUTH d(-
(EeKTHBHBIA IUIACTHHYATO-PEOPUCTBI  TEIIoo0-
MEHHUK MO TpPakTy MOJauH-OTBOAA BEHTHUJIMpYeE-
MO0 BO3JIyXa. JTOT TEIUIOOOMEHHUK OymeT wuc-
MOJIB30BaTh «BTOPHYHBIE» 3HEPropecypchl macca-
JKUPCKOTO BaroHa. Tak Kak B TaKOM TEILIOOOMEH-
HHUKE OyJeT MMETh MECTO PABEHCTBO BOJSHBIX 3K-
BUBAJICHTOB «TOPSYET0» U «XOJOJHOTO0)» TEIUIOHO-
cuteneil, To A3pPEeKTUBHOCTh TAKOTO TEIJI0O0OMEH-
HUKa OyzaeTr coctaBiaTh npubamsutensHo 70 %. To
€CThb 3aTpaTbl DHEPrUM Ha BEHTWIILIUIO MOTYT
OBITh YMEHBILIEHBI HA 3Ty BEJIHYHHY.

CrnenyrommM  (akTopoM, KOTOPBIH JOJKEH
OBITH YUTEH NMPH PACCMOTPEHUU TEIUIOBOTO OajaH-
ca TacCaXUpPCKOTO BaroHa, SIBISIETCS OSHEPro-
U BJIAroBbIIEJIEHHE caMuX maccaxxupos Q... Bna-

Tiac *
ra BBIICISETCSA B pe3yJIbTaTe HCIAPEHHS CO CBO-
0O0HOW MOBEPXHOCTH BOIBI M BIAXKHBIX OBEPX-
HOCTEH MaTepHalioB M KOXH, B pe3yJbTaTe JbIXa-
Hua monaed. KommdecTBo Biarm, BBIICIAEMOC
monapMu W (cM. Taba. 1), r/4, ompenensercs 1o

dbopmye:
W=nw, 3)

rZie 7 — YUCIO MAacCaKHpOB B BaroHe, 4eil.; W —
KOJIMYECTBO BJIAT'H, BBIJEIISIEMOE OJHHM YeJOBe-
KOM, I/4.

KomnmuecTBo »HEprum, BBIAEISIEMOE UYEIOBEKOM
B CIIOKOMHOM COCTOSHHH Tlaccakupa npu 18 °C, Oy-
JIET COCTaBIATh Mpubm3uTensHo g = 100 BT. O6mee
KOJIMYECTBO TEIUIA, BBIACIAEMOE IACCAKHUPAMU
B BaroHe, MOYKHO PacCUYUTAaTh MO COOTHOIICHHIO:

Ouc=19- “4)

36 maccaxxupoB OynyT BeiAenats 3 600 Bt ten-
JIOBOM MOIIHOCTH. /IOTIOJIHUTENBHBIM UCTOYHHKOM
SHEPIHH SIBIIETCS TEII0Ta KOHACHCAIINH BOJISTHBIX
MapoB, BBIABIXaeMbIX 4enoBekoM. KomudecTBo Bo-
JSIHBIX MApOB BBIAESIEMBIX YEIOBEKOM COCTaBIIET
100 rpamm B yac. KonnuecTBo Teria, momyyaeMoe
MIpU KOHJAEHCAIMM NapoB, BBLAEISAEMBIX MAcCaKu-
paMu, MOXKHO PacCUUTATh 110 COOTHOIICHHIO:

© B. A. T'abpunen, B. . Turapenko, 2014
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Tabnuna 1
KoanyecTBO Temjia u BJIaru, BbIACJI1€MO€ 4Y€JIOBEKOM
Table 1
Heat and moisture quantity secreted by a man
Temno, Bt
. Buara, r/4
XapakTep BBIITOJIHAEMOH pabOTHI MIOJIHOE SBHOE
npu 10 °C npu 35 °C npu 10 °C mpu 35 °C npu 10 °C npu 35 °C
YMcTBeHHas 160 93 140 16 30 115
duznueckas
Jlerkast 180 145 150 8 40 200
Cpenusist 215 195 165 8 70 280
O =(wr)/3600, ®)]
r _ NE ConueuHas TIQCTOSHHAA
ne r — yIenbHas TeIioTa KOHJIEHCAIUU BOASHO- £ 1400 \
ro mapa, paBHas 2 258 kJIx/kr. o
=
KonaeHncanus 3Tux napoB MO3BOJISIET B CEKYH- g 1200
=
Iy TIOJIyYUTh HE3HAYUTEIbHOE KOJIMYECTBO TEILIA. 3 2250 3000m — [ —
OnHako BelIEIseMas B HPOLECCE KOHICHCALUM 5 2/ 1500
T 1000
BJIara J0JI’KHA YYHUTHIBATHCA MPU MPOECKTUPOBAHUU g /// 900 u
e} i
eKyTepPaTUBHOIO TEINIOOOMEHHUKA H3-3a €€ BO3- 5 / / MopA
p y p 8 800 A /m i
MO>KHOTO 3aMEpP3aHUs B 3MMHHX yCIOBUSX. s 7
) ]
CrenyrommM  ¢GakTOpoM, KOTOPBIH JTOIKEH g /
MPUHUMATBCS. BO BHUMAaHUE IPH PACCMOTPEHHUH 2 600 /
Q
TEIUIOBOTO OayilaHCca MacCaXKUPCKOTO BaroHa, SBJIS- 2
ercsi conHeuHas paauaunus. KommdecTBo cosnHeu- é 400
HOHM pajuaruy, MOCTYIAmeld U3BHE depe3 CTeK- 0 2 40 60 80
Beicora conHuecTosHust

JITHHBIE OKHA BaroHa, 3aBUCHT OT BPEMEHH CYTOK,
Ce30Ha, O0NIAYHOCTH. VIHTEHCHUBHOCTH COJIHEYHOUH
pajuanuy Ha TpaHWIEe 3eMHOU aTMoc(epsl SBIIs-
©TCsl MOCTOSIHHOW BEJIMYMHON (COJHEYHAs TOCTO-
siHHas1) U cocrtasiser 1,35 kB1/M%. Bunumerii ceer
3aHMMAaeT y3KWW WHTEPBANl JUIMH BOJH, BCETO OT
0,40 no 0,75 mMxm. OgHAKO B PTOM HHTEpBaJe 3a-
KJIIOYaeTcs IOYTH TIIOJIOBMHA BCEM COJIHEYHOH
ayuuctor sHepruu (46 %). Iloutn cronbko xe
(47 %) mnpuxomgmrcs Ha wWH(paKpacHBIE Iy4H,
a octanbHble 7 % — Ha ynbrpaduoneroBsie. UH-
TEHCHUBHOCThH COJIHEYHOH paguariii Ha TOBEPXHO-
CTH 3eMIIi 3aBUCUT OT [UIMHBI IyTH 4Yepe3 aTMO-
chepy u omnpenensercs reorpaduuecKuM IMOJI0KE-
HUEM TOUYKH H3MEPEHHUs], a TAKXKE €€ BBHICOTON Haj
YpPOBHEM MOps. DTH 3aBHCUMOCTH TPECTABIEHBI
Ha puc. 3 http://www.geleo.boom.ru/pict0]1 B Bume
rpaMKoB, MOCTPOEHHBIX MO naHHbIM [8]. Ilpm
3TOM CYIIECTBEHHOE 3HAYCHHE HMMEET COCTOSHUE
atMocdepsl (001a9HOCTD, 3aIBIICHHOCTD ).
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Puc. 3. I'paduku 3aBHCUMOCTH IJIOTHOCTH ITOTOKA
IIPSIMON COJIHEYHOM pagualyy OT BBICOTHI U yIJla
naJcHUs

Fig. 3. Dependency diagrams of the current density of
direct solar radiation on the height and incidence angle

ConneuHnas paguanyg nmoCTtynact BO BHYTPCH-
HHH 00BEM MacCaXXUpPCKOro BaroHa B BHUAC TPCX
COCTaBJIAIOMIUX: IIPAMOI0 M3JIy4YCHHUA, paCCEAHHO-
r'o 1 OTPAKECHHOT'O OT MOBEPXHOCTHU 3emin

Qcon = an + Qpac +or - (6)

[Ipenmonaras paBHOMEpHOE YOBIBaHUE COJI-
HEYHOH paJualiy BO BPEMEHH, MBI MOXKEM OLle-
HUTb CPEAHECYTOYHOE MOCTYIUICHUE PaJHALUHA BO
BHYTpPEHHHI o0beM BaroHa. BenmwuuHa mnpsMoit
COJIHEYHOH pauaniy MOXET OBITh PAcCUNUTaHA IO
COOTHOIIECHHUIO:
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0, =1, (1) F cosa, @)

rae [/, — MHTEHCHBHOCTb pajauauuu; [ — mmo-

mange okoH BaroHa (21,4 M%), cosO. — KOCHHYC
yria nageHus IpsMoro U OTPaKEHHOT'O COTHEYHO-
IO U3Ty4YEHUS.

g paccesHHoro usiaydenus Q

pac
HE UMeeT 3HaueHUs. BennunHa ero paccunThIBaeT-
Cs TI0 COOTHOIICHHIO (6) TOJIBKO 03 3HAUCHUS KO-
cuHyca. B oTonuMTenbHEIN Ce30H B OKTIAOpE, HOSO-
pe, MapTe, ampene CpeAHsss UHTEHCUBHOCTh COJI-
HEYHOW paauanu, COCTOSIIeH M3 MPSMOro COJl-
HeuHOro M TUd(Y3HOTO H3IYUCHHUS, COCTABIICT
npuGnusuTensao  350...450 Br/m’. Ilpexsapu-
TENBHBIC PACYCThl IOKA3BIBAIOT, YTO BEJIUYMHA
COJIHEYHOH paauanvuu B 3aBHCUMOCTH OT OCBe-
IIaeMOil TUTOIIaIN OKOH, BPEMEHH T0/la U YIJIa Tia-
neaus Moxer coctaBiaate 6 000...8 000 Br. s
0oJiee MOJHOTO WCIOJB30BaHUS MOTCHIMANA COJI-
HEYHOW paauanmu TpeOyeTcss COOTBETCTBYIOIIAS
ONTHMU3AINS CIIEKTPAITBHBIX XapaKTePUCTHK CTe-
Ko OKOH. OnTUMU3aIUs MPEAIoaraeT yBelnde-
HUEe KOA(PUIMECHTa MPOIYyCKAaHUS KOPOTKOBOJIHO-
BOT'O COJTHEYHOTO HM3IIyYEHHS U COOTBETCTBYIOIIEE
YMEHBIIIEHUE KOYPPHUITHEHTA TPOIYCKaHUS JJTHH-
HOBOJIHOBOTO HM3JIy4eHUs. J|JTMHHOBOIHOBOE U3ITY-
YEHUE XaPaKTEPHO IJIsI COOCTBEHHOTO H3ITyYCHUS
HArpeThIX IOBEPXHOCTEH BHYTPEHHETO0 o0beMa
BaroHa. B cOOTBETCTBHH C JOKYMEHTaMH TeMIlepa-
Typa MOBEPXHOCTEH, OTPaXKIAIOIINX BHYTPCHHHE
noMeleHns (3a HUCKIIOYSHHEM OKOH), IOJDKHA
ObITh He HIKe 15 °C. DTN MOBEPXHOCTH COBMECT-
HO ¢ 00bEMOM BO3/yXa, HArPETOTo JI0 TEMIIepaTy-
pel He HIke 18 °C, co3maroT IIMHHOBOJIHOBOE U3-
JIydeHHE, MAKCUMYM SHEPrHH KOTOPOTO IPHXO-
murcesa Ha mmHe Boag 10 000...15 000 aMm. UmeH-
HO W3JIy4eHWE C TaKOW UTMHON BOJHBI JOJHKHO
OJIOKUPOBAThCS, CIEKTPAIBHBIMH  CBOWCTBAMU
OKOH BaroHa JijIsl CO3J[aHusl TeIUTMYHOT0 3 deKTa.

3TOT yTOJ

Hayuynasi HOBU3HA M IpaKTHYecKast
3HAYUMOCTh

Taxum 00pa3om, CyMMapHBIH TEMJIOBOM OanaHc
Macca)KUPCKOrO BaroHa MOXeET OBITh OIHCaH
YPaBHEHUEM:

QHOT + BCH = QHB.F + Qnac + coil * (8)

CootHomienue (8) MO3BOJSET paccuMTaTh 3a-
TpaThl SHEPTUU Ha 00OTPEB M BEHTHJIALIMIO Tacca-
JKUPCKOTO BaroHa ¢ y4eTOM JCUCTBHSI TOJIBKO JBYX

SHEPTrOBIUAIONIMX (AKTOPOB: TEIIa IacCaXKHUPOB
W DHEPTrUH COJHEYHOTO WRIIy4YeHHs. Bimsaue
CXEMHOTO PEIICHUS POSBUTCS Yepe3 YMEHbBIICHUS
3aTpar 3HEPrMUd Ha BEHTWIALHWIO. BriepBhie mpen-
JIO)KEHO WCIOJIb30BAaTh HETPAIUITMOHHBIE HCTOY-
HUKA DHEPTUW I TOAJepKaHus TpedyemMoro
TEMIIEPATYpPHOTO PEKHUMa MACCAKUPCKOrO BaroHa.
BriepBrie npeiararoTcsi HOBbIE CXEMHBIE PEIICHUS
KaK Uil OpraHW3allid BEHTWIIMH W KOHIUITHAO-
HUPOBaHUS, TaK W JUIA OOECIEYeHUS TEeIIOBOTO
peXrMa BaroHa.

BriBoabI

CymiecTByomye B HacTosIlee BpeMs Ha «YK-
p3aIM3HBILE» YICIbHBIE 3aTPaThl JHEPTUU HA MOJ-
JIepKaHHEe TEIUIOBOTO pEeXUMa MNacCaXUPCKOTO
BaroHa 3MMOH M KOHAWLIMOHMPOBAHHE €r0 JIETOM,
SIBJIIIOTCS CYIIECTBEHHO 3aBBILICHHBIMH B CBETE
TpeOOBaHUI CErOAHSAIIHEr0 AHA. JTO BEHET K Cy-
IIECTBEHHOMY PacXoy TOIUIMBHO-3HEPIeTUIECKUX
pecypcoB A MapKa MacCaXMpPCKUX BaroHOB YK-
paunsbl B konuuectBe 8 800 BaroHoB. Mcnonb3oBa-
HHE TIpelularaeMblx B paboTe MepOIpUATHI
M CXEMHBIX PEIIECHUI MO3BOJIUT CHU3UTH OT 60 10
70 IPOLIEHTOB 3TH 3aTPaTHI.

CIINCOK HCITIOJIbB3OBAHHBIX
NCTOYHUKOB

1.  Bbaprom, E. T. TemnnoBele HacOChl B 3HEPreTHKE
xeJe3HoopoxkHoro tpancnopra / E. T. Baprom. —
M. : Tpancnopr, 1985. — 280 c.

2.  butronkmit, A. A. AHann3 >pQPEeKTHBHOCTH CHUC-
TEM pa3leNbHOTO TOPMOXKEHHUS AJIsI TPY30BBIX Ba-
roHoB B Poccun / A. A. Barroukuit, [. E. Kiry-
mannes. — Hayka u TexH. Tparem. — 2011, — Ne 2.
—-C. 8-15.

3.  bypasoii, C. E. TerioBoii pexuM MaccakupcKoro
BaroHa Ha pasjiMYHbIX JTalax 3KCIUlyaTallunu /
C. E. bypagoii, E. C. Ilnarynos, B. B. Laps //
CucrteMbl  BEHTWIIMH, KOHJULIMOHHUPOBAHUS
1 OTOIUICHUS B IacCaK. BaroHax : 0. TOKJI. HayY.
npakt. cemunapa. — CII6. : CII6GI'YHuIIT, 2001.
—C.58-71.

4. Tabpunen, B. A. Mcnons3oBaHne THAPABIHIECKO-
O TOpMO3a B KadeCTBE HCTOYHHMKA TEIUIOBOH
suepruu / B. A. I'abpuner // Bicu. Juinpomertp.
HAaIl. YH-Ty 3aJi3H. TpaHCIH. iM. akan. B. JlazapsHa.
—/1.,2012. — Bun. 42. — C. 48—54.

5. Tabpinenp, B. O. llnsaxu niaBuiieHHs e(eKTHB-
HOCTI EHEPreTUYHHMX MiAPO3IUIB 3aJi3HUYHOTO
tpaucnoptry / B. O. I'abpinens, €. B. XpuctsH,
I. B. Tutapenxko // BicH. [lninporneTp. Hal. YH-TY

© B. A. T'abpunen, B. . Turapenko, 2014

115



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

Hayxka Ta nporpec Tpancropty. BicHuk J[HIponeTpoBcbKoro
HAI[IOHAJIBHOTO YHIBEPCHUTETY 3aIIi3HUYHOTrO TpaHcmnopty, 2014, Ne 4 (52)

PYXOMMUI CKJIAJI 3AJII3HULIB I TSTA TIOI3/11B

3aJIi3H. TpaHcI. iM. akan. B. Jlazapsua. — 1., 2012.  10. [urapes, B. E. XomonuibHele MamuHBL U yCTa-

— Bum. 41. — C. 187-190. HOBKHM KOHIMIMOHUpoBaHus Bo3ayxa / B. E. Ilu-

6. EmenpsnoB, A. JI. Cuctempl WHAWBHIYAIBHOTO rapes, II. E. Apxumnos. — M. : Mapmpyt, 2003. —

peryiaupoBaHusl TEMIIEPATYPHI BO3/lyXa B KyIle Ila- 424 c.
CCakupckoro BaroHa [DnekTtponHeid pecypc] /  11. Ckopuk, T. A. OlueHOYHBbIC KPUTEPUU SHEPro-
A. JI. EmenssnoB, C. E. Bypasoii, E. C. IInarynos 9(G(QEKTUBHOCTH  CHCTEM  akKKJIuMaTtuzauud /
/| Xonoami. TeXHWKa M KOHIMIMOHHUPOBAaHHWE. — T. A. Ckopuk, E. K. I'nazynosa, H. I1. Boponuosa
2007. — Ne 1. — Pexxum nmocryna: www.refrigera- /I Tpancm. — 2011 : Tp. Becepocc. Hay4HO-IIPakT.
tion.openmechanics.com. — 3ari. ¢ 3kpaHa. koH(}. — Pocros n//1., 2011. — C. 336—338.

7.  XKapuxos, B. A. Kinmmatmueckue cucrtemsl mac- 12, ®aepmreiin, 0. O. Konaummonupoanne Bo3ay-
caxupckux BaroHoB / B. A. XapukoB. — M. : xa B maccaxupckux Baronax / 10. O. ®aepiureiin,
TPAHCUH®O, 2006. — 135 c. b. H. Kuraes. — M. : Tpancnopr, 1984. — 272 c.

8. Kwuraes, b. H. TemnooOmennsie npoueccel mpu  13.  Application in rail vehicles braking energy / Yany
skcrryarauu BaroHoB / Bb. H. KurtaeB. — M. : Jian, Li Fa lany, Sony Rui-yany, Fany Yu. Tiedao
Tpancnopr, 1984. — 184 ¢. Xuebao // J. China. Railway Soc. — 2011. —

9.  Marsam, 0. U. Cucrembl KOHAMIIMOHUPOBAHUS Ne 33 (2). — P. 26-33.

U BojocHaOxeHHss maccaxupckux BaroHoB / 14, Cordini, P. Performance characteristics of high-
10. Y. Matsm, B. I1. Kimoka. — M. : TOY «Yue0- speed rail trains Pendolino. Das Projekt New Pen-
HO-METO/I. IICHTP 0 00Pa30BaHMIO HA XK.-J. TPAHC- dolino / Pino Cordini / ZEVrail Glas. Ann. —
nopte», 2008. — 286 c. 2012.136.— Ne 4. — P. 116-120.

B. 0. TABPUHELL'", I. B. TUTAPEHKO*"

"Kad. «Temmorexnixa», J{HIIPOIETPOBCHKHIA HAIIOHATLHII YHIBEPCHTET 3a/Ii3HIYHOTO TPAHCIIOPTY iMeHi akaxeMika

B. Jlazapsna, By:. Jlazapsina, 2, J{HinporeTpoBcbk, Ykpaina, 49010, ten. +38 (056) 373 15 87, en. momrra gabrin62@mail.ru,
ORCID 0000-0002-6115-7162

TKad. «Terumorexuikay, JHIIpOIETPOBCHKMN HALIOHATLHUI YHIBEPCHTET 3a/Ii3HHYHOT0 TPAHCIIOPTY iMeHi aKaxeMika

B. Jlazapsna, Byn. JlazapsHa, 2, [lninponeTpoBcerk, Ykpaina, 49010, ten. +38 (056) 373 15 87,

el morurta titarenko.igor@gmail.com, ORCID 0000-0002-5692-0135

KOHIENIISA ONTUMAJBHOI'O 3A EHEPTOBUTPATAMUA
IMACAKUPCBKOI'O BAI'OHA 3 BUKOPUCTAHHSAM
HETPAJUIIVMHUX JKEPEJ EHEPI'TI

Merta. Y po0OoTi HEOOXiZHO PO3MISHYTH KOHIEHINI CTBOPCHHS ONTHMAIBHOTO 33 EHEProBUTpATaMU
MACaKUPCHKOTO BaroHa 3 BHKOPHCTAaHHSIM HETPAJMIIAHUX PKEpeT SHepril Ta 31 CTiIHKaMH, IO MAKOTh IiABHIICHI
TEIUIOI30JIAIHHI BIacTHBOCTI. MeToauKa. AHANI3YIOTHCS BUAU TEIUIOBUX BTPAT, a TAKOXK 1X po3mip. s o0irpiBy
PO3TIIAAAIOTECS adbTEPHATHBHI JKepeaa eHeprii, aHaTi3yeThcs X MOXKIMBUH BHECOK Y 3arajlbHUH eHeproOajiaHc
[MacaKUPCHKOro BaroHa. KibKiCHO OLIHIOIOTHCS BILIMB HA KOHCTPYKIIiFO BaroHa MiABUIIEHOT TEIJI0I30IA1ii CTIHOK,
HaJXO/KEHHSI COHSYHOI eHEeprii uepe3 mpo30pi BiKHA Ta CHEPrOBUAUICHHS caMHX macakupiB. PesyabraTtn. [Ipu
MaKCHMaJIbHO MOJXJIMBOMY BHUKOPHCTAaHHI HETPAAWILIMHUX JDKEpeNl eHeprii Ta pallioHaJbHUX CXEMHHUX pillleHb
CHCTEM KOHJIMIIIOHYBaHHS W OOIrpiBy BHUTpaTH €HEprii Ha Ii mOTpeOu IJis Maca)XMPChbKOro BaroHa MOXYTh OyTH
samkeri Ha 40-50%. HaykoBa HoBM3HA. Bmepime 3amporioHOBaHO BHKOPHCTaHHS HOBHX BHIIB €HEprii ais
MIATPUMKH TEIUIOBOIO OajaHCy BaroHa B 3UMOBHH MEpioj, a TaKOX 3alpOIOHOBAHO HOBI CXEMHI PIIICHHS IS
cUCTEeMM KJiMaTH3auil BaroHa siK B 3MMOBMH, Tak 1 B JiTHIH nepiogu. IlpakTtmuyna 3HaymmicTb. BBenenns
3alpOIIOHOBAHUX CXEMHHUX DIllleHb 1 MiAXOAIB N0 3a0e3neueHHs KOM(MOPTHUX YMOB JJIsl ITACAKHPIB MOXYTh OyTH
peani3oBaHi Ha ICHYIOUOMY IIapKy Naca)XMPChKUX BaroHiB 1 HE BHUMAararmTh ICTOTHOI'O Iepeo0iaJHaHHS BXKE
BCTaHOBJICHUX CHCTEM.

Kmiouosi crosa: nacaxupchKuil BaroH; KJIiMaTr3allis; TIIOBUN PEXKUM; COHSIYHA CHEPTis; TEIII000MIHHUK
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CONCEPT OF THE MINIMUM ENERGY PASSENGER CAR WITH USE
OF UNCONVENTIONAL ENERGY SOURCES

Purpose. The paper is aimed to consider the concept of creation of the minimum energy passenger car with use
of nonconventional energy sources and the walls that have enhanced thermal insulation properties. Methodology.
The types of heat losses, as well as their value were analyzed. The alternative sources of energy are considered for
heating. Their potential contribution to the overall energy balance of the passenger car is analyzed. Impact on the car
design of the enhanced wall thermal insulation, solar energy inflow through the transparent windows and energy
release of passengers are quantitatively evaluated. Findings. With the maximum possible use of all unconventional
energy sources and the rational scheme solutions of conditioning and heating systems energy the costs for these
needs for a passenger car can be reduced by 40-50%. Originality. New types of energy to maintain the heat balance
of the car in the winter period is proposed to use firstly. New schematics solutions for environmental control system
of the car both in winter and in summer periods were offered. Practical value. Introduction of the proposed scheme
solutions and approaches to ensure the comfortable conditions for passengers may be implemented on an existing
park of passenger cars and do not require a major re-equipment of systems that have already been installed.

Keywords: passenger car; climatization; thermal regime; solar energy; heat exchanger
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HAINPAMKHU YIOCKOHAJIEHHA CUCTEMU YTPUMAHHA
MOTOPBATI'OHHOT'O PYXOMOI'O CKJIAY

Mera. EdextuBHICTh (DYHKIIOHYBaHHS MapKy MOTOpBaroHHoro pyxomoro ckiany (MBPC) sik ckinanHoi cucremu
3HAYHOIO MIPOIO 3aJIEKHUTh BiJ| PEXKUMIB Ta YMOB HOT0 eKCIUTyaTalil, sIKi BU3HAYAIOThCS SIK 1X BJIACHUM CTAHOM, TaKk
1 CTAaHOM CHCTEMH YyTPUMYBaHHsS. TOMY METOIO € BUPIIIEHHS! HAYKOBO-TEXHIYHOI MPOOJIEMH CHCTEMU YTPUMAaHHS, T€X-
HIYHOrO OOCIYroByBaHHs 1 PEMOHTYy MOTopBaroHHoro pyxomoro ckiany (PC). Meroamka. CrarTst npHCBsiYeHa
nUTaHHIO TexHigHOTO 00cmyroByBanus (TO) 1 pemonty (P) MoTopBaronnoro pyxomoro ckinany (MBPC) Ykpainu. Ha
OCHOBI TEOPETHYHOTO JOCTIDKEHHS IPOAHATI30BAHO CHTYAIliI0 IIOJ0 TEXHIYHOTO OOCIYTOBYBaHHS Ta PEMOHTY
MBPC. HaBeneHo MOpiBHUIBHUH aHANI3 MO0 3aTi3HUIHOTO, aBTOMOOUIRHOTO Ta aBialliffHoro Tpancnopty. Ha ocHoBi
aHaJi3y ¥ MOpPIBHSIHHS aBTOPaMH 3allPOTIOHOBAHO IIEPEXi]] Bill TUIAHOBO-TIONEPEKYBaIbHOI CHCTEMH OOCITyTOBYBaHHS
3aJII3HUYHOTO TPAHCIIOPTY 10 00CIyroByBaHHs 3a (hakTHUHMM cTaHOM. Pe3yiabTaTh. 3riiHO 3 HABEIEHUM TEOPETHY-
HUM TIOPIBHSHHSM IIOCTaBJIEHOI NMPOOJIEMAaTHKH B PI3HUX BUAAX TPAHCHOPTY MOXHA KOHCTAaTyBaTH, IO JOCBiJ Ta
ocobnmBocTi excrutyatanii PC y cyMbKHHX ray3sx € MiJICTaBoO I epersiay U YA0CKOHAJICHHS CHCTEMH YTPHUMaH-
Hi PC, y ToMy uncii Ha pi3HHMX cranisix ioro ekcrutyarauii. HaykoBa HoBu3Ha. /laHa cTaTTs HABOIWUTH MOPIBHSIIb-
HUI TEOPETUYHHUI aHaJli3 CUCTEM YTPHMAaHHS Ta PEMOHTY 3aJ1i3HUYHOT0, aBTOMOOUIBHOTO Ta aBiallitHOrO TPaHCIIOPTY.
[pakTuuna 3HaunMicTh. BripoBamkenHss HOBOI crparerii moxo TO # P pyxomoro ckiamy T03BONUTH 3MiHCHUTH
TIOCTYTIOBUH TIepexXil Bifl ICHYI0UOi IUIaHOBO-TIONEepeKyBaibHOI cucteMu TO i P o cucremu pemMoHTY «3a dakTHy-
HUM CTaHOM». [Ipy LbOMy MOXXJIMBE MaKkCHMMajbHE CKOPOYEHHS KiJIbKOCTI PalTOBHX BiJIMOB I/l Yac €KCILTyaTaril
IUIIXOM 3a0e3MedYeHHs] BUCOKOTo KoedirieHTy ekcruryaramiiiHoi roroBHOCTi PC (mo 0,95). A HaBemeHMi TOPiBHSIIB-
HUI aHaNI3 CHCTEMH 0OCITyTOBYBAaHHS i PEMOHTY € MIATPYHTSIM JOIUTFHOCTI IIEPEXO/Ty.

Kniouosi crnosa: TexHiuHe 00CIyroByBaHHS; MMOTOYHUH PEMOHT; MOTOPBAarOHHUI PYXOMHMH CKJIaJl; TIOPiBHSIHHS
TEXHOJIOTii 0OCIyTOBYBaHHS Ta PEMOHTY

Beryn JaTHOCTI, 3MEHILIECHHS TPYAOMICTKOCTI 1 TpUBaoc-
Ti MPOCTOIO Ha IJIAHOBHX BUAAX PEMOHTY, 3aCTO-
CYBaHHS IHTEJIEKTyaJIbHUX CUCTEM JiarHOCTYBaHHSI.

Jis nigeumenns Hagiaocti MBPC e mepexin
BiJl TJIAHOBO-TIOIIEPEIKYBaJIbHOI CHCTEMH 00CITy-
TOBYBaHHS 1 PEMOHTY IO OOCIyTOBYBaHHS 1 pe-
MOHTY «3a ()aKTUYHHM CTaHOM». BHKOpuCTaHHS
BOTO MiAX0ay obciyroByBanHs i peMonty MBPC
BUMAarae OiNbIIIOTO 3aCTOCYBaHHS 3acO0iB i METO-
IIiB aBTOMATH30BaHOTO KOHTPOJIIO 1 JTiarHOCTyBaH-

B mpuMicekoMy CHOy4eHHI MOTOPBaroHHUM
pyxomum ckinagoM (MBPC) Vkpainu mopiuHo
MePEBO3UTHCS 3HAYHA KUIBKICTh HAaceNeHHS Kpai-
HU. OCHOBHOIO TEpPEBarol0 MPUMICHKUX 3ajli3HUY-
HHUX IEepeBe3eHb, y MEpPUIy Yepry, € MBUAKICTh Ta
Oesrieka mepecyBaHHA. Y MESKHX PETioHax depes
HEIOCTaTHBO PO3BHUHEHY MEpEkKy aBTOMOOIIBHUX
MUISIXIB IPUMICHKE 3JTI3HUYHE CITOJIYICHHS 3a JI0-
nomororo MBPC € Hali0inbpm TpuUHAHSATHUM IS
MacaKupiB. Hil, IO JIO3BONMTL CYTTEBO YNAOCKOHANUTH CHCTE-

EdekTuBHiCTS (yHKIioHyBanHs mapky MBPC MY YTPUMAHHS Ta MiHIMI3yBaTH BUTPATH Ha 3/1ikic-
SIK CKIAZHOT CHCTEMH 3HAYHO 3aleXKUTh Bij pexku-  HEHHA TEXHIYHOTO 00CIIyroByBaHHS Ta MOTOYHHUX
MiB Ta yMOB {0ro eKcIUTyaTauii, ki BusHa4aoTbess ~ PEMOHTIB [2].
K IX BJaCHUM CTaHOM, TaK 1 CTaHOM CHCTEMH
YTPUMAaHHS.

Tomy cepen nuranb, sKi HEOOXIJHO BHpilIyBa- BupimeHnHs HayKOBO-TE€XHIYHOI MPOOJIEeMH CH-

TH HAHOTMAYMM YacOM, € 3HIKCHHS BHTDPAT HA  cremy yTpUMaHHA, TEXH{YHOTO OGCIYrOBYBAaHHS

TEXHIYHEe O0OCIYrOBYBAHHSA i PEMOHT 3aBIAKH TIO- henoHTY MOTOPBATOHHOIO PyXOMOTO CKIIALLy.
JTIIEH s TIOKa3HUKIB HAJIHHOCTI i peMOHTONpH-

Meta
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MeTtoanka

OcTtaHHIM YacoM i3-3a HeIOCTaTHhOro (iHaH-
CyBaHHS MPUMiCEKOTO KOMIIJIEKCY BUHHKAIOTh CYT-
TEBI TPYAHOII. ['OJOBHHUM YMHOM II€ CTOCYETHCS
TeMITiB OHOBJIeHHs Tapky MBPC, cucremu min-
TpuMaHHs HasiBHOTO napky MBPC Ta indpactpyk-
TypH (puc. 1, 2).

Ile mpusBeno 1o TOro, IO B TOCHOJAPCTBI
NPUMICBKHX TIE€peBe3eHb CKJalach He3al0BUIbHA
CUTYaIlis o0 TexHiuHoro crany MBPC.

N, ox

~#—enextponoizan  ~# nuzens -noisgn

Puc. 1. lunamika onosienus MBPC
HA 3QTI3HAIX YKpaiHu

Fig. 1. Dynamics of multiple unit update
on the railways of Ukraine

N, oo
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—+—KanitaneHuil peMOHT Ta MOJIepPHi3allii eJleKTpOonoi3ais

——KanitanbHiil peMOHT Ta MOOePHI3allid OH3eNb-[10131iB
Puc. 2. /luHaMika BUKOHAHHS KalliTAIbHAX PEMOHTIB

Fig. 2. Dynamics of capital repairs implementation

VY 3B’S3Ky 3 I[MM 3QJIUIIAEThCS aKTyaJIbHUM 3aB-
JaHHg 3MIHWTH IiAXOOW IOJO0 CHUCTEM TEXHIYHOIO
oOcmyroByBaHHsI Ta peMoHTy TPC mis mMakcumanb-
HOTO IBUINEHAS ¢(PEeKTUBHOCTI BUKOPUCTAHHS Ha-
SIBHOTO TIAPKY, TTOKPAIICHHS BUKOPUCTAHHS Martepia-
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JIB Ta POOOYOI CHJIH 3 METOIO0 MiHIMi3yBaTH 4ac Ipo-
CTOIO Ta KiIbKicTh HecnipaBHocteit TPC [2, 5].

Buxoasun 3 11p0T0, AOUIJIBHO MpOaHali3yBaTH
MiIXOAW IIOAO OpraHi3aiii TeXHIYHOro 00CcIyro-
ByBaHHA Ta peMoHTy TPC s iHmHMX BHUIIB
TpaHCTIOPTY B YKpaiHi Ta 3ali3HUYHOTO TPAHCIIOP-
Ty 32 KOPZAOHOM.

PoGota aBTOMOOUIEHOTO TPAHCIIOPTY periiaMme-
HTyeThcs HakazoMm Ne 102 Big 30.06.2010 [6], 3ri-
JHO 3 SKHM TEXHIYHE OOCIYrOBYBaHHS NOPOXKHIX
TparcropTHUX 3aco0iB (JIT3) BUKOHYEThCA Yy TIIa-
HOBO-000B’SI3KOBOMY TOPSAKY, @ HOTOYHHH pe-
MOHT — 3a HOTpeOH, 3TiAHO 3 pe3yJbTaTaMu Jiar-
HOCTyBaHHs TexHi4HOTrO crany J[T3 abo 3a Hass-
HOCTI HECIIpaBHOCTEH 1 3abe3reueHHs abo Bif-
HOBJICHHS HOTO TpaIe3aTHOCTI.

KamitansHuif peMOHT BUKOHY€ETBCS 3@ ITOTPEOH
3TITHO 3 Pe3yJIbTaTaM{ ITiarHOCTHKH TEXHIIHOTO
CTaHy 1 MpU3HAYEHWH JJIsI TPOJIOBKEHHSI TEPMiHY
excruryatamii AT3.

Le#t Haka3 BU3HAYae BUAM 1 peskuMH (TIepioIu-
YHICTB, MEPETiK BUKOHYBAaHUX POOIT Ta iX TpymHo-
MICTKICTh) TEXHIYHOTO OOCITYTOBYBaHHS i PEMOHTY
3 ypaxyBaHHsM yMOB ekcruryaraii JT3.

3arajgoMm crucTeMa TEXHIYHOTO OOCITyTOBYBaHHS
i pemonty JIT3 nependauae:

— I0JeHHE 00CITyrOBYBaHHS;

— mepire TexHigae oocmyroByBanus (TO-1);

— npyre TexHiuHe obciyropyBanus (TO-2);

— CEe30HHE TeXHIYHE 00CITyrOBYBaHHS;

— MOTOYHUI PEMOHT;

— KaImTaJTbHANA PEMOHT;

— TeXHIYHEe OOCIYrOBYBaHHS IIiJ] 4ac KOHCEp-
Barii 1T3;

— TeXHiIYHe 00cIyroByBaHHs Ta peMoHT /|13 Ha
Jimii [11].

B agiamiiiniit ramy3i opraHizaimis TEXHIYHOTO
obciyroByBanss i pemoHTy (TO i P) 3miiicHI0€TBCS
Ha OCHOBI JIBOX IMPHHIIMIIIB; TUIAHOBOCTI Ta CBOE-
YaCHOT'O TIONEPEIKECHHS BiIMOB.

[liq mpUHIMTIOM TIJIAHOBOCTI PO3YMI€THCS O-
TPUMaHHSI BCTAHOBJICHOI MEPIOTUIHOCTI TTOCTAHO-
BU JliTaNbHUX anapaTiB (JIA) Ha Ty uu iHITY popMy
TEXHIYHOTO 00CIyroByBaHHs ab0o pemoHTy. Ilpm
IIbOMY IUIAHYIOTBCSI OOCSITH YaCTUHH CTaHIAPTHUX
perjJaMeHTHUX Omepalliidi Ta onepamuiid 3 TeXHIYHO-
ro giarHoCTyBaHHA Ta Jedekrtanii 00’eKTiB aBia-
miHo1 TexHiku (AT).

ITonepemxyBanpaMit Xapaktep TO i1 P 3a6e3me-
YyEThCSl 32 paXyHOK Opraizaiii MocTiHHOTO cro-
CTEpPEeKCHHS IIiJ] Yac eKCIUTyaTalii 3a JoAepikaH-
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HSIM HaJIHHOCTI, a B JEIKMX BHIAJKaX 1 3a TEXHIU-
HUM CTaHOM (DYHKIIIOHAJIbHUX CHUCTEM Ta OKPEMO-
ro oOJagHaHHS 3 METOI0 CBOEYACHOTO BHUSBIICHHS
NEPEeABIIMOBHOTO CTaHy 3 MOJAJBIIOI 3aMiHOIO
obnmagHaHHS 200 peryIfoBaHHAM HOTO TapaMeTpiB.

Jsa JIA nuBinbHOT aBiallii BCTAaHOBJIEHO TaKi BH-
JTM TEXHIYHOTO OOCITyTrOBYBaHHS: OIEpaTHBHE, Tepi-
OIMYHE, CE30HHE, CHemiaibHe 30epiraHas. OCHOB-
HUMH 3 TIepepaxoBaHUX BHIIB € ONEpPAaTHBHE 1 Tepi-
ommyHe. Ko)keH 3 BUIiB TEXHIYHOTO 00CITyTOBYBaHHS
BIIIPI3HAETHCS 0OCATOM 1 CKIIQIHICTIO pOOiT, MOTPio-
HHM YacoM 1 MEPiOANYHICTIO IX BUKOHAHHSI.

[lepionuune TexHiuHE OOCIYrOBYBaHHS BHKO-
HY€TbCA Yepe3 CyBOPO BCTAaHOBIJICHI iHTepBasy,
BHMIPIOBaHI KITBKICTIO TOAWH HANBOTY JIA, Kib-
KICTIO TTOCaJI0K 200 KaJCHIApPHUM YaCOM.

s Ginpmocti ocHOBHUX THMIB JIA mpuiiHsaTa
MEePIOMNIHICT, BUKOHAHHSI (DOPM TEXHIYHOTO 00-
ciyroByBaHHs: popma 1 (D-1) — yepe3 koxHi (300
+ 30) rox HanboTy, opma 2 (D-2) — uepe3 KOXKHI
(900 £ 30) rox HamboTy 1 popma 3 (PD-3) — uepes
koxHi (1 800 £ 30) rox HaTLOTY.

SAxmo JIA 3a ymMoBaMu ekcIulyartalii Mae mopi-
BHSIHO MaJIM{ HANIT, TO HOTO MepiogndHe 00CIyTro-
BYBaHHS BUKOHYIOTb 3a KaJI€HAAPHUMHU TEPMiHAMHU.

PemonTHi 00ciyroByBanHs ((opMH) Ha BigMiHY
Bil OpM MEPIOAMYHOTO TEXHIYHOTO 0OCITyrOBYBaH-
HS BIAPI3HSIOTBCSA 3HAYHO OUTBIIAMH IHTEpBAIAMHU
yacy i TpyJdoMiCTKicTIO poGit. IX ocHOBHe mpu3Ha-
YeHHS 1 OCOONMBICTD TOJISITa€ y TOMY, 00 OLIiHUTH
TEXHIYHUH CTaH BY3JIB 1 KOHCTPYKII Y Ba)XKOJO-
CTYITHUX 30HAaX, BUSBUTH 1 YCYHYTH BiJ]MOBH 1 YIIIKO-
JOKEHHSI HA PaHHIX CTaJisfX iX PO3BHTKY, BIAHOBUTH
TIONIKO/KeHI JinstHKr KoHCTpyKuii JIA. Ilporsrom
MPU3HAYEHOTO pecypcy Ha JIA TOCiIOBHO BHKOHY-
I0Th KiJIbKa peMOoHTHUX Qopm: P-1, P-2, P-3, P-4 ta
1HIII, IO YCKIIJHIOIOTECS B MIpy 301IbLICHHS 3ara-
JHHOTO HaNBOTY JIA 1 KUTBKOCTI ITOCAJIOK.

3MiCT pOOIT 3 TEXHIYHOTO OOCIYroBYyBaHHS 00-
namHanHg AT 1 mepioguuHICTh TX BUKOHAHHS BH-
3HAYAETHCS CTPATEri€l0 TEXHIYHOTO OOCIyroByBaH-
HS 1 pEMOHTY.

BiamnoBiHO 10 MIFOYMX CTaHIAPTIB PO3PI3HSIOTH
TaKi CTpaTerii TEXHIYHOTO OOCITyTOBYBAaHHS 1 PEMOHTY:

— TEXHIYHE OOCITYyTrOBYBaHHS 3 HaIlpaIrlfOBaHHS,
MpU AKOMY MepertiK 1 MepioANYHICTh BUKOHAHHS
orepauiii BU3HAYA€ThCS 3HAUCHHSAM HAaIlpalOBaH-
Hsl OOJIaJIHAHHS 3 MMOYATKy eKCIDTyaTallii ado micis
PEMOHTY (CepemHBOTO, KaIliTATHHOTO);

— TeXHIYHEe 00CIIyrOBYBaHHS 3a CTAHOM, IPH SIKO-
MY TIepeiK 1 MepioANIHICTh BUKOHAHHS OIepalliii BU-

3HAYAETHCA (PAKTHIHUM TEXHITHAM CTAHOM OOJIaJHAH-
HsI B MOMEHT TI0YaTKy TEXHIYHOTO 00CITyTrOBYBaHHS;

— PEMOHT 3 HAIPAIIOBaHHS, IPU SKOMY TIIHOWHA
PEMOHTY OOJIaHAHHS 1 KOHTPONIO TPU3HAYAETHCS
€IWHOIO YIS TTApKy OJHOTHUITHOTO OOJIaHAaHHS 3aJie-
JKHO BiJl HAIPAIIOBAHHS 3 MMOYATKY eKCIUTyaramii Ta
(abo) micis KamiTanbHOTO (CEpeHBOr0) PEMOHTY,
a TIepeNiK omepariii 3 BIJHOBJICHHS BHU3HAYAETHCS
3 ypaxyBaHHSM pPe3yJIbTaTiB KOHTPOJIIO 00 IHAHHST,

— PEMOHT 3a TEXHIYHUM CTaHOM, MPH SIKOMY
TIepesIiK oreparliid, y TOMy YHCIi po30UpaHHS, BU-
3HAYAETHCS 32 Pe3yJIbTaTaMU JIarHOCTYBaHHs 00-
JIaJIHaHHS B MOMEHT MTOYaTKy PEMOHTY, a TAKOX 3a
JMAHUMH TPO HAIIMHICTH I[LOTO OOJNIATHAHHA 1 OA-
HOTHUITHOTO OOJaTHAHHS.

ITurtanus npo Te, sKy crpaterito TO i P BuGpa-
TH 3aJIe)KHUTh: TO-TIEPIIIe, Bil MOXKITUBOCTEH BH3HA-
YeHHS B MPOIIECi eKCIuTyaTallii TpaHHIHOTO CTaHy
oOnagHaHHs, TPU SKOMY BOHO IIE Mpare3/iaTHE;
Mo-JpyTe, Bijl MIPUIAHATOTO KPUTEPIF0 BCTAHOBJICH-
Hs TEpMiHIB 3aMiHU OoOnagHaHHs Ha JIA.

Kpurepiii BcTaHOBICHHS TEPMIiHIB 3aMiHU BH-
3HAYA€ThCSA CTAHOM OOJIAJTHAHHSA, MIPH SKOMY HOTO
nmoJlaNpia ekcruryararis Ha JIA mpusBene 1m0 3HU-
JKEHHS O0e31ekn a00 PETyIIIPHOCTI TOJIBOTIB.

Koxniit crparerii TO 1 P Bignosimae mneBHa
cTpareris ekcrutyaranii (Bukopuctanus ) AT.

Po3pi3HsaioTh Taki crpaTerii ekcruryaTariii: mo
BUPOOJICHHST pecypcy (TEpMiHY CIyKOW); 10 Tie-
PEIBIAMOBHOTO CTaHy; A0 BiIMOBH.

Crparerii TO i P 3a ctanoM icTOTHO Bifpi3Hi-
10ThesI Big crpareriit TO i P 3 HamparroBanns. Bin-
MIHHICTh TIOJISITA€ HE TUIBKU B XapaKTepi TEXHOJIO-
rigaux nporeciB TO i P, a #1 y posmoxini Matepia-
JTBHUX 1 TPYAOBHX BHTpaT, MOTPIOHMX HA yTpHU-
MaHHS MaTepiaJibHO-TEXHIYHOI 0a3u, 110 BIiATMOBI-
Jla€ BUMOTaM Tiel um iHmoi crparerii [9, 10].

Jts 3aTi3HIYHOTO TPAHCIOPTY, M0 eKCILTyaTy-
€TBCS 332 KOPJOHOM, KOMTaHisIMU-OTIepaTOpamMu
YKJIaJaf0ThCsl KOHTPAKTH Ha TEXHIYHE OOCIYTOBY-
BaHHs1. PaHime me OynmM KOHTpPaKTH Ha BHUKOHAHHS
MIEBHUX POOIT, 3apa3 I1e KOHTPAKTH, TIOB’s3aHi 3 3a-
Oe3reyeHHsAM 33aHUX MapameTpiB i 00’eMoM Tmo-
ciyr. Konrpaktu Ty MRO (maintenance, repair,
overhaul — TexHiuHe 00CITYroByBaHHS, pEMOHT, Ka-
MITAJIbHANA PEMOHT/MOJICPHI3AILIS) TPAAUIIIHHO I11a-
HYBQJIUCh HAa OCHOBI MEPiOAMYHOTO OOCITyroByBaH-
HSl Ta PEMOHTY pi3HOTO 00’eMy. OMHAK, 5K IMOKa3ye
JocBif, B cepeqaboMy 10 40 % dacy BUTpadaeTbes
Ha yCyHEHHSl HECTIPaBHOCTEH, a HE Ha IUIaHOBE 00-
CIIyroByBaHHS [8].
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OCKITBKH  €JICKTPOHHOMY OOJIaJIHAHHIO CydJac-
Horo TPC HeoOximHO npuauisTH Bee Oiblie yBary,
PETYISIPHO BUKOHYBATH ONEpalii o0 Horo TexHi-
YHOTO OOCIYTOBYBaHHS, BXKE HEMae HEOOXiTHOCTI
ontuMizyBatu cuctemy BukopuctanHs TPC. Hosi
cepii IOKOMOTHBIB TIOTPEOYIOTh 3MIIHCHEHHS TEXHi-
YHOTO OOCITyrOBYBaHHS 3a ()aKTHYHUM CTaHOM, IIO
JTO3BOJISIE ONTHMIi3yBaTh ToToBHICTE TPC Ta ckopo-
TUTH 4Yac, BIIPOJIOBXK SIKOTO BiH BUBOJHTHCA 3 €KC-
rutyaTauii Ha obciyroByBaHHs [4, 13].

IlepeBary BimmaroTh BK€ HE TIIAHOBOMY TEXHi-
YHOMY OOCJIyTOBYBaHHIO, a MPAKTHUII BiJICTSIKECHHS
¢yukuionyBanuss TPC B excrumyaramii 3a Hagxo-
JOKCHHSIM CHUTHAJIIB, KOJIM OKpeMe OOJIaTHaHHS Y1
cuctema TPC mposBisioTh MEBHI 03HAKH 3HOCY I
HaOMXKeHHS 10 BiamosH [1, 3, 12].

B Tabn. 1 HaBenmeHi okpeMi y3arajabHEHHI OCO-
ommBocti opramizamii TO, TIP mnsa pi3HUX BHIIB
TPaHCIIOPTY.

Tabnums 1
IepionnyHicTh TeXHIYHOT0 00CIYTOBYBAHHS i PEMOHTY TPAHCIIOPTHHX 3aC00iB
Table 1
Periodicity of technical service and repair of transport vehicles
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CTO1 — cneuianbHe TeXHIYHE 00CIYTOBYBaHHS;

TOK?2 — texHiuHe oOcimyroByBaHHs 1iJ yac koHcepsauii T3;

TOJI3 — rexHiuHe oOciyroByBaHHs Ta peMoHT T3 Ha miHii;

CO4 — ce3oHHE 00CITyrOBYBaHHS
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B yMoBax iHTEHCHBHOTO PO3BHTKY KOMIT FOTEp-
HHUX TEXHOJIOTIH, BCe OUIBIIOTO MOIMIMPEHHS Ha0yBae
3acTtocyBaHHs HU(poBOi (GoTO- 1 BiIEOTEXHIKH, Me-
TOJIB KOMIT't0TepHOI Tpadikd B Oararbox 00IacTsIX
TEXHIYHOTO OOCTYTOBYBAaHHS 1 PEMOHTY TPaHCHOPT-
HHUX 3ac00iB, 30KpeMa Mij] 4ac TEXHIYHOI JIarHOCTH-
KU 3aJTI3HIYHOTO PYyXOMOTO CKiany [7].

Pe3yabTarn

3rilHO 3 HAaBEJEHWM TEOPETHYHHM ITOPIBHSH-
HSIM TMOpYLICHOI MpoOJeMaTHKH y Pi3HUX BHUIAX
TPAaHCIOPTY MOXKHA KOHCTaTyBaTH, LIO JOCBiA
1 ocobmuBocTi ekciutyataiii PC B CyMiXkHHX raniy-
34X € MiJCTaBOIO IS MEeperiiany i yAOCKOHAICHHS
cucremu yrpumanas TPC, B ToMy uncii Ha pi3HHX
CTafisX HOTO eKCINTyaTallii.

HaykoBa HOBM3HA Ta NPAKTUYHA
3HAYUMICTh

Ilst cTarTs MICTUTH TOPIBHSUIBHHMA TEOPETHY-
HUI aHalli3 OO0 CHCTEMH YTPUMAaHHS Ta PEMOHTY
MK 3a7Ti3HUYHUM, aBTOMOOIILHUM 1 aBialliiiHUM
TpaHCIIOpTOM. BrpoBajpkeHHsT HOBOI cTparerii
momo TO i P pyxomoro ckmamy J03BOJIATH 3iicC-
HUTH MOCTYTOBHIA MEpexil BiJ iCHYIOYOI IIaHOBO-
norepeKyBaiibHOi cuctemu TO 1 P 1o cucremu
PEMOHTY «3a (PaKTUIHUM CTAaHOM». A HaBEIACHHI
MOPIBHSUTBHUN aHAaJ3 CHCTEMH OOCIyroBYBaHHS
1 PEMOHTY € MATPYHTAM AOLUIBHOCTI IEPEXOy.

BucHoBku

1. [Tomaneliie yIOCKOHANIGHHSI Ta IIiABUIICHHS
edpexTuBHOCTI excrutyartanii TPC mMoxnuBe 3aBs-
KA BIPOBADKEHHIO JOCSTHEHb HAyKOBO-TEXHiU-
HOT'O NIPOrpecy, 110 AO3BOJIUTH CYTTEBO YIOCKOHA-
JUTH CUCTEMY YTPUMaHHS Ta MiHIMi3yBaTH BHTpa-
TH Ha 3[IHCHEHHS] TEXHIYHOTO 00CIyroByBaHHS Ta
MMOTOYHUX PEMOHTIB [4].

2. 3rigHo 3 HaBeJAEHUMH JAaHUMH MOYKHA KOHC-
TaTyBaTH, MO JIOCBi 1 OCOOIMBOCTI €KCILTyaTarii
PC B cyMiXHUX Taly3iX € HiICTaBOIO IS Iepe-
TNy 1 YAOCKOHAJeHHsS cucTeMu yTpumanHs PC,
B TOMY YHCIIi Ha Pi3HHUX CTaIisIX HOro eKCIUTyaTarii.

3. YiockoHaJaeHHS! pOOOTH PEMOHTHOTO T'OCIIO-
JapCTBa € OJHUM 3 OCHOBHHUX PE3€PBiB 3HM)KCHHS
Butpar Ha yrpumanHi TPC, mo 0a3yioTecs Ha
MiABUILEHH] HATIMHOCTI TEXHIYHHX 3aco0iB, 3HHU-
JKEHHI KUTBKOCTI BIIMOB 1 HEIIAHOBHUX PEMOHTIB
PYXOMOTO CKIIaJly 32 PaxyHOK HOJIMIICHHS SIKOCTI

PEMOHTY Ta MiIBUINEHHS IPOIXyKTUBHOCTI IIparli
Ha OCHOBI BIPOBa/KEHHS aBTOMATH30BaHHX CHC-
TEM YIpaBIiHHSA TEXHOJIOTI€I0 Ta TEXHI4HOI miar-
HOCTHKH.

4. BripoBaJpKEeHHSI HOBHX MigXxoxiB momo TO
i P pyxomoro ckmamy 03BOJNATH 3MIHCHHUTH ITO-
CTYNIOBUIM Tepexif BiJl ICHYIOYOi IIIAaHOBO-
monepemxyBasibHOi cuctemMu TO 1 P mo cucremn
peMoOHTY «3a (akTHUHUM cTaHoM». [Ipu mpomy
MOYJINBE MaKCUMallbHEe 3MEHIIEHHS KUTBKOCTI pa-
NTOBUX BIiJIMOB B eKCIUTyartaiii, 3a0e3nedeHHsIM
BUCOKOTO KOE(QIIIEHT eKCITyaTalliiHOT TOTOBHOCTI
pyxomoro ckiany (zo 0,95).
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HAITPABJIEHUS COBEPIIEHCTBOBAHUA CUCTEMbBI
COAEPKXAHUA MOTOPBATI'OHHOI'O IOJABUXKXHOT'O COCTABA

Hean. DbdexTrnBHOCTH HYHKIMOHMPOBAHKS Mapka MOTOpBaroHoro nojsmkHoro cocraBa (MBIIC) kak cioxHO#M
CHCTEMBI B 3HAUUTEIILHON MEPE 3aBUCUT OT PEKUMOB M YCIOBHI €T0 SKCIUTyaTalllH, KOTOPbIE OMPENEISIFOTCS KaK HX
COOCTBEHHBIM COCTOSIHUEM, TAaK M COCTOSIHMEM CHCTEMBI cozepkanusi. [loaToMy 1enblo sIBIs€TCsl pellieHre Hay4YHO-
TEXHUYECKOH MpOOJIEMbI CUCTEMBI COJIEPIKAHKS, TEXHUUECKOTO O0OCITYKMBaHHSI U PEMOHTa MOTOPBAarOHHOTO TTOJIBHK-
Horo coctaBa (I1C). Meroauka. Crarbs nocBsiiieHa Bonpocy TexHuueckoro oociysxusanus (TO) n pemonra (P) mo-
TopBaroHHoro noysrkHOro cocrasa (MBIIC) Ykpaunsl. Ha ocHOBe TeopeTHuecKoro HCCiIea0BaHUs IPOaHAIM3UPO-
BaHA CUTYalMs, CIOKMBLIAsICS IO TeXHWYeCKoMy oOcimyxuBanuio n pemonty MBIIC. IlpuBeneH cpaBHHTENbHBII
aHaJN3 KeJIEe3HOIOPOKHOTO, aBTOMOOMIBHOTO M aBHAIIMOHHOTO TpaHcnopTa. Ha ocHOBe aHanm3a M CpaBHEHHUS aBTO-
paMH MPEITIOKEHO IePexo] OT IIAHOBO-TIPEAYNPEANTEIFHON CUCTEMBI OOCITY )KUBAHHS KEJIE3HOAOPOXKHOTO TPAHC-
nopra K OOCIYy)KMBaHHIO TO (DaKTHUECKOMY cOCTOsHMIO. Pe3yjbraTbl. COrllacHO NMPUBEICHHBIM TEOPETHYECKUM
CPaBHEHHUSIM IIOCTABJICHHON IPOOJEMAaTHKH B PA3IMYHBIX BUAAX TPAHCIOPTa MOXXHO KOHCTaTHPOBATh, YTO OIIBIT
u ocobeHHocTH IKcIuTyatanuy [1C B cMEeXHBIX OTpacisiX SBIAIOTCS OCHOBAaHHEM IS IEPECMOTPA U COBEPIIEHCTBOBA-
HUS CHCTEMBI €70 COJEPKaHHsA, B TOM YHCIIE Ha PA3INYHbIX CTagusaX dKkciutyataiyy. HaydyHnass HoBu3Ha. [laHHas cTa-
ThsI IPUBOJIUT CPABHUTEIBbHBIN TEOPETHUECKUH aHAIN3 CHCTEMBI COAEPKAHHUS M PEMOHTA JKEJIE3HOJOPOKHOTO, aBTO-
MOOWJIBHOTO W aBHAIMOHHOTO TpaHncrnopta. IlpakTudeckasi 3HaunMocTh. BHenpenune HoBbix moaxoxoB k TO u P
MOJIBIXKHOTO COCTaBa IMO3BOJIAT OCYILECTBUTH IOCTETIEHHBIM MEpexo]] OT CYLIECTBYIOUIEH IUIaHOBO-TIPEIyHpeau-
TenbHOU cucteMbl TO n P k cucreMe peMoHTa «110 (haKTHYECKOMY COCTOSTHHIO». [IpH 3TOM BO3MOXKHO MaKCHMaJbHOE
COKpaIlleHWE KOJHMYECTBA BHE3ANHBIX OTKAa30B B OKCIUIyaTallMd ITyTEM OOECIIeYeHHs BBICOKOTO Kod(duImeHTa
sKcIutyaTaronHoi roroBHoctu [IC (mo 0,95). A mpuBeneHHBIH CPaBHHUTEIBbHBIN aHAIN3 CHUCTEMBI OOCITYXMBaHUS
Y PEMOHTA SIBJISIETCSI OCHOBAHHEM LIETIECO00Pa3HOCTH Mepexoa.

Kniouegvie crnosa: TexHudeckoe 00CITy)KMBaHUE; TEKYIINI PEMOHT; MOTOPBAaroHHBIN MOJBIKHOIM COCTaB; cpaB-
HEHHE TEXHOJOTUH 00CITy)KMBaHHS U PEMOHTA
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IMPROVEMENT DIRECTIONS OF MAINTENANCE SYSTEM
OF MULTIPLE UNIT

Purpose. Efficiency of function multiple units park (MUP) as a complex system considerably depends on the
modes and conditions of its operation, which is defined as the state of their eigenstate and state of the system content.
The purpose is the decision scientifically - a technical problem of system of the content of maintenance operation and
repair of a rolling stock. Methodology. Article is devoted to a question of the maintenance operation and repair of
a rolling stock of Ukraine. On the basis of theoretical probe, the situation which has developed on maintenance opera-
tion and repair of MVPS is analysed. The comparative analysis of a railway, motor and air transportation is provided.
On the basis of the analysis and comparison by authors it is offered transition from scheduled preventive to system of
service of railway transport to service on an actual state. Findings. According to given theoretical comparison of the
put perspective in different types of transport it is possible to note that experience and features of operation rolling
stock in allied industries is the base for revision and improvement of system of the maintenance rolling stock, including
at various stages of its operation. Originality. This article provides the comparative theoretical analysis, concerning
contents and repair system between railway, automobile and by air. Practical value. Introduction new approaches of
the maintenance operation and rolling stocks repair will allow carrying out gradual transition from maintenance opera-
tion and repairing existing scheduled preventive system in repair system «on an actual state». Thus it is possible maxi-
mum cutting-down of number of sudden refusals in operation, providing high coefficient of operational readiness of
a rolling stock (to 0.95). A comparative analysis of the maintenance system and repair is the basis of the transition fea-
sibility.

Keywords: maintenance operation; current repair; multiple unit; comparison of service technology and repair
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ANALYSIS OF DEFORMED STATE STRUCTURES OF THE KYIV
METRO RUNNING TUNNELS ON A TRANSITION ZONE FROM
SPONDYLOV’S CLAY TO BUCHATSKIY SANDS

Purpose. In the section of changes geotechnical conditions of spondylov’s clay to buchatskiy sands may have
significant structural deformation of running tunnels. It is necessary to identify the cause of deformities develop
ways to minimize and based modeling and calculations to prove the effectiveness of measures to reduce deforma-
tion. Methodology. To solve the analysis problem of the stress-strain state (SSS) of the system «structure array» it
was conducted the numerical simulation using the finite element method (FEM). On the basis of the obtained results
the graphs were constructed and the dependencies were determined. Findings. The presence of weak water-
saturated soils in tray of the tunnel on an area of transition from spondylov’s clay to buchatskiy sand causes signifi-
cant increasing in strain construction of tunnels and general vibration liquefaction in soil basis. Also change the
physical and mechanical characteristics of soils within the frames of tunnels influences on the level of strain state of
most frames. Improved strain state settings of tunnels in areas of change soil characteristics of the array (especially
at the bottom of casing) can be achieved by chemical consolidation of weak soils. Composition of solutions for fix-
ing the weak soils should be determined based on the study of grain size, porosity, and other parameters of physical
and mechanical and physical and chemical characteristics of soils. Originality. The basic cause significant strain on
transition zone from spondylov’s clay to buchatskiy sands is found, that is explained by saturated phenomenon vi-
bration liquefaction basis under the tunnel. Practical value. The approaches to reduce the strain in the construction
of running tunnels in the transition zone from spondylov’s clay to buchatskiy sands are developed, as well as in the
area of the station «Glybochytska» the Kyiv Metro.

Keywords: vibration liquefaction of water-innundated basis; finite element method; stress-strain state; transition
from spondylov’s clay to buchatskiy sands; analysis of strains

Introduction station «Glybochytska» in the direction of
Podolsk-Vyhuryivskoyi metro line to housing

Currently, preparations have began for the estate «Troeshchyna» in Kyiv. In this direction

design and construction of running tunnels near the
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engineering-geological conditions have a very high
level of complexity, especially in the transition
zones from spondylov’s clay to Buchatskiy Sands.
Therefore, determining the strain state settings and
soils in the transitional zone is an actual task
which, needs to be resolved.

Purpose

As it is known, running tunnels in spondylov’s
clay are in a stable condition and deformation not
exceeding the maximum allowable for the given
category of soils [6, 10]. However, in the transition
zone from spondylov’s clay to water-saturated sands
arising heavy load, which lead to the considerable
deformations that is defined in elastic-plastic condi-
tion in spondylov’s clay [2, 4]. Therefore the pur-
pose of this research is the solution of the task con-
struction running tunnels with a combined casing in
complexity engineering-geological conditions which
rather often meet in Kyiv.

Methodology

The basis of the calculation method based on the
method of finite elements, using as the main
unknown displacements and rotations basic units
design scheme based on the calculation complex
Structure CAD (SCAD) [7, 9, 11]. Type of the finite
element, used in the calculation, is determined by its
shape, features, which dependence between
relocation in nodes of finite element and system
nodes, by physical law that defines the relationship
between internal forces and internal displacement,
and a set of parameters (rigidities) are included in
the description of this law and others [11-14]. All
nodes and circuit elements are numbered. The num-
bers assigned to it should be interpreted only as
names, which allow making the necessary links.

The sign convention for movement is accepted
in such way, that the linear displacement is
positive, if they are directed towards increasing the
corresponding coordinates, and rotation angles are
positive, if they comply with corkscrew rule.

For investigation the stress-strain state (SSS) of
running tunnel created a spatial model from vol-
ume elements (Fig. 1 and 2).

The model is constructed of isoparametric finite
elements such as prisms (34 and 36 type elements
in complex SCAD) with consistent nodes [11].
Elements which used in the model of such size in
the XZ plane: 0.24x0.24 m (more than 95% of the

volume of the FE scheme - the whole soil array
and casing); 0.1x0.25 m (2.5% of scheme - model-
ing layer discharge per frame). It reflects the fol-
lowing features of the real structure [1, 5, 11]:

— the influence of spatial factor on the forma-
tion of the stress state, that is the influence of third
component G, on components and o_;

— the most full reproduction of interaction of a
steel concrete casing with a soil array which gener-
ally changes its properties.

Fig. 1. Finite element model (FE-model) of running
tunnel interaction with the surrounding array

Fig. 2. Part of the running tunnel in a mode
of presentation graphics
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Y-direction (along the length of the tunnel) size
of items was 0.3 m, which proves less influence of
the size of the FE in this area, although for model
computational domain that size could be applied
and elements of a considerable size, which is pro-
posed in scientific works [1, 5, 11], which pro-
vided a recommendation to determine the size of
the element as the characteristic size of the compu-
tational region.

The FE-model represents a half of real con-
struction as it is the symmetric with the symmetri-
cal load. Reproduction only half of the tunnel re-
duced the volume of calculations and allowed to
carry out exact tunnel splitting and surrounding
array on terminal elements that would be impossi-
ble by development of the whole model, as the
quantity of FE in the applied complex is restricted
equal 40 000 pieces.

The FE-model which was applied in all re-
searches has the following sizes: X-direction —
10.0 m, Y-direction — 0.6 m; Z-direction — 40.0 m.
That is the normal size of FE it would be possible
to accept 2x2x2 m, but it didn’t allow reproducing
more precisely specific characteristics of the
“casing-tunnel” system, for example, a case of
primary forcing. The total number FE-model nodes
arel8 246, the total number of FE is 11 736 pieces.
The quantity of FE testifies that the problem which
was solved, is the task of average dimensionality
(to 20 000 finite elements).

The model was created so that to reproduce all
geometrical sizes of running tunnel: diameter in-
ternal — 5.6 m, diameter external — 6.04 m (the
steel concrete blocks B30).

Applied bounding conditions are imposed to the
scheme: model up without fastenings; the sides,
parallel to tunnel axes (YZ plane) — inhibits of
movements on axes X and Y; the sides are perpen-

dicular to tunnel axes (XZ plane) — inhibits of
movements on axis Y (it most precisely corresponds
to plane strain condition); model bottom — inhibits
of movements on axes X, Y and Z. These boundary
conditions most precisely allow recreating a real
picture of model deformation [7, 9].

The deformation properties received from real
probes of materials were provided to models, the
stratigraphic record reflects array part, which sur-
rounds a studied tunnel.

EGE 73 — bluish-greenish-gray marl clay, silty,
micaceous, carbonate, with thin layers and nests of
gray silty sand, sometimes fractured, water-
permeable through cracks and sand layers, tough,
medium-hard, firm (spondylov’s clay);

EGE 75 — loam bluish-gray-green micaceous,
silty, carbonate, and pyrite with phosphorous and
pyrite nodule, firm, semi-solid, tough (sandy
spondylov’s clay);

EGE 77 — sand bluish-greenish-gray shallow,
silty, muddy, marl clay, poorly micaceous, average
firmness low-damp, damp, sated with water;

EGE 78A — sand grey, greenish-gray in places of
average size, mid-weight, heavy, saturated with water.

Properties of engineering-geological elements
are given in Table 1.

Stratigraphic record is shown on Fig. 3.

As for deformation properties and the nature of
the soil it can be divided into clay and sand, to
simplify calculations is formed table 2, which
shows the average estimated values of the proper-
ties of layers that provide real stratigraphic records
and used in numerical calculations (Fig. 4).

This change of real stratigraphic record lists
valid, because the thickness of the layers, which
are not taken into account, is small (1...2 m) and
thus may not significantly influence to the pattern
of deformation distribution.

Table 1
Soil Properties EGE
Number | Protodyakonov scale | Voids ratio ¢ | Specific cohe- | Internal friction Deformation Soil density

EGE of hardness f (unit fraction) | sion C",kPa | angle ¢©", grade | modulus £, MPa p,t/m’

73 1,0 0,767 78 15 30,0 1,96

75 0,8 0,627 5 18 25,0 2,01

77 0,6 0,574 3 28 20,0 1,82

78a 0,4 0,580 2 28 20,0 1,86
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End of Table 1

Soil Properties EGE
Number Moisture of soil . Humidity level, S Transmission coef- Design resistance,
. . Poriness n, % > e .
EGE W, , unit fraction unit fraction ficient K p>m / day R, ., kPa
73 0,273 43,4 0,978 0,005 325
75 0,206 38,5 0,883 0,120 250
77 0,080 36,5 0,330 1,300 200
78a 0,260 36,7 - 5,000 200
Table 2
Soil Properties EGE
180 Num- | Protodyakonov Deformation .
ber scale of hardness | odulus E Density 0f3
> | soil p,t/m
EGE f MPa
73 0,9 27,5 1,99
o 78 0,5 20 1,84
L5 a s b
Rigidness of the cement-sandy solution which
is given on a casing in case of primary injection or
grouting was such: the average thickness 0.1 m, the
| @ elastic modulus £ = 20 000 MPa, Poisson’s ratio

n=0,2, density p=2,2 %

Deformation properties of steel concrete re-
ceived as are given characteristics, and for steel
Fig. 3. Stratigraphic records of array part around tunnel ~ concrete on the basis of B30 concrete made: elastic
modulus £ = 35 000 MPa (in case of reinforcement
percentage — 1...3%), Poisson’s ratio p=0,2,

density p=2,5 % .

Calculation of all models was executed on two
loadings: 1) action metro train; 2) curb weight sur-
rounding an array and construction. The account-
ing action of metro train it is reproduced in norma-
tive documents, for example, in Ukrainian national
construction regulation B.2.3-7-2010. Metro sys-
tem, p. 9.44. [3]. But estimates of the rolling stock
impact remains some verification, as a given fact
. that the weight of the train is not more than
5...10% from actions of mountain pressure [6, 9].
According to paragraph 9.44 [3] load of rolling
metro trains that operate on the track
superstructure (TS) are normalized as follows: 1)
normative vertical load L — 150 kN per axle; 2)
Fig. 4. Given stratigraphic records of array part around ~ regulatory horizontal longitudinal load from

tunnel braking or traction — 10% from the standard
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vertical load of the rolling stock, i. ¢ 15 kN at the
level of the rack head; 3) regulatory horizontal
transverse loads from impact undercarriages —
applied at the level of the rack head uniformly
distributed load with the intensity 2 kNm. Further
study will be taken into account only — 1st load in
the complex, 2nd and 3rd ignored due to the small
size unlike the first.

For the application of loads from rolling stock
modeled track superstructure (TS), in order to
more adequately reproduce the system impact of
metro trains. Geometric parameters of TS: ballast
depth — 0.8 m, ballast material — concrete class
B12.5 (modulus of elasticity £ = 27 000 MPa,

Poisson’s ratio uw=0,2, density p=2,5 % ). In
M

TS reproduced not all assembled rails and sleepers,
but only one sleeper.

Findings

Further researches of the strain state structure
in the transition zone from clay to sand is carrying
out. A series of calculations for this purpose is
executed:

a) a) 8)

20,0 @

Fig. 5. Stratigraphic records with the placement
of the tunnel (the dashed line denotes the position
of the lock and tray):

a — option 1; 6 — option 2; ¢ — option 3

1) Option 1 — the real case in which the tunnel
crosses two soil layers (EGE 73 and EGE 78a,
fig. 5, a);

2) Option 2 — a possible case where the tunnel
lies in only one soil layer (EGE 73, fig. 5, b);

3) Option 3 — a possible case where the tunnel
lies in only one soil layer (EGE 78a, fig. 5, ¢).

Option 2 and 3, which are hypothetical, provide
an opportunity to further comparison strain state
structure and array, as they are homogeneous.
Strain state calculation of these two cases allows us
to compare the value of the Option 1 and made the
conclusion about the influence of stratification on
the sediment development.

The basis of calculation based on the method of
finite elements based on the estimated Complex
Structure CAD (SCAD).

After creating the FE-models, held their calcu-
lation, the results of which are shown in Fig. 6 and 7.

Analysis downloads models it is the action of
metro train allows you to separate it from its own
weight array and construction on the principle of
superposition can be added to it. The case demon-
strates the validity metro train state structure, which
interacts with the surrounding array, when all the
processes of rock formation pressure have over.
Calculation results showed that the impact of metro
train for horizontal displacement casing hardly felt
as mentioned strains in all three versions are the
same (maximum — 0.4 mm in the horizontal diame-
ter of casing). Horizontal deformations in the model,
i. e. in the casing, which interacts with an array
qualitatively almost identical, and is quantitatively,
vary slightly (0.4...0.5 mm).

The same minor change in the model can be
demonstrated and caused by the action of the array
of horizontal deformations, which are qualitatively
coincide in the model and in the fragment model
(casing).

Analysis of Fig. 6 and 7 indicates that the im-
pact of metro train on the vertical displacement
casing are tangible, as mentioned strains in all
three versions is within 10 mm (option 1 — 9.5 mm,
option 2 — 7.2 mm, option 3 — 9.7 mm). In this
component the difference between the options have
significant and make 1.32 times between option 1
and 2 and 1.35 times between options 2 and 3, it is
possible to prove that the tab of the array in option
2 (sealing in clay) is the most optimal, and the dif-
ference between option 1 and 2 is insignificant.
Thus, the partial sealing of the tunnel in clay when
sand is underlain by a layer of practically no effect
positively on the deformation, due to pain use by
another deformation capacity of sand.
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Fig. 7. Isolines and isofields of vertical displacements of array around the tunnel from metro train action (I)
and model dead weight (II):
a — option 1; 6 — option 2; 6 — option 3
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The vertical deformation array of actions quali-
tatively almost identical in the model and the frag-
ment model (casing), but quantitatively they con-
firm what has been observed in the case of actions
metro trains. But we should note the corresponding
change in quantitative maximal values of vertical
deformation (top model): Option 1 — 394.8 mm,
option 2 — 289.3 mm, option 3 — 394.8 m

To find absolute deformations of casing points,
for example, in the lock, it is necessary to subtract
value of deformation in it from value in a tray. Thus,
the maximum values of vertical deformations in the
lock make: option 1: —394.8 — (— 379) =— 15.4 mm,
Option 2: — 289.3 — (- 274.1) = 15.2 mm, option 3:
—394.8 — (—378.3) = 16.5 mm. It also testifies about
bigger deformation ability of the array in option 1
and 3 though option 1 in this case of loading actions
is closer to option 2.

One of the important factors that influence on
the development of deformations, is the change of
deformation properties, especially modulus defor-
mation of soil, for example, under the influence of
groundwater, especially because the layer of sand
(EGE 78A is designated by availability of the un-
derground waters dated to the buchatsko-kanev-
skogo water-bearing horizon which have tendency
to lifting.

Calculation of real case of laying the tunnel (Op-
tion 1), but with change of the module of deforma-
tion of sand is carried out. It was already calculated
the model with the module of deformation
E =20 MPa therefore six more calculations of Op-
tion 1 — with £ = 17.5 MPa (sub-option 1) are car-
ried out, 2 — £ = 15 MPa (sub-option 2), 3 —
E =12.5 MPa (sub-option 3), 4 — E = 10 MPa (sub-
option 4), 5 — E = 7.5 MPa (sub-option 5), 6 —
E = 5 MPa (sub-option 6) results of calculations
which are given in comparison with Option 1. Simi-
larly to the previous calculation has defined maxi-
mum vertical deformation in the lock casing. In ad-
dition it should be noted that the qualitative picture
of the distribution isofield movement has not
changed, only the quantitative values.

The limited scope of the article is missing the
opportunity to fully reflect the results of calcula-
tions. However, its deformed state confirms that
the influence of deformation characteristics (de-
formation module of sand) minor effect on the
horizontal deformation in the case of actions metro
train, but for the actions of their own weight
changes is noted.

Analyzing the absolute vertical deformation of
the casing it should be noted that the decrease in
the elasticity modulus of sand (modeling soaking)
significantly affects to the vertical deformation of
the frame. It should also be noted that this calcula-
tion was carried out in a static setting, although in
real terms the dynamic impact from movement of
metro train causes vibration liquefaction soaked
sand under the casing of the tunnel.

Also the relationship between the modulus of
elasticity and deformation of sand is quite natural
character that can be tracked using a graphic (Fig. 8).

The graphic is built in the software package
Microsoft Excel program functionality is made
approximation of the results. As approximating
function was chosen linear dependence, which is
reflected by the equation y =—0,15x+15,729, the
value of the accuracy of the approximation is
R*=0,9932, indicating to very high coincidence
of approximating linear function.

The maximum vertical deformation of casing
constitute 15.6 mm at the slightest given modulus
of elasticity of sand — 5 M underground waters Pa.

In real terms the additional dynamic perform-
ance of motion metro trains will lead to further
growth of strains that will lead to limitation of speed
metro trains in this part of the tunnel. Often, to re-
duce the strain that can occur with a decrease in car-
rying capacity of the base, use artificial methods of
soil base. The simplest and most effective way to
strengthen the artificial soil is pumping cement-sand
mortar per frame. In order to predict the develop-
ment of artificial deformation after grouting design
model has been created, where at the base tunnel
was fixed cement-sand mortar.

The rigidity of cement-sandy mortar, which is
served for the casing when attaching, was as fol-
lows: modulus of elasticity £ = 20 000 MPa, Pois-

son’s ratio u=0,2, density p=2,2 ﬂ3 Thickness
M
of a layer of the fixed sand is accepted by equal 1 m.
This way of fixing the soil was simulated when
the elasticity module of the sand layer from 5 to
20 MPa. On the basis of calculations, we plot the
dependence of the vertical deformation of the
frame from the modulus of sand with a cement-
sandy consolidation of the soil (Fig. 9). Loading
was tried on from the weight of all models.
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Fig. 9. Dependency diagrams of vertical deformation casing from the modulus of sand when executed grouting

The schedule of deformations in fig. 9 shows
that after performance of artificial fixing of soil
vertical deformations of a tunnel decreased on the
average by 5.5 mm, that is approximately by a
third from maximum them deformations in the ab-
sence of soil strengthening at the module of elastic-
ity of 5 MPas. Besides such fixing of the soil is
effectively as for not watered sand with the high
module of elasticity, and water-saturated sand.

Originality and practical value

In paper identifies the main cause significant
strain on the transition zones from spondylov’s
clay to Buchatskiy Sands, due to a phenomenon
vibration liquefaction basis under the tunnel and

defines scientific novelty of the research. The ap-
proaches to reduce the strain in the construction of
main line tunnels in the transition zone from
spondylov’s clay to Buchatskiy Sands, as well as
near the station «Glybochytska» of the Kyiv Sub-
way and this is the practical significance of this
work.

Conclusions

On the basis of the conducted research of the
running tunnels, which designed, near the station
«Glybochytska» (the Kyiv subway) the following
conclusions were drawn:

1. The presence of weak water-saturated soils
in the tray part of tunnels, and also in the area
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«Glybochytska», on a transition zone from the
spondylov’s clay to Buchatskiy Sands causes es-
sential increases of deformations as designs of tun-
nels, and also the general vibration liquefaction in
a soil basis.

2. Executed scientific study shows that changes
in physical and mechanical properties of soils
within the frames of tunnels influences the level of
strain state of most frames.

3. Results of mathematical modeling indicate
that the optimum sealing tunnels is the EGE 73
(spondylov’s clay), since strain state at such occur-
rence was characterized by lower values of dis-
placements.

4. Soaking the sand layer in the case of rising
groundwater level will increase drawdown struc-
ture as a consequence of the reduced modulus of
sand. The dependence between the deformation of
the frame and a decrease in the elasticity modulus
of sand is linear.

5. Injection of cement-sandy solution under
tray part of the tunnel significantly reduces vertical
deformation of the frame and is quite effective and
inexpensive method of dealing with large deforma-
tions rims tunnels.
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AHAJII3 JE®@OPMOBAHOI'O CTAHY KOHCTPYKIII NEPETTHHUX
TYHEJIIB KUIBCHbKOI'O METPOIIOJITEHY HA JLIBHUIII
HEPEXOAY Bl CIIOHAUJIOBUX I'VIMH 10 BYYAIIBKUX IIICKIB

Mera. Ha ninpHUNI 3MiHH iHKEHEPHO-TCOJIOTIYHMX YMOB i3 CIIOHAWJIOBHX TJIMH Ha OydambKi TiCKH MOXYTh
BUHUKATH 3Ha4HI JedopMariii KOHCTPYKIi MepeTiHHuX TyHeniB. ToMy B TPEICTaBICHOMY MOCTIIKCHHI HEOOXiTHO
BUSIBUTH TIPUYUHY PO3BUTKY JAedopmartiid, po3poOuTH NUIIXH 11 MiHIMI3aLli Ta Ha OCHOBI MOJIENIFOBaHHSI i PO3paxyHKIB
JIOBECTH e(pEeKTUBHICTh 3aX0/IIB 31 3MeHIeHHs fedopmariid. Meromuka. /I BUpIlLIeHHs TpoOJIeMH aHali3y HaIpyKEeHO-
nedopmoBanoro crany (HJIC) cucremm «KOHCTPYKIUSIT — MAacuB» IPOBEAEHO YHCIOBE MOJEIIOBAHHSI METOIOM
ckinuenHux enementiB (MCE). Ha ocHOBI oTpuMaHux pe3ynbTaTiB oOynoBaHO rpadiky Ta BCTAHOBJICHO 3aJI€KHOCTI.
PesyabraTn. HasBHicTh CllaOKMX BOJOHACHYEHMX IPYHTIB y JIOTKOBIM YacTHHI TyHENIB Ha JAUIBHUILI TEpEeXony Bil
CIIOH/IMJIOBHX TJIMH 10 OydYallbKHX ITICKIB BHKIIMKAE CYTTEBE IMiJIBHIIEHHS JedopMaliii KOHCTPYKLIT TYHEINIB, a TaKoX
3arajibHI BIOpOOCiIaHHS B IPYHTOBIH OocHOBI. KpiM Toro, 3MiHa (i3MKO-MEXaHIYHHX XapaKTEepUCTHK IPYHTIB y MeXax
OIIpaBU TYHEJIB CYTTEBO BIUIMBAa€ Ha PiBeHb Je)OPMOBAHOIO CTaHy camMux onpas. [lokpatieHHs1 1e)opMOBAHOTO CTaHy
OIIpaBU TYHEJNIB Ha AUITHKAaX 3MiHM XapaKTEPHCTUK IPYHTIB HABKOJIMIIIHHOIO MAacUBY (OCOOJIMBO ITJICTEISIOUHX OIIPaBy)
MOXe OyTH IOCSATHYTO HUISXOM XIMIYHOTO 3aKpIIUIEHHS CIa0KuX IpyHTIB. CKIIax PO3YMHIB UTS 3aKpIIDICHHS CIAOKIX
TPYHTIB TIOBMHEH BH3HAYATHCS HAa OCHOBI BHBYEHHS IX TPaHyJIOMETPHYHOTO CKJIAy, TOKa3HUKIB MOPUCTOCTI Ta {HIIMX
(hi3MKO-MeXaHIYHUX 1 (PI3UKO-XIMIYHUX XapaKTepuCTUK IpyHTiB. HaykoBa HOBHM3HA. BUSBIEHO OCHOBHY NPHYMHY
3HaYHUX JedopMalliii Ha AUIBHUILI MEPEXO/y Bijl CIIOHJMIOBUX INIMH JI0 Oy4allbKUX ITICKIB, IO TOSICHIOETHCS SBUILEM
BiOpOOCiqaHHA BOAOHACHYEHOI OCHOBH Tif TyHeneM. IIpakTuyHa 3HauyMMicThb. Po3pobieHo migxoan 3i 3MEHIICHHS
nedopmartiit mpu OyAIBHUITBI MEPETiHHUX TYHEIB Ha IUISHII MEPEeXOny BiJ CIIOHAWIOBHX INIMH 0 OyJarpbKuX ITICKiB,
\a TakoX y 30Hi cTaHIii «I mndounibka» KUiBChKOro METPOIIONITEHY.

Kniouosi cnosa: BiOpoocimaHHS BOJOHACHYCHOI OCHOBH, METOJA CKIHUCHHHX €JIEMEHTIB, HalpyXeHO-
nedopMoBaHMil CTaH; epexij Bijl CIIOHUIOBUX TIIHMH JI0 Oy4yanbKuX MicKiB; aHati3 nedopmariit
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AHAJIN3 JE®OPMUPOBAHHOI'O COCTOSIHUS KOHCTPYKIIUIA
MNEPEITOHHBIX TOHHEJIEM KUEBCKOI'O METPOIIOJIMTEHA
HA YYACTKE ITEPEXO/JA OT CIIOHINJIOBBIX I''IMH

K BYYALIKUM ITIECKAM

Hesab. Ha yuacTke n3MEHEHUs] HH)KEHEPHO-T€OJIOTMUYECKUX YCIIOBUI OT CIIOHMIIOBBIX TIIMH K OYYaHCKUM MECKam
MOT'YT BO3HHKATh 3HAYUTENIbHBIC JIe(opMaIMi KOHCTPYKIMH NEPErOHHBIX TOHHENeH. [103ToMy B MpeiCcTaBIeHHOM
HCCIIEIOBAHUU HEOOXOMMO BBISIBUTH MPUYMHY Pa3BUTHUs AeopMaliuii, pa3paborarth MyTH MX MUHHUMHU3ALUMA U HA
OCHOBaHUM MOJIEIMPOBAHUS M PACUeTOB JI0Ka3zaTh A(P(EeKTHBHOCTH MEPONPHUSTHII 1O YMEHbIICHHUIO AehOopMaluii.
Mertoauka. Jlns perreHuss mpoOiieMbl aHaIW3a HanpsbkeHHO-IehopmupoBanHoro cocrostaust (HJC) cuctemsr
«KOHCTPYKIIHS — MAaCCUBY MIPOBEICHO YHCICHHOE MOJICIIMPOBAaHIE METOIOM KOHEUHBIX 3meMenToB (MKD). Ha ocHoBe
MOJTyYEHHBIX PE3YJIbTaTOB NOCTPOEHBI IPAMKK M YCTAHOBJIEHBI 3aBUCMMOCTH. Pe3yabTaThl. Hannuue cinabbix Bojo-
HaCbhIIICHHBIX TPYHTOB B JIOTKOBOM YaCTH TOHHEJEH Ha Y4acCTKE mnepexoga OT CIOHAWJIOBBIX TI'JIMH K 6y‘iaHCKI/IM I1eC-
KaM BBI3bIBAET CYIIECTBEHHOE IOBbIIEHHE JedopMaluii KOHCTPYKLIMHM TOHHENEH, a Tarke o0le BUOPOOCaJKU
B TPYHTOBOM OCHOBaHMH. Kpome Toro, m3MeHeHHe (U3MKO-MEXaHMYECKHX XapaKTEPUCTHK TI'PYHTOB B IIpenenax
00/IeNKN TOHHENEH CyIIECTBEHHO BIMSET Ha ypPOBEHb J1epOPMHUPOBAHHOIO COCTOSHHUSI CaMHMX OOZENOK. YIIydIlIeHHe
Jie(hOpMUPOBAHHOTO COCTOSIHUSI OOJIEIOK TOHHEJNEH Ha yJacTKaX M3MEHEHHs XapaKTepHCTHK TPYHTOB OKPY)KAIOIIETO
MaccuBa (0COOCHHO TMOJCTHNIAIOMINX OOIETKY) MOXKET OBITh TOCTHTHYTO ITyTEM XHMHUYECKOTO 3aKpEIUICHUS CIa0BIX
rpyHToB. COCTaB pacTBOPOB JJIsl 3aKPEIUICHUS CIA0bIX IPYHTOB JOJDKEH ONPECIAThCS HA OCHOBE H3YYCHHS UX
rPaHyJIOMETPUIECKOTr0 COCTaBa, MOKa3arenaell MOPUCTOCTH U APYTUX (PU3UKO-MEXAHUYECKUX M (PU3UKO-XMMHUYECKUX
XapakTepuctuk rpyHtoB. Hayunasi HoBu3Ha. OOHapyKeHa OCHOBHAsI IPUYKMHA 3HAYMTENBHBIX AedopMalnii Ha y4ya-
CTKE TIepexo/ia OT CIOHIMIOBBIX MIIMH K OYYaHCKUM IECKaM, 4TO OOBSICHSETCS SIBICHHEM BHOPOOCA/IKU BOJIOHACHI-
LIEHHOTO OCHOBaHMs 1o/ ToHHeNeM. [lpakTHyeckasi 3HAYMMOCTh. Pa3paboTaHbl MOIXO/bI 0 YMEHbLICHHIO 1edop-
Malui pyu CTPOUTEIHCTBE EPETOHHBIX TOHHENEH Ha yJacTKe Mepexoa OT CIIOHIMIOBBIX INIMH K Oy4aHCKHM IecKaMm,
a Taxoke B 30He craHiuu «I npidounikasy Kresckoro merponoymrexa.

Kniouegvie cnosa: BuOpoocaka BOJOHACHIIIEHHOTO OCHOBAHMS; METOJ] KOHEYHBIX 3JIEMEHTOB; HAIPSKEHHO-
JeopMUPOBAHHOE COCTOSIHUE; MIEPEXO0]] OT CIIOHIMJIOBBIX INIMH K Oy4aHCKUM I1€CKaM; aHaIu3 ieopMaruii
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APPLICATION PROSPECTS OF THREADED JOINT OF ARMATURE

Purpose. One of the main technological operations of buildings construction on the basis of monolithic frame
systems is the production of mesh reinforcement. The current interest is the new ways specification of advanced bond-
ing armature techniques without reliability weakness and design of the building in whole, as well as the finding of
use prospects of screw-threaded joint of armature as the most technological and economic method of re-bars joints.
Methodology. Advantages and disadvantages analysis of existing rebar compound technologies was implemented by
couplings of different types and constructions. The most promising vertical constructions for the vertical bars joints in
frameworks were determined. Findings. Researches of existing technologies of rebar joints by the couplings of differ-
ent construction were carried out. The installation method of mesh reinforcement of vertical structural elements with
the use of the special catching devices was developed. It allows considerably accelerating installation of mesh rein-
forcement. Originality. Regularity of labor intensiveness change of mesh reinforcement installation of columns at ar-
mature joint in vertical position by threaded couplings with the help of catching devices using special construction was
determined. This allows substantially reducing the labor expenditures during installation of these elements. Depend-
ency of labor intensiveness and cost of lap welding armature joints, by tub-seam welding and by thread coupling de-
pending on its diameter was designated. Regularity of labor intensiveness changes of installation at armature joints by
different methods taking into account preparatory works was defined. Practical value. The analysis of mechanical
armature joints techniques was conducted. It will allow selecting methods of armature joints to increase the speed of
construction works more economical and effective.

Keywords: armature; mechanical joint; cylinder thread; cone thread; coupling, that catches the device; installation

Introduction lap length increased up to 1.5-2 times., it makes
this type of joint uneconomical for armature of
large diameters used in the vertical elements.
Welded joint, especially tub-seam welding that
appropriate for large diameters armature of vertical
elements is energy intensive and requires a lot of
labor costs of highly skilled workers. In addition,
quality control of this joint type is a complex and
expensive procedure. Another shortcoming of ar-
mature welded joints is the inability to use heat-
strengthened armature of high class. This leads to
the increase of element section and rise in the cost
of construction [9, 14-16]. One of the solution
variants concerning this problem is using a threa-
ded armature joint. But we need to develop an ef-
fective technology to ensure the installation speed
and quality of work performance.

Analysis of recent research and identification
of unresolved issues. Many studies are devoted to
the problems of new armature joint types. In par-
ticular, they are as follows:

1. Armature joint with crimp couplings. The
authors [4] propose the following technology: cyl-

Using statistical analysis of buildings and struc-
tures in Ukraine it is found that one of the struc-
tural types of construction projects are monolithic
frame systems.

One of the main technological operations con-
structions of these buildings is the production of
mesh reinforcement. Modern production tech-
niques provide the rebar joint by welding or lap
welding. With the continuous increase the cost of
armature and energy resources, increasing the
number of storeys in buildings it is necessary to
define new and promising ways of armature joints
without the reliability reduction of structures and
buildings in general, as well as to develop the
technology of joint execution in construction site
conditions.

Problem statement. In modern construction in
monolithic reinforced concrete structures 2 ways
are used for armature joint: lap-joint and welding
of bars. New standards SBN V.2.6-98-2009 [1] and
SSTU B V.2.6-156-2010 [2] entered into force and
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inder coupling is put on the armature bar so that
half of it will close the butt-place in the specified
bar. After that, the coupling part, put on the bar, is
tighten using a hydraulic press. These operations
are performed sequentially for all bars of structure.
Next step: a new framework is installed so that the
bars get in to the set couplings. Thereafter cou-
plings are crimped sequentially in the top of the
newly mounted framework.

Advantages of this method are:

— the use possibility of fitting for the armature
of any class, including heat-strengthened one;

— butts finish of bars is not critical,

— high speed of elements installation;

— authors have declared high reliability of a joint;

— quality control for each butt is carried out
with the pressure gauge check during reduction
performance. Parameters are logged.

The disadvantages of this are as follows:

— joint is non-detachable. That is, in case of in-
stallation error it is necessary to destroy the joint
elements with the possibility of armature damage;

— during crimp of couplings there is a need to
use a hydraulic press or other crimp device. Ac-
cordingly press jaws or gripping devices have to
pass between adjacent bars freely. This imposes
design complexities:

—the minimum distance between the bars
should be limited, it often interferes with the opti-
mal selection of the diameter and the number of
bars in the structure;

—it is necessary to use additional expensive
equipment (hydraulic press);

2. Armature joints with threaded couplings. Au-
thors [3, 6, 8, 10-13] have proposed the following
technology: before placing in to the structure both
bars, which will be connected afterwards, are sub-
jected to special treatment: the bars ends are
trimmed, and then they rolled thread using a spe-
cial machine. Joint of bars is operated as follows:
a female coupling is screwed on one of the bars
with a torque wrench, and then the second bar is
inserted and screwed in accordance with the speci-
fied in the technical documentation force.

The advantages of this method are as follows:

— the use possibility of a joint for armature of
any class;

— high speed of elements installation;

— authors have declared high reliability of a joint;

— setting accuracy of the bars in to the vertical
position of the project is not critical, since while

140

screwing the coupling, displacement of bars on
height and more accurate positioning occur (using
couplings with many-sided thread). In another op-
tion, the bar is lowered until it contacts the other
one, whereupon the coupling, winding on it, does
not change the distance between the bars (in case
with positional couplings, or using locknuts);

—thread use increases the contact area surface
in several times, it reduces the overall dimensions
of the butt, and thus use such joint in more com-
plex structural elements;

— the joint is detachable. In the case of installa-
tion errors or other situations one can spin cou-
plings and dismantle the joint for 1-2 minutes. At
the same time the coupling can be operated as sec-
ondary;

— it is easy to control proper joint operation us-
ing the number of threads, which remains outside
the coupling and the force of coupling tightening
mounted on the torque wrench;

—works on the machines are operated before
armature installation at the stage of its manufac-
ture. This allows you to perform all the preparatory
work in a convenient location concurrently with
the implementation of the remaining construction
and installation works, which are carried out on the
critical path. The framework is installed very
quickly — it needs 30-60 seconds for tightening of
one coupling, the tool is only a torque wrench;

— use of threaded armature joint technology al-
lows performing operations by workers of lower
qualifications, compared with tub-seam welding.

The disadvantages of this method are as fol-
lows:

—it is necessary to use additional expensive
equipment (cutting machine, thread rolling ma-
chine);

— processing accuracy of bar butt is critically
important (for thread rolling one needs clean cut
that perpendicular to the longitudinal axis of the
bar) and the bar length compliance (the butts of the
bars in the fabricated part must be coplanar);

— difficulties with framework bars mounting
may arise in the conditions of quick installation,
that is being installed in to the couplings, fixed on
the bars of structures. That is why one needs addi-
tional research to accelerate and simplify the in-
stallation process.

There is a variant of a threaded armature joint
with tapered thread, both on the bars and cou-
plings. But such thread imposes restrictions on the
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ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayxa ta nporpec Tpancnopty. Bicauk /[HinponeTpoBchkoro

HAI[IOHAJIBHOTO YHIBEPCHUTETY 3aIIi3HUYHOTrO TpaHcmnopty, 2014, Ne 4 (52)

TPAHCIIOPTHE BY AIBHULITBO

installation methods (in particular, it is impossible
to screw the coupling with the lock nut on the 1*
bar, after that to screw on the 2™. It is possible to
use only one variant with position coupling), be-
cause the use is not reasonable.

Many questions should be solved:

1) Determining the most technologically ad-
vanced and cost-effective types of mechanical ar-
mature joints with the possibility of heat-
strengthened armature;

2) Development an effective technology to en-
sure the speed of installation and quality of opera-
tions.

Purpose

Determining the use prospects of a threaded
armature joints as the most technologically ad-
vanced and cost-effective method of armature re-
bar joints. Comparative analysis of the existing
armature joints methods on a construction site. De-
termination of the most efficient, cost-effective and
technologically advanced methods of armature
joints among existing ones. Determination and
solving problems related to the armature joints on
the construction site.

Methodology

Advantages and disadvantages analysis of the
existing rebar compound technologies using cou-
plings of different types and constructions. Deter-
mination the most promising technologies for the
vertical bars connection in the frames of the verti-
cal structures.

Findings

The threaded joint of armature using the cou-
plings with cylindrical thread seems to be the most
technological. Currently at the market of connect-
ing elements are presented the following types of
the couplings:

1) Standard connecting couplings. The connec-
tion technology is as follows: Preliminary the thread
is rolled on the bars, which are being connected.
Then, the coupling is screwed onto the bar so that
the bar takes a half of its length. Thereafter, the sec-
ond bar is screwed into a coupling from the free side
to the necessary effort using the torque wrench.
Such couplings are the simplest and cheapest to
manufacture. But they can be used only in cases
where at least one of the bars can freely rotate.

2) The adaptor connecting couplings that joint
the bars of different diameters. Joint technology is
the same as that of the standard couplings.

3) Position couplings with the multidirectional
thread. On the bars, which are being connected, the
right and the left-hand thread is rolled. When con-
necting the bars the coupling is put on the both
bars at the same time, and then it is screwed, pull-
ing the bars together. The same number of wind-
ings on different sides ensures precise and uniform
connection bars. The use of such couplings is
complicated by the need of rolling the different
types of threads on the bars.

4) Position connecting couplings with unidirec-
tional thread. When installing the framework the
both parts are screwed onto the corresponding bars
simultaneously or in succession. Such couplings
can be used for any joints without limitations, but
they are rather expensive due to the manufacturing
complexity.

It was developed a method using the standard
connecting couplings for positional joints where
none of the bars, which are being connected can
not rotate. It consists in the fact that initially the
thread of greater length is rolled on the bars. The
length of the rolled thread should make it possible
to screw the locknut and coupling on the each bar
completely. First on the connection bar is screwed
the locknut and then the connecting coupling,
completely. After that, the second bar is lowering
on the coupling face until it touches the first bar.
Thereafter, the coupling is screwed onto the second
bar twisting from the first one. When the coupling
is in the middle position and the both bars are
evenly screwed into the coupling, the locknut
clamps it, ensuring its spatial position. At this the
twisting effort of the locknut should be in accor-
dance to the technical documentation for the tech-
nology of the armature connection provided by the
supplier.

The most appropriate solution to provide the
speed and adaptability of installation is the use of
special catching devices [7, 8]. One of the variants
of such device is shown in Fig. 1.

The operation principle is as follows. Catching
device (1) consists of two halves connected by the
articulated joint on the one side and the closures
(2) on the other side. The connecting coupling (3)
on which the device is put, is being screwed on the
connecting bar (4).
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Fig. 1. Catching device

The bar of the framework (5), which is being
installed at the lowering of the framework should
fall into the accepting bowl at the top of the device
(1). After that it slides down under the action of
gravity until it reaches the coupling (3), its axis is a
continuation of the axis of the lower bar (4). Once
all the bars are in the design position, the closures
(2) are being untwisted and unlocked and the
catching devices (1) are removed. Another possible
variant to facilitate the installation of elements is to
use a special jig plate that will hold the bars, pro-
viding the design distance between them. Such jig
plate should be manufactured and installed into the
column framework at the stage of manufacture.
But the use of such jig plate will complicate the
framework production; it will not compensate pos-
sible deviations of the bar lengths during produc-
tion, as well as it will lead to the waste of arma-
ture. So, this option requires additional technologi-
cal and economic research.

Using the technology of threaded joint of the
armature will solve another important problem —
reducing the amount of waste products of armature
during manufacture of the mesh reinforcement.
During the manufacturing process of mesh rein-
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forcement there is a lot of waste — residues of the
bars up to 2 m length, which is almost impossible
to apply in the future work. It is connected with the
inability to determine the optimal bar cutting, de-
livery to the construction yard of the bars of differ-
ent lengths, and many other factors. The estimated
values of armature residues depending on the di-
ameter are shown in the Table 1.

Table 1

Estimated values for residues valves depending on
the diameter

Diameter, mm Residue value, %
6-12 mm 0-1.5%
14-20 mm 1.5-7%
22-32 mm 3.5-12%
3640 mm 15-33%

These residues accrue to the bars of such length
that it is practically impossible to use them in the
construction process when connecting using the
standard method. Shortening of the column
framework for the purpose of rational cutting of
the rebar increases the butt number, which leads to
high costs of labor and time, as well as slows down
the construction process.

Using a threaded joint of armature creates a tech-
nology of continuous bar. The technology is as fol-
lows. When cutting the standard 12-meter rebar the
residues using the threaded coupling are attached to
the new bars. After that comes cutting for the set
length and manufacture of the frames. As compared
to the combination of residues into the bars of the set
length the following advantages are obtained:

— 1 bar up to 12 m length contains no more than
1-2 butts. This makes it possible to distribute the
butts evenly along the construction length and en-
sure its higher reliability;

— the possible difference in time for bars prepa-
ration from the armature residues and of the logs is
compensated. It allows one to design more effi-
cient process for the armature preparation.

A disadvantage of this technology is only pro-
duction complicating. It is necessary the careful
measuring and cutting the armature to obtain the
desired length of the bars. But these works are car-
ried out in parallel with the main process, without
affecting the duration of the works, which are car-
ried out in the critical way.
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The Fig. 2 shows the relative values of one butt
for different types of armature junction. The calcula-
tions were performed for the reinforcement of the
brand A400S. The position couplings BARTEK
produced by the corporation DEXTRA were taken
as the threaded couplings. For the armature of A500
class the tub-seam welding is not applied. And the
cost of overlap will increase due to the increased
cost of the armature itself. Cost of works taking into
account the wages and material cost as of
01/01/2014 were taken according to the software
package AVK-5 version 2.12.2 (recommended for
use by all participants in the building, the letter of
the Ministry of Regional Construction of Ukraine
no. 9/10-1306 from 31.12.2008). Time to install the
butt by the threaded couplings was taken on the ba-
sis of study of the video materials presented by the
company DEXTRA.

Cost of the threaded couplings was taken on the
basis of the catalog of DEXTRA Company exclud-
ing depreciation of equipment to cut the armatures
and rolling of the thread. The following prices for
materials and resources were taken into account:

—armature A400S and A500 — cost 8 000 UAH/tn;

— tubs for welding — 16 UAH/kg;

— electrodes for welding, diameter 4 mm, mark
E50 — 12.85 UAH/kg;

— costs for 1 person/hr for the worker construc-
tor (welder) of the 6 category — 28 UAH;

—costs of 1 person/hr for the worker construc-
tor of the average category 4.6 — 22.76 UAH; (the
calculation of the cost of the workers labor include

the average monthly salary of 3 400 UAH for the
category 3.8).

The Fig. 2 shows that the lap joint is the most
economical for the armature diameter up to 25 mm.
But at this the area of the framework reinforcement
in the junction area is doubled that leads to com-
plications when laying the concrete mix and
overreinforcing of the element.

In addition, during overlap the armature is not
connected coaxially, and this leads to the appear-
ance of unaccounted calculations of eccentricities
and eccentric work of rebars.

The Fig. 3 presents the comparative time ex-
penditures for rebar junctions of different types
provided the work of lemployee. Connection of
armature by the threaded coupling allows one to
perform the prior operations in parallel with the
basic construction and installation operations that
are performed using the critical path. As a result,
the speed of direct installation of the mesh rein-
forcement approaches to the speed of installation
with the armature overlap. It should also be noted
that for connection by the threaded couplings are
needed the workers of much lower qualification
than, for example, for connection by tub-seam
welding.

Change regularity of installation labor input of
the mesh reinforcement columns under armature
joints in a vertical position by the threaded cou-
plings with the help of special designed catcher
was determined. This will significantly reduce la-
bor costs for installation of these items.
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Fig. 3. Average time expenditure for butt installation for different types of joints

The dependence of the labor input and cost of
the overlap armature joints using tube-seam weld-
ing and by means of threaded couplings, depending
on its diameter was defined.

Change regularity of the installation labor input
of the framework under joint was defined. Fig. 3.
Average time spending for the butts system for
different types of armature joints by different
methods, taking into account the preparatory work
was also determined.

Originality and practical value

The installation of the mesh reinforcement col-
umns under armature joints in a vertical position by
the threaded couplings with the help of special de-
signed catcher was designed. This will significantly
reduce labor costs for installation of these items.

The most economically and technologically ad-
vantageous joint methods of mesh reinforcement
columns in a vertical position, depending on the
diameter and the armature class were determined.

Conclusions

Threaded armature joint with the use of cou-
plings with cylinder thread is the most promising
type of armature joint for today. But further re-
search and developments of operation technology
are necessary. In particular, it requires the devel-
opment of a production line for maximum adapta-
bility in the performance of preparatory operations
(rebar cutting, trimming, and thread rolling).
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INEPCIIEKTUBU 3ACTOCYBAHHSA PI3bBOBOI'O 3°€EJHAHHA
APMATYPH

Merta. OnHi€l0 3 OCHOBHUX TEXHOJIOTIUYHHX OIIEpalliidi CIIopyIKeHHS OyIiBerh Ha OCHOBI MOHOJITHHUX KapKacHUX
CHCTEM € BHTOTOBJICHHSI apMaTYPHUX KapKaciB. AKTYaJbHHM NPH IILOMY € BU3HAYCHHS HOBHX HEPCIICKTUBHHX CIIO-
co0iB 3’€JHAHHS apMaTypu 0e3 3HIKEHHsI HaAIHOT KOHCTPYKUIT Ta OyMiBesb y LiIoMy. BaxIMBUM Takox € 3HAXO-
KEHHsI TIEPCIEKTHB BUKOPUCTAHHS Pi3bOOBOT0 3’€IHAHHS apMAaTypH SIK HAMOUIBLI TEXHOJOTTYHOTO i €KOHOMIYHOTO
Croco0y 3’€IHAHHS apMaTypPHUX CTPHKHIB. MeToauka. AHaii3 mepesar i HeOJIKIB ICHYFOUHX TEXHOJIOTIH 3’ €JHAHHS
apMaTypHHUX CTPHXKHIB 3IIIICHIOBaJIM 3a JIOIIOMOrO0 My(T DPI3HOTO THIa W KOHCTPYKLiHd. Bu3Havanuce HaiOUTbII
MIEPCIIEKTUBHI I 3’€JHAHHS BEPTUKAJIBHUX CTPYIKHIB y KapKacax BepTHKalIbHI KOHCTpyKUii. Pe3yabTaTu. [Ipoene-
HO JIOCJI/KEHHS ICHYIOUMX TEXHOJIOTIH 3’€IHaHHS apMaTypHHUX CTPH)KHIB 3a JOMOMOIOI0 My(T pi3HOI KOHCTPYKLIi.
Po3pobieno criocid MOHTa)Xy apMaTypHHUX KapKaciB BEPTHKaIbHMX KOHCTPYKTHBHHX €JIEMEHTIB i3 BUKOPHCTaHHSIM
CHeLialbHUX YJIOBIIOIOYMX IPUCTPOIB, 110 03BOJISIE 3HAYHO ITPUCKOPUTH MOHTaX KapkaciB. HaykoBa HoBu3Ha. Bu-
3HAUEHO 3aKOHOMIPHICTH 3MiHH TPYAOMICTKOCTI MOHTa)XXy apMaTypHOTO KapKaca KOJOH IIPH 3’€IHAHHI apMaTypHu
Y BEPTUKAITFHOMY MOJOKEHHI pPi3bOOBUMH My(TaMH 3a JONOMOTOIO YIIOBIIOBada CIEMiaNbHOI KOHCTPYKII, IO
JTO3BOJISIE ICTOTHO TIOHM3HWTH BHUTPATH TIPalli HA MOHTaX IMX €JIEeMEHTiB. BU3HAYeHO 3aJIeKHICTh TPYIOMICTKOCTI Ta
BapTOCTi 3’€[IHAHb apMaTypu BHAIYCK, BAHHOILIOBHOIO 3BapKOIO i 3a JIONMOMOIOK Pi3b0OBHX My(T 3a1eXHO Bif il
niameTpy. Bru3HaueHO 3aKOHOMIPHICTH 3MIHM TPYAOMICTKOCTI MOHTaXy Kapkaca MpH 3’€JHAHHI apMaTypH pi3HIMH
METOJ[aMH 3 ypaxyBaHHSM HiarotoBuux poOir. pakTuuyHa 3HaumMicThb. [IpoBeneHo aHaii3 MexXaHIYHHX CHOCOOIB
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3’€HAHHA apMaTypy, BU3HAYCHO CIIOCOOM MiJBUILEHHS IIBHUAKOCTI MOHTaXy apMaTypHOrO Kapkaca IpH BHKOPH-
CTaHHI pi3b00BOro 3’€AHAHHS ApMATYpy My(BTaMH 3 HUITIHIPOBUM Pi3bOJICHHSIM.

Kniouosi cnosa: apmatypa; MexaHigHe 3’€THaHHS; MIJIHIPOBA Pi3pda; KOHYCHA Pi3pda; MydTa, IO YIOBIIOE
MIPUCTPiii; MOHTAX
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INEPCIHHEKTHUBBI IPUMEHEHUSA PE3bBOBOI'O COEIMHEHUA
APMATYPbI

Hesb. OHOI U3 OCHOBHBIX TEXHOJIIOMMYECKHUX ONEpalliii BO3BEICHMUS 3aHUI Ha OCHOBE MOHOJIMTHBIX KAPKACHBIX
CHUCTEM SBJIACTCA U3TOTOBJICHUC apMaTypPHbLIX KapKacoB. AKTyaJ'IbH])IM SABJICTCA OINPECACIICHUE HOBBIX IMEPCIICKTUBHBIX
CIOCO00OB COCANHEHH ST ApMATYphl 03 CHIKEHHS HA/ISKHOCTH KOHCTPYKIIMK U 3[[aHUS B 11EIOM. Ba)yKHBIM TakxKe sIBJIs-
€TC HaXOXKACHHUC TICPCIICKTHUB UCIIOJIb30BaAHUA pe31>6030r0 COCIUMHCHUA apMaTypbl KakK Han60nee TEXHOJIOTHYHOI'O
M 3KOHOMHYHOTO crioco0a COeAMHEHHs apMaTypHBIX CTepxHeil. Meronuka. AHaIN3 NPEUMYILIECTB M HEIO0CTATKOB
CYIIECTBYIOIIMX TEXHOJIOTUI COEIMHEHUS] apMaTypHBIX CTEPXKHEH OCYIIECTBIISUICS C MOMOUIBI0 My(T pasiMyHOro
THUIA U KOHCTpYyKuuid. Onpeaensuinch Hanboliee MepCIeKTUBHBIC ISl COSMHEHUS BEPTUKAIBHBIX CTEPXKHEH B KapKa-
cax BepTUKaJIbHbIE KOHCTPYKIMH. Pe3yabTaTshl. [IpoBeneHb! vuccinen0BaHus CyIIECTBYIOIIUX TEXHOJIOTHUI COEIMHEHUS
apMaTypHbBIX CTEPXKHEH C MOMOIIBI0 MY(DT pa3sIHMIHON KOHCTPYKIMH. Pa3paboTan cocod MOHTaXKa apMaTypHBIX Kap-
KaCOB BCPTHUKAJIIbHBIX KOHCTPYKTHUBHBIX 3JIEMCHTOB C MCITIOJIb30BAHHUEM CIICHUAJIBHBIX YJIABJIMBAIOIUX yCTpOﬂCTB, 4yTo
MO3BOJISIET 3HAYUTEIILHO YCKOPUTh MOHTaX KapkacoB. HayuHasi HoBu3Ha. OnpeieneHa 3aKOHOMEPHOCTh U3MEHEHUS
TPYI0-€MKOCTH MOHTa)Ka apMaTypHOIrO Kapkaca KOJIOHH NMpPU COCIMHCHHUU apMaTypbl B BEPTHKAJIHHOM IOJIOKCHUU
pe3b00-BbiMH My(TaMK C TIOMOIIBIO YIABIMBATENS CIICHUATbHON KOHCTPYKIMHU, YTO MO3BOJISIET CYIIECTBEHHO CHH-
3WUTh 3aTpaThl TPy/Ja HA MOHTaXE 3THX 3JIeMeHTOB. OmnpejieieHa 3aBUCUMOCTD TPYAOSMKOCTH U CTOUMOCTH COC/THHE-
HUIA apMaTy-pbl BHAXJIECTKY, BAHHOIIIOBHOM CBApKOH M C MOMOIIIBIO Pe3b00BBIX My(PT B 3aBUCHMOCTH OT €€ AUaMETPA.
OnperelieHa 3aKOHOMEPHOCTh M3MEHEHHS TPYJOSMKOCTH MOHTaXa KapKaca MPU COSIUHEHHH apMaTypbl Pa3sHBIMH
METOJ[aMH C Y4Ye-TOM MOATOTOBHUTEIbHBIX pabot. IpakTHyeckasi 3HAYMMOCTB. [IpoBeleH aHAIN3 MEXaHHMYECKHX
CIOCO0OB COEAM-HEHUs apMAaTyphbl, YTO MO3BOJUT 0oJiee SIKOHOMUYHO U 3(PPEKTHUBHO MOIOUpaTh CIIOCOOBI COCMHE-
HUSI QpMATyPBI JUTS TIOBBIIICHHUS] CKOPOCTHU BBITIOTHEHHUS CTPOUTEIBHBIX padoT.

Kniouegvie cnosa: apmarypa; MEXaHU4ecKoe COEIUHEHHE; IIMIMHAPHYECKas pe3p0a; KOHyCcHas pe3bba; Mmydra,
YIJIaBIHMBAOIIEE YCTPOUCTBO; MOHTAXK

REFERENCES

1. DBN V.2.6-98:2009. Konstruktsii budynkiv i sporud. Betonni ta zalizobetonni konstruktsii. Osnovni
polozhennia [State Building Norms V.2.6-98:2009. Constructions of houses and buildings. Concrete and rein-
forced-concrete constructions. Fundamentals]. Kyiv, NDIBK Publ., 2009. 71 p.

2. DSTU B.V.2.6-156:2010. Konstruktsii budynkiv i sporud. Betonni ta zalizobetonni konstruktsii z vazhkoho
trokhkomponentnoho betonu. Pravyla proektuvannia [State Standard of Ukraine B.V.2.6-156:2010. Construc-
tions of houses and buildings. Concrete and reinforced-concrete constructions from a heavy three-component
concrete. Design rules]. Kyiv, NDIBK Publ., 2011. 118p.

3. Dyachkov V.V. Svoystva i osobennosti primeneniya v zhelezobetonnykh konstruktsiyakh rezbovykh i opresso-
vannykh mekhanicheskikh soyedineniy. Kand. Diss. [Properties and use features of threaded and crimped
mechanical connections in concrete structures. Cand. Diss.]. Moscow, 2009. 22 p.

4.  Konyushevskiy O.S. Muftovoye soyedineniye armaturnykh sterzhney i mufta dlya etogo [Coupling joint of re-
bars and coupling for this purpose]. Patent RU, no. 2011134314, 2012.

5. Klyushin L. Ya. Protektor-tsentrator [Protector-centralizer]. Patent RU, no. Ne 98121628, 2001.

6.  Suruda V.V., Romanov O.D., Malinin L.V. Sposob montazha armaturnykh sterzhney i karkasov, vypolnennykh iz
nikh [The method of rebars and frameworks installation, made of them]. Patent RF, no. 2011108602/03, 2012.

© A. V. Radkevych, A. N. Netesa, 2014

146



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

Hayxka Ta nporpec Tpancropty. BicHuk J[HIponeTpoBcbKoro
HAI[IOHAJIBHOTO YHIBEPCHUTETY 3aIIi3HUYHOTrO TpaHcmnopty, 2014, Ne 4 (52)

TPAHCIIOPTHE BY AIBHULITBO

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

Smoliakov D.H. Stykovoye soyedynenye armaturnykh sterzhnei [Joint connection of rebars]. Patent RU,
no. 124910, 2013.

Konanykhin A.I, Vasilkov V.K., Goldobin V.V., Konanykhin V.A., Makarenko M.B., Davydov V.Ye. Tsen-
trator dlya burovykh shtang [Centralizer for drill rods]. Patent RU, no. 2085698, 1997.

Popova V.V. Metody obosnovaniya ekonomicheskoy effektivnosti stroitelnykh proektov [Substantiation
methods of economic efficiency of building projects]. Visnyk Dnipropetrovskoho natsionalnoho universytetu
zaliznychnoho transportu imeni akademika V. Lazariana [Bulletin of Dnipropetrovsk National University of
Railway Transport named after Academician V. Lazaryan], 2012, issue 2, pp. 56-60.

Rukovodstvo po primeneniyu mekhanicheskikh soyedineniy BARTEK proizvodstva korporatsii DEXTRA (Ref-
erence guide concerning application of mechanical compounds BARTEK, production DEXTRA corporation),
2003. 15 p. Available at: http://evrazmetall.ru/files/upload/pdf/333.pdf (Accessed 21 May 2014).

Rukovodstvo po primeneniyu mekhanicheskikh soyedineniy LENTON proizvodstva korporatsii ERICO (Refer-
ence guide concerning application of mechanical compounds LENTON, production ERICO corporation),
2003. 15 p. Available at: https://erico.com/public/library/Concrete/LT1025.pdf (Accessed 21 May 2014).

TU 4842-192-46854090-2005. Soyedynenyia armatury mekhanicheskive BARTEK proizvodstva firmy
DEXTRA [Connections of armature are mechanical BARTEK productions of firm of DEXTRA]. Moscow,
NIIZB Publ., 2005. 19 p.

TU 4842-192-46854090-2005. Tekhnicheskiye usloviya. Soyedineniya armatury mekhanicheskiye LENTON
proizvodstva korporatsii ERICO [Spesifications. Armature joints, mechanical LENTON, productions of
ERICO corporation]. Moscow, NIIZhB Publ., 2005. 28 p.

Savytskyi M.V., Zinkevych O.H., Zinkevych A.M. Vplyv ekstsentrysytetu na robotu stysnutykh elementiv
v karkasi budivli z LSThS [Influence of excentricity on work of the compressed elements in framework of
building with LSTC]. Visnyk Dnipropetrovskoho natsionalnoho universytetu zaliznychnoho transportu imeni
akademika V. Lazariana [Bulletin of Dnipropetrovsk National University of Railway Transport named after
Academician V. Lazaryan], 2012, issue 2, pp. 76-79.

Coogler K.L. Harries K.A. Evaluation of offset mechanical reinforcing bar systems. University of Pittsburgh,
Department of Civil and Environmental Engineering Publ., 2006. 71 p.

Coogler K.L. Investigation of the behavior of offset mechanical splices. School of engineering. University of
Pittsburgh Publ., 2006. 118 p.

Prof. Bilokon A. 1., D. Sc. (Tech.); Prof. Pshynko O. M., D. Sc. (Tech.) recommended this article to be

published

Received: May 30, 2014
Accepted: July 17, 2014

© A. V. Radkevych, A. N. Netesa, 2014

147



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

Hayxka Ta nporpec Tpancropty. BicHuk J[HIponeTpoBcbKoro
HAI[IOHAJIBHOTO YHIBEPCHUTETY 3aIIi3HUYHOrO TpaHcmopty, 2014, Ne 4 (54)

PO3BUTOK BHUIIOI IKOJIA

YK 378.015.3:796

B. B. [IIUYPIH"

"Kag. «®@isnune BuxoBaHHs», JHIIPONETPOBCHKHIA HALIOHAIBHIN yHIBEPCHTET 3a/1i3HHYHOTO TPAHCIIOPTY iMeHi
akajnemika B. JlazapsHa, Byin. Jlazapsina, 2, JIHinponeTpoBcbk, Ykpaina, 49010, ten. +38 (056) 373 15 64,
eJ1. momra valeriypichurin@gmail.com, ORCID 0000-0002-3893-375x

PIBEHb PO3BUTKY IICUXOJIOI'TYHOI 1 HCHXOfDBI{_I‘IHOi
INIATOTOBJEHOCTI CTYJAEHTIB /10 ITPO®ECINHOI ITPAIII
HA 3AJII3HULI

MeTta. CriemiagbHOCT] 3aII3HIYHOTO TPAHCIIOPTY BUCYBAIOTh BUCOKI BUMOTH JI0 PO3BHUTKY DALY XapaKTEPHUCTHK
NIcUXOoJorivHoi Ta rncuxodiznunoi cdepu ocodbucrocti criemiamicra. st opranizauii misecnpsMoBaHoi podoTH 3 ix
epekTuBHOTO (DOPMYBAHHS CTYACHTaM HEOOXIJHO MaTH YiTKy iH(OpMaIlil0 CTOCOBHO ICHYOUMX TeHIeHuiil. He-
00XiZIHO BUABUTH Li TeHAEHII]. TakuM 4MHOM, MeTa JIOCHIPKEHHS! — BCTAHOBHUTH PIB€Hb PO3BUTKY DPSIY CKJIQJOBHX
MICUXOJIOTIYHOT Ta MCUX0()I3NYHOI TOTOBHOCTI A0 npodeciiHOT palli B CTyAeHTIB-311i3HuYHIKIB. MeToauka. Y 1o-
CJII/PKEHHI BUKOPHCTAHO METOAMKU IMCHXOJIOTIYHOI JiarHOCTUKY (IIKaja OLiHKH PIBHS CHUTYaTHBHOI Ta OCOOUCTI-
cHoi TpuBokHOCTI Y. Crinbeprepa, OomuTyBaJbHUK PiBHSA Cy0 €KTUBHOTO KOHTpoio €. @. baxxuna, po3poOiieHui
Ha OCHOBI IIKaJIM PiBHSA JIOKycy KoHTpoito JIx. Porrepa, Tect MioHcTepOepra, kopekTypHa npoba bypnona), cre-
wiasbHi (Gi3W4HI BIPaBU JUIS OLIIHKKA CEHCOMOTOPHHUX XapaKTEePUCTUK (IIBHIKOCTI B JIisiX, CTINKOCTI BECTUOYISIPHUX
peakuiit). PesyabraTn. BeTaHoBieHO icHYIOYI TEHIEHLIT BIIHOCHO PIBHSI PO3BUTKY B CTYIEHTIB: CHUTYaTHBHOI Ta
0COOHCTICHOT TPHUBOXKHOCTI, PiBHS Cy0’€KTUBHOTO KOHTPOJIIO, BUOIPKOBOCTI yBaru, KOHIIEHTpAIlil i CTIHKOCTI yBa-
I'M, MIBUIKOCTI B JifX, CTiMKOCTI BecTmOymsapHux peakuiii. HaykoBa HoBu3Ha. HOBaTOpcTBO B JOCIIIKCHHI
MOJISITa€  y BUSBICHHI PIBHA PO3BUTKY B CTYICHTIB-3QMI3HHYHHUKIB PAIy IOKA3HUKIB IICHXOJIOTIYHOI Ta
ncuxo(i3uuHOT MiArOTOBIEHOCTI 10 mpodeciiinol npaui. [IpakTnyna 3naummicts. [laHi, oTpumaHi B mpoueci
TIOCTIKCHHS, NAIOTh YSABJICHHS TPO ICHYIOUI peatiii BIIHOCHO IICHXOJIOTiYHOI i MCHXO(]i3MYHOI MiATOTOBIECHOCTI
CTyZeHTIB 110 mpode-ciiinoi npaui. Lle € minrpyHTsM Ui opranizauii ninecnpsiMmoBanoi poOoTH 3 (GopMyBaHHS B
CTYICHTIB TICHXOJIOTIYHOI ¥ ICHX0(I3UIHOT IMiATOTOBICHOCTI B XO/1i HABYAIBHUX 3aHATH.

Kniouosi crosa: nicuxonorivyna i IcuxoQi3uyHa MiJroToBKa; TPUBOXKHICTh OCOOMCTOCTI; piBEHb CY0 €KTHBHOTO
KOHTPOJIIO; YBara; MBHIKICTh Y MisX; CTIHKICTh BEeCTHOYISPHUX peaKin

Beryn BUKOPHUCTaHHs B 3a3HAYCHOMY KOHTEKCTI € TICHXO-
JIOTiYHA 1 TIcMX0(i3UYHA IMIATOTOBKA CTYACHTIB 10
MaitOyTHBOI mpodeciitHoi mismpHOCTI. [Icuxomori-
YHa 1 McuXoQi3uyHa MiArOTOBKA PO3TIAIAETHCS
aBTOPOM SIK 30pi€HTOBaHE Ha TMpo(ecito JOMoB-
HEHHS 10 HAaBYAIBHOI NUCIUILIIHU «(pi3MYHE BH-
XOBaHHS», TOJIOBHOIO METOI0 SIKOTO € (hOpMyBaH-
HSl TICHXOJIOTIYHOI 1 MCHXOQi3WYHOI TOTOBHOCTI.
HeoOximHicTs TpoBeneHHS Takoi poOOTH BU3HAYA-
€THCSI HU3KOI0 00CTaBUH. SIK 3a3Ha4YaIOTh MCHUXOJIO-
ra [10], crana TUIOBOIO JUIS KUTTSA 1 MisTIBHOCTI

BpaxoByroun Benuky mnpodeciiHy 3HAYUMICTB,
Ham¥ OyJI0 BUKOHAHO JTOCIiKEHHS eQEeKTHBHOCTI
PO3BHUTKY KOHIIEHTpalii i CTIHKOCTiI yBaru y CTy-
JICHTIB-3JII3HUYHUKIB B MIPOIIEC] IX TICUXOJIOTIYHOT
1 mcrxodi3ngHOl MATOTOBKY IIia 9ac 3aHATh 3 Pi-
3WYHOTO BUXOBaHHS. BaykKTMBUM 3aBJaHHAM BHIIO]
KoK € (GOPMYBaHHA B CYCIHIJIBHO i TipodeciiiHo-
3HAYMMOMY HANpPSIMKY OCOOHWCTOCTI MalOyTHHOTO
¢axipus. DizwyHE BUXOBaHHS MAae€ IS IBOTO
cyTTeBui moTeHmian. OIHUM i3 HaOpsAMKIB HOTO
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JIIOJMHU HEOOXIJHICTh NPUAMATH BIiANOBIAATIBHI
PITIICHHS B CUTYAIlisIX 3 HEBU3HAYCHICTIO, KA OB’ sI-
3aHa 3 AedinnToM abo HAIUIMIIKOM BXifHOI iH(Op-
Martii. Ile, 30kpema, € XapakTepHUM I OLIBIIOCTI
BHIIB CKJIaHOT IPOQECiifHOT MIsITHHOCTI, 0 CKIaILy
SKUX BXOIATH 1 CIIEIIalTbHOCTI 3aJIi3HUYHOTO TpaH-
cnopty. ChOro/iHi IOPYIIYETHCS TUTAHHS TIPO Pop-
MYBaHHSI CTPECOCTIMKOCTI OCOOMCTOCTI, SIKa CyTT€-
BO BIDIMBA€E Ha MPOQECiifHy TisUTbHICTh B eKCTpeMa-
TBHUX YMOBaX, 3alesrnedye 30epexeHHs TMparie-
3[IATHOCTI 1 370poB’s [4]. Y BUpilIeHH] 3a3HaYCHOT
npobieMu Tpeba BHKOPHUCTOBYBATH YBECh MOMKIIH-
BHH KOMIUTIEKC 3aco0iB, B TOMYy YHCII 1 3aco0u
¢izndHOrO BUXOBaHHA. Taky TOUKy 30py OOCTOIOE
1 Bigomuii mocaigauk FO. JI. XaHiH, skuii BHBYaB
MUTAHHS YIPABIIHHSA €MOI[ITHUM CTaHOM CTYCHTIB
3acobamu ¢iznmuHoro BuxoBauHsA [11]. Ha namry
IYMKY, Ha KOPHUCTb BUKOPHUCTaHHS (Pi3MYHOTO BU-
XOBaHHS B 3a3HAYCHOMY KOHTEKCTI CBIIYHTH 1 Cy-
YacHWH TOTJISI B TICHXOJIOTIi Ha eMotii Sk Oararo-
KOMITOHEHTHe siBuiie [12, 13, 14].

OnHHUM i3 TOJIOBHUX HAIPSIMKIB BIOCKOHAJICH-
Hs (PI3MYHOTO BMXOBAHHS SIK HABYAJIbHOI JUCIIMII-
JHU y BUIIMX HAaBYAIBHHUX 3aKjIaax oOTpYHTOBa-
HO BB@XXA€ThCH MIJCWICHHA WOTO MpodeciitHol
cnpsiMoBaHOCTi. Buia mkona — mkosna npodeciid-
Ha. BignmoBimHuM Mae OyTH 1 By3iBCbKe (i3nuHe
BuxoBaHHsA. [Ipobiema ymockoHameHHs mpodeciii-
HOI CIIPSAMOBAHOCTI (PI3UIHOTO BUXOBAHHS JIOCITi-
JOKyBajach 3a pi3HHUMH HanpsiMkamu [1, 2, 3, 6, 7,
8, 9] Ta in. KoHcTaryeThes, 110 iCHYOUa CUCTEMA
(GI3MYHOTO BUXOBaHHSI HE 3a0e3medye B TOBHIN
Mipi ICUX0i3uYHY TOTOBHICTH BHITYCKHUKIB BY3iB
IO KHUTTEMISLTLHOCTI 1 ipodeciiiHoi mparti i morpe-
Oye momanpmoro BIOCKOHaNeHHs. Haromomyerbcest
Ha OCOOJMBIH aKTyaJIbHOCTI AOCTiIKEHb, CIIPSMO-
BaHUX Ha BUPIMICHHS NPOOJIEM BIOCKOHAICHHS
npo¢eciiiHOi CIIPSIMOBAHOCTI (PI3UYHOTO BUXOBAH-
HS CTyHIeHTiB [1].

Meta

Mertoro poOOTH € 3’ACyBaHHS PEaJbHOTO PiBHS
PO3BHTKY HU3KY XapaKTEPHCTHK CTYJCHTiB-3ali-
3HUYHUKIB, SKi BIUTHBAIOTh Ha iX IICHXOJIOTIUYHY
1 ICUXO(I3UYHY TOTOBHICTb.

3aBOaHHs AOCIIIKEHHS:

1. BusiBUTH piBeHb CHTYaTUBHOI i 0COOMCTiICHOT
TPUBOXKHOCTI CTYICHTIB Ta PiBEHBb iX CyO’E€KTHB-
HOT'O KOHTPOJIIO.

2. BcTaHoBUTH piBEHb PO3BUTKY BHOIpPKOBOCTI
Ta KOHICHTpAIi] 1 CTIKOCTI yBaru y CTyJIeHTIB.

3. BcTaHoBuTH pPiBE€HH PO3BUTKY CEHCOMOTOP-
HUX MPOLECIB Y CTYICHTIB (IIBHIKOCTI y MifX,
CTIMKOCTi BeCTHOYJISIPHUX PEeaKiiii).

MeTtoanka

B mocmimkenHi O6pamm y4actb 420 CTyIeHTIB
JHVY3T im. akan. B. A. JlazapsiHa. 3 Hux 345 —
I0HaKH 1 75 — niBvara. Bei cTyeHTH HaBUanuch Ha
mepmoMy Kypci Takux (akymsTeTiB sk «Mocth
1 TyHenm», «Enexrpudikanis 3amizHunb», «Mexa-
HIYHUI», «YTpaBIiHHSA MpoLecaMi NepeBE3CHbY,
«Opranizarist OyIiBHUIITBA JOPIT Ta eKCIUTyaTallis
koumii», «[IpoMuciioBe Ta NUBIIbHE OYyIIBHUIITBOY,
«ExoHOMIKa Ta MEHEI)KMEHT Ha TPaHCIOPTI»,
«Texniuna kibepHeTHka». Bik yd4acHuKiB mocii-
JDKEHHS cKiaamaB 17—18 pokis.

JiarHOCTHKY NOKa3HUKIB IICUXOJIOTIYHOI 1 ICH-
X0(i3UYHOT MiATOTOBIEHOCTI BUKOHYBAIIA 3 BHKO-
pUCTaHHAM TakuX 3aco0iB. Ilim gac miarHOCTHKH
CUTYaTUBHOI 1 OCOOMCTICHOI TPHBOXKHOCTI Yy CTY-
JEHTIB BHUKOPHCTOBYBAJach IIKaja OLIHIOBAHHS
piBHS CHUTyaTUBHOI 1 OCOOMCTICHOI TPHUBOXKHOCTI
Y. Cminbeprepa B aganraii FO. JI. Xanina. Pienn
Cy0’€KTUBHOTO KOHTPOJIIO BHMIPIOBAaBCA 3 JOIO-
MOTOI0 ONHUTYBaJIbHHUKA PiBHS Cy0’€KTHBHOI'O KOH-
Tpomo €. ®. baxkuna, po3pobOIEHOTO HA OCHOBI
HIKaJIK JIOKycy KoHTpoisto k. Porrepa. Bubipko-
BICTh YBaru y CTyJAEHTIB BH3Hayajach i3 3acCTOCY-
BaHHAM TecTy MrIoHCTepOepra, a Taki ii xapakTe-
PUCTUKH SK KOHIIEHTpAIIisl 1 CTIMKiCTh — 13 3acTo-
CyBaHHAIM KOpekTypHoi mpobu Bypmona. Ouinka
CEHCOMOTOPHHUX TMPOLIECIB Y CTYICHTIB 3IIHCHIO-
BaJIOCh 3 BUKOPHUCTAHHSIM CIEIiadbHUX (PI3HIHUX
BrpaB [5]. Tak a1 OIiHIOBAHHS IIBUIKOCTI Y HisX
CTYIACHTH BHUKOHYBAaJH KHIKH OacKeTOOJIBHOTO
M’s;ya B Kosto. CTaBWUIIOCH 3aBAAaHHS BUKOHATH
s;komora TBuAme 20 KUAKiB M’s9a B CTIHY (B KOJIO
niamerpom 50 cM) 3 BicTaHi B ABa MeTpu. Pe3yib-
TaT, OimbIni 32 21 CeKyHAy, BBaXKaBCS HU3BKHM.
CrilikicTh BecTHOYJSPHUX peakiiii OIiHIOBaIaCh
3a JONOMOTOI0 TaKMX BIIpaB, SIK Oir Ha 25 MeTpiB
3 OJHOYACHMM BHMKOHAHHSAM II'SITH IIOBOPOTIB
(obeptiB Ha 360 °) Ta CTIHKICTH MIiCIII BUKOHAHHS
nepekuganb. [1in yac BUKOHAHHS NepIIOi BIPaBU
CTaBWJIOCH 3aBJaHHS BUKOHYBAaTH OIr B KOPHIOpI
mupuHoto 150 cm. CriogaTKy CTyIeHTH BUKOHYBa-
M 3BUYaiiHe TpoOiraHHs, a TOTIM, NPOOIraHH
3 moBOpoTamMH. BpaxoByBanock 30UIbIIEHHS Yacy
MpoOiraHHs i KUIBKICTh BHXOIIB 13 Kopumopy. Pe-
3yJIbTaT BBAXABCA BIIMIHHMM y TOMY BHIAJIKY,
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SKIO 9Yac TpoOiranHs 301IbITyBaBCS HE OiIbIIE,
HIXK Ha TPU CEKyH[IU 1 He OyJI0 AOMYIIEHO KOAHOTO
BUXO0Ay i3 Kopunopy. [lpu 30inbeHHi yacy Oinbi
HiX Ha 5 cekyHa a0o0 y BHIIAAKYy IBOX BHXOIIB i3
KOpHUAOpY, (pikcyBamach miABHIIEHA BECTHOYIOCO-
MaTHuHa peakmis. [linq dYac BUKOHAHHA JpPyroi
BIIPaBH CTYJICHTH BUKOHYBAIM 5 TIepEeKHUaHb BIIe-
pen 3a 10 cexyna. 3maTHICTH BIIEBHEHO 30epiraTh
OCHOBHY CTIHKy Micisi BHUKOHAHHS MEPEeKHJIaHb
OIIIHIOBAJIACh OIIHKOKO «BijaMiHHOY. [Ipu HasBHOC-
Tl HECTIHKOCTI 31 CXOMKEHHAM 3 MICL OO OIHOTO
KPOKY CTaBUJIACh OIIHKA «J00pe», 10 ABOX KPOKIB
— «3aJI0BUTLHOY», TIPY OUTBII 3HAYHUX BiIXMICHHSIX
200 MmaaiHHI — «HE3aJ0BLIBHOY.

PesyibTaru

3a TMOKAa3HMKOM CHUTYaTHBHOI TPHUBOXHOCTI
OTPUMaHO Taki pe3ynpTatd (Tabm. 1). Y roHakiB
(n = 345) 314 4onoBiK MOKa3aM HU3BKUH piBEHBb
CUTYaTUBHOI TPUBOXKHOCTI, o cknano 91 %. Ilo-
MIpHHIA piBEHb CUTYaTHUBHOI TPUBOTH OYB 3aikco-
Banmii y 31 ctynenra, mo ckiaaino 9 %. Bucokwmii
piBEHb CHUTYaTHBHOi TpPUBOTH 3a(iKCOBAaHO He
Oymo. Y miB4dat (n = 75) HU3BKUU PiBEHb CUTyaTH-
BHOI TPHUBOXKHOCTI TOKa3aqu 43 CTyIEHTKH, IO
cknano 57 %. Cepenniit — 32, mo cknano 43 %.
Bucokwuii piBeHb IIi€i XapaKTepUCTUKH O0COOHCTOC-
Ti, SIK 1 y IOHaKiB, 3a(iKCOBaHO HE OYyIIO.

Tabnums 1

PiBeHb cuTyaTHBHOI TPHBOKHOCTI cTyAeHTIB. N = 420

Table 1
Level of students situational anxiety. N = 420
PiBHi IOnaxu JliByara

CI/ITyaTI/IBHOI Tpu- L P

BOXHOCTI 22; % 22;) %
Huzbkuit 314 91 43 57
[MomipHwmii 31 9 32 43
Bucoxkuii 0 0 0 0

3a kputepieM 0cOOMCTICHOI TPUBOKHOCTI pO3-
MOJIi BiOYyBCs TakuM 4MHOM (Tabu. 2). Y 1oHaKiB
(n = 345) 41 4onoBik MPOJEMOHCTPYBaTU HU3BKI
MOKa3HUKH, 1m0 ckiaino 12 %. Jlo momipHOTO piBHS
BIZTHOCSITBCSl TIOKa3HUKU 255 CTYJEHTIB, IO CKIa-
nae 74 %. Bucoki mokasuuku 3adikcoBaHo y 49
CTyJeHTiB, Mo ckiaano 14 %. Y ngiguar (n = 75)
HU3BKUI piBEHb OCOOMCTICHOI TPUBOXKHOCTI He
3adikcoBaHO. B TO¥ ke wac MOMIipHI pe3yibTaTH

150

3adikcoBaHo y 38 CTYIEHTOK, mo ckiamae 51 %.
Bucoki — y 37 ctyneHTok, mo cknagae 49 %.

Tabnums 2
PiBeHb 0co0ucTiCHOT TPUBOKHOCTI cTyAeHTiB. N =420
Table 2

Level of students personal anxiety. N =420

PiBui IOnaku JliBuaTa
CI/ITyaTI/IBHO'I: Kirb- , Killh- \
TPUBOKHOCTI . Yo GeTh %
Huzbkuit 41 12 0 0
[MomipHwmii 255 74 38 51
Bucokwii 49 14 37 49

HiarHocTHKa piBHS Cy0’€KTUBHOTO KOHTPOJIO
nana 3mory BusiButH (Tabm. 3). Illo, cepen roHakiB
(n = 345) y 72 BUSBICHO BUCOKHU PiBEHb Cy0 €K-
TUBHOTO KOHTpoIIto, o cknagae 21 %. Cepenniit
piBEHb PO3BUTKY XapaKTEPUCTUKU TOKazamu 273
CTyIeHTH, o ckiagae 79 %. Huzpkwii piBeHs He
3aikcoBano. Y giBuaT (n = 75) BUCOKHH piBEHb
Cy0’€KTUBHOTO KOHTPOJNIO BHSBIEHO y 14, mio
cknanae 19 %. Cepenniii —y 61, mo ckmamgae 81 %.
Hu3bkuii — He 3ahikCOBaHO.

Tabnaums 3

PiBeHb cy0’€KTMBHOI0 KOHTPOJIO cTydeHTiB. N = 420

Table 3
Level of students personal control. N = 420
PiBHi IOnaku JiBuaTa
Cy0’ €KTUBHOTO KioTh- , KisTh- .
KOHTPOIIIO KiCTh g KiCTh g
Huseknit 0 0 0 0
Cepenniit 273 79 61 81
Bucokuii 72 21 14 19

Pesynbratn mocmimkeHHsT BUOIPKOBOCTI yBaru
y CTyIEHTIB HaBeleHO y Tabi. 4. 3a MIKaJIo BiX
1 mo 5 moka3HWKHM [OHAKIiB (n = 345) po3momiiau-
JUCh TaKUM 4YHMHOM. Pe3ynbraT, mo AOpiBHIOBaB
OJTHOMY Oaity, MmoKasaiu 3 CTYJICHTH, IO CKIIAJIae
1 %. PesymnbTar, mo AOpiBHIOE ABOM Oaiam, IoKa-
3aB 31 cryneHrt, mo ckiaamae 9 %. Ha piBHi Tphox
OaitiB pe3ynbTar mokaszanu 83 CTYACHTH, IO CKJIa-
1m0 24 %. Y votupu Oamm ouiHeHo poboty 138
CTyJeHTiB, 110 ckiano 40 %. I[1’ath OainiB oTpuMa-
mu 90 cryaeHtiB, mo cknano 26 %. Y giBuat
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(n = 75) BUABIIEHO, 110 PE3YJIHTATH HA PiBHI OJHO-
ro i BoX OalliB He MoKa3aB HixTo. Ha piBHI TphoX
OamiB cebe MposBUIM 2 CTYIEHTKH, IO CKJIAJIO
3 %. Y 4Jotupu Oanu ouineHo pe3ynasTatd 30 cTy-
IIeHTOK, mo ckmano 40 %. Y m’ate 0ajiB OLIHEHO
poboty 43 cTyaeHTOoK, 110 ckiiano 57 %.

TabOnuus 4
BuoipkosicTh yBaru cryaenris. N=420
Table 4

Selective attention of students. N=420

49 %. HlocTatHili piBeHb BHUSBIEHO y 176 CTyneH-
TiB, 10 CTaHOBUTH 51 %.

Tabnuns 5

KonuenTpauis i crilfikicTs yBaru cryaeHTis
(y 6aaax). N = 420.

Table 5

Concentration and attention fixation of students
(in points). N =420

FOnaku JiByara
bamu

KUJIBKICTh % KUIBKICTB %
1 3 1 0 0
2 31 9 0 0
3 83 24 2 3
4 138 40 30 40
5 90 26 43 57

PesynpraTti miarHOCTHKH PiBHS PO3BUTKY KOH-
IIEHTpAIil i CTIHKOCTI YBaru y CTyACHTIB HaBEJACHO
y T1abn. 5. 3a mxkanoro Big 1 mo 9 [5] moka3HHUKH
toHaKiB (n = 345) po3NOAUIMINCH TAKHM YHUHOM.
Pesynprar Ha piBHI ogHOTO Oana mokasamu 52 cTy-
JIeHTH, o cTaHoBUTH 15 %. Ha piBHI nBOX OaniB
poboty BukoHanu 76 ctyneHTiB (22 %). 83 yuac-
HUKH JIOCIIHKEHHS CIPAIIOBaIN HA TpU Oand, 110
ctanoBuTh 24 %. Yotupu 6anm Habpanu 48 crynae-
HTiB (14 %). Ha piBHI m’sTH i mectu OaniB crpa-
mroBany 35 i 34 CTyIeHTH BiMIOBIIHO, IO CTaHO-
Buth 1o 10 %. VY cim OaiiB OIliIHEHO pe3yibTaT
7 yuacHuKiB (2 %). Bicim OaniB 0ysi0 HapaxoBaHO
3a moka3Huku 10 cryaeHrTiB, mo ckianae 3 %. Ha
piBHI fneB’siTH OaniB pe3ynbTariB He Oyio 3adikco-
BaHO. Y MIBYAT IIi X TOKA3HWUKH PO3MOIITIIACH
TakuM YuHOM. Ha piBHI ogHOrO Oana pe3ynbTariB
He 3acdikcoBaHo. /IBa i Tpm Oanm oTpUManH IO
4 cTyneHTKH, o ckiaio mo 5 %. 19 miBuar cmpa-
BUWJIKMCH 13 3aBJaHHAM Ha dotupu Oamu (25 %). Ha
’sITh OalliB poOOTY BHKOHAIM 26 CTYIEHTOK, IO
cknano 35 %. llicte OamiB BHanoch HaOpaTu
4 niBuatam (5 %). Ha piBHI cemu OaniB npOsIBHIH
cebe 18 crymentok, mo ckiamo 25 %. Bicim
1 1eB’aTh OamiB He HaOpaia KoJHa i3 IiBYaT.

Ilix gac mMiarHOCTHKW PiBHSA PO3BUTKY IESKHX
CEHCOMOTOPHHUX IIPOIIECIB y CTyIEHTIB 3a IOKa3-
HUKOM IIBUKOCTI y MisfAX (Tabin. 6) HU3BbKUI piBEHb
MPOJIEMOHCTPYBaIN 169 CTyIEHTIB, IO CTAHOBHUTH

e IOnaku JliBuara

KUIBKICTh % KUIBKICTB %
1 52 15 0 0
2 76 22 4 5
3 83 24 4 5
4 48 14 19 25
5 35 10 26 35
6 34 10 4 5
7 7 2 18 25
8 10 3 0 0
9 0 0 0 0

Tabnuns 6

HIBuakicTe y aigx cryaentiB. N = 345

Table 6
Speed actions of students. N = 345
PiBeHb nposiBy KinbkicTb %
Huzbkuit 169 49
JlocratHii 176 51
Tabonuus 7

CriilikicTh BecTHOYJISIPHUX peakuii cTyJeHTIB 3a
pe3yJbTaTaMi BUKOHaHHs Oiry Ha 25 MeTpiB
3 0JHOYACHUM BHKOHAHHAM 5 moBopoTiB. N = 345

Table 7

Vestibular reactions stability of students based
on the results of running for 25 meters with
concurrent execution of 5 turns. N = 345

PiBens nposiBy KinbkicTs %
Binminauii 124 36
[MigBumeHi
BECTHOYIISpHI 221 64
peakuii
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CriiikicTs BecTHOYISIpHUX peakuiil (3a pesylib-
TaTaMH BHKOHaHHs Oiry Ha 25 MerpiB 3 omHoyac-
HUM BHUKOHAHHSIM IT’SITH TIOBOPOTIB) HA BiIMIHHOMY
piBHI 3adikcoBana y 124 cTyneHTiB, [0 CTAHOBUTH
36 %. IligBumeni BecTHOYISIpHI peakiii BUSIBIICHI
y 221 cryneHra, mo ckiaanae 64 % (tabm. 7).

[Tig yac MiarHOCTUKHU CTIHKOCTI BECTHOYISIPHUX
peakuiii 3a pe3ynbpTaTaMu 5 MepeKuaaHb BIepes 3a
10 cexyna Oyio 3adikcoBaHo, 1o TadI. § Ha «Bil-
MIHHO» 3aBIaHHS BUKOHAIM 24 CTYICHTH, IO
ckinanae 7 %. Ha ominky «qo0pe» omineHo 86 cTy-
neHtiB (25 %). 3an0BiibHI MMOKa3HUKH BHSBIICHO
y 62 crynentiB (18 %). Ha He3anoBinmbHOMY piBHI
Oynu 3adikcoBaHi pe3ynpratu 173 cTyneHTIB, 110
ckiaino 50 %.

Tabnums 8

CrilikicTb BecTHOYJIIPHUX peaKuii CTyIeHTiB
3a pe3yJIbTATAMH BUKOHAHHS S nepeKHIaHb
Brepen 3a 10 cekyna. N = 345

Table 8

Vestibular reactions stability of students based on the
5 forward-rolls results within 10 seconds. N = 345

Banu 5 4 3 2
Kinbkicth 24 86 62 173
% 7 25 18 50

Jani, oTprMaHi B JOCTiI)KEHHI CTOCOBHO CHTY-
aTMBHOI (PEaKTUBHOI) TPHUBOXKHOCTI CTYACHTIB,
MOKa3yIOTh, MO (i3MUHE BUXOBAaHHS HE BHKIIMKAE
BIIUyTTSl TPUBOTH Y CTYICHTIB. AOCOIIOTHA Oib-
IICTh CTYACHTIB (K FOHAKiB, TaK 1 IiBYaT) Ipoje-
MOHCTpYBaJjia HU3bKUH PIBEHb CUTYaTHBHOI TPHUBO-
ru. Lle nae mincraBu KOHCTAaTyBaTH IIEBHE MO3UTHU-
BHE HAaJAIITyBaHHS Ha (Mi3KYyJIBTYpHY MisIbHICTB,
HE CHOpUHHATTA i sIK cTpecoreHHoi. Taka cuTyaris
€ CHPUATIMBOIO IJIsl BUPILICHHS HHU3KH 3aBHaHb
TICUXOJIOTIYHOI 1 IICHXO(I3UIHOI MiATOTOBKU B TIPO-
Tleci HaBYAIBHUX 3aHATH 3 (DI3UIHOTO BHXOBAHHS.
Moga iine, Hacamiiepes, Ipo MOJOJaHHS BJIACTH-
BOTO JUIS JISSIKUX CTYICHTIB BIUYTTS] HEBIIEBHEHO-
cTi B co0i, MPO MiABUIIEHHS PiBHS MCUXOIOTiYHOL
MIPOCBITH.

IToka3HUKH OCOOMCTICHOT TPHBOXKHOCTI He Oy-
JM TaKMMU OJHO3HAYHMMHU, SIK Y BHUIAAKY CHUTya-
tuBHOI. Hespaxkaroun ma Te, mo 86 % IoHaKiB
MPOJACMOHCTPYBAIM HHU3bKUN 1 TOMIPHHIA PiBEHBb
ocobucticHoi TpuBory, y 14 % BUSABIEHO BUCOKHUI.
Lle mocutk 3Ha4YHa rpyna, sKa MOTpedye crenianb-
HOT podiTakTHIHOI poOOTH B IMPOIECi MCHUXOJIO-
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riunoi i necuxogiznyHoi miarotoBku. Ha Hamry mym-
Ky, MiIBUIIUTH PiBeHb BIEBHEHOCTI Y €001, 1 TaKUM
YUHOM IIO3UTHBHO BIUIMHYTH HA BHCOKHUII PiBEHb
0COOMCTICHOI TPUBOKHOCTI y ITMX CTYACHTIB, MO-
XKYTb 3aHATTS €MUTHOOOPCTBAMH, ATJICTU3MOM 1 T. iH.
Takux CTyICHTIB JOLIIBHO 00 €IHYBAaTH B OKpeMIi
HaBYaIbHI TPYNHU 1 MPOBOJWTH 3 HUMH BiIIOBiOHY
poboTy.

VY niBuar (MOPIBHSHO 3 FOHAKaMM) MOKa3HUKHU
0COOUCTICHOI TPUBOXKHOCTI BHSABMJIMCS Habararo
BumuMH. Brcoki nmokasauku 3adikcoBano y 49 %
CTYJICHTOK, HU3bKI — B3araii He 3adikcoBaHo. J[is
MOSICHeHHS CUTYaIlil HeOOXi/IHI CHelianbHI MCUX0-
JIOTiYHI JOCIHi/pKeHHs. B pamkax TICHXONOTiYHOI
1 TIcuxodi3ugHOI MIATOTOBKH CTYIEHTOK i3 BHCO-
KAMHU TIOKa3HUKaMHd OCOOHUCTICHOI TPWUBOXKHOCTI
HEOOX1THO 3aJTyJaTH JI0 3aHSATh, sIKi OyIyTh CIIpHUs-
TH TIABHIICHHIO BIIEBHEHOCTI y cobi. Ile MoxyTh
OyTH 3aHATTS XYIOXXKHBOIO a00 CIIOPTHUBHOIO TiM-
HACTUKOI0, aepO0iKOI0, TAHISIMH, CaXaKa-HoTok0.
Takux CTyHEHTOK TaKoX IOLUIBHO 00’ €IHYBaTH
y OKpeMi HaByallbHi TPYTIH.

BaxnuBolo y3arajapbHEHOIO XapaKTEPHCTHKOIO
0COOMCTOCTI, fKa 3IIMCHIOE CYTTEBHH BIUTUB Ha
(dhopMyBaHHS Mi>)KOCOOHCTICHUX BIIHOCHH 1 CITOCO-
Ou po3B’sI3aHHS KPU30BUX (y TOMY YHCHI 1 BUPOO-
HUYMX) CUTYyalill € piBeHb Cy0’€KTUBHOTO KOHTPO-
0. BimmoBigHO 10 KOHIEMIIIT JIOKYCY KOHTPOIIO
(dx. Porrep) ocobwm, siki 6epyTh BiANOBINATBHICTE 32
nozii, o BiAOYyBalOThCS y IXHBOMY JKHUTTI Ha cele
(TTOSICHIOIOTB 1X CBOEIO MTOBEHIHKOIO, pUCAMH O0COOH-
CTOCTI, 3MI0HOCTSMH), MalOTh BHYTpimHii (iHepHa-
JBHUI) KOHTPOMb. OcoOu K, SIKI HAJAIITOBAHI HPH-
MUCYBAaTH BINMOBIIANBHICT, 32 TOZii 30BHINIHIM
YUHHAKaM (1HITAM JTFOMISIM, BUTIAIKY 1 T. iH.), MalOTh
30BHIIIHIH (€KCTEPHAIBHUI) KOHTPOIIb.

BpaxoBytoun BiANOBigaNbHICTh, SIKY Hece Cy-
YacHWI iHXKEHep-3ali3HUYHUK, 3a 30epeKeHHs
JKUTTS 1 3I0pOB’Sl MACAKHUPIB, 32 30epeKeHHS BaH-
TaXiB, HaMH OyJI0O BUBYEHO PiBEHb CYO €KTHBHOTO
KOHTPOJIIO y CTYICHTIB-3aJII3HUYHUKIB. 32 Pe3yib-
TaTaMH, HaBeJCHUMHU B TaOu. 3, BuaHO, 1mo 21 %
foHakiB Ta 19 % piBYaT MarOTh BHUCOKHH DiBEHb
cy0’ektuBHOTO KOHTpOnr. lle moam, sxi 3marHi
B3STH Ha ceOe BiMOBINAIBHICTD 3a Te, IO BigOyBa-
€ThCS 3 HUMH Ta THIIUMHU (3aJICKHUMH Bl HUX) JIFO-
nemu. CepenHiil piBeHb Cy0’€KTUBHOTO KOHTPOJIIO
BUSIBIICHO y 79 % roHakiB Ta y 81 % miBuar. Baxa-
€TBCS, 10 TaKi JIFOJU B OJJHAKOBIN Mipi sk OepyTh
Ha ce0e BIAMOBINANBHICTb, TAK 1 IEPEKIIAAA0Th 11 Ha
iHmmx. Huspkuit piBeHb Cy0’ €KTHBHOTO KOHTPOITIO
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y CTyIEHTIB HaMU HE BUSABJICHO. Taki o y Oilb-
LIOCT] BUNAAKIB 3HIMAIOTH 13 ce0e BIAMOBIAAIBHICTD
3a Te, 10 BIMOYBA€ETHCS 1 MEPEKIANaoTh ii Ha 00-
cTaBuHU abo0 iHmuMX moxaed. Ilo cyTi, BOHM HEe Bo-
JIOAI0Th HEOOX1THOKO BiJIOBINAIBHICTIO.

BusiBiieHi TeHIEHIIIT A03BOJISIOTH HPUITYCTHTH,
mo abcomoTHA OUTBIICTh abiTypIEHTIB 3aNi3HUY-
HUX BY3IB YCBIIOMITIOE, IO TIpodecii 3aTi3HIIHOTO
TPaHCIIOPTY TOKJIAAAI0Th Ha JIIOAWHY BEIUKY OCO-
oucty BiAmoBinanbHiCTh. Ti 3 HUX, XTO HE TOTOBHUI
JI0 TIbOT0, JI0 3aJTI3HUYHUX BY3iB HE MIOCTYTAIOTh.

Jlis HU3KM crielianizalii 3aai3HUYHOTO TPaHC-
nopTy (oprasizailisi IepeBe3CHb 1 YIPaBIiHHSA Ha
3aIi3HUYHOMY TPAHCIIOPTi, ENEeKTPHYHUI TpaHc-
MOPT, PyXOMUH CKJIaJ Ta CIielliajJbHa TeXHIKa 3ai-
3HUYHOTO TPAHCIIOPTY) BUHSATKOBO BaKJIMBE 3Ha-
YEHHSI Ma€ [OCTaTHI pPO3BUTOK Pi3HOMaHITHHX
XapakTEepPUCTHK yBaru. B po0OoTi HaBemeHO HaHi
CTOCOBHO PO3BHUTKY BHOIPKOBOCTI (11B. Tabm. 4) Ta
KOHLEHTpauii i crifikocti (auB. Tabn. 5) ysaru
CTYJIeHTiB-3a1i3HNYHHUKIB. CTOCOBHO BHOIPKOBOCTI
yBard BHUSBIIEHO, M0 y 66 % [0HaKiB PO3BUTOK i€l
XapaKTepPUCTUKHN 3HAXOIUThCS Ha piBHI 4 1 5 Oamis
(3a 5-OampHOO mIKanor). Ha piBHi 3 OaniB Buko-
Hamu poboty 24 % crynentis. 10 % manu He3zano-
BiJIbHI pe3yibTaTH (Ha piBHi 2 i 1 6ana). [lokaszHu-
KM BUOIPKOBOCTI yBaru y IiB4aT BUSBUIIUCS CYTTeE-
BO BUIUMHU. 97 % 3 HMX BUKOHAJIW 3aBIAaHHS Ha
5 abo 4 6amu.

BubipkoBicTh yBaru JIOAWHU XapakTepusye il
3/IaTHICTh BHOpATH i3 YMCIEHHUX CUTHATIB TUTBKA
nesiki 13 Hux. BoHa moB’s3aHa 3 MOXKIIMBICTIO yC-
MIIIHOTO HANAIITYBaHHS (32 HASBHOCTI IEPELIKO/)
Ha CHpUUAHATTS iH(OpMaIii, sKa BiTHOCUTHCA JIO
ycBimomiteHoi 1iti. OTpuMaHi 1aHi MOKa3yioTh, 1110
JIBI TPETUHU CTYJEHTIB MalOTh LII0 XapaKTepPUCTH-
Ky noOpe po3BHHEHOIO (OLIHKU Ha piBHI 5 i1 4 Oa-
niB). B To# ke wac y TpeTWHU CTYyIIEHTIB BHOIpKO-
BICTh YBaru pPO3BHHEHAa HEAOCTAaTHHO (OI[IHKH Ha
piBHi 1, 2 i 3 GaniB). Ll yacThHa CcTyIeHTIB HO-
TpeOye cremiaabHOi MCUX0(]i3MUHOI MiATOTOBKU
OO 11 PO3BUTKY.

Cri Big3HAYUTH CYTTEBO BHII MMOKA3HUKU BU-
OIpKOBOCTI yBaru y AiBYaT IMOPIBHAHO 3 FOHAKAMHU.
TyT Takox Oys0 O MOpEeYHUM CITeIiaabHEe IICHXO-
JIOTIYHE JTOCIIIKEHHS.

CTIlKICTh yBaru po3risia€ThCs B MCHXOJIOTII SIK
3[aTHICTh Cy0’€KTa HE BIIXIIATUCS Bifl CIpSMOBa-
HOCTI TICHXIYHOI aKTUBHOCTI 1 30epiraT 30cepemke-
HiCcTh Ha 00’ekTi yBaru. KoHmentpariis yBaru nepen-
Oayae BW3HAYCHHS 37aTHOCTI Cy0’ekTa 30epiratu

30CEpEMKCHICTh Ha O0’€KTI yBaru IIpH HASIBHOCTI
neperkol. CTIHKICTh 1 KOHIIEHTpAIIisl yBaru axiBIist
3aII3HUYHOTO TPAHCIIOPTY MPSMO TOB’sI3aHa 3 TaKH-
MU TIUTaHHSAMH oro npodeciiHol mparli, sk Oe3aBa-
piiiHiCTE pOOOTH, 3HIKECHHSI TpPaBMATHU3MY, IIiJIBH-
IICHHSI TIPOIyKTHBHOCTI paIli Ta iH.

AHaii3 TaHuX, OTPUMaHHX B X0/ TOCIiKEHHS
KOHITGHTpAIii 1 CTIHKOCTI yBaru CTYIEHTIB (IWB.
Tabn. 5), BUSABHB, IIO ISl XapaKTEPUCTUKA € HEIO-
CTaTHBO PO3BHUHEHOIO y CTYICHTIB. Pesynbratu Ha
piBHi Big 1 mo 4 OamiB (3a 9-0aNpHOIO IIKAJIOKO)
nokazanu 75 % crynentiB. Ha piBui 7 1 8 Oanis
3aBJaHHsl BUKOHaNM TiIbku 5 %. Ha piBHi x 9 Oa-
7B He 3a(hiKCOBAaHO KOAHOTO pe3yNbTaTy. Y MdiB-
4aT, SK BHIHO 13 TaONWIll, IMOKA3HUKU CYTTEBO
Kpaili, ajie i BOHM HE MOXYTh BBa)KaTUCS JOCTaT-
HIMH, BPaxOBYIOUH iX BENHKY mpodeciiiHy 3Ha4h-
MicTb. Ha Hamry mymMKy, HeoOXigHa cCHeIliaibHa,
[iecnpsMoBaHa McuxodizuyHa MiAroTOBKa 3 po3-
BUTKY KOHIIEHTpALl 1 CTIHKOCTI yBaru y CTy/EHTIB
3aIli3HUYHHX BY3iB.

HeBix’eMHOIO CKIaI0BOIO TPYAOBOI HisSUTBHOCTI
JIOJVHU € aKTUBHICTH 1 mcuxomoropuku. Crerria-
JBHOCTI 3aJli3HUYHOTO TPAHCIIOPTY TAaKOXK BHUCY-
BalOTh BHCOKI BUMOTH JO PIiBHS PO3BHUTKY CEHCO-
MOTOPHUX TIporeciB QaxiBug. BpaxoByrouu I,
B Miii poOOTi OyJI0 BUKOHAHO JOCIHIJKCHHS TaKUX
XapaKTEPHUCTHK, SIK MBHUAKICTh Y TIiAX 1 CTIHKICTH
BECTHOYJSIpHUX peakuiid. B mocmimkeHHi nux Xa-
PaKTEepUCTHK Opany y4acTb TiTbKW IOHAKU. BigHo-
CHO IIBHJKOCTI y Aisix Oyno BUsBIEHO, o 49 %
CTYJICHTIB MalOTh HU3bKHUM PiBEHL PO3BUTKY IIHOTO
Mmoka3HuKa. BoHn moTpeOyrOTh OpraHi30BaHOI po-
0ot mogo #oro mokpamieHHs. lle mo3uTHBHO
BIUTHHE Ha IXHIO MpodeciiiHy MpuaaTHICTh.

CrilikicTh BECTHOYJSPHHUX pPEakKliil CTYyIECHTIB
BU3HAYANach B JAOCIIIKEHHI 3a pe3yibTaTaMu BU-
KOHaHHS Takux (hi3myHUX Brpas: 1) Oir Ha 25 mer-
piB 3 OJHOYACHUM BHKOHAHHSM II’SITH ITOBOPOTIB
(obepriB Ha 360°); 2) m’sTH NepeKUAaHb BIEpen 3a
10 cekyHa. BukoHaHHs mepiuoi BIpaBU MOKa3ajo,
mo mas 64 % CTyAeHTIB XapakTepHUMH € IIiJIBU-
IIeHI BecTHOYJsApHI peakuii (muB. Tadn. 7). Taki
JIOMIM, B pa3i BUHUKHEHHS BiJIMOBITHUX BILTUBIB Ha
opra”iaM, HE 3MOXYTh €()EKTUBHO BHKOHYBATH
npodeciiini pyHkuii. OuiHKa CTYACHTIB 32 pe3yJib-
TaTaM¥ BUKOHAHHS JPYroi BOpaBu Oylia aHAJOTiv-
HOtO (muB. Tabm. 8). 50 % cTyAeHTiB oKa3aiu He-
3a0BiNIbHI pe3ynbTaTh, 18 % — 3am0BiNbHI, 1 TiTb-
k1 32 % BUKOHANU BOpaBy A0Ope abo BiAMIHHO.

BaxnmBa ponb y PpO3BUTKY CEHCOMOTOPHHUX
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MPOIIECiB JIFOAUHA HAJICKHUTH (Pi3WUHIN KyIbTypl Ta
cnopry. Ha Hamry gymKy, oTpuMaHi B JJOCIIPKEHHI
pe3yAbTaTH MOACHIOIOTHCS CHOTOAHILIHIMU peati-
MW BUKIQJaHHS (i3UYHOI KYIBTYpH B IIKOJAX.
3 HU3KY 00’ €KTHBHUX 1 Cy0 €KTUBHUX IMPUIHH (Bif-
CYTHICTh 33JI0BUTbHOI MaTepiasibHOI 0a3u i criopTu-
BHOTO IHBEHTap0, HHU3BKHI pIiBeHb IPOBEICHHS
MEIMYHUX OTJISIIB IIKOJISAPIB, 30UTBIICHHS KiJTbKOC-
Ti HEIIACHMX BUIIAJKIB IIiJ] YaC HABYAJbHMX 3aHSTh,
IHepTHICTh OaraThOX y4yHTeNiB (Pi3MYHOI KyJIBTYpH
Ta iH.) MKUTbHA (Di3UMYHA KyIBTYpa HE MOXKE pealli-
3yBaTU CBil 3HAYHMI MOTEHINAN 00 3a0e3MeUCH-
HSI BUCOKOT'O PiBHS (Di3UYHOTO 1 ICUXIYHOTO PO3BHU-
TKY HIKOJISIpiB. Bupimmtu 1ie 3aBaaHHs (B pamKax
CBOIX MOXJIMBOCTEH) MOKJIMKaHE (i3MIHE BUXOBAH-
HSI BUIIIOT IITKOJIH.

HaykoBa HOBU3HA Ta MPAKTUYHA
3HAYUMICTDL

[Nonsirae y BM3HAa4YeHHI PiBHS PO3BUTKY HH3KH
MOKA3HUKIB TICUXOJIOTIYHOI 1 ICUX0(i3uYHOI TOTO-
BHOCTI CTYICHTIB-3aJTi3HUYHUKIB 10 TpodeciitHoi
mpaii. JlaHi, oTpuMaHi B XOZ1 TOCIIIKEHHS, TAl0Th
MOJIMBICTh I[IECHPSIMOBAHO TPOBOJUTH POOOTY
3 YCYHEHHs iICHYIOUHMX HEIOJIKIB, JOUJILHO KOpe-
TYBaTH 3MiCT HaBYaJIbHUX 3aHSATh.

BucHoBku

1. HaBuanbHi 3aHATTS 3 (Pi3MYHOTO BUXOBaHHS
HE BHUKJIHMKAIOTh CUTYaTUBHY TPHUBOTY Y CTYIICHTIB.
Taka cuTyariist € CpUsATIUBOIO I BUPIIICHHS 3a-
BJIaHb TICUXOJIOTTYHOT 1 ICUXO0(i3UYHOT MiATOTOBKH.

2. AHaji3 pe3yNbTaTiB JIarHOCTUKA HU3KH Xa-
PaAKTEPUCTHK MCUXOJIOTTUHOT 1 MCUX0pI3MIHOT Tij-
TOTOBIIEHOCTI CTYJICHTIB-3JII3HUYHHKIB MTOKa3y€e 1X
BIZIITOBITHY HEIIiATOTOBJICHICTb.

3. CTyIeHTH-3JII3HUYHUKN TOTPEOYIOTh CIie-
iaNbHOI, MIJECIIPIMOBAHOI MICUXOJIOTIYHOI 1 TICH-
X0(i3uYHOI MIATOTOBKM B XOJ1 HAaBYaJIbHUX 3a-
HATH 3 GI3UYHOTO BUXOBaHHSI.
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YPOBEHbD PA3BUTUA l'LCI/IXOJIOFPI‘IECKOfI
U IICUXOPU3UYECKOH ITOAT'OTOBJIEHHOCTH CTYAEHTOB
K IPO®ECCHUOHAJIBHOMY TPYAY HA KEJE3HOU JOPOI'E

Henn. CrenuatbHOCTH KEIE3HOIOPOKHOTO TPAHCIIOPTA MPEIBSIBIITIOT BEICOKHE TPEOOBAaHUS K PAa3BUTHIO Psizia
XapaKTCPUCTHK TICUXOJIOTUYECKON ¥ TCUXO(pHU3UIECKor chepbl JIMYHOCTH crhenuanucta. s opraHu3amuu
I[eJICHANPABICHHOW pPaboTel 1m0 WX 3(dekTuBHOMY (OPMHPOBAHUIO CTYACHTAM HEOOXOAMMO HMETh YETKYIO
WHPOPMALIUIO OTHOCHTEBHO CYIIESCTBYIONINX TeHACHINH. HeoOX0MMMO BEISIBUTE STH TEHACHINH. TakuMm 00pazom,
IeJTb UCCIICIOBAHNS — YCTAHOBUTD YPOBEHD Pa3BHUTHUS Psilia COCTABIIONINX MICUXOJIOTHUECKON U TICUXO(DU3UICCKOM
TOTOBHOCTH K TPO(ECCHOHATHPHOMY TpPYAY B CTYICHTOB-)KEIIE3HOIOPOXKHHKOB. MeToauka. B mcciemoBaHuu
HCTIOTH30BaHBl METOIMKH IICHXOJIOTHYECKON TUArHOCTHKH (IIKaJia OIEHKH YPOBHS CHUTYaTWBHOW W JIMYHOCTHOM
tpeBoxkHOoCcTH Y. Crimnmbeprepa, onmpocyuk ypoBHsS cyObpekTuBHOro KoHTpois E. @. baxuna, pazpaboraHHOTO Ha
OCHOBE MIKaJbl JIoKyca KoHTpons [[x. Porrepa, Tect MroncrepOepra, koppekrypHas npoba Bypmona), cmenu-
albHble (PM3HYECKUE YIPAKHEHHS JUIsl OLIEHKH CEHCOMOTOPHBIX XapaKTEPUCTUK (ObICTPOTHI IEHCTBHIA, yCTOWYNBO-
CTH BECTUOYJISAPHBIX peakiuii). Pe3yiabTaThl. YCTaHOBIICHBI CYHICCTBYIOIINE TCHICHIIMH OTHOCUTEIHLHO YPOBHS
Pa3BUTHS Y CTYJICHTOB: CUTYaTUBHOM U JINYHOCTHOM TPEBOXKHOCTH, YPOBHS CYOBEKTUBHOTO KOHTPOJIS, M30UpaTeb-
HOCTH BHUMAaHUs, KOHIICHTPAIH W YCTOHYABOCTA BHUMAHHUS, OBICTPOTHI B ACUCTBUIX, YCTOMYMBOCTH BECTHOYIISP-
HBIX peaknuid. Hayunasi HoBu3Ha. HOBaTopCcTBO B MCCIIEIOBAHUN COCTOHT B BBISBICHUU YPOBHS Pa3BUTHA y CTY-
JICHTOB->KEJIE3HOIOPOKHUKOB Psijia TToKa3aTeneld MCUXOJIOTHYECKOW U ICHX0()U3MIECKOM ITOATOTOBICHHOCTH K TIPO-
(heccronampHOMY Tpyny. IlpakTHyeckasi 3HaAYMMOCTh. [[aHHEIE, MMOyYeHHBIE B IPOLECCE MCCICIOBAHUS, JAOT
MPEJCTAaBICHAE O CYIIECTBYIOIIMX PEAHSIX OTHOCHTEIBHO ICHXOJIOTHYECKOW M TCHXO()H3MYECKOW TOTOBHOCTH
CTYICHTOB-)KEJIE3HOIOPOKHUKOB K MPOPECCHOHATHHOMY TPYIy. DTO SBISAETCS OCHOBAHWUEM LIS OpTaHU3AINH Iie-
JICHAINIPaBICHHOIN paboOTHl M0 (HOPMUPOBAHUIO Yy CTYACHTOB IICHUXOJOTHYECKON W MCUXO(PHU3MIECKON MOATOTOBICH-
HOCTH B TIpOIecce yUeOHBIX 3aHATHI.

Kniouesvie crnosa: nicuxonorudeckas v MCUXo(pU3NIECcKasi MOArOTOBKA; TPEBOKHOCTD JINYHOCTH; YPOBEHb CyOh-
€KTHBHOT'O KOHTPOJISI; BHUMaHKe; ObICTPOTA B ACHCTBUSX; YCTOMYMBOCTh BECTHOYIIAPHBIX PEaKLIUM

V. V. PICHURIN'

"Dep. «Physical Education», Dnipropetrovsk National University of Railway Transport named after Academician V. Lazaryan,
Lazaryan St., 2, Dnipropetrovsk, Ukraine, 49010, tel. +38 (056) 373 15 64, e-mail valeriypichurin@gmail.com,
ORCID 0000-0002-3893-375x

LEVEL OF PSYCHOLOGICAL AND PSYCHOPHYSICAL READINESS
OF STUDENTS FOR PROFESSIONAL LABOR ON RAILWAY

Purpose. Railway transport specialties make high demands to the development of number of characteristics in
psychological and psycho-physical spheres of the specialist person. For the purposeful work organization on effec-
tive forming of these spheres the students should have clear information about the existing trends. It is necessary to
determine these trends. Methodology. Techniques of psychological diagnosis are used in the research. Namely: rat-
ing scale of the level of situational and personal anxiety (Ch. Spilberger); the questionnaire of subjective control
level (Ye. F. Bazhin), developed on the basis of Dzh. Rotter’s locus of control scale; Munsterberg test, Bourdon
correction task); special physical exercises to assess the sensorimotor characteristics (action speed, stability of the
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vestibular reactions). Findings. Existing trends concerning the development level of students: situational and per-
sonal anxiety, level of subjective control, attention selectiveness, concentration and attention fixation, speed of ac-
tion, stability of the vestibular reactions were determined. Originality. Innovation in the research is the identifica-
tion in the development level of railway students of some indicators of psychological and psychophysical readiness
for professional work. Practical value. The data obtained during the research give the idea of the existing realities
with regard to psychological and psychophysical readiness of railway students for the professional work. This is the
basis for the focused effort organization concerning the formation of students' psychological and psychophysical
readiness during training sessions.

Keywords: psychological and psychophysical training; personality anxiety; level of subjective control; attention;
action speed; stability of the vestibular reactions
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BHMOT'H 10 O®OPMJIEHHS CTATEM

o my6nikauii B xypHani npuAMalOTLCA CTATTI yKpaiHCHbKO0, pocifichkoro abo aHrnilicbkolo MoBaMH MpoGieM-
HOTO, y3aranbHIOHYOr0, METOIWYHOTO XapaKTepy, OpHTiHaMbHI HayKOBi, TPaKTU9HI JOCNiIKEHHS, AKi paHime Hige
HE BULOABATHUCA.

Martepianu HeoOXigHO HazaBaTH B NpyKOBaHOMY Ta eNIEKTPOHHOMY BUTIIAAI y mporpaMi Microsoft Word 2003
a6o 6inblu panHii Bepcil — dainun *.doc (paiinu *.docx, *.docm He npuitMaloTLCA).

HaykoBa ctaTTa noBuHHa Bianosinati BuMoram I1. 3 IocranoBu BAK Ykpainu Ne 7-05/1 Big 15.01.2003 poky.

Martepiany peueH3yrTbCA WieHaM# pefakLiifHoi koerii 30ipHiKa Ta CTOPOHHIMM He3aNeHUMH eKCIlepTaMHy,
BUXOJISTYH 3 TIPUHUNITY 06’ €KTHBHOCTI Ta 3 TO3HILi# BUIMIX MiDKHAPOAHUX aKaJEMiYHUX CTAaHAAPTIB AKOCTi, Ta pefia-
ryroThes. Penakiis 3auimae 3a coboro MpaBo Ha CTUIICTHYHY TIPaBKY PYKOTTHCY.

BuMoru mono obesry HaykoBHX cTaTeil, noBiJjoM/IeHb, BIIryKiB Ta penensii:

—  OrsxoBi Ta mpobneMHi cratTi — Jo 45 000 3Hakis 3 npo6inamu (7-10 c.);

—  3aranbHi cTatTi 3a pyGprkamu BUaaHHs — 1o 30 000 3HakiB 3 npobinamu (5-7 c.);
—  Hayxose niosizomieHHs — 1o 8 000 3HakiB 3 mpobinamu (1o 2,5 c.);

—  Bigryk a6o peuensis — 1o 6 000 3Haxis 3 mpo6imamu (xo 2 c.).

Marepian Hagaetses y dopMati A4, BpaxoByrouH TabNHLi, LTIOCTpalii, CIIMCOK BUKOPHCTaHWX Mkepen. CrarTi,
OinbLui 3a 06cAroM, MoXKyTb GYTH NPHIHATI 10 pO3rMALY Ha [iACTaBi pilleHHA peaKoserii.

¥Ypara! 3rigHo 3 MbKHApOAHHMH CTAHJAPTAMHU RKOCTI HAYKOBHX NMyGixauifi HeoOXiTHHM €: HasBHIiCTDb aB-
TOPCBKMX pO3MUPEHHX i CTPYKTYpPOBaHHX pestoMe (pedepatis — abstracts), y T.4. aHTTIIHCBKOI MOBOIO, peLieH3ii,
TIPUCTATENAHHX CITHCKIB NiTEPaTypH B pPOMaHCEKOMY alaBiTi TOMIO.

Pexomenayemo CKOpHCTATHCS npaBUJIaMH ao oopMieHHA cTareif KypHaTy:
http://library.diit.edu.ua/HTMLs/scientists/Vumogu/Vumogu.pdf.

Jns 31a4i cTaTTi 10 APYKY aBTOpY/aBTOpaM HeobXxiaHo:

1. lna enexTponHoi indopmauii chopmyBath Bci MaTepiani B W ATH daiinax:

— Tlepmii — i3 TekcTOM cTaTTi Ta aHoTAaUiif 3 KOYoBUMH crioBaMu. Hassa ¢aitry — npisswme Ta iniwi-
anu apTopa (MepuIoro crisaBTopa) TATHHCEKAMMU JiTepaMu, Hanpukian: lvanov 11 _stattia.doc.

— Jpyruit — 3 po3mMpeHUMy BiTOMOCTAMH TIPO aBTOpa/aBTOPIB (Tpi3BuILe, iM’A, 0 6aTbKOBI; Nocana;
HayKOBMii CTYNiHb; yueHe 3BaHHA; Miclue poboTH abo HaBYaHHA; alpeca eJeKTPOHHOI NOLITH; HOMEpPH
KOHTaKTHHX TelnedoHiB). Ha3sa gaitny — Ivanov_Il_vidomosti.doc.

—  Tperiit — peuensis (BiackaHosana). Ha3sa daiiny — Ivanov_II_recenziia.jpg.

— Yerseptuii — ExcrieprHuit BUcHOBOK (BiIcKaHOBaHHH, CKIafiacThes Y BibHIN dopmi). Hassa daitry —
Ivanov_Il_vysnovok.jpg.

— IPamuii — Jlinensiiinuit norosip (Biackanorannit). Hazsa daiimy — Ivanov_Il_dogovir.jpg. Texct no-
rosopy: http://library.diit.edu.ua/HTMLs/scientists/Vumogu/license.doc.

2. ina npyxoBaHoi indpopmauii. o penaxuii HaaaroTses 0cobucTo a0 HaACHIAIOTLCA MOLITOIO TaKi MaTepia-
nv: 1) aBa IpyKoBaHWX MPUMIPHUKM PYKOTHUCY 3 MiANWCAMKM BCIX CMIBABTOPIB Ha OCTAHHROMY apKylli poBoTH;
2) opurinan JliueHsiitHOro 10ToBOpY 3 MiATIMCAMH BCiX CIBABTOPIB; 3) OPUTIHAT eKCIIEPTHOTO BHCHOBKY; 4) peko-
MeHJauis 1o IpyKy 32 MiAMAICOM BilNoBifaNbHOro pefakTopa po3airy (ans cnispobitamkis JTHY3T).

BianosigannHicTs 3a 3MicT €TaTTi, NMPaBWILHICTL, TOYHICTL | KOPEKTHICTL UMTYBaHHA, NMOCHJIAHL
Ta nepexyiafy RoKIaaeTLCH Ha ABTOPIB.

Octatoune piwenns woao ny6uiikauil yxsatoe penaxuiiina koseris xypHany.
CraTTi, BiIXuneni peaakuiifHow KoJerico, NoBepTaIOTLCA ABTOPaM IS 100NPAIIOBAHHS.

IlaHoBHi aBTOpH, 3anpouryeMo A0 cniBpoGiTHHITRA!

3 nuTaHL ONYGITiKyBaHH#A 3BEpTafiTecd A0 pedaKuil KypHaJy 3a aapecoio:
HaykoBo-TexHiyHa Gidniotexa (ayn. 166),
AHINponeTpoBcbKHi HaliOHANLHKI YHIBEPCHTET 3ali3HUY HOrO TPAHCNIOPTY iMeHi akazemika B. JTasapsna,
ByJ. Jlazapsna, 2.
M. JIHIOpOMNeTpoOBChK,
Vkpaina,
49010
e-mail: visnik@diit.edu.ua
Azpeca caiiTy xyprany: http://stp.diit.edu.ua/
3 nuTanb NPHIOAHHA NPUMIPHUKIB XKYpHAITY TestedoHyiiTe 3a Homepom (056) 776 90 59 I'pinacosa A. B.
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LIIIIENy TpaHcHnopTy iMeHi akagemika B. Jlazapsina

JHIinponeTpoBCcbKHiA HaLiOHATIbHUH YHIBEPCUTET 3a1i3HHUYHOrO TPaHCMOPTY iMeHi akaneMika B. Jla-
3apsAHa BeJle MAroTOBKY JIOKTOPAHTIB Ta acmipaHTiB 3a paxyHok kowrTiB JlepxaBHoro GromxeTy YkpaiHu
— 3a JIep>KaBHUM 3aMOBJIEHHSM — 32 TAKUMH CMELiATbHOCTAMM:

JOKTOPAHTYPA
Ne CreuiaIbHICTh ndp
1 | TeopeTHuHi ocHOBH iHbGOPMAaTHKH Ta KiOEpHETHKH 01.05.01
2 | YnpasniHHsg NpoeKTaMH i MporpaMaMu 05.13.22
3 | 3anisHu4Ha Konis 05.22.06
4 | PyxoMu# ckiian 3ali3HHLb i TATa MOi3jiB 05.22.07
5 | Enexktpotpancnopr 05.22.09
6 | Excrinyatauis Ta peMOHT 3ac00iB TPaHCTIOPTY 05.22.20
7 | BygiBensHi kOHCTPYKUii, OYAiBAL Ta ciopyad 05.23.01
8 | byniBenbHi MaTepianu Ta BUpOOH 05.23.05

Ha nigcraBi yroz, 1o yKIagaoTecs 3 JOKTOPAHTOM | KEPIBHHKOM BHILOTO HaBYaIbHOIO 3aKiady, /10
JOKTOPaHTYpH MpHUIMalOTbCA TPOMaAsHH YKpaiHW, KaHOUOATH HAyK, 10 MAalOTh HAYKOBI JIOCATHEHHS B
obpaniii ramysi.

Ctpok HaB4aHHA 3 poOKH.
BCTymHWKH 10 JOKTOPAHTYPH MOJAOTE!

3aiBY Ha IM’1 peKTopa,

KOTIiFO MEePLIOi CTOPIHKH MaciopTa,

0cOOUCTHI THCTOK 3 00JTIKY KaapiB 3 oTOKApPTKOFO, AKUH 3aCBiTUEHO BiIUTIIOM KaapiB 3a Mi-
CLIEM OCHOBHOI poOOTH,

BUTAT 3 TPYAOBOT KHUXKKH,

JOBIJIKy 3 Oyxranrepii mpo 3apo6iTHy niaTHio,

3acBifluEHy KOMil0 JUIUIOMa Mpo 3aKiHYeHHsS BHUIONO HABYAJILHOIO 3aKiany i3 3a3HaueHHAM
oJeprkaHoi KBaidikauii cretianicTa,

KOTIIIO IMTIIOMA KaHJHJaTa Hayk,

KOITiFO aTecTara JOLeHTa, C.H.C. 3a IX HaABHOCTI,

PO3ropHYTHIi NIaH AOKTOPCHKOT AWCEpPTaLiT,

CMHUCOK OMyONiKOBAHUX HayKOBUX Tpalb Ta BUHAXOMdIB,

MeIU4HY JOBIIKY NPO CTaH 310poB’a 3a hopmoro Ne 286-y,

ineHTHdikauiitHui kox,

oIHy ¢oToKapTKy po3MipoM 3x4.
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No CrieuianbHicTh IIndp
1 | diznuka TBEpAOTO TiNla 01.04.07
2 | TeopeTHuHi OCHOBH iH(OPMATHKH Ta KiDepHETUKH 01.05.01
3 | MaTteMaTiyHe MOJeFOBAHHA Ta 00YNC/TIIOBaAIbHI METOIN 01.05.02
4 | HeopraHiuHa XiMis 02.00.01
5 | YnpaBniHHS poeKTaMH i nporpaMaMu 05.13.22
6 | TexnivyHa Teriodi3vka Ta TPOMHCITOBA TEMJIOEHEPTETHKA 05.14.06
7 | 3anizHuvHA KoOJlis 05.22.06
8 | Pyxomu# cknag 3ani3HHUB i TSTa NOI3AIB 05.22.07
9 | EnextpoTtpaHcnopt 05.22.09
10 | Excrnmyarauis Ta peMOHT 3ac00iB TPaHCTIOPTY 05.22.20
11 | OcHOBH i pyHIaAMEHTH 05.23.02
12 | ByniBenbHi KOHCTPYKLIT, Oy XiBIi Ta crTOpy Iu 05.23.01
13 | ByniBenbHi MaTepiaiu Ta BUpOOH 05.23.05
14 | TexHonoris Ta opraHizauis NpoMHUCIOBOrO Ta UMBUILHOrO Oy iBHULITBA 05.23.08
15 | EkoHoMiKa Ta ynpaBniHHA MiANPHEMCTBAMH (32 BUAAMU €KOHOMIYHOT AisALHOCTI) 08.00.04
16 | IcTopis dinocodii 09.00.05
17 | Exonoriuxa 6e3neka 21.06.01



Ha niacraBi yrof, o yK1agaloThCA 3 acmipaHTOM i KEpIBHWUKOM BHMLION0 HaBYaIbLHOIO 3aKiaagy, A0
acripaHTypHu APUAMAOTLCA FPOMaNsHK YKpaiHu, fKi MaloTb BULLY OCBITY 1 kBaslidikauiro creuianicra.
CTpok HaBYaHHsA B acMipaHTypi 3 BiApHBOM Bill BUpOOHMUTBA — 3 pokH, Ge3 BiApHBY Bil BUpOOHMLITBA
— 4 pokH.
Oco0u, aonyuleHi 10 BCTYMHUX ICOIUTIB Y aclipaHTypy, CKIafaloTh TPM ICIIMTH 32 TIPOrpaMor0 BUILO-
O HaBYANLHOTO 3aKNaNy:
—  cneuiaibHy AMCUMITTIHY,
—  dinocogiro.
— 1HO3EMHY MOBY.
3a KOHCYJIbTAUIAMH 3BepTaTHCA Ha BIAMOBIAHI KadeaApU YHIBEpCUTETY.
Oco0w, o BCTyNarTh 10 acMipaHTypH, MOAaoTh!
— 3asBY Ha iM’f pEKTOpa,
NUCHMOBHIT BUCHOBOK NMepe0avyBaHOro HayKOBOTO KepiBHUKA MPO MOMUTMBICTh HABYaHHA B
acmipaHTypi,
—  peKOMeHJalir0 BYeHOI pafyl BUILOTO HaBYalIbHOrO 3aKiaxy A0 BCTYMy B acmipaHTypy (WUiA
BUITYCKHHUKIB TIOTOYHOTO POKY),
—  KOMIlO NepLIOi CTOPiHKKM NactopTa,
0COBHCTHI TUCTOK 3 0OMIKY KalpiB 3 GOTOKAPTKOW, AKUI 3aCBITYEHO BiAUIOM KaIpiB 3a Mi-
CLIEM OCHOBHOT po6oTH,
—  BHTAT 3 TPYAOBOI KHILKKH,
— JIOBIAKY Mpo 3apoOiTHy ILUTaTHIO,
— 3acBigdeHy KOMilO ZWTUIOMA MO 3aKiHYEHHS BUILIOTO HaBYATBLHOTO 3aKIafy,
— TOCBIigYEHHS MPO CKIIATaHHA KAaHAUOATCHKUX iCTIUTIB (32 iX HasABHOCTI),
— CcMUcoK omyONiKOBaHWX HayKOBHMX Mpalb Ta BUHaxoniB abo pedepar 3 oOpaHOi HaykKoBOi
CNeUiaNbHOCTI 3 pelieH3iero nepedauyBaHOro HayKOBOTO KepiBHUKA,
—  MeIWuHY JIOBIAKY NPO CTaH 340poB’s 3a dopmoto Ne 286-y,
— imenTudikauiitHui koA,
— onmHYy GOTOKAapTKY po3MipoM 3x4.

Ilpriiom foKyMeHTIB 10 AOKTOPaRTYpPH Ta acnipanTypn 3 01.09 no 30.09 mopiuno.
BeTynHi icnutu o acnipantypu 3 10.10 no 30.10 wopiuHo.
TTouaTok 3auaTh 3 01.12 wopivHo.

3a indopmayicio 36epmamuca:
JHinponeTpoBchbkuit HaLlIOHANBHUI YHIBEPCHTET 3aJTi3HUYHOTO TPAHCIOPTY,
Byl JlazapsHa, 2,
M. JIHinponeTpoBChK,
VYkpaina,
49010.
Ten.: (056) 373-15-44 — pekrop, npoo. INminbko Onekcanap Mukonaiiosuy, NpuAMaIbLHS,;
(056) 373-15-29 — npopekTop 3 HaykoBoi poboTu, npog. Mamin Cepriii Bitaniliosuy;
(056) 373-15-63 — 3ainytoua acmipaHTypor Ta JokTopaHTypoto JlaxHoBa IpuHa AnaTtoniiBHa,
KiMH. 320).

Indopmanis npo coenmianizoBani Bueni pagn ynisepcatery
B yHiBEpCHTETI npawtoe TpH celiani3oBaHi BYeHi paH i3 3aXMCTY JOKTOPCHKMX Ta KaHAWAATCh-
KHMX JMcepTauiii 3a crieliaIbHOCTAMMU:
- 1 08.820.01 - 3anisnnyna konis (05.22.06) Ta enexrporpancnoprt (05.22.09); 05.22.12 — nipo-

MMCIIOBH TpaHCMopT.
- [108.820.02 — pyxomuit cknan 3anisHuUb Ta Tara noisnis (05.22.07) i ekcrutyarallis Ta peMOHT

3aco6iB TpaHcnopTy (05.22.20): TpaHcnopTHi cuctemu (05.22.01);
- K08.820.03 — exonoMika Ta ynpaeniHHS MiANpHEMCTBAMH (3@ BUIAMHM €KOHOMIYHOT TifIBHOCTI).
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